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GENERAL INTRODUCTION

The diversity and wideaspread occurrence of the
alkaloids have rendered them the subject of much bio-
genetic Speculation.l”& The advent of radioactive
tracer techniéues has in recent years made possible
the development of many theories concerning the bio-
genetic origin of these molecules.b”5 With the results
of many such investigations it became clear that a
very large number of alkaloids belonging to a variety
of atructural types are derivable from a l-~-benzyl-

4-7

tetrahydroisoquinoline such as nerlaudanosoline (1),

ﬁoI/w\ /\

A,
BY

-

(1)

mainly by oxidative coupling prccesses with

1,2,8-10

additional modifications by secondary reactions such
as O- or N-methylatiem. The common biogenestic origin
of many alkaloids is summarised in Scheme 4.

In psrticular the benzophenanthridine alkaloids
have been shown to be derivable from tetrahydroberber-

inesllmlB by way of Nemethyletien, ring-fission, and






2

recyclisation, as depicted in Scheme B. An alternative
hypothesis concerning the origin of these compounds,

proposed by Manskelh

» involving c¢condensation of two
moles of 3,)4-dihydroxyphenylacetaldehyde, has been
shown by tracer experiments13 to be no longer tenable.
The common origin of many different alkaloids is
indicated by their possession of hydroxyl, methoxyl,
or methylenedioxy substituents located at positions
corresponding to positions 6,7, and a° of the benzyl-
isoguincline precursor. In many cases further oxygen-
ation is present at position 3'9 and in a few cases
at position 8, as in capaurine (2).
The only exceptions to this rule are the alkalodids
of the cularine group which are found only in the

15,16

genera Dicentra and Corydalis. Four of these

1
compounds are now known. These are cularine (3) 7,
1
cularimine (u)17, cularicine (5)18, and cularidine 9.

which is a des QO-methyl cularine. The structures of

3
OCH3
(2) capaurine (3) Cularine

the first two alkaloids have been elucidated by means



17,19 20

of degradation .and synthesis., These alkaloids are

chararterised by their highly unusual 7,8-dioxygenation.

’é‘

OCH K—-

(4) Cularimine (5) Cularicine
One poseible derivation is by radical oxidation and

O-alkylation of either of the diphenols (6) or (7),

(6) (7)

although an alternative origin, which Bentley has suggest-

5

ed as wmore likely% vould be the trioxygenated base
{(8), with subsequent reductive removal of the asdditional
oxygen substituent. An intevesting observation is the

occurrence of the trioxygenated alkaloid capaurine (2)

in certain gogydalia species. However, removal of oXxy

substituents frgm an isoquinoliline nuclesus hag mo anal.

agiea in neture. At one time it was thought to soecur



in the'benzyl portion of certain aporphinesj, but in

these cases an alternative biosynthetic scheme has been

2 _
augggsted, 1 for which strong evidence now exists.22

(8) . (9) Petaline

The second part of this thesis describes synthetic
approaches to the alkaloid petaline whose étruoturs'has
been shown?3 to be (9), making it the first 7,8-dioxy-
genated benzylisoguinoline to be isolated. The 3au
hydroxy substituent of the hypothetical cularine pre-
cursor (6) is absent in this compound.

As'described in the first section of this thesis the
potential uses of 3-isoquinolones for the synthesis of
various alkaloidal systems {(in particular tetrahydro-
béybe?ines and Behzﬁphenﬁnthridimes) are ﬁere exploxed,
and the groundwork for employing this type of inter-
mediate‘prqvided by development of an efficient méﬁhed
of ﬂyntheaié and & better understaﬁding of their

propecties,
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PART 1

PREPARATION AND PROPERTIES

OF 3-1S0QUINULORES
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1. IRTRODUCTION

Syntheses of alkaloids belonging to the benzo-
phenanthridine group, such as chelidonine (1),
sanguinarine (2), and nitidine (3) have been strictly

i-8

limited » the most convenient procedure being through

a phenyltetralonez’go

? the possibility of g

In an earliex 1lnvestigationm
bicgenetic type synthesis via a sultably substituted
J-arylisoquinoline derivative of the type (4) was
explored, an attempt being made to prepare the amine (5)
by a Mannich reaction beiwsen the aldehyde (6), diethyi-

3, 4-dimethoxyphenyimalonate (7)., and methylamine

(cfo refs. 10,11i}. Two products were isolated from this
reaction, neither of which was the desired amime {5).

Une was the corresponding phenylmalonamide (8),

prepared independently by reactiocn of the diester with
methylamine. The second product was a high welting

bright yellow cowpound, shewn to be formed during the
work-up procedure which involved successive treatments with
acid and base of the intermediate imine (9), which was
isolated and characterised’.

Preliminary iaformation (microamalysis, aumide
sbsorpition, moelecular welght measurements) suggested a

dimeriec séructure such as dibenzecyclocctatetraene (10),



the mode of formation of which would resemble that of
the compound (11) (by condensation of o-phthalaldehyde
(12) and the dinitrile (13))129 but which would also
invoke a secondary transamidation process, possibly via
the condensed intermediate (14).

However, when a mixture of the aldehydes (6) and (16)
was treated with ammonia good yields of the respective
products expected from each (see later) were obtained,
no third "wixed"” product being detected, suggesting
that the reaction is intramolecular. Further spectral
and chemical cvidence (ensuing discussion) eliminated
the dimerie structure and led un&quivocally to the
monomeric isoquinoline structure (15)0-

Hydroxyisoquinolines and particularly 3-=-hydroxy-
isoquinolines forwm a class of relatively aimple
hydroxylated N-heteroaromatic compounds whose chemical
properties and tautomerism13 have been cemparatively
neglected., One of the chief obstacles to detailed
studies of the j=hydroxyisoquinolines has been their
relative inaccessibility. Since the development of the
present work indicated that a general and facille
synthesis of J-hydroxyisoquinclines was now available,
an iﬁvestigation of their properties and synthetic

potential was undertaken.



2. HISTORICAL

Early studies on halo- and hydroxy- isoquinolines
were made at the end of the nineteenth century by
Gabriel and his co-=workers, who obtained l-chloro--
3=-hydroxyisoguincline by par tiel reaction of homo-

phthalimide with phosphorous oxychloride“‘o It was

not until 1931, however., that a compound, thought to be

3nisoqu1nolf ol {17), was isolated in trace amount ,

as a byeproduet in the preparation of 3~-fluoro~

isoquinoline.

The first established synthesis of 3- isoquinelinecls

was reporied by Bentley, Dawaon, and Springlég who

prepaved compounds {18a.b) in 60% yisid by reaction of

the cerresponding criho-meyi phenyvliacetate (l9agb} with

ammenia {a vreactlon analogous to au earliiex synthesis

af Bbm@thyliﬁaca?bosﬁyrii&?}, The l=methyl derivative

-

was formed by e aetieon of agueocus ammenia, dul

ethansilic ammonia at 130-140° was regquired fox formailie
of the lepryl-J-isoguincliinol, These workers visualised

a mechaniom involving the corresponding amides {(20a,b)

intermediates., All attempis to iselate thp amlides

G

123

were. however, unsuccessful. 1t was concluded that thes

hydrexyvisoguinelines were probably phenclic in matuwre

although the study of theilr chemisiry was limited te

i0

2

€@
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reactions with ferric chloride (violet colour) and
benzenediazonium chloride (bright red azo derivative),
and the formation of & picrate, hydrochloride, and
O-acetate.,

A different approach was used in the preparation
of 3-hydroxyisoquinoline itself, which was first achieved
in 18% yield by diazotisation of 3@aminoisoquinolinelso
The sodium salt was also prepared as was the acetate (21),
which was formed directly when the diazotisation was
carried out using glacial acetic acid and isoamyl nitrite.
On the basis of an i.r. absorpiion ca. 3410 cmml and
a positive ferric ¢hloride test it was concluded that
3-isoquinolinol possesses a phemnolic hydroxyl group.

This synthesis of J-hydrexyisoquinoline was improved
{53-65% yield) by Baumgarten, Murdeck, and Dirkst? using
a modified diazotisatiom technique., From an evaluation
of pK data they found ihat J=isoquinolinol is a weaker
acid than 3-hydroxyquinoline, being only slightly
stronger than phenocl: its basic character was found to be
akin to that of 4<quinolone. They concluded from their
ionisation data that there was an appreciable contrib-
ution from the amids tautomerie form, a hypothesis
supported by i.r. and u.v. spectral evidence,.

A fuxther development of the Hentley method of

synthesis was the acid-catalysed cyclisation of Q-acetyl



and gcformyl phenylacetic acid hydrazoneszo to give the
N-amino 3-hydroxyisoquinolines (22a,b).

An apparently unconnected synthesis of j~hydroxyiso-
quinoline N-oxides recorded recentlyzl, by nitresation
of 2-indanones under alkaline conditions, may have
common mechanistic features to the Bentley route (see
section 3). J-Hydroxyisoquinoline N-oxide itself has
since been prepared by hydrolysis of the j3-chloro
compound.22

Since the completion of much of this work, the
preparation in 55% yield of an N-alkylated 3-hydroxy-
isoquinoline has been described, again using the

synthetic method of Bentley et al. Some i.r., and u.v.

data are presented23 both for this compound (23) and
for the acetate (21;)° first prepared by the former
workers.

In the present work, the improved yield and generality
of the synthetic method has allowed the following more
comprehensive investigation of the 3=is§quinolone system,
{(Beth from such evidence as provided in the above studies
and from the current work to be deacfibad. thesae
compounds seem tc exist predominantly in the lactam

form and will therefore be referred to hereafter as

j-isaequinoliones. )

12



3. PREPARATION AND CHEMICAL PROPERTIES.

All the compounds prepared in the present study of
the properties and synthetic potential of the 3-isoquin-
olone system are derived from the lactomes (25) and (26)
(vgo 1735~1740en™"). These were prepared by a slight
modification of the method used by Stevens24 for the
synthesgis of the former compound, whereby the crude
mixture of benzoic and homo acids obtained by hydrolysis
and oxidative decemposition of the azlactones of pipexonal

25 was directly chloromethylated, the

or veratraldehyde
benzeic acid being removed by subsequent washing with
saturated aquesus sodium bicarbonate. In the case of
the second lactone final purification proved difficult
and 1t was found that chioromethylation of commercialiy
available 3,4-ddmethoxyphenylacetic acid gave & purer
product and was more convenient.

A compound of the type {27) was origimally required
for a proposed synthesis of 3-arylisoquinolines (see
introduction). While various amines effected ring-
opening of the lactones (25,26) to give the correspond-
ing amide-alcohel {28), it was found that no aldehydes
could be isclated from oxidation of primary or secondary
amides, However the tertiary amides (29) and (30),

cbtained in goed yield by refluxing the lactones with
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alcoholic dimethylamine, could be smootﬁly oxidised
to the corresponding aldehydss by shaking in chloroform
with manganese dioxide?G That the required aldehydee
(6,16) had indeed been formed was indicated by i.r.
absorptions at 2760 et and 1690 cm~t (CHO) and at
1645 em™' (amide C=0), end by the similarity of the
u.v. spactra to these of piperomal and veratraldehyde.
The present syntheiic route to 3J-isoquinolones makes

use of the fmct that, with hoet acid, imino derivatives

of type (31} roadily underge cyclisation, the preducts

14

belng precipliated as their hydrechlorides. The required

imines were obiaimned in high yield by refluxing the

aldehydes with slcoholic seluticns of primary amines,
and showed the properiies expected of such compounds
{ tendency to hydroly8927, reversible red shift of ca.

2 4
30 my in the w.v, on acidification 8. see Tablis 3 ).

Dximes and hydrazenes werse prepared by standard metheds.

The rapidity with whieh cyelisatiom eccuxrs pyobably
depends on the basiecity of ths niirogen atom in ths

imine grouping since it was found to vary from ca. 60
seconds (31, R’ = meshyl, benmzyl, or hydrexyl) tc 20@30
@inutea (31, K = amine or p-bromophenyl). Although 1t
was psssible to prepavs the N-hydroxy comﬁounds {32} in

cne step by weastion ¢ The aldenydes {§,16) with

hydroxylamine bydrochivilde, this type of reagtien did
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not seem to be generally applicable since the aldehyde
(6) failed to react with alcoholic ethylamine hydzro-
chloride. |

The free isoguinolones were obtained from their
hydrochlorides by basification with ammonium hydroxide
and subsequent extraction with chloroform. As wiih
all previcusly kanown 3-isoquinolionegs these compounds
are high-melting bright yellow solids, exhibiting a
very imntense blue filuerescence in solutien,

The meshanism of this cyclisation, which repres-
ents a modificaticn of the method used by Beﬁtleyc
Dawson, and Springlé, pregumsbly involves attack
on the arviacetamide carbonyl group and the liber-

ation of dimethylamine in ithe manner shown (ﬁgggﬁé}

b=y

in Scheme I, the ease ¢ reaction depending on the

fact that the dimethylaominoe wmoizty is an excellent
leaving group, 2 furéh@r dpiving fovce belng the
highly conjugated nature of the product. The
comparable syntheaxﬁ; of %the isoquinolones {iaacb)

nhtiey e% al, starting frem the keito-esiexrs

sugsgested by these workerxs, ring closure invelwving
attack of the arylacetamide nitrogen in the proposed
intermedistes {(20a,b) upon the ketonic carbenyl

group {type B). In suppert of this the alcehol {33)

el

ot



Scheme 11




undergoes oxidative cyclisation to yield the N-methyl
3-~isoquinolone (15), presumably by the type B mech-
anism depicted in Scheme II, and involving 1,4 elim-
ination of water (see later). !However it is also
possible that their reaction may involve tzge'A
attack on the arylacetic ester carbonyl group in an
intermediate (34).

The ring-closure step in the production of

N=hydroxy-3-isoquinoliones from indanones21

may also
be interpreted analogously in terms of type A nuclco-
philic attack on the arylacetic ester carbonyl,
either by the nitrogen lone pair (sScheme IIIa) or
in a concerted mechanism (Scheme IIIb) by a pair
of electrons.

The prpduction of l-halo-=3-aminoisoquinolines by
acid-catalysed cyclisation of dinitriles of the
type (35)29 seems to provide a clear example of a
type A mechanism as does the more closely analogous
thermal cyclisation of the oxime (36) to the
N-hydroxy dihydroisocarbostyril (37)300

The dimethoxy analogues of most of the
methylenedioxy 3J-isoquinoiones discussed below were
obtained by parallel routes. These showed a close

correspondence in properties to the methylenedioxy

series of compounds, but in wany cases were less

aznc®

e )]



Scheme 1II a.

Scheme YIT b. -




attractive for study since they showed greater sus-
ceptibility to air oxidation,.

2-Methyl-¢,7-methylenedioxy~3~-isoquinolone (15)
was obtained from methanol as bright yellow prisms
m.p.253°, or from water as a dihydrate, w.p. 2380.
Full espectral data for all the three-—-isogquinolones
studied are tabulated and discussed later in connect-~
ion with the tautomerism of these compounds, but
the following spectral data confirmed the 3-isoquin-
oclone structure, The product showed strong absorp-
tion in the amide carbonyl region in chioroform at
1663 em™ ! and 1652 em™ Y. The u.v. spectrum in
ethanol exhibited e very strong maximum at 248 my
(ieg & 4+76), and a visible absorption at 399 mp
{log € 3:63), a pattern reported to be character-
istic of compounds with a potential g-quinoneid
structure’ . The Usv. spectrum is similar to that
reccrdedlg for 3-isgguinclomne itseif, Moreover, the
n.m, ¥, apeciyum was in full accord with the proposed
structure (see section ).

The car:espending Heunsubstituted iscquinclone
(33) was readily prepared in almost quantitaiive
yield by evernight tresitment of an ethanclic sol-
ution of the aldehyde (&) with excess ammonium

hydroxide (S.g. 0°88) at room temperature. It is
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interesting to note that this cyclisation occurs
under basic econditions, the reaction being initiated
presumably by abstraction of a proton from the
benzylic methylene of the intermediate imine (39).
(c.f. Scheme IITb). It was found that the optimal
reaction time was ten hours, the yield after two
hours in one experiment being only 33%. The iso-
quinolone could mot be crystallised because of
insolubility in both aqueous and organicvsolvents,
but was purified by sublimation at 1800, being ob-
tained as bright yellow prisms, m.p. 285°. The
analytical figures and mass spectrum confirm the

molecular formula 010H703N. The compound formed a

hydrochloride but it was not possible to obtain
Satiéfactory analyses for this derivative as it
tended to liberate HC1 on drying. This facile loss
of HCl, coupled with the observation that the
N-methylisoquinolone (15) can be extracted from
its hydrochloride with chloroform indicate the
fairly weakly basic character of these compounds.
Coumparable behaviour of the secondary and tert-
iary lactsms was also shown in their rapid decolor-
isation of caold aqueous permanganate and their
resistance to acid or base hydrolysis. The second-

ary compound (38) gave a deep red coloration with
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ferric chloride, but this cannot be taken as evid-
ence of phenolic character, as a similar reaction
was also given by the corresponding N-methyl iso-
quinolone {15).

A similar ferrie chloride colour reaction was
given by the N-hydroxyisoquinolome (40). 1n addit-
ion this compound formed a bright red nickel com-
plex and blue-green copper coumplex on contact with
the corresponding metals, reactions characteristic
of hydroxemic acids.

One highly characteristic property of the unsub-
stituted isoquinolone (38) was the ready formation
of colourless hydrated alkall metal salts {(lithium,
sodium, and potassium) merely cocmn crystaliisation
from dilute agueous sclutions of the corresponding
hydroxides. These sslitse exhibited strong i.r.
maxima ca. 1600 cm’lD with only very weak absorption
in the carbonyl region. This behaviour is closely
analegous to that of 2npyridone31”32.

The fact that the secondary lactam (38) was not
attacked at all by excess diazomethane is suggesit-
ive of the absence 6f significant phenolic char-
acter. On the cother hand, reaction of the scdium
salt with excess refluxing wmethyl icdide produced

in five hours a 77 vield of the N-methyl
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derivative (15). Methylation on the nitrogen atom
indicates only that the anion can react through the
N-negative mesomer. However, evidence that the
secondary lactam (38) can react through its emolic
tautomer is provided by its reaction with acetic
anhydride. This gave a colourless product of lower
m.p. (1360). A molecular formula consis?ent with
its being a monoacef&ta was indicated by analyses
and molecular welght. To obtain the latter recourse
wae made to the isothermal distillaﬁion method which
gave a mean value of 249 (theoretical 231) since the
compound apparyrently underwent facile degradation in
the heated inlet of the mass spectrometer to give
the parvent lactam (molecular weight 189).

This product was assigned the acetoxyisoquin-
oline structure (!;l)D rather than an N-acetyl isomer,
on the following evidence. The i.r. (KCl disc)
showed bands at 1758, 1746, and 1238 cm™*, assigned
to the phenelic acetate grouplng, and a strong
band at 1601 cm " not observed in the spectra of
the isequinolonee and taken as evidence of an iso-
quinoline system. The u.v., maxima at 235, 2635,

278, 287, 317. and 329 myu are also in accord with

the acetoxvisoquinolinme siructure, being quite



similar to those reported33 for isoquinoline itselfl
- maxima at 260, 267, 271, 303, and 320 mp. Finally
the n.m.r, spectrum of this compound (see section 4)
was compatible only with this structure. In partic-
ular the proton adjacent te nitrogen resonated at.
12617 and the acetate methyl at 7:.66t. The latter
signal is in accord with an O-acetate structure ?
rather than an N-acetate., The product of an acetyl~
ation reaction has been recently assigned23 the
O-acetyl structure (24) mainly on the basis of an
i.r. absorption at 1760 cm™t,

The acetate (41) was slowly hydrolysed in the
cold in water, dilute base, or 95% ethanol, but
was converted rapidly to the isoquinolone hydro-
chloride on treatment with cold dilute hydrochlor-

i3

ic acid, This is in contrast™ +to the ready hydro-

lysis by water of 2-acetoxypyridine and 2-acetoxy-=
quinoline35'360

A characteristic feature of the secondary lactams
(38) and (42) was the appearance of broad NH absorp-
tion ceantred at 2600 cm==l in their solid state
spectra, indicative of strong hydrogen-bonding.
The fact that the N-methyl compounds (15) and (43)

are comparatively much more scluble in common

erganic solvents can probably be attributed to the

21



#xistence of very streng intermcliecular hydrosen.
bonding in the NH compounds., The sclubilitiss of
various N-hetercarcmatic compounds and their nydroxy
derivatives have been interpreted imn these terms by
Alberthg In fact (,7-methylenedioxy-3-isoquinclone
was only sparingly socluble in orgenic sclvents.
HHowever, it was found that the dimethoxy compeounis
as a series were wore soluble tham their methylene-
digxy ccounterpartg, o,7-dimethoxy-J=isoqguinclions {1:2)
being sufficiently soluble in chlorofeorm to allow
solution studies toc be made in this solvent.
Although the parent umolecular ion for the latter
compound was recorded at m/e 205, confirming the

expected molecular formula, measurements in chlovo-

form {iscthermal distillaticn methcd) cver &
of concentrations gave apparent molecular weignis zu
the range 362401 (high@r values corresponding to

hi her concentrations), indicating that in this
sclvent the compound exiets mainly as a dimer. Since
similar measurements on the N-arylisoguinolocne (')
and the acetoxyiscquinoline (41) indicated moncmeric
structures for these compocunds in chleroferm sclution,
it seems reascnable tac assume that the dimeric form
of the isoquinoclone {(42) is of the type (45), having

two units linked threugh iwe strong intermcliecular



hydrogen bonds in an eight-membered ring. This is
similar to the dimers of 2war1done39 and oarboatyr1137
which have been likened to carboxylic acid dimers in
strength on the basis of their complex and broad NH
absorption between 3300 and 2400 cm”l, peraisting even
in dilute solutions, and for which comparable resonance
stabilised structuresho have been suggested. The dimeric
hydrogen bonding in isocarbostyril is reported to be
somewhat weaker°37
A covalently bonded dimeric structure (46) can be
proposed for the product obtained by irradiation of
the tertiary lactam (15) with u.v. light or on exposure
to sunlight. This was a colourless crystalline solid
with no true m.p. below 335°. Characterisation was
not possible owing to the insolubility of the product
in common organic solvents. An n.m.r. spectrum in
trifluoroacetic acid showed broad signals at 3.00+« (2),
3.90% (2), 4.90-5.00«x (2), and 7.17« (3), the relative
intensities being given in parentheses. The material
possessed strong amide carbonyl absorption at 1660 oL,
The evidence is not inconsistent with the photodimer
structure (46), analogous to the 1,4-photodimer (47) of
N-methyl 2-pyridone, originally assigned“l the structure
(48), but later revised om i.r., u,v., and n.m.r.

eev:!.desam:el‘2""3 and vecently confirmed by X-ray invest-
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igationuh. Recently Corey et 2545 have irradiated

N-methyl 2-pyridone in ether and have obtained the
monomeric photo-pyridomne (49) as a colourless liquid.
The physical state of the compound derived from
N-methyl 6,7-methylenedioxy 3-isoquinolone and its
n.Mm.r, signals suggest that the 1,4 type of dimer may
have been obtained. The high-field N-methyl signal

is consistent with the expected shielding effect of

an overlapping aromatic ring {especially in trifluoro-
acetic acid). The colourless infusible solid obtained
by exposure of l-methyl-2-amino-3-isoquinolone (22a)

to sunlight20 may have a similar structure. 1,4-Photo-
addition is particularly plausible since one of the
characteristic properties of the 3-isoquinolone system
is 1,4~addition, as evidenced by the recently reported23
facile Diels Alder addition of N-phenyl maleic imide
to give high-melting adducts of type {50).

A further example ef 1,j-addition is catalytic
reduction which could be ecarried out mosti conveniently
using Adams' catalyst in aqueous ethanol. The struct-
ures of these dihydro derivatives follow from spectral
data to be discussed elsewhere.

The dimethoxydihydroisoquinolone {51) showed no
signs of strong intermolecular hydrogen bonding in the

i.r. (WNH 3402 cmul) and molecular weight measurements
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in chloroform solution_indicated a monomeric structure
for this compound. Resonance stabilisation of the
type postulated for the parent 3j-isoquinolone (42) is
no longer possible.

In contrast to the unsubstituted 3~isoquinolone (42)
which on reaction with acetic anhydride gave an O-acetyl
derivative, similar reactioam of the dihydro derxrivative
(51) yielded a monoacetate, shown by spectral data to

be an N-acetyl derivative (<7.41, 1712, 1703 cm™t).

Yco
The signal of the methylene adjacent to the nitrogen
atom (5.107) is shifted downfield (with respect to the
same group in the parent lactam (51)) by O.4«, which

is appreciably greater than the downfield shift (0.151)
observed for the second methyliene (60301), indicative

of an N-acetyl structure {(52) with deshielding by the
acetyl carbonyl. This acetate was not readily hydrolys-
ed by warm water, but was converted rapidly to the
parent compound (51) on treatment with dilute sodium
hydroxide.

Furthef evidence of the slefinic character of the
j-iscguinolones is provided by their susceptlbility to
oxidation. The course of this oxidation was eluecidated
as » result ¢of studying the attempted oxidation of the
gsecondaxry amide-alcohol (33) to the corresponding

aldehyde with manganese dioxide. This gave as main



product a bright yellow solid, m.p. 2260. analysis and
parent molecular ion (m/e 233) of which indicated the

molecular formula CyjH,05N. The i.r. spectrum (v
1730, 1701, 1681 cm”l) wva® in accord with the presencs

max.

of imide and ketone functions (it formed a bright orange
2,4-dinitrophenylhydrazone). Its n.m.r. spectrum in
deuterochioroform comprised one-proton singlets at 2.30qx
and 2.44t, a two-proton singlet at 3.76t, and a three-
proton singlet at 6.55tv. These data are in accord with
the isoquinoline 1,3,4~trione structure (53). The
unusual low=field positions of the aromatic protons can
be accounted for by styvong deshielding caused by the
peri carbonyl groupsaﬁ, diminished somewhat by the
shielding effecth7 of the methylenedioxy substituent
(see section 7).

It was found that after a shorter period of oxidation
with manganese dioxide, a2 second product, identified
as the N-methyl-3-isoguinolone (15) could be isolated.
This is probably an intermedliate in the exidation to
the trione since it is itself readily oxidised to the
trione under similar conditions {or by air, especially
in the presence of light). It may be noted that 2-pyr-
idone and Nemethyl isocarbostyril were unaffected by
these conditions, as was oxyhydrastinine (54).

The corresponding dimethoxy isoquinolinetrione (55)

)

o&H
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was obtained from the isoquinclone (42) in much lover
yield, owing to the highly sensitive nature of the
latter. A compound of this structure has been isolated

by other workeraaa

from degradation of alkalolds and

the synthetic compound corresponded closely in m.p.

(267-270°) to that reported for the degradation product.
It has been reporced that oxidation of isoquinol-

. 53
48 -50 51,52 Lith chromic acid

ines and iscquinolicnes
gives iscquinolinetrions derivatives and that Nemethyl
[+
phthalimides are produced by oxidation of theses” with
50

potassium pevrmanganate or molecular oxyger\.c51 but it
was unexpected that the "mild"” oxidising agent manganese
dioxide would so wveadilyv comvert J-isoquinolones to

this type of compound.

It had been noted that the colourless Nemethyl-di-
hydroisoquinoclone (56) tended to turn yellow on stand-
ing. It seemed possible that this might be due to the
formation of the vellow trione (53)‘ In fact treatment
of this compound with manganese dioxide affovded pure
triene in 12% yield. Swmall amounts of the N-methyl
isoquinolone (15) weve alsc fovwmed and, since the
methylene groups of the amide {57} were totally unaffeci~
ed by manganese dioxide undeyr the above conditions,
the isoquinolone would seem %o be a plauneible inter-

medizte in the oxidation. Fermation of the lsoquinoclone
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could occur via oxldation at the methylene adjacent
to the nitrogen atom, followed by 1,4-elimination of
water,

It seemed possible that the oxidation of a dihydro-
isoquinolone might be controlled to prodhce the iso-=
quinolone if alkaline conditions were used which would
precipitate the sodium salt. A preliminary experiment
showed that alkaline hypochlorite in fact did conv:rt
the dihydroisoquinolene (51) to a sodium salt from
which was recovexed not the expected dimethoxyisoquincl-
one {42), but a yellow solid, m.p. 300°%, which appeared
from i.r., u.v., and basicity to be a secondary &6.7-
dimethoxy 93-iscquinolone. However the fact that all
u.v. maxima were shifted to the red (variously hwy
3 to 16 mu) suggested that chleorination had alsc
occurred., This compound was not studied furtherx.

it would seem that the facile isoquinolone synthesis
described earlier could be eaqily extended to produce
tetrahydroisoquinoline derivatives, and it was there-
fors of interest to study the reduction of these com-
pounds. Their catalytic reducticon has already been
discuszed.

The methylenedioxy N-methyl 3-isoquinclone {15)
roadily underwenti reducvion wiith zinc and hydrochisrzc

seid  also giving the dihydre derivative (56). More

ia



29

surprisingly the trione (53) also afforded this com-
poun@ in good yield under the same conditious. The
detection of the isoquinolone {15) in the last reaction
suggaééad that this might be an intermediate in this
raeduction.

Reduction %4n the tetrahydroisequinolines could now
"be comﬁlet@d by reduction of these dihydroisoquinolones
with Iithium aluminium hydridesh in tetrahydrofuran.

" The product dorived im this way from the methylenedioxy
dihydroisoguinolone {56) was shown to be hydrohydrast-
inine (58) by its i.r. (mo vcao), its n.m.r, spectrum
(see section 7), and finally by comparison with a
sample prepared via lithivm aluminium hydride reduction
of oxyhydrastimine (54) (a degradation pruduct55”56 of
hydrastine (59)).

1% was later found that the isoquinolome (15) itself
could be smoothly reduced to hydrohydrastinine using
iithium gluminium hydride at room temperatiurs overnight.
The presonce of a small amount of the dihydro derxivat-
ive {%6) in the crude reaction product suggested its
possible intermedimcy. In this connectiem it is inter-
esting to note that reduction of the isoquinolone (15)
to the dihydro compouﬁd could be effected in falrx
yield using sodium borohydride., a rather surprising

result sand one which suggesats reacition through the
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zwitterionic form of the isoquinolone {cf. reduction
of papaverine methiod1d957). On the other hand,
attempted reduction of the dimethoxyisoquinolone (42)
with lithium aluminium hydride in tetrahydrofuran at
reflux or room temperature produced only tarry material,
again underlining the highly sensitive nature of these
dimethoxy derivatives.

One property ccomon to all of the 3-isoguinolones
studied was a martked resistance to hydrolysis by het

0 of

acid or base. The alleged facile acid hydrolysiaz
l-methyl-Z-amino-3-igoguinolone {22a) to give the
o-acetyl phenylacetic acid hydrazome hydrechloride (60)
is at variance with this., However, this reaction
invoived the addition of one mole each of water and
hyvdrochloric acid, and it seems probable that the
product was simply a monchydrated hydrochloride. In
support ¢f this interpretation the dimethoxy N-amino
3-isoquinoione (61) was found to form a stable mono-
hydrated hydrochloride which retained a typical 3-isco-
quinelons wvw.v, spectrum.

Although it was possible to prepare the correspond-
ing methylenedioxy N-amino 3-isoquinclone in 94% yield
from the hvdrazone {(62), falirly strong heating was

required to eoffect cyeliisation and the hydrazone itselfl

proved unusually sensiiive.
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The product obtained by reaction of the aldehyde
(6) with excess hydrazine hydrate at room temperature
was$ an almost colourless solid, m.p. 14509 resolida
ifying to yellow-erange needles, m.p. 259°, It was
found that on repeated crystallisation from boiling
ethanol or on preparative t.l.c., this was converted
irreversibly to a yellow Solid, m.p. 2580. It was
soon evident that the properiies of this were at
variance with those of the N-amino isoguinolone.

Although its instability undex the usual conditions
of purificaticon did net zllow good amalytical data
te be obtained, the colourless sclid, m.p. 1450, was
deduced te be the hydrazoene (62) on the basis of
phyaliecal drbta. The presence of HNH protoms was indic-
ated by i.7r. {Umaxo 3470, 3260 cmml) and n.m.r. {L.57);
and the u.v. specitrum was reasonably similar te that
ef the corresponding exinme.

Attempied purificatien of the compound; m.p. 25809
by sublimationr resulied in some decomposition, the
i.», 8pectrum of the sublimate suggesting some form-
ation of nitrile, However, after crystallisation
from chloroform=light petroleum anslyses were obimined
correspending to the azine siructure {63). The i.r.
showsd no absoxpiicn bedwooen 3500 amd 3000 cmwl and

the u.v. spectrum, with & sitreng maximum at 333 mp,
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38,59 with a benzelazine structure.

is in accordamnce
Benzalazine itself (64) possesses a maximum at 304 mp
which has been interpreted in terms of resonance in-

volving the entire molecule as in (65). Normally the
azine has been found to absorb 52-58 mp farthexr to-

58 The diffexr-

wards the red then the parent aldehyde.
ence observed in this case is rather less (37mu), but
this may bhe due to disturbance of conjugation caussd
by the presence cf large oytho substituents, The
azine struciurs was alse confirmed by mn.m.r. specitro-
scopy (see section 7).

