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(57) Abstract: The novel positively charged
pro-drugs of diclofenac in the general
formula(l) ‘Structure 1° were designed and
synthesized. The compounds of the general
formula(l) ‘Structure 17 indicated above
can be prepared from functional derivatives
of diclofenac (for example acid halides or
mixed anhydrides), by reaction with suitable

alcohols, thiols, or amines. The positively
charged amino groups of these pro-drugs
not only largely increases the solubility

of the drugs in water, but also bonds to
the negative charge on the phosphate head
group of membranes and push the pro-drug
into the cytosol. The ecxperiment  results
suggest that the pro-drug, diethylaminoethyl
2[(2,6-dichlorophenylaminojbenzene

acetate. AcOH diffuses through hu-
man skin  ~250 umes faster than do
2[(2.6-dichlorophenyhamino]benzene acetic acid

(diclofenac) and ethyl 2[(2.6-dichlorophenylaminolbenzene acetate. In plasma, more than 90% of these pro-drugs can change
& back to the drug in a few minutes. ‘The prodrugs can be used medicinally in reating any diclofenac-trealable conditions in humans
or animals and be administered not only orally, but also transdermally for any kind of medical treatments and avoid most of the side
effects of diclofenac, most notably GI disturbances such as dyspepsia, gastroduodenal bleeding, gasiric ulcerations, and gastritis.
Controlled transdermal administration systems of the prodrug enables the diclofenac to reach constantly optimal therapeutic blood
: levels 10 increase ellectiveness and reduce the side effects of diclofenac.
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Description

Positively Charged Water-soluble Prodrugs of Diclofenac with Very

[1]

[2]

Fast Skin Penetration Rate
Technical Field

The present invention relates to the preparations of positively charged and water-
soluble pro-drugs of 2[(2, 6-dichlorophenyl) amino] benzene acetic acid (diclofenac)
and their medicinal use in treating any diclofenac-treatable conditions in humans or
animals. More specifically, the present invention is to overcome the side effects that
are associated with the use of diclofenac. These pro-drugs can be administered orally
or transdermally.

Background Art

Diclofenac is a member of the aryl- and heteroarylacetic acid group of nonsteroidal
anti-inflammatory drugs. The synthesis of diclofenac was originally reported in 1969
(A. Sallman and R. Pfister, Ger. Patent No. 1,815,802). Diclofenac is available in 120
different countries and is perhaps the most widely used NSAIA in the world.
Diclofenac possesses structural characteristics of both the arylalkanoic acid and the an-
thranilic acid classes of anti-inflammatory agents and displays anti-inflasnmatory,
analgesic, and antipyretic properties. As an analgesic, it is 6 times more potent than in-
domethacin and 40 times more potent than aspirin. As an antipyretic, it is twice as
potent as indomethacin and over 350 times as potent as aspirin. 'PDR Generics' (PDR
Generics, 1996, second edition, Medical Economics, Montvale, New Jersey, pg 243)
has listed many medical uses of diclofenac. Diclofenac is used for the relief of signs
and symptoms of rheumatoid arthritis, osteoarthritis and ankylosing spondylitis. Its
potassium salt is indicated for the treatment of dysmenorrhea. Diclofenac is used alone
or as an adjunct in the treatment of biliary colic, fever, and episiotomy pain. . It is also
used in treatment of gout, acute migraine headaches, and renal colic and in the
treatment of postoperative inflammation in patients who have undergone cataract
extraction.

Unfortunately, a number of side effects are associated with the use of diclofenac,
most notably GI disturbances such as dyspepsia, gastroduodenal bleeding, gastric ul-
cerations, and gastritis. Fishman (Fishman; Robert, U.S. Pat. No. 7,052,715) indicated
that an additional problem associated with oral medications, is that the concentration
levels which must be achieved in the bloodstream must be significant in order to ef-
fectively treat distal areas of pain or inflammation. These levels are often much higher
than would be necessary if it were possible to accurately target the particular site of

pain or injury. Fishman and many others (Van Engelen et al. U.S. Pat. No. 6,41 6,772;
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Macrides et al. U.S. Pat. No. 6,346,278; Kirby et al. U.S. Pat. No. 6,444,234, Pearson
et al. U.S. Pat. No. 6,528,040, and Botknecht et al. U.S. Pat. No. 5,885,597) have
attempted to develop a delivery system for transdermal application by formulation.
Song, et al. developed a transdermal drug delivery system for anti-inflammatory
analgesic agent comprising diclofenac diethylammonium salt (Song, et. al., US Patent
No. 6,723,337). Donati, et al. developed a plaster for topical use containing heparin
and diclofenac. (Donati, et al., US patent, NO. 6,592,891). Kawaji, et al. developed an
oily patch for external use containing diclofenac sodium (Kawaji, et al. US Patent No.
6,262,121). Effing, et al. developed a device for the transdermal delivery of diclofenac
(Effing, et al. US Patent No. 6,193,996). It is very difficult, however, to deliver thera-
peutically effective plasma levels of diclofenac into the host by formulation. Susan
Milosovich, et. al. designed and prepared testosteronyl-4- dimethylaminobutyrate. HCI
(TSBH), which has a lipophilic portion and a tertiary amine groups that exists in the
protonated form at physiological pH. They found that the prodrug (TSBH) diffuses
through human skin ~60 times faster than does the drug (TS) itself [Susan Milosovich,
et al., J. Pharm. Sci., 82, 227(1993).
Disclosure of Invention
Technical Problem

Diclofenac has been used medicinally for more than 30 years and diclofenac is
more potent than aspirin in anti-inflammatory and prostaglandin biosynthesis
inhibition. Diclofenac is indicated for the relief of the signs and symptoms of
rheumatoid arthritis and osteoarthritis, the relief of mild to moderate pain, the
reduction of fever, and the treatment of dysmenorrhea. Diclofenac is available in 120
different countries and is perhaps the most widely used NSAIA in the world.

Unfortunately, a number of side effects are associated with the use of diclofenac,
most notably GI disturbances such as dyspepsia, heartburn, vomiting, gastroduodenal
bleeding, gastric ulcerations, and gastritis. Gastroduodenal bleeding induced by
diclofenac is generally painless but can lead to fecal blood loss and may cause a
persistent iron deficiency anemia.

Technical Solution

This invention relates to the preparation of novel positively charged pro-drugs of
diclofenac and their use medicinally. These pro-drugs have the general formula (1)
'Structure 1'.
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In structure 1, Rl represents H, one of any alkyl, alkyl, alkenyl or alkynyl residues
having 1 to 12 carbon atoms, or aryl residues; R2 represents H, one of any alkyl,
alkyloxy, alkenyl or alkynyl residues having 1 to 12 carbon atoms, or aryl residues; R3
represents H, one of any alkyl, alkyloxy, alkenyl or alkynyl residues having 1 to 12
carbon atoms, or aryl residues; X represents O, S or NH; A’ represents Cl,Br,F,T,
AcO, citrate, or any negative ions; and n=0,1,2,3,4,5,6,7,8,9,10...... All R groups may
include C, H, O, S, N atoms and may have single, double, and treble bonds. Any CH2
groups may be replaced with O, S, or NH.

Drug absorption, whether from the gastrointestinal tract or other sites, requires the
passage of the drug in a molecular form across the barrier membrane. The drug must
first dissolve, and if the drug possesses the desirable biopharmaceutical properties, it
will pass from a region of high concentration to a region of low concentration across
the membrane into the blood or general circulation. All biological membranes contain
lipids as major constituents. The molecules that play the dominant roles in membrane
formation all have phosphate-containing highly polar head groups, and, in most cases,
two highly hydrophobic hydrocarbon tails. Membranes are bilayers, with the hy-
drophilic head groups facing outward into the aqueous regions on either side. Very hy-
drophilic drugs cannot pass the hydrophobic layer of membrane and very hydrophobic
drugs will stay in the hydrophobic layer as part of the membrane due to their sim-
ilarities and cannot enter the cytosol on the inside efficiently.

