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(57) Abstract: The novel positively charged
pro-drugs of ketoprofen and fenoprofen in the
general formula(l) ‘Structure 17 were designed
and synthesized. The compounds of the general
formula(1) ‘Structure 1’ indicated above can be
prepared from functional derivatives of ketoprofen
and fenoprofen, (for example acid halides or
mixed anhydrides), by reaction with suitable
alcohols, thiols, or amines. The positively charged
amino groups ol these pro-drugs not only largely
increases the solubility of the drugs, but also
bonds to the negative charge on the phosphate
head group of membranes and pushes the pro-drug
into the cytosol. The results suggest that the
pro-drugs, diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH and diethylaminocthyl

2-(3-phenoxyphenyl) propionate. AcOH diffuses through human skin ~125 times faster than does ketoprofen and fenoprofen. It
takes 1-2 hours for ketoprofen or fenoprofen to reach the peak ketoprofen or fenoprofen plasma level when they are taken orally,
but diethylaminoethyl 2-(3-benzoylphenyl) propionate.AcOH or diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH only
took about 40 minutes to reach the ketoprofen or fenoprofen peak plasma level. 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 ketoprofen and fenoprofen-treatable
conditions in humans or animals. The prodrugs can be administered not only orally, but also transdermally for any kind of medical
treatments and avoid most of the side effects of ketoprofen and fenoprofen, most notably Gl disturbances such as dyspepsia,
gastroduodenal bleeding, gastric ulcerations, and gastritis. Controlled transdermal administration systems of the prodrug enables
ketoprofen and fenoprofen to reach constantly optimal therapeutic blood levels 1o increase effectiveness and reduce the side
effects of ketoprofen and fenoprofen. Another great benefit of transdermal administration of these pro-drugs is that administering

medication, especially to children, will be much easier.
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Description

POSITIVELY CHARGED WATER-SOLUBLE PRODRUGS OF
KETOPROFEN AND RELATED COMPOUNDS WITH VERY

(1]

(2]

(3]

FAST SKIN PENETRATION RATE
Technical Field

The present invention relates to the preparations of positively charged and water-
soluble prodrugs of 2-(3-benzoylphenyl) propionic acid (ketoprofen) and
2-(3-phenoxyphenyl) propionic acid (fenoprofen) and their medicinal use in treating
any ketoprofen and fenoprofen-treatable conditions in humans or animals. More
specifically, the present invention is to overcome the side effects that are associated
with the use of ketoprofen and fenoprofen. These prodrugs can be administered orally
or transdermally. ‘

Background Art

Both ketoprofen and fenoprofen are members of the propionic acid group of non-
steroidal anti-inflammatory drugs. Ketoprofen was introduced in 1986 and has gained
wide acceptance and is used for the relief of signs and symptoms of rheumnatoid
arthritis and osteoarthritis and for the treatment of dysmenorrhea. Ketoprofen is used
alone or as an adjunct in the treatment of acute biliary colic, pain due to renal colic,
pain associated with oral surgery, severe postpartum pain and for fever. (PDR
Generics, 1996, second edition, Medical Economics, Montvale, New Jersey, pg 1812) .
Ketoprofen may be used for bone regeneration (Alfano, M.C.; Troullos, E.S., US
Patent No. 5,902,110). Fenoprofen is used for acute or long-term use for symptomatic
treatment of mild to moderate pain, osteoarthritis, and rheumatoid arthritis. Fenoprofen
is used alone or as an adjunct in the treatment of acute gout, episiotomy pain, and
migraine headache (PDR Generics, 1996, second edition, Medical Economics,
Montvale, New Jersey, pg 1290) . Fenoprofen may be used for treatment of shock
(Toth, P.D., U.S. Pat. No. 4,472,431).

Unfortunately, a number of side effects are associated with the use of ketoprofen
and fenoprofen, most notably GI disturbances such as dyspepsia, gastroduodenal
bleeding, gastric ulcerations, 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 effectively 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. 6,416,772; Macrides et al. U.S. Pat. No. 6,346,278; Kirby et al. U.S.
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Pat. No. 6,444,234, Roentsch, et al., U.S. Pat. No. 5,654,337, Park, et al., U.S. Pat. No.
6,190,690, Pearson et al. U.S. Pat. No. 6,528,040 and Botknecht et al. U.S. Pat. No.
5,885,597) have tried to develop a delivery system for transdermal application by
formulation. It is very difficult, however, to deliver therapeutically effective plasma
levels of these kind drugs into the host by formulation, due to the slow skin penetration
rate. Susan Milosovich, et. al. designed and prepared testosteronyl-
4-dimethylaminobutyrate. HCl (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

(4] Ketoprofen and fenoprofen have been used medicinally for more than 30 years.
They are used for the relief of signs and symptoms of rheumatoid arthritis and os-
teoarthritis, for the treatment of dysmenorrhea, and for inhibition of intraoperative
miosis.

[5] Unfortunately, a number of side effects are associated with the use of ketoprofen
and fenoprofen, most notably GI disturbances such as dyspepsia, gastroduodenal
bleeding, gastric ulcerations, and gastritis. They are not soluble in aqueous solution
and gastric juice.

' Technical Solution

[6] This invention relates to the preparation of novel positively charged pro-drugs of

ketoprofen and fenoprofen and their use medicinally. These pro-drugs have the general

formula (1) 'Structure 1'.
R4

Structure 1
In structure 1, Rl 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; R4 represents
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X represents O, S or NH; 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...... 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
0O, 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 bilayered, 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 ketoprofen and fenoprofen
by increasing the their solubility in gastric juice and their penetration rate through the
membrane and skin barrier which will make it administrable transdermally (topical ap-
plication). These novel pro-drugs have two structural features in common: they have a
lipophilic portion and a primary, secondary, or tertiary amine 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 diethylaminoethyl
2-(3-benzoylphenyl) propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH, 2-(3-benzoylphenyl) propionic acid (ketoprofen), and
2-(3-phenoxyphenyl) propionic acid (fenoprofen) in water are >450 mg, >450 mg, 0.1
mg, and 0.1 mg/ml. In many instances, the slowest or rate-limiting step in the sequence
is the dissolution of the drug. Ketoprofen and fenoprofen have 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
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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 con-
centration. When these pro-drugs enter the membrane, the hydrophilic part 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-(3-benzoylphenyl)
propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH,
ketoprofen, and fenoprofen through human skin were measured in vitro by using
modified Franz cells, which were isolated from human skin tissue (360-400 um 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-(3-benzoylphenyl) propionate. AcOH, diethy-
laminoethyl 2-(3-phenoxyphenyl) propionate. AcOH, ketoprofen, and fenoprofen
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% solution
of diethylaminoethyl 2-(3-benzoylphenyl) propionate. AcOH and diethylaminoethyl
2-(3-phenoxyphenyl) propionate.AcOH or a 30% suspension of ketoprofen and
fenoprofen in 2mL of pH 7.4 phosphate buffer (0.2M) are shown in Figure 1. Apparent
flux values of 115 mg, 125 mg, 0.9 mg and 1 mg/cmzlh were calculated for diethy-
laminoethyl 2-(3-benzoylphenyl) propionate. AcOH, diethylaminoethyl
2-(3-phenoxyphenyl) propionate.AcOH, ketoprofen, and fenoprofen diffuses through
human skin. The results suggest that the pro-drug, diethylaminoethyl
2-(3-benzoylphenyl) propionate. AcOH and diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH diffuses through human skin ~125 times faster than do ketoprofen
and fenoprofen. The results suggest that the positive charge on the dialkyaminoethyl
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-(3-benzoylphenyl)

propionate. AcOH.