Chemical confirmation of the azine structure {63)
was previded firstly by iis reaction with het aeid.
This gave the aldehyde (§) (72% recovery) togethex
with the N-amine-3-isoquinolene (66) {(in 92¢% yield),
the iatter evidently by hydrelysis fellewed by cyclis-
ation. Secondly, the azine could be prepared in 0%
yield by reaction of the aldehyde {6) with exactly
half-meiar quantities of hydrazine.z? The formation
of the szine (63} from the hydrazons (62) can be xat-
ienaliised dn ¢esrms of the mechanism depicted din
Scheme IV, imveolving nucleophiliec atiack at the imine

carbon {anslogous teo zttack 2% a earbonyl), Ffoliewsd

o

e
i

by less of hydrasine at the zidel stagse.
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anthridine alkaloids, from a 3-arylisoquinoline as
depicted in Scheme V, would involve intramolecular
cyclisation of an imino derivative = of type (67),
the latter being prepared from a suitably substituted
benzylamine (68). However, the preparation of
benzylamines of this type presents some difficulty.

It seemed possible that catalytic reduction of the
oxime acetate (6$) or nitrile (70) might provide the
benzylamine {71). However, reduction of the mixture
of these compounds cbtained by the action of acetic
anhydride on the oxime (72) gave instead a low yield
of a pale yellow solid, together with much tarry
material. This s0lid was shown to be the dihydroiso-
quinolone (73) by its analyses and spectra (i.r., u.v.,
and mass) and by comparison of its properties with
fhose of an authentic sample prepared by catalytic
reduction of the isoquinolone (38). Formation of this
compound may involve cyclisation of the intermediate
imine (39) followed by reduction of the resulting

* isoquinolone. Direct cyclisation of the benzylamine

## This type of reaction has analogies in the condens-
ations of Schiff bases with phenylacetic acid derivat-
ives, catalysed in the case of the free acid by
sodamidelo, and in the case of an ester by aluminium

chloridecll
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(71) 1s also possible. An obvious alternative to
catalytic rgductiqn-would be reduction by a metal
hydridé but it was feafed'that‘the amide function of
the oxime (72) would be attacked by lithium aluminium
hydride. and this compound was unaffected by treat-
ment with borohydride. Attempted preparation of the
benzylamine (71) by reductive amination of the alde-
hyde (6) using borohydride in the presence of ammonium
acetate6o was unsuccessful, the only product being
the corresponding alcohol (29).

An alternative approach via ring cleavage of a
dihydroisoquinolone was studied. The dihydroisoquin-
olone {51) was found to be totally unaffected by re-
fluxing alcoholic dimethylamine. Hydrolytic opening
of the lactam ring61 could however be effected by hot
base or, more conveniently, by hot acid, the product
being the corresponding salt of the amino-acid (74).
The lactam {51) could be recovered by sublimation
from the amino-acid hydrochloride, an observation in
accord with the previecusly reported62 thermal cyclis-
ation of the amino-acid {75).

The amine-acid hydrochloride was converted in high
yield to its methyl ester by normal means. The spectral
and analytical data are consistent with the expected

structure, but the free amino-ester could not be
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isolated as it underwent spontaneous cyclisation to
the lactam (51) under basic or neutral conditions.
The facility of this cyclisation meant that the amino-
ester was not such a potentially useful intermediate
as had been hoped, sinceit was not possible to condense
i1t with carbonyl compounds under neutral or basic
conditiénso

The amino-acid (74), however, which could be obtain-
ed in zwitterionic form under exactly neutral conditions,
could be condensed with carbonyl compounds under basic
conditions, the products being isolated as the carbox-
ylic acid sodium salts., In this way the imino-acids
(76) and (77) were prepared from piperonal and the
aldehyde {(6). These products had i.r. absorptions in
keeping with carboxylate anions (Mmax. 1600, 1380 cm”l)
and the presence of an imine function in both was shown
by the reversible red shift (ca. 80 mu) in their u.v.
spectra on prctonationzg, and by the facility with
which the latter (77) underwent hydroliysis (during
atiempted intramoleculay cyclisation with tosyl chloride
in pyridine or attempted esterification via the silver
salt) to afford the parent aldehyde (6) and lactam (51).

Under acidic conditions the imino-acid (77) was as
expected converted into the 3-isoquinolone (78). The

latter and its methyl ester, which could be formed
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directly from the imino acid sodium salt under Fischer-
Speier conditions, were characterised by their u.v. and
n.m,r, spectra. This ester was found to be very
susceptible to aerial oxidation, the product, which
was also formed by oxidation with manganese dioxide,
being the corresponding isoquinolinetrione (79). This
compound had a distinctive n.m.r. spectrum consisting
of no fewer than nine singlets (see section 7). It
geems likely that under basic conditions (e.g. use of
sodamidelo) cyelisation of an imine of this type could
be achieved, but unfortunately time did not permit
further study of this problem. .

Although compounds of type (80) and (81) have been
successfully cyclised under Bischler-Napieralski

63 to yield protoberberine bases of type (82),

64

conditions
Stevens was unsuccessful in his attempts te cyclise
the 1,4-dihydro-3-isoquinclone (83). It seemed a
worthwhile project to reinvestigate this cyclisation
since a dihydroisoquinolone of this type would be
readily obtainable by the synthetic method described
above. Accordingly the aldehyde (16) was condensed
with 3,4-dimethoxyphenylethylamine and the resulting
imine (acid shift of BOmu~S) treated with warw dilute

hydrochloric acid. The isoquinolone (8Y4) (characterist-

i¢ u.v. abscerptions) was libevated from the
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precipitated hydrochloride and, without purification,
catalytically reduced. The product was a psle yellow
sdlid possessing spectral properties consistent with
structure (85). This lactam was virtuelly unaffected
by prolonged treatment with phosphorous pentoxide in
boiling benzeneocf'6k However, treatment with phos-
phorous oxychlaride afforded a solid product, deeom-
posing slowly above 250°9 whieh exhibited no acid oxr
base shift in a highly complex u.v. This was reduced
with methanoliec borohydride, the precduct being a yellow
gum. Preparative t.l.¢. ylelded an almest colourless
gunmy solid which apparently oxidised rapidly in air,
becoming yellow. Repeated p.l.c. did not yield a
purer sample. The preoduct had only very weak absorpt-
1640 cm-l), but had

and 1525 em™t. Its u.v.

ion in the carbonyl region (v
) 4

max.

strong v ___  at 1600 cm
maxima, unaltered by acid or base, were at 226 and

285 mg. Evidence that eyclisation had occurred was
provided by the n.m.r. spectzrum of the reduced product,
which showed four distinct one-proton singlets (3.19,
3.26, 3.31, and 3.351) in the aromatic region. In
addition to the methoxyl signal at 6.129 a complex

pattern of methylene resonances was observed between

5.59¢ and 7.4t. There was s strong signal at 5.25«x,
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attributable to the hygroscopic nature of the product.
These spectral data are in accord with the tetrahydro-
berberine structure (86). This compound, norcoralydine,
has previously been prepared by moethylation of the
alkeloid ecoreximine (87), and is reported to have m.p.
1570065 Confirmation of structure awaits a mass spectrum.

Although lack of time has preciuded a detailed study
of the synthetic potential of the juisoquinolohea some
possible applications can be coneldered. Perhaps the
sain value in the facile cyclisation is to be found in
the ease with whieh N-glkylated compounds are apparentliy
reduced in good yield with lithium aluminium hydride
to the corresponding tetrahydreissquinoclines. Thus
one logical extemnsion which come# to mind is in the
synthesizs of l-benzyl tetrahydroisoquinolines from a
ketimine (88), am additicnal advantage being that con-
comitant Ne-methylation 18 possible. Bentliey et g&16
were unable te form a J-isogquinolome from their benzyl
keto-gster {19¢), but it may be that the present
cycliisation would oceur mors veadily since a better
leaving group 4is involved.

A further modification, in the synthesis of 7,8-di-
axyg@naﬁed iscquinoline dexrivatives, would require

nitlal synthesis of a 7,8-dioxy lactone (89), presum.

o

bl

)

via chleromethylation ¢f a brominated phenyviasetis

s
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acid (90). However, initial attempts to form a homo-
acld of this type through hydrolysis and decomposition
of the azlactones (91 a,b) resulted only in the product-
ion of much tarry material.

The use of the 5,6,7,8-tetrahydro-3-isoquinolone
(92) in the synthesis of the alkaloid alstoniline (93)
has recently been reportgd.66 It is poasiple to
eavisage further application of 3j-isoquinolones in
alkaloid synthesis. The formation of the protoberber-
ine skeleton has already been discussed (see above).
Alkylation of dihydro-3-isoquinolones at ch has been
reportgd,67 If alkylation of the dihydroisoquinolone
(56) could be successfully accomplished with the alkyl
halide (94) we would have an amido derivative (95),
ideal for Bischler-Napieralski cyclisation to the
relatively inaccessible benzophenanthridine skeleton,
the original aim in this work. In addition it may yet
be possible to take advantage of the hydrolytic ring-
cleavage of the dihydroisoquinolones and to achieve
cyclisation of an imino derivative of the type (77).

The resemblance of the J-isoquinolone system to the
2-pyridones which have found application in poly-

68

functional catalysis, suggests that these compounds

may also be useful in this respect.



L. TAUTOMERISM AND SPECTRAL PROPERTIES

Introduction

Prototropic tautomerism of the type found in hydroxy

69-71 ;4 a

derivatives of N-heterocaromatic compounds
very widespread phenomenon and is an important fector
in the chemistxry of many natural products such as
alkalodids and nucleic geids, Katritzky and L&gewski7l
have summarised the methods {chemical and physical)
available for studying this phenomemnon.

There are inherent dangers in conclusions hased om
evidence from chemical resactions, since the more re-
active tauntomer may be present only im trace amounts
at eguilibriuvm. The ecnciusion that 2epyrid9ne existe

Y £
as Z2-hydroxypyridine

gince i%s reaction with diazc-
methane yvieilds 2-methoxypyridine is an example of an
erronasns conclilusion bassd on chemical gvidemnce. Ths
applilcation of physical m@thoda?g‘?k tc the study of
nrototrepic tauvitomerism has proved muech more informa
a%iv&av,These ineluds X-wvay crystallograbhy, infrared
and ultraviolet spectroscopy, basicity measursments,
and, morsn zTecently, preoten magneibtle résananc@ spectzo-~
BQOGPY .

As o result of early appileations of these vaxrious
69

physiecnl wmethods it was comnciuded that o~ and 3 -



Teble 4-1. Amide/enol ratios.

76

Compound Amide/Enol
2=-hydroxypyridine 340
h-hydrexypyridine 2200
2-hydroxyquinoline 3000
umhydroxyqninolingf’lOG 24000
l-hydroxyisoquinoline 18000

5=hydroiyacridine

10,000,000
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hydroxy derivatives of N-heteroaromatic cempounds
{e.g. pyridine) are in equilibrium with only small
amounts of the enol (which will however alwaye be
available for its typical veactions), and exist pre-
dominantly in the amide fozm, the latter being
stabilised by resonance with the zwitterien,‘confirmed
in the case of lL-pyridone by dipsle wmoment measure-

759760

ments. The amidei:onol ratlos for a numbezr of

such compounds have been estimsted by Albert and
Phillips’® and are listed in Table 4-1. The a- and
¥-hydroxy derivatives gonerxally are foﬁnd to be
exceptionally wealk, both as zecids and bases, in accord
with their lsctam styucitures. In contrast, the g-
hydroxy derivatives wors found to exist mainly in the

enolic fovm, with & very considerable contyxibution

. .78
from the isomeric swititeriemic fozmo?7 e
3

Fy

In recent years much confizmatory evidencs has

been obiained especially by Masom who has published

. . e R
detn on a whele ssries of hydroxy ﬁeheﬁ@roaromaticﬁfl /2

78

From a siudy of theldr vliraviolet spescira HMason

35

dmpted smidoiencl watlocs and found that these

]

Q’i‘

23

b

]

nereased wlith conjugation between the oxygen and

3
]

&

nitrogen atoms, and with the additlon of fused benzene
ings, but deevesssd with asa substiiution, with a rise

£l in ths dielectzrie
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conatant of the solvent. Substantial physical evidence

has shown that 2- and 4-hydroxypyridine exist as

37.39&80‘”85 B2 p86'90

lactams as do 2- and 4-hydroxyquinoline

and l-hydroxyisoquinolinsqa
| A brief atudy of the tautomerism of 3-hydroxyiso-
quinoline has been made by Baumgartemn, Murdock, and

19. who concluded that the predominant contrib-

‘Dirks
"ﬁtion is from the o-quinonoid lactam form. 1In the

félloving pages the spectral properties of the 3;1so=
éuinolones discussed above are shown to be in accord

with cyclic amido structures.

Infrared spectra.

Infraredgl’gz

studies on a- and y~-hydroxy derivatives
of N=heteroaromatics (pyridonee, quinolones, and iso-

. carbostyrils) have shown that the most prominent

feature of their spectra is strong absorption in the
‘carbonyl region at positions consistent with their
possessing lactam structures, 0 77+82-3:85,90,93-97
The fact that the infrared spectra (Tables 4-2,3) of
all the 6,7-dioxygenated 3-isoquinclones studied in
the present work show strong absorption in the region

1 is strong evidence that these compounds

1630-1670 cm”
also have lactam structures. The structural similarity
between the 3-isoquinclones and 2-pyridones is undexr-

lined by comparison of their spectra (Table 4-2).
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In particular peaks which have been assigned in the
pyridones to ring-stretching wmodes, a band at ca. 1550
ot in tertiary lactams, and peaks at 1325 and 1110
cm”t in N-hydroxy 2-pyridone, all find parallels in the
corresponding isoquinolones. |

The extremely broad absorption between 2300 and 2800
em™l in the spectra of the unsubstituted isoquinolones
(38) and (42) has been accounted for (see p.22 ) in
terms of sirong dimeric intermolegular hydrogen bonding,37
The Spectré of the isoquinolones are strikingly differ-
ent in general from those of the corresponding 1l,4-
dihydro derivatives and in particular the latter show
non-bonded NH absorption (see Tables 4-5,6). However
the intramolecular hydrogen bonding of the N-hydroxy-
isoquinolone (cf. refs. 85 and 11)) seems also to be
present in its dihydro derivative.

Bach of the unsubstituted isoquinolones (38,42) shows
a weak but broad absorption ca. 2015 cm™! which might
be taken as evidence of zwitterionic contribution,
although a similar assignment for Bwhydroxypyridine98
has been contested’’ The dimethoxyisoquinolone {(42)
also has a weak absorptiom at 3400 cmglv much the same
as that reported previously for 3-isoquinolone by

ig

Boyer and Wolford and later attributed to the presence

of moisture by Baumgarten et @i.lg Weak bands of this
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nature (3420-3400 cm'l) have been observed in the
spectra of several compounds in the present series,
including the N-methyl derivative (15). It therefore
seems very probable that they can indeed be attributed
to the presence of moisture.

The poor solubility of the 3-isoquinolones imn org-
anic solvents imposed a limit on the generality of

£~ &
solution studieﬁ.cﬁ.g)

The absorptions which could be
recorded are detailed im Table i{-i4i. These are not
appreciably different from those measured in the solid
atate, the sclvent change also having very littlie eoffect
(cf. 16f.99), factors suggesting similar tautomeric
structures., In contrast to the J-isoquinolones which
exhibit twoe barely resclved maxima in the carbonyl
region N-methyl isccarbostyril shows two well-separated
symmetrical peaks (Table h-i1).

Previously reporied dsta {Table 4-2) for 3-isoquinol-

19

one itself and for ihe mere ciosely analogous
dimethoxvisoquinelone (23)23 are flly consistent with
thoee cbiained im the present work. In particulax

the possession of strong carbonyl absorptioen furnishes
gqulis compelling evidence in favour of the o-~quinoneid

J-isequinolone structure and is further substaniiated

by clese anslogies with the Z-pyridones.
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Ultraviclet spectra

Ultraviolet spectroscopy has been the most widely-
used and perhaps most valuable of all the techniques
available for studying prototropic tautomerism.loS
Comparison of the spectrum of a hydroxy N-heteroarom-
atic compound with these of 1ts O0- and N-alkylated
derivatives, which must possess fixed structures,
indicates the tautomeric composition or at least reveals
which tautomer predominates. Desplite certain limit-

71

ations this technigue has been successfully applied

33.78,81,88~9,106-109. The

to a variety of compounds,
ultravioclet spectra of the 3-isoquinolones (Table &:7)
show a remarkable consistency, very similar spectra
being recorded, irrespective of the substituent on the
nittogen atom. All exhibit a very strong waximum in

the region 247-252 mu (log & 4.7~4.8) and a further
weaker band at 390-414 mp. There are also at leest

two weaker absorptions at 300-310 mp and 314-322 mp.

The fact that z2ll of these derivatives show virtually
identical spectra is highly suggestive of their possess-
ing similar lactam structures. The appearance of a

weak abserption ca. 350 mp {shoulder) in the spectra

of the three unsubstituted compounds studied, absent in
the N-substituted compounds, may be attributed to a

contyribution from the "mesomeric! enclic form of the



OwmHy
1
()””w,;g +
é
¥

K‘/\T/O‘“H Wes44, ?\?

(96)’
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dimer (96). O~Alkyl derivatives were not obtained,
but the O-acetates exhibited completely different
spectra (Table 4-8), more in keeping with a true iso-
quinoline structure.33

The ultraviolet absorptions of 3-isoquinolone it-
self have been compared to those of certain other
potentially o-quinonoid systemsnl9 all of which are
characterised by an intense maximum near 230 mp and a
second weaker band im the vicinity of {00 mu.

A second technique which has been applied to the
estimation of tautomeric composition is based on the
fact that encliic compounds (e.g. J=-hydroxypyridine
and J-hydroxyquincline) exhibit distinct bathochromic
shifts in both aclid and base in contrast with those
with lactam structures (e.g. 2-pyridone, 2-quinoclone,
and l-isoquinolone) which are virtually unchanged.88
On acidification the primcipal absoxrption band of the
J-isoguinolones is essentially unaffected, in accoxrd
‘with a common lactam structure, but the longer wave-
length bands ars altered (Table 4-9). The visible
absorption of the neutral meolecule is absent in the
colourless hydroebloride, having been shifted ¢to 355-
370 mu, a s8hift comsistent with O-protonation and
degiruction of the 9-quincnoid system {see later).
suffer an apprecliable

4 = - . . 2 —_— L5 " I e
The minoer bands at 305 and 315 mu



Scheme VI



increase in intensiiy. This may represent evidence
of some zwitterionic contribution in neutral medium.
It is clearly not evidence of an enolic contribution
as th@ same degree of intensification is recorded in
both the unsubstitutved and N-alkylated compounds
{Table &QIO). The intensity increase camn be accounted
~for in two possible ways. Either the 305 and 315 mp
bands in the neutral melecule are evidence of sowme
zwitterionic contribution, protonation destroying the
negative charge on oxygen, oxr else these bands are
characteristic of the amide mesomer, with proton-
ation occurring at the carbonyl function (see Scheme
VI). This intensity increase does however provide
some evidence in favour of the site of protomation imn
these molecules being the amido oxygen atom. {see
gection 5).

The spectra of the N-substituted isoguinclomes in
basic medium (Table 4-9) ave virtually superposable
on those of the neutral compounds. The unsubstituted
isoquinolones, however, exhibit im addition to the main
absorption maximum ca. 250 my, 2 broad band centred
near 370 my, consistent with the formation of a meso-

cf .82

NOPic anioen, as is the 1.7, specirum of the sodium

)
saltv (v 1600 em ).

Tmax.
The applicaticn of the two ultraviolet techndgues

&7
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{(comparison with alkylated derivatives and acid-base
shifts) have therefore produced evidence which strongly
suggeste an o-quinonocid lactam structure, shared by

all of the 3-isoquinolones.

Ruclear magnetic rescnance spectra

It is alsc possible to investigate prototropic
tautomerism by means of nuclear magnetic reaonanée
spectrcscogy%ll in much the same way as the ultza-
violet techinique has been used, by a comparison of
the positions of the ring protons in the tautomeric
compounds and in their alkylated dexrivatives. The
proton magnetic resomance spectra of the J-iscquinel-
ones are highly characteristic and provide some
indications of their téu%emeric gomposition.

The n.m.T., spectra of the 3-isoquinolones in di-
methyl sulphoxide (Table 4-11) show four siugiets forx
the aromatic protemns. If we assume that the pradomin-
ant direction of electrom movement im J-isoquinclones,
as indicated by their properties (acetylaticn, sodium

salt formation, protonation) i1s as shown below {27}



Scheme VII (cf. ref., 112)

FaiatS
2

Th)

{z.25) H ' B (3:43)

{2.69) H ,1 ‘0

cn3 (6.1
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then we can predict that protoneg at positions 4,5 and
7 will have 1 values lying at higher field than thosze

at positions 1,6 and B. As regards H we have also

19
to take into account the positive pole on nitrogen,
which will tend to deshield this proton. A low-field

signal is characteristic of a proton adjacent to =

nitrogen atom in a hetero ring. (c¢f. value of 1.5t in

47). By analogy with the signal observed for

112,113

pyridine
the proton a to the carbonyl group of 2-pyridones
we may assign the highest of these signale to Huo On
this basis the signals for 2-methyl-6,7-methylenedioxy-
3-isoquinolone appearing at 1.56, 3.07, 3.22, and 3.51 =
can be assigned to Hl’ Hgo H59 and Hk respectively.

In Scheme VII the n.m.r. spectral characteristics
of N-methylated 2-guinolone and l- and 3-iscquinolones
are compared to those reportedllz for several pyridomne
derivatives. 1t is clear that a close structural
relationship exists. The n.wm.r. data obtained for a
number of hetexro lactams are tabulated in Table 5-13.

The n.uw.r. absorption signals of the twoe 3-acetoxy-
isoquinolines in deuterochloroform are given in Table
4-12. Comparison of these data with those for typical
pyridinoid-modelsllz {Scheme VII) suggests that these
acetates represent a truly arematic medel for ithe

d-isoguinolones. TFrom a comparxison ¢f the spectra of



the dimethoxyisoquinolone (42) and its O-zcetate, in
deuterochloroform (Table 4-12), it can be seen that
the positions of the ring protoms in the former are

appreciably higher (especially H a to the potential

L*
carbonyl group), indicating that the isoquinolons must
exist predominantly in nomn-avomatic form, presumably
as the mesomeric g-quinonoid lactam. Recentlyllz the
aromaticity of 2-pyridone, velative to benzene, has
been estimated to be 36%, on the basis of n.m.r. data.
The close analogies between the spectra of the isoquin-
olones and model pyridones suggest that similar struct-~
ural types are invelved.

In spectra recorded in dimethyl sulphoxide (Table
4=11) the aromatic protons of the unsubstituted isc-
guinolone {38) come into resonance at somewhat lower
Pield thaen those ¢f the N-substituted compounds,
suggesting a greater degree of aromatic charactey in
the formex, which can possibly be attributed to the
stabilisation of the gwitteriom {or emol)} in the intex-
msiecularly hydrogem boended dimer (cf. 96). A similar
svabilisation by hydrogen bonding may opserate iniya-
moleculariy in the N-hydroxy compound (40) {wmax, 225G~
2850 cmml, cf. refs, 85, 11li), which has its arometic

proton Tesonances at lower field fthan the N-alkviated

or Heaminoe devxivatives.



The unsubsitituted isoquinolones exhibit in botn
dimethyl sulphoxide and dsuterochloroform z singlet
corrésponding to Hl’ This means that the tzutomeric
exchange is so rapid as to prevent obsservation of
eoupling between the NH proton and Hl'

Comparison of the spectra of the isoquinolones which
wore measured in boith deuterochlorxoform and dimethyl
sulphoxide shows that in the latter solvent the « values
¢f the aromatic protons are rather lower, This appliles
in parsicular te Hlo The relatively high Hl Tesonancas
{ca. 2.2%) in the lactams in deutercchloreforxm temds to
Tule out a major zwittevienic contridbution imn this

solvent. In a wmore powerful ionising solvent such as

et

i

~

b
j

dimethyl suliphoxide we would expect & greatey conty
ution from the switdteriomn, which woulkd lend te an

increased net positive charge on the mitrogen atom,

~

<P

which in turn would be reflecied by a deshielding of
Hl’ The obsexved shift forx Hl is thevrsfore evidence
of am increased zwitteriomic {avomaiic) conizibuiion
in the more polax solvent. In keeplng with this the
signails f@f HS and K, ave also shifted downfield {by

8
0.2-0,3%)}. On the other hand the N-methyl protoms amd

ﬁh in the lactam {1%5) if envihing appeax at highex

A
.

SEED

ot
s

.8 ., Py 7 oy ey gy Y -
i ehleroform,

" K ko * 3 g e g s g - v 5 P S g
reapestive deshnielding effects of a movrd nosdiitlive



nitrogen and inaessed aromaticity possibly being
counteracted by diminished deshielding by C=0 and
by increased shielding by C-0 .

The chemical and physical evidence here presented
indicates that in the tautomeric 3-isoquinolones the
predominant tautomer is, as expected, the o-quinoncid
syclic amide, which is sitabilised by iresonance with

the zwitterion. In order to accurately depict these

compounds and to explain theirx properties it is however

necessary to consider all three forms as shown bLelow.

8¢
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Table 4-6. I.R. Spectra (CHCl, solutien) of

1,4~dihydro-3-isoqgdinolones.

Caompound

KH/OH region

C=Q regicn

RS

1685 sh..

@ s
o (& 100) 1673 5
{e 864)
3402, 1672.5
1658
3205 1612.5
i517.5
in CHBr3 cf. ref. kO
o o net 1644 .5
CET o
o measured (8 604 ),
1613
3310 br. 1633
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Table 4-8.

U.V. absoerptions of J-acetoxyiso-

quinclines.

IO

CHO”
m {loge) my (Log &)
235 (4-46) 239 (4-64)
265 (3.66) 268 (3.67)
278 (3-65) 280 (3:62)
287 (3.62) 291 (3.57)
317 (3.51) 315 (3:45)
329 (3-53) 327 (3-u6)
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Table 4-11.

g~Vplues of 3-isoquinolones in DMSO.

L.43

Cpd. Hl N-R Hh HS Ether HB

6,7-Methylenedioxy derivatives

N-H 1.5 3.29 2.99 3.-91 2.78

N‘Me 1956 6937 3051 3022 3a91 3007
w-Bz | 1.551 297 43520 3.27] 3.96 | 3.12

L,70
H-0H | 1.32| 4.16 3.391 3.17] 3.94 3.02
EE«EEH? 1.3 2.9 3.52 3.24 .95 2.99
’ "’398 .
6, 7-Bimethoxy derivative
N-H - 3.25 2.96 6.10 2.75

6«»12&
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5. PROTONATION

Introduction

The problem of the site of protonation in amides
has been the subject of much controversy over the last
two decades. 177117 pronm theoretical considerations
it is to be expected that the cations of the hydroxy-
pyridines wiil be pyridinoid (i.e. 98 a,b,c), the
O-protonated cations of the 2- and hj-isomers being
capable of stabilisation by resonance whereas the
N-protonated forms are not. The main challenge to
this hypothesis has come from the work of Spinnex who,
following an investigation into the Raman and infrared

spectra of the hydyrochlorides, conciuded118

that in
fact protonation cccurred om nitrogen in 2- and L-
pyridone. Recent isctopic work however has shown that

Spinuner®'s assignments were procbably incorrect.ll9 Cook

has ldentified bands characteristic of the protonated
120,121
8

4]
i
hi

chonyi group in the spectra of salts formed

by strong acids and various carbonyl compounds includ-

< 2‘3. -
ing pyronesj;z“"i < 2- and &’pyridones,lzh 127 an

126,127

d

2=guinelones.

; R 128 . . e s

Crystallographic studies have also iandicated that
coordination to the metal in amide cemplexes occcurs

through the carbonyl oxygen. Cook has alse demonstyatsd




€7

that N-acyl derivatives of tertiary amines, which are
formally equivalent to the postulated N-protonated
amide aalts, are highly unstable and possess very

characteristic carbonyl abserption ca. 1800 ca™!, absent

in the amide salta.lzy

The application of the nuclear magnetic resonance

130

technique has produced a large amount of data all of

which favours protonation on oxygen, assignments being
made mainly on the basis of splitting effects. Com-
pounds which have been studied in this way include

13 132-134 _1d more recently

135

2~pyridones, 1 y-pyridones,

simple molecules such as dimethylformamide. By means
of low temperature measurements in fluorosulphuric acid
it has been possible to capture the actual proton signal
in the salta of a number of amides, providing further
conclusive evidence that the site of protonation is

oxygen.136

Results

We can therxrefore prediet from the foregoing that the
3-isoquinolone system will be protonated at the carbonyl
function. Some support for this was obtaimed from
their ultraviolet spectra {(see section ).

Table 5-1 records the n.m.r. spectra of the J-isoquin-

olones in triflucroacetic acid. The latter is a




Scheme VIII

(1.70) )
H _
H {2.10)
Nt

ey G5
3 {5.81)

(cf. ref.112)
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particularly convenient solvent137’138 as all of the
éompounds were soiuble. apparently without decompositioen,
and, since it is a strong acid, it can be assumed that
the system will be protonated,l39:140

The N-substituted 3-isoquinolones all exhibit a

distinct singlet for H, in trifluorocacetic acid, evid-

1
ence of the absence of a proton on the nitrogen atom of
their cations. The spectra of the unsubstituted com-
pounds in trifluorcacetic acid, however, pcssess a low-
field doublet (J=6c¢/s.), evidence of the existence of
ohly a single proton on nitrogen coupling with Hl”
further proof of O-protonation, since in the Huprotona
ated form the Hl signal would appear as a multiplet.

An outstanding feature of the spectra of N-methyl~
l1-isoquinolone and of N-methyl-2-methyl kg-quinolone in
trifluoroacetic acid (Scheme VIII) is the low-field
signal observed for HS (1.24%) and HS (1.34x) respect-
ively. Deshielding of these protons can be readili |
interpretéd only on the basis of retention of apprec-
iable carbonyl character in these cations, as in (99)
and (100)., PFurthermore, comparison of the data here
obtained (Table J~2) and those obtained for pyridene

cations by Katritzkyljl

pyridinium salts''® (cf. Scheme VIII) indicate that

with those reported forx




&
e

ClLiESE Calliols Lallute De GUCuUldlery ucpilivu, i cizady
asually are, s Braronvooriciniiag a0 a
of the signals suggest that the wesomeric fprotonaied
carbonyl" forms must be considered to make a very
significant contribution. (cf. i.r. studies by Cock)-:

The cations of N-methyl 6,7-methylenedioxy-3-iscquin-
olone and of N-methyl 2-quinolone can then be considered
to have the mesomeric structures (101) and {102) with
censiderable double bond chavacter retained in the
carbonyl function, similarities between their structures
and those of the L-quinoclone and isocarbostyrilﬂcations
being indicated by the close correspondence of their
N-methyl resonances. The latter are again coansiderably
higher than would be expected by analogy with the
pyridinium salts. 1% {cf. Scheme VIII)

It had been hoped that the shift of the N-methyl

£.141

. c . .
signal on moving from deuterochlorocform toc tri-

fluorecacetic acid might provide a new method of dist.-
inguishing between 2~ and l;—quinolonesnfa7 However,
this shift was not sufficiently diagnostic to be used
for this purpose.

Thus the.evidence is consistent with protonation on

cxygmen in the J-isoquinolones, the catlen existing pre-

dominantly as the mesomeric form shewn below, although




an accurate representation would also involve =z

contribution from the N~protomated tautomer.

RO F 0

RO
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Table 5-%r. N.M.R. Spectra of 3-isoquinclones in

trifluoroacetic acid.

