FATTY ACI D DERI VATI.VES Background Inflanmation is one of the conmonest
causes of human and aninmal disability. It plays a major role in diseases
such as rheumatoid arthritis, osteoarthritis, gout and ankyl osi ng
spondylitis; in reactions to infections of all types, to traunm
some.cancers; in inflammtory conditions of all organs exanpl
pancreatitis, nmyocarditis, dermatitis and pneunonitis; in
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anti-inflammtory drugs may be used to control the inflanmation and relieve
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plays a major role in diseases such as rheumatoid arthritis, ostedarthritis, gout and
ankylosing spondylitis; in reactions to infections of all types, to trauma, and to some
cancers; in inflammatory conditions of all organs examples being pancreatitis,
myocarditis, dermatitis and pneumonitis; in dysmenorrhoea; and possibly in reactions of
blood vessel walls in cardiovascular disease. Recently it has been suggested that
dementia also has a major inflammatory component (Rogers J et al, Neurobiology 43:
1609-1611, 1993). Inflammation is in many situations a normal and desirable response
on the part of the body which is directed at bringing a disease process under control.
However, in other situations including the various forms of arthritis and the dementias,
the inflammation may be excessive and prolonged, so contributing to rather than
preventing the damage. In these situations anti-inflammatory drugs may be used to
control the inflammation anﬂ relieve the symptoms, particularly the pain which can

result.

+

Anti-inflammatory drugs fall into two broad categories, the steroids and the non-
steroidal anti-inflammatory drugs (NSAIDs). This specification is concerned with the
NSAIDs, many of which act at least in paﬁ by blocking the conversion of essential fatty
acids (EFAs) to prostaglandins, leukotrienes and other substances generally known as
eicosanoids. However, many other facets to the anti-inflammatory and analgesic actions
of these drugs have been described and it is unlikely that a single-:—-me_chanism of action

can account for all their effects.



steroidal anti-inflammatory drugs (NSAIDs). This specification is concerned
with the NSAI Ds, many of which act at |least in part by bl ocking the
conversion of essential fatty acids (EFAs) to prostagl andi ns, | eukotrienes
and ot her substances generally known as ei cdsanoi ds. However, many ot her
facets to the anti-inflammatory and anal gesic actions of these drugs have
been described and it is unlikely that a single nmechani smof action can

account for all thelr ts. -2~ Jhe NSAI Ds used as .
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The salicyl at eéteg@ﬁq various derivatives thereof, including acetyl salicylic
acid, salicyli %P nmet hyl salicylate, diflunisal and sal salate. 2.

The pyrazol one derivatives, including phenyl butazone, oxyphenbutazone,
anti pyrine, am nopyrine, dipyrone and apazone. 3. The par a-am nophenol

derivatives, incl udmRgaREAARIAROPIRLSs dBAVARRS #¥Rof; including acetyl salicylic acid,
salicylic acid, methyl salicylate, diflunisal and salsalate.

2. The pyrazolone derivatives, including phenylbutazone, oxyphenbutazone,

antipyrine, aminopyrine, dipyrone and apazone.

3. The para-aminophenol derivatives, including acetaminophen (paracetamol),

phenacetin and related compounds.
4, Indomethacin, sulindac and related compounds.

5. The fenamates, including; mefenamic, meclofenamic, flufenamic, tolfenamic,

B | and etofenamic acids, and related compounds.

6. The proprionic acid derivatives including ibuprofen, naproxen, fenoprofen,

ketoprofen, flurbiprofen and related compounds.

7. The oxicam derivatives such as piroxicam and related compounds.
8. The phenylacetic acid derivatives such as diclofenac and related compounds.

9. Other NSAIDs such as tolmetin, etodolac and nabumetone.

While the NSAIDs have proved extremely valuable in the management of

symptoms, they all have two major drawbacks:
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phenacetin and rel ated conpounds. 4. | ndonet haci n, sulindac and rel ated
conpaunds. 5. The fenamates, including; nmefenam c, necl ofenam c,
flufenanic, tolfenamc, and etofenanmic acids, and rel ated conpounds. 6.

The proprlonic acid derivatives including ilgprofen, naproxen, fenoprofen,
ket oprofen, flurbiprofen and rel ated conmpounds. 7. The oxi cam
derivatives such as piroxicamand rel ated conpounds. 8. The phenylacetic
acid derivatives such as diclofenac and rel ated conpounds. 9.

NSAI Ds such asl-t ol fEheiqentrel eiisflammatien ieracely complete and the upderlying mﬂmsmteg'
have proved extrenelg val uaphle in the nana?ﬁnent of synptons, they all have
two maj or dr awbackPTOGESS usu ¥, BrQSSEAS, 18 SPHE Of AFUEAFSHMENn s rarely conplete
and the underlying inflamuatory process usually proceeds in spite of drug
treat ment.

