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INTRODUGCTTION

Representation of the Acridine Molecule

The structural formula of acridine was formerly thought

. . /C\C/C\%/C\
tO be t*(’./é—\ N,—C\C¢é

due to the compound’s formation-from diphenylamine and
formic acid in the presence of zinc chloride (29).
N NN

Q0= Qg0 =0T0
N/ AN \\N//' 7~ NS NSNS

It was shown, however, by Ramart~Lucas, Grumez and
vuartynoff (139) that the absorption spectra of acridine in
‘cyfisiblé and U.V. light are almost the same as those for
#nthracene, indicating that the nitrogen atom is spectrogfaphic-
ally similar to -C=. This, in conjunction with the chemical
properties of the molecule has led to the adoption of am

anthracene-like structure for the acridine molecule.
cfQ\C/N\c/’C‘c
éﬁcfé\c/c\cfé
] In this thesis, however, the following contracted form
wiiiﬁiepréSent the aeridine molecule:-

VA NZN

N7 SN N

Bbmenclature

There are two methods of nomenclature of the acridine

series in common use at the present time. There is the



system employed in “The Ring Index (143) which numberg

according to a given set of rules irrespective of the source or
v

components of the system and is used in British publicatlons.

This i1s the system adopted throughout this thesis.
‘ 6 5 4
NSNS N
3 NN S 2
NS ONTNS
2 10 1
In American and German publications the numbering of the
acridine syétem follows that for anthracene which was numbered
before the introduction of “The Ring Index (143) to emphasize
that the reactivity of the 9,10 positions was distinetly
.different from those at other positions.
' % 9 1
[ : R 3
NN NS
S 10 4 _
Recently, a new system of notation has been proposed by
Dyson (51) for all organic compounds. On this system acridine

. _ 2
itself is denoted by T.lOZN. Acridone,(XI) becomes

W

§f2;1OZN.9,1OH.9EQ., while 5-chloroacridine (British numbering)
becomes T.10ZN.9C1 and S3=-cyanoacridine becomes T.léZN.zo.llESN.

Prgpéfation'of Acridine Defivatives

As the acridine molecule is a chromophore, much attention
has been devoted to methods of preparation of acridine
derivatives by dyestuffs chemists since the end df last century

'and in this century by pharmaceutical chemists. Desplite this,



only a few tyﬁes of syntheséé have been evolved since, in all

cases, ring-clbsure of the meso-ring (i.e. the central pyridine
ring) has had to be effected.

The methods of synthesis can be grouped under thfee
headings: -

| 1) From diphenyl-methane derivatives,

'» 2) From diphenylamine derivatives,

3) From benzyl- and benzal- anilines.

1)< FROM DIPHENYL-METHANE DERIVATIVES
" (a) From diamines and aldehydes

~ When an aldehyde 1s condensed with an amine of the
benzene series, there is 1little tendency for the methylene
groﬁp to take up the ortho position, the product being almost

entlirely the para derivative.

| o N NP N N N

R.CHO - ZW\NH2-*?‘ l —_ l l +ﬁﬁe‘

) . . /NHCHRHN\/ \/\ \C/ \/

P'- J,zrwa.l’hle 4 lcﬂ va "u}e,

4;The simplest method of ensuring that the product shall

canta;nggmino-groups ortho to the aldehyde residue 1s to use

a meta diamine (118).

—/%\\//\\'

MﬁCHO ‘f —~—> ’ H ‘

‘ Hy\/NHCHQHN N, ng\/nu,_ay\/
/’\\//\\//\\

— ]

YN IN N M



By the use of 2-4-diaminotoluene, 3-aminodimethylaniline
and many other substituted m-diamines a series of 2-8-substit-

uted acridines can readily be obtained (155).

ZM L ] + HCHO —+ y ’ | l *—?MC/\/\I/\MQ
NH A NH, HN (|, Hi NH,
e N NS HN \/\N/\/NH1

(b) From p-substituted amines and aldehydes

" If the para position is occupied, the entrant group 1s
forced into the ortho-pos'ition and the product can be
converted into an acridine (156). Thus Ullman prepared
3-7-dimethyl~5~-phenylacridine. ‘

N —e— SN o
Me_( - a T Me \/\ /\ Me.

. —

PhCHO+ 2 C HNH, —>
NH, HN 22/ ield
NS N /.y NSNS

This method is general and can be used with any para-
substituted aromatic amine. The methane base which is formed
as an Intermediate may be acridinated without the use of zinc
chloride by simply heating to 200° with p-toluidine

'hydroch;oride .

,(9) From o-nitrobenzyl chloride
Ullman and Baezner (157) obtained acridines by condensing
o-aminobenzyl alcohol with f*-naphthol, resorcinol or diethyl-

- -m-aminophenyl.

ANemon” SN NN AN

i l * \ L — ‘ 1 i where X :0;\ oc NEY,

NS RN NV R




(d) By oxidation of o-amino-diphenylmethanes or reduction of

o~-nitrophenylmethanes.

Fischer and Schutte (62) synthesised acridine by

oxidation of o-aminodiphenylmethane with lead oxide.
NS N SN BN NSNS N

L D=1l = ]

oM N NN NN NS

The hydroxylated nitrogen compound which may be regarded
as an intermediate in the above synthesis is also obtainable
by reduction of o-dinitrophenylmethane derivatives. Thus

Fischer (63) prepared dihydroacridine.
Hy
SN BN SNGEL SN NN N

T e T B

NN NN NN
By using substituted diphenylamines as starting materlals

many substituted acridines can be obtéined.

(e) From anthranilic ester and phenyl magnesium bromide

- The tricarbinol obtained by the actlion of oxcess phenyl
magnesium bromide on methyl anthranilate is converted to

5-phenyl-acridine when heated (19) (150).

2) FROM DIPHENYLAMINE DERIVATIVES

(a) From diphenylamine derivatives

Method first adopted by Bernthsen (29) who prepared
acridine by heating diphenylamine and formic acid in the
presence of ZnGl2

/\ /\\ / VNV VAN

I JHLQOH J cHo l ZnCla ' l ’
/\3/\ NN \/ NN




Using substituted diphenylamines and acetic, propionic
Abenzoic acids etc., serles of substituted acridines can

readily be prepared -

/\ '//\ NOL /\ /C<3 /\ NQZ J
egoon — | | |
\,//\:j/\/ ‘ ‘ \/\N/\/

(b) From m-diamines and m-substituted amines with formlic acid

The earliest reaction of thils type was the preparation
of acridine dyestuffs by heating the diamines with formic acid

and zinc chloride (52)

R = Me Et.
"HCOOH
N . SN N
Nl NH +HN’ 'N S ' ’C\HO j TR ' ! /l‘
RN NG S T N T N T N TN

Albert and Large (2a, 2b) and Thomson (154) showed that
a variety of substituted m-di-amines reacffthis waj giving up
to 72% yleld of aminoacridines. They found that aniline
itself does not react but that the following m-substituted
: anilines did in order of decreasing reactivity: NHg
" NMeg, CHs, Cl, NOg, SOgH, GOOH. |
o N N, NN AN
Voo g nan |

NSNS o AN N
This method has lately been used in the large-scale

- production of acridine pharmaceuticals, eSpécially proflavine
/

"and acriflavine.




ANV VN . NN\ N
| ‘ + 2'¥ diaminoacridine. -
HZN\/\N /\/NHL.H,_so4 HN\/\N /\/NH  hydroceride
‘ . : : c»( \ .

PROFLAV INE AcCRIFLAVINE

The use of this method is limited however by the fact
" that only substitution in the 2- and 8- positions can be
effected and that good ylelds are only obtained with

. pucleophilic substituents.

(¢) From aryl-o-aminoacids

This method was first used by Jourdan (91) who
condensed anthranilie acld with 2- 4-dinitrochlorobenzene and
- heated the product with concentrated sulphuric acld.

/\COOH. /\ NQ’. ‘ /\COOH /\NO /\ /\/\Noz
e T
NS \/’ ,/N/\/ \m/w/\/

The ring-closure occurs readily in most cases, the chief

+

—

difficulty being the preparation of the anthranilic aclds.

| With the development of Ullman’s reaction of an aryl-
amine énd an o-chlorobenzoic acid in the presence of copper
E:poider and potassium ¢arbonate to form a diphenylamine deriva-
“tive, this difficulty was overcome and this is now the method
generally adopted in the laboratory preparation of éubétituted
acridine,dérivatives. ‘The method works equally well whether
the aminqrgroup is on the acid moleculse and the halbgen'on

the benzene ring or the,chioro-group is on the‘acid'molecule

*. and the amino group on the benzene ring.




Ring-closure to the acridone, however, will not take place

~ if the carboxyl group 1s di-ortho substituted.

(d) From aryl-o-aminoaldehydes and aryl-o-aminoketones.

~ This is closely related to method (D). Just as
salicylic acid and aniline give acridone, salicaldehyde and
aniline yield acridine(122). |

7\ cwo VI VTR I NPT NN N N N
| el =0 T =L
N N NN NN

.As}many aniline derivatives, however, when condensed with
) -chlorobenzaldehyde only give azomethines, this method is much

4'}ﬁore restricted in use than method (c).

| Similarly, Ullmann and Ernst (158) prepared substituted

acridines easily and in good yield by the action of aluminium

‘chloride on the o-chlorobenzoyl chloride derivative and: .

subsequernt treatment with concentrated acid.

| OlN(xcm /\ Ale x/\COPh ' 0;“/\*::' e AN
[ (e e T
NS NS NS /\r:[/\/

o
w/\/\/\

H , S0, g ) L"O/ \{\eld
, \\/ AN

(e) From o-methyldiphenylamine derivatives

This method is mainly of historical importance since



Gréebe (75) obtained considerable quantities of acridine by

passing the vapours of o-tolylaniline through a hot tube.
7\ VNV VN
~4H

e e ()
,\/\’!\_“/\/ NN NS

Hy

More recently 2-4-tolylenedlamine has been converted to an

acridine nitrobenzene being used as an oxidant (53).

"\ Ve N 7N cu, NN

9 l : (LQ° 3 PhNo, ‘ ’
LN VI T N NPT Vs
H -

The 2-4-compound may be replaced by the 2-6-isomer or by
4-6-diaminoxylene. Alternative constitutlons for the products

‘}a:e_possible in each case.

3) FROM BENZYL-~AND BENZAIL- ANILINES

Method 3) is of restricted use and consists of passing
benzyl- aniline through & hot tube resulting in the formabion

'of considerable quantities of acridine (119).

SN ey SN\ SN SN SN

l I —4H‘;

NS NN S NN\

This method can be applied to certain subétituted benzyl
and benzal-anilines to bbtain the corresponding acridines.
,These apiline derivatives are, however, difficult to prepare
and an alternati#e method of prebaration is generally to be

preferred.



PREPARATION OF CYANO-ACRIDINES

- Two cyanoacridinés have so far been prepared.
3-Methoxy-8-cyano-5-chloroacridine was prepared by Yu
Magidson and Travin (163) and 3-cyano-b5-aminoacridine by
Albert and Gedhill (9).‘ Both compounds were prepared by °

method 2¢.

General Properties of Acridine Derivatives

The general pr0perties of the acridines are those

' predicted from the chemistry of pyridine and quinoline
'ﬁcqupledAwith some ' anthracene-like behaviour. Acridine
1tself 1s a base (K,=3x10"'°) slightly stronger than aniline
(Ep=2.7x10"2°) and weaker than pyridine (Kb=2.3xlo-q ) and in
its derivatives this basicity is modified by the wvarlous
substituents in the nucleus. Acridines can readlly be
reduced to 5,10-dihydroacridines (which are non-basiec) and
ox;dised to acriddnps, exfreme conditions being neceséary
before rupturé of the acridine skeleton is effected.
| Resonance can exist between éubstituents in the different
rings, e.g. 3-nitro-5-amino but not 2-nitro-5-aminoacridine
gives a purple nitronate with aleoholic alkali (4).

Re-arrangement of bonds 1s possible in the former but not in

the latter




Acridine forms alkyl acridinium salts which form
unstable -inium hydroxides, the hydroxide radical of which |
migrates\from the 10- to the 5-position, where conversion of
the 5-hydroxy-5, 10-dihydro product to an écridone, analogous
to the pyridones, takes place with mild‘oxidising agents (18).

/ p\pr ﬁ
O -00=-00C
NSNS \/\N/\/l ‘\/\N/(\/J

CHy on' Ky CHy

Acridine does not methylate when it is refluxed with

methyl iodide in methyl alcohol, however, though 5-amino-

Jkacpidinebgives an almost quantitative yleld of 5-amino-10-"

methylacridinium iodide (4) due to increased basicity of

the molecules. .

The activity of substituents in the .5-position is shown
by the ready formation of 5-cyanocacridine (98) when ‘acridine
i1s treated with potassium cyanide and the ease with which

5-chloroacridine can be converted to 5-alkoxy (163) and

hence to 5-amino- or any 5-substituted-aminoacridine.

-5=-Chloroacridine is readily hydrolysed to acridone, the

ketonic form of 5-hydroxyacridine (5) with the elimination

Y

of hydrochloric acid.
The activity of substituents in positions other than

5- and 10- 1s similar to that of benzenoid structures.



Nitration occurs in the benzene rather than the
pyridine ring (89)>and perhalide formation occurs with | |
bromine. An amino-group in the 5-position suffers hydrolysis
more readily than in other positions and forms no diazonium |
salt under normal conditions, although it will under highly
acld conditions (4).

Like anthracene, acridine-5-carboxylic acid 1s resistant
to esterification by alcohol and mineral acid catalyst, due
to steric hindrance (ortho effect) and it is necessary to

prepare the ester from the acid chloride (90).

Preparation of Aromatic Nitriles - General Methods.

1. Treatment of an aromatic halide with potassium'éyanide
and a catalyst at 200°. = This method works most satisfactor-
ily when a nitro or a sulphonate group is present and can be
further modified by replacimg potassium cyanide by cuprous

cyanide (144).

Ark + KON S —— AN & kX

The potassium salﬁ of a sulphonlc acid may replace the
halogen group. |

2. Ammonium salts or aﬁides can be converted to nitriles
with the loss of water by the action of phosphorus.trichloride
or phosphorus oxychloride and pyridine, p-toluene-sulphonyl

chloride or trichlorophenylmethane (95).

Ar§00NHu + Pely Bndne o ooy . H PO, + 3HU .



3. The diazotisation of aromatic primary amines followed by
a Sandmeyer reaction gives, in’general, about a GQ% yield of
the corresponding nitrile and i1s one of the most general
methods of preparation (129).

ArNH, =+ HNO, — ArN Gl —  AccN

4, The Grignard reaction can also give rise to nitriles by -
treatment of the aryl magnesium halide with cyanogen or
cyanuryl chloride.

ArX =+ chi‘l\ _— Qv‘b’h‘)‘ —— ArCN,

5. When aldoximes are treated with acetic anhydride,
' hitriies are formed in 90% yield with the loss of a molecule
of water (162). |

ArCho HxNOH . Arcy =Nnow P2 r  Aren

3

6. Mustard oils (phenyl isocyanates) on\treatment'with

y

copper or zinc dist yield nitriles.
ArNco —B —+ Acen

- .- Methods 3 and & are of most general application and are

those generally adopted in this thesis.
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THERAPEUTIC ACTIVITY

‘The trypanocidal activity of acridine compounds (27)Vwas
discovered by Ehrlich in 1912 during studies with the tri- |
phenylmethane dyes. It was found that crude dichioro-ortho-
para-fuchsin was less toxic and more trypanocidal than pure
dichloro-ortho-para-fuchsin, the difference being traced to an
impurity, én’aéridine compound. Acriflavine, the first of this
group and one of the most widely investlgated acridine thera-
peutics,was found by Ehrlich to be especially effective against
nagana infections in mice.

In 1914, Browning and Gilmour (36) discovered the
antiseptig action of acridine derivatives when they included
in’their investigation of the bactericidal properties of
voré;ﬁié‘bASes, some of the aminocacridines which Ehrlich.had
synthesised for his trypanocidal studles. It was found
that while acridine itself has only slight activity, is
toxic and irritant, the aminoacridines, especially proflavine,

‘_acfiflavine and é,?-diaminoacridine are very active (126) and
‘tthis,prompted further study'of‘acridine derivatives, especially
‘;‘when it was shown by Browning and co-workers (37) that the anti-

'septic properties of acridines were due to the acridine nucleus
as a whole and were not shown by the correspondihg derivatives
of pyridine, quinoline or phenazine.

Acridines are effective antibacterial agents against
Gram-positive organisms, have a moderate action against
Gram-negative organisms and are in no way adversely affected

by the presence of dissolved protein (serum). Browning and




Gulbransen (38) claimed enhanced activity for acridine
derivatives in the presence of serum but this was disproved
by Eggerth (57) who demonstrated that the potentiating
effects ofxserum in vitro was due to the fact that thils
fluid becdmes quite alkaline as carbon dioxide 1s eﬁolved.
Inasmuch as the acridines belong to the basic group of
antiseptics, an alkaline medium greatly favours its actlon.
The moét active acridine antibacterials are
acriflavine , proflavine and 2,7-diaminoacridine (the last
of which has the same order of antlseptic activity as
proflavine and acriflavine but 1s only two-fifths as toxic
as the former and one-tenth as toxic as the latter) and are
especlally active against gonococci, streptococeci and
anaerobic bacteria in general. They are active agalnst

T.B. in vitro (1:10,000) but not in vivo (68).

© AcRiFLaviNg ProFLAMINIE 2,7-DIAMEINO ACRIDING
I//\\/’\W//\W (/\\/’\w//\w H’Lul//\\//\l/\
HN \/L/N\/ \/ "ﬁ\/‘\u NS N1, HSO, \/‘\N NG NKH
k)

Another acridine derivative, which attracted considerable
attention though it has now largely fallen into disuse due
to the discovery of the sulpha drugs, 1s “rivanol’, the ‘
lactate of 2 5-diam1no-7 ethoxyacridine, which is very |

active against streptococci (in vivo dose 1:40,000)(mice).

Nu,
o NN N\

I

N \/Wx.lacl'al-e..

Rwanow. |




In the search for a synthetic antiinalarial, Mietzsch
and Mauss (1216) discovered “atebrin” (known as mepacrin’),
2-chloro-7-ethoxy-5-(d-diethylamino -x-methylbutylamino) .
acridine. This compound, as well as its successor |
paludine, has been manufactured on a large scale in Scotland

since 1943.
HE —cH — Gy CHy— CHy —N(ED)
1 ;
NH

1\ B
AN ANPAN

, | Atebrin
VAL A2
.
e

i ‘ L — N . [an : . L

12 K 3 ;

yo ]

el < >NH S e~ NH— € —NH= &4 . ‘nﬂdv‘ocklov‘lde. Paludrin e

YN ! :

e S Y B mm—— ) cus

o (?Nf;’r; ‘P - chlovo phenyl M5 L o Froml L,‘qua,malc ’\m-{ c\n’icklaﬁde)

It ﬁas found to éombine general antibacterial character
with great antimalarial activity, beingvfour times more
agtive than quininé against plasmodium praecox. It was
found that whereas quilnine attacks the g§méte stage of the

infection, atebrin kills the schizont form.

Relationship between Structure and Activity
Many substituted acridines have heen prepared where '

halogen, hydroxy, nitro, methyl, ethoxy, carboxy,




sulphonamido radicles have been substituted in the‘moleculé
in differing combinations, numbers and positions in the .
acridine nucleus. These compounds were all found to have
antibacterial activity to a greater or le ss degree but no
relationship between structure and activity has yet been

satisfactorily formulated.
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Within the series of the aminoacridines, Albert and
co-workers (6) have shown that the basicity and hydrophilic
properties of the aminoacridines vary as the activity of
the drug (except in the case of l-aminoacridine which
though more active than acridine is less basic due to

‘hydrogen bonding). :
'« SN NN
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It was found that all compounds containing a 1-NHg

substituent are without antiseptic effect, whereas 4,5,3,2,
“NHgp "groups greatly increase the activity (1lb). Further,
Bradbury and Linnell (23b) showed that none of the
chloroaminoacridines had a bacterial activity equal to that
of the parent amino compound.

A study of the reduction potentlals of the amino-

acridines, however, led Beyer (30) to the conclusion that




the antibacterial adtivity in this series of compounds is |
not connected with a single physical or chemical propérty
but is the result of the sum total of properties. Other J
workers (153) have aléo been uneble to show aﬁy relationship
between chemical structure and pharmacological action.

The discovery of atebrin lgﬁ& Magidson and Grigorovskii%
(111) to prepare many similar compounds altering both the |
nuclear and the side-chain substituents. They, and other |
workers, were unable to prepare any compound of superior
activity to atebrin and found that the absence of a

- substituent in positions 6 or 7 completely annulled the

therapeutic activity.

EH}/\,/\/\ po/\/\/\ hs\t\hns h
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As can be seen, empirical relationships have been
I} wo,—>c, I =%,15, 20, G whio h(ne of Cakoms

n side c_\qam) =2,3, 4,5 respy.
As can be seen, empirical relationships have been
demonstrated in specific cases but no real understanding
exists of the fundamental relation between therapeutic

activity éﬁd chemical structure.

Mode of Action of Acridines. I Trypanocidal Aetion; |

Hawking (81) has shown that the trypanocidal action
of acriflavine and similar derivétives resembles closely

that of the trivalent arsenicals. From his experiments,
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he eame to the conclusion that the reaction between the
Adrug and the trypanosome occurs in three stages - viz.
fixation of the drug, that is absorption of the drug by the
trypanosome’which results in a condition resembling
bacteriostesis, secondary chemical reactions and eventual
death of the organism. The fixation occurs rdpidly,

being complete in a few minutes and is reversible .

II Bacterial Action.

Acridines or normal cationics as they are sometimes
called are bacteriostatic from the moment they are epplied
and within two hours are exerting a profound bactericidal
action (77).

ncllwain (121a) found that B.coli and streptococcus
\haemolyticus, inhibifed by acriflavine, required for further
growehytwo types of compound not'normally required for
growth of the organism. The most effective of type I
compounds were nucleotides,and of type II a concentrate of
aminoacids, phenylalénine alone belng fairly active. Type
I compounds formed coﬁplex_salts with acriflavine and it
was hence thought that acriflavine inhibited the enzyme
systems of which type I compounds were essentiei‘parts and
of which type iI compounds were substrates ofkproducts.

This is in agreement witﬁ the general’theery of the
action of chemotherapeutic agents propounded by Sir Henry .

Dale (46) who suggested that for successful chemotherapy
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of an infection due to an intracellular parasite there may
be sought a metabollc inhibitor or 1nhibitors‘which
selectively inhibit a reaction or reactions essential to
the intracellular multiplication of the parasite but, At
least temporarily, inessentiai to the survival of‘the host
cells (124). |

These critical sites of chemotherapeutic action have,
in all cases so far examined, been found t? be within the
system of respiratory enzymes which mediate the‘aerobic
and anaerobic oxidation of glucose and its derivatives.
The respiratory enzymes are proteins reversibly combined
with co-enzymes; the co-enzymes contain as eSsénﬁial‘ |
structural units certain components of the B vitémin
complex, notably nicotinic acid amide, riboflavin and
thiamine

vtamin \

co-endyme ——=rubslrale

druﬂq—’_—“;—"b—————————’ Fro\'uv\ (e;wﬂme)

» -The_drug-protqin or drug-—protein-co-enZyme complex
are supposed to be inactive enzymatically. Quantitative
antagqnism between drug and co-enzyme thus becomes
understandable and similarly antagonism between drug and

‘vitaﬁin, since the vitamin 1s a precursor of the

corresponding co-enzyme.
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Haas (80), working with isolated enzyme systems of
yeast, showed that atebrin inhibited oxidation mediated by

flaveoprotein and that the inhibition is antagonlsed by

the co-enzyme. He further showed that cyto-dhrome-oxidase

(another enzyme system) is inhibited by atebrin.
tHy
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In acridine chemotherapy, it 1s, therefore, thought !
that the cation (or basic portion) of the antiseptic é
combines with an anion (or acidic portion) in the bacterium
to form ; non-ionised complex. This reaction immobilises |
these vital anions, which would éppear from McIlwain’s ?
work to be those of nucleic acids. When 1t is realised |
that streptococci contain 20% of their dry weight of |
nucleic acid, it can be seen that cationics can be powerful }
antibacterial agents.

In the acridine compounds this theory would account for
the immediate onmset of bacteriostasis but does not expléin
the later bactericidal effects unless 1t can be shown that
interruption of the respiratory enzyme system can cause the
death of the organism as well as inhibiting its division

and propagation.

Effect on Host

Acridine derivatives, though non-toxic in therapeutic
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doses, are not without systemic effects. The toxic
intravenous dose of proflavine»for’mammals is approximately
30mgms . /Kgm. body weighﬁ and causes central paralysis |

‘progreséing from the cortex of the brain to the medulla and
spinal cord. Continued administrétion of subtoi;c doses
leads to pathological changes in the liver and kidneys (82) J
tﬁough in antiseptic concentrations it 1s not toxic to the ;
tissues. Acridines are toxic to human leucocytes (7) f
proflavine and 2:7-diaminoacridine being least toxic and
exhibiting no toxic effects when applied locallj;

Uses

The main uée of acridines 1s in the chemotherapy of
wounds with gross sepsis, where, due to the large amounts

of pus (and hence p-aminobenzoic acid) present, sulpha

-

drugs are inacti?ated. With systemic Infections, the
éulpha drugs are generally better though écridines_are,
especiélly active agailnst gonococci, streptococci etc., and
may 59 used in the presence of sulpha-resistant bacteria.
Théﬁ‘ﬁaj aiso be used effectively in the prophylaxis of
gis-gangrene, being more active than sulpha“drﬁgs against
Clostridium welchii. | |
Acriflavine, like most antiseptics, causes haemorrhage
and necrosis of the braiﬁ but proflavine and 2:7-diamino-
acridine are little more harmful than isotonic saline

solution and have been much used in brain surgery (8).



