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(i)

SUMMARY

The reactions between quinones and aromatic compounds
in the presence of acids are surveyed; and a summary of
the methods used for preparing triphenylenes is outlined.

Mono- and di-arylquinones have been prepared by the
arylation of benzoquinones with diazotised 3,4-dimethoxy-
aniline (Meerwein reaction). The structures of the aryl-
quinones are determined spectroscopically and by conversion
to known compounds. .

The aluminium chloride-catalysed reaction‘betwecn
benzoquinones and either veratrole or 3',4'-dimethoxyphenyl-
benzoquinones gives derivatives of triphenylene-1,4:5,8-
diquinone.

2-(3',4'-dimethoxyphenyl)-3-arylbenzoquinones have

been cyclised in the presence of Lewis or protic acids to

triphenylene-1,4-quinones. The reaction between concentrated

hydrochloric acid and either 2,3-di(3',4'-dimethox§pheny1)0
benzoquinone or 5,6-dichloro-2,3-di(3',4'-dimethoxyphenyl)-
benzoquinone gives 5-chloro-substituted triphenyleﬁe—l,4—
quinones.

A new synthesis of 2-hydroxytriphenylenes is developed

i



by treating veratrole with chlorobenzoquinones in aqueous
sulphuric ‘acid:

An attempfed reaction between veratrole and 1,4-
naphthaquinone.in the presence of aluminium chloride gave
only products derived from 1l,4-naphthaquinone, one of these
is a new dinaphofuran derivative, viz. 8-hydroxydinaphtho-
‘[1,2—b:2',l'—d]furan—5,6—quinone.

The structures of all compounds have been determined
by both physical and chemical techniques, and mechanisms

have been suggested and discussed for new reactions.



NOMENCLATURE

The nomenclature used throughout this thesis follows
the IU.P.A.C. 1957 rules as far as_possible. In some
cases however 'simplicity, clarity, and . egse of cross-
reference have necessitated a departure from the rules.
"Benzoquinone'" refers to l,4-benzoquinone except where

otherwise stated. ‘Arylquinones are numbered as follows:-

OMe
OMe

eg. Cl

O 6'-chloro-3'",4'-
dimethoxyphenylbenzoquinone

Triphenylene-quinones and -diquinones are numbered thus:-
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CHAPTER 1

Introduction

This thesis is concerned with reactions between aromatic
compounds and quinones to give arylquinones and triphenylene
derivatives. A survey of the known reactions of quinones
with aromatic compounds under acid conditions, and a
summary of the previous methods used for preparing tripheny-

lenes are therefore appropriate.

Reactions of aromatic compounds with gquinones

1. Reactions of aromatic comnipounds with benzoquinone

Aromatic compounds generally¢react with quinones in

~the presence of Lewis or protic acids to give mono- or di-
arylquinols or the correspondiﬂg quinones. Benzene, toluene,
phenol, anisole, and phenetole each react with benzoquinone

in thé pfeéence of aluminium,éhloride to give the corres-

1-4

ponding 2,5-diarylquinol (1; R = H, Me, HO, MeO, or EtO).

The structure of the diarylquinols (13 R = H or HO) has been



OH

OH

(1)

9 who converted

confirmed by K8gl and Postowsky5
derivatives of the diarylquinols into p-terphenyl by zinc
dust distillatibn. Phenol reacts with benzoquinone in the
presence of aqueoué sulphuric acid or boron trifluoride‘

z . 5 ol
etherate to give a mixture of the arylquinones (2) and (3).

The reaction of benzoquinone with p-xylene is not readily

OH
OH

(@)

O
(2) (3)
effected% but the reactions with m-xylene8 and with

mesitylene9 both give good yields of the 2,5-diarylquinols.



Reactions with substituted phenols or aromatic ethecrs
are more complex and in many cases the structure of the
product has not been established. Pyrogallol was originally °
reported to give a 2,5-diarylquinol with benzoquinonelo, but
this has not been substantiatedll. The reaction between
pyrogallol and benzoquinone in dilute sulphuric acid has
been shown recently12 to give a complex mixture containing
the biphenyl (43 R = HO) and the terphenyl (53 R = HO),
together with self-condensation products from pyrogalloll

A diarylquinol was isolated from the reaction of resorcinol

OH HO on
OH - OH

OH OH OH

OH OH

(&) (5)

and benzoquinonelo. Later work13 has shown that the products
from this reactien ére the arylquinol (43 R = H) and the
diarylquinol (53 R = H). o-Cresol and its ethyl ether react
readily with benzoquinone to give diarylquinols to which

. 14
structures (63 R = H and Et) have been assigned . The



reaction with m-cresol is more difficult and no product
: 14 : X :
was obtained from p-cresol i It is claimed, without
suppor ting evidencelthat p-methoxytoluene gives the diaryl-
2 14 7
gainoX (T) . The reaction between veratrole and benzo-

: i4 . ; . :
quinone 1s of particular interest and is discussed in

Section: 3.

OR

OH
Me

Me
RO

OH

Me

(R (7)

2, Reactions of aromatic compounds with substituted

. benzoquinones. In the presence of aluminium chloride,

: : ; 15 : 3
methylbenzoquinone reacts with mesitylene to give the aryl-

quinol (8), and with l—methyl-2,S-dimeth(_)xybenzene;6 to give

the arylquinol (9;-R = Me)., Similarly chlorobenzoquinone
OMe
Me Me ‘ R
OH OH
Me : OMe
Me R
OH OH

(8) | (9)



reacts with 1—chloro-2,S—dimethoxybcnzene16 to give th
arylquinol (93 R = Cl1). Attempts to prepare the
diarylquinol (10) from either 4'-methoxyphenylbenzoquinone
and veratole, or 3',4'-dimethoxyphenylbenzoquinone and

OMe
OH

MeO
MeO

OH 4

(10)

enisole, in the presence ofaluminium chloride, have been
17 ’ ; eE
unsuccessful . Reactions of 1l,4-naphthaquinone with

resorcinol, pyrogallol, and with naphthol give mono-aryl-

_naphtholslo. The negatively substituted benzoquinones

R COCH3 or COOCH3) react readily with aromatic hydro-

carbons, ethers, amines,; or phenols to furnish the 3-aryl-
benzoquinones (123 R = COCH3 or COOCH3) ot the corfésponding
79

quinols. These .reactions are catalysed by formic-acid,

acetic acid ox: triflluoroacetic*acid;



O O
High yields of arylquinones have been obtained by the
oxidation with chromic acid of aromatic ethers of the type

(13)16,18-22

In each case initial oxidative demethylation
of the ether produces the corresponding quinone which then
undergoes acid-catalysed arylation and subsequent oxidation
to the arylquinone (14). The oxidation of 2-methoxy-

naphthalene to the quinone (15) with peroxoformic acid follows

a similar course.

OMe JO|
X© | X (13)
e T
OMe . o
(13)
0,
O i
. A
Me O

(15)



3. Reactions of veratrole with quinones. Veratrole is

highly reactive towards electrophilic reagents, substitution
pecurring at; C =4 and C «5% This %8 illustrated by the
rate of bromination of veratole, which is three times faster

than that of anisole24. The C - 4 position in veratrole is

25’26. This

brominated 100 times faster than the C'= 3 position
great reactivity has been attributed to interaction between
the oxygen atoms of the methoxy-groups, which facilitates the

formation -of-the ‘oxonium - ien:in: the trafisitioh state24:—

C;OMe | | Me O + Q

O
OMe

TMe

The two adjacent reactive sites in veratrole favour the
. : ' . . 27,80
formation: of cyelic¢c compounds; Thus, with a-diketones
in acidic media, veratrole gives phenanthrené derivatives (16),

while with hexane = 2,54dione28 it forms the dihydroanthracene

| g T Cyclic'compounds are also formed when veratrole is oxidised




OMe
OMe Me
MeO OMe
R Me O OMe
Me
OMe
OMe
(17)
(16)
by high potential quinones. In the presence of chloranil

and aqueous sulphuric acid, veratrole is converted into a
mixture of 2,3,6,7,10,11-hexamethoxytriphenylene (18) and

the dibenzonaphthacenequinone (19)29—31.

It is suggested
that the triphenylene (18) is formed by repeated Scholl
reactions via the biphenyl (20) and the terphenyl (21),
dehydrogenation being brought about by the chloranil?z. The

polycyclic quinone (19) is suggested to be formedzZ by the

OMe , %
OMe
Me O
Me O
OMe
OMe

(18)



=30, .

OMe

O
MeO OMe
Me O OMe
@)
OMe
(197
OMe OMe
OMe OMe
Me O _ MeO
Me O : Me O
OMe
OMe
(20) c21)
OMe

OMe
OMe

MeO
Me O

(22)



oxidative demethylation of the corresponding octamethoxy-
compound which could result from a mixed Scholl.reaction
between veratrole and the triphenylene (18). A similar
reaction between the biphenyl (20) and chloranil gives the
related polycyclic quinone (22)32. Other high potential
quinones effect these reactions less efficiently

The reaction between veratrole and 2,5-dichlorobenzo-
quinone gives, in addition to the triphenylene (18) and the

polycyclic quinone (19), the mono- and di-arylquinols (23)

and (24)33. When an excess of 2,5-dichlorobenzoquinone is
: : OMe
OMe OH .
N 74
; OH OMe Cl
! cl
cl Mg OH
OH Me O

(233 (24)

used, the main products are the diarylquinone corresponding
to (24) and the dibenzofuran derivative (26)33, the latter

being formed by the cyclisation of the arylquinone (25):-



OMe

e

Ci o

Cl
M
H' (25)

OMe

B

Analogous products are obtained when 2,6-dichlorobenzoquinone
is used33.

The reaction of veratrole with benzoquinone in the
presence of aluminium chloride was reported by Pummerer and
his co-workers14 to give a red quinone which they considered
to be the bisbenzofuranquinone (27). Chapter 3 of this
thesis discusses the evidence for the structure (28) which has

' : ; 4
now been established for Pummerer's qulnone3

Me O @)}
Me O O

(27)_ (28)



4, Self-condensation reactions of quinones. Many acid-

catalysed reactions involving quinones are complicated by the
self-condensation of the quinones to form di- or ter-phenyl
derivatives and amorphous high molecular weight quinonoid
products of unknown constitution35. Thus benéoquinone in
the presence of aqueous sulphuric acid gives mainly polymeric
ey - : & 36,81
amorphous material and the terphenyl derivative (293 R = H) !
Similarly methyl- and ethyl- benzoquinone yield the terphenyls

R

HO

OH

e
R o) v
(29) (30)

(29; R = Me or Et) together with the arylquinones (303 R = Me
or Et)35. In contrast, the acid-catalysed reaction of methoxy-

benzoquinone gives the arylquinone (30; R = MeO) rapidly and

almost quantitatively18’37.

Both methyl- and phenyl - benzo-
quinone in the presence of aluminium chloride form the aryl-

quinones (30; R = Me or Ph)38. Acid—cafalysed reactions of



l,4-naphthaquinone yield mainly the cyclo-octatetraene

derivative (31)%9_41’ 81.

(31)

Syntheses of triphenylenes.

The methods for the synthesis of triphenylenes are

summarised in Elsevier's Encyclopaedia of Organic Chemistry



: . 4 4
up to 1946, and in Chemical Reviews & up:-to " L1959 The
following summary deals mainly with the methods developed
since 1959, the earlier methods being mentioned only briefly.

The syntheses of triphenylenes may be classified as

follows:
o Condensation reactions involving cyclohexanones.
2. Cyclp-addition reactions: -
(&) Df qﬁinones to derivatives of biscyclohexen-1-yl,
(b) of unsaturated compounds to substituted
cyclopentadienones,
(c) of unsaturated compounds to dibenzocalicenes
L Reactions involving arynes.
4. Ring extension by Friedel-Crafts reactions.
S Dehydrogenation reactions.
Ba Rearrangement reactions.
1[5 Condensation reactions involving cyclohexanones.

Cyclohexanone undergoes self-condensation in the presence
of a wide variety of reagents to give the polyhydrotriphenylene
£33, The best yield (13%) ﬁas been obtained using.a'mixture.
of aluminium ;nd thorium oxides as fhe»condensing agent.
Rapson45 synthesised triphenylene by the following series of’

reactions:=



(32)

Pd

l

HO
O PhMgBr 5 Ph SI"\CI
§ or Alcl,

(33)

This synthesis is improved by epoxidation of the intermediate
(32) followed by cyclisation with a mixture of acetic and
hydrobromic aéids44. In this way, triphenylene has been
obtained from (32) in 50% yie1d44. Similarly by using the

44
appropriately substituted Grignard reagent, 1l- and 2-methyl-

4 44
1- and 2—methoxy-45, 2-hydroxy-45’ 6, and 1,2-benzo-

triphenylenes have been prepared.



2. a) Cyclo-addition of quinones to derivatives of

biscyclohexen-1l-yl. The addition of benzoquinone to biscyclo-

; et 47 7
hexen-1l-yl in ethanol was originally reported, to give the
decahydrotriphenylene (34), but is now known48 to give the

octahydrotriphenylene (35). In the Soblios of 2 solvent,
O of o
BQ \ BQ ;
O O
(34) , (35)
BQ = Benzoquinone

and using equimolar quantities of reacants, (34) is formed.
This reaction has been applied to methylbenzoquinone, and to

the 4,4'-dimethyl-, dimethoxy-, and dicyclohexyl- and the
3,3',5,5'-tetramethyl- derivatives oL biscyclohexen—l—yl48.

The yields of the adducts range from 14-85%, and the
polyhydrotriphenylenes have been dehydrogenated using palladium-

charcoal catalysts in satisfactory yields (42-74%).

b) Cyclo-addition of unsaturated compounds to substituted

cyclopentadienonés; 1,4-Diaryltriphenylenes may be prepared

. : 2 52
by the Diels-Alder addition of acetylenes49 e or ethylenes e

to cyclopentadienones of the type (36):



Ar s Ar
RC=CR \ R
O it
R

Ar Ar
-CO

(36)

Ar

Ar

The substituted cyclopentadienones (36) are readily p;cpared

by condeﬁSing phenanthraquinone: with dibenzyl ketonesﬁs. The
yields of the Diels-Alder adducts depend mainly on the reactivity
of the dienophiie. Similar reactions involving the addition of

diazomethane and of ethyl diazo acetate give the triphenylenes

(37) and (38) in excellent yield§56.



. 4 O

Ph

/e \

HO
Ph

\

(37) (38)

c) Cyclo-addition of unsaturated compounds to 5,6-dimethyl-

1,2,3,4-dibenzocalicene (39). Dimethyl acetylenediacarbo-

xylate (40) adds to the dibenzocalicene (39) to give, after

¥4 ke
rearrangement, the triphenylene (41) (72%)J A similar

reaction with maleic anhydride gives the dihydrotriphenylene

CO,Me
I
C

i
5 C

|
CO,Me

L350 (40)




57 '
(42) (47%) ; This synthesis has been applied to the

examples given only.

3. Reactions involving arynes.' Triphenylenes are
frequently isolated from reactions which proceed via an
' : : 58 : : :
aryne intermediate , .the best yields being obtained from
reactions involving organo-metallic compounds. Triphenylene
is formed in 59% yield from the reaction of o-bromoiodo-

: ! TR, : Ty
benzene with lithium and . in 85% yield from.o-fluorobromo-

6O’61, but the yields of substituted

benzene and magnesium
triphenylenes obtained from substituted arynes are
considerably 1ower62. A stepwise mechanism has been suggested

for such reactions:61

M
X MY l a1a) . ©/©
; M
X

(a) | (b)

(b) -MX

N

AN




This is supported by the successful synthesis of tripheny-

lenes by the action of arynes on suitably substituted

biphenylsél. Reaction of the biphenyl (43; M = Li) with
1 61
benzyne .gives 2,7-dimethyltriphenylene (50%) " :
M
Me N
F
b
+ 7o
M
Me Me

(43)

Similar reactions between the biphenyl (43; M = Li or MglI)
and the appropriate aryne give the following triphenylene
derivative361: 2,6,l1-trimethyl- (26%) 1,6,11-trimethyl-
' (13%); 6,ll-dimethyl-2-methoxy- (15%); 1,3,6,l1-tetra-
methyl- .(60%); 2,3,6,11-tetramethyl- (20%). 2-Chloro-2"'-
1ithi0biphenyi reacts with the appropriate aryne to yield
2-trifluoromethyl- (11%) s 1,3-dimethyl-’ (21%), 2,3-dimethyl-
(10%), and 2,3-dimethoxy- (10%)‘tripheny1ene63. This
method is one of the most genergl.yet developed for thg
synthesis of triphenylenes. The polyhydrotriphenylene
(455 R = H) has been prepared via cyclohexyne by the action

. 4
of magnesium on 1,2-dibromocyclohex-1-ene6 ‘



4, Ring extension by Friedel-Crafts reactions Several

triphenylenes have been prepared by adding ring systems fto
an existing benzene, naphthalene or phenanthrenenucleus by
a Friedel-Crafts reaction. l,4-Dichlorobutane reacts with

65 S el 1 s IR= T L 3
benzene or with tetralin in the presence of aluminium
chloride to give the polyhydrotriphenylene (45; R = H).
Similarly 2,5-dichlor ohexane reacts with the hydrophenanthrene

y : . : 67
(44) to give the dimethylhydrotriphenylene (45; R = Me):

Gt o AlCly
of

A4

e A (45)

Triphenylene may'be prepared by the succinoylation of

naphthalene68’69

sLor ot 1,2,3,4—tetrahydrophenanthrene7o,
and subseqdent cyclis;tion and dehydrogenation. The
polymethyltriphenylenes (46) and (47) have been obtained by
the sequences ;hown-on Pt ieD Many of these syntheses

involve seyeral steps and the overall yields from readily

available starting materials are often low.



(i) BF,

(ii) Pd/C

'

Me 2~ \Me
<

Mc
\

Me !qg!lMe
(486)

(i) BF,

(i) Pd/cC

v

Me

Me

(47)

Me

Me



Sl o

5. . Dehydrogenation reactions The passage of o-terphenyl

¢ L i : : " 7
or its derivatives over palladium-platinum-carbon at 490° 3’74,

Al 75 : ; .
or over platinum-silica gel at 600° , results in cyclisation
and dehydrogenation to give triphenylenes in excellent yields.
The photochemical dehydrogenation of o-terphenyl in the

; : g Fhon Tois
presence of iodine is also successful. ?

A different type
of dehydrogenation, namely the oxidation of veratrole by
c¢hloranil in. agueous sulphuric acdidrigaves 2,3,6,7 ,10,1L1=

: 29-31 : v
hexamethoxytriphenylene (18) (65%). This reaction has

: 3
been applied successfully to veratrole and o-diethoxybenzene

only.

Ols Rearrangément reactions Yet another route to triphenylenes
= 78 o

makes use of the dienone-phenol rearrangement . The dienones

(48; R = H or COzMe) and the corresponding dienols (49) rearrange
in acetic anhydride/sulphuric acid to.g ive triphenylenes in

good yields (68-83%):

Ac,0

Y

H,S0, | -

~AcO




Ac,0

N

H,S0,

(49)

Although a number of methods are available for preparing
triphenylenes, many syntheses are of limited range, and suitable
starting materials are not always readily accessible. New

methods for preparing triphenylenes are therefore desirable.

Objects of this study

The objects of the present work were:
(a) to--establish ‘the structure of Pummerer's quinone;
(b) to extend.the reactions between a;omatic compounds and.
quinones;
e té investigate the usefulness of these reactions as a

means of pfeparing triphenylene derivatives.



CHAPTER 2

Arylation of quinones by the Meerwein reaction

During thé course of these investigations, a number of
arylbenzoquinones were requifed either as starting materials,
or to confirm the identities of products formed by the acid-
catalysed arylation of various benzoquinones.  The
preparation of mono- and di-arylbenzoquinones and of the
corresponding chloro;compounds Ey the Meerwein reaction
are now discussed.. The Meerwein reaction provides a simple
method for the a%ylation of quinones by diazonium salts,

although the yields are often low.



Wt el

Arylation of benzoquinone with diazotised 3,4-dimethoxyaniline

The reduction of 3,4-dimethoxynitrobenzene with
granulated tin, tin (LY cﬂloride, and conceptrated hydroch-
loric acid gave-a crude product (70%)y m.p. 78-83° T which.on
crystallisation afforded pure 3,4-dimethoxyaniline (50%),
m.p. 84-86° . When the pure amine was diazotised and

treated with benzoquinone, 3',4'-dimethoxyphenylbenzoquinone

(50) was obtained. Diazotisation of the crude amine followed
OMe OMe
Cl
O

| » o
(50) | (51)

by treatment with benzoquinone gave the arylquinone (50)

together with a second quinone (C Cl 0,). The n.m.r.

: 14H11
spectrum of the latter, which showed the presencé of two
methoxy-groups énd of.five aromatic or quipénoid protons,
suggests the cdmpound is 6'-chloro-3',4'-dimethoxyphenyl-
benzoquinone (515;‘ This is presumably formed from diazotised

.

6-chloro-3,4-dimethoxyaniline presént in the crude amine. The



structure of the chloroarylquinone was confirmed by

preparing ‘an authentic sample as follows:

OMe . OMe ~ OMe
OMe 502Cl2 N OM@ HNO3 \ OMe
4 -
NO,
el Cl
OMe
i HNO
Sn/HCL oMe (i) 3
7 7
ra (i) BQ Cl
Gl :
O
BQ =Benzoquinone (51)

Chlorination frgquently occurs during the reduction of
aromatic nitro-compounds in the presence of metal and
hydrochloric acid.92 ~ The reduction of 4-ethoxynitrobenzene
by tin and hot, concentfated hydrochloric acid gives 2-éhlof0-
4-ethoxyaniline in high yield (90%), but when diiute hydro-

ehd oriby acid «€Hs used, 4-ethoxyaniline is the only product.



The arylquinones (50) and (51) show dimorphism. The
< T B o8 cryétallises from ethanol as red rhombohedra, m.p.
133-134°, which sublime to give a red microcrystalline solid,
mepry 135-136°., The i.r. spectra of the two .samples in Nujol
are significantly different (p.163), but the sbectra in
carbon disulphide solutions are identical. The chloroaryl-
quinone (51) separates from ethanol as orange rhombohedra
when the solution is allowed to cool slowly, but as violet
needles when the solution is agitated and cooled quickly.

Both samples have the same m.p. (130°), the violet form

changing ‘to. orange. at-120% . “Again _the-isxi: spectra in:Nugol
are significantly different (p.165). Dimorphism has been
12

observed previously in diarylbenzoquinones.

Arylation of chlorobenzoquinone with diazotised 3,4-

dimethoxyaniline.

The reaction of chlorobenzoquinone with diazotised
3,4-dimethoxyaniline gave a mixture of the three expeéted
products; the 2- aryl-3-chloroquinone (52) ;=the 2—arxl—5-
chloroquinone (53), and the 2-aryl-6-chloroquinone (54), the
proportions being approximately 2:1:1 respectively. ~ From

this mixture p.l.c. readily afforded the pure 2,3-disubstituted



R o

OMe OMe : OMe'
O pote ®) OMe OMe

Cl
Cl Cl
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(52) (53) ‘ (54)

quinone (52),‘but the separation of the remaining 2,5- and
2,6-quinones proved to be very difficult. The mixed 2,5-
and 2,6-isomers was subjected to multiple p.l.c. for 70
developments as described on p.l6l, only one broad band was
obtained. The upper darker portion of this band gave the
2,5-isomer, but the lower part of the band was a mixture of
the 2,5- and 2,6-isomers, together with decomposition products.
This method of separation was wasteful and a modified p.l.c.
tecnhique was used instead. The mixture was subjected to
multiple p.l.c. for 7 developments and the upper and lower
parts of the band were removed and each was subjected to-'
funther peifscs The resulting bands were again split and
the process was repeated until the product from the uppef
part of %he band showed no i.r. absorption due to the 2,6-
isomer, and the product from the lower part of the band .

showed no i.r. absorption due to the 2,5~-isomer. The

E]



intervening fractions were combined and subjected to the
same process.

The positions of the substituents in the three arylchloro-
benzoquinones follow from the results of chlorination of each
isomer (p. 32). The 2,3-isomer (52),on treatment with
concentrated hydrochioric acid followed by oxidation.with
iron (If1) chloride gave a' (1:7) mixture of the 2-aryl-3,6+
dichloroqdinone (55) and the 2-aryl-3,5-dichloroquinone (56).
The 2,5-isomer (53) and the 2,6-isomer (54) similarly gave the
dichloquuinones(56) and (55) respectively, along with the
2-aryl-5,6-dichloroquinone (57) as the main procuct in each
case. The 2—aryl—3,5,é-trichlcroquinone (61) was also
produced in small amounts in each of the above chlorinations.
Authentic samples of the aryldichloroquinones (55), (56),
and (57) were prepaced by treating diazotised 3,4-dimethoxy-
aniline with the corresponding dichlorobenzoquinones {S53Y),
(59), and.(6b)h

The structures of the arylchloroquinones (52), (53),
and (54) were confirmed by>chromatographic acd spectroscopic
evidence. . The crdef of elution of arylchlorobenzoquinones

from a column of silica gel is known to be dependent on the
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position of the substituent groups.94 Thus arylchloro-
benzoquinones are eluted from silica gel in thé order

e Sl S Y © L oRe e B On siiica gel plates the 2,5-isomer
(53) appeared as the fastest moving band, fo}loﬁed by the
2,6- then the 2,3-isomers. The number of carbonyl bands
in the i.r. spectrum of an arylchloroquinone depends on the
relative positions of the chlorine atom and the aryl group.
Wnen the substituents are adjacent to different carbonyl
groups, as in the 2,3- and 2,5-isomers, the compound
exhibits a single carbonyl band, but when both substituents
are adjacent to the same carbonyl group, in the 2,6-isomer,
a doublet ié observed. Fur ther, MRS for the carbonyl
band of the-2,3-disubstitutud qunOnc shows 5-9 cm._l higher.
than vm;x. for the carﬁonyl band  of the 2,5—isomer.95 . In
golution (CHCl3 or CSz) the 2,3- and 2,5-isomers (52) and
(53) show single carbonyl bands at 1674 and 1667 cm_l
respectively,.while the 2,6-isomer (54) shows two carbonyl

bands at 1680 and 1645 R
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Arylation of 3',4'-dimethoxyphenylbenzoquinone with

diazotised 3,4-dimethoxyaniline.

The -reaction of 3',4'-dimethoxyphenylbenzoquinone (50)
with diazotised 3,4-dimethoxyaniline in 50% aqueous acetone
gave the three possible diarylbenzoquinones (62), (63), and

(64). The same products together with the arylquinone (50)

OMe
OMe

MeO / <
MeO

(63)

MeO ; OMe
MeO o OMe

=

(64)
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were obtained from a similar reaction with benzoquinone. In

both reactions the products were separated by p.l.c., the
proportions. of the three diarylquinones (2,3-: '2,5-: and
2,6-) being épproximatoly 103 kit The arqution Qf 150
with diazotised 3,4-dimethoxyaniline in aqueous acetic acid
was less efficient and gave only the 2,3- and 2,6-isomers.

The positions of the aryl groups in the three diaryl-
quinones were determined by the following procedures. The
2,5-diarylquinone (63) when heated with concentrated hydro-
chloric acid and then oxidised with iron (III) chloride
afforded the 3-chloroquinone (65) and the 3,6-dichloroquinone
(66), while the same treatment of the 2,6-diarylquinone (64)
gave the 3-chloroquinone (68) and the 3,5-dichloroquinone (67).
The structures of the dichloroquinones (66) and (67) were
established by their synthesis from diazotised 3,4-dimethoxy-
aniline and 2,5-dichlorobenzoquinone (58), and 2,6-dichloro-
benzoquinone (59) respecfively. The structure of the chloro-
quinone (68) féllows from its further chlorination to give
the dichloioquinone e

In contrast to these reactions, treatment of the 2,3~
diarylquinone (62) with hydrochloric acid and then iron (11
chloride gave 2-chioro-6,7,10,11-tetramethoxytriphenylene—

1,4-quinone (69) as the main product. The formation of the
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triphenylene derivative by cyclisation establishes the
orientation of the 2,3-isomer. This reaction is discussed

inh. . detail. an. chapteri d:.




Chemical shifts of the methoxy-protons in the arylbenzogquinones

The chemical shifts of the methoxy-protons for a range
of arquuinones of the type (70) are :listed in ‘Table 14 In
these compounds the methoxy-proton resonances depend on the
nature and position of the substituents in the quinone nucleus,
and the fdllowing generalisations may be made:

a) compounds with Rl = H and eitherx R2 or R3-= H show no
separétion of methoxy-proton signals,
b) compounds with Rl = Cl show two methoxy-proton signals

separated by 0.04-0.05 p.p.m.,

c) compounds in wh;ch Rl is an aromatic nucleus show two

methoxy-proton signals separated by 0.23-0.29 p.p.m.
This beha&iour may be rationalised by examining the steric
features éf the various structures, When Rl is small (eg.
hydrogen), the dimethoxyphenyl ring can be coplanar with
the quinone ring .and the magnetic environment of the two
methoxy—groups'will be similar. When Ry is larger (eg.
chlorine) the dimethoxyphenyl ring will not be coplanar with
the quinone ring a;% there will be a slighttdifference in the

. at ;‘
environment of the .two methoxy-groups. However , when Rl

is an aromatic nucléus,vmolecular models show that the C-3'



e 1

Table

H
Cl
Gl
Cl
€1
Cl
*Ar
*Ax
ot 4 O

*Ph

Chemical shifts of the methoxy-protons

(70)

in

the arylquinones

(70)

Substituents

Ra

H
3

Gloe

H
Ax
1
Ar
H
H
H
Gl
H
Ck
ClL
Cl

Ar =

Gk
Cl

3,4-(Me0),C H,-

1(CH3

6.09

6 .07

6.10
6.08
6.07
6.08
6.06
6.06
6.06
6.07
6.09
6.16
6.14
6.15
6.15

Chemical Shifts

0) t(cn30)

6.09
6.07
6.10
6.08
6.07
6.10
6.10
6.10
61l
6.12
6.14

6.39
6.37
6.42
6.44

Ar' = 3-(MeO)CH,-

* Compounds described in Chapter 4

0.0
0.0
0.0
0.0
0.0
0.02
0.04
0.04
0.05
0.05

“0605

0.23
0.23
0.27
0.29



methoxy-protons lie in the shielded region caused by the
ring current of the aromatic nucleus at Rl’ whereas the
C-4' methoxy-protons lie outside this region. Thus the
C-3' methoxy-proton signal in the 2,3-diarylbenzoquinones
is observed at a considerably h%gher field than the C-4'
methoxy-proton signal. This érovides a simple method
tar distinguishing.these 2,3-diarylbenzoquinones from

the 2,5- and 2,6-isomers.



Mechanism of the Meerwein arylation reaction.

.The decomposition of a diazonium salt is largely
governed by the pH of the mixture. Under basic conditions
2 5 . ‘96 ;
the reaction follows a free radical pathway, but in aqueous
acid the reaction is ionic.97 The following mechanism has

been proposed for the arylation of chlorobenzoquinone under

aqueous acid conditions.94
O oS
ct Cl
4 -
R AFNZCF ———} Cl‘.}. Arl e N,
S s L

Cl
A
4 758
— - LAY

Ar* Ar
5 o
?O_
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. = HCL 2% §
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This accountgifor the formation of the 2-aryl-3-chlorobenzo-
quinone as the predominant product iﬁ the arylation of chloro-
benzoquinone by diazonium salts. However, in 3',4’—dimethgxy-
phenylbenzoquinone (50), the dimethoxyphenyllring would tend
to deactivate the C-2 position towards nucleophilic attack.
Thus this mechanism does not explain the results of the
arylation of the quinone (50). Here the main product is the
2,3-diarylquinone (62) but the 2,5- and 2,6-isomers are also
obtained. On steric grounds; the favoured product would

seem to be the 2,5-isomer, in which the aryl groups are as

far apart as possible. Indeed, all previous éxamples of
arylations of arylquinones by the Meerwein reaction are 5
reported to'give the 2,5-diarylquinone as the sole product.91
Tbe results now obtained suggest that the course of the
reaction is dominated by the 3,4-dimethoxyphenyl group. This

appears to promote electrophilic attack at C-3 as follows:

fb' Me

v

3

O

OMe

(50} oe (62)

OMe



Further study of this reaction is necessary to ascertain the
effects of different aryl groups in the quinone, and of
different diazonium salts on the nature of the products.

s =s]

Mass spectra of the arylbenzoquinones.

The ions (excluding isotopes) with relative abundances
:>5% obtained from the chloro-3',4'-dimethoxyphenylbenzo-
quinones are recorded' in Table 2. The spectra of the 5-,
and 6—chloroquinones (53) and (54) are similar. In each
case the base peak is the molecular ion (m/e 278) and the
metastable transitions show th;t fragmentation of: this ‘ion
involves loss of MeO; followed by loss of CO. In addition
loss of Me* and the fragment (7i; X -='Cl) occurs to give
the ions with m/e 263 and 162 respectively. The latter ion
is not present in the spectrum of the 3-chloroquinone (52).
This isomer loses CH=CH; the abundances of the ions with
m/e 247 and 243 formed by loss o MeOs s and 0f Cls «from the
molecular ion are much greater than those found in the spectra’
" of the 5-, and 6-chloroquinones. The relatively easy.ioss
of Cl* from the 3-chloroquinone . (52) suggests that this atom

is in an overcrowded position;, The spectrum of "the  83y576=



Table 2+ Mass spectra of the chloroarylbenzoguinones

Substituted 3',4'-dimethoxy-
phenylbenzoquinones

5-Chloro- (53)

~6-Chloro- (54)

3-Chloro- (52)

3,5,6-Trichloro~ (61)

6'-Chloro- (51)

*Metastable transition.

Principal ions and relative
abundances (%)

m/e 278(100), 263(5), 247(13%,
210{5Y, 215(6), 162(5); 249%
(278—>263), 219.5% (278->247),
194.5%(247—>219)

m/e. 278(100),. 263(9Y, 247(12);
288L7) 5 219 (6 ) 21545 . 20046 I
172(7), 162 (1niso1ls), B83{6),
81{B): 76{ 1)y 834Dy 50(6)3%
249%(278—>263), 219.5%(278-—>247)
194.5%(247—>219).

n/e278(100) ; 263(7), 252113},
247 (473 5243(12), 235(6);

L 23 0010) .~ 200(10), 215(7);

207(6): 179(6), 171(5), 1236(9) %
115(6),-75(934 -58(9); sS4ty
219.5%(278-—>247), 212.5%
(278—>243), 194.5%(247—> 219},

- m/e 346(100),  831(6), 315(34);
cBTI(11), 3030 ;287 (11 ),

268(12), 240(6), 189(6), 146(5),
145(6), 110(8), 89(5), 87(15);
287%(346—>315), 279. 5*(346-9311)
261.5%(315->287).

m/e 278(77), 243(100), 215(53),
196{16) ,. 18L(10), 82(8), 75(7);
54(12); 212.5%(278—>243),
190.5% (243 —>215).




trichloroquinone (61) resembles that of the 3-chloroquinone
(52), showing ready loss of MeO* and Cl: from the molecular
ion. The 6'-chloroquinone (51) in which the chlorine is
attached to the aromatic ring undergoes fragmentati on in a
different manner and may be readily distinguished from the
above chloroquinones. Here the molecular ion readily loses:
€1+  to giveltée base peak (m/e 243) which then loses CO.

OMe
OMe

x
\
(@)
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: Gt
FL LT (72)

Mass spectra of the diarvlbenzoquinones

The salient ions obtained from the diarylquinones are
recorded ahn Table 3. The 2,5~ and'2,6-diarylquinones (63)
and (64) show the successive loss of CO and Me:, and both
also lose the fragment [71; X = 3,4-(MeQ)2C6H3—].to give
abundant ions at m/e 162. The successivé loss of two

methoxy-radicals from the molecular ion of the 2,5-isomer gives



Table 3 Mass spectra of

the diarylbenzoquinones

Di(3',4'-dimethoxyphenyl-
benzoquinones

2,5-Diaryl- (63)

2,6-Diaryl- (64)

" 2,3-Diaryl- (62)

3-Chloro-2,5-diaryl- (65)

3-Chloro-2,6-diaryl- (68)

*Me tastable transition.

Principal ions and relative

abundances (%)

m/e 380(100), 352(5), 349(41),
337(5), 334(5), 321(12), 318[47}
174.5T(10), 162 (21), 159T(8),
147(12),.145.571(8) , 11007 ):
91(9), 76(8); 320.5%(380—349),
289 .5%( >318) .

m/e 380(100), 352(9), 337(11),
321185 1761}6), 162(26),
147(9); T19(6),“01(7), 85(7};
3(11); 326%(380 —352),

322 .5%(352—>337).