2. All have important side effects, although these vary in severity from drug to
drug. The gastro-intestinal tract and the kidneys are particularly likely to be
damaged, although adverse effects on almost every tissue have been noted with

central nervous system side effects being particularly common with some drugs.

The Invention

We have developed a new drug concept which aims to improve efficacy and

reduce side effects. It is based on two facts:

1. There is increasing evidence that essential fatty acids have cytoprotective actions
in many situations, but particularly in the gastro-intestinal tract, the kidneys and the
brain. Unsaturated essential fatty acids have been shown to prevent or attentuate damage
to the stomach, the kidneys and the brain resulting from insults by various drugs,
including the NSAIDs. Gamma-linolenic acid is particularly effective in some of these

situations.

2. There is also increasing evidence that unsaturated essential fatty acids and
especially gamma-linolenic acid (GLA), its immediate derivative within the body,
dihomogammalinolenic acid (DGLA), and eicosapentaenoic acid (EPA) have anti-
inflammatory actions which are quite different from those of the NSAIDs. Some of
these actic;ms are dependent on conversion of the EFAs to anti-inflammatory eicosanoids
such as PGEj and 15-OH-DGLA from DGLA or PGI3 from EP-.';\, others on the
unchanged EFAs.



2. Al'l have inportant side effects, although these vary in severity from
drug to drug. The gastrointestinal tract and the kidneys are particularly

li kely to be damaged, although adverse effects on al nbst every tissue have
been noted with central nervous system side g£ffects being particularly
common with sone drugs. The Invention W have devel oped a new drug concept
which ainms to inprove efficacy and reduce side effects. It is based on two
facts: 1. There is increasing evidence that essential fatty acids have

cytoprotective act iBased pm thesgbpve, the invegtien ligsin desivativas|ofthe NSAIDS particularly

Party aci da. hadh Gben bl EBA DREYER 010K A afaHE BEEEHATSIR & Fide 1ot BHAER,

ol udi ng” ¢ ho SRexpies PRI edSr et thereiige ikrstleulf RS ke formpjation

tnsat ur at od cSuRPRINRERI0ing hehGHE fofm Bl ih B0 Wadk (pdRRGRH fHfhun

(DL, and o SpURSEaRE OB Ao fphf bpfvaeihinedt OPARTIRY Rl aud”! ¢

whi ch are qui a8sdtpfibPine thel lyAPhAtROGStef sd ARWiRgtHeSlivePeBe BY-passed and also easier
' passage across barriers to hydrophilic molecules such as cell mefnbranes and the blood-

brain barrier.

Any one of the class of NSAIDs can be prepared in the form of a derivative of
any of the EFAs, but particularly a derivative of GLA, DGLA or EPA. Examples of

appropriate synthetic routes are set out below:

) 1. Pure GLA or other EFAs, their acid halides, their anhydrides and their

mixed anhydrides are prepared by available methods.

2. The corresponding alcohols to GLA or other EFAs are prepared, for
example as described below for gamma-linolenol (GLALI), or by a similar
method using the lower saturated alkyl esters of EFAs. The alkyl groups

can contain from 1-6 carbon atoms.

3. The NSAID derivative of GLA or other EFAs or the NSAID derivative of GLAI
or other EFAls (Essential Fatty Alcohols) are prepared as described for

salycylic acid, Indomethacin or Ibuprofen.

In all cases, the formation of the ester linkage RCO2R' \;;r-hert_e R is etther the
main body of the NSAID and R' is the main body of an EFAI or R is the main body of
the EFA and R' is the main body of the NSAID, if not specifically given below, may be
synthésised by the following methods:-



-4- these actions are dependent on conversion of the EFAs to
anti-inflammatory eicosanoids such as PGEl and 15-OH DGLA from DGA or PGQ 3
fromEPA, others on the unchanged EFAs. Based on the above, the invention
lies in derivatives of the NSAIDs particulariy with GA, DGLA[ EPA but al so
with any of the other EFAs shown in Fig. 1. These derivatives have reduced
side effects, increased therapeutic effects, inproved formul ation *
characteristics allowng themto be fornulated in |ipids and made up into
soft gelatin capsules, and possibly also inproved pharmacokinetic
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or EPA. Exanp
from 1-4 carbon atoms. The reaction is carried out in a suitable solvent, e.g.

dichloromethane, in the presence of a tertiary organic base, e.g. pyridine or

triethylamine, at a temperature between 0-50°C.

b) By the reaction of compounds of type R(C=0)OH and R'OH in the presence of a
condensing agent, e.g. dicyclohexylcarbodiimide, and a strong non-nucleophilic tertiary

organic base, e.g. 4-dimethylaminopyridine, at a temperature between 0-50°C.

) By the reaction of compounds of type R(C=0)OH and R'OH in the presence of a
suitable enzyme, i.e. a lipase, in a suitable solvent, e.g. hexane at a temperature between

20-80°C.
In some cases the following reaction conditions apply:-

d) By the reaction of compounds of type R(C=0)OH and R'OH in a suitable
solvent, €.g. toluene or xylene in the presence of a catalytic amount of mineral or other
acid, e.g. p-toluenesulphonic acid, at temperatures between 100-150°C with removal of

water.

