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Summary

A systematic investigation has been carried out
into the spectroscopi ¢ behavi our of sone nobnoazo dyes
derived from pol ycyclic systens. Hallas and his students
have previously exam ned various phenyl azo dyes derived
fromtermnally bridged systens, viz. kairoline (N nethyl-
1, 2, 3, 4-tetrahydroqui noline), N-2-cyanoethyl-I,2,3,4-

t et rahydroqui noline, lilolidine(l,2,5,6-tetrahydro-4H
pyrroloC3,2,1-i ] lquinoline) and julolidine (2,3,6,7-
tetrahydro-| H 5H benzo[i j ]quinolizine). The present work
is a continuation of these researches and includes dyes
derived from nore conpl ex nol ecul es based on napht hal ene
and phenant hrene. Novel azo dyes have al so been prepared
by coupling polyclic systens to N, N-diethylaniline in order
to conpare their characteristics with the well-docunented

properties of sinple dialkylam no conpounds.

Several useful internedi ates have been prepared for
the first tine and inproved routes to others have been
devel oped. Thus, | ~am no-2-nitronaphthal ene was obt ai ned
by direct amnation of 2-nitronaphthalene and was found to
be identical with sanples obtained by other routes. A pure
sanple of 7-nitrotetral-I-one has been prepared and its
oxi me has been shown to nmelt at 170°C in contrast to the
reported value of 150°C. A useful route has been devised

for the preparation of several unsymretrically disubstituted
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9, 10-di hydr ophenant hrene derivatives and the correspondi ng
phenant hrene anal ogues. The dinitration of 9, 10-di hydro-
phenant hrene affords largely 2,7-dinitro-9, 10-di hydro-
phenant hrene from which 2-am no-7-nitro-9, 10-di hydr ophenan-
threne is obtained through selective reduction. The anal og-
ous phenant hrene conmpound is best obtained by aromatisation
of the dinitro-9, 10-di hydro conpound followed by selective

reducti on.

The el ectron-donating abilities of four different
coupl ers have been exam ned by nonitoring the spectral
changes of appropriate dyes in ethanol and in ethanolic
hydrogen chloride. The termnally bridged systens are in
general better electron donors than a sinple dialkylam no
group, although dyes derived from N 2-cyanoethyl -1, 2, 3, 4-
t et rahydr oqui nol i ne show hypsochrom c shifts in ethano
with respect to the correspondi ng di al kyl am no dyes ow ng
to the strong electron withdrawi ng influence of the cyano
group.

Spectral data have also shed light on the conplex
guestion of colour chemcal constitution relationships as
wel | as establishing the hal ochrom sm of sone of the dyes
in various solvents.

The Pariser-Parr-Pople Ml ecular Obital nethod
with limted configuration interaction (PPP-MO Cl) has been
applied to nost of the internediates and the correspondi ng
dyes for the prediction of nolecul ar properties in the

ground state and in the first singly excited state.
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The applicability of these dyes to synthetic
fibres has been tested by neans of disperse dyeing on
pol yester and assessnent of the |ight fastness properties.
Unsuccessful attenpts have been nade to prepare

2, 7-di substituted benzo[c]cinnolines.



GENERAL INTRODUCTION



1. Diazo and Azo Compounds

(a) Historical Developments

The history of azo chemistry dates back to 1858
following the discovery by Johann Peter Griess.l Griess
set out to prepare dihydroxydinitrobenzene by passing
nitrous fumes intc a cold ethanolic solution of picramic
acid (2-amino-4,6-dinitrophenol), but obtained instead a

precipitate of 4,6-dinitrobenzene-2-diazo-l-oxide (1).

CH o
O.N
2 NH2 ¢ g o i N;

25 :>

Griess's conviction that the nitrogen atoms had in fact
replaced two hydrogen atoms in the benzene nucleus led to
the erroneous name 'diazodinitrophenol'. Detailed investig-
ations by Grie552 in the following years brought to light
this misconception, but the name 'diazo compounds' has been

retained for purely historical reasons.

(b) Diazo Compounds

Diazo compounds are most commonly prepared by the
process of diazotisation which usually involves the treat-

ment of an arylamine (aliphatic amines as a class form rather

unstable diazonium compounds) in an aqueous acidic medium



with 'nitrous acid. Generally speaking, diazonium salts (2)

play only the rcle of an intermediary in the dyestuff industry.

+, -
ArN2X

(2)

The difficuity of handling diazonium salts owing to their

often explosive nature, particularly the nitrates, makes
their isclation undesirable, This hazardous tendency not-
withstanding, many stabilised diazo compounds in the form
of chlorides, sulphates, zinc chloride double salts and
fluorobhorates are marketed on a large commercial scale.
Several methods of preparing diazo compounds which
do not involve diazotisation have bheen reported.3 These
various methods are classified under oxidation, reduction

and scission reactions. An example of an oxidative method
|

'
t

oXide in acid medium. Other suitable oxidising agents include

is the reaction between arylhydrazines4 and mercury(11)

mercury (II) acetate, bromine, silver salts in exposed photo-
graphic emulsion and nitrogen trioxide. Nitrous acid is i
known to reduce many nitroso compounds5 to the correspondihg
diazo compounds. Most of these techniques are, however, o
only of academic interest ahd with the exception of perhaps
the silver salts find little technical application. The

direct introduction of the diazonium group into the aromatic

nucleus has also been reported.6



{c) Azo Compounds

The term 'az¢c compounds' applies to all compounds

of the general form shown (3),

A.N=N.B
(3) | o

characterized by the presence of an azo group in which A

and B are either aromatic or quasi-aromatic nuclei. Even
though an azo dye can be designated by the same general
structure, it differs significantly from a weakly coloured
simple azo compound. Azo dyes belong to the very large

group of coloured compounds classified under the general term
'Donor-Acceptor Chromogens'.7 In addition to the characteris-
tic azo group, azo dyes carry an electron donating substituent
and owe their intense colour to an electronic transition '
usually associated with the migration of electrens from the

donor group into the rest of the chromogen.

(d) Methods of Preparing Arcmatic Azo Compounds :.i

By far the most important route to azo compounds 1s

the coupling reaction between a diazo compound and a coupling

component {(coupler). This method of synthesis has been |
used throughout the present work. Nevertheless, in order to
handle the topic in its entirety, non-coupling methods used

in obtaining azo compounds will be dealt with briefly.

In 1834, Mitscherlich8 prepared azobenzene by the

action of ethanolic potassium hydroxide on nitrobenzene. -



Some modifications9 of this method ére to be found in the
literature, but the process has not found wide technical
application, Zincke and Bindewaldlo prepared 4-phénylazodr
naphthol (4) by condensing phenylhydrazine with 1, 4~-naphtho-

guinone.

N—N 0 —_— N=N OH
' -~
' R wa
| (4) -
In fact, this tautomeric equilibrium is now known to be

possible for all hydroxyazo aromatic compounds with a

hydroxyl group ortho or para to the azo linkage (see section

L]
!

3(b}).

The synthetic difficulties normally accompanying
the diazotisation of heterocyclic amines are circumvented
through the so-called oxidative coupling technique discovered
by HUnig and his co—workers.ll The azo dye is formed from

amidrazone (5) or its vinylogue (6).

N - C =NNH

A4

(5) /N—c=t,:-c=NNH
(

The reaction takes place in the presence of an oxidising

arn

i

agent and is illustrated by the interactien between l-methyl-

carbostyril hydrazone (7) and dimethylaniline to give (8)}.



+ :

m N—NH, + @'N (CH4) +H {using K,Fe (V) )
‘o, |

(7)

S

/
ﬁ Nz=N N(CH,), + 2H,
| on |

K
{8)

Chart 1. Oxidative coupling of l-methylcarbostyril hydrazone.

The versatility of the method has been demonstrated by the
wide range of diazo components and couplers that have been
used by Hlinig and his collaborators. Another example is

the reaction of N-alkylpyridonehydrazones (9) with phenocl

to form (10), but very low yields of the azo compounds are

obtained.ll_
H.C o i T
(9) N
4H
' /4 ,
o H3c—+®-u =N ol

(10}

Chart 2. Oxidative coupling of N-alkylpyridonehydrazones

with phenol.



The oxidising agent commonly used is potassium
hexacyanoferrate (II1I), although many other reagents such
as iron(ITI) chloride, hydrogen peroxide in the presence
of iron(II) salts and lead(IV) oxide are as effective., The
acidity or basicity of the reaction medium is governed by
the same rules as in classic coupling reactions, namely
acid buffers in the case of amines and weakly alkaline media
for phenols and encls. 1In order to eliminate the problem
associated with the decomposition of hydrazones in strongly
alkaline solutions, Hlnig and Rauschenbachl2 have suggested

the replacement of hydrazones with their N-sulphonyl deriva-

<j\_Nj=N-NH-sozn
L}
CH,

{11) R = aryl or alkyl

tives (11).

13

The mechanism of the reaction entails the oxidation of

the amidrazone to a resonance-stabilized form (12),

l
.. - - . C
\T// NN - 28 .. 0 %*N—ﬁﬂ

(12)

which undergoes further oxidation after its reaction with

the nucleophilic coupling component as in Chart 3.



|
e Sy -y =
' I Ny
+ C HNR,
oo 20; -2l'l+

[
—Zt
\
3 s
|
Z
I
=
=
N

(13)
Chart 3. Proposed mechanism for oxidative coupling.

Another method of obtaining azo compounds is the
condensation of nitroso compounds with amines.13 The con-
densation of nitrosobenzene with aniline affords azocbenzene

(Chart 4),

O 0 OO

(14)

Chart 4. Condensation of nitrosobenzene with aniline.

A reductive coupling technique for preparing azo
compounds has also been reported.l4 It is supposed that
the cation (12) is also produced by the reduction of nitro-

soimino compounds of the type (15).



+2H l s + o
-y = _— Hi
. _‘\N’LN N= 0 =2 ~\N-~<N-—N —> o
T
R

(15) | /L | a
N N —H | ;

A typical reaction of this reductive approach is the treat-
ment of N-methyl-2-nitrosoiminobenzothiazoline (16} with

NN-dimethylaniline in the presence of zinc dust.l4

s
en-N=0 + @'N(Cﬂa)z t Zn :
N o
CH »

(16)

N/SLN— lj@—«(c%)z + Zn0 .
' H . . : o

CHy - | | |

(17) o
+ %02 - |

s o
-+
ﬁj— N= N—@—N (i), <> @N,J:N- N@N (CHy)
CH, ('333 _ P
_ ' .+ OH

(18)

: »

Chart 5. Preparation of azo compounds by reductive coupling.



The leucocompound {17) so formed is oxidized to the dye (18)

by air.

(e) Diazotisation, Mechanism and Techniques

The actual mechanism of the process of diazotisation

has long been a topic of controversy. Good summaries of

the principles involved are contained in the treatises by
Saunders3 and Zollinger.ls As pointed out by Ridd,16 the
kinetics of the process of diazotisation are closely linked
to the reacting media. The most probable route to the

diazonium salt is the one given in Chart 6. ' .

Low Ar.ﬂiﬂzno e Ar.NHNO

. +
Ar NH2 HN02

= AY . .N==N,QH ——:-—Ar,ﬁEN = Ar.NMﬁ

- !

Chart 6. Mechanistic representation of the process of S

diazotisation.

For purely synthetic purposes, however, reaction techniques i
are of immense importance and are described below. :
The readiness with which an amine can be diazotised
is usually linked te¢ its relative basicity. While aniline
and related amines are usually diazotised by the so-called i
direct method, weak bases can only be diazotised by special b

techniques. Amines with nitro-groups have very low basicity

and their diazotisation is usually effected by the use of
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concentrated acids, as they no longer dissolve in aqueous

acids. The procedure normally adopted is to dissolve the

amine in either a weak acid, such as glacial acetic acid,

or in concentrated sulphuric acid and then add this solut-
ion to one of nitrosylsulphuric acid at the diazotisation

temperature.

The presence of carboxylic and sulphonic groups in
an aromatic nucleus reduces drastically the solubility of
the diazonium salt in water, thus hampering its diazotisat-
ion by the direct method. The inverse method is thus applied
to overcome this solubility problem; sodium nitrite solution
is added to an alkaline solution of the aminoarylsulphonic
acid, this is then added to dilute acid.

The methed due to Knoevenagell? is sometimes used
for water-soluble diazonium salts. In this method, amyl
nitrite is the source of nitrous acid and the reaction
medium is ethanol.

General methods as described in the literature are
but a rough guide, since optimum conditions for diazotisat-
ion are so much the function of speciric amines as the usage
to which the diazonium compound is to be put. Thus, Hodgax&a
discovered in his preparation of halogenonitro-compounds
through the Sandmeyer reaction that dilution of the result-
ant diazonium solution prior to treatment with the copper
salt was detrimental. If, for instance, the diazo solution
of 2,4-dinitronaphthylamine is diluted, 4-nitronaphthalene-

l-diazo-2-oxide is formed.
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The use of organic solvents during the diazotisation

19

of weakly basic amines has been recommended. Tertiary

amines, viz, pyridine, quinoline and isoquinoline have been

thoroughly investigated.uLZO

The basic requirement for

a successful diazotisation is that the amine should go into
solution or be distributed in a very finely divided form

in suspension. The main role of these solvents, is there-~
fore, to hold the amine in solution and may additionally
assist the release of nitrous acid from nitrosylsulphuric
acid.19 The exothermic reaction which results from mixing
pyridine with nitrosylsulphuric acid prolongs the diazotisa-
tion time. Quinoline and isoquinoline, although free from
this heat generating effect, are known to hold the result-
ant azo compound in solution, unlike pyridine.

Investigations involving tetrahydrofuran as a poss-
ible solvent for diazotisation have been reported.21

Dickey in a series of patent522 has used nitrosyl-
sulphuric acid in a mixture of glacial acetic acid and
propionic acid to diazotise weak bases. The role of
propionic acid as claimed is to depress the melting point
of glacial acetic acid to zero or below.

A preparative difficulty can result if diazotisat-
ion is carried out with not enough acid. Thus, if aniline
is diazotised in an acid deficient medium, the resultant
diazonium salt reacts with yet undiazotised amine giving

the unwanted diazoaminobenzene (19); this product would

normally be converted into the azo compound on addition of
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acid. Nevertheless, it is a problem which affects the

overall yield of the diazonium salt produced.

O+ Orn— Ol

(19)

Chart 7. The formation of diazcamino compounds during the

process of diazotisation.

(£) Azo Coupling and the Significance of Couplers

Diazo coupling is regarded as an electrophilic sub-

23

stitution by a diazonium cation which can be represented

as a resonance hybrid.

Ar ~H=N-—=— Ar =N =N
(20)

The reaction with tertiary aromatic amines leading to the

azo compound may be written mechanistically as in Chart 8.

Rgll{) E—> R2§=<:-:>§ + Ar.N;
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+
A N =N.Ar -H
N~ —
R2§=®H . K _@ B

Chart 8. Mechanistic representation of a coupling reaction.

In practice, the diazo compound normally carries a strong
electron-withdrawing group as the diazonium ion is a
relatively weak electrophile. The fact that aromatic

diazo compounds can undergo nucleophilic substitution
reactions (Chart 9) creates a technical problem in azo dye
preparation. The products of these decomposition reactions
together with polymeric resins formed during the course

of coupling account to a large extent for the poor yields

usually associated with azo dye preparation.

+ +
ArN, NE— . LA N2 (i)
Ar'+H,0 = Ar - OH + u (ii)
+ —-— .
Ar +0OH — = Ar - OH (iii)
+ -
Ar +X ———= Ar-X (iv)
Ad 4+ ROH————~Ar -0 -rR+H"T (v)
Chart 9. Diazo decomposition reactions.

The extent to which these side reactions occur depends on

the reaction conditions.
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The use of pyridine, especially in the manufacture
of polyazo dyestuffs, has been studied24 and different
interpretations as to its role are contained in the litera-
ture. Hodgson and Marsden25 came to the conclusion that

in alkaline medium, pyridine stabilizes the diazo compound

through the formation of a diazopyridinium ion (21).

P
N

! \ +Ar.N; e — Ar-N=N-jN/ \)

(21) o

The postulate of Hodgson and Marsden has since been refuted

by ptitter?® ana Zollinger.27

According to these workers,
the role of pyridine could best be understood from a base
catalysis viewpoint. In fact, Z2ollinger has shown in his
kinetic studies that pyridine acts as a proton acceptor in
the second step of the kinetic system (l.la-b).

Ar—N; +£ﬂ —}r{??“Ar—Nz-xr—H l.1la

K
Ar -N, - fr-H +B =2

Ar =N, - Ar' + s’ 1.1b

The function of coupling components in azo dyes has
reached a very high degree of complexity so that it can no‘
longer be handled from a limited angle without serious
omissions. 1In the early days of the dyestuff industry, the

bulk of couplers were simple organic compounds, notably .

1]
s
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phenols, naphthols, arylamines, pyrazolones and the like.
Since the introduction of synthetic fibres, there has been
a complete reappraisal of the dye structure to meet various
demands, The use of a particular coupler may be influenced
by synthetic as well as other considerations. For instance,
primary amines can afford diazotizable groups for further
azo links and naphthols and related hydroxy-compounds are
useful couplers for metallisable dyes. Many naphthalenes
bearing sulphonic acid groups are used extensively in the
manufacture of water-soluble dyes. Aminonaphtholsulphonic
acids are widely used as couplers for wool, cotton and
leather dyes. Specific groups may be introduced into the
coupling component for specific reasons. In the last ten
years numerous patented references have appeared in the
literature dealing with couplers for azo dyes, covering a
wide range of properties, inter alia, bathochromic shifts,
wash fastness, light fastness enhancement, and increased
reactivity during the process of dyeing. Most of the
patented couplers in use at the moment carry electron-donat-
ing groups which appear ortho to the azo linkage, a device
which greatly enhances the polarity of the dye molecule
thus leading to bathochromic shifts. In some cases hetero-
cyclic systems have been used.28 In the present work,
terminally bridged systems such as (22) and (23), in which
more effective conjugation is achieved through the inter-
action of the nitrogen lone pair with the benzene ring, have

been studied. These systems have been used with di- and
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triphenylmethane dyeszg and also with some simple azo

systems , 3°
N
L]
CH3
(22) (23)
2. Classification of Azo Dyes
(a) According to Constitution

Azo dyes form approximately two-thirds of all dyes
coded in the Colour Index.31 The large number of azo
dyes not withstanding, they all form one structural unit,
characterised by the presence of at least one azo group

-N=N-. A breakdown of azo dyes depending on the actual

number of azo groups present in the dye structure is as

follows:
(i) monoazo dyes
(ii) disazo dyes

(iidi) trisazo dyes
(iv) tetrakisazo dyes

(v) higher polyazo dyes

There is a standard practice of representing the various
subdivisions of azo dyes which amounts to a chemical short-

hand. This symbolised system of representation, coined from
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the six main intermediates used in azo dye manufacture,
was adopted by Lapworth.32 The code letters used and

their significance are as follows:

A Diazotizable primary amine; if several such amines
are used, they are differentiated as Al, Az, ete.

D Tetrazotizable diamine

E Coupling component; if more than one, they are

similarly represented El, EZ, etc.

A Coupling components able to couple with two or more
equivalents of a diazonium compound ox different

diazonium salts.

M Represents a middle component, it is usually a
primary amine which can be coupled to a diazonium
compound to give an aminoazo compound which may be

diazotised and coupled again.

T is a second compeonent which has three coupling posit-
ions and can he coupled with three moles of diazonium

salts,

In order to distinguish the various types of azo dyes, these
code letters are used along with arrows, which signify
'diazotised and coupled with'. 1In polyazo dyes the arrcws
are usually numbered to show the order of coupling and it

is customary to indicate the medium of a particular coupling
position. Typical examples may help to illustrate the

various types of azo dyes described by these symbols.
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(i) Monoazo Dyes

A —==E

Typified by the dye C.I. Solvent Orange I

Hop
(24)

(ii) Disazo Dyes

These are further subdivided as illustrated,

Ala- VA -;—Az

An example is Naphthalene Black 12B (ICI) p~Nitroaniline —

(acid} H acid (alk) <>— aniline

or
1

Exemplified by
Chlorazol Bordeaux B (ICI)

1 .r(alk) naphthionic acid

Benzidine
~2

T=w(acid) acid

Another type is illustrated by the disperse dye,
Dispersol Fast Orange B (ICI)
A—>M-=E

Aniline —;a-{acid) a-naphthylamine 2s—(alk)phenol
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(1ii) Trisazo Dyes

These may fall into the following categories:

al >me..a?

A3

T is resorcinol or m-phenylenediamine or their derivatives;

A-sMl o sM2 S E

Example:

Durazol Blue 2R (ICI)

3-Aminonaphthalene-1l,5-disulphonic acid~—lﬁ, l-naphthylamineagﬁ

1,7-Cleve's acid ;l~(alk) J acid

Example:

Chlorazol Orange Brown X (ICI)

_ (alk) salicyclic acid

Benzidine

= m-toly lenediamine <l sulphanilic

acid
1
E
/

D

\~‘M —> g2

Example: Chlorazol Drab RH (ICTI)

ﬂ(alk) salicylic acid

Benzidine

/1/
N ;

Cleve's acids-—= (alk) y acid
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{iv) Tetrakisazo Dyes

These may fall into the subdivisions

(a) E&-D—DZE&ME&A
(b) A—>2& D2 ¢-A
(c) E<—D —>2 €-D—>E

There are very few examples of this group in technical
practice; some commercial examples afe made by further
coupling of disazo or trisazo dyes on the fibre. Higher
azo dyes are even less accessible technically, although
there are a few examples quoted in the Colour Index of azo

dyes with more than four azo groups.

(b) Classification According to Usage

The classification of dyes according to application
is expanding as fast as more uses are found for synthetic dyes.
As far as azo dyes are concerned, they are included in almost
every known grouping, usually dominating the lighter colours.
They form substantial parts of solvent dyes, azoic dyes,
acid dyes, mordant dyes and many other non~textile application
groupings. Other uses of azo dyes include the colouring of
foodstuffs, cosmetics, anodised aluminium, drugs, biological
stains and polymers. Azo dyes with special structures are
used for colouring petroleum products and inks and as analyti-
cal indicators. The various uses to which azo dyes are put
make their classification according to usage highly challeng-

ing.



3. ; Link Between Colour and Constitution of Azo Dyes

{a) Early Theories

The host of theories advanced in an attempt to
explain the link between the colour of organic compounds on
the one hand and their chemical constitution on the other
ié an indication of the complexity of this subject. The
piecemeal approach is in agreement with developments in
other branches of chemistry and related fields. It was

33

Graebe and Liebermann who initiated the correlation between

colour and constitution. These workers ascribed the colour
of all the then known organic compounds to unsaturation,
following their observation that all coloured compounds

34

were decolourized on reduction. Witt's introduction of

chromophores and auxochromes to describe organic dyes was
no more than an elaboration of Graebe and Liebermann's original
concept, as almost all chromogens contain highly unsaturated

35

groups. Nietzki held the view that the colour of a dye

cculd be deepened by merely adding groups that would increase
its molecular weight. Obviously, such thinking reflected

the gloomy atmosphere that hung over colour structure-relat-
ion at the time. The guinonoid theory of Armstrong36 in

1888 was a bold generalisation, as no satisfactory explanat-
ion could be found at the time to back up the colour-yielding
property of quinone; furthermore, there were outstanding
exceptions like the case of azobenzene. The contribution

by Hewitt and Mitchell37 made in respect of azo dyes, in
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which the length of the 'conjugate chain' accounted for
the depth of the colour was supported by many researches.3a
Stieglitz39 considered dyes to be intermediate states of
oxidation containing both oxidising (chromophoric) as well
as reducing (auxochromic) groups. He argued that the

presence of the two groups in the molecule resulted in an

intramolecular electron transfer.

(b) Stereoisomerism and Tautomerism

In 1937, Hartleyéo observed the existence of

two forms of azobenzene, cis and trans isomers. An analogous

observation for diazotates had been made by Hantzsch and

Werner almost half a century earlier.41
Ar Ar
| ?
N L]
\\ _
OCE)/ 0
syn-structure _ anti-structure
(cis) (trans)

(25)

Until the discovery of Hartley, azobenzene was considered

to exist almost exclusively in the stable Egggg-form-ﬂz
Hartley found that if azobenzene was exposed to strong light
there occurred a partial conversion of the trans-form into

the cis-isomer. This observation was supported by physical
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properties. The change was, however, reversed on storage.
This trans-cis isomerism has been detected also in substit-
uted azobenzenes and azonaphthalenes.43 The isomeric
behaviour gives rise to the phenomenon of phototropy (the
change in shade of simple azo dyes when applied to non-polar
fibres such as cellulose acetate and exposed to strong light).

It is believed??

that phototropy is possible only on fibres

in which dyes dissolve, hence the absence of the trans-cis
conversion in dyed fibres of cellulose or protein in which

the dye molecules are known to be firmly held by absorption.
Fortunately, this undesirable behaviour of some simple disperse
azo dyes is greatly minimised in o-hydroxyazo and o-aminoazo
dyes, whose trans-forms are supposedly locked through hydro-

gen bonding between the hydroxyl or aminc group and the azo

nitrogen atom as shown in (26) and (27).

— —R
(26) (27)

As mentioned earlier in this section, Zincke
and Bindewald'® discovered that diazotised aniline coupled
to l-naphthol gave the same product as the condensation

reaction between phenylhydrazine and 1,4-naphthoquinone.
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Spectroscopic evidence has shown that, in fact, an equili-
brium exists between the hydroxyl and carbonyl groups of

the reaction products; in other words, tautomeric structures
are responsible for the characteristic bands observed. The
two tautomeric forms for p- and o-hydroxyazo-compounds are

shown in Chart 1l0.

A

(29)

OH

(30)

N _NH_QR

(31)

Chart 10. Tautomerism in p- and o-hydroxyazo-compounds.
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This azo-hydrazone tautomerism is solvent dependent45 and

is also greatly influenced by substituents. Increase in

the polarity of the solvent is believed to displace the
equilibrium towards the more polar guinone hydrazone form.
The formation of hydrogen bonding with the solvent on the
other hand tends to shift the equilibrium in favour of the
azo-tautomer. There is experimental evidence to support

the view that the hydrazone tautomer absorbs at longer wave-
length than the corresponding azo form. Experimental results

from different sources are tabulated in Table 1.

Table 1. Visible absorption maxima and dominant tautomeric
forms for some azo-hydrazone systems*

/

Compound *mexx ! az_oa kmax, bydx azgne Ei:tsgnriri(? e
form [rm] form [nm] EtOH
1-Phenylazo- 410 480 both 46
2-naphthol
4~Phenylazo- 400 470 both 47
l-naphthol
2-Phenylazo- - 490 hydrazone 48
l-naphthol
3-Phenylazo- 440 - azo 49
2-naphthol
a Solvent ethanol

* adopted from reference 7.
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A thorough review of the phenomenon is to be found in the
work of Bershtein and Ginzburg.5O The subject of azo-hydra-
zone tautomerism is of paramount importance in the investigat-

ion of colour-chemical structure relationships,

(c) Protonation

The behaviour of p-aminoazo-compounds in acidic
solutions has been the subject of prolonged controversy amongst
chemists since the pioneering work of Hantzsch and his

collaborators.s1

These workers had proposed the existence
of a cationic species in acidic solutions of this class of
compounds. The protonated form was in all respects different
from the neutral azo compound and its formation was ascribed

to the addition of hydrogen ions to the g-azo nitrogen atom

as shown in 33(a).

B o
x-@u — N—@NRIRZ

(32)
H H
(33a) (33b)
f
(34)

Chart 11. Protonation of p-aminoazo-compounds.
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This view that protonation occurred solely at the azo-group
was supported by many researches§2_54 The opponents of
this azonium ion theory proposed instead an ammonium

structure (34).55—58 The thorough investigations of

Sawicki59

and others have helped to establish once and for
all the tautomeric equilibrium that exists between the
azonium and the ammonium structures (33-=34).

The absorption maxima for azobenzene, 4-aminocazo-
benzene and N-substituted analogues in aqueous ethanolic
solutions lie at 320, 380 and 410-440 nm respectively.60
This band has been attributed to the 7 + »* transition and
has been referred to as the K-band. The red shift shown
by the N-substituted compounds is hardly surprising since
there is an improved conjugation between the terminal nitrogen
and the azo group; this situation 1s greatly enhanced in

the terminally bridged systems.3o

The addition of acid

to solutions of these azo dyes is usually accompanied by

the deepening of their colour (halochromism) and the appear=-
ance of two ne# peaks, one in the 500-540 nm region and the
other at approximately 320 nm. Badger et al. have designated
these two new bands as Q and K' lying in the visible and
ultraviolet regions of the spectrum, respectively. The

band in the visible is believed to be due to the azonium
species, while the ultraviolet band is caused by the ammonium

cation.61



(i} Substitution Effects

The effect of substitution on the colour of dialkyl-
aminc azo dyes has been studied in great detail by Yagqu-
polskii and Gandel'sman.sz. These workers pointed out that
zmax underwent minimal changes when X in structure (32) |
was the fluoro, methyl, methoxy or amino groups. In other
words, electron~denor substituents have very little effect
on the ﬁosition of the absorption maxima. ©n the other
hand bathochromic shifts of up to 70 nm in some cases were
observed with electron-withdrawing groups in the 4'—positionf

This difference in behaviour was explained on the basis

of two extreme resonance canonicals (35) and (36).

