
2074158 QUINONE AND HYDROQUINONE COMPOUNDS, THEIR PRODUCTION AND USE The
present invention relates to novel quinone com- pounds which are of value
as drugs or intermediates for them. More particularly, the compounds of the
present in- 5     vention are quinone compounds of the formula: [err]
wherein R1 is methyl or methoxy, or both of Rl jointly represent
-CH=CH-CH=CH-; X is -CH=CH- or -CC-; Y is hydrogen, hydroxyl, carboxyl,
cyano, acyloxy or -COZ in which Z is amino which may be substituted; m is
an integer 15     of 0 to 3; n is an integer of 0 to 10; n' is an integer
of 1 to 5; k is an integer of 1 to 3; and when k is 2 or 3, n' is
optionally variable within the range of 1 to 5 in its two or three times
appearances; and their hydroquinone forms, and pharmaceutically acceptable
salts thereof. 20           The hydroquinone forms of the above quinone
compounds (Ia) are represented by the formula: [err] 25    -2- wherein all
the symbols are as defined above. With regard to the above-mentioned
formulae (Ia) and (Ib), as examples of the substituted amino group repre-
sented by Z in -COZ, there may be mentioned mono- or di- 5     C1-4
alkylamino (e.g. methylamino, ethylamino, propyl- 



amino, isopropylamino, dimethylamino, diethylamino) and 5- or 6-membered
cyclic amino (e.g. pyrrolidinyl, piperi- dino, piperazinyl).  Said
piperazinyl group may have a substituent such as Cl-4 alkyl (e.g. methyl,
ethyl) or 10     C7-10 aralkyl (e.g. benzyl, 3,4,5-trimethoxybenzyl) on the
nitrogen atom at its 4-position.  A preferred embodi- ment as Z is amino,
mono- or di-Cl-4 alkylamino, pyrroli- dinyl, piperidino or piperazinyl,
said piperazinyl being unsubstituted or substituted at the N atom of its 4-
15     position by C1-4 alkyl, benzyl or 3,4,5-trimethoxybenzyl. Examples
of the acyloxy group represented by Y include C2-4 alkanoyloxy (e.g.
acetyloxy, propionyloxy), benzoyloxy, etc. The compounds (Ia) and (Ib) of
the present invention 20     can be produced by subjecting a compound of
the formula: [err] 25 2 wherein Rl, X, m, n, n' and k are as defined above;
R2  is hydrogen, methoxy, methoxymethyloxy, 2-tetrahydropyranyloxy or
2-tetrahydrofuryloxy; R  is methyl, methoxymethyl, 2- tetrahydropyranyl or
2-tetrahydrofuryl; Y2 has the same 30     meaning as Y  defined above, or
is 2-tetrahydropyranyloxy or 2-tetrahydrofuryloxy, to a reaction for
removal of the protective group, and then, if necessary, subjecting the
deprotected compound to oxidation. With regard to the above-mentioned
formula (II),the 35     2-tetrahydropyranyloxy and 2-tetrahydrofuryloxy
groups in Y2 are converted into the hydroxyl groups through the   



- 3- protective group removal reaction, while other groups correspond to
those in Y , respectively. As the protective group removal reaction for the
compound (II), there may be mentioned, by way of example,. 5    hydrolysis,
oxidation for removal of the protective group, etc.  Such hydrolysis is
normally conducted in an aqueous organic solvent (e.g. acetone,
acetonitrile, tetrahydro- furan , l,2-dimethoxyethane, ethanol, 'methanol)
in the presence of an acid catalyst (e.g. sulfuric acid, camphor- 10.
sulfonic acid, p-toluenesulfonic acid).  The reaction temperature varies
depending on the type of protective groups to be removed and, normally, the
reaction is con- ducted at a temperature. within the range of 0C to 70C.
The protective groups, which can be easily removed by the 15    hydrolysis
reaction, include methoxymethyl, 2-tetrahydro- pyranyl, 2-tetrahydrofuryl
and others. As the compound to be obtained by the hydrolysis, there may be
mentioned' the above hydroquinone forms. (Ib) or phenol compounds of the
formula: 20 [err] 25    wherein each of the symbols is as defined above.
The compounds (III) possess pharmacological activities similar to those of
the compounds (Ia) and (Ib). The oxidation reaction for removal of the
protective group of the compound (II) is conducted by using, for 30
example, a divalent silver compound (e.g. Ago) or cerium compound [e.g.
Ce(NH4)2(N03)6].   Thus, the compound (II) in water or an aqueous organic
solvent (e.g.- dioxane, 



acetonitrile) is reacted with the use of AgO in the pre- sence of nitric
acid or Ce(NH4) 2(NO3)6 in the presence of 35    trimellitic acid-pyridine
or pyridine-2,6-dicarboxylic acid or its N-oxide,
pyridine-2,4,6-tricarboxylic acid or    - 4 - its N-oxide, etc.  The
reaction temperature is normally 'in the range of from  0C to 30C.  The
oxidative pro- tective group removal reaction is particularly suited to the
removal of two methoxy groups situated in the para posi- 5     tions, and
permits simultaneously removal of the protec- tive groups and production of
the quinone compound (Ia). The hydroquinone compounds (Ib) and phenol
compounds (III), which are formed when a hydrolysis reaction is employed as
the reaction for removal of the protective 10     group, can be converted
into the quinone compounds (Ia) by subjection further to an oxidation
reaction, if neces- sary.  Such oxidation is normally carried out in
asuitable aqueous organic solvent (e.g. dimethylformamide, aceto- nitrile,
dioxane, tetrahydrofuran, methanol, ether, 1,2- 15     dimethoxyethane)
with the use of a mild oxidizing agent (e.g. Fremy's salt (.O-N(SO3K)21,
ferric chloride, silver oxide, air).  The reaction temperature is normally
in the range  of from 0OC to 30[err]C. The quinone compound (Ia) where the
radical represen- 20      ted by Y1  is the-COZ group can also be produced
by sub- jecting to the per se known amidation reaction (e.g. the reaction
with the use of dicyclohexylcarbodiimide or the active ester method
utilized in the peptide synthesis) 



the quinone carboxylic acid compound (Ia) consisting of .25    the quinone
compound (Ia) where Y1  is a carboxyl group. Also, the desired  compound
(Ia) or (Ib) of the present invention where the radical represented by X is
-CH=CH- can be produced by catalytic partial reduction of the compound (Ia)
or (Ib), where the radical represented 30     by X is -C=C-, in the
presence of Lindlar catalyst. Reduction with Lindlar catalyst is conducted
in a solvent such as methanol, ethanol or ethyl acetateafter adding
quinoline in such an amount as may be in the region of 1/10th to twice
that of the catalyst, to adjust the catalytic 35     activity.  The double
bond resulting from said partial reduction is mainly a cis-olefin bond
(H[err]    -5- The quinone compounds (Ia) and their hydroquinone forms (Ib)
thus produced can be isolated and collected by separation and purification
procedures known per se (e.g. chromatography, distillation,
crystallization). 5           Furthermore, the quinone compound (Ia) and
hydro- quinone compounds (Ib) of the present invention should be considered
as the pharmacologically equivalent compound, because they ate convertible
into each other under physiological conditions.  Generally, the
hydroquinone 10     compounds (Ib) are chemically susceptible to oxidation
and are preferably handled as the quinone compounds (Ia). The hydroquinone
compounds (lb) can be converted into the stable form such as the
above-mentioned compounds (II) by introducing the protective group into the
hydroxyl group 



15     by way of  a. reaction known per se (e.g. etherification,
benzylation, acylation). The compounds (Ia) and (Ib) of the present
invention exert profound effects upon the metabolic pathways of poly-
unsaturated fatty acids (PUFA) such as linoleic acid, '20     linolenic
acid, dihomo-[err]-linolenic acid, arachidonic acid and eicosapentaenoic
acid, particularly the metabolic pathways involving lipoxygenase and
cyclooxygenase.  For example, the compounds suppress production of SRS-A
(slow reacting substance of anaphylaxis), the substance known to 25
cause immediate allergy, and simultaneously inhibit pro- duction of
5-hydroperoxyeicosatetraenoic acid (5-HPETE) and 5-hydroxyeicosatetraenoic
acid (5-HETE) 5-HPETE is one of hydroperoxy-fatty acids produced from
arachidonic acid by lipoxygenase in human polymorpho- 30     nuclear
leukocytes, rat mastocytes, etc. and an important intermediate for SRS-A
as well [Proc. Natl. Acad. Sci., vol. 76, pp. 4275 (1979)]. The  desired
compounds (Ia) or (Ib) of the present invention, by suppressing produc-
tion of 12-hydroperoxyeicosatetraenoic acid (12-EPETE), 35     liberated
for example from human blood platelets, leuko- cytes and mastocytes, and
rat peritoneal cells, and by    6 simultaneously inhibiting liberation of
various hydro- *        peroxy-fatty acids produced from PUFA, get involved
in the defence of living tissues and cells against hydroperoxy- fatty acids
as well and are useful for improvement of the 5   prostaglandin-thromboxane
metabolism. For example, they 



