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SUMMARY

The first part of this thesis deals with the attempts made to
synthesise 4 - hydroxypiloquinone.

The proposed synthesis involved the making of two correctly
substituted aromatic moieties that could be joined together to give
a stilbene, which on irradiation would give a.phenanthrene, that could
be further elaborated to give a suit;ble precursor to 4 - hydroxy-
piloquinone.

All attémpts to convert the precursor to the required quiﬁone
were unsuccessful..

In the sécond part of this thesis, a number of 2 - acetyl - 3 -
alkylamino = 6 - anilino - 1,4 - benzoquinones were prepared by the
reaction of 2.— acetyl - 3,6 - dianilino - 1,4 - benzoquinome with
alkylamines in chloroform. Irradiation of these alkylamino - p -

benzgquinones with ultra-violet light gave benzoxazoles where an a -~
-*ﬂ;drogen atom was present in the alkylamino substituent, except for the
cyclohexylamino - and s - butylamino - benzoqﬁinones which gave an

unstable photo-product. With t = butylamino - benzoquinone no photo-

reaction was observed.



PART 1

Attempted synthesis of 4 - hydroxy - piloquinone



1.1

Introduction

The occurrence of 9,10 - phenanthraquinones in Nature,
unlike the isomeric 9,10 - anfhraquinones, is extremely rare.
Early reports1 claiming to have isolated a dihydroxymethyl sub-
stituted compound were subsequently shown.by synthesis to be
incorrect.2 In 1963 the isolation3 of piloquinone from the
mycélium of Streptomyces piloéus Ettlinger led to the structural
aséignment (1) for the compound, which was subsequently confirmed
by synthesis.4 In 1969, 4 - hydroxypiloquinone (2) waé shown5
to co-occur with piloquinone, and it seemed that an attempt to
synthesise this congener of piloquinone would be a worthwhile
exercise for two reasons; firstly to confirm the structural
assignﬁent, and secondly to verify the carbonyl stretching
frequencies recorded by Lounasmaa and Zylber5 for 4 - hydroxy-
piloquinone, these frequencies being significantly different from

the values found for piloquinone.3




It @as proposed to follow in broad outline the method -
successfully used in the.previous synthesis of piioquinone R
thevmain difference in approach being in the preparation of the
two aromatic moieties which were to be coupled fo give a étilbene
suitable for photocyclisation to a phenanthrene which could
subsequently be elabérated to give 4 - hydroxypiloquinone (2).

Thus the first part of this work describes the synthesis
of trans -~ 4 - broﬁo -2,2°,5,6" - tetramethoxy - 3 -
methylstilbené (19) shown in Scheme 1, and there is subsequently

described the efforts to synthesise 4 - hydroxypiloquinone (2).

Scheme 1
OMe 7
CHO “+ R N >
- OMe _ OMe
(5) (13) 9y
. OMe
R = Br

The.syﬁthesis of the stilbene precursor (13) prOvéd to be
én intriguing exercise in aromatic substitution, the pla;ing of
the bromine atom in position 4 being much more difficult than was
ét first anticipated. |

A possible alternative Wittig reaction using 2,6 -

dimethoxybenzyltriphenylphosphonium bromide and a suitable



4 - substituted 2,5 = dimethoxy — 3 ~ methylbenzaldehyde was

considered. However a trial reacticn as shown in Scheme 2 did

not succeed.

Scheme#{

OMe . OMe '
| CHO cH, B (Ph) Br ™ '
- 3___><__.5 stilbene
OMe '
OMe . . - :

Another reason for choosing to make a stiibene of the type

(19) was because only one phenanthrene could arise on photo-

cyclisation by loss of methanol. In the synthesis of piloquinone

vitse1f4, irradiation of the stilbene (66) gave a mixture of

products (67) and (68), this procéss being rather wasteful of

" starting material.

(66)

(68)



A trial irradiation of the stilbene (19) (R=Br) showed
that a phenanthrene was not formed in tﬁis process, and because
it had been previously reported that ring closure did not occur
with acylstilbenesg, a considerable amount of experimental work
was performed in order to find a suitable way of converting
the bromo -stilbene (19) into the stilbene ester (43) as shown in
Scheme 15, |

From this stage onwards the synthesié proceeded smoothly
along the route used by Sargent et'al4 until the penultimaté step
when it was found that an acetyl group protecting the hydroxyl
at the 4- position of 4 - hydroxypiloquinone céuld not be
removed by conventional methods of hydrolysis.

Rather than using all the available material in attempts
at hydrolysis of the acetoxy group which were not certain to bring
success, another possible route to 4 - hydroxypiloquinone was
investigated; This method also proved promising until the final

step which gave products other than 4 - hydroxypiloquinone.



1.2 Synthesis of the stilbene precursors 2,6 - dimethoxybenzaldehyde (5)

and 4 = bromo - 2,5 - dimethoxy - 3 - methylbenzyltriphenyl-

phosphonium bromide (13).

The éldehyde (5) was prepared from 2,6 - dihydroxybenzoic

. . 6
acid by a literature process as shown below.

COOH COOMe CH,,0H o CHO
) .OH ‘ ‘ N ‘

It is interesting to note that all the steps in the above
reaction sequence were more difficult to perform than was the
case for the convefsion of 2,5 ~ dihydroxybenzoic acid to
2,5 - dimethoxybenzaldehyde, one of the reactants used in Scheme 2.

It seems likely that the difficulties encountered were
either wholly steric in origin, or that for the first two steps
in thé sequence shown above, there was greater scope for
intramolecular hydrogen bonding than was the case with the
analagous reactions required to convert 2,5’- dihydroxybenzoic
acid to 2,5 - dimethoxybenzyl alcohol.

The synthesis of the other key intermediate, the phosphonium
salt (13) proved to be an interesting exercise in aromatic sub-
stitution. The method originally proposed for synthesising the

compound (13) is shown in Scheme 3 overleaf.



Scheme 3

0
OH OH | - | | |
Me Me Br Me Br
l _
: Br
0 ;
(6) o))
QMe OMe ‘ OMe
Me Br Me CHO Me .~ N\, CHO .
— — . ] —
\
OMe OMe OMe
(8) (9) (10) -
OMe | OMe | OMe '
Me CH,0H Me CH,Br Me CHzﬁ(Ph)3Br'
, < ‘ :
Br 7 Br | 7 Br
Oie , OMe OMe

(11) (12) (13)



2,5 - Dimethoxy - 3 ~ methylbromobenzene (8) was prepared
from o-cresol by firét preparing 2 ~ bromo ~ 6 - methyl - 1,4 -
benzoquinone by a literature process7, reducing thevquinone with
sodium hydrosulphite to the quinol, followed by Qfmethylation
using dimethyl sulphate and sodium hydroxide in ethan018.
Compound (8) was then converted using phenyl lithium and dimethyl
formamide9 to the aldehyde (9) in rather variable yields. The
variation in yieid was probably due té inexperience in the pre-
paration and handling of phenyl lithium,

Bromination of 2,5 - diﬁethoxy - 3 - methylbenzaldehyde (9)
with bromine in acetic acid gave a mixture of 4 - and 6 - bromo -
2,5 - dimethoxy - 3 - methylbenzadehydes in approximately equal
proportions as indicated by 1Hn_.m.r. spectroscopy. Bromination
at this stage therefore did not appear to be an attractive method
of obtaining the desired 4 - bromo - 2,5 - dimethoxy - 3 -
methylbenzaldehyde (10), and Scheme 3 was abandoned.

Consideration was then given to the possibility that
compound (14) as shown in Scheme 4, would brominate and give a

favourable ratio of the desired 4 - bromo substituted compound (11),

Scheme 4

OMe OMe

OMe OMe'
Me CHO ~ Me CHZOH, Me CH20H Me CHzBr
> —2 —
' Br : Br i
OMe OMe '

OMe OMe

(9) (14) (11) (12)



Me‘
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The aldehyde (9) was reduced using lithium aluminium hydfide
in dry tetrahydrofuran to give 2,5 ~ dimethoxy - 3 - methylbenzyl
alcohol (14) which was then treated with bromine in acetic acid
to give directly a mixture of 4 - bromo - 2,5 - dimethoxy - 3 -
methylbenzyl bromide (12) and 6 - bromo - 2,5 - dimethoxy - 3 -
methylbenzyl bromide (16) in the ratio of 1 : 4. The two compounds
were separated with extreme difficulty by column chromatography,
and sfructures were assigned to them.on the basis of their
Hn.m.r. spectral data.

It was apparent that the hydrogen bromide liberated in the
electrophilic substitution at the ring positions 4.and 6, had
in turn effected the substitution of the benzyli; hydroxyl by
broﬁine and it was therefore anticiﬁated that the same two products

and (16) could be prepared as shown in Scheme 5.

Scheme 5
OMe OMe " OMe OMe
CH..OH Me CH,Br Me CH,Br Me
2 2 2 and
— —
Br

OMe . OMe ’ OMe OMe
(14) (15). (12) (16)

It was hopéd that prior introduction of the relatively large
bromine atom at the benzylic position, as in Scheme 5, might
favour electrophilic bromination at the & - position. In
practice the bromine atom was not large enough to influence

selectivity and on performing reaction (15) —> (12) plus (16)

the ratio of the 4 - bromo to the 6 -~ bromo compounds obtained

(12)

_ CH,Br

J Br
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provedvto>be tﬁe same as that for the previous attempt, namely
abouf 1: 4,

At this stage, therefore, the desired compoundb(12) was
available in poor yield, but it had yet to be demonstrafed by
an unequivocal method that the structure assigned on the basis
of 'Hn.m.r. sPectroscbpy to . compound (12) was in fact correct.

It is of interest to note the argument that was used to
assign structures to compounds (12) aﬁd (16).

 The 'Hn.m.r. spectra (Figs. I,II and III) are thcsé of (a)
the mixture of dibromo compounds (12) and (16), (b) pure 4 -
bromo - 2,5 - dimethoxy - 3 - methylbenzyl bromide (12) and (c)
pure 6 ~ Bromo - 2,5 - dimethoxy -~ 3 - methyltenzyl bromide (16).

Considering the methyl and methylene proton signals for
(a), (b) and (c), it was argued that because of the positions‘
of the ring bromine atoms relative to the above groups in each
of the compounds (12) and (16), the methyl proton signal for (b)
would be at lower field than for (c), and the methylene proton
signal for (b) would be at higher field than for (c).

For the aromatic proton signals, it is possible that in (b)
there is either a through space or an inductive effect by the
benzylic bromine atom on the proton at position 6, thus making the
aromatic proton signal in (b) appear at lower field than in (c).
(See Appendix on Page 102 for !? Cn.m.r. spectra of (12) and
(16).

The structural assignments for (12) and (16) having been
made on the basis of the foregoing arguments, it remained to
démonstrate the correctness of the choice of isomer by making a

suitable stilbene, and subjecting it to photolysis to give a
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phenanthrene)cyclisation with loss of methanol would confirm the
assignment, Failure to do so would be negative evidence
against the assignment.

Pure compound (12) was reacted witﬁ triphenylphosphine to
give the phosphonium salt (13) which was then treated as shownl

in Scheme 6.

Scheme 6
OMe OMe OMe
Me N CH,Br Me CHZf(Ph)3Br' CHO
. \
Br 7 Br + OMe e
‘ OMe OMe '
(12) ' (13) . _ (5)
VOMe///——- OMe
' Me
' OMe. Br - and . Me
y .
a Me e | Br
(18) . (19) .
: OMe
CN

NS
N\

;,phenanthrene




12

Addition of the calculated amount of lithium methoxide to
a solution of the phosphonium salt (13) and the alaehyde (5)
in methanol gave a mixture of the ¢<s - and trans -
bromostilbenes (18) and (19) in the ratio of 1 : 4, Recrystal-
lisation from petroleum ether gave the pure trans - bromostilbene
(19) [J16Hz for trans HC=CH] .

The trans - bromostilbene (19) was then converted fo the
trans - cyanostilbene (20) by heating (~ 1550C) overnight with
copper (I) cyanide in dimethyl formamide. The 'Hn.m.r. spectrum
showed that there had been no isomerisation despite the prolonged
heating of the stilbene.

Finally photolysis of the trans - cyanostilbene (20) was
carried out, by irradiating a cyclohexane solution of the above
for 12 hours through quartz using a Vycor sleeve,

The cjanophenanthrene (21) was isolated in 407 yield by
column chromatography from the photolysis reaction, thus indicating
the structural assignment giveﬁ to compound (12) from the
YHn.m.r. spectra.

The phenanthrene (21), and all the 4 - substituted phenan~
threnes synthesised subsequently, displayed a low field doublet
(approximately 10,8 to TL,5) in their 'Hn.m.r. spectra. This
signal was assigned to the proton at position 5, since it is
.known that the resonances from some of the pfotons in angularly
condensed polycyclic compounds are abnormally déshielded.10

It is now clear that the yield of the desired dibromo
compound (12) would have to be improved if fhe proposed method
of synthesis of 4 = hydroxypiloquinone was to succeed, and

efforts were accordingly concentrated on solving this problem.
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Because the reaction of the substituted benzyy%romide (15)
had failed to give a more favourable ratio of the desired
isomer (12) to the unwanted isomer (16), it-was considered
necessary to introduce a very large group into the side chain
at position 1 (the benzylic pqsition), éo that the relatively
large bromine molecule wouid be forced to favour electrophilic
substitution at position 4 of the benzene ring. Another con-
sideration was that the large group in the side chain should be
easy to remove, and bearing these requirements in mind, the

trityl group was chosen for this purpose as shown in Scheme 7.

§Sheme 7
OMe
CH OH CH OC(Ph) H OC(Ph) Me & CH,0C
| (eh)
“\ Br
OMe
(14), 22) (23) (24)
OMe OMe OMe
Me CH..Br Me # CH,,OH Me CH,0H
_ < ¢ ' and
Br | Br \\\\ Br
OMe ) OMe OMe

(12) | S an (25)
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Tritylation of compound (14) using chlorotriphenylmethane
in dfy pyfidine proceeded smoothly giviﬁg a product (22), which
showed tﬁo relatively high field aromatic doublets at 72,94
and 3,36.

On bromination of the trityl either (22) with one equivalent
~of bromine in dichloromethane, a mixture of two new brominated
compounds (23) and (24) was obtained, each of which shoﬁed a
high field aromatic singlet at T2,96 and 3,31 respectively.

While it was possible to separate the two compounds 5y column
chromatography, it was found to be much easier to perform this
operation on the alcohols (11) and (25) obtained by heating
the mixture of ethers under reflux with 807 acetic acid for

10 minutes,

The desired product, 4.— bromo - 2,5 - dimethoxy - 3
methylbenzyl alcohol (11), was easily separated from its isomer (25),
first by fractional crystallisation from light petroleum ether
to afford the desired crystalline;isomer (11), followed by column
chromatography of the mother liquors.

A possible reason for the fact that isomer (11) crystallises
preferentially from light petroleum efher and also has a
lower Rf thah isomer (25), is that intramolecular hydrogen
bonding involving bromine may well exist in isomer (25) as shown,

which is not possible for the desired isomer (11).

OMe
v Me [iii:::] ?
N i
N By
OMe

(25)
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The method shown in Scheme 7 gave a mixture of alcohols
in which the ratio of the desired-alcohél (11) to the unwénted
isomer (25) was 4 : 1, and treatment of the alcohol (11) with

' phosphorgus tribromide in dry benzene gave 4 - bromo - 2,54—

dimethoxy - 3 - methylbenzyl bromide (12) in workable quantity
for the fi;st time.,

1t had become necessary tovmake some more of the aicphol (14)
and because of the rather variable results obtained in the
method initially used to synthesise this compound,.a new, shortef

and more reliable route was used as shown in Scheme 8.

Scheme 8
_ OH | OH ~ OMe Cle
Me & COOH Me COOH . Me # COOMe Me A CHZOH
] — — — [
~ ' ~ AN
’ OH . ‘OMe OMe
(26) - (27) : (28) (14)

Hydroxylation of the starting material was carried out by
Still's methodll, the yield being improved by the use of more
ammonium pero#odisulphate than was used in the original method.
Another modification was the use of light petroleum ether to
remove the unchanged starting material (26) from the product 27).
The greater solubility of the starting material (26) in petroleum
ether‘isvexplained once agaih by the possibility of intra~
molecular hydrogen bonding in the starting material (26) making

it less polar than the product (27).
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0}51

(26) (27)

v

Methylation of the dihydroxy acid (27) using dimethyl
sulphate and potassium carbonate in acetone had to be carried on
for a prolongéd period for the reactipn to go to complétion.

" The addition of a few millilitres of 10% methanolic potassium
hydroxide12 reduced reaction time from 20 hours to 5 hours.

~In an early attempt at the methylation reaction some di-
methylated material was obtained pure, and this was aésigned
the structure methyl - 2 = hydrbxy - 5 - methoxy - 3 -
methylbenzoate, by comparison with the reported Hn.m.r. details
of the authentic materia1.13

The cémpound methyl - 2,5 - dimethoxy - 3 - methylbenzoate (28)
offered an alternative route to the dibromo compound (12) as
shown in Scheme 9, It was hoped that the methyl ester group
at position 1 might just be large enough to favourably influence

the selectivity of the electrophile in the bromination reaction.
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‘Scheme 9
OMe OMe OMe
Me COOMe Me COOMe Me COOMe :
‘ —> and - _—
Br Br ‘
OMe OMe
(28) (30)
OMe
Me
Br

Me

(11) ' (12)

Accordingly compound (28) was brominated using (a);bromine‘in'
acetic acid and (b) pyridinium hydrobromide perbromide in acetic
acid. Both of these reagents gave a mixture of compounds (29) and
(30) as indicated by 'Un.m.r. spectra, which showed, inter alia, two
aromatic singlets at T 3,24 and 3,07 in the ratio of 4 : 1 respectively.
The proton with the lower chemical shift would be ortho to the ester
function, and therefore could be assigned to the desired bromo ester (30).
In order to confirm the assignment of strﬁcturés given to
compounds (29) and (30), the more abundant isomér (29) was separated
by chromatography, reduced using lithium aluminiﬁm‘hydride in dry
’tetrahydrofu;an to give a benzyl alcohol, and this was then treated
with phosphorous tribromide in dry benzene to give a product which had
a 'Hn.m.r. spectrum that was the same as that of 6 - bromo - 2,5 -
dimefhoxy -~ 3 - methylbenzyl bromide (16). This showed that the

method proposed in Scheme 9 was not suitable for synthesising compound

(12).
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However by using the synthetic routes set out in Schemes 8 and 7
respectively, it had become possible to produce the phosphonium salt (13)

fairly readily, in quantities sufficient to continue with the synthesis

of 4 - hydroxypiloquinone (2).

Efforts to synthesise a phenanthrene to which the side chain of

4 - hydroxypiloquinone could be attached.

