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(57) Abstract

Radicicel  derivatives  having  an
antityrosine kinase activity and represented by
general formula (I) or pharmacologically
acceptabie salts thereof, wherein R! and R?
are the same or different and each represents
hydrogen, alkanoyl, alkenoyl, tert-
butyldiphenylsilyl, or tert-butyidimethylsilyl;
R’ represents Y- R® {where Y represents
optionally substituted alkylene, R® represents
CONR®R” (where R® represems hydrogen,
hydroxy, optionally substituted lower alkyl,
optionally substituted higher alkyl, etc. and R”
represents hydroxy, substituted lower alkyl,
ec), CO, R?  (where R™  represents
substituted lower alkyl, optionally substituted
higher alkyl, etc.), etc.}; X represents halogeno
or is bonded to R* to represent a single bond;

and R* is bonded to X to represent a single bond or represents hydrogen alkanoyl, etc.
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RADICICOL DERIVATIVES

TE C FIEL
The present invention relates tolnovel radicicol
derivatives or pharmacologically acceptable salts thereof
which show tyrosine kinase inhibition activity and have

antitumor or immunosuppression effects,

GR ART

It is known that microbial metabolite radicicol
represented by the following formula (B) has an
antifungal effect and an anticancer effect [Nature, 171,
344 {(1953) ; Neoplasma, 24, 21 (197711, an
immunosuppression effect (Japanese Published Unexamined
Patent Application No. 298764/94), or morphology
normalization effect of ras or mos canceration cells

[Oncogene, 11, 161 (1995)].

HO O CH,
(8] 0 )
(B)
HO
Cl N
0
Furthermore, it is known that radicicol

derivatives in which the phenolic hydroxyl group is




modified with wvarious acyl groups have an antitumor
effect (Japanese Published Unexamined Patent Application
No. 226991/92). In addition, it is disclosed that
radicicol derivatives in which the pl’ienolic hydroxyl
group is modified with an acyl group or an alkyl group
show an angiogenesis inhibition effect (Japanese
Published Unexamined Patent Application No. 279279/94) or
Published Unexamined Patent BApplication No. 40893/96).
Recently, oxime derivatives of dienone of a radicicol
derivative showing antitumor action and immunosuppression
action have been published (WO 96/33989: published on October
31, 1996), and antitumor radicicol derivatives represented by
the fellowing formula (B’) have also been published (Japanese
Published Unexamined Patent Application 202781/97: published

on Augqust 5, 1897).

(In the formula, R” and R™ represent a hydrogen atom or an
acyl group; and X* represents a halogen atom, a hydroxyl

group or a lower alkoxy group.)
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Additienally, it is known that ansamycine antibiotics,
geldanamycin, represented by formula (C) [The Journal of
Antibiotics, 23, 442 (1970)] has tyrosine kinase inhibition
activity and antitumor effects [for example,‘ Cancer Research,
52, 1721 (1992) and Cancer Research, 54, 2724 (1994)]. It is
shown that these effects are expressed by the inhibition of
the activation of a tyrosine kinase, such as Sreg, ErbB-2, Lck
or the like, and a serine/threonine kinase Raf-1, through the
formation of a complex of geldanamycin with a molecular
chaperone Hsp (heat shock/stress protein) 90 by binding to
Hsp30 [for example, Proceedings of the National Academy of
Sciences of the U.S5.A, 91, 8324 (1994) and Tke Journal of
Biological Chemistry, 270, 24585 (1395)]. Consequently,
drugs capable of acting upon Hsp% are also included in
tyrosine kinase inhibitors and useful not only as antitumor
agents but also for the prevention and treatment of various

diseases such as ostecporosis, immune diseases, and the like.
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Tyrosine kinase is an enzyme which uses ATP as a
phosphate donor and catalyzes transfer of its Y-phosphate
group to the hydroxyl group of a specified tyrosine
residue of a substrate protein, thereby taking an
important role in the control mechanism of intracellular
signal transduction. Various tyrosine kinase families
are known. Tyrosine kinase activities, such as Src in
colon cancer, ErbB-2 in breast cancer and gastric cancer,
Abl in leukemia, and the like, increase. Disordered
increase in the tyrosine kinase activity causes abnormal
differentiation and proliferation of cells, Consequently,
specific inhibitors of tyrosine kinase are useful in
preventing and treating various diseases, including as

antitumor agents.
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Lek is a tyrosine kinase which is activated when
T lymphocytes are activated by antigen stimulation, and
an inhibitor of this enzyme is ﬁseful as an
immunosuppressant. Also, it is known th#t Src relates to
bone resorption in osteoclast, and an inhibitor of this
tyrosine kinase is useful as a bone resorption inhibitor
for the treatment of osteopofosis. Additionally,
inhibitors of receptor type tyrosine kinases of various
growth factors, such as EGF-R (epidermal growth factor
receptor), FGF-R (fibroblast growth facter receptor),
PDGF-R (platelet-derived growth factor receptor), and the
like, are useful as a solid cancer growth inhibitor, an
angiogenesis inhibitor, a vascular smooth muscle growth

inhibitor, and the like.

CLOS OF INVENTI

An object of the present invention is to provide
novel radicicol derivatives or pharmacologically
acceptable salts thereof which show tyrosine kinase
inhibition activity and have antitumor or
immunosuppression effects.

The present invention <can provide radicicol
derivatives represented by the following formula (I) or

pharmacologically acceptable salts thereof:



R'O O CHy

(o}
R%0 rio % ()
Cl PN
O/
és

wherein R!' and R’ are the same or different, and each
represents hydrogen, B al_l;aﬁoirl, alkenoyl, tert-
butyldiphenylsilyl or tert-butyldimethylsilyl;

R® represents:

Y-R’ {wherein Y represents substituted or
unsubstituted alkylene; and R’ represents CONRR' {wherein R°
represents hydrogen, hydroxyl, substituted or unsubstituted
lower alkyl, substituted or unsubstituted higher alkyl,
substituted or unsubstituted lower cycloalkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted lower
alkoxy, substituted or unsubstituted aryl, a substituted or
unsubstituted heterocyclic group, or NR®R’ (wherein R® and R’
are the same or different, and each represents hydrogen,
substituted or unsubstituted lower alkyl, substituted or
unsubstituted higher alkyl, substituted or unsubstituted
lower cycloalkyl, substituted or unsubstituted aryl, a
substituted or unsubstituted heterocyclie group, substituted

or unsubstituted alkanoyl, substituted or unsubstituted aroyl,




carbonyl bound to a substituted or unsubstituted heterocyclic
ring, or substituted or unsubstituted arylcarbamoyl), or is
combined together with R’ and adjoining N to represent a
substituted or unsubstituted heterocyclicfgroqp; and R’ is
combined together with R® and adjoining N to represent a
substituted or unsubstituted heterocyclic group, or
represents hydroxyl, substituted lower alkyl, substituted or
unsubstituted higher alkyl, _Substituted or unsubstituted
lower cycloalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted lower alkoxy, substituted or
unsubstituted aryl, a substituted or unsubstituted
heterocyclic group, or NRYRY (wherein R¥ and R" have the
same meaning as R® and R’ defined above, respectively)}, CORZ
(wherein RY represents substituted lower alkyl, substituted
or unsubstituted higher alkyl, substituted or unsubstituted
lower cycloalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted aryl, or a substituted or
unsubstituted heterocyclic group) , substituted or
unsubstituted aryl, substituted or unsubstituted pyridyl,
substituted or unsubstituted pyridonyl, substituted or
unsubstituted pyrrelidonyl, substituted or unsubstituted
uracilyl, substituted or unsubstituted piperidyl, substituted
or unsubstituted piperidino, substituted or unsubstituted
pyrrolidinyl, substituted or unsubstituted morpholino,

substituted or unsubstituted morphelinyl, substituted or




unsubstituted piperézinyl, substituted or unsubstituted
thiomorphelino, or substituted or unsubstituted dioxolanyl),

COR” {wherein R represents hydrogeﬁ> substituted or
unsubstituted lower alkyl, substituted 'Br unsubstituted
higher alkyl, substituted or unsubstituted aryl, substituted
or unsubstituted lower alkoxy, or NRYR™ (wherein R“ and R¥
are the same or different, and each represents hydrogen,
substituted or unsubstitgted:llgger alkyl, substituted or
unsubstituted higher alkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted pyridyl, or RY and RY are
combined together with adjoining N to represent a substituted
or unsubstituted heterocyclic group)), or

substituted or unsubstituted aryl;

X represents halogen, or is combined together with R
te represent a single bond; and

R* is combined together with X to represent a single
bond, or represents hydrogen, alkanoyl, alkenoyl, or -S0-2Z

{wherein Z represents formula (A):

R0 0 cCH,

R0 xA (A)

Cl P
W =




wherein R® and R™ have the same meaning as R' and R? defined
above, respectively; X* represents halogen; and W represents
O or N-0-R* (wherein R® has the same meanihg as R’ defined
above) } . Q

l HBereinafter, the compound represented by formula (I)
will be called compound (I). Compounds of other formula
numbers with also be called in the same manner.
(1) Explanation of each group _

In the definition of each group of compound (I}, the
term "lower" means 1 to 8 carbon atoms, and the term "higher"
means 9 to 30 carbon atoms, unless otherwise indicated.

Examples of the alkanoyl include straight or branched
groups having 1 to 30 carbon atoms, such as formyl, acetyl,
propanoyl, isopropanoyl, butanoyl, caproyl, lauroyl,
myristoyl, palmitoyl, stearoyl, and the like. Examples of
the alkenoyl include straight or branched groups having 3 to
30 carbon atems, such as acryloyl, methacryloyl, crotonoyl,
isocrotonoyl, palmitolecyl, linoleoyl, linolenoyl, and the
like. Examples of the alkyl moiety of the lewer alkyl and
the lewer alkoxy include straight or branched groups, such as
methyl, ethyl, propyl, iscpropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl,
octyl, isooctyl, and the like, and one of the carbon atoms
thereof may be substituted with a silicon atom. Examples of

the higher alkyl ineclude straight or branched groups, such as




decanyl, dodecyl, hexadecyl, and the like. Examples of the
alkenyl include straight or branched groups. having 2 to 30
carbon atoms, such as wvinyl, allyl, l-propényl, 2~butenyl,
l-pentenyl, 2-hexenyl, 1,3—pentadienyl,"f 1,3-hexadienyl,
dodecenyl, hexadecenyl, and the like. Examples of the lower
cycloalkyl include groups having 3 to 8 carbon atoms, such as
cyclopropyl, cyclobutyl, cycleopentyl, cyclohexyl, cyclooctyl,
and the like. Examples of the:axy_].. include phenyl, naphthyl,
and the like, and the aryl moiety of aroyl and arylecarbamoyl
has the same meaning. Examples of the heterocyclic group
include alicyclic heterocyclic groups, aromatic heterocyclic
groups, and the 1like, such as pyridonyl, pyrrolidonyl,
uracilyl, dioxolanyl, pyrrolyl, tetrazelyl, pyrrolidinyl,
thienyl, morpholino, thiomorpholino, piperazinyl,
Pyrazolidinyl, piperidino, pyridyl, homopiperazinyl,
pyrazolyl, pyrazinyl, indolyl, isoindolyl, furyl, piperidyl,
quinolyl, phthalazinyl, imidazolidinyl, imidazolinyl,
pyrimidinyl, and the like. The heterocyclic group moiety in
the carbonyl bound to a heterocyclic ring has the same
meaning as defined above, and examples of the entire group
containing carbonyl include furoyl, thenoyl, nicotinoyl,
isonicotinoyl, and the like. Examples of the nitrogen
containing heterocyclic group formed by R® and R’ with the
adjoining N and the nitrogen containing heterccyclic group

formed by R™ and R with the adjoining N (said heterocyclic

- 10 -




group may further contain O, S or other N) include pyrrolidyl,
morpholino, thiomorphelineo, piperazinyl, = pyrazolidinyl,
pyrazelinyl, piperidino, homopiperazinfl , indolinyl,
isoindolinyl, perhydroazepinyl, pérhydroaéocinyl, indolyl,
isoindolyl, and the like. Examples of the alkylene include
those groups in which one hydrogen atom is removed from the
group of alkyl moiety of the above lower alkyl or higher
alkyl. Examples of the haloggn _,:i:_nclude fluorine, chlorine,
broemine and iodine atoms.
(2) Explanation of substituent in each group

Examples of the substituent in the substituted lower
alkyl, the substituted higher alkyl, the substituted alkenyl,
the substituted lower alkoxy and the substituted alkanoyl
include 1 to 3 substituents, which are the same or different,
such as hydroxyl, lower cycloalkyl, lower cycloalkenyl, lower
alkoxy, lower alkanoyloxy, azido, amino, mono- or di-lower
alkylamino, meno-~ or di-lower alkanoylamino, lower
alkoxycarbonylamine, lower alkenyloxycarbonylamino, halogen,
lower alkanoyl, substituted or unsubstituted aryl, a
substituted or unsubstituted heterocyclic group, cyclic imido
(2 group formed by removing hydrogen bound to an imido N
atom), CONR™RY (wherein R'® and R'’ are the same or different,
and each represents hydrogen, hydroxyl, lower alkyl, lower
cycloalkyl, higher alkyl, alkenyl, lower alkoxy, aryl, a

hetercocyclic group, or NRY®RY (wherein R® and R' are the same
<Y =t P

- 11 -




or different, and each represents hydrogen, lower alkyl,
lower cycloalkyl, aryl, a heterocyclic group, lower alkanoyl,
aroyl, carbonyl bound to a heterocy:’_'lic ring, or
arylcarbamoyl)}, COR®™ (wherein R® represent:s hydrogen, lower
alkyl, higher alkyl, lower cycloalkyl, alkenyl, substituted
or unsubstituted aryl, or a substituted or unsubstituted
heterocyclic group), ox -{OCH,CH,) ., OCH, (wherein n is an

integer of 1 to 10). : .