- - H - ¢
N-R H N-R 0-R I, and iig

6,7-methylenedioxy compounds

SERES -2

N~CIL, 1.39 | 5.78 [ 2.87 | 3.79 | 2.55,2.77
N-H 1.2y w la2.72 | 368 2.47,2.60
N-OH 1.07 -~ 275 370 | 2.39,2.68
N-Bz 1.29 | 246 |59 3.73 | 2.16,2.73
.24
N—NH2 1.0, . 2.74 3.67 2.40,2.67
N-pBr.C.H, | 1.29 g:gi 2.69 | 3.64 | 2.35,2.69
6,7-Dimethoxy compounds
N~ 1.08 | z.e0 g;g; 2.38,2.42
N-CH 119 | s.69 | 2.60 | 27171 2.36.2.56
N-OH 0.96 - | 2.85 g:gg 2.30,2.55
N-NIH, 0.84 : 2 59 g;gg 2.23,2.48

i
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6. MASS SPECTRA

The cracking patterns of 3-isoquinolones do not
appear to have been studied but these follow well-estab.
lished pathways. From a comparison of the spectra of
the unsubstituted (38) and N-methylated (15) 6,7-methyl.-
enedioxy J3-isoquinclones it is possible to suggest a
common breakdown pathway, which is outlined in Scheme
6-1. 1In the spectra of both compounds the parent molec-
ular ion is also the base peak and abundant doubly-
charged ions are observed at m/e 94.5 and m/e 101.5
respectively, underlining the stability of the 6,7-
methylenedioxy 3-isogquinolone system. The initial, and
most characteristic, 1o0s8 is of 28 mass units, which
can be readily explained in terms cof extrusion of carbon
monoxide, as in the cm,wlm:'ins.l"‘:")’]‘l‘3 This fragment-
ation will produce an isoindole structure, which will
be susceptible to further breakdown at the ether
function, which is apparently cleaved as formaldehyde.
Loss of the nitrogen atom apparently occurs only in the
final stages of the breakdown process. 1In the N-methyl
compound ions are observed (m/e 160, 130, and 102)
corresponding to the loss of the methyl group at various
stages of the breakdown. These represent, however,

secondary processes, and in the main fragmentation




pathway {(m/e 175,145, and 117) the nitrogen again seems
to be retained until the final stages, possibly being
eliminated after loss of methyl (m/fe 102) as hydrogen
cyanide (m/e 75).

In the unsubstituted dimethoxyiscquinolone {(42), as
in ¢,7~dimethexycoumarin (10_'})'“’3 there is a loss of
28 (CO) from the parent. The ortho dimethoxy function
apparently then breaks down by lose of two methyl groups
and two moles of carbon monoxide either alternately or
successively. The first process, by analegy with

3wdimethoxybenzene,la“

seems the wmore probable and in
fact the most esbundant iona in the spectrum {mfe 177, 162,
134, 119, and 91) correspond to those expected for this
type of cracking pattern (Scheme 6-2). An additional
complicating process in this molecule is the potential
loss of formaldehyde, which is known te occur from

aromatic methoxylsalhh

Such a loss would explain the
reasonably abundant ions at m/e 147, 132, and 104.

The N-hydroxy dimethoxyisoquinolone (104), the emolic
tautomer of which is an N-oxide;, has its parent{ mole-
cular ion at m/fe 221 and is characterised by a (P-16)"
ion of hh%dlu5A It has been shown 4’ that a loss of 16
mass units is typical of such N-oxides. The mass

spectrum of this compound was recorded using a direct

inserticn probe as a previocus attempt to record that of




75

the methylenedioxy hydroxamic acid (40) using a heated
inlet system had resulted in initial loss of oxygen,
the spectrum recorded being that of the unsubstituted
lactam (38).

Although an initial loss of 28 1is also aobserved in

142 it i3 not observed

the spectra of dihydrocoumarins,
in those of both unsubstituted dihydroiscquinolones
(51,73). 1n these compounds the initial loss is of 43,
presumably as CONH, possibly in a retro Diels-Alder
cleavage as in Scheme 6-3. Similar cleavage in the
N-methyl dihydrisoguinolone (56) would explain its facile
loss of 57 mass units, corresponding to CH3~N=CaO.

A similar fission was observed in the spectrum of the
isoquinolinetrione (53) which, after an initial loss of
carbon moncxide, also loses 57 mass units.

The dimethoxy lactone (26) provided an interesting
contrast to that of the dihydroisoquinolone (51). The
former showed the expected parent molecular ion at m/e
208, but the base peak was at mfe 166. This facile
fission presumably involves loss of ketene (42) from the
parent (see Scheme 6-4). A similar loss of 42 (12%) has
been observed *? from dihydrocoumarin (105). There is
also some loss of carbon dioxide (36%) from the lactone

function of (R6), expected by analogy with the dihydrxo-

isoqguinolones.
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Finally the percentage abundances of the (P-h3)+
ions in the methylenedioxy and dimethoxy dihydroiso-~
quinolones.(90% and 58% of the parent (base) peaks
respectively) suggest that the methylenedioxy aromatic
aystem is relatively more stable than that with two

o-methoxyls.




Mass spectxrum of 6,7-methylenedioxy-3j-isoquinclone.

u/e % abund. m/e % abund. m/e %_abund,

190 15 104 12 74 12
189 100 103 34 63 8
162 11 9.5 7 62 8
161 78 80.5 7 53 8
160 13 80 17 52 7
133 7 77 10 51 10
131 8 76 27 50 20
105 12 75 19
Transition metastable Transition metastable
189 to 161 1i37.1 76 to 50 32.9
161 te 131 106.6 133 to 103 79.6
131 to 103 80.97 161 to 160 159.0
103 to 76 56‘08 9‘}95t° 8005 68 06

Mass spectrum of H-methyl-6,7-methylenedioxy-3-iso-
gquinolone.

m/e % abund. m/e % abund. w/e % abund.

204 5 133 8 89 i1
203 100 130 5 87.5 10
189 6 119 10 87 18
176 13 118 11 76 10
175 69 117 2y 75 13
174 i3 116 8 74 8
160 10 102 5 63 10
146 6 101.5 10 50 11
145 8 90 10

Transition metastable

203 to 175 150.9
175 to 145 120.4
145 to 117 94 .41

101.5t0 87.5 75:4



Scheme gal.

GO0

m/e 189 (100%)
m/e 94.5 (7%)

1373 a3

C "

77

0 o
<o@n3

me 202 §1‘("1’§%)

m/e 161 (78 m/e 175 (69%)

m/e 80.5 (7 Q‘jv-n m/e 87.5 (10%) 1
m/e 160

106.6 (1.0%)

m/e 131 (8%)

m/e 103
(3u%)

G, 08 «~HOW?

m/e 76 (27%)

CL.9 =CaH,7

14

n/e 50 (20%)

Metastables are ahown

SEMCIR Y g
o

m/e 145 (8%) _
\ m[@ 130
Y= (5%)
f
) m/e 117 g
(24%) /
3
4
m/e 102 (5%)
SHCN?
v

m/e 75 (13%)

in rxed.



Mass spectrum of 6.7-dinathoxy-g-isoqninolonoo

m/e % _abund. m/e % _sbund.

205 54 89 27
191 21 77 ) 3
177 65 76 35
162 79 75 n
160 19 74 23
147 23 64 37
134 83 63 100
132 40 62 38
119 9y 53 23
115 25 52 15
104 38 51 27
103 21 50 y2
91 60

Transition metastable

20% to 177 152.9

177 to 162 158.3

162 to 147 133.4

162 to 13y 110.9

147 to 119 96.3

119 to 91 69.6

Mass spectrum of N-hydroxy-6,7-d1mothoxy-3-ilo-
quinolone.

m/e abund. m/e abund.
222 13 161 7
221 - 100 160 8
206 17 149 5
205 Ly 148 5
204 9 147 6
193 5 13y 10
190 8 133 10
178 6 119 11
177 17 132 9
176 57 110.5 6

162 11 63 19



Scheme Q—Z.

0 0
3 m“ m/e 205
CH.,0 x (54%)

~Ct ~CH 148 .3
CH,0 -~ CH, \ 48
+

m/e 147 Y
(23%) PR m __\
~“’~,; CH.O” o
. - 5 :
m/e 132
m/e 162 (79%)
(40%)

ﬂ(' =CO
SEO 3 110, 9

w/e 134 (83%)

m/e 119 (94%)
m/e 64 NI B m/e 63

(37%) ~— v 7 (100%)

m/e 91 (60%)




Mass spectra of 1,}~dihydro=-3-isoquinolones.

(a) 6,7-Dimethoxy (51)

u/e % _abund. m/e % abund.

208 13 164 58
207 100 149 16
206 29 134 7
205 1 121 25
190 8 10} 6
iR8 5 103 6
178 . 15 91 9
©-176 24 ' 82 10
165 10 77 13
- Transition metastable
207 to 178 153.1 -
207 to 176 149.6
207 to 164 129.8
178 to 149 124.7
164 to 149 135.4
149 to 121 98.3

(b) 6,7-methylenedioxy (73).

a/e abund. m/e % abund.
192 13 147 L3
191 100 105 16
190 28 104 i5
189 16 103 1i
162 27 91 22
161 24 90 13
149 2y 89 23
148 90 77 26

no metastables observed.

(¢) N-methyl-6,7-methylenedioxy (56).

mgo ﬁ abund.
205 81
175 19
i62 10
149 ioo

*
Trensition of 205 to 162 - m at 106.9



Scheme 6-3.

m/e 149 (16%)

~CH,0
*CO i 9803

m/e 104

m/e 121 (25%)

1

m/e 91 (9%)

(6%)

Metastable ions are shown in red,



Mass spectrum of the dimethoxy lactone (26).

m/e
208
167
166
165
164
151
149

abund.

51
12
100
11
36
41
9

Transition

208
164
166
166
151
149
123
121

Mass spectrum

to
to
to
to
to
to
to
to

of

164
149
151
165
123
121
108

oL

n/s

123
121
108
105
96
94
77

metastable

129.3
135.4
137.4
164.0
100.2
98.3
94.8
73.0

abund.

38
22
15
12
L7
50
2y

the isoquinolinetrione (53).

w/e

233
205
177
176
161
148
120

abund.

L3
64
8

7
L7
100
66

Transition of 233 te¢ 205 is confirmed by a

metastable ion at m/e 180.l4.
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. Scheme 6-l4.

n/e 164 (36%) /e 166 (100%)

L35.4 i ~CH,, : : , |
} : 13?1?46ﬂ, \\\i;gac A
m/e 149 (9%) 3 o
m/e 151 (41%) mfe 165 (11%)
. 98.3 l'ﬂco ‘

, ~CC | 100.2
m/e 121 (22%)

m/s 123 (38%)

73.¢ g
9@1&8‘/ @CI{B \
mfe o4 {50%) m/e 96 (47%)
m/e 108 (15%)

‘Metastable icns are shown in ved,
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7. LONG-RANGE EPFECTS IN N.M.R. SPECTRA

(a) Dgehielding effects of carbonyl groups

Prominent features of ﬁﬁe n.m.r, spectra of the iso-
quinolinetrione derivatives (Table 7-1) are the low-
field sigunals for the aro@atie protons. These protons
are subject to the sirong deshielding infiluence of peri

8

reduced %o a certain extent by the

87 an

M
carvbonvl groups,”
shieldinp effect of alkoxy substituents. excellent
model ceoapound to illustrate this effect ig oxyhydrast-

inine {54} in which the aromatic protons (Teble 7-2) ave

well separated. The position of H, in this compound 1g
J .

determined mainly by the shielding effecw of the ether
ETroup] {3.78%)}, whoereas H, da affected also by the
[ ]

dashieiding effect of the lacsam carbonyl snd consaguent-
1y is et significantly lower field - wviz. 2.4kt. The
aromstic protoens in hydrohydrestinine {(58), ia which
only the shielding effect of the sther ecperates, come
inte vesonemce at wnetably highex field {3.43, 3.52«}.

The deshielding effact of the ortho carbomyl group-
ings appeara to exitend to the methylenedioxy prodtons, ihe

signal for these appsering in the speciza of the itxiones

2t v rather lowser field than ie chavacteristic of this

aet. which is probably due to elseivon

imdnd shaed

4
-l

-y

),‘_‘
£

s . e 5
om e arematic Ting, 18 greatliy
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in the absence of a second ortho carbonyl function, a
more typical methylenedioxy resonance (4.0l«x) being
recorded for oxyhydrastinine, only slightly lqwer than
that (4.14%) for hydrohydrastinine. The methoxyl
signals in the trione (55) are apparently also deshield-
ed, although an additional small downfield shift,
attributable to the affect of trifluoroacetic acid as
solvent,137 hgs to be considered, as can be seen by
comparison of the <-values for the protons of the trione
(53), recorded in both deutercchlorofurm and trifluoro-
acetlic acid,

The N-methyl protons in the isoguinolinetrione (53).
which are subject to a double deshielding caused by the
twe adjacent carbenyl groups, appear at 6.55t, while
those in 1,4-dihydro-N-methyl-3-isoquinoione (56) and
in oxyhydrastinine (54), which are subject only to the
deshielding influence of a single carbonyl, appear at
6,907 and 6.871 respectively.

Deshielding of aromatic protons by peri carbonyl
groups was also observed in the spectra (see section 4)
of N-methyl l-isoquinolone (H,, 1052¢)cf'1h6 and
N-methyl meethylwamguinqlqne (Hs. L1.587). The effect
has been used in structural elucidation, particularly

%6,147-148 3k

in the alkaledid fieid a recent application

resulting in the revision from an O-acetyl to an




83

N-acetyl structure of the acyl derivative of phthal-

azone,

(b) Long-range coupling

An interesting featurs of the spectra (Table 7-2) of
the dihydroisoquinoiones {51 and 56) is the apparent
long-range coupling (J=1.8c/s.} of the methylene protons.
In the case of the N-methylated lactam (56) both methyl-
ene signals are slightly broadened {to triplets). 1In
the unsubstituted lactam {51) the methylene adjacent to
nitrogen, already a doublet (J=3¢/s.) is further broad-
ened almost to a quartet, and the second methylene
almost to a triplet. This weak coupling may be through

the mesomeric forms of the lactams as shown below.cf‘lk9

RO /\&;o“

RO +

The absence of such coupling in the N-acetyl derivative
(52) is then readily explicable in terms of electron
withdrawal from the nitzxogen atom, decreasing the
tendency for zwitterion formation. The absence of any
coupling of this type in the lactone (26) is in keeping

with diminished 2,3-double bond character relative to

t+he lactams,
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(c) Deshielding by imino functions and allylic coupling

The n.m.r. spectra of three imino derivatives of the
type (31) are summarised in Table 7-3. In each spectrum
there is a low-field signal assignable to the imino
proton. Deshielding of the ortho aromatic proton by
the carbon-nitrogen double bond is evident, the second
aromatic ?roton in each compound appearing (as in many
of the compounds studied - see also Table 7-2) at a
value ca. 3.3%, censistent with shielding by an ether
substituent. The deshielding influence of an imine
function appears to be similar to that of a carbonyl
group.

In the N-methyl imine "allylic" coupling of the
imino proton with the N-methyl protons is indicated
by the one-proton quartet (J=ca.2¢c/s.) at 1.57« and the

three-proton doublet at 6.527.
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Table 7-2.

86

Compound Hy |¥-R|H; |H | H ®'o Hy
G
(‘:wna 5.58 6.99 - 16.47]3.35(4.03]3.35
R Keen, 6.87 6.467.65{3.38]4.01{2. 44
7-28 72613.4D 3.43
6.54 7.5 ox or oxr i(4.14( oT
- 7,34 731 13.52 3.52
2
CH0~ . .50] 2,35 6-45{3.30{6.11{3.30
%@m 5 5 .
5.10 7.42 - [6.30(7: 4 e 13} 20
3.23 3.22
i
k
o 3.18] 3.18
CHyo 4 .78 =~ - 16.35| or {6.10} ox
e:,w;a@f*:“”ﬂ‘«"’[" et 3.23 3.23




Table 7-3. N.M.R.

Spectra

87

of imino derivatives.

<om<:ou%ez . Ai‘omatic 0
o NR! R |=CE=l protons | %Yz [“"2" e
6.94
methyl imine 6:-5211.57{2.66|3.28{ 4, .02 6.07
7.01
6.97
hydrazone 4.50{2.04) 2. 74 3.3% .02] 6-02 7 .00
6.93
' 7.00
e b e S P e Ao |
6.87
ald@hyde = e 0000 2068 3019 3093 5:9&&
7-:02
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8. BIOLOGICAL ACTIVITY

The mould product aspergillic aeid (106) has been

found to have a pronounced antibacterial action, which

N
=
I

}
oH

(106)
has been attributed to its hydroxamic acid grquping.cf.lﬁo
Supperting evidence has resulted from studies of a

100,150

variety of eyclic hydroxsmic acids, all of which

have been found to be active in this way.
In the light of these results it was decided to
bioassay the twoe H-hydroxy 3-iscquinclomnes. These com~

pounds have been found %o inhibit growih of B.subtllis,

BE.coli, and S.aurgus te approximately the same extent
(see Table 8-1}. The significant absence of such anti-
biotic activity in the veduced hydroxamic acid, and in
the unsubstituted and N-amine isoquinolones (Table 8-2)
suggests that im faet the éctivity of these compounds
may be due to tﬁeir ability to enclise to thsizr N-oxide
tautomer. In this connection quincline H-oxide did
alao shew a wesk imbibiticen.

The inhibition cavsed by the hydroxamic acids was.

e & bBacteria TeSWL Ll
however, only tempoxary. growth of the bacteria resuiuing
: K - KA ¢




Table 8-1. Activities of N-hydroxy-3-isoquinolones

89

| Mean inbibition (wmm.)
Bacterium
Methylenedioxy Dimethoxy
B.subtilis iz.5, 15.8 11.9, 15.8
- E,e0ld 2.6. 15.8 1G.0
S.aureus 10.8, 15.0 11.6

Table §-2. Aetivities sgainst B.subtilis,

Compound Inhibition
6,7-dimethoxy -3-isoguinolione negligible
Neamine -6, 7-nethylencdioxy-3-iso- 4]
guinolone
H-{p-bromophenyl)-6 . 7-mothylene- 10.8
dioxy-3-1aoqguinclene
Hemothyl-6,7-methylonedioxy- 1.2
isoguinolineiricne
l,aadihydraaﬁahydr@xyijisaqminc negligible
olone, 6.7~-dimethoxy
13.3

guinoline N-coxide
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in two apparent zones of inhibition (cf. Table 8-1).
One possible explanation would be oxidative destruct-
ion of the systeum (these compounds are highly suacept-
ible to oxidation, especially in solution) which could
lead to loss of activity. The fact that the inhibition
which was found to be caused by the trione (53) was not
time-dependent in this manner is in keeping with the

relative stability of this compound to oxidation.

Note
Bacteriostatic activities of methanolic or agueous
solutions of tested materisls (concentratien img./ml.)
were normally measured after 24 heours growth at 300 on
Bouillon's agar. Solutions were inserted into precut
discs (diameter 9.2mm.) and the zone of inhibition

measured in the usual way (total diameter).

Table 8-3. Inhibition of B.subtilis with time.

Inhibition wmm.

N-hydroxy-3-isoquinoclone
6 hrs.{ 22 hrs,| 28 hrs,

6, 7-methylenedioxy 18.1 13.7 12.8

6,7-dimethoxy 17.¢9 1.6 13.3
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9 . EXPERIMENTAL

Melting-points wcre determined on a Kofler hot-stage
apparatus and are uncorrected. Infrared (i.r.) spectra
in Nujol were weasured on a Perkin-Elmer 137 IR or
Unicam SP 200 spectrophotometer. Precise infrared
measurements ( KCl discs and solution spectra ) were
made on a Unicam SP 100 instrument. Ultraviolet (u.v.)
spectra were recorded in 95% ethanol unless otherwise
stated and were measured using a Perkin-Elmer 137 UV
or Unicam SP 800 spectrophotometer. Nuclear magnetic
resonance spectra were recorded on a Perkin-Elmer R LU
60 Mc. spectrometer, using tetramethylsilane as internal
standard. Mass spectra were obtained with an A.E.1.

MS 9 doubla-focussing mass spectrometer. Molecular
weipght measurements were made in chloroform soliution
using a Mechrolab 301 A vapour pressure osmometer.
Analytical thin-layer chromatography (t.l.c.) was carried
out using Merck Kieselgel G in 0.25mm. layers, using
mainly iodine vapour for detection. For preparative
thin-layer chrometopraphy (p.L.c.) 0.6mm. layers were
used. Hydrogenations were performed at atmospheric
temperature and pressure. All chloroform extracts were
dried over anhydrous magnesium sulghate and evaporation

of solvents carried out by wmeans of a rotary film
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evaposrator. The term petroleum-~ethexr rafers to petrol-
eum-ether ( b.p. 60-80° ) unless otherwise stated.

The following abbreviations are used in reporting n.w.r.
spectra : s, singlet, 4, doublet, t, triplet, g, quartet,

m, multiplet, !I, proton.

2=ilydroxymethyl-4,5~-methyleneaioxyphenylacetic acid lactone

Hydrolysis and oxidative decomposition of piperonal
aglactone {200g.), according to the method of Snyder,
Buck, and Idezs, afforded a wixture of benzoic and howmc-
piperonylic acids, The crude mnixture was digsolved in
glacial acetic acid (500wl.) and a mixture of concentrated
{36N) hydrochloric acid {150ml,) and 40% formaldehyde
(150ul.) added. The solutiocn was heated on the steawm~
-bath for one hour, then poured inte gold water {500ml.}‘
The aqueous sciution was extracied with chlorgeform and
the exiract thoroughly washed successively with saturated
sedium bicarbonate sclution and water. The product obisine
ed by evaporation of soclvent was a2 sticky Lrown a2o0lid,
zeoily seluble in chloreferm and sparingly soluble in
zthanel. Decolorisation with animal charcoal folliowed by
erysitallisation from ethanol geawve the lacteone as a sand-
coloured solid {33g., 25%), wm.p. 125-130°. Piltration of

2 507 chleovoform-aiethancl solustion through Weoelm grade I
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alumina proved to be the most efficient method cof rewoval
of tars. Successive crystallisations from ethanol gave

an almost colourless solid, m.p. 132-135°. (lit. 137%)

o , -1
”max;(huJOL) : 1735 cm .

wax . | 240mu (Log & 3.49), 292mp (Log & 3.64).

L,5-Dimethoxy-2-hydroxymethylphenylacetic acid lactone.

(2) Veratraldehyde azlactone (200g.) was hydrolysed and
decomposed according to the method of Snyder gt g&ZE to
yield a mixture of benzoic and homoveratric acids which
wags chiloromethylated using the same conditions as were
employed in the preparation of 2-hydroxymethyi-l,S-methyl-
enedioxyphenylacetic acid lactomne. The crude product was A
a viscous red-brown gum, which solidified on standing
ocvernight at 0%. “rituration with warm ethanol gave the
lactone as a putty=-coleoured soiid {44.52g., 33%), m.p. 103~
Loso. Decolorisation with animal clhiarcoal and repeated
crystallisation ;, {irst from ethancl as needles, wm.p. 109.57
liGQ, and then from benzene-petrcleum ether gave colour-
less leaflets, m.p. L10-111.5°.

wmaxo(Nujol) s 1740 em L,

max. 23y mp {log & 3.75), 286 mp (log e 3.48).

¢ values (cnc;B) : 3.18 {(iH,s), 3.23 (LlH,s), 4.72 (2H.s).

6.10 {6H,8), 6.35 (2H,s}.
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Found: C, 63.49; i, 6.01
Cll”lzoa requires: C, 63.46; Y, 5.77%.
(v) Chloromethylation of 3,h-di@ethoxyphenylacetic acid

(IOOg.) using the conditions of Stevenszb, gave the lactone

as a pale yellow crystalline solid (75.64&., 72%).

N-Methyl-2-hydroxymethyl-/, 3=-methylenedioxyphenylacetamide.

2-Hydroxymethyl-l ,5-methylenedioxyphenylacetic acid
lactone (6.22g.) and 33% ethanolic metnylamine (L35mL.)
were refluxed for six hours. Colourless needles separated
from the soiution on standing overnight. Crystallisation
frow ethancl gave the alcohq& as colourless needles (5,26g,

73%), subliming above 165%, with m.p. 172-173°.

¥ oax. (Nujol) : 3280, 3i00, 1635, 1590 ca~t.

Moax. © 241 wp (log e 3.63), 290 my (log e 3.54).

Found: G, 59.12; 1, 5.71; N, 6.48

i H 5 H Y H 5 ) o o
Cll"ijonN requires: C, 59.19; i, 5.83; N, 6.28%

N,N-Dimethyl~2~-hydroxymethyl-4,5~methylenedioxyphenyl-

acetamide,
padhudodiibiotitietndid

2~HydroxymethylaagS-methylenedioxyphenylacetic acid
iactone {(l4.82g.) was refluxed gently with 33% ethanolic
dinethylamine (30uml.) far three hours. Evaporation of
scivent gave the alconol (17.54g., 98%), which crystallised
from benzene-petroleum ether in colourless necdles, ...

98-997.
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- ‘ . *i
Ymax. (Nujol) : 3450, 1630 cu .
Mnax. t 244 mp (lO{’; >3 3-67): 29 my (_Log e 3-()1).

Found: C, 60.99; I, 6.25; N, 5.92

C12"1§°aN requires: C, GU.75; U, 6.37; N, 5.90%.

N, N-Dimethyl-L,5-dimethoxy-2-hydroxymethylphenylacetamide.

4, 5-Dimethoxy~2~hydroxymethylphenvliacetic acid lactone
(Log.), derived by direct chleromethylation of homoveratric
acid, was refluxed with 33% ethanolic dimethylamine {200ml.
for 3% hours. Nvaporation gave the alcohol as a pale
yellow crystalline solid {11.95z., $8%). m.p. 120-125°,
possessing ne lactone carbonyl absorption, Successive
crystallisations {rom benzene-petroleumether gave colour-

less prisms, wm.p. 127m1233.

1 E P ‘:5_
Voas, (Nujol) : 3325, 1620 cu” .
?“h“«gx s 216 mp (lﬁg s )4;()3)3 235 wmp (}_;_)g e 3'96}5 284 nn

Molecular weight ( iscothermel distiilaticn ): 207 {esle. 25
Pound: C, 61.93; 11, 7.6L; N, 5.72

o N requires: C, 6L.063 W, 7.5L; N, 5.5%%.

i
3148190,

The yield of alcchol depended on the purity of the lacic
nsed, With crysiallised lacicone yields were in the coxiler

of 85% : when the crude lactone was used the alceliol was

%

contaminated by tars, reducing the yvield afiter purificaiion

&)

. e
Fe edn. 65%.
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N,N-Dimethyl~-2~formyl-i, =-nethylenedioayphenylacetamide.

t,NeDimethyl-2-hydroxymethyl-k, 5~me thy lenedioxyphenyl -
acetamide (10.77g.) was dissolved in chlorofoxrm (250ml.)
and the solution shaken with powdered manganese dioxide
(100g.) for 60 hours at room temperature. The solution
was filtered { glass paper ) and the residue washed severa
tiﬁea with hot chicoroform. Evaporation of solvent gave
tﬁe aldehyde as a pale yellow solid (9.48 g., 89%), n.p.
128-131°,

L

Viax (Nujol) s 2760, 1690, 1645, L1610 cu” .

wax. | 236 mp (log & 4.39), 281 mp {log & 3.73)., 316 mp

{log & 3.78).

The aldehyde was characterised as iis semicarbazone,

m.p. 226° ( from 40% aqueous ethanol ).

Ry, | 219 mu {(log & L.Ii5), 292 mpy {(log & 4.31), 322 myu

{log & No27), ne change on acidification.

FPounds ¢, 583.32; H, 5.31; N, 19.26
G@g”laonﬁg requires: C, $3.42; H, 5.52; N, 19.17%.

Similar rvepulis were achieved using methylene chlorxide
as & solvent for the oxidation, but much peerexr yields
ware regoided when the reactlon was carsried out im ftstya.

hydrofuran, results suggesting some axidative attack wn

tihe solvent. The aldehyvde wasg reooverad unchanged aliay
refiluxing with divsithviowine oxr iriethylamineg. I+ wus

alsa gnaffected by woarm aloosholic ebthyiamine hwdroohicerids
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N,N-Dimethyl-}, 5~dimethoxy-2~formylphenylacetanide.

N,N-Dimethyl-4,5~dimethoxy=-2~-hydroxymethylphenylacet~
amide (11.78g.) was shaken with manganese dioxide (100g.)

in chloroform (200ml.) for 48 hours. Filtration ( glass

paper ) and evaporation of solvent gave the aldehyde as
a pale yellow solid (10.57g., 90%), m.p. 110-113°,
Decolorisation with animal charcoal and crystallisation

frqm petroleum ether gave colourless needles, m.p. 112.5-

113.5°.
vméx. (Nujol) : 1685, 1640, 1610, 1575, 1525 cm-l.
Aax. | 236 mp (log e 4.36), 283 mu (leg & 4.00), 315 mp

(log ¢ 3.81).

FOund: C, 62016; H, 6063; N, 50,‘2
ClBHl7ohN requires: C, 62.15; H, 6.77; N, 5.58%.

The sauie yield was obtained using methylene chloride

as solvent.

N,N-Dimethyl-l,5-nethylenediocoxy~Z-methyliminomethyl~-phenyli-

acetamide.

N,N-Dimethyl~2~formyl-4 . 5-methylenedioxyplienylacetauide

(6.?7g.) was refluxed with 33% ethanclic methylasiine {135

ml.) for ninety minutes. The imine was obtained on
evaporation as a pale brown solid {7.09g., 99%), m.p. 120-
126°. Crystallisation féom benzene~petroleun ether

cn ¥
: 1693% cm T, mo abhsorption ca. 170Ucm 7.

oo ; - s]
afforded very pale yvellow nesdlies, m.p. 127-128.5 .
i)

{Rujo
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M iax. (EtoH) ; 230 mp (log e 4.28), 274 wp (log € 3.95),

311 mp (log & 3.85); {acid): 246 mu (log & 4.58), 305 mp

(log ¢ 4.16), 353 mpy (log & 4.25); (base): 237, 269, 313

nig., acid shift = +79 mp.

1t values (CDCLB) : 1.57 (11,q, J=2¢/s.), 2.66 (1li,s),

3.28 (1d,s), 4.02 (2H,s8), 6.07 (2H,s), 6.52 (3l,d, J=2¢/s.)

6.94 (3H,s), 7.01 (3H,8).

Found: C, 63.05; H, 6.75; N, 11.24

013H1603N2 requires: €, 62.89; 1, 6.50; N, 11.28%.
Although thermally stable this cowpound was partially

hydrolysed by treatment with animal charcoal in hot ethancl

N.NaDimethyl—2ahenzyliminomethyL-h,5-methylenedioxy—

phenylacetamide.

NyN-Dimethyl-2=-formyl-4,5-methylenedioxyphenylacetamide
(26ymg.} and benzyiamine (l18mg.) weve refluxed in
ethanol (20m1.) for three hours. Evaporation gave a
yellow gum which crystallised on standing. The resultant
yellow solid was washed with cold ether, leaving the
imine as an almost colouriess solid {300mg., 82%), m.p.
78a83°. Crystallisation from benzene-petroleum ether
provided very pale yellow plates, m.p. 86-87.5°.

L

LI (Nujol) : 1640 cem

Mooy, (EtOI) : 233 my {(log ¢ 4.18), 278 my (log & 3.78).

313 mp (log & 3.65); {acid) : 251 mp {(log & 4.02), 308 mu
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(log & 3.65), 360 mu (log ¢ 3.92); (base) : 232, 278,
313 mp, gqid shift = +82 agp. |
Found: C, 70.63; H, 6.02; N, 8.40

019H2003N2 requires: C, 70.37; H, 6.17; N, 8.64%.

N,NqDimethyl-Z—(p—bromophenyl)-iminomethylaho5~methylene~

dioxyphenylacetamide.

N,N-Dimethyl-2~formyl-}4,5-methylenedioxyphenylacet~
amide (560mg.) and p-browoaniline (400mg.) were refluxed
in ethanol (40ml.) for three hours. Evaporation of

solvent gave the p-bromoanil derivative as a light brown

solid (920mg., 100%). Colourless fluffy needles, m.p.
141-1&2.50, were obtained by crystallisation from ethanol.

. =1
¥ max. (Nujol) : 1645, 1620, 1580 cm .
A ax (EtOoit) : 237 mu (log & 4.30), 290 mp (log e 4.00),
337 wp (log e 4.17); (acid) ; 227 mp (log € 4.23), 236 up
(log € 4.22), 285 mp (log € 3.69), 318 mp (log e 3.62);
(base) : 237, 285, 313 upu.
Found: ) C, 55.83; H, L4.32; N, 7.14; Br, 20.32
013“17°3N2“r requires: C, 55.55;3 i, 4.37: N, 7.20; hr, 20.57%.

N,N-Dimethyl-2-hydroxyiminomethyl=},5-methylenedioxyphenyl-

ggetamide.

The oxime of N,N-dimethyl-2-formyl-),5-methylenedioxy-

phenylacetamide was prepared in 92% yield by the standaxd




100

method using equivalent awounts of hydroxyiamine hydro-
chloride and sodium acetate trihydrate. ( Three hours at
room temperature ). Crystallisation from ethanol gave
colourless plates ( slow crystallisation gave necdles )
which melted at 173.5=17h°50 and immediately recrystail-

ised as yellow needlesa, m.p. 257=26k°, decomp.