There appeared to be two possibilities. Either some suitable
modification of 4 - bromo or 4 - cyano - 2,2,,5,5; - tetramethoxy -

3 - methylstilbene (compoundé (19) and 20)), followed by photocyclisation
or simply modification of 3 - cyano - 1,4,8 - trimethoxy - 2 - methyl-
phenanthrene (21) could be effected in order to facilitate attachment of
a suitable side chaiﬁ at position 3 of the phenanthrene molecule,

The latter possibility seemed more attractive_becaﬁse it involved
fewer steps and consequently early éfforts were concéntréted oh.theb
possibility of converting the 3 - cyano group of the phenanthrene to
either an aldehyde directly or to an ester which in turn could be con-
verted to an aldehyde in order that the side chain could be attached as
shown in Scheme 10; the direct conversicn to an aldehyde, if this were
pbssible, would héve distinct advantages over the other method mentioned

above,
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Scheme 10

CHO

Me

OMe

OMe

OMe

- (32)

Ultimately suitable modification of the stilbene (19) was
found to be the best approach to the problem éf synthesising
compound (31), but initially experiments were carried out to
ascertain whether modification of the phenanthrene nitrile {(21)
would be a convenient way of achieving the synthetic goal.

In order to conserve the small quantity of phenanthrene (21)
_that was available, a model compound, namely, 2,5 — dimethoxy -
" 3,4,6 - trimethylbromobenzene (33) was used in all the trial
reactions carried out to see if it was possible to synthesise
compound . (31) from a phenanthrene precursor.

Compound (33) was obtained from 2,3,5 - trimethylhydro-
quinone in a two step process involving bromination of the

hydroquinone with bromine in acetic acid followed by
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O-methylation using dimethfl sulphate and potassium carbonate

in acetone. At the Bromination stage the product initially

obtained was dark in colour. This dark material had to be

reduced with dithionite to afford a white crystalline material

before methylation was carried out to give the prodﬁct (33).
To start off with two reactions were carried out on

compound (33) as shown in Scheme 11.
Scheme 11

OMe OMe

Me .~~~ Br CuCN, DMF Me CN

\ 4

Me Qo Me heat Me Qo Me

OMe - OMe
h Li -
(33) e (34)
OMe

Me =~ N CHO
Me \\\ Me

OMe

(35)
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The benzonitrile (34) was reédily prepared in good yield
from the substituted bromobenzene (33), whilsp,on the other hand
reaction of this compound with phenylithium and dimethylformamide
gave oﬁly a poor yield of 2,5 - dimefhoxy - 3,4,6 — trimethyl-
benzaldehyde (35).

| As a consequence of this finding, initial efforts were
concentrated on compound (34), the idea being to convert the
nitrile to an acid which could then be converted to an aldehyde
by a series of reactions, or better still, to convert the nitrile
directly to the aldehyde (35).

The nitrile (34) wés boiled for three days with aqueous
potassium hydroxide to which some ethanol had been added, and
2,5 = dimethoxy - 3,4,6 - trimethylbenzamide was obtained. All
efforts at further hydrolysis using acid or base failed to give
the desired substituted benéoié acid.

In an effort to overcome this difficulty the substituted
benzamide wés treated with sodium hitrite and sulphuric acid in
the cold, and finally warmed at 60°C until gas evolution ceased.
It was not clear what the product of this reaction was. The

infra red spectrum had peaks at Voax (Nujol) 3400 and 1670
) .

-cm indicating that it might be an acid, whilst fhe Hp.m.r.
spectrum showed a very broad signal at 71,5, and no signal belew
f:iero. _This latter observation was not unequivocal evidence
for the presence of an acid proton in the molecule. In order

to resolve the dilemma the suspected acid was treated with
diazomethane in dry ether to hopefully give the ester methyi— .

2,5 - dimethoxy - 3,4,6 - trimethylbenzoate; Yields were poor



Me

Me

22

and the method tedious so this approach to the problem was

abandoned.

An attempt was made to convert the nitrile (34) directly
to the aldehyde (35) using diisobutylaluminium hydride.14
This reaction was a failure possibly because of the crowded

nature of the nitrile (34).

Another indirect method of preparing the aldehyde (35) was

tried as shown in Scheme 12.

Scheme 12

OMe OMe , OMe . OMe
CN Me CH,NH, Me CHZOH Me 2~ “\,CHO
Me Me Me Me Me Me Me
OMe OMe » OMe OMe
(34) (36) 37 (35)

Reduction of the nitrile (34) to the substituted benzylamine (36)
took place readily giving about 60% yield. Likewise the
diazotisation and subsequent decomposition of the diazonium salt
was an easy reaction but after chromatography the yield of
the benzyl alcohol (37) was less than 507, Oxidation with
manganese(1V)oxideprovedvdifficult, heating for a prolonged period
with a large excess of reagent was required to produce the
required aldehyde (35) in about 70% yield. Thus with an overall
yield of about 20%, this method was not considered to be a good

way to prcduce the desired aldehyde (35).
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The small quantities of the aldehyde (35) obtained by the
methods shown in Schemes 11 and 12 were combined and a trial
experiment (Scheme 13) was conducted to see if a side chain

could be introduced on to the molecule.

§£heme 13.

HO N 0‘\/\\/

OMe
Me CHO MeO Me MeO = Me
Me Me E Me OMe ” Me g\\. L OMe
OMe ‘ Me Me
(35) | (38) | - (39)

Both the Gfignard reaction and the subsequent Jones oxidation
proceeded smoothly showing that it would indeed be possible
to attach a side chain to the phenanthrene aldehyde (31) and
subsequently oxidise it to give a keto side chain;

Finally the aldehyde (35) was made easily and in excellent
yield (977%), by treating the bromo compound (33) with butyl
lithium in dry diethyl ether and then adding dimethylformamide.
Butyl lithium had worked much better than phenyl lithium in
this apélicationvto a substituted ortho — methoxy halobenzene.15

However, if this reaction was to be of synthetic value, it
meant that the very elegant reaction sequence shown in Scheme 14

would have to be followed to obtain the phenanthrene aldehyde (31).
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Scheme 14

OMe

OMe

Me

OMe

Me

(31)

Photolysis of.the stilbene (19) was carried dut and the
cpude product éhromatographed‘to give two compounds neither of
which was the desired bromophenanthrene (40). These compounds
were not further investigated.

1t therefore became clear that the problem of having a
suitable group on the phenanthrene molecule to which the desired
side chain could be attached, would have to be solved in some
other way.

The search for a synthetic route that would successfully

give the phenanthrene aldehyde (31) then reverted to the

bromostilbene (19), and the quite considerable effort put into

this part of the research project eventually led to the synthesis

of methyl - 1,4,8 - trimethoxy - 2 - methylphenanthrene - 3 -

carboxylate (46) from which the phenanthrene aldehyde (31) could

be obtained.

In order to obtain the phenanthrene ester (46) it would be

neceésary to first prepare a stilbene ester (43) and then
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phbtocyclise that compound. From the trial experiments with the
nitrile (34) it was known that the crowded cyano group could
not be hydrolysed to give an acid so obviously a new approach
to the conversion of the bromostilbene (19) to a stilbene ester (43)
was needed, |

After an initial failure to synthesise.the stilbene acid.(41)
usiﬁg phenyl lithium and carbon dioxide gas with the bromo-
stilbene (19) as starting material, the stilbene ester was

successfully synthesised by both methods shown in Scheme 15.

Scheme 15

OMe : » o ~, OMe

Bu Li
OMe — OMe
A CO,, gas .
2 3
OMe - te OMe N
19
| (19) Br | 41) X\~ COOH
: OMe _ CMe ‘
g;FLl (CH3)ZSO4
, K2CO3 Acetone
NaCN,MeOH
MnOZ,HOAC

Me

COOMe
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The reaction involving butyl lithium and carbon dioxide gas
gave rather variable yields of the stilbene acid (41), and it
was subsequently learnt that the use of solid carbon dioxide
in place of the gas gives superior results.

A direct photocyclisation of the sﬁilbene aldehyde (42) to
give 3 - formyl - 1,4,8 - trimethoxy - 2 - methylphenanthrene’(31)
at this stage, was not attempted, because it had been previously
reported thét ring closure did not occur with acylstilbenesg, |
but a subsequent report of the photocyclisétion of formyl
stilbenes to give the corresponding phenanthrenesl6, led to a
reappraisal of this reaction, the results being shown in the
appendix on fage 88,

In order to avoid wastage of .the starting material (19) the
alternative method shown in Scheme 15 was used to ccnvert the
bromostilbene (19), via ghe stilbene aldehyde (42) to the
* stilbene ester (43), both reactions going in good yield. The use
of sodium cyanide and manganese (lV) oxide in the presence of
methanol to convert the aldehyde (42) to the ester (43), is an
adaption of the method of Corey19 which he used to oxidise allylic
and benzylic alcohols to the corresponding esters.

A possible short cut in the synthetic roufe was investigated
at this.juncture. If the reaction sequence shown in.Scheme 16
was successful, two steps.in the methecd eventually used would

have been eliminated.
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Scheme 16

OMe 7

Me
CHO
V OMe
(42 .
) R .OH
Me
OMe
hv

N\

OMe

(32) R = CHZCHZCH(CH

3)2

The Grignard reactién worked_well, 3 - methyl - 1 - bromobutane
being used for the first time to give the correct side chain
precursor in compound (44). However photolysis of this compound
-did not give the hoped for phenanthrene (32) so attention was
turned to the stilbene ester (43).

The ester (43) dissolved in cyclohexane was irradiéted with
u.v. light through quartz with a Vycor sleeve for 2} hours.

After removal of the solvent the phenanthrene ester (46) was
obtaine@ in 437 yield by column chromatography. This ester was
reduced with lithium aluminiﬁm hydride in dry tetrahydrofuran to
.give the alcohol (47) which in turn was oxidised with manganese (1V)
oxide in chloroform to the phenanthrene aldehyde (31) as shown

in Scheme 17.
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Scheme 17

CH,OH
MeO Me
OMe
>
OMe ' OMe
(47) . ' (31)

Oxidation of the phénanthrene alcohol (47)

requiring prolonged heating under reflux with a

of manganese(lV)oxide. Column chromatography of

product gave the red quinone (48) (27 yield) as
desired phenanthrene aldehyde (31). The origin

(48) was not investigated.

OMe

(48)

proved difficult,
large excess

the crude reaction
well as the

of the quinone
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1.4 The proposed completion of the synthesis.

The key intermediate 1,4,8 -~ trimethoxy - 2 - methyl - 3 -
(4 methylpentanoyl) phenanthrene (50) was then prepared from

the aldehyde (31) as shown in Scheme 18.

Scheme 18

CHO
MeO Me
OMe
OMe - (31)
" HO R - te R
MeO Me Me
OMe OMe
OMe
. (45)
Me Me
OMe OMe
MeO
(50) : (51)
R = CHZCHZCH(CHB)2
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" The first time the ketophenénthrene (50) was prepared,
the Jones oxidétion (45) —> (50) was performed on the crude
product of the Grignard ;eactién and in addition to the desired
product (50), the dialkylated species (51) was also ccllected
when the crude was purified by column chromatography.

In a subsequent preparation, the two alcohols (45) and (49)
were separated after being synthesised by the Grignard reaction
in yields of 61% and 227 respectively. In this case the
oxidation of the pure phenénthrene alcohol (45) went in 777
yield.

It is thought that the dialkylated by-product (49) was

-?ﬁormed as follows :

Scheme 19

(31)

OMe

R = CHZCHZCH(CHB)Z
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The reason for proposing this ﬁechanisml7 is that if
attack took place on the formyl group first, there would no
longer be an ortho - formyl substituent present to facilitate
nucleophilic displacement of the O-methyl at position 4 of
the phenanthrene, and only a mono alkyiated product could result.
When once the ketophenanthrene (50) had been synthesised,
it seemed that in order to prepare 4 - hydroxypiloquinoﬁe all
that remained was to follow a procedure relatéed to that used by
" Sargent et a14, in their synthesis of piloquinone (l). The

method we proposed to follow is shown in Scheme 20. ,

Scheme 20

R o
AN
Me HO
OMe
-
OMe Oﬁ
(50) (52)
. R = CH,CH,CH(CH,),
Hydrolysis

I4
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Treatment of compound (50) with three mole equivalents of
boron tribromide gave a product (52) which was pure enough to be
used in the next step of Scheme 20, provided the reaction was
- allowed to stir for a long enough period (aboﬁt 2 hours) at room
temperature. A sﬁorter stirring time always gave some of the
monq~methoxy derivative (55) which appeared as the mono-methoxy,

diacetoxy compound (56) in the next step, shown in Scheme 21.

Schéme 21

« Me
, BBr S OMe
(50) —_———n (52) plus
CH2C12
(55)
Me
Ac20
" pyridine
(56)
R = CH2CHZCH(CH3)2
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Since the presence of compounds (55) or (56) constituted
a waste of valuable material, if compound (55) was detected by
'Hn.m.r. spectroscopy when making the trihydroxy compound (52),
all the material was re-—treated with boron tribromide and
stirred for a longer period to give a practically pure product (52)
which could then be acetylated with acetic anhydride and pyridine
to give the triacetoxy compound (53). The triacetoxy compound could
easily be separated from the céntaminant (56) by column chroma-
tography, if need be.

The reasons for assigning the structure shown in Scheme 21

to compound (55) are as follows :

The presence in the 'Hn.m.r. spectfum of the compound (55)
of a low field signal (1-2,99) suggests that there is

"a chelated hydroxyl proton (4-0H) present in the molecule,
and hence that the O-methyl remeining is most probably
present at position 1 on the basis that removal of a
second O-methyl from the same ring (i.e. at position 1),
is léss likely than from the alternate, less crowded

ring (i.e. position 8).

Thé next step in the proposed synthesis was to oxidise the
triacetoxy compound (53) to give a 9,10 ~ quinone. Heating with
chromium trioxide in acetic acid was used to effect the oxidation
but this proved to be a poor method of obtaining the desired

quinone (54).
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<

Although reaction conditions were carefully tontrolled,
the results were not repeatable and yieids in all cases were
low (30 - 40%) with the resuit that there never was much of #he
quinone (54) available for the last step in tﬁe synthesis of
4 - hydroxypiloquinone (2).

The crude product of oxidation ofvcompound (54) gave a
1Hn.m.r.vspectrum in which the peaks were broadened, dué prdbably
to the presence of traces of chromium compounds in the
unpurified matérial. 1In an effért to improve the 'Hn.m.r.
spectrum‘of'compound (54) so that it could be compared with tﬁe
published spectrum of 1,4,8 - triacetoxy - 2 - methyl - 3 -

(4 - methylpentanoyl) - 9,10 - phenanthraquinones, the crudé
material was subjected to preparatiﬁe t.l.c. in order to purify
it.v It soon bécame apparent that the compound (54) changed
rapidly to some new material when in contact with the siliéa of
the chromatography plate, because a maroon coloured band appeared
on developing the platé in chloroform, whereas the compound

had been originally applied to the plate as an orange coloured
material.

This maroon band was recovered from the'plate‘and n.m.r.
spectroscopy indicated that this material was 4 - acetoxypiloquiﬁone

(57), and it seemed that a more vigorous method of hydrolysis
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~was all that was required to remove.the acetyl group at
position 4 to give 4 - hydroxypiloquinone (2).

Accoraingly experiments with 10 to 20 mg. of the compound (57)
were carried out in an effort to remove the acetyl group
at position 4 of the ring. These experiments included
warming the starting material wiﬁh dilute sodium carbonate
solution, warming with dilute sodium hydroxide solution, treatment
with boron trichloridels,,and heating.under reflux with a small
amount of concentrated sulphuric acid in ethyl acetate.20 In
all the above experiments the stafting material appéared to
decomﬁose.

In another experiment compound (57) was stirred with neutral
_alumina in ethyl acetate21 but on work up gave back starting
material.

At this stage all of the available 4 - acetoxypiloquinone (57)
had been used and a number of suggestions, namely dissolving
the compound (57) in cpld concentrated sulphuric acid and then
pouring the solution into cold water or treatment with a non~
protic super acid or treatment with lithiﬁm iodide in pyridine”™
or lithium iodide in dimethyl formamide26 or with potassium
tertiary butoxide in dimethyl sulphoxide27 were not atteméted.

Iﬁ further.efforts to prepare some compounds, the physical
properties of which could be directly compared with those
reported by Lounasmaa and Zylber5 for the triacetyi and
leuco-acetate derivatives of 4 -~ hydroxypiloquinone the following

two reactions were attempted,
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A small quantity of 4 - acetoxypiloquinéne (57) was treated
with acetic anhydride and pyridine according to the method of
Lounasmaa and Zyiber5 but work up of this reaction failed to
afford the desired triacetate of 4 - hydroxypiloquinone (54).

In fact the product isolated from this réaction had no 'Hn.m.r.
signals at all in the region where one might expect to find the
acetyl methyl signals.

In the second experiment some impure triacetoxy quinone (54)
was subjected to reductive acetylation. Preparative thin layer
chromatography of the crude product gave starting material plus
éne other fraction which was not the required leucoacetate,

In another attempt at preparing 4 - hydroxypiloquinone the
trihydroxyphenanthrene (52) was reacted overnight at room
temperéture with only two mole equivalents of acetic anhydride
and pyridine. It &as hoped that the diacetoxy derivati&e (58)
might result, and that this could be oxidised at the 9,1C -
positions and hydrolysed as in Scheme 22 to give the desired

product (2).
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Scheme 22

Me
OAc

N\

A0 58y

(52)

R = CH CHZCH(CH

(1) Oxidation 2

3)2

(2) Hydrolysis

2 O

The actual product isolated from this reaction was 4 - acetoxy -
1,8 ~ dihydroxy - 2 - methyl - 3 - (4 - methylpentanoyl)
phenanthrene (59) which was converted to the triacetate (53)

as shown in Scheme 23.

Scheme 23

2 mole equiv

4

Ac20/pyridine
RT

OH
(52)

Ac20/pyridine

VAN

302

\/

R = CHZCHZCH(CH

OAc ' (53)
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The reason for assigning the structure (59) to the product

of the reaction of compound (52) with acetic anhydride/pyridine

at room temperature was that the lowest field signal in the

'"Hn.m.r., previously assigned to the chelated 4-OH (see Page 33),

was absent in the spectrum of compound (59), thus indicating

that this was where the acetyl group had become attached to the

molecule. Chelation of the hydroxyl proton at position 4 and

presumably improved resonance stabilisation of the intermediate

anion, must explain the relative ease with which acetylation

occurred at this position.

H‘“O R’
' 5
0 Me ,
—>
OH

R = CHZCHZCH(CHB)Z
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An alternative approach to 4 - hydroxypiloquinone.