The goal of this invention is to avoid the side effects of diclofenac by increasing
the solubility of diclofenac in gastric juice and the penetration rate of diclofenac
through the membrane and skin barrier which will make it administrable transdermally
(topical application). These novel pro-drugs of diclofenac have two structural features

in common: they have a lipophilic portion and a primary, secondary, or tertiary amine
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group that exists in the protonated form (hydrophilic part) at physiological pH. Such a
hydrophilic-lipophilic balance is required for efficient passage through the membrane
barrier [Susan Milosovich, et al., J. Pharm. Sci., 82, 227(1993)]. The positively
charged amino groups largely increase the solubility of the drugs. The solubility of di-
ethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH and
2[(2,6-dichlorophenyl)amino]benzene acetic acid (diclofenac) in water were >400 mg
and 0.1 mg/ml. In many instances, the slowest or rate-limiting step in the sequence is
the dissolution of the drug. Diclofenac has a very low solubility in gastric juice. It stays
in the GI tract for a long time and thus, may cause gastric mucosal cell damage. When
these new pro-drugs are administered orally in a dosage form such as a tablet, capsule,
solution, or suspension, they will dissolve in the gastric juice immediately. The
positive charge on the amino groups of these pro-drugs will bond to the negative
charge on the phosphate head group of membrane. Thus, the local concentration of the
outside of the membrane will be very high and will facilitate the passage of these pro-
drugs from a region of high concentration to a region of low concentration. When these
pro-drugs enter the membrane, the hydrophilic part of the pro-drugs will push the pro-
drug into the cytosol, a semi-liquid concentrated aqueous solution or suspension. Due
to the short stay in GI tract, the pro-drugs will not cause gastric mucosal cell damage.
The penetration rates of diethylaminoethyl 2{(2,6-dichlorophenyl)amino]benzene
acetate.AcOH and 2[(2,6-dichlorophenyl)amino]benzene acetic acid (diclofenac)
through human skin were measured in vitro by using modified Franz cells, which were
isolated from human skin tissue (360-400 pm thick) of the anterior and posterior thigh
areas. The receiving fluid consisted of 10 ml of 2% bovine serum albumin in normal
saline and was stirred at 600 rpm. The cumulative amounts of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH and 2[(2,6-dichlorophenyl)amino
]benzene acetic acid (diclofenac) penetrating the skin versus time were determined by
a specific high-performance liquid chromatography method. The results using a donor
consisting of either a 30% suspension of 2[(2,6-dichlorophenyl)amino]benzene acetic
acid (diclofenac) and ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate and 30%
solution of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH in
2mL of pH 7.4 phosphate buffer (0.2M) are shown in Figure 1. Apparent flux values of
0.2 mg, 0.2 mg and 50 mg/cmzlh were calculated for 2[(2,6-dichlorophenyl)amino]
benzene acetic acid (diclofenac), ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate
(the non positive charged normal ester of diclofenac) and diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcCOH. The results suggest that the pro-
drug, diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH diffuses
through human skin ~250 times faster than do 2[(2,6-dichlorophenyl)amino]benzene
acetic acid (diclofenac) and ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. The
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normal ester, ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate and diclofenac itself
have same penetration rate. The results suggest that the positive charge on the di-
alkyaminoethyl group has a very important role in the passage of the drug across the
membrane and skin barrier. Other prodrugs of the general 'Structure 1' have very high
penetration rates and are very close to that of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcCOH.

The in vivo rates of penetration of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]
benzene acetate. AcOH and 2[(2,6-dichlorophenyl)amino]benzene acetic acid
(diclofenac) through the skin of intact hairless mice were compared. The donor
consisted of a 20% solution of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]
benzene acetate.AcOH and 2[(2,6-dichlorophenyl)amino]benzene acetic acid
(diclofenac) in 1 mL of isopropanol applied to a 1 cm’ on the backs of the hairless
mice. The results (Figure 2) show that the peak levels of diclofenac was reached ~40
minutes after application of the donor systems. It takes 1-2 hours for diclofenac to
reach the peak diclofenac level when it is taken orally. The peaks were ~0.001 mg/mi
for diclofenac or ~2.1 mg/ml for diethylaminoethyl 2[(2,6-dichlorophenyl)amino]
benzene acetate. AcOH (approximately 2100 times difference). ~2.1 mg/ml of
diclofenac in plasma is more than 1000 times higher than the diclofenac plasma level
for effective analgesia and effective anti-inflammatory activity (~0.002 mg/ml). This is
a very exciting result. It will be very easy and fast to deliver therapeutically effective
plasma levels of diclofenac into the host by these pro-drugs. These results suggest that
the pro-drugs can be administered not only orally, but also transdermally for any kind
of medical treatments. The in vivo rates of penetration of other pro-drugs of the
general 'Structure 1' are close to that of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH .

To check the gastroduodenal bleeding caused by drugs, rats (two groups, each
group had 10 rats) were orally administered with 25 mg/kg of diclofenac or diethy-
laminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. ACOH per day for 21 days.
We found an average of 3 mg of fecal blood per gram of feces in the diclofenac group
and none in diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH
group.

The acute toxicity of the prodrugs was investigated. The LD50 orally in rats are:
0.75 g/kg and 0.7 g for diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate. AcOH and dimethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate.AcOH . The results show that the prodrugs are less toxic than diclofenac (LD50
=0.45g/kg).

Diclofenac has demonstrated anti-inflammatory, analgesic, antipyretic, and an-

tirheumatic activity. A good prodrug should go back to the drug itself in plasma. Di-
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ethylaminoethyl ester group of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]
benzene acetate. AcOH can be rapidly cleaved by the enzymes in human plasma in

vitro and more than 90% of the pro-drug is changed back to diclofenac. Due to the pro-
drug having a much better absorption rate, the prodrug will have more strength than

the diclofenac itself at the same dosage. The analgetic, antipyretic, and anti-
inflammatory activities of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate. AcOH were tested using diclofenac as a comparison. Other compounds of the
general 'Structure 1 ' were tested by the same methods and have very similar results as
that of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH.

Analgetic activity: The prolongation time of pain the threshold of a mouse tail was
determined in accordance with the D' Amour-Smith Method (J. Pharmacol. Exp. Ther.,
72, 74(1941)). After25 mg/kg of diclofenac was administered orally and 25 mg/kg of
diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH was ad-
ministered orally and transdermally, the tails of mice were exposed to heat and the
prolongation time of pain threshold was determined. The results obtained are shown in
Figure 3. The groups administered 25 mg/kg of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH orally (C) and transdermally (D)
were shown to exhibit stronger analgetic activity than the group administered 25 mg/kg
of diclofenac.

The number of writhings that occurred when mice were administered an acetic acid
solution intraperitoneally were counted, and the rate of inhibition based on the control
group was calculated. 42 mice were divided into 7 groups (6 mice each). Diclofenac
(10 mg and 20 mg/kg) was administered to groups B1 and B2 of mice and diethy-
laminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcCOH (10 mg and 20 mg/
kg) was administered orally to groups C1 and C2. Diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH (10 mg and 20 mg/kg) was ad-
ministered transdermally to groups D1and D2. The A group is the control group. The
test compounds were administered to the mice 30 minutes before the acetic acid
solution was administered. The results are shown in Table 1.

Table 1. The rate of writhings inhibition by diclofenac and its pro-drugs

Group A Bl B2 C1 C2 D1 D2
Dose (mg/kg) |0 10 20 10 20 10 20
No. of writhings (34.2 14.2 10.1 12.1 9.2 10.3 8.8
% - 58.5 70.5 64.6 73.1 69.9 74.3

The results show that diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene



WO 2008/012602

(18]

(19]

[20]

[21]

PCT/1B2006/052549
7

acetate. AcOH demonstrates better analgetic activity than diclofenac. Other compounds
of the general 'Structure 1' show similar analgetic activity.

Antipyretic activity: Rats received a sterilized E. coli suspension as a pyrogen. 56
rats were divided into 7 groups. The control group is group A. 2 hours later, diclofenac
(B1 for 10 mg/kg and B2 for 20 mg/kg) was administered orally and diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. ACOH was administered orally (C1 for
10 mg/kg and C2 for 20 mg/kg) and transdermally (D1 for 10 mg/kg and D2 for 20
mg/kg). The body temperatures of rats were taken at 90 min. intervals before and after
the administration of the test compounds. The results are shown in Table 2.

