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Description
FIELD OF THE INVENTION
5

[0001] The present invention relates to the pharmaceuticals useful for the treatment and prevention of the diseases
wherein in vivo ischemia or an inflammatory substance associated with ischemia is involved in the onset or worsening
thereof.
BACKGROUND OF THE INVENTION
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[0002] In recent years, ischemic cerebrovascular disorders (cerebral infarction, cerebral edema, cerebral hemorrhage,
cerebral contusion, neonatal hypoxic-ischemic encephalopathy), neurodegenerative diseases (Parkinson’s disease,
Alzheimer’s disease), lung diseases (pulmonary oxygen intoxication, adult respiratory distress syndrome), ischemic
heart diseases (angina, myocardial infarction, etc.), cardiovascular diseases (arteriosclerosis), gastrointestinal diseases
(peptic ulcer, ulcerative colitis, Crohn’s disease), etc., the conditions and diseases wherein ischemia and an inflammatory
substance associated with ischemia is considered to be involved in the onset or worsening thereof are wide-ranging
and too numerous to mention. Most of these diseases are progressive, and the development of the preventive agent
and therapeutic agent is strongly awaited.
[0003] Ischemic cerebrovascular disorders, in particular cerebral infarction, are progressive diseases wherein various
mechanisms of disorders take place in a domino fashion, because of a decrease in the cerebral blood flow, and the
brain damage spreads from the ischemic core to the periphery. Although the prevention of damage in the acute stage
is certainly important, the treatment in the subacute and chronic stages after the onset of the disease is very important
in view of the seriousness and QOL. Therapeutic agents usable after the onset of cerebral infarction are very scarce;
in particular there are no practical therapeutic drugs for the subacute and chronic stages after the onset of the disease.
At present, there are thrombolytic agents such as tissue plasminogen activator (tPA) and hydroxy radical scavengers
such as edaravone as the therapeutic drugs for acute stage cerebral infarction to improve the ischemic core due to
decreased cerebral blood flow. However, they have problems of serious side effects such as bleeding and renal failure.
Thus, the development of an excellent therapeutic drug for the ischemic cerebrovascular disorder in the subacute or
chronic stage is expected, which can afford the time up to the start of application after the onset of cerebral infarction.
[0004] The inventors have disclosed that, when vitamin E homologs were intravenously administered to the mouse
middle cerebral artery (MCA) occlusion model twice, immediately before infarction and during infarction, for prophylactic
administration, 2R-γ-tocopherol (γ-Toc) and 2R-α-tocotrienol (α-T3) exhibited an excellent infarct inhibitory effect, and
therefore have a preventive effect in vivo on the cerebral infarction damage in the acute stage (Non-patent literature 1).
[0005] Vitamin E homologs are each insoluble in water and cannot be administered intravenously so that no rapid
bioavailability can be secured. Thus, experiments have been attempted to intravenously administer them by making
them soluble with an organic solvent such as dimethyl sulfoxide (DMSO) or a surfactant. However, the solubilization
with such an organic solvent is not clinically suitable and the use of a large amount of a nonionic surfactant may cause
a serious problem such as anaphylactic shock. The use of them cannot eliminate harmful effects completely when
administered repeatedly.
[0006] The inventors have disclosed that a specific tocopherol derivative (Non-patent literature 2) and a tocotrienol
derivative (Patent literature 1) were intravenously administrable water-soluble derivative. The sodium salt of tocopheryl
phosphate is also known as a water-soluble derivative of tocopherol.
[0007] However, there have been so far no reports regarding the therapeutic effects of vitamin E homologs or the
derivatives of vitamin E homologs for ischemia-reperfusion injury by the administration thereof after the infarction
(ischemia) reperfusion, i.e., after the onset of infarction, for the therapeutic administration.
[0008] In addition, there have been no reports regarding the preventive effect of the derivatives of vitamin E homologs
for cerebral infarction injury in the acute stage by intravenous administration thereof both immediately before infarction
and during infarction for the prophylactic administration.
[0009] On the other hand, farnesol is a kind of sesquiterpene having three isoprene units and it is a colorless liquid
contained in the essential oil of rose, lemongrass, and citronella. Farnesol is used as a fragrance and a skin protective
agent and is expected to possess excellent pharmaceutical effects such as a preventive effect against hyperlipidemia,
an antimicrobial effect against fungi, and a protective effect against oxidative damage.
[0010] There have been so far no reports, however, that farnesol and its analogs and their derivatives achieve a
therapeutic effect for ischemia-reperfusion injury by the administration thereof after the infarction (ischemia) reperfusion,
i.e., after the onset of infarction, for the therapeutic administration. There also have been no reports that they achieve
a preventive effect for cerebral infarction injury in the acute stage by intravenous administration thereof both immediately
before infarction and during infarction for the prophylactic administration.
[0011] In addition, farnesol is a totally water-insoluble and volatile compound. Therefore, the solubilization method by
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the addition of a large amount of nonionic surfactant is investigated for the preparation of a water-soluble drug or waterbased cosmetics of farnesol. The use of a large amount of surfactant may cause a serious problem such as anaphylactic
shock.
[0012] Thus, a farnesol derivative which has a high melting point, is solid at room temperature, has a high watersolubility, and is capable to provide a useful in vivo action has also been in demand.
[0013]
PATENT LITERATURE 1: Japanese Patent Application No. 2000-268885
NON-PATENT LITERATURE 1: Mishima K, Tanaka T, Pu F, Egashira N, Iwasaki K, Hidaka R, Matsunaga K, Takata
J, Karube Y, Fujiwara M. Vitamin E isoforms α-tocotrienol and γ-tocopherol prevent cerebral infarction in mice.
Neuroscience Let 2003; 337:56-60.
NON-PATENT LITERATURE 2: Takata J., Hidaka R., Yamasaki A., Hattori A., Fukushima T., Tanabe M., Matsunaga
K., Karube Y., Imai K., Novel d-γ-tocopherol derivative as a prodrug for d-γ-tocopherol and a two-step prodrug for
S-γ-CEHC. J. Lipid Res., 43, 2196-2204 (2002).
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DISCLOSURE OF THE INVENTION