On taking stock of the situation at this stage, it was clear
(a) that we had failed, with the methods tried, to remove the

acetyl group from 4 - acetoxypiloquinone (57), (b) that the

.chances of ever having a large quantity of 4 — acetoxypiloquinone

to experiment with were not good because of the poor yield
encountered in converting the triacetoxyphenanthrene (53) to
the triacetoxyéuinone (54) and therefore further attempts to
hydrolyse 4 - acetoxypiloquinone (57) did not appear attractive.
Furthermore there was only a small quantity of the precursor,
compound (50), available so an alfernative route was devised.
This is shown in Scheme 24, the ultimate success or faiiure of
which depended on being able to remove the O-methyl groups

after the 9,10 ~ quinone (61) had been formed.
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Scheme 24

o R.
Me
OMe
o
OMe
]
- (61)
R = CHZCI~12CH(CI-I3_)2
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In order to conserve the small amount of starting material
(compound 50} that was available, preliminary experiments were
carried out on 1,8 - dimethoxyphenanthrene (62). The results

obtained from these experiments are summarised in Scheme 25,

Scheme 25

OsOa/pyrldlne 3  starting material
Dry Et20
OsOélpyrldlne 5 starting material
Dry benzene
I-ihiloroperbenzoic. , |
uﬁws_,gfgggfyfp%9¥9; s, starting material
acid k4
pyridinium ) )
OMe s, starting material
chlorochromate ’
(62)
OMe
OsO4
S
Dry pyridine 7 days _Jox
OMe Ot
(63)

OMe OMe

pyridinium

22

chlorochromate
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It is interesting to note that some 1,8 - dimethoxy - 9,10 -
phenanthraquinone  (64) was also formed during the prolonged
treatment of compound (62) with osmium Vllloxidezz, and that the
quinone present as a mixture with the ¢Zs - dihydroxy compound (63)
was unaffected when oxidation of compound (63) was carried out
using pyridinium chlorochromate.23 It was therefore not necessary
to remove any quinone formed during the ¢is ~ hydroxylation
reaction.

Furthermore, unreacted starting material could easily be
separated from the produéts of the hydroxylation reaction and
re—used in further reactions.

After the correct conditions for this reaction were established,
1,4,8 - trimethoxy - 2 - methyl - 3 - (4 - methylpentanoyl)
phenanthrene (50) was subjected to the same treatment and the
quinone (6l) was obtained in reasonable yield (56%, based on
unrecovered starting material). |

Treatment of 1,4,8 - trimethéxy - 2 - methyl - 3 - |
(4 - methylpentanoyl) - 9,10 - phenanthraquinone (61) with boron
tribromide at -80° in three different experiments with the
~ stirring time at room temperature being varied from 2 hours to
10 minutes, all Jed to decomposition of the quinone, so boron
trichloride (room temperature stirring for 0,5 hours) was used
in an attempt to de-O-methylate the quinone (61). This reaction
led to the removal of only one O-methyl group probably at
position 4, and it was rather surprising thét the 'Hn.m.r.
spectrum of this compound showed no low field hydroxyl proton

signal as is found in 4 - hydroxypiloquinone. It can only be
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inferred that the hydroxyl proton was not strongly hydrogen
bonded. Prolonged treatment (72 hoﬁrs stirring at room
temperature) of the quinone (61) with boron trichloride led to
decomposition of the‘compound.

Removal of the O-methyl groups of cbmpound (61) was also
attempted using .anhydrous lithium iodide in dry hexamethyl-
phosphoric triamide28 at 100° under dry nitrogen. Thin layer
chromatography of the reactioﬁ products gave among others a
pinkish red baﬁd but ‘Hn.m.r. spectroscopy indicated that this
was not the hoped for 4 - hydroxypiioquinone (2).

Two further reactions involving the use of osmium V111 oxide
were attempted. In the first experiment 1,4,8 ~ trihydroxy -

2 - methyl - 3 - (4 - methylpentanoyl) phenanthrene (52) was
stirred with osmium V1ll oxide at room temperature for aBout

24 hours. A large number of products plus some starting material
were isolated but none of these proved to be hydroxylated at the
9,10 - position.

Secondly the starting material recovered from the above
reaction was acetylated to give the tri-acetoxy compound (53)
and this was stirred with osmiumV1ll oxide for seven days to
gi&e a reaction product which showed encoﬁraging signs of being
the eZs ~ 9,10 - dihydroxy - 9,10 - dihydrophenanthrene (65)
which was then reacted with pyridinium chlorochromate that

apparently failed to oxidise the molecule at the 9,10 - position.

Scheme 26 shows the proposed reaction sequence.
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Scheme 26

AcO
(53)
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Finally in a trial experiment it was shown that
piloquinone (1) could be successfully di-O-imethylated using
iodomethane in the presence of silver (I) oxide and magnesium
"sulphate in chloroform.24 (Scheme 27)

When a similar reaction was carried out on some 4 - hydroxy-
piloquinone (2) supplied by Mme. Polonsky of the CENTRE
NATIONAL thA RECHERCHE SCIENTIFIQUE, none of the desired
product 1,4,8,A- trimethoxy - 2 - methyl - 3 -~ (4 -
methylpentanoyi) - 9,10 - phenanthraquincne (61) was obtained

from the reaction mixture,

Scheme 27

Me

OMe

v

Me

OMe

A

A4

R = CH CHZCH(CH

2 3)2
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‘EXPERIMENTAL

Unless otherwise stated; the following conditions appiy to all
experimental sections in this thesis,

Infrared spectra were measured either as nujol mulls or
solutions in solvents as shown, on a Perkin Elmer 237 spectrometer,
while Ultraviolet spectra were measured in chloroform on a Beckman D.B.
spectrophotometer. Nuclear magnetic resonance (lHn.m.r‘) spectra
were recorded in [QH:]chloroform with tetramethylsilane as internal
reference on a 100 MHz Varian XL 100 speétrometer or on a 90 MHz Bruker
WH-90 spectrometer. Light petroleﬁm refers to the fraction having
E.p. between 60 and 80. All melting points are quoted uncorrected as
determined on a Eisher—Johns m.p. apparatus. Thin layer chromatography
(t.l.c.) was carried out on Merck aluminium foil plétes of Kieselgel
60 F-254, while preparative layer chromatography (p.l.c.) was performed
on Merck glass platés of the same Kieselgel, Column cﬁromatography
was carried out with Merck Kieselgel 60 (70 - 230 mesh) in dry columns,
unless wet columns are indicated, in which cases Merck Kieselgel 60

(30 = 70 mesh) was used.

Irradiation of samples was performed either through a quartz or a
Pyrex immersion well, using an Hanovia 450 Watt high pressure mercury-

vapour lamp. A suitable filter sleeve was used where applicable.'
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2,6 - Dimethoxybenzaldehyde (5)

Dimethyl sulphate (33 ml) in acetone (50 ml) was added dropwise
to a stirred suspension of dry potassium carbonate (106g) and
2,6 - dihydroxybenzoic acid (52,8g) in acetone.(BOO ml). After the
addition of the dimethyl sulphate was complete, the mixture was
stirred at reflux for 23 hours. The potassium carbonate was filtered
off and washed with acetone (200 ml); After removal of the solvent
the resulting solid;was taken up in diethyl ether (150 ml) and washed
with concentrated ammonia solution until free of acid. The ethereal
solﬁtion was then washed with dilute hydrochloric acid and finally
with water, dried with sodium s&lphate and the solvent removed to give

crude 2,6 - dimethoxymethylbenzoate (3).

The crude ester was dissolved in dry tetrahydrofufan (50 ml)
and added over a period of 15 minutes tc a stirred slurry of lithium
aluminium hydride (1,6g) in dry tetrahydrofuran (50 ml). The mixture
‘was then heated under reflux and stirred for 1 hour, cooled, and
saturated ammonium chloride added until coagulation occurred. The
solid‘was filtered and washed withrethyl acetate. The filtrate-and
washings were dried with sodium sulphate and the solvent removed to

give 2,6 - dimethoxybenzyl alcohol (4). Crude yield 9,5g.

T 2,79 (1H,t, J8Hz, 4-H), 3,25 (2H,d, J8Hz, 3 and 5-H),
5,21 (2H,5,CH,), 6,16 (6H,s,2 x OCH,) and 7,50 br

(1H4,s, OH).
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2,6 - Dimethoxybenzyl alcohol (2,33g) and activated mangaﬁese
v(lV) oxide (23,3g) were stirred and heated under reflux in chloroform
(100 ml) for 6 hours. The manganese oxides were filtered off and washed
‘with further chloroform (100 ml). The solvent was removed to give

2,6 - dimethoxybenzaldehyde (5) as white platelets (2,16g, 947)
29

m.p. 96 - 97° (dichloromethane/light petroleum), (lit., 98 ~ 990,

v .. (Nujol) 1680, 1595, 1588, 1485, 1420, 1306, 1260, 1195, 1115,

1

819, 779 cm , T ~0,45 (lH,s, CHO), 2,55 (1H,t, J8Hz, 4-H), 3,43

(24,d, J8Hz, 3 and 5-H), and 6,12 (6H,s, 2 x OCH3).

3,5 - Dibromo - 2 - hydroxytoluene (6)

Bromine (162g) in carboqﬁetrachloride (150 ml) was added at
room temperature to a stirred solution of 2 - hydroxytoluene (54g)
in carboqﬁetrachloride (250 ml). The mixture was stirred for a
further 1 hour and then most of the solvent was removed. The remaining
solution was washed with dilute hydrochioric acid, dried with
sodium sulphate and the solvent completely removed to give crude
product (130g). Some of the material was recrystallised from dilute
ethanol to give white needles mp56 - 57° (lit.,30 57 —A58°)

v_ . (Nujol) 3545, 1609, 1585, 1185 em Y, 12,58 (lH, d, J2Hz, 4-H) 2,79

(1H,d, J2Hz, 6-H), 4,44 (1H,s,0H), and 7,72 (3H,s, CH,).
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2 - Bromo - 6 - methyl - 1,4 = benzoquincne (7)

3,5 - Dibromo -~ 2 - hydroxytoluene (6) (13,3g) was dissolved
in acetic acid (25 ml) by warming slightly and to this solution was
added dropwise with stirring a solution of chromium (V1) oxide (1.0g)
in water (35 ml) and acetic acid (25 ml). The resulting solution
was stirred at room temperature for 1 hour.and finally heated to
55 - 60° for 15 minutes. Water (250 ml) was added to the oxidation
mixture and the quinone extracted with chloroform.

The chloroform extract was dried with sodium sulphate and the
solvent removed to give the quinone which was recrystallised from
light petroleum to give yellow platelets., Yield (6,36g, 63%) m.p.

7 o 1

94° (1it.,” 95%). v__. (Nujol) 1679, 1660 cm .

2 - Bromc - 6 - methyl - 1,4 - dimethoxybenzene (8)

2 - Bromo - 6 - methyl - 1,4 -~ beﬁzoquinone (6,36g) in diethyl
ether (60 ml) was sﬁaken up with sodium hydrosulphite (llg) in water
(30 ml). As sooﬁ as the orange colour in the organic layer was
discharged, the aqueous layer was run off, and the organic léyer was
waéhed with water, dried with sodium sulphate and the solvent removed
to giye crude quinol -(6,4g).

The crude quinol (6,4g) was dissolved in ethanol (60 ml) and
heated to 50°. To the stirred solution was added alternately
10 M sodium hydroxide (6,4 ml) and dimethyy%ulphate (6 ml). Fihally
an excess (2 ml) of 10 M NaOH was added and the solution was heated

under reflux for 1,5 hours in a hot water hath. The solvent was removed
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“to give a semi-solid residue which was taken up in water (200 ml)
and extracted with chloroform (4 x 30 ml). The extract was washed
with water, dried with sodium sulphate, and the solvent removed to

 yie1d a brown oil (5g). The oil was distilled b.p. 81 ~ 820 at
0,3 mm ﬁg. Voax (neat) 3010, 2940, 2840, £600, 1570, 1486, 1430,
1230, 1058 cm ', 73,08 (18, d, J3Hz, 5-H), 3,33 (1H, d, J3Hz, 5-H),

6,23 (3H, s, OCH,), 6,25 (3H, s, OCH). and 7,69 (3H, s, CCH,).

2,5 - Dimethoxy - 3 - methvlbenzaldehyde (9)

2 - Bromo - 6 - methyl - 1,4 - dimethoxybenzene (8) (3g) in
dry diethyl ether (25 ml) was added over a period of 10 minutes to
a stirred solution of phenyllithiumn made by reacting iithium (0,27g)
and bromobenzene (2 ml) in dry diethyl ether (60 mi).

The mixture was stirred for 4 hours and then dimethylformamide
(1,2g) in dry diethyl ether (25 ml) was added over a period éf
10 minutes, the solution being stirred for a further 2 hours. Satufatéd
ammonium chloride solution was added and the precipitated lithium
salt filtered off and washed with diethyl ether. The combined filtrate
and washings were then washed with water, dried with sodium sulphate
and the solvent removed to give a brown oil (4,5g).

The 0il was chromatographed on a column packed with silica using

107 ethyl acetate/light petroleum as eluant. A fraction was collected

31 o

containing the aldehyde (9) (1,73g 74%Z). m.p. 39 - 40° (lit.,” 42°)

v (Nujol) 1695, 1235, 1068 cm -
max .

, T -0,38 (1H, s, CHO), 2,81
(14, d, J3Hz, 6-H), 2,96 (1H, d, J3Hz, 4~B), 6,12 (3H,s, OCH,),

6,16 (3H, s, OCH3), and 7,65 (3H, s, CCH3).
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‘Bromination of 2,5 - dimethoxy - 3 - methylbenzaldehyde (9)

Thé aldehyde (9) (0,25g) was dissolved in acetic acid (10 ml)
and bromine (0,23g) in acetic acidv(S ml) was added. The mixture
was heated under reflux for 0,5 hours, cooled slightly and the solvent
removed. The resulting brown liquid was taken up in diethyl ether
and washed successively with sodium bicarbonate solution and water,
dried witﬁ sodium sulphate and the solvent removed to give a yellow
'solid. 'Hn.m.r. showed this solid to be a mixture of 6 — bromo -
2,5 - dimethoxy ~ 3 - methylbenzaldehyde and 4 - bromo - 2,5 -

dimethoxy - 3 - methylbenzaldehyde (10) in the ratio of 1 : 1,

Methyl 2,5 - dimethoxy - 3 - methylbenzoate (28)

(a) From ortho ~ cresotic acid

Crude 2,5 - dihydroxy - 3 - methylbenzoic acid (27) was
obtained by a modification of Still's method11 in which érfho -
cresotic acid (40g) was oxidised using a saturated solution of
potassium peroxodisulphate (abouf 100g) in water (1700 ml).

After removal of most of the excess starting material as
descfibed by Stili, the crude 2,5 ~ dihydroxy - 3 - methylbenzoic
acid was further purified by heating under reflux with light
petroleum. The hot solution was filtered to remove residual
ortho - cresotic acid in solution. The solid remaining in the

filter afforded pure 2,5 - dihydroxy - 3 - methylbenzoic acid (27)

‘(24,7g, 567%). This material was dissolved in dry acetone
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(225 ml) and methylated by adding anhydrous potassium.carbonate
(96g) and dimethyl sulphate (75 ml) in more acetbne (225 ml);

The stirred mixture was heated under reflux overnight. The
solids were removed by filtration, and washed with more acetone
(250 ml). The solvent was evaporated off, and the solid product
dissolved in ether. The ethereal solution was washed successively
with concentrated ammonia, water and then dilute hydrochloric
acid and finaliy again with water and dried with sodium sulphate.
The ether was removed and the resultant dark oil chromatographed
oﬁ a silica column using 16% ethyl acetate/light petroleum as
eluant. The fesultiﬁg colourless oil (27g, 917) could be

distilled at 1009 (bath/0,4 mm Hg)to afford methyl 2,5 -

dimethoxy - 3 - methylbenzoate (28) which slowly crystallised.

m.p. 81 - 82°

(Found : C, 62,6; H, 6,5. C11 H14 O4 require; C, 62,8;

H, 6,7%), v__ ' (neat) 3020, 2950, 2840, 1740, 1610, 1500, 1340,
1250, 1215, 1130, 1060, 1010, 790, 750 cm ©, T 2,89 (1H,d,
J3Mz, 6-H), 3,15 (1H, d, J3Hz, 4-H), 6,12 (3H, s, OCH,), 6,24

(6H, s, 2 x OCH3), and 8,72 (3H, s, CCH3).

(b) From 2 - bromo ~ 6 — methyl — 1,4 - dimethoxybenzene (8)

‘The above compound (8)(5g) in dry diethyl ether (25 ml)
was added dropwise over a period of 10 minutes to a solution
prepared from lithium (0,45g) and dry bromobenzene (3,3 ml) in
dry diethyl ether (60 ml). The reaction mixture was stirred

at room temperature for 3 hours and then carbon dioxide gas
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was passed into the mixtufe for 1 hour.

The reaction mixture was exhaustively extracted with
aqueous 107 sodium carbonate solution and the extract rendered
acid with concentrated hydrochloric acid and then re-extracted
with diethyl ether (4 x 50 ml), washed with water and dried with
sodium sulphate. The ether was evapcrated to give crude 2,5 -
dimethoxy - 3 - methylbenzoic acid (1,0g). T 0,27 br (1H,s,OH),
2,61 (14, 4, J3Hz, 6-H), 3,05 (lH, d, J3Hz, 4-H), 6,14 (3H,s, OCH3),
6,20 (3H, s, OCH3), and 7,66 (34, s, CCH3).

The crude acid (lg) was heated under reflux overnight with

- methanol (25 ml) and concentrated sulphuric acid (0;2 ml).

The methanol was evaporated and the brown oily residue taken
up in diethyl ether (20 ml) and washed successively with
saturated aqueous sodium.bicarbonate solution and water, dried

~ with sodium sulphate and the solvent evaporated to give crude

methyl 2,5 - dimethoxy - 3 - methylbenzoate (28) (0,84g).

2,5 ~ Dimethoxy - 3 - methylbenzyl alcohol (14)

The ester (28) (23,6g) in dry diethyl ether (300 ml) was added
dropwise to litﬁium aluminium hydride (5,5g) in diethyl ether (200 ml)
.and the mixgure heated under reflux for 3 hours. Saturated ammonium
chloride solution was added to the cooled ether slurry until coagulation
.occurred. The solid was filtered off and washed with more diethyl
ethér. The filtrate and washings were dried with sodium sulphate and
evaporated to give the alcohol (14) (19,5g, 95%). Voax (neat) 3400,
2940, 2840, 1610, 1595, 1220, 1060, 1010, 860, 755 cm—l, T 3,28

(1H, d, J3Hz, 6-H), 3,42 (1H, d, J3Hz, 4-H), 5,39 (2H, d, J6Hz, CH,),
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6,31 (3H, s, OCH,), 6,35 (3H, s, OCH,), 7,41 (1H, t, J6Hz, OH), and

7,77 (34, s, CCHB).

2,5 - Dimethoxy - 3 - methylbenzyl triphenylmethyl ether (22)

The alcohol (14) (18,2g) in dry pyridine (100 ml) was stirred
overnight with an excess of chlorotriphenylmethane (47,9g). Most of
the solvent was removed under réduce& pressure and dry diethyl ether
(100 ml) added to the residue. The precipitate was removed by fil-
tration and washed with further dry diethyl ether. The filtrate and
washings were evaporated to yield tﬁe crude ether (22) as an oil
(38,0g). A small portion was chromatographed (chloroform) for analysis.
(Found : C, 82,5; H, 6,8, C2§ Hyo O3 requires C, 82,05; H6, 652),
T 2,30 - 2,95 (15H, m, PhBC), 2,94 (14, 4, J3Hz, 6-H), 3,35 (1H, d,
J3Hz, 4-H), 5,78 (2H, s, CH,), 6,22 (3H, s, OCH,), 6,52 (3H, s, OCH,),

and 7,77 (3H, s, CCH3).

