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[57) ABSTRACT

Pharmaceutical compositions, containing a 4,4'-dihy-
droxy-3,3'-triphenylmethanedicarboxylic acid (or an
oxidized derivative) as active ingredient, are described
and are prepared conventionally in a form suitable for
topical administration e.g. ointment. The compositions
are useful for the treatment of inflammatory diseases
and inflammatory conditions of the skin. Many of the
active ingredients are novel compounds. A representa-
tive novel active ingredient is 4" -cyano-4,4'-dthydroxy-
5,5 -dimethyl-3,3'-triphenylmethanedicarboxylic acid.
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TRIARYL OR DIARYLPYRIDYL METHANES

Matter enclosed in heavy brackets [ J appears in the s

original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by _rei_ssue.

This is a division of application Ser. No. 747,995 filed
Dec. 6, 1976, now U.S. Pat. No. 4,113,879.

This invention relates to new pharmaceutical compo-
sittons which have anti-inflammatory activity and, in
particular, which have anti-inflammatory activity when
applied topically to an area of inflammation.

According to the invention there is provided a phar-
maceutical composition which comprises as active in-
gredient a compound of the formula:

R3 |
X
RO (I:-Y
®
R20;C

wherein either X is hydrogen and Y is a radical of the
formula:

I1

OR!

CO4R?

or X and Y together are a radical of the formula:

R3 I

CO;R?

and wherein R! is hydrogen or an acetyl radical; R2 is
hydrogen or a phenyl radical optionally substituted by a
halogen atom; R3 is hydrogen, a Ci-¢-alkyl radical or a
halogen atom; and B is a 4-pyridyl radical, or a phenyl
which may optionally bear from 1 to 3 substituents
selected from halogen atoms, nitro, cyano, carbamoyl,
carboxy, formyl and N-hydroxyazomethylidene
(HO—N—/CH—) radicals; or a pharmaceutically ac-
ceptable salt of a compound of formula I wherein R2 is
hydrogen; together with a pharmaceutically-acceptable
diluent or carrier.

The nomenclature used in this specification is based
on the following system, the formula IV being given by
way of example only:
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IV

RO

R20,C

A particularly suitable value for R?2 when it is a
phenyl radical optionally substituted by a halogen atom
is, for example, a chloro- or bromo-phenyl radical, for
example a 4-chloro- or 4-bromo-phenyl radical.

A particularly suitable value for R3 when it is a Cj_¢-
alkyl radical is for example a methyl, ethyl, propyl or
butyl radical, and when it is a halogen atom is, for exam-
ple, a fluorine, chlorine or bromine atom.

A particularly suitable value for a halogen atom
when present as a substituent when B i1s an optionally
substituted phenyl radical is, for example, a fluorine,
chlorine or bromine atom.

A particularly suitable value for B when it 1s an op-
tionally substituted phenyl radical i1s, for example, a
phenyl or a 3-nitro-, 4-nitro, 4-fluoro-, 2-chloro, 4-
chloro, 4-bromo-, 4-cyano-, 4-carboxy-, 4-carbamoyl-,
2,6-difluoro-, 2,4-dichloro-, 2,6-dichloro-, 2,4,6-tri-
chloro-, 2-fluoro-6-chloro-, 2-chloro-4-cyano, 2-chloro-
4-nitro-, 2-chloro-5-nitro-, 2-bromo-6-chloro-, 4-formyl-
or 4-(N-hydroxyazomethylidene)-phenyl radical.

Presently preferred active ingredients of the compo-
sition of the invention are, for example, 4"’-cyano-, 4"-
nitro-, and 2"-chloro-4,4'-dihydroxy-3,5-dimethyl-3,3'-
triphenylmethanedicarboxylic acid.

A particularly suitable salt of active ingredient of
formula I wherein R? is hydrogen is, for example an
alkali metal salt, for example a sodium salt, an alkaline
earth metal salt, for example a calcium salt, an ammo-
nium or an aluminium salt, or the salt of an organic base
affording a pharmaceutically-acceptable cation, for
example a triethanolamine salt.

The pharmaceutical composition of the invention
may be obtained by conventional means and using con-
ventional diluents and carriers, and is in a form suitable
for topical application to an area of inflammation, for
example, on the skin. A particularly suitable form of a
composition of the invention is therefore, for example,
an ointment, gel, emulsion, solution or suspension. A
composition of the invention may in general contain
0.5% to 10% w/w of an active ingredient of formula I
as defined above.

A particularly suitable ointment formulation is pre-
pared by dispersing an active ingredient as defined
above in a pharmaceutically acceptable organic diluent,
for example soft paraffin, optionally in the presence of
an emulsifying and/or thickening agent, for example
sorbitan monostearate.

A further particularly suitable ointment formulation
is prepared by dissolving an active ingredient as defined
above in a pharmaceutically-acceptable organic sol-
vent, for example diethyleneglycol monoethyl ether,
and then dispersing the solution in a pharmaceutically-
acceptable organic diluent, for example soft paratffin,
optionally in the presence of a stabiliser, for example

~lanolin.
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A particularly suitable gel formulation is prepared by
adding a gelling agent, for example carboxy polymeth-
ylene, to a solution of an active ingredient as defined
above, In a pharmaceutically-acceptable organic sol-
vent, for example isopropyl alcohol.

A particularly suitable emulsion formulation, for ex-
ample a cream or a lotion, is prepared by mixing an
active ingredient as defined above with a suitable con-
ventional emulsifying system and water.

A particularly suitable solution formulation, for ex-
ample a tincture, is prepared by dissolving an active
ingredient as defined above in a pharmaceutically-
acceptable organic solvent, for example isopropylal-
cohol or actone.