are of use in preventing the prostaglandin-I2 (PGI2) synthatase from being
inactivated by hydroperoxy-fatty acids.  In addition, the compounds (Ia)
and (Ib) of the present invention inhibit autoxidation of arachidonic acid
10     in the concentration of near 1 [err]M. Based on their improvement of
the metabolism of PUPA, particularly their inhibitory action on production
of hydroperoxy-fatty acids,namely anti-oxidizing activity, the compounds
(Ia) and (Ib) of the present invention 15     exhibit in mammals various
physiological actions such as antiasthmatic, antiallergic, blood-pressure
decreasing, arteriosclerosis-improving, atherosclerosis-improving,
platelet-aggregation improving, renal-, cerebral- and coronary-circulation
improving, anti-digestive-tract- 20     ulcer, diuretic,  immuno-regulatory
and bacterial-infec- tion defending actions.  Thus, they are of value as
drugs, for example as an antiasthmatic agent, antiallergic agent,
antihypertensive agent, antiulcer agent, diuretic.agent, anti- thrombotic
agent, cerebral-circulation improving agent, 25     coronary artery
improving agent, immuno-regulating agent, bacterial-infection defence
promoting agent and prosta- glandin-thromboxane metabolism improving agent,
in the treatment or prophylaxis of  bronchial asthma, allergosis, *
hypertension, peptic ulcers, cerebral thrombosis, ischemic 30
myocardial infarction, coronary artery disorders, atherosclerosis,
immuno-defficiency, disorder of regulation in prostaglandin- and
thromboxane-biosynthesis.        In particular, the present compounds are
useful as anti- asthmatic, antiallergic, antiulcer and cerebral-circulation
35     improving agents. The compounds of the present invention are low in 



-7- toxicity and can be safely administered either orally or parenterally,
as such or  as pharmaceutical compositions [ e.g. tablets, capsules
(inclusive of soft capsules and microcapsules), solutions, injections and
suppositories]. 5     formed by mixing with pharmaceutically acceptable
carriers, excipients, etc. conventional per se. The dosage varies in
dependence upon type of hosts, administration route, symptoms, etc.  In the
case of oral administration to patients with hypertension or bronchial
asthma, they are 10      given suitably in a single dose within the range
of, normally from  0.2 mg/kg to 25 mg/kg of body weight, pre- ferably from
0.5 to 10 mg/kg of body weight, 1 to 3 times daily. In cases in which the
compounds (Ia) and (Ib) of the 15     present invention are employed as the
above drugs, the quinone compounds (Ia) are generally preferable in terms
of stability.       Among (Ia), the compound where R1 is methyl or methoxy
and X is -C=C- is preferred in the case of the inhibitory action on the
production of SRS-A being 20     aimed at, and the compound where Rl is
methoxy is pre- ferable in the case of the antiulcer action being inten-.
ded.  In both of the above cases, preferably, Y  is hydroxyl, and m is 0 or
1, while n, n' and k are integers of 1 to 4, 1 to 3 and 1 to 2,
respectively. 25           The starting compounds (II) useful in the
present invention' can be produced, for example, by the following
procedure: 



[err] 30 35    -8- [err]                          [err] [err] [err]
[wherein Ph is phenyl, Z1 is halogen (e.g. Br, I) and the other. symbols
are as defined above] The starting compounds (VI) Of the present invention
may be prepared by the production methods described for 5     example in
the Japanese Unexamined Patent Publications Nos. 128932/1976 and 7737/1981
(Application No. 84291/1979), and Japanese Patent Application No.
49433/1980. The alcohol compound (VI) can be led to the corre- sponding
halogen compound (IV) or aldehyde compound (V) by 10     halogenating or
formylating it.  The halogen compound (IV) can be derived by treating the
alcohol compound (VI) with phosphorus tribromide or treating a sulfonyl
ester form of the alcohol compound (VI) with a halide. The bromination
reaction of the alcohol compound 15     (VI) is conducted in
dichloromethane, chloroform, ether, isopropyl ether or tetrahydrofuran at a
temperature within the range of 0[err]C to 70C, with the use of 1/3 to 1
equiva- lent mole of phosphorus tribromide. 



The production of the halogen compound (IV) via the 20    sulfonyl ester is
carried out by way of the following reaction:  the alcohol compound (VI),
by action of methane- sulfonyl chloride or p-toluenesulfonyl chloride in an
organic solvent (e.g. methylene chloride, chloroform or ether) in the
presence of an organic base (e.g. tri- 25    ethylamine, pyridine), is
converted to the corresponding methanesulfonyl or p-toluenesulfonyl ester,
which, upon treatment at .room temperature or with heating by an halogen *
compound (e.g. sodium chloride, sodium bromide, potassium *       bromide,
sodium iodide, potassium iodide)  in an organic 30     solvent (e.g.
acetone, dimethylformamide or dimethyl- sulfoxide), can yield the
corresponding halogen compound (IV). The aldehyde compound (V) can be
derived by oxidiz- ing the alcohol compound (VI) or halogen compound (IV).
35     In the oxidation of the alcohol compound (VI), for exmaple, the
reaction with sulfur trioxide-pyridine complex and    - 10 - triethylamine
in pyridine-anhydrous chromic acid or dimethylsulfoxide, for example, is
employed, and, in the case of the halogen compound (IV). for example,
treatment with silver tetrafluoroborate (AgBF4)-triethylamine in 5
dimethylsulfoxide affords the aldehyde compound (V). The halogen compound
(IV) or aldehyde compound (V) thus obtained is converted to the compound
(II-la) or (II-2b)by subjection to a coupling reaction or the Wittig
reaction. The coupling reaction with the acetylene compound 



10     (VII) is conducted by the action of the halogen compound (IV) in
liquid ammonia or an organic solvent (e.g. tetra- hydrofuran,
hexamethylphosphoramide, dimethylformamide, dimethylsulfoxide) in the
presence of sodium amide or lithium amide, or in an organic solvent (e.g.
diethyl 15     ether or tetrahydrofuran), in the presence of ethyl
magnesium bromide and a catalytic amount of copper ion, thereby forming the
compound (II -la). The acetylene compound (VII),which is employed in the
coupling reaction, includes, by way of example, 5- 20     hexyne carboxylic
acid, l-hydroxypent-4-ynel-hydroxybut- 3-yne, propargyl alcohol and their
tetrahydropyranyl ethers. The coupling reaction in liquid ammonia or an
organic solvent is normally conducted under an inert gas 25     atmosphere
at a temperature of from  -30C to -70C, while the Grignard type coupling
reaction in an organic solvent is carried out at room temperature or at the
boiling point of the solvent, using a copper catalyst (e.g. cuprous
cyanide, cuprous bromide, cuprous iodide).  The 30     reaction mixture are
subjected to isolation and purifica- tion by per se conventional procedures
(e.g. solvent extraction, silica-gel chromatography) to give the com- pound
(II-la). The compound (II-la)can be derived by the reaction 35     of the
aldehyde compound (V) with the Wittig reagent (VIII).  As the Wittig
reagent to be used   in the said    reaction, there may be mentioned, for
example, [Ph3P+ 



(CH2)4COOH]Br-, [Ph3P+(CH2)5-COOH]Br-, etc., while as the solvent, there
may be mentioned benzene, toluene, ether, tetrahydrofuran, dioxane,
1,2-dimethoxyethane, dimethyl- 5     sulfoxide, etc., either  alone or as
mixed solvents.  The reaction is conducted under an  inert gas atmosphere
and in the presence of a basic compound (e.g. n-butyllithium,
methyllithium, sodium hydride, etc.), normally at -10[err]C to +40[err]C.
After the completion of the reaction, the com- 10     pound (II-26)is
obtained by separation and purification of the reaction product by a
conventional procedure. The compound (II-la) or (II-2b) produced by the
above procedure can be utilized as the starting compound (II) itself, but
can also be converted to an other starting. 15     compound (II) by
allowing the reaction to proceed further. Thus, among the compounds (II-la)
obtained in the above coupling reaction step, the compound where Y2  is a
hydroxyl group can be subjected to the above-mentioned halogenation
reaction so as to lead  to the corresponding 20    halide which can form
the longer acetylene compound (II-3) by the similar coupling reaction with
the above-mentioned acetylene compound (VII).  If necessary, the similarly
repeated coupling reaction can also afford the further longer acetylene
compound (II-3).  In the case of the 25     repeated coupling reaction,
n'in the acetylene compound (VII) can be changed arbitrary in the range
of 1 to 5. In cases in which the compound of the formula (II-3) where k is
not less than 2 and n' is 1 is produced, we prefer the coupling reaction in
tetrahydrofuran or 30     diethyl ether with the use of Grignard reagent.
The compound (11-3) thus obtained can be utilized as the starting compound
(II) itself, and the compounds 



(II-la) and (11-3) can be led to the olefin compound (II-2a) or (II-4) by
partial reduction of the acetylene 35     bond. The partial reduction is,
for example, by means of    -12- catalytic reduction with the Lindlar
catalyst or partial reduction with lithium aluminum  hydride. The reduction
with the Lindlar catalyst can be conducted under the same conditions as
described above.  Reduction with lithium 5     aluminum  hydride is carried
out by a reaction under reflux in a solvent of either ether or
tetrahydrofuran under the inert gas atmosphere. The geometrical
configuration of the di-substituted double bond in the olefin compounds
(II-2a) and (II-4) as 10    obtained in the above reduction is the
cis-orientdd olefin bond in the case of the reduction with the Lindlar
cata- list, while it is the trans-oriented olefin bond in the case of the
reduction with lithium aluminum hydride. The compounds (II-la), (II-2a),
(II-2b), (11-3) and 15     (II-4)as obtained in the above reaction are all
utilizable as the starting compound (II) themselves and, if necessary, can
be led to e.g. the cyano and amide compounds (II)by way of the
conventional, known reactions such as protec- tive-group removal reaction,
reaction of converting a 20   halogen compound into a nitrile group,
esterification or amidation reaction of a carboxyl compound. The production
of the starting compound (VI) by the procedure described in Japanese Patent
Application No. 



