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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 basic amines gave only 2-aryl-3- 
hyclroxy-l,4-naphthaquinones. Reaction with hydrazine 
hydrate however afforded colourless labile intermediates 
which were readily converted into N-ainino-l-benzyl-3( 2H)- 
isoquinolones. Similarly reaction 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 hydro x.y~ dimethyl amide 
and re-oxidation to the keto-amide. Treatment of the 
latter with amines or amine acetates in hot acetic acid 
gave good yields of 3(2H)-isoquinolone derivatives.

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

The chemical and spectroscopic properties of the 
1-benzyl 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
„•__ c--1- - --- 4- -!v\+a 4-V\o -i -p -P ~1 iipn OP n f  V3 Tl O r  S lv  —an lfiVCS l/lgcioiuu XUUU ullv- -------
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mann degradation of tne tetrahydrobenzylisoquinoline 
alkaloids, following reports that certain combinations 
of these substituents appeared to facilitate the 
elimination process.

Examination of the relative rates of stilbene 
formation from quaternary hydroxides derived from a 
series of l-N,N-diraethylaraino-l,2-diarylethanes sugg­
ested that methoxyl substituents in the 1-aryl ring 
did not appear to have a significant effect (at least 
under the conditions used). This was in .sharp con­
trast to the effect of hydroxyl groups in positions 
2 or 4 of the 1-aryl ring, decomposition of even the 
quaternary methiodides proceeding rapidly to stilbenes.

Evidence is presented that 3-hydroxy substituents 
in the 1-aryl ring of 1-H,h-dimethy1amino-1,2-diaryleth­
anes and 5- or 7-hydroxy substituents in tetrahydro- 
benzylisoquinoline derivatives retard Hofmann elimin­
ation in the derived quaternary hydroxides by removal 
of hydroxide ion with formation of relatively stable 
phenolate zwitterions (hydroxide ion being normally 
responsible for initiating the decomposition of quater- 
nised non-phenolic amines via removal of a methylene 
proton to the amino moiety)* In contrast, quatemised 
phenolic amines with hydroxjl groups in the 2 or 4 posit­
ions (aminodiarylethanes) and 6 or 8 positions (benzyl- 
isoquinolines) are themselves capable of facile decom­
position, presumably 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)-l-keto-2-phenylethane 
from veratrole and phenylacetyl chloride is shown by 
spectroscopic and other evidence to be 1-benzylidene- 
5,6-dimethoxy-2-phenyl-3-veratryl indene.

The final section of the thesis deals with syn­
thetic approaches to the pentacyclic antineoplastic 
alkaloid camptothecin, a constituent of the Chinese tree 
Camptotheea acuminata.



A study of the reduction of quinoline-2,3- 
dicarboxylic acid derivatives as a source of 
potential synthetic intermediates gave mixtures of 
hydroxy-amides and lactones in which the heterocyclic 
ring was partly or wholly reduced. Wo 2H-pyrrolo 
(3,4-b) quinoline was detected and the low yields of 
individual products obtained made this approach less 
attractive than recently published syntheses.

r v i i i



ABBREVIATIONS

ANAL elemental analysis
aqueous 

h broad (NMR)
h.p. boiling point
CAN eerie ammonium nitrate
cone. concentrated

d doublet (NMR)
decomp. decomposes (m.p.)
dil. dilute

LNP 2,4-dinitrophenylLydrazine
hr hour(s)
infl. inflexion (UV)
IR infrared
irr irradiation (NMR)
J coupling constant (NMR)
m multiplet (NMR)
max maximum (a) (IR, XJV)
min minute(s)
m.p. melting point
MS mess spectroscopy, spectrum
NMR nuclear magnetic resonance
PXjC preparative thin layer chromatography

q quartet (NMR)
r.o.d. relative optical density (TJV)

R.T. room temperature

s singlet (NMR)
s.g. specific gravity
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t triplet (NKPl)
TLC thin layer chromatography
UV ultraviolet
XS excess

X



TECHNIQUES

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

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

Organic extracts from aqueous media were dried by 
washing several times with saturated aqueous sodium 
chloride solution 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 decolourised by addition of animal 
charcoal prior to crystallisation. Compounds which did 
not crystallise readily were purified for microanalysis 
by sublimation in narrow-bore glass tubes (^lcm diameter) 
under high vacuum. All analytical samples (solid or 
liquid) were evacuated for several hours (normally at 
30-100°) over potassium hydroxide pellets to remove 
traces of solvent and water vapour. Melting points 
were determined on a Kofler hot-stage apparatus and are 
uncorrected. Temperatures are given in degrees Celsius.

Thin layer chromatography was carried out on 0.25mm 
layers of Merck Hieselgel G, H or HP 254. In preparative 
TLC layers of up to 1.00mm thickness were used on 20x20 
or 20x100 cm plates. Spots were most commonly detected

 x i  ___



by charring with eerie ammonium, nitrate-sulphuric acid 
reagent although iodine vapour, ferric chloride reagent 
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 
chro mato graphy.

Ultraviolet spectra were measured on a TJn-icam SPGOO 
automatic recording instrument (with provision for repeat 
scanning) employing 95$ aqueous ethanol ("EtOH") as sol­
vent unless otherwise stated. Routine infrared spectra 
(Nujol mulls and liquid films) were obtained on Unicam 
SP 200 or SP 1000 spectrometers, while spectra of higher 
resolution (K Br discs and solutions) were measured on 
Perkin Elmer PE 225 or Unicam SP 100 instruments. Mass 
spectra were recorded on AEI US 9 or MS 12 machines.
Nuclear magnetic resonance spectra at 60MHz were measured 
on a Perkin Elmer RIO 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 term "light petroleum" refers to the fraction of 
boiling point 40—60° unless 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)-isoq-uinolones
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Chapter 1.1 Introduction

The 3(2H)-isoquino 1 one system has received little 
attention in the past, probably because of its relative 
inaccesibility. 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 under varying conditions of solvent, pH, etc.^”  ̂

One of these studies followed the development of a 
new synthesis of alkoxy-3(2H)~isoquinolones (1) from 2- 
hydroxymethylarylaeetic acid lactones via 2-formimino-H, 
N-dimethyl arylacetamides (Figure 1.1-01).1 The route 
is claimed by McCorkindale and McCulloch to be fairly 
general* The key step, involving acid-catalysed cyclis- 
ation of an intermediate imino-amide, is reported to be 
dependent on the basicity of the primary amine (E^NHp) 
used for initial imine formation, the time required for 
reaction varying from Imin (e.g. for R7 = Me) to 20-30 
min (e .g. for R 7 elTHp) •

This efficient synthesis seemed capable of extension 
to other more complex structures containing the 3(2II)-iso- 
quinolone system, and was obviously of great potential 
value in the field of benzylisoquinoline-derived alka-

5loids. Of 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 alkaloidal systems in which the 3(211)- 
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. A 
foundation was thereby established for the construction 
of the elusive benzophenanthridine skeleton (Figure 1.1-
02),  ̂ and a synthesis of the tetrahydroberberine alka­

liloid norcoralydine (4) initiated^ (which has been com­
pleted in the present work : see Chapter 2).

Of more direct relevance to the major part of the

  10 ---
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present work however is McCulloch’s proposed synthesis 
of the simple tetrahydrobenzylisoquinoline system illus­
trated in Figure 1.1-03.5 For this mute to be success­
ful several assumptions would have to be made : (a) that 
it would be possible to prepare keto-amides of type (5); 
(b) that these would readily form imines with primary 
amines; and (c) that the required cyclisation would take 

place (e e ga with acid). No dif ficulty 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 laudanosine (8) (convulsive, 
paralytic). In addition the previously mentioned taut­
omeric equilibria could possibly create or enhance such 
activity? e.g. the production of spontaneous cell mut­
ations has been attributed to the presence in DITA of 
nucleotide bases in abnormal tautomeric forms at the timeQ
of replication.

More specifically, the N-H species (9»10) should be a
potential bifunctional catalyst by analogy with 2-pyridone
(11, 12).^ The latter was shovm 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 phenol and pyridine were em-

9ployed 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.^ Like the enzymic systems, 2-pyridone 
functions more efficiently in near neutral conditions,at 
low temperature and in high dilution, and high catalyst- 
substrafe specificity is demonstrated. Catalyst-sub- 
strate complexes are also formed prior to reaction in 
both cases, the probable mode of action of 2-pyridone in^ 
the exanroie cited above being as shown m  Figure 1.1-04*

12
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The properties of l-benzrl-Tf2tJ)-1 soquinolones incor­
porating potential bifunctional catalytic 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.

IS
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Preparation of 3(2H)-isoquinolcn]_e:R

Y/ith a view to developing the route devised by 
McCorkindale and HcCulloch for the synthesis of alkoxy- 
3(2H)-isoquinolones along the lines shown in Figure 1.1—
03, Flood made some preliminary attempts to prepare keto 
amides^of type (5) by two routes (Figuresi.2-01 and 1.2- 
02). Little progress was made however, and it was
cone luded ^ that the dimethylamido group was in some way 
responsible for the failure of the essential Grignard— ■ * 
and acylation reactions (Figures 1.2-01 and 1.2-02 respect­
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 trifluoroacetic 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 quantity of 
the trifluoroacet3?-l derivative (16) was obtained. In 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 . Figures 1.2-03 and 1.2-04) suggest­
ed that a rather different approach might be more profit­
able. Thus it was 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 
form).

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

  /S ---



obtained using 3,4-dimethoxyphenylacetyl chloride in 
place of phenylacetyl chloride showed, that Imole cf ben- 
zamiae had cono-Gnsed wi oh 1 mole ci the acid, chloride to 
form tne imide (22), ^17^17-^4 * instead of the desired 
product (20), C20n23I''I06 *

In view of the availability of this imide (22) it 
was decided to test its 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, although phosphorus oxychloride 
treatment appeared to give rise to a single product less 
polar than starting material (possibly a chloro compound), 
no evidence could be obtained for 3(2H)-isoquinolone 
f ormation.

It seemed that a closer analogy to the imide cyclis- 
ations previously cited (Figures 1.2-03 and 1.2-04) 
would be cyclisation of the N-Fe imide (23). Treatment 
of 3,4-dimethoxyphenylacetyl chloride with methyl amine 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 chloride. 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 sought a new syn­
thesis of papaverine (7) via the benzylisoquinolone der­
ivative (25) which, incidentally, they believed would

15exist as the 3-hydroxyisoqui.noline tautomer (26). They 
were unsuccessful in their attempts to prepare this inter - 
mediate as keto esters of type (27) were found to afford 
bright red naphthaquinones (28) on treatment with for 
example aqueous ammonia, rather than the intermediate 
keto amide (29) or indeed the 3(2H)-isoquinolone ("3-hy- 
hrxyisoquinoline") which had been hoped for. The 
mechanism of naphthaquinone formation was
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proved to involve initial condensation to give a 1,3- 
o.ihydroxy naphthalene (30) which was readily oxidised in 
c^lxaline solution co the final hiyhiy coloured product 
on exposure to air, and aqueous sodium hydroxide was 
also found to effect this transforrnation in good yield. 
The project was apparently abandoned at this stage, al­
though "3-hydroxyisoquino1ines" were obtained (for only 
the second time, according to the chemical literature)
— *16 by ammonia 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. a violet colour test with ferric chloride.

Prom these results, then, it seemed that keto est­
ers of type (27) would yield naphthaquinones on treat­
ment with any base strong enough to cause carbanion form­
ation by removal of a proton^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 irnino or ainide deriv­
atives which might act as intermediates in 3(2H)-iso- 
quinolone 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 sodium 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 
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 
conditions might produce either the I!~amino-3(2H)-iso- 
quinolone (33) or at least an intermediate suitable for

 IQ ---



further conversion : e . g , hydrazone (34), hydrazide (35), 
or even hydrazonehydrazide (36). Accordingly a methanol 
solution of xe to es ter (31) was treated with aqueous 
hydrazine hydrate in the dark at room temperature under 
nitrogen atmosphere. PLC 03° a chloroform extract of 
the yellow reaction mixture afforded a very small yield 
of a yellow crystalline solid, m.p. 183-185 °, and a some­
what greater quantity of a colourless crystalline solid 
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 product).

A study of spectral data and comparison with
1 5  *spectra of authentic 3(2H)~isoquinolones * (see 

Chapter 1.3) indicated that the yellow compound indeed 
appeared to be the required l-benzyl-6,7-dimethoxy-M-
amino~3(2H)~isoquinolone (33), C18H16N2°3’ thuB
seemed that the colourless compound was an intermediate, 
readily convertible to the 3(2H)-isoquinolone (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 (possibly 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 an "authentic alkal- 
oidal structure"(in particular with regard to the sub­
stitution pattern of aromatic methoxyl groups) , the 
trimethoxy keto ester (37) was prepared, Eriedel- 
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 analogous to those



described above followed by chloroform extraction 
furnished a correspondingly labile colourless compound 
as main pro duct„ This was smoothly converted to the 
bright yellow l-p-methoxybenzyl~6,7-diinethoxy -H-amino- 
3( 2H) -• iso quino 3.0.ne (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 hydrazine 
hydrate (see Chapter 1.4).

The weakly basic nature of h y d r o x y l a m i n e .04) 
suggested that this species would react analogously to 
hydrazine with the keto esters (31) and (37), yielding 
the corresponding N-hydroxy-3(2H)-isoquino.lones (41) and 
(42). However the lability of this reagent is well 1 O
known as is the difficulty incurred in its preparation, anl 
McCulloch had by-passed this problem in a synthesis of 
the N-hydroxy~3(2H)-isoquinolone (43) by use of hydroxyl­
amine hydrochloride, the initial product being the 3(2H)-1isoquinolone hydrochloride.

In the hope of achieving a similar result a me than- 
olic solution of keto ester (37) was treated initially 
with hydroxylamine hydrochloride and then, as very little 
reaction appeared to be taking plane, 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 basifj^ing and extracting with 
chloroform) afforded a small yield of a yellow fluor­
escent compound with ultraviolet absorption spectral 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-(p-methoxybenzyl)-6,7-dimethoxy-N- 
hydroxy-3( 2?T)-iso quino lone (42). A fuller discussion 
of its spectral properties is given in the next chapter, 
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 hydroxy— 
lamine hydrochloride),  ̂ the keto ester (37) was treated 
at room temperature with methylamine hydrochloride (a) 
in methanol, (b) in methanol containing sodium acetate
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and (c) in methanol containing pyridine (all d o  
scale). In no case did a reaction occur, but in the 
light of later experiments conducted with keto amide 
(45/ and metnylamine hydrochloride (see page*^) , re­
actions of type (b) and (c) would appear to be worthy 
of further study with a vie:w to achieving a preo— 
aration oi the N-methyl 5(211)-isoquinolones (46) ana
(47).

In order to arrive at a more general 1-benzyl- 
5(2H)-isoquinolone synthesis from 2-arylacetvlaryl- 
acetates it now seemed necessary in view of the above 
results either; (a) to deactivate the arylacetyl 
methylene group (potentially capable of carbanion 
formation); (b) to activate the ketone towards iraine 
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 carboxylate salt or an amide grouping should prevent 
naphthaquinone formation in the presence of even strong­
ly basic amines.

However, although TJ,N-dimethyl-o~formyl arylacet- 
amides ha^e been smoothly converted to 5(2H)-isoquin- 
olones (Figure 1.1-01)'*" it was evident from the fore­
going that direct formation of a dime thyl amide from, 
keto esters (51) or (57) 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 (57) by select­
ive reduction"*'^ 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)— *20 and d i d  (49), —  *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 tiorn

19the initially formed hydroxy ester (50). Cases m
which borohydride has reduced esters to alcohols are

 2/ ---
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certainly not unknown, ^  especially where the 
possibility exists of internal reduction by an inter­
mediate substituted borohydride of the type postulated 
in Figure 1.2-06. It was 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). —
The hydroxy ester was found to be rapidly converted to 
the lactone on attempted crystallisation or 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 ^  
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 almost 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 
be 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 (^ max at 1645 
and 1680cm”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 ruthenium 
tetroxide in carbon tetrachloride solution. 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 
in such oxidations, it was found to be unsuitable in 
the present case).

 Z 3T—
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Treatment of the keto amide (45) with me thyl amine
in refluxing ethanol failed to yield the imine (52), the
intermediate required for the synthesis of the 3(2??)-iso-
quinolone (47) as proposed by HcCorkindale and kcCulloch.1
Due to the known difficulty in forming imines from aromatic 

24ketones this result was not altogether unexpected, and 
thus reaction of the keto amide with ammonia or other less 
nueleophilic amines was not attempted.

As proton and lewis acids have been used successfully 
to catalyse the formation of inlines from aromatic ketones, ̂  
and since it was believed that imines of type (52) once 
formed would be smoothly converted to 3(2U)-isoquinolones 
on acid treatment, 1 the keto amide (45) was now heated 
in acetic acid solution containing ethanolic methyiamine. 
Ultraviolet absorption spectral data of the yellow fluor­
escent product suggested that the desired NVmethyl-3(2H)- 
isoquinolone (47) had indeed been formed in good yield 
(TLC), but the product proved difficult to isolate in
a pure condition, which was partly due to its apparent

c f 1susceptibility to aerial oxidation. -— * This compound
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 U-H-3( 2H) - iso quino lone (53) was satisfactorily
prepared in a high state of purity from the keto amide

c f . 2(45) by means of ammonium acetate in acetic acid.—
This compound was practically unaffected by ovemignt 
exposure to the atmosphere ; pf. the great susceptib­
ility to oxidation exhibited by 6,7~dimethoxy-N-methyl- 
3(2H)”isoquinolone (54) with the comparative stability 
of 6,7-dimethoxy-?T-H-3(2H)-isoquinolone (55).

The N-amino-3(2H)-isoquinolone (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))was not attempted.) ’Both the N-H and

t a f o  derivatives »  « « * * *  • » »

—  2 4



L & —

chloric acid readily formed colourless hydrochlorides,
from which the 3(2K)-isoquinolones were recoverable by
treatment with ammonia and extraction with chloroform.
On heating, both hydrochlorides became yellow, perhaps

cf 5suggesting facile loss of hydrogen chloride. — .
Spectral properties of all 3(2H)-isoquinolones 

prepared are discussed in the following chapter.

—  2 £
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Chantsi* 1.3 Spec t m l  pr o perties

Nuclear magnetic resonance__sr)e c t r a

Details of NKH. spectra of four of the 3(2B)~iso- 
quinolones synthesised, are listed in Figure 1.3—01. The 
tentative assignments indicated for protons and
Hg and methoxyl groups at Cg and Oj are hased on con­
sideration of the relative electron densities at the 
various positions, taking into account the probable 
direction of electron flow and the somewhat greater 
overall "aromaticity" of the non-heterocyclic ring 
system (Figure 1.3-02). ^

In both of the derivatives (33) and (40)
integration suggests that only one of the two NP^ pro­
tons resonates at positive ¥ (between 4 and 5 ? ), the 
other presumably occurring at very low field due to 
strong hydrogen bonding, possibly intermolecular (cf. 
values of 2.9 and-3.8r exhibited by the two amino pro­
tons in N-amino-6,7-methylenedioxy-3(2H)-isoquinolone 
(57) ) •  ̂ 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*16 "S' , ^ no similar reson­
ance could be detected corresponding to the hydroxyl 
proton in (56). (It now seems possible that this proton 
actually occurs at very low field).

The NNR spectra of the benzylisoquinolones suggest­
ed predominance of the M3(2H)-isoquinolone,r tautomeric 
form (18) over stilbenoid (19) and other proposed taut- 
omers (such as the lactim (59) and acylimine (60) for 
N-H derivatives). 1“4 ’ 26 ’Vhile it is known that a 
carbon—carbon double bond connected to an aromaoic 
nucleus deshields the ortho protons (c_f. e»g» values of 
2.55 r for the corresponding protons in petaline methine 
Figure 1.3-03), in the four compounds under discuss
ion the protons H2/ ana Hg/ resonate between about 2,7 
to 2.9r, values close to those found in many alkylated

—  28  —
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benzene derivatives. 28 Moreover, with the exception 
of the solitary methine proton of (56) which appears at 
somewhat lower field., the methylene protons all resonate 
between 5 and 6 r  , rather lower than would be expected, 
for methylene protons in hypothetical stilbenoid - 
lactam structures (19) by analogy with the value-(usually 
about 6.5 r) found for the corresponding protons in 1,4- 
dihydro-5(2H)-isoquinolones (see e. g. Figure 1.5-04). 1 
Ultraviolet spectra

Figure 1.5-05 illustrates ultraviolet spectra of
all 5 (2H)-isoquinolones prepared in the present work

1  ̂along with 1-H analogues, 5-methoxyisoquinoline (61)
and an example of a polymethoxy stilbene (62)^ for com­
parison purposes. It is evident that spectra of all 
compounds believed to be 5(2H)-isoquinolones show strik­
ing similarities, and it would appear that the possible 
stilbenoid tautomeric form ~ 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 paralleled those ob­
served for the 1-H derivatives, and tended to confirm 
protonation on oxygen under acid conditions  ̂ (again 
with no evidence for tautomerisation to stilbenoid 
forms).

In the case of H-H 5(2H)-isoquinolones the intensit­
ies of absorption at around 550nm and 400nm have been 
quoted as being indicative of the relative proportions 
of lactim and lactam tautomer, respectively^ Com­
parison of the ratio of these intensities for (55) and 
(55) suggests that there is less of the lactim tautomer 
present in the 1-anisyl derivative than in the 1-H anal­
ogue (Figure 1.5-06), and this is in keeping with the 
finding that l-methyl-5(2R)-isoquinolone (65) favours 
the lactam tautomer even more than (64).
Other spectral -properties

In the infrared spectra the 1-benzyl and 1-anisyl 
5(2H)-isoquinolone derivatives all exhibited solid- 
state absorption in the 1610=1615 * 1650-1655 and 1645- 
1660cm~^ regions.values roughly comparable to corres­
ponding data for e.g. (65) and (55) (Figure l.u-(W).
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At least in the case of the N-NH2 3(2H)-isoquinolones, 
the carbonyl absorption tends to confirm 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 than in its ££,^3- unsaturated analogues . 50
(A rough 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) (Figure 1.3-08) ; however, N-H 3(2H)-isoquin~ 
olone derivatives do not appear to follow this trend).1

In the N-H derivative (53) a broad band at 2600- 
-12700cm is present, and this has been taken as evid­

ence of the presence of a strongly hydrogen-bonded reson­
ance-stabilised dimer (Figure 1.3-09). This‘seems
to preclude the existence of the hypothetical acyl-imine2 2rform of type (60) 9 ° and also lends support to thepbelief that the stilbenoid tautomer' (in which resonance- 
stabilised dimerisation of this type - though possibly 
not simple intermolecular hydrogen-bonding - is impossible) 
does not make an important 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 (66) 
and (69)r arising from breakdown of a parent molecule with
structure (56).

.. No parent ion was evident in the spe ctrum, the 
ion 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 N-oxide tautomer (70) (a

33loss characteristic of such N-oxldes). It is inter­
esting to note that the breakdown pattern of the analogous 
compound (43) is reported to be virtually identical to 
that of (58) under normal conditions, the parent ion 
being observed only if a direct insertion probe is used

 3 3 *---



*1 cin the mass spectrometer. '  ̂ (Perhaps worthy of 
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 Nodes of Formation

Two distinct niechanisins have been postulated to 
explain the cyclisation of o~acyl arylacetic acid der­
ivatives with amines or amine salts to 3(2H)-isoquin­
olones (see Figure 1.4-01).1 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 (H or alkyl), p/(H, alkyl, n h 2, OH, 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 Type A 
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 because 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 satisfactory spectra difficult.

However, on one occasion analytical figures were 
obtained for the ’’H-TH^-l-benzyl" intermediate which 
suggested a molecular formu la of C16H22TT205, correspond­
ing to the formula of the eventual 3(2H)-isoquinolone 
(33)?cieHlgT203* plus 2 molecules of water. The fact 
that the only evidence of absorption in the infrared 
spectrum over the range 1600-I800cm “ was a fairly 
strong band at 1610cm"1 seemed to point to the loss

—  3*6
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of the ester and ketone groupings fro m the origj oal 
keto escor (31), but suggested that if a carbonyl 
function was in fact present (perhaps a hydrazine) 
it must be very strongly hydrogen-bonded.2^ The ultra­
violet spectrum (A.nax at 214, 259, 282 and 287 run) ruled 
out any possibility of a stilbenoid structure, ^  and 
the presence of two methylene groups with magnetically 
non-equivalent protons was suggested by 1H doublets in 
the NMR spectrum at 5*63 and 6.62r(J~ 13Hz) and at 
6.65 and 7.55 r (J= 21ITZ). 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 mole­
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 becomes readily 
apparent, 1,4-elimination of water immediately forming 
the 3(2H)-isoquinolone (33)*

The !tN~hTH2~3-*“ani3;y]f' intermediate exhibited 
spectral properties which followed very closely those, 
of the 1-benzyl 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 above evidence).

The mode of formation of the tetramethoxy-N- 
hydroxy-3(2H)-isoquinolone (56) is more obscure, but it 
seems most likely that this wrould 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 aerial) at 
the anisyl methylene position s e.g. it is envisaged 
that methanol could perhaps react with trie radical 
species (79) or (80) or a hypothetical "quinone
methide" derivative such as (81).-— A colourless 
product was also isolated from this reaction hut not

ZT
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in a sufficiently pure state for meaningful spectral 
data to be recorded (see Chapter 1,6) and no attem.pt 
was made to discover whether it was convertible to 
the yellow 3(2H)-isoquxnolone (56). However, 
repetition of the reaction under more carefully con­
trolled conditions would be of interest.

3 8
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— £̂-12LJLeJ> Further studies

Controlled oxidation of 1—benzyl—3(2P)—isoqujn — 
olones is of interest as their structure does not permit 
the .formation of products directly analogous to the 
phthalonimides (62) previously obtained on oxidation of 
l-H-3(2H)-isoquinolones. 1 ’2l-3e 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 
or 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 Stolid* s
synthesis of substituted isatins (83)^ and appears
capable of considerable generality (see Figure 1.5-01).
Due to the ready availability of the dimethoxy ketone
(84) (previously required for work described in Part II
of this thesis) some preliminary attempts were made to
form inlines of type (85) for subsequent reduction to
(86), but perhaps not surprisingly little progress was 

26made. However, a recent publication describes tne
conversion of an analogous ketone (87) to a primary24amine (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, —  ’̂  
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)~isoq.uin- 
olones would however require the use of a two-carbon 
unit of the same oxidation level as glyoxylic acid (91) 
in a suitably protected and/or activated form, and this 
might 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 proper conditions nay afford a 
useful route to 1--benzyl-3( 2B)-isoquinolones , the re­
action perhaps proceeding via a stilbenoid-lactam inter-pmediate of the type described by Elliott. By analogy, 
and in view of the latter* s successful conversion of the 
benzylidene-3-isochroraanone derivative (92) to the

pcorresponding N-methyl 3( 2H)-isoquinolone , 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: in a publication appearing after

completion of this section of the present thesis, Elliott 
revises his original stilbenoid-lactam and acyl-imine 
structural assignments for l-benzyl-3(2TT)-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 oy-quinonoid form 
(94) ).41

(Further note: in an even later publication, it is
stated that pharmacological investigation of certain
l-benzyl-3(2H)-isoquinolone derivatives reveals peri-

45pheral vasodilator activity in the dog).
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Chapter 1.6 Experimental

KnJ^~Plme thyl-3,4-dimethoxyphenylacetamide (13) and its 
attempted acylation

A chilled solution of dimethylamine (170ml) in ben­
zene (60ml) was added dropwise with stirring to a solution 
in benzene (10ml) of 3,4-dimethoxyphenylacetyl chloride, 
prepared from 3,4-dimethoxyphenylacetic acid (15) (lOg) 
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 of ether broke up 
the resultant emulsion, and separation of the organic 
layer followed by removal of solvents afforded the amide 
(13) as a reddish-brown oil (6.5g, 55$). The product 
was purified by passage through a column of neutral 
alumina (G-rade 1, 30 : 1, elution with benzene) followed 
by sublimation at 100°-0.02 mm, yielding a colourless oil 
crystallising in large prisms on cooling in ice but re­
melting on attaining room temperature.
ThC Rf (6$ MeOH-CHClj) ; 0.6 (brown).

Omav (liquid film ), cm"1 : 2950, 1640, 1590,~ IUcAX
1510.

ANAL Pound, $ ; C, 64.51? H, 7.69? 11,6.14; M+ at m/e
223.

C12^17^°3 re<Taires 64.55? H,7.67;
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 small yield of IT, F-dimethyl-3,4-dimethoxy- 
phenyltrifluoroacetylacetamide (16), purified by re­
peated chromatography on silicagel. This crystallised 
from ether-light petroleum in small plaques of colour-oless needles, m.p. 95-100
ThC Rf (2$ FeOH-OHCI^) s 0.6 (brown).

^ pp) f cm ̂  ? 1620 • 1511» 1370, 1340.
Xjv max (EtOH) , nm (log £ ) : 236 (3.91), 279 (3.47),
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UV (contd.) 284 (3.42, infl.).
M E  100KHz (CDCl5)r: 3.1 (3E, in, ArH) , 5.64 (1H, s, CH) 

6.13 (6F, s, OCH5),
6«9o (3H, s , bCR^),
7*02 (3H, s, NCH^).

