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DI-TERT-BUTYLPHENOL COMPOUNDS USEFUL
' AS ANTI-INFLAMMATORY AGENTS

TECHNICAL FIELD
The subject invention relates to nonsteroidal anti-inflammatory

-drugs, particularly to substituted di-ten-butylphenol compounds.
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BACKGROUND OF THE INVENTION

Certain di-tert-butylphenol compounds and other compounds
structurally related thereto have been found to have significant anti-
inflammatory and/or analgesic activity. Such compounds are disclosed
in the following references: U.S. Patent No. 3,784,701 issued to
Tomcufcik, Grassing & Sloboda on January 8, 1974; U.S. Patent No.
4,124,725 issued to Moore on November 7, 1978; U.S. Patent No.
4,130,666 issued to Moore on December 19, 1978; U.S. Patent No.
4,535,165 issued to Moore on.August 13, 1985; U.S. Patent No.
4,636,516 issued to Kubo, Isomura, Sakamoto & Homma on January

13, 1987, U.S. Patent No. 4,677,113 issued to Bell & Moore on June

25

30, 1987; U.S. Patent No. 4,708,966 issued to Loomans, Matthews &
Miller on November 24, 1987, U.S. Patent No. 4,714,776 issued to Bell
& Maoore on December 22, 1987; U.S. Patent No. 4,968,710 issued to

_ Rustad on November 6, 1980; EPO Patent Application No. 0,211,670
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of Panetta (Eli Lilly & Company), published February 25, 1987; EPO
Patent Application No.- 0,286,364 of Scherrer & Rustad (Riker
Laboratories, Inc.), published October 12, 1988; Japanese Patent No.
80/15,460 of Noda, Nakagawa, Hirano, Tsuji & Ide (Jpn. Kokai, Tokkyo
Koho), published February 2, 1980; Hidaka, Hosoe, Ariki, Takeo,
Yamashita, Katsumi, Kondo, .Yamashita & Watanabe,
"Pharmacological Properties of a New Anti-inﬂammatory Compound, a-
(3,5-di-tertbutyl-4-hydroxybenzylidene)-g-butyrolactone (KME-4), and
its Inhibitory Effects on Prostaglandin Synthétase and 5-lipoxy-
genase”, Jpn. J. Pharmacol, Vol. 36, No. 1 (1984), pp. 77-85; and



4,636, 5O PV 1o Kubo, 1sonura, Sakamoto & Homma on JaRGA{YSI20874237;

U S Patent No. 4,677,113 issued to Bell & Mdore on June 30, 1987; U.S.

Pat ent No. 4,708, 966 i ssued to Loomans, Matthews & 25 MIler on .
Novenber 24, 1987; U.S. Patent No. 4,714,776 idsued to Bell & More on
Decenber 22, 1987; U.S. Patent No. 4,968,710 issued to Rustad on Novenber
6, 1990; EPO Patent Application No. 0,211,670 of Panetta (Eli Lilly &
Conpany), published MahDeeGgot?5H.,12BC; EFKs,PR.dnt VaniRthijreManDerSe¢haap, 20(R.364

12, 1085 Japanese PANGSAHIE AT, NadRE The Ryfihesid nd Anfipininiion/ LAY .
Ide (Jpn. Kokai, TokRfSukstityied 2uHydiexyphenyiai-ndandiones”, Eurepean Jourmal
Ari ki, Takeo, Yamashigt MediciriélChiemistry, VSINS, No. 5(1878),i ppa 4256428, V\at anage,
e e Sl hber oBiadlorTe F@&Pﬁég}‘%_ﬁ-@%@%@mg@@éﬂﬁ% e oo
I nhibitory Effects odemopsiraigdartoi nexhyibit h@ntidaflammatory | msliyity, many such
compounds exhibit little or no anti-inflammatory activity. The
unpredictability of this property makes it necessary to screen each
compound of the class to determine whether it possesses such activity.
10 It is an object of the subject invention to provide a compound
which has effective anti-inflammatory, analgesic and/or anti-arthritic
activity.
It is a further object of the subject invention to provide methods
for treating inflammation, pain and/or arthritis using the compound.
15 'SUMMARY OF THE INVENTION
The subject invention involves compositions comprising 4-(3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl)-4-oxobutanoic acid, and phar-
‘maceutically-acceptable salts thereof, or 4-(3,5-bis(1,1-dimethylethyl)-
4-hydroxyphenyl)-4-oxobutanamide, and a pharmaceutically-accept-
20 able carrier. The subject invention also invoives methods for treafing
diseases characterized by inflammation. and/or pain, such as
rheumatoid arthritis and osteoarthritis, in humans or lower animals by
administration of a safe and effective amount of this compound to the
human or lower animal in need of such treatment. .
25 : DETAILED DESCRIPTION OF THE INVENTION
The subject invention involves a particular di-tert-butylphenol com-
pound having the following structure:

C(CHa)s |
HO ‘ (OFCH;CH, COY

30 . C(CHy)3

‘wherein -Y is -OH or -NH». _ '

These compounds, 4-(3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl4-oxobutanoic acid and 4-(3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl-4-oxobutanamide (hereinafter the “"acid Compound" and the

35 “amide Compound"”, respectively, collectively the “"Compounds"),
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The term "pharmaceutically-acceptable salts”, as used herein,
means the acid Compound in its salt forms which have the same

.general pharmacological properties as the protonated form of such

Compound, and which are acceptable from a toxicity viewpoint.
Pharmaceutically-acceptable salts include alkali metal (e.g., sodium
and potassium), alkaline earth metal (e.g., calcium and magnesium),
non-toxic heavy metal (e.g., stannous and indium), and ammonium and
low molecular weight substituted ammonium (mono-, di- and tri-methyl
or ethyl ammonium) salts. Preferred are the sodium, potassium, and
ammonium salts. .

The acid Compound is disclosed as a starting material in
"Dreher, E.L., J. Bracht, M. El-Mobayed, P. Huetter, W. Winter & A."
Rieker, "Electrochemical Oxidation. VIl. Synthesis and Structure of 7-
tert-butyl-2-methyibenzoxazoles”, Chem. Ber.,, Vol. 115, No. 1 (1982),

_ pp. 288-308. (See page 288, compound 1e). The acid Compound and

20

a method for synthesizing it are disclosed in Portnykh, N.V.,, AA
Volodkin & V.V. Ershov, "New Functional Derivatives of Sterically
Hindered Phenols", lzv. Akad. Nauk. SSSR, Ser. Khim., Vol. 4 (April,

- 1968), pp. 920-922. The acid Compound is referred to therein as g-(4-

25

hydroxy-3,5-di-tert-butyl phenyl)-g-ketobutyric acid.

The amide Compound is believed to be a novel compound

In order to determine and assess pharmacological activity,
testing of the Compounds in animals is camried out using various
assays known to those skilled in the art. The anti-inflammatory activity

.of the Compounds can be conveniently demonstrated using an assay

designed to test the ability of the Compounds to antagonize the local

. edema which is characteristic of the inflammatory response. Examples
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of such known tests include the rat carrageenan edema test, the
oxazolone-induced inflamed mouse ear test, and the mouse
arachadonic acid-induced inflamed ear test. Analgesic activity may be
tested in art-known models such as the acetylcholine abdominal
constriction model in mice, the Randall-Selitto model in rats, and the
hot-plate test in mice or rats. Another useful art-known test is the rat
adjuvant arthritis test which is a useful model for assessing anti-
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whi ch hA¥O83403865 ve anti-inflammatory, anal gesic and/ or amOI/USIHPEM2C
activity. It is a further object of the subject i'nvention to’provide

met hods for treating inflammtion, pain and/or arthritis using the
conmpound. 15 SUMVARY OF THE | NVENTI ON The subj ect

i nvention involves conpositions conprising 4-(3,5-

bi s(1, 1-di net hyl et hyl ) - 4- hydr oxyphenyl ) - 4- oxobut anoi ¢ aci d, and phar -
meceut i cal | y- accept aifaniibtofy 'AutRp aniarthite. andi aritiireborbtivet lackioiyvih) a
4- hydr oxyphenyl ) - 4--oxpbut ana har eutlcally accept- 2

able carrier. The sul/E¥HG %ﬁﬁfﬁfh es nethods for treating
di seases characterized byTheéé amdnothen appthnlltqamsts farupharmsacdiegical activity