A particularly suitable suspension formulation is, for
example, an aqueous suspension, and may contain an
active ingredient as defined above, in admixture with
one or more suitable excipients selected from, for exam-
ple, suspending, dispersing and wetting agents.

A further particularly suspension formulation, s, for
example, a suspension in a form suitable for aerosol
dispensation, and is prepared from an active ingredient
as defined above in very finely divided form, together
with one or more conventional aerosol propellents, for
example a halogenated hydrocarbon, such as 1,1,2-tr1-
chloro-1,2,2-trifluoroethane, trichlorofluoromethane or
1,2-dichloro-1,1,2,2-tetrafluoroethane.

The composition of the invention may contain in
addition to an active ingredient or formula I, one or
more known pharmaceutical agents selected from corti-
costeroids, for example fluocinolone acetonide, prednis-
olone, flumethasone pivalate, betamethasone valerate,
hydrocortisone or dexamethasone, and antibacterial
agents, for example oxytetracycline, gentamicin, neo-
mycin, gramicidin, chlorhexidine or cetyltrimethylam-
monium bromide, and anti-fungal agents, for example
griseofulvin or nystatin, and antihistamines, for example
diphenhydramine or chlorphenamine, and local anaes-
thetics, for example amylocaine, benzocaine or pro-
caine. In addition the compositions may also contain
conventional excipients such as colours, chelating
agents or preservatives as desired.

The majority of the compounds of formula I are
novel compounds. However a specific group of com-
pounds of formula I which are known comprises those
compounds of formula I wherein R! and R2 are hydro-
gen, R3 is a methyl radical and B is a phenyl, 2-
chlorophenyl, 4-chlorophenyl, 2,6-dichlorophenyl, 2,5-
dichlorophenyl or a 2,3,6-trichlorophenyl radical, and
those compounds wherein R1, R2 and R3 are hydrogen
and B 1s a 2,4-dinitrophenyl radical.

According to a further feature of the invention there
is provided a novel 3,3'-triarylmethanedicarboxylic acid
derivative of the formula:

R3 I
1
RO ;—Y
R20,C |

wherein either X is hydrogen and Y is a radical of the
formula:
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OR/!

CO2R?2
or X and Y together are a radical of the formula:

R3 I

COsR?

and wherein R! is hydrogen or an acetyl radical; R? is

hydrogen or a phenyl radical optionally substituted by a

halogen atom; R3 is hydrogen, a C;_s-alkyl radical or a

halogen atom; and B is a 4-pyridyl radical, or a phenyl

radical which may optionally bear from 1 to 3 substitu-
ents selected from halogen atoms, nitro, cyano, carbam-
oyl, carboxy, formyl and N-hydroxyazomethylidine

(HO—N—CH—) radicals; or a pharmaceutically-

acceptable salt of a compound of formula I wherein R2

Is hydrogen; but excluding those compound of formula

I as defined above wherein R} and R2 are hydrogen, R3

is a methyl radical and B is a phenyl, 2-chlorophenyl,

4-chlorophenyl, 2,6-dichlorophenyl, 2,5-dichlorophe-
nyl or a 2,3,6-trichlorophenyl radical; and those com-

pounds wherein R1, R2 and R3 are hydrogen and Bis a

2,4-dinitrophenyl radical.

Particular groups of novel compounds of formula I
comprise those compounds wherein X is hydrogen and
Y 1s a radical of formula II and:

(a) wherein R! is an acetyl radical;

(b) wherein R2is a phenyl radical optionally substituted
by a halogen atom;

(c) wherein R is a halogen atom or a Cy_g-alkyl radical;

(d) wherein B is a 4-pyridyl radical;

(e) wherein B is a phenyl radical bearing a fluorine or
bromine atom, or a carbamoyl, carboxy, formyl, N-
hydroxyazomethylidene (HO—N—CH—) or cyano
radical, or a mono-nitro radical;

() wherein RJ3 is a methyl radical, and B is a phenyl
radical bearing a 3-, 5- or 6é-chloro-radical; or a
2,3-,2,4- or 3,5-dichloro radical, or a 2,3,4-, 2,4,6- or
2,5,6-trichloro radical, or a dinitro radical;

(2) wherein R3 is hydrogen and B is a phenyl radical
bearing a chloro, dichloro, or trichloro radical, or a
2,3- 2,5-, 3,5- or 2,6-dinitro radical;

and wherein in each of parts (a) to (g) Rl, R2, R’and B

have the general meanings stated herein above unless

specified otherwise; together with, for those com-
pounds wherein R? is hydrogen, the pharmaceutically
acceptable salts thereof.

Yet further particular groups of novel compounds of
formula I comprise those compounds wherein X and Y
together are a radical of formula III, and wherein R2,
R3 and B have the specific meanings ascribed immedi-
ately above in groups (a) to (g), or, where no meaning is
so ascribed, the general meanings stated hereinabove;
together with, for those compounds wherein R2 is hy-
drogen, the pharmaceutically acceptable salts thereof.
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A particularly suitable value for R’ when it is a C2-¢-
alkyl radical is, for example, an ethyl, propyl or butyl
radical; and a particularly preferred value for R, is
hydrogen or a methyl, n-propyl or chloro radical.

A preferred group of novel compounds of formula I
comprises those compounds of formula I wherein X is
hydrogen, Y is a radical of formula II, R! and R? are
hydrogen, and R! is hydrogen or a methyl radical; and
the pharmaceutically acceptable salts thereof.

A further preferred group of novel compounds of
formula I comprises those compounds of formula I
wherein X is hydrogen, Y is a radical of formula II R3
is hydrogen or a methyl radical and B is a 4-nitro- or
4-cyano-phenyl radical; and the pharmaceutically-
acceptable salts thereof.