49433/1980 will be explained hereinafter in detail. 25           The
application relates to a process for producing a phenol compound having a
tetrahydrofur-2-yl group at its ortho position characterized in that said
process comprises contacting an acid catalyst under anhydrous conditions
with a tetrahydrofur-2-yl ether of a compound having a 30     phenolic
hydroxyl group with at least one of the ortho positions being
unsubstituted. As the acid catalyst in the above process, there may be
mentioned organic sulfonic acids such as p-toluene- sulfonic acid,
camphorsulfonic acid and methanesulfonic 35     acid, trifluoroacetic acid,
sulfuric acid, boron tri- fluoride diethyl etherate and the like, and the
amount of    -13 - these to be used is in the range of from  1/100 to 1/5.
equivalent, preferably from  1/30 to 1/10,. relative to an ether compound
as the starting compound. The reaction is carried out under anhydrous
condi- 5     tions, whereby as the solvent for the reaction, normally, use
is made of anhydrous solvents such as dichloromethane, chloroform, toluene,
benzene and isopropyl ether.  The reaction temperature is normally in the
range of from room temperature to about 70C.  The reaction is desirably 10
carried out under the atmosphere of an inert gas, and the reaction
temperature varies with types of compounds to be reacted but is normally in
the range: of 1 to 10 hours. The  desired compound produced in the reaction
solution can be easily isolated by means of conventional separation 



15     and purification procedures (e.g., silica gel chromato- graphy,
distillation under reduced pressure) after neu- tralization of an acid
catalyst. The above-mentioned process is applied to the tetra-
hydrofur-2-yl ethers of compounds having a phenolic 20     hydroxyl group
with at least one of the ortho positions being unsubstituted [in some
instances, hereinafter referred to briefly as "compound (IX)"], as
described above.  Such compounds having a phenolic hydroxyl group, which
ate not limited to simple phenol and its derivatives, 25    are  the
phenols as taken in a broad sense including,for example, catechol,
pyrogallol, resorcinol, catecholamine derivatives, 5-hydroxytryptamine
(serotonin), 5-hydroxy- indole, etc.  The reaction for etherification of
such compounds with 2,3-dihydrofuran in the presence of an 30     acid
catalyst or with 2-chlorotetrahydrofuran in the. presence of a base can
afford the tetrahydrofur-2-yl ether compounds (IX).  As the acid catalyst
we may men- tion the same acid catalysts as those mentioned above, and
their sufficient amount to be used is in the range of 35     from  1/500 to
1/100 equivalent against a starting com- pound.  In the case of the
reaction.with 2,3-dihydrofuran,    -14- the reaction temperature is
normally in the range of 0 to 40C.  In this case,. the acid catalyst is
further added after the completion of the etherification reaction, while
the reaction temperature. is increased, if necessary, 5    whereby the
rearrangement reaction can be consecutively 



carried out. By employing the catalyst amount and.reaction temperature for
the rearrangement reaction from the very beginning of the etherification,
furthermore, the etherifi- cation and rearrangement can be carried out in
one step 10    as well. As examples of the base being useful in the
etherification with 2-chlorotetrahydrofuran, there may be mentioned
triethylamine, pyridine, sodium hydride, etc. As the solvent for
the.reaction, use is made of dichloro- methane, chloroform,
dimethylformamide, dimethylacetamide, 15    etc. As one specific example of
the above compound (IX), there may be mentioned, by way of example, ether
compounds of the formula: - 20                [err] 25    wherein R4, R5,
R6 and R are independently hydrogen, hydroxyl, methyl or methoxy; any two
neighboring groups of R4, R5, R6 and R  jointly represent -CH=CH-CH=CH-. In
the above process, the tetrahydrofur-2-yl group of the compound (IX)
undergoes rearrangement into the 30    position adjacent to the phenolic
hydroxyl group or the ortho position, thereby yielding the desired
phenols having a tetrahydrofur-2-yl group in the said ortho posi- tion (in
some instances, hereinafter referred to briefly as  compound (X)"].
Consequently, utilization of the 35    compounds (IXa) as a starting
compound, for example, affords the desired ._ compounds of the phenols of
the    formula; [err] 



[err] [err] wherein all the symbols are as defined above. According to the
process mentioned above, the tetra- hydrofur-2-yl group can be introduced
into the ortho posi- 10     tion of phenols in very high yields and
selectively under mild reaction conditions. The compounds (X) themselves,
as produced by the present process, are novel compounds, and are of value
as production intermediates for various drugs (e.g., catechol- 15
amines, naphthoquinones, benzoquinones, etc.).  Thus, the
tetrahydrofur-2-yl group in the ortho position of the com- pounds (X), by
the catalytic reduction leading to ring- opening, can be easily converted
into a 4-hydroxybutyl group, whereupon the resulting 4-hydroxybutyl
groupwhen 20    being, for examplehalogenated to a reactive halogenobutyl
group, becomes susceptible to the extension of its butyl chain, thus
permitting the favorable production of varie-.. ties of valuable phenol
derivatives.  The ring-opening reaction by the catalytic reduction is
carried out, with 25    the use of acid catalyst (e.g., sulfuric acid,
perchloric acid, etc.) and reducing catalyst (e.g., palladium, platinum,
etc.), in a solvent such as acetic acid and ethyl acetate under applied
pressure and warming. The halogenation is conducted, for example, by
conversion into 30    the corresponding sulfonyl ester with methanesulfonyl
chloride or p-toluenesulfonyl chloride, followed by treat- ment with sodium
bromide or sodium iodide by a conventioal procedure.  In these reactions,
if necessary, the phenolic hydroxyl group may be protected in advance and
subjected 35    to reaction. 



By way of example, the following  are the routes of    - 16- the phenols
(Xa) to valuable drug compounds or the com- pounds (VI): [err] 10 15 20 25
30 [wherein R8 is a protective group for the phenolic hydroxyl group; R9 is
a protective group for the alcoholic hydroxyl group; z1 is halogen (e.g.,
Br or I), -P (C6H5)3I- or -P +(C6H5) 3Br-; Y3 is formyl, CH=C- or
p-toluenesulfonyl; 35 N is an integer of 0 to 18; M is an integer of 0 to
2, with (N + M) representing an integer of 1 to 18].    -17- The oxidation
in the stop A as described above is carried out with the use of a mild
oxidizing agent (e.g., 'Fremy's salt, silver oxide,ferric chloride, etc.).
The introduction of a protective group in the step B is con- 5     ducted
by introducing a group normally employed for pro- tecting the phenolic
hydroxyl group such as methyl, benzyl,methoxymethyl and tetrahydropyranyl
groups by procedures known per se. The halogenation in the step B 



is carried out by the procedure described hereinbefore. 10     The reaction
of (XIIa) with (XIV) in the step C is carried out by the Wittig reaction in
the case of aldehydes - utilized as (XIV) and by the condensation reaction
under acidic conditions in the case of acetylenes of sulfones used as
(XIV), respectively.  In cases in which aldehydes 15     (XIV) are
utilized, M  is 1, while in the case of acetylenes used, M is 2, and, in
the case of sulfones, M is 0.  The olefin compounds or acetylene compounds
obtained by these reactions can be converted to the desired   quinone com-
pounds (XIIIb) by the catalytic reduction by means of con- 20    ventional
procedures, followed by removal of protective group and/or by oxidation.
Further, the sulfone compounds can be converted to (Xmb) by desulfonation
under basic conditions followed by treatment of the resulting olefin
compounds in the same manner as described above. 25           The above
compounds (XIIIa) and (XIIIb) are, for ex- ample,of value as
immunostimulating agentStissue metabo- lism activators(therapeutic agents
for cerebral circulation disturbance, cardiac insufficiency, hypertension,
etc.) and the like [refer to USP-4,139,545 (Japanese Patent 30
(unexamined) Publication No. 128932/1967), European Patent Publication No.
21841 and Japanese Patent Application No. 171125/19791. The compounds (XIa)
and (XIIa) are included in the scope of the compounds (VI) and (IV)
mentioned hereinbefore, 35    and are useful as intermediates for the
production of the present compounds (Ia) and (Ib).    



