wO 2007/108566 A 1 |00 0 000 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O 0 OO O

International Bureau

(43) International Publication Date
27 September 2007 (27.09.2007)

(10) International Publication Number

WO 2007/108566 Al

(51) International Patent Classification:
AGIK 31/496 (2006.01) AGIP 29/00 (2006.01)

(21) International Application Number:
PCT/KR2006/000997

(22) International Filing Date: 17 March 2006 (17.03.2006)

(25) Filing Language: Korean

(26) Publication Language: English

(71) Applicant and

(72) Inventor: PARK CHOO, Hea-Young [KR/KR]; 86-606
Hyundai Apt, Apgujung-dong, Kangnam-gu, Seoul
135-905 (KR).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): NA, Heung-Sik
[KR/KR]; 101-1301 Seocho Raemian Apartment, 1682,
Seocho 4Dong, Seocho-gu, Seoul 137-775 (KR). BACK,
Seung-Keun [KR/KR]; 21-251, Nokbeon-Dong, Eu-
npyeong-gu, Seoul 122-825 (KR). LIM, Eun-Jeong
[KR/KR]; 136-331, Jeki-Dong, Dongdaemun-Gu, Seoul
130-060 (KR). KAM, Yoo-Lim [KR/KR]; 1-164, Char-
mang officetel, Bangwha 3dong, Kangseo-gu, Seoul
157-857 (KR).

(74) Agent: AHN, So-Young; 9th FL. Sungji III, 642-6, Yeok-
sam-dong, Gangnam-gu, Seoul 135-717 (KR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PAIN-RELIEVING COMPOSITION

(57) Abstract: This invention relates to a composition for relieving pain, comprising the compounds of formula (I) or pharma-
ceutically acceptable salts thereof as an effective substance. The composition of the present invention relieves pain, particularly
neuropathic pain and inflammatory pain, and so is useful for preventing or treating pain not controlled by previous analgesics.



WO 2007/108566 PCT/KR2006/000997

PAIN-RELIEVING COMPOSITION

TECHNICAL FIELD

This invention relates to a composition for relieving pain.

BACKGROUND ART

Pain is defined as unpleasant sensory and emotional experience related to real or
potential injury to tissues. Pain is a main symptom in various diseases, but its perception is
very subjective. Thus, pain is one of the most difficult pathologies that are difficult to
diagnose and treat effectively. Pain gives severe damage to functional ability, and threatens

the patient’s work, social life, and family life.

Pain is classified into acute pain, and chronic pain such as neuropathic pain.

Acute pain is generally caused from inflammation and soft tissues damage. Neuronic
mechanism causing acute pain is well known in the art, and so the pain can be treated by
analgesics such as nonsteroidal anti-inflammatory drug (NSAID), opium products, etc.,

currently in market.

Neuropathic pain is caused by injury or infection to peripheral sensory nerves, and is
very difficult to treat because the degree of pain is extremely severe, and the pain frequently

recurs despite use of common analgesics like opium products.
Neuropathic pain may be caused by various diseases, such as herpes virus infection,
diabetes mellitus, causalgia, plexus avulsion, neuroma, limb amputation, and vasculitis, in

addition to peripheral sensory nerves damage.

And, neuropathic pain is also caused by nerve damage from chronic alcoholism, human

immunodeficiency virus infection, hypothyroidism, uremia, or vitamin deficiencies.

Neuropathic pain may be classified into three types; hyperalgesia, allodynia, and
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spontaneous pain.

“Hyperalgesia” is an excessive pain above a normal level. “Allodynia” is a pain caused
by delicate response to such a slight extent of stimuli that normally cannot induce pain.

And, ”’spontaneous pain" is a pain felt though there is no stimulus.

For example, allodynia includes mechanical allodynia that is a pain felt by weak
mechanical stimuli, and cold/warm allodynia that is a pain felt by a certain range of
temperature change that normally does not feel unpleasantness. There have been continuous

studies to develop a substance that can prevent, control, and treat these various pains.