4 - Bromo — 2,5 - dimethoxy - 3 - methylbenzyl triphenylmethyl ether (23)

The crude ether (22) (45,3g) (containing about 32g ether con-
taminated with triphenylcarbinol, as estimated by 'Hn.m.r.) in dry
chloroform‘(120 ml) containing pyridine (7 ml) was treated dropwise
with a solution of bromine (ZS ml of a solution containing bromine
- (66,98g) in chloroform (250‘m1)), The solution was stirred at room
temperature for 4 hours, and then the solvent and pyridine were evaporated
off., The residue was dissolved in dichloromethane and washed with
water, dried with sodium sulphate and the solvent removed to yield a

mixture of (23) and (24) as an oil (56g). A small portion was
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chromatographed on silica with 207 ethyl acetate/light petroleum

as eluant to give the product (23) as white néedles° m.ﬁ. 225°

(from chloroform/light petroleum). (Found : C, 69,6; H, 5,4.

Cyg Hy, Br 0, requires C, 69,2; H, 5,4%), 1 2,35 - 2,9 (15H, m, Ph,C),
2,96 (1H, s, 6H), 5,76 (2H, s, CH,), 6,1 (3H, s, OCH;), 6,52

(34, s, OCH3), and 7,66 (3H, s, CCHB).

4 - Bromo - 2,5 ~ dimethoxy - 3 - methylbenzyl alcohol (i1) and 6 -

" bromo - 2,5 - dimethoxy - 3 - methylbenzyl alcohol @%).

The above crude mixture of bromoéthers (55g) was heated under
reflux in glacial acetic acid/water (4 : 1, 100 ml) for 10 minutes.
The solution was cooled in ice and the precipitated triphenyl-carbinol
was removed by filtration. This was washed with a little cold 807
acetic acid. The filtrate and washings were evaporated and the residue
was rapidly chromatographed on silica with chloroform as eluant to
separate residual triphenylcarbinol from the mixture of slower running
bromoalcohols (11) and (2%)., This latter mixture was recrystallised

from dichloromethane/light petroleum to afford 4 - bremo - 2,5 -

dimethoxy — 3 - methylbenzyl alcohol (11} (llg) as white needles

m.p. 87 - 880. (Found : C, 46,05; H, 5,05. C10 H 5 Br 03 requires

C, 46,0; H 5,0%), Tt 3,20 (1H, s, 6-H), 5,34 (2H, s, CHZ), 6,15

(34, s, OCH3), 6,31 (3H, s, OCHy), 7,44 br (IH, s, OH), and

7,64 (3H, s, CCH3). The mother liquors from the above recrystallisation
were evaporated and chromatoéraphed on silica using 207 ethyl acetate/

light petrcleum as eluant. Early fractions afforded 6 — bromo -

2,5 - dimethoxy - 3 - methylbenzyl alcohol @X) (3,5g) as white

needles m.p. 69 - 70° (from light petroleum). (Found : C, 46, 1;
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H, 4,85, Br 0, requires C, 46,0; H, 5,0%), Vnax (Nujol)

€10 H13 Br 05 ‘

3390, 1580, 1235, 1090, 1005 cm 1, T 3,10 (1H, s, 4-H), 5,16

(28, d, J7Hz, CH)), 6,15 (3K, s, OCH,), 6,23 (3H, s, OCH,), 7,58
(14, t, J7Hz, OH), and 7,72 (3H, s, CCH3). Later fractions afforded

more of the alcohol (11) (3g).

4 - Bromo - 2,5 - dimethoxy - 3 - methylbenzylbromide (12)

The alcohol (11) (8,2g) in dry benzene (50 ml) was stirred at
room temperature for 5 hours with phosphorgus tribromide (3,3g).
The solution was washed with ﬁater, 107 aqueous sodium bicarbonate
solution, and finally with water. The solution was dried with sodium
sulphate and evaporated to afford the product (12) as whité needles
(8,28, 807) m.p. 85 - 86°(ethanol) . (Found : C, 37,2; H, 3,6. Cg
requires C, 37,05 H, 3,72), v (Nujol) 3020, 1330, 1233,
1

Hyp Bry 0,
1075, 1010 em ', T 3,22 (18, s, 6-H), 5,44 (2H, s, CH,), 6,11 (3H, s,

OCH,), 6,18 (3H, s, OCH,), and 7,61 (3H, s, CCHj).

6 - Bromo - 2,5 - dimethoxy - 3 - methylbenzylbromide (16)

2,5 - Dimethoxy - 3 - methylbenzyl alcohol (14) (0,55g) in
acetic acia (10 ml) was treated with bromine (0,55g) in acetic acid
(10 mi)vand then stirred at 55 - 60° for 3 hours. The solvent was
evaporated.and the residual brown oil taken up in diethyl ether and
washed with 107 aqueous sodium bicarbonate solution and then witﬁ water,
The ethereal solution was dried with sodium sulphéte and the solvent
evaporated. Chromatograpky of the resulting brown oil on silica with

107 ethyl acetate/light petroleum as eluant gave 4 - bromo - 2,5 -
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dimethoxy =3 - methylbenzyl bromide (12) (0,13g) in the early

fractions and the product (16) (0,24g, 25%) in the later fractions.

. O ‘ ~ .
m.p. 102 - 103~ (ethanol) (Found : C, 37,2; H, 3,6. C10 le Br2
O2 requires C, 37,0; H, 3,7%), T 3,27 (1H, s, 4-H), 5,25 (2H, s, CHZ)’
6,12 (6H, s, 2 x OCH3), and 7,70 (3H, s, CCH3).

4 - Bromo - 2,5 - dimethoxy - 3 - methylbenzyltriphenylphosphonium

bromide (13)

To the bromide (12) (21,77g) in dry benzene (75 ml) was added
triphenylphosphine (21,25g). The solution was stirred and heated under
reflux overnight, during which time precipitation of the product
occurred, The mixture wés cooled in ice, filtered, and the precipitate
was washed with cold dry diethyl ether. Recrystallisation afforded

‘the phosphonium salt (13) as a white powder (36,4g, 97Z) m.p. 212 -

213° (dichloromethane/diethyl ether). (Found : C, 56,8; H, 5,1.
C28 H27 Br2 O2 P requires C, 57,3;.H, 4,67), Voax (Nujol) 1600,

1, T 2,05 - 2,55

1585, 1250, 1111, 1078, 1000, 846, 754, 688 cm
(154, m, 'Ph3C), 3,17 (18, 4, J2Hz, 6-H), 4,80 (2H, 4, Jl4Hz, CHZ),

6,47 (6H, s, 2 x OCH,), and 7,82 (3H, s, CCHy).
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2,5 - Dimethoxy - 3 - methylbenzyl bromide (15)

2,5 - Dimethoxy - 3 ~ methylbenzyl alcohol (14) (2,18g) and
phosphorous tribromidé (1,26g) in dry benzene (30 ml) were stirred
overnight at room temperature.and then the solution was washed successively
with water, 107 aqueous sodium bicarbonate solution and then finally
Qith water. The benzene solution was dried with sodium sulphate,
and the solvent evaporated to the crude bromide (15) (2,86g, 977).

T 3,24 (14, d, J3Hz, 6-H), 3,31 (1H, d, J3Hz, 4-H), 5,45 (2H, s, CH,),

6,17 (34, s, OCH3), 6,23 (3H, s, OCH3), and 7,69 (3H, s, CCH3).

Bromination of 2,5 - dimethoxy - 3 — methylbenzyl bromide (15) .

The bromide (15) (2,85g) in acetic acid (50 ml) was treated with
- bromine (1,9g) in acetic acid (20 ml) and stirred at room temperature
for 5 hours. The acetic acid was evaporated under reduced pressure and
the resulting solid was taken up in diethyl ether and washed with
107 aqueous sodium bicarbonate solution and water. The ethereal
solution was dried with sodium sulphate and the solvent removed to give
va mixture of dibromo compounds in the ratio of 1 : 4 as shown by
1Hn.m.r.

The above compounds were separated by preparative t.l.c. and

shown to be the identical to compounds (12) and (16).
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trans — 4 - Bromo ~ 2, 2 , 5, 6 - tetramethoxy — 3 = methylstilbene (19)

fhe phosphonium salt (13) (18,3g) and 2,6 - dimethoxybenzaldehyde
(5) (5,2g) were dissolved by warming slightly in dry methanol (250 ml)
~ under nitrogen. Lithium methoxide (35 ml of a solution containing
lithium (0,31g) in methanol (50 ml)) was added dropwise with stirring
at room temperature. The solufion became p;le yellow and was then
heated under reflux for 2 hours. The solution was cooled slightly
and then evaporated, and the residue was chromatographed on silica
(eluant 10% ethyl acetate/light petroleum) to afford the product
(11,3g, 927%), as a mixturebof the pis isomer (18) and the trans isomer
(19). the latter predominating. Recrystallisation from dichloromethane/

- light petroleum afforded the pure trans product (19)as white needles

m.p. 94 ~'95? (Found : C, 58,0; H, 5,35. Cl9 H21 Br O4 requires

C, 58,0; H, 5,47), v___ (Nujol) 1600, 1245, 1112, 1095, 975, 762 em L,
T 2,21 and 2,63 (2H, ABq, J16Hz, trans CH=CH), 2,83 (lH, t, J8Hz,

& -my, 2,95 (18, s, 6-H), 3,41 (20, d, J8Hz, 3~ - and 5  ~H), 6,07
(38, s, OCH,), 6,10 (6H, s, 2 x OCH,), 6,28 (3H, s,'ocﬁ3), and

7,60 (3H, s, CCH,).

/ .
trans — 4 - Cyano - 2, 2 , 5, 6'- tetramethoxy - 3 — methylstilbene (20)

The bromos;ilbene (19) (0,42g) and copper (I) cyanide (0,39g)
in dry_dimethyl formamide (75 ml) were heated under reflux for 20 hours.
Work up as for nitrile (34) affcrded crude material (0,4g) which was
reérystallised from dichloromethane/methanol to give the product (20)

as white needles m.p. 167 - 168°. (Found : C, 70,6; H, 6,4; N, 4,0,
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oo Hyp NO, requires C, 70,8; H, 6,2; N, 4,15%), Voax (Nujol)
2220, 1593, 1250, 1105, 1095, 975, 777 em Y, T 2,19 and 2,53
(2H, ABq, J16Hz, trans CH=CH), 2,79 (1H, t, J8Hz, 4-H), 2,98
(14, s, 6-H), 3,41 (2H, d, J8Hz, 3 - and 5 -H), 6,04 (3H, s, OCH,),

6,09 (6H, s, 2 x OCHy), 6,27 (3H, s, OCH), and 7,54 (3H, s, CCH,).

3 - Cyano ~ 1,4,8 ~ trimethoxy - 2 - methylphenanthrene (21)

The cyanostilbene (20) (0,31g) in cyciohexane (800 ml) was
irradiated through quartz, using a Vycor sleeve, for 12 hours. ihe
solQent was evaporated and the residue chromatographed on silica
(eluant SZ’ethyl acetate/light petroleum) to afford the nitrile (21)
(0,12g, 437) as white needles m.p. 168 - 169° (methanol). (Found :
Cc, 74,0; H, 5,45; N, 4,8, Clg H17vNO3 requires C, 74,25; H, 5,55;
N, 4,55%), T 1,00 (I1H, d, J9Hz, §-H), 1,58 and 2,01 (2H, ABg. J9Hz,
9- and 10-H), 2,40 (1H, d, J9Hz, 6-H), 2,94 (1H, d, J9Hz, 7-H), 5,96

(6H, s, 2 vaCH3), 6,11 (3H, s, OCH3), and 7,36 (3H, s, CCH3).

Bromination of methyl = 2,5 -Adimethoxy - 3 - methylbenzoate (28)

(a) With bromine in acetic acid

Bromine (0,65g) in acetic acid (10 ml) was added dropwise
to a stirred solution of the above ester (28) (0,84g) and sodium
acetate (0,4g) in acetic acid (10 ml). The mixture wa§ heated
under reflux for 1,25 hours, cooled slightly énd the solvent
removed in vacuo. The resulting brown oil was dissolved in

chloroform and washed with aqueous 10% sodium bicarbonate
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solution and then water. The organic layer was dried with
sodium sulphate and the solvent evapora£ed to give a brown oil
(1,06g).
1Hn.m.'.r. indicated that the brown oil was a mixture of"

methyl - 6 - bromo - 2,5 - dimethoxy - 3 - methylbenzoate (29)
and metﬁyl 4 - bromo - 2,5 - dimethoxy ~ 3 - methylbenzoate (30)
in the ratic of 4-: 1.

Column cﬁromatography (Silica gel) (257 ethyl acetate in

light petroleum) failed to separate the two isomers.

With pyridinium hydrobromide perbromide

The ester (28) (0,21g) and pyridinium hydrobromide perbromide
(0,32g) in glacial acetic acid (15 ml) were stirred overnight
at 50 - 60°. The colour of the perbromide having been discharged
the mixture was worked up as in part (a) to give a Brown oil
(0,24g). Vv (neat) 3020, 2960, 2860, 1730, 1608, 1581, 1230,

max

1073, 1010 cm™ L.

Hn.m.r. indicated that the brown oil was a mixture of the
same two products as in part (a), the ratio of these two products

being almost identical to that in (a).

4
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3 - Formyl - 1,4,8 - trimethoxy - 2 - methylphenanthrene (31)

The alcohol (47) (1,55g) in chloroferm (150 ml) Qas stirred
and heated at reflux with activated manganese (IV) oxide (32g) for
30 hours. The solution was cooled, filtered, and evaporated, and the
residue was chromatographed on silica (eluant 2,5% ethyl acetate/
light petroleum). Early fractions afforded the aldehyde (31)
(1,19g, 77%) m.p. 138 = 139° (methanol). '(Féund . c, 73,35; H,6,0.
C19 H18 O4 requires C, 73,55; H, 5,85%), Voax (Nujol) 1679, 1606, 1255,

768 cm—1

, T 0,79 (1H, s, CHO), 0,97 (1H, d, J9Hz, 5-H), 1,56 and
1,97 (2H, ABq, J9, 5Hz, 9- and 10-H), 2,40 (1H, t, J9Hz, 6-H),

2,95 (1H, d, J9Hz, 7-H), 5,95 (3H, s, OCH3), 6,12 (6H, s, 2 x OCH3),
and 7,31 (3H, s, CCH3). Later fractipﬁs afforded 8- methoxy - 3 -
metﬁoxymethyl - 2 - methyl - 1,4 - phenanthraquinone (48) (40 mg,

27) as red needles, m.p.v150 - 151° (dichloromethane/light petroleum).

+ . '
(Found : M 296. C requires M.M. 296), Voax (cH C13) 1660,

18 M6 9%
1595, 1580, 1465, 1240 cm ©, T 0,97 (lH, d, J9Hz, 5-H), 1,38 and
1,90 (2H, ABq, J9Hz, 9- and 10-H), 2,42 (1lH, t, J9Hz, 6-H), 3,06
(1H, d, J9Hz, 7-H), 5,46 (2H, s, CH,), 5,98 (3H, s, Ar OCH,), 6,54

~ (38, s, CH, OCH,), and 7,72 (3H, s, CCH,).

1,4,8—Trime£hoxy—2—methy173—(44methy1+1—hydroxy—pentyl)phenanthrehe (32) .

The phenanthrene aldehyde (31) (1,58g) in dry tetrahydrofuran
(20 m1> was added to the Grignardvreagent prepared from magnesium
(0,125g) and 3 - methylbromobutane (0,78g) in dry diethyl ether (30 ml).
The mixture was heated at reflux for 0,5 hours, and worked up by adding

saturated ammonium chloride and filtering off the precipitated
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inorganic salts,'drying the organic filtrate with sodium sulphéte

and evaporating the solvent to give a solid residue. The residue was
chromatographed on silica using 2jZethyl acetate/light petroleum as
eluant. Early fractions afforded 1,8 - dimethoxy = 2 - methyl -

\Sa(4 - methyl -~ 1 - hydroxypentyl - 4 - (4 - methylpentyl) phenanthrene
(49) (0,51g) as an oil. Later fractions afforded 1,4,8 - trimethoxy -
3 - (4 - methyl - 1 - hydroxypentyl) phenanthrene (32) (1,20g, 62%7)

as an oil. T 1,11 (1H, d, J9Hz, 5-H), 1}74.and 2,02 (2H, ABq, J8Hz,

9- and 10-H), 2,50 (1H, t, J8Hz, 6H), 3,04 (1H, d, J8Hz, 7-H),

4,84 br (1H, s, OH), 6,00 (3H, s, OCHB), 6,15 (3H, s, OCHS), 6,24

(3H, s, OCH,), 7,50 (3H, s, CCH,), 8,29 (6H, m, CH CH, CH, CH (CH,),),

and 9,08 (6H, d, side chain CH3).’

1,4,8 - Trimethoxy - 2: - methyl - 3 - (4 - methylpen .tanoyl) phenanthrene (50)

The crude product from a Grighard reaction ﬁsing the aldehyde (31)
(1,08g), 3 - methylbromobutane'(3,10g) and magnesium (0,50g) was
dissolved in acetone (15 ml) and Jones reagent (4,3 ml) added dropwise
to the solution at room temperature. The solution was stirred for
0,5 hours, and then partifioned_between water and chloroform. Work up
of the organic layer afforded a crude product (1,57g) which showed on
t.l.c. that it was composed’of.two components. The reaction mixture was
separated by preparative t.l.c. (1% ethyl acetate/light petroleum).

A front band afforded 1,8 - dimethoxy - 2 - methyl - 3 — (4 =
methylée;antoyl) -4 - (4 - methylpentyl) phenanthrene (51) (0,09.g,
67) as a clear oii. (Found : C, 80,05; H, 8,55. C28 H36 03‘requires

c, 79,95; H, 8,65%), t 1,72 (2H, d, J9Hz, 5- and 9- or 10-H), 1,97
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(11, d, J9Hz, 9- or 10-H), 2,55 (1H, t, J9Hz, 6-H), 3,02 (lH, d, J9Hz,
7-H), 5,99 (3H, s, OCH,), 6,14 (3H, s, OCH,), 6,8 br (2H, s, Ar CH,), .

7,22 (2H, deformed t, J7Hz, CO CH, CH, CH (CH3)2), 7,68 (3H, s, Ar CH3),'

2 EEQ CH (CH32) and Ar CH2 922 CH (CH3)2)’ anq

9,03 (12H,'apparent triplet, side chain CH3).

8,3 (6H, m, CO CH

A second band gave the required ketone (50) as white needles
(0,66g, 50%) m.p. 76 = 77° (from methanol). (Found : C, 75,8; H,7,6.