arthritis and osteoaghfiyicicted!dhdiskTBkired tol 4 .avuas pateﬁw'»ﬁummsg S8 100"

of a safe and effecti ou
animal in need ®f suMparecen fRegember 19, n9 Ratent Noo ﬁé@@:{ﬁﬁsﬂ'ﬂaﬂe@F
THE | NVENTI ON February 14, 1984 to Katsumi, et al.. u.s. Patent No. 4,440,784 issued

to Katsumi, et al. on April 3, 1984; Japanese Patent Application
85/54315 of Katsumi, et al., published March 28, 1985; European
Patent Application No. 0,059,090 of Yamanuchi Pharmaceutical
10 Company Ltd., published September 1, 1982; Opas, E.V., R.J. Bonney
& J.L. Humes, “Prostaglandin and Leukotriene Synthesis in Mouse
Ears Inflamed by Arachadonic Acid“, The Journal of investigative
Dermatology, Vol. 84, No. 4 (1985), pp. 253-256; Swingle, KF., R.L.
. Bell & G.G.l. Moore, "Anti-inflammatory Activity of Antioxidants", Anti-
15 inflammatory and Antirheumatic_Drugs, Vol. Il, Chapter 4, KD.
: Rainsford, ed., CRC Press, Inc., (1985), pp. 105-126; Adamkiewicz,
V.W., W.B. Rice & J.D. McColl, "Antiphlogistic Effect of Trypsin in
Normal and in Adrenalectomized Rats", Canadian Joumal of
Biochemistry & Physiology, Vol. 33 (1955), pp. 332-339; Sellye, H.,
20 - "Further Studies Concerning the Participation of the Adrenal Cortex in
the Pathogenesis of Arthritis", British Medical Joural, Vol. 2 (1949),
pp. 1129-1135; and Winter, C.A., E.A. Risley & G.W. Nuss,
“Carrageenin-induced Edema in Hind Paw of the Rat as an Assay for
Antiinflammatory Drugs" Proceedings of Society of Experimental
. 25 Biology and Medicine, Vol. 111 (1962), pp. 544-547; the disclosure of

all these references are incorporated herein by reference.
The Compounds can be synthesized using the following

procedures: ' '

+ HOOC-CH,-CH,"COOCH, |

30 :
| 1ran \CICHLCHC!

»—@-eocmcwcm% D@—.&CH,CH[COOCH,

This Sheet Has Been Replaced

[N




. The‘ .subj ect invention involves a particular di-tert-butyl phenol com pound
havi ng the followi ng structure:: C(CH3)3 wherein -Y is -OH or -NH2. These
.compounds WO 83403865 bi s( 1, 1 -dinethylethyl)-4-hydroxy- pheny@/bR8H08M0i c

acid and 4-(3,5-bis(1,1

- di net hyl et hyl ) - 4- hydr oxy- phenyl - 4- gxobu.t anani de

(hereinafter the "acid Cdrrpound" and the 35 "am de Compound",
‘respectively, collectively the "Conpounds"), REPBACEMENT SHEET 3 and the
phar naceuti cal | y-acceptabl e salts of the acid Conmpound, have been found to

be particularly useful
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anti-infl anmmatory agents.

To a 50 mi 3-neck flask equnpped with argon lnlet and
thermometer is charged 2,6-di-t-butylphenol (5.5 gm, 26.6 mmole)
(Schenectady‘Chemica'I Co.), methyl hydrogen succinate (4.0 gm, 30.3
mmole) (Aidrich Chemical Company), and 1,2-dichloroethane. The
mixture is stirred for 10 minutes; the resulting mixture is not quite
homogeneous. The starting temperature is 23°C; the mixture cools to
15°C during stirring. Trifluorcacetic anhydride (TFAA) (3.76 ml, 5.59

om, 26.6 mmol) (Aldrich Chemical Co.) is added all at once. The

temperature rises to 29°C. After about 20 minutes, the clear soiution is

pink in color. During the course of the reaction, the solution develops a

deep lilac color.

The reaction solution (temperature = 27°C) is poured into a
separatory funnel containing Et2O (100 ml). The color goes to deep
yelliow. The solution is extracted two times with aqueous saturated
KoCO3 solution, then saturated NaCl solution. The solution is dried

- over MgSO4 and is concentrated in vacuo (using a rotary evaporator)

to an oil that immediately solidifies. The crude material is dissolved in
90 mi hot hexane and allowed to cool, resulting in crystallization of
slightly yellow needles which are separated from the supernatant by
filtration. The crystals are washed twice with hexane and allowed to
dry. The melting point of the resgltlng crysta|s of compound (1) above
is 101°-103°C.

To a 100 mi round-bottom flask is charged compound (1) (1.6
gm, 5.0 mmol) and about 20 ml of methanol, stirring until cbmpound (1)
is dissoived. KOH (0.56 gm,' 10 mmol) is added. The solution is

~ heated with stirring to dissolve the KOH pellets. The solution is

allowed to stir ovemnight.

The reaction solution is transferred to a 250 ml flask. The
solvent is removed in vacuo. Using water and CH2Cly, the resulting
white solid is transferred to a conical flask; concentrated (12N) HCI is
added; and the material is transferred to a separatory funnel. The
material is washed two times with water, dried, and concentrated in
vacuo. The concentrate is dissolved in hot hexane. The volume is
reduced to about 25 mL in vacuo, and the solution is cooled, resulting
in crystallization. . The crystals of compound (2) above (the acid
Compound) are sep_arated from the supematant by filtration. The

III
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The .term armaceutical |l y-acceptabl e salts”, as used herein, neans the
“aci d mmguam its salt forms which have the sane 5 mrmsaz/osm

‘phar macol ogi cal properties as the protonated form of such Conpound, and

whi ch are acceptable froma toxicity viewpoint. Pharnmaceutically-acceptable
salts include alkali netal (e.g., sodiumand pgtassiun), alkaline earth
nmetal (e.g., calciumg@nd magnesi um), non-toxic heavy nmetal (e.g., stannous
and indium, and ammnl um and 10 | ow nol ecul ar wei ght substituted

anmoni um ( nono-, ﬁm mﬁg& r I re
t he sodi um potassi un?pgra\ ammnl um sa?ete\;s'mb gg&@o ttédr’P glﬁg nﬁélﬁn@
as a starting materi dpointofthe sesyiting-crystals of tbe-acid COMPOED"NEJB§9

Huetter, W Wnter & A 135he adick@ompdurRct (2.oheg] C&.5 de.@]l oandVI NN'

Syrtnests s S ety gk 1,78 HARCRIE e 40 L
Con‘pound and 8 . round-bottom flask, and 20 mL of CH2Cls is added. The solution is
' ~cooled to 0°C, and an excess of ammonia (condensed by passing
ammonia gas into CHoClo cooled to -78°C) is added in one portion. 4-
Dimethylaminopyridine (32 mg, 0.26 mmol) is added and the reaction is
stimed for 30 minutes. The N,N'-dicyclohexylurea which forms is
10 filtered off and the CHoCly is washed with water and brine. The
solution is dried over MgSO4 and concentrated in vacuo. The crude
product is triturated with hexane and then punf ed by silica gel flash
chromatography with 5% MeOH in CH2Cl2 as eluant. Crystallnzatnon of
the resulting product from 60/40 ethyl acetate/hexane gives off-white
15 crystals of the amide Compound, having a melting point of 155-156°C.

Compositions of the subject invention comprise a safe and
- effective amount of the Compounds, or a pharmaceutically-acceptable
salt of the acid Compound, and a pharmaceutically-acceptable carrier.
As used herein, "safe and effective amount" means an amount of a
20 Compound sufficient to sigriiﬂcantly induce a positive modification in
the condition to be treated, but low enough to avoid serious side effects
(at a reasonable benefit/risk ratio), within the scope of sound medical
"judgement. A safe and effective amount of a Compound will vary with
the particular condition being treated, the age and physical condition of
25  the patient being treated, the severity of the condition, the duration of
the treatment, the nature of concurrent therapy, the: particular
pharmaceutically-acceptable carrier utilized, and like factors within the

knowledge and expertise of the attending physician.
Compositions of the subject invention preferably comprise from
30  about 0.1% to about 99.9% by weight of a Compound, more preferably
from about 20% to about 80%, and most preferably from about 40% to

about 70%. |

In addition to the Compound, the compositions of the subject
invention contain a pharmaceutically-acceptable carrier. The term
35 “pharmaceutically-acceptable carrier”, as used herein, means one or
more compatible solid or liquid filler diluents or encapsulating
substances which are suitable for administration to a human or lower
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1968), pp. 920-922. The aci'n eferred to therein as g-(4-
hydroxy-3,5-di-tert-butyl p -g- Ketobutyric acid. The am de Conpound is
believed to be.a novel conpound. I'n order to detferm ne and assess

phar macol ogi cal activity, 25 testing of the Conpounds ih animals is
carried out using various assays known to those skilled in the art. The
~anti-inflammatory acti yhimalof THee tériPeompatisie” Be GﬁwmréhUMeans that the
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Pharmaoeutncally-acceptable carriers must, of course, be of sufficiently

high purity and sufficiently low toxicity to render them suitable for
administration to the human or lower animal being treated.