Analgesics currently in market are classified into two kinds: one is non steroidal anti-
inflammatory drug (NSAID) and COX-2 inhibitors related thereto, and the other is opium
products like morphine. These analgesics are effective for controlling common pain. But,
they are little effective against a certain type of pain like neuropathic pain. Only, some pain-
relieving effect may be achieved by administrating a high dose of opiates, which could cause
serious side effects and addiction. In particular, NSAID has less pain-relieving effect, and so
should be used by a higher dose than opiates, to be effective. Also, in the case, the irritation

to gastro-intestinal tract peculiarly caused by NASID may be accompanied.

Therefore, new compounds capable of controlling neuropathic pain by different

mechanism from analgesics known in the art, or uses thereof have been urgently needed.
A representative example of target materials for inventions of such compounds is
bradykinin that is a physiological active substance inducing pain, blood vessel expansion, and

increase of blood vessel permeability.

Bradykinin is an endogenous peptide hormone consisting of nine amino acids, produced

from kininogen, a precursor, by kallikrein that is a group of proteolytic enzyme.

Bradykinin is secreted by inflammation, trauma, burns, shock, allergy, and certain
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cardiovascular disease. Once secreted, it initiates or increases secretion of mediums
stimulating pain-sensible afferent peripheral nerve from white blood cells. Various
pathophysiological responses induced by bradykinin are septic shock, hemorrhagic shock,
anaphylaxis, arthritis, rhinitis, asthma, inflammatory bowel disease, acute pancreatitis,
postgastrectomy dropping syndrome, carcinoid syndrome, migraine headache, genetic

angioedema, etc.

Bradykinin receptor is classified into B1 type and B2 type according to biological effects
of bradykinin analogue. The functions of bradykinin in B1 receptor is mainly contraction of
arteries and veins, but also may relax peripheral resistance blood vessels. However, many
important functions of bradykinin are controlled by B2 receptor. Bradykinin in B2 receptor
induces low blood pressure and inflammation, and also induces edemas and pain by increasing
permeability of capillary. Thus, bradykinin is known to play an important role in various
diseases such as inflammation, cardiovascular diseases, pain, and cold. Nevertheless, the

antagonist of bradykinin has never used as pain controller until now.

The present inventors invented new compounds having antagonistic action against
bradykinin patented as Korean Patent No.0446711. This patent disclosed inhibition effects

of visceral muscle contraction activity, but did not describe any pain-relieving effect.

The present inventors discovered use of bradykinin as antagonists for relieving pain to

complete this invention.

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

The object of the present invention is to provide a composition for relieving pain,
comprising a non-peptide compound as an effective substance, a method of preparing the same,

and a method for relieving pain by using the same.

TECHNICAL SOLUTION
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The present invention provides a composition for relieving pain, comprising a compound

of general formula (I) or pharmaceutically acceptable salts thereof, as an effective substance.

)

wherein

R' is isopropyl, benzyl, 4-methylbenzyl, 4-methoxybenzyl, 1-methyl-3-phenyl propyl,
3,4,5-trimethoxybenzyl, 2-(4-(4-chlorophenyl)thiazole), 3-(5-t-butylisoxazole), 2-(4-(4-
bromophenyl)thiazole), cyclohexyl, 5-(3-methylisoxazole) or 3,4-dibenzyloxypenethyl;

R?isH or R3CO; and

R*is methyl, phenyl, benzyl, naphthyl(C,,H7) or C;oH;CHs,.

Preferably, the compound (I) s N-(3,4,5-trimethoxybenzyl)-N'-1-(4-
chlorobenzhydryl)piperazine iminodiacetic acid diamide (N-(3,4,5-trimethoxybenzyl)-N'-1-(4-
chlorobenzhydryl)piperazine iminodiacetic acid diamide) or N-phenylacetyl-N'-(4-
methoxybenzyl)-N"-1-(4-chlorobenzhydryl) piperazine iminodiacetic acid triamide((N-
phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)-piperazine iminodiacetic

triamide).

The composition of the present invention relieves various pains, particularly,
neuropathic pain such as cold and warm allodynia. Also, the present composition relieves
inflammatory pain. Thus, the present composition can be used to relieve pains that have not

been easily controlled by prior analgesics.