49(7),

(6),

b

m/e 380(100), 365(7),
334(7), 333(11), 319(5
218139), 174.:587¢( 7)1
83(5); 350.5%(380 —36
320.5%(380 —349), 30
(365 —333), 289.5#%(349—>318).

S—r 15

m/e 414(100), 383(19), 379(12),
352(50), 348(95), 333(5),
DO7Es) BT 9T 10Y., 189 (22 ),
Y763 C11 ) baa(9), 162(11),
149(6), 147(6), 119(6), 91(8),
76(6); 354.5%(414—) 383),
323%(383 —»352), 319%(379 —>348),
316%(383—>348).

' m/e 414(100), 386(5), 383(6},

FPOLTY S BTE(S Yy 358(25)
351(7),-193T(6), 189(12); 165(6)!
354.5%(414— 383), 347*(414—) 37¢
329.5%(383 — 355).

‘TDoubly—charged dohis



abundant ions at m/e 349 and 318, but the corresponding
ions from the 2,6-isomer are of low abundance. The

fragmentation of the 3-chloxo-2,6-diarylquinone (68) is
similar to that of the parent compound (64), and the 3-

chloro-2,5-diarylquinone (65) gives abundant ions due to

loss of MeO* and Cl° as shown in the following scheme:

+ -MeO-*

M Sl S MBS SRS S NS ] T
(base peak) m* £ M
-Cl- -C1* m*
-MeO-
m/e 379 > m/e 348
m¥* '

Both the arylchloroquinones (65) and (68)vlose the ffagmont

(72) to give the ion m/e 189. The 2,3-diarylquinone (62)

undergoes either the successive loss of 2MeO: from the

molecular ion; or the ioss of MeO: followed by the loss of

MeOH. The second of these fragmentatibn pathways is not

apparently available to the corresponding 2,5- and 2,6-isomers.
The loss of MeO-lfrom the molecular ions of the aryl-

quinones {52), (53), (54), and (61), iand the succeésive loss

of 2MeO- from the 2,3- and 2,5;diary1quinones (62), (63)5 and

98

(65) is unusual. Methoxystilbenes and the methoxyphenyl
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0

. . B 9‘;‘)
derivatives (73) and (74) have been shown to undergo
fragmentation by loss ¢of MeO+-, but the relative abundances
* . o, WG ; 5 3
of the (M-MeO) ions are considerably lower than those of

the above arylquinones.

OMe OMe

OMe OMe

(73) . | (74

(78)ile i (76



A methoxy-radical 1is readily lost from ions which can
subsequently undergo cyclisation. Thus the molecular ion
from the arylquinone (75) loses MeO: to give the ion (76) .
which isthe base peak.99 A possible sequence for the
fragmentation of the 2,5-diarylquinone (63) is shown on

Pe. 50 The loss of MeO* may occur by concerted processes
as shown on. p. 50 fo give the resonance stabilised ions (77)
and (78). Alternatively, rearrangement of the methoxy-
Group from €3 to C=2" conld occur Such rearrangements
have been proposed to account for the gimilarity in the mass
spectra of some oxrtho, meta, and‘para substituted'aromatic
compounds.loo The rearrangemeht may then be followed by
loss of MeO; and subsequent cyclisation. The sequence
sBown on'p..SO is -allso applicable to _the 2493- "but ‘not tothe

2,6-diarylquinones. It is significant ithat the latter

quinones do not show appreciable loss of MeO-
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Fragmentation of 2,5-di(3',4'-dimethoxyphenyl)benzoquinone
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CHAPTER: 3

Synthesis of triphenvlene-1,4:5,8-diquinones.

The reaction of benzoquinone with veratrole and

aluminium chloride in carbon disulphide was reported by

. 4 : 3
Pummerer and his co—workersl to give a red quinone,
(NOO)2C18H604, which was formulated as the bisbenzofurano-
quinone (27). This structure appeared to be unsatisfactory

because weratrole undergoes substitution predominantly at
the positions para to the methoxy-groups. This Chapter
describes a re-investigation of Pummerer's work which has

led to a new synthesis of triphenylene derivatives.

MeO O
MeOQ O

(27) o (29)



Reaction of benzoguinone with veratrole.

Benzoquinone reacted with veratrole in the presence of
aluminium chloride to give a mixture of quinol, chloroquinol,
and a red Quinone. The chloroquinol was formed by.reaction
between benzoquinone and the hydrochloric acid used 'to
decompose the aluminium chloride complex. The red quinone

crystallised from toluene as dark red rhombohedra which

contained toluene of crystallisation. The pure quinone;
‘(LUO)2C18B604, m.p. 250-255° (decomp.), was obtained by
heating a finely powdered sample at 140°/0.1 Torr. The red

quinone, m.p. 290°, obtained By Pummerer under identical
reaction conditions turned brown at 245°.14 The quinone

shows the presence of two types of carbonyl band in its i.r.
absorption (vmax. 1675 and 1650 cm-l), which suggests an
unsymmeirically substituted quinone. Pummerer's proposed
structure (27) is not consistent with the n.m.r. spectrum

witich shows sihglets at 15.92 due to six methoxy-protons,and
at1.04 due to two aromatic protons, and an AB quartet

centred at % 2.94 and { 3.13 (J 10Hz) due to four quinonoid
protons. This indicates that the compound is the triphenylene-

l,4:5,8-diquinone (28) (Pummerer's quinone). The triphenylene




QOMe
: AcO OMe
MeO OAc
ey OAc
AcO e
' %4
(79) (18)
Table 4 U.v. absorptions of the triphenylenes (79) and (18)
Triphenylene (79) Hexamefhoxytriphenylene (18)31
Amax{C”C13)(nm) log€ Amax.(CHC13)(nm) log €
& - 263* : 4.66‘
27 5% | 4.75 272% 4.79
279 | 4.77 231 4.89
305% 4,12 309 4.38
SR 4 .07 L S20% 4.22
J26* 4 .01 330%* 3.97
350% 3.45 346 | 3.49
2 iy 33 36l : ' 243

®olnfile cblon



nucleus was confirmed by converting the quinone into the
bisleucoacetate (79) which had the characteristic u.v.
absorption of a polycyclic aromatic compound, closely

resembl ing 2,3,6,7,10,ll—hoxamethoxytriphenylone (Table 4).

The n.m.r. spectrum of the bisleucoacetate is in full

agreement with the proposed structure. It shows six acetoxy-
protons at . 7.76 and six at U 7.56, six methoxy-protons at

. 5.95, four aromatic protons atL2.70; and two at L 1.54;

The low field signals of the aromatic protons at C-9 and-

C-12 in the quinone ( ¥ 1.04) and in the bisleucoacetate

(¥ 1.54) result from the presence of the substituents at C-1
and C-8. N.m.r. studies on polycyclic compounds have shown
that peri—sﬁbstituents generally cause considerable deshield;ng
of aromatic protonslo1 askin the polyecyciie kctoneslog (80)

and (81).' The structure of Pummerer's quinone was confirmed

-

' O
T -A8 i ELlld ovend
. :
242 —> H ' ’I’_133———)

(B0 F 3 | (81)
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chemically by its synthesis from 3,4-dimethoxyaniline by

the following route:

iuby (ii) BQ l%/‘
MeO

%
5
O
D
©)

BQ BQ =

Benzoquinone

ALCL,

Attempts to prepare the bisleucomethylether .of
Pummerer's quinone were unsuccessful. Reduction with sodium
dithionite oriwith zine-and acéetic acididgave a product which
darkened quickly evén under nitrogen. The reaction of {he

reduction product with either dimethyl sulphate or diazomethane



jave only deconposition ptroducts.

(i8]

The yield of Pummerer's quinone (10% based on the
amount of veratrole consumed, excess benzoquinone being
used) could not be improved by varying the.solyent and
the cataiyst. Table 5 summarises the results from these

Feactions.

“Table 5 Reactions of veratrole with benzoquinone
Catalyst Solvent Products
/\lCl3 CS, Pummerer's quinone (10%)
AlCl ¥ G GHCHCL s Dark 03l
3 2 2
2rCl C82 : " Pummerer's quinone ( < 1%)
: : < Dax L.
T1C14 C%z ark ol
70% v/v aqueous H,S0, Amorphous solid

Polyphosphoric acid Black solid



Attempted reactions of methyvlbenzoquinone, phenylbenzoquinone,

1l,4-naphthaquinone, and 4,4'-diphenoquinone with veratrole.
——

Attempts to prepare triphenylenediquinones by treating
veratrole with methylbenzoquinone, phenylbcnéoquinone, or
l,4~-naphthaquinone, in the presence of aluminium chloride
were unsuccessfﬁl. In each case, most of the veratrole
was recovered, and the only broducts isolated resulted from
the reduction or self-condensation of the quinone. The
reaction with methylbenzoquinone gave methylquinol and 2-

'methyl—s—(Z',5'—dihydroxy-4'—methyiphenyl)benzoqﬁinon¢38
(82). The latter compound waé identified by its conversion
into the tetra—aceta£e (83) and also into the diquinone (84).
The n.m.x. spectrum‘of the diquinone showed the presence of
six methyl protons coupled with the adjacent quinonoid protons,
and two unperturbed quinonoid protons. The reaction of
veratrole with phenylbenzoquinone gave only unchanged reactants
X 8 . OAc : : C’\ :
Mes. Me Me
OH j OAc
R OAc
Me : Me : Me O
OH OAc :

(82) C2niB 8y (84)
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~and phenylquinol, but that with 1,4-naphthaquinone gave

1,4-dihydroxynaphthalene, the binaphthaquinone (152), the
dinaphtho[uranquinonc (155), and the tetrameric self-
condensation product (31). This reaction is discussed in
Chapter: €. Attempté to prepare the triphenylenequinone (85)
by treating veratrole with 4,4'-diphenoquinone in the
presence of aluminium chloride or aqueous sulphuric acid

gave only unchanged reactants and 4,4'-dihydroxybiphenyl.

MeO
MeO.

(85)

o .
eaction of 2,3-dichlorobenzoquinone with veratrole

—

The products of this reaction in the presence of aluminium

chloride were 2,3-dichloroquinol, 5,6-dichloro-2-(3',4"'-

dimethoxyphenyl)benzoquinone (23%), 2,3,6,7,10,11-hexamethoxy-

triphenylene (24%), a trace of a blue quinone, and a red



squinone (0.25%), the yields being based on the amount of
veratrole consumed . The 5,6-dichloro-2-(3',4'-dimethoxy-
phenyl)benzoquinone was identical with the product obtained
from the reaction between 2,3-dichlorobenzoquinone and
diazotised 3,4-dimethoxyaniline (Chapter 2). There was
insufficient blue quinone to permit purification, but its
u.v. absorption, and behaviour on silica gel suggest that
it is the dibenzonaphthacenequinone (19). This compound,
together with 2,3,6,7,10,11-hexamethoxytriphenylene, have
been obtained previously from oxidations of veratrole by
chloroquinones.

The red quinone, C2OH8C1406’ showed two .carbonyl bands
at 1690 and 1678 cm“l SNt et g cspectrun CAnd NIt S INEYS
ébsorption resembled that of Ppmmerer's quinone (28), and
also that of the 2,3-dichlorodiquinone (86) (Figure 2
B e Y It follows that the red quinone is 2,3,6,7-
tetrachlofo—lO)1I—dimethoxytriphenylene—l,4:5,8—diquinone
(87). Because of the small amount available no further

work was done on this product.

& Fachas
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.

- the products being a small amount of the pure 2,6-dichloro-
gquinone (88), and a 6:1- .mixture of the 3,6- and 2,7-isomers
(89) and (90). The quinones show u.v. absorptions resembling

that of Pummerer's quinone (Figure 3 p. 80). The n.m.r.

spectrum of the 2,6-isomer (81) shows six methoxy-protons

P s g 5 %
(5.92), twoslow-field aromatic protons (T 1.09), and two

quinonoid protons (% 2.94 an be in

d € 2.78) which must

different environments. The mixture of 3;6- and 2,7~isomers

.ows signals corresponding. to six methoxy-proton (T 5.91),:

two low-field aromatic protons (U1 1.09), and singlets at

%0 192 cand. o K27 3. The integrals for. the last two signals
are.in the ratio 641 and togethexr correspond to oOne proton,

;ndicating.a 6:1- mixture of the two isomers. The signal

at V1 2.92 is attributed to the quinone protons of the 3,6~
isomer (89) by analogy with the isolated quinonoid proton
(1 2.93) of the gquinone (91). Similarly that at L 275 40
attributed to the quinone protons of the 2,7-isoner (90) by
of the

analogy with the isolated quinonoid proton (T 2.72)

It follows that in the 2,6-dichloro-

quinone i (92) {p. 69 ):

o) cl O H feee L 2424
MeO o MeO O
MeO o) MeO O

O )

Tl en ) (82)



diguinone (88) the signal at T 2.94 corresponds to the C-7
proton, and that at ¥ 2.78 to the C-3 proton.

When the reaction was repeated on a larger scale small
amounts of the three chloroarylquinones (52)4.7°(53) ;- ana ' 54)
hy.30) were also obtained. In this second experiment, an
attempt was made to isolate the triphenylenes as their bis-
leucoacetates. Reductive acetylation of a mixture of the
three dichlorotriphenylenediquinones gave the mixed dichloro-
triphenylenes (93), (94), and (95). Preparative t. 1l.c.-
enabled the 3,6-isomer (93) to be separatedj; this isomer
was also obtained by reductive acetylation of a 7:1l-mixture
of the 3,6~ ‘and 2,7-dichlorodiquinones (89) and (90).
Repeated crystallisation of the mixed 2,7- and 2,6-dichloro-

triphenylenes (95) and (94) afforded only one of the pure

components, this being identified as the unsymmetrical 2,6-

isomer (94) by its n.m.r. spectrum. The latter shows
AcO ct
MeO ciedy
MeO OAc
AcO Cl

(83)



Cl
AcO
MeO OAc
e OAc
AcO Cl

(94) | (95)

signals corresponding to the protons of four acetoxy-groups
(T7.83 , 7.62, 7.55, and 7.55), and two methoxy-groups
(each at ¥ 5.98); two low-field aromatic protons ( T 1.69,
and ¥ 1.57), and t wo other aromatic protoﬁs (T 2.61 and

i 2.46). A pure sample of the 2,7-isomerl(95) could not be
isolated, but its presence in the mixture was established

by considering the differences between the n.m.r. spectra of



2,7-isomers (Table 8). 4 =

.

It Wag not p0551b1e to prepare the 2,7- dlchlorodzqulnone

X

The only products isolated were the tetrahydroxybzphenyl

correspondlng to (96), and 2,3, 6 7 10 11- hexamethoxy-

-~

*tr1phenylene._ Only qu1nol codld be 1solated from an

attempted reaction between benzoquinone and S trlmethoxy~ i
1:‘ + :",F’,.'.. s




Reactions of benzoquinones with 3',4'-dimethoxyphenylbenzo-

qu finones..

The isolation of arylchlorobenzoquinones from reactiops
between chlorobenzoquinones and veratrocle suégosted that such
a:ylbenzoquinopes might be intermediates in the formation of
the triphenylenediquinones._ The reactions between various
benzoquinones and 3',4'-dimethoxyphenylbenzoquinones were

therefore examined.

3 B Benzoquinone and 3',4'-dimethoxyphenylbenzoquinone (50)

These reacted in the presence of aluminium chloride to
give Pummerer's quinone (19%) and a red crystalline solid
(15%) ; the yields ;re based on the amount of the aryléﬁinone
consumed. The u.v. absorption of the red solid is similar
to that of Pummerer's quinone (Figure 4) (p. 81), and its
n.m.r. spectrum shows the presence of four different methoxy-
groups (’L’6.03; 6.00, 5.93, and 5.91), two different
low-field aromatic protons (T 1.03 and 0.95), and six
aromatic and quinonoia protons (¥ 3.13-2.62). The molecular
Eormulsa -G SH corresponds to tWo dimethoxyphenylbenzo-

28 2087

quinone units (2 x C

14 1204) less four hydrogen atoms, and



the product is therefore either the 2- or the 3-aryltripheny-
lenediquinoneé (97) or (98), or a mixture of thesej; it clearly
results from the self-ceoendensation of two molecules of the
arylquinone (50). Although attempted p.l.c. separation of

the red solid gave only one band, the i.r. spectra obtained

(97) R =34 (MeO), CH,~; Ry=H.

b

(88) R=H; R=34-(Me0), C,H,~.

MeO Me O
Me O o) Me O OH

o HO

(50) = (98)



from different parts of the band showed slight differences in

the relative intensities of the pe&ks. This suggested that
the red solid is not a single compound, but is a mixture of
the two isomers (97) and (98).

The same product (6%) was obtained when the arylquinone

(50) was treated Qith aluminium chloride, but the reaction’

of benzoquinone with the corresponding arylquinol (99) gave
only Pummerer's quinone (18%). It appears that aluminium
chloride in carbon disulphide is a épecific reagent for the
preparation of aryltriphenylenediquinones, as these compounds
were not obtained when other Lewis acids were used (Table 6).
An attempted synthesis of the 2-aryltriphenylenediquinone (97),
by the reaction between benzoquinone and the 2,6-diaryiquinone
(64) gave only unchanged starting material. Likewise
benzoquinone and 3'—hethoxyphenylbenzoquinone (100) failed to

react.

MeO O

(100)




"Table 6 Reactions of 3',4'-dimethoxyphenylbenzoquinone (50)

Catalyst Solvent Products

AIC‘; cs, "Aryltriphenylenediquinones (97) and (98)
A1 C1 C6H() Unchanged arylquinone (50)

T3 s i CH SING Black solid

3 3 2

ZrCl , CS2 Unchanged arylquinone (50)

BF _ 5120 Black solid

$nCl , C6”6 Unchanged arylquinone (50)
. 2 .3-Dichlorobenzoquinone and 3' ,4'-dimethoxyphenyl-

benzoquinone

These reacted to give 2,3-dichloroguinol, the aryl-
triphenylenediquinones (97) and (98) (11%), and the 2,3-
dichlorotriphenylenediquinone (86) (4.5%). The last.

compound was obtained in a much higher (44%) yield by treating

T o cl

Q cl 5 AdD cl
Meb o) 'MéO ‘ OAc
MeO O MeO OAC
O ) AcO

@) o e )

Ul



benzoquinone with 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-
benzoquinone (57). The structure of the 2,3-dichloro-
triphenylenediquinone (06) was confirmed by its reductive
acetylation to give the triphenylene (101) which has a u.v.
absorption (Table 9) (p.82) similar to that of the bisleuco-
acetate (79) obtained from Pummerer's quinone. The 1l m e
Swoctrum_of the triphenylene (10l1) shows the prcsc;ce.of FEOuT
acetoxy-groups ( ¥ 7.84, s OO 70— anad ToaS3FY s TWO
methoxy-groups ( € 5.98), two low-field aromatic protons

(T 1.67 and': 1.57), jand two other aromatic protons (. T 2.66,

broad signal):.

3 Chlorobenzoguinone and 3',4'-dimethoxyphenylbenzoguinone

These reacted to give a mixture (13%) of the aryltriph-
enylenediquinones (97) and (98), together with a mixture (10%)

of the 2- and 3-chlorotriphenylenediquinones (92) and (91).

A similar mixture of chlorotriphenylenediquinones was obtained

Ctag :
o > cl
Me O o I ‘MeO @)
MeO @) ~ MeO o)
O e

(52): ¢ (91)




by treating benzoquinofde with an equal mixture of 6- and 5-
chloro-2-(3',4'-dimethoxyphenyl)benzoquinone (54) and (53),
but the yield was much higher (58%). The mixed chlorotri-
phenylenediquinones could not be separated neither could the
corresponding mixture of the bisleucoacetates (102) and (103).

The components 'of the latter mixture were identified by their

u.v. (Table 9) and n.m.r. (Table 8) spectra. The reaction
Cl
ety AcO N Cl
OAc | OAc
s, ‘ MeO \i
MeO OAC MeO OAc - s
AcO . AcO

(102) S5 iy

between benzoquinone and 5-chloro-2-(3',4'-dimethoxyphenyl)-
benzoquinone gave the expected 3-chlorotriphenylenediquinone
(91) in good yield (60%). The compound was identified

spectroscopically and by conversion to its bisleucocacetate (103).




4. Methylbenzoquinone and 3',4'-dimethoxyphenylbenzoquinone
The reaction of methylbenzoquinone and 3',4'-dimethoxy-
Phenylbenzoquinone in the presence of aluminium chloride gave

the dihydroxyarylquinone (82) (p.°7) and a mixturﬁ of the 2-
and 3-methyltriphenylenediquinones (105) and (104). The
mixture was identified by its u.v. absorption (Figure 4)

Eps 81); aﬁd its partial separation was effected by p.l.c.
The lower portion of the broad band bbtained gave mainly.the.
3-methyldiquinone (104), which was identified by its n.m.r..

spectrum, discussed in the following section.

dInterpretationsof ‘thé n.m.r. spectra of 'the ‘triphenylene-

diquinones

The n.m.r. spectra of the triphenylenediquinones are
summarised in Table 7. Assignmenfs of the methoxy-proton
and aromatic protoA signals are obvious in each case, but the
9uinonoid protan signals require more information and the
-assigﬁments are made as follows. Pummerer's quinone (28)
shéws an AB qa;rtet dentred at ¥ 813 add % 2:94. (J. 10HZ)

Gue ‘to the tWo pait rasiot quinonoid‘protOns. Now the signals

of the isolated quinonoid protons in the 3- and 2-chlorotri- -

Phenylenediquinones (91) and (92) occur at € 2.93 and T 2.72




- R

Fespectively (p. 61). Because a chlorine atom is known

to deshield the cis-proton of a chloro-olefin by 0.19 p.p.m.%o4 :

the unchlorinated triphenylenediquinone would be expected to
give a C-2 préton signal at ca.®T 3.12 and a C-3 signal at ca.
T 2.91. Thus the signals in Pummerer's quinone at ¥ 3.13 and
T 2.94 clearly correspond'to the resonances of the C-2 and
C-3 protons respectively.

One of the two methyltriphenylenediquinones shows signals
corresponding to two coupled quinonoid protons (T 3.11 and ¢ 3
ok -2 .95 ABg;--J "ITOHe); and~to one isolated quinonoid proton ?

X 3,29, q, I 2Hz) weakly coupled to"a methyl oroup (L. 7-70%

g, J 2Hz ). As expected, irradiation at ¥ 7.76 caused the

guartet at 1'3.29 to collapse . to a singlet, The spectrum of

the other isomer shows two coupled quinonoid protons ( T 3,11

and ¥ 2.94, ABq, J 10OHz), and one isolated quinonoid protoh

(€ 3.07, q, J 2Hz) weakly coupled with the protons of the

methyl group ( € 7.79, d, J 2Hz). Again irradiation at ¥ 7.79
converted the quartet into a singléf. Comparison of the isolated
quinonoid proton sign#ls At 3.2§ and 1’3.07'with thqse of

the C-2 and C-3 protons ( € 3.13 and 7T 2.94) in Pummerer's
‘quinone indicates that the first methyltriphenylenediquinone

is the 3-isomer (104) and the second is the 2-isomer (105).




The spectra of the dichlorotripﬁenylenediquinoncs are

discussed on p. 61.

H <— T 329 Me
O @) T :
Me N X007
MQO‘//I o) MeO O
Me O o MeO o
O O
Table 7 N.m.r. spectra of the triphenylenediquinones
Compound : Chemical Shifts {71}
_ CH,O C-9 and C-12 C-2 Cc-3 cC-6 C=-7
(28Y(p. 51y 5.92 '1.02 TS ik e 2.94. 2.94 3.13
(91 J(p: £94) 5:02£:0.97,1.02 2.93 - o o LR e W N
02 (D69 ) 8.02711,06,.1:10 = - Bk 2.95 3.1k
104 ) (p. 79 - 5:00- 0,98 ;1,02 3.29 7.¢6(CH_Y2.9543:%1
105 (pe 79 5,907 "1.02 Tu79({CH, ) 3.07 2794 30k
(88 ).(p+6O.) 5921109 - 2.78 - 2.94
¥(89)(p. 60) 5.91 " 1.09 392 & SRy 2092
ELSO ) p. 60 ) Bior-i oD - 2273 2y T

* Chemical shifts obtained from spectra of mixtures.




Interpretation of the n.m. r.spectra of the tetra-acetoxytri-

phenylenes

Table 8 summarises the n.m.r. spectra of the bisleuco-
acetates obtained from the triphenylenediquinones. IT'he
assignments of the aromatic and methoxy-proton signals are

obvious, but those of the acetoxy-protons require more
detailed discession. The tetra~acetoxytriphenylene (79

obtained from Pummerer's quinone shows six acetoxy-protons
q y

&t B .7:76 and g8ix at T 7.56;  thesligher field signal (¥ 7.76)

is attributed to the groups at-C-4:and C-5. Molecular models
show that, due to steric hinderence}ys. the favoured confornation
of the acetoxy-groups at C-4 and C-5 is as shown in Figur Lla. .
ﬁere the acetoxy-protons lie within the shielded region caused
by the ring:  current. Theése protons will thus resonate at

higher field than the corresponding protons at C-1 and C—8,'
which are yirtually outside the influence of the ring current
(Figure 1b). . The n.m.r. spectra of the diacetoxytriphenylenes
(106) and (107) provide support for this explanation. The

triphenylene (106) shows a singlet at T 7.53 due . towthe

OMe OMe
OMe ‘ :
-OAc
Cl
Gl
OAc
OMe ;
OMe

(106)




2
AcO 3
12
MeO OAc
Me
SAN OAc
9
AcO 6
7
Figure la Conformation of the acetoxyv-groups at C-4 and

C-5 of the tetra-acetoxytriphenylenes

Figure 1b Conformation of the acetoxy=groups at C-1 and

C-8 of the tetra-acetoxytriphenylenes

7
----- .-"



.acetoxy-protons, but the triphenylene (167) in which one of
the acetoxy-groups is in a sterically hindered position,
shows two singlefs at T-7.77 and T 7.49 (Chapter 4).

From Table 8 it appears that chlorine atoms at C-2 and
C-7 have little effect on the signals of the C-4 and C-5
acetoxy~-protons, or the C-9 and C-12 aromatic protons, but
that chlorine atoms at C-3 and C-6 shift both these signals
somewhat . The overcrowding caused by the presence of the
bulky chlorine atoms on C-3 and.C-6 must affect the conform-
ation of the C-4 and C-5 acetoxy~groups, and may also cause
some distortion of the triphenylene nucleus which would shift
the low-field aromatic proton signals. These effects may be

used to determine the positions of the chlorine atoms in the

bisleucoacetates.

2
AcO 3
12
MeO OAc
MeO 3 OAc
AcO 6 ﬁ
2 ,

(79)



Table 8 N.m.r. spectra of the tetra-acetoxytriphenylenes

Substituted 1,4,5,8- : Chemical shifts ( T )
tetra-acetoxy-10,11- C-2 C-3 C-6 ‘Cc-7 C-9 C-10 C-1 C-4
dimethoxytriphenylene s C-12 "€-11 C-8 C-5
(CH,0) (CH,CO,)(CH,CO,)
Unsubstituted (79) 2.70 2,70 270 T 70 1:54 5.95 7 .56 .78
¥2-Chloro- (102) 5 S 2.70 2.58 1.57  5.908 o IR - :
or 2.58.0xr 2470
3
%¥2,7-Dichloro- (95) - 2.61 2.61 - 157 5,98 7..55 7.7% :
3-Chloro- (103) 2.59 - 2.62 77 1.5%. 5,98 757 7 .62
or 2.77 on 262 1.64 785 7 .84
2,6-Dichloro- (94) - 2.61 - 2.46 1.57  5.98 785 7 .62
: or 2,46 Or.2 601 1,69 - T 83
2,3-Dichloro- (101) - - 2.66 2.66 .57 5,08 7.50 7.60
3 .67 7.60  7.84
3,6-Dichloro- (93) 2.57 = % 2.57 ) .6¥ 8,08 7.57 7.69

¥ Chemical shifts obtained from spectra of mixtures.



U.v. absorptions of the triphenylenediquinones and thec.r

bisleucoacetates

The close similarity between the'u.v. absorptions of the
triphenylenediquinones is shown in Figures 2,3, and 4. All
show a characteristic band between 488 and 468 nm and another
band of similaf intensity between 418 and 384 nm. These bandé
provide a simple method for confirming the presénce of the
triphenylenediquinone nucleus. The spectra of the bisleucor
acetates (Table 9) all show the fine structure which is

typical of polycyclic aromatic compounds.



Figure 2 U.v. absorptions (in CHC13) of the di- and
tetra-chlorotriphenylenediquinones (26) and (87)
log 6/\ -_— 2,3-Dichloro-10,11-dimethoxytripheny-
lene-1,435,8-diquinone (86)
45 F -— e - - 2433,6,7-~Tetrachloro~10,11-dimethoxy=-

triphenylene-1,4;5,8-diquinone ({8%)

4:0 -
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Figure 3 U.,v. absorptions (in CHCl_) of the mono-‘-and di-
chlorotriphenylenediquinones (91) and (88)

log € e———. 3-Chloro-10,l1-dimethoxytriphenylene-
/N ;
\ 1,4:5,8-diquinone (91)
45+ \\ — — — —2,6-Dichloro-10,11-dimethoxytriphenylene=-
\. ‘ 1,4:5,8-diquinone (88)

4+0

T

w
(8]
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Figure 4 - Uwves absorption (in . CHCL ) Of> Bumperer!

S quinone
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)

2,-And 3-methyl-10,ll-dimethoxytriphenylene-
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(104)
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Table 9 U.v. absorptions of the tetra-acetoxytriphenylenes

‘Substituted 1,4,5,8-
tetra-acetoxy-10,11-
dimethoxytriphenylene

Unsubstituted (79)
3-Chloro- (103)

11 Mixture of thé
2- and 3-chloro-
(102) and (103)

3,6-Dichloro- (93)
2,6-Dichloro- (94)

2,3-Dichloro- (101)

27 5%
(4.75)

265% ~ 275%
(4.58) (4.76)

264 27 5%
(4.62) (4.81)

277%

(4.77)

277 *

(4.76)

264* 279%

(4.55) (4.75)

*

Inflection.

xmax.(nm) in CHCl3 and (log € )

279 FOS*E ' U317 0 326%  350%
(4.77) (4.12) (4.07) (4.01) (3.45)

282 > 317% 7 330%  355%
(4.80) (4.09) (4.03) (3.49)
282 - 318%  330% 356%
(4.86) "~ (4.13) (4.06) (3.52)
284 IS 318 2 331E . 364

(4.85) (4.17) (4.13) (4.05) (3.52)

288 . 320%  335%  360%
(d Be3s ' (4.14) (4.04) (3.49)
287 - 321%  332% 358

(4.80) (4.10) (4.05) (3.53)

372
(3.133)

375
(3.38)

375
(3.36)

381
(3.49)

381

(3.38)

W
~
O

(3.35)

b d
(@)



Mechanism of the formation of the triphenylenediquinones

As has been shown above, arylquinones are intermediates
in the formation of triphenylenediquinones from veratrole and
benzoquinones. The reaction of an aromatic compound with a
quinone in the presence of aluminium chloride to form Aryl-
quinols or arylquinones involves an electrophile formed from

105

‘the quinone and the catalyst. The first stage of the

reaction between veratrole and benzoquinone may be written thus:

* O >
W
N\ ‘ H -
@ AlCl, (el
MeO MeQ OAICL,

> H

A +
MeO ; : MeOF)

AlCl ' H
3 OH et
McO ~—— MeO
MeO MeO

(99) ' (50)



- gds

The formation of the triphenylene system could involve
arylation of the arylquinol (99) followed by cyclisation,

or arylation of the quinone (50) and subsequent cyclisation
asiallustrated:. on p.:85. The dichlorotriphenylenediquinone
(86) could be prepared by the two routes shown below but tﬁe

yields were significantly different. This difference is not

MeQ
MeO < 44 Yield

(57) O

Cl
O
MeO -+
MeO

45° Yield

O

(50)



- Bibk =

MeO
. MeO

_

(28)



simply due to the self-condensation of arylquinone (50) to
give the aryltriphenylenediquinones (97) and (98),.but
suggests that the formation of the triphenylenediquinone is

hindered in the presence of 2,3-dichlorobenzoquinone. The

very low yield (0.25%) of the tetrachlorotriphenylenedi-

7]

quinone (87) obtained from the reaction of veratrole and
2,3-dichlorobenzoquinone is compatible with this. Thus

the evidence tends to support the mechanism involving the
arylation of the arylquinol, because here the more efficiently
the benzoquinone oxidises the arylquinol to.the arylquinone,

the less triphenylenediquinone will be obtained.

Mass spectra of the alkyl- and aryl-triphenylenediquinones

The significant ions obtained from Pummerer's quinone,
and its methyl- (104; and 105) and aryl- (97; and 98)
derivatives are recorded in Table 10. All these compounds
show metastable transitions corresponding to the loss of CO
and of MeO: from-thé molecular ion. The molecular ion in
both the pare@f diéuinone and its hethyl-derivatives is also
the base peak. The aryl-derivatives show significant ions‘

at m/e 322, 294 (base peak), 266, and 238 due to the successive



Table 10 Mass spectra of the alkyl- and aryl-

triphenylenediquinones

Substituted 10,11- -dimethoxy- Principal ions and relative
triphenylene-1,4: 5,8~ abundances (%)
diquinone

Unsubstituted (28) m/e 348(100), 320(32),' 317(26),
305(12); 294(10), 289(6), 277(15);
266(1), 262(14),'249(6), 238(17);
234(7Y, R31(6), 206110), 195(7)s
1781 6YE 18T &) 165(5%, 152(9),
150(14), 139(8), 124(9), 98(8);
294%(348—320), 291.5*%(320—>305),
288.5%(348—317), 241%(294—266),
213%(266->238).

Mixture of 2- and 3- m/e 362(100), 348(38), 347(16),
methyl- (105; and 104) 384(16%, 83337 ) 351(14); 319(5%,
308.09) - 305(6), 303(9), 294(22)
238(8), 163(7), 142(5), 128(9),
127(6); 308%(362-334),
303%(362 —>331).

_Mixture of 2- and 3-, m/e 484(90), 470(9), 456(12),
3 dlmethoxyphenyl— 454(4), 453(12), 425(4), 323(8),
(97,and 98). ; : 322(43), 296(4), 294(100), 266(3),

242(4), 239(5),.238(28), 195(4}),
139(4); 430.5%(484— 456), 424*
(484 — 453), 397%(453—»425),
214%(484 — 322), 268.5%(322—>294),
241%(294 —» 266), 213%(266—>238).

*Metastable transition




10588 0of the‘acetylene (108) and three molecules of CO from

the molecular ion (m/e 484). Similar fragmentations occur
with Pummerer's quinone and its methyl derivatives, but

here the relati&e abundances of the corresponding ions are
much lower. The methyl- and aryl-diquinones show low
abundance (M+4)+.ions due to the diquinols formed by reaction’
of the diquinones with water or other source of hydrogen in

the mass spectrometer.lo6 The ions at m/e 348 in the methyl-
diquinones, and at m/e 470 in the aryldiquinones may be formed
O from the corresponding (M;4)+.ions to give

&

radical ions such as (109). A similar type of fragmentation

by the loss of H

is observed in the spectra of the tetra-acetoxytriphenylénes

discussed on p.91.

Me
i b
C MeOQ
O
Me QO
OMe '
m/e 348

(108) A .(109)
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Mass spectra of the chlorotriphenylenediquinones

The more important ions (excluding isotopes) obtained
from the chlorotfiphenylenediquinones are récorded in
Table 11. In each of the spectra, the molecular ion is
the base peak and fragmentation results in the successive
loss. of CO . and" Cl% Each compound forms an abundant ion
resulting from the loss of MeO: from the base peak. This
presumably occurs because of the formation of a relativély
stable ion such as (110) by processes simil#r to those

described earlier (p.49 ) for the methoxyarylquinones.

+
O Cl
@)
MeOQO e}
(@)
m/e 351

(110)
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Table 11 Mass spectra of the c

hlorotriphenylenedigquinones

Substituted 10,ll1-dimethoxy-
triphenylene-1,4:5,8~
diquinone

3-Chloro- (91)

2,6-Dichloro- (88)

Principal ions and relative
abundances (%)

m/e 382(100), 354(11), 351(33),
347(11), 319(28), 314(6), 312(9),
2906(6), 278(6), 238(5), 149(9),
128(23), 127(11); 328%(382-—354),
323%(382 — 351), 237*(354—)319).

m/e 416(100), 388(29), 385(45),
381(17), 353(45), 345(6), 337(6),
330(8) s 27815, 273\7),: 19515},
183(5), 123(8)‘, 122(8), 98(8);
363*%(416—) 388), 356.5%(416 — 385)
349 .5%(416—»381), 321.5%

- (388—353).