MS Found, m/e : M+ at 319.1019.
C14H16W04F3 re<iuires W  319*1031*

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

N-meth yl-3?4~dimethoxyphenylacetamide (24)

Prepared from the acid chloride and methylamine-ethanol- 
benzene or (better) methylamine-ether, the monomethy1- 
amide (24) was obtained using a similar work-up to that 
for the dimethylami.de (13) and crystallised from benzene- 
petroleum ether (b.p. 60-80° ) in small colourless 
needles, m.p. 91-95° .
TLC Rf (6f MeOH-CHCl^) : 0*5 (brov/n) .

(Nujol), cm : 3300, 1640, 1520, 1235, 1030.—  max *
ANAL Pound, $ : C,63.39» H,7.17; 6.60; M  at m/e 209*

C11H15N03 re(li:iires c » 63.14; H, 7.23; N, 6.69;
m  209.

N-methyl-di~(3 .4-dimethoxyphenylacetyl) imide (23)

3,4-Pi me thoxyphenylace tyl chloride (440 mg) and. 
N-methyl-3»4-dimethoxyphenylacetamide (24) (209mg) were 
mixed, together and heated at 100-120 for 72hr. Water 
and excess sodium hydrogen carbonate were added after 
allowing to cool slightly, and the mixture thoroughly 
extracted with chloroform. Evaporation yielded a 
reddish-brown oil (433mg) which was purified by chroma­
tography on silicagel to give a slightly yellowa.sh oil

 ^ ---



 /o 6 —

believed to consist of the imide (23) (350mg, 75$). 
Although pure according to TIC, this failed to'crystall­
ise and decomposed on attempted sublimation at 150° - 
OeOoffiui yielding a nitrogen-free sublimate. (An
attempted preparation of (23) via acylation of the amide 
(24) with 3,4-dimethoxyphenylacetic acid (15) and tri- 
fluoroacetic acid anhydride resulted in a complex mixture 
of products).
TbC Rf (1 $ MeOB-CHCl^) : 0.8 (brownish-black).
—  "hax Oiquid film), cm-1 : 3 000, 1740, 1695, 1520,

1260, 1235, 1030.
(Of♦ IR spectrum of the imide (22), below). 

Insufficient sample was available for an NMR spectrum.

Ii-Benzoyl-3,4-dimethoxyphenylacetamide (22) and its 
attempted cyclisation

Benzamide (0.25g) was stirred with 3,4-dimethoxy- 
phenylacetyl chloride (prepared from the corresponding 
acid (lg) and oxalyl chloride (2g) in benzene (20ml)) 
and heated at 80-95° for 24hr. — After cooling,

r

water and sodium hydrogen carbonate were added and chloro­
form extraction carried out to yield on evaporation a 
yellowish partly crystalline oily solid (1.32g). In 
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 • Recantation and further washing
with ice-cold ether afforded fairly pure imide (22) (0.41g, 
65$), crystallising from chloroform-ether or (better) 
from benzene-light petroleum in small colourless plates, 
m.p. 129-131 •
TLC Rf (2$MeOH-CHCl5) ; 0.7 (brownish-black).
IR \) (KBr) , cm : 3260, 1735, 1690, 1510, 1265,—  v max

1145, 1025, 720.
BIOR 100MHz (CI)C1^) , X i 1*20.(1H, s, D20-excb.angeable ,

1TH) , 2.2 (2H, m , ArPI o to C =0) , 2.5 (3H, m , A*H ) ,
3.18 (3H, bs, AtH) , 5*80 (2H, s, CH2), 6.19 (6H, s,
och5) .
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Round, f, t 0,68.25; H, 5.65; M,4.75; M+ at m/e 
299.

G17R17N04 retires C, 66.22; H, 5.72; N, 4.66;
M'Y 299.

Treatment of the imide with phosphorus oxychloride 
at 115 for 24 hr yielded one main product shown by TLC 
to he less polar than the imide (22), hut having spectral 
properties different from those expected for the desired 
3(2H)-isoquinolone (95) ̂

ThC Rf (2#MeOH-CHCl5) s 0.8 (brown).
—  ^max Oiquid film ), cm 3400, 1700, 1510, 1250,

1075.
—  ^max (E^OH), nm (absorbance) : 208 (1.6), 231 (1.4),

250 (0.6, inf1.), 280 (0.4), 286 (0.35,infl.), 
310 (0.15).

This compound was not studied further.

Attempted preparation of l-H-methylamino-l-Q,4-dimethoxy- 
phenyl)-2-phenyIethane (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,
yielded a mixture of products from which quantities of
starting material and 1-0,4-dimethoxyphenyl)-1-hydroxy-2-
phenylethane (97) were isolated. This crystallised fromoether in rosettes of colourless needles, m.p. 58-60 .
ThC Rf (CKCl^) s 0.5 (reddish-brown).
IR %) (liquid film), cm”1 : 3500, 1255, 1225, 1150, max

1030.
M R  60 MRz(CI)C15) s 2.77 (5H, bs, ArH), 5.16 (5H, s,

A±'H) , 5.18 (1H, t, J= 7Hz, CH), 6.14 (5H, s, 0CH3), 
6.16 (5H, s, 0CH3), 7.04 (2H, d, J= 7Hz, CH2) ,
7.90 (1H, s, I^O-exchangeable, OH).

MS M+ at m/e 258; C16H18°3’ m 2 5 B '



licpuiea o.y one metnod of Bentley, Dawson and.
Spring, the keto ester (31) was purified by crystall­
isation from ethanol to give slightly reddish needlesO .
m.p. 89-98 (cf« lit. m.p. 94- for material obtained 
as colourless needles from chloroform-light petroleum 
(b.p. 60-80 ) Crystallisation from chloroform-
light petroleum or benzene-light petroleum afforded 
material nearly always contaminated by a yellow oil or 
red solid.
ThC Rf (CHC15) ; 0.3 (black).
—  ^max (Nujol), cm’"1 ; 1735 (ester), 1665 (aryl

ketone) .
HMR 60MHz (CDCl3),r : 2.64 (1H, s, ArH o to C=0),

2.72 (5H, s, ArH), 3.29 (1H, s,ArH), 5.80 (2H, s,
CH2 « to C =0), 6.10 (6H, s, OCH^) , 6.17 (211, s,
CH2 « to C02Me), 6.34 (3H, s, C02 CH^).

A sample of the keto ester (31) was shaken for 
48 hr with concentrated aqueous ammonia (s.g. 0.88). 
Acidification,filtration and drying of the resultant 
precipitate, and crystallisation from methanol-chloro­
form and methanol-ether afforded 2~hydroxy-3-phenyl-6,7- 
dime thoxy-1 , 3-naphthaquinone (32) as red needles, m.p.
249-250° (cf. lit. m.p. 255° for material obtained as

—  15long red needles from methano1-chloroform).
ThC Rf (5# MeOH-CHCl^) s 0.7 (brown).
II 9 (Nujol), cm"1 : 3375 (phenolic hydroxyl group),in 3.x

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 reagents 
were shown to be capable of initiating naphth&quinone
(32) formation (all reactions freely exposed to the atmos­
phere) :
(a) aqueous sodium hydroxide, aqueous sodium carbonate, 

aqueous sodium hydrogen carbonate, aqueous ammonia, 
methanolic methylamine - almost immediate develop­
ment of deep redness on shaking,
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(b) methanolic benzylamine - redness developed more
olowly (15 - 20 mln) but did not appear to reach
the same intensity as in (a) ;

(c) 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 basic solution of the 
naphthaquinone (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 dio­
xide (forming benzylamine carbonate?), thereby causing 
protonation of the naphthaquinone 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 further,)

l-Benzyl-6, 7-dime th.ox7f-]\T~amino-5(2H)-isoquinolone (33)

Aqueous hydrazine hydrate ( 8 5 5ml) was added drop- 
wise with stiriing over 15 min to a solution of keto 
ester (31) (l.OOg) 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°) . Ice*wvater was added and the slightly yellow 
mixture thoroughly extracted with chloroform. Evapor­
ation yielded a yellow-brown oil (513mg) mainly consist­
ing of one colourless product more polar than (31) (TIC).

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. Elution of the red 
band with 7/arm ethyl acetate furnished a yellow-brown 
oil (199mg) which partly solidified on standing. By

f 8
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dissolving in cold ethyl acetate and adding ether the 
i^£.llii:Cdh±.9.i n t er medj.ate (71) or (72) precipitated in 
sligntly .yellowish needles (70m,g) becoming colourless 
on furuher washing with ice-cold ethyl acetate-ether.
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 yellow).

Rf (5^MeOH-CHCl^) : 0.5 (olive-brown).
—  '‘tax (KBr or ™u3°l). ci2_1 : 3410, 2920, 1612, 1511,

1259, 1120, 758, 700.
—  (i) ^ max(R't0H) ’ nmUog£) : 214 63.94),

259 (2.86,infl.),
262 (3.47),
287 (3.42 , inf1.).

(ii)X max(EtOH+HClaq), nm(absorbance) : 206(0.92),
-250 02), 290 (0.22), 507 (0.42), 316 (0.46),
370 (0.31)? 395 (0.25, infl.); turns yellow 
instantaneously.

(iii)/t_,„v (EtOH+HClaq+XS NaOHaq), nm (absorbance): in ax
~250 (>2), 291 (0.76), 305 (0.80), 316 (0.79),
388 (0.66), 395 (0.65, infl.).

(iv) A, (EtOH+NaOHaq) : as (iii) above (yellow-max
ness also develops, but more slowly than in 
(ii) )•

NMR 100MHz (Pyridine-D^) 2.30 (IF, s ) ,

2.7-2.9 (4-5H* m), 3.52 (1H, s), 4.83 (6-8P, bs, 
I^O-exchangeable), 5.63 (1H, d, J=13HZ), 6.14(311, 
s, C6-0CH3), 6.32 (3H, s, C7-OCH5), 6.62 (1H, d,
J= 13Hz), 6.63 (IF, d, J= 21Fz) , 7.55 (IF, d, X=2lFz\ 

MS Mf at m/e 310 : corresponds to the 3(2P)-isoquino'lone 
(53),CieH16N205, m  310.

AHAX Found, f : C, 62.52; F, 6.20; N, 7.30 (1*15 in 
separate analysis).
CtgF ooN oOe requ ires 0, 62.42; F, 6.40; N, 8.09; lb 22 2 5

MW 346.
Careful elution of the yellow band gave 1-benzyl- 

6,7-dimetho xy-H-aini.no-5(2H)-isoqiiinolone (33) (24mg>2fh) 
as a yellow oil, crystallising on trituration with ether 
in small yellow needles, m.p. 183-185° (softening from
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1('* rhis C0lnP°und was also produced (in almost
quantitative yield) on heating the colourless material
described above at 75° 0v«w i»Hj u\ oini^nt unaer vaeuuiit or on
treating it with dilute mineral acid followed by beaific- 
ation (of. aoove ultraviolet spectra).
TLC Rf-(5*MeOH-CHCl3) , 0.6 (red-brown ).
—  ^max cm 1 : 3350, 3240, 1660, 1645, 1635,

1610, 1510, 1500, 1280, 1230,
870.

—  (l) ^  max nm (logE)s 205 (4.00), 233 (4 .00,
infl.), 257 (4.43), 288 (3.30), 306 (3.34),
318 (3.35), 395 (3.39).
) ^max (^OH+HClaq), nm (absorbance): 204 (0.60), 
254 ( > 2), 311 (0.31,infl.), 318 (0.33),
363 (0.20).

( ill > max (EtOH+HC laq+XSNaOHaq), nm (absorbance) : 
210 (1.52), ~  255 0  2), 288 (0.51), 318 (0.50), 
390 (0.43).

NMR See Chapter 1.3.(lOOKtHz, CBCl^
MS Found, m/e : M+ at 310.1295.

^18^18^2^3 reTaires MW 310.1317.

Methyl 2-homoanisoylhomoveratrate (37)
A mixture of homoanisic acid (30g) and oxalyl chlor­

ide (45ml) in benzene (100ml) was stirred overnight at 
room temperature and refluxed for Ihr. Following .removal 
of solvent and excess reagent the product distilled at 
143° -12mm (lit. b.p. 143° -10mm) 45 yielding homoanisoyl 
chloride (39) as a slightly yellowish oil (18.3g, 60y) .

IR (liquid film), cm”'1' : 1790(0=0).max

Aluminium chloride (14g) was well stirred for lOmin 
at 30—40° with carbon disulphide (redistilled, 175ml), 
and to this was added dropwise over 5min a solution of 
homoanisoyl chloride (39) (18.3g) and methyl homover- 
atrate (38) (redistilled at 170°- 12mm, 19.3g) in car­
bon disulphide (redistilled, 25ml). The resultant 
dark complex was broken up (spatula) and the mixture 
refluxed for lhr 30min. Turing this period consider-
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Thable evolution of hydrogen chloride took place.
mixture was now stirred for 3hr at room temperature 
and kept at 0° for 12hr.

Following removal of carbon disulphide by decant- 
ation the dark gummy solid was washed with light petrol­
eum and then triturated with ice-water. Extraction 
with chloroform and washing with sodium hydrogen carbon­
ate aiforded 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 (CHCl*) : 0.3 (reddish brown).
IR (Nujol), cm : 1730, 1675, 1520, 1255, 1135.

i i l c L J L

NMR 60 MHz (CDCl5),r ; 2.63 (1H, s , ArH o to C=0),
2.83 (2H, d, J=8Hz, collapsing to s upon irr at 
3.18, ArH 0 to CH2C=0), 3.18 (2H, d,. J=8Hz, coll­
apsing to s upon irr at 2.83, ArH o to single OMe), 
3.29 (1H, s, ArH to to CH2C02Me), 5.87 (2H, s,CH2C=0),
6.09 (6H, s, OCH^), 6.11 (2H, s , CHgCOgMe),
6.22 (3H, s, OCH^), 6.32 (3H, s, C02CH5).

AfiAh Found,/, : C, 67.23; H, 6.05; M+ at m/e 358.
Co^HooOc requires C, 67.03; H, 6.19; F<T358.20 22 o

X— (p—Methoxybenzyl) -6,7—dime thoxy—N—amino—3( 2H) —iso quin- 
olone (40)

To a solution of keto ester (37) (500mg) in meth­
anol (50ml) under nitrogen atmosphere was added aqueous 
hydrazine hydrate (85/, 15ml) dropwise over 5 min with 
ice-cooling. Within 4hr all keto ester had reacted 
(TIC), affording a slightly yellow solution. Stirring 
was continued at room temperature for a further U h r  
after which partial evaporation was followed by addition 
of ice-water and extraction of the resultant yellowish 
suspen sion with chiorofoim.

—  S I —
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Evaporation of the extract yielded a yellow-brown 
oil (290iiig) which was subjected, to PIC in methanol- 
chloroform following charcoal treatment. Elution of 
the m a m  band with cold ethyl acetate followed by room 
temperature evaporation yielded the isocruinolone inter- 
JEe_diate_(73) or (74) (98mg) which crystallised from 
ether-ethylacetate in small plaques of colourless needles, 
m.p. 132-135° (turning yellow),
TEC ^  MeOH~CHCl3) ; 0,3 (brown).
—  ^max (K B r >> om “1: 3400, 3330, 2930, 1610, 1510,

1250, 1130, 1030, 870, 760. 
IX (i) 'hax nm (absorbance) : 237 (1.89),

281 (1.45, infl.), 284 (1.60), 290 (1.18, infl.).
(ii)Amax (EtOH+HClaq) , nm (absorbance) : 232(1.61), 

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

( iii)l (EtOH+HClaq+XSHaOHaa) , nm (absorbance):ILL cl A
^  250 (>2), 307 (0.75), 318 (0.74), 400 (0.71). 

NMR 100MHz (Pyridine-13^) » t  % 2.30 (111, s) , 2.61(2H,s),
3.01(2H, d, J=10Hz, ArH o to CH2),
3.22 (2H, d, J=.10Hz, ArH £ to single OMe),
3.48 (1H, s), 4.2-4.4(2-3H, bs, Bg O-exchange- 
able), 5.0-5.3 (2H, bs, exchangeable),

5.67 (1H, d, J=13Hz), 6.64 (1H, d, J=13Hz),
6,13 (3H, 8( C6-OCH3),6.26 (3H, s, C7~OCH3?)
6.'37 (3H, s, C4rOCH5?), 6,59(1H, d, J= 22Hz),
7.40 (1H, d, J=22Hz).

MS M+ at m/e 340 : corresponds to the 3(2H)~isoquin~ 
olone (40), ®^40.

ANAL Pound, $ : 0,61.33; H, 6.00; N, 7.45.
^19^24^2°6 re<3-uires 60.63; H, 6.43; N, 7.44?
MW 376.
(Although still outwith the normally accepted 

limits of experimental error, etc.* the above sec of 
figures was the closest to C19H 24N 206 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 ior g hr under vacuum, the crude product 
obtained in this way melting at 210-220° (cf. pure 
sample prepared later (see page 64-) : m 0p7~218~219°) .
This material exhibited the strong blue-green fluor­
escence on exposure to ultraviolet light (350nm) known 
to be characteristic of the 3(2H)-isoquinolone system 
(in solution or after adsorption on chromatographic 
media). ^

Apart from the conversion of 'the colourless inter­
mediate to (4-0) upon addition of a trace of mineral acid 
to its ethanol solution at 20 (cnf. above ultraviolet 
spectra), the 3( 2fT)-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)c 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 page 6S, on which full spectral data are listed),

Treatment of keto ester (37) with hydroxylamine hydro- 
chloride-pyridine : formation of a derivative (56) of 
1- ( p-me tho xyb enzy 1) -6,7 - dime tho xy-TT-hy dr o xy- 3(2H)-iso- 
quinolone (42)

A solution (pH4-5) of the keto ester (37) (361mg) 
in methanol (anhydrous, 40ml) containing hydroxylamine 
hydrochloride (425mg) was refluxed under nitrogen atmos­
phere for 3hr. TLC of the light brown reaction mixture 
showed that 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 (pH7-8) 
was partially evaporated and dilute hydrochloric acid 
(6N, 5ml) added. After gentle warming for 15 min, basif- 
ication with ammonium hydroxide was followed by extract­
ion with chloroform to yield a light yellow-brown oil
(4-03 mg).

PLC in 7$ methanol-chloroform (tv/ice) afforded 3 
main components, the least polar of which was shown to

S'S -
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consist of unreacted keto ester (37) (in absorption 
spectrum, Rf and staining characteristics similar to 
authentic sample; m.p. of crude product 95-1.15° , m.p. 
of pure keto ester 118-121° ).

the secona component isolated, (of slightly great­
er polarity) consisted of a light brown gum (60mg), ren­
dered colourless (38mg) on treatment with charcoal in 
ethyl acetate-chlorofonci solution. This compound was 
not obtained in crystalline condition and was not stud­
ied further (cf. page37).
TLC Rf (5#MeOH-CHCl5) : 0.5 (brown).
I S  v ) m a x  Ofujol), cm"1 : 3500, 3300, 1755, 1715,

1700, 1640, 1610, 1580.
NMR 60Mz(CDCl^)5 T ; 2.93 (2H, d, J=9Hz, ArH m tô  single 

OMe), 3.16 (1H, s) , 3.23 (2H, d, <T=9Hz, ArH £ to 
single OMe), 3.82 (Hi, s), 6.13 (3H, s, OCH^),
6.26 (3H, s, 0CH3), 6.35 (3H, s, OCH^) 6.35 (2-3H, 
s) , 6.0-6.6 (2-3H, m) , 6.61 (2H, s).

MS m/e (abundance, f) % 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 product isolated was a bright yellow 

oily semi-solid (26mg) exhibiting blue-green fluorescence 
on TLC under ultraviolet light (350nin), and staining blue- 
red on spraying with ferric chloride reagent (cf. action 
of ferric chloride on hydroxamic acids ) . ^  This compound 
is believed to have structure (56) (see Chapters 1.3 and
1.4).
TLC Rf (5#MeOH-CHCl5) : 0.3 (dark reddish brown)*
UV (x) X (EtOH), nm (absorbance) % 208 (0.50),r 1'_ max _ -.

228 (0.95), 257 (1.62), 305(0.17), 317 (0.16),
355 (0.10), 402 (0.18).

(ii ) \ (EtOH+HClaq), nm (absorbance ) : 225-250(>2),
283X(0.51), 309 (0.63), 318 (0.86), 373 (0.63).

( iii )X (EtOH+HClacL+XSNaOHaq.) , nm (absorbance) :
225-250 (> 2), 276 (1.36, infl.), 287 (l.Ooinxl.),

< 373 (0.76).
Hill See Chapter 1.3, ( 60MH® ,

 Sf —
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Ivio m/e (abundance* $): 355 (50), 340 (25), 325 (50),
324 (20), 323 (15), 310 (15),
306 (25), 151 (100), 135 (30).

Doubly-charged ions ; 177.5 (with 355)?
162.5 (with 325)5
161.5 (with 323),,
75.5 (with 151).

Reduction of methyl 2-homoanisoylhomoveratrate (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 (250ml)

okept at 5-10 by periodical cooling in ice. The reaction 
was followed throughout by TLC in chloroform and 2$ meth- 
anol-chloroform and the amount of borohydride necessary 
to reduce all keto ester determined from these results. 
Acid alumina (G-radel, 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 appeared in the 
solution during the 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 1mm silicagel HF254 plates run in 4$ meth­
anol- chloroform afforded the lactone (48) (0.36g, 10$) 
and the more polar diol (49) (2.64g, 65$).

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

The lactone (48) crystallised from ethyl acetate-

s s
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lighj; petroleum in small colourless prisms, m.p. 135- 
137
TLC Rf (CHCl^) j 0.4 (greyish brown).
—  ^ m a x ^ ' ^ 4 ^ cm : 2930, 1750, 1612, 1514, 1250.
M R  60KHz (CDC15), r : 3.2 (4H, m, mono.OMe ArH),

3.49 (2H, ^  di-OKe ArH),
4.40 (1H, i, J= 4Hz, collapsing 
to s upon irr at 6.79, CH),
6.1-6.2 (9H, 3s, OCH^),
6.79 (2T-T, d, J= 4Hz, collapsing 
to s upon irr at 4.40, u-OMe-Ph-

c h 2),
6.6 and 7.2 (2H, 2d, j= 20Hz,
c h 2c =o ).

MS Pound, m/e : M+ at 328.1322.
C19H 20°5 re^ ires MW 328.1311.

The diol (49) crystallised from ethyl acetate-light 
petroleum in small colourless needles, m.p. 108-110° .
'PIC Rf (5/^MeOH-CHCl^) ; 0.4 (brownish-black with

yellow halo).
—  ^ max (liquid film, pre-crystallisation), cm”1 t 

3500, 3000, 1610, 1520, 1250, 1050.
NMR 60MHz (CD015) , r  : 2.8-3.4 (6H, m, ArH),

5.00 (1H, .t, J= 6Hz, CH), 6.09 (6H, s, OCH^),
6.20 (3H, s, 0CH5), 6.29 (2H, t ,  J= 7Hz, CH20H),
6.98 (2H, d, J= 6Fz, p-0Me-Ph-CH2), 7.20 (2H, bt,
J= 7Hz, CH2-CH20H).

AHAh Pound, / : C, 68.49; H, 7.30.
^19^24^5 requires C, 68.66; H, 7.28.

Reduction of methyl 2-homoanisrylhomoveratrate (37) with 
diborane-tetrahydrofuran and with zinc dust-acetic acid

To a stirred solution of the keto ester (37) (2.22g) 
in tetrahydrofuran (anhydrous, 100ml) at 0 under nitrogen 
atmosphere was added a solution of diborane in tetrahydro­
furan (1M 11ml) in portions over 2hr (by injection
through a rubber septum cap). The course of the reaction 
was followed throughout by ThC in chloroform and in 5y

—  S6



methanol-ohloreform, and the quantity of diborane and 
reaction time required decided accordingly. It was 
observed that a trace of diol (49) was beginning to 
form before all keto ester (37) had reacted.

The mixture was stirred for a further 20min (in 
ice) and excess diborane decomposed by addition of 
e ohanol (anhydrous, 4m±). After a further lOmin ice- 
cold water (50mlj was added, followed lOmin later by 
extraction with chloroform. Evaporation of solvent 
from the organic extract at 40-50° afforded the hydroxy 
es ter (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 small-scale reaction with diborane prepared in 
situ from sodium borohydride and acetic acid furnished 
a product with similar Rf to the hydroxy ester (50), but 
this was not pursued further. A small-scale 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 crystallisation invariably resulted in 
almost total conversion to the lactone. Similar decom­
position took place in the mass spectrometer.
TLC Rf (5$KeOE-CHCl^) ; 0.7 (greyish-brown with lighter

halo).
-1

1750 (ester) , 1610,
IR  J  (liquid film), cm “ : 3500 (hydroxyl), 3 000,—  max

1515, 1245, 770.

22Hydrogenation of methyl 2-homoanisoylhomoveratrate (37)

Several small-scale reactions were carried out at 
room temperature and atmospheric pressure, the products 
being examined by TLC and compared with keto ester (^7^» 
lactone (48), diol (49) and hydroxy ester (50). In no 
case was a promising reaction observed despite the var­
iety of reaction conditions employed. The resulos are 
shown below (the third column referring to the quantity



of catal\; 
quantity

7st used, expressed as 
°f (37) used).

a percentage of the

Reference Catalyst Quantity 
~ < l ).~ Solvent Reactio: 

Time 
(hr)

(i) 5foP d-C 10-20 95fi5tOH 7(ii) n II 9 5/£s tOH+H C1 aq 1!
(iii) n 100-150 95$EtOH 12
(iv ) ii II 95$EtOH+HClaq ii
( v ) ri 50 EtAc 4
( vi) ii it ii 18
(vii) l$Pd-C it 50%Et0H-EtAc 13
(viii) It 100 II ii
(ix) II It 95$EtOH 16
(x) 10#Pd-C II EiAc ii
(xi) pto2 50 AcOB 2
(xii) II i* 95^EtOH+PeSO,aq ti
(xiii) II it ir 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) along with one 
further product. No attempt was made to isolate any 
of these new products.

N, N-Rimethylamino-2-anisyihydroxymethylhomoveratramide

(i). From 2-anisylhydroxymethylhomoveratric acid lactone 
(48)

A solution of the lactone (330mg) in ethanolic 
dime thy1amine (35?, 50ml) was heated for 12 hr under nit­
rogen atmosphere at 70°. '’’he mixture was then stirred
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tor 30 min ax room temperature with a further quantity 
of ethanolic dimethylamine (20ml) and solvent removed 
at ^  30 « The alcoho1 a mld e (51) was obtained as a 
very slightly yellowish oil (371mg, 95/0 shown by TLC 
to be fairly pure.

(ii) From methyl 2-anisylhydroxymethylhomoveratrate
(50)

A solution of the hydroxy ester (2.32g, from dibor­
ane reduction of (37) without further purification) in 
ethanolic dimethylamine (33/0 130ml) was refluxed for 
12hr under nitrogen atmosphere* Evaporation as under
(i) above yielded a reddish oil (2.41g). This was pur­
ified by PLC on five 1 metre x 1mm silicagel HF254 
plates run in 5°h methanol-chloroform and If? methaifcl- 
chloroform (once each), eluting the bands with warm ethyl 
acetate (not boiling, in case elimination of dimethyl- 
amine resulted)* The alcohol amide (5-1) was obtained 
as an almost colourless oil (2.35g, 90$)* solidifying 
overnight at 0° and crystallising from chlorofcrm-ethyl- 
acetate-ether (5: 25s 70) in long colourless needles, 
m.p. 105-106 ° .
TLC Rf (5^MeOTT-CHCl^) ; 0.6 (.brown with purple halo).
IR *0 (liquid film, pre-crystallisation), cm ^ ;—  max

3500, 2950, 1630 (broad), 1580, 1520, 1250, 1040. 
WMR 60MHz (CDCl^), : 2.7-3.5 (6H , m, ArH),

5.20 (1H, t, J= 6Hz, collapsing
to 8 upon irr at 7.0, CH), 6.1-6.2 (9H, 3s, OCH^),
6.48 (2H, s, CH2C0MMe2), 6.95 (3H, s, NCH^),
7.0 (2H, bd, J= 6Hz, collapsing to s upon irr at 
5.20, p-OMe-Ph-CHg), 7.02 (3H, s, HCH^),
7.1 (1H, bs, D20-exchangeable, OH).

MS m/e : 355 (corresponds to loss of H20) ;
328 (corresponds to.loss of HTTMe2) .

ANAL Found, $ : C, 67.82; H, 7.21; N, 3*54*
ConH O7N0c requires C, 67 .54; H, 7.29; N, 3.75;21 2 f 3
MW 373.



