VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

8-HYDROXYISOQUINOLINES

A thesis sutmitted by DAVID S. MAGRILL
to the University of Glasgow for the
degree of Doctor of Philosophy




ProQuest Number: 10984184

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10984184

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



The auth'or‘wiahes to express his gratitude to Dr. N. J.
McCorkindale for his assistance and encouragement during the execution

of thig work and Prof. R, A. Raphael, F.R.S. for his interest in the
work,

His thanks are also due to Mr J. M. L., Cameron, B.Sc.
and his associates for their fine microanzlyses, to Mra F. Lawrie for
certain infra-red measurements, to Mr J. Galt for measuring proton
magnetic resonance spectra and finally to the Department of Sclientific

ango Industrial Research for a Research Studentship during the years
1960-63.



(1)
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Petaline, an alkaloid from Lepntice Jeontopetalum,
Linn,, has kesn shown by synthetic znd degradative experimente
to be a 2,2-dimethyl-8-hydroxy-7-methoxy-i=( p~methoxybenzyl )~
1,2,3, b=tetrahydroisoquinolinium salt and is the first benzyl-
isoquinoline alkaioid reported with this oxygenation pattern,

Several synthetic routes to petaline and to 8-hydroxy-
j=( 3" ~hydvoxy-L -methoxybenzyl)-7-methexy~1 ,2,3, k~tetrahydro-
isogquinoline derivatives sultable for phenol oxidative coupling
to cularine slikalcids have been explered and one ef thege, involving
a modification oi the Bischier-Napiorvalski reaction, appears
likely to be successiful glthough it has nob yet been complsted.

The addition of primary amines to esters and amives
of nong=2,7-diyne-1 ,9~dioic acid has been shown to involve the
addition of one mole of amine to each triple bond followed by
imine condensation to fera compounds related to 1-amino~2-
carbethoxy-~3-~carbethogymethylenecyclohex~i«ene, Subsequent
transamidation and imide ring closure lead to 8-substituted
isoquinoline derivatives,
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GENERAL_INTRODUGTION
The alkaloids have for many years proved a rich and
profitable field for blogenetic speculation (1)(2), although only in
rather recent times have tha means besn available to test the many
elegant hypotheses which have been formulated.
A large number of alkaloids, belonging to a variety
of groups, are derivable biogenetically from the 1~benzyitet?ahydro*
isoquinoline, I, Thus, as is showm in Scheme I, slkaloids of the
bisgbenzylisoquinoline, aporphine, morphine, cryptolausine and argemonine
'types are all derivable from I by sequences involving oxidative
gondensations (1)(2)(3)0
In the majority of cases, the oxygenation pattern |
of the derived alkaloids reflact this biogenetic route, their hydroxy,
nethoxy and methylenedioxy groups bainé sited in positlons corresponding
to the 6, 7 and 4% positions of I, while further oxygenation often occurs
in the 3' - position or, more rarely, in the 8 -~ position, as for
example in corpaverine, II (4)5
The aporphine alkaloids crebanine, III, stephanine, Iv,
and igothebaine, V, were at one time thought to be exceptions to the
above rule, having oxygenation patterns which appeared to correspond to
the 6, 7, 2%, 3%, the 6, 7, 2! and the 6, 7, 3' posltions reapectively
of the benzylisoquinoline skeleton, It was suggested (2) that these
compounds arise by nuclear hydroxylation of norlaudanosoline, VI,
followed by the reduction of one or more hydroxyl groups, although this

latter process is without precedent in the biosynthesis of plant products.
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However, there ig now'strong evidence (6)(7) GO support
an alternative theory, due to Batﬁérsby (5) that ‘these aporphine alkaloids
are not excepiuions bub are biosynthesised wvia I and the dienone? VII, as
ghown in Scheme II.

Hence the only alkalolds apparently derived from a
benzyltetrahyd101soqu1n011ne precufsov whose oxygenation patiern fails %o
correspond to that of I, are the cularine alkalolds of which threq are
known. | |

Two of thege, cularine and cularimine have been shown
both by degradation (8)(9) and synthedis (10)(11) 4 have the structures
VIII (R = Mo and H respecblvely) while the third cularldzne, is known (8)
to be a des-O-mathyl-culariné, but its completie structure remaing to bg
elucidated, |

| It has been plausibly suggested (8) that these alkaloids
are derived biogenetically from a precursor of the type, IX,'as shown in
Scheme III. This idea predicts that X is a likely structure for
cularidins.

Petaline, XI, an alkaloid from Lgontice leontopetalum,
Linn., whose structufél eiucidaﬁion is now described (Section I), is the
first 7, 8 oxygenated benzylisoqﬁinoline aikaloid to be isolated. It
lacks, howsver, the 3' hydroxyl group which would meke it a possible
precursor o a culariﬁe type of alkaloid.

It is poggible that petaline, X1, and the suggested
cularine precursor, IX arise by further hydroxylation of a tetrahydro-

benzylisoquinoline, @.g. I, followed by reductive removal of one or more
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of the original oxygen functions. However, as mentionsd earlier, no
established precedent exists, in plant bilosynthesis, of direct
reduction of an arometic hydroxyl group. |

A more atiraotive theory is that the biogenesis
involves the less usual ring closure of a dihydroxyphenylalaning
precursor, XII in the position oritho to a phenol (position 2) rather
than in the more active para pbsition (position 6) as shown in Scheme IV,

In addition %o their interest as possible precursors to
the cularine alkaloids, the 7, 8-dioxygenatéd benzyligoquinolines presant
a synthetic challenge, since the three most common routes to isoquinolines
are notv directly applicable. Thus; the Bischler»Napieralski reachion leads
exclusively to the 6, 7-dioxygenated system (12), the Pictet~Spengler
reaction gives, aﬁ_besﬁ, mixtures of the 6, 7 - and 7, S-dioxygenated
isoquinoline (12) and has the further disadvantage that the Tequired
carboﬁyl component might tend to be intractgble (12) vhile the Pomerang-
Fritséh synthesis is noib normally.considered to be applicable ‘to the
synthesis-of lmsubstituted isoquinolines (13), although in a synﬁhésis of
cularine, Kametani and Fukumoio did report (10) o limited success with
this reaction. | |

' 8-Hydroxyisoquinoline itself is known, having been

prepared by somewhat brutal methods by Robinson (14), and, of couwse,
6, 7, S;trioxygenated isoquinolinas are readily obtainable from the
corresponding trioxygenated phenylethylamines, no queétioh'of orientation

ariging in this case. However, in general very little is known about

8~hydroxyisoquinolines.



This thesis is concerned with the preparation and
properties of various 8-hydroxyisoquinolines both synthetic and naturally

occurring.«



THE STRUCTURE OF PETALINE
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The plant Lg talum, Linn., a genus of

the Berberidaceas, is a hardy perennial growing to & height of twelve
to elghteen inches (1), It occurs widely in Eagtern Mediterranean
countries, especially in mountainous regloms (2), L, Jeontopetalum
and another plant of the same species, L. _chrysoconum., have a fairly
extensive folk medicinal history, having baen, apparently, known to
the early Greeks (3) wmo employed the latber plant as a remedy for
snake-bite and seiatica and the former as a treatment for the "bitings
of the shrew mouse". L.chrysozomum, introduced into Britaein at the end
of the sixteenth century (2), was in the sevenieenth century applied
algo in the treatwment of ulcers (4)0 Lo leonbopetalum bas besn eredited
at varlous times with beneficial results in the treatment of snake-bite(5),
overdoses of oplum (6) and epilepsy (1),, In addition to the medieinal
applications mentioned above, the root-tubers of both plants have been
employsd as & soap substitute.

However, it was the apparent curative effsct (1) of
L. leontopetalum on epilepsy which stimulated the first chemical
invesgtigation (1) of this plant by McShefferty in the 1950°s. From a
light petroleum extract of the powdered root-tubers were obtalned a
lopg~chain paraffin (suspected to bz n-nonacosane), ceryl alcohol and
»a gsterol which was considerad, on the bagls of chemlcal tests, to be

t




a 3 8-hydroxy-saf~stenol (1>E Fatty acids identified in the plant were
palmitic, stearic and oleic acids. A fraction was also obtained which
exhibived moderats ﬁimglueosidase activity. Extraction of the drug
with ethanol afforded a saponin which was designated leontosaponin.
Acid hydrolysis of this gave leontosapogenin (which was foun& to be
identical to hederagenin, I), together with four moles of D-glucose
and three moles of L-arakinose. Presumably the presence of leontosaponin
in the root~tubers accounts for their ussfulness ag a soap substitute.

After precipitation of the saponin, thres alkaloids
were obtained from the ethanolic extract of L, leontopstalum (1)g

One of thsse was a saturated ditertlary base,k

o leontamina (7)(8), an alkaloid

o

614E26N2’ thought %o bs identieal
isolated from Lesuersmanai, Bge. The fraqueni occurrence of lupin
alkaloideg in planis of the Leontice specles (9)(10)(11), combined with
the evidonce so far available; points to the strong poasibility that
leontamine is also a quinolizidine alkaloid.

The second alkaloid, isolated (1) in minor amounis
(0.018%) was designated "leonticine®, It was a chloroform soluble base
obtained in colourless nsadlesg, W.P. 118;;5«119@50e Leonticine was

found to be optically inactive, to have u.v. absorption at 218 m.i¢

log &, 4e4l); 296 megn (log € , 4041) snd to analyse for Cootns04

Painy

The compound was resistant to catalytic hydrogenation over platinum




oxide but 1% slowly decolourised acidified potassium permanganate
golubion.

| The third alkaloid was & water-soluble tase whose
behaviour wés typical of a quaternary salt. The alkaloid, which was
designated "petaliﬁe", was obtained as the reineckate, a pink micro=-
crystalline solid, m.p. 179-181°, which was agsigned the formula
C oo, [cx(som) Ao(m%)z] » later reviged by Smith (12) 4o |
Oonflpei0, [Cr(som), .(W,),] . Decomposition of the reineckate by the
method of Dutcher (13) gave petaline chloride és a yellow deliquescent
éoli&, mepo 140-143° (8). The base chloride wag optically active,

20 o S
SO 11.3°, and bad )\max 224 mopt (log € 5 4.31)3 280 mest (log €
4.06); 328 motte (log £, 2.52).

. Methoxyl determination showed the presence of two
methoxyl groups, the funetion of the remaining oxygen‘atqm being
undetermined . |

| Treatment of petaline chloride with caustic alkali led
only to the production of tars. -ﬁowevef, vhen a éoluﬁibﬁ of‘the alkaloid
in aqueous Barium hydroxide was évapﬁraﬁed 0 drynesé under reduqéd
pressuie a 30% yield of the basé leonticine was obtaineds This finding,
conéidered.in the light of the alkaline conditions emplﬁyed during
extraction of the plant, led McSheffersy (1)to suggest that leonticine is,
in fact, an artefact, and this hypotheéis hag beeﬁ supported by subsequént
invegbigations (1?)¢-, o

A conéideration of the u.v. specora of petaline derivatives

led MéShefferty (1) o suggest that vhe alkaloid belongs o ‘the isoquinoline

Degradations to "dihydropetaline” and to "oxypetaline" were also carried out(l)
but these have no direct bearing on the present discussion and are, accord-
inplv,. onitted o S




LY
\

group, & theory which was supported by the fact that alkaloids of this
typg occur prolii‘ically in plantg of the genus Berberidaceae (3"‘).

A ‘thorough inVQSuig&uion of the structure of petaline
wag’ later undertaken by Smith (12) who confirmed McShefferty‘
hypothesgis (1) Bhat petaline beloags to the isoquinoline grpup of
alkaloids and assigned structures II and IIT %e petaline and 1eont1ciné
respectively on the evidence described belows

suith (12) found that petaline, és the chloride or
'reineekate, could be converted in good yield into leonticine under the
exceptionally mild conditions of passage over Amberlite IRA-400 (OH)
anlon exchange fesin. Sinée pstaline has the’chafac%eristics of &
| quaternary base,(l) it was thought reagonabls to conﬁlﬁde tha’ leonticiﬁe,
produced from petaline by the action of alkali, 1s its Hbfmann éegradétion
product, and the stoicheiometry of the transformation supporis thisv'
conclusions |

- Under the above conditions leonticine methicdide gave the
corrésponding methohydroxide which, on refiuzing'in ethanolic sodium
-ethoxide solubtion, readily underwent Hofmann degradation to & nitrogen~free
leonticine methine (i.e. petaline bis-methine), 018H1803’ formulated as
IV, and trimethylamine vhich was cha;aoterised as the picrate.

Both leonticinsg and the nitrogeﬁ«free‘degrada%ion product
had u.v. absorption which was thought to be compatible with their
formilation as cis-stilbencs, showing respectively A 216 mew (log€
4obB5); 299 mets (log £ 5 4e32) and 'Jﬁax 209 mos (log € 5 4ed3); 305 mote

(log € , 4.32), valuss vhich were compared to those exhibited by the



Ghoeloowllle Dase 0L lanuanosine which has o ZE5 Tloge LAOE E 5 Lodi):
i E

224, mger. (log £ hot3) (15)

The ritrcgen-free degradation product aliso exhibited
abgorption at 269 mege {(log€ . 4.38), aseribed to the styryl double
bond .

Further evidence for the stilbene structure of leonticine
and its meuhlne came Ifrom the results of ozonolysis eprr iments (12) Ths
nitrogen=frea base; on ozonoly31sg gave p-methoxybenzaldehyde; identifying-
one half of the systeun but the other product could not be isolated.

Howsver leonticine methiodide, on ozmonolysis, gavey ags well ag ths expscted
o] ﬂnnbnozybanzaldehyde, a water soluble quaternary salt which was subjected,
without characterisatidng to Hofmann degradation followed by hydrogsenation
sver Adams? catalyst. The resulting product, formulated by Smith as V,
shoue& no carbonyl absorption in the i.r. bubt exhibived instead new

L

nydroxyl absorption which indicated the site of the or

f..l-

Lgiral aidehyde

U1o§uacd by ozonolysis of the s tilbene

<

Clear cut evidence for the conversion of the
dimethylamino-ethyl side-chain of lsonticine o the vinyl side-chain of
the nitrogen-free methins uas,fbund.im the n.m.r. gpectra, Thess shoved
the replacement, in the gpectrum of the nitrogen-free product, of the
resonance exhibited by leonticine at 7:65 T (6 protons; singlet),
ascribable to the N-methyl groups, and at 7.0-7.6 T {4 protons: complex),
due to the mathylens groups, by dotblets {each 1 proton) at‘AQS]: (3 =

i7 copes.) and at 4.9 T {J = 10 CopoSe) ascribable to the vinyl protons

of a styrene and showing the fine splitiing characteristic (16) of such



momns (16)(17) ®

The i.r. spectrum of the nitrogen-free degradation
product (KC1 dise) showed the expected absorption (18) o o vinyl group at
3086 cm~t and 905 cm“l, these peaks being absent in the gpectrum of
leonticine,

The evidence so far described egtablished the'partial
strueture, VI, for ieontieine and consequently, VII, for pstalins.

The remaining atoms were accounted for as follows (12)0
The presence of two methoxyl groups in both leonticine and its methine
bage were indicated by analysis and n.m.r. spectroscopy and the remaining
oxygen atom was shown to be present ag a phenolic hydroxyl group by the
presence of i.r. absorphion in both compounds at ca. 3540 em™' and by
positive results in the Gibbs?! test (19)(20) for a phenol with an
unoecupied ggig position.

The remaining methoxyl and the hydroxyl groups were
assigned (12) to-tﬁe positions shown in structure II since the derived
benzyl alcohol was deduced to have structure V on the basis of its positive
Gibbs® test and of spectral evidence which will be diécuased in detail
later. |

. | Ahmed and Lewis (21) tested petaline chloride
pharmacologically and ghowed it o be a more potent convulsant than
leptazol (1, S~pentamethylene tetrazole) although at low dosage levels
petaline chloride was found to reduce the convulsant activity Qf leptazol

and to exhibit muscle relaxant activity.
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RESULTS AND DISCUSSION:

The unique oxygenation pattern of the
benzyltetrahydrolstquinoline structure, II, assigned by Smith (12) 1o
petaline was so intriguing that ite synthesis was undertaken in order
to ascertaln its correctness.

_ The coumon route to isoquinolines, utilizing the
Bischler-Napieralski reaction (22) vas employed, using benzyl-owvanillin(zl")?_
VIII,. as starting ma‘berialg

‘ This aldehyde was condensed with nitromethane under the
influence of acebtic acid containing ammonium acetate (ef. p.47 ), to give
2=benzyloxy=-3-methoxy- g -nitrostyrene, IX, whose m.p. was in agreement

with publighed values (24) o

4The nitrogtyrene, IX, was reduced smoothly by 1ithium
aluminium hydride in refluxing ether, to the expeoted @-phenylethylamine
whieh, without purification, was eondsnsed with homoanisoyl chlorlde to
give N- [ 2-(2-bensyloxy~3-methoxyphenyl) -ethyl] -p-methoxyphenylacetamide,
X. Yields and purity of this amide were adversely affected by prolonged
reduction., Indesd, thers is reason to belisve that nltrostyrenes are
reduced 1o phenyl-ethylamines by lithium aluminium hydride in a few
minutes (see p. 50 ). |

The base obtained by treatment of the amide, X, with
phosphorus oxychloride in refluxing benzene was an oil and unfortunately
the corresponding hydrochloride, hydrobromids, piorate, oxalate and
methiodide also failed to crystallisef However, svidence that the

required dihydroisoguinoline, XI, had besn obtained was furnished by itas



uqv; spectrum which showed maxima at 278 m.4s (inm ELOH) and 327 Modfo
(in E40H -HCLl). The shifs on acidification of 49 mote is typical of
an imine (25) and i comparable %o that shown By crude dihydz'opapaveriné,
XII, which was prepared by the method of Buck, Haworth and Perkin (26)
and exhibited u.v. absorpiion mexima at 305 myme (in EYOH) and 355 moite
(in BtOH - HCl); the shift on acidification being 50 mgbgk

| Additional evidence was provided by the formation of a
erjstaliine keto-methiodide, XIII, in 1%% yield, when a solubtion of the
bagse in ethanolic methyl iodide was allowed to stand for several daysa
Redudtion of thig gave a non-crystalline alcohol which, however, afforded
the erystalline methiodide, XIV, vhose sitruciture was supportéd by
elemsntary and mass spectral analysis. (As expected, the paren’a ion
corresponded to the cationic portion of the salt, i.e. C_H_ N0 ¥, m/e

2732 4
434)

The ke uo--:aemhmdlde, XIII, ovidently arises by oxidation
of the expecteél product, XTI, A marked vendency for l-»benzyl-B,
4~d1hyd'ﬁo1soqu1nollnes to suffer oxidation to l—-ben%yl-‘a, 4-Gihydro~

soqulnolines on expcsure to air of a neubtral or alkaline golution of‘ "r;he
base has bsen noted before. (22)(26) (27)(28). Acidie solubn.ons, however,
appsar to be.:;mmunc_a o oxidabion (26)
| An attempt was made to reduce the keﬁo»me‘ahiodidék, XIII,
with 1ithium aluminitm hydride-aluminiun chloride compmx_,- a reagent which
.ﬁas‘been successfully employed in the reduction of allylic and benzylic
alcohols and ketones .o hjdrocai*boﬁs (29), However » reduction of'the .

keto-methicdide, XIII, followed by quaternigation of the oily product with



methyl iodide, gave the hydroxy-methiodide, XIV, the reduction in thie
case having been identical to that produced by sodium borohydride. -

The problem of precluding oxidationvéf the
dihydroisoquinoline, XI, was circumvented by the reduction, "in situ®,
of the 1, 2-double bond with sodium borohydride.

The best conditions were as follows. The eyclisation
reaction mixture was extracted with light petroleum and the residual acidic
oil wag treated with sodium borohydrids in methanol. It was found
necessary to basify at this stage and treat with more sodium bhorohydride.
Omisgion of this step, or bagification bafore the first addition of sodlum
borohydride gave much 1owér yields. Howaver, the above conditions,
combined with the employment of an atmosphere of nitrogen throughout,
gave good yields of almost pure 5~benzyloxy~6~methoxy—l-(Eamethoxylbenzyl)
=ly 2, 3y 4~tetrabydroisoquincline, XV,

Sodium borohydride is converted to diborane by acid (30)
and the above results indicate the possibilitylﬁhat this‘reduces imines
more effectively in an alkaline medium.

The protective benzyl elther of the tetrahydroisoquinoline,
XV, was hydrogenolysed over palladium-on=charceal to giﬁe 5enydroxy~b=
methoxy~l=-( p-methoxybenzyl)= 1, 2, 3, Amtetrahydroisoqﬁinoiine, VI,

Methylation of the phenolic base, XVI, by the Eschweller-
Clarke procedure (31) gave only incomplete methylation. A gimilar problem
wag solved recently by the use of catalylic reduction in the presence of
formaldehyde.(”)e Under these conditions the secondary base, XVI, was

smoothly and quantitatively converted Inte its Ne-methyl derivative, XVII,



which wag treaved directly with methyl ieﬁid@ in evhanol to yield
crystalline 2, 2~dime%hylewhyﬂroxyM6“me%hnmwhdy4£rma%hoxyhenzyl)-15
2, 3, 4~teﬂrahydroisoqﬁinalinium iodide; II (x = i)o

This quaternary sa1$§'II~(x== 1), has the strucéu?e
assigned by Smith (12) to petaline iodide. Comparisan of the syﬁﬁhetic
material with a sample of the alkaloid was not, however, very conclusng
because of the difficulty of comparing a racemate with an optical isomer,
because the ionic nature of the compounds rendered ier§ spectra in
solqtion unob%ginable, ané lagtly, bub very significanﬁly, bécaﬁs@ the
peﬁaline salts avallable were noﬁ rigoxouSIy pure, This last counsideration
debverred mass spectral comparisoﬁ of the cations of II and petaline.