-18- We give in the following an experimental example, examples and
reference examples to illustrate the present invention more particularly,
but they are not intended to limit its scope.  The symbols in the tables
shown 5     below designate the following chemical formulae, respec-
tively. Symbol      Formula        Symbol        Formula [err] 30
Experimental Example - The inhibitory action on SRS-A production and
release - The actions of the desired   compounds of the pre- sent invention
on SRS-A production and release were determined in accordance with the
method of Orange and 35     Moore [J. Immunol., vol. 116, pp. 392 (1976)1.-
To lung fragments of guinea-pigs (male and female Hartley strain,    -19-
weighing 300 to 350 g) sensitised with egg albumin as the antigen was added
the objective compound of the present invention, simultaneously with the
antigen, and the amount of SRS-A produced and released as a consequence was
5     assayed by the method of Brocklehurst (J. Physiol.., vol. 151, pp.
416-435, 1960).  The results as shown in Table 1 indicate that the
compounds of the present invention strongly inhibit the production and
release of SRS-A in lower concentrations and that they are outstandingly 10
effective as compared with the known inhibitors of SRS-A production such as
5,8,11,14-eicosatetraynoic acid (ETYA) 



and sodium baicalein phosphate (BPS). Table 1. The inhibitory action on
SRS-A production and release 15                               Concen-
Inhibitory effect tration  on SRS-A production Tested compound
([err]M)         (%) [err] 20 25                 [err] [err]    - 20 -
Concen-  Inhibitory effect tration on SRS-A production Tested compound
([err]M)          (%) [err] 5 Example 1 In a mixed solvent of acetonitrile
(40 ml) and water (20 ml) were dissolved the compound produced in Reference
10     Example 2 (II,R1= R2=OCH3,  R3=C3, m=0, n=4, X=-C=C-, n'= 3, Y2=OH,
k=l, 3.00 g, 8.57 mmole) and 2,6-dicarboxy- pyridine N-oxide (4.70
g,8.57x3mmole), and the solution was stirred under cooling with ice.  An
ice-cooled solu- tion of ceric ammonium nitrate (14.1 g, 8.57 x3 mmole) in
15    50% aqueous acetonitrile (60 ml) was added dropwise to the solution
over a period of 30 minutes, followed by stirring under the same conditions
for 30 minutes and at room temperature for 30 minutes. After the completion
of 



the reaction, insolubles were filtered out, and the 20     acetonitrile was
distilled off under reduced pressure. To the residue were added isopropyl
ether (100 ml) and water (20 ml) for extraction, and the organic layer was
washed with saturated sodium bicarbonate and aqueous sodium chloride,
successively and dried (over MgSO4), followed by 25     distilling off the
organic solvent under reduced pressure. The residue was chromatographed on
a column of silica gel, developing with isopropyl ether:ethyl acetate (98:2
to 95:5), to give 2,3-dimethoxy-5-methyl-6-(9-hydroxynon-5-
ynyl)-1,4-benzoquinone (Ia, R1=OCH3, m=0, n=4, X-C=C-, 30     n'=3, k=l,
Y1=OH, 2.24 g 82%). As to its physical pro- perties, refer to Table 2 (The
same shall apply herein- after). Examples 2 to 15 By the procedure of
Example 1, there were obtained 35     the compounds as shown in Table 2
(below). Example 16    - 21 - In dioxane (10 ml) was dissolved the compound
pro- duced in Reference Example 5 (II, R1 =R3 =CH3, R2 =OCH3, m=O, 'n=4,
X=-C=C-, n'=3, Y2 =OH, k=l, 636 mg, 2.0 mmole).  After silver oxide (AgO,
1.0 g, 8 mmole) was added to the solu- 5     tion, 6N nitric acid. (2.0 ml)
was added to the mixture under stirring at room temperature, followed by
allowing the reaction to proceed for 30. minutes. Water (50 ml) was added,
and the product was extracted with ethyl acetate. The organic layer was
washed with water, dried (over MgSO4) 



10     and concentrated.  The residue was chromatographed on silica
gel,developing with isopropyl ether:ethyl acetate (98:2), to give
2,3,5-trimethyl-6-(9-hydroxynon-5-ynyl)-1, 4-benzoquinone (Ia, R1=CH3, m=0,
n=4, X=-CHC-, n'=3, k=l Y1=OH, 520 mg, 90%). 15
Examples 17 to 20 By the procedure of Example 16, there were obtained the
compounds as shown in Table 2 (below). Example 21 In acetone (25 ml) was
dissolved the compound pro- 20     duced in Reference Example 15
(II,R1=OCH3, R2=OCH2OCH3, R3=CH2OCH3, m=l, n=1, X=H >=<H, n'=4, k=l,
Y2=COOH, 2.40 g, 5.0 mmole),and, after the addition of 2N sulfuric acid
(5.0 ml), the solution was stirred under reflux at 70[err]C for 1 hour..
After the reaction solution was cooled, 1M 25     aqueous ferric chloride
solution (10.0 ml) was added, followed by stirring at room temperature for
30 minutes. After the completion of the reaction, the acetone was distilled
off under reduced pressure, and the product was extracted by adding ethyl
acetate (100 ml) and water 30     (50 ml).  The organic layer was washed
with aqueous sodium chloride solution, dried (over MgSO4) and concen-
trated.  The residue was chromatographed on a column of silica
geldeveloping with isopropyl ether:ethyl acetate (98:2),to give 2
,3-dimethoxy-5-methyl-6-111-carboxy-3- 35
methyl-(E,Z)-2,6-undecadienyl]-1,4-benzoquinone (Ia, R [err]    - 22 - 



Example 22 By the procedure of Example 21, there was obtained the compound
as shown in Table 2(below). Example 23 5           In ethyl acetate (10 ml)
was dissolved the compound produced in Example 7 (Ia, R1=CH3, m=0, n=4,
X=-C=C-, n'=l, k=2, Y1=OH, 0.30 g, 1.0 mmole), and  after the Lindlar
catalyst (60 mg) and quinoline (10 [err]1) were added to the solution,
catalytic reduction was carried out at room tem- 10.   perature.  At the
time when 2.5 molar hydrogen was absorbed, the reaction was suspended. The
catalyst was filtered out, and the ethyl acetate solution was washed with a
5% aqueous phosphoric acid solution (5 ml) and an aqueous sodium chloride
solution (5 ml), successively, 15     followed by concentrating the organic
layer.  The residue was dissolved in tetrahydrofuran (6 ml) and, after the
addition of a 1M aqueous ferric chloride solution, the mixture was stirred
at room temperature for 30 minutes. The tetrahydrofuran was distilled off
under reduced 20     pressure, and the product was extracted by adding iso-
propyl ether (30 ml) and water (10 ml) to the residue. The organic layer
was washed with aqueous sodium chloride, dried (over MgSO4) and
concentrated by distilling off the solvent under reduced pressure. The
residue was chromato- 25     graphed on a column of silica gel,developing
with iso- propyl ether:ethyl acetate (98:2),to give 2,3,5-trimethyl-
6-[10-hydroxy(Z,Z)-5,8-decadienyl]-1,4-benzyquinone (Ia, [err] Examples 24
to 26 30           By the procedure of Example 23, there was obtained the
compound as shown in Table 2 (below). 



Example 27 In acetonitrile (10 ml) were dissolved the compound [err]
produced in Example 21 (Ia, R1=OCH3, m=l, n=l, X=H >=<H, 35     n'=4, k=l,
Y1=COOH, 0.78 g, 2.0 mmole) and N-hydroxy- succinimide (0.25 g, 2.2 mmole),
and the solution was    - 23 - stirred under cooling with ice.  After
dicyclohexyl- carbodiimide (0.45 g, 2.2 mmole) was added to the solu- tion,
the mixture was cooled with ice for 30 minutes and stirred at room
temperature for 1.5 hours.  Then, N-(3,4, 5
5-trimethoxybenzyl)-piperazine (0.59 g, 2.2 mmole) was added, and the
mixture was stirred at room temperature for 1 hour. After the completion of
the reaction, di- cyclohexyl urea was filtered out, and the acetonitrile
was distilled off under reduced pressure.  To the residue 10     were added
ethyl acetate (50 ml) and water (30 ml) for extraction, and the organic
layer was washed with aqueous sodium bicarbonate solution and aqueous
sodium chloride solution, successively, and dried (over MgSO4), followed by
distilling off the'solvent.  The residue was chromato- 15     graphed on a
column of silica geldeveloping with iso- propyl ether:ethyl acetate
(10:1),to give 2,3-dimethoxy-5-
methyl-6-[[3-methyl-ll-[N-((N'-(3,4,5-trimethoxybenzyl)-
piperazinocarbonyll)-(E, Z)-2 ,6-undecadienyl] 1]-1,4- benzoquinone (Ia,
R1=OCH3, m=l, n-l, X= >=< , k=l, n'=4, 20     [err] Examples 28 to 29 



By the procedure of Example 27, there was obtained the compound as shown in
Table 2 (below). Example 30 25           In methanol (50 ml) was dissolved
the compound produced in Reference Example 11 (II, [err] [errr] [err] and
camphorsulfonic acid (0.1 g) was added to the solu- tion, followed by
refluxing for 1 hour.  After the 30     reaction solution was cooled,
sodium bicarbonate (0.1 g) was added, and the solvent was distilled off
under reduced pressure.  The residue was dissolved in isopropyl ether (100
ml), and the organic layer was washed with water, dried (over magnesium
sulfate) and concentrated under 35     reduced pressure.  The residue was
chromatographed on silica gel,developing with isopropyl ether:ethyl acetate
- 24 - (98:2), to give 2,3-dimethoxy-5-methyl-6-[10-hydroxy-3-
methyl-7-yn-(2E)-decenyl]-1,4-hydrobenzoquinone (Ib, Rl= OCH3,  m=l,  n=2,
X=-C=C-, n'=2, k=l, Y1=OH, 1.29.g, 92%). Example 31 5           In a mixed
solvent of acetonitrile (6 ml) and water (3 ml) were dissolved
5-methyl-1,2,3,4-tetramethoxy-6- (12-hydroxy-5;10-dodecadiynyl)benzene (II,
0.50 g, 1.29 mmole) and pyridine-2,6-dicarboxylic acid (0.65 g, 1.29 x3
mmole), and the solution was stirred under cooling 10     with ice,
followed by adding dropwise an ice-cooled solu- tion of ceric ammonium
nitrate (2.12 g) in acetonitrile 



