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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a tyrosine derivative which is a melatonin MT4 receptor

antagonist, and a method for producing a tyrosine derivative with high yield by introducing an iodine
atom at the para position to the position of the phenolic hydroxy group in the benzene ring of
tyrosine with good regioselectivity.

BACKGROUND ART

[0002] Melatonin is a kind of indoleamine and synthesized from L-tryptophan through serotonin
mainly in pineal organ. As a melatonin receptor, MT 1, MT> and MT3 are known. A melatonin MT 4

receptor inhibits nerve firing in suprachiasmatic nucleus and has a function to induce sleep. It has
been known that a melatonin MT, receptor antagonist has antidepressive activity.

[0003] Tyrosine is one kind of natural amino acids, and utilized as an amino acid which constitutes
an enzyme and a structural protein in a living body and as a biologically active substance or the raw
material compound thereof. For example, it is described in Non-patent Document 1 that m-tyrosine
can be used as a herbicide to inhibit root growth of a plant. In addition, a tyrosine derivative is useful
as a synthetic intermediate of various useful substances.

[0004] If an iodine atom can be introduced in a benzene ring of tyrosine, various compounds which
are chemically or pharmaceutically useful can be synthesized from the thus obtained derivative by a
functional group transformation reaction or the like, since an iodine atom is more reactive than a
general chlorine atom and bromine atom among a halogen atom. For example, a compound which
has an iodinated benzene ring can be utilized as a substance of Grignard reaction, Heck reaction
and other coupling reaction.

[0005] When an iodine atom is introduced in a benzene ring of tyrosine, it is necessary to control
the position of the iodine atom to be introduced. For example, it is described in Non-patent
Document 2 that an iodine atom is introduced at the para position to the position of a protected
phenolic hydroxy group of a benzene compound by reacting iodine with the benzene compound in
the presence of silver trifluoroacetate.

PRIOR ART

[0006] WO 2008/092292 discloses isoquinoline derivatives as MT1 receptor antagonists and the
use thereof for the treatment of disorders or pathological conditions associated with melatonin
receptors in mammalian subjects.

NON-PATENT DOCUMENTS
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[0007]

Non-patent Document 1: Bertin C. et al., Proceedings of the National Academy of Sciences of the
United States of America, 104(43), pp.16964-16969 (2007)

Non-patent Document 2: Lars Engman et al., J. Org. Chem., 64, pp.6764-6770 (1999)

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] As described above, it has been known that a melatonin MTq receptor antagonist has

antidepressive activity. Therefore, a compound which has antagonistic activity against a melatonin
MT 4 receptor is needed.

[0009] In addition, various availabilities of a tyrosine derivative have been found, and also a
reaction to introduce an iodine atom in a benzene ring has been known. Therefore, it may be
possible to obtain more useful tyrosine derivative by introducing an iodine atom in the benzene ring
of tyrosine.

[0010] However, it is difficult to introduce an iodine atom at a specific position.

[0011] For example, in Scheme 5 in p.6769 of Non-patent Document 2 it appears as if an iodine
atom was regioselectively introduced at the para position of an O-protected phenol derivative. In
addition, it is also described that the yield thereof was 96%. However, in fact, the above yield relates
to a mixture which was obtained by washing the reaction mixture and concentrating the washed
mixture under reduced pressure, and does not relate to the purified target compound. The
inventors of the present invention replicated the above example. As a result, the ratio of the target
compound in which an iodine atom was introduced at the para position to the position of the
phenolic hydroxy group was merely 89% in the reaction product, and a regioisomer in which an
iodine atom was introduced at the ortho position was also produced at a ratio of 8%, and the yield of
the mixture of the target compound and the regioisomer was merely 61%.

[0012] When a tyrosine derivative in which an iodine atom is regioselectively introduced in the
benzene ring thereof is industrially mass-produced, a yield of 61% is never sufficient. If the yield can
be increased by even several %, there are significant benefits in terms of a production cost
particularly in industrial mass production.

[0013] In addition, if a regioisomer such as the above-described one is produced, it is difficult to
remove such a regioisomer from the target compound and the regioisomer would be mixed in the
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target compound as impurity. Therefore, it is necessary to improve regioselectivity when an iodine
atom is introduced at the specific position of the benzene ring of tyrosine.

[0014] Under the above-described circumstance, the objective of the present invention is to
provide a tyrosine derivative which is useful as a melatonin MT4 receptor antagonist, and a method

for producing a specific tyrosine derivative with high yield by efficiently introducing an iodine atom at
the para position to the position of the phenolic hydroxy group in the benzene ring of tyrosine with
good regioselectivity.

MEANS FOR SOLVING THE PROBLEMS

[0015] The inventors of the present invention intensively studied for solving the above problem. As
a result, the inventors found that the specific tyrosine derivative exhibits antagonism against a
melatonin MT{ receptor. In addition, the inventors completed the present invention by finding that

when iodination reaction of a phenol compound is carried out at - 50°C or lower whereas the
corresponding temperature is 0°C in the method described in Non-patent Document 2, the yield can
be increased, far from decreasing, and regioselectivity of para position of phenolic hydroxy group
can be improved.

[0016] Hereinafter, the present invention is described.

1. [1] A tyrosine derivative represented by the following formula (I) :

X-A=-0

\ COng
j/ NRY: (1)

both R are hydrogen atoms, or one R' is a hydrogen atom and one R' is a protective group

whereln

for the amino group selected from a carbamate-type protective group, a sulfonamide-type
protective group, an amide-type protective group, a benzyl-type protective group or a

triphenylmethyl group, or both R' are the protective groups for the amino group or form a
cyclic protective group including in its ring the nitrogen atom;

R2is a hydrogen atom or an ester protective group for the carboxy group;
Riis a hydrogen atom or a Cq_g alkyl group;

R4 is a halogen atom, a hydroxy group, a C4.g alkyl group, a C4.g halogenated alkyl group, an
amino group, a mono (C4_g alkyl) amino group, a di (Cqg alkyl) amino group, a Cg 12 arvl
group optionally having substituent a, a heterocyclic group optionally having substituent a, a
C16 alkoxy group, a Cq alkylthio group, a Cqg halogenated alkoxy group or a C7.13

aralkyloxy group optionally having substituent a;
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Ais -(CH2)1-[Z(CH2)m]n- wherein Z is an amino group, an ether group, a thioether group, a

carbonyl group, a thionyl group, an ester group, an amide group, a urea group or a thiourea
group; 1 is an integer of not less than 1 and not more than 6; m is an integer of not less than
1 and not more than 4; and n is an integer of not less than 0 and not more than 4;

X is a leaving group selected from the group consisting of a chlorine atom, a bromine atom,
an iodine atom, a methanesulfonyloxy group, a trifluoromethanesulfonyloxy group, a
chloromethanesulfonyloxy group, an ethanesulfonyloxy group, a benzenesulfonyloxy group
and a toluenesulfonyloxy group;

substituent a is one or more substituents selected from the group consisting of a halogen
atom, a hydroxy group, a cyano group, a thiol group, an amino group, a mono (C4_g alkyl)

amino group, a di (C4_g alkyl) amino group, a C4_g alkyl group, a C4_g alkoxy group, a Cqg
halogenated alkyl group and a Cq_g alkylthio group;

provided that the position of R% is para to the position of the X-A-O- group.

. [2] The tyrosine derivative according to the above [1], represented by the following formula

(-

wherein R to R4, A and X are the same as the above.
. [3] The tyrosine derivative according to the above [1] or [2], wherein R4is a halogen atom, a
hydroxy group, a Cg 12 aryl group optionally having substituent a, a heterocyclic group

optionally having substituent a or a C4_g alkoxy group.

. [4] The tyrosine derivative according to any one of the above [1] to [3], wherein R% is a
bromine atom or an iodine atom.

. [5] The tyrosine derivative according to any one of the above [1] to [4], wherein A is -
(CH2)-[O(CH2)mn--

. [6] A method for producing a tyrosine derivative represented by the following formula (l1):

R3 R®
RSO\\/ ) CQZRZ, R5O/\’ COZRQ,
1 , e ] )
x NRYM,  an A NRY,

}
wherein

one R" is a hydrogen atom and one R" is a protective group of the amino group selected
from a carbamate-type protective group, a sulfonamide-type protective group, an amide-type

protective group, a benzyl-type protective group or a triphenylmethyl group, or both R" are
the protective groups of the amino group or form a cyclic protective group including in its ring
the nitrogen atom;

R? is an ester protective group of the carboxy group;
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Riis a hydrogen atom or a Cq_g alkyl group;

RS is a protective group of the phenolic hydroxy group; provided that the position of the iodine

atom is para to the position of the R%0- group,
comprising the step of reacting the compound represented by the formula (Il) with an
iodination reagent at -50°C or lower.