Though penicillin has a greater action against all
cocel it is very costly to produce and is inactive agalnst
many Gram-negative organlsms. The use of the more active
acridines is therefore to be preferred in many cases.

Atebrin 1s still much used as an antimalarial,
though its unrivalled position in this field of chemotherapyf

has been challenged by a new drug“paludrine?

Therapeutic Actlion of Amidines

¢

Amidines, especially diamidines, have been found (61)
to possess trypanocidal character. It was shown- that two
amidine groups were essential for activity and that they

had to be separated by a chain of molecular complexity"

such as
o "T“ N
HN - < >—cu cH< ;& NH, (stilbamidine)

Alkyl or aryl substitution depressed the trypanocidal
gctivity; replacement of a methylene group in the aromatic
diamidines by oxygen increased the activity, while
replacement ﬁy éth;r radicles (-NH-, =CO0-) or atoms (=-S-)
cauéed diminution. )

Stilbamidine, propamidine and pentemidine have been
given clinical trials with some success in African human
trypanosomiasis (sleeping sfckﬁess), kala azar, B.canis

and more recently in other tropical infections such as
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babesia and leishmania (15) despite some unfavourable

toxlic reactions.

Investigation into Preparation of gyanoacridines.‘

From the foregoing considerations of the therapeutic
_activity of acridines and amidines 1t was deci@ed to
prepare a series of cyanoacridines as precursors of
amidinoacridines with special reference to 2 -8-dlamidino-
acridine due to the activity of‘proflavine and the
configuration of the active diamidines to which 1t is
structurally similar.

It was also borne in mind that the cyanoacridines
fhenmelves might have considerable activity as'Yu;‘
Magidson and Travin (163) have shown that the therapeutiec

index (I),

!Therapeutic Index I = max toleraled  dose = D.M.T
min. curative doge D.M.C.

for 7-methoxy-2-chloro-5-( ¥ ~diethylaminopropylamino) -
acridine is 1§, while thatfor 7-methoxy-2-cyano-5-

(Y -diethylaminopropﬁlamino)acridine is 10. The

5-( d ~diethylamino~ A -methylbutylamino} homologue has

I=23.5 in both cases.
CH3

|
M- OHy-CH - CH - N(EF)

a‘\tﬂ-w,;c,x-\fcu}_p{(s{-)z y;m
Eml/\‘/\/\ . o N NN
NN /l\/la ,, l\/,\N /I\/'C' (@

I =1 T = 235
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The cyanogen group (CN), therefore, produces no
specific toxic effects and the compounds behave biologlcally |
1ike stable organic nitriles. |

Albert and Gedhill (9) prepared 3-cyano-S5-aminoacridine
- ahd found 1t also to have antibacterial activity.

Two methods of approach to these preparations'were
adopted. The first was to start with a preformed acridine
nucleus and then prepare the cyano derivative from some i
sultable precursor and the second was to reverse this.
process and prepare aromatic nitriles which were then
ring-closed to form the acridine derivative.

The thesls 1s accordingly divided into two parts.
Part I deals with the preformed acridine nucleus and the
subsequeﬁt nitrile substitution and Part II with the
formation of diphenylamine der;vat;ves from benzonitriles

followed by ring-closure to cyanoacridines:
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THEORETICATL

Cyanoacridines from 2-8-diamlnoacridine

As 2-8-dilaminoacridine is the most readlly obtained
acridine derivative it was thought to be the most suitable
starting material for the preparation of 2-amino-8-
cyanoacridine and 2-8-dicyancacridine by diazotisation of
the amine and sﬁbsequent treatﬁent by the Sandmeyer reaction.

The treatment of 2—8-diaminoacridiﬁe with sodium
nitrite and dilute hydrochloric acid was carried out and the
boiling potassium copper domplex Sandmeyer solution added.to;
the cold diazo-solution. After purification, an oxygen-
containing acridine derivative was optained. As the most
likely cause of this was hydrolysis, the experiment was
repeated, the Sandmeyer solution being added at 0° and the
resultant mixture allowed to éome to room temperaﬁure. |
Similar results were obtained. The Gatperman modification
with copper powder, both at 100° and 0°, gave the éame
results, the product containing about 15% oxygen. '
+ 'No formula could be found to agree with the analysis,

thdugh-the fact that consistent results were obtained with

different preparations indicated that a definite'compound
had been obtained.

\
'Asthe substance was insoluble in alkaline’ solution,

the oxygen could not be present in a carboxyl or amide

grouping (probably decomposition products of a nitrile)
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and 1t was £hereforé thought that:the diézo-grbup was
decomposed by the Sandmeyer solution before the nitrile
group could be attached. Though a primary amino-group
was found to be still present, no ammonia was evolved on

treatment with hot alkali indicating the absence of & cyano-

group. The compound was, therefore, not fuéther investigated.
kThe structure of this compound was not ascertained.

In an attempt to overcome this difficulty,:1it was declded

to prepare 2-amino-8-lodoacridine by treating the dlazo-

solution with potassium lodide and converting to the nitrile\é

by the Gfignard reaction. It was found, however, that the |

iodoaminoacridine could not be prepared, as an oxygen-

doﬁtaining compound which did not contain hqlogeﬁ was

formed.

As the'Sandmeyer reaction must be performed in an 3
aqueous medium, no ﬁay,of overcoming this difficulty could j
bé suggééted and i1t was fbund impossible. to prepare ;
Qécyﬁhb-S-aminoacridiné from 2-8-diaminoacridine: |
" Matéumuru (117) heated 2-8-diaminoacridine which had
been teﬁrazotised to- form the correspondinglhydroxy
compound.  Much black matter with less than 1% hydroxyé
acridine was obtained. Spalding, Moersch, Mosher and

Whitmore (151) applied Matsumuru’s method to 2-8-diamino-

_acridéne and obtained 2-8-dichloroacridone.
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The tetrazo solution was prepared by dissolving the

amine in concentrated sulphuric acid and treating with excess

nitrosylsulphuric acid, the resultant solution belng added to

excess copper-potassium complex Sandmeyer solution at 100°.
This ylelded a product containing 23% oxygen which did not

contain a primary amino-group. As the golden plates so

obtained were insoluble in alkali and did not evolve anmonia

on warming the élkaline suspension, neither a cyano-group
nor its hydrolysis products appeared to be preseht.
The nature of the compound was not further investigated.

As the 2-8-diiodo compound can be prepared '
(Grandmougin and Smirous (76)) it was decided to attempt the
preparation of the nitrile from this by the general method
of refluxing with dry cuprous cyanide (Ungnade (159)).

Further, Barber and Stickings (23a) have prepared
S-S-dicyanophenanthrene from 3-6-dibromophenanthrene-9-
carboxylic acid by refluxing it with cuprous cyaﬁide and
qﬁinoline, the quinoline acting as a decarboxylating agent.r
Ag gcridines are, apart from basic characfer and éspecially.
with regard to §ubstitution 1nfthe benzenoild rings, .chemically
similar to phenanthrenes it was thought that this method
might be successfuliy abplied to 2-8-diiodoacridine.

’ Cool
NN SN _ /N
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%,%- djiodoacridine. ' 3,6~ dibeomo phenanthirene - 9 ~coon .
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Accordingly, 2-8-diiodoacridine was prepared. In this
case, however, it was foﬁnd that the halogen could not be
removed and unchanged starting material was obtained.

No further attempts to prepare 2-8-dicyanoacridine with

a preformed acridine nucleus were made.

Preparation of 5-cyanocacridine

The most convenlent method for preparing 5-cyanoacridine
described in the literature is that adopted by Lehmstedt and
Dostal (99) who refluxed acridine with potassium eyanide
with glacial acetic acld and obtained the cyanocompound in

good yleld.
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VNNV RN NN\ N VNN
e —] |
NN NS NSNS N7 SN NS

M

Two other methods of approach were possible:
1) The preparation of a 5-substituted acridine which could
be readily converted to the 5-cyano compound.

2) The preparation of 5-cyanocacridine from 5-chlofoacrid1ne.

Method i

Aromatic nitriles can best be prepared from primary
amines or from aldehydes. Albert and Ritkhie (4), however,
found that S5-aminoacridine could only be diazotised~w1tﬁ
difficulty under highly acid conditions due to imine
formation and since a Sandmeyer conversion to nitrile had

already proved unsuccessful in the case of the
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2-8-diaminoacridine, no attempt to prepare the nitrile from
the correspondiné amine was made.

Acridine-5-aldehyde was prepared from S-methyl-acridine
and the aldehyde converted to the nitrile through the oxime.
The product was found to give no depression in m.p. with a
sample of S-cyanoacridine prepared by the method of
Lehmstedt and Dostal (99).

The conversion of aldehyde to nitrile can be accomplished
in 80-90% yield so this method is convenient for production

N

in quantity.

Method II
Eisleb (58) described the preparation of S5-cyanocacridine
frdm 5-chloroacridine by treating it with sodium cyanide in
methyl alcohol at 140° for six hours.
NSNS NN
, l KCN I »
N N NS - N AN
Braz and Gortinskaya (35) also described the preparation .
of 5-cyanocacridine by this method. vs
It was thought that due to the reactivity of the
5-position and the ready preparation of 5-cyanoacridine from
acridine itself at normal pressures, it might be possible

to convert the chloroacridine similarly to the cyano compound.

|
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5-Chloroacridine was prepared by the method of Graebe
and Lagodzinskl (74) by treating acridone with phosphorus
oxychloride and phosphorus pentachloride at 130°.

It was found that whén freshly prepared 5-chloro-
acridine was refluxed with potassium cyanide in sodium dried
methyl, ethyl or amyl alcohol only the starting material was
obtained at the end of the experiment.

If the chloroacridine were not freshly prepared and
undried alcohol'uéed, a producﬁ was obtained which dld not
contain halogen nor a cyano-group and was found on analysis

to be 5-ethoxyacridine formed by the reaction between the

chloroacridine and the golvent

ct Oc, Hg
SN N SN : N N N
l ] CaHgOM ‘ ’ l
NS S NS NS NN S

This isagreement with the findings of Drozdov (50),
who claimed that on standing, particularly under the
influence of daylight, that 5-chlogoacridine is converted
to the reactive complex
| (C135HaONC, sHgNC1)HC1
which is readily’converted\into the ethoxy compound. Thus
the conflicting data in the literature concerning the
relative reactivity of 5-chloroécridine and its derivatives
can be explained by the use of produéts which have undergone

differing degrees of decomposition.
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To elevate~the temperature of the reaction a dry fusion
of 5-chloroacridine and ﬁotassium cyanide wascarried out at
;140° but again only starting material was.recovered.

The 5-chloroacridine was then converted to a quaternary
salt, the methyl-p-toluene-sulphonate, as 1t was hoped this
| might activate the molecule sufficiently to allow the forma-
tion of the 5-cyano compound. Only unchanged 5-chloro-

acridine resulted.

Preparation of S5-amidinoacridine

The conversion of nitriles to unsubstituted amidines
can be accomplished in the followlng ways -
. i) Conversion to imino-ether ahd,hence to amidine,
2) Tfeatment with alkali metal amides)

3) Heating with ammonium salts.

Method T ,

This is the original method of pr eparing amidines
employed by Pinner (154) and is still the mosﬁ Widely-used.
Details of a typical procedure can be found in Organic
Syntheses (127). The nitrile, dissolved in sodium dried
ether and'magneéidm dried alcohol and into which dry
hydrogén chloride is passed with cooling, forms an imino-
ether hydrochloride, which, on treatment with dry alcoholic

ammonia under pressure gives the amidine

2 NH . Ny

. = “
R:t=N —_— K—cec}uﬁ, _—, ‘?-lé.—nui

Minoeliee " @mmidine




The method is of general application to aliphatic.
compounds and to aromatic provided that certain ortho
substituents are not present, when steric éffects interfere
with imino-ether formation. ‘ Some ortho-substituted
aromatic nitriles will not react with ethyl alcohol and
hydrogen chloride (Pimmer (135)).

- Thus o-tolunitrile and ‘o -naphthonitrile do not form
iminoethers (Dietz (47)) though p-tolunitrile and
/3 -naphthonitrile do so readily (Luchenbach (110))

ININ N AN
A rophthonitnle I ‘ l R I ’ l /3 -haphthoamidine

s eter

N NN S
Later, however, it was found that some o-substituted

nitrileS'coﬁld form imino-ethers. Dietz and Pinner (48)
prepared the imino-ether of o-ethoxyphenyl cyanide in poor
yield and Easson and Pyman (56) obtained a 40% yield of
o-hydroxybehziminoethyl ether hydrochloride from o—hydroky-
phenyl cyanide.

l/ N 0c, Hg (oW) l/ N\ oc,He (Ow)

o C =NH. H4ce

NS NN

OC, Hy

No case of successful imino-ether formation from an
o -naphthonitrile has been reported and as the steric
hindrance present in this nitrile is-siﬁilar to that in
S5-cyanoacridine, it was ddubtful whether this method could

be applied to the latter compound successfully.
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pXperimentally, it was found that treatment of 5-cyano-l
acridine with dry ether, dry alcohol and dry hydrogen
chloride resulted in unchanged starting material.

Modification of the experiment by altering solvents,
concentrations and temperature gave the same result.

Note - On attempting to prepare b-cyanoacridine metho-
iodide by refluxing the two substances it was found
that only unchanged 5-cyanoacridine was recovered at
the end of the reaction. In this connection, 1t

should be noted that, under these conditions, acridine
itgelf does not form a methiodide though the 5-am1no.
combound readily does, due to its increased basiclty.

Treatment of the methosulphate with dry alcohol and hydrogen

chloride resulted again in unchanged starting material.

Method IT

This method originated in the work of walther and
Grossman (1lo0) who investigated the reaction éf éromatic
émines with nitriles in the presence of sodium to produce
sodium derivatives of the amidines.

The reaction Qf the nitrile with the metal amide may bé
Cbhducted in an inert solvent suoh as benzene, toluene,
diphenyl or aﬁisole, or at low temperature in liquid
ammonia. The sodium derivative 1s the one generally

employed, though both the potassium and calcium amides are

also used.
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The alkall metal salt is trensformed into the amidine
by treatment with water or to the amidine hydrochloride with

hydrogen chloride.

NH,, “ONH,
RCN  + Na.NHzf—'—T RC=NNa —— R. C=Nd,

When 5-cyanoacridine was treated with sodamide under
ﬁoluene, however, only unchanged starting material was
obtained at the end of the reaction.

Increase of‘temperature by substituting xylene for
toluene also led to the recovery of the stérting material
at the ena of the reflux. Dry fusion of the nitrile with
sodéﬁide led to the production of a charred mass froﬁ which

no acridine derivative could be isolated.

Methdd IIT

Oxley and Short (133) have described a general method
for the preparation of unsubstituted amidines which consists
of fusing the nitrile with the ammonium salt of an aromatic
or aliphatic sulphonic acid. They suggest as the mechanism
of the reaction:

.
. 'l'R'S G " b3 - (=) ‘
RER emZ kg 1% e Ny }@
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The nitrile and the ammonium salt, generally the
benzene sulphonate, are fused and the amidine obtaihed as

the sulphonic acid salt. They further state that this
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méthod may be avplied to ortho substituted nitriles to give
ortho substituted aromatic amidines which are not accessible
through the imino-ethers.

By this method it was found possible to obtaln |
5-amidino-acridine from 5-cyanocacridine in good yileld

through the intermediate benzene sulphonate derivative.

:“x'Ph503 |;l(l-\
! N C—NEly - C-NHy
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'No further attempts to prepare cyanoacridi:des with a

‘pref()rmed acridine nmcleus were made.
o \ :
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PREPARATION OF 2-AMINO-8-CYANOACRIDINE

Reference - The diazotisation of 2-8-diaminoacridine was
mentioned by Benda (28) and Grandmougin and
Smiroﬁs (76), but no d;tails were given.
Method I
3gms. 2-8-diaminoacridine sulphate were added to 2c.c.
of concentrated hydrochioric acid iIn 50c.c. water. The
mixture was heated to 80° when complete solution was
effected and the finely-divided crystalline preclpitate
obtained on rapid coSling was diazotised by sloﬁly adding
a solution containing lgm. sodium nitrite (slight excess) .
in 10c.c. water, the temperature being maintained below 0°.
The end-point of the reaction was somewhat difficult to
determine by starch-iodlde paper due to+the strong violet
colour of the diazo solution, but by careful observation
" of the outspread on the filter paper, the end-point could
be obtained.

/ A solution rpr the Sandmeyer reaction was prepared by
dissolv;ng 3.5gms. hydrated copper sulphate in 20c.c.
water and adding to this 2gms. potassium cyanide dissolved
in 20c.c. water, the whole being warmed till a clear
solution was obtained.

Aftér keepihg at 0° for 15 minutes, the diazonium
solution was added to the bolling Sandpeyer solution.

There was a vigorous evolution of nitrogen. The product
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was filtered hdt and a chocolate-brown precipittate and
an orange-yellow solution (fludrescing yellow-green on
dilution) obtained. |

The residue, which was inorganic, was discarded and
the remaining copper removed from the filtrate by the
passage of hydrogen sulphide. The filtrate was then made
alkéline wilith sodium hydroxide. The deposited base was

purified by redissolving with charcoal in hot dilute

‘hydrochloric acid. Addition of ammonia to the filtrate

gave the base as clustersof small brown needles, which

‘ decomposed at 130-150° to a dark brown residue but did not

melt below 360°.

- Yield - 1.6gms.

Analysis  Calculated (for Cj,HoNg) Found
%c ' . 76.7 66.5
! 4.1 4.6
3 N 102 15.6
Total , 100.0 : - 84.7

: :Théré was no .residue. Repetition of the experiment
yiéided consistent results. Halogen and sulphur ﬁeré both
absent and the remaining 15.3% was concluded to bevoxygen.

The reaction was repeated with variations in
tempeféfﬁrézand‘coﬁcentrations But gave no cyanéé -
aminoacridine. o

Note - 1) It was noticed that if the temperature was
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allowed to rise above 5° during the diazotlsation
a dark brown solid, insoluble in organic solvents,
was rapidly formed. -Prolonged standing at 0°
also resulted in the slow formation of this
substance.

2j The Gatterman modification of the above
reaction using copper powder was performed and
similar results obtalned.

3) The substance was insoluble in alkaline
solution and on boiling no ammonia was evolved.

4) The substance could be furthe; diazotised with
hydrochloric acid and sodium nitrite to give a
pink dye with alkaline/? -naphthol showiné that

a primary amino group was still present.

Mothod II

Preparation of 2-iodo-8-aminoacridine

The violet diazo solution was prepared as 1in the
previous experiment (p. 4Q ). A slight excess of the
equivalent quantity of potassium iodide was slowly added
at 0° and the dark brown precipitate which resulted, v
neutralised with sodium hydroxide and washed with sodium
thiosulphate solution and water. The residue, crystallised
from nitrobenzene as brown needles, did not melt below 300°.

The compound did not contain inorganic matter, halogen

~



or sulphur and oﬂ>ana1ysis was found to contain ov.1%C,
4.4%H, 13.9%N, leaving 14.6% unaccounted for, which must
fepresent.okygen.

On diazotisation of the product it was found that a

primary amino group was still present.

PREPARATION OF 2-8-DICYANOACRIDINE

Reference‘— The tetrazotisation of 2-8-diaminoacridine was
mentioned by Grandgmougin and Smirous (76) but no details
were given,

Method I

2gms. 2-8-diaminoacridine sulphate were dissolvéd in
20c.c. concentrated sulphuric acid and added slowly with
stirring to 2gms. sodium nitrite (excess) dissolved in 10c.c.
concentrated sulphuric acid, below 20°. The strong
g{een-yellow fluorescence exhibited in concentrated sulphuric
acid disappeared on addition to the nitrite solution.

After standing for 10 minutes below 20°, the tetrazo
solution was added to a solution containing lgm. hydraﬁed
copper sulphate and 2gms. potassium cyanide in 20c.c. water,
the temperature being kept below 40°. There was a brisk
evolution of nitrogen. ’

After»the final addition, the solution was boiled for
five minutes, almost neﬁﬁralised with solid ammonium

carbonate and filtered to remove the inorganic residue, the
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remaining copper being removed from the filtrate by the
passage of hydrogen sulphide.

- The filtrate was then neutralised with sodium hydroxide
and the base which was deposited, recrystallised from
boiling chloroform. Oon cobling, lustrous, orange-gold
plates separated, m.p.198°.‘_ On furﬁher recrystallisation

no elevation of m.p. was obtained.

Analysis Calculated (for C,gH,Ng) Found
%o 78.6 | 54.2
% 3.1 - 4.3
%N , 18.3 19.2

~Sulphur and halogen were both absent and the test for a

primary amine was negative.

The expefiment was repeated,'the solution‘being kept
at a lower acldity by repeated-additions of solid sodium
carbonate during the addition of the tetrazo solutioﬁ to the
Sandmeyer solution. The product was purified as before
and the same compound obtained.

Method II

Preparation of 2-8-diiodoacridine
Reference - (76)

2gms. 2-8-diaminoacridine sulphate were dissolved in
20c.c. concentrated sulphuric acid and slowly added with

stirring below 20° to 2gms. sodium nitrite (excess)
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dissolved in 10c.c. concentrated sulphuric acid as in the
previous experiment (p.43 ). After 10 minutes, 2gms.
potassium iodide were added in small amounts. Considerable
frothing occurred with a brisk\evolution of nitrogen
peroxide and'a black precipitate was formed. The mixture
was boiled for five minutes and the residue washed with
sodium thiosulphate solution followed by water.. The
residue was recrystallised from nitrobenzene as lustrous,
light brown plates, m.p. 285° (m.p.Lit. - 286°). |

Yield - 1.9gms.

Preparation of 2-8-dicyanoacridine

lgm. 2-8-diiodoacridine was mixed with 2.5gms. dry
cuprous cyanide and the whole added to 5c.c. boiling
pyriding over a period of five minutes and the solution
boiled for a further thirty minutes. A dark brown solution
resulted, from which needles crystallised on cooling.
_ExceSs ether was added and the residual mixture of organic
. matter and. copper salts precipitated and filtered. The
residue was warmed with dilute hydrochloric acid and
hydrogen sulphide passed through the suspension till no
further'precipitation of copper sulphide occurred. The
suspension was shaken with chloroform and the chloroform
layer evaporated to small bulk. On cooling, lustrous,
golden plates were formed conmtaining halogen and having

m.p. 285°.
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A mixed m.p; with some of thé start&ng material gave no
depression. |

The aqueous layer was f;und to contain no drganic
materiall

-y
! §

PREPARATION OF 5-CYANOACRIDINE

Method I

1. Preparation of 5-cyanpo acridine

L3
Reference - (98) ‘
4.5gms. acridine and l.6gms. glacial acetic acid were

\

dissolved in 20c.c. alcohél and mixed at roomAtemperature
with a solution containing Z.ngé.notassium cyanide in
3.5c.c. water, After thifty minutes gentlelrefluxing the
mixture was'cooled‘and filteread. The filtrate was
evaporated to &ryness and the residue together ﬁith the
original precipitate were spread out in g thin layer sd that
-the air would oxidise the dihydro compound which ﬁad been
formed to the cyanoacridine. The oxidation was judged
complete when a test sample dissolved in alcohol with a
trace ofconcentrated hydrothloric acid ga&e no green dye.

the dihydro compound which is a meriquinoidal salt gives
this green dye, whereas the 5-cyanoacridiﬁe being benzenoid

gives no colour.

A The crude‘5—cyanoacridine (bgms.) was purified by

»



W7

disgolving 1t in the minimum quantity of hot alcohol and
filtering‘whereby a small amount of 515:1diacridyl was left
behind undissolved. The nitrile was allowed to crystallise
from the alcohol on cooling. Light brown needles, m.p. 182°
(m.p.Lit. 182°, 183°) were obtained.

Yield - 3gms.

Method II - T. Preparation of b-methylacridine

Reference - (29)
Product was extracted from melt by a different procedure

than that adopted in this paper.

SN 2N AN NN
| l ]+ cHcoon  Eds- | I |
NN NS NSNS

350gms.khiphenylamine, 595gms. anhydrous zinc chloride
and 210c.c. glacial acetic acid were mixed in a large flask
fitted with an air copdenser followed by a water condenser
-'at its extreme end. A 360° thermometer was suspended in the
flagk through the two condensers.

On heating gently, the reagents dissolved and the
temperature was gradually raised to 180-200° for the first
hour. During the‘first six hours reflux, the temperature
 of the melt, which was greenish in colour, did not rise above
200°. During the next eight hours, the temperature
gradually rose to 220° and the mixture lost its greenish

colour becoming brown. Finally the temperature was allowed

to rise to 220-240° for a further four hours.
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After cooling to 100° the mixture was slowly poured
into three litres of cold water. The lumpy product was
broken into small pieces and allowed to stand for forty-
eight hours, to remove most of the zinc chloride, the
methyl acridine remaining undissolved. The water was then
decanted and the product ground in a mortar and extracted
wlth tepid water. The residue was extracted eight‘times
with warm 15% sulphuric acid and the resultant red solution
made alkaline with ammonie.

The precipltated base after settling was filtered,
washed with water and dried giving a brown powder, m.p.
114-116° (m.p.Lit. 118°). Further purification was
unnecessary for the.next stage of theAsynthesis.

