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The browning of fopdstuffs of vegetable origin,
such as bruised apples or bananas, is well known. This
is caused, in part, by the formation of the brown plg-
ment melanin. However, it is thought that an importaAt
part is played by the interaction of the amine groups
of amino acids and proteins with o-quinonoid compounds
generated by the action of enzymes on naturally occurring
phenolic compounds such as adrenaline. The formation of
the brown melanin pigments is basically due to this type
of reaction, insofar as the first step involves intra-
molecular attack of an K-amino group of an amino acid on
a l,2=-quinone nucleus. When Raper studied the:formation
of melanin, by the oxidation of tyrosine (I) and 3,4-di-
hydroxyphenylalanine (II) in the presence of tyrosinasel,
he found that one of the main intermediate products was
5,6~dihydroxyindole (III). This compound is also formed
in vivoa and is readiiy oxidised by a non-enzymatic pro-
cess to give melanin. The formation of (III) can be re-

presented by Scheme 'A'.
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It remained to determine how (IIIL) was converted to mel-

3

anin, Clemo and Weiss” suggested that further reaction
first involved the formation of 5,5',6,6!'-tetrahydroxy-
indigo (IV) and the corresponding di-o~-quinone (V).
These compounds condensing through one hydroxy and one
keto group, either in the benzenoid or pyrrole ring, to

give a chain structure. The main evidence in favour of

this mechanism is that it would require the consumption
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of 5.25 atoms of oxygen per molecule of (I) to give the
melanin. This is in good agreement with a value of 5.23
found by Duliere and Raperq. The nitrogen content of
(IV) is also in good agreement with that of several
samples of natural melanins,

Bu'Lock and Harley—Mason5 suggested that indole-
5,6-quinone (VI) is the actual precursor of melanin,
polymerisation occurring via the 3- and 7- positions to
give a linear polymer (VII). These linear units would
be cross-linked via the 2~ position to the L~ position
of another molecule. As evidence for this mechanism, work
on the condensation of simple 1,2-quinones with simple

indoles was carried out. It was found that 1l,2-benzo-
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quinone, in aqueous ethanol, condensed with indole to ﬁ
give 4-3'~indolyl-l,2-benzoquinone (VIII). Similarly
L-methyl-l,2~benzoquinone yielded 4~3'-indolyl-S5-methyl=- et
1,2-benzoquinone (IX). Other examples are also given.

Indole and 1l,L4-naphthaquinone yielded 2-3'-indolyl-

Gt

1,4-naphthaquinone, analogous to (VIII), together with

I8 gokehl o 4

2,3-di~(1,4~naphthaguino~2-yl)indole(X). This last

Lant. kg S bl
Y aledd AL SRR

product illustrating the way in which the linear chains

of (VII) could become cross-linked. 5,6-Dihydroxy=-1- .%
methylindole yielded melanin~-like products with all

the quinones used by the authors. Substitution of indole
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in the 3~ position led to colourless adducts,of vastly ;
different physical properties from the coloured adducts f

already described,which were not identified.
The reaction between amino acids and phenolic

compounds in the presence of go-diphenol oxidase has been

studied by several workers., dJames, Roberts, Beevers and

>
DeHock" extracted a highly active polyphenolase from the o




leaves of ATROPA BELLADONNA which oxidised catechol, adr-

enaline, N-methyladrenaline and other hydroxy compounds.
If amino acids were added to a catechol-enzyme mixture,
a rich red colour developed, which the authors claimed
is due to thé addition of one molecule of acid, via ﬁhe
amino group, to the 4 position of L-hydroxy-o-quinone.
It was believed that this condensation product was re=-
gsponsible for the observed secondary oxidation of the
amino acids. Jackson and Kendal7 treated tyrosine, .
catechol, and homocatechol with mushroom extract in the
oresence of proline, hydroxyproline, hydroxyproline
ethyl ether, pyrrolidine, glycine, dimethylamine, and
methylamine., The nitrogenous compounds with primary
amino groups gave an orange-red colour, while secondary
amino compounds gave an intense purple. It is believed
that one molecule of nitrogenous compound reacts with
one molecule of quinone, generated by action of the
mushroom extract on the phenolic compound, to give a

leuco bhase which alir oxidises to the coloured form. o

Oxidation of any excess glycine present was also observed

in agreement with the results of James et al. Mason and

Peterson8 obtained spectroscopic evidence for adducts

vhen treating catechol, h-methylcatechol, 3,4~dihydroxy=-

)
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phenylalanine or 5,6-dihydroxyindole with g-diphenol
oxidase in the presence of compounds with terminal prim-
ary amino groups, aliphatic amino compounds, amino acids
with secondary amino. groups,and amince acids containing
thio groups.. They found that only compounds with thio
groups and aromatic amines reacted with quinones der-
ived from 3,4-dihydroxyphenylalanine and these adducts
appeared to derive from ‘'indole-5,6«quinone' only.
Pierpoint has carried out investigations on
quinones of more biological significance. He treated
chlorogenic acid (X) with tobacco leaf g-diphenol
oxidase both alone and in the presénce of various trap-
ping agents? A solution of chlorogenic acid and enzyne
alone becomes brown with the uptake of oxygen, but cor-
rect amounts of benzenesulphinic aclid or cysteine re-
duce oxygen uptake and prevent browning. Aniline,
glycine and amino acids with secondary amino groups .

gave coloured products and increased the oxygen uptake

by the system. Tertiary amines had no effect. Pierpoint

suggested that the chlorogenic acid is first oxidised to

the corresponding quinone (XI). This can then polymerise

via the hydroxygquinone to give brown compounds. This

has been suggested for aqueous solutions of A-naphtha-

b
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HO COOH
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O—C—CH=CH

HO COOH

X

quinonelo and g-quinone formed by the oxidation of cat-
echol by mushroom o-diphenol oxidasell. The colouration
and increased oxygen uptake in the presence of amines

was postulated as being due to adducts obtained by attack

at the 6 position of the quinonoid ring, scheme B. It

R O < OH R @)
NH, +O_
O RNH OH RNH o
OH
= CHCHCO.O OH

Scheme 'B?
HO COOH




is suggested that aniline reacts further to give the 2,6~
di~anilinoquinone and possibly the anil.

In a later paperla, Pierpoint extends his work
to include unesterified caffeic acid (XII) and increases
the range of amino acids studied. He finds both &~ and

€~amino groups of amino acids react with the quinones

HO CH=CH—COOH
o ;*'5
X
from caffeic and chlorogenic acids to give coloured adducts. é

When peptides were used in place of amino acids, the term-
inal o-amino groups ,and lysihe E-amine groups,reacted to
give initially similar compounds to those obtained earl-
ier though secondary reactions also occurred, )

It will be seen that the work mentioned in-
variably used 'in situ' generated quinones and no isolat-
ion and characterisation of products was attempted, This
thesis describes work carried out with freshly prepared é
crystalline l,2~quinones and simple amines. This had ’

the dual purpose of giving more insight into biologically

important quinone/amine reactions and increasing our
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knowledge of quinone chemistry.

2
;

oy . X

L
E
P




Wil e ¥

Bl Aot ol DR Al g0 bl S
5 A ST

2

DISCUSSION




SECTION I

The Reactions of 1,2~Benzoquinone with Aniline and

Substituted Anilines.



Y

General. Preparation of 1l,2-Benzoguinones

The prevaration of 1,2-benzoquinones is gener-
ally effected by the oxidation of the corresponding cate-
chol or of a suitably substituted phenol. With catechols,
only dehydrogenation is necessary, while with phenols,; a
second oxygen.atom must be introduced into the aromatic
nucleus in the 2-position. The first record of the prep-
aration of a 1l,2-benzoquinone was in 1887, when Zincke >
prepared the tetrachloro~ and tetrabromo- compounds by

oxiddation of the catechols with concentrated nitric acid.

Several workers employed this method to prepare tetra-

substituted polyhalo- Q«benzoquinoneslj"l8 and it has
been used by later worker819n25.
R R
o N OH A
RN OH R2 @)
R, R,
For example R1=R2=R3=R4=Cl Ref. 13,21,32,58.
Rlee, R2=R3=R4=Cl Ref. 15.

See also references 13%-27.
The early interest in highly substituted poly-

halo~ o-benzoquinones was probably due to their good shelf

life compared with the instability of the less substituted
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compounds. The use of nitric acid was extended by
Cousin28 who prepared tetrabromo~ and tetrachloro-l,2-

benzoquinones from the mono-~ and dimethyl ethers of the

corresponding catechols. g E
In 190k, Willstiter and Pfannenstiel®? first
reported the use of silver oxide as an oxidising agent

for catechols. This has been successfully used by many

workers to prepare the more sensitive quinones. The gen-

eral method involves shaking the catechol with freshly =

prepared silver oxide, in dry ether, in the presence of

a dehydrating agent such as sodium sulphate.

R
{__-OH e o
R, A0, Ec,O | Ry
N 7
R\ - a,50,, R,
1 ]
For example, R1=R2=R3=R4=H. Ref. 29, 30, 3Lk, 35.
R1=R4=H, R2=R3=Me. Ref. 31.

See also references 29-43.

Other oxidising agents such as dichromate31’44’45’46,
57;41747’98 48

lead dioxide , lead tetraacetate’™, sodium
49 20,51

nitrate and iodine have been used occasionally.

Formation of o~guinones by air oxidalion has e

been studied by several workers. Thus 3,5-diamino-1,2- 2

22

benzoquinone” ~, 4,5-diamin0*1,2—benzoquinone55, and 3,5~ £




diamino~6~hydroxy—l,2—benzoquinone46 have been prepared
by air oxidation of the corresponding catechols in amm-
onia solution. HMNetal salts in the presence of alkaline
agueous methanol have been used to catalyse air oxidation.
Thus 3,5-ditértiarybutyl—catechol has been oxidised to

54 ’ 55

the guinone , and L-methyl-catechol has yielded the

quinone as a transient product56. 3,5=-Ditertiarybutyl-
1,2-benzoquinone has been prepared from the catechol
using a copper/amine complex as catalyst57. 3,5-Ditert-
iarybutyl-l,2-benzoquinone has also been prepared from
2-tertiarybutoxy-L,6-ditertiarybutylphenol by the action
of a cuprous chloride/pyridine catalyst in an atmosphere

62
of oxygen .,

OH _ o)

OtB ' ~ O
" CuCy N

(]

25,58,59

Horner and Dirckheimer ploneered the
use of g-chloranil as an oxidising agent for catechols.
This is an extremely versatile reagent which can be used

to prepare quinones, that have lower redox potentials and

solubilities, at low temperature. Thus a solution of o~




o, [ .

chloranil in dry ether will oxidise catechol in the same
solvent, at -25 to ~30°C, to give 1,2~benzoquinone which
precipitates from the solution.

The oxidation of phenols to quinones can be
effected by several reagents. Historically, the first
use of this method was the preparation of L-triphenyl-
methyl-6~chloro(or bromo)-l,2-benzoquinone from 2,6-di-

6

chloro~4-triphenylmethylohenol 0 (or the dibromo- com-

pound) using nitric acid in acetic acid solution.

61

Rocklin has since applied this method to pentachioro-

and pentabromo- phenols to give the Eorresponding tetrahalo-
1,2-quinones. A wide range of solvents can be used and

the concentration of nitric acid is not important as

long as it is substantially in excess of the theoretical
amount. Copper/amine catalysts have been used to oxidise

63

phenols in an atmosphere of oxygen ~-. Thus 4-Tertiary-

butylphenol yields 3-(p-tertiarybutylphenoxy)-5-tertiary-

1002t S o

butyl-1l,2-benzoguincne when treated with a cuprous chlor-
ide/pyridine complex in an oxygen atmosphere. The same
result can be obtained using cupric chloride in the place

of the cuprous salt and morpholine in the place of pyri-

dine.

o2 T
P TRACTR Y

The most versabils and synthetically useful re-
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OH

agent for phenol oxidation is potassium nitrosodisulph-
onate (Fremy's salt). In the solid state, this is an
orange/yellow dimer which is known to detonate spontane-
ously. However, if prepared by the method of Harvey and
l:io1ling:::lu»:ad()[+ and carefully dried, it can be stored in-
definitely. Yremy's salt is used in buffered aqueous
solution under which conditions it exists as a stable
purple radical. The reagent was first used for 1,2~

3
quinone synthesis by Teuber and Rau6). It has since

SO,K
w #
O—N SO;K SO,K
= +/
SOK  O—N — 0N
SO,K \sogK SO,K
o

Ar

IR T T
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been shown to be widely applicable to p-~blocked phenols66"72,

slde chains being unaffected. It is necessary to employ p-

blocked phenols, thus limiting its usefulness to L-~substit-
uted 1,2-quinones, as 1l,4-quinones will result if the para

position ds free. Toubsr and G85z°° showed that s thres-

step process was involved in the oxidation as suggested in ke

scheme 'Af, This mechanism was substantiated by isolation

OH O o _ :
KaS,0.NO

L
CH, CH, .

3

4

lHONO@%m 3

Q o NGOK),

O A

P H 7

HNS,O,K, - @ e @
CH, CH,

Scheme 'A!

of the intermediate (II) in the oxidation of (1)69. Fur-

ther evidence in favour was obtained by using Fremy's salt }
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with the nitroso group labelled with 180 73. It was found
that the labelled oxygen was incorporated into the quinone,
thcugh a cervain amoupt of exchange with the solvent occ-
urred in the preparation of g-guinones. (No such exchange
was observed in the p-quinone system.)

The work in this thesis used pre-prepared cryst-

allline guinones throughout in contrast to earlier work

in which guinones generated 'in situ' were often used.
¥xcept in one case, (4-methyl-l,2-naphthaquinone) these
vwre prepared from the catechols by the method of Horner
et al using g~chloranil, or from the phenols by the
method of Teuber et al. Most 1,2-benzoquinones dimerise

and polymerise if allowed to stand at room temperature.
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However, it was found possible to store all the gquinones

used, for long periods, in solid carbon dioxide.
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Previous work on the reactions of amines with 1,2-quinones

The presence of the conjugated carbonyl system
in 1l,2-benzoquinone allows two types of uncatalysed nucle
eophilic attack by amines to take place. These are direct
attack on thé carbonyl groups (i.e. at the 1 and 2 posit-
ions) and attack at the 4 and 5 positions to give Michael
(conjugated) addition products. Both types of reaction
are well known, the site of attack apparently depending
mainly on the amine used.

Direct attack on the carbonyl groups is compar-
itively rare, having been reported only for o ,g-diamines,
hydrazine derivatives and primary aliphatic amines. Very
little work has been done with the parent quinone, most
workers having used the more stable substituted quinones.
While hydrazine itself has been shown to reduce quinones74,
substituted hydrazines attack at one of the carbonyl pos-~
itions to give hydrazones. Thus McPherson and I_lucaus?5
reacted benzoylphenylhydrazine with 1,2-benzoquinone to
give benzoyl-o~hydroxyazobenzene., Several workers have
reacted toluene-p-~-sulphonylhydrazine with various 1,2~

)76’77’78. Under the

benzoquinones to give hydrazones (I
influence of base these decompose to give the diazo-

oxides (II). Similar products (III) were obtained by
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O

R NH,NHSO,kolyl

@)

Rlzome, R2=R7=R1+=H’ Ref.:~ 5 .
R2=0Me, l“RB”Rq'H’ Ref.:~ 5

R 201, Rl_R3uRq~H Ref.:~ 5

Ra.—.-i-le, l:: 3-_-: L|.=h’ Ref,:~ 5

=i, gl R2~R3

) oL
::\l " e, Ref J

R,=R, =H, Ry=R,=t-butyl, Ref.:- 3,4

2 L9 3

N.NH,SO-,'&O Lyl

NaOH

warming aromatic ketohydrazones with 1,2-quinones’’ in

dry benzene or other hydrocarbon solvent.

O

®
NH,NICCPR), .

O

I

NNC (Ph),

Attack on the carbonyl function has also been

§ Een * .
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observed with primary aliphatic amines. NcCoy and Day
obtained ‘oxazoles (IV) when treating phenanthraquinone
or reienequinone with primary aliphatic amines having two
e % o s g !
aivha hydrogen atoms. Similarly, Corey and Achiwa ob-

tained the -‘oxazole by reacting benzylawmine with 3%,5-di-

tertiarybutyl-l,2-benzoquinone. With other aliphatic

b O
@)
PHCH,NH,

o

ramines, they obtained the Schiff's bases, which were not
isolated, giving the corresponding aldehydes on acid hydr-

olysis. McCoy and Day similarly obtained Lenzaldehyde on

amine reaction.
In all these cases, only one carbonyl group has
been attacked, probably for steric reasons. The only re-

ports of double attack occurring are when diamines are used.

anpaliea Blunl L et I

hydrolysis of the intermediate in the retenequinone/benzyl~ -
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Sthylenediamine is known to form a pyrazine with retene-

guinone, out most work has been carried out with aromatic

g—diamines such as o-phenylenediamine and its derivatives.
82 .

Kehrmarn and Mermod treated 1,2-benzoquinone and -~

methyl-l,2-benzogquinone with g-phenylenediamine. The

reactions were carried out in sodium~dried ether, in the

w»resence of sodium sulphate to remove any water produced,

giving good yields of phenazine and 2-methylphenazine (V)

O NH,, N
e 2T
R X0 NH, R - ®

R=H onCH, A

respectively. Many phenazine derivatives have since been

made by the same general method in a variety of solvents
83“96365:67

refs,” » Occasionally, abnormal reactions
occur. Thus, while dimeric 4,5-dinmethyl~1,2-benzoguinone
will react with pyrimidine derivatives to give diazophen-

azines, the monomer, with its higher redox potential,

. & L il | % o : ; § = 5
Yo L notgF. Similarly, 3,5-diacetamino-1,2~benzoquinone

82

is reduced by go-diamines . 5S-Methoxy~3-tertiarybutyl-

1,2-benzoquinone undergoes sinultaneous attack at the carb-
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cnyi groups and at the 5 position to give l-tertiarybutyl-

3-(o~aminophenyl)aminophenazine (VI)96.
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Attack at the 4 and 5 positions of 1l,2-quinones
car be brought about by various amines to give mono-~ or
di~-substituted quinones, Reactions reported have invar-
iably been carried out using quinones generated in situ
by several different means. Kehrmann and Cordone83
treated a mixture of catechol and aniline in glacial
acetic acid with silver oxide to give 4,5~dianilino-~-1,2-~

97

penzoguinone (VII), Maclaurin and Jackson isolated
several rroducts from the reaction of aniline on o-chlor-
anil in ethanol solution. They obtained dianilinodichloro-

1,2~benzoqguinone, ethyl alcohol~dianilinodichloro-l,2-

U:

enzoguinone and dianilinodichloro-l,4-benzoguinone-
mono-anil. When the aniline dianilinodichloro-l,2~benzo~

quinone was recrystallized from petrol, dianilinodichloro-
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H

OH PhN o)

= PhNH, Aq.O
. AC.OH

S OH Pki}}ll O

1l,2-benzoquinone was obtained., This compound formed
addition products with aniline and ethanol. Bernard198
obtained mono- and di-aryl derivatives of l,2~benzoquinone
using lead dioxide to oxidise catechol in the presence of
aniline and substituted anilines. Di-p-methylanilino,
di-p~chloroanilino and di-p-bromoanilino 1,2-benzoguinones
have been prepared using sodium lodate to oxidise catechol
92’95’95. L,5-Dianilino-1,2-benzoquinone and the mono-
anil have also been prepared by treating an aniline/cat-
echol mixture, in acetone, with potassiun ferricyanide99.
Formation of quinones from catechols and phenols
by enzymic oxidation has also been employed. Thus
“agreich and Nelsonloo treated catechol with tyrosinase
in the presence of aniline to give 4,5-«dianilino-~l,2-
benzoquinone. Similar products were obtained by Pugh and
10

Raper using tyrosinase to oxidise catechols and phenols.