Examples of the substituent in the substituted
alkylene include 1 to 3 substituents, which are the same or
different, such as hydroxyl, lower alkoxy, lower alkanoyloxy,
azido, amino, mono- or di-lewer alkylamino, mono- or di-lower
alkanoylamino, lower alkoxycarbonylamino, lower
alkenyloxycarbonylamino, halegen, lower alkanoyl, substituted
or unsubstituted aryl, substituted or unsubstituted pyridyl,
substituted or unsubstituted pyridonyl, substituted or
unsubstituted pyrrolidonyl, substituted or unsubstituted
uraciiyl, substituted or unsubstituted piperidyl, substituted
or unsubstituted piperidino, substituted or unsubstituted
pyrrolidinyl, substituted or unsubstituted morpholine,
substituted or unsubstituted merpholinyl, substituted or
unsubstituted piperazinyl, substituted or unsubstituted
thiomorphelino, substituted or unsubstituted diexolanyl,
cyclic imido (a group formed by removing hydrogen bound to an

imido N atom), CONR¥R' (wherein R*®* and RY have the same

- 12 -




meaning as defined above), or CO,R® (wherein R® has the same
meaning as defined above).

Examples of the substituent in the éubstituted lower
cycloalkyl, the  substituted axyl, the  substituted
heterocyclic group, the substituted aroyl, the carbonyl bound
to a substituted heterocyclic ring, the substituted
arylcarbamoyl, the substituted pyridyl, the substituted
pyridonyl, the substitutgd pyrrolidonyl, the substituted
uracilyl, the substituted piperidyl, the substituted
piperidino, the substituted pyrrolidinyl, the substituted
morpholino, the substituted morpholinyl, the substituted
piperazinoe, the substituted piperazinyl, the substituted
thiomorpholino, the  substituted dioxolanyl and  the
substituted nitrogen containing heterocyclic group formed
with the adjoining N include 1 to 3 substituentg, which are
the same or different, such as hydroxyl, lower alkyl, lower
alkyl substituted with a heterocyclic ring (said heterocyclic
ring may be substituted with lower alkyl), higher alkyl,
alkenyl, lower cycloalkyl, lower cyclealkenyl, lower alkoxy,
lower alkoxy-lower alkoxy, lower alkanoyloxy, azido, amino,
mono- or di-lower alkylamino, mono- or di-lower alkanoylamino,
lower alkoxycarbonylamino, lower alkenyloxycarbonylamino,
halogen, lower alkanoyl, aryl, a heterocyclic group, cyclic
imido (a group formed by removing hydrogen bound to an imido

N atom), CONR™RY (wherein R and R have the same meaning as

- 13 -




defined above), C02R2.° (wherein R® has the same meaning as
defined above), or SONR®R* (wherein R™ and R¥ are the same
or different, and each represents hyd:ogen'ér lower alkyl).

The lower alkyl, the higher alkyl, the aikenyl, the lower
cycloalkyl, the lower alkoxy, the halogen, the aryl, the
arcyl, the arylcarbamoyl, the heterocyclic group, and the
carbonyl bound to a heterocyclic ring used herein have the
same meaning as defined above. The lower alkyl moieties of
the mono- or di-lower alkylamino, the lower alkoxycarbonyl,

the lower alkoxycarbonylamino, and the lower alkoxy-lower
alkoxy have the same meaning as defined above. The lower
alkenyl moiety of the lower alkenyloxycarbonylamino means the
above alkenyl group having 2 to 8 carbon atoms, such as vinyl,
allyl, l-propenyl, 2-butenyl, l-pentenyl, 2-hexenyl ,

1,3-pentadienyl, 1,3-hexadienyl, and the like. Examples of
the lower cyclealkenyl include those having 4 to 8 carbon
atoms, such as 2-cyclopentenyl, 2-cyclohexenyl,

1,3-cyclopentadienyl, and the like. Examples of the lower
alkanoyl moiety of the lower alkanoyl, the lower alkanoyloxy
and the mono- or di-lower alkanoylamino include straight or
branched groups having 1 to 8 carbon atoms, such as formyl,

acetyl, propanoyl, isopropanoyl, butancyl, caproyl, and the
like. Examples of the cyclic imido include phthalimido,

succinimido, glutarimido, and the like.

- 14 -~




As compound (I}, compounds in which X is a halogen
are preferred, and compounds in which X is combined together
with R® to represent a single bond are also breferred. Among
the compounds in which X is -combined toéethér with R to
represent a single bond, compounds in which R' and R’ are
hydrogen are preferred. Bamong these, compounds in which R®
(wherein R’ has the same meaning aé defined above) is Y-RS
(wherein R’ has the same gean%ngas defined above) are more
preferred. Among the compounds in which X is combined
together with R' to represent a single bond, compounds in
which R' and R’ are hydrogen, R® is Y-R® (wherein R® has the
same meaning as defined above) and R®° is substituted or
unsubstituted aryl, and the like, are most preferred, and
among these, compounds in which R® is pyrrolidonyl are
particularly preferred.

The pharmacologically acceptable salts of
compound (I) include acid addition salts, metal salts,
ammonium salts, organic amine addition salts, amino acid
addition salts, and the like. Examples of the acid
addition salts include inorganic acid salts (for example,
hydrochloride, hydrobromide, sulfate, phosphate, and the
like), and organic acid salts {(for example, formate,
acetate, oxalate, benzoate, methanesulfonate,
p-toluenesulfonate, maleate, fumarate, tartrate, citrate,

succinate, lactate, and the like). Examples of the metal

- 15 -




salts include alkali metal salts (for example, lithium
salt, sodium salt, potassiux_r_t salt, apd the 1like),
alkaline earth metal salts (for example, ‘1vnagnesium salt,
calcium salt, and the like), -aluminum saits, zinc salts,
and the like. Examples of the ammonium salts include
salts with ammonium, tetramethylammonium, and the 1like.
Examples of the organic amine addition salts include
addition salts with morph,olig_e,r_ _piperidine, and the like.
Examples of the amino acid addition salts include
addition salts with glycine, phenylalanine, aspartic acid,
glutamic acid, lysine, and the like.

The compound of the present invention is
generally prepared using radicicol as a starting material.
Compound (I) may ceontain various stereoiscmers, geometric
isomers, tautomeric isomers, and the like. All of
possible isomers and their mixtures are included in the
present invention, and the mixing ratio is not
particularly limited.

A production method of compound (I) is described

below.

The production method of compound (I) mainly
comprises oxime formation (production method 1),
acylation/carbamoylation/alkoxycarbonylation (production
method 2), alkylation {production method 3,

amidation/esterification (production method 4), desilylation

- 16 -




(production method 5), halohydrination (production method 6),
silylation (production method 7), and acylation (production
method 8), and each compound of interest is produced by
combining these reaction steps depending on ':the object.

In the production methods shown below, when a defined
group changes under conditions of the employed method or is
hot fit for carrying out the method, the compound of interest
can be prepared using an introduction-elimination method of
protecting groups usually used in synthetie organic chemistry
[for example, see Protective Groups in Organic Synthesis, T.W.
Greene, John Wiley & Sons Inc. (1981)). As occasion demands, .
the sequence of reaction steps, such as introduction of

substituent groups and the like, may be changed,

Production

Compound (Ia) can be prepared according to following
reaction step, by oxime formation ¢f the dienone carbonyl of
radicicel, compound (D) which is prepared from radicicol by a
known method (Japanese Published Unexamined Patent
Application No. 226991/92) or compound (E) which is prepared
from radicicol or a radicicol derivative in which one of the
phenolic hydroxyl groups is substituted with alkanoyl or
alkenoyl in accordance with a known method [for example,

Journal of the American Chemical Scciety, 94, 6190 (1972)].

- 17 -




R0 O CH,

(@) 0 o ‘
R*0 ' R'0O 0 CH,
(Hc) AN ) |Iii 0 o
or (D) Step 1 RZO
CIN P
R0 0O CH, o
[_‘23a
° o (Ia)
szo -
Cl P

[In the above reaction formula, R™ and R represent groups
in which tert-butyldimethylsilyl and tert-butyldiphenylsilyl
are removed from R' and R? described above; R¥® and R®
represent groups in which at least one of R' and R® described
above is substituted with tert-butyldimethylsilyl or tert-
butyldiphenylsilyl; R™ is a group in which COR"® (wherein RY
has the same meaning as described above) is removed from R®
described above; and R' and R? have the same meaning as
defined above.]
Step 1

Compound (Ia) can be prepared by allowing compound
(D) or compound (E) to react with compound (II) represented

by the following feormula HN-0-R® (II) (wherein R® has the

- 18 -




same meaning as defined above) or an acid addition salt
thereof .

Examples of the reaction solvent include pyridine,
chloroform, dichloromethane, . ethyl ;cetate, ether,
tetrahydrofuran (THF), dimethylformamide (DMF), acétonitrilg,
and the like, which may be used either alone or as a mixture
thereof, and pyridine is preferred. Examples of the acid
include hydrochloric acid,:acegic:gcid, trifluorcacetic acid,
sulfuric acid, p-toluenesulfonic acid, camphorsulfonic acid,
and the like, and they are preferably used in an amount of
0.1 to 10 equivalents based on compound (D) or (E). When an
acid addition salt of compound (II) is used, the reaction can
be carried out in the presence of a base, for example, amines
(e.g., pyridine, triethylamine, diisopropylethylamine,
N,N-dimethylaniline, N,N-diethylaniline, or the 1like) or
alkali metal carbonate or bicarbonate (e.g., sodium carbonate,
potassium carbonate, or the like), 4in an amount of 1
equivalent or more based on the acid addition salt of
compound (II), preferably using pyridine which also serves as
the solvent. The compound (II) or an acid addition salt
thereof is used in an amount of 1 equivalent or more,
preferably 1 to 5 equivalents, based on compound (D) or (E).
The reaction is carried out at a temperature of -20 to 100°C,
preferably 20 to 60°C, and the reaction completes after 1 to

80 hours.
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B ction meth )

Compound (Ib) can be prepared by thé steps in which
compound (F) is converted into oxime compoﬁnd (G}, and then
the resulting hydroxyl group is subjected to acylation,

carbamoylation or alkexycarbonylation.

RO O CH, R0 O CH;,

O Mo %o

R2°Q Step 2-1 R%0

—_—

Cl P Cl PN
0] HO’N

(F) (G)
Step 2-2

RO O CH,

% o

R*0
| N
oN
F'ziib
(Ib)

[In the above reaction formula, R and R* are the same or

different, and each represents alkanoyl, alkenoyl, tert-

_20_




butyldimethylsilyl or tert-butyldiphenylsilyl, and R®
represents COR” (wherein RY has the same megning as defined
above) .] ‘
Step 2-1

Compound (G) can be prepared by allewing compound (F)
to react with hydroxylamine or an acid addition salt thereof
according to method of the above step 1.