However, decisive eomparisog was made using the ﬁgs%
éharac%erisﬁig chemical plroperty of'peﬁaliney When +the glﬁalcid ig ﬁassed
through a column of Amberlite IRA-400 (OH) anion exchange resin, the
corresponding methine, leonticine, m.po 123?9 is obtained directly and no
quaternary hydroxide is isolated (121; In contragt, the synthetic iodide,
II (x = I), was under these conditions smoothly converted to the correspond-
ing quaternary hydroxide which did not appear to bs unduly labile.
~ Decomposition of this with refluxing ethanolic sodium ethoxide géve the
methine, III, Mep. 172.5°. It was quite evident from comparison of m.p.
and of i.r. and n.mer. specira’ that leonticine and the methine, (desigﬁaﬁad
"pseudoieonticine” hereafter).wefe not identical and 1% folloﬁs ﬁha%.the
assigned strucﬁureg'li, for peﬁaline is incorrecﬁé |

Accordingly, the evidence upon which this assignmeh% was |

made_(lz) vas examined and a reappraisal was made ag follovs.

+These spectral data will be discussed later in devail.’
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The foymulation of petaline as a quaternary salt of a.
benzyltetrahydroisoquinoline is baééd upon. the formation of leonticine,
a dimethylamino~stilbene which ig evidently the usual Hofmann degradation
product of such a system (12), Thig is now confirmed by the close
gimilarity bebween the 1,70 and nemere spactra of leonticine and
Dbseudoleonticine, III. The 4'~methoxyl group is unembigously located by
the isolavion of pemethoxybenzaldehyde after ozonolysie of elther
leonticine methiodide or of the derived nitrogen-fres Hofmann degradation
product. Since thess features of the structure, IL, assigned to petaline
appear t0 be unassallable, it follows that the error concerns ‘the
oriéntation of the hydroxyl and methoxyl groups on the isoquinoliﬁe,
nucleus. - The biogenewic improbability of the oxygenation jatte;u of I
rendet vhis more likely. .

The 5y- 6 oxygenation pattern was assigned by Smith (12)
on three pisces of evidence. |

Firstly, leonticins, VI, its methine (corresponding %o
IV) and the derived benszyl alcohol, XVIII, all show abgorption in the
1.r. ab ca. 3540 ecm~l. This was ascribed to the phenolic hydroxyl group
and taken'to indicabe that the group was intra-molecularly hydrogen
bornded te thé only suitably located electrondgative atom -~ at least in .
leonticine and its methine - the oxygen atom of the methoxyl group.
This was considered to establish the griho relationship of vhe two
oxygen functions.

This cénclusion does not appsar to be open ta doubt,

the quoted frequencies -being close to those exhibited by warious
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o-nethoxyphenols prepaved in the pregent work, typical of which is the
1'k9tone,,XIX9 (cfe po 40) ﬁhich absorbs at 3548 em™t. A non-bonded
- phenolic hydroxyligroup-wculd:ba expected - to abgorb in the range
3650-3590 cmt, (33)

-Secondly, the pogitive results of the Gibbs' tests or
1eonﬁicipe,;VI, its methine, 1V, and the derived benzyl alcohol, XVIII,
were takén,to show that there was no substitution para to the phenolic
nydroxyl group (12),

The Gibbs! test reagent, 2, 6wdichlorotg~benzodqﬁinonéﬁ
4~chloroimine, XX, produces with phenols haviﬁg noe Lﬂg@_éubstituent, an |
indophenoig_such as XXTI, whicﬁ is detected by its blue coloué'(lglg‘
However, in its early form “he test sometimes gave ambiéuous résults as
indistinet colours were often formed and even the reagen%’aloney when in
golution, rapidly develops a grey colour (20)0

Fortunately, this unsatisfactory shate of affairs was
raecbified some years ago by King, King and Manning (20)~wh0 pub fhe Gibbg!
- test on a firm quantitative basis, introducing the use of pyridine as
golvent and showing that indophenol formation could then be reliablj
detected bty the presence of a maximum in the range 590-665 mete N('l‘og €,
ca. 4.0). in the visible absorgﬁion’spacﬁrum, whereés substances glving
© negative results in the Gibbs! test showed only background abéobtﬁion iﬁ
the region 500~700 megs, irrespsctive of the apparent‘colouf of the
solution,

In view of the equivocal results somebtimes obtained from

‘the Gibbs! best it was decided to repeat the test on leonticine under the



conditions of King, King and Manning (20), The test solution showed a
sharp absorption mazimum at 623 mye. {leg £ , ca. 4.0), thus confirming
Smith's observation {12). Neverthaless, further caubion must be
exercised before accepting his conclusions as the rule that phenols
with a free para position give a positive result in the Gibbs' test is
not without exceptions, Thus, the danger of assigning'a structure oﬁ
the basis of a negative Gibbs' test is illustrated by the compound,
XXII, whose test solution exhibits only background absorpbion in the
region 500~700 mygts (ef. p.92)

The énly cases which have so far been reported where a.
positive Gibbs'! test is misleading have a halogen atom or a carboxyl
group in the position para to a phenolic hydroxyl group and these,
apparently, do no% inhibit indophenol formation (20)(34),

Perhaps the most relevant Gibbs' test result is ﬁhat

ereported for pterostilbene, XXIII, whose test solution, aithough blue,
has ne absorption in the region 500-700 m 4. (20)

This can be taken as strong evidence that ithe positivq
result ghown by the stilbene, leonticines, ig, indeed, meaningful.

If this evidence is credited, it eliminates the ususl
6, 7 oxygenation patvern and reduces the number of possible structures
for petaline to two, namely II and XXIV. Since the former compound has
now been synthesised and showm to bs different from’petaline, ag
desceribed aarlier’(p;ls ), we can now assign the structures XXIV, XXV
and XXVI %o pétaline; leonticine and the derived benzyl alcohol
respectively.

Aggignment of a structure to a natural product on the basis of a positive
Gibbs' %tegt is not without precedent, King, King and Manning having uged a

positive result in this test to formulate the dimethyl ?ther of the heartwood
congtituent, jacareubin, ag XXVIII rather than XXIX 0],
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Smith’s final item of evidence (12) must therafore be
examined critically since it was gn theseggrounds that the wrong
gtructure, 11, for petaline was favoured over the correct one, XXIV.

- The benzyl alcohol, XXVI, derived from leonticine, shows i.r. absorption
at 3615 em™L ( €, 22 in 0014) and it was concluded erroneously that this
indicated a free hydroxyl group and accordingly showed that the
hydroxymethyl group was not situated ggggg ‘to the phenolic hydroxyl
group.

» This conclusion was shown to be fallacious by examination
of the i.r. spectrum of g-vanillyl alcohol XXVII (prepared by 1ithium;a1nmins
iun hydride redustion of g-vanillin). The absorpbion abt 3615 cn™t (€,
46) and 3560 em~L (&, 182) compared favourably with that observed fﬁr
‘the benzyl alcohol derived from leonticine, viz. 3615 em~t (&, 22)Aand
3547 el { €, Ud). | |

These data cannot be said to favour structure XXYi
uniquely but they remove the last objectictt to the structures XXIV for
petaline and XXV for leonticine. | |

The new structure allouws a satisfylng explanation to be
- given of the exceptional ease with which petaline undergoss Hofuann
degrédation, the chloride or reineckate being converted to the methine,
leonticine, by Amberlite IRA-400 (0H) vresin, conditions which merély
convert other quaternary salis, ©.g. leonticine methiocdide (12) or
pseudopetaline iodide IT (x = I), (p.15), to the corresponding quaternary
hydroxide. (No other examples of such a labile quaternary hydroxide

appear to bave bsen reporved (35) ). As indicated in XXX, petaline



carries its oun base in the form of .the phenolate anion, this belng
conveniently located for absiraciting the hydrogen atom. @ - to the

nitrogen atom via a gix-membered cyclic transitlon stabe.

MeO

OMe

XXX

The plausibility of this mechanism and , indeed, ite
aegthetic appeal, constituie compelling evidence in favour of ‘ahe :
gtructure XXIV for pstaline.

It would be praedicted on the basis ofAthis mechanism

that the alkeloid corpaverine XxxI (36)(37), wold also undergo Hofmann
degrada'éion undef conditions comparable to those employed for petaline
aiﬁhough this does not appear to have been put to .}‘bh‘.e testo

The discussion has hi'bher{;o neglected 't_.he gecmetry of |
the stilbene system of leonticine, XXV "

| Smith (12) tentatively formulated leohticine as &
Qig=gtilbene, the suggestion being supjaorted by the rather convinci;xg
gimilarity between the u.v. _spec"ara‘ of leonticiﬁe A s 216 mesgs
(108 € 5 4e45); 299 Mot (log & , 4e32)  and the glg-methine, XOKIT,
of laudsnosine A nax 215 mose (log € , 4037)3 294 Mot (log £ 4oh3) (15),

C’ons.ideraticn of the mechanism of the Hofmann degradation
reaction, however, leads to .the conclusion that the most probable structure

of leontlecine ig the trapg-stilbena.
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Except in particularly unfavourable cases (which have
no bearing on the present discusgion), the Hofmannléliminai;ie‘n réaction
appears to proceed by a concerted irans elimination (E 2) or, occasionally
by a tuwo step process (B 1 ¢ by E 1 elimination in the conjugaw‘:’e‘ basa)(35)-
The geometrical and steric requirements for re_ac'bion by
the most probablé mechanism (E 2) necessitate the orientation ofva.
benzyligoquinoline to be as ghown in XXXIII when viewed along the
c ( 9)—0 (1) bond » Eliminatiqn from the molecule in this'conformaﬁioﬁ can
lead only o the trang~stilbene. In order to arrive at the gig-stilbene,
elimination must occur from the molscule in ‘iﬁh@ confo:cma.'i';ion XXXIV, which

ig far from favoured. +

~NMe o+
2 NMe
Ar H +
- w nr
- M Ar H Ar
H .
XEXTIT XEXIV

If elimination were to procesd by the E 1 ¢ b mechanism,
then the favoured conformation of the intermediate carbanion would for
similar reasons also be expected to lead to a Lfrang-siilbene.

The mechanism, XXX, already proposed for the formation
of leontigine, XXV, is axﬁenable direetly to the above arguments.

Nsverﬁheless s Battersby and Harper have reporbed (15)
the formation, in the degradation of laudanosine, XXXV, of a 9% yield of
the gig-methine along with 68% of the frans isomer.

Hotwithstanding this surprising finding it is unlikely



TABIE T

U.V. Spectra of Stilberes

Compound Amax (ma)  logg Ref.
Leonticine 216 hoks5  (2)
' 299 5,32
Pseudpleonticine 218 120
B 257 3,98 -
317 ko3
Laudanosine cig~-methine 215 537 (12)
295, 4.0L
laudanosine frans-methine 223 130 (12)
333 Loh3
L-Methyl-trans~stilbene 263 hok2 (k1)
230 1,23 ‘
298 Lo50
Loht=Dimethyl=trans-stilbene 20 4,39 (k1)
' 230 L.21
301 bo51
2,4 ,6~Trimethyl-trans-stilbene 201.5 Lok7  (41)
208.5 hol7
283 4.28
2,L46,2' 17, 6'-Hexamethyl-trans-stilbene 214 b.55 (&1)
' 263 4,20
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that leonticine is a gig-stilbene, andz indsed, its 1.T. spectrum,
meagured in carbon disulphide shows gtrong absorption at 970 cm"l,
characteristic of the C-H out-of-plane deformation of a itrans double
bond (33). Hence 1eont1c1ne can be confidently formulated as ther
Ltrang~methine, XXV;

The u.v. spectrum is, in this case, misleading and
illugtrates the difficulty of identifying chromorhones withoub adequate
mocels, Table I. shous the UeV e spectra of various Ielevan comyoundsa'

Since leonticine, XXV, and pseudoleonticine, III,'différ
onlv in the orientation of substituents, it would, on the surface, a?pear
reagonable to predict vhat the two isomers should have comparable u.v.
spectra (38), As céﬁ bgﬁseen from Table T, this ézpectation is nob
realised, the_long—wavéieﬁgﬁh peak of leonticine occurring at & wavelength
18 megs shorter than predicted.

Such.a shift mlghx be attributed to gig geometry of the -
stilbene were it not that the more~rellaole evidence of i.r, absorption
hag already eliﬁinated this possibility. However the u.v. absorption of
leonticine, XXV, can be explained as follows:

Uniike pegudoleonticine, IIL, leonticine, XXV, carrvies
substituents in both the 2-and the 6-positions -~ that ig, in both
positions gruho to the double bond. - Steric interaction between these
gubgtituents and the vinyl hydrvogen atoms is therefore relieved
rotation of the arvomatic ring bearing these substlituents ouv of the
plans OL the double bond. The resulting inhibition of resonance is

reflected in & ghortening of the long~wavelength U.v. abso orption maximus.



Analogous effects have been reported by Suszuki (39>,
who considered in detail a series of methylated Lrans~-stilbsenas.
Sugzuki found thaty, while in general, the substitution of a meﬁhyl group
on an aromatic nucleus of jrang-stilbene gave risaqto the expected
bathochromic shift of the long-wavelength absorption maximum of ca,
3 nefls, substitubtion on grtho positions caused marked hypsochromie
shifts. Thus, while 4, 4%~dimethylstilbene absorbs at 301 mods, 2, 4,
6-trimethylstilbene absorbs at 283 myy: and the 2, 4, 6, 2%, 4%,
6'-hexamethyl analogue at 263 m#,

‘ These differences in the positions of the long-wavelength

V peaks of the meﬁhylated.ggggg-stilbenes are baralieled by differences in
the reactivity of the double bond. Thus, Fuéon,LDenﬁon and Best (£0) have
shown that the times required to decolourise a solution of 2% agueous
potagsium permanganate under standardised conditions are, for irang-stilbene
less than a minube, for 2, 4, 6 trimethylstilbene, 4.5 hours and for 2, 4,
6, 2%, 4%, 6 hexamethylstilbene, 60 hours. This rationalises McShefferty's
report (1) that leonticine only slowly decoiourises potassium permanganate
solution. Doubtless the formerly surprising failure of leonticins to
“underge cavalytic hydvogenation (1) is also due to steric effects, since
‘the nonnplanariﬁy of the molscule may prevent its efficient adsorption on
the catalyst surface. |

Viewed in thig light, these "anomalous' properties of
leonticine, XXV, provide furiher confirmation of the revised structure.

Discussion of the n.m.r. spectra of leonticine, XXV,

and poeudoleonticine, III, has been deferred until now so that they may
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be considered in the light of the correct structures.

As can bs seen fr.om’ Table II, the abgorptions due to
the dimethylamino-ethyl side-chains and the me‘bhoxyi groups‘ of both
compounds, are almest ident;lcal while, as would be expected, nhe complex
aroma'bic‘absoi*ptions » although occurring in substantially the same
region, are of different form,

The absorpi;ion of the vinyl protons of leonticine,
however, occurs at 3,29 T whereas the corresponding proitons of
pseudoleonticine absorb at 3,03 T » The vinyl protons of jraps-stilbene
itself absorb ab 2.90 T and those of gig-stilbens at 3.45 T ,(41) |
Since substitubtion ortho to the double bond can only cause increased
shielding of the vinyl protons the observation that both leontlicine and

basudeoleonticine absorb at lower field than gig-stilbens is confirmation

of their trans geome*bi’:ﬂ The value of 3,037 for the vinyl protons of

Jbssudoleonticine, III, shows thait the shielding by the dimatbylamino-»erbhyl ‘
substituent causes an upfield shift of 0.13T

Since the vinyl protons of leonticine are shifted upfield
by 0,39 ¥ relative to stilbene it might be calculated that the griho
hydroxyl group has & shielding effect sufficient to account hfor 0.26 T
of this shift. However, in view of the previously demonstrated non~-planarity
of 1e0nticiné (ysae pe 22) this simple quantitative argument is probably
invalid and it sesms likely that the observed shift is due not only to
the two grtho substiizueﬁs but also to the increased order of the double
bond brought aboub by steric inhibition of resonance.

Apparent anomalies appsar vhen the absorpulon due to the




phenolic hydroxyl group is considered. The hydroxyl group of leonticine,
XXV, absorbs at the unexceptional value (41) of 4.05% and the agsignment
of this peak is confirmed by its disappearance on shaking the solution
with deuterium oxide.

On the other hand, pgeudolsonticine, III, exhibits no
absorption in the neighbourhcod of 4 T which can reasonably be ascribed
to the phanolic‘proton but shows, instead; a sharp singlet (wvalue 1 proton)
at 8,727 . The exceptionally high Tvalue of this absorption makes its
assignment to a phenolic proton appsar unlikely and this conclusion is
reinforced by the observatilon that it fails to exchangs on shaking with
deuterium oxide.

Neverthelesg, all other peaks in the spectrum having
been assigned to appropriate protons, and the suspected possibility of the
peak at 8.72 T arising from solvent absorption or being a side-band of
tetramethylsilane having besn tested and rejected, we are obliged to
accept the logical conclusion that the phenolic proton of pggudoleonticine,
I1I, absorbs at 8.72 T and fails to exchange with deuterium under the -
ugual cbnéitionse A possible explanation of this surprising resuli is as
follows.

Hydrogen bonding normally causes the n.m.r. signal of
the proton involved uo occur at very low field (41) and this phenomenon,
in the case of the commonly sncountersd cyclic hydrogen bonded system
whose ring has six members including the hydrogen atom, is presumably due
to the tendency for two electronegative atoms (shown as x) to léave the

mroton relatively denuded of electrons {i.s. deshieldsd). As can ke seen




in XXVLI, this is a consequence of the fact that the A-d....:d system
ig non-linsar so that the resultant of the twe X e & slectron attractiog
forces has the effect of increasing the slectron density between the two

elecironegauive atoms at the exrpense of the immediate enviromment of the

-However, inspection of imclecular models shows that if
g@ggggleonticiﬁe adopts the seven~membered cyclic hydrogen bonded
conformation as depicted in X¥XVII, ﬁhé:Xaﬂasa;X hydrogen bond is linear.
Accordingly, Lhe pwoton lies in the IegLon of maximum electron density,
the sffect of theznitrogen atom being merely to counteract the electro-
negativity of the oxygen and thus, by reducing the dipolar character of
the 0=H bond to cause an wupfield shift of the proton sighal and rendsy
ths proten less susceptible te exchange with deuterium oxide.

The geometry requires that one or preferably both of the
remaining carbon atoms of the ring c‘houlg be tetrahedral in ordar to
allow the puckering necessary for the formation of the linear hydrogan
bond. These rather rigid steric requirements aécount for the apparent

absence of any other report of this interesving and unusual system.

Me pq
‘l/
W’ T
M |
~eH =¢cHopr

XXXV IXvil




The significance of the reviged structure of petaline
ig such (vide infra) that it was considered desirable to obtain chemical
confirmation of the oxygenation pattern of its isoquinocline nucleus.
This was achieved in the following way.
Leonticine was converted to an amorphous mesylate which
on oxidation with acidified pofaséium dichromate gave, ag well as the
expected anisic acid, 3-methanesulphonoxy-4-methoxyphthalic acid, XXXVIII,
which was shown to be identical (i.rs and mixed m.p.) with a sample
synthesised as described on p.43 . This result, together with the
previously reported synthetic experiments (p.15 ), fully confirmsthe
gtructure of petaline as , XXIV. | _
Petaline ig therefore the first reported example (14)(42)(43)
of a benzyltetrahydtbisoquino1ine alkaloid having a 7, 8 oxygsnétion
papterno The biogenesis of petaline and its bearing on +the origin of

the cularine alkaloids is discussed elsehere (p. 2 )
) . _

While the struciure of leonticine has been thoroughly established as XXV,
that of petaline has only been inferred to be XXIV, although the
biogenetically and chemically less probable structure, XXXIX, cannot be
rigidly excluded. However, the cyclic mechanism, XXX, invoked on p.20

to account for the facile Hofmann degradation reaction is not nearly so
readily applicable to the latter structure. It is hoped that studies

on the alkaloid (which is not at present available) will serve conclusively
to eliminate this possibilitvy.
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2-Benzyloxy=3-methoxy~ 8 ~nitrostyrene, IX.

A solution of O~benzyl-o - vanillin, VIII(23), (20 g.),
ammoniun acetate (4 g.), nitromethane (20 ml.), and glacial acetic acid
(40 m1.) was refluxed for 1 hour™ and poured into vater. The precipitated
s0lid crystallised from ethanol as yellow needles (15 L g; 66%), m.p.
72740 (Lit.(24) 7).

[2-(2% -Begzggggx 3! -methoxyohenyl)~ethyl-p-methoxypheny cgt@gégg&;x
A solutiod of 2-benzyloxy-3-methoxy- i -nitrostyrene,
IX, {1.75 g.) in ebher (40 mi.) was added during 15 minuteéfﬁq a sbirred
refluxing solution of lithium aluminium hydride (1.6 g;) in ether {200
ml.). Stirring and refluxing were then contimued for 1 hour®, the excess

Kl
L

of reagent was destroyed by means of ethyl acetave and the compler uas
decomposed by a minimum volume of water. The ethereal solution wag
decanted from the inorganic residue which was washed with more ether
(2 x 25 ml.) and the combined ether solutions were then extracted with
6 aqueous hydrochloric acid (3 x 50 ml.). The aqueous extracts, after
agification with ammonia (O 880) were eeracced with ether to give the
8 ~phenylethylamine as an oil (2 e25 Eeo ) Thls oil, without Purther
purification, was dissolved in a mixture of ethsr (10 ml.) and 0.58
“aqueous sodium hydroxide (310 ml.) and stirred with homoanlsoyl chloride
(1 g.) for 1 houz'a The pfecipitated solid was filtered off and wasghed
suceeasively with dilute aqueous alkall, acid and watefg Crys tallls"" o1t
from di-igopropyl ether gave the gipide, X, as colourless needles (1.74 g

78%), m.p. 85-87.50. (Found: G, 74.35: H.6.7; M.3,3. G, H, N0, requires

Mors prolonged refluxing affected the ylelds and purity of the preducth

5\.-

adversely.