Deutscher and Wagreichlo2 treated phenols and catechol
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with tyrosinase in the presence of air and aniline to
give unspecified dyes. The saxe products, which were
sresumably 4, 5~dianilinoquinones, vere obtained using

v-chlorophenols in place of the unsubstituted compounds.

s

Aliphatic amines have also been added to 1,2~

benzoquinones generated in situ. Thus K8nig and Letschloj

. A | 2 : ;
and Vasil'eva and Berlin > have obtained nmonc- and di-
anino derivatives of o-benzocuinone by silver oxide oxid-
ation of catechol in the presence of bis-2-~hydroxyethyl-
: : L0k — R——
amine. Horner and Lang , using the same oxidising

agent, obtained iono- and di- amino derivatives with ethyl-
ene - imine, dimethylamine and N-methylaniline. Brackman

05

and Havingal obtained 4,5-dimorpholino~l,2~benzoquinone

(o3

y stirring catechol and morpholine together in an atmo-
sthere of oxygen. The same product could be obtained

from phenol in the presence of cupric nitrate.

Reaction of aniline and substituted anilines with 1,2-

benzogulnone

Earlier workers have studied the reactions of
aniline and its derivatives with in situ generated 1,2~

benzoquinones (see references: 83,92,93,95,98,99,100,101,

ey
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102 and 103%). This section of the present thesis descrilbes
a reinvestigétion of the reaction using crystalline 1,2-
benzoquinone that had been prepared previously by the method
of Willstdter?,

A éolution of 1,2-benzoquinone and aniline in
methanol was stirred for several hours then allowed to
stand overnight. Addition of water precipitated red/brown
4,5-dianilino-1,2-benzoquinone having the same melting
point as the product obtained by Barry et al95. The cor-
respgonding diarylamino compounds (VIII) were obtained
when aniline was replaced by p-bromo-, p-chloro- or p-

methoxyaniline. T.L.C. examination showed the presence

H
O . AN O AN o
f 2% % s H' H
Me.OH < > \ ’/
O Arﬁ O AN o

s

viil

———

a) Ar=CcHg b) Ar=p-OMe-CcH, c) hr=p-Cl-CeH,

L SO = L S
d) Ar=p-Br C,6HI+

of small quantities of the corresponding mono-anils of

2,5~diarylamino—l,qnbenzoqﬁinone (IX) which could not be




2P
removed by crystallisation. Purification was effected by
preparative scale T.L.C. on silica gel plates using chloro-
form as eluant. With o~ and p-nitroaniline, no products
verce isolated presumably due to these compounds being

weaker nuclebphiles.

ArN~ O\ Al;N O\

i //H . r{\ H

AN NAe AN NAp
™

———

a) Ar=Ph D) Ar:B—MeO-C6H c)Ar=E~Cl—C6H“ d) Ar;R—Br~C6H4

L

Table I
Compound %max logg 7hax logg 7hax logg 7max logg
VIIIa 265 L4.12 310 4.15 424 3.59 480 3.53
VIIID 267 L4.10 305 L4.17 458. 3.8L 500 3.73
VIIIc 273 L4.22 286 4.20 395 3.86 490 3.51
VIIId 277 4.15 285 4.15 392 3.84 500 3.2l |

Wavelength in mu, €& in litre mole *cm™t

The ultra violet spectra of the four diaryl-

amino compounds are very similar having four absorption
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maxima (Table I).

The infra red spectra show absorption charact-
eristic of the N-H group at 3150-3250 cm"l having no other
readily assignable signals.

Thé n.m.r. spectra of compounds VIIIa-c are
qualitatively similar (Table 2). Due to low solubility,
it was not possible to record the spectrum of VIIId. The

assignment of the absorptions are as follows: the singlet

Table 2
Compound Aryl protons Quinonoid protons Alkyl protons
VIIIa 2.5-3057 (m,12H) 3.957T (s,2H) .
VIITb  2.7-3.2% (m;10H)  3.95T (5,2H)  6.20T (s,6H)

VIIIc 2.8% (s,10H) 3.957T (s,2H)

at 3.957, which integrates to two protons, is due to the

protons of the quinonoid ring; the multiplets at 2.5-3.5T

and 2.7-3%3.27T, in the spectra of VIIIa and VIIIb respectively,

are due to superimpositions of the signals from the aryl
protons and those carried by the nitrogen atoms, in VIIIc,
the same protons give rise to a broad singlet; the meth-
oxy protons of VIIIb are seen as a singlet at 6.207., -

When ether was used as solvent instead of meth-

i 3
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anol, the major pfoducts were different.

A solution of aniline and 1,2-benzoguinone in
ether was allowed to stand for 24 hours. After filtration,
the solvent was stripped under vaccuum to give a red solid
which, on trituration with a little ether, yielded the
brown mono anil of 2,5-dianilino-1,4~benzoquinone (IXa).
The corresponding anils were obtained when p-chloro-, p-
bromo- or p-methoxyaniline was used in place of aniline.
The compounds were contaminated with small guantities of
the diarylamino compounds (VIII) from which they were
separated by T.L.C.

The ultra violet spectra, which are very sin-
ilar, differ from those of the products obtained in meth-

anol having only three maxima (Table 3). The infra red

Table 3
Compound '“max loggs o logg g, .o logsg
IXa 278 4.30 382 4.19 523 3,18
IXb 2797 k.27 B03 L,Al 545 3.41 0 -
IXc 286 L.25 385 4.0 520 3.23
IXd 286 L4.23 387 4.04 521 3.20

-1

Wavelength in mu, ¢ in litre mole ‘em

i s AU G it sl a8 - S .
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spectra show few readily assignable bands, with the excep-
tion of peaks at 3190-3300 cm - due to the N-H group.
N.m.r. spectra could only be obtained for IXa
and IXb due to the low solubility of the other two com-~
pounds. In IXa, the protons of the aromatic rings and
those on.nitrogen give rise to a multiplet at 2.4-3.057T
correctly integrating to 17 protons. A corresponding
multiplet at 2.7-3.37, integrating to l4 protons, is seen
in the spectrum of IXb. A singlet at 3.867T, integrating
to 2 protons, in the spectrum of IXa is assigned to the
guinonoid protons. These give rise to two singlets, at
%.887 and 4.057, in a 1l:1 ratio, in the spectrum of IXb.
The methoxy protons of Iib are seen as two singlets at
6.207 and 6.257. The two signals, which have the required
overall integration of 9 protons and are in a 2:1 ratio,
show that one group is in a slightly different environ-
ment from'the other two. This is as expected from the

structure of the product.

It 1is probable that the dramatic change in the
proportions of the two types of product, with change of
solvent, is due to acetal formation in methanolic sol-

ution, In ether, inltial attack occurrs at the carbonyl
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position to give the appropriate 1,2~benzoquinone mono-
anil, which probably remains as the anil hydrate. This

makes attack at the remaining carbonyl group difficult,

so that subsequent addition occurs at the Michael position.

In methanol,.acetal formation will make attack at the car-
bonyl groups unfavourable, so that we obtain mainly the
adducts resulting from Michael addition. Hemiketals have
previously been suggested as intermediates in nucleophilic
attack on quinones. It is known that 1,2-benzoquinone
reacts with aliphatic alcohols, in the presence of min-
eral acids as catalysts, to give substituted 1,4~benzo-
106,107,108

quinones . Hemiketals are thought to be imp=-

ortant intermediates in these reactions. Borner and

106

Gowecke provided good evidence for such intermediates,

in acid catalysed reactions, by isolation of the hemi-

acetal (X) in 81% yield, from the reaction of methanol

with 4,5~dimethyl-1l,2~benzoquinone.

CH 0 CH O
N MeOHHY ,
| —OCH
CH; s O CH: on
X

"
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512 and 3:3 molar ratios of 1l,2-benzoquinone to
amine are required for the formation of adducts VIII and
IX respectively. The 'extra' 2 moles of quinone required,
above the stoichiometric amounts, are necessary to oxidise
the initial édducts. Formation of VIII proceeds via an

addition/oxzidation process as shown in scheme 'B'.

- CE
1.%

ArN
ArNH,,
ArN
VI .

AFNH'J. i

Ar = C.H p-Me0~C_ H

gtgs 2 6 4’

B~Cl~C6H4, E-Br—06H4.

Scheme 'B!
Evidence for this scheme comes from the work of Adams,

Hawley and Feldberglog. They reacted go-aminobenzoic acid

and aniline with 4-methyl-l,2-benzoquinone (generated in
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situ by electrochemical oxidation of the catechol) to
cive 1,4 addition products. By following the reaction
electrochemically, they found it proceeded in a similar
manner to that described in scheme 'B'. The first step
was addition.of the amine to the quinone to give the sub-
stituted L-methylcatechol. This then underwent oxidation
to give the corresponding quinone. They also found that
substitution by the amines reduced the redox potential of
the quinone, as is necessary for scheme 'B!' to be viable.
Formation of IX follows a similar route. In this case,
the initial step is formation of the mono anil which. then
undergoes conjugate addition in a manner analogous to

that set out in scheme !B?t,

Reaction of o-aminophenol with 1,2-benzoguinone

A solution of g-aminophenol in anhydrous ethér
was stirred for 24 hours with a solution of 1,2-benzo~
gquinone in the same solvent, After filtering free of the
polymer produced and stripping the solvent under vaccuunm,
the crude pruduct was chromatographed on alumina to give
B—aminophehoxaz~2~one (XI). This had an identical melt-
ing point and infra red spectrum to those published by

Ikekawa et alllo. The high resolution mass spectrometric

FignSFIaR, T
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XI
measurement on the parent ion gave an m/e value of 212.0588 %
compared with a theoretical value of 212:0586. e

The reaction was repeated using methanol as sol- i

vent in place of ether. After allowing the reaction mixt- %
L

ure to stand overnight, the solvent was stripped under 'ﬁ
vacuun before adding a mixture of acetic anhydride and i
pyridine. After standing for two days, 4,5-di-(o-acetoxy- %
anilino)-1l,2~benzoquinone (XII) was filtered off as an i 7£
orange solid. 3
AprN O ¢

X1t
The ultra violet is similar to those of comp-
ounds VIIIa-d showing four absorption maxima at 246mgk f




35

(log¢ = 4.18), 560gﬂ (logE = 4.12), L 50mp (logé = 3.96)
and 500@@ (inflection). The infra red spect?um shows
absorption at 1770 & (acetyl carbonyl) and 1640 e+
(quinonoid carbonyl) together with a broad absorption
centred at li6O S (C-0-C linkage). No strong N-H
absorption is obtained wvresumably due to hydrogen bond-
ing with the acetyl groups. The mass spectrum gives the
major structural information. The parent ion, which is
weal, was shown by high resolution to have an m/e ratio
of 406.1163 compared with a theoretical value of 406.1165
for 022H18N206' The spectrum shows the expected losses
of acetyl and acetoxy groups, but the first major frag-~
mentation is loss of an o-acetoxyanilino group. The ion
thus formed undergoes loss of acetyl and cyclisation to
give the 3~-hydroxyphenoxaz-2-one ion. Bvidence for the
last i1on is obtained by comparison of the spectrum from
this point with that obtained from 3-aminophenoxaz-2-one
(4I) when the two are seen to be qualitatively almost
identical. A breakdown scheme for the major ions obtained
is given in scheme 'C',

Compound XII is formed by Michael addition of
o~aminophenol to the quinone, as shown in scheme 'Bf,

followed by acetylation by the acetic anhydride/pyridine
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m/e LOB
~p~acetoxy=- ~-CH_CO ~-CH,CO
aniline = 5 e
*
M =160
\L 74 “~
n/e 255 n/e 364 =4 Qase 305 ZSHECQ /e 347
—CHBCO ~CHZCO —CH3C02
~Hp
M =178
< L' 4
n/e 322 m/e 286

W N
N OH
NS
CLIX +
n/e 213 6 o
J XI

i m/e=212
M =160, 5 ~OH , m/e 196, ’
M =160 ~H 5 u/e 196
Y 3
m/e 185 ;QQHO > m/e L1hl —C_NH ;
W =ReR n/e 184—2—2—>n/e 1hh M =113 -
4 =131.5 =V , m/e 168 . l ~NH
. M =132 > m/e 168
N v
m/e =156 m/e=156

Scheume 'C!
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aixture. XI is obtained by attack of a molecule of
o-aminopnenol on an other molecule that has previously
been oxidised by 1l,2~benzoquinone. XI has been obtained
by other workers by direct oxidation of o-aminophenol
with yellow mercuric oxidelll and ultra violet lightllo.
Eutenandtlla has reported analogous products from the
treatment of *-substituted 2-aminophenols with oxidising
agents. Thus, 2-amino-3-hydroxybenzoic acid (XIII)
yields the 4,5-~dicarboxylic acid of 3-aminophenoxaz-2-

one (XIV) on treatment with mercuric oxide., If 2-~amino-

COOH COOH COOH
N NH
R OH o O
XL

%~-hydroxy-acetophenone (XV) and catechol in acetic acid

N

are treated with potassium ferricyanide, the product ob-
tained is 3-hydroxy-S5-acetyl-phenoxaz~2-one (XVI), This
comvound is formed by Michael addition of the aminophenol
to 1,2~benzoquinone generated by ferricyanide oxidation
of the catechol. If the oxidant is changed to tyrosinase,

in an agueous solution buffered to pH 6-8, 3-amino~i,5-
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COCH, COCH,
NH, N OH"

catechol N
K3Fe(CN), ,A<CH

OH ’ o O
2 XVL

diacetyl-phenoxaz~2-one (XVII) is obtalned. As tyrosinase
is known to oxidise catechol to l,2-~benzoquinone, the prod-
uct probably arises by an analogous manner to the formation

af XI.

COCH, COCH,




SECTION II

The Reactions of Alkyl Substituted 1,2-Quinones with

Aniline and Substlituted Anilines

£

e R
S E Gt A2 nd s

.
B P PPN
et R
K S

.

N e

s A,

o

el

"

.(.
A e
A ¥AL e

%,
Sl S80S

sy

R LAt ¥ )
VR e

&

igi%}i;;igf #

o
AR

SRy, e S

Poviah sam B
£ n s Ak 6

e

LT L

i, ) vk ge ) in Gan
P s PRI s

TN SRR L




~3%9-

Reacticns of %,5-dimethyl-l,2~benzoquinone with para-

substituted anilines

The rcactions of anilines with 1,2-~henzo~
quinones having methyl groups in the 4 and/or 5 posi-
tions,where conjugate addition occurs ,were studied in
an attempt to force attack to occur at the carbonyl
positions. p-Anisidine was used first as the methoxy
protons give a convenient flabel' in the n.m.r. spectrum.

A solution of p-anisidine in methanol was
added to a solution of 3%,5-dimethyl-l,2~benzoquinone
in the same solvent. After stirring for a few minutes,
the flask was sealed and allowed to stand for three
weeks. The crude product was filtered off and re-
crystallized from ethanol to give fluffy brown crystals

of the mono-p-methoxyanil of 2,5-di-(p-methoxyanilino)~

3(or 6)-methyl-l,L4-benzoquinone (XVIIIa), When the

H
ArN O

a) Ar = p-MeO-C6H4
ArN ﬁAm

b) Ar = p~Cl-C,.H
CHy 5

g
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reaction was repeated in ether, no isolable product was
obtained.

XVITTIa has a sharp melting point and satisfact-
ory C,H and N analysis. The infrared spectrum has an
absorption aﬁ 2270 cm'"l showing the presence of the

H-H group. The ultra violet spectrum is qualitatively

similar to the spectrum of the mono-p-methoxyanil of
2,5~di~(p~methoxyanilino)~1,~benzoquinone (IXb) having ﬁ
three major absorption maxima.

The n.m.r. spectrum shows a singlet at 8,377,

integrating to three protons; due to the methyl group
attached to the quinonoid nucleus. The protons of the
three methoxy groups give rise to a close doublet at é.EST
integrating to 9 protons in all., The two peaks are in
the ratio of 2:1 showing two methoxy groups in a slightly
different environment from the third as expected from
the proposed structure., The single proton of the guinon-
oid ring gives a singlet at 3%3.97 which integrates correct-
ly, while the remaining protons give a multiplet at 2.4~
3.37T integrating to fourteen protons.

The mass spectrum gives a strong molecular ion
at m/e 469, together with strong M+2 and M-l ions. Loss

of methyl gives rise to a fragment at m/e 454 while loss




-

of methoxy gives a fragment at m/e 438. The last two
strong ions are the anisidine ion at m/e 123 and loss of
methyl from this at m/e 108,

The reaction was repeated using p-chloro-
aniline in the place of p-anisidine glving the analogous
product (XVIIIb). The product gave a satisfactory C, H
and N analysis. The infra red spectrum shows the presence
of N-H by a broad absorption at 3260 cn™t. The ultra
violet spectrum is very similar to that of the anil ob-
tained from p-chloroaniline and l,2-~benzoquinone in ether
{IXe)

The n.m.r, spectrum showed a singlet at 8+ 30T,
integrating to three protons, due to the methyl group
of the quinonoid ring. The proton of the quinonoid
ring appears as a singlet, integrating to one proton, at
3.957. The remaining fourteen protons give rise to a
multiplet at 2.6-~3.37T which integrates correctly,

The mass spectrum gives a strong parent with
ions at m/e 481, 483, 485 and 487 in the ratio 27:27:9:1,
as required for three chlorine atoms in the molecule.
Loss of chlorine gilves three strong peaks at m/e Li5,

L7 and 449 in the ratio 9:6:1.
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The reaction of 3-methyl-l,2-benzoquinone with p-anisgidine

The reaction of 3-methyl-l,2-~benzoquinone with
p~anisidine was carried out in order to gain further evi-
agence for the structure of compounds XVIII. From the
results obtained with unsubstituted 1,2-benzoquinone and
aniline derivatives, the reaction of the 3-methylquinone
with p-anisidine in ether would be expected to yield
XVIlIa,

A mixture of 3-methyl~l,2-benzoquinone and p-~
anlsidine, in the minimum quantity of ether, was stirred
overnight. The crude product was filtered off and re-
crystallized from methanol giving dark needles which
proved to be 4(or 5)-p-methoxyanilino-3-methyl~l,2-benzo-

quinoce (XI¥). When the solvent was stripped from the

.
IAPNT/\ O g
yio
Ar = p-MeO~C.H, -
CH, 67k

filtrate, and the brown oil obtained chromatographed on

alumina, a small quantity of XVIIJa was obtained as ex-~

pected. This was ldentical to the sample from 3,5-di-
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methyl-1,2~benzoquinone,

The infra red spectrum of XIX shows the presence
of the N~H group by an absorption at 3160 cn~*. The mass
svectrum shows a strong molecular ion at m/e 243 and also
a étrong M+2 ion at 245. The loss of methyl from these
gives strong peaks at m/e 228 and 230 respectively. The
two peals at wm/e 123 and 108, which appear to be charact-
eristic of p-anisidine substituted quinone rings, are
also quite strong. Low solubility made it impossible to
obtain an n.m.r. spectrum,.