Table 2. Antipyretic activity of diclofenac and its pro-drugs

Compound t=0 min. t=90 min. t=180 min. (t=270 min.
Control group(A) 37.56+0.05 [37.55+0.07 37.53+0.05 |37.52+0.08
(10mg/kg, B1) 37.56+0.06 |36.90+0.05 36.91£0.08 136.92+0.07
(20mg/kg, B2) 37.55+0.09 |36.60+0.07 36.53+0.06 [36.55+0.05
(10mg/kg, C1, orally) 37.52+0.07 |36.50+0.06 36.60+0.05 |36.55+0.08
(20mg/kg, C2, orally) 37.54+0.08 |36.30+0.05 36.35+£0.07 {36.38+0.08
(10mg/kg, D1, 37.58+0.06 |36.30+0.06 36.35+0.08 (36.31+0.07
transdermally)

(20mg/kg, D2, 37.59+£0.05 |36.25+0.05 36.30+0.07 [36.20+0.05
transdermally)

The results shown that diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate. AcOH demonstrated antipyretic activity at 10 mg/kg and 20 mg/kg dose and
better than that of diclofenac. The results show that transdermal administration of di-
ethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. ACOH is better than
oral administration. Other compounds of the general 'Structure 1' show similar an-
tipyretic activity.

Anti-inflammatory activity: 10 mg/kg of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. ACOH was administered orally or
transdermally to rats and 10 mg/kg of diclofenac was administered orally. 60 minutes
later, a carrageenin solution was administered subcutaneously to the foot pads of the
rats. The volume of the hind paw was measured at every hour after the administration
of the carrageenin, and the rate of increase in the volume of the paw was calculated
and designated as the rate of swelling (%). The results obtained are shown in Figure 4.
The results show that diethylaminoethyl 2[(2,6-dichlorophenyl)amino] benzene
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acetate. AcOH by oral administration and transdermal administration demonstrated
better Anti-inflammatory activity than that of diclofenac at 10 mg/kg by oral admin-
istration. Other compounds of the general 'Structure 1' show similar anti-inflammatory
activity.

The compounds of the general formula (1) 'Structure 1' indicated above can be
prepared from diclofenac or from functional derivatives of diclofenac. For example,
acid halides or mixed anhydrides of the general formula (2) 'Structure 2'.

Y
®
NH, Z
2o
cl cl
Structure 2

In structure 2, Y represents halogen, alkoxycarbonyl or substituted aryloxy-
carbonyloxy, Z represents halogen or other negative ions, by reaction with compounds

of the general formula (3) 'Structure 3',

/!
H——X
C N\
H2 n R2
Structure 3

In structure 3, R] represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl residues
having 1 to 12 carbon atoms, or aryl residues; R2 represents H, one of any alkyl,
alkyloxy, alkenyl or alkynyl residues having 1 to 12 carbon atoms, or aryl residues; X
represents O, S or NH; and n=0,]1 ,2,3,4,5,6,7,8,9,10, .......

The compounds of the general formula (1) 'Structure 1' indicated above can be
prepared from diclofenac, by reaction with compounds of the general formula (3)
'Structure 3' by using coupling reagents, such as N,N'-Dicyclohexylcarbodiimide, N,
N'-Diisopropylcarbodiimide, O-(Benzotriazol-1-y1)-N,N ,N',N'-tetramethyluronium
tetrafluoroborate, O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluo-

rophosphate, Benzotriazol-1-yl-oxy-tris (dimethylamino)phosphonium hexafluo-
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When X represents O, the compounds of the general formula (1) 'Structure 1'
indicated above can be prepared from metal salts or organic base salts of diclofenac, by
reaction with compounds of the general formula (4) ‘Structure 4'.

©

A~ R
.Z ®f
N—R2
¢ AN
\<Hj: R3

Structure 4 ~

In structure 4, R] represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl residues
having 1 to 12 carbon atoms, or aryl residues; R2 represents H, one of any alkyl,
alkyloxy, alkenyl, or alkynyl residues having 1 to 12 carbon atoms, or aryl residues; R3
represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl residues having 1 to 12
carbon atoms, or aryl residues; Z represents halogen, or p-toluenesulphonyl, A’
represents Cl, Br, F, I, AcO, citrate, or any negative ions; and
n=0,1,2,3,4,5,6,7,8,9,10.......

When X represents O, the compounds of the general formula (1) 'Structure 1’
indicated above can be prepared from immobilized base salts of diclofenac of the

general formula (5) 'Structure 5/,

10

NH +HB 6

Cl Cl

Structure 5
In structure 5, R represents cross-linked resin; B represents any base groups, such as
pyridine, piperidine, triethylamine, or other base groups, by reaction with compounds
of the general formula (4) 'Structure 4' . '
The present invention relates to pharmaceutical preparations comprising of
prodrugs of diclofenac of the general 'Structure 1" in addition to customary auxiliaries

and excipients, in the form of tablets, capsules or solutions for administration orally

" and in the form of solutions, lotion, ointment, emulsion or gel for administration
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transdermally. The new active compounds of the general 'Structure 1' can be combined
with vitamins such as A, B, C or E or beta-carotene, or other pharmaceuticals, such as
folic acid, etc. for treating any diclofenac-treatable conditions in humans or animals.

It is also known that diclofenac shows an anti-reactive-antiasthmatic activity by
inhibition of the cyclooxygenase activity. Due to their very high membrane penetration
rate, these pro-drugs can be used in treating asthma by spraying into the mouth or nose
of the host.

They can also be used to treat acne and other skin disorders due to their anti-
inflammatory properties. They can be used for the treatment and prevention of
endothelia dysfunction as well.

These pro-drugs are water-soluble neutral salt and can be tolerated very well by the
eye. They can be used for treating eye inflammatory diseases, for treating of ocular
pain after corneal surgery, for treating glaucoma or for treating ear inflammatory and/
or painful conditions (otitis).

Transdermal therapeutic application systems of compounds of the general
'Structure 1' or a composition comprising of at least one compound of the general
'Structure 1, as an active ingredient, can be used for treating any diclofenac-treatable
conditions in humans or animals. These systems can be a bandage or a patch
comprising of one active substance-containing matrix layer and an impermeable
backing layer. The most preferable system is an active substance reservoir, which has a
permeable bottom facing the skin. By controlling the rate of release, this system
enables diclofenac to reach constantly optimal therapeutic blood levels to increase ef-
fectiveness and reduce the side effects of diclofenac. These systerns can be worn on the
wrist, ankle, arm, leg, or any part of body.

Advantageous Effects

These pro-drugs of diclofenac have a lipophilic portion and a hydrophilic portion
(the amine groups that exist in the protonated form at physiological pH). The positively
charged amino groups of these pro-drugs have two major advantages. First, it largely
increases the solubility of the drugs in water; when these new pro-drugs are ad-
ministered orally in a dosage form such as a tablet, capsule, solution, or suspension,
they will dissolve in gastric juice immediately. Second, the positive charge on the
amino group of these pro-drugs will bond to the negative charge on the phosphate head
group of membrane. Thus, the local concentration outside of the membrane will be
very high and will facilitate the passage of these pro-drugs from a region of high con-
centration to a region of low concentration. When these pro-drugs enter the membrane,
the hydrophilic part will push the pro-drugs into the cytosol, a semi-liquid concentrated
aqueous solution or suspension. Due to the short stay in the GI tract, the pro-drugs will

not cause gastric mucosal cell damage. Experiment results show that more than 90% of
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the pro-drug was changed back to the drug itself. The pro-drugs have a much better
absorption rate, and thus the pro-drugs will have better strength than the diclofenac
itself at the same dosage. The experiment results suggest that the pro-drug, diethy-
laminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH, diffuses through
human skin ~250 times faster than diclofenac itself and ethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. The in vivo rates of penetration of di-
ethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH through the skin
of intact hairless mice were very high. It takes 1-2 hours for diclofenac tablets to reach
the peak diclofenac plasma level when it is taken orally, but diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcCOH only took about 30 minutes to
reach the peak diclofenac plasma level. The most exciting result is that the pro-drugs
can be administered not only orally, but also transdermally for any type of medical
treatment and should avoid most of the side effects of diclofenac, most notably GI dis-
turbances such as dyspepsia, gastroduodenal bleeding, gastric ulcerations, and gastritis.
Another great benefit of transdermal administration of these pro-drugs is that ad-
ministering medication, especially to children, will be much easier.

Description of Drawings

Figure 1: Cumulative amounts of 2[(2,6-dichlorophenyl)amino]benzene acetic acid
(diclofenac, A), ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate (the non positive
charged normal ester of diclofenac, B) and diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcCOH (C) crossing isolated human skin
tissue in Franz cells (n=5). Diclofenac and ethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate were applied as a 30% suspension; diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH was applied as 30% solution. In
each case, the vehicle was pH 7.4 phosphate buffer (0.2 M).

Figure 2: Total plasma levels of diclofenac after topical application of 1 ml ofa
20% solution of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate. AcOH and 2[(2,6-dichlorophenyl)amino]benzene acetic acid (diclofenac) in
isopropanol to the backs of hairless mice (n=5).