The alcohol amide (124ng) was shaken for 4 days 
with manganese dioxide ( 5g) in chloroform (20ml). TLC 
showed the product to consist of about 70$ of the unre­
acted starting; material (51) together v/ith 3 compounds 
less polar than (51). One of these after isolation by 
PLC in %  methanol-chloroform was a semi-solid (12mg,
10$) which crystallised on evaporation of its solution 
in chloroiorm-light petroleum. This compound was later 
shown to have similar infrared and TLC behaviour to the 
keto amide (45)? which was prepared in much better yield 
by ruthenium tetroxide oxidation of (51) as described 
below. •

O’KRuthenium tetroxide oxidation J of alcohol amide (51)

To a well-stirred suspension of the alcohol amide 
(l096g) in carbon tetrachloride (200ml) under nitrogen 
atmosphere and with partial 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$ methano1-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 removal of solvents aff­
orded semi-solid material (2.56g). This was triturated 
with a little ice-cold chloroform-carbon tetrachloride 
to yield the keto amide (45) which, after filtering and 
washing with ice-cold ether, was obtained as a yellow 
crystalline solid (884mg). A further quantity was isol­
ated along with some alcohol amide (51) (218mg, 15$) by



cl 1 .L 0 PJLC Oi tue filxraxe in 2Yfr r:xthanol-chloroform 
m g  a total yield of (45) of 1.05g, 50f. (It is probable 
that hic-.hxr yielos could have been obtained by further 
oxidation, as the unreacted alcohol amide in suspension 
in carbon tetrachloride together with ruthenium dioxide 
was no b detected until work-up of the reaction). The 
product crystallised from methanol in colourless prisms, 
mp. 159-160 c Difficulty was experienced in preparing 
a pure sample for microanalysis as solutions of (45) app­
eared to decompose somewhat (turning yellow) shortly 
after heating to effect complete dissolution prior to 
crystallisation.

Rf (j^MeOH-CHCl^) : 0.6 (brownish-black),
—  ^ m a x ^ ^ 01^’ cm_1: 1680, 1650, 1245, 1130..
NKR 601II z (CDClj) , t  : 2.10-3.26 (6E, m, ArH),

5.85 (2H, s, CH2C=0), 6.03 (2H, s, CHyOHMep , 
3.17-3.20 (9H, 3s, OCHj), 6.94 (3H, s, NCH,),
7.02 (3H, s, KCH,).

MS Pound, m/e : tX at 371.1733.
^21^25^°5 re<inires W  371.1723.

Attempted preparation of the trimethoxy dimethylamide
inline (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 solid with m.p. 125- 
155°, shown by TLC to consist of unreacted keto amide 
(45) (m.p. 157-159°).

Apparent preparation of l-(p-methoxybenzyl)-6,7-dimeth- 
oxy-N-methyl—3(2H)-isoqu..inolone (47) from the &eto 
amide (45)

(i) Using ethanolic methylamine in acetic acid
The keto amide (45) (5mg) was heated with ethanolic 

methylamine (0.5ml) in acetic acid (1ml) at 90 for 14 
hr under nitrogen atmosphere. following partial evap—
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oration and addition of water, the reaction mixture 
was extracted with chloroform and the extract washed 
with dilute sodium hydrogen carbonate. Evaporation 
yielded a yellow gum, apparently pure (TIC under nitro­
gen atmoopnere) , exhib.iting blue-green fluorescence 
under ultraviolet light (350 nin), and believed to be 

N-me thy 1-5( 2H) -i so quinolone (47).
TIC Rf (5^MeOH-CHCl5) s 0.5 (brown).
—  ^  ̂ rnax'Et0f[  ̂» nm(absorbance) : 203(0.92),

225 (0.95), 257 (1.64), 262 (0.50, infl),
302 (0.15) , 316 (0.14), 403 (0.16).

(ii) fl-max(EtOH+HClaq), nm (absorbance) : 203(0.99),
226 (0.99), 253 (1.81), 270 (0.36, infl.),
307 (0.30), 318 (0.31), 366 (0.20).

(iii)A.max(EtOH+HClaq+XSNaOH) , nm (absorbance) s 
200-225 02), 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 

of 1 R( T IC ) .
In a parallel experiment involving heating the

©keto amide (45) (lOOmg) at 105 for llhr, attempted 
purification of t he crude product (133mg) by PLC in 
Afo methano 1-chloroform resulted in further decomposition 
(TIC) 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 
(TIC).

(ii) Using rnethylamine hydrochloride in pyridine
A solution of th e keto amide (45) (5mg) in pyrid­

ine (anhydrous, 2ml) containing rnethylamine hydrochlor- 
ide (30mg) was heated for 15hr at 110° under nitrogen 
atmosphere. Examination of the bright yellow reaction 
mixture by TIC indicated the presence of one main pro­
duct, identical in Rf and staining characteristics to

—  6^ —



the same blue-green fluorescence under ultraviolet linhx 
(350nm).

(iii) Using rnethylamine hydrochloride and sodium 
acetate in methanol

Examination of the yellow reaction mixture produced 
on heating the keto amide (45) (7mg) with rnethylamine 
hydrochloride (3mg) and sodium acetate (anhydrous, 3mg) 
in methanol (anhydrous, 1ml) for 15min on the steam hath 
suggested that this method may also be suitable for prep­
aration of the N-methyl-3(2H)-isoquinolone (47), although 
several other products were also apparent (TLC)•

1 ■-(p-Methoxyb enzy1) -6,7~dimethoxy~F-U- 3 (2H)-isoquinolone
^ ^ 5 3 )

A solution of the keto amide (45) (99mg) in acetic
acid (2ml) containing ammonium acetate (185mg) was heat- 

oed at 100-110 for 20hr under nitrogen atmosphere* On 
cooling the reaction mixture solidified and the 5(2F)- 
isoquinolone (53) was obtained as small feathery pale 
lemon-yellow needles (68mg, 80$) after washing with water, 
filtering and drying under vacuum.

A sample 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)-isoquinolone (53) exhiDoited intense blue- 
green fluorescence under ultraviolet light (350nm) in 
solution or when adsorbed on chromatographic media and3 
in contrast to the U-methyl analogue (47),appeared to 
be unaffected by overnight exposure to the atmosphere 
(m.p. and TLC behaviour unchanged).
TLC Rf (5#MeOH-CHCl5) s 0.3 (brown).

(XBr) , cm : 3400 (broad), <̂ 990, ^9^0,
2820, 2650 (broad), 1650, 1635, 1610, 1565, 1510,
1490, 1425, 1245, 1210, 1160, 1025, 830, 780, 770.

UV (i) %  (EtOF), nm (log£) : 206 (4.02), 227 (4.26),
256a(4 .61), 282 (3.55, infl.), 302 (3.31U 3!3 (3.29),5 5 5 ' ° T  a c \  f



 1,6---
Ul_vJor)td .

O-O max*'Etc‘‘’'+HClaci)» nn: (absorbance) : 203 (0 .67),
227 (0.91), 252 (> 2), 306 (0 .32), 315 (0.33).
370 (0•26)0

(iii) ^~max(StOH +HC1 aq+XSTTaOHaq) , nm ( abso rbanc e ) •
200-230 ( > 2) , 276 (0*66, infl.), 284 (0*76,infl.), 
366 (0.46), 398 (0.29, infl.). 

m m  See Chapter 1.3. (I©0MHB> ClDOl
MS Found, m/e : M* at 325.1305.

• C19H19H04 squires m  325.1313.

Addition of dilute hydrochloric acid (6N) to the 
3(2H)-isoquinolone (53) (either with or without a. trace 
of methanol) resulted in crystallisation of the 5(2̂ )~ 
isoquinolone hydroch1oride in colourless needles. On 
heating to 138-145° these melted and turned yellow, re- 
crystallising at 148-165° in a "flower-petal" pattern.
At 185-210° the crystal structure changed again, forming 
plaques 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.

l-(p-Me tho xybenzyl)-6,7-dime thoxy-M-amlno-3(2H)-‘isoquin­
olone (40)

(Of. . alternative preparation on page Si )

A solution (pH7~&) of keto amide (45) (lOCmg) in 
acetic acid (4ml) containing hydrazine hydrate (aqueous,

O
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 gum (66mg) from which the 3(2H )- 
isoquinolone (40) was isolated by PLC in 4/ methano1- 
chloroform, crystallising from ethyl acetate or ether- 
ethyl acetate in small yellow needles (46mg, 50/), m.p. 
218-219° . The product exhibited blue-green fluor­
escence -under ultraviolet light (350nm) both in solution

6  f-
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and when adsorbed on chromatographic media.
Tic Rf (5'piMeOT[-C’TC].j) ; 0.8 (brown).
I S  'J iaax(KBr) > 0,11-1 ! 3400 (broad), 3270, 3130,

2990, 2950, 2920, 2820, 1650, 1630, 1615, 1550,
1510, 1490, 1270, 1245, 1225, 1175, 1030, 840,
820, 760.

IH (i)
nm U o g £  ) s 203 (3.81), 229 (4.13), 

257 (4.55), 305 (3.42), 317 (3.42), 398 (3.47).
(ii)
^-max(Rt0H+HClaq), nm (absorbance) : 202 (0.65),
228 (0.90), 255 (1.93), 308 (0.28), 365 (0.18).

(iii)
X max(EtOH+HClaq+XSITaOHaq) , nm (absorbance) :
-v 255 (>2), 303 (0.60), 317 (0.56) 387 (0.40).

KMR See Chapter 1.3. ('IQOMlk , dBClg).
MS Pound, m/e : K+ at 340.1415.

C191K20^2C>4 retires 340.1416.

Conversion to the 3(2H)-isoquinolone hydrochloride 
was effected with dilute hydrochloric acid (cf. prep­
aration of the hydrochloride of the Tnt-f analogue) , the 
product crystallising in long colourless needles. These 
melted on heating at 132-138° (the melt becoming yellow) 
and recrystallised at 148-175° in a 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 chloroform...

65" —
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PART I (2)

Synthesis of (1) - Norcoralydine

—  6 9



d

O M e

fo I'U'

MeOr
M̂ ol-

CO

MtO
MeO

MeO
Me.0

o -Hrt

(2)

O H
OMe

MeO

. (5)

OMd ^ 0  
OMe WeO’

OMe OMe

Me.0

(?)
(3)

TO



F  i CjO^e 2.1 -Ol

,o
I O  I

MeO
M*.G O

N

0) HClo^.^Ut
CO N\i+otf

O M e

(5)

Pt°2//  H 2
E t O H

OMe

P o d i 3

OMe

K  a &U 4. 
H e  O U

OMe

CO

7/



As mentioned previously, the 3 (2H) - isoquinolone
system and its derivatives are potentially useful as
intermediates in alkaloid synthesis. The example
presented here illustrates such an application in a
new route to the protoberberine alkaloid (~) - norcoraly-
dine (1) ia.p. 157 ,  ̂ the laevorotatory form of which,
(-) - xylopinine m.p. 182 , is found in Xylopia discrota
Sprague and Hutchins (Anonaceae).  ̂ An early "bio-
genetically - orientated" synthesis of (i) - norcoralydine
from tetrahydropapaverine (2) was achieved by formaldehyde"
hydrochloric acid treatment, ^ ^  and the racemic material
is also obtainable from (-) - coreximine (3) (ex Hicentra 

5 6eximia) on methylation, oxidation to a quaternary7derivative (4) and reduction by (e.g.) zinc dust, as
8well as by later independent syntheses.

The greater part of the experimental work in this
9section was carried out by A. V. McCulloch, and the

reaction sequences employed are shown in Figure 2.1- 01.
An important step is the irnine cj^clisation with hot
dilute hydrochloric acid to form an N -homoveratryl -3 (2U)
isoquinolone hydrochloride, exploiting the 3(2P)- isoquin-

c f 10olone synthesis developed earlier. — * Treatment with
ammonia liberated the 3(2H) - isoquinolone (5) in good 
overall yield. Cyclisation of the corresponding 1,4 - 
dihydro derivative (6) to the tetracyclic product (7) 
was satisfactorily achieved using phosphorus oxychloride, 
recovery of unreacted material having been made after pro­
longed refluxing with phosphorus pentoxide in benzene. 
Immediate reduction of (7) with methanolic sodium borohy- 
dride afforded a good yield of crude ( —) -norcoralya.ine (-0 
purified by crystallisation from ether.



y/ere in. keeping with the molecular formula C Z1 H 2S NO+ , 
and convincing proof of structure (1) was afforded by 
four distinct singlet aryl-proton resonances in the ilk 
spectrum at 3.19, 3.26, 3.31 and 3.35r . The possible 
alternative structure (6) 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- 
139°, in keeping with the reported melting point of
, o 1(-) - norcoralydine picrate, 139 • ' The cyclisation 

product itself had imp. 146-149°, and although this is 
rather lower than the most widely reported m.p. for (-) 
norcoralydine of 157°, melting points of 151*5 - 1^2.5 
and 147-148°  ̂ have also been quoted for samples proved, 
to be identical with (-) - norcoralydine on the basis of 
mixed m.p. and other evidence.



Treatment of the dihydro isoquinolone (6) (520mg), 
obtained from hydrogenation of 7, 8- dimethoxy — IT-ho mo - 
veratryl-3 (211) - isoquinolone (5), with refluxing
phosphorus oxychloride (12ml) for 4hr followed by standing 
overnight 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^temperature 
followed by refluxing under nitrogen for 30 min. Addition 
of vvater and extraction with chloroform afforded a yellowish 
gummy solid shown by TIC to consist of one major product. 
Purification by PLC in 5$ methanol- chloroform yielded (i) - 
norcoralydine (1) as a slightly yellow solid (97mg, 95%) 
which crystallised from ether in small colourless needles, 
m.p. 146- 149°(lit. m.p. 147, 151, 157°). 1 '4,7 
TLC Rf (2$ MeOH-CHCX^) : 0.3 (greyish brown).
IR ^ma.x (Nujol) , cm 1610, 1520.
TTY %  max (EtOH), n m  (r.o .d .) : 226(1.00), 283 (0.53),

286 (0.53).
NMR 60FH* (CDCl^) , ?  : 3.18 (1H, si), 3.27 (IH, e ) ,3.31C1H,3),

3.35(1H, $) , 6.12 (1211, si) , 5. 5-6.0 
and 6. 1-7 .4( 9^ j331) •

MS m/e ( abundance, % ) : 355 (25), 190 (20), 165 (30),
_  164 (100), 149 (15), 121 (25),

91 (10).
ANAL Pound, i : C, 70. 90 ; H, 7.25:14,3.90; M+ at ro/e355-

Calo. for C21H25 N0+ : 0,70.96; H, 7.09; N , 3.94;
m  355.

Treatment with ethanolic picric acid solution gave 
the picrate, crystallising in clusters of yellow-oiange 
needles, m.p. 136-139 (lit. m.p. 139 )»
FS As that of (1), plu.s m/e 229 (100$, picric acid) and 

m/e 199 (50%, P-30).



A. Pictet and 'f. Q. Chou, Per., 49, 370 (1916)0
A. R. Battersby, Tetrahedron, 14, 46 (1961).
K. Yainaguchi, Spectral Data of Yatural Products,
Vo 1«1, Elsevier 019?07
E. Spath and E. Eruta, Monatsh., 31, 341 (1926).
R. H. P. Ranske and H. L. Holmes, The Alkaloids, 
Vol.IV, 112, Acad, press Inc. (195477
K — G . Bolt, Ergebnisse der Alkaloid - Chemie_bis
I960, 334-  ̂ Akaderuie- Yerlag, Berlin (1961).
E. Spath and E. Kruta, Monatsh., 50, 341 (1926) .
E.g. D. W. Brown and S. P. Dyke, Tetrahedron Le11.,
3587 (1964);
V. Meise and P. Zymalkowski, Tetrahedron Lett.,
1475 (1969);
T. Kametani, K. Ogasawara and T. Takahashi, Chem. 
Coramun., 675 (1972).
A. W. McCulloch, Ph. D Thesis, University of Glasgo 
pp 36-36 and 150 - 152 (1965).
N. J. McCorkindale and A . V. McCulloch 3 Tetrahedron 
27, 4653 (1971).



J  -

PART II (3)

Hofmann Degradation of Benzylisoquinoline Alkaloids
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Chap~ter 3° 1 Introduetio

nemical constituents extracted
,n

sence of the -unusual 7,8-dioxygenated quaternary alkaloid 
petaline (1), exhibiting neuromuscular blocking activity 
and producing tonic convulsions.'*' On passage of an
ethanolic solution of the reineclcnte, chloride or iodide 
through Amberlite IRA 400 (OH) anion exchange resin (there-

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,u but whether it is normally present 
in the plant or constitutes an artefact produced during 
extraction procedures does not seem to have been estab­
lished.^

Since such facile Hofmann degradations are apparently 
not well known, McCulloch carried out a preliminary study 
of a number of quaternised benzylisoquinoline alkaloids 
under identical conditions, in an effort to discover the 
factors governing the elimination process and the mechan-pisms operating. Thus the methiodides of laudanosme
(3)» ^  -laudanine (4) arid 0-methyl- - petaline (5) were 
all found to furnish stilbenes in an analogous mariner to 
petaline. Evaporation of the corresponding solution ob­
tained following passage of ^  -petaline (6) methiodide 
through the resin yielded a stable quaternary hydroxide 
however, which was not converted to the methine even on
fairly strong heating.

It appeared, from this that facile decomposition of 
the quaternary hydroxide occurred where there was in the 
6- or 8- position a hydroxyl group, or a methoxyl group 
which was not ortho to a hydroxyl group. It was sugy-

by producing the quaternary hydroxide) followed by evap-

ested that electron release from a methoxyl group hydrog­
en bonded to an ortho group might be significantly less.

Since there seemed a strong likelihood howsvei that 
he phenolic q u a te rn a r y  salt would actually exist as th e

-  8 2 --------
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phenolate zwitterion Csee later discussion) it was 
evident, that further study of the factors governing the 
fcicrli (,y oi elimination was required, involving more pre- 
cise definition of conditions.

Be~excjninafcion of the ultraviolet spectra obtained 
by McCulloch from ethanclic solutions of petaline, ij!/-pet~ 
aline and 'y -laudanine methohyaroxides confirmed the 
existence of phenolate zwitterions (7), (8) and (9) 
respectively, with X yr.rzx ^00-305 nm. Assuming the 
quaternary hydroxides (10) and (11) of laudanosine and 
0-methyl- l/J - petaline (respectively) to behave normally, 
McCulloch’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 stilbenoid methine.

At first oxygenated benzylamines were considered 
as possible models which were readily accessible, since 
these included a number of the features of benzyltetra- 
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. It was hoped that the dimethoxy derivative 
might yield 3 ,4-dimethoxybenzyl alcohol (14) by displace­
ment of the amino function by hydroxyl ion, J under 
conditions which would allow the corresponding phenolic 
compound to be recovered unchanged. However the dimeth— 
oxy quaternary hydroxide was found to oe unaffected even 
by refluxing in aqueous solution, and on discovery that 
aqueous benzyltrimethylammonium hydroxide (15) requires 
a minimum temperature of 145° for decomposition, this
approach was discontinued.

As a closer analogy to the alkaloidal systems with 
the structural features necessary for potential stilbene 
formation, a series of 1 ,2-diaryl-l-aimethylamincethanes 
was now prepared (Figure 3.1-01). Amines (16) and (17)
were comparable to laudanosine (73) d y
petaline (6) (m-OH, fc-OMe) respectively, and amines (18), 
(19) and (20) were included to enaole a thorough study to

 8 1 ---



be made 01 trie effect of the phenolic {Troup in isol­
ation from ether functional groups (i.e. OHe) . Amine 
(21) was considered to be cf vital importance 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 benzyltetrahydroisoquinolines than had been 
available, (-)- codamine (22) and 1~(3,4-dimethoxy­
benzyl) - IT - methyl - 1, 2 ,3,4-tetrahydroisoquinoline 
(23) were also synthesised. However laudanine (24), 
an example of an alkaloid with a hydroxyl 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 Cbapte
3.2.



Ihe first two amines studied, tj9t-t_ dimethyl—5>4- 
dimethoxyoenzylamine (25) and ]\T,TT-dimethyl-5~hyd.roxy-4-
methoxybenzylamine (26), were prepared in good yield 
fiorn the coiresponding 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 aqueou 
ethanol gave 5»4-dimethoxybenzyl alcohol (14) as the 
main product. Other routes explored for (25), namely 
reduction of veratraldehyde IT-methyl imine with sodium
borohydride and formaldehyde or treatment of this imine

7with methyl iodide followed by sodium borohydride, both 
led to complex mixtures of products.

It was hoped that it might be possible to effect a 
similar reductive amination of 1,2-diaryl-l-ketoethanes, 
although these could be expected to be less reactive than

a
aldehydes. Suitable ketones (29) and (50) were pre­
pared by Friedel-Crafts acylation of veratrole (51) and 
O-tosyl guaiacol (52) respectively with phenylacetyl 
chloride, but when (29) was submitted to the reductive 
amination procedure described above the required amine 
(16) could not be detected, the main product being the 
corresponding alcohol (55). Since it was found that 
the desired amines could conveniently be 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 Pries rearrangement of guaia­
col phenylacetate (54) (see Chapter 5-4)>^but this was 
not further investigated).

An interesting discovery incidental to the above 
work was the production of an orange crystalline by-pro­
duct during the preparation of the ketone )• .Lhe 
structure of this compound and that ol a colourless hy­
drogenation product will be discussed in Chapter 4.1.

Preparation of 1- dialkylamino-1,2-diarylethanes 
has previously been extensively studied by Goodson and



Christopner. Treatment of appropriate primary and 
secondary amines with alkyl halides had afforded only 
limited success • for instance, N~ethyl~l,2-diphenvl- 
ethylamine (3b) gave a 70$ yield of tertiary amine on 
tieatment with ethyl bromide at 120—140° , whereas only 
a 10/' yield of tertiary amine resulted from the reaction 
of piperidine and 1,2-diphenylethyl bromide (36), stil- 
bene oeing the major product. ^  (This suggested that 
conversion of the alcohol (33) to a satisfactory yield 
of the.corresponding amine (16) via a halide would have 
little chance of success).

An efficient synthesis was however developed using 
the reaction of G-rignard reagents (RIfgX) with ad -amino- \(J
nitriles of the type Ar CH (TO^) CN. This was known to 
take one of three different pathways depending on the 
nature of the substituent groups : (a) replacement of the
cyano group, yielding Ar CH(NRp) R; (b) addition to the

/cyano group to form Ar CHOTRp) COR; and (c) removal of 
cyano groups from 2 molecules of the amino nitrile, giving 
rise to the coupled product ArCrKNRp) ChyRRp) Ar. When 
if - (N,N“dimethylamino)~phenylacetonitrile (37) was treat­
ed with an ethereal solution of benzylmagnesium chloride 
it was found following an acid work-up that the hydrochlor­
ide of the required amine, h,M-dimethyl-l,2-diphenylethyl- 
amine (21) was formed in over 80$ yield, and by this means 
Goodson and Christopher were able to prepare a series of 
1,2-diphenylethylamines (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) ) (figure 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 crystalliseo out of the reaction mixture 
in a high state of purity.-—  The preparation of amine
(18 ) , 1 - (IF, N -dimethy 1 amino ) -1 - (2-hydroxypheny 1) -2-phenyi - 
ethane, uroved more troublesome however, since dhe appiop 
riate amino nitrile (33) failed to react with benzylmag-
nesium chloride.

. , . I . . c * o  •? -pnnpnr>p of the orthoAttention was iouuScQ Ou w m  ~ —
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hyaroxyl group in this compound (53) y/hen it was noted 
that methyl iodide treatment of the extract expected to 
contain the required o-hydroxy diphenylethylamine (18) 
following normal G-rignard work-up afforded a considerable 
yield of uetramethylammonium iodide, rrt.p. y 300° (correct 
analysis obtained for C^H^pNI). 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 seems possible (although 
not further studied for confirmation purposes) that a re­
action of the type shown in Figure 3.2-01 could have ta,ken 
place, the hypothetical cyano-quinonoid 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 (38) in 
light petroleum on the steam bath. This could perhaps 
result from formation of the dimethylamino-quinonoid 
species shown in Figure 3.2-02 in which elimination of 
IICll rather than H N I ^  is proposed (cf. above G-rignard 
reactions). The solubility of the amino nitrile (38) in 
light petroleum showed the very high degree of hydrogen 
bonding in the molecule(_cf. insolubility of corresponding 
m- and p-hydroxy compounds). This was corroborated by 
its Rf in chloroform of 0.4 (cf. m - and p - hydroxy anal­
ogues with Rf 0.1) and the resonance of the phenolic pro­
ton in its m m  spectrum at 0.80 r (cf. m-hydroxyl at 3.59r
and p-hydroxyl at 3.08xf).

Since no difficulty had been experienced with the 
Grignard reaction in the case of the m - and p- hydroxy- 
p h e n y l d i m e thyl aminoacetonitriles in which there is no 
possibility of intramolecular hydrogen bonding, the poss­
ible effects of the latter were considered in the light 
of the failure of the ortho isomer to react in the G-rig-

reaction.
A rigid structure containing the seemingly fairly 

strong Q-H-N bond shown in Figure 3.2-03 would presum- 
ably preclude free rotation about the bond connecting^ 
the aromatic nucleus with the aminoacetonitrile substit­
uent. thus effectively blocking any possioility of bacA-
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bide attacii ov tne Crrign&rd reagent at the me thine 
position. However it is probable that the excess of 
Orignard reagent used would first of all react with 
the phenolic hydrogen atom despite hydrogen bonding, 
forming toluene and Ar OMg 01.^ The most likely 
explanation for failure thus seems to be that the 
neighbouring -OMg Cl moiety, if formed, simply provides 
sufficient s fceric interference to cancel any further 
approacn made by a bulky benzyl group towards the methine 
position. (Any theory based on possible insolubility of 
the intermediate Ar OMg Cl species appears'to be unten­
able, as there is no reason to suppose that the o -hydroxy 
analogue should behave any differently from the corresp­
onding m- and jd- 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. For this purpose the prep­
aration of the methoxymethyl ether (39) was undertaken, 
this possessing the added advantages of stability to
base and (hopefully) facile acid-catalysed removal dun-

13ing normal G-rignard work-up.
Accordingly the sodium salt of salieylaldehyde was 

treated with chloromethyl methyl ether to give the rneth- 
oxymethylated aldehyde (40), showing 2 new singlets in 
the NMR spectrum at 4.68T(2H, methylene) and 6.47*tf(3H, 
methyl). Eventual conversion to the amino nitrile (39) 
was reflected by the disappearance in the infrared spect­
rum of the aldehydic stretching frequency at 1680cm 
and development of a weak band at 2250cm conesponding 
to nitrile absorption. In addition to one metnoxymethy- 
lene proton resonances, the NMR spectrum now exhibited 
singlets at 4.92r(lH, methine) and 7.63t (6H, M-methyls), 
the previously apparent aldehydic proton at —0.53Thaving
completely disappeared.

An attempt to convert a quantity of o-hydroxyphenyl- 
dimethylaminoacetonitriie (38) to this methoxymethyl aer~ 
ivative (39) resulted in hydrolysis of the cyano and amino 
groups, 0-methoxymethy1 salieylaldehyde (40) being obtained
ins te ad.

« • a 7/ns now carried, out on (39)The G -r ig n a rd  r e a c t io n
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and examination of the mixture by TIC following normal 
acio. worm-up showed that a fairly complex mixture was 
present. Treatment of the crude product with gaseous 
hydrogen chloride in benzene failed to effect formation 
of a crystalline hydrochloride, but it is known that 
difficulty can sometimes be 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 rnethiodide under nor­
mal conditions).^

Following neutralisation, TIC indicated that one 
main product was now present, and it was evident that 
the extra treatment with hydrogen chloride had probably 
been necessary to remove all of the methoxymethyl pro­
tecting group. Sublimation of the product yielded a 
colourless oil shown by TIC to be of high purity and 
analysing correctly for C^gH-^NO, -̂-e required amine 
(16). Conclusive evidence for this structure was pro­
vided by the N1TR spectrum which exhibited sharp singlets

11at -0 .1 5 Y ( 1H , hydrogen-bonded phenolic) and 7. 5 8't
(6H, N-methyls), and a broad singlet at 2.99 'F (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'T integrating for at least 
1 proton and presumably brought about by shielding of 
the 1 -aryl group’s Cg proton (and possibly also C^ proton) 
by the phenyl ring of the benzyl group.