The in vivo rates of penetration of diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH,
ketoprofen, and fenoprofen through the skin of intact hairless mice were compared.
The donor consisted of a 10% solution diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl) propionate.AcOH,

ketoprofen, and fenoprofen in 1 mL of isopropanol applied to a 1 cm’ on the backs of
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the hairless mice. Plasma levels of diethylaminoethyl 2-(3-benzoylphenyl)

propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH,
ketoprofen, and fenoprofen were determined by a specific high-performance liquid
chromatography method. The results (Figure 2, Figure 3) show that the peak levels of
diethylaminoethyl 2-(3-benzoylphenyl) propionate. AcOH, and diethylaminoethyl
2-(3-phenoxyphenyl) propionate. AcOH, were reached ~40 minutes after application of
the donor systems. It takes 1-2 hours for ketoprofen and fenoprofen to reach their peak
plasma level when they are taken orally. The peaks were ~0.02 mg/ml for ketoprofen
and fenoprofen and ~2 mg/ml for diethylaminoethyl 2-(3-benzoyphenyl)

propionate. AcOH and diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH
(approximately 100 times difference). ~2 mg/ml of diflunisal in plasma is more than 50
times higher than kenoprofen and fenoprofen plasma level for effective analgesia and
effective anti-inflammatory activity. This is a very exciting result. It will be very easy
and fast to deliver therapeutically effective plasma levels of ketoprofen and fenoprofen
into the host by these pro-drugs. These results suggest that the pro-drugs can be ad-
ministered 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-(3-phenoxyphenyl) propionate. AcOH.

To check the gastroduodenal bleeding caused by drugs, rats (six groups, each group
had 10 rats) were orally administered with 100 mg/kg of diethylaminoethyl
2-(3-benzoyphenyl) propionate. AcOH, diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH, ketoprofen, and fenoprofen per day for 21 days. We found an
average of 5 mg of fecal blood per gram of feces in the ketoprofen group, 4 mg of fecal
blood per gram of feces in the fenoprofen group and none in diethylaminoethyl
2-(3-benzoyphenyl) propionate.AcOH, and diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH.

The acute toxicity of the prodrugs was investigated. The LD50 orally in rats are: 0.2
g/kg and 1.2 g for diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcCOH and di-
ethylaminoethyl 2-(3-phenoxyphenyl) propionate AcOH. The results show that the
prodrugs are less toxic than ketoprofen (LD50=0.1 g/kg) and fenoprofen (LD50=0.8 g/
kg).

Ketoprofen and fenoprofen have demonstrated anti-inflammatory, analgesic, an-
tipyretic, and antirheumatic activity. A good prodrug should go back to the drug itself
in plasma. Diethylaminoethyl ester group of diethylaminoethyl 2-(3-benzoyphenyl)
propionate.AcOH and diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH can
be rapidly cleaved by the enzymes in human plasma in vitro and more than 90% of the
pro-drugs are changed back to ketoprofen and fenoprofen. Due to the pro-drugs having

a much better absorption rate, the prodrugs will have more strength than their parent
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drugs at the same dosage. The analgetic, antipyretic, and anti-inflammatory activities
of diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcOH and diethylaminoethyl
2-(3-phenoxyphenyl) propionate. AcOH were tested using ketoprofen and fenoprofen
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-(3-benzoyphenyl)
propionate. 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)). After S0mg/kg of ketoprofen and fenoprofen were administered orally
and 50mg/kg of diethylaminoethyl 2-(3-benzoyphenyl) propionate.AcOH and diethy-
laminoethyl 2-(3-phenoxyphenyl) propionate. AcOH were administered 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 4. The groups administered 50
mg/kg of diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcOH (C) and diethy-
laminoethyl 2-(3-phenoxyphenyl) propionate. AcOH (D) transdermally were shown to
exhibit stronger analgetic activity than the group administered 50mg/kg of ketoprofen
(B).

The quantity of writhing 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. 30 mice were divided into 5 groups (6 mice each). Ketoprofen
(50 mg/kg) was administered to groups B of mice, fenoprofen (50 mg/kg) was ad-
ministered to groups C of mice, diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH (50 mg/kg) was administered transdermally to groups D of mice,
and diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcCOH (50 mg/kg) was ad-
ministered transdermally to groups E of mice. 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 and ketoprofen and related

compounds.
Group A B C D E
Dose (mg/kg) |0 50 50 50 50
No. of 35.0 18.1 13.2 14.2 14.0
Writhings
% - 48 62 59 60

The results show that diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcOH
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demonstrates better analgetic activity than 2-(3-benzoyphenyl) propionic acid
(ketoprofen). Other compounds of the general 'Structure 1' show similar analgetic
activity.

Antipyretic activity: Rats received a sterilized E. coli suspension as a pyrogen. 30
rats were divided into 6 groups. The control group is group A. 2 hours later, ketoprofen
(50 mg/kg, B) and fenoprofen (50 mg/kg, C) were administered orally and diethy-
laminoethyl 2-(3-benzoyphenyl) propionate. AcOH (50mg/kg, D) and diethy-
laminoethyl 2-(3-phenoxyphenyl) propionate.AcOH (50 mg/kg, E) were administered
transdermally. The body temperature of rats was 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 ketoprofen and related compounds

t=90 min.

Compound t=0 rmn t=180 min. =270 min.
A, Control 37.33+0.05 37.26+0.07 37.32+0.05 37.34+0.08
group

B (50mg/kg)  |37.25+0.06 36.81+0.05 36.82+0.08 36.78+0.07
C (50mg/kg)  |37.22+0.07 36.82+0.06 36.80+0.05 36.77+0.08
D (50mg/kg)  |37.28+0.06 36.65+0.06 36.58+0.08 36.60+0.07
E (50mg/kg)  |37.28+0.06 36.65+0.06 36.58+0.08 36.56+0.07

The results shown that diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcOH and
diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcCOH demonstrated antipyretic
activity at 50 mg/kg dose and better than does ketoprofen or fenoprofen. Other
compounds of the general 'Structure 1' show similar antipyretic activity.

Anti-inflammatory activity: 50 mg/kg of diethylaminoethyl 2-(3-benzoyphenyl)
propionate. AcOH was administered orally or transdermally to rats and 50 mg/kg of
ketoprofen was administered orally. 60 minutes later, a carrageenin solution was ad-
ministered 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 5. The results show that diethy-
laminoethyl 2-(3-benzoyphenyl) propionate. AcOH by oral administration and
transdermal administration demonstrated better Anti-inflammatory activity than that of
ketoprofen at 50mg/kg by oral administration. Other compounds of the general
'Structure 1' show similar anti-inflammatory activity.

It is also known that a high dose of oral ketoprofen shows an anti-

reactive-antiasthmatic activity by inhibition of the cyclooxygenase activity. Due to
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their very high membrane penetration rate, these prodrugs can be used in treating
asthma by spraying into the mouth or nose of the host. They can also be used to treat
acne due to their anti-inflammatory properties and very high skin penetration rate.
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 comeal surgery, for treating glaucoma or for treating ear inflammatory and/

_ or painful conditions (otitis).

The present invention relates to pharmaceutical preparations comprising of
prodrugs of the general 'Structure 1' in addition to customary auxiliaries and excipients,
e.g. in the form of tablets, capsules or solutions for administration orally and in the
form of solutions, lotion, ointment, emulsion or gel for transdermal administration
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 ketoprofen and fenoprofen-treatable conditions in
humans or animals.

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 ketoprofen and
fenoprofen-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 im-
permeable 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 ketoprofen and fenoprofen to reach constantly optimal therapeutic
blood levels to increase effectiveness and reduce the side effects of ketoprofen and
fenoprofen. These systems can be worn on the wrist, ankle, arm, leg, or any part of
body.

The compounds of the general formula (1) 'Structure 1' indicated above can be
prepared from functional derivatives of 2-(3-benzoyphenyl) propionic acid and
2-(3-phenoxyphenyl) propionic acid, for example, acid halides or mixed anhydrides of
the general formula (2) 'Structure 2'.

R4

CHs

L
T

Structure 2
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In structure 2, R4 represents
(0]

or

,'Y represents halogen, alkoxycarbonyl or substituted aryloxycarbonyloxy, by reaction
with compounds of the general formula (3) 'Structure 3',

R3
H——X . N\
H2 n R4
Structure 3

In structure 3, R3 represents H, one of any alkyl, alkyloxy, alkenyl, or alkynyl residues
having 1 to 12 carbon atoms, or aryl residues; R4 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 2-(3-benzoylphenyl) propionic acid (ketoprofen) and
2-(3-phenoxyphenyl) propionic acid (fenoprofen), 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-yI)-N,N,N',N'-tetramethyluronium hexafluorophosphate, Benzotriazol-
1-yl-oxy-tris (dimethylamino)phosphonium hexafluorophosphate, et al.