G, 74053 B, 6,75 N, 3.45%),

5=Benzylozy=t-nethoxy-l~( pemethoxyhansyl )=3. hogi hmroz segquinolineg, XIi.

eusr. e

A solution of = [ 2~(2'-benzyloxy-3*-methoxy~phenyl)-
e“i:-hylj ~p-nethoxyphenylacetamide, X, {0, i g.) and phogphorus oxychloride
(0.75 ml.) in benzene (5 ml.) was refluxed for 30 mmubes, cooled and
added to light petroleum (b.p. 40-60°) {ca. 30 ml.). Aftar dacantation,
vhe residual oil was dissolved in chloroform and fhe soiu’hion washed with
dilute agueous sodium hydroxide; Evaporaﬁion of the chloroform gave the
3, z’:,--dih:/;droisoquinoline, X1 as an oil (ca. O‘Gl go) ‘(/\ w (in Et0H)

278 o, (in EtOB/HGL) 327 myk, No G = O absorplion in i.r.] . Abtemphe

to purify the base by chromatography or distillation, or to prepare a sol:é
hydrochloride, hydrobromide, ozalate, plerate or methiodide were all
- unsuccessiul. |

5=Benzyloxy=6-meihoxy=1l={ p-nethoryhens ;Eﬂmnim -olsoguingliniun

lodide, XITT .

The above oily 3, 4~dihydroisoquinoline, XI 5 (180 mg.) was
allowed to stand for 3 days in ethanol (1 ml.) with methyl iodide (1 'zn_la v
At the end of this period the yeilow crystals which had formed (18 mg.) were
filtered off and the filtrate vas evapoz'a-éed 10 dryness. A-The regidual oll )
was waken up in 50% me‘bhanm’t—sth@r and gseded, | After 1 day a further 23 ng.
of yellow crystals bed separated. (Total yield 41 mges 177‘:)0 This

paterial crystallised from methanol-ether to give the keeo-mebhmd:x.&c. X1z,

ags yellow necdleg, me.p. 164-169°, (Found: G, 5663 H, 48, 026}12611\0 a{»"ﬁﬂ 0

requires C, 56.5; H, 409%) s

GuBengylonvesd, 2-dimethyl=le(3 =hvdroxy=fwmethoxybenzyl)=b-mathoxy=1: 2. 3,
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J=tetrahydroisoquinolinim_iodide, XIV.

The above keto~methiodide, XIII, (23 mg.) in methanol
(1 ml.) and water (1 drop) was treated with sodium borqhydriée (45 mg.)
in portions during a few minutes. Afiter refluxing for 1 hour the methanol
was evaporated and water (5 ml.) vas added. Chloroform extraction gave a
colourless oil (17 mg.) which did not crystallise and failed to yield a
c:ystalline hydrochloride or picrate. The oil in ethanol (3 ml.) and
methyl iodide (0.5 ml.) gave a colourless precipitate after 1.5 hours.
Crystallisation of this from methanol-ether gave the tetrahydvoisoguinglinivm
igdide, XIV as fine colourless needles (16 mg; 68%), m.p. 128-138°, Found:
Gy 57ehs By 5.7. Cppfla N0, voquives C, 57,85 H, 5.7% . Molecular weight
(mass spactrometry) 434. CpyHyoNO0, (cation only) requires 434 ).
5=Benzyloxy=b-methoxy=1={ p-methoxybenzyl)-1, 2. 3, d~tetrahydroisoguinoline,
Xy

A mixture of phosphorous oxychloride (5 ml.) and benzene
(10 ml,) was placed in a dropping fumnel in one neck of a thres-necked
flask containing He [ 2-(2'wbenzyloxy=3'-methoxyphenyl)-ethyl] = p -
methoxyphenylacetamide, X, (2 g-). The entire apparatus was flushed with
nitrogen for 30 minutes and the phogphorus oxychleride solution was then
added to the amide. After refluxing for 30 minutes light pstroleum (bepe.
40-60°) (100 ml,) was added to the flask and after 45 minutes the
supernatant solvents were decanted. After a further washing with light
petroleum, the residual oil (which was strongly acidic) was dissolved in
methanol (100 ml.) and water (2 ml.), Sodium borohydride (0.5 g.) was

added rapidly in portions and the solubion was then basified with 4N
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aqueous godium hydroxide and treated with more sodium borohydride (0.5 go)
in portvionse The resulving solution was allowed to stand for 1 hour and
the flow of nitrogen, which had been maintained throughout all the above
operations, was then discontinued, The solution was evaporated to a small
volume and, after water (ca. 25 mle) had been added, was extracted with
ether to give a colourlegs oil, Thig was taken up in ether and treated
with gaseoug hydrogen chloride. The res ulting precipitate crystalliéedv

from methanol vo give the amine hydrvochloride as colourless plates (1.37 go3

65%); meps 200-217°, unimproved by further crystallisation. (Found: C,
70.2; Hy, 6.5;5 ¥, 343, Coyll gf1M0, requires Cy 70455 Hy 6,65 N, 3.3% ).
Treatment of thig amine hydrochloride with dilube aqueous sodium hydroxide

and ether extraction gave the gmine, XV which, when pure, crystallised

from light petroleum (b,p. 60~80°) as colourless needles, m.p. 82~84°,

(Found: C, 76.9; H, 6.,8; N, 3.6, C_H_NO_wrequires G, 77.1; H, 7,05

25 27 3
N, 3.6% ).

5-Hydroxy=b-methoxy~L-( p-methoxybenzyl)=l, 2, 3. 4-tetrahydroigoquinoline,
VL | ’
5~Benzyloxyu6~methoxyblw(Efmeﬁhoxybenzyi)-l, 2, 3, 4
tetrahydroisoquinoline hydrochloride {0.87 g.) was suspended in water
(25 ml,) containing palladium~on-charcoal (10%; 200 mg.) and hydrogenated
av atmoéphezic temperature and pressurs. After a few hours one mole of .
hydrogen had been absorbed. After removal of the catalyst, the solution
was basified with ammonia {0.880) and extracted with chloroform. Afuer
‘evaporation of the solvent, cerystallisation of the golid residue f:o@

nitromethane gave the phenolic awine; XVI, as colourless nesdles (333 ng;
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50%), mopo 157=158°. (Found: C, 7L.9; H, 7.3. 018H21N03 requires C, 72.2;
H, 7.1%). The picrate crystallised verj slowly from methanol ag yellow

misms, mopm 205"2150 (Foun.dg C, 5407; H, 407; N, 3.0030 ClSHZlNOBoCéHBNBO,?

requires C, 54.55: Hy, 4.65 N, 10.6%).

A solution of 5<hydroxy-6~methoxy-1l-(p~methoxybenzyl)-1,
2, 3, 4~tetrahydroisoquinoline, XVI, (0,28 g.) in ethanol (25 ml.) and
aqueous formaldehyde solution (33%; 4 ml.), containing palladiume-on~charceal
(10%; 0.13 g.), was hydrogenated at atmospheric temperature and pressure.
After 4 hours one mole of hydrogen had been absorbed. After removal of
the catalyst, the solution was svaporated to ca. 5 ml., diluted with water,
acidified with dilubte aqueous hydrochloric acid and extracted with ether
(2 x 20 ml.). The aqueous solution was then bagified with ammonia (0.880)
and extracted with chloroform to give a pale pink oil (285 mg.). This
oil was dissolved in ethanol (10 ml,) and methyl iodide (5 ml.) and allowed
to stand overnight. Evaporatvion of the golvents and crystalllsation of the
residus from ethanol gave the bage methiodide, II (X = I), as colourless
hygroscopic nesdles (300 mg; 69%) mop. 188-198°, (Found: G, 49.3; H; 6.1;
N, 2.9, 020H261N03°2H20 requires C, 48,93 H, 6.15; N, 2.85%).
ba} =Dimethoxy=2-(2=dinothylanino~-cthy
2, 2-Dimethyl~5-hydroxy~b-methoxy-1-(p-methoxybenzyl)-1,

2, 3, 4=tetrahydroisoquinolinium iodide, IT (X = I), (300 mg.) was dissolved
in warm ethanol (25 ml.), cooled, and immediately put on to a column of

Amberlite IRA-A00 (OH) anion exchange resin (6 go)» The material wag
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glowly eluted with ethanol. On evaporation, the corresponding quaternarj
hydroxide, II (X = OH) was obbained as anm oil. This wae refluxed in a
10% solution of ethanolic sodiwm ethoxide (15 nl.) for 2 hours, under a
stream of nitrogen. The cooled solution was diluted with water (15 ml.),
acidified with glacial acebic acid and rebagified with ammonia (0,880).
Extraction with chloroform gave & pale yellow solid which, on crystalllsauion
from ethanol, afforded the ghilbens, ITI, as colourless plates (92 mg;
M%),"mopo_ 170-172,5%  (Found: C, 73.2; H, 7:755 N, 4o20 0,10,
requires G, 73s43 H, 7575 My 4o3%).
3Methanesul phonoxy~4=nathoxyrhthalic acid, XXXVIIT.

A solution of leonticine, XXV, (550 mg.) in pyridine
(10 m1.) at 0° was treated with methanesulphonyl chloride (2 ml.) in
pyridine (2 ml.) during 1 minmzte and the resulting solution was left in
the refrigerator overnight. Ice was then added and, when it had melbed,
the solgtion was treated with water (100 ml.) and then saturated aqueous
sodium carbonate was added unbtil no more oil separétedo The aqueous
golution, after swanding in the refrigerator overnight, was de anted ag
far as possible from the rather wobile oil which was then allowed to stand
with fresh water overnigh®b. The mesylave was then obtained és an
amorphous solid (500 mg.) which failed %o crystallise from common organic
solvents. f& (nujel) 1375 emTd, 1140 em.~l), Thnis mesylate (150 mg.)
was refluxed for 30 minutes in & solution’ of acidified potﬁssium.
dichromate (20 ml,), cooled, and treated with gaseous sulphur dioxide
unbil the solution became bright green. Chloroform extraction (3x25 ilg)

gave a fev mgs. of anizic acid (identified by i.r. and mixed m.p. with an

+ Potassium dichromate (24 g.), concentrated sulphuric acid (72 ml.) and
water (360 ml.).
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authentic sample). The aqueous mother liquor was continuously extracted
overnight with chloroform to give 3-methanesulphonoxy-4~methoxyphthalic
acid, 3XXVIII, (16 mg; 11% baé‘ed on leonticine), as a colourless powder,
meps 179~194° identical (i,r. and mixed m.p.) with a sample prepared as
described on p.60 . '
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SYNTHETIC APPROACHES TO CULARINE AND FPETALINE
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INTRODUCTION

| The alkaloid, cularine, I,(l) ig chiefly remarkable for
.its unusual ethesr linkage comprising part of a seven-membered ring.
Proposed synthetic routes to the base fall naturally into two classes
according to whether this ether linkage is introduced before or after
elaboration of thekl-banzylisoquinoline framework,

Two successful syntheses of the former type have recently
been reported by Kametani et ale,¢?){3) each involving the formation of a
diphenyl ether by an Ullmann reaction at an early stage (Schemes I and II).

While these syntheges, particularly the more recent one {3)
uﬁich also led to cularimine, II<1), effectively confirmed the sitructures
of the alkaloids, it was fellt that a synthegis which paralleled the
proposed biogenetic route (as oublined in the General Introduction), might
be of rather more intrinsic interest and might, in addition, confirm the
‘theory, based on biogenetic grounds, that cularidine, which is known (1)
to be a des~O-methyle~cularine, has the structure III.

The initlal problem, therefore, was to syntheslse a
compound related to IV, which, by phenol oxidative coupling and subsequent
manipulation, might be convertible into IIT and thence into cularine; 1.

The work of Franck and his collaborators (4) has shown
that the difficulties encountered in carrying out phenol oxidativé coupling
reactions on phenolic bases can be overcome effectively by first quater-
nising the nitrogen atom.

However if phenol oxidation were applied to 4 quaternised

tetrahydroisoquinoline it might not be rossible to conver®s the resuliving
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quaternary base to a tertiary amine of the cularine type. However it
was hoped tha®t this problem might be overcome by the use of an N-formyl
derivative such as V, since the desired product of oxidation of this,
viz. VI, ought %o be readily convertible into eularine I or cularimine,
II, |

In an atbempt to convert the pentahydroxy~compound, VII
into either a cularine-type or morphine~type compound, Franck and
Blagehke (4) obtained the aporphine, VITI, It was suggested (4) tnat this
aporphine was produced by a morphine-apomorphine btyps rearrangement of the
intermediate, IX, Should this bs the case, the use of a 7-methoxy~
isoquinoline, 8.z, V, oizgh'b te prevent the Fformation of the dienone system
of IX. |

Hence, there sesm to be reasonable grotmds for hope that
phenel oxidation of vhe compound V would lead ax‘clusively to the formation
of the required 8-6' ether linkage.

| With the elucidation of the structure of petaline as X

(deseribed in Section I), this alkaloid became a closely relatad synthetic

objective.
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RESULTS AND DISCUSSION

The firgt objective in a proroged biogenstle-vype
gynthegis of cularine, I, was a compound related to the diphencl, V.

Since, for reasons mentioned in the CGeneral Introduction,
the conventional isoquinoline syntheses were not directly applicable o
this problem, the first rouite to bs investigated was that outlined in
Scheme IIT, involving the Friesg rearrangementn(5) Ag can be seen
(Scheme III) acyl migration to the gﬁ§§g pogition of the ester, XI would,
on gubsequent condensation, lead %o the desired sysiem, wherecas a pars
rearrangement would give the 6, 7~dioxygenated system which is readily
accessible by more usual methods.

It wag decided to study the vearrangement reaction, using
the readily prepared guaiacol phenylacstate, {6) LIT. VWith aluminium
chloride in refluxing chlorobenzene, the only product isolated was
4~chloro~2t~phenylacetophenone, (7) XIII, formed by acylatiocn of the
solvent. Several investigators (8)(9) have reportsd similar acylations
~‘effected by esters during the Fries reacfiona

In a radlo-active tracer study of the mechanism of the
Fries reaction of phenyl acetate, Ogata and Tabuchi (10) have recently
proposed the mechanism ghown in Schame IV, where the intermediate, 4,
accounts for the loss of acyl group either by acylation of other specles
or by evaporation of acyl chloride, |

The formatlon of the product, XXIL, was precluded by
carrying out the reacition in stannic chiorids at 100° in the absence of

any other solvenbt. Undsr these conditions, para acyl migration occurred
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to give A—h&droxyhanmethoxyh2’uphenylacetophenone, XIV, Thig showed

i,r. absorption maxima (in carbon tetrachloride) at 3548 em.™L (CH,

bonded only to ortho methoxyl group) and 1673 cm.™L (non-bonded aromatic
ketone carbonyl). The mroduct of ortho migration would have been expected
to exhibit absorptlon comparable to that of g-hydroxyacetophenone at
3500-2900 em.~ (bew.) and 1639-1613 cm,~L,(11)

Aptempbed rearrangements of guaiacol phényiacetate, XI1,
under a variety of condltions failed to give any of the required griho
rearrangement product, XV, but in spite of this, experiments were carried
out using the clogér model compound, 4~methoxy-~3-phenylacetoxy-N-phthaloyl~
@~-phenylathylamine, XVI, prepared from the corresponding phenol (12) and
phenylacetyl chloride.

However preliminary attempts to rearrange this ester,

XVI, under the high temperature conditiong which have been reported (5)(13)
to favour oriho Fries rearrangement, failed to produce any phenolic
material,

In view of the unpromising nature of these resulits, this
route to 7, 8~dioxygenated isoquinolines was not lnvestigated further.

The second approach to be explored is outlined in Scheme
¥V and was based on the notion that since the l-position of the isoquinoline
nucleus is the most suscepbtible to nucleophilic substitution, (14) the
problems involved in prepaving the l~benzyl-8-hydroxy~7-methoxy-isoquinoline
might be tackled stepwise by first preparing the required dioxygenated |
isoguinoline and subsequently introducing the bénzyl group by means of an

organo~metallic reagent., (15)(16) The synthesis was undertaken as follows.



Isovanilling, XVII, was smoothlv converted to 3=hmiroxy=—
L-methoxycinnamic acid, XVIII, by the action of malonic acid in pyridine
containing a little pipsridine, Catalylie hydrogenation then gave the
corresponding hydrocinnamic acid, XIX, Bromination of the acetate of
this in glacial acebtic acid gave only complex mixtures of products,
However, the unprotected hydrocinnamic acid, XIX, on treatment with one
mole of bromine in the seame solvent gave exclusively the required 2-bromo-
S=hydroxy=f-methoxyhydrocinnamic acid, X{, OCyclisation of this product
was expacted to lead td an indanones of the required orientation.

The assumpblon that bromination had occurred para to the
phenol rather than grtho, was shown by later work to bs correct.

Bromination of the hydrocimnamic acid, XIX, using two
moles of bromine, gave exclusively a dibromo derivative, assumed to be
XXI.

The above bromination experiments show clearly that two
positionsg of XIX are suscepiibls to electrophilic substitution bubt that
one is more acitive than the other, There is much evidence, e.g. the
resultg of Bischler-Napieralski reactions, to suggest that the position
para to one of two adjacent, activabting oxygen functions is more reactive
than & position gribo to one of them.

Attempts to cyelise the hydrocinnamic acid, XX, with
polyphosphoric acid me® with no success bub brief treatment with concentvaver
gulphuric acid av 100° gave good yields of ths required 4-bromo=7-hydroxy--
6~methoxyindan-il-one, XXIT whose structure, and consequently that of its

pracursor, XX, wag esbablished in the following ways.



TABLE I

7=Hydroxy=2-mgthylindan=1-one XXIIT.
A EtOH-HC1
max |
A EtOH-NaOH
max

Shift on ionisation

Indanone  XXIT.
MeOH
A max

MeOH-KOH
A max

Shift on ionisation

- 316mu,

36k,

Lmu,



The u.v. spsctrun of the indanone, XXII, and the sghii
of the long-wavelength band on bagification, compars favourably with
those of T-hydroxy-2-methylindan-l=-cne, (17) XIIY when dus allowance ig
made for thes expsetsd bathochromic ghift of XXII due to its extra
subatitution . (Table I)

The 7-hydroxylndanone, XXIII, has deen shown by Gouoverélﬁ}
to have a hydroxyl group which is particularly weakly hydrogen-~bonded
becauge of the geometry of the five-membersd ring. Presumably as a
consequence of this certain chemical properties of the 7-hydroxyindanone,
XXIII, as distinct from its 5~hydroxy isomer, are characteristic of the
7-hydroxyindanons system. Thug XXIIT gives a desp purple colour with
ferric chloride and forms a sodium salt vwhich is insoluble in water and
the observation that the indanone XXIIL behaves gimilarly is good svidence
of its structure.

Fipally 7~hydroxyindanal~ons, XXIV, was found %o glve a
yellow-green chelate when an acetone solution is mixed with cupric acehate
in acetons. The fact that the hydroxyindanone XXII gives a simlilayr
yellow»green golid is further sirong evidence for its cheleta structure.

Some preliminary experiments were carried out involving
debromination at this stage. The bromine atom was hydrogenolysed over
palladium-on~charceal and the resulting oily product was not characterised
but immediately converted into a crystalline mesylate, 7-nethanesulphonoxy-
G-methoxy-indan~i~one, XLV,

Oxidation of this with acidified potassium dichromate

Y

X S X3 ) ) ) A IS S K1 A e .(Aq’.
{conditions which effect the oxidation of indene to homophthalic acid (i“);



gave, not the required homophthalic acid bubt 3-methanesulphonoxy=4-
methoxyphthalicAacid, XXVI, which wag characterised as its anhydride.
This acid, XXVI, however, proved to be a key compound in the slucidation
of the structure of petaline as described in Section I (p. 27).

The oxidation of XXV was not, in fact, studied further
gince the desired homophthalic acid was conveniently obtained from XXII
by an alternative rouite in which debromination was deferred until after
oxidation.

Attempts were first of all made to effect the controlled
oxidation of the bromo-indanone, XXII, by indirect means. The phenolic
group was protected as the tosyl derivative and the corresponding
igonitroso compound, XXVII was prepared, albeit in rather poor yield.
Attempbed Beclmann reaction of this isonitroso compound (cf. ref, (19) )
using p~toluenesulphonyl chloride in pyridine or 10% aqueous sodium
hydroxide gave complex mixtures while acetic anhydride merely produced
the corresponding oxime acetate, XXVIII, 7

Another Yindirect" method attempted was the ozonolysis of
the mesylated furfurylidene derivative, XXIX of the hromoindanone, XXII.
The fact that neither starting material nor product was obtained afier
chloroform extraction in the work-up was considered discouraging although
subsequent results showed that prolonged liquid-liquid extraction is
required to isolate the homophthalic acid,

However, it was found that the homophthalic acid, XXX,
wag obtainable by direct oxidation of the mesylate of the indanone, XXII,

with chromium trioxide in acidic solution, (Jones' reagent), followed by



continuous extraction with chloroform.