¥ ax. (Nujol) : 3250, 1620 cm™L,

Max, | 212 mu (lecg ¢ 4.35), 228 my, infl. (log & 4.19),

273 mu (log & 3.99), 309 mu (log & 3.75).

Molecular weight { isotherwal distillation ): 270 (calc. 250)

Found: €, 57.72; H, 5.65; N, 11.01
ClZ“lhOuNZ requires: ¢, 57.060; H, 5.60; N, L1.204%

The oxime acetate was prepared by heating the oxime

with excess acetic anhydride on the steam-bath for five
minutes and pouring the resultant solution on %o crushed
ice. The precipitated colourless solid was crystallised
from benzene-petroleum ether as colourless needles, m.p.
1&3-1630, dependent on the rate of heating. A single
éompound was indicated by bv.l.c.

(Nujol) : 1760, 1640, 1600 cmgl, no absorption

between 3000 and 3600 cm™t.

14
max.

Found: C, 57.92; I, 5.80; N, 9.84
Cle1605N2 requires: C, 57.53; i, 5.48; N, 9.5%.

N,N-Dimethyl=2-oximinowethyl=),5~-dimethoxyphenylacetamide.
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The oxime of N,N-dimethyl-k,5-dimethoxy~-2-foruylphenyl-
acetamide was prepared by the standard method ( see above ),
in 95% yield. Crystallisation from ethanol gave colour-

less needles, m.p.175-l78°, decomp.

. . -l
Voo (Nujel) : 3250, L6140 cm .

Moax, | ORL7 mp {(leg & .27}, 229 mu {iog € 4.31), 272 mn
(log & 4.06), 304 wmu {log & 3.67).
Found: C, 58.5i; H, 6.L9; N, 10.60

ClBHl80kN2 requires: €, 58.6L; H, 6.77; N, 10.5%.

The oxime weacted with hot acetic anhydride to give a

mixture with Yiax at 2200, 1770, 1640, 1600, 1575, and
1525 cm"i. This was =not investigaeted furithsw,

2-Methyl-_( g?sne%bylene ioxy-3{2H}~=iscquinclone.

The imine, obitalned by the reaction of N,N=dimebthyi-
2-Fformylel, S-methylenedioxyphenylacetanide (8. Og.) with
sthenclic methylamine, was disgolved im hot 6N uydro-
chlorie acid {200mi.). After heating foxr about 40 sscomnin

the isoquinclone hydrochloride precipitated. It was

filiered, washed with cold 68N hydrochleric, and dried ot

roon temperature to give a pale yellow solid (7.6hg.. n%

Grystalligation from 6ﬂ hvdrochloric acid gave colouriess

needlies, m.p. l95=2000, regubliming with m.p. 235m2g@5

e

{NU,SG},,;' 3 TR /" J\} ‘._":}Q’U: .«l:jUOa )s.fjc(j‘, i 3:;5 . 14 '_'s .

ot fee

- i
- 4 e
L840 am .
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v values (DNSO) : 0.92 (1H,s), 2.58 (lH,s), 2.68 (2H,s),
3.73 (2H,s), 6.04 (3H,s).
Found: C, 54.79; H, 4.60; N, 5.86
Cy3Hg04N.HCL requires: C, 55.12; H, 4.21; N, 5.34%.

The hydrochloride, derived by acid treatment of the
imine {(7.06g.) was basified with ammonium hydroxide (s.g.
0.88). The precipitated solid and basic scluticn were

thozreughly extracied with chloroform. Evaporation gave

the iszoquinclone as a bright yellow ssiid (5,78g.,100%),

An aliternative procedure used was to shake whe hvdzro-
chloride (7.64g.) with ammonia {200ml.) and to filter Hhw
inaaluﬁle hydrate. On drying at 100° overnight the isse
guinolone was obtained as a byxight yellow powdex {6.0g..
92%): overall yieid fyoem the aldehyde : 27%.

The isoguinolone was obtainsd with m.pg. Zajéza?og
raised to 251»2530 by crystaliisation from methancl.

¥ :
ma .,

(KC1) : Le62, 1648, L618, 1566, Luké, 1161, 1020 ow

(CHBrg) s 1661, 1650, 1618, 15356 cu .

12
R,

Yomy, (CHCL,) & 1663, 1652, 1619.5, 1559 et

=1

s
W

3 (Btoi1) : 248 mp {log & 4.76), 290 mp iafl. {log

nnE

L5%), 305.5 mp {log & 3.51), 317.3 mu {log & 3.53),

>

~3
u

<

39¢ mu (log € 3.63); (acid): 245 mp {leg e L.67). X

. .- ¢ . ~ ~ g e - et ) Ly sspes £ D opm e s

infi. {log s 3,90}, 315 my {leg e L.UOU}, 84 =mp {ieg o
iy = Y = » LY g W 2E T BENE 1111

ity ihased: 218, 290, 30E. 317, 399 my.
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¢ values : (CDClS): 2,20 {1H,s), 3.40 (2u,s), 3.45 {(L1,s},
4.04 (2H,8), 6.26 (31,s); (DMSO): 1.56 (LH,s), 3.07 (1H,
s), 3.22 (1H,s), 3.51 (1H,s), 3.91 (2H,s), 6.37 (3H,s);
(Cr,Co,H): 1.38 (1H,s), 2.54 (1H,e), 2.76 (1H,s), 2.87
(1m,8), 3.78 (2H,8), 5.77 (34,s).

Parent meolecular ion at m/e 203.

Found: C, 6L.94; H, 4.3L; N, 7.06

CL1H90 N requires: C, 65.02; H, 4.46; N, 6.89%%.

3

The isoquinolone formed a dihydrate of m.p. 23Z~»2380o

Y ax {Nujol) : 3250 {bread), 1665, 1620, L540 cw .

Found: C.54.955 H, 5.43;5 N. 5.87

Cllﬁgoan-zuzo reguires: C€,55.233 H, 5.48; N, 5.86%.

The isoqguinolone decolourised cold aguecus permangai
An alcoholic solution gave an immediate dsep zrad oo

with methanclic feryxic chleride. A bright Ted cnlouw

. . . . AC
was also pyoduced by rveaction with nitrous acid st §,
Attempis to hydrolyse the lactam with concenirated hydro-
chioriec acid, concentrated sulphuxric acid, or 10% scdiuw

hvdzroxide yvielded oniy alightly decomposed sitariting maisre
ial. The compound was recoevered unchanged from liguid

ammnonie, and from refluxing alcoholic hydragine hyvdrate.

iR

e

T addition there wag ne regsesion with ethereal diaze~

e TR N ey de e - . e e 3 [P
roost tampevature fox fthree dows,

zethane ather astanding 5%

Dimethoxy-2-methyi-3{2il}-isoquinolicne.
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N,Nmbimethyl—g95mdimethﬂxy—zeformylphenylacetamide
(1.00g.) was refiuxed on the steam-bath with 37% ethanol-~
ic méthylamine (50m1.) for two hours. Evaporation of
the solvent gave a highly fluorescent orange gum with

Yuax, 2% 1640 and 1600 cm“‘, but none ca. 1700cm‘i‘ Its

max wepre at 228, 238, 274, and 308 mg, shifted on acid-

ification %o 220, 247, 312, and 354 up. The observed

a2 A P

reversible acid shift {(+80 mp) is charactexistic of an

28

-

imine. ALl attempis to obtain the jmine in crystalline

state were unsuccessful.

The methyl luine formed in the above yeaciion was
warmed with 6N hydrochloric acid (30ml.)}. It dissclved

initially but after about one minuke the isoguinolons

hydrochloride precipitated from the het aclid seluniien as

a pale velliow solid (935mg. , 81%). Bazification and

chioreform extraction of the filitrate yielded only gammy

material which appeared from its speciral characteristl

P |

te be mainly aldehyde. The cryude hydroechlo

alitged from @GN hydrochloeric acid as pale yellow Tluify

needies, which tufned vellow on heating and sublimed to
s 5] - ;

nesdles ea. 120° ( elimination of HCL? ). with m.p. 22&-

3

23

L%y}
@

deconp. The solid was dried overnight at &5 .

{FHujol) : 3400 {b;“ad;,

B . ¢ E s
2 (E401} ¢ 2851.5 my {leg & L.80), 288 mu {log & 5.38).
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303 my (log e 3.54), 3i4 uu (log e 3.56), 394 mp (log e
3.46); (acid): 249, 306 infl., 314 my (log € 3.84), 364 my;
(base): as in ethanol.

Tt values (CF3002H): 1.20 (1H,s), 2.37 (1H,s), 2.58 (1H,s),
2.70 (1H,s), 5.70 (3H,s), 5.77 (3#,s), 5.81 (3m,s).

Found: C, 49.33; H, 5.98; N, 4.89
ClzﬁlBOBN.HCl.Hzo requires:C, 49.41; H, 6.18; N, 4.80
Cl2H1303N°2HCl requires: C, 49.34; H, 5.14; N, 4.80%.

A sample of the hydrochloride was dissolved in ammonium
hydroxide and the basic solution extracted with chloroform.
Evaporétion of solvent gave a bright yellow solid which
rapidly darkened and becams molst on exposure to air,
eventually turning a blood-red colour at the surface.
Attempted purification by direct sublimation or by sublim-
ation from the hydrochloride was unsuccessful, the latter
vielding a yellow solid, m.p. 20&=2210, decomp.; with a

tendency to form a glass and to undeirgo aerial oxidation.

2-Benzyl-6,7-methylenedioxy~-3{(2i{}~isoquinolone.

The benzyl imine, prepared by reaction of N,N-dimethyl-
2-formyl-},5-methylenedioxyphenylacetamide {820mg. ) with
benzylamine (370mg.) was treated, without purification,
with warm 6N hydrochloric acid (50ml.). The isoquinolone
hydrochloride crystallised almost immediately as a colour-~
less solid. Its soluticen in 4N scdium hydroxide was ex-

tracted with chloroform to give the iscquimnolone as s
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sticky yellow=brown solid. Trituration with cold ethanol
pave a dry yellow-orange solid (900mg., 92%). Crystallis-
ation from ethanol gave bright yellow needles, m.p.210-213°.
Y ax. (kc1): 1661, 1655, 1621, 1566, 1u48, 1261, 1165,

1026 cm‘l; (CHBrB): 1660, 1651, 1619, 15591cm-l-
M ax. (EtoH) : 252 mp (log € 4.84), 293 mp (log & 3.54),
307 mp (log € 3.70), 318.5 mu (log € 3.72), 401 mp (log €
3.72); {acid): 248, 308 infl., 319, 365 mp; {(base): 252,
293, 306.5, 319, 399 my.

T values: (CDClB): 2.26 (1H,s), 2.66 (5H,s), 3.34 (1H,s),
3.48 (2H,8), 4.08 (2H.s), 4.66 (2H,s); (DMSO): 1.55 {id,
s), 2.67 (5H,8), 3.12 (ilH,s), 3.27 (1H,s)., 3.52 {1H,s),
3.95 (2H,8), 4.70 {(2H,s); (CF3002H): 1.29 (li,s}, 2.46

(LH+53H,s), 2.73 (1H,s), 2.78 {1H,8), 3.73 (2R,s), 4.2%4

(2H,s).
Found: C, 73.38; H, L.79; N, 5,23
C17H1303N requires: C, 73.13; U, 4.66; N, 5.02%.

2-{p-Bromophenyl }~6,7-methylenedioxy=3{2H)~isoquinclone.

The p-bromoanil {585mg.) from N,N-dimethyl~2-Tformyi-
I, 5-methylenedioxyphenylacetamide was heated cn the sieam-

bath with a solution of 6N hydrochleric acid (i5mi.}

o)

water (1Oml.) for ten minutes. The isoquincione hydro-

3

enlaoiride crystaliised from the hot acid sclutiocir ag pal

R

1§

&

Av]
1

{(258mg. ,

fos

vellow needles {(1l60mg., 28%}. Further materia

5

f

L% was obtained by heating for a further 25 minutes.
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The hydrochloride (1l40mg.) was dissolved in ammonium
hydroxide (s.g. 0.88) and the basic solution extracted
with chloroform until colourless, Evaporation gave the

isoquinolone a2s a bright yellow solid (125mg.), exhibit-

ing a strong green fluorescence in solution. Two sub-
limatiomns at 2&40 and ¢.0kum. gave a bright yvellow solid

which sublimed with some decomposition ca. 250° to bright

o,

vellow needlies, m.p., 310-3L5 decomp.,

Yooy, (KCL): 1663, 1655, 1620, 1590, 1563, 1554. 1488,

1450, 1260, 1163, 1OLL cm *.

nax. {BtOH) : 252 mp {log & B.78), 2310 mu {log & 3.83},
321 mp (log = 3.86), 408 mp {log e 3.65): {acid): 2573.
31y infi., 323, 366 mp ; (base): 250,313, 323, K12 my.

t values {QF,Cogﬂ)z 1.30 {i8,5), 2.05 (2%,d, F=9¢/5.)}.

3
2.35 {(i¥,8), 2.51 {28.d, I=%c/s.), 2.63 {LH.s), 2.89
ilﬁss}s 3.64 (ZH=S)=

Molecular weight {iscthermal distillation): 2364 {ecaic.3hk}.

Found: _ C, 55.94; I, 3.22; N, 3.98

v < . 5 ; gl
CléﬁLOOBNHT reguires: ©C, 55.83; #, 2.91; N, L.07%.

AL AL AN T P b8 f T e W N

2-Hydroxy-6, 7-nethylenedioxy-3{2H)-isoquinolone.,

{a} N,N-Dimethyl-2-Fformyl=l,5-methylenedioxyphenylacet -
amide {320ng.) was dissolved in warm ethanol {5ml.} and
the selution treated with hydroxylawmine hydrochioz
{00mg. ) in ethanol {hmbl.}. After warming on thée astonu-

baith for one wminute a crystalliane scolid separaited. Own
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cooling, the isoquinclone hydrochloride was obtained as
a light brown solid (235mg., 71%), subliming above 210°
to yellow needles, m.p. 277»2790

v values (DMSO) : 1.08 {(1H,s), 2.83 (lH,s)., 2.94 (iH,s),
3.04 (1H,s), 3.84 (2H,s).

Crystallisation from a very small volume of dilute
amnonium hydroxide and washing with cold water gave vellow
needles, m.p. 282-285°, purified by sublimation at 190°
and C.0lum. as a pale yellow scolid, m.p. za5c286°. The
compound appears to be thermochromic, being bright yvellow
when hot.

Viax. (KCL): 1647 {broad), 1617, 1554 sh., 1527 sh..

1510, 1161, 1021 cm™t.

e, (EtOH): 216.5 mu {log & 4.78), 290 mp {leg e 3.81).
303 mp {log & 3.75), 314.5 mp {log e 3.76). 393 mp {(icg ¢
3.62); {acid): 2u5, 305 infli., 313, 365 mp ; {(base): 217,
308, 317, 373 infl., 39L mp.

¢ values: {DMSO): 1.32 {LH,s), 3.02 {(iH,s}, 3.17 {lu,s),
3.39 (iH,s8), 3.94 (2H.s). L.16 (CH?) ; (cpgce H

}
{(iv,8), 2.39 {1H,;8)}, 2.68 {1H,2), 2.75 {(iH,s8), 3.70 {2H,s).

Found @ C, 58.69; ¥, 3.8L: ﬁ, 7.04
C. “7OLN reguizress C, 58.53; H, 3.41l; N, 6.83%.
{b) Treatment of alcoholic solutions of either the

oxime or oxime aceitate from N, Nedimethyl-2=formylel 5=

methylenedioxvphenyiacetamnide with a few dyreps of dilute
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hydrochioric acid caused rapid precipitation of the
isoquinolone hydrochloride as pale green needles,
identified by m.p. (274-279°) and infrared spectra.
Attempts to hydrolyse the isoquinolone with 10% sodium
hydroxide or concentrated (36N) hydrochloric acid were
unsuccessful. The isoquinolone gave a blood-red color-
ation with ferric chioride and also formed a bright red

nickel complex,

6,7=Dimethoxy~2~hydroxy-3{24)-isoqguinolone.

(a) The oxime (285mg.) of N,N-dimethyl-l,5-dimethoxy-
2-formylphenylacetamide was dissolved in warm ethanol
(12ml.) and 6N hydrochloric acid (6ml.) added. A pale
£green celour developed initially, but changed to pale
orange after standing overnight at room temperature.

The solution was extracted with chloroform. Evaporation
gave a pale pink solid {225mg., 954, assuning uncharged

isoqpinoloneg, A sample was crystallised from 6N hydro-

chioric acid as colourless needles, which were dried
overnight at 70«750, giving a pale yellow solid, subliming

above 1650, with m.p. 216°5~221°, decaomp.

Found: C, 54.76; H, L5.80; N, 5.64
01131104N°“Cl requires: C, 5;.26; Hy, L.663 N, Sl
Cll”lloaw requires: C, 59.73; H, L4.98; N, 6.33

40% loss of HCL req's: C, 54.65; H, 4.79; N, 5.80%.
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The N-hydroxyisoquinolone was obtained as a bright

yellow solid, subliming above 190°, with m.p. 218-222.5°,
decomp., by sublimation from the analytical sample of
the hydrochloride at 150-200° and O.lmnm.

1

¥oax, (Nujol): 1655, 1635, 1580, 1550, 1525, 1510 cm .

max. (EtOH) : 251 mp (log & 4.64), 305 mp (log & 3.69),
31y mp (log € 3.69), 390 mp (log e 3.48) ; (acid): 249,
306 infl., 315, 364 mu ; (base): 252, 305, 316.5, 389 mp.

v values (CF coan) : 0.96 (1H,s8), 2.30 (1H,s), 2.55 (LlH,

3
s), 2.65 (1#,s), 5.80 (3H,s), 5.83 (3H,s).
Parent moiecular ion at n/e 221.

Found: C, 59.48; H, 4.94

ClL“llOQN requires: C, 59.73; H, 4,.98%.

{b) N,N-Dimethyl-i,5-dimethoxy-2-formylphenylacetamide
(880mg.) was dissolved in warm ethanol (30ml.). To this
soclution was added a solution of hydroxylamine hydro-
chloride (1.25g.) in 50% aquecus ethanol (4Oml.). The
mixture was warmed gently, allowed tc stand at room
temperature for four hours, and then extracted with
chloroform. Evaporation of sclvents gave the isoquinol-
one as a yellow solid (722mg., 93%), m.p. 210-220°,
decounip, , subliming rapidly to needles and turning bright
vellow above 1900.

The isoquinolone formed a bright red nickel complex.

It was also susceptible to aerial oxidation, the surface
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of the material darkening fairly rapidly on exposure

to the atmosphere,

2-Aminc-6,7-methylenedioxy-3(2H)-isoguinolone.

The crude hydrazone, formed by reaction of N,N-
dimethyl-2=formyl-4,5-nethylenedioxyphenylacetamide
(L.32g.) and excess ethanolic hydrazine hydrate in ten
minutes, was heated on the steam=bath with 6§ hydro-
chloric ecid. Initielly the solid turned a bright
orange colour. The orange selid was heated with excess
hydrochloric acid on the steam=bath for fifteen wmins.,
during which time it gradually dissolved to give &
pale green solution. This was cooled and basified with
kN sodium hydroxide. A bright yellow solid precipitated
at this point. The so0lid and solution were extracted
with chleroform. Evaporation of solvent gave the

isoquinolone as a bright yellow solid (l.Oag.. 9&%),

n.p. 220»2420, deconp. Crystallisation from ethanol

gave orange=yellow needles, a.p. 222a234°, decomp.

Yooy {KC1) : 1659, Léli, 1541, 1u54, 1252, 1162, 1037
em™t., (CHBr,) : 1662, 1652, 1610, 1546 cn”t,
kma}g (EtOH) : 250 iy (lOg € ll"sl); 293 Mt , infl. (]_Og’ [3

3.50), 307 mp (log & 3.71), 318.5 my {leg & 3.73), 40U mp
(leg ¢ 3°71); (acid): 248, 307 infl., 318, 357, 367 mu;
(base): 250, 307, 318. 398 mu.

¢ values (DMSO) : 1.53 (lH,s), 2.99 {(LlH,s), 3.24 (1H,s),
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3.52 (14,s), 3.95 (2H,s8); (CF3602H) : 1.04 (lH,s),
2.40 (1H,s), 2.67 (1H,3), 2.74 (1H,s), 3.67 (2H,s).
Found: C, 59.00; H, 3.98; N, 13.33
10H803N2 requires: c,'ss.az; Hy, 3.92; N, 13.73%.
The compound is only sparingly soluble and compares

in most of its properties to 2-hydroxy-6,7-methylenee-

diexy-3({2H)~iscquinelone.

2=Amince=¢,7~dimethoxy-=3{2H)-isoquinglone.

Similarly, the crude hydrazons cbtained from
N, Nedimethyl-l, S5-dimethoxy-2~formylphenyviacaetanide
{1.43e.} was heated with 6N hydrochloric aeid (50ul.}
on the siteam<baith Tfor ca. 30 minutes. On ceoling to
0° coelouriess needles (1.30z., 8§9%, assuming a mono-
hydrochloride, 78% assuming a dihydrechloride}
erystallised fr@ﬁ the soluticon. Successive erysitall-
isations from 6} aydrochloric acid affoyded pale yvellow
neaedles, m.p. l97~2070, decomp. These were dried
overnight at 550, The hydrechloride was found te be
hvgroscople.
Yoy, (Nujol) i 3406, 3200, 2540, 1880 (broad), 1840,
1625, 1575 em™ .
A ax. {EtOH) : 251.5 wg (log & 4.82), 308 mue (log & .50 ).

- . " . - e
316 my {log & 3.86), 371 o {log e 2.4k}, 402 my {log ¢
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v values: {DMSO): 0.97 {lH,s), 2.60 (2H,s), 2.72 (1id,s),
6.05 (3H,s8), 6.13 (3H,s); (cpjcoza)z o.84 (iH,s), 2.23

(18,s), 2.48 (1H,s), 2.59 (1H,8), 5.75 (3H.s), 5.78 (3H,e).
Found: C, 47.93; H, 5.67; N. 10.15

.HC1.H,0 requires:C, 38.08; H, 5.46; N, 10.20%.

C11M1295%,- 2
The isoquinolone wes obtained from its hydrochloride
by basification { ammonium hydroxide ) and extyraction
with chieroform. It was found to be vexry susceptible
t0o aerial oxidation &nd readily decomposed. It did notb
crystallise from zommeon organic solvemnts and could not

be sublimed.

Ymax {Nujel): 3300, 3220, 1670, 1650, 1540 cm .

6, 7-Methylenedioxy-3{2H}~ieoquinoione.

¥, N-Dimethyl-R-Fformyl<l,5-mathylenedioxyphenviacavamidsa

{L.45g.}) was dissclived in warm ethancl {10mi.} and 0.88
ammonium hydroxide {70ml.) added. The mixture was aliowed
o .

Yo stand svernight at woom itempsrature, The precipitaie

was Tilterved and dryied to give the igoguinclone as a

nriight vellsw seiid {(1.13g., 97%). The optimum reactlion

Lime was ten hours: the yield after two houws was onliy
4,%= The reaction was also carried out in the absencs
of ethanol, but theAyield was uwnaltered. The bright
and 6.05mum, asg

vellow sollid was sublimed &t 180185

hrisht vellow prisms, H.p. 28HL-285 .
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E (Etor): 246.5 mu {log & 4.70), 288 mu infi. (log =
3.55), 301 mp (log e 3.53), 313 mp (log e 3.57), 354 mp
(log & 3.35), 396 mu (log e 3.54); (acid): 243, 306, 3iu,
357, 368 mpu; (base): 247, 372 mpu.
¢ values: (DMSO): 1.50 (1H,s), 2.78 (lH,s), 2.99 (1H,s),
3.29 (1H,s), 3.91 {2d,s): (CFBCOZH): 1.2y (14,4, J=6¢c/s.)
2.7 (14,8}, 2.40 {(iH,s), 2.72 {iH,s), 3.68 (2H,s).
Parent molecular ion at mfe 189.
Found: C, 63.80; H, 3.8%; N, 7.61
010H70JN reguires:; C, 63.49; H, 3.70; N, 7.L1%.

Evaparatién of trifiuvovcacetic acid from the n.m.r.
sample gave évcalau?less solid, m.p. 168w17209 buv
rogolidifying as bright yellow prisms which decomposed
slowly above 2&00 and rapidly above 27@0.

The iscqguinolone was found ic be highly inscluble,
especinlly in organic solvents. It formed a colouxrlisas

hydrated hydrochloride (needles), which on drying a%

SOuéGO turned pale yellow, with m.p. 270*2720.

}9

% values (DMS0}: 0.65 (NU?), 1.17 (iH,s}, 2.54 (1§,

5]

2.68 {1H.s}, 2.70 {1H,s}, 3.75 {(2H,s).

Foond: (1) C, 54.28; H, 4.06: N, .41
{i1) C, 53.89; H, 4.20

~
<

a”HmOBN.H01 requires: C, 53.23; H. 3.55; N, &§.2%i%.
203 7

- LS
A A e am g +3 - ey (ﬂ‘ﬁ‘ Fran T} -
ATter dyyiang at 60 for 72 hou

s}

t

rs the hydroechieride

*

gliminated HC1 gompietely and the lactam was recovaerad
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as a bright yellow solid, m.p. 2850

The isoquinolone formed a sodium salt on crystal-
lisation from dilute sodiuw hydroxide. This crystai-
lised as pale yeilow plates, m.p. not less than 360°

and gave a yellow flame test.

Yoax. (Fujol): 1640 {weak), 1600 {strong) cm™ L.
Found, assuming residue to be sodium carbenate:

C, 53.263 H, h.k5; N, €6.86; Ha, 10.38%
C h 0,WNa.H O requires:

63

C, 52.41; H, 3.49; N, 6.11; Na, 10.04%.
& sample wasvreceaveyted te ﬁhe hydroc&iurid@ by
e%yaﬁaiiisatien froam 6§ hydroehloxriec acid as coelaouviess
aeeéiees having an i.v. specstrum identdcal to that of
the materid @1Adea ribed previcusly. Th@ sodium salt io
only sparingly scluble in waier. The iscquinclone
also formed Lithium and potassium salts in sismdlax
manney, the laitter being much more soluble,

The iscoquing lone was vecovered unchenged after

three days at Teom tempsrature wiith excaon

Aé@methmn@ in ether. As with the Nemethyl eompound
3% gave bright vad colours with fervic chloxide amd
with nitrous acid atv Oeg and decolourigsed cold aquesud
permanganate. Attempted hydrolysis with 10% sodium
hydroxide or comcenitrated sulphuric acid yielded oniy

. s ‘s
tha corrssponding salis,
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6,7-Dimethoxy-3(2it)~isoquinolone.

N.N-:Dimethvl— «Bedimethoxv.2_farmyl phenylacetamide
ﬁ,7~D1methaxyej%2ﬂjnisoquinolone. yop 4

(1.53g.) was dissolved in warm ethanol {30m1,) and 0.88

ammonium hydroxide (50ml.) added. The mixture was
allowed to stand overnight at room temperature and was
then repeatedly extracted with cold chlioroform.
Evaporation of solvent gave a pale yellow fluorescent
solid {1.2lg. 97%), m.p. 235-245°, decomp. A sample
was sublimed at 175—1800 and 0.02um, as bright yellow

prisms, m.p. 236=2h5°, decgonip.

. o "
Yoax. (kcl): 1656, 1538, 161y, 1580, 1560 cm ~;

| _ | »
(CHBr,): 1650, 1635 cm o (cuc1,): 1653, 1637 ca™ .
A (Et0H): 252 mu {log & 4.66), 287 mu infl. (log e

mnax .,
3.46), 30L mp (log e 3.46), 314 wp (log e 3.46). 393 up

(log & 3.57); (acid): 249 mp (log e L4.52), 306 mp

(log & 3.49), 313 mu (log e 3.54), 364 mu (log & 3.62);
(base): 250, 277 infl., 372 mp. '

t values: (00013): 1.75 (lﬂis), 3.14 (lﬂ,s),.BOZQ (1H,s),
3.27 (1H,s), 6.01 {3t,8), 6.05 (3H,s}); (DMSO): 1.43
(if,s), 2.75 (1d.s), 2.96 (1H,8), 3.25 (1H,8), 6.10
(34,8), 6.1k (3H,8); -(CF3002H): 1.08 (iu,d, J=6z/s.),
2.7 (1H,s), 2.41 (1H,8), 2.59 (1H,s), 5.72 (3H,s),

5.76 (3H.s).

Parent molecular ion at m/e 205.

Molecular weight (disothermal distillation): 362, 377,
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373, 368, 385, 401. (calec., 205).
Found: C, 64.65; H, 5.68; N, 7.05
°i1H11°3N requires: C, 64.39; H, 5.37; N, 6.8%%.

Since the isoquinolone is susceptible to oxidation,

chlorcfoxrm solutions gradually turning red, it wvas
necessary in its preparation to limit the reaction
time to about ten hours.

Like the corresponding methylenedioxy compound the
isoquinolone formed a hydrochloride and a sodium salt
(v

n.m.r. sample by evaporation of trifluorcacetic acid

may . L1600 cmal)o The material recovered from the

was a colourless selid, m.p. 1850, decomp., subliming
to needles, w.p. 212a2186, decomp.
(NUJOI)S 27009 20509 16909 161}0, 12009 1—1809

1160, 1140 cm™ .

v
Hiax.

The isoqguinclone gave no reaction with diazomethane.
Attempted reduction with lithium aluminium hydride in
refluxing tetrahydrefuran gave only tars, as did
reactieh with refluxing phosphorous oxychloride.
Overnight reduction with lithium aluminium hydride at
Toom temperatﬁre gave a pink gum which formed a semi-
solid hydrochloride. ‘the latter rapidly decompesed to

a tar.

3-Acetoxy=-6,7-nethylenedicxyisoquinoline.

6,7-Methylenedioxy-3(2H)}~iscquinoione was refluxed
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for four hours with excess acetic anhydride. The
initial bright yeliow colour rapidly faded to give
an almost colourless solution. Evaporation under
reduced pressure gave a quantitative yield of pale
brown needles, m.p. 133~135°. Crystallisation from
ethyl acetate-petroleum ether (charcoal) gave the
acetate as colourless lesaflets, m.p. 13hm1360.
(Kc1): 1758 sh., 1746, 1601, 1238, 1208, 1143,

1032 en”t; (CHC1,): 1767, 1752 sh., 1602 em”t,

v
max.

A ax. 235 mp {log & Lo.ho6), 265 mu (log & 3.66),

278 nu (log e 3.65), 287 mp infl. (log e 3.62), 317 mp
(log & 3.5L), 329 mp {log & 3.53).

On standing at rcom temperature the solution gradually
exhibited a return %o the chromophore of the parent
isogquinoclone énd the charascteristic blue fluorescence

of the latter. e.g. after 2} hours: 235 mp {(log & 4.52),
392 mu {log ¢ 2.98}; after g% hours: 392 mp (log € 3.28);
after 22 hours: 392 mp {(log & 3.40).

¢ values (c»s;B)z 1.26 {(18,8), 2.78 (14,8}, 2.87 (1,8},
3.01 (ibg e 1H,s), 3.96 {2H,8)}, 7.66 (3H,s).

fligheat molecular ion at w/e 189.

jolecular weight (isothermal distillatiom): 249. (eale..

231).
E‘Ou‘nd: C‘J 62-595 H'i 399&; ﬁ, 6005
3 H, 3.92: N, 6.06%.

CIEHQOaE requires: €, 62.3
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The acetate was hydrolysed only slowly on shaking
at room temperature with water or dilute aqueous base,
but was converted rapidly to the isogquinolone hydro-
chloride on»treatment with dilute hydrochloric acid.
The formation of the acetate was shown by t.l.c. to
occuyr on treatment of the isoéuinolone sodium salt

with acetyl chloride.

J-Acetoxy-6H,7=dimethoxvisoquinoline.

6, 7-Dimethoxy-3{(2H)-isoquinolone reacted with hot
acetlc anhydride to give the corresponding acetate as
a light brown solid, Crystallisation fzom peiroleum
ether gave an slmost ecclourless crystalline solid,
v . {Wujol): 1760 em™t,
Moy, | 239 mp (log e haGh)y, 268 mu {log & 3.67}),
250 my {log ¢ 3.62), 291 mu (log & 3.57), 315 wu (log ¢
3.45), 327 mp {log & 3.46). After standing at room
teuperature foxr 2i hours the maxima were positioned
at 2453, 3@3, 328, and 392 mpu.
v values {CDCL,): 1.15 (iH.s}, 2,72 (1H,s), 2.83 (1=
5}, 2.98 (ifi,s), 6.02 (6H,s), 7.65 {(3I8,8).