Two of the desired three remaining amines of the 
tetrahydrobenzylisoquinoline type were now obtained oy 
methods involving the Bischler-hapieralski synthesis. A 
sample of the first of these, (±) - codamine (22) (as the 
picrate), was available following phosphorus oxyehloride- 
induced cyclisation of N-(3-methoxy-4-benzyloxyphenylethyl) 
homoveratramide (4 2), conversion of the resultant inline 
hydrochloride to the rnethiodide (43), reduction of this
with sodium borohydride, and acid-catalysed removal of the

16benzyl protecting group.
A similar route was attempted in the preparation of
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the relatively less accessible H~methyl-l-veratryl~l,
2, 3, 4”~ te fcrahyd.ro iso quinoline (23). Since no activat­
e s  group //as present in the pnenyl ring of the infor­
med j. a .e ■ --phenyle rnylhomoveratramide (44) to assist cy- 
clisation, it was decided to employ phosphorus pent- 
oxide rather than the milder phosphorus oxychloride for 
this step. The cyclisation product (45) was then immed­
iately reduced with sodium borohydride sin ce it was 
known that l-benzyl-3,4-dihydroisoquinolines readily 
oxidise in air to give 1-benzoyl derivatives. ^  Cat­
alytic reduction of a mixture of the resultant secondary 
amine (46) ( "Omax at 3500cm \  N-H-stretch) and formal­
dehyde followed by treatment with excess methyl iodide
yielded a very crude sample of the reauired rnethiodide 

cfl(47).—  This exhibited an ion of m/e 311 in the mass
spectrum , corresponding to the stilbene (48) which was 
lated. isolated 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-

18osine (3) with aluminium chloride in nitrobenzene. A
complex mixture of products was obtained, however, and
no attempt was made at separation. An older method in
v/hich laudanosine was heated with concentrated hydro-

» 1Qchloric 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 'f- codamine (49) with m.p. 129-131 
(lit. m.p.of^— codamine, 129-13C) ; cf♦ lit m.p. of
laudanine, 166-167 )*^^ l^e i° e e  absence of a con­
venient route to 3-hydroxypheny'lacetic acid derivatives, 
a total synthesis involving the Bischler-Bapieralski 
method was not considered, and although laudanine was 
at one time available commercially (at prohibitive cost) 
this was no longer the case.
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Chap ter 3.3 Dear a d a t i v e m e su 11 s

For 'cue purposes of the following discussion the 
amines studied are grouped as in Figure 33-01. Croup A 
consists Ox those H , H-dimethylainino-1, 2-diarylethanes 
which formed stable, readily isolable methiodides; Group 
B contains two phenolic amines which reacted rather diff­
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 KeCulloch; and, for completeness, the amines studiedoby the latter are listed in Croup D.

Conversion of all stable amine methiodides to quater­
nary hydroxides was achieved by passage of their ethanolic
solutions over Amberlite IRA 400 (OH) ion exchange resin2(see Chapter 3.5). These solutions were evaporated 
under fairly uniform conditions and the products of re­
action studied by ultraviolet spectroscopy. Stilbenes 
7/ere isolated and identified where appropriate, and quat­
ernary hydroxides found to be stable up to this point were 
then g enerally subjected to more drastic measures to dis­
cover conditions under which they 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 v/as felt that this method of monitor­
ing the Hofmaim 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 could be kept reasonably constant 
for a range of quaternary hydroxides. As it was antioip 
ated that there would probably be some difference in re­
activity between comparably substituted ’’alkaloidal" and 
jt H-dim.ethhl amino -1 ,2-diarylethane derivatives it
was decided to limit this approach (initially) to the 4
amines of Group A.

It was eventuallv found on observing the decompos-
ition ir. n-butanol solution in a U V cell held at 74 - 1
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(see Chapter 3 .5) that the quaternary hydroxide of the 
dimetnoxy derivative (16) prepared fro a a 1X10 It so 
ution of the rnethiodide was completely converted to the 
coire^pondiii.. stiloene in less than 30 minutes, and these 
conditions were therefore employed for the reactions of 
the 3 remaining amines.

The results obtained both from experiments conducted 
in ethano1 and in n-butanol solution will now be discussed 
group by group.

Group A
Ultraviolet absorptions (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 Figure 3.3-03.

Corresponding data for the experiments conducted in 
n-butanol are listed in Figures 3.3-04 and 3*3-05. Column 
(ii) in Figure 3.3-04 refers to the first ITV absorption ' 
spectrum obtained after placing the sample in the instru­
ment cell-holder (i.e. after about 30 seconds at 74-1°), 
while column (iii) refers to the spectrum 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
anol. There arpeared to be no significant difference in 
iates of reaction in n—butanol, the time taken for stil- 
bene absorption 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 j.s

" Di-iniiMn + inn to take place either underunnecessary lor elimination uu ^
u. r ̂ ^-v.i '\ rs-r- on hpg+.inv in n- but-McCullOCn* S COnailluna ^cwauw-i-; _

ano 1 .
Heating the methiodides themselves in n-butanol on
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the steam bath before converting to the quaternary 
hydroa.icles did not result in formation of stilbenes. — ‘ 22 
Hence it would, appear that the hydroxyl anion is necessary 
for elimination to tare place, presumably involving 
removal of a methylene proton (see Higure 3.3-06).^ In 
this mechanism it does seem likely that electron releas­
ing groups in the 2 or 4 positions would facilitate loss 
of trimethylamine 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 solutions (with 
consequently somewhat longer reaction times).

Amine (19)
In ethanol, partial conversion to the phenolate

zvritterion took place on passage through the column, the
ratio of phenolate to phenolic quaternary hydroxide appear­
ing to increase on evaporation. Since an effort was made 
to ensure that ultraviolet spectra were obtained from sol­
utions of approximately equal concentration both before 
and after evaporation, this appeared to suggest that 
attainment of an equilibrium slightly 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 hydroxide was observed, suggest­
ing that in this solvent at least the equilibrium is 
strongly in favour of the phenolate (wnich, 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 strong 
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 

ethanolic solution obtained directly from the column, 
but a proportion became apparent after evaporation (cf.

' rtic-Piiqcjed') . I n  th e  case  o f  th eprevious p h e n o l ic  am ine c...oCJ. - - )
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n-butanol solution the first scan after -placing the 
sample in the UV cell suggested that the quantity of 
phenolate zwitterxon present probably exceeded that of 
the phenolic quaternary hydroxide. By 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 spectrum.

Since it seems unlikely for the phenolate 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 Figure 3.3-07 (although no further evidence for
this was sought). Analogies for this type of behaviour

e p' 2 4- 2 ̂are well known, — ' as is also the fact that
phenolate anions preferentially attack carbon atoms '

26rather than hydrogen atoms; consequently, where these 
have been used as bases in "destructive" Hofmann degrad­
ations (i.e. usually employing strong heating) they tend

' 26 to give less olefin than does hydroxide ion.
That in no case was conversion to the stilbene ob­

served, lends support to the suggestion put forward earlier 
that hydroxide ion is required to initiate the elimination 
process.

(The question arises as to why, if the intermolecular 
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 nucleophilicity of the 
derived phenolate anion, thus presumably facilitating re­
actions such as 0—methylation. That tnis type of re­
action was not observed with (17) in ethanol solution nor 
(apparently) by I'cCulloch in the case of ̂ -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 greater rigidity of
 JO(---
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the alkaloidal system).
Treatment of the quaternary hyd roxide of (17) 

with sodium ethoxide in refluxing ethanol 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 Hofmann degrad­
ation reactions, arising from direct replacement of 
the amino group by ethoxide ion.

Group B
In the case of the two amines of this group 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.

Amine (20)
During attempted rnethiodide formation at 0°, a 

crystalline solid was isolated, consisting radtijyof tetra—  
methylammonium iodide. The ultraviolet spectrum of the 
residue obtained on evaporation at low temperature of the 
decanted solution indicated the presence of the stilbene 
(52) ( X  at 284, 504 and 518 mn), which was later ex-HI c?LX
tracted and characterised. At no stage was- the presumed 
rnethiodide intermediate (55) detected, suggesting 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 5.5-08. This is 
very much related to McCulloch's original theory about 
electron-releasing groups,2 but tne point now made is 
that a hydroxyl group in a position para (or ortho, see 
below) to the amino moiety would seem to be much more 
effective as an "electron-releaser" than a similarly 
positioned methoxyl group/9 Although quatemised 
amines containing methoxyl groups could possibly give 
rise to species such as (55), these would presumably
be less stable than ihe uncharged quinone rnethide (54)

■Z -Z no £i-27postulated in Figure 5*5 Oo.
 JOS ---
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it would be expected that some trimethylamine hydriodide 
would form if the suggested mechanism is correct, 22 
but probaoly in much smaller quantities than tetra- 
methylammonium iodide due to the large excess of methyl 
iodide employed. Although no absorption between 2,200- 
1,800 cm (NH+) was detected in the infrared spectrum, 
the presence of a trace of this hydriodide in the isol­
ated crystalline solid cannot be discounted.

An apparent anomaly 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 rnethiodide 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 rnethiodide) compared to that substituted with 
only two 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 spraying with eerie ammon­
ium nitrate solution following iodine treatment).

However, on treatment of this residual solution with 
a further quantity of methyl ioo.ide 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 required amine 
rnethiodide (57), and a positive Beilstein flame test for 
the presence of halogen lent support to this structural
assignment.

In the mass spectrum the ion of hignest mass was

 /Of
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at ni/e 196 being that r e q  uired for the ortho-hydroxy 
btilDene (96), and the latter was also identified axon/? 
the several products to which the above material appeared 
to decompose on dissolving in methanol at room temper­
ature and subjecting to examination b y  TLC in %  methanol- 
c h lo r o f o r m .

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

The a p p a r e n t  g r e a t e r  s t a b i l i t y  o f  th e  o r t h o - h y d r o x y  

am ine r n e th io d id e  (5 7 )  to  t h a t  o f  th e  h y p o t h e t i c a l  p a r a -  

h y d r o x y  a n a lo g u e  (5 3 )  may be r e l a t e d  to  t h e  p o s s i b i l i t y  

i n  th e  f o r m e r  case o f  e l e c t r o s t a t i c  s t a b i l i s a t i o n  o f  th e

p o s i t i v e l y - c h a r g e d  n i t r o g e n  a tom  b y  th e  lo n e  p a i r  o f

electrons belonging to the oxygen atom of the ortho hy-
28d r o x y l  g r o u p .  N e v e r t h e le s s ,  d e c o m p o s i t io n  o f  t h i s

r n e th io d id e  w o u ld  p re s u m a b ly  o c c u r  e v e n t u a l l y  by  a  m ech­

a n is m  a n a lo g o u s  to  t h a t  p ro p o s e d  f o r  th e  p a r a - h y d r o x y  

compound (a s  shown i n  F ig u r e  3.3-08).

G roup  C
D e t a i l s  o f  u l t r a v i o l e t  s p e c t r a  and s p e c ie s  p r e s e n t  

a t  th e  v a r i o u s  s ta g e s  o f  r e a c t  i o n  i n  e th a n o l  a re  l i s t e d

i n  F ig u r e s  3*3-09 and 3*3-10.

Amine (23)
E x a m in a t io n  o f  th e  r e s id u e  o b ta in e d  a f t e r  e v a p o r ­

a t i o n  o f  th e  e t h a n o l i c  q u a t e r n a r y  h y d r o x id e  r e v e a le d  

u l t r a v i o l e t  a b s o r p t i o n  due to  th e  s t i l b e n e  ( 4 8 ) ,  w h ic h  

was l a t e r  i s o l a t e d  and i d e n t i f i e d .  T h is  r e s u l t  a g re e s  
w i t h  th e  c o r r e s p o n d in g  f i n d i n g s  f r o m  G roup A , i n d i c a t i n g  

t h a t  even  i n  th e *  a l k a l o i d a l " s y s t e m  th e  p re s e n c e  o f  an 
e l e c t r o n - r e l e a s i n g  s u b s t i t u e n t  i n  a p o s i t i o n  o r t h o  o r  

o a ra  t o  th e  p o t e n t i a l  amino l e a v i n g  g ro u p  a p p e a rs  u n ­
n e c e s s a r y  f o r  sm o o th  Hofmann e l i m i n a t i o n  u n d e r  th e  c o n -

d i t i o n s  s p e c i f i e d .
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(?) 
(0-Ne-l/<- f>

CO
CP<i\.c\\\r\q̂

(£)
, (̂ \p— Laudanine^

(g

« •\o-vl C oW «va v-i

a v4- 6a-3s)
235“ (Jl-So')
2.S2 0 - o o y

23S- (/.fc8) 
a7s 0- oo)
2.S4 C\oq)

23o(a  27) 3ss(voo)  
260 ( M  4) 3ao (d Sj)
3 7S (i-oo)

226 (3'3l) 3.05(o-4 4)
260 (l-04)
232 (t-co)

23V (z -3 s )  ZS4(Voo) 
2.̂ 4 (o-'Jfc) 3<X>(o-8 5) 
27S (0-4 s)

>̂ |lGCA€<j b\&S6v\t

Q H

Q H

Q H  4- Pz:

Q H  + "p z

Q H  + ^ 2

•Fi softe 3.3 - ̂ 3

t o j ^
HV\ezX

r ( o r jH

M*0

(s9)

Fificae 3.5—  I4-

orne

Tfe
LPJowe.

Meoiyy1

orOv
/or



Oo famine (22)
E/apora cion o± the ethanolic solution from the 

column i e suited in a mixture of phenolic equate many hy— 
dioxide and phenolate zwitterion, but 2 1 0 stilbene. The 
experiment was also conducted in n- butanol (Figure 3.3- 
11) and in this case a somewhat greater proportion of 
phenolate zwitterion was suggested, but still no indic­
ation of either stilbene formation or of the hypothetical, 
intermolecular O-methylation discussed in connection with 
the corresponding amine (17) of group A (even after 2 
hours at 74 - 1°).

Oroup I)
Ultraviolet absorption data obtained by NcCulloch^ 

for solutions directly from the column, including tent­
ative assignments for species present at this stage^are 
shown in Figure 3.3-12.

haudanosine (3) and O-methyl-^- petaline(5)
The suggested mechanism for Hofmann elimination in 

these cases is analogous to that proposed 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).

n//- Laudanine (4)
A plausible mode of decomposition of the phenolate 

zwitterion is shown in Figure 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 stilhene formation visi the 
hypothetical "quinone methide" intermediate (59).

Petaline (1)
Two different mechanisms are possible in this

instance: the first is analogous to that proposed
above for 'y/-laudsn ine, and the second (Figure 3.3-14)
cf.30 aiiows 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
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of -the behaviour of f-laudani-ae, the former .'node may be
inoic lively, oat "this oaruiot be stafed vji oh any certain-
ty.

Pet aline (6)
Since 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 . Hofmann eliminaxion..

Conclusion
The mechanistic pathways proposed above underline the 

importance in Hofmann elimination reactions of the presence 
and location of phenolic groupings. By comparison, meth­
oxyl substituents in the aromatic ring closest to thfe 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 amines of the same basic 
structural type as in the preceeding work) :
(i) addition of base to t he solution of a meta-hydroxy 

phenolate zwitterion;
(ii) addition of a phenol (e.g. guiacol) to the solution 

of a non-ph enolic quaternary 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 quaternised with m-hydroxy-
benzyl iodide, e.g. (61) ).

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

A study of the Hofmann degradation of polyphenolic
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and bisbenzylisoquinoline alkaloids under controlled 
conditions should also be worthwhile.

HO
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G d&pf ar____y.4 Rxp e r i n e n t a I ( with 3.2)

(Roue: to simplify the description of many of the 
N M R spectia .recorded in this and the following chapter 
the reference systems illustrated in Figure 3•4-01 have 
been employed)

3»4 - Pi me th oxyh enzyltrime thy1ammo nium iodide (12)

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

TLC Rf (10$ .MeOH-CHCl^) *. 0.5 (brownish-blue).
IR <0 0 (liquid film), cm : 2800, 1590, 1515, 1260,"—— ElclX

1230, 1030.
NMR 60MFIz (CDCl^),'?: 3.13(1H, bs, ArH), 3•21(2H,bs, ArH) ,

6.12(3H,s,OCH5), 6.13(3H,s,OCH5),
6.65(2H,s,CR2), 7.79 (6fffs,NCK5).

(Alternative preparations of the benzylamine which 
were attempted included (i) sodium borohydride reduction 
of a veratraldehyde-dimethylaramonium chloride-sodium- 
acetate mixture in aqueous ethanol, affording mainly 3,4- 
dimethoxyben z y 1 alcohol(14); (ii) metnyl iodide treatment 
of veratraldehyde H—methyl imine followed by sodium boic — 
hydride reduction in pyridine or ethanol, leading to a 
complex mixture of products; and (iii) treatment of 
veratraldehyde R-methyl imine with sodium borohydride 
and formaldehyde in aqueous ethanol j-ollowed by extract­
ion with hydrochloric acid, giving a mixture of amines 
which decomposed during attempted column separation on
silicagel).

The methiodide (12) formed readily on treatment of
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the arnine with excess methyl iodide at room temperature
v/i ch. or .without added solvent (acetone or methanol), and
crystallised .’from methanol-ether in very small colourless 
prisms, imp. 180-182° .

M A h  Pound, % : c, 42.71; H, 6.00; N, 4.06.
C12H20N02 1 re^ ires 0,42.74; h, 5.99; N > 4.16.

3-Hydroxy->4-methoxybenzyl trimethyl a rnrno n ium iodide (13)
Isovanillin (26) (lOg) was hydrogenated over palladium 

on charcoal (10$, 2g) in ethanolic solution containing 
dimethylamine (33$, 150ml) for 20hr at room temperature 
and atmospheric pressure. Filtration through glass paper 
and evaporation gave fairly pure N, N-dimethyl-3~hyd4roxy-
4-rnethoxybenzylamine (26) as a brownish oil (11.3g, 95$)«
ThC Rf ( 5$ Me OH -CHC1^) : 0.1 (brown).
—  ^max^liquid > cm”1 ; 5350, 1590, 1515, 1440,

1280, 1040, 610. 
m m  60mz (CDCl^), * : 3.15 (1H, bs, ArH), 3.21( 2H ,bs, ArH) ,

4.09(1H, s, OH), 6.19 (3H, s, OCH )̂ 
6.62(2H, s, CH2),7.79(6H, s , NCHj).

The methiodide (13), prepared ?,s for 3 ,4-dimethoxy- 
b en zy11ri me thy1ammo nium iodide, crystallised from ethanol-O
e t h e r  in l o n g  c o l o u r l e s s  n e e d le s ,  m.p. 196-198 •

ANAL .Pound, $ : C, 41.02; H, 5.55; H, 4.36.
C11H18]'T02I recluires 0, 40.87? H, 5.62; K, 4.33.

1-(3 ,4-Pi me tho xyphenyl)-1-ke to-2-phenyle thane (29)
P r e p a re d  b y  th e  P r i e d e l - C r a f t s  r e a c t i o n  o f  v e r a t r o l e  

(31) (13.Sg) w i t h  p h e n y l a c e t y l  c h l o r i d e  (15.5g) and a lu m ­

in iu m  c h l o r i d e  (20.0g) i n  e t h e r  s o l u t i o n ,  th e  k e to n e  (29)
(3.5-4 .Og, ^  15$) crystallised from ether-light p e t r o le u m  ^  
in l o n g  colourless needles, m.p. 84-86° (lit. m .p .  87-88°). 

(Por full experimental details see Chapter 4.2).
ThC Rf (CHCl^) : 0.6 (brown).

( N u j o l ) , ci • 1665, 1595, 158p, 1260, 1j->5,
■ ■ ■ —- max 1030,
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I1L21 60MHz (CDGl3) , r ; 2.36 (IF, d, J = 8Hz, ArH^) ,

2.42 (1H, s, ArH2)? 2.73 ( 5H, s, ArH' ) ,
3.15 (1H, d, J= 6Hz? ArF5), 5.60 (2H, s, CH2) ,
6.12 (6F, s, 0CTT5).

Hydrogenation of tne ketone (2.0g) over palladium 
on cnarcoal (10/ , O.t-Og) in ethanolic solution containing 
dimethylamine (33^, 100ml) for 42 hr at room temperature 
and atmospheric pressure yielded a mixture shown by PLC 
to consist mainly of starting material together with some 
l-( 3 y 4- dime tho xy phenyl) --1-hydro x y-2-plieny 1 e th ane (33).
This crystallised from ether' in rosettes of colourlessoneedres, m.p. 58-60 .(Spectroscopic properties are 
described in Chapter 1.6).

Guiacol phenylacetate (34) •
Guiacol (12.4g) and phenylacetyl chloride (15.5g) 

were heated in benzene (50ml) containing pyridine (20ml) 
for 3 hr at 70° and stirred for 2 days at room temper­
ature. Addition of water and extraction of organic mat­
erial with ether followed by washing with aq.sodium hydrox­
ide (2.5N) and hydrochloric acid (2N) gave upon evapor­
ation guiacol phenylacetate (34) as a yellowish oil 
(22,8g, 95$) which crystallised on standing in long 
needles, m.p. 30-35° (lit.m.p. 32 ) . ^
TJjC Rf (CHCl^) : 0.8 (brown).
IR 0 (liquid film), cm-1 : 3030, 2950, 1750, 1600,— - max

1500, 1250, 1120, 755. 
m m  -60MHz (CfCl5), r : 2.70 (5H, s, ArH''),

2.7 -3.2 (4H, m, ArH), 6.23 (2H, s, CH2),
6.45 (3H, s, 0CH5).

Pries rearrangement with aluminium chloride in nitro­
benzene solution resulted in a mixture of products, three 
of which gave a positive test with dinitrophenylhydrazine 
reagent. Ho attempt was made to isolate l-(4-hydroxy-3- 
methoxyphenyl)-l-keto-2-cenzylecnane (62).

G-uiacol tosylate (32)
r-niacol (63) (12.4g) and p-toluenesulphonyl chloride

(38.2g) were allowed to stand in pyridine (75ml) for 24hr
 //f-  --
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at 0 . After adding the mixture to ice-water (250ral), 
filtering, and drying under vacuum over calcium chloride 
for 12hr, guiacol tosylate (32) was obtained as a white 
solid (27.04g, 950 crystallising from light petroleum 
in long colourless needles, m.p. 78-80°.

TIC Rf (CHCl^) : 0.8 (slightly pink).
ANAL Pound, $ : C, 60.00; H , 5.00; M+ at m/e 278.

C14H14S04 re(iuires C, 60.43; H, 5.07? »276.

l-(4~methoxy-3~p~toluenesulphonyloxyphenyl)— l-keto-2- 
phenylethane (30)

Guiacol tosylate (32) (0.6g) was added with stirring 
to a mixture of phenylacetyl chloride (0.6g) and carbon 
disulphide (10ml), and the reaction allowed to proceed 
in a stoppered flask for 12 hr at room temperature. (Start­
ing material was recovered from preliminary experiments 
using ether or nitrobenzene as solvent). The resultant 
brown oil was added to dilute hydrochloric acid and the 
mixture extracted with ether-benzene. Evaporation of 
solvent furnished a light brown semi-crystalline solid 
(1.68g), further purified by washing with ether to give 
the ketone (30) (0.67g, 60f), crystallising from chloro­
form-light petroleum or benzene-light petroleum in colour­
less prisms, m.p. 145-148°.

Rf (CHC15) : 0.4(brown).
^ ( (Pujol), cm”1 : 1680 (aryl ketone),. 1600,

1360 (sulphonate S=0), 900. 
60MHz (CDCl^), ^ : 2*16 (1H» dd, = 8H:&,
Jm = 2Hz, ArHg) , 2.25 (IK, d, J = 2Hz, ArH2) ,
2729 (2K, d, J= 8Hz, Tosyl ArH o to S02) ,
2.73 (2H, d, J= 8Hz, .^osyl ArH o to Me),
2.74 (5H, s, ArTi/) , 3.16 (1H, d, J= 8Hz, ArH^),
5.90 ( 2H , s , CH2) » 6.40 ( 3H , s , OCTT̂ ) ,
7.61 (3K, s, CH5).
Pound, $ : C, 66.14; H, 5.10; M+ at m/e 396. 

CooHOr,S0c requires C, 66.66; H, 5*09; MW 396.

TIiC
IR

HMR

ARAL
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To a stirred suspension of veratraldehyde (27)
(8.3g) and dimethyl ammonium. chloride (4*08g) in waiter 
(7. 5ml) at room temperature was added a solution of pot­
assium cyanide (3.6g) in water (15ml) dropwise over 15 
rnin. The mixture was heated on a water hath at 90-100° 
for 2hr 30min and cooled in ice. The yellowish upper 
oily layer crystallised, and the solid was filtered and 
washed with water. After drying, fairly pure cyano-
3,4-dimethoxyphen yl-F, It- dimethyl ami no me thane (64)
(10.8g, 75^:) was obtained, crystallising from ether-light 
petroleum in large colourless needles, m.p. 66-88° .
ThC Rf (CHC15) : 0.4 (brown).
IR ^max^ 3 o l ) ,  cm -1 : 2250 (cyano), 1585, 1515, 1250,

1140, 1030, 865, 790. 
m m  eomz (cdci5),^ •. 2.91 (in, dd, jo= bhz, Jm= 2Hz,

ArH6),
3.02 (1H, d, J = 2Ha, ArH2) ,
3.16 (IF, d, J=6HZ , ArH5),
5.21 (IF, s, CFO, 6.09 (6H, s, OCH^) ,
7.68 (6H, s, NC^5).

The amino nitrile (64) (9*7g) in benzene (50ml) was 
added in portions with stirring over 15 min to a cooled 
solution of benzylinagnesium chloride prepared from ben­
zyl chloride (11.51g) and magnesium turnings (2.21g) in 
ether (50ml) under nitrogen atmosphere. The mixture 
became yellowish white and very thick, with the product­
ion of heat and evolution of gas. A gentle reflux was 
maintained for 3 hr during which the contents of the 
flask became almost completely solid. The mixture was 
transferred to a large beaker containing concentrated 
hydrochloric acid (20ml) and ice and, after stirring for 
30 min the organic layer was separated and extracted one. 
with dilute hydrochloric acid. This organic layer was 

+ n e_£-i^henvl ethane (65) (2.35g)» cry-lOlJilU UU UL/audxn -1. , *- — - ' - - . J

stallising in long colourless needles, m.p. 40-50 (lit.
o : 33



TLC Rx (CRC1,) : 0.8 (brovm).
'  “j

U1 <}max. (Nujol), cm” : 1600, 1595, 760, 705.
If_R 60rT- 2 (CDCl^), '? : 2«80 (10H, s, ArF) ,

7.12 (4H, s, CH2nH2).

(This compound?arising from combination of two mole­
cules of Orignard reagent, was also identified together 
with quantities of toluene in some of the other reactions 
in this series).

The acid extracts were adjusted to pH7-8 with dilute 
aqueous sodium hydroxide and extracted thoroughly with 
ether. Evaporation afforded l-( 3,4-dimethoxyphenyl)-!- 
N, N-dimethylamino-2-phenyl ethane (16) as a yellowish oil 
(I0.34g, 7Ofo), becoming clear and colourless after sublim­
ation at 100-120° - 0.04-mm.
TEC Rf (2$ MeOF-CHCl^) : 0.2 (blue).
IR >L,QV. (liquid film), cm”1 : 2950, 1600, 1590, 1515,L liidJv

1460, 1255, 1140, 1035,
705.

NNR 60JMz (CDCl5) , r : 2.95 (5H, bm, ArH'), 3.31 (3H, s , ArH) ,
6.15 (3H, s, 0CH3), 6.17 (3H, s, OCH^), 6.1-7.2 
(3H, m, CHCH2), 7.72 (6H, s, NCH^).

ANAL Round, f : C, 75.82; H, 8.06; N, 4.71; M+ at m/e 285. 
C18K 23^2 re(Iuire9 C, 75.76; H, 8.12; N, 4.91;
M W 285.

A solution of the amine (16) (2.49g) in acetone 
(20ml) was treated with methyl iodide (25ml). On stand­
ing for 20 hr at room temperature, heavy precipitation 
took place. The contents of the flask were filtered 
and washed with ice-cold acetone and ether, afforcing the 
methiodide as a white solid (1.86g, 505), ciystallising^ 
from methanol-ether in colourless needles, m.p. 198-255 .
TJV X (EtOF) , nm (log 8)*. 237(3.99,infl.) , 280(3.46),
_  maX 285 (3.41, infl.).
ANAL Round, f' : 0, 53.61; H, 6.19; TT, 3.09-

C19^26^°21 requires C, 53*40; H, 6.15; N» 3.28.
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ĵ lLil±»£,.lfo0Xy 5 fr.ydroxyphenyl)~l-H,y~dims thy 1amino - 2- 
phenyl ethane (17) me thi o cli de

To a stirred suspension of isovanillin (28) (7.7g) 
and d i me thy1ammo nium chloride (4*lg) in water (3ml) at 
room temperat ure, was added an aqueous solution of pot­
assium cyanide (3.6g in 10ml) dropwise over 10 min.
Water hath heating (60-95° ) was carried out for 2 hr 
and the resultant brownish oil extracted with chloro­
form. Evaporation gave cyano-(4—methoxy-3-hydroxy- 
phenyl)- N,N-dimethylaminomethane (66) as a brownish 
gum (12.4g, 95$) which failed to crystallise. Two 
similar experiments afforded a total of 24g almost pure 
material.
TIC Ef (CHC1,) : 0.3 (brown).
IR >)may( liquid film), cm"1 : 3450, 2220, 1590, 1510.,

1280, 1025, 765.
NER 60MHz (CDCl, ) , X : 2.9-3.2 (3H, m, ArF),

5 .25 (IF, s, CH), 5.26 (1H, bs, OH),
6.10 (3H, s, OCH,), 7.70 (6H, s, FCHj).