Yield - 320gms. (80% theor.).

2. Preparation of acridine-5-aldehyds
Reference - (92)

a) Condensation of 5-methyl acridine with 4-nitrosodl-
methylaniline

96.5gms. S5-methyl acridine and 75gms.4-nitrosbdimethy1-
aiiliﬁé were intimately mixed in a 1argevevaporating basin
and g;htly heated with vigorous stirring.i

A dark green melt was obtained and when the
temperatﬁre reached 110° the reaction commenced and heating
was discontinued. The temperature rose spontaneously and
there was a brisk evolution of steam.. Throughout this,

stirringhad been continued but the melt now began to
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golidify and became too gtiff to stir. A dark red cake was
obtained which was cooled, powdered and refluxed with
200c.c. alcohol to remove impurities. The mixture was
filtered hot and the insoluble anil washed with hot
alcohol.
The anil was obtained as a brick red powder, m.p.236°

(m.p.Lit. 239°).

Yield - 61.5¢ theor.

b) Hydrolysis of anil to acridine—B;aldehyde

AN AN NN
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The anil was made into a paste with water and 5N HC1
added. The mixture first became blgck in colour but on
warming and adding a little concentr#ted hydrochloric acid
a bilky greenish-yellow preclipltate was obtained which
gradually became yellow.

The mixture was cooled rapidly and the yellow

acridine-5-aldehyde hydrochloride filtered and washed with

a little water. The hydrochloride was dissolved in hot
water, the solution filtered and made alkaline with sodium

hydroxide. The bulky yellow precipitate of the aldehyde

~ was filtered, washgd with water and dried, giving a yellow
‘ powder, m.p. 146° (m.p.Lit. 148°),
E Yield - 85% theor.




Note = It was éssential to wash the aldehyde with hot water
till 1t was completely free from alkali.
The aldehyde was réadily soluble in alcohol, ether,
nitrobenzéﬁe and ethylene glycol monoethyl ether,
both alcohol and ethylene glycol monoethyl ether
being sultable solvents for recrystallisation

purposes.

3) Preparation of acridine-5-aldoxime

T cwo crnon
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50gms. acridine-5-aldehyde were dissolved in 250c.c.
alcohol and the theoretical quantity (22gms.) hydrbxylamine
hydrochloride added. After refluxing for two hours, the
oxime separated out as yellow needles, m.p. 24Qf245°.

The impure product was refluxed with charcoal and
:hﬁdrochloric acid,‘filtered hotkand the base‘reﬁrecipifated
ﬁithﬂaﬁhpnia to give a bright yellow product, m@p.243f246°
with decomp. (m.p.Lit. 247°). ' “
Yield - 53gms.,

4) Preparation of 5-cyanocacridine

10gms. acridine-5-aldoxime were refluxed for an hour

with 300c.c. acetic anhjdride giving an amber solution.
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This was poured with vigorous stirring into much ice-water
containing a little sodium hydroxide and stirring continued
till the oil globules,dissolved and a yellow-brown
précipitate was'depositéd.~‘ After an hour the product was
filtered and driéd to give a yellow-brown powder,
m.p.175-177°. |

Yield -l8.0gms.

The crude nitrille was dissolved in the minimum amount of
hot alcohol filtered and the filtrate cooled to give fine,
feathery yellow-brown needles, m.p 181° (m.p.Lit.182°).

A portion of the product was dissolved in the minimum
amount of‘boiling alcohol, boiled with charcoal and
filtered hot. On cooling, a crop of pale<nhre coloured
needles were obtained from the filtrate, m.p.182°.

A small amount of this compound was mixed with some
5-cyanoacridine‘prepafed by method I and the whole gave a
mixed m.p.182°,

Analysis Calculated (for C;4HgNg) Found
%c 82.3 ‘ : 82.1
;A D 3.9 ' : 4.0
%N 13,7 | - 13.8

Note - The nitrile was 1nsolublehin‘water, ether,Abenzene
and Qarbon tetrachloride. It was sparingly soluble
in cold alcohol and acetone, this solubility being

greatly increased on heating. It was readily




soluble in cold chloroform. The solutions in
alcohol, acetone and thoroform showed pink-blue
fluorescence which greatly increased at high
dilutions. The base dissolved in conc.sulphurie
acid and with hydrochléric acid formed a'bright
yellow hydrochlorode which was sparingly soluble in
cold waterAbut readlly soluble in hot water.
The nltrile could only be hydrolysed with consider-
- able difficulty, refluxing with 50% sodium hydroxide
for three hoﬁrs being necessary before solution
:pcéurred. The acid was reprecipitated with conc.
hyd:ochloric acid as buff-coloured needles which

decomposed at 300° to acridine, thereafter melting

at 110°.

Method TTT

5-chloroacridine was prepared according to the method
of Graebe and Ladozinski (74). 5gms. acridine were refluxed
with 5gms. phosphorus pentachloride and 50c.c. phospho}ﬁéwb
oxychloride on a water-bath for half an hour. The -
phosphorus oxychloride was then evaporated above én:Oiiibifh
at 180° and the well-cooled residue added to:ice-ﬁéter.’ |
The insoluble acridone was removed by filtration, the
filtrate made just alkaline and the 5-chloroacridine

precipitated. The base was filtered and recryétallised

from acetone as pale yellow needles, m.p.118° (m.p.Lit.=119°).|
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O.ngs. 5=-chloroacridine were refluxed with dry alcohol
and theequivélent amount of potassium cyanide.‘ After'oné
hour, thé alcohol was distilled, the residue being
recrystallised from gqueous.alcohol. It was found to
contain halogen and melted at. 118°. A ﬁixed m.p. with
5~chloroacridine gave no depression.

The experiment was repeated using anhydrous amyl
albohol‘to obtain a higher temperature of reflux bﬁt only
unchanged starting material was obtained. |

A fusion of 5-chloroacridine with. excess potassium
cyanide was then performed on an oil-bath at 140°. After
half dn‘hour, the residue was extracted with boiling alcohol
and the base precipitated with water. It was again found
to cénsiqt entirely of unchanged 5-chloroécridine.

On refluxing 5-ch16roacridine which had been prepared
some time previdusly with undried ethyl alcohol for half an
hour, the'alc?hol being distilled at the end of this period,
a prodﬁct which did not contain halogen and melted at 126°
after purification from aqueous alcohol was obtained.

On analysis the compound was fOugd to contain 80.4%
C,S.S%H;G;G%N which corresponds to 5-ethoxyacridin§
(80.9%C,5.8%H,6.3%N). '

~
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Preparation of methyl 4-toluene sulphonate of 5-chloro-
acrldine :

Molecular propations of 5-chloroacridiné and methyl-
4-toluene sulphonate were heated at 140° for two hours.
A dark o0il resulted from which dark brown crystals
separated on cooling. The crystals had a slight

solubility in water giving a yellow solution. They were

readily soluble in alcohol with a yellow-pink fluorescence

and were recrystallised from aqueous alcohol to give pale

vellow heedles, m.p.82°.

Aﬁalxsis Calculated (for CgiﬂleOaNSCl) Found
%C . 63.0 62.8
FH 4.5 | -
%N | - 3.5 5.6

4 8.0 o 7.9

. 0.5gms. of the above salt were dissolved in the

minimum amount of hot .dry alcohol and the equivalent

guantity of potassium c¢yanide added. After refluxing

for an hour and distllling the excess alcohol, the
residue was crystallised from aqﬁeous alcohol ﬁnd found

to consist of unchanged starting material.
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PREPARATION OF 5-AMIDINOACRIDINE

}

Method I -
@ g:l-ls ..‘ . a‘H
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2gm§} dry 5-cyanoacridine were placed in wash-bottle
with 50c.c. magnesium dried alcohol and 25c.c. sodium
dried ether. Dry hydrogen chloride was pasaaithrough
the apparatus for ten hours, the temperature being kept
at 0° by immersi;n of the wash-bottle in an ice-hydro-
chloric acid freezing mixture. \

After two hours the nitrile had all dissolved to
give a deep amber sol&tion from which bright yellow
needles crystallised out on further passage of hydrogen
chloride. After ten hours the react;on was stoppéd and
the ends of the reaction vessel sealea with screw clips
and left for 48 hours.

| The residue was then filtered & placed in a pressure
bottle containing 100c.c. sodium dried alcohol which had
previously beeg saturated at 0° with dry ammonia gas.

The pressure bottle was sealed and heated in a
water-bath at 40° for ten hours. It was noticed ghat
whenever the bright yellow powder was added to the

ammoniacal solution it became pale yellow. After
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several hours heating in the water-bath, the residue
dissolved. On allowing to stand overnight, however, at
room temperature a yellow-brown crystalline product was
obtalned. This was removed by filtration,«after which the
filtrate was evaporated’to dryness under reduced pressure‘
at 45°, Both these residues melted at 180° and were

found to be unchanged. 5-cyanocacridine, the bright yellow
intermediate being the hydr;chloride of the base.

Modification - a)

The temperature of the reaction for the imino-ether
formation was ralsed to 50° and a large excess of dry
alcohol was added. No imino-ether formation resulted.

Modification - b)

The 25c.c. dry ether originally used was replaced by
25¢.c. dry chloroform as the nitrile 1s much more soluble

in this solvent. Again, no imino-ether formation resulted.

Modif;cation - c)

O;ngs. S-cyanoacridine were refluxed with excess
methyl iodide for one hour. After purification the
residﬁe was obtained as yellow needles, m.p.180° and was
found to be unchanged 5-cyanoacridine.

Modification - 4)

,O.ngs.‘5-cyanoacridine were dissolved in a slight

execess methyl Sulphate and gently warmed. There was

-




37

considerable frothing as the nitrile dissolved to give av
deeg brown solution. After one hour, thesolution was

cooled when an orangeryellow precipitate was formed which
was purified by dissolving in aléohol and reprecipitating

with ether to give orange-yellow needles, m.p.l56°,

Analysis Calculated (for G,gH;,0,N2S)  Found
C b'uio» actdine  mathoso \Phﬂ-l"' )
%N 8.8 9.0
75 10.1 | 10.1

The preparation of the imino-ether was attempted as
previously described using the methosulphate instead of the
free base bﬁt again only unchanged starting material was
obtained.

Method II

Some sodamlide was powdered in a mortar under toluene
and excess refluxed with 1l.0gms. of S5-cyanocacridine and’
50c.c. toluene for six hours. On cooling the mixture was
filtered, washed with ether and the residue dropped into
dilute hydrochloric acid. The solution was warmed ti1ll the
effervescence ceased and then filtered to remove a small
amount of dark brown impurity. Concentrated hydrochloric
acid was added'to the filtrate amlon dilution a yellow-prange
precipitate was formed; m.p.240° (m.p.Lit. for 5-cyano-
acridine hydrochloride - 240°).k The orange product was

bagified with armmonia to give a pale yellow precipitate,
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m.p.180° confirming that unchanged nitrlle was present.

The method was repeated using xylene as an inert solvent
to obtain a higher temperature of reflux but only unchanged
starting material resulted.

On omitting any solvent and performing a dry fusion at
180°, charring resulted and no product could be separated
from the resultant mixture.

Note - It was noted that, when the residue was dropped into the
dilute hydrochloric acid after it had been washed with
ether, nitrogen peroxide was evolved in considerable
amounts. No mention of this could be found in any
of the references relevant to this reaction.

Method III

0.5gms. 5-cyanoacridine and 0.8gums. (2mols.) ammonium
benzene sulphonate (obtained by heating barium benzeﬁe
sulphonate with ammonium sulphate, filtering the barium
sulphate, evaporating the fiitrate to dryness and drying the
residue in a vacuum desiccator) were heated in a test-tube in
an oil-bath at 250-260° for two hours.

Some of the cyanoacridine sublimed up the sides of the
test-tube and had to be replaced in the dark brown melt from
time to time with a glass‘rod. After two hours the melt was
cooled and the contents and glass ground in a mortar to a
fine powder. Any unchangéd cyanoacridine was extracted with

chloroform in which it was readily soluble ih the cold but
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which should not dissolve either the amidine benzene sulphon-
ate or any excess ammonium benzene sulphonate.

On evapérating this filtrate to dryness, yesllow ncvedlss
were obtained, m.p.lv8° which showed no depression on mixing
with 5-cyanoacridine; the residuc could, therefore, be taken
as being only unchanged starting material. | | |

the residus from the chlorofqrm was excracted with
cold aicohol, giving a solufion with a deep amper-blue
fluorescence. A small amount of black material which
formed on standing was filtered and the filtrate evaporated
to‘dryness at room temperature. Deep brown needles, m.p.
about 2uv0° were obtained. These needles were presumed to
be .the amidine sulphonate, together with ammonium benzene
sulphdonate and it was decided to separate them by dissolving
“the wﬁole‘in water and precipltating the amidine by the
addition of sodium,hydroxide, the ammonium benzeﬁe sulphonate
remaining in solution.

Accordingly, the residue was dissolved in water, much
shaking and three extractions of about 50c.c. each being
necessary. the solution was flltered to rémove a small
brown amorphous residue.

the filtrate was bright yellow with a faiﬁt fluorescence,
it was made alkaline with sodium hydroxide and a bright yénow
amorphous precipitate obtained. This was filtered and ihe

residue washed with water till the washings were neutral to
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The filtrate showed a strong yellow-green

fluorescence. The residue was dried in a vacuum desiccator

and was found to soften at 160° to a darker mass which then

melted at 216-219° with decomposition.

The yellow powder was recrystallised from agueous alcohol

to give fine yellow needles, m.p.226°, Yield -.45gms.

Analysis - Calculated (for C;.Hy1N3) Found
(5-amudino ~aeridine)
%G 76.0 75.8
%H 5.0 « 5.2

Bt it £ RN

The amidine was readily soluble in alcohol, moderately

soluble in chloroform, water and acetone and sparingly

soluble in benzene and ether.at room temperature.

On warming the aqueous solution, ammonla was evolved.

The free base fluoresced strongly yellow-green in all

solvents. Addition of excess acid produced a pale
yellow solution with a faint blue-~yellow fluorescence.
On treating a saturated solution of the amidine with
solid ammonium nitrate, yellow needles, insoluble in
water were formed. The amidine nitrate thus formed did
not melt below 360° but charred above 300°. It could
readlily be converted to the free base by the addition of
sodium hydroxide. The solubility of the chloride and
the sulphate was sligh%ly greater than that of the free
base. This formation of insoluble nitrates was

characteristic of the amidine group.
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THEORETICATL

PART II

Of ‘the known methods of synthesis of acridine
derivatives, all but three are unsuitable for the preparation
5} cyano-acridines due to the difficulty which would be
~encountered in the preparation of the necessary starting
materials.

The first of these three methods, that of treating
substituted 3-amino compounds with formaldehyde or formic
acidAto give the corresponding acridine or acridone
respectively, works best in the presence of strong ortho-para
directing groupings, giving very low ylelds in the presence
of meta-directing groups like -COOH and NOg. As the cyano
group i1s strongly meta-directing and deactivating, good yieldé
of cyanoacridines would not be obtained by this method.

Spalding, Méersch, Mosher and Whitmore (151) obtained

a 2:8-disubstituted acridéne by the following synthesis:-

L
y
l/“\Fii,‘W-——Pl/”\(cig_h_/ )
LN N ““\«/-‘NII (3-phenylanthranil)
N N /?\ AN

II - on strong heating or on treatment , I , |
' I}
with nitrous acid at room temperature - a\\/’\ﬁ/‘\//R

For the formation of the anthranil, however, R' must

be an ortho-para directing group so that a) the molecule 1is
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sufficiently activated to permit condensation of the two
molecules at the aldehydic carbon atom and b) R'is sufficient:
ly directional to ensure that linkage occurs‘in the position
para to.R’.

As neither of these conditlons 1s satisfied by the
cyano group, this method could not be applied successfully
to the cyanoacridines.

Further, both the above-mentioned methods are limited
by the fact that only 2:8 derivatlves can be prepared by
these syntheses.

The third method, that of treating a 2-chlorobenzoic
acid derivative with an arylamine, or an anthranilic acid
with a chlorobenzene derivative to give a diphenylamine-2-
carboxylic acid which could be ring-closed to the cérresponﬁ-
ing acridone, appeared to be applicable to cyanocacridines,
two having already been prepared by this method. It had
the added advantage that acridines substituted in any
vposition could be prepared.

+ Accordingly, the three aminobenzonitriles and
2-chloro-5-cyanobenzoic acid, 2-bromo-4-cyanobenzoic acid

and 2-bromo-3-cyanobenzoic acid were prepared.

Preparation of 2-chloro-6-cyanobenzoic acid

It appeared from the literature that this compound could
best be prepared from 2-chloro-6-nitrotoluene by oxidation,

reduction and subsequent Sandmeyer.
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Three methods of preparation of 2-chloro-6-nitrotoluene

were mentioned in the literature.

1) By nitrating 2-chlorotoluene, Wibaut (161) obtained

2-chloro-6-nitrotoluene along with all the other 2-chloro-
nitrotoluenes. He isolated the 2:6-derivative in 207 yield
by a lengthy and complicated system'of fractional crystallisa-
tion. 2) Wibaut (161) also prepared 2-chloro-6-nitro-
toluene from 2:6-dinitrotoluene, by reduction of one nitro
group followed by & Sandmeyer reaction.

As mno 2:6—dinitrotoluene was available it would first

have to be prepared from trinitrotoluene by reduction of the

4-nitro-group (5% yield) followed by deamination (70% yield).

CHy CHq . CHa
O;N / \INOL olNl/ \ NOy OLNl/ \ NO
N 7~ \\/J - \\//l
NO, N"‘L '

3) Jansen (55), was able to prepare 2-chloro-nitrotoluene

by the direct chlorination of 2-nitrotoluene. Normally,

2-nitro-4-chlorotoluene is obtained by this operation but

under certain conditions the author claimed that, contrary

to the&retical assumptions, he could obtain the 2:6-deriva-
tive by direct chlorination. For this preparation he used
the theoretical quantity of chlorine and reacted it with pure
nitrotoluene 1i.e. free from p-nltro and nitro-thiotoluene,

in the presence of a chlorine carrier such és iodine,

ferric chloride, antimony pentachléfide'etc. He found that
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_the temperature always rose to about 100° and that a yield

one third of the theoretical could be obtained, though higher
yields could be obtained by maintaining the temperature
between 20-50°.

Method 3) was attempted but despite taking all the
precautions mentioned in the patent only a mixtureﬁof isomers
could be obtained.

As the other two methods for the preparation of this
compound were lengthy and only gave the product in low yleld,
an alternative procedure was adopted.

If 2-chloro-6-cyanobeﬁZOic acid were treated with aniline
and ring-closed to an acridone, the product would be 4-cyano-
acridone. |

AN
i l N } | - l l
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This compound is obtained along with 2-cyahoacridone

o
CN [
Cool N /\/\/\

from 2~-chlorobenzoic acid and 3-aminobenzonitrile and it was

to confirm the presence of the isomer obtained by this

separation that the attempt to prepare 2-chloro-6-cyanobenzoic
acid was made. |

4-Carb6xyacridon? could, theoretically at least, be
prepared from 3-chlorophthalic acid which is easily prepared
and compared with the 4;carboxyacridoné obtained by
hydrolysising the 4-cyanoacridone from the separation of the

isomers.
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Accordingly, 3-chlorophthalic acid was prepared instead

of 2-chloro-3-cyanobenzoic acid.

Preparation of diphenylamine derlvatives

¥

Many modifications of the Ullman reaction with copper
powder have been described in the literature.  Albert and
- Linnell (1lb), Matsumura (116), Drozdov and Bekhli (49),

Glen ahd Nitzsche (72), EKnunyanto and Benevolenskaya/(QS),
Magidson and Travin (113), Albert and Gedhill (13) and
Samant (147).

For the formation of cyano-diphenylamine-2-carboxylic
acld derivatives frbm aminoBenzonitriles and 2-chlorobenzoic
‘ﬁcid, the method oﬁ'Albert and Gedhill (9) was adopted,
coﬁéisting of the removal of most of the water bj evaporation
and the addition of anhydrous sodium acetate before the
addition‘of the nitrile and the catalytic copper and then
reflﬁxing with cyclohexanol at 180°.

Reflux at a lower temperature resulted in much unchanged
starting material, while raising the temperature above 200°.
‘caused much tarring with a concomitanf lowering in the yiéld.
of diphenylamine&derivative obtained.

On tréating the eyano-2-halogenbenzoic acids with
aniline by Albert and Gedhillss method (loc.cit.) at 180°,
much charring occurred and some decomposition of the nitrile

was observed before the addition of ﬁhe aniline.
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Lowering the temperature of reflux to 130-160° (depending
on the compound) and heating with amyl alcohol as described by
Gdldberg and Kelly (78), for four hours, decreased the amount
of charring and a better jield of the diphenylamine-2-
carboxylic acids could be obtained. Some decomposition of
the cyano group was still observed, however, probably due to

* the water,produced by ﬁhe action of the potassium carbonate
pfeéent, on the acid.

To overcome this hydrolysis effect, it was decidéd to
prepare the sodium salt of the acid and treat this with the
dry niﬁrile iﬁ the presence of anhydrous sodium carbonate and
dry‘amyl alcohol thus eliminating all water except the small
amount formed in the reaction.

It was found,‘h0wever, that,'under these conditions, mno
diphenylamine formafion was effected, the starting materials
being obtained in almost guantitative ampunts at the end of
the experiﬁegt. This is in agreement_with the findings of -
Goldberé and Kelly>(78), who stated that the physical state of
the salt of the acid had much bearing on the quantity of
diphenylamine-2-carboxylic acid produged. They further
stated that on occasions when preformed anhydrous potassium
2-chloro-4-nitrobenzoate, ignited‘potassium carbonate and
anhydrous amyl alcohol were treated with p-phenylenediamine,
no reaction took place, the whole of the starting material

being recovered unchanged. From this they deduced that some

mé%,
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water must be present for this reaction to take place. Other
workers, Albert and Gedhill (loc.cit.) however were able to
prepare diphenylamine derivatives from potassium salts in the
presence of anhydrous sodium carbonate andahhydrous sodium
acetate.

A further modification, that of Yu, Magidson and Travin

- (163), who treated 2-chloro-4-cyanobenzoic acid, p-anisidine
and potassium carbonate in amyl alcohol with catalytic copper |
powder and heated with stirring to gentle boiling to gilve the‘.‘
diphenylamine compound, was adopted-and a 60% yleld of the
cyano-diphenylamine derivative obtained.

Bdiling the cjano—chlorobenzoic aéid with potassium
carbonate in amyl alcohol to remove water before the addition
of copper and aniline causes some hydrolysis, the presence of
water not being so critical once the diphenylamine compound
has been }ormeq as the cyano—diphenylamine—2—cafboxylic aclds
appear to be more stable.

The general literature relating to the Ullmann condensa-
tion between negatively substituted arylaminés and
2-halogenbenzoic acids (Ullmann (158b), Tuttle (154b),

Bogert and Hirschfelder (33b), Magidson and Travin (112),‘
Albert and Linnell (1lla), Lehmstedt and Schrader (104),
Goldberg and Kelly (78)) indicates that the presence of a

negative substituent on elther of the reactants, particularly

in the arylamine nucleus, exerts an inhibiting influence upon
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the course of the condensation.

Goldberg and Kelly (78) further found thét treatment
of p-phenylenediamine with 2-chloro-4-nitrobenzoic acid at
120° in amyl alcohol effected reductive dehalogenation of the
chloronitfobenzoic acid in almost quantitétive yield. By
lowering the temperature to 80°, the normal Ullmann reaction
took place smoothly with the production of 5-nitro-4'-amino- 3
diphenylamine-2-carboxylic acid in satisfactory yleld.

Similarly, at 140°, p-amino-dimethylaniline reacted

vigorously with 2-chloro-4-nitrobenzoic acid with the

formation of 2-nitrobenzoic acid, though at 120° 5-nitro-4’ -
dimethylaminodi?henylamine-2—carboxylic acid was obtained
in high yield.

With a cyano group in either the aryl amine or
cgrboxylated nucleus, no reductive dehalogenation was
observed 1in the formaﬁion of the cyano-diphenylamine-2-
carboxylic acids.

The position of thé cyano group in the ring did not
appear to be critical in the formation of monocyanoacridines.

By coﬁdensing 2-bromo-4-cyanobenzoic acid with 3-amino-
benzonitrile at 130° a 30% yield of 3' -5-dicyano-diphenyl-
amine-zécarboxyiic acld was 6btained though on treating
2-chlorb-5-cyanoben201c acid with 4-aminobenzonitrile no
diphenylamine-2-carboxylic acid wasbroduced, unchanged

starting materials being the only product at 130°. At
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high;temperatures ammonia was evolved but no diphenylamine

compounds could be isolated from the reaction mixture.

Preparation of Acridones

While 6-,5-,4-,3-substituted diphenylamine-2-carboxy-
lic acids and 2'-,4I-substituted diphenylamine carboxylic
acids can undergo cyclisation with formation in eéch case
of only one product, the SI—substﬂuted diphenylamine-2-
carboxylic écids may give rise to 4- and 2-substituted
acridones, according as to whether the acridone closes on
the 2'-position (ortho-closure) or the 4,—position (para-

closure) respectively.