20

25

[0014] The present invention was made in view of the conventional art and has an object to provide pharmaceuticals
effective for the treatment and prevention of diseases wherein ischemia or an inflammatory substance associated with
ischemia is involved in the onset or worsening thereof.
[0015] As a result of extensive studies by the present inventors in order to solve the above described problems, they
have found that a specific farnesol carboxylic acid derivative has a high melting point, is solid at room temperature, has
an excellent water-solubility, and is capable to provide a useful in vivo action of farnesol. They also have found that
farnesol and the farnesol derivative can achieve the desired objective as a therapeutic agent and a preventive agent for
the diseases wherein ischemia or an inflammatory substance associated with ischemia is involved in the onset or
worsening thereof.
[0016] The present invention provides a farnesol carboxylic acid ester derivative represented by formula (1):
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wherein R1 represents a carboxylic acid residue having a nitrogen substituent selected from the group consisting of an
N-acyl amino acid residue, an N-alkyl amino acid residue, an N,N-dialkylamino acid residue, and a physiologically
acceptable salt thereof, and the physiologically acceptable salt is selected from the group consisting of a hydrohalic acid
salt, an alkylsulfonic acid salt, and an acidic sugar salt, and the amino group and the carbonyl group in the carboxylic
acid residue having a nitrogen substituent are connected by a linear, branched or cyclic alkylene group having 1 to 6
carbon atoms.
[0017] The present invention also provides a compound selected from the group consisting of farnesol, a farnesol
derivative, a pharmacologically acceptable salt thereof, a solvate thereof and a hydrate thereof, for use in a method for
the inhibition of ischemia-reperfusion disorder or for the therapeutic or preventive treatment of cerebral infarction, cerebral
edema, or myocardial infarction, wherein said farnesol and farnesol derivative are represented by formula (2):
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wherein R2 represents a hydrogen atom or a carboxylic acid residue having a nitrogen substituent selected from the
group consisting of an amino acid residue, an N-acyl amino acid residue, an N-alkyl amino acid residue, an N,Ndialkylamino acid residue, a pyridinecarboxylic acid residue, and a physiologically acceptable salt thereof, and the
physiologically acceptable salt is selected from the group consisting of a hydrohalic acid salt, an alkylsulfonic acid salt,
and an acidic sugar salt.
[0018] The farnesol derivatives represented by said formula (1) or (2) may include a trans form and a cis form for the
hydrogen atom at 2-position and the methyl group at 3-position of the farnesyl group (-[CH2CH=CH (CH3)CH2]3-H), and
a trans form and a cis form for the hydrogen atom at 6-position and the methyl group at 7-position. In the present invention,
these isomers (i.e., (2E,6E), (2E,6Z), (2Z,6E), (2Z,6Z), and their mixtures) may also been included.
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[0019] The production method of the farnesol carboxylic acid ester derivative to be provided by the present invention
is characterized by protecting a primary or secondary amino group of an amino acid or a hydroxyl group or a thiol group
as a side chain of an amino acid with a protecting group and esterifying the protected amino acid with farnesol.
[0020] Another production method of the farnesol carboxylic acid ester derivative provided by the present invention
is characterized by esterifying farnesol with a hydrohalic acid salt of an N,N-dialkylamino acid in the presence of an
active esterifying reagent.
[0021] The inhibitor of ischemic disorders of the present invention containing, as an active ingredient, a substance
selected from the group consisting of farnesol, farnesol derivatives, pharmacologically acceptable salts thereof and
solvates thereof, can achieve not only the preventive effect by the administration in the acute ischemic stage, but also
the therapeutic effect for the diseases wherein ischemia or an inflammatory substance associated with ischemia is
involved in the onset or worsening thereof by the therapeutic administration in subacute and chronic stages after ischemiareperfusion.
[0022] In addition, the farnesol derivatives provided by the present invention can be obtained as a water-soluble solid.
BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