The acetate was hydreiysed by 10% potassium

)

hydroxide at 1000 for L heour, the potassium salt

24

eryatallising from the coeled zeaction mixture, the

.,

isoguinelcene being raecovered by seldificztion,
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rebasification (NH, OH) and extraction (CHCIB).

4

Methylation of 6,7-methylencdioxy-3(2H)-isoquinolone.

' The isoquinolene sodium salt (350mg.) was refluxed
vigorously with redistilled methyl iodide (35ml.) for
five hours. The sclution was then evaporated to
dryness, vielding a dry yeilow powder. The residus
was thoroughly extracted with hot chlioroform.
Evaporation of sclvent gave a bright yellow powderxy
solid (2u0mg:, 77%). A ssampie of the product was
sublimed at 165Q and 0.07mm. a8 & bright vellow seolid,
with an infrared spectrum {in Nujol) identical to that
of Nemethyl-6,7-methylensdicxy-3{2H)-iscquinolone. A
mixed m.p. with a semple of the latter prepared fzom
the methyl imine gave m.p. 3h2m3500¢ both subliming
as biright yelliow prisms. Further proof of theldr
identity was provided by t.1,s. {10% methanol/chloro-
foxrm). The uliraviclst abscrptions of the alkylation
preduct in neutral and basic medis were superposable
{ 250, 291, 306.5%, 31§. and 400 mp }. The intense
Muorescencs and incrsased selubility in chlerofowm
e¥ the product wers also characteristie gf the

Hemethyl dexivative.

Ragotion of ﬁQﬂmdimmﬁhvim&g5wdimath@xymzaformylphegy%m

Vedlimethvl-Z~Tornylek, 5-methylenedicxy-

T

sh ommonds,
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A mixture of the above two aldehydes {600mg. of sach)
was dissolved in warm ethancl {15mli.} and the soclution
treated with excess (35ml.) ammonium hydroxide {s.2.0.88).
On standing overnight 6,7-methylenedioxy-3{2H}~isoquinol-
one»(290mg.. 60%) was precipitated and identified by t.l.c.,
i.r., and m.p. Chloroform extraction of the filtrate
gave predominantly 6,7-dimethoxy-3{2H)-isoquinclione {330mg.,
67%), identified by t.l.c. and i.r. In neither fraction

was it possible to detect (t.l.c.) & third product.

Irradiation of 2-methyl-§,7-methylienedioxy-3(RH)-isoguinclone.

{2) A solution of the isoquinclone {230mgz.} in ethanol
(75ml,)} was irradiated for 48 hours ueing a Hanovia
mercury vapour lamp as source of ultrsviolet radistion.
The sclution was concentirated and the inscluble colour-
less cryst&;line solid (47mg.)} filtered. Evaporation of
the filtrate yielded only intracitable guumy material.
The solid product was cnly very sparingly soluble in
ethancl ( it precipitated from the refluxing reaction
solution ). It had no true m.p. below 333%, but slowly
deccmposed at high temperaturas. |
(Nujol): 1660 em~t,

wmax .
max. ° 211, 251 infi., 297 mp, no shift in acid.

< A
¢ values (chco?a): 3.00 (2H,s). 3.90 {2K,s}, 4.90-5.00
{zH, broad), 7.17 {3d.s}.

The material resevered by evaporatien of the trifluere-




acetic acid from the n.m,.»., sauple showed stromg i.r.

absorptions at 1890, 177G, 1590, 1220, and 1160 cm-l.

(b) A solution of the isoquinolome hydrate (80mg.) in
ethanol (20ml.) was allewed to stand for threé days in
a position subjected to reasonably etzrong sunlight. The
precipiteted colourless solid was filtered and shown to
have the seme infraved spsctrum ags the product isclasted

above {(a).

l,gcﬁihydraezmmethyisé9?amethylanediaxyEBQZH)-is@qninolen@.

2-Methyl<6,7-methylensdiexy-3(2H ) ~isoquinoione {3.0Lg.}
was digsolved in 25% agueous eithancl {(130ml.} and
hyér@genated over Adams: catalyst {(400mg.} for Ffouxr howis.
The ecatalyst was removed by fildéwration thwough glass

o o
£

paper. Bveporation of zolvent fxem the filtrate shen
vielded & pale vellow gum whieh gradually crystallilssd
a6 @ pale cream-coloured solid {3.2%g.). Repeated

cergtalliisation from water gave the dihydre derivative

as vary pale gxeen, almost sclourliess needles, sublis’
U . ) R <
anove L3187, with m.p,. 136-3137 .

)

. e
UL,

KECL}: 1650, 1500, 1480, 1313, 1238, 1228, 102% om .
1

{
v (03013}3 Lou6.5 om

hd LY £ W
YR o
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Faund:' C, 64.68; H, 5.38; N, 6.90
cllﬁlloBN,requires; C, 64.39; H, 5.37; N, 6.83%.

The hydrogenation was carried out less efficliently
using 10% pglladium on chaxceal as catalyst and aqueous
acetic acid as solvent. Any great increase in the ratio
of water to ethanol caused precipitatien, and only partial

reduection was effected,

2=pmino-~1,h~dihydzro~5 qzawpthylenedloxy~34ah)~ soquinolione.

2-Amine~6,7-methylenedlioxy-3{28)-isoguinclons {(500mg. )
in aqueous ethancl {90ml.) was hydrogemated over Adams:
catalyst (60mg.) for thres hours. The solubtien was
filtered through celite and the almost colouriess aguenus
alcoholis solution comcentrated o low volume (10ml.}.

\

when an almost colourless solid crystallisead ous (335w .}

s

Evaporation of the wemaining solvent gave a sticky pinik

P

gublimed ca. 1g0°

&%

olid {130mg.)}. The crude produc

with m.p. 162=18209 decomp. A sample was sublimed at

-

?3 and C.02m:m. as a pale green crysialline solid,

f:n}

N . . . . fa
ubliging with some decomposition to needles above 165 .

@

wWith MmeD. 182m38609 decomp.., with some soitening f?on'“if
Yoo, (KCL}: 3326. 3208, 164k, 1623, 1616 eh., 1506, 143,

1332, 1230, 1036 em™*; (CHCL.): 1644.5, 161% em .

. yen £ R P Y - ~ Y S
A : 252 mp Anfl. (log & 3,611, 222.5 mp og & 2.00:.

MG .

re o« var e X 3}

Fownd e G, 285.7358: H, 4,67 N, 13.40
P v 1 o ~ ma o o3 r, 1t b 213 B Ol
uaﬁcaﬂoqwq reguireg: O, 58.2%33 H, L.&#853: W, 13.353%%.

- L @ =
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1,4-Dihydro~6,7~dimethoxy~2-hydroxy-3{2H)~isoquinolione.

6,7-Dimethoxy-2~-hydroxy~3{2H)-isoquinoione {(60COmg.)
was dissolved in 50% aqueous ethanol (100ml.) and
hydrogenated over Adams®' catalyst (75mg.) for 24 hours.
The solution was filtered free of catalyst {celite) and
the scelvents evaporated to give the crude dihydro

derivative as a light brown solid {520mg., 56%)}, m.p.

175aA9$OD deconp, A sauple was subliimed ad lgswl?ae
and G.05mz, and then erystallised from ethancl as very

pale green needles, Boftening at 1310, with m.p. 185-

197@, decomp .

LI {KCi): 3125 {bread), 1650 sh., 163%, 1615, 1523,
18%h, 1330, 1263, 1249, 1231, 1226, 1115, 1112 cm”l.

(CHCLB}: 3310 {broad), 1633 em~ L.

A s 221.5 mp {log & L.1L7}, 284 mp {log e 3.87)}, no
shift in acid.

Founds G, 39.128; B, 5.70; W, 6.30

‘y_qn 0. N reguires: €, 59.20;,%, 5.83; N, 6.23%.

ydrogenntions using agueouns acetic acid as sgolvent did
no® proceed cmoothly and gave Tise to amorphous produsis
ef very wide meliting range. ilération through eelid

appeared to cause partial decompesiticom of the material.

=

i h-Dihydre~§, F=dim: -docgquinolona.

¢, 7-Dimethoxy-3{28 ) ~icoguinolone {2.07g.) was dissslvaod
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in 15% aqueous ethancl {(120ml.} and hydrogenated over
Adams® catalyst (200mg.) for 5% hours. Filtration (glass
paper), concentration, and extraction with chloreoform,

gave the dihydroisoquinolone as an almost colourless

solid (1.98g., 95%). VUse of 10% palladium om charceal
as catalysi or agueous acetic acid as solvent resulted
in only partial reduction. The progress of reaction
could be followed by the disappearance of the characier-
istic fluexsscence of the starting material. Crystal-
lisation of the crude product from ethanocl gave yellow-
gxeen leaflets, subliming to prisus above 1800, with
m,p.291~203°, deecomp. Purification of = ssmple by p.l.c.,
followed by sublimation at 180c195° and 0,2mm. gave a
pale green crystalline solild, subliming above 17009 with
m.p,201»20g°, decomp.

3

¥oae. (KCl): 3190, 1688, 1658, 1610, 1519, 1249 cm .

{cxc1l.): 3492, 3205, 1672.5, 1658, 1612.5, 1517.5 cm

v
MBI,

3)*
Max. ' 230 mu (1eg ¢ 3.38), 285 mp (leg ¢ 3.56), no
acld or base shift,

% values (CDClB): 2,33 {1H, broad), 3.30 {2H,s), 5.50
{22, 4qa, I, = 5¢/8, I, = 1.8¢c/s.), 6.1 (6H,s), 6.45 {24,
o 3'2 = 1.30/80).

Parent molecular ion at 207 ofe.

Moleculasr weight ( isothermal distillation ): 237, 212,

207, 225. {(Calc. 207}.
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Found: G, 63.69; H, 6.01; N, 6.80
011H13°3N requires: G, 63.77; H9.6028; N, 6.76%.
Attempts to prepare this compound by chloromethyl-
ation of 3,4-dimethoxyphenylacetamide resulted only in
formation of l,5-dimethoxy-2~hydroxymethylphenylacetic
acid lactone.
1,4-Dihydre-6,7-dimethoxy-3{2H)-isoquinolone was
recevered unchanged after refluxing for six hours with

excese 33% alcoholic dimethylamine.

2-Acetyl-l h~-dihydro-6,7~-dimethoxy-3{24)-isoquincione.

1,4~Dihydro~6,7-dimethoxy-3{2K)~isoquinolone (100mg.)
was heated on the steam-bath with acetic anhydride {(5ml.)
for twe hours. The material dissolved almoest at once
to give a colourless solution. A pale yellow colour
devaeloped as heating was continued. The excess reagent
was destroyed by methanol. Evaporaticn gave a vellow
erystalline solid (117mg.) which crystallised from
ethancl {charcoal) in colourless prisms, subliming to

needlies above 1250, with mi.po 13?»1390.

T (KCc1) : 1697 {(broad), 1613, 1522, 1232, 1001 cm~i,
Yiax. (CHClB): 1712, 1703, 18ik em~l.
Mg, 1 236 my {log &8 3.59), 286 mu {log & 3.57).

¢ values (CDCL 3.1y {1H,s), 3.23 (1H,s). 5.10 {2H,s),

5)
6.1 (6H,8), 6.30 (28,8}, 7.1 (3dH,s).
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Found: C, 62.79; H, 6.07: ¥, 5.33
ClsﬂlsouN requires: €, 62.65; H, 6.02; N, 5.62%.

The acetate was not readily hydrolysed by warm water,
but was rapidly hydrolysed %o the parent lactam by dilute

sodium hydyroxids.

2~M§thy1=6a?»methylenedioxyigoquinclinealQj,aatriene.

{(a) By oxidation of N-methyl-2-hydrexymsthyl-l,5-methyl-

enedioxyphenylacetsmide.

(1) The alechol (i80mg.) was dissolved in slightly
squeous acetone {20mL.) and the solution shaken for L8
hours with manganese dioxide {2g.). Filtration and
evaporation gave a bright yellow sc¢lid, which sublimsd
above 1909 o needles, m.p. 216-220°, A sample was
ﬂublimed,&ﬁ~16@=180° and G{Oﬁmm. as a bright yellow
s0lid, m.R. 225m226.500

v (¥Ci): 1725.%, 1692, 1675, 1627, 161ih, 1593, 1502,

WEI .
1

iu24, 135k, 1332, 1323, 1073, 1023 em ., (CHGLB):

3790 (w), 1701 {m}, 1683 {e), 1616, L605, 1596 om T,

bl

: 227 my infl. {leg ¢ 3.84), 267 mu {Log & 4.4},

RigEL .

397 mp infi. {(leg ¢ 3.21), 374 =y (log & 3.37)., mo -

shift in aeid.

e s : ; LY 2 frnt o ¢ .
6.5% {34,8); {CFQQOPQ;: 2.5 {15,8), 2.30 {(1H,s8),
Ve

e T o 3T ,
3,70 {2H,s8), 6.4L {3H,s}.

%
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Parent molecular iom at 233u/e.
Found: C, 56.87; H, 3.28; N, 6.13

011H705N requires: C, 56.65; H, 3.00; N, 6.01%.

A solution of the %$ricne in methancl was mixed with
a methanolic soiution of 2,gmdinitrophenylhydrazine.
On warming the mixture a very bright orange precipitate
formed., Thie had ne trvue m.p. below 3500, but slowliy
decaomposed above 3306. It fallied to crystalilise from
the common organiec solvents.

LS {diozane}: 224 mu {log & L.2L}, 254 my {log e L.20),

285 my infl. {log & 4.0%), 3230 mu {log = 3.8k}, 38H mp

¥

infi. {log ¢ 3.46). hh2zuu {log s 4.25).

oy

ii) The alcchol {1.19g.) was disesolved im pyridine
{40m3.,) and the solution shaken for 30 hours with
manganese dioxide {12g.). The reaction mixture was

iisered through celite and ithe vesidues washed well

o

e:."

e

with hot chlorofczm. The crganic solution was exiracis
with 6N hydrcehlovie acid, then washed with watey and
dried. Zvaporation gave a bright yellow solid {750mg.}.
with @.p. 125»19&0. Traatmenit of aﬁ ethanclie secludicn

of this materisl with dilute awmoniuvum bydroxids oy dldiuis

sedipm hydrexide zt room temperature for several hours,

ferliowed by diiudd

peve welstively pure Z-methyl-b,7-methylenedioxy-3 {2H}-

o

isoguinolone (i80mg.). identified by t.l.e.




129

conversion to thé hydrochloride. T.L.C. indicated that
the main oxidation product was the same as that in
reaction (i) above, and also showed that the N-methyl
3-isoquinolone was present in both crude products.

A repeat reactlion was followed by means of t.l.c.,
aliquots being withdrawn at regular intervals.
% alcohnel gradually deersased: none left after 18 hours.
% isoguincione gradually increased: present after 1 hour.
% trione gradually increased: only in the later steges
of the reaction, being present in appreciable amount

enly after & kours.,

{b) By oxidation of 2-methyl-6,7-methylenedioxy-3{2H]}~

isoguinolone.

{1) The iscquimnelone {(50mg.) was disselved in chloxo-
form {10ml.) and shaken with manganese dioxide (ig.)

for six hours. The normal work-up gave 8 yellow selid
which was submlitied %o p.l.c. {109 methanoi-chloreforam).
Extyaction of the least polar fraction (viasible yvellow
onlour) gave a bright yellow selid {20mg., 35%). subliming
o0 needles above 1800, with m,p, 222n22a°, and shown %o

e identical to the isogquineline trione igolated in

vy

prosence of a trace of the iviome afier cenly fifieen
segonds. The characterisitlc fluorescence of the isequine-

clnnsg was alwmest coempletely guenched afteoer three minuies.
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2-Pyridone and N-methyl l-iscquinolone were unaffected

by manganese dioxide under similar conditions.

(i1) fThe effect on the isoguinolone of air and of light

with or without the addition of manganese dioxide was

studied by placing samples (1-2mg.) dissolived in chloro-

form (0.5ml.) in a2 series of ignition tubes and allowing

to stand at room temperxature for 72 hours under the

conditions indicated in the table below.

Conditions

ALR LIGHT

- o+
+ -
< +
s -

&

Mual

PN

i

Reaction products {t.l.c.)

Isoqguinolone
main component
aain component
main compounent

none

appron. 50%

none

Trione
none
small apount
trace
main compoenent
approx. 50%

approx. 1009

These results show that the oxidation pyocess cccurrad

to the greatest extent in the presence of manganese

dioxide., was catalysed to & considerable extent by lizht,

but was retarded in the absence of oxygen.

{c) By oxidation of l,4~dihydro-2-mgithyl-6,7-methylens—

dioxy~3{28)-isoquinolena.

xidation of ths dihvdroilsoquinclomne {(230mg.) by

PR

324

Fd

shoking & seolubilen in chlexoform (20mk. )}
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dioxide (2g.) for 13 hours gave, after p.l.c. (L0%
methanol~chlorefoim}, 6,7-methylenedioxy;soquinoline-
1,3,4=-trione (3img., 12%), together with a fraction
(123mg.) cemprising wmainly starting material, but contain-~
ing about 10% triome. Small amounts of the parent iso-
quinoslone were also present.

The trione wasa alse formed by asrial oxidation of
the dihvdroisoquinclone in chloroform solution oxr in the

solld state.

607wDimethoxyisequinalinewiﬁ39@=€rione.“8

%, 7-Dimethoxy-3{2H)~isoquincions {260mg.), crystallisecd
from waterbas.brigh% yveliow needles, was dissoivéd in
chleréform {30m1.) end shaken with manganese dioxide a¥
roém témper@ﬁure for 74 hours. Filtration and evaporation
gave a dazxk green gummy regidue. Preparative t.l.c.

{10% methancl-chiorsferm) showed the presence of at least
22 components, but ailowed the isoletion of a discrete
rvellow hané with Rf ca. 0.8, This vielded a bright velloe
seiid (1Smg., 6.4%}, @.p. 250-258", decomp. Attempted
purificaticon by sublilmation at 220% and 0.0Zmm. gave o
yalliow 531id5 [ I 22@m24999 decomp. The compound won
purified by p.l.c. and was obiaivnsed as a bright yelicw
#03id, gsubliming to needles ahove 190%, with m.p. 267~
70T, decomp. This is in accord with the reporied m.p.

Y,

p , . ) ~ ) vy ;
i nuhiilming to needles ca. 200 wieh wm.p. 209-275 . dee. ),
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Ymax. {(Nujoi): 3250, 3100, 1720, 1700, 1685, 1575, 1520
om L,

lmax. ¢ 207 infl., 233, 264, 337, 370 mu, ne change on
acidification.

« values (CF,CO,M): 2.00 (1H,s), 2.07 (1H,s), 5.76 (3H,s),

3
5.79 {(3H,s).

Reaction of sodium hypochlorite with L,Lhk~dihydro~6,7~

dimethoxny-3{2H)-isoguinolone.

The dihydreo juinolone (80mg.) was txsated with

;uh

50

P

freshly-preparad 1H sodium hypochlorite (Eml.), Aftew
shaking a¢ reom temperature for 20 houxs the mixnture
waz heated on the steam-bath for 25 minutes. Light

reen plates {S5hmg.) crysiallised on ccolimg. These had
read), 1640 {weak), and 160G
avy depesit on burning
{veliow fiame). On acidificasion with dilute hydro-
chinric acid 2 pale yellow solid was obitalimed. This kad
iox. mazima at 355G, 3400, 2700 {breoad}, 2100, and 1440
em ., and torned bright vellew on heaiting above 190

Gt =@ . .
subiiming to prisms, m.p. 292-29¢5  , decomp. Un basifi-

L)
<)
p.;
e
@
g
@
£
o
e
€@
=
[
3
Q
H:
3

with ammonium hydroexide,

0

258

(]
fag
&
%)
e
3
[
A,
3
]
&
(8
3
-
o
¥
Paia N
@
=
oy
Eoed
v
I:;
=
];‘Q
k]
4]
[}
3
i
r-m)
3
R
]
o>
N
9
LR
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Miax. (E®OH): 255, 293, 308, 322, 257 infl., 414 wp;
(acid): 253, 310 infl., 321, 373 mg; (base): 252, 283,

294 infl., }83 mp .

1,4=-Dihydro-2-methyl-6,7-methylensdioxy-3{2H)~isoquinolone.

(a) From 2-mathyl-6,7-methylenedioxyisoquinoline-1,3,4~

trione.

The trione {30mg.) was suspended in 6N hydrochloric
acid (15ml.) and zinc powder (300mg.) added. The mixture
was heated on the steam-bath until colourless (ca. 10
minutes) and was then allowed tc stand at room temperaturs
for & furither 90 minutes, The acid solution was filtered
and basified with asmmonocuin hydrexide. Chloroferm extract-
ion of the baslc sclution afforded a gum which solidified
to give a cream-coloured soiid (25mg.). This was shown
by t.l.¢c. to be a mixture of twoc compounds, the major
preduct being the dihydroisoquinolone, previously pre-
pared by catalytic reduction of Z-methyl-6,7-methylene-
dioxy-3(2H)-isoquinolone. The second, minor component
was the isoquinolone itself. No ¢trione survived this
treatment. A sample of the dihydroisoquinoclone (15mg..57%)
(characterised by i.r., u.v., and t.1.c.) was isolated
by p.i.c. (10% methanol-chloroferm) as a colourless

soiid, m.p. 131-135%.

{b) Pyrom meethyluéC7mmetnylenedioxy~3(2H)»isoquinglone.




(1) The isoguinolome {100mg.) was suspended in 68
hydrochloric acid (20ml.) and the mixture heated om
the steam-bath with zinc powder {lg.) for one hour,
eventuaily yielding & colourless sclutiom. The
solution was cegsled, filtered from residual metal,
and the filtrate basified with ammonium hydroxide .
GChloroform extraction of the basic solution vielded
& vellow-green gum (90mg.) which sclidified., Prepar-

tive t.1.0. of the s0lld materizl afforded 2 non-

jAs]

fluorescent nen-polar fraction which yvielded the
dihydroisoquinoleone as a cream-coloured solid {(§7mg. .
6674, subliming to nesdles abeve 110°, with m.p, 13k~

o ] .
1357, characterised by 1.7., 2.¥v., and t.1l.c,

g
1%
b
&
[ ]
Py

ution of the isoguinclons (100mz.) in

i%ml.) was treated with sodium borohydride

5
by
o
o
@
i:i
2]
P
#N

LR

{#50mg.} at room temperature for 30 minutes, then

for 15 minuitea. The mixbure was poured into

acted with chiorxeform to afford a

solid {(96mg,}, shown by t.l.c. to he eu.
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e colourless solid (60mg., 59%), identified by m.p.

(13351370)’ i-r., &nd N.sMe.T.,

2-Methylo6,7umethylensdioxy—l,2,Q,n~tetrahydroiso-

‘quinoline. (Hydrohydrastinine).

(a) Frem 1,k-dihvdre-6,7-methylenedioxy-3{2H)~-is0~

guinolone.

& soliution of the lactam (550mg.) in sodium-dried
tetrahydrofuran (60ml.) was added to a stirred sus-
pension of lithium aluminium hydride (1.5g.) in anhyd-
rous ether (L00ml.). The mixture was refluxed under
nitrogen for 15 hours, cooled, dry tetrahydrefuran
(QOml.) added, and reflux then continued for a further
I hours. After cooling, the excesa rgsagent was
deatxoyed by the cauticus addition of ethyl acoetate
and the complex decomposed with water. The organic
laver was dgcantad and dried. EBvaporation gave =a
pale yellow oil {S50lmg.)., which had ne carbonyl and
no strong NH or OH sbsorptions and was shown by t.l.c.
to contain one major compenent and ne starting mater-
ial. The product was isoclated by p.l.c. (10% methanol/
chlorofarm) as ecolourliess noedles {#25mg., 83%),

m.p. 57-61°, It was shown to be idemtical to a
sample of hydrohydrastinine prepared in (b) below,

by mesnad of $.1,8.. L.%., Wm.D., and identidty of the
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i.r. spectra of the colourliess hydrochloridea prepared
from each.

t values (CDClj) cf the base: 3.43 (1H,s), 3.52 (1iH,
s), 4.1y (2H,s), 6.54 (2H,s), 7.26 (2H,t), 7.31 (2H,t),
7.59 (3H,8).

{(p) From 3,4-dihydro-2-methyl~-6,7-methylenedioxy-1{25)-

isoguinclone. {(Oxyhydrastinine).

A selution of oxyhydvzastinine (340mg.) im dry tetra-
hydrofuran (ZEml.} was added to a suspension of lithium
asluminiue hydride {1g.} im dry ether (50ml.) and the
mixture vefluxed underxr niitrogen fox 18 houwrs. The worhk
up as in {a) above gave hydrahydﬁa&%imiﬁe as a pale
vellow oil {31Smg.). séﬁparativ@ t.l.8. afforded
coliourless needles {(270mg., 85%), m.p. §ém600 {1it. 50~

61°).

{e) From Z-methyl-§,7-methylencdloxy-3{2H)-isoguinolone.

To a suspension of lithiumm aluminium hydride {ig.)
in anhydrous ether {(100ml.) was added a solutien ef
the iscquinolons (lﬁemga} in sgdiuvm-dried totzxabhydrs-
furan {60wl.). The mixture was stirred under niitrogun

at zoom tempexature for 12 hours. Work-up as in {n)

similar o Sthat of hydrohvdrastinine, except for o

: -3
; . Sy . . =
wapk ecavbenvld absomrpiion o 1640om T ) im the amide

s
LN
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region. Hydrohydrastinine {89mg., 63%) was isclated
by p.l.c¢. and its identity confirmed by t.l.c. and by
conversion to the hydrochloride (i.r.). A small amount
(8mg.) of i,4-dihydro-2-methyl-6,7-methylenedioxy~

3(2H)-4sogquinolone was also izolated by p.l.ec.

Prepazation of the hydrazonz of N, ¥-dimsthyl-2-formyl-

I, 5-methvienedioxyphenylacetamides.

The aldehyds {360mg.) was disscived in warm ethanol
{(15m1.) and 160% bhydrazine hydrate {5ml.) added. The
mixture wes allowed %o sbtand at reoem temperature forx
one hour and water {(15mi.) added., The mixturs was
exitracted with ebloroform untlil ths aqueous layexr gave
ne colouration with dilute hydrechloerie acidé. On

evaporation the hydrazcns was obtained as an almost

4

ecolouvrlieas selid, which crystalilsed from ethamnol at
low tempevature as pale yeilaw needles {303mg.. 79%).
mog.'iuj,ﬁwlgBO, reselidifying as yelliow-erange needles,
m.p. 255-259°, decomp. The hydzazome 18 easily soluble
in ceid chloroform and in warm sthanel.

=3

Y ok {Hujol): 3470. 3260, 1855 sbh., 1630, 1580 om ™.

Mpon, (BtOE): 217 mp {log & 4.37), 284 mu (log s 4.15).
31 mu (log s 3.98): {aecid): 206 wy (log & 4.32),
239 my (lag e h.2h).: 285 wmy {la’“g e 2,78}, 316 myu 5;10{5 o

3.9%), 354 mg {leg e 3.87}; (base): 213, 237 infl.,
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7 values (cncls): 2.04 {1H,s), 2.74 (1H,s), 3.31
(1H,s), 5.02 (2H,s), 4.50 (2H, broad), 6.20 (2H,s),

6.97 (3H,s), 7.00 (3H,s).

Preparation of the azine of N,N-dimethyl-2-formyl-

i1, 5-methylenedioxyphenylacetamide.

(a) The above hydrazone was rapidly and quantitative-
ly converted to the azine on repeated crystallisationm
from hot ethamnol eor om p.l.c., the product bsing obtain-
ed ag a pale yellow sclid, m.p. 252=258°, decomp. ,

only sparvingly scluble in chloroform and ethanol.
Crystallisation from chlerocforme-petroleum ether (b.p.
40-60%) gave bright yellow prizms, m.p. 249-253°%, dec.

Y e, {¥ujol): 1630, 1595 cmal.g no strong absorption
between 13500 and BOGOemai.

. (Ev0u): 206 mp {log & L.51), 220 mp infl. (log &
ho41), 246 myu {log e L.4B), 307 mp infl. {log e 4.05},
352 mp (log & 4oil)s {acid): 206 mp (log e 4.53),

237 mp (log ¢ .56}, 283 mp (leg & 4.00), 318 mp {(log o
y.33), 353 mp (log & 5.04), 41k mp (log e 3.62);

{base): 213, 237, 248 infl., 283, 315 up.

¢ volues (03013}: .28 {2H,8), 2.50 {28,8), 3.25 (2,2},

5.00 {yH.8), 6.08 (L4E,8), 6€.93 {(SH,8), 7.00 {6H,s).

Fguﬁd; C, 61@259; E‘Zg 5«8}\5 E; 12-3.5
Gzhﬁzéoéﬂg requires : G, 61.79; H, 5.62; H, 12,01%.

Attempted puriflecaticon of the azine by sublimation
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gave a small amoint of a bright yellow solid with i.r,
maxima at 2700, 2240 (CN), 1645, and 1610 em™l. This

was not investigated further.

(b) A solution of N,N-dimethyl-2-formyl-l,5-methylene-
dioxyphenylacetamide (235mg.) in ethanol (15ml.) was
treated with an alcoholic solution of sodium acetate
trihydrate (136mg.) and hydrazine dihydrochloride (55mg)
which had been filtered free of sodium chloride, and
the mixture refluxed for 10 minutes. On cooling the
azine separated as a yellow crystalline solid (163mg¢,
70%), w.p. 252-257°, decomp., shown to be identical te

the material prepared in (a) abeve by i.r. and u.v.

Action of 6N-hydrochloric acid on the azine (63).

The azine (52mg.) was heated on the steam-bath with
6N hydrochloric acid (10ml.}. The initisl bright
orange solid gradually dissolved (2-3 mins.) to give
an orange solution which turned pale yvellow, "No matex-
ial separated om ceccling %o 0°. The acid solution was
thoroughly extracted with chloroform tec give a bright
yellow gummy solid (23mg.). A colourless solid (19mg.,
72%), m.p. 128-121.5°, was iesolated by p.l.c. (10%
methanol/chloroform) and shown to be identical te
N N-dimethyl-2-formyl-4,5-methylenedioxyphenylacetamide

by Lor.e; u.v., and t.i.c. The aguecus layer was bavified
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with 0.88 ammonium hydroxide and extracted with chloro-
form. The product was in this case a yellow solid
(Zlmg., 92%)9 shown to be 2-amino-6,7-methylenedioxy-

3(2H)-iscquinolone by i.r., u.v., and t.l.c.

1,4-Dihydro-6,7-methylenedioxy~3(2H)-~isoquinolone.

(a) N,N-Dimethyl-2-formyl-4,5-methylenedioxyphenyl-
acetamide (400mg.) was dissolved in warm acetic an-
hydride {(20ml.) and the solution heated on the steam-
bath for 15 minutes. Evaporation of the anhydride
under reduced pressure gave sticky yellow crystals,
which were washed with petroleum ether te give a bale
brown solid (400mg.). T.L.C. of the solid indicated
two components.

Yax, (Nujol}: 2240 (CN), 1750 (C=0 ester), 1645 —
{C=0 amide).

The above solid (390mg.) was dissolved in ethanol
(70ml1.) and hydrogenated over Adams®' catalyst (90mg.)
for 3% hours. The catalyst was removed by filtration
through celite, the solution concentrated to low volume,
and water added. The agueous sclution was extracted
with ehloroform to yield s sticky red-brown solid.

Slow evaporation at room temperature of a chleroform
solution of the crude product yielded mainly tars and

also a pale yellow crystalline solid (70mgo). Repeated

crystallisation from ethanel gave very pale green
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needles, softening at 217°, with m.p. 218.5-224°, decomp.
Voax. (KC1): 3320 (w), 3196 (s), 3050 (s), 1682 sh.,

1663, 1502 cm™t.

1

”max. (cﬁc13)= 3424, 1685 sh., 1673.5 cm .

Amax.: 210 mp (log s 3.92), 235 my infl. (log & 3.49),
291 mp (log & 3.61).

Parent molecular ion 2t m/e 191.

Found: C, 62.56; H, 4.80; N, 7.50

C 0.N requires: C, 62.84; H, 4.71; N, 7.33%.

10"9%3
{v) 6,7-Methylenedioxy-3{2H)-isoquinoione (100mg.)

was dissolved in glacial scetic acid (50ml.) and hydvogen-
ated over Adams catalvst (50mg.) for 3 hours. The

aclid solution was decanited from the catalyst and watew
{50mi.) edded. The solution was extracted with chlove-
form and the extiract washed thoroughly with satuvated
sodium bicarbenate solubtion, ihen water, Evaporatien

gave the dihydro derivaetive as a colourless solid

(70mg., 69%), shown by 2.v. and t.l.c. to be idemntical
to the product cobiained by catalytic reductien of the
oxime acetate above {(a). ©Crystallisation from ethanol
gave pale vellow-green needies, sceftening at 2170, with

m.p. 219-224°.