(35)

i:@:m-n@: frir?

(36) 1 2
R”, R” = alkyl groups

The neutral structure (35) will undoubtedly predominate
over the zwitterionic form, as the latter will expend energy
in the separation of charges and the formation of quinoid

rings. If X is the acceptor group (e.q. NOZ)‘ electrons

will be transmitted from the dialkylamino group to the other
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end of éhe molecule, thus bringing the two structures (35)
and {(36) closer and leading to the halochromic effect
observed in practice, An opposite effect is to be expected
if X is a donor group. Castelinc and Hallas have prepared
a number of p-substituted julolidine dyes and these have
shown clearly the effect of p-substitution on the value of
the absorption maxima, As has been mentioned before, the
julolidyl group confers maximum conjugation on the system
as the aminc nitrogen atom has been forced into coplanarity
with the rest of the molecule by means of the methylene
bridges. The absorption bands for 9-phenylazojulolidine

in ethaﬁol and acidified ethanol are shown in Table 2
together with the corresponding intensities.

Many attempts have been made to correlate substituent effects
with spectral shifts. Perhaps the most useful of all is |
the gualitative approach of Yagupol'skii and Gandel'sman.
In a purely empirical manner, these workers established a
linear relationship between the first absorption band of
dyes and their azonium salts with appropriate Hammett o-
constants. Hmmetéﬁihad'ea;lier suggested that a gquantit-
ative measure of the electronic effect would be given by
the difference between the pX_ of the substituted benzoic

acid and that of benzeoic acid itself. 'Thus,

¢ = logK, =~ 1ogKo, 1.2
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Table 2  Absorption bands of p-substituted derivatives

of 9-phenylazojulolidine.

p~Substituent Hammett ‘max(rm] 10 % ‘max(rm} 1074 A\
constant EtOH TaX  ptoi+100 fax
equiv. HC1
OH -, 852 | 449 2.74 574 5.81 125
('.‘tCH3 ~0.27 452 2.76 564 5.60 112
CH3 ~0.17 446 y P 537 83 21
H 0.00 442 2.70 523 5,83 81
F 0.06 450 2.76 524 5.88 74
o 0.28 467 2,28 532 5.93 65
el 0.23 461 3.1C 525 5.88 64
Br 0.23 464 3.18 526 3ad5 62
CF3 0.55 471 3.10 507 5.60 36
NO 6.78 518 3.58 518 6.63 0
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in which K, is the dissociation constant of a substituted
benzoic acid and K, that of benzoic acid itself., 1In this
manner Hammett values as quoted in Table 2 are obtained.

It is to be remembered, however, that these parameters vary
with the position of attachment in the benzene ring and
also that the relationship (see egn. 1.2) 1s best expressed
in the form

Av = vx -~ vH = P .0y 1.3

where u# and Yy aré the absorption frequencies of the
substituted and unsubstituted chromogens respectively, and
Ty is the appropriate Hammett constant for substituent X.

In the above equétion, p is a measure of the sensitivity

of the absorption band to constituent effects, such that

if p is positive a bathochromic shift is experienced with
increasing eléctron donating strength and vice versa. This
relationship is well illustrated graphically using the
values quoted in Table 2 for the 9-phenylazojulolidine

dyes (see Fig. 1.1).

It is, however, difficult to establish categorically the
practical significance of the halochromic effect, but it

is reascnable to suggest that dyes with large shifts on
either side of the scale will be useful acid-base indicators.
Textile dyes on the other hand should show minimal changes

in geing from neutral to acidic media. Nevertheless, there

are examples in technical practice whereby the same dye
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has played the dual role of an indicator as well as a

textile colorant, e.g. Congo Red.

1204

404

-0.4 : &) 0.4 0.8

Fig. 1.1, Relation between c-constants and AX .

So far discussion has been restricted to dyes
with p-substituents in the acceptor ring of alkylaminoazo-
benzene derivatives. It is usually accepted that interaction
of n-electrons in a n-system is maximal when the skeleton
of the system is planar. The introduction of bulky groups
into the system will no doubt alter the geometry of the
molecule and will have pronounced effects on the colour of

the dye, monitored through its electronic absorption spectrum.
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(ii) Steric Effects

If bulky groups are introduced into the dye molecule,
steric strain may result. In order to relieve this strain,
the dye molecule may undergo deformation, distorticn or
rotation.

Deformation is a high-energy process involving the stretch-
ing or compressing of bonds and must bhe considered most
unlikely to occur, Of the two low—énergy processes, rotat-
ion will take place in preference to distertion, which
requires the decrease or increase of bond angles in the
molecule. Furthermore, rotation about single bonds involves
no enerqgy changes at all, while that about doubkle bonds is
quite low,

Steric effects in dyes with substituents (mostly

63 and donors4 rings

alkyl groups) in both the recipient
have keen studied. While it is geherally accepted that
steric hindrance brings about a decrease in the intensity
of the absorption band (hypochromic effect), no parallel
generalisation can be made regarding the position of Aﬁax'
In most cases hypsochromic effects are observed, but red
shifts are by no means ruled out. The concept that a
hypsochromic effect will result if steric hindrance increases
the energy of the excited state more than it does that of

the ground state and vice versa for red shifts has pxoved
very satisfactory. A quantitive treatment of this view

will be considered in a later chapter. A graphical represen-

tation of energy changes (bond orders) in the ground and
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excited states during the process of bond rotation is

shown in Fig. 1l.2.

(a)
(b)

(c)

’ " ; ~
/
P S
“~
.’ \;; ited
8 p—— EXC
’, N state
e
AN
P ram Ground
] state
/
/
/
£
B /
i (b) (c)
(a)
Fig. 1.2.% fThe effect of bond rotation on the ground and

excited state of a molecule.

planar situation

rotation about a bond of increased bond order
in the excited state (hypsochromic shift)
rotation about a bond of reduced bond order

in the excited state (bathochromic shift).

* From ref. 7.
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Roozpiekar64 examined dyes of the general structures (37)

and (38) and in each case he observed hypsochromic shifts.

LDy
| R |

(37}

| R
SR R

(38)

Experimental data of a .. and ¢ . are shown in Table 3

for structure (37).

Table 3. Effects on A in sterically hindered systems

xX
R =H | R = CH3

X Mrax 1077 Muax 1073 U S
H 409 24.5 : 395 | le.4 14

cl 48 27.2 388 13.0 ")
CH,C0 e - 29.7 404 18.6 42

N 450 32.2 402 19.0 48

N0, 480 30.4 422 18.6 58
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The hypsochromic shifts experienced in all the cases were
believed to have arisen from the interference of the methyl
group with the p-orbital of the amino group, thus giving

rise to a high-energy zwitterionic form (39.b).

Me

Bridgemann and Peter365

prepared a large number of substit-
uted azobenzenes and observed that in dyes of the general
structure (40), a bulky substituent (Rli does not bring

about a hypsochromic effect due to steric hindrance. Thus,

for (R = RZ = H and R3 = C,H,CN) and (R} =Me, R? = H and
RZ
X—@N—-N N/
e
R3
Rl
(40) (X = NOj)
R3 = C2H4CN) absorption maxima are 443 and 451 nm) respectively.

This observation holds good only for monosubstituted dyes,
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as shown by scale drawings for the disubstituted dye
(38). There is an overlap of one of the bulky methyl
groups with the lone pair of electrons of the B-nitrogen
atom of the azo group.

A similar argument has been advanced by Hoyer et gl.63

for
substituents in the acceptor ring. Generally, a planar
trans-azobenzene with one substituent on C~2 can assume
conformation A or B, that of B being sterically more favour-

able than that of A. Thus, stronger steric hindrance is to

to be expected only when C~2 and C~-6 of one benzene ring
are both substituted so that one substituent overlapsthe

spz electrons of the nitrogen atom as shown.

(d) Extension of Conjugation

Sometimes the spectral characteristics of a dye
molecule can be altered tremendously by extending the
conjugation of the system. The main goal of a conjugation
extension is to shift the position of T towards longer
wavelength; the influence on absorption intensity is usually

a secondary consideration, although there are many examples
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in which bathochromic shifts as well as hyperchromic shifts
have been observed. In practice, there are various ways

of extending the conjugation of a system. This may be
accomplished through the inclusion of the naphthalene

rather than the benzene rings in the system. Hallas66

and
his students have prepared many di- and triarylmethane dyes
in which conjugation has been extended both transversely
and longitudinally using the naphthalene ring. Mononaphtha-
lene analogues of Crystal Violet, Malachite Green and
Michler's Hydrol Blue all showed red shifts in 98% acetic

acid.66

It was observed, however, that conjugation through
the 1- and 4-positions was more effective than that through
the 2- and 6-positions. Similarly, phenanthrene and 9,9-
dimethylfluorene were used in the preparation of these

basic dyes and they all showed bathochromic shifts in compar-
ison with the parent dyes.67

The dye (41) absorbs at 465 nm in ethanol compared

ey
Qe

(41)

with p-aminobenzene which absorbs at 385 nm in the same

solvent.68 Longitudinal extension can also be achieved

by increasing the number of benzene rings and azo groups69
as shown in (42). Heterocyclic ring systems are useful

devices for extending the conjugatiocn in monoazo dyes since
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(42)

i

for n L, A is 416 nm

max

n = 2 n 1 428 nm
b - solvent benzene

they produce deep colours from a relatively low mass
molecular structure; an example is the 5-nitrothiazole
derivative of julelidine (44}, which absorbhs at 625 nm
{5.35 x 104) compared with the p-nitroaniline analogue

(43) which has a A__ of 518 nm (3.78 x 10%), both measured

in ethanol-30

(44)
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(e) Recent Developments

Modern understanding of the relationship between
colour and chemical constiﬁution owes its existence to
developments in quantum mechanics. There is the general
consensus amongst theoreticians that absorptien in the
ultraviolet, visible and infrared regions of the electro-
magnetic spectrum can no longer be treated in isolation,
but as a single topic¢. In the early approaches there was
overplaced emphasis on the position of the absorption max-—
imum; this imbalance is being corrected. Thus, both hmax
and the corresponding absorption intensities are treated
with the same degree of importance. This realisation has
considerable meaning in practice, since the intensity of a
dye mcleéule is of immense importance during application.
Quantwa mechanical methods developed to explain the link
between colour and constitution are becoming increasingly
popular, with the advent of compﬁter programming, which
can handle complex molecules, such as dyes. In the present
work, most of the dyes prepared have been studied in some
detall with the help of the Pariser—-Parr-~Pople approach.
As the number of physical methods is ever increasing, care-
ful choice is of paramount importance, as some methods are
more suitable tc certain classes of dyes than others. This
fact if ignored would lead to poor correlations as is some-

times found in the literature.



DISCUSSION OF RESULTS
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Part A Spectroscopic Investigations

(i) Preparation of solutions for spectroscopic measure-

ments.

An accurately weighed sample of pure dye (ca.0.00lnmole)
was dissolved in ethanol and made up to 100 ml in a volumetric
flask. In most cases it was first necessary to warm the dye
in a small quantity of solvent to ensure efficient dissolution
before adding the cooled solution to the volumetric flask. A
measured volume of the stock solution (graduated pipette) was
then diluted in a 25-ml volumetric flask to give an approxi-

mately 10°2 M solution.

(ii) Ethanolic hydrogen chloride

Dry hydrogen chloride gas was passed into ethanol and the
concentration of the acid in solution was determined volu-
metrically by titration with a standard solution of sodium
hydroxide.

Spectral measurements were first carried out in
ethanol alone. Known quantities of ethanolic hydrogen
chloride (equated in equivalents of acid) were then added
s0 as to progressively vary the concentration of the acid.
The addition of acid was continued until an equilibrium had

been established.
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i ﬁ,g-Diethylaniline dyes

Various monoazo dyes of general form (45) have
been derived from N,N-diethylaniline as the common coupling

component; spectral data are listed in Table 2.1.

Ar—N= N‘@NEtz

(45)

Table 2.1. Spectral data for solutions of N,N~diethylaniline

dves (45) in ethanol.

ATNH,, N /T 10"48max
Aniline (46) 415 2.70
2-Nitroaniline (47) 450 2.24
4-Nitroaniline (48) 488 3.53
2=Amino-l-nitro-

naphthalene (49) 474 417
l1-Amino-4-nitro-

naphthalene {50) 502 3.16
1-Amino-5-nitro-

naphthalene {51) 460 2.45
2=-Amino-6-nitro-

naphthalene (52) 480 3.55
2-Amino-8-nitro-

naphthalene {53) 466 313

2=-Amino-9,10-dihydro-

phenanthrene (54) 433 2.04



2-Amino-3-nitro-
9,10-dihydrophenanthrene (55) 475 3.41
2-Amino-7-nitro-
9,10-dihydrophenanthrene {56) 470 3.49

2-Amino—-7-nitro-

phenanthrene . {57) . 466 2.86
3-Amino~9-bramophenanthrene {58) 452 3.58
3-Amino-9-cyanophenanthrene (59) ' 476 3.90

. In general, the replacement of a benzene ring by

a polycyclic system does not greatly alter the absorption

of the dyes.
{a) . Overall comparison of phenylazo dyes with polycyclic—
azo dyes

Longitudinal extension of the conjugation brings
about a bathochromic shift of the first absorption band.
Thus, the dihydrophenanthrene dye (54) and the parent dye
(46) absorb at 433 and 415 nm, respectively, a red shift of
18 nm. Similarly, dye (55} having kmax at 475 nm shows a
bathochromic shift of 25 nm when compared with the correspond-
ing benzenoid dye (47) which absorbs at 450 nm., This batho~-
chromic pattern breaks down, however, if dyes (48) and (56)
are compared; the latter compound has a lmax value of 470 nm
while the 4-nitroaniline parent (48) absorbs at 488 nm, a
hypsochromic shift of 18 nm. Although it can be argued
that in the 9,10-dihydrophenanthrene dye (56) the two benzene

rings are twisted out of coplanarity, it is also relevant
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that the acceptor nitro group in this system is somewhat
remote from the electroh donor substituent (NE;z).

Perhaps the most closely related dyes for comparison
purposes are dyes (48), having Amax at 488 nm, and (50),
with lmax at 502 nm; the red shift of 14 nm is in accord
wlith the additional benzene ring in the naphthalene system.
Replacement of naphthalene by phenanthrene appears to have
but little effect on the position of the absorption maxima
as shown by the limited range of dyes examined (57, 58 and
59); this observation is in keeping with the poor colour-
yielding ability of the phenanthrene chromogen referred to

elsewhere.

(b) Behaviour of N,N-diethylaniline dves in acid media

In ethanolic hydrogen chloride, dve (48) shows no
change in the position of absorption maximum initially; there
is, however, a slight increase in the absorption intensity

(10”4

Ae = Q.06) after an addition of 5 equivalents of acid.

As the concentration of the acid is increased, there is a
gradual shift towards longer wavelengths and a corresponding
increase in absorption inteﬁsity, until equilibrium is reached
with the addition of 1000 equivalents of ethanolic hydrogen
chloride. At the equilibrium position, the absorption

maximum has shifted from 488 to 510 nm (positive halochromism)'
and a slight increase in absorption intensity {10_4 Ae = 0.22)

is observed; a broad band also appears in the 320 =330 nm

region. This behaviour is typical of mono-acid salts of
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59 Under identical

derivatives or 4-aminoazobenzene,
conditions, however, the intensity of dye (50) falls rapidly
with no change in the position of the absorption maximum.
By the time 10,000 eguivalents of acid have been added, there
is hardly any peak in the visible regicn; instead a weak
band appears at 390 nm (Fig. 2.1).

The spectral results (Fig. 2.1) indicate that in
the case of the phenylazo dye (48) an equilibrium mixture
of two tautomeric forms obtains in which the proton is
attached to the azo-linkage and to the amino-group, respect-
ively. The azonium form, which can be represented as a

charge-resonance system (60a), absorbs at longest wavelength

and predominates.

+
— +
OZN—@I:I N‘{}A\mt2 <> O,N @Yj —N Q NEt,
H H

preferred
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{élb)

Chart 2.1l. Azonium and ammonium structures for dyes (48)

and (50).

The naphthalene dye (50) appears to exist exclusively in
the ammonium form (61b) as indicated by the absence of an
absorption peak in the visible region of the spectrum in
strong acid. It seems likely that protonation at the azo
group is peri-hindered (6la) since it is prcbable that the
preferred conformation of the dye is that in which attack
at the B-nitrogen is most difficult. This suggestion is
in accord with the results of Hover, Schickfluss and

Steckelberg,63

who have argued against the existence of an
alternative conformation in which the a-nitrogen is sterically
hindered, on the grounds of overcrowding, Similar behaviour
is shown by the relateqd isomer (51}. The dye derived from
2-aminco~-l-nitronaphthalene (49) alsc shows the absence of

an azonium form in ethanolic hydrogen chloride. The spectrum
is similar to that of dye (50); spectral changes in acid are
shown in Table 2.2.

Again, the absence of protonation can be associated

with the presence of a substituent adjacent to the azo linkage;
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the o-nitro group presumably hinders protonation both
sterically and by a reduction in basicity so that the
ammonium derivative (62) is the preferred species in acid

solution.

NO.

2
N==N fﬁEtz
H

(62)

A rather different pattern of results is observed
in the spectra of dyes (52) and (53) in which the nitro
group is situated in the second benzene ring of the naph-
thalene system., Like the 4-nitroaniline dye (48), the
spectra of these compounds show absorption bands in both
the visible and the ultraviolet regions; a gradual fall in
intensity is observed as the acidity is increased. This
situation is illustrated for dye (53) in Table 2.3. It is
significant that the azo group is no longer sterically

hindered in dyes (52) and (53).

(c) Naphthalene dyes

From the limited spectral data available, it is
difficult to effectively compare the conjugative power of
the 1- and 2-positions in the naphthalene chromogen as

represented by (63) and (64), respectively.
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Table 2.2. Absorption bands of some N,N-diethylaniline

dyes in ethanolic hydrogen chloride.

Dye Bquiv. of A /mm 10-4Ema.x AX 10 %
HC1
48 1,000 510 3.75 22 0.22
49 10,000 335 2.87 -139 -1.30
50 10,000 380 1.36 -142 -1.80
51 10,000 370 1.80 - 80 -0.65
52 10,000 540 2.13 60 -1.42
53 1,000 530 2.00 64 -1.13
54 1,000 570 1.06 137 -0.98
55 1,000 370 1.63 -105 -1.78
56 1,000 560 2.59 90 -0.90
58 500 562 1.95 110 -1.63

59 1,000 550 2.74 74 -1.16
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Table 2,3, Changes in lmax and € nax for dye (53) in
ethanolic hydrogen chloride.

Solvent L— L 10‘4Em A
Ethanol 466 3:.13 -
Ethanol + 10 equiv. of HC1 470 2.83 4
Ethanol + 50 equiv. of HCl 476 2.45 10
Ethanol + 100 equiv. of HC1l 486 2.18 20
Ethanol + 200 equiv. of HC1 526%* 212 60
Ethanol + 300 equiv. of HC1 528%* 2.09 62
Ethanol + 400 equiv. of HC1 528% 2.09 62
Ethanol + 500 equiv. of HCl 528%* 2,09 62
Ethanol +1000 equiv. of HCL 530%* 2.00 64

* with a shoulder



(63)

(64)

Thé inability to dissect the spectral properties of these
dyes along the pattern shown in the above structures is
perhaps due to the different influence the mesomeric sub-
stituent (NOZ) exerts on the naphthalene molecule from the
various positions of attachment. This positional influence
on the spectra of naphthalene dyes bas been observed by
Brode and Eberhart,70 who examined a large number of
naphthalene dyes with sulphonic acid groups in different
positions.

The preseﬁt dyes derived from naphthalene have

their absorption maxima in the order (Table 2.1).

50 > 52 > 49 > 53 > 51
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This order agrees closely with the mesomeric interactions

between the amino and nitro groups in the corresponding

intermediates7l as shown by the charge separation structures

65=69 in Chart 2.2.

_ NO
i, f 2
Y O "
&
1,4- No, 2,6- 2,1~
(65) _ - (66) ﬁ {67)
: NO5 H,
i,
{68) (69)

Chart 2.2. Mesomeric interactions in nitronaphthylamine

intermediates.

Although useful correlations can be made hetween dyes and
their appropriate intermediates, it dces not necessarily
follow that the conjugative abilities observed in the dyes
will exactly parallel those found in the corresponding inter-

mediates.

{4} 9,10-Dihydrophenanthrene and phenanthrene dyes

. The parent 9,10~dihydrophenanthrene dye (54) absorbs

at 433 nm while the.Am values for dyes (55) and (56) with

ax

the nitro groups in the 3~ and 7-positions lie at 475 and 470

nm, respectively.
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In acidic media, both (54) and {56} exhibit two
peaks; oﬁe in the visible region and the other in the ultra-
violet. It can therefore be concluded that the azonium and
the ammonium structures are in equilibrium; dye (54) shows
a positive halochromism of 132 nm, while (56) has a positive
halochromic shift of 90 nm. Dye (55}, on the other hand,
does not absorb in the visible region in a fairly strong
ethanolic hydrogen chloride sclution, but a band appeafs at
370 nm indicating the formation cf the ammonium structure

(70) .

N02

O e
| H
(70)

The characteristic changes for dyes (55} and (56) in ethanolic
hydrogen chloride are shown in Table 2.4.
'As shown in Table 2.4, the intensity of the band
(dye 55} gradually falls as the concentration of the acid
is increased, probably owing to protonation at the amino
group. It may again be concluded that the presence of
an  9-nit;c) substituent hinders protonation at the azo

| group both sterically and by reducing the basicity.
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Table 2.4, Spectral properties of dyes (55) and (56) in

ethanolic hydrogen chloride

Dye (55) Dye (56)
=4 —4
Equiv. of A nm 10 e A T 10 “e
Hel nmx/ max nax/ max
1 475 3.44 470 3.66
5 = = " 3.53
10 " 3.35 472 3.19
50 ¥ 3;18 478 2.59
100 e 2+71 no definite
peak
200 . 2,20 - -
1000 370 1.63 370 3.02
560 2.59
10,000 =~ - 370 3. 36
560 2.16
20,000 - i 370 3.62

560 2.07



Three dyes incorporating the fully conjugated phenanthrene
ring have been prepared, namely dyes (57), (58) and (59);
their Amax values in ethanol are 466, 452 and 476 nm,
respectively (Table 2.1). Curicusly, dye (57) shows a
hypsochromic shift of 4 nm in comparison with the 9,10-
dihydrcophenanthrene analogue (56); a similar result :
predicted Dby the computer calculations is discussed
later on in the present work. However, both dyes (56)
and (57) show positive halochromism in acid.,

The relative electron-withdrawing abilities of
the bromo and the cyano groups have been demonstrated by
the spectral data given in Table 2.1. In ethanolic hydro-
gen chloride, dyes (5%8) and (59) show a rapid decrease
in intensity and a gradual build-up of peaks in the visible
(around 570 nm) and the ultraviclet (about 360 nm) regions
of the absorption spectrum. When 1000 equivalents of
acid have been added, the band in the visible begins to
fall in intensity and at the same time the intensity of
the ultraviolet band begins to rise, This behaviour is
again consistent with an equilibrium between azcnium and

ammonium species.
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|
|

2, N-2-Cyancethyl=-1,2,3,4«tetrahydroquinoline dyes

‘The spectra of some monoazo dyes (71) derived from
N-2~cyanocethyl-1,2,3,4-tetrahydroquinoline as the coupler
were recorded in ethanol and in ethanolic¢ hydrogen chloride

and the results are listed in Tables 2.5 and 2.6.

) Ar —N=N N\
|
i CH2CH2QN.
(71) |
Table 2.5. Spectral data for scluticong of N-2-cvancethyl=-

l,2,3,4-tetrahyvdroquinoline dves ({71} in ethanol

ArNH, | _  A__Jmm 10"4emax
2-Nitroaniline (72) 442 2.50
4-Nitroaniline (73y 477 2,76
2-Amino-l-nitro- _
naphthalene (74) o 462 -
l-Amino~4-nitro- _ i
naphthalene {75) 494 2.25
l-Amino-5-nitro-
naphthalene o (76) . 454 2.47
2-Amino-7-nitro- . , |
9, 10-dihydrophenanthrene (77) 460 2. 36

3~-Amino-9-cyano- _
phenanthrene (78) _ 464 1.35
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All the N-2-cyanocethyl-1,2,3,4-tetrahydroquinoline
dyes show hypsochromic shifts in comparison with the
dialkylamine analogues (Table 2.1). This trend towards
shorter wavelengths for the bridged system may appear
contradictory at first sight but, as has been pointed out

by Bridgeman and Peters,65

the electron displacement result-
ing from the strong -I effect of the cyano group (79) reduces
the conjugative power of the bridging nitrogen atom with

the rest of the system, thereby leading to overall hypso-

chromic shifts.,
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Table 2.6. Absorption bands of some N-2-cyancethyl-l,2,3,4-

tetrahydroquinoline dyes in ethanolic hydrogen

chloride,
Dye Equiv. of HC1 ) _ /mm 1074 . A 1074
(72) 30,000 520 4.67 78 2.17
(73) 22,0002 540 2.84 63 0.08
(75) 10,000 514 2.53 20 0.28
(76) 20,000 495 2.22 41 -0.25
(78) 10,000 560 4.81 96 3.46

¥ system optimally protonated

The diversity of the diazonium components in this
series of dyes does not allow for asimple comparison, but
it is noteworthy that the greatest halochromic shift
(positive) is shown by the relatively weakly conjugated
cyano dye (78); the l-amino-4-nitronaphthalene derivative
(75) has the smallest shift (20 nm). This finding is in

72 who have shown that

agreement with the work of Hallas and Ng
strong electron withdrawal brought about by more than one
electron attracting group in monoazo dyes can in fact lead
to negative halochromism, As is often the case, the

absorption intensities of the present dyes are devoid of any

recognisable pattern.
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3. -+ KRairoline (N-methyl-1l,2,3,4~tetrahydroguincline)

dyes

For comparison purposes, several monoazo dyes (80)
were prepared from kairoline and thelr spectral properties

are listed in Table 2.7.

| Ar— N== N N

(80)

Table 2.7. Spectral data for sclutions of some kairoline

. dves in ethancl

ATrNH 5 Amax /nm 10 € max
2-Nitroaniline (81) ' 460 2.79
4-Nitroaniline (82) 498 3.16

l-Amino-4-nitro-

naphthalene (83) 514 2.77
l1-Amino-5-nitro- | J

naphthalene {84) 474 2.29
2-Amino-6-nitro-

naphthalene (85) 488  2.16
2=-Amino-8~nitro-

naphthalene (86) 476 2.78
2=-Amino~7-nitro-
9,10-dihydrophenanthrene (87) | 478 . 1.38

* low solubility in ethanol
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All the azckairoline derivatives show bathochromic
shifts with respect to the corresponding dialkylamino
analogues (Table 2.1); the average shift observed is about
10 nm., Surprisingly, the absorption intensities of the
kairoline derivatives are marginally lower than those of the
corresponding dialkylamino dyes.

In ethanolic hydrogen chloride, each of the azo-
kairoline derivatives shows a positive halochromism and exists
almost exclusively in the azonium protonated form as illustrated
in Figure 2.2 for dye (86). The spectral data for the
protonated species of the dyes are listed in Tables 2.8, 2.9

and 2.10.

Table 2.8. Spectral changes of dves (8l1) and (84) in ethanolic

hydrogen chloride

Dye (81) Dye (84)

Equiv. of HCl A /m 10 0 ena  FAUiv. of HCL A /mm 10_4£max
10 465 2.77 5 474 2.28
100 473 2.79 10 474 2,22
500 502 3.94 50 474 2.20
1000 506 4.41 100 474 2.12
3000 508 4.83 500 485 2.16
5000 510 4.97 1000 494 2.07

10,000 510 4.97 3000 508 2.22
20,000 510 5.14 5000 515 2.41
22,000 510 5.19 10,000 520 2.59

20,000 522 2.75

22,000 522 2.75
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Table 2.9. Spectral data for dyes (85) and (86) in ethanolic

hydrogen chloride

Dye (85) Dye (86)

Bquiv. of HCL A /m  107c  Bguiviof BCL A _/mm 10 e
1 488 1.84 1 476 2.75
50 520% 2.70 5 485 2.69

100 525% 3.50 10 499 2.78
200 533+ 4.58 50 524*  3.68
500 540 5.91 100 528%  4.45
1000 540 5.98 200 532%  5.00
10,000 540 6.04 500 538 5.53
20,000 540 6.10 1000 538 5.65
22,000 540 6.10 20,000 538 5.75

22,000 538 5.75

*
with a shoulder

Table 2.10. Spectral changes for dye (87) in ethanolic

hydrogen chloride

Equiv, of HCl A pax/nm* 10"ﬁlemc_”c
1. 478 1.11
100 554 2.24
200 554 3.13
500 554 4,83
1000 554 4.95
5000 554 (360) 5.60(0.06)
10,000 554 (360) 5.82(0.08)

system not optimally protonated
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' In this system, the azonium charge-resonance
species (88a) is predominant with little evidence of the
ammonium tautomer (88b). It is likely that the position
of the equilibrium can be related to the electron-donat-
ing strength of the terminal nitrogen atom since powerful
donation of the lone pair will favour the azonium cation;
the bridged kairoline end group is a better electron donor

than diethylamino,

N02 N02
Ny N+
CH, 2N
ﬁ : CH3
' = N “—> N —N
H - ﬁ
(88a)
©2
H N_‘;
! CH
H 3
N =N

(88b)
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Depending on the nature of the accepting system, however,
even with the kairoline system in operation it is still
possible to detect the ammonium tautomer. Thus, as acid
is added to a solution of the dihydrophenanthrene dye (87)
there is a gradual build up of a band around 360 nm as

well as the visible azonium peak at 554 nm.