The amino nitrile (66) (23.6g) in ether (100ml) was 
added in portions with stirring over 15 min to a cooled 
solution of benzylmagnesium chloride prepared from benzyl 
chloride (45.52g) and magnesium turnings (8.37g) in ether 
(170ml) under nitrogen atmosphere. Following a 3 hr 
reflux, the contents of the flask were added to concen­
trated hydrochloric acid (70ml) a?id ice and stirred 
thoroughly for 30 min. The acid extract was adjusted 
to pH 7-8 with dilute aqueous sodium hydroxide and ex­
tracted thoroughly with ether. Evaporation yielded 
( 3— hydro X7/~—4—me thoxyphenyl) —I—N , TT— dimethyl amino — 2— 
phenylethane (17) as a yellowish-brown oil (15*24g, 50 p), 
crystallising on standing (m.p. 100-101°) and subliming 
at 100-120° -0.04mn as a colourless oil.
TLC Rf (5$ MeOH-CFCl^) ; 0.2 (brown).
IR -0 ax(Nuiol), cm~^ : 1580, 1510, 1375, 1265, 1220. 
mm. 60MHz (CDCl3),f : 2.91 (5H, m, ArH'),

__ , _ . ,.,-n / O O f  ~\ TT Vn o T) O — OTTP.Vl pn .erf) pbl e3.2-3.3(.5H, m, isxm, 4.^2 ,J:, — , .
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m m  (contd.)
6.18 (3H, s, OCH^), 6.4-7.1 (3H, m, CFOT^) ,
7.76 (6H, s, NCH^).

M 7 lL Found, $ ; C, 75.01; H, 7.73; N, 5.15; at m/e
271.

C17H21W02 re^ ires c » 75.25; H, 7.80; N, 5.16;
MV 271.

A solution of the amine (17) (3.5g) in acetone (75ml) 
was treated with methyl iodide (30ml). Heating on the
steam bath for 5 min was followed by standing at room tem­
perature for 12 hr. The slightly yellowish crystals were 
filtered and dried to give the methiodide (4.01g, 85$), 
purified by crystallisation from methano1-ether in small 
colourless needles, m.p. 187-224°.

W  (i) nm (log 8) : 283 (3.76), 266 (3.74,infl.),
(ii) A.max (EtOH+NaOHaq), nm : 301.
(iii)X ^ (EtOH+WaOHaq + XSHClaq) : as (i).

AHAh Found, $ 2 0, 52.48; H, 5.82; N, 3.22.
C18^24^°2I re(Iu-ires 0, 52,30; H, 5.86; N, 3.39*

l-H,N-himethy1amino-1,2-dlphenylethane (21) methiodide

A solution of potassium cyanide (7.26g) in water 
(10ml) was added.with stirring to an emulsion of benzalde- 
hyde (10.60g) and dimethylammonium chloride (8.23g) in 
water (5ml) at room temperature. Heating at water bath 
temperature 60-90° was carried out for 2 hr, after which 
the mixture was cooled and thorough3.y extracted with ether. 
Cyano-H, H-dimethyl aminophenylmethane (37) was obtained 
as a mobile yellowish oil (15-57g, 60$) npcn evaporation.

ThC Rf (CHCl*) : 0.7 (brown).
IR ^ (liquid film), cm”1 ; 3000, 2900, 2800,2230,
—  maX 1600, 1495, 14-55, 1025,

745, 700.
  \ _ o kc; ( rtt 7Ti ArF^, 5.17 (IB, s, CH)%NMR bOMiz  ̂  ̂  ̂-/<•»->

7*65 (6H, s, HCH ^)•
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The amino nitrile (37) (15 • 00g) in ether (lOOrnl) 
was added in portions to an ice-cold solution of benzyl- 
magnesium chloride prepared from benzyl chloride (23.0eg 
and magnesium (4.42g) in ether (90ml) under nitrogen 
a i,mo sphere . Following a. 2 hr reflux the mixture, now 
containing white solid, was allowed to stand overnight 
at room temperature. On pouring on to concentrated 
hydrochloric acid (40ml) and ice, 1~ E,I-T-dimethylainino-
1,2-diphenylinethane (21) hydrochloride was obtained as 
an off-white crystalline solid. After filtering, wash­
ing with dilute hydrochloric acid and ether, and over­
night drying under vacuum over calcium chloride, fairly 
pure material (22.5g, 80f>) was obtained, crystallising 
from ethanol-ether in colourless prisms, m.p. 185-190° 
(softening from 150°) with resolidification (long 
needles) on further heating and remelting at 205-208° 
(lit. m.p. 187-188° , resolidifying and remelting at 
210-211° ).

ANAL Found, $ : C, 73.19; H, 7.71; N , 5.22. Calc, for 
C16H19N *HG1 s C ’ 75#4-1? h ’ 5.35.

From the hydrochloride (294mg), the free amine (21) 
was prepared by adding a little warm water, adjusting to 
p H 10-11 with ammonium hydroxide and extracting with 
ether. Evaporation gave a colourless oil (246mg, 90$) 
which was purified by sublimation at 60°- 0.04mm.

ThC Rf (CHCl^) : 0.2 (greyish-brown).
jp ^ (liquid film), cm ^ : 3000, 2800, 1600, 1495,
“  maX 1455, 1040, 745, 705-
EilR 60MHs (ChCl^),f : 2.81 (5H, bs, ArH'),

2.8-3.0 (5H, bm, ArH), 6.4-7.3 (3H, m, CHCH2) ,
7.73 (6H, s , NCH5). •

ANAL Found, $ : C, 85-34; H, 8.37; N , 6.10. Calc, for
C ^ w  inN : C, 85.29; H, 8.50; N , 6.22.16‘“ 19

To t he amine (21) prepared as above from the hydro 
-r. ( a /QrrN wog added acetone (25ml) and methyl

IZO



iodide (20ml). The solution was warmed 5 min on the 
steam bath and then allowed to stand overnight at room 
temperature. Evaporation afforded the methiodide as a. 
slightly yellowish gum (7«33g, 1 OOf.) crystallising from 
methanol-ether in long colourless needles, m.p. 95-105°.

—  ̂max (Et0H)> nm (logE) : 253 (2.78), 258 (2.85),
264 (2.87), 270 (2.78),

ANAL Pound, <f0 z C, 55.78; H, 6.19; N, 3.64.
G17H22T'TI reluires 0, 55.58; H, 6.04; N, 3.81.

1-14 ,N-Dimethylamino-l~(5-hydroxyphenyl) -2-phenyle thane (19) 
methiodide

A solution of potassium cyanide (7.23g) in water (10ml) 
was added drcpwise to a well-stirred suspension of m-hydroxy- 
benzaldehyde (12.21g) and dimethylammonium chloride (8.23g) 
in water (5ml). Addition lasted lOmin, and heating was 
carried out at 80-90° for 2 hr. The resultant brown 
emulsion was extracted with chloroform, evaporation yield­
ing eyano-H, H-dimethylamino-3-hydroxyphenylmethane (67) 
as a slightly reddish-brown oil (19.7g, 95f1) •

TLC Rf (CHOl-z) ; 0.2 (black).
IR  ^ (liquid film), cm : 3500, 3000, 2800, 2250,
_  maX 1590, 1475, 1285, 890,

780, 700.
NMR 60KHz (CECl^) , z 2.85-3.25 (4H, m, ArH),

3.59 (1H, s, D2°-exchangeable, OH),
5.18 (1H, s, CH), 7.64 (6H, s, HCH^).

The amino nitrile (67) (19g) ether (100ml) was 
added dropwise to a solut ion of benzylmagnesium chloride 
prepared from benzyl chloride (40.9g) an& magnesium 
(7.9g) in ether (100ml) under nitrogen atmosphere. After 
a 3 hr reflux the mixture of liquid and wnite solid was 
added to concentrated hydrochloric acid (70ml) and ice, 
and stirred for 30mn. On filtering the resultant 
yellowish crystalline solid, washing with dilute hydro-
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chloric acid and ether, and drying overnight under 
vacuum over calcium chloride, fairly pure l-N,N-dimethyl- 
■gjPjr.PP~1"( 3-hydroxyphenyl) -2-nhenylethane (19) hydro­
chloride (21.0g, 65$) was obtained. This crystallised 
from methanol-ether in small colourless prisms, m.p.210- 
220°( softening from 194° ).

anal Found, $ . c, 69.02; H, 7.17; N, 4.89.
C16E19TTO*HC1 recluires 69.16; II, 7.27; N, 5.04.

The hydrochloride (3.80g) was added to warm water 
(5ml) and the solution adjusted to pH 10-11 with ammonium 
hydroxide. Extraction with ether-chloroform gave the 
free amine (19) as a slightly yellowish solid (3.07g, 90$) 
following removal of solvents. The amine crystallised 
from methano1-ether in long colourless needles, m.p. 144- 
146°.
TLC Rf (7$ MeOH -CHCl^) 5 0.2 brown.
IF >) (Nujol), cm"1 : 2880, 2600, 1585, 1285, 740, 705.■ max! j
E m  60MHz (CLCl^),'*' : 2.85-3.40 (9H, m, ArH and ArH ),

4.10 (1H, bs, DgO-exchangeable, OH),
6.4-7.1 (3H, m, CHCH2), 7.73 (6H, s,NCH5).

ANAL Found, $ : C, 79*55; H, 7.82; N, 5.91*
C16H 19E0 reluires 79.63; H, 7.94; N, 5.80.

Treatment of the amine (19) (3.00g) with acetone 
(25ml) and methyl iodide (15ml) at 0° for 12 hr, followed 
by evaporation of solvent s, yielded an oil which solid­
ified on trituration with methanol. The methiodide 
(3.52g, 95$) crystallised from methanol-ether in small 
colourless needles, m.p. 110-120 .

UV (i) ^ max (BtOH), nm (log 8) t 262 (3.13).
(ii)A. (EtOH+NaOHaq) , nm (r.o.d.) : 247 (2.41), 

max 305 (1.00).
(iii)A. (EtOH+NaOHaq+XSHClaq) s as (i). v * max _ » nr

AN AT- Found, $ i C, 53*03? H, 5*96; N, 3.45.
C17H22NOI requires C, 53.27; H, 5.80; N, 3.66.
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A solution of potassium cyanide (7.2g) in water 
(12ml) was added dropwise to a suspension of £-hydroxy~ 
benzaldehyde (12.2g) and dime thy lamraonium chloride (8,2g) 
in water (5ml) at room temperature. Heating was carried 
out for 2hr at water hath temperature 70-90°, following 
which the reddish brown oil was extracted with chloroform 
&i*ter cooling. Solvent removal yielded cyano— N,N—dimethyl' 
amino-4-hydroxyphenylmethane (68) as a reddish oil (19.Og, 
95$).

TLC Rf (CHCl^) : 0.2 (brown).
—  ^max Uiquid film), cm-1 : 5450, 3000, 2800, 2250,

1610, 1590, 1515, 12?0,
1170, 765.

NKR 60MHz(CDClj), ? s 2.75-5.25 (4H, m, ArH),
5*08 (1H, s, DgO-exchangeable, OH), 5.21 (lB,srCE),
7.68 (6H, s, ITCH^) •

The amino nitrile (68) (19*0g) was dissolved in 
ether (100ml) by refluxing for lOmin. The solution was 
filtered while hot from some undissolved orange solid and 
black tar, and cooled to give a slightly colloidal sol­
ution. This was added dropwise to a solution of benzyl- 
magnesium chloride prepared from benzyl chloride (40*95g) 
and magnesium (7.91g) in ether(200ml) under nitrogen 
atmosphere. Following this addition, lasting 15min, the 
reaction mixture was refluxed gently for 3hr, during 
which stirring became very difficult. The thick paste 
was added to concentrated hydrochloric acid (70ml) and ice, 
and after thorough stirring to break up solid particles, 
the mixture was allowed to stand overnight.

The yellow solid which separated was filtered, washed 
with dilute hydrochloric acid, and ether, and dried over­
night under vacuum over calcium chloride. l-N,IT-Limethyl-
amino-1- (4-hydroxyphenyl)-2-phenylethane (20)_hydro- 
chloride was thus obtained as a, powdery light yellow- 
brown solid (16.6g# 50#), crystallising from methanol in
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. small colourless prisms, m.p, 180-196° (decomp).
ANAL Found, $ ; c, 69.20; K, 7.41; H, 5.02.

C16H19:'T 0eHC1 re(fuires C, 69.16; H, 7.27; N, 5-04.

The hydrochloride (90mg) was suspended in warm 
water (5ml) and the pH adjusted to 10-11 with ammonium 
hvdioxide. After shaking to effect solution, extraction 
with chloroform yielded the free amine (20) as a yellowish 
solid (60mg, 85$) upon removal of solvent. The material 
crystallised from ethyl acetate-light petroleum in small 
colourless prisms, m.p. 190° (softening from 110°).

ThC Rf (10$ MeOH-CHCl^) : 0.2 (grey).
—  ^max (Nu5ol)> c m " 1 : 2700, 1610, 1590, 1515, •

1280, 1260, 1240, 765.
NMR 6011Hz (CBClj), t  : 2.8-3.4 (9H, m, ArH and ArH'),

5.25 (1H, bs, DgO-exchangeable, OH), 6.4-7.1 (3H, 
m, CHCH2), 7.66 (6H, s, FCH^).

MS Ion of highest mass at m/e 196 (M+—  HNMe2), corresp­
onding to p-OH-stilbene (52).
ANAL Found, $ s C, 79.35? H, 8.06; N, 5.82.

C16H19^T° re(3.u:Lres c » 79*63; H, 7.94; N, 5.80.

Cyano-3I,N-dimethylamino-2-hydroxyphenylmethane (38)

Salicylaldehyde (12.2g, purified by means of its 
bisulphite addition compound) and dimethylammonium 
chloride (8.2g) were stirred with water (5ml) to give a 
mobile emulsion. This was cooled in ice and a solution 
of potassium cyanide (7«2g) in water (50ml) added drop- 
wise over 5min. A yellowish oil gradually separated 
over the next 5min and partially solidified on standing 
in ice. The liquors were removed by decantation, and 
the solid washed with water, powdered in a mortar and 
dried over potassium hydroxide under vacuum overnight.
The amino nitrile (38) was thus obtained as a light 
brownish^orange^solid (15.8g, 90$) crystallising from 
light petroleum (charcoal) in long colourless needles,
m.p. 70-71

---
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TLC Rf (CHC13) : 0.4 (yellowish brown).
—  ''%axO'u30l) > CItl : 2250, 1615, 1585, 1490, 1240,

1020, 760.
NI_R 60MTz( CBClj) , T  : 0.80 (IK, bs, ^O-exohangeable, OH),

2.6-3.2 (4H, m, ArH), 4.95 (1H, s, CH), 7.55 (6F, s,
NCH-) .

MAX. Found, % t c, 68.13; H, 6.83; N, 15-93; M+ at m/e17 6 .
C10E12TvT2° re<iuires C f 68.16; H, 6.86; N, 15.90;

\ m  176.
(When heated in light petroleum open to the atmos- 

pnere on the steam hath for lhr, decomposition took place 
with an associated change in colour of the solution from 
colourless to yellow to orange to deep red. A piece of 
filter paper closing the mouth of a glass tube containing 
a small (colourless) sample of the compound for analysis 
turned yellow overnight under vacuum at room temperature).

Reaction of o-hydroxy amino nitrile (38) with benzyl- 
magnesium chloride

The amino nitrile (38) (3.21g) prepared above was 
dissolved in ether (25ml) using mininum heating, and the 
solution added dropwise over 3-4 min to the G-rignard 
solution newly prepared from benzyl chloride (6,93g) and 
magnesium (1.33g) in ether (30ml) under nitrogen atmos­
phere. The resultant very thick mixture was broken up 
with a spatula and gently refluxed for 3hr under nitrogen.
The slightly yellowish solution and almost white solid 
were poured into concentrated hydrochloride acid (12ml) 
and ice, and stirred for 20min.

After separating the acid layer and washing thor­
oughly with more ether, sodium hydrogen carbonate was 
added to it to give pH 7-8. Some sodium chloride was 
added and constant ether extraction carried out for 
24hr. Evaporation of solvent from the exxracu afforded 
a red mobile oil (1.45g) which crystallised on standing 
in long needles, consisting mainly of unreacted o- hydroxy 
amino nitrile (38) as indicated by IR, N..vrR, m.p. and TLC 
data»

P.efore this was realised, a sample of ohe crude oil
 /2S---
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(200mg) had been treated with methyl iodide (5ml) in 
acetone (10ml), After standing overnight at 0° the sol- 
vents were removed and the oily residue taken up in 
acetone-ether containing some methyl iodide. On standing 
ac 0 for 3hr a deposit of slightly yellowish crystalline
solid formed. Removal of liquors by decantation followed
by washing with acetone and ether afforded tetrameth.yl- 
ammonium iodide (57tng), crystallising from methanol in 
colourless prisms, m.p. > 500° .
TLC Rf (10# FeOH-CHCl^) : 0.0 (brown).
—  ^max : 148 0, 1405, 960.
ANAX Pound, $ % C, 24.03; H, 6.01; N, 6.70.

C4H121'-1 re(luires c » 23.89; H, 6.03; N, 6.97.

1-(N,N-Dimethylamino) ~l-(2-hydroxyphenyl)-2-phenylethane
(18)

Salicylaldehyde (11.73g) in toluene (20ml) was added 
dropwise to a stirred suspension of sodium hydride (4.69g 
of a 50# mineral oil dispersion) in toluene (75ml) at 
40°. Following the addition, taking 15min, the reaction 
mixture was gently refluxed for 2 hr with stirring, pro­
ducing a thick yellowish-green suspension of salicylal­
dehyde sodium salt,

Ohioromethyl methyl ether (9«00g, dried and freed 
from hydrochloric acid by standing over Grade 1 basic 
alumina for 3 days at room temperature) in toluene (10ml) 
was now added and stirring continued at room temperature 
for 20hr. The solution was decanted from, the suspended 
greyish—white solid which was then washed with ether and 
the combined organic extract washed with aqueous sodium, 
hydroxide (IN)» Removal of solvent yielded 0—methoxy 
methyl salicylaldehyde (40) as a yellowish oil (2.51g» 
15#) •
TLC ’ Rf (CHCly : 0.7 (reddish brown).
IR (liauid film), cm ^ : 2950, 168C, 1595, 1475,

maX  ̂ 1145, 990, 765.
NMR 60KHz (CDC1*),^ : -0.53 (1H, s, 0=CR) ,

_ _  ̂ ~ ... avitt\  ̂ p  r w  ' r . n u ,k.l-2.9 V4.H, rn, Ai'.nj, M-.Ow v-.A, *■* , ’

6.47 (3R, s 5 OORv).
 126---
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The methox.ymethylated. aldehyde (40) (2.16g) and 
diidethy 1 ammonium chloride (l‘06g) were stirred for 5min 
m  water (5ml) at 0 . Potassium cyanide (0.89g) in 
water (3ml) was added dropv/ise over 3min at 0°, and the
mixture now stirred for 7hr at room temperature. Extract­
ion with benzene afforded fairly pure cyanoN-dimethy1- 
amino-^-methoxymethoxyphenylmethane (39) ns a mobile 
slightly yellowish oil (2.47g, 80#)* TLC showed that 
traces of salicylaldehyde, 0-methoxymethy1 salicylalde­
hyde (40) and cyano-N,N-dimethylamino-2-hydroxyphenyl- 
methane (38) were present in the product. (Erom an earlier
attempt to prepare this compound via the sodium salt of
cyano-It, H-dimethylamino-2-hydroxyphenylme thane (38), the 
only compound to be isolated from the resulting mixture 
of products was 0-me tho xyme thy 1 salicylaldehyde (40)).

TLC Rf (CHCl^) 5 0.4 (brown).
—  ^max film), cm"1 s 2950, 1600, 1500, 1155,

1005, 770.
NMR 60MHz (CDC15), r : 2.55-3.15 (4H, m, ArH),

4.81 (2H, s, CH2), 4.92 (1H, s, CH), 6.54 (3H, s,0CH5),
7.63 (6H, s, NCH^).

The crude amino nitrile (39) (2.05g) in ether (15ml) 
was added dropwise over lOmin with stirring at room temper­
ature to a solution of benzylmagn.esium chloride prepared 
from benzyl chloride (2.53g) and magnesium (0.49g) in 
ether (20ml) under nitrogen. Vigorous evolution of gas 
took place and a greenish-white solid separated. After 
breaking the latter up with a spatula the reaction mix­
ture was refluxed gently with stirring for 3hr, added to 
concentrated hydrochloric acid (5ml) and ice, and finally 
allowed to warm to room temperature with occasional stirr­
ing during 30min. The acid layer was separated, washed 
thoroughly with ether, and adjusted to pH 7-8 with the 
addition of solid sodium hydrogen caibonate.

Chloroform extraction yielded a brown oil (1.31g),
. . . ,. „ -1______1 +V10 pri(St +.H nm nf benzenew m c n  dissorvea on±,y pcii.xî  ---
(50^1) , ghe solution v/as decanted from the remaining 
insoluble brown gum, and treated at 0° with dry hydrogen
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chloride for lOmin ( in order to ensure complete re­
moval of the methoxymethy1 protecting group, and also 
in the hope that the amine (18) hydrochloride would 
crystallise out of the reaction mixture)•

The solution was allowed to stand at 0 for 3 days 
during which time a dark reddish-brown oil separated.
Water (10ml) and concentrated hydrochloric acid (2ml) 
were addea, and after thorough shaking the aqueous layer 
was adjusted to pH 7-8 with a^hodiura hydrogen carbonate. 
Ethyl acetate extraction yielded l-N,H-dimethylamino-l- 
(2-hydroxyphenyl)-2-phenylethane (18) as a brown oil 
(174mg, 10$), further purified by sublimation at 115 ° - 
O.Olmrn when almost colourless material was obtained.

ThC Rf (CHCl^) : 0.2 (grey with red halo).
IR (liquid film), cm~^ s 3100, 2800, 1605, 1590,max

1495, 1255, 760.
NMR 60MHz(CDCl,) •. -0.15 (IE, 6s, DgO-exchangeafele.OH) ,

2.8-3.7 (9H, m, ArH and ArHp, 6.3-7.2 (3H,m,CHCH2), 
7.58 (6H, s, NCF,).

ANAX Pound, $ : C, 79.77; H, 7.90; N, 5.84.
^16^19^° re<luires 79.63; H, 7.94; N, 5.80.

(The o_-hydroxy stilbene (56) was identified as one 
of the products in the dark reddish-brown oily residue 
from sublimation, by TLC comparison with an authentic 
sample obtained at a later stage).

(-) - Codamine (22) methiodide

A sample of (±)-codamine picrate (m.p. 188-192°; 
cf. lit.m.p. 187°)16 prepared by the method of Shamma 
and Slusarchyk1  ̂ was shaken with aqueous ammonium 
hydroxide and the solution extracted with chloroform. 
Removal of solvent afforded crude semi—crystalline (—) 
codamine (22), m.p. 40-55 (lit. m.p. 106-108 ).
Despite this low melting point the product was fairly 
pure according to TLC.

(28



TLC Rf (10$ MeOH-CHCl3) ; 0_. 5 (brown).
—  ^max d^-RFid ±ilm), cm 1 : 3500(hydroxyl), 3000,

1605, 1590, 1520, 1270, 780.
MLR 60111 z (CDCl^) , 7? : 3.2-3.5 (5H, m, ArF and ArF),

6.20 (6H, s, 0CF5), 6.23 (3H, s, OCPU) ,
6.7-7*4 (7H, m, CH and CH2), 7.53 (3H, s, NCH^).

A sample of codamine (22) (230mg) in dry benzene
(2-^ml) containing excess methyl iodide (lml) was allowed
to stand for 5hr at 0-10 . The benzene was removed and 
the residue gently warmed in acetone-methyl iodide sol­
ution until TLC showed absence of starting material (about
5-10min). Solvent was again removed and the semi-cry­
stalline mass washed thoroughly by suspending in a little 
refluxing acetone. Cooling by means of an ice-salt bath 
afforded the almost colourless methiodide, crystallising 
from acetone in small needles (196mg), m.p. 222-227°(lit. 
m.p. 217.5-218.5°).55
UV (EtOH), nm (r.o.d.) : 282 (1.00), 285 (0.99).——— max

N-Homoveratroyl-B - phenylethylamine (44)

Stirring an ethereal solution of Jl -phenylethylamine 
and homoveratroyl chloride with aqueous sodium hydroxide 
(0.5N) for lhr at room temperature afforded a poor yield 
of brown gummy .solid. This was triturated successively 
with aqueous sodium hydroxide (0.1N), water, aqueous 
hydrochloric acid (0.11T), and water again. After drying 
at room temperature, the amide (44) crystallised from 
ethyl acetate-ether in small colourless prisms, m.p. 106- 
111° (lit. m.p. 110-112 ) . ^

TLC Rf (10$Me0H~CHCl3) : 0.7 (brown).
XR J (Nujol), cm”*1 : 3340(H-H), 1650 (0=0).
MVTR 60MFz (CLCl^) , : 2.80 (5H, m, ArH), 3.30 (3H,m,ArH),

4.61 (1H, s, D20-8xchangeable ’ * 6.18(3H, s, OCK^),
6.20 (3H, s, 0CH3), 6.55 (2f, s , CH2 CONH),
6.55 (2H, t, J=7Hz, collapsing to s upon irr at
7.27, C0MICH2), 7.27 (2H, t, J=7Hz, collapsing to s 
upon irr at 6.55, COHHCF^CF^).
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? 2 , 3 4-tetrahydro j. so quino 1 inium 
iodide (47) ~ ’

The above amide (44) (260mg) v/as treated with phos­
phorus pentoxide (3-4g) in refluxing xylene (40ml) lor 
2hr 30min. After cooling and decanting the xylene 
under nitrogen the yellowish cyclisation product (45) 
was thoroughly washed with light petroleum. The residue 
was\ immediately dissolved in aqueous methanol (25$ F^O) 
and treated with sodium borohydride (500mg) with ice- 
cooling. The resultant bright yellow solution was now 
basified with dilute aqueous sodium hydroxide and a further 
portion of sodium borohydride (500mg) added. After 10 
min most of the methanol from the now almost colourless 
solution was removed and the residue extracted with 
chloroform. Evaporation of solvent afforded crude 
1-veratryl-l, 2, 3, 4-tetrahydroisoquinoline (46) as a 
slightly yellowish oily solid (140mg).

TEC Rf (10$ MeOH-CHCl^) ; 0.5 (greenish black, main
spot).

IR ^ n R u j o l ) ,  cm-1 : 3500 (N-H).n lLLcAJv

An ethanolic solution (15ml) of the amine (46)
(140mg) containing aqueous formaldehyde (35$, 5ml) and 
palladium on charcoal (10$, lOOmg) was hydrogenated at 
room temperature and atmospheric pressure for 24hr. The 
solution was filtered free of catalyst using a little 
methanol for washing purposes, reduced to a volume of 
10ml, and dilute hydrochloric acid added (10ml). After 
extracting with ether the aqueous resioue was adjusted 
to pH 7-8 with aqueous ammonium hydroxide and chloro­
form extraction carried out. Removal of solvent 
yielded very crude N-methyl-l-veratryl-1,2,3,4-tetra­
hydroisoquinoline (23) as a slightly yellowish oil
(73mg).
TLC R.f (10$ MeOH-CHCl^) * s 0.6 (main spot).

Without further purification, this was dissolved

(30



in dry ethanol (10ml) containing excess methyl iodide 
(5ml), and left at room temperature for 24hr and at
0-10 for 3 days. Removal of solvent afforded crude 
N,N~dimethyl-~l-veratryl-l ,2,3,4-tetrahydroisoquinolinium 
iodide (47) as a hard brownish gum (63mg).

TLC Rf (10^ MeOH-CKCl^) : 0.1 (main spot; spot at
Rf 0.6 completely absent).

UV i max (EtOH), nm (r.o.d.) : 282 (1.00), 284 (1.00).

Attempted preparation of laudanine (24) from laudanosine
(22

•• 19The methods of Spath and Burger 7 and Schopf and
TOThierfelder were followed as closely as possible 

(several attempts), but in neither case was there 
evidence for the formation of laudanine (24) (of■
Chapter 3.2).

131
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— 2Jli2Z_2n5 Experimental (with 3.3)

- 2 10ns in ethanol solution and isolation 
of products

Por 300mg methiodide the following procedure was 
adopted (quantities being adjusted proportionately for 
lesser amounts) : Amberlite IRA 400(0H) ion exchange 
resin (6g) was shaken with a solution of sodium hydroxide 
(Analar, 10g) in distilled water (90ml) for 15min. This 
slurry was added to a short glass column C1/" x 5" approx.) 
and the resin washed with distilled water (500ml, to give 
washings neutral to pH paper) and, immediately before use, 
ethanol (95$* 250ml). The column volume was adjusted to 
roughly 10ml so that some indication of quaternary hy­
droxide concentration could be obtained where necessary.

A solution of the methiodide (300mg) in ethanol 
(95$* 10ml) was allowed to pass fairly slowly through 
the column and the eluate (10ml) recycled at least 6 
times, an attempt being made to cause each methiodide 
to remain in contact with the resin for the same total 
length of time (generally about 15min). After the last 
pass the eluate (10ml) was collected in a weighed flask, 
along with a further quantity of solution obtained by 
washing the column through with fresh ethanol (20ml).
This solution was evaporated to dryness at 40-50 under 
reduced pressure, employing a cooled receiving flask 
(acetone-solid carbon dioxide).