Some examples ‘of substances which can serve as

10 pharmaceutically-acceptable carriers or components thereof are

sugars, such as lactose, glucose and sucrose; starches, such as

comstarch and potato starch; cellulose and its derivatives, such as

sodium carbdxymethyl cellulose, ethyl cellulose, celiulose acetate;

_ powdered tragacanth; malt; gelatin; talc; solid lubricants, such as

15 stearic acid, magnesium stearate; calcium sulfate; vegetable oils, such

as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of

theobroma; polyols such as propylene glycol, glycerin, sorbitol,

mannitol, and polyethylene glycol; algenic acid; emulsifiers, such as

the Twéens@, wetting agents such as sodium lauryl sulfate; coloring

20 agents; flavoring agents, excipients; tableting agents; stabilizers;
‘antioxidants; preservatives; pyrrogen-free water; isotonic salme and
phosphate buffer solutions.

The choice of a pharmaceutically-acceptable carrier to be used
in conjunction with a Compound is basically determined by the way the

25 Compound is to be administered.

f the Compound is to be injected, the preferred

' pharmaceutically-acceptable carrier is sterile, physiological saline, with

blood compatible suspending agent, the pH of which has been
adjusted to about 7.4.

-30 Suitable pharmaceutically-acceptable carriers for toplcal
apphcatlon include those suited for use in lotions, creams, gels and the
like. Topical compositions preferably contain from about 1% to about
50% of an emollient.

The preferred mode of administering the Compound is orally.

35 The preferred unit dosage form is therefore tablets, capsules and the
like, comprising a safe and effective amount of the Compound, which is
preferably from about § mg to about 3500 mg, more preferably from



‘tested WO%WB&houn nodel s such as the acetyl chol i ne. abd REHAISI2IEM2 i ct i on

model in mce, the Randall-Selitto nodel in rats, and the 35 " hot-plate
test in mce or rats. Another useful art-known test is the rat adjuvant
arthritis test which is a useful nodel for asBessing anti- -4

inflanmatory activity, anti-arthritic and anti-resorptive activity in a
chronic, rather than an acute, nodel. These and ot her appropriate tests for
phar macol ogi cal act iabouy 10mg tb abbutst000mg/ and meisk preferably from alsoutr26 mg:

4. 431 656 i ssued Foilp 39t §90 meE CFris vk suﬁﬁﬂu reteppibHp ceirrs st oF
4,440,784 issued t o thepreparation ofunitodosqge; forms foo gl mm&-opaarenweﬂ-
Application known in the art. Their selection will depend on secondary
5 considerations like taste, cost, and shelf stability, which are not critical
for the purposes of the subject invention, and can be made without
difficulty by a person skilled in the art.

Particularly preferred oral composition carriers suitabie for
‘compositions of the subject invention are disclosed in pending U.S.

10 - Patent Application Serial Nos. 07/732,951"0f Kelm & Bruns, filed July
19, 1991, entitled "Pharmaceutical Compositions of Tebufelone", and
07/885,932 of Kelm & Dobrozsi, filed May 19, 1992, entitied "Solid
Dispersion Compositions of Tebufelone", hereby incorporated hereln
by reference.

16 Another aspect of the subject invention is methods for treating
diseases characterized by inflammation by administering a safe and
effective amount of a Compound to a human or lower animal in need of
such treatment. The preferred mode of administration is oral, but other
known methods of administration are contemplated as well, e.g.,

20 dermatomucosally (for example, dermally, rectally and the like) and
perenterally (for example, by subcutaneous injection, intramuscular
injection, intraarticular injection, intravenous injection and the like).
Ocular administration and inhalation are also included. Thus specific
modes of administration include, without limitation, oral, transdermal,

25 - mucosal, sublingual, intranasal, intramuscular, intravenous,
intraperitoneal subcutaneous and topical administration.

The term “diseases characterized by inflammation”, as used
hereln means conditions which are known to involve inflammation,
such as arthritis (e.g., rheumatoid arthritis, osteoarthritis, psoriatic

30 - arthritis, juvenile arthritis, Reiter's syndrome, infectious arthritis, and
ankylosing spondylitis, systemic lupus, erythematosus and gout), as
well as the presence of inflammation whether or not it is associated
with an identifiable disease. Diseases characterized by inflammation
further include inflammation of the gastrointestinal tract, including the

35 oral cavity (e.g., inflammation associated with gingivitis or periodontal
disease) and bowels (e.g., inflammation associated with inflammatory

Bowel Disease); inflammation associated with dermatological diseases
(*see page 10 for equivalent application)
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-85/ 64315 of Katsum-, et_al., published March 28, 1985; European Patent
Application No. 0,059,090 of Yamanuchi Phar maceutical 10 Conpany Ltd.,
publlshed WOo[984T86s 1, 19823,,%3651{\‘/]0121“ . Bonney & J.L. IMCOF/IS92/08742

"Prost agl andi n and Leukotrﬁ |n Mouse Ears Inflanmed by '
Arachadoni c Acid", The Jo Wjﬂumlﬂﬁw ative Dermatol ogy,*Vol. 84, No. 4
(1985), pp. 253-256; Svm'n Bell| & & G'I. Moore,

“Anti-inflanmatory ActiV|ty of Antioxidants", Anti- 15 inflam'ratory and
- Antirheunatic Drugs, Vol. Ill, Chapter 4, KD. Rainsford, ed., CRC Press,

Inc., (1985), pp. 105- J((ZJ% %ms‘i mﬂ‘énTAtatnoW&so%iémd $ith Be dahivbtory tract
mg

Antl phl ogi stic Effect I n Adrenal ectom zed Rats'
Canadi an Journal of Bi d€ferf U | ogy, Vol. 33 (1955), pp. 332- 339:
Sellye, H, 20 Furt her Fﬁefeﬁredecﬁes@me' Comipoengs range tnemiabomﬂzmglkg

Adrenal Cortex in the '

Vol 2 (1949). pp, 1548 AR sy, DbHe gdferatly frork a5 M BBout
12 mglkg Such doses are preferably admmlstered from about once to
about six times daily, more preferably from about twice to about four

- times daily.
The following nonlimiting examples illustrate the subject
invention.

10 _ : Example 1 |
: Pharmaceutical compositions in the form of tablets are prepared

by conventional methods, such as mixing and direct compaction,
formulated as follows:

Ingredient Juantity (mb per tablet

Amide Compound ) 200
Microcrystalline Cellulose 100
Sodium Starch Glycolate . 30
Magnesium Stearate 3 , .
16 When administered orally two times daily, the above

composition significantly reduces the inflammation in a patient suffering
from rheumatoid arthritis. A sngmﬁcant benefit is also achieved by
- twice daily admlmstratlon of this composition to a patient suffering from
osteoarthritis. '
20 . Example 2 :
A pharmaceutical composition in capsule form is prepared by
conventional methods, formulated as follows: -

Ingredient Quantity (mg per cegsule)
Acid Compound 200
Lactose To fill to volume of capsule

The above capsule administered orally once a day substantially
- reduces the symptomology of a patient affllcted with rheumatoid

25 arthritis or osteoarthritis.
' While - particular embodiments of the subject invention have
been described, it would be.obvious to those skilled in the art that
‘various changes and modi_ﬁcatione to the compositions disciosed
herein can be made without departing from the spirit and scope of the



- YCarra J3fg7ggsluced Edema in Hi nd Paw of the Rat as an
Antiinflammtory Drugs" Proceedi ngs of Society of Experi ﬁéﬁ?él’é%w‘z

