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'htre. Arylating medicaments.

@ Abrégé Various arylating agents having activity in the treatment of cancer

and viral infection are disclosed. The active compounds include an
aromatic ring having at least one labile leaving group and at least
one electrophilic group. Preferred active compounds include
chlorobenzeneéulphonic acids and optionally halogenated nitrohbenzene
compounds. In an anti-viral context, =:he active compounds have

efficacy against HIV infections.
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1
ARYLATING AGENTS
The present invention relates to arylating agents, in

particular phenylating agents, which are suitable as
therapeutic compounds, especially in the ftreatment of

cancer and disease caused by viral infection.

In its broadest sense, the invention relates to arylating
agents for use in the treatment of neoplasm or of wviral
infection such as by HIV. The arylalting agent will in
particular be a compound having an aryl group whose
aromatic ring is preferably cardocyclic and has in any
event at least one labile substituent and at least ona
electrcphilic substituent. The carbocyclic or other
aromatic ring is preferably monccyclic and :in any event
the aromatic ring is conveniently one which zears one or
more carboxylic acid or sulphonic acid meoieties together
with one or more nitro and/or aminc groups and/or cne or

more halogen substituents. The substituents preferably do



20

H1014%

2
not include rmore than two ritro substituents. Y
combination of halogen (eg. chlora) ard nitro

substituents, especially in the ccontext of ronocyc ¢

~
¥y

arylating agent comprised of a ring carrying = carbeoxy ic
acid substituent, is a part.cularly efficacious structure
Sne example of such a structuare iz one ovased on
cembination of mono-nitro- and rtonc-chloro- substitutios
(eg. 2-chloro-5-nitro penzoic acid and 2-crloro-4-nitio

benzoic acid) .

according to the inventilon there 1s ~rovided a compound
ps : L

fer use in the treatment of cancer Or Aigeass causad Ly

(93

viral infectien, in parcicula- AIDS, whoolh  compound
comprises an aromatic ring structure having % least Oue
labile 1leaving group substituent and at least ore
electyophilic group arpsrituent provided that where there
are twe ortho nitro groups and 2 para sulphonic group ©F

three symmetrical nitro groups and the labile groilp

N

1

o

position one 1s a group as defined in Internatlion
gpecification No. W091/15200, use is at & concaentration of

more “han 1 X 107 moles/litre.
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5 Cenerally speaking the compound of the invention may be of

the general formula:
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wherein n is an integer and is af lcast 2 and each X 1=
tha same oxr different and is a labile group or an
elactrophilic group, provided that: wren there are at least
two groups X which are other thar nitrc at least one iz 2

lapile group and at least one is an electrophilic group.

Moreover, since treatment 1s sougat by what 1w helieved to
be an arylating mechanism use is typically at relantively
high cecncentratiors and consequently doses. Generally,
such concentrations for use of tre compounds ot the
\ . ey 4 . -2 . -

inventiocn will be at least apbouz I = 10D toles/litre,

whicn in dosage terms 18 genarally at least accut 5 ma/kag

Tn selecting the substituent groupings for & compound

according to the invention an esgential feature is the

o]
i

provision within any particular aromatic ring context
at least one labile group substituent and at least one
electrophilic group substituent. Morcover, & group which
may Dbe classified as labile witain one particular ring
context wmay be classifiaple =as electrophilic withvin

another alternative ring conuex:. Furtherrore, whers
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there are at least two nitro substituents the labile group

substituent may be a ring hydrogen.

That having been understood preferred substibtuent groups

may be defined as those wherein at least one X is selected

from each of the following groups, namely:

electrophilic groups -

labile groups

SO;H, SOM (where M 1is a metal

>

e@.g. potassium), halogen and NO,.

halogen, SO,H, SO.M (whexe M is a
metal), NH,, substituted NH, =.g.
NHR,, NE,R, (where R,, and E, are
the same or different and ara
each alkyl, alxyloxy oxr
hydroxyslkyl), COCH, (CONH,,
substituted CONH, e.g. CONHR,,
CONR,R, (where R, ana R, are as

defined above) and COOR, (where

R, is a metal or alkyl).
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Thus, as yeneral examples of compounds of the

there may be mentioned the following, namely:

chlovodinitrobenzenesulphonic acids
chlorcbenzeneaulphonic acids
dichlorobenzenesulphonic acids
arinsdinitrobanzenesulphonic acias
nizromethylbenzenesulpltonic acics
glJtathionyldinitrobenzenesulphonic acids
ni-rochlorobenzenesulphonic sciacs
dinitroberzenasulphenic acids
dinrtrochlorchenzenes
dinitrofluorchenzenes
dizhlerodinitrobenzenes
trinitrophencle =.g picric acicl
trinitrocanilines
trinitrochlorobenzenes
trinitrobenzenesulphonic acicis
chlorodinitrobenzoic acids
dichlorobenzoic acids
dinitrobenzoic acids

nitrochloroanisoles

invention
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arinodinitrobenzamides
dinitroanilines
dinitrochlorocanilines
chloronitroanilines

dinitrofluorcanilines

The above compounds way typically be summarised Iy
compounds ©f the general formula:

i

X

BN\ X"
| ‘11

g N\F g
C.

wherein X' is SO;H, SO;M (whare M is a metal), halogen e.g.
chloro, fluorxro etc., COQ (where Q is hydrozy, &amino cr
substituted amino, or the group OR, in which F; is a wets!

o1 alkyl), NH,, substituted NH,, NO, or OH,

X" 1is hydrogen, halogen, glutathione or nitro,
each B 1is the same or different and is =aydrogern,

halogen or nitro and
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¢ is hydrogen, nitro, amino {including substituted

amino), halcgen, alkyl or glutathione.