At each stage the course of the reaction was 
monitored by TLC, pH measurement using BLH Universal 
Indicator Paper (quaternary hydroxides being strongly 
basic) and observation of the ultraviolet spectrum 
(qualitative, in ethanol solution). Where decomposition 
products of the quaternary hydroxides were formed, these 
were isolated by extraction and chromatogiap-hy, and 
their spectral properties determined. Where the quat­
ernary hydroxides were stable to these conditions, more 
drastic measures (such as stronger heating and/or add­
ition of base) were employed in an attempt to effect
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decomposition to the stilbene.

amino - 1 , 2-diphenyl ethane ( 21)

Evaporation of the ethanolic quaternary hydroxide 
yielded trans-stilbene (69), crystallising from ethanol 
in colourless prisms, m.p. 120-123° (lit.m.p. 125°)?7

TLC 'Rf (CHCl^) : 0.9 (grey)..
—  ^max nm (log£) s 229 (4.13), 235 (3.96,infl.)

295 (4.36), 308 (4.35),
319 (4.14, infl.). 

mm 60MHz (CDC15), r : 2.40-2.75 (10H, m, ArH and ArH/),
2.88 (2H, s, HC=CH7).

1-Dimethylamino-I-( 3,4-dimethoxyphenyl)-2-phenylethane(16 )

Evaporation of the ethanolic quaternary hydroxide 
yielded the stilbene (70), crystallising from methanoloin long feathery colourless needles, m.p. 105-106

TLC Rf (CHCl^) : 0.7 (greyish brown).
IR >0 (Nujol), cm"1 : 1590, 1515, 1265, 1155, 1135," IuclX

1030, 965, 820.
DV X „„„(EtOH), nm (log£) : 232 (4.23), 293 (4.34,u mctx

infl.), 302 ( 4.40),
323 (4.49).

mm eomz (CDCl^), r : 2.5-3.2 (10H, m, ArH, ArH7 and
HC=CH7), 6.07 (3H, s, 0CH5),
6.12 (3H, s, OCHj).

ANAL Round, # : C, 80.14; H, 6.74.
^16^16^2 reQ.'uires 79*97; H, 6.71.

1-Limethylamino-l-(3-hydroxy-4-methoxyphenvl)-2-phenyl-
ethane (17)

The quaternary hydroxide appeared largely unchanged 
(TLC) after evaporation of its ethanolic solution. Com­
plete decomposition was achieved by refluxing with ethanolic
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soaium ethoxide, sublimation of the product at 100°- 
0 .Cosaa yielding a colourless oil consisting mainly of 
t,ne ether (50) together with some stilbene (51) (TLC and
r v ) . .

TLC Rf (CHCl^) : 0•6-0.7 (2 overlapping brown spots)
—  'hax Oiquid film), cm-1 : 3540, 2950, 1595, 1515,

1500, 144-0, 1270. 1130, 1035, 620, 765, 705.
—  ^  ^inax ^E t0 H )» n 3 2 ( r . o . d . )  : 282 (1.00), 285 (0.60,

infl.), 322 (0.32).
(i1) ^ Eax (EtQH+HaOHaq), nm (r.o.d.) : 246 (1.34),

295 (1.00), 346 (0.22).
(iiiHaax (EtOH+NaOHaq+XSHClaq) : as (i).

HHR 6011Hz (CDCl^), T  : 2.6—3*3 (m, ArH, ArH/ and 
HC=CE/ ), 4.40 (bs, L^O-exchangeable, OH),
5.70 (m, CH), 6.14 (s, OCH^), 6.5-6.8 (m, CHCH2 ), 
7.00 (q, J= 7Hz, 0CH2)f 6.86 (t, J=7Hz, OC^CH^). 

AWAL Round, : C, 74.97; H, 7.60; Ei+ at n/e 272.
C17^20°3 ^50) requires C, 74.97; H, 7.40; KW272.

1-Dime thy I amino-1- ( 3-hydro xyphenyl) -2-phenyl ethane (19)

The quaternary hydroxide was apparently unchanged 
(TLC) after evaporation of its ethanolic solution under 
noraal conditions(pH remaining at 8-9)- Heating a con­
centrated solution for lhr on the steam bath and then 
evaporation to dryness at atmospheric pressure did how­
ever cause some decomposition, and extraction with ben- 
zene followed by sublimation at 105 - 0.025mm afforded
a small yield of the sixlbene (5<8) as small colourless

©
prisms, m.p. 119-121 *

1M  Bf (lOr HeOH-C^Cl^) : 0.7 (brown-).
pry (i) %  (HtOK), nm (r.o.d.) : 295 (1.00), 305

(0.93, infl.), 325 (0.54, infl.).
(±±\ %  (EtOH^aO-aq), nm (r.o.d.) % 267 (0.86), ̂ 7 max

300 (1.00), 337 (0.41).
(ill) (EtOH4-IfaOHaq̂ -ZS HClaq) : as (i).

rf', . .. „ <3 r  -r. -7 n i * *  *», ft ^



HG -CH ), 5.00 (1H, bs, I^O-exchangeable, OH).
ANAL Pound, $ : C, 85.28; H, 6.31.

C14H12° reLU-ires 0, 85.68; H, 6.16.

 ̂f 4-dime uhoxybenzyl)~2~iiiethyl-l,2,3,4-tetrahydro- 
isoquinoline (23)

Evaporation of the crude quaternary hydroxide sol­
ution yielded a complex mixture of products (Z at 225,0 max
282, 287, 303 and 317 nm), the main constituent of
which on isolation by PLC in 10$ methanol-chloroform was 
identified as the stilbene (48), which failed to crystall­
ise .

TLC Rf (10$ MeOH-CHClj) *. 0.5 (grey).
—  ^ max film), cm : 2970, 1600, 1525, 1480,

1270, 1150, 1035, 815,
760.

TOR Si’ 38 loOMHz (CDCl5),r : 2.3-3.3 (9H, m, ArH, Arg 
and HC = CH/ ), 6.11 (3H, s, OCH,), 6.15 (5H, s, 0CF~)
6.8 -7.5 (4H, m, CH2CH2), 7.66 (6H, s, NCH-).

MS M+ at m/e 311; C20^25^°2 reRuires MW 311.

Codamine (22)

The quaternary hydroxide was unchanged after evapor­
ation of its ethanolic solution. No attempt was made to 
effect decomposition under more drastic conditions.

Action of methyl iodide on l-dimethylamino-l-(4-hydroxy- 
phenyl)-2-phenylethane (20)

Treatment of the amine (20) (250mg) with methyl 
iodide (30ml) in acetone (30ml) at 0° afforded a quantity
of colourless prisms (33mg)» decomposing above 300 and
apparently identical with tetramethylammonium iodide.

TLC Rf (10$MeON-CHC1^) : 0.0 (brown, main spot).
IR \> (Nujol), cm'1 : 1480, 1405, 960.—  max
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—  ^ max ^ t0I‘T) : no strong absorption > 250nm.
Following removal of this crystalline material, 

evaporation of the filtrate -under reduced pressure with 
gentle heating (< 30 ) afforded a yellowish oil which 
partly crystallised :

—  (1) ^  max (EtonwaCr.o.d.) : 284 Cl.00), 504 (1.08),
518 (1.05).

'hax (E'tOH+NaOHaq), nrn (r.o.d.) : 500 (1.00),
545'(1.08).

(iii)^max (EtOH+WaOHaq+XSHClaq) : as (i).

After partitioning between chloroform and water, 
evaporation of the organic layer yielded a yellowish 
white semi-solid (135mg). Trituration with ether (char­
coal) furnished the stilbene (52) (115mg) which crystall­
ised from benzene-light petroleum-ether (5:4-5:50) in 
colourless prisms, m.p. 187-189° (lit.m.p. 189°).^

.TLC Rf (10$Me0F-CHCl5) ? 0.6 (grey).
IR l>max(Nujol), cm"1 : 5440, 1595, 1580, 1505,

1245, 960, 820.
M R  60KHz (CDClj), T : 2.5-5.5 (11H, m, ArH, ArH7 and

HC=CH'), 5.21 (1H, bs, D20- 
exchangeable, OH).

AhAh Found, $ : C, 85*75; H, 6.17.
Calc, for 0-l^H12° : C, 85.68; H, 6.17.

Action of methyl iodide on 1-dimethy1amino-l-(2-hydroxy- 
phenyl)-2-phenyle thane (18)

A solution of the amine (18) (66mg) in acetone (2ml) 
at 0°was treated dropwise with methyl iodide (2ml). 
Crystallisation occurred within 30min and increased on 
standing overnight at 0°. TLC examination of the sol­
ution (only) in %  methanol-chloroform indicated the 
presence of three m a m  components :
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M Percentage Staining with

0,.00 30 Brown
0.► 60 40 Orange-brown

0.>65 30 Green

uion
(see laterX

]';Tethiodide( 57)
TTnreacted arrine

(18)
Stilbene (56)

Following evaporation of the mixture under reduced 
pressure with no external heating, the residue was tri­
turated with further methyl iodide-acetone at 0° and 
allowed to stand for lhr at room temperature. The sol­
ution was decanted and the residual solid (llmg) washed 
with ice-cold acetone and ether. The resultant colour­
less prisms did not melt helow 300°, and identity with 
tetramethylammonium iodide (m.p.>300°) was indicated 
by comparison of the infrared spectrum with that of an 
authentic sample.

TIC Rf (lOf MeOH-CHCl^) s 0.0 (brown).
IR OTujol), cm"1 : 1480, 1405, 960.——— ill cLJi.

Due to the presence of unreacted amine in the 
decanted solution even at this stage (TIC)? a further 
quantity of methyl iodide was added (plus a little ether 
to aid crystallisation of any salt formed) and the mix­
ture allowed to•stand overnight at room temperature. By 
this means, a second crop of crystalline product was ob­
tained following decantation and washing with acetone 
and ether. The resultant colourless prisms (25mg), 
believed to be the o-hydroxy amine raethiodide ( 57), 
partially melted at 132—140 with iurther melting to 
about 200° (resolidification taking place on cooling,

Owith remelting on heating to 205-220 )♦
TLC Rf (5$ MeOF-CHCl^) : 0.0 (brown).

( S p o ts  c o r r e s p o n d in g  to  a t  l e a s t  5 decomposition 
products including that of the stilbene (56) were also 
evident).
IR (Nujol), cm”^ : 3200, 1605, 1275, 1205, 1065,
—  max 1020, 980, 895, 875, 850 ? 845,

780, 760, 730, 710.
 1ST---



(Ci. IR spectrum of the corresponding ra-hvdroxv amine
(19) methiodide -*•

ax (^Sol), era"1 • 3500, 1605; 1590, 1260,. 1255,
1175, 1020, 960, 905, 880, 845,
820, 780, 770, 755, 710).

MS Decomposition resulted under mass spectral conditions 
to give the stilbene (56) :

M at in/e 196; C-^R-^O (56) requires MYJ 196.
ANAL The following figures were obtained from the 
initially formed product without further crystallisation 
(which it was believed would probably have caused decom­
position) :
Found, f : C, 57.37; H, 6.36; N, 3.62.

C17H 22T'101 re(Tu:Lres c > 53.27; H, 5.80; N, 3.66.

TLC examination of the decanted solution revealed 
that the three components originally observed (Rf 0.00,
0.60, 0.65) were now present in approximately equal 
quantities. Evaporation to low bulk yielded a third 
crop of crystalline solid (5mg) : TLC however, showed 
that this was a complex mixture and it was not studied 
further.

Examination of the liquors and washings now indic­
ated that the least polar spot previously observed 
(Rf 0.65) might in fact represent two components running 
very close together : on developing the plate with 12- 
CAM, the upper part of the spot appeared yellowish-green 
while the lower part was greyish-black.

This solution was refluxed for Ihr with the addition 
of further methyl iodide in benzene (to achieve a higher 
reflux temperature), and then evaporated almost to dry­
ness on the steam bath. Following partitioning of the 
residue between water and benzene-chloroform (1:3), evap­
oration of the organic layer afforded an oily semi-solid 
(26mg)9trituration of which with chloroiorm yielded an 
impure, partly crystalline sample of the o-hydroxv stil­
bene (56), m.p. 120-136° (cf. lit. m.p. 147°as crystall-

•7 r \

ised from ethanol).
TLC Rf (4$ MeOH-CHCi^) : 0.6 (green before baking, black

after baking).
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—  (l) ^ max * nm (r.o.a.) : 286 (1.00),
297 (0.86), 323 (0.95), 326 (0.95).

<'11  ̂ ''"max OitQH+’-TaOHaq) , M  (r.o.d.) : 245 (1.21),
291 (1.00), 370 (0.98).

(iii) (EtOH+KaOHaq+XSHClaq) : as (i).

6011Hz (CHCl3),-r: 2.4-3.3 (llH,m, ArH, ArH/and 
HC=CIi/), 5»52 (1H, bs, I^O-exchangeable, OH).
M+ at m/e 196; 0-^H -^O requires M7 196.

Hofmann degradations in n-butanol solution under controlled 
conditions

From preliminary experiments conducted with ethan- 
olic solutions of the dimethoxy derivative (16), it 
appeared that stilbene formation was very slow when high­
ly dilute solutions of the quaternary hydroxide were 
employed at temperatures up to 40°. On heating to 60- 
70 °in an attempt to speed up the rate of reaction, losses 
of solvent by evaporation were a problem, and ethanol 
(b.p. 78°) was replaced by n-butanol (b.p. 118°) for 
further trials. This had the disadvantage that the 
methioaides were rather less soluble, and to obtain 
roughly 1 X 10”  ̂M solutions, it was necessary to grind 
them to a fine powder and dissolve by heating on the 
steam bath (no decomposition apparently taking place 
(TLC) during this procedure).

At 74 - 1° all reactions were found to be complete 
within 30 min, no change in the ultraviolet spectrum 
being observed during the next 30min (apart from some 
concentration fluctuation due to slight evaporation 
losses) . The following procedure was developed for 
use in these degradations.

The column was prepared from resin (2g) previously 
stirred for 10-15min with aqueous sodium hydroxide pre­
pared as above, and washed successively with distilled 
water (750ml, to give washings neutral to pH paper), 
ethanol (95f-, 250ml), n-butanol (commercial, 100ml) and

NMR

MS

- /3.9



finally n-butanol (Analar, 50ml). The meihiodide 
(25mg) in n-butanol (Analar, 50ml) was now recycled 6 
times through the column as described above and a 
sample transferred to a 1mm Tnr cell. This was placed 
in the cell-holder of an ultraviolet spectrophotometer 
heated by a recirculating hot water bath thermostatic­
ally controlled to give a constant cell temperature of 
74 - 1°, and the solution scanned at regular intervals 
taking careful note of the time of initial insertion in 
the cell-holder and of each scan.

7/here a stilbenoid spectrum appeared, the time taken 
for the absorbance of the strongest band to reach half 
of its final (constant) value was noted, this being a 
rough indication of the relative rate of reaction. All 
ultraviolet spectral data obtained are described fully 
in Chapter 3.3.
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PART II (4)

1-Benzylidene -

Synthesis of 

, 6-dimethoxy-2-phenyl-5-veratryl indene
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Chapter 4-1 Introduction and diecuss i o n

References to the use of various solvents in the 
Friedel-Crafts reaction abound in the literature, but 
very little attention appears to have been directed 
towards the use of diethyl ether. ^ This solvent has the 
advantage of dissolving aluminium chloride while being 
non-toxic (contrast carbon disulphide) and having low 
boiling point (contrast nitrobenzene), and it has been 
shown to be particularly effective in the preparation 
of acetophenone derivatives. ^

In connection with studies on 1-(H,N- dimethyl- 
amino) - 1,2 - diarylethanes (l)(see Chapter 3*2 ) 
a quantity of 1- (3,4 -dimethoxyphenyl) -l-keto-2- 
phenylethane (2) was required, and it was decided to 
attempt the preparation of this compound by a Friedel- 
Crafts reaction using ether as solvent. Room temper­
ature reaction of phenylacetyl chloride with veratrole 
using aluminium chloride in ether indeed afforded the 
expected ketone (2), but in addition gave isolabie 
quantities of a slightly more polar crystalline solid, 
initially dark red, but becoming light orange in colour 
on repeated crystallisation from benzene. The structural 
elucidation of this product will now be discussed.

The mass spectrum revealed a strong parent ion at 
to/e 476 and was in agreement with elemental analysis inCj a o
suggesting a molecular formula of 32 28 4 and mole­
cular weight 476. That the compound was olefinic was 
suggested by the fact that an ethyl acetate solution 
rapidly absorbed ozone at -70°, becoming colourless.
(Two colourless products which were formed following a 
reductive work-up interestingly turned bright blue on 
acid treatment, but the nature of these has not as yet
been determined).

Hydrogenation of the orange compound over palladium 
on charcoal yielded a colourless crystalline product 
with Rf (chloroform) identical to that of the starting 
material: this stained deep pink, however, on spraying

— - K S ---



with eerie ammonium nitrate reagent after iodine vapour 
treatment, whereas the starting material stained green 
under these conditions . Elemental analysis and mass 
spectrum of this compound indicated that four hydrogen 
atoms per molecule had been incorporated, pointing to 
the molecular formula ^32 ^32 '̂ 4 and molecular weight 
480.

This evidence suggested that two molecules each 
of veratrole and phenylacetyl chloride were involved in 
formation of the orange compound, this probably possess­
ing two olefinic C=C bonds. The four oxygen atoms were 
thus satisfactorily accounted for as the methoxyl groups 
from two veratrole molecules ( there being little 
absorption in the infrared spectrum above 1600cm ).
At this stage structures (3) and (4) were eliminated on 
the basis of the ultraviolet spectrum (“X max at 264,
290 and 346nm) which bore no resemblance to that expected
for (3) or to that of the hydrocarbon (5) (fl-max at 220,

3250 and 3S0nm) . It was also considered improbable that a 
species such as$should be so readily synthesised under the 
conditions used, and (4) seemed unlikely since ozonolysis 
would be expected to lead smoothly to the coloured tetra- 
methoxy anthraquinone (6) .

In view of the well-known acid-catalysed dimerisaticn 
of propenylphenol ethers such as isoeugenol (7) to 
diisoeugenol (8)  ̂ and also the more recently reported 
stannic chloride-catalysed photochemical dimerisaticn of 
cis - or trans - stilbene (9) to (10),  ̂ structure (11) 
was now considered. Comparison of the orange compound’s 
ultraviolet spectrum with those of 1- benzylidene indene 
(12) (Xrnax at 238, 280 and 340nm) 7 and 2, 3- diphenyl 
indene (13) (Xmax at 237 and 310nm) 8 lent support to 
this structural assignment, and further evidence was 
supplied by the nuclear magnetic resonance spectra of 
both the orange compound and its colourless hydrogenation 
product, which now seemed likely to possess structure (14).



4 .\ —  0\

Methox vj1

M e th in e  3 <v\ e th y le n e

oleO I >-a(c

a)
6 • 4-s- (3H, s) 
(,•24 O M )

■̂ >'OS-C'W»
2..% owls')
a -sb (in5s) 
2-84- OH*52)

2 •4-2-7 0'Wsv«)

() ■ 6 4 O  U .j si)
6 - 3 8  s')
6--SST (3d, s)
6 • 2 1 Ott> S')

6-2-7-s (4-Hj">)
S’-3-5" (\4a , 4, T ^ W z )

-5 -73 0 W S s) 
a-6-3 S" (i4 W 5 m)

F  I CU<5£ 4%\ -  02

Solvent 
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M m  signals for both species (ll) and (14-) are 
shown in Figure 4c 1-01 (acetone solutions). V/hile it 
has not been possible to assign these values to specific 
protons with any degree of confidence due to the complex 
pattern ol possible shielding and deshielding effects 
obtaining;, the data are in good general agreement with 
the proposed structures and at variance ■with the sym­
metrical alternatives (4-) and (15) .

Although the configuration of the benzylidene 
moiety in the orange compound is not altogether clear, 
the isomer as drawn (11) would perhaps be favoured as the 
alternative (16) would involve two phenyl rings in very 
close proximity. A feature of interest in the spectrum 
of (11) was the great variation in the position of •the 
methoxyl resonances (in particular) which occurred in 
different solvents, probably partially due to conform­
ational isomerism ^ (see Figure 4.1-02).

Removal of the olefinic double bonds on reduction 
of (11) was clearly illustrated by the general drift to 
higher field observed in the aryl protons signals of (14).
(This, along with the stronger shielding effects of 
adjacent aromatic nuclei now becoming evident, caused 
upfield shifts of as much as 0.5t ). ~  ^  The doubly 
benzylic proton H d was identified as a broadened doublet 
(J= 6Hz) at the rather low value of 5•35T(acetone) or 5.4-1'?' 
(chloroform). ' Irradiation at 6.41r(chloroform) caused 
collapse to a singlet (again slightly broadened, perhaps 
by benzylic coupling) and irradiation at 5-41^caused a 
simplification of the spectrum in the vicinity of 6.4^
(Hb ). (Chloroform solution revealed the 6 - 7 if area 
more clearly than acetone).

Whereas no major mass spectral breakdown pattern 
was discernable for the orange compound (apart from 
early losses of methyl and methoxyl groups), it appeared 
that the main fragmentation or the reduced product (14) 
was that proposed in Figure 4.1 -03 (the ions illustrated 
being the only ones in the spectrum with abundance greater 
than 20£). An interesting feature of the mass spectra 
of both products was the presence oi a oo,-. nicer able 
number of doubly-charged ions, mainly in the lange m/e

 iS2---
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120 - 240 for (11) and m/e 100 - 200 for (14).
Some attention was now paid to the mechanism of 

formation of the orange product, assuming structure (11). 
Since almost complete recovery of unreacted ketone (2) 
was made following treatment with aluminium chloride in 
ether or with hydrochloric acid, pathways involving 
dimerisaticn of ketone-aluminium chloride complexes 
(cf. e.g. Figure 4.1-04) or hypothetical "enol" deriv­
atives (cf. e.g. Figure 4.1 - 05) seemed unlikely, (it is 
difficult to envisage a "dimerisable ketone-intermediate" 
arising from the action of phenylacetyl chloride on 
veratrole in the presence of aluminium chloride which 
could not also be produced by the action of aluminium 
chloride on pre-formed ketone (2) ).

A mechanism not involving such a ketone (2)— inter­
mediate, complex or derivative is outlined in Figure 4.1-
06. Diacylation of veratole (perhaps only possible in 
ether due to special complexing effects?) is followed by 
cyclisation, further reaction with ve rat role and elim­
ination of HO AICI2 > eventually yielding (11). It 
would be of interest to attempt isolation and further 
treatment of the hypothetical intermediates (17) and 
(18) with a view to testing the plausibility of this 
theory.

A study of the degree of generality of this re­
action and of the influence (if any ) of diethyl ether 
as solvent would seem to be worthwhile. The chemistry 
of the oxidation products of (11) is also of interest,
in view of the marked colour changes associated with the

• *  c f l lpresence of acid. —
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Chapter 4.2 Experimental

Reaction of veratrole with phenylacetyl chlori de 
and aluminium chloride in ether

Slow addition of aluminium chloride (20.00g) to 
ether (100ml) afforded a clear very slightly brownish 
solution. To this was added a solution of veratrole 
(13»60g) in ether (25ml) with stirring , followed by 
phenylacetyl chloride (15.50g) in ether (25ml) drop- 
wise over 50 min. The solution gradually darkened 
through yellowish-brown to reddish-brown and eventually 
to a very dark greenish-brown. Stirring was continued 
for a further 20 hr at room temperature aftes* which 
hydrochloric acid (conc. a<̂  HC1, 1 part:water, 1.5 
parts; 50ml) was added dropwise with ice-cooling of the 
reaction mixture. Evolution of gas took place and the 
solution became reddish-orange, containing suspended 

v/hite gelatinous solid and a dark brown oil. After
allowing to stand for 15 min the mixture, now contain­
ing a suspension of fine yellowish-red needles, was 
extracted with benzene and the extract washed thoroughly 
with water. .Removal of solvents from the organic 
layer afforded a red oil (30.C5g )•

A portion of the oil (about 25g ) was dissolved in
hot benzene and light petroleum added to tne warm 
solution until a cloudiness was evident. On cooling, to 
0- 10° a precipitate of red needles appeared (about 
600mg ) , becoming lighter in colour on further crystall­
isation from benzene- light petroleum to give a first 
crop of orange needles (500 mg ) and a second crop of
dark red needles (75 mg ).

On evaporating the original liquors to low bulk, 
further crystallisation took place furnishing 1zJ U jA z

dimethoxy  phenyl) - 1 - keto - 2 - pheny±ethane (2/ .-
as colourless resoles (3»52g ), m.p. 83 - 87 , followed 
by a second crop of slightly pinx neeales (0.61g ), 
m.p. 82 - 84°(lit m.p. 88°).
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The remaining liquors were evaporated to dryness yield­
ing a very dark red viscous oil, shows by TLC to be a 
complex mixture of products and including one component 
with similar Rf and staining behaviour to the previously 
isolated orange needles.

Both the orange and the dark red needles melted 
between 190 and 200° and had similar Rf (0.8 in chloro­
form) and staining behaviour on TLC: a very bright green 
spot was obtained on spraying the plate with eerie 
ammonium nitrate reagent after removal from iodine tank. 
(Dilute mineral acid alone did not produce this effect).
A sample of 1 ~ benzylidene - 5,6- dimethoxy - 2 -phenyl
- 3 - veratryl indene (ll) crystallised from benzene-

« ©light petroleum m  long orange needles, m.p. 196 - 202 .
TIC Rf (CKClj ) : 0.6 (green).
IR i) aax (Nujol), cm ^ : 1600, 1575, 1515, 1255,
—  1140, 705.
try Xmax (EtOH), nm ( log £) : 264 (4 .32),
—  290 (4.24),

346 (4.06).
HMR See Chapter 4.1.
MS 476 (1005? ), 461 (305? ), 445 (105? ), 429 (40?),

387 (20? ), 371 (105? ), 355 (105? ), 3 3 9 (105?.),
326 (105? ), 315 (105" ), 30 2 (105? )> 295 (10?),
238 ( 205?;), 2 38 . 5 ( 55?), 199 (40?. ), 199.5 (15?),
191.5 (10?), 177 . 5 (155?), 163 ( 355?), 156.5 (30?,),
151 (30?), 150 (25?), 144.5 (15?),138 (15?),
78 (40?).

AKAX Pound, f. : C, 81.12; H, 5-92; M+ at m/e 476.
C32 H28 0, requires C, 80.65 5 H, 5-92;
m  476.

IS6
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Ozonolysis of the orange cornpou.nd(12)

Ozone was passed into a solution of the orange 
needles (lOOmg) in ethyl acetate (50ml) cooled in 
acetone-solid carbon dioxide mixture for lOmin. The 
Solution became colourless then blue due to excess 
ozone, wnich 7/as subsequently removed by passing dry 
nitrogen through the solution while allowing to warm 

0 • Following addition of palladium on charcoal 
(10f, 50mg) , the mixture was shaken under an atmosphere 
of hydrogen for 90min, filtered, and evaporated to 
yield a slightly yellowish oil. This was dissolved in 
glacial acetic acid-water (50^, 5ml) and gently warmed 
and shaken with zinc dust (large excess) for 30min.%

Chloroform extraction after filtration yielded a 
yellowish-green solution, TLC examination of which show­
ed the presence of two main products (Rf’s 0.2 and 0.3 
in chloroform) staining a characteristic orange-brown 
with eerie ammonium nitrate reagent on baking, and many 
other products one of which stained bright red under 
these conditions. Spraying with any reagent containing 
dilute mineral acid caused the two major products to 
appear bright blue in the cold, the colour fading on 

heating or standing at room temperature. This reaction 
was not studied further.

Hydrogenation of the orange compound (11)

The orange needles (lOOmg) in a solution of dry 
ethanol (3ml) and ethyl acetate (15ml) containing pall­
adium on charcoal (lOf, lOOmg) were hydrogenated at room 
temperature and atmospheric pressure for 24hr. The now 
colourless solution was filtered through glass paper and 
evaporated to yield the hydrogenation product (14) as a 
colourless oil (120rng, lOOf) which partially crystallised 
on cooling at 0°. TLC showed one compound of identical 
Rf to the starting material but staining reddish-pink on 
spraying with eerie ammonium nitrate reagent after treat­
ment with iodine vapour (cf.starting material: green under 
these conditions). A sample crystallised from benzene-

 !S 7 ---



TLC Rf (CHC1 ) : 0.8 Cred).5NMK See Chapter 4.1.
MS 480 (30#), 465 (10#), 449 (10#), 403 (15#),

389 (10#), 374 (10#) , 358 (2Of,), 343 (15#),
311 (15#), 298 (15#), 283 (15#), 251 (30#),
151 (20#), 91 (20#).

AKAL Found, # : c, 80.01; H , 6.75; M+ at m/e 480. 
°32F32°4 requires 0, 79-97; V, 6.71; W  480.