Bi ol ogy and Medicine. Vol. 111 (1962), pp. 544-547; the disclosufe of all
these references are-incorporated herein by reference. The Conpounds can be
synt hesi zed using the follow ng procedures: 10 5 To a 50 M 3-neck flask
equi pped with argon inlet and thernoneter is charged 2, 6-di-t-butyl phenol
(5.5 gm 26.6 mmol e) (Schenectady Chemcal Co.), nethyl hydrogen succinate
(4.0 gm 30.3 nmol ejnvention; clt istiatended towavenyin thenappended claimso allhsuch
“The 5 mi xture i fnodificatidfs bt ahe withiti theScopl of I8 ifvdnilien T xt ure is not

quite

—_—
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‘honpgeneous. The starting tenperature is [err] the mixture cools to [err]
duaring stirri Trifluoroacetic anhydride (TFAA) (3.76 mM, 5.59 gm 26.6

mol) (A dWQEg’@ﬁ%ﬂﬂfal—eo—)—rs—adtied—all at once. The tenperml::mgyogm to

[err] After about 20 rosolutionis 10 - pink in color.
During the course of } m ﬁl:“. ﬂ)ﬂ |ﬁ sol ution devel ops a deep lilac
color. The reaction s ure = [erf] -is poured into a

separatory funnel containing [err] (100 m). The color goes to deep yellow
The solution is extracted two tinmes with aquedildIMaturated 15 [err]
.solution, then saturated NaC solution. The solution is dried over [err]

and is concentrated in vac o sing.a rota vaporator to an oil that
i mredi ately solidifies. ‘E ?P&P@?%ng%‘?dl ssompetition oo mompBisiAGxana

and all owed to cool, rpimﬂnaceugmﬂlgﬁgmﬂiﬁlzatcameaf ellaﬂ;btér}ﬁz)!el |1ﬁWthat the

needl es which are sepa&g@ggﬂ. hﬂ'ﬂohgteis%‘épgr@% ANy p#egpwe amdunt ! 6 A%the" compound

: crystals are wasﬁed 3,5- b1s(1 l1-dimethylethyl 4 hydroxyphenyl) 4-oxobutanamide, or

5 4- (3,5 bis(l,l dimethylethyl)-4-hydroxyphenyl)-4-oxobutanoic
acid, or a pharmaceutically-acceptable salt thereof.

2. A pharmaceutical composition in dosage unit form

. comprising a pharmaceutically-acceptable carrier, characterized

in that the composition comprises from about 5 mg to about 3500

10 . mg of the compound 4-(3,5-bis(l,l-dimethylethyl-4-hydrdxyphenyl)-

4-oxobutanamide, ‘or 4-(3,5- bis(l'l -dimethylethy1)-4-hydroxy-

phenyl)-4-oxobutanoic acid, or a pharmaceutically- acceptable salt
thereof. :

3. The composition of Claim 2 wherein the dosage unit
15 form, preferably a tablet or capsule, comprises from 10 mg to
1000 mg, preferably 10 mg to 600 mg, of the compound.

4. The composition of any of Claims 1-4 wherein the
compound is the amide compound. '

5. Use of a compound for manufacture of a medicament for -

20 treating a disease characterized by ihf'lamation, characterized

in that the compound is 4-(3,5-bis(1,1-dimethylethyl-4-hydroxy-

phenyl)-4-oxobutanamide, or 4-(3,5-bis(1,1-dimethylethyl)-4-

hydroxyphenyl)-4-oxobutanoic acid or a ph’armaceuticaﬂy-accep-
table salt thereof.

25 6. The use of Claim '.5 wherein the disease is rheumatoid
arthritis. ' ' '

7. The use of Claim 5 wherein the disease is osteo-
arthri'tis. '

——
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dry Thewﬂeﬂlilm poi nt of the resul ti ng crystals of corrpou.ﬂ?r is
[&rr] To a 100 m round-bottomflask is charged conpound (1 6 gm 5.0
mmol ) and about 20 m of methanol, stirring until conpound (1) 25 S
di ssol ved. KOH (0.56 gm 10 mml) is addgd. The solution is heated with
stirring to dissolve the KOH pellets. The sol ution Is allowed to stir

overnight. The reactio so utlon | tran f aqf 4.9 ?H&Seqnnh.é %ﬁibwﬁhgs

sol vent is removed in UéFn% MYe? a ert] the resu

white solid is trarmfauirdedcdmpomd;onl cal flask; concentrated (12N) HC is
added; and the material is transferred to a separatory funnel. The materi al

S vvashedtwotlrres with water, dried, and conceptrated.i u
concentrate is dissolvdd i & hoompesndne. ¢ 'KﬁeS'&iFEﬂé aémerté‘éiﬂ%'éﬁq ghz!gfﬂi‘s" 25
nmL in vacuo, and tﬂ}ﬁnﬁpj-utbmut&aﬁm ed, resulting 35 in
crystallization. The crystals of corrpound (2) above (the acid

5 10. A method of treating a disease characterized by
inflammation by administering a safe and effective amount of the
compound 4-(3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl)-4-oxo-
butanamide, or 4-(3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl)-
4-oxobutanoic acid or a pharmaceutically-acceptable salt thereof

10 to a human or lower animal in need of such treatment.

11. The method of Claim 10wherein the disease is rheumatoid
arthritis. '

12, The method of Claim 10 wherein the disease is
osteoarthritis.

15 13. The method of Claim 10 wherein from about 0.2 mg/kg to
about 70 mg/kg of the compound is admnistered from about 1 to
about 6 times daily.

14. The method of Claim 10 wherein from about 0.5 mg/kg to
about 12 mg/kg is administered from about 1 to about 4 times
20 daily.

15. The method of any of Claims10-14 wherein the compound

is the amide compound.
_—
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Corrpound) are separated fr mthq,sumr@aptg; by ki TTg@ation. The g VorravT 1o

~crystals are washed twi ce W t#i ._:xgn,gqangmasl koy@g 42 fry; The nelting point

of the resulting

e g 3
NG S

crystals W he, ;a,cr s nl%p;[é%’r B} The acid Csnpound
0h \_?y c'a.rpoduﬁ;},,d& (1. p , 7.8 mol.) are
m

pa$si ngt BAtG 1396y a

D fefhyl am nopyri

07151_ of ;[err] is added.

nto [err] cooled ta [err%yﬁ added in one portion.
ng (32 ng 0" 26- Ay B a & reaction is

The s$olution is jFI ed to [err] Ehd " an ex‘éess of Pafront aj (condensed by

- stifrréd"tTor 30 m
filltered off andthe

10

15

20

25

30

35

nut Fs. The N, N -di cycl ohexyl urea V\:hl ch forns is 10
[err] is washed witH water and brine. The

" DI-TERT-BUTYLPHENOL COMPOUNDS USEFUL
' AS ANTI-INFLAMMATORY AGENTS

TECHNICAL FIELD
The subject' invention relates to nonsteroidal anti-inflammatory
drugs, particularly to substituted di-tert-butylphenol compounds.
BACKGROUND OF THE INVENTION
Certain di-tert-butylphenol compounds and other compounds

- structurally related thereto have been found to have significant anti-

inflammatory and/or analgesic activity. Such compounds are disclosed
in the following references. U.S. Patent No. 3,784,701 issued to
Tomcufcik, Grassing & Sloboda on January 8, 1974; U.S. Patent No.
4,124,725 issued to Moore on November 7, 1978; U..S. Patent No.
4,130,666 issued to Moore on December 19, 1978; U.S. Patent No.
4,535,165 issued to Moore on August 13, 1985, U.S. Patent No.
4,636,516 issued to Kubo, Isomura, Sakamoto & Homma on January
13, 1887, U.S. Patent No. 4,677,113 issued to Bell & Moore on June
30, 1987, U.S. Patent No. 4,708,966 issued to Loomans, Matthews &
Miller on November 24, 1987, U.S. Patent No. 4,714,776 issued to Bell
& Moore on December 22, 1987; U.S. Patent No. 4,968,710 issued to
Rustad on November 6, 1990; EPO Patent: Application No. 0,211,670
of Panetta (Eli Lilly & Company), published February 25, 1987; EPO
Patent Application No. 0,286,364 of Schemrer & Rustad (Riker
Laboratories, Inc.), published October 12, 1988; Japanese Patent No.
80/15,460 of Noda, Nakagawa, Hirano, Tsuji & lde (Jpn. Kokai, Tokkyo