The linkages will usually be ester linkages, fatty-acyl to drug hydroxy as for
example in salicylic acid, or fatty-alcohol to drug carboxyl as for example in
indomethacin ibuprofen or sulindac. Other links are however nof:equuded, for example,
ether (fatty alcohol to drug hydroxy); amide (fatty acyl to drug amino); or mixed
anhydride (fatty acyl to drug carboxyl), all by use of chemistry known in itself. For
example, acetyl salicylic acid (aspirin) may be dissolved in pyridine and reacted with the



appropriate synthetic routes are set out below 1. Pure GLA or other
EFAs, their acid halides, their anhydrides and their m xed anhydri des are
prepared by avail abl e nmet hods. 2. The correspondi ng al cohols to G.A or
ot her EFAs are prepared, for exanple as described bel ow for gamma-Ii nol enol
(GLALl), or by a simlar nmethod using the | ower saturated al kyl esters of
EFAs. The al kyl groups can contain from 1-6 carbon atoms. 3. The NSAI D
derivative of GLA or other EFAs or the NSAID derivative of GLAL or other
EFALs (Essenighgl adifitdshisAlciPbifbide ialtluBhepalleehatiseld asetylsbibeyiéydchloridesnay be
salycylic acid, I ndonet hacin or |buprofen. In all cases, the formation of
the ester |i @isagieed BY oluenkend piRidise eddddeto producean racidoahjoride adductNSFrefaliid R
is the main body of an EFAl or Ris the main body of the EFA and R is the
mai n body of atiginN®hiede, istthencaddepand reastion gllQpersst fsemdﬁmpﬁ'ay"%e%“"wed by

acid extraction with aqueous hydrochloric acid and removal of toluene to give the acetyl
~ salicylic acid - essential fatty acid mixed anhydride. Or amide links hﬁay be formed by

reaction with the acid chloride, for example:-
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Gla-enfenamic acid

Other such drugs, all in the 1 1th edition of the Merck index, are enfenamic acid,
etofenamate, flufenamic acid. mefenamic acid, tolfenamic acid, diclofenac, parsalmide,

amfenac, bumadizon, alminoproten, benzpiperylon and mesalamine.

The derivatives are generally oils or waxes which enable them to be formulated
directly into soft gelatin capsules or to be diluted by other lipids prior to incorporation,
or to be prepared in the form of oils, or emulsions for enteral or parenteral application,
or as oils, emulsions, creams, lotions, shampoos, sticks, pessaries, powders,
microencapsulates or other dosage forms for topical, rectal, vagina'l— of-other local

administration.



synt hesi sed by the foll ow ng nethods:- a) By reaction of conpounds of
type R OH with conpounds of the type R(IC=O X, where X C, or Br, or with
conmpounds of the type RICCO QC=O R, or wth, compounds of the type
RICCOQ COOR', where R' is an al kyl group Tont ai ni ng from 1-4 carbon
atonms. The reaction is carried out in a suitable solvent, e.qg.

di chl oronet hane, in the presence of a tertiary organic base, e. pyridi ne
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follow ng reaction conditions apply:- d) By the reaction .of conpounds of
t ype R(C=0) OHimtheseRfabiy dcidssuchyas appirepriase plant pilecontainiog (dab (eg. evenhipg primroseie
presence of a catalytic anount of mneral or other .. .
borage, blackcurrant, Astelia, fungal or like oils) or microbial or marine oils containing
EPA. They also might include GLA, DGLA or EPA as free acids or as triglycerides
containing GLA or EPA and including triglycerides containing 1, 2 or 3 GLA or DGLA

moieties or 1, 2 or 3 EPA moieties.

Syntheses

The preparation of gamma-linenol (GLAI) is given, followed by the synthesis of
NSAID derivatives.

The Preparation of z,z,z-Octadeca-6,9.12-trienol

(gamma-linolenol)

To a suspension of lithium aluminium hydride (50g) in diethyl ether (1400m1)
under nitrogen was added dropwise with stirring a solution of z,z,z-octadeca-6,9,12-
trienoic acid (97 %, 200g) at such a rate that a steady reflux occurred. The mixture was
heated under reflux for 4 hours. After cooling to 0-5°C, water (200ml) was added
cautiously to break down the complex, still maintaining a blanket of nitrogen. To the
resulting slurry was added a 10% aqueous solution of sulphuric acid (1500ml) and a two
phase solution occurred. The aqueous layer was separated and the organic layer was
washed with water (1000ml), saturated aqueous sodiuth bicarbonate (2 x 1000ml) and
water (2 x 500mi). The ether layer was dried (NapSO4) and evapoxﬁted in vacuo to give
a yellow oil. Distillation (148-150°C/0.06mmHg) gave z,z,2,-octadeca-6,9, 12-trienol
(179g, 94%) as a colburless oil.