Hydrogenolysis of XXX over palladium-on=~charcoal gave
the bromine-free homophthalic acid, ¥XXI, which also requi:eed to be
continuously extracted.

| There were two possiblé approaches to the problem of
converting the diacié, XXXI s into an isoquinéline. The first to be
attemplted involved the reduction of the éompound to a diol énd conversion
of this, perhaps via a dihalide 'bé a tetrahydroisoquinoline, which might
then be dehydrogenated to the required isoquinoline, XXXII (R' = H),

However, reduction of the homophthalic acid, XXXI, or
its dimethyl ester (prepared with diagomethane), with lithium aluminium
hydride gave only oily products whose i.r. spsctra still exhibited
carbonyl absorption. This incomplete reduction may have ‘;aeen due tosteric
factors, A furiher complication wag that the mesyl group would have been
removed under the reaétion conditions so, possibly, the expected product
was, in fact, formed o some extent ut was too water soluble to be
extracted. Attempbed rveduction of the brominaited homophthalic acid,

XXX, gave similar resulis. , | “

The alternative app&oach was to convert the homophthalic
acid, XXX, into the corresponding homophthalimide, XXXIII, which mightl
then be converted into XXXII (R! = Br) by lithium aluminium hydriae
reduction (20) followed by dehydrogenation or into XXXII (R! = H) by
hydrogenolysis of the 1, 3-dichloroisoquinoline produced by the action
of phoslihorous pentachloride (21) o xxxIII. »

Thig approach also unexpectedly (21)(22)(23)(24)(25)
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failed since the homophthalic acid XXX rasigted all atteupts to conver:
it into a homophthalimide. Thus, pyrolysis of the corresponding
diammonium or di-methylamumonium salts or treatment with bolling phosphori
oxychloride of the corresponding diamide (prepared by the action of
phosphorﬁs oxychloride and methylamine) and itresatment of the anhydrids
with liquid ammonia all failed to give any characterisable product.
Shortage of material prevented the application of these methods to the
halogen-free diacid, XXXI, Possibly the mesyl group was labils under

the conditions of the above reactions.

In visw of these difficuliies, and since the approach
desceribed below appeared to show more promise this "indanone® route to
isoquinolines was not further investligatbed.

An entirely different route which was also explored is
cutlined in Schems VI, It Qas intended to try to coantrol the direction
of ring closurs in a Bigchler~Napieralski synthesis (26) by using a
bromine substitusnt to block the more favoured position. There were,
however, a number of possibls objections to this route.

.The first, and most serious of these was that the
tendggcy for ring clesure to occur parg to an activabing oxygen funchion,
rather than gggggs ig so marked @hat the bremine atom might be eliminated
in order to allow para ving closure to occur ag in the attempted pméparation
of bfdmodihydfob@fbsfimeslXXXIV; from whe formamide, XXXV, by Haworth and
?erkin (272 which gave only the product, {XXVI. It was hopsd, howvever,

that the use of lsss vigorous conditions than those of Haworth and Pevkin

2
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uge of a lesg lahile blocking group wonld have resulited in increased
difficulties when its subsequenbt removal became necessary.

A further drawback to the route indicated in Scheme VI
was that during ring closure under Bischlermmapieralski’conditions it is
necessary to protect the phenolic hydroxyl group and the desgired product
of ring closurs must therefore necessarily have two groups on the pexi
positions 1 and 8 of its lsogquinoline nueclens. It was feared that ateric
repulsion betwsen these groups would further militatve againgt the desired
ring closure.

Hbéwithstanding the above hazards, it was declded that
the route would bear investigation.

The phenol protecting group required at the cyulisa%ipn
stage must withstand cyclimation conditions, must be easily removed and,
if possible, should not be too large. Probably the ideal group for this
purpose ig the mesyl group although this can only be introduced after the
reduction of the nitrostyrens if the preferred reagent, lithium aluminium
hydride, is used. ©

Since selsctive O-mesylation of the phenolic
phenylethylamine, the reduction product of the nitrostyrens, was
congidered to be impossible as preferentlal Nemesylation would be
expacted, it was decided to defer the protection of the pﬁenol until the

final gtep before cyélisationo .

Accordingly, 6-bromoisovanillin, XXXVIIL, wag prepared,
along with the unmﬁnﬁed Zwbrcﬁo igomer, by a slight modification of the
procedure of Henry and Sharp. (29)

+ The procedure of Kametvami et al,, (28) who recenﬁlg‘rsduce& a tosyloxy-

phenylethylamine using Clemmenson reaction conditions might allow the
mesyl group to be intreduced at an earlier stage.




TABLE IT
The i.r. spectra (in Nujol) of the following nitrostyrenes all

1 1

exhibited sharp mexima at ca. 1620cm,” and at ca. 1600em.” .

2-Benzyloxy-3~methoxy-@-nitrostyrene
3~Benzyloxy-Limethoxy-g~nitrostyrene
3=-Hydroxy=k~methoxy-g ~nitrostyrene
2~Byomo~5-hydroxy~L-methoxy=-g~nitrostyrene
2=Bromo-3=-hydroxy~h~methoxy-§-nitrostyrene
2~¥Br0mo-SmBenzyloxynbmethm:y?@~nitfostyrene

IABLE TIII - ~ f
2~Bromo=5=hydroxy-s=nethoxy-4-nitrostyrene

, BtOH BUERER
A 267w, (3.90)
A - ,  27me. . (3.88)
375“’:“3 (‘#003)

2~Bromo=3-hydroxy-l~methoxy-s-nitrostyrene

'EtOH =
X 263mus (3
o max | C o 36kmu (4,05




Attempts to afford temporary protection to the phenolic
group of XXXVII by means of a %tetrahydropyranyl ether (30) or a
methoxymethyl ether, (31) groups which would resist alkaline conditions
and re@uction with lithium aluminium hydride, but be readily removed by
acld, were unsuccessful® and 6-bromoisovanillin was therefore condensed
directly with nitromethane.

Under the usual alkaline conditions the major product
of this reaction was the nitro-aleohol, @ «{6-bromo=3-hydroxy-i=
methoxyphenyl)- § -hydroxynitrosthane, ¥XXVIII. This structure was
inferred from elementary analysis, from the absence in the i.r. spectrum
(in mujol) of absorpbion maxima at ca. 1620 em.~t and 1600 cm,*t
characteristic of nitrostyrenes (cf. Table II), and from the u.v. spectrum
which, in contrast to nitrostyrenes (cf. Table III) showed no absorpiion
above 300 m gt

A gimilar result was reported by Robinson and Sugasawa (32)
who, on condengsation of O~benzylisovanillin with nitromethane under the
influence of methylamine and ammonium acetalts, obtained the lntermediate
nitro~alcohol, XXXIX instead of the expected nitrostyrene.

However, under the experimentally convenient condltions
of Govindachari et al., (33) 1.8, refluxing b~bromoisovanillin and
nitromethane in glacial acebic acid containing ammonium acetate, the
desired nitrostyrens, XL, was obtained in good yield. In the same way
2~bromoisovanillin was rsadily converted ihto the corresponding nitro-
styrene, XLI,

The nitrosoyrene, XL, wag reduced with lithium aluminium

+ Hydrogenolysis of a benzyl ether would probably have been accompanied
by undesirable debromination.



hydeide in refluxing ether and, as had been anticipated no product was
ob&ainedvon manual extraction with chloroform, However, on continuous
extraction with this solvent, an almost quantitative yleld was obtained

of the @ -phenylethylamine, XL1I, characterised as the picrate and |
oxalate. The amine itself was never obtained in a ciystallina or pure
condition and its éuhsequent reactions were hindered by its low solubility
in non-hydroxylic solvents. Attempls to crystallise it from acetone

gave é erystalline condengation product, XLIIL,

Unfortunately, a%témpts under a variely of conditions,
to convertthe amino-phenol to the amide, XLIV,” were all unsuccegsful,
Thug, tresaitment of the amino~phenol, XLII, with homoanisoyl.chloride or
with anlgoyl dia%cmethane ﬂéfo ref. (34)] . gave intractable mixtuies and
there was no reaction with homoanisic acid in the presence of
diayelohexylcarbudiimide,A Also, oxidative decomposition of homoanisoyl
hydrazide in the presence of the amino~phenol [ef. ref. (35)] gave
gummy mixtures. Thé pmesenée of the free phenollwas undoubtedly a
cofiplicatbing factor in these reactions.

On thé other hand, a free phenol greatly facilitates the
Pictet-Spengler igoquinoline ring closurs. (26)(36)(37) However, ghen
the amino-phencl, XLII was treated with formaldehyde or with 3-hydroxy-4-
methoxyphenylpyruvic acid, XLV, no basic products were obtained.

These results suggested that 1t would be desirable to
have the phenolic group protected from near the start of the syhthesi&
until after the ring closure had been effected.

In gpite of the possible drawback that its bulk might

+ Petaline, X, was by novw the immediate synthetic objective.
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hinder ring closure in the position griho to it, it was decided to use
a benzyl group which was otherwise very sultable.

Minor difficulties were encountered in the initial
preparation of O-bengyl-6-bromoisovanillin, XLVI by the bromination of
O=benzylisovanillin, gince the hydrobromic acid generated caused partial
ldss of the benzyl group. This difficulty was readily circumvented by
benzylating 6-bromoisovanillin (29) 4o give the desired aldehyde, XIVI.

Under the uéual acidic conditions (33) this aldehyde was
smoothly converted into the correspondihg nitrostyrene, XLVII, which was
then reduced with lithium aluminium hydride. After a neutral work-up,
the basic material was precipitated by gaseous hydrogen chloride and,
without purification, condensed with homoanisoyl chloride.

Unexpectedly, two amides were obtained from the rsaction,
the expected product, XIVIII, and the product IL, which must have arisén
by reductive removal of the bromine substituent.

_ Fuller investigation showed that, on reduction of the
nitrostyrene, XIVII, for twelve hours in refluxing tetrahydrofuran, only
the bromine-free amide, IL, was isolated. Intermediate reflux periods
led to the production of mixtures and incqmplete reduction occurred when
the resctlon was carried out at room temperature or with the calculated
‘amount of weagent. |

Until very recently, few examples of hydrogenolysis by
lithium aluninivm hydride had been reported (38)(39)(40)(41) 1yt Karabatsos
et al, (42) have now shown this reaction 1o be more prevalent than had

formerly been supposed.



It is noteworthy that, unlike XLVII, the phenolic

| nitrostyrense, XL, showed no tendency %o dehalogenate even on prolonged
reduction. However, Erne and Ramirez (43) have reported debromination
of the nitrostyrene L.

However very brief reduction of XIVII, which,
ineidentally, now appears to be all that is generally necessary fbr
nlbtrostyrenes gave (in rather poor yield) an amine which was readily
converted with homoanisoyl chloride and with 3-banzyloxy=4-methoxy-
phenylacefyl chloride respectively into the required amides XILVIII and
I, ‘

It was now possible to test the eritical reaetion of
%hé’seqﬁenceba tvhe ring closure -~ and it was felt that to avold loss of
bromine and ring closure in the undesired direction, the'mildést ressible
conditions were indicated. Thege appearéd to entall the use of an excess
of phosphorus pentachloride in chloroform abt room temperatvure for sévéral
days - & procedurs which has been used with telling effect in many
syntheses. (26)(32)(44)(45) in advantage of this technique is that the
reaction can be followed since the base, as it is generaﬁed, forms a
crystalline precipitate which is unstable to water and does not appear
to have basen characterised.

When the amide XIVIII was subjected to the abo&e reaction
cqnditions a precipitate gradually separated over a period of & days
sﬁggéstiﬁg'%haﬁ”a cyelisatien had occurred. On work-up, there was obtained
in 50% yield a ﬁroduct mepe 136.5-138° vhich analysed for 025H283rm05,

although the figures would accommodate small variations in the number of
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hydrogen a%oms present. The i.r. spectrum, in nujol, was rather similar
to that of the starting material XIVIII, the principal difference being
the appeafance of a strong peak at 1600 em.™t  The u.v. spectrum
exhibited absorption at 290 mee, (log & o 4.16), 227 meme (inflection;
log & , 4.17) and 219 myu. (log £, 4.17), and was unchanged by the
addition of acid or base. In fach, the compound could be crystallised
unchanged from methanol containing either dilute aqueous hydrochloric
acid or dilulte aqueous sodium hydroxids.

. However, the analytical data of the compound, m.p.
136.5-138% are in accord with its formulation as a dihydrate of ﬁhe
desired dihydroisoquinoline, LII. The anomalous properties of the
compound, if it is, indeed, LII, can perhaps be explained by reference
to a molecular model which shows clearly that, as expected, severe steric
crowding occurs. The model suggests that this is minimised in the
conformation shown in LIIT, where it can be seen that the anisyl ring is
forced into close proximity to the nitrogen atom. Interaction bstween
the aromatic Ti-electrons and the lone pair electrons of the nitrogen
atom (and perhaps also steric factors) may account for the compounds lack
of bagic character.

The rather remarkable n.m.r. gpectrum of this compouhd

can be interpreted in a manner fully consistent with the structuré LIII
ag indicated in Table IV. The anisyl aromatic protons appears as
doublets at 3,02 and 1.53C (J = 946 c.p.s.) forming an AB system. Here
deshielding of two protons (k) by the C = N-grouping could account for

the latter doublet, The anisyl methylene protons in LIII (e and £) would
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be benzylic, « to the C = N-group and might possibly be further
deshislded by the aromatic ving of the benzyl ether. .The singlets at
the very low vélues of 3,12 and 2.90T are therefore assigned %o this
methylene group, the protons being regarded as non-equivalent (as can
be sesn from the model) and therefore absorbing at U-values which are
different but not sufficiently so to allow spin-gpin coupling.

These assignments can only be tentative at the moment
because of the unique features of the moleculs. However, once the benzyl
group has been hydrogenolysed, it would be expected that the chemical and
spsctral properties could be correlated with thpse of simple isoqﬁinoline
derivaéives. Unfortunately, supplies of material were ingufficient %o
test this and time did not permit the repetition of the reaction sequence
although it is hoped that this may be done in the near future.

4If these conclugiong are justified; the eritical sfages
in the synthesis of 8-hydroxy isoquinolinas»likebpetaline and

"protocularine™ have been overcome:

+ Preliminary attempts to cyclise the amide, LI, gave rise to a product
whose chemical and gpsctral properties were closely analogous to those
of the compound m.p. 136,5=138°, although the former product bas not
yet been obtained quite pure and accordingly has not been characterised.
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P NTAL
Guajiacol Phenylacetate, XII.

Guaiacol (100 g.) and phenylacetyl chloride (160 g.)
were stirred and refluxed overnight in benzene {200 ml.) containing
magnesium turnings (23 g,). The product was taken up in ether, washed
‘successively with water (100 ml.), saturated sodium carbonate solution
(3 x 100 ml.) and water (3x 100 m;a)o Evaporation gave a yellow oil
which, on trituration with light petroleum (b.p. 40=~60°) afforded almost
pure guaiacol phenylacetate, XII, as a yellowish solid (190 g.; 98%).
Crystallisation from chloroform-light petroleum (bepo 60-~80°) gave the

ester XII as colourless plates, mepo 40°. (Lit (6) 329).

Frieg Rearrancsement of Guaiacol Phenylacetate, XIT
(1) 4=Chloro~2!'-phenylacetophenone, XIIT
A solution of guaiacol phenylacetate, XII, (20 g.) and

aluminium chloride (25 g.) in chlorobsnzene (100 ml.) was stirred and
refluxed under nitrogen for 2 hours and then allowed to stand for 3 days
at room fempsrature. The resulting slurry was added to a mixturs of
crushed ice (ca. 300 g.) and 6N hydrochloric acid (100 mli) and stirred
until the ice melted. It was then extracted with chloroform (8 x 100 ml.)
éﬁd ﬁhe‘organic soluvion was washed successively with 2N aéueous sodium
hydroxide, and water. Evaporatioﬁ gave a green oil (9.9 g.) whiﬁh readily
éolidified0 This material was extracted with boiling light petroleum
(bep, 40-60°) and chromatographed on alumina (Grade H). Elubion with

25% benzené ~ light petroleum {b.p. 40-60°) pave the ketone, XIII, as a

colourless solid., OCrystallisation from aqueous ethanol gave colourless
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prisms, (2.5 g; 13%), m.p. 104-6°., (Lit (16) 105°) (Found: C, 73.1;

Hy, 4,93 C1, 15.2. Cale. for C C10: G, 72.9; H, 4.8; N, 15.4%).

1711
The Z2:4~dipitrophenylhydrazone erystallised from benzene ~light petroleum
(bop. 40~60°) in orange prisms, m.p. 211°, (Found: C, 58.5; H, 3.8;
N, 13.0. 020H1501N404 requires C, 58.5; H, 3.7; N, 13.6%). No other
products were obtained pure from the chloroform extract. However, the
aqueous sodium hydroxide extract, on acidification and chloroform
extraction gave & brown oil whose i.r. spectrum showed it to be composed
principally of guaiacol. This oil was not investigateéed further.
. £31) 4=Hydroxy-3-methoxy=2'~rhenylacetophenone, XIV.

A solution of guaiacol phenylacetate, XII, (10 gi) and
anhydrous stannic chloride (11 ml.) was refluxed gently for 30 minutes
and allowed to cool. As much as possible was poured into crushed ice
(ca, 100 g.) and the viscous residue was extracted with chloroform,
this being added to the ice. The organic layer was axtraétad with dilute
a@ueous gsodium hydroxide (4 x 150 ml.), the combined extracts being
subsequently acidified and extracted with chloroform to give a dark brown
0il (4.5 g.) Chromatograbhy on silica gel and elution with ether afforded,
in'the early fréctions,-the ketone, XIV, which crystallised from benzene-
light petroleum (b.p. 60-80°) in colourless needles (2.3 g; 23%) m.p, 110°.

(Found: C, 74.65; H, 6.0, Cy5Hy,05 requires G, 74.4; H, 5.8%) . (in

Y max
chloroform) 3548 cm.~t (OH), 1673 em.~* (C = 0). No other products could
be obtained from thisfraction.

(iii) GuaisceY end -phenylacetic acid were obbained in varying amounts by

reaction of guaiacol phenylacetate with the following:



a. aluminium chloride at 140<160° for 10 minwtes in the
absence of solvent,

b. stannic chloride in s—tetrachloroethané at room
temperature for 2 days, or at reflux for 2 houps
under nitrogen. | |

¢, gtannic chloride in refluxing light petroleum (B;ps
60-80 ) for 12 hours under nitrogen.

In no case could any othsr product be obtained.

4-Methoxy~3-phenylacetoxy-N-phthaloyl= @ -phenylethylamine, XVI,

, | 3«Hydroxy-i~unecthoxy~N-phthaloyl- é?aphenyiethylamine,
(12)”;'(2a22 g.), and phenylacetyl chloriﬁe (1.5 go) were refluxed for

2/, hours in benzeno (25 ml.) contalning magnesium turnings (0,106 g.).
Tﬁa cooled golution was then decanted from the regidual magnesium, this
,being washéd with ethanol (20 ml.) and the washings added to the decanted
golutien. After exﬁfaction of thils with dilute godium hydroxide,
evaporation yielded the sster, XVI, as a yellow oil which golidified
“glowly on standing and crystallised from benzene-light petroleum (b.p.

60~80°) as colourless nesdles (2.1 g3 68%) m.p. 125°. (Found: C, 72.2;

H, 5.2; N, 3.5. C_ H__NO_requires G, 72.3; Hy 5.135 N, 3.4%). A

25 21 5 " mex
(in EtOH) 277 mpu. (log € , 3.65).
Attempted Fries Rearransement of A~methoxy-3=phenylacetoxy-Nephibaloyl-

g-phenylethylamine

a. In refluxing chlorobsnzene
A solution of 4-methoxy-3-phenylacetoxy-N-phthaloyl-

@ ~phenylethylamine, XVI, (0.76 g.), chlorobenzene (30 ml.), and
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anhydrous aluminium chloride (0.50 g,) was refluxed for 30 minutes.
The red solution was then cooled and poured with stirring into a mixture
of crushed ice (ca. 100 g,) and 6N hydrochloric acid (10 ml.) and
allowed to stand for 2 hours. The solution was then extracted with
ether (3 x 50 ml.) and the combined ether extracts were extracted with
2N sodium hydroxide solution (4 x 20 ml.). The ethersal extract gave
‘starting material (0.25 g; 33%), identified by its i.r. spectrum. The
sodium hydroxide extracts, on acidification and extraction with ether
gave only traces of olly material. The use of chloroform in the
extractions did not effect any improvement in the yield of phenolic
material.
b. In_the absence of a_sgolvent

The ester, XVI, (1 g.) and anhydrous aluminium chloride
(0,69 g.) were ground together in a mortar and transferred to a flask
fitted with a drying tube and heated for 15 minutes at 150°, A reddish-
brown slurry formed. When it had cooled it was treated with crushed iceA
(ea. 10 gi) and 6N hydrochloric acid (15 ml.), The resulting purplish
solid efystallised from ethancl (charcoal) in colourless needles (0030}g;',
30%) m.p. 123.5°, shown to be unreacted ester by comparison of i.r. and by
mixed melting point. No other products could be obtained from the reaction.
3-Hydroxy~4-methoxy-cinnamic acid, XVIII, ’

A solution of isovanillin, XVII, (50 g.), malonic acid
(77.5 g.), pyridine (300 ml.) -and piperidine (5 ml.) was heated for 1 hour
on the steam bath and then refluxed for 5 minutes. The cooled solution

was poured into water and acidified with 6N hydrochloric acid to yield



the mic acid, XVIII as colourless crystals (55 g; 88%), mip. 229-232°,
sufficiently pure for furither reaction. Crystallisation from ethanol gave
colourless, pp"bically anigotropic plates, in«.p., 233-234°, (Found: C, 61,9;
Hy 5020 Cyg;0, requires G, 61.85; H, 5.28). A .. (in EtOH) 220 myw
(log € , 4.08), 243 mytte (log € 5 4:03); 295 mows (log £ 5 4s12), 324
mote (log €, 4e17)0 _
3-Hydroxy~i-methoxy-hydrocinnamic acid, XIX.