4. Julolidine (2,3,6,7-tetrahydro-1H,5H~-benzo[ij]

quinolizine) dyes

29,30

It has previously been pointed out that

julolidine is a very powerful electron donor because of

2 electrons of the

the strain-free overlap of the sp
nitrogen atom with the rest of the chromogen. 1In the
present work, a selected number of julolidine dyes (89)
have been prepared and their spectroscopic behaviour
studied in ethanol and in ethanolic hydrogen chloride;

spectral data are given in Tables 2.11, 2,12 and 2.13.
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(89)

Table 2.11l. BSpectral properties of scme julolidine dves

in ethanol

ArNH2 _ Amax/nm 10 € max
2-Nitroaniline {90} 480 2.74
4~Nitroaniline (91) 518 3.58

- 2=~Amino~1-nitro- |
naphthalene (92) 500 4.03
l1-Amino~4-nitro-
naphthalene (93) 538 3.16
2-~Amino~-6-nitro-
naphthalene {94} 510 3.36
2-Amino=-8-nitro- |
naphthalene (95) 496 - 3.15

The julélidine dyes show red shifts of between 25
and 40 nm in comparison with the analogous dialkylamino
derivatives; bathochromic shifts within this range have
been observed by Castelino and Hallas.30 The absorption

Intensities in the two series are comparable.
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Table 2.12. Spectral data for dyes (90) and (91) in ethanolic

: hydrogen chloride

~ Dye (91) Dye (80)

Equiv. of HCL 1 . 107 ax  Euivof HAL A /m 167 Cmax
1 518 3.77 1 483 2. 84
2 | 518 4.16 5 o492 3.09
3 518 4.89 10 498 3.44
4 518 5.18 50 505 4,04
5 518 5.37 100 509 4,42
10 518 - 5.90 200 510 4,67
25 518 6.19 1000 510 4.95
50 518 6.48 5000 510 5.00
100 518 6.68 10,000 510 5.04
200 518 6.87

500 518 6.97
1000 518 7.01

10,000 518 7.01

‘in ethanolic hydrogen chloride, the behaviour
‘of the julolidine dyes depends on the position of the nitro
group. Thus, while dyes (90) and (91) both show increases
in intensity, the former exhibits a positive halochromic
shift unlike the latter whose wavelength remalns constant
at 518 nm (Table 2.12). This difference in hehaviour can
be assoclated with the relative electron accepting capacit-

ies of the o- and p-nitro groups. It has already been pointed
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out that the overall halochromism depends on (a) the electron
donating power of the terminal nitrogen atom and (b) the
electron accepting capability at the other side of the azo
linkage. These factors operate in such a way that the greater
the disparity between the two parts of the dye the more likely
it is that the halochromism will be negative. Thus, dye (90)
has a positive halochromism of 30 nm whereas the halochromism

in dye (91) is zero (Table 2.12).

Table 2,13, Spectral properties of dyes (92), (94) and (95)
in ethanolic _hydrogen chloride,

Dye (92) Dye (94) Dye (95)

Bquivof HCL A w100 A /m 16T w107

1 500 4.03 512 3.42 500 3,15
3 500 4.03 535 5.74 524 3.90
5 500 4.03 538 5.86 530 4.78
10 502 4.09 540 6.10 335 5,36
50 503 4.12 542 6.40 - -
100 504 4,12 542 6.67 540 6.30
500 510 4.39 545 6.82 - -
1000 514 4.58 545 6.82 540 6.42
10,000 520 5.04 540 6.42
25,000 520 5.03

These differences permit a distinction to be made
between the various substituted naphthalene derivatives in

terms of their conjugative abilities. Thus, dye (93) shows
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a negative halochromism of 8 nm (Table 2.14) whereas the
positive halochromism of the remaining naphthalene dyes
increases in the order (92), (94) and (95) (Table 2.13),.
This sequence can therefore be taken to represent the
decreasing ability of the nitro group to conjugate at the
various positions in the naphthalene ring.

Differences in halochromism are observed when the
electron-donating power of the terminal nitrogen atom is
altered. For example, the kairoline dye (83) shows a positive
halochromism (Table 2.14) whereas that of the julolidine
analogue (93) is negative. Illustrative spectra of dyes (83),
(91) and (93) are shown in Figures 2.3, 2.4 and 2.5 respect-

ively.

Table 2.14. Spectral changes for dyves (£3) and (93) in

ethanolic hydrogen chloride

Dye (83) Dye (93)

Bquiv.of HCL A /mm 10 e Bguiv.of HCL A /mm 1074 €
1 514 2.77 10 538 3.39
10 514 2.84 50 538 3.52
100 520 3.04 100 536 3.58
500 523 3.28 200 535 4.00

1000 525 3.45 500 532 4.61
2000 526 3.61 1000 530 4.85
3000 528 3.78 10,000 530 5.21
5000 530 4.12 20,000 530 5.46
10,000 530 4.16 22,000 530 5.45

20,000 530 4.16
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i

5. Comparison between the different couplers

A comparison between the four couplers is shown in
Table 2.15 by reference to the absorption maxima of the

derived dyes.

Table 2.15. Absorption maxima of dves obtained from the

same diazonium component and different couplers*

Diazonium component e (DERY A (CRO) Arax K A )
2=-Nitroaniline 450 442 460 480
4-Nitroaniline 488 477 498 518
l1-Amino-4-nitro-
naphthalene ' 502 494 514 538
1-Amino-5~nitro~
naphthalene | . 460 454 474 -
2~Amino-6~nitro-
naphthalene 480 - 488 510
2-Amino-8-nitro-
naphthalene 466 - 476 4986
2-Amino-7-nitro-9,10- |
dihydrophenanthrene . 470 460 478 -
* N,N~Diethylaniline (DEA)
N=-2-Cyanoethyl-1,2,3,4~

tetrahydroquinoline {CEQ)
Kairoline ({(K)

Julolidine (J)
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Fram the data given in Table 2.15 it follows that the

relative strength of the coupler decreases in the order

J » K > DEA > CEQ '

The relative strengths of the CEQ and DEA groups have already
been discussed. It is clear that the singly bridged kairoline
system is less effective than the doubly bridged julolidine
chromogen and it is believed that conjugation of the nitrogen

atom is optimal in the julolidine system.29

6. " Solvatochromism

It is generally observed that the absorption spectrum
of a substance when measured in the wvapour phase exhibits

73 Ideally,

fine structure which is usunally absent in solution.
spectra should be determined in the vapour phase, but this is
frequently prevented by the low velatility of most organic
compounds. |

‘When the absorption spectrum of a given compound is
measured in different solvents, various changes are observed.
Some of these variations are associated with physical solvent
effects, while others are due to chemical interactions.
Overall, these changes give rise to the phenomenon known
as solvatochromism (the change in position and intensity of
an absorption band accompanying a change in solvent). The
physical solvent effects may depend on

{aj the nature of the solvent

vy (b) the type of absorption transitions {(e.g. m+w*

or n-+n*)
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(c) the nature of the solute.

In the present investigation, factors (b) and (¢)
are essentially constant as the two dyes examined, (83)
and (93), have similar structures and the absorption bands
in both cases are associated with a wn+n* electronic trans-
ition. As can be seen from Tables 2,16 and 2.17, the
results are complex and it is not possible to correlate
Anax with just one physical parameter, namely, the dielec~-
tric constant of the solvent.

It has been suggested74 that solvent shifts can
best be handled by considering sclvent-solute interactions
in the ground state and in the excited state separately.
Thus, dyes (83) and (93) are both less polar in the ground
state than in the excited state due to charge migration
(in the latter state) from the electron donor to the nitro
group and should therefore behave bathochromically in polar
solvents in accordance with theoretical considerations.75
This general trend has in fact been observed in moving from
the non-polar solvent cyclohexane to the more polar solvent
methylene chloride. 1In polar protic solvents such as ethanol
and acetic acid it is clear that hydrogen bonding will affect

the absorption spectra in a complex manner.
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Table 2.16. Changes in the spectroscopic properties of

dye (83) in various solvents.

Dielectric -4

Solvent constant :\m(/nm 0 “max
Cyclohexane 2.02 479 3.99
Toluene 2.38 503 2.95
Benzene 2.28 505 2.97
Acetic acid 6.15 510 2.16
Ethanol 24.3 514 . I
Acetone 20.7 518 2.62
Methylene chloride 9.08 522 2.20

Table 2.17. Changes_in the spectroscopic properties of

dye (93) in various solvents

solvent et nad™ 16 e e
Cyclohexane 2.02 504 -
Toluene 2.38 526 4.19
Benzene 2.28 528 3.03
Acetic acid 6.15 532 4.36
Ethanol 24.3 536 3.15
Acetone 20.7 540 3.20

Methylene chloride 9.08 549 3.05
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Part B Dveing and fastness properties

The dyeing and fastness properties of the current
dyes were examined on pelyester and the results obtained
are briefly discussed in this section,

1. Dyeing procedure

The dye (20 mg) was dissolved in the minimum amount
of acetene {ca. 5 ml) and added to an agqueous suspension of
a dispersing agent (Dispersol (10 ml} in water (500 ml} 1],

The resulting mixture was heated to about 80°C and a weighed
piece of Terylene (2 ¢), previously wetted, was added to

the hot mixture. The temperature of the dye-bath wasgradually
raised to the boil during 30 min and kept at this temperature
for 2h. In most cases a carrier [Dicene 70 (0.5 ml))] was
also introduced to the hot suspension,

The dyed fabric was then washed with warm water and
heated for 3-4 min., with a 2% solution of sodiumn hydroxide
(50 ml) to which a pinch of sodium dithionite had been adled.
Finally, the fabric was washed with warm water and drled at

40 - 50°, ,

|
!

| In a few cases the dye-bath was prepared as described

but the dyeing was carried out undér steam conditions; the

resulting dyeings were marginally deeper in colour.

2. . Light fastness properties

| The light fastness ratings of the dyeings were

determined in a Microscale Fadgmeter and the results were
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assessed visually against the B.S.I. blue standards which
were exposed simultaneously. Results of the light fastness
tests and the corresponding hue of the dyes on polyester

are listed in Tables 2,18, 2.19,2.20 and 2.21.

Table 2.18. Light fastness properties of the N,N-diethyl-

aniline dyes

Dye Colour on polyester " light fastness
(46) % yellow 3-4

(48) prick red | 4-5

(49) tangerine 1-2

{50) pink 3-4

(53) : salmon pink ' 2-3

(55) : | pink 3

(56) ' straw-yellow 3

(58) buttercup 3

(59) 5 marigold 3-4

Table 2.19. Light fastness properties of some N-2-cyapo-

ethyl—l,Z,3,4—tetrahvdr0quinoline dyes.,

. Dye | Colour on polyester light fastness
(73) pink ' 3-4

(75) pink : 1-2
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Table 2.20, Light fastness properties of some kairoline

f
Dye .f Colour on polyester Light fastness
(84) ; orange~red 2
{85} 5 pink : ) 2
(86) | orange-red _ _ 2

Table 2.21. Light fastness properties of some julolidine

dyes
Dye i Colour on polyester Light fastness
i
(90) | orange 2
(22) red 1-2
(93) violet _ 1-2
(94) | pink o 1-2

(95) | pink 1-2

The poor light fastness of dyes derived from juloli-

76 No attempt was made to

dine has previously been noted.
apply these dyes on other fabrics because it is generally
agreed that disperse azo dyes give better light fastness on
polyester than other fabrics.77
It is well-known that the photochemical processes
whereby & dyed fabric fades with the action of light are
complex and cannot be explained in gimple terms. Various
factors are thought to be responsible for the rate at which

a dyed fabric fades and these include:
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(i) the method of application,
(1i) the chemical structure of the dye,

(iii) the nature of the substrate,

(iv) the presence of oxygen,
(v) the effect of temperature and humidity,
(vi) the effect of dye concentration on the fibre,

(vii) the nature of dye-fibre interactions and
(viii) the nature of any after treatments used on the

coloured fabric.

The various effects have been treated in a semi-
quantitative manner in certain CaSES.?S In the present work,
however, detailed investigation into the above factors was
not carried out. It is clear, however, that the introduction
of a polycyclic ring system leads to a decrease in light
fastness as does the presence of a powerful electron releas-

ing terminal nitrogen atom.
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Part C é Conclusions

|

Replacement of a benzene ring by £he naphthalene system.
in appropriate azo dyes generally brings about a batho-
chromic shift of the first absorption band irrespective'
of the position of substituents in the naphthalene ring.
In particular, a comparison between two closely related
dyes, (48) and (50), shows a red shift of 14 nm owing

to the additional henzene ring present in the naphthalene
system,

The poor colour-yielding ability of the phenanthrene
chromogen has bheen confirmed as indicated by the Amax
values of dyes (57}, (58) and (59).

The 9,10-dihydrophenanthrene dye (56) shows a bathochramic
shift of 4 nm with respect to the fully conjugated phen-
anthrene analogque {57); this result is supported by PPP
calculations which predict_kmax values of 447 and 435 nm,
respectively. |

As has been pointed out by Hallas, Waring and Paskins in
studies on triarylmethane dyes, extension of conjugation
in the naphthalene systéﬁ is more effective through the
1l,4-positions than through the 2,6-positions. The various
dyes deriéed from the different couplers (Table 2.15)

confirm this finding. Thus RmaX(DEA), Amax(K) and Moo (J)

_ X
differ by 22, 26and 28 nm, respectively, in favour of the

l,4=linked dyes.
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All the dyes derived from N-2-cyancethyl-1,2,3,4-tetra-
hydroquinoline show hypsochromic shifts with respect

to their dialkylamino analogues. The blue shift is
associated with the strong electron-withdrawing ability

of the cyano group which weakens the overall conjugative
power of the bridging system.

The strongly conjugated julolidine dyes show red shiftsg

of between 25 and 40 nm when compared with the correspond-
ing dialkylamino compounds.

The absorption intensities of dyes derived from the

different ccuplers are cf the same order (em 2-4 x 104),

ax

with the julclidine dyes marginally higher than the others.

In ethanclic hydrogen chleoride, all the dyes with a

nitro group ortho to the azo-linkage protonate almost

exclusively at the amino-group while the remaining isomers

form both the azonium and the ammonium tautomers. The

absence of the azonium form in the former cases is assoc-

iated with a steric effect as well as with a reduction

in basicity of the azo group arising from the presence

of a strong electron withdrawing substituent in the

vicinity of the azo-linkage. .

In an acidic medium, dye (90) exhibits a positive halo-

chromism of 30 nm whereas dye (93) shows a small negative

halochromic shift of 8 nm; dye (91) is not halochromic.

The electron-withdrawing abilities of the component

groups in the above julolidine dyes decrease in the order

l-amino-4-nitronaphthalene > 4-nitrecaniline > 2~nitroaniline.
|
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It follows therefore, that the tendency towards negative
halochromism is greatest the greater the difference
between the donor and the acceptor groups. This general
hypothesis is substantiated by the smaller positive
halochromism (16 nm) shown by dye (83) in which the
julolidyl group has been replaced by the kairoline system.
The close agreement between calculated and experimental
Amax values for the 9,10-dihydrophenanthrene dyes suggests
that conjugation through the polycyclic system is not
diminished by the small amount of twist induced into the
biphenyl system by the bridging group.

All the monoazo dyes examined are more polar in the first
excited state (increase in bond orders) than in the ground
state. This increase in polarity is demonstrated by the
bathochromic shifts observed in polar solvents.

The presence of a polycyclic system and a strong electron
donor in an azo dye molecule leads to a poor light fast-
ness rating.

The synthetic difficulties accompanying the preparation

of appropriate polycyclic intermediates make their usage

in commercial practice most unlikely.
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Predictive Methods in Organic Chemistry

|

1. Introduction

The prediction of Murrell and Harget79 that the

time will come when the computer will replace the laboratory
bench as a cheaper and more reliable source of information
regarding some organic problems may sound wishful thinking
to the experimental chemist., Recent developments in physical
organic chemistry have, in fact, demonstrated beyond any
doubt that in cases where experimental data are hard to come
by, or in related problems in which only limited practical
data are available, theoretical alternatives are no mean
substitutes. However, the shecr number of physical methods
available coupled with their mathematical complexity has
unhappily slammed the door against many would-be users. The
newcomey to this branch of chemistry is first confronted by
the problem of choice. This first hurdle is further
heightened by the mere fact that many physical methods bhear
close resemblance to one another, thus making an isolated
approcach almost meaningless. It is against this background
that this section of the present work is written,

! While it is not intended to cover comprehensively
all the available methods found in the literature, a brief
treatment of an appropriate selection will greatly aid the
comprehension of the subsequent discussion. Broadly speaking,
one could group the various physical methods into simple and
advanced methods. There is, however, no clear line of demarca-

f
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tion in this rather crude classification. The so-called
advanced methods in the Molecular Orbital context are those
in which electronic interaction is considered explicitly as
will be explained later. The failure of chemists and
physicists to find 'exact' solutions to the general

Schrbdinger equation

HWn = EnT 3.1

for many-particle molecules led to approximate methods,

some of which are bréifly discussed here under the following

headings:

(a) The Valence Bond (VB) method;

(b) The Free Electron Molecular Orbital (FEMO) method;

{(c) The Hlickel Molecular Orbital (HMO) method;

(d) The Antisymmetrized Molecular Orbital (ASMO) method
and ASMO CI (Configuration Interaction);

(e) The Self~Consistent~Field (SCF) method;

(f) The Pariser-Parr-Pople (PPP) method*.

* The molecular properties of all the dyes mentioned in
this section of the thesis have been examined by the Pariser-
Parr-Pople Self-Consistent-~Field Molecular Orbital method

with limited Configuration Interaction (PPP-SCF CI).



(a) The Valence Bond Method
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j The valence bond approach originated from the work
of Heitler and London80 and was developed extensively by
Pauling. The theory is based entirely on empirical ccnsider-
ations, using the concept of slectron pairs, and was first
applied to the hydrogen molecule in 1922 by Heitler and
London. Although the original formalism is unexplorable
mathematically when dealing with complex molecules, owing

to the large number of ionic structures that has to be
considered, simplifying assumptions have brought some success
in the qualitative application of the method to large

molecules such as the symmetrical cyanine dyes.Bl

(b) | The Free Electron Molecular Orbital Method

|
i
| Like many other early Molecular Orbital methods,

the Frée Electron Molecular Orbital (FEMO) approach was
framed on the v - % separation principle. Thus, the metheod
is limited in its scope being restricted to unsaturated
molecules. This technique was first applied to open chain
conjugated systems which were considered stripped of their
r—electrons, thus giving rise to a set of points of unit
positive charge arranged as a zig-zag line within a plane

as shown in Figure 3.1,
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%
B ¥
f
< L —
Fig. 3.1. The potential well situation for an electron

confined in a = system,

Now, if one r-electron is fed into the molecular framework,
the problem is identical with that of an electron in a
one-dimensional box, for which the potential energy is
assumed to be zero everywhere within the box. From quantum
mechanical calculations, the energy of the varicus molecular

orpitals is given by

2,2

_ n"'h - : 3.2
En - 2 -
| 8m1,
where
|
n is an integer (1, 2, ....).,
h is Planck's constant (6.625 x 10”34 Js),

m 1is the electron mass,

and L 1is the length of the potential box.

Apart from the length of the box, the FEMO has no empirical

parameters. This approach can also be extended to c¢yclic
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conjugated systems in which the movement of the electrons

is restricted to the periphery of a circle of diameter
roughly equal to that of the molecule. The successful hand-~
ling of the spectra of some polyenes, benzenoid systems and

82 notwithstanding, the FEMO method suffers

a few simple dyes
from gross oversimplifications, vis a vis the o - v separat-
ion principle and the neglect of electronic interactions.

The method is therefore unsuitable, particularly as a predic-

tive tool for polyelectronic systems.

{e) The Hlickel Molecular Orbital Method

In the early 1930s Hﬁcke183 introduced a number
of approximations into the simple molecular orbital theory
and applied them with qualified success to a number of organic
compounds. When these approximations are included in the
linear combination of atomic orbitals (LCAQ) approach, the
result is the well-known Hfickel Molecular Orbital (HMO)
method. Before going on to describe the various aspects of
the HMO method, it is necessary to examine more closely the
Schrddinger equation mentioned earlier; Schr8dinger brought
innovation to classical mechanics in an effort to demonstrate
the wave character of interacting particles.

In classical mechanics, the energy (E) of a system
of interacting particles is related tec the kinetic (T) and

potential (V) energies as in equation
T + v = E . |

By introducing the idea of a linear operator, Schrddinger

set up a wave equation
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(T + Vig = Ey | 3.4

For a simple one—electron system, the potential enexgy

component is given by

where r is the distance of the electron from the nucleus,
e is the electronic unit charge
and 2z is the charge on the nucleus.

The kinetic energy contribution is given by

: 2
!i h 2 3.6

8n2m

where h and m have the usual meanings and the square of the

Laplacian operator (V) is given by

L T T 3.7

2 2 : .
f (- 2 v - ZEy = my 3.8
! 81 m
I
or simply ' Hy = Ey _ 3.9

In the above equation, H is the Hamiltonian operator for
the syStem, y is the eigenfunction and E is the eigenvalue.

For polyatomic systems, the Schrddinger equation is highly
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complex and the total Hamiltonian embraces both nuclei and
electrons. In practice, however, one is usually concerned
only with the electronic Hamiltonian operator where the
movement of the much heavier nuclei is regarded as constant.
The full Schrddinger equation for any molecular system has
an infinite number of solutions, only certain of which are
acceptable. In other words, for each wavefunction b there
will be a corresponding discrete energy En. It sometimes
happens that two or more wavefunctions have identical energ-
iegs and such solutions are said to be degenerate. The physical
significance of the eigenfunction can be deduced from the

well-known normalization condition

! f ¢2dv

-—rra

3,10

i
l—l

|
which equates the probability of finding an clectron in the

volume element dv to unity.

| Abgsorption of light by dyestuffs in the visgible

region of the electromagnetic gpectrum is usually associated
(although not exclusively) with an eiectronic transition
between the ground state and the first singlet excited state.

This condition is given by the Planck-Einstein equation

Eexcited - Eground = hv 3.11

It would appear, therefore, that knowing the exact eigenvalues
for a molecule one could calculate all the electronic transit-

ions that are taking place during excitation. Unfortunately,



90
|
the ‘exact' solution of the Schrddinger equation is possible
only for very simple systems such as Hz, LiH and H3.
In the Hlickel theory, the molecular orbitals vy

are written as a linear combination of atomic orbitals ¢,

so that

-

3.12

¢i E cn,i¢n

In the above egquation, C the mixing coefficients (eigen-
vectors), have the significance that cn2 represents the
fraction of the charge density of an electron inthe molecular |
orbital vy located upon the atom n, The one-electron n-crbitals
of equation 3.12 are in effect solutions of the Schridinger

eguation
i

where H is the one-electron Hamiltonian. By mathematical

manipulations, Huckel84 derived the integrals

_ 3.13
@y !'r{)nH q;nd"c

= 3-14
| B fo H¢ dro

- 2 3.15
| Sm f¢n dr
I = 3.16
Smn f¢m ¢nd1' _

ay is the Coulomb integral which is the measure of the

|
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effective'electronegativity of atom n., an is the so-called
resonance or bond integral and represents the r~bonding

energy between atoms m and n. Snn and Smn are the overlap

integrals, assumed to be unity and zero, respectively,in
the Hlickel approximations. Relative to the energy of an

!
electron at infinity, both ¢ and 8 are negative energy quan-

tities. |
| |

{i) | Shortcomings of the HMO Method

In the HMO procedure, the two parameters a and B
are determined empirically, a fact which has led to endless
controversy amongst chemists., Another serious assumption of
the HMO method is the neglect of electron repulsion. As a
result, it is usually found that the method is unreliable
when applied to hetercatomic melecules owing to the non-
uniformity in the r-electron charge distribution. In an
attempt to compensate for this variation in the Coulomb
integrals, the w-technique was introduced by Wheland and

Mann.

(ii) The w~Technique

; Wheland and Mann proposed a linear relationship

between the value of « and the total wn-electron density Qn’

Thus i

@, = a ¥ (1 - Qn) w.B 3.17

where o is the modified Coulomb integral for atom n, o is

the standard Coulomb integral and w is a dimensionless para-

|
J
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meter estimated to suit experimental data. In this
|

li

procedure, a preliminary HMO calculation is carried out

using constant o values to determine the coefficients in
equation 3.12 and the electren densities. An improved a,

is then obtained by means of equation 3.17. This process

is repeated several times until the system is self-consistent,
that is, until a new set of ccefficients and electron densities

does not differ greatly from the precursor,

(d) : | The Antisymmetrized Molecular Orbital (ASMO)
i
|

Method and ASMO CI

| The first of the so-called advanced methods to
be developed was the ASMO-ST As the name suggests, the
product wavefunctions for electron configurations are made
antisymmetric with respect to each interchange of electron

labels in fulfillment of the Pauli principle, as shown below

for the ground state.

i Ip = l]\bl lpl"' ]\UJ lpj---oc..lbml;j

In 1950, Craig88 incorporated configuration interaction (see

later) into the above methed thus giving rise to the ASMO CX

method.

(e} _ The Self-Consistent-Field (SCF) Method

| Another of the nonempirical methods is the SCF
method which was developed largely by Roothaan.89 The main

characteristic of the method is the iterative approach similar
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to that described for the w-technique of the HMO method.
Many of the principles involved in this method have been
incorporated into the Pariser-Parr-Pople (PPP) method due

to be discussed.

(£) The Pariser-Parr-Pople (PPP)} Method

Pariser and Parr90 introduced empirical parameters
into the purely non-empirical ASMO CI method and this variat-
ion is usually known as the Pariser-Parr method. Similarly,
Pople91 intreoduced simplifying approximations into the SCF
method. The combination of these approximations with the
above-menticned Pariser-Parr method is what is commonly
refaerred toc as the PPP-method. This procedure despite
its strong emphasis on coplanarity is considered to be the
most convenient method for the routine calculation of the
electronic spectra of very large molecules?z The choice
of this method in the present work was greatly influenced
by the extensive researches carried out on azo dyes by

93,94
Griffiths and his students .

2, | Application of the PPP Method

(a) Choice of Parameters in the PPP Method

| The one stumbling klock in the PPP method {and
with advanced methods in general) is the need for careful
parameterization which must take into account the effects
of chemical environments. Two classes of parameters are

used in the PPP method:



(i) structural parameters (bond lengths aﬁd bond angles)
and

(ii)} energy parameters, such as the valence state ionizat-
jon potential (VSIP) and the electron affinity (A) for each
atom within the m-system, and bond resonance (B) values for
each pair of adjacent atoms.

Also required are w—electron densities and m-bond
orders which are obtained via a preliminary Hlickel calculat-
ion as explained later.

| The values used for the physical parameters are
those found in the literature and do not require further
treatment. The energy integrals, however, deserve a closer
examination since they differ significantly from the related

HMO integrals. In general, the Coulcomb and the resonance

92
integrals are expressed in the form
. = o COre . (RrE) 3,19
n n

and

_ ' core '
an = an + (RE)mn 3.20

where un?ore and ancore refer to the attraction energy of
the electron localised on atom n or between atoms m and n,
respectively (the attractive force results from the posit-
ively charged core and the n-electrons). The (RE)n and (RE%nn
energy terms associated with electronic interaction effects
are rather complex and include physical quantities yet to

be explained. Onesuch gquantity is the electron density

which can be derived from the relation
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R . 2 3.21
J yTdv = Sz (Cn¢n) qv
B 2 2,
i' = S IZ.; Cn 9 dv
i |
| + ST C_C ¢ ¢ dv 3.22
| ngn B m'n ‘m
now ¥ = E(¥1¢n (LCAO procedure) and if it is further
-12
assumed that for m # n 3
- | 0 3.23
J L %ndv | 0
then
2 = 2 2 3.24
| [ ¢rdv = i(%l J ¢n av

|

! . _ _
where the quantity Cn?,as explained earlier, has the
physical significance of partial n-electron density at atom
n in the molecular orbital. The tctal electron density at

atom n is given by
!

where Ni is the number of electrons in each molecular
orbital Y and the sum ig taken over all the molecular -
orbitals. This type of summation is ideal for the computer,
particularly when it is realised that some ¢of the present

dyes have well over 20 rn-centres.
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{b) Bond Order

In 1939, Coulson?s introduced the idea of partial

bond order and since then this gquantity has found wide
application in kbond classification. If atoms m and n are
directly bhonded to each other, then one can write down the

total bond order for the m=-n bond in the molecular orbital

as i

wheare Cm' Cn and Ni have their usual meanings. In a strictly
mathematical context (the physical significance of bond
order is difficult to visualize), a large positive wvalue
for Pmn is an indication of a strong bond, a zero wvalue
corresponds to a non-bonding situation, while a negative
bond order calls for an antibonding state of affailrs.