-6- acid, e.g. p-toluenesul phonic acid, at tenperatures between 100150C
with renoval of water. The derivatives are generally oils or waxes which
enable themto be fornulated directly into soft gelatin capsules or to be
diluted by other lipids prior to incorporati%n, or to be prepared in the
formof oils, or emulsions for enteral or parenteral application, or as
oils, emulsions, creans, |otions, shanpoos, sticks, pessaries, powders,

m croencapsul ates or ot her dosage forns for topical, rectal, vaginal or

ot her local administration. A particularly desirable type of formulation is

to dissolve the oilyTHe mgyMl&sz.Qg H\Qétadleda-6.9 mﬁ#ﬂwl bé%'@gciguch as
triglycerides, phospholipids or other appropriate [1pids Ich 1n
thensel ves deliver high |evels (ThetGEAaierivativef ofosatieglieracid)atty aci ds,
particularly GLA DGAA and EPA. Such vehicles mght include natural oils
rich in these fatty acids such as appropriate plant oils containing G.A
(eg. evening prinrose, borage, blackcurrant, Astelia, fungal:or |ike oils)
or microbial d&tageatihad,2Trichloveethylsaligylate:- A mixture of salicylic acid (90g), 2,2,2-
trichloroethanol (270g) and concentrated sulphuric acid (50g) was stirred and heated at
100°C for 4 hours. The mixture was diluted with chloroform (800ml) and extracted
with water (2 x S00ml). After further extraction with saturated aqueous sodium
bicarbonate solution (1000ml), the organic layer was washed with water (2 x 500ml) and
dried (Mg SO4). The chloroform and excess trichloroethanol was removed irn vacuo
(65°C/20mmHg) and the product was distilled (110-112°C/0.5mmHg) to give 2,2,2-

trichloroethyl salicylate (104g, 59%) as a clear liquid which solidified on cooling.

- Stage 2: 2,2,2-Trichloroethyl 2-[(z,z,7) octadeca-6,9,12-trienoyl] benzoate:- To a
solution of 2,2,2-trichloroethyl salicylate (104g) in dry pyridine (500ml) at 0-5°C and
under nitrogen was added (z,z,z) octadeca-6,9,12-trienoyl chloride (137.5g) dropwise
over a period of one hour. The reaction mixture was allowed to stir for twenty hours at
room temperature and then the pyridine was removed in vacuo (25°C/0.5SmmHg). The

' residue was dissolved in diethyl ether (2000ml) and water (_IOOOml) and the resulting two
phase system was shaken and acidified slowly to pH1 by addition of 2M hydrochloric
acid. The diethyl ether layer was separated and washed with water (4 x 1000mi), adding
sodium chloride to break any emulsion that formed. After drying the organic layer
(NapSQy4), the solvent was removed in vacuo to give an orange/brown oil. This was
subjected to MPLC (Column size: 15cm dia. x 40cm, Column packing: Matrex silica,
pore size 60A, particle size 35-70um, Solvent: initially hexane, then 15% diethyl ether
in hexane, Fraction size: 1000ml). The requisite fractions were evaporated in vacuo to
give 2,2,2-trichloroethyl-2-[(z,2,2) octadeca-6,9,12-trienoyl] benzoafe. (189g, 93%

yield) as a pale yellow oil.



EPA. They al so m ght include GLA, DAA or EPA as free acids or as
triglycerides containing GLA or EPA and including triglycerides containing
1, 2 or 3 GLA or DGLA noieties or 1, 2 or 3 EPA noieties. Syntheses The
preparation of gamma-linenol (G.Al) is givem followed by the synthesis of
NSAI D deri vati ves. -7- The Preparation of z,z,z-Cctadeca-6.9.12-trienol
(gamma-linol enol) To a suspension of |ithium alum nium hydride (50g) in
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break down t heeteahydtofuran750rhl) pacetit acidi (685 mi) and watdr (@Smi)i. t Zing dast (150g)heas
added. The mixture was stirred at room temperature under nitrogen for 1.5 hours and
then allowed to stand for twenty hours. Excess zinc and zinc salts were filtered off
through Celite washing the filter pad with tetrahydrofuran (100ml) and the filtrate was
evaporated at 25°C/10mmHg to remove the tetrahydrofuran. The acetic acid and water
was then removed at 25°C/0.5mmHg. Higher temperatures tend to decompose the
product. The resuiting oil was dissolved in diethyl ether (1000ml) and the resulting
solution was washed with water (4 x 200m1;. After drying (NapSOy), the ether was
evaporated (25°C/10mmHg) to give a pale yellow oil which was subjected to a dry
column (Packing: Matrex silica (1Kg), pore size 60A, particle size 35-70um, Fraction
size: 1000ml). The requisite fractions were collected, the solvent evaporated as before,
the last traces being removed at 25°C/0.1mmHg to give 2-[(z,z,2) octadeca-6,9,12,-
trienoyl] benzoic acid, (77.8g, 68%) as a pale orange oil which solidified to a wax in the

refrigerator.