20

Fig. 1 illustrates the preventive effect of ischemic brain damage by the farnesol derivative of the present invention.
Fig. 2 illustrates the preventive effect of ischemic brain damage by the farnesol derivative of the present invention.
Fig. 3 illustrates the therapeutic effect of ischemic brain damage by the farnesol derivative of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
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[0024] Hereinafter, preferable embodiments of the present invention will be described.
[0025] The present invention relates to the farnesol carboxylic acid ester derivative represented by the below-described
formula (1) and the production method thereof.
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wherein R1 represents a carboxylic acid residue having a nitrogen substituent selected from the group consisting of an
an N-acyl amino acid residue, an N-alkyl amino acid residue, an N,N-dialkylamino acid residue, and a physiologically
acceptable salt thereof, and the physiologically acceptable salt is selected from the group consisting of a hydrohalic acid
salt, an alkylsulfonic acid salt and an acidic sugar salt.
[0026] In the present invention, the term "carboxylic acid residue" means the residue obtained by removing the OH
group from the carboxyl group (COOH) of a carboxylic acid.
[0027] In the carboxylic acid residue having a nitrogen substituent, the alkyl group of an alkyl-substituted amino group
is a linear or branched alkyl group having 1 to 6 carbon atoms. Examples include a methyl group, an ethyl group, an npropyl group, an n-pentyl group, an n-hexyl group, an isopropyl group, an isobutyl group, a 1-methylpropyl group, a tertbutyl group, a 1-ethylpropyl group, and an isoamyl group, and in particular a methyl group and an ethyl group are
preferable. As the acyl group of an acyl-substituted amino group, an acyl group having a linear or branched alkyl group
of 1 to 6 carbon atoms as the hydrocarbon chain is preferable, and the specific examples of alkyl groups are as described
above.
[0028] In addition, the amino group and the carbonyl group are preferably connected by a linear, branched, or cyclic
alkylene group having 1 to 6 carbon atoms. The branched alkylene group means an alkylene group derived from the
alkyl groups such as an isopropyl group, an isobutyl group, a 1-methylpropyl group, a tert-butyl group, and a 1-ethylpropyl
group. The cyclic alkylene group means an alkylene group containing a ring such as a cyclopentane ring, a cyclohexane
ring, or a methylcyclohexane ring in the structure. The especially preferable alkylene group is a methylene group or an
ethylene group.
[0029] The nitrogen substituent in the carboxylic acid residue may form a salt. For example, the hydrochloride, hydrobromide, etc. are preferable as the hydrohalic acid salt. In the present invention, the melting point of the hydrohalic
acid salt is higher than that of the original farnesol, and there is the advantage in that the handling is easy in the drug
formulation. Examples of alkylsulfonate salts include methanesulfonates. Examples of acidic sugar salts include gluconates, glucoheptanoates, and lactobionates.
[0030] The following method is illustrated as the production method of the farnesol carboxylic acid ester derivatives
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of the present invention.
[0031] The esterification of farnesol represented by the below-described formula (4) with a carboxylic acid having a
nitrogen substituent, its reactive acid derivative, or the hydrohalic acid salt thereof according to a conventional method
may produce the farnesol carboxylic ester (1) of the present invention. The stereoisomerism of a farnesyl group in the
formula (4) is as explained in the above-described formula (1).
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[0032] The esterification of farnesol is carried out according to a conventional method. For the esterification of the
farnesol with the amino acid having a primary or secondary amino group or having a hydroxyl group or a thiol group in
the side chain, it is preferable to protect these primary or secondary amino groups, hydroxyl group, and thiol group with
a suitable protecting group such as a tert-butoxycarbonyl group (hereinafter abbreviated as "t-BOC group") and a benzyloxycarbonyl group (hereinafter abbreviated as "Z group").
[0033] As for the N,N-dialkylamino acid, it is preferable to use its hydrohalic acid salt and carry out the reaction in the
presence of an active esterifying reagent such as dicyclohexylcarbodiimide (hereinafter abbreviated as "DCC") or N,N-disuccinimidooxalate (hereinafter abbreviated as "DSO"). On this occasion, anhydrous pyridine is preferable as the solvent.
[0034] In the method wherein a reactive acid derivative is used, it is preferable to use an acid halogenide, in particular
an acid chloride. On this occasion, anhydrous benzene-anhydrous pyridine mixture is preferable as the solvent.
[0035] Hydrohalic acid salts, alkylsulfonate salts, acidic sugar salts may be produced, according to a conventional
method, by the reaction of a free amino acid ester with a hydrohalic acid, an alkylsulfonic acid, or the lactone form of a
acidic sugar. In addition, hydrohalic acid salts can be produced, after the production of an N-acyl amino acid ester, by
deprotection with a hydrohalic acid according to a conventional method.
[0036] The hydrohalic acid salt of farnesol carboxylic ester (1) of the present invention is a crystalline powder with a
high melting point, and the handling thereof is easy and simple from the standpoint of view of formulation technology.
In addition, it has a high water-solubility. Accordingly, it is useful for intravenously administrable drugs, eye-drops, oral
drugs, water-based ointments, sprays, etc.
[0037] In addition, the present invention relates to a compound selected from the group consisting of farnesol, a
farnesol derivative, a pharmacologically acceptable salt thereof, a solvate thereof and a hydrate thereof, for use in a
method for the inhibition of ischemia-reperfusion disorder or for the therapeutic or preventive treatment of cerebral
infarction, cerebral edema, or myocardial infarction, wherein said farnesol and farnesol derivative are represented by
formula (2):. The compound represented by the formula (2) can be added solely into a drug, or its pharmacologically
acceptable salt or solvate may be formulated into the drug.
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wherein R2 represents a hydrogen atom or a carboxylic acid residue having a nitrogen substituent selected from the
group consisting of an amino acid residue, an N-acyl amino acid residue, an N-alkyl amino acid residue, an N,N-dialkylamino acid residue and a pyridinecarboxylic acid residue, and a physiologically acceptable salt thereof, and the
physiologically acceptable salt is selected from the group consisting of a hydrohalic acid salt, an alkylsulfonic acid salt
and an acidic sugar salt.
[0038] The carboxylic acid residue R2 having a nitrogen substituent is as explained for the above-described R1.
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[0039] The inhibitor of ischemia-reperfusion disorder of the present invention may contain other components within
the range that does not impair the effect, in addition to one or more of the compounds represented by the above-described
formulas (1) and (2) to be contained as the active ingredient. The drug formulation can be achieved by a known method
with the use of additives such as excipient, lubricant, binder, disintegrator, stabilizer, flavor, diluent, surfactant, emulsifier,
solubilizer, absorption promoter, humectant, adsorbent, filler, extender, emollient, and preservative as pharmaceutically
acceptable carriers. Conventionally known preventive agents or therapeutic agents for ischemic diseases can also be
used in combination.
[0040] Examples of dosage forms for the ischemia-reperfusion disorder inhibitor of the present invention may include
tablets, capsules, granules, powder, pills, and troches; or liquid preparations such as syrup and injections. The liquid
preparations may be filled and sealed after by sterilization-filtration with a membrane filter etc., as necessary. Thereafter,
they may also be subjected to a widely used sterilization process such as high-pressure steam sterilization or hot water
sterilization.
[0041] The inhibitor of ischemia-reperfusion disorder according to the present invention may be administered through
routes of oral administration, intravenous administration such as intravenous injection, arterial administration such as
arterial injection (intracoronary administration, etc.), intramuscular administration such as intramuscular injection, percutaneous administration, nasal administration, intracutaneous administration, subcutaneous administration, intraperitoneal administration, intrarectal administration, mucosal administration, and inhalation. The parenteral administration
method such as injection is preferable at least in the acute and subacute stages.
[0042] Examples of injections may include sterile aqueous or nonaqueous solutions, suspensions, and emulsions. In
such injections, one or more active substances and at least one inert aqueous diluent or inert nonaqueous diluent are
mixed. As necessary, the additives such as preservative, wetting agent, emulsifier, dispersant, stabilizer, and solubilizer
may be further added. These are usually sterilized by filtration (with a bacteria retentive filter, etc.), mixing with disinfectant,
or γ-ray irradiation, or after these treatments, they may be converted to a solid composition by freeze-drying etc. and be
used by adding sterile water or sterile injection diluent immediately before use,.
[0043] The ischemia-reperfusion disorder inhibitors of the present invention are useful as a therapeutic agent or a
preventive agent for the diseases wherein in vivo ischemia or an inflammatory substance associated with ischemia is
involved in the onset or worsening thereof (representative examples including ischemic cerebrovascular disorders such
as cerebral infarction and cerebral edema and ischemic heart disease such as myocardial infarction). They can be
administered for the patients who need such a treatment or prevention.
[0044] The dosage of the active ingredient of the present invention, namely the compound represented by the formulas
(1) and (2), is dependent on the route of administration, symptom, age, body weight, etc. They may range normally from
0.01 to 1,000 mmol/kg, preferably from 0.1 to 100 mmol/kg, and be administered once or several times per day.
EXAMPLE 1