Mixture of 3,6- and 2,7-
dichloro- (89 and 90)

2,3-Dichloro- (86)

2,3,6,7-Ietrachloro-A(87)

*Metastable transition

m/e 416(100), 388(20), 385(57),.

381(20), 353(50), 337(7),
830(7Yy, 27207, 195(¢5), 194(bY);
178(6), 164(6), 123(8), 122(8),
120(6), 98(7); 363%(416— 388),
356 .5%(416 — 385), 349.5%

(416— 381), 321.5%(388—3353).

m/e 416(100), 388(17), 385(28),
381 (139, 853(54), 330(5), 195(72);
194(7); 363%(416 —388),
356.5% (416 —) 385) .

m/e 484(100), 456(31), 453(42),
449°(19), 428(8), 421(67),
220010 ;88011 )3.218(11),
216017 87 (10) 12214 9B 1L1) ),
87(19). ;

|
i
|
|
|
|
|

|



Mass spectra of the tetra-acetoxytriphenylenes

Table 12 fecords the ions'(excluding isotopes) with
relative abundances >5% obtained from the tetra-acetoxytri-
phenylengs. In each case, the base peak corresponds to the
molecular ion less four molecules of ketene and is presumably
derived from a diquinol derivative such as (111). The
fragmentation of the monochloro-compound is summarised in the

scheme below. The most abundant ion with m/e 386 readily

Fragmentation of the 3-chlorotetra-acetoxytriphenylene (103)

=3 -cnéco -CH,CO ~CH,,CO
M ——23 m/e 512 == m/e 470 ==} m/ec 428
m* S m* m* 3 ‘
* - ¥ -
m H20 m H20
m/e 452 : m/e 410
-HZO
m/e 368
m*
-MeOH _
m/e 354
. * .
-CH,CO iy
n/e 428 il in/e 386
m* (base peak)

m/e 351

~ -"-Cl'

m/e 350

m*



loses water. This is presumably because the hydroxy groups
of the ion (111),at C-4 and C-5 can easily eliminate H2O
to form the stable ion (112). The dichloro-compounds

fragment in a similar fashioh but ‘here the loss of H20 oeCrs

HO Nt | T° HO el |
MeO OH - H,0 MeO O
N
¥
MeO OH m™* MeO
HO ' , HO

(111) A (112)

less readily. All the spectra show that loss of MeOH occurs
from the most abundant ion. Thisg:isiihscontfast2te the
ready loss of MeO* from the corresponding diquinones (Table 11)

and may involve the formation of ions. such as (113) as shown

~below.
H |
(|) +4-- =Y sl s
L\\ H Cl L0 !
Meo )y~ OH = MeOH OH
N ;
P 4
Me(Q OH m* MeO OH
"HO HO

(111) e (113)



Table 12 Mass spectra of the tetra-acetoxytriphenylenes

Substituted 1,4,5,8-tetra- Principal ions and relative

acetoxy-10,11-dimethoxy-
triphenylene

3-Chloro- (103)

3,6-Dichloro- (93)

2,6-Dichloro- (94)

' 2,3-Dichloro- (101)

abundances (%)

m/e 554(14), 512(16), 470(38), 452(8),
428(62), 427(9), 410(11), 386(100),
385(15), 384(11), 368(54), 367(15),
354(8), 353(6), 351(5), 350(9), 349
(8), 325(5), 290(5); 472%(554— 512),
434%(470—452), 431*(512—»470), :
3902% (428 — 410), 390%(470—428), 350* !
(386 —368), 348%(428—>»386), 324.5%
(386 —>354), 317%(386—>350). %

m/e 588(23), 546(31), 504(52), 462
(76), 461110Y), 420(100), 419{11);
418(9), 402(5), 401(5), 388(7),
387(6), 386(9), 385(7), 384(9), 383 |
(10); 507.5%(588—>546), 465%(546504),
423,5%(504— 462), 382%(462 —»420),
384% (420 — 402), 358.5%(420—388),
351%(420 — 384,385). I

m/e 588(19), 546(19), 504(40),

462(69), 461(10), 420(100), 419(13),
418(10), 402(5), 401(5), 388(7), !
I8P {4) a86(5%, 3856 ), 384(0), 7
383(8); metastable ions as for the :
3,6~-dichloro-compound. i

m/e 588(13), 546(9), 504(30), 462(39),
461(12), 420(100), 419(20), 418(16), |
402(10Y),:401(8), 388(10); 387(8), !
386(6), 385(5), 384(8), 383(6), ﬁ
361(5); metastable ions as for the i
3,6-dichloro-compound. :

*¥Metastable transition ’  » i

Sy



CHAPTER 4

Synthesis of triphenylene-1,4-quinones

The structures of the three di(3',4'-dimethoxyphenyl)
benzoquinones were established using their reactions with
concentrated hydrochloric acid and subsequent oxidation
with iron (III) chloride (Chapter 2). The 2,3-diaryl-

quinone (62) was found to undergo cyclisation giving the

triphenylenequinone (69) as the main product. This
OMe . OMe
O OMe @) OMe
(i) HCI o
>
(ii) FeCly
2 OMe 4 OMe
OMe OMe

(i) (69) |

suggested that triphenylene-1,4-quinones might be synthesised
simply by treating suitably substituted 2,3-diarylbenzo-

quinones with an acid, and oxidising the resulting quinol.



Because the reaction of the diarylquinone (62) with
hydrochloric acid gave a complex mixture of chlorotriphenylene-
quinones which could not be completely separated, the 1ess’
complicated cyclisation reactions of 2,3-diarylquinones with
aluminium chloride, and with aqueous sulphuric acid are

described first. :

Cyclisation of 2,3-di(3',4'-dimethoxyphenyl)benzoquinone

The reaction of the diarylquinone (62) with aluminium
chloride in carbon disulphide, and subsequent oxidation of
the product by iron (III) chloride, gave a violet quinone,

C (42%), and a yellow product (7%). The molecular

22M18%°
formula of.the former corresponds to that of the starting
diarylquinone (62) less two hydrogen atoms, and the u.v.
absorption (Table 14) (p.116) shows the fine structure
characteristic of a polycyclic compound. This suggested

that the diarylquinone (62) had undergone cyclisation with

the formation of 6,7,10,1l1-tetramethoxytriphenylene-1,4-

quinone (114). The n.m.r. spectrum of this compound

OMe




confirmed its structure, showing singlets at T 5.92 (six
methoxy-protons), T5.89 (six methoxy-protons),.TfB.lS (two
quinonoid protons), T 2.42 (two aromatic protons), T1.01
(two aromatic protons). The low field signal at T 1.01 may
be assigned, to the aromatic protons at C-5 and C-=12 which
are peri to the quinone carbonyl groups.'lOl

The yellow product which had m.p. > 350° contains two
carbonyl-groups.(vmax. 1688 and 1662 cm_l). Mass spectra
could only be obtained using an ion source at 290°, and .
consistent results could hot be obtained. The most abundant
peaks occurred at m/e 754, which corresponds to fwo of the
friphenylene (114) molecules less two hydrogens, and at m/e
758, which corresponds to two of the diarylquinone (62)
molecules less two hydrogens. Less abundant ions appeared
at higher m/e values. This product appears to be a high
molecular weight compound formed by the oxidation of the
initial diarylquinone, but no definite structure can be
assigned to it, and the lack of material has preven?ed fur ther
investigafion.

The triphenylenequinone (114) was obtained in improved
yield (50%) by treating the diarylquinone (62) with aluminium
.chloride and aﬁ e#cess of dichlorodicyanobenzoquinone (D.D.Q.)

in carbon' disulphide solution. The starting material was



recovered unchanged from an attempted reaction between the
diarylquinone (62) and D.D.Q. in benzene. Treafment of the
diarylquinone (62) with aqueous sulphuric acid followed b;
oxidation of the product with iron (III) chloride gave a

poor yield (5%) of the triphenylenequinone (114), together
with more of the unidentified yellow product (15%); and

the reaction between the diarquuinong (62), aqueous sulphuric

acid and chloranil gave only a small amount of the yellow

pEOAWet

Cyclisation of 5,6-dichloro-2,3-di(3',4'-dimethoxyphenvl)-

benzoquinone.

The diarylquinone (115) which was prepared by the aryl-
ation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)benzoquinone
with diazotised 3,4-dimethoxyaniline, underwent cyclisation
in the presence of aqueous sulphuric acid and chloroanil to
give the triphenylenequinone (116) in very good yield (88%).

Reductive acetylation of the resulting quinone furnished the

OMe
o OMe
Cl
fot
s OMe
OMe

(115)



diacetoxytriphenylene (106) which shows n.m.r. signals at
T 7.53 (six acetoxy-protons), T 5.96 (six methoxy-protons),
T 5.92 (six methoxy-protons), T 2.30 (two aromatic protons)
and T 1.54 (two aromatic protons). The low field signal at

T 1.54 is attributed to the protons at C-5 and C-12, each

of which is peri to an acetoxy-group.lol The u v~ absorption
OMe : OMe
5 OMe OMe
OAc :
cl 2
Cl
9
QAc :
12 OMe OMe
OMe - ‘ OMe

(106) i (20)

of the leucoacetate (106) ggain shows the fine structure
expected forva polycyclic compound and resembles that of
2,3,6,7,10,11-hexamethoxytriphenylene. Attempts to prepare
the triphenyléneqﬁinone (116) by treating the biphenyl (20)
with 2,3-dichlorobenzoquinone in the presence of either

aqueous sulphuric acid or aluminium chloride were unsuccéssful.
The feaction in sulphuric acid merely resulted in the oxidation
of the biphenyl (20) to give the dibenzonaphthacenequinone32

(22) (p. 10), while from the aluminium chloride reaction only



.unchanged starting material was isolated.

Cyclisation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-3~

(3'-methoxyphenyl )benzoquinone.

Theidiarquuinone (117), which was prepared by the
arylation of 5,6—dichloro-2-(3',4{—dimethoxyphenyl)benzo—
quinone with diazotised 3-methoxyaniline, was cyclised to a
triphenylenequinone in 67% yield by treatment.with aqueous
sulphuric acid And chloranil. ~Of the two possible structures

fo.xL ~the product; the more favoured sterically is the 6,7,11-

trimethoxytriphenylenequinone (118). The ifnahax. spectrium
OMe OMe
o OMe
Cl
Cl
O
OMe

(118)

S 7)

of the product is in full: accord with this structure, showing
signals at T6.02, T 5.95, and T 5.89, (three methoxy-protons

in each case), and between ¥ 2.75 and T 1.30 (five aromatic



- 100 =~

protons). The aromatic proton signals are shown in
REiguke 5. The low field singlet at T 1.40 is assigned to the
Figure 5 Aromatic proton signals of the

triphenylenequinone (118)

—__—‘///____/f/—i 4——'CﬂCl3

| T4 P PR ST ALG] ot et S i ‘> z
T1833
T 140 T-2°36
T 176 08

C-5 proton which is peri to one of the carbonyl groups, and
the singlet at T 2.36 is attributed to the C-8 proton. The

doublet (J 3Hz) centred at ¥ 1.33 is assigned to the C-12
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proton which is peri to the second carbonyl group, and

which is coupled to the C-10 proton. Irradiation of the
proton at T 2.69 producéd a singletrat~T 1,83 =a#d irradiation
of the broton atT1.33 affected the doublet at T 2.69. The
doublet (b 9Hz) centred at T 1.76 is assigned to the C-9
proton which is coupled to the adjacent proton at C-10. The
remaining doublet of doublets centred atT2.69, and partly
masked by the solvent (CHC13) signal, is attributed to the
C-10 proton which is coupled both to the proton at C—l2.

(J 3Hz) and to that at C-9 (J 9Hz).

Cyclisation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-3-

"phenylbenzoquinone.

Arylation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)
benzoquinone with diazotised aniline gave the diarylquinone
(119) which reacted with aqueous sulphuric acid and chloranil
5011,61,9, (10%) and a colourless

product‘(SO%); ' The close similarity between the Uu.v.

to yield a red quinone, C

absorption of the red quinoneeand that of the triphénylene~
quinone (118) (Table 14) (p.dl1l6) confirms that this compound

is 2,3-dichloro-6,7- dimethoxytriphenylene-1l,4-quinone (120).
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OMe ‘OMe
" NOMe OMe

Cl
Cl

(119) (120)

The colourless produét, G Gl-0O is .isomeric with

2OH14 247

the starting quinone (119). Its i.r. spectrum shows the
; ' -1 :
presence of a phenolic OH group (vmax 3530 ¢m " ), while

.its u.v. absorption resembles that of the dibenzofuran (121)

iTable 13}, This suggests that the compound is 1,2-dichloro-
MeQ @)
MeO
Cl Cl
OH

3‘hYd:oxy-6,7-dimefhoxy-4-phenyldibenzofuran (122) formed by

Cyclisation of the diarylquinone thus:
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MeO \\O MeQ @)

Me O Q) ol Lt Me O’ &t

Ph Cl ~ Ph Cl
o) OH
+
H
Table 13 UsVssabsorptioniof. therdabenzofuran (121, and
of the compound C2O 14Cl O
Compound C_ _H, Cl O Dibenzofuran (121)107
P 2014 - :
Amax.(EtOH)(nm) ‘log £ 'Amax.(EtOH)(nm) log €
221* iad A6 223 4.48
250 4323 242* 4.28
262 % 4.14 265 4 .08
- - 27.8 3 .80
319 { 4 .35 345 4.40

5 DA - 324% 4.32

*Inflection
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Such acid-catalysed cyclisations of arylquinones containing
electron-donating groups in the aromafic ring and electron-
attracting groups in the quinone ring are known to take place.33
The structure of the dibenzofuran (122) was confirmed by its
n.m.r. spectrum which shows singlets at 1'6.44-and T-6.08 (both
three methoxy-protons), T 4.54 (one hydroxy-proton), T 3.64

and ¥ 2.90 (both one aromatic proton), and a broad signal
between T 2.66 and ¥ 2.46 (five phenyl protons). The aromatic
proton signal at relativeiy high field (T:3.64) is attributed

to the C-5 proton. Because of steric effects the plane of

the phenyl group is perpendicular to that of the dibenzofuran

nucleus (1l22a). Thus the C-5 proton lies above the plane of
.
MeO O
MeO
Cl
>
Cl
OH

(1225)

the phenyl group, and, because of the ring current in the '

'

latter, is more shielded than is the C-8 proton.



- 105 -

Mechanism of the formation of the triphenylene-1,4-quinones

A possible mechanism for the formation of the above
triphenylenequinones is given below. This requires that

one of the aromatic rings in the 2,3-diarylquinone should

Formation of the triphenylene-1,4-quinone (114)

¥
COMe
OMe
OH
| s
?‘ OMe
H OMe
OMe
OMe
OH
OH

\\. OMe

OMe
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be activated towards electrophilic attack at C-6'. This
particular position is strongly activated in all the diaryl-
quinones which have been used in this work.24 L1800k
immediately obvious why the diarylquinones (62), (115), and
(117) give only triphenylenequinones, but the diarylquinone
(119) gives a dibenzofuran as the major product. Further

studies will be necessary to determine the relative rates

of the two cyclisation processes.

Reaction of 2,3-di(3',4'-dimethoxyphenyl )benzogquinone with

concentrated hydrochloric acid.

The reaction of the diarjlquinone (62) with boiling
concentrated hydrochlofic acid and subsequent oxidation of
the product with iron (III) chloride gave a mixture which
was separated by p.l.c. into a violet solid and a red solid.
Both solids showed u.v. absorptionssimilar to those of the
triphenylene-1,4-quinones already discussed, and their i.r.
spectra showed the presence of quinone carbonyl groups. Three
triphenyienequinones were expected to result from this reacﬁion,
viz. the 2,3-dichloroquinone (116), the 2-chloroquinone (69),
and the unchlorinated quinone (114)  |

The n.m.r. spectrum of the violét solid suggested that

this was the 2-chlorotriphenylenequinone (69), showing signals
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OMe
O OMZ
Cl
O OMe
OMe

(69)

at T 6.02 (three methoxy-protons),T 6.00 (nine methoxy-
.protons), T 3.22 (one quinonoid proton), T 2.82 (two aromatic
protons), T 1.42 (one aromatic proton), and T 1.36 (one

aromatic proton). Small signals present in the spectrum
indicated the presence of impurities, but these could not

be removed by crystallisation or by p.l.c. The mass spectrum
of this product confirmed that.it was a mixture of the 2-
chloroquinone (69) (86.5%), the 2,3-dichloroquinone (116) (3.5%)
and the unchlorinated quinone (114) (10%).

The red product also appeared from its n.m.r. spectrum to
be a tetramethoxytriphenylenequinone, but it showed only one
aromatic proton signal at 1ow-fie1d (To0.98). As ‘the low
field signals in these triphenylene-1,4-quinones are given
by the protons at C-5 and C-12, this indicated that one of
these positions in the red product is occupied by an atom
othexr than hydfogen. The mass spectrum indicated that the

product contained two atoms of chlorine and was compatible



with the structures (123) and (124). The n.m.r. spectrum

also showed signals at T 3.02 and ¥ 2.83, each corresponding

OMe OMe
o Cl OMe o Cl OMe
Cl 3
2 Cl
o OMe O OMe
OMe OMe

(123) (L2l )

to about 0.5 proton, which may be assigned to the quinonoid
~ protons at C-2 and c-3. An approximately (il ) -mikture=of
the compounds (123) and (124) therefore appeared to be
present. The mass spectrum of the red product confirmed
that the main components were tﬁe 2,5- and 3,5-dichlorotri-
phenylenéquinones (93.5%), but also showed ions derived

from the 2,3,5-trichloroquinone (125) (4.5%) and to the 5=

chloroquinone (126) (2%). Further support for the presence
OMe l OMe
oM Cl OMe
p o
OMe S OMe

OMe

128 )
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of a chlorine atom at C-5 in each of the compounds (123),
(124), (125), and (126) was obtained from the analysis of
the mass spectrum of the mixture. ATt he chlérotri-
phenylenequihbnes in which chlorine atoms occupy only
quinonoid positioﬁs, give mass spectra in which the most
intense peaks are due to the molecular ions. In contrast,
the most intense peak for each of the 5-chlorotriphenylene-
quinones (123), (124), (125), and (126) corresponds to the
(M-Cl)+ ion. The ready loss of Cl+¢ during fragmentation
indicates that in each of these compounds one chlorine atom
is located in a position in which it causes steric strain
cein- the molecule.

The above mixture of 5-chlorotriphenylenequinones could
not be ;eparated into its components and was therefore

converted into the corresponding mixture of leucoacetates. A

partial separation into two products (A) and (B) was

achieved by p.l.c. On the basis of its n.m.r. and mass spectra|

(see below) product (A) appeared to be a mixture of the 3,5=dis

chloro- compound (107) (83%), the 2,3,5-trichloro-compound

(128) (7%); the 5-chloro-compound (129) (0.7%), the 2,3-

dichloroepoxy-compound (134) (1.0%), the 2- or 3-chloroepoxy-

compound (136) or (131) (7%), and the unchlorinated epoxy-
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compound (135) .(1.0%) . Likewise product (B) was a mixture

of the 2,5-dichloro-compound (127) (90%), the 2,3,5-trichloro-
compound.(128) (O«e3%), the 5-chloro-compound (129), (1.5%),
the 2- or 3-chloroepoxy-compound (136) or (131) (7%), and

the unchlorinated epoxy-compound (135) (0.5%);

The n.m,r; spectrum of the mixture (A) showed signals
from only the main component, the 3,5-dichlorotriphenylene
CLO7 )= Fhese-occurred. at T 7 .77/ and L.-7:49 (each three
ScetoOXV=protons )L 606, T 5,04 5 45,92 ~and 7% 5.90 (each
: three methoxy-protons), and T 2.44, T 2.40, ¥ 2.34, and T1.58
(each one aromatic proton). .The spectrum of (B) was identical
with that of (A) except that the arom;tic proton signal at
T 2.44 was.here found at.t 2.62. Insthesespectra the
signal at ¥ 2.44 is attributed to the C-2 proton of the
3,5-dichloro-compound (107) by analogy with the signal at
T 2.59 given by the C-2 proton of the triphenylene (103)

PSR Similarly the signal at T 2.62 is attribufed to the
C-3 proton of the 2,5-dichloro-compound (127) by analogy with
the signal at T 2.73 given by the C-3 proton of the tripheny-
lene. (1029 {pettl). In each compound (107) and (127), the
low-field signal‘(t 1.58) is assigned to the C-12 Qroton

which is peri to an acetoxy-group, and the remaining aromatic
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~0Me

(128 ; X=Cl)
(128 X2 M)
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signals ( ¥ 2.34 and T 2.40) are attributed to the C-8 and

C-9 protons.

The mass spectrum of product (A), which is summarised

in Table 17 (p.124), confirmed that the main component in

the mixture was the dichlorotriphenylene (107).

It also

showed ions derived from the 2,3,5-trichlorotriphenylene (128)

and the 5-chlorotriphenylene (129). An abundant
corresponds to the loss of CH2CO and HCY from the
ion of the dichlorotriphenylene (107). This ion

contains one chlorine atom and one acetoxy-group,

formulated as the epoxytriphenylene (130), or the

ion (m/e 454)
molecular

at m/e,454
and is

corresponding

ion from the compound (136). The ion (130) may result either

“from the frégmentation of the dichlorotriphenylene (107) or,

directly from the epoxytriphenylene (131). The latter could

be formed either during the reductive acetylation, or during

the chromatographic purification on silica gel:

OMe O

o\

cl -XCl Cl

v

OAc ' OAc
OMe:

xé}' : ;
OMe OMe
/ v OMe

OMe

OMe - OMe

NETH o R ¥ : C13T)
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Such elimination reactions are known to take place under

basic conditions eg. the chloroquinol (132) gives the

pyran derivative (133) on being treated with aqueous sodium
108

dithionite and potassium hydroxide. The mass spectrum

of the mixture (A) also showed the presence of ions derived

@% e

OH
Lol (133)

from the dichloroepoxytriphenylene (134) and the unchlorinated

compound (135).

OMe
O—r OMe
OAc
OMe
OMe

(134 3X=Cl) )
(fasexaly) @
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When the mixture (A) was subjected to further p.l.c.
on silica gel, two bands were obtained. The faster moving
band gave a pfoduct (C), the mass spectrum of which showed
it to be a mixture similar tdn(A), containing rather more
of the epoxytriphenylenes (Table 17). The mass spectrum
of the product (D) isolated from the slower moving band
indicated this to be a mixture of the 2- or 3-chloroepoxy-
triphenylenes'(136) or (131) (86%), the 2,3-dichloro-
compound (134) (é%), and the unchlorinated compound (135)
(3.5% ) This suggests that the epoxytriphenylenes are
formed at least in part during the chromatographic treatment.
The composition of the product (B), which is summarised on
p.110 , has been determined from its mass spectrﬁm (Table 17)
by arguemenfs similar to those used for product (A). The
lack of material prevented the further investigation of these
compounds. - However, the ready formation of fhe epoxytri-
phenylenes gives further evidence for the présence O &

chlorine atom at C-5 in the triphenylenequinones (123),

(124), (125), and (126).

>
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Reaction of 5,6-dichloro-2,3-di(3',4'-dimethoxyphenyl)-

benzoquinone (115) with concentrated hydrochloric acid.

The reaction of the diarylquinone (115) with
concentrated hydrochloric acid and subsequent oxidation of
the product with iron (III) chloride gave the 2,3-dichloro-
triphenylenequinone (116) (32%) and a small amount (ca. 2%)
of the 2,3,5-trichlorotriphenylenequinone (125). The latter
was identified (a) by its u.v. absorption (Table 14) which
is very. similar to that of the 2,3-dichlorotriphenylene-
quinone (116), and (b) by its mass spectrum (Table 16) which
shows the expected molecular ion at m/é 480 with the
characteristic isotope pattern of a trichloro-compound, and
a base peak at m/e 445 corresponding to, the (M—Cl)+ ion.

Attempts to prepare the 5-chlorotriphenylenes by the
reaction of boiling concentrated hydrochloric acid on either
the 2,3-dichlorotriphenylenequinone (116) or the correspond-
ing unchlorinated compound (114), or by the reaction of
hydrégen chlo?ide on the dichloro-compound (116) in benzene
solution were unsuccessful. AmIn each case most of the

starting quinone was recovered unchanged.



Table 14

Substituted
triphenylene-
1,4-quinone

6,7,10,11-
Tetramethoxy-
(114)

4+ 2-Chloro-

6,710 1=

tetramethoxy-
- (69)

2,3-Dichloro- .,

SRHe B 6 I ) &

tetramethoxy-
(11.6)

2,3,5-Trichloro-

6.7.,10,11=

tetramethoxy-
(125)

2,3-Dichloro-

o

trimethoxy-
(118)

2,3-Dichloro-
6,7-dimethoxy-~-
(120)

U.v. absorption of the triphenylene-1,4-quinones

A (nm) in CHCl_ and (log€& )

max . 3

i s 271 208*  304* 312% 326 346
(4.77) (4.23) (4.15) (3.92) (3.62) (3.40)

- - 274 - 300% - 316%* 328 % 354

(4.85) (4.40) Ea0oall (728 (3.57)

- s 276 SO0 317%  329% 350
(4.84) (4.39) (4.06) (3.84) (3.61)

s X 278 : 305%  320%  335%  354%
(4.54) {4 T2y (3003 (3181F (3.51)

4 268% 273 2GI% . SFOB* 3D, M - 54 F5aw
(4.75) (4.81) (4.38) (4.24) (3.90) (3.44)

250%  264% 268 B3 r - ("anax 3208 . - 354%
(4.46) (4.72) (4.75) (4.29) (4.06) (3.92) (3.32)

¥ Inflection # Compound described in Chapter 5

498
3. 7.61)

517

(3.80)

3L

(3.80)

490

(3.54)

536

(3.61)

514

(3.62)

OTT
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Mechanism 'of the formation of the S5-chlorotriphenylene-

l,4-quinones

The substitution of one of the aromatic hydrogen atoms
by chlorine as & result of the treatment -of éhe 2,3-diaryl-
quinones with hydroc¢hloric acid was unexpected. Lt 18
unlikely that an electrophilic chlorination reaction takes
place, because, under the conditions used, free chlorine or
the chlorine cation cannot be formed. Fur thermore, electro-
philic substitution would be expected to occur at C-8 or C-9
as well as at C-5, but there was no evidence of such chlorotri-
pPhenylenequinones in the reaction mixtures. This suggeéts
that the 5-chloro-compounds are formed by 1,6-addition of the
elements of H?drogén chloride to the triphenylenequinone as
illustrated below for the formation of the S—Chlorotriphenylgne—
quinone (126). The driving force for this process may be the
stabilisation of the intermediate (137) by weak hydrogen
bonding, and the ease with which a proton may be transferred
to the adjacent carbonyl group during aromatisation (137)—> ¢
L1384y The fact that therxe wq; no ieaction between hydro-
chloric acid And the pure triphénylenequihones (114) or (116)
may have been due to the lack of solubility of the pure

quinone in the acid.
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Formation of the 5-chlorothriphenylene=1,4-quinone (126)

OMe
\
7
~20Me
OMe
7)
OMe e
M
o) Cl OMe OMe
3 v B
2 : —_—
9
OH
O OMe OMe
OMe : OMe

(126) (138)

Mass spectra of the 5,6—dichloro-2,3—diary1benzoquinones

The ions (excluding those resulting from 37Cl) with
relative abundances > 5% are recorded in Table 15. All the
spectra resemble that of the unchlorinated 2,3-diarylbenzo-
quinone (62) which is discussed in Chapter 2. The f?agment—

ation of a typical dichlorodiarylbenzoquinone (119) is

summarised below.



w2l KD

Table 15 Mass spectra of the 5,6-dichloro-2,3-

diarylbenzoquinones

Substituted 5,6-dichloro- Principal ions and relative
benzoquinone abundances (%)
2,3-Di(3',4'-dimethoxy- m/e 448(100), 401(8), 386(8),
phenyl)- (115) 382(9), 315(6), 1937(5), 83(20),

84(13); 319%(448— 433).
2-(3',4'-Dimethoxy- m/e 418(100), 403(5), 371(11),
phenyl)=-3-(3"'- 352(10), 340(9), 210(6), 1761(5),
methoxyphenyl)- (117) 83(36), 84(22), 85(7);

389% (418— 403).
2-(3',4'-Dimethoxy- m/e 388(100), 373(6), 345(6),
phenyl)-3-phenyl (119) 341(8Y, 522134),. 310015):.239(7),

223(8), 169(7), 176(15), 165(13),
1617 ¢8), 152(09), 151(8); 150(7);
126(17), 87(11), 83(8);

359% (388 —373).

¥ -Metastable transition

T Doubly-charged ion

Fragmentation of the 5,6-dichloro-2,3-diarylbenzoquinone (119)

Hé -Me « -MeOH

(basg peak) > m/e 373 > m/e 341
B CcO
-MeQO-
~Cl-

n/e 357 ——> m/e 322 m/e 345 ;El;) m/e 310
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Mass spectra of the triphenylene-1,4-quinones

Table 16 records the principal ionslobtained from the
triphenylene-1,4~-quinones. With the exception of the 5-
chloro-substituted quinone (125), the molecular ion in each
case is the base peak, and there is a significant peak due
to the doubly-charged molecular ion. The only other
impor tant ion correspoﬁds to the successive loss of Me*’and
- CO; the fragmentation sequence is illustrated below for the

tetramethoxyquinone (114).

Fragmentation of the tetramethoxytriphenylenequinone (114)

o+ o ! . F
Wi s BER e 369 RN g et 935

(base peak) o i

m¥* -Me-

) -Me *
n/e 277 €——— m/e 305 ¢——— m/e 320

In contrast, the molecular ion (m/e 480) from the
2,3,5,-trichloroquinone (125) readily loses one chlorine atom
to give the base peak (m/e 445). This fragmentation probably
results in the formation of the relatively stable ion (139);

; Py ;
The presence of an abundant (M-Cl) ion supports the view
that one of the chlorine atoms occupies a position peri to

one of the quinone carbonyl groups..
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Mass spectra of

the triphenylene-1,4-quinones

Substituted triphenylene-
l,4-quinone

6,7,10,11-Tetramethoxy~

(114)

2,3-Dichloro-6,7,10,11-
tetramethoxy- (116)

t2-chloro-6,7,10,11-

. trimethoxy-

tetramethoxy- (69)

2,3-Dichloro-6,7,11~-
(118)

2,3-Dichloro-6,7-
dimethoxy- (120)

Principal ions and relative
abundances (%)

m/e 378(100),
335(24), 320
249(2), 189

300% (363 — 3

363(2.5), 34
(2.5), 305(2.5
(10); 349% (378
35), 306%(335—3
m/e 446(100), 431(2),

388(3), 373(3), 359(3)
ST T I 2251 {
(446 — 431), 376%(431

e
—

374% (403 —>388) .

m/e 412(100), 397(1.5), 3
378 (2., 360(21), B854 (2Y;
85563, B1l1(2.5)57295(2),
2061 (8); 383% (412 —397),

342% (397 —>369), 339%(369 —»354).
m/e 416(100), 401(2), 385(3),
382(5), 373(21), 358(3), 330(3),
329(3), 208T(10); 386 7% (416 — 401).

m/a 486(100), - 371(1.5),:-355(7),

352(6), 343(15),
237(6), 193%(8),
356%(386—» 371),
317%(371 —> 343),

328(5) ., 27216},

174(15%, 180175
326*(386—>355),
314%(343 —>328).

~2,3,5-Trichloro-6,7,10,11- m/e 480(10), 445(100)} 415(4),
tetramethoxy- (125) At ey o A0LLE) - 222.51(6),;
414*%(480—) 445).
* Metastable transition. ¢

¥ Doubly-charged ion

&

I Compound describedviﬁ Chapter 5

e
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. OMe
2 @) OMe
Cl [ :
Cl
O OMe
OMe

(139)

Mass spectra of the acetoxytriphenylenes

The principal ions obtained from these are recorded in
deable 173 The base peak (m/e 448) in the spectrum of the
l,4-diacetoxy-2,3-dichlorotriphenylene (106) corresponds to
the molecular ion (m/e 532) less two molecules of ketene. In
. contrast, the base peak from each of the triphenylenes contain-
ing a 5-chloro subétituent corresponds to the molecular ion
(Table 17; Ml’ M2; and M3) less two molecules of ketene and
one-atomiof:ehlorine. Further fragmentation of all the 1,4-
diacetoxytriphenylenes occurs in a similar manner. The
salient featufes of the fragmentation of the 2,3- and 3,5-
dichlorodiacetoxytriphenylénes are illustrated on p.123 .

The base peak of the4l—acetoxy—epoxytriphenylenes results
from the molecular ion (Table 17; My, Mg, and M6) by theploss
of one ketene molecule. Thereafter theré is the successive

loss of Me*, CO, and MeO-.
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Fragmentation of the 2,3-dichloro-1,4-diacetoxytriphenyiene (106)

—CH2CO ~-CH,CO
M > m/e 490 > m/e 448
(base peak)

///;:i//’/;? o e
m/e 448 -—:EE:;—§ m/e 433 ——;izl—} m/e 405
~-MeOH
m/e 416

Fragmentation of the 3,5-dichloro-1,4-diacetoxytriphenvlene (107)

-CH2CO -CH_CO =CiL 2

M inaniily i fo 880 smf oy fifc 448 s> m/e 413

o % = (base peak)

-HC1

-Me *

m/e 412 —— m/e 397

-m/e 413 .;M_e._) m/e 398 —'—C-O——-> m/e 369
i g
-MeO *
m*

m/e 382
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Table 17 Mass spectra of the acetoxytriphenylenes

&8

Substituted 6,7,10,11~ Principal ions and relative
tetramethoxytriphenylene abundances (%)

l,4-Diacetoxy-2,3- m/e 532(20), 490(19), 448(100),

dichloro (106) 447(8) 5 433(6), 416(9), .405(5),
403(5).
Product (A) p.109 m/e 566[(7),M1], 532[(81),M2],
M, (128) ' 524[(4),M1—CH2CO], 498[(0.7),M3],
M, (107) 490[(46),M2—CH2CO], 488[(1),M4]’
M, (129) 482[(8) ,m/e 524-CH2co], 454[(7),M5],
M, (134) 448[(93) ,m/e 490—CH2C0], 447[(22),
M, (131) or m/e 482-Cl], 420[(;),M6], 413[ (100),
(136) " m/e 448-Cl], 412[(61), m/e 448-HC1,
M (138) '3~ : and MS-CH2CO], 398[(7), m/e 413-Me]} |

397[(8), m/e 412-Me], 382 [(21), m/e }

413-Me0], 378[(5),M -CH,CO], 369[(9),
m/e 398-CO];  451%(532 — 490), 409%
(490 — 448), 381%*(448 — 413), 383%
(413 — 398), 353%(413 —»382).

Product (B) p. 110 ' m/e 566[(0.2),M1], 532[(62),M2],
M, (128) ! 498[(1),M3], 490[(54),M2—CH2CO],
M, (127) : 454[(5),M5], 448[ (56), m/e 490-¢H2CO]{
M3,(129) ARG wt 447 (8) . m/e 482-C1 ], 420[(0;4),M6],
Mo (131 ko 413[(100), m/e 448-Cl], 412[(50), §
(136) .~ m/e 448-HCl, and Mg-CH,CO], 411(11), |
Mg (135) e 398[(6), m/e 413-Me], 397[(7), m/e

412-Me], 382[(15), m/e 413-MeO], 378 |
[(2.5), M6—CH2CO]; 451* (532 — 490),
409% (490 —) 448), 381%(448 —413), |

353% (413 —>382). i
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Hable 17 ~continhted

Substituted 6,7,10,11- Principal ions and relative
tetramethoxytriphenylene abundances (%)

Product (C) p. 114 m/e 566[(0.2),M ], 532[(16),M,], ;
M, (128) 498[(2),M3], 490(18), 488[(0.6),M4], ?
M, (107) 482(0.5), 454[(21),M5], 448(36),
M, (129) 447 (6), 420[(7),M6], 413(75), 412(100)|
M, (134) _ 398(16); 397(21), 382(14), 379(11),
M, {131) or 378(32), 369(8); 451%(532 —490),

(136) 409* (490 — 448), 383%(412 —397),

M (135) 381%(448 — 413), 374%(454 — 412),

353% (413 — 382).