Koho), published February 2, 1980; Hidaka, Hosoe, Ariki, Takeo,

Yamashita, Katsumi, Kondo, Yamashita & 'Watanabe,
“Pharmacological Properties of a New Anti-inflammatory Compound, a-
{3,5-di-tertbutyl-4-hydroxybenzylidene)-g-butyrolactone (KME-4), and
its Inhibitory Effects on Prostaglandin Synthetase and 5-lipoxy-

. genase" gn J. Pharmacol, Vol. 36 No. 1 (1984), Pp. 77-85 and



solution is dried over MJSO4 and concentrated in vacuo. The crude product
is triturated with hexane and then purified by silica gel flash

chromat ography with 5% MeOH in [err] as eluant. Crystallization of the
resulting product from 60140 ethyl acet& e/ hexane gives off-white 15
crystals of the am de Conpound, having a nelting point of 155-1 [err] C.
Conpositions of the subject invention conprise a safe and effective anount

%1; t he gonpognwén%mom,pha{. rrmlqle.utizﬁﬁé.l %P.a.lccvmnhjrﬁvaag?rs&ze%é?eeg?ﬁ e
) n .Qnar - ce e.carrier. U . ,
angp 2:‘1 P ect ?ve g‘#ﬁﬁ?{f’w%tﬁﬂ“émaﬁ?ﬂ 5%55@" M@G‘ﬂﬁﬁh’ﬂ%“’%%‘%‘b’gnt to

. signi ficantly ofnSubstituted dz4thydroxyphdnyt-dt3-indandianes",cButtipeiaonJourni

ven 15 |SUBAEHIORBIL A b S e
and ef feetive amourfMihudh &5 o \gitert-butyipRgnoh °PH!P°¢'J5‘F’Fi Peqndi ti on
bei ng treat ed, dérhenstestedndophesdiilsiel antifdfiammatary Zdctivity, t hfangat seei  bei ng
treated, the sgyErliings’edrliSit R (4o L ARi-MAarihBny’ activity. - The
unpredictability of this property makes it necessary to screen: each
compound of the class to determine whether it possesses such activity.
10 It is an object of the subject invention to provide a compound
which has effective anti-inflammatory, analgesic and/or anti-arthritic
activity. :
It is a further object of the subject invention to provide methods
-for treating inflammation, pain and/or arthritis using the compound.
15 SUMMARY OF THE INVENTION
The subject invention involves compositions comprising 4-(3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl)-4-oxobutanoic acid, and phar-
maceutically-acceptable salts thereof, or 4-(3,5-bis(1,1-dimethylethyl)-
4-hydroxyphenyl)-4-oxobutanamide, and a pharmaceutically-accept-
. 20 able carrier. The subject invention also involves methods for treating
diseases characterized by inflammation and/or pain, such as
rheumatoid arthritis and osteoarthritis, in humans or lower animals by
administration of a safe and effective amount of this compound to the
human or lower animal in need of such treatment.
25 ' DETAILED DESCRIPTION OF THE INVENTION
The subject invention involves a particular di-tert-butylpheno! com-
pound having the following structure:
C(CH3)

HO (OYCH,CH,COY
30 C(CHa)4

wherein -Y is -OH or -NH>. : .

These compounds, 4-{3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl4-oxobutanoic acid and 4-(3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl-4-oxobutanamide (hereinafter the “acid Compound" and the

35~ "amide Compound", respectively, collectively ‘the “"Compourids"),
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the treatnent, the nature of concurrent therapyy thc&@ gﬁm
‘phar maceuti cal | y-acceptable carrier utilized, wilt hi n t he

know edge and expertise of the attending physic a . Corrpositio s lof the

subj ect invention preferably conprise from 30 abIAUG 096t out 99. 9%
by wei ght of a Conpound, nore preferably from about 20% to abou 0% and
nost preferably from about 40%to about 708 InjaddrtTom (0 the npound,

t he conpositions of the subject invention Contailn a

pharmaceutical | y-acceptabl e carri er The term 35

compat | ble soii doBA 0 BhAAnaefqepIacteiapl s W16 Brid BaRboBAg favd o ©
which are suit ablbsend@umdjtﬂ be particulasly useful amdaﬂa@matweagents '
The term “pharmaceutically-acceptable salts”, as used herein,
means the acid Compound in its salt forms which have the same
5 general pharmacological properties as the protonated form of such
' Compound, and which are acceptable from a toxicity viewpoint.
Pharmaceutically-acceptable salts include alkali metal (e.g., sodium
and potassium), alkaline earth metal (e.g., calcium and magnesium),
non-toxic heavy metal (e.g., stannous and indium), and ammonium and
10 low molecular weight substituted ammonium (mono-, di- and tri-methyl
or ethyl ammbnium) salts. Preferred are the sodium, potassium, and
ammonium salts. -
' The acid Compound is disclosed as a starting material in
"Dreher, E.L., J. Bracht, M. El-Mobayed, P. Huetter, W. Winter & A
15 Rieker, “"Electrochemical Oxidation. VIl. Synthesis and Structure of 7-
tert-butyl-2-methylbenzoxazoles”, Chem. Ber., Vol. 115, No. 1 (1982),
pp. 288-308. (See page 288, compound 1e). The acid Compound and
a method for synthesizing it are disclosed in Portnykh, N.V., AA.
Volod'kin & V.V. Ershov, "New Functional Derivatives of Sterically
20 Hindered Phenols", Izv. Akad. Nauk, SSSR. Ser. Khim., Vol. 4 {April:
1968), pp. 920-922. The acid Compound is referred to therein as g-(4-
hydroxy-3,5-di-tert-butyl phenyl)-g-ketobutyric acid.
The amide Compound is believed to be a novel compound.
In order to determine and assess pharmacological activity,
25 testing of the Compounds in animals is carried out using various
assays known to those skilled in the art. The anti-inflammatory activity
of the Compounds can be conveniently demonstrated using an assay
- designed to test the ability of the Corhpounds to antagonize the local
edema which is characteristic of the inflammatory response. Examples
30 of such known tests include the rat carrageenan edema test, the
oxazolone-induced inflamed mouse ear test, and the mouse
arachadonic acid-induced inflamed ear test. Analgesic activity may be
tested in art-known models such as the acetylcholine abdominal
constriction model in mice, the Randall-Selitto mode! in rats, and the
35 hot-plate test-in.mice or rats. -Another useful art-known test is the rat
adjuvant arthritis test which is a useful model for assessing .anti-




animal . The term "conpati bl e, as used herein, neans that the conponents of
the conposition are capable of being conmngled with the Conpound, and with
each other, in a manner such that there is no interaction which would

substantially reduce the pharnaceutical 4 efficacy of the conposition
under ordinary wuse situations. Pharmaceutically-acceptable carriers nust,
of course, be of sufficiently high purity and sufficiently lowtoxicity to,

render them SUiuﬁWéi‘hﬁnaf a&ivn'y dritRdrttitic %nahanhuaeérpqwawwam gl bei ng’
treated. Sone bst ances e\@h can serve as
0

phar naceut i cal | ﬁf@ﬁﬂtﬂaﬁéf‘@cﬂ%"&d nmponents thereof are sugars such
as |actose, dl ucose Thesesand other appropriate, testscor geharovacstiogical awtiditpot at o

cel Ul ose, 'et"h%?g Sfopestattil iordd b ifUS PReROlo TGO KIEIN |\
gel atin; %al c; MedredonuBerembes, 195u1;97%1$U153 Patef%t%'ér |‘04§bﬁgs ipsyedsi um
stearate; . cal C'FéBrﬁé'ﬂyfﬂ,elQMQﬁQ(a't&uﬁu, @t b, USB!Patent No. 4,440,784 issued
to Katsumi, et al. on April 3, 1984; Japanese Patent Application
85/54315 of Katsumi, et al., published March 28, 1985; European
Patent Application No. 0,059,090 of Yamanuchi Pharmaceutical
10 Company Ltd., published September 1, 1982; Opas, E.V., R.J. Bonney
- & J.L. Humes, "Prostaglandin and Leukotriene Synthesis in Mouse
Ears Inflamed by Arachadonic Acid", The Journal of investigative
Dermatology, Vol. 84, No. 4 (19'85), pp. 253-256; Swirigle, KF., R.L.
Bell & G.G.l. Moore, “Anti-inflammatory Activity of Antioxidants", Anti-
15 inflammatory _and _Antirheumatic Drugs, Vol. lll, Chapter 4, KD.
Rainsford, ed., CRC Press, Inc., (1985), pp. 105-126; Adamkiewicz,
V.W.,, W.B. Rice ‘& J.D. McColl, "Antiphlogistic Effect of Trypsin in
Normal and in Adrenalectomized Rats", Canadian Journal of
Biochemistry & Physiology, Vol. 33 (1955), pp. 332-339; Sellye, H.,
20 “Further Studies Concerning the Participation of the Adrenal Cortex in
the Pathogenesis of Arthritis", British Medical Jourrial, Vol. 2 (1949), )
pp. 1129-1135; and Winter, C.A., E.A 'Risley & G.W. Nuss, ‘
“Carrageenin-induced Edema in Hind Paw of the Rat as an Assay for
Antiinflammatory Drugs" Proceedings of Society of Experimental
25 Biology and Medicine, Vol. 111 (1962), pp. 544-547; the disclosure of
all these references are incorporated herein by reference.