3-Bydroxy=4~nethoxy~cinpamic acid, XVIII (52.6 g.) was
dissolved in water (200 ml.) containing potassium hydroxide (24 g.) and
palladiume~on~charcoal (2.2 go3 103) and hydrogenated at atmompheric
temperature and pressure. After 24 hours 1 mole of hydrogen had been
absorbed. After removal of the catalyst, acidification with dilute
hydrochloric acid gavé the hydrocinnamic acid, XIX as colourless erystals,
(51.5 g5 973), m.p. 146-150°, Crystallisation from benzene gave coiourléss_
prisms, m.p. 146~-150°. (Found: C, 6104; H, 509 010H1204 requirés.c,‘ﬁlozg
H, 6.2%). |
3:ég9i9zx:é:msihgxﬁzgxﬁxggiggamig.agi@

A golubion of 3~b.ydroxy~4~methoxy—hydrocinnamic aci&, 'XIX ,
(2.5 g.) and fused sodium acetate (1.6 g.) in aceblc anhydride (25 ml.) was |
réfluxed for 1 hour and poured into water (ca. 60 ml.). The acetate
crys’&ailised in colourless piatés (2.35 g,) or standing, BExtraction with
ether gave a further 0.5 g., {total yield of crude esfer, m.p. 126-30°,
2:.85 g3 94%). Crystallisation from benzene gave colourless plates, m.p.

129-132.5°. (Féund: C, 61,03 H, 6.8; Clzﬁuoﬁ requires C, 60.5; H, 5.9%).



A stirred solution of 3~hydroxy-4-methoxy-hydrocinnamic
aeid, XIX, (5 g.) in glacial acetic acid (100 ml,) at room temperature
was treated with a solution of bromine (1.55 ml.) in glacial acetic acid
(25 ml.), added dropwise during 20 minmutes.’ Stirring was continued
overnight and the solvent was evaporated under reduced pressure to give
a quantitative yield of the brome-gcid, XX, as a colourless solid,
sufficlently pure for further reaction. Grystal]isation from benzene
gave colourless needles, mop. 142=144°. (Found: C, 43.85 H, Lebe

CqnHy Br0

10711°%Y, requires C, 43.6; H, 4.0%).

The gbhyl ester, preparved by hwief boiling of the acid
in ethanol confaining a trace of mineral acid, crystellised from iigh't;
petroleum (bop. 80~100°) as colourless needles, mep. 58-62°, (Found:

C, 47.23 H; 5.3 012H15Br04 requires C, A7.43 H, 5.0%).
2a 6-Dibromo=3-hydroxy-{-mathoxy~hydrocinnamic acid, XXI.

A golution of bromine (3.6 g; 2 equirs.) in glacial
acetic acid (10 ml.) was added dropwise during 5 minutes %o a stirred
solution of 3-hydroxy-4-methoxy~hydrocinnamic acid, XIX, (2 g.) in glacial
acetic acid (40 ml.) at room temperature. Stirring was continued overnight
and the precipitated product was filtered off;, Crystallisation from

ethanol gave the dilwomo-acid, XXI, as colourless neadles (2:6 g; 69%)

mop. 211~212 . (Found: C, 33.3; H; 3.0, ClOHlOBrzoéraquiras C, 33.9;
Hy, 2:8%).

""1"'0 W XEIT °

A mixture of 2«-bromo=-5-hydroxy-4-methoxy<hydrocinnamic

acid, XX, (11:8 g.) in concentrated sulphuric acid (100 ml.), was heated

+ Rapid addition of bromine solution caused the formation of Bigpificant
quantities of 2:6«dibromo=3~hydroxy-4~methoxy-hydrocinnamic acid,




59

on the gteam~bath for 10 minuteg under an atmosphere of nitrogen. The
hot solution was immediately poured on to crushed ice {ea, 500 g.).

When the ice had melied the resulting solution was extracted with
chloroform, the extracts being washed thoroughly with saturated aqueous
sodium bicarbonate. Evaporation of the chloroform gave the indanons,
XXII, as a colourless solid (8.3 g; 70%), sufficiently pure for further
reaction. Crystallisation from ethanol gave colourless priems, hep,
132-133°. (Found: C, 46.7; H, 3.8, CyoHgBrO, vequires C, 46,73 H, 3.5%).
N nex (in MeOH) 226 mopo (108 € 5 423}, 262 mon. (log £, 3.79), 343 Mot
(logfs3:45)s A (in MeOH/KOH) 241 moth (log €, 4o27) ca. 267 mst
(inflaxion) 384 moms (log & » 3068), The indancne gave a blue colouration
with ethanolic ferric chloride and formed an orange 2, Afdinitrophenyl—

hydragone. Its sodium, lithium and po%assium salbs were sparingly soluble

in water.

A solution of 4 bromo-7-hydroxy-b-methoxy-~indan~l-one,
XXII, (5 g.) in methanol (150 ml.) containing palladiuvm-on-charcoal (10%;
0.6 go) was hydrogenated at atmospheric tempsrature and pressure for
several hours, ons mole of hydrogen being consumed. After removal of
the catalyst, evaporation gave an oil vhich, without further purification,
was dissolved in pyridine (25 ml.). To the resulting solution,bcooled in
ice, was added dropwise an ice-cold solution of methanesulphonyl chloride
(2.5 ml.) in pyridine (2.5 ml.). The solution was allowed to stand
overnight at 0°, then poured into water. The precipivate crystallised

from methancl (charcoal) to give the ipdsnong., XXV, as stout, colourless



priams (2.4 g5 48%) mep. 126.5-127.5°. (Founds C, 5193 Hy 4495,
G14H1,0,8 requires G, 51.6; H, 457%)
3-Mathanesul phonomy~4~nathoxyphthalic acid, XXVI,..and aphydride.

A golution of 7-methanesulphonoxy-6-methoxy~indan-l-ona,
XXV, (0.2 g.) in potassium dichromate solution™ (15 ml.) was refluxed for
20 minutes and allowed to cool. After saturation with gaseous sulphur
dioxide, chloroform extraction (2 x 15 ml.) was found to give only traces
of material. The mother liquors were continucusly extracted overnight to
give the phthalic acid XXVI as a colourless solid (74 mg; 34%) mop.
4 180-194° which failed to crystallise from common organic solvents.
Sublimation at 160°/0.02 mm. gave the gphvdride as a colourless powder,
me.p. 170°. (Found: C, 42.6; H, 3.1, CyoHg0-S vequires G, 44.0; Hy 2,8%).
4=Bromgeb=mothoxy=T=( p~tolusnesulphonoxy)=indan~l=ong.

A solution of 4~bromo~7-hydroxy~b-methoxy-indan-l-one,
XXII, (1 g.) and p~toluenssulphonyl chloride (1 g.) in pyridine (10 ml.)
was allowed to etand at room tempereture for 36 hours and then poured
into water. Crystalli§ation of the preeipitate from ethanol afforded the
togylate as colourless necdles (1.25 g; 75%), m.p. 191-194%. (Founds
Gg;4907§ H, 3.9 017H15Br058 requives C, 49.7; H, 3.65%).
4=Bromo=2-hyirozylimino-6omethoxy=1~0x0=7=( p~tolusnasulphonoxy)=indane,
boany

’ A mixzture of 4~bromo-methoxy—7-(p-toluenssulphonoxy)-indan~

l-one (0.5 g.), igg-amyl nitrite (1 g.), benzene (15 ml.), and concentrated
hydrochloric acid (0.3 g.) was refluxed for 45 minutes and allowsd to cool.

the resulting precipitate on crystallisation from aqueous pyridine gave the

+ Potagsium dichremate (24 g.), concentrated sulphuric acid (72 ml.) and
water {360 ml.).
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- ogo derivative, XXVII, as pale yellow needles (0.28 g; 51%)

mop. 217-232° (d) with darkening at ca. 120°, (Found: C, 46.2; H, 3.4}
N, 305, CyqHy,Brl0 S requires C, 46.3; H, 3.2; N, 3.28).
2=Acetoxylimino=j~bromo=6=nethoxy-l-oxo-7-{ p=toluenesulphonoxy)=indane,
XXVIIL.

A solution of 4~bromo-2-hydroxylimino~6~methoxy-l-oxo-~
7 p~toluenesulphonoxy)-indane, ¥XVII, (0.1 g.) in acetic anhydride {10
ml.) was allowed to stand &t room temperature for 2 days then poured into
water. The precipitate, on repeated crystallisation from chloroform~light
petroleun (b.p. 40-60°) gave the acaetoxylimino~compound XXVIII as colour-
lesslprisms (16 mg; 12%), mop. 216-24° (d), with darkening from 120°.
(Found: G, 40.0; H, 3.2; N, 2.9. ClgﬁléBrE07500H013 requires C, 40.0;
H, 283 N, 2.3%). V . (Majol) 1770 cu™t (ester C = 0), 1717 cu™t
(ketonic C = 0)., No acidic material could be isolated from the reaction.
Further athempt to cleave 4~bromo-2-hydroxylinino=6-methoxy=l-=cxo="T-
{p-toluenesulphonoxyl=indane, XXVIT ‘

A nixture of 4-bromo-2-hydroxylimino-b-methoxy-l~oxo=

7-( p~toInenssulphonoxy)-indane, XXVII, (C.2 g.) and p-toluenesulphonyl
chloride (0.2 g.) in pyridine (5 ml.) was heated on the steam-bath for 15
minutes then poured into smter. A small amount of precipitate was shown
by t.le.c. to contain at leaglt six components and was not ﬁthhér
investigated. Chloroform extraction of the acidified mother liquors
failed to yleld any materials, Similar results were obtained when the

pyridine was replaced by a 10% aqueous solution of sodium hydroxide.




A slux;x'y of 4-=bromo=~7~hydroxy~6-methoxy-indan-l=one XXII
(6 g.) in ethenol (50 ml.), was added®» astirred, refluxing solution
of sodium hydroxide (3 g.) in ethanol (100 ml.).” A solution of
furfuraldehyde (5 ml.) in ethanol (10 ml.)was added and stirring and
refluxing were continued for 15 minutes. Ths cooled solution was
acidified with dilute aqueous hydrochloric acid and the resulting
precipitate 6rystallisec1 from ethanol to give the furfurylidene derivative
as yellow, feathery needles (6.6 g, %), mobo 187-189°, A further 1.1 g.
(14%) of less pure material was obtained from the mother liquors after
some hours., (Found: G, 53.6; H, 3.6 GlSHllBrO!,, raquires C, 53.8; H,
3.3%).
A=Bromo=2=furfurylidens-7-methanegulphonoXy-o-mgthoxy=-indan-l-one, XXIX

| ' Ice cold solﬁtions of Z,-mbfomo-2=-furfu:rylidene«»'7--hydroxy%——-

6-methoxy~indan~l~one {1 g.) in pyridine {10 ml.) and methane sulphonyl
chloride (1 ml.) in pyridine (2 ml.) were mixed and the resulting solution
was allowed to stand overnight and then poured into water. The pesylate,
XXIX; e¢rystallised from glacial acetic acid as yellow needles (1.12 g3
91%), mop. 232-235.5°. (Found: G, 5 H, . CygHy,Br0gS requires
C, 46.5; By, 3.15%).
7-Benzyloxy-4=bromo=b-methoxy=indan~l-one

A mixture of 4~hromo=7-hydroxy~6-methoxy~indan-l-one
(1 g.), beﬁzyl chloride {2 ml.), potassium carbonate (1 g.) and absolute
ethanol (50 ml.) was refluxed overnight, cooled, filtered and diluted with
chloroform (50 ml.). The solution wags shaken with AN godium hydroxide

golution (50 ml.) and the resulting precipitate was treated with hot,

+ Failure to add the indanone as described resulted in precipitation of

—— thg sodium ﬁal'b and inhibition of *’ahﬁ reaction.



dilute, aqueous hydrochloric acid to give starting material (0.3 g; 30%),
identified by its i.r. spectrum. The organic layer of the filtrate, on
evaporation of the solvent, gave a pale yellow oil which solidified on
trituration with light petroleum (b.ps 40-60°) . Crystallisation from
light petroleum (b.p. 100-120°) furnished the benzyl ether as small,
colourless prisms (0.51 g; 38%), m.p. &4-85°. (Founds C, 58.9; H, 4.5.
CypHly sBrO, requires C, 58.8; H, 4:.3%).
4=Bromo~7-methanegulphonoxy~o-methoxy~indan-l-one

Ice-cold solutions of 4-bromo~7-hydroxy=-6-methoxy-indan-
l-one, XXII, (2 g.) in pyridine (20 ml.) and methanesulphonyl éhloride
(2 ml.) in pyridine ( 4 ml.) were mixed and the resulting solution was
kept in the refrigerator overnight and then poured into water.
Crystalligation of the precipitate from ethanol gave the negylatag as
almost colourless prisms (2.3 g.; 88%), m.p. 161-162°. (Found: C, 39;15;
H, 3.6. CllﬂllBrO5S requires C, 39.4; H, 3.3%).
6=Bromo=2--carboxy-3-methanegsul phonogy=4-methoxy-phenylacetic acid, XXX

A refluxing solution of /~bromo=7-methanasulphonoxy-6-
methoxy-indan-l-one (0.3 g.) in glacial acetic acid (7.5 miu) and 6N
agueoug sulphuric acid (7.5 ml.) was treated dropwise during ca. 2 minutes °
with Jones! reagent’ (3.5 ml.) and refluxing was continued for a further
7 minutes. The solution was allowed to cool during ca. 30 minutes, then
gaéeous sulpbur dioxide was passed through it until it had turned green.
Continuous extraction with chloroform for 24 hours, followed by trituration
of the resulting oily solid with chloroform, then light petroleum (b.p.

40-60°) gave the bromo-homophthalic acid, XXX, as a colourless powder

+ Jones reagent: Chromium trioxide (267 g.) dissolved in concentrated
sulphuric acid (230 ml.) and made up to 1 litre with water.
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(0,18 2.3 53%), sufficiently pure for further reaction. Crystallisation
from glacial acetic acid-light petroleum (b.pe 40-&0) gave colourless
needles, m.p. 195-200°. (Found: C, 34.5; H, 2.95. C,,H,,Br0g5 requires
‘Cy 34463 H, 2,9%).

6-~Bromo-R~carboxy=-3~methanesul phonoxy~me thoxyphenylacetic
acid, XXX, (0.1 g.) was dissolved in asolution of sodium hydroxide (0.4 g.)
in water (15 ml.), containing palladium-on-charcoal (0.05 g; 10%), and
hydrogenated at atmospheric temperature and pressure. One mole of
hydrogen was abgsorbed in a few minutes. After removal of the catalyst
and acidification with dilute aqueous hydi'ochloric acid, the solu‘c.ioz; was
extracted with chloroform (2 x 10 ml,), Evaporation of the chloroform
gave only traces of oily material. Continuous extrac’cior; of the mother

liquor with chleoroform for 2 days gave an oily solid. Trituration with

light petroleum (b.p. 40—600) and crystallisation from ethyl acetate-light
petroleum (b.p. 40-60°) gave the hopophthalic scid, XXXI, as colourless
prisms, (54 mg; 67%); mep. 177-85°. (Found: C, 43.6; H, 4.3, C11H;068
requires C, 43.4; H, 4.0%). |

(i) Treatment of 2~carboxy-3-methanesulphonoxy~4-methoxy-
phenylacetic acid, XXXI, with lithium aluminium hydride in refluxing
tetrahydrofuran-ether for 1 hour gave an olly product which could not be
crystallised. Its i.r. spectrum was somewhat indefinite but showed sﬁrong

carbonyl absorption. Similar resulis were obtained using only
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tetrahydrofuran as solvent. (Similar resulis 'were obtained in the reduction
of 6~bromo~2-carboxy=-3-methanesulphonoxy~4-methoxy-phenylacetic acid, XXX.)
(41) Treatment of the crude diester of the above acid XXXI
(prepared in quantitative yield by the addition of diaxomethane solution‘

to a solution of the acid in methanol-ether), with Lithium aluminium
bydride in cold or refluxing tetrahydrofuran or ether for periods varying

from 1 hour to 2 days gave results similar to those described in (i).

(1) , 6~Bromo-2=~carboxy=~3~-methanesulphonoxy-4-methoxy=-

phenylacetic acid XXX was converted to the corresponding anhy@ride by
refluxing the acid (100 mg.) in acetic anhydride {10 ml,) for 1 hour and
then pouring into water. Chloroform extraction gave the anhydride ag an
oily solid {75 mg; 78%) which crystallised from ethyl acetate-light
petroleum (b.p. 60-80°) as & colourless powder, mcp. 170-183°, wifh
weeping from 160°. Both further erystallisation and sublimation failed
to improve the meliting point. [\’ max (Nujol) 1750 em™%; 1800 em™t
(anhydride , six-membered ring B., The crude anhydride (50 mg.) was
treated with liquid ammonia (ca 5 mls) and the ammonia allowed to
evaporate to give a grey glass whose i.r. spectrum suggested it to be a
mixture of ammonium salis B)max (Nujol) 2860 em=L (32’ amides,'[\l max?®
1640 qm"l {conjugated amide C = 0), 1650 em™t (unconjugated amide c = Oﬂ
and imide C Ve 1720 em™L (v -)}° Without purification this material was
alloved to stand overnight in pyridine (5 ml.) and thionyl chloride

(1¢5 mls) and then poured into water. Chloroform extraction failed to
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give any product. Treatment of the above anhydride with ethanolic
methylamine at room temperature gave only an intractable gum.

(i1) Upon stirring a mixture of 6é~bromo~2-carboxy=-3-
methanesulphonoxy=4-methoxyphenylacetic acid, XXX, (100 mg.) and
phosphorus pentachloride (200 mg,) in ether (35 ml.) for 2 hours at room
temperature, adding ethanolic methylamine (10 ml; 33%), stirring for a
further hour and adding water (30 ml.), chloroform extraction gave an oil,
vhich on trituration with petrol solidified to give the gorres popdjing
di-gecondary amide as colourless needles (30 mg; 27%), m.p. 240-6° (with
weeping from 235°). (Found: N, 7.2, G4 BrN,0.S requires N, 6.9%).

V pex 1650 cm'l, 1545 em™t (secondary acyclic amide), 3250 em™L (N-H
bonded), 3350 cm™t (w.) (N.H free), Treatment of this diamide with
refluxing phosphorus oxychloride for 30 minutes, followed by pouring on

to erushed ice and extraction with chloroform failed to yield any product.
(iii) 6=Bromo=2-carboxy=3-nethanesulphonoxy-4~me thoxy-
phenylacétic acid XXX was converted into itg di-ammonium salt by dissolving
i% in liguid ammonia ard allowing the excess of ammonia to evapora’ne, and
into its di-methylammonium salt by refluxing the acid (100 mg.) in ethanol
(5 ml.) containing ethanolic methylamine solution (0.5 mly 33%) for 1 hour
and evaporating the solufion.r The di-ammonium salt géve a glass (90%) on
being heated at 100° overnight or at 140° for 1 hour. This glass failed to
erystallise from common organic solvents, would not sublime and could not
be eluted on silica plates. Its i.r. spectrum was rather ihdefinite.

The di-methylammonium salt behaved in an analogous manner.



2=Bromoisovanillin and 6-Bromoigovanillin, XXXVII,

A golution of hromine (10.7 g.) in glacial acetic acid
(15 ml.) was added during 30 minutes to a stirred solution of isovanillin,
XVII, (10 g.) in glacial acetic acid (15 ml.) at room temperatura.
Stirring was continued for several hours after which the precipitated
product wag filtered off (ca. 4.5 g.); m.p. ca. 190~210°, Concentration
of the Piltrate gave a further crop (ca. 6.5 g.) m.p. 160-180°,
Evaporation of the filtrate gave a pale brown solid residue (ca. 3.5 g.),
meps 75~85°, Fractional erystallisation of the first erop from ethanol
and the lower melting crops from aqueous ethanol gave approximately equal
amounts of 2+bromoisovanillin as colourless needles, m.p. 211-212° and
6~hromoisovanillin, XXXVIII, as a monohydrate which formed colourless
needlss; m.p. 112-114°, The conversion of igovanillin is quantitative.
The above prccedurs is sssentially that described by Henry and Sharp (29)
differing from the method of these authors only in that stirring is
employed. It was found that chromatography was less successful in

separating the isomers than Henry and Sharp!s original fractional

crystallisation technique.

Treatment of 6-hromo-igovanillin XXXVIII with an excess
of redistilled dihydropyran and a drop of concentrated hydrochloric acid
in ether or benzene for 12 hours at room temperature gave only starting
material on work-up. However the protected phenollic aldehyde was obtained

as follows: A mixture of 6-bromo-igovanillin XXXVIII (1.89 g.),
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dihydvopyran, (15 ml.) and concentrated hydrochlorie acid (2 drops) was ~
shaken at room tempsrature for 2 days. The product wag taken up in ether
and washed well with 2N aqueous sodium hydroxide and then water.
Bvaporation gave the crude tetrahydropyranyl derivative as a pale yellow
oil (0.5 g; 19%), o<.§°, 1.5112. The alkaline washings, on acidification
and chloroform extraction gave unchanged 6-bromoisovanillin, XXXVIII,
(1.29 g; 68%), identified by its i.r, spectrum.