Step 2-2 .

Compound (Ib) can be prepared by allowing compound
(G) to react with compound (III) represented by the following
formula RYCOC1 (III) (wherein R has the same meaning as
defined above), or with compound (IV) represented by the
following formula R¥NCO (IV) (wherein R® represents
substituted or unsubstituted lower alkyl, substituted or
unsubstituted higher alkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted pyridyl), in the presence of
a base.

As the reaction solvent, dichloromethane, .ether, THF,
DME', and the like, may be used alone or as a mixture thereof.
As the base, amines (for example, pyridine, triethylamine,
diisopropylethylamine, or the like} are used in an amount of
0.1 equivalent or more, preferably 1 to 10 equivalents, based
on compound (III) or (IV). Compound (III) or {IV) is used in
an amount of 1 equivalent or more, preferably 1 to 5

equivalents, based on compound (G). The reaction is carried
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ocut at a temperature of -80 to 100°C, preferably -80 to 0°C,
when compound (III) is used, or at a temperature of 0 to 80°C
when compound (IV) is used, and each reaction completes after

10 minutes to 48 hours.

Production method 3
Compound (Ic) can be prepared by a step in which the

hydroxyl group of the above corgpopnd (G) is alkylated.

RO 0 CH, RO O CH;,
0 9] Step 3 O 0]
R2c0 RZco
CIN P CIN A~
HO' o]
(G) R* (lc)

[In the above reaction formula, R* represents Y-R® (wherein ¥
and R’ have the same meaning as defined above), and R and R®
have the same meaning as defined above.]
Step 3

Compound (Ic) can be prepared by allowing compound
(G) to react with compound (V) represented by the following
formula HOR* (V) (wherein R* has the same meaning as R®

defined above) in the presence of a condensing agent,
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As the 'reaction solvent, toluene, THF,
dichloromethane, and the like, are used along or as a mixture
thereof. As the condensing agent, trivaient phosphorous
compounds {for example, triphenylphosphine, ':tributylphosphine,
or the 1like) and azo compounds (for example, diethyl
azodicarboxylate (DEAD), 1,1-(azodicarbonyl)dipiperidine, and
the like) are used as a mixture thereof. Each of compound
(V} and the condensing agent is used in an amount of 1
equivalent or more, preferably 1 to 5 equivalents, based on
compound (G). The reaction is carried out at a temperature
of -20 to B80°C, preferably 0 to 30°C, and the reaction

completes after 5 minutes to 48 hours.

Production method 4

Compound (Id) can be prepared by steps in which
compound (H) is converted into oxime compound (J) in which a
carboxyl group is introduced, and then the carboxyl group is

subjected to amidation or esterification.
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R'O O CH,

0 0
R%0 Step 4-1
Cl NI
(H)
0]
Step 4-2
- R'0 0 cH,
9)
0
R%0
Ci A
o
Rad

{In the above reaction formula, R*® represents ¥-R® [wherein
R® represents CONR'R’ (wherein R® and R’ have the same meaning
as defined above) or CORZ (wherein RY has the same meaning
as defined above), and Y has the same meaning as defined
above], and ¥, R' and R’ have the same meaning as defined
above. }
Step 4-1

Compound (J) can be prepared by allowing ccmpound (H)

to react with compound (VI} represented by the following
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formula H,N-O-Y-CO.H (VI) (wherein Y has the same meaning as
defined above) or an acid addition salt thereof according to
the method of the above step 1. '

Step 4-2

Compound (Id} can be prepared by allowing compound
{J) to react with compound (VII) represented by the following
formula ENR°R’ (VII) (wherein R® and R’ have the same meaning
as defined above) or an acid addition salt thereof, or with a
compound (VIII) represented by the following formula HORM
(VIII) (wherein R¥ has the same meaning as defined above),
in the presence of a condensing agent.

As the condensing agent, 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride {EDCI) ,
N,N’ -dicyclohexylcarbodiimide (DCC), 1,1’-carbonyldiimidazole,
or the like, is used. Additionally, the reaction can be
accelerated by adding an additive agent, such as
N—hydroxysucciniimide (HONSu) , 4- (dimethylaminec) pyridine
(DMRAP) , 1-hydroxybenzotriazole hydrate (HOBt), or the 1like,
in an amount of 0.1 to 5 equivalents based on compound (J).
As the reaction solvent, dichloromethane, ether, THF, DMF,
and the like, may be used alone or as a mixture thereof.
When an acid addition salt of compound (VII) is used, the
reaction can be carried out in the presence of a base, such
as amines {for example, pyridine, triethylamine,

diisopropylethylamine, or the like), preferably triethylamine,
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in an amount of 1 equivalent or more, preferably 1 to 10
equivalents, based on the acid addition salt of compound
(VII). Each of compound (VII) or an acia addition salt
thereof or compound (VIII) and: the condensi;.ng agent is used
in an amount of 1 equivalent or more, preferably 1 to 5
equivalents, based on compound (J). The reaction is carried
out at a temperature of -20 to 80°C, preferably 0 to 40°C,

and each reaction completes after 10 minutes to 48 hours.

Production method 5

Compound (If) can be prepared by carrying out
desilylation of compound (Ie) which is a derivative compound
of (I) in which at least one of R' and R? is substituted with

tert-butyldimethylsilyl or tert-butyldiphenylsilyl,

R®0 0 CH, R'% 0O CcH,
o o
0 Step 5 0
R*0 _* . R¥o
Cl P~ Ci P~
oN oN

R e) S

(In the above reaction formula, R®, R® and R’ have the same
meaning as defined above, and R and R™ are groups in which

at least - cne of tert—buﬁyldimewylsilyl or tert-
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butyldiphenylsilyl of the above R® and R® is substituted
with hydrogen.)
Step 5

Compound (If) can be prepared by ;llowing compound
(Ie) to react with a desilylation agent.

As the reaction solvent, THF , chloroform,
dichloromethane, toluene, water, methanol, and the like may
be used alone or as a mixture therecf. Examples of the
desilylation agent include tetrabutylammonium fluoride (TRAF),
sodium fluoride, hydrofluoric acid, and the like. The
reaction may be carried out by increasing the reaction pH by
adding an acid, such as acetic acid, hydrochloric acid or the
like. The desilylation agent is used in an amount of 0.1
equivalent or more, preferably 1 to 10 equivalents, based on
. compound (Ie). The reaction is carried out at a temperature
of -20 to 50°C, and the reaction completes after 5 minutes to

24 hours.

Production method 6
Cempound (Ih) can be prepared by ring-opening the

epoxide of compound {(Ig) into a halochydrin or the like.
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R0 0 CH,
Q :
RzaO 0 Steps 6-1t0 3
Cl N

R (Ig)

[In the above reaction formula, R“, R® and R® have the same
meaning as defined above; X° represets halegen; and R®
represents hydrogen, formyl, or -80-Z (wherein Z has the same
meaning as defined above).]

Step 6-1

A member of compound (Ih) in which R™ is hydrogen
can be prepared by allowing compound (Ig) to react with an
acid (for example, hydrogen chloride, hydrogen bromide, or
the 1like) or a lewis acid (for example, titanium
tetrachloride, or the like).

As the solvent, dioxane, THF, ether, chloroform,
dichloromethane, DMF, acetonitrile, methancl, ethyl acetate,
and the like may be used either alone or as a mixture thereof.
The acid or Lewis acid is used in an amount of 1 equivalent
or more, preferably 1 to 10 equivalents, based on compound
(Ig) . The reaction is carried out at a temperature of -20 to
40°C, preferably 0 to 40°C, and the reaction completes after

10 minutes to 48 hours.
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Step 6-2

A member of compound (Ih} in which R*® is formyl can
be prepared by allowing compound (Ig) to react with
phosphorous oxychloride or phosphorous o:éybrom:i.de in DMF.
Phosphorous oxychloride or phosphorous oxybromide is used in
an amount of 1 equivalent or more, preferably 2 to 5
equivalents, based on compound (Ig). The reaction is carried

and the reaction completes after 1 to 48 hours.
Step 6-3

A dimer compound as a member of compound (Ih) in
which R™ is -80-Z (wherein Z has the same meaning as defined
above) can be prepared by allowing compound (Ig) to react
with thionyl chloride or thionyl bromide. As the solvent,
DMF, - chloreform, dichloromethane, dimethyl sulfoxide (DMSO),
acetonitrile, and the like may be used either alone or as a
mixture thereof. Thionyl chloride or thionyl bromide is used
in an amount of 1 equivalent or more, preferably 2 to 10
equivalents, based on compound (Ig). The reaction is carried
out at a temperature of -10 to 40°C, preferably 0 to 40°C,

and the reaction completes after 1 to 48 hours.

Production method 7
Compound (Ij) which is a derivative of compound (I)

in which at least one of R' and R’ is substituted with tert-
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butyldimethylsilyl or tert-butyldiphenylsilyl can be prepared
from compound (Ii)} by the following step.

R0 O CH, , RO o cCH,
0 0
g!N o glN AN
i3 13
. RS
R (i) S (1)

(In the above reaction formula, R®, R, and X have the same
meaning as defined above; R™ and R*® represent both hydrogen,
or one represents hydrogen and the other represents alkanoyl
or alkenoyl; and R¥ and R¥ represent groups in which at
least one hydrogen of either of the above R“® and R* is
substituted with tert-butyldimethylsilyl or tert-
butyldiphenylsilyl.)
Step 7

Compound (Ij) can be prepared by allowing compound
(Ii) to react with tert-butyl (chloro)dimethylsilane or tert-
butylchlorodiphenylsilane in the presence of a base.

As the solvent, chloroform, dichloromethane, ether,
THF, acetone, DMF, acetonitrile, and the like are used either
alone or a mixture thereof. As the base, amines (for example,

pyridine, imidazole, triethylamire, diiscpropylethylamine, or

_30_




the 1like) are used. Tert-butyi (chloro)dimethylsilane or
tert-butylchlorodiphenylsilane i; used in an amount of 1
equivalent or more, preferably 1 to 10 equivélents, based on
compound (Ii). The base is used in an amount of 1 equivalent
or more, preferably 1 to 10 equivalent, based on tert-
butyl (chloro) dimethylsilane or tert-butylchlorodiphenylsilane.
The reaction is carried out at a temperature of -20 to 50°C,
preferably 10 to 40°C, and the reaction completes after 10

minutes to 24 hours.

Production method 8

Compound (Im) in which at least one hydrogen of any
one of R, R° and R' in compound (I) is substituted with
alkanoyl or alkencyl can be prepared by carrying out

acylation of the following compound {Ik).

R'%O o cCH;, R™0 0O CH,
O O
Cl P Cl P
QQN' Q;N
R™ (k) R™ (Im)

(In the above reaction formula, R’ and X have the same

meaning as defined above; at least cne of RY, R® and R®
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represents hydrogen; and R™, R® and R™ represent groups in
which at least one hydrogen of the above RY, RY and R® is
substituted with alkanoyl or alkenoyl.) A

Step 8

Compound (Im} can be prepared by allowing compound
(Ik) to react with 1 equivalent or more, preferably 1 to 100
equivalents, of an acid halide, an acid anhydride, a mixed
acid anhydride containing the alkanoyl or alkenoyl of
interest, or the like, in the presence of a base.

As the solvent, DMF', DMSC, chloroform,
dichlorcmethane, toluene, and the like may be used either
alone or as a mixture thereof. An optional hydroxyl group
can be modified by optionally carrying out introduction and
elimination of a protecting group of the hydroxyl group, and
it is possible to modify a plurality of hydroxyl groups at
the same time. As the base, pyridine, triethylamine,
N,N-dimethylaniline, N,N-diethylaniline, or the like is used
in an amount of 1 equivalent or more, preferably 1 to 200
equivalents, based on compound (Ik). It is possible to use a
base (for example, pyridine, or the like) alsc as the solvent.
Additionally, the reaction can be accelerated by adding DMAP
or the like in an amount of 0.1 to 4 equivalents based on
compound (Ik). The reaction is carried out at a temperature
of -20 to 50°C, and the reaction completes after 5 minutes to

24 hours.
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In the production of compound ({I), conversion of
the functional group of R?, Rz,.R3, R* or X can be carried
out not only by the above steps but also Sy known methods
[for example, Comprehensive Organic Tranéfbrmations, R.C.
Larock (1889)].