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
2-(3-benzoylphenyl) propionic acid (ketoprofen) and 2-(3-phenoxyphenyl) propionic
acid (fenoprofen), by reaction with compounds of the general formula (4) 'Structure 4'.

Structure 4
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In structure 4, 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; R4
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 CI, 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 2-(3-benzoylphenyl)
propionic acid (ketoprofen) and 2-(3-phenoxyphenyl) propionic acid (fenoprofen) of
the general formula (5) 'Structure 5/,

R4
| CH,
| o
CH \[('o HE
o

Structure 5

@

in structure 5, R represents cross-linked resin; R4 represents

oy - O

, 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'.
Advantageous Effects

These pro-drugs of ketoprofen and fenoprofen have a lipophilic portion and a hy-
drophilic 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; when these new pro-
drugs are administered 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
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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 concentration 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
Gl tract, the pro-drugs will not cause gastric mucosal cell damage. Experiment results
show that more than 90% of the pro-drugs were changed back to the drugs itself. The
pro-drugs have a much better absorption rate, and thus the pro-drugs will have better
strength than ketoprofen or fenoprofen at the same dosage. The experiment results
suggest that the pro-drugs, diethylaminoethyl 2-(3-benzoylphenyl) propionate. AcOH
and diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH diffuses through human
skin ~125 times faster than does ketoprofen or fenoprofen. It takes 1-2 hours for
ketoprofen or fenoprofen to reach the peak ketoprofen or fenoprofen plasma level
when they are taken orally, but diethylaminoethyl 2-(3-benzoylphenyl) ’
propionate.AcOH or diethylaminoethyl 2-(3-phenoxyphenyl) propionate. AcOH only
took about 40 minutes to reach the ketoprofen or fenoprofen peak 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 ketoprofen or fenoprofen, most notably GI disturbances such as dyspepsia,
gastroduodenal bleeding, gastric ulcerations, and gastritis. Another great benefit of
transdermal administration of these pro-drugs is that administering medication,
especially to children, will be much easier.

Description of Drawings

Figure 1: Cumulative amounts of diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH (A, 30% solution), diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH (B, 30% solution), ketoprofen (C, 30% suspension), and fenoprofen
(D, 30% suspension) crossing isolated human skin tissue in Franz cells (n=5). In each
case, the vehicle was pH 7.4 phosphate buffer (0.2 M).

Figure 2: Total plasma-levels of ketoprofen after topical application of 1 ml of a
10% solution of diethylaminoethyl 2-(3-benzoylphenyl) propionate. AcOH, (A) or
2-(3-benzoylphenyl) propionic acid (ketoprofen, B) in isopropanol to the backs of
hairless mice (n=5).

Figure 3: Total plasma levels of fenoprofen after topical application of 1 ml of a
10% solution of diethylaminoethyl 2-(3-phenyoxyphenyl) propionate. AcOH, (A) or
fenoprofen ( B) in isopropanol to the backs of hairless mice (n=5).

Figure 4: The prolongation time of the pain threshold of mice tails after S50mg/kg of
ketoprofen (B) was administered orally, 50mg/kg of diethylaminoethyl
2-(3-benzoyphenyl) propionate. AcOH (C) and diethylaminoethyl 2-(3-phenoxyphenyl)
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propionate. AcOH (D) were administered transdermally. A group is the control group.

Figure 5. The rate of swelling (%) after a carrageenin injection. 1 hour before the
carrageenin injection, 50 mg of 2-(3-benzoyphenyl) propionic acid (ketoprofen, B) was
administered orally, 50 mg of diethylaminoethyl 2-(3-benzoyphenyl) propionate. AcCOH
was administered orally (C), and transdermally (D). A group is the control group.

Structure 1. in structure 1, R] 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 résidues
having 1 to 12 carbon atoms, or aryl residues; R4 represents

o O

, X represents O, S or NH; A’ represents CI, Br, F, I, 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
0O, S, or NH.
Best Mode

Preparation of diethylaminoethyl 2-(3-benzoyphenyl) propionate.AcOH

11.7 g (0.1 mol) of diethylaminoethanol was dissolved in 10% sodium bicarbonate
(200 ml) and acetone (100 m1). 27.3 g (0.1 mol) of 2-(3-benzoyphenyl) propionyl
chloride was added into the reaction mixture. The mixture is stirred for 3 hours at RT.
The solvents are evaporated off. The residue is suspended in ethyl acetate (500ml). 5%
sodium bicarbonate (200 ml) is added into the reaction mixture with stirrin g. Ethyl
acetate layer is collected and washed with water (3 x 500 ml). The ethyl acetate
solution was dried over anhydrous sodium sulfate. Sodium sulfate is removed by
filtration. 6 g of acetic acid is added into the reaction mixture with stirring. The organic
solution was evaporated off. After drying, it yielded 36 g of the desired product (87%).
Hygroscopic product; Solubility in water: 400 mg/ml; Elementary analysis: C24H31N05;
MW: 413.51. Calculated % C: 69.71; H: 7.56; N: 3.39; O: 19.35; Found % C: 69.69;
H: 7.59; N: 3.36; O: 19.36. 'H-NMR (400 MHz, CDCl ): &: 1.51 (d, 3H), &: 1.56 (t,
6H), 2.21 (s, 3H), 3.27 (m, 4H), 3.52(m, 2H), 3.78 (m,ﬁlH), 4.52 (t, 2H), 7.0 (b, 1H),
7.31 (m, 2H), 7.36 (m, 2H), 7.45 (m, 1H), 7.51 (m, 1H), 7.56 (m, 1H), 7.70 (m, 2H).