Especially preferred novel compounds of the inven-
tion are 4''-cyano-4,4'-dihydroxy-5,5'-dimethyl-3,3'-tr1-
phenylmethanedicarboxylic acid and 4" -nitro-4,4’'-dihy-
droxy-5,5'-dimethyl-3,3'-triphenylmethanedicarboxylic
acid.

The novel compounds of formula I may be obtained
by any process applicable to the manufacture of analo-
gous chemical compounds. Such processes are pro-
vided as a further feature of the invention and are exem-
plified by the following in which X,Y,R!, RZ, R3and B
have the general meanings stated above unless specifi-
cally stated otherwise:

(a) For a compound of formula I wherein X 1s hydro-
gen, Y is a radical of formula II, and RR! and R are
both hydrogen, reacting a salicylic acid of the for-
mula:

R3 1 4%
HO
HO,C
with an aldehyde of the formula:
—CHO v

in the presence of a strong inorganic or organic acid.
A. particularly suitable strong inorganic acid 1s, for
example, concentrated sulphuric, hydrochloric or hy-
drofluoric acid, and a particularly suitable strong or-
ganic acid is trifluoroacetic acid. The process is conve-
niently carried out at, for example, 0° to 50° C., and
preferably at 10° to 30° C. The duration of the process
is from 30 minutes to 4 days, depending upon the reac-
tivity of the reactants. The strong inorganic or organic
acid is conveniently used in excess, but a conventional
inert diluent may also be included. The salicylic acid of
formula IV is conveniently employed in excess, for
example in an excess of 1 molecular equivalent, over the
aldehyde of formula V.
(b) For a compound of formula I wherein X and Y
together are a radical of formula III and R! is hydro-
gen, oxidising a compound of the formula:
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R R?

R20,C CO;R?

A4 |

The oxidation may be carried out with an inorganic
or organic oxidising agent, conveniently at 10°-30° C.
and optionally in the presence of an inert solvent or
diluent, for example formic or acetic acid.

Particularly suitable inorganic oxidising agents are,
for example, nitrous acid, sodium or potassium perio-
date or hydrogen peroxide, all conveniently used in the
presence of an acid, for example formic, acetic or sul-
phuric acid. When nitrous acid is employed it may con-
veniently be generated in situ using a suitable nitrite, for
example an alkali metal nitrite, such as sodium nitrite.

A particularly suitable organic oxidising agent 1s, for
example, lead tetra-acetate, which is conveniently used
in the presence of acetic acid.

The oxidation is in general exothermic and 1s prefera-
bly maintained at 10° to 30° C., and more particularly at
15°-25° C., by suitable cooling.

(c) For a compound of formula I wherein R!is an acetyl
radical, reacting the corresponding phenol of formula
I wherein R! is hydrogen with an acetylating agent.
A particularly suitable acetylating agent is, for exam-

ple, an acetyl halide, for example acetyl chloride or

acetyl bromide, or acetic anhydride. The process may
optionally be carried out in an inert solvent or diluent,
for example acetone, acetonitrile or tetrahydrofuran
and is preferably catalysed by addition of a mineral acid,
for example sulphuric acid. The process is conveniently
carried out at, for example 0°-100° C. and more particu-

larly at 20°-60° C.

(d) For a compound of formula I wherein R?is a phenyl
radical optionally substituted by a halogen atom,
esterifying an acid of formula I wherein R? is hydro-
gen, by reaction with a phenol of the formula R+.OH,
wherein R4 is a phenyl radical optionally substituted
by a halogen atom, for example, with phenol or 4-
chlorophenol.

The process may be carried out by any procedure
conventionally used for the esterification of acids. Thus,
for example, an acid of formula I wherein R? is hydro-
gen may be converted into an acid halide, for example
an acid chloride, using a halogenating agent, for exam-
ple phosphorus oxychloride or thionyl chloride, option-
ally in an inert solvent or diluent, for example toluene.
This reaction is conveniently carried out at 50° to 100°
C., for example at reflux temperature.

The acid halide thus obtained may then be reacted
with the appropriate phenol of the formula R*.OH,
wherein R4 has the meaning stated above, optionally 1n
the presence of a base, for example pyrnidine, conve-
niently in an inert diluent or solvent, for example tetra-
hydrofuran, and at a temperature of, for example, from
0°-100° C.

Alternatively, and conveniently, the acid halide may
be prepared in the presence of the above phenol, in
which case the need for a separate reaction is elimi-
nated.

Alternatively the above acid of formula I may be
reacted with the above phenol in the presence of a
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condensing agent, for example dicyclohexylcarbodi-

imide, in an mert diluent or solvent, for example, tetra-

hydrofuran or acetonitrile and conveniently at a tem-

perature of, for example, from 10°-100° C.

(e) For a compound of formula I wherein B is a phenyl
radical bearing a cyano radical, dehydrating a com-
pound of the formula:

R3 VII

RIO

Z

wherein Z is a carbamoyl or N-hydroxyazomethylidene
(HO—N=—/CH—) radical.

The dehydration is conveniently carried out in the
presence of a dehydrating agent.

A particularly suitable dehydrating agent when Z is
an N-hydroxyazomethylidene (HO—N—CH—) radical
is, for example, thionyl chloride, a mixture of N,N-
dimethylformamide and sodium formate, a mixture of
sodium acstate and acetic acid, or acetic anhydride.
When acetic anhydride is used as dehydrating agent on
a starting material of formula VIII wherein R!is hydro-
gen, the first product isolated is a compound of formula
I wherein R1is an acetyl radical, but this may be readily
hydrolysed in accordance with process (f) described
herein below.