The tetrahydvopyranyl derivative (0.5 g.) without
purification was dissolved in ethanol (20 ml.) and nitramethane (0.9 ml.)
added. The resulbing solution, stirred and cooled in a freezing mixture,
was _"c.raated dropwise with a sclution of potassium hydroxide (0.2l g.) in
othanol (20 ml.) during 30 minutes and stirring was continued for a further
30 minutes. The solution was then diluted with water (25 ml.) and ether
extraction afforded a yellow oil which charred on attempted short-path
distillation and could not bs induced to erystallise. Its i.r., spectrum
(Nujol) lacked the characteristically sharp abgsorption at ca. 1600 cm"'l
and ca, 1620 em™t shown by all nitrostyrenes prepared in these studies.
2=-Bromo=5-hydroxy=f~methoxy= & -nitrostyrene, XL.

A solution of 6-lromo-igovanillin XXXVIII (1.6 g.),
nitromethana (2 ml.) and ammonium acetate (1 g.) in glacial acetic acid
(25 ml.) was refluxed for 2 hours, cooled and poured into water (,50 ml,)
The precipivate, on crystallisation from methanol, gave the plixoetyrena.
XL, as yellow needles (1.4 g; 74%), m.p. 160-3° (with sublimstion from
ca. 140°), On exposure to air for a few minutes the crystals developed

an orange-red colour. Orystallisation from benzene gave yellow prisms,
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mop. 160-1620. /\m (in BtOH) 267 myus (log € , 3.90), 327 mets

(log €, 3.88), 375 mot (log £, 4.03). (Found: C, 39.7; H, 3.23

N5 4o9 CgﬁSBrNO s requives C, 39.45; H, 2.9; N, 5:,1%): The i.r. spectra
of the nagdles and prisms vere different in Nujol but identieal in
chloroform. The u.v. gpectra were identical and a mixed melting polnt

was undepressed.

A solntion of potassium hydroxide (0.25 g.) in ethanol

(20 ml.) was added dropwise during 35 minutes to a stirred solution of
é-nbmomoisovani;nn XXEVIII (0047’5‘ g.) and nitromethane (0.8 ml.) in
othanol (20 ml,) at 0°, The solubion was then acidified with dilute
hydrochloric acid and the ethanol was evaporated under reduced pressurae.
A solid (75 mg; 9%) separated out and was identified as Z-bromo-5-hydroxy-~
4-methoxy~ B -nitrogtyrene XL by comparison of its i.r. ‘apectrum with that
of a sample prepared as above. Eiher extraction of the aqueous mother
liquors gave a yellow oil which, on crystallisation from bsnzene-~llght
petroleun (bopo. 4»0;600) afforded the hydroxy-nitro compound XXXVXllas pale
yeilow needles (0.29 g3 48%), m.ps 105-112°, raised by further |
crystallisation to 114.5-115.5%, ,\ . (in Et0H) 287 myu (log €, 3.57),
(unaltered by addition of acid). (Nu,]ol) ca. 3300° ema"l (m.) (0H),
ca; 1600 om. L (vow.) (aromatic € = C)q (Founds C, 37.153 H, 3.7; N, 4 +60
CgHy ,Brl0, reqhires’C, 37,03 H, 3.5; B 4.8%).
a_anmﬂmmmmmmwﬂwmﬁm
2-Bromo=3-hydroxy=4~methoxy- 3 ~ni‘bros’byrene was prepared

from 2~bromo~isovanillin in a manner analogous tc that described above for



the &-bromo-compound. The pitrogivreng XLI was obtained as yellow needles
from methanol (84%), m.p. 186-182°, (Found: C, 39.25; H, 2,95 N, 5.2,
CgHgBrl0, requires C, 39.,45; H, 2,9; N, 5.1%). )\mx (in Et0H) 263 mot
(log £ » 3.86), 364 mou. (log & 5 4:05)e

2-Bromo~5-hydroxy-4-nethoxy~ @ ~nitrostyrens, XL, (1 g.)
was contlnuously extracted overnight from a Soxhlet thimble into a stirred
solution of lithium aluminium hydride (0.9 go.) in refluxing ether (250
ml.). When the solution had cooled, the excess of reagent was decomposed
by the cautious addition of ethyl acetate. The complex was decomposed with
water (100 ml.) and the resulting emlsion was separated into two layers
by vigorous stirring with Rochelle galt. The organie hyef wag geparated,
but on evaporation it gave only traces of material. The aqueous layer was
' con‘tihuously extracted overnight with chloroform to yield the amine, XLII
as & brownish solid. (0.96 g5 ca. 100%), A maz {(in B%0H) 288 mow, {log € ,
'3,44); (in TYOH/KOH) 296 mowo (log £ » 3048). This solid was difficultly
goluble in wabter bubt readily soluble in dilute agueous acid or alkali.
All a%emp‘as to crysvallise the amine were unguccessful. The plerate
erystallised from ethanol as yellow prisms, m.p. 181-185° (with sofiening
ab 175°), (Found: G, 37.8; B, 3.3; N, 117, CgH, Bri0,,C.H N.0, requires
C, 37.9; H, 3.2; N, 11.8%). The gxalata, prepared by dropwise addition
of the amine, in ethanol, o a stirred solution of oxalic aecid (1 mole)
in ethanol, sublimed at 200°/0.0L mm. as a colourless powder, mui). 209-215°
(a). ‘(Found: C, 39.7;5 Hy 433 Ny 4eho CglypBrN05.0,H0, requires C, 39.3;

H, 4o2; N, 402%).
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The acetone imine derivative, XLITI prepared by cooling
a hot solution of the amine in acetone, crystallised from acetone as
colourless, feathery needles, mep. 155°. (Found: G, 5053 H, Sebe
Cq oHyBri0, requires C, 50.05; H, 5:6%) s

¥,
Leppomes

L-broms

(1) A solution of ,3~hydrozy=-4~methoxy~ 8 ~phenylethylamine
XLII (0.7 g:) and homoanisoyl chloride (0.6 gi) in tetrahydrofuran

(30 ml:), was refluxed for 3 hours and poured into water and extracted

with chloroform, the extracts being washed thoroughly with dilute agueous
hydroehlorié acid and saturated aqueous sodium bicarbonate, to give an

0il (097 g.) which was shown §slsc.)to consist of at leash four gignificans
components., The oill was taken up in chloroform and extracted with dilute
aqueous extracts, followed by chloroform extraction gave 20 mg. of material,
conglgting of a®t least two major componente (t.l.cs). As the bulk of the
material did not have the expected propsrties of the desirsd phenolic amide
it was not further investigated:

(i1) Silver oxide (0cl5 g.) was added in portions to a solution
of the above phanyieﬁhgﬂamina XLIT (0.4 g.) and 1-diazo-pemethoxy-
acetophsenone (46) (0,25 g.) in dioxan (20 mls), keph at 65-70°, during 1
hours APfter heating at this temperature for a further 4 hours the solution
wag filtered through Celite 535, diluted with water and extracted with
chlovoform, the extracts being washed with dilute aqueous hydrochloric acid
and gaturated aqueoug sodium bicarborate, to givé an oil yhich wag ghown

by tel.ce Lo conbain significant amownts of at least seven compounds .
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Chuomatography on silica gel yielded; as the only product which could ba
obtained pure from the column, 2=chlorq-p-methorv-acetophepope, as colour-
legs prisos from light-petroleum (bep. 60-80°), (50 mg.), mepe 98.5-100°,
{Founds C, 58065 H, 4.75. GQHQGiDz requires C, 58.5; H, 4+9%). This
material was presumably prasent as an impurity in the diazoketone.
Similar regults were obiained using diethylene glycol dimethyl ether as
solvent,

(iii) No products were obtained on allowing the above
‘phenylethylamine XLIT (50 mg.) and homoanisic acld (34 mg.) to stand
overnight at 0° in tetrahydrofuran (10 ml,), containing dicyclohexyl-
carvodiimide (44 mg.) and triethylamine (50 mg.) |

(iv) A golution of the above amino~phenol XLII (123 mga),
homoanigoyl hydrazide (prayared from methyl homoanigaté by refluxing in
methanel with a small ewcess of hydvazine hydrate for 1 hour, evaporation
and crystallisation from'methanolwe@hera Obtained ag coiéurless platas,
MePo 132 ©) (90 mg.), and triethylamine (255 mg.) in dimethyl-acetamide
(4 ml.) wap treated with one of icdine (254 mg.) in the same solvend

(1 ml.)» After shaking for 1 minmubte st room ﬁemperatur@ (effervescence
and decolourisabion) and excess of aqueous sodium thiosulphate solution
was added, followed by water (20 ml,) and the solution wae acidified with:
dilute hydrochloric acid. OChlorvoform exuraction followed by evaporation
gave a solubion in dimethyl-acstamide. An oil (ca. 150 mg.) was
precipivated by addition of a large volume of light petroleum (b.p.
40-600), This oil hed a wather indefinite L.¥. sp@ctrum>and.tglecﬂ showadv

-

o bhe comprsed of ah least thren compounds which . could not be sepavated
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by chromatography on silica gel. Similar results were obltained using

tetrahydrofuran as solvent,

Ihenylethylaming, XLIT

o~Bromo~3~hydroxy~4~methoxy~ @ -phenylethylamine,
(0.89 g.) and formaldehyde (2,2 ml; 36% aqueous solution) were heated
in 2N hydrochloric acid (12 ml.) on & steam-bath for 1 hour and allowed
to stand overnight in the refrigerator. Some black solid (eca. 10 mg.)
was filtered off and discarded. On neutralisation with saturated aqueous
sodium bicarbonate a dark brown amorphous precipltate (ca. 250 ng.) was
obtained. Additional quantities of this material (ca. 100 mg.) were
obtainad from the mother liquors, firstly on standing and then after
continuous extrachtion with chloroform. Attempbs to crystallise thie
material from common organic solvents were unsuccessful although it did
separate from dimethyl gulphoxide-ethanol. Eithanolic ferric chloride
gave a colouration and a Belstein test for halogen was positive. The
i,r. spectrun (Nujol) was very indefinite but was not identical to that
of the starting material. The same product (45 mg.) was obtained by
heating the amine oxalate (0.25 g,) and formaldehyde (1 ml; 36% agueous
solution) in 2N hydrochloric acid (6 ml,) for 15 minutes on the steam-bath.
In view of the difficulity experienced in trying to purify this material,
an attempt was made to characterise it ag the acetate. A solution of the
material (45 mg.) in pyridine (5 ml,) and acetic anhydride (5 ml.) was
allowed to stand for 2 days and then poured into water. Extractlion with

chloroform gave a brown glass which could not be crystallised. The i.r.
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spectrum of this material had a new absorption band at 1760 en™t (phenolic

ester) and ghowed only very little OH stretching absorption.

(1) On refluxing a solution of 6~bromo;3-hydroxyhAFmethoxyh

8 -phenylethylamine with an equivalent amount of 3—hydroxy~4~methoxy;
phenylpyruric acid in 3N hydrochloric acid for 2 days under a stream of
nitrogen unreacted starting material was recovered in high yield.

(ii) A solution of the amine (0,17 g.) and the keto-acid

(0423 go) in toluene (40 ml.) was heated on the steam bath for 3 hours.
Addition of light petroleum (Db.p. 60-80°) to the cooled solution gave a
brown amorphous solid (0.20 g.)o This failed to crystallise fiom common
organic solvenis although 1t was veadily soluble in hot ethanol or toluene.
It was recovered unchanged after itreatment with dry hydrogen chloride in
toluene and was soluble in dilute aqueous acid or alkali, Attempls to
prepare & picrate in ethanol or benzene were unsuccessful. In view of the
difficulty experienced in purifying this material, and since ites propertles
did not corres pond with those expsected of the desired base 1t was not
further investigated.

(1i1) A mixture of the amine (as its oxalate) (0.32 g.), the
keto-acid (0.45 g.), phosphoric acid (20 mls), and formic acid (30 ml.)
was stirred at room temperature overnight. After addition of water (100
ml.) and neutralisation with saturated aqueous godium bicarbonate,
extraction Qith chloroform gave some of the above amorphous product as an

oily solid {ca. 50 mg.) identified by its i.r. spectrum. Continuous
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extraction of the mother liquors with chloroform gave unreacted é~bromo-
3-hydroxy=4~methoxy~ B -phenylethylamine (0,12 g; 50%) after 12 hours,
and after several days, an intractable brown gun (0.12 g.) which wag

not further investigated.
a. In glacial acetic acid

A gtirred, ice-~cooled solution of Ow-benzyl-isovaniliin
(5 g.) in glacial acetic acid (10 ml.) was treated dropwise with a

solution of bromine (2.7 ml,) in glacial acetic acid (5 ml.) and the
réSulting solution was allowed to staﬁd overnight. The precipitated
product (4.5 g.) melted over a wide range (149-174°) despite repeated

L erystallisation from chloroform-light petroleum (b.p. 40-60°). A sample
was'éhromatographed on alumina (Gradé I11) using 10% chloroform~benzene

as elutrient. The first fraction gave a colourless solid, (ca. 10% of

sample) which on crystallisation from ethanol afforded colourless nesdles,
mep. 209-11°, identified as 2-bromo-isovanillin by comparison of its i.r.
spectrtm with that of an authentic sample. (%) Ho other pure product
éas obtained from the column, |
bo Ig carbop _tetrachlonide
0~Senzyl-isovanillin was shaken with tromine in a

sdlu%ion of carbon tetrachloride at room temperature overnight. Starting
material was régovered in high yield,
5~Benzyloxy=2-bromo-iemethoxybenzaldehyde, XIVI.

A mixture of 6~tromoisovanillin, XXXVIII, (40 go)y

potassium carbonate (20 g.), benzyl chloride (100 ml.) and absolute
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gthanol (1 re) was refliuxed for 6 hourg, cooled, filtered and
evaporated to ca. 300 ml. On cooling a yellow precipitate was formed
which, on crystallisation from methanol (charcoal) gave the benzyl ether,
XIVI, as colourless, opblcally anismotropic needles {35 g-;; 64%) , mePe

142-145°.  (Pound: C, 56.13 Hy 4uhe Gy ;B20, vequized G, 56,05 K, 4.1%).

5-Benz ] oxy=2=bromo—i-unethoxy B —nibrosiyrens. XIVIL,
5~Benzyloxy-R~bromo~4~methoxy— $ ~nitrostyrens, XIVII,

wag prepared from the corrvesponding aldehyde, ZLVI, in a manner analogous
to that previously described (pié8 ) for 2-bromo-5-hydroxy~i-methoxy- @ -
nitrostyrene, XL, The pitrogtyrene, LLVII, crystallised from glacial
acetic acid as matbed yellow needles (78%) m.p. 164~175°, unimproved by

urther crystallisation. (Found: C; 53.83; H, 4.5. GléHMBrNO A requires
G, 52.8; H, 3.8%). | o

Beduction of 5»1:%112?[10}:?4»2«731*omo-l,.l-@e'{;hoxv» B _-nitrogtyrene, XLVIL.

(1) §° 2-( 5 Bengylory—A gthonyohenyd)-ethyl 1 ~p=
methoxyohenylacetamide, IL.

A solution of 5-benzyloxy=—2-bromo-4-methoxy~ & -nitro-
styrena, SL¥IL, (2,85 g.) iu tetrahydvofuran (60 nl,) was added during 30
minutes o a stirred, refluxing solubien of lithium aluminium hyc’ll ide
(2.5 g.) in telrahydrofuran (250 ml.). Stirring and :eefluxmg were
continued overnight. The roacu on vas worked-up using ethyl acetate,
water and Bochelle galt and the tetrzhydrofuran solution decanted from the
inorgenic residue which was washed with ether (2 x 50 mls), the washings
being added to the tetrahydvofuran solution. The organlc solution was

ertracted with 61 hydrochloric acid solution (3 3 50 ml.) and the aguscus
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extracts, on bagification with 4N aqueous sodium hydroxide and extraction
with ether gave an oil (1.2 g,). This oil, in ether (20 ml.) and 0.2N
aqueous sodium hydroxide (50 ml.), was treated with homoanisoyl chloride
(0.6 g.) and the resulting mixture was stirred for 1 hour, filtered and

the precipitate washed in turn with dilute alkeli and acid. Orystallisation
from ethanol gave the halogen-free amide, IL, as colourless needles

(0,38 g3 12%), double m.p. 113-5°; 122-3°, (Found: C, 73.75; H, 6.5;

N, 3.6, CpsHpnMO, requires G, 74.053 H, 6,75 N, 3.45%).

(11) N[ 2-(5-Benzyloxy-2-bromo=4-nothoxyphenyl)~ethyl ] ~p-
meﬁhoxxghggx;aggtamidgz XLVIIT .

A golution of 5=-benzyloxy-2-bromo=~4=-methoxy- g ~
nitrogtyrene, XIVII, (2.7 g.) in dry tetrahydrofuran (90 ml.) was added
in ca. 2.5 minutes to a stirred solution of lithium aluminium hydride
)1.7 g.) in ether (125 ml.) at room temperature. The addition caused
vigorous refluxing which was maintained by heating for a further 4
minutes. The heating was then removed and, after a further 9 minutes'
stirring the excess of lithium aluminium hydride was decomposed by
addition of ethyl acetate as rapidly as was safely possible. The complex
was decomposed by addition of a minimum volume of water and the organioc
golution was decanted from the inorganic residue, which was washed with
ether (2 x 50 ml,), the washings being added to the decanted solution.
The combined organic solution was dried (MgSOA), and evaporated, and the
resulting oil was taken up in dry ether and treated with gaseous hydrogen
chloride. The precipitated hydrochloride (2.2 g.), dissolved in a

mixture of sther (40 ml.) 1N aqueous sodium hydroxide (100 ml.) was
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treated with homoanigoyl chloride (1.25 g.) and the resulting mixture

wag stirred at room temperature for 2 hours. The precipitated solid

was washed with dilute alkali and acid successively. Several

erystallisatlons from ethanol gave the gmide, XLVIII, as colourless

needles (1.4 g; 36%), m.p. 152-3.5°. (Found: G, 61.8; H, 5.7; N, 2.7.
BrNO, requires C, 62.05; H, 5.4; N, 2.8%).

25 26 4
(111)

benzyloxy-4 V-methoxyphenylacetanide, LII.

This was prepared in a manner analogous to that

described in (ii) for N+ [ 2-(5+benzyloxy~2-bromo-4imethoxyphenyl) «e’ohylj -
meéthoxyphenylacetamide » replacing the homoanisoyl chloride by an
equivalent amount of 3~benzyloxy=-4~methoxy-phenylacetyl chloride. The
amide, LII erystallised from ethanol as colourless plates (25%), m.p.
155~7.5°. (Found: C, 64.8; H, 5,35 N, 25 CBQHBZBrNﬁ,j requires G, 65.1;
Hy, 5.5 N, 2.4%),

Cyelisation of Ne [2-(5:benzyloxy=2:tromo oimwmu_a

methoxyphenylacetamide, XIVIIT.
Phosphorus pentachloride (166 mg.) was added to a

solution of N- [ 2«( §-benzyloxy~2-hromo~4-ne thoxyphenyl)~ethyl] ~p=
methoxyphenylacetamide, XIVIII (83 mg.) in chloroform” (0.8 ml.). The
mixture was allowed to stand for 4 days at room temperature after which
more phosphorus pentachloride (92 mg.) was added. After standing for a
farther 4 days preclpxbatlon appeared to be complehe‘ and the golution
wag evaporated to dryness at < 40°. The residue was cautlously treated

with methanol to decompose the excess of reagent and then dissolved in

+ Freshly dried by passing over blue silica gel,
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hot methanol. On addition of dilute aqueous hydrochloric acid and cooling
a preclpitate was obtained which crystallised from aqueous methanol as
colourless needles (25 mg; 30%) map. 136.,5-138°. (Found: G, 60.2;

Hy 5.2; Br, 15.8; N, 3.1. C,gH, Brli0;.2H,0 requires G, 59.95 H, 5.63

" Br, 15.9; N, 2.8%). >‘max (in methanol) 290 m.ee (log €, 4.16), 227
myu, (inflection; log § , 4.17), 219 m.x (log £, 4.22).
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NOVEL HETEROCYCLIC COMPOUNDS FROM DIETHYL

NONA-2, 7-DIYNE~1l, 9-DIOATE
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INTRODUCTION

In 1959, tho addition of one mole of methylamine acrogs
two activated acetylenic bonds simultaneougly was exploited (1)(2) in a
gyntheglis of tropinone via the pyrollidine diester, I, as indiecated in
Scheme I. Howsver, application of this method to the homologous ester,
diethyl nona-2, 7-diyne~-l, 9-dicate, II (R = OEt) proved to be less
successful.,

Although an oily produet, B, whose analysis wag conglstent
with the degired piperidins, ITIT, could be obtalined by the action of hot
ethanolic methylamine, only one double bond of thig could be reduced sven
after proleonged hydrogenation in ethanol, while, in acetic acid, catalytic
hydrogenation gave a product formulated as the pyran, IV. Both reduction

(1)(2)

products afforded the same derivatives with Brady’s reagent. The
mechanigns which were proposed (2) to account for these transformstions
are shown in Scheme II. An analogous product, ¥, formulated as V, was
produced in the same way from the diamide, II (R = NH,). (1)

Treatment of the dimethyl ester II (R = 0B%) with cold
aqueous ammonia or methylamine gave the corresponding diamides, IT
(R = NHz anpd NiMe rsspeeﬁively)a (1) With hot aqueoug methylamine
however, the dimethyl or diethyl ester II (R = (Me or OE%) gave a
compound, A, m.p. 160~162.5°, which was chiefly remarkable for its high
wavelengbh w.v. absorption at 348 mem (log & 5 4.51)5 284 mou. (log &,
3,32); 240 mof (log €, 3.91). This compound contained nitrogen and
- absorbed one mole of hydrogen {assuming a moleeular weight of ca. 230),