Irn such compounds the following are preferred i=ature:s:

X' is S0,H, SO;M (where M is a metsl;, nalogen 2.g.

chlero, fluore etc., aminc, nitro or COCH, ana

C is hydrogen, alkyl e.g. methyl, amino ©: nitro.

The compounds which exhibit anti-cancer and anti-viral
effects according to the invention may be sut-dividec inte

a number of preferred groupings, for examp.e, as Iollows:

(

i)

A compound of the gerneral formula:

SO H

e Uk

l ‘I11)
3 b
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wherein A 1is hydrogen, halcgen =.g. vchloro,

fluoro etc., or glutathione,

B is hydrogen, nitro or halogen e.g. chlorc

etc.,
c is hydrogen, nitroe, aminc (including
substitutced amino}, halecgen, alxy’l or

glutathione, and

D is hydrogen, halogen or nitro.

The above compounds of formula III are preferrsd because
it is bealieved that the sulphonic grouping can con:ribute
an emulsifying effect which is iseful because 1t incrzases
~he =olubility of the compounds, which in turn gives

better biocavailability in cellular terms.

Amongst the above compounds of formula IIT, those more

preferred are:

4-chloro-3,5-dinitrokenzenesulohonic acid
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E 4-chlorobenzenesulphonic acid
2,5-dichlorobenzenesulphonic acid
4 -amino-3,5-dinitrobenzenesuiphonic acid
3-nitro-4-methylbenzenesulphonic acid
5-chloro-3,5-dinitrcobenzenesulphonic acid
10 2~glutathionyl-3,5-dinitrobenzenesulphonic acid
4—glutathionyl—3,S—dinitrobenzenesulphonic acid
3-nitro-4-methylbenzenesulphonic acid
3-nitro-4-chlorcbenzenesulphonic acid

2,4~dinitrobenzcncsulphonic acid.

15
Especially preferred are:
a-chloro-3,5-dinicrobenzenasilphonic acid
4-chlorobenzenesulphonic acid
20 2,5-dichlorobanzenesulphonic acid

4—amino-3,S-dinitrobenzenesulphcnic acid
3-nitro-4-methylbenzenesulphonic acid

5-=hloro-3,5-dinitrobenzenesulphenic acid

25 (ii) A compound of the general formala:
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wherein halo is halogen e.g. chloriane, flucrine

etc., and each B is the same or

as defined above.

Amongst the above compounds of formula

vraferred are:
1-chloro-2,4-dinitrobenzene
l1-chloro-3,4-dinitrobenzene
1-fluoro-2,4-~-dinitrobenzene

1,2-chloro-4,5-dinitrobenzens

1,3~-chlorec-4,5-dinitrobenzenes.

Ecpecially preferred are:

1,3-chloro-4,5-dinitrobenzena

1-chloro-2,4-dinitrobenzene

1-flucro-2,4-dinitrobenzens

different and ¢

IV, those more
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wherein B is SO,H, SO,M (where M is a metal e.g.

potassium), NH, ox substituted NH;, halogen or

hydroxy .

Amongst compounds of formula V, those more preferred eare:

2,4,6-trinitraphenocl (picric acid),

2,4,6—trinitroaniline,

2,4,6-trinitrochlorobenzene.

2,4,6—trinitrdbenzenesulphonic acid.

of the above preferred compounds the

especially preferrsd.

first and third are
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5 {iv) A compound of the generzl formula:
coQ
I/l\/ g (VI)
B~ N 8
e G

wherein each B is the same or different and is

as definad above,

15 G is as defined abeve for group ¢ except fou

alkyl and glutathione,

J 1is hydrogen or halogen, and

20 Q is hydroxy, amino or substituted amtino, or the

group OR, in which R; is a metal or alkyl.

Amongst compounds of formula VI, those more preferrsd ars:
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2,4-chloro-2,5-dinitrobenzoic acid
4-chloro-3,5-dinitroberizoic acid
2,5-dichlorobenzoic acid
2,4-dinitrcbenzoic acid
31,5-dinitrobenzoic acid
3-nitro-d4-chloroanisole

4-amino-3,5 dinitrobenzamide

Of the above preferred compounds, all but the last three

are especially preferred.

() A compound of the gereral formula:

NHy

6\)\~ 5

‘ p (VIT)
8 N

&

wherein each B ig the same or different and 1is
as defined akove, together with amino

substituted derivatives thereof.
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Amongst compounds of formula VII, those more preferred

are;

2,6-dinitroaniline
2,4-dinitroaniline
3,5-dinitroaniline
2,4-dinitro-€é-chloroaniline
2,6-dinitro-¢-chloroaniline
2-chloro-4-nitro aniline

2,4-dinitro-5-fluorcaniline
Especially preferred is:

2,6-dinitroaniline
As men=tioned above, where there are at least two nitro
subgtituents a ring hydrogen may provide a labile group.

Within that context there may be mentioned:

(vi) A compound of the general formula:
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1,2-dinitrobenzene
1,3-dinitrobenzene

1,4-dinitrcbenzene

The compounds of the invention may be prepar=d by known
process techniques Zor preparing benzene substituted
ccmpounds. Such technigues zre described in various
standard texts, for example, 'Organic Syntheses" 1363
Collective Volume 4, pages 364 tc 366, by Harry P. Schultz

ard published by John Wiley and Sctns Inc.

The corpounds of the invention may be formulated for use
as pharmaceutical compositions (eg for iv, ip. oral or sc
administration) comprising at le=ast one active compound
and a c¢iluent or carrier. Thus, the invention includes a
pharmaceutical composition, which composition comprises a

compound according to the invention and a
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pharmaceuntically-acceptable diluent or carrier lag

agueous) .