Attempted preparation of N,H-dimgithyl-f-amingmetbyl-

ome =

h8-methvlenedioxyphenylaceobamide.
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{a) Te a mixture of ammonium acetate (555mg.) in
water (5ml.) and N,N-dimethyl-2-formyl-k,5-methylene-
dioxyphenylacetamide (250mg.) in methanol (5ml.) at
0% was added sodium borohydride (335mg.) in small
portions during a 10-minute period. The mixture was
allowed to stand at room tempsrature for one hour.
Water (10ml.) wes added znd the solution extracted
with cehlcraform to vield a colouriess gum which solid-
ified giving a colourless solid (230mg., 91%), idemt-
ified as N,N-dimethvi-Z-hydroxymethyl-=4,5-nethylene-
dioxyphenviacetamide by i.r. ard t.l.¢.

Development of faint blus fiuorescence in the
reacition medium was alsoe noted (iaoquinolone form-

ation?).

{v) The oxime of N,N-dimethyl-2-formyl-lh,5-methylene-
dioxyphenylacetamide was recovered unchanged after
treatment with methanolic sodium boexrchydride at room

temperature.

2-Aminomethyi-§,~dimethoxypbenyliacetic acid hydso-

chloyride.
{a) 1&aaﬁihydr@még?mdiﬂethexy=3§2H)ciseqﬁinalana
{1..51g.) was heated en the steam-bath for 2% hours

Owi.}. Evaporatien of

o
AR

with SN hydrochioric aeld

the seld under reduced preszure gave a light brown
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hygroscopic s0lid which was washed with chloroform to

give the aminoc-acid hydrochloride as a colourless

solid (1.42g., 75%), m.p. 175-183°. Crystallisation
from methanol-ether gave colourless leaflets, m.p. 168~
176°, dependent on the rate of heating.
Yoy, (NUJOL): 3250, 2760, 2600, 1700, 1618, 1585 cm™ .
z values {CFBCOZH}: 2.69 {1H,s}, 2.92 {1H,s), 5.4}
{2H, bread), 5.98 (83, broad 8).
Found: G, 50-33; H., 6.15; N, 5.62
61151504N HCY reguires: C, 50.492; #, 6.12; N, 5.36%.
The amino-acid hydrochlorids is insciuble in cold
chlornform and readily soliubie in cold water,
Treatmeont ¢f 5 methaneliic solution of the amino-
c¢id hydrochloride {(L1i3mg.) with an exaectly molar
quantity of spdium hydroxide yieié@d the gﬁi%terienw
contaminated by sodivm chieride, as ar inscluble
colouriess crystallins solid {9lmg.). The same matex-
ial wés @btained by treatment with ome mole of sodium
ac@iaﬁé txihyd tén.

0., (Bujol}: 3150, 2100 {N&¥}, 1600, 1375 em=t {coo

mE

(i} The dihydroisoquinolone {50mg.) was heated on the
staam-bath for twoe hovrs with 10% sedium hydroxide
{10@1“}. The seiid grodusllyv dissclved to give an
plwsst ecolouriess solution. The mixture was then poured

she water and acidified with & hydrochlozxic acid.




Chloxroform extraction of the acid solutiom yieldsd no
material. The acid seolution was evaporated to drymess
and the inorganic residue extracted with hot chloro-
form. Evaporation gave a light brown solid (34mg..
55%), m.p. 175-185°, decomp., with identical i.r.
spectrum to that of the compound prepared in (a) above.
Sublimation at 130-190° and 0.05um. gave a light
yellow~green solid, shown by i.x,, t.il.¢c., and m.p.

(198-201%) to be 1,4-dihydro-6,7-dimethoxy-3{2H)-iso-

gquinolone.

Methyl-2-Aminomethyl-k, S-dimethoxyphenylacetate hydro-

chioride.

A soiution of 2-aminomeéthyl=k,S5-dimethoxyphenyl-
acetic acid hydrochloride (4&5mg.) in methanol {50mi.}
was saturated with gaseous hydrogen chloride and

zilowed to stand osvernight. Evaporation gave the

amino~-ester hydrochioride as a colourless solid {450

mg. ). Crystallisation from methanol-ether gave celour-

less needles (3%6mg., 81%),»mopo léhc5»l73°, relative-

iv soluble in cold chleroform.

i 8

6 (Nujol): 2740, 20635, 1720, 1615, 1600 cm .

2

17
% : 238.5 mp {lez e 3.75). 283 an {log & 3. h1),
iR, ) : -

« volues {CF,.CO.H}: 2.67 {1H, bread), 2.94 (28,8},

5.n4% (2H, br
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Found: ¢, 52.06; H, 6.31; K, 5.12
Cy2H;,0,N-HCL requires: C, 52.28; H, 6.53; N, 5.08%.
Thg amino-ester hydrochloride disselved with
effervescence in sodium bicarbonate solution. Extract-
ion of the resultant a§u§ou$ solution with chloroform
gave a colourless solid with the characterlstics of
the dihydroisoquinolone (e. 8o bluemblack staining of
t.l.c. spot in iodine vapour). Alternatively, washing
of a chloroform solution with bicarbeonate or treatment
with an exactly eguivalent amount of sodium acgtatg
trihydrate caused cyclisation to the lactam, identified

by i.r. and t.il.co.

Reaction of 2-aminomethyl-h,5-dimethoxyphenylacetic

acid hydrochloride with 3,h-methylenedioxybenzaldehyde.

The amino-acid hydrochloride {(155mg.) was dissolved
in methahol (5ml.) and a sclution of sodium hydroxide
(48mg. = 2moles) in methanol (3ml.) added. A solution
of piperonal (89mg.) in methanol (3ul.) was added and
the ﬁixture refluxed for 2% hours. Evaporation gave
a gum which crystallised. This was filtered and washed

with chloroform to give the sedium salt ¢f the imino-

acid (180mg.), contaminated by sodium chloride.

v, (Nujel): 1640, 1595, 1585, 1520, 1500, 1380 om ',

Miax. (EtOH): 208 mp (leg & 4-32), 227 mp (log & 4.18),
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269 my (log & 3.86), 291 mp infl. (log & 3.72), 307
mu (log € 3.81); (acid): 235, 281, 288, 306, and
3.49 mu (log € 3.97); (base): 230, 271, 288, 308 mu.

Reversible acid shift = +80mu.

Reaction of 2-aminomethyl-l4,5-dimethoxyphenylacetic

acid hydrochloride with N,N-dimethyl-2-formyl-<},5-

methylenedioxyphenylacetamide.

The amino-acid hydrochloride (310mg.) and the alde-
hyde (280mg.) were refluxed in methancl (25mli.) cont-
aining sodium hydroxide (LUOmg. = 2moles) for two hrs.
Evaporation gave a pale brown solid which was washed

with chloroform to yvield the sodium salt of the imino-

acid {contaminated by sodium chloride) as a colourless

solid (521mg.).

¥oay . (Nujol): 1640, 1580, 1520, 1380 em” L,

Max. (EtoH): 233 mp (log € 4.24), 277 mp (log e 3.94),
311 mp (log € 3.79); (acid): 219 mp (log e 4oll),
241 mpy (log € K.17}, 290 mu (log & 3.75), 303 mp (log e
3.79), 357 mp {log & 3.95); (base): 217, 232, 2/7, 311
mp. Reversible acid shift = ¢+ 80 mp.

Overnight treatment of the crude sodium salt (103mg.)
with p-toluenesulphonyl chloride (Loymg., 2.4 moles)

in pyridine (2ul.) at room temperature, followed by an

aqueous work-up {(ice, chloeroform extraction) yielded
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twe products which were separated by p.l.e¢. and ident-
ified by i.r. and t.l.c., as N,H~dimethyl-2-formyl=lf,5-
methylenedioxyphenylacetamide (27mg.) and 1,4-dihydro-
6,7~dimethoxy-3(2H)~isoquinolone {2kmg.). Similarly,
attempts to esterify vis the silver salt were unsuccess-

ful, the same two hydrolysis products being obtained.

2-(2-Carboxymethyli~h, 3~dimethoxybenzyl )-6, 7-methylens~

dioxy-3{2H)~isoquinolone.

The sodium salt {155mg.) of the imino-acid {77) was
dissolved in warm 6N hydrochleoric acid (3mi.) and the
mixture slloved te etand. After a few minutes Sthere

was heavy precipitation of the isocqguinolome hydrochloy-

ide as a colourless crystalline solid (107mg.), m.p.
257-262°, decoup.
1

YUmax, (Nujol): 3340, 17i0, 1640, 1620, 1525 om .

By, (BEOH): 250 mp (log & 4.79), 277 mp infl. (log o
3.86), 288 mu (log & 3.73). 305.5 wu (log s 3.72),
317.5 mp {log s 3.77), 381 wp (log & 3.46), 398 mp
{ioz e 3.53): ({acid): 217, 291 infl., 307 infi., 317,
358 mp; (base): 250, 278 infl., 288 infl., 305, 317,
hOU wmp.

5 values (CF3602H)= 1.36 (1H,s), 2.30 (LH,8), 2.73

g ] ] b 0 Ny
. 2.82 {15,8), 3.88 {2H,s), 4.4l (BH,s), 5.%0-
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It was not found possible {o recover the neutral com-
pound by basification and extiraction {due to salt form-
ation) nor was it possible to sublime the compound

from its hydrochleride. Basification produced the
characteristic bright yellow colour and fiuorescence

of the J-iscquinolone system. Careful reacidification
cauzed precipitation of & bright vyeliow soiid, m.p. 250-

2579¢ decomp. A8 yet this has not been characterised.

2-{2-Carboxymethyi-l,3-dimethoxyvbenzyl }-6,7-methylens-

dioxy-3{2#-isoguinolone, 2-{2-Cavbexymethyl<k 5-di-

o}

methoxvbenzvyi -6, . 7-methylensdioxvisoquinoline-1,3,4-

trione.

The sodium salit {100mg.) of the iminc-acid {77) was
dissclved in methanci {10wl.} and the solution satux-
ated with gaseocus hydrogen chloride. The bright yellow
splutien was filtered from the precipiiated sodium
chioride and allowed to stand overnlght. Evaporaticn

gave the ester hydrochloride as an orange crystalline

soiid (92mg.), m.p. 102-106°.

y {(Wujel}: 3400, 3200, 2400, 1730, 1640, 1600 ca™t,
1S . {E40K): :25005 mpy {log & L .54), 278 mp {log s
2.72), 289 my {log & 3.61), 305.5 mp {leg e 3.57).

318 my {log s 3.606), 50% mp {leg ¢ 3.41}:; {acid}:

2909 3065 3-}-79 35‘32 WL .
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This compound was alsc formed by sstevificatien of
2—(2~carb03ymethy;—&oﬁmdim@thcxybenzyl)~6,7amethylene—
dioxyaj(ZH)nisoquinclone undeyr normal Fischer-Speier
conditions.

The ester hydrochloride was dissolved in sodium
bicarbonate solution and the basic solution extracted
with chioroform. Evapovation afforded a bright vellow
gummy solid (90mg.)}, t.l.c. (10% methancl-chlerofoxm}
of which indicated that the major component was a noen-
poiar compound (Rf 0.9). That this was the coxvesponde
ing isoquinoline 1,3,4=-%rione was shown by comparison
(L.r., $.L.0.) with a sample prepared by oxidationm of
the above gummy solid with wmanganeseg dicxide. The
product afier p.l.e. was a bright yellow solid, m.p.
198»20&6, decomp,

v (Fujoel): 1725, 1685, 1665, 1615, 1595, 1525,

max.

max. | 210 mu {log & 4.21), 233 mp (log & 4.16),
267.5 mp (log & L4.24), 290 mp infl. (log e 3.74), 333 mu
{(log & 3.k0), 370 mu infl.; {base): 225, 288.3, 304 my.
¢ values (03913): 2.28 {i8,s). 2.43 (14,s), zagl {1H,8),
3.28 {1H,s), 3.74 {(2H,8), 1,77 (2H,s), 6.02 (2H,s),

- 4 P
.14 (6H,s), 6.33 {3%,8}.
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1,k—ﬁihydro-é9?-ﬁimathoxym2-(3$a-dimethaxggheaglathyl}~

3{2H)-1isoquinolone.

N,N-Dimethyl-},5-dimethoxy-2-formylphenylacetamide
(1.81g.) and homoveratrylamine {1.35g.) were refluxed
in ethanol (50ml.) for two hours. Evaporastion of
solvent gave an orvrengs gum which showed strong green
fluorescence.

Aox. {neutral and basic): 232, 276, 305 mp; (acid):
236, BT infl.; 313, 355 mu. Acid ahift = +:79 myp.

This gum was treaied with het &N hydryechloric acild
(40ml.}. A heavy pale yellow precipitste formed very
rapidiy. A suspensicn of this in waler was basified

3

with ammonisz end the Tesultant bright yellow Solid and

i

ow-greon solutionm extracied

¢

highiv fiuorescent vell

o

with chloroform until the aguscus phase was cglourliess.
=3 F

The organiec solution was svapefeted o yield an orangs-

A

red oil, haviang the u.v. maxima expecied of 2»{3yk«ﬁi~
methoxyphenylethyl)-6,7-dimethoxy-3{2H}-isoquinelone.

S {neutral and basic): 253.5, 286, 303.5, 315, 399 mu.
A {acid): 252, 286. 308, 316, 3862 mu.

WHaX »

#

ey

‘e issguinolone, ,without purifilegiicon, was dissolvad
in ethamol {iu0Gml.) and hydrogsmated over Adams:
cotaiyet {350mz. ) for &% houwrs. Filtratien and evapoy-
ation gave the dihydroisoguinolone as a yellow oil

2 1,

which crystzllised on Srituzration with petreleum ethew
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88 & pale yellow sglid, m.p. ll@mllao. {2.18g., overall
yvield from aldehyde, 82%).
1

wmax.(Nujol)= 1650 cm .

A ox. 3 230 mp {ilog € 4.21), 280 mp (log s 3.91),
Tt values (CDCLB): 3.22 (2H,8), 3.28 (iH,s), 3.35 (1H,s},
3.47 (1H,a), 5.79 (2H, t, J=1.8 ¢/s.), 6.16 (12H,s),
6.26 (RH,t), 6.48 {24, t, J=1.8 cfs.), 7.1 (2H,t).
An almost guantitative recovery of the dihydroiscquin-

olone was made after itreatment with phosphorous pentoi-

ide om pumlce im rafliuxing benzene for 18 hours.

A gimilar reaction sequence using N,N-dimethyl-2-Touwayi-
L5-methylenecdioxyphenylacstamide {TOﬁmgQ} yielded the
hydrechloride of 2-{3,h-dimethoxyphenylethyl)}=6,7-methyi -
enedioxy-3{2H)~isoquinolone as a pale yellow solid
{1.065.). The freec iscquinolone was liberated from the
salt invthe gsualkmanﬁef and was identified by ite u.v.
mazima .

S (Etor): 230 wp {log & 4.75), 304 mu {log & 3.64).

316 mp (Leg ¢ 3.66), 398 mp (log s 3.62); (aeid): 246.5,

278, 286, 306 infl., 358, 268 my.

Syclisatien of 1,h-dihydro-6,7-dimethoxy-2-(3,4-dimetho:y-

rhenylethwl)-3{2B}~isoquinolicne. Preparation of

noveoralyvdine.

The ilactam (EZng.} vas refliuzxed Yor four hours with
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phosphorous oxychloride (lZmL.), then stirred overnight
at room temperature (all operations under nifrogan).
The cooled reaction mixture was dropped into ice and
stirred until homegeneous. The yellow solid product
was filtered. (503mg.), dec. > 250", |

Yoay, (Nujol): 1610 cm™l.

max

EX . {relative optical demsities): 210 mp (0.73),
231 mp (0.66), 241 mu {0.64), 255 mu (0.56), 265 mp (0.60},
288 mp (1.00), 310 mp (0.70), 341 mp (0.53), 375 mp

(0.35)3s no shift in acid or base.

The above cyclisation product (100mg.) was8 dissolved
in methanol (15ml.) and treated with sodium borohydride
(200mg.) at room temperature for 15 minutes. The mixture
was refluxed for a further 30 minutes (under nitrogen),
then poured into water. Chloroform extraction yielded
a yellow oil, p.loc. (%% wethanol-chloreform) of which
afforded the tetrahvdroberberine as a pale yellow
semi-solid (97mg.) of R, e¢a. 0.0, m.p. 135-142% (1it.
1570), insufficiently volatile for mass spectral mol. wt.
determination using a heated inlet system.

v (Fujoi): 1610, 1520 em .

max.

. (rel. opt. demsity): 226 mg (1.00), 283 mu (0.53),
286 mp {(0.53). Signal at 5.25« (H_O?).

T values (cncxj): 3.18 {1H,s), 3.27 (14,8), 3.31 (iH,=),

3.35 {1H#,s), 6.12 (12€, 8), 5.5-6.0, 6.1-7.4 (complex).
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INTRODUCTLION

Lecontice leontopotalum, Linn is a hardy perénnial

herb, found chiefly in mountainous rsgioms throughout

1,2

Bastern Mediterranean countiies, In contral

Lebanon 1t ia widespwead as a weed in whaatfialda.l
The plant grows bo o helight of ftweive to eighteen iunechss
and possesses large Toos ﬁmb@rs.l‘z It has gained soma
locali notoxriety in the Lebamnor on account of the appsy-
ent curative effiset of an oxtract Lfrom these tubers in
the treatment of epliepay. Although highly toxle some
degree of success has seomingly been recorded.cf'k
This plant and a sccond spacises of the genus Leontico

{a member of the family Begb@rida@@ae}, namely

“r

L.chrysogonum, wwere vasd by she aneient Greelks as

5

medicines,” the lotter as a snake-bite reswedy and in

the itreatment of aciatica. L. .Sfheysogenum was inidzxoe-

PN SR

duced imto Britain in the late sixzteenth aenﬁurys and

in the seventesnth found additional medicinal use im

&

c{'-

the treatment of uwlcers. The powdered roots of the
plont have alse beenr used A8 a scap substitu%aoé The

oot tubers of L.loontepstalum have Yound applieation

730 8
e 8 soap aubstitute,’ a snaka-blite antidote, in

=y
the Szeamtment of overdoses ol @piﬁ@@ﬁ’ and "biéings

£
o bl

of the shyvew monrea?,” and oo a anative remedy fov
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epilepsyol’s’ll

It was this last activiity which prompted the first

. chemical investigation of the plant in 1955 by McSherff-
erty, in an endeavour to identify the constituents
responsible for the curative sction of the drng.h
From a light petrcleum extract ¢f the powdered Toot
tubers were isolated a long-chain alkane (probably n-
nonacozane }, ceryl alcchol, and a 3§~hydroxy-£?a&terele
together with palmitic, stearic, olelc, and linolsic
acids. An ethanol extract afforded a saponin ("leonto-
saponin®) which on acid hydrolysis yielded hederagenin
(1), four moles of D-glucose and three moles of L-
arabincse. Leontcsaponin is preaumably rééponaible

for the usefulness of the root tubers as a scap sub~

stditute,’ 0

»

HOH,C

(1)

The chief interest in the constituents of the plant.

however, was 1te alkaloid content. McShefferty was
able to isolate thvee cempounds, thought to be slksloids.

One of these, 2 savuraied ditortiary base, possessed




—b
N
Ul

12,13

identical preperties to leontamine, an alkaloid

previously isoluated from L.eworsmanni Bge., and thought

to be a quinolizidine alkaloid on the basis of the
available chemical evidence and the frequent ooccurrence
of lupin alkaloids in plants of the Leontice gonua.lk'16
The second alkaleid, designated "pstaline”, was 2 water-
soluble base, the properties of which were in accoxd
with those expecited of & guaternary salt. The third,
a tertiaxy base, was given the name "laonticime®. On
the basis of ulitraviclet spectral corrslations
MoShefferty suggested that petaline was an isoguinoline
alkaleid, and in addition the conversion of petaline
inte leonticine under relatively mild basic conditlions
led him to indicate that the latter might well be a&n
artefact, produced during the extractiom procedure.

The structurzl clucidation of petaline and leontiecine

17 and latex by

was ocerried out initially by Smith
Magrilluls Smith reported that passage of petaline
chloride or roilneckate over Amberlite YRA-400 (OH) enion
exchange resin caused comnversion te leonticime in good
yield, suggeating that lconticine is im fact the

Hofmann degradation product of petaline. That petaline
methine (leonticine) containe two methoxyl groups was

confirmed by micreanalysis and by its n.m.r. spectium.

Evidencela of the presonce of a phenolic hydrexyl wers
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an i.r, maximum at 3540 cm~t {a position comnsistent
with that of a phencl weakly intramoleculariy hydrogen-
bonded to an ortho methoxyl group), a signal at 4.05«,
destroyed upon deuteration, a deep purple coloration
with methanolic ferric chloride, and the formation of

a sparingly soluble sodium salt.

The presence of a dimethylaminosthyl side-chain was
demonstratedl7 by means of the conversien of leonticine
methohydroxide under Hofmann eliminstion conditions
(refluxing alcoholic sodium ethoxide) into trimethyl-
amine, characterised as its picrate, and a styrene, the
structure of which was deduced with the aid of a parent
molecular ion at m/e 282 and the appearance of a u.v.
absorption at 269 mp, superimpossd on the stilbene
chromophore. Two doubliet signals, each integrating
for a single protom, at 4.5t (J=17c/s.) and 4.9« (J=10
¢/s.), both further split into a doublet (J=mca. 1l.6¢/s.),
in the n.m.r. specctrum of the styrene acetate character-
ised the vinyl protons of the diolefin.

That the poaition para to the phencl group in petaline
methine was unsubstituted was indicated by a positive

Gibbs: test,;9 Ozonolysis of the methiodidel7

prod=
uced p-methoxybenzaldehyde {also formed by ozonelysis
of leonticine itself) and a water-soluble quaternary

salt which was immediately subjected to Hofmann
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degradation and the styrens product catalyvticalliy red-
uced. Smith observed that the i.r. spectrum of the
reduction product showed two OH streiching bands at

3615 cm~l (s 22) and 3547 cu™> (e 112), which he assign-
ed to the benzylic and phemolic hydroxyls of (2). He

H

GH30 {"
'

CH_CH

(2)
argned that the bensylic hydroxyl group is not intra-
molecularly bonded as one would expect it to be in &8
position ortho to a phemclic hydroxyl or methoxyl. Om
the basis of much of the above evidence Smith assigned
the structures (3) and {4) to petalime and ites methine

regpectiveliy.

{(3) {n)

Slnce such an oxygensition pattern is blogemetically




o OBz
0330 CHO 0830 CHO -
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CH_O “CH No
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unigque Magrill undertook the synthesis of these struct-
ureu.la The syntheitic route depicted in Scheme 1 afford-
ed the tetrahydroiscquinoline {5). Quatermisation

with methyl iodide and passage of an alcoholic solution
of the produdt over an Amberlite lon exchange resin
resulted in formation of a quatermary hydroxide, success-
ful Hofmann elimination of which was only accomplished

by use of falrly vigorxous comnditions {refluxing alcoholic
sodium ethoxide). The preduct was different from
leonticine {(in particular in 1ts u.v, mexima) and was
designated psoudcleonticine. However the similarity

of the 1.7, and n.m.r. spectra of the two stilbenes
confirmed the formulation of petaline as a quateranary
salt of a benzyliscquinoline.

Magrill thus coneluded that the oxygenatiom pattezm,
instead of being 5,6 must be 7,83. He ropeated the Gibbs:
test on a guantitative basis and confirmed the abssnce
of a substituent para te the phenol. Additional evidence
for the absence of & parva Substituent was provided by
the oxzidation of tho O-mesyl dexivative {(6) which
yvielded gamethaxybenzcic acid and 3-mesyl=4-methexy-
phthalie acid (7), the latter being characterised as
it@ anhydride. T4 wes further shown that the hydxoxyl
freguencies im the ethy} venilliyl alcohol {8) had boom

misintorpreted, as o-vanillyl aleohol (9) shows wvery

wen
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similar hydroxyl sbserptions, namely at 3615 T {e 36}

and 3560 cm~2 (e 182).

COOH ]
CCCH
OMs
(6) (7)
cH, H,,0H
OH
() | (9)

Thus petaline and its methine were reassigned

structures (10) and {11) respeetively.ls The 8~hydroxy

(10) (11)

subatituent explains the position of the long wavelangtih

band of petaline methine at 299 mu, on the grounds of
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steric inhibition of resonance.go The gis-stilbene
structure tentatively assignedl7 to leonticine on the
basis of the very clese similarity Petween the u.v.
apectra qf this compcund and of cis laudanosine
methine 21 was also questioaedls on the grounds that
mechanistic considerations would favour a trans stereo-
chemistry in fho Hefmann product.

The synthesis of isoqninolipe derivatives possess-
ing oxygen substituents at positions 7 and 8 presents
a special pzxoblem. The conventional methods of 1iso-
quinoline synthesis are not generally considered to be
directly applicable. The Bischler-Napieralski reactionzg
is xeputed to lead exclusively to the 6;7—dioxygenated
éystemn the Pictet-Spengler meth0623 gives at best
mixtuzres of 6,7 and 7.,8-dioxygenated isoquinolines,
and the Pomeranz-Fritsch synthesiazk is usually consider-
24 to be inapplicable to the preparation of isoquinol-
ines substituted in position 1, although the modific-
ation recently reported25 by Bobbitt et al may prove
uaeful in this respect.

Aftexr several synthetic routes had proved unsuccess.
ful, Magrill decided in spite of anticipated difficult-
ies to attempt a aynthesis employing the Bischlexr-

Kapieralskl reaciicn. Two important factors have to be

considered in this reasction. Firstly it is nocessary




Scheme 2

CHO HO
—
GH30 By
OH OH
r
CH
30
08z
[ of
NH
CH30 . 2
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to prbt@ct the phenolic hydrexyl during the ring-closure
and, since the desired product has substituesnts in the
peri positions 1 and 8 of the nucleus, steric factors
may be operative. Secondly, cyclisation conditions
would have to be carefully selected since a reported26
attempt to cyclise the brominated amide (12) had result-
ed in exclusive formation eof the bromine-free product
(13), emphasising the drivimg force for electrophilic
attack pare to an activating group {zlthough a case of

concomitant ortho cyelisation has recently been reported.2{}

OCH

3 (12)

Magrill used the synthetic plan outlined in Scheme 2.

Regction of the brominated amide (14) with phosphorous

pentachloride in chloroform over an extended period-

these mild Bischlor-Napievalski conditions being used 28
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in the hope of avoiding dehalogenation and ring-cleosure
at the undesired position- yielded a product of m.p.
138°. Its i.r. spectrum was similar to that of the
amide (14) and 1its u.v. spectrum unchanged on the
addition of acid or base. However the compound anal-
yséd for a dihydrate of the desired dihydroisoquinoline
(15) and the n.m.r. spectrum was interpreted in such a
way as to be comsistent with this structure. This
assumed that the properties of the compound were anom-
alous (atrong deshielding of two of the anisyl ring

protons and lack of basic character), but could be

explained in terms of interaction between the nitrogen
atom and the‘aniayl ring; resulting from steric repuls-
ion between the peri &ubstituénts (benzyloxy and anisyl
groups). In addition the two one-proton singlets at

3.12¢ and 2.90% wvere assigned to the two non-equivalent
protons of th; benéylic methylenaigroﬁp; absorbing at

¢ values which were not sufficiently separated to allow

spin-spin coupling.
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RESULTS AND DISCUSSION

With a view to further invsstigating and subsequent-
ly taking advantage of the above cyclisation the synth-
esis of the bromo-amide (1) was repeated as iﬁ Scheme
2 with a slight modification in the initial step. The
bromination of isovanillin was carzied out by Magrillls
using a slight modification of the procedure of Henry
and Sharp29 and resuldted in formation of approximately
egqual quantities c¢f the 2- and é-bromo isomers. The
improved techunique employed in the present work in
vhich the main product {63%) was the desired 6-bromo
isomer, was essentially that used by Hazlet and Brother-
ton.Bo Proof c¢f purity of the §-isomexr was established
by its n.m.r., s8pectrum in itrifiuorcacetiec acid which
indicated two unceupled arcmatic protons (2.371 and
2.72x). Formation of the benzyl ether and condensatiloen
to the nitrostyreno (Scheme 2) were carried out using
the msthods employed by Magrillls, gimilar yields belng
recorded,

in the preparation of the amide (1)) considerabls
difficulty was found in that dehalogenation of thae
arcmatic mueleus appearsd to be mere prevalent than
was supposed. Magrill had obsexved that when inter-

mediate reflux periods wesrs used in the nitrostiyreme




Table 1 N.M.R. Spectra of amides. (in CDC1

3)
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reduction a mixture of the two amides was eventually
obtained (Scheme 2). It was found that evenrreduetien
at room temperature with lithium aluminium hydride, the
excess of reagent being destroyed immediately upon
completion of the addition of the substrate, led to
considerable debremination. Fractional crystallisation
of the awmide minturse frem ethanol afforded only a
20-27% yield of the desired brominated amide (14).
Several oxamples of hydrogemolysis of aromatie¢ halogens
by lithium aluminium hydride31 have been reported.

Thus it might be advanitageous to use an alternative
method of reduction of the nitrostyrene, such as
electrolytic reduction32 or using zinc amalgam33’3a
(ef. the successful resduction of a nitrostyrene having
both aromatic bromo and benzyloxy substituentssa.).

The n.m.r. spectrum (in CDClB) of the bromo-amide
(14) is an intereating wmodel for compounds o be
discussed leter (Tablie L). The srommtic protons of
the anisyl ring eppear as a typical AB system (J=9c¢/s.}
at 2,82« and 3.12%, the remaining aromatic protons as
singlets (para protons) at 2.92t and 3.22x. The methyl-
ene protons of the phenylethylamine portion appear at
7.197 (triplet) and 6.557 {multiplet), pesitions

similar to those for the correspondingly-sited protons

in oxyhydrastinine (16) {7.05% and 6.46%).




‘Repetition of the reaction of the amide (14) with
phosphorous pentachloride afforded the same product as
was obtained'previously,lg but it soon became clear

that the spectral properties of this product were not

(16)

in accord with the dihydroiscquinoline structure (15)
aessigned to it. In particular, the parent molecular
ion was at m/e 197, that expected being m/e 465. The
base peak of the mass spectrum was at m/e 135, a fact
which, coupled with the obvious deshielding of two
aromatic protons (1.53t), indicated that the p-methoxy-
benzoyl grouping is proesent in the molecule. The
presence of a ketonic function was further indicated
by a colour reaction with 2,4-dinitrophenylhydrazine
and the appearance in the i.r. spectrum (in chloroform)
of & carbonyl absorption at 1685 em™t. That the amide

function had been retaimed was shown by 1.7, maxima

75

at 3418 cm~' (NH) and at 1661 cm™' (C=0). Final confiim-

ation of the a-keto amide structure (17) was furnish.-
od by its n.w.r. epscétrum (Table 1), which cen be

reointerpreted as follows. The AB system of the aniavl




Scheme 3 Mass spectrum of g-keto amide (17).
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ring protons can be readily accommodated since two are
deshielded (1.53t) by the ortho carbonyl group, and two

are subject only to the shielding (3.02«x) by the methoxyl

substituent. The remaining aromatic protoans resonate

CH

(17)
at 2.90% (a pesition apparently characteristic of a

proton sited between bromo and methoxyl substituents),
and at 3.12¢v. The absence of the methylené singlet of
the starting amide at ca. 6.5t is final proof of oxid-
ation at this c¢entre. The cracking pattsirn of the
o-keto amide is charactorised by & fmcile McLaffexty
rearrangement (clemavage p to the amide carbonyl group
with transfer of a y hydregen), rosuliting in elimination
of p-methoxyphenylpyruvamide and formation of an iom of
m/e 318 (see Scheme 3).

Although oxidation at the benzylic methylene of
benzylisogquinolines is a well-known occurrence (see
later), this appears to be the first example of oxidation
occurring at this position prior to cyclisation. A

possible mechanism for benzylic oxidation in this
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instance would be via free radical chlorination at
this position. The chloroform used as reaction solvent
was dried by passage through blue silica gel, a process
which will also result in its destabiliaation, hence
making a free radical reaction not unlikely. That this
centre is not normally highly susceptible to oxidation
was shown by the fact that the amide (14) was recovered
totally unchanged after treatment with manganese dioxide.
In the courase of elucidating its siructure catalytic
reduction of the a-keto amide (17) was carried out
under a variety of conditions, This yielded two mairn
p-l.c. fractions, the more polar of which afforded a
colourless soiid, m.p-. 110°. The bromine-containing
perent moleculer ion of this preduct was at m/e {09

and the base peak at m/e 137 (0330.3611 .CHOH). The

&
spectrum was furither charscterised by a McLafferty
rearrangement, which produced an ion at m/e 228.
Accordingly the structure proposed for this product is

the benzyl alcohol (18). Supporting evidence was
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previded by its n.m.r. spectrum (Table 1). That the
benzoyl ocarbonyl group had been reduced was indicated
by loss of the low-field aromatic signal characteristic
of the carbonyl-deshielded protons. A one-proton
singlet at 5.091x can he assigned te the methine proton
located under the hydroxyl group. The retention of

the mromatic halogen, even after hydrogenclysis at a
pressure of foux atmospheres, is rather surprising, but

may be due to the presence of the free phemolic group.