Isolation and purification of the products of the
above methods can be carried out by carrying out optiocnal
combinaticns of techniques_ generally used in organic
syntheses (e.g., filtration, extraction, washing, drying,
concentration, crystallization, various types of
chromatography, and the like). The intermediates may be
used in the subsequent reactions without purification.

If a salt of compound (I) is prepared, the salt
of compound (I) can be purified as such when it can be
prepared; or, when the compound is prepared in its free
form, its salt can be formed by dissolving or suspending
it in an appropriate sclvent and adding an acid or base
thereto.

Also, compound (I) or pharmacologically
acceptable salts thereof may exist in the form of
addition products with water or wvarious solvents, and
these addition products are also included in the present

invention. Examples of compound (I) are shown in Table 1.
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Table 1 (1) Specific examples of compound (I)
HO CH;
O, O
HO

Cl o

O/

Re
Com- 3 Com- 3
pggnd R pgrtl:nd R
1 CHchN:> 9 CH,CONHNH,
2 GH,CON') 10 CH,CONHNHCONHCH,
3 CHycON D 11 CHyGON )

12 CHCON »CHj

4 CH,CON_ NCHg

5  CH,CONH(CH,),N(CH,CH,), 13

6  CH,CONH(CH,),0H
7 CH,CON[(CH,),OH],

8  CH,CONHCH,CO,CH,

14

15

16

CH,CONH(CH,),CH,
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Table 1 (2) Specific examples of compound (I}

HO O CHy

3

Com- Com~

pound pound
17 CH.CONH™"CI 25 CHQCONH’\’NO {minos)
18 CHyCONH™~OCHCHs 26 CHgCONHVN%
19 CH,CONH~ 27 CHaCONH<])
20  CHaCONH™™ 28 CHCONHCH,
” CchONH‘\%g:Z 2 CH,CONH @_g:z
3

22 CHROONTLY 30 CHuCONHL )-OCH,
4 H
3 CHQCONH’\/((;\E{ a1 CHECONH@(CC s

3 Ha

24 CHQCONH’\’NO (major) 32 CHaCONH- ]
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Table 1 (3) Specific examples of compound (I)

HO O  CH;

o
HO
?/
H3
Com-— 3 Com— 3
pcontnmd R pound R
33 CH,CONHN(CH,), 41 CHLCO,{CH,CH,0)CH,
~LOH
34 CHECONHZ 42 CH,CO,{CH,CH,0)CH,
35  CH,CONHNHC.H, 43

37 CHaCONHN ) 45

CHg
38 CH,CONHN NCH; 46 PCHs
39 (CHg7CON_) a @

40 (GHp)1CON ) 48 /\/@MCHa)E

0

36 CHQCONHNH’Q 44 H/OD
0

gH
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Table 1 (4) Specific examples of compound (I)

HO O. CH;
0
0
HO

Cl P

9/

H3
Com- ! Com- :
pound R pound R

“OCH3
. o

SOuN{CHa)o S
50 ’\@ 58 /\L,Hlo

51 P 59 /FFI\TE;NfS

52 ([ (majon g0 T (WCHs
53 [ ) (mino) 61 D

54 8 2 )
55 O 63 MNCLOH
56 NO:H 64 L9
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Table 1 (5) Specific examples of compound ({I)

_HO O CHy

0
HO
OI/
H3
- 3 Com-
ggﬁnd R Pgﬁnd R’
/\/‘N
85 ey 7 TS0
~NCgH 0
66 /\/\/N\) 6% 72 /\/L(}
67 NS 73 CO,CH,CH;

68 /\/Ng (majon 74 CONHCH,

69 /\'N(g (minor) 75  COCH,

70 /VN% 76 CeHs
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Next, pharmacological activities of typical
examples of compound (I} are described by the following

test examples.

Test Example 1
Inhibition test of intracellular tyrosine kinase:

SR-3Y1 cells were cultured at 37°C for 15 hours in
an atmosphere of 5% carbon dioxide, using Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal calf
serum (FCS), to which each radicicol derivative to be
tested had been added in varied concentration. The thus
cultured cells were lysed at 4°C for 20 minutes in a
cooled buffer for lysis use (50 mM Tris HCl1l, pH 7.5,
150 mM sodium chloride (NaCl), 1% Triton X-100, 0.1%
sodium dodecyl sulfate (SDS), 1% sodium deoxycholate,
2 mM ethylenediaminetetraacetic acid (EDTA) , 1 mM
phenylmethanesulfonyl fluoride (PMSF), 20 pM leupeptin,
0.15 unit/ml aprotinin, 1 mM sodium orthovanadate
(Na;Vo,) and then centrifuged at 20,000 G for 30 minutes.
After measuring protein concentration in the resulting
supernatant fluid, samples were adjusted to the same
protein quantity per lane teo carry out separation of
protein by SDS-PAGE. The thus separated protein samples
were transferred onto a nitrocellulose membrane to which

were subsequently added a mouse polyclonal
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phosphotyrosine antiboedy MX-pTYR (Kyowa Medex Co., Ltd.)
as a first antibody and a horseradish peroxidase-
conjugated mouse IgG antibody (BIO-RAD Cé.) as a second
antibody, thereby reacting them with the.protein samples
on the membrane. Detection was carried out using ECL
reagent (Amersham Co.), and the amount of tyrosine-
phosphorylated protein was determined by scanning the
density of bands prepared on an X-ray film. The activity
of radiecicol derivatives to inhibit tyrosine
phosphorylation can be shown as a concentration (IC;) of
each derivative by which the ratio of tyrosine-
phosphorylated protein is reduced to half in comparison
with a contrel te which the drug is not added.

The results are shown in Table 2.

Table 2

Inhibitory activity of intracellular tyrosine kinase

Compound IC,, (1M}

Radicicol 0.37
1 0.02
3 0.21
73 0.13

According to Table 2, the test compounds show

clearly stronger action to inhibit intracellular tyrosine
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kinase activity than radicicel, and therefore, compound

(I) is useful as a tyrosine kinase inhibitor.

Test Example 2

Inhibition test on the growth of rat normal fibroblast cell
line 3Y1-B and its v-src oncogene transformed cell line SR-
3YL:

The cells were inoculated into a 96 well microplate
(# 167008, manufactured by Nunc) in an amount of 1,000 cells
per well and pre-cultured at 37°C for 24 hours in a 5% carbon
dioxide gas incubator using Dulbecco’s modified Eagle's
medium (DMEM) which had been supplemented with 10% fetal calf
serum {FCS). Next, a DMSO solution of each test compound
which had been adjusted to 10 mM was serially diluted with
the culturing medium and added to the wells in 50 ml portions.
Thereafter, the culturing was continued at 37°C for 72 hours
in the 5% carbon dioxide gas incubator. Five hours before
completion of the culturing, 3-(4,5-dimethylthiazo-2-yl)-2,5~
diphenyltetrazolium bromide (manufactured by Sigma,
hereinafter referred to as "MTT") which had been dissolved in
the culturing medium to a final concentration of 1 mg/ml was
dispensed into the wells in 50 ml portions. After completion
of the culturing, DMSO was dispensed into the wells in 150 ml
portions, and the plate was vigorously stirred uéing a plate

mixer to dissolve MIT-formazan crystals completely.
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Thereafter, absorbance at 550 nM was measured using a
. microplate reader MIP-32 (manufactured by Corona Denki). The
cell growth inhibition activity was expressed by 50%
inhibition concentration (IC,) . -

The results are shown in Table 3.

- 42 -




Table 3

Growth inhibition activity upon rat normal fibrocblast cell
line 3Y1-B and its v-src oncogene transformed cell line
SR-3Y1

Growth inhibition activity IC; (uM)

Compound
3v1-B SR-3Y1
Radicicol 0.780 0.042
1 0.008 <0.004
2} A0.043AVZ N 0.018
27 0.041 0.010
44 0.069 0.012
50 0.120 0.021
53 0.008 <0.004
55 0.009 <0.004
67 0.140 0.018
69 0.008 0.004
72 0.055 0.010
74 0.072 _ 0.027
76 0.110 0.026

According to Table 3, the test compounds showed
stronger cell growth inhibition activity upon SR-3Y1 than
that upon 3Y1-B and stronger cell growth inhibition activity
than that of radicicol upon SR-3Y1l. Because of these results,

compound (I) is useful as an antitumor agent.
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Test Example 3

Antitumor test on nude mouse-transplanted human breast cancer
MX-1 solid tumor: |

From a tumor lump of a human breast cancer cell line
MX~1 subcultured in nude mice (BALB/c nu/nu mice: CLEA Japan),
a portion showing good growth was selected and cut into a 2
mm square fragment which was then transplanted under the
abdominal side skin of each male nude mouse of 7 to 9 weeks
of age using a trocar. The tumor size was measured on the
13th day after the tumor transplantation to select properly
growing tumors having a tumor volume of 100 to 300 mm’
{(calculated by a calculation formula of "major axis x minor
axis? x 1/2"}), the mice were optionally grouped into 5
animals per group, and then each test compound which had been
dissolved in a 7.5% cremchor EL (manufactured by Sigma) / 5%
dimethylacetamide (DMA) / 87.5% physioclogical saline solution
was administered to the mice by intravenous injection at a
dosage of 0.05 ml (100 mg/kg) per day, once a day for 5 days.
The antitumor activity of each test compound was expressed by
a ratio (T/C) of the tumor volume (T) in the test drug-
administered group to the tumor volume (C) in the control
group on the 12th or 1l4th day after administration of the
test compound.

The results are shown in Table 4.
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Table 4

Antitumor activity against human breast cancer
MX-1 solid tumor inoculated in nude mouse

. Day measured (after

Compound T/C (%) administration of test compound)
1 3 14
51 33 14
53 46 12
69 4 T 12

According to Table 4, the test compounds show
excellent antitumor activity, and therefore, compound (I) is

useful as an antitumor agent.

Test Example 4
Effect of decreasing intracellular Raf-1 protein quantity and
Erk2 phospherylation inhibition activity:

Activated K-ras gene-introduced rat kidney epithelial
cell line RKNRK 5.2 was cultured at 37°C for 40 hours in an
atmosphere of 5% carbon dioxide gas using Dulbecco’s medified
Bagle’s medium (DMEM) which was supplemented with 10% fetal
calf serum (FCS) and to which was added each radicicol
derivative at respective test concentration. The resulting
cells were lysed for 30 minutes at 4°C in a cooled buffer for

lysis use [50 mM HEPES NaQOH, pH 7.4, 250 mM sodium chloride

- 45 -




(NaCl), 1 mM ethylenediaminetetraacetic acid (EDTA), 1%
Nonidet ©P-40 (NP40), 1 mM dithiothreitol (DTT), 1 mM
phenylmethylsulfonyl fluoride (PMSF), 5 pg/mi leupeptin, 2 mM
sodium orthovanadate (Na,vO,), 1 mM sodium fluoride (NaF),
10 mM B-glycercphosphate] and then centrifuged at 30,000 G
for 10 minutes. The protein content of the thus prepared
supernatant fluids was measured to prepare samples having the
same protein cuantity for each lane, and then separation of
proteins was carried out by SDS-PAGE. The thus separated
protein samples were transferred on a polyvinylidene
difluoride (FPVDF) membrane, and then anti-phosphorylation
MAFK antibody ({(anti-phospho MAPK, manufactured by New England
Biolabs), anti-Erk2? antibody (anti-Exk2, manufactured by
Upstate Biotechnelegy) and anti-Raf-1 antibody (anti-Raf-1(C-
12) , manufactured by Santa Cruz Biotechnology) were added
thereto as primary antibedies and allowed to react with the
proteins on the membrane. Thereafter, a horseradish
peroxidase-labeled secondary antibody {(anti-rabbit Ig
antibody or anti-mouse Ig antibody, manufactured by Amersham)
capable of reacting with respective primary antibodies was
added therete as the secondary antibody to carry out the
reaction. Detection was carried out using ECL reagent
(manufactured by Amersham), and the amount of phosphorylated
Erk2 protein, total Erk2 protein and Raf-1 protein was

determined by carrying out density scanning of the bands
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generated on the X-ray film. The Erk2 phosphorylation
inhibition activity of radicicol derivatives is determined by
calculating the ratico of phosphorylated Erk2 protein
(phosphorylated Erk2 protein / total Erk2 f)rotein) based on
the results prepared from the samples of respective drug
concentrations, which is expressed as the concentration of
each derivative (IC,) by which the ratic becomes half in
comparison with the case in which the drug is not added.
Also, the Raf-l protein decreasing action is examined by
calculating the ratio of Raf protein to the amount of Erk2
protein which does not cause changes in the protein quantity
by the drug-treatment (Raf-1 protein / total Erk2 protein)
based on the results prepared from the samples having
respective drug concentrations, which is expressed as the
concentration of each derivative (IC,,) by which the ratio
becomes half in comparison with the case in which the drug is
not added.