A particularly suitable dehydrating agent when Z is a
carbamoyl radical is for example phosphorus pentoxide,
phosphorus oxychloride or thionyl chloride. When
phosphorus oxychloride or thionyl chloride is used as
dehydrating agent on a starting material of formula VII
wherein RZ is hydrogen, the carboxylic acid chloride
may conveniently be isolated, or this may be hydro-
lysed to give the required compound of formula I
wherein R? is hydrogen.

The dehydration is conveniently carried out at ele-
vated temperature, for example at 50°-200° C., and
more particularly at 100°-150° C., and an inert solvent
or diluent, for example 1,1,2,2-tetrachloroethane, may
optionally be present.

The starting materials of formula VII may be pre-
pared as described hereinabove in parts (a)-(d), from
known starting benzaldehyde and salicylic acid deriva-
tives. Alternatively, for those starting materials of for-
mula VII wherein Z is an N-hydroxyazomethylidene
radical, they may be prepared by reacting a formyl
compound of the formula:

VIII

CHO
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8

wherein R], R?, R3, X and Y have the general meanings

stated above, with hydroxylamine using conventional

conditions for the formation of oximes of aldehydes.
The starting materials of formula VIII may them-

selves be prepared as described hereinabove in parts

(a)-(d).

() For a compound of formula I wherein R! and R2 are
hydrogen hydrolysing a compound of the formula:

R3 IX
i
PO C—Y
QOC

wherein P is hydrogen or a Ci_gacyl radical, for exam-

ple an acetyl radical; and Q is a hydrogen, a C;_salkyl

radical, for example a methyl or ethyl radical, or a

phenyl radical optionally substituted by a halogen atom,

for example a phenyl or 4-chlorophenyl radical; pro-
vided that at least one of P and Q is other than hydro-
gen.

The hydrolysis is conveniently carried out either in
the presence of aqueous acid, for example sulphuric or
hydrochloric acid, or in the presence of aqueous base,
for example sodium or potassium hydroxide; and at a
temperature of, for example, 20°-100° C. An inert sol-
vent or diluent, for example acetic acid or ethanol, may
also optionally be used.

The starting materials of formula IX may either be
obtained by the processes described specifically herein-
above or by direct analogy to them.

(g) For a compound of formula I wherein X is hydrogen
and Y is a radical of formula 11, reducing a compound
of formula I wherein X and Y together are a radical
of formula III.

The reduction may be conveniently carried out using
any reducing agent generally known to be capable of
reducing the quinonemethide radical in analogous com-
pounds, for example, hydrogen in the presence of a
metal catalyst for example palladium or platinum, a
reducing metal for example zinc or iron preferably in
the presence of acid, sodium borohydride or sodium
dithionite.

The reduction is preferably carried out at, for exam-
ple, 20° to 100° C. and in water or an inert solvent or
diluent, for example, acetic acid, methanol or ethanol,
Or in an aqueous mixture containing such a solvent or
diluent. It is to be understood that the particular reduc-
ing agent employed is conditioned by the substituents
present in the required compound of formula I. Thus for
example when either or both of R! and R2are other than
hydrogen, catalytic hydrogenation is preferred, and
when ring B bears a nitro radical the reduction must be
stopped before reduction of the nitro radical occurs.

When a pharmaceutically acceptable salt is required,
a compound of formula I wherein R is hydrogen is
reacted with a base affording a pharmaceutically ac-
ceptable cation, for example sodium hydroxide, calcium
hydroxide, ammonia or triethanolamine.

The compounds of formula I possess anti-inflamma-
tory properties when applied topically to an area of
inflammation and are particularly useful in treating
inflammatory diseases or inflammatory conditions of
the skin, in warm-blooded animals. |
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In addition to anti-inflammatory properties, certain of
the compounds of formula I possess anti-bacterial prop-
erties. These antibacterial properties are to be under-
stood to be only a useful addition to the anti-inflamma-
tory properties and are insufficient in themselves to
justify using a compound possessing them solely as an
anti-bacterial agent. _

A particular group of active ingredients of formula I
having both anti-inflammatory and anti-bacterial prop-
erties comprises 2",4"-dichloro-4,4'-dihydroxy-3,3'-tri-
phenylmethane-dicarboxylic acid, 4,4'-dihydroxy-5,5'-
dimethyl-3,3'-triphenyl-methanedicarboxylic acid, 4"-
chloro-4,4'-dihydroxy-5,5'-dimethyl-3,3'-triphenylme-
thanedicarboxylic acid and 4'-cyano-4,4’-dihydroxy-
5,5'-dimethyl-3,3'-triphenylmethanedicarboxylic acid.

A particular group of novel compounds of formula 1
having both anti-inflammatory and anti-bacterial prop-
erties comprises 2",4"-dichloro-4,4"-dihydroxy-3,3'-
triphenyl-methanedicarboxylic acid and 4"-cyano-4,4'-
dihydroxy-5,5'-dimethyl-3,3'-triphenylmethanedicar-
boxylic acid.

The anti-inflammatory properties of a compound of
formula I may be demonstrated in a standard test in-
volving the inhibition of croton oil induced inflamma-
tion on the mouse ear. The activity of an individual
compound in this test depends upon its particular chem-
jcal structure, but specific compounds of formula I as
described in the specification produced a significant
inhibition of the inflammation at a topically applied
dose in the range 100 ug. to 2000 ug. per ear. No overt
toxic effects were detected at the active dose in this test.

The anti-bacterial properties of an active ingredient
may be demonstrated in a standard test involving the
inhibition of growth of Gram positive bacteria, for ex-
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ample Strep. faecalis and Staph. aureus, cultured in a
known manner. The anti-bacterial activity of an individ-
ual compound depends on its particular chemical struc-
ture but in general the specific compounds of formula I
as described in the specification were active at a con-
centration in the range from 10 to 1,000 parts per mil-
lion.