(cf. stability of bromine to lithium aluminium hydride
13)°

in the phenolic nitroatyreme (19)

(19)
No characterisable product could be isolated from
the less polaxr fraction.

The phenolic amide (20); shown by t.l.c. to be
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absent in both fractions from the above reduction, was
prepared by hydrogenolysis (10% paliedium on charcoal
catalyst) of the benzyloxy amide (14). The product
(vy/on 3437, 3322 om™t, v o 1643 om™!) was character-
ised by a mass spectral parent iom at m/e 315 snd also
by an ion at m/e 150, resulting from fission of p-methoxy-
phenyiacetamide, Evidence of icss of bromime was
provided by its an.m.x, spsctrum {Table 1) in which the
sigunals foxr the aniayl protons appeared at 2,825 and
3.,10%, end for the romaining arcmatic preoione at 3.2%9«
{(2H) amd 3.38<c (1H).

An earlier attempied reduction of the brome-amide {114},
uaing Adams' cataiyat in othencl, affoxded a celouriecss
splid, the analvticzl date of which indicated an unsz-
pectadliy high carbon and hydrogen comtent, and only 5.5%
exygen. The 1.7, speectzrum of this product was cemsiat-
gnt with a typicelly slipbatic mederisl, kaving sitrong
abosoxptions at 2928, 2854, and L4422 cmﬂlp end retsniticon
of the amide functilom vas showm by peakse at 3313, 3002,
1641, amd 155 em >, The aliphatic nature of the
product was confirmed by id¢s u.v. apectrum, which
exhibited only emd-absoxpiicen, and by 1ita n.m.r. apsceirvm
vhich was characterissd by o broad band at L.40c {(¥H).

a maltiplet at 6.7< (uEEmCHaw)p and g broad signal

betwesn .99 and 9.0x for vhe remaining protons. Ths
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saturated structure (21) was confirmed by the parent
molecular ion at m/e 251. Reductive cleavage of aromatic
hydroxyl and methoxyl asubstituents is not an unknown

phenomenon,35 in this inatance reaction possibly being

(22)
due to the use of gn abnormally active sample of catelyat,
One of the original synthetic routes to petaline
attempted by Magrillls involved the bromoe phenclic amldas
(22). However its ayntﬁeais by condensation of the

amine (23) with homoaniszoyl chlioride was unsuccessful.

3
(22} (23)

It has now beem shown that reactlon of the phenolic amine

{23) with an excess of homoanisoyl chleoride undexr similaw
sonditiens to thoso uasd in the preparation of the

amids (L), yields the smido-eater {24). The sirveture
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of this product was elucidated with the aid of its i.r.
absorptions at 3348, 1659 — (amide) amd at 1752, 1244
em™t (ester), and by its n.m.r. spectrum (Table i)

which exhibits two AB systema, the four doublets being
centred at 2.64, 2.86, 3.08, and 3.15x, each with a

coupling constant of 9¢/s. There were in additiom two

3 ]
0§T9 - 3 6
" "ocH
(24)

methylene singlets at 6.58z (o to amide) and §.18x (e %o
ester). ‘

Althouéh the ester (24) was not readily attacked by
dilute acid, the desired brome phenolic amide (22) counid
now be prepared in high yvyield by base hydrolysis. The
strueturs ef this product was readily ascerxrtained by
examination of i¢s m.m.x. specirum {Table 1). Conaistent
1.7, data (WNH/OH 3360, 3300 cm”lo Yomo L6U5 cmml) we s
slezo recoxded.

Trogtment of the bvome phenolie amide (22) with

phnsphorous peniachloride im dry chloroform using *the

axmne conditions as lad %o formatieonm of the g=keto awids
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(17) did not in this case cause oxidatinn, an almost
quantitative recovery of starting material being mads.
This result provides some support for the hypothesis
of free radical chlorinaticn, as the presence of a free
phenclic funciion capable of "mopping-up® radicals may
prevent such a reacticon itaking plazce in this case. .
Similar reaction ¢f the amido-ester (24) with
phosphorous pentachicride, however, producsd itwo cerbon-
vl compounds, the less polar as ths major preduct, the
more polar in only trace amnount. Retention of the
amide and ester functicms in the ma jor preduct was
signified by the abzoxpiions at 300, 1755, and 1665 ﬁ%;lc
and 2 new carbonyl absorpticon at 1675 em™t was alise
presont. This compound was ncot analysed, but there is

a strong likelihood that 1% possesses strueture {25},

N
casofl¥§,g

(25)

on the basis of 1ts n.m.r. spectrum which exhibits o

tro-preton deublet (J=9.6c/s.) comived at 1.5%z, the

remaining aromatice pretons appearing as an B-proiton
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complex between 2.5%7 and 3.27. The remaining signals
were consistent with oxidation only at the benzylic

methylene adjacent to the amide grouping. The minor

1 3

carbonyl component had v at 3400 cm ~ and 1655 cm

max.
(amide), and probably has the phemolic structure,
arising by hydrolysis duxing the work-up.

In deciding upon alternative condlitions for ring-
closure, the various factcrse affecting this Bischler-
Napieralaski rsaction wexe wxeviewed. This reagtion
involves electrophilic attack on the aromatic nucleus,36
the facility wiﬁh whiech this cccurs being dependent on
the electrén density at the point of attack.22 Thus’
the direction of rimng-closure is controlled by the
subsﬁituents. in general an oxy or other electron~
releasing substituent greaitly facilitmtes eyclisation
in the‘gggg position but if anything has a retarding
effect 1if eyclisztion is reguired in the EEE& pesition.
(Farcinglcondiﬁions are reguired to effect cyeclisation
of ac?l Eemethoxyphenylethylamines.37) fhe presencs of
a meta bromine atem will at best have no effect and
may well cause retardation, although the synthesis of
S-brameiscequinoline has boen aechioved under ratherx
37

foraing conditlons.

It is not generally considored fgasible to employ =




£
18Q1

phenolic compound in the Bischler-Napieralski reaction
(unlike the Pictet-Spengler cyclisation’-), sush a
groupigg normally being protected either as A benzayl
ether38.or as an ester.-? In the br;molamid& (ih) the
ortho ﬁenzyloxy grouping will provide‘some ﬁctivation
E&r electrophilic attack, but would result in the ferm-
ation of a molecule with tuwo bulky groups positioned
Eéé& to each other. This however need not prevent
cyclisation ae shown by the preparation of the 8-phenoxy

derivative (26)?0 and the 8-bramo compound (27).2'1

0Bz
(=6) (27)
The wain difficulty in dealing with the bromo amide
(14) is that under forcing conditions debromination
might occur; the product being the undesired 6,7-dloxy-

genated dihydroisoquinoline (28).
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A thorough investigation imto possible methods of
ring-closure in the three available amides (14), (22),
and (24) was carried out. The results of a series of
fifty experiments are summarised in the experimental
sactioh.

After initial attempts using phosphorous oxychloride
had falled, recourse was made to more specialised
methods. A modification of the Bischler—Nﬁp;eralski
regction which has been ussd with telling ef.‘:f'ecw!:‘l"'2
consists of cyclisation of the intemediate imino-
chloride with the aid of a Friedel Crafta catalyst.

The erystalline solid deposited in the early stages of
reaction of the benzsylexy amide {14) with phosphoyous
pentachloride may have been the corresponding imineo
halide. It was foumd that initial ireatment of the
benzyloxy amide (lu) with phosphorous pentachleoride ox
phosphorous oxychioxide, feollowed by reaction with
alvminium chlceride or stannic chloride gave a low yield
of basle material., This was found %fto be very variable
when phosphorous oxychloride was used, and in some cases
no basic material ceuld be isolated. Two other compounds
were isolated from the stannic chloride raeaction.

These were the stariing amide {(ih) and the bromo-phemnolic
amide (22)D dexvrived by cleavazge of i4$g ethexr group. In

Tact debensylatlien was achlisved in 69% yvield by m=amns
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of stannie chloride iu benszene at room temperatuxre for
2L hours. In gontraat the ester grouping of thg amide
(24) was essentially non-labile under acidic conditions.

Reaction of the bromo amide (14) with phosphorous
pentoxide on pumice gave only a small amount of basic
material, although a further somewhat intractaﬁle basice
fraetion could be recoverecd from the pumice vesidues
by washimg with base and chlorofocrm exiracilon.

Ail these basic fractions contained two main compon-
ents, as detected by t.l.c. The vyellow colouxr of the
qrude material in aaeﬁ case was déstyoyed by acidific-
ation whiqh alsc caused 2 small but variable shift to
the ved in u.v. (270-290mp), suggestive of a 3,4-dihydro.
iscquinolines compcnen@.hg

The zeadiness with which deocbhenzylation occurred and
the presence of the browme phenclic amide (22) in the
product from several experimsnts dinvolving the benzyl-
oxy compound (1) suggested that the cyclisation prﬁduct
might we phenolic and that cyclisation was effected only
owing te the pressnce of a highly Qctivating oxtho
substitvent. Hewévar no basic materisl was isclated
fyrom any veactions employing the phemolic amide {22).

it was found bthat the addition of a contrelled

amount of wator %0 a wmixture of the bonzyloxy amide {in)

puta

3

RTRY

£
b

phasphorous coxyehleride in benzene, gave a mere
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satisfactory yleld of basic products. A plausible
explanation is that the presence of water will aid acid-
catalysed fission of the benzyl ether, promoting con-

comitant ortho cyclisation (29).

(29)

Analyais of the basic fraction from this cyeclisaticn
by t.l.c., indicated two majex componeunts, one highly
pelax (Rf 0.10) and bright yellow, the other a leas polar
(Rf 0.40) orange materiml., Attempted preparative t.l.c.
afforded two well-separated bands, but during extraction
of these with chloroform and evaporation of the sclvent
the compoment of RfO.lo was irreversibly converted io
that of Rf 0,40, identity being established by t.l.c,
and w.v,

On repeated p.l.c. a bright crange~red solid, Rf 0.40,
M. P 1800, was8 obtained. The acid shift in its u.v.
spectrum {280 mp to 299 m@} sugzested that cyclisgsaticon
had occurred and the retention of the bromine atom,

cenfirmed by the mass spectrum, Showed that this nmusvw

have occurred in the desiyed ortho position. Cenclusiwes
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evidence that this vred solid was an oxidation product,
as suggested by its mode of formation, was provided by
its n.m.r. (deshielded aromatic low-figld doublet at

2.021), i.r. (v 1670 cnﬂl)g and mass spectrum {base

max.
peak at m/e 135), which showed that a l-benzoyl substit-
uent was present. The presence of two methoxyl groups
in the product was confirmed by n.m.r., a8 Qas the losas
of the benzyl group. Further evidence of its phenoliic

1

character was provided by i.r. (wma 3523 cm s & 12h).

X,

e

The aromatic Teglon of the n.m.r. showed in additiom teo
the expected AB quaritet (2.02+ and 3.077) a omne-proton
singlet at 2.95%, further evidence that eyelisation had
oeccurred.

Finelly comparison of the molecular weight expected

of the l-benzoyl derivative {30) with that observed

(m/e 403) indicated a further difference of 1J mass units,

OCH3

which can be most readliy explazined in terms of further

exidation (replacement of CH? by C=0}. However the




Scheme 4 Mass spectrum of cyclisation product (31).
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n.m.r. spectrum showed an ABX system; with a two-proton
maltiplet between 6.81 and 7.81c. The spectral informat-
ion available indicated that the point of oxidation was
probably the remaining benzylic carbon atom and the
structure which can be most readily accommodated is that
of the alcohol (31) (@max. 3608 cm=!, e 22). A l=-oxo-
isoquinoline structure (32) can be discounted on the

basis of the absence of a low-field aromatic signal expect-
ed from the proton a to the ring nitregen.

Br OH

(31) | {32)

Although the highest molecular ion was at m/e 403,
evidence that the true molecular weight was in fact }[05
was providedAby the fellowing mass spectral chafacterw
istics (see Scheme 4). Firstly the base peak at m/e 135,
arising by fission of the p-methoxy benzoyl éroup, can
be correlated witﬂ the reasonably abundant (19%) bromine-
containing ion at m/e 270 only Qn the basis of a parent
of m/e 405. Secondly, ths peak at mfé 374 can be betier
explained in terms of less of 31 (CHJO) from a pavent of

m/e 05 than 2o loss of 29 {rom a parent of mfc 103,




Scheme 5. Meshanism of formation of k~hydroxyiso-

quinoline derivative.
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e;pecially as a 1;93 of 31 is apparently observed in &
transition of m/e 270 to mi9~239. Thirdly, the ion
arising by debromination appears at m/e 325. Now loss
of bromiuie from a parent of Q/e 403 would produce an
ion at m/e 324: however, loss of hydrogen brouide from
a pafent of m/e 405 would yield this ion (m/e 325).

Loss of two mass units from the parent can be readily
gccommodaﬁed, since this is merely an aromatisation step.
The mechanism by whieh this compound is produced is
not immediately obvious. While oxidation at the acyclic
methylene group of l-benzyl 3,4-dihydroisoquinolines is
well known to oceur very raadilyha&u? (especially undsx

Ll &5)

basiQ conditions, and even on an alumina column

oxidation at Gk is without pracedent. The completensss
of the oxidation at this peint and the fact that oxid-
ation at the acyelic methylene group has been shown to
be a secondary process, only coccurring during work-up,
suggest that this oxidation occurs as an iantegral part
of the cyelisaztion reaction. It is possible to envisage
oxidation by means of phosphorous oxychlcride, giving a
highly reactive intermediate such as (33) in Scheme 5.
This mechanism is te¢ be further investigated.
Although the isolated cyclisation product did not

possess the expected properties it was thought thal

reductive removal of the unwanted oxygen might be




achlieved in ithe later stages of the synthetic scheme.

The crude cyelisgvion product, without purification
(in order to minimise aeriel oxidation), was immedimtely
reduced with methanolic sodium borohydride fo yield =
green oil which possessed the expected u.v., absorptions
of a tetrahydroisoquincline and a highly complex n.m.r.
spectrum, which did not exhlbit any low-fTleld signals
for carbonyl-deshielded protons, This crude material
vas now hydrogenolysed over 10% palladium in ethanol aud
then submitted to reductive methylation with formeldahyds
{cf. ref.08). It was found possible %o combine these
two Steps in a single reduction. That Nemethylation had
been achieved was shown by n.m.r. (3H,7.67<x). The methyl-
ene protons of the benzyl substituent (7.18+%) were coupled
with the methine proton at C, (5.945%). This implies
that the major part of the cyclisation product was not
in feet oxidised at the mcyeclic methylene, as borohydride
is knownhé only to reduce carbonyl groups of this type
to the corresponding slcohols.

The N-methyl tetrahydroisoquinoline (34) was now

OH

(34)
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gquaternised with methyl iodide. The quaternary salt was
found to undergoe Hofmann slimination under exactly anal-
ogous conditiiona to those used for petaline jiodide (see
later), the product being a yellow gum. This product
was very similar to leonticine, being slightly more
polar. Like the latter 1t exhibited pale blue fluoresc-
ence and gave g dsep purnle coloratlien with ferric
chloride., In addition both stained a characterxistic
bright blue colour on t.l.c. developmeut with ceric
ammonium nitrate. Iits u.v. spectrum was virtually ident-
ical to that of leonticine under all conditions of pH.
The i.r. spectrum showed strong absorption at 1610 ——
The aromatic, olefinle, methoxyl, and N-methyl protons
in thé n.m, . speciirus appeazred at almost exaetly the
szms posidions as in iconticine. The very close similay-
ity in the olefinic and aromatic reglun confizme the
7:8-dioxygenation pattern assigned to petaline and leon-
ticine. The methylene rescnances of lesonticine and ¢f
puseudelconticine {4) were not present im the stilbene
derived from the curreat synthesis, although a signal
{(ca. two protons) was spread over the §.2-7.5% region.
Comparison of the mass spectral parent ion (m/e 341)
with that of leonticine (m/e 327) still showed a differ-
ence of 1) mass units, again suggesting an oxygenuted

nnalogie,
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In the mass spectra of both leonticine and the
synthetic product an ion of m/e 121 was present. This
could be explained by cleavage of the p-methoxybenzyl
moiety, as in (35). The spectral characteristics of the
stilbene are not inconsistent with the hydroxyleonticine
structure (36). The parent molecular ion can be explain-
ed in terms of oxidation of the sample prior to measure-

ment,

(35) (36)

Several unsuccessful attempts wers made to remove the

unwanted benzylic hydroxyl group. These included
hydreogenolysis over 10% palladium in glacial acetic

acid, at room temperature or at 7O°0 reduction with

zinc and sulphuric acid, hydrogenolysis via the tosylats,
or by hydrogenolysis in concentrated hydrechloric acid
or acetic acid with added perchloric acid. (The last two
methods yielded an éven more polar product, cursory
examination of which indicated possible cleavage of the

methoxyl groupal




Scheme 6 Synthetic route to petalineza

EtO OEt

Petaline
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Hydroxyleonticine {(36) bears a marked resemblance to
ephedrine (37). Reference to the déoxygenatioh of the
latter alkaloid’ suggests a possible mode of removal
of the hydroxy substituent would be via reduction of a
halo derivative and this has to be invesﬁigated further.

A compound of identical R, and similar staining

characters to hydroxyleonticine has been obtained from

OH

CH3

NHCH
3

Ephedrine

(37) |
leonticine when a chloroform solution of the latter was
allowed to stand sxpoesed to the atmosphere. Howsver,
unlike hydroxyleonticine, this product showed no fluor-
escence {on plates). This compound could for example,
be a peroxy derivative.

The recently reported modification of the Pomeranz-

Fritsch reaction developed by Bobbittzs

and employed in
the synthesis of 7-methoxy-8-hydroxyisoquinolines
sugpested an alternative ronte to petaline. The
synthetlie scheme shewn in Scheme & was investigated.

The Schiff base, derived by reaction of o=vanillin and

.30
aminc-acetal, was subjected to Grigmard reactionc <
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with p-methoxybenzyl magnesium chlovide. The reaction
mixture was hydrolyssd by 6N hydrochloeric acid and allow-
ed to stand overnight in the acid solution, which was
then catalytically reduced over 10% palladium eon C.

The basic produsct was then reductively methylated. The
ma Jor product at this stage was shown by t.l.c. to be

the N-methylated amino-phencl (38), prepared independ~
ently by reaction of o-vanillin and ethanolamine follow-

ed by reduction and methylation.
?i’
NMe

(38)

The crude mixzturse of methylation preducts was allowed

to react with methyl iodide overnight and the preduct
submitted to the usual Hefmann elimination conditions
(see iater), From the varisty of preducts were dsestected
two pale blue fluorescent materials, both of>which had
the characteviatic bright bluse sitaining (with ceric
ammonium nitrate) and u.v. spectral characteristics of
7.8~diexygenated stilbenes. One of these had the R, of
leonticing and the other the Rf of hydroxyleonticime.

it is conceivable that the latter could arisec as amn

intermediate in the cyclisation process. These two
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components were isolated in only trace amount {probably
due to failure at the Grignard atage) and insufficient
material was pfoducéd for full identification. However
since the full experimental details of the Bobb;ltt
modification have now been publishedzs, it way be possible

to improve this synthetic method.




Scheme 7 Pérticipation in the Hofmann elimination.
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THE HOFMANN DEGRADATION OF PETALINE AND OTHER OXYGEN -

ATED BENZYLISOQUINOLINES

Smith has reported17 that the Hofmann elimination of
petaline to leonticine coccurs on passage of a solution
of the chloride or reineckate through Amberlite IRA 400

(OH) anion exchange resin. These mild conditions were

taken as evidence of participastion by the phenolic
18a

function as in (39). Warnhoff ' has suggested that

OCH
{39)

an alternative mechanism of participation may operate
as shown in Scheme 7. In order to investigate this
point a8 similar reaction was carried out on pseudo-

laudanine methiodide (40), the required base being
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prepared by boxrohydride reduction of the phenolic
zwitterion obtained by the mctionm of mlild base on

52 Catalytie reduction or chem-

papaverine methiodide.
ical reduction employing tin and hydrochloric acid did
not produce a reasonable yield of the desired base.

1t was found that when an alcoholic scglution of
psoudolaudanine methlodide was c¢ycled through a column
of the ion exchange vesin and evaporated to dryness the
product posscssed a typlcal stilbencid u.v. spectrum,l
The u.v. abscrptions ¢f the selution fyrom the eolumn,
however, did net have such a pattern, but instead
possessed maxima chavacteristic of the quaternary hydyr-

oxida., Only on heating this solution did eliminaticn

ccour to give paseudolaudanine methime (4l).

On reinvestigation of the petalime/leqnticine con-—
version 1t wes found that a similar situation existed.
Fassage through the resin does not in faect cause elim-
ination. This oceurs ¢nly orn ovaporatiom to drymess

under reduced pressure oy on warming a concentraied
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alcoholic soiution of the quaternary hydroxide.

Since these results indicated a similar degrge of
lability in the quaternary hydroxides, which may be a
fﬁnction of their 6~ or 8-hydroxy substituents, the
Hofmann elimination of laudanosine methiodide (42) was
studied. Under similar conditiona the latter was con-
verted by the resin into the quaternary hydroxide, which
on evaporation to dryness under reduced pressure yilelded

a mixture of two products (t.l.c.), the u.v. spectrum

(u2) 3

of which indicated the cis and trans stilbenes. The

elimination appears to occur with ease egual to that
with which those of petaline hydroxide or pseudo-

Lauvdenine mé¢thehydroxide occur.
Some light was ehed on the mechanism by a reinvest-
igation of the jlofmann elimination of pseudepetaline

‘jodide (3). As reported previouslylg'lsa

the latter
was converted to a quaternary hydroxide by the ion
exchange resin. This hydroxide was, hewever, not heat-

labile and did not eliminate on evaporation under




Table 2. U.V. Absorptions of alcoholic solutions

directly eluted from ion exchange resin.

max. (relative optigal densities).

Pssudolaundanine methohydroxide

226 (2.29) =260 (1.04) 282 (1.0) 305 (0.49)

Petaline hydroxide

230 (2.27) 260 (1.14) ggg {ijg; 300 (0.83)

Pseudopetaline nydroxide

231 (2.35) 259 {0.96) ggz §233§> 300 (0.83)

Laudanosine methohydroxide

21, {2.35) 235 (2.50) 282 (1.0)

O-methyl pseudopetaline hydroxide
(1) directly from column:
235 (1.68) 262 (0.81) ;gﬁ §i'g; 300 (0.56)

(i1) on evaporation to dryness:

229 (1.77) 279 {(0.90} 30z (0.96) 328 (0.78)
285 (1.00)
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reduced pressure ox on gentle warming on the steam-bath.
Successful conversion to the stilbene was achieved by
Hugrillls only on refluxing with alcoholiec,sodium
ethoxide.

Treatment of a sample of petaline iodide with excess
diazomethane, followed by attempted Hofmann elimination
of the product (pazssage through'reain and evaporation
to dryness) preoduced material with a u.v. spectrum

(n at 325 mp and increas=d intensity ca. 300 mu),

max.
which suggested partial conversion to a stilbene.

A study of the above results (see Table 2) suggests
that facile decomposition of the quaternary hydroxide
will occur whenever there is an electron-releasing
substituent in the é- or 8-position (Scheme 7), unless
in the case of a methoxyl group there is a free phenolic

function ortho to it, which can prevent electron release

by hydrogen bonding.
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EXPERIMENTAL

Bromination of isovanillin, (cf. ref. 30)

Isovanillin (10.09g.) was dissolved in chloroform
(70m1.) and a solution of bromine (10.99g.) in chlore-
form (25ml.) added dropwise under nitrogen to the stirred
refluxing solution during a 20 minute period. Heating
was discontinued when the addition was complete and the
mixture stirrsed for a further hour under nitrﬁgen, then
allowed to stand cvernight. The precipitate was ccellect-
ed, washed with cold water and dried to give a coclour-
less solid (3.82g., 25%). shown by m.p. (ca. 185-202°)
and i.r. to be predominantly the unwanted 2-~bromoc iscmer.
The filtrate was evaporated to dryness and the sticky
colourless residue thoroughly washed with c¢old water
and dried to yield a colourless crystalline solid (11.43g.]
shown by i.r. tc be essentially pure é6-bromoisovanillin
monohydrate. Crystallisation of this fraction from
1:1 aqueous methanol, followed by drying at 500, gave
colourless needles (9.64g., 63%), m.p. 113.5-117°.
Identification by i.r. spectral comparisoh wifh those of
authentic samples proved to be the most reliable indic-
ation of purity of the 1somers.

t values for G-~bromoisovanillin (CFJCOQH): 0.13 {(14,s),

2.37 (1H,s), 2.72 (14,8), 5.91 (3H,s).
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When the bromination was carried out on a larger scale
the addition of the halogen had to be carefully regul-
ated in order to control the copious evolution of the
gaseous hydrogen bromide generatad. Purification on
the larger scale was effected by fractional crystallis-

ation from agqueous methanol.

Q;Benzzloxy~2-bromo-Qnmethoxybenzaldehyde.18

6-Bromoisovanillin (43.85g.) was dissolved in
absolute ethanocl {1 litre). To this solution was added
anhydrous potassium carbonate (22g.) and benzyl chloride
(100m1.). The mixzhure was refluxed for 6} hours, cooled,
filtered, and concentrated to ca. 100ml. After standing
overnight at O°B the benzylated compound was obtained
as a cream-coloured crystalline solid (35.69z., 63%),
m.p. 143-144.5° (1it. 142-145°).

1

wmax.(Nujol): 1680 cem .

5wBenzyloxy«2=bromo=h-nethoxy—ﬁwnitrostyrene.18

A mixture of 5-benzyloxy-2-bromo-jh-methoxybenzaldehyde
(35.5g.), ammonium acetate (19g.) and nitromethane (5Cml.)
in glacial acetic acid (400ml.) was refluxed for 3
hours, then ctocled. The precipitate was collected and
dried ovexr KOH to give the nitrostyrene as a byright

yollow solid (32.51ig., 78%), m.p. 151-167°, identity
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with an authentic sample being established by i.r.

Yooy, (Nujol): 1620, 1590 cu™'.

N- [2-(5-Benzyloxy-2-bromo-l-methoxyphenyl)-~ethyl] -

p-methoxyphenxgacetamideo18

A solution of 5-benzyloxy-2=bromo-4-methoxy-g-nitro-
styrene (22.12g.) in saedium-dried tetrahydrofuran
(300m1.) was added during 15 minutes to a stirred
suepension of lithium aluminium hydride (9g.) in anhyd-
rous ether (500ml.). The excess reagent was immediately
destrqud with ethyl acetate and the complex decomposed
with water. The overall reaction time was 30 minutes.
The organic soiution was decanted from the inorganic
residue which was washed with ether (2x50ml.), the wash-
ings being combined with the decanted solution. Evapor-
ation gave a viscous red oil which was dissclved in
dry ether and treated with gaseocus hydrogen chloride.
The hydrochloride was precipitated as an orange gum.
This was dissolved with difficulty in a mixture of ether
(250m1.) and 4N scdium hydroxide (200mi.) in water
(450m1.). The resultant two-phase system was treated
with an excess of crude homoanisoyl chloride (ca. 20g.)
and the mixture stirred at room temperature for two
hours. The preecipitated cream-coloured solid (20.25g.)

was collected and washed successively with dilute slkali,
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acid, and water, Fractional crystallisation from
ethanol afforded colourless needles (6.36g.,21.6%),
shown to be the desired brominated amide (14) by m.p.,
149.5-151.5° (1it. 152-153.5°) and i.r.

* values (CDCL,)s 2.55 (5H,s), 2.82 (2H,d, J=9¢/s.),
2.92 (1H,s), 3.12 (2H,d, J=9¢/s.), 3.22 (1H,s), 4.40
(1H,broad), 4.91 {(2H,s), 6.12 (3H,s), 6.20 (3H,s),
6.54 (2H,8), 6.55 (2H,m), 7.19 (2H,t).

Crystallisation from benzene of the residual semi-
s0lid obtained by concentration of the mother liquors,
yielded 2 colourless soiid (3.07g.), identified by m.p.,
123-127° (124.2% 122-123°), and i.r. as the bromine-
free amide. The remainder of the material was an
intractable red-byrown gum. Over a sories of experiments

the best yield of pure brominated amide was only 26.8%.

5-Benzylexy—2-bremo=-4~methoxy-g-phenylethylamine.

InvoneVGXperiment reduction of 5-benzyloxy-2-bromo-
y-mesthoxy-p-nitrostyrene (6.57g.) yvielded the amine as
a semi-solid masz (6.56g.), from which part was obtain-
ed as a colourless solid {1.0lg.), sparingly soluble imn
oether and moderately =2oluble in cold chloreferm. The
lLatter produét wae crystallised from benzene as celour-
iesa crystals, m.p. 13a65~137oo

Yoo, (Nujel): 2250, 1640 (w), 1385, 1260. 1220, 1170,
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1025 cm” L.

Apax. ° 237 mp (log ¢ 3.79), 285 mp (log & 3.47).
T values (CDCl,): 2.60 (5H,s), 2.93 (1im,s), 3.13 (1H,s),
3.25 (24, broad), 4.86 (2H,s), 6.13 (3H,s), 7.05 (2H,m),
8.03 (2H,m).
Found: C, 56.32; H, 6.38; N, 3.53
cmnmoannr requires: C, 57.15; H, 5.39; N, 4.17%.
Addition of hydrochloric acid to a concentrated
aqueouns solution caused precipitation of a colourless
solid. Treatment of a sample with homeanisoyl chloride
in a medium containing ether and aqueous sodium hydroxide
caused convérsion to the brominated amide, identified

by i.r.

th?a(éjBenzyloxya2~brom0m4~methoxygpenyl)—ethyéL:

p-methoxyphenyvlpyruvamide.

N-!?e(SaBenzyloxynzabrdmo=qsmethoxyphenyl)-ethyl]s
p-methoxyphenylacetamide (1.51g.) was diasolved in
chloroform (30ml.) which had been dried by frecycling
through a column of blue silica gel several times.

Solid phosphorous pentachloride (4.34g.) was added and
the mixture stirred at room temperature under nitrogen.
After stirring for ca. 20 minutes the clear golden-yeliow
solution became turbid and over the next 10 minutes

fairly heavy preecipitation took place. Stirring was
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continued under nitrogen for 15 hours, then in a sealed
system for a further 30 houxs, when most of the precipi-
tated solid had redissolved and the solution was greemnish
in colour. The solvent was evaporated at room temper-
ature to give a brown gummy residue. The excess reagent
was destroyed by cautious treatmsnt with methanel. The
addition of water caused precipitation of an oil which
solidified on the addition of methanol and warming. The
solid (730mg.) was filtered and the filtrate treated
with water, causing precipitation of a second erop of
colourless solid {410mg.). Two further crops of solid
material (178mg., 72mg.) were obtained by sucecessive
treatments of the filtrate with water. That the first
two fractions were essentially pure product was indicated
by t.1.c. (100% chloroform) which also showed that the
latter two were quite heavily contaminated by starting

material. The a-keto amide (red spot with D.N.P. spray)

was obtained by crystallisation of the first two fract-
tons from ethyl acetate/petroleum ether as colourless
needles (760mg., 39%), subliming above 135° to needles,
m.p. 141.5-143°. (11t.%% 136.5-138°).

Smax. (CAC15)t 3418 o™ (s 93). 1685 em™" (e 357),

1661 cm~} (e 614), 1598 cm™L (e 857), 1571 cw™ (e 194).
max, ! 215 mu (log e 4.39), 230 mp (log & 4.23),

291 mp (log e 4.1R).
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%z values (c9013)x 1.53 (2H,d, J=9.6¢c/8.), 2.59 {5H,s),
2.61 (1H,m), 2.90 (18,s8), 3.02 (2H,d, J=9.6¢/8.), 3.12
(11,8), 4.89 (2H,s), 6.11 (6H,s8), 6.36 (2#,m), 7.05
(2u,t).
Parent molecular ion at m/e 497. Base peak at m/e 135.
Found:
(1) from ethyl acetate/petroleum ether:
| C, 60.77; H, 5.46; N, 2.80
(i1) after drying at 100° for 72 hours:
Co, 60.593 H, 4.87
(1ii) from aquecus me thanol: '8
Cc, 60.24 H, 5.2; N, 3.1; Br, 15.8
OBEHZQOSKBr reguires: €, 60.24; H, 4.82; ¥, 2.81; Br,16.037
N- [2-(5-benzyloxy-2-bromo-l-me thoxyphenyl ) -ethyl] -
p-methoxyphenylacetamide was unaffected by manganese
dioxide in chloxocform at room temperature even after

shaking for 17 hours, The total absence of the ga-keto

amide was confixmed by t.1l.c-.