The results are shown in Table 5.
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Table 5

Effect of decreasing intracellular Raf-1 protein quantity
and Erk2 phosphorylation® inhibition activity

Raf-1 protein quantity Erk2 phosphorylation

Compound decrease: ICy, (uM) inhibition: IC, (1)
50 0.34 0.35
53 0.38 0.07
64 0.19 0.11
69 0.12 A 0.06

According to Table 5, the test compounds showed
effect of decreasing intracellular Raf-1 protein quantity and
Erk2 phosphorylation inhibition activity.

Compound (I) or a pharmacologically acceptable
salt thereof is administered orally or parenterally as it
is or in the form of a pharmaceutical composition.
Examples of the dosage form of such a pharmaceutical
composition include tablets, pills, powders, granules,
capsules, suppositeries, injections, drip infusions, and
the like.

These dosage forms can be prepared by employing
generally known methods and may contain various fillers,
lubricants, binders, disintegrators, suspending agents,
tonicity agents, emulsifying agents, absorption enhancers,

and the like.
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Examples of carriers to be wused in the
pharmaceutical compositioen include water, distilled water
for injection |use, physiolegical saiine, glucose,
fructose, sucrose, mannitol, lactose, sta;:ch, corn starch,
cellulose, methyl cellulese, carboxymethyl cellulose,
hydroxypropyl cellulose, alginie acid, talc, sodium
citrate, caleium carbonate, calcium hydrogenphosphate,
magnesium stearate, urea, silicone resin, sorbitan fatty
acid ester, glycerol fatty acid ester and the like, which
may be optionally selected according te the kind of the
pharmaceutical preparation.

Although the dosage and the number of
administration times for the purposes may vary depending
on the intended therapeutic effect, administration method,
treating period, age, bddy weight, and the like, it may
be administered generally in a dose of 0.01 te 5 mg/kg

per day per adult.

ST MOD! CARRYTNG O T
Examples and Reference Examples are shown below. The
MMR data shown in Examples and Reference Examples are values
obtained by measuring at 270 MHz, and the number of protons
observed, multiplicity and coupling constant (unit, Hz) are
shown in that order in parentheses after the & value of each

signal.
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A e%

TBS and Boc shown in the following structural
formulae and Tables mean tert—l?utyldintethy;silyl and tert-

butoxycarbonyl, respectively.

Example 1
Compound 1:
{1-1):

A 1.50 g (4.11 mmol) portion of radicicol was
dissolved in 5 ml of pyridine, and the sclution was mixed
with 1.00 g (9.15 rmmol) of aminooxyacetic acid
hemibydrochloride and stirred at room temperature for 20
hours and then at 60°C for 1.5 hours. The solvent was
evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography
(chloroform/methancl = 45/1) to cbtain 692 mg (yield, 38%) of
a compound (K). The thus prepared compound (K) was found to
be a mixture of oxime-based isomers (about 3:1) according to
'H-MMR.

FAB-MS m/z: 438 [M+H]*

Major component: 'H-NMR (CD,OD) S(ppm): 7.27 (1H, dd, 16.1,
11.28z), 6.82 (1H, d, 16.1Hz), 6.42 (1H, s), 6.17 (1H, dd,
11.2, 10.5Hz), 5.61 (1H, dd, 10.5, 3.48=z), 5.31 (1H, m), 4.64
(2, m), 3.91 (1B, d, 16.4Hz), 3.82 (1H, d, 16.4Hz), 3.34 (1H,
m), 3.02 (1H, m), 2.42 (1H, m), 1.60 (1B, ddd, 14.4, 9.0,
4.2Hz), 1,53 (3H, d, 6.6Hz).
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(1-2):

A 230 mg (0.525 mmol) portion of compound (K) was
dissolved in 3 ml of DMF, and the solution was mixed with 121
mg (0.788 mmol) of HOBt, 151 mg (0.788 mmol) of EDCI and
0.078 ml (0.788 mmeol) of piperidine and stirred at room
temperature for 23 hours and 40 minutes. The reaction
solution was mixed with a 0.01 M phosphate buffer of pH 7 and
then extracted with ethyl acetate. The ethyl acetate layer
was washed with saturated brine and dried with anhydrous
sodium sulfate, and then the solvent was evaporated under
reduced pressure. The resulting residuve was purified by
silica gel column chromatography (chloroform/methanol = 50/1)
to obtain 63.6 mg (yield, 24%) of compound 1. The thus
prepared compound 1 was found to be a mixture of oxime-based
isomexs (about 4:1) according to H-NMR.

FAB-MS m/z: 505 [M+H]®
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Major component: 'H-NMMR (CD,0D) S(ppm): 7.27 (18, dd, 15.8,
10.9Hz), 6.80 (1H, d, 16.3Hz), 6.44 (1H, s)', 6.17 (1B, dd,
11.9, 10.%9Hz), 5.61 (lH, dd, 10.9, 3.5Hz), 5.31 (1H, m), 4.80
(2, s), 3.93 (1H, d, 15.9Hz),. 3.82 (1H, d, 16.3Hz), 3.40 -
3.60 (4H, m), 3.34 (1H, m), 3.02 (1H, m), 2.49 (1H, ddd, 14.4,
3.5, 3.5Hz}, 1.60 - 1.80 (7H, m), 1.52 (3H, d, 6.4Hz).

Example 2

Compound 2:

According to (1-2) | described in Example 1, .109 mg
(yield, 49%) of compound 2 was prepared from 200 mg (0.457
mmol) of ecompound (K), 77 mg (0.503 mmol} of HOBt, 96 mg
(0.503 mmol) of EDCI and 0.042 ml (0,503 mmol} of pyrroridine.
The thus prepared compound 2 was found to be a mixture of
oxime-based isomers (about 3:1) according to H-NMR.
FAB-MS m/z: 491 [M+H]'
Major component: 'H-MMR (DMSO-d;) S(ppm): 10.34 (1H, br s),
10.00 (1H, br s), 7. 14 (1H, dd, 16.0, 11.4Hz), 6,74 (1H, d,
15.8Hz), 6.51 (1H, s), €.23 (1H, dd, 11.2, 10.9Hz), 5.63 (1E,
dd, 10.4, 3.5Hz), 5.14 (1H, m), 4.68 (2H, s), 3.80 (1H, d,
15.8H2z), 3.51 (1B, d, 15.2Hz), 3.27 - 3.54 (4H, m), 3.05 (1R,

m), 2.44 (1H, m), 1.70 - 1.91 (50, m), 1.43 (3H, d, 6.3Hz).
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Example 3
Compound 3: _ ‘

According to (1-2) described in Exé.mple l, 42 mg
(yield, 12%) of compound 3 was prepared from 300 mg (0.685
mmel) of compound (RK), 155 mg (0.753 mmol) of DCC, 87 i
(0.753 mmol) of HONSu and 0.090 ml (0.753 mmol) of morpholine.
The thus prepared compound 3 was found to be a mixture of
oxime-based isomers (about 4:1) according to 'H-NMR.

FAB-MS m/z: 507 [M+H]*

Major component: ‘H-NMR (CD,0D) &(ppm): 7.28 (1H, 4d, 15.8,
11.48z), 6.78 (1H, 4, 16.3Hz), 6.42 (1H, s), 6.17 (1H, dd,
11.4, 10.4Hz), 5.62 (1H, dd, 10.4, 3.0Hz), 5.30 (1H, m), 4.82
(28, s), 3.87 (1H, d, 15.8Hz), 3.82 (1H, d, 16.3Hz), 3.57 -
3.71 (8H, m), 3.34 (1H, m), 3.05 (1H, m), 2.42 (1H, ddd, 14.4,
4.0, 3.5Hz)}, 1.94 (1H, m), 1.52 (3H, d, 6.9Hz).

Example 4
Compound 4:

According to {1-2) described in Example 1, 24 mg
(yield, 20%) of compound 4 was prepared from 100 mg (0.288
mmol) of compound (R), 52 mg (0.251 mmol) of DCC, 29 mg
(0.251 mmol) of HONSu and 0.028 ml (0.251 mmol) of
l-methylpiperazine. The thus prepared compound 4 was found
to be a mixture of oxime-based iscmers (about 4:1) according

to ‘H-NMR.
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FAB-MS m/z: 520 [M+H]'

Major component: H-NMR (CD,OD) O{ppm): 7.01 (1H, dd, 15.8,
11.4Hz), 6.69 (1H, d, 15.8Hz), 6.33 (1H, s), 6.07 (1H, ¢,
10.9Hz) , 5.52 (1H, dd, 10.4, 4.0Hz), 5.20 (iH, m), 4.72 (2H,
s), 3.84 (1H, d, 16.3Hz), 3.72 (I1H, d, 16.3Hz), 3.41 - 3.55
(4, m), 3.25 (18, m), 2.92 (1H, m), 2.28 - 2.41 (5H, m),

2.22 (3H, s}, 1.50 (1H, m), 1.42 (3H, d, 6.4Hz).

Example 5
Compound 5:

According to (1-2) described in Example 1, 46 mg
(yield, 37%) of compound 5 was prepared from 100 mg (0.288
mmol) of compound (K), 52 mg (0.251 mmol) of DCC, 29 mg
(0.251 mmol) of HONSu and 0.035 ml (0.251 mmol) of
N,N-diethylethylenediamine. The thus prepared compound 5 was
found to be a mixture of oxime-based isomérs (about 3:1)
according to 'H-NMR.

FAB-MS m/z: 537 [M+H]"

Major component: ‘H-NMR {(CD,0D) d(ppm): 7.30 (1E, dd, 15.8,
11.48z), 6.84 (1H, d, 16.3Hz), 6.39 (1H, s), 6.18 (1H, t,
10.9Hz}, 5.63 (1H, dd, 10.9, 3.5Hz), 5.30 (1H, m), 3.96 (2H,
br), 3.44 - 3.52 (28, m), 3.36 (1H, m), 3.00 (1H, m), 2.77 -
2.82 (6H, m), 2.60 (18, m), 1.67 (1€, m), 1.51 (3H, 4, 6.4Hz),

1.07 - 1.19 (6H, m).

- 54 -




Example €
Compound 6: ) )
According to (1-2) described in Example 1, 87 mg
{yield, 40%) of compound 6 was prepared from 200 mg (0.456
mmol) of compound (K), 88 mg (0.457 mmol) of EDCI, 56 mg

(0.457 mmol) of DMAP and 25 mg (0.457 mmol) of 2-aminoethanol.

The thus prepared compound 6 was found to be a mixture of
oxime-based isomers (about 5:1) according to 'H-NMR.

Major component: 'H-NMR (CD,0D) &(ppm): 7.30 (1H, dd, 15.8,
11.4Hz), 6.85 (l1H, 4, 16.3Bz), 6.44 (1H, s), 6.19 (1H, t,
10.9Hz), 5.63 (1H, d4d, 10.9, 3.0Hz), 5.31 (14, m), 4.58 (28,
s), 3.96 (1H, d, 16.3Hz), 3.85 (1H, d, 16.3Hz), 3.54 - 3.70
(2, m), 3.31 - 3.40 {2H, m), 3.31 (1H, m), 3.02 (1H, m),
2.43 (1H, m), 1.61 (1H, m), 1.52 (3H, d, 6.4Hz).