. [7] The production method according to the above [6], wherein a combination of a molecular
iodine and an iodination reaction accelerator is used as the iodination reagent.
. [8] The production method according to the above [7], wherein silver trifluoroacetate or silver
acetate is used as the iodination reaction accelerator.
. [91 A method for producing a tyrosine derivative represented by the following formula (I):
R%O ¢

R
\ CORY T come R'Q T come
- E i i f
N N(R™), n) R". ) /\ NR") (lv)

3

X-A : X=A=0 R
\:)/ X-A-Y VD [WCOZR?- . FWCOQRZ
B e -
N(R1 b2 (v NR™ 2y i NRY2 (13

whereln

both R' are hydrogen atoms, or one R'lis a hydrogen atom and one R'is a protective group
for the amino group selected from a carbamate-type protective group, a sulfonamide-type
protective group, an amide-type protective group, a benzyl-type protective group or a

triphenylmethyl group, or both R' are the protective groups for the amino group or form a
cyclic protective group including in its ring the nitrogen atom;

R2is a hydrogen atom or an ester protective group for the carboxy group;

one R" is a hydrogen atom and one R is a protective group of the amino group selected
from a carbamate-type protective group, a sulfonamide-type protective group, an amide-type

protective group, a benzyl-type protective group or a triphenylmethyl group, or both R" are
the protective groups of the amino group or form a cyclic protective group including in its ring
the nitrogen atom;

R? is an ester protective group for the carboxy group;
Riis a hydrogen atom or a Cq_g alkyl group;

R4 is a halogen atom, a hydroxy group, a Cy.g alkyl group, a C4.g halogenated alkyl group, an
amino group, a mono (C4_g alkyl) amino group, a di (Cqg alkyl) amino group, a Cg 12 arvl
group optionally having substituent a, a heterocyclic group optionally having substituent a, a
C1.6 alkoxy group, a Cqg alkylthio group, a Cqg halogenated alkoxy group or a C7.43

aralkyloxy group optionally having substituent a;

RS is a protective group of the phenolic hydroxy group:
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Ais -(CH2)-[Z(CH2)mln- wherein Z is an amino group, an ether group, a thioether group, a

carbonyl group, a thionyl group, an ester group, an amide group, a urea group or a thiourea
group; 1 is an integer of not less than 1 and not more than 6; m is an integer of not less than
1 and not more than 4; n is an integer of not less than 0 and not more than 4;

X is a leaving group selected from the group consisting of a chlorine atom, a bromine atom,
an iodine atom, a methanesulfonyloxy group, a trifluoromethanesulfonyloxy group, a
chloromethanesulfonyloxy group, an ethanesulfonyloxy group, a benzenesulfonyloxy group
and a toluenesulfonyloxy group;

Y is a hydroxy group or a leaving group selected from the group consisting of a chlorine
atom, a bromine atom, an iodine atom, a methanesulfonyloxy group, a
trifluoromethanesulfonyloxy group, a chloromethanesulfonyloxy group, an ethanesulfonyloxy
group, a benzenesulfonyloxy group and a toluenesulfonyloxy group;

substituent a is one or more substituents selected from the group consisting of a halogen
atom, a hydroxy group, a cyano group, a thiol group, an amino group, a mono(Cq_g alkyl)
amino group, a di(C1.g alkyl) amino group, a Cq_g alkyl group, a C4.g alkoxy group, a C1¢
halogenated alkyl group and a Cq_g alkylthio group;

provided that the position of the iodine atom or R*is para to the position of the R50- group,
the hydroxy group or X-A-O- group;

comprising the steps of:

reacting the compound represented by the formula (ll) with an iodination reagent at -50°C or
lower in order to obtain the compound represented by the formula (lll);

transforming the iodine atom of the compound (lll) to R* when R* of the compound (1V) is not
an iodine atom in order to obtain the compound represented by the formula (1V);

removing the protective group of the phenolic hydroxy group of the compound (IV) in order to
obtain the compound represented by the formula (V);

reacting the compound (V) with the compound represented by the formula (VI) in order to
obtain the compound represented by the formula (I") ; and

removing the protective group of at least one of the amino group or the carboxy group if
necessary in order to obtain the compound represented by the formula (I).

EFFECT OF THE INVENTION

[0017] According to the present invention, an iodine atom can be introduced at the para position of
the phenolic hydroxy group in the benzene ring of a tyrosine derivative with high yield and high
regioselectivity. Therefore, the present invention is useful particularly for industrial mass production
of the tyrosine derivative in which an iodine atom is introduced at the above-described position,
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since the tyrosine derivative can be efficiently produced by the present invention.

[0018] In addition, the tyrosine derivative of the present invention has an actively reactive group in
the substituent group at the phenolic hydroxy group and on the benzene ring, and therefore the
tyrosine derivative is useful as a synthetic intermediate. Further, for example, the tyrosine derivative
itself can be used as a non-naturally occurring amino acid for improving or modifying an activity of
an enzyme such as t-PA by replacing a portion of the amino acids which constitute the enzyme with
the tyrosine derivative. Furthermore, the tyrosine derivative can be used as a diagnostic agent and
a bioimaging agent which utilizes in vivo redox reaction, a nitroxyl radical or the like. In particular,
the tyrosine derivative of the present invention exhibits antagonism against a melatonin MT4

receptor and is useful as a melatonin MT ¢ receptor antagonist. Therefore, the tyrosine derivative of

the present invention can be utilized as antidepressant agent or the like.

MODE FOR CARRYING OUT THE INVENTION

[0019] In the present invention method, tyrosine of which the amino group, the carboxy group and
the phenolic hydroxy group are protected is preferably used as a raw material compound.
Hereinafter, each step of the present invention method is described in order.

1. Protection step of amino group

[0020] The order in which the amino group, the carboxy group and the phenolic hydroxy group are
protected is not particularly limited. In general, the amino group is protected first, since the amino
group can be easily protected and there are many kinds of suitable protective groups.

[0021] It is particularly preferred that a protective group for the amino group does not inhibit the
after-described iodination reaction, and is not removed in the following reactions but can be easily
removed in case of necessity. The protective group is exemplified by a carbamate-type protective
group such as a t-butoxycarbonyl group, i.e. Boc group, a benzyloxycarbonyl group, i.e. Z group or
Cbz group, a 2,2,2-trichloroethoxycarbonyl group, i.e. Troc group, an allyloxycarbonyl group, i.e.
Alloc group, a methylcarbamate group, an ethylcarbamate group, a 9-fluorenylmethylcarbamate
group, ie. Fmoc group, a 9-(2-sulfo)fluorenylmethylcarbamate group, a 9-(2,7-
dibromo)fluorenylmethylcarbamate group and a 4-methoxyphenacylcarbamate group; a
sulfonamide-type protective group such as a p-toluenesulfonyl group, i.e. Ts group, and a 2-
nitrobenzenesulfonyl group, i.e. a nosyl group or Ns group; an amide-type protective group such as
a trifluoroacetyl group; a benzyl-type protective group; and a triphenylmethyl group, i.e. Tr group.

[0022] In addition, a cyclic protective group, which further reacts with -NH- group to form a ring
including the nitrogen atom, can be used in the present invention. Such a cyclic protective group is
exemplified by a 4,5-diphenyl-3-oxazoline-2-one group, a N-phthalimide group, an N-
dithiasuccinimide group, a N-2,3-diphenylmaleimide group, a N-2,5-dimethylpyrrol group, a N-
1,1,4,4-tetramethyldisilylazacyclopentane group, a 1,3-dimethyl-1,3,5-triazacyclohexane-2-one
group and a 3,5-dinitro-4-pyridone group. The above-described protective groups are represented
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as a form including the nitrogen atom of the amino group to be protected.

[0023] In the tyrosine derivative (1) and the like of the present invention, there is a description of "-
NHR™". However, the compound of which amino group is protected with two R1S, in other words, the

compound which has "-N(R')o" is included in the range of the present invention.

[0024] When the protective group of the amino group is selected, the person skilled in the art can
protect the amino group by ordinary method. For example, T. W. Green et al., "PROTECTIVE
GROUPS IN ORGANIC SYNTHESIS" JOHN WILEY & SONS, INC. may be referred.

2. Protection step of carboxy group

[0025] It is also preferred that a protective group for the carboxy group does not inhibit the after-
described iodination reaction, and is not removed in the following reactions but can be easily
removed in case of necessity. As such a protective group, an ester group is used. Preferred ester
groups are selected from a methoxymethyl ester group, a tetrahydropyranyl ester group and
a t-butyl ester group.

[0026] The person skilled in the art can protect the carboxy group by ordinary method similarly to
the protection of the amino group.

3. Protection step of phenolic hydroxy group

[0027] It is also preferred that a protective group for the phenolic hydroxy group does not inhibit
the after-described iodination reaction, and is not removed in the following reactions but can be
easily removed in case of necessity. In addition, as described later, a substituent group may be
introduced in the phenolic hydroxy group to obtain a derivative in some cases. Therefore, it is
preferred that a protective group of the phenolic hydroxy group selectively removed while the amino
group and the carboxy group are protected.

[0028] A protective group of the phenolic hydroxy group is exemplified by a silyl ether group
selected from a trimethylsilyl group, a triethylsilyl group, a t-butyldimethylsilyl group, a
triisopropylsilyl group and a t-butyldiphenylsilyl group.

[0029] The person skilled in the art can protect the phenolic hydroxy group by ordinary method
similarly to the protection of the amino group and the carboxy group.

4. lodination step

[0030] The present invention method comprises the step of reacting the compound (Il), of which
the amino group, the carboxy group and the phenolic hydroxy group are protected in the above-
described steps 1 to 3, with an iodination reagent at -50°C or lower. In the present step, an iodine
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atom can be regioselectively introduced at the para position of the R%0-group.
RB

5 5 R?
RO CO,R? A \{/COsz’
I e, 0 =  CJ e
e NR™:  (p i/~ NR™:  am

[0031] In the above scheme, R, R? R%*and R® are the same as the above, and the position of the

iodine atom in the compound (lll) is para position of the R50- group.

[0032] The tyrosine derivative of the present invention is a m-tyrosine derivative or a o-tyrosine
derivative, and preferably a m-tyrosine derivative, since an iodine atom is introduced at the para
position of the phenolic hydroxy group or the protected phenolic hydroxy group in the present
invention.

[0033] It is preferred that the above reaction is carried out in a solvent. Such a solvent is not
particularly limited as long as the solvent does not inhibit the above reaction and can adequately
dissolve a part of or all of the compound (ll) and the like. The solvent is exemplified by a
halogenated hydrocarbon solvent such as dichloromethane and chloroform; an aromatic
hydrocarbon solvent such as benzene and toluene; an ether solvent such as diethyl ether and
tetrahydrofuran; and an amide solvent such as dimethylformamide and dimethylacetamide.