Though the reaction in ether did not yield the
expected anil as the major product, the same reaction in
methanol did yield the expected diarylamino compound. A
solution of p~anisidine in methanol. was added to a sol-
ution of 3-methyl-l,2~benzoquinone in the same solvent.
After standing for 24 hours, filtration yielded the crude

product. Recrystallization from methanol gave dark shiny

H
ArN - /}3

AN Xy N0
H Ar = p»-l'--ie()---C6H}+

CH
XX
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needles of 3-methyl~i4,5-di~-(p-methoxyanilino)-l,2-benzo-
guinonc (XX).

The product has a satisfactory C, H and N an- ?
alysis. The presence of the N-H group is shown by an ‘
absorption at 3320 cn™t in the infra red spectrum. The
ultra violet spectrum is very similar to that of the
dimethoxyanilino compound derived from benzoquinone it-
self (VIIIb) as expected from the structural similarity.

The n.m.r, spectrum showed a peak at 8.42T,

integrating to three protons, due to the methyl group

on the quinonroid ring. The proton on this ring is seen
a5 a further singlet, integrating to one proton, at 3.92T.
“he two methoxy groups give rise to a singlet at 6,207
integrating to six protons, while the remaining ten

and 3,17
protons appear as .two.peakk at 3.077,which integrate

A
correctlye.
The mass spectrum shows a strong molecular ion
at m/e 364. Strong peaks at m/e 349 and 333 come from
loss of methyl and loss of methoxy respectively. The two

peaks at m/e 123 and 108, due to anisidine and loss of

methyl from ansidine, are also strong.
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Reacticns of 4, 5-dimethyl-l,2~benzoquinone with para-

substituted anilines

p~4nisidine was added to a solution of 4,5-di-
methyl-1,2~benzoguinone in methanol. The mixture was
stirred until all the amine had dissolved then set aside
for 5 days. The purple solid obtained by stripping the
solvent under reduced pressure was chromatographed on
alunina to give the mono~grméthoxyanil of 5-(p-methoxy-
anilino)~h-methyl-l,2~benzoquinone (XXIa). When ether
was used as solvent, no identifiable products were iso~

lated,

§ o

fl

p~Me0-CcH,

~ b) Ar
CHs i NAr

i

The structure of the product, which had a
satisfactory C, H and N analysis, was confirmed by spec-
troscopic means., The infra red spectrum has a strong ab-
sorption at 3320 cm™t showing the presence of the N-H
group. The n.m.r. spectrum shows a singlet at 7.657,

integrating to three protons, due to the protons of the
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methyl group remaining in the quinonoid ring. The two
protons in the same ring give rise to two singlets at
3,427 and 3.68 7T each integrating to one proton. The
two methoxy groups, which are in slightly different en-
vironments, give rise to a 1:1 doublet, centre 6.25T,
which integrates to six protons. The remaining nine
rotons give rise to a multiplet at 2.72-3%.307T which
integrates correctly.

The mass Spec£rum shows a strong molecular ion
at m/e 348 from which loss of methyl and methoxy groups
give rise to ions at m/e 333 and 317 respectively., Loss
of an anisidine group gives rise to an ion at m/e 226
while the anisidine group itself appears at m/e 123, The
final major ion, at m/e 108, results from the elimination
of a methyl group from anisidine.

The reaction was repeated replacing the R-anis~
idine by p-chloroaniline to give the analogous product
(XXIb). The structure of the compound, which had a satis=-
factory G, H and N analysis, was again confirmed by spec-
froscopy. The infra red spectrum has a peak at 3305 cm"l
showing the presence of the N-H group. The n.m.r. spec=-
trum shows a singlet at 7.70T, integrating to three prot-

ons, due to the remaining methyl group of the guinonoid

' R gl P2 O L
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ring. Only one of the ring protons now gives a clearly
distinguishable signal, appearing as a singlet at 3,787,
The other ring proton, together with the nine so far un-
accounted for, makes up a multiplet at 2,6~3.57 which in-
tegrates to ﬁen protons as required.

The mass spectrum gives few strong ions. Strong
molecular ions are seen at m/e 356, 358 and 360 in the
avproximate ratio of 9:6:1 aé required for two chlorine
atoms. Loss of one chlorine atom gives two peaks at m/e
321 and 323 in the ratio 3:1l in agreement with the présence

of only one atom of chlorine.

Reactions of aniline and para-substituted anilines with

L-methyl-l,2~benzoquinone

A solution of p-anisidine in dry ether was
added to a solution of L-methyl-l,2-~benzoquinone in the
same solvent. After standing for 2 days, the crude prod-
uct was filtered off and recrystallized from chloroform
to give the dark brown mono-p-methoxyanil of 2,5-di-(p-~
methoxyanilino)-1l,4~benzoquinone (‘IXb ). This was id-
entical in properties to that obtained from reacting 1,2-
benzoquinone with p-anisidine in ether. When ether was

replaced by methanol as solvent, the same product was
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cbtained. Replacement of p-anisidine by aniline and p-
chloroaniline in turn yielded the corresponding anils
(" IXa.) and ( IXc'.) respectively in methanolic solution.
All these products were identified by comparison with
the samples 6btained from 1,2-benzoguinone and the cor-

responding amine in ether.

Reaction of p-anisidine with 4-ethyl-l,2-benzoquinone

A solution of p-~anisidine in methanol was -
added to a solution of 4e~ethyl-l,2-benzoquinone in the
sane solvent. After standing for 3 hours the crude
product precifitated wvas filtered off, a second crop
was obtained after standing for 2 days. Recrystalliz-
ation from methanol' gave the dark brown mono-p-methoxy-
anil of 2,5-di-(p-methoxyanilino)-1l,4-benzoquinone (* Ixnh' ).
The structure of the products was proved hy ¢omperison
with a sample prepared from'Raanisidine and 1,2-benzo-

quinone in ether,

Reaction of p-anisidine with L-methyl-l,2-naphthaquinone

A solution of p-anisidine in methanol was added
to 4-methyl-l,2-naphthaquinone in methanol. After stirring

for a short time and standing overnight, the crude product
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vas filtered off, a second crop being obtained after 24
hours. The product consisted of two components which
were separated by column chromatography to give the mono-
p-nethoxyanil of Le-p-methoxyanilino-l,2-naphthaquinone
CANTT) together with a small quantity of 4~p-methoxy-

anilino-1,2-naphthaquinone (XXIII).

NAe O

= O :
\

HNAer HNAp

KX Xl

Ar = p-MeO-CcH,

XXII has a sharp melting point. The infra red %

spectrum shows an absorption at 3310 cm"l indicating the . j
presence of the N~-H group. The mass spectrum shows a f
strong parent ion which has an m/e value of 384.14738
under high resolution, as required for Cal+ 20N207' Loss
of methyl gives a strong ion at m/e 369. The next strong
ion occurs at m/e 279 and is shown by high resolution to
have the formula C17 13NOW. This can only be explained ,
by hydrolysis of the carbon-~nitrogen double bond in the

l-position of the parent molecule, in the mass spectro-
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meter. (The sample used was shown by t.l.c. to be free
from compound XXIIT)., This ion eliminates methyl giving
a further strong ion at m/e 264. It was not possible, due
to low solubility, to obtain an n.m.r. of the compound.
The infra red spectrum of XXIII shows a broad
N-H absorption at 3200 cm_l0 The mass spectrum shows a
strong molecular ion which has an m/e value of 279.0895
under high resolution. This compares well with a theor-
etical value of 279.0897 for C..H,.NO The next major

17715 5"
jion occurs at m/e 264 due to loss of methyl from the

v A
T A

parent. A strong ion at m/e 2%6 is probably formed by
elinination of CO from the remains of the anisidine ring '?

giving a cyclopentadienyl ion as shown below,

O O
> O
72 O
\ '.
NH NH
o+

n/e 264 m/e 236
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This compound is also too insoluble for an n.u.r.

spectrum to be obtained, -

Reaction of 3,5-~ditertiarvbutyl«l,2-benzoquinone with

p-anisidine

Having observed elimination of methyl and ethyl

groups from the 4-position of 1,2-quinones, the effect

of substituting a tertiarybutyl group, which has noX -

hydrogen, was tried to see if similar elimination would
occur,

A mixture of 3,5~ditertiarybutyl-l,2-benzo-
quinone and p-anisidine in methanol was allowed to stand
overnight. Purple crystals of 10-p-methoxyphenyl-6,8-
ditertiarybutylphenaz-2~one (XXIV) were precipitated

and filtered off.

OCH,
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The infra red spectrum of XXIV does not show
an absorption corresponding to N-H. A broad peak at
1250 cm"l shows the presence of the C~0-C linkage. The
n.m.r. spectrum shows2.singlets at 8.37, integrating to
eighteen protons, due to the two tertiarybutyl groups.
The methoxy group gives rise to a singlet at 6.157 which
integrates to three protons. The remaining nine protons
make up a correctly integrating multiplet at 2.5-3.27.

The mass spectrum shows a strong molecular
ion having an m/e ratio of 414.231 by high resolution.
This is as required for C_,H,.N_.O

27 30" 28"
loss of methyl and methoxy are seen at m/e 399 and 383

Strong ions due to

respectively. Loss of ethane from these gives rise to

tvo ions at m/e 369 and 353 respectively.

Mechanism of the dealkylation of substituted 1,2-quinones

Dealkylation of 1l,2~benzoquinones, having
methyl groups in the L~ and 5-positions, is readily
brought about with anilines. Substitution by the amine
at the dealkylated position always coccurs, Displacement
of an ethyl group also proceeds smoothly, but tertiary-
butyl groups are not affected. In all cases where de-

alkylation occurs, direct attack on one carbonyl group
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also takes place giving an anil as the final product,
e.g. XVIII, |

The first step in the dealkylation is probably
addition of the amine to a quinone methide or a quinone
imine methide, This will have an arylaminomethyl group
(Ar NH~CH2—), which can be displaced, in the place of
the methyl group, displacement of which seems incon-
ceivable. The reaction path could then follow the route
shown in scheme 'D',

This route is supported by the observations
previously noted. It is in agreement with the elimin-
ation of methyl and ethyl groups while a tertiarybutyl
group, having no ot~hydrogen, would not be expected to
be displaced. The mechanism also predicts the elinlnie .
ation of secondary alkyl groups byt this has not, as
yet, been tested. TFormaldehyde was detected in the
reaction mixture by adding water, and distilling directly
into a flask containing an alcoholic golution of dime-
done in the presence of a catalytic amount of pyrimi-
dine. After allowing to stand, long needles of the
dimedone/formaldehyde addition product crystallized out,
An attempt was made to synthesize L-benzyl-l,2-benzo-

quinone in the hope of reacting this with p-anisidine.
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This would have given & much larger fragment which should
have been detected as benzaldehyde. However, all synth-
etic routes tried failed to give the required quinone.
5,6,7,8~Tetrahydro-2,3-naphthaquinone (XXV)
was synthesiéed and reacted with p-anisidine. The aim
of this experiment was to cleave the ring between pos-
itions 5 and 10 with amination at position 10. It was
hoped that by examination of the product, and in part-
icular of the group at position 5, it would be possible
to obtain further mechanistic evidence. A product was
obtained from the reaction but it could not be thor-
oughly purified and though physical data were obtained

on the impure product, identification was not possible.

—————

XXV
Though dealkylation has not been previously
reported in the 1,2-benzoquinone series, evidence for
the proposed mechanism 1s glven in studies made with 1,4~

ke

benzoquinones, Cameron, Scott and Todd obtained side
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chain aminated products from methyl substituted 1,L-
benzoquinones. Thus, duroquinone (XXVI), in the presence
of excess piperidine, ylelds 2,3-dimethyl~5,6-bispiper-

idomethyl~quinol (XXVII)lin 55% yield. Formation of

o~ N
CH,
piperidine ~ °?

7

CH

CH;3 CH, CH;

8

the product is thought to go via the tauntomeric form 5
[

(XXVIII) of duroquinone. This undergoes attack by the 3
- %

®) O

<~

W

CH; CH, CHg CH,
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amine alt the methylene group to give the 2~piperido-

methyl-3,5,6-trimethyl-quinol. Oxidation and attack by

a second molecule of amine then yields the product (XXVII).

(In all cases reported, the quinol form, not the quinone,
was obtained). This side chain amination gives good evid-
ence for the possibility of a similar reaction occurring
in the 1l,2-~benzoquinone series as required by the mechan-
ism proposed.

114 reported methyl eliminat-

Cameron and Scott
ion during ahination of certain methyl substituted 1,4~
benzoquinones using ethanolic methylamine. To obtain
demethylation in this case, it is necessary to use quin-
ones substituted in such a manner that direct attack on
the nucleus to give the p~diamino quinone is not possible.
Thus, o-xyloquinone (XXIX) with methylamine, yields 2~
methyl-3,6~bismethylamino~1l,4~benzoquinone (X¥XX). The

mechanism proposed for the formation of the product is

O w0
CH, CHaN CH,
MQN Hg_ N
EtOH 0
CH, ﬁCH;
1 HKXX

O O
XXIX
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direct attack at the 6-position, gilving nuclear amination,
followed by side chain amination to give the intermediate
quinol (XXXI). The authors then suggest that this under-
goes a reverse Mannich to give the second quinol (XXXII)
which, after'oxidation to the quinone, undergoes nuclear
oxidative amination to give XXX, The formation of diaryl-
315,116

methanes from naphthalic Mannich bases is cited as

evidence for the reverse Mannich stage. The formation of

OH

OH
XXX XRXIL

these diarylmethanes is thoughtll7 to involve decompos-
ition of the base in two ways. ZElimination of the amine
to yield a quinone methide, and apparent reversal of the
Mannich reaction to yield a naphthalic compound, formald-
ehyde and the corresponding amine.. .. An addition reac-
tion between the two fragments would then yield the di=
arylmethane as shown below for the case of lawsome;

(2-hydroxy~1l,4~naphthaquinone). These reactions pro-

DTN [ i S0 O L YO 1 I IO 75, S
i) T N o ety Sy e pvet s F ki 4 R i

bt g 2
o R et Bah LA

OH
H H
CHN CH, CHN CH,
—MeNH, X%
~CHO ’ MeNH,
CHNHCH,
»- OH




=BG

O O @)
OH OH O
2 — +
CH,NR, , CH,
O O O
JCH,O+2HNR
O /
| |OH HO
C
O H, @)

ceed under a variety of conditions such as in weakly alk-

A7 or just warming in eth-

anol in the absence of acid or alkalill6. Formaldehyde

aline solution, acid solution

would be formed by this mechanism as it would in the
. alternative scheme 'D', This was detected by Cameron

and Scott.

The conversion of XXXI to XXXII should not
strictly be called a reverse Mannich reaction as true re-

versal of this reaction requires acid catalysis.




SECTION III

a) The Reactions of o~Phenylenediamine with 1,2-Benzo-

quinone and Methyl Substituted l,2~Benzoquinones

b) The Reaction of Benzylamine with 1,2-Benzoquinone
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Reaction of o-~phenylenediamine with 1l,2-benzoquinone

A solution of o-phenylenediamine in anhydrous
e¢ther was mixed with a solution of 1l,2~benzoquinone, in
the same solvent, in the presence of calcium sulphate as
a drying agent. After filtration, concentration of the
colution and chromatography on alumina yielded phenazine

(XX¥III), This had an identical melting point and infra

XXXl

red spectrum to a sample prepared by the method of

Morley118

. The n.m.r. spectrum shows the expected AA%B‘
system having two multiplets at L.7-1.97% and 2.1=2.47T.
The coupling between protoﬁs l and 2 is 7 c.p.s., and
between 1 and 3 is 3.4 c.p.sS..these values being in the

region expected for ortho and meta coupling. The yield
82

obtained was much lower than that of Kehrmann and Mermod~",

approximately 75% of unchanged diamine being recovered.
The reaction was repeated using methanol as

solvent. The work up was modified in this case, acetic
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anhydride and pyridine being added after removing the
solvent from the reaction mixture., After standing for

2 days, yellow needles of 2,3-~-diacetoxyphenazine (XXXIV)
were obtained, This compound melted at 238-40°C comp-
aved with a value of 230°C obtained by Fischer and Hepp-t

The n.m.r. spectrum shows a singlet at 7.67, due to the

six protons of the acetyl group, and a further singlet

N OCOCH,
N OCOCH,
XXXV

at 1.957 due to the protons 1 and 4. The remaining four
protons form an Aﬁﬁg system with two multiplets at 1.7~
1.97 and 2.05-2.37, (J78 = 7C.PeB.} J68 = 3.4CePeS. ).

The infra red spectrum supports the structure showing two

strong overlapping bands at 1750 and 1775 cm™t due to the

carbonyl groups, and a broad absorption centred at 1180 cm™

indicative of the C~0-C grouping. The mass spectrum shows
“he parent ion at m/e 296 with strong peaks at 254 (loss

of COCH,, M* at 159.5), 212 (loss of the second COCH,, -
group, M at 177), 184 (loss of CO, M* at 131), 183, 166

1
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(loss of H,0), and 155 (loss of second CO, M at 131).
Below this point, the spectrum shows the breakdown of the
phenazine nucleus being closely comparable with the spec-
trum obtained for phenazine itself.

Whén an excess of o-quinone was used, a trace
(<1;5) of phenazine was detected in the reaction products,
together with a large amount of the diacetate of catechol.
When the reaction in ethereal solution was repeated using
the acetylation work up technique, the product was mainly
phenazine together with a trace of the diacetoxyphenaz-
ine and products of acetylation of the starting materials.

The different products obtained in the two diff-
erent solvents are formed by attack by the amine at opp-
osite ends of the 1,2~benzoquinone molecule. Thus the
formation o% phenazine may be represented by scheme 'E!

and the formation of 2,3-diacetoxyphenazine by scheme 'F?',
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Scheme 'I'?