. o] o
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para- closure ortho- closure

®

Lehmstedt and Schrader (101) made quantitative
méasurementS\upon the directional eyclisation of a series
of 5)~substituted diphenylamine-2-carboxylic acids. They
further showed that the ratié of the isomers produced wa.s
1ndepehdent of the cyclisation agent by performing parallel
experiments with concentrated sulphuric acid and phosphorus

oxychloride. . A '

J
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They obtalned the following ratios:

4-gubstitution = ‘2-substitution
Me .18 ) | S 82
MeO 50 ‘ . 50
Cl 75 ' ‘ 25
NOg 75 - 25
NHg 75 ‘,‘ 25

Alber£ and Ritchie (12) later showed that these

"figures for the aminoacridones were incorrect as they
obtained 2- and 4-aminoacridohes in the ratio of ca, 8:1
by the cyclisation of 3' -amino diphenylamine-2-carboxylic
acid, i.e. para-closure predominated. Goldberg and Kelly
(78) investigated the cyclodehydrogenation of 3 -nitro and
5'-aminodiphenylamine-2-carboxylic acids which had another
substituent in the carboxylated nucleus and showed that,

in all cases, while with the 3 -nitro séries ortho-closures
1argely predominated, with the 3’ -amino ‘series para-closure
took place almost exclusively.

‘It was thus shown to be the group present on the
arylamine nucleus which controls the ratio of isomers
produced on cyclisation.

lLehmstedt (101) separated the isomers he-obtained by.
fractional crystallisation of the corresponding 5-chloro-
compounds which, after separation, were reconverted to the

acridones. This was a tedious process. A distinetly
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quicker and simpler method was employed by Albert and
Ritchie (loc.cit.) who separated the amino 1somers by the
relative insolubility of the 2- (compared with the 4-)
amino-acridine hydrochloride.

Lehmstedt’s method of separation was applied to the
isomeric chlorocyanoacridines but only one isomer, the
2-cyano could be obtained pure. Vacuum sublimation of the
chlorocyanoacridines did not effect a separation of the
isomers.

Chrématographic methods have been applied in the
separation of isomers (152) and this méthod was applied with
considerable modifications due to the insolubility of the
cyanoacridones. Separation was effectedand it was foﬁnd
that the ratio of ortho to para closure was approximately
2:7, i.e. 2-cyano acridone predominated.

The ratio of isomers producéd thus appears to be
independent of the positive or negative groups on the
arylamine nucleus as ortho-closure predominates with
3’—nitro-diphenylamine—2¥cafboxylic acids (negative)and
3 -chloro (positive) and para-closure with 3’ -cyano
(negative) and 3’ —amino (positive).

It was found that on ring-closing diphenylamine-2:3-
dicarboxylic acld, no 4-carboxyacridone resulted, ﬁhe exact

hature of the product not being further investigated.
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Lehmstedt and Schrader were similarly unable to ring;
close 3-nitro-diphenylamine-2-carboxylic acid ﬁsing either
concentrated sulphuric acid, phosphorus oxychloride ér
Ullmann’s acid chloride method. Some 3-substituted
diphenylamine-2-carboxylic acids have been ring-closed to the
corresponding acridones, but only where the 3-substituent has
been nucleophilic in character, eg. amino or methyl (Glen : i
and Nitzsche (72)).

|
‘ As 3-carboxy and 3-nitro-diphenylamine 2-carboxylic acids

did not ring-close, it was anticipated that 3-cyanodiphenyl-
amine-2-6arboxylic acid would not as the cyano group has
similar deactivating, electrophilic character.

The cyclisation of 5'—cyanodiphenylamine-2-carboxy1;c
acid (I) resulted in a mixture of two isomers (II) and (III),
separate& by chromatography. The 2-cyanoacridone (II) waé
identified by comparison with 2-cyanocacridone prepared by
cyclisation of 5-cyanodiphenylamine-2-carboxylic acid (IV)

where no isomerism is possible. The orther compound -(III)

- must, therefore, be 4-cyanoacridone..
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Preparation of chloroacridines

A;l the acridones prepared could be readlly converted
to the corresponding chloroacridines. These chloroacridines
were even more unstable to air and sunlight than 5-chloro-
acridine itself, the 2-cyano isomer being most readlly
decomposed and the l-cyano compound least attacked (see

theoretical section, part I, page 33 ).

Preparation of cyanoacridines

Acridine derivatives can be prepared from the
corresponding acridones and chloroacridines by reduction to

thé dihydro compounds and subsequent mild oxidétion to the

acridine.
(fh 3] H
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Reduction of acridones has been effected by Perkin
and dlemo (136b), using sodium and alcoﬁol, Lehmstedt and
Hundertmark (103) with sodium amalgam and alcohol, and by
Sherlin and Braz (150Db), ﬁsing amyl alcohol and sodium
amalgam, the product being oxidised by potassium‘dichromate,
sodium nitrite or ferric chloride. Reed (141) modified
this last method and the reduction of l1-cyanoacridone by
this modification was attempted.

Reduction of the acridone occurred buc the cyano -
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group also appeared to be attacked by this vigorous treatment
and the‘odoriferous oil obtained on extracting the product
with alcohol could not be purified to give any definite
,crystalline product. |

Adkins and Coonradt (1) reduced acridone to
dihydroacridine with Raney nickel but due to the insolubility
of the cyanéacridones it was thought that catalytic hydro-
genation of the 5-chloro compounds could more easlly be
effected.

Albert and Willis (14) reduced 5-chloroacridine by
kshaking under hydrogen with Raney nickel in alcoholic
potassium hydroxide-benzene solution. The acridan so

obtained was oxidised to acridine by potassium dichromate

following the method of Graebe and Caro (73).

On applying this method to the cyano-5-chloroacridipes,
great difficulty was found in dissolving'the chloroacridine
in the alcoholic potassium hydroxide. On warming the
suspeﬁsion, formation of the corresponding S5-ethoxyacridine
resulted-with the deposition of potassium chloride. At
room temperature, hydrogen was absorbed only very slowly,

24 hours often being neceséary for the absorption of the
theoretical quantity. This may be due to the deactivating
properties of the cyano group as Albert and Willis (loc.cit.)
‘have shown that this method did not work well with nitro-
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5-chloroacridines.

Only poor yields of the acridines were obtained by this
method. ‘ |

‘By treating the alcoholic sblutibn of the cyano-S-
chloroacridine with benzene and shaking for two to three hours
a yellow solution of the chloroacridine was obtained. Oon
adding mIadium-calcium carbonate catalyst and shaking under
hydrogen, more rapid reduction was obtained (about two hours).

In all cases, the acridan was readily oxidised.to the
cdrresponding acridine by potassium dichromate.

' The cyanoacridines so obtained were not unstable like

the"c&an6F5—chloroacridines and could be purified by vacuum

sublimation as yellow needles, which fluoresced yellow-green
in alcoholic solution.

Separation of dicyanoacridones

By condensing 2-bromo-4-cyanobenzoic acid with 3-amino-

£
;::'
E
¢

benzonitrile and cyclising the 5—3’-dicyanodiphenylamine-z-

carboxylic acid so obtained, an isomeric mixtufe of 2:6- and
was
2:8-dicyanoacridones/produced in 25% yield.

PR

The dicyanoacridones were separated by chromatographic

} means.
S _ With the isomeric monocyanoacridones, identification of
the 2-cyano isomer had been possible as this isomer could

be synthesised from 2-bromo-4-cyanobenzoic acid and anlline

s s s

where no isomerism is possible. This method of identifica-
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tion was not applicable,however, to the dicyano-isomers.

7\ coon 7N 7N

DO =l e =

It had been found that while 2- and 3-cyanodS-chloro-
acridines formed amidines by Pinner’s method (135) through
the imino—etﬁers, 1- and 4-cyano-5-chloroacridines were
sterically hindered due to the ortho effect (cf. 5-cyano-
acridine, page 3%.) and no iminoether formatlon resulted on
the passage of dry hydrogen chloride into the dry alcoholic

solution of the nitrile.
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One of the isomers, 2:8-dicyancacridone should thus
form a diamidiné by Pinner’s methqd while the otherlisomer,
2:é-dicyanoacridone ﬁould form a cyano-amidino- derivative.

The separated isomers were accordingly converted to
their respective 5-chloroacridines and converted to the
amidino compounds. The isomeric fraction which passed
thrqugh the chromatographic column with nitrobenzene
gave a diamidine by this treatment and must, therefore, be
2:8-dicyanocacridone, whereas the isomer which remained on

the column formed a cyano-amidine and must, therefore, be
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2:6-dicyanoacridone.

‘ o @ NH,
NN SN SN N N A WANN
| — |

NC JL‘.N WN=C - N CaNH 4N=C
N/ w7 N\~ usc:o\/ N \/égus o

NSNS
a N ¢ cN a4, - CN
SN SN N SN N SN N N N\
L = =2l
NSNS UIN WSN S TIN I S
5 x .

The ilsomers were obtained in the ratio of ortho to
para closure of about 1:3, i.e. 2:é-dicyanoacridone

predominated, as was the case with the mqno-cyanoacridones.
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A

SYNTHESES OF 1-CYANOACRIDINE DERIVATIVES FROM

2 -AMINOBENZONITRILE

1. PREPARATION OF 2-AMINOBENZONITRILE

Reference - Two methods described (a) 2-nitrobenzaldehyde

was reduced to Z2-aminobenzaldehyde by ferrous
sulphate and ammonia at 100° (Bamberger (20))
then converted to the oxime (Bamberger and
Demuth (21)) and thence on treatment with
formamide to the nitrile (Gabriel (66))

(b) 2-nitraniline on diazotisation and Sandmeyer
was converted to 2—nitrobenzonitrile (Bogert
and Hand (32)) (Pinnow and Muller (136)) which
was reduced to 2-am1nobenzonitrile (Bogert and
Hand (32), Lelssert and Graebe (167)). |
Method (b) was adopted (Bogert and Hand s
modification).

Prebaration of 2-nitrobenzdnitrile

55.2gms. powdered 2-nitraniline were treated with
70c.c. concentrated hydrochloric acid (sp.gr.1.178) and the
mass stirred until all was changed to the buff-coloured
hydrochloride.. 1200c.c. water were then added all at once
and the mixture thoroughly stirred. The ffee base was
thus formed in fine needles which diazotised much more

readily than the powdered nitraniline.



The suspended nitraniline was diazotised by adding a
solution of 28gms. sodium nitrite in water to the well-
stirred solution, at least an hour being taken for this
operation. At the end of this time, all but a small amount
of the orange nitraniline had changed to the light-coloured
flocculent diazo compound and potassium iodide paper still
showed the presence of excess nitrite. No external cooling
was necessary as the diazo compound was remarkably stable
at ordinary temperatures.

| The flocculent diazo compognd was then decanted, any
unchanged nitraniline remaining behind due to its much
greater denéity.

The suspended dlazo body was slowly poured into a
potassium cuprocyanide solution prepared from 100gms.
hydrated copper sulphate, 600c.c. water and 112gms. potassium
cyanide. The cuprocyanide solution was maintained above 90°
and stirred constantly during the addition of the diazo
solution. | Tﬁe mixture was then allowed to boil for five
minutes and filtered thrbugh glass-wool in a large’filter-
funnel. On cooling, the nitronitrile crystallised from the
filtrate in long yellow needles. By boiling the tar which
remained on the glass—wool with 10 litres water and again
filtering, considerable quantities of almost pure nitro-

nitrile were obtained on cooling. Only a small amount of
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tar was left at the end of these operétions.

The nitrile was purified from the minimum amount of
boiling carbon tetrachloride by treatment with animal char-
coal. After filtration and cooling, golden-yellow scales
of the nitrile separated, m.p. 108° (m.p.Lit. - 109°).
Yield - 39gms. (theor. - 58gms.).

Preparation of 2-aminobenzonitrile

125gms. stannous chloride were dissolved in 106c.c.
concentrated hydrochloric acid, diluted with Z2c.c. water
and the solution vigorously stirred, while 25gms. Z2-nitro-

benzonitrile were gradually added at such a rate that the

temperaﬁure of the solution remained at 20-30°, occasional‘
cooling with ice being necessary. Below 20° the reaction
proceeded very slowly. As the action progreséed, the
nitronitrile gradually dissolved and the reaction was
complete in a few hours. When all the nitronitrile had i
been reduced a large volume of concentrated hydrochloric
acid was added and the mixture left at 0° for 12 hours.
The aminonitrile was thus precipitated as the hydrochloride
in fine white granular needles which were filtered through
sintered glass.

The precipitated chloride was washed free from tin
with concentrated hydrochloric acid, sucked as dry as
possible and the free base liberated by addition to an

excess of moderately dilute ammonia solution, the precipitate{
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base being washed with water till free from ammonium chloridse
dried and crystallised from carbon disulphide, m.p.49°
(m.p.Lit¢ - 500) .

Yield - 17gms. (theor. - 20gms. ).

©. PREPARATION OF .2' ~CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

/ \QOOH / \ / ~ COOH - \

B e
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28.8gms. 2-chlorobenzoic acid,Kngs. potassium
carbonate, 7.2gms. sodium acetate and 30c.c. cyclohexanol
were heated in an oil-bath till a thermometer held above
the solution registered a temperature of 160°.

The solution was allowed to cool to 100° and 1l3gms.
2-aminobenzonitrile and 0.2gms. catalytic copper powder
added. This mixture was refluxed for six hours in the oil
bath at 180°, at the end of vhich time the contents of the
flask were steam-distilled to remove the cycloheiénol.

The residue was then made alkaline with ammonia, diluted

to 200c.c., boiled with animal charcoal and filtered.

some black tar remained on the filter funnel. The filtrate
was dark brown in colour and was allowed to cool to room
temperature after which time 30c.c. acetone were added and
the solution acidified with concentréted.kwdrochloric acid.

A buff-coloured precipitate was formed. After standing
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for 15 minutes this was filtered from the unchanged
<-chlorobenzoic acid which remained in solution. Aft er
filtration, the'precipitate was dissolved in sOc.c. water
with diluted ammonia and treated with 10c.c. acetone.
Acidification with concentrated hydrochloric acid gave
creaﬁ-coloured ncedlss, which, on recrystallisation, from
aqueous acetone, formed creamy-white needles, m.p.slb-z16°.

Yield - 10gms. (theor.l7gms.)

Analysis Calculated (for GCy,.H;,02Nz) Found
%G . 70.58 - 70.36
%H 4.20 497
%N ©11.78 | 11.80

3. PREPARATION OF 1-CYANQACRIDONE

. : : o]
\/\“:f\/I - l\/| \N/\/|
CN H [\

3gms. 2’ -cyanophenylamine-2-carboxylic acid and 6c.c.
phosphbrus oxychloride were refluxed for 30 minutes, the
excess reagent distilled off under vacuum and the residue
boiled for half-an-hour“with 100c.c. water. There was
considerable frothing when refiuxing commenced.  Towards
the end of the experiment the solution became deep orange
with a faint greenish fluorescence. On boiling, an orange

solution was formed, from which a dark green precipitate

separated on further boiling."
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The solution was allowed to cool and filtered, the
residue being dried at 120°. on heating this green
precipitate on a san@bath, a yellow sublimate was deposited
on a cold watch-glass, which had a m.p.266° in a seéled tube.

Yield - 2.5gms. (theor. 2.8).

Analysis Calculated (for C,.HgONg) Found
% 76.7 | 6.5
%H 3.6 3.3
ZN 12.8 1249

4., PREPARATION OF 1-CYANO-5-CHLOROACRIDINE

.2.5gms. l-cyanoacridone (.16 moles) and 8c.c. (.88
moles) phosphorugzghloride were slowly heated to 90° on a
water-bath, when considerable frothing occurred, the
temperature'not.being allowed to rise any higher. When all
the solid had dissolved and the frothing subsided a dark
brown soiution resulted. . The flask was then transferred to
an oil-bath and the temperaﬁure ralsed po 135-140° where it
was maintained for two hours.

The excess phosphorus oxychloride was removed by
~ vecuum distillation and the residue cooled to 0°. To this
a well-stirred mixture of 10c.c. concentrated ammonia
solution, 25gms. ice and 10c.c. chloroform was added and

the whole shaken for half-an-hour. The liquid was then

removed and the remaining solid shaken for a further half-
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hour with 10c.c. concentrated ammonia and 20c.c. chloroform.
At the end of this time only a very small amount of md%erial
remained undissolved.

The two filtrates were combined and the chloroform
layer, which was reddish brown in colour, separated. The
aqueous portion was shaken with a further 20c.c. chloroform
and this was added to the first chloroform extract. These
were dried over Sgms. calcium chloride, filtered and a light
brown filtrate obtained. A small amount of a dark residue
remained on the filter with the calcium chloride.

The filtrate was allowed to evaporate to dryness at
room temperature and a yelloﬁ-brown resldue obtained,
m.p.153-156°,

Yield - 2gms. {theor. 2.7gms.).

Purification of product

On treating the freshly prepared chloroacridine with
boiling alcohol, no solid separated out on cooling. Oh the
addition of water to Ehe alcoholic solution a light-brown
irrégular_érystélline product was obtained, m.p.163-156°.

If the chloroacridine had been prepared some'time previously,
on heating'with alcohol, hydrogen chloride was evolved and
insoluble l-cyanoacridone was precipitatgd. The chloro-
acridine was soluble in acetone, giving é yellow solution
with a violet fluorescence. Water was added to the hot

acetone solution till it became opalescent and the solution
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allowed to come to roém temperature when yellow needles,
m.p.158° were deposited.
Treatment with hot acetone did not affect the chlofo-
compound even if 1t had been prepared some time previously.
It was also found possible to purify the chloroacridine
by vacuum distillation at 160°/4mm. to obtain fine yellow

needles, m.p.158°.

Analysis Calculated (for C,,H,N;Cl) Found
%C 70.4 7.0.1
%H 2.9 ' 3.1
FN 11.7 11.8
%Cc1 1449 15.1

5. PREPARATION OF 1-AMIDINO-5~AMINOACRIDINE

A solution containing 0.5gms. l-cyano-5-chloroacridine
in 7c.c. magnesium dried ethyl alcohol and 15 c.c. dry
chloroform was saturated with dry hydrogen chloride

passed into the ice-cooled solution as in diagram.

. —
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The solution became bright yellow in colour and a
bright yellow precipitate was formed. After eighteen
hours the passage of hydrochléric acid was stopped and the
solution was evaporated to dryness under vacuum at 45°.
The bright yellow needles so obtained did not melt below

300° (sealed tube).

Analysis - Calculated (forycleHlsoNQCla) IEQEEQ
%" 53.8 , ~ 60.9
%H 4.2 3.1
N 7.9 , 10.1
%c1 29.7 | 26.0

The material was sent for analysis in a sealed tube to
prevent decompositiop of the iminoether hydrochloride.
The ahalysis calculated above for 5-chloro-l-iminoether-
acridine dihydrochloride did not agree with that obtained
experimentally. The experiméntal resﬁlts, hdweﬁer, gave
good agreement ﬁith the values calculated for 1—cyano-5-
-chloroacridine hydrochloride (€-61.1%, H-2.9%, N-10.2%,

Cl1—25.8%).

6. PREPARATION OF 1~CYANOACRIDINE

Method T. 1.0gms. l—cyano-5-chloroacridine were dissolved
w1th shaking for two hours in 30c.c. alcohol and 10c.c.
sulphur -free benzene and lgm. palladium-calclum carbonate

~catalyst added.
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On shaking under hydroéeh the gés was slowly absorbed,
several hours being necessary for the absorption of the
theoretical amount. At the end of this time, the solution
was filtered and the reéidue washed with hot alcohol.  The
~deep rose filtrate, fluorescing red-blue, was evaporated to
dryness above a water-bath and the deep red solid so obtalned
washed with warm water to remove inofganic material and
added to 113c¢.c. boiling water containing 6c.c. 25% sulphuric
acid. Mechanical stirring was begun and as soon as even
dispersion of l-cyanoacridan Was attained, 0.8gms. potassium
dichromate (1 oxygen equivalent) dlssolved in 6c.c. boiling
water was added in two equal portlions five minutes apart.

After five minutes further boiling and stiring, 1.55gms..
potassium dichromate in llc.c. boiling water were added to
preciplitate the acridine és its dichromate; boiling was
continued for five minutes moré and the mixture cooled and
refrigerated over-night.

The orange precipitate so obtained was filtered,
suspended in 30c.c. hot'water, treﬁted with 7c.c. concentrated
ammonia solution, brought just to the boil, cooled quickly
Fo room temperature, filtered and washed with cold water.

The original filtrate was made alkaline with sodium hydroxide
but no precipitate was depositied indicating that all the
cyanoac;idine had been precipitated as the insoluble

chromate,
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The precipitate was dissélved in 5 c.c. hot -dilute
hydrochloric acid and filtered frqm a trace of cyanoacridan.
The cyanoacridine was precipitated with ammonia solution,
filtered and dried in a vacuum desiccator.

The product was purified by vacuum sublimation at

180° and pale yellow needles, m.p.156°, obtained.

Analysis Cakulated (for Ci.HgNg) Found
e 82.5 | 82.2
%H 3.9 . 4.1
%N 13.7 13.8

Yield - 0.74gms. (80% theor.).

ﬁétﬁbd II.F O.5gms. 1—cyanoac?idone wag heated with

15c.c. amyl alcohol and treated with 1.0gms. sodium. - The
mixture was refluxed until the sodium had dissolved and all
greenish fluorescence‘h;d vanished. The liquid was then
steam-distilled to remove the amyl alcohol, the cooled
'residue'of cyanoacridan dissolved in warm alcohol and the
cooled solution treated dropwise with aqueouslférric chloride
until the green colour changed to yellow. Excess ammonia
was added to precipitate the ferrous hydroxide with the
'cyanoacridinem Afterjthe cold suspension had been fiitered
by gravity, the damp solid ﬁas extracted with boiling methyl
alcohol, filtered hot and the filtrate evaporated to small
bulk. |

On cooling, no crystals were depositéed, but on
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evaporating the amber solution (fluorescing pink-yellow) to
dryness, a resinous product was obtained. It was»found
impossible to ecrystallise the cyanoacridine from this
material, though on treating the alcoholic solution with
pieric acid, orange rhombic crystals which did not melt
below 360° were obtained in small quantity. These crystals
did not analyse for l-cyanocacridine picrate and on
reconversion to the free base again ylelded a resinous
product.

The resinous product had a distinct odour, unlike any

of the cyanoacridines described elsewhere in this thesis.

7. PREPARATION OF 1-CYANO-5-ETHOXYACRIDINE

el 0C, He
SN NN SN SN N
Uy
\/\N/\C< N/ NSNS
N

l.0gms. 1-cyano-5-chloroacridine were gently warmed

with 30c.c. alcohol and 0.5c.c. alcoholic sodium hydroxide
solution. As the acridine derivative dissolved a white
residue was deposited and the solution became bright yellow.

The solution was filtered and the residue found to be
sodium chloride. The filtrate was evaporated to small
bulk, excess water added and the yellow precipitate so
formed, filtered after half an hour. The residue was

dissolved in the minimum amount of hot acetone, hot water



added t111 the solutlion became opalescent and allowed to .
come to room temperature when long, yellow needles were
obtained, m.p.130°% with decomposition.

Yield - 0.82gms. (75% theor.).

Analysis Calculated (for C,;sH;20Ng) - Found
wc 77.2 ' 76,9
%H 4.8 ' 4.8

AN 1.3 . 1.4
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SYNTHESES OF 1-CYANOACRIDINE DERIVATIVES FROM 3-CYANO-2-

CHLOROBENZOIC ACID

1. PEEPARATION.OF 5-CYANO-2%EROMOABENZOIC ACID

‘Reference - Two methods described. (a) Method of
Bamberger (23) who converted 2-chloro-3-amino-
toluene to 2-chloro-3-acetamidotoluene which

he oxidised to 2-chloro-3-acetamidobenzoic acid

and thence prepared 2-chloro-3-amino benzoic acid |
: |

(b) Phthalic anhydride was nitrated to 3-nitro-

;l’

phthalic acid which, on treatment with mercuric }
acetate gave anhydro-2-hydroxymercuri-3-nitro- ’

benzoic acid. This, on bromination, was

‘converted to Z2-bromo-3-nitrobenzoic acid

(Orgahic Synthéses (131b}).

No reférence to the preparation ;f 2-bromo-3-
cyahoﬁgnzoic acid could be found in thé
.literature.

- Method (b) was adopted.

Preparation of 3-nitrophthalic acid

Reference - Organic Syntheses (130).

7
\co - \cooH/ 7N coou
{ HNO4y,
B Eroa S R
co LT CcooM oN CooH
N7 N7 CTEIN
NOg

650c.c. sulphuric acid (sp.gr. - 1.84) and 500gms.

phthalic anhydride were placed in a beaker and heated tp 80°



in an oil-bath. 210c.c. fuming nitric acid (sp.gr. - 1.195)
were slowly added at such a rate as to maintain the
temperature of the stirred mixture at 100-110°. After two
hours, all the nitric acid had been added and 90c.c.
concentrated nitric acid were added as rapidly as possible
without causing the temperature to rise above 110°. The
mixture was maintained at this temperature with constant
stirring for a further two hours.

The mixture was allowed to stand overnight and poured

into 1500c.c. water. After cooling, the solid mixture of
3- and 4-nitrophthalic acids was filtered through sintered
glass and the wet cake stirred with 200cic. water which
dissolved most of the 4-nitrophthalic acid. After
filtration, the wet cake was dissolved by boiling with
300c.c. water, the solution filtered hot and the filtrate
stirred mechanically until crystallisation 'started and pale
yellow needles, m.p.205-210° (m.p.Lit. - 218°) in a sealed
tube, were obtained.

Yield - 226gms. (33% theor.).

Preparation of anhydfo-2-hydro;ymercuri-S-nitrobenzoic acld

Referehcé - Organic Syntheses (131a).