C24 H28 04 requires C, 75,75; H, 7,4Z%), Vnax (Nujol) 1692, 1605,

1304, 1240, 960 cm ', T 1,03 (1H, d, J9Hz, 5-H), 1,70 and 2,01
(2H, ABq, J9, SHz, 9- and 10-H), 2,48 (1H, t, J9Hz, 6H), 3,02
(14, d, J9%Hz, 7-H), 6,00, 6,13, and 6,26 (3H each, s, OCHB); 7,05

(2H, deformed t, J7Hz,CO CH, CH, CH (CH3)2), 7,66 (3H, s, Ar CH3),

2

8,31 (34, m, CO CH2 EHQ CH (CH3)2), and 9,05 (6H, d, J6Hz, side chain

CH3) .

4 /
trans - 4 - Formyl - 2, 2 , 5, 6 - tetramethoxy ~ 3 ~ methylstilbene (42)

The bromostilbene (19) (2,0g) in dry diethyl ether (60 ml) was
treated dropwise with butyl lithium (1,6 ml of a 15,5% éolution ‘
in hexane) under dry nitrogen. The mixture was stirred for.O,S hours,
and then dimethyl formamide (0,3 ml) was added, and stirring was
continued for a further hour, after which time saturated ammonium
chloride'was added and the ethereal layer was separated, dried with
sodium sulphate and evaporated to give crude material which was
chromatographed on silica using 5% ethyl acetate/lighf petroleum as
eluant. The yellow fraction was collected to afférd aldehyde (42)

- &
as yellow needles (1,34g, 77%), m.p. 125 - 126 (from ethanol).
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(Found : C, 70,15;.H, 6,55, C20 H22 05 requires C, 70,2; H6,47),
Vpay (Nujol) 1668, 1592, 1250, 1108, 1095, 1042, 971, 770 718 em 1,
T -0,56 (lH, s, CHO), 2,13 and 2,51 (2H, ABq, J16Hz, trans CH<CH),
2,80 (lH, t, J8Hz, 4  -H), 2,91 (1H, s, 6-H), 3,41 (2H, d, J8Hz,
3" - and 57-m), 6,06 (3H, s, OCH,), 6,10 (6H, s, 2 x OCH,), 6,39

(38, s, OCH,), and 7,45 (3H, s, CCH,).

/ / ‘
trans - 2, 2 , 5, 6 ~- tetramethoxy - 3 - methylstilbene - 4 - carboxylic

acid (41)

The bromostilbene (19) (0,5g) in dry diethyl ether (50 ml) was
treated dropwise with butyl lithium (0,55 ml of a 15,57 solution in
hexane) under dry nitrogen. The mixture was stirred at room temperature
for 0,5 hours, and then gaseous carbon dioxide was passed through
for 1 hour. Thebsolution was extracted with sodium hydroxide (5%)
solution, and the basic solution acidified with dilute hydrechloric
acid and re-extracted with chloroform. Evaﬁoration of the chloroform
solution gave crude acid (41) (0,44g, 97Z). T 0,20 br (1H, s, CO OH),
2,16 and 2,59 (2H, ABq, J16Hz, trans CH=CH), 2,72 (1H, t, J8Hz,
4wy, 2,91 (1m, s, 6-H), 3,42 (2H, d, J8Hz, 3 - and 5 -H), 6,06
(3H, s, OCH3), 6,10 (6H, s, 2 x OCH3), 6,29 (3H, s, OCH3), and 7,58
(34, s, CCH

3)'

On repeating the above reaction the yields were variable.
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/ / '
Methyl 2, 2 , 5, 6§ =- tetramethoxy - 3 - methylstilbene -4 - ¢arboxylate (43)

(a) - from the acid

The acid (415 (0,44¢g) was methylated with dimethyy%ulphate
(0,16g) and anhydrous potassium carbenate (0,5g) in dimethyl
formamide (10 ml) by stirring overnight at room temperature.
Work up as for the ester (28) afforded the product (43) as an
oil, A sample was purified for analysis by preparative t.l.c.
(5% ethyl acetate/light petroleum). (Found : C, 67,3; H, 6,8,

C requires C, 67,7; H, 6,52), Vnax (neat) 3010, 2960,

21 Ha4 O

2850, 1725, 1590, 1408, 1340, 1260, 1110, 1058, 777, 750 cm
T 2,18 and 2,62 (2H, ABq, J16Hz, trans CH=CH), 2,82 (lH, t,
J8Hz, 4 -H), 2,96 (1H, s, 6-H), 3,41 (2H, d, J8Hz, 3 - and
s"-H), 6,09 (9H, s, 3 x OCH,), 6,13 (3H, s, dcn3), 6,28 (3H, s,

OCH3), and 7,76 (3H, s, CCH3).

(b) from the aldehyde (42)

The aldehyde (42) (2,35g) in methanol (150 ml) was treated
with sodium cyanide (7,lg) and acetic acid (2,3 ml). Activated
manéanese 1V oxide(70g) was added and the whole stirred for
48‘hours. The solution was filtered, the solvent evaporated off,
and the residue partitioned between dilute aqueous sodium
carbonate and‘ethyl acetate. The ofganic layer was washed with
water, dried with sodium sulphate, and evaporated to yield an
oil (2,56g, 100Z) which was identical (Rf and 'Hn.m.r.) with

that obtained in (a) above. No further purification was required.
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Methyl =~ 1,4,8 - trimethoxy — 2 - methylphenanthrene ~ 3 - carboxylate (46)

The stilbene ester (43) (2,94g) was irradiated in cyclohexane
(800 ml) through quartz (Vycor sleeve) for 3 hours., The crude product
obtained by removing the solvent, was chromatdgraphed'onAsilica using
107 ethyl acetate/light petroieum as eluant, to afford the phenanthrene
ester (46) (1,16g, 437) as white needles, m.p. 121 - 122° (methanol).
(Found : C, 70,9; H, 6,3. C20 HZO 65 requires C, 70,6; H, 5,9%),
Yook (Nujol) 3010, 1728, 1609,v1596, 1312, 1260, 1245, 778, 1 1,04
(14, d, J9Hz, 5-H), 1,68 and 2,00 (2H, ABq, J9, 5Hz, 9- and 10-H),
2,48 (1H, t, J9Hz, 6-H), 3,01 (1H, d, J9Hz, 7-H), 5,98 (6H, s, 2 x OCHB), 

6,13 (3H, s, OCH,), 6,16 (3H, s, OCH,), and 7,59 (3H, s, CCH,).

1,4,8 ~ Trimethoxy - 2 - methylphenanthrene - 3 - ylmethanol (47)

The ester (46) (1,04g) in dry tetrahydrofuran (30 ml) was added
dropwise at room temperature to a sﬁspension of lithium aluminium
hydride (0,6g) in dry tetrahydrofuran (70 ml), and the mixture was
stirred for 4 hours. Work up as for'coﬁpound (14) afforded the phenan-
threne alcohol (47) (0,90g, 95%) as white needles, m.p. 144 - 145°
(methanol). (Found : C, 72,8; H, 6,5. C19 HZO O4 requires C, 73,1;

H, 6,4%),'vmax (Nujol) 3330, 1618, 1592, 1295, 1260, 1070, 778 cm -,
T 0,98 (1H, d, J9Hz, 5-H), 1,73 and 2,02 (2H, ABq, J9, SHz, 9- and
10-H), 2,49 (1H, t, J9Hz, 6-H), 3,02 (1H, d, J9Hz, 7-H), 5,02

(21, s, CHZ), 5,98 (3H, s, OCH3), 6,14 (3H, s, OCHB), 6,20 (3H, s,

OCH3), 7,46 (3H, s, CCH3), and 7,56 br (lH, s, OH),
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. 2,5 - Dimethoxy - 3,4,6 ~ trimethylbromobenzene (33)

2,3,5 - Tfimethylhydroquinone (10g) was dissolved in acetic
acid (100 ml) by warming gently. Bromine (3,4 ml) in acetic acid
(25 ml) was added dropwise, and the mixture,wés stirred overnight at
room temperature., The acetic acid was evaporated off under reduced’
pressure to give a silvery grey solid (probably a quinhydrone) which
was taken up in diethyl ether and sﬁaken with a solution of sodium
hydrosulphite (5g) in wafef (100 ml). The organic layer was dried
with sodium sulphate, the solvent evaporated off to afford 6 - bromo —
2,3,5 - trimethylhydroquinone (7,75g,51%) m.p. 183 - 184  (ethanol)

32 159,

(lit.,
The bromo trimethyl hydroquinone (7,75g) together with dry
éotassium carbonate (14,7g) and dimethyl sulphate (6,35 ml) in dry
acetone (150 ml) was stirred at reflux for 16 hours. The potassium
salts were filtered off, Washedeith further acetone (150 ml) and the
solvent evaporated off to yield 2,5 -~ dimethoxy =~ 3,4,6 - trimethyl-
bromobenzene (33) (8,4g, 98%7). A small poftion was recrystallised from

methanol to give colourless needles m.p. 72 - 73° (Lit.3-3

1

, 71 =729,
Vo (Nujol) 1230, 1090, 1040 em ~, T 6,26 (3H, s, OCH,), 6,36
(34, s, OCH,), 7,65 (3H, s, CCHy), 7,77 (3H, s, CCH,) and 8,23 (3H,

S, CCH3).
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2,5 = Dimethoxy - 3,4,6 - trimethylbenzonitrile (34)

The bromo compound (33) (lg) and copper (I) cyanide (1,04g)
were heated under reflux in dry dimethyl formamide (100 ml) for 14 hours. .
~ The hot solution was poured into hydrochloric acid solution (2M,
250 ml) containing iron (III) chloride hexahydrate (3,4g). The
mixture wés stirred at 60 -75° for 0,5 hours, cooled and extracted
with dichloromethane. This extract was washed with dilute hydrochloric
acid, then with water, dfied with sodium sulphate and the solvent
evaporated. The residue (O,92g) was recrystallised from light petroleum
to afford the product (34), m.p. 104 - 105°, (Found : C,. 69,95;
H, 7,1; N, 6,9, C12 H15 NO2 rgquires c, 70,2; H, 7;35; N, 6,857,
\).max (Nujol) 2235, 1600, 1263, 1087 cm ', T 6,11 (3H, s, OCH,), 6,32

(34, s, OCH3), 7,57, 7,75, and 7,81 (3H each, s, CCH3).

2,5 = Dimethoxy - 3,4,6 — trimethylbenzaldehyde (35)

(a) Dby treatment of the bromo compound (33) with phenyl lithium and

dimethylformamide

A solution of the bromo compound (33) (2,0g) in dry diethyl
ether (20 ml) was added dropwise to a stirred solutibn of phenyl~
Alithium {iithium (0,11g) and bromobenzene (1,22g)‘in dry diethyl
ether (20 mli]over a period of 10 minutes. The stirring was
continued for 3 hours and then dimethylformamide (0,71g) in dry"
diethyl ether (20 ml) was added in 10 minutés. The mixture was

stirred for a further 2 hours, and worked up by adding saturated



70

aqueous ammonium chloride solution, separating the organic layer,
washing this layer with water, drying with sodium sulphate and
evaporating the solvent to give a crude pfoduct.A This product

" was chromatographed on silica using 57 ethyl acetate/light
petroleumlas eluant., Early fractions were unreacted starting
material (1,50g) and later fractions afforded the aldehyde (35)
(0,2g, 13%) m.p. 85°. (Found : C, 69,4; H, 7,8. Cyp Hyg 05
requires C, 69,2; H, 7,87), Voax (Nujol) 1690, 1590, 1565, 1257,
1079 em L, T -0,44 (1H, s, CHO), 6,22 (3H, s, OCH,), 6,34

(38, s, OCH,), 7,50, 7,72, and 7,78 (3H each, s, CCH,).

(b) by treatment of the bromo compound (33) with butyl lithium and

dimethylformamide

The bromo compound (33) (lg) in dry diethyl ether (30 ml) was

treated dropwise with butyl lithium (1,9 ml of a 13,27 solution

in hexane) under dry nitrogen. The mixture was stirred for 0,5

hours during which time a white precipitate formed, then

dimethylformamide (0,3 ml) was added and the mixﬁure stirred

at room temperature for a further 1 hour. The reaction was

worked up by adding saturated aqueous ammonium chloride solution,

separating the organic layer, drying with sodium sulphate and
:eQaporating off the solvent to afford the product (35) (0,78g,

977%) which was identical (Rf and 'Hn.m.r.) with that obtained

in (a) above.
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from 2,5 - dimethoxy - 3,4,6 - trimethylbenzylamine (36)

The substituted benzylamine (36) (0,3g) was dissolved in

a small volume of concentrated hydrochloric acid and diluted

with water to about four times the original vqlume and coéledvto
0°. Some solid sodium nitrite was added and after 10 minutes
the diazonium salt was decomposed by heating in a boiling water
bath for 0,5 hours, The organic material was extracted with

dichloromethane, the organic layer washed with water, dried

with sodium sulphate and the solvent evaporated'off to give crude

product which was chrométogfaphed on silica using chloroform
as eluant, The fractions collected were a mixture of 2,5 - |
dimethoxy - 3,4,6 - trimethylbenzylamine (36) and 2,5 -
dimethoxy - 3,4,6 - trimefhylbenzyl alcohol (37) in the ratio of
3:4 (0,16g).

The mixture so obtained (0,l16g) was stirred at reflux for
90 hours with activated manganese (1V) oxide (3g) in chloroform
(30 ml). The solid matefial was filtered off, washed with further
qﬁantities of chloroform and the combined filtrate and washings
evaporated off to give a mixture (0,1lg) of the benzylamine (36)
and 2,5 - dimethoxy -~ 3,4,6-trimethylbenzaldehyde (35) as
indicatéd By 'H n.m.r. (Signal at T —0.44 for CHO) in the-

ratio of 3:4. .



72

1 - Phenylpentan - 1 -~ ol

Benzaldehyde (4,38g) in dry diethyl ether (5 ml) was added
dropwise over a period of 10 minutes to a refluxing Grignard solution
made from 1 - bromobutane (5,65g) and magnesium turnings (1,0g) in
dry diethyl ether (15 ml). The mixture heated at reflux overnight, .
cooled and worked up by adding saturated aqueous ammonium chloride
solution, and filtering off the precipitated salts. The filtrate was
- dried with sodium sulphate and the soivent evaporated off tb give the
_alcohol (6,5g, 87%) 1 2,77 (5H, s, Ar-H), 5,48 (1H, deformed t,

HO CH CH, CH, CH, CH,), 7,08 br (1H, s, OH), 8,32 (2§, m, HO CH CH,

2 72 72

CH, CH, CH,), 8,72 (4H, m, HO CH CH, CH, CH, CH,), and 9,14 (3H,

deformed t, side chain,CH3).

1 - (2,5 - Dimethoxy - 3,4,6 - trimethyl)phenyl - 1 ~ pentanone (39)

The éldéhyde (35) (0,3g) in dry.diéthyl ether (10 ml) was added
dropwise to a Grignard solutioﬁ prepared from 1 - bromobutane (1,42g)
and magnesium turnings (0,25g) in 15 ml dry diethyl ether. The mixture
was heated under reflux for 6 hours and then stirred‘at room temperature
overnight. Work up of the reaction afforded the crude alcohol (38) (0,41g).
The crude alcohol was dissolved in A.R. acetone (10 ml) and Jones
reagent was added until the solﬁtion shoﬁed a persistent light orange
colour. The mixture was stirred at room temperature for 0,5 hours,
water (100 ml) was added. The aqueous solution was extracted wifh
diethyl ether, the extract washed with water, dried with sodium
sulphate and thé solvent evaporated to afford the crude product

(39) (0,34g).
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. 4 /
Irradiation of trans - 4 = bromo - 2, 2, 5, 6 - tetramethoxy - 3 -

methylstilbene (19)

The above stilbene'(19) (0,30g) in Merck Uvasol cyclohexane
(800 ml) was irradiated through quartz using a Vycor sleeve for 2,5
hours, The crude yield (0,3g) from the irradiation was chromatographed
on silica using 10% ethyl acetate/ligﬁt petfoleum as eluant, .Fractions
containing,two différent proaucfs were collected neither of which

was the desired phenanthrene (40).

/ / |
2, 2, 5, 6 - Tetramethoxy - 4 - (1 - hydroxy — 4 - methylpentyl) -

3 - methylstilbene (44).

4 - Formyl - 2, 2’, 5, 6I - tetramethoxy - 3 - methylstilbene (42)
(1,3g) in dry diethyl ether (15 ml) was added to the Grignard solutioﬁ
prepared from bromo ~ 4 - methylpentane (0,7g) and magnesium turnings
(0,113g) in dry diethyl ether (15 ml). 'The mixture was stirred and
heated under reflux for 2 hours and then worked up by adding saturated
aqueous ammonium chloride solution, separating the organic layer, drying
with sodium sulphate and evaporating off the diethyl ether to give a |
crude orange oil. The o0il was purified by preparative t.l.c. (eluant
157 ethyi acetate/light petroleum) to afford the compound (44) (0,13g,
8%) . .vmax (neat) 3540, 1675, 1582, 1460, 1400, 1335, 1250, 1100, 1010,
970 cm Y, T 2,17 and 2,69 (2H, ABq, J17Hz, trams CH=CH), 2,77 (1H, t,
J6Hz, 4/v-—H), 2,92 (1H, s, 6-H), 3,41 (2H, d, J8H, 37~ and 5/—H),

5,20 (1H, dxd, J6Hz, CH OHCH, CH, CH (CHy),), 6,06 (3H, s, OCH,),

2 2
6,10 (3#, s, OCH,), 7,73 (3H, s, OCH,), 8,50 (5H, m,CH OH CH, CH, CH
(CH3)2), and 9,11 (6H, d, J6Hz, side chain CH3).
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/ / g
Irradiation of 2, 2 , 5, 5 =~ tetramethoxy - 4 - (4 - methyl - 1 -

hydroxypentyl) - 3- methylstilbene (44)

The above stilbene (44) (0,13g) in Merck Uvasol cyclohexane
(800 ml) was irradiated through quartz using a Vycor sleeve for 5,5
hours. .At this stage t.l.c. indicated that all the starting material
had disappeared but that a very large number of products had been
formed, indicating that this was not a satisfactory method of obtaining

a phenanthrene.

1,4,8 — Trihydroxy ~ 2 - methyl - 3-(4 - methylpentanoyl) phenanthrene (52)

The ketone (50) (0,6g) in dry dichloromethane was added dropwise
to a stirred solution of boron tribromide (1,43g) in dry dichloro-
methgne (15 ml) at -75°. Stirring at this temperature was continued
for 1 hour and then for 2 hours at room temperature. This mixture was
worked up by cautiously adding water, and finally shaking vigérously
with water in a separating funnél. The organic layer was separated,
dried with sodium sulphate and evaporated to.afford the product (52)
(0,45g, 84%), t -2,90 (14, s, 4-0H), 0,72 (1H, d, J9Hz, 5-H), 1,73 and
2,12 ( 2H, ABq, J9Hz, 9- and 10-H), 2,6 (IH, t, J9Hz, 6-H), 3,06
(14, d, J9Hz, 7-H), 4,25 br (1H, s, OH), 5,15 br (1H, s, OH), 7,12

(2H, deformed t, J7Hz, CO CH, cHz CH (CH,),), 7,55 (3H, s, CCHy),

8,34 (3H, m, CO CH, CH, CH (CH

o CH, 3)2), and 9,12 (6H, d, J6Hz, side

chain CH3).
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1,4,8 - Triacetoxy - 2 = methyl = 3«(4 - methylpentanoyl) phenanthrene (53)

Crude trihydroxy compound (52) (O,Sg) was heated on a steaﬁ bath
for 2 hours with a mixture of dry pyridine (4 ml) and acetic anhydride
(4 ml), cooled and allowed to stand at room témperature overnight.