Mode for Invention

1. Preparation of dimethylaminoethyl 2-(3-phenoxyphenyl)
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propionate.AcOH
26.1 g (0.1 mol) of 2-(3-phenoxyphenyl) propionyl chloride was dissolved in 100
ml of chloroform. The mixture was cooled to 0°C. 15 ml of triethylamine and 8.9 g
(0.1 mol) of dimethylaminoethanol were added into the reaction mixture. The mixture
is stirred for 3 hours at RT. The solvents are evaporated off. The residue is dissolved in
methanol (300ml), 5% sodium bicarbonate (200 ml) is added into the reaction mixture.
The mixture is stirred for 3 hr. The mixture is evaporated to dryness. Methanol (300
ml) is added into the residue with stirring. Solid is removed by filtration and washed
with methanol. The solution is evaporated to dryness and the residue is dissolved in
chloroform (200 ml). 6 g of acetic acid is added into the reaction mixture with stirring.
Some solid is removed by filtration. Another 6 g of acetic acid is added into the
reaction mixture with stirring. The organic solution was evaporated off. After drying, it
yielded 32 g of the desired product (85. 7%) Hygroscopic product; Solubility in water:
500 mg/ml; Elementary analysis: C H NO MW: 373.44. Calculated % C: 67.54; H:
7.29; N: 3.75 ; O: 21.42; Found%C 6751 H: 7.30; N: 3.74; O: 21.45. 'H-NMR (400
MHz, CDC13). d: 1.51 (d, 3H), &: 2.21 (s, 3H), 2.91 (s, 6H), 3.52(m, 2H), 3.78 (m, 1H),
4.51 (t, 2H), 6.70 (b, 1H), 6.74 (m, 1H), 6.78 (m, 1H), 6.84 (m, 1H), 6.92 (m, 2H), 6.98
(m, 1H), 7.17 (m, 1H), 7.22 (m, 2H).
2. Preparation of S-dimethylaminoethyl 2-(3-phenoxyphenyl) thio-
propionate.AcOH
10.4 g (0.1 mol) of dimethylaminoethyl mercaptan was dissolved in 10% sodium
bicarbonate (200 ml) and acetone (100 ml). 27.3 g (0.1 mol) of 2-(3-phenoxyphenyl)
propionyl chloride was added into the reaction mixture. The mixture is stirred for 3
hours at RT. The solvents are evaporated off. The residue is suspended in ethyl acetate
(500ml). 5% sodium bicarbonate (200 ml) is added into the reaction mixture with
stirring. Ethyl acetate layer is collected and washed with water (3 x 500 ml). The ethyl
acetate solution was dried over anhydrous sodium sulfate. Sodium sulfate is removed
by filtration. 6 g of acetic acid is added into the reaction mixture with stirring. The
organic solution was evaporated off. After drying, it yielded 34 g of the desired
product (87.3%). Hygroscopic product; Solubility in water: 400 mg/ml; Elementary
analysis: C, H NO S; MW: 389.51. Calculated % C: 64.75; H: 6.99; N: 3.60; O:
16.43; S: 823 Found%C 64.73; H: 6.98; N: 3.61; O: 16.46; S: 8.22. "H-NMR (400
MHz, CDC]3). §:1.52 (d, 3H), &: 2.20 (s, 3H), 2.91 (s, 6H), 3.31(t, 2H), 3.81 (m, 1H),
3.91 (t, 2H), 6.70 (b, 1H), 6.74 (m, 1H), 6.78 (m, 1H), 6.84 (m, 1H), 6.92 (m, 2H), 6.98
(m, 1H), 7.17 (m, 1H), 7.22 (m, 2H).
3. Preparation of N-dimethylaminoethyl 2-(3-benzoyphenyl)
propionate.AcOH
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8.8 g (0.1 mol) of dimethylaminoethylamine was dissolved in 10% sodium bi-
carbonate (200 ml) and acetone (100 ml). 27.3 g (0.1 mol) of 2-(3-benzoyphenyl)
propionyl chloride was added into the reaction mixture. The mixture is stirred for 3
hours at RT. The solvents are evaporated off. The residue is suspended in ethyl acetate
(500ml). 5% sodium bicarbonate (200 ml) is added into the reaction mixture with
stirring. Ethyl acetate layer is collected and washed with water (3 x 500 ml). The ethyl
acetate solution was dried over anhydrous sodium sulfate. Sodium sulfate is removed
by filtration. 6 g of acetic acid is added into the reaction mixture with stirring. The
organic solution was evaporated off. After drying, it yielded 33 g of the desired
product (85.9 %). Hygroscopic product; Solubility in water: 400 mg/ml; Elementary
analysis: C H N O MW: 384.20. Calculated % C: 68.73; H: 7.34; N: 7.29; O: 16.65;
Found%C 6870 H 7.35; N: 7.29; O: 16.66. 'H-NMR (400 MHz, CDCl) d:1.51
(d 3H), 2.21 (s, 3H), 2.90 (s, 6H), 3.50(t, 2H), 3.65 (t, 2H), 3.89 (m, 1H), 7 0 (b, 1H),
7.33 (m, 2H), 7.37 (m, 2H), 7.47 (m; 1H), 7.52 (m, 1H), 7.57 (m, 1H); 7.72 (m, 2H),
7.80 (b, 1H).

4. Preparation of N-dimethylaminoethyl 2-(3-benzoyphenyl)
propionate.AcOH

25.7 g (0.1 mol) of 2-(3-benzoyphenyl) propionic acid was dissolved in 100 ml of
acetonitrile. 32.1 g of O-(Benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium tetraflu-
oroborate and 30 ml of triethylamine were added into the reaction mixture. 11.7 g of
dimethylaminoethylamine was added into the reaction mixture. The mixture was
stirred for 3 hours at RT. The solvents were evaporated off. 250 ml of ethyl acetate was
added into the reaction mixture and the mixture was washed with water (3 x 100 ml).
The organic solution was dried over anhydrous sodium sulfate. Sodium sulfate was
removed by filtration. 6 g of acetic acid was added into the reaction mixture with
stirring. Hexane (200 ml) was added. The solid product was collected by filtration.
After drying, it yielded 32 g of the desired product (83.3%). Hygroscopic product;
Solubility in water: 400 mg/ml; Elementary analysis: C22H28N205; MW: 384.20.
Calculated % C: 68.73; H: 7.34; N: 7.29; O: 16.65; Found % C: 68.70; H: 7.35; N:
7.29; O: 16.66. 'H-NMR (400 MHz, CDC]3): d: 1.51 (d, 3H), 2.21 (s, 3H), 2.90 (s,
6H), 3.50(t, 2H), 3.65 (t, 2H), 3.89 (m, 1H), 7.0 (b, 1H), 7.33 (m, 2H), 7.37 (m, 2H),
7.47 (m, 1H), 7.52 (m, 1H), 7.57 (m, 1H), 7.72 (m, 2H), 7.80 (b, 1H).

5. Preparation of diethylaminoethyl 2-(3-benzoyphenyl) propionate.AcOH
60 g of Polymer-bound triethylamine (3 mol/g, 100-200 mesh) was suspended in
180 ml of chloroform. 25.7 g (0.1 mol) of 2-(3-benzoyphenyl) propionic acid was
added into the mixture with stirring. 43 g (0.15mol) of diethylaminoethyl bromide. HBr

was added into the mixture and the mixture was stirred for 5 hours at RT. The polymer
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was 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 was
stirred for 2 h. The solid was removed by filtration and washed with chloroform (3 x
50 ml). The solution was 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 36 g of the desired product (87%). Hy-
groscopic product; Solubility in water: 400 mg/ml; Elementary analysis: C24H3]N05;
MW: 413.51. Calculated % C: 69.71; H: 7.56; N: 3.39; O: 19.35; Found % C: 69.69;
H: 7.59; N: 3.36; O: 19.36. 'H-NMR (400 MHz, CDC1 ): 8: 1.51 (d, 3H), &: 1.56 (t,
6H), 2.21 (s, 3H), 3.27 (m, 4H), 3.52(m, 2H), 3.78 (m, JIH), 4.52 (t, 2H), 7.0 (b, 1H),
7.31 (m, 2H), 7.36 (m, 2H), 7.45 (m, 1H), 7.51 (m, 1H), 7.56 (m, 1H), 7.70 (m, 2H).
Industrial Applicability
The pro-drugs of the general formula (1) 'Structure 1' are superior to ketoprofen

“and fenoprofen. They may be used medicinally in treating any ketdprofen and

fenoprofen-treatable conditions in humans or animals. They may be used for the relief
of signs and symptoms of rheumatoid arthritis and osteoarthritis, the reduction of fever,
and the treatment of dysmenorrhea. They may be also prescribed for diabetic
neuropathy and acute migraine headache. 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'

R4
TH3 L R,
CH X @N/_ 2,
\H/ \<ﬁj: \Ra
O

~ Structure 1
In structure 1, R] 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; R4 represents

o - O

, X represents O, S or NH; A’ represents CI, Br, F, I, 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,
0, 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 ketoprofen and fenoprofen-treatable conditions in humans or
animals. The ketoprofen and fenoprofen-treatable conditions include, but are not
limited to, pain from a toothache, headache, and arthritis and other inflammatory
pain, fever, cancer, dysmenorrhea, radiation-induced vomiting, diabetic
neuropathy and acute migraine headache, hemophilic arthropathy, bone loss, and
sunburn.

Methods for treating any ketoprofen and fenoprofen-treatable conditions in
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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 thera-
peutically effective plasma levels of compounds of the general formula (1)
'Structure 1' 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, sunburn or other skin disorders in the from of a solution, spray, lotion, oin
tment, 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, for treating of
ocular pain after comeal surgery, for treating glaucoma or for treating ear in-
flammatory and/or painful conditions (otitis) 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 kenoprofen and fenoprofen-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
ketoprofen and fenoprofen to reach constantly optimal therapeutic blood levels to

increase effectiveness and reduce the side effects of ketoprofen and fenoprofen.
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extent that no meaningful international search can be carried out, specifically:

3. l:] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences ot Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Tnternational Searching A uthority found multiple inventions in this international application, as tollows:

1. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. As all searchable claims could be searched without effort justifving an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specitically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report s
restricted to the invention first mentioned in the claims; it is covered by ¢laims Nos.:

Remark on Protest D The additional scarch fees were accompanicd by the applicant's protest and, where applicable, the
paviment of a protest fee. '
The additional search fees were accompanied by the applicant’s protest but the applicable protest
~ fee was not paid within the time limit specilied in the invitation.
D No protest accompanied the payment ol additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2007)
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4, 5, 6, 7, 8 9, 10+ FiEMRETLLEEC. H. O. S. NEF, aTUAFSRE. XEMm
=4t {EfTCH,ZERA T LIEO, SEXNHEA.