" Product (D) p. 114 m/e 488[(3),M,], 454[(32),M.], i
M4 (134) ‘ 446[(11),M4—CH2C0], 431[(4), m/e ‘
M. (131) ox - 446-Me], 420[(2),M6], 412[(100),
(136) MS-CHZCO], 411[(14), m/e 446-Cl], 397
M, (135) [(45), m/e 412-Me ], 378[(9), M6—CH2COL-

369[(6), m/e 397-CO], 338[(12), m/e i
369-MeO], 334[(12), m/e 369-Cl];
383%(412 — 397).

* Metastable transition
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Mass spectrum of the dibenzofuran

The principal ions obtained from the dibenzofuran (122)
are: m/e 388(100), 373(8), 345(5); 341(8), 329(9), 310(23),
274({7), 210(5), 194“(5)-, 358% (388 —3373), 3il*(388—>341).
(*denotes metastable transition and f, doubly-charged ion).‘
The molecular ion (m/e 388) is very stable énd there is a
significant peak (m/e 194) corresponding to the doubly
charged molecular ion. The only other salient ion (m/e 310)

is that corresponding to the molecular ion less C6H6'

Conclusian

Only one triphenylenequinone (141), has been reported
previously,109 this was prepared by the oxidation of. 1,2-
dihydroxytriphenylene (140) using potassium nitrosodi-

Ssulphonate:

HO
HO

ON(SOK),

(140) .“ | (141')
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A compound thought to be a triphenylene-1,4-quinone was
obtained during the attempted purification of the 1,4-
diacetoxytriphenylene (142) by chromatography on alumina.

The product showed strong carbonyl absorption.at 1655 cm—l

OAc
Me
OAc
but was not further investigated. The work described in the

last two Chapters shows that triphenylene mono- and di-
quinones may be obtained simply from mono- and di-arylquinones
provided that the aromatic nuclei are suitably activated by

electron donatihg groups.
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CHAPTER 5

Synthésis of 2-hydroxytriphenylenes

Among the products obtained when veratrole reacts
with some chlorobenzoquinones in the presence of aqueous
sulphuric acid are 2-hydroxytriphenylene derivatives. This
furnishes a new aﬁd simple synthesis for 2-hydroxytriphenyl-
enes which previously have been obtained by the Rapson

synthesis45 or from substituted cyclopentaxdieneones.:'6

Reaction of veratrole with chlorobenzoquinone in aqueous

sulphuric¢ acid

Veratrole rea&ted with chlorobenzoquinone in the
pPresence of aqueoﬁs sulphuric acid to give a dark blue
solid from which was isolated the 33 5 , and 6-chloro-2-
(3',4'-dimethoxyphenyl)benzoquinones (52), (53), and (54),
e mixture ofi the 2y5< and 2,6—diary1chlorobenzoquinoﬁes
(65) and (68); a blue product, and a colourless compound

®)

Ar : L Ar

arl Yo ¥ cl
’ 5 : .;:“>()

(65) i (68

Ar = 34(Me O)ZC;HS-,_

L
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(3% from veratrole). The small quantity of the blue
product prevented its further purification, but a
qualitative u.v. spectrum showed Amax.(C“ClB) at 2775 316,
and 560 nm, suggesting that it may be related to the blue
dibenzonaphthacenequinone (19) (p. 10 ).  .The latter [ A ity
'(CHC13) 281, 294, 317, 560, 6553 and 715 nm] results from
the oxidation of veratrole by high potential quinones in
the presence of aqueous sulphuric acid.31
The colourless compound C22H19C1 05, has the properties

of a phenol (vmax. 3430 cm_l). Its u.v. absorption
(Table 18) has the fine structuré typical of a polycyclic
"compound, and closeiy resemblesithiat 0f 23,606,710, %=
hexamethoxytriphenylene. The n.m.r. spectrum shows singlets
corresponding to twelve methoxy-protons at T 5.91, one
aromatic proton each at T 2.37, €. 2523 G2n0l - and 22t 17607
two aromatic protons at T 2.27, and one hydroxy-proton at

T 0.28, The phenol is accordingly formulated as the

triphenylene (143).

OH
Cl

_Meo
MeQ \

OMe
OMe

(143)



Table 18 U.,v: absorptions of the phenol C

A
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225 19

ClO

of 2,3,6,7,10,1l11-hexamethoxytriphenylene

Phenol C22H19C10

2y 3567 510 1§ hexamethoxy-

trlphenylene
max.(CHCl3)(nm) log& Amax_(CHc13)(nm)

262* 4,56 263+

269 4.74 272%

278 4.88 281

308 £.25 309

315% 4,23 -

321% 4,13 320%

331 % 3.79 330*

347 3.34 346

364 3.01 361

*

Inftlection.

log€&

and
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MeO MeQ
MeQO MeQO

(563) ({64}

Reaction of veratrole with a mixfure.of 5=:and 6~chloro-2-

(3',4'-dimethoxyphenyl )Jbenzoquinones in aqueous sulphuric acid.

To.contirm: the ‘structure-of:the triphenylene (143), an
alternative synthesis from veratrole and the 5-chloro-2- '
-arylquinone (53) was desirable; However, because of the
difficulty of separating the 5-chloro-2-arylquinone (53)
from the corresponding 6-chloro-2-aryl-compound (54)
(Chapter 2), the reaction had to be performed with a (1:1)
mixture of the compounds. The resulting crude product on
being oxidised with iron (III) chloride gave a mixture of
the 2,5- and 2,6-diaryl-3-chlorobenzoquinones (65) and (68),
the 2—chlorotriphenyiene—l,4-quinone (69) formed by the
Cyclisation of the 2,3-diary1quinone>(144), crude 3-chloro-2-

hydroxy-6,7 ,10,11-tetramethoxytriphenylene (143) (23% from
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OMe OMe
0O OMe o OMe
Cl Cl
? OMe O OMe
OMe OMe
(69) (144)
the arylquinones), and a trace of a blue solid. The u.v.

spectrum of the blue solid showed this to be identical
with the blue product obtained from the reaction between
veratrole and chlorobenzoquinone described earlier.
Acetylation of the crude hydroxytriphenylene (143) and
subsequent chromatography gave two products. The more
abundant of these,.the 2-acetoxytriphenylene (145) (65%),
was identified by its u.v. absorption (Table 19) which is
very: simijlard toithat of 2,3,6,7,10,11-hexamethoxytfi—
phenylene. LESAameE s spectruﬁ, which shows that there
is no measurable coupling between the various aromatic
protons, is in full agreement with the structure (145).

Hydrolysis of this compound with aqueous ethanolic potassium

0

OAc OAc . - Vo
Cl '

MeQ | MeO ct

MeQ MeO N

OMe | OMe
OMe OMe

(1480 ﬁ (14 6)
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hydroxide then gave the pure hydroxytriphenylene (143).

The minor product (8%) which was‘isomeric with' the acetoxy-
triphenylene (145) again shows the typical u.v. absorption
(Table 19) of a triphenylene derivative. Its n.m.r.

spectrum confirms the presence of one acetoxy-group and

four methoxy-groups, but the signals from the aromatic protons
were too weak to permit accurate integration. The available
evidence suggests that this product is the 2-acetoxy-4-chloro-
triphenylene (146) formed from the corresponding hydroxy-
compound, which in turn results from the reaction between
veratrole and 6-chloro-2-(3',4'-dimethoxyphenyl)benzo-

quinone (54).

Reaction of veratrole with 5,6-dichloro-2-(3',4'-dimethoxy-

phenyl)benzoquinone in aqueous sulphuric acid.

To provide a simple and alternative synthesis for the
triphenylenequinone (116) (Chapter 4) the dichloroaryl-

quinone (57) was treated with veratrole in the presence of

aqueous sulphuric acid. This reaction gave the expected
OMe
OMe OMe
o OMe Q :
Cl
Cl
cl
Cl
O OMe
OMe

(695 & (116)
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triphenylenequinone (116) (14%) together with 2,3,6,7,10,11~
hexamethoxytriphenylene (12%) formed by the oxidation of
the veratrole,31 and a hydroxytriphenylene derivative (18%).
- The u.v. absorption (Table 19) and the n.m.r. spectrum of

the last compound are in full agreement with the structure

(147) . In contragt, a reaction between veratrole and
OH
Cl
MeQ Cl
MeO Cl o
OMe
MeO
Cl
OMe
OMe O

(147) (148)

3',4'-dimethoxyphenylbenzoquinone (50) in aqueous sulphuric
acid gave no crystalline material, while veratrole and the

arylquinone (148) failed to react under similar conditions:



Teble 19 U.v, absorptions of the tetramethoxytriphenylenes

Substituted
0,7 310 1~
tetramethoxy-
triphenylene
3 G e

2,3-Dimethoxy- 263* 272*

(rg) . (4.66) (4.79)
2-Hydroxy-3- 262% 269
chloro (143) (4.66) (4.84)
2-Acetoxy-3- 260% 269
chloro (145) £4.56) (4.75)
2-Acetoxy-4- 264* 273%
chloro (146) (4.64) (4.81)
2-Hydroxy-3,4- - 273 %
dichloro (147) (4.74)

Eaiicl *

A (nm) in CHC1 aﬂd (log & )

max 3
281 309 i 320% ~ 330% 346
(4.89) (4.38) (4.22) (3.97) (3.49)
278 gop T raysy T ARsyW  Tadix . 346
(4.96) (4.36) (4.32) (4.24) (3.91) (3.50)
278 305 F13¥ ‘319%  329% 346
(4. 91) (4.30) €4.25) (4.26)i(3.77)" (3.40)
281 304 LYY L 334% 350
(4.95) (4.44) (4.33) (3.78) (3.59)
282 308 BE AR % 356 %
(4.92) (4.38) (4.37) (3.33)
nflection

361
(2.43)

365
(3.07)
364

(2.98)

369
(3.38)

374
(3.09)

CET
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Mechanism of the formation of the 2~-hydroxytriphenylenes.

The formation of the hydroxytriphenylenes must involve
the 1,2- addition of veratrole to the C-~1l carbonyl group of
the arylquinone, followed by dehydration ana cyclisation as
shown on p.137 for the conversion of the arylquinone (53)
into the triphenylene (143). The reaction of a nucleophile
with a benzoquinone normally results in 1l,4-addition to the
C=C-C=0 system. l,2-Addition to the carbonyl group of the
quinone is unusual and few examples have been recorded.llo-ll&
2,6-Dimethoxybenzoquinone reacts with acetone in the presence

1L 318

; 3 e 3 :
of potassium carbonate .or alumina to give the

aldol condensation product (149), but no reaction occurs with

-

o _—chcocn,
MeO OMe MeO OMe
_— —

HO CH,COCH,

O . O
: . 112 Fte
2,5-dimethoxybenzoquinone. Substituted ortho benzo-

; R sty 3 114 3 g
quinones undergo similar addition reactions, the inductive

and mesomeric effects of the substituents determining which
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Formation of the 2-hydroxytriphenylene (143)

Cl Cl
—_—
MeO pEae MeQ
HO
s (e @* o g G
H+ : o H 4
OMe OMe
OMe OMe
(63)
=H,0 M261
i e
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carbonyl group is attacked by the nucleophile. For
example; 3-methoxy-1,2-benzoquinone (150) gives the product
(151) resulting from addition at the C-2 carbonyl group,
because the +M effect of the methoxy-group 1eading to the

- canonical form (150a) reduces the reactivity of the carbonyl

group at C-l.114

CH,COCH,
OMe )

(351 @

The C-4 carbonyl group of the arylquinones (eg. 53)
used in the present work is conjugated with one of the

methoxy-groups attached to the aromatic ring. The +M effect
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of this methoxy-group leads to the canonical form (53a)

and so reduces the reactivity of the carbonyl group at

C-4. This allows the other carbonyl group at C-1 to
Cl
O
(53) (53a)
behave more like a ketone. It is perhaps significant

that those arquuinones which possess a chlorine atom at
C-3, do not give rise to hydroxytriphenylenes when treated
with Qeratrole aﬂd aqueous sulphuric acid, but form
dibenzofurans or undergo arylation at C-5 or C—6.33 The
chlorine atom at C-3 effectively prevents these molecules
from becoming coplanar and mesomerism of the.type (53) <—
(53a) is no iqnger possible. fhe formation of the 2-
hydroxytriphenylenes thus appears to be limited to those
arylquinones (see 53) which possess an electron-attracting

group at C-5 or C-6 and an electron-donating group at C-3'

and. C-4"' .
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Mass spectra of the 2-hydroxy- and 2-acetoxy-triphenylenes.

The more significant ions obtained from the 2-hydroxy-
and 2-acetoxy~triphenylenes are recorded in Table 20. Eéch
of the hydroxy—éomPOunds forms a relatively'stable molecular
ion (the base peak) and a doubly-charged molecular ion. The
main mode of fragmentation is the successive loss of Me-’,
QO and Me s from the molecul ar 1o The ions at m/e 320
from (143) and at m/e 354 from (147) are formed from the
(M—-Me)+ ions by the loss of+:ClCO*; THIS fragmentatioﬁ
resembles that of a simple phenol, the molecular ion of
115

which is known fo lLose HCO*S deuterium 1abelling'has

revealed that partlof the lost hydrogen comes from the
aromatic ring.lls’116 The base peak in the spectrum of each
of the 2-acetoxytriphenylenes corresponds to' the loss of
one ketene molecule from the molecular ion. Thereafter

the fragmentation is similar to that of the 2-hydroxy-

compound (143).
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Table 20 Mass spectra of the 2-hydroxy- and 2-acetoxy-

triphenylenes

Substituted 6,7,10,11- Principal ions and relative

tetramethoxytriphenylene abundances (%)

2-Hydroxy-3-chloro- m/e 398(100), 383(7), 355(12),
(143) 340(7): 325(5), 8324(5), - 320(13)3

6);

) s
297(4), 1997 (11), 1607
(355 — 340) ,

368%(398 — 383), 326%
263+% (383 — 320).
2-Hydroxy-3,4-dichloro- m/e 432(100), 417(8), 389(16),
(147) 374(5), 359(4), 358(5), 354(9),
346(5), 331(5), 2167 (11), 1777(5);,
1737(5); 404%(432— 417), 361*
(389 — 374), 300%(417—) 354).

2-Acetoxy-3-chloro- m/e 440(53), 398(100), 383(10), -
(145) 355(9), 340(6), 325(5), 324(5),
; 320(11); 369%(398 — 383), :
360% (440 — 398), 3267(355—) 340),
268% (383 —» 320).

2-Acetoxy-4-chloro- m/e 440(80), 398(100), 383(16), .
(146) 355(13), 340(5), 325(4), 324(5),
' 320(12), 312(8); 369%(398 — 383),
360% (440 — 398), 268%(383 —»320).

* Metastable transition

1 Doubly-charged ion
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CHAPTER . 6

Self-condensation of 1,4-naphthaquinone in the presence

+so0f aluminium chloride

The a ttempted reaction between veratrole, 1,4-
naphthaquinone and aluminium chloride in carbon disulphide
gave only products derived from naphthaquinone, most (87%)
of the veratrole being recovered unchanged. The products
isolated were 1,4-dihydroxynaphthalene, the binaphtha-
quinone (152), the tetragpoxynaphthocyclo-octatetraene (31)
(Pp-14 ), -4nd & violet solid (16%) . The binaphthaquinéne
(152) and the cyclo-octatetraene derivative (31) were
identical with authentic specimens prepared from 1,4-
naphthaquinone.90’4o

Tﬁe violet solid separated during the working-up of
the reaction mixture, it could not be .purified by crystall-
isation. Thé i.r. spectrum of the crude material showed
.the presence of‘a hydroxy-group (vmax. 3400 cm—l) and

quinonoid carbonyl groups (vmax 1660 cm-l). Acetylati on

2093 3 the i.r. absorption

of which shows both arylacetate and quinonoid carbonyl groups.

gave a red mono-acetate, C_, H _O_+OCOCH

This suggested that the violet product was a dehydro dimer of
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l,4-naphthaquinone (C10“602) containing a quinonoid system
and a phenolic group. The binaphthaquinone (152) is known
to cyclise readily to the dinaphthofuranquinone (153),37

but the m,p.37 and; the, u.vs speétrumll7 of the acetate (154)

were different from those of the red acetate described above.

O

O O
OR

(l8oy o (153:R=H)
| (154;R= Ac)

The u.v, spectrum of the acetate (154) resembles that of the

O

red acetate, but the absorption maximum in the visible region
of the latter compound is at longer wavelength (Figure 6).
The i.r, spectrum of the red acetate shows two main carbonyl

bands at v 1665 and 1650 cm—l, and a weak band at v 18
X m : max.

1698 cm_l. Now the i.r. spectrum of a 1l,2-naphthaquinone
often shows a band or shoulder between 1700 and 1680 cm_
which is not present in the spectrum of the corresponding

118,119

l,4-naphthaquinone. Furthermore the visible

absorption of a 1,2-quinone often shows a bathochromic
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Figure 6 U.v absorptions of the acetoxydinaphthofuran-
quinones (156) and (154)

8-Acetoxydinaphtho|1l,2-b:2',1'-d] furan-
5,6-quinone (156) in EtOH

- BaAcetoxydinaphtho[l,2=b:2!',3!,-d Jfuran-

1,6-quinone (154) in MeOH.117

300 - 400



displacement with respect to that of the corresponding 1,4-

’ 139 5120
quinone.

The above spectra therefore suggest that
the red acetate is a derivative of 1l,2-naphthaquinone,

namely the dinaphthofuran-5,6-quinone (156).. Such a

compound could be formed by the isomerisation of the

OR
(155;R

(156:R

H)
Ac)

dinaphthéfuran-l,6—quinone (153) to the quinone (155)(p. 153,
and subsequent acetylation.

The main component of the violet solid may accordingly
be formulated as the dinaphthofuran-5,6-quinone (155) and
this structure is confirmed by the n.m.r. spectrum of the
corresponding leucoacétate'(157). This shoﬁs signals at
L7500 TR acetoxy—protons); T 745 (three acétoxy-ﬁrotons),
T 2.60—=7T 2.20 (five aromatic protons), cé.zo—t 2.00 (two
aromatic protons), and ¥ 1.60~7T 1.40 (two aromatic protons).

Because of the complexity of the aromatic proton signals
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(Figure 7a), a complete analysis of the spectrum was not
possible. However, the chemical shifts were deduced by
analogy with the aromatic proton resonances of 1,4-
diacetoxynaphthalene (158) and by spin decoupling experiments.
The signal centred at T 2,09 (Figure 7a) is attributed to

the protons at C-4 and C-9 in the leucoacetate (157) by
analogy with the peri-protons (% 2.16) in 1l,4-diacetoxy-
naphthalene. Irradiation of the protons at ¥ 2.38 (i.e. at
C-2, C-3, C-10, and C-11) causes the partial collapse of the
multipletcentred at T 2.09 (Figure 7b), and irradiation at

T 2.09 ‘affects the signal near ¥ 2.38 (Figure:7c¢). The
- low-field signal centred at T 1.51 is assigned to the protons
at C-1 and C-12. These, being situated peri to the rigidly
orientated electron pair of the furan oxygen atom, would be
deshielded to a greater extent than the protons at C-4 and
C-9. Irradiation at T 2.38 tends to collapse the signal
centred ét T 151 (Figurei7b),; and d¥radiation at U 1.51
pProduces a singlet at T 2.38 (Figure 7d). By analogy with
the C-6.and C-7 prqtons of.l,4-diacetoxynaphthalene (158),
the signals near T 2.38 are attributed to the protons at C-2,
C-3, C-10; ang:C=~11 1%n thé leucoacetate (157). These
signals show comblex'splitting and are somewhat modified by

irradiation either atit 2.09 or (' 1.51 (Figures 7¢ and 7d).
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Aromatic proton signals of the triacetoxydinaphthofuran (T 57

T 838

\

Figure 7a

% 145} T 209 / T 2:46

// CHCl3
1 1 1 i 1 1 i 1 L L 0L %
' 7
2 2:0 28 T
Figqure 7b Irradiation of protons at T 2.38
T 2-38
CHCl3
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Aromatic proton signals of the triacetoxydinaphthofuran (157)

Figure 7c Irradiation of protons at T 2.09

y A ]

!

T 151 T209  h 246

L

"“wm,nﬂ‘:,’,'sl Iy amae
1-2 2:0 28 T
<— T 2-38

Figure 7d. - Irradiation of protons
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The signal at T 2.46 is unaffected by such irradiation and
g8 attributed to the isolated proton at C-7. fhe 1,4-
diacetoxynaphthalene (158) was prepared by the reductive
acetylation of 1,4-naphthaquinone. 14 n.m.r. spectrum
shows singlets at T 7.61 (six acetoxy-protons) andiat- T 2760
(two aromatic protons), and multiplets at T 2.58-T 2.42 (two
aromatic protons) and at T 2.24-T 2.08 (two aromatic protons).
The lower-field multiplet centred at®T 2.16 is attributed to
the protons at C-5 and C-8 which are peri to the acetoxy-
groups. |

When the reaction between 1 ,4-naphthaquinone and
"aluminium chloride was carried out in the absence of veratrole,
the same mixfure of products was obtained. The crude violet
product was again converted into the red acetate which was
identical with that described above. Purification of the
crude hydroxydinaphthofuranquinone was extremely difficult
but a small amount of the pure compound (155) was eventually
obtained. This shows i.r. absorption at 3350 (phenqlic OH) ,
1690, 1655 and 1642 on (quinone C=0), the band at 1690 i
being characteristic of 1,2-naphthaquinones£18’119 its u.v.'
-absorption resembles that éf the corresponding acetoxy-compound
(156). The strﬁcture was confirmed by the mass spectrﬁm

which is described later.



Mechanism of the formation of the hydroxydinaphthofuran-

5,6-quinone

A possible reaction sequence from the binaphthaquinone
(152) to the dinaphthofuran-5,6-quinone (155) is given on
D 162 . The binaphthaquinone (152) readily cyclises under

i to the dinaphthofuran-

the influence of heatgo or light
l,6-quinone (153). Other diquinones127 are known to cyclise
in acid to dibenzofuranquinones. The conversion of the 1,6-
quinone (153) to the 5,6-quinone (155) may take place during
the treatment with hydrochloric acid, as a number of analogous
isomerisations occur in the presence of proton acids. Thus
.Q-lapachone (159) is converted into the B-isomer (160) in the
Presence of concentrated sulphuric acid, and the process is
23

reversed in concentrated hydrochloric acid. The chloro-

dihydrolapachol (161) is an intermediate in the latter

conversion.123 Treatment of either of the lapachones wi th
O O
O H,50, & O
N
HCl
o

(158) o 160)
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Formation of the dinaphthofuran-5,6-quinone (155)
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aqueous sulphuric acid (< 62%) gives a-lapachone, but

: . . ; 124
at higher concentrations (> 75%), P-lapachone is obtained.

Aluminium chloride on the other hand converts lapachol (162)

L 25 Sy . 2 ;
Similar isomerisations

121,122

into B-lapachone exclusively.
occur with naphthodihydrofuranquinones. Isomerisations
of the corresponding dehydro-compounds, the pyrano-or furano-
naphthaquinones are less common. Dehydro-pB-lapachone is
converted into the a-isomer in the presence of a little acid,119
and the conversion of dehydro-a-lapachone into the pB-isomer
appears to occur to some extent in concentrated sulphuric
acid.ll9

Photolysis of the binaphthyl-1,1'~quinone (163) gives
a mixture of the binaphthyl-1l,4-quinone (164), the dinaphtho-
furan-1l,6-quinone (165), and the dinaphthofuran-5,6-quinone
(166).126 The last compound only appears after prolonged
irradiation of the binaphthyl-1l,l1'-quinone (163), and is

Probably formed by the isomerisation of the quinone (165).

The hydroxydinaphthofuran-1,6-quinone (153) was not isolated

O , ¢ a0 _
OH | OH
Cl
; O , O :

(161) g9
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OMe , OMe

(1658 s (166)

from the reaction between 1,4-naphthaquinone and aluminium
chloride, and an investigation of the effects of acids on

the quinone (153) is obviously necessary.
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Mass spectra of the dinaphthofuran derivatives.

The more abundant ions from the mass spectra of the
dinaphthofuran derivatives (155), (156), and (157) are
recorded in Table 21. It has been claimed that a 1,2-

naphthagquinone and a 1l,4-naphthaquinone may be distinguished

128,139

mass spectrometrically. The former gives a relatively

weak molecular ion (I.< 357) together with an associated

L B while'the latter

129,130

(M+2)+' ion of similar intensity,
gives an intense molecular ion and a weak (M+2)+. ion
Exceptions to this generalisation are encountéred with
compounds in which a heterocyclic ring is fused to the 1,2-
naphthaquinone in the 3,4-positions, e.g. (167) and (169).
Such compounds show relatively abundant molecular ions and
the (M+2)+' ions are not of comparable intensity. These
exceptions may be due fo the rearrangement of the 1,2-
naphthaquinone to the corresponding 1,4-naphthaquinone in

] 129

the mass spectrometer. The -mass-spectra of such 1l,2-

and 1,4-naphthaquinones are however different in other ways.

; L33 :
kg and (169) . gives,

. : 12
Each of the 1,2-naphthaquinones (167)
+ 3
as the base peak, the (M-CO) ion, while each of the
corresponding 1,4-isomers (168) and (170) gives, as the base

pPeak, the molecular ion. ' This difference in ion abundance

has been attributed to the greater stability of the 1,4-



naphthaquinones.131

O : O
O O

(167) | (16 8)

(170)

In ppe present work, the mass spectrum of the hydroxy-
dinaphthofuran¥5,6-quinone (155) has, as the base peak, the
(M-CO)+. ion% This ion then loses either three molecule;

' 0f carbon monoxide to give m/e 202, or one molecule of carbon
monoxide and two formyl radicals to give m/e 200. A feasible,

fragmentation sequence is shown on p. 158. The ions with
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m/e 202 and 200 are relatively stable (I = 34% and 31%
respectively) and may have the conjugated structures (171)
and- (172). The appearance of significant ions with m/e 101
(I = 20%) and m/e 100 (I = 12%) could result from further
fragmentation of the symmetrical ions (171) énd (k72
respectively. The acetoxydinaphthofurénquinone (156) and
the triacetoxydinaphthofuran (157) lose one and three
molecules of ketene respectively,.and then appear to undergo

fragmentation in a similar fashion to the hydroxyquinone (155).



/O\

OH
mle 286 -CO
m* -CO .
+o

2 CHO-

e
H H e} ml/e 200
m/e 258
{el¥ 2 )
m* = CO
y l
e aed o
U i .
H
ml/e 230 m/e 100
l-CO
= ~H 4o
L
5 Sk
H = '

(1 I 'l) ml/e 202 m/e 101
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Table 21 Mass spectra of the dinaphthofurans

Substituted dinaphtho- Principal ions and relative
[1,2-b ¢ 2',1'-d] furan abundances (%)

8-Hydroxy-/-5,6=- m/e 314(70), 286(100), 258(14),
quinone (155) 257(6), 230(7), 229(10), 202(34),

201(19), 200(31), 143%(12), 104(8),
101(20), 100(12), 88(19), 77(14),
TE (LT 5 TS LYy Pe1¥(314 —5 286),
233%(286 — 258) , 205*(258-—9230).

{
|

8~Acetoxy=-/-5,6- m/e 356(14), 314(100), 286(61),
quinone (156) : L5 (W) A 25T AN RI0(I05Y, 229 (6),
2021311} 5:200009)y 200(14), 76(5)3%
277%(356 —y 314), 261%(314 —286),
233%(286 — 258), 205%(258 — 230).
5,6,8-Triacetoxy~- m/e 442(24), 400(21), 358(70),
{ ¥57) 357(18), 316(100), 315(43),

314(7), 300(10), 288(5), 287(8),. |
286(13), 259(10), 244(5);, 231(10),
213(8), 202(19), 200(8); = 362% 3
(442 — 400), 321%(400 — 358), 279%
(358 —>316), 262%(316 —» 288), :
234%(288 — 259), 206%(259— 231),
178%(231—> 202)

* “ Metastable transition.

7 Doubly-charged ion.
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Experimental

The following general conditions and procedures were
used: anﬁydrous aluminium chloride was fresh and finely
powdered; A.R. carbon disulphide was dried éver phosphorous
pentoxide; organic solutions were dried over anhydrous
magnesium sulphate, and all solvents and other volatile
"compounds were evaporated under reduced pressure using a
rotary evaporator. The identity of a compound with an
authentic specimen was established by way of their i.r. spectra
and t.l.c. behaviour. The additional methods of identification
also used have been indicated after the name of the compound,
using the abreviatiom mixed m.p ., U.Ve, and:-nsm.r. Vi
absorption spectravwere measured using a /Unicam S.P. 800
spectrophotometer , and.i.r. absorption spectra were obtained
with Unicam S.P. 200 and 200 G épectrophotometers. Neve. e
spectra were recorded using Varian Associates A 60 and HA 100
spectrometers With tetramethylsilane (¥ = 10.0) as internal
standard. Molecular weights were measured mass spectrometric-
ally by P.C.M;U. at Aldermaston using an AEI MS9 instrument.
M.p. were determined with an Electrothermal m.p. apparatus.

The silica gel for column chromatograply was Hopkins and
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8.

P
¥ :
Williams MFC grade, and for t.l.c. Merck Kieselgel GF

254
was used. Unless otherwise stated, light petroleum refers to

the fraction b.p. 40-60°. New compounds are underlined

when first mentioned.

Preparative thin layer chromatography (p.l.c.)

This was performed on glass plates (20 x 20 cm) covered

A

by u.v.-sensitised silica gel (Merck Kieselgel GF254).

solution of the mixture (5-50 mg) to be separated in the
minimum volume of chloroform was applied manually to each
plate using a dropping pipette. Development was continued
until the solvent frqnt had reached the top of the plate. When
separation of the component was particularly difficult,
multiple development was carried out in the following manner .
The plate was developed, removed from the developing tank
and allowed to dry in air (ca. 15 min), and the dried plate
was replaced in the tank. This process was repeated until
Sseparation of fhe bands had been effected. Bands are recorded
in the order of their speed éf‘movement 6n the silica gel; - the
fastest beiné givenztirst. To isolate a compound the
.appropriate band was removed from the plate and the silica gel
was extracted with chloroform. The chloroform solution was

filtered through sintered glass and the solvent was evapoarated.
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CHAPTER 2

3,4-Dimethoxynitrobenzenee?2

Veratrole (20 g) was added slowly to a stirred mixture
of concentrated nitric acid (13 ml.) and water (18 ml.). The
mixture was stirred at room temperature for 30 min., poured
into water and the resulting precipitate was collected and
crystallised from ethanol to give 3,4-dimethoxynitrobenzene
as yellow needles (20 g) ﬁ.p. 94-95° (lit.,83m.p. 96°) .

Reduction of 3,4-dimethoxynitrobenzene

3,4—Dimethoxynitrobenzene>(20 g) was mixed with granulated,
tin (20 g), tin (II) chloride (19 g), and concentrated
hydrochloric acid (200 ml.).

After the initial‘vigorous reaction, the mixture was
heated on a steam bath for 15 min. and kept for 1 h. A
saturated solution of sodium hydroxide was added until the
mixture had a pH > 10. The alkaline solution was shaken .with
ether fo give an ex%réct which on being c@ﬁ;entratéd gave crude
3,4-dimethoxyaﬁiline (11.6 a) b 78—839. Crystallisation
of the crude product from ether gave pure 3,4-dimethoxyaniline

(8.3 g) m.p. 84-86° (lit.,83 m.p. 86°).
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Arylation of benzoquinone

(a) With diazotised 3,4-dimethoxyaniline.

A cooled solution of sodium nitrite (1.8 g) in water
(20 m1.) was added dropwise to a solution of 3,4-dimethoxy-
aniline (3.5 g) (m.p. 84-86°) in 2M-hydrochloric acid (35 ml.)
at 0-4°. The resulting solution was added to a vigorously
gtirred suspension of benzoquinone (3.25 g) and sodium acetate
trihydrate (8.5 g) in water (225 ml.) at 14°. Evolution of
nitrogen began immediately‘and the mixture was stirred for:2:h
then kept overnight at room temperature. The resulting red
solid was collected (4.6 g), and the aqueous filtrate was
extracted with ether to give more of the red solid (1.5 g).
This was dissolved in benzene and filtered through a column
of silica gel using chloroform-benzene (1:5). Unchanged
benzoquinone was eluted first, followed by a red solid which
crystallised from ethanol-acetone to give 3',4'-dimethoxy-
'phenylbenzoquiﬁone as red rhombohedra (3.1 g) m.p. 133-134°
(1it.,84”134—139°); i (CDC13) 6.09 (s, 6H; CH30), 3520 (8%
(3H, quinone-H), and 3.05-2.75 (m, 3H, Ar-H); vmaxSNujol)
1645, 1600, 1590,’1518, 1340,: 1280 12584 1220, 1160, 1140,

1090, 1028, and 897 cm-l. A portion of the red solid from the
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column was sublimed (90°/0.1 Torr) to give 3',4'-dimethoxy-
phenylbenzoquinone m.p. 135-136°; vmax(Nujol) 1655% /16023

1593, 1522, 1340, 1280, 1265, 1220, 1165, 1145, 1090, 1030,

922, 862,and 780 em™l.  The i.r. absorptions of both

specimens in carbon disulphide solution were identicalj; Vﬁax

(2% in CSZ) 1653 (quinone C = 0) and 1260 cm"l (ether C = 0).

(b) With djiazotised crude 3,4-dimethoxyaniline

The above experiment.was repeated using crude 3,4-
dimethoxyaniline (3.5 g), (m.p. 78-83°). This gave a réd
solid which crystallised from chloroform-ethanol to give
3',4'-dimethoxyphenylbenzoquinoné (1:5 g) m.p. 133-1349;
Evaporation of the solvent from the mother liquor gave a crude
product (1.5 g) which was shown by t.l.c. to be a mi ture. A
portion (&LS g) of the crude product on being subjected to
p.l.c. using benzene-light petroleum (2:1) gave an orange band
and a red band. The red band afforded 3',4'-dimethoxyphenyl=-
benzoquinone (180 mg), and the orénge band gave a solid which
crystallised from ethanol to give 6'-chloro-3',4'-dimethoxy-
phenylbenzoquinone (51) as orange rhombohedra (240 mg), m.p.

335 :
130° (Found: M, 278.0349. C;,H;4 Cl0, requires M, 278.0346),

xmax(ston) 244 (log€ 4.39), 283 (3.81), and 427 nm (3.04),



-. 165.=

XinflfﬁtOH)k324 (log € 3.01) and 345 nm (2.98); ¥ (CDCL,)

6.14 and 6.10 (both s, 3H, CH3O), 3,29 (8; 1H), 3:18 (s, 1HY}y
@15 (8, 2H), and 3:05 (s, 1H)} vmafoujol) 1660, (quinone

£ = 0), 1602, 1520; 1285, 1270 (ether C <.0), 1215, 1175,

and 883 cm-l. ‘This compound separated from ethanol as violet
needles when the solution was agitated and cooled quickly,
Vnax (Nujol) 1658, 1610, 1595, 1527, 1325, 1260, 1220, 920,

and 860 cm-l. The violet form changed to the orange form

at 120

(c) With diazotised 6-chloro-3,4-dimethoxyaniline

A cooled solution of sodium nitrite (140 mg) in water
(2 ml.) was. added to a solution of 6-chloro-3,4-dimeth oxy-
aniline (375 mg) (prepared by Dr. C.J. Webster?l) in 3M-
hydriochlorici acid: (:3:mlu):ats O=4%, The resulting solution
was added to a vigorously stirred mixture of benzoquinone
(250 mg), sodium acetate (0.7 g); and water (100 ml1.) at 10°,
and stirring was continued for 3 h at room temperature. The
precipitate was collected and crystallised from ethanol to
give 6'-chloro-3',4'—dimethoxyphenylbenzoquinqpe as orange
rhombohedra (275 mg) m.p..130-130.5° (Found: 6; 60.4; H, 4.0;
‘Cl, 1235675 JMéO, 22.6%. Calc. for €. H. - ClO ¢ 0560635y Hy

b ‘st 1 Byl
4,00; Cl, 12.75; 2MeO, 22.25%), mixed m.p. 130° with the
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sample from the previous experiment.