[0034] An iodination reagent to be used is not particularly limited as long as the iodination reagent
is generally used for iodination of a benzene ring. For example, molecular iodine, i.e. Io, 1,3-diiodo-

5,5'-dimethylhydantoin, i.e. DIH, and N-iodosuccinimide, i.e. NIS, can be used.

[0035] An amount of the iodination reagent to be used may be properly adjusted, and is preferably
exemplified by not less than 0.9 times by mole and not more than 1.5 times by mole relative to the
compound (ll). The ratio is more preferably not less than 0.9 times by mole, even more preferably
not less than 1.0 time by mole, and more preferably not more than 1.4 times by mole, even more
preferably not more than 1.3 times by mole, particularly preferably not more than 1.25 times by
mole.

[0036] When molecular iodine is used as the iodination reagent, an iodination reaction accelerator
is preferably used in combination to accelerate the reaction. As such an iodination reaction
accelerator, for example, silver trifluoroacetate and silver acetate can be used.

[0037] An amount of the iodination reaction accelerator to be used may be properly adjusted, and
is preferably exemplified by not less than 0.5 times by mole and not more than 1.5 times by mole
relative to the compound (ll). The ratio is more preferably not less than 0.8 times by mole, even
more preferably not less than 1.0 time by mole, particularly preferably not less than 1.1 times by
mole, and more preferably not more than 1.4 times by mole, even more preferably not more than
1.3 times by mole, particularly preferably not more than 1.25 times by mole.

[0038] The above reaction which is characteristic of the present invention method is carried out at
-50°C or lower. In the above reaction, even at -50°C or lower, the yield is not decreased and an
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iodine atom can be selectively introduced at the para position of the phenolic hydroxy group of
tyrosine. On the other hand, the lower limit of the reaction temperature is particularly not limited.
However, when the temperature is excessively low, the yield may possibly be decreased in some
cases. Therefore, the reaction temperature is preferably not less than -100°C. The reaction
temperature is more preferably not less than -55°C, even more preferably not more than -60°C,
and more preferably not less than -90°C, even more preferably not less than -80°C, particularly
preferably not less than - 70°C.

[0039] For the above reaction, for example, the compound (ll) is dispersed or dissolved in a
solvent, the temperature of the obtained mixed liquid is adjusted to be -50°C or lower, and then an
iodination reagent is added thereto to be reacted at - 50°C or lower.

[0040] The reaction time may be properly adjusted. The reaction may be continued until the
presence of the compound (ll) can not be observed by thin-layer chromatography or the like.
Alternatively, the reaction time can be determined by a preliminary experiment or the like. For
example, the reaction time may be settled to be not less than about 12 hours and not more than
about 48 hours.

[0041] After the reaction, a general post-treatment may be carried out. For example, the reaction
mixture is washed with sodium thiosulfate aqueous solution and the like to decompose unreacted
iodine, dried, concentrated under reduced pressure, and the target compound is purified from the
obtained residue by chromatography or the like.

[0042] As necessary, the iodine atom of the above compound (lll) may be transformed to other
substituent group to obtain the compound (1V). Such a functional group transformation reaction can
be carried out by the person skilled in the art.

LO»;R BO;R‘
[jf — f
A NIR™, () NIRT, W

[0043] In the above scheme, R", R? and R3 to R® are the same as the above, and the positions of
the iodine atom in the compound (lll) and the R4 of the compound (V) are para to the position of

the R%0- group.

[0044] As necessary, the phenolic hydroxy group of the compound (lll) or the compound (IV)
synthesized as the above may be deprotected and then, a substituent group may be introduced

thereto. For example the following reaction may be carried out.
R3
HO CORE

\/j/\ CO R [’\a j ,\}/, 5
N{R™ i N{R™5 »
R qQv) " Ry
, x-A-C CORY X=A=0 T comre
XAy o f\ﬂph —
i ' RS N2 o
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[0045] In the above scheme, R', R2 R" R2, R3to R5 A, X and Y are the same as the above; the
position of the R* of the compound (IV) is para to the position of the R%0- group; the position of the

R4 of the compound (V) is para to the position of the hydroxy group; and the position of the R4 of
the compound (I") and the compound (1) is para to the position of the X-A-O- group.

[0046] Hereinafter, each of the above steps are described.

5. Deprotection step at phenolic hydroxy group

[0047] In the present step, the phenolic hydroxy group is selectively deprotected. In the reaction, a
deprotective condition in which the protective groups of the amino group and the carboxy group are
maintained and which is suitable for the kind of the protective group of the phenolic hydroxy group
may be applied.

[0048] For example, when a silyl ether group is used as the above protective group,
tetrabutylammonium fluoride (TBAF), hydrofluoric acid (HF), cesium fluoride (CsF), potassium
fluoride (KF) and the like, which can utilize a strong affinity between silicon and fluorine, can be
used.

[0049] As a detail reaction condition such as a solvent and temperature of the present step, an
ordinary condition which is well-known to the person skilled in the art may be applied similarly to the
case of the protective group of the amino group.

6. Alkylation step of phenolic hydroxy group

[0050] Then, for example, the tyrosine derivative (I") can be synthesized by reacting the phenolic
hydroxy group of the compound (V), which is obtained by removing the protective group of the
phenolic hydroxy group, with the compound (VI).

[0051] In the present invention, the term "leaving group" is a group which is eliminated by the
attack of a nucleophilic agent in a nucleophilic substitution reaction, and is exemplified by a group
which can form an ether bond with the phenolic hydroxy group. Such a leaving group to be used is
exemplified by a halogen atom leaving group which has a leaving ability, such as a chlorine atom, a
bromine atom and an iodine atom; a sulfonyloxy group such as a methanesulfonyloxy group, a
trifluoromethanesulfonyloxy group, a chloromethanesulfonyloxy group, an ethanesulfonyloxy group,
a benzenesulfonyloxy group and a toluenesulfonyloxy group. Two leaving groups of the compound
(VI), i.e. "X" and "Y", may be the same or different from each other. When two leaving groups are
different from each other, a leaving group of which reactivity to the phenolic hydroxy group is higher
is selected as "Y" more than that of "X".

[0052] Any one end of "A", i.e. - (CH2)1-[Z(CH2)m]n-, in the compound (VI) and the like may be

bound to the "X" or the oxygen atom in the phenolic hydroxy group. For example, the structure of
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the compound (VI) may be any one of X-(CH2)¢-[Z(CH2)mln-Y and Y- (CH2)-[Z(CH2)m]n-X. In
addition, the structure of X-A-O-Ph, wherein Ph is a benzene ring, in the compound (l), the
compound (I') and the compound (I") may be any one of X-(CHs)-[Z(CH2)m]n-O-Ph and X-[(CH2)m-
Z]n-(CHo2)-O-Ph. It is preferred that the compound (VI), the compound (l), the compound (I') and
the compound (I") have a structure of -O-(CHb)1-[Z(CH2)m]n-X.

[0053] It is preferred that the above reaction is carried out in a solvent in the presence of a base.
The solvent to be used is exemplified by an alcohol solvent such as methanol and ethanol; an ether
solvent such as diethyl ether and tetrahydrofuran; an amide solvent such as dimethylformamide and
dimethylacetamide.

[0054] As the above base, an organic amine such as triethylamine, diethylaminoethanol and
pyridine; a hydroxide of an alkali metal, such as sodium hydroxide and potassium hydroxide; a
hydrogencarbonate of an alkali metal, such as sodium hydrogencarbonate and potassium
hydrogencarbonate; a carbonate of an alkali metal, such as sodium carbonate and potassium
carbonate can be used.

[0055] When the "Y" is a hydroxy group, the hydroxy group may be selectively reacted with the
phenolic hydroxy group in the presence of triphenylphosphine and diethyl azodicarboxylate to
obtain a phenol ether.

[0056] Finally, as necessary, the amino group and/or the carboxy group of the compound (I") may
be deprotected.

[0057] The tyrosine derivative of the present invention is described above.

[0058] In the present invention, the term "halogen atom" is a fluorine atom, chlorine atom, a
bromine atom, an iodine atom, preferably a chlorine atom, a bromine atom, an iodine atom.

[0059] The term "Cq_g alkyl group” is a linear, branched or cyclic saturated aliphatic hydrocarbon

group of which carbon number is not less than 1 and not more than 6. The group is exemplified by
a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl
group, a t-butyl group, a n-pentyl group , a n-hexyl group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group and a cyclohexyl group. The group is preferably a C4.4 alkyl group, more
preferably a Cq_» alkyl group, and most preferably a methyl group.

[0060] The term "C4_g halogenated alkyl group” is a Cq_g alkyl group which is substituted by at least

one halogen atom. The group is exemplified by a chloromethyl group, a bromomethyl group, a
trifluoromethyl group and a pentafluoroethyl group. The group is preferably a Cq1_4 halogenated alkyl

group, and more preferably C4_o halogenated alkyl group.

[0061] The term "mono(Cq_g alkyl)amino group" is an amino group which is substituted by one Cq_g

alkyl group. The group is exemplified by a methylamino group, an ethylamino group, an
isopropylamino group, a t-butylamino group, a n-pentylamino group and a n-hexylamino group.
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[0062] The term "di(C4.g alkyl)amino group" is an amino group which is substituted by two Cqg
alkyl groups. The Cq_g alkyl groups may be the same or different from each other. The group is
exemplified by a dimethylamino group, a diethylamino group, a diisopropylamino group, a t-
butylmethylamino group, a t-butylethylamino group, a di(t-butyl)amino group, a di(n-pentyl)amino
group and a di(n-hexyl)amino group.