When an active ingredient of the composition 1s used
for the topical treatment of an area of inflammation
affecting the skin of a warm-blooded animal, for exam-
ple man, it is expected that the active ingredient will be
administered topically so that a daily dose of up to 300
mg. per man is received. The active ingredient is conve-
niently administered at intervals, for example three
times daily, and at a rate of, for example, 1 mg. of active
ingredient per square centimeter of skin, or at a lower
rate,

The invention is illustrated, but is not limited, by the
following Examples:

EXAMPLE 1

The compounds listed below were all obtained in the
following general manner:

The substituted benzaldehyde (0.15 mole) was added
in portions to stirred cooled (10° C.) concentrated sul-
phuric acid (93% w/v, 153 ml). The salicylic acid de-
rivative (0.335 mole) was then added rapidly and the
mixture was stirred at 10°-25° C. for 40 minutes to 4
days depending upon the particular reactants involved.
The reaction mixture was then poured into ice-water,
and the precipitated solid was filtered off and washed
thoroughly with water. The solid was then crystallised
using the solvent(s) indicated.

QQ

HOOC COOH
Com- Duration of
poun stirring at  Crystallisation
No. R} B 10-25° C.  solvent m.p. ("C.)
1 H 4-NO;Ph 18 hours precipitated from 164-166 (dec.)
aqueous ethanol
2 H 2,6-:Cl1hPh 18 hours precipitated from 197-198 (dec.)
aqueous acetic acid
3 H 2,4-Cl;Ph 18 hours aqueous acetic 263-268
acid
4 CH3 4-FPh 16 hours aqueous ethanol 285-288 (dec.)
3 N 4-NO>Ph 18 hours aqueous ethanol 275-278 (dec.)
6 N 2-Cl—5-NO2Ph 3 hours aqueous acetic acid  291-293 (dec.)
7 Cl 24-ChhPh 3 days methanol and 303 {dec.)
acetonitrile
8 CH; 3-NOPh 18 hours aqueous ethanol 248-240 (dec.)
9 " 4-(HO,C)Ph 5 hours aqueous acetic 311-312
acid
10 "’ 4-pynidyl 3 days aqueous acetic 230-232 (dec.)
acid
11 " 4-(H;NCO)Ph 18 hours aqueous ethanol 294-293 (dec.)
12 " 4-CNPh 40 mins. aqueous ethanol 287-289 (dec.)
13 : 2-Cl—4-NOyPh 18 hours aqueous ethanol 148-150 (dec.)
14 ' 4-BrPh 18 hours aqueous ethanol 280-281 (dec.)
15 o 2-F—6-ClPh 18 hours aqueous acetic 255-258
acid
16 ! 2-Br—6-CIPh 24 hours precipitated from 288-290
aqueous acetic acid
17 2,6-F2Ph 18 hours agqueous acetic 297-299
acid
18 " 2-Cl—4CNPh 4 hours aqueous acetic 282-284
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-continued

12

RJ R3
HOOC COOH

Com- Duration of
pound stirring at  Crystallisation
No. R} B [0-25° C.  solvent m.p. (°C.)
acid
19 * 2,4-Cl>Ph 3 hours aqueous acetic 282-283
ack]
20 H  2,6-F,Ph 18 hours  Paqueous acetic 280-285
acid
21 CH; 2,4,6-Cl3Ph 18 hours aqueous acetic 305-308
acid
22  n-C3H7 4-NO;Ph 18 hours agueous ethanol 274-280 (dec.)
C. in a vacuum oven. In this way the following com-
EXAMPLE 2 y g

pounds were obtained:

CHj Hy; H, CH;
HO C =0 X1
@
HOOC Hy H; COOH
Com- Duration
of
pound stirring at NMR7 values
No. B 10-25° C. (in CD{Cly unless otherwise stated)
1 Ph 3 days 1.71 (2H, doublet J = 3 c.p.s., Ar—Ha
2.2-2.8 (TH, complex, Ar—H +-
ArH;) and 7.75 (6H, singlet, CHj)
2 4.NO>Ph 3 hours 1.80 (4H, A»2B2,J = 8 c.ps.), 1.65
{ZH, doublet J = 3 c.p.s., ArHp)
2.26 (2H, broad, ArHp) and
7.57 (6H, singlet, ArCHj3)
3 4-FPh 40 hours *1.68 (ZH, doublet, J = 3 c.p.s., ArH,,)

4 2,4-Cl1oPh 24 hours

S 2-Cl5-
NO2Ph

2.1-2.6 (6H, complex, ArH 4+ ArHj)
and 7.51 (6H, singlet ArCH3)

1.95 (ZH, doublet, J = 3 c.p.s. ArHy)
2.4-3.2 (5H, complex ArH) and

7.78 (6H, singlet, ArCH3)

*1.33 (1H, quartet, J = 9, c.p.s. and

2.4 c.p.5., ArH—0-NO?), 1.61 (2H,
doublet J = c.p.s., ArHy)

1.70 (1H, doublet J = 2.4 c.p.s., ArH—0-NO),

2.01 (1H, doublet, J = 9, c.p.s. ArHp) and

7.58 (6H, singlet, ArCH3)

3 hours

*Spectral data recorded for trifluoroacetic acid solutions.