35

[0045] The following is the description regarding examples of the present invention. However, the present invention
is not limited by these examples.
[0046] It is preferable to prepare the compounds represented by the formula (1) by the production methods A to C as
described below.
40

Production method A

45
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[0047] N,N-dialkylamino acid hydrochloride (3.1 mmol) and DCC (3.1 mmol) are added to 30 mL of anhydrous pyridine.
After stirring for 30 minutes, farnesol (3.1 mmol) is added thereto and stirred at room temperature for 16 hours. The
solvent is removed under reduced pressure, the residue is suspended in distilled water and the soluble fractions are
extracted with ethyl acetate. The extract is dehydrated with anhydrous sodium sulfate, and then the solvent is removed
under reduced pressure. The residue is purified by silica gel flash chromatography separation (elution solvent: n-hexaneethyl acetate) to obtain N,N-dialkylamino acid farnesol ester.
Production method B
[0048] N,N-dialkylamino acid farnesol ester is dissolved in a small amount of acetone. Hydrochloric acid (2 times in
moles)-dioxane is added thereto, and the solvent is removed under reduced pressure. The residue is recrystallized from
acetone to obtain the hydrochloride of N,N-dialkylamino acid farnesol ester.

55

Production method C
[0049]

Amino acid (0.1 mol) is dissolved in 100 mL of distilled water-dioxane (1:1, v/v), and 30 mL of triethylamine is
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added thereto. Then, di-tert-butyl dicarbonate is gradually added to the mixture, and stirred for 30 minutes at room
temperature. Dioxane is removed under reduced pressure, and 50 mL of sodium hydrogencarbonate aqueous solution
(0.5 M) is added to the residue. The mixture is washed with 100 mL of ethyl acetate, and the ethyl acetate layer is washed
with 50 mL of sodium hydrogencarbonate solution. The aqueous layers are combined and adjusted to acidic (pH 3) with
a citric acid aqueous solution (0.5 M) under cooling with ice, saturated with sodium chloride, and then extracted with
ethyl acetate (100 mL x 3 times). The extract is dehydrated with anhydrous sodium sulfate, and the solvent is removed
under reduced pressure. A N-t-BOC amino acid is obtained by adding isopropyl ether to the oily residue or by the
crystallization thereof under cooling.
[0050] Farnesol (5 mmol), the N-t-BOC amino acid (5 mmol), and DCC (5 mmol) are added to 30 mL of anhydrous
pyridine, and stirred at room temperature for 20 hours. The solvent is removed under reduced pressure, and ethyl acetate
is added to the residue to extract the soluble fractions (100 mL x 2 times). The extract is concentrated under reduced
pressure, and the residue is purified by silica gel column chromatography separation (elution solvent: n-hexane-ethyl
acetate) to obtain a farnesol N-t-BOC-amino acid ester.
[0051] The Farnesol N-t-BOC-amino acid ester is dissolved in a small amount of acetone, and hydrochloric aciddioxane (2.5 to 4.0 N) is added thereto so that the amount of hydrochloric acid is 20 times of the ester in moles. After
stirring for 1 hour, the solvent is removed under reduced pressure. The residue is recrystallized from acetone-methanol
mixture or ethyl acetate-methanol mixture to obtain the hydrochloride of the farnesol amino acid ester.
[0052] The hydrochloride of the farnesol amino acid ester (3 mmol) is added to 150 mL of water, the solution is adjusted
to pH 7 to 8 with sodium hydrogencarbonate and then extracted with ethyl acetate (100 mL x 3 times). The extract is
dehydrated with anhydrous sodium sulfate, and the solvent was removed under reduced pressure to obtain the farnesol
amino acid ester as an oil.
TABLE 1
Compound No.