I It is now pogsible to define the one-centre electran

repulsion energy term of equation 3.19 which is given by

|
I (RE)D n nh

I
e
&
-

+ Q¥ 3.27
myn m ‘n _

where Yan is the repulsion energy between two p-electrons
on atom n and Yan is similarly defined but for two electrons
each on different atoms m and n.

Now |

é nn

= - 3.28
Y VSip An |

where A, is the electron affinity for atom n,
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14.39(y + Ynn) 3.29

-
#

“Ymn + ym}dmn + 28.781

where dmn is the distance between m and n. In a very
similar manner, the two-centre repulsion energy (RE)mn is

given by

= - ' : 3.30
(RE) 'n % Pon Ymn

|
|
|
|
|
} The inclusion of bond orders and w-electron densit-
ies in the PPP metheod parameterization necessarily calls for
the knowledge of these parameters prior to molecular orbital
calculatioﬁ. A way out of this trap is to solve the |
secular equations iteratively which involves obtaining a

rough estimate of the coefficients from a Hlickel calculation.
These values, in turn, afford rough m—-electron densitles

and bond orders. By then making use of the estimated electron
densities and bond orders to set up the PPP secular determin-

ant, an improved set of coefficients is obtained and the

process is repeated until consistency is established.
{e) ; Configuration Interaction (CI)

{

|
' Configuration interaction is, by definition, the

mixing up of energy levels over specified orbitals. This
extension is considered essential if improved molecular

- properties in the excited state are required, since the

f
|
i
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results of a PPP calculation strictly refer to the ground
state molecule. 1In practice, there is usually a provision

in the computer programme which allows for the transfer of
electrens within a specified range of orbitals. In order

to cut down the time element involved in this process,
nixing-up was carried out within a five orbital range, 3
above and 2 below the highest filled orbital. As has been
pointed out by Lockwood,93 the inclusion of limited configura-
tion interaction has very little effect on the first transit-
ion and this fact has bean confirmed by many of the dyes
currently investigated. |

!

(d) . Oscillator Strength (0S8 or f)
-

| It is a common practice to characterize an absorpt-

ion spectrum by the maximum wavelength and the corresponding

absorptivity {Emax)' The integrated intensity (A), however,

affords a better measure of the band intensity and 1s given
by
2

Ul v )

!:
L v

where Ul and vz are the wave numbers at lower and higher
limits of the absorption band. For relatively symmetrical

absorption bands, the absorbance approximates to

5
|: A = Smax (Av};i 3.32
| .

where (&\:)55 is the half-band width in cmﬁl. In the computer

output the oscillator strength, a related quantity, is given.

|
i
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Accordin; to the classical vibration theory, oscillator
strength is the number of oscillators (electrons}), each
of mass m.and charge e, giving rise to the absorption band,
and is given by

. !

f = lo3mc21n 10/rre2N fe Udv 3.33

-

where m and e are the mass and charge of the electron,
respectively, ¢ is the velcocity of light in vacuum, and

N is the Avogadro number, In the case of a smooth symmet-
rical absorption peak

9

f = 4.31 x 10 €nax (ﬂu)% 3.34

|
For intense abscrption bands, the oscillétor strength is
of the order of 1, and calculated values are usually in
excess of the experimental ones.

| The computer used in the present work was the
ICL 1906A at the Computer Centre, University of Leeds,
and the programme was EBREK.BIN., The values of the various }

parameters employed are listed in Table 3.1,
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Table 3.]1. Parameters used in the PPP-SCF-CI MO calculations

Bond Type Atom
X Y B

XY Y Y Y Xy
Aromatic c-C =2.39 IT.16 0.03 1 1.395
AzO N=N -2.90 15.0 2.50 1 1.23
C-N -2.00 24.8 12.53 2 1.486
Nitro T
NT _ -3.05 16.3 1.80 1 1.208
=0
cC-CG -2.39 11.19 0.01 1 1.395
Cyano
C=N -2.675 14.18 3.50 1 1:18
Amino c—ttuz ~2.75 21.0 9.26 2 1.38
Dimethyl B _
s c -fiMe, 2.75 12,0 9.26 2 1.38
Diethyl .
wadins C NEt2 2.75 10.0 9.26 2 1.38
Julolidine
P s NEt.2 7 8.0 9.26 2 1.38
Aromatic C~-N ~2.48 11.16 0.03 1 1.395
Explanation of symbols
BXY = Resonance integral bhetween atoms X and Y
ay = Valence state ionisation potential of atom Y
(VSIP)
Ay = Electron affinity of atom Y
Zy = number of n-electrons contributed by atom Y
r = Bond distance between atoms X and Y. -
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3. Further Application of the PPP Method

|

{(a) | Naphthalene Intermediates

( As most of the dyes that have been examined by the
PpPP methsd wefe prepared by coupling nitronaphthylamine
with an appropriate coupler, a trial of the method on this
group of intermediates was considered worthwhile. The primary
aim of the exercise was to test the credibility of the
reported parameters on a relatively simple structure and at
the same te possibly identify any striking features of the
compounds which might influence their reactivity., Initially
it appeared that the programme might be used to determine
the magnitudes of the dipole moments of the fourteen isomers
involved. This task was subsequently abandoned for the
following reasons. Firstly, since the PPP method afforded
only the w—-component (u“} of the dipole moment and in order
to obtain an absolute value of this guantity for the molecule
in question, it would be necessary to compute the g—component
(uU) by devising another programme or, otherwise, a vectorial
addition of the two componeﬁts would then give the required
dipole_moment. An obvious simplification would be to neglect
the c—cgmponent, a step which in this particular case would
lead to only a very small error, since the s-~electrons and
the atomic nuclei are regarded as forming a nonpolarizable
core. The over-riding argument against the determination of

the dipole mcments, however, stemmed from the fact that

reliable values for dipole moments of many organic compounds
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lie in the 1-5 Debye range.g7 As a result, most methods
used in the determination of this quantity agree more among
themselves than disagree; this fact makes the dipole moment
an unattractive property from a diagnestic point of view.
Details of the calculated & = values and the corresponding

98

experimental results for all the fourteen isomers are

given in Table 3.2.

Table 3.2, Calculated and experimental A nax values for the

mononitronaphthylamines

{i) The X-nitro-2-naphthylamines
]

x A (CLE) A M (CBS) %/ Aeale = Aops
1 390 396 ' -6

3 | 410 ' 437 _ | ~26

4 } 379 383 -4

5 | a7y 372 -1

6 | 339 365 -26

7 f 364 380 -16

8 ﬁ' 395 392 - 3

(ii) ; The Y-nitro—l—naphthylamines-

¥ | lnﬁué?alplﬁuu Amaﬁpts)/nnl lcalc - Aobs
2 | 387 404 ~17

3 5 385 382 _ -3

| _ .
4 j 357 377 -20
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5 399 385 14
6 ; 369 385 | -16
7 I 382 401 -19
8 ‘ 379 : 384-396  -17

* the values of lmax are measured in cyclohexane and
were taken from ref. 98. _ :

J The calculated values of Max for all the fourteen
nitronaphthylamine iscomers were within acceptable range, as
shown in Table 3.2, although in one or two cases a pronounced
discrepahcy exists. As previously mentioned, it is not
possible to get a perfect fit for the various isomers with
only one set of parameters. It must be borne in mind that
the PPP method does not cater for all the phyéico-chemical
changes that take place when a sclution is exposed to a beam
of light. The solvent in which the absorption maxima are
measured is one obvious area of discrepancy; it is a well-
known fact that in a polar sclvent organic molecules will
generally absorb at longer wavelengths (bathochromic shift)
than in a non-polar solvent (sclvatochromism}. This fact
is well illustrated qualitatively by structures (96a), (96b)
and (96c¢) in Figure 3.2 ,

i

f
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|
Fig. 3.2. Mescmeric inﬁeraction Between the nitro and

;. the amino groups in l-amino-4-nitronaphthalene.

i
In the ground state, the nitronaphthylamine molecule can be
represented by structure (96a) in a nen~polar solvent, but
on changing to a polar solvent, the same molecule effectively
assumes the higher-energy structure {96b), as a result of
mesomeric interaction. When the moclecule absorbs light it
is raised to the first excited state, depicted by structure
(96¢c) . The energy difference between structures (96b) and
(96c) is less than that between structures (96a) and (96c)
s0o that less enerdgy is required toc excite a nitronaphthylamine
molecule in a polar than in a non-polar solvent (leading to
the observed bathochromic shift). In almost all the cases
quoted in this section, experimental Amax values have been

measured in the non-polar solvent cyclohexane so as to

minimise solvatochromic effects. However, the structural
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factors affecting experimental results are less likely to

be solved by a mere change of solvent. Thus, in cases where
the nitro and the amino groups are near each other, intra-
molecular hydrogen bonding is bound to occur, a fact which is
not reflected in the parameterization of the PPP method.
Furthermore, sterically hindered molecules will be forced
out of coplanarity in direct contrast to one of the most
fundamental assumptions on which this method is formulated.
The large difference between the calculated and

experimental Am values for 2-amino-3-nitronaphthalene in

ax
part (i) of Table 3.2 is hardly surprising, since less energy
is required to excite adjacent groups in the same nucleus.
This situation obtains for the isomeric nitroanilines in
cyclohexane where 4-nitrcaniline absorbs at 320 nm, 3-nitro-
aniline at 344 nm and the ortho-isomer at 376 nm. The slight
error made by the PPP method in predicting Amax values for
these isomers is as nothing compared with the complete failure
of resonance theory to account for even the correct order of

99

absorption. Analogously, one could attribute the low lm

ax
value predicted for the 6-nitro-isomer to the great conjugating

power of this isomer.66

The overall picture is much more
complex and could not be illuminated effectively without the
complete reassessment of parameters., For practical purposes,
however, the PPP method offers reliable spectral predictions
for unsaturated planar molecules.

By way of illustration, ground state r-electron

densities, bond orders and electron density changes as well
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as transition moment directions are given for 2-amino-5-
nitronaphthalene and l-amino-3-nitronaphthalene in Figures

3.3 and 3.4, respectively.

(97a)

Fig. 3.3

(97a) Ground state w?électron density distribution;

{87b) Ground state bhond orders;

(97c) r—Electron density changes and transition moment (M)
direction for the highest filled orbital (8) and the
lowest unoccupied orbital (9 i.e. 8 - 9 transition

of 2-amino-S-nitronaphthalene.
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(98a) (98b)

~0.167

0.027
N/,Q 0.220

\
~0.032 ~0104 |©-196

8]
\ 0.215
(98¢

Fig. 3.4

(98a} Ground state n—-electron density distribution;
(¢8h) Ground state bond orders;
[98c) n-Electron density changes and transition moment
(M) direction for the 8 » 9 transition of l=-amino-3-

nitronaphthalene.

As expected, the w=-electron densities for the sub-
stituted hydrocarbons are uniformly distributed in the ground

state, with the terminal nitrogen of the amino group showing
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the greatest electron build-up. There is almost complete
bond alternation (ignoring the rather low value for the
interannular bond) as indicated by the predicted bond

orders. The very weak single bond between the nitro group
and the rest of the molecule is particularly informative

and indicates that this group could easily be twisted out

of the plane thereby leading to hypsochromic shifts. There

is small but significant depletion of electron density at
positions ortho to the amino group in both cases. It would
appear, therefore, that a mesomeric electron-donating sub-
stituent at this position would lead te a bathochromic shift,
if steric hindrance is ignored. 1In all the cases investigated,
the direction of polarisation was along the nitro-amino

group axis, as would be expected.

(b) Azo Dyes Derived from Naphthalene

Some of the intermediates listed in Table 3.2 were
diazotised and coupled to N,N-diethylaniline. The experi-
mental and predicted data for all these dyes are given in
Table 3. 3.

The close agreement between experimental and
predicted visible absorption maxima for this series of
dyes confirms the usefulness of the PPP method. It is usual
in predictive work to evaluate parameters, to suit a parent
like (63) or (64) (X = X' = H), and then to use the same
parameters for the substituted dyes. 1In this particular

case, however, the calculated ' - values for the parent
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' M@N&,,

(63)

(64)

Fig. 3.5. General structures for the naphthalene dyes.

Table 3.3. Calculated and experimental spectral data for
naphthalene derivatives coupled to N,N-diethyl-
aniline.

Compound A ma:écalc) ?\mx(obs) AX fcal o

(63)

X = H {99} 454 - .- : 1.40

X = 2—N02 (100) 480 - - 1.23

X = 4-NG, (50) 486 477 9 1.46

X = 5-N02 (51) 465 443 22 1.45

(64)

X =49 (101} 432 - - 1.49

X = 1-NO, (49) 466 446 20 1.28

X = 6—NO2 (52) 444 4535 -1'1 1.54

X = 8-NO (53) 444 442 2 1.39
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dyes were based on reliable results obtained from the
substituted dyes. The resulting wavelengths are in fact
quite reasonable since they illustrate clearly the greater
conjugative power of the l-position compared with the 2-
position in the naphthalene molecule. The poor agreement
in the dye (49}, is yet a further confirmation of the
steric hindrance operating when substituents are in adjacent
positions. It has, in fact, been pointed outl00 that the
large nitro group, when in the l-position, is sterically
hindered even by a hydrogen atom in the 8-~position. .

Ground state data and m-electron changes for the
first electronic transition as well as the transition moment
direction for dyes (50) and (52) are shown in Figures 3.6

and 3.7, respectively.

0.99 1.00
1.00 0.98
l.38 0 100 1.00 ’
\ 0-971.15 0% 3.0
/ SN0
O 0.97 0.99 5 o5t 73

1.38 0.52—1.08

(50a)
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0.73
.55
B o) 0.71
Q. 44
0.72
(50b)
0.011 Q.006
Nn.0l2
0.007
013

(50¢c)

Fig. 3.6

(50a) Ground state w-electron density distribution;

(50b) OGround state bond orders;

(50¢) rn=~Electron density changes and transition moment
(M) direction for the 12 ->13 transition of

4~ (4-nitro-1l-naphthylazo)~-N,N-diethylaniline.
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(52a)

.027 .054 .079 <041 _ 111

001 _A.013 . _028.. .205 =
.00l
.042 /NR?N N -.363
0 L .106

’-030 043 0723
0 ”

éf///.043 (52¢c)

Fig, 3.7

(52a) Ground state n-electron density changes;
(%2b) Ground state bond orders;

(52c) w~Electron density changes and transition moment (M)

direction for the 12 +13 transition of 4-{6-nitro-2-

naphthylazo)-N,N-diethylaniline.
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Comparison of the ground state data for the nitronaphthyl-

amines in Figures 3.3 and 3.4 with those of the azc dyes
in Figures 3.6 and 3.7 reveals that the coupling of these
intermediates to N,N-diethylaniline has not greatly
perturbed the spectral picture. There is the usual migrat-
ion of electrons from the alkylamino group and the adjacent
benzene ring towards the nitro group. In the case of the
azo dyeé, however, there is a build-up of electron density
at the B—azo nitrogen and this indicates that the two
nitrogen atoms of the azo group will behave differently
during protonation as previously cobserved.

The generélisatiOn that wide changes between ground
and excited states data will lead to broad bands was tested
for the C—N02 bond in (52b). The ground and first excited
state values for this bond were 0.24 and 0.27, respectively,
the small change in bond crdexr being in keeping with the
narrow peak obtained for this dye. Calculations in the
excited state were carried out manually bearing in mind
that the highest filled orbital and the lowest empty orbital
will accommodate one electrpn each in the excited state;
for the particular molecule.in question, the orbitals
involved were 12 and 13. The distribution of electron
density indlcates that these dyes are highly polarised in
the excited state. Organic compounds whose excited state
is more readily stabilised than the ground state are known
to exhibit positive solvatochromism. Thus dye (52)-absorbs

at 455 nm in cyclohexane and at 480 nm in ethanol.
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An investigation was also carried out into dyes

containing the julolidyl group, since it has been shown
that this is a better electron-donating group than -NEtz:
the parameters at the terminal nitrogen atom were adjusted
to take this fact into account., By trial and error, it

was found that lowering the value of the valence state ion-
isation potential (VSIP) for the terminal nitrogen atom

from 10 to 8 eV gave good agreement with experimental values.

The results obtained are listed in Table 3.4.

Table 3.4. Calculated and experimental spectral data of

some azo dyes derived from iulolidine+

Compound* Ared@1C) o ApafObs¥om AX £ cale.
9- (Phenylazo) julolidine (102) 421 422 «1 1.26
9~ (4-Methylphenylazo) julolidine  (103) 421 421 0 1.26
(91) 476 485 -2 143
9= (4-Cyanophenylazo) julolidine  (104) 453 464 -11 1.48
(93) 496 503 -7 1.42
(94) 453 480 -27 1.50
(95) 453 466 -13 1:36

* cf. Table 2.11

5

measurements were taken in cyclochexane.,
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It is interesting to compare the predictions for
dyes (91) and (93). The oscillator strength is the same in
both cases, but the effective conjugation of the second
benzene ring in naphthalene leads to a predicted bathochromic
shift as found experimentally. It is difficult to account
for the inability of the PPP method to differentiate between
{(94) and (95). From resonance theory considerations, one
would expect dye (94) to absorb at a longer wavelength since

the relevant intermediate possesses a doubly para quinonoid

structure (65) in contrast to the ortho-para situation cbtaining
in (67). The relevant data for dye (94) are shown in Figure

3.9.

N

ol
[ (N ]

(65) | {(&7)

Tig. 3.8, 1Ionic resonance structures for two nitronaphthyl-

amines

As can be seen from Figures 3.7 and 3.9, replacement of
the ~NEt2 group by julolidyl has not altered the general
pattern of electron distribution. The only significant change

observed is the anticipated bathochromic shift.
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Fig. 3.9

{94a) Ground state n-electron density distribution;

(94b) CGround state bond orders;

(94c) w-Electron density changes and transition moment
(M) direction for the 12 + 13 transition of

9~ (6-nitro-2-naphthylazo)julolidine
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() Azo Dyes derived from 9,10-Dihydrophenanthrene and

from Phenanthrene

It has been observelel that the absorption band of
ortho-bridged biphenyls (Fig. 3.10) suffers a monotonic
hypsochromic shift and decrease in intensity (hypochromic

effect) as the size of the bridging chailn increases,

_ =
l “ ]

(CH,)

Fig. 3.10 2,2'-Bridged biphenyls.

Since fluorene (n=¥l], the first member of this series,
absorbs at a longer wavelength than biphenyl (260 nm in
ethanol compared with 247.5 nm in heptane), the obvious
cause of the ghift is the attainment of coplanarity. The
interplanar angle between the two benzene rings in fluorene

102

is reported to be near to zero owing tc the enforced planar

geometry. As a result of strain in the fluorene molecule,
many workerslo2 have preferred to use the next member of the
Sseries 9,10-dihydrophenanthrene (n=2} for investigation
purposes. The A band of 92,10-dihvdrophenanthrene in ethancl

102 and the interplanar

is cobserved at 264 nm (Emax 17,000)
angle is estimated at 20°, based on a model in which the

saturated carbon atoms maintain their tetrahedral valence
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angle.l02

The relatively low angle between the two benzene
rings should permit reasonable results with the PPP method
for derivatives of 9,10-dihydrephenanthrene, and this

proved to be the case (Table 3.5).

Table 3.5. Calculated and experimental spectral data for

9,10-dihyvdrophenanthrene and phenanthrene

derivatives coupled to !i;li—d_i_e_thmglungf

Compound* A max{calcl /m ) fobsynm AX £ oalo

(54) 438 426 12 1.57

(55). 462 450 12 1.45

(56) 447 448 -1 1.63

(57) 435 441 -6 1.58

(59) 459 458 1 1.73
3-Dimethylamino-2- 516 <13 3 048
(4-nitrophenylazo) phenanthrene

* As in Table 2.1 + in cyclohexane

A glance at the polarisation direction [Fig. 3.11(56c¢) ] leads
one to expect the dye to have a deeper colour than predicted,
since the transfer of electrons involves the entire length

of the molecule. The experimental result, however, confirms
the fact that these polycyclic azo dyes are not deeply
coloured compounds. The analogous dye (57), prepared from

the phenanthrene molecule absorbs at even shorter wavelength,
441 nm,with a predicted Amax value of 435 nm. Dye (55),

with a nitro group ortho to the azo linkage absorbs at 450 nm,a

bathochromic shift of 24 nm when compared with the parent
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(56a)

Fig. 3.11

(56a) Ground state n—-electron density distribution:

(56b) Ground state bond orders:

(56¢c) n-Electron density changes and transition moment (M)
direction for the 13 » 14 transition of 4-(7-nitro-

9,10-dihydro-2-phenanthylazo)-N,N-diethylaniline.
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dyve (54). In general, the predictions for the 9,10-dihydro-
phénanthrene dyes were rather better than one might have
thought. It can therefore be suggested that the preferred
conformations of these dyes in solution do not depart greatly
from planarity. |
The successful handling of the 9,10-dihydrophenanthrene
dyes led to the application of this method to dyes contaiﬁing
other phenanthrene derivatives. The predicted data for
4- (9-cyano-3-phenanthrylazo)-N,N-diethylaniline (59) are
given in Figure 3.12; the triple bond in the cyano group was
correctly predicted. Efforts to prepare a similar dye with
a nitro group in place of the cyano were not successful.
Comparison of these two dyes would have revealed useful
information relating to the two electron-withdrawing groups:;
the nitro group is the more powerful of the two, but the
rod-like structure of the cyano group makes it more suitable
in positions where steric hindrance is likely to occur,
| An attempt was made to prepare a dye using an alkylated
aminophenantﬁrene as a coupler. 4-Nitroaniline was diazotised
and coupled to 3-dimethylaminophenanthrene but the resulting
product appeared to be a mixture and very unstable. A
purified sample was obtained frdm an alumina column and

gave Am 513 nm; this value compares very favourably with

ax
a predicted Aax of 516 nm for the 2-coupled product (Table
3.9). The oscillator strength of this dye was predicted to
be 0.45. The computed kmax value for the iscmeric dye

derived by coupling at position 9 in the phenanthrene ring

was 472 nm. Owing to the instability of the dye, it was
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.035 .
3887, 354
.051,}9&
=N
.036 -.103
L.005
(59c)

Pig. 3.%2.

(59a) Ground state n-electron density distributions;

(59b) Ground state bond orders;

(59c) w-Electron density changes and transition moment (M)
direction for the 13 +14 transition of 4-(9-cyano-3-

phenanthrylazo)-N,N-diethylaniline.
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(105¢)

Fig. 3.13

(105a)
(105b)
(105c¢)

Ground state n-electron density distributionj;

Ground state bond orders;

n-Electron density changes and transition moment (M)

direction for the 14 +15 transition of 3-dimethylamino-2-

(4-nitrophenylazo) phenanthrene.
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not possible to purify sufficient material for an NMR
spectrum to confirm the coupling position. However, it |
seems likely that coupling takes place mainly at the 2-
position but alsco at the 8~-positicon in accordance with

the data in Figure 3.13.
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4. Conclusions

The obvious advantage of the PPP method over similar
techniques in colour prediction is its versatility. Unlike
the HMO method, the PPP approach handles heteroatomic systems
satisfactorily, although the paucity of literature data
concerning such systems requires urgent attention. The ease
of computational manipulation coupled with a good correlation
between the geometry of the system and the in-fed parameters
makes this method particularly suitable for dyes where colour
is strongly dependent on the geometry of the molecule,

The results reported for the nitronaphthylamines do
not reveal any features of particular interest for reactivity
purposes, but provide, nevertheless, confirmation that the
characteristics of such compounds in the ground state are
uniformly distributed. The electronic changes predicted after
the transfer of an electron from the highest occupied orbital
to the lowest unoccupied orbital are particularly helpful, as
they give the movement of electrons in the entire molecule
in a pictorial form which is easy to follow.

The choice of parameters could not be treated with
the same degree of confidence as the results therefrom. The
various parameters can be divided into (a) 'key' parameters
and (b) 'ordinary' parameters. The so-called 'key' parameters
are those which on alteration appreciably affect the predicted
A + whereas those in the second category have little effect

max

on the value of Amax' The valence state ionisation potential
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(VSIP), whose value had to be reassessed in some cases on

a trial and error approach is one such 'key' parameter., It
was found that by lowering the VSIP for the terminal
nitrogenlatom {with constant electron affinity) the predicted
lmax value increased linearily (Figure 3.14). Thus, by
using five different values of VSIP in a programme designed
for 9~{8-nitro-2-naphthylazo)juleolidine the simple relation-
ship shown in Figure 3.14 was obtained. An increase in VSIP,
which is equivalent to lowering the electronegativity of the
terminal nitrcocgen atom results in a hypsochromic shift. For
instance, when the VSIP is changed from 8eV to 12 eV, the
corresponding_lmax moves from 453 nm to 434 nm, which is
reasonable if the julolidyl group is replaced by a dimethyl-
amino group.

._ Since certain dyes containing the phenanthrene molecule
were successfully handled by this method (e.g. dye 57), other
derivatives with novel substitution patterns were also inves-—
tigated. Thus, the dye derived from 3-amino-é-nitrophenan—
threne and N,N-diethylaniline should absorb at 442 nm with
f 1.52, This result suggests that coujugation is not very
effectively extended through the phenanthrene system. It
may tentatively be concluded that azeo dyves derived from
ring systems more complex than naphthalene are nct likely to

find commercial application.
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DISCUSSION OF EXPERIMENTAL
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I. Intermediates

In order to prepare representative monoazo dyes
from polycyclic systems, various unsymmetrically substituted
dihydrophenanthrene, phenanthrene and naphthalene derivatives
were required. Since very few azo dyes incorporating the
phenanthrene chromogen have been reported, probably largely
owing to synthetic difficulties and the inherent pcor colour
yielding property of the parent system, it was considered
desirable to include at least one powerful electron acceptor
substituent at an appropriate position within the dye
molecule.

A thorough survey of the phenanthrene literature
afforded no useful combinations which could be deployed for
the preparation of azo dyes. Furthermore, only the 2,7-,

3,6-, and 3,9-linked compounds would, theoretically, permit

3;9-

Fig. 4.1. Conjugation through the phenanthrene molecule.

the necessary conjugation (Fig. 4.1).

OQQ

2;7— 3;6_

In phenanthrene, the 9,10-bond shows strong double

bond characterl03 and is susceptible to addition reactions.

The generalisation that the 9,10-bond is different from the
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other bonds in the molecule is evidenced by the relative
ease with which it is reduced or oxidised to 9,10-dihydro-
phenanthrene and to 9,lO0-phenanthraquinone, respectively.

The choice of appropriate substituents for inclus—_.
ion in the diazonium components in these polycyclic rings

was made on the basis of arrangements such as that shown in

Table 4.1,
Table 4.1, Classification of substituents
Group Dipole moment (u)a
I\TH2 1.5
Electron-donating
OMe 1.2
groups
Me 0.3
H .0
Cl : ' 1.6
CHO | 2.8
. ' Electron-withdrawing
CN : 3.7
: groups
SO3H K 3.8
N02 3.9

a taken from P. Sykes, "A Guidebook to Mechanism in Organic

Chemistry", p.138

According to this classification, based on the dipole moments
of monosubstituted benzenes, the top and bottom substituents

represent the most powerful electron-donating and electron
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withdrawing groups, respectively. Thus, the diazotizable
primary amino group and the strongly electron withdrawihg
nitro group were chosen as the most suitable pair. The
same conclusion is reached on the basis of Hammett substit-
uent constants.lo4 The solubilising nature of the
sulphonic acid group makes it unsuitable for spectral
investigations and the easily convertible aldehyde group

is unacceptable from a preparative point of view., Whereas
all the fourteen nitro—amines of the naphthalene system have
been prepared, the synthesis of the various phenanthrene
analogues is laborious and cumbersome. Consequently, there
has been an overconcentration of efforts towards the more
accessible methyl, methoxy and carboxy substituents. 1In
theory, there are three basic approaches to the preparation

of substituted phenanthrenes:

{i) substitution via the 9,10-~dihydro derivative
followed by aromatisation,
(ii) cyclisation of appropriate benzene or naphthalene
| derivatives,

(iii) direct substitution of the phenanthrene molecule.

Of the three methods, the third is the most wnreliable
and is rarely used for mono and disubstituted phenanthrene
derivatives; both the first and the second techniques have

been used extensively in the present work.
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j N 2,7-Disubstituted Phenanthrenes

(a) 2,7-Dinitrophenanthrene

The preparation of 2,7-dinitrophenanthrene has

105

been reported. In the present work, this intermediate

was obtained in a number of ways.

First Method

The first route involved the esterification of
4,4'-dinitrobiphenyl-2,2'~dicarboxylic acid, followed by
reduction of the ester to the dialcohol which was subsequ-
ently brominated. The dibromo compound was treated with
triphenylphosphine to give 4,4'-dinitro-2'-bromomethyl-2~
biphenylmethylphosphonium bromide from which the 2,7-dinitro
compound was obtained in reasonable yield using sodium

methoxide. Details of this route are shown in Chart 4.1.