Example 7
Compound 7:

According te (1-2) described in Example 1, 45 mg
(yield, 13%) of compound 7 was prepared from 300 mg (0.685
mmol) of compound (K), 132 mg (0.685 mmol) of EDCI, 84 mg
- (0.685 mmel) of DMAP and 97 mg (0.685 nmmol) of
2,2’ -iminodiethanol hydrochloride. The thus prepared
compound 7 was found to be a mixture of oxime-based isomers

(about 5:1) according to ‘H-NMR.
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Major component: 'H-MMR (CD,OD) &{ppm): 7.26 (1H, dd, 15.8,
10.9Hz), 6.83 (1H, d, 15.8BHz), 6_.42 (1H, S)‘, 6.17 (1H, dd,
11.4, 10.4Bz), 5.60 (1H, dd, 10.4, 3.5Hz), 5.29 (1E, m), 4.91
(2H, s), 3.91 (1H, 4, 15.BHz), 3.80 (1H, d.,= 15.8Hz), 3.71 -
3.90 (4H, m), 3.52 - 3.59 (4H, m), 3.34 (1H, m}, 3.00 (1E, m),
2.42 (1H, ddd, 14.8, 3.5, 3.58z), 1.60 (1H, m), 1.52 (38, d,

6.4Hz) .

Example 8
Compound 8:

According to (1-2) described in Example 1, 89 ng
(yield, 38%) of compound B was prepared from 200 mg (0.456
mmol) of compound (K), 87 mg (0.456 mmol) of EDCI, 56 mg
(0.457 mmol) of DMAP and 63 mg (0.502 mmol) of glycine methyl
ester hydrochloride. The thus prepared compound 8 was found
to be a mixture of oxime-based isomers (about 4:1) according
to H-NMR.

FAB-MS m/z: 509 [M+H]*

Major component: ‘H-NMR (CD,0D) &(ppm): 7.30 (1H, dd, 16.3,
11.98z), 6.87 (1H, d, 15.8Hz), 6.44 (1H, s), 6.20 (1B, dd,
10.4, 9.4Hz), 5.63 (1H, dd, 10.4, 4.0Hz), 5.31 (l1H, m), 4.85
(2H, s), 4.02 (1H, d, 2.0Hz), 3.96 (1H, d, 15.8Hz), 3.83 (1H,
d, 15.8Hz), 3.73 (3H, s), 3.36 (1H, m), 3.03 (1H, m), 2.44
(1H, ddd, 14.3, 3.5, 3.5Hz), 1.65 (1H, m), 1.53 (3H, d,

6.4Hz) .
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Example 9
Compound 9: ) _

A 46 mg (0.150 mmol)} portion of compound (K) was
dissclved in 1.5 ml of tetrahydrofuran, and the solution was
mixed with 23 mg (0.200 mmol) of HOBt, 2.7 mg (0.022 mmol) of
DMAP and 44 mg (0.228 mmol) of EDCI and stirred at room
temperature for 16 hours. The resulting precipitate was
reduced pressure. The thus prepared residue was dissolved in
1.5 ml of tetrahydrofuran, and the solution was mixed with
0.100 ml (0.720 mmel) of triethylamine and 0.050 ml (1.030
mmol) of hydrazine hydrate and stirred at room temperature
for 12 hours. The reaction solution was mixed with ethyl
acetate, washed with a saturated ammonium chloride aqueous
solution and dried with anhydrous sodium sulfate, and then
the solvent was evaporated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (chloroform/methancl = 24/1} to obtain 33 mg
(yield, 48%) of compound 9. The thus prepared compound 9 was
found to be a mixture of oxime-based isomers (about 3:1)
according to H-NMR.

FAB-MS m/z: 452 [M+H]'
Major component: 'H-NMR (CD,OD) d(ppm): 7.28 (lH, dd, 16.1,
11.3Hz), 6.83 (1H, d, 16.1Hz), 6.43 (1lE, s), 6.19 (1H, dd,

11.3, 10.78z), 5.62 (1H, 4d, 10.7, 3.7Hz), 5.30 (1H, m), 3.94
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{18, 4, 16.1Hz), 3.79 (1H, 4, 16.1Hz), 3.31 (1H, m), 3,02 (1H,
m), 2.43 (1H, m), 1.59 (1H, m), 1.52 (3H, d, 6.5Hz).

Example 10
Compound 10:

According to (1-2) described in Example 1, 35 mg
(yvield, 27%) of compound 10 was prepared from 100 mg (0.228
mmol) of compound {(K), 44 mg (0.228 mmol) of EDCI and 35 mg
(0.228 mmeol) of 4-phenylsemicarbazide. The thus prepared
compound 10 was found to be a mixture of oxime-based isomers
(about 5:1) according to *H-NMR.

Major component: 'H-NMR (CD,OD) &(ppm): 7.23 - 7.42 (5H, m),
7.02 (18, t, 7.4Hz) , 6.88 (1H, d, 15.8Hz), 6.45 (1H, s),
6.18 (1H, t, 10.9Hz), 5.62 (1H, dd, 10.9, 3.5Hz), 5.31 (1H,
m), 4.73 (2H, s), 3.97 (1H, 4, 16.3Hz), 3.B6 (1H, d, 16.3Hz),
3.36 (1H, m), 3.01 (1H, m), 2.42 (1H, ddd, 14.3, 3.5, 3.5Hz),

1.61 (1H, m}, 1.51 (3H, d, 6.4Hz).

Examples 11-37
Compounds 11 to 38 were prepared from compound (K)
according to (1-2) described in Example 1.

Example 11

Compound 11:
_ Isomer ratio: about 10:1
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FAB-MS m/z: 519 [M+H]*
Major component: 'H-NMR (CDCl,) d(ppm): 10.78 (1H, br), 7.86
(18, br s), 7.14 (1H, dd, 15.8, 11.6Hz), 6.75 (1H, d, 15.8Hz),
6.60 (1H, s), 6.09 (1H, dd, 11.6, 10.2Hz), 5.60 (1E, dd, 10.6,
3.08z), 5.47 (1H, m), 4.85 (1H, d, 13.9Hz), 4.79 (1H, 4,
13.98z), 4.69 (1H, br), 3.98 (1H, br), 3.37 - 3.56 (4H, m),
3.16 (1H, br), 2.94 (2H, dd, 8.6, 2.6, 2.3Hz), 2.31 (1H, ddd,
15.2, 3.6, 3.6Hz), 1.95 (1H, ddd, 15.2, 4.0, 4.0Hz), 1.74 (2H,
br), 1.53 (3H, d, 6.9Hz), 1.49 - 1.58 (2H, br), 1.20 - 1.29
(4H, brx).

Example 12
Compound 12:
Isomer ratio: about 3:1
FBRB-MS m/z: 51% [M+E]*
Major component: 'H-NMR (CDCl,) &(ppm): 10.99 (1H, br), B.00
(18, br), 7.16 (1H, m), §.73 (1H, d, 16.2Hz), 6.59 (1H, s),
6.11 (18, dd, 10.6, 10.2Hz), 5.62 (1H, br d, 9.6Hz), 5.48 (1H,
m), 4.80 (2H, s), 4.67 (1H, d, 12.2Hz), 4.54 (2H, br}, 4.00
(1, br), 3.73 -~ 3.89 (2H, br), 3.17 (1H, br), 3.04 (1H, m),
2.50 - 2.65 (2H, m), 2.32 (1H, ddd, 15.2, 3.6, 3.3Hz), 1.93
(1B, ddd, 18.8, 4.6, 4.6Hz), 1.58 - 1.70 (2H, m), 1.54 (3H, d,

6.98z), 1.04 - 1.19 (2H, m}, 0.94 (3H, d, 6.3Hz).
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Example 13
Compound 13:
Isomer ratio: about 3:1
FAB-MS m/z: 521 [M+H]*
Major component: 'H-NMR (CDCl;) d(ppm): 7.16 (1H, m), 6.70
(1H, d, 16.2Hz), 6.57 (1H, s), 6.11 (1H, dd, 10.6, 10.2Hz),
5.63 (1H, br d, 11.2Hz), 5.48 (1H, m), 4.80 {(2H, s), 4.63 (lH,
br), 3.95 (38, br), 3.76 (1H, br), 3.19 - 3.47 (3H, m), 2.96
(18, br), 2.33 (1B, m), 1.90 (1H, m), 1.54 (3B, d, 6.6Hz),

1.20 - 1.28 (4H, m).

Example 14
Compound 14:
Isomer ratio: about 8:1
FAB-MS m/z: 588 [M+H]*
Major component: ‘H-NMR (CDCl, + CD,OD) &(ppm): 7.01 (1H, dd,
16.0, 11.0Hz), 6.62 le, d, 15.8Hz), 6.34 (1H, s), 6.06 (1H,
dd, 11.6, 9.9Hz), 5.46 (1H, br d, 10.6Hz), 5.34 (1H, br),
4.68 (2H, s), 4.55 (1H, d, 17.8Hz), 3.96 (1H, br), 3.20 (1H,
br), 2.82 - 2.99 (2H, m), 2.60 (8H, br), 2.25 (1H, br d,
11.6Hz), 1.8% (2H, br}, 1.70 - 1.80 (4H, br), 1.61 (4H, br),
1.44 (3H, d, 6.6Hz).
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Example 15
Compound 15:
Isomer ratic: about 3:1
FAB-MS m/z: 548 {[M+H]'
Major component: 'H-NMR (CDCl,) d(ppm): 7.13 (1H, dd, 16.0,
11.4Hz), 6.64 (1H, d, 16.2Hz), 6.41 (1H, s), 6.06 (1H, dd,
11.9, 10.28z), 5.57 (1E, dd, 10.2, 3.0Hz), 5.37 (1, m), 4.70
(28, s), 4.33 - 4.52 (28, m), 3.91 - 4,01 (2H, m), 3.17 (1H,
br), 2.80 - 3.08 (2H, m), 2.66 (1H, m), 2.24 - 2.40 (2E, m),
1.54 - 1.84 (5H, br), 1.47 (3B, d, 6.6Hz).

Example 16
Compound 16:
Isomer ratio: about 4:1
FAB-MS m/z: 577 [M+H]"
Major component: ‘H-NMR (CDCly) S(ppm): 10.71 (1H, br), 8.83
(18, br), 7.23 (18, dd, 16.0, 11.4Hz), 6.66 (1H, d, 16.2Hz),
6.60 (1H, s), 6.41 (1H, t, 5.88z), 6.13 (1H, dd, 11.2,
10.9Hz), 5.67 (18, dd, 10.2, 3.0Hz), 5.47 (1H, m), 4.66 (1H,
br), 4.59 (2B, s), 4.02 (1H, d, 15.28z), 3.25 - 3.35 (2H, m),
3.20 (1H, br), 2.95 (1H, m), 2.33 .(J.H, m), 1.95 (18, m), 1.54
(3#, d, 6.6Hz), 1.51 (2H, br), 1.21 (i4H, br), 0.83 (3H, t,

5.6Hz) .
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Example 17
Compound 17:

Isomer ratio: about 13:1

FAB-MS m/z: 513 [M+H]*

Major component: ‘H-NMR (cDCl,) &(ppm): 10.77 (1H, br), 7.25
(18, dd, 16.2, 11.2Hz), 7.02 (1H, br), 6.68 (1H, 4, 16.2Hz),
5.61 (1H, s), 6.51 (1H, t, 5.9Hz), 6.17 (1H, dd. 11.2,
10.6Hz), 5.71 (1H, d4d, 10.2, 3.3Hz), 5.51 (14, m), 4.73 (1H,
d, 15.88z), 4.62 (2H, s), 4.06 (1H, d, 15.2Hz), 3.61 (2H, t,
6.3Hz), 3.45 - 3.54 (2H, m}, 3.22 (1H, br), 2.9% (1H, ddd,
8.3, 2.6, 2.6Hz), 2.36 (1H, ddd, 15.2, 3.6, 3.6Hz), 1.95 -
2,10 (3H, m), 1.58 (3H, 4, 6.6Hz).