25

1

Compound Name
R1

Salt

Apperance

m.p.(°C)

Method

85-88

A, B

(2Z/E, 6ZlE) farnesol N,N-dimethylglycinate hydrochloride
(CH3)2NCH2COHCl
white crystalline
90-92

A, B

(2E,6E) farnesol sarcosinate hydrochloride
HCl
white crystalline
CH 3NHCH2CO-

55-60

C

(2E,6E) farnesol glycinate hydrochloride
NH 2CH2COHCl
-

-

C

(2E,6E) farnesol N,N-dimethylglycinate hydrochloride
HCl
white crystalline
(CH3)2NCH2CO-

30

2

3

35
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(2E,6E) farnesol N,N-dimethyl-β-alaninate hydrochloride
HCl
(CH3)2NCH2CH2CO-

A, B

6

(2E,6E) farnesol N,N-diethyl-β-alaninate hydrochloride
HCl
(CH3CH2)2NCH2CH2CO-

A, B
-

TABLE 2
50

55

Compound No.
1

MS*(FAB-MS)
308 (M-HCl+H +)

2

308 (M-HCl+H +)

3

294 (M-HCl+H +)

1 H-NMR spectrum (δ)
(In CD3OD) 5.39(1H,m), 5.09(2H,m), 4.80(2H,d), 4.14(2H,s), 2.97(6H,s),
2.14-2.05(6H,m), 1.98(2H,m), 1.75(3H,s), 1.66(3H,s), 1.60(6H,s)
(In CD3OD) 5.39(1H,m), 5.09(2H,m), 4.80(2H,d), 4.14(2H,s), 2.97(6H,s),
2.12-2.06(6H,m), 1.98(2H,m), 1.75(3H,s), 1.66(3H,s), 1.60(6H,s)
(In CDCl3) 9.82(2H,s), 5.36(1H,m), 5.10(2H,m), 4.75(2H,d), 3.85(2H,s),
2.84(3H,s), 2.15-1.98 (8H, m 1.71(3H,s), 1.69(3H,s), 1.60(3H,s)
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(continued)
Compound No.
4

MS*(FAB-MS)
280 (M-HCl+H +)

5

322 (M-HCl+H +)

6

350 (M-HCl+H +)

5

10

1 H-NMR

spectrum (δ)

(In CDCl3) 8.55(3H,s), 5.33(1H,m), 5.10(2H,m), 4.72(2H,d), 3.98(2H,s),
2.12-1.97 (8H, m), 1.70(3H,s 1.60(3H,s), 1.56(3H,s)
(In CDCl3) 12.36(1H,s), 5.32(1H,m), 5.10(2H,m), 4.64(2H,d), 4.12(2H,m),
3.38(2H,m), 2.83(6H,s), 2.13-1.96 (8H, m), 1.71(3H,s), 1.68(3H,s), 1.60(3H,s
(In CDCl3) 12.31(1H,s), 5.33(1H,m), 5.11(2H,m), 4.63(2H,d), 3.32(2H,m),
3.17-3.02(6H,s), 2.13-1.96 (8H, m), 1.71(3H,s), 1.68(3H,s), 1.60(3H,s),
1.41(6H, m)

*mass spectrometry

TABLE 3

15

Compound No.
7

20

8

9

25

10
30

11

12

35

13
40

14

Compound Name
R1

MS*(FAB-MS)

Apperance

Method

(2E,6E) farnesol N,N-dimethylglycinate
308 (M+H+)
(CH 3)2NCH2CO-

oil

A

(2Z/E, 6Z/E) farnesol N,N-dimethylglycinate
(CH 3)2NCH2CO308 (M+H+)

oil

A

(2E,6E) farnesol N-t-BOC-sarcosinate
392 (M-H-)
N-t-BOC-N(CH 3)CH2CO-

oil

C

(2E,6E) farnesol N-t-BOC-glycinate
N-t-BOC-NHCH2CO378 (M-H-)

oil

C

(2E,6E) farnesol sarcosinate
294 (M+H+)
CH3NHCH2CO-

oil

C

(2E,6E) farnesol glycinate
NH2CH2CO-

280 (M+H+)

oil

C

(2E,6E) farnesol N,N-dimethyl-β-alaninate
322 (M+H+)
(CH 3)2NCH2CH2CO-

oil

A

(2E,6E) farnesol N,N-diethyl-β-alaninate
350 (+H+)
(CH 3CH2)2NCH2CH2CO-

oil

A

*mass spectrometry
45

EXAMPLE 2
Investigation of inhibitory effect for ischemia-reperfusion brain damage
50

55

[0053] Cerebral infarction is a progressive disease wherein various mechanisms of injuries take place in a domino
fashion, because of a decrease in the cerebral blood flow, and the brain damage spreads from the ischemic core to the
periphery. In particular, the oxidative stress and inflammatory response after the onset of the disease is strongly involved.
Therefore, the treatment in the subacute and chronic stages after the onset of the disease is very important in view of
the seriousness and QOL. Clinically speaking, a drug that is possible to inhibit ischemia-reperfusion damage, even if
the start of administration is late after cerebral infarction, is awaited.
[0054] Thus, a model evaluated for therapeutic effect of ischemia-reperfusion brain damage was constructed by
administering a drug after reperfusion in the MCA occlusion model, and the effect of the test compound as a therapeutic