) i O
HO,C HO,C CO,H
BF;\{;:M&
A OS O Rl Q i

HCH C CH G‘I MeO.C

- 2
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OZNNOZ % O:‘,I*INO2
BrH.C {ZBI' BerC ?{

: 2
*P(Cylls) BT

+P(C6HS) 3 Br

Chart 4.1. Preparation of 2,7-dinitrophenanthrene from

biphenyl-2,2'-dicarboxylic acid.

4,4'-Dinitrobiphenyl-2,2"'-dicarboxylic acid used in the
first stage of the preparation was obtained through a

modified procedure of Kuhn and Albrecht.106

Biphenyl-2,2"'~
dicarboxylic acid was dissolved in concentrated sulphuric
acid and cooled externally in an ice-water bath. An equal
volume of fuming nitric acid was slowly added, keeping the
temperature of the reaction below 20°%. After the addition
of the acid, the reaction vessel was gradually warmed to
40~50°C and maintained at that temperature with constant
stirring. In this manner the dinitro compound was obtained
after work-up in yields exceeding 80%. A recent referencem7

has reported the preparation of the same compound through

an obscure procedure which afforded the desired dinitro
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compound on a very small scale. The identity of 4,4'-
dinitrobiphenyl-2,2'~dicarboxylic acid prepared as described
above was confimed by its NRM spectrum. The main setback in
the first route was the low yield at the esterification
stage. Several modifications were tried but there was no

substantial increase in the overall yield.

Second Method

Direct nitration of 9,10-dihydrophenanthrene
followed by aromatization afforded the desired compound in
a relatively pure state. Nitration of 9,10-dihydrcophenan~
threne occurs mainly in the 2,7-positions in the presence
of an excess of acid, in agreement with reported character-
istics of this hydrocarbon and related compounds; it has
been shown on several occasions that 9,10-dihydrophenanthrene

108 The nitration

109

behaves more like biphenyl than phenanthrene.
of biphenyl in the 4,4'-positions has been carried out;
similar treatment of fluorene in acetic acid with an excess
of fuming nitric acid gave a mixture of predominantly 2,7-
dinitrofluorene together with some of the 2,5-isomer.

The dinitration of 9,l10-dihydrophenanthrene (Chart
4.2) proved to be a very useful step in the preparation of
2,7-disubstituted phenanthrene derivatives as discussed

in the next section.
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fiﬁm3ﬁxmc

Chart 4.2. Preparation of 2,7-dinitrophenanthrene from

9,10-dihydrophenanthrene,

110

' callow and Gulland attempted the dinitratiocn

of phenanthrene by following the procedure of Schmidt

and Heinlelll

using fuming nitric acid but obtained unidenti-
fied dinitrophenanthrene described as pale buff needles
melting between 255 and 260°C after repeated crystallisat?
ions from acetic acid; 2,7-dinitrophenanthrene has a melting

point of 333-336%c. 112

Third Method

It has been claimed107’ll3

that phenanthrene and
its derivatives can be prepared from 2,2'-diacylbiphenyls
via cyclic azines under the influence of hydrazine (Chart

4.3) .
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(107)

Chart 4.3. Possible route to 2,7-dinitrophenanthrene.

In order to obtain the desired compound [ (107) R = H,

X = Nozl, the following procedure (Chart 4.4) was attempted.

Cl

Cl T
CHO 10 CHO
H23% NaT
KNO > >
3
2 NO,
Cu
Cu
HzNNH2'H20
N
CHO dlo ‘l!!"

Chart 4.4. Attempted preparation of 2,7-dinitrophenanthrene.
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Economically speaking, this last method compares favourably

with the two described previcusly, as the starting material
is the relatively cheap o-chlorobenzaldehyde. The first
nitro compound was prepared by mild nitration using potass-
ium nitrate in concentrated sulphuric acid. The conversion
of the chloro compound into the corresponding iodo analogue
using sodium iodide in ethanol did not proceed as smoothly
as anticipated. The preparation of the iodeo compound is
essential because the formation of the dialdehyde in the
Ullmann reaction is greatly enhanced by the loss of iodine;
the established order of reactivity is Cl < Br < I.

An attempt was made to obtain the dialdehyde from the chloro
compound but, as feared, this was unsuccessful. Even though
this route appears economically advantageous, it is by no
means the hest route toc 2,7-dinitrophenanthrene. Bacon and
Lindsayl13 who prepared the 3,6-isomer, reported an overall
yield of only 13% in four steps from the iodide. It seems
likely that preparative difficulties may be overcome by
delaying the nitration until the dialdehyde has been formed;
this procedure was in fact followed by Bochenkov107 who

prepared this same compound on a very small scale.

(b) 2-Amino=-7-nitrophenanthrene

An attempt was made to prepare 2-amino-7-nitro-9,10-
dihydrophenanthrene according to the procedure shown in
Chart 4.5. However, the reaction sequence led to the format-

ion of 2-amino-3-nitro-9,10-dihydrophenanthrene. The tendency
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towards the ortho-substitution seems to be a general pattern
for phenanthrene derivatives and related compounds; an
attempt to nitrate 3-acetylamino-9-bromophenanthrene gave
3-acetylamino-9-bromo-2-nitrophenanthrene. The nitration

of 9-acetylaminophenanthrene is also known to occur at the

114
EtCH,

HZNNﬂz.Hzo/ PA-C

o
Lo

fJﬂD3

hydrolysis
g
AIIIi. NH

Chart 4.5. Preparation of 2-amino-3~nitro-9,10-dihydro-

l0-position.

phenanthrene.
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The selective reduction of symmetrically sub-
stituted nitro groups has been reported for a number of
compounds.115 It is generally believed that one of the
nitro groups is preferentially attacked by the reducing
agent and that, once the amino group has been formed,
further reduction is greatly retarded or prevented altogether.
There are numerocus examples of selective reduction of dinitro-

naphthalenes,116

embracing a wide spectrum of reducing agents
under different reaction conditions. Although guantitative
yields have been quoted for some of these reductions, very
poor yields are also frequent. Attempts to reduce 2,7~
dinitro-9,10-dihydrophenanthrene and the corresponding
phenanthrene analogue by following Staab's px*:oce«:]r.zz.-e]'1.J were
unsucceésful. Staab suspended 3,6~dinitrophenanthrene in
ethanol and added a solution of sodium hydrogensulphide and
ammonium chloride in water, followed by work-up after re-
fluxing for half an hour. When the rather expensive solid
sodium hydrogensulphide was replaced by the same reagent, but
prepared in situ in accordance with Hodgson's technique,
reductions proceeded smoothly giving products of very high
purity. 1In this procedurell8 a 13% aqueous sodium sulphide
solution is treated with powdered sodium hydrogencarbonate
followed by the addition of methancl; the resultant thick
precipitate is washed with methanol. The clear filtrate is
then added dropwise to a hot solution or suspension of the

dinitro compound in methanol. The crude product is usually

dissolved in hydrochloric acid to give a solution from which
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the free amine is obtained by neutralisation using dilute
agqueous ammonia. By using this procedure, both 2,7-dinitro-
9,10~-dihydrophenanthrene and the corresponding phenanthrene
analogue were selectively reduced to the respective nitro-
amines. The identity of these compounds was confirmed by
NMR {@etails shown in Figures 4.2 and 4.3}.

The arcmatisation of 2,7-dinitro-9,10-dihydrophenan-
threne was achieved by refluxing the material in carbon
tetrachloride containing N-bromosuccinimide {(NBS) and a
trace of dibenzoyl peroxide. Two important observations

were made in this series of reactions:

(i) aromatisation proceeded quantitatively only at the

| dinitro stage; an impure product was isolated when
2-amino-7=nitrc~9%, l0-dihydrophenanthrene was treated
with NBS.

(ii) the monoreduction of 2,7~dinitro~9,l0-dihydrophenanthrene
took place more readily than that of the corresponding
dinitrophenanthrene. The difference in reactivity may
be associated with the poor solubility of the latter
compcound in methanol, a situation which was improved

slightly by the addition of toluene.

Idoux 112 in his reduction of dinitrobiphenyls to
nitro-amines found Hodgson's technique to be particularly

useful; some of his results are given in Table 4.2.°
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Table 4.2. Selective reduction of 4,4'-dinitrobiphenyl

Run Reducing agent/solvent Yield (%)
£ a

4 Nazsx/htOH 35

2 {Nquzs/EtOH 438

3 NaSH/MeOH 47

4 NaSH/MeOH-acetone 56

5 NaSH/MeOH-toluene 79P

a - Accérding to Ref.l20

b ~ Based on the N-acetyl derivative

The direct nitration of 9,10-dihydrophenanthrene
is perhaps the most useful route to 2,7-disubstituted phenanf
threnes since the parent hydrocarbon is relatively easy to
prepare (Chart 4.6) and can be obtained commercially (although
expensive). This route is attractive for the preparation
of halonitrophenanthrenes since the nitro-amines obtained
by selective reduction are easily diazotised. The main
failure of the Sandmeyer reaction is usually associated with
difficulties at the diazotisation stage. 2-Iodo-7-nitro-9,10-
dihydrophenanthrene was prepared through the diazotisation of
the nitro-amine in dilute hydrochloric acid followed by the
addition of potassium iodide. Most methods found in the
literature deal with symmetrical substitution and it is
hardly surprising that 2-amino-7 nitrophenanthrene, prepared
by selective reductions is a new compound. Procedures leading

1

to dihalogeno-phenanthrenes have been reported12 and from
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122
these compounds diaminophenanthrenes can be obtained.

H02C o 2H HCHzC CHzCH
HBr
Phli
. CHZLJ. CJ{ZBr BrHZC CllzBr

Chart 4.6. Synthesis of 9,10-dihydrophananthrene.

2. 3,9-Disubstituted Phenanthrenes

Various 9-substituted phenanthrenes are known. In
fact, one of the earliest phenanthrene derivatives with a
substituent in a known orientation was phenanthrene-9-
carboxylic acid (108 ), which was prepared by the Pschorr
reaction.123 The Pschorr reaction is the name given to a
group of related procedures whereby polycyclic systems are

formed by the union of two aryl nuclei, usually involving

homolytic decomposition of a diazonium salt.
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CHO No2 ‘
COOH o CooH
+ —_—> 2 :

diazotisation

COOH

(108)

Chart 4.7. Synthesis of phenanthrene-9-c¢arboxylic acid

If the Pschorr ﬁethod is to be adopted, it is cléar that
a nitro~amine inveolving the 3,9-positions would bhe very
difficult to prépare. 9-Bromophenanthrene was considered
to be a useful alternative since it is easy to prepare on
a large scale and can be used as the source of several

intermediates (Chart 4.8).
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o v QQQ

Zn/EtOH :H

Q=

Chart 4.8. Intermediates derived from 9-bromophenanthrene.

(a) 9-Bromo-3-nitrophenanthrene and 3-amino-9-bromo-

phenanthrene

9-Bromophenanthrene was obtained in high yield as
described in the literature but wiéh a slightly lower melting
point. Nitration of the bromo compound using concentrated
nitric acid at temperatures between 18 and 20°¢ afforded
9-bromo-3-nitrophenanthrene as the main product. Reasonable
gquantities of the nitro compound could be accumulated only
after several runs, due to the poor yield. In general,
substitution reactions in the phenanthrene ring are known to

be accompanied by side-reactions owing to the strong tendency
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towards polysubstitution, It is possible that a thorough
investigation of the side products formed during the nitrat-
jon wquld have afforded other useful isomers, but such a
time~consuming approach did not appear to be worthwhile.

The reduction of 9-bromo-3-nitrophenanthrene to the amine

has been reported.l24

Zinc dust is added carefully to a
boiling ethanolic solution ©of the nitro compound containing
concentrated hydrochloric acid and the resultant hydrochloride
amine is isolated and basified with dilute ammonia. This

procedure provided the desired intermediate in reasonable

yields.

{b) 9-Cyano-3-nitrophenanthrene and 3~amino-9-cyano

N

phenanthrene

The reaction of %-bromo-3-nitrophenanthrene with
copper (I) cyanide in refluxing dimethyl formamide (DME')
afforded 9-cyano—-3-nitrophenanthrene,

aAn attempt to reduce the cyanc compound to the
corresponding amine using the technique described for 9-
bromo-3-nitrophenanthrene was not fruitful. It appears that
the hydrochloride of the amine is exceptionally stable. The
nitro group was successfully reduced with hydrazine catalyzed
by palladium charcoal. )

The use of hydrazine to effect the reduction of
nitro groups as well as the dehalogenation of halo compounds
has been employed in a number of casces in the present work

and it is appropriate to mention a few facts concerning this

versatile reagent. The application of hydrazine for catalytic
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reductions is widely known and is preferred to other

reductive methods in a number of situations since rapid
reactions take place without the use of pressure apparatus.
There is some diversity of cpinion concerning the decompos-
ition of the hydrazine; different reactions have been
suggested for the different hydrogenation catalysts commonly
used, viz. Ni, P4, Pt and sometimes Ru and Fe., The mode

of the decomposition reaction may be written as

N-H metal - NH

274 catalyst 4.1

+ % N2 + % H

3 2

The exact quantitieé of the products will of course depend
on the reaction conditions as well as on the actual catalyst
used., For nitro reductions, it is generally assumed that
any of the named catalysts can be employed, but Furst125
has recommended palladium as the most suitable metal for
dehalogenation purposes. The rolerof palladized charcoal

appears to bhe the decompesition of hydrazine and to create

more reactive sites.

(c) Hydrolysis of 3-amino=-9~cyanophenanthrene

3-Amnino-9-cyanophenanthrene obtained by catalytic
reduction was heated for several hours with a 20% scolution
of sodium hydroxide in ethanol in order to convert the cyano
group into the cafboxyl group. The infrared spectrum of
the isclated material, obtained in very poor yield, showed
a broad band from 2600 to 3500 cm T, indicative of a hydroxyl

group and a carbonyl stretch at 1650 cm_l. Even though the
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amino peaks had been submerged by the broad band described

above, the disappearance of the sharp cyano peak at 2200 cm

was a further indication that the reaction did take place.
The product appeared to be impure acid rather than the amide;
the infrared spectrum differed greatly from that of an

amide formed in an attempted amination of 9-cyanophenanthrene.
This product had two bands at 3200 and 3380 cm * due to N-H
stretching and one peak at 1585 cm_l, which is probably due
to N -H bending, in addition to a strong carbonyl stretching
band at 1640 cm & Mmiwll4in an attempt to hydrolyze 10-
nitro-9-phenanthrenecarbonitrile, used 85% phosphoric acid
or 96% sulphuric acid in boiling acetic acid, but in each
case the nitronitrile was unaffected. Under alkaline condit-
ions, Mosby reported the hydrolysis of the nitro group giving
1C-hydroxy-9-phenanthrenecarbonitrile., The impure product,
obtained in the present attempted hydrolysis was not pursued
further owing to lack of time, neither could other methods

be investigated.

(d) Attempted amination of 9-bromo-3-nitrophenanthrene

An ethanolic suspension of 9-bromo-3-nitrophenanthrene
to which concentrated ammonia had been added was heated to
120°C in an attempt to replace the bromine atom with the
amino group. Unfortunately, the expected reaction did not
take place thereby suggesting that the bromine atom is
unexpectedly not as labile as chlorine since the latter is

replaced under similar conditions.
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(e) 3-Aminophenanthrene

The reduction of bromonitrophenanthrenes with commonly
used reducing agents is known to lead to debromination.
Sdmuﬂgzﬁ and later Austin127 attempted the reduction of
9~bromo~10-nitrophenanthrene with tin(II) chloride, zinc
and acid as well as ammonium sulphide, but in each case the
aminophenanthrene was obtained. When 9-bromo-3-nitrophenan-
threne was treated with hydrazine hydrate with palladium
charcoal, 3-aminophenanthrene was obtained. The colourless
amine had the same melting point (86-8700) as that reported

for the a-form of this compound in the literature.128

(£) An alternative route to 3-amino-9-bromophenanthrene

Apart from the nitration of 9-bromophenanthrene and
subsequent reduction of the nitro compound to 3-amino-9-

bromophenanthrene, the latter was also prepared using a
129

(Chart 4.9).

method reported by Schultz et al.

CH.CoCl
e
(=™ >
Br '
NHZ NHCOC

Chart 4.9. Preparation of 3-amino-9-bromophenanthrene.

I-{3
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Acetylation of 9-bromcphenanthrene gave a product'
the yield and purity of which depended on the condition of
the anhydrous aluminium chloride; curiously enocugh, purer
products were obtained with less active samples of the
catalyst. The conversion of the acetyl derivative into
the oxime was quantitative and the infrared spectrum clearly
indicated the disappearance of the carbonyl band around
1670 cmfl. The oxime was treated with polyphosphoric acid
(PPA) at 150°C for 10 min and then poured into water. The
precipitate was filtered off and extracted with hot henzene.
On evaporation of solvent, a 70% yield of 3-acetylamino-9-~
bromophenanthrene was cbtained. Hydrolysis of the substituted
amide was achieved with difficulty by refluxing the material
for 24 hours in a 50:50 mixture of ethancl and concentrated
hydrochloric acid followed by basification of the resulting

amine hydrochloride. '

(g9) 3-Dimethylaminophenanthrene

3—Amino-9—bromophenaﬁthrene offered a new route to

another known compound, 3-dimethylaminophenanthrene (109).130
The three stage process {Chart 4.10) gave the desired compound
in a higher yield (70%) than that reported previously.l30

As shown in Chart 4.10, the aminobromcphenanthrene wastreabai
with an excess of methyl iodide to obtain the gquaternary salt
which was purified and then decomposed by refluxing overnight

with methanolic sodium methoxide. The resulting product when

crystallised from ethanol had m.p. 112-113° in agreement with

that re-.ported]‘31 for 9-bromo-3-dimethylaminophenanthrene.
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NH, BE(Me>31"
CH.I
QQQ Exces QQ
BE P NaOMe
EtCH
NMeZ NMe2
Nz}%
yg ys
Br

(109)

Chart 4.10. Preparation of 3-dimethylaminophenanthrene.

Two methods of debromination were attempted. 1In
the first method, butyl-lithium was prepared as described

132 and added to a solution of 9-bromo-

by Hallas and Waring
3-dimethylaminophenanthrene in ether. On work-up the product
proved to be unchanged starting material. However, the
second method involving the use of palladised charcoal and

hydrazine was successful. 3—6imethylaminophenanthrene was

obtained as envisaged.

3. 3,6-Disubstituted Phenanthrenes

The preparation of 3,6-dinitrophenanthrene has

113 LBy

been reported by Bacon and Staab

in a multi-stage

procedure (Chart 4.11).
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CH3 CH3 - ' G{ZBr N
I I '
; NC’NOZ{E 5 __NBS o .
5 10 C cclzl . -
| - No, - MO, B
i C'HCl3

NO. NO cwa' . N
2 2 IK&NA"F
T o c1mF "L CH
o CHO | NO ' 2

hydrazine HCAc

NO,, NO,

lags

Chart 4.11. Route to 3,6-~dinitrophenanthrene.,

o-Toluidine was nitrated in ten times its mass of concentrated
sulphuric acid by the gradual addition of finely powdered
potassium nitrate to give a 63% yield of the required nitro
compound, m.p. 100°C in agreement with the literature value}JB
Diazotisation of the amino group and subsequent treatment

with potassium iodide gave thc crude icdo compound as a dark

0il which was treated with sodium dithionite with occasional

heating on a water bath until a brown solid resulted. This



152

material was subjected to a prolonged distillation in steam

to obtain a pure light yellow icdo compound. Although this
method of purification is laborious and time-consuming, it
proved to be the most suitable. Willgerodt and Kok134 gave
the melting point of their product as 58°C. The best sample
obtained in the present work had m.p. 53-54°C; a similar
melting range has been reported by Bacon and Lindsay.113
The direct oxidation of the methyl group in the

ﬁtard reaction135

via the corresponding diacetate is & use-
ful step to aldehydes whose substituents are not attacked by
the oxidising agents employed or which do not influence the
course of the reaction. The two oxidising agents normally
used are chromium trioxide and chromyl chloride in inert
solvents such as carbon disulphide or carbon tetrachloride,
Aldehydes are obtained sometimes in yields exceeding 80%,
although side products, namely, acids, chlorinated compounds
and ketones have been observed. A typical example of the
étard reaction is the preparation of p-nitrobenzaldehyde

(Chart 4.12).

CH4 CH (0COCH ) CHO
Cr0, . hydrolysis
(CH,C0) ,0 EtOH/K,SO,,

No, ' N0, NO,

Chart 4.12. Synthesis of p-nitrobenzaldehyde.



153

The related 2-iodo~4~-nitrotoluene under similar conditions

did not oxidise to the expected aldehyde. It appears that

(i) the introduction of electron withdrawing groups (e.g. Noz),
particularly in the ortho and para positions, weakens
the bond between the benzene ring and the methyl group
thereby rendering the formation of the addition compound
very difficult; even if such a compound is formed, the
original material is generally regenerated on hydrolysis;

(ii) the introduction of bulky ortho substituents causes
severe steric hindrance;

(iii) halogenation leads to a decrease in reactivity and this
is particularly pronounced for iodine; o-iodotoluene
does not give the expected aldehyde, under the Etara
reaction conditions, instead o-iodobenzylidene chloride

has been reported as the chief product.l36

X317 138

Sacks and Kempf and later Mittal obtained a
series of dinitrochlorobenzaldehydes using p-nitrosodimethyl-
aniline in the presence of ethanol to effect the oxidation of
the methyl group. However, the more recent method used by
Bacon and Lindsayll3 was adopted, in this method, the side
chain 1s brominated using N-bromosuccinimide (NBS) and the
bromo compound converted into a complex salt by the action of
hexamethylenetetramine (urotropin) in what is popularly known
as the Sommelet reaction. The salt so obtained was added

to acetic acid and heated under reflux with the addition of
concentrated hydrochloric acid; a white precipitate ensued

on pouring the mixture into water., Crystallisation from

cyclohexane gave 2-iodo~4-nitrobenzaldehyde as fine yellow
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needles, m.p. 83-84°C.

An attempt to prepare 5,5'-dinitrobiphenyl-2,2'-
dialdehyde by means of activated copper bronze in the
Ullmann reaction gave a product with a very low melting
point, possibly an impure form of p-nitrobenzaldehyde.
Although the possible causes of failure were not investigated
fully, owing to lack of time, it is likely that the purity
of the dimethyl formamide solvent used in the reaction
influences the reaction much more than expected. Once the
dialdehyde has been obtained, conversion into the dinitro-
phenanthrene using hydrazine hydrate in acetic acid takes
place smoothly. However, subsequent theoretical considerat-
ions mentioned earlier in the present work made the quest for

the desired nitro-amine less urgent.

4. Naphthalene Derivatives

Although routes to all the nitronaphthylamines
are known, it was considered undesirable to repeat many of
the procedures owing to the carcinogenic properties of the
starting materials. Attention was centred around methods
which avoided the use of 2-aminonaphthalene, Whenever 1-
aminonaphthalene was used it was carefully converted into
the acetyl derivative. 1In this way, l-amino-4-nitronaphthlene
and the 2-nitro isomer were prepared by nitration and
hydrolysis.

Although Meisenheimer and Patzig139 claimed the

preparation of l-amino-2-nitronaphthalene by direct amination,
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it was the more recent work by Barton et g;.140 that prompted

an attempt at this nucleophilic reaction. Barton and his
collaborators prepared 9~amino-lO-nitrophenanthrene by
treating 9-nitrophenanthrene and hydroxylamine in methanol
at 60°C with potassium hydroxide; moderate yields of the
o-nitro-amine were claimed. An analogous mechanism for the

amination of 2-nitronaphthalene is shown in Chart 4.13.

Ol

r - -
g N0 NH ?
] - i
NO, ‘o N'-0
~H0
r———lp
NH.OH :

+H
NH

NO

Chart 4.13. Mechanism for the direct amination of 2-nitro-

naphthalene.

Working at the reflux temperature, instead of 60°C as used
by Barton, the mixture of 2-nitronaphthalene, hydroxylamine
and potassium hydroxide in methanol gave a 50% yield of crude

nitro-amine. The product was purified on alumina to give a
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sample with a melting point identical to that quoted in

141 [144°C). From the proposed mechanism

the literature
it appears that any strong electron acceptor in place of
the nitro group would enable the reaction to take place.
Unfortunately, it was not possible to prepare an appropriate
compound to test this assumpticn. For example, 9-cyanophenan=-
threne would undoubtedly be affected under the stated reaction
conditions,

l-Amino-5-nitronaphthalene was obtained through
thelselective reduction of 1,5-dinitronaphthalene in rather
low yields. The reducing agent was prepared in a similar
manner to that described previously for the 2,7-dinitrophen-
anthrene derivatives.

l-Amino-7-nitronaphthalene has been prepared by

142

two different routes. Vésely and Dvot¥k selectively

reduced 1,7-dinitronaphthalene thereby obtaining l-amino~7-
nitronaphthalene in a very low vield; Hodgson and Turner143
obtained a purer sample with an improved yield in their
selective reduction of the dinitro compound. 2—Nitronaph-.
thalene was nitrated to give a mixture of 1,6- and 1,7~
dinitronaphthalene but separation of the two components was
difficult. An alternative route, due to Schroeter,144 was
therefore adopted.

a~Tetralohe (l,2,3,4-tetrahydro-1—oxo—naphthalene)'was nitr&hxi
according to Braun's method,145 to give a pure sample of
7-nitrotetral-l-one. The nitrotetralone was converted into

the oxime which on crystallisation had m.p. 1.70%¢ (Schroeter144
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l46

gives m.p. 150°C, but Hardy, Ward and Day who re-inves-

tigated Schroeter's method gave n.p. 167"1690C). The oxime
was dissolved in a mixture of acetic acid and acetic anhyd-
ride and the solution was saturated with dry hydrogen

chloride; basification of the reaction mixture with sodium
acetate gave a red precipitate of the reguired nitro-amine

but only in a very poor yield.

NHZOH HCl

OH EtCH

Ac,0 " |acou

v
- NH.OAT]
- NHOAC
O.N a
0,
_HCl
L i

— NTc1T NH +Cl

Chart 4.14. Route to l-amino-7-nitronaphthalene.



158

1,3- and 2,7-Dinitronaphthalenes were prepared as

M7 with the hope of obtaining

reported in the literature
l-amino=-3-nitronaphthalene and 2-amino-7-nitronaphthalene,
respectively, through selective reduction. However, only
small amounts could be obtained so that the rather low-yield
selective reduction step was not attempted.

A mixture of 8-nitro-, é-nitro- and l-nitro-2-
isomers was separated as reported in the literature.148

Further work in the naphthalene series was dis-
continued as the area was becoming too restrictive, but
certain intermediates obtained from ICI Manchester were used
for the preparation of socme azo dyes. Certain of these inter-

%

mediates were used directly, but chromatographic purification

was necessary in one or two cases.

IX. Preparation of Couplers

Four main couplers were used in the present
investigation. N,N-Diethylaniline was a BDH Analar product
and was used without further purification. The other couplers
used were N-2-cyanoethyl-1,2,3,4-tetrahydroquinoline, kairoline
(N-methyl-1,2,3,4-tetrahydroquinoline) and julolidine (2,3,6,7-
tetrahydro-1H,5H-benzol ij Jquinolizine) .

N-2-Cyanoethyl-1,2,3,4-tetrahydroquinoline was

prepared as described by Whitmorel49 (Chart 4.15).

+ CH, = CH.CN  ——>
N N

: ]
H CHZCHZCN
Chart 4.15. Preparation of N-2-cyanoethyl-1,2,3,4~tetra-
hydroquinoline.
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The almost colourless o0il collected from a vacuum distillat=-

ion was carefully stoppered and kept for long periods with-
out any noticeable change in appearance.

Kairoline (N-methyl-1,2,3,4-tetrahydroquincline)
was prepared by largely following the methoed of Castelino,150
giving the colourless quaternary salt (Chart 4.16). Dequater-
nization was, however, achieved through the less tedious

technique of Ho.lSl

In this procedure, the ammonium salt
is added to dimethylformamide (DMF) followed by the calculated
amount of sodium azide (or any other suitable reagent as

suggested by Ho) and the mixture heated under reflux for

2-3 h.

Na.,co
+ CH,I AN
N | H0 ﬁ
Nal,/DME
N
[}
a,

Chart 4.16. Preparation of kairoline.

This simple method of dequaternization gives comparable
yvields to more timchonsuming techniques found in the]dtemﬂxmejsz
Kairoline is a colourless o0il when pure but yellow-brown on

keeping; this behaviour can probably be associated with the
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formation of an oxidative self-coupling product (L1l0O).

Similar behaviour is noted for lilolidine and julolidine.ls3

(ol

(110)

Julolidine (2,3,6,7-tetrahydro-1H,5H~benzol[ij]

gquinolizine) was obtained by following the procedure of

154 As mentioned above, julolidine,

153

Glass and Weissberger.
a colourless solid, becomes red on standing owing tc the

formation of compound (111).