The method of preparing the present composition is described below.
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Compound (I) can be prepared by using a known method in the art, a solution-phase
combination synthesis method that iminodiacetic acid anhydrous compound as a template

reacts with amine, 1-(4-chlorobenzhydryl)piperazine, and carboxylic acid in sequence.

The composition of the present invention is prepared by mixing the compound as
prepared above or pharmaceutically acceptable salts thereof as an effective substance with

pharmaceutically acceptable carriers (excipients).

Pharmaceutically acceptable carriers (excipients) used in this invention may be ones
well known to a skilled person in the art. Pharmaceutically acceptable carriers for liquid-
solution formulation include, for example, saline solution and sterile water. If necessary,
antioxidants, butter solutions, bacteriostatic agents, and other common additive agents may be

used together.

Also, the composition of the present invention can be formulated as pills,b capsules,
granules, and tablets, by additionally containing diluents, dispersing agents, detergents,
binders, and lubricants. A person skilled in the art can formulate the present composition by
a well recognized method known in the art such as one disclosed in Remington's
Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., Easton, PA 1990. Moreover,

the present composition may be prepared as patches for transdermal application.

Further, the present invention provides a method of relieving pain by using the

composition of the present invention.

The present composition can be prepared to various formulations, and so can be
administrated orally or parenterally. For example, pharmaceutical compositions can be
prepared by mixing the present compound with inert and pharmaceutically acceptable solid or
solution carriers. Solid formulations include powder, tablet, spray granule, capsule, cachets,
patch, and suppository. Other formulations of solids and liquids can be prepared by a method
known in the art. The present composition may be administrated orally by proper

formulations, parenterally by intravenous injection, intramuscular injection, or transdermal
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injection by liquid formulations, and parenterally by patches.

In the unit dose of formulation, the dose of effective substance according to the present
invention can be 1-100 mg/kg per patient per day. This dose may be changed depending on
conditions of patient, severity of injury, and compound used. Therefore, the concentration
and dose (dosage) may be properly changed by a skilled person in the art. Patches having a

dose of 1-100pg as effective substance may be used by local transdermal administration.

The following Examples are intended to further illustrate the present invention, but the

scope of the present invention are not intended to be limited thereby in any way.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing illustrating a preparation process of animal model having

neuropathic pain.

Figs. 2a, 2b, and 2c are schematic drawings illustrating the relieving effect of

mechanical allodynia by the composition of the present invention.

Figs. 3a and 3b are schematic drawings illustrating the relieving effect of cold allodynia

by the composition of the present invention.

Fig. 4 is a schematic drawing illustrating the relieving effect of warm allodynia by the

composition of the present invention.

Fig. 5 is a schematic drawing illustrating the relieving effect of inflammatory pain by

administrating the present composition to abdominal cavity.

Fig. 6 is a schematic drawing illustrating the relieving effect of inflammatory pain

according to transdermal administration of the present composition.
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MODE FOR INVENTION

[Preparation Example 1] Preparation of the Composition 1 of this invention comprising

N-(3,4,5-trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid diamide
1) Preparation of N-((t-butyloxy)carbonyl)iminodiacetic acid

To obtain N-phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine
iminodiacetic acid triamide, N-((t-butyloxy)carbonyl)iminodiacetic acid as a template was

prepared by the following method.

Iminodiacetic acid (13.3g, 100mmol), dioxane (200m¢), and NaOH (8g, 200mmol)
dissolved in 200m{ of water were added into a 1£flask, and stirred until the mixture formed a
uniform solution. Di-t-butyldicarbonate (25mé, 110mmol) was added into the solution, which
was stirred for 72h at room temperature. Then, the reaction mixture was washed with ether
(2x100me).

The aqueous layer was acidified with 10% aqueous HCI (100mf), and extracted with
ethylacetate (3x150ml). The collected organic layer was washed with saturated aqueous

NaCl (2x150mf), from which moisture was removed with Na,SO4. And, the resulting

mixture was recrystallized (ethylacetate : hexane = 1 : 2) to obtain colorless crystal.