[0063] The term "Cg.q2 aryl group" is an aromatic hydrocarbon group of which carbon number is

not less than 6 and not more than 12. The group is exemplified by a phenyl group, an indenyl
group, a naphthyl group and a biphenyl group, and is preferably a phenyl group.

[0064] The term "heterocyclic group” is a five-membered, six-membered or condensed saturated
heterocyclic group or a five-membered, six-membered or condensed heteroaryl group which have
at least one hetero atom such as a nitrogen atom, an oxygen atom and a sulfur atom. The
"heterocyclic group" is exemplified by a five-membered saturated heterocyclic group such as a
pyrrolidinyl group, an imidazolidinyl group, a pyrazolidinyl group, a tetrahydrothiophenyl group, a
tetrahydrofuranyl group, an oxazolidinyl group, an isoxazolidinyl group, a thiazolidinyl group and an
isothiazolidinyl group; and a six-membered saturated heterocyclic group such as a piperidinyl
group, a piperazinyl group, a morpholinyl group and a thiomorpholinyl group. The "heteroaryl
group" is exemplified by a five-membered heteroaryl group such as a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a tetrazolyl group, a thienyl group, a furyl group, an oxazolyl group, an
isoxazolyl group, a thiazolyl group and an isothiazolyl group; a six-membered heteroaryl group such
as pyridyl group, a pyrazinyl group, a pyrimidinyl group and a pyridazinyl group; and a condensed
heteroaryl group such as an indolyl group, an isoindolyl group, an isoindole-1,3-dione-2-yl group, a
quinolyl group, an isoquinolyl group, a benzofuranyl group, a chromenyl group, a benzothienyl
group and a tetrahydroimidazol[1,2-alpyrazine group.

[0065] The term "Cq_g alkoxy group" is a linear, branched or cyclic aliphatic hydrocarbonoxy group
of which carbon number is not less than 1 and not more than 6. The group is exemplified by a
methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a t-butoxy group, a pentoxy group, a hexoxy group, a cyclopropyloxy group, a
cyclobutyloxy group, a cyclopentyloxy group and a cyclohexyloxy group. The group is preferably a
C1.4 alkoxy group, and more preferably a C1_ alkoxy group.

[0066] The term "Cq_g alkylthio group" is a linear, branched or cyclic aliphatic hydrocarbonthio

group of which carbon number is not less than 1 and not more than 6. The group is exemplified by
a methylthio group, an ethylthio group, a propylthio group, an isopropylthio group, a butylthio group,
an isobutylthio group, a t-butylthio group, a pentylthio group, a hexylthio group, a cyclopropylthio
group, a cyclobutylthio group, a cyclopentylthio group and a cyclohexylthio group. The group is
preferably a C4_4 alkylthio group, more preferably a Cq_o alkylthio group, and most preferably a

methylthio group.

[0067] The term "Cq_g halogenated alkoxy group" is a Cq_g halogenated alkyloxy group. The group

is exemplified by a chloromethyloxy group, a bromomethyloxy group, a trifluoromethyloxy group and
a pentafluoroethyloxy group. The group is preferably a Cq_4 halogenated alkoxy group, and more

preferably a C1.» halogenated alkoxy group.
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[0068] The term "C7.q3 aralkyloxy group" is an alkyl group which is substituted by one aryl group

and of which carbon number is not less than 7 and not more than 13. The group is exemplified by a
benzyl group, a phenacyl group, a naphthylmethyl group and a biphenylmethyl group, and is
preferably a benzyl group.

[0069] The number of substituent a in a Cg 12 aryl group, a heterocyclic group and a C7.q3

aralkyloxy group is particularly not limited, and is preferably not less than 1 and not more than 5.
The number is more preferably not more than 3 and even more preferably not more than 2. When
the number of substituent a is 2 or more, the substituents may be the same or different from each
other. When a C7_q3 aralkyloxy group has substituent a, the substituent exists on the aryl group. The

carbon number of substituent a is not included in the carbon number of a Cg 1 aryl group and a Cy.

13 aralkyloxy group.

[0070] As a tyrosine derivative, there are a L-tyrosine derivative and a D-tyrosine derivative, both
of which are included in the range of the present invention. According to a purpose, a L-tyrosine
derivative, a D-tyrosine derivative or the mixture thereof, such as racemate, may be properly
selected. In general, a racemate consists of L body and D body in a ratio of 1 : 1. In general, a L-
tyrosine derivative, which is a derivative of a natural amino acid, has highest utilization value.

[0071] The tyrosine derivative (I) of the present invention may be a salt. Such a salt is exemplified
by an inorganic acid salt such as a hydrochloride, a hydrobromide, a hydroiodide, a nitrate, a sulfate
and a phosphate; an organic acid salt such as an oxalate, a malonate, a maleate, a fumarate, a
lactate, a malate, a citrate, a tartrate, a benzoate, a ftrifluoroacetate, an acetate, a
methanesulfonate, a p-toluenesulfonate and a trifluoromethanesulfonate; an alkali metal salt such
as a sodium salt and a potassium salt; an alkaline earth metal salt such as a calcium salt and a
magnesium salt; an ammonium salt; an amino acid salt such as an aspartate, a glutamate, a lysine
salt, an alginate and a histidine salt.

[0072] The tyrosine derivative (1) of the present invention can be produced by the above-described
present invention method. Alternatively, the present invention method may be properly modified by
a method which is known to the person skilled in the art to produce the tyrosine derivative (l) of the
present invention.

[0073] For example, o-tyrosine may be used as a raw material compound other than m-tyrosine,
the position of an iodine atom to be introduced may be determined by adjusting a reaction
temperature in the iodination reaction, and further the introduced iodine atom may be transformed
to other functional group if necessary.

[0074] The tyrosine derivative (I) of the present invention has an actively reactive group in the
substituent group at the phenolic hydroxy group and on the benzene ring, and therefore the
tyrosine derivative is useful as a synthetic intermediate. In addition, for example, the tyrosine
derivative itself can be used as a non-naturally occurring amino acid for improving or modifying an
activity of an enzyme such as t-PA by replacing a part of amino acids which constitutes the enzyme
by the tyrosine derivative. Furthermore, the tyrosine derivative can be used as a diagnostic agent
and a bioimaging agent which utilizes in vivo redox reaction, a nitroxyl radical or the like. In
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particular, the tyrosine derivative of the present invention exhibits antagonism against a melatonin
MT4 receptor and is useful as a melatonin MT{ receptor antagonist. Therefore, the tyrosine

derivative of the present invention can be utilized as antidepressant agent or the like.

[0075] The tyrosine derivative of the present invention can be used for treating depression or the
like as a medicinal preparation containing the derivative as an active component and a
pharmaceutically acceptable organic or inorganic solid or liquid excipient which is suitable for oral
administration or parenteral administration. Such a medicinal preparation can be developed in a
form of an encapsulated formulation, a tablet, a sugar-coated tablet, a granule, an inhalant, a
suppository, a solution, a lotion, a dispersion, an emulsion or the like. As necessary, a general
additive agent, such as an auxiliary agent, a stabilizing agent, a wetting agent, an emulsifier and a
buffering agent, can be added to the medicinal preparation.

[0076] A dosage amount of the tyrosine derivative according to the present invention for a
treatment is dependent on a severity, age, sex, condition or the like of a patient, and for example, a
dosage amount of not less than about 0.01 mg/kg and not more than about 50 mg/kg on a basis of
a patient's weight may be effective.

EXAMPLES

[0077] Hereinafter, the present invention is described in more detail with Examples.

Example 1: Production of iodinated tyrosine derivative

[0078]

HO

BocHN
HzN co BocHN

TBSO TBSO HO

Q 0
BocHN BoeHM BocHN
0 0
4

(1) Protection of amino group to synthesize Compound 2

[0079] To a mixed solution obtained by dissolving D/L-m-tyrosine (Compound 1, 5.0 g, 27.6 mmol)
and triethylamine (4.19 g, 41.4 mmol) in a mixed solvent of dioxane / water = 1 / 1, di-t-butyl
pyrocarbonate (6.62 g, 30.4 mmol) was slowly added at 0°C. The mixture was stirred at -2°C
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overnight. The reaction mixture was concentrated under reduced pressure, and sodium
hydrogencarbonate solution was added thereto. After the aqueous layer was washed with ethyl
acetate and neutralized by adding hydrochloric acid, extraction was carried out with ethyl acetate.
The obtained organic layers were combined. The organic layer was washed with saturated saline
and dried over anhydrous sodium sulfate. The solid components were removed by filtration and the
filtrate was concentrated under reduced pressure, to obtain colorless powder (amount: 7.5 g, yield:
97%).

TH-NMR (400MHz, CD30D, TMS) 57.08(t, J=7.79Hz, 1H), 6.66(m, 3H), 4.31(m, 1H), 3.05(m, 1H),
2.84(m, 1H), 1.39(s, 9H)

(2) Protection of carboxy group to synthesize Compound 3

[0080] The N-protected tyrosine (Compound 2, 7.5 g, 26.7 mmol) obtained in the above (1) was
dissolved in toluene (133 mL), and t-butyl alcohol (35 mL) was further added thereto. After the
obtained reaction mixture was heated to reflux, N,N-dimethylformamide dineopentyl acetal (18.5 g,
21.7 mmol) was added dropwise thereto over 55 minutes. After the mixture was heated to reflux for
3 hours, the mixture was cooled to room temperature and saturated sodium hydrogencarbonate
solution was added thereto. The target compound was extracted from the aqueous layer with
dichloromethane two times, and the obtained organic layer was dried over anhydrous sodium
sulfate. The solid components were removed by filtration, and the filtrate was concentrated under
reduced pressure. The protected tyrosine as colorless powder was purified from the residue by
silica gel column chromatography (amount: 7.06 g, yield: 78%).