Example 18
Compound 18:
Isomer ratio: about 10:1
FAB-MS m/z: 509 [M+H]*
Major component: ‘H-MMR (CDCLl,) O(ppm): 10.76 (1H, br), 7.23
(1H, dd, 15.5, 10.9Hz), 6.84 (1H, br), 6.69 (1H, d, 16.2Hz),
6.67 (1H, br), 6.16 (1H, dd, 11.2, 10.6Hz), 5.70 (1H, dd,
10.4, 3.1Bz), 5.51 (1H, m), 4.75 (1H, br), 4.64 (2H, s), 4.10
(1H, br), 3.45 - 3.57 (6H, m), 3.22 (1H, br), 2.99 (1H, ddd,
8.3, 2.6, 2.3Hz}, 2.36 (1H, ddd, 15.2, 3.6, 3.3Hz), 2.00 (1H,
ddd, 15.2, 4.3, 4.0Hz), 1.58 (3H, d, 6.6Hz), 1.14 (3H, t,

7.1Hz) .
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Example 19
Compound 19:
Isomer ratio: about 3:1
FAB-MS m/z: 477 [M+H]*
Major component: 'H-NMR (CDCLl,) S{ppm): 10.77 (1H, br), 7.47
{18, br), 7.24 (1H, dd, 16.1, 11.2Hz), 6.68 (1H, d, 16.2Hz),
6.61 (1H, s), 6.40 (1H, br), 6.16 (1H, dd, 11.6, 11.5Hz),
5.86 (1H, m), 5.70 (1E, dd, 10.2, 3.3Hz), 5.51 (1H, m), 5.23
(1, dd, 17.2, 1.3Hz), 5.16 (1H, dd, 10.2, 1,3Ez), 4.71 (1H,
br), 4.64 (2H, s), 3.96 - 3.98 (3H, m), 3.21 (lH, br), 2.99
(1€, m), 2.35 (1H, ddd, 15.2, 3.6, 3.3Hz), 1.98 (1H, ddd,
15.2, 4.0, 4.0Hz), 1.56 (3H, 4, 6.9Hz).

Example 20
Compound 20:
Isomer ratio: about 4:1
FAB-MS m/z: 533 [M+H]*
Major component; ‘H-NMR (CDCl,) &(ppm): 10.75 (1H, br), B.17
(1H, br), 7.24 (1H, dd, 16.2, 11.2Hz), 6.68 (1H, d, 15.8Hz),
6.42 (1H, t, 6.1Hz), 6.16 (1H, dd. 11.2, 10.6Hz), 5.69 (lH,
dd, 10.4, 3.1Hz), 5.50 (1H, m), 4.61 (2H, s), 4.04 (1H, d,
14.2Hz), 3.09 - 3.27 (4H, m}, 2.99 (1H, m), 2.35 (1H, ddd,
15.2, 3.3, 3.3Hz), 1.98 (1H, m), 1.68 — 1.73 (6H, br), 1.56

(38, d, 6.6Hz), 1.49 (1H, br), 1.10 - 1.24 {4H, br).
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Example 21
Compound 21:
Isomer ratio: about 7:1
FAB-MS m/z: 617 [M+H]*
Major component: 'H-NMR (CDCLl,) &(ppm): 10.71 (1H, br), 7.75
(18, br), 7.20 (1B, d4d, 16.0, 11.4Hz), 6.54 (1H, d, 15.8Hz),
6.54 (1H, s), 6.52 - 6.64 (3H, m), 6.11 (1H, dd, 11.5,
10.2Bz), 5.67 (1H, dd, 10.2, 3.3Hz), 5.46 (1H, m), 4.69 (1H,
d, 13.5Hz), 4.63 (1H, d, 16.2Hz), 4.62 (1H, br), 4.45 (1H, d,
5.9Hz), 3.99 (lH, d, 15.8Hz), 3.83 (3H, s), 3.82 (3H, s),
3.81 (3H, s), 3.18 (1H, br), 2.96 (1H, m), 2.33 (1H, ddd,
15.2, 3.6, 3.6Hz), 1.95 (1H, ddd, 15.2, 3.9, 3.9Hz), 1.52 (3H,

d, 6.6Hz).

Example 22
Compound 22:
Isomer ratio: about 3:1
FAB-MS m/z: 528 [M+H]*
Major cemponent: 'H-NMR (CDCl;) O(ppm): 8.57 (1H, br s), B.47
{1, br d, 4.3Hz), 7.81 (1H, ddd, 8.2, 2.0, 1.7Hz), 7.36 (lH,
dd, 7.9, 4.6Hz), 7.20 (1H, dd, 15.8, 11.2Hz), 6.93 (lH, t,
6.3Hz), 6.65 (1H, d, 16.2Hz), 6.46 (1H, s), 6.10 (1H, dd,
10.6, 9.9Hz), 5.67 (1H, dd, 10.2, 3.0Bz), 5.45 (1H, m), 4.48

- 4.64 (5H, m), 3.90 (1H, d, 15.2Hz), 3.15 {1H, br), 2.94 (1H,
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br d, 8.98z), 2.31 (1H, ddd, 15.2, 3.3, 3.3Hz), 1.92 (1€, m),

1.52 (34, d, 6.9Hz).

Example 23

Compound 23:

Isomer ratio: about 3:1

FAB-MS m/z: 544 [M+H]®

Major component: 'H-MMR (CDCL,) &(ppm): 10.70 (1H, br), 9.02
(18, br), 7.22 (1H, dd, 15.8, 11.2Hz), 6.61 - 6.65 (2H, m),
6.60 (1H, s), 6.53 (1H, m), 6.15 (1H, dd, 10.9, 10.6Hz), 5.89
- 5.98 (2H, m), 5.68 (1H, dd, 10.2, 3.0Hz), 5.47 (1H, m),
4.64 (18, d, 15.5Hz), 4.61 (1H, br), 4.58 (1H, d, 16.2Hz),
4.06 (1H, br), 3.41 - 3.60 (2H, m), 3.54 (3H, ), 3.23 (lH,
br), 3.00 (lE, m}), 2.81 (2H, m), 2.34 (1H, ddd, 15.2, 3.3,
3.3Hz), 1.96 (1H, ddd, 16.2, 4.0, 4.0Hz}, 1.55 (3H, d, 6.6Hz).

Example 24
Compounds 24 and 25:
Compound 24:
FAB-MS m/z: 548 [M+H]'
'H-NMR (CDCl,) &(ppm): 7.61 (1H, br), 7.16 (1H, dod, 16.0,
11.4Hz), 6.85 (2H, br), 6.60 (1H, d, 16.2Hz), 6.45 (1H, s),
5.79 (18, dd, 11.2, 10.9Hz), 5.57 (1H, dd, 10.2, 3.0Hz), 5.43
(1H,' m), 4.70 (1H, br), 4.67 (1H, 4, 15.8Hz), 4.59 (1H, d,

15.8Hz), 3.95 (1H, br), 3.51 - 3.72 (2H, m), 3.15 (1H, br),
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2.93 (lH, br d, B.6Hz), 2.80 (2H, t, 5.6Bz), 2.72 (4H, br),
2.30 (lH, ddd, 14.9, 3.3, 3.3dz), 1.98 (1H, ddd, 14.9, 4.3,
4.0Bz), 1.52 (3H, d, 6.6Hz), 1.45 -~ 1.63 (GH,.br).

Compound 25: .

FAB-MS m/z: 548 [M+H]'

'B--NMR (CDCL;) O(ppm): 8.58 (1H, br), 7.05 (1H, dd, 16.2,
11.2Hz), 6.2 (1H, s), 5.98 (1H, 4, 16.2Hz), 5.98 (1H, dd,
10.9, 9.2Hz), 5.55 (1H, br d, 10.28z), 5.45 (1€, m), 4.78 (1H,
d, 15.8Hz), 4.68 (1B, 4, 15.5Hz)}, 4.07 (2H, br), 3.98 (18,
br), 3.69 (1H, br), 2.84 - 3.04 (8H, m), 2.22 (1H, br d,
14.9Hz), 2.04 (1H, ddd, 14.5, 4.6, 4.3Hz), 1.54 (3H, d,
6.9Hz), 1.20 - 1.48 (6H, br), 1.57 (3H, d, 6.9Hz).

Example 25

Compound 26:

Isomer ratio: about 3:1

FAB-MS m/z: 562 [M+H]'

Major component: 'H-NMR (CDC1,) O{ppm): 10.92 (1H, br), 9.00
(1H, br), 7.17 (1H, m), 7.05 (1H, m), 6.81 (1H, d, 15.8Hz),
6.56 (1H, s), 6.16 (1H, t, 10.6Hz), 5.63 (1H, dd, 10.4,
3.1Hz), 5.44 (1, m), 4.64 (1H, d, 19.5Hz), 4.60 (1H, br),
4.57 (1H, 4, 17.8Ez), 4.06 (1H, br), 3.40 (2H, t, 6.9Hz),
3.25 - 3.36 (4H, m), 3.21 (1H, br), 2.96 (1H, br d, 8.2Hz),
2.30 - 2.42 (3H, m), 2.03 (2H, t, 7.6Hz), 2.00 (1H, m}, 1.77

(2H, m}, 1.54 (3H, d, 6.6Hz).
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Example 26
Compound 27:
Isomer ratio: about 3:1
FRB-MS m/z: 505 [M+H]'
Major component: 'H-NMR (CDCl,) d(ppm): 10.75 (1H, br), 8.50
(1H, br), 7.23 (1H, dd, 16.0, 11.4Hz), 6.67 (1H, d, 16.2Hz),
6.61 (1B, s), 6.32 (l1H, d, 7.6Hz), 6.14 (I1H, dd, 11.9,
10.2Hz), 5.68 (1H, dd, 10.4, 3.1Hz), 5.49 (1H, m), 4.67 (1H,
d, 15.8Hz), 4.58 (2H, s), 4.26 {1H, m}, 3.99 (1H, d, 15.8Hz),
3.19 (18, br), 2.96 (1H, m), 2.33 (1H, ddd, 15.2, 3.3, 3.3Hz),
1.89 - 2.04 (38, m), 1.58 - 1.66 (4H, m), 1.55 (3H, d, 6.6Hz),

1.38 - 1.43 (2H, m).

Example 27
Compound 28:
Iscmer ratio: about 3:1
FAB-MS m/z: 513 [M+H]'
Major component: 'H-NMR (CDCl,) &(ppm): 10.76 (l1H, br), 7.48
- 7.56 (2H, m), 7.25 - 7.37 (38, m), 7.07 - 7.16 (2H, m),
6.77 (1H, d, 16.2Hz), 6.61 (1H, s), 6.21 (1K, dd, 11.s,
10.68z), 5.74 (1H, dd, 10.2, 3.6Hz), 5.52 (1H, m), 4.80 (1H,
br), 4.73 (2#, s), 4.12 (1H, br), 3.23 (1H, br), 2.99 (1H,
ddd, 8.3, 3.3, 2.6Ez), 2.36 (1H, ddd, 15.2, 3,6, 3.3Hz), 1.99
(1H, ddd, 15.2, 4.0, 4.0Hz), 1.57 (3H, d, 6.9Hz).
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Example ‘28
Compound 29:
Isomer ratio: about 4:1
FAB-MS m/z: 555 [M+H]*
Major component: H-NMMR (CDC1,) O{ppm): 8.00 (1H, br s), 7.43
(20, 4, 8.6Hz), 7.19 (2H, 4, 8.3Hz), 7.20 (1H, m}, 6.77 (lH,
d, 16.28z), 6.59 (1H, s), 6.19 (1H, ad, 10.6, 9.9Hz), 5."ll3
(18, 44, 10.2, 3.3Hz), 5.49 (1H, m), 4.72 (2H, s), 4.72 (1lH,
br), 4.09 (1H, br), 3.22 (1H, br), 2.82 - 3.01 {(2H, m), 2.35
(1, dd, 15.2, 3.3, 3.3Hz), 1.98 (1H, ddd, 15.2, 4.0, 4.0Hz),
1.55 (3H, d, 6.6Hz), 1.22 (6H, d, 6.9Hz).