Yield: 10.33g (44%)
IH—NMR(Acetone-d6, 400MHz) : 4.12 and 4.08(two s, 4H), 1.4(s, 9H)

2) Preparation of N-((t-butyloxy)carbonyl)-N'-(3,4,5-trimethoxybenzyl)iminodiacetic

acid monoamide

The title compound of combining the first functional group of N-((t-
butyloxy)carbonyl)iminodiacetic =~ acid prepared in the above 1) and 3,4,5-

trimethoxybenzylamine was prepared by the following method.
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N-((t-butyloxy)carbonyl)iminodiacetic acid (0.5g, 2.14mmol) prepared in the above 1)
and EDCI (0.41g, 2.14mmol) in DMF (6.4m{) were added to a flask, and stirred for 1h at room
temperature.  3,4,5-trimethoxybenzylamine(0.42g, 2.14mmol) was slowly added to the
solution by a syringe, and stirred for 20h at room temperature. The solution was diluted with
ethylacetate (60ml), and washed with 10% aqueous HC1 (2x40ml), and saturated with aqueous
NaCl (40m¢). Then, moisture was removed from the mixture with anhydrous Na;SO;. And,

solvent was removed from the mixture under a vacuum to obtain pale yellow oil.

Yield: 0.66g (75%)

1H-NMR(Acetone-d6, 400MHz) 6.5(2H, d), 4.4(2H, dd), 4.0(4H, d), 3.8(9H, dd),
1.4(%H, s)

FABMS m/z 413.18

3) Preparation of N-((t-butyloxy)carbonyl)-N'-(3,4,5-trimethoxybenzyl)-N"-1-(4-

chlorobenzhydryl)piperazine iminodiacetic acid diamide

The title compound of combining the compound prepared in the above 2) and 1-(4-

chlorobenzhydryl)piperazine was prepared by the following method.

The compound prepared in the above 2) (0.5g, 1.21mmol), 4-chloro-
benzhydrylpiperazine (0.35g, 1.21mmol), and benzotriazole-1-yl-oxy-trispyrrolidino
phosphonium hexafluorophosphate(PyBOP)(0.72g, 1.33mmol) were added in DMF 15ml.
And, N,N-diisopropylethylamine(0.62mL, 2.42mmol) was added into the solution. The

solution was stirred for 16h at 25 C, and moved to a separate funnel.

Then, the solution was diluted with ethylacetate (100mL), washed with 10% aqueous
HCI(50mL) three times, and washed with saturated aqueous NaHCO; (50mL) twice. After
that, the mixture was washed with saturated aqueous NaCl, and dried with anhydrous Na2SO4.

And, solvent was removed from the mixture under a vacuum to obtain a pale yellow solid.

Yield: 0.67g (81%)
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'H-NMR(Acetone-ds, 400MHz) 7.2-7.5(9H, m), 6.6(2H, d), 4.4(1H, d), 4.3(2H, d),
42(2H, d), 4.1(2H, d), 3.8(9H, d), 3.6(4H, d), 1.3(9H, d)
FABMS m/z 681.30

4) Preparation of N-(3,4,5-trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine

iminodiacetic acid diamide

The compound prepared in the above 3) (0.3g, 0.44mmol) was dissolved in chloroform
(SmL) and 4M HCl-dioxane (SmL), and stirred for 3 h. After the reaction was completed,
solvents and remaining acids were removed from the mixture under a vacuum, which was
washed with aqueous NaHCO;, After removing the solvents, the mixture was subjected to

column chromatography (EtOAc: MeOH = 10:1) to obtain a yellow solid.

Yield: 138mg (54%)

1H-NMR(Acetone-d6, 400MHz) 7.2-7.5(9H, m), 6.6(2H, d), 4.4(1H, d), 4.32H, d),
4.2(2H, d), 4.1(2H, d), 3.8(9H, d), 3.6(4H, d), 2.4(4H, d)

FABMS m/z 581.30.