TH-NMR (400MHz, CDCls, TMS) 87.14 (t, J=7.79Hz, 1H), 6.70(m, 3H), 5.26(s, 1H), 5.01(m, 1H),
4.42(m, 1H), 2.99(m, 2H), 1.42(s, 9H), 1.40(s, 9H)

(3) Protection of phenolic hydroxy group to synthesize Compound 4

[0081] To a DMF (36 mL) solution of TBSC1 (3.23 g, 21.4 mmol), the protected tyrosine
(Compound 3, 6.03 g, 17.9 mmol) obtained in the above (2) and imidazole (3.04 g, 44.6 mmol) was
added at 0°C. The mixture was heated to room temperature. After 2 hours, the reaction mixture
was diluted with water and extraction was carried out with ethyl acetate. The extract was washed
with water and saturated saline, and then dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure. Compound 4 of which phenolic hydroxy group
was protected was obtained by purifying from the residue with silica gel column chromatography
(amount: 7.66 g, vield: 95%).

TH-NMR (400MHz, CDCla, TMS) 87.12(t, J=7.79Hz, 1H), 6.75(d, J=7.79Hz, 1H), 6.70(d, J=7.79Hz,

1H), 6.65(s, 1H), 4.95(m, 1H), 4.43(m, 1H), 3.00(d, J=5.95Hz, 1H), 1.42(s, 9H), 1.41(s, 9H), 0.97(s,
9H)

(4) lodination to synthesize Compound 5
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[0082] Compound 4 (8.31 g, 18.4 mmol) obtained in the above (3) and CF3CO»Ag (4.68 g, 21.2
mmol) were added to chloroform (180 mL) to obtain a dispersion, and iodine (5.14 g, 20.2 mmol)
was added to the dispersion at -65°C. The mixture was stirred at -65°C overnight. The reaction
mixture was filtered. The filtrate was diluted with ethyl acetate, and washed with sodium thiosulfate
aqueous solution and saturated saline. The organic layer was dried over anhydrous magnesium
sulfate. After filtration, the filtrate was concentrated under reduced pressure. A mixture of
Compound 4 as raw material compound and Compound 5 as the target compound was obtained as
colorless powder by purifying from the residue with silica gel column chromatography (amount: 8.79

g)-
"H-NMR (400MHz, CDCls, TMS) 87.62(d, J=8.24Hz, 1H), 6.73(s, 1H), 6.46(d, J=8.24Hz, 1H),
5.00(d, J=8.24Hz, 1H), 4.48(m, 1H), 3.17(m, 1H), 2.96(m, 1H), 1.42(s, 9H), 1.39(s, 9H), 0.96(s, 9H)

(5) Deprotection of phenolic hydroxy group to synthesize Compound 6

[0083] Compound 5 (1.33 g, 2.30 mmol) obtained in the above (4) was dissolved in THF (8 mL).
To the solution, TBAF (3.5 mL, 1M THF solution) was added at 0°C. The mixture was stirred for 1
hour. Then, water was added thereto, and extraction was carried out with ethyl acetate two times.
The organic layers were combined. The combined organic layer was washed with saturated saline
and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under

reduced pressure to obtain Compound 6 as the target compound (amount: 1.03 g, yield: 96%). H-
NMR (400MHz, CDCl3, TMS) 87.63(d, J=8.24Hz, 1H), 6.80(s, 1H), 6.49(d, J=8.70Hz, 1H), 5.86(s,

1H), 5.08(m, 1H), 4.52(m, 1H), 2.99(m, 1H), 1.43(s, 9H), 1.39(s, 9H)

Example 2: Introduction of substituent group to phenolic hydroxy group

[0084]
I | N !
TSO/\/OTS TSO\/\O o
HO - o
o KoCOg, DMF BocHN
BocHN rt, 2 days .
Q
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[0085] To an anhydrous DMF (2.5 mL) solution of Compound 6 (0.12 g, 0.25 mmol) obtained in the
above Example 1(5) and potassium carbonate (0.10 g, 0.75 mmol), ethyleneglycol bis(p-
toluenesulfonate) (0.19 g, 0.5 mmol) was added. After the mixture was stirred at room temperature
for 2 days, the mixture was diluted with water and extraction was carried out with ethyl acetate
(about 20 mL) three times. The combined organic layer was washed with water and saturated
saline, and dried over magnesium sulfate. After filtration, the filtrate was concentrated. Compound 7
was obtained by purifying from the residue with silica gel column chromatography (0.53 g, 54%).

TH-NMR (400 MHz, CDCls, TMS) 57.81(dt, J=8.4Hz and 1.9Hz, 2H), 7.65(d, J=8.7Hz, 1H), 7.36(d,
J=7.8Hz, 2H), 6.72(s, 1H), 6.43(dd, J=8.7Hz and 1.8Hz, 1H), 5.02(m, 1H), 4.5(m, 1H), 4.35(m, 2H),
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4.11(m, 2H), 3.17(dd, J=14.0Hz and 5.7Hz, 1H), 2.98(m, 1H), 2.47(s, 3H), 1.43(s, 9H), 1.38(s, 9H)

Example 3: Examination for reaction temperature of iodination reaction

[0086] Compound 5 was synthesized similarly to the above Example 1(4) except that a molar ratio
of the iodination reagent: CF3CO»2Ag - |5 relative to Compound 4, reaction temperature and reaction

time were changed as Table 1. After purification with silica gel column chromatography, the

obtained compounds were analyzed with "H-NMR and yields of Compound 5 as the target
compound, in which an iodine atom was introduced at the para position of TBSO-group, Compound
5' as a by-product, in which an iodine atom was introduced at the ortho position of TBSO- group, i.e.
at the para position of the benzyl position, and unreacted Compound 4 from the peak area of the
obtained charts. In Table 1, "main" represents non-quantitative production quantity since the target
peak was overlapped with other peak of by-product so that yield could not calculated, and "trace"
represents the case where the yield calculated from NMR data was less than 1%.

Table 1

Amount Yield (%) Ratio of
. . Compound
of Reaction §Reaction
Runi. .7 . ) 5/
iodination {temperature { time (h) jCompound { Compound { Compound
' Compound
reagent 5 5 4 5!
1 1.00 eq rt 3 85% 6% 3% 14
2 {1 1.00eq zbgt(r']‘)’e 47 83% 5% 4% 17
3 i 1.25¢€q 2bcri1t(r|§e 5 main trace 0% -
4 §{1.00eq -40°C 117 87% 3% 2% 29
5 { 1.00 eq -60°C 168 85% 2% 8% 43
6 § 1.25¢€eq -60°C 114 91% 2% trace 46

[0087] As the results demonstrated in Table 1, when the reaction temperature was -40°C or higher,
the ratio of Compound 5 as the target compound relative to Compound 5' as a by-product was
about 30 at the most. Hereinafter, the ratio is abbreviated to "Compound 5/Compound 5' ratio". The
physical properties of Compound 5 and Compound 5' are similar to each other, and it is very difficult
to separate one from the other. Therefore, it is preferred that the value of Compound 5/Compound
5' ratio is large as much as possible. In addition, when the reaction temperature was 2°C and an
amount of an iodination reagent to be used relative to Compound 4 was increased to accelerate the
reaction, an amount of by-product other than Compound 5' was increased. Such a by-product other
than Compound 5' is supposed to be a diiodo compound or a triiodo compound.

[0088] On the other hand, when the reaction temperature was adjusted to be -60°C, Compound
5/Compound 5' ratio was increased to about 40, and the yield of Compound 5 was about 90%
whereas the yield of Compound 5" was merely 2%. In addition, even when an amount of an
iodination reagent to be used was increased, an amount of by-product to be produced other than
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Compound 5' was suppressed.

[0089] It was clarified from the above results that the reaction temperature of an iodination reaction
should be adjusted to - 50°C or lower in order to effectively and selectively iodinate the para
position of the phenolic hydroxy group or the protected phenolic hydroxy group of a tyrosine
derivative.

Example 4: lodination

[0090]

TBSO

—_— -
BocHN O\}/ BocHN O\}/
O
5

O
4

B8O

[0091] Compound 4 (452 mg, 1.0 mmol) obtained in the above Example 1(3) and CF3CO2Ag (276

mg, 1.25 mmol) were added to chloroform (10 mL) to obtain a dispersion. lodine (317 mg, 1.25
mmol) was added to the dispersion at -60°C, and the mixture was stirred at -60°C for 5 days. After
the reaction mixture was filtrated and the filtrate was diluted with ethyl acetate, the diluted mixture
was washed with sodium thiosulfate aqueous solution and saturated saline. The organic layer was
dried over anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under
reduced pressure. A mixture of Compound 5 as the target compound and Compound 5' as a by-
product was obtained as colorless powder by purifying from the residue with silica gel column
chromatography (Compound 5: 528 mg, vield: 91%, Compound 5" 14 mg, yield: 2% (the yields
were calculated from NMR)).