It will be seen that oxidation is necessary in the form-
ation of XXXIII, This is brought about by the quinone
present. The cause of the change of position of attack
with changing solvent is probably due to acetal form—v

ation as described in section I.

The reaction of A-methyl-l,2-benzoquinone with o-phenyl-

enediamine

A mixture of 4-methyl-l,2-benzoquinone and o~
rhenylenediamine in methanol was allowed to stand for 24
hours. The crude red/brown product was filtered dff and
recrystallized from methanol to give 2-(2'-aminophenyl)=-
amino-3-methylphenazine (XXXV) as an orange solid,

The infra red spectrum shows a broad weak ab-

sorption at 3190 em™t due to the NH and NH2 groupings

present, broadening and low intensity being due to hyd-

e
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rogen bonding. The mass spectrum shows a strong molec-
ular ion which, under high resolution, had an m/e ratio
of 300,13742., This compares well with a theoretical

valve of 300,13749 for C The next major ion

19H16N4°
is at m/e 285 and arises from loss of methyl from the
parent. Loss of the 2~aminoaniline group gives rise to

a strong ion at m/e 194. The compound was not suffic-

iently soluble for an n.m.r. spectrum to be obtained.

CH; N

=
\
AI"N N :
Ar = d_NHZ—CGHq

XXXV

The reaction of 4,5-dimethyl-l,2-benzoquinone with

o-~phenylenediamine

A solution of g-phenylenediamine in methanol
was added to a solution of 4,5-dimethyl-l,2~benzoquinone
in the same solvent. After standing overnight, filtrat-
ion yielded the crude product which was recrystallized
frow methanol to give the almost colourless 2,3~-dimethyl-
phenazine (XXXVI). -

The melting point of the recrystallized product
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CF%:[:::::[iihi:]:::::]
: CH; \\hl
HXXXVI

is 173°C, identical to that previously published®’. The
infra red spectrum is extremely simple as expected having
no readily assignable absorptions. The mass spectrum
shows a strong molecular ion which, under high resolution,
is seen to have an m/e ratio of 208.0997 compared with a
theoretical value of 208.1004 for G,y N,." The only
other strong ion is seen at m/e 193 arising from loss of
methyl from the parent,

The n.m.r. spectrum can be easily assigned., A
singlet at 7.547 integrating to six protons is due to’
the methyl protons. The four protons on carbon atoms 5,
6, 7 and 8 give rise to anlA#EB‘system having two four
line multiplets centred at 1.857 and 2.37, (J57 = 3 CePeBe,
J56 =7 ¢.p.s8.). The remaining two protons, 1 and 4,
give rise to a singlet at 2.14T. The multiplet centred

at 1.857 integrates to two protons and the remainder of

the low field signals integrate to four. It is not poss-

ible to obtain individual integration for the singlet




P

and second multiplet.

e reaction of %,5=~dimethyl-l,2~benzoquinone with

o-vhenylenediamine

A éolution of o-phenylenediamine in methanol was
added to a solution of 3%,5-dimethyl-l,2~benzoquinone in
the same solvent. After stoppering the ‘reaction flask, it
was allowed to stand for two weeks. After this time, the
solvent was stripped under reduced pressure, a mixture of
acetic anhydride and pyriqine added, and the whole left to
stand for two days. N,N'-diacetyl-o~phenylenediamine was
precipitated and filtered off before pouring the reaction
mixture into ice water. This precipitated crude 1,3-di-

methylphenazine (XXXVII) which was recrystallized from

CFQ //)Q

methanol.
The product melts at 12126 compared with a pub=

lished value of 1230067. The infra red spectrum is feat-

TR
N
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urcless as expected, having no readily assignable bands.
The muass spectrum shows a strong molecular ion which high
resolution spe;trometry shows to have an m/e ratio of
208.0997 compared with a theoretical value of 208,1004

for C The only major fragment ion occurs at m/e

1 e
193, being formed by elimination of methyl from the parent
ion, )
The n.m.r., spectrum shows two singlets at 7.177
and 7.467, each integrating to three protons. A five
line multiplet, centred at 1.827, integrating to two
protons, is half of an Aﬁﬁ?’system made up of protons 5,
6, 7 and 8, The other half of the AAbglsignal and a
doublet due to protons 2 and 4 are superimposed to give
a multiplet centred at 2.287 integrating to four protons.
We see from the results obtained with o-phenyl-
enediamine and methyl substituted 1,2-benzoquinones, that

the dealkylation observed using p-substituted anilines

does not occur with the diamine. The type of reaction

occurring in the 1,4-quinone system also changes with the .

amine used. Thus trimethyl-l,4-benzoquinone with piper-

idine yields 2-piperidino-3,5,6-trispiperidinomethylquin-
ol 115 (xxxviiz, Ry =R,=R=R, =piperidyl), while methylamine
gives 2,5--dimethy1--3,6—-bismethylamino-—1,qubenzoquinonell4
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(XXXTX). Similarly with duroquinone, piperidine yields

OH O
H
RCH3 R, CHN CH,
REHY CHR, . CHy3 HCH:’
OH -0
XXXV XXXTX

—— -

2,3-dimethyl-5,6-bispiperidonethylquinol > (XXVII), while
methylamine again gives XXXIX, though in low yieldllq.
In both cases, methylamine leads to demethylation whereas
piperidine simply gives side chain alkylation.

In the case of 1l,2-benzoquinone, attack occurs
at the carbonyl groups in ether, but at the 4~ and 5-
positions in methanol, This can ke accounted for by the
acetal formation in methanol postulated in section I.
Acetal formation is also expected in the substituted
quinones, but in this case, the substitution at the 4-
and/or 5- positions make direct carbonyl attack still the
most favoured, If 3-methylquinone wés reacted with o~

phenylenediamine, solvent dependence should again be ob-

served but this reaction has not heen investigated.
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Peozction of benzylamine with l,2-benzoquinone

Benzylamine was stirred overnight with a solution
of 1,2-benzoquinone in methanol. After filtering, the sol-
vent was removed under reduced pressure and the oil obhtain=-
ed allowed to stand in the air for several hours. Subse-
quent chromatographic work up ylelded benzaldehyde which
was dldentified by comparison with an authentic sample and
by preparation of the phenylhydrazone.

The most likely route for the formation of benz-

aldehyde is given in scheme 'G?, The first step is direct

N

NH,, =CHPh
PLCHO*
OH OH

Scheme 'GP

attack at the carbonyl groups of the quinone by benzyl-

PR
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aunine to give the Schiff's base (XL). This undergoes re-
arrangement to give the second Schiff's base (XLI) which
readily hydrolyses to yleld g-aminophenol and benzaldehyde.
Evidence for this scheme is given by the work of
McCoy and Day, and Corey and Achiwa. McCoy and Day react-
ed alivhatic amines, having two A-hydrogen atoms, with
retenequinone and phenanthraquinone to give the corresp-

onding oxazoles8o (XLII). The reaction in this case is

/ o RCH,NH, Lﬁﬁ[o>‘ .
N ~ d

I

thought to proceed via the Schiff's bases analogous to XL
and XLT, cyclisation and dehydrogenation giving the oxaz-
oles as shown below. As evidence for the formation of the
first Schiff's base, the authors quote the formation of
vater which was detected when the reactiqn was carried

out in dry toluene. \Vhen the quinone was replaced by the
guinone imine, ammonia was liberated in the place of water.
Lvidence for the formation of the second Schiff's base

(analogous to XLI) was obtained by adding acid, at the
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appropriate time, to the reaction mixture of the quinone

and benzylamine to give benzaldehyde. Evidence for step

4

. H e

N-CH,R N=CHR N -

| i} : | > R ;

O H @)
liin’

(ii) was obtained by condehsing 9,1l0-aminophenanthranol
with n-butyraldehyde or benzaldehyde to give the corresp-
onding oxazoles. This reaction must go by the Schiff's
base analogous to XLI. The dehydrogenation (step (iii) )
is thought to proceed partially by oxidation with quinone
and vpartially by air oxidation.

81 obtained aldehydes from the

Corey and Achiwa
reactions of primary amines with 3,5-ditertiarybutyl-l,2-
benzoquinone, The mechanism is postulated to follow a
parallel route to that shown in scheme 'G'. However,

the final hydrolysis step, which occurs spontaneously in

the 1,2~benzoquinone system, requires acid hydrolysis in
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this case and yields the N-protonated o-aminophenol. It
is of interest to note that the method of these authors
falls in the case of benzylamine, the oxazole (XLIII)

being the major product with only a trace of benzaldehyde.

N
N—ph,

Ll




SECTION IV

The Reaction of Cyclopentadiene with L,5~Disubstituted

1l,2~Benzoquinones




B £l
~7 b :g

Reaction of cyclopentadiene with 4,5-dimethyl-l,2-benzo=- fé
Freshly prepared cyclopentadiene was added to ;é

a solution of L4,5-dimethyl-l,2-~benzoquinone inldry ben- é
zene, After'stirring for two days, the reaction mix- E
ture was filtered and the solvent carefully removed at E
room temperature under reduced pressure to give a yellow é
oil. Chromatographic work up on a silica gel column é
yielded 8,9»dimethyltricyclo4[5,2,2,0?@}~undeca-4,5:8,9— é
diene-10,11-dione (XLIV). 5§
Hla, . ,

Oy

= Me. i

My, H{*m é

The melting point of the adduct, which had a %
satisfactory analysis, was 19500 compared with a liter- ;
ature value of 21200119. The melting point was not raised é
by repeated crystallization. The structure was confirmed E
spectroscopically., The infra red spectrum shows a broad g
carbonyl absorption centred at 1730 cm™r, The mass spec- é
trum supports the structure, showing a strong molecular .




ion at m/e 202. Loss of a methyl group from the parent
gives a peak at m/e 187. The base peak of the spectrum
is at m/e 146 dbeing due to elimination of 0202

from the molecule. A further strong peak at m/e 131 is
produced by loss of methyl from the base peak. The
n,m.r., spectrum shows two singlets at 8.12T and 8.227,
having a total integration of six protons, due to the
two methyl groups. The olefinic protons, Hl’ give rise
to two multiplets centred at 4.257T and 4.557 each int-
egrating to one proton. The remaining six protons, HZ’
aprnear as a multiplet from 6.4-8,0T which integrates

correctly.

Reaction of cyclopentadiene with 5,6,7,8-tetrahydro-

2, 3~naphthaguinone

Freshly prepared cyclopentadiene was stirred
into a solution of 5,6,7,8-tetrahydro~-2,3~-naphthaquinone
in dry benzene. After standing overnight, the solution
was filtered and the solvent carefully stripped from the
filtrate, at room teunperature, under reduced pressure.
The o0il obtained was chromatographed on silica gel to
yield tetracyclo- [6,5,2,02’6,08"13] ~pentadeca-k,5:8,1%-

diene~-l4,15-dione (XLV),
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XLV

The compound melted sharply at 201°C., The
structure was confirmed by spectroscopic means. The é
infra red spectrum shows broad carbonyl absorption at
1725 cm"l. The mass spectrum shows a strong molecular 3
ion which is shown, under high resolution, to have an
m/e ratio of 228.1148 compared with a calculated value
of 228.1150 for CycH0,. The first major fragment ion
occurs at m/e 172, being formed by the characteristic
loss of 0202.
ion gives rise to strong ions at m/e 144 and m/e 129

Loss of ethylene and propyl from this

respectively. The n.m.r. spectrum shows two multiplets

at L.247T and 4.55i3 each integrating to one proton, due
to the olefinic »rotons, Hl’ The remaining protons

appear as a multiplet from 6.5-8.5% integrating in all 5
to fourteen protons. The bridge~head protons, H,, can b

be distinguished as a narrow doublet at 6.87 integrating




L7
to two protons, while the protons of the cyclohexene
ring can be observed as two broad multiplets centred

at 7.957T and 8.3%07, integrating to elght protons in all.

Reaction of 6yclopentadiene with hydrin-5,6-quinone

Freshly prepared cyclopentadiene was stirred
for 2 days with a solution of hydrin-5,6-quinone in dry
benzene. After filtering the reaction mixture, the .
solvent was carefully stripped from the filtrate under
reduced pressure at room temperature. The oil produced
was chromatographed on a silica gel column to yield
tetracyclo~[5,5,2,02’6,08’12JLtetradeca—4,5:8,12—diene-

1%,14-dione (XLVI).

The compound melted at 162-3°C. The structure
was confirmed by spectroscopic means. The infra red
spectrum shows a broad carbonyl absorption centred at

w3 :
1720 cm ™. The mass spectrum shows a molecular ion which

e B R




-7 8

is shown to have an m/e ratio of 214.0996 compared with
a theoretical value of 214.0994 for Ciqﬁlqoa‘ The loss
of C,0, - eglves rise to a strong ion at m/e 158.
The loss of methyl, ethyl and propyl groups from this
ion gives rise to strong lons at m/e 143, 129 and 115

respectively. The n.m.r. spectrum shows two multiplets

centred at L.37T and L4.67T, each integrating to one proton,

due to the olefinic protons, H
E,, appear as a broad singlet at 6.467, integrating to
&,

two protons. The remaining ten protons appear as a

multiplet at 6.9-8.27 which integrates correctly.

The infra red and n.m.r. spectra of the three
compounds LIV, XLV and XLVI are qualitatively similar,
In the same way, the electronic spectra are almost id-
enfical, as shown in table 4. The electronic spectra
are time-dependent, fading when allowed to stand. This
is due to interaction of the carbonyl groups with the

ethanol used as solvent, via the formation ¢f acetals.

P S R

1° The bridge-head protons,
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Table 4
Compound Amax E max >\maX EmaX )max E max
o rd
LIV 2%0 1.88x10° 283 1.66x10° 452 2.67x%10°
2

XLV 230 1.67x10° 285 1.06x10° 450 2.7x10

XIVI 223 1.76x10° 288 1.37x10° 4L6 2.57x10°

Wavelength in m, £in litre mole Lom™t

The adducts XLIV, XLV and XLVI reported above,
are formed by Diels-~Alder reactions of the gquinones, act-
ing as dienes, with cyclopentadiene which acted as the
dienophile, It is now well knovn that 1l,2-benzoquinones
can react both as diene and dienophile in reactions with
cyclopentadiene, giving methanonaphthaquinones (XLVII)
and oxylindenes (XLVIII) respectivelylel. In a recent
paperlaa, Ansell et al have examined the n.m.r. spectra
of the crude products obtained from the reactions of
cyclopentadiene with 1,2~benzoquinones with various sub-
stituents. They find that, in almost every case, a mix-~
ture of the two types of adduct is obtained. In the case
of L4,5-dimethyl-1l,2-benzoquinone, they obtained 65% of
adduct XLIV and 35% of the methanonaphthoguinone. This

is not in agreement with our n.m.r. studies which show no
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evidence for the methanonaphthaguinone. Though the n.m.r.
spectra of the crude products obtained from 5,6,7,8-tetra~
hydro-2,3-naphthaquinone and indane-5,6~-quinone were not

obtained, our evidence suggests that disubstitution in

the L4- and 5- positions leads to the oxylindene only.
This is probably due to steric hindrance preventing the
quinone acting as a dienophile. Ansellls results suggest
that 4,5-dialkyl substituents depress the dienophilic %
activity of 1,2-benzoquinones. Thus 3,4,5~trimethyl-1,2~
benzoquinone gives 70% of the oxylindene and the tetra-

methyl compounds give the oxylindene only.

b Ll Lo

Stercochemistry of the adducts

Diels-Alder reactions are known to proceed by

a cis endo addition in general. This would give products

with the structure shown below (XLIX). Rl and Ra are

either ring residues or methyl groups. Chemlcal degrad-
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ation of the adduct with R1=R2=Me123 proved the structure

to be as shown. The structure is also supported by the
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thermal interconversion of oxylindenes and methano-

navhthaquinones which has been shown to proceed by an

1322

intramolecular mechanism as shown in scheme 'H!,

This can only occur if both adducts are in the endo-

cis configuration.
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SECTION V

Thiele~-type Acetylation of 1,2-Benzoquinone
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The reaction of 1,2-benzoguinone with acetic anhydride

1,2-Benzoquinone was dissolved in acetic anhyd-
ride and a few drops of concentrated sulphuric acid added.
The colour was rapidly discharged, as reaction occurred,
to give a yeilow solution, After pouring into ice water
and treating with bicarbonate to remove excess acid, the
solution was extracted with chloroform. Drying the ex-
tract and stripping the solvent yielded the 1,2,4-tri-

acetate of benzene (L) as a white solid.

0 OA
0 AeO \ OAc‘
HSO,
OAc
L

The product shows a strong carbonyl absorption
in the infra red spectrum at 1770 cmﬁl. A broad band
centred at 1290 cm™¥ indicates the presence of the -C-0-C-
linkage. The mass spectrum shows a strong molecular ion
at m/e 252. Loss of the three CH200 groups give peaks at

/e 210, 168 and 126 with metastable ions for each loss

at m/e 175, 134 and 94 respectively. The n.m.r. spectrun
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shows a multiplet at 2.8-3.07T, integrating to three pro-
tongs, due to the protons of the aromatic ring. A singlet
at 7.757, integrating to nine protons, is due to the
three methyl groups.

The spectroscopic data listed above show that
the product is a triacetate of benzene but it is not
possible to show whether the 1,2,3- or 1,2,4~ isomer has
been produced. To assign the structure unambiguously, the
two isomers were synthesised and compared, The 1,2,3-

12k and had a

isomer was prepared by the method of Heller
melting point of 165-6°C. The 1,2,L- isomer was prepared
by the method of VlietlEB. This had a melting point of
93»500 compared with the value of 92—400 for our product.
A nixture melted at 92~40C showing that the compounds were
igentical and proving the product to be the 1)2,4-tri—
substituted conmpound.

The acetylation, which is named the Thiele re-

action after its discoverer126

, has been known for many
yecrs in the 1,4-benzoquinone system though there is no
rzoort of its being applied to 1l,2-benzoquinones. The
reaction also occurs with 1,2~ and 1,4-naphthaquinones

and can be brought about using boron trifluoride etherate

as catalyst127, though this is not as effective as sulph-
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uric acid. A possible reaction mechanism is given below.,

O O N O
O }4+ OH H
._.,............_.) ‘.f._.._.._—x
///
—+
o lAco“'
OAc OH O
OAc¢ QOAc OH

///
AcO . A0
O

Ac H OAc

The first step involves protonation of one of the carb-

onyl groups. The protonated species produced undergoes

attack by acetate ion, formally on the carbonium ion (LI),

to give the mono-acetylated product (LII). Acylation of

this compound, followed by aromatisation and acylation of

the seccond hydroxy group, will yield the final product (L).

Application of the analogous mechanism to 1,4~

quinones can successfully rationalize the products ob-
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tained. For example, 2-methyl-l,h-benzogquinone (LIII), :
woaen treated with acetic anhydride and concentrated sul- :
vauric acid, gives the 2-methyl-~l,4,5-triacetate of ben~ E
zene (LIV). Tuhe above mechanism requires protonation at L

O OAc Y
Me\l ‘ Me SN N
OAc ]
O OAc
i LIV

one carbonyl group to give the carbonium ions LV or IVI.