5) Preparation of Composition 1 of the present invention

Composition 1 of the present invention was prepared by dissolving N-(3,4,5-
trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid diamide prepared
above in a solution of mixing Tween 80: 100% ethanol: a saline solution by the ratio of 8:1:1

(shown as sub 1 in each of the figures).
[Preparation Example 2] Preparation of the Composition 2 of the present invention
comprising N-phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine

iminodiacetic acid triamide

1) Preparation of N-((t-butyloxy)carbonyl)iminodiacetic acid
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To obtain N-phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine
iminodiacetic acid triamide, N-((t-butyloxy)carbonyl)iminodiacetic acid as a template was

prepared by the following method.

Iminodiacetic acid (13.3g, 100mmol), dioxane (200m¢) and NaOH (8g, 200mmol)in 200m¢
of water were added to a 1€flask, and stirred until the mixture formed a uniform solution.
Di-t-butyldicarbonate (25mé, 110mmol) was added into the solution, and stirred for 72h at room
temperature. Then, the reaction mixture was washed with ether (2x100ml). The aqueous
layer was acidified with 10% aqueous HCI1 (100m{), and extracted with ethylacetate (3x150ml).
The collected organic layer was washed with saturated aqueous NaCl (2x150m¢). Moisture

was removed from the mixture with Na,SO,4 and the mixture was recrystallized (ethylacetate :

hexane = 1 : 2) to obtain colorless crystal.

Yield: 10.33g (44%)
1H-NMR(Acetone-d6, 400Mk) : 4.12 and 4.08(two s, 4H), 1.4(s, 9H)

2) Preparation of N-((t-butyloxy)carbonyl)-N'-(4-methoxybenzyl)iminodiacetic acid

monoamide

The title compound of combining the first functional group of N-((t-
butyloxy)carbonyl)iminodiacetic acid prepared in the above 1) and 4-methoxybenzylamine

was prepared by the following method.

N-((t-butyloxy)carbonyl)iminodiacetic acid (0.5g, 2.14mmol) prepared in the above 1)
and EDCI (0.41g, 2.14mmol)in DMF (6.4mf) were added to a flask, and stirred for 1h at room
temperature. 4-methoxybenzylamine (0.23g, 2.14mmol) was added slowly to the solution by a
syringe, and stirred for 20h at room temperature. The solution was diluted with ethylacetate
(60mL), and washed with 10% aqueous HCI (2x40ml) and saturated aqueous NaCl(40ml).

And then, moisture was removed from the solution with anhydrous Na,SO4. Solvents were

removed from the mixture under a vacuum to obtain pale yellow oil.
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Yield: 0.43g (55%)

1H-NMR(Acetone-d6, 400Mk) : 6.8(2H,dt), 7.2 and 7.3(2H,t), 4.4(2H,d), 4.2(2H,d),
4.0(2H.d), 3.8(3H,s), 1.4(9H, two s)

FABMS m/z : 353.16

3)  Preparation of N-((t-butyloxy)carbonyl)-N'-(4-methoxybenzyl)-N"-1-(4-

chlorobenzhydryl)piperazine iminodiacetic acid diamide

The title compound of combining the compound prepared in the above 2) and 1-(4-

chlorobenzhydryl)piperazine was prepared by the following method.

N-((t-butyloxy)carbonyl)-iminodiacetic acid monoamide ( 0.48g, 1.31mmol), 1-(4-
chlorobenzhydryl)piperazine (0.41g, 1.441mmol), benzotriazole-1-yl-oxy-trispyrrolidino
phosphonium hexafluorophosphate(PyBOP) (0.75g, 1.44mmol) were added into a 30mé vial.
DMF (15mf), and N,N-diisopropylethylamine(i-Pr,NEt; 0.5m¢, 2.62mmol) are added to the

mixture, which was stirred for 16 h at room temperature. Then, the mixture was diluted with
cthylacetate (100mL), and washed three times with 10% aqueous HCl (50mL), and then
washed twice with saturated aqueous NaHCO3 (50mL). After that, the mixture was washed
with saturated aqueous NaCl (50ml), and dried with anhydrous Na2SO4. Solvents were

removed from the mixture under a vacuum to obtain an orange color solid.