The Preparation of z,z,z-Octadeca-6,9,12-trienyl 1-(4-chlorobenzoyl)-S-methoxy
-2-methyl indole-3-acetate ("Indomethacin" derivative of gamma-linolenol)

A solution of 1-(4-chlorobenzoyl)-5-methoxy-2-methyl indole-3-acetic acid
(Indomethacin, 50.4g) and thionyl chloride (33.3g) in 1,2 dichloroethane (700ml) was
heated at 90°C under nitrogen for four hours. The solvent was removed in vacuo and
further portions of dichloroethane (2 x 200ml) were added and evaporated to remove the
last traces of thionyl chloride. The dark solid residue was dissolved in dichloromethane
(700ml), pyridine (11.7g) was added and finally z,2,z-octadeca-6,9, 12-trienol (35.4g).
The mixture was stirred under nitrogen at room temperature for fort).f eight hours. Due
to emulsion formation, the solvent was then removed and replaced with ethyl acetate

(1000ml), the organic layer being washed successively with brine (500ml), 2M



resulting slurry was added a 10% aqueous sol ution of sul phuric acid
(1500mM ) and a two phase sol ution occurred. The aqueous | ayer was separat ed
and the organic | ayer was washed with water glooom), sat urat ed agueous
sodi um bi carbonate (2 x 1000m ) and water (29x 500m ). The ether layer was
dried [err] and evaporated in vacuo to give a yellowoil. Distillation
(148-150[err]/0.06mHg) gave z,z, z,-octadeca-6,9,12-trienol (1799, 94% as
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was washed with water (2 x 500m) and dried (My [err]). The .chl orof orm and
excess trichl dnhexdnenFractias sizen206ehl).n Thecequisi®Sractiony Rererddljected dnd &aporated
product was distilled (110-112 err%C/ 0.5mHg) to give 2,2, 2- trichloroethyl
salicyl ate (1049°5C/20mmHEg thend086/0.ImmHE) targivene. sgiocadeqacy O ol2-Eisaoylig(4-

chlorobenzoyl)-5-methoxy-2-methyl indole-3-acetate. (55.5g, 68%) as a yellow oil.

The Preparation of z.z,z-octadeca-6.9,12-trienyl 2-methyl-4'

2-methyl propyl)-phenylacetate ("Ibuprofen” derivative of gamma-linolenol)

A solution of 2-methyl-4’-(2-methylpropyl) phenylacetic acid (Ibuprc;fen) (1.14g),
z,Z,z-octadeca-6,9,12-trienol (1.32g), 4-dimethylaminopyridine (0.61g) and
dicyclohexylcarbodiimide (1. 13g) in dichloromethane (20ml) was stirred at room
temperature under nitrogen for 20 hours. The mixture was filtered and washed with 2M
hydrochloric acid (50ml), water (50ml), saturated aqueous sodium bicarbonate (2 x
50ml) and finally water (2 x 50ml). After drying (NapSOy), the solvent was evaporated
in vacuo and the residue was subjected to chromatography using a dry column (packing:
Matrex silica, pore size 60A, particle size 35-70um, (100g); solvent: 20% ethyl acetate
in hexane). The requisite fractions were collected and evaporated (50°C/20mmHg and
then 50°C/0.05mmHg/3h) to give z,z,z-octadeca-6,9,12-trienyl 2-methyl 4'-(2-
methylpropyl) phenylacetate (1.76g, 70%) as a pale yellow oil.

The Preparation of GLA alcohol ester of (Z)-5-fluoro-2-methyl-1-[[4-

methylsulfinyl) phenyllmethylenel-1H-indene-3-acetic acid

("Sulindac" derivative of gamma—linolendi) .

A solution of 1,3-dicyclohexylcarbodiimide (750mg; 3.6mmol) and 4-(N,N-
dimethylamino) pyridine (390mg; 3.2mmol) in dichloromethane (10ml) was added to a



-8- Stage 2: 2,2,2-Trichloroethyl 2-[(z,z,z) octadeca-6,9, 12-trienoyl ]
benzoate:- To a solution of 2,2,2-trichloroethyl salicylate (104g) in dry
pyridine (500m) at O-5[err] and under nitrogen was added (zzz)

oct adeca-6, 9, 12-trienoyl chloride (137.5Q) é?opmﬁse over a period of one
hour. The reaction m xture was allowed to stir for twenty hours at room
tenperature and then the pyridine was renoved in vacuo (25[err]/0.5mHg).
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and washed with water (4 x 1000m ), adding sodium chloride to break any
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(Col utm si ze: was filtertidzandxthel Gittered Mdtenial wasbéd with dichdoromethiane.c The gombineidz e
60A, particle size 35-70[err]m Solvent: initially hexane, then 15% di ethyl
ether in hexafilirates werei epncesiteated andusified byrdry celpmnschrematogeaphy (L00% eghyl
evaporated in vacuo tq give 2,2, 2-trichlorqgethyl - Z-J(zzz) oct adeca- 6, 9,
12-tri enoyl ] ngt‘aztg)atpeyleQI@&Ie gampound as a yellow waxy solid.