Both are destabilized by proximity to a positively pol-

arized carbonyl carbon., However, in LV, the methyl group s

+ :

OH OH o) e ;

Me Me Me M % é
) — —

O O OH OH

v LVI %

tends to decrease the polarization at C(4) tending to b

stabilize the carbonium ion a little, while no such stab-

b
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ilization of the ion LVI is possible., Attack by acetate

~don at the more stable carbonium ion gives the obsorved &

product. &
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General Experimental Procedure

Melting points were determined on a 'Gallenkamp’

melting block and are uncorrected.

- salidl h TN, %
e fo b oann ok BT e nid L an e e P

Infra~red spectra were run on Perkin Elmer 137
(sodium chloride prism), 157 or 257 (sodium chloride grat- A
ing) instruments.

Ultra-violet spectra were obtained on a Unicam
5.P.800 spectrophotometér in ethanol unless otherwise
stated,

Nuclear magnetic resonance spectra were record-
ed in deuterochloroform solution on a Perkin Elmer 60 MHz
spectrometer and measured with respect‘to internal tetra-
methylsilane.

Mass spectra were mainly recorded on an
AE.I./G,E.C. M.S.902 instrument, though a number were

recorded on an M.S.1l2 instrument of the same manufacturer. H
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Preparation of Tetrachlorocatechol

Catechol (80g) was dissolved in glacial acetic
acid (600cc) in a one litre conical flask immersed in a
bath of cold water. A brisk stream of chlorine was pass—
ed until fine white needles of tetrachlorocatechol were
preclpitated (about one hour). The water bath was re-
placed by dce and the suspension coé&led to 0°C before
filtering the product and sucking it dry at the pump.

Yield :1~ 122g (69%) of fine white needles.

Freparation of Tetrachloro-l,2~benzoguinone

The whole of the tetrachlorocatechol prep=-
ared above was placed in a one litre bea@er. A mixture
of concentrated nitric acid (50cc) and glacial acetic
acid (700cc) was added, with constant stirring, until
all the solid had dissolved, giving a clear red solution,
The product was precipitated by pouring into a two litre
conical flask filled with ice. The dark red, powdery
so0lid oﬁtained was filtered off at the pump and sucked

dry. It was used without further purification.

Preparation of Potassium Nitroso Disulphonate (Fremy's Salt)

Bl st A

A mixture of sodium bicarbonate (42g), sodium

sriles
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nitrite (35g), distilled water (250cc) and crushed ice
(500:2) wos placed in a beaker immersed in an ice/salt
cooling bath, and eguipped with a mechanical stirrer.
Sulphtr diloxide was blown through the solution with
continvous stirring while maintaining the temperature
around ~2°C, After about 40 minutes the pH dropped to
2 and the originally colourless solution became a pale
orange/brown. The sulphur dioxide supply was then cut
off and the stirring continued for 10 minutes during
which time the colour of the solution was discharged.
Air was blown through the solution for 5 minutes,; then
62.5¢cc of cold saturated sodium carbonate solution was
added adjusting the pH to approximately 9. The cooling
bath was removed and the solution stirred for a further
1)} hours during which time it warmed to room temperature.
Digtilled water (500cc) and lead dioxide (180g)
was added then the whole heated, with stirring, on an
electric hot plate, between the limits 20-4000 for 30
ninutes. The solution, which had become violet; was

maintained at 4000 for a further 25 minutes. The stirrer

was removed and the solution allowed to stand forfiminutes

before filtering to yield a violet filtrate with a pH of

approximately 10. Carbon dlioxide gas was rapidly bubbled

s
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through the filtrate for 10 minutes, during which time
lead carbonate was precipitated and the pH fell to 7.
The precipitate was filtered off and the pH of the
filtrate adjusted to about 9 by the addition of satur-
ated sodium carbonate solution (15¢c). Potassium nit-
rate (250g) was added and the solution stirred until it
dissolved, during which time orange/yellow crystals of
Fremy®s salt began to appeab. Procipitation was com-
rleted by cooling to 0°C in an ice bath, The solid

was filtered from the still violet mother liquor at the
pump and washed with methanol and acetone before suck-
ing as dry as possible. The product was thoroughly
dried in a vacuum dessicator over solid caustic soda.

In our experience, the product, once thoroughly
dry, could be stored for a period of months., The pro-
duct was stored in a dark, screw-~top jar containing a
little caustic soda as desslcant. This was kept in the
freezer compartment of the laboratory refrigerator. The

conpound did decompose before thoroughly dry on. several

occasions. The decomposition was highly exothermic,
though at no time did detonation occur. If the product
wvas in glassware when it decomposed, the glass invariably

cracked, and on one occasion, when the product was on a
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sheet of paper, the paper was charred. During decompos-
ition, sufficient gas was given off to raise the 1lid of

a large dessicator that was originally evacuated.

Preparation of 4=~Bthyl-l,2-benzoquinone

A solution of p~ethyl phenol (0.98g) in ether
wvas added to a solution of Fremy's salt (5.6g) in water
(400cc) containing sodium acetate solution (l6cc at 1.25M),
The mixture was stirred for an hour, during which time
the purple colouration of the Fremy's salt was replaced
by the bright red colour of the quinone. The solution
was extracted with 3x200cc of ether, the extract dried
over magnesiuﬁ suphate, and the solvent stripped to give
the guinone as a bright red oil. The quinone was used

in this c¢rude state,

Preparation of 1,2~Benzoquinone

A solution of catechol (5.5g) in dry ether (25cc)
was cooled to bhelow w25°0 in a flask protected by a dry-
ing tube. A solution of tetrachloro-l2~benzoquinone
(12.5g) in the same solvent (150cc) was similarly cooled,
The two solutions were mixed and maintained at 25 to =30°C

for 2 hours with stirring. The bright red powdery precip-
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itate of 1,2-henzoquinone obtained was filtered off at
the pump, washed with a little cold ether and transferred
to a pre~cooled sample tube, Tield :~ 3.7g. Decomposes
before melting.

The compound was stored under cardice., Under
these conditions it appeared stable indefinately.
However, if allowed to warm to room temperature, it rap-

idly decomposed to the black polymer.

Preparation of L4-Methyl-l,2-henzoguinone

L-Methyl-catechol (20g) was dissolved in dry
ether (50cc) in a flask fitted with a drying tube. The
zalution was cooled to w3000 before mixing with a sim=
ilarly cocled and protected solution of tetrachloro-l,2-
benzoquinone (40g) in the same solvent (350cc). The
nixture was maintained at ~30 to m&OOC, with stirring,
for 2 hours. 4~Methyl-l,2-benzoquinone was precipitated
as orange cyrystals, which were filtered off at the pump,
washed with ether, and stored under cardice.

Yield :~ L4.4Ege

Preparation of 3-~Methyl-l,2-benzoquinone

Tetrachloro~l,2~benzoquinone (l2.3g) was dissol-
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ved in dry ether (150cc). 3-Methyl-catechol (6.2g) was
dissolved in the same solvent (20cc). Both solutions
were protected with calcium chloride tubes and cooled

to ~-25 to «3000, The solutions were mixed and maintained
at -25 to mBOOC with constant stirring for 1} hours. The
red/brovn quinone that precipitated was filtered off,

washed in cold ether, and stored under cardice,

Preparation of 4, 5~Dimethyl-~l,2~benzoquinone

A solution of 3,4~dimethyl-phenol (0.98g) in
ether (20cc) was added to a solution of Fremy's salt (5.6g)
in water (400cc)., Sodium acetate (20cc, 1M) was added,
and the whole vigorously stirred for 1 hour, The result-
ant solution was extracted with ether (5x200cc), The
vnited extract was dried over magnesium sulphate, concen-
teated at room temperature under vacuum, and cooled in
cardice/acetone to yield O.44g of L4,5~dimethyl-1l,2-benzo=-
guinone. The quinone was recrystalised from methanol to

give long, bright red needles. M.pt. 85-86°¢C (lito67lO6OC)

Preparation of 3%,5-Dimethyl-1l.,2~benzoquinone

A solution of Fremy's salt (7.6g) in water

(550cc) containing sodium acetate (30cc of 1M) was cooled
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to 10°C. A solution of 2y 4-dimethyl-~phenol (1.35g) in
eli o {(20cc) was added and the mixture stirred vigor=
ously for 25 minutes while maintaining the tenperature
at 10°C. The resultant solution was extracted with
ether (3x300cc), dried over magnesium sulphate in an ice
bath, filtered, and cooled to cardice/acetone temper-

ature. 0.68g of 3,5-dimethyl-l,2-benzoquinone was ob=

tained as red crystals.

Prevaration of % ,5-Dilertiary-butyl-l,2~benzoguinone

A solution of 2,4-ditertiary-butyl-phenol (2g)
in ether (lOcc) was added to a solution of Fremy's salt
(5.58) in water (400cc) containing sodium acetate (20cc
of 1M). The mixture was vigorously stirred till the
colour of the Fremy's salt had been discharged and re-
placed with the red of the quinone (about 3 hours). The
whole was extracted with ether (2x200cc), the extract
dried over magnesium sulphate; and the solvent stripped
undexr vacuum to give a red pil. This was purified by
chromatography on a silica gel column. Toluene eluted
an vnidentified orange oil, and chloroform eluted a
green oil which yielded massive red needles of 3,5~

ditertiery-butyl-l,2~benzoquinone on standing overnight.,
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1
Mopt, 111-112°C (1it. 113°C).

Preparation of 4~Methyl-1l,2-naphthaguinone

Concentrated sulphuric acid (125cc) was added
with stirring and cooling tofinmethylunaphthalene {708),
Thae mixture was mechanically stirred for about an hour,
to ensure thorough mixing of the two components, then
set aside for 5 days. The resultant dark oil was poured
into l2bcc of water, with cooling under the tap, and the
greyish-white 4-~methylanaphthalene-l-sulphoni¢ acid precip-
itated was filtered off after cooling to 0°C. The acid
was taken into hot water (300c¢c) containing potassium
c¢hloride (75g), the hot solution filtered and allowed to
c00l. The potassium salt crystalised as fine needles
which were filtered off at the pump, washed with acetons
and air dried. Yield :~ 55g, 43% of theoretical yield,

Potassium hydroxide pellets (150g) and water
(30cc) were placed in an iron pot and the mixture heated
until liquid. 30g of the potassium salt was stirred in
and the wixture maintained just molten until frothing
ceased. The mixture was cooled, diluted with 200cc of
water, and neutralised with concentrated hydrochloric

acid. The solution was extracted with ether, the ex-




T

tract dried over magnesium sulphate, and the solvent
stripped under vacuum to give brown oil. The odl was
vacuun distilled to give a pale yellow oll which rapidly
cryotalised to the almost colourless 4emethyl-l-naphthol
on standing. B.pt. 18000/22mm Hg, lif%yi7900/25mm Hg.
Yield :~ 7.65 (42%).

Sulphanilic acid (10.5g), sodium carbonate
{(2.65g), and water (50cc) were placed in a 100cc conical
flasic and heated on a steam bath, with stirring, until
all thie acid had dissolved. The solution was then
cooled in an ice hath to lOOC, at which point, sodium
sulphanilate began to crystalise. A solution of sodium
nitrite (3.7g) in water (10cc) was added and the result-
ant solution poured immediately into a mixture of conc-
entrated hydrochloric acid (10.5cc) and ice (60g) in a
220cc conical flask. The solution, from which p-benzene-
diazonium suphonate separated on stirring, was allowed to
stand in an ice bath for about 20 minutes.

Caustic soda (1llg) was dissolved in water (60cc)
and h4-methyl=-l-naphthol (7.6g) was dissolved in the result-
ant warm solution. Ice (40g) was added, cooling the sol=-
ution to about 5°C, after which the suspension of the

diazonium salt (prepared above) was added. The solution
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vas stirred well then allowed to stand, without external
cooling, fox 1 hour, iuring which time a quantity of blood

a

red solid precipitated.

The suspension was heated to about 5000, when
all the solid dissolved with the evolutiocon of a little
gas. Lbout a tenth of a 23g sample of sodiwn dithionite
was added and the mixture stirred until the frothing
subsided. The remainder of the dithionite was then rap-
idly added and the mixture stirred to give a pinkish
vrecipltate of 2-amino~4-methyl-l-naphthol. The sus-
pension was strongly heated until it began to froth,
coocled in an ice bath to 2500, and filtered at the pump.

The crude product was taken into a beaker con-
taining stannous chloride (0.2g), concentrated hydro-
chioric acid (5.3ce), and water (30cc) at 3000° On
stirring,  most of the product dissolved. The solution
was stirred for 5 minutes with activated charcoal (1g)
then filtered at the pump. The resultant orange solution
vas treated with concentrated hydrochloric acid (5cc) and
heated to boiling, a further 5Scc of acid being added as
the heating proceceded. The whole was transferred to an

ice bath and allowed to cool undisturbed when a little

hemathyl-2-amino-l-naphthol hydrochloride separated.

2 0
P R P )




-9 8-

When gulite cool, 1lO0cc of concentrated hydrochloric acid
wes adaed and the solution cooled to 0°c before filtering
vo yield the hydrochloride. The yield, after air drying,
was 3480

The product'was dissolved in 1.5 litres of water
containing 6cc of concentrated hydrochloric acid. After
filtering, a filtered solution of ferric chloride (1l4.4g)
in water (90cc) containing concentrated hydrochloric acid
(3cc) was added in one go. In a few seconds fine yellow
crystals of Lemethyl-~l,2-naphthaquinone came down. These
were filtered off, thoroughly washed with water, and dried
overnight in a dessicator. The yleld was 3.1lhg. The

quinone polynmerised before melting when heated.

Preparation of 5,6,7.8~Tetrahydro~naphtha~2,3~quinone

A rixture of g-~dimethoxybenzene (1l6g), succinic
anhydride (1lg) and nitrobenzene (100cc) was placed in a
round-bottomed flask equipped with a stirrer and a reflux
condeneger. Finely ground anhydrous aluminium chloride
(%0g) was added, a little at a time, with continuous
stirring. The solution warmed appreciably and refluxed
under the heat generated. When all the reagent had been

added, the mixture was allowed to stand for 24 hours with
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intermittent stirring. Dilute hydrochloride acid was
added to the mixture, which was then steam distilled to
remove nitrobenzene and excess po-~dimethoxybenzene. }3~3,4~
Dimethoxybenzoyl propionic acid separated from the res-
idue as a white solid and was filtered off after cool-
1R oh 168,

A nixture of granulated zinc (1lh4g), mercuric
chloride (1l.4g), concentrated hydrochloric acid (2cc)
and water (20cc) was shaken for 10 minutes. The zinc
amalgam produced was washed with running water bhefore
use. The amalgam, F~3,4~-dimethoxybenzoyl propionic acid
and concentrated hydrochloric acid (22c¢c) was boiled
under reflux for 4 hours. The solution was decanted
from the remaining amalgam and ether extracted. The
amalgam was thoroughly Qashed with ether and the washings
added to the extract. The combined ethereal solution was
dried over magnesium sulvhate and the solvent stripped
to give ¥-~3,L-dimethoxyphenyl butyric acid as a pﬁle
yellow oil which slowly solidified on standing.

12g of the acid was heated in the range 85-95°¢
under reflux with phosphorus pentoxide (100g) and phos-
phoric acid (100g) for an hour. The residue was diluted

with water (400cc¢) and extracted with ether. The extract
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was dried over magnesium sulphate and the solvent stripped
to give 6,7-dimethoxy~l-tetralone as a colourless solid.

4 mixture of granulated zinc (10g), mercuric
chloride (0.8g), concentrated hydrochloric acid (0.8cc)
and water (25cc) was shaken for 10 minutes. The amalgam
produced was washed thoroughly with running water, It
wxs added to a mixture of 6,7~-dimethoxy~l-tetralone (8g)
and 100cc of dilute hydrochloric acid (2 parts of water
to 1 part of concentrated hydrochloric acid) which was
then heated under reflux for 3 hours. The resultant
nixture was diluted with water, filtered from the un-
changed amalgam and ether extracted. The amalgem was
washed with ether, the washings added to the extract,
the ethereal solution dried over magnesium sulphate and
the solvent stripped to give 2,3~dimethoxy~5,6,7,8~tetra~
hydro-naphthalene as a colourless oil,

The product was heated under reflux with L8%
hydrobromic acid (25cc) in a stream of carbon dioxide
for 5 hours. The solution was diluted with 100cc¢ of
rater and extracted with ether. The extract was dried
over magnesium sulphate and the solvent stripped to give
a semi-solid consisting of crude 2,3-dihydroxy-5,6,7,8-

tztrahydronaphthalene. The crude product was purified
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by chromatogranay on a silica gel column using ether as
eluant.

| A solution of 2,3~dihydroxy-5,6,7,8-tetrahydro~
naphthalene (5g) in dry ether (1lQcc) was cooled to <300
and added to a similarly cooled solution of tetrachloro-
1,2-benzoquinone (7.4g) in dry ether (70cc). A further
20cc of ether was added and the mixture stirred for 2 hours
at -2% to -30°C, The yellow precipitate of 5,6,7,8~tetra-
hydro=2,3-naphthaquinone was filtered off in a filter
cooled to cardice temperature and rapidly transferred to
a cardice cooled container, It was stored under cardice
until required. If allowed to Varm to room temperature,
it decomposed in about 2 minutes giving 2,3-dihydroxy-
5,6,7,8-tetrahydronaphthalene as the only identified

product.

Preparation of Hydrin~5,6~quinone

Sodium metal (17g) was placed in a round bottomed
flaslk through which a stream of nitrogen was blowing. Merw
cury {536g) was added in portions, the flask being heated
after the first addition to initliate reaction. When
addition was complete, the molten amalgam was poured on to

an ashestos mat where it solidified. The so0lid was broken
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with a mortar and pestle and used immediately.
3,h-Dimethoxy~cinnamic acid (50g) was dissolved
in 2 slight excess of 54 ammonium hydroxide solution. The

3% sodium/mercury amalgam prepared above was added portion-

wise with continuous stirring. 5M Acetic acid was added 3

from tine to time to neutralise the ammonia liberated.

On completion of the reaction, the agueous solution was

decanted from the remaining mercury, filtered and acid-~

iried with concentrated hydrochloric acid to givep},q-

=
Vi
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i

dimethoxyphenylpropionic acid as a white solid, ‘This
was filtered off and recrystalised from benzene to give : o

4OE of fluffy white crystals. M.pt. 96-7°C (1itt3197%c).