Yield: 0.67g (89%)
1H-NMR(Acetone-d6, 400Mz) : 7.2-7.6(11H,m), 6.8(2H.t), 4.4(1H,s), 4.3(2Hd),
42(2H,d), 3.8(2H,d), 3.7(3H,s), 3.6(4H,m), 2.4(4H,m), 1.4(9H,d)
FABMS m/z : 621.28

4) Prepartion of N-phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-

chlorobenzhydryl)piperazine iminodiacetic acid triamide

The title compound was prepared by having the compound prepared in the above 3)
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reacted with carboxylic acid by the following method.

The compound prepared in the above 3) (0.031g, 0.050mmol), chloroform (1mL), and
4M HCl-dioxane (1mL) were added into a 4mé vial, and stirred for 3 h. Solvents and acids
remaining in the mixture were evaporated and removed. Then, other residues were dissolved
in 1m{ DMF. To the mixture, i-Pr,NEt 26.14¢ (0.15mmol) phenylacetic acid 7.49mg
(0.055mmol), and PyBrOP 25.64mg (0.055mmol) were added and stirred for 16h. After the
stirring was completed, the mixture was diluted with ethylacetate (40mL), and washed three
times with 10% aqueous HCl (30mL), and then washed twice with saturated aqueous
NaHCO3 (30mL). After that, the mixture was washed with saturated aquoeus NaCl (30ml),

and dried with anhydrous Na2SO4. Solvents were removed from the mixture under a

vacuum to obtain brown yellow oil.

Yield: 25mg (77%)

1H-NMR(Acetone-dg, 400Miz) : 7.2-7.6(11H,m), 7.0-7.2(5H,m) 6.8(2H,t), 4.4(1H,s),
4.3(2H,d), 4.2(2H,d), 3.8(2H,d), 3.7(3H,s), 3.6(4H,m), 3.4(2H,s), 2.4(4H,m)

FABMS m/z : 639.10

5) Preparation of Composition 2 of the present invention

Composition 2 of the present invention was prepared by dissolving N-phenylacetyl-N'-
(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid triamide prepared
above in a solution of mixing Tween 80: 100% ecthanol: a saline solution by the ratio of 8:1:1

(Composition 2 was shown as sub 2 in each of the figures).

[Experimental Example 1] Pain-relieving effect for chronic neuropathic pain of the

composition of the present invention

1. Preparation of tail nerve injury subject inducing chronic neuropathic pain

Test subjects for chronic neuropathic pain were prepared in the following method.
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Eight-week-old sprague-Dawley rats were caged, four a cage. And, they were freely
bred by providing enough feed and water, with maintaining 22-25C and a 12-hour interval of

light-dark cycle (providing a light into the cages from 7 a.m.).

After anesthetizing the rats with enflurane (2% for induction and 0.5% for maintenance)
to induce neuropathic pain, the inferior/superior caudal trunks distributed at their tails were cut
between the S1 and S2 spinal nerves as shown in Fig. 1. To prevent reconnection of the
proximal and distal ends of the severed trunk, the proximal end of the trunk was cut more by

about 1 mm,

The test subjects prepared as shown above feel chronic neurophthic pain since their S1

spinal nerves of controlling nerves around the tail are injured.

2. Neuropathic pain-relieving effect of the composition according to the present

invention
1) Behavioral assessment

To confirm the neuropathic pain-relieving effect of the composition according to the
present invention, the present composition was injected into the abdominal cavity of the
subject rats as prepared in the above 1 in 14 days from the S1 spinal nerve injury, when

allodynia of the subjects is at its peak.