Compound 5

[0092] 'H-NMR (400MHz, CDCls, TMS) 57.62(d, J=8.24Hz, 1H), 6.73(s, 1H), 6.46(d, J=8.24Hz,
1H), 5.00(d, J=8.24Hz, 1H), 4.48(m, 1H), 3.17(m, 1H), 2.96(m, 1H), 1.42(s, 9H), 1.39(s, 9H),
0.96(s, 9H), 0.18(s, 6H)

Compound 5’

[0093] "H-NMR (400MHz, CDCls, TMS) 57.63(d, J=7.76Hz, 1H), 6.65(s, 1H), 6.50(dd, J=8.22Hz
and 1.83Hz, 1H), 4.97(d, J=7.77Hz, 1H), 4.43(m, 1H), 2.97(m, 2H), 1.42(s, 9H), 1.41(s, 9H), 1.06(s,
9H), 0.28(s, 6H)

Example 5: O-Alkylation
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[0094]
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[0095] Compound 6 (1.6 g, 3.4 mmol) obtained in the above Example 1(5), potassium carbonate
(2.5 g, 18.1 mol) and ethyleneglycol bis(p-toluenesulfonate) (4.0 g, 10.8 mmol) were dissolved in
anhydrous acetone (30 mL). The obtained solution was heated to reflux for 21 hours. After the
reaction mixture was cooled, the mixture was diluted with water and extraction was carried out with
ethyl acetate (about 20 mL) three times. The combined organic layers was washed with water and
saturated saline, and dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated. Compound 7 was obtained by purifying from the residue with silica gel column
chromatography (1.48 g, 59%) .

TH-NMR (400MHz, CDClz, TMS) 57.81(dt, J=8.4Hz and 1.9Hz, 2H), 7.65(d, J=8.7Hz, 1H), 7.36(d,

J=7.8, 2H), 6.72(s, 1H), 6.43(dd, J=8.7Hz and 1.8Hz, 1H), 5.02(m, 1H), 4.5(m, 1H), 4.35(m, 2H),
4.11(m, 2H), 3.17(dd, J=14.0Hz and 5.7Hz, 1H), 2.98(m, 1H), 2.47(s, 3H), 1.43(s, 9H), 1.38(s, 9H)

Example 6: O-Alkylation

[0096]
| TsO,
\"‘\OH I
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[0097] Compound 6 (116 mg, 0.25 mmol) obtained in the above Example 1(5), triphenylphosphine
(131 mg, 0.5 mmol) and 2-hydroxyethyl-4-methyl benzenesulfonate (108 mg, 0.5 mmol) were
dissolved in anhydrous THF (2.5 mL). The solution was cooled with ice, and then diethyl
azodicarboxylate (218 mg, 0.5 mmol) was added thereto. The temperature of the reaction mixture
was increased to room temperature and stirred for 3 hours. Then, the reaction mixture was diluted
with water, and extraction was carried out with ethyl acetate. The organic layer was washed with
water and saturated saline, and dried over anhydrous magnesium sulfate. After filtration, the filtrate
was concentrated under reduced pressure. Compound 7 was obtained by purifying from the residue
with silica gel column chromatography (amount: 112 mg, yield: 68%) .

Example 7: O-Alkylation
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[0099] Compound 6 (0.6 g, 1.3 mmol) obtained in the above Example 1(5), potassium carbonate
(0.9 g, 10 mmol) and di-ethyleneglycol bis(p-toluenesulfonate) (1.61 g, 3.9 mmol) were dissolved in
anhydrous DMF (10 mL). After the solution was stirred at room temperature for 5 days, the solution
was diluted with water and extraction was carried out with ethyl acetate (about 20 mL) three times.
The combined organic layers was washed with water and saturated saline, and dried over
anhydrous sodium sulfate. After filtration, the filtrate was concentrated. Compound 8 was obtained
by purifying from the residue with silica gel column chromatography (0.61 g, 67%).

TH-NMR (400MHz, CDCls, TMS) 57.80(dt, J=8.5Hz and 1.9Hz, 2H), 7.67(d, J=8.7Hz, 1H), 7.32(d,

J=8.2Hz, 2H), 6.81(s, 1H), 6.53(dd, J=8.5Hz and 2.5Hz, 1H), 5.09(m, 1H), 4.5(m, 1H), 4.19(m, 2H),
4.01(m, 2H), 3.76(m, 4H), 3.19(dd, J=14.0Hz and 5.7Hz, 1H), 2.98(m, 1H), 2.44(s, 3H), 1.43(s, 9H),
1.38(s, 9H)

Example 8: O-Alkylation

[0100]

HO -

BocHN Q\k BocHN O*/
o) O

[0101] To a THF (2 mL) solution of Compound 6 (0.35 g, 0.76 mmol) obtained in the above
Example 1(5) and triphenylphosphine (396 mg, 1.5 mmol), 2-chloroethanol (100 pL, 1.5 mmol) was
added. The mixture was cooled with ice. Diethyl azodicarboxylate (690 pL, 1.5 mmol) was slowly
added thereto. After addition, the mixture was stirred at room temperature. After the reaction, the
mixture was concentrated. Compound 9 was obtained by purifying from the residue with silica gel
chromatography (0.31 g, 77%).

TH-NMR (400MHz, CDClz, TMS) 57.70(d, J=8.7Hz, 1H), 6.84(s, 1H), 6.56(dd, J=8.7Hz and 1.8Hz,
1H), 5.04(m, 1H), 4.5(m, 1H), 4.19(t, J=5.7Hz, 2H), 3.79(t, J=5.7Hz, 2H), 3.21(dd, J=13.7Hz and
5.5Hz, 1H), 2.99(m, 1H), 1.44(s, 9H), 1.39(s, 9H)

Example 9: O-Alkylation
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[0102]

HO B0

e
BocHN O\‘/ BocHN O\k
o) o)
6

[0103] Compound 6 (0.35 g, 0.76 mmol) obtained in the above Example 1(5) and
triphenylphosphine (254 mg, 0.97 mmol) were dissolved in THF (2 mL). To the solution, 2-
bromoethanol (70 pL, 0.97 mmol) was added. The mixture was cooled with ice. Diethyl
azodicarboxylate (440 pL, 0.97 mmol) was slowly added thereto. After addition, the mixture was
stirred at room temperature. After the reaction, the mixture was concentrated. Compound 10 was
obtained by purifying from the residue with silica gel chromatography (0.21 g, 57%).

TH-NMR (400MHz, CDCl3, TMS) 87.70(d, J=8.7Hz, 1H), 6.83(s, 1H), 6.56(t, J=4.3Hz, 1H), 5.04(m,

1H), 4.5(m, 1H), 4.25(t, J=6.2Hz, 2H), 3.62(t, J=6.2Hz, 2H), 3.20(dd, J=14.0Hz and 5.7Hz, 1H),
3.00(m, 1H), 1.44(s, 9H), 1.39(s, 9H)

Example 10: Synthesis of optically-active compound

[0104]
HO — HOO) —» HO
o
HaN" "CO,H BocHN™ ~CO,H BocHN \’/
)
1(S) 2(S) 3(S)

— » TBSO TBSO

—_—
BocHN o\‘/ BocHN O\*/
O &}

4S) 5(S)

[0105] An optically-active compound 5(s) (99.8%ee) was synthesized similarly to the synthesis
route described in the above Example 1 except that an optically-active L-m-tyrosine was used
instead of DL-m-tyrosine as a raw material compound.

[0106]
HPLC retention time: 11.46 min
Column: CHIRALPAC IA 4.6 mm¢ x 250 mm, manufactured by Daicel Corporation

Flow speed: 0.8 mL/min
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Column oven temperature: 25°C
Detection light wave-length: 233 nm

Eluent: hexane / ethanol =99/ 1

Example 11: Optical resolution of racemic Compound 5

[0107]

: :I
TBSO TBSO :
TBSO o z o
- BocHN BocHN
BocHN O\{/ 5 % /\IOI/ \}/
(6]

5 5(8) 5(R)

[0108] Compound 5 obtained in the above Example 1(4) was resolved by HPLC in the following
condition using a chiral column.

[0109]

Column: CHIRALPAC IA 20 mmé x 250 mm, manufactured by Daicel Corporation
Flow speed: 13 mL/min

Column oven temperature: 25°C

Detection light wave-length: 233 nm

Eluent: hexane / ethanol =100 /1

HPLC retention time: 5(S) - 11.46 min, 5(R) - 8.12 min

Column: CHIRALPAC IA 4.6 mm¢ x 250 mm, manufactured by Daicel Corporation
Flow speed: 0.8 mL/min

Column oven temperature: 25°C

Detection light wave-length: 233 nm

Eluent: hexane / ethanol =99/ 1

Example 12: Production of optically-active Compound 7
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[0110]

TsO
TRSO HO SN0

—
BocHN Oﬁ/ BocHN O\’/ BocHN O\~/
o} o o

5(8) 8(S) 7(S)

(1) Deprotection of phenolic hydroxy group

[0111] Optically-active Compound 6(S) or optically-active Compound 6(R) was synthesized
similarly to the synthesis route described in the above Example 1(5) except that optically-active
Compound 5 (S) or optically-active Compound 5 (R) obtained in the above Example 11 was used
instead of racemic Compound 5.

(2) O-Alkylation

[0112] Optically-active Compound 7(S) (99.7%ee) or optically-active Compound 7(R) (99.7%ee)
was synthesized similarly to the synthesis route described in the above Example 2 except that
optically-active Compound 6(S) or optically-active Compound 6(R) obtained in the above (1) was
used instead of Compound 6.

[0113]

HPLC retention time: 7(S) - 12.94 min, 7(R) - 9.33 min

Column: CHIRALPAC IA 4.6 mmd¢ x 250 mm, manufactured by Daicel Corporation
Flow speed: 0.8 mL/min

Column oven temperature: 25°C

Detection light wave-length: 254 nm

Eluent: hexane / ethanol =60/ 40

Example 13: O-Alkylation

[0114]

HO

BocHN O\|/
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=t ” | [B25 SN Ia) || |

6(S) 8(S)

[0115] Optically-active Compound 8(S) (99.2%ee) or optically-active Compound 8(R) (99.3%ee)
was synthesized similarly to the synthesis route described in the above Example 7 except that
optically-active Compound 6(S) or 6(R) was used instead of Compound 6.