It was noticed that on heating a solution of the 
compound (e.g. in benzene) or allowing a solution to 
stand for some time exposed to the atmosphere, a yellow­
ness was produced. TLC showed that:the new compound 
responsible for the colour was more polar than its pre­
cursor and stained a characteristic orange-brown on 
heating after iodine and eerie ammonium nitrate treat­
ment. It was not studied further.

Treatment of the ketone (2) with aluminium chloride

Various small-scale experiments were carried out 
in which l-( 3,4-dirnethoxyphenyl) -l-keto-2-phenylethane 
(2) was allowed to stand at or below room temperature 
in ether solution containing different quantities of 
aluminium chloride for different lengths of time. In 
a typical experiment where a mixture of ketone (5mg) 
and aluminium chloride (20mg) in ether (2ml) stood for 
4-5 days, the resultant red solution (due to aluminium 
chloride-ketone complex) was poured into concentrated 
hydrochloric acid-water (1:1.5) with ice-cooling, and 
extracted with chloroform.. TLC showed no trace of 

the orange compound, the main: product being the unchanged 
ketone plus a very slight trace of a new more polar 
colourless compound and some baseline material. ^he
ketone was also largely unaffected by treatment with 
dilute or concentrated hydrochloric acid at room tem­
perature or on gentle warming, nc coloured produces
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Chapter 5»1 Introduction

The search for a satisfactory cure for cancer
presents mankind with a challenging and complex problem.
The main difficulty associated with this work is that so
little is known at a molecular level about the factors
causing normal cells to alter their metabolism in such
a way as to become malignant. A certain amount of
progress albeit so far mostly empirical has however been
made, and certain biological, physical and chemical
agents have been demonstrated to have a definite effect

2 bm  this respect: * the theory that viruses may initiate
cancerous growth is supported by cases such as the Rous 

4 5fowl sarcoma * where the disease can be transmitted
by inoculation with cell-free filtrates; some types of
radiation such as X-rays,^ -rays and ultraviolet light

2exhibit cancer-inducing properties; and the large
number of chemical carcinogens is -wall-known.

Of this latter group may be mentioned particularly
cpolycyclic aromatic hydrocarbons, azo compounds and7aromatic amines, which have been known to give rise

to cancer among workers using them in industry and else­
where. Correlations have been made which relate carcin­
ogenic activity to the electronic structure of many of 
these molecules, "K" and "L" regions being recognised aso
the active sites. This demonstrates how even the
methods of quantum chemistry have been brought to bear 
on the cancer problem and, incidentally, illustrates the 
possibility of using the molecular orbital method as a 
means of understanding the mode of action of biologically- 
active compounds in general.

Present prophylactic, measures include the avoidance 
of contact with known carcinogenic agents (cigarette- 
smoking, for example, where certain groups of people 
appear to be more susceptible than others), while 
methods of treatment involve surgery, irradiation or 
chemotherapy. 9 An interesting example of an ancient



custom with a possible scientific basis is that 01 
circumcision: cervical cancer is almost unknown
among fjevv.ish women and it has been suggested that 
among races which do not practise circumcision the 
cause of cancer in this part of the female body may 
be related to a constituent of penile smegrna, the 
secretion found beneath the foreskin of the uncircum­
cised male. ^

Chemotherapy is now widely regarded as offering 
most hope for the future as surgery and radiation 
bombardment cannot be used too often on a patient and 
are thus of limited application. ^ This method of 
treatment is complicated, however, by the many

11different causes and types of effect produced. It
%is thus more difficult in principle than the treatment 

of diseases such as tuberculosis,diphtheria and polio­
myelitis where the causative factor has been uniquely 
defined, and the cure depends upon the use of an agent 
selectively toxic to the invading organism whether it 
be bacterial or viral in nature, and where immunological 
methods can be used to supplement or take the place of 
drugs.

The aim of chemotherapy in cancer is at best the
total eradication of malignant cells and at least the

12control and suppression of their growth. Although
complete cures have not yet been achieved, striking 
instances of tumour regression and control of the 
disease for periods of up to a few years have been 
observed with certain agents in some forms of cancer.

Four maior classes of chemical compound are known
°  12 to have activity against cancer: sex hormones,

adrenocortical hormones and pituitary hormones;
cytotoxic alkylating agents, sometimes called "radio-
mimetic" due to the similarity of their action to
that of X-rays (these can also have carcinogenic
properties); anti —metaoolites wnicn intenere witn
metabolic pathways to substances vital to cell growth,
and lastly, a group of empirically tested antibiotics
showing a wide diversity of chemical structure and often

iTt
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producing undesirable side-effects . In addition to
the more "traditional" sources of this latter group

"1 ̂such as fungi and plants, insect and marine
specimens are now being studied for the presence of 
biologically-active compounds, and a number of species 
from Taiwan including a "horrendous rhinoceros beetle" 
has been shown to contain substances active against 
cancer, although none has yet reached clinical trials.^

Of the many biologically-active alkaloids which have 
been isolated from plant sources, one of the most interest­
ing has proved to be camptothecin (1), a stem-wood con­
stituent of the rare tree Camptotheea acuminata (Nyssaceae), 
native to mainland China,. Studied in 1950 for the
presence of the steroid hormone cortisone and found to be

9inactive, an extract of the tree on later examination
was shown to possess activity against the tumour

15 1^Carcinoma 755* ° This was the basis for further
testing and in 1966 isolation and structure-deterrnination 
of the active principle were reported, in which campto­
thecin was described as "a novel alkaloidal leukaemia and

17tumour inhibitor." Recently, two further alkaloids,
hydroxy- (2) and raethoxycamptothecin (3) have been isolated
from the same source and these too have considerable anti-
leukaemic activity.

At the time of isolation of camptothecin in 1966
potent activitjr against lymphoid leukaemia L» - 1210 in
mice, and against the growth of Walker 256 carcinosarcoma
(tumour of connective tissue) in rats was demonstrated. ^
In 1970 preliminary clinical trials showed that the drug
was responsible for a 60# regression among patients
suffering from cancer of the colon, and it was hoped
that it might prove of great value in the treatment of
cancer of the rectum and intestine. ^ Studies of its
mode of action at a molecular level have also made good
progress; for example, it has been found that camptothecin
inhibits macromolecular synthesis in mammalian cells but

19not in isolated mitochondria.

(TZ
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Isolated by silicagel chromatography of methanol- 
insoluble material i r o t h e  organic iractic-n obta.inod 
after successive extraction of the stem wood with hot 
hexane-heptane mixture and hot 95^ ethanol followed by. 
partitioning between chloroform and water, camptothecin 
crystallises from methanol-acetonitrile as pale yellow 
needles, rn.p. 264 - 267° (dec.) ^  Structure deter­
mination utilised infrared, ultraviolet and nuclear 
magnetic resonance spectroscopy, mass spectrometry, and

17 pp.X-ray analysis of the iodo-acetate (4). x ^  An 
interesting property of the molecule is the intense 
blue fluorescence exhibited in ethanol solution (max

20at 434 nm) under ultraviolet light of wavelength 370nm,
and this in fact can be used as a sensitive method for

21detection of the drug in plasma and urine.
The considerable reactivity of the lactone ring

in (.1) as shown by immediate sodium, salt formation with
bases and rapid reduction with sodium borohydride at
room temperature to give (5) is believed due to the
effect of intramolecular hydrogen bonding on the ring
conformation ( 'imax 3440 cm ^  hydroxyl; and 1760 -
1745 cm lactone), and is closely connected with

17 23 23camptothecin’s biological activity. ’ 1 The
acetate (6) does not form a sodium salt under the same
conditions and in common with the readily prepared (5),
(7) and (8) has virtually none of the anti-leukaemic

17 23activity of (1) or its sodium salt, ’ also active
but highly toxic if administered in large doses.

Camptothecin appears to be of tryptophane-terpene
origin, containing (supposedly) the same ten-
carbon moiety shov/n to be of terpenoidal origin in the

18 2.9indole alkaloids such as ajmalicine (9) . 9 Figures
5.1 - 01 and 5.1 - 02 have been proposed for the probable

. . .  27main features of campto theein’s biogenesis. The
molecule is here regarded as being a masked indole alkaloid 
of the corynantheidine (10) type with isositsirikine (11) 
as a possible precursor. ;/ith reierenoe oo Figure ^.1—v.l, 
an interesting conversion of ajmalicine (9) to a pvrrolo- 
quinoline (12) in vitro nas been carried out using a high

 17+---
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yield (over 9Cf) auto xidat ion reaction in the presence
of potassium tert-but o x i de in dimethvlformamide for the 

v 0first step. y Phosphorus oxychloride treatment for loved, 
by hydrogenolysis over platinum oxide-acetic acid completed 
the sequence, shown in Figure 5.1 - 03. (Further develop­
ment of this approach later led Y f i n t e r f e l d t  to a total 
synthesis of camptothecin : see Chapter 6 . 2 ,  page 2 ( 8 ) .
A similar type of transformation to that depicted in 
Figure 5.1- 02 has been proposed for the biogenesis of
vallesia-chofamine (14) from a precursor of the geissos-

31chizine (13) type, shown in Figure 5.1 - 04.
The scarcity of Campto theea acuminata (only a few

trees being known outside China - in Taiwan, Hawaii and
%

California) coupled with the lengthy isolation procedure
necessary to obtain the active principle ( 3000 pounds
of ground tree affording 10 ounces of camptothecin after
a 12 -stage, 6-monthlong extraction process) make a

synthesis of the drug all the more desirable, although a
vigorous tree-planting campaign is currently being carried
out at the U. S. Plant Introduction Centre in California9 14
where the tree grows to a height of 12 feet in 2 years.

In the present work Figures 5.1-05, 5.1-06 and 5.1- 
07 denote pathways which were studied with a view to 
synthesizing compounds (18), (24) and (29), potentially 
capable of further elaboration towards the camptothecin
structure. Although the pyrroloauinoline (16)^ (Fig-*-

cf 32ure 5.1-05) was not obtained — the results of the 
reduction of acridinic acid imide (15) and similar com­
pounds with sodium borohydride and other reducing agents 
along with some of the chemistry of the products formed 
will be described. Various routes to compounds(19) and
(20) (Figure 5.1-06) were explored and some of these are 
included here together with a brief account of prelim- • 
inary approaches to compounds (26) and (27) (Figure 
5.1-07). Although these synthetic studies did not lead 
to the camptothecin skeleton, their relevance in the 
light of work of other groups will be made clear.

/ 7 7 -
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Chapter 5.2
Eoutes involving quinoline carboxylj.c acid derivatives

The first approach towards a total synthesis of 
camptothecin (cf. Figure 5*3~-05, page I 7d) required the 
preparation of the tricyclic amine (16) followed by 
reaction with tetracarbethoxyethylene (17). It was 
believed that the secondary amino group would condense 
with one ester substituent while the active methylene 
group condensed with a second (cf. reactions of picoline

rz — —

derivatives) forming the tetracyclic species (18).
Attempts were made to provide a synthesis of amine 

(16) by reduction of the imide (15) of acridinic acid 
(50)* The latter was prepared as shown in Figure 5.2-01, 
the route being substantially that employed by Hozer and 
von Niementowski except for the introduction of oxalyl 
chloride which was found to be more convenient for obtain­
ing good yields of anhydride (33) and imide (15) than the 
reported methods.

Treatment of the imide with lithium aluminium hydride 
or diborane resulted in the formation of complex mixtures 
of products (as was also the case when similar reductions 
were attempted on the anhydride (35), acid amide (35) or 
more soluble dimethyl ester (31) ). However from re­
actions involving sodium borohydride, four new colourless 
crystalline imide reduction products were isolated, employ­
ing "constant extraction" procedures followed by careful 
fractional crystallisation. These compounds will be 
referred to in the first instance as A, B, C and D, this 
being the order in which they were obtained.

Compound A (Kf 0.2 in 10? methanol-chloroform) 
proved to be rather unstaole, afiording variable analy­
tical results on repeated crysballisation from ethanol. 
However, the presence of an abundant molecular ion at m/e 
202 indicated that this was a tetrahydro derivative, C-q 
H10N2°2' of acridinimide• Reduction of one of the imide 
carbonyl groups was indicated b5r infrared absorption at 
3340cm~^ (believed to be 0-H stretch)—  ^  and the 
existence of the remaining amide grouping was confirmed 
bv absorption at 3220cm"1 (N-H stretch) and bands at

-1 361660 and 1625cm " ° *-- /7S*---
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Two structures (57) and (38) were suggested by the 

presence in the NI.TR spectrum of a sharp 2~ proton sing­
let at 6.40 "S' attributable to a benzylic methylene group 
lacking vicinal protons. A 1- proton doublet at 4 •65'*' 
(J= 10Hz) was assigned to the cnly methine proton since 
on addition of D2 0 this collapsed to a sharp singlet.
The hydroxyl proton resonated at 3.60^ (d,J= 10Hz) and 
the amide proton at 2.54T pyrrolidone (39) > N-H
at 2.33 Slight coupling of the latter to the
methine proton might be inferred by slight broadening of 
the appropriate signals. The resonance of the amino 
proton appeared as a sharp singlet at 0.75'*' t also dis­
appearing on addition of DgO. This low value possibly 
favours structure (37) in which the N-H is part of a

"j o
vinylogouo amide system. Homoallylic coupling of the
benzylic methylene group could not be detected but no 
conclusion could be drawn from this.

However (37) is indeed considered to be the most 
likely structure because of the probable mode of reduction 
of acridinic acid imide (15) s while it is known that an 
enamine grouping conjugated to a carbonyl group as in : 
structure (40) may be fairly resistant to further re­
duction, ^  it would seem probable that a structure
such as (38) would be susceptible to further attack by 
borohydride . The apparent reduction of the 2- carbonyl 
group in preference to the 3- carbonyl group is in keep­
ing with their probable reactivities to nucleophilic 
attack: the 2- position is under the influence of the
strongly electron - withdrawing "imino" function in the 
quinoline ring and is therefore more susceptible to boro­
hydride attack (cf. formation of (34) and (35) from (33)»
Figure 5•2 -01)•

Compound B, which co-crystallised initially with 
compound C, was of similar polarity to compound A  (Rf 0.2 
in 10$ methanol - chloroform). Elemental analysis and 
mass spectroscopy indicated that this was on octahydro 
derivative, Cn  Hu  N2 02 , of acridinimide. In accord 
with the presence of an amide function strong absorption 
appeared at 1665 cm and several peaks between 3170

/ 8 0



and 3550 cm ^ confirmed the existence of HH and 0TT 
groupings, the multiplicity suggesting that some hydrogen 
bonding was present.

Of the two structures (41) and (42) suggested by this
evidence, the latter could be dismissed on the Vasis of the
NMR spectrum which showed between 5 and 6 ? only a broad
singlet which was exchangeable with and was attributed
to OH. An ~ amino acid amide methine proton such as
that present in structure (42) would have been expected to
appear as a doublet in the 5-6 region in the deuterated 

cf 40spectrum.— * The NMR data (as shown in Figure 5.2-03,
page 184) can indeed all be appropriately assigned on the 
basis of structure (41).

Compound C, only separable from compound B after 
several fractional crystallisations (Rf 0.6 in 10$ methanol- 
chloroform) proved from analysis and mass spectroscopy to 
be a second tetrahydro derivative of acridinimide. The 
ultraviolet spectrum (^ raax at 211, 236, 287 and 319nm) 
suggested that the quinoline ring system was probably
intact ^  (contrast TJV of compound A : X at 227, 231, 240max
and 335 nm), a conclusion supported by the presence in the 
NMR of a sharp non- exchangeable 1- proton singlet at 1.337', 
ascribed to of the quinoline ring. The very low value
of this resonance also suggested that the carbonyl grouping 
in the 3- position had survived the reduction (cf. 
resonance in quinoline itself at about 2 ? ^  and in acri- 
dinic acid dimethyl ester (31) at 0.94?), the presence 
of an aromatic amide grouping being corroborated by infra­
red absorption at 1630 and 1690 cm ^ . This data alone 
pointed to structure (43) for compound C. Supporting 
evidence of the hydroxyl and amide groupings was provided 
by infrared absorption at 3440, 3250 and 3170 cm , and 
by exchangeable protons at 1.6 — 1.8? (2H, amide ) and 
4 .54? (1H, hydroxyl group ) in the RFR.

The fourth product to be isolated, compound D (Rf 
0.8 in 10$ methanol -- chloroform) had molecular weight 
189 (with corresponding parent ion in mass spectrum) and 
molecular formula C-q NO2 (satisfactory elemental

^  -pact that this formula corresponds to thatttuaxj olwy • - — - —
0f -^0 oct&hydro compound B less one nitrogen atom and 3
hydrogen atoms and the presence of infrared absorption at

 (21---
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1750 cm suggested that lactonisation of an alcohol 
amide had probably occurred* The NFfH spectrum was in 
accord with this finding, only one exchangeable proton 
being evident, and suggested structure (44), An alter­
native structure (45) was rejected on the basis that the
1- proton resonance centred at 5.62't', attributed to the 
proton vicinal to NH, appeared as a multiplet rather than 
a doublet even after deuteration. The low value of this 
resonance, assuming structure (44), is partially due to 
the deshielding effects normal at the 
lactone. '

In view of the above assignment, possible interrelation 
with compound B (41) by elimination of ammonia from the 
latter was of some interest, and lactonisation was achieved 
inadvertantly during attempted dehydrogenation of B using 
palladium charcoal in boiling xylene. This however afforded— T olactone E (0 „ 1740 cm ), m.p. 180 - 190 , isomericin six
with and slightly more polar than lactone D, m.p. 155 - 
157° .

If the structural assignments for hydroxyamide B (41) 
and lactone I) (44) are correct then the lactone E must be 
a stereoisomer rather than a structural isomer of D. It 
is tempting to assign the cis configuration to lactone D 
since this is obtained directly from the borohydride 
reduction of acridinimide (15) presumably by in situ 
facile cyclisation of the cis- hydroxyamide B / (46). B 
would thus be the trans isomer, which would be stable under 
the mildly basic reduction conditions, but might lose 
ammonia in boiling xylene to form the more strained trans­
lactone E (47) (cf. Figure 5.2- 02).

The fact that the tetrahydro derivatives A (37) and 
C (43) are both obtained suggests that primary attack by 
borohydride is at the imide carbonyl group 06 to the quin­
oline C = N moiety, probably giving a "dihydro" intermed­
iate such as (48) which can undergo further reduction to 
give A or 0. The orientation (assigned on spectroscopic 
evidence) of the residual carbonyl group in the more 
highly reduced hydroxyamide B (41) and lactone 3) is
also in keeping with initial reduction of the above type. 
However, careful monitoring of the borohydride reduction

/3_ -position of a
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and further treatment of isolated products, etc., would 
be required to give a rnore definite picture of the ease 
and order of reduction at the different sites in acridinic 
acid imide (15). Borohydride reduction of simple imides 
has previously been observed to give lactamols, hydroxy- 

amides and lactones, 35 >43 an  ̂ reported behaviour 
of phthalimide under these conditions ^  was confirmed 
in the present work as a preliminary study.

Since the yields of the different compounds A, B, C 
and D obtainable from the borohydride reduction were all 
less than lOf (e.g. roughly 3$ in the case of C) , this 
appeared to offer little encouragement toz/ards the intended 
route to camptothecin. If however the mixture instead of 

being submitted to a lengthy separation procedure could 
all be converted by dehydrogenation to e.g. the same lactone 
F (49) then workable amounts of intermediate might be 
obtained. Indeed dehydrogenation of lactone D afforded 
the aromatic lactone F in good yield on refluxing with 
palladium charcoal in diphenyl ether. When the unpurified 
product from one borohydride reduction mixture was treated 
similarly, crude product was obtained which appeared 
instead to contain the lactam (51) (molecular ion at m/e

184 and ^ „ at 1695cm"1 ), ££*32*45 as the yieiamax
again was considerably less than .10$ this toute was not 
investigated further.

For reference purposes, structures of compounds A 
to F and NMR spectra of A to D are illustrated opposite 
(Figure 5.2-03).
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Chapter 5«3 ’Routes involving joyri done derivatives

The immediate objective in the second synthetic
approach to camptothecin was the tetracyclic compound (24)
(as shown in Figure 5«1 -06, page 176). It was envisaged
that this should be readily available from the pyridones
(21) or (22) by conversion to (23) and Friediander con- 

46densation with o- amino benzaldehyde. It was antic­
ipated that base - catalysed condensation of (19) or (20) 
would yield the required bicyclic type of compound (21),(22) 
and attention was therefore focused on a convenient pre­
paration of either of these intermediates.

The first route attempted is outlined in Figure 5.3-01. 
At least two methods have been described for the conversion 
of citrazinic acid (53) to the dichloro derivative (54) (see 
below), and (following esterifica.tion ) it was hoped that one 
of the chlorine atoms could be replaced by a cyano group. 
Hydrolysis followed by re-esterification and cyanoethylation 
would then yield the required pyridone (19).

Attempted, preparation of (54) by the method of Sell and
Footson involving prolonged heating with phosphorus oxy-

47chloride and phosphorus pentachloride furnished moderate
yields of the monochloro pyridone (58), only very little of
the dichloro derivative (the alleged main product) being
detected. The monochloro compound was esterified and the
product (59) treated with potassium, cyanide or cuprous

4Fcyanide in II- methyl- 2- pyrrolidone, but cyano pyridone
(60) wras not isolated from these reactions.

In an attempt to form the alkoxy derivatives (61) and 
(62), which it was believed might be more reactive to 
nucleophilic attack by cyanide ion , the pyridone (59) was 
treated with triethyloxonium fluoroborate ^  and with 
boron trifluoride in methanol. Only in the latter case did 
a reaction take place, the sole product being the methyl 
ester (63), formed in high yield. This prodiict can be 
simply explained by reference to the probable existence of 
a boron trifluoride - catalysed equilibrium as shown in 
Figure 5.3-02. With a large excess of methanol, as in the 
present case, the equilibium would lie very much to the 
right, and the met hyl ester would thus constitute almost
all of the product.  t ̂ ___
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Vith acetic anhydride, the pyridone (59) was 
smoothly acetylated on oxygen to give the relatively 
volatile acetate (64)- However, no attempt was made to 
react this with cyanide ion as it now appeared that the 
dichloropyridine (55) could he conveniently prepared by 
treatment of the acid (53) with phenyl phosphonic di­
chloride (ph PO Cl^ ) ^  followed by esterification with 
ethanolic. hydrogen .chloride. Treatment of this product 
(55) with methanolic potassium cyanide or sodium or cuprous 
cyanide in N - methyl - 2 - pyrrolidone yielded either the 
unreacted dichloropyridine or monochloro pyridone (59), but 
no trace of a cyanopyridine.

The dichloropyridine was now converted to the 1-oxide
(65) by reaction with hydrogen peroxide in trifluoroacetic 

cf 51acid — *  ̂ in a further effort to increase the reactivity
52of such a system to nucleophilic substitution. Again,

however, no cyanopyridine resulted from treatment with
cuprous cyanide in N - methyl - 2 - pyrrolidone, the only
product to be isolated being the monochloro pyridone (59)-
The reaction mixture exhilrdted a strong odour resembling
that of garlic : this is known to be characteristic of

+ -isonitiales (R - N = C  ) and it seems probable that a
product of this type may have been formed, albeit in small 
yield.

As a result of the difficulties experienced in the 
above studies, the alternative I’oute shown in Figure 5*3-03 
was also investigated. This involves the pyridone (71) 
which is available by condensation of cyanoacetamide (68) 
with ethyl acetylpyruvate (69), followed by hydrolysis and 
decarboxylation. ^  Various possibilities were open by
means of which conversion tothe products (19) or (20) could
, ~ , cf. e.g. 55be effected. —  —

In view of the probable sensitivity of an N - cyanoethyl 
or N - carbethoxyethyl group ^  it was thought that oxid­
ation of the methyl group should preferably be attempted 
before addition of this 3 - carbon unit was made. However 
selenium dioxide or chromic acid treatment of the pyridone 
(72) afforded no isolable oxidation products, complete 
recovery of unreacted material being made in the foimei 
case. Although the pyridone reacted smoothly with acryl-
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onitriie under catalysis by sodium hydroxide to yield 
the cyanoethylated product (74), approaches to compounds 
(19) and (20) along the lines indicated above were cur­
tailed at this point owing to the appearance in the 
literature of closely related v/ork ^  ^  (see Chapter
6.1).

Finally some attention was given to the somewhat
different approach depicted in Figure 5.1 - 07 ( gee
pag~e 176). The key compound here was to be the tetra-
ester (28) which could be converted to (29) by a route
similar to that discussed in connection with the previous
approach (see page 176). preparation of (28) depended on
the reaction of_^9 - alanine ethyl ester with the product
of reaction of diethyl oxalate (or ethyloxalyl chloride)

59and 1, 1, 2 - tricarbethoxyprop - 1, 2 - ene (25). It 
was felt that this product could exist either as the open- 
chain compound (26) or the&~ pyrone (27). However, no 
condensation products were detected during attempts to 
carry out the first stage of the sequence employing a wide 
variety of bases and solvents, and no further work in this 
direction was undertaken.

(Considerable progress has now been made in the field 
of camptothecin synt hesis, culminating in the first total 
synthesis by Stork and Schultz. Highlights of recent work 
are briefly reviewed in an appendix to Part 111 , Chapters 
6.1 and 6.2. )

190



Chapter 5 .4 Experimental (with 5*2)

Acridinic acid anhydride (33)

A solution of acridinic acid (30) (2C0mg, prepared
by Friedl&nder condensation of o-amino benzaldehyde and 
sodium diethyl oxaloacetate)^ in dry benzene (10ml) con­
taining oxalyl chloride (10ml) was refluxed for 3hr. 
Evaporation yielded acridinic acid anhydride (160mg, 80$) 
crystallising from xylene in long colourless needles, 
m.p. 224-228° with sintering from 180° (lit. m.p. 225°).^

IR 0 max (Nujol), cm _1 : 1840, 1765, 1195, 935, 905, 735.

This method was found to be superior to the reported 
dehydration with acetic anhydride, which afforded a 55$ 
yield. ^
Acridinic acid imide (15)

A suspension of acridinic acid amide (35) ( lg,
prepared either via the acid ester (34) and aqueous
ammonia in 50$ yield or via the anhydride (33) and dry

34.gaseous ammonia in 65$ yield) in dry benzene (10ml) 
containing oxalyl chloride (20ml) was refluxed for 2hr 
and stirred overnight at room temperature. Evaporation 
furnished a colourless crystalline solid (1.20g), ^ max 
(Nujol), cm ^ ; 1800, 1745» 1710, 1300, 805, 785, 775• 

Treatment 'with hot glacial acetic acid converted 
this intermediate to acridinic acid imide (15), which 
crystallised in almost colourless needles (0.51g555$ 
from acid amide ), decomp. ^ 300 (lit. m.p. 314-315 
decomp.)^
IE ^ max : 3250, 1765, 1710, 1110, 770.
~  (KB t ), cm"1 : 3200, 1775, 1765, 1710, 1300,max

1110, 765.

ANAL Found, $ t 0,66.70; H, 3.25; N, 14.17*
Calc, for 0 Hg N2 O2 • 0 » 66.65; H , 3.05; N , 14.14.

Utilisation of the reported method for converting
amide to imide with 100$ sulphuric acid afforded a much

34inferior yield of 10 - 15$. Heating acridinic acid
 / 0/---
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anhydride in molten urea in an alternative approach 
towards the imide gave only tarry products, while pro­
longed reflu.xing of acridinic acid with phosphorus penta- 
chloride in ether ^  failed to yield the di-(acid chloride) 
which it was hoped might have furnished the imide on treat­
ment with ammonia.

Action of sodium borohydride on the imide (15)
Slow addition of acridinic acid imide (2g) to a slurry 

of sodium borohydride (0.8g) in dry ethanol (40ml)resulted 
in an exothermic reaction with evolution of gas, giving a 
yellow solution. Following ice-cooling to moderate the 
reaction, the mixture was stirred for 20hr at room temper­
ature, poured into cold water (40ml), partially evaporated 
to remove some of the ethanol , and constantly extracted 
with ether for 4 days.

A quantity of a colourless crystalline solid (116mg) 
suspended at the ether-water interface in the constant 
extraction flask was obtained as small plates, m.p. 242-O246 decomp. Although successive crystallisations from
ethanol afforded small colourless needles, great variation 
in melting point and analysis figures was observed, and it 
became apparent that decomposition was taking place. The 
following data refer to the original material, compound A 
(57).
TLC Rf (10# MeOH -CHCl^ ) : 0.2(brown).
IR . 0 (K Br), c m -1 : 5340, 3220, 3100, 3040, 2920,■ — max

1660, 1625, 1610, 1550, 1090, 
750.

UV X  (EtOH), nm (log £ ) ; 205 (4*24), 227 (5.81),
■ ID 8 .X

251 (5.82), 240 (5.70), 
555 (5.90).