The compounds listed below were all obtained in the
following general manner:

The substituted benzaldehyde (0.15 mole) was added
in portions to stirred, cooled (10° C.) sulphuric acid
(93% w/v. 153 ml.). The substituted salicylic acid
(0.335 mole) was then added rapidiy and the mixture
stirred at 10°-25° C. for 40 minutes to 3 days depending
on the particular reactants involved. Concentrated sul-
phuric acid (40.5 ml.) and sodium nitrite (0.168 mole)
was then added, the temperature being maintained at
20° C. by cooling during the addition. The cooling bath
was removed and the reaction mixture stirred for a
further 14 hours, during which time the temperature
rose to 30° C. The reaction mixture was poured with
stirring into ice-water (3 1.) and filtered. The solid resi-
due was washed with water until the washings were
neutral to Congo red, and the solid was then dried at 37°

55
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EXAMPLE 3

4,4'-Dihydroxy-5,5'-dimethyl-4"-nitro-3,3'-triphenyl-
methanedicarboxylic acid (1.59 g.), acetic anhydnde (6
ml.) and concentrated sulphuric acid (0.05 ml.) were
stirred together at 50°-60° C. for 14 hours. The reaction
mixture was poured into ice-water (100 ml.) and the
solid which precipitated was filtered off. The solid was
crystallised from ethanol and there was thus obtained
4,4’ -diacetoxy-5,5 -dimethyl-4"’-nitro-3,3'-triphenylme-
thane-dicarboxylic acid, m.p. 235°-237° C.

In a similar manner, using the corresponding 2", 4"'-
dichlorophenyl derivative as starting material, there
was  obtained  4,4'-diacetoxy-5,5-dimethyl-2",4"-
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dichloro-3,3'-triphenylmethanedicarboxylic acid, m.p.
163°-165° C. (crystallised from toluene).

EXAMPLE 4

A mixture of 4’'-cyano-4,4'-dihydroxy-5,5'-dimethyl-
3,3'-triphenylmethanedicarboxylic acid (2.08 g.), 4-
chlorophenol (1.3 g.), phosphorus oxychloride (0.5 ml.)
and toluene (10 ml.) was heated on a steam bath for 18
hours. The reaction mixture was poured into 10% w/v
sodium carbonate solution (25 ml.) and extracted with
ethyl acetate (3 x50 ml.). The combined extracts were
washed successively with water (50 ml.) and brine (50
ml.), and then dried (MgSQ4) and evaporated. The
residue was crystallised from ethanol, and there was
thus obtained di-4-chlorophenyl 4"-cyano-4,4'-dihy-
droxy-5,5'-dimethyl-3,3’-triphenylmethanedicarboxy-
late, m.p. 120° C. (decomposition),(after recrystallisa-
tion from ethanol).

In a similar manner there was obtained from 2",4"'-
dichloro-4,4’-dihydroxy-5,5’-dimethyl-3,3'-triphenyl-
methanedicarboxylic acid and phenol, diphenyl 2",4"-
dichloro-4,4'-dihydroxy-5,5'-dimethyl-3,3'-triphenyl-
methanedicarboxylate, m.p. 215°-220° C. (after recrys-
tallisation from acetone-ethanol).

EXAMPLE 5

Terephthalaldehyde (25 g.) was added in portions to
a stirred mixture of concentrated sulphuric acid (98%
w/w, 300 ml.) and water (23 ml.), cooled to 20°-25° C.
o-Cresotic acid (2-hydroxy-3-methylbenzoic acid) (58
g.) was then added rapidly and the mixture was then
further stirred at 20°-25° C. for 16 hours. The reaction
mixture was then poured into ice-water (1.5 1.), and the
precipitated solid was separated by filtration, washed
with water, and recrystallised from 50% v/v aqueous
acetone to give 4”'-formyl-4,4'-dihydroxy-5,5'-dimethyl-
3,3'-triphenylmethanedicarboxylic acid, m.p. 274°-277°
C. (decomposition).

EXAMPLE 6

Hydroxylamine hydrochloride (16.0 g.) was added at
20°-25° C. to a solution of 4'-formyl-4,4'-dihydroxy-
5,5'-dimethyl-3,3' -triphenylmethanedicarboxylic acid,
(42.0 g.) in a mixture of water (300 ml.) and aqueous
ammonia solution (density 0.88) (25 ml.). The mixture
was stirred at the same temperature for 1 hour and then
adjusted to pH 4 by addition of glacial acetic acid (ap-
proximately 20 ml.). The precipitated solid was sepa-
rated by filtration, washed with water and re-
precipitated with acetic acid from solution in a mixture
of aqueous ammonia and acetone to give the oxime of
4" -formyl-4,4'-dijhydroxy-5,5'-dimethyl-3,3'-tri-
phenylmethane-dicarboxylic acid, m.p. 275°-277" C.
(decomposition).

EXAMPLE 7

Acetic anhydride (2.1 ml.) was added to a suspension
of the oxime of 4'-dihydroxy-5,5'-dimethyl-3,3'-tr-
phenylmethanedicarboxylic acid (4.35 g.), and the mix-
ture heated under reflux for 24 hours. After it had been
cooled to 20°-25° C. the mixture was stirred vigorously
with 2N aqueous sodium hydroxide solution (approxi-
mately 40 ml.) so that the mixture was maintained near
pH 11. The aqueous phase was then separated and acidi-
fied to pH 3 with hydrochloric acid. The precipitated
solid ws separated by filtration, washed with water and
recrystallised from a mixture of methanol and acetoni-
trile to give 4’-cyano-4,4'l-dihydroxy-35,5'-dimethyl-
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3,3'-triphenylmethanedicarboxylic acid, m.p. 287°~-289"

C. (decomposition)

EXAMPLE 8

A mixture of 4,4'-diacetoxy-5,5'-dimethyl-4”-nitro-
3,3'-triphenylmethanedicarboxylic acid (2.0 g.), 0%
v/v aqueous acetic acid (20 ml.) and 2N hydrochloric
acid (5 ml.) was heated at 95°~100° C. for 2 hours. The
solid was then filtered off, washed with water and re-
crystallised from aqueous ethanol to give 4,4'-dihy-
droxy-5,5'-dimethyl-4"-nitro-3,3'-triphenylme-
thanedicarboxylic acid. m.p. 275°-278" C.