7 coou 7N co
’  tHgacckate l ! So
COOH /

NS N
NO, NO,

|
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40gms. sodium hydroxide dissolved in 400c.c. water was
added to 106gms. 3-nitrophthalic acid and the whole warmed.
A small ampunt of insoluble material was removed\by
filtration. To the filtrate a solution of 175gms.
mercuric acetate in a mixture of 50c.c. glacial acetic acid
and 700c.c. water was added and the mixture heated in an
oil-bath (over a period of one hour) to 170°. Réfluxing
at 165-170° was continued for seventy hours, the end of the
reaction being determined by the stoppage of the evolution
of carbon dioxide.

The product was allowed to settle and the hot liquid
removed by decantation after which the residue was shaken
with several 50c.c. portions of water and filtered. 100c.c.
alcohol were then poured over the material on the filter.
The product was an almost white powder which dissolved in
sodium hydroxide with only slight turbidity.

| As the product could be used wet for the next stage in
the synthegis it was not dried and no yleld could therefore

be calculated.

Preparation of 2-bromo-3-nitrobenzoic acid

Reference - Organic Syntheses (131b).

/\ Cg %\" ./\COOH

l H/O —_— '

NN \\//B“
NO,_ NO,

A boiling solution of 25gms. sodium hydroxide in
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750c.c. water was prepared and 200gms. damp anhydro;Q-
hydroxymercuri-3-nitrobenzoic acid added in small quantities.

The ma%erial was heated to bolling and'stirréd
vigorously and 85c.c. concentrated hydrochloric acid (sp.gr-~
1.19) added. Heating was discontinued at this point and
30c.c. glacial acetic acid slowly added when a curdy
precipitate formed.

A solution of bromine was prepared ﬁy dissolving 52gms.

of sodium bromide and 80gms. bromine in 75c.c. water. The

mixture was stirred and the bromine solution added as rapidly

as possible through the shaft of the stirrer. The precipit-
ate dissolved. The solution was boiled for five minutes
dfter the last sddition of bromine. Tt was then made
slightly alkaline, filtered and the filtrate made acld to
Congo red using about 75c.c. concentréted hydrochloric acid.
The precipitated 2-bromo-3-nitrobenzoic acid was filtered and
recrystallised from 500c.c. boiling 30% alcohol to give
almost white needles, m.p.186° (m.p.Lit. - 191°).

Yield - 56gms. (56% theor. based on 3-nitrophthalic acid).

Preparation of 2-bromo-3-aminobenzoic acid

Metﬁodll »
5.0gms. 2-bromo-3-nitrobenzoic acid were added to a

slight excess of stannous chloride dissolved in concentrated

hydrochloric acid,'the temperature being maintained below 45°,

|
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A white precipitate of a tin complex was rapidly precipitat-
ed and was decomposed by the passage of hydrogen sulphide.
3gms. of the aminoacid hydrochloride were finally obtained
as white needles. The precipitation of the tin as
sulphide was & tedlous procedure.
Method IT

3.0gms. 2-bromonitrobenzoic scid were dissolved in
sodium hydroxide and sodium hydrosulphite added in small
quantities t11ll the solution no longer darkened to ruby red
on the addition of hydrosulphite but remained pale yellow.
The solution was then made acid with concentrated hydro-
chloric acid, boiléd and the precipitated sulphur removed.
by filtration. On codling, cream-coloured needles were
obtained, which on diazotisation gave a red dye with
f-naphthol. It was found very difficult to remove all the
sulphur from the amino-acid.
Metﬁod IIT

7,0gms. 2-bromo-3-nitrobenzoic acid were dissolved in
the m;nimum amount of dilute ammonia With warming and. poured
into a boiling solution of 7 molecular equivalents‘of
hydrated ferrous.sﬁlphate in 100c.c. water. The solution
was treated with small portions of concentrated ammonia,
each additiqn being followed by vigorous agitation of the

mixture. When the solution was distinctly alkaline and a.
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brown residue had formed, it was boiled for five minutes,
care being taken that the mixture was still alkaline at the
end of ﬁhe five minutes. If not, more ammonia was added and
the suspension was filtered hot.

After filtration, an amber solution, free from iron,
was obtained which, on diazotisation, gave a red dYe with
ﬂ—napthbl. The solution was evaporated to small bulk and
on the addition of concentrated hydrochloric acid a white
precipltate was formed which was filtered and found to be
the hydrochloride of the aminoacid.

Yield -~ 6gms.

It was not found possible to obtain the free amino-
benzoic acid except in very low yield. No mention of this
compound could be found in the literature. It was obtained
as cream-coloured needles. M.P.226-233°. This material
wés not‘further purified at this stage. |

Method III was repeated on a larger scale using 70gms.

nitrocompound and 60gms. 2-bromo-3-aminobenzoic acid

hydrochloride were obtained.

Preparation of 2-bromo-3-cyanobenzoic acid

60gms. 2-brom073-aminobenzoic acid hydrochloride. were

added to a solution of 60c.c. concentrated hydrochloric acid

in 200c.c. water and the suspension cooled to 0°. 50gms

of ice were added and 24gms. of sodium nitrite in 70c.c

water slowly added with constant stirring, the end-point
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being obtained with starch-potassium iodide paper. After
the last addition of nitrite, the solution was allowed to
stand for fifteen minutes at 0°.

80gms. hydrated copper sulphate and 20gms. sodium
chloride were heated to boiliné and a solution containing
16gms. sodium bisulphite and 12gms..sodium hydroxide in
100c.c. boiling water, added over five minutes. The
cuprous chloride was allowed to settle and washed by
decantation several times after which excess (70gms.)
potassium cyanide was added and the solution (300c.c.)
boiled.

The diazo solutlion was gradually added to this well-
stirred solution,_the temperaturé béing mainﬁained above
QQ°. A dark brown solution was obtained with a brisk
evolution of nitrogen. Owing to the large excess of
potassium cyanide the solution remained alkaline throughout
and no precipitation of the acild ocecurred. After the final
addition of the diazo solution, the hot solution was just
acidified with concentrated hydrochloric acid and the
"solution fiitered hot_when the cuprous salts remained
insoluble. The yellowlish-green filtrate was cooled to 0°
when a pale brown residue was precipitated. This was
removed; by filtration and the filtrate extracted with ether,
the ether extract shaken with sodium hydroxide, which was

then acidified with concentrated hydrochloric acid when a
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further brown pfecipitate was obtained.

As the precipitate was found to still contain copper,
it was warmed with sodium carbonate solutlon and anim#l
charcoal; on boiling ammonia was evolved, indicating the
decomposition of the nitrille. A deep brown filtrate
resulted, which, on acidification with concentrated hydro-
chloric acid till an opalescence deéveloped and then cooling,
yielded small buff-coloured needles, m.p.180-182°.

Yield - 40gms. (theor. - 54gms.).
On purification with animal charcoal and boiling water,

buff-coloured needles, m.p.184°, resulted.

~Analysis Calculated (for CgH.0zNBr) Found
‘ l-bmmu-&e1anobm3«o aead -

%C 42,5 42,9

%H 1.8 ‘ 2.1

%N 6.2 6.4

%Br 35.4 © 35.1

The acid was sparingly soluble in cold water, readily
soluble in hot. It dissolved readily in ammonia and sodium
hyd?oxide solutions and dissolved in sodium carbonate solutia
with the evolution of CO,. It was readily soluble in ether
and acetone and dissolved in alcohol on warming. = It was

insoluble in benzene.

PREPARATION OF 6-CYANODIPHENYLAMINE-2-CARBOXYLIC ACID.

COOH 7N /\C.QO(Z( /\

(AN N7 SN NS
en M
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8.5gms. (1 equivalent) 2-bromo-3—cyanobenzoic'acid,
3.3gms. sodium carbonate, 3.0gms. anhydrous sodium acetate
and 13c.c. cyclohexanol were heated till a thermometer in
the vapoﬁr read 160°.

The temperature was then allowed to drop to 100° when
4,5gms. aniline and 0.6gms. copper powder were added and the
mixture refluxed on an oil-bath at 180° for six hours.

After removal of the cyclohexanol by vacuum distillation,
the residue was made alkaline with ammonia, warmed with
animal chércoal and filtered. Some black tar remained on
the filter-paper. The filtrate was dark brown and on
acidificatign with concentrated hydrochloric acid a dark tar,
which solidifiied in standing, was formed. !

The tar was boiled in the minimum amount of acetoné
with animal charcoal, filtered 'and hot water added to the
filtrate t11l it became opalescent. On cooling, yellow
needles, m.p.184°, were obtained.

Yield - 5gms. (45%).

Analysis ‘Calcuiated (for CqeHy,05N,) Found
%c 70.6 . 70.3
#H 4.2 | ' 4.25
%N 11.8 | 11.75

. The experiment was repeated using amyl alcohol as

solvent and maintaining the temperature of the reflux at
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130° for four hours. Less tar was produced by the method
and g 55% vield of the diphenylamine carboxylic_acid was

obtained.

PREPARATION of 1~CYANOACRIDONE

* 0
! lcwu 7N | /\‘ /“\l N
| - .
NSNS \/| f\/ \N/\/l
N W : N H

2gms. 6-cyanodiphenylamine-2-carboxylic acld were
refluxed at 135-140° with 4c.c. phosphorus oxychloride as
described on p.3% and the product poured into water and
boiled for twenty minutes.’ The dried product was sublimed
at 300°, giving yellow needles, m.p.265° (m.p: of l-cyano-
acridone prepared from 2-aminobenzonitrile and 2-chloro-
benzoic acid - 266°, A mixed m.p. of the two products

showed no depression. Yield 1.5gms. (theor. 1l.9gms.).

Analysis Calculated (for C; HgONg) Found
%G 76.7 76.4
%H 3.6 . 5.6
%N 12.8 12.7

PREPARATION of 5-CHLORO-1-CYANOACRIDINE

0.5gms. l-cyanoacridone were added to 3c.c. phosphorus
oxychloride as on p.39 .and the ice-cold oroduct extracted
with ammonia and chloroform. After the chloroform extract

had been evaporated to dryness at room temperature, the
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residue was purified by vacuum sublimation (4mm. Hg) at 160°
to give yellow neédles, m.p.158° (by other method.of synthesis
(pagedd ) m.p.158°). A mixed m.p. caused no depression.

" Yield - O.4gms. (theor. - 0.55gms.).

Analysis Calculated (for C,,H,NaCl) ‘Egggg
%C Y q0.a o 70,2
%H : 2.9 , 2.7
%N 11.7 ' 12.0
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PREPAKATION OF SODIUM 2-BROMO-3-CYANOBENZOATE

5.0gms. of Z2-bromo-3~cyanobenzoic acid were dissolved
in the minimum.quantity of_sodium‘dried ethyl alcohol and a
slight excess of sodium ethoxide in the minimum amount of
dry ethyl alcohol added. A brown precipitate immediately
formed in the deep amber solution. The solution was heated
on the water~bath and the alcohol distilled off under vacuum.
AA strong smell of ammonia was noted on testing the distilled
alcohol. Heating was, therefore, stopped and the bfown
residue filtered off, washed with dry 4lcohol and dried in

a vacuum desi¢cator overnight.

PREPARATION OF 6-CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

7 Neoone. TN //'\§c°ou 7N\
. Lr +HN l I
NS N/ NN\
en N
2.0gms. of sodium 2-bromo-3-cyanobenzoate were added to
20c.c. sodium dried amyl alcohol with lgm. of potassium
_carbonate. To this was added at 100° 1l.5gms. of aniline
and O.1lgms. of copper bronze and the whole refluxed on an
oil-bath at 140° for 4.5 hours.
At the end of this time no tar had been formed and no
change in the constituents was observed. The amyl alcohol

was steam distilled. The solution was rendered alkaline

with ammonia, animal charcoal added and the mixture filtered
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hot. When the filtrate was cold, 10c.c. of acetone were
added and the solution ac1d1®led wlith conrncentrated hydro-
chloric acid. The.pale buff precipitate was filter;d and
dried in a vacuum desiccator. The substance had & m.p.
178° and was found to contain nitrogen and halogen. It was

therefore unchanged 2-bromo-3-cyanobenzoic acid.

PREPARATION OF 6-CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

2.5gms. 2-bromo-3-cyanobenzoic acid, Z2gms. aniline ;nd
2gms. dry powdered potassium carbonate were warmed with
stirring to gentle boiling in the presence of 0.5gm. copper
powder ih 15c.c. amyl alcohol.  During this small amounts
of water and alcohol distilled over, the former of which
was formed during the reaction. After four hours the
reaction mixturé was filtered hot. The amyl alcohol was
removed by steam-distillation and the aqueous solution of
the potassium salt filtered hot to remove tar, boiled with
charcoal, filtered and the filtrate treated with concentrated
hydrochloric acid at 90°,

A light brown residue was obtained. The produét was
purified by &queéus acetone to gi#e cream-coloured needles,
m.p.184°. |

Yield - 2.5gms. (60% theor.).
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SYNTHESES OF 2-CYANO-AND 4-CYANOACRIDINE DERIVATIVES FROM

3-AMINO BENZONITRILE

1. PREPARATION OF 3-AMINOBENZQONITRILE

Reference - Four methods of preparing 3-nitrobenzonitrile.
(a) By nitration of benzonitrile with fuming
nitric acid (Beilstein and Kuhlberg (26))

(b) By nitrating benzonitrile with potassium
nitrate and corcentrated sulphuric acid
‘(§§h6pff (14@)) (Bogert and Beans (33)).
(c) By treating S-nitrobenzamide with phosphorus
pentachibride (26) or with phosphorus pentoxide
(Engler (60)). (d) From 3-nitraniline by
diazotisation and Sandmeyer (Sandmeyer (146)(33):
Method (b) was adopted.
.”§snitrobenzohitfile could be reduced to 3-amino-
A"Eénzénitrilé in three Qays. -
(a) with zinc and alcoholic hydrégen chloride
(Hofmann (86))
(b) with tin and glaclal acetic acid (Fricke (64)
(e) with stannous chloride and conéentrated
» hydrochloric acid (Bogert and Beans (33)).
Method (a) was adopted. '

Prepapation of S-nitrobenzonitrile

éi.ﬁgﬁs. potassium nitrate were dissolved in 200c.c.

‘eonsentrated sulphuric acid in the cold and run in over an




hour below the surface of 52.0gms. benzonitrile dissolved
in 150c.c. concentrated sulphuric acid. Good stirring

bwas maintained throughout the nitration, the temperature
being kept below 25°9. Cobling was applled as necessary by
a bath of lce-water. The mixture was allowed.to stand for
a further 30 minﬁtes, then poured on to 400gms. crushed ice.
About 1000c.c. water were added‘and the precipitated solid
filtered to give an almost white powéer on drying, m.p.117°
(m.p.Lit. - llé°); |

Yield - 68gms. (92% theor.).

Preparation of 3-aminobenzonitrile

60gms. 3-nitrobenzonitrile were dissolved in 300c.c.
hot alcohol and 300c.c. concenﬁrated hydrochloric acid added.
Zinc was added gradually to the resultant emulsion with
constant stirring. The emulsion was soon dispersed but the
reduction was continued till a sample gave no precipitation
on dilution with water. No heating was necessary for this
reduction. The unattacked zinc was filtered'énd excess
sodium hydroxide solution added with cooling till the zine
redissolved. = The preclipitated base was'sepa;ated and the
liquid extracted witb ether. The base was added to this
ethereal solution. and the whole was Washgd free ffom
alkalil and dried over anhydrous sbdium sulphate. The ether

‘w§s removed by distillation and the residual oil heated to
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300°, the fraction boilling at 278-285° being collected.
This was a dark oil which solidified after some time to pale
brown needles, b.p.286° (b.p.Lit.- 288°).

Yield - 28gms. (59% theor.).

2. PREPARATION OF 3' -CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

7 Neow D " Neoow 7N

el L

14.4gm§. 2-chlorobenzoic acid, 4gms. potassium
carbonate, 3.6gms. sodium acetate and 1l5c.c. cyclohexanol
were treated in the same manner asin the preparation of
2’—cyanodiphenylamine—2-carboiylic aclid (p. 37 ) with 6.5gms.
5-aminobenzonitrile and 0.lgm. catalytic copper. After
steam-distillation the residue was made alkaline with
ammonia, diluted to 150c.c., treated with charcoal and
filtered. 30c.c. acetone were added to thé cold filtrate
which was then acidified wiﬁh concentrated hydrochlqric acid.
The precipitate was filtered from any unchanged 2-chloro-
benzoic acid which remained in solution and crystallised
from the minimum amount of boiling alcohol to give creamy-
white needles, m.p.205°. |
Yield - 3gms. (50% theor.).
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égglxg}é_ Calcﬁlated (for 014H1QOQN3) Egggg’
%c . 70.6 . 70.5
%H 4.20 | 4.3
%N 11.80 . 11.6

Note - If the temperature of the oil-bath was raised above
200° during the refluxing of the mixture, the amount
of tar produced was increased with a concomitant
lowering in amount of product obtained. If the
temperature of reflux was about 130°, amyl alcohol
being used as solvent, very little tar was produced
but a large amount of unchanged 2-chlorobenzoic acid
was obtained and the yleld of diphenylamline carboxylle

acid was only about 30% the theoretical value.

3. PREPARATION OF 3=-CYANO and 4-CYANOACRIDONE

(o] Q
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3.0gms. 3’/ -cyanodiphenylamine-2-carboxylic acid and
Bc.c. phosphorus oxychloride were refluxed at 140° for half
an hour, the excess reagent was distilled under vacuum and
the residﬁe boiled for half an hour with water when a green
insoluble precipitate was obtained. After filtration, the
residue was dried at 120° giving a pale green powder. On
dissolving this powder in cold alcoholic sodium hydroxide

and reprecipitating the base with concentrated hydrochloric
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acid a deep green slimy precipitate was obtalned which could
only be filtered with great difficulty. The solid was,
therefore, purified by subiimation; when orange-yellow
needles, m.p.340-350° (in sealed tube) with oharring were
obtained. .

Yield - 2.5gms. (85% theor.).

Analysis Calculated (for C14H80N2) Found
%C 76.7 | 76.4
%H 5.6 3.7
%N ¢ 12.8»' ‘ 12.9

4. PREPARATION OF 2-CYANO AND 4-0YANO~5-CHLOROACRIDINE‘

\

2.0gms. of the isomeric mixture of 2-cyano and 4-

_cyanoacridones prepared in the'previous experiment were
refluxed with 6c.c. phosphorus oxychloride at 135°, the
excess reagent distilled under vacuum and the product treat-
ed with 8c.c. concentrated ammonia, 20gms. ice and 1lOc.c.
ohloroform; After shaking for half an hour the liquid was
poured off and the residue shaken with 8c.c. concentrated
ammogia and 10c.c. chloroform till all the solid had
dissolved. ’ |

The aqueous layer was shaken with é further 20c.c.
chloroform and the combined chloroform extracts dried over
calo}um chloride. After filtration, the amber-coloured

filtrate was evaporated to dryness at room temperature and-

the residue dissolved in the minimum amount of hot acetone.




Hot water was added till the solution became opalescent and
the mixture allowed to come to room temperature, when

yellow-green needles were'precipitated,'mﬂp.140-160°.

Analysis Calculated (for C,4H,N;Cl) . Found
%C : 70.4 69.9
%H 2.9 3.1
%N 11.7 11.8
%01 14.9 . 14.8

Note -~ This mixtﬁre of isomers appeared to decompose even
more readily than the’other two cyano-5-chloroacrid-
ines, as after about a fortnight, even in the dark,
the yellow-green needles had become reddish and the
material no longer melted below 300°.

5. CHROMATOGRAPHIC SEPARATION OF 2-CYANOACRIDONE AND

-CYANOACRIDONE

A .
The solubility of the acridones ln various solvents was

examined as in the following table:

Solubility Solvent
.Sparingly soluble ' . Ether
Insoluble ' Benzené
Spafinglyvsoluble . . Carbon tetrachloride .
Moderately soluble . . - Chloroform
_Soluble in hot, sp.sol.in cold  Alcohol
- As alcohol but less so . Acetone

i

~ Readily soluble on warming Nitrobenzene
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Accordingly, nitrobenzene was used as solvent for the
separation. |

Some nitrobenzene was allowed to stand overnight over
some sodium wire and the dried product distilled under
vacuun, A column was filled with chromatogrdphic alumina
to a depth of 4-5 inches;

The tube of, activated alumina was surrounded by an
electrically heatgd jacket and maintained at a temperature
of 75°. | u

A hot solution containing O.lgms. acridone isomers in
20c.c. nitrobenzene was slowly added through a.dropping
fﬁnnel. Under slight vacuum, a deep orange band was formed
at-the surface of the alumina and a broader yellow band
\belpw it. On the addition of further quantities of dry,
hot nitfébenzene, the yellow band moved down the column,

the orange band only moving very slowly at the top of the

column.
.
* ‘ ) ' +~ e\zc\-nc,a[l\( heated ‘ ' !
* .
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.When the yellow band neared the foot of the column the
washings were'collected in a flask and were bright yellow
in colour (4). Washing was continmued until the yellow band
had been‘discharged from the tﬁbe and the liqﬁid coming
through was practically colourléss. Meanwhile, the orange
band at the top of the tube had "increased in length to about
an inch. ' |

A fresh flask weas placed under the column and hot‘
nitrobenzene passed through'until the Washings were about
70c.c. in volume. By this time, the orange band had moved .
about half-way'down the colﬁmn. Passage of nitrobenzene

| was then stopped, ﬁhe column dllowed to drain and the
filtrate (second fraction) (B) removed.

The alumina was carefully pushed out of the top of the
tube on to a watch-glass and cut half-an-inch beyond the
orange band to obtain a third fraction (C). This was .
placed in an air-oven at 120° to remove the nitrobenzens.

| ‘The fraction (A) was allowed to stand dvernight in a
refrigerator and in the morning it was observed that yellow
needles had crystallised out. The solution was filtered
through atsintered.glass crucible, washed with benzene and
dried in a vacuum desiccator. The dried product consisted
df.yeliow needles, m.p.350-360° with charring in a sealed
tube.

The filtrate from the above was evaporated to dryness

¥
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under vacuum and the residue dried in an air-oven at 120°
for half-an-hour. This material also meited'at 550-560°
with charring. _ |
The fraction (B), from which nothing crystallised on

refrigeration, was similarly evaporated to dfyness.

 The fraction (C), still adsorbed on the alumina, was
diluted with boiling alcohol (96%)4and filtered. The
orange, alcdholic filtrate was evaporated to dryness and
the m.p. of the residual orange needles was 300-310°

(with charring).

Residue from first crystallisation........... - .03gms)
Residue from evapdration of firsﬁ filtrate... = .04gms;(A)
Residue from evaporation of second filtrate...- .0lgms (B)
Residue adsorbed in orange band...... cieveees - .01lgms (C)
Total...... e eaeeaees e e . - ;Ongs;

The separation‘was reieated using 0.5gms. of‘the

acridones and similar results obtained.

6. PREPARATION OF 2-CYANQO-5-CHLOROACRIDINE

The residﬁe from the first crystallisatlon and the
reéidue from evaporation of the first filtrate were added
to bné another (A) and refluxed with phosphorus oxychloride
for half-an-hour, the excess solvént being distilled off
~ under vacuum at the end of the reaction. The dry residue

was-extracted with chloroform-ice 0.88 ammonia mixture as




"point was then taken of these two compounds, the mixture

by vacuum sublimation at 180° to give a yellow-orange

iq

described on page 345 the chloroform layer being preserved,
dried with anhydrous calcium chloride overnight, filtered

and the filtrate evaporated to dryness at room temperature

to obtain the corfesponding chloroacridine. )

A portion of the residue was purified by sublimation
at 180° unéer,vacuum and the melting point of the product
found to be'192°. 2-cyano-5-chloro-acridine prepared from
3-cyano-2-chloro-benzoic acid, where no isomerism can occur

(as shown on page ) hasg a m.p.of 193°. A mixed melting

melting at 192° showing that only 2-cyano-5-chloroacridine

was present and that a separation of thé isomers had been

effected.

Note- On conversion of the residue frop.evaporation of the
second fraction to the chlorocacridine and subsequent
purification by sublimation, the product melted over
about 20° (from 140-160°) and must, therefore, be

considered as still being a mixture of the two isomers.

7. PREPARATION QOF 4-CYANQO-5-CHLOROACRIDINE
’ The residue obtained from the orange band (C) was
converted into the corresponding dhloro-acridine by the

action of phosphorus oxychloride as before and purified

sublimate, m.p.175-178°.

)
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8. PREPARATION OF 4-AMIDINO-5-AMINOACRIDINE

0.2gms. 4-~cyamo-5-chloroacridine Wére placed in a flask
with 5c.c. magnesium dried alcohol and 1l0c.c. dry chloroform
and dry hydrogen chloride passed into the ice-cooled solution:
as in diagram on page 9.

The solution became bright yellow and a bright yellow
precipitate was depositiéd on furﬁher'passage of the gas.
After eighteen hours the passage of hydrogen chloride was
stopped and the solution evaporated to dryness at 45° under
vacuum. The orange-yellow needles so obtained did not melt
below 300° in a sééled tube. A gsample was sent for analysis

in a sealed tube to prevent decomposition of the iminoether-

hydrochloride. N
Analyéis Calculated (for C,gH150NgCls) EQEE@
ac ' 53.8 ~ 60.7
%5 4.2 - 2,7
A 7.9 , - | 10.5

These results, however, gave good agreement with the

values calculated for 2ecyanp-5-chloroacridine hydrochloride

-

(61.1%C, 2.97H, 10.2%N). o \

9. SEPARATION ‘OF ISOMERIC MIXTURE OF 2-CYANO- AND 4-CYANO-
-CHLOROACRIDINE

Method I

Separation by vacuum sublimation

0.05gms. of the isomeric mixture (see page \IL ) were
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sublimed at 140°/10"*mm. for thirty minutes. It was
observed that some yellow product had sublimed but this
material melted over 15° from 145-160°. The residue
left from the sublimation also melted over a range, from
150-165°, ‘

Method IT

Separation by fractional crystallisation

1.0gm. of the chloroacridines was dissolved in the
minimum quantity of hot acetone and the product allowed to
crystallise slowly. It was then flltered and the whole
process repeated six times to give a yellow crystalline
solid, m.p.168-176°. The yield of this product was .0lgms.