Such a composition may be in bulk form or, nmore
preferably, unit dosage form. Thus, tfor example, the
composition may be formulated as a tablet, capsule,
powder, solution or suspension. Soft gel capsules may Le
especially convenient. ‘The composition may be a lipcsomal
fcrmulation or administered in 2 slow sustained release

delivery system.

Ccmpositions in accordance with the iavention may hbe
prepared using the active compounds defined hexein in
accordance with conventional pharmaceutical practice. The
diluents, excipiente or carriers etc. which may be used
are well known in the formulation axt and the form chosen
for any particular regimen will depend on <he given

context and the physician's choics=.

Thus, for example, as illustrated below the compounds of
the invention may be administered in csoluticn n sterile

dzionised water. Also, 1if neczesary, sclution may bs
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facilitated using dimethyl sulphoxide (DMS0) or
alternatively an alcohol, 2 glycol or a vegetable oil.
The compounds are most favourably adninistered in cora oil

or as a solution in DMSC/sterile water.

'he invention further includes within the above use
context the use of a compound as defined herein 1in the
prepara:tion of a medicament for the prophylaxis or therapy
of cancer or viral irnfection, eg to reduce or eliminate

cancerous growth.

In using a compound of the invention dosage Juidancs can
pe takea from animal studies such as that described kelow.

1n such studies cases of from about 50 mg/kg typically up
te about 200 mg/kg and even up LO about 400 mg/kg and
peyond have proved effective. Thus it is to be expected
that a typical dosage for humans will be from about 5
mg/kg typically to about 20 mg/kg and perhaps genexally to
akrout 40 mg/kg or higher. The ccncentration and dose are

to be sufficient to bring an arylating mechanism into

play.
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As can be seen from the especially preferr:zd compounds
listed above, those compoundz of the inventicn which are
most efficacious are in believed descending order of

activity as follows, namely:

4-chloro-3,5-dinitrobenzeresulphonic acid
4-chlorobenzenesulphonic acid
1,5-chloxo-2,3-dinitrobenzene
2,4,6-trinitrophenol (picric acid)
2,4-chloro-3,5-dinitrobenzeic acid
2,5-dichlorobenzenesulphonic acid
4-amino-3,5-dinitrobenzenesulphonic acid
3-nitro-4-methylbenzenesulphonic acid
4-chlaro-3,5-dinitrobenzoic acid
2,6-dinitrocaniline
2,4-dinitrochlorcbenzene
2,4-dinitroflucrcbenzene
2,4,6-trinitrochlorobenzene
2,5-dichlorobenzoic acid
2-chloro-3,5-dinitrobenzenesalphonic acid

2.4-dinitrobenzoic acid
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Especia’ly preferred compounds are those wherein at least

onz X is selected from:

labile substituent group(s) - 1 or 2 halogen groups
and/or NH, or
substituted NH, and/or
CCOH ox substituted
CO0H and/or alkyl
and/or SO,H,/30:M

electrophilic substituent

group (s} - 1 or 2 nitro grcups
and/or SO,H/SO.M and/or

1 or 2 halcgen groups

Mcreover, while the compounds cf the invention can be used
within the dosage regimen exemplified abcve, where there
are three symmetrical nitro substituents or the actlive
agent is otherwise as disclosed 1in International
Sgecification No WO 51/15200, as indicated above, the
concentration of active agent in any formulation must be
mere thaa 1 X 107° moles/litre and preferably at least I X

1¢°% moles/litre.
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As shown by the results reported in Table 8 below, 2-
chloro-5-nitrobenzoic acid shows consideration anti-tumour
activity in vivo. This could not be supported in vitro
ard it appears some compounds according o the inventicn
require activation in the patient's liver. This and some

other compounds may also be immunomodulators.

The following animal a3tudy illustrates the remarkable

activity of compounds of the invention.

ANIMAL STUDIES

The purpose of these studies was to evaluate the anti-
tumour properties of a group of compounds with structural
similarities that may act as arylating agents. Their in
vivo anti-tumour responses wers assessed agailnst two
ascitic tumours, the MACISA murine colon adenocarcinoma
and the P388 murine leukaemia &and various sclid tumour
models. The MAC15A ascites tumour cells were transplanted
into male NMR1 mice by ip inoculation at a cell density of

1 % 10° cells in 200ul buffer (Table 1). The P388 weres
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transplanted ip into male BDF1 mice at cell density of 1 X
10° cells in 200pl buffer (Table 2.. The golid tumour
models inecluded the MACL3 and MAClé murine colon
adenocarcinomas, the Blé F1 murine melanoma and the M5076

reticulum cell sarcoma.

Treatment commenced 3 days after ip Lransplant or, i tha
case of solid tumours such as MACL3 and MACLS, treatmant

commenced when average tumour volumes reached 40mm” .

The animales were located in both cases into groups of 5 to

8 animals.

1he animals were sacrificed after 12 days or when tumours

3
ulceratad, tumour volume exceeded 1000mm° or Loss of body

weight =xceeded 50%.

Except where otherwise stated, ~he compounds uscd were
dissolvad in DMSO and diluted in sterile distilled water,
at appropriate concentraticns before administration in A
solvent volume of 200 pl. Anti-tumour respCnses Were

obtained by comparing the median survival rim=3 or tumour
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growth inhibition against solven: controls. The results

obtained are as shown in Tables 1 to 8 bhelow.