Chlorobenzoquinone

A mixture of chloroquinol (30 g) (m.p. 99-100°),
'manganese dioxide (40 g) and 1M-sulphuric acid (150 ml.)
was steam-distilled. The steam volatile solid crystallised
from ethanol to give chlérobenzoquinone (15 g) m.p. 50-549°,
contaminated with dichlorobenzoquinones., This (5 g) was
chromatographed on a column of silica gel using benzene-light:
petroleum (1:9) as eluant. The dichlorobenzoquinones were‘
eluted first, followed by chlorobenzoquinone which crystalliéed
from ethanol as yellow rhombohedra (2 g) m.p. 56-57° (lit.,ss

57°).

Arylation of chlorobenzoquinone with diazotised 3,4-

dimethoxyaniline

A cooled solution of sodium nitrite (1.725 g) in water
(15 ml1.) was added dropwise to a solution of 3,4-dimethoxy-

aniline (3.83 g) in 3Méhydrochloric acid (32 ml.) at 0-59"
0

The diazonium solution was added to a vigorously stirred
&

mixture of chlorobenzoquinone (3.6 g), sodium acetate (7.7 g)>

.

and water (500 ml.) at 10°. . Stirring was continued for 1 h
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at 10° and then at r oom temperature for 12 h. The resulting
red-violet solid (3.0 g) was collected, and the filtrate was
extracted with ether to give more of the red-violet solid

£330 *g )i A portion (0.5 g) of this solid on being subjected

to p.l.c. using benzene-light petroleum (4:1) gave a violet :
band and a red band, The violet band afforded a mixture (1:1)
(170 mg). m.p. 144-148° of 5- and 6-chloro-2-(3',4'-dimethoxy-"
phenyl)benzoquinones (Found M, 278.0335. C14H1135C1 0, requires
M, 278.0346 ). The slower moving band gave a red solid

which crystallised from chloroform-ethanol to give 3-chloro-

2-(3',4'-dimethoxyphenyl )benzoquinone as clusters of red

needles (170 mg), m.p. 200.5-201.5° (Found: M, 278.0339.

3
C14H11

4.29) and 448 nm (3.22), Ainfl(ston) 279 (log € 3.86) and

5 it
Cl 0, requires M, 278.0346), Amaxjston) 250 (logé€ ,

308 nm (3.20); v__ (Nujol) 1672 and 1658 (both quinone C. =.0),
¢ 7

ma
1

M | -1
1266 cm (fethers CL %4 05y x52%‘CHC13), 1674d:em ViE%

(2% CS,), 1674 and 1260 cm ~ . T (CDCl,) 6.11 and 6.06 (both

s, 3H, CH30), and 3.17-2.86 (m, 5H, Ar-H and quinone -H).

?Separation of the mixture of 5- and 6-chloro-2-(3',4'-dimethoxy-

phenyl)-benzoquinones

& " |

(a) The mixture (270mg) was subjected to p.l.c. using benzene-
light petroieum {3:17) (70 developments over 10 days). One broad

ek
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violet band was obtained, the top of which was darker than
the rest. The top part of the band gave 5-chloro-2-(3',4'-
dimethoxyphenyl )benzoquinone (40 mg) m.p. 150-151°, the i.r.
spectrum of which showed no bands due to the 2,6-isomer.

The remainder of the band gave a crude mixture of the 2o

and 2,6-quinones.

(b) The mixture of quinones (650 mg) was subjected to p.l.c.
using benzene-light petroleum (4:1). The top part of the
resulting band gave a solid (A) (270 mg) which was mainly

the 2,5-isomer. The other part of the band gave a solid (B)
(370 mg) which was mainly the 2,6-isomer. THhis pislsls
separation was repeafed on the solid (A), and again the top part
of the resulting band gave a soild (C) (120 mg) m.p. 150-151°
which showed no i.r. absorption bands due to the 2,6-isomer.
The other part of the band éave a mixture of the isomers.
Another p.l.c. separation on (C)igave an apparently uniform
violet band. < The lower half of the band gave a violet solid
of which the i.r. absorption wasvthat of the 2,5-quinone
‘cqntaining a trace 6f the 2,6-isomer. The top half of tbe

band gave a solid which crystallised from ethanol to give

5—chloro—2-(3',4'-dimethoxypheny1)benzoquinone as violet
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35
yathy oSl g

requires M, 278.0346), Amax(EtOH)‘253 (log € 4.27) and 468 nm

-

needles (66 mg) m.p. 151-152° (Found: M, 278.0344. C

(3.45), AinfletOH) 274 (log € 4.09) and 309 nm (3.52); Ve

(Nujol) 1655 (quinone C = 0), and 1260 cm™ ! (ether € - 0), v _
(2% CHC1,), 1667 cm™ L, Vnax (2% CS,) 1667 and 1265 cm"l;

T(CDCl,) 6.10 (s, 6H, CH,0), 3.06 (s, 2H, quinone - H) and 3.18-
2.81 (m, 3H, Ar-H)

| The solid (B) (370 mg) was subjected to repeated p.l.c.
‘using benzene-1light petroleum (4:1). Each time the lower

portion of the band was removed, and finally the lower portion

of the résulting band was crystallised from carbon disulphide

to give 6-chloro-2-(3',4'-dimethoxyphenyl )benzoquinone as

violet needles (120 mg) m.p. 157.5-158.5° (Found: M, 278.0355.
35 :

14H7; €1 O, requires M, 278.0346), Xmax'(EtOH). 254 (log €

4,28) and 464 nm (3.43), Ainfl(EtOH) 273 tlog E-4.11) and

€

313 nm (3.36); v__ (Nujol) 1675 and 1642 (both quinone C = o),

1373 and 1262 ém " (both ether C = 0); v (2% CHC1,) 1680 and

max

-1 < -1
1645 cm ~, vmax.(z% Cs,) 16§0, 1645 and 31260 w3 L (CDC1 )

6.07 (s, 6H, CH 0), 3.17 (d, J3Hz, 1H, quinone -H), 3.01

-(d, J3Hz, 1H, quinone -H), and 3.01-2.81 (m, 3H, Ar-ﬁ).
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Chlorination of 3-chloro=-2-(3',4'-dimethoxyphenyl)benzoquinone

3-Chloro-2-(3',4'-dimethoxyphenyl)benzoquinone (100 mg)
was heated under reflux for 1.5 h with concentrated
hydrochloric acid (10 ml.), cooled, and poured into water with
vigorous stirring. The mixture was shaken with chloroform,
and. the extract was washed with water and dried. The dried
chloroform solution was shaken Qith anhydrous iron (III)
chloride (250 mg), washed with 2M-hydrochloric acid, and with
water, and dried. Evapo;ation of the chloroform gave a
violet solid (118 mg) which was subjected to b.l.c. using
benzene-1light pétroleum (2:1). Three coloured bands were
obtained, a dark violet band (A), a violet band (B), and a
light violet band (C).

The product from band (A) was crystallised from light
petroleum (b.p. 60-8005 to give 3,5,6-trichloro-2-(3"',4"'-
dimethoxyphenyl )benzoquinone as iong dark-violet needles
C14H935C1304

requires M, 345.9567), A __ (EtOH) 283 (log € 4.27), 341 (3.25)

(7 mg) m.p. 166-167.5° (Found: M, 345.9573.

and 495 nm (3.17), Xinf1$Et0H) 265 nm (log € 4.13); iy

(Nujol) 1685 (quinone C = O) and 1263 cm-l(ether C <410)4

Band (B) gave a violet solid which crystallised from chlorofiorm-
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ethanol to give 3,6-dichloro-2-(3',4'-d imethoxyphenyl)benzo-

quinone as clusters of red-violet needles (30 mg) m.p. and

mixed m.p. 174-176° (1it.,86 Mm.pPe l7/-178°),‘t(CDCl3) 6.12
and 6.07 (bathiusva3H, CH3O), 3:X7=3307 (m3j 3H, Ar-H), and
2.82 (s, 1H, quinone-H). Evaporation of the mother liquor
gave more violet crystals (10 mg) which showed the i.r.
absorption of a mixture (1:1) of 3,6- and 3,5-dichloro-2-
(3',4'-dimethoxyphenyl )benzoquinones. Authentic samples of
3,6- and 3,5-dichloro-2-(3',4'-dimethoxyphenyl )benzoquinones
were supplied by ' Dr. C.J. Webster. These were prepared by
the reaction of diazotised 3,4-¢dimethoxyaniline on 2,5- and

20199 The 1light

2,6-dichlorobenzoquinone respectively.
violet band (C) gave unchanged 3-chloro-2-(3',4'-dimethoxy=~

phenyl)benzoquinone (2 mg).

Chlorination of 5-chloro-2-(3',4'-dimethoxyphenyl)benzoquinone

5-Chloro-2-(3',4'-dimethoxyphenyl)benzoquinone (50 mg )
was heAted under  reflux for 1+5 h with qoncentrated hydro-
ehlorié acid (8 mi1.), éoolea, and poured into water. The
resulting mixturé was extracted with cﬂloroform and treated

with iron (III) chloride (250 mg) as in the previous
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experiment. Evaporation of the chloroform gave a solid
which was subjected to p.l.c. using benzene-light petroleum
IR R Three violet bands were obtained (A), (B), and (C).
Band (A) gave 3,5,6-trichloro-2-(3',4'-dimethoxyphenyl)-
benzoquiﬁone (5 mg). Band (B) afforded a solid (22 mg) which
crystallised from e thanol to give 5,6-dichloro-2-(3',4'-dimeth-
oxyphenyl)benzoquinone as violet needles (15 mg) m.p. 203-204°,
mixed m.p. 203-204° with an authentic sample prepared by the
reaction of diazotised 3,4-dimethoxyaniline on 2,3-dichloro-
benzoquinone. Evaporation of the mother liquor gave violet
crystals which showed the i.r. absorption of crude 3,5-
dichloro-2-(3',4'-dimethoxyphenyl )benzoquinone. Band (C)
gave unchanged 5-chloro-2-(3',4'-dimethoxyphenyl)benzo-

quinone (12 mg).

Chlorination of 6-chloro-2-(3',4'-dimethoxyphenyl)benzoquinone

6-Chloro-2-(3',4'-dimethoxyphenyl)benzoquinone (54 mg)
was heated under reflux for 1.25 h with concentrated hydro-
chloric acid k12 ml.); cooled, poured into water, and the
mixture was ex&racted with chloroform, and treated with iron
(II1) chloride (250 mg) as in fhe previous experiment.

Evéporation of the chloroform gave a violet solid'yhich on
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being subjected to p.l.c. using benzene-light petroleum (2:1)
gave three violet bands (A), (B), and (C).

Band (A) gave 3,5,6-trichloro-2-(3',4'-dimethoxyphenyl)-
benzoquinone (9 mg). Band (B) yielded a solid (36 mg) which
crystallised from chloroform-ethanol to give'S,é—dichloro-Z—}
(3',4'-dimethoxyphenyl)benzoquinone as violet needlés (20 mg)
m.,p. and mixed m.p. 203-204° Partial evaporation of the
mother liquor gave 3,6-dichloro-2-(3',4'-dimethoxyphenyl)-
benzoquinone (5 mg) m.p. and mixed m.p. 172-174° (1it.',86
177-178°), while complete evaporation afforded crude 3,6~
dichloro-2-(3',4'-dimethoxyphenyl)benzoquinone. Band (C)
gave unchanged 6-chloro-2-(3',4'-dimethoxyphenyl)benzoquinone

(3.5 mg).

Chlorination of quinol8

Dry chlorine was passed through a suspension of quinol
(40 g) in glaciai acetic acid (200 ml.) at 40° for 2 days
(weight increase: 25 g). The solution was evaporated, and
the resulting solid was crystallised from water (charcoal) to
; \ ¥ 3
give two crops of crystals. The first crop (15 g) (m.p. 145~

150°), which was mainly 2,5-dichloroquinol, was steam-distilled

in the presence of manganese dioxide (20 g) and 1M-sulphuric
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acid (100 ml.). The steam volatile solid crystallised from
ethanol to give 2,5-dichlorobenzoquinone containing the 2,3-
isomer as impurity. The second crop (13 g) (mip. 120-1259)
crystallised from benzene to give 2,3-dichloroquinol (7 g)
m.p. 140° (lit.,85 MaPa 1432); This was steam-distilled in
the presence of manganese dioxide (10 g) and 1M=-sulphuric acid
(50 ml.) to give 2,3-dichlorobenzoquinone which crystallised
from ethanol as yellow needles (3 g) m.p. 97-99° (lit.,85

m.p. 100-101°).

Arylation of 2,3-dichlorobenzoquinone with diazotised 3,4-

dimethoxyaniline

A cooled solution of sodium nitrite (0.55 g) in water ' _
(5 ml.) was added dropwise to a solution>of 3,4-dimethoxy=- :
aniline (1.2 g) in BM-hydrochloric acid (12 ml.)-at 0-4°.
fhe resulting solution was added»fogether with ; solution of
sodium acetate-(2;3 g) in water (8 ml.) to a vigorously stirred
solution of 2,3-dichlorobenzoquinone (0.55 g) in acetone (70 ml;)
a5 0%, Thé mixture Qas stirred gy 28 at 4° _and for 1 h atf
room temperature. Water (70 ml.) was added and the resuiting.
precipitate was colleéted and crystallised from chloroform-

ethanol to give 5,6-dichlo;o-2~(3',4'-dimethoxypheny1)benzo-
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quinone as violet needles (210 mg) m.p. 205-206° (Found: C,

requires

53.5; H, 3.33; Cl, 22.68; - MeO, 20.5%. H, ,C1,0

Nid a0
£y 53,703 H, 3.20% 2C1, 22,65} *2Mel, 10,858}, Amax(cnc13)

4

278 {1og € 4.14), 337 (3.56), and 510 nm (3.46); v (Nujol)

.

1675 and 1650 (both quinone C = @), 1272 and 1260 o » (both

ether C - 0); T (CDC1,) 6.10 and 6.08 (both s, 3H, CH3O),.and.

3.05-2.92 (m, 4H, Ar-H and quinone-H). The filtrate was
concentrated to 100 ml., shaken with chloroform, and the
extract was washed with water and dried. Evaporation of the

chloroform gave a red solid which on being subjected to p.l.c.
using benzene-ethyl acetate (20:1) gave one main band. This
afforded a violet solid which crystallised from chloroform-
ethanol to give more 5,6—dichloro-2-(3',4'-dimethoxyphenyl)—

benzoquinone (100 mg) m.p. 204-205°,

Arylation of benzoquinone with diazotised 3,4-dimethoxy-

aniline in aqueous acetone

A cooled solufion of sodium nitrite (1.725 g) in water
(15 ml.) was added dropwise to a solution of 3,4-dimethoxy-
aniline (3.83 g) in 3M-hydrochloric acid (32 ml.) at 0-5°.
This mi#ture was ;dded together with a solution of sodium

acetate (7 g) in water (25 ml.) to a vigorously stirred solution
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of benzoquinone (2.7 g) in acetone (125 ml.) at 10°, and the

stirring was continued for 2 h. Water (100 ml.) was added
and the resulting precipitate (A) was collected. The filtrate
was concentrated to 200 ml., and shaken with chloroform to

give an extract which was washed with water,'dried, and
evaporated to an oily solid which was combined with (A), and
chromatographed on a column of silica gel. Benzene elutedla
red solid which crystallised from ethanol to give 3',4'-"
dimethoxyphenylbenzoquinone (1.92 g) m.p. 133-134°.

Elution with benzene-chloroform (1:1) gave a violet solid
which was subjected to p.l.c. using benzene-ethyl acetate (20:1)
A red band (B) and two violet baﬁdsv(C) and (D) were obtained.
Band (B) gave a red éolid which crystallised from chloroform-

ethanol to give 2,5-di(3',4'-dimethoxyphenyl )benzoquinone as

orange needles (60 mg) m.p. 194-195° (Found: M, 380.1255..

i : HC 288 (1 4,29
C,,H, 0, requires M, 380.1260), ‘Amaxfc 1) (log € )

and 440 nm (3.79), A (CHC1,) 283 (log € 4.27) and 367 nm

Intl,
(35099 vmax(Nujol) 1648 (quinone C = 0) and 1260 cm (ether
. = :
C - 0), v, (2% CHCl,) 1652 cm” 5 T (CDCl,) 6.07 (s, 12H,

CH,0), 3.10 (s, 2H, quinone-H), and 3.15-2.69 (m, 6H, Ar-H).
Band (C) gave a solid which crystallised from ethanol to give

2,6—di(3f,4'—dimethoxyphenyl)benzoquinone as violet needles

(250 mg) m.p. 168-169.5° (Found: M, 380.1263.. C,,H, O,
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requires M, 380.1260), A __ (CHC1,) 281 (log €'4.26) and

460 nm (broad)(3.72), A 285 (log & 4.24) and 354 nm (3.30);

inEds

I (Nujol) 1647 (quinone C = 0O) and 1260 cm-1 (ether C - 0),

-1
Vnax, (2% CHCl;) 1665 and 1647 cm " ; t‘(co¢13} 6.08. (s, 12H,
CH30), 3.15 (s, 2H, quinone-H), and 3.12-2,72 (m, 6H, Ar-H).

Band (D) gave a violet solid which crystallised from chloroform-

ethanol to give 2,3-di(3',4'-—dimethoxyphenyl)benzoquinone as

clusters of dark red rhombohedra (600 mg) m.p. 199-200.5°

( Found: M, 380.1263. c requires M, 380.1260), A

22M120%
(cnc13) 283 (log € 4.02) and 483 nm (broad)(3.38), A

max.,

a1 5 3 i
(CHC13) 286 (log € 4.01); i (Nujol) 1660 and 1652 (both

sl
quinone C = 0), and 1260 cm (ether C - 0), . T (2% CHC13)
1658 cm‘l; ¥ (cDCl,) 6.39 and 6.16 (both s, 6H, CH,0), 3.09

(s, 2H, quinone-H), and 3.49-3.27 (m, 6H, Ar-H).

Arylation of 3',4'-dimethoxyphenylbenzoquinone with diazotised

3 ,4 -dimethoxyaniline.

(a) - In acetic acid

1

i A solution of sodium nitrite (0.3 g) in water (3 mi1.) was
‘added dropwise to a solution of 3,4-dimethoxyaniline (0.7 g)
in 3M-hydrochloric acid (6 ml.) at 0-5°. The resulting

solution was added to a vigorously stirred mixture of 3',4'-
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dimethoxyphenylbenzoquinone (0.8 g), sodium acetate

trihydrate (1.7 g), and glacial aceticiacid ({25:mlv), &nd
stirring was continued for 3 h at 40°. Water (100 ml.) was
added, the resulting precipitate (A) was collected and the
filtrate was shaken with ether. The ether éxtract was washed
with 10% aqueous sodium carbonate and with water, dried, and
evaporated to give a red solid which was combined with (A).
The following compounds were isolated by p.l.c. using benzene-
ethyl acetate (20:1) as in the previous experiment: unchanged'
3',4'-dimethoxyphenylbenzoquinone (200 mg); 2,6-di(3',4'-
dimethoxyphenyl)benzoquinone (60 mg), and 2,3-di(3',4'-dimeth-

oxyphenyl)benzoquinone (80 mg).

(b) In 'agqueous acetone:

A cooled solution of sodium nitrite (0.3 g) in water
(3 ml.) was added dropwise to a solution of 3,4-dimethoxy-
aniline (0.7 g) in 3M-hydrochloric acid (6 ml.) at 0-5°.
This solutién was added to a vigorously stirred mixture of
3',4'-dimethoxyﬁhenylbenzoquinone (0.73 g), sodium acetate
(1.4 g}, acetone (100 ml.), and water (100 ml1.) at =5°. The
mixture was kept at -5° for 30 min, stirred at room temperature
for 2 -hj conéentrafed to 100 ml., and shaken with chloroform.

The chloroform extract was washed with water, dried, and
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evaporated to give an oily precipitate from w hich the
following compounds were obtained by p.l.c. as in the
previous experiment: unchanged 3',4'-dimethoxyphenylbenzo-
quinone (170 mg); 2,5-di(3',4'-dimethoxyphenyl)benzoquinone
(10 mg)s 2,6-di(3',4'-dimethoxyphenyl)benzoqﬁinone (40 mg);

and 2,3-di(3',4'-dimethoxyphenyl)benzoquinone (110 mg).

Chlorination of 2,5-di(3',4'-dimethoxyphenyl )benzoquinone

A mixture of 2,5—di(§',4’-dimethoxyphenyl)benzoquindne
(43 mg) and conceptrated hydrochloric acid (20 ml.) was boiled
under reflux for 1.5 h, cooled, and poured into water (150 ml.)
with vigorous stirring. The resulting mixture was shaken
with chloroform, and the extract was washed with water and
dried. The chloroform solution was shaken with iron (III)
chloride (250 mg), washed with 2M-hydrochloric acid, and with
water, and dried. Evaporation gave a red solid which on
being subjec¢ted to p.l.c. using benzene-ethyl acetate (20:1)
gave three coloured bands (A), (B), and (C).

Band (A) gave a red solid which crystallised from chloro-
form-ethanol to give 3,6-dichloro-2,5-di(3',4'-dimethoxyphenyl)-
benzoquinone'as golden crystals {2 mg) m.p; 300-30l° (mixed

m.p. 300-301° with an authentic sample prepared by the reaction
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of 2,5-dichlorobenzoquinone with diazotised 3,4-dimethoxy-
= 86 :
amiline; )« The product from band (B) crystallised from

chloroform-ethanol to give 3-chloro-2,5-di(3',4',~di methoxy-

phenyl )benzoquinone as a mixture of red needles and orange

plates (15 mg) m.p. 208-209.5°. The red neédles changed to

33 A
22H19 Cl O6 requires

M, 414.0871), )\m-ax(CHc13) 260. (10g.£ .4.37),. 283.(4.28), and

orange above 130° (Found: M, 414.0866. C

S
461 nm (3.67), )\inf o ujol)

- -1
1665 and 1643 cm : (both quinone C = 0), andl260 cm (ether

,(CHC1_) 360 nm (log € 3.40); v

C - 0); ‘t(CDC13) 6.10 (s, 3H, CH3O), 6.06. (8, 9H, CHBO), and
3.08-2.81 (m, 7H, Ar-H and quinone-H). Band (C) gave unchanged

2,5-di(3',4'-dimethoxyphenyl )benzoquinone (10 mg).

Chlorination of 2,6-di(3',4'-dimethoxyphenyl)benzoquinone

A mixture of 2,6-di(3',4'-dimethoxyphenyl)benzoquinone
(70 mg) and concentrated hydrochloric acid (20 ml.) was boiled
under reflux for 1.5 h, cooled, and poured into water (100 ml.).
The mixture was extracted with chloroform and treated with
iron (IIIz chloride (250 mg) as in the previous experiment.
Evaporation of the chloroform solution afforded a solid which

on being subjected to p.l.c. using benzene-éthyl acetate

(10:1) gave three violet bands (A), (B), and (C).
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Band (A) afforded a violet solid which crystallised
from chloroform-ethanol to give 3,5-dichloro-2,6-di(3',4'~
dimethoxyphenyl)benzoquinone as deep violet micro-needles
(6 mg) m.p. 212-213.5° (mixed m.p. 212.5-213° with an
authentic specimen prepared by the reaction 6f'2,6-dichloro-
benzoquinone with diazotised 3,4—dimethoxyaniline89l The
product from band (B) crystallised from chloroform-ethanol to

" give 3-chloro-2,6-di(3',4'-dimethoxyphenyl )benzoquinone as

dark-violet clusters (43 mg) m.p. 174.5-177° (Found:> M,
414.0869. g22H1935c1 O, requires M, 414.0871, Amax‘(CHCIB)'
257 (log € 4.40), 280 (4.30), and 490 nm (3.66), Xinfl.
(CHC13) 318 (log € 3.50); vmaxﬁNujol) 1658 (quinone C = O)
and 1262 cm’ " (ether C - 0); T (CDC1l,) 6.10 (s, 6H, cn3oj,
6106 28, OH; CH3O).and 3.20:2,82 {(m, 7Hy Ar-H.and quinone-H).
Band (C) gave unchanged 2,6-di(3',4'-dimethoxyphenyl)benzo-

quinone (6 mg).

Chlorination of 3-chloro-2,6-di(3',4'-dimethoxyphenyl)-

‘benzoquinone

A mixture of 3-chloro-2,6-di(3',4'~-dimethoxyphenyl)benzo-
quinone (35 mg) and concentrated hydrochloric acid (20 ml.)

was boiled under reflux for 0.5 h, cooled, and poured into
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water (100 ml.). The mixture was extracted with chloroform,
and the chloroform solution was treated with iron (III)
chloride (250 mg) as in the previous experiment. Evaporation
of the solution gave a solid which on being subjected to p.l.c.
using benzene-ethyl acetate (9:1) gave two bénds (A) and (B).
The product from band (A) crystallised from chloroform-ethanol
to give 3,5-dichloro-2,6-di(3',4'—dimethoxyphenyl)benzoquinoné
{5 mg).' Band (B) gave‘unchanged 3-chloro-2,6-di(3"',4"'-

dimethoxyphenyl )benzoquinone (20 mg).

CHAPTER =3

Y - . 1) g3

(a) Using aluminium chloride and carbon disulphide (Pummerer's

reaction conditionsl4). A solution of veratrole (13.8 g)

in carbon disulphide (50 ml.) was added dropwise to a stirred
suspension of benzoquinone (16.2 g) and anhydrous aluminium
chloride '(26.6 g) ;h.carbon disulphide (175 ml.) and the - |
mixture was stirred for 26 h at room temperafure. Ice (150 ¢g)

and 5M-hydrochloric acid (150 ml.) were added and the resulting

mixture was stirred for 2 - h and filtered .to dgive a black



e 183 %

precipitate (A) and a dark brown filtrate. The filtrate

was steam-distilled to remove carbon disulphide and unchanged
veratrole (10 g). The residual brown precipitate (B) was
collected, and the aqueous filtrate was shaken with ether to
give extract (C). Steam distillation of thé precipitate (A)
gave benzoquinone (1.0 g), agd an involatile residué which
was collected and combined with (B), the aqueous filtrate was
shaken with e ther and the extract was combined with (C).

The brown solid (B) was extracted successively with cold
acetone (100 ml.), boiling acetone (30 ml.), and boiling
toluene (150 ml.). The toluene solution was filtered hot,
cooled, filtered to remove some brown amorphous material, anq
concentrated. ?The‘red solid (0.1 g) which separated,

crystallised from toluene to give 10, ll-dimethoxytriphenylene-

1,4:5,8-diquinone (28) (Pummerer's quinone) containing toluene
of crystallisation, as clusters of dark red rhombohedra m.p.
(evacuated capillary) 230-240° (decomp.) (lit.,14 darkens

Rt 2459 . Wm.p. 290°) (Foundy Ty 7223 H;7 893 MeO; 15.4%.

C + 4C_H_. requires C; 71.55; H, 4.13 2MeO, 15.75%),

20”1206 758

Amax(CHc13) 292 (log€& 3.91), 387 (3.74), and 467 nm (3.58),

.49); KC1
A ingp (CHCL,) 280 (log € 3.95) and 494 nm (3.49); v, . (KC1)

-1
1675 and 1650 (both quinone C = 0), 1610 (C = C), and 1253 cm

(ether C - 0)3; (CDC13) 705 (45 155H, CH, of toluene), 2.78
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(s, 2.5H, Ar-H of toluene), 5.92 (s, 6H, CH3O% 1,080 s, 2HY

Ar-H at C - 9 and C - 12) and an AB quartet centred at T 2.94
‘and T 3.13 (J. 1OHz, 4H, quinone-H). The toluene of
crystallisation was removed by heating a finely powdered

sample at 140° and O.1 Torr when the pure diquinone was obtained
~m.p. 250-255° (decomp.) (Found: C, 68.8; H, 3.5; MeO 19.9%;

M, 348.0634. O.b reguires G868 953, | Hyif. 455« 2Me;

C20“12 6
17.8%; M, 348.0634), AmaxfCHC13) 293 (log & '4.10),.386 (3.93),
and 468 nm (3.78), AinflﬂCHCl3) 27§ (log € 4.14) and 492 .nm
(3.70); Viax(Nujol) 1675 and 1650 (both quinone C = 0), 1615
(€ & ¢) and 1258 ‘om " (ether € = 0); T (cpCl,) 5.92 (s, 6H,
CH3O), 1.04 (s, 2H, Ar-H at C - 9 and C - 12), and an AB
quartet cenfred &t 2994 ‘and ‘T B33 (JlOHz, 4H, quinone-H) .
Combustions for C and H analysis were done slowly with vanadium
pentoxide as catalyst. Examination of the acetone-soluble
material by t.l.c. using benzene-ethyl acetate (10:3) showed
the presence of more of the triphenylene diquinone, and a
small amount was obtained by extraction with chloroform. No
other crystalline material could be isolated.

Removal of the solvent from the ether extract (C) gave a
mixture of phenols (9.7 g). Examination by t.l.c. using
benzene-chloroform (1:4) shéwed the presence of two substances

one of which corresponded to quinol. The mixture crystallised
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from boiling chloroform giving quinol, m.p. 170° (1it.,87
WD 1709), The motherliquor was filtered through a column
of silica gel which was eluted with chloroform. Evaporation
88

of the chloroform gave chloroquinol m.p. 106-107° (lit.,

m.pe . 106°) .

(b) Using aluminium chloride, carbon disulphide and excess

benzoquinone.

A solution of veratrole (6.9 g) in carbon disulphide
(50 ml.) was added slowly to a stirred mixture of benzoquinone
(37.8 g), anhydrous aluminium chloride (33.4 g)land carbon
disulphide (350 ml.){ Stirring was continued for 26 h at
room temperature and then ice (150 g) and 1M-sulphuric acid
(200 ml.) were addéd. The resulting mixtﬁre was stirred for
g o 58 The following compounds were isolated as in the previous
experiment: Pummerer's quinone (0.55 g), quinol (20 g),

veratrole (4.7 g), and benzoquinone (8 g).

(c) Using aluminium chloride and tetrachloroethane.

¢

A solution 6f veratrole (3.45 g) in dry tetrachloroethane
(25 m1.) was added slowly to a stirred suspension of benzo-
quinone (18.9 g) and anhydrous aluminium chloride (13.35 g) in

dry tetrachloroethane (100 ml.). The mitture was stirred at
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room temperature for 48 h. Ice (75 g) and 5M-hydrochloric
acid (75 ml.) were added, and the resulting mixture was
Staxred: .for -2::h. Steam-distillation left an involatile, dark

0oil from which no crystalline material could be isolated.

(d) Using zirconium (IV) chloride and carbon disulphide

=

A mixture of veratrole (1 g), benzoquinone (5 g),
anhydrous zirconium (IV) chloride (5 g), and carbon disulphide
(100 m1.) was shaken for 1 h and kept in a stoppered flask at
room temperature for 1 day. Ice (50 g) and 1M-sulphuric acid
(50 ml.) were added and the mixture was steam-distilled. The
distillate gave a mixture (1.7»g) of veratrole and benzoquinone.
The involatile residue was extracted with chloroform and thé
resulting red solution was examined by t.l.c. using benzene-
.ethyl acetate (10:3). A spot corresponding to Pummerer's

quinone was obtained, but there was insufficient material to i

isolate the compound.

(e) Using titanium (IV) chloride and carbon disulphide.

Anhydrous titanium (IV) chloride (2 ml.) was added to a

suspension of veratrole (1 g) and benzoquinone (5 g) in

carbon disulphide (100 mle) The mixture, which became yery

dark, was shaken for 1 h and kept in a stoppered flask at room
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temperature for 1 day. Ice (50 g) and 1M-sulphuric acid

(50 ml.) were added and the resulting mixture was steam-
distilled. The distillate gave veratrole (1 g) but' no
benzoquinone, while the dark oily residue gave no crystalline

material.

(f) Using aqueous sulphuric acid

A mixture of veratrole (3.45 g), benzoquinone (13.6 g)s
and 70% aqueous sulphuric acid (100 ml.) was shaken for 2 h,
kept in a stoppered flask at room temperature for 1 week, and
diluted with water (250 ml.). After being kept for 1 day,
the grey-green precipitate was céllected and steam-distilled
when veratrole (1 g).but no benzoquinone was obtained. The
involatile amorphous precipitate showed a strong broad band
at 3400 cm—l (phenolic-OH) in the i.r., but could not be

crystallised.

(g) Using polyphosphoric acid

A mixture of veratrole (2.3 g), benzoquinone (9 g), and
polyphosphoric acid {100 g) was-stirred at 70" for 6 h. - 'Ihe
'resulting black syrup was poured into water (506 ml.) and
left overnight: Filtration gave a dark solid which was
extracted with acetone and chloroform. Evaporation of the
extracts gaQe blaék solids from which no cfystalline material

could be obtained.
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Reductive acetylation of 10,ll-dimethoxytriphenylene-

1,4:5,8-diquinone

10,11-bimethoxytriphenylene-1,4:5,8-diquinone (105 mg)
was boiled under reflux for 45 min with acetic anhydride (5 ml),
zinc dust (210 mg), and triethylamine (0.2 ml). The pale
yellow mixture was poured into hot water, stirred vigorously
for 10 min, and shaken with chloroform. The chloroform extract
was washed with 10% aqueous sodium carbonate, and with water,
and dried. Evaporation of the solution gave a pale yellow

solid (100 mg) which crystallised from toluene and then from

chloroform-ethanol to give 1,4,5,8-tetra-acetoxy-10,11-dimethoxy-

triphenylene (79) as needles m.p. 247-249° (Found: C, 64.3;

Hy 4.33 MeO,12:283 -A00; 46.2%, Eo g0, 0 requires C, 64.6%:

H, 4.65; 2MeO, 11.9; 4AcO 45.4%), Amax (CHC1 ) 279.(log &

. - E Ll ;
4,77) and 372 nm (3.33), Ainfl‘(CHCIS) 275 (1log 4.75);

305 (4.12), 317 (4.07), 326 (4.01) and 350 nm (3.45), A___

(EtOH) 219 (log & 4.40), 275 (4.86), and 368 nm (3.42), Ainfl

(EtOH) 269 (log £ 4.84), 304 (4.19), 313 (4.14), 325 (4.07),

and 348 nm (3.59)3% Vet (KC1) 1748 (acetate C=0) and 1200 cm-1

(acetate C-0), T’(CDCla) 7276 (s, BH,;CH CO2 at C-4 and C-5),

3

756 (s, 6H, CH,CO, at C-1 and -C<8) ;¥ 5:95 (s, 6H, CH3O), 2.70

(s, 4H, Ar-H at C-2, C-3, C-6, and C-7), and 1.54 (s, 2H, Ar-H

at C-9 and C-12).
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Attempted reductive methylation of 10,l1l-dimethoxytriphenylene-

1,4:5,8—diquinoﬂe

(a) Using sodium dithionite and dimethyl sulphate

10,11-Dimethoxytriphenylene-1,4:5,8-diquinone (260 mg) was
ground with sodium dithionite (3.6 g), water (10 ml), and
acetone (5 ml1) until the red colour of the quinone had
disappeared. The mixture was poured into water (100ml) and
shaken with chloroform to give an extract which was washed
with water and dried in ag atmosphere of nitrogen. Evapbr—
ation yielded a brown solid which was mixed with freshly
fused potassium carbonate (1.0 g), acetone (50 ml), and
redistilled dimethyl sulphate (6 ml) . The mixture was
heated under reflux for 4 h in an atmosphere of nitrogen,
the acetone was eQaporated under reduced pressure, and the
brown oily residue was shaken for 30 min with 2M-sodium
hydroxide (50 ml). Extraction with chloroform gave a small
amount of dark oily solid from which crysfalline material

could not-be obtsined:

(b) Using zinc-acetic acid and diazomethane

A mixture of 10,ll-dimethoxytriphenylene-1,4:5,8-diquinone
(100 mg), zinc dust (450 mg), glacial acetic acid (5 ml), and

water (0.5 ml) was boiled under reflux in an atmosphere of
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nitrogen for 30 min, and the resulting pale yellow mixture
was poured into water. The aqueous suspension was shaken
with e ther and the extract was washed with water and dried

in an atmosphere of nitrogen, and added to an ethereal
solution of diazomethane. Next day the ethef was evaporated

to give a dark brown solid which could not be crystallised.

(c) Using sodium dithionite and alkaline dimethyl sulphate.

A mixture of 10,l1l-dimethoxytriphenylene-1,4:5,8-
diquinone (230 mg), chloroform (50 m1) and 10% aqueous sodium
dithionite (10 ml) was shaken until the red colour of the
quinone had disappeared. The chloroform was evaporated by
passing a stream of nitrogen thfough the mixture, and dimethyl
sulphate (é.S ml) was added followed by 50% aqueous sodium
hydroxide. The mixture was stirred at room temperature for
5 h under an atmospherevof nitrogen, and ice (50 g) was added.
Extraction with thloroform gave a dark oil from which no

crystalline material could be obtained.