(1)

No molecular formula was assigned to iv.
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4 compound, B, m.p. 277-279° (d), whose properties
(i.r., u.v., response to microhydrogenation) were closely analogous
to those of the compound, A, was obtained by the action of hot aqueous
methylamine on the diamide, II (R = M), (V)

Later, these compounds, A and B, were assigned the
respective molecular formilae G198, 1,0, and Cynfy 8,0, (3)

It vas found (3) that A could also be produced by the
action of hot aqueous methylamine on B, (alleged to be III) an
observation which appeared to be paralleled by the formation of a little
of the compound, B, with F, (1)

A and B, when treated with refluxing sodium sthoxide

solu’uion, yielded respectively the acidic compounds G, 0101-1111\103 and D,
Cigh0;. (2 |

The compounds A, B, C, and DB, were found (3) to undergo
facile reac’éions when treated with various primary amines, the
stoicheliometry of each transformation corresponding to the replacement
~ of methylamine (in A and B) or water (in C and D) bty the amihe: The
regults of these transformationg are recorded in Table I,

'In the following discussion of the structures and
chemistry of A, B, C and D, reaction of methylamine with nona-2,

T~diyne~l, 9-dioic esters and amide is shown to take an unusual course.
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RESULIS Al DISCUSITON

In congidering stiuctures for compounds A, B, C and D,
it socon became apparent that these compounds are closely related.
Firgtly, the interconvertibility of A and B with C and D respectively
indicates that an ~ MMe ~ function in the former compounds corresponds
to an =0~ function in the latvter palr. Secondly, the fact that B is
derived from the di-primary amide, II, (R = NH,) (1) ynite & is poasibly
formed via the di-secondary amide II (R = NHMe) :;fugges{‘;s that A and C
might be N-methyl analogues of B and D. This conclusion is fully borne
out by analytical data and by n.mer.; i.r. and ucv. spectra (vide infra).
These relationships are summarised in Scheme III, |

An important observaition (3) }s that A can be derlved
by the action of methylamine in hot agqueous medium on compound E, * and
since thig had been formulated as III a posgible stsmc‘bure"assignment for
A and B was as the bicyelo-imides, VI (R = Me and H respectively) with
the derived "acids®™ C and D being formulated as VII (R = Me and H
respectively), having been formed as in Scheme I. The bridgehead double
bonds of these structures do not conbravene Bredt's rule since they ave
| in an eight-membered ring and models do not show undus strain in the
‘moleculaéo However., these structures were cleavly excluded by the n.m.7r.

gspectra of all four compounds, Téblé IT, which each exhibited the
resonance of only one vinyl proton. In addition A andrB exhibited @oxxblets
(T = 5. copss.) at 6,90 T (dentercchloroform) and 6.53 ff(trifluoreacetie
acid) respectively, absent in C and D, betraying the presence in A and B

\
of an -iMe grouping (%) which is pregumably replaced by -=0H in ¢ and D,

+ 4 gimilay rolationship orobably also exists between B and I {ef. P84 .
. - ]
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The spectra of all four compounds showed absorption
at ca, 7.4 T and ca. 8.0 ¥ (deuterachloroform) and at ea. 7:0 T and
ca. 7.7 ¢ (trifluoroacetic acid) congistent with its assigmment to
an'Aszc2 system, where A and C are almost squivalent. _

‘The i,r. spectra of the compounds A, B, C and D all
show sirong carbonyl absorption (efs Table III) and their u.v. spectra
(Table IV) show evidence of an extensively conjugated system. These
data can be accommodated by the structures VIII a, b, or ¢ for A and B
(with R = Me or H respectively) and IX a, borc (withR =Me or H
respectively) for C and D,

| The structures VIII represent vinylogous amides and
IX the corresponding vinylogous acids so that the principal features of
the chemistry of all four compounds, A, B, C and D are explicable on the
bagis of these formulations.

The broad signal at =2,1 7 (Table II) in the n.m.r.
gpectrum of A can be attributed to the N-H proton, its low field
position suggesting that it is participating in hydrogen bonding. The
corresponding hydrogen bonded O-H expected in C could not be found above
~107 % Thie raﬁher surpriging result is presuﬁably'dua to the
involvement of the proton in a vapid tautomeric shift between the two
oxygen atoms to which it is bonded. The rate of exchange must be
gufficiently fast to prevent the detection of a signal corresponding to
either extreme position, yet not fast enough 4o allow the spectrometer
to "see" the proton in only one intermediate position (52 Accordingly
this regsult may be taken as evidence for a chelated system.

+ Since the spectra of B and D were obtained only in trifluorcacetic acid

their low field protong were not sought.
S ]




TABLE

U.V. SPECTRA OF A, B, C, AND D AND RELATED CONMPOUNDS

Compound Ag;ﬁzﬁ (m 1 log € )\nElt.a?;H-aNaDH log€ )\g:x rea.e.c:i.dffi logg
350 he38 | 350 nt2 | 350 ho38
286 | 3.23 | 281 3.48 | 286 3.23
A 236 3072 | 257 3.70 | 236 3,72
319 hokt | 382 539 | 319 ol
B 281&- 3 ) 32 282 3 Q 61 281‘% 30 32
235 3.79 | 257 3.88 | 235 3.79
320 ho26 | 329 o5 | 320 hoB6
c 200 3,89 | 280 308, | 240 3,69
217 2,23 | .
- 319 520 | 334 he37 1319 4s20
D 233 3.89 | 278 3.57 |233 3,69
C methyl | 287 hoih | 365 (inf)| 3,61 |320 holt
ester 224, 5,01 335 Lo21 1240 3.76
201, 3.91 | 288 3.63
224 1425
Decevinic
ac1a(®)| 325 5e25

X,
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The stability conferred by this chelate system seems
to be indicated by the great tendency shown by the rather ungtable methyl
ester of C to hydrolyse back to C. Thus the u.v. spectrum (Tabie Iv)
underwant a change on treatment of the solution with a drop of dilute
aquecus sodium hydroxide, and, on immediate rea¢cidification became
identical o that of the acid, Ce

‘ The sensi"oivity to hydrolysis of the ester explains an
anomaly in the formula‘bion of G and D asg the vinjrlogous acids corresponding
to the vinyiogous amides A and B - tha‘h treatment Aof the amides with sodium
ethoxide ought to give the corregponding asberss I'f formed, these might
be hydrelysed in the x«m?k--‘upo An alternative explanation that the acids
are produced by B.AL2 hydrolysis of the estérs, may well be kcomplementary
to this.

, Purther evidence of the chelate system is furnished by
the isr. spec’&ré (Table IiI), by the formation by C and D of sgtable,
insolublé, gresn complexes on ﬁrea%mien-t wi’c]ﬁ cupric acetate 1n ace‘éone 9
and by the produetion of aeep red—purple colourations by all four
compounds when treated with ethanolic ferric chloride.

The demongiration of hydrogen bonding in A, B, C and D
allows strucéures VIII C and IX C to be eliminated.

While the “bwo remainlng poss:LbJ.l:L'bies for both C and D,
viz, IX a and IX b are, in facb, tautomeric, the correspond.mg palr of
gtructures for A and B, viz, VIII a and VIII b are struc’oural igomers
and so ought to be fairly readn.ly d:v.s blngu:f.shable - at least in principle.

Unfortunately, bhe u.v. spectra (Table IV) of the
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compounds Ay By C and D do not ullow a distinction 4o bs drawn bsbwesn
the rather different choxmophorie systems of serieg "a™ and Wb * bacavse
of the abgence of reliable model compounds,
The most relevant published spectrum (6) ig that of
decevinic acid; X b, which absorbs at 325 moso (log € 5 4.25) compared
to values of 320 mogo (log £ 5 4026) and 319 mows (log €, 4.20) for C
and D respectively ~ a reasonably close correspondence in viaw of the
small varlations which may be expected in comparing an anhydride with
its imide counterpart. However; it must be pointed cut that there is no
publighed reason why decsvinic acid ghould not exist ag the tantomer; X a.
In order to confirm the correctness of the carbon
skeletion derived for the compounds A; B, C and D and, if possible, to
asgign them to the appropriate series, attempis were made to déhydrogenste
them to aromatic compounds. It was found that, on treatment with 10%
palladium-on=charcoal for periods ranging from two minutes to one hour,
all four compounds lost two hydrogen atoms %o give the corresponding
dehydro~derivatives.
Dehydro=C and dehydro-D, irrespective of the geries to
which the parent compounds, C and D, belong, should have the structures
XI (R = Me and H respectively), a prediction which is borne out by the
n.m.r, spectra (Table V). Particularly significant in these spectra is
the appearance of peaks corresponding to the aromatie protons at 2.5 = 3.57
(deuterochloroform) or 2.2 - 3.0 ¥ (trifluorcacetic acid) and of a
methylene singlet at 5,98 ¥ (deuterochloroform) or 5.58 ’C('%;rifluor'oa cetic
acid). The presence of the hydrogen bonded hydroxyl group is demongtrated
+ While it must be borne in mind that the taubomeric form of C and D has no
bearing on the structures of A and B (i.e. IX a may be derived from VIII b,
ebc.), it will be convenient for future purposes to refer to the compounds

as belonging %o series "a" or "b" according as A and B may be represented
by VIII a or VIII b,




&

by the appearance ;ln the specirum of de~hydro-C, of a sharp sinélet
at -1.75 t » The corresponding peak in dehydro-D is presumably obscured
by the solvent, trifluoroacetic acid. _

Both dehydro«C and dehydro-D behave like phgnols, being
insoluble in saturated aqueous scdium bicarbonate btut soluble in dilute
sodium hydroxlde from which they are reprecipitated by acid.

These data, together with furfher evidence which is
presented bslow, can be taken to substantiate firmly the structures (bub
not the 'bauiomeric forms) of C and D as IX (R = Me and H respectively)
and conéeqﬁeﬂtly, algo to establish the carbon skeleton of A and B.

A The bases dehydro-A and dehydro-B can bev asgigned ‘the
structures XII a or XIT b, Thelr n.m.r. spec’ci'a (Table V) show resonance
due to aromabic and methylens protons comparable to that observed for
dehydro-C and dehydro~D. However the N-methyl group pf Aboth bages oceurs
as a sharp singlet at 7.06 ¥ (deuterochloroform) or 6,59 ’K'(trifluoroécetic
acid). |

‘ ~ Ths absenee of spinf-SP:ln coupling of this methyl group
suggests that the compounds bslong to series "b"., However, Dudek (7)
has pointed out that while the occurrence of a methyl doublet is excellent
evidence for a hydrogen atom on the me_'thyl—bearing nitrogen atom; the
absence ei: coupling does not lead with gny‘,certain'by 'bp the converse
‘c'onelusion., This is because when the energy barrier for hydrogen
exchange between oxygen and nitz'ogeh becomes sufficiently low, exchange
becomes rapid and, accordingly, irrespective of the leng‘bh of time spent

by the proton on any one site, spin-spin coupling is eliminated. Hence



Found for XI (Rslfe) 3.26 or 3,16 2,55 3,10 or 3,26

Subtract effect for -OH =Co37 «0.37 ~0,37

Add effect for -NHMe +0,80 +0,30 +0.57

oe Caleulated for XIIa (Rsile) 3.69 or 3.53 2.48  3.30 or 3,46
Observed for dehydro~A 3,62 2.64 3.43



i the compounds belong to seriss "a%, the lack of sPIN-gpln Cou
may be attributable to rapid tautomerism between the two forms XII a
and XII1

While the n.m.r, spsctra of dehydro-A and dehydro-C
. were measured in deuterochloroform, solubility éonsiderations dictated
the use of triflucroacetic acid as a solvent for thelr analcgues
unmebhylated on ths heterocyclic nitrogen atom, dehydro-B and dehydro-D.
Nevertheless the ¥ -values of the aromatic protons of the phenols
dehydro-C and dehydro-D are comparable when allowance is made for the
ghift expected dus to change of solvent. (8) As expected, the proton
on Hy occurs as a quartet, bsing spin-coupled to two grtho protons
while the protons on H5 and Hp ocewr ag doublets at rather higher fisld.

The fact that the aromatic protons of the base, dehydro-4,
appear at higher fields than those of the phenol dehydro-{., now assignod
the structure XI (R = Me) is well in accord with structure XII a for the
former compound. As ghown in Table VI, values calculated for the aromatic
protons of structure XII a (R = Me) relative to those found experiment-
ally for XI (R = Me) using published values (9) for the changes in
chemical shifts of aromatic protong due to the addition of variousg
gubstitﬁents, correspond well with those found for dehydro-A,”

The same relationship does not apply to the spectra of
the unmethylated analogues, dshydro-B and dehydro-D, measured in
triflucrvacetic acid, since protonation of the agse, dahydrmeg by the
solvent, causss a large downfield shift of the gignalg due to the srowatic

protons which accodingly absorb as an lll-defined multiplet ceatred zt 2,15 T,

o T e e D ern e ey oy e ey e o
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Finally the N-H (or 0-H) peak of dehydro-A absorbs in
a broad peak centred at 2,30 T . Its chemical shift shows it to be
hydrogen bonded but not very strongly.

While the n.m.r, spsctra of the four dehydrogenation
products are in good agreement with structures for A and B belonging
to geries "a" they cannot be held completely to rule out series "b",

The same is true of other spectral evidence discussed in later pages
and it was only upon the following chemical evidence that the correct
gtructure assignments could be mads.

Both bases, dehydro~A and dehydro-B are solubls in
dilute aqueous alkali or acid but not in water. While their bagic
nature is readily understood on either formulation XII a or XII b their
acidic nature is explicable as being due to either the well-known
acidity of the homophthalimide nucleug (10) (if series "a") or their
phenolic nature (if series "b").

Since, .v.:r? the dehydro~bases belonged to serieg "b"
they were expscted to behave as phenols, these compounds were tested with
ethanolic ferrie chloride (which readily produces a green colouration
with the phenols dehydro-C and dehydro-D). However the test solutions
of the dehydro-bases only slowly developed a brown colour, presumably
due to oxidation.

The Gibbe! test (1(12) ror a phonol with a free para
position gave similar results. As expected the test solution of dehydre-C
exhibited a visible absorption maximum at 690 mg 4., characteristic of the

indophenol produced in a positive Gibbs' test, whereas the test solution



TABLE VIT

U Ve 32704A CF TERYTRC COPOUIRS UNBER GIB3S' TAST COISITIONS

max (in 307 nyridine-borate buﬂer(pm
A |

idine relative
Compound Xpy:ax optical
density Initially After 30 minutes
Dehydro=A 375 - 394 354
Dehydro-B 378 - i 351
Dehydro=-C 411 1 392 332
317 5 310
Dehydro-D 390 | 391 335

317 5 - 307




IABLE VIII

U.7. 32 CTRA OF DLIYDRO COMPOUNDS
. 1 N ._H-' -
Compound A Emt.(a):li (mi) logE )‘EtOHﬁ;OH log & )«Etggx € log €
375 3,77 396 3,91 295" 2%
260 3,95 313 3,96 283 3.08
DthdI‘O'A 2!42 l&-a 01 287 ll-c 1 3 21&8 - 30 88
222 4,05 250 4,20 235 3.80
226 Le18 210 4,01
378 3.71 L0k 3.83 295" 3.0k
261 3089 313 3090 28‘& 3018
Dehydro=B 213 3.92 289 4,03 247 3.89
223 3 [y 90 251 19-903 235 36 8‘}
229 4,00 217 3,76
316 3.58 392 3,73
257 3.88 309 helly
Dehydro-C 222+ 3,95 299 4,09
214, 4,01 26, 3.99
23‘!» ll-c 1 3
318 3,58 391 3.82
253 3,93 306 522
Dehydro=D 220+ k.31 296+ Ls16
212 - Lae21 26k, 4,04
227 Leo32
221 4,33
Neethyle 285 3.10 390 3.35
homnophthalinide 305 4,10
+ Inflection

#* Measured in 50% aqueous ethanolie h-drochloric acid (3N).
In the prescnce of smaller concentrations of acid

were obtaineds

» intermediate spectra
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of dehydro-A exhibited only' background absoprtion in the region
500~700 meps *

Since the failure to detect the presence of a phenolic
group in the bases, dshydro—A‘énd dehydro-B, made their assignment to
series "a" seem possible, confirmation of this was sought and obtained
in the formation from dehydro-A of a solid, yellow N-nitrosgo derivative,
diagnostic of & secondary amine,

‘ The above evidence reinforced by one other compelling
argument (ses p. 97) allowed the compounds A and B to be assigned to
series Ma',

An interpretation follows of the remaining spectral
evidence of the dehydrogenation products in terms of the derived
structures, XII a (R = Me and H respectively) for dehydro~A and dehydro-B,
and XI (R = Me and H respectively) for the phenols, dehydro-C and
dehydro-D. _ ‘, v
| The long wavelengih peaks of the u.v. spectra of the
bases, dehydro-A and dehydro-B are higher by ca. €0 m.u. than those of
the phenols dehydro-C and dehydro-D (cf. Table VIII). However, the
bathochromic shifts on bagification of the phenols are much greater (ca.
75 moi.) than thoss of the bases (ca. 24 m.4) and so all four compounds,
in basic colution, have very similar u.v. spectra.

In the published u,v. spectrum of Nesthylhomophthalimide (13’

+ The results of Gibbs' tests on not only dehydro~-B; but also dehydro-D,
were negative, indicating apparently that the free N-H of an imide gystem
invalidates this test. Comparison of the u.v. spectra (Table VII) of the
four dehydro compounds in pyridine and in 30% pyridine~borate buffer (pH

O

.9.2) chous thet thsre are 1w signifisant differvnces weSwesn the
corgssponding Nemethyl and N-H derivatives, before addition of reagent.



My et e e e
13

{Table VIIL) the peak oheewved ab co. 285 Hogen . w1 NOWETAL HOIUGLCT,
changes in alkali to maxima at 390 mew and 305 Retts, DRATING & marked
similarisy to tho spsctra of dshydro-U and dehydro-D in alkali. The
implication from thig that the phenol groupings in the last two compounds
do not have any significant influence on the chromophore is strongly
supperted by the following observations.

The spectrum of Negthylhomophthalimide in alkali ig
itself notably éimilar to thoge of the neutral form of the 3=isoguinsclonas
XIV (R = H or He, R* = Me or 2R} = -CHy~) (34) o104 boars no resemblsnce
tothose of l~-isoquinolonss. This suggeste that the chromophore of the
homophthalimide in base is due mainly %o the foxrm XV assuwing that the
effect of the enolate anion on the basic 3-isoquinolone chromophore is

comparable with that of two ether functions in XIV

¥

It is therefore possible that the hydroxyl group of
the 8-hydroxyhomophthalinides, XI, would not significantly affect the
chromephore since further lonisation of the lonised form, XVI, would

tend to be suppressed by the adjacent negative charge and tautomerism



Y max (em.™V)

c .
C=0 (positigen 3) C=0 (position 1)

Dehydro~A 1695 1660

Dehydro-B 1695 1660

Dehydre~C 1700 1640

Dehydre-D 1700 1660




between LVT and XVII would noi greatly disturp the churmephore.

NR NR
OH o 0 OH

VI | XVII

If this argument is valid, then substitution of an
-l{iMe group for the -0H group in XVI should not materially alter its u.v,
The fact that the four dehydrow-compounds all have very similar u.v. spschra
in base seems to support thia interpretatiog.

The phenolic and methylamino groups do, howaver,
contribuve to the chormophore in neutral solution. Thus the phenols,
dehydro-C and dehydro-D absorb at 316 and 318 m 4 respectively and the
bases dehydro-A and dehydro~B at 375 and 378 meu. respectively, compared
with 285 m.4. for the parent N~ethylhomophthalimide. (13)  That these
increments may be due to delocaligation of the lons pair of the S-subgbtituent
group is reflected, in the case of ths basges, by the reversion of the specira
in aeid (where the lone pair is now involved in salt formation) to naar
that of N-gthylhomophthalimide (ef. Table VIII),

The isre speetra (Table IX) of the four dehydro-compounds,
in Nujol, show the eéspeoi;sd (15) abserpition at ca. 1700 cm“lg dus Gto the

carbonyl group in position 3. The other carbonyl group occurs at rathar
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SCHEME VII



% Abund, We % Abvund,
12,3 146 6,5
100,0 145 78
29.3 131 7.7
8.3 i19 28,6
12.3 118 11.8
14,2 17 75
8,0 116 77.6
8,9 104 12,0
6,8 92 7.0
627 91 17.5
# Only ions of abundance € 5% included
latastable Teons
We Transition
2020 204 to 203
171.L 204 to 187
151.8 204 to 176
150.9 203 to 175
145.7 203 to 172
135,2 187 to 159
125,2 175 to 148
12445 176 to 148
117.0 119 to 118

AP ——

M/e % Abund,
20 14,8
89 12,9
78 5.0
77 12,9
76 5.2
65 6.1
5845 6.8
57 5.9
51 10,2



*
Hags Svectrum of DehydroeB

TABLE XTI

We % Abce. We % Abce.  MWe % Abee We % Abee }
191 12,4 145  17.4 92 10,2 6h 10,7
190  100,0 134 8.3 91 20,6 63 11.3
189  27.9 133 5,79 90 16,0 62 5.1 -
173 9.2 119 21 03 89 1:7014- 5505 905 {
163 7.3 118 31.5 a1 549 56 9.6
172 120 17 That 78 700 55 7.5 |
161 14.6 116  10.5 77 17,3 52 7.0
148 6.1 105 5.9 76 7.8 51 the2 |
10, k.1 65 10,9 1
Metastable Tons
We Transition
1381 190 to 162
117.0 119 to 118 |
IABLE XIL |
M/e 3 Abce,
192 7. 105 1het Hstasteble Tons
198 3,1 7 19k
173 7.0 77 12.4 We Transition
135 8.3 52 8,7 94,0 193 to 134
13, 100,0 51 15,6 83.8 134 to 106
106 24,6 82:3 134 to 1051
ZABLE XTI |
¥
We % Abce,  We % Avce, .74 % Abce 1
178 5ok 91 6.8 62 13.4
;g BSLﬁ ,;g ,’732 55 5.8 Metas I
° {\Jos 11,
133 o 7 570 gg MZ We Transition
13 16,1 76 28,0 5  $00.0 83.8 134 to 106
121 13,6 75 129 76,0 78 to 77
106 2.9 T, 198 57.4 106 to 7
ol & 8 56,5 105 to 77
103 6,8 65 17,0
33 120 g 6{; n?3 % Only iens of Sbundance 5% ineluded
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lower values (ca. 1660 em™L) than in homophthalimide itself (1684 cm“l)(m

preaﬁmably because of hydrogen bonding.