}pB,AmDimethoxyphenylpropionic acid was dissolved ;
i 300cc of benzene boiling under reflux. Phosvhorus
pentoxide (200g) was gradually added to the boiling
solution with continuous mechanical stirring. After the ¥

final addition of phosvhorus pentoxide, 100cc of benzene

was added, then the whole boiled under reflux with
stirring for 2 hours. The reaction mixture was mixed

Y

with ice which decomposed the red/blue phosphorus com-

pound to give a yellow solution. This was extracted with E
a large volume of ether, the extract dried over magnesium

sulphate, and the solvent stripped under vacuum to yleld
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the pale yecllow 5,6~dimethoxy-hydrind-~l-one, Yield :~ 248.

A mixture of granulated zinc (170g), mercuric

chloride (17g), concentrated hydrochloric acid (25cc) and

veter (250cce) was shaken for 10 minutes. The zinc amalgam

produced was washed in ruanning water., The amalgam was
placed in a 500cc round bottomed flask with sufficient
gilute hydrochloric acid (1 part of concentrated acid to
2 parts of water) to just cover it. 5,6-Dimethoxy-
hydrind~l-one (17g) was added and the whole boiled under
reflux for 3% hours. 25cc of dilute hydrochloric acid (as
above) was added after half an hour and one hour. There~
after, 25cc of concentrated hydrochloric acid was added
each half hour until completion. The resultant solution
{complete with unchanged amalgam) was steam distilled,
the distillate extracted with ether, the extract dried
over sodium sulphate and the solvent stripped to give
5,6~dimethoxyhydrindene as a colourless crystalline
solid. Yield :- 1l2g.

5,6-Dimethoxyhydrindene (1l2g) and hydriodic
acid {91lcc, Sp.gr. 1l.7) were heated together under reflux
in a current of carbon. dicxlds for 2 hours. After cool-
ing, the mixture was diluted with water and extracted

with ether. The ether layer was washed with dilute
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sodium bicarbonate solution, dried over sodium sulphate
and the solvent stripped to give an almost colourless
oil, T.L.C. (silica gel/chloroform) showed this to
consist of two components. These were separated on a
silica gel cdlumn using chloroform as eluant. Two colour-
less solids were eluted the first, M.pt. 6300, was not
identified, the second was the required 5,6-dihydroxy-
hydrindene, Mept. 113-4°C (11t131116%¢),
5,6=Dihydroxyhydrindene (4g) was dissolved in
dry ether (1lOcc) and cooled to -30°C. The solution was
added to a similarly cooled solution of g-chloranil (7.0g)
in the same solvent (70cc). The mixture was maintained
at -25 to ~30°C for 2 hours with continuous stirring.
The orange precipitate of hydrin-5,6-quinone was filtered

off at the pump and stored in cardice until required.

Preparation of Cyclopentadiene

Dicyclopentadiene was cracked by heating to
about 17000 in a round bottomed flask equipped with a
fractionating column. The cyclopentadiene (B.pt. AOOC)
was collected and used immediately. It was not necessary

to diatil it further.

. ot
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Prevaration of 4~Chloro-l,2-benzoquinone

A solution of h-chlorocatechol (7.2g) in ether
(20¢cc) was cooled to ~3OOC and added to a solution of
o-chloranil (12.5g) in the same solvent (100cc). The
mixture was maintained at -25 to -30°C for 2 hours then
the red/brown quinone produced was filtered off. The 3
quinone decomposed to a bhlack mass within a few minutes ;

if allowed to warm to room temperature,. :

Preparation of L,5-Dichloro=-l,2-~benzoquinone

A solution of 4,5-dichlorocatechol (8.9g) in
ether (20cc) was cooled to below ~30°C and added to a
similarly cooled solution of o-chloranil (12.5g) in the
same solvent (100cc). The mixture was maintained at =25
to ~EOOC for 2 hours. The 4,5-~dichloro-l1l,2-~-benzoquinone
separated as a yellow precipitate an£m¥iltered off
through a cooled sinter at the pump. After washing with
a 1little cold ether, the product was stored under cardice.

If allowed to warm to room temperature, the quinone rapidly

decomposed to a black mass.

Preparation of Phenazine |

A mixture of catechol (5g) and g-phenylene-
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diamine (4.8g) was heated in a sealed tube at 190-2000C
for 46 hours. The product was digested with water (80cc)
at 60°C to give a black residue of 5,l0-dihydrophenazine
(5.2g). The product was placed in a flask equipped with
an air condehser and an oxygen lead. The flask was
heated to 220°C and a brisk stream of oxygen passed.
Almost pure phenazine sublimed over as fluffy yellow
crystals, A sample was recrystalised from ethanol to
give 0.%g of yellow crystals. M.pt. 171-2°C (lit.ll8

176-7°G).

Reaction of 1l,2~benzoquinone with o-phenylenediamine

in dry ether

A solution of g-phenylenediamine (l.lg) in
anhydrous ether (50cc) was added to a stirred solution
of 1,2-benzoquinone (1.1lg) in the same solvent (75cc).
A little calcium sulphate was added to the solution
which was then stirred for 24 hours, while protected by
a calcium chloride guard tube. The sclution was filtered
and the solvent removed from the dark green filtrate,
under vacuum at room temperature, to give a dark solid.
This was dissolved in a little chloroform and chromato-

graphed on alumina using chloroform as eluant., Phenazine
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(69mg) was first eluted and recrystalised from ethanol.
dept. 1?0~a°c, unchanged when mixed with an authentic sam-
ple. The I.R. spectrum was identical to that of an authen-
tic sample. The N.M.R. spectrum showed two multiplets at
T1.7-1.9 and T2.1-2.4., Unchanged o-phenylenediamine (0.75g)
was also eluted.

In an other experiment, o-phenylenediamine (0.4g)
in anhydrous ether (25cc) was added to a stirred solution
of o-quinone (0.45) in the same solvent (75cc). The mixture
was stirred overnight before filtering off the polymer
produced (0.1lhkg). The solvent was stripped from the
filtrate to yield a black solid which was taken into a
mixture of pyridine (1Occ) and acetic anhydride (1Occ).
After 2 days, the solution was filtered and the filtrate
poured into 1l00cc of ice water. The resultant solution
was extracted with chloroform (250cc), the extract washed
with dilute hydrochloric acid, dried over calcium chloride
and the solvent stripped at room temperature under vacuum
to give a red oil. This was chromatographed on alumina

using chloroform as eluant to yield phenazine (89mg).
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Reaction of 1,2~benzoquinone with o-phenylenediamine in

methanol

A solution of o~-phenylenediamine (0O.4g) in
methanol (25cc) was added to a stirred solution of 1,2~
benzoquinone (0.4g) in the same solvent (75cc). The
bright red colour of the quinone solution turned almost
black on mixing then faded to a red colour in about 30
seconds. The mixture was sfirred over night then filtered
to yield black polymer (13mg). The solvent was removed
at room temperature under vacuum to yield a red/brown‘
solid which was taken up in pyridine (1lOcc) and acetic
anhydride (1Occ). The solution was allowed to stand for
2 days then filtered to yield yellow needles of 2,3~
diacetoxyphenazine (0.194g). A further 59mg was re-
covered when the filtrate was poured into 100cc of ice
water. The product was recrystalised from a chloroform/

benzene mixture to give plate-like pinkish yellow crystals.

M.pt. 235°C (11t319230%C).  (Found: C,65.4%; H,L.2%; N,9.3%.

Calculated for Cl6H12N204= C,65.3%; H,L4.1%; N,9.5%). The
N.M.R., spectrum showed absorptions at T1l.7-L.9 (multiplet),
71.95 (singlet), ¥2.05-2.3 (multiplet) andt 7.6 (singlet)

in the ratio 2:2:2:6. The mass spectrum showed major ions

at m/e 296 (M¥), 254 (M for 296—254 at 217.7), 212.

k!
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vmax(nujol) 17758, 1750s, broad absorption centre 1180s,
complex absorption below 1000 cm™L,

In experiments using an excess of quinone, the
diacetate of catechol and trace quantities (K1%) of
phenazine wefe deﬁected,

L

Reaction of j-methyl-l,2-benzoquinone with o-phenylerie—

diamine

A mixture of 4~methyl~l,Z-benzoquiﬁone (2.448)
and o-phenylenediamine (4.32g) in mgthanol was allowed
to stand for 24 hours. The red/brown solid precipitated
was filtered off (0.51g) and recrystalised from methanol
to give 2-(2'-aminophenyl)-amino-3-methylphenazine as an
orange solid M.pt. 360°C. M.wt. 300.13742, Cy oy 6Ny,
requiring 300.13749. | Y, (nujol) 3190(weals, broad),
1620, 1610, 1599, 1565, 1545, 765, 740s cm™t., The mass
spectrum showed major ions at m/e 300(M+), 285, 194, 150,
142, The product was too insoluble for an N.M.R. spec-~
trum to be run:], The solvent was stripped from the
filtrate under vacuum to give a brown solid. This was
taken into a mixture of pyridine (1lOcc) and acetic an-

hydride (10c¢), The resultant solution, which heated to

boiling spontaneously, was allowed to stand for 24 hours.
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N,N'~diacetyl-~o-phenylenediamine 5.1lg, M.pt. 185°¢C (lit}28
185-6°C) crystalised out and was filtered off. The
filtrate was poured into ice water (200cc) and extrac?ed
with chloroform (3x200cc). The extract was washed with
dilute hydrochloric acid, dried over magnesium sulphate

and the solvent strippod to give a red oll which solid-

ified on standing. This was dissolved in chloroform
and examinsed by chromatography on a silica gel column.

No ldentifiable products were isolated.

Reaction of 4,5-dimethyl-l,2~benzoquinone with o-phenyl-

enediamine

A solution of g-phenylenediamine (1.08g) in
methanol (1lO0cc) was added to a solution of L4,5-dimethyl-

1,2-benzoquinone in methanol (15cc). The mixture was

allowed to stand overnipght before filtering to yield 2,3- 2
dimethylphenazine as a yellow solid (0.43g). The solvent

was stripped from the filtrate to give a dark solid which

was taken up in pyridine (10cc). Acetic anhydride (1Occ)

was added and the mixture allowed to stand for 36 hours.

The N,Nf-diacetyl-o-phenylenediamine (0.53g) that was

precipitated was filtered off and recrystalised from

benzene M.pt. 185-6°¢ (1if¥2§85-600). The filtrate was
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poured into ice water and the mixture filtered to yield a
further 0.34g of the phenazine. The filtrate was extracted
with chloroform (3x200cc), the extract washed with dilute
hydrochloric acid, dried over nagnesium sulphate and the
solvent stripped to give a red oil. This was taken into
chloroform and examined on a silica gel column. No ident-
ifiable products were isolated,

The 2,3~dimethylphenazine obtained waas recrystal-
ised from methanol to give a pale solid M.ph. 17500 (lit.67
173°C). ¥ __(nujol) 1500w, 867s, 755s cu™>. The mass
spectrum showed major ions at m/e 208(M+), 3935, 181, 138,
105, 7%. The W.M.R, spectruﬁ showed absorption at T1.7-2.4
(multiplet, 6H), T 7.54 (singlet, 6H). High resolution’

mass spectrum showed molecular weight 208.0997, 014312N4

requires 208.1004.,

Reaction of S10~dimethyl~l,2-benzoquinone with o-phenyl-

enediamine

A solution of go--phenylenediamine in methanol
(10cc) was added to a solution of 5,5~-dimethyl-1,2-benzo-
quinone (0.68g) in the same solvent (15cc). The reaction
flask was stoppered and allowed to stand for 2 weeks. The

solution produced was filtered to produce a trace amount

L e ot AN et 3
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of unidentifiable black solid, The solvent was stripped
from the f{iltrate to yield a browvn oil which was taken into
a mixture of pyridine (1Occ) and acetic anhydride (1Occ)
and allowed to stand for 2 days. 0.37g of N,N'~diacetyl-
o~-phenylenediamine was filtered off. The filtrate was
poured into ice water to give 1,3-dimethylphenazine (1.1lg).
This was recrystalised from methanol to yield dark shiny

6
crystals M.pt. 121-2°C (lit.?

125967 v . (nujol) 1625w,
1515w, 864s, 840m, 760s cu™t. The mass spectrum showed
major ions at m/e 209, 208(M*), 207, 193, 181, 103, 91,
77, The N.M.R. spectrum showed absorptions atTl.6-2.4
(multiplet, 6H),77.17 (singlet, 3H), ¥7.46 (singlet, 3H).
High resolution mass spectrum showed molecular weight of

208.0997, C requires 208.1004,

1471255

Reaction of 1l,2-benzoguinone with aniline in methanol

1,2-Benzoquinone (1.0g) and aniline (1.7g) were
dissolved in methanol (40cc). The mixture was stirred for
several hours then allowed to stand ove;night. A small
anount of solid came out of solution and precipitation
was completed by the addition of water (40cc). The crude
product was filtered off (0.87g) and recrystalised from

chloroform to give 4,5-dianilino—l,anenzoquinone as a
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reddish-brown powder M.pt. 192-3°c (11t22 193°C). The
product was further purified by T.L.C. on silica gel before
analysis. (Found: C,74.7%; H,4.8%; N,9.4%. Calculated for
Cyghiy, 2,050 C,74.5%; H,4.8%; N,9.7%). ‘vmax(nujol) 3150,
1620, 1580, 1540, 1520 cn™r. The mass spectrum showed

major ions at 290(M%), 289, 261, (289-3261, M at 235.7,

loss of CO), 146 and 1ik. %max=265@u,log£=4.12; »

ma)c=j lOm/a !

lO&é':Lluls; )\max-tli'aq'l?u) 10863')7-59; >\max

=801, logg=3.53.
The N.M.R. spectrum showed absorptions at ¥ 2.5-3.05 (multi-

plet, 12H), 7 3.95 (singlet, 2H).

Reaction of l,2-~-benzoguinone with aniline in ether

A mixture of 1,2-~benzoquinone (l.lg) and aniline
(3.75g) in dry ether (200cc) was stirred overnight in the
presence of a little anhydrous calcium sulphate, protected
by a calcium chloride tube. The resultant red solution
was filtered and the solvent stripped under vacuum to give
a red semi-solid. On treatment with a little ether this
yielded a brown solid which was filtered off and washed
with a little ether to yield the mono-anil of 2,5-dianil-
ino-l,h~benzoquinone. This was recrystalised from chloro-
forn and further purified by T.L.C. The purified products

had a melting point of 205°C (1it1>%02-3°¢c). (Found:

%o
FL IR
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C,78.8%; H,5.4%; N,11.5%. Caleulated for C, H N,0: C,78.9%;

,5.2%; N,11.5%). V___ (nujol) 3190, 1630m, 1600m, and 1580s

-1
el . )\max=278n}u, logfe=l, 505 )max

=582$u, logf&=4.19;

)maxz523$u, logg=3.18. The mass spectrum showed major ions

(i
at m/e 365(M7), 364, 336, (364 336 M at m/e 311, loss of
C0), and 219. The N.M.R. spectrum showed absorptions at

T2.4-3.05(multiplet, 17H), T 3.86 (singlet, 2H).

R SRR AR S? B W > PR, 0 i

Reaction of L~methyl-l,2-benzoquinone with aniline

SO DD TSR e

A solution of L-methyl-l,2-benzoguinone (s.Og) in 7
methanol (25cc) was added to a solution of freshly distilled 2
aniline (4.68, B.pt.183°C) in the same solvent (25¢cc).
The mixture was allowed to stand for 4 days then filtered
to yield the mono-(p-methoxy)-anil of 2,5~di(p-methoxy)-
arilino-l,4-benzoquinone (1.61lg). The solvent was stripped

Trom the filtrate to give a brown oil. This was taken

|

into a little chloroform and chromatographed on a silica
gel column. A further 1.86g of the anil was obtained to-
gether with a browvn oil consisting (T.L.C. on silica gel)
of several components. This was chromatographed on an
alumina column to give aniline (1.17g) as the only product
which could be ididentified. -

The crude anil was recrystalised from chloroforn |
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o Jive dark (luffy crystals. The L.R. spectrum and melt-
ing point were identical to those of an authentic sample.
‘The melting point was not depressed on mixing with an

authentic sample,

Reaction of 1l,2-benzogquinone with p-chloro~aniline in

methanol

A solution of p~chloro-aniline (3.6g) in methanol
was added to a solution of 1,2~benzoquinone (l.lg) in the
same solvent (30cc). The mixture was stirred for 8 hours
then the crude product filtered off, More product was is-
olated by the addition of water (40cc). Total recovery
0.67g. The product was recrystalised from chloroform to
give fine dark red crystals of 4,5-di~(p-chloro-anilino)-
1l,2~henzoquinone, M.pt,209oC (lit?5222~400). (Found:
C,60.5%; H,3.3%; N,7.6%. Calculated for C, gy ,CL N0,

C,60.2%; H,3.3%; N,7.8%). V¥ __ (nujol) 3200, 1660m, 1610s,
<3

15755 and 15408 cm ~. The mass spectrum showed nmajor ions
o 5 S - i
at m/e 358(M ), 323, 246, 217, 119, 105, 91, The N.M.R, 3

spectrum showed absorptions at?t’2.8 (broad singlet, 10H),

73.95 (singlet, 2H). hmax=273%u, log€=l.22; >hax

=268Hy(,,
LogE=h.205 N, =395m, Logf=3.865 N =490mk, logg=3.5L1.

There is a large discrepancy between our melting
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poiat and the value given by Barry et al. These workers :é
nrepared the compound by in situ oxidation of catechol

with sodium iodate in the presence of p-chloroaniline,

Uncer these circumstances, we detected the presence of the

quinone anil, i.e. the mono-p-chloroanil of 2,5-~di-(p-
chloroanilino)~1,4-benzoquinone, which has a substantially

higher melting point. This may account for the discrep-

ancy observed.

Reaction of 1,2-benzoquinone with p-~chloroaniline in ether

A mixture of 1,2-benzoquinone (1l.lg), p-chloro-
anlline (35,84g) and dry ether (190cc) was stirred for 2
days protected by a calcium chloride guard tube. The sol-
ution was filtered to give O.lhg of the crude product.
The solvent was stripped from the filtrate at room temp-
erature under vacuum to give a red solid which was taken %
up in a little chloroform and chromatographed on alumina,
p~Chlorcaniline (3.05g) and a further 0.2g of the product
were dlszolated using chloroform as eluant. The crude prod- }
uct was recrystalised from chloroform to give deep red/
brown crystals of the mono-p-chloroanil of 2,5-di~(p-
chloroanilino)-l,4~-benzoquinone. This was further pur-

ified by T.L.C. M.pt.239-40°C. (Found: C,60.6%; H,3.5%:
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1y 8 P8 HWGCIBNBO requires: C,61.5%; H,3..4%; N,9.0%).

g
}%ay(nujol) 3200, 163%0m, 161Cm, 1590s, 1580s, 1540m and
15205 cu v, The mass spectrum showed major ions at m/e
Z+37(M+), 14'32’ 2135 199, a.nd 178. )\meX:286m/{’ logE=4‘23;
>‘ma:f‘3‘85‘%’ logE=l.Ok; XK =520mk, log€=3.23. The anil

w25 not sufficiently soluble for Li.M.R. spectroscopy.