Preparation of dosage solutions is exemplified asx

follows: -

Subjects: No : 10 animals
Weight: 22¢

Dosage: 50mg/kg bocdy weight per animal per day
thus 1.lmg per mouse per day

Tctal Mass Dosage: ©55mg active ingrsdient (referred tc &

day treatment vegime)

Tctal Formulation: 10ml solvent plus 55wg [or division
into 50 doses of 1.1mg dissclved in

200ul solvent

T/C% is determined as follows:-

Arimal Survival Test Control
T days C days

T/C% = T X 100
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Animal 3SurvivalTest Control
443 days 100 days

T/C% 443 X 100 = 443

100
A figure of 158 or above indicates performance justifying
clinical trial.

Conclusions

Tre effect of a group of primarily halogenated arylating
compounds on the growth rate of a number of experimental
tumours has been evaluated in vive and the following

findinga were noted:

l—)

atructure-activity relationships against the MACLSA
murine colon adenocarcinoma, 1n the female NMRI mice
showed maximal activity on a split-dose scheduals and when
the halogen was maximally activated for nuclecphiltic

atirack.
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2. The most active compound was 4-chleorobenzevesulphonic

acid (T/C% 443) administered at 100 mg/kg body weight in

vU

daily schedule of 5 days.

3. Against the M5076 reticulum cell sarcoma, 2,4-
dichloro-3,5-dinityobenzoic acid showed activity on o
plit-dose schedule down to 25 ng/kg body weight by Lot~
ip and sc routes. Both the amide and the m=thyl estaer
showed 10-fold increase in toxicity and ware withou:
antitumour activity. The acid also effectively inhibited
growth of B1l6 murine melanoma and the MAC1S murine colon
adenocarcinoma.
It is concluded that this group of compounds show z wide

spectrum of activity against murine models.
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TABLE 1

Anti-tumour activity against MACIL5A (murine adenocarcinomna
colon) . Structure-Activity rela sionship. 5 animals per
group. Dose 100 mg kg* ip per day.

Compour.d Schedule T/C%°
days)
4 -chlorobenzenesulfonic acid L, 2,3,4,8 0 43
4~chloro~3,S—dinitrobenzenesulfonic acid 1,2,3.4.5 414
1,5-dichloro-2, 3-dinitrobenzenea 1,2,3,4,5 386
2,4,6-Lrinilrophenol 2,3 106
4-amino-3,5- dinitrobenzenesulfonia acid 1,2,3.4,5 28€¢
4~chloro~3,J—dlnltrobcn201c acid L.2,7,4,°8 271
2,4-dichloro-3, 5-dinitrokbenzoic azid L, 2 245
z-glutathionyl- 31, 5-dinitrobsnzen estlfonic acid 1,2,3,4,58 242
3-nitro-4-methylbenzenesu ulfonic acid 1,2.%,4,8 22%
2,6-dinitroaniline L,2,%,4,5 214
Z, 5-dichlorobenzenesulionic acid 1,2.3,4,5% 21z
i, 4-dinirtrobenzena 1,2 200
1.chloro-3,4-dinitrobenzene 1,2.3,4.5 200
1-chloro-2,4-dinitrobenzene 1,2,%,4,5% 138
2,4,6—Vrinitrobenzenequlfonic acid 1,2.3,4,% 188
9-chloro-4-nitroaniline 1,2,3,4,5% 17
2,5-dichlorobenzolic acid 1,2,%,4,5 17L
2,4-di nitropenzenasulfonic acid 1,2.3,4,5 171
1, 2-dichloro-4,5- dinitrcbenzen= 1,2,3,1,% 17%
4 - chloro—q—nltrobenzenebulfonlc acic 1,2,3,4,5 1490
2- chloro-B,S—dinitrcbenzenesulfonic acid 1,2,3.4,5 237
1-chloro- 2,4,6-trinitrobenzens 1,2, 11z
A glutathlonyl 3,5-dinitrokenzens T,2,0,4 i3
2. 4-dinicroaniline 1,2 100
s,4- dinitrobenzoic acid 1,2,3,4,5% 100
EFS—dinicrobenzoic acid 1,2,3%,4,5% 100
4- dwino~3,S—dinitrobenzamide i 100
4-chloro—3—nitroanisola 1,2,3,4.53 100
4-chl ro—2,6~dinitroaniline 1,2,3,4,5 g7
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s-chlorc-2,4-dinitdeaniline
1-fluoxn-2,4-dinitroaniline
i-flouxo-2,4-dinitrobenzene

— b

ey
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1,2,3,4.,5 87

77

62.5"

a=median, T-test group, C-sclvent control; k-toxic death
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Anti-tumour activity against P388 (murine leukazmia) .
Eight animals per group. IP trearment on day 1 tc 5.
Dcsage 13 per day.

Compound Dose res®
4 -chlorn-3,5-dinitrocbenzene-

sulphonic acid 100mg kg'1 20%
4-chloro-3,5-dinitrobenzene-

sulphonic acid 50 mg Kg 259

z=mean, T=test group, C=solvent ccntrol.

TABRLE 3

Anti-tumour activity ageinst P388 (murine leukaemial
treated 1ip with 4 chloro-3,5-dinitrobenzenesulfonic acic
(CDNSA) . 8 animals per group. Losage is per day.

Compound Dose (mg/kg) Schadule (davs) 7/C%°
CDNSA 100 1,2,3,4,5 275
75 1,2,3,4.,5% 390
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a=mean, T-test group, C-solvent ccntrol



10

29

25

30

40

45

Anti-tumour activity against M5076-reticulum cell
15 days after im transplant.
dissolved in corn oil.

7 animals pcor

Dosage 1s per day.