The mass spectra (Tables X - XIII) of the four
dehydro~compounds,; show certain similarities to one another and can be
interpreted as in Schemes IV - VI on the basis of the structures XII and
XI. (of. rers (16) ang (1),

Bef;zre the true nature of compoundsC and D was knowm,
thess were testved with 2, 4-dinitrophenylhydrazine (3) ® Undér the usual
condition of hydrazone formation, orange compounds were obtained which
may now bs formulated as the vinylogous 2, 4~dini’brophenyihydrazides, '
XVIII (R = Me and H respectively). These compounds showed a remarksble
tendency to turn purple under very mildly bagic conditions. Their
pyridine solutions were bright purple and even methanolie solu;‘;ions
tended to be dark-coloured. (3)

2, 4-Dinitrophenylhydrazones are weakly acidic, according
to the equilibrium shown in Scheme VII. The pKa of this dissociation
nsua.lly lieg in the region 11~12, (18) The vigible absorption maxima of
a vérieﬁy of compounds in neutral solution occur at 380-400 Molte s whila

(18)+ The u,v. spectra

the corresponding anions absorb at 460-490 Moo
(Table XIV) of the derivatives obtained from C and D have maxima in
neutral solution at 370 Medtos & wavelength rather ylower than would be
anticipated for 2, 4—dinitroph9nylhydrazonesa However, in bagic solution,
these 2, 4-dinitrophenylhydrazides absorb at the unusually high wavelengths
-of 525 Mot and 524 M otte respectively. Mthermore these compounds are
much stronger acids than normal 2, 4~dinitrophenylhydrazones having pKa

+ The 2, 4~diniirophenylhydrzones of p-nitrobenzaldehyde and p-nitro~ (

acetophenone, however, absorb at 545 mee and 553 Motd regpectively. 18)




SCHEME VIII
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values, measured gpeciroscopically (ef. ref. (18) ), of 6.6 = 0:2:
| The above data indicate the probability that the

vinylogous hydrazides are converted by alkali into the basic forms of
highly conjugated 2, 4~dinitrophenylhydrazones. It is significant that
during pK measurement there was no indication of the presence of any
intermediate form corresponding to the unionised 2, 4~dinitrophenyl~-
hydrazone,

The above findings can be rationalised as shown in
Scheme VIII., While a mechanism exists [r@ac‘oion (1)] for the tautomeric
conversion of the arylhydrazides XVIII (R = Me and H) into the hydrazons
form XIX, there is no driving force for this reaction to occur. That a
ketamine form is more stable than the corresponding enol-imine form is
well established and if further evidence were required, there is the
analogy of compounds A and B, VIIIa (R = Me and H respectively). Hence
the formation of the 2, 4~dinitrophenylhydrazones, XIX, is not observed.

The acidity of 2, 4~dinitrophenylhydrazones is probably
due mainly to the withdrawal of electrons from the N-H bond by the
dinitrophenyl ring. The adjacent azomethine group is electron releasing
and, if anything, discourages ionigation., However, the compounds, XVIII
(R = Me and H), are more acidic since, in addition to the electron
withdrawal by the dinitrophenyl ring the acidic N-H is Purther activated
by the mesomerically transmitted effect of two carbonyl groups (red
arrows in Scheme VIII),

The arguments cited above against reaction (1) do not

necessarily apply to reaction (2) since it may be supposed that the loss



97

of stability involved in changing the anion, XX, from the ketamine to
enol~imine form will be more than offset by the géin in stability
resﬁlting from increased conjugation. Hence reaction (2) may be |
considered to occur immediately after ionisation so that only XX1, the
aniom.c form of a 2, l,ndlnitrophanylhydrazone s 18 detectedo

An aualogy for ’ohis behaviour is found in 2, 4~dinitro-
phenylsemicarbazide, XXII, which was reported (19) to be soluble in hot
wa'ﬁer with a change in colour and to give rise to a "dark black cblour“
in équeous base. This compound (prepared from 2, 4~dinitrochlorcbenzene
in a mahner analogous to that described (19) ) had u.v. absorptiocn, in
aéueous dioxan or methanol, at 331 moge (log € » 4o15) and, in pyridine
or agueous alkali, at 452 modts (log 5, 4.23) (Table XIV). Theéé results
indicate 'Eha't. the semicarbaéide.dsrivativé, XXI1, is a weaker acid than
the 2, 4~dinitrdphenjlhjdrazide derivativeé prepared from C and D (since
thé latter compounds are partially ionised even in methanol) but, as
predicted, it is a stronger acid than are 2, 4-dinitrophenylhydrazones
b(which fail to ionise in pyridina) o The greater acidity of the dsrivatives
of C and D is presumably ascribable to their additional carbonyl group.

The anions, XXI (R = Me and H) absorb light at a very
high wavelength, 525 moM; Comparable extended chromophores are found
in the anionic forms of the dinitrophenylhydrazones of penitrobenzaldehyde
(545 m.6) and Runitroacetophenone (553 mqao)., | ’

Gompell:l.ng evidence of the correctness of the formulation
of A and B as VIIIa (R = Me and H respectively) appeared as a result of

considering the mechanism of théir formation.



SCHEME IX
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LO,_Et

COEt
NMe >

Me
MeNH ©

VIIla (RMe)



TABLE XV -

NoI’loRo s%gt-gga Of El HIIEQ

Resonance (%) Assignment.

3.87(s)

ca. 6.9(complex)
8025( complea)
7.60( complex)
7.05(d). J=5.k4cps.,
5,90(q) J=6.6cps,

8,67 and 8,76
(superimposed’ triplets)

Jzéo 60?50

n =0 n.@o's
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Since it was shown ¢3) that compound 4, VIIla (R = Me)
is obtained from compound E, (which had been formulated (1)(2) g4 I111)
it waé reasonable first to congider whether E was an intermediate in the
formatioﬁ of A from the nonadiynsdioate, II (R = OEt), A mechanism,
involving opening of the piperidine ring of III and reclosure in a
different sense (Scheme IX) can be envisaged for this transformation.

However, in view of the anomalous behaviour (1)(2) of
E (‘ci"a Introduction) it was tempting to suppoée that it might havé been
misformulated and that i'i;,s correct siructure is XXIII‘, a strucfﬁra which
not only explains its ready transformation into A, bub also accbun{;s for
its failure to absorb more than one mole of hydrogen. (Gompoundé A and
B alsé aﬁsorbéf;:mly one mole, (1) the vinylogous amide sys'i;em being,
apparently, resistant to hydrogenation).

The product of hydrogenation in acetic acid (1)(2) can
now be understoed to be the acid analogue, XXIV, and the common
2, Awdlnitrophenylhydrazone" (1)(2) can be reformulated as the vinylogous
hydrazide, . F._nally, the u.v. abgorption at 322 moﬂo (log £, 4.32)
is now readily understood to be due to a chramophor:.e system similar in
most regpects to that of A and Bo

Decigive evidence of the correctness of this theory came
from the nem.ro spectrum of E (Table XV) vhich exhibited a menhyl doublet
at ’7.,05 'I:(J = 5»4 Coposs) and & single » unsplit vinyl proton at 3.86 7 .
The occurrsnce of the resonance of one of the methylsne groups as a
mltiplet at ca. 6.9 T compared to the value observed for A at ca-. Ted C
(cf‘o Table II) indicabes tha®t the former group is deshielded by the
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carbsthoxyl group and =o indiéates that the double bond geometry of E
is as shown in XXIITa, [ cf. refs. (20) and (21)].*

A poasible mode of formation of E, XXIIla, involves
the addition of one mole of methylamine to each triple bond of the
nonadiynedioate, II (R = OEt), followed by imine condensation, as shown
in Scheme X.

Further reaction of B occurs only with aqueous
methylamine, the vreadier protonation in this medium presumably facilitating
trangamidation or imide ring closure,

In view of the above mechanism, it was of interest 1o
invegtigate whether catigtic alkali would effect a gimilar transformation
‘of the nonadiynediocate, IT (R = OEt). Brief treatment with hot aqueous
ethanolic sodium hydroxide gave homophthalic acid and 4 pale yellow
erystalline compound, &, each in ca. 20% yield. (3)

Microanalysis of G was congistent with the gtructure,
XXVIII, and in accord with thigstruciure, G formed a dimethyl ester with
diazomethane, was unaffected by further treatment with alkali, but was
decompoged by treatment with acid. Moreover, it absorbed in the u.v. a%

328 mouo (log € » 447) (cf. compound E, X¥XIITa, absorbing at 322 moio).

However, the structure of G was revised to XXIX on the
following grounds. On microhydrogenation, at least two moles of hydrogen
were abgorbed., The n.m.r. spectra of G and of its dimethyl ester were in
accord with the revised structures as indicated in Table XVI. The
decigive features are the complex olefin resonances (value 5 protons) and
+ 21zhough ?omgra spgctra have not ye?lgeen obt§ined there seems to be little

oubt that F (previously formulated ag V) is, in fact XXVI. The N~benzyl
analogue 1) of E also requires to be reformulated as XXVII.

++Posgibly reversible hydration of the excecyclic double bond permits
alteration of its geometzy priow to cyelisation.
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the singlet (value 2 protons) at 6.627 due to a methylene group having
no protons on the adjacent carbon atoms. The interpretation shown in
Table XVI of the olefinic resonance suggests the partial double bond
geometry indicated.

The u.v. absorption to be expescted for the diacid,
XXIX, can be calculated by adding to 294 mgm. (the value reported (22)
for octa = 2, 4, 6~trienoic acid) the inecrement due to the ethoxyl groups
In the g or % position, this contribubes ca. 30 meis GO a conjugated

dienone (33)

and this figure gives a calculated value for the diaicid,
XXIX, of 324 m.u., in good agresment with the observed wvalue of 328 I péto

A possible explanation (outlined in Scheme XI) of the
formation of G and of homophthalic acid is that, under the influence of
strong base, one acetylenic group rearranges, via an allene to either a
gig-diene leading to homophthalic acid, or a irang-~diene leading to the
diacid, G, XXIX.

However, in the presence of inorganic bases at controlled
P, addition of water to the acetylenic linkages follows the same course ag
does methylamine. Thus, a small yield of D, IX (R = H), was obtained when
the diamide, II (R = NHZ) was refluxed in aqueous borate buffer solution
(g 9.2).

Accordingly it appears that under mildly basic conditions,
nucleophileg add individually to both triple bonds of esters and amides of
nona~2, 7-diyne~l, 9-dioic acid, IT (R = OH), and that the resulting product
readily undergoes intramolecular condensation to give products related %o

compound E.
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EXPERIMENTAL

A1l m.p.'s are uncorrected.

I.r. gpectra were obtained on a Unicam SP 200 or a
Unicam SP 100 spectrophotometer. U.v. spectra were measured on a
Perkin-Elmer 137 UV or a Unicam SP 800 gpectrophotometer. N.m.r. spectra
were measured on a Perkin-Elmer, 60 M.c., spectrometer. Mass spectra -
were measured on an AE.I. M.S5:9 mass spectrometers - '
Copper Complexes These were prepared by adding a saturated solution of
cupric acetate in acetone to an acetone solution of the compound to be
testadc
pK Mgaguregment This was carried out by the procedure of Jones and
Mueller. (18).
ds 2a 32 5. .6, T-Hexahydro=2-methyl-8=-methylamino=-1, 3-dioxigsogquinoliine,
VIIIa (R = Me)"

a.(1)(3) Diethyl nona-2, 7-diyhe-l, 9=diocate, II (R = O0Et) (4.3 g.)
was refluxed with 25% aqueous methylamine (25 ml,) and ethénol (40 ml.)
for 2 hours. Eﬁa;ﬁoration and crystallisation of the residue from benzene
gave the 2-methyl-8-methylamine compound, VIIIa (R = Me) as prisms

(2.5 ge; 67%) m.p. 161-162.5°. (Found: C, 64.1; H, 617; N, 13.9.
©,4Hy N,0, requires C, 64.1; K, 6.8; ¥, 13.6%). |

b.(3) Compound E, XXIITa prepared as described previously (1)(2)
(vwhere it is formulated as IV) (1 g.) was refluxed for 2 hours with
aqueous alcoholic methylamine as in a. The 2—me‘bhyl—8-methylaxﬁino-
compound W}IIIa (R = Me) obtained in this way (0;38 g.';‘ 4L4%) was identical
with a sample prepared as in a. | '

1.2, 3.5, 6 :Z-Hé; agzdgo-g -methylaminge=1, 3-dioigg_.' soquinoline, VIIIa

(R = H) (1)(3)+ ‘ '

+ A few experiments (pr?ﬁiatione of compounds A, B, C, D and G) are as
described previously \ 3) but are included for the sake of completeness.
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The acetylenic diamide II (R = MHy) (9.9 g.) was
refluxed for 15 minutes with 25% aqueous methylamine (200 ml.) and
methanol (15(5 mle). The methylamino~compound VIIIa (R = H) which
separated on concentration of the solution, erystallised from methanol
in small cubes (5.9 go); 64%), mep. 227-279°. (Found: C, 62,85 H, 6.53
Ny 14o50 Cqofii N0, requires C, 62.55 Hy 6235 N, 14.6%):

Lo 25 3255 6, T=HexahydromSuhydroxy«2=methyl=-1, 3=dioxoisoguinoline,
IX_(B.=Ms) (3 '+

The above 2-methyl-8-methylamino compound, VIIIa (R = Me),

(0654 gs) was refluxed for several hours with a solution prepared from
~sodium (0.4 g.) in ethanol (30 mle.). After evaporating to dryness the
regidue was dissolved in water and acidified with dilute aqueous hydro-
chloric acid, The precipitate was crystallised from light petroleum

(beps 60-80°) %o giv; the 8<hydroxy-2-methyl compound, IX (R = Me), as |
colourless plates (0.35 go; 69%), meDo 95:5+9645°, (Found: C, 62:1; H, 5.8;
N, 7e5. Gqofy1l0s vequizes O, 62025 H, 5475 N, 7.3%).

1. 2. 3. 5, 6, 7-Hexahydro=8-hydrozy~L, 3-dioxoisogquinoline, IX (R = H)
a;(B) * This was prepared from vhe 8-methylamino compound, VIIIa

(R = H) in a manner analogous to that described above for the 8-hydroxy~2-
methyl compound, IX (R = Me), The 8<hydroxy compound crystallised from
othanol as colourless needles (83%), m.p. 262-264°. (Found: C, 60.5;

Hy 5433 N, 77 CgHgl0y requires G, 60.3; H, 5013 N, 7:8%)% ’

bs The acetylenic diamide, II (R = Ni,), (109 mg:) was
refluxed for 1.5 hours in aqueous borate buffer solution (8 952) (10 ml.).

Chloroform axtraction of the cooled solution gave only traces of oil, The
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mother liquor was acidified and re-extracted with chloroform to yield
the 8-hydroxy compound, IX (R = H), as a colourless solid (7 mg.; 8%),
identical (i.r. and mized m.p.) to material prepared as in a. above.
120 5, 5. 6, Tera e T ang.

1, 2, 3; 5, 6, 7T-Hoxahydro~8~hydroxy-~2~methyl=l, 3-dioxo~
isoquinoline, IX (R = Me), (200 mg.) in ether (20 ml.) was allowed to
gtand for 20 minubtes at room temperature in the presence of diazomethans.
Evaporation gave an oil which was dissolved in chloroform and extracted
with gaturaved aqueous scdium bicavhbonate. Evaporavion of the oil gave
a solid which on crystallisation from light petroleum (b p; 60-80°) gave
the vinylogous ester as coleurless needles (ca. 60 mg.: 28%), m.p.
96-104°. (Found: C, 63015 H, 6.7. GqyH3N05 requires G, 63.8; H, 6.3%).
Dehydrogenations |

Dehydrogenations wers carried out by refluxing the
compound in a metal bath with 20% by weight of palladium-on-charcoal
(10%) in diphenyl ether (1 ml. for 100 mg. material), for varying periods.
After refluxing and cooling for ca. 1 minubte the reaction mixture was
poured into a large ecxcess of light petroleum {bep. 40-60°), After 1
hour the solid was filtered off and the product extracted from the
accompanying catalyst by a suitable solvent.
3=dioxoisoquinoline XI (B = Me)
Prepared from 1, 2, 3, 5, 6, 7~hexahydro~-8-hydroxy-2-

methyl=l, 3~dioxoisoquinoline, IX (R = Me) by dehydrogenation during 15
minutes. The product was extracted from the catalyst by chloroform and

erystallised from methanol to give the hydroxy-homophthalimide, XI (R = Me)
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as long, pale yellow needlss (56%), mep. 140-141°, (Founds C s 62.8;
H, 4‘,5; N, Te8s cloﬂgNOB requires C, 62&8; H, 4075 Ng 7-3%)'«
diogolsoquinoline XI (R = H)

Prepared from 1; 2, 3, 5, 6, 7~hexahydro=-8-hydroxy~l,

Bédioxoieoquinéline, X (R = H) bty dehydrogenation during 1 hour. The
product was extracted with hot ethanol which, on cooling, deposilted the
bydroxy-homorhthalimide XI, (R = H), as pale brown needles (74%), m.p.
195-215° (d)e (Found: C, 61.2; Hy 3.8; N, 8.0, G0, requirés
C, 61.05 H, 4.03 ¥ 7:9%)0
1225 3. 4=Totrahydro-2-methyl-8-methylamino=1, 3~dioxolsoouingline,
'Xils (R = Me)
Prepared from 1, 2, 3, 55 6, 7-hexahydro=2-methyl-ge=
methylamino-l, 3-dioxoisoquinoline, VIIIa (R = Me), by dehydrogenation
for 2 winutes. Extbraction with chloroform and erystallisation from ethanol
gave the pet ~homophthalimide XIXa (R = Me), as orange needles (56%),
MePe 156,5~158:5% (Found: C; 64.5; H, 5.9; N, 13.8, Cq3H150,0, requires
C, 64o7; H, 5.9 N, 13.78).
la2: 3 LeTetrahydro-8-nethylanino=1, 3-dioxoisoquinoline, ¥ITa (R = H)
Prepared from 1, 2, 3, 5, 6, 7-~hexahydro~8-methylamino~1,
3~dioxoisoquinoline, VIIIa (R = H) by debydrogenation for 15 minutes.
The product was extracted with hot ethanol and, after evaporation, thé

residue was sublimed at 160-180%/0.1 mm. to give the methylamino-homo-.

phthalimide, XITa (R = H) as an orange powder (cas 50%), m.p, 214~220°
(a). (Found: C; 63.43 H, 5.3; N, 146, C, H N0, requires C, 63.15;
503y N, 14.7%).
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(1) On refluxing the above compound XIIa (R = H) for 1.5

hours in equal volumes of 6N aqueous hydrochloric acid and ethanocl only
tars were obtained:
(11) Similar results were obtained on refluxing for 2 hours

in a solution of sodium (0,15 g.) in methanol {5 ml:)s

Attempis to yeduce 1. 2. 3. J-tetrabydro- 1= 1 O=l,
3=dioxoigoguinoline XITa (R = Me).
(i) Hydrogenation of the above compound XIIa (R = Me) in

methanolic solution over palladium-on~charcoal cauged no gignificant
uptake of hydrogen after 4 hours. The compound was also resistant to
godium borohydride in aqueous methanol at room temperaturag‘

(11) Reduction of the above compound, XIIa (R = Me) with
lithum aluminium hydride in tetrahydrofuran at room temperature gave, on
working up under neutral conditions, a brown oil which was ghown (t.l.c.)
to have at least 6 components: It was not further investigatsd.

3-Efhoxynona=3s. 5, T-triene~1, 9-dicic acid, xxrx (3)*

Diethyl nona-2, 7-diyne-l, 9-dicate, II (R = OE%),
(10 gs) was refluxed for 30 minutes with ethanol (50 ml,) and 4N agueous
sodium hydroxide (50 ml:). The solubion was then evaporated under reduced

pressure to ca. 50 ml., cooled and carefully acidified. The precipltate

erystallised from ethanol to give the iriencic acid, XXIX, as yellow
needles, m.p. 198-2020, (Found: C, 58.25; H, 6.5, Gy7H3,05 requires
C; 58.43 H, 6.2%). )‘may' (in EtOH) 327 meye (log g » 4.69) disappearing



irreversibly on addition of aclid. Extraction of the mother liquor from
the above reaction with chlorofofm gave homophthalic acid, identical
(i,r. and mixed m.p,) with an authentic sample. The M@ﬂ.@m of
the trienoic acid XXIX (prepared in methanol-ether with an excess of
diazomethane, melted at 91-91.5°. (Found: C, 60.6; Hy 7.05 MM. (mass
spectrometry), 254. C35H3405 requires C, 61,43 H, ‘7‘91%; MW, 254).
Apax (in BG0H) 333 meu. (log € , 4010).
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