2. BAIESR 1 BARMER (1) “4HRK 17 rERRN S MEHE T k.

3. WRRIESR 1 B “4 17 IRRN A S—MESESH - RE (D
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B R B k5 5 B ) T PR AT /K S M S 25 RAH SR S Y RI AT S
BARGUL

KRR 2- G-EFBEL WR (EEZS) &2 G-FEEFRD WK GEEED)
[y T AT B0 7K W P AT 24 R EL AR VA 9T A BB (K AR AT RV 25 A0 3 VR R S5 m IR IR S L RIRY
M. BRI, RERRNT TR A SF SR RS ST ORMEEM .. KR a LI
- IRBUEK %P '

BAER

TS AR B S RN LIS K Zh, 1986 FMIEFHWATER, ZRITZHTE
R RIBME X H RANE AT RMLRIER, URETIHE. BT LBt h B2
W ANBLR. B8Wm. DEFARSIRIER. MEFEAMLLASE (PDR Generics,
1996, second edition, Medical Economics, Montvale, New Jersey, pg 1812), Hi¥&35i% AT
TH&:kHE% (Alfano, M.C.; Troullos, E.S., US Patent No. 5, 902, 110). FEi#75m] LAH
Ty 2 ek K B o B AR R, B e AR RIS 4. TS SR T LS KA
BN T AT SR X & AT IF RS R R A, LK Ak Sk J% (PDR Generics, 1996, secoﬂd
edition, Medical Economics, Montvale, New Jersey, pg 1290). ﬁ?i%?%?;ﬁ:ﬂﬂfﬁ??ﬁﬁ 1K
3% (Toth, P.D., REEHS 4, 472, 431D,

BE, RAMESMERRSSFERZAER, REENFEREANE, HlIIIHELAR.
=S, B HIE 4. Fishman (Fishman; Robert, Z2EEF|S 7, 052, 715)
SR R SAEN S — BB, AT BERAIT T E P A MR AE, AW
AR R IR E L B AR H . XS 1 1550 & TR R 20 ) A B B0 ) P YR BB A R AL 1)
S BRFTE . Fishman 2 A (Van Engelen %, #EEHR|S 6, 416, 772; Macrides %, EEHE
FIS 6, 346, 278; Kirby %, EEEFRIS 6, 444, 234, Pearson 5, EKEEF S 6, 528,
040, LR Botknech 5, ZEEEF|S 5, 885, 597) T i@l HIFIM 7 KIF KAV LB RAR
BT BRAT. R, BT XY Rk E B E RIS, 8 %5 75 2R XM 2k
BF 1k B A 0747 K F. Susan Milosovich &Rt FHFA M T 4-Z FHRER TREEHE L
(TSBH), HEA—NEMBAF—ANTELEH pH FUBRTHAERTFEN=Z LRI BT
KIMIXANFIZS (TSBH) &I IKAEK £ /25 (TS) AREIiL 60 f&. [Susan Milosovich,
etal., J.Pham. Sci., 82, 227 (1993) J.
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RARREGER, FHAR B RS M), A& REEISMEEREFHEER . XL
BIE /MRS S TATE — N EEERESM— N EAERE pH &84 TRTHER
CHEEMI—4R, T4, RS GNIEE (GEAKMERRS). XEERIKE—HE N E R SR AT
Y RE BT 4 7 1 [Susan Milosovich, et al., J. Pharm. Sci., 82, 227 (1993) ]. A IEF 1
EEAKBEIN T AYMBRE., 2- G-FEPELERE) AR AR CERERE. 2- GFEE
FE) BB ZEREZEREREL. 2- G-EPEER) W (BEZF) 2- G-FREFRE)
Fl GEZEI) fEKPHBEENSTA: >450 mg, >450mg, 0.1 mg, & 0.1 mg/ml. £#K
HBRT, YNGR ERBGTIE RIEFIREIEEAID R, B SF e i 35 e B R B 0%
EEE N, EKNEERERBSETATRSBE MBS [IXEH A E 25 LI
WH%\W%\%ﬁﬁﬁ%ﬂmﬂﬂDmﬁ,EMHE%%%?%%¢°ﬁ%ﬁ%ﬁ¥¢ﬁ
B EMIFEHSSAMBENBRINGEN A AN ERES. Fit, 7 EYESMUR R
m%Mﬁﬁ%Tﬁ%%%ﬁﬁ%%ﬁ&ﬁ@mmgmgﬁo%E%ﬁ%ﬁ?ﬁAﬂi%ﬁu
B, ERMEBHSHSFZARA MR, —FhRRSRIRE KEREEFE. B TERY
B REE, AT B AR MRS R . 2- G-EREBERE) AR _ZEEL
FEBLEEEh. 2- -EARERE) HM - AR BB . BRI MIEER B Ak Rk
(3K R ZE A 408 5 G Franz WEEATINE, R ABRLKS B B KR BRI AT SE MM A
AR L (360-400 pm ). B 10 ml A 2%H0 4 M SRR B B9 4 HR oK 48 R E
BL 600 BE//HIEER . 2- G-ERPHER) AR - CRECEERE. 2- G-FHREFRE
HER— 2B AFSiE R . BR 2 M IR R 25 B o R 2L EXT R Bl R X R R A E X
BB R E . LA T 2 ml pH 7.4 BERRGE M EVVEIR (0.2 MD 19 30% 2- (3-KH B
RE) 2 Z AR B SR T 2 ml pH 7.4 BSEEZEMR AT (0.2 MD 1 30% 2- (3-
REHFER) FM T 2R BRI, BT 2 ml pH 7.4 BEERZE LA (0.2 MD
{7 30%EH78 25X FRBIREWA T 2 ml pH 7.4 BHRSE M EE (0.2 M) 1Y 30%3F a7 75 RITR &
A BRI, SR 1 PR, X2 G-EREEE AR -ZEEZERRE. 2- G-
FEEFR) WM ZEEEERRR L. FE SRR B 5 T B9 B 0 AR B R R %
BES SIS 115 mg. 125 mg. 0.9 mg Al | mg/em®h. Z5RYLW, Ry 2- G-EHFBERE W
WM 2R R . 2- G-ERAEER) FAM - LR BB thiE A Bk 3 R
HERR SRR SR T IR 125 245, 4R - 28 % 25 IF s il 2598 it AL Y
FEREEEEE, B ‘SR 17 FREERIZINERERS 2- G-FREEERE) AR
TR BERARR S AR E AR

A SEIR LR T 2- G- RHEERE) WK ZRE BRI, 2- G-FERAFRIL W
—ZRE SR RR . TIRSY . FEEIRSFEIEME BTG RO ERNEE . R T
I ml BFEEH 10% 2-(3-ERELEFORR - L85 CHRBR A 3T 1 ml AR 10%
2. B-FEEEEF W - LB ZEEEER AR BT 1 ml JNEER 10% B 3F e
F 1 ml BEFREN 10% JEEEFBRE M. BHRTIEBNREE 1 om? #67. MR 2-(3-
EERECER) BT LA LSRG E . 2- -REEEE) Bl T LR 2 h e . W
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WIS, FEEIE IR R E NSO G ERNE. 4R (B2, B3) B, EE
LA R G4 40 SY50JE 2- G-EBRBER) WK - 83 ZBEBEREM 2- G- REIEFED
W= 2B Z Bams B S PR B IR . O ARERE SRR W25, 1-2 /DR IR 254
WefE A Bk B . BRVR SF SR L S5 10 M 259K BT IS E 29 0 0.02 mg/ml, 2- (3-SR FREEHED)
W ZE R ZFEEBEM 2- G-FEAEFRE) NR - CAELERRIMAREZIEEL 2
mg/ml CRAFHZER 100 £5). M ZHFBHIL 2 mg/ml (13 B LT A BB AA BE £ 1
SRS MBEREE R T S0 B2, RS ARENLER. Bl X LaT2a] LURE
5, HOEHK A B3R R RS S REE R T AATE X .. XEER B RETAAMNET LA
R, MiERTUUBIEBEEASGAT&METF. B “4HR 17 PROHBERTAERNBEK
EES 2 G-FAEXRR) FR- CHECMHERRIEEED.