The Compounds can be synthesized using the followmg
procedures:

+ HOOC-CH,"CH,"COOCH,

30
Tran \CICHCH,C!

KOH
CO-CH,"CH,COOH ﬁH O-CH,CH,COOCH,
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as peanut oil, cottonseed oil, sesane oil, olive oil, _corn.qil. and oil of

-theobronma; polyols such as propyl ene glycol, glyc rlﬁEmemogHEma nitol,
and pol yet hyl ene glycol; algenic acid; emulsifier ]
wetting agents such as sodiumlauryl sulfate; colagriin
flavoring agents, excipients; tableting agents; stijalili Xi dant S;
preservatives; pyrrogen-free water, isotoni sal i ne:

sol utions. The choice of a phar maceut i cal | y-accept bI e carrier to bg used
in conjunction wtha Conmpound is baS| cally determ

25
Conpound is to be adni yf’ %erssd mf Q& mwaﬂgpﬁ& Wi rgjﬁﬁ‘:tu‘ﬂ t 4AE

preferred pharmaceutic accept a I e carrier

saline, with bl oothermemeteniies casgesh R Aglidduiiphenal fﬁ-ﬁog"\mi/@szlﬁoﬁggé gglen
adj usted to about (§crfbne%£hdy Chemical C3Y), hiththfd hydifegernsatdihatel (40 gt @Y Rbl e
carriers for top| e ole) (Aldrich Chemical Company), and 1,2-dichlorcethane. The
5 mixture is stirred for 10 minutes; the resulting mixture is not quite
homogeneous. The starting temperature is 23°C, the mixture cools to
15°C during stirring. Trifluoroacetic anhydride (TFAA) (3.76 ml, 5.59
gm, 26.6 mmol) (Aldrich Chemical Co.) is added all at once. The
temperature rises to 29°C. After about 20 minutes, the clear solution is
10 pink in color. During the course of the reaction, the solution develops a
deep lilac color. -
_ The reaction solution (temperature = 27°C) is poured into a
separatory funnel containing Et20 (100 mi). The color goes to deep
_ yellow. The solution is extracted two times with aqueous saturated
15 K2CO3 solution, then saturated NaCl solution. The solution is dried
over MgSO4 and is concentrated in vacuo (using a rotary evaporator)
to an oil that immediately solidifies. The crude material is dissolved in
90 ml hot hexane and allowed to cool, resulting in crystallization of
slightly yellow needles which are separated from the supematant by
20 filtration. The crystals are washed twice with hexane and allowed to
dry. The melting point of the resulting crystals of compound (1) above
is 101°-103°C.
To a 100 ml round-bottom flask is charged compound (1) (1.6
gm, 5.0 mmol) and about 20 m! of methanol, stirring until compound (1)
25 is dissolved. KOH (0.56 gm, 10 mmol) is added.  The solution is
heated with stirring to dissolve the KOH pellets. The solution is
allowed to stir overnight.
The reaction solution is transferred to a 250 ml flask. The
- solvent is removed in vacuo. Using water and CH2Clp, the resulting
30 white solid is transferred to a conical flask; concentrated (12N) HCI is
added; and the material is transferred to a separatory funnel. The
material is washed two times with water, dried, and concentrated in
vacuo. The concentrate is dissolved in hot hexane. The volume is
reduced to about 25 mL in vacuo, and the solution is cooled, resulting
.35 in crystallization. The crystals of compound (2) above (the acid
Compound) are separated from the supematant by filtration. The




application include those suited for use in |oti ofSgeif Gaph 0 nd t he
l'i ke. Topical conpositions preferably contain fro [ $u1 50% of
an enmollient. The preferred node of adm nistering tre Corrpound isjofally.
35 The preferred unit dosage formis thereforeg jabl BtAyG qegsul e and
the like, conprising a safe and effectiveganount ¢f jthe Conpound, whi ch is
preferably fromabout 5 ng to about 3500 ny, norejprererapty—fro 8
about 10 ng to about 1000 ng, and nost preferablygifrom about 25 o0 about

f .
oottt o o TREAE YRGB i okl b8 BUGYE ROUR,  the ikfing ., 1,
the art. Their pmmt@fttm@resumng cyptalsioftheasichGomppund is 169.5°-174.0°C.
The acid Compound (20 g, 6.5 mmol) and N,N'-
dicyclohexylcarbodiimide (1.6 g, 7.8 mmol) are added to a 100 mL
5 round-bottom flask, and 20 mL of CH2Cl2 is added. The solution is
cooled to 0°C, and an excess of ammonia (condensed by passing
ammonia gas into CH2Cl> cooled to -78°C) is added in one portion. 4-
Dimethylaminopyridine (32 mg, 0.26 mmol) is added and the reaction is
stimed for 30 minutes. The N,N'-dicyclohexylurea which forms is
10 filtered off and the CHoCly is washed with water and brine. The
solution is dried over MgSO4 and concentrated in vacuo. The crude
product is triturated with hexane and then purified by silica gel flash
chromatography with 5% MeOH in CH2Cl as eluant. Crystallization of
the resulting product from 60/40 ethyl acetatefhexane gives off-white
16 crystals of the amide Compound, having a melting point of 155-156°C.
Compositions of the subject invention comprise a safe and
effective amount of the Compounds, or a pharmaceutically-acceptable
salt of the acid Compound, and a pharmaceutically-acceptable carrier.
As used herein, “safe and effective amount" means -an amount of a _
20 Compound sufficient to significantly induce a positive modification in
the condition to be treated, but low enough to avoid serious side effects ~
(at a reasonable benefit/risk ratio), within the scope of sound medical
judgement. A safe and effective amount-of a Compound will vary with
the particular condition being treated, the age and physical condition of
25 the patient being treated, the severity of the condition, the duration of
the treatment, the nature of concurrent therapy, the particular
pharmaceutically-acceptable carrier utilized, and like factors within the
knowledge and expertise of the attending physician.
Compositions of the subject invention preferably comprise from
30 about 0.1% to about 99.9% by weight of a Compound, more preferably
from about 20% to about 80%, and most preferably from about 40% to
about 70%.
In addition to the Compound, the compositions of the subject
invention contain a pharmaceutically-acceptable carrier. The term
35 “pharmaceutically-acceptable carrier”, as used herein, means one or
more compdtible solid or liquid “filler diluents or ‘encapsulating.
substances which are. suitable for administration to a human or lower




5 considerations |ike taste, cost,
‘critical for the purposes of the subject
difficulty by a person skilled in the art.
conposition carriers suitable for conpositions
di sclosed in pending U S. 10 Pat ent Appl

*of Kelm & Bruns,” filed July 19, 1991, entitl el
Conmposi tions of Tebufel one”, and 07/885, 932 of
19, 1992, entitled "Solid Di sperS|on Conposi ti
I ncor porated her

subj ect

an_d shelf stabl ity

whi

h are not
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rade wit hout
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T4eh RAGRIrTE M mﬂ}esdaﬁhsf frffe OHE Of
nown rrethci of "Bdm ni stration are
would substantially reduce the phammaceutical
efﬁcacy of the composition under ordinary use. situations.
Pharmaceutically-acceptable carriers must, of course, be of sufficiently
high purity and sufficiently low toxicity to render them suitable for

administration to the human or lower animal being treated.