9
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drug was investigated: the therapeutic effect evaluation model reflects the direct damage by reactive oxygen species
(ROIs) and the process to the secondary oxidative stress and inflammatory response due to ROIs.
[0055] In addition, a drug was administered immediately before infarction and during infarction in the MCA occlusion
model, and the effect as a preventive drug was also investigated.
5

(1) Evaluation method for preventive effect of ischemia-reperfusion brain damage

10

15

20

[0056] With the use of male ddY mice (25-30 g, 6-7 weeks old), middle cerebral artery (MCA) occlusion model mice
were prepared according to the method of Koizumi et al. ("Strokes", Vol. 8, pp 1-8, 1986). The MCA occlusion was
carried out for 4 hours, a test drug solution was intravenously administered twice, namely, immediately before infarction
and 3 hours after infarction. Brain slice samples were prepared 24 hours after the start of infarction and stained with
triphenyltetrazolium chloride (TTC staining), and then the cerebral infarct volume was measured from the brain slice
samples by image processing.
(2) Evaluation method for therapeutic effect of ischemia-reperfusion brain damage
[0057] With the use of male ddY mice (25-30 g, 6-7 weeks old), middle cerebral artery (MCA) occlusion model mice
were prepared according to the method of Koizumi et al. ("Strokes", Vol. 8, pp 1-8, 1986). The MCA occlusion was 4
hours, and a single dose of drug solution was intravenously administered 6 or 10 hours after the start of ischemia (i.e.,
2 hours or 4 hours after reperfusion). Brain slice samples were prepared 24 hours after the start of infarction and stained
with triphenyltetrazolium chloride (TTC staining), and then the cerebral infarct volume was measured from the brain slice
samples by image processing.
EXAMPLE 3

25

Preventive effect of farnesol (FO) and farnesol N,N-dimethylglycine ester hydrochloride (FODMG) on ischemia-reperfusion brain damage

30

35

40

45

[0058] According to the above-described prevention evaluation method of ischemia-reperfusion brain damage, the
effect of (2E,6E) farnesol (FO), (2E,6E) farnesol N,N-dimethylglycinate hydrochloride (FODMG), and the commercial
drug edaravone on ischemia-reperfusion brain damage was evaluated.
[0059] The brain slice samples of MCA-occluded mice 24 hours after the occlusion are shown in Fig. 1. The infarct
volume, 24 hours after the start of occlusion, determined by the image processing of the brain slice samples of MCAoccluded mice 24 hours after the occlusion is shown in Fig. 2. FO was dissolved in DMSO and intravenously administered,
and FODMG was dissolved in water and intravenously administered.
[0060] A significant suppression of the infarct volume was not observed at 2 mmol/kg x 2 doses of FO; however, the
infarct volume was significantly suppressed at 20 mmol/kg x 2 doses.
[0061] FODMG significantly suppressed the infarct volume at both doses of 2 mmol/kg x 2 and 20 mmol/kg x 2, and
the effect was dependent on dosage. FODMG exhibited an excellent preventive effect on ischemia-reperfusion brain
damage compared with FO.
[0062] On the other hand, edaravone significantly suppressed the infarct volume at 2 mmol/kg x 2 doses; however, a
significant effect was not observed at 20 mmol/kg x 2 doses. Thus, it was shown that a beneficial effect was not observed
at high dosage and that the range of effective dosage was narrow.
[0063] The effect of FODMG was dependent on the dosage, and the effective dosage range was wide; thus it is clear
that FODMG is superior to edaravone.
EXAMPLE 4
Therapeutic effect of farnesol N,N-dimethyglycine ester hydrochloride (FODMG) on ischemia-reperfusion brain damage

50

55

[0064] According to the above-described evaluation method of the therapeutic effect of ischemia-reperfusion brain
damage, the therapeutic effect of FODMG on ischemia-reperfusion brain damage was evaluated by a single administration after 6 hours or 10 hours from the start of ischemia at a dosage (20 mmol/kg), wherein an effect was not observed
with edaravone. FO was dissolved in DMSO and intravenously administered, and FODMG was dissolved in water and
intravenously administered.
[0065] FODMG significantly suppressed the infarct volume by both single administrations after 6 hours and 10 hours
from the start of ischemia (Fig. 3). FODMG can be intravenously administered, and it is clear that it can enormously
extend the start of treatment from the onset of cerebral infarction.
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Claims
1.

A farnesol carboxylic acid ester derivative represented by formula (1):

5

wherein R 1 represents a carboxylic acid residue having a nitrogen substituent selected from the group consisting
of an N-acyl amino acid residue, an N-alkyl amino acid residue, an N,N-dialkyl amino acid residue, and a physiologically acceptable salt thereof, and the physiologically acceptable salt is selected from the group consisting of a
hydrohalic acid salt, an alkylsulfonic acid salt, and an acidic sugar salt, and the amino group and the carbonyl group
in the carboxylic acid residue having a nitrogen substituent are connected by a linear, branched or cyclic alkylene
group having 1 to 6 carbon atoms.

10

15

2.

20

A compound selected from the group consisting of farnesol, a farnesol derivative, a pharmacologically acceptable
salt thereof, a solvate thereof and a hydrate thereof, for use in a method for the inhibition of ischemia-reperfusion
disorder or for the therapeutic or preventive treatment of cerebral infarction, cerebral edema, or myocardial infarction,
wherein said farnesol and farnesol derivative are represented by formula (2):

25

wherein R2 represents a hydrogen atom or a carboxylic acid residue having a nitrogen substituent selected from
the group consisting of an amino acid residue, an N-acyl amino acid residue, an N-alkyl amino acid residue, an
N,N-dialkyl amino acid residue, a pyridinecarboxylic acid residue, and a physiologically acceptable salt thereof, and
the physiologically acceptable salt is selected from the group consisting of a hydrohalic acid salt, an alkylsulfonic
acid salt, and an acidic sugar salt.