BT RERESIRE S+ oeBnE L, RNSRAKXR (4, 8410 AXR) A
AR 100 mg/kg 2- (3-KFABEAHREE) WK ZEELBERRERE . 2- G- RREFEL WA
7B AL . MRS, SEVNEE, 4L 21 K. EEEISSARNMRATHELRISTHE Sme
@i, EEESATHESERAEDE 4 mg FilL, T 2- G-EFHER FR_-ZEEZ
EaBtEeh. 2- G-RAEER) Wi~ 28I ZHERSER 2 % KL M. 8

SCISMIGE TIX LRI M A BN . KRN O LDs A: 2- G-EPREBRER) AR _-ZE
HZFEEERE £ 0 0.2 g/kg, 2- B-FEERIE) W ZEHE LEREKRIEN 1.2 g SR ULHIHI
B L EIR ZE (LDse=0.1 g/kg) FFEIEHE IS (LDso=0.8 gkg) K.

BE3E. SR CAMIEMEN. BUR. ERAMPUENER. —MIMRIZZED
HRIZRREIEIRZ, RANIRIEH, TEARMKT 2- GKARFR) AR IFEL
FEBSRRER AN 2- (-HEAER) WK - 2R A BB T i — LRk Z B2 [ R A R
KR, #Eit 90%k AT 2y [E BB 3T AE & 2y . T RUZSHOMRISCERTELE, B A& AH [R) i
DT L BEZTE 3R . JRAIRS 2- 3-F BRI R — Z8H CHEBEER AL . 2- (3-RAEER
) W LR Z BB A DR . R IIPTSAERM T PN, SERER . SRR
B BATRA R R A xRN AR 17 PrEMeED M T K, XA RS 2- -
FRBMFE) AR ZEE R MM R F L.

HUBVER . AE D'Amour-Smith #1757 (J. Pharmacol. Exp. Ther., 72, 74 (1941)) %
NERFE R SE I (8. AN BRSO me/kg FIBRMESSRIFERIR ST, B 4G 50 mekg
iy 2- (3-FEPEIFE) IR 28I ZBRELER 808 475 50 mg/Ke 19 2- (3-RAHEFREL)
s~ ZE I LB ENE, B/ RINJR B B b, IR BRI IR o 45 S un
4 FfioR. B RE525 50 mgkg 2- (3-ZE FEERIL) MR = 2R ZBelbuE sh 4 (O Fnig L4
25 50 mg/kg2- (3-FHAFR) WL - L RE LRI HMA (D), HIBBEREMNEMT
4575 SO mg/kg BVE SR HI4H (BD-

St U 48 25 B R VA S Hh LB L VR 17 TR, Rt R S A A ) .

7
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30 FUNRAMAR S 41 (34 6 K1) B /M ELAZH 50 mekg BIVATF, C 4L/NEATE S0 mgke
WS, D HNRBRET 50 myke 2- G-ARPBLRAL) PR ZEM LM, E 4
£33 FE P 50 mg/kg 2- B-FEREER) AR LRFELAERERE. A JaXTREZH . TEAPIBS
BOVEE 30 AR N2, WA RE L.

&1 EASE. FEEIRIF R HAR AL SRR R

Al A ] B Cc D E
& (mgkg) 0 50 50 50 50
A RE 35.0 18.1 13.2 14.2 14.0
% . 48 62 59 60

HRER 2- G-FH BRI HIR — AR R B R M BB AR EL 2- G-FHERE) W
B (Fs2s) &F. @ “ ?’Sffi]i't»l”_EPE‘JEIE%%%E%T?FEMB‘J%E%%'@O ‘

AP KRR K K H BB D SRR . 30 UK 6 4l A 4UHRHR
M, 2 ANPEIE, ORRGBZEEIRIT (50 mg/keg, B 4D FIFEWWE3F (50 mgkg, C 4D, B R
g2 G-EPEAER) AT ZEEZMERY (SOmgke, D4D M2 G-REHEREE)
G~ 2 E L EE ML (50 mgkg, B 4D. MRMLEWETRIEERR 00 4 Eh kRl
. SRNEK2.

2. MBFMHERNE YRR HAEH
£ ) =0 min. t=90 min. t=180 min. t=270 min.
A, FAH 37.330.05 37.26£0.07 | 37.32+0.05 37.34+0.08
B, (50 mg/kg) 37.25+0.06 36.81+£0.05 | 36.82+0.08 36.78=0.07
C, (50 mg/kg) 37.2240.07 - | 36.82+0.06 | 36.80+0.05 36.77+0.08
D, (50 rﬁg/kg> 37.28+0.06 36.65+£0.06 | 36.58+0.08 36.60::0.07
E, (50 mg/kg) 37.28+0.06 36.65£0.06 | 36.58+0.08 36.56+0.07

e BT 50 mg/kg AEHY 2- G-EWEERED) KR 2B CEEREIR AN 2- GRFERE)
ikj@if»‘z:‘z’ﬁg%L@E@%Mﬁ&ﬂ@i&%&ﬁrlﬁ:tb@ﬁ]#@%%ﬂﬁé%?ﬁ%ﬁo w1 hTEEAE
YR T AR R RE T '

FURMER: F RS O ARENE 44 2550 mg/kg 2- (- FPEEREL) iR — L7 AL LHeRatik &,
AR 2550 mg/kg BV SF . 60424 fE 10 A SR WL TF 4 25 31 K U MR . 5253
152 5 A 10 B B — VR O RS VA4 B,V E R A AR A B B TR MR (%), 13 E
i BN SR, S5 FoR DIRANE 2452550 mgke 2- (3-E B W LA SETNE
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X T2 ET AR R AR bR, DRI AT AR A Bl ) T FOR TR T i . R
NI A FFIEIR B35 B IR, X RT 2T LLIRYT TESE o

XEHTHRAE R P LR, STIRMHZMH G . ENETTH THRTIRERAE, 67
TR G HRTBAE, 7 HOCIREGAT B R SOER/BERIRES (B R,

 ARBMPREEER “HHR1 FERORORS SRR BRI RS, s,

AT ORRMA . RESARS, WATERANOEE. . WE . URSRRKS. &
R GRS A YT L Y RangEEFAL B, C. B, B-9A% MR, Bt
T, WNEER, BT AT NSRS AE TR S R I AT LR ST IR

- BRBTRARSG, AR @ikl &' TR AR A E S —FiBR R
TORMIL SN TR A S, PTRIT v NS o (4 (o B 55 R SV 35 A0
iR . KRG LURMA SIS, KA — B AT R R A — RSB R
B. BIUGHERSR —E R, 48 — S N R SRR . B R NG,
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Rt 3 1, RyARE H, 0 1-12 MR TFHGE. 1-12 DBRIR TR, 1-12 MRERT
MERER 1-12 MRBTFRIgst, ®EFE; RAKH, £ 1-12 MRETHREE, 1-124

BETFHRERE. 12 MRETOMRER 112 MRETFHRE, SEHE XRKO, S
NH; n=0, 1, 2, 3, 4, 5, 6, 7, 8 9, 10+

B (D MR 17 FIERARAESYECE 2- GRPBEE Wk (BE3).
2- GFERKE) AR GEREID, 5ER 3“4k 37 IRRNALEDETISHRE
FIRRHI& RS, N, N-ZHROEBRBTEK (DCC). N, N-ZRAEREBIER (DIC).
O-%F=AMN, N, N, N-DUFERITMERE: (HBTU). O-%H# =&M-N, N, N, N-
TR B ERES (BOP). 3= M- 1- 3 4U-= (TR B mBmL%.