(4.5 ml) and water (4.5 ml) over a 15-minute period. The reaction was
allowed to proceed under the same conditions for 15 minutes and further at
room temperature for 15 15     minutes. 'After the completion of the
reaction, the in- solubles were filtered out, and the acetonitrile was
distilled off under reduced pressure.  By adding isopropyl ether(20 ml) and
water (20 ml) to the residue, the pro- duct was extracted. The organic
layer was washed with 20    aqueous sodium bicarbonate solution and aqueous
sodium chloride solution, successively, dried (over MgSO4) and concentrated
under reduced pressure, resulting in a residue. The residue was
chromatographed on a column of silica gel developing with a mixed solvent
of isopropyl 25    ether and ethyl acetate,to give
2,3-dimethoxy-5-methyl-6- (12-hydroxy-5,l0-dodecadiynyl)-l ,4-benzoquinone
(I, 0.42 g, 91%, oil).' Example 32 Dioxane (15 ml) was added to
1,4-dimethoxy-2-methyl- 30
3-[(12-hydroxy-5,10-dodecadiynyl)]naphthalene (II, 0.57 g, 1.5 mmole) and
silver oxide (0.74 g, 6.0 mmole), and the mixture was stirred under cooling
with ice.  6N nitric acid (1.5 ml) was added to the mixture over a 5-minute
period and, 5 minutes later, the ice bath was taken off, 35     followed by
stirring at room temperature for 30 minutes. Water (20 ml) was added to the
reaction solution, and the    -25- dioxane was distilled off under reduced
pressure.  Ethyl acetate (50 ml) was added to the residue, and the insolu- 



bles were filtered out.  The organic layer was separated out, washed with
water and dried (over MgSO4), followed 5     by distilling off the solvent
under reduced pressure. The crystals precipitated were recrystallized from
iso- propyl ether,'thereby yielding the desired 2-methyl-3- (12-hydroxy-5
,10-dodecadiynyl)-l ,4-naphthoquinone (I, 0.47 g, 90%). 10
Examples 33 to 35 By the procedure of Example 31, there were obtained the
compounds as shown in Table 2. Table 2 15
[err] [err] [err] [err]    - 26 - [err] [err]    - 27- [err] [err]    -28- 



[err]                      [err] NoP                  [err] [err] [err]
- 29 - [err] Note:  The Number marked by * means Examples No. Below in the
reference examples are given the pro- duction examples of the starting
compounds utilized in the above examples. Reference Example 1 A solution of
tetrahydropyranyl ether of propargyl alcohol (16.8 g, 0.12 mmole) in ether
(15 ml) was added 20     dropwise to the freshly prepared sodium amide
(2.88 g of sodium and 50 mg of ferric nitrate) in liquid ammonia (300
ml)under an argon atmosphere at -60[err]C to -40C over a 20-minute period,
and the mixed solution was stirred under the same conditions for 40
minutes.  A solution of 25     the compound produced in Reference Example
29 (IV, R1=R2= OCH3. R3=CH3, m=0, n=4, Z=I, 39.4 g, 0.10  mole) in ether
(40 ml) was added dropwise to the reaction solution at -60 to -50C over a
40-minute period, followed by stirring under the same conditions for 1
hour.  Ammonium chloride 30     (50 g) was added to the reaction solution,
and ammonia was removed under reduced pressure.  Then, isopropyl ether (300
ml) and water (300 ml) were added, and the product was extracted. The
organic layer was washed with two portions of saturated aqueous ammonia
(300 ml) and dried 



35     (over MgSO4), and the solvent was distilled off, leaving a residue.
The residue was dissolved in methanol (300 ml),    -30- and
p-toluenesulfonic acid (0.95 g) was added, followed by stirring at 70C for
0.5 hour.  After the solution was cooled, aqueous sodium bicarbonate
solution (50 ml) was added, and the methanol was distilled off under
reduced 5     pressure.  To the residue were added isopropyl ether (300 ml)
and water (200 ml) for extraction.  The organic layer was washed with an
aqueous sodium chloride solution and dried (over MgSO4), and the solvent
was distilled off under reduced pressure.  The residue was chromato- 10
graphed an a column of silica gel, developing with isopropyl ether:ethyl
acetate (49:1),to give 1,2,3,4-tetramethoxy-
5-methyl-6-(7-hydroxy-5-heptynyl)benzene (II,R1=R2=OCH3, R3=CH3, m=O, n=4,
X=-C=C-, n'=l, k=l, Y2=OH, 27.4 g, 85%). As to the physical properties, see
Table 3 (the same shall 15     apply hereinafter). Reference Examples 2 to
10 By the procedure of Reference Example 1, there were obtained the
compounds as shown in Table 3. Reference Example 11 20           In the
same manner as in Reference Example 1, 2,3- dimethoxy-1,
4-bismethoxymethyloxy-5-methyl-6-(6-iodo-3- methyl-2-hexenyl)-benzene
([err] [err]) produced in Reference Example 32 was allowed to undergo a
coupling 25     reaction with 2-tetrahydropyranyl ether of 3-butyn-1-ol 



(0.96 g, 5.3 mmole) in the presence of sodium amide - (0.14 g as sodium) in
liquid ammonia (30 ml). After the completion of the reaction, ammonium
chloride (5 g) was added, and the ammonia was removed under reduced
pressure. 30     Water was added to the residue, and the product was
extracted with isopropyl ether (100 ml).  The organic layer: was washed
with water, dried and concentrated under reduced pressure. The residue was
chromatographed on a column of silica geldeveloping with isopropyl ether,to
35     give 2,3-dimethoxy-l, 4-bismethoxymethyloxy-5-methyl-6-
[10-(2-tetrahydropyranyloxy)-3-methyl-7-yn-2-decenyl)-    -31- [err] sodium
hydride (l.44 g, 60 mmole) in an atmosphere of argon, and the mixture was
stirred at 65 to 70[err]C for 1 hour. After coolong at 10 to 15[err]C,
asolution of 5- carboxypentyltriphenylphosphonium bromide (VIII, n'=5, Y2=
COOH, 13.7 g, 30 mmole) in anhydrous dimethyl sulfoxide
.213 (70 ml) was added dropwise to the mixture over period, followed by
stirring under cooling with water for 15 minutes. A solution of
2,3,5-trimethyl-1,4-dimethoxy- 6-(3-formylpropyl)-benzene (V, R1=R3=CH3,
R2=OCH3, m=0, n=4,5.0 g, 20 mmole), produced in Reference Example 44, in 15
dimethyl sulfoxide (20 ml) was added dropwise to the mix- ture over a
20-minute period, followed by stirring at room temperature for 40 minutes.
After the completion of the reaction, 10% aqueous phosphoric acid solution
(40 ml), isopropyl ether (250 ml) and water (150 ml) were added 



a 20     successively, and the product was extracted.  The organic layer
was washed with aqueous sodium chloride solution, dried (over MgSO4) and
concentrated.  Then, the residue was chromatographed on a column of silica
gel, developing with isopropyl ether:ethyl  acetate (98:2),to give 2,3,5-
25     trimethyl-1, 4-dimethoxy-6- (9-carboxy- (4Z) -nonenl)-benzene [err]
Y2=COOH, 5.66 g, 81%). Reference Examples 13 to 15 By the procedure of
Reference Example 12,. there were 30     produced the compounds as shown in
Table 3. Reference Example 16 In ethyl acetate (10 ml) was  dissolved
1,2,3,4-tetra- methoxy-5-methyl-6- (12-hydroxy-5 ,8-dodecadiynyl) -benzene
(II,500  mg,  1.2  mmole) produced in Reference  Example 24, 35     and,
after the addition to.the solution of the Lindlar catalyst (48 mg) and
quinoline (7 [err]1), hydrogenation was    -32- carried out at room
temperature.  At the time when the theoretical amount of hydrogen was
absorbed, the reaction was suspended, and the catalyst was removed,
followed by distilling off the solvent under reduced pressure.  The 5
residue was chromatographed on a column of silica gel, developing with
isopropyl ether to give 1,2,3,4-tetra-
methoxy-5-methyl-6-(12-hydroxy-(5Z,8Z)-dodecadienyl)-benzene (II, 470 mg,
93%). Reference Examples 17 to 18 10           By the procedure of
Reference Example 16, there were 