Composition 1 prepared in the above Preparation Example 1, comprising N-(3,4,5-
trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid diamide (6mg/kg
or 60mg/kg) or Composition 2 prepared in the above Preparation Example 2, comprising N-
phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid
triamide(3mg/kg) was injected to the abdominal cavities of the subjects. Or, Composition 1
(60ug) was injected hypodermally. Here, a solvent used for preparing the above

Composition 1 was used as control group(vehicle).
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To examine the neuropathic pain in the tails, the behavioral tests were carried out 1 day
before the surgery, and 1, 7 and 14 day(s) after the nerve surgery. To give mechanical, cold,
and warm stimuli to the tails, the subject rats were restrained in a transparent plastic tube
(4.5%2, 5.5%5, 6.5x8cm in diameterxlength). Prior to the behavioral tests, the subject rats

were adapted to the test environment for 1h.

At the 14™ day after the nerve surgery, the present composition was injected to each of
the subject rats. The behavioral tests were conducted at 1, 3 and 5h after the injection, to

measure the anti-allodynia effect of the present composition.

The results were shown in each of the figures where the drug-injected times were

described in vertical dotted lines, and "n" is the number of rat used in the tests.
2) Mechanical allodynia test

To confirm the mechanical allodynia-relieving effect of the composition according to the

present invention, the mechanical allodynia test was conducted by the following methods.

To assess mechanical sensitivity at the tails of the subject rats, withdrawal threshold was
measured by using the up-down method. By using a set of von Frey filaments (0.4, 0.6, 1.0,
2.0, 4.0, 6.0, 8.0, 15.0 g, Stoelting, Wood Dale, IL, USA), a brisk tail flick to von Frey
application was regarded as withdrawal response. The first stimulus was made by 2.0 g
filament. When there was a withdrawal response, the next weaker filament was used. When
no response was shown, the next stronger filament was administered. Interpolation was carried

out to 50% threshold according to the Dixon method (1980).

In Fig. 2, Composition 1 (subl) and Composition 2 (sub2) of the present invention

showed a pain-relieving effect, compared with the control group (vehicle).

3) Cold and warm allodynia tests
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To confirm the cold and warm allodynia-relieving effects of the composition according
to the present invention, withdrawal latency was measured to assess cold and warm sensitivity

in the following methods.

Withdrawal latency was measured by a time to show withdrawal response after
immersing the tails of the subject rats in cold (4 C) and warm (40 C) water baths. If the
response was not shown till 15 sec, 15 sec was recorded as the result. This test was repeated
five times at intervals of 5 min, and the results were averaged. As a result, it was confirmed

that as the response time is shorter, cold and warm allodynia of the subject rats is more severe.

Composition 1 (sub 1) of the present invention showed a significant level of pain

relieving effect to a stimulus causing cold allodynia at 1 h after the injection, as shown in Figs.
3a and 3b.

Composition 1 (sub 1) of the present invention showed a significant level of pain
relieving effect to a stimulus causing warm allodynia at 1 h after the injection, as shown in Fig.
4.

[Experimental Example 2] Inflammatory pain-relieving effect of the composition

according to the present invention
1) In case of an abdominal cavity-injection

To confirm the inflammatory pain-relieving effect of the composition according to the
present invention, a test was conducted by using formalin that is an inflammation-inducing

material.

Composition 1 (60 mg/kg) was injected into an abdominal cavity of the subject rats 10
min before the formalin injection. Formalin (5%, 50 ul) was injected subcutaneously into the
dorsal surfaces of one-side hindpaws of the subject white rats, which were then placed into an

observation chamber (16 x 14 ¢cm each) for observing licking and biting their paws at intervals
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of 5 min. A mirror positioned behind the observation chamber gave an unobstructed view of
their hindpaws. Immediately after the formalin injection, the time spent for licking and biting
the injected paws was recorded for 60 min. Phase I was defined as first 10 min after the

formalin injection, and phase II was the following 50 min.

Composition 1 (sub 1) of the present invention showed a pain-relieving effect, compared
with the control group (vehicle) in Phase II (from 10 min to 60 min after the injection), as
shown in Fig. 5. However, no pain-relieving effect was observed in Phase I (from the

injection to 10 min after the injection).

2) In case of a transdermal injection

To confirm the inflammatory pain-relieving effect of the composition according to the
present invention, a test was conducted by using formalin that is an inflammation-inducing

material.