Possible Uses

These drugs may be used for any purpose for which NSAIDs are currently used
and in particular for those purposes outlined in the introduction to the specification.
Particularly important uses are rheumatoid arthritis,.osteoarthritis, dementias including

Alzheimer's disease, and dysmenorrhoea.

The dose levels for each drug on a molar basis are the same or similar as the

molar doses of the parent NSAID compounds and well known in themselves.

Examples

1. "Indomethacin-gamma-linolenol" (IGL) is formulated into soft gelatin capsules
each containing 20mg, 50mg or 100mg of the drug. Encapsulation may be
assisted by mixing the drug with an appropriate carrier such as an oil containing
free GLA, free DGLA, free EPA or triglycerides or a phospholipid enriched in
GLA, DGLA or EPA such as tri-GLA, tri-EPA, DLMG Zdi—linoleoyl-mono—
gamma-linolenoyl glyceride, LGG, GGE, GEE (L=linoleoyl., G=gamma-
linolenoyl, E=eicosapentaenoyl) or other triglycerides containing 1, 2 or 3 GLA

or DGLA moieties and/or 1, 2 or 3 EPA moieties.



yield) as a pale yellow oil. Stage 3. 2-[(z,z,z) COctadeca-6,9,12-trienoyl ]
benzoic acid:- 2,2,2-Trichloroethyl-2- [(z,z,z) octadeca-6,9, 12-trienoyl]
benzoate (151g) was dissolved in a m xture 35 t et rahydrofuran (750m),
acetic acid (675m) and water (75m ). Zinc diust (150g) was added. The

m xture was stirred at roomtenperature under nitrogen for 1.5 hours and
then allowed to stand for twenty hours. Excess zinc and zinc salts were
filtered off through Celite washing the filter pad with tetrahydrofuran
(100m ) and the filtrate was evaporated at 25[err]/10mHg to renove the

t et rahydr of ur éh. THELafoemulateiciod oral dr eateral admgnistiationras mosyeup, #mulsion, oil, whip,
25[err]/ O 5mtHg. Hi gher tenperatures tend to deconpose the product. The
resulting oil was dneusss,vmigre-ancaputiated pewderror(otieygppiopsiate dasage orm| withg
solution was washed with water (4 x 200m ). After drying [err], the ether
was -9- evapor at¥VithestaRnTAPAYs fla¥oWInge a pal e yellow oil which was
subjected to a dry colum (Packing: Matrex silica (1Kg), pore size 60A,
particle size 35-7 err]m Fraction .

3. IGL formulated for parenteral administration as an oil or emulsion.

4. IGL formulated for topical administration as a cream, lotion, ointment, stick,
shampoo or other appropriate formulation containing from 0.001% to 50% IGL,

preferably 0.01 % to 5% and very preferably 0.1% to 2%, by weight.

5-8. Asexamples 1-4 but with "ibuprofen-gamma-linolenol” (IbGL) as the active

material, when in capsules each one containing 250mg, S00mg or 750mg IbGL.
9-12. As examples 1-12 but with "salicyclic acid gamma-linolenate" (AGL) as the
- active material; when in capsules each one containing 250mg, 500mg or 750mg

AGL.

13-24. As examples 1-12 but with the NSAID derivatives made with EPA rather than
GLA.

In further examples the NSAID may be any other compound on the list herein.



-

size: 1000m ). The requisite fractions were collected, the solvent
evaporated as before, the last traces being renoved ammgmlnmwuw to
give 2-[(zz,z) octadeca-6,9,12,- trienoyl] benzoic ac as a
pal e orange oil which solidified to a wax i A3the refriderhtor. "hé *
Preparation of z,z,z-Cctadeca-6.9,12-trienyl 1-(4-chlorobenzoyl)-5-nethoxy
-2-nmet hyl indol e-3-acetate ("Indonethacin" derivative of gamma-1linolenol) A
solution of 1-(4-chlorobenzoyl)-5-nethoxy-2-nethyl indole-3-acetic acid

(I ndomet haci n, 50.4g) and thionyl chloride (33.3g) in 1,2 dichloroethane
(700mM ) was heated at 90C under nitrogen for four hours. The sol vent was
renoved in vacuo and further portions of dichloroethane (2 x 200m ) were
added and evaggkAI¥S8 to renove the |ast traces of thionyl chloride. The
dark solid residue was dissolved in dichloronmethane (700m ), pyridine
(11.79g) was added and finally z,z,z-octadeca-6,9, 12-trienol (35.49g). The

m xture was stirred under nitrogen at roomtenperature for forty eight
hours. Due t o lenul ArNSAIDmartiauiarly aneNS Al eslisteddn categonasnitec herein, v tieaced
with ethyl acetate (1000m ), the organic |ayer_ being washed successively
with brine (5domws pfazempoundwithenincd arnd essantial fattyracidher essential fatty algolioht ed
aqueous sodi um bi carbonate (500m ) and water (2 x 500m ).- After drying
[err] the solvent was evaporated to give a '

2. An NSAID in the form according to claim 1, being in particular indomethacin,

ibuprofen, sulindac or salicylic acid.