NMR See Chapter 5.2.
MS M* at m/e 202; ^n^io^2C)2, ^02-

After standing for 2 days at room temperature, a meth- 
anolic solution of the oily yellowish solid (1.84g) result­
ing from evaporation of the ether extract deposited almost
colourless semi-crystalline material (0.60g), shown by TLC 
(10# methanol-chloroform) to consist of two main products

 /92---



—

with Rf*s 0.2 (compound B) and 0,6 (compound C). Minor 
constituents of this two-component mixture were eliminated 
by rapid crystallisation from benzene-methanol (99: 1) » 
and a solution of the product (200mg) in hot benzene (3ml) 
containing a few drops of methanol was no?/ allowed to cool 
very slowly to room temperature. The alcohol amide B (41) 
(71mg) which separated after 2 days crystallised from ethyl 
acetate-chloroform-methanol (7:2:1 ) in small colourless 
prisms, m.p. 197-200° with sintering from 190°.
TIC Rf (10# MeOH-CHCl^) s 0.2 (brown).
—  ^max (KBr>> cm_1 : 5530, 3420, 3330, 3260, 3170,

2920, 1665, 1595, 1580, 745.
TJV X max (EtOH), nm (log£) : 208 (4.54), 249 (4.22),

300 (3.64).
N M R See Chapter 5.20
ANAL Pound, # : C,63.91; H, 6.86; W, 13.33; M+ at m/e 206.

^11^14^2 ^2 reQLuires C, 64.06; H, 6.84; N, 13.58;
MW 206.

After a further 3 days, the less polar alcohol amide 
_C (43) was obtained (22mg), crystallising fro® methanol- 
ethyl acetate (Is 4) in small colourless needles, m.p. 193- 
195 ° .
TLC Rf .(10# MeOH-CHCl^) s •. 0.6 (brown).
IR (KBr), cm"1 : 3440, 3250, 3170, 1690, 1630,■ —  max

1560, 1010, 780, 750.
TJV X mav (EtOH), nm (logS): 211 (4.62), 236 (4.72),_i “ uicix

287 (3.46), 319 (3.30).
WMR See Chapter 5*2.
AWAL Pound, # : C,65.11; H,4.88; W, 13.66 ; M+ at m/e 202.

C11H10N2°2 re(luires C*65.34? H, 4.98; W, 13.85; IT/202.
A third crop of crystalline solid (needles and prisms, 

60mg) taken 3 days later was shown by TLC to consist of at 
least 4 components, and isolation of these was not undertaken.

The methanolic mother liquors from which the crystalline 
mixture containing alcohol amides B and C was originally 
obtained, afforded upon evaporation the lactone I) (44), O
crystallising from chloroform-light petroleum (b.p.60-80 ) 
in small colourless prisms (85mg), m.p. 155—15/ wixn 
sintering from 150 .
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TLC Rf (10$ MeOH-CHCl,) : 0.8 (brown).
—  ^max (KBr>> cm_1 : 3380, 1750, 16C0, 1580, 980,

740.
NrR See Chapter 5.2.
ANAL Pound, f : C, 69.72; H, 5.99; N f 7.28; M+ at m/e 189. 

G11H11N02 re(iuires C, 69.85; H, 5.86; N, 7.40; M7/189.
Careful chromatographic monitoring of a parallel

experiment involving gradual treatment of the imide with an 
equimolar quantity of borohydride revealed that the alcohol

#

amide B was one of the first products formed in any quantity. 
This suggested that di- or tetrahydroquinoline derivatives 
would be produced even if a shorter reaction time were 
employed.
Attempted conversion of alcohol amides B and C to lactams

(50) and (51)
Before separation of B from C had been achieved, the 

mixture was treated with various dehydrating agents (e.g. 
thionyl chloride-pyridine, tosyl chloride-pyridine, tri- 
fluoroacetic anhydride) in the hope that a mixture of 
lactaics would result which would be capable of further 
elaboration towards the amine (16). However complex 
mixtures of products were invariably produced and this 
approach was not investigated further (although it is 
reported that concentrated sulphuric acid has been used 
successfully for this type of transformation). ^
Lactone E (47)

A solution of alcohol amide B (41) (12mg) in xylene 
(5ml) containing palladium on charcoal (10$, 12mg) was 
refluxed under nitrogen for 20hr. After removal of 
catalyst, evaporation yielded the lactone E (47), crystall­
ising from ethyl acetate-light petroleum in very small 
colourless needles ( 7mg, 65$ ), m.p. 180 - 190 with 
sintering from 160° .
TLC Rf (10$ MeOH-CHCl^ ) : 0.7 (brown).
IR (K Br), cia-1 : 3350, 3300, 1740, 1660, 980,■ max

740, 750.
UV X  (B10H), nm (log 8) ; 207 (3*94), 238 (3*86),■ max

291 (3.08).
ARAL Pound, $ : 0,69-78; H, 5.77; JJ, 7.53; M+ at m/e 189-

— m  —
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C11H11N02 relul:res C, 69.83; H, 5.86; N, 7.40;

MW 189.

Lactone F (49)
A solution of lactone D (44) (20rng) in diphenyl 

ether (2ml) containing palladium on charcoal (10$, 40mg) 
was refluxed under nitrogen for 3hr 30 min. After 
filtration through glass paper, light petroleum (20ml) 
was added and the solution set aside at 0°. After 7 
days the resulting crystalline product (5mg, m.p. 210- 
215 ° ) was removed, washed with light petroleum (2 x 10ml 
portions) and dissolved in hot methanol. The lactone F 
(49) crystallised on cooling in small flat plates (3mg,
15$ ), m.p. 175-185° decomp.
TLC Rf (10$ MeOH-CHCl^) : 0.8 (greyish brown).
1R (Nujol), cm : 1745; no absorption in "N-Hmax -j

stretch" region (30C0-4000cnf ) 
MS M+ at m/e 185; cn H7N02 m  185 •

Attempted total conversion of crude imide-borohydride 
reaction mixture to lactone (49) or lactam (51)

A solution in xylene (10ml) containing palladium on 
charcoal (10$, 160mg) of a portion (130 mg) of crude 
product obtained from constant ether extraction of the 
reaction mixture resulting from treatment of acridinic 
acid imide with sodium borohydride was refluxed for 24 hr 
under nitrogen. Removal of catalyst followed by evap­
oration afforded an almost colourless mixture of products 
(63mg), a methanolic solution of which deposited colour­
less needles (2mg) with no definite m.p. (decomp.^ 260 ),

cf. 32 45possibly containing some lactam (51). —  * ’
TLC Rf (10$ MeOH-CHCl^) : 0.4 (grey).
IR 0 (KBr), cm'1 : 3180, 3060, 1715, 1695,—— max

1635, 1415, 1235, 790.
MS M+ at m/e 184 ; C-^Hgl^O, MV184.

Acridinic acid dimethyl ester (31)
Treatment of acridinic acid (30) with excess 

diazomethane in ether-methanol was found to be a more
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În­

convenient method for preparation of the dimethyl ester 
(over 90$ yield) than those previously reported. ^  The 
ester crystallised from methanol in colourless prisms, 
m.p. 107-108°.— 34

(10$ MeOH-CHClj) : 0.9 (greyish brown).
—  *°max cm s 1725, 1715, 1290, 1265,

1055, 810.
NMR 60MHZ (DMSO),^ : 0.94 (1H, s, H^), 1.7-2.5

(4H, m, H 5-HQ)f 5.97 
(3H, s, 2-C02CH5),5.99 
(3H, a, 3-C02CH5).

Action of reducing agents (hiA\it,UaBH^gB Î/)on acridinic 
acid derivatives •

As with the sodium borohydride reduction described 
earlier, it was originally hoped in these reactions that 
the amine (16) or even intermediate lactams such as (51) 
could perhaps be obtained from the imide (15); the diol 
(32) from the anhydride (33) or more soluble dimethy1- 
ester (31); and the amino alcohol (36) from the acid amide 
(35). Mixtures of products (usually complex) were 
obtained in all cases, however, despite the variety of con­
ditions of solvent and temperature, etc., under which the 
reactions were attempted. Moreover, means of isolating the 
products were severely limited due to the difficulty 
experienced in applying the common chromatographic procedures 
to the separation of these mixtures of highly polar com­
pounds on a preparative scale. (The only product actually 
isolated in pure condition (2$ yield) was from a reaction 
involving the acid amide (35) and diborane. As this had
^ at 1690cm“1 and TLC and MS behaviour (m/e 202) veryvmax .similar to that of alcohol amide C, perhaps this compound

of 4.6has structure (52) ).— *
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4— Cai 06 thoxy — p — chloro — 2 *-* pvridone (59)

.Following overnight treatment of 4-carboxy-6-chloro-
2- pyridone (58) ^  with ethanolic hydrogen chloride, 
evaporation furnished the ester (59) in excellent yield, 
crystallising from ether-light petroleum in colourless 
needles, m.pe 145° with sintering from 135°.
TLC Rf { %  MeOH~CHCl5) s 0.5 (grey).
S  taax (Nujol), cm-1 : 1735, 1720, 1660,. 1620,

1580, 1330, 1265, 785.
M R  60 I,iHz (CDClj), r  : -0.40 (1H, bs, NH) , 2.78 and

2.80 (2H, 2d, J= 1Hz, ArH), 5.61 (2H,q,J= 7Hz, CH2),
8.61 (3H, t, J= 7Hz, CH,).

ARAL Found, $ % C, 47*75; H, 4.04; N, 6.72; M+ at m/e 
201, 203. CqH8N05C1 requires C, 47.64; H, 3.97;
N , 6.95; MW 201, 203.

Attempted preparation of 4- carbethoxy -* 6 ~ cyano - 2 - 
pyridone (60) ; (i)

TJnreacted pyridone (59) was recovered following 
treatment with potassium cyanide or cuprous cyanide in 
N - methyl - 2 - pyrrolidone at 150- 170 . The latter 
reaction also yielded an unstable semi-solid product of 
Rf 0.3 in 10$ -methano1-chloroform, whose mass spectrum 
(M+ at m/e 279) suggested that dimerisation had occurred. 
In neither case was the cyanopyridone (60) detected.

A tte m p te d  preparation o f  ethyl 4-carbethoxy - 6 -  c h lo r o -  

2 -  p y r id o n e  - 1 - (fi~ propionate) ( 6 6 )
Unreacted pyridone (59) was recovered following 

treatment with ethyl /9 - bromopropionate and sodium 
hydride in toluene. In an attempted preparation of 
the alternative compound (67) via cyanoethylaticn of 
the pyridone (59) with acrylonitrile and sodium hydrox­
ide with or without added dioxane, the pyridone (59) 
again failed to react (TLO) and was also recoverable 
from the reaction mixture.



Attempted alkoxyiation of the ryrtdone (59)
TJnreacted 4-caroeth.oxy - chloro - 2 «■ pyridone (59) 

was recoverod lollowing treatment with triethyloxoniun 
iluoroborate m  methylene chloride at room temperature. 
Ester exchange occurred on reaction with boron trifluoride 
in refluxing methanol, a high yield of 4 - carbomethoxy - 6- 
chloro - 2 ~ pyridone (63) being obtained, which crystall­
ised from ether in colourless needles, m.p. 190° with sinter­
ing from 135° .
TLC Rf (5# MeOH-CHCl5 ) : 0.5 (grey).
IR >>max (Nujol), cm-1 : 1735, 1655, 1610, 1570,

1270, 775.
JOT 60MHz (CDC1,), ^  : 2.68 (2H, 2s, ArH),

6.06 (3H, s, CH5 );
(not scanned below 0 V )•

ANAL Pound, <f> \ C, 44.66? H, 3.19? N, 7.21.
CyHgNO^Cl requires C, 44.80; H, 3.20; N, 7.47.

2 - Acetoxy - 4 - carbethoxy - 6 - chloropyridine (64)
A solution of 4 - carbethoxy - 6 - chloro - 2 -

pyridone (59) (94mg) in acetic anhydride (3ml) was
refluxed for 2 hr and left overnight at room temperairare.
Evaporation furnished the volatile acetate (64) (72mg,
65$). subliming at 70°- 0.05mm and crystallising from
light petroleum in small clusters of colourless needles,
m.p. 75-78° , with sintering from 70°.
TLC Rf (CHCl^) : 0.7 (greyish brown).
j r ^ (Nujol), cmT^ : 1770, 1730, 1590, 1575* 1540,— — max _ „1280, 1155, 1020, 770.
NMR 60 MHz (CDCip, Y : 2.17 and 2.41 (2H, 2s, ArH),

5.55 (2H, q, J= 7Hz, CH2),
7.62 ( 3H, S, COCH^),
8.60 (3H, t, J= 7Hz, CH3).

ANAL Pound, $ : C, 49.36; H, 4.16; N, 5.78; M at m/e
243, 245. cioH10lvI04C1 re(luires c » 49.28; H, 4.15?
N, 5.75? MW 243, 245.

2. 6 - Dichloro - 4 - carbe the xypyiud i n e j ^
A satisfactory yield of the dichloropyridine acid



(54) was not obtained from the reaction of 4 - carboxy - 
6 - hydroxy - 2 ~ pyridone (53)^with phosphorus oxychioride 
<aJid phosphorus pentachloride, only the monochloro 
derivative (58) being isolated in any quantity. A variant 
of the method by Sell and lootson ^  involving quenching 
of the reaction mixture with dry ethanol instead of water 
also failed to provide dichloro derivatives.

Prolonged refluxing of the monochloro ester (59) with 
the phosphorus oxychioride ~ phosphorus pentachloride 
combination in the hope that the second chlorine atom 
could thus be introduced only furnished what appeared to 
be dimeric products (M+ at m/e >300).

However the dichloro acid (54) was found to be con­
veniently prepared by reaction of the hydroxy acid.(53)
with phenyl phosphonic dichloride (PhPOC^) ? and
smoothly converted by overnight treatment with ethanolic 
hydrogen chloride to the ester (55)? which crystallised 
from ethanol in long colourless needles, m.p. 62-65°
(lit. m.p. 65-66 ). ^

TLC Rf (5$ MeOH-CHCl^) s 0.8 (negative staining).
IR (Nujol), cm -1 s 1730, 1585, 1555, 1300,——  max

1270, 780.
H M R 60MHz (CDCl^), r s 2.20 (2H, a, ArH),

5 o 58 (2H, q, J= 7Hz, CHg),
8.59 (3H, t, Jr 7Hz, CH3).

MS M+ at m/e 219 (Cl = 35)? C8H7N02C12, MW 219 (Cl- 35).

A tte m p te d  p r e p a r a t io n  of 4 - c a rb e th o x y  - 6 - cyan o  - 2_-_
pyridone (60) : (B )

TLC examination of the reaction mix cure obtained from 
treatment of 2, 6 - dichloro - 4 - carbethoxypyridine (55) 
with potassium cyanide in methanol suggested that, apart 
from highly polar acidic materials, the main product was 
the chloropyridone (59). This was also the only compound 
to be isolated in pure condition from a reaction involving 
sodium cyanide in N- methyl - 2 - pyrrolidone at 180°, and 
almost total recovery of unreacted 2, 6 - dichloro - 4 - 
carbethoxypyridine (55) was achieved following treatment
with cuprous cyanide in N - methyl - 2 - pyrrolidone at

o 4.8 150 . ^
 /po___



iL? Dichloro - 4 - carbethox^'vridine - 1 - oxide (65)
A  solution of 2, 6 — dichloro — 4 — earnethoxy — 

pyridine (55) (lg) in trifluoroacetic acia (13ml) containing 
hydrogen peroxide (27• 5/h» 2ml ) ^  was heated on the 
steam bath for 3 hr. On pouring the reaction mixture 
into cold water (100ml), chilling and filtering, a first 
crop (416 mg) of the amine oxide (65) was obtained. 
Evaporation of the filtrate, addition of solid anhydrous 
sodium carbonate and extraction v/ith chloroform yielded 
a second crop (490 mg; total yield 906 mg, 85$ ), the 
amine oxide crystallising from ether - light petroleum 
in long colourless prisms, m.p. 108 - 110°.
TIP Rf (2$ MeOH - CHCl^) : 0.6 (very slightly grey).
IR ^max (Nujol), cm : 1735, 1600, 1555, 1280,

1035, 860, 785.
M R  60 MHz(CDC15), r : 1.93 (211, d, ArH),

5.60 (2H, q, J= 7Hz.CH g) ,
8.60 (3H, t, J= 7Hz,CH5 ). 

ANAL Pound, $ % C, 40.69? H, 2.75? IT, 5-94.
CqH^NO^CI^ requires G, 40.71? H, 3.00? N, 5*94.

Action of cuprous cyanide on the amine oxide (65)
A solution of amine oxide (65) (100 mg) in N -

methyl - 2 - pyrrolidone (13 ml) containing cuprous 
cyanide (180 mg) was heated for 20 hr at 160 . Evapor­
ation and addition of water (3 ml ) followed by saturation 
with hydrogen sulphide ^  and Soxhlet extraction of the 
resultant black precipitate v/ith ethyl acetate for 48 hr 
afforded a slightly brownish semi-solid product (51 mg). 
This multi-component mixture (TLC) had a strong odour 
resembling that of garlic, which is known to be character­
istic of isonitriles. 55 No cyanopyridine could be 
detected however, the only product to be isolated being 
4 - carbethoxy - 6 - chloro - 2 pyridone (59) in about 
5$ yield.

4- C a rb e th o x y  - 6 - m e th y l - 2 - p y r id o n e —( 72)
A slurry of the acid (71) (132 g, prepared from the

condensation product (70) of ethyl acetylpyruvate (69)
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and cyanoacetamide (68) via removal of the cyano group 
with hot concentrated hydrochloric acid ) in dry 
ethanol (500 ml) containing concentrated sulphuric acid 
(5 ml) was refluxed for 6 hr and stirred for 40 hr at 
room temperature. Filtration of the resulting thick 
crystalline slurry followed by partial evaporation of 

the filtrate furnished the ester (72) (111 g, 70$ ),
crystallising from ethyl acetate in long colourless 
needles, imp. 191 - 192°, with sintering from 150°.
TIjC Rf (10$ MeOF - CHCl^) : 0*6 (greyish brown)«
—  ^max (K Br)» c m ~ 1 ! 2800’ 1758> 1672 * 1642»

1265, 1208, 770.
M R  60MHz (CDClj), : 2.97 and 3.41 (2H, 2S, ArH),

5.62 (2H, q, J= 7Hz, CH 2) , 7.58 (3H, sS, ArCH,),
8.61 (3H, t, J= 7Hz, CH^) ;(FH possibly responsible 
for a very broad signal at about to - 4 f , 
exchangeable with I^O).

ANAL Found, $ ; 0,59*41? H, 6.17; F, 7.68; M+ at m/e 181. 
C9Hh N05 requires C, 59*66; H, 6.12; F, 7*75;

m  181.

Cyano ethyl ) ~ 4 - carbethoxy ~ 6 ~ methyl ~ 2 - 
pyridone (74)

A solution of the ester (72) (181 mg) in benzene
( 5 ml) containing acrylonitrile (200 mg) and sodium 
hydroxide (finely ground, 20 - 30 mg) — ' 4 was refluxed 
for 20 min and stirred overnight at room temperature. 
Evaporation followed by fractional crystallisation from 
acetone and PIC in 10$ methanol - chloroform to remove 
unreacted ester (72) yielded the cyanoethylated pyridone 
(74) (55 mg, 25$), crystallising from ether in long ̂ ocolourless prisms, m.p. 92 - 94
TLC Rf (10$ MeOH - CHCl^) : 0*7 (greyish brown).
*j-p (Fujol), cm ̂  : 2300 (CF) , 1720, 1670,
“  maX 1590, 1270, 780.
MTR 60 MHz (CDC13), r : 2.95 and 3.40 (2H, 23, ArH),

5.62 (2H, q, J= 7Hz, 0CH2), 5.67 (2H, t, J=6Hz, NCH2),
7.07 (2H, t, J= 6Hz, CHgCN), 7.42 (3H, S, ArCH^),
8.61 (3H, t, J= 7Hz, CH5 )•

ANAL Pound, $  : C, 61.34; H, 6.03; N, 11,70; M+ at m/e 234 .
 EG!--



ANAL (contd.)
C12H14^2°3 squires C, 61.53; H, 6.02; n , 11.96; 1*7/234.

Attempted oxidation of 4 — carbethoxy — 6 — methyl — 2 — 
pyridone (72)

With the ultimate aim of obtaining 4,6 - dicarbethoxy - 
2 - pyridone (75') via the 6 - carboxy derivative (73), 
the 6 - methyl pyridone (72) was treated with selenium 
dioxide in ethanol, but was recovered unchanged after 
refluxing for 48 hr (with the addition of a few ml con­
centrated sulphuric acid for the final 24 hr).6^

The only material recovered from reactions involving 
potassium dichr.omate in sulphuric acid v/as a small quantity 
of unreacted pyridone (72), although the amphoteric and

66water - soluble nature (and possible chelating ability ) 
of oxidation - hydrolysis products may have prevented 
isolation under the conditions used (these including 
thorough extraction of the reaction mixture with chloro­
form both before and after neutralisation with sodium 
hydrogen carbonate).

Attempted preparation of 3, 4, 6 - tricarbethoxy -flf-.pyrone
( 27) . 67 ~

1, 1, 2 - Tricarbethoxyprop - 1, 2 - ene (25), pre­
pared by zinc .chloride — acetic anhydride treatment of 
ethyl pyruvate and diethyl malonate, ^  failed to con­
dense (TLC) with diethyl oxalate in the presence of pot­
assium ethoxide in ether under reflux, sodium hydride in
refluxing benzene or sodium hydride in dimethyl sulphoxide 
at room temperature. In the presence of sodium wire in 
refluxing light petroleum however, a yellow microcrystalline 
solid precipitated, believed to be the sodium salt (76) 
of the triester (25)*
UV X rnQY(EtOH), nm :205, 270.III ax1 (EtOH 4- HC1) , nm : 200.A max

X   (EtOH + HC1 + XS NaOH) , nm : 215, 268 .lUtaXCf. U l t r a v i o l e t  spectrum o f  (25) :
X  (EtOH + NaOH), nm : 220, 266.
x  (EtOH or EtOH + HC1 ) , nir. : 220-max  202--



 £.£--
Condensation products were not detected when this 

yellow material (76) was treated with diethyl oxalate 
in refluxing ether, dimethylformamide at 80 - 90 0 or 
dimethyl sulphoxide at 80° , or with ethyloxalyl chlor­
ide in the absence of solvent at room temperature.

Attempted condensation of acridinic acid imide (15)
with the triester (25) — * ^

Overnight treatment of the imide (15) with 1, 1, 2- 
tricarbethoxyprop -1, 2 - ene (25) and dimsyl 
sodium in dimethyl sulphoxide at room temperature 
afforded after dilution with water a crystalline solid 
shown by TLC to be unreacted imide (15) (over 50$ 
recovery). No condensation products were detected in 
the aqueous ttioiher liquor.
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Appendix: Published Synthetic Routes
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aP^e Approachos to cs,mptothecin, 1967 - 1971

Between 1967 and 1971 several publications appeared 
describing approaches to the synthesis of camptothecin, 
virtually all of them making use of the Friedlander 
condensation ^ with o_- aminobenzaldeh,yde to form the 
pyrroloquinoline nucleus at some stage of the reaction 
sequence. Using this as the final step analogues (77)? 
(78) 5 and. (79) ^ were prepared, as illustrated in
Figures 6.1 - 01, 6.1 - 02, and 6*1 - 03.

One abstract mentioned the facile preparation of a 
pentacyclic furan (80) and indicated that the method 
could readily be applied to give the camptothecin mole- 
cule. Another allusion to a possible synthesis
making use of a "bicyclic epoxidation " appeared in the 
literature but as in the case of (80) no fiirther details 
we re given,  ̂ (See Chapter s pp 161-169 for -all foriu-alae).

Considerable progress towards camptothecin itself
(rather than analogues) was made during this period,
however, by the original workers in this field, M, S.
Wall and M. C. Wani, inter alia. Overcoming one of the
major difficulties J they devised an elegant and
efficient synthesis of the unusual lactone ring in a
model compound (82) from a suitably protected precursor

7 8(81), as shown in Figure 6.1 -04. 9

Whereas, in keeping with the findings in the present 
thesis (Chapter 5o2), attempts to prepare the pyrrolo- 
quinoline (16) by reductive methods were fraught with 
difficulties, only the benzyl compound (83) being
attained, ^ Wall and Wani finally succeeded in obtaining 
(16) although experimental details were not made avail­
able. 10 However on condensing (16) with (84) to give 
(85) and refluxing the corresponding ketone (86) with 
triethyl orthoformate in acetic anhydride in the hope of 
securing the key intermediate (87), compound (88) was 
formed instead. ^  Methods of converting the pol/~
functional compoimd (89) into another potentially ^  
imoortant intermediate (90) were also studied.

A later approach by Wall and Wani ^  depicted in
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Figure 6.1 -05 afforded a structure (91) with suitable
functionality for conversion to camptothecin and appeared
to be one of the most promising attempts made towards a
total synthesis up to this point.

A further synthetic route worthy of mention was that
undertaken by Liao, Nyberg and Cheng (Figure 6.1 - 06),
who claim that their tetracyclic product (9-3) is a suit-

13able intermediate for camptothecin synthesis. This
approach is remarkably similar in its earlier stages to 
the work conducted by Stork and Schultz which eventually 
led to the first total synthesis s see following chapter.
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6.2 Syntheses of carmotothe e i n , 1971 ~ 1972

The first toral synthesis of ( it ) — camptothecin was 
announced in August 1971 by Go Stork and A. G. Schultz.14 
Their route embodied a novel annexation reaction of the 
type depicted in Figure 6.2-01, which may in itself prove 
to be of general synthetic utility. As applied to camp­
tothecin synthesis the two reactants required-(94) and 
(96)- were prepared as shown in Figures 6.2-02 and 6.2-03 
respectively. The anion (94) proved to be moderately 
stable in tetrahydrofuran at-70°5 whilst rearranging to the 
tartronic ester (95) even at 0°.

It is interesting to note that the tetracyclic ester
(92) is also an intermediate in the rather different

ISapproach of Liao, Nyberg and Cheng (see previous 
chapter), but is prepared here by a somewhat similar route. 

Completion of the synthesis is illustrated in Figure
6.2 - 04, yields of up to 85$ being claimed for the new 
cyclisation reaction. It is reported that attempts are 
presently underway to effect resolution of the ( ± ) syn­
thetic product, the natural isomer being (+) - campto­
thecin. 14

Several months later the second total synthesis 
appeared, this time by Danishefsky et al. at the University 
of Pittsburgh, Pennsylvania. 15 Like the above approach 
by Stork and Schultz, Danishefsky’s route constituted the 
application of a novel type of reaction, in this case a 
n e w  synthesis of ̂  - pyridones via nucleophilic addition
to an allene (see Figure 6.2 - 05), 16 the success of 
the reaction depending upon the stability of the inter- 
mediate glutaconate species (97)•

The completed route is concisely drawn up in Figure
6.2 -06, showing how the new cyclisation was effectively 
utilised. Interestingly the last stage - conversion of. 
desoxycamptothecin (98) to camptothecin (1) - was found 
to take place with remarkable facility, exposure of a 
methylene chloride solution to the atmosphere apparently 
being sufficient to cause this transformation (TIC and 
MS evidence).
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The third approach to result in a total synthesis
of camptothecin was that of Winterfeldt and his co-

3 7 3r;workers at Hannover. ' T As mentioned earlier
(Chapter 5*1* page /7f) Winterfeldt had met with consider­
able success in his earlier efforts to effect oxidative
conversion of indoles to pyrroloquinolines along probable

19biogenetic-type pathways, and a later publication 
describes the application of this work towards the syn­
thesis of tetracyclic structures (99) arid (100) containing 
the camptothecin chromophore (cf.(1) X  , nm: 254, 565)• 

For the complete synthesis (Figure 6.2 - 07), compound 
(101) was subjected to the aforementioned autoxidation 
process (potassium tert-butoxide in DMF), the product (102) 
treated with thionyl chloride to replace the resultant 
4-oxy substituent by chlorine and dehydrogenate ring E, 
and finally hydrogenolysed to yield compound (105). The 
methyl ester was now selectively reduced to a primary 
hydroxyl group with di-iso-butyl aluminium hydride and 
lactonisation effected by trifluoroacetic acid treatment 
at room temperature. The product (104) was alkylated 
with ethyl iodide in dimethylformamide to yield desoxy- 
camptotheein (98), which was converted to camptothecin 
in high yield by passing oxygen through a solution in 
dimethylformamide containing copper (H) chloride.

Three further syntheses have been reported since the 
announcement of Winterfeldt’s work ; namely by (a) Wall

OfandWani inter alia making use of the pyrroloquinoline 
ketotriester (105) obtained via (16);l>y(b) Sugasawa,

OlToyoda and Sasakura using the quinoline lactam (106);p p
and by (c) Tang and Rapoport who claim an Ilf overall 
yield of (£)- camptothecin from pyridine -2, 5-dicarb-
oxylie acid (107).

Although the most recent clinical trials with camp­
tothecin in the treatment of certain forms of cancer have 
apparently been rather less encouraging than was originally 
p r e d i c t e d , i t  is to be hoped that the above work will 
perhaps enable larger quantities of the material to. be 
made available for fuller trials, and possibly also pave 
the way for the preparation of more active analogues.

 Zl 8
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