L X 3% O i, FETR (1) “4Et 17 RS ST 2- GEREERE) &’
&(%@%)ﬂz(3Xi%$%)ﬁ%(ﬁ%ﬁ§)W%E“iﬁmwﬁ% K (4) “45
3 47 PR EY RN

r\ R)

N—'—R3
Hv n

R4
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%%%XLHA%E¥%m%,iﬁﬁﬁz&ﬁﬁH,&ﬁLu¢ﬁE¥%ﬁ%\Lu¢
BB TR AR, 1-12 MRE PR 1-12 MRE TR, BE 5 RAREH, £
112 AR BT, 1-12 MRE T REEIE. 112 MR E T HOMEED 1-12 MR E T RORE,
ﬁﬁ%%'ZﬁﬁM%,ﬁﬁmﬁﬁm%;A4U§O,BMFEY,MO,ﬁ%&W,ﬂE
TRET 1, 2, 3, 4, 5, 6, 7, 8 9, 10-----

X R O T, EREIIS (1) B 17 RO AT LI (5) “GHR 57

B 2 GEHEER) FE (EZ) 2o GEEUERR) WEE (GRER3D) M
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1: @iT Franz # (n=S) A EMAKRIKALRN 2- GHPRAER) WK LE8HE
7B L (A, 30% WD, 2- G-FEERR) WK R ZEREE (B, 30% B,
TR (C, 30%IRBR), FIFEEIRET (D, 30%IREH) . FPh4M T REAAFERE N pH 7.4
R B P (0.2MD.

B2, MEENR (n=5) HTHFHHFEABE T ml BHEBERI10% 2- G-FEHBCRE) AR
TLRBECEEREBERIR, (A) B2- GRPHERE) N (B35, B) EIRPERRETH

A=
B

B3: SEEPR (n=5) HEEAWBFHBET1 ml FEBERI10% 2- GRKEEFEE) W
TR REZEERERRE, (A) BEEWIBIY (B) FMRPIEEBISFMEBE.

Bl4. 7E DRSO mg/kg EIMBE: (B), BREYAZ50 mgkg2- B-RHEIARE) WR_ &
LEREEEREE (C), MARIBREGH2- G-FREEFE) WR— zﬁﬁaﬁ‘éﬁﬁ&ﬂ (D) F /MR
BB AR ). AR R ’

s 75 SO H A R (%) FSRSBIESS AT 1N DRSO mg 2- (3-FFFBAED K
B (B35, B), AR (O LLRE A2 (D) 50 mg 2- (3-FFELER) FE— z@gz
BEREER L . AAXTHRA .

SR 1 LM 1R, RAEH, ET1-124 5 B F ikt 1-124\aﬁﬁa¥s@ﬁfﬁ%;
12N B B T R - 1 2N BR B T (O ME, BB T 3L RoACRH, AR 1- 12 BR R T B 3L
LRABETOREE. 1-2AABET OG- RETIRE, REFE, RACEH,
FFT-12 B R F 52 . 1120 R T RIS 1- 12 BR R T AR AR B - 12 B R 7 (kR
B, BUEITE: RAKUTEH: ' '

XALFO, SEINH; A-fEZRCL, Br, F, T AcO’, ﬁa&fft@zlﬂuj F; n=0, 1, 2, 3,
4, 5, 6, 7, 8 9, 10 FIAMREITLASC. H. O. S. NEF, AILIF R, XEM
=4, ETCHAEF T L0, SSINHEUE. |

BT

L0 EEELER) BT LA LI R AR

% 11.7 g (0.1mol) = ZEIE Z BRI EAE 200 ml 10% T B2 SN ZK HHECR 100 ml PR AR
)xﬁ\‘/ra/a’MEP I 27.3 g (0.1mol) 2- (3-8 FEEESREL) P&, R RV TR S R EE 3 /SR

12
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EFHH. FHEYET 500 ml ZEZEF . HEMA 200 ml 5%RRKBREMKER. WESL
BRI RKEE= R, SR 500 ml. ZBRZESHE A TKEREM TR, kR EmERM.
REGREYFIREEIMA 6 g BERR. BT HENM. TEREBE 36 ¢ HREH BIr~ MM, mFEA
87%. KAFHMREE: 400 mg/ml; JCEAHT: CoaHyNOs: 73T E: 413.51, HRME (%) 69.71;
H: 7.56; N: 3.39; O: 19.35; SEM{A (%) C: 69.69; H: 7.59; N: 3.36; O: 19.36. 'H-NMR
(400 MHz, RAAEMHEFRD: 6: 1.51 (d, 3H), 6: 1.56 (t, 6H), 2.21 (s, 3H), 3.27 (m,
4H), 3.52 (m, 2H), 3.78 (m, 1H), 4.52 (t, 2H), 7.0 (b, 1H), 7.31 (m, 2H), 7.36
(m, 2H), 7.45 (m, 1H), 7.51 (m, 1H), 7.56 (m, 1H), 7.70 (m, 2H).,

MR
L2 GAUERIE) TR PR B S

¥26.1 g (0.1 mol) 2- (3-FEILFE) WHFEBEMELI00 ml M+ . IREYDLNEIOC.
RRRE-SY R RIS mI=ZEH8.9 ¢ (0.1mol) AN ZEL. BAWERBII /M.
T, YA TF300 mlFEE. #4200 ml 5% BREBRES/KBBIMARMBEYP. BE
PIBEHES N . IREWET . R RHRPEMA300 mIFEE . W yERR £ BRI R, HE
WWET, BB T200mlEF. RNBEYFHIMAG g BER. JIEMREE . kLT
LM EHEMA RN ¢ BB, ZTENM. THREBIR gBRRe B, &N
85.7%. KPP EEMEEE: 500 mg/ml; JTESH: CuHpyNOs; 7 F&: 37344, BHik{E (%) C:
67.54; H: 7.29; N: 3.75; O: 21.42; SK#ME (%) C: 67.51; H: 7.30; N: 3.74; O: 21.45.
'H.NMR (400 MHz, ACEMTHEFD: 6: 1.51 (d, 3H), &: 2.21 (s, 3H), 2.91 (s, 6H),
3.52 (m, 2H), 3.78 (m, 1H), 4.51 (t, 2H), 6.70 (b, 1H), 6.74 (m, 1H), 6.78 (m,
1H), 6.84 (m, 1H), 6.92 (m, 2H), 6.98 (m, 1H), 7.17 (m, 1H), 7.22 (m, 2H).

2.2- 3-ZREHEHFE) N PRI LB R A& R

$10.4 g (0.1 mol) N, N-ZFEIEZFBEZA I T200 ml 10%BKER Z N E AN 100 mIS
th, RERSYWPHEEIMA27.3 ¢ (0.1 mol) 2- -EFEEE) AHE. BEWEEMHE3
BT, FEFER REYETS00 mZKRZEE+ . RENIREYPHREEMA200 ml 5%HRER S
K. WEZBZEZRFFAKEEIR, §R500ml. 28 LEGE B TR T 5. S8
BERBMN. REESYWPHEMAG g . RTAHVME. THREBRI3 g 5RIEH IR
FEEL L FEZR K87 3%, KPEME: 400 mg/ml: TTESIT: CuHHNOLS; 47 FE: 389.51.
R (%) C: 64.75; H: 6.99; N: 3.60; O: 16.43; S: 8.23. SLM{E (%) C: 64.73: H:
6.98: N: 3.61; O: 1646; S: 8.22. 'H-NMR (400 MHz, RACEIHHD: 6: 1.52 (d,
3H), 6: 2.20 (s, 3H), 291 (s, 6H), 3.31 (t, 2H), 3.81 (m, 1H), 3.91 (t, 2H), 6.70
(b, 1H), 6.74 (m, 1H), 6.78 (m, 1H). 6.84 (m, 1H), 6.92 (m, 2H), 698 (m, 1H),
7.17 (m, 1H), 7.22 (m, 2H). ' ‘