The filtrate from the first crystallisation was
evaporated to dryness and the resultant solid dissolved in
the minimum quantity of hot acetone. Thls was repeated
twice and the final flltrate evaporated to dryness to give
; yellow solild, m.p.189—191° Which showed no depression
of melting point with some pure 2-cyano-5-chlbroacridine.

It was obtained in a yield of almost .02gms. .

i
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SYNTHESES OF 2-CYANQACRIDINE DERIVATIVES FROM 2-BRONQO-4=-
CYANOBENZOIC ACID

1. PREPARATIQN QF 2-BROMO-4-CYANOBENZOIC ACID

Reference ; 2-Ghloro-4—nitfobenzoic has been prepared by
Albert and Linnell (10), 2-chloro-4-amino-
benzoic acid by Blanksma (31) and Kunchell,
Richartz (96) and 2-chloro-4-cyanobenzoic acid
by Yu, Magidson and Travin (163) from 2-chloro-
4-toluidine.
é-Bromo-4-aminotoluene has been preparéd by
nitrating 4-nitrotoluene and redﬁcing this to
thekamino-compound with iron and hydrochloric

acid (Higginbottam, Hill and Short (84)).

Preparation of 2-bromo-4-nitrotoluene

The method described in the reference, consisted of
'heating 140gms.v4-n1trotoluene and S5gms. iron powder on a
boiling watsr-bath after which 50c.c. bromine were added
over a period of two hours. The mixture was then heated'
 for a further 45 minutes ti1ll the evolution of hydrogen
bromide had almost ceased. After standing 12 hours, the
soiutipn was poured into a litre of hot water when a dark
oll separated. To this

a) a hot solution of sodiuﬁ bisulphite
bf-a hot solution of dilute hydrochloric acid
were added sematim. Cold water was then added and the

oil solidified out as a grey-brown residue.
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On purification it was found that‘only a small amount -
(l5gms.) of material, m.p.75b (m.p.Lit. - 76°).wa§ obtained,
moét of the nitrotoluene having been converted to 4-nitro-
benzyl bromide, m.p.98° (m.p.Lit.- 100°). By modifying

the me thod, however, a good yield of 2-bromo-4-nitrotoluene

could be obtaiped.
The following was the method finally adopted:
280gms. 4-nitrotoluene and 1lOgms. iron powder were
heated in\apsence of light above a water-bath and vigorous
stirring commenced. 100c.c. bromine were slowly added
over three hoﬁrs, at the end of which time heating was
continued till the evolution of hydrogen bromide had almost
ceased.
After 12 hours the hot solution was poured into a
1itre of hot water when a dark oll separated. To this
é) a hot sélution containing 30gms. sodium bisulphite
D) a hpt'solution of dilute hydrochloric acid
were added seratim. Cold water was then added and the
01l solidified out as a greyish residue, m.p.70-75°.  The
ﬁeéidpe'was dissolved inithe minimum amount of bbiling
glcohol and filtered. On cooling pale brown needles
separated, m.p. 76° (N-6.50%; theor.N-6.45%) m.p.Lit.- 76°.
Yield - 380gms. (theor.440gms.)..
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Preparation of 2-bromo-4-aminobenzoic acid

Method I

a) Preparation of 2-bromo-4-aminotoluene

Reference - (84}).
Method - 200gms. 2-bromo-4-nitrotoluene were refluxed above
a water-bath with 10c.c. concentrated hydrochloric acid,
500c.c. alcohol and 170gms. iron filings. The filings
were added gradually as considerable frothing accompanied
their addition. The mixture was kept at vigorous ebulli-
tion to prevent the iron from caking and the Ie ating
continued for nine hours after the last addition of iron.

The hot solution was made neutral with alcoholic

sodium hydroxide and filtered, the residue being washed
with boiling alcohol. The bulk of the alcohol was
removed by distillation and the hydrochloride of the base
precipitated with concentrated hydrochloric acid. The
hydrochloride was.basified with sodium hydroxide solution
and the layer of 01l which separated washed with water.
'The product was a dark brown oil which solidified on cooling}
and had the properties of a primary aromatic amine. A
sample was dried over solid sodium hydroxide and had a b.p.'
250-255° (b.p.Lit.- 254-257°).
Yidd -‘180gms. (theor. - 206gms.);

Note - Iron Powder. The iron powder for reduction of the

nitro group was prepared by etching ordinary iron
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filings with dilute sodium hydroxide, washing the
product with water, followed by alcohol, acetone and,
finally, ether. The iron powder was dried at 110°
and stored in a well-stoppered bottle.

b) Preparation of 2-bromo-4-acetamidotoluene

100gms. 2-bromo-4-aminotoluene were refluxed with
excess acetic anhydride, the solution cooled and a few
drops of concentrated sulphuric added. The solution was’
then warmed to 40°. On pouring the solution into much
cold water, white needles, m.p.111°, were obtained.
Yield - 102gms. (theor. - 122gms.) (m.p.Lit. - 113°).
Note - On refluxing the amine with glacial acetic and

sodium acetate, some diacetyl formation resulted and

the product was difficult to obtain crystalline.

¢) Preparation of 2-bromo-4-acetamidobenzoic acid

50gms. 2-bromo-4-~-acetamidotoluene were heated over a
water-bath at 65° in 1.5 litres water and 60gms. potassium
permanganate added in six batches of 10gms. at twenty
minute intervals. Some frothing occurred but the reaction
was not very vigorous. When all the potassium permanganate
had been added, the flask was transferred to an oil-bath
and the temperature raised to 120°. After six hours,
the reflux was discontinued and the mixture filt ered hot,
the acid passing into the filtrate.

A second 50gms. 3-bromo-4~-acetamidotoluene Were;
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heated to 95° in 1.5 litres water and the potassium
permanganate gradually added over two hours till a
bpermanent pink colour remained. After the lastiaddition.
of permanganate, the mixture was allowed to boil gently
above an oil-bath for six hours, the mixture then belng
filtered hot.  The filtrates, which were alkaline, were
shaken with ether to remove a small amount of tarry
material and the ether layer discarded. Concentrated
sulphuric acid was added dropwise till a permanent’
precipitate remained leaving pale pink solid, m.p.180-200°.
The substance wasg purified by dissolving the acid in
sodium>carbonate, boliling with animal.charcoal, filtering
and acidifying the filtrate with concentrated hydrochloric
acid, when cream-coloured needlés were formed, m.p.180-21¢F
(m;p.Lit.-"206°).
- Yo further purification was attempted at this stage.
Yield - First method, 19gms.
Second nethod, 32gms.

a) Preparation of 2-bromo-4-aminobenzolc acid

‘24gms. dry acetyl derivative prepared above was
refluxed with 100c.c. alcohol t1ll all the substance had
dissolved. 100c.c. concentrated hydrochloric acid were
added and refluxing continued for a further two hours.
During this time, some solid separated out. Thélalcohol
was then distilled, the resiaue cooled and filtered after

the addition of 50c.c. cold water. The 2-bromo-4-amino-




127

benzoic acid hydrochlorlde was obtained as almost white
needles. The free base was not isolated due to its
solubility in most solvents.

Yield -_18gms. (theor. - 24gm§.).

Method II

a) Preparation of 2-bromo-4-nitrobenzoic acid

Reference - J.A.Turnbull, private commianication.

50gms. 2-bromo-4-nitrotoluene were dissolved in
500gms. glacial acetic acid and 70gms. (excess) chromium
trioxide added. To this solution, 120gms. acetyl chlorilde
were slowly added from a dropping funnel with constant
stirring, and cooling of the reaction vessel with ice to
keep ‘the temperature below 20°. Stirring was continued
£111 all the chromic oxide had dissolved and then for a
kfurther thirty minutes at room temberature. The mixture’
was allowed to stand for twenty four hours at room
temperature‘and then poured into five times its volume of
water. This was extracted with one third its volume of
~ ether and the aqueohs portion discarded as it was found on
examination to contain no nitro-bromo-benzoic acid. The
ether layer was shaken with an equal volume of 5N sodium
hydroxide and the aqueous portion collécted;

Thgisodiﬁm hydroxide extract was acidified with
concentrated hydrochloric acid and a white crystalline

precipitate, m.p.163-165°, obtained.
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The.acid was recrystallised from boiling water to givellong
white needles, m.p.167° (m.p.Lit. - 167°).
Yield - 34gms. (theor. - 56gms.).

Preparation of 2-bromo-4-aminobenzoic acid

S4gnms. 2—bromo-4-nitrobenéoic acid were dissolved in
the minimum amount of dilute ammonia with warming and
poured into a boiling solution of 7 molecular équiValents
of hydrated ferrous sulphate (242gms. ) dissolVed in 500c.c.
water. The solution was treated with small portions of
concentrated ammonia at the boil; eéch additlion being
followed by vigorous agitation of the mixture. When
the solution was distinctly alkaline, it was boiled for

five minutes, care being taken that the solution was still
alkaline at the end of this time. The solution’ﬁas
filtered hot and evaporated to one third its original
volume.- »Concentrated hydrochloric acid was added to the
concentrate till no further precipitation occurred and the
' hydrochloride of tHe aminoacid collected as white needles.
A small amount of the free base wés prepared by treating
the concentrated ammonia solution with acetic acid, when

| white needles, m.p.187-191°, were obtained. (m.p.Lit.192°).
No further purification was attempted at ﬁhis stage.
Yield - 29gms. (theor. - 35gms. ) as\hydrochioride.,

Preparation of 2-bromo-4-cyanobenzoic acid

18gms.’2—bromo-4-aminobenzoic acid were addedito

()
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15c.c. concentrated hydrochloric acid and 100gms. crushed
ice. 7gms., sodium nitrite dissolved in: 50c.c. water was
rapidly run in, the temperature being maintained below 5°
with vigorous stirring. The excess nitrite was destroyed
with urea and the diazo solution allowed to stand at 0° for
15 minutes.

23gms. copper sulphate were dissolved with heating
with 7gms. sodium chloride in 100c.c. water and a solution
of 5gms. sodium bisulphite and 4gms. sodium hydroxide 1n
50c.c. water added with stirring over five minutes. The
cuprous chloride so formed was allowed to cool to rdom
temperature and settle and was then washed by decantation
three times. 200c.c. water were finally added, the
solution warmed and 20gms. potassium cyanide stirred till
solution was effected.

This gave a colourless coﬁper cyanide solution which
was heated above 90° and the diazo solution introduced
slowly with vigorous stirring. There was much evolution

of nitrogen. The temperature of the Sandmeyer solution
- was?ﬁaintained above 90° during the addition and the final
solufion was deep brown in colour.

The hot solution was acidified with concentrated
hydrochloric acid and filtered. On cooling, a light brown
powder was precipitated from the filtrate. 'As it was:

thought the acid would have some solubility in water, the
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filtrate was shaken with ether, the ether extract shaken
with sodium hydroxide and this added ﬁo concentrated
hydrochloric acid, when pale brown needles, m.p.180-185°,
were obfained. |

On recrystallisation from boiling water, cream
coloured needles, m.p.193°, were obtained.

Yield - iOgms. Analysis .E" 2hromo - bt <fano bengorc adid. , o N~ caleulabed Lz L Yoond 6§
. YA P CHAE 12 3

2. PREPARATION OF 5-CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

Method -
./\cooH ’ /\l [/ \c.oa\.\A /\
AN NS ne NSNIN S -

8.56gms. (1 eQuivaient) 2-bromo-4-cyanobenzoic acid,‘
.66gms. (.25~equivalent)v+ 2;61gms. potassium carbonate,
Bgms. of anhydrous sodium acetate and 12.5c.c. of cyclo-
hexanol were heated till a thermometer in the vapouri read
160°. During this some Qater was evolved due ﬁo the
interaction of acid and carbonate and it was feared that
this might cause decomposition of the nitrilé. No smell
of amﬁbnia»was discernable but this might have been masked
by the strong smell of the cyclohexanol. The vapour,
however, turned red litmus blue. |

Hea%ing was, therefofe, discontinued and when the

temperature had dropped to 100°, 4.43gms. of aniline and
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.65gms. of copper powder were added and the whole refluxed
on an oil-bath for six hours at 180°. A black tarry mass
resulted from which the cyclohexahol was removed by steam-
distillation. The residue while still hot was made
alkaline with ammonia, treéted with éharcoal and filfered.
30c.c. of acetone were added when the solution had cool-
ed and the mixture was acidified with concentrated hydro-
chloric acid. A yellow preqipitate turning almost
immediately to a black tarry mass resulted. On standing‘
overnight, a further yellow crystalline product appeared.
The total residue was filtered off and treated with 40c.c.
ammonia solution and 10c.c. acetone. The tar did not
completely dissolve so the solution was filtered and the
residue was seen to consist of two distinct substances, one
thre-coloured and the other sea-greén. On performiné a
physical separation of part of this residue it was found that
the ochre partion gave a m.p.about 184°, but that the green
portion (on standing on a porous plate) turned into a dark
tar, from which no m.p. could be obtained. On adding more
ammohia and acetone mixture to the residue complete solution
could®be obtained. It was thought that the difficulty
encountered 1n dissolving the residue was due to its
physical state and not to any difference in chemical
composition from the filtrate, so both filtrates we%e

combined and acidified with concentrated hydrochloric acid.




Again a yellow brecipitate was formed which quickly became
a dark tar, solidifyinglon standing. A further yellow
- solid crgstallised out on standing which could physically
easily be removed from the tar. This gave a m.p.l1l80-1v0°,
The total residue was filtered, dried and dissolved in
the minimum quantity of acetone. = The solution was allowed
to cool and water gradually added. A small quanﬁity of a
black tar was first formed and this was filtered, leaving an
opaque yellow solution to which ﬁore water was added and the
solution allowed to stand overnight. In the morning, a
bulky yelléw crystalline precipitate was present. This was
“filtered off, dried and gave a m.p.200°-204°,
On acidifying, the filtrate, a further crop of small
yellow needles were obtained. Some of these were examined
under the microscope and were seen to consist of clusters
of yellow needles. These were filtered and dried in a
vacuum desiccator. The bright yellow needles had a m.p.
218° and did not contain halogen. ]
Yield (from both fractions melting at 200° and 218°) - 4gms.

- (46% theor.).  No further purification of the tar was

atteﬁ%ted. )
Analysis Calculatéd (for Cy.Hyo02Nz) Eggggv
e 70.6 " 70.9
7H | 4.2 o 4.3

4N . 11.8" ‘ 11.9



LE>20/

The experiment was repeated using amyl alcohol and
maintaining the temperature of the reflux at 130° for four
hours. Less tar was produced by the method, a 60% yield of

the diphenylamine carboxyllc acid being obtained.

5. PREPARATION OF 2-CYANOACRIDONE

o
S Neoon 7N s \I/“\.|/ N
. _ |
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2.0gms. 5-cyanodiphenylamine-2-carboxylic acid were
refluxed with 4 c.c. phosphorus oxychloride at 140° as
described on page 3% . A dark tar was formed. The
excess phosphorus oxychloride was removed by vacuum
distillétion at 120° and the resultant black solid shaken
with water till all the solid had been removed from the
sides of the flésk. ‘&he,brownish suspension so obtained
was boiled for twenty minutes and the pale yellow solid
filtered and dried at 120°,

The powder was purified b&Jsublimation to gi&e yellow
needles. The needles charred at 330° but did not melt below
360°.

Yield - 1l.5gms.

Analysis Calculated (for 01;H80N2) - Found
% . 76.7 - | 76.6
H 3.6 3.7

%N 12.8 12.6
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4, PREPARATION OF 2-CYANO-5-CHLORQACRIDINE

1l.0gms. 2—cyanoacridone was refluxed with Zc.c. of
phosphorus oxychloride for thirty minutes, after which the
excess phosphorus oxychloride was removed by vacuum
distillation. To te residue a well-stirred mixture of
5c¢c.c. concentrated ammonia solution, 1l3gms. of ice and
5c.c. of chloroform was added. The flask was shaken on a
méchanical shaker for thirty minutes and the solution
decanted. A furthef portion of bc.c. concentrated ammonia
solution, 13gms. of ice and 5c.c. of chloroform was added
and the flask shaken till all the solid had dissolved.

The two flltrates were -then placéd in a separating
funnel and the chloroform layer removed. The aqueous
layer was furfher shaken with 10c.c. chloroform and this
was added to the first chloroform extract. This was dried
over-night over calcium chloride and filteréd,’an amber
filtrate being ebtained. The filtrate was allowed to
evaporate to dryness on a watch-glass at room temperature.
An elements test showed the presence of both halogen and
nitrégen.

A sample was purified by sublimation under vacuum at
180°/4mm. and the sublimed product analysed. The purified
product melted at 193° in a sealed tube.

Note - It was found that the chlorocacridine could also be

satisfactorily purified by crystallisation from hot

acetone.
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Yield - 1.0gm. (90%).

Analysis Galoulated (for Gy.HoNgC1) Found
%G 70.4 ~ 70.2
%H 2.9 , - 3.1
%N 11.7 | 11.6
701 14.9 | 14.9

5. PREPARATION OF 2-AMIDINO-5-AMINOACRIDINE

0.5gms. 2-cyano-5-chloroacridine were placed in a
flask with 7c.c. magnesium dried alcohol and 15c.c. dry
chloroform and dfy hydrogen chloride passed into the ice-
cooled solution (diagram on page 91 ).

The solution became bright yellow‘and a bright yellow
precipitate was formed which redissolved on further,passage
of hydrogen chloride. After twelve hours some long
shining needles were déposited. After a further nine
hours the apparatus was dismantled and the excess alcohol
and chloroform distilled under vacuum below 45°. The
bright yellow solid so obtained did not melt below 360° in
a sealed tube though it‘charred above 300°.

The above product was added to 80c.c. magnesium dried
alcohol which had previously been saturated with dry ammonia
at 0° in a pressure bottle. The pressure.bottle was sealed
and placed in a water-bath at 45°“for fifteen hours. At
the end of this time, yellow crystals were seen to have beer

deposited. The mixture was evaporated to dryness under
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vacuum at 45°. The crystals were dissolved in cold water
with continued shaking and‘solidkammonium nitrate added.
_The resultant yellow-green precipitate was filtered, dried
and pale yellow needles which did not melt below 360°
obtained.

Yield - 0.8gms.’

Analysis Calculated (for C;aH;a0eNg) * Found

9C . 46.4 , - 45.9
%H v‘ , 3.9 ' C 4.1
BN 23.2 : | 23.6

0.5gms, of the above mitrate were shaken with 30c.c.
alcoholic potassium'hydroxide t1ll complete solution had
been effected. | '

‘vhe white inorganic residue was removed by filtration
and benzene added to the filtrate. 'Affer twenty four
hours, orange needles were deposited; m.p.304°,

Yield - O.2gms.

Analysis églculated (for C3,HygN,) Found
%c 71.2 : 71.0
;S 5.1 o 4.8
BN . 23.7 . _ 25;5.

.

6, PREPARATION OF 2-CYANOACRIDINE

1.0gms. 2-cyano-5-chloroacridine were dissolved with
shaking for two hours in 30c.c.. alcohol and 10c.c. sulphur-

free benzene and lgm. palladium-calcium carbonate catalyst
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added. On shgking under hydrogeﬁ the gas was slowly

" absorbed. = The reduced compound was filtered, the residue
washed With‘hot alcohol and the deep red solution,
fluorescing red—biue; evaporated to dryness. The red
solid so obfained, the dihydrocompound was washed with
water to remove all inorganic material and added to 1ll5c.c.
boiling water containing 6c.c. 25% sulphuric acid. The |
compound was then oxidised to 2-cyanoacridine and isolated
from the resultant mixture by a method identic=l with that
employed in- the preparation of l-cyanoacridine (see paged2 )

The éompound was purified by sublimation under vacuum

at 200° to give yellow needles, m.p.191° which did not
qontain haldgen.‘

Yield - 0.6gms. (70% theor.)

Analysis = Calculated (for C,,HgNz) ~ Found
%C - 82.3. A 82.1
7H 5.9 . aa

%N 137 | | 1.4




13%

SYNTHESES OF 4-CYANOACRIDINE DERIVATIVES

1. PREPARATION OF 2-CHLORQ-6-NITROTOLUENE

Reference - (54)
‘ 50gms. completely dry and pure as possible 2-nitro-
toluene were treated with 10gms. antimony pentachloride and
dry chlorine passed until the increase in weight of the
reaction mixture amounted to about 1l3gms. The reaction
mixture was cooled from the start of the reaction in lce-
water mixture and the stream of chlorine so arranged, that
the temperature of the reaction mixture was kept at 30-40°.
The reaction product was washed with dilute hydro-
chldric acid, water and sodium hydroxide and dlstilled in
superheated steam. The yellow oll passing over was
separated from the aqueous layer, but on standing did not
give a solid and liquid fraction as Jansen (D.R.P.107505)
was able.to obtain. The liquid contained halogen and
boilled about 220°. (b.p.Lit., 2-chloro-6-nitrotoluene, -
238°). A smail portion of the oil Waé oxidised with
chromic :acid, glacial acetic acid and acetyl chloride and
white needles of chloronitrobenzolc acid obtained, m.p.
145.155°, .M‘,,P.Lit.,' 2-chloro-6-nitrobenzoic acid - 1619

m.p.Lit., 2-chloro-4-nitrobenzoic acid - 140°.

!
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2. PREPARATION OF 3-NITROPHTHALIC. ANHYDRIDE

Reference - (34).

7\ coou /' Neo
| ——= | | >

N5 \/A/

NOy, NO,_

‘Laurent (97), Faust (64b) and Miller (120b) all stated
that the anhydride is formed by the action of heat on the
acid. Lipschitz (109) reported that by careful heating of
the acid at 220°, even in a gstream of COz he obtained only a
brown melt containing decomposition products with the odour
of NOg; and benzaldehyde. The authors of the above paper
were in agreement with the earl%er workers however.

Accordingly, 15gms. of 5~nitro—phtha110‘ acid (prepared
as shown on page a7 ) were heated in a small flask in an
oil-bath at 235-240° until water vapour ceased to be given
off (about three hours were required in the present case
though the abové-authors using simllar guantities required
six to eight hours heating). On cooling, a light brown
crystalline solid appeared, which was nearly pure anhydride
and after a single recrystallisation from boiling glacial
acetic acid, cooling and filtering, almost colourless needle
melting 160-163° were obtained. The above authors claimed
that the pure anhydride is colourless and meits at 163° but

no furtheér purification was attempted at thié stage.
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Note - The above authors'suggested that if there was any
indication of the presence of unchanged acid the
product should be recrystallised from acetyl chloride
which like-wise converts the acld to the ahhydride
(Leupold, Lipschitz (109)).

The anhydride was easily soluble 1n acetyl chloride or hot

glacial acetic acid, moderately so in acetone or hot alcohol

and very sparingly soluble in benzene.

Yield - 10gms. (theor. - 13.6gms.).

7N 7N

‘[3 CooH .
{ lcg ! CooH
N < NS
NO,, Cl

1l0gms. of S-nifro—phthalit anhydride and llgms. of
PCls were heated together in a Carius tube for six hours at
175°, From the contents of the tube, yellow-brown crystals
were separated, which afﬁer crystallisation from a mixture of
benzene and naphtha, formed nearly colourless needles,
m.p.122°.

On boiling,fhe anhydride obtained abé%e for several
hours with dilute hydrochloric acid, the correspénding
3-chlorophtha1ib, acid was obtained. This was filtered
off. The acid dissolved in hot water and crystallised in

almost colourless needles on ®mooling, m.p.l86°%m.p.Lit.- 180°



Il

Yield - 5.4gms. (some material was lost in opening the

Carius tube).

4, PREPARATION OF DIPHENYLAMINE-2-3-DICARBOXYLIC ACID

coot ‘eoou
/\COO(.l VRN s \cool-l 7 N
| . | —1 | |
NG NN N SNNIN S

2.5gms. 3-chlorophthalic acid, 2gms. of aniline and
2.0gms. of dry powdered potassium carbonate were warmed in
the presence of 0.5gms. of copoer powder in 15 c.c. iso-
amylalcohol with stirring till weak ebullition of the
glcohbl was observed. During this, small amounts 6f water
and alcohol distilled over, the former of which was formed
during the reaction. After four hours the reaction
mixturé wéé filtered hot. The amyl alcohol was removed by
steam distillation and the aqueous solution of the potassium
salt filtered hot to' remove tars, boiled with charcoal,
filtered and the filtrate treated with concentrated hydro-
chlérié acid at 90°. A dark brown residue, somewhat tarry
was formed. Purification: was attempted by using aqueous
aceténe But the product was still precipitated as a tar.
Trea?ment of a small portion of the tar with chromic acid
resulted in%he formation of a deep purple colour, indicat-
ing the presence of a diphenylamine.

On warming the tar with benzene, a yellow filtrate was

obtained and a small amount of dark brown solid remained
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undissolved. This was removed by filtration at 80°. On
' cooiing, yellow-green needles were precipitated from the
filtrate and after standing in the refrigerator overnight,
were filtered off and dried in a vacuum desiccator. The
filtrate was evaporated to dryness on a steam-bath and more
yellowish substance (amorphous) obtained.

| The residue was redissolved in ﬁhe minimum quantity of
benzene and boiled with a little animal charcoal, filtered
and the filtrate left 6vernight in the refrigerator.
Yellow needles were obtained and these were filtered through

a sintered-glass crucible, m.p.178°.