010194

sarcoma

group. Drugs

Compound Dose Route Schedule % Tumour
Weight

(mg/kg) (days! Inhibition
2,4 BA 752 ip1,4,6,9 79,88

50 ip:.4,6,9 57

5 ipl,2,4,6,9 75

75 scl,4,5,7.9 56

50 cc1,2,4,5,6,7,9 76

Zhs sci,2,4,%,6,7,9 &3
2,4 BZ 2.5° ip 1,2,3,4,5,6,7,8,3 =1

1.25 ip 1,2,2.4,5,6,7,8.9 34
2,4 BM 1.0° ip °,7,3,4,5,6.7,8,9 41

0.5 ip 1,2,2,4,5,6,7,8,9 39

0.25 ip 1,2,3,4,5,6,7,8,9 42
a = Maximum tolerated dose
b = two independent experimente: ¢ animals had nc tumour
in the second expsriment
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4-dichloro-3,5-dinitrobenzolic zeid
,4—dichloro-3,S—dinitrobenxamida
4-dichlero-1,5-dinitrobenzoic acid methyd
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% Tumour Weicht Inhibition:-

Ireated Control
Agm Bgm
% inhibition = B__-_A Z 100

B

Tumour weight

01‘}1595
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TABLE 5

Anti-tumour activity against Bl&Fl-murine melanoma 12 days
1u arter sc transplant. 6 animals per group. Drugs
dissolved in corn vil. Dosage is per day.

15
Compcund Dose RouteSchedule % Tumour Weight
(mg/kg) (days) Inhibiticn
20
2,4 BA 75° ip 1,5 71,81°
50 ip 1,5 45,56°
25 ip 1,5 13
75 scC .,3,520
25 50 s 1,32,5 8
25 ec ,3,522
2,4 BZ 2.5° ip , 2 39
1.25 ip 1,2 17
30
4 BA 100 ip -,5 39
75 ip 1,5 41
50 ip 1.5 10
35 4 RZ 5° ip 1,32,518
2.5 ip 1,3,818
1.25 ip 1,3,527
4EM 2.5% ip 1,3 &7
40 1.25 ip 3.,2,343
a = Maximum tolerated dose
48 b = Two independent experiments

2,4 BA = 2,4-dichloro—3,S-dinitrobcnzoic acid
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2,4 BZ 2,4-dichloro-3,5-dinitrobenzamide

BA 4 chloro-3,5-dinitrobenzoic zcid

BZ 4-chlorc-3,5-dinitrobenzamids

BEM 4-chloro-3,5-dinitrobenzoic acid methyl ester

NN
i o

[t}
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TASLE 6
Anti-tumour activity against MAC13 murine colon
adenccarcinoma 12 days after 1m transplant. brugs

dissclved in corn oil. Dosage is pe:r day.

Ccmpound Jose Route Schedule % Tumour

Weight
(ng/kg) (days) Inhibition

2,4 BA 75" ip1,4,5 4%

2,4 BA 50 ip1,2,2,4,5,6,7,8,2 33

2,4 Ba graph] ip graph3 graph3

2,4 BZ 2.5° ivl,z,3.,4,5,6,7,8,3 51

2,4 BZ 1.25 ipl,2,3,4,5,6,7,8,3 17

2 BA graph4 ip graph4 graph®

—

a2 = maximum tolerated dose

2,4 BA 2,4-dichloro-3,5-dinitrobenzoic acid”

2,4 BZ = 2,4-dichloro-3,5-dinitrobenzamide

2 EA = 2-chloro-S-nitrcbenzoic acid

(3: see Figure 3 of the drawings; 4: see Figure 4 of the
drawings)

[

TABLE_7

Anti- umour activity against  MACI1e, murine colon
adenocarcincoma sc transplant con day 11 after the heginning

of treatment with 2,4-dichloro-3,:2 dinitrchenzoic acid
(2,4 BA). Drug dissolved in corn oil. The tumouvr volumes
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were at least 40mm’ =L the beginning of the trestmenc.
animals per group. Dosage is per day.

Uy

Compound Dcse Route Schedule ¥  Tumour
Weight
{(rg/kg) (days). Innhibition
2,4 BA 75% ip 1.2,5,8 &8
50 ip 1,2,4,5,8 91

a = maximum tolerated dose
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TABLE 8

Anti-tumour activity against Blé murine melanoma 12 days
after sc transplant on female C57/black wmice. 6 animals
per group. Dosage is per day and Is ip.

Compound Dose Schedule % Tumour Weight
(mg/kg) (days) Inhibition
2-zhloro-5- 700 1,2.3,4,5,6 62

nitrcbenzoic acid

In addition, the follcwing primary assay was used to
investigate the anti-viral activity of compounds  in
accordance with Lhe invention, in particular 4-chloro-3,5-

dinitrobenzenesulphonic aclid.

Arti-tumour activity and toxicity studies have
acditionally been completed for the following compcunds

with broadly satisfactory results:-

c22  2,5-dichloro~4-nitrobenzoic acid
c22 2,4-dichloro-S-nitrobenzoic acid

c24 2,6-dichlero-4-nitrcobenzoic acid
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Ce5 2-amino-5-nitrobenzoic acid
C26 2-hydroxy-S-nitrobenzoic acid

C27 3,5-dichloro-4-nityobenzoic acid

PRIMARY ASSAY

(z) Acute Infection Assay. High titre virus stocke of
the human immunodeficiency virus HIV-1;, were grown in H9

celis with RPMI 1640 (Flow laboratori es) supplemented with

10% fetal calf sexum, penicillin (100IU/ml). Call debris
was  removed by low speed centri'fugaticm, and the
supernatant stored at -70°C until required. In 3 typical

assay (8166 T-lymphoblastoid CD4+ cells were jncubated
with 10xTCIDSO HIV-1p,, at 37°C for 90 minutes ard then
washed threse times with phosphate buffered sazlipe (PES) .