Figure 3: The prolongation time of the pain threshold of mice tails after 25 mg/kg
of diclofenac (B) was administered orally, 25 mg/kg of diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH was administered orally (C) and
transdermally (D). A is the control line.

Figure 4. The rate of swelling (%) after a carrageenin injection. 1 hour before the
carrageenin injection, 10 mg/kg of diclofenac was administered orally (B), 10 mg/kg of
diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH was ad-
ministered orally (C) and transdermally (D). A group is the control group.

Structure 1: In structure 1, Rl represents H, one of any alkyl, alkyl, alkenyl or
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alkynyl residues having 1 to 12 carbon atoms, or aryl residues; R2 represents H, one of
any alkyl, alkyloxy, alkenyl or alkynyl residues having 1 to 12 carbon atoms, or aryl
residues; R3 represents H, one of any alkyl, alkyloxy, alkenyl or alkynyl residues
having 1 to 12 carbon atoms, or aryl residues; X represents O, S or NH; A’ represents
Cl, Br, F, T, AcO, citrate, or any negative ions; and n=0,1,2,3,4,5,6,7,8,9,10...... All
R groups may include C, H, O, S, N atoms and may have single, double, and treble
bonds. Any CH2 groups may be replaced with O, S, or NH.
Best Mode
Preparation of diethylaminoethyl 2[(2,6-dichlorophenyl)amino]benzene
acetate.AcOH
35.1 g (0.1 mol) of 2[(2,6-dichlorophenyl)amino]benzene acetyl chloride hy-
drochloride was dissolved in 100 ml of chloroform. The mixture was cooled to 0°C. 30
ml of triethylamine and 11.7 g of diethylaminoethanol were added into the reaction
mixture. The mixture is stirred for 3 hours at RT. The solid side product was removed
by filtration and washed with chloroform (3 x 30 ml). 6 g of acetic acid is added into
the reaction mixture with stirring. The organic solution was evaporated off. After
drying, it yielded 39 g of the desired product (85.6 %). Hygroscopic product; Solubility
in water: 400 mg/ml; Elementary analysis: C22H23C12N204; MW: 455.37. Calculated %
C: 58.03: H: 6.20; Cl: 15.57; N: 6.15; O: 14.05; Found % C: 58.01; H: 6.22; CI: 15.55,
N: 6.14; O: 14.09. 'H-NMR (400 MHz, CDC13): d: 1.56 (t, 6H), 2.21 (s, 3H), 3.28 (m,
4H), 3.50 (s, 2 H), 3.52 (m, 2H), 3.81 (b, 1H), 4.51 (t, 2H), 6.32 (d, 1H), 6.50 (m, 2 H),
6.78 (b, 1H), 6.82 (m, 2H), 6.91 (d, 2H).
Mode for Invention
Preparation of dimethylaminoethyl 2[(2,6-dichlorophenyl)amino] benzene
acetate.AcOH
2[(2,6-Dichlorophenyl)amino]benzene acetyl chloride hydrochloride (35.1 g, 0.1
mol) was dissolved in 100 ml of acetone. The mixture was cooled to 0°C. Dimethy-
laminoethanol (8.9 g, 0.1 mol) were added into the reaction mixture. Sodium bi-
carbonate (20 g) and water (100 ml) are added into the mixture. The mixture is stirred
for 3 hours at RT. The solution is evaporated to dryness. Acetone (100 ml) is added
into the residue. The solid side product was removed by filtration and washed with
acetone (3 x 30 ml). 6 g of acetic acid is added into the reaction mixture with stirring.
The organic solution was evaporated off. After drying, it yielded 38 g of the desired
product (88.9 %). Hygroscopic product; Solubility in water: 410 mg/ml; Elementary
analysis: C H Cl N O MW: 427.32. Calculated % C: 56.21; H: 5.66; CI: 16.59, N:
6.56; O: ]498 Found%C 56.18; H: 5.68; CI: 16.56, N: 6.55; O: 15.03. 'H-NMR
(400 MHz, CDCIS). 8:2.21 (s, 3H), 2.91 (s, 6H), 3.50 (s, 2 H), 3.52 (m, 2H), 3.81 (b,
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1H), 4.51 (t, 2H), 6.32 (d, 1H), 6.50 (m, 2 H), 6.78 (b, 1H), 6.82 (m, 2H), 6.91 (d, 2H).
Preparation of S-dimethylaminoethyl 2[(2,6-dichlorophenyl)amino] benzene
acetate. AcOH

2[(2,6-Dichlorophenyl)aminolbenzene acetyl chloride hydrochloride (35.1 g, 0.1
mol) was dissolved in 100 ml of acetone. The mixture was cooled to 0°C. Dimethy-
laminoethyl mercaptan (9.3 g, 0.1 mol) were added into the reaction mixture. Sodium
bicarbonate (20 g) and water (100 ml) are added into the mixture. The mixture is.
stirred for 3 hours at RT. The solution is evaporated to dryness. Acetone (100 ml) is
added into the residue. The solid side product was removed by filtration and washed
with acetone (3 x 30 ml). 6 g of acetic acid is added into the reaction mixture with
stirring. The organic solution was evaporated off. After drying, it yielded 40 g of the
desired product (90.2 %). Hygroscopic product; Solubility in water: 410 mg/ml;
Elementary analysis: C H Cl N O S MW: 443.39. Calculated % C: 54.18; H: 5.46;
Cl: 15.99, N: 6.32; O: 1083 S 722 Found%C 54.16; H: 5.48; Cl: 15.97, N: 6.31;
0: 10.86, S: 7.23. 'H-NMR (400 MHz, CDC13). 8: 2.21 (s, 3H), 2.91 (s, 6H), 3.31 (t,
2H), 3.66 (s, 2 H), 3.91 (m, 2H), 3.93 (b, 1H), 6.32 (d, 1H), 6.50 (m, 2 H), 6.78 (b,
1H), 6.82 (m, 2H), 6.91 (d, 2H).
Preparation of N-dimethylaminoethyl 2[(2,6-dichlorophenyl)amino] benzene

acetamide.AcOH

2[(2,6-Dichlorophenyl)amino]benzene acetyl chloride hydrochloride (35.1 g, 0.1
mol) was dissolved in 100 ml of acetone. The mixture was cooled to 0°C. Dimethy-
laminoethylamine (8.9 g) added into the reaction mixture. Sodium bicarbonate (20 g)
and water (100 ml) are added into the mixture. The mixture is stirred for 3 hours at RT.
The solution is evaporated to dryness. Acetone (100 ml) is added into the residue. The
solid side product was removed by filtration and washed with acetone (3 x 30 ml). 6 g
of acetic acid is added into the reaction mixture with stirring. The organic solution was
evaporated off. After drying, it yielded 40 g of the desired product (93.8 %). Hy-
groscopic product; Solubility in water: 450 mg/ml; Elementary analysis: C H C] N O

MW 426.34. Calculated % C: 56.34; H: 5.91; Cl: 16.63, N: 9.86; O: 11 26 Found %o
C 56.31; H: 5.5.94; Cl: 16.61, N: 9.84; O: 11.30. '"H-NMR (400 MHz, CDCl) 5:2.21
(s, 3H), 2.91 (s, 6H), 3.44 (s, 2 H), 3.51 (t, 2H), 3.64 (t, 2H), 3.93 (b, 1H), 6. 32 (d, 1H),
6.50 (m, 2 H), 6.78 (b, 1H), 6.82 (m, 2H), 6.91 (d, 2H), 8.0 (b, 1H).
Preparation of dipropylaminoethyl 2[(2,6-dichlorophenyl)amino] benzene
acetate. AcOH