Attempted reaction of methylbenzoquinone with veratrole.

A solution of veratrole (5.52 g) in carbon disulphide
(50 m1) was added dropwise to a stirred suspension of methyl-
benzoquinone (24.4 g) and anhydrous aluminium chloride (26.7 g)

in carbon disulphide (200 ml). Stirring was continued for
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48 h at room temperature, then ice (150 g) and 5M-hydrochloric
acid (150 ml) were added. The resulting mixture was stirred

for 2 h and filtered to give a dark violet precipitate (A)

and a filtrate. Steam distillation of the filtrate removed
carbon disulphide, and veratrole (4 g). The residual aqueous
solution was shaken with ether to give extract (B). Steam

distillation of the precipitate (A) removed unchanged veratrole
and methylbenzoquinone {27975 The residual violet solid (C)
was collected (13 g), and .the aqueous filtrate was shaken with
ether and the ethereal extract was combined with (B).
- Evaporation of the ethereal extract (B) gave crude methylquinol.
’The violet solid (C) showed vmax.(NujOl) at 3340 (phenolic OH)
and 1640 cm“l (quinone C=0), and was 2-methy1-5-(2',5'—dihydroxyF
4:methy1phenyl)benZOquinone38 {82).

A portion (0.5 g) of the violet solid (C) was heated
under reflux for 1 h with acetic anhydride (20 ml), zinc dust
(1 g), and triethylamine (0.25 ml). The mixture was poured
into hot water (100 ml), stirred vigorously for 15 min, and
extracted with chloroform. The extract was washed with 10%
aqueous sodium carbonate and water, dried,-and evaporated. |
The residue crystallised from ethanol to give 2,5,2',5'-tetra-
acetoxy-4,4'-dimethylbiphenyl (83) as needles (0.5 g) m.p. -

138-1300 {6t hos 137°).
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Another portion (3.0 g) of the violet solid (C) was
added, with vigorous stirring, to concentrated nitric acid
(5 ml) at room temperature. . wéter (100 ml1) was added and
the resulting solid was collected, washed thoroughly with
water, and crystallised from ethanol to give 4,4'-dimethoxy-
bipheny1-2,5:2',5'—diquinoﬁe (84) as golden needles (1.5 g)
m.p. 168-170° (decomp.) [1it.,37 m.p. 168-169°(decomp.) ],

v (Nujol) 1660 P (quinone C=0); T (CDC13) 793ty =0

max.

1.5Hz, 6H, CH3), 331 (q, J.1.5Hz, 2H, quinone~H), and 3.2

\

(s, 2H, quinone-H).

Attempted reaction of phenylbenzoquinone with veratrole

A mixture of phehylbenzoquinone (12.9 g), veratrole (1.385),
anhydrous aluminium chloride (6.67 g), and carbon disulphide
(300 m1) was stirred for 48 h at room témperature. Ice (100 g)
and 1M-sulphuric acid (50 ml) were added, ahd the resulting
mixture was stirred for 1 h, then.stéam-distilled to give
unchanged veratrole (1 g). The residue was exémined by il
using benzene-chiorofqrm (1:4). Only two spots were observed,
one.corresponding to phenylbenzoquinone and the other to

phenylquinol.



= 193 =~

Attempted reaction of 1,4-naphthaquinone with veratrole

(see p. 256 ).

Attempted reaction of 4,4'-diphenoquinone with veratrole.

(a) In_the presence of aluminium chloride

A mixture of 4,4'-diphenoquinone (4.5 g), veratrole (4 g),
anhydrous aluminium chloride (8.4 g) and carbon disulphide
(250 ml1) was stirred at room temperature for 24 h. Ice (100 g)
and 5M-hydrochloric acid (40 ml) were added and the mixture,
which became deep blue, w;s stirred for 2 h, evaporated to
remove carbon disulphide, and filtered to give'a blue
precipitate (A). Extraction of the filtrate with ether gave
unchanged veratrole e BT & Thé blue precipitate showed Ve
(Nujol) at 3300 (phenolic OH) and 1622 cm“.l (quinone Cc=0). it
dissolved in chloroform to give a brown solution which, by
t.l.c. using chloroform, was shown to contain only 4,4'-
diphenoquinone and 4,4'-dihydroxybiphenyl.

Diphenoquinone (50 mg) was heated under reflux with acetic
acid (5 ml) and zinc dust (100 mg) for 5 min. The solution
was decanted into watér (20 ml1) and the resulting precipifafe
was collected, waéhed with water, and dried to give 4,4'-:

dihydroxybiphenyl, v (Nujol) 3430 cm-'1 (phenolic OH). A

max

solution of 4,4'-dihydroxybiphenyl (20 mg) and 4,4'-dipheno-

1)
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quinone (18 mg) in chloroform was allowed to evaporate to
dryness. The residual blue quinhydrone was identical (i.r.)

with the blue precipitate (A).

(b) In aqueous sulphuric acid

A suspension of 4,4'-diphenoquinone (4 g) and veratrole
(5 g) in 70% v/v aqueous sulphuric acid (100 ml) was shaken
vigorously for 6 h and kept for 1 week. The mixtur e was
diluted with water (300 ml) and filtered to give a precipitate
of crude 4,4'-diphenoquinoﬁe (4 g) and a filtrate which on

being extracted with ether afforded unchanged veratrole (5 g).

Reaction of 2,3-dichlorobenzoquinone with veratrole

Anhydrous aluminium chloride (3.5 g) was added in small
portions to a stirred solution of 2,3-dichlorobenzoquinone
(2.5 g) and veratrole (2 g) in carbon disulphide (100 ml). .
Stirring was continued for 24 h at room temperature, then ice
(50 g) and 1M-sulphuric acid (20 ml) were added. The resulting
nixture was stirredi for: 2 - ami=frlitered to grve adark
precipitate (A) (2.2g) and a filtrate. Steam-distillation of
the filtrate gave carbon disulphide and unchanged verétrole
i3 9. The residual involatile solid (0.2 g) was collected
and combined with (A), while the aqueous filtrate was extracted

with ether to give a mixture (0.7 g) of 2,3-dichlorobenzo-
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quinone and 2,3-dichloroquinol.

The precipitate (A) was washed with ethanol (200 ml)
and extracted with benzene (250 ml) to give a pale blue-
violet solid (B), (230 mg). Evaporation of the benzene
gave a dark violet solid which cfystallised from chloroform-
ethanol to give 5,6-dichloro-2-(3',4'~-dimethoxyphenyl )benzo-
quinone (57) as violet needles (430 mg) m.p. 204-205.5°,
mixed m.p. 204-205° with an authentic specimen prepared by
the reaction of 2,3-dichlorobenzoquinone with diazotised
3,4-dimethoxyaniline (p.174 ). A portion (100 mg) of the
blue-violet solid (B) was dissolved in benzene-chloroform
(1:4) (17 ml1) and chromatogxaphed on a columﬁ of silica geli
An orange band (C) was eluted using benzene, and a pale
violet band (D) using benzene-chloroform (1:4); a blue
band (E) remained at the top of the column.

Evaporation of the solvent from the eluted band (C)
gave a red solid which crystallised from a small volume of

ethanol to give 2,3,6,7-tetrachloro-10,l11-dimethoxytri-

phenylene-1,4:5,8-diquinone (87) as red micro-crystals (3 mg)

35
20H8 C1406

requires M, 483.9075), Amax (CHC13)-321 (log € 3.99), 418

m.p. 326°(decomp.) (Found: M, 483.9080. C

(3.76), and 488 nm (3«71}, A (CHC13) 276 (log € 431 )

o 5 O

and 300, nm (4.13); ot (KBr) 1690 and 1678 (both quinone C=0),
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1600 (€=C) ,mand:1258 cm-l (ether C-0). Evaporation of the
solvent from the eluted band (D) gave a pale violet solid
which crystallised from chloroform-ethanol to give 2,3,6,
7,10,11-hexamethoxytriphenylene (80 mg) m.p. and mixed m.p.
315-3170.(1it.,31 317.5-318.5%). The blue band (E)
together with the adsorbent at the top of the column was
removed, boiled with chloroform, filtered and evaporated to
give crude 2,5,6,9,12,13-hexamethoxydibenzo[fg, op |naph-
thacene-1,10-quinone (19) as a dark blue solid (<1 mg),.
Amax.(cnc13) 315, 554, 640 and 690 nm, Ai

nEks
add 9530 mim o[ L1 A .. (CHC1.) 281, 294, 317, 560, 655,

(CHC1,) 275

and 715 nm, Ainfl.(ch13) 273 and 530 nm].

Reaction of chlorobenzoquinone with veratrole

(a) Anhydrous aluminium chloride (3.5 g) was added.in small
portions to a stirred solution of chlorobenzoquinone (4 g)
and veratrole (0.69 g) in carbonAdisulphide (200 ml).
Stirring was continued for 24 h. at room temperature, then
ice (50 g) and 1M-sulphuric acid (20 ml) were added. The
vresulting mixture was stirréd fori2=-hoand filtered.to give

a dark violet solid (A) and a filtrate whichwas steam-
distilled to remove carbon disulphidé and unchanged veratrole
(O.25 g). The residual solid was collected ahd combined

with (A), while the aqueous filtrate was extracted with ether
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to give a mixture (2 g) of chloroquinol and chloro-
benzoquinone.

The combined solids were washed with ethanol (50 ml),
extracted with chloroform and filtered. Evaporation of
the filtrate gave a red sdlid which could nét be crystallised
from toluene, n-hexane or chloroform-ethanol. In each casé
considerable darkening of the solutibn occurred, and the
solid precipitated on the sides.of the vessel. On being
subjected to p.l.c. using benzene-ethyl acetate (10:3), the
red solid gave one main orange band which afforded a mixture
(100 mg) of the three isomeric 2,6-, 3,6-, and 2,7-dichloro-
10,11-dimethoxytriphenylene-1,4:5,8~-diquinones (88), (89),
and (90). ‘

The mixture 6f isomers was.subjected to p.l.c.‘using
benzene-ethyl acetate. (10:1) when a broad orange band was
obtained. The slower moving portion of this band was
removed and crystallised from chloroform-ethanol to give a

mixture of 3,6-, and 2,7-dichloro-10;,11-dimethoxytripheny-

lene-1,4:5,8-diquinones as red microcrystals (Found: M,

35 :
sofjo  C1,0, requires M, 415.9854), kmax.(CHC13)

297 (log€& 4.23), 400 (3.87),.and 476 nm (3.76), Ainfl

415,9861.. . C

(CHC1,) 275 (log & 4.35) and 490 nm (3.73); bR

1690, 1680, and 1650 (all quinone C=0), 1618 (C=C), and

o
]
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1260 cm (ether C-0); T (CDC13) 5.91 (s, 6H, CH,0), 2.92
(s, quinone-H at C-2 and C-7), 2.73 (s, quinone-H at C-3
and C-6), and 1.09 (s, 2H, Ar-H at C-9 and C-12). . The
ratio of the signals atT 2.92 and®T 2.73 was 6:1.

The remainder of the orange band was agéin subjected
£0Q iPal ¢C s sing benzene. The faster moving portion of
the resulting orange band gave a red solid which crystall-
ised from chloroform-ethanol to give 2,6-dichloro-10,11-

dimethoxytriphenylene-1,4:5,8-diquinone as red microcrystals

(5 mg) m.p. 202-205° (decomp.) (Found: M, 415.9853.

35 :
: HC1,_) 405
Coollio Cl,04 requires M, 415.9854), Xmax.(c 5) (1og &

3.86) and 480 nm (3.76), Ai 273 (log € 4.38) and 295 nm

i 1%
(4.19);'t(CDC13) 9920ty s - 6H. CH3O), 2.94 (s, 1H, quinone-H
at C-7); 2.78 (s, 1H, quinone-H at C-3), and 1.09 (s, 2H,

Ar-H at C-9 and C-12).

(b) Alternative procedure A solution of veratrole

(1.38 g) in carbon disulphide (20 ml) was added slowly to

a stirred suspension of chlorobenzoquinone (7.13 g) and
anhydroﬁs aluminium éhloride (6.8 g) in carbon disulphide
(200 m1). Stirring was continued for 48 h, then ice (100 g)
and IM-sulbhuric acid (50 ml) were added. The resulting
mixture was stirred for 2 h and filtered to give a

precipitate and a filtrate (A).
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The precipitate was washed with ethanol, extracted
with chloroform, and the chloroform extract was filtered
through a short column of alumina. Evaporation of the
solvent gave a mixture of 3,6- and 2,7—dichlpro—10,ll—
dimethoxytriphenylene-1,4:5,8-diquinones as a red crystalline
solid (100 mg), T (CDC1,) 5.94 (s, 6H, CH,O), 2.99 P4,
quinone-H at C-2 and C-7), 2.77 (s, quinone-H at C-3 and
C-6), and 1.17 (s, Ar-H at C-9 and C-12). The ratio of
the 'signals at T 2.99 and " 2,77 was 7:1. A portion (90 mg)
of this solid was heated under reflux for 45 min. with
acetic anhydride (6 ml), zinc dust (200 mg), and triethyl-
amine (0.2 ml). The resulting mixture was poured into hot
water, and the aqueous suspension was shaken with chloroform
to give an extract which was washed with 10% aqueous sodium
carbonate and with water, and'dried. Evaporation of the

solvent gave a pale yellow solid (110 mg) which crystallised

from chloroform-ethanol to give 1,4,5,8-tetra-acetoxy-3,6-

dichloro-10,l1-dimethoxytriphenylene (93) as needles (80 mg)
m.p. 216.5-217.5° (Found: C, 56.9; H, 3.7%; M, 588.0591.

35
@ ok i « 05 . R H
28 22C12010 requires iCy, =5 e USH uHy =35 70% C28 25 C12010

requires M, 588.0590), Amax (CHC1,) 284 (log€ 4.85), 364

(3.52), and 381 nm (3.49), A (CHC1,) 277 (log& 4.77),

infl
307 (4.17), 318 (4:13) and 331 nm (4.05); v__ °(Nujol) 1760
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(acetate C=0) and 1190 cm™ 2 (acetate C-0)3. T (CDC13)

HaH9 {8, 6H ; CH3CO2 at C-4 and: C~5), 7.57 (s, .6H, CH3C02_
at C-1 and C-8), 5.98 (s, 6H, CH;0), 2.57 (s, 2H, Ar-H at
C-2 and C~7), and 1.67 (s, 2H, Ar-H - at C-9 and C-12).

The filtrate (A) was evaporated to ;em&ve carbon
disulphide, veratrole and chlorobenzoquinone. The residual
oily precipitate was collected and extracted with ethanol
(100 ml) to give a solid residue and a filtrate (B). The
residue, on being subjected to p.l.c. using benzene—ethyy
acetate (10:3), gave two coloured bands. The slower moving
band afforded a red solid which crystallised from chloroform-
ethanol to give 3-chloro-2-(3',4'-dimethoxyphenyl)benzo-
quinone (34 mg) m.p; 200.5-201.5°, mixed m.p. 200-201° with
an authentic samplé prepared by the reaction of chlorobenzo-
quinone with diazotised 3,4-dimethoxyaniline (p. 167). The
faster moving band gave a mixture of the three isomeric 2,6-,
3,6-, and 2,7—dichloro—10,ll-dimethoxytriphenylene—l,4:5,8—
diquinones asAa red solid. This solid (90 mg) was heated
under reflux for 45 min with acetic anhydride (7 ml),; zine
dust (200 mg), and triethylamine (0.2 ml). The mixture was
poured into water and extracted with chloroform. Evaporat-
ion of the chloroform gave a pale yellow solid which by p.l.c.

using benzene-chloroform (1:4) afforded two bands which
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fluoresced on exposure to u.v. light. The slower moving'
band gave a solid which crystallised from chloroform-
ethanol to give 1,4,5,8—tetra¥acetoxy-3,6—dichloro—10,ll-
dimethoxytriphenylene (30 mg) m.p. and mixed m.p. 216-217°.
The faster moving band gave a mixture (66 mé) of the 2,6-
and 2,7-dichloro-1,4,5,8-tetra-acetoxy-10,11-dimethoxytri-

phenylenes which was crystallised from toluene (3 times)

and from chloroform-ethanol to give 1,4,5,8-tetra- acetoxy-

2,6-dichloro-10,11-dimethoxytriphenylene (94) as needles

35

= - . - 2 bt . . I
(20 mg) m.p. 227-229° (Found; M, 588.0591 C et s 012010

requires M, 588.0590), Amax (CHC13) 288 (log € 4.86) and

381 nm (3.38), Ai (CHC13) 277:(log & 4.76), 320 (4.14},

Dk

335 (4.04), and 360 nm (3.49); o (KCl) 1770 (acetate
C=0) and 1180 cm > (acetate C<0); % (cpCl,) 7.83 (s, 3H,
CH3CO2 at Csd or Cab), 7.62 (s; 3H; CH3CO2 at C-5 or C-4),

7.55 (s, 6H, CH,CO, at C-1 and C-8), 5.98 (e, &, CH 1 0)ar
o0l (84 1HTAE-H At C~3 or S-T) - B406 (8, 1lH, Ar<H at

- C-7 or C-3), 1;69 {8, 1H, Ar«<H at C=9 . o0r Csl2), and 1l.57
re 1H Ar-H at Cxl2 -0r C<9Y, A pure sample of 1,4,5,8-
tetra-acetoxy-2,7-dichloro- 10 11- dlmethoxytrlphenylene
(95) could not be 1solated

The ethanol filtrate (B) was concentrated and the

resulting precipitate was collected and subjected to p.l.c.
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using benzene-ethyl acetate (10:3) when two bands were
obtained, which were orange and red respectively. The
orange band gave a mixture of the three isomeric dichloro-
triphenylenediquinones. The product from the red band
was crystallised from ethanol to give a mixture m.p. 144-
147° of 5- and 6-chloro-2-(3',4'-dimethoxyphenyl)benzo-
quinones. The i.r. spectrum of the mixture was identical
with that of an authentic mixture m.p. 144-148° prepared

from chlorobenzoquinone and diazotised 3,4-dimethoxyaniline
(p-167 )-

: : : . : 1
4,4'-Dichloro-2,5-dimethoxybiphenyl-2"',5'-quinone

A solution of sodium dichromate (20 g) in water
¥ ;

(75 ml) was added slowly to a stirred solution of l1-chloro-
2,5-dimethoxybenzene (12 g) in glacial acetic acid (140 ml),
water (24 ml), and concentrated sulphuric acid (16 ml) at
180t The resulting violet mixture was left at room
temperature for 30 min. The precipitate was collected;
washed with water, and crystallised from ethanol to give
.4,4'—dibhior§-2,S-dimethoxybiphenyi—Z',5'-quinope as &a

mixture of violet plates and needles (7.5 g) m.p. 178-179°
(lit.,16 174+175%) e (Nujol) 1668 cm-l (quinone C=0) ;-

T (CDCl,) 6.27 (s, 3H, CHJ0), 6.16 (s, 3H, CHJO), 3.26,

3.06, 3.02 and 2.95 (all s, 1H, Ar-H or quinone-H).
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4,4'—Dichlorobiphenyl—2,5:2';5'—diquinone16

4,4'-Dichloro-2,5-dimethoxybiphenyl-2',5'-quinone (7. g)
was added portionwise, with vigorous stirring, to concentrated
nitric acid (iO ml) at room temperature. Water (100 ml)
was added and the yellow solid was collected, washed with
water, and crystallised from chloroform-ethanol to give 4,4'-
dichlorobiphenyl-2,5:2',5'-diquinone (96) as yellow needles
(5.5 g) m.p. 199-200.5° (lit.,l6 194-195° from glacial acetic
acid), v___ (Nujol) 1665 and 1650 cn Y (both quinone c=0)v-,

t(CDClB) 3.03 and 2.91 (both s, 2H, quinone-H).

Reaction of 4,4'-dichlorobiphenyl-2,5:2',5'-diguinone

with veratrole

A solution of veratrole (0.7 g) in carbon disulphide
(50 ml1) was added dropwise to a stirred suspension of 4’4'T
dichlorobiphenyl-2,5:2',5'-diquinone (2.83 g), and anhydrous
aluminium chlo;ide (4 g) in carbon disulphide (100 ml).
Stirring was continued for 24 h at room temperature and then
ice (30 g) and iM-sulphuric acid (30 ml) were added. The
resuiting mixtur e was stirred for 1.5 h and evaporated td
remove carbon disulphide and unchanged veratrole (0.25 g).
The residual mixture was filtered and the resulting sdlid

was washed with water and extracted with acetone (75 ml).
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Filtration gave a pale yellow solid (A), and evaporation of
the acetone filtrate gave another solid (0.58 g) wﬁich by
S l.ev was a miXtureof«454%~dichlorobiphenyl=255:2",5 "=
diquinone and 4,4'-dichloro—2,5:2',5'—tetrahydroxybiphenyl.
When this was oxidised with concentrated nitric acid 4,4'-
dichlorobiphenyl-2,5:2',5'-diquinone was obtained. |

The yellow solid (A) was extracted with chloroform (100 ml)
and filtered to give 4,4'-dichlorobiphenyl-2,5:2',5'-diquinone
£1 g)a The filtrate was concentrated and passed through a
column of silica gel using benzene .and then benzene—chloroform
£lsd ). Evaporation of the solvent from the benzene fraction
gave 4,4'-dichlorobiphenyl-2,5:2"',5'-diquinone, while the
benzene—chlorofofm ffaction afforded a solid which crystallised
from chlo;bform-ethanol £G give75,3,6,7,10,11—hexamethoxy—

24

triphenylene (250 mg) m.p. and mixed m.p. 315° (1lit.,

317.5-318.5°).

Attempted reaction of benzoquinone with 1,2 ,3-trimethoxybenzene

A suspension of benzoquinone (18.9 g), 1,2,3,-trimethoxy-
benzene (4.2 g) and anhydrous aluminium chloride (16.7 g)in
carbon disulphidé (150 ml) was stirred at room temperature

for 24 .k Ice (150 g) and 1M-sulphuric acid were added and

stirring'waleOhtinued fop 2:b., The product was steam-

£
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distilled to remove carbon disulphide, benzoquinone, and
l1,2,3-trimethoxybenzene. The residual oily precipitate
was collected and the aqueous filtrate was extracted with
ether. The ether extract, on evaporation, gave quinol
(9 g), but no crystalline material could be §btained from

the oily precipitate.

Reaction. of benzoquinone with 3',4'-dimethoxyphenylbenzoquinone

A solution of 3',4'-dimethoxyphenylbenzoquinone (O.l22 g)
in carbon disulphide (100 ml) was added dropwise to a stirred
ﬁixture of benzoquinone (0.54 g), anhydrous aluminium chloride
(1.0 g), and carbon disulphide (50 ml). Stirring was
continued for 24 h at room temperature, then ice (20 g) and
1M-sulphuric acid (20 ml) were added. The resulting mixture
was stirred for 1 h and evaporated to remove carbon disulphide
and unchanged benzoquinone. The aqueous layer was decanted
and the residual red oil was subjected to p.l.c. using
benzene. Thrée bands were obtained which were red, orange,
and brown respectively. Tﬁe red band gayve unchanged 3',4'-
dimethoxyphenylbenzoquinone (20 mg),_while the orange band
gave 10,l1l-dimethoxytriphenylene-1,4:5,8-diquinone (28'mg)(u.v.).

Thé brown band gave a solid (21 mg) which was dissolved

in chloroform and filtered through a short column of alumina.
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Evaporation of the chloroform solution afforded a red solid
which crystallised from chloroform-ethanol to give a mixture

of 2- and 3- (3',4'-dimethoxy-phenyl)-10,l1-dimethoxytri-

phenylene-1,4:5,8-diquinones (9%) and (98) as clusters of

red cfystals (15 mg) m.p. 210-215° (decomp.) (Found: M,

QA ~ Tl =
484.1160. requires M, 484.1158), Amax.(C“ClB)

Co8H50%

298 (log € 4.33), 383 (3.98), and 470 nm (3.97), Ai (CHC1,)

nfl
290 (log& 4.31) and 490 nm (3.91); Vmax.(NujOI) 1682, 1660
and 1645 (all quinone C=0), 1600 (C=C), and 1260 cm_1 (ether
C-0); t’(CDc13) 6.03 (s, 3H, CH,0 at C-3' or c-4'), 6.00

(s, 3H, CH3O At Csd' By €a313: 5,93 {8, 3H, CH3O at C=10 ox

Co11), 5.91 (&; 31; €H.0 at Call or . C-10), 3;132.62 (m; oMy

3
Ar-H and quinone-H), 1.03 (s, 1lH, Ar-H.at C-9 or C-12) and
.95 (84 ITH, Ar:H ét C-12 or C-9). This mixture was
subjected 0o Ppelicuusing benzene—ethyl acetate (10:3) when
only one orange band was obtained. The band was divided

1.1 to two parf#, each was removed separately from the plates
and —the iisrk sbectra of the resulting products were obtained. '
The. spectrarofiithe two products were‘essehtially the same a§'

that of the original mixture apart from slight differences

in the relative intensities of the peaks.
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Reaction of benzoquinone with 2-(3',4'-dimethoxyphenyl)-

l,4-dihydroxybenzene

A solution of 3',4'-dimethoxyphenylbenzoquinone (0.75 g)
in e¢her (400 ml) was shaken with 5% aqueous sodium dithionite
(200 ml) until the red colour of the quinone disappeared.

The ethereal solution was washed with water, dried and
evaporated to give 2—(3',4'—dimethoxypheny1)—l,4—dihydr§xy-
benzene. as.a_ cxystalline solid. (0.65.9), ¢ S 3460 and
3400 cmnl (phenolic OH).

A suspension of benzoquinone (1.08 g), 2F(3',4'—dimethoxy—
phenyl)-£,4-dihydroxybenzene (O.246 g), and anhydrous
aluminium chloride (1.34.9) in carbon disulphide (200 ml) *was
stirred atroom temperature for 20 h. | Ice (20 g) and 1M-
sulphuric acid (20 ml) were added, and the resulting mixture
was stirrea forsl-hand evaporated'to remove carbon disulphide
and benzoquinone (0.65 g). The residual red precipitate
was subjected to p.l.c. using benzene to give a red band and
an orange band. The product from the red band crystallised
from ethanol to give 3',4'-dimethoxyphenylbenzoquinone (90 mg).
The orange band gave a red solid which crystallised from.

chloroform—ethanotho give 10,l11-dimethoxytriphenylene-1,4:

5,8-diquinone (u.v.) as red micro-crystals (40 mg).
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Reactions of 3',4'-dimethoxyphenylbenzoquinone

a) With aluminium chloride and carbon disulphide

A mixture of 3',4'-dimethoxyphenylbenzoquinone (320 mg),
anhydrous aluminium chloride (1 g), and carbon disulphide
(200 ml) was stirred at r oom temperature for 48 h. Ice (SO g)
and 1M-sulphuric acid (20 ml) were added and the mixture was
stirred for 1 h and evaporated to remove carbon disulphide.
The brown residue was collected, shaken with chloroform, and
the resulting extract was filtered through a short column of.
alumina. Evaporation of the eluate afforded a red solid
which, on being subjected to p.l.c. using benzene-ethyl
acetate (10:3), gave a red band.and an orange band. The
red band gave unchanged 3',4'-dimethoxyphenylbenzoquinone
(20 mg), while the orange band afforded a red solid which
crystallised from chlofoform—ethanol to give a mixture of
2- and 3-(3',4'-dimethoxyphenyl)=10,11-dimethoxytriphenylene-

1,4:5,8-diquinones (u.v.) as red micro-crystals (18 mg).

b) Wwith aluminium chloride and benzene

A mixture of 3',4'-dimethdxyphenylbenzoquinone (100 mg),
anhydrous aluminium chloride (1 g); and dry benzene (50 ml)
was stirred at room temperature for 20 h. Ice (20 g) and

5M-hydrochloric acid (20 ml) were added and the mixture was
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evaporated to remove benzene, then shaken with chloroform.
Examination of the chloroform extract by t.l.c. showed only
one spot which corresponded to unchanged 3',4'-dimethoxy-

phenylbenzoquinone.

c) With aluminium chloride and nitromethane

Anhydrous aluminium chloride (1 g) was added portion-
wisg, with shaking, to a solution of 3',4'-dimethoxyphenyl -~
benzoquinone (100 mg) in nitromethane (5 ml) at.OO. The
dark mixture was kept for 24 h at room temperature, ice (30 g)
vand 1M-sulphuric acid (20 ml) were added, the resulting black
precipitate was collected and the filtrate was extracted with
chloroform. Examination of bofh the precipitate and the
chloroform extract by t.l.c. showed the absence of 3',4'-
dimethoxyphenylbenzoquinone, and also of 2- and 3-(3',4'-
dimethoxyphenyl)-lO,11;dimethoxytriphenylene-l,4:5,8-

diquinones.

d) With zirconium (IV) chloride and carbon disulphide.

A mixtur e of 3',4'-dimethoxyphenylbenzoquinone (100 mg),
anhydrous zirconium (IV) chloride (1 g), and carbon disulphide

(70 ml1) was stirred at room temperature for 20 h. Ice (50 g)

and 1M-sulphuric acid (10 ml) were added and the mixture was

evaporated to remove carbon disulphide. Filtration of the
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aqueous residue gave only crude 3',4'-dimethoxyphenylbenzo-

quinone (85 mg).

e) With boron trifluoride etherate.

3',4'-Dimethoxyphenylbenzoquinone (50 mg) was added with
shaking to boron trifluoride-ether complex (10 ml). The
dark solution was kept for 3 days at room temperature, ice
(20 g) and 1M-sulphuric acid were added, and the mixture was
shaken with chloroform. Examination of the chloroform
solution by t.l.c. showed the absence of 3‘,4'—dimethoxy;
phenylbenzoquinone, and also of 2- and 3—(3’,4'-dimethoxy-

phenyl)-10,11-dimethoxytriphenylene-1,4:5,8~diquinones.

£y~ With tin (IV) chlorifie and benzene.

A ﬁixture of anhydrous tin (IV) chloride (1 ml) and
dry benzene (5 ml) was added dropwise to a stirred solution
of 3',4'-dimethoxynhenylbenzoquinone (100 mg) in dry benzene
50 L ) Rt -D% The dark solution was stirred at room
temperature fof 20 h, ice (20 g) and 5M-hydrochloric acid
(20 m1) were added, and the mixture was evaporated to remove
.benzene. The resulting dark red solid was collected and
subjected to p.l.c. using benzene-ethyl acetate (10:3).

Only one red band was obtained which afforded 3',4'-dimethoxy-

‘phenylbenzoquinone (20 mg).
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Attempted reaction of benzoquinone with 2,6-di(3',4"'-

dimethoxyphenyl )benzoquinone

A mixture of finely powdered 2,6-di(3',4'-dimethoxy-
phenyl)benzoquinone (100 mg), benzoquinone (0.75 g),
anhydrous aluminium chloride (1 g), and carbon disulphide
(150 m1) was stiﬁged at room temperature for 48 h. Ice :
(100 g) and IM-Suiphuric acid (20 ml) were added, the
mixture was stirréd’for 1 h, and evaporated to remove carbon
disuiphide and unchanged benzoquinone. Extraction of the
residual solid with chloroform gave a red solid which

crystallised from chloroform-ethanol to give unchanged 2,6-

di(3‘,4'—dimethoxyphenyl)benzoduinone (95 mg) m.p. 166-168°.

Arylation of benzoquinone with diazotised 3-methoxyaniline

A coéled solution‘of sodium nitrite (140 mg) in water
(2 m1) was ad&ed tb a solution of 3-methoxyaniline (246 mg)
in 3M-hydrochloric acid (3 ml) at O-5°. The diazonium
solution was added to a vigorously stirred suspension of
benZOquinoné (250 mg) and sodium acetate (0.7 g) in water
(125 m1) at 12?;: The mixture was stirred at 120 for 4% min;
then at room téﬁperature for 1 s lhe yvellow product was
collected andlc;ystallised from methanol to give 3'-methoxy-

phenylbeﬁzoquinone as golden yellow. prisms (155 mg), M.pPe.
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3 = 3
] 5= 1 36:% (Lt 21 2%) < Founds: v Cu785 TgisHs 1 s 55 - MeO5
14.3% Calc. for C, H, 0,: C, 72.9; H, 4.7; MeO, 14.5%,

o (Nujol) 1660 and 1647 {(both quinone C=0), and 1280 cm_'l
(ether C-0); T (CDC13) 6.16 (8, . 3H CHBO) and 3.50-2.58

(m, 7H, Ar-H and quinone-H).

Attempted reaction of benzoquinone with 3'-methoxyphenyl

benzoquinone

A solution of 3'-methoxyphenylbenzoquinone (150 mg) in
carbon disulphide (50 ml) was added dropwise to a stirred
suspension of benzoquinone (0.8 g) and anhydrous aluminium
chloride (1«5 g) in carbon disulphide (50 ml). Stirring
wés continued for 24 h at room temperature, then ice (30 g)
and 1M-sulphuric acid (25 ml) were added. The ‘resulting
mixture: wasastirred for 1. h and evaporéted to remove carbon
disulphide and benzoquinone. The residual precipitate was
collected and extracted with efher. The ether extract was
washed with water, dried, and evaporated to give unchanged

3'-methoxyphenylbenzoquinone (145 mg).

Reaction of 2,3-dichlorobenzoquinone with 3',4'-dimethoxy-

phenylbenzoquinone

‘A solution of 3',4'-dimethoxyphenylbenzoqpinone (244 mg)
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in carbon disulphide (100 ml) was added dropwise to a
stirred suspension of 2,3-dichlorobenzoquinone (885 mg) and
anhydrous aluminium chloride (2.0 g) in carbon disulphide
(50 ml) at room temperature. Stirring was continued for
24 h, then ice (70 g) and 1M-sulphuric acid (40 ml) were
added. The resulting mixture was stirred for 1 h and
evaporated to remove carbon disulphide and'unchanged 2,3-
dichlorobenzoquinone (350 mg). The residual red-brown
precipitate was collected and extraction of the aqueous
filtrate with ether gave 2,3-dichloroquinol (380 mg). The
red-brown precipitate was subjected to p.l.c. using benzene-
ethyl acetate (10:3)'to give three bands which were orange,
red, and brown respectively. The red band gave crude
3',4'&dimethoxypheﬁylbenzoquinone (150 mg). The product
from the brown band was dissolved in chloroform and filtered
through a short column of alumina. Evaporation of the
chloroform gave a mixture of 2- and 3-(3',4'-dimethoxyphenyl)-
10,11-dimethox&triphenylene-l,4:5,8-diquinone fU V) as-a&
red solid (10 mg). :

The product from the orange band, on being'susjected to
P.l.c. using benzene; separated into two ﬁain bands. The
faster moving yellow band corresponded to 2,3-dichlorobenzo-

quinone. The slower moving orange band gave a solid which
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crystallised from chloroform-ethanol to give 2,3-dichloro-

10,11-dimethoxytriphenylene-1,4:5,8~diquinone (86) as red

micro-crystals (7 mg) m.p. 286-290° (decomp.) (Found: M,
50

415.9852. i x -

1 5 C,oHjg C€1,0, requires M, 415 98;4), Amax'(cnc13)
323 (log € 3.78), 398 (3.84), and 480 nm (3.75), Ainfl
(CHC13) 295 nm (log € 4.15); ¥ (KBr) 1670 (quinone C=0),

1598 (C=C) and 1263 cm ® (ethetz C-0).

Reaction of benzoquinone with 5,6-dichloro-2-(3'4"'-

dimethoxyphenyl )benzoquinone

A solution of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-
benzoquinone (105 mg) in carbon disulphide (100 ml) was
added dropwise to a étirred suspension of benzoquinone (540 mg)
and anhydrous aluminium chloride (1 g) in carbon disulphide
(100 ml). The mixture was stirred for 48 h at room temper-
ature and.ice (50 g) and 1M-sulphuric acid (20 ml) were added.
The resulting mixture was stirred for 1 h and evaporated to
remove carbon disulphide and benzoquinone. The residual
solid was col;ected, washed with water, dried and subjected
to p.l.c. using benzene when a red-violet band and an orange
'band were obtained. The red-violet band gave unchanged
5,6-dichloro-2-(3',4'-dimethoxyphenyl )benzoquinone (15mg).

The product from the orange band crystallised from chloroform-



- 215 -

ethanol to give 2,3-dichloro-10,11-dimethoxytriphenylene-

1,4:5,8-diquinone (u.v.) as a red crystalline solid (53 mg).