produced the compounds as shown in Table 3 (below). Reference Example 19 A
tetrahydrofuran solution of 2,3,5-trimethyl-1,4-
dimethoxy-6-(7-iodohept-5-ynyl)-benzene  (II-la, R1=R3=CH3, 15    R2=OCH3,
m=O,, n=4, X=-C=C-, k=1, n'=1, Y2=I, 4.00 g, lo mmole), obtained in
Reference Example 33,was added dropwise over a 20-minute period to a
solution of Grignard reagent in tetrahydropyran ether of propargyl alcohol
prepared in advance in an atmosphere of argon [which was prepared by 20.
reaction of ethylmagnesium bromide in tetrahydrofuran (50 ml) under argon,
prepared from magnesium (0.27 g) and ethyl bromide (1.31 g), adding a
solution of tetrahydro- pyranyl ether of propargyl alcohol (1.56 g) in
tetra- hydrofuran (5 ml) over a 20-minute period, stirring the 25
mixture at 50[err]C for 1 hour, cooling the reaction solution to room
temperature, adding cuprous bromide (30 mg) and stirring at room
temperature for 15 minutes], and the mixture was stirred at 50[err]C for 2
hours.  The reaction solution was cooled, after the completion of the
reaction, 30     and aqueous ammonium chloride solution (30 ml) was added,
followed by stirring. The tetrahydrofuran was distilled off under reduced
pressure, and the product was extracted with isopropyl ether (50 ml). The
organic layer was washed with aqueous ammonium chloride solution (30 ml)
and 35     dried (over MgSO4), and the solvent was distilled off. The
residue was dissolved in methanol (50 ml), and p-    - 33 - toluenesulfonic
acid (0.1 g) was added, followed by heating 



at 70[err]C.  Following the cooling, aqueous sodium bicarbonate solution
(20 ml) was added, and the methanol was distilled off under reduced
pressure.  Isopropyl ether (100 ml) and 5     water (50 ml) were added to
the residue, and the product was extracted.  The organic layer was washed
with aqueous sodium chloride solution and dried (over MgSO4), and the
solvent was distilled off under reduced pressure.  The residue was
chromatographed on a column of silica gel,. 10.   developing with isopropyl
etherto give 2,3,5-trimethyl- 1,
4-dimethoxy-6-(10-hydroxydeca-5,8-diynyl)-benzene (II, R1=R3=CH 3, R2=OC 3,
m=O, n=4, X=-C=C-, n'=l, k=2, Y2=OH 2.44 g, 74%). Reference Examples 20 to
27 15           By the procedure of Reference Example 19, there were
obtained the compounds as shown in Table 3 (below). Reference Example 28 In
methylene chloride (250 ml) were dissolved 2,3,
5-trimethyl-l,4-dimethoxy-6-(4-hydroxybutyl)-benzene (VI, 20
Rl=R3=CH3,R2=OCH3, m=o, n-4, 26.1 g, 0.104 mole) and triethylamine (21.8
ml, 0.104 x1.5 mole), and the solution was stirred under cooling with ice.
A solution ofmethane- sulfonyl chloride (14.3 g, 0.104 x1.2 mole) in
methylene chloride (30 ml) was added dropwise to the solution over 25     a
30-minute period, followed by stirring under cooling with ice for 30
minutes. After the completion of the reaction, the organic layer was washed
with ice water (250 ml), 10% aqueous, cold hydrochloric acid (250 ml),
aqueous saturated sodium bicarbonate solution (250 ml) 30     and aqueous
sodium chloride solution (250 ml), successively, dried (over MgSO4) and
concentrated. The residual solu- tion was dissolved in acetone (300 ml), to
which sodium 



iodide (3-9.0 g) was added, and the reaction was allowed to proceed at
50[err]C for 2 hours. After the completion of 35     the reaction, the
acetone was distilled off under reduced pressure, and to the residue were
added isopropyl ether    -34- (300 ml) and H20 (200 ml) for extraction of
the product. The organic layer was washed with 5% aqueous sodium hydro-
sulfite solution (200 ml) and aqueous sodium chloride solution (200 ml),
successively, and dried (over 5     MgSO4), followed by distilling off the
solvent.  The residue was chromatographed on a column of silica gel,
developing with a mixed solvent of hexane:isopropyl ether (3:1 to 2:1),to
give 2,3,5-trimethyl-l,4-dimethoxy-6-(4- iodobutyl)benzene (IV, Rl=R3=CH3,
R2=OCH3, m=0, n=4, Z=I, 10     35.3 g, 94%). Reference Examples 29 to 41 By
the procedure of Reference Example 28, there were obtained the products as
shown in Table 3 (below). Reference Example 42 15           In anhydrous
dimethyl sulfoxide (75 ml) were dis- solved
1,2,3,4-tetramethoxy-5-methyl-6-(4-hydroxybutyl)- benzene (VI, R1=R2=OCH3,
R3=CH3, m=0, n=4, 14.2 g, 50 mmole) and triethylamine (56.0 ml), and the
solution was stirred at room temperature.  A solution of sulfur tri- 20
oxide pyridine complex (31.8 g, 200 mmole) in anhydrous dimethyl sulfoxide
(75 ml) was added dropwise to the solution over a 25-minute period,
followed by stirring at room temperature for 35 minutes.  The reaction
solution 



was poured into ice-water (300 g), and the product was 25     extracted
with isopropyl ether (500 ml).  The isopropyl ether layer was washed with
10% aqueous phosphoric acid solution and aqueous sodium chloride solution,
succes-- sively, and dried (over MgSO4), and the solvent was distilled off.
The residue was distilled under reduced 30     pressure, thereby yielding
1,2,3,4-tetramethoxy-5-methyl- 6-(3-formylpropyl)-benzene (V, R1=R2=OCH3,
R3=CH3, m=0, n-4, 11.3 g, 80%, bp0.7 137 to 140C). Reference Examples 43 to
44 By the procedure of Reference Example 42, there were 35     obtained the
compounds as shown in Table 3 (below). Reference Example 45    -35- In
dimethyl..sulfoxide (4 ml) was dissolved 2,3,5-
trimethyl-l,4-dimethoxy-6-(12-iodo-5,8-dodecadiynyl)- benzene (0.47 g, 1.0
mmole) produced in Reference Example 35, and sodium cyanide (98 mg, 2.0
mmole) was added, 5     followed by stirring at room temperature for 1
hour. Ether (20 ml) and water (10 ml) were added for extraction of the
product.  The organic layer was washed with aqueous sodium chloride
solution and dried (over MgSO4), and the solvent was distilled off.  The
residue was chromato- 10     graphed on a column of silica geldeveloping
with iso- propyl ether ,to give 2,3 ,5-trimethyl-1,4-dimethoxy-6-(12-
cyano-5 ,8-dodecadiynyl)-benzene (II, 0.24 g, 66%). Reference Example 46
Sodium amide (1.01 g, 20.0 xl.3 mmole) was suspended 



15     in anhydrous tetrahydrofuran (10 ml), and the suspension was stirred
under a stream of nitrogen at room temperature, followed by adding dropwise
a solution of 1-(2-tetrahydro- pyranyloxy)-2,7-octadiyne (4.12 g, 20.0
mmole) in anhydrous tetrahydrofuran over a 30-minute period.  Following the
20    dropwise addition, the reaction  temperature was increased to 50C,
and the reaction was conducted under stirring for 1.5 hours.  The reaction
mixture was cooled with ice and, after the addition of
hexamethylphosphoramide (5 ml), a solution of 5-methyl-l, 2,3
,4-tetramethoxy-6-[l-(4-iodo- 25     butyl)]benzene (7.88 g, 20.0 mmole) in
anhydrous tetra- hydrofuran (20 ml) was added dropwise over a 30-minute
period, followed by stirring under the same conditions for 30 minutes and
then at room temperature for 1 hour. To the reaction mixture were added
ammonium chloride 30     (1.4 g) and water (20 ml) for decomposition of
excess reagents. Tetrahydrofuran was distilled off under reduced pressure,
and to the residue were added isopropyl ether (100 ml) and water (50 ml)
for extraction of the product. The organic layer was washed with aqueous
sodium chloride 35     solution and dried (over MgSO4), and the solvent
was. removed under reduced pressure.  The residue was dissolved in    -36-
methanol (40 ml), and p-toluenesulfonic acid (0.19 g) was added, followed
by stirring at 70[err]C for 30 minutes.  After the cooling, sodium
bicarbonate (1 g) was added, and the mixture was concentrated under reduced
pressure.  To the 5     residue were added isopropyl ether (100 ml) and
water 