31.8 g (0.1 mol) of sodium 2[(2,6-dichlorophenyl)amino] benzene acetate was

suspended in 180 ml of chloroform. 28.8 g (0.1 mol) of dipropylaminoethyl

bromide.HBr was added into the mixture and the mixture was stirred for 5 hours at RT.
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8.2 g (0.1 mol) of sodium acetate was added into the reaction mixture with stirring.
The mixture is stirred for 2 hours. The solid was removed by filtration and washed
with chloroform (3 x 50 ml). The solution is concentrated in vacuo to 100 mi. Then
300 ml of hexane was added into the solution. The solid product was collected by
filtration and washed with hexane (3 x 100 ml). After drying, it yielded 41 g of the
desired product (87%). Hygroscopic product; Solubility in water: 300 mg/ml;
Elementary analysis: C H Cl N O MW:483.43 Calculated % C: 59.63; H: 6.67; Cl
14.67, N: 5.79; O: 1324 Found%C 59.60; H: 6.70; Cl: 14.65, N: 5.78; O: 13.27. 'H-
NMR (400 MHz, CDC13). d: 0.97 (t, 6H), 1.78 (m, 4H), 2.21 (s, 3H), 3.24 (t, 4H), 3.50
(s, 2 H), 3.52 (m, 2H), 3.81 (b, 1H), 4.51 (t, 2H), 6.34 (d, 1H), 6.50 (m, 2 H), 6.78 (b,
1H), 6.82 (m, 2H), 6.91 (d, 2H).
Preparation of dipropylaminoethyl dipropylaminoethyl
2[(2,6-dichlorophenyl)amino] benzene acetate. AcOH

60 g of Polymer-bound triethylamine (3 mmoV/g, 100-200 mesh) was suspended in
180 ml of chloroform. 31.8 g (0.1 mol) of 2[(2,6-dichlorophenyl)amino] benzene
acetic acid was added into the mixture with stirring. 43 g (0.15mol) of dipropy-
laminoethyl bromide.HBr was added into the mixture and the mixture was stirred for 5
hours at RT. The polymer is removed by filtration and washed with tetrahydrofuran ( 3
x 50 ml). 8.2 g (0.1 mol) of sodium acetate was added into the reaction mixture with
stirring. The mixture is stirred for 2 h. The solid was removed by filtration and washed
with chloroform (3 x 50 ml). The solution is concentrated in vacuo to 100 ml. Then
300 ml of hexane was added into the solution. The solid product was collected by
filtration and washed with hexane (3 x 100 ml). After drying, it yielded 45 g of the
desired product (93.2%). Hygroscopic product; Solubility in water: 300 mg/ml; Elem
entary analysis: C24H32C12N204; MW: 483.43 Calculated % C: 59.63; H: 6.67; Cl:
14.67; N: 5.79; O: 13.24; Found % C: 59.60; H: 6.70; Cl: 14.65, N: 5.78; O: 13.27. 'H-
NMR (400 MHz, CDCls): 5: 0.97 (t, 6H), 1.78 (m, 4H), 2.21 (s, 3H), 3.24 (t, 4H), 3.50
(s, 2 H), 3.52 (m, 2H), 3.81 (b, 1H), 4.51 (t, 2H), 6.34 (d, 1H), 6.50 (m, 2 H), 6.78 (b,
1H), 6.82 (m, 2H), 6.91 (d, 2H).

Industrial Applicability

The pro-drugs of the general formula (1) 'Structure 1' are superior to diclofenac.
They may be used medicinally in treating any diclofenac-treatable conditions in
humans or animals. They can be used for the relief of signs and symptoms of
rheumatoid arthritis, osteoarthritis and ankylosing spondylitis, for the treatment of dys-
menorrhea. They can be used alone or as an adjunct in the treatment of biliary colic,
fever, and episiotomy pain. They are also used in treatment of gout, acute mi graine

headaches, and renal colic and in the treatment of postoperative inflammation in
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patients who have undergone cataract extraction. They may be used in the prevention
of cancer. Due to their very high membrane penetration rate, these pro-drugs can be
used in treating asthma by inhalation to a host. They can be used to treat acne due to
their anti-inflammatory properties. These pro-drugs are water-soluble neutral salt and
can be tolerated very well by the eye. They can be used for treating eye inflammatory
diseases, for treating of ocular pain after corneal surgery, for treating glaucoma or for
treating ear inflammatory and/or painful conditions (otitis).

Sequence List Text
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Claims

The compounds of the general formula (1) 'Structure 1/,
© Ry

A
Rz
X NT
\écfﬁ)\Rs
Hs>/n
‘ o}
NH

Cl Cl

Structure 1
In which, R] represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl
residues having 1 to 12 carbon atoms, or aryl residues; R2 represents H, one of
any alkyl, alkyloxy, alkenyl or alkynyl residues having 1 to 12 carbon atoms, or
aryl residues; R3 represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl
residues having 1 to 12 carbon atoms, or aryl residues; X represents O, S or NH;
A represents CI, Br, F, I, AcO), acetylsalicylate, citrate, or any negative ions;
and n=0,1,2,3,4,5,6,7,8,9,10....... All R groups may include C, H, O, S, N atoms
and may have single, double, and treble bonds. Any CH2 groups may be replaced
with O, S, or NH.
Process for the preparation of compounds of the general formula (1) 'Structure 1'
according to Claim 1.
Compounds of the general 'Structure 1' or a composition comprising of at least
one compound of the general formula (1) 'Structure 1', as an active ingredient,
according to Claim 1, where they can be administered orally or transdermally,
for treating any diclofenac-treatable conditions in humans or animals. The
diclofenac-treatable conditions include, but are not limited to, pain from a
toothache, headache, and arthritis and other inflammatory pain, fever, cancer,
dysmenorrhea, acute migraine headache,.
Methods for treating any diclofenac-treatable conditions in humans or animals by
administering transdermally to any part of body (in the from of a solution, spray,
lotion, ointment, emulsion or gel) to deliver therapeutically effective plasma
levels of compounds of the general formula (1) 'Structure 1' or a composition

comprising of at least one compound of the general formula (1)'Structure 1', as
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an active ingredient, according to Claim 1.

[5] Methods for topically treating pain such as a headache, toothache, and muscle
pain, and arthritis and other inflammatory pain in humans or animals by ad-
ministering to the inflamed area a therapeutically effective amount of the
compounds of the general formula (1) 'Structure 1' or a composition comprising
of at least one compound of the general formula (1) 'Structure 1', as an active
ingredient, according to Claim 1. _

[6] Compounds of the general formula (1) 'Structure 1' or a composition comprising
of at least one compound of the general formula (1) 'Structure 1, as an active
ingredient, according to Claim 1, may be administered transdermally, for treating
acne, sunbumn or other skin disorders in the form of a solution, spray, lotion,
ointment, emulsion or gel.

[7] Compounds of the general 'Structure 1' or a composition comprising of at least
one compound of the general formula (1) 'Structure 1', as an active ingredient,
according to Claim 1, are administered by spraying to through the mouth or nose
or other parts of body for treating asthma.

[8] Compounds of the general 'Structure 1' or a composition comprising of at least
one compound of the general formula (1) 'Structure 1', as an active ingredient,
according to Claim 1, for treating any eye inflammatory diseases in humans or
animals.

9] Transdermal therapeutic application systems of Compounds of the general
formula (1) 'Structure 1' or a composition comprising of at least one compound
of the general formula(1) 'Structure 1', as an active ingredient, according to claim
1 for treating any diclofenac-treatable conditions in humans or animals. These
systems can be a bandage or a patch comprising of one active substance-
containing matrix layer and an impermeable backing layer. The most preferable
system is an active substance reservoir, which has a permeable bottom facing the
skin. By controlling the rate of release, this system enables the diclofenac to
reach constantly optimal therapeutic blood levels to increase effectiveness and

reduce the side effects of diclofenac.
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LA st B Bk o7 3% e B )45 O BB AT A 7K VB HE XU S5 BR AT 20
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KRR 2 (2, 6-"5EE) BHEIELE CREAFR) W H IEBTRKEERTE

LR E AR E ST bR T VAT NS AT XU S BR AT VA IT RS B BE 77 g . AR,
AR AT FIRAE G BRPT R MBIER . IXEERT 2T LB D IRSE K 4525

BARE R

UGS B 2 — b 5 BRI ER 75 3 Z B M AR (A B IR . 1969 E IS BRH B K& X
(A. Sallman and R. Pfister, Ger. Patent No. 1,815,802). XS ZFEATE 120 MR EXRFE,
CIN -3 M b= k- L F O E =7 X7 B L ﬂ%%ﬂiﬁﬁﬁ%%%ﬁ’)%%ﬁ@%ﬂ%ﬁ%
PRGN, HPIR. BERFLEMVER .. IR AT, XESFR AT RN IR/ 6 15,
B E U AKfY 40 18; 7ZEBHHT, WEIFFMIIT MCEGIVEETEH 2 45, BIE LMK 350 Z1&.
“PDR Generics” (PDR Generics, 1996, second edition, Medical Economics, Montvale, New
Jersey, pg243) BT GBI L ST Fixk. XUAIFBT Al T ML RURIE X R A&
KR BRTRAREMN R AL ZREER HEEATHFIRTRE. XX%%@?W%M
WA K B2 T RIS . RS YR SEM AR, BT ATETRA. Stk
B B8R, A A TEBEREYBRARE AT ARG RIEE.