3. T wfu;g 2,32 (3-ZEFFELAERSL) TNBLIL NGBS AR Bh 108

13
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8.8 g (0.1 mol) N, N-—FFE & Z EFMRAE200 ml 10%E9 5 BE E 81 AN 100 mI A B+,
RRERAWRBEEIA273 g (0.1 mol) 2- (- FELALE) FBIE. KAWETEZRHES
B, ZETFER. REYAETS00mZEKZES . RNVESYFHEAIMA200 ml 5%
kAR . WEZRM AR AKX K, SIK500 ml. 2.8 ZEEBE WA TKREN TR,
EREREBY. RNESYPHEEMAG g 8. ZTHENEN. TIREREIE3 ¢HBE BIr
FEE, PR K85.9%. KPEME: 400 mgml: JTCESHT: CnoHagN:Os: 7 F8: 384.20, ¥
W (%) C: 68.73; H: 7.34; N: 7.29; O: 16.65. LPEH (%) C: 68.70: H: 7.35; N: -
729: O: 16.66. 'H-NMR (400 MHz, SUREMHEFD: 6: 1.51 (d, 3H), 2.21 (s, 3H),
2.90 (s, 6H), 3.50 (t, 2H), 3.65 (1, 2H), 3.89 (m, 1H), 7.0 (b, 1H), 7.33 (m, 2H),
7.37 (m, 2H), 747 (m, 1H), 7.52 (m, 1H), 7.57 (m, 1H), 7.72 (m, 2H), 7.80 (b,
1H).

4. ZREECLHE GEPHAR NBIKERRI &)

#257 ¢ (0.1 mol) 2- (- FFAR) FMHREMT 100 mIZFEH. RMVE&WHMA32ZL
g O- %X =%M-N, N, N', N-JUIHRRUNFEMWMREEFNZ0m =2 REBSWHMALLT
¢ “HREZH. BEYSEHEINT, ZBTFRMER . %250 ml ZBRZEEMARNREE -
Prh, IRSPHKEEIR, X100 ml. B HLEBATOKTRBRI . JIspRERRM. kY -
BAYRHREIMAG g BERE. 200 miake. TIEWERAFY . TRFBE32 g HBER -
W E FRFE 5, FEE H83.3%. KPR : 400 mg/ml; JTGEDHT: CpHasNyOs: 7 F&: 384.20.
M (%) C: 68.73; H: 7.34; N: 7.29; O: 16.65. LME (%) C: 68.70; H: 7.35; N:
7.29; O: 16.66. 'H-NMR (400 MHz, FACEGIERD: 80 151 (d, 3HD, 2.21 (s, 3H),
2.90 (s, 6H), 3.50 (t, 2H), 3.65 (t, 2H), 3.89 (m, 1HD, 7.0 (b, 1H), 7.33 (m, 2H),
737 (m, 2H), 7.47 (m, 1H), 7.52 (m, 1H), 7.57 (m, 1H), 7.72 (m, 2H), 7.80 (b,
1H). ‘

5.2- (3-FHELAR) MR- ZRFELIEER NS K

% 60 g BEWEMLIM=Z8E (3mol/g, 100-200 H) &BFT 180 ml &+ . REYFIH
PN 25.7 ¢ (0.1 mol) 2- (3-FHELKE) WER. REWPINA 43 ¢ (0.15mol) ZZLEZ
ZERBALA R, IR EBNEE S . T ERR A RS Y ISR YE =, &K 50 ml,
¥ 82 ¢ (0.1 mol) BAERMASIEMA REREW P . REWBIE 2 /Nod . TIERREGE A, FHH
HATEE 3 WK, UK 50 ml. BIEHET AT 100 ml. SREFEHERA A 300 ml kT, dug
WA R, IFASEIE=R, Bk 100ml. FEREBE 36 ¢ HRIRH BEFRFY, =HRH
87%. KPHME: 400 mg/ml; TTEST: CuHyNOs; 4T H: 41351, g (%) C:
69.71; H: 7.56: N: 3.39; O: 19.35; KMHH (%) C: 69.69: H: 7.59: N: 3.36: O: 19.36.
"H-NMR (400 MHz, FACEHEHD: 6: 1.51 (d. 3H), &: 1.56 (1. 6H), 2.21 (s, 3HD,
327 (m, 4H), 3.52 (m. 2H), 3.78 (m, 1H), 4.52 (1, 2H), 7.0 (b, 1H), 7.31 (m, 2H),
736 (m. 2H), 7.45 (m. 1H), 7.51 (m, 1H)., 7.56 (m, 1H), 7.70 (m, 2H).

14
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Our Ref.: PT20091186-HK-PCT
LT AP EE R Y R KIS MERR IS o5 FARRAf &
YEN[EIE =

SRR TSR

R (1) KSR 1 TR AT SRR e SR
SRS AT o Pt (1) RS 17 rREE A o] EREs
SFREESS S E BT (AT S BOR STENT ) BLE AR -
Wl - SRR ECH - TS T F T BRI EET E A A HE S 722
HOVAIRRE » T FLIR e A SRRt LA & TS & T TR 2L A AT
HOE - TrERS ERERTEE  2- (3- RIS Wi~ 28 Z BRI -
2 (REEALL) FM— 2R EREREE - S50 N\ B R LU
WIS TR ARSI 125 5 - RERAZF BEES AR 1-2 /NEF I 2 et
SRR ISR EE R E - H 2- GEFEER) W Z 852 RS
BEEE - 2- (3-RERENE) PR T LHUE CEREIREBIETAD 40 DR ATE
I 25 TR R s S I BRI - FEIMBE - B3 90%(IATLETEASY
S ATEISI S « SSUbRTEE /RS SE - A FNER A S AT S 25k
LR IR BE R ERAIREE - (R PR NME AT U IR - 1 T LUE R
a3, TR T IR S IR SR S EWER - B R
EEEAA LR « HHE TSI - BRI 4 - R
A R SR T AR 25 SR S S R S TR R
T i R D RS 25 SRS VR B P « SE L RITEEE RN SR 55— K
IFRTERNAEEFE I A (E - RIS e smaage ‘

Title of Inventon: POSITIVELY - CHARGED WATER-SOLUBLE
PRODRUGS OF KETOPROFEN AND RELATED COMPOUNDS WITH
VERY FAST SKIN PENETRATION RATE

ABSTRACT



The novel positively charged pro-drugs of ketoprofen and fenoprofen in the
general formula(1) 'Structure 1' were designed and synthesized. The
compounds of the general formula(1l) 'Structure 1' indicated above can be
prepared from functional derivatives of ketoprofen and fenoprofen, (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, but also bonds to the negative
charge on the phosphate head group of membranes and pushes the pro-drug
into the cytosol. The results suggest that the pro-drugs, diethylaminoethyl
2-(3-benzoylphenyl) propionate. AcOH and diethylaminoethyl
2-(3-phenoxyphenyl) propionate. AcOH diffuses through human skin ~125
times faster than does ketoprofen and fenoprofen. It takes 1-2 hours for
ketoprofen or fenoprofen to reach the peak ketoprofen or fenoprofen plasma
level when they are taken orally, but diethylaminoethyl 2-(3-benzoylphenyl)
propionate. AcOH or diethylaminoethyl 2-(3-phenoxyphenyl)
propionate. AcOH only took about 40 minutes to reach the ketoprofen or
fenoprofen peak plasma level. 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 ketoprofen and fenoprofen-treatable conditions in
humans or animals. The prodrugé can be administered not only orally, but also
transdermally for any kind of medical treatments and avoid most of the side
effects of ketoprofen and fenoprofen, most notably GI disturbances such as
dyspepsia, gastroduodenal bleeding, gastric  ulcerations, and gastritis.
Controlled transdermal administration systems of the prodrug enables
ketoprofen and fenoprofen to reach constantly optimal therapeutic blood
levels to increase effectiveness and reduce the side effects of‘ketoprofen and
fenoprofen. Another great benefit of transdermal administration of these
pro-drugs is that administering medication, especially to children, will be much

_easler.
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