Catalytic reduction of N=E2~(5nbenzyloxy-2abromo-

lj-me thoxyphenyl ) ~ethyl] -p-methoxyphenylpyruvamide.

(a) The a-keto amide (385mg.) was dissclved in ethanol
(1loml.) and the selution hydrogenated over 10% Pd on C
(310mg.) for 2 hours. The sclution was filtered and

evaporated to yleld a brown oil {(34Cmg.), with a stiremg
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aromatic odour (toluene?), shown by t.l.c. to contain
the same mixture of products as was obtained in (b)
below.

(b) The a-keto amide (620mg.) in ethanol (150ml.) was
reduced over Adams' catalyst (175mg.) at a pressure of

4 atmospheres (55-60lbs./sq.in.) for 5 hours. The pro-
duct was a colourless gum, shown by t.l.c. (10% methanol-
chloroform) to contain the same mixture of products as
was obtained in (a) above, but in a different ratio (sece
below). Preparative t.l.c. allowed the separation of

two main bands of Rf 0.4-0.55 and Rf 0.65-0.80.

conditions more polar : less polar
normal pressure 5 H 2
4 atmospheres 3 3 5

(1) More polar product: This was initially a colourless
gum, but repeated p.l.c. afforded a colourless solid
(90mg.), m.p. 109-112°. (no reaction with 2,4-dinitro-
phenylhydrazine). _

(kC1): 3495, 3350, 1654, 1609, 1584, 1574, 1536,

9max.
1509 on~t.
Max, 231-5 mp (lcg € 3.90), 277 mu infl, (log & 3.55),

282 muy (log & 3.64), 289 mu infl. (log & 3.63).

< values (cncxj): 2.83 (1H,s), 3.08 (1H,s), 3.17-3.50
(44, complex), 6.17 (3H,s), 6.22 (3H,s), 6.58 (2H,m),
7.38 (2H,t)., 5.09 (1H,s).
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Parent molecular ion at m/e 409. Base peak at m/e 137.
The compound was not analysed, but the spectral inform-
ation listed above indicates that it is N-[2-(2-bromo-
S-hydroxy-u-methoxyphenyl)-ethyl]-aehydroxyugrnathoxy-
phenylacetamide. ( 18)

(1i1) Less polar fraction: This was separated from non-
polar ketonic material (42mg.) and was isolated as a
colourless gum (160mg.). This was shown by t.l.c. to

consist of two materials of very similar polarity.

g

Repeated p.l.c. yielded a colourless gum (70mg.) (no re
action with 2,4-dinitrophenylhydrazine).
1

¥max. (Nujol): 3400, 1650 cm .

lmax.‘ 229, 277, 281.5 mp.
T values,(GDC13)= 2.69 (21, d, J=9.6¢/8.), 3.10 (2H,d,
J=9.6¢/8.), 3.22 (2H, broad), 4.25 (1H, broad), 6.12
(34,s), 6.60 (2H,m), 6.70 (2H,s8), 7.28 (2H,t).

No parent molecular ion could be recorded, the mass
spectrum suggesting the possibility of self-intermolec-

ular reaction. This product was not investigated

further.

Na[ke(égﬂydroxyau-methoxyphenyl)aethygla -me thoxyphenyl -

acetamido.

N—[?-(5-Banzyloxya2—bromo-uwmethoxyphonyl)-ethyl]a

p-methoxyphenylacetamide (525mg.) was suspended in
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ethanol (150ml.) and hydrogenated over 10% palladium on
charcoal (180mg°) for one hour. The product was soluble
and the solution gradually clarified during the reduct-
ion. Uptake ceased after about 10 minutes. Filtration
(glass paper) and evaporation yielded a brown gum which
was purified by p.l.c. {10% methanol-chloroform) to give

the phenolic amide as a colourless crystalline solid

{225mg., 71%), which crystallised from ethyl acetate-
petroleum ether in colourless needles, m.p. 118054.210m
vox, (KCL): 3437, 3322, 1643, 1615, 1552, 1516 cu ©.

A ax. (EtOH): 228.5 mu (log & 4.25), 278 mu (log e 3.73;.
282.5 mp (log € 3.74)3 {basiec): 222.5 mp {log s 1.30}.
247 mu (log s 4.02), 284.5 my (log s 3.80), 295 myu

(10og ¢ 3.80).

% values (00013): 2.82 {24,8, J=9%/5.), 3.10 (2H,d, J=
9c¢/a.), 3.29 (2H, broad s), 3.38 (1H,s), 4.50 {1H. bread},
6.12 (3H,8), 6.18 (3H,s), 6.52 (2H,s), 6.54 (2H,m),

7-38 (2m,t).

Parent molecular ion at m/e 315.

Found: C, 68.44; H, 6.55; N, L4.74

C1g¥p10, 1 requires: C, 68.581 K. 6.67; N, I hls%.

N-{2-Cyclohexylethyl)-cyclohexylacetamide.

Ho{?«(5oBenzyloxyo2«bromomaumethoxyphenyl)methygﬁ»

p-methoxyphenylaceotamide {370mg.) was suspended in
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ethanol (125ml.) and hydrogenated over Adams' catalyst
(160mg.) for 3% hours. The total uptake, inclusive of
that of the catalyst, was jJOOmi., Filtration and evapor-
ation gave a colourless gum which was submitted to p.l.c.
(10% methanol-chloroform) from which the major band,

of R, ca, 0.8, yielded a sticky colourless solid (97me. ).
m.p. 78.5-91%. Repeated p.l.c. gave a distinct band of
R, 0.67-0.85, which afforded the aliphatic amide as a

£
colourless solid (66mg., 34%), readily soluble in cold

chloroform or methenol and moderately soluble in petrol-
eum ether, Crystallisation from aqueous methanol gave

colourless needles, m.p. 95«»980°

Vouy, (KC1): 3313, 3092, 2928, 2854, 1641, 1554, 1442 cm™|

lmax. : only end ~ abtsorption.

< values (CD013)= 4.40 (broad), 6.7 (m), 7.90-9.00
(multiple broad signal).

Parent molecular ion at m/e 251.

Found: C, 76.96; H, 12.39; N, 5.21

016H290N requires: C, 76.u443 H, 11.63; N, 5.57%.

N- [2-(2-Bromo-}-methoxy-5-0-p-methoxyphenylacetyl)-phenyl -~

eithyl] -p-methoxyphenylacetamide. Amido-ester (24).

2-Bromo-5~hydroxy-4-methoxyphenylethylamine (1.34g.)
was dissolved in a mixture of 1N sodium hydroxide (35ml1.)

and ether (10ml.). To the stirred mixture was added a
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solution of homoanisoyl chloride (2.18g.) in ether (éml.).
There was almost immediate precipitation of a light brown
solid., After stirring for 90 minutes the product was
filtered and washed with water to give a light tan-colour-
ed solid (1.97g.). Crystallisation from ethyl acetate-~

petroleum ether gave the amido-eater as colourless need-

les (1.31g.,44%), m.p. 1u4-146.5°.
Yaax. (KC1): 3348. 1752, 1659, 1613, 1590, 1543, 1515,
1504, 1244, 1luy, 1129 om™l,
Moax., (EtOH): 234.5 mu (log e 3.99), 277 mu (log & 3.74),
282 mp (log & 3.73); (base): 235, 250, 276.5, 283.5,
303 mp.
1 values (GDClj): 2.64 (2H,d, J=9¢/s.), 2.86 (2H,d,J=9c/s.
2.90 (1#,s), 3.08 (2H,d, J=9¢/s.), 3.15 {2H,q, I=9¢/s.),
3.19 (1H,s), 4.30 (1H, broad), 6.18 (2H,s), 6.22 (3H,s),
6.2y (3H,8), 6.27 (3H,8), 6.58 (2H,s), 6.57 (2H,m),
7.22 (2H,t).
Found: c, 59.77; H, 5.01; N, 2.87
Cpqflaa0gNBr requires: C, 59.77; H, 5.17; N, 2.58%.

The amido-ester was unaffected by dilute hydrochloric

acid at room temperature.

Nafk—(2eBromo—5nhydroxyahamethoxyphenyl)-ethzi]e

p-methoxyphenylacetamide. Bromo phenolic amide (22).

The above amido-ester {165mg.) was suspended in
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methanol (6ml.) and 4N sodium hydroxide {6ml.). The
mixture was warmed on the steam-bath for a few minutes,
when the solid dissolved to give a pale yellow solution.
Thias was allowed to cool and was then acidified with
dilute hydrachloric acid and thoroughly extracted with
chloroform. The extraci was washed twice with saturated
sodium bicarbonate. once with water, then dried. Evap-
oration gave a gum which was submitted to p-l.c. (10%

methanol-chloroform). The main fraction, R, 0.60, yield-

f
ed the bromo phenclic amide as a colourless gum (1limg.).

shown to be free of starting material by t.l.c. This
solidified on $trituration with chloroform. Orystalliis.
ation from ethyl acetate petwrcleum ether gave small steout
needlas {75mg., 62%). m.p. 124 .5-125.5°.

1

Yiax, (Nujel): 3360, 3300, 1645 em L,

max. | 230 mu (iog & 3.76), 278 mp (log e 3.28). 284 my
(iog ¢ 3.32), 294 mu (log ¢ 3.03).

t values (CDc13)= 2.80 (2H,d, J=9¢/s.), 2.99 (1H,s),
3.10 (2H,d, J=9¢/s.), 3.26 (iH,s), 3.66 (1H, broad s},
4.40 (1H, broad), 6.13 (3H,s), 6.18 (3H,3), 6.48 (2H,s),

6.53 (2H,m), 7.22 (2H,t).

Found: C, 54.55: H, 5.323 N, 3.94
CK8E200 NBr requirss: C, 54.83: H, 5.08; N, 3.55%.

Reaction of the amido-estex {2),) wiih phosphorous pesie-

chlorida,

A w IrCT SRt g
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A solution of the amido-ester (70mg.) in dry chloro-
form (5ml.) was treated with phosphorous pentachloride
(110mg.). The mixture was stirred under nitrogen at
room temperature for 72 hours. The solvent waas evapor-
ated and the residue treated with agueous methanol, the
products then being extracted with chloroform. Prepar-
ative t.1.c. (100% chloroform) of the products yielded
three fractions. Fraction A, Rf 0.72-0,.8Y4, yielded a
non-ketonic (D.N.P.) colourless gum (10mg.): fraction
B, R, 0.56~0.72, gave a ketonic colourless gum (30mg.):
fraction C, Ry, 0.44-0.56, afforded more ketonic gum (8mg.).
Fractions B and C were shown by t.l.c. to contain the
same two carbonyl components and were combined and re-
purified by p.l.c. (10% methanol-chloroform). The least
polar material was detected by D.N.P. development.
Extraction afforded a colourless wax (29mg.).

1

Ymax. (Nujol): 3400, 2850, 1755, 1675, 1665, 1600 cm™ .

A ax (neutral): 228, 279, 284, 288, 297 mu; (bvasic):

225, 252, 278, 285, 297 mu.
% values (CDCl3): 1.53 (2H,d4, J=9.6¢/s.), 2.5-3.2 (BH,
complex), 6.0-6.30 (11H, 3x0CH4 and ester methylene),
6.50 (2H,m), 7.04 (2H,t).

The minor carbonyl component had v ___ (Nujol) at

3400 (broad), 1655, and 1600 em .

ax
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Debenzylation of N=i2-{5-benzyloxy-2-bromo-j-methexy~

phenyl )=ethyl] -p-methoxyphenylacetanide,

The benzyloxy amide (100mg.) was dissolved in a mixt-
'ure of sodium-dried benzene (6ml.) and dry chloroform
(1.5ml.). Stannic chioride {iml.) was added to the sol-
ution and the mixtunre aillowed to stand, with occasional
shaking, for 24 hours. {(After only 10 minutes a crystal-
line solid had separated). The mixture was poured intc
coid water and the agueous soiuntion extracted with chicero-
form. The gummy product was purified by p.l.c. {(10%
methanol-chloroform). A band of R, 0.25-0.50 ylelded &
colourless wax whieh gsolidified on trituration wiih
chlérefarm to give the bromo phemolic amide (22) as a
celourless solid {56mg., 83%), idemtified by i.z. and
t.1.¢e. A second fraction, Rf 0.55-0.65, afforded
essentially pure benzyloxy eamide (i2mg.}, identified by

i.7, and t.1.¢.

Attomptod Bischler-Napleralskl Cyclisations,

Cyciisations of the bromo awide (1), amido-eater (24},
and bromo phonolie amids {22} were attempted undexr the
conditions indicated im the following tables, the normal
woeric-up being as {ollows.

Gn completiom of the reastion {all earried out umdax

miﬁrmgan} the mizdtureo was pouved oxn to cxushsd lce. a
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Ths organic layer

was separated and the aqueous layer extracted for neutral

and acidic materials,

The aqueous layer was then bas-

ified with ammonium hydroxide and extracted with chloro-

form to afford the basic fraction.

In experiments

employing phosphorous psnitoxide on pumice further basic

material was cbitained by washing of the pumice reaidues

with ammonium hydroxide and subsequent extraction with

chlorofoxrm.

Attempted cyclisations of the brome amide {11n).

Reagents Condltions Neutral and Acid Basic
products products

P0013 in 2 hours at |Starting material None

chioroform | reflux, {(76% recovery)

ovint. R.T.

PCls in 2 hours at | Mot investigated 5.6%

chloroform | R.T:

followed byl 30 mins at

AlClj R.T.

PClcin 1 kour at Starting material 7.2%

chloxroform | R.T. (n6% recover&);

followed by, 3C¢ wmins at| Bromo phenolic

3nC1, R.T., amida (21-5%)
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Reagents Conditions Neutral and Aeid Basic*
products products
P015 in 45 mina at | Starting material None
chloroform R.T. {85% recovery)

followed by} 60 mins. at

P20y R.T.
Py0, on Overnight | Starting material | (1) 5.5%
pumice, reflux and bromo-phenoiic| (11} from
with 90013 amide. punice 36%.
in benzens .
POCL, in 60 mins. at | Not investigated 22. 7% "
chlorofora | veflux ' or none

followed by| 90 mins. at

ﬁlClB reflux

' S
POCl3 in 50 mine. at Not investigated | 9.6%
chloxroform refiux or none

followed byj 3¢ wmins. at

SnClu reflux

#* Yields of basic material are quoted as a percentags
of the welght of starting mgterial used.

wa Highly variable results.

Attempted cyclisations of the amido-sster (24).
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Attempted cycilsations of the amldo-ester (24).

Reagents Conditieons | Neutral and Aecid Basic
producta products

POGIB in 3 hours Starting material None
benzens at reflux and bromo~phenolic

amide
P015 in 30 mims Starsing material None
éhleroform at R.T. and bromo-phenolie
followsd by 90 mimns amide
Sn@lé at R,T. ;
PO, on 13 houvs | Staréing material 12% 3
pumico im at vefiux | (70% recovery),
benzene trace of bromo-

pheonoiic amide

Attempted cyclisations of the byome phemolic amide (22}

&

PGy inm 5 days at | Starting meterial Nome |

ehleroform R.T. (a8% recovexy) é

L)

PCL§ in 90 @ins Starting naterial one i

chleroform | gt R.T. {89% rscovery) :
foliowed by) 60 wims
at R.T.

SnCL
h

¢

L]




219

Cyclisation of N»[2m(5wbenzyloxyma»bromo-hamethoxyc

phenylethyl! -p-methoxyphenylacetamide.

The bromo amide {2.20g.) was dissolved in a mixture
of dry benzene (20ml.) and dry freshly-diatilled
phosphoious oxychloride (25ml.) and the pale green
" solution heated undexr nitrogen for ome hour. Aftsr
eéoling (15 mine.), water {O.lal.) was added and reflux
then cortinued for a further 60 mins. The dark red-
brown mixturs vas allowsd to ccol slowly over 20 mins.
end then poured imte a large excess (350ml.) of petrol-
eum ether {b.p. 40-60°). After stending for some time
the solvent wvea decanted, the residus washed with petzxsel-
eum ether, and teken up in ¢hioroform. Thé sélutien WES
washed twice with ammonium hydroxide (50%), once with
water, dried, and evaporated %o vield a wved gum (1.88g.).
T.L.C. (1% methanol-chleroform) indicated two maim
components~ ome bright yellow and very polar (Rf 0.1},
the other pale orange and less polar (Rf 0.4), Thgae
cemponents bad been observed previcusly imn basic fraci-
ions from a@verai attenpted cyelisations. A sample
{150mg.}) of the cyciieation product was submitted to
p.l.c. {(10% M@OH/CRG].B), viich affordsd two main bumds.
The less polas bamd (R, 0.7) yielded an orange gum
{30mg.): +the wmore polar, bright yeilcew band (Rf C.5)

was extractod with chiceroform to yvield & bright vellaw




220

solution. However on standing, even in the dark, this
solution rapidly faded to psle orange and evaporation
gave an orange gum (60mg.), shown by u.v. and t.i.c. to
be identical to that obtained by extraction of the band
of Rf 0.7. Repeated p.l.c. afforded an orange-red
solid (47mg.), m.p. 177-180°, the spectral properties
of which suggesated that it was S-bromo-l}4,8-dihydroxy-
7=methoxy-l—g~methoxybensoyl=3Da—dihydroiaoquinoline.
¥max. (KCL): 3500-2300 et (broad), 1673, 1599, 1575,
1

1536, 1510 em .
“max. (CHGL,): 3523 em"t (s 124), 3608 ca~l (e 22),
1670 em”t (¢ 259), 1599, 1575 om '
Moo, {Bt0H): 224.5 mu {log & L4.38), 280 mp (log & 4.20},
333 mu (log € 3.47), 456 mp (log e 2.71)1 (acid-

bright yellow selution): 226 mp {(log & 4.25), 299 mp

{log & 1.18), 41y myp {ieg & 3.43).

t values (cnc;B): 2.02 {2H,d, J=9c/s.), 2.95 {1H,s8),

3.07 (24,4, J=9c¢/s.), 6.14 (3H,8), 6.21 (3H,s), 6.8~

7.8 (2H, m, ABX).

Highest moleéular ion at m/e 403. (°13H15°5N3r reguirss

405). Base peak at m/e 135.

4 ,83=-Dihydrexy-7~methoxy-1-p-methoxybensyl-2-methyl-

1,.2,3, k-tetrahydreigsoquinoline.

The above crude rod cil {1.72g.) was disselved in




221

methanol {(100ml.) and filtered free of insoluble solid
-material (103mg.), shown to be unveacted bromo amide
(i) by i.r. and t.1l.c. The filtrzte waa treated with
6N hydrochloric acid {5ml.) and sodium borohydride
(2.5g.) added in small portions with stirring under
nitrogen during 30 mins. Stirring was continued fox
twe hours. The sslution wms diiuted with an egual
volune of waterm, acidified with councentratsd hydre-
echloric acid {ice-coolimg), then rebasified with amuon-
ium hydrexide. Chleroform oxitraction afforded a grsemn
oil {ca.L.6g.), t.i.c. (5% MeOH/CHCL ) of which imdicat-
ed one majow product, I Rf 0.35. A ssaple (200mg.}
vas purified by p.l.c. {1CG% MGQH/CHGEB) to yield ths
h-hydroxv-S-bromo~iatrahydrelcoqguineiine as a pale

vellow gum {11%mgz. )

ot

Pz

L {(roi. opt. demsity): 232 mp {L.87), 279 mg (0.93).
28k mu (1.0), 293 mp imfil. {0.90).

< values {CDC1 2,88 (2H.d, J=9c¢/e.), 3.20 {2H.d,

e
3
J=9¢/8.), 2.99 (iH,s8), 2.63 (1H, broad), 6.14 (3H,s),

6.2 {3H,s), highly complex spectrum in reglon 5-8<.

The asbove greon oil {ca. l.kg.) was dissolved in
ethanol {(120mi.) and hydrogenated ever 10% palladium
on chaveoal {680mg.) for 54 hours. Filtration amnd
evaporation yieldsd the hromine-free L-hydroxyleira-

avdredgoguineline az g light brown glass {1.29z.}.
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This waa dissolved in a mixture of ethumol (100ml.)
and 33% aqueous formaldechyde {20ml.) and the mixture
shaken in an atmoaphere of hydrogen over 10% P4/C
(450mg.) for 3% hours. The solution was filtered,
diluted with an equal volume of water, and acidified.
The =zcid solution was extrseted with ether. The agqg.
solution was then basified with ammonium hydroxide and
extracted with chloroform. Evaporation gave an orangs
semi-solid {1.22g.), shown by t.l.ec. (10% HeOH/GHClB)
te have the szme main compoment (Rf 0.68) as that
obtained if the above twe steps were combimed in one
catalytic reduction. The product was contaminated by
formaldehyde. A sample (100mg.) wes purified by p.l.c.
(0% MeOHfCﬁClB) giving ths He-methyl 4-hydrozxytetra-
hydroisoquinoline ae a paie yellow oil (34mg.).

max. {rel. opt. demsity): 233 mp {2.70), 278 mp (1.0},
283 mp {(1.0).

v values (CDGLB): 2.8-3.5 (6H, complex), 4.6 (1H, bxr.),
5.90 {1H,t, J=%¢/s.), 6.i4 (3H,=), 6.23 (3H,8), 7.09
{(28,d, J=5¢/s5.), 7.67 (3,8), 7.5~7.9 (complex).

Hofmann elimination of N,N-dimethyl-4.8-dihydroxy-

7~methoxy-i~p-methoxyvbenzyl-l 2,3, h~tetrahydroisoquin.-

elinium lodida,

The above methvlation product {270mg.) was diesolvas
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in a mixture of ethanol (6ml.) and methyl iodide (6ml.)
and allowed to atand at room temperature. After two
hours the precipitated colourless needles (120mg.)
were filtered and shown by the absence of the approp-
riate i.r. and u.v. absorptions to be 8 non-aromatic
by-product, probably derived from formaldehyde. The
filtrate after standing overnight was svaporated to
yield a'yellow gum.
LS (rel. opt. density): 230 mp (2.81), 278 mp (0.94),
283 mp (1.0).

An alcoholic solution of this procduct was passed
down a column of Amberlite 400 IRA {(OH) anion exchange
resin (see later). Ths u.v. absorptions of the solution
directly from the column were as fellows:
Mugx. (Fel. opt. demsity): 228 mu (3.03), 257 mp {1.55),
278 mp (1.10), 283 wu (1.00), 300 mp (0.85).
On evaporation to dryness a red gum (150mg.) of unpleas-

ant odour was cbtained:

A ax (rel. opt. density): 223 mu {1.57), 295 mu (1.0).

P.L.C. (10% MeOH/CHClj) afforded hydroxyleonticine

as a pale yelluw gum (33mg.).

Y mx (Nujol): 1680 — (very weak), 1610 cm~l (strong).
Aoax. | 219 my {(log & 4.41), 300 mp {log & 4.28).
max (vase): 222 mp (2.13). 255 mp (1.20), 298 my

(1,00), 356 mu (0.50).
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% values (CDClg): 2.40-3.30 (8H, complex, virtually
superposable on the same region in the spectrum of
leontieine), 4.00 (1H, broad), 6.10 (3H,s), 6.17 (3H,s),
7.58 (3H,s), 6.4=7.4 (24, m).

Highest molecular ion at m/e 341. (czouzsoun requires

343).

Attempted synthesis of petaline and leonticine by a
25

modiflied Pomeranz-Fritach reaction.

p-Methoxybenzyl chloride was obtained as an alﬁoet

colouriess oil {b.p. 80%°, 0.25 mm.) by borohydride
reduction of anisaldehyde followed by saturation of a
benzene~-pstroleum ether sclution of the alcohol with
gaseous hydrogen chlerxidse at 0°. Reaction of o-vanillin
(10.19g.) and aminoncetal (10.15g., 15% excess) om the
steam-bath for two hours gave the Schiff base as a
yeilow~orange 0il {16.648., 92%,), b.p. 166° at 0.25 mm.

To the Grignazd rgagent prepered from magnesium
turnings (1.2g.) and p-methexybenzyl chloride (7g.) in
dry ether (40ml.) was added-a solution of the above
Schiff base (2.82g.). The mixture was refluxed under
nitrogen for 2} hours. The cooled suspension was added
cautiously to & mixtuve of 6N hydrochloric acid {100wul.)
and crushed ice (20mi.). The vellow aeid layer was

allowed to stand overnight snd was then hydrogenated
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over 10% Pd on C {625mg.) for 5 hours. Filtration
gave an almost colourless solution which was extracted
with ether. The avid solution was then basified with
ammonia and the pale pink solution extracted with
chloroform to give a brown oil (500mg.). This was
dissolved in a mixture of ethanol (100ml.) and 33%
aquecua formaldehyde {25ml.) and hydrogenated over 10%
Pd on C {5Cmg.) for 5 hours. The solution was filtered,
concentzated to ca. LOml., and then diluted with wvater
{(yomi.) and acidified with 6N hydvochloric acid (15ml.)}.
The acid solution vas extyacted with ether, then basif-
ied with ammonia. Extraction with chloroform afforded
an orange semi-solid maitcerial {950mg. ), heavily contam-
inated with formaldohyde. One product, identified by
t.l.e. and staining characieristics was N-methyl-N-{(2-
hydroxy-3-methoxyphenylmethyl )-ethanclamine, preparaed
by methylation of the borohydride~-reduced product from
the condemsation of g-vanillin and ethanolamine.
T values (CDCIB): 3,10-3.50 {3H, complex), 5.34 (24,s),
6.18 {(2#,s), 6.28 {(2H,%), 7.37 (2%, ¢}, 7.71 (34,s).

The above crude methylation product was dissclved
in ethanol (25ml.) and methyl iodide (25ml.) and the
mixture allecwed teo stand svernight. The mixturs wae
filtered from the precipitated colourless needles {zes

eariier) and evaporated %o give a yellow gum. This
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was dissolved in ethanol and passed down an Amberiite
anion exchange resin. Evaporation gave a red oil
(30ymg.). T.L.C. indicated inter al two pale blue
fluorescent materials with similar staining character-
. isties to leenticine. Initial p.l.c. {(10% MeOH/CHClg)
afforded an enriched fraction (80mg.). Repeated p.l.c.
yielded only traces of the two compeounds. The fizxrst

had idemntical Rf fca. 0.30) tc leontiecine and in addition
had u.v. maxima at 223 (1.38), 285mp (0.86), and 305 mg
(0.70), shifted in base to 223 mp (1.66), 247 mp {1.25},
294 mp {(1.02), and 350 mp infi, {0.27). (Optieal density
readings in paventhesss). The second component had the
Rf {0.25) of hydrexyleonticine and had corresponding

u.v. absorptions at 22k mp {L.62), and 290 mu (1.52),
shifted in base to 224 mu (1.74), 255 mp (1.37), 289 mp
(1.30) and 350 my infi. {0.50).

Insufficient matorial was obtained in this

experiment to fully characteriss these components and
obtain confirwmation of the synthesis of leonticine and

hydroxyleonticine, but this has to be carried out shorily.

+[3, iy -Dime thexybenzyl=-2 , 2-dime thyl~6~hydroxy-7=-methoxy-

1,2,3,h-tetrahydreisoquineline

)

N»Meﬁhylaim(3gdeim@tHGKybemzyl)uéchydroxy»7mm@$hgxym

L

Looquinoeline betaine was prvepared from papaverine

&
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methiodide as described in the literature.52 Its
attempted conversion to pseudolaudanine by catalytic
reduction over Adams’ catslyst or by reduction with
_tin and hydrochloric acid was only partially success-
ful.

The above betaine (660mg.) was dissolved in methanol
(40ml.) and sodium borohydride (1 5g.) added in small
portions at 0° over 20 mins. The colourless mixture
was reofliluxed for 45 mins., and then treated in the
cold with more borohydride (0.2g.) until again colour-
less. Water was added and the solution acidified.
Extraction with chloroform gave the base hydrochloride
as a colourless glass. This was dissolved in water
and carefully basified with ammonia. The precipitated
colourless solid (490mg.) was collected and washed
with water to afford pssudolaudanine, m.p. 111-11&0.
xmnx‘ : 283 mp (log & 3.81).
1T values (CDCIB): 3.2-3.5 (4H, complex), 3.99 (1H,s),
4.40 (1H, broad), 6.15 (3H,s), 6.22 (3H,s), 6.44 (3H,s),
6.5-7.4 (6H, complex), 7.47 (3H,s).

Hofmann degradations.

Regeneration of a column of Amberlite IRA 400 (OH)
anion exchange resin (resin:substrate = 20:1) was carxried

sut by initial weshing with 10% aqueous scdium
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hydroxide, {ollowed by thorough weshing with distilled
water. The freshly prepared columm was thoroughly
washed with ethznol immediately befoie use. In each
case a solution of the guaternary salt in ethanol was
cycled six times through the columm. Ultravielet
spectra are tabulated in the discussiosn.

(a) Pseudolsudsnine methiodide.

Passage of the methicdide, preparad by overmighi
trentment of pseudolsudanine {200mg.) with methyl iodida
{10m1.) in ethanol {i0mi.)}, through the ton exchangs
resin and evaporadtion yieldsd a slightly gummy solid
product {167mg.}. Crysiallisation from ethyl acetate-
pestroleum ether yielded the stilbeme as almost colourlon:
needlos {128mg., 63%). B.Po 166-169°, raised to 169-
17005G by repoated crystallisation.

i

A (Nujol): 1600 cm .

Max. 1 219 mp {log & 4.38), 243 mp infl. (log & L.23),
299 mp (log & 4.29), 335 mp {log s 4.47).
Found: C, 70.74; H. 7.613 N, 3.99

¢ N requiras: €, 70.58; H, 7.36; N, 3.92%.

23279,
The scolution obtained directly from the column had
the u.v. abserptions (233, 258, 282, and 303 mp )} of ths
suaternary hyﬁﬂoxiﬁ@p bud the stilbene (226, 291, ond
35, mu) was obtxinced om ovaperatlon fe drynaesse ox om

rLfluxing for 40 szeoends. oy on Standiang a¥ Teon




229

tempexature {(slmost total decomposition to stilbene in

10 days).

(b) Petaline reineckete.

The reineckate (20mg.) in ethanol (10ml.) was passed
through the ion exchange resin. The solution directly
from the column hed the u.v. spectrum (228, 261, 278,
285, and 302 mp) of the hydroxide, but on evaporation
te dryness n pale yellow gum was obtained, showan by u.v.
(218.5, 293 mp) and t.l.c. to be leonticins. The quat-
ernary hydxoxide was unaffected by standing at room
tempoerature for 24 hours cy on lovw-tamperature svapors
ation to dryness, but was rapidly decomposed to the

methine on heating a concentrated alcoholic sclution.

{¢) Laudancsine methiodide,

The methiodide, propared from laudanosine (800mg.),
was sluted through the resin in the usual wey. The
solution direetly from the column had the u.v. maxima
{214, 235, and 282 my) of the gquaternary hydroxide.
Evapbration to dryness under reduced pressure afforded
a pale yellow oil (747mg.) which crystallised and was
shown by u.v. (207 mp, 222.5 mp, 296 mu (log & 4.15},
909 mp infi. {leg & 4.17), 330 mu (log & 4.23)) and
t.ie8. T e a mixzture of cig and tranc stdlibenss.

Attempted mepavetion by p.l.c. (LG% MeOH/CHCL.) wss

>

vnouecnssiizl , but resulie indicated that the matio of
14




g
previousliy repoegted.””

The quaternary hydroxide was readily decomposed oin

evaporation ox om refluxing an aleoholic solution.

(d) Pseudopetaline iodide.

The jodide (i6mg.) in ethanol (Bml.) was tremted
in the above manuer to vield on gvapsration a pale
yellew oil with ¢the u.v. abserptioms (230, 260, 278,
234, 301 mp) of the guaternary hydroxide, Eliminaticn
did not occour evan on LTairly sétrong heating under

reduced pressure.

{e) O-Mathyl pasudepstalins lodide.

Peeudopsetaline lodide {1lBmg.) was dissolved in
methanel {(4ml.) and the solutiom treated overnight
with excess diazcomethane at room temperaiture. Evapore
ativn gave a yollow glass, This was submitted to tha
usuzl eliminatien conditions. The product obialned
on evaporation did sxhibit u.v. absezpiicn (22805, 279,
285, 302, 325 mp) consistent with some stilbene form-
rtion. T.L.C. (10% Me@HfCHCEB} showed two elose-
runiing materials (Rf 0.=0D.3) in accord with a

mizsure of cie and ¢yans olefins. The sclution divesily

By

from the column hed the u.v. mexima (21%, 226, 2863,

£8%. 300 mu)} of a quaternery hydroxide.
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