BE, RANESBAFHBZEER, REIEMNEBHBAGEWHENLAR. B5+ 2%
B i . B30 S & . Fishman ( Fishman; Robert, U.S. Pat. No. 7,052,715) %f%tmﬂéﬁﬁm
BRI 2k g 5 — SR o T B 0T m AL B 7 AR R R B SUAE ,  EAFE LR TIE FA P B9
WD EAEEE . X A & T R 24 R B ) S IR B A BB B S B T G
Fishman % A (Van Engelen %, EEEFES 6,416,772; Macrides %5, EEEF|S 6,346,278;
Kirby %, #EEF]5. 6,444,234, Pearson %, HKELF|5 6,528,040, LK Botknecht 5§, 3%
[HEF 2 5,885,597) 2l @t w7 R IT R AYME B RG R TERSEZ . Song FITK T
—Fh AR WIS R T LA B S R SR S B LA P R S (Song, 5, EET RS 6,723,337).
Donati 7% T —R& 5 FZANE S M SMNHZEE (Donati, %, EEEFS 6,592,891).
Kawaji 2 A FFR T — 5284 XU B0 10 41 F i & R 57 (Kawaji 55, 2B R] 5 6,262,121).
Effing S TT & T — MG IR L4 25 458 (Effing &, EEEF]S. 6,193,996). Xifi, i@
Sk 430 g 5 v Mk LATE 75 2 th 48 T v T 8 U SR A AUSUSF 2 o Susan Milosovich Z & 1 34
BT 4- PR T W SEIRL RS S (TSBH), HAH —AEMEM— LR pH FLL
JE AL AR I S GEER . AR ILXANRTZS (TSBHD & B ikl 2 825 (TS)
A G193 60 f%. [Susan Milosovich, etal., J. Pharm. Sci., 82. 227 (1993) ] &
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K% BAR E R IR S RS BT B R P R R R UL R AR B RS BRE i A M) R A
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HREEHAMERNERE S SIE - EREMESsM— A pH K4 TR
R —L, %, SRE9MER. XEERKE—ME T3 =2 2R 80F J B R 2
% (4 [Susan Milosovich, et al., J. Pharm. Sci., 82, 227 (1993) ]. ## IF fuff A IE R K14
T AYWBRE. 2-[ (2, 6-Z8FE) RRIRK LB ZRELTERKREM 2-[ (2, 6-2&
FE) BEIHKIB VAR EKFHE RS 5 9>400 mg/ml 1 0.1 mg/ml. ZHELR
T, ShAMHE R R KGR T SIS R IR B R P R . S ST TE B R A R R K. T
KrHaE YR EIE, F AT SEUBMBg Miss . JX R A aTLiEm AR, RE,
VIRARE B A O RS AEAMESHRE. SEfASTFEREINMIERT 54K
fBERIR L PR S . L, %Wﬁﬂi%ﬂﬁ%ﬁl‘]B@E%ﬂ?&fﬁﬁﬁ%%ﬁﬁ’ﬁﬂb?ﬁ%ﬁﬁ%'

A, — RS KRG KB ERER. B TEBmEDREERTEE, A
L BRI . 2 (2, 6-THN) EEELM T LB LERR. 2 (2,
6-THEE) EEEZE AR Bt Ak B ko (i BLAE A SMEE SRS Franz it
TR, Forh A4 R Jk 4 T 18 K BR &R AL /1 T B T HO AR S 4 2R (360-400 pm [B) . #RZH
W 10 ml 57 2%0 4 g ERE A R AL T8 EhK ARk LL 600 HE/9 WO B FE. 2-[ (2, 6-
—EER) EE] R ZEEZEMEE. 2 (2, 6THEE) HE) X2E;m UK
REE) BT H A BAR B X I 8] 59 36 B2 R S M B ROBAR B i E SR E . BAVE T 2 ml pH
7.4 (BB EE VA (02 M) HIEH 30% 2-[ (2, 6- &) HE] RO NEFED
VR BREA T 2 ml pH 7.4 IR R (0.2 M) (N8 H 30% 2-[ (2, 6- “RHE) &
K] HZEEMIEER, ST 2 mlpH 7.4 BB MBI (0.2 MD 1 30% 2-[ (2, 6-Z5
HH) L) KR LRI ZEEER IR ) R, SR 1 BrR . 3 2-( (2,
6-—EUER) FULEZE CREE). 2 (2, 6 ZE%E) REIRIMLEE CRHIE R,
WFH A S E8) F2-[ (2, 6-"HRE) ﬁ%ﬁ%]ﬁia@ﬁ_—_zfﬁﬁaﬁﬁ BER Eh T IS FR
WE B A 0.2 mg, 0.2 mg Al 50 mg/em™ho FERBBIATZ, 2-[ (2, 6-ZHFE HEPRL
W 2B ZESESE RN, TEAREBRP Y AU 2-[ (2, 6-ZHEEE) FEIELER UK
FE 2L (2, 6-THEIE) AKIKLMIMEPUR 250 fF. WAL, 2 (2, 6-ZHFIE)
FIL)E 2 Z e U W A 5 03 Je i AR ZE AN % o 45 SR U I T e Bk e, L8 RO T R
PSR A R R e R R E R, B g 17 R EENAEREERE, 5

PR SEIR LB T 2-[ (2, 6-ZRUACHE) B W LW B LM IR AR (2, -5
FED EEE B (WEGED EIS R0 TCE T /N A B R . R T ml F T
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BEE20% 2-[ (2, 6- TS ) RE KB AR CERREH S T1 ml FREH20%
2 (2, 6-THER) AEIFEZBREEAMK. BEETEBPREML om’BPhr. &R (B2
BRIEAT LA R G 21400 e WA B B HIWR B A B (. D ARUESF BT Z1-2/ M A e
B E S e . A IS FR G 45£90.001 mg/ml, 2-[ (2, 6-“HIFEE) BEIRLE
= 2R ZEERE R SR I 9 402.1 mg/ml (9210065 X B MR PLI2.1 mg/mIBIIEIF
5 LG AT 25 SRR FVE B4 S S B IR S (£90.002 mg/mD) E i T 1000822 . X2
o KRTSHILE B, BT X e W LR A 5, R AT BRI LIRSS BRA AN E .
bk BB SRATZIRMN AT LA R, R LRSS R A A TR AT . B “451Y
T RS TR RSB RO 52 (2, 6-TEFE) AEIR LR - LERE LEERIE
i,

HTREXELROE 5+ BN, BIFRARR (A4, SHI0AXR) O
FR2s mgkg AR (2, 6-FAEH) RHIF LM LRE MR, TR DR2IK.
HATEI, MG RAT L RIET A mellil, TEL (2, 6 THEE) REHIM
TR OB RR S AR KILE L. »

AT R D ZF BT TR, KRFPMOARLDsoA: [ (2, 6-—8FE) SR
7 2 AR Z BB Eh A (2, 6- T SURIL) IR 2B T R K LEREEER F5000.75 gkg
0.7 g SRGPARMEEETNESFEMFNE (LDs=0.45 gkg).

WES T DA MAE A4 . B, B, LURFIFURIIEM . — NIRRT 25 e i
REZREEIFEZE. [ (2, 6-AER) FEEILBR 2 EE LIRS N 2 LB
JE PR AT L P BB SR BT Y, 3T 00% B0 BT 25 B 25 AU B . Bt T O 2 ORI
2WE, MANENEFRELRESTRAS B, BRI (2, 6-THFH) BREIEL
W= 2R 7 RS R A O, R ARIR AR B BEAT T, R SR Mm L.
X CeR17 T WA BT AT T, SR 5[ (2, 6 THERE) EEE)
% 2B T A LR R Bh i 5 R AR B M .