Reductive acetylation of 2,3-dichloro-10,l1-dimethoxytri-

phenylene-1,4:5,8-diquinone

2,3-Dichloro-10,l11-dimethoxytriphenylene-1,4:5,8-
diquinone (50 mg) was heated under reflux for 1 h with
acetic anhydride (7 ml), zinc dust (200 mg), and triethyl-
amine (0.2 ml), and the pale yellow mixture was poured into
hot water and stirred vigorously. The aqueous suspension.
was extracted with chloroform, which was washed with iO%
aqueous sodium carbonate énd with water, and dried. Evap-
oration of the solvent gave a pale yellow solid which
crystallised from chloroform-ethanol to give 1,4,5,8-tetra-

acetoxy-2,3-dichloro-10,11-dimethoxytriphenylene (101) as

needles (55 mg) m.p. 251-253° (Found M, 588.0586.

35 ;
sglly,  €1,0,, requires M, 588.0590), Amax.(CHC13) 287 (logé&

4.80) and 379 nm (3.35), A

G

4,55
infl.(CHC13) 264 (log & N

279 (4.75), 321 (4.10), 332 (4.05), and 358 nm (3.53); v___

' -1
(KC1) 1774 (acetate C=0), 1210 and 1190 cm (both acetate
c-0);; T (CDC1,) 7.84 (s, 3H, CH,CO, at C-4 or C-5), 7.60

(85 6H, CH.COruaALiCal A0sds- Co5:0r-Ca8Y 57 80 ¢sy 31, CH CO
3 2 B 3 2

at C-1 or C-8), 5.98 (s, 6H, CH,0), 2.66 (broad s, 2H, Ar-H
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at C-6 and C-7), 1.67 (s, 1H, Ar-H at C-9 or C-12) and

.57  (8y 1HgrAL+H-at . C<12 or C=9),

Reaction of chlorobenzoquinone with 3',4'-dimethoxy-

phenylbenzoquinone

A solution of 3',4'-dimethoxyphenylbenzoquinone (244 mg)
in carbon disulphide (70 ml) was added dropwise to a stirred
solution of chlorobenzoquinone (855 mg) and anhydrous
aluminium chloride (2.0 g) in carbon disulphide (70 ml). The
mixture was stirred for 24 h at room temperature, ice (60 g)
and 1M-sulphuric acid (40 ml) were added and the resulting
‘ mixture'was stirred'for 2 ¢thand faltered . The filtrate was
evaporated to remove carbon disulphide and chlorobenzoquinone

(400 mg). The aqueous layer was decanted and extracted with
ether to give crude chloroquinol (400 mg). The residual
~ied-brown oily-:solid on:-being subjected: to p.lsc. using
benzene-ethyl acetate (10:3) ga&e orange, red, and orange-
brown bands réspectively. A chloroform solution of the
product from. the orange-brown band was passed through a short
column of alumina. Evaporation of the chloroform afforded
a red solid whiéh crystallised from chloroform-ethanol to
'give a mixture éf 2; and 3-(3',4'-dimethoxypheﬂyl)—10,11-

dimethoxytriphen&lene-l,4:5,8—diquinones (usv.) as red micro-
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crystals (20 mg). The red band gave unchanged 3',4'-
dimethoxyphenylbenzoquinone (88 mg).

The orange band afforded a red solid which crystallised
from chloroform-ethanol to give-a mixture of 2- and 3-chloro-

-10,11dimethoxytriphenylene-1,4:5,8-diquinones (92) and (91)

as red micro-crystals (24 mg) (Found: M, 382.0246.

3

5 .
' ’ : 1 - log €
C20H11 ClQ6 requires M, 382.0244), Amax.(CHC 3) 396 (log

3.78) and' 475 nm' (8.,71), Ai CHC13) 205 {log & 4,07) and

nfl.(

490 nm (3.68);, P (KC1) 1680 and 1660 (both quinone C=0),
1615 (C=C), and 1260 ol & (ether C-0); T (coc13) 5.92 (847 60H;
CH3O), 2.93 (s, quinone-H at C-2), 2.72 (s, quinone-H at C-3),
1.10 (s, 1H, Ar-H at C-9 or C=12)512°.06 {8y 1H, Ar-H at C=12
or C-9) and an AB quartet centred atT 3.11 and t2.95 (J

10Hz, 2H, quinone-H at C-6 and C-7). The integrals for the
signals &t U293 and 2,72 wWere'anithe watzor3d:id " ana

together correspond to 1H.

Reaction of benzoquinone with 5- and 6-chloro-2-(3',4"'-

dimethoxyphenyl Ybenzoquinones

A-{TiEY minture. (125 mg)iof 5- and 6« chloro-2-(3',4"'~
dimethoxyphenyl)benzoquinones (p.167) in carbon disulphide
(100 ml) was added dropwise to a stirred suspension of

benzoquinone (650 mg) and anhydrous aluminium chloride (1.0 g)
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in carbon disulphide (70 ml) at room temperature. Stirring
was continued for 48 h, ice (SO g) and 1M-sulphuric acid

(20 m1l) were added, and the resulting mixture was stirred

Tor Fin aﬁd evaporated to remove carbon disulphide and
unchanged benzoquinone. The residual oily‘solid was
collected and subjected to p.l.c. using benzene to give two
main coloured bands. The faster moving red band afforded
bAunchanged 5- and 6-chloro-2-(3',4'-dimethoxyphenyl)benzo-
quinones (7 mg). The slower moving orange band afforded a
red solid‘which crystallised from chloroform-ethanol to give
a mixture of 2- and 3-chloro-10,ll-dimethoxytriphenylene-
1,4:5,8-diquinones as red micro-crystals (94 mg ) , T’(CDC13)
5.92 (s, 6H, CH,0), 2.96 (s, 0.5H, quinone-H at C-2), 2.75
(s, quinone-H at C-3 superimposed on C§C13),.1.09 (s, 1H, Ar-H
at C-9 or"C=12);5 1.05 (s, 1H, Ar=sH at C=12 or C=9), and an

AB quartet centred at T 3.14 and®t¥ 2.98 (J 10Hz, 2H, quinone-H

at C-6 and C-7).

Reductive acetylation of the mixed 2- and 3-chloro-10,11-

dimethoxytriphenylene-1,4:5,8-diquinones

A portion (80 mg) of the mixed 2- and 3-chloro-10,11-
dimethoxytriphenylene-1,4:5,8-diquinones from the previous

experiment was heated under reflux for 1 h with acetic
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anhydride (7 ml), zinc dust (200 mg), and triethylamine

{02 ml ). The mixture was poured into hot water, stirred
vigorosuly, and the aqueous suspension was extracted with
chloroform which was washed with 10% aqueous sodium carbonate
and with water, and dried. Evaporation of fhe chloroform
gave a pale yellow solid which crystallised from chloroform-

ethanol to give a mixture of 2- and 3-&hloro-1,4,5,8-tetra-

acetoxy-10,11-dimethoxytriphenylenes (102) and (103) as

clusters of needles (80 mg) m.p. 256-260° (Found: M,

35 ; :
H ! M, 554.0980 A CHC1
a8 aq Tt O, nEequilasag ) RO@Lowoft ngi 3)

282 (log € 4.86) and 375 nm (3.36), Ainfl (cnc13) 264 (log &

4.62), 275 (4.81), 318 (4.13), 330 (4.06) and 356 nm (3.52);

385440976k p0C

: -1 :
L e (Nujol) 1760 (acetate C=0) and 1200 cm (acetate C-0).
It was not possible to separate the mixture by p.l.c. or by

crystallisation.

Reaction of benzoquinone with 5-chloro-2-(3',4'-dimethoxy-

phenyl)benzoquinone

A‘solution of 5-chloro-2-(3',4'-dimethoxyphenyl)benzo-
quinone (m.p. 150-151°) (100 mg) in carbon disulphide (80 ml)
was added droﬁwise to a stirred suspension of benzoquinone
.(550 mg) and anhydrous aluminium chloride (1.0 g) in carbon

disulphide (100 ml). The mixture was stirred at room
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temperature for 48 h. Ice (50 g) and 1M=-sulphuric acid
(20 ml) were added and the resulting mixture was stirred
for 1 h and evaporated to remove darbon disulphide and
unchanged benzoquinone. The dark solid was collected and
shaken with chloroform. (3:x:20. ml))s The cémbined chloroform
extracts were washed with water, dried and evaporated to
give a dark red solid which was subjected to p.l.c. using
benzene-light petroleum (9:1). Two bands were obtained, the
faster movihg réd band giving unchanged 5-~chloro-2-(3',4"'-
dimethoxyphenyl )benzoquinone (10 mg). The slower moving
orange band afforded a red solid which was crystallised by

slowly concentrating a solution in chloroform-ethanol to

give 3-ghloro-10,l11-dimethoxytriphenylene~1,4:5,8-diquinone

as red micro-crystals (75 mg) which slowly darken > 170°

m.p. 267-270°(decomp.) (Found: M, 382.0246. C2OH113SC106

requires M, 382.0244), Amax (CHC13) 396 (log € 3.91) and
474 nm (3.78), Ainfl.(CHCl?’) 293 (log € 4.18) and 494 nm
(3+:73)s 9 (Nujol) 1685 and 1662 (both quinone C=0), and

max
1262 em (ether C-0); T (CDCl,) 5.92 (s, 6H, CH'30)f, 2.93
(s,1H, quinone-H at C-2), 1.02 (s, 1H, Ar-H at C-9 or C-12),
097 e 1H, Ar-H at C-12 or C-é), and an AB quartet
centréd»at T 3.11 andt 2.95 (J 10Hz, 2H, quinone-H at C-6

and C=7).
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A portion (58 mg) of the above triphenylenediquinone
was converted to the bisleucoacetate as in the previous
experiment. The product crystallised from chloroform-

ethanol to give 1,4,5,8-tetra-acetoxy~3-chloro-10,11-

dimethoxytriphenylene as needles (40 mg) m.p. 268.5-270.5°

35 ;
; : . . 5 .
(Found: M, 554.0978 C28H23 ClO10 requires M, 554.0980),

Ama (CHC13) 282 (log € 4.80) and 375 nm (3.38), A

Lafd s
(CHC13) 265 log E 4.58), 275 (4.76), 317 (4.09), 330 (4.03)

and 355 nm (3.49); . (Nujol) 1762 (acetate C=0) and

1198 cm-1 (acetate C-0); 'C(CDC13) 7.84 (s, 3H, CH CO2 at

3
C-4 or C-5), 7.62 (s, 3H, CH,CO, at C-5 or C<8Y 257 {53

Co, at C-8 or C-1),

3H, CH,CO

at Celiby =8, 7,585 L8y :3H; CH3

Bal 2
5.98 (s, 6H, CH,0), 2.59 (s, 1H, Ar-H at C-2), 1.64 (s, 1H,,
Ar-H at C-9 or C-12), 1.57 (s, 1H, Ar-H at C-12 or C-9), and
an AB guartet centred‘at T 2.77 and T 2,62 {(J 6Hz, 2H,
aromatic protons at C-6 and C-7). A small peak at T 7.76
is due to 1,4,5,8-tetra-acetoxy-2-chloro-10,l11-dimethoxytri-

phenylene present as impurity, this could not be removed by

PaeleCa: o0 sby eckystallasation,

Reaction of methylbenzoquinone with 3',4'-dimethoxy-

phenylbenzoquinone

A solution of methylbenzoquinone (3.0 g) .in carbon
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disulphide (100 ml) was added dropwise to a stirred mixture
of 3';4'—dimethoxyphenylbenzoquinone (0.4 g), anhydrous
aluminium chloride (3.0 g), and carbon disulphide (100 ml)
" A The mixture was stirred at O° for 2 h and at room
temperature for 20 h. Ice (50 g) and lm-sulpﬁuric acid

(30 ml) were added and the resulting mixture was stirred for
1 h, and filtered to give 2-methyl-5-(2',5'-dihydroxy-4"'-
methylphenyl)benzoquinone (0.2 g), the i.r. spectrum of which
was identical with that of the authentic sample prepared by
‘the reaction between methylbenzoquinone and aluminium
chloride (P LIr0)s

The filtrate was evaporated to remove carbon disulphide

and unchanéed methylbenzoquinone. The aqueous solution on
being decanted and extracted with e ther gave methylquinol
(0.2 @) The residual red oil was subjected to p.l.c.

using benzene-ethyl acetate (10:3) and gave three bands which
were red, golden—yQIIOW, and brown respectively. The red
band afforded unchanged 3',4'-dimethoxyphenylbenzoquinone

(70 mg). The position of the brown band on the p.l,c..plates
correspénded to that of the 2- and 3-(3',4'-dimethoxypheny1)—
10,11-dimethoxytriphenylene-1,4:5,8-diquinones, but’as only

a small amount of a brown oil was obfained when this band

was removed from the plates, no further examination was
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carried out. The golden-yellow band gave an orange-red
solid which crystallised from chloroform-ethanol to give

a mixture of 2- and 3-methyl-10,ll-dimethoxytriphenylene-

1,4:5,8-diquinones as red micro-crystals (54 mg) m.p. 238-

o} . 3
242° (decomp.) (Found: M, 362.0781. C21H14O6 requires M,
362.,0790), Amax (CHC13) 291 (log &€ 4.03), 386 (3.78), and
465 nm (3.64), Amax (CHC13) 267 (log € 4.25), and 490 nm
(3.54) ok (Nujol) 1680, 1658, and 1638 (all quinone C=0),

1615 (€=C); and! 1260 o’ (ether C-0); T (CDCl,) 7.76 (d, J

2Hz, 3H, CH, at C-3), 5.90 (s, 6H, CH,0), 3.29 (q, J 2Hz,

3
1H, quinone-H at C-2), 1.02 and 0.98 (both s, 1H, Ar-H at
C-9 and C-12), and an AB quartet centred at T 3.11 and 2.95
¢ s EOHZ 5 2H, quinone-H at C-7 and C-6) due to the 3-methyl

isomer (104 )5 iand 7479 (4T 2H; “BH} CHI &t ~CH2Y; 5300 ('s,

3
6H, CH3O), 3.073(a¢iJ i 2Hz, 1H; quinoené=HIiat“C=3), 1.02 (s)

2H, Ar-H at C-9 and C-12), and an AB quartet centred at

T 3.11 and T 2.94 (J 10Hz, 2H, quinone-H at C-7 and C-6) due

to the 2-methyl isomer (105). The attempted p.l.c. separ-
ation of the mixture using benzene gave a broad golden-

yellow band. ' The lower portion of this band gave 3¥methy1—
10,11-dimethoxytriphenylene-1,4:5,8-diquinone (6 mg) containing
only a trace of the other isomer, t(CDC13) Tol? Ady-J-2Hz,

3H, CH, at C-3), 5.92 (s, 6H, CH30), B AT (aT Y 21 AN,



quinone-H at C-2), 1.04 and 0.99 (both s, 1H, Ar-H, at
C-9 and C-12), and an AB quartet centred at 3:13 and 2.97

(J 10Hz, 2H, quinone-H at C-7 and C-6).

CHAPTER 4

Cyclisation of 2,3-di(3',4'-dimethoxyphenyl)benzoquinone

(a) With aluminium chloride

A suspension of 2,3-di(3',4'-dimethoxyphenyl)benzo-
quinone (75 mg) and anhydrous aluminium chloride (0.5 g)
in carbon disulphide (100 ml) was stirred at room temperature
o 88 dayss Ice (30 g) and 1M-sulphuric acid were added
and the mixture was-S-titred iforx1i'hic After evaporation of
the carbon disulphide, the residual agueous mixture was
shaken with chloroform. The chloroform extract was
washed with water, dried, and shaken with iron (III) chloride
(200 mg). The solution was washed with 2M-hydrochloric
acidy ana with water, and dried. Evaporation of the chioro-
form gave a red-brown s&lid which was subjected ta Pl i@
using benzene-ethyl acetate (4:1). A red band (A), a broad
violet band (B), and a pale yellow band (C) which remained
at :the origin; were obtained.

Band (A) gave unchanged'5,3-di(3',4'-dimethoxypheny1)—
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benzoquinone (18 mg). Band (B) gave a solid which
cystallised from chloroform-ethanol to give 6,7,10,11-

tetramethoxytriphenylene-1,4-quinone (114) as deep violet

needles (24 mg) m.p. 289-291°. (Found: M, 378.1091.

C requires M, 378,1103), e (CHC13) 271 (logé&

22M18%
4,77), 326 (3.62), 346 (3.40) and 498 (3.76), A, ., (CHCL,)
20810 &£ "44s23) 973047 (4:18) , *and. 312 :{13:92Y)% vmax.(Nujol)
1645 (quinone C=0), 1618 (C=C), and 1262 em™t (ether C-0);
T (CDC13) 57902%(s, 6H, CHBO); 55898 "6H} CHBO), 3.18

(s, 2H, quinone-H), 2.42 (s, 2H at C-8 and C-9), and 1.0l
(s, 2H, Ar-H at C-5 and C-12). The product from band (C)

crystallised from chloroform-ethanol to give fine yellow
1%

o]
needles (4 mg) m.p.>350°, Amax.(CHCl3) 281 (Alcm 1066),
1%
0O . 3 CHC1 A L322 )
293 (1033), and 376 (247.9), Alnfl. (CHC 3) 422, { pai 3 )3
Uk (Nujol) 1688 and 1662 (both quinone C=0), 1618 (C=C),
and 1260 cm-l (ether C-0). No definite structure could be

assigned to this product and the lack of material prevented

further investigation.

(b) With a;uminium chleride=and 2,3-dich10ro—5,6—dicyano-

Benzoquinone (D eBsO =)

A suspension of 2,3-di(3',4'-dimethoxyphenyl)benzo-
quinone .(50 mg), D.D.Q. (100 mg), and anhydrous aluminium

chloride (0.5 g) in carbon disulphide (100 ml) was stirred



at room temperature for 3 days. Ice (30 g) and 1M-

sulphuric acid (10 ml) were added and the mixture was

SEiT ety for "1 The carbon disulphide was evaporated,

and the residual aqueous mixture was extracted with chloro-
Form.: The extract was washed with water, aried, and
evaporated to give a dark red solid which on being subjected
to p.l.c. using benzene-ethyl acetate (4:1) gave one bréad
violet band. This afforded a solid which crystallised from
thoroform—ethanol to give 6,7,10,11-tetramethoxytriphenylene-

1,4-quinone as deep violet needles (25 mg) m.p. 289-291°.

(c) With D.D.Q. in benzene

A solution of,2,3—di(3',4'-dimethoxyphenyl)benzoquihone
(30 mg) énd D.D.Q. (60 mg) in benzene (25 m1) was boiled
under:‘retiud: for-5 h; Evaporation of the benzene afforded
a red solid which on being subjected to p.l.c. using benzene-
ethyl aéetate (4:1) gave one red bahd from which unchanged

2,3-di(3',4'-dimethoxyphenyl)benzoquinone (27 mg) was obtained.

(d) -With aqueous sulphuric acid

A suspension of 2,3—di(3',4'-dimethoxyphenyl)benzo;
quinone_(IOO mg) in 70% v/v aqueous sulphuric acid (15 mi)
was shaken vigorously for 2 h and kept for 3 days at room
temperature. The resulting mixture was diluted with water

(60 ml1) and shaken with chloroform. The extract was washed
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with water, dried, and shaken with iron (III) chloride
(250 mg), washed with 2M-hydrochloric acid and with water.
Evaporation of the dried chloroform solution gave a brown
solid which was separated by p.l.cs using benzene-ethyl
acetate (4:1) into three components, a red Sand (A), a
broad, pale violet band (B), and a yellow band which
remained at the origin.

Band (A) gave unchanged 2,3-di(3',4'~-dimethoxyphenyl)~
benzoquinone (21 mg). The product from band (B) crystallised
from chloroform-ethanol to give 6,7;10,ll—tetramethoxytri—
phenylene-1,4-quinone (u.v.) as deep violet needles (3 mg).
After the removal of bands (A) and (B), further development
using benzene-chloreform (1:9) gave a pale yellow band (C)
which moved slowly away from the origin. Band (C) afforded-
a pale yellow solid which crystallised from chloroform-
ethanol to give an unknown product as fine yellow needles
(12 mg) m.p.> 350°. The i.r. absorption was identical with

that of the yellow product from experiment (a) above.

(e) With chloranil and aqueous sulphuric acid

A suspension of 2,3-di(3',4'-dimethokypheny1)benzo-
quinone (30 mg) and chloroanil (60 mg) in 70% v/v aqueous
sulphuric acid (10 ml) was shaken vigorously for 2 h, and

kept for 3 days. Water (75 ml) was added and the mixture
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was shaken with chloroform. The chloroform extract was
washed successively with water, 1M-sodium hydroxide, aﬁd
water, dried and evaporated. The residual brown solid on
being subjected to p.l.c. using benzene-chloroform (1:9)
gave a slow moving yellow band. This affo?ded a solid
which crystallised from chloroform-éthanol to give an
unknown product as yellow needles (3 mg) m.p. > 350°.

The i.r. and u.v. spectra were identical with.those of
the yellow product from experiment (a), apart from

differences in the relative intensities of the peaks.

Arylation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-

benzoquinone with diazotised 3,4-dimethoxyaniline

A cooled solﬁtion of sodium nitrite (140 mg) in water
(1 ml) was added to a solution of 3,4-dimethoxyaniline (304 mg)
in BM-hydfochloric acid (3 ml) at O-4°. The resulting
solution was added, together with:a solution of sodium
acetate (O.7Ig) in water (2 ml) to a vigorously stirred
.solution of 5,6-Hichloro-2—(3‘,4ﬁ—dimethoxypheny1)benzoﬁ
~quinone (306 mg)‘in acetone (256 ml) at‘lO°, and the mixture
was stirred for 3 h at room temperaturé. Water was added
and the resultiﬁg precipitate was collected and crystallised

from chloroform-ethanol to give unchanged 5,6-dichloro-2-
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(3'",4'-dimethoxyphenyl )benzoquinone (180 mg). The

filtrate was concentrated (to ca. 120 ml), shaken with
Ichloroform and the chloroform extract was washed with water,
dried, and evaporated. The resulting solid on being
subjected to p.l.c. using benzene-ethyl acetéte (10:1) gave
two violet bands. The faster moving band afforded unchanged
5,6-dichloro-2-(3',4'-dimethoxyphenyl)benzoquinone (30 mg).
The slower moving band gave crude 5,6-dichloro-2,3-di(3',4' -
dimethoxyphenyl )benzoquinone (50 mg) as a dark violet solid.
This could' not be purified by pilsc. ot Dby crystallisation
but on being sublimed.at 120°/0.1 Torr gave 5,6-dichioro -
2,3-di(3',4'~-dimethoxyphenyl)benzoquinone (115) m.p. 85-90°.
35Cl O, requires M, 448.0481),

H
2218 276 _
Amax (EtOH) 253 (log € 4.29), 325 (3.58), and 466 (broad) nm

(Found: M, 448.0484. C

(3.31), A (EtOH) 272 nm (log € 4.20); v __  (Nujol)

e e e 98 I m

1670 (quinone C=0), 1602 (C=C), and 1250 cm-1 (ether C-0);

T (cpcl,) 6;37 and 6.14 (both s, 6H, CH)0), 3.47 (d, J 2Hz,
2H, Ar-H at C-2'), and an AB quartet centred at T 3.32 and
¥ 3.23 (J 8Hz, 4H, Ar-H at C-6' and C-5' respectively). ;
The signal centred at T 3.32 is also coupled (J 2Hz) to the

signalat: L3347
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Cvclisation of 5,6-dichloro-2,3-di(3',4'-dimethoxyphenyl)-

benzogquinone

A suspension of chloranil (100 mg) and 5,6-dichloro-
2,3-di(3',4'~-dimethoxyphenyl)benzoquinone (40 mg) in 70%
v/v aqueous sulphuric acid (40 ml) was shaken for 24 h,
diluted with water (100 ml) and shaken with chloroform. The
extract was washed with water, dried, and evaporatéd to give
a violet solid which, on being subjeéted T0pLl.evtusing
benzene-ethyl acetate (10:1) gave a yellow band and a broad
violet band. The position of the yellow bénd corresponded
to that of chioranil and this band was not fﬁrther examined.
The violet band affordedia Solid<whichicrystalliised~ fron
chloroform-ethanoel to give 2,3-dichloro-6,7,10;ll-tetra~

methoxytriphenylene-1,4-quinone (116) as fine, violet needles

35
22H16 it

(35amg Yomupa-£3k0-=313%. Found: “M, 446.0338.° < C (0]
P . - 276

requires M, 446.0325), A__  (CHCl ) 276 (log € 4.84), 350

(3.61)54and 532 . {(3i80)3 Ainfl.(CHC13) 300 (log & 4.39),

317 (4.06), and 329 nm (3.84); Gep (Nujol) 1658 (quinone

C=0), 1620 (C=C), and 1265 B (ether C-0).
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Reductive acetylation of 2,3-dichloro-6,7,10,ll1-tetra-

methoxytriphenylene-1,4-quinone

2,3-Dichloro-6,7,10,11-tetramethoxytriphenylene-1,4~
quinone (27 mg) was heated under reflux for -1l h with acetic

anhydride (10 ml), zinc dust (200 mg), and triethylamine

COsZoml) S The mixture was poured into hot water (50 ml)
and shaken with chloroform. The extract was washed with
10% aqueous sodium carbonate and with water. Evaporation

of the chloroform gave a solid which crystallised from

chloroform-ethanol to give 1,4-diacetoxy-2,3-dichloro-

6,7,10,11-tetramethoxytriphenylene (106) as needles (28 mg) ,

m.p. 231.5 - 233° (Found: M, 532.0663; M', 534.0642.

3 il 35 5. 57 .
26H22 C1208 requires M, 532.0692; C26H22 el ClO8 requires

M, 534.0662), A__  (CHCl,) 287 (log £ "4.,93), 361 (3.53),

C

and 379nm(348), Ainfl (CHC1,) 258 (log & 4.42), 269 (4.60),
277 (4.73), 305 (4.53) and 340 nm (3.66); Vich (Nujol)

1765 and 1755 (both acetate C=0), and 1160 cm-l(acetate C-0);
T (CDC1,) 7.53 (s, 6H, CH,CO,), 5.96 and 5.92 (both s, 6H,
CH3O) 2.30° (s, 2H, Ar-H at C-8 and C-9), and 1.54 (s, 2H,

Ar-H at C-5 and C-12).
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Reaction of 2,3-dichlorobenzoquinone with 3,3',4,4'-~

tetramethoxybiphenyl

(a) In aqueous sulphuric acid

A suspension of 2,3-dichlorobenzoquinone (0.5 g) and
finely powdered 3,3',4,4'-tetramethoxybipheﬁyl (L20. ma) b
70% v/v aqueous sulphuric acid (15 ml) was shaken vigorously
fort 30N énd kept at room temperature for 4 days. The
mixture was shaken with water (100 ml) and filtered to give
a blue solid and a filtrate (A). The blue solid was washed
with water, and extracted with chloroform. The insoluble
blue residue (90 mg) was crude 2,5,6,9,12,13-hexamethoxy-
dibenzo[fg,op]naphthacene-l,8-quinone32(22). Evaporation
of the dried chloroform solution gave a pale blue solid :
(200 mg). On being subjected to t.l.c. using benzene-ethyl
acetate (3:2) this gave three spots corresponding to 2,3-
dichlorobenzoquinone, 2,3-dichloroquinol, and 2,5,6,9,12,13-
hexamethoxydibenzo[fg,op Jnaphthacene-1,8-quinone. The

filtrate (A) on being extracted with e ther gave a mixture

(350 mg) of 2,3-dichlorobenzoquinone and 2,3-dichloroquinol.

{b): In the presence of aluminium chloride

A suspension of 2,3-dichlorobenzoquinone (0.7 g),
3,3',4,4'-tetramethoxybiphenyl (274 mg), and anhydrous

aluminium chloride (540 mg) in carbon disulphide (100 ml)
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was stirred at r oom temperature for 24 h. Ice (10 g) and
1M-sulphuric acid (5 ml) were added and the mixture was
stirred ifoxr 2 'h. The carbon disulphide was evaporated and
the yellow solid (850 mg) was collected and dried. Examin-
ation by tsl.c. and by i.r. showed this to be a mixture of
unchanged 2,3-dichlorobenzoquinone and 3,3',4,4'-tetra-

methoxybiphenyl.

Arylation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl )benzo-

quinone with diazotised 3-methoxyaniline

A cooled solution of sodium nitrite (140 mg) in water
(2 ml) was added to a solution of 3-methoxyaniline (246 mg)
in 3M-hydfochloric acid (3 ml) at 0-4°. The resulting
solution‘was added together ‘with a solution of sodium acetate
(0.7 g) in water (2 ml) to a vigorously stirred solution of
5,6—dich10ro-2-(3',4'—dimethoxyphenyl)benzoguinone (100 mg)
in ‘acetone (150 ml ).at 129« The mixture was stirred at
room temperature for 3 h, water (100 ml) was added, and the
resulting mixture was evaporated to remove the acetone.
Extraction with cﬂloroform gave a ‘dark red solid which on
being subjected‘to p:l.c. using benzene gave two violet
bands. The faster moving band afforded unchanged 5,6-

dichloro-2-(3',4'-dimethoxyphenyl)benzoquinone (65 mg). The
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slower moving band gave 5,6-dichloro-2-(3',4'-dimethoxy-

- phenyl)-3-(3'-methoxyphenyl)benzoquinone (117) as a violet

solid (14 mg) which could not be crystallised from chloroform-
ethanol and did not give a distinct m.p.; examination by
t.l.c. using benzene-ethyl acetate (10:1), and benéene—light
petroleum (9:1) showed it to be homogeneous; (Found: M,
35 :
Cl,0. requires M, 418.0376), Amax.(CHC13)

C21H16 o B
264 (log € 4.27), 332 (3.66), and 517 (broad) nm (3.30), Ainfl

418.0374.

(CHC13) 275 nm {422 )3 A (Nujol) 1673 (quinone C=0),
1602 (C=C), and 1257 c:m_1 (ether C-0); t’(CDC13) 6642 , - 6:34;

and 6.15 (all s, 3H, CH,0), and 3.57-2.67 (m, 7H, Ar-H).

Cyclisation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-3-

(3'-methoxyphenyl )benzoquinone

A suspension of 5,6-dichloro=-2-(3',4'-dimethoxyphenyl)-
3-(3'=-methoxyphenyl)benzoquinone (12 mg) and chlora@anil (25mg)
in 70% v/v aqueous sulphuric acid (20 ml) was shaken vigor-
ously for 2 h and kept overnight. The mixture was diluted
with water (100 ml), and shaken for 1 h. Extraction with
chloroform gave a violet solid which on being subjected to
P.l.c. using benzene-ethyl acetaté (5:1) gave two bands
which were yellow and violet respectively. The yellow Band,

corresponded to chloranil and was not further® examined. The
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violet band afforded a solid which crystallised from

chloroform-ethanol to give 2,3-dichloro-6,7,l1-trimethoxy-

triphenylene-1,4-quinone (118) as fine violet needles (8 mg)
35

- o . e
MePo 270027295 (Found: M, 416.0221. C21H14 C120S requires

M, 416.0219), A___ (cnc13). 273 (log€ 4.81) and 536 nm (3.61);

Ainfl (CHC1,) 268 (log E 4,78 292 (4.,38); 305 (4.24), 322

(3.90), and 354 nm (3.44); Vo o8 (Nujol) 1660 (quinone C=0),

1616 (C=C), and 1250 cm~~ (ether C=0); T (cpCl,) 6.02, 5.95,
and 5.89 (all s, 3H, CH3O),.2.69 (d d, Iy 15 3H2, Iy 14
9Hz, 1H, Ar-H at C«10), 2.36 (s; 1H, Ar-H at C-8), 1.76

(d, 9Hz, 1H, Ar-H at C-9), 1.40 (s, 1H, Ar-H at C-5),

Yoo

and 1.33.1a,.d 3Hz, Ar-H at C:12).

0.1

Arylation of 5,6-dichloro-2-(3',4'-dimethoxyphenyl)-

benzoquinone with diazotised aniline

A cooled solution of sodium nitrite (280 mg) in water
(2 ml) was added to a solution of aniline (372 mg) in 3M-
hydro¢hloric ;cid (5 ml) at 0-4°, The resulting solution
was'added togetﬁer with a solution of sodium acetate (1.4 g)
in water (5 ml) to a vigorously stirred solution of 5,6-
dichloro-Z-(3',4?—dimethoxyphenyl)benzoquinone (100 mg) inl
‘acetone (150 ml)'at 895 The mixture was stirred at room

temperafure for 3 h, water (loowml).was added, 'and the
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resulting mixture was evaporated to remove the acetone.
Extraction with chloroform gave a red solid which on being

.

subjected to p.l.c. using benzene gave a red-violet band.

This afforded 5,6=-dichloro-2-(3',4'~dimethoxyphenyl)=-3=~

phenylbenzoquinone (119) as a deep violet solid (30 mg).

(- 3§ -
(Found: M, 388.0267. c2OHl4“c120.4 requires M, '388.0269),

e (cnc13) 202 (log & 4.28) 2331 (3:73),-and 522 nni- (3.257¥5
=

Ainfl_(cnc13) 257 (109 £ 4.26) %and 287 (3. 95) 3 TR

; : -1 :
(Nujol) 1668 (quinone C=0) 1602 (C=C) and 1253 cm (ether
C-0)3; t(CDc13) b.A4 - and 6,15 (both s, 3H; CH30), 3.55 (broad
Sy ITHyc A¥=H at Ca2 1) 3 .26 {(broad s, 2H, Ar=H at C=5% and

C=6'), and 3.00:2.63 (m, 5H, Ph-H).

Cyclisation of 5,6-dichloro~2—(3',4'—dimethoxyphenyl)—3—

phenylbenzoquinone

A suspension of 5,6—dichloro-2—(3',4'—dimethoxypheny1)g
3-phenylbenzoquinone (20 mg) and chloroanil (40 mg) in 70% v/v
aqueous sulphuric acid (20 ml) was shaken vigorously for 4 h,
kept overnighf, Ailuted with wéfer (60 ml), and shaken for
b Extraction with chloroform gaVe a pale-red solid whicb
on being éubjectéd to p.l.c. using benzene gave a yellowlbaﬁd

which corrésponded to chloranil, a red band (A) and a

colourless band (B) which fluoresced in u.v. light.
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Band (A) afforded a red solid which crystallised from

chloroform-ethanol to give 2,3-dichloro-6,7-dimethoxytri-

phenylene-1,4-quinone (lZOy as fine red needles (2 mg) m.p.

3

- o 7 .« M
247 .5-249.5 (Found: M, 386.0101. C, H ,

5 .
'C1204 requires
M, 386.0113), Amax (CHC13) 268 (log &€ 4.75) and 514 nm
{3:62); Ainfl‘(CHC13) 250 (log & 4.46), 264 (4.72),‘291
(4.29), 309 (4.06), 320 (3.92), and 354 nm (3.32); v ___
(Nujol) 1662 (quinone C=0), 1612 (C=C), 1272 and 1255 cm"l
(both ether C-0). Band (B) afforded a solid which

crystallised from chloroform-ethanol to give.1l,2-dichloro-3-

'hxdroxz-é,7—dimethoxy—4-phenyldibenzofuran (122) as needles

3
5Cl O

- 50 7 . x
(lO mg) m.p. 173.5-174.5 (Found: M, 388.0271. C20h14 59,

requires M, 385.0269), A (BtOH) 250 (log & 4.23) and 319 nm

(4.35Y 223 :{109 & 4.46), and 262 nm (4.14)5 ¥

ndily max .

(Nujol) 3530 (sharp, phenolic OH) and 1215 en s (ether C-0);
T (CDCl,) 6.44 and 6.08 (both s, 3H, CH,0), 4.54 (s, 1H, OH,
exchangeable), 3.64 (s, 1H, Ar-H at C-5), 2.90 (s, 1H, Ar-H
at C-8), and 2.66-2.46 (m, 5H, Ph-H). Concéntration of the
mother  liquor gave crude 1,2-dichloro-3-hydroxy-6,7-dimethoxy-

4-phenyldibenzofuran as a crystalline solid (5 mg).
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Reaction of 2,3-di(3',4'-dimethoxyphenyl)benzoquinone with

concentrated hvdrochloric acid

A vigorouély stirred mixture of 2,3-di(3',4'-dimethoxy-
phenyl)benzoquinone (50 mg) and concentrated hydrochloric
acid (25 ml) was boiled under reflux for 1.5 h, cooled, and
poured into water (IOO’ml). The mixture was shaken with
" chloroform and the extract was washed with water and dried.
The chloroform solution was shaken with anhydrous iron (III)
chloride (200 mg), washed with 2M-hydrochloric acid and with
water, and dried. Evaporation gave a dark red solid which
on ‘being subjected to p.lic¢ using benzene-ethyl acetate (9:1)v
gave a red band and a broad violet Band.