3. An NSAID in the form according to claim 1, derived in particular from linoleic,
gamma-linolenic, dihomo-gamma-linolenic, arachidonic, adrenic, docosapentaenoic n-6,
alpha-linoleic, stearidonic, eicosapentaenoic, docosapentaenoic n-3, or docosahexaenoic
acid, or the corresponding fatty alcohols, and most particularly either from gamma-
linolenic or dihomo-gamma-linolenic acid or from eicosapentaenoic acid, or the

corresponding fatty alcohols.

4, An NSAID in the form according to claim 1, 2 or 3 formulated with a free

essential fatty acid or an essential fatty acid glyceride or phospholipid, as a carrier.

S. An NSAID in the form according to claim 4, wherein an essential fatty acid in
the carrier is gamma-linolenic acid and/or dihomo-gamma-linolenic acid and/or

eicosapentaenoic acid.

6. An NSAID in the form according to any preceding claim, when for use in

therapy, particularly of an inflammatory or other condition speci?’ied- herein.

7. A method of preparation of a medicament for treatment, including prophylatic

treatment, _of rheumatoid arthritis, osteoarthritis and related disorders; dysmenorrhoea;



yellow oi | which was subjected to MPLC (Col utm size: 150mm dia. x 300mm
Col unn packing: Matrex silica, pore size 60A, particle size 35-70[err]m
Sol vent: 5% ethyl acetate in hexane, Fracti (ig size: 2000m ). The requisite
fractions were coll ected and evaporated (50[*€rr]/20mHg t hen
70[err]/0.1mmHg) to give zzz-octadeca-6,9, 12-trienoyl 1-(4-

chl orobenzoyl) - 5- met hoxy- 2- et hyl indol e-3-acetate. (55.5g, 68% as a

yel l ow oi ' Zdemjcﬂgaﬁ-rhx‘i‘clﬁﬁﬁ??\rlﬂ'teirﬁ& 9&.«,@5@ (z&xﬁt&ﬁ&qggaﬁn&gﬂo%y of bty l:ox}dmon

2- met hyl - propy henyl acet a bupro vative

gamma- | i noI en%béclﬁecﬁﬁérﬁid Whefin dn NSAYY inthe (@mBécBYding e omixﬂﬁelt!ocs is
acid (lbuprofen) (1.149), z,z,z-octadeca-6,9, 12-trienol (1.3

4-di met hyl am nggdg.ri di ne (0. 61g) and di cycl ohexyl car bodi i m de (1 139) in

di chl oronet hane (20m ) was stirred at room tenperature under nitrogen for
20 hours. The m xture was filtered and washed with 2M hydrochl oric acid
(50mM ), water (50m ), saturated aqueous sodi um bicarbonate.(2 x 50ni) and
finally water &2 x Z5owthod ofitreatmenty inglpding: prpphylatic weatment, ofiasy ef thesondisians

of claim 7, wherein an NSAID in the form according to any one of claims 1 to 5 is

administered to a person in need of such treatment.

‘R DR A



in vacuo and the residue was subjected to:chromatography usi pg=a-dr)
(packing: Matrex silica, pore size 60A . particle size 35-70 [ferHigy
solvent: 20% et hyl acetate in hexane). The requisite fractich,wer
col l ected and evaporated (50[err]C/20mHg ang t hen 50[ err]/ O~cS8=ns
give z,z,z-octadeca-6,9, 12-trienyl 2-methyl 4'-(2- nethyl propyl)
phenyl acetate (1.76g, 709 as a pale yellow oil. Possible Uses These drugs
may be used for any purpose for which NSAIDs are currently used and in
particular for those purposes outlined in the introduction to the
specification. Particularly inportant uses are rheumatoid arthritis,
osteoarthritis, denentias including Al zheiner's disease, and dysnenorrhoea.
Doses The dOSSAQSighiégor each drug on a nolar basis are the sanme or
simlar as th ses of the parent NSAID conmpounds and well known in
t hensel ves. -11-