The acetylating mixture was removed by evaporation firstly on a Buchi
rotary evaporator gnd finally by high vacuum. The crude product was
éurified by preparative t.l.,c. usiné dichloromethane as eluant., Two
bands were removed from the plate. The first band proved to be the
monomethoxy diacetoxy compound (56) (0,2g, 31%) as whife needles,
m.p. 194 - 195° (methanol/dichloromethane). (Found : C, 71,50;

H, 6,47. requires C, 71,543 H, 6,47%), t 1,51 (1H, d, .

€26 Hag %%
J5Hz, 5H), 1,70 and 2,35 (2H, ABq, J9Hz, 9- and 10-H), 2,45 (lH, t,
J5Hz, 6-H), 3,02 (1H, 4, J5Hz, 7-H), 6,02 (3H, s, OCH3), 7,12 (21,
CH

deformed t, J8Hz, CO CH CH (CH3)2), 7,51 (3H, s,CO CH3), 7,63

2 2
(34, s, CO CH), 7,78 (3H, s, CCH,), 8,33 (3H, m, CO CH, CH, CH (CH,),),
and 9,06 (6H, d, J5Hz, side chain CH3).

A second band afforded the desired triacetoxy compound (53)
.(O,25g,v36Z) aé white needles, m.p. 205 - 206° (methanol/dichloromethane).
(Found : C, 69,7; H, 6,25, C,yy Hog O7 requires C, 69,81; H, 6,087).

v__. (Nujol) 1756, 1694, 1230, 1205, 1164 em L, T 1,18 (1H, d, J8He,
5-H), 2,11 and 2,32 (2H, ABq, JOHz, 9- and 10-H), 2,40 (1H, t, J9Hz,
6-H), 2,64 (1H, d, J8Hz, 7-H), 7,10 (2H, deformed t, J7Hz, CO CH, CH,
CH (CH,),), 7,50 (3H, s,CO CHy), 7,54 (3H, s, CO CHy), 7,61 (3H, s,
co CHy), 7,76 (3H, s, CCH3.), 8,32 (3H, m, CO CH, CH, CH (CH;),), -

and 9,04 (6H, d, J6Hz, side chain CH3).
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4 - Acetoxypiloquinone (57)

Chromium Vl.oxide (55 mg) in 962 acetic acid (0,5 ml) and water
(0,3 ml) was added dropwise to the triacetoxy compound (53) (50 mg)
in 967 acetic acid (2,5 ml). The reaction mixture was stirred and
heated at 65 - 67° for 0,75 hours, poured into water (50 ml) and
extracted with dichloromethane until the organic layer showed no more
orange colour, The dichloromethane extract was washed successively
“with 107% aqueous sodium bicarbonate solution and water, dried with
sodium sulphate and evaporated to give crude triacetoxy quinome (54)
(37 mg) m.p. 215 - 220°,

The impure compound (54) was loaded on to a preparative t.l.c. -
and developed with 20% ethyl acetate/light petroleum and a maroon
band was removed from the plate. ‘Hn.m.r. indicated that this band
was 4 — acetoxypiloquinone (57) (10 mg, 237) as maroon needles,
m.p. 180 - 182°. (Found : C, 67,15; H, 5,70. C,; Hy, 0, requires
c, 67,3%1; H, 5,407), Voax (cu C13)3630, 3450, 1780, 1710, 1632 cm—l,
T -3,06 (H, s, OH), -2,40 (1H, s, OH), 2,20 (lH, d, J8Hz, 5-H),
2,46 (1H, t, J8Hz, 6-H), 3,00 (1H, d, J8Hz, 7-H), 7,26 (2H, deformed t,
J7Hz, CO CH, CH

2 2
9,05 (6H, d, J6Hz, side chain CH3).

CH (CH,),) 8,36 (3H, m, CO CH, CH, CH (CH,),), and

t
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Attempted acetylation of 4 = acetoxypiloquinone (57)

4 - Acétoxypiloquinone (57) (9,9 mg) was stirred for 3 hours
at room temperature with dry pyridine (0,5 ml) and acetic anhydride (O,Sﬁl).
'The solvent was evaporated off under reduced bressure to give crude
compound (54) (10,4 mg), T 1,95 (14, d, J8Hz, 5-H), 2,35 (1H, t,
J8Hz, 6-H), 2,90 (11, 4, J8Hz, 7-H), 7,26 (2H, deformed t, J7Hz,
CO CH, CH, CH (CH,),), |
7,78 (3H, s, CO CH,), 7,88 (3H, s, CCH,), 8,35 (3H, m, CO CH, CH, CH

7,60 (3H, s, CO CH,), 7,64 (3H, s, CO CH,),

(cu , and 9,05 (6H, d, J6Hz, side chain CH3). All efforts to

recrystallise the crude material failed, and this crude material was

subjected to further treatment as above, the stirring being carried

on overnight. This treatment destroyed the compound.

Attempted diacetylation of 1,4,8 ~ trihydroxy - 2 - methyl - 3 =

(4 - methylpentanoyl) phenanthrene (52)

The above triol (52) (0,3g) in dry tetrahydrofuran (20 ml) was
stirred overnight at room temperature with acetic anhydride (C,2 g)
and dry pyridine (0,2 ml). YYn.m.r. indicated that the product of
. this reaction was 4 - acetoxy - 1,8 - dihydroxy = 2 - methyl - 3“.
4 - méthylpentanoyl) phenantﬁrene (59). T 0,64 (1H, d, J9Hz, 5-H),
1,70 and 1,83 (2H, ABq; J8Hz, 9- and 10-H), 2,28 (1H, t, J8Hz, 6-H),

2,59 (1, d, J8Hz, 7-H), 3,68 br (2H, s, 2 x OH), 7,19 (2H, deformed

t, J7Hz, CO,Q_Ii2 CH, CH (CH3)2), 7,48 (3H, s, CO CH3), 7,87 (3H, s,
CCH,), 8,29 (3H, m, CO CH, CH, CH (CH,),), 9,02 (6H, d, JSHz, side

chain CH3).
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Reaction of 1,8 - dimethoxyphenanthrene

(a)

(b)

With 3 - chloroperbenzoic acid

3 - chloroperbenzoic acid (0,15g) was added portionwise to
a cooled, stirred solution of 1,8 - dimethoxyphenanthrene (0,16g)
in dichloromethane (15 ml). After stirring for 0,5 hours, t.l.c.
showed only starting materials so more 3 - chloroperbenzoic acid
(0,1g) was added and stirring continued for a further 0,25 hpurs.
Once more t.l.c. showed only starting materials. The experiment

was abandoned.

With osmiumV11l oxide and pyridine in diethyl ether

(1) |

1,8 - Dimethoxyphenanthrene (0,2g), osmiumV11l oxide (0,24g)
in a mixture of dry pyridine (10 ml) and dry diethyl ether (12 ml)
were stirred at room temperature for 0,75 hours. Sodium
bisulphite (0,8 g) in water (16 ml) and pyridine (16 ml) was
added and the mixture stirred fér 0,5 hours, further diluted
with water (150 ml) and extracted with chloroform. The extract
was dried with sodium sulphate and the solvent removed to give

back starting material as indicated by t.l.c. and 'Hn.m.r.
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(ii)

The above experiment was repeated using the starting material
from (1), osmium V11l oxide (0,26g), pyridine (0,3g) in dry
benzene (15 ml). The reaction was stirred at room temperature
for 7 days and then worked up as in (i) to give back starting

material as indicated by t.l.c.

(¢)  With osmium V11loxide in dry pyridine

1,8 - Dimethoxyphenanthrene (0,2g) together with osmium
V111 oxide (0,26g) in dry pyridine (15 ml) was stirred at room

temperature for 5 days and worked up as in (b) (i) to give

a 50/50 mixture of 1,8 - dimethoxyphenanthrene and 1,8 - dimethoxy -

9,10 - dihydroxy - 9,10 - dihydrophenanthrene (63) as indicated

in the 'Hn.m.r. spectrum of the mixture by a signal at T 4,80

for the 9,10 - methine protons.

1,4,8 - Trimethoxy - 2.- methyl - 3{4 - methylpentanoyl) - 9,10 -

dihydroxy - 9,10 - dihydrophenanthrene (60)

The phenanthrene (50) (51,2 mg) and osmium V1I1loxide (100 mg)
in dry pyridine (15 ml) was stifred at room temperature for 7 da;s.
‘'The pyridine was evaporated off and the crude product purified by |
chromatography on silica the eluant being progressively change from
107 ethyl acetate/light petroleum to 20% ethyl acetate/light petrcleum.

Three fractions were separated and were shown to be respectively
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starting material (50) (13 mg), the quinone (61) (3 mg) and the

product (60) (17 mg). Vo (CH 013)_3440, 1706, 1600, 1470, 1390,

1240, 1090, 1013, 969 cm ', T 2,00 (1H, d, J8Hz, 5-H), 2,68 (1H, €,
J8Hz, 6¥H), 3,10 (1H, d, J8Hz, 7-H), 4,84 and 4,94 (2H, ABRq, J4Hz,

9- and 10-H), 5,98 br (2H, s, 2 x OH), 6,06 (3H, s, OCH,), 6,12

(3H, s, OCH,), 6,56 (3H, s, OCH,), 7,18 (2H, deformed t, J7Hz, CO CH,
CH, CH (CH,),), 7,82 (3H, s, CCH,), 8,36 (3H, m, CO CH, CH, CH (CH,),),

2
and 9,05 (6H, d, side chain CH3).

Oxidation of 1,4,8 - trimethoxy - 2 - methyl -~ 3-(4 - methylpentanoyl) -

9,10 - dihydroxy - 9,10 - dihydrophenanthrene (60)

(a) With silver 1 oxide

The phenanthrene (60) (17 mg), silver 1 oxide (100 mg) and
dry magnesium sulphate (100 mg) in dry benzene (15 ml) was
stirred at room temperature for 1 hour. t.l.c. showed that only

starting material was present.

(b) With 2,3 - dichloro - 5,6 - dicyano - 1,4 - benzoquinone (DDQ)

The phenanthrene (60) (17 mg) together with DDQ (20 mg) in
' dry benzene (10 ml) was stirred at room temperature for 20 hours.

t.l.c. showed that only starting material was present.,
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(¢) With pyridinium chlorochromate

The phénanthrene (60) (22,3mg) and pyridinium chlorochromate
(36,5 mg) in dry dichloromethane (5 ml)ﬁé;ﬁ}stirred at room
temperature for 20 hours. No visible black precipitate formed but
the orange colour of the pyridinium chlorochromate had been
discharged so dry diethyl ether (25 ml) was added to the mixture
and the brown precipitate filtered off. The solvent was evaporated
off and the resulting oil éhromatographed on silica using chloro-
form as eluant to afford the quinone (61) (19,3 mg, 87%) as an
0il which later crystallised to give yellow platelets, m.p. 139 -
140°,  (Found : c, 69,85; H, 6,3. C24 H26 06 requires C, 70,2;
H, 6,47), Voox (cH C13)1685, 1585, ;470, 1390, 1240, 1090, 1013,
969 cm ¥, T 1,87 (lH, d, J8Hz, 5-H), 2,38 (IH, t, J8Hz, 6-H),
3,00 (1H, d, J8Hz, 7-H), 6,05 (3H, s, OCH;), 6,13 (3H, s, OCH,),
' 6,45 (3H, s, OCH,), 7,19 (2H, deformed t, J7Hz,CO CH, CH, CH
(CHy),), 7,85 (3H, s, CCH,), 8,34 (3H, m, CO CH, CH, CH (CHj),),

and 9,04 (6H, d, side chain CH3)}

Bromination of 2,5 - dimethoxy - 3 - methylbenzaldehyde (9)

The aldehyde (9) (0,25g) was dissolved in acetic acid (10 ml) and
bromine (0,23g) in acetic acid (5 ml) was added. The mixture was heated
under reflux for 0,5 hours, cooled slightly, and the acetic acid
evaporated off. The resulting brown oil was taken up in diethyl ether
(20 ml) and washed with 107 aqueous sodium carbonéte solution, and
then with water. The ethereal solution was dried with sodium sulphate

and the solvent evaporated to afford a yellow solid (0,29g).
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'Hn.m.x. showed that this was a mixture of 4 - bromo - 2,5 - dimethoxy -
3 - methylbenzaldehyde (10) and the 6 - bromo - isomer in roughly

equal proportions.

Reaction of 2,5 - dimethoxy - 3,4,6 - trimethflbenzonitrile (34)

(a) With lithium aluminium hydride (LAH)

The nitrile (34) (O,Sg) in dry diethyl ether (20 ml) was
added dfopwise to a stirred slurry of LAH (0,25g) in dry diethyl
ether (20'm1). The mixture was heated.under reflux for 2 hours,
cooled, and 5M sulphuric acid (50 ml) was added. The aqueous
phase was washed with dichloromethane (2 x 25 ml) and then
rendered alkaline by adding solid sodium hydroxide. The basified
aqueous solution was extracted with dichloromethane, the extract

was washed with water, dried with sodium sulphate and the solvent
removed to give crude 2,5 - dimethoxy - 3,4,6 — trimethylbenzylamine
(36) (0,49g). 7T 6,18 (28, s, CH,), 6,30 (3H, s, OCH3), 6,38 |
(3H, s, OCHB), 7,72 (3H, s, CCH,), 7,84 (6H, s, CCHB), and

8,33 (2H, s, NH,).

(b) With potassium hydroxide

The. nitrile (34) (0,7g) and potassium hydroxide (7,0g) in a
mixture of ethanol (5 ml) and water (15 ml) were heated under
reflux for 72 hours. Most of the ethanol was removed by distil-
lation and a further.quantity of water (80 ml) was added to the

reaction mixture, which was then extracted with diethyl ether,
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The extract was washed with water, dried with sodium sulphate
and the solvent evaporatéd off to affor& crude 2,5 - dimethoxy -
3,4,6 - trimethylbenzamide (0,59g, 82%). Voax (Nujol) 3370,
3195, 1656, 1246, 1076 cm—l, T 3,61 br (1H, s, NH), 3,78 br

(1H, s, NH), 6,29 (3H, s, OCH,), 6,36 (3H, s, OCH,), 7,72 (3H, s,

CCH,), 7,82 (3H, s, CCH;), and 7,88 (3H, s, CCH,).

1 - (2,5 - Dimethoxy ~ 3,4,6 - trimethylphenyl) - 1 - pentanol (38)

The aldehyde (35) (0,3g) in dry diethyl ether (10 ml) was added
to the Grignard solution prepared from 1 - bromobutane (1,42g) and
magnesium turnings (0,25g) in dry diethyl ether (30 ml). The mixture
was heated under reflux for 6 hours, and then stirred overnight at
room temperature. Saturated aqueous ammenium chloride solution was
~added and the ethereal layer separated, washed with water, dried with
sodium sulphate and evaporated off to give the crude product (38) (0,38g).

T 5,01 (1H, m, CH OH CH, CH, CH, CH,), 6,25 (3H, s, OCH,), 6,38

34, s, OCH,), 7,75 (34, s, CCH,), 7,82 (6H, s, 2 x CCH,), 8,73

(6H, m, CH OH 952 CH2 CH2 CH3), and 9,08 (3H, deformed t, side chain

CH3).
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Attempted demethylation of 1,4,8 - trimethoxy - 2 — methyl ~ 3-(4 -

methylpentanoyl) = 9,10 - phenanthraquinone (61)

(a) With boron tribromide

. The quinone (61) (0,2g) in dry dichloromethane (10 ml) was
added dropwise to a cooled (-750) solution of borogkribromide
(0,53g) in dry dichloromethane (10 ml)., After stirring at ~75°
for 0,75 hours the mixture was stirred at room temperature for
a further 2 hours, and then worked up by pouring it into water
(150 ml), separating the organic layer, drying with sodium sulphate
and evaporating off the solvent., Preparative t.l.c. using
chloroform as eluant showed that a large number of products had
been formed in the reaction. A red band was removed from the

plate but 'Hn.m.r. indicated that this was not the hoped for

4 - hydroxypiloquinone (2).

(b) With boron trichloride

The quinone (61) (10 mg) in dry dichloromethane (10 ml) was
added dropwise to a cooled (-10°) solution of boron trichloride
(20 mg) in dry .dichloromethane (2 ml). After 1 minute the
freezing mixture was removed and the reaction mixture was stifred
at room temperature for a further 0,5 hours and then worked up
as in (a) above.

A reddish/orange band (7 mg) plus starting material (1 ﬁg)

was obtained by preparative t.l.c. (eluant chloroform). From the
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1Hn.m.r; spectrﬁm of the reddish/orange band it appeared that
boron trichloride h;d removed only one O - methyl group.
T 1,93 (14, d, J8Hz, 5-H), 2,44 (1H, t, J8Hz, 6-H), 3,09
(14, d, J8Hz, 7-H), 6,08 (3H, s, OCH,), 6,16 (3H, s, OCH,),
, CH, CH (CHj),), 7,60 (3H,

s, CCH,), 8,34 (3H, m, CO CH, CH, CH (CH

-+ 7,09 (2H, deformed t, J6Hz, CO CH, CH
3)2), and 2,08 (6H, d,
side chain CH3). No signal for the hydroxyl proton could be

identified. A mass spectrum of this compound gave the molecular ion

M/e as 396,

Reaction of 1,4,8 = trihydroxy - 2 - methyl - 3-(4 - methylpentanoyl)

phenanthrene (52) with osmium V111 oxide

The phenanthrene (52) (39 mg) and osmium V111 oxide (100 mg) in
~dry pyridine (30 ml)ﬁgiﬁfptirred at room témperature for 21 hours.
The reaétién mixture was worked up by adding sodium bisulphite (0,5g)
in water (50 ml) and stirring fér-a further 0,5 hours. After dilution
fo 400 ml with watef, the organic material was extracted with chloroform.
The extract was dried with sodium‘sulphate'aﬁd.the solvent evaporated
off to give a crude product which was chromatographgd on preparative
t.l.c. using chloroform as eluant,
A number of bands were removed from the plate but none gave any
indicétion by 'Hn.m.r. of the presence of a 9,10 - dihydroxy - 9,10 -

dihydro compound.
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Attempted oxidation of 1,4,8 - trimethoxy - 2 - methyl - 3 - (4 -

methylpentanoyl) phenanthrene (50) at the 9,10 - position using chromium

(V1) oxide in acetic acid

The phenanthrene (50) (50 mg) was dissolved in 967 acetic acid
(2,5 ml) by heafing to 70°. A solution of chromium (V1) oxide (55 mg)
in 967 acetic acid (0,5 ml) and water (0,3 ml) was added dropwise
and the reaction mixture was stirred and heated at 65 - 67° for
0,75 hours. The reaction mixture was poured into water (100 ml) and
extracted with chloroform until no more orange colour.showed. The
chloroform extract was washed successively with 10%7 aqueous sodium
carbonate solution and water. The organic layer was dried with sodium
sulphate and evaporated off to afford 8 -.methoxy - 2 - methyl - 3 -
(4 - methylpentanoyl) ~ 1,4 - phenanthraquinone (45) (13 mg, 28%7)
as red needles, m.p. 135 - 137°. (Found : M 350. C22 H22 O4 requires
M.M. 350), Voax (CH C13), 1704, 1664, 1600, 1584, 1458, 1230 cm_l,
T 0,96 (1H, d, J9Hz, 5-H), 1,32 and 1,87 (2H, ABq, J9Hz, 9- and 10-H),
2,37 (14, t, J8Hz, 6-H), 3,02 (1H, d, J8Hz, 7-H),‘5,96 (3H, s, OCHB),
7,21 (2H, deformed t, J7Hz, CO Eﬂé CH2 CH (CH3)2), 7,90 (3H, s, CCH3),
8,36 (3H, m, CO CH, CH, CH (CH,),, and 9,04 (6H, d, J6Hz, side chain

CH3).
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Di - O - methylpiloguinone

Piloquinone (1) (30 mg) in chloroform (10 ml) with silver 1 oxide
(150 mg), magnesium sulphate (1CO mg) and iodomethane (2 ml) were stirred
at room temperature until t.l.c. showed that all the starting material
had reacted. The solid materials were filtered off, and the solvent

removed to give 35 mg of crude di - O - methylpiloquinone. ‘Hn.m.r.