The slower moving band yielded a solid which crystallised
from chloroform;ethanol to-give a'mixture:of 2,;3-dichloro-
(3.5%), 2-chloro- (86;5%), and unsubstituted- (10%)-6,7,10,11-
tetramethoxytriphenylene-1,4-quinones as violet rhombohedra
(20 mg), m.p. 285-290° [Found: m/e 446.0330 (4%), 412.0717

=

: ]
(100%){ and 378 (12%). Calel for C22H16_ C1206' M,
35

446 ,032d 3% " cald . -for C22H17 Cl06: M, 412.0714; calc. for

C M, 378], Amax (cnc13) 2747 (log £ c4.B0)5;E8587:13463)5

22M18%°

and 517 nm (3.81), Ai CHC13) 2200 (log & 4.38) 316:(3.93),

nfl.(

and 327 nm (3.74); e (Nujol) 1657 (quinone C=0), 1618

(C=C), and 1260 cm = (ether C-0)3 ¥ (CDC1,) 6.02, (s, 3H,

CH,0), 6.00 (s, 9H, CH;0), 3.22 (s, 1H, quinone-H), 2.82
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. (s, 2H, Ar-H at C-8 and C-9), 1.42 and 1.36 (both s, 1H,
Ar-H at C-5:and C-12).

The faster moving band affordeg a red product which
crystallised from chloroform-ethanol to give a mixture of
2,3,5-trichloro- (125) (4.5%), 2,5-dichloro- (124) (46.75%),
3,5-dichloro- (123) (46.75%), and 5-chloro- (126) (2%),-
6,7,10,11-tetramethoxytriphenylene~1,4~-quinones as red
needles (10 mg) m.p. 254-258°. [Found: m/e 479.9939 (1%) ,

446.0320 (15%), 445 (5%), 412 (25%), 411 (100%), 377 (2%).

35 : 35

Calc. for C,,H “"Cl,0.: M, 479.9934, M ="Cl, 445; calc.
M'

- 35 i
for C, H, .~ C1,0,:

35 |
CoH n €10 ¢ MM, 0412, MH-

(log € 4.76) and 485 nm (3.79), A

, 446.0324, M'-BSCI, AL L= realc.. TOY

8581573711, Amax.(cnc13) 276
ingy, (CHC1 ) 301 1309 8.-3.40);
319 (4.08), 330 (3.90), and 362 nm (3.35); e (Nujol)
1665 and 1645 (both qﬁinone C=0), 1610 {C=C), 1282 and
1265 cm-l (both ether C-0); T (CDC13) 6.00 and 5.90 (both s,
3H, CH,0), 5.88 (s, 6H, CH;0), 3.02 and 2.83 (both s, O0.5H,
quinone-H), 2.38 (broad s, 2H, Ar-H at.C-8 and C-9) and 0.98
(s, 1H, Ar<-H at C-lé). .Neither of the above mixtures could
be separated into its components by‘p.lgé; or by crystallisat-
ion3

wﬁen 2,3-di(3',4'-dimethoxyphenyl )benzoquinone (130 mg)

and concentrated hydrochloric acid (75 ml) was boiled under
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reflux for a longer period (2.5 h), the same mixtures of

products (19 mg and 28 mg respectively) were obtained.

Reductive acetylation of the mixture of 5-chlorotri-

phenylene-1,4-quinones

A portion (25 mg) of the red product from the previous
experiment was heated under reflux for 1 h with acetic
anhydride (10 ml), zinc dust (200 mg) and triethylamine
{90.2.ml1Y). The mixture was poured into hot water with
vigorous stirring, and shaken with chloroform to give an
extract which was washed with 10% aqueous sodium carbonate
and with water, dried, and evaporated. The residue on
- being subjécted to p.l.c. using benzene-ethyl acetate (lO:i)
gave two slightly overlapping bands which fluoresced on
exposure to u.v. light.

The product from the faster moving band crystallised from
chlioroform-ethanol to give a mixture (A) of 2,3,5-trichloro-
(128) (7%), 3,5-dichloro- (107) (83%), and 5-chloro- (129)
(O.7%)-1,4-diacetoxy—6,7,10,1l-tetramethox¥tripheﬁylenes
and of 2,3-dichloro- (134) (1.0%)3 2= "or é-chloro- (136) or
(131).(7%), and ﬁhsubstituted— (135) (l.O%)—l-acetoxy-4,5-
epoxy-6,7,10,11-tetramethoxytriphenylenes as fine needles

o

(8 mg) m.p. 230-234°. [Found: m/e 566.0317 (7%), 532.0678
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(81%), 498 (0.7%), 488 (1%), 454 (7%), 420 (1%). Calc.

35 35
f CH s g : PR ] e
or C, H,, C1308 Ml’ 5606.030L; riealc: Ttor C26H22 C12O8
35

M 323 3 o - 3 P i
M, 2009 2y el I o C26H23 ClO8 MB’ 498; calc. for
¢, ey . Hawd s 488 lc. for C, H .22Cl0_: M., 454;
2418 277 =4’ Rt el b U g g T ’
calc. for C, H, 0 : M, 420], v ... (Nujol) 1762 (acetate

C=0) and 1170 cm-l (acetate C-0); T (CDC13) 7477 and 7.49

(botl s 5“3 1§ CH C02), 6.06, 5.94, 5:92, and 5.:90 (each s, 3H,

i
CHBO), 2044 (s THs Ar<HvatT 'C2') Fh2 340 ; land 2034 M Both s
TH Ar<H ‘at ' C«8 and Co9)and '1,58" (s IH, “Ar-H"at C-12):

The product from the slower moving band crystallised from
chloroform-ethanol to give a mixture (B) of 2,3,5-trichloro-
(0.3%), 2,5-dichloro- (90%), and 5-chloro- (1.5%)- 1,4-
diacetoxy=-6,7,10,11-tetramethoxytriphenylenes and of 2- or
3-chloro- (7%), aﬁd unsubstituted- (0.5%)-l—acetoxyf4,5-
epoxy-6,7,10,11-tetramethoxytriphenylenes as needles (4 mg)
m.p. 190-194° [Found: m/e 566 (0.2%), 532.0693 (62%), 498
(1% ), 454 - (5%); 420 [0.4%). ‘Calec. faox C26H2235C1208: M,
532.0692], Aéax.(CHCl3) 290 (log& . 4.91), and 377 nm-{3.33);

Ainfl.(CHC13) 265 tlog & . 4,52); 28%.14,89);,.318 (4.28), 333
(4.03), and 357 nm (3.47); vmax'(Nuon) 1762 (acetate C=0)
and 1178 cm-'1 (acetate C-0); t’(CDC13) 7,78 and T.50(both s,

3H, CH coz); 6,04, -5,94, ‘5,91 ;- and’5;89 (each s, 3H, CH3O),

3
2.62 (s, 1H, Ar=H at C-3), 2,40 &nd 2.34 (both §; lH; Ar-H
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at C-8 and C-9), and 1.58 (s, 1H, Ar-H at C-12).

A portion (7 mg) of the mixture (A) on béing subjected

to further p.l.c. using benzene-ethyl acetate (10:1), separ-
ated into two bands. The faster moving band gave a mixture
(C) which was similar to the mixture (A) (see p. 125). : The

product from the slower moving band crystallised from chloro-
form-ethanol to give a mixture (D) of 2,3-dichloro- (8%), 2-
or 3-chloro- (86%), and unsubstituted- (5.5%)-l-acetoxy-4,5-
epoxy=-6,7,10,11-tetramethoxytriphenylenes as needles (1 mg)

m.p. 253-255° [Found: m/e 488.0426 (3%), 454.0821 (32%),

35
o 8 . }\,
420.1189 (2%), 378.1095 (9%). Calc. for C, H ,"7CL,0,: M/,
35
,8. p P . o ° s - ;
488.0429; calc fqr C24H19 ClO7 MS’ 454708323 ¢calc i foT
C,, Hyg0,: Mg, 420.1209, M -CH,CO, 378.1103], xmax.(CHC13)

289 {(log & .4.82) ;7333 (3:98) 5:360:(3:82) 5 and 379 aim i (3.59),

Ainfl (CHCL,) 257 (logE: - 4.38)47283 . (4.78),;:308(4.22);
and 318 nm (4.19); v ___ (Nujol) 1760 (acetate C=0), 1268

(ether C-0) and 1190 em™t (acetate C-0).

Reaction of 5,6-dichloro-2,3-di(3',4'-dimethoxyphenyl)-

benzoguinone with concentrated hydrochloric'acid

A vigorously stirred mixture of 5,6-dichloro-2,3-di(3',4"'-
dimethoxyphenyl )benzoquinone (25 mg) and concentrated hydro-

chloric acid (25 ml) was boiled under‘reflux for 3:-hy cocled
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and poured into water (100 ml). The mixture was shaken
with chloroform and the extract was washed with water and
dried. The chloroform solution was shaken with anhydrous
iron (III) chloride,(250 mg), washed with 2M-hydrochloric
acid and with water, and dried. Evaporation gave a violet
solid which on being subjected to p.l.c. using benzene-ethyl
acetate (9:1) gave a narrow, red band and a broad violet
band . The red band afforded a solid which crystallised

from chloroform-ethanol to give 2,3,5-txrichloro-6,7,10,11-

tetramethoxytriphenylene-1,4~-quinone (125) as clusters of

red needles (0.5 mg) m.p. 263-267° (Found: M; 479.9942.

2 i 3 £
C,oH 5" €10, requires M, 479.9934), )\max'(cnc13) 278 (log&

4.54) and 490 nm (3.54), A (CHC13) 305 (log & 4.13),

antls
320 (3.93), 335 (3.81), and 354 nm (3.51). The violet band
yielded a solid which. crystallised from chloroform-ethanol

to give 2,3-dichloro-6,7,10,11-tetramethoxytriphenylene-1,4-

quinone as violet needles (8 mg).

Attempted chlorination of 2,3-dichloro-6,7,10,11-tetramethoxy-

triphenylene-1,4-quinone

(a)‘ Using concentrated hydrochloric acid

2,3-Dichloro-6,7,10,11-tetramethoxytriphenylene-1,4-

quinone (45 mg) was boiled under reflux fa 3 h with
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concentrated hydrochloric acid (50 ml), cooled, poured into
water (200 ml), and shaken with chloroform. ' The chloroform
extract was washed with wafer, dried, and shaken with iron
(III) chloride (250 mg). The mixture was washed with 2M-
hydrochloric acid, and with water, dried, and evaporated to
give a violet solid, which showed only one spot on t.l.c.
using benzene-ethyl acetate (9:1). This crystallised from
chloroform-ethanol to give unchanged 2,3—dichloro—6,7,10,ll—
tetramethoxytriphenylene-1,4-quinone as a mixture of violet

needles and rhombohedra (44 mg) m.p. and mixed m.p. 310-313°.

(b) Using hydrogen chloride

Dry hydrogen chloride waé passed into a cold solution

| of 2,3-dichloro-6,7,10,11~tetramethoxytriphenylene-1,4-
quinone (20 mg)lin chloroform (25 ml) for 2 h, and then into
the boiling solution for 2. .hs No change in the colour of
the solution occurred. The chloroform solution was washed
with water, dried and evaporated to give a violet solid
which was homogeneous by t.l.c. using benzene-ethyl acetate

3

(9:1), and which crystallised from chloroform-ethanol to

give unchanged 2,3—dichloro-6,7,10,11-tetramethoxytriphenylene-

l,4-quinone (17 mg).
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Attempted chlorination of 6,7, 10,l11-tetramethoxytri-

phenylene-1l,4-quinone

A mixture of 6,7,10,l11-tetramethoxytriphenylene-1,4-
quinone (23 mg) and concentrated hydrochloric acid (30 ml)
was boiled undér reflux for 3 h, cooled and poured into
water (200 ml). The chloroform extract was treated with
iron (III) chloride as in the previous experiment (a).
Evaporation of the chloroform gave a violet solid which was
homogeneous by t.l.c. using benzene-ethyl acetate (9:1);
and which crystallised from chloroform-ethanol to give

unchanged 6,7,10,11-tetramethoxytriphenylene-1,4-quinone (13 mg).

CHAPTER 5

Reaction of veratrole with chlorobenzoquinone in agueous

sulphuric.'acid

A suspension of finely powdered chlorobenzoquinone (2 g)
and veratrole (l.? g) in 70% v/v aqueous sulphuric aciq (30 ml)
was shaken vigoroﬁsly for 6 h, and kept in A stoppered flask
for i week at room température. The_miitére was diluted
with water (250 ml), kept forz3 days and the dark blue
precipitate (A) was collected (2.5 g). Extrgction of the

filtrate with ether gave crude chloroquinol (1 g).
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A portion (0.15 g) of the blue solid (A) was dissolved
in chloroform, shaken with iron (III) chloride (0.5 g),
washed with 2M-hydrochloric acid and with water, and dried.
Evaporation of the chloroform afforded a dark red oily solid
which when subjected to p.l.c. using benzené-ethyl acetate
(20:1) gave four red-violet bands (B), (C), (D), and (E).
Band (B) furnished a red solid which crystallised from
chloroform-ethanol to give 5-chloro-2-(3',4'-dimethoxyphenyl )~
benzoquinone as violet needles (5 mg). The product from band
(C) crystallised from chloroform-ethanol to give 6-chloro -2-
(3',4'-dimethoxyphenyl)benzoquinone as violet needles (10 mg)
m.pPas 153+155% {authéntic Mips 157:5=158.5%5. . p.169.. Band (D)
afforded a red solid which crystallised from chloroform-
ethanol to give 3-6hloro-2-(3',4'-dimethoxyphenyl)benzo-
quinone as clusters of red needles (5 mg) m.p. 196-199°
(authentic m.p. 200,5-201:5°3 p.167). Band (E) gave a red
solid (12 mg) which showed the i.r. spectrum of a mixture
of 3-chloro-2,5- and 3-chloro-2,6-di(33,4'—dimethoxypheny1)—
benzoquinones.

Another portion (0.5 g) of the blue = 1lid (A) was
extracted with acetone (20 ml). The insoluble blue residue
which showed Aoy, (CHC1,) at 277, 316 and 560 nm, was not

further examined because of the lack of material. The
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acetone solution was evaporated and the resulting solid
was chromatographed on silica gel using a) benzene which
eluted unreacted veratrole (ca. 100 mg), b) benzene-

chloroform (5:1) which eluted a mixture By .16 oF 33,
5-, and‘é-chloro—Z-(B',4'-dimethoxyphenyl)benzoquinones

(25 mg), and c) benzene-chloroform (1:1) which eluted a
pale violet solid (170 mg). A solution of the pale violet
solid in chloroform was shaken with 1M-sodium hydroxide.
The aqueous layer was acidified with 1M~hydrochloric acid,
and extraction with chloroform gave a 1lid (65 mg) which

after repeated crystallisation from chloroform-ethanol gave

3-chloro-2-hydroxy-6,7,10,11-tetramethoxytriphenylene (143)

as needles (10 mg) m.p. 285-289° (Found: M, 398.0922.

3
22H19

4.74), 278 (4.88), 308 (4.25), 347 (3.34), and 364 nm (3.01),

5 . €
C Cl0. requires M, 398.0921), Amax.(CHClB) 269 (log

A1, (CHC1)) 262 (log € 4.56), 315 (4.21), 321 (4.13),

and S33Vnm (3579 ) % g (Nujol) 3430 (sharp, phenolic OH),

1620 (C=C), and 1260 cm 1 (ether C-0); ¥ [(CD SO/CDC1, ]

302
5.91 (s;712H, cH3o),‘2.37, Se83, 2 00 and 1586 (edch &, 1H,
Ar<H) 2427 (8, 2H, Ar<H) and 0,28 (broad, s, 1H, OH,

exchangeable).



Reaction of veratrole with a mixture of 5- and 6-chloro-

2-(3',4'-dimethoxyphenyl )benzoquinones in aqueous sulphuric

acid

A suspension of veratrole (150 mg) and a (1:1) mixture
of 5- and 6jchloro-2-(3',4'-dimethoxyphenyl)benzoquinones
(280 mg) in 70% v/v aqueous sulphuric acid (60 ml) was
shaken vigorously for 3 h and kept for 3 days at room
temperature. The mixfure was diluted with water (250 ml),
kept for 4 days and the resulting grey precipitate (300 mg)
was collected. A solution of this (150 mg): in chloroform
(100 ml1) was shaken with iron (iII) chloride (O.5 g) and the
mixture was washed with 2M-hydrochloric acid and with water,
and shaken with 2M-sodium hydroxide. The alkaline extract
(A) was separated; and the chloroform extract was washed with
water, dried and evaporated. Theixesulting red solidjiion
being subjected to p.l.c. using benzene-ethyl acetate (9:1),
" gave two red-violet bands (B) and (C), a pale violet band
) and.a dafk blue band (E) which remained at the origin.

Band (B) afforded a deep red solid (20 mg) Sl LG bl
the 1,25 aﬁsorption of 6-chloro-2-(3',4'-dimethoxyphenyl) |
benzoquinone containing a small amount of 5-chloro-2-(3',4'-
dimethoxyphenyl)benzoquinone. Band (C) also gave a red

solid (8 mg), this showed the i.r, absorption of a mixture of
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3-chloro-2,5~ and 3-chloro-2,6-di(3',4'~dimethoxyphenyl)
bonzoquinones. The solid from band (D) was dissolved in
chloroform and the solution was washed with 1M-sodium hydrox-
ide, and then with alkaline aqueous sodium dithionite. The
latter aqueous layer was acidified and shaken with chloro-
form, and the chloroform layer was treated with anhydrous
iron (IIi) chloride, washed with 2M-hydrochloric acid and
with water, dried and evaporated. The resulting solid, on
being subjected to p.l.c. using benzene-ethyl acetate (4:1),
gave a broad violet band. The product from this band
crystallised from chloroform-ethanol to give 2-chloro-

6,7,10,ll-tetramethoxytriphenylene-l,4-guinone (69) as long

violet rhombohedra (2 mg) m.p. 302-305° (Found: M, 412.0714.

SRS 23e10

22 L7 6

4.85)47 351 (8,57 ) and 517 nm (3:80); Ainfl.(CHCl3) 300

requires M, 412.0714), Amax.(CHC13) 274 (log &

(log& 4.40), 316 (3.95), and 328 nm (3.72); vmax.(Nujol)
1650 (quinone C=0), 1620 (C=C), and 1260 cm-}(ether Cc-0).
Band (E) afforded a blue solid (ca. 1 mg) which showed Amax.
(CHC1,) at 278, 318, and 560lnm, but this was not further
examined'because of the lack of material.

After the alkaline extract (A) had been acidified,

extraction with chloroform gave a solid which crystallised

from chloroform-ethanol to giﬁe crude 3-chloro-2-hydroxy;



6,7,10,11-tetramethoxytriphenylene (40 mg), T [(CD,)_SO]

3
597 sy LaH CHBO), 2235 13954 -and - 1.37 {each s, 1H, Ar=H),
2.10 (broad s, : 3H, Ar-H), and -0.29 (s, 1H, OH, exchange-
able)’. Small signals due to impurities appeared at 7

[(cD,),SO] 6.05, 2.76, 1.12 and -0.07. The impurities

3)2
could not be removed by p.l.c., on silica gel or by repeated

crystallisation.

Acetylation of crude 3-chloro-2-hydroxy-6,7,10,11-

tetramethoxytriphenylene

Crude 3-chloro-2-hydroxy-6,7,10,l1l-tetramethoxytri-

phenylene (45 mg) from the previous experiment, was heated
under reflux fér 45 min with écetic anhydride (15 ml), and
concentrated sulphuric acid (0.2 ml). The mixture was
poured into hot water (100 ml), stirred vigorously, and
shaken with chloroforﬁ. The chloroform extract was washed
with 10% aqueous sodium carbonate and with water, dxied,
and evaporated to give a solid which on being subjected to
p.l.c. using benzene-ethyl acetate (5:1), gave three bands
which fluoresced on‘expoSure to u.v. light. The main,

slowest moving band afforded a solid which crystallised from

chloroform-ethanol to give 2-acetoxy-3-chloro-6,7,10,11-

tetramethoxytriphenylene (145) as needles (32 mg) m.p.

256.5-258° (Found: M, 440.1026. 624H2135C106 requires M,
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440.1026), Amax.(CHClB) 269 (log& 4.75), 278 (4.91), 305
(4.32), 346 (3.40) and 364 nm (2.98), Ainfl.(CHC13) 260
(log& 4:56), 313 (4:25), 319 (4.16), and 329 nn (3.77);
vmax.(ﬁujol) 1758 (acetate C=0), 1622 (C=C), 1262 and

1560 en-" lethar and acetate C-0); T (CDCl,) 7.54 (s, 3H,
cn3c02), 6.08 and 6.06 (both s, 3H, CH3O), 5:97 (s, 6H, CHBO),
2:94({8a, 2H, Ax-H), 2.805 2:70; 2.34 and. 1.98 (each s, I1lH,
Ar-H).

The middle band gave a solid which crystallised from

chloroform-ethanol to give 2-acetoxy-4-chloro-6,7,10,11~

tetramethoxytriphenylene (146) as a mixture of needles and

micro-crystals (4 mg) m.p. 159-163° (Found: M, 440.1013.

35 ¢ :
24H21 Clo, requires M, 440.1026), Amax.(CHCLB) 281 (logé&

4.95), 304 (4.244), 350 [3.59), and 369 nm-(3:38), Ainfl

C

(CHC13)‘264 (1606 . 4.64) 273 . (4.81)::314; (4.33), and 334 nm
(3.78)3% Voo (Nujol) 1750 (acetate C=0), 1618 (C=C), 1260,
1207 and 1195 cm-'1 (ether and acetate C-0); T (CDC13) 7«59
(s, 3H, CH3COé),5.91 and 5.88 (both s, 3H, cﬁ30), 5.85 (s,
6H, CH30), 2.22, 1.86 and 0.89 (Ar-H, signals too weak to
permit integiation). The fastest moQing band gave only a
small amoﬁnt of material (<2 mg) wﬁich was not further

examined.
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Hydrolysis of 2-acetoxy-3-chloro-6,7,10,11-

tetramethoxytriphenylene

A mixture of potassium hydroxide (6 g), water (20 ml),

ethanol (lO‘ml), and 2-acetoxy-3-chloro-6,7,10,11-tetra-
methoxytriphenylene (25 mg) was boiled under reflux for 1 h.
The ethanol was evaporated and the alkaline solution was
acidified with 2M-hydrochloric acid and extracted with
chloroform. The extract was washed successively with water,
10% adueous sodium carbonate, and water, dried and evaporated.?
The residue was a pale yellow solid which on.being subjected
to p.l.c. using benzene-acetone (9:1) gave a band which
fluoresced in u.v. light. Tﬁis band afforded a solid which
crystallised from chloroform-ethanol to give 3-chloro-2-
hydroxy-6,7 ,10,l11-tetramethoxytriphenylene as needles (7 mg)

35 g
m.p. 294-295° (Found: M, 398.0925. C ClO5 requires

22M10
M, 398.0921), Amax (CHC13) 269 (log € 4.84), 278 (4.96),

308 (4.36), 346 (3.50 ), 'and 365 nm (3,07); Ainfl_(cnc13)

262 (log B4, 66),:315 (4.32), 321 {4.:24});-and 331 nm. (3. 91);

e (Nujol) 3430 (sharp, phenolic OH), 1620 (C=C), and 1260

em~ ! (ether C-0); ¥ (cpcl,) 5.97 (s, 12H, CHZ0), 2.19, 1.91,

and 1:32 . t@ach 8, 1H, Ar-H), and 2,04 (broad, &, 3H, Ar=H):. .
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Reaction of veratrole with 5,6-dichloro-2-(3',4"'-

dimethoxyphenyl)benzoquinone in aqueous sulphuric acid

A mixture of veratrole (80 mg), 5,6-dichlor o-2-(3"',4'-
dimethoxyphenyl)benzoquinone (50 mg), and 76% v/v aqueous
sulphuric acid (20 ml) was- shaken vigorously for 1 h, kept
for 3 days at room temperature, diluted with water (60 ml),
kept for 1 day, and shaken with chloroform. The chloroform
extract was washed with water, dried, shaken with anhydrous -
iron (III) chloride (250 mg), washed with 2M-hydrochloric
acid and with water, dried and evaporated. The resulting
violet solid on being subjected to p.l.c. using benzene-
ethyl acetate (4:1’ gave a red-violet band (A) and a broad
violet band (B). V Bandr(A) afforded a red solid which
crystallised from chloroform-ethanol to give unchanged 5,6-
dichloro-2-(3',4'-dimethoxyphenyl)benzoquinone as violet
needles (30 mg) m.p. and mixed m.p. 205-206°.

Theiéblid from band (B) was subjécted FTorpelsCy USing
benzene;gééfpﬁéj(7:l). This gave a colourless band which

.ﬁluoresceﬁfdp exposure to u.v. light and which afforded

910,11-hexamethoxytriphenylene}(3 mg), and a
.The latter afforded a solid which was

oroform (30 ml) and shaken with 1M-sodium
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hydroxide. The chloroform extract yielded a solid which
crystallised from chloroform-ethanol to give 2,3-dichloro-
6,7,10,11-tetramethoxytriphenylene-1,4-quinone as Jislés
needles (4 mg). The alkaline extract was acidified, and
on being extracfed with chloroform gave a solid which

crystallised from chloroform-ethanol to give 3,4-dichloro-

2-hydroxy-6,7,10,11-tetramethoxytriphenylene (147) as needles

39
(5 mg) m.p. 264-265.5°. (Found: M, 432.0548. C__H C1205

2218
requires M, 432.0532), /\max.(CHC13) 282 (log & 4.92), 308
(4.38), and 374 nm (3.09), Ainfl.(c11013) Srs-llog B 4.78%,
314 (4.37), and 356 nm (3.33), A__  (EtOH) 249 (log & 4.32),
280 (4.87), 308 (4.30), 352 (3.33) and 371 nm (3.11), Ainfl.
(EtOH) 264'(1098 4.53), 273 (4.74), and 315 nm (4.26); ISP
(Nujol) 3430 (sharp, phenolic OH) 1622 (C=C), and 1260 cm"1
(ether C-0);,T [(co)330] 6.03 and:5.,97 (both s, 3H, CHBO),
5392 (.65 6H; CHBO), 2:18; 1,84 and 1420 (each s, 1H, Ar=H});

and’' 2.023 (s, 2H,; AfeH),

Reaction of veratrole with 3',4'-dimethoxyphenylbenzo-

quinone in aqueous sulphuric acid

A mixture of veratrole (200 mg), 3',4'-dimethoxyphenyl~
benzoquinone (244 mg), and 70% v/v aqueous sulphuric acid

(30 ml1) was shaken vigorously for 5 h and kept for 6 days at



room temperature. Water (200 ml) was added and the
mixture was shaken for 1 h and extracted with chloroform.
Evaporation of the extract gave a dark tarry solid from

which crystalline material could not be obtained.

Attempted reaction of veratrole with 4,4'-dichloro-2,5-

'dimethoxybiphenyl~2',5‘;quinone in aqueous sulphuric acid.

A mixture oflveratrole (0.5 g), 4,4'-dichloro-2,5-
dimethoxybiphenyl-2',5'-quinone (1.0 g), and 70% v/v aqueous
sulphuric acid (60 m1) was shaken for 4 h and kept for 6 days
at room temperatdre. Water (300 ml) was added and the
mixture was kept overnight. The resulting precipitate was
unchanged 4;4'-diéhloro—z,5—dimethoxybiphenyl§2',5'—

quinone (0.95 g).
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CHAPTER 6

Attempted reaction between 1,4-naphthaquinone and veratrole

A solution of veratrole (6.9 g) in carbon disulphide
(50 ml1) was added dropwise to a stirred suspension of 1,4-
naphthaquinone (15.8 g) and anhydrous aluminium chloride
(16.75 g) in carbon disulphide (250 ml) and the mixture
was stirred for 27 h at r oom temperature. Ice (120 g) and
5M-hydrochloric acid (100 ml) were added and the mixture was
stirred for -2 h and filtered to give a solid residue and a
filtrate (A). ‘Extraétion of the solid residue with acetone
removed unchanged naphthaquinone (3.5 g), and left a blue-
grey solid‘(3.2 g), a portion (0.5 g) of which was extracted
with boiling chloroform. The extract was filtered through
a column of silica gel which was washed with chloroform. A
yellow-green band was eluted and evaporation of the eluate
afforded a solid which crystallised from chloroform-ethanol
to give 2,2‘;binaphthy1-1,4:1',4'-diquinone (152) as yellow
needles m.p. 270° (decomp.), mixed m.p. 270° (decomp.) with
an authéntié specimen prepared from 1,4-naphthaquinone in
the preéence of ;uinoline and acetic acid.90 The pale
yellow band which remained at the tob of the column was removed

and boiled with a large volume of ethanol which was filtered
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and evaporated. The residue sublimed at 490°/2x10"°

torr to give 6,7:12,13:18,19:24,1-tetraepoxytetra(2,3-
naphtho)cyclo-octatetraene (31) as pale yellow crystals.
The i.r. absorption of this was identical with that of an
authentic sample supplied by Professor H.G.H. Erdtman.

The filtrate (A) was steam-distilled to remove carbon
disulphide and veratrole (6 g). The residual flocculent
violet solid (2 g) was collected and the aqueous filtrate
was decanted from oily material and extracted with ether.
Evaporation of the ether gave 1,4-dihydroxynaphthalene (1 g)
the i.r. absorption of which was identical with that of an
authentic sample prepared by the reduction of 1,4-naphtha-
quinone wifh sodium dithionite.

The violet solid was impure 8-hydroxydinaptho[1l,2-b:
2',1'-d] furan-S,é-quinone 150 It was insoluble in
acetone, ethanol, and toluene, sparingly soluble in chloro-
form,. and nitrobenzene, and soluble in dimethylsulphoxide,
and in N,NldimethylformamiAe; crystallisation from nitro-
benzene did not give a pure product. A portion (230 mg)"
of the-violet solad was added %O acetic anhydride (35 ml)
and concentrated sulphuric acid (0.2 ml), and the mixture
wés shaken vigorous ly, warmed on a water bath at 40° for

30 min, and poured into water (100 ml).



The red precipitate (230 mg) was collected and air-
dried and a portion (80 mg) was subjected to p.l.c. using
benzene-ethyl acetate (S:2)l The resulting red band
afforded a solid which crystallised from benzene to give

8-acetoxydinaphtho[1l,2-b:2',1'-d]furan-5,6-quinone (156)

as clusters of red rhombohedra (10 mg) m.ps 261.5-263°

¢ : : i M .0685 A
(Found: M, 356.0686 C22H1205 requires M, 356.0685),

(EtOH) 265 (log € 4.70), 275 (4.75), 336 (3.70), and 470 nm

max.

(3.40), Ainfl.(BtO”)‘253 (Log € 4.60), 290 (4.28), 299 (4.23),
and 322 nm (3.84), Amax_(CHc13) 266 (log € 4.68), 276 (4.75),
336 (3.75), and 474 nm (3.46), Ainfl.(CHCIB) 255 (log €& 4.61),
261 (4.66), 290 (4.30), 298 (4.27), 320 (3.90), and 378 nm
(3.23); vméx.(KBr) 1765 (écetate Cc=0), 1698, 1665, and 1650
(qninoné C=0), and 1200'cm"1 (C=0).

Another portion (0.4 g) of the violet solid was boiled
under reflux for 1 h with acetic anhydride (25 ml), zinc
dust (1 g) and triethylamine (0.2 ml). The mixture was
poured into water,lshaken with chloroform, and the extract
was washed with 10% aqueous sodium carbonate and with water,

. dried and evaporated. The resulting solid crystallised from

chloroform-ethanol to give 5,6,8-triacetoxydinaphtho[1,2-b:

2',1'-d]furan (157) as needles (100 mg) m.p. 270-271° (Found:

~C, 70.435 H, 3.8; AcO, 36.5%; M, 442. c26H1807 requires
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Cu o 70064 - Figt Mok & BACD - 40,05%% M,  442) , Amax (EtOH)

259 (log-Ei #.88)is 266, (4.84).,:277 (8:78); 315.(4.08), 329

(4.21), and 341 nm (3.99), Ainfl.(EtOH) 250 (log € 4.62),

204 (4.18), 302 (4.09), and 349 nm (3.25), Nifay v ACHCL L)

262 (log & 4.83)y 271 {4.80)4 281 (4.76), 817 LAl 2 351
nil

304 (4.13), and 353 nm (3.30); vmax.(Nujol) 1765 (acetate

(4.27 )4 and. 348 nm (4.05), Ai (CHC13) 299 (log &€ 4.20),

-1
C=0) and 1205 cm ~ (C-0); ¥ (CDCl,) 7.52 (s, 6H, CH,CO,),
7.46 (s, 3H, CH,CO ), 2.60-2.20 (m, 5H, Ar-H at C-2, C-3,
¢-7, €C-10 and C-11), 2.20-2.,00 (m, 2H, Ar-H at C-4 and

C-9), and 1.60-1,40 (m, 2H, Ar-H at C-1 and C-12).

Reaction of,1,4-naphthaquinone with aluminium chloride

in carbon disulphide

A ﬁixture of 1,4-naphthaquinone (15.8 g), anhydrous
aluminium chloride (16.75 g) and carbon disulphide (250 ml)
was stirred at room temperature for 24 h. Teer (k20 ‘o) and
5M-hydrochloric acid (100 ml) were added and the mixture was
stirried for 2 'h and ‘filtered. The solid residue was
extracted wi&h acetone to remove unchanged naphthaquinone
(5 g), and the remaining blue-grey solid (3.5 g) showed the

i.r. absorption of a mixture of 2,2'-binaphthyl-1,4:1"',4"'-

diquinone and 6,7:12,13:18,19:24 ,1-tetraepoxytetra(2,3-
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naphtho)cyclo~-octatetraene.

The filtrate was steam-distilled to remove carbon
disulphide and naphthaquinone, and the residual violet
solid (1 g) was collected. A portion (450 mg) of this
was added to acetic anhydride (100 ml) and concentrated
sulphuric acid (0.2 ml). The mixture was shaken for 15 min,
warmed to 50°, shaken for 30 min, and poured into water (250 ml)
The resulting red solid (250 mg) was collected, washed with
acetone and subjected to p.l.c. using benzene-ethyl acetate
{318Y); A red band was obtained which afforded a solid
which crystallised from chloroform-ethanol to éive 8-acetoxy-~-
dinaphtho[1,2-b: 2',1'-d ]furan-5,6-quinone as red rhombohedra
(100 mg), m.p. 260-262°, mixed m.p: 259-261° with an
authentic specimen from the previous expefiment.

Another portion (60 mg) of the violet solid was
subjected to p.l.c. using benzene-N,N-dimethylformamide (6:1).
The violet band obtained afforded a red sdlid which crystall-
ised from chléroform—ethanol containing a littlé N,N-

dimethylformamide to give 8-hydroxydinaphtho[l,2-b: 2',1'-d]

furan-5,6-quinone (155 ) as dark red needles (13 mg), m.p.

o . 1 M i
2 350% (Foundi' M, 8140571, C20§1004 requires M, 314.0579),

A, ., (EtOH) 279 (log€ 4.77), 332 (3.90), 348 (3.90), and

526 nm (3.49), (EtOH) 218 (log & 4.64), 260 (4.63),

A
G - o e
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273 (4.74), 300 (4.16), and 314 nm (3.98); v (Nujol)
maxe.
3350 (phenolic OH), 1690, 1655, and 1642 em” (quinone

C=0).

l,4-Diacetoxynaphthalene

1,4-Naphthaquinone (1.0 g) was boiled under reflux for
1 h withacetic anhydride (50 ml), zinc dust (1.0 g) and
triethyiamine (O 2 ml); The solution was poured into
water and stirred yigorously. The resulting precipitate
was collected and crystallised from e thanol to give 1,4-
132

diacetoxynaphthalene as plates (0.6 g) m.p. 130-131° (1lit.,

m.p. 128-130°),_’t(c1)c13) 761 Vs 7 O SOl co'2), 2807 (8 2H,

3
Ar-H at C-2 and C-3), 2.58-2.42 (m, 2H, Ar-H at C-6 and C-7),

and 2.24-2.08 (m, 2H, Ar-H at C-~5 and C-8).
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