HURAERD . H3ED Amour-Smithf#9 757 (J. Pharmacol. Exp. Ther.,72, 74 (1941 #lI5E /)

&R B I IE I . N R IR2S me/kg AT, D ARFNE B 452525 my/kg [ (2, 6- 8K
) EEE M T A IR S, S R0 R DA B SOECR, TR B AR .
sERERFIR. DR (C) FIBKLZ (D) 25 mykg [ (2, 6- 4 AIIEK LR L
S 2 WG HE R 55 O 4HL L 48 2525 mg/kg USR5 TR I 40 SR8 7 ) T S ERUR T A

St N LU J 4 PRI 5 U A TR AR VR B AT B, IR TR BB T S AR A A R R
42 FUNERE Y BT (46 7). BUMB2LR /D LA 255 EE (10 mgM20 mg/kg), TfiCl
FIC2ACAR[ (2, 6-TEZEH) FIER LI T LA LEEEER I (10 mg#HI20 mg/kg). DIA
D241 % )i\'Z‘géfi—T?f)\j[ (2, 6-"HER) BRI T R ILZEEREIR . (10 mghfl20 mg/kgd. A
HR R . TE LA ZEENER VA W30 PRV AL S T NR . SR LR '
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£ 1. WASTER KT 2%/ B A 3 2
A5 A Bl B2 Cl1 C2 D1 D2
#I& (mgkg) 0 10 20 10 20 10 20
AR REL 34.2 14.2 10.1 12.1 9.2 10.3 8.8
% - 58.5 70.5 64.6 73.1 69.9 74.3

R ECRI (2, 6-THERE) EEIF LR LRI LR BERCR XGRIT R 98
B 4k 17 PREEREYER T AP BUEEE.

EHAER: KRS RKEKGATEREBIENBRE. SRR THTH. AHAXTIE
Mo 2NDE, DIRGZIWSIFR (BIAK10 mg/kgfMB24 20 me/kg), PR [ (2,
6-—EEH) EEIHRZB ORI LEERRE (C14A510 mgkgMC241 420 mgkg) UULKE

AT (2, 6-—HAR) EHEH LB LA LEEME (DI4410 mgkg AD24 K20

mgke). MR ESYAPIRTEEER0S A K RIAR. 45RILTR2.
R 2. XESF R AT R0IR E A

4 5] =0 min. t=90 min. t=180 min. | t=270 min.
FHAE (A 37.56+0.05 | 37.55+0.07 | 37.53+0.05 | 37.52+0.08
(10 mg/kg, B 37.56£0.06 | 36.90£0.05 |36.91+0.08 | 36.92+0.07
(20 mg/kg, B2) 37.55+0.09 | 36.60+0.07 | 36.53+0.06 | 36.55+0.05
(10 mg/kg, C1, TR 37.52;0.07 36.50+0.06 | 36.60+0.05 | 36.55+0.08
(20 mg/kg, C2, TARD 17.54+0.08 | 36.30£0.05 | 36.35+0.07 | 36.38+0.08
(10 mg/kg, DI, ERLZH) | 37.58%0.06 | 36.30+0.06 | 36.35+0.08 | 36.31+0.07
(20 mg/kg, D2, B | 37.5920.05 | 36.25£0.05 | 36.30+0.07 | 36.20+0.05

sEEE SR 10 myg/kg #1120 mg/kg FIEAI[ (2, 6-ZFFE

(9B PE T LE R B O ST BR UT .

HE M I £h 0% R 4h 25 L DR
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6-—RER) FHIFLM AR ZEEME (O HRRAE. WEF®AM[ (2, 6-T5E
H) EIEZM LB A 0% RIAT: [ (2, 6-THUKEE) EEIE BT LA Z B
W H R 30% TS, & ML T AR JypH 7 AR R TP (02 MDa

Bl2: xR (n=5) EEBIEMEFT ml BT SEIBEMI20%[ (2, 6-"&AEE) ZF]
%W LR LI RO (2, 6-THUER) EILE M ORI WS XU
SRR B
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B3: fEHR25 mg/kg WA FE (B), HR (C) FFEK%Zh (D) 25 mgkg [ (2, 6-Z

J= — g 3 — — N R N N .
SRR AEFILB - CERECERERLE, PREPREEEKHE. ANXRAERLZL.

&

B4: FHAZREIINKE (%). AZEBENF1/MT DRI mg/kg MEAFE (B), O
BB (C) MIBEKAZS (D) 10mgkg[ (2, 6-—&FER) ER|F LR _ZEHE LR, A

gR: g1, RAEH, 1-RAARBRTFREE, FR2MBRR TR, 1-124V 8K
BEFHIEE, -2 BRI, BE5E; RAVKRH, 1-120BE TR, 11290 8RR
FHRESE, NR2ABRETHGRE, F2MBRETFRME, BETE, RAREH, FT1-129
BEFRRE, -DABRFHERERE, F2ABRETFIEE, 1-20RRTRRE, &
B, XAAFO, SENH; A{LECl, Br, F, I, AcO, HERK, HFHLENETF; n=0, 1,

2,3, 4,5, 6, 7, 8 9, 10 FrAREMLEI:EC, H, O, S, NET, LURAUEHR
B, WEM=H. [EACHAERATHO, S, ENHEK, '
BT R

2-[ (2, 6-ZEUFR) EHEIKEIE - LRI LR K%

#35.1g (0.1moD) 2-[ (2, 6-5UFE) FAK LBIF M Sh#AE 100 ml B .
IREWAHE] 0°Co 4% 30m] (0.1mol) =ZJEHN 11.7 g —Z&EE SR EEMA R MR &
RN SRR THEE 3 ANt S EFEAR Y, FREBE3 R, BR30ml. ¥6g
BEERIR EE I RNV . ZETFBHLAR. TIREBE] 39 ¢ HREH BAF &, 732 A 85.6%.
KPR : 400 mg/ml: TTEDH: CuHpsCLN,O4: 5+ F&: 455.37. FiR{H (%) C: 58.03;
H: 6.20; Cl: 15.57; N: 6.15; O: 14.05; £J{E (%) C: 58.01; H: 6.22; Cl: 1555, N:
6.14: O: 14.09. 'H-NMR (400 MHz, FURELIHEFD : 6: 1.56 (1, 6H), 221 (s, 3H),
328 (m, 4H), 3.50 (s, 2H), 3.52 (m, 2H), 3.81 (b, 1H), 4.51 (t, 2H), 632 (d, 1H),
6.50 (m, 2H), 6.78 (b, 1H), 6.82 (m, 2H), 6.91 (d, 2H).

KT R
2-[ (2,6-THRER) G LM~ PR Z Bl BR £ 1 &

% 35.1 g (0.1 mol) 2-[ (2,6-"4UAKEE) I Z B SUH AL BB AFAE 100 ml BYPIBR
BAWA IR 0°Co RIES T IMA 8.9 ¢ (0.1mol) NN-T"HEFIZEE., IREWFIMA20g
BEERELENAN 100 ml K. VAT EIEIEE 3 NI B E T . ARSI 100 ml PAITAR .
FHERS = E AR, FATIEGE 3 %, SR 30ml. 44 6 g BEERIR I AR S . HTH
BLEH. FREED 38 ¢ BTG BERF-&, TEh 88.9%. /KPHEME: 410 mg/ml: JLE
AT CaHpsCLNGOs: 4P T8 42732, HBME (%) C: 56.21: H: 5.66: Cl: 16.59, N:
6.56: O: 14.98: <<l (%) C: 56.18; H: 5.68: Cl: 16.56, N: 6.55; O: 15.03. 'H-NMR
(400 MHz, FUSEDTERD: 6: 221 (s, 3H), 291 (s, 6H), 3.50 (s, 2H), 3.52 (m,

12



200680055467. X OB P FE10/11:

2H), 3.81 (b, 1H), 451 (t, 2H), 632 (d, 1H), 650 (m, 2H), 6.78 (b, 1H),
6.82 (m, 2H), 691 (d, 2H).

2 (2,6-TEEE) FEE LB - TR ZEEEER 5105 %

¥ 35.1 g (0.1 mol) 2-[ (2,6-—HER) AEIKZEHAHLMEFEMAE 100 ml HEIF . &

LA HEF 0°Co RNBSWFIA 9.3 g N,N-Z &I ZHiEE (0.1 moD). BEWTIA 20g
BRESSANFD 100 ml 7K. IRERETIRBIHE 3 /M. BEFET . RBEPPMA 100 ml FET.
SHER = FEARIFEY, FEATRERYE 3 K, BR300 ml. KBS HAEMA 6 ¢ Bifk. 2T
HHER. TEE, B3 40g HREHKBEFRT5, 7FEH 90.2%. KFPHEMHEZ: 410 mg/ml;
FEESHT: CaHasCLN,03S; 2 F & 44339, Wil (%) C: 54.18; H: 5.46; Cl: 15.99,
N: 632: O: 10.83, S: 7.22; L (%) C: 54.16; H: 5.48; Cl: 1597, N: 6.31; O:
10.86, S: 7.23. 'H-NMR (400 MHz, SACEMHERD: 6: 221 (s, 3H), 2.91 (s, 6H),
331 (t, 2H), 3.66 (s, 2H), 3.91 (m; 2H), 3.93 (b, 1H), 632 (d, 1H), 6.50 (m, 2 H),
6.78 (b, 1H), 6.82 (m, 2H), 691 (d, 2H).