Reaction of L-methyl-l,2-benzoquinone with p-chloroaniline

A solution of p-chloroaniline (6.35g) in meth-
anol (20c¢c) was added to a solution of 4~uethyl-l,2-~benzo-
quinone in the same solvent (40cc). The flask was sealed
and allowed to stand for 2 weeks. The crude product was
filtered off (1.68g) and recrystalised from chloroform to
give fine red/brown crystals of the mono-p~chloroanil of
2:5~di~(p~chloroanilino)-~1,4~benzoquinone. (M.pt. was
unchanged on mixing with an authentic sample. The I.R.
and mass spectra were identical to those of an authentic
sample). The solvent was stripped from the filtrate under
vacuum to give a brown semi-solid. This was taken into
chloroform and chromatographed on silica gel. The only

product which could be identified was p-chloroaniline (2g).
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Braction of 3,5~dimethyl-l,2-benzoquinone with p-~chloro-

andline

A solution of p~chloroaniline (2.03g) in meth-
anol (10cc) was added to a solution of 3,5-dimethyl-l,2-
benzoquinone‘(0.72g) in the same solvent (1lOcc). The
flask was sealed and allowed to stand for 2 weeks. The
crude product was filtered off (0.19g) and recrystalised ?
from methanol to give fine needle~shaped crystals.of the
mono~p~chloroanil of 2,5-di-(p-chloroanilino)-3(or 6)~
methyl-1,4~benzoquinone. M.pt. 210-11°C. (Found:
C,61.7%; H,3.7%; N,8.6%. 025H18013N30 requires: C,62.2%;
Hy347%; Nyu8:7%) E%ax(nujol) 3260(broad), 1620, 1600,
and lSSOcmml. The mass spectrum showed major ions at
48L(M™Y, 445, 343, 206, The N.M.R. spectrum showed
absorptions at T 2.6~3.3 (multiplet, H), T 3.95 (singlet,
), 8.3 (singlet, H). K. (CHCL,)=286m, £=3.10x10%;
kmaX:QOagﬂ,éle.67Xloh; A =5329u_(shoulder).

max

Reaction of 4,9%-~dimethyl~l,2-benzoquinone with p-chloro-

A solution of 4,5-dimethyl-l,2-benzoquinone (0.7g)
and p-chloroaniline (1,3g) in methanol (1Occ) was allowed

to stand for 24 hours. The crude product that was prec—
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isitated was [iltered off (0.25g) and recrystalised from
methanol to give dark shiny platelets of the mono-p-
chloroanil of 4(or 5)-p-chlorocanilino-5(or 4)-methyl-—
1,2-benzoquinone. M.pt. 1?600. (Found: C,63%.7%; H,3%.8%;
O requires: €,63.8%; H,3.9%; N,7.9%).

IEJBOO?;O

Cl9H14012N2
The mass spectrum showed major ions at m/e 356(M+), 339,
321, The N.M.R. spectrum showed absorptions atT2.6-3%.5
(multiplet, 1OH), T 3.78 (singlet, 1H),7 7.70 (singlet, 3H).
Y (aujol) 3305, 1650, 1625, 1600, 1587 and 1575 cn™*.

_ s by . oy 3
Npax(CHOL;)=283m, € =2.34x10"; N | =90k, € =6.25%10°,

Reaction of 1,2-~benzoquinone with p-anisidine in methanol

p-dnisidine (l.2g) was added to a stirred sol-
ution of 1,2-benzoquinone (0.5g) in methanol. The resul-
tant deep red mixture was stirred overnight then filtered
to yield crude 4,5-di-(p-methoxyanilino)=-l,2-benzo-
quinone. The solvent was stripped from the filtrate under
vacuum and the red oil produced taken into chloroform
and chromatographed on alumina. The only product ident-
ified was p-anisidine (0.34g). The crude quinone was
recrystalised from chloroform to give rcd crystals M.pt.
161°C, . (Found; C,68.2%; H,5.1%; N,8.13%. Coothy gN 50,
requiress C,68.6%; ﬁ,5.l%; N,8.0%). ﬁhax(nujol) 3250,




3180, 1660m, 16208, 1590s and 15%0s cm"l. The mass spec-
trun showed major ions at wm/e 350(M+), 349, 319, 220 and
191. The N.M.R. spectrum showed absorptions atT 2.7-3.2

(muliiplet, 10H), T 3.95 (singlet, 2H) andT6.2 (singlet,

6iI)e A 267mus LogE=h.10; %maXBOSmL, lopg=k.17; Xmax458§“,

ma

logf =3.81 and %maxﬁoo§u, log€=3%.753.

Reaction of 1,2~benzoguinone with p-anisidine in ether

A mixture of p-anisidine (1,8g) and 1,2-benzo-
quinone (0.5g) in 100c¢ of anhydrous ether was stirred
overnight. A little crude product was filtered off then
the solvent stripped frow: the filtrate at room temperature
under vacuum to give a red solid. This was taken into
chloroform and chromatographed on alumina, p-Anisidins
(1.6g) and a further amount of the product was eluted.
Total recovery 0.24g. The crude product was recrystalised

from chloroform to give the dark brown mono-p-~methoxyanil

of 2,5~di=(p-methoxyanilino)-1,4~benzoquinone. M.pt. 202%,

(Found; C,71.0%; H,5.6%; N,9.3%. Tegulress

Canfashz0y
G, 7L.2%3 H,5.5%; N,;9.2%). EJmaX(nujol) 3190, 1640m, 1610m,
1580s and 15158 cm_l. The mass spectrum showed major. ..

ions at m/e 455(M+), LLO, 24, 298, 264, 255, 201 and 171.

The N.M.R. spectrum showed absorptions at7 2.7-3.3 (multi-
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plet, 14H), T 3.88 (singlet, 1H), TL4.05 (singlet, 1H),
T6.2 (singlet, 6H), T6.25 (singlet, 3H). '%may277§u,

Logf =k, 275 )maXQOE@#, log€=4.11; kmax545%#’ logf=3.41.

Reaction of 3-methyl-l,2-benzcoulnone with p-anisidine

in methanol

A solution of p-anisidine (1.83%g) in methanol
(10cec) was added to a solution of 3~methyl-l,2-benzo-
quinone (0.6lg) in the solvent (1Occ). The mixture was
stirred for several minutes then allowed to stand for 24
heours, with occasional stirring. The crude product was
filtered off (0.46g) and the solvent stripped from the
filtrate under vacuum to give a brown solid. This was
taken into a little chloroform and chromatographed on
alunina., p-Anisidine (1.06g) was the only fraction ident-
ified, The crude product was recrystalised from methanol
to glve dark, shiny, needle;like crystals of 3-methyl-i,5-
di-{p-methoxyanilino)-1l,2~benzoquinone. M.pt. 14200.
(Found: C,69.1%; H,5.6%; N,?7.6%. C_.H,.N.O, requires:

2L 2027k

¢,69.2%; H,5.5%; N,7.7%). \%ax(nujol) 3320, 1670m, 1610s
and 1570 cmﬂl. The mass spectrum showed major ions at m/e
2604,(M7), 363, 349, 333, 123 and 108, The N.M.R. spectrum

showed absorptions at 73%.07 (doublet, 10H), 7 3.92 (singlet,
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1H),7 6.2 (singlet, 6H), T8.42 (singlet, 3H). )maXZQO%ﬁg
£=1.90x10%; Nnax 304 £ =1.66x10%; Anasc 64T € =6.10x10%, :

A vhoulder was present on the BMOTﬂ,peak at 255mu.

Reaction of 3-methyl-l,2~benzoquinone with p-anisidine

in_ ether.,

A mixture of 3-methyl-l,2-benzoquinone (2.27g)
and p-anisidine (2.26g) was taken into a minimum quantity
of dry ether and stirred overnight. The crude product
was filtered off (1.0g) and recrystalised from methanol
to give dark, needle-like crystals of L(or 5)-p-methoxy-

anilino-3-methyl-l,2~benzoquinone., M.pt.:>36OOC.

(Found: C,68.7%; H,5.4%; N,5.8%. CluH13N03 requires:
B.69:.1%: H,5.8%; N,5,8%): vmax(nujol) 3160, 167%, 1655,

1620, 1595, 1260, 1275s cm -, The mass spectrum showed

najor ions at m/e 245(M+2), 243(M"), 230, 228, 200.
%maxaqaﬁa, 8:1015x104§ AmaX268@p,(shoulder); }max366@k,
£ :AHQZ};ZLO}; )\max508ny,(, £ =lis 86x10°,

In another experiment, the solvent was stripped
from the filtrate to give a dbrown oil, This was taken
into chloroform and chromatographed on alumina., p-~Anisi-
dine was isolated together with the mono~p-methoxyanil of

2,5-di~( p~-methoxyanilino)-3(or 6)-methyl-l,L4-benzoquinone.




el o

The I.R. and mass spectra of this compound were ildentical
to those of a sample prepared from 3,5-dimethyl-l,2~
benzoquinone., The melting points of the two sanples

were identical and unchanged on taking a mixture.

Reaction of 4L-methyl-l,2~benzoqulinone with p-anisidine

in methanol

A solution of h-methyl-l,2-benzoquinone (0.64g)
in methanol (5c¢cc) was added to a solution of p-anisidine
(2.45) in the same solvent (5cc). The mixture was
allowed to stand for % days. The crude product was fil-
tered off (1.03%g) and recrystalised from chloroform to
sive the dark brown mono-p-methoxyanil of 2,5-di-(p-
methoxyanilino)~1,4-benzoguinone. M.pt. 201°C. The
I.R. and mass spectra were identical to those of an auth-
entic sample. The melting point was unchanged on mixing
wieh ar authentic sanple,

The solvent was stripped from the filtrate ob-
tained from the isolation of the product to give a green
cil. This was diluted with chloroform and chromatographed
on alumrina. The only product identified was p~anisidine

(1.21g).
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Reaction of L-methyl-l1,2-benzoquinone with p~anisidine

A solution of p-anisidine (2,57g) in dry ether
(5Cce) was added to a solution of L-methyl-l,2-benzo-
quinone (0.61g) in 50cc of the same solvent. The mixture
was shaken, then allowed to stand for 2 days. The crude
product (0.25g) was filtered off and the solvent striopped
from the filtrate under vacuum to give a red oil. This
was diluted with chloroform and chromatographed on
alumina to give p-anisidine (2.22g) as the only fraction
that could be identified. The crude product was recrystal-
ised from chloroform to give the dark brown mono-p-meth-
oxyanil of 2,5=~di-(p~methoxyanilino)-1,4~benzoquinone,
a0 201°C, The mass and I.R. spectira were identical to
those of an authentic sémple° The melting point was un-

changed on mixing with an authentic sanmple.

Reaction of hL-ethyl-1l,2-benzoguinone with p~anisidine

A solution of p-anisidine (0.6lg) in methanol
(5¢cc) was added to a solution of L-ethyl-l,2~benzoquinone
in the same solvent (5cc). After standing for 3 hours,
the crude product which was precipitated was filtered off,

‘A further crop of crystals was obtained after standing for




2 days. Examination of the filtrate as before yielded
only p-anisidine. The crude product was recrystalised
frou methanol to gilve the dark brown mono-p-methoxyanil
2, 5~di~{p-methoxyanilino)-1,4~benzoquinone. The I.R,
srectrum wus‘identical to that of an authentic sample.
The melting point was identical to that of an authentic
sample and was unchanged when the two samples were

mixed.

keaction of 3,5-dimethyl-l.2-benzoquinone with p-anisidine

A solution of p-anisidine (1.58g) in methanol
(5cc) was added to a stirred solution of 3,5-dimethyl-
1,2-benzoquinone in the same solvent (5cc). The mixture
vas stirred for 5 minutes, a further 10cc¢ of methanol
added, then the flask sealed and allowed to stand for
3 weeks. The crude product was filtered off (l.32g) and
recrystalised from ethanol to give fluffy brown crystals
¢f the mono-p-methoxyanil of 2,5-di~(p-methoxyanilino)-
3(or 6)-methyl-l,l4-benzoquinone, M.pt. 176-7°C, (Found:
C,71.3%; H,5.7%; N,8.7%. C, 27 3O4 requires: C,71.6%;
H,5.7%; N,8.9%) Y . (nujol) 3270m, 1630m, 1595, 1510 and

; -l ;
12505 cm ~. The mass spectrum showed najor iouns at m/e

y71(M+2), 469(MY), 468, L5L,; 438, 123 and 108, The N.M.R.
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spectrum showed absorstions at¥8.37 (singlet, 3H), T6.25
{(doublet 2:1, 9H),7T 3.9 (singlet, 1H),T2.4~3.3 (multiplet,

14H) . %maw

240mu, ¢ =2,07x10™; Naa27 £=2.41x10%;
sosmsl ineleetionys =2 . L1x10Mt:
Ao a2 Stplintlection) AmaX4097a, §=2.41x107; %maxsso%/a

( shoulder).

Reaction of 4,5-dimethyl-1l,2-benzoguinone with p-~anisidine

p-hinisidine (O.43g) was added to a solution of
L, 5=dimethyl~1,2~benzoquinone (0.5g) in methanol (1Occ).
The mixture was stirred until the p-anisidine had dis-
solved then allowed to stand for 5 days. The solvent
was strizred froax the resultant solution to give a purple
solid. This was taken into chloroform and chromatographed
on alumina. The ohly product identified was the mono-p-
nethoxyanil of S5~p-methoxyanilino-f-methyl~l,2-benzo-~
guinone (92mg). The crude product was recrystalised
from ethanol to give shiny purple crystals M.pt. 13800.

(Found: CG,72.9%; H,6.1%; N,8.1%. C requires:

s1ts07 2%
C,72.4%; H,5.8%; N,8.1%). The mass spectrum showed major
ions at m/e 348(M7), 333, 331, 317, 226, 123 and 108,

The W.l.R. spectrum showed absorptions atT7.65 (singlet,

3H),T 6.25 (doublet, 6H) and 72.8~3.7 (multiplet, 11H).

Vpax(nujol) 3320m, 1655s, 15208 em™>, X 236ma, £=1.48%10";
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kmax276%ﬂ: £=2.04x10"; N

, .. 1)
€=5.74x107; >hax

2959¢(inf1ection); hmaX518§u,

max

6109¢(inflection).

Reaction of 4-methyl-l,2-naphthaquinone with p-anisidine

A solution of p-anisidine (L,23g) in methanol
(5cc) was added to a suspension of L~methyl-l,2-naphtha=-
guinone in the same solvent (15cc). The mixture was
stirred until all the quinone had dissolved, the solution
slowly becoming scarlet. The mixture was allowed to
stand overnight. The purple granular crystals were
filtered off and a second crop was recovered from the
liquor after standing for a further 24 nours. Total
recovery l.25g. The crude product was taken into
chloroform and the solution examined by T.L.C. on silica
gel plates showing the presence of two components. The
two products were separated on a silica gel column,
Chloroform containing 5% acetone eluted the mono=-p=-meth-~
oxyanil of 4~p-methoxyanilino-l,2-naphthaquinone. M.pt.

21.8-9°C., (Found: M.wt. 384.14738 C requires

24H20N203
38L,14738) . ‘ﬂmax(nujol) 3310m, 1650, 1590, 15003 cm_l.

The mass spectrum showed major ions at 384(M+), 369, 279,
‘ ” b
26k, 167 and 149. %max(CH013) 252mu, €=1.94x10"; %maxz78@a,

£=2,O9x104; Xmax3§0$ﬂ(shoulder); Xmax5049a, £=6.§6x103.
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Tlution with methanol eluted a small quantity
of L-p-methoxyanilino-~l,2~naphthaquinone. M.pt. 204~5°G.

(Found: M.wt. 279.0897, C requires 279.0895).

177153
(nujol) 3200(broad, weak), 1684, 1600, 1580, 1520

max
and 1500s cm”l° The mass spectrum showed major ions

at w/e 279(H"), 264 and 236. N 2kl £ =1.71x10";
XmaX278@g, £€=9.98; )hax546qg, E:}.@leoz; %maxq74%“’£::
3,512107

-

Reaction of 3,5~di-tertiary-butyl-1l,2-benzoquinone

with p~anisidine

A mixture of %,5~di-tertiary-butyl-l,2-benzo-
quinone (0.5g) and p-anisidine (0.33g) in methanol (1lOcc)
vas allowed to stand overnight. The purple crystals of
lOu(g}methoxy)~phenyl»6,8udi~tertiary—butyl-phenaz—a-one
obtained were filtered off (0.35g). M.pt. 192-3°C.
{CZ?HBONEOE requires 414.231, high resolution mass spectrum
gives 4lL.23%1). 'vmax(nujol) 1630m, 1600, 1570, 1500s, 1250
(broad, strong). The mass spectrum shows major ions at
w/e 414(47), 399, 383, 369, 353 and 327. The N.M.R. spec-
trum showed absorptions atT 2.5-3.2 {(multiplet, 9H),7T 6.15

(singlet, 3H),7T 8.3 (doublet, 1L8H).
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eaction of benzvlamine with 1,2-benzogquingne

Benzylamine (2.0g) was added to a =olution of
1,2-benzoquinone (0.52g) in methanol (40 cc). The sol-
ution, which became brown on mixing, was stirred over-
alehts The sélution vas filtered free of the trace of
black solid produced and the solvent removed under re-
duced pressure to give a brown oil. This was allowed
to stand in the air when it became very hot after a few
minutes. After standing for several hours, chloroform
vas added and the resultant soluvtion chromatographed on
an alumina column. BEther eluted benzaldehyde (0.93g).

The product nad an identical infra red spec-
trum to an authentic sample., Further characterisation
was carried out by preparing the phenylhydrazone of the
product and an authentic sample. (Mann and Saunders,
"Practical Organic Chemistry", page 339). The infra
red spectra and the melting points of the two samples
were identical. The melting points were unchanged when

& mixture of the two samples was taken.




] B

LAltemuyted ronction of 5,6,7,8~tetrshydronaphthaguinone

GBI A TR TR YRA A A A 8 e S A

A solution of 5,6,7,8~-tetrahydronaphthaquinone
(3.8z) and p-wnisidine (7.4g) in methanol (60cc) was
stirred for 10 minutes then allowed to stand overnight,
The solvent was stripped from the resultant dark solution
under vacuwm to give a brown oil which slowly solidified
or standing. The solid was taken into chloroform and
chromatographed on silica gel. p-Anisidine contaminated
with a brown component (T.L.C. on silica) was eluted by
chloroform, The mixture was taken up in chloroform and
washed with dilute hydrochloric acid. The chloroform layer
was dried and the solvent stripped to give a brown solid,
more of which was obtained by elution of the column with
nmethanol. The solld was recrystalised from methanol to
give a brown powder. This melted at about 13000 over a
wide temperature range. I.R., mass and N.M.R. spectra

were obtained, but the product could not be identified.