30

3.

A farnesol carboxylic acid ester derivative selected from the group consisting of
(2E, 6E) farnesol N,N-dimethylglycinate,
(2Z/E, 6Z/E) farnesol N,N-dimethylglycinate,
(2E, 6E) farnesol N,N-dimethylglycinate hydrochloride,
(2Z/E, 6Z/E) farnesol N,N-dimethylglycinate hydrochloride,
(2E, 6E) farnesol N,N-dimethyl-β-alaninate,
(2E, 6E) farnesol N,N-dimethyl-β-alaninate hydrochloride,
(2E, 6E) farnesol N,N-diethyl-β-alaninate,
(2E, 6E) farnesol N,N-diethyl-β-alaninate hydrochloride,
(2E, 6E) farnesol N-tert.-butoxycarbonylsarcosinate, or
(2E, 6E) farnesol N-tert.-butoxycarbonylglycinate.

4.

A compound for use in a method for the inhibition of ischemia-reperfusion disorder or for the therapeutic or preventive
treatment of cerebral infarction, cerebral edema, or myocardial infarction selected from the group consisting of
(2E, 6E) farnesol N,N-dimethylglycinate,
(2Z/E, 6Z/E) farnesol N,N-dimethylglycinate,
(2E, 6E) farnesol N,N-dimethylglycinate hydrochloride,
(2Z/E, 6Z/E) farnesol N,N-dimethylglycinate hydrochloride,
(2E, 6E) farnesol sarcosinate,
(2E, 6E) farnesol sarcosinate hydrochloride,
(2E, 6E) farnesol glycinate,
(2E, 6E) farnesol glycinate hydrochloride,
(2E, 6E) farnesol N,N-dimethyl-β-alaninate,
(2E, 6E) farnesol N,N-dimethyl-β-alaninate hydrochloride,
(2E, 6E) farnesol N,N-diethyl-β-alaninate,
(2E, 6E) farnesol N,N-diethyl-β-alaninate hydrochloride,

35
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55
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(2E, 6E) farnesol N-tert.-butoxycarbonylsarcosinate, or
(2E, 6E) farnesol N-tert.-butoxycarbonylglycinate.

5

Patentansprüche
1.

Farnesol-Carbonsäureesterderivat, dargestellt durch Formel (1)

10

wobei R1 einen Carbonsäurerest mit einem Stickstoffsubstituent darstellt, der ausgewählt ist aus der Gruppe bestehend aus einem N-acylaminosäurerest, einem N-alkylaminosäurerest, einem N,N-dialkylaminosäurerest und
einem physiologisch akzeptablen Salz davon und wobei das physiologisch akzeptable Salz ausgewählt ist aus der
Gruppe bestehend aus einem Halogenwasserstoffsäuresalz, einem Alkylsulfonsäuresalz und einem Zuckersäuresalz und wobei die Aminogruppe und die Carbonylgruppe in dem Carbonsäurerest, der einen Stickstoffsubstituent
enthält, verbunden sind durch eine lineare, verzweigte oder zyklische Alkylgruppe mit 1 bis 6 Kohlenstoffatomen.

15

20

2.

25

Zusammensetzung, die ausgewählt ist aus der Gruppe bestehend aus Farnesol, einem Farnesolderivat, einem
pharmakologisch akzeptablen Salz davon, einem Solvat davon und einem Hydrat davon, zur Verwendung in einem
Verfahren zum Hemmen von Ischämie-Reperfusionsschäden oder für die therapeutische oder präventive Behandlung eines ischämischen Schlaganfalls, eines ischämischen Ödems oder eines Myocardinfarktes, wobei das Farnesol und das Farnesolderivat dargestellt werden durch Formel (2):

30

in der R2 ein Wasserstoffatom oder einen Carbonsäurerest mit einem Stickstoffsubstituent darstellt, der ausgewählt
ist aus der Gruppe bestehend aus einem Aminosäurerest, einem N-acylaminosäurerest, einem N-alkylaminosäurerest, einem N,N-dialkylaminosäurerest, einem Pyridincarbonsäurerest und einem physiologisch akzeptablen Salz
davon und wobei das physiologisch akzeptable Salz ausgewählt ist aus der Gruppe bestehend aus einem Halogenwasserstoffsäuresalz, einem Alkylsulfonsäuresalz und einem Zuckersäuresalz.

35

40

3.

Farnesol-Carbonsäureesterderivat, das ausgewählt ist aus der Gruppe bestehend aus
(2E, 6E)-Farnesol-N,N-Dimethylglycin,
(2Z/E, 6Z/E)-Farnesol-N,N-Dimethylglycin,
(2E, 6E)-Farnesol-N,N-Dimethylglycinhydrochlorid,
(2Z/E, 6Z/E)-Farnesol-N,N-Dimethylglycinhydrochlorid,
(2E, 6E)-Farnesol-N,N-Dimethyl-β-alaninat,
(2E, 6E)-Farnesol-N,N-Dimethyl-β-alaninathydrochlorid,
(2E, 6E)-Farnesol-N,N-Diethyl-β-alaninat,
(2E, 6E)-Farnesol-N,N-Diethyl-β-alaninathydrochlorid,
(2E, 6E)-Farnesol-N-tert-butoxycarbonylsarkosid oder
(2E, 6E)-Farnesol-N-tert-butoxycarbonylglycin.

4.