T 2,31 (18, s, 4-H), 2,43 (2H, m, 5~ and 6-H), 2,96 (1H, d, J7Hz, 7-H),
6,03 (3H, s, OCH3), 6,10 (34, s, OCH3), 7,08 (2H, deformed t, J7Hz,
COCH,CH,CH(CH,) ), 7,67 (3H, s, CCH;), 8,34 (3H, m, CH,CH,CH(CH,),),
9,04 (6H, d, J6Hz, side chain CH3). '

Attempted tri - O - methylation of 4 - hydroxypiloquinone

4 - Hydroxypiloquinone (2) (10 mg) in chloroform (10 ml) with
silver 1 oxide (100 mg), magnesium sulphate (100 mg) and iodomethane
(2 ml) were stirred at room temperature until t.l.c. showed that all the
' starting material had reacted. The solid materials were filtered off,
andvthe solvent removed to give a crude product which was subjected
to preparative t.l.c. using 107 ethyl acetate/petroleum ether as eluant.
.None of the bands removed from the.piate proved to be the desired
1,4,8 - trimethoxy - 2 - methyl - 3{4 - methylpentanoyl) - 9,10 -

phenanthraquinone (61).
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APPENDIX

Irradiation of formyl stilbenes

Irradiation of the trans-formyl stilbene (42) was carried out
under a variety of conditions as indicated below. None of the
experiments gave a good yield of the formyl phenanthrene (31), and
it is noteworthy that, in every case where irradiation was carried
on until the starting material had been completely consumed (as
indicated by t.l.c.), negligible yields of the forﬁyl phenanthrene

(31) were obtained.

(a) Two experimenté were carried out in which a cyclohexane solution
of the formyl stilbene was irradiated through quartz using a Vycor
sleeve, In the first experiment irradiation of a mixture of cis-
and trans—-formyl stilbenes (1 : 1) was carried out for 0,75 hours,
and in the second expefiment, pure trans-formyl stilbene (42) was
irradiated for 3 hours. In neither case could the presence of a
formyl phenanthrene be detected by either t.l.c. or n.m.r.

In all the following experiments pure trans—formyl stilbene (42)

was used as the starting material.

(b) In a further set of two experiments, the conditions used were
the same as in (a) above, except that irradiation was carried out

in an atmosphere of high purity nitrogen.
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In the first experiment.samples were taken at irregular
intervals, and when it became apparent that no further formyl
phenanthrene was being formed, the irradiation was stopped and the
reaction mixture worked up to give an 87 yield of formyl phenanthrene
(31), based on unrecovered starting material.

In the second experiment, irradiation was continued until all
the starting material had reacted. 1In this case no formyl phenan-

threne was detectable amongst the many reaction products formed.

(¢) In a single experiment, the procedure used by Sargent6 to
produce methyl 1 - methoxy - 2 - methyl — phenanthrene - 3 -
carboxylate from its stilbene precursor were followed (Cyclohexane
solution with a Pyrex inmer tube and no filter); At no stage of
the irradiation could the presence of a phénanthrene be detected

by t.1l.c.

(d) A further two irradiations were carried out under conditions
described by Leznoff34 (Benzene solution with a Pyrex inner tube
and no filter in the presence of iodine). After only 40 minutes,
the starting formyl stilbene had all reacted and only a trace of
formyl phenanthrene (31) Qas detected by t.l.c. Further irradiation

(up to 5,5 hours) did not afford further formyl phenanthrene (31).
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(e) A further two irradiations were carried out under similar
conditions to (d) above except that no iédine was added. In the first
experiment irradiation was carried on for a total period of two
hours by which time it was apparent that no more formyl phenanthrene
was being formed. On work up, a 137 yield (based on unrecovered
starting material) of formyl phenanthrene (31) was obtained.

In a second experiment irradiation was carried out for 5,25
hours, by which time all the starting material had disappeared, and
only traces of formyl phenanthrene were detected by t.l.c.

On the basis of these experiments, it appears that irradiation
of the trans—formyi stilbene (42) to give the phenanthrene aldehyde
(31) directly, does not give superior results to those obtained by
the indirect methéd originally employed to effect this part of the

synthesis. (See pages 26 to 28)

13Cn.m.r. spectroscopy of 4 - bromo - 2,5 - dimethoxy -~ 3 - methyl-

benzylbromide (12) and 6 - bromo —-2,5 - dimethoxy - 3 -~ methyl-

benzylbromide (16).

_ OMe o OMe OMe
Me CH, Br Me CHzBr Bre Br

Br < . Br 02N NO2
OMe : OMe Br

(12) (16) : (69)
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- The 13Cn.m.r. spectra of the compounds (12), (16) and (69) are
shown in figures 1V, V and V1 on pages 102 to 104. Initiallyz.
the spectra of compounds (12) and (16) were examined to see if these
proton coupled spectra would provide a facile method of assigning
the correct structure to the two isomers. In each case the C4
(ér C6) H, C3 - §ﬁ3, and Cl - CHZBr resonances can be unambiguously
assigned.

From a report35 of the profon coupled spectrum of toluene, a

X - CH (where X = H or

3J value of 4,5 - 5,0Hz for CH X - CH and CH

2 2

Br) might be expected. The observed 3J coupling constants (see table
on page93 ) of 5,0 - 6,5 Hz are, however, somewhat larger thaﬁ those
found in toluene. Thus, for one of the compounds, the sigﬁal due to
the ring cafbon atom carrying only a proton (C~4 in this case) is
split into a large doublet (lJC - H), each resonance of which is
further split into a quartet (3J = 5,6 Hz); this must arise from
coupling to the adjacent C - CH3 protons. Similarly, the methyl carbon
resonance has a doublet fine structure (3J = 5,9 Hz), The carbon
resonance of the - CH,Br group is a triélet with no additional
splitting, this confirming that the species is in fact compound (16).

In the other species (compound 12) the resonance of the ring
carbon atom at position 6 has a triplet fine structure, (3J = 5,8 Hz)
and the -~ CHZBr resonance a doublet fine structure, (3J = 6,5 sz,
and the methyl carbon resonance is a quartet with no additional
splitting, This confirms the species as being compound (12).

Thus the isomers (12) and (16) could readily be distinguished
by 13Ch.m.r. spectroscopy, but it was immediately clear from an

examination of the proton coupled spectra that an almost comple te,
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(OCH,at position 2 and 5 can not be distinguished from one another),

3
assignment of the resonances would be possible if the coUpling
of the methoxy protons to the ring carbons was known. |

Since the proton coupled spectrum of anisole has not been
reported, 3,5 - dinitro - 2,4,6 - tribromoanisole (69)‘was synthesised;
a protén coupled spectrum of this compound showed that only C - 1
had any fine structure (3J = 4,1 Hz).

Thus, in compound (12) the.resonance at § 150,20 is a large
multiplet and must be C-2, showing coupling to the protons of the.
methoxyl, methyl and bromomethyl groups. The resonance at § 151,68
is broad with a non-resolvable structure aﬁd is assigned to C - 5,

The resonance at § 114,96 inﬂthe spectrum of compound (12) is a double
quartet, rathef poorly resolved with coupling constant of about 6
or 7 Hz, is assigned to C - 4., The resonance at § 129;24 shows

a small triplet structure, is assigned to C - 1, whilst the resonance

at § 132,72 shows a well resolved quartet, and is assigned to C - 3

(3J = 5,9 Hz),

The assignment of the resonances of the compound (16) follows
from a similar examination of the resonance structures in its

13Cn.m.r. spectrum,
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EXPERIMENTAL

Irradiation of 4 - formyi -'2,'2’; 5;'6"*'tetramethoxy -3 -

methylstilbene (42)

(a) In cyclohexane solution through quartz with a Vycor sleeve.

(i) 0,21 g of the pure trans-formyl stilbene (42) was
irradiated for 3 hours by which time t.l.c. indicated
;hat all the starting material had reacted but no
phenanthrene had beeﬁ formed. A 1Hn.m.r. spectrum

of the product of the reaction showed no peaks in the

range 0 to 4T.

(ii) 0,17g of a 1 : 1 mixture of cis—~ and trans-formyl
stilbenes was irradiated for 0,75 hours. All the
starting material had reacted but no phenanthrene was

1
detectable by either t.l.c. or Hn.,m.r. spectroscopy.

(b) The conditions used were the same as in (a), but the irradiations

were carried out in an atmosphere of dry nitrogen.

(i) 0,l6g of pure trans-formyl stilbene (42) was irradiated
for consecutive periods of 30, 20, 35, 35, 50 and 35
‘minutes. A new product formed after about 1,5 hours of

irradiation, but the relative amount of this product
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in the reaction mixture (as indicated by t.l.c.), did

not appear to increase on furtﬁef irradiation; the

solvent was removed and the products of reaction separated
by column chromatography using 5 - 107 ethyl acetate/
petroleum ether as eluant. The product (31) (@ﬁ mg,

8% yield calculated on unrecovered starting material) was
eluted from the column first, and had an 1Hn.m.r. spectrum

identical with that of the authentic material. A later

fraction afforded 73 mg of the starting material.

50 mg of the pure traons-formyl stilbene (42) was irradiated

as in (b) (i) for 5,5 hours by which time all of the
starting material had reacted, but no traces of phenanthrene

could be detected by t.l.c.

’

(¢) In cyclohexane solution through a Pyrex inner tube with no

(d)

sleeve.

(1)

73 mg of pure trans-formyl stilbene was irradiated for
6,75 hours by which time no starting material or phenan-

threne product could be detected by t.l.c.

In dry benzene through a Pyrex imner tube with no sleeve.

(1)

100 mg of pure trans-formyl stilbene, together with
126 mg iodine, was irradiated in an atmosphere of dry

nitrogen for 0,65 hours. Thin layer chromatography of



(ii)

(iii)

96

the reaction mixture showed that the starting material
had all reacted and that a trace amount of the phenanthrene

(31) had been formed.

106 mg of pure trans-formyl stilbene (42) was irradiated
in an atmosphere of dry nitrogen for consecutive periods
of 15, 20,.30, 55 and 30 minutes. A new product formed
rapidly (after 35 minutes of irradiation); but the relative
amount of this product in the reaction mixture, (as
indicated by t.l.c.), did not appear to increase on further
irradiation. The solvenf was removed and the reaction
mixture separated iInto its componeunts as in (b) (i).

59 mg of starting material was recovered and 5,3bmg
of the product (31) isolated; the yield calculated on un-

recovered starting material was 137.

82 mg pure trans-formyl stilbene (42) was irradiated in an
atmosphere of dry nitrogen for 5,25 hours by which time
t.l.c. indicated that'all the stérting material had
reacted and that no trace of the phenanthreme (31) was

present,
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Synthesis of 3,5 - dinitro = 2,4,6 = tribromoanisole (69)

OH  OMe  OMe
Br Br Br : ~ Br Br /// Br
”~ - 7
0
M 10
Br . Br Br
(69)

The required compound (69) was prepared in threeeAsteps.

Step oﬁe involved treating phenol (9,4g) in acetic acid (120 ml)
with bromine (30 ml). The reaction mixture was poured into cold
water (1 litre) and the preéipitate was filtered off and washed with
a further amount of water (800 ml). The crude yield of 2,4,6 -
tribromophenol was 32,5g. Yn.m.r. T 2,40 (s, 2H, 3- and 5-H),
4,13 (s, OH).

10g of 2,4,6 - tribromophenol was dissolved in 967 ethanol (75 ml)
~ and warmed to 50°C. Dimethyl sulphate (3 ml) and 10 M sodium hydroxide
(3,4 ml) were added to the stirred solution over a period of ten
minutes, |

Finally 10 M sodium hydroxide (1,6 ml) was added and the reaction
mixture was heated under reflux of 1,5 hours. After cooling, the
solvent was removed and the resulting semi-solid was partitioned between
water and chloroform. The chloroform extract was dried over sodium
sulphate and the solvent removed to give crude 2,4,6 - tribromoanisole

in a yield of 7,4g. Some of the material was recrystallised from
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ethanol to give colourless needles m.p. 87°. Lit36., 87 - 889.

} 'Hn.m.r. T 2,34 (s, 2H, 3- and 5-H), 6,12 (s, 3H, -OCH3).

2,4,6 - Tribromoanisole (2g) was dissolved in a cold nitrating
mixture (:bonc. nitric acid (d = 1,5) (2 ml) and conc., sulphuric
acid (6 ml):] and the mixture was then placed in a boiling water
bath for 0,5 hours. After cooling to room temperature the mixture
was poured into cold water (100 ml) and the solid filtered off and
washed with further cocld water (100 ml). Recrystallisation from
dilute ethanol gave the product (69) (1,4 g) m.p. 149 - 150°.

Lie.37, 148°,

13Cn.m.r. spectra were recorded on a Bruker WH = 90DS spectro-
meter operating at 22, 634 MHz, Saturated solutions of the samples

were run in deuter&o-chloroform at 28°C. Typically, 50 000 transients

were needed with a cycle time of 0,5 seconds and using a 45° pulse,
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PART 11

A photochemical reaction of 2 - acetyl - 3 -
alkylamino - 1,4 - benzoquinones : Formation
of benzoxazoles.
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Introduction

Photoisomerisation of 3,6 - bisdialkylamino - p - xyloquinones
in benzene solution is known to give rise to benzoxazoliﬁes 8. |
However related 3,6.~ bismonoalkylamiﬁo -p - xyloquinones fail to
undergo photoisomerisation to bénzoxazolines39, presumably becguse
of the unfavourable spatial relationship between the N - alkyl
group and the quinoné carbonyl.gréup thus preventing abstraction of
a hydfogen radical, It was therefore decided to synthesise quinones
of the type (70) in which the N - alkyl group is held near to thé
quinone carbonyl group by means of a hydrogen bond between the NH
group and the carbomyl of an acetyl group in the molecule.

If these types of quinone failed to give benzoxazolines it'was
proposed to synthesise a series of quinones of the type (71) in
which it was felt there would be even more chance of the N - alkyl
group being held in the correct position for hydrogen radiéal aﬁ-

straction during photolysis.

PhN

¥ y

(70) (71)
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Due' to the success of the project using quinones of the type (70)
the only compound of the type (71) prepared was 3,6 - bisanilino -
2 - N,N - dimethylamido - 1,4 - benzoquinone (R = Ph).

An improved method of generating quinones of the type (70) is

also described.
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Preparation of the starting material

2 - Acetyl - 1,4 - benzoquinone was prepared by oxidation of
the corresponding quinol with silver (I) oxide in benzene solution.
The crude quinone was purified by sublimation and then treated with
aniline as in the method of Vorozhtsov and Marmaev40 to give crude
2 ~- acetyl - 3,6 - dianilino - 1,4 -~ benzoquinone which could be
purified by column chromatography. A second mefhod for preparing
this compound was'developed in which 2 , 5 - dihydroxyacetophenone
was treated with aniline and an excess of silver (I) carbonate iﬁ
dry benzene. Filtration an& removal of the solvent gave a product
which could éasily be purified by recrystallisation either from
benzene/light petroleum to give orange coloﬁred crystals or from

ethanol to give purple crystals, both types of crystal having the
: 1

~same melting point, and infrared and Hn.m.r. spectra.-

The 2 - acetyl - 3 - alkylamino - 1,4 ~ benzoquinones

Compounds (70 b-j) were conveniently prepared from 2 - acetyl -
3,6 = dianilino - 1,4 - benzoquinone .(70a) by amine exchange in.

chloroform solution.

0 : a; R = Ph f; R = cyclohexyl
b; R = Me g; R =~CH%e Et
c; R=H h; R = Bu
PhNH d; R = pc" i; R = Bu"
e; R = CHZCHZPh j;s R = CHZPh

(70)
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~

The reactions were essentially complete aftér a few minutes
except in the case of t - butylamine which required a long reaction
period, presumably'because of increased steric hindrance.

Attempts to replace the second anilino-residue by.using a large
excess of alkylémine and extended reaction timés on both the
dianilino - compouna (70a) and the monoalkylamino - derivatives
failed, but treatment of the methylamino ~ quinone (70b) with neat
n -~ butylamine gave the quinone (701i) ﬁy alkylamine exchange.

The 1Hn.m.r. spectrum of compound (70b) confirmed the gross
structure and indicated the presence of a strongly hydrogen-bonded
NH proton (T -3,42). That it is the alkylamino NH which is strongly
hydrogen-bonded was confirmed(by the observation that spin-decoupling
of this low-field signal caused the doublet at T 6,44, assigned to
the N -~ methyl group, to collapse to a singlet.

The use of i.r. spectroscopy tg obtain evidence for hydrogen
bonding to the acetyl group rather than with the quinone carbonyl
group is limited because of uncertainties concerning the assignﬁent
of peaks in the 1650 - 1600 crn—1 region. Compounds of type (70);
‘with the exception of (70c), show a medium intensity absorption
in the 1656 - 1640 cm—l region which could be assigned to the acetyl
carbonyl group, the frequency being lowered by hydrogen bonding and/or
conjugation with the amino substituent. However, it is known that
_ there are considerable contributions by quadrppolar species to Fhe
structures of amipated benzoquinones which in this case could involve
thé acetyl group and thus leéd to a lowering of the frequency of the

carbonyl absorption41’42.
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* Support for the supposition that the NH hydrogen bond is with
the acetyl rather than with the quinone carbonyl group may be inferred

from the course of the photo-reactions discussed below.