Analysis | Calculated (for C,p H;,;0.N) Found
%G 65.9 65.6
o JH ' 4.2 , 4.5
IN | 5.4 ) 5.7

5. PREPARATION OF 4-CARBOXYACRIDONE

', Method -
' o
© COOM coot 1
. /\eoou' 7N l/\l/\l/\‘ -
| O —-
\/\‘;"/\/ N \T\/ NS

0.5gms. of the above acid and lc.c. phosphorus oxy-
chloride were refluxed for half-an-hour, the excess reagent

distilled off under vacuum and the pesidue bolled with water
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for half-an-hour and dried at 120°. The product was
yellqw ih colour and dissolved in alcohol readily with no
fluorescence even under the U.V. lamp. It had a m.p.
from 150-160° and showed none of the other characteristics

of an acridone.
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SYNTHESES OF 5-CYANQACRIDINE DERIVATIVES FROM
4-AMINOBENZONITRILE

1., PREPARATION OF 4-AMINOBENZONITRILE

Reference - 4-Nitro£oluene was converted to 4-aminobenzalde-
hyde (54) with sodium hydroxide and sulphur.
The 4-aminobenzaldehyde was treated with acetic
anhydride to give 4-acetamidobenzaldehyde
(Hodgson and Beard (85){ which was converted to
the oxime (Gabriel and Herzberg (v'/)). The
oxime on refluxing with acetic anhydfide gave
4-acetamidobenzonitrile which on refluxing with
2N hydrochloric acid gave 4-amlnobenzonitrile
(Ashley etec. (17})).

Method T )

Preparation of 4-aminobenzaldehyde

CH,S ‘ cHO
N 7N\
l I S+ NaOH , ‘
NS NS
NO NH :
P8 2 .

50gnms. sﬁlphur were refluxed with 80gms. sodium
hjdroxide and 200c.c. water untll all the sulphur had
dissolved. -~ 40gms. 4-nitrotoluene dissolved in =z00c.c.
alcohol were then added and the whole refluxed for half-an-
hour. The resulﬁant liquor vwas steam-distilled to remove

most of the alcohol and any 4-toluldine which had been
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formed, after which it was e¢xtracted with ether and the

ether extract evaporatcd to dryness. A yellow powder of

4-aminobenzaldehyde, m.p.70° (m.p.Lit.= ¥1°) was formed
which, on standing, formed_an insoluble orange polymerisa-
tion product.

Yield - zbgms. (theor.3bgms.).

Note - By adopting & modification of Beard and Hodgson (zb)
and, after steam-distillation, converting the non-
volatile 4-aminobenzaldehyde to the sulphate ﬁhus
preventing polymerisation, 2 75% yleld of 4-amino-

benzaldehyde was obtained. o

Preparation of 4-acetamidobenzaldehyde

| 3z2gms, 4-aminobenzaldehyde were suspended in o0c.c.
water and 50c.c. glacial acetib acid added. The base
gradually tﬁrned red. To this 40c.c. acetic anhydride
were gradually added and the solution boiled for five min-
utes after it became clear. The solution when cool was
then poured into much ice—water\and the acetamidobenz-
aldehyde allowed to crystallise out as pale yellow needles,
m.p.150° (m.p.Lit.- 155°}). |

Yield - 43gms. (theor. - 4bgms.).

Preparation of 4-acetamidobenzaldoxime

43gms. 4-acetamidobenzaldehyde were dissolved in the

minimum amount of alcohol and 30gms. hydroxylamine hydro-
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chloride in sodium hydroxide solution added and the whole
refluxed for an hour. To this hydrochloric acid was added
until the solution was acid. On cooling, the oxime
crystallised out as cream coloured needles which were
filtered and dried at 110°. M.P. - 192° (m.p.Lit. - 194°).

Yi¢ld - 4'/gms. (theor. - 4&gms.).

Preparation of 4-aminobenzonitrile

Phe dried oxime (47gms.) was boiled for one hour with
50c.c. acetic anhydride. After stirring into ©00c.c.
ice-water, the solution was neutrallsed and the resulting
4-acetamidobenzonitrile collected and added to 400c.c,
boiling 2N hydrochloric acid. Boiling was continued for
twenty minutes. The solution was filtered hot to remove
insoluble impuritles and the resultant clear solution
cooled in ice, neutralised and the precipitated 4-amino-
benzonitrile collected as a light brown powder. On
recrystallisation from boiling alcohol with animal charcoal,
brown needles werc obtained, m.p. 84° (m.p.Lit. - 86°).
Yield - zogms. (theor.- 3cgms.).

Method II

Preparation of 4-nitrobenzonitrile

90gms. powdered 4-nitraniline were treated with 1kOc.c.
concentrated hydrochloric acid and the mass stirred for

half-an-hour until completely changed to the pale yellow
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hydrochloride.‘ 1500c.c. water were then added and the
mixture thoroughly stirred.

The suspended nitraniline was diazotised by slowly
adding a solution of 4Zgms. sodium nitrite in water to the
well-stirred solution. At the end of an hour all but a
little of the orange nitraniline-had changed to the dark
green flocculent diazo compound. No external cooling was
necessary as the diazo compound was very stablc at room
temperatures.

the flocculent diazo compound was then decanted, any
unchanged nitraniline remaining behind due to its much
greatér density. The suspended diazo-body was slowly
poured into a potassium cuprocyanide solution prepared from
‘ IBOgﬁs. hydratced c§pper sulphate, 100uUc.c. water and =zu0Ogms.
‘potaséium cyanide. The cuprocyanide solution was maintain-
ed abowe 9Y0° during this reaction which was accompanied by
vigorous stirring during the addition of the diazo compound.
After the last addition, the solution was boiled for five
minutes and the boiling solution filtered through glass-wool
Un cooling, orange ncedles of 4-nitrobenzonitrile were
deposited from the filtrate. On boiling the tar which
remeined on the glass-wool with 1b litres of water and
filtering, considerable qguantities of almost pure nitrile
" were obtained on cooling. Only a small amount or tar was

1cft at th. end of these exXtractions.
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48 the product so obtainsd had m.p.loo-140°, it was
further purified from boiling carbon tetrachloride to give
goldsn scales, m.p. 1l4o¥ (m.p.Lic. = 149Y).

Yield - Ylgms. (theor. - Yogms.). |

Preparation oi =z-aminobecnzoniirile

cbUgms. stannous chioiride were dissolved in 210c.c.
concentrated hydrochloric acid and the solution vigorously
stirred while b0gms. 4-nitrobenzonitrile were added at such
a rate that the tempcrature of the solution remzined at
50-40°. As the action progressed, the nitrobenzonitrile
gradually dissolved and the reaction was complete in é few
hours. Towards the end of the reaction, white ncedles of
the hydrochloride were precipitated. Thé precipitation of
the hydrochloride was completed by the addition of 400c.c.
concentrated hydrochloric acid after which the mixture was
allowed to stand at 0° for lz hours. The hydrochloride was
then filtered through sintered glass and the residue washed
with concentrated hydrochloric acid to remove any tin, sucked
as dry as possible and the free base liberated by addition to
an excéss of moderately dilute ammonia solution, the precip-
itatéd base belng washed with water till free from ammonium
'chloride, dried and crystallised from carbon ﬁetrachloride,
m.p.85° (m.p.Lit. - 80°%).

Yield - s7gms. (theor. - 40gms.).
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2. PREPARATION OF 4 -CYANODIPHENYLAMINE-2-CARBOXYLIC ACID

Reference - Albert and Gedhill (9).
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nagms. z-chlorobehzoic acid, 8gms. potassium carbonate,
'.2gms. sodium acetate and 50c.c. cyclohexanol were heated
until a thermometer in the vapour reglstered 1lo0° (to remove
all the water). The mixture was cooled to 100° and lsgms.
Q-aminobenzopitrile added with O.2gms. catalytic copper
powder and the whole refluxed on an oil-bath at 180° for
six hours. After steam~-distillation to remove the cyclo-
nexanol, the residuc was made alkaline with ammonia, diluted
to o00c.c., treated with charcoal and filtered. oQc.c.,
acetone viere added when the solutioh had cooled tov room
tempcrature and the mixture acidifiéd wit., concentrated
hydrochloric acid. The precipitate was filtered from the
colution of z~chlorobenzoic acid, dissolved in 80c.c. water
with ammonia and treated wilth <Oc.c. acetonec. Acidification
with concentrated hydrochloric acid gave pals¢ brown crystals,
m.p.210°, which were recrystallised from lo parts of boiling
alcohol giving a 50% yie¢ld of 4’-cyanodiphcnylamine-z-
carpboxylic acld as creamy white crystals, m.p.<25° (m.p.Lit.
225°).

Yield - lzgms. (theor. - zogms.).



5. PREPARATION OF 3-CYANOACRIDONE

Reference - Albert and Gedhill (9).

"
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bgms., 4'—cyanodiphenflamine-z;carboxylic acid and lzc.c.
phosphorus oxychloride were refluxed for half-an-hour. At
the end of this time the excess reagent was distilled and the
residue boiled with water for thirty minutes and dried at
120°. The acridone was purified by dissolving it in cold
alcoholic sodium hydroxide, filtering and reprecipitating
with acid to give a palc greenish-yellow product which did
not melt below ©00° and was almost insoluble in organic
solvents. The acridone was purificd by sublimation to give
vellow needles.
Yield (after sublimation) from bgms. starting material -

4.5gms. (theor.'- 5.6gms. ).

4. PREPARATION OF 5-CHLORO-3-CYANOACRIDINE ﬁ
5gms. 3-cyanoacridone (.3<moles) were mized with loc.c.

(1.70 moles) phospﬁorus oxychloride giving a green fluore-~

scence. The mixture was slowly heated tb 90° when consider-

able frothing occurred énd the temperature was not allowed

to rise any higher, iWhen all the solid had dissolved and

the frothing subsided a dark brown solution resulted. The

temperature was then raised to 140° wherc it was maintained
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for two hours, after which time the excess phosphorus
oxychloride was removéd by vacuum distillation. The flask
was cooled and a well stirred mixture of 20c.c. concentrated
ammonia, b0gms. ice and 200.0. chloroform added and the
Wwhole shaken for half-an-hour. The liquia was then
decanted and the residuc shaken with a further 20c.c. ammonla
and 20c.c. chloroform for half-an-hour. At the end of this
time only a small amount of soliu remained undissolved and
the two filtrates were placed 1n a separating funnel ana

tiic chloroform layer removed. The aqueous portion was
shaken with a further zOc.c. chloroform and this added to
tine first chloroform extract. These were dried with 1Ogms.
c;lcium chloriue, filtered and a brown filtrate obtailned.

A small amount of a dark residuc was left behind on the
filter-paper with the calcium chloride.

The filtrate was allowed to evaporace to dryness at
room temperature and a yellowish-brown crystalline residue
obtained, m.p.1l78-181°. |
Yield - 4gms. (theor. - 5.cgms.).

Purification of 3-cyano-5-chloroacridine

Freshly prepared chloroacridine had some solubility.in
alcohol but couid not be satisfactorily‘crystallised I'rom
it. Materiul which had béen standing decomposed on
warming with alcohol, liberating hydrogen caioride gas, to

the acridone, no m.p. below 360°.
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Analysis | Caleulated (for Ci4HgONg) Found
%C 76.72 | 70.9
%H | 3.04 | ' 4.0
%N - | 12.48 | 12.6

The chloroacridine was dissolveda in ine minimum amount
of hot acetone, filtered to remove a little 1insoluble
matter, and cooled, when a fine crystalline meal of yellow
needles was obtainad, m.p.183°, at which temperature a red
ligquid was formed from which, on cooling, a red solid, not
melting below 300° on reheating, was formed.

Yield - 1.5gms. (from 2gms. crude product).

Analysis Calculated (for Cy4HeNgCl)  Found
%C - 70, 4 3-eyqane - §- z\n‘uwafridw\b 70. 5%
%H : 2.9 .8
%N : 11.7 11.4
%C1 14.9 o 14.9

Note - It ﬁas found that, on standing, especially exposed
to sunlight, the chloroacridine decomposed to a
 ,redd1sh-brown solid which was almost insoluble in
srganic_solvents and did not melt below 300°. The
‘purity of the compound did not appear to affect the

rate of this decomposition.
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5. PREPARATION OF 5-AMIDINO-b-AMINOACRIDINE

Method -

— % vacuom

—>
Hel dried L”i passaqe l
u\muc\h Conc . H,_Sc“_

4 reackion \)usd.

0.75gms. of b-cyano-b-chlorbacridine were placed 1in a
flask with bubbler (as in dlagram) with Yc.c. Mg.dried ethyl
alcohol and 15 c¢.c. dry chloroform. The chloroacridine was
first dissolved in the chloroform to give a bright yellow

solution and the alcohol added.

cl ocHg NH, v
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I/ \‘ /\i/\lcu l/ \‘ s \\/ \l'c.uu l/\ P N N
N IS N SN\ \/’ \w’\/l

The flagsk was placed in the gpparatus shown above aﬁd
immersed in a bath at 15° below which temperature the
nitrile tended to crystallise. Suctlon was applied and
dry hydrogen chloride passed through the apparatus. The
solution became brighter in colour and a bright yellow
precipitate was formed which redissolved on further passage
of hydrogen chloride. After seven hours, the hydrogen
chloride was stopped and the apparatus’sealed-at both ends
with clips to prevent the entrance of moisture. After
twelve hours, it was obscrved that a small guantity of

shining needles had been formed and on starting the passage



154

of the hydrogen chloride again the precipitate increased in
size. Hydrogen chloride was passed for a furthsr nine
hours and the apparatus dismantled.

The excess alcohol and chloroform were distilled under
vacuum at 40-45° anﬁ the dry hydrochloride of tne imino-
ether which was bright ye¢llow in colour obtained. It was
found that the compound did not melt below 300° in a sealed
tube though i1t charred above $00°. On exnosure to air,
the dry yellow powder became sticky and bright orange in
colour. On further standing this orange powder also became
dry. This behaviour 1s in agreement with imino-ether
formation since these are in generai unstable in air being
decomposed by the slightest traces of water. A sample was
sent for analysis in a sealed tube (after drying under
vacuum over sodium hydroxide). Due to the compound’s

instability no purification was attempted.

Analysis Calculated (for C,gHys5O0NzClz) Found
%C . 53.8 | 55.8
%H 4,2 4,1
%N .9 | 8.3
901 29.7 | 29.5

The above product was added to 80c.c. of Mg. -dried
alcohol which had previously been saturaved with dry
~ ammonia at 0° in a pressure bottle. The bright yellow

solid immediately turned pale yellow on addition (due

4
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probably to the formation of the free base) and soon
diésolVed to give a bright yellow solution fluorescing
yellow-~-green. The pressure bottle was tigntly sealed and
maintained at 45° for fifteen hours. At the end of this
time, large yellow crystals were seen to have been deposited.
The pressure bottle was allowed to come to room temperature
and opsned. The crystals were filtered off and"when dry
welghed O.5gms. The compound didvnot mclt below 300° but
became dull brown about this temperature.

The filtrate was evaporated to dryness at 4b-50° under
reduced pressure and gave a yicld of U.ogms. materlal,
which also did not melt below 500° but became duller in
colour, Both portions were insoluble in chloroform; ether,
acctone and moderately soluble in alcohol and waﬁer.
Since thg product was completely insoluble in chloroforﬁ none
of the originai cyanoacridine remained. un the addition of
nitric acid and silver nitrate, a yellow precipitatse,
insoluble in ammonia,as well as a white one of silver halide,
soluble in ammonia was obtalned (i,e. ionisable halogen was
present). On the addition of hydrochloric acid, glacial
acctic acid or sulphuric acid, the colour of ayueous
solution decreased and a blus-yellow fluorescence developsd.
The solid was sparingly soluble in acid solution. On the
‘addition of sodium hydroxide or ammonium hydroxide to the

.

aqueous solution, a bright yollow solucion was obtained with
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a strong yellow-green fluorescence. Ihe material was more
soluble in alkali than in acid.

On the addition of ammgnium nitrata‘to acid or necutral
solutions a flocculent, amorphous yellow preciplvate was
obiained. 1the chromave wés also very insoluble. un
boiling with water, ammonia was.evolved and the cold agusouus
solution turned red litmus bluc. From the above eviuvnce,
it was deduced that the product consisted of a mixture of
.ammonium chloride and the amidine hydrochloride, thc¢ chloro
in position b- having been converted to an amino group by
the action of ammonia in alcohol under pressure.

Accordingly, 0.5gms. of the yellow crysials were
shaken with 50c.c. water for 30 minutes and filtered as all
the solid had not dissolved. o the filtrate, solid
ammonium nitraté was added and a yellow precipitate obtained.
This was filtered and washed with water till the washings
were free from halogen. The res;due was dried in a
vacuum desiccator and halogen was found to be absent. The
yellow-orange precipitate decomposed at z00°, the residue
starting to melt with charring at z80°. It did not
dissolve in water, but dissolved slightly in ammonium
hydroxide and completely in sodium hydroxide on gentle
warming to give a bright yellow solution in low concentratior
The substance was soluble in alcoholic sodium hydroxide

giving a green-ysllow fluorcscenccs.
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Yield - O.4gms.

Apalysis © Qalculated (for Cp4.H;.0¢Ng) Found
» ) F-amiduno -S-amwmo acridune dinibrate
%G 40,2 45.9
%H 3.9 4.2
%N 23.2 23.0

\O.Igm. of the material was dissolved in alcohol and the
solution teated with a saturated solution of picric acid in
élcohol and the resultant solution allowed to stand overnight.
Cubic orange crystals separated out. The crysvals darkened
at 200° but did not melt below 360°.

0.3gms. of the nitrate were dissolved 1n 50c.c.
‘alcoholic potassium hydroxide, the solution filtered and
evaporatcd to half its bulk at room temperature. 50c.c.
benzene were added and the mixfure allowed to stand for
twenty four hours. Orange needles were deposited,
m.p.500°, with decomposition.

Yield - 0O.Zgms.

Analysis Calculated (for CygHigNg) Found
%c | . 71 . 2 - avidino - §- amine acvid ine Y 1 . 4
%H . 5.1 5.3
%N 23,7 , 25.4

Note - It was found that no red dye could be obtained on
treating the diazotised amino-amidinoacridine with

f*-naphthol under normal conditions.



0. PREPARATION OF 3~CYANQACRIDINE

0.3gms. potassium hydroxide were dissolved in 0.5c.c.
water and diluted with zOc.c. alcohol. This solution was
added to a suspension of 1.0gm. 3-cyano-b-chlorocacridine in
5c.c. benzene and the solution shaken till a clcar yellow |
solution was obtained. This solution took several hours toi
accomplish. About 0.'7gms. Raney-nickel catalyst were added
and the air in the flask replaced by hydrogen. Shaking was
resumed until no more hydrogen was taken up (about twenty
four hours). Air was admitted and the mixture warmed on
a water-bath to dissolve the preciplitate of acridan; the
pyrophoric nickel was then filtered and extracted with
3 volumes of bc.c. boiling alcohol.

The combihed filt rates were taken to dryness, the
residue washed twice with 10c.c. water at 80° to remove
inorganic material and the residue added to ibOG.C. boiling
water containing bc.c. 20% sulphuric acid.  Mechanical
stirring was begun and 0.8gms. potassium dichromate (one
equivalent) dissolved in oc.c. boiling water were added in
two equal portions, five minutes apart. After ten
minutes further boiling and stirring, 1.ogms. potassium
dichromate in llc.c. water were added to precipitate the
cyanoacridine as its insoluble dichromate; boiling was
continued(for five minutes more and the mixture cooled and

refrigerated overnigut.
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The precipitate was then filtered, suspended in 50c.c.
hot water, treated with /c.c. concentrated ammonia solutlon,
brought just to the boil, cooled, filtered and the residue
washed with water. The precipitate was dissolved 1iIn two
equivalents of hot dilute hydrochloric acid and filtered
from a trace of acridan. The acridine was precipitated
with ammonla and dried.

The product was purified by vacuum sublimution at 200°
and yellow needles,'m.p.204°, were obtained.

Yield -~ 0.1lgm. (1lz% theor.).

Analysis Calculated. (for C,4HgNg) Found
%G 82.3 82.3
9H 5.9 | 4.0
N 13,7 | 16,4

The experiment was repeated using palladium-calcium
carbonate catalyst as described for l-cyanoacridine on
page Q2 . By this method, a /5% yileld of S-cyanoacridine

was obtained.

‘. PREPARATION OF 5-CYANO-5-ETHOXYACRIDINE

O.bgm. 3-cyano-5-chloroacridine were added to a solution
containing 0.3gm. potassium hydroxide in z0c.c. alcohol and
‘the solution gently warmed. The solution became bright
yellow and a white crystalline precipitate was deposited
which was filtered and found to bec potassium chioride. the

filtrate was evaporatid to dryness and recrystullised from




agueous alcohol as

Yield - 0.35gms.

Analxsis
%C
%H

yAll

yellow needles, m.p.z00°.

Calculated (for CygHigONg)

7.2

4.8

11.5

Found

10.8
4.8

11l.0

160
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SYNTHESTS OF 3-CYANQACRIDINE DERIVATIVES FROM <-CHLURO-b-
CYANOBLNZOIGC ACID

1. PREPARATION OF 2-CHLORO-b-CYANOB&NZOIC ACID

Preparation of z-chloro-b-nitrobenzoic acid

Reference - Goldberg & Kelly (78)
(cf. Hubner, Annalen (88)).

100gms. of o-chlorobenzoic acid were dissolved in
300c.c. sulphuric acid and a solution of nitric acid
(52c.c; sp.gr.l.5) in sulphuric acid (o8c.c.) added with
stirring at such a speed that the reaction mixture maintained
itself at 50-55°. After some hours, the mixture was added
to an excess of ice and the pale pink precipitate collected,
washed and dissolved in three litres of boiling water. The
solution was allowed to come to 40° and the crystals of
2-chloro-5-nitrobenzoic acid, m.p.l64°® (m.p.Lit.- 165°)
collected and washed with water.

Yield = 90gms.

Preparation of z-chloro-b-cyanobenzoic acid

bogms.of 2-chloro-5-nitr05enzoic acid were didsolved in
the minimum quantity of hot dilute ammonia and poured into
a boiling solution of seven molecular eguivalents of ferrous
sulphate (485gms.) in one litre of water.

The solution was treated with small portions of

concentrated ammonia, each addition being followed by
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vigorous agitation of the mixture. When the solution was
distinctly alkaline and a deep brown residue had formed
it was boiled for five minutes, care being taken that the

solution was still alkaline at the end of that time, and

the product filtered hot to give an amber-coloured solution.

30c.c. concentrated hydrochloric acid were added to
the above solution and the whole cooled to 0°. b0gms. of
ice were added and lzgms. sodium nitrite in o0c.c. water .
run in with stirring, the end-poinﬁ being obtained with
starch potassium lodide paper and the solution allowed to
stand for fifteen minutes at 0°. A small brown precipitate
had formed and this was filtered to give an amber-coloured
filtrate which gave a red dye with alkaline /?-naphthol.

40gms. hydrated copper sulphate and 10gms. sodium |
chloride werc heated to boiling and a solutioﬁ containing
8gms. sodium bisulphite and ogms. sbdium hydroxide in
100c.c. boiling water added over five mlnutes. The
chloride was allowed to settle to room temperature and
washed by decantation after which excess (dogms.) pota351um
cyanide was added and the solution (300c.c.) heated to
boiling. The diazo solution was gradually added to this,
the temﬁerature being kept above 90°, when a very dark
brown solution was obtained with a brisk evolution of
nitrogen. |

The cooled alkualine solution was treated with excess
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concentrated hydrochloric acid and the residue tiltéred
off. The filtrate was extracted with cther and tiie dried
ethereal extract evaporated to dfyness. The combined
residues were dissolved in the minimum gquantity of boiling
water to remove any copper salts and the whole filtered.

The cyano-chloro-benzolc acid crystallised out on cooling

and wés filtered off. As the acid has somec solubility in

water, the filtrace was exvracted with cther and the ether

extract evaporated to dryness. Cream coloured needles

were obtained, m.p.l7¢°

Analysis Calculated (for CgHga0gNC1) Found
%G 53.0 52.5
%H ' 2.2 | .4
%N . 7.8 V.9
%c1 19.3 19.0

Yield - 29gms.

2. PREPARATION OF 4-CYANO-DIPHENYLAMINE-2-CARBOXYLIC ACID

h NC,/\COOH / \ : MC/ \ / \

S s

NS NS \/\w‘\/

4.3gms, of z-chloro-o-cyanobenzoic acid and 1.0gms.
potassium carbonate were refluxed in zuc.c. amyl alcohol
t111 a thermometer hcld in the vapour read 1luu® and all

the water formed had becen removed. ihe temperature of
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the solution was then allowed to drop to 100° and ©.bgms.
of aniline added with U.lgm. of copper. The whole was
allowed to reflux in an oil-bath at 180° for four and a
half hours and the product steam-distilled fo remove the
amyl alcohol and any excess aniline.

The solution wes then made alkaline with ammonia,
wnimal charcoal addcd anu the whoie filtered. The
charcoal and some black tar remained on the filter-paper,
the filtrate being deep-brown in colour. The filtrate
was allowed to cool, 5c.c. of acetone were added, followed
by concentirated hydrochloric acid to distinct acidity
and a dark brown tar was deposited. This sovlidified on
stanaing and was filtered. The resiauc was dissolved in
sodium carbonate solution, boiled with a little animal
charcoal, filtered and the filtrate re-acidified with
concentrated hydrochloric acid. A dark brown tarry solid
was depositied, which became quite hard on standing.