(50 ml) for extraction of the product.  The organic layer was washed with
aqueous sodium chloride solution, dried (over MgSO4) and concentrated under
reduced pressure. The residue was chromatographed on a column of silica
gel, 10     developing with an isopropyl ether hexane mixed solventto give
5-methyl-l, 2,3,4-tetramethoxy-6-(12-hydroxy-5,10- dodecadiynyl)benzene
(5.33 g, 75%, oil). Reference Example 47 By condensing
1,4-dimethoxy-2-methyl-3-(4-iodobutyl)- 15     naphthalene (3.84 g, 10
mmole) with 1-(2-tetrahydropyranyl- oxy)-2,7-octadiyne (2.10 g, 10 mmole)
in accordance with the procedure of the above Reference Example 46, there
was produced 1, 4-dimethoxy-2-methyl-3-(12-hydroxy-5 ,10-
dodecadiynyl)naphthalene (2.78 g, 73.5%, oily product). 20     1
,4-Dimethoxy-2-methyl-3-(4-iodobutyl)naphthalene (6 1.5 to 2.2(4H),
2.40(3H), 2.82(2H), 3.23(2H), 3.84(3H), 3.87 (3H), 7.3 to 7.5(2H), 7.8 to
8.1(2H)] as utilized in this Reference Example was produced from
1,4-dimethoxy-2- methyl-3-(4-hydroxybutyl)naphthalene [oily substnace, NMR
25     (CDC13), [err] 1.5 to 1.8(5H), 2.39(3H), 2.81(2H), 3.67(2H),
3.84(3H), 3.87(3H), 7.3 to 7.5(2H), 7.9 to 8.1(2H)] in accordance with the
procedure described in Japanese Patent. Application No. 49433/'80.
Reference Examples 48 to 50 30           By partially reducing with the
Lindlar catalyst the compounds containing a triple-bond produced in the
above Reference Examples 6, 46 and 47 in accordance with Refer- ence
Example 16, there were produced the corresponding compounds (see Table 3).
35  



-37- Table 3 [err] [err] 3.80(3H), 3.87(6H), 10 (31), 3.80(3H), 3.88 15 20
[err] 3.62(3H), 3.64(3H), 25 30 35    -38- [err] 5 10 15 [err] 20. [err] 25
30 [err] 35  



- 39 - [err] 5 10                                                [err] 15
[err] 20                         [err] 25 30 35    - 40 - [err] 5 [err]
[err] 10 [err] [err] 20 25 [err] 30 [err] 35    



-41 - [err] 5 [err] 10 (3H), 3.85 (3), 3.92 15                   [err] 25
[err] 30 [err] 35 [err]    - 42 - [err] 5 [err] 10 [err] 15 30 [err] 35
- 43 - [err] 



10                                           [err] 15 ` [err] 20 [err] 25
Reference Example 51 In toluene (500 ml) was suspended 2,3,5-trimethyl-
phenol (100 g, 0.735 mole), and to the suspension were 30    added
dihydrofuran (56.6 g, 0.735 x1.1 mole) and camphor- *       sulfonic acid
(0.85 g), followed by stirring at.room tem- perature for 30 minutes.  As
the reaction proceeded, there occurred dissolution with  the evolution  of
heat.  With- out isolating and purifying tetrahydrofur-2-yl ether as 35
produced, camphorsulfonic acid (16.1 g) was further added to the reaction
solution, followed by stirring at 60[err]C for    - 44 - 1.5 hours.  After
the conclusion of the reaction, the reaction solution was cooled, and
saturated sodium hydro- gen carbonate (300 ml) was added
for.neutralization.  The organic layer was washed with water; dried (over
MgSO4) 5     and freed of the solvent by distillation.  The residue was
distilled under reduced pressure, thereby yielding
2,3,5-trimethyl-6-(tetrahydrofur-2-yl)phenol (147 g, 97%, bp 1.0 124 to
130[err]C). Reference Example 52 10           In toluene (150 ml) was
suspended 2,3-dimethoxy-5- 



methyl-l,4-benzohydroquinone (18.2 g, 0.1 mole), and to the suspension were
added dihydrofuran (15 g, 0.204 mole) and camphorsulfonic acid (0.15 g),
followed by stirring at room temperature for 1 hour.  Without isolating the
15     product, camphorsulfonic acid (2.2 g) was further added to the
reaction solution, followed by stirring at 60[err]C for 3 hours. The
reaction solution was cooled, washed withwater, dried (over MgS04) and
freed of the solvent by distillation. The residue was chromatographed on a
20     column of silica gel, and developing with isopropyl ether yielded 2,
3-dimethoxy-5-methyl-6- (tetrahydrofur-2-yl)-1, 4-benzyhydroquinone
(20.8.g, 82%, mp. 77 to 78[err]C). Reference Examples 53 to 57 By the same
procedures as described in Reference 25     Example 51 (Method A) and 52
(Method B), there were obtained the compounds as shown in Table 4. Table 4
[err] 30 35    -45- [err] [err] 5 10 [err] 15 [err] 



20 Reference Example 58 In dimethylformamide (200 ml) was dissolved 2,3,5-
25    trimethyl-6- (tetrahydrofur-2-yl) -1,4-benzohydroquinone (22.2 g, 0.1
mole).  The solution was cooled with ice - under a nitrogen atmosphere, and
60% sodium hydride (oil- borne, 8.8 g, 0.10 x2.2 mole) was added, followed
by stirring for 15 minutes.  Then, methyl iodide (35.5 g, 30    0.10 x2.5
mole) was added dropwise to the mixture over a 15-minute period, followed
by stirring for 30 minutes Ice-cooled water(250 g)was added to the reaction
solution, and the product was extracted with isopropyl ether (500 ml). The
extract was washed with water, dried and freed of the 35    solvent.  The
residue was distilled under reduced pressure, thereby
yielding.1,4-dimethoxy-2,3, 5-trimethyl-6-(tetra-    -46-
hydrofur-2-yl)benzene (24.5 g, 98%, bpl.0 130 to 140[err]C). The dimethoxy
compound (24.5 g) obtained in this manner was dissolved in ethyl
acetate.(250 ml) and, follow- ing the addition to the solution of 5%
palladium-carbon 5     (2.5 g) and 70% perchloric acid (1 ml), catalytic
reduction was conducted at 40C.  After the completion of the re- action,
the catalyst was filtered out, and the ethyl acetate solution was washed
with aqueous saturated sodium hydrogen carbonate and water, succesively.
The organic 10     layer was separated, dried and freed of the organic sol-
vent under reduced pressure.  Recrystallization of the residue from
isopropyl ether-hexane yielded 1,4-dimethoxy- 



2,3,5-trimethyl-6-(4-hydroxybutyl)benzene (22.2 g, 90%, mp. 88 to 88.5C).
15                    Reference Example 59 By the same procedure as
described in Reference Example 58,
2,3-dimethoxy-5-methyl-6-(tetrahydrofur-2-yl)- l,4-benzohydroquinone (27 g,
0.106 mole) was methylated with methyl iodide, thereby being converted to
1,2,3,4- 20     tetramethoxy-5-methyl-6-(tetrahydrofur-2-yl)benzene (28,5
g, 98%, bpl.0 135 to 138[err]C). The catalytic reduction of the compound
afforded 1,2,3,4-tetramethoxy-5-methyl-6-(4- hydroxybutyl)benzene (28.2 g,
99%, oily substnace). Reference Example 60 25           In anhydrous
methylene chloride (300 ml) were 1,2,3,
4-tetramethoxy-5-methyl-6-(4-hydroxybutyl)benzene (28.2 g, 0.1 mole) as
obtained in Reference Example59 and triethyl- amine (16 g, 0.15 mole), and
the solution was cooled to 0[err]C.  A solution of methanesulfonyl chloride
(14.3 g, 30     0.12 mole) in methylene chloride (30 ml) was added drop-
wise to the solution, followed by stirring for 30 minutes. The reaction
solution was washed with water, dilute aqueous phosphoric acid and water,
successively, and the organic layer was dried (over MgSO4) and freed of the
35     solvent.  Acetone (300 Ml) and sodium iodide (39.0 g, 0.26 mole)
were added to the residue, and the mixture was    - 47 - warmed at 50C for
2 hours.  After the completion of the reaction, acetone was distilled off
under reduced pressure, and isopropyl ether (300 ml) and water (200 ml)
were added 



to the residue for extraction of the product.  The organic 5     layer was
washed with 5% aqueous sodium hydrosulfite and water, successively, and
dried (over MgSO4), followed by distilling off the solvent under reduced
pressure.  The residue was chromatographed on a column of silica gel,and,
on developing with isopropyl ether-hexane (1:1), yielded 10
1,2,3,4-tetramethoxy-5-methyl-6-(4-iodobutyl)benzene (37.0 g, 94%).
Reference Example 61 By adding sodium (2.88 g, 0.12 gram atom) and ferric
nitrate (50 mg) to liquid ammonia (300 ml), sodium amide 15     was
prepared at -60 to -40C. A solution of l-tetrahydro- pyranyloxy-5-hexyne
(21.8 g, 0.12 mole) in ether (20 ml) was added to the ammonia solution over
a period of 20 minutes, followed by stirring for 40 minutes. A solution of
the iodo compound (37.0 g, 0.094 mole) obtained in 20     Reference Example
60 in ether (40 ml) was added dropwise to the mixture over a period of 40
minutes, while maintain- ing the reaction temperature at -60 to -50[err]C,
followed by stirring at the same temperature for 1 hour and then at -50 to
-30[err]C for 1 hour.  Then, ammonium chloride (50 g) 25    was added to
the reaction solution, followed by stirring for 10 minutes.  The ammonia
was removed, and isopropyl ether (300 ml) and water (300 ml) were added for
the extraction of the product.  The organic layer was washed with water,
dried (over MgSO4) and freed of the solvent 30    by distillation, thereby
yielding the crude product.  This was dissolved in methanol (300 ml), and
p-toluenesulfonic acid (0.95 g) was added to the solution, followed by
stirring at 70C for 30 minutes.  After the solution was cooled, sodium
hydrogen carbonate (2 g) was added, and the 