Photoreactions of some 2 — acetyl - 3 -~ alkylamino - 1,4 - benzo-

quinones.

Ultraviolet irradiation of a solution of the quinone (70b) in
benzene through a Pyrex filter for 1 hour gave the quinone (70c¢)

and the benéoxazole (72a) in 20 and 807 yields respectively.

a; R=H
b; R = Et
¢c; R = CH2Ph

The structure . .of the quinone (70c) was deduced from spectral
data and confirméd by synthesis from the quinone (70a) and ammonia.

On the other hand the structure of benzoxazole (72a) was supported

by ité i.r. spectrum vﬁax 3410 (NH), 3115 (oxazole CH), and 1630

- 1
cm 1 (H - bonded CO) and its Hn.m.r. spectrum T 2,42 (7-H), 2,06

(2-H), and -3,67 (H - bonded OH) .

Catalytic reduction of the quinone (70c) to the quinol followed
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by reaction witﬁ formalin yielded the benzoxazole (72a), thus con-
firming its structure. Irradiation of the quinones (70d and 70e)
gave the benzoxazoles (72b and 72c¢) respectively, as well as the
quinone (70c).

Photolysis of the cyclohexylamino - compound (70f) gave a
product which was too unstable for characte;isation but which décom—
posed to yield the quinone (70c) and cyclohexanone which could be
trapped as its 2,4 - dinitrophenylhydrazone and compared with
the 2,4 -~ DNP of authentic cyclohexanone. In an attempt to trap
the photo-product as a dihydrochloride, the irradiation was carried
ouﬁ in dry diethyl ether for 0,5 hours and then dry hydrogen chloride

gas was passed through the solution for 3 hours. On removal of the

solvent a brown solid was obtained which rapidly went black on exposure

to the atmosphere.

The formation of the products (cyclohexanone and the quinone
(70c)) is consistent with the photoproduct being either the benzo-
xazoline39 (73) or the imine (74). Photolysié of the s - butylamino -

quinone (70g) also gave an unstable photoproduct.

oH ’ : . _ oH
PhN . Ac PhN Ac

NH OH

73 - (78)
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The photochemical formation of the benzoxazoles presumably
involves intra molecular hydrogen abstraction by the excited
quinone as the first step since if there are no o — hydrogen

atoms in the alkylamino.side chain L_?s in (70hi]ru>photoreaction

is observed. Subsequently the diradical could lead to the benzoxazole

. either by hydrogen transfer, ring closure, and aromatization, or via

a spiroaziridine species43 or loss of a hydrogen radical and for-

mation of an imine, which may then cyclise either photochemically

or fhermally45 to yield benzoxazoles.

0 0
PhNH Ac PhNH Ac
——
NH } NH
O) c oH . lCH
H H
OH OH
PhN Ac PhNH Ac PhNH Ac
/N“'H N
Oo O — C\ H OJ

1@ /

t

\
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Ac

OH

PhNH

PhNH

OH

PhNH Ac

NH
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('_)
PhNH Ac ' PhNH PhNH
ﬁ—-—-—?
H
oL |
Y\ C
5" | “Nrh
H
0]+
A .
PhNBH hv or PhNH c
—_—
OH " Y <\

The formétion of the aminoquinone (70c) may be due to hydrolysis
6f an intermediate by traces of wafer in the organic solvents. Con-
sistent with this view, photolysis of the quinone (70b), when performed
in benzene to which a small quantity of water had been added, gave
the quinone (70c) and the benzoxazole (72a); the yield of the former
(78%) being significantly increased at the expense of that of thé

latter (223%).
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EXPERIMENTAL

2 - Acetyl - 3,6 - dianilino = 1,4 - benzoquinone (70a)

The above comﬁound»was prepared in the first instance by a literature
method40 but at a later stage as folldﬁs. A mixture 2 , 5 = dihydroxy-
acetophenone (50 ﬁg), aniline (130.mg>, and silver carbonate (970 mg)
in dry benzene (25-m1) was heated under reflux for 2 minutes and the
solid filtered off. The solvent was evaporated off and the resulting
solid recrystallised from ethanol to give the quinone (70a) (60 mg, 55%)

40 189,5 -~ 190%) (with darkening), v . (Nujol) 3305,

m.p. 200° (1it,
1652, 1631 cm L, T -3,75 br (1H, s, NH), 1,82 (lH, s, NH), 2,6 = 3,0

(1o4,m, ArH), 3,98 (1H, s, CH = C), and 7,38 (3H, s, COCHB).

2 - Acetyl = 3 - amino - 6 - anilino ~ 1,4 -benzoquinone (70c¢)

R . , . . .
5M - aqueous' ammonia solution : (0,2 ml) was added to a stirred mixture

i e

of the quinone (70a) (190 mg) in a mixture of chloroform (15 ml) and
ethanol (10 ml). After stirring for 0,5 hours the resulting precipitate

was filtered off and recrystallised from benzene to give the quinone (70c)

(55 mg ', 37,57) m.p. about 280° (1it.*®, 282°). (Found : C, 65,8; H,

reqﬁires c, 65,6; H, 4,7; N, 10,9%), Vo

4,9; N, 10,8. nax

C14 Hyg Ny O
(Nujol) 3300, 3240, 1645, 1610, 1590 cm ©, A, (EtOH) 247, 285, 317,

and 437 nm (log £ 3,91, 3,92, 3,98, and 3,10).
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2 = Acetyl -~ 6 - anilino - 3 - methylamino - 1,4 - benzoquinone (70b)

A mixture of the quinone (70a) (0,5g), aqueous methylaﬁine (337
W/W# 0,2 ml) and chloroform (30 ml) was stirred at foom temperature for
5 minutes, washed with dilute hydrochloric acid, then water and dried
with sodium sulphafe.' The solvent was evaporated off and the resulting
solid recrystallised from etﬁanol to give‘the quinone (70b) (0,4 g, 98,5%)
46

, 138%)., (Found : C, 66,6; H, 5,4; N, 10,3. Cy H, N0,

requires C, 66,6; H, 5,2; N, 10,4%), Voax (Nujol) 3280, 1648, 1630, 1585,

m.p. 137° (lit.

1510 cm—l, Amax (EtOH) 243, 295, 348, and 487 nm (log € 3,95, 3,90, 4,01,
and 2,96), T -3,42 br.(lH, s, NH), 1,58 br (1H, s, NH), 2,4 - 2,7 (5H,
m, ArH) 3,82 (14, s, CH = C), 6,44 (3H, d, J6Hz, NHMe), and 7,32 (3H, s,

COCH3) .

2 - Acetyl - 6 - anilino - 3 - (1 -~ propylamino) ~ 1,4 - benzoquinone (70d)

A mixture of the quinone (70a) (0,66 g) and 1 - propylamine (0,12 g)
in chloroform (20 ml) was stirred at room temperature for 5 minutes,
washed with dilute hydrochloric acid, then with water and dried with
sodium sulphate. The solvent was evaporated off, and the resulting solid
was recrystallised from ethanol to givé the quinone (70d) (0,52 g, 87,57
m.p. 145 - 146? (Found : C, 68,8; H, 6,2; N, 9,4, C17H18N203 requires
Cc, 68,43 H, 6,0; N, 9,47), Voax (Nujol) 3258, 1643, and 1620 cm_l, T 1,78 br
(1H, s, NH), 2,6 - 2,9 (5H, m, ArH), 3,94 (lH, s, CH = C), 6,08 (2H, m,
CH.,,CH ggé NH), 7,38 (3E, s, cocu3),vs,3 (2H, m, CH,CH, CH,NH), and

3772

8,9 (3H, t, J9Hz, CH

-——BCHZCHZNH)'
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2 - Acetyl = 6 -~ anilino ~ 3 - (2 - pheneythylamino) - 1,4 - benzoquinone (70e)

A mixture of the quinone (70a) (0,45 g) and 2 - phenyléthylamine
(0,33 g) in chloroform (20 ml) was stirred at room temperature for 5 minutes,
washed with dilute hydrochloric acid, then with water and dried with
sodium sulphate. The solvent was evaporated off, and the resulting solid
recrystalli;ed from ethanol to give the quinone (70e) (0,46 g, 94,37)
m.p. 138°. (Found ; c, 73,7; H, 5,2;‘N, 7,5; C22H20N203 requires C,
73,5; H, 5,6; N, 7,8%), T 1,78 br (1H, s, NH), 2,4 - 3,0 (10H, m, ArH),
3,96 (1H, s, CH = C), 5,8 (2H, m, PhCh,CH,NH), 7,02 (2H, t, J7Hz,

PhCH,CH,NH), 7,40 (3H, s, COCH,).

2 - Acétyl - 6 ~ anilino -~ 3 - cyclohexylamino - 1,4 - benzoquinone (70f)

A mixture of the quinone (70a) (0,2 g) and cyclohexylamine (0,11 g)
in chloroform (20 ml) was stirred at room ﬁemperature for 5 minutes,
washed with dilute hydrochloric acid, and then with wéter and dried with
sodium sulphate. The solvent was evaporated off, and the resulting solid
was recrystallised from ethanol to give the quinone (70f) (0,16 g, 78,57%)
m.p. 137 - 138°, (Found : C,.70,7; H, 6,5; N, 8,4. .C20H22N203 requires

1, T 1,74 br

¢, 71,05 H, 6,5; N8,3%), v___ (Nujol) 3300, 1635, and 1620 em
(14, s, NH), 2,5 - 2,9 (5H, m, ArH), 6,20 (1H, m, CH.N), 7,38 (3H, s,

COCH3), and 8,0 - 8,8 (10H, m, cyclohexyl CH2).
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2 - Acetyl -~ 6 - anilino - 3{2 ~ methylpropylamino) - 1,4 - benzoquinone (70g)

A mixture of the quinone (70a) (0,75 g) and 2 - methylpropylamine
(0,2 g) in chloroform (20 ml) was stirred at room temperature for 7 minutéé,
washed with dilute hydrochloric acid, and then with water and dried with
sodium sulphate. The solvent was evaporated off and the resulting solid
was recryétallised from ethanol to give the quinone (70 g) (0,64 g, 917)
m.p. 120 - 121°, (Found : C, 69,4; ﬁ, 6,6; N, 9,0. C18H20N203 requires

C, 69,3; H, 6,4; N, 9,0%).

2 - Acetyl - 6 - anilino - 3 - (1,1 - dimethylethylamino) - 1,4 — benzo-

quinone (70h)

A mixture of the quinone (70a) (0,72 g) and 1,1 - dimethylethylamine
(0,2g) in chloroform was kept in the dark for 1 week and then it was
washed successively with diluté hydrochloric acid and water, dried with
sodium sulphate and the solvent evaporated off to give the quinoné (70h)
(0,51 g, 74,5%) m.p. 151 - 152° (from ethanol). (Found : C, 69,2; H, 6,1;
N, 9,1. C18H20N203 requires C, 69,3; H, 6,4; N, 9,07%), Yook (Nujol)

3310, 1656, and 1621 cm -, T =3,75 br (1H, s, NH), 1,80 br (1H, s, NH),
2,5~ 2,9 (54, m, ArH), 3,92 (18, s, CH = C), 7,37 (3H, s, COCH,), ana

8,44 (9H, s, C(CHy),).
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2 - Acetyl = 6 - analino - 3 - (1 - butylamino) - 1,4 - benzoquinone (701i)

(1) A mixture of the quinone (70a) (0,6 g) and 1 - butylamine (0,135 g)
in chloroform (20 ml) was stirred at room temperature for 5 minutes,
wgshed with dilute hydrochloric acid, and then with water and dried with
sodium sulphate. The solvent was evaporated to give the quinone (70i)
(0,48 g, 55Z)lm.p. 113 - 114° (from ethanol). (Found : C, 69,4; H, 6,5;
N, 8,9. C ‘H' N,O .requires c, 69,3§'H, 6,4; N, 9,07), Yook (Nujol)

181207203
3287, 1643, and 1622 cm ', T 3,30 br (1H, s, NH), 1,72 br (1H, s, NH),

2,74 (SH, m, ArH), 3,95 (IH, s, CH = C), 6,02 (2H, q, J6Hz, CH,CH,CH,CH,),
7,35 (34, s, COCHB), 8,36 (4H, m, CHzEE EEZCHB), and 9,02 (3H, deformed t,
J6Hz, CH,CH,CH,CH,).

(ii) A solution of the quinone (70b) (40 mg) in freshly distilled

1 - butylamine (0,5 ml) was kept for 1 hour and then evaporated to dryness.

Recrystallisation of the residue gave the quinone (70i) (30 mg, 807)

m.p. 113 - 114° (from ethanol).

2 - Acetyl - 6 - anilino - 3 - benzylamino - 1,4 - benzoquinone (70j)

A mixture of the quinone (70a) (0,4 g) and benzylamine (0,25 g)
was stirred at room temperature for 7 minutes, washed with dilute hydro-~
chloric acid, and then with Watef and then dried with sodium sulphate.
The solvent was evaporated off to give the quinone (70j) (0,39 g ,
96,52) m.p. 136 - 137°(from ethanol). (Found : C, 72,5; H, 5,5; N, 8,3.
C21H18N203 requires C, 72,7; H, 5,2; N, 8,12), Voax (Nujol) 3285, 1642,
and 1616 cm *, T 1,76 br (1H, s, NH), 2,6 - 2,9 (10H, m, ArH), 3,93

(18, s, CH = C), 4,86 (2, d, J6Hz, CH,NH), and 7,40 (3H, s, cocn3).
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Photolysis of quinone (70b)

A solution of the quinone (0,120 g) in benzene (800 mlj was irradiated

for 1 hour through a Pyrex filter., The solvent was evaporated off and
the residue chromatographed on a silica gel column. Elution with benzene
gave 4 - acetyl - 6 - anilino - benzoxazol - 5 - ol (fZa) (0,096 g,
80,5%) m.p. 132 - 133° (from ethanol). (Found : C, 66,9; H, 4,5; N, 10,1.
C15H12N203 requifes c, 67,2; H, 4,5; N, 10,42), Voax (Nujol) 3410, 3115
and 1630 cm—l, kmax (EtOH) 276 and 410 nm (log € 4,14‘and 2,61),
T ~-3,67 (1H, s, oH), 2,06 (14, s, CH = N), 2,42 (1H, s, ArH), 2,5 - 3,1
(54, m, PbN), 3,5 br (lH, s, NH), and 6,92 (3H, s, COCH3). Elution with
chloroform gave 2 - acetyl - 3 - amino - 6 - anilino - 1,4 - benzoquinone
(70c) (0,022 g, 19,1%) m.p. 284 - 2860, identical with the product obtained
earlier, |

Repetifion of this photo-reaction with the quinone (70b) (0,083 g)
in benzene (800 ml) containing water (0,5 ml) and 2 drops of hydrochloric

acid gave, as before, the benzoxazole (72a) (0,018 g, 21,8%) and the

quinone (70c¢) (0,061 g, 77,57).

Irradiation of quinone (70d)

A suspension of the quinome (0,43 g) in cyclohexane (800 ml) was
irradiated from 0,75 hours through a Pyrex filter, the solvent evaporated
of f, and the residue chromatographed on a silica gel column. Elution
with benzene gave 4 - acetyl - 6 - anilino - 2 - ethylﬁenzoxazol -5 -0l
©(72b) (0,19 g, 44,52) m.p. 143 - 1442 (from ethanol). (Found : C, 68,8;

H, 5,7; N, 9,4. 0, requires C, 68,9; H, 5,4; N, 9,4Z), Vo

C178165203 ax
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(Nujol) 3420, 1628, and 1603 cm ©, T ~3,45 (1H, s, OH), 2,44 (1H, s, ArH),
2,6 - 3,0 (54, m, PhN), 3,75 br (1H, s, NH), 6,92 (3H, s, COCH,), 7,06

(2H, q, J7Hz, CH,CH,), and 8,57 (3H, t, J7Hz, CH,CH,).

Irradiation of quinone (70e)

A solution of the quinone (0,35 g) in benzene (800 ml) was irradiated
for 0,75 houfs through a Pyrex filter, the solvent evaporated off, and
the residue chromatographed on a silica gel column. Elution with benzene
gave 4 -~ acetyl - 6 - anilino - 2 ~ bénzylbenzoxazol - 5 =0l (72c)
(0,13 g, 37,7%) m.p. 131 - 132° (from ethanol). (Found : C, 73,6;
H, 5,1; N, 8,1, C22H18N203 requires C, 73,8; H, 5,0; N, 7,8%), Voax
(Nujol) 3405, 1630 and 1604 cm 1, T -3,50 (1H, s, OH), 2,49 (1H, s, ArH),
2,6 - 3,1 (10H, m, ArH and PhN), 3,68 br (1H, s, NH), 4,78 (24, s, CHzPh),
and 6,95 (3B, s, COCH3), Further elution with chloroform gave 2 - acetyl -

3 - amino - 6 -~ anilino ~ 1,4 - benzoquinone (70c) (0,07 g, 387).

Irradiation of quinone (70f)

A solution of the quinone (0,35 g) in cyclohexane (800 ml) was
irradiated for 0,75 hours through Pyrex and the solvent evaporated off to
give a maroon residue.

The photolysis was repeated with the same améunt of quinone in benzene
(800 ml) but the product decomposed to a dark maroon coloured substance
before the initial yellow coloured material could be purified by column .

chromatography.
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In a’'third photolysis the quinone (0,35 g) in dry diethyl ether was
. irradiated for 35 minutes through Pyrex. The solution was concentrated
under reduced pressure and the last traces of solvent were removed in a
stream of dry nitrogen. Aqueous 10% sulphuric acid (140 ml) was added,
and the resulting solution distilled at constant volume into a saturated
solution of 2,4 ~ dinitrophenylhydrazine in dilute hydrochloric acid.
When 80 ml of distillate had been collected, the precipitate (0,15 g)
was remqved and recrystallised from ethanol to givé cyéiohexanone 2,4 -
dinitrophenylhydrazone (0,115 g) m.p. 157 - 1580, identical with an
authentic sample. No product was isolated from the aqueous residue éf
the distillation.
| From another reaction in which the irradiated solution was kept
in ;ir for several days, 2 - acetyl ~ 3 - amino - 6 - anilino - 1,4 -

benzoquinone (0,09 g) was obtained by filtration.

4 — Acetyl - 6 - anilinobenzoxazol - 5 - ol (72a)

A solution of 2 - acetyl - 3 - amino - 6 - anilino - 1,4 - benzo-
quinone (70c) (0,424 g) in benzene (70 ml) was stirred with pre-reduced
Adams catalyst in hydrogen until one equivalent of hydrogen had been
absorbed. A solution of aquéous formaldehyde (407%; 4 ml) in ethanol (10 ml)
was added and the mixture was stirred overnight, filtered, and eyaporated
to dryness. Chromatography of the residue on silica gel using benzene
as eluant afforded the‘benzoxazole (0,165 g) m.p. 128 - 1290, identical

with the material obtained earlier.
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