Zusammensetzung zur Verwendung in einem Verfahren zum Hemmen von Ischämie-Reperfusionsschäden oder
für die therapeutische oder präventive Behandlung eines ischämischen Schlaganfalls, eines ischämischen Ödems
oder eines Myocardinfarktes, wobei die Zusammensetzung ausgewählt ist aus der Gruppe bestehend aus:

45

50

55

(2E, 6E)-Farnesol-N,N-Dimethylglycin,
(2Z/E, 6Z/E)-Farnesol-N,N-Dimethylglycin,
(2E, 6E)-Farnesol-N,N-Dimethylglycinhydrochlorid,

12

EP 2 199 275 B1
(2Z/E, 6Z/E)-Farnesol-N,N-Dimethylglycinhydrochlorid,
(2E, 6E)-Farnesolsarkosinat,
(2E, 6E)-Farnesolhydrochloridsakrosinat,
(2E, 6E)-Farnesolglycin,
(2E, 6E)-Farnesolglycinhydrochlorid
(2E, 6E)-Farnesol-N,N-Dimethyl-β-alaninat,
(2E, 6E)-Farnesol-N,N-Dimethyl-β-alaninathydrochlorid,
(2E, 6E)-Farnesol-N,N-Diethyl-β-alaninat,
(2E, 6E)-Farnesol-N,N-Diethyl-β-alaninathydrochlorid,
(2E, 6E)-Farnesol-N-tert-butoxycarbonylsarkosid oder
(2E, 6E)-Farnesol-N-tert-butoxycarbonylglycin.

5

10

Revendications
15

1.

Dérivé de l’ester d’acide carboxylique de farnésol, représenté par la formule (1):

20

dans lequel R 1 représente un résidu d’acide carboxylique comprenant un substituant de l’azote choisi parmi le
groupe consistant en un résidu N-acyl d’acide aminé, un résidu N-alkyle d’acide aminé, un résidu N,N-dialkyle
d’acide aminé et un sel physiologiquement acceptable de ceux-ci, et le sel physiologique admissible étant choisi
parmi le groupe consistant en un sel d’hydracide, un sel d’acides alkylsulfoniques et un sel de sucre acide, et le
groupe aminé et le groupe carbonyle dans le résidu d’acide carboxylique qui comporte un substituant de l’azote,
étant liés par un groupe alkyle linéaire, ramifié ou cyclique avec 1 à 6 atomes de carbone.

25

30

2.

Composition choisi parmi le groupe consistant en farnésol, un dérivé du farnésol, son sel pharmacologiquement
acceptable, un solvate et un hydrate de ceux-ci, pour l’utilisation dans un procédé pour l’inhibition de troubles de
reperfusion ischémique ou pour le traitement préventif d’un infarctus cérébral, d’un oedème cérébral ou d’un infarctus
de myocarde, dans lequel le farnésol et le dérivé du farnésol sont représentés par la formule (2):

35

dans lequel R2 représente un atome d’hydrogène ou un résidu d’acide carboxylique comprenant un substituant de
l’azote choisi parmi le groupe consistant en un résidu d’acide aminé, un résidu de N-acyl d’acide aminé, un résidu
de N-alkyle d’acide aminé, un résidu de N,N-dialkyle d’acide aminé, un résidu d’acide pyridine carbonique, un sel
physiologiquement acceptable de ceux-ci, et le sel physiologiquement acceptable étant choisi parmi le groupe
consistant en un sel d’hydracide, un sel d’acides alkylsulfoniques et un sel de sucre acide.
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3.
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Dérivé de l’ester d’acide carboxylique de farnésol choisi parmi le groupe consistant en:
N,N-diméthylglycinate de farnésol (2E, 6E),
N,N-diméthylglycinate de farnésol (2Z/E, 6Z/E),
Chlorhydrate de N,N-diméthylglycinate de farnésol (2E, 6E),
Chlorhydrate de N,N-diméthylglycinate de farnésol (2Z/E, 6Z/E),
N,N-diméthyl-β-alinate de farnésol (2E, 6E),
Chlorhydrate de N,N-diméthyl-β-alinate de farnésol (2E, 6E),
N,N-diéthyl-β-alinate de farnésol (2E, 6E),
Chlorhydrate de N,N-diéthyl-β-alinate de farnésol (2E, 6E),
N-tert-butoxycarbonylsarcosine de farnésol (2E, 6E) ou
N-tert-butoxycarbonylglycinate de farnésol (2E, 6E).
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4.

5

10

15

Composition pour l’utilisation dans un procédé pour l’inhibition de troubles de reperfusion ischémique ou pour le
traitement préventif d’un infarctus cérébral, d’un oedème cérébral ou d’un infarctus de myocarde, le composé choisi
parmi le groupe consistant en
N,N-diméthylglycinate de farnésol (2E, 6E),
N,N-diméthylglycinate de farnésol (2Z/E, 6Z/E),
Chlorhydrate de N,N-diméthylglycinate de farnésol (2E, 6E),
Chlorhydrate de N,N-diméthylglycinate de farnésol (2Z/E, 6Z/E),
Sarcosine de farnésol (2E, 6E),
Chlorhydrate de sarcosine de farnésol (2E, 6E),
Glycinate de farnésol (2E, 6E)
Chlorhydrate de glycinate de farnésol (2E, 6E),
N,N-diméthyl-β-alinate de farnésol (2E, 6E),
Chlorhydrate de N,N-diméthyl-β-alinate de farnésol (2E, 6E),
N,N-diéthyl-β-alinate de farnésol (2E, 6E)
Chlorhydrate de N,N-diéthyl-β-alinate de farnésol (2E, 6E)
N-tert-butoxycarbonylsarcosine de farnésol (2E, 6E) ou
N-tert-butoxycarbonylglycinate de farnésol (2E, 6E).
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