EXAMPLE 9

A mixture of finely powdered 4'-cyano-4,4'-dihy-
droxy-5,5'-dimethyl-3,3'-triphenylmethanedicarboxylic
acid (5 parts by weight) in liquid paraffin (10 parts by
weight) was added to molten, white soft paraffin (83
parts by weight). The resulting mixture was allowed to
cool to 20°-25° C. with fast stirring, until a uniform
ointment, suitable for human use, was formed.

In a similar manner, an ointment containing a com-
pound as described in any one of Examples 1-4 or in a
numbered part thereof, was obtained by substituting
such a compound for 4'-cyano-4,4-dihydroxy-5,5'-
dimethyl-3,3’-triphenylmethanedicarboxylic acid in the
above process.

EXAMPLE 10

A solution of 4”-cyano-4,4'-dihydroxy-5,5'-dimethyl-
3,3 -triphenylmethanedicarboxylic acid (1 part by
weight) in isopropyl alcohol (80 parts by weight) pre-
pared at 40°-50° C. is cooled to 20°-25° C. Water (16
parts by weight) was added and the mixture was stirred
rapidly during the further addition of “*Carbopol” 540*
(3 parts by weight) until a fully dispersed gel, suitable
for human use, was formed. **“Carbopol” 940 1s a grade
of carboxypolymethylene gelling agent available from
B. F. Goodrich Chem. Co., Cleveland, U.S.A., “Car-
bopol” is a trade mark.

In a similar manner, a gel containing a compound as
described in any one of Examples 1-4, or in a numbered
part thereof, was obtained by substituting such a com-
pound for 4'-cyano-4,4'-dihydroxy-3,5'-dimethyl-3,3'-
triphenylmethanedicarboxylic acid in the above pro-
CESS.

EXAMPLE 11

A mixture of cetostearyl alcohol (9 parts by weight),
liquid paraffin (7 parts by weight), sorbitan monostea-
rate (2 parts by weight), polysorbate 60 (2 parts by
weight) and finely divided 4A-cyano-4,4'-dihydroxy-
5,5'-dimethyl-3,3'-triphenylmethanedicarboxylic acid (1
part by weight) was fused by heating at 65°-70° C.
Water (79 parts by weight) was added with stirring to
the melt thus obtained. The mixture was then stirred
rapidly with slow cooling to 20°-25° C. until a homoge-
neous cream, suitable for human use, was obtained.

In a similar manner, a cream containing a compound
as described in any one of Examples 1-4, or in a num-
bered part thereof, was obtained by substituting such a
compound for 4"'-cyano-4,4'-dihydrosy-5,5 -dimetyl-
3,3'-triphenylmethanedicarboxylic acid in the above
process.

EXAMPLE 12

The procedure described in any one of Examples
9-11 was repeated except that a novel compound of
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formula I as described in any one of Examples 5-8 was
incorporated as active ingredient instead of 4''-cyano-
4,4"-dihydroxy-$,5'-dimethyl-3,3'-triphenylme-
thanedicarboxylic acid. There was thus obtained an
ointment, gel or cream formulation, suitable for human
use.

EXAMPLE 13

A solution of finely powdered 4”-cyano-4,4'-dihy-
droxy-5,5'-dimetjhyl-3,3’-triphenylmethanedicarboxy-
lic acid (2 parts by weight) in diethyleneglycol mono-
ethyl ether (10 parts by weight) was stirred into molten
white soft paraffin (88 parts by weight), itself containing
lanolin (5-10 parts by weight. The resulting mixture
was then cooled with sufficient stirring to obtain a fine
dispersion of solution globules in the paraffin base.
There was thus obtained an ointment suitable for human
use.
The lanolin, which is present to help stabilise the
physical condition of the ointment, may if desired be
omitted.

In a similar manner an ointment containing a com-
pound described in any one of Examples 1-8 or in a
numbered part thereof, was obtained by substituting
suich a compound for 4"-cyano-4,4'-dihydro-5,5'-
dimethyl-3,3’-triphenylmethane-dicarboxyxlic acid in
the above process.

EXAMPLE 14

The procedure described in Example 9 was repeated
except that a compound of formula I wherein R! and
R? are hydrogen, R3 is a methyl radical and B is a
phenyl, 2-chlorophenyl,  4-chlorophenyl, 2,6-
dichlorophenyl, 2,5-dichlorophenyl or a 2,3,6-tn-
chlorophenyl radical, or wherein R!, R2 and R3 are
hydrogen and B is a 2,4-dinitrophenyl radical, was used
instead of 4’’-cyano-4,4'-dihydroxy-35,5-dimethyl-3,3'-
triphenylmethanedicarboxylic acid.

EXAMPLE 15

The precedure described in Example 10 was repeated
except that a compound of formula I wherein R! and
R2 are hydrogen, R3 is a methyl radical, and B is a phe-
nyl,2-chlorophenyl, 4-chlorophenyl, 2,6-dichlorophe-
nyl, 2,5 dichlorophenyl or a 2,3,6-trichlorophenyl radi-
cal, or wherein R!, R2 and R3 are hydrogen and B is a
2,4-dinitrophenyl radical, was used instead of 4”-cyano-
4. 4'-dihydroxy-5,5 -dimethyl-3,3 -triphenylme-
thanedicarboxylic acid.

EXAMPLE 16

The procedure described in Example 11 was repeated
except that a compound of formula I wherein R! and
R2 are hydrogen, R3 is a methyl radical and B is a
phenyl, 2-chlorophenyl, 4-chlorophenyl, 2,6-
dichlorophenyl, 2,5-dichlorophenyl or a 2,3,6-tn-
chloropheny] radical, or wherein R!, R? and R3 are
hydrogen and B 1s a 2,4-dinitrophenyl radical, was used
instead of 4—-cyano-4,4’-dihydroxy-3,5'-dimethyl-3,3'-
triphenylmethanedicarboxylic acid.