Cell aliguots (2 x 10°) were resuspended in 1.5 ml growth
medium in 6 ml tubes, and compounde in log Adilutions
[200uM to 0.2uM] were added immed: ately. 20 mM stock
solutions of each compound wera made up in 70% alcchol

The compounds were stored as a powder and made up freshly
in distilled water before each experiment or were storad

as a 20 mM stock solution in 70% aicohol . The fina
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concentration of alcohol in the tissue culture medium was
1%. The zells were then incubated at 37°C in 5% €O, . Al
72 hours post-infection 200 i1 o©of supernatant was taken
from each culture and assayed for HIV (Kingchincton v al,

1989, Robert et al 19%0) using an antigen capture ELISA

D

wirtich recognizes all the core proteins egually (Coulter

Electronics, Luton, UK}. The following controls were
used: supernatants taken from uninfecred anc infected
cells, infected cells treated wilbh AZT (Roche Products UK,
Ltd) and ddC (Rochec) and R031-8959 (Roche) an inhibitor of

HIV proteinase. The IC;, actiwvities of 295 AZT anag 4dc

mn
\D

=

in infected cells were 1, 10, 20 n and 200 ™
respectively (accompanying Figure 2). The ELISA plates

were read with a spectrophotometer. Compounds were tested

ir. duplicate at each concentration, and the data shown 1is
the average of at least two assays. This assay assesszs

the activity of compounds by measuring their Inhibition of

HIV core antigen levels.

o~

(1) Chronically Infected Cell Asszay. Cheonically

‘nfecred c2lls (H9xf' were washed three Limes 1o remeve

cxtracellular vivus ana incubated with Lhes ECTL T
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compounds (200-0.2 pM) for four days. HIV-1 antigern in

the supernatant was then measured using an ELISA.

To test for compound foxicity uninfected HS cella waere
incubated with the coempounds for four days. Supernatants
were discarded and the cells resuspended in 200ul pg
growth medium containing e proteir hydrolysate. After &
hours the cells were harvested and the ¢ incorporation

mzasured.

(1ii) Toxicity Assay. To test for compound Toxicity,
aliquots cf 2 x 10° of uninfected cells were cultured with
the compounds in the same dilutiors for 72 hours. The
cells were then washed with PESA and resuepended in 200pl
of growth medium containing e protein hydrolysate. After
12 hours the cells were harvested and the *C inccrporation
measured. Uninfected, untreated cells were used as
controls. Toxicity is expressed as inhibition of uptake

of ¢ protein hydrolysate.

Thea results of these assays for 4-chlorc-3,5-

dinitrobenzenesulphonic acid are shown in accompanying
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Figure 1 in which RC stands for Radopath compound C i.e.
4 chloro-3,5-dinitrobenzenesulphonic acid. The results

are also summarised in Table 9 below:

IABLE S
Compound P 50 cD 1) TI
4-chloro-3,5
~-dinitrcbhenzene-
sulphonic acid 3pM &ouM 28.6

'he IC;, is the drug concertratizn that causes a 30%
redustion in HIV core antigen levels as detected by zhe
Coulter P24 antigen assay and is determined by doubling
dilutions of supernatant taken from tubes containing
untresated acutely infected cells. The CDg, 1is the
concentration of drug that causes a 50% inhibition of

¢ protein hydrolysale uptake. The

cells as measured by
therapeutic index (TI} 1is determined by dividinzg the CDg

by the ICs,.
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Further results for other compounds in accordance with the

invention are summarised in Table 10 below:
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TABLE 10

Compund ICso CDgo II
2-chloro-3,5-dinitru-
benzenesulphonic acid 25pum >200um »8
4-aminc-32,5-dinitro-
benzenesulphonic acid 20pm 100pm )
2,4,5-trinitrophencl <Q0.2um Soum »475
1-chloro-32,5-dinitro-
benzeoic acid 3C0Um 70um 2.33

Tnitial teste performed approximately contemporanecusly
indicated 2-chloro-5-nitrobenzoic acié would desmconstrate
gerformance at least as efficaceous, 1f not more So, as

any of the compounds whose Lests are reported herein.
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Following the methodolegy set forth  earlier for

performance assay against HIV, more extensive assays were

performed as reported in Tables 11 below:
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TABLE 11.1

CTRUCTURE -ACTIVITY RELATIONSHIP AGAINST HIV VIRUS

CODE COMPOUNDS *31C50 Terocs0
GROUP A

FZ picryl chloride

F2 picric acid

E3 picrylsulfonic acid (sodium salt)
GROUP B

CL 2 4-dichloro-3,5-dinitrcbenzcic acid

Cc2 2,4-dichloro-3,5-dinitrobenzamide

C3 2,4-dichlorxo-3,5-dinitrobenzcic acid methyl

ester

C4 4-chloro-3,5-dinitrobenzoic acid

C5 4-chlore-3,5-dinitrobenzamide

o 4-chloro-3,5-dinitrobenzoic acid methyl ester

c7 2-chloro-3,5-dinitrobcnzoic acid

c8 2-chloro-3,5-dinitrckenzoic acid methyl ester

ceo 4-chloxro-3-nitrobenzoic acid

c10 2-chloro-4-nitrobenzoic acid

11 3,4-dichlorcbenzoic acid

cl2 2,5-dichlorobenzoic acid

i3 4-chlorobenzoic acid

GROUP C
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4-chloro-3,5-dinitrobenzenesul fonic acid
2-chloro-3, 5-dinitrobenzenesulfonic acid
4-amino-3,5-dinitrobenzenesulfonic acid
4-chloro-3-nitrobenzenesulfonic acid
4-chlorobenzenesulfonic acid
4-nitrotoilnenesulfonic acid
2,5-dichlorobenzanesulfonic acid
2,4-dinitrobenzenesulfonic acid
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GROUP D