Formalin (5%, 50 ul) and Composition 1 of the present invention (60ug/kg) were
injected subcutaneously into the dorsal surfaces of one-side hindpaws of the subject rats.
Formalin (5%, 50 pl) was injected subcutaneously into the dorsal surfaces of one-side
hindpaws of the control group, which were then placed into an observation chamber (16 x 14
cm each) to observe licking and biting their paws at intervals of 5 min for 60 min. A mirror
positioned behind the observation chamber gave an unobstructed view of their hindpaws.
Immediately after the formalin injection, the time spent for licking and biting the injected
paws was recorded for 60 min. Phase [ was defined as first 10 min after the formalin injection,

and phase II was the following 50 min.
Composition 1 (sub 1) of the present invention showed a superior pain-relieving effect to
the control group (vehicle) in Phase II (from 10 min to 60 min after the injection), as shown in

Fig. 6.

From the above experiments, it can be concluded that the composition of the present
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invention has an inflammatory pain- relieving effect.

INDUSTRIAL APPLICABILITY
The composition of the present invention has a pain-relieving effect, particularly

neuropathic pain such as cold allodynia or warm allodynia.

Also, the present composition effectively relieves inflammatory pain.

Therefore, the present composition is useful for preventing or treating pain not

controlled by previous analgesics.
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WHAT IS CLAIMED IS:
1. A composition for relieving pain, comprising a compound of the following general

formula (I) or pharmaceutically acceptable salts thereof as an effective substance,

9
) CH*M N— C"”i
N—R?
of  RMHN- —c-
O
(D
wherein

R'is isopropyl, benzyl, 4-methylbenzyl, 4-methoxybenzyl, 1-methyl-3-phenyl propyl,
3,4,5-trimethoxybenzyl, 2-(4-(4-chlorophenyl)thiazole), 3-(5-t-butylisoxazole), 2-(4-(4-
bromophenyl)thiazole), cyclohexyl, 5-(3-methylisoxazole) or 3,4-dibenzyloxypenethyl;

R%is H or R3CO; and

R® is methyl, phenyl, benzyl, naphthyl (C;oH7) or C;oH7CH,,

2. The composition of Claim 1, wherein the compound of general formula (I) is N-
(3,4,5-trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid diamide or
pharmaceutically acceptable salts thereof.

3. The composition of Claim 1, wherein the compound of general formula (I) is N-
phenylacetyl-N'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid
triamide or pharmaceutically acceptable salts thereof.

4. The composition of any of claim 1, 2, or 3, wherein the pain is neuropathic pain.

5. The composition of claim 4, wherein the neuropathic pain is cold allodynia or warm

allodynia.

6. The composition of any of claim 1, 2 or 3, wherein the pain is inflammatory pain.
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7. Patches comprising the composition of any of claim 1, 2 or 3 as an effective substance.

8. A method for relieving pain, comprising administering a compound of the folloWing

formula (I) or pharmaceutically acceptable salt thereof to a subject,

W)

wherein

R!is isopropyl, benzyl, 4-methylbenzyl, 4-methoxybenzyl, 1-methyl-3-phenyl propyl,
3.,4,5-trimethoxybenzyl, 2-(4-(4-chlorophenyl)thiazole), 3-(5-t-butylisoxazole), 2-(4-(4-
bromophenyl)thiazole), cyclohexyl, 5-(3-methylisoxazole) or 3,4-dibenzyloxypenethyl;

R?is H or R*CO; and

R’is methyl, phenyl, benzyl, naphthyl (C,;oH7) or C;(H,CH;

9. The method of claim 8, wherein the compound of formula (I) is N-(3,4,5-
trimethoxybenzyl)-N'-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid diamide or

pharmaceutically acceptable salts thereof.

10. The method of claim 8, wherein the compound of formula (I) is N-phenylacetyl-N'-
(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid triamide or
pharmaceutically acceptable salts thereof.

11. The method of any of claim 8, 9 or 10, wherein the pain is neuropathic pain.

12. The method of claim 11, wherein the neuropathic pain is cold allodynia or warm

allodynia.
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13. The method of any of claim 8, 9 or 10, wherein the pain is inflammatory pain.
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