To]l
— T
2 N ————
[H]
IIX Preparation of Dyes
1. Diazotisation
{a) Direct Method

Although the diazotisation of most nitro-amines iﬁ
the naphthalene series has been described by Hodgson,llS some
of the reported methods are open to improvement. In general,
the diazotisation of the nitro~amines proceeded more efficienkly

if the amine was first dissolved in acetic acid with warming
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and then poured into a dilute acid solution, usually hydro-
chloric acid. The thick amine hydrochloride was cooled
rapidly to near zero with the addition of ice. A solution

of sodium nitrite in the minimum amount of water was added

to the suspension with vigorous stirring. There were minor
variations in the diazotisation technique depending on the
amine while some derivatives, such as l-amino-4-nitronaph-
thalene, were relatively easy to diazotise, others particularly
those sterically hindered were not; in the case of l-amino-2-
nitronaphthalene no suitable variation of the direct route
could be found. On the whole, nitro-amines from the 2,7-
phenanthrene series diazotised more readily than the naphthalene

nitro-amines.

(b) Nitrosylsulphuric acid Method

Sodium nitrite was added to previously cooled
concentrated sulphuric acid at such a rate that brown fumes
were not evolved. After the addition, the mixture was
warmed gradually on a water-bath to between 65-70°C when all
the sodium nitrite went into solution. The clear solution
was cooled externally to zero and the polycyclic amine,
usually dissolved in pyridine, was added dropwise to the
nitrosylsulphuric acid paste with vigorous agitation. In
some cases it was necessary to dilute the diazotisation
mixture with weak acids, such as glacial acetic acid or
polyphosphoric acid; dilution with water sometimes resulted
in the precipitation of the amine. In almost all cases, some

unreacted nitro-amine was filtered off leaving a clear diazotised

solution for subsequent use.
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2. Coupling
'Thé coupler was dissolved or suspended in an

acetic acid buffer, prepared by adding sodium acetate to
a 112 mixture of acetic acid and water, with slight heating.
The solution or suspensionh was then cocled to zero and the
diazonium solution was added at such a rate that nitrous
gases were not liberated. It was not always possible to
control the acidity of the reaction since this depended to
a large extent on the amount of acid used at the dlazotisat-
ion stage,

Dyes derived from N,N-diethylaniline were generally
crystalline and fairly pure. The remaining couplers gave

dyes which were either resinous or oily.

3. Purification

The purity of the dye was first checked by thin
layer chromatography and the amount of impurity estimated
from the different bands on the plate.

In some cases a single solvent could be used as
eluant in a column chromatographic treatment. More often,
however, a mixture of solvents had to be employed to achieve
the desired result. In the case of relatively pure dyes,
the recovered product from the column was crystallised from
an appropriate solvent.

In certain cases, a preparative thin layer chromato=-
graphic plate was necessary to permit the séparation of pure
dye. Recrystallisation was generally achieved from light

petroleum or from ethanol,
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As some stages of purification did not involve
all of the dye prepared, percentage yields are generally

quoted for the crude dye.

Iv Miscellaneous

1. Dyes Derived from Benzolclcinnoline

Replacement of the %9,10-linkage in phenanthrene
by an azo group gives 9,10-diazaphenanthrene, better known
as benzolclcinnoline. This system was used for the prepara-

tion of vat dye5155

in the early 1930s; these dyes were
prepared by condensing two equivalents of l-aminonanthragquinone

(112) with acid chlorides such as (113).

{112) (113)
Related compounds were similarly derived from carbozole
and fluorene.

A recent example of the use of the benzolc] ecinnoline

system for the preparation of disazo dyes such as (114) has

been reported by Krasovitskii et 55.155
oH bﬂz NH, OH
40mYaVand®
HO.S . & =N oS 504
(114) Anax (H,0) 560 nm
€ 4 x lO4

max



164

Owing to the absence in the literature of simple
derivatives of benzol[clcinnoline with appropriate substit-
uents in the 3- and 6-positions, it initially appeared
worthwhile to attempt the synthesis and examination of

compounds such as (1l15) which incorporate a fixed cis

RN NO,
N =N
(115)

azo linkage. It was also felt that the preparation and
study of suitable 2,7-disubstituted benzolclcinnolines would

be of value.

2. Routes to Benzolcleinnoline

Various methods of preparing benzolclcinnoline are
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known, The most frequently used routes are briefly listed.

(i) The reduction of 2,2-dinitrobiphenyl using reagents

such as sodium amalgam,l58 'reduced iron',159 Raney
nickel,160 zinc dust,161 lithium tetrahydriodoalumﬂmmeGII}G‘

and sodium sulphide.163_

(ii} The treatment of 2,2'-dihydrazinobiphenyl (116) with

le4 The

hydrogen chloride at 150°C under pressure.
numbering for the parent structure adopted in the

present work is shown in (117).
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150 C,pmessure 8

HNHN MiNH 0

(116) (117)

(iii) The tetrazotisation of 2,2’-diaminobiphenyl (118)

and subsequent treatment with copper (I) bromide.165

(b) CH23r2
N!lz N'H2

(118)

(iv) The photochemical cyclodehydrogenation of azobenzene

in an acidic medium.166

3. Preparation of Benzolclcinnoline Intermediates

167 have prepared several

Although Lewis et al.
derivatives of benzolclcinneline photechemically, this
route was considered impracticable in the present investigat-
ion since the presence of nitro groups can lead to unwanted
side reactions. Additionally, it would be difficult to
obtain reasonable quantities of the desired intermediates.

A synthetic approach was therefore adopted for the preparat-

ion of 2,7- and 3,6-disubstituted benzolclcinnolines.
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Unfortunately, the direct nitration of benzolc]

cinnoline has not yet been achieved. King and King,168

however, were able to nitrate the N-oxide (119) (Chart 4.17).

HNO
N" N4‘
o o o
2.5% 63.5%
(119) (120) (121)

Chart 4.17. Nitration of benzolclcinnoline.

This route did not appear promising for the
synthesis of disubstituted derivatives since, in particular,
further nitration of either (120) or (121) would lead to
a variety of products.

Thus, in order to prepare appropriate 2,7-disub-
stituted derivatives of benzolclcinnoline, the route shown

in Chart 4.18 was adopted.

The tetranitrobiphenyl was prepared by means of an Ullmann
reaction using activated copper bronze. The final stage
in the reaction sequence shown in Chart 4.18 was undertaken

169 These

in accordance with the findings of Ross and Kuntz,
workers investigated both catalytically and chemically
neighbouring group interaction in the reduction of 2,2'-

dinitro-4,4'-bis(trifluoromethyl)biphenyl (123).
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) ) I
NO :
2 2
HNO Cu =
05, —Z
190 - 220°¢ \ / N0,
NO, ,  NO,
Na25.9H20

Chart 4.18. A possible route to a disubstituted benzolcl

cinnoline.
F3C oF Excess 5 F3C CF
3 Na,5.9H.0
2 2
N, O, | Ne=N o
(123} {124)

It was found possible to obtain (124) as the predominant product
by varyving the amount of soéium sulphide; the N-oxide and
the N,N-dioxide were present as byproducts. The amount of
reducing agent required was calculated per nitro group.
Adaptation of this procedure to hopefully obtain compound
{122) led to inconclusive results owing to the presence of
a mixture of products, |

The complexity of this type of reaction can be

appreciated by following the postulated stages in the cata-
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lytic reduction of 2,2'-dinitrobiphenyl to the diamine. 0

(Chart 4.19). It is not altogether surprising that the
presence of two additional nitro groups results in complex

reaction mixtures.

Q0
¢>I<5
Q-
by
|
Se
|

Q

Chart 4.19. Mechanistic representation of the reduction

of 2,2'~dinitrobiphenyl.

O M | w
]
L
C
1
C
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erinl?l carried cut the reduction of 2,2'-dinitro-

biphenyl under different conditions and concluded that
benzolcleinnoline, which is an intermediate product in
the reaction sequence, could be obtained in yields exceeding
90% by using Raney nickel of low activity as the catalyst.
Unfortunately, detailed investigations could not be carried
out owing to lack of time.

The synthetic difficulties experienced in these
efforts to prepare 2,7-disubstituted benzolclecinnolines led
to the abandoning of attempts to prepare similar 3,6-disub-

stituted derivatives.



EXPERIMENTAL DETAILS
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. - Notes

Melting points were determined using a Gallenkamp
apparatus and are uncorrected. In certain cases,
purity was checked by means of differential thermal

analysis (DTA).

Visible and ultraviolet spectra were measured on a
Unicam 5P 800 recording spectrophotometer using the

'fast scan' mode, and a slit width of 0.02 mm.

Infrared absorption spectra were recorded on a Perkin

Elmer 157G spectrophotometer.

Nuclear magnetic resonance spectra were determined at
the Physico-Chemical Measurements Unit, Harwell using

Varian HA 100 and HR 220 instruments,

Elemental analyses were carried out in the School of

Chemistry at the University of Leeds,

Thin layer chromatographic {(t.l.c.) plates were prepared

from aluminium oxide 150 neutral (Type T). Chromatographic

columns were prepared using woelm neutral alumina.
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General Procedures

A Preparation of 'sodium sulphide reagent' for the

selective reduction of dinitro-compounds

A 13% aqueous solution of scdium sulphide nona-
hydrate (ca. 100 ml) was treated with sodium hydrogencarbon-
ate (28 g) and methanol (100 ml) was added. The thick white
precipitate was filtered off, washed with methanol (100 ml)
and the clear filtrate used immediately for the reduction of

dinitro~compounds.

& Diazotisation of amines by the direct method

The amine (ca. 0.0l mole) was added to a 10-20%
{v/v) aqueous solution of hydrochloric acid (25 ml) and
warmed until it dissolved. Ice {20 g) was introduced
directly to the hot solution, which was cooled rapidly to
between O and 5°C. An equimolar sclution of sodium nitrite
(NaNOZJ in the minimum amount of water was added gradually
to the well-stirred amine hydrochloride, maintaining the
temperature at about o%c. In some cases, a solution of the
amine in glacial acetic acid was poured into one of dilute
hydrochloric acid prior to diazotisation at o°c. Stirring
was continued for a maximum period of 1h, after which the
unreacted amine (if any) was filtered off and the clear

diazonium solution was kept at 0°C until required.
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3. Preparation of Nitrosylsulphuric Acid

Scdium nitrite (ca. lg) was added portionwise to
ice-cold concentrated sulphuric acid (ca. 10 ml) with
vigorous agitation. The temperature of the mixture was
raised gradually {water-bath} to between 65 and 7OOC and
kept in this range until all the salt dissolved. The
solution was cooled, usually in a salt-ice mixture, toIOOC.
A scluticn of the amine (5 ml) to be diazotised {(in an '
organic solution) was then introduced slowly to the thick
paste which was stirred vigorously after each addition.

4, . Preparation of Coupling Component Solutions for

 Azo-coupling

The coupler (ca. 0.0l mole) was added to a buffer,
prepared as follows. Finely divided anhydrous sodium
- acetate was added to a 2:1 mixture of water and glacial
acetic acid. The suspension of the coupler in the acidic
buffer was generally warmed slightly to assist dissolution

before external cooling to 0°c,
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Part A General Intermediates
I Naphthalene Derivatives
1. l~Amino-2-nitronaphthalene

A mixture of 2-nitronaphthalene (3 g) and hydroxyl-
amine hydrochloride (7.5 g) in methanol (150 ml) was heated
by means of an isomantle to about 50°C; a solution of
potassium hydroxide (15 g) in methanol (90 ml) was added
in one portion and the whole was refluxed for 8 h. The
resulting orange mixture was filtered to remove unwanted
material. After removal of solvent in a rotary evaporator,
the orange-yellow residue was triturated with water (50 ml),
filtered and dried. Crystallisation of the crude material
from ethanol gave a product (1.8 g) which was further puri-
fied by column chromatography on alumina using benzene-
methylene chloride (2:1) as eluant. The recovered material
was crystallised from ethanol to give orange-yellow crystals
of l-amino-2-nitronaphthalene (1.5 g, 46%), m.p. 142-144°C

(Lit 141,172 p o 144%).

y 1-Amino-2- and 4-nitronaphthalenes

l-Aminonaphthalene (30 g) in a mixture of acetic
anhydride (28 ml) and acetic acid (200 ml) was heated on a
water bath for 20 min. The solution was cooled to 22°C and
concentrated nitric acid (5 ml, d = 1.42) was added in one
portion. A further addition of the acid {10 ml) was made
at 15 - 20°C over 15 min. In this way the precipitation of
the acetylated form was avoided and stirring difficulties

eliminated. The solution was stirred for 20 h and the yellow
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solid was filtered off, washed with water and dried.

The mixture of 2- and 4-nitroaceto-l-naphthalides
(40 g) was added to ethanol (125 ml) and sulphuric acid
(125 ml; 50%) and then refluxed for 8 h. The free amine
mixture was obtained on pouring the cold solution into water.
The mixed amines (20 g) were added to a mixture of glacial
acetic acid (200 ml) and concentrated hydrochloric acid
(13 ml); the undissolved solid was filtered off and crystall-
ised from ethanol to give dark yellow crystals of l-amino-

172 m.p. 194°C).

4~nitronaphthalene, m.p. 194°¢ (Lit.,
Addition of water to the filtrate afforded a small
quantity of the 2-nitro-isomer which had the same melting

point as that prepared above.

3. 1,3-Dinitronaphthalene

{(a) 2,4-Dinitro-l-naphthol

Finely powdered l-naphthol (50 g) was added to
concentrated sulphuric acid (100 ml) and the mixture was
stirred until a clear solution was obtained. On warming
the liguid (water-bath), l-naphthol-~2,4-disulphonic acid
separated out; the solid was cocllected and dissolved in
water (250 ml). The solution so obtained was cooled and
slowly added to nitric acid (60 ml, 4 = 1.42), the tempera-
ture being maintained below 10°C. To complete the nitration,
the mixture was heated to 100°C on a water-bath and maintained

at this temperature for 15 min with vigorous stirring.
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The pale yellow precipitate (60 g, 743%) of 2,4-dinitro-l-

naphthol was filtered off and crystallised from ethanol

173

as yellow crystals, m.p. 132°c (Lit., m.p. 13200).

(b) l-amino-2,4-dinitronaphthalene

2,4-Dinitro-l-naphtheol (32 g) was dissélved in
hot diethylaniline (78 ml)}; to the cooled slurry was added
4-toluenesulphonyl chleoride (27 g) and the mixture was |
stirred vigorously for about 15 min. A crystalline mass of
4-toluenesulphonyl derivative 2,4-dinitro~l-naphthol (40 g}
was filtered off and crystallised from ethancl before
disselving in an excess of diethylaniline with warming.
Concentrated amcnia (ca. 20 ml) was then slowly added to the
solution of the ester, when part of the l-amineo-2,4~-dinitro-
naphthalene separated out. The remainder of the amine was
obtained on addition of 10% hydrochloric acid (50 ml). The
l-amino-2,4-dinitronaphthalene so obtained melted at 240°C

(nit. 174

' m.p. 241°}.

{c) Preparation of 1l,3~dinitronopthalene

1-Amino-2,4-dinitronaphthalene (4.7 g) was dissolved
in well-stirred concentrated sulphuric acid (18 ml, d = 1,84),
the temperature being maintained below 0%. A solution of
sodium nitrite (1.5 g in 7 ml H2804) was then added with the
temperature still below 10°C. The mixture was stirred

slowly into glacial acetic acid (75 ml}, the stirring was
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continued for 30 min and copper(I) oxide (5 g) was added
to the solution at 5°C. Afﬁer 30 min the evolution of gas
ceased and the mixture was poured into a mixture of ice
and water to give crude 1,3-dinitronaphthalene (0.6 g), m.p

147

143°C (Lit., m.p. 148°C).

4. 1-Amino-5-nitronaphthalene

1,5-Dinitronaphthalene (25 g) was wetted with
ethanol (10 ml) and added to hot water (450 ml). The
temperature of the mixture was raised to 95°¢ whereupon
'sodium sulphide reagent' (50 ml), prepared by the afore-
mentioned general procedure, was added over 15 min with
controlled heating and constant agitation. The resulting
precipitate was filtered off, washed with water and extracted
with agqueous hydrochloric acid (7%, 32 . The extracts were
combined and basified with ammonia at 0°C. The mononitro-
amine (6 g, 28%) was obtained as red flakes. Crystallisat-
ion from light petroleum (b.p. 60~-80°C) gave l~amino-5-nitro

143

naphthalene, m.p. 119 - 120° (Lit., m.p. 119-120°C).

5. 1-Amino-7-nitronaphthalene

(a) Nitration of tetral-l-one

Tetral-l-one (25 ml) was added gradually from a
dropping funnel to well-stirred fuming nitric acid (165 ml;
d = 1.52); the addition was completed after 1h and the

temperature was kept at -10%. The reddish solution was
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-+

poured onto ice, the resulting solid was filtered off and

copiously washed with water. Crystallisation of the crude

material from ethanol afforded yellow needles of 7-nitro-

144,145

tetral-l-one, m.p. 104°%¢ (Lit, m.p. lOGOC),

T(CDC13) 1.23 (1H,d, J 2,5Hz, §-H), 1.75(1H, 44, J

6,8 -~5,6

8.5 Hz, 2.5Hz, 6-H), 2.54 (lH,d,:IS 68.5 Hz, 5-H),
f

Jg,8

6.91 (2H, t, J 6.0Hz, 2 -~ CHZ); 7.28(2H, t,J 6.0 Hz,

2,3

3,4
4-CH2) and 7.80 (2H, m, 4-CH2). . y

{b) | 7-Nitrotetral-l-one oxime

7-Nitrotetral-l-one (10 g) was added to hydrdxyl-
amine hydrochloride (25 g} dissolved in water (100 ml)
and sodium hydroxide {100 ml; 10%) and the mixture was
warmed on a water-bath with the addition of ethanol (100n&).
until the nitrotetral-l-one dissolved. Heating was dis-
continued after 1 h and the excess c¢f ethanol was distilled
off. The hot mixture was cooled in ice and the resulting
precipitate was collected. Crystallisation of the crude
rroduct from ethanol gave the oxime (4.8 g), m.p. 170°%¢

144,146

(Lit., m.p. 150°C and 167-169°C, respectively.

(c) Acetylation of the oxime .

The above oxime (4 g) was added to a mixtufe of
glacial acetic acid (4 ml) and acetic anhydride (2 ml) and
heated on a water-bath until solution was complete. The

hot solution was poured into cold water and the precipitate
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was filtered off and crystallised from ethanol to give a

colourless product (3.1 g), m.p. 115° ¢ tLit.,“4 m.p.
115%) .
(d) Rearrangement of the acetylated oxime to l-amino~

7-nitronaphthalene

The acetylated oxime (3.0 g) was dissolved in a
mixture of acetic acid (15 ml) and acetic anhydride (5 ml).
Dry hydrogen chloride gas was bubbled through the solution
for about 30 min and the solution was then warmed on a
water-bath. On cooling, the resulting crystals were filtered

off and washed with a solution of sodium acetate to give

a red product (1 g), m.p. 130 - 131°% (nit.,**? m.p. 133-
134°¢),
-1 -1
Ysas (KBr) , 3450, 3375 cm (NHZ) and 1525, 1345 cm {NOz).
6. 2,7-Dinitronaphthalene
(a) Nitration of napthalic anhydride

A scolution of naphthalic anhydride (50 g) in con-
centrated sulphuric acid (200 ml; d = 1.84) was cooled to
0°c and a mixture of fuming nitric acid (40 ml, 4 = 1.52)
in sulphuric acid }50 ml, d = 1,84) was slowly added with
constant stirring; the temperature of the nitration mixture
was kept below 40°c. when all the acid mixture had been
added, the reaction flask was heated to a temperature of

50 - 55°C and kept between this range for about 1 h. The
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mixture was cooled to 0°C and gradually added to an ice-

water mixture (5 1). The resulting precipitate was collected
and crystallised from toluene to give colourless needles
of 3,6-dinitronaphthalene-1,8-anhydride, m.p. 214°C (Lit.

147 4 p. 214%9).

{b) " Decarboxylation of 3,6-dinitronaphthalic anhydride

3,6-Dinitronaphthalic anhydride (20 g) was added
during 5 min to boiling guinoline {40 ml) to which copper
bronze (5 g) had been added. A further 5 g of copper bronze
was added and the mixture was boliled for an additional 10 min.
Ether (200 ml) was added to the cooled mixture and the sticky
sclid was filtered off and-extracted in a Soxhlet apparatus
with ether. The ethereal extract was shaken twice with
ague.ous uhydrochlcn:ié ,agid. . (100 mi, 15%).
te remove the quinoline and then washed with cold saturated
sodium carbonate and water. The crude dinitronaphthalene,
obtained in rather low yield (2 g) after removal of solvent,
was crystallised from glacial acetic acid to give 2,7-dinitrc-
naphthalene as pale yellow crystals, m.p. 234°% (Lit, 147
m.p. 2349C). |

7. 2-Amino-1-, 6~ and 8-nitronaphthalenes

Glacial acetic acid (100 ml), contained in a
litre flask was immersed in an ice-salt mixture; acetylated
2-aminonaphthalene (115 g) was added followed by a dropwise

addition of concentrated nitric acid (55 ml, d = 1.42) over
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a period of 3 h, After standing for several hours, the

product was filtered, and washed thoroughly with ether in
a fume cupboard with careful handling. The product consisted
of a mixture of 2-acetylamino-l-nitronaphthalene, 2-acetyl-
amino-8~nitronaphthalene and 2-acetylamino-6-nitro-naphthalene
(ca. 120 g).

Hydrolysis of the mixture of isomers was effected
by refluxing a solution of the product (120 g) in ethanol
(500 ml) with concentrated hydrochloric acid (125 ml) for
4 h. The solution was then poured into cold water (3 1) and
the crude 2-amino~l-nitronaphthalene was filtered off and
crystallised from ethanol; yield, 60 g, m.p. l2?qC(Lit.,148
m.p. l27°c), The filtrate, containing the soluble hydro-
chloride of 2-amino-8-nitronaphthalene and 2-amino-6-nitro-
naphthalene was neutralised with sodium hydroxide to give an
orange-red precipitate. The product (40 g) was boiled with
ethanol (1 1) and filtered to remove undissolved material.
After standing for a few hours, 2-amino-6-nitronaphthalene
was filtered off as gold coloured crystals (8 g), m.p. 203°%

148

(Lit., m.p. 203°C). The concentration of the filtrate

afforded dark red crystals of 2~amino-8-nitronaphthalene

148

(20 g), m.p. 104°% (Lit. m.p. 103.5°%).
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II 9,10-Dihydrophenanthrene and Derivatives
L 2-Amino-7-nitro-9,10-dihydrophenanthrene
(a) 2,2'-Di (methoxycarbonyl)biphenyl

Biphenyl~2,2'~dicarboxylic acid (60 g) was added
to a mixture of dry methanol (1 1) and boron trifluoride
methanol complex (200 ml, 14% BF3). After the heating
under reflux for 20 h, most of the solvent was removed and
the cooled solution was added to a saturated solution of
sodium hydrogencarbonate. The resulting precipitate was
filtered off, dried and crystallised from methanol to give
whitish needles of the ester (48.5 g, 73%), m.p. 71 - 72°C

(Lit., 7% m.p. 74%0).

(b) 2,2'-Di (hydroxymethyl)biphenyl

A solution of the above ester (38 g) in dry ether
(350 ml) was added to a refluxing solution of lithium
tetrahydridoaluminate (III) (8.5 g) in dry ether (300 ml);
the addition was complete in 40 min. Refluxing was
continued until the vigorous evolution of gas had subsided.
Water (ca. 50 ml) was introduced to the mixture, the first
few drops being added with great care to decompose the
unreacted lithium tetrahydridoaluminate (III). To the
reaction flask was then added an aqueous solution of
sulphuric acid (10Oml, 20%). Removal of ether from the
organic layer afforded a residue which was crystallised
from benzene to give the diol as tiny white needles (27 g

176

91%), m.p. 112 - 113% (Lit., m.p. 112-113°%).
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(c) 2,2"'-Di (bromomethyl)biphenyl

2,2'-Di (hydroxymethyl)biphenyl (20 g) was added
to hydrobromic acid (1 1) at 90° during 30 min. The
mixture was then refluxed for 20 min; on cooling, a
whitish precipitate was obtained. The crude solid was
washed thoroughly with water, dried and crystallised from
light petroleum (b.p. 60 - 80°C) to give the dibromo

177

derivative (29.9g, 94%), m.p. 87 - 88°C (Lit., m.p. 87.5%).

(d) 9,10-Dihydrophenanthrene

Thin sheets of thoroughly cleansed lithium metal
(1.5 g) were cut into small pieces and introduced into a
three-necked flask containing dry ether (75 ml) under
nitrogen. To the stirred (suspension was slowly added
bromobenzene (ca. 16 g); the reaction was initiated by
adding a few drops of methyl iodide. After heating the
mixture under reflux for about 2h, a solution of 2,2'-di
{bromomethyl)biphenyl (27 g) in dry ether (300 ml) was
added as quickly as possible. A small amount of water was
then carefully introduced to quench the reaction. The
ethereal layer was separated, washed with water and dried
{MgSO4J. Removal of solvent gave a residual red oil which
was distilled in vacuo to give the hydrocarbon (10 q)
b.p. 170°c at 10 mmHg. Crystallisation of the product from
methanol (charcoal) gave long white needles of 2,10-dihydro-

178

phenanthrene, m.p. 34°¢ (Lit., m.p. 34.5 - BSGC).
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:{e) 2,7-Dinitro-9,10~dihydrophenanthrene

9,10—Dihydrophehanthrene (10 g) was added to acetic
acid {40 ml) and heated in an oil-bath to 40°C. Fuming
nitric acid (28 ml, d = 1.52) was added during 3 h, keeping
the temperature between 45 and 50°C; the miﬁture was gtirred
magnetically. After 1 h, a bright yellow precipitate
appeared but the mixture was stirred for a further 3 h
before cooling. The resulting solid was thoroughly washed
with water and dried. The crude product was extracted with
methylene chloride and the insoluble residue was discarded.
The filtrate was chromatographed cn neutral alumina using
methylene chloride as eluant, the first yellow band was
collected. The residue obtained on removal of solvent was

crystallised from acetic acid to afford 2,7~-dinitro-9,10~-

dihydrophenanthrene (6 g, 40%) as pale yellow crystals,

m.p. 224 - 226°C (Found: C, 61.8; H,3.35; N, 10.05.
C14H10N204 requires C, 62.2; H, 3.7; W, 10.4%), T(CDC13)
1.80 (2H, dd, J, 8.5 Hz, 3, 2.5 Hz, 3,6-H) 1.85(2H, 4, I

————

2.5 Hz, 1,8=-H), 2.08(2H, 4, QQ 8.5 Hz, 4,5~H) and

6.96(44, s, CH2CH2), ;
-1
Vmax (KBr) 1510, 1350 com (NOZ).
{f) 2-Amino-7-nitro—-9,10-dihydrophenanthrene

2,7-Dinitro-9,l0-dihydrophenanthrene (2 g) was
added to a mixture of methanol (200 ml) and toluene (40 ml)
and the suspension was heated on a water bath. To the

suspension was carefully added during 30 min 'sodium sulphide
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reagent' (50 ml), prepared by the general procedure, The

resulting dark reddish scolution was refluxed for a further

30 min aqd a small quantity of ice was then introduced into
the reacéion flask. The lukewarm mixture was poured onto

ice and a red precipitate appeared on cooling; partial
removal of the solvent resulted in a further precipitate,

The crude product was washed with water and bhoiled with
dilute hydrochloric acid (250 ml, 10%). A little undissolved
solid was filtered off and the cooled filtrate was neutral-
ised with dilute ammonia to afford a fairly pure sample of
the nitro—-amine (1 g, 57%). The nitro-amine was dissolved

in methylene chloride and chromatographed on alumina using

a benzene methylene chloride mixture (4:1) as eluant; the
amine gave a strong fluorescent band on the column., The
residue obtained after evaporation of solﬁent was crystallised
from light petroleum (b.p., 60 - BOOC) to give bright orange

crystals of 2-amino-7-nitro-9,10-dihydrophenanthrene

o
m.p. 132"C (Found: C, 70.4; H, 5.05; N, 11.8. Cl4H12N202'

requires C, 70.0; H, 5.0; N, 11.7%), T(CDCla)

1092(1}1' dd' J 8.5 HZ, E 2.5HZ, 6‘}1); laQG(lH; d’

—5'6 6‘8
Jg g 2-5Hz, 8-H),
2.33(18, &, Iy o 8.5 Hz, S-H), 2.42(1H, 4, I, , 8.5 Hz,

4-H}, 3.37(1H, 44, & 8.5Hz, J 2.5Hz, 3-H), 3.44{lH, 4,
=3,4 =1,3

Jy 3 2.54z, 1-H), 6.15(2H, broad s, NH,) and 7.13(4H, m,

CH)CH,), vy . (KBr) 3460, 3370 em™ " (NH,), 1500, 1340 cm ' (N0,).
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e 2-Nitro-9,10-dihydrophenanthrene

Fuming nitric acid (12 ml, d = 1.52) was added to
a stirred suspension of 9,10-dihydrophenanthrene (8 g) in
glacial acetic acid (48 ml) during 1 h, the temperature
being maintained between 29 and 33°%. After a further hour,
the red solution was poured into water (1 1) and left to
stand overnight. The resulting precipitate was filtered off
dried, dissolved in the minimum amount of acetone and care-
fully precipitated by the addition of ethanol. Recrystallisa-
tion of this material from ether gave pale pink crystals of
2-nitro-9,10-dihydrophenanthrene (4.5 g), m.p. 79-81°C

(Lit.,1”° n.p. 81 - 82%).