E2
ER
T4
ES
E6
E7
E8
E9
E1O
E1l
E12

-

Fr4

1-chloro-3,4-dinitrcbenzene
1-chloro-2,4-dinitrcbenzene
,2-dichlorc-4,S-dinitrobenzene
2,3~d1chloron;;robenzene
2,4-dichloronitrobenzene
,5-dichloronitrobenzens

o

3,4-dichloronitrobenzene
3,5~-dichloronitrokbenzene
1,5-dichlozc-2,3-dinitrobenzene
1,2,3-trichloro-4-nitrobenzene
~,2,4-trichloro-5-nitrobenzene
2,4,6-trichlorcbenzene

2,3,4,6-tetrachloronitrobenzena
pentachloronitrobenzene

TABLE 11,2
I-Conpounds ICS50 CCs¢e &I
(Antiviral) (Tozicity)
Index)
2gainst HIV-1RF
EL 0.6 7 10
- 5
0.4 - -
Averagea 0.5 & 12
F2 38 &/ !
E2 >200 >2C0 -

(Gelectivit

Y
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hgainst HIV- )
Pl 0.6 7
1 . 7
Averags 0.8 7

hgaipnst chronically infecred cells
Pl 0.9 7

2 12
Average 1.5 5.5

6

11.

(52}
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C-Compounds

Index)

Agaipst HIV-I11IB

cl1

Average

Againgt HMIV-IRL

Ca

Against chronically inpfected ca2lls

Average

TARLE 11.3

IC50 CC50
(Antiviral) (Toxicity)
5 70 14
36 78 2
33 9 2
35 62 2
27 70 3
7 60 a
16 55
11.5 57

Cl

Acainst HIV-1IIIB

Average

16
16
16

cz

cz

C4

C5

Cé

c7

Average

2

10
30
35

wn

23

39
85
63

120
70
85

150

7C

50

€0

NN NN

B W w»

B MmN

610196

SI
{(Selectivity
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i
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Average

5
22

10

>200

>200

>200

>200

>200
175

60

49

>10

>200

>200

>200

>200
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TABLE_11.4
S-Conpounds IC50 CCEQ ST
(Antiviral} (Toxicity) (Selec
Index)
Against HIV-1RF
S1 20 100 2]
19 &0 ]
Average 20 30 4
S2 NR
Sz NR
£a »200 200G
S5 >200 »>20C
Sé >200 200
S7 =200 ~20C
S8 40 1230 2.5
30 70 2
Average 35 75 2.4

010196

vivity
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TABLE 11.5
I -Ccmpounds IC50 CCs50 3I
(Antiviral) (Toxicity) (Selectivity
Index)
2gainst HIV-1RF
El 4 10 2.5
E2 4 13 3
B3 4 7 1.5
E4 80 >200 1.5
ES 180 >200 1
ES 110 >200 2
7 >200 >200 -
EB 120 >200 1.5
ES ND
E10 >200 90 -
E1ll =200 >200 -
E12 >200 >200
E13 >200 &a -
E14 >200 >200 -

While the invention has been described above -n various

specific details, it will be appreciated that numerocus and
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sarious modifications may be made within

scope of the claims which follow. Thus, for evample,

functional groups can be in variocus other positions,

which the above specifically recited are examples only.

the gpirit and

the

of
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CILATMS

1. A compound for use as a pharmaceutical, the compound
cemprising an aromatic ring structure having at least one
labile leaving moiety and at least one electrophilic

moiety.

2. A compound as claimed in Claim 1 and having the

generzsl formula:

wherein one cof X' to X°® is a labile leaving moliety, cne of
the balance thereof is an electrophilic meiety and the
remainder are the same or different and are nhydrogen or a

substituent.

3. A compound as claimed in Claim 2 wherein X! is a
labile leaving noiaety, cne of X’ to X® is an electrophilic
moiety and the remainder are, each independently, hydrogen
or a substituent, provided that when X’ and X* are nitro
groups, X' is neither a nitro group», a sulpionic acid group

nor a sulphonate group or X' is not a labile groeup as
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defined belcw, ramely a hydroxy group, an amins group, &
sulfo group, a carboxy group, & metryloxy group, halogen or
a hydrazyl group of the fcrmula:
2 ~-N-N-
! oa
wherein A is hydrogern or &n unpaired electron of the
nitrogen atom, Y is hydrogen or an orgsnic group and 2 1is

an organic group, or Y and 2 together with the adjacent

ritrogen atem form a nitrogen-containing heterocycle.

4. Aicompound as claimed in Claim 2 whereir one of X' to
¥5 is a lzbile leaving moiety, one of the balance therectf is
an.electrophilic moiety, and the remainder are the szme OF
¢ifferent and are hydrogen or an substituent with at least
two therec? being other than nitro, at least one neing =z
labile moiety and at least one reing an electrophilic

moiety.

5. A compound as claimed in zny one of Claiws 2 to 4§,
wherein at least one of X! to X® is an electrophilic molety

er labile moiety selected from the folleowing: -

electroprilic moietlies - SO.H, SO (where ™ is a metal).

halegen and NO,
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labile moieties - halogen, S$O;H, SO (where M 1s a
metal), optionally substituted
NH;, COOH, optiorally substituted
CONH; and COCR: (whers Rz 15 3

metal cr alkyl).

6. A ccmpound as claimed in any preceding claim which has
the gsneral formula:
5
X
X x *
o - ~. 3 1T
X X
2
x\

wherein: X' is SOsH, SOM (where M is a metal), halcogen, COQ
(where @ is hydroxy, amino or substituted amino, or the
group OR; in which R; iz a metal or alkyl), NH;, substituted
NH., NO, cr CH; X° is hydrogen, halogen, glutathiones or
nitro; X% ¥X¥ and X!' are, each independently, hydrogen,
halogen or nitro; and XY is hydrogen, nitro, optionally

substituted amino, halogen, alkyl or glutatnilone.

i)

7. A compound as claimed in Claim 6 Wnerein t

-

substiruent definitions are as set forth below:-
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(a} x  is SOs;H; X® is hydrogen, halogen or g¢glutathionz; x?
and X'° are, each independently, hydrogen, halcgen or nitro;
X' is hydrogen; and XY is hydrogen, nitro, optionally

substituted amino, halogen, alkyl or glutathione;

(b’ ¥’ is halogen; X% %%, x® and X* ere, each
indepencently, hydrogen, halegen or nitro; and X is

hydrogern:

(c: X' is SO, SOM (where M 1s a metal), Ni; or

substituted N¥E,, bhalogen or hydrexy; X° is nitro; X' is

-
.~

hydrogern: X* is hydrogen; X!' is nitro; and X' is nitro.