Some examples of substances which can serve as
pharmaceutically-acceptable carriers or components thereof are
sugars, such as lactose, glucose and sucrose; starches, such as
cornstarch and potato starch; cellulose and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose, cellulose acetate;
powdered tragacanth; malt; gelatin; talc; solid lubricants, such as
stearic acid, magnesium stearate; calcium sulfate; vegetable oils, such
as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of
theobroma; polyols such as propylene glycol, . glycerih, sorbitol,
mannitol, and polyethylene glycol; algenic acid; emulsifiers, such as
the Tweens®; wetting agents such as sodium lauryl sulfate; coloring
agents; flavoring agents, excipients; tableting agents; stabilizers:
antioxidants; preservatives; pyrrogen-free water; isotonic saline; and
phosphate buffer solutions. ‘

The choice of a pharmaceuticaily-acceptable carrier to be used
in conjunction with'a Compound is basically determined by the way the
Compound is to be-administered.

if the Compound is to be injected, the preferred
pharmaceutically-acceptable carrier is sterile, physiological saline, with
blood compatible suspending agent, the pH of which has been
adjusted to about 7.4. |

‘Suitable pharmaceutically-acceptable carriers for - topical
application include those suited for use in lotions, creams, gels and the
like. Topical compositions preferably contain from about 1% to about
50% of an emollient. |

The preferred mode of administering the Compound is orally.
The preferred. unit dosage form is therefore tablets, capsules and the
like, comprising a safe and effective amount of the Compound which is
preferably from about 5 mg to ‘about 3500 ‘mg, more preferably from



20 dermat omucosally (for exanple, dermally, rectally and the Iike) and:
perenterally (for exanple, by subcutaneous injection, intranuscular
injection, intraarticular injection, intravenous injection and the |ike).
Ccul ar admini stration and inhalation are al8o included. Thus specific nodes
of administration include, without limtation, oral, transdermal, 25
mucosal, sublingual, intranasal, intramuscular, intravenous,

i ntraperitoneal , sboutiidmgto aFodt 1000 mal a“"““””“’*’?'ﬁ"’ﬁ?fﬂ%d’“ Cons
whi oh are known t LoEost 80 iy | T Bt bceyfialzEtn Ao barer uBle tor |
rheumat oi d art hri 0@ Preparatiantafrunit dosageofarasi for Iwal admiristration iasg wellveni | e
~arthritis, Reiter khoWiNdhOAKe hﬂ{ ﬁcmteigzagrﬁgﬁt wm aégeﬁ‘mzﬁxogg&?hdeary
oresence. of 4 nf aphaEiosAAa e tag. Fore A BeycHRedib, ek e aet crlcal
i dentifiable di sedorthdipumases ohtheasulsiectzimvention,nahd ot benmads tigiout
i nclude inflammat idifficQity bPa FERS6M Skiltb& it (a%det { ract, including the
Particularly preferred oral composition carriers suitable for
compositions of the subject invention are disclosed in pending U.S.
10 Patent Application Serial Nos. 07/732,951"of Kelm & Bruns, filed July
19, 1991, entitled "Pharmaceutical Compositions of Tebufelone", and
07/885,932 of Kelm & Dobrozsi, filed May 19, 1992, entitled “Solid
Dispefsion Compositions of Tebufelone", hereby incorporated herein
by reference.
15 Another aspect of the subject invention is methods for treating
' diseases characterized by inflammation by administering a safe and
effective amount of a Compound to a human or lower animal in need of
such treatment. The preferred mode of administration is oral, but other
known methods of administration are contemplated as well, e.g.,
20 dermatomucosally (for example, dermally, rectally and the like) and
: perenterally (for example, by subcutaneous injection, intramuscular
injection, intraarticular injection, intravenous “injection and the like).
Ocular administration and inhalation are also included. Thus specific
modes of administration include, without limitation, oral, transdermal,
25 mucosal, sublingual, intranasal, intramuscular, intravenous,
intraperitoneal, subcutaneous and topical administration.
The term “diseases characterized by inflammation“, as used
herein, means conditions which are known to involve inflammation,
- such as arthritis (e.g., rheumatoid arthritis, osteoarthritis, psoriatic
30 arthritis, juvenile arthritis, Reiter's syndrome, infectious arthritis, and
ankylosing spondylitis, systemic lupus, erythematosus and gout), as
well as the presence of inflammation whether or not it is associated
with an identifiable disease. Diseases characterized by inflammation
further include inflammation of the gastrointestinal tract, including the
35 oral cavity (e.g., inflammation associated with gingivitis or periodontal
disease) and bowels (e.g., inflammation associated with Inflammatory
- Bowel Disease); inflammation’ associated with d_e_rr_n_a'_@_lggi;;al_diéeasee‘
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35 oral cavity (e.g., inflamuation associ ated Mﬁépmppgw; tst cpr
‘peri odontal disease) and bowels (e.g., inflammtion

I nfl ammat ory Bowel Disease); inflammtion associ-at ej i th der mat ol al
(*see page 10 for equival ent application) PLACEVENI SHEAUG 9996e
psoriasis); and inflammati on associated with the regsplratory tract g ,
ast hma, bronchitis). Preferred doses of th§ Conmpounfls range from abou

ng/ kg to about 70 ng/ kg, nore preferably fFom about!

12 ng/ kg. Such doses are preferably adm nistered from about once to about

six tinmes daily, rmre referabl om apout tw.ce about four
daily. ' Y psoriasis), an f{ammatl?on assomated witty the resplratory traa

(e g asthma bronchitis).
Preferred doses of the Compounds range from about 0.2 mg/kg
to about 70 mg/kg, more preferably from about 0.5 mg/kg to about

5 12 mg/kg. Such doses are preferably administered from-about once to
about six times daily, more. preferably from about twice to about four
times daily.

The following nonlimiting examples illustrate the subject
invention.
10 | Example 1

Pharmaceutical compositions in the form of tablets are prepared
by conventional methods, such as mixing and direct compaction,
formulated as follows:

A

Ingredient Quantity (mb per tablet)

Amide Compound 200
Microcrystalline Celiulose - 100
Sodium Starch Glycolate 30
Magnesium Stearate 3
15 When administered orally two times daily, the above

composition significantly reduces the inflammation in a patient suffering
from rheumatoid arthritis. A significant benefit is also achieved by
twice daily administration of this composition to a patient suffering from
osteoarthritis.

20 Example 2
A pharmaceutical composition in capsule form is prepared by
conventional methods, formulated as follows:

Ingredient Quantity (mq per capsule)
Acid Compound 200
l.actose To fill to volume of capsule

The above capsule administered oraliy once a day substantially

reduces the symptomology of a patient afflicted with rheumatoid
25  arthritis or osteoarthritis.

While particular embodiments of the subject invention have
been described, it would be obvious to those skilled in the art that
various: changes and modifications to the compositions disclosed
herein can be made without departing from the spirit and scope of the.



‘The following nonliniting exanples illustrate the subject invention. 10
Exanpl e 1 Pharmaceutical conpositions in the formof tablets are prepared
by conventional nethods, such as m xing and direct conpactien, fornulated

as follows: Ingredient ‘Quantity (nb per tablet) Am de
. Conpound ' 200 M crocrystal HCne Cel | ul ose 100 Sodi um Starch .
A ycol ate 30 Magnesium Stearate 3 15 When

adm nistered orally two tines daily, the above conposition significantly
reduces the i nirivemtiohj ot ik rintenpladitendover fretrie appeaded iRt @illdsgd hritis.
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osteoarthritis. 20 . Exanmpl e 2 A pharnmaceuti cal
-conposition in capsule formis prepared by conventional nethods, formul ated
as follows: Lngredient Quantity (ma per capsule) Acid Conpound

200 Lact ose To f1TT: to volune of capsul e The_above capsul.e——

admi ni st er ed 3 u‘ Glagg substantial ly reduces theé {syangHeRDIHGy BN
patient affli ﬂ mmm]fm l)id 25 arthritis or osteoargbpiggcg. Wile
particul ar enbodi rfents ®f € he subj ect invent+on have beén_deseﬁg%edr

woul d be obvious to those skilled in the art that various changes and

nodi fications to the conpositions disclofi®erein can be made wit hout
departing fromthe spirit and scope of the

1. A pharmaceutical composition comprising a
pharmaceutically-acceptable carrier, characterized in that the
composition comprises a safe and effective amount of the compound
4-(3,5—bis(1,l-dimethylethy144-hydroxypheny1)-4-oxobutanamide, or
4-(3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl)-4-oxobutanoic
acid, or a pharmaceutically-acceptable salt thereof. '

w

_ 2. A pharmaceutical composition in dosage wunit form

comprising a pharmaceutically-acceptable carrier, characterized

_ in that the composition comprises from about 5 mg to about 3500

10 mg of the compound 4-(3,5-bis(l,1-dimethylethyl-4-hydroxyphenyl)-

4-oxobutanamide, or 4-(3,5-bis(1,l-dimetherthyl)-4-hydroxy-

phenjl)-4-oxobutanoic acid, or a pharmaceutically-acceptable salt
thereof.