3 2-Amino-9,10-dihydrophenanthrene

2-Nitro-9,10-dihydrophenanthrene (4 g) was added
to ethanol (60 ml) and the suspension was heated to 50°¢.
Palladium-charcoal (0.1 g) in ethanol was added in one portion
to the hot mixture, followed by a gradual addition of hydra-
zine hydrate (4 ml). The reaction mixture was refluxed for
a further 30 min, after which time excess solvent was removed
under reduced pressure. Ice-water was then added to the
reaction flask and the resulting white precipitate was
filtered and dried to give 2-amino-9,10-dihydrophenanthrene

(1.5 g) m.p. 49 - 50°C (Lit.,>7?

m.p. 49-52°C)
Found: C, 85.9; H, 6.6; N, 6.9.

C14H13N requires C, 86.1; H, 6.7; N, 7.1%).
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4. 2-Acetylamino-9,10~dihydrophenanthrene

2-Amino-9,10-dihydrophenanthrene (0.5 g) was added
to a 3:1 mixture of acetic acid (9 ml) and acetic anhydride
(3 ml). The mixture was refluxed for 30 min and poured into
cold water (50 ml). The suspension was left to stand for
many hours before the resulting yellow solid was filtered
off and dried. Crystallisation of the crude product from
ethanol gave a quantitative yield of the acetyl derivative
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m.p. 164° (Lit., m.p. 164°¢c).

5. Nitration of 2-acetylamino-9,10-dihydrophenanthrene

(a) Nitration of the isolated 2-acetylamino derivative

2-Acetylamino-9,10-dihydrophenanthrene (0.3 g) was
added to acetic acid (3 ml) and fuming nitric acid (1 ml,
d = 1.52) was added dropwise over 15 min. The mixture was
stirred for 1.5 h and poured into ice-water. The resulting
solid was filtered, dried and crystallised from ethanol to

give a quantitative yield of the nitro derivative as bright

yellow crystals, m.p. 177°C.

(b) Nitration of the acetylated compound in situ

2-Amino-9,10-dihydrophenanthrene (0.5 g) was added
to a mixture of acetic acid (7 ml) and acetic anhydride (3 ml)
and refluxed for 20 min. The solution was cooled to room
temperature and fuming nitric acid (1 ml) was added to the

partially precipitated mixture, keeping the temperature
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below 20 C. Tne mixture was stirred for a further 2h. The

resulting yellow crystals were removed and crystallised

from ethanol to give the nitro ccompound, m.p. 177%,
-1

Vinax (KB;} 1500, 1335 cm (Noz),
~1

1705 cm (C=0) and

3350 cm * (NH).

(c) | Bydrolysis of the nitrated 2-acetylamino-9,10~

dihydrophenanthrene

The nitrcoacetyl derivative (0.5 g) was added teo a
mixture of ethanol (10 ml) and sulphuric acid (10 ml, 50%}
and rcefluxed for 1 h. The red sclution so obtained was
cooled to room temperature before adding it to ice-water,
Basification of the mixture with ammonia at 0°C gave a
precipitate which was filtered off and dried; the dark orange
leaflets had m.p. 148°C. Further purification'on alumina in
benzene followed by recrystallisation from ethanol gave 2-
amino-3-nitreo-%,10-dihydrophenanthrene as bright orange |
crystals, m.p. 154°¢ {Found: C, 6%9.7; H, 5.05; N, 12.0.
14H12N202 requires C, 70.0; H, 5.0; N, 11.7%), = (CDC13)
1.54 (1H, s, 4-H), 2.26-2.86 (44, m, 5,6,7,8-H), 3.37 (1H,
s. 1-H), 4.24 (2H, broad s, NH2} and 7.19 (4H, s, CH

Ve, (KBr) 1480, 1250 cm * (NO,) and 3480, 3380, 3360 cm |

(intramclecularly H-bonded NHz).
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6. 2-Iodo~-7~nitro-9,10-dihydrophenanthrene

i 2-Amino-?-nitro-9,loﬂdihydrophenanth;ene {0.5 g)

was diazotised according to the aforementioned general
procedure, The diazoniwn solution was added to potassium
iodide (0.4 gq), dissolved in water (5 ml) with vigorous
stirring giving an immediate precipitation. After stirring
for 1 h, the mixture was allowed to stand at room temperature
for several hours before gently warming on a water-bath

until gas was no longer evolved. Sodium dithionite was

added with constant agitation and occasional heating until
the dark precipitate became somewhat lightex. The thick

mass was crystallised from ethanol (charcoal) to give the

iodo-compound (0.22 g, 31%) as small yvellow crystals, m.p.

160°C, |
-1
Vmax (KJBr) 1510, 1340 cm (NOZ)'
! .
7. " Attempted bromination of 2-nitro-9,l0-dihydro=-

‘ phenanthrene
|

2-Nitro—9,lo-dihyarophenanthrene (.13 g) in
trimethyl phosphate (10 ml) was heated to 50°C and kept at
this temperature while bromine {ca. lg) in trimethyl phos-
phate (5 ml) was gradually added. WNo decolorisation of the
mixture was observed and the temperature was raised gradually
to 80°C and kept there for 3 h with constant stirring; the
reaction vessel was protected from direct light and the

heating was continued at 50°C for a total period of 20 h.
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Water was then added to the mixture to give an oily preoduct
which was extracted into cyclohexane. On removal of solvent,
the residue was recrystallised from a mixture of ethanol

(30 ml) and benzene (10 ml). Bright yellow crystals, m.p.
78 ~ SOOC, were isolated and shown by thin layer chromato-

graphy to consist mainly of starting material.

III Phenanthrene Derivatives
1. 2,7-Disubstituted phenanthrene
(a) 2,7-Dinitrophenanthrene

2,7-Dinitrophenanthrene was prepared by two routes
which, although related, differ significantly in experimental

details.

Method 1

(i) 4,4'-Dinitrobiphenyl-2,2'~-dicarboxylic acid

Biphenyl-2,2'~dicarboxylic acid (40 gq) was added
to concentrated sulphuric acid (200 ml, d = 1.84) contained
in a 1-% flask. The mixture was externally cooled in an
ice-salt mixture while fuming nitric acid (200 ml, d = 1.52)
was slowly added from a dropping funnel during 1.5 h, the
temperature being kept below 20°C. The mixture was then
warmed gradually to 40~50°C on a water-bath and the stirring
was continued at this temperature range for 2 h. The

resulting red solution was poured into ice-water (ca.li )

and the cream yellow precipitate was collected and crystallised
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from a 1:1 mixture of ethanol-water (1.5 %) to give small

crystals of the dinitro compound (44.3g9, 81%), m.p. 257°%

106,107

(Lit., m.p. 257-258°C and 260-262°C, respectively),

1[(CD3)250]

1-31(2!’1' d; 2.5 HZ; 3'3""5{);

“m
1.54(2H, 44, go 8.5 Hz, gm 2.5Hz, 5,5'-H) and

2.47(2[‘[’ d' '\10 8.5 HZ, 6;6.-}{)'

1

Yy (KBT) 2600 = 3500 em L(OH), 1710 em } (CO) and 1525,

1350 cm‘l{Noz).

t11) 4,4'-pDinitro~2,2'-di (methoxycarbonyl)biphenyl

4,4'-Dinitrobiphenyl-2,2"'-dicarboxylic acid (16.6 g)
was added to boron trifluoride methanol complex (100 ml) in
dry methanol (500 ml). The mixture was refluxed for 16 h,
poured into a saturated solution of sodium hydrogencarbonate
and the resulting precipitate was filtered off and dried.
Crystallisation of the product from ethanol afforded very
small crystals of the ester (5 g, 29%), m.p. 177°%¢ (Lit.,lo6

m.p. 177°€).

(iii) 4,4'-Dinitro-2,2'-di (hydroxymethyl)biphenyl

Lithium tetrahydridoaluminate (III) (1.14 g) was
suspended in dry ether (25 ml) and anhydrous aluminium
chloride (4 g) was added. To the suspension was added the
above ester (5.4 g) in dry ether (ca. 50 ml) and the mixture
was heated under reflux for 1 h. Water (15 ml) was very

carefully introduced to the reaction mixture to decompose
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the unreacted lithium tetrahydridoaluminate(III). After

removal of the organic layer, the aqueous phase was extracted
several times with ether until the final portion of solvent
remained clear. Evaporation of ether from the dried (Mgso4)
organic extracts gave a residue which was boiled with water;
insoluble reddish material was discarded. On cooling, the
filtrate afforded bright yellow crystals of the dinitro
compound (29, 44%), m.p. 150 - 152°C (Lit.,'°> m.p. 149 -

150°¢) .

(iv) 4,4'-Dinitro-2,2'-di (bromomethyl)biphenyl

The above diol (3 g) was added to hydrobromic acid
(80 ml) and the mixture was heated to 110 - 120°C for 1 h.
On cooling the resulting solid was crystallised from ethanol
to give small crystals of the dibromo compound (2 g), m.p.

105

140°C (Lit., m.p. 146°C).

(v) 4,4'-Dinitro-2'-bromomethyl-2,2'-biphenylmethyl-

phosphonium bromide

The above dibromo compound (1.7 g) and triphenyl-
phosphine (1.0 g) were added to benzene (30 ml) and refluxed
for 5 h. The resulting solid was filtered off and then
crystallised from a mixture of methanol (15 ml) and ether
(5 ml) to give the phosphonium salt as light yellow crystals

(0.66 g), m.p. 275°C (Lit.,*%% m.p. 275 - 277%).
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{vi) . 2,7-Dinitrophenanthrena

: The above phosphonium salt.(0.66 g) was added to
dry methanol (6 ml)} followed by the dropwise addition of

- sodium methoxide (0.1l g) in methanol (4 ml). The mixture
was stirred for 1 h, filtered and the volume of solvent was
reduced to give bright yvellow crystals of 2,7-dinltrophenan-

105

threne, m,p. (DTA) 337°C (Lit., m,p. 333—336003 (Found:

- c,62.7; H, 3.3; N, 10.4. Calc. for C HgN,0,: C, 62.7;

H, 3.0; ¥, 10.9%).

i

' !
Method 2

" |

|

‘ 2,7=Dinitro-9,10-dihydrophenanthrene (5.40 g; 0.02
- mole} wasladded to carbon tetrachloride (50 ml), followed by
N-bromeosuccinimide (3.6 g, 0.02 mole} and a trace of dibenzoyl
peroxide. The mixture was refluxed for 3 h, then cocoled and
the resulting sclid was filtered off. Solvent was removed
from the filtrate, leaving a small amount of residue. The
solid material was boiled in glacial acetic acid and the hot
solution was filtered whercupon a cluster of yellow crystals
appeared instantly; the yield was quantitative. The dinitro
compound had the same melting point (3370C) as that prepared

by the first route.
f

{b) - 2=Amino-7-nitronaphthalene

} 2,7-Dinitrophenanthrene (1 g) was suspended in
a mixture of methancl (100 ml) and toluene {20 ml). 'Sodium
sulphide reagent' prepared by the general procedure (ca. 30 ml)

was slowly added to the mixture with contrcolled heating on a
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water-bath, After 1 h of refluxing, a small quantity of

ice was introduced into the hot mixture but the colour did
not turn orange as in the case of the corresponding dihydro
compound. The solution was poured onto ice and the result-
ing precipitate was dissolved in hot dilute hydrochloric
acid (150 ml, 10%). The cooled solution was saturated with

ammonia to give pale yellow leaflets of 2-amino-7-nitro-

phenanthrene (0.3 g), m.p. (DTA) 196°C (Found: C, 70.0;

H, 4.45; N, 11.3. C14H10N202 reguires C, 70.5; H, 4.2;

N, 11.768%).

2. Attempted synthesis of 3,6-disubstituted phenan-

threne derivatives

(a) 2-Amino~4-nitrotoluene

2-Aminotoluene (36 g, 36 ml) was added to concen-
trated sulphuric acid (200 ml, d = 1.84) and cooled to 0°C.
Finely powdered potassium nitrate (36 g) was gradually added
(30 min) at such a rate that the temperature did not rise
above 10°cC. To complete the nitration fuming nitric acid
(10 ml) was added and the stirring was continued for a further
45 min. The resulting viscous solution was poured onto ice
and the precipitated amine sulphate was separated by draining
off the excess acid. The salt was dissolved in water and
treated with sodium hydrogencarbonate. The resulting
precipitate was filtered off and crystallised from ethanol
to give the nitroamine (32 g, 62.6%), m.p. 100°C (Lit.,133

m.p. 100 - 102°).
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(b) 2-Iodo-4-nitrotoluene

2-Amino-4-nitrotoluene (30 g) was added to a
mixture of water (500 ml) and concentrated hydrochloric
acid (63.5 ml, d = 1.8) and warmed until solution was
complete, The solution was cooled in a salt-ice mixture
to below 0°C and sodium nitrite (13.8 g) in water (50 ml)
was added over 15 min with constant agitaticen. The clear
diazonium solution was slowly added to a sclution of
potassium iodide (50 g) in water (150 ml); a vigorous evol-
ution of nitrogenous gases was observed. The reaction
mixture was left to stand at room temperature for 1 h and
then warmed on a water-bath until no more gases were evolved.
The dark mass obtained after decanting the aqueous layer
was treated with powdered sodium dithiocnite until a clear
viscous o0il ensued; the oil was then steam-distilled for
many hours. The product frém steam distillation was cryst-
allised from ethanol to give pale yellow needles of 2-iodo-4~

134,113 | 540

nitrotoluene (15.5 g, 30%), m.p. 53°C (Lit.,
and 54°C,respective1y} (Found: C, 31.8; H, 2.3; N, 5.5.Calc.

for C?HGIN02= ¢, 32.0:; H, 2.3; N, 5.3%).

{c) 2~Iodo-4-nitrobenzyl bromide

To carbon tetrachloride (125 ml) was added 2-iodo~
4-nitrotoluene (26.3 g, 0.1 mole), N-bromosuccinimide (17.8 g,
0.1 mole) and dibenzoyl peroxide (300 mg). The mixture was
refluxed overnight, cooled and filtered. After removal
of solvent from the filtrate, the residue was crystallized fram

light petroleum (b.p. 40 - 609C) to give the benzyl compound

as whitish leaflets, m.p. 82 - 83°C (nit.,''3 n.p. 84%%).
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(d) 2-Iodo-4-nitrobenzaldehyde

To boiling chloroform (100 ml) was introduced
2-iodo-4-nitrobenzyl bromide (20 g) and hexamethylene-
tetramine (urotropin) (8 g) and the mixture was refluxed
for 2 h. The resulting white salt (26 g, 90%), m.p. 182~

113 . p. 184 - 185%C (decomp) 1, was

183°¢ (decomp.), [Lit.,
filtered off and dried.
The above salt (24 g) was dissoclved in acetic
acid (240 ml) by boiling the mixture for 15 min. Concent-
rated hydrochloric acid (24 ml) was carefully added and the
solution was heated under reflux for a further 10 min. The
hot solution was poured into cold water (500 ml) and the
somewhat oily precipitate was collected and washed with
water; the filtrate yielded a further quantity of solid
material on extraction with chloroform. The solid products
were extracted five times with portions of beiling cyclo-
hexane (100 ml). The volume of the combined extracts was
reduced to give, on cooling, a poor yvield of 2-iodo-4-nitro-
benzaldehyde (2.3 g) as fine yellow needles, m.p. 83 - 84°c

113 =

(Lit., .p. 84.5°%).

(e) Attempted preparation of 5,5'-dinitrobiphenyl-

2,2'-dialdehyde

2-Todo-4~-nitrobenzaldehyde (2 g) and activated
copper bronze (1.5 g) were added to dimethylformamide (15 ml)
and the mixture was refluxed for 3 h under nitrogen. The

solid left on removal of solvent was extracted with small
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portions'of cyclohexane (100 ml in all)., The resulting

yellow crystals, m.p. 100°¢ appeared to be impure 4-nitro

benzaldehyde (m.p. lOSOC). The desired compound has

m.p. 203.5%.+13
3. - 3,9-Disubstituted phenanthrenes
{a) | 9—-Bromophenanthrene

A commercial sample of phenanthrene (200 g) was
added to a mixture of chloroform (400 ml) and ether (400ml) ,
The suspension was stirred mechanically with external cocol-
ing in an ice-bath and bromine (ca. 180 g, 58 ml) was added
dropwise cover 20 min, keeping the temperature below lSOC;
The temperature was then allowed to fall to zero and, after
stirring for a further hour, the precipitate was removed
and washed with ether (750 ml}). 'The cream coloured dibromo
adduct was transferred to a 3 % breaker and heated on a
water—-bath with occasional stirring for an hour. The light
colocured oil which ensued was cooled and the resulting
precipitate was crystallised from light petroleum (b.p. 40
GOOC), giving colourless crystals of 9~bromophenanthrene
(190 g}, m.p. 62-63°C (Lit., Str182 o o 61.5 - 63°C and

65 - 66°C, respectively).

(b) - 9~Bromo-3-nitrophenanthrene

L 9-Bromophenanthrene was nitrated by following the

procedure of Braithwaite and Holt.124 The bromo compound

- {40 g) was added slowly to concentrated nitric acid (400 ml,
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d =1.,42) at 18 - 20°C, Stirring was continued for 10 h,

the resulting solid was filtered off and washed copiously
with water. The crude material was twice extracted with
boiling acetone (200 ml) and the residue was crystallised
from glacial acetic acid (400 ml). Long yvellow needles of
9-bromo-3-nitrophenanthrene, m.p. 189 - 190%%¢ (Lit.,124
m.p. 1920C), separated on cooling but the yield of pure
product was very low (10.5 g) compared with that given in

the 1iterature.124

{c) . 3—-Amino-~9~bromophenanthrene

Method 1

| 9-Bromo-3-nitrophenanthrene (4 g) was added to
boiling ethanol (1066 ml) and concentrated hydrochloric
acid (133 ml) was then carefully added to the solution.
Zinc powder was cautiously added to the hot mixture until
the solution became permanently colourless. After filter-
ing off the residual zine, the volume of solution was reduced
and small crystals of the amine hydrochloride appeared on
cooling, The product was dissolved in a hot 50:50 mixture
of ethanol and water. The solution was neutralised with

dilute ammonia and the free amine was crystallised from

agueous ethanol to give pure product (2.8 g), m.p. 112 - 113%
(Lit. *m.p. 112.5 - 113%°%)
(Found: C, 61.6; E, 3.65; N, 5.15,

Calc. fqr ClqlgujBrN: C, 61.7; H, 3.7; N, 5.15%),.
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Method 2

(i} 3~Acetyl-9-bromophenanthrene

|
Acetyl chloride (13 ml) was added to a well-

stirred suspension of 9-bromophenanthrene {35 g) in carbon
disulphide (262 ml), the temperature being kept between

0 and 5°c. Anhydrous aluminium chloride {52.5 g) was
gradually introduced intc the mixture and the stirring

was continued for 5 h during which time the temperature
gradually rose to 20°C. The resulting precipitate was
filtered off, and washed several times with carbon disul-
phide. The yellow complex was added with vigorous stirring
to a mixture of chloroform (150 ml), concentrated hydro-—
chloric acid (22.5 ml) and ice {(ca. 100 ¢g) conained 1in a
3-necked flask (1 &). After 1 h, the two layers were
separated and the chloroform phase was washed once with
dilute hydrochloric acid and twice with water. On removal
of solvent, the brown c¢rystalline residue was recrystallised
from acetone (charccal) to give colourless crystals of
3J-acetyl-9-bromophenanthrene (34 g), m.p. 150°¢ {Lit.,129
m.p. 150-151°¢).

.(ii) 3-Acetyl-9-bromophenanthrene oxime

To 3~acetyl-9-bromophenanthrene (10 g) in hot
dioxane (100 ml) was added hydroxylamine hydrochloride (5 g)
in aqueous sodium hydroxide (20 ml, 10%). Ethanol (ca. 40ml)

was then added and the resulting ¢lear solution was heated
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for 4h on a water-bath., Hot water (200 ml) was then added

to the turbid mixture and after cocling {overnight) the oxime

separated out as light brown crystals, m.p. 212°¢ (Lit.,129

m.p. 212 -213.5°C) (Found: ¢, 61.6; H, 4.2; N, 4.3. calc.

for C BrNO: C, 61.1; H, 3.8; N, 4.5%).

16512
|

(iii) 3-Acetylamino-9-bromophenanthrene

; The oxime (3g) was added Lo polyphosphoric acid
(90 9) and heated to 130 -~ 150°C for 15 min before pouring
into water {450 ml). The precipitate was washed thoroughly
with water, dried and extracted into benzene (50 ml). Removal
of solvent left a residue which on cfystallisation from
 benzene gave small crystals of 3-acetyl-9-bromophenanthrene

129

(1.8 g), m.p. 220°C (Lit., m.p. 220.5 - 221.5%).

{iv) | © 3-Amino-9~bromophenanthrene

3-Acctylamino-9-bromophenanthrene (1.8 g) was
cadded to é mixture of ethanol (20 ml) and hydrochloric acid

(8 ml, 50%}) and refluxed for 24 h. The sclid amine hydro-
chloride so obtained was shaken with wet ether (60 ml) and the
mixture was basified with dilute sodium hydroxide. The
ethereal layer was washed with water and dried (MgSOd).
Removal of solvent gave a small residue which was crystallised
from ethanol to give straw-like crystals of 3~amino-9%-bromo-

phenanthrene, m.p. 112% (Lit.124

m.p. 112.5 - 113%.
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(d) 9-Bromo-3-dimethylaminophenanthrene

A mixture of 3-amino-9~bromophenanthrene (10 g),
methyl iodide (23 g), sodium carbonatg (20 g) and water
(100 ml) was boiled gently under reflux for 18 h. The excess
of methyl iodide was then removed and the product was
crystallised from agqueous ethanol to give the quaternary
salt as brown granules.

Dequaternization of the salt was achieved by adding
the product to dry methanol (400 ml) containing sodium
methoxide (8 g) and refluxing the mixture for 24 h. The
solvent was partially removed before the mixture was poured
into water (1 2). The resulting precipitate was crystallised
from ethanol to give long needles of 9-bromo-3-dimethylamino

180

phenanthrene (4 g), m.p. 112 - 113% {LiE.; m.p. 112 - 113%).

(e) 3-Dimethylaminophenanthrene

9-Bromo-3-dimethylaminophenanthrene (2 g) was
added to ethanol (200 ml) containing palladium charccal (0.1 g)
Hydrazine hydrate (20 ml) was added over 15 min to the
mixture; a vigorous reaction ensued. After 2 h of refluxing,
the strongly fluorescent mixture was filtered. Removal of
solvent in vacuo gave solid 3-dimethylaminophenanthrene (1 g,
708 yield), m.p. 74 - 75°% (uit.,Y3° m.p. 75 - 76%%)
(Found: C, 87.15; H, 7.05; N, 6.3. Calc. for C16H

T
C, 87.0; H, 6.8; N, 6.3%).
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(£) 3-Amincphenanthrene

A mixture of 9-bromo-3-nitrophenanthrene (1 g),
10% palladium charcoal (0.1 g) and ethanol (10 ml) was re-
fluxed on a water-bath and hydrazine hydrate (1 ml) was
added dropwise. Refluxing was continued for 10 min, the
catalyst was filtered off and the solvent was removed.
The residue (0.5 g, 57.5%) was crystallised from light
petroleum (b.p. 40 - 60°C) to give colourless crystals of

128

3-aminophenanthrene, m.p. 86 - 87°¢ (Lit., m.p. 87°¢)

(Found: C, 86.7; H, 5.8; N, 7.3. Calc. for C14H11.N:

€, Bl.0 H, 5.757 R, 7+38).

(q) 9~Cyanophenanthrene

9~Bromophenanthrene (10 g) was heated to 230 -250°%
and copper(I) cyanide (1.5 g) was added portionwise with
stirring. The temperature was raised gradually to 270- 280°C
and more copper salt (3 g) was added; it became necessary
to discontinue heating as the reaction progressed owing to
its exothermic nature. After 1 h the mixture was transferred
to a distillation flask and the product was removed under
reduced pressure. Crystallisation of the crude material from
ethanol gave white crystals of 9-cyanophenanthrene, m.p.

183

109 - 110°%C (Lit., m.p. 110°C).

(h) 9-Cyano-3-nitrophenanthrene

A mixture of 9-bromo~3-nitrophenanthrene (10 g),

copper(I) cyanide (3.2 g) and dimethylformamide (30 ml) was
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heated under reflux for 4 h, The partially precipitated

mixture was cooled and added to a solution of iron(III)
chloride (13 g) in concentrated hvdrochloxic acid (3 mil)
and water (20 ml). The mixture was warmed to 60 - 70°C on
a water-bath and stirred at that temperature for 20 min,
The resulting precipitate obtained on cocling was filtered,
washed thoroughly with water and dried. The crude product
was crystallised from dioxane to give paie yellow needles
of 9-cyano-3-nitrophenanthrene (8 g), m.p. 2620C (Lit.,180

m.p. 262°C).

(1) % 3=-Amino-9-cyanophenanthrene
i

9-Cyano~3-nitrophenanthrene (6 g) was suspended in
ethanol (1 %) and palladium charcoal (0.2 g, 10%) was added;
hydrazine hydrate (5C ml) was slowly aﬁded and the mixture
was stirred for 1.5 h. The residual catalyst was filtered
off and most of the sclvent was removed from the very strongly
fluorescent solution. The cold solution deposited a nearly
guantitative yicld of long pale yellow needles of 3-amino-9-

180

cyanophenanthrene, m.p. 189 - 190%%C (Lit., mn.pP. lﬁlocj.
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Part B Dges

I l N,N-Diethylaniline Dyes

1. 4~ (Phenylazo)~N,N-diethylaniline

l Aniline (1.86 g) was diazotised as described by
Vogel?‘a4 and coupled with N,N-diethylaniline (2.98 g}. The
resultant product (guantitative yield) was purified on |
alumina with benzene as eluant, to give pure brownish yellow

crystals of the dye, m.p. 96°¢ (Found: €, 75.9; H, 7.8;

2. _ 4~ (4-Nitrophenylazo)~N,N-diethylaniline

i 4~-Nitroaniline (2 g) was diazotised as described

by VOgel.l84

The clear yellow solution so obtained was
coupled with E,ﬂ—dieﬁhylaniline (2.2 g) in an acidic buffer.
The red'crystalline product was washed with water and dried.
Further purification of the crude product (3.9 g) was achicved
by column chromatography (alumina/benzene) to give, on |
crystallisation from ethanol, dark red rhombic crystals of.
the dye, m.p. 108°C (Found: C, 64.8; H, 6.05, N, 18.5.
c16H18N402 requires ¢, 64.4; H, 6.0; N, 18.8%)..

3. 4—(2-Nitrophenylazo)-Q,E—diethylaniligg

2-Nitroaniline (2 ¢¥) was diazotised as described
for 4-nitroaniline and coupled with N,N~diethylaniline (2.2 g)

giving 4 g of crude dye. Chromatography afforded a product
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which crystallised from ethanol to give bright red needles
of the dye, m.p. 106°C  (Found: C, 64.6; H, 6.4; N, 19.2,

016H18N402 requires C, 64.4; H, 6.0; N, 18.8%).

4. . 4~(1-Nitro-2-naphthylazo)-N,N-diethylaniline

2-Amino-1-nitronaphthalene (1 g) was added to

acetic acid (15 ml) and poured into dilute hydrochloric acid
(20 ml, 10%). The mixture was heated until a clear solution
was obtained. Ice was introduced to the hot solution to
produce a thick precipitate of the amine hydrecchloride.
Diazotisation_was thep carried out as described in the general
procedure. The filtered diazonium solution was coupled with
N,N-diethylaniline (ca. 0.75 g) in a buffered solution. After
stirring for 1 h, the solution was basified with sodium hydro-
gencarbonate {(powder) and the precipitate was filtered off,
‘washed ﬁith water and dried. The crude material (1.5 g) was
chromatographed (alumina/benzene) and the resulting oil was
crystallised from light petroleum (b.p. 60-80°C) to give
golden red leaflets of the dye, m.p. 186°C (Found: C, 69.25;
H, 5.75; N, 16.0, C(C,. H,.N.O0, requires C, 69.0; H, 5.75;

| 207207472
N, 16.1%).