N-ZHERZE 2-[ (2,6- HAE) FEIF BRI &

$35.1 ¢ (0.1 mol) 2-[ (2,6-—HFKH) HIEK LB MELH AL 100 ml B+ . VR
SWAHE] 0°C. 4% 8.9 g NN-T SR ZAE AR GRS . 3 20 g BEREBF 100 ml
KIMAZNRE RSP . BESWRESEDRE 3 /M. BERET. EEY -P)Ju)\100m1 . ot
EBEBARIF Y, AT 3R, SK30ml. REBEYTHEMA 6 g Bifk. 91%2?%?
L. TIREEE 40 ¢ BMIEH BAR" &, 778N 93.8%. /KPEME: 450 mg/ml: JTR
KT CaoHpsCLN,O5; A F&: 42634, HiR{H (%) C: 56.34; H: 591; Cl: 16.63, N:
9.86: O: 11.26; F2WME (%) C: 56.31; H: 5.5.94; Cl: 16.61, N: 9.84; O: 11.30. 'H-NMR
(400 MHz, TULEAFAETD: 6: 2.21 (s, 3H), 2.91 (s, 6H), 3.44 (s, 2H), 3.51 (t, 2HD,
3.64 (t, 2H), 3.93 (b, 1H), 632 (d, 1H), 6.50 (m, 2 H), 6.78 (b, 1H), 6.82 (m,
2H), 6.91 (d, 2H), 8.0 (b, 1H),

2 (2,6-"HFER) REE LR AR BRI M r %

% 31.8¢ (0.1 mol) 2-[ (2,6-Z5FIE) FHEIF LIRMEEFETE 180 ml ’%WJ . RERP
JIAN 288 g g (0.1 mol) A HE LA RILER y‘%Aﬂ”EPEF e 5 /T 45 8.2 g (0.1 moD)
A S I R S o TR AR B 2 /NI . SRR LA, FRFEIEE 3 G BIR 50 ml.
44@}4&‘%1:1{&%‘56“ 100 ml. ‘/KF?-E‘}%F%%Z“WJH)\ 300 ml C© );u mﬁdﬁfﬁlﬁl%ﬁ ?/Ja‘iiiﬁﬂab%ift‘:‘
TCEN 7r'J'r: Ca4H3,C1N;O4: \—f & 483.43, MiS{H (%) C: 59.63; H: 6.67; Cl: 14.67;
N: 5.79; O: 13.24; HB{E (%) C: 59.60; H: 6.70: Cl: 14.65, N: 5.78: O: 13.27. "H-NMR
(400 MHz, TS HD: 6: 097 (1. 6H), 1.78 (m, 4H), 2.21 (s, 3HD, 3.24 (i,

41D, 350 (s, 2 H), 3.52 (m, 2H). 3.81 (b, 1H), 451 (t, 2H). 6.34 (4(1" 1TH), 6.50
: 13 '
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(m, 2H), 6.78 (b, 1H), 6.82 (m, 2H), 6.91 (d, 2H).
2-[ (2,6-ZAKHE) HIE) FOMONRELETNEE LRERR R &

1% 60 ¢ BAWEWN =21 (3 mmol/g, 100-200 H) BIFTE 180 ml &+ . BAEWD
BN 31.8 ¢ (0.1 moD) 2-[ (2,6-THFH) BEIKZEE. # 43 ¢ (0.15mol) ZARE
ZHB RS AR, RNV EIR T s . dikmBREREY, HA
SIERBE =R, R 50 ml. K 8.2-g (0.1 mol) EEERENIHIIMAZIIER D, BEHEBH 2
AN, SHER E B, BEE=IR, BIR S0 ml. KEHE TR ZE 100 ml. AR FER L F
M 300 ml Eigi. TN BRI H CReEe =K, BK 100 ml. THRERE] 45 g 5yIRiRE
W B FRFE S, FEEN 93.2%. KPEME: 300 mg/ml: TCEDHT: CoaH3CLNOy; 73T =
483.43. HRME (%) C: 59.63; H: 6.67: Cl: 14.67; N: 5.79; O: 13.24; 3L{E (%) C:
59.60; H: 6.70; Cl: 14.65, N: 5.78; O: 13.27. 'H-NMR (400 MHz, SiACEDT#ETD: 6:
097 (t, 6H), 1.78 (m, 4H), 2.21 (s, 3H), 3.24 (t, 4H), 3.50 (s, 2 H), 3.52 (m, 2H),
381 (b, 1H), 4.51 (t, 2H), 6.34 (d, 1H), 6.50 (m, 2 H), 6.78 (b, 1H), 6.82 (m,
2H), 6.91 (d, 2H).

T sEAtE

BR (D) “EHR PTREOTAERTRES R . AT LT R AR A
SABMATAT RS, TR TEBREERY 4. BXRNR. REEFERIERIE
W, ULRIAITTRZ. TATE L e A B 2 T IR SR . K. SBUITT R SEHIER.
AT B T a7 A s L, LURTE A MBI RS B A R ST RS &
. TALET AFETEE. BT EREN BB TR, KRk o Bl WALE E KT
SRV . D IX AT AR, EAMG T LR TR . XTI A KB TR
PEEL, SRS MIT. AR AT RTIREARE, BT AIRFRE WIRIAR, WITH
SR B VAT B S A B ERR A (HE40)
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Our Ref.: PT20091184-HK-PCT
B AP R SR R AT IEFE R [ RS BT 2

BICEE SR

COER (1) RN 1 RS TE R S R BRI 2
weEnURIA Ry o SER (1) Rt 17 PR A AT A SR R e
WATEY (IR SR S TARTS ) » BLE IS - B S R e
SRR - BTEEA T LA TE RS R E A A MRS T ek R
M T SR EA MRS TR ) B TS ST BRI SEE A IE -
FE SRS > 2 (20 6 TRER) REIEIMT LR EERES
BB B B REEOSAEHE 2-[ (2 6-C ) SEPEZE (SEITRE)
120 (2 6-—HEE) SR ZESHET 250 £ « EIAE - #8318 90%
BT ) 4 PO A (BB (S 2 o« SE UL RTLEAT /R EE F FRA VAR S EHY
(FAE R REESIARIREE » ZE/AB R ME R LURA AR - 11 B AT LUE R
aul TG T SR SHEIER » Hrh BRI R B ETE
AR~ FE TSR - BEEE 4 - RS EEE R
80 7 e T (o T T B Y P R G A B Ve K HE L T e Bl )
SUSEEIIRIVER - |

Title of Invention: POSITIVELY CHARGED WATER-SOLUBLE
PRODRUGS OF DICLOFENAC WITH VERY FAST SKIN
PENETRATION RATE

ABSTRACT

The novel positively charged pro-drugs of diclofenac in the general formula(1)
'Structure 1' were designed and synthesized. The compounds of the general

formula(1) 'Structure 1" indicated above can be prepared from funcuonal



derivatives of diclofenac (for example acid halides or mixed anhydrides), by
reaction with suitable alcohols, thiols, or amings. The positively charged amino
groups of these pro-drugs not only largely increases the solubility of the drugs
in water, but also bonds to the negative charge on the phosphate head group
of membranes and push the pro-drug into the cytosol. The experiment results
suggest that ~ the pro-drug, diethylaminoethyl
2[(2,6-dichlorophenyl)amino]benzene acetate. AcOH diffuses through human
skin ~250 times faster than do 2[(2,6-dichlorophenyl)amino]benzene acetic
acid (diclofenac) and ethyl 2[(2,6-dichlorophenyl)amino]benzene acetate. In
plasma, more than 90% of these pro-drugs can change back to the drug in a
few minutes. The prodrugs can be used medicinally in treating any
diclofenac-treatable conditions in humans or animals and be administered not
only orally, but also transdermally for any kind of medical treatments and
avoid most of the side effects of diclofenac, most notably GI disturbances
such as djfspepsia, gastroduodenal bleeding, gastric ulcerations, and gastritis.
Controlled transdermal administration systems of the prodrug enables the
diclofenac to reach constanty optimal therapeutic blood levels to increase

effectiveness and reduce the side effects of diclofenac.

~