Attempted reaction of hydrin-~5,6-qguinone with p-anisidine

A solution of p-anisidine (1l.24g) in methanol
(%cc) was added to a solution of hydrin—5,6wquinone'

in the same solvent (8cc). The bright red quinone sol-




ution became yelow/brown on mixing. The mixture was all-
owed to stand for three days. The solvent was stripped
undaery vacuum to give a brown semi-solid which was taken
into chloroform and chromatographed on silica gel. The

only fraction that could be identified was p~anisidine.

rReaction of o~aminophenol with 1,2-benzoguinone in methanol

A solution of g-~aminophenol (Ll.lg) in methanol
(100¢c) was added to a solution of 1,2-benzoquinone (l.lg)
in the same solvent (100cc) and the mixture stirred over-
aight., After filtering off the insoluble black polymer,
(0.09g), the solvent was stripped under vacuum to give a
red solid. This was taken up in a mixture of pyridine
(15¢c¢) and acetic anhydride (20cc) and the solution allowed
to stand for 2 days. The orange product which separated
was filtered off and washed with a little ether to give
Iy S~di~(g~acetoxyanilino)~1,2~benzoquinone (0.25g). The
filtrate was poured into ice water (200cc¢) and extracted
vith chloroform (250cc). The extract was washed with dil-
ute hydrochloric acid, dried over calcium sulphate and the
sclvent renoved under reduced pressure to give a red oil.
This was taken into chloroform and chromatographed on alum-

ina., Chloroform eluted a little unidentified solid. 1l:1




chloroform/izethanol eluted 0.69g of g-acetamidophenol.
BLe b « 201%C (from methanol). th?2o901 C.

“ho crude 4, S5-di~(o~zcetoxyanilino)-~1l,2-benzo-
sulnone was recrystalised from methancel to give shiny,
orange plates. M.pt. i (Found molecular weight:
406.1163%, C ﬂ18b2 6 requires: 406.1165). vhax(nujol)

17705, 1640, 1580 and 782 cm l, The mass spectrum
showed major ions at m/e 406(M+), 6l B4T7, 322; 305,; 286,

255, (1 L4L06-255 at 160), 213, (M 255-213 at 178), 185

shl el % ax 26, 10§ E=h.18; N

1 _— xjt)(.l/; lOgE::}.Ix,la;

%ﬁq\b50}u logf=3.96; % )OOqa (inflection). The com~

pound was too insoluble for N.M.R. spectroscopy.

o
3

waction of o-~aminophenol with 1,2-benzoguinone in ether

A solution of g-aminophenol (0.5g) in anhydrous
echer (50cc) was added to a solution of l,2~benzoquiaone
(0,.5z) in the same solvent (150cc). The mixture was
stirred for 24 hours then filtered free of the trace of
black polymer produced. The solvent was removed from the
filtrate under vacuvum to give a dark red solid. This was
treated with chloroform, leaving behind an unidentified

red solid (0.14g). The chloroform soluble fraction, after

iiltering, was chromatographed on alumina with chloroform

)
5
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A eluant tc give 3-aminophenoxazone (0.17g) as the only
identified product. M.pt. 250°C (11t 119%50-1°%). The
L.%. 3pectrum was ildentical to that already published.
The wass spectvum showed major ions at m/e 212(M7), 134,
156 and 144. High resolution molecular weight found:
requires 212.0586.

212.0588, G, H, gl 0

2% 2

Reaction of p~bromoaniline with 1,2-benzoquinone in

methanol

A solution of p-bromoaniline (1l.72g) and 1,2-
bYbenzoguinone (0.%5g) in methanol (40cc) was stirred over-
night. The crude product was filtered off (0.35g) and
recrystaiised from chloroform to yield bright red
crystals of 4,5-8i~(n~bromoaniliino)-1,2~benzoquinone.
Mopt. >3007C. The analysis sample was further purified
by T.L.C. (Found: C,48.2%; H,2.8%; N,6.2%. ClSHlaBraNZOZ

requirest C,48.2%; H,2.7%; N,6.2%). Vv (nujol) 3200,

nax
-1 ’ ;
1610s, 1590s and 1530 cm ~« The mass spectrum showed

major ions at m/e 446(M+), 417, %65 and 337. ‘%max2779#’

Logf =ho15;5 N, 285w, log€sba15; N, 392, logg=3.8k;
A

" *
N L'I oL

naxoo0m , logf=3.24. It was not possible to obtain an

A

. spectrum due to low solubility.
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Sercvion of n-bremcandline with 1,2~benzoguinone in ether

- o e e $% B e

A solution of p-bromoaniline (3.44g) and 1,2~

benzoouincne (0.5g8) in anhydrous ether {(100cc) was

-

stirred overnight protected by a calcium chloride tube,
The solution was filtered free of the small amount of
vleck polymer obtained and the solvent stripped under

vacuum tc give a red solid. This was taken into chloro-

O

form and chreomatograrhed on acid-washed alumina. The
mono-p~bromoanil of 2,5-di~-(p-bromoanilino)-1,4-benzo-
quinone (0,13%g) was eluted together with the original
amine (1.92g). The anil was recrystalised from chloro-
form to give fine brown crystals. M.pt. >3%00°C. A
cample was further purified by T.L.C. before analysis,

{Found: C,47.5%; H,2.7%; N,7.1%. CzqﬂloBrBNBO requires:

CoLi7.8%; H,2.7%; N,7.0%). =, (nujol) 3300, 1615n,
- . -1 :
1595m, 1575s and 1540 cm ., >\m ax286tz/m, Llogt =l.23;

A ’:8?2}%, 1ogf =4 .0k s >}nax521r}a, 10gf =3.20.

Reaction of 5.6,7.8~tetrahydronaphtha-~2, 3-quinone with

cvalonentaciene

Freshly prepared cycloventadiene (4cc) was
added to a stirred solution of 5,6,7,8-tetrahydronaphtha-

gquinone (1.5g) in dry benzene (175cc). The solution was

~




wllowed to stand overndght during which time the colour
faizd to a nale yellow. The solution was filtered free

of thae yellow/grey solid deposited then the solvent care-
fully stripped at room temperature under reduced pressure.
ihe orange oil cbltained was taken into benzene and chrom-
atorranhed on silica gel. Benzene gave a little un-
changed diene then the solvent was changed to chloro-
form. This eluted the desired adduct but only the first
vortion was pure, the remainder being contaminated with
other products. The column was finally eluted with
methanol to give a brownish-yellow solid (M.pt.:>36000)
which was not further characterised. The tetracyclo-
[6,5,2,02’6908’l%]mpentadeca—q,5:8,15wdiene~lq,l5-

dione obtained had a melting point 201°C. 'Qmax(nujol)
1723 i (Found:molecular weight: 228.1148, Cl5Hl602
requires 228.1150). The mass spectrum showed major ions
at n/e 228(M+), 227, 200 and 172. The N.M.R. spectrum
showed absorptions atT 4.24 (multiplet, 1H), TL.55
{(multiplet, 1H),7T 6.8 (narrow multiplet, 2H) andT 7.8~

—~

.5 (multiplet, 12H). A x285§“’ €=1.58%107; At 5OmL,
2

Co

ne

({:2073{10 o
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Reaction of 4,5~dimethyl-l,2-benzoquinone with cyclo~-
rentadiene |

Freshly prepared cyclopentadiene (1.0g) was
added to a solution of 4,5-dimethyl-l,2-benzoquinone iO.6g)
in dry benzene (200cc). The solution was mechanically
stirred for 2 days during which time the original red
colour due to the guinone slowly faded to give a yellow
solution., After filtration, the solvent was carefully
rexnoved under vacuum at room temperature to yield a
yellow oil. This was diluted with chloroform and chrom=-
atographed on a silica gel column to give §,9~-dimethyl-
tricyclo-—[S,2,2,0?’6:|~undeca~l.p,5:8,9-diene-10,ll-dione
(0.10g). M.pt. 194-5°C 1it. ol i 8 (Founa: C,76.8%;
H,7.2%, 013H1402 requires: C,76.9%; H,7.4%). Vmax(nujol)
1730 cm“l. The mass spectrum showed major ions at m/e
202(M™), 201, 146 and 131. The N.M.R. spectrum showed
absorptions at?T 4.25 (multiplet, 1H), T4.55 (multiplet,
1H),T 6.4~8.0 (multiplet, 2H), 78.12 andT 8.22 (two
singlets, 9H). )\maX283n}u, E=l°66x103; 71\11&}{452%,

2

t£=2.67%10°, Our melting point could not be raised to

the published value by recrystalisation.
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Reaction of cyclopentadiene with hydrin-5,6~quinone

Freshly preparcd cyclopentadiene (9g) was

added to a stirred solution of hydrin-5,6-quinone (1.0g)
in dry benzene (150cc). The mixture was stirred for 2
days during which time the original bright red colour

was slowly discharged to give a yellow solution. After
filtering the reaction mixture, the solvent was carefully
stripped at room temperaturelunder reduced pressure to
give a yellow oil. This was diluted with chloroform and
chromatographed on a silica gel column. Chloroform ‘
first eluted dicyclopentadiene followed by the yellow
2,6’08,12]

crystalline solid tetracyclo—l},5,2,0 ~tetra-

deca-l,5:8,12~diene~13,14~dione (0,20g8). M.pt. 162-3¢,

(Fourd molecular weight: 214.0996, 014H1402 requires

214.0994). ¥ (mujol) 1730 and 1710 cm™t, The mass

spectrum showed major ions at m/e 214(M*), 186 and 158.
T™e H§.M.R. spectrum showed absorptions at T4.30 (multiplet,
19),7T £,60 (multiplet, 1H),T 6.46 (singlet, 2H) and
6,5~ - y g o

6.,9~8.2 (multiplet, 1OH). >‘max288“}“’ £ =1.37x10";

Wb, € =2,87x10°,

max

Thiele~type reaction with 1,2-benzoguinone

1,2~-Benzoquinone (1.0g) was dissolved in acetic
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aunhydride (15cc) and a few drops of concentrated sulphuric
acid were added, The bright red colour of the quinone
solution rapidly faded to a pale orange/yellow colour,
The product was poured into cold water (100cc), the
resultant solution neutralised with sodiun bicarbonate,
extracted with chloroform (3x100cc), the extract dried
over calcium chloride and the solvent removed at room
Lemperature under vacuum., The resultant yellow oil

gave a pale yellow solid (1l..44g) oﬁ standing. This was
recrystalised from ethanol to give the 1,2,4-triacetate
of benzene as white solid. M.pt. 92-4°C (1it12%96-7°C).
The melting point was unchanged when mixed with an auth-

entic sample and the I.R. spectra of the two were identical.

Preparation of the 1,2,4~triacetate of benzene

A wixture of concentrated sulphuric acid (1l.2g)
and acetic anhydride (18g) was placed in a 100cc beaker
equipped with a thermometer and stirrer and surrounded by
a cold water bath. 1,4-Benzoquinone (6g), which had been
freshly fecrystalised from benzene, was édded, in small
vortions, with stirring, maintaining the temperature be-
tween QOOC and 5000. When all the quinéne had been added,

the solution wvas left stirring, taking care not to allow
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trhe temperature to rise above BOOC, until it began to
ceol., At this point, solid began to precipitate.. The
mixture was allowed to cool to room temperature and the
acoduct lsolated by adding ice cold water (75cc). The
white precipitate of the crude 1,2,4-triacetate of ben-
wone was filtered off at the pump and recrystalised from
a little ethanol. The product was dried over calcium‘
chloride in an atmosphere of carbon dioxide. The freshly
propared product melted at 93—500 (lit%2596-700) but it
decomposed over a period of days to grey solid.

Yield:- 10.3g.

Preparation of the 1,2,3~triacetate of benzene

A mixture of anhydrous sodium acetate (8.2g),
pyrogallol (12.6g) and acetic anhydride (11lOcc) was heated
under reflux at about 160°C for 2 hours. The mixture was
allowed to stand overnight before adding water and filter-
ing off the crude product at the pump. Yield:- 22.28.

A sample was taken and recrystalised from ethanol giving

small. white crystals M.pt. 165—600, (lit%2416500).
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Attemnted vreparation of L~benzyl-l,2-benzoquinone from

p~benzylphenol

P 5

A solution of p-benzylphenol (1.8g) in ether
(20cc) was added to a solution of Fremy's salt (7.6g) in
water (550cc) containing sodium acetate solution (30cc,
1M). The mixture was cooled in an ice/salt bath and
stirred vigorously for 4 hours. The resultant red solut-
ion was extracted with ether, the extract dried and the
soivent stripoed to give a red oil. This was chrom-
atographed on a silica gel column using chloroform as
eluant. The major »roduct obtained was p-benzylphenol

(1.3g), identified by I.R. spectroscopy.

Preparation of l-amino-~3-benzylphenol

A mixture of sulphanilic acid (105g), sodium
carbonate (26.5g) and water (500cc) was heated with
stirring until all the sulphanilic acid had dissolved.
Tihe solution was cooled in ice to 1500 at which point
godlum sulphanilate began to precipitate, A solution of
sodium nitrite (37g) in water (100cc) was added and the
resultant solution poured at once into a mixture of conc=-
entrated hydrochloric acid (10O6cc) and ice (600g) in a 2

litre flask. The solution from which p-benzenediazonium
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sulphonate separated on stirring was allowed to stand in
an ice bath for about 20 minutes.

p~Benzylphenol (92g) was dissolved in the warm
solution obtained by dissolving caustic soda (110g) in
vater (600cc5 in a 5 litre beaker. The solution was
cooled to about 5°C by the addition of ice (400g), then
the suspension of p-benzenediazonium sulphonate, prep~
ared above, was added. The mixture was stirred well
bofore being allowed to stand for an hour without exter-
nal cooling. The solution was a deep red at this stage
indicating the presence of the azo dye, though this did
not precipitate.

The dye solution was heated to 5000, with
stirring, on a steam bath. A little gas was evolved dur-
ing this process. About one-tenth of a sample of 2350g
of sodium hydrosulphite was cautiously added, and the
mixture stirred until frothing subsided. The remainder
was now added, in one lot, while stirring continuously.
The bright red colour of the solution rapidly faded to a
wvale yellow and fine needles of the almost colourless
amino-phenol were precipitated, The reaction was brought
to completion and the product digested by heating to 70°C,

on a steam bath, with stirring. The solution was allowed
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co stand for % hours then cooled in ice and filtered to

yield fine crystals of l~amino-3-benzylphenol.

IS

Attzunted vreparation of 4-benzyl-l,2-benzogquinone from

l-znino-3~benzylphenol

l-Amino~3-benzylphenol (4,95g) and a few crystals
of stannous chloride were dissolved in water (1.25 litres)
containing concentrated hydrochloric acid (5¢c). The
solution was filtered then a filtered solution of ferric
chloride (12g) in water (75cc) and concentrated hydro-
chloric acid (2.5cc) was added at once., Almost immede-
iately a dark powdery precipitate éeparated. This was
not the expected quinone but appeared to be p~benzyl-

phenol.

Attemnted preparation of 4-~benzylcatechol from l-amino-

3~benzylvhenol

Concentrated sulphuric acid (22cc) was caut-
iously added to water (15c¢c) in a 250cc conical flask.
I~Anino-3~henzylphenol (20g) was added together with ice
(505) and the whole thoroughly stirred to give a homo-
¢ €asous paste, The mixture was cooled to about 0°¢ in'an

ice/salt bath, and a cold solution of sodium nitrite
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(7.22) in water (léecc) was added in portions keeping the
temcerature below BOCu The mixture was stirred for 5
minutes then allowed to stand for a further 5 minutes
during which time it foamed somewhat.

Concentrated sulphuric acid (66cc) was caut-
iously added to water (60cc) in a 500cc round hottomed
fiask. The whole was heated to almost 100°C and the
dizzonium mixture slowly added in portions, care being
taken to avoid excessive frothing. After all had been
added, the solution was maintained at about 100°¢ for
5 mwinutes, then poured into a 500cc beaker cooled in an
ice bath., The sclution was stirred as it cooled, to
yield a pale yellow solid which was filtered off and
dried in a dessicator. The product, which was expected
to be L~benzylcatechol, had a molecular weight of 262
(by mass spectrometry). The I.R. spectrum showed a

broad absorption from 2400 to 3600 em™ >

and a strong,
shary absorction at 2240 cm—lu It was not further char-
acterised,

The product was bolled under reflux for 2
hours with a mixture of concentrated sulphuric acid (50cc)

and water (50cc), After standing overnight, the mixture

was diluted with water and extracted with ether. The
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ethor extract was dried and the solvent stripped to give

2 hrown oll which partially solidified on standing. The

T.R. spectrum showed a broad absorption at 3100 to 3600 cm

aud a strong absorption at 1690 cm-l. The absorption at

1

\

had completely disappeared. No further char-

-~ ] ” o]
22L0 o

acterisation was attempted.

*

tbtempted vreparation of 4-benzylcatechol by acylation

of 1.,2~dimethoxybenzene

A mixture of benzoyl chloride (35.2g), 1,2~
dimethoxybenzene (30g), carbon disulphide (130cc) and
nowdered anhydrous aluminium chloride (38.4g) was stirred
under reflux (with cooling in ice for the first hour) for
8 hours. The resultant mixture was poured into ice water
and the white precipitate of 3,L-~dimethoxybenzophenone
obtained was filtered off. More product was recovered by
separating the organic layer and allowing the solvent to
evaporate in a well ventilated hood overnight., The solid
obtained was filtered, taken into ether, the solution
water-washed, dried and concentrated under vacuum. The
white needles precipitated were filtered off and washed
with & little etrer, M.pt. 98°C (1it].“2999°c). Total

recovery 27.6g.

b
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A mixture of granulated zinc (85g), mercuric
chloride (8.5g), concentrated hydrochloric acid (12.5cc)
and water (l25cc) was shaken for 10 minutes. The amalgan
obtained was washed in running water then placed in a
500cec round bottomed flask with dilute hydrochloric acid
(200cc, 1 volume acid to 2 volumes water). 3,4~dimethoxy-
benzophenone (21.4g) was added and the whole brought to
the boil under reflux. The mixture was refluxed for 4
hours, adding 3 portions of 25cc dilute hydrochloric acid
at half-hourly intervals, then a final portion of 50cc
concentrated hydrochloric acid after a further half hour,
The solution was allowed to cool, separated from the re-
maining amalgam and ether extracted. The amalgam was
washed with ether, the washings combined with the extract
and the whole dried over magnesium sulphate. The solvent
ias stripped to give 1,2~dimethoxy-4-benzylbenzene as a
colourless oil.

A mixture of 15g of the crude oil and hydriodic
acid (147g, svecific gravity l.7) was boiled under reflux
in a stream of carbon dioxide for 2 hours. The mixture
was allowed to cool to room temperature, diluted with
water and extracted with ether. The extract was washed

with dilute sodium bicarbonate solution, dried over
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nagnesium sulphate and the solvent stripped to yileld a
brown oil. This was not the expected 1,2-dihydroxy-i-—

sensylbenzene and was not identified.
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