5. - 4- (4-Nitro-l-naphthylazo)-N,N-diethylaniline

!
| l-amino~-4-nitronaphthalene {0.4 g) was diazotised

according to the general procedure and then coupled with

N,N-diethylaniline (0.4g). The greenish preccipitate obtained

|
|
l
|
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on neutralisation was filtered off, washed with water and

dried. The product (0.55 g) was dissolved in the minimum
amount of methylene chloride and chromatographed on alumina
using benzene as eluant. Crystallisation of the residue
(0.28 g) from ethanol gave green needles of the dye, m.p.
140°C (Found: C, 69.25; H, 5.8; N, 16.4. C__H, N,0, requires

20207472
C, 69.0; H, 5.75; W; 16,1%}.

6. 4- (5-Nitro-l-naphthylazo)-N,N-diethylaniline

l1-Amino-5-nitronaphthalene (1 g) was diazotised
exactly as described for the other isomers and coupled with
N,N~-diethylaniline (0.8 g). The resulting solution was
basified with sodium hydrogencarbonate to give a dark red
product (1.65 g) which was chromatographed on alumina.
Crystallisation of the residue from ethanol gave lustrous
red cublets of the dye, m.p. 163 - 165°C (Found: C, 68.7;
H, 6.2; N, 15.9., C,.H, . N,0, requires C, 69.0; H, 5.75;

20720742
N, 16.1%).

y 4~ (6-Nitro-2-naphthylazo)-N,N-diethylaniline

2~Amino~6~nitronaphthalene (1.2 g) was diazotised
as described above and coupled with N,N-diethylaniline (ca.
1 g) in an acid buffer at 0°C. The resulting brownish
solution was stirred for 30 min and neutralised with sodium
hydrogencarbonate. The resulting precipitate was filtered

off, washed with water and dried. Purification of the crude
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product (1.7 g) on alumina followed by crystallisation from

light petroleum (b.p. 60 - 80°c) afforded bright red crystals
of the dye, m.p. 214 - 216°C (Found: C, 68.7; H, 5.55;

N, 15.7. C,.H

20 20N402 requires C, 69.0; H, 5.75; N, 16.1%).

8. 4- (8-Nitro-2-naphthylazo)-N,N~diethylaniline

To a mixture of concentrated sulphuric acid (10 ml)
and water (30 ml) was added 2-amino-8-nitronaphthalene (0.6 g)
and the mixture was heated until the amine dissolved. The
solution was cooled rapidly by the introduction of ice.
Diazotisation was carried out in the usual way and the
diazonium solution was coupled with N,N-diethylaniline (0.5 q)
in an acidic buffer. After stirring for 1 h, the red solution
was neutralised with sodium hydrogencarbonate; the resulting
precipitate was filtered off and dried. The product (0.85 g)
was dissolved in methylene chloride and chromatographed on
alumina (neutral) using a 3:1 mixture of light petroleum
(b.p. 60 - 80°C) as eluant. The first yellow band was dis-
carded; the main band (red) was collected. On evaporation
of the solvent, the residue (0.15 g) was dissolved in a small
quantity of acetone and reprecipitated by the careful addition
of ethanol to give greenish needles of the dye, m.p. 137°%C
(Found:.c, 68.8; H, 6.05; N, 16.1. Czo’*m3”4°2 requires

C, 69.0; H, 5.75; N, 16.1%).
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9. 4,(9-10-Dihydro-2-phenanthrylazo)-N,N-diethylaniline

2-Amino~-9,10-dihydrophenanthrene (50 mg) was
dissolved in pyridine (1 ml) and added gradually over 1 h
to a solution of nitrosylsulphuric acid (general procedure).
After the addition, the mixture was stirred magnetically for
a further hour, urea (0.1 g) in water (2 ml) was then intro-
duced followed by ice and water as the temperature rose
rapidly. After another hour of agitation, the dark orange
mixture was filtered; no undiazotised amine remained. The
diazonium solution was added to N,N-diethylaniline (ca. 50 mg)
in the same manner as described previously. The clear orange
solution was neutraliéed with sodium hydrogencarbonate. The
resulting oily product was extracted into methylene chloride
and purified by preparative t.l.c. to give the dye, m.p. 156 -
158°¢ (Found: C, 81.0; H, 7.0; N, 12.2. CZ4H25N3 requires
c, 81.1; H, 7.0; N, 11.8%).

10. 4-(3-Nitro-9,10-dihydro-2-phenanthrylazo)~N,N~

diethylaniline

2-Amino-3-nitro-9,10-dihydrophenanthrene (100 mg)
in pyridine (2 ml) was added to nitrosylsulphuric acid as
described above. The clear diazonium solution obtained after
filtration was gradually added to a solution of N,N-diethyl-
aniline (0.1 g) in an acidic buffer at OOC. Coupling was
complete after 3 h and the solution was then neutralised with
sodium hydrogencarbonate; the resulting red precipitate was

filtered off and dried. The crude dye (80 mg) was dissolved
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in methylene chloride and purified by preparative t.l.c..
The main band was recovered and crystallised from light
petroleum (b.p. 60 - 80°C) to give dark red plates of the
dye, m.p. 158°C (round: C, 71.6; H, 5.95; N, 14.1,
C24H24N402 requires C, 72.0; 6.0; N, 14.0%).

11. 4- (7-Nitro-9,10-dihydro-2-phenanthrylazo)-N,N-

diethylaniline

2=-Amino=7-nitro-9,10-dihydrophenanthrenz (0.5 g)
was diazotised by the direct method (general proccdure) and
coupled with N,N~diethylaniline (0.3 g). The red precipit-
ate obtained on neutralisation was filtered off and dried.
the crude dye (0.6 g) was dissolved in methylene chloride;

a small amount of insoluble material was discarded. The
solution was purified on alumina using bhenzene as eluant. On
removal of solvent, the residué was crystallised from light
petroleum (b.p. 60-80°C) to give bright red lecaflets of the
dye, m.p. 240°C (Found: C, 71.95; H, 6.0; N, 14.5.
024H24N402 requires C, 72.0; H, 6.0; N, 14.0%),

1

v (KBr) 1510, 1335 cm

max (No2)'

12, 4-(7-Nitro-2-phenanthrylazo)-N,N-diethylaniline

2-Amino-7-nitrophenanthrene (250 mg) was diazotised
by the general procedure and coupled with N,N-diethylaniline
(150 mg) in an acidic buffer. 'The crude dye (0.3 g) was

chromatographed using benzene as eluant. The recovered material
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from the'column‘was crystallised from light petroleum

{(b.p. 60 - SOOC} to give a dull red dye, m.p.21f%3(Found:

¢, 70.8; H, 5.9; N, 12.6. c,,H,,N

24H455 4O2 requires C, 72.4;
H, 5.5; N, 14.1%).
| :
13. | 4- (9-Bromo-3-phenanthrylazg) -N,N-diethylaniline

3~amino-9-bromophenanthrene (1 g) was dissclved

in pyridine (4 ml) and gradually added to nitrosylsulphuric
acid prepared by the standard method. After stirring for
2h, polyphosphoric acid (ca. 10 ml) was added followed by
an aqueous solution of urea (5 ml). Ice was added to the
thick mixture to prevent the temperature from rising and
the suspension was filtered to remove undiazotised amine.
The diazonium solution was coupled to a suspension of
N,N-diethylaniline (0.6 ¢)inan acidic buffer. The resulting
dark resinous product was extracted into methylene chloride;
insoluble material was discarded. The solution was chromato-
graphed {alumina/benzene) and the product was.treated with
light petroleum (b.p, 60 - 80°C) to give the dyeas. a powderyl
red product, m.p. 124 - 126°C (Found: C, 67.05; H, 4.9;

N, 9.6; Br, 18.9%. C(C,,H BrN, requires ¢, 66.7; H, 5.1;

24722
N, 9.7: Br, 18.5%).

14. | 4- (9-Cyano~3-phenanthrylazo)~N,N-diethylaniline

3-Aamino-9-cyanophenanthrene (1 g) was diazotised
in a manner similar to that described for 3-amino-9-bromo- .

phenanthrene and was then coupled with N,N-diethylaniline
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(0.7 g). The crude dye (0.9 g) was chromatographed on

alumina with benzene as eluant. The residue from the
column was crystallised from ethanol to give dark red
crystals of the dye, m.p. 160°C (Found: C, 79.0; H, 5.8;
N, 14.8. C.,.H,..N, requires C, 79.4; H, 5.8; N, 14.8%),

b Yt o
=]
umax(KBr) 2220 cm (CN) .
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II N-2-Cyvanoethyl-1,2,3,4-tetrahydroquinoline Dyes
149

N-2-Cyanoethyl-1,2,3,4-tetrahydroquinoline

A solution of tetrahydroquinoline (33.3 g) in
glacial acetic acid (25 g) contained in a flask fitted with
a reflux condenser was heated to 125°C in an oil-bath. Re-
distilled acrylonitrile (25 g, b.p. 76 - 78°C) was added
dropwise over 3 h and the mixture was heated under reflux for
6 h.

After cooling, the resulting brownish product was
neutralised with cold saturated potassium carbonate (38 g)
in water (85 ml). The brownish oily upper layer was twice
extracted with methylene chloride (25 ml). Removal .of solvent
from the dried (Nazsod) organic extracts afforded a dark brown
0il which was distilled under reduced pressure to give the
required product (32 g) as a pale apple-green pungent liquid,
b.p. 175 -180°C at 5 mmHg.

Lz 6- {2-Nitrophenylazo)-N-2~cyanoethyl-1,2,3,4-tetra-

hydroquinoline

2-Nitroaniline (2 g) was diazotised according to
Vogella4 and coupled with N-2-cyanoethyl-1,2,3,4-tetrahydro-
quinoline (2.7 g). The sticky product was dissolved in methyl-
ene chloride and chromatographed on alumina with benzene as
eluant. The residual o0il was treated with light petroleum
(b.p. 40-60°C) to give red crystals of the dye, m.p. 107 -108°¢C

(Found: C, 64.6; H, 5.35; N, 20.85. C18H17N502 requires
C, 64.5; H, 5.1; N, 20.98),v___ (KBr) 2250 an (eN) , 1520, 1350 am ™+ (NO,) -
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2. 6—(Q—Nitrophenylazo)-§72—cyanoethy1~1,2,3,4-

tetrahydroguinoline

‘4-Nitroaniline (2 g) was diazotised as described
previously and coupled with N-2-cyanoethyl-l,2,3,4-tetra-
hydrequinoline (2.7 ¢) in an acid buffer at OOC; an immediate
precipitation_of dark red c¢rystals resulted and the stirring
was continued for 1 h. The product was filtered off, washed
with water and dried. The crude dye (4.2 g) was purified

on alumina using benzene as eluant; the first yellow kand
was rejected. The main band (red) was collected and the
solvent was evaporated. Crystallisation of the residue from
ethanol gave silvery dark red leaflets of the dye, m.p. 170 -
172°C (Found: C, 64.8; H, 5.4; N, 20.75. CqgH;;N.0, requires

C, 64.5; H, 5.1; N, 20.9%).

6~ (1-Nitro~2-naphthylazo) -N-2-cyanoethyl-1,2,3, 4=

tetrahydroquinoline

|
i
i 2-Amino-l-nitronaphthalene (1.5 g) was added to

a 1l:1 mixture of hydrochloric acid and water (40 ml) and
heated on a hot plate. Ice was added to the thick suspens-
ion and diazotisation was carried out by adding a solution |
of sodium nitrite (1.2 g in water (10 ml)}. After stirring
for 1 h, the diazonium mixture was filtered; some undiazotiéed
amine remained (0.4 g), The dark yellow sclution was added
to a suspension of E—Z-éyanoethyl—l,z,3,4-tetrahydroquinoline

(1.5 g) in an acidic buffer. The reaction was stirred for 3 h
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and the resulting dark green precipitate was filtered off,
washed with water and dried. The crude dye (2.2 g) was
purified onan alumina column using a 1l:1 benzene/methylene
chloride mixture as eluant; the amount of methylene chloride
was gradually decreased as the column was developed. Only

a small quantity of pure material was recovered from the
column and this was crystallised from light petroleum (b.p.
40 - 60°C) to give small plates of the dye, m.p. 183 - 184°C
({Found: C, 68.9; H, 5.2; N, 18.2. C22819N502 requires C, 68.6;

H, 4.2 N, 18.2%).

4. 6- (4-Nitro-l-naphthylazo)-N-2-cyanoethyl-1,2,3,4~

tetrahydroquinoline

1-Amino-4-nitronaphthalene (200 mg) was diazotised
by the general procedure and coupled with N-2-cyanocethyl-1,2,
3,4-tetrahydroquinoline (200 mg). The deep violet mixture
was filtered and a green precipitate was recovered. Purificat-
ion by chromatography (alumina/benzene) afforded an oil which
on treatment with light petroleum (b.p. 40 = 60°C) gave dark
green crystals of the dye, m.p. 190°¢ (Found: C, 68.7; B, 5.X3

Wi  I8E-15 C22H19N502 requires C, 68.6; H, 4.9; N, 18.2%).

5. 6~ (5-Nitro-l-naphthylazo)-N-2-cyanoethyl-1,2,3,4,-

tetrahydroquinoline

1-Amino-5-nitronaphthalene (0.4 g) was diazotised by

the standard procedure and coupled with N-2-cyanothyl-1,2,3,4-
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tetrahydroquinoline (0.4 g) to give red platelets of the
dye, m.p. 194°C (Found: c, 68.4; H, 4.9; N, 17.9.

C22H19N502 requires C, 68.6; H, 4.9; N, 18.2%).

6. 6-{7-Nitro-9,10-dihydro-2-phenanthcylazo)-N-2-

cyancethyl-1,2,3,4-tetrahydrogquinoline

2-Amino=7-nitro-9,10~dihydrophenanthrene (200 mg)
was diazotised as in the general procedure and coupled with
N-2-cyanoethyl-1,2,3,4-tetrahydroquinoline (160 mg) in an
acidic buffer. After stirring for 2 h, the browns is precipi-
tate was filtered off and dissolved in methylene chloride.
The solution was chromatographed on alumina (neutral) with
benzene as eluant, The residue was crystallised from light
petroleum (b.p. 40-60°C) to give the dye as a red powder,
m.p. 190°C (Found: C, 71.7; H, 5.55; N, 15.7. C5¢H,3N0,
requires C, 71.4; H, 5.3; N, 16.0%).

7. 6- (9-Cyano-3-phenanthrylazo)-N-2~cyanoethyl-1,2,3,4-

tetrahydroquinoline

3-Amino-9-cyanophenanthrene (0.5 g) was diazotised
by the nitrosylsulphuric acid technique with the addition of
polyphosphoric acid (10 ml) at the end. The filtered diazon-
ium solution was added dropwise to N-2-cyanoethyl-1,2,3,4~
. tetrahydroquinoline (0.43 g) in an acidic buffer at 0°C. The
sticky black product was extracted with methylene chloride

and chromatographed (alumina/benzene). The product recovered
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from the column was precipitated by the addition of light
I _
petroleum (b.p. 60-80°C) as red crystals, m.p. 216-218°¢C.

Further purification was effected by means of preparative
t.l.c., using a 1:1 benzene/methylene chloride mixture as
egluant; the red band was collected and extracted with
methylene chloride. Removal of the solvent and addition of
light petroleum (b.p. BO-BOOC) afforded bright red crystals
of the dye, m.p. 230°C (Found: C, 78.0; H, 5.3; N, 16.4.

C27H21N5 requires C, 78.1; H, 5.1; N, 16.9%).

1
!
|
I
|
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IIY Kairoline {(N-Methyl-1,2,3,4-tetrahydroquincline) Dyes

N,N-Dimethyl-1,2,3,4~-tetrahydroquinoline iodide

—

A mixture of tetrahydroquinoline (50 g), sodium
carbonate (110 g), methyl iodide (150 g), and water (400 ml)
was heated under reflux for 8 h. Some solvent was distilled
off and the mixture was allowed to cool; the guaternary comp-
ound which appeared was filtered off, washed with water and
crystallised from ethanol to give colourless needles of the
methiodide (quantitative), m.p. 174 - 176°¢C Lit.,lso m.p.
172 - 174%).
Kairolinels1
A mixture of the quaternary salt (58 g) and sodium
azide (13 g) in dimethylformamide (400 ml) was refluxed for
2-3 h. The mixture was poured into water (1 2), extracted
with benzene (3 2) and twice washed with water. Evaporation
of solvent from the dried {quo41 organic layer yielded a
reddish oil which was distilled under reduced pressure to
give N-methyl-1,2,3,4-tetrahydroquinocline asan almost colourless

oil (25 g), b.p. 78 -~ 80°C at 5 mmHg.

1. 6~ (2-Nitrophenylazo)kairoline

2-Nitroaniline (2 g) was diazotised as described
previously and coupled with kairoline (2.1 g) in an acidic
buffer as in the general procedure. The relatively pure
red dye was filtered off and dried; the yield was quantitat-

ive.
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Purification of the crude material was carried
out in the usual way tc give from ethanol small shining
red needles of the dye, m.p. 124°¢ {(Found: C, 65.15; H,
5.45; N, 18.9,. C16H16N402 requires C, 64.9; H, 5.4;.
N, 18.9%).

.

2. © 6~ (1~Nitro-2-naphthylazo)kairoline

| 2-Amino-l-nitronaphthalene (1 g) was dissolved in
acetic acid {10 ml) with warming and poured into dilute
hydrochloric acid (100 ml, 10% v/v). The diazotised solution
(standard procedure} was coupled with kairoline (0.8 g) as
previously described. The crude dye (0.9 y) was purified
.on'alumina and the recovered solid was crystallised from
ethanol to give brick red platelets of the dye, m.p. 206°¢"
{({Found: 70.3; H, 5.4; N, 15.6. C.,.H,.N,0, requires ¢, 69.4;

207187472
H, 5.2; N, 16.2%).

3. 6—(4-Nitro-l-naphthylazo)kairoline

i l-Amino-4-nitronaphthalene (0.4 g} was diazotised
by the direct metheod and coupled with kairoline (0.3 g) inenl
acidic buffer. The dark green product so obtained was
purified on alumina and crystallised from ethanol to give
dark green crystals of the dye, m.p. 136 - 137°C (Found:

C, 69.,05; H, 5.4; N, 15.8. c20H18N4O2 requires C, 69.4;

H, 5.2; N, 16.2%),

i
i
i
i
!
|
i
|
|
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4. 6-(5=-Nitro-l-naphthylazo)kairoline

l-Amino=-5-nitronaphthalene (0.5 g), diazotised
by the general procedure, was coupled with kairoline (0.4 q)
to give a brownish product (0.6 g). Purification on
alumina afforded red crystals of the dye, m.p. 174-175°C
(Found: C, 69.35; H, 5.2; N, 15.85. C20H18N402 requires

C, 69.4; B, 5.2; N, 16.2%}.

5. 6- {6-Nitro-2-naphthylazo)kairoline

Piazotisation of 2-amino-6-nitronaphthalene (200 mg)
by the general procedure and coupling with kairoline (160 mg)
gave a red product which was purified by preparative t.l.c.
in methylene chloride. The product was crystallised from
ethanol to give brownish wool-like crystals of the dye,

m.p. 209°C (Found: C, 69.4; H, 5.6; N, 16.05. C, H oN,0,
requires C, 69.4; H, 5.2; N, 16.2%).

6. 6= (8-Nitro-2-naphthylazo)kairoline

2-Amino-8-nitronaphthalene (0.4 g) was dissolved
in acetic acid (10 ml) by warming the mixture on a hot-
plate. The solution was poured into dilute hydrochloric
acid (100 ml, 10%) and diazotisation was carried out in
the normal way; the filtered diazonium solution was coupled
with kairoline (0.3 g) in an acidic buffer., The crude dye was
dissolved in methylene chloride, chromatographed on alumina

and the residual solid was crystallised from light petroleum
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(b.p. 60—80°C) to give dark red crystals of the dye,
m.p. 144-145°C (Found: C, 68.9; H, 5.2; N, 16.4.

|
C20H18N4O2 requires C, 6%9.4; H, 5.2; N, 16.2%).

|
|
7. i 6— (7-Nitro-9,10-dihydro-2-phenanthrylazo)kairoline
|
!

Z2=Amino=-7-nitro~9%, l0-dihydrophenanthrene (0.3Ig)
was diazotised and coupled with kairoline (0.2 g}. The
product (0.4 g} was dissolved in methylene chloride, chromato-
graphed on alumina and crystallised from light petroleum
(b.p. 60 ~ 80°C) to give red plates of the dye, m.p. 254 -
256°C (Found: C, 72.2; H, 5.7; N, 13.8. C24H22N402 requires

C, 72.4; H, 5.5; N, 14.1%).

|
|
:
|
|
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|

v Julolidine (2,3,6,7-Tetrahydro-1H,5H-benzo(ij]

guinolizine)lS4 Dyes

' Julolidine

A mixture of tetrahydroguinoline (66.5 g) and 1-
bromo-3-chloropropane (400 g) was refluxed for.2011. The
reaction mixture was cooled and concentrated hydrochloric
acid (50 ml) in water (500 ml} was added and the excess
of l-bromo-3-chloropropane was removed in steam, The mixture
was then basified by adding sodium hydroxide (ggl 80 ml,
40%) and the product was extracted into ether (twe 150 ml
portions). The ethereal solution was washed with water
{150 ml) and dried (NaOH). The solvent was evaporated and
- the residue was distilled under reduced pressure to give -
an almost colourless product (60 g), b.p.l?O&ﬁfPCatlormﬂq

154

(Lit., b.p. 110°C/1 mmig.

1, 9~ (2-Nitrophenylazo) julolidine

2-Nitroaniline (2 g) was diazotised as described
previously and added dxropwise to a suspension of julolidine
(2.5 g) in an acidic buffer (general procedure). The dark
product (3.5 g) was extracted into methylene chloride and
the solution was chromatographed on alumina with a 1:1
mixture of light petroleum (b.p. 60 ~ 80°C) and benzene as
eluant. The oily residue was treated with light petroleum
(b.p. 60 -80°) and the resulting crystals were removed

and recrystallised from ethanol to give dark red silvery
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plates of the dye, m.p. 150°C (Found: C, 66.95; H, 5.7;

N, 17.2. C18H18N402 requires C, 67.1; H, 5.6; N, 17.4%).

25 9- (1-Nitro-2-naphthylazo)julolidine

2-Amnino-l-nitronaphthalene (4 g) was added to acetic
acid (25 ml) and warmed; the resulting solution was added
to hydrochloric acid (15 ml) in water (50 ml). The cooled
suspension was diazotised by the direct method. Coupling
with julolidine (3.6 g) followed by basification (NaOH) gave
a dark red powder (7.5 g) which was extracted into methylene
chloride. The solution was chromatographed on alumina
(neutral) using a 3:1 mixture of light petroleum (b.p. 60 -
80°C) benzene as eluant. The residue was treated with
light petroleum (b.p. 60 - BOOC} to give red platelets of
the dye, m.p. 226 - 228° (Found: ¢, 71.5; H, 5.3; N, 14.4.
C22H20N402 requires C, 71.0; H, 5.4; N, 15,05%).,

3. 9=~ (4-Nitro-l-naphthylazo) julolidine

1-Amino-4-nitronaphthalene (2 g) was dissolved by
warming in dilute hydrochloric acid (50 ml, 20%) and the
cocled solution was diazotised by the general procedure.
The filtered yellow diazonium solution was graduvally added
to a buffered suspension of julolidine (1. 8 g). The strong
violet solution was neutralised by the addition of dilute
sodium hydroxide. The greenish product (3.5 g) was isolated,

dried and dissolved in the minimum amount of methylene
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chloride and chromatographed on alumina using benzene -
light petroleum (b.p. 60 - 80°C) as eluant. The first
yellow band proved to be mainly undiazotised amine., The-
dye recovered from the column was crystallised from ethanol
to give green needles of the dye, m.p. 173% (Found: C,
71.25; H, 5.35; N, 15.2. C22H20N402 requires C, 71.0;

H, 5.4 N, 15,05%}.

4, 9- (5-Nitro-l-naphthylazo) julolidine

l-Amino-5-nitronaphthalene (2 g) was diazotised in
dilute hydrochloric acid by the direct method as described
previously. The light yellow solution was added to a sus-
pension of julolidine (1.8 g) in an acidic buffer. The
solution was neutralised with sodium hydrogencarbonate,
the solid was filtered off and dried (3.2 g). Purification
on alumina afforded a product, m.p. 204-207°C (Found: C,
70.0; H, 5:2; N, 14.4. C20H22N402 requires C, 71.0; H, 5.4;
N, 15.05%). The rather impure dye was dissolved in methylene
chloride and subjected to preparative t.l.c. The main red
band was extracted with methylene chioride; crystallisation
of the residue from ethanol gave a red powder which did not

have improved analysis.

S 9~ (6-Nitro-2-naphthylazo(julolidine)

2-Amino-6-nitronaphthalene (1.9 g) was diazotised

by the general procedure and coupled with julolidine (1.8 g)
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in an acidic buffer. The dark green product (ca. 5 g)
obtained on basification with sodium hydroxide was chrom-
atographed on neutral alumina with benzene/light petroleum
(b.p. 60 - 80°C) mixture as eluant; the first yellow band
was discarded. Removal of solvent from the resulting red
solution gave an impure product which was rechromatographed
using light petroleum (b.p. 60 - 80°C) and benzene (10%) as
eluant; the amount of benzene was increased progressively
until two bands were separated completely. The resulting
product was dissolved in a small quantity of acetone; care-
ful addition of ethanol gave lustrous green needles of the
dye, m.p. 228 -230°C (Found: C, 70.95; H, 5.5; N, 15.15.
C22520N402 requiresC, 71.0; H, 5.4; N, 15.05%).

6. 9~ (8-Nitro-2-naphthylazo) julolidine

2-Amino-8-nitronaphthalene (1.5 g) was diazotised
by the general procedure and coupled with julolidine (1.4 g)
as described previously. The resulting dark red precipitate
(3.8 g) was purified on alumina using a 3:1 light petroleum
(b.p. 60 - 80°C) - benzene mixture as eluant. The residue
was dissolved in a small amount of acetone; addition of
ethanol gave dark red needles of the dye, m.p. 1880C
(Found: C, 70.6; H, 5.35; N, 15.45. C22H20N402 requires
C, 71.0; H, 5.4y N, 15.05%).
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Part C Miscellaneous

Preparation of activated copper bronzels4

Copper bronze (25 g) was treated with a 2% solut-
ion of iodine in acetone (250 ml) over a ceriod of 10 min.
The grey mixture was filtered and the resulting solid was
stirred with a 1:1 mixture of concentrated hydrochloric
acid and acetone (125 ml). The activated copper bronze was
filtered off, washed thoroughly with acetone and dried under
vacuum. Best results were obtained if the copper bronze so

activated was used immediately.

1. 2,4-Dinitroiodobenzene

Concentrated nitric acid (180 ml; d = 1.42) was
added gradually to concentrated sulphuric acid (220 ml) and
the mixture was cooled externally in an ice-bath. o-Nitro-
iodobenzene (25 g) was introduced into the mixture with
constant stirring; the temperature rose to 40°C. when the
addition was completed and the temperature rose no more, the
reaction mixture was warmed on a watar bath to about 60°C
and stirred at this temperature for 30 min. The solution
was then poured into ice-water. The resulting yellow precip-
itate (30 g, 60%) was filtered off and dried. Two crystallisa-
tions of the crude product from ethanol gave the dinitro
compound as bright yellow crystals, m.p. 85 - 86°C (Lit.,185

m.p. 889).
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2, 2,2',4,4"'-Tetranitrobiphenyl

2,4-Dinitroiodobenzene (14 g) was added to a wide-
mouthed conical flask and the contents were heated cautiously
to 190°C on an oil-bath. Activated copper bronze (ca. 15 g)
was added in small portions to the melt which was stirred
mechanically. After the addition of the copper bronze (2 h),
the temperature was gradually raised to 220°C and was kept
there for a further 2 h. The half-baked mixture was then
emptied into clean sand to prevent it settling in the flask.
The cooled sand mixture was added to a large thimble and the
product was extracted into benzene in a Soxhlet apparatus.
The sclvent was boiled down and the yellow product so obtained
was crystallised from benzene to give the tetranitro compound
as yellow prisms (3.6 g, 46%) m.p. 163 - 164°%c (Lit.,186 m.p.
163°C) (Found: C, 43.05; H, 2.0; N, 16.6. Calc. for C, H .N0O:

1276 478"
c, 43.1; H, 1.8; N, 16.8%).

3. Attempted preparation of 4,4'-dinitrobenzolc]cinnoline

A suspension of 2,2',4,4'~tetranitrobiphenyl (3 q)
in ethanol (100 ml) was heated on a water-bath to between
55 and 60°C. An aqueous solution of sodium sulphide nona-
hydrate (8 g in 40 ml of water) was added within 30 min. The
mixture was refluxed overnight, and the dark red slurry was
poured into water. The dark precipitate so obtained (1.5 g)
was extracted into hot methylene chloride. After removal of

solvent, the yellow-orange residue was crystallised from
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ethanol to give material which melted at 208°C (Found: C,

55.6; H, 4.5; N, 19.5. C12H6N404 requires C, 53.3; H, 2.2;

N, 20.7%).

4. l,5-Diaminonaphthalene

A mixture of commercial 1,5-dinitronaphthalene

(2 g), iron dust (6 g), iron(II) sulphate (0.6 g) and water
{20 ml) was refluxed for 3 h and then cocled in an ice-water
mixture with continuous agitation. The resulting precipit-
ate was filtered off and extracted into beiling ethanol (25
ml) with the addition of charcoal. The filtrate on cooling
afforded 1,5-diaminonaphthalene (0.6 g) as colourless needles,
m.p. 190°C (nit.,'87 m.p. 190.5°C) (Found: C, 76.1; H, 6.4;

N, 18.0. Calc. for ClOHlONZ: C, 76.8; H; 6.3; N, 17.7%}.
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