[0116]

HPLC retention time: 8(S) - 7.09 min, 8(R) - 6.35 min

Column: CHIRALPAC IB 4.6 mmd¢ x 250 mm, manufactured by Daicel Corporation
Flow speed: 1.0 mL/min

Column oven temperature: 25°C

Detection light wave-length: 254 nm

Eluent: hexane / ethanol =80/ 20

Example 14: Synthesis of bromo compound

[0117]
L ae sawe s o  eam
S ﬁﬁch&»l‘mﬂ,gw\;x”‘;,’_.: i e V“f"{:} f’%"’; S :
Br ; - ,Wﬁa‘r :
HO“’ "\;?’M\\ T ,uww“_w__w,, sti{)\;\wﬂ;mézj!;"f;"’iﬁm
- ,BOCHN%‘ Kfﬂ?\f{' Lo RN \TQ\L/

(1) Sn-ization reaction to synthesize Compound 11

[0118] To deaerate toluene (2mL) solution of Compound 5 (100 mg, 0.17 mmol) obtained in the
above Example 1(4), tetrakis(triphenylphosphine) palladium (60 mg, 0.05 mmol) and lithium
chloride (37 mg, 0.87 mmol), hexamethyldistannane (72 pL, 0.35 mmol) was added under argon
atmosphere. The mixture was heated at 100°C for 6 hours. The mixture was cooled, and then
filtered using Celite. The filtrate was concentrated. Compound 11 was obtained by purifying from the



DK/EP 2940007 T3

residue with silica gel column chromatography (66.3 mg, 62%).
"H-NMR (400MHz, CDCls, TMS) 87.27(d, J=7.6Hz, 1H), 6.71(m, 2H), 4.83(m, 1H), 4.36(m, 1H),
3.04(m, 1H), 2.89(m, 1H), 1.45(s, 9H), 1.39(s, 9H), 0.99(s, 9H), 0.34(s, 9H), 0.21(s, 6H)

(2) Bromination to synthesize Compound 12

[0119] The methanol / diethyl ether solution (1/1, 7 mL) of Compound 11 (20 mg, 0.03 mmol)
obtained in the above (1) was cooled to - 70°C, and methanol (2 mL) solution of bromine (1.6 pL,
0.03 mmol) was added thereto. After 30 minutes, sodium thiosulfate aqueous solution was added
thereto. The mixture was stirred at room temperature. Extraction was carried out with ethyl acetate.
The organic layer was washed with saturated saline, and then dried over anhydrous sodium sulfate.
After the organic layer was filtered, the filtrate was concentrated under reduced pressure.
Compound 12 was obtained by purifying from the residue with silica gel column chromatography
(17 mg, 97%).

"H-NMR (400MHz, CDCls, TMS) 57.36(d, J=8.7Hz, 1H), 6.73(s, 1H), 6.59(dd, J=8.7Hz and 2.7Hz,
1H), 5.03(m, 1H), 4.50(m, 1H), 3.20(m, 1H), 3.00(m, 1H), 1.42(s, 9H), 1.40(s, 9H), 0.98(s, 9H),
0.19(s, 6H)

(3) Deprotection of phenolic hydroxy group to synthesize Compound 13

[0120] Compound 12 (15 mg, 0.03 mmol) obtained in the above (2) was dissolved in THF (0.1
mL). To the solution, TBAF (42 pL, 1M THF solution) was added at 0°C. The mixture was stirred for
1 hour. After the reaction mixture was filtered, the filtrate was concentrated under reduced pressure
to obtain Compound 13 (amount: 11 mg).

TH-NMR (400MHz, CDCls, TMS) 57.37(d, J=8.7Hz, 1H), 6.79(s, 1H), 6.63(m, 1H), 5.10(m, 1H),
4.51(m, 1H), 3.18(m, 1H), 3.00(m, 1H), 1.43(s, 9H), 1.40(s, 9H)

(4) O-Alkylation step to synthesize Compound 14

[0121] Anhydrous acetone (40 mL) solution of Compound 13 (2.0 g, 4.8 mmol) obtained in the
above (3), potassium carbonate (3.3 g, 24.0 mol) and ethyleneglycol bis(p-toluenesulfonate) (5.3 g,
14.4 mmol) was heated to reflux for 23 hours. The reaction mixture was cooled, and then diluted
with water. Extraction was carried out with ethyl acetate (about 50 mL) two times. The combined
organic layers was washed with water and saturated saline, and dried over sodium sulfate. After
filtration, the filtrate was concentrated. Compound 14 was obtained by purifying from the residue
with silica gel column chromatography (2.19 g, 74%) .

TH-NMR (400MHz, CDCls, TMS) 57.82(dt, J=8.4Hz and 1.9Hz, 2H), 7.39(d, J=8.8Hz, 1H), 7.36(d,

J=7.6Hz, 2H), 6.71(s, 1H), 6.56(m, 1H), 5.04(m, 1H), 4.51(m, 1H), 4.34(m, 2H), 4.11(m, 2H),
3.19(dd, J=14.2Hz and 5.9Hz, 1H), 2.99(m, 1H), 2.47(s, 3H), 1.42(s, 9H), 1.38(s, 9H)

Example 15: Optical resolution of racemic Compound 14
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[0122]
s : /%‘,Br
T o T‘?’Q‘ S “/’I e
B&dm"“ga ' - %DHN’ WQ lr”
...

[0123] Racemic Compound 14 obtained in the above Example 14 was resolved by HPLC in the
following condition using a chiral column. Optically-active Compound 15 (99.7%ee) and optically-
active Compound 16 (99.7%ee) were obtained by recrystallization from the HPLC product in hexane
/ ethyl acetate.

[0124]

Column: CHIRALPAC IA 20 mmé x 250 mm, manufactured by Daicel Corporation
Flow speed: 13 mL/min

Column oven temperature: 25°C

Detection light wave-length: 254 nm

Eluent: hexane / ethanol =7 /3

HPLC retention time: Compound 15 - 11.56 min
Compound 16 - 15.12 min

Column: CHIRALPAC IA 4.6 mm¢ x 250 mm, manufactured by Daicel Corporation
Flow speed: 1.0 mL/min

Column oven temperature: 25°C

Detection light wave-length: 254 nm

Eluent: hexane / ethanol =70/ 30

Example 16: Deprotection reaction

[0125]

Tsi;) E i o | Tﬁ@w’ C)J\;

\w"’#\{:}/ u\_u/ g
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[0126] To dichloromethane (0.8 mL) solution of Compound 7 (100 mg, 0.15 mmol) obtained in the
above Example 2, trifluoroacetic acid (340 pL) was added. The mixture was stirred at room
temperature for 1 day. Then, the reaction mixture was concentrated, and water and ammonia water
were added thereto. The precipitated solid was separated by filtration and washed with water to
obtain Compound 17 (45 mg, 59%).

"H-NMR (400MHz, DCI/H,O, DSS) 57.78(m, 3H), 7.39(d, J=8.7Hz, 2H), 6.80(d, J=3.2Hz, 1H),
6.55(dd, J=8.7Hz and 3.2Hz, 1H), 4.51(t, J=4.1Hz, 2H), 4.40(t, J=7.8Hz, 1H), 4.28(m, 2H), 3.45(m,
1H), 3.27(m, 1H), 2.43(s, 3H)

Example 17: Inhibitory activity test against melatonin MT4 receptor

[0127] An inhibitory activity of the tyrosine derivative of the present invention against a melatonin
MT 1 receptor was evaluated. Specifically, human recombinant melatonin MT receptors expressed

in CHO-K1 cells were used in modified HEPES buffer pH 7.4. The tyrosine derivative obtained in the
above Example 8 was preincubated with 0.025 mg/mL of membranes of the cell and 1 yM of
guanosine diphosphate in modified HEPES buffer (pH 7.4) at 25°C for 20 minutes, then SPA, i.e.
Scintillation proximity assay, beads were added thereto. The mixture was preincubated at 30°C for

60 minutes. The reaction was initiated by adding 0.3 nM of [35S]GTPYS and incubating the mixture
for 30 minutes, and the test compound-induced inhibition of 0.1 nM 2-iodomelatonin-induced

increase of [2°S|GTPyS binding response was measured.