This was filtered off and dissolved in the minimum
quantity of hot acetone. Hot water was added to the hot
solution till it became opaiescent and the whole cooléd in
- a refrigerator. Small yellow needles were obtained;
m.p.170-173°. . 4

The crystals were redissolved in the minimum amount
of acetone, boiled with a litctle animal charcoal, filtered

and hot water added to the filtrate. On standing, yellow
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needles were formed which melted sharply at 1vo°.

Analysis Calculated (for C,4.H1005Ng) Found
%G 70.6 . '70.4
7H | 4 | 4.3
%N 11.8 11.7

Yield -~ Zgms.

5. PREPARATION OF 3-CYANOACRIDONE

A
Mr\m“r\! M(w/\rj
_ | ‘ -
N NTNS ) LN NS

lgm. 4-cyano-diphenylamine-z-carboxylic acid was
refluxed with Zc.c. 6f phosphorus oxychloride for half-an-
hour and the excess phosphorus oxychloride then rembved
by vacuum distillation. The product was boiled with
water for half-an-hour and a dark green precipitate
obtained which was filtered, dried and purified by
sublimation at atmospheric pressure, to give a bright
yellow sublimate which did not melt below 300° butcharred
about this temperature. It was sparingly soluble in most.
organic solvents but imparted a green-yelLOW fluorescence

to the alcoholic solucion.

Analysis - CGalculated (for C;,HgONg) Found
%G To.7 7.0
%H 3.0 | 3.7
%N 12.8 1z.8

Yield -.7gms.
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4. PREPARATION OF 3-CYANO-5-CHLOROACRIDINE

lbb

0.5gms. 3-cyanoacridone were treated with Zc.c.

phosphorus oxychloride as described on page 39 .

1 Ihe

yellow solid obtained on «vaporating the chloroform

extract to dryness was purified by vacuum sublimation at

200° to give yellow needles, m.p.1l83°. A mixed m.p. with

b=-cyano-b-chloroacridine pre¢pared from 4-aminobenzonitrile

showed no depression.

Yiecld - 0.4b5gms.

Analysis Galculated (for Cp4H,NgCl)
%C 70.4
FH 2.9
N 11.7

%G1 . 14.9

Found
70.2
3.1
ll.0
15.0
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SYNTHESES OF 2~8-DICYANO- AND 2-6-DICYANOACRIDINE
DERIVATIVES FROM 2-BROMO-4-CYANOBENZOIC ACID AND 35-AMINO-
BENZONITRILE

1. PREPARATION OF 2'-5-DICYANO-DIPHENYLAMINE-2-CARBOXYLIC
ACID.

7N coon 7N\ Y <N\
S el

'Br‘ H’_M\/CN NC\/\N/ N

N

o.0gms. 2-bromo~4-cyandbenzoic acid, 30c.c..amyl
alcohol, 5.0gms. potassium carbonate and 5.0gms. S~amino-
benzonitrile were heated to 100°. 0.2gms. copper powder
were then added and the mixture refluxed on an oll-bath
at 1§O° for five hours. At the end of this tim., the
amyl alcohol was removed by steam-distillutlon and the
" residuc made alkaline with ammonia, boiled with animal
charcoal, filtered and oc;c. acetone added to the cooled
amber fiitrate.

un acidifying the filtrate with concentrated hydro-
chloric acia, a green-yeliow solid was obtained. ‘the
product was purified by dissolving it in the minimum
amount of ho£ acetone with animal charcoal, filtering
- the hot solution and adding hot water to the filtrate -till
it became'opalescent.'. On cooling, greenish-yéllow
needles, m.p.228° were obtained. |
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Analysis Calculated (for C,gHeOgNg) Found

%C oB.4 08.2
%H _ 3.4 . 5.8
BN 16.0 15.7

2. PREPARATION OF z-8- AND ¢-0-DICYANOACRIDONE

2.0gms. 2! -5-dicyano-diphenylamine-2-carboxylic acid
were refluxed with 4.0c.c. phosphorus oxychloride for thirty
minutes after which the excess phosphorus oxychioriue was
removed by vacuum distillation. +the product was bolled
with wéter for thirty minutes ana a dark resiuue obtalned.
un sublimation yellow-orange needles, m.p.<90-310° with

charring in a sealed tube were obtained.

snalysis = Calculated (for G,sH,ONg) Found
%G | - 7e.l Y. 2
#H, 2.9 | , 5.0
&N 18.0 17.9

Yield - before sublimation - 1.5gms.
- after sublimation - 1.1gms. )
Note - 0.5gms. z’-5-dicyanodipheny1amine-z—éarboxylic acid
 were treated with hydrofluoric acid in a platinum
basin -and the hydrofluoric acid allowed to evaporate
at room temperature. A bright yellow product,
m.p.c48-249°, was obtained, soluble in hot alcohol

and acetone.. The material did not fluorescemese even

under U.V. light.
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Anélzsis' Calculated (for C,sH,ONz) Found
%G 2.1 50.9
%H 2.9 ‘ St
N 18.0 | 16.8

The nature of the product was not investigated.

3. PREPARATION OF 2.8~ AND 2.5-DICYANO-b-CHLOROACRIDINE

| "~ 1.0gm. of the above mixture of isomeric dicyano
acridones was refluxed with 4c.c. phosphorus oxychloride for
thirty minutes at 145° and the product extracted as on
page 89 . The product was purified by vacuum sublimation
at 200° to give yellow needles, m.p.e45-265°,

Yield - 0.7gms.

Analysis Calculated (for C1s5HgNzCl) | Found
%G 65;4 08.3
%H 2.3 5.5
%N ' 16.0 15.7
%C1 | 15.5 13.%

i

4., SEPARATION OF 2-8-DICYANO AND 2-0-DICYANOACRIDONE ISOMERS

Chromatographic separation

Some nitrobenzene was allowed to stund over some sodium
and the dried product vacuum distilled. A column was filled
with chromatographic alumina to a depth of 4-5 inches.

0.5gms. of the acridones were dissolved in 50c.c. dried
nitrobenzene and the solution slowly added to the heated

column (diagram of apparatus on page 6 ) under slight
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vacuum. An orange band was formed at the surface of the
alumina and a broad yellow band below it. . un the addition of
a further o0c.c. hot nitrobenzene the yellow band moved half
way down the column, the orange band widening to about half an
inch.

Dry, hot nitrobenzene was added till the yellow band
neared the foot of the column when the washings were collected
in a flask till the y<llow band had bsen uiscunarged from the
column. .

the yellow filtrate was removed and a fresh flask placed
under the column, and hot nitrobenzene passed through till the
washings were about 60c.c. in volume. By this time the ‘
orange band was two inches long.

Both filtrates were evaporaited to dryness and the alumina
carefully pushed out of the tube on to watch-glass and cut
~half an inch below the beginning of the orange band to obtain
a third fraction. The alumina containing the orange mucverial
was dried at 120° and the product eluted ,boiled with 15c.c.
boiling alcohol, giving an orange solution.

The residue from the first fraction charred above 300°
but did not melt below 3c0°. | The second fraction gave
similar results. -

The third fraction melted with charring at 300°.
Residue from first evaporation............... ...0.3bgms.
Residue from second evaporation........ PP 0.0bgms.

Residue adsorbed in orange band................. 0.07gms.
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5. PREPARATION OF CYANO-5-CHLOROACRIDINE FROM FIRST FRACTION

: [l
SN NN SN NN

| N e »
N/ S NS
0.3gms. of the acridone obtained from the first fraction
were refluxed with 5c.c. phosphorus oxychloriue at 145° for
half-an-hour. The product was extracted as described oﬁ
page 84 , and purified by.vacuum sublimation at 2u0°, giving

vellow ncedles, m.p.xz*1°.

Analysis Calculated (for C;sHgNsCl) Found

\ %C ' 08. 4 | ' 08. 2
7%H 2.3 | .0

yAY 16,0 ~16.2

%C1 13.5 - 13.8

Yield - 0.25gms.

A O. EBEPARATION OF DIAMIDINO-5-AMINOACRIDINE FROM FIRST
FRACTION (i.e.from 2:8-dicyano isomer).

el NH,,
SN N N SN N N

T et N T

NG \N/l\/w HN,EL&\/ N \\/T{‘::H

0.2gms. of the above isomer were placed in a flask with
5c.c. magnesium dried alcohol and 10c.c, dry chloroform and
dry hydrogen chloride passed into the ice—c;oled solution as

in diagram on page 91 .
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The solution became bright yellow and a bright ycllow
precipitate wasAdeposited. On further pussage of the gas,
the precipitate redissolved. After eighteen hours the
apparatus was dismantled and the reaction vessel sealed with
screw-clips and allowed to stand at room temperatufe for
twenty four hours.

At the end of this time it was observed that some needles
had been,deposited. The mixture was evapofated fo dryness
under vacuum at 45° and the préduct added to a solution
containing 50c.c. sodium dried alcohol which had been saturated
with dry ammonia at 0°., The whole wesplaced in a pressure

bottle, sealed and heated to 45° in a water-bath for twenty

four hours.

Orange-yellow ncedles were deposited at the end of this
time. The pressure bottle was femoved frbm the water-bath
and allowed to cool to room temperature. It was then opened
and the contents transferred to a flask where they were
evaporated to dryncss under vacuum at 45°.

The residue was shaken with 100c.c. water £1ll almost
complete solution had becen effected and filtered. Excess
solid ammonium nitrate was added to the filtrate and yellow
npedles were precipitatéd. These were filtered and the
product dried at room temperature, .giving a yellow powder
which did not melt below 300°.

The nitrate obtained above was shaken with excess

alcoholic potassium hydroxide, the solution filtered from a
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small amount of undissolved material and the bright yellow
solution, fluorescing yellow-green, evaporated to halr its

buik in a vacuum desiccator. at room temperature. 50c.c.
benzene were added and the orange needles deposited on standing
were filtered and the dry residue washed with two 20c.c.
pdrtions of watcr to remove inorganic material. Orange
needles, m.p.530°, with charring (in a sealed tube) were
obtained.

Analysis . GCalculated (for CjgHjyuNg) Found
%G 64.9 . 65.1
%H 5.0 5.3
BN 30.2 | 29.9

The analysis calculated for cyano-amidino-aminoacridine

was ©8.9%C, 4.2%H, 26.8%N.

7. PREPARATION OF CYANO-CHLOROACRIDINE FROM THIRD FRACTION
Qe el N
SN NN SN NN
J 11
NSNS NS MW\
0.07gms. of the fraction obtained from the orange band
in the isomeric separation were treated with Z2c.c. phosphorus
oxychloride, re¢fluxed for thirty minutes, the excess solvent
removed by vacuum distillation and the product extracted as

described on page 39 . . The yellow-orange needles obtained on

vacuum sublimation at 220° had a m.p.z249°.
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Yield - 0.05gms.

8. PREPARATION OF AMIDINO-CYANO-AMINOACRIDINE FROM THIRD
FRACTION (i.e.2:6-dicyano isomer)

« eN NK,  eN
PN ZANIZAN N N N\
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0.05gms. of the above compound were placed in a flask
with <c.c. magnesium dried alcohol and 5c.c. dry chloroform
and dry hydrogen chloride passed into the ice~-cooled solucion
as described for the other isomer.

The product again was precipitated as its insoluble
niirate from which the free base was liberated by alcoholic
potaséium hydroxide ahd preéipiuated by benzene as orange

needles, m.p.320-325°, in a sealed tube, with decomposition.

Apalysis Calculated (for CisH;31Ns) Found
- %C 68.9 68.6
- 9H 4.2 | 4.4

%N o 26.8 - ~ 26.4
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APPENDTIX

PREPARATION OF CATALYSTS

PREPARATION OF RANEY NICKEL

Reference ~ Gilman (70).

liethod - The starting material for this preparation is an

alloy containing equal welghts of nickel and aluminium

corresponding to the formula NiAl,. A sultable procedure

for the preparation of the catalyst from the alloy is

described by Mozingo, Org. Synthesis, 21 (1941), p.15.

A solution containing 38gms. sodium hydroxide in 150c.c.

i
|

of distilled water contained in a 500c.c. beaker equipped «with

a stirrer was cooled in an ice-bath to 10° and 30gms. NiAl,

added in small portions such that the temperature did not rise

above 25°, the beaker being allowed to remain in the ice-bath.

when all the alloy had been added stirring was stopped and

the beaker allowed to come to room temperature. After the

evolution of hydrogen became slow the reaction mixture was

allowed to stand on a steam-bath till the evolution of

hydrogen again becomes slow. Meanwhiie, the volume of the

solution was maintalned constant by the addition of distilled

water.

’

After heating)the nickel was allowed to settle and mosfy

of the liquid decanted. Distilled water was added to the

original volume and the process was repeated. This was

again repeated.

A solution of ogms. sodium hydroxide in
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50c.c. water (distilled) was then added and the catalyst
suspended and allowed to settle. The alkall was then
decanted. -The nickel was washed by suspension in distilled
water till the washings were neutral to litmus and then ten
times more to remove the alkali compleuely. Tne washing
process was then repeéted three times with <0c.c. 90%
alcohol and three times with absolute alcohol and the
catalyst was then stored under alcohol in a bottle which

was completely filled with absolute alcohol_and tightly
closed. The product was highly pyrophoric. The Raney

nickel contained in the suspenSion welghed lbgms. Raney

nickel in alcohol contains about 0.ogms. of catalyst per c.c.,

of settled material. The catdlyst so prepared can be kept

for up to six months. .

PREPARATION OF PALLADIUM-CALCIUM CARBONATE CATALYST

Reference - Gilman, Org.Synthesis (71) and Busch and Stove
(39).

Method - According to the method of Busch and Stove, calcium
carbonate prepared by treatment of & hot solution of calcium
chloride with sodium carbonate, is suspended in water and a
solution of palladous chloride added. . Thc mixture is
gentlj warmed until the palladium is deposited on the

carbonate as palladous hydroxide and the catalyst is washed
a few times with distilled water by decantation. It is
then filtered, washed on the filter until free of chlorids,

using as little water as possible. iteduction of the
palladous hydroxide takes place during hydrogenation.



177

DRYING OF SOLVENTS

Alcohol
References - Luﬁd,Bjerrum (110b), Terentiev (15&0),
wvans, Fetsch (61lb).

The specific gravity. of 1000c.c. alcohol was found by
hydrometer to be syuivalent to Y8.0% by welght. logms,
sodium were added to the alcohol and when complete solution
had becen effected, 800c.c. of the alcohol were dlstilled,
sp;gr.O.VSb (equivalent to 99.o% alcohol). This alcohol
was sufficien%ly dry for the ammonolysis of the iminoethers.

bgms. magnesium ribbon was clecaned with emery paper
and cut into half-inch leongths. wfter drying at 120‘, it
was placed in a flask with 1.0gms. iodine and 'YOc.c. sodium
dried alcohol. Hydrogen was evolved and ivhe mixture was
rofluxed on & water-bath ti11 all the magnesium had been
converted to the ethoxide.  600c.c. of sodium dried
"~ alcohol was then added and, after an hourss reflux, the
mixture was distilled and the fi?st 500c.c. collected.

Dry‘ground-glass apparatus was used throughout,
precautions being taken for -the exclusion of moisture.

The product was stored in a dark bottle, sealed with

waX.
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sther

cther was treated consecutively with four 30gm.
sumples of anhydrous calcium chloride. ihe solvent so
obtained was further dried by the addition of 20gms. sodium
wire, the sblﬁtioﬁ being cooled in an ice-hydrochloric acid
freezing mixture. lhe ether was distilled over fresh
sudium and stored in a dérk bottle anu the stopper sealed
with wax. Ground-giass apparétus was used.

Peroxides were eliminated With ferrous sulphﬁte.

ghloroform

vhloroform was treated at intefvals‘of twenty-four
hours with four gquantities of anhydrous calcium chloridsd
and, finally, dried with phosphorus pentoxide. Tt was
then distilled in ground-glass apparatus and stored in a

dark bottle whose‘Sfopper was sealed with wax.



SUMMARY and CONCLUSIONS

179

In the course of the fore-going experimental preparations,

several new compounds were prepared.

These are listed below.

Since this work was completed, a paper has been published

by Goldberg and Kelly (J.C.S.,1947,637) wherein some of these

compounds were prepared.

The m.ps. obtalned by these workers

are given in brackets after those obtained by the author.

Compound

S-chloroacridine metho-4-toluene sulphonate
5-cyanoacridine methosulphate
E-amidinoacridine

2' -cyanodiphenylamine-2-carboxylic acid
l-cyanoacridone
l-cyano-5~-chloroacridine
1-cyanocacridine
l-cyano-5-ethoxyacridine
2-bromo-3-cyanobenzolic acid
6-cyanodiphenylamine-2~carboxylic acid
3! -cyanodiphenylamine-2-carboxylic acild
2-cyano-5-chloroacridine
4-cyano-5~-chloroacridine
2-bromo-4-cyanobenzolic acid
5-cyanodiphenylamine-2-~carboxylic acid
2-cyanoacridone
2-amidino-5-aminoacridine
Z2-cyanoacridine
diphenylamine-2,3-dicarboxylic acid
3-cyano-5-chloroacridine
3-amidino-5-aminoacridine
3-cyanoacridine

3-cyano-5- ethoxyacridlne
2~-chloro-5-cyanobenzoic acid
4-cyanodiphenylamine-~-2~carboxylic acid
3-cyanoacridone

2! -5-dicyanodiphenylamine-2~carboxylic acid
2,8-dicyano-5-chloroacridine
2,8-diamidino-b-aminoacridine
2,6-dicyano-5-chloroacridine
2-amidino-5-amino-6-cyanoacridine

M.P. (uncorrected)

- 82°

156°
226°
215-216°

266°

158°

156°

130°

184°

184°

205° (204 2059)
193° (193°)
175-178°
193°

218°

charred 330°
304° (305°)
191°

178°

183° (186°)
306° (313°)
204°

200°

176° (178°)
176° (220°)
charred 330°

228°

_271°
336°
249°
320-325°
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In the preparation of cyanoacridines from compounds
containing a preformed acridine nucleus, it is apparent that
although diazotisation of 2,8-diaminoacridine can readily be
accomplished, the conversion of the diazo compound to the
nitrile by the Sandﬁeyer réaction 1s not possible under the
conditions investigated. Only an oxygen-containing compound
is obtained 1in each case. |

On diazotisation 1n‘dilute mineral acid only one amino
group is attacked. Tétrazotisation can be effected however
in concentrated acid solution.

S—Cyanoacridine, owing to the.unique properties of a
substituent in thils position, can be prepared us;qg a preformed
acridine nucleus, either from acridine 1ltself o? 1ts 5-methyl
homologue. |

It does not appéar possible, however, to prepare S5-cyano-
acridine from 5-chloroacridine without recourse to pressure.
In the conversion of acridine to 5-cyanoacridine, an inter-
mediafe dihydroacridine is first formed and the failure of the
5-chloro compound to be similarly converted to the cyano-
acridine may be due to the fact that the intermediate dihydro-
chloro compound is not formed under these conditions.

The cyanocacridines, with the exceptipn of the 5-cyano
isomer, can readily be prepared from cyano-halogenobenzoic

acids and aniline or halogenobenzoic acids and aminobenzo-
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nitriles, which undergo the Ullmann condensation to the
corresponding cyanodiphenyiamine-2-carboxylic acids which
can then be cyclised to cyanoacridones.

Better yields of cyanodiphenylamine derivatives are
obtained from aminobenzonitriles and 2-chlorobenzoic acid
rather than from cyano-halogenobenzoic acids and aniline, the
latter acids showing considerable tendency to hydrolyse to
tarry products during the condensation. These results are
in disagreemenﬁ with the findings of Goldberg and Kelly
(loc.cit.) who were unable to prepare cyanodiphenylamine
derivatives from 2- and 4-aminobenzonitriles by this method,
though their general method of preparation appears to have
béen similar to that employed in this thesis. They did
prepare a cyanodiphenylamine-2-carboxylic acid from 3-amino-
benzonitrile, but 6n1y‘in very low yield.

In this condensation, the position of the substituents
in the rings does not appear to be critical. For optimum
yields, however, a higher temperature of reflﬁx is deslirable.
for the condensation of halogeno-benzoic acid and amino-
beﬁzonitriles.

The deactivating propertieé of the mono-cyano group'do
not appear to be sufficiently strong to inhibit this conden-
sation though in the formation of dicyanodiphenylamines a
lower yield was obtained, probably due to inactivation of the

nuclei.
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These diphenylamine der;vatives give inﬁense crimson or
violet colours with chromic acid and thelr possible use as
redox indicators perhaps merits further study.

Cyclisation of the diphenylamine derivative obtalned from
S—aminobenzonitrilé glves rise to two lsomers, 2- and 4-cyano-
acridones.

These are most readily separated using chromatographic
techniques by passing a hot nitrobenzene solution through an
alumina columm. The 4-isomer 1s absorbed on the column muéh
more strongly than the 2-isomer which passes down the column
fairly rapidly.

It should be noted that the ratio of isomers produced
appears to be independent of the positive or negative groupings
on the arylamine nucleus. Ortho closure (i.e.4-subsﬁituted
acridones) predominates with nitro derivatives (negative) and
chloro an methyl derivatives (positive) while para closure
(i.e. 2-substituted acridones) predominates with cyano
derivatives (negative) and amino derivatives (positive).

The cyano-5-chloroacridines are very unstable on keeping,
decomposing to reddish-brown compounds from which only cyano-
acridones can be isolated. Light accelerates this decomposi-
tion which appears to be independent of the purity of the
sample. The position of the cyano groups in the acridine

nucleus does appear to affect the rate of decomposition.
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The cyano-5-chloroacridines can be converted to cyano-5-
ethoxy compounds by the action of alcohol and potassium
hydroxide. Freshly prepared b-chloroacridine and alcohol,
however, do not react, though material which has been kept
for some time can be converted to S-ethoxyacridine 1n moderate
yield by refluxing with alcohol.

It is thought that the presence of potassium hydroxide
catalyses the formation of a reactive complex which 1s also
formed by the slow decomposition of the H-chloro compound on
keeping. This complex 1s converted to the 5-ethoxy compound.
It is noted that the formation of these ethoxyacridines 1s
always accompanied by some acridone formation as might be
expected .from a reaction of this type.

Reduction of the insoluble cyanoacridones to cyano-
acridines is not possible since the treatment necessary
(sodium and amyl alcohol) appears to attack the cyano group.
More gentle reduction, however, of the cyano—B-chloroacridines
with hydrogen and Raney nickel or better palladium calcium
carbonate catalysts leaves the cyano group unattacked.

Gentle oxidation of the dihydro- compounds so obtained with
potassium dichromate readily forms the cyanoacridines.. The
cvano-5-chloroacridines are much less readily reduced by this
method than 5-chloroacridine itself, probably due to the

deactivating nature of the cyano groups.
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While 2- and S—amidinqacridines can be prepared by the
Pinner method via the imino-ether, it was foﬁnd impossible to
prepare 5-, 4- and 1—amidihoécridinesvby this method. As
position 1- is, electronically, similar to position 3- and
position 2- similar to position 4-, this selective amidine
formation cannot be due to the differing activities at these
loci but must rather be a manifestation of the steric hindrance
obtained in the conversion of nitriles to imino-ethers when
another substituent, here a benzene or pyridine nucleus, 1s
located ortho to the cyano group. This hindrance is
supposedly purely geometrical in origin and according to
Hﬁckei can be overcome if sufficient activation energy is
supplied to allow of orientation of the hindered groupilng.
The extent of the orientation measured by a (where K, the

q/RT )

velocity constant, =ae where g 1s the activation energy)
depends as a function of temperature upon the energy of
orientation which may rest upon various causes.

In the case of imino ether formation, however, since the
temperature had to be maintained below 80° to avoid decomposi-
tion of the product, sufficient activation energy in the form
of heat could not be supplied to overcome the steric hindrance,
i.e. to reorientate the nitrile grouping sufficiently for

reaction to ensue.

Pinner’s original postulation of the ortho effect ,
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i.e. that ortho-subsﬁituted nitriles will notvform iminoethers,
appears to have been accepted by later workers without further
investigation into the mechanism of this process.

Huckel’s expresion is a quantitative statement of the
phenomenon rather than an elucidation of its nature and ﬁhe
mechanism of the inhibition is obviously one which requires
further fundamental investigation.

This preferential amidine formation was used as a -
means of identifying the two isomers obtained from Z2-bromo-4-
-cyanobenzoic acid and 3-aminobenzonitrile, i.e.2,6- and
2,8-dicyanoacridones, as 2,8-dicyanocacridone forms a
diamidine by this method whereas the 2,6-isomer forms a

monoamidine.

Chemotherapeutic Action

Bacteriological tests on 3-amidino-5-aminoacridine and
2-amidino-5-aminoacridine were performed by Goldberg and Kelly
(loc.cit.) who showed that the introduction of the amidine
group in these positions conferred no increased bacteriostatic

~effect on the acridine nucleus.

This lack of enhanced activity is analogous to the results
obtained with sulphenilamide-acridines. The antibacterial
activity of a molecule does not appear to be a summation of

the activities of the individual groupings in the molecule
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but ié rather a specifiec function of thé molecule as an
entiéy.

This isTaccord with the modern theory (Sevag and co-
workers) that antibacterial action depends on the ability of
the drug, due to its particular chéracteristiés, to interfere
with the prdsﬁhetic groups of a specific respiratory enzyme

system. ' S : .
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