~

(@° X is oprionally substituted amino; and R* to R re,

each incependently, hydrogen, halogen or nitro.

8. A compound as claimed in Claim 6 wherein:-

x’ is a group of formula-COQ in which Q is hydroxy,

optionally substituted amino oz has the formula -ORs in
which R° is alkyl or metal: ®® is hydrogen or halogen; X’
and X!° are, each independently, hydrogen, halogen or nitro;

%' is hydrogen; ard X' is hydrogen, nitro, optiomally

surstituted amino or halogen.
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9. A compound as claimed in Claim 1 and as set fcrth

belcw by name:-

5.1 2-chloro-5-nitrobenzoic acid

9.2 2,4-dichloro-3,S~dinitrobenzoic acid or ite alkyl =ster
9.3 4-chloro-3,5-dinitrobenzoic acid or its alkyl ester
9.4 2,5-dichlcrobenzeoic acid

9.5 2,4-dinitrcbenzoic acid

9.6 3,5-dinitrobenzoic acid

8.7 3-nitro-4-chloroanisole

9.8 4-a2nino-3,5-dinitrobenzamide

9.9 4-chloro-3,5-dinitrobenzamide

9.10 2,4-2ichloro-3,5-dinitrobenzanide

9.11 4-chloro-3,5-dinitrobenzenesulphonic acid

S.12 4-chlorobenzenasulphonic acid

8.13 2,E-dichlorobenzenesulphonic acid

S.14 4-aminc~3, 3-dinitrobenzenesulphonic acid

9.15 3-nitro-4-methylbenzenesulphonic acid

9.16 2-chldro—3,S—dinitrobenzenasulphonic acid

8.17 2-glutathionyl-3, 5-dinitrobenzenesulphonic acid
9.18 4-glutathionyl-3,5-dinitrobenzenesulphonic acid
9.19 3-nitro-4-methylbenzenesulphoniz acid

5.20 3-nitro-4¥chlorobenzenesulphonic acid

89.21 2,4-dinitrobenzenesulphonic acid

9.22 4-chloro-3,5-dinitrobenzene sclfonic acid



10

*«J

3]

20

25

58

g.23 2,4-dinitrochlorocbernzensz
9.24 3,4-dinitrochlorobenzene
9.25 2,4~dinitrofluorobenzens
9.26 1,2~dichloro-4, 5-dinitrobenzene
9.27 1, 3-dichlozo-4,5-dinitrokenzene

9.28 1,5-dichloro~-2,3-dinitrobenzene

9.29 2,4,6-trinitrorhenol (picric acid),

9.30 2,4,6~trinitrosniline,

.31 2,4,6-trinitrochicrobenzene.
8.32 2,6-dinitroaniline

9.33 2,4~dinitroaniline

9.34 3,5-dinitreaniline

9.35 2,4-dinitro-é-chloroaniline
9.36 2,6-dinitro-~4~chloroaniline
¢.37 2-chloro-4-nitroaniline
9.38 2,4-3dinitro-S-fluorcaniline
.39 1, 2~dinitrokenzene

9.40 1, 3-dinitrobenzene

9.41 1, 4-dinitrobenzene

10. A compound as claimed in any
wherein a ring hydrogen provides

ccmpound having the general formula:

D10196

one of Claims I

a

labile mclety.

-

tce >

the
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NG,

2N (VIII)

NG,

A compound for use in the treatment or prevention of

cancer, pre-cancer or disease caused by viral infection,

which compound comprises an aromatic ring structure having

at least one labile leéVing moiety and at

electrophilic moiety.

12.

cancer, pre-cancer or diseasz caused by viral

least one

A compound for use in the treatment or prevention of

infection,

the compound being a compound as set forth below by name:-

12.1
12.2

12.3

12.5
12.6
12.7

12.8

2,4,6-trinitrophenocl

2,4-dichlore~3, 5-dinitrobenzoic acid
4-chlore~-3, 5-dinitrobenzoic acid
1,5-dichloro-2, 3-dinitrobenzerne
2-chloro~-5-nitrobenzoic acid
4-chlorobenzenesulfonic acid

4-chloro-3, 3~dinitrobenzene sulfonic acid
4~chloro-3,5-dinitrobenzamide

2,4-dichloro-3, 5-dinitrobenzznrice
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13. A harmaceutical composition, which  composition
conprises a compound as claimed in any precedirg claim and

a pharmaceutically-acceptable diluent or carrier.

14. Use of a compound as claimed in any one of Claim 1 to
12 fcr the preparation of a medicament foxr the prophylaxis

or therapy of cancer, pre-cancer cr viral infection.

15. A method of treating (a) disease <caused by wviral
infectien or (b) cancer ot bpre-cancer to reduce oOr
eliminate cancerous growth, vhich  method comprises
administering an effective amount of a ~sxpounc as claimed
in any cne of Claims 1 to 12 or 2 composition as claimed in

Claim L13.

16. A chlorc~ or nitro-benzenesulicnic acid compound, a
chloro- or nitro-benzoic acid compound cr chloro— ¢r nitro-

benzamice compound for use ag & pharmaceutical.
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