35    methanol was distilled off under reduced pressure.  The residue was
treated with isopropyl ether (300 ml) and    48- water (200 ml) for the
extraction of the product.  The organic layer was washed with water, dried
(over MgSO4) and. freed of the solvent by distillation under reduced
pressure. The residue was chromatographed on silica gel, and develop- 5
ing with isopropyl ether yielded 1,2,3,4-tetramethoxy-5-
methyl-6-(l0-hydroxydec-5-ynyl)benzene (29.4 g, 86%). Reference Example 62
In ethanol (200 ml) was dissolved the compound (18.2 g, 0.05 mole) obtained
in Reference Example 61, and, 10     after 5% palladium-carbon (1 g) was
added-, the catalytic reduction was carried out. At the time when
absorption of hydrogen stopped completely, the reaction was completed. The
catalyst was filtered out and the ethanol was removed under reduced
pressure.  The reduced form (18.2 g, 0.05 15     mole) and 2
,6-dicarboxypyridine-l-oxide (27.4 g) were dissolved in acetonitrile (240
ml) and water (120 ml), and, after the solution was cooled with ice, a
solution of ceric ammonium nitrate (82.2 g, 0.15 mole) in 50% aqueous
acetonitrile (360 ml) was added dropwise over a 1-hour 20     period,
followed by stirring under ice-cooling for 30 minutes and at room
temperature for 30 minutes. After the conclusion of the reaction,
insolubles were filtered out, and the acetonitrile was removed under
reduced pressure. The product was extracted with isopropyl ether (500 ml),
25     and the extract was washed with saturated aqueous sodium 



hydrogen carbonate and water, successively, dried (over MgSO4) and freed of
the isopropyl ether. The residue was chromatographed on silica gel, and
developing with iso- propyl ether yielded 2,
3-dimethoxy-5-methyl-6-(10-hydrox-- 30    ydec-5-ynyl)-1,4-benzoquinone
(14.5 g, 86%, mp. 52 to 53C). Reference Example 63 By subjecting
1,4-dimethoxy-2,3,5-trimethyl-6-(4- hydroxybutyl)benzene obtained in
Reference Example 58 to the same reaction as described in Reference Example
60 to 35     62,there was obtained 2,3,5-trimethyl-6-(l0-hydroxydec-5-
ynyl)-1,4-benzoquinone (65[err] to 66[err]C).    -49- Reference Example 64
In ethyl acetate (50 ml) was dissolved 2,3,5-
trimethyl-6-(tetrahydrofur-2-yl)-l ,4-benzohydroquinone (2.24 g, 0.01 mole)
obtained in Reference Example 53, and, 5     after perchloric acid (0.1 ml)
and 5% palladium-carbon (500 mg) were added to the solution, the catalytic
reduc- tion was carried out at 100 atmospheric pressure. After the
completion of the reaction, the catalyst was filtered out, and 5% aqueous
solution of ferric chloride (50 ml) 10    was added to the reaction
solution, followed by stirring at room temperature for 1 hour. The organic
layer was separated, and the water layer was extracted once with *
ethyl acetate.' The extract was combined with the organic layer, followed
by washing with water, drying (over MgS04) 15     and concentrating. The
resulting crude product was chromatographed on silica gel, and developing
with iso- 



propyl ether-ethyl acetate (95:5) yielded the desired 2, 3,
5-trimethyl-6-(4-hydroxybutyl)-l ,4-benzoquinone (1.9 g, 88%, mp. 36 to
38C) 20                    Reference Example 65- By subjecting 2,
3-dimethoxy-5-methyl-6-(tetrahydro- *      fur-2-yl)-l,4-benzohydroquinone
(2.56 g, 0.01 mole), obtained in Reference Example.52, to the same
catalytic reductidn-and oxidation reaction as described in Reference 25
Example 64, there was obtained the desired 2, 3-dimethoxy-
5-methyl-6-(4-hydroxybutyl)-1,4-benzoquinone (2.17 g, 84%, oily substance).
IR absorption 'spectrum [err]    (cm-1):  3400(OH), 1660, 1640, 1610
(quinone). 30            Examples of Pharmaceutical Composition A) Capsule
(1) Compound of Example 17      5 mg (2) Cellulose fine powder       30 mg
(3) Lactose                     37 mg 35           (4) Magnesium stearate
3 mg Total.  120 mg    - 50 - All the materials were mixed and filled into
a gelatin capsule. B)  Soft Capsule (1) Compound of Example 31      50 mg 5
(2) Corn starch oil             100 mg Total    150 mg A mixed solution of
(1) and (2) was prepared and 



filled into a soft capsule in a conventional manner. C) Tablet 10
(1) Compound of Example 32       50 mg (2) Lactose                      34
mg (3) Corn starch                  10.6 mg (4) Corn starch (gelatinized)
5 mg (5) Magnesium stearate            0.4 mg 15           (6) Calcium
carboxymethyl cellulose                    20 mg Total    120 mg All the
materials were mixed and compressed by a tabletting machine to prepare a
tablet in accordance with 20       conventional practice.    - 51 - CLAIMS
I.    A compound of the formula  (Ia) 0 [err] wherein R1 is methyl or
methoxy, or both of R1  jointly represent -CH--CH-CH=CH-, X is -CH=CH- or
-C=C-, y1  is hydrogen, hydroxyl, carboxyl, cyano, acyloxy or -COZ in which
Z is amino which may be substituted, m. is an integer of 0 to 3,, n is an
integer of 0 to 10, n' is an integer of l to 5, k is an integer of l to 3,
andwhen k is 2 or 3, n' is optionally variable within the range of 1 to 5
in 



its two or three times appearances, or its hydroquinone form, or a
pharmaceutically acceptable salt thereof. 2.   A compound according to
Claim 1, which is in the quinone form. 3.   A compound according to Claim
1, wherein R1 is methyl or methoxy, and X is -C=C-, 4.   A compound
according to Claim 1, wherein Y1 is hydrogen, hydroxyl, carboxyl, cyano,
C24 alkanoyloxy, benzoyloxy or -COZ in which Z is amino, mono- or di-C1-4
alkylamino, pyrrolidinyl, piperidino or piperazinyl, said piperazinyl being
unsubstituted or substituted at the N atom of its 4-position by C1-4 alkyl,
benzyl or 3,4,5- trimethoxybenzyl. 5.   A compound according to Claim 4,
wherein Y1  is hydroxyl, carboxyl, cyano or -COZ in which Z is amino, C1-4
alkylamino or piperazinyl substituted at the N atom of its 4-position by
3,4, 5-trimethoxybenzyl.    - 52 - 6.    A compound according to Claim 5,
wherein Y Ls hydroxyl. 7.    A compound according to Claim 1, wherein m is
0 or 1, n is an integer of 1 to 4, n' is an integer of 1 to 3 and k is 1 or
2. 8.   The compound according to Claim 1, which is
2,3-dimethoxy-5-methyl-6-(9-hydroxynon-5-ynyl)-1,4-benzo- quinone. 9.
The compound according to Claim 1, which is 



2,3,5-trimethy1-6-(12-hydroxy-5,10-dodecadiynyl)-1,4- benzoquinone. 10..
The compound according to Claim 1, which is 2,
3-dimethoxy-5-methyl-6.-(12-hydroxy-5,10-dodecadiynyl)- 1,4-benzoquinone.
11.    The compound according to Claim 1, which is 2,
3-dimethoxy-5-methyl-6-[12-hydroxy-(Z, Z)-5,10- dodecadienyl]-l
,4-benzoquinone. 12.    The compound according to Claim 1, which is
2,3,5-trimethyl-6- 12-hydroxy-(ZZ) -5,10-dodecadienyl]- 1,4-benzoquinone.
-13.    A pharmaceutical composition which comprises, as an active
ingredient, an effective amount of a compound as claimed in any one of
Claims 1 to 12 in association with a pharmaceutically acceptable carrier or
excipient there- for. 14.   A compound as claimed in any one of Claims 1 to
12 or a pharmaceutical composition as claimed in Claim 13 for use in
therapeutical treatment of a mammal. 15.   A process for producing a
compound as claimed in any one of Claims 1 to 12, characterized by
subjecting a compound of the formula (II): [err]    - 53 - wherein R  is
hydrogen, methoxy, methoxymethyloxy, 2-tetrahydropyranyloxy or
2-tetrahydrofuryloxy, R  is methyl, methoxymethyl, 2-tetrahydropyranyl or
2-tetrahydrofuryl, 



Y2 has the same meaning as Y1 defined in Claim 1, or is
2-tetrahydropyranyloxy or 2-tetrahydro- furyloxy, and other symbols are as
defined in Claim I. to a reaction for removal of the protective group and
then, if necessary, to oxidation. 16.  A compound of the formula (Ia) as
defined in claim 1, substantially as herein described with reference to any
one of the specific examples. 17.  A pharmaceutical composition as claimed
in claim 13, substantially as herein described with reference to any one of
the specific examples. 18.  A process according to claim 15 substantially
as herein described with reference to any one of the specific examples. The
text of the specification has been reproduced by photocopying the
applicants original typescript.  It may contain a few amendments which are
difficult to read.  The original typescript containing these amendments may
be inspected on the premises of the Patent Office    