[0128] As a result, the tyrosine derivative obtained in the above Example 8 inhibited the binding
between a melatonin MT receptor and [°S]GTPyS which was accelerated by 2-iodomelatonin by

33%; therefore, it was experimentally demonstrated that the tyrosine derivative of the present
invention is an antagonist against a melatonin MT receptor.
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Patentkrav

1. Tyrosinderivat repgaesenteret ved falgende formel (1):
XA OX i CO,R?

E'/~ | NRY ()

R4
hvor
begge R' er hydrogenatomer, eller et R' er et hydrogenatom, og et R' er en
beskyttelsesgruppe for aminogruppen udvalgt blandt en beskyttelsesgruppe
af carbamat-typen, en beskyttelsesgruppe af sulfonamid-typen, en beskyttel-
sesgruppe af amid-typen, en beskyttelsesgruppe af benzyl-typen eller en
triphenylmethylgruppe, eller begge R’ er beskyttelsesgrupper for aminogrup-
pen eller danner en cyklisk beskyttelsesgruppe, der i sin ring indeholder ni-
trogenatomet;
R? er et hydrogenatom eller en ester-beskyttelsesgruppe for carboxygruppen;
R® er et hydrogenatom eller en Cy.-alkylgruppe;
R* er et halogenatom, en hydroxygruppe, en Ci.e-alkylgruppe, en halogene-
ret Cq.e-alkyl-gruppe, en aminogruppe, en mono(C+.-alkyl)aminogruppe, en
di(C+.s-alkylyaminogruppe, en Cs.1o-arylgruppe, der eventuelt har en substitu-
ent a, en heterocyklisk gruppe, der eventuelt har en substituent a, en Cq.-
alkoxygruppe, en Cqs-alkylthiogruppe, en halogeneret Cq.¢-alkoxygruppe el-
ler en C;.43-aralkyloxygruppe, der eventuelt har en substituent q;
A er -(CH2)-[Z(CH2)mln-, hvor Z er en aminogruppe, en ethergruppe, en thio-
ethergruppe, en carbonylgruppe, en thionylgruppe, en estergruppe, en amid-
gruppe, en ureagruppe eller en thioureagruppe; 1 er et heltal, der ikke er
mindre end 1 og ikke mere end 6; m er et heltal, der ikke er mindre end 1 og
ikke mere end 4; og n er et heltal, der ikke er mindre end 0 og ikke mere end
4;
X er en fraspaltelig enhed udvalgt fra gruppen bestéende af et chloratom, et
bromatom, et iodatom, en methansulfonyloxygruppe, en trifluormethansul-
fonyloxygruppe, en chlormethansulfonyloxygruppe, en ethansulfonyloxygrup-
pe, en benzensulfonyloxygruppe og en toluensulfonyloxygruppe;
substituent a er en eller flere substituenter udvalgt fra gruppen bestaende af
et halogenatom, en hydroxygruppe, en cyanogruppe, en thiolgruppe, en ami-
nogruppe, en mono(C1.s-alkyl)aminogruppe, en di(C1.s-alkylyaminogruppe, en
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Cie-alkylgruppe, en Cqs-alkoxygruppe, en halogeneret Cq¢-alkylgruppe og
en Cqe-alkylthiogruppe;
forudsat at positionen af R* er para til positionen af gruppen X-A-O-.

2. Tyrosinderivat ifglge krav 1, repraesenteret ved fglgende formel (I'):
RB

X-A-0O CO,R2
O R4N(R1)2 ( I’)

hvor R til R*, A og X er de samme som ovenfor.

3. Tyrosinderivat ifolge krav 1 eller 2, hvor R* er et halogenatom, en hydro-
xygruppe, en Ce.12-arylgruppe, der eventuelt har en substituent a, en hetero-
cyklisk gruppe, der eventuelt har en substituent a eller en Cq.¢-alkoxygruppe.

4. Tyrosinderivat ifalge et hvilket som helst af kravene 1 til 3, hvor R* er et
bromatom eller et iodatom.

5. Tyrosinderivat ifglge et hvilket som helst af kravene 1 til 4, hvor A er
'(CH2)1'[O(CH2)m)n'-

6. Fremgangsmade til fremstilling af et tyrosinderivat repraesenteret ved fal-
gende formel (l11):
3

R . FQ:&
RECE\, COsz' Rbci\, COQRZ’
i
\’ NR™z 1 l“/~l NR™)z ()
hvor

et R" er et hydrogenatom, og et R"" er en beskyttelsesgruppe for aminogrup-
pen udvalgt blandt en beskyttelsesgruppe af carbamat-typen, en beskyttel-
sesgruppe af sulfonamid-typen, en beskyttelsesgruppe af amid-typen, en
beskyttelsesgruppe af benzyl-typen eller en triphenylmethylgruppe, eller
begge R'' er beskyttelsesgrupper for aminogruppen eller danner en cyklisk
beskyttelsesgruppe, der i sin ring indeholder nitrogenatomet;

R? er en ester-beskyttelsesgruppe for carboxygruppen;

R® er et hydrogenatom eller en Cy.-alkylgruppe;
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R® er en beskyttelsesgruppe for phenolhydroxygruppen; forudsat at positio-
nen af iodatomet er para til positionen af gruppen R°0O-,

omfattende trinnet at omseette forbindelsen repraesenteret ved formel (ll)
med ioderingsreagens ved -50 °C eller lavere.

7. Fremgangsmade til fremstilling ifolge krav 6, hvor en kombination af mole-
kylaert iod og en ioderingsreaktionsaccelerator anvendes som ioderingsrea-
gensen.

8. Fremgangsmade ifglge krav 7, hvor sglvtrifluoracetat eller sglvacetat an-
vendes som ioderingsreaktionsacceleratoren.

9. Fremgangsmade til fremstilling af et tyrosinderivat repraesenteret ved fol-

gende formel (1):
R*O

RY
N COR? j/\‘/cozR )/\{,COQRE
_‘_.__._’,
. E N(R"), H) Nz [\ NR™: ()
3
HO R ! —A- R® A 2
E\j}/\’/coﬁz X-A-Y (V) *A O,\j/\l/cozr#’ XoA FWCOQRZ
| ——rr—— ~ v
ol s NRY); o) R % N(R™), a) Rx N{RY), (1)

hvor

begge R' er hydrogenatomer, eller et R' er et hydrogenatom, og et R' er en
beskyttelsesgruppe for aminogruppen udvalgt blandt en beskyttelsesgruppe
af carbamat-typen, en beskyttelsesgruppe af sulfonamid-typen, en beskyttel-
sesgruppe af amid-typen, en beskyttelsesgruppe af benzyl-typen eller en
triphenylmethylgruppe, eller begge R’ er beskyttelsesgrupper for aminogrup-
pen eller danner en cyklisk beskyttelsesgruppe, der i sin ring indeholder ni-
trogenatomet;

R? er et hydrogenatom eller en ester-beskyttelsesgruppe for carboxygruppen;
et R" er et hydrogenatom, og et R"" er en beskyttelsesgruppe for aminogrup-
pen udvalgt blandt en beskyttelsesgruppe af carbamat-typen, en beskyttel-
sesgruppe af sulfonamid-typen, en beskyttelsesgruppe af amid-typen, en
beskyttelsesgruppe af benzyl-typen eller en triphenylmethylgruppe, eller
begge R'' er beskyttelsesgrupper for aminogruppen eller danner en cyklisk
beskyttelsesgruppe, der i sin ring indeholder nitrogenatomet;

R? er en ester-beskyttelsesgruppe for carboxygruppen;

R® er et hydrogenatom eller en Cy.-alkylgruppe;
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R* er et halogenatom, en hydroxygruppe, en Ci.e-alkylgruppe, en halogene-
ret Cqy6-alkyl-gruppe, en aminogruppe, en mono-(Cq.s-alkyl)aminogruppe, en
di(C+.s-alkylyaminogruppe, en Cs.1o-arylgruppe, der eventuelt har en substitu-
ent a, en heterocyklisk gruppe, der eventuelt har en substituent a, en Cq.-
alkoxygruppe, en Cqs-alkylthiogruppe, en halogeneret Cq.¢-alkoxygruppe el-
ler en C;.43-aralkyloxygruppe, der eventuelt har en substituent q;

R® er en beskyttelsesgruppe for phenolhydroxygruppen;

A er - (CHo)1- [Z (CH2)m]n-, hvor Z er en aminogruppe, en ethergruppe, en
thioethergruppe, en carbonylgruppe, en thionylgruppe, en estergruppe, en
amidgruppe, en ureagruppe eller en thioureagruppe; 1 er et heltal, der ikke er
mindre end 1 og ikke mere end 6; m er et heltal, der ikke er mindre end 1 og
ikke mere end 4; n er et heltal, der ikke er mindre end 0 og ikke mere end 4;
X er en fraspaltelig enhed udvalgt fra gruppen bestéende af et chloratom, et
bromatom, et iodatom, en methansulfonyloxygruppe, en trifluormethansul-
fonyloxygruppe, en chlormethansulfonyloxygruppe, en ethansulfonyloxygrup-
pe, en benzensulfonyloxygruppe og en toluensulfonyloxygruppe;

Y er en hydroxygruppe eller en fraspaltelig enhed udvalgt fra gruppen besta-
ende af et chloratom, et bromatom, et iodatom, en methansulfonyloxygruppe,
en trifluormethansulfonyloxygruppe, en chlormethansulfonyloxygruppe, en
ethansulfonyloxygruppe, en benzensulfonyloxygruppe og en toluensul-
fonyloxygruppe;

substituent a er en eller flere substituenter udvalgt fra gruppen bestaende af
et halogenatom, en hydroxygruppe, en cyanogruppe, en thiolgruppe, en ami-
nogruppe, en mono(C1.s-alkyl)aminogruppe, en di(C1.s-alkylyaminogruppe, en
Cie-alkylgruppe, en Cqs-alkoxygruppe, en halogeneret Cq¢-alkylgruppe og
en Cqe-alkylthiogruppe;

forudsat at positionen af iodatomet eller R* er para til positionen af gruppen
R°0-, hydroxygruppen eller gruppen X-A-O-;

omfattende trinnene:

at omseette forbindelsen repraesenteret ved formel (II) med en ioderingsrea-
gens ved -50 °C eller lavere til opnéaelse af forbindelsen repraesenteret ved
formel (l11);

at omdanne iodatomet af forbindelse (Ill) til R*, nar R* af forbindelsen (IV)
ikke er et iodatom, til opnaelse af forbindelsen repraesenteret ved formel (IV);
at fierne beskyttelsesgruppen for phenolhydroxygruppen af forbindelse (V) til
opnaelse af forbindelsen repraesenteret ved formel (V);
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at omdanne forbindelse (V) med forbindelsen repraesenteret ved formel (VI)
til opnéelse af forbindelsen repraesenteret ved formel (1"); og

at fijerne beskyttelsesgruppen for mindst en af aminogruppen eller car-
boxygruppen, hvis det er ngdvendigt for at opnéa forbindelsen repraesenteret
ved formel (1).
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