3. The composition of Claim 2 wherein the dosage unit
15 form, preferably a tablet or capsule, comprises -from 10 mg to
1000 mg, preferably 10 mg to 600 mg, of the compound.

4. The composition of ,any of Claims 1-4 wherein_the
compound is the amide compound.

5. Use of a'compound for manufacture of a medicament for
20 treating a disease characterized by inflammation, characterized
in that the compound is 4-(3,5-bis(l,1-dimethylethyl-4-hydroxy-
phenyl)-4-oxobutanamide, or 4-(3,5-bis(l,l-dimethylethyl)-4-
hydroxyphenyl)-4-oxobutanoic acid or a pharmaceutically-accep-

table salt thereof.

25 . 6. The use of Claim 5 wherein the disease is rheumatoid
arthritis.

7. The use of Claim 5 wherein the disease is osteo-
arthritis. ' —— ' -

——

\
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I nventi on. is intended to cover, in the appended clains, all such
nDdlflcatlons that are withim the scope of this invention. 1. A

conpound 4- (3 ethyl 4- hydr oxyphenyl ) - 4- ut anam de. 2.
A pharnmaceuti ¢ ﬂu r”m! |"Ell rising: (a) a safe and gfTHStINeeT ajmumg:ﬂ
t he conpound 4- I , t hyl et hyl - ¥ E@

hydr oxyphenyl ) - 4 oxobutananide; and (b) a pharnaceutlcall AEE
carrier. 3. A pharnmaceutical conposition in dosage unit form conprising:
(a) fromabout 10mg to about 3500ngy of tZhe conpound 4-(3,5-bis(1,1-
di et hyl et hyl - 4- hydr oxyphenyl ) - 4- oxobut anam de; and ,

8. The use of any of Claims 5-7 wherein the compound is

the amide compound.

9. A compound &-(3,5-bis(l,1-dimethylethyl-4-hydroxy-
phenyl)-4-oxobutanamide.

5 10. A method of treating a disease characterized by
inflammation by administering a safe and effective amount of the
compound 4-(3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl)-4-oxo-
butanamide, or 4-(3,5-bis(1,1-dimethy1ethy1)-4-hydroxypheny1)-
4-oxobutanoic acid or a pharmaceutica]1y-acceptab1e_§a1t thereof

10 to a human or lower animal in need of such treatment.

11. The method of Claim 10wherein the disease is rheumatoid
arthritis.

12, The method of Claim 10 wherein the disease is
osteoarthritis.

15 . 13.  The method of Claim 10 wherein from about 0.2 mg/kg to _

about 70 mg/kg of the compound is administered from about 1 to
about 6 times daily.

14. The method of Claim 10 wherein from about 0.5 mg/kg to

about 12 mg/kg is administered from about 1 to about 4 times
20 daily.

15. The method of any of Claims10-14 wherein the compound
1s the amide compound.

25 | ~ This Sheet Has Been Reﬂlaced - REPLACEMENT SHEET
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(.b)- a pharmaceuti cally-acceptable carrier. 4. The conposition of Caim3
-wherein the dosage unit formconprises fromabout 5 ng to about 1000 ng of.

t he conpound. 5. The conposition of Claim3 wherein the dosage formis a
tabl et or capsul e conprising fromabout 10 ng to about 600 ng of the
conpound. 6. Use of a safe and effective anount of W‘?% me}oqnq y
4-(3,5-bis(1, 1-di net hyl et hyl - 4-hydr oxyphenyl ) - 4- oxobut C(é Phé
manuf acture of a nedication for treating inflammuationikin_a e eed.
-thereof. 7. A use according to Claim®6 wherein the disease is rheurratoi d
arthritis. 8. A use according to Claim6 wherein the disease is
osteoarthritis. 9. A use according 418 Claim 6 wherein the dosage of the
medi cation is fromabout 0.2 ng/kg to about 70 ng/ kg, fromabout 1 to about
6 times daily. 10. A use according to Cl.aim6 wherein the dosage of the

medi cation is fromabout 0.5 ng/ kg taBStRACT12 ng/ kg, from-about 1 to about
4 times daily :

DI-TERT-BUTYLPHENOL COMPOUNDS USEFUL AS ANTI-INFLAMMATORY AGENTS

The subject invention involves (gompositions comprising 4-(3,5-bis(1, 1-dimethylethyl)-4-
hydroxyphenyl)-4-oxobutanamide, or 4-(3,5-bis-(1,1-dimeth_ylethyl)-4-hydroxyphenyl)-4— :
oxobutanoic acid and pharmaceutically-acceptable salts thereof, and a pharmaceutically-
acceptable carrier. The subject invention also involves methods for treating diseases
characterized by inflammation and/or pain, such as rheumatoid arthritis and osteoarthritis, in
humans or lower animals by administration of a safe and effective amount of this compound to
the human or lower animal in need of such treatment.
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12 - The use of any of ‘d ai s
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g,hggg!ge " ﬂmﬂﬂﬂﬂmﬂHﬂﬂ B o1 e
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mg of the compound 4-(3,5-bis(1,1-

osage unit form comprises from about 5

compound 4-(3,5-bis(1,1-dimethylethyl-

in need of such treatnent. 11. The nethod of Cd aim I Owherein the di sease
i's rheurratevd arthritis.
hat is claimed is:
1. A compound 4-(3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl)-4-oxobutanamide.
2. A pharmaceutical composition comprisfng'
"(a) a safe and effective amount of the compound 4-(3,5-bis(1, 1-d|methylethyl-4-
hydroxyphenyl)-4-oxobutanamide; and
- (b) a pharmaceutically-acceptable carrier.
3. A pharmaceutical composition in dosage unit form comprising:
(a) from about 10mg to about 3500
dimethylethyl-4-hydroxyphenyl)-4-oxobutanamide; and
(b) a pharmaceutically-acceptable carrier.
4, The composition of Cléim 3 wherein the d
mg to about 1000 mg of the compound.
5. The composition of Claim 3 wherein the dosage form is a tablet or capsule
comprising from about 10 mg to about 600 mg of the compound.
6. Use of a safe and effective amount of the
4-hydroxyphenyl)-4-oxobutanamide in the manufacture of a medication for
treating inflammation in a subject in need thereof.
7. A use according to Claim 6 wherein the disease is rheumatoid arthritis.
8. A use according to Claim 6 wherein the disease is osteoarthritis.
9. A use according to Claim 6 whérein the dosage of the medication is from about
0.2 mg/kg to about 70 mg/kg, from about 1 to about 6 times daily. .
10.

A use according to Claim 6 wherein the dosage of the medication_is from about
0.5 mg/kg to about 12 mg/kg, from about 1 to about 4 times daily. REPLACEMENT SHEET




A2, The methog of Caim 10 wherein: the disease is osteoarthritis.

15 13. The nmethod of Claim 10 wherein fromabout 0.2 ng/kg to
about 70 ng/ kg of the conmpound is adnmi nistered fromabout 1 to about 6
times daily. 14. The nethod of O ai'm 10 wherein: fromabout 0.5 ng/kg to
about 12 ng/kg is administered fromabout 1 to about 4 times 20 ~ daily.
15. The nethod of any of O ainsl0-14 wherein the conpound is the am de
conpound. '
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ABSTRACT

DI-TERT-BUTYLPHENOL COMPOUNDS USEFUL AS ANTI-INFLAMMATORY AGENTS

The subject invention involves compositions comprising 4-(3,5-bis(1,1-dimethylethy1)-4-
hydroxyphenyl)-4-oxobutanamide, or 4-(3,5-bis-(1,1-dimethylethyl)-4-hydroxyphenyl)-4-
oxobutanoic acid and pharmaceutically-acceptable salts thereof, and a pharmaceutically-
acceptable carrier. The subject invention also involves methods for treating diseases

. characterized by inflammation and/or pain, such as rheumatoid arthritis and osteoarthritis, in _
humans or lower animals by administration of a safe and effective amount of this compound to

the human or lower animal in need of such treatment.
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