An NSAID in the form of a compound with an essential fatty acid or essential
fatty écid alcohol, particularly an NSAID as listed in categories 1 to 9 herein. Further, a
method of preparation of a medicament for the treatment including prophylatic treatment
of rheumatoid artﬁritis, osteoarthritis and related disorders; dysmenorrhoea; dementias,
including Alzheimer's disease; or any other inflammatory or other conditions specified

herein, wherein the said NSAID is used.
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Exam:;l es 1. "1 ndonet haci n-ganma- | i nodggol | (1 GL) is forjuhateidett nSottn
gel atin capsul es each contai ning 20ng, Somg—or 100ng of thg dr UOREPLACED
Encapsul ati on may be assisted by mixing the drug with an a =t

carrier such as an gjl &Qntaining free GLA free DG §y smee EPA or 2&5
triglycerides or a &o olipid enriched in GLA, DGsdm @ EPA such as %«

tri-GLA, tri-EPA DG (¢i-Iinoleoyl-nmono- gamma-1in@dBoy! gl yceride,

GGE, GEE (L=linol eoy®, gamma- |inol enoyl, E=ei coesfhdifjaenoyl) or ot
triglycerides cont al&i 1, 2 or 3 GLA or DGLA noi et @@send/ or 1, 2 O g8 e
EPA noieties. 2. I ormul ated for oral or enterafgadm nistration a

syrup, enul sion, oOidsm wWhip, nousse, m cro-encapsul atssd powder or ot her
appropri ate dosage ﬂ;rmvvith or without appropriate fhavouring. 3. I
fornul ated for parengeral admnistration as an oil oemul sion. 4.

formul ated for topigg administration as a cream |oflon, ointnent, st¢xk,
shanpoo or other apgRppriate formulation containing om0.001 %to 508

| G, preferably 0.0 to 5% and very preferably 0.1%f)o 2% .by wei ght .€3-8.
As exanples 1-4 but™w th "ibuprof en-gamma-1inol enol "I bG) as the act@e
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mat erial, when in capsul es each one containing 250ng, 500ng or 750ngy | bG.

9-12. AS exanples 1-12 but with " T -linolenate" (AG) as
the active material; when in caps | &8l BIREOHAS B&RNaj{ni ng B% ?QH
750ny AGL. -12- 13-24. As examplLes IPEPLBGEDw th f{he NS p Eagﬁg EET
made with EPA rather than GLA. In tfurther exanpres the NSA gﬁy 4] ad 1995 H
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. PF 2 vecovadeon |- §- 95
formdf a conpound with an n-6 or n-3 essential fatty acid or essential

fatty al cohol . 2. An NSAID in the formac st o, cllaim 1, being in
particul ar indomethacin, ibuprofen or |Ea[jicHHEET BEPF="3. ATFM" in the
formaccording to claim1, derived injparti mﬂPa-lAGIEPo' iflol el ¢, REPLACEMENT SHEET
gama- | i nol eni ¢, di hono- gamma- | i nol eni{e—es=sciraoni c, adrenic 1 AUG 1995
docosapent aenoi ¢ n-6, al pha-linoleic, stearidonic,- ei cosapent eméc_:_ ___________
docosapent aenoi ¢ n-3, or docosabs i i } 8q COI I espenthi-ng fatty T
al cohol's, and npst particul ar| y seerer=aomgomma—rrr ol enic or

di homo- gamma- | i nol enic acid or from ei cosapentaenoic acid, or the

corresponding fatty al cohols. 4. An NSAID in the form accordi ng to claim
1, 2 or 3 fornyeAipedcyi th a free essential fatty acid or an essential fatty
acid glyceride or phospholipid, as a carrier. 5. An NSAID in the form

according to claim4, wherein an essential fatty acid in the carrier is
game- | i nol eni ¢ acid and/or di hono-gama-1inol enic acid and/ or

ei cosapent aenoi ¢ agindNSAID in thérfordSAf B compbhrd withranzssestiai fatty acidzoressential
preceding claim when for use in therapy, particularly of an inflanmatory
or other condfdtiyacicsgeatiol; paititidarty an NSAID asAistest insategpripy bipmP eveim Bprther, a

medi canment for treatnent, including prophylatic
method of preparauon ofam 1cament for the trwtment including prophylatic treatment

of rheumatoid arthritis. osteoarthritis and related disorders; dysmenorrhoea; dementias,
including Alzheimer's disease: or any other inflammatory or other conditions specified

herein. wherein the said NSAID is used.
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t r eat-1fent ;—of T heumatoi d arthritis, osteoarthrltls and rel ated di sorders;
eHerns di Spase—or_any

dysnenorr hqea; tias 2
ot her infl eetHas;Bee I‘@COI’]dI ti , Whe[l REPLAT %ILIEET
the form acc one of cllai s RERLACED used 8. A 30 .

(4 d A
treat ment, yI atic treat MEnt . of —any—of—t he ¢ lwtéi,.&. ............ 1995
claim7, V\/nerel n an NSAI Din the formacco_[_lgl ng to any one lef=ekaian-—d-{o B
is admnistered to a person in need of 'Syc ﬁtrfat ment . ABSTRACT An NSAI D
in the formof a conmpound with an essenti ty acid or essential fatty
acid al cohol, particularly an NSAID as listed in categorles 1to 9 her
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