EXAMPLE 17

The procedure described in Example 13 was repeated
except that a compounds of formula 1 wherein R! and
R2 are hydrogen, R3 is a methyl radical, and B is a
phenyl, 2-chlorophenyl, 4-chlorophenyl, 2,6-
dichlorophenyl, 2,5-dichlorophenyl or a 2,3,6-tn-
chlorophenyl radical, or wherein Rl, R2 and R? are
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hydrogen and B is a 2,4-dinitrophenyl radical, was used
instead of 4”-cyano-4,4'-dihydroxy-5,5'-dimethyl-3,3'-
triphenylmethanedicarboxylic acid.

EXAMPLE 18

The anti-inflammatory activity of an active ingredi-
ent of formula I and, in particular, the anti-inflamma-
tory activity of an active ingredient of formula 1 when
applied topically to an area of inflammation, has been
demonstrated in man in the following manner involving
the reduction of erythema in the skin, induced after
exposure to U.V, light:

Seven healthy male volunteers were involved in the
study. During the week before the study began, each
volunteer had administered to his skin test doses of U.V.
light to determine the appropriate dose for induction of
erythema.

Three 1.0 cm. squares, spaced apart by 2 cm. edge to
edge, were defined on the volar aspects of both fore-
arms of each volunteer. Solutions of the test compound
in a suitable solvent, such as acetone, were then pre-
pared at concentrations of 1% w/v and 9% w/v. The
solutions were then applied (10 ul. per square) to sepa-
rate squares in the following sequence:

Square | Square 2 Square 3
ist arm 9% w/v solution solvent no treatment
2nd arm solvent 1% w/v solution no treatment

‘the appropriate control, that is the solvent (10p per

square) or no treatment, being applied to the corre-
sponding square on the contralateral arm.

One hour after the applications indicated above, each
of the squares on each forearms was exposed to the
pre-determined dose of U.V. light. The rest of the arm
was protected during this exposure by a shield having
holes cut in it corresponding to the three squares. The
degree of erythema was then assessed for each square at
intervals of 2,4,7,24,31 and 48 hours after the exposure
to U.V. light, using the following verbal scoring system:

0—No erythema

] —Very slight erythema (barely perceptible)

2—Well defined erythema

3—Moderate to severe erythema

4—Severe erythema (beet redness) with shght

sloughing of the skin.

A cumulative score was then obtained for the assess-
ments during the 48 hours following exposure to U.V.
light.

Using this procedure the following results were ob-
tained with 1% w/v and 9% w/v solutions of 4"’ -cyano-

5,5'-dimethyl-4,4’-dihydroxy-3,3’-triphenylme-
thanedicarboxylic acid (referred to as “A” below) in
acetone:

Erythema scores

—  (cumulativeover 48 howrs)

Volunteer 9% acetone 19% acetone
No. “AM control A control

1 0 5 5 7

2 1 7 6 B

3 1 B 6 8

4 0 B 4 5

5 0 8 6 8

6 3 8 8 8

7 3 8 5 8
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-continued R3 §
Erythema scores 5 OR|
(cumulative over 48 hours)
i 2
Volunteer 9% acetone 1% acetone CO2R
No. A control A control 10 wherein R! is hydrogen or an acetyl radical; R2 is hy-

e e I ———

Total 8 52 40 32

15
From these results it can be seen that both 9% and

1% w/v solutions of “A” in acetone gave statistically
significant (p<0.02 and p<0.05 respectively) protec- 20
tion from the erythema induced by U.V. light.

What we claimed is:

25
1. A compound of the formula:

R3 I 30
|
RIO C—Y
s
R20,C

wherein [either] X is hydrogen and Y is a radical of

40

the formula:

45

50
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drogen or a phenyl radical optionally substituted by a
halogen atom; R3 is hydrogen, a C;_galkyl radical or a
halogen atom; B is a 4-pyridyl radical, or a phenyl radi-
cal which may optionally bear from 1 to 3 substituents
selected from halogen atoms, nitro, cyano, carbamoyl,
carboxy, formyl and N-hydroxyazomethylidene
(HO—N—CH—) radicals; or a pharmaceutically ac-
ceptable salt of a compound of formula I wherein R2 is
hydrogen; but excluding those compounds of formula I
as defined above wherein R! and R2 are hydrogen, R3 s
a methyl radical, and B is a phenyl, 2-chlorophenyl,
4-chlorophenyl, 2-nitrophenyl,  4-nitrophenyl, 2.6-
dichlorophenyl, 2,5-dichlorophenyl or a 2,3,6-tri-
chlorophenyl radical; or wherein R!, R2 and R3 are
hydrogen and B is a 2,4dinitrophenyl radical.

2. A compound of formula I wherein X is hydrogen,
Y is a radical of formula II, R1and R2 are hydrogen, and
R3 is hydrogen or a methyl radical, and wherein B has
the meanings set out in claim 1; or a pharmaceutically
acceptable salt thereof.

3. A compound of formula I wherein X is hydrogen Y
is a radical of formula II, R3 is hydrogen or a methyl
radical, B is 2 [4-nitro- or] 4-cyano-phenyl radical, and
wherein R! and R? have the meanings set out in claim 1
or a pharmaceutically acceptable salt thereof.

4. 4"-Cyano-4,4'-dihydroxy-5,5’-dimethyl-3,3’-tri-
phenylmethanedicarboxylic acid [, or 4'-nitro-4, 4''-
dihydroxy-35,5'-dimethyl-3,3’- triphenylmethanedicar-
boxylic acid].

* x % = %
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