Example 29
Compound 30:

Iscmer ratio: about 3:1

FAB-MS m/z: 543 [M+H]'

Major component: 'H-NMR (CDCl,) S(ppm): 7.97 (1H, d, 9.2Hz),
7.38 - 7.44 (2H, m), 7.26 (1H, dd, 15.8, 11.5Hz), 6.81 - 6.86
(2H, m), 6.75 (1iH, d, 16.2Hz), €.56 (1H, s), 6.16 (1H, dd,
11.6, 10.2Hz), 5.6 (1B, dd, 10.6, 3.3Hz), 5.47 (1H, m), 4.73
(1B, d, 16.5Hz), 4.67 (1H, d, 14.9Hz), 4.64 (1H, br), 4.04
(1, d, 14.5Hz), 3.75 (3H, s), 3.20 (15, br), 2.96 (18, ddd,
9.9, 3.6, 2.3Hz), 2.33 (18, ddd, 15.2, 3.6, 3.3Hz), 1.94 (1H,
ddd, 15.2, 4.0, 4.0Hz), 1.53 (3H, d, 6.9Hz).
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Exa:rple‘SO
Compound 31:
Iscmer ratio: about 3:1
FAB-MS m/z: 584 [M+H]'
Major component: ‘H-NMR (cDCl,) d(ppm) : 7.98 (1H, br s), 7.32
(2H, d, 8.9Hz), 7.29 (1H, m), 6.75 (1H, d, 16.2Hz), 6.64 (2H,
d, 8.9Hz), 6.58 (1, s), 6.18 (1H, dd, 11.9%, 9.%Hz), 5.71 (1H,
dd, 10.2, 3.0Hz), 5.48 (1H, m), 4.72 (1H, d, 16.8Hz), 4.71
(24, s), 4.04 (1H, d, 15.8Hz}, 3.31 (4H, q, 7.1Hz), 3.21 (1H,
br), 2.99 (1H, ddd, 8.6, 2.6, 2.3Ez), 2.34 (1H, ddd, 15.2,
3.6, 3.3Hz), 1.96 (1H, ddd, 15.2, 4.0, 4.0Hz), 1.55 (3H, d,
6.6Hz), 1.12 (6H, t, 7.1Hz).

Example 31

Compound 32:

Isomer ratio: about 3:1

FAB-MS m/z: 514 [M+H]}"

Major component: 'H-NMR (CDCl,) &(ppm): 8&.56 (1H, br d,
7.9Hz) , 8.46 {(1H, m), B8.30 - 8.34 (2H, m), 7.31 - 7.42 (2H,
m), 6.76 (1H, 4, 16.2Hz), 6.52 (1H, =), 6.17 (1H, dd, 10.9,
9.9Hz), 5.72 (1H, dd, 10,2, 3.0Hz), 5.48 (1H, m), 4.80 (1H,
br), 4.77 (1H, d, 16.5Hz), 4.70 (1H, d, 16.5Hz), 4.03 (1H, d,
16.58z), 3.20 (1H, br), 2.95 (1E, m), 2.34 (1H, ddd, 15.2,
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3.3, 3.3Hz), 1.97 (1H, ddd, 15.2, 4.3, 4.0Hz), 1.56 (3H, d,

6.9Hz) .

Example 32
Compound 33:
Isomer ratio: about 3:1
FAB-MS m/z: 480 [M+H]'
Major component: ‘H-NMR (CDCla) _ﬁ_(ppm): 10.77 (1H, br s),
7.24 (1H, dd, 16.2, 11.2Hz), 7.00 (1H, br s), 6.67 (1H, d,
16.5Hz), 6.64 (1H, s), 6.17 (1H, ad, 11.2, 10.6Hz), 5.71 (1H,
dd, 10.2, 3,0Hz), 5.53 (1H, m), 4.75 (1H, br), 4.62 (2H, s),
4.08 (1H, br), 3.22 (1H, br), 2.99 (1H, br d, 8.3Hz), 2.63
{(6H, s), 2.36 (lE, ddd, 14.8, 3.6, 3.6Hz), 1.99 (1H, ddd,
15.5, 8.6, 4.1Hz), 1.57 (3H, 4, 6.6Hz).

Example 33
Compound 34:

Isomer ratio: about 3:1

FAB-MS m/z: 496 [M+H]'

Major component: B-NMR (CDC1l,) S{ppm): 10.70 (1H, br), 7.72
(18, br), 7.24 (1H, dd, 15.2, 11.5Hz), 6.66 (1H, d, 16.2Hz),
6.60 (1H, s), 6.17 (1€, dd, 11.9, 10.2Hz), 5.72 (1H, dd, 10.4,
3.5Hz), 5.51 (1H, m), 4.70 (1H, br), 4.70 (2H, s), 4.10 (1H,

br), 3.62 (2H, t, 4.6Hz), 2.96 - 2.98 (3H, m), 2.36 (l1H, ddd,
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15.5, 3.8, 3.3Hz}, 2.00 (1B, ddd, 15.5, 8.6, 4.0Hz), 1.58 (3H,
d, 6.9Hz).

Example 34
Compound 35:
Isomer ratio: about 3:1
FAB-MS m/=z: 528 [M+H]*
Major component: 1g-NMR (CDCl;) 5v(ppm): 10.75 (1H, br), 8.01
(18, br s}, 7.19 - 7.25 (2H, m), 7.00 (1H, d&d, 15.2, 10.9Hz),
6.86 - 6.93 (4H, m), 6.71 (1H, d, 16.2Hz), 6.58 (1H, s), 6.18
(1H, dd, 10.6, 9.9Hz), 5.72 (l1H, 4d, 10.4, 3.1Hz), 5.50 (1H,
m), 4.82 (lE, br), 4.76 (2H, s), 4.12 (1H, d, 14.2Hz), 3.22
(1€, bx), 2.97 (1H, m), 2.35 (1H, ddd, 15.2, 3.6, 3.3Hz),

1.99 (1H, ddd, 15.2, 8.6, 4.3Hz), 1.55 (38, d, 6.6Hz).

Example 35

Compound 36:

Isomer ratio: about 4:1

FAB-MS m/z: 529 [M+H]*

Major component: 'H-NMR (CDCl;) S(ppm): 8.30 (1H, br), 8.10
(1B, br d, 4.6Hz), 8.07 (1H, br), 7.52 (1H, dd, 7.6, 6.6Hz),
7.22 (1B, m), 6.67 - 6.87 (3H, m), 6.54 (1H, =), 6.15 (1H, 4d,
11.2, 10.9Hz), 5.70 (iH, dd4, 10.2, 3.0Hz), 5.48 (1H, m), 4.74

(2H, s), 4.67 (1H, 4, 15.5Hz), 4.08 (1H, br), 3.23 (1H, br),
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2,98 (18, br d, 8.3Hz), 2.35 (1E, br d, 15.58z), 1.98 (1H, m),

1.55 (36, d, 6.6Hz).

Example 36
Compound 37:
Isomer ratio: about 2:1
FAB-MS m/z: 520 [M+H]*
Major component: 'H-NMMR (CDCl,) &(ppm): 10.80 (1H, br), 8.50
(1H, br), 7.25 (1H, dd, 15.8, 11.2Hz), 7.06 {1H, s), 6.67 (lH,
d, 13.5Hz), 6.64 (1H, s), 6.16 (1H, dd, 11.2, 10.98z), 5.70
(18, dd, 10.2, 3.0Hz}, 5.50 (1E, m), 4.69 (1H, d, 15.8Hz),
4.62 (28, s), 4.01 (1H, d4, 14.9Hz), 3.19 (1H, br), 2.96 (1H,
m), 2.73 (4H, br), 2.34 (1H, ddd, 15.2, 3.6, 3.0Hz), 1.96 (1H,
ddd, 15.2, 8.4, 4.1Ez), 1.66 {6H, br), 1.56 (3H, d, 6.9Hz).

Example 37
Compound 38:
Isomer ratio: about 2:1
FAB-MS m/z: 535 [M+H]*
Major component: 'H-NMR (CDCl,) §(ppm): 7.25 (1H, m), 7.14
(18, s), 6.68 (1H, 16.2Hz), 6.44 (18, s), 6.16 (1H, dd, 11.2,
10.9Hz), 5.72 (1E, dd, 10.1, 2.8Hz), 5.49 (1H, m), 4.74 (1H,
br), 4.64 (1H, 16.5Hz), 4.57 (1H, 16.5Hz), 4.01 (1H, br),
3.20 (1E, br), 2.93 - 2.99 {SH, br), 2.76 (4H, bz), 2.45 (1H,

m), 2.37 (6H, s), 1.97 (1, m), 1.56 (3B, d, 6.6Hz).
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Example‘38
Compound 39:

According to (1-1) described in Example 1, an oxime
derivative was prepared from radicicol and trifiuorocacetate
of campound a, and then compound 39 was prepared according to
(1-2) described in Example 1.

Isomer ratio: about 5:1

FAB-MS m/z: 589 [M+H]®

Major component: 'H-NMR (CDCl; + CD,OD) d(ppm): 10.85 (1H, br),
7.90 {18, br), 7.16 (1H, m), 6.67 (1H, d, 15.8Hz), 6.58 (1H,
s), 6.15 (1H, dd, 11.6, 10.6Ez), 5.64 (1H, br d, 9.9Hz), 5.50
(18, m), 4.75 (1H, br), 4.19 (2H, m), 4.02 (1H, br), 3.55 (2H,
br), 3.40 (2H, br), 3.19 (1H, br), 2.97 (1B, ddd, 7.9, 2.4,
2.4Hz), 2.29 - 2.36 (3H, m), 1.99 (1H, ddd, 15.2, 8.9, 4.0Hz),
1.59 - 1.64 (10H, br), 1.56 (3E, d, 6.6Hz), 1.37 (6H, br).

Example 39

Compound 40:

According to Example 3B, compound 40 was prepared
from a triflucroacetate of compound b.
Isomer ratio: about 2:1
FAB-MS m/z: 631 [M+H}'
Major component: H-MMR (CDCl;) &(ppm): 11.03 (1H, br), B8.72
(1#, br), 7.16 (1H, dd, 15.8, 12.9Hz), 6.67 (1H, d, 16.2Hz),

- 173 -




6.58 (l1H, s), 6.14 (l1H, dd, 11.2, 9.9Hz), 5.62 (1H, br d,
9.6Hz), 5.49 (1H, m), 4.72 (18, br), 4.05 - 4.21 (38, m),
3.56 (28, br), 3.40 (2H, br), 3.21 (1E, br), 2.97 (1H, ddd,
8.3, 2.3, 2.3Hz), 2.29 - 2.37 (3, m), 2.0l (1E, ddd, 15.2,
8.6, 4.3Hz), 1.60 - 1.76 (10H, br), 1.55 (3H, d, 6.6Hz), 1.28
(12H, br).

Example 40

Compound 41

According to (1-2) described in Example 1, 14 mg
(vield, 10%) of compound 41 was prepared from 100 mg (0.228
mmol) of éompound (K), 52 mg (0.342 mmol) of HOBt, 65 mg
{0.342 mmol) of EDCI and 69 mg (0.274 mmol) of pentaethylene
glycol monemethyl ether. The thus prepared compound 41 was
found to be a mixture of oxime-based isomers ({(about 3:1)
according to 1H-NMR .
FAB-MS m/z: 672 [M+H]*
Major component: 'H-NMR (CDCL,) S(ppm): 7.20 (1, m), 6.77
(1, d, 16.28z), 6.58 (1H, s), 6.16 (1H, dd, 11.6, 10.6Hz),
5.66 (1H, br d, 9.6Hz), 5.53 (1H, m), 4.77 (1H, br), 4.76 (1H,
d, 16.5Hz), 4.69 (1H, 16.2Hz), 4.33 (2H, m), 4.00 (1H, br),
3.72 (2H, m}), 3.64 - 3.65 (14H, m), 3.53 - 3.56 (2H, m), 3.37
(3, s), 3.20 (lH, br), 2.98 (1H, br d, 8.6Hz), 2.34 (1H, ddd,
15.2, 3.6, 3.3Hz), 2.00 (1H, ddd, 15.5, 4.3, 4.0Hz), 1.56 (3H,
d, 6.6Hz). 7
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Example 41

Compound 42:

According to Example 40, compound: 42 was prepared
from compound (K).
Isomer ratio: about 3:1
FAB-MS m/z: 584 [M+H]*
Major component: 'H-NMR (CDCL,) O(ppm): 10.80 (1H, br), 7.20
(1H, m), €.77 (1H, d, 16.2Hz), 6.58 (1H, br), 6.58 (1H, s),
6.16 (1H, t, 10.9Hz), 5.67 (1H, br d, 9.9Hz), 5.51 (1H, m),
4.78 (1H, br), 4.76 (l1H, 4, 16.5Hz), 4.69 (1H, d, 16.5Hz),
4.31 - 4.35 (2E, m), 4.02 (1H, br), 3.73 (2H, t, 4.8Hz),
3.63 - 3.67 (6H, m), 3.54 - 3.57 (2H, m), 3.38 (3H, s), 3.19
(18, br), 2.98 (1H, ddd, 9.2, 3.3, 3.3Hz), 2.34 (1H, ddd,
15.2, 3.6, 3.3Hz), 1.98 (1H, ddd, 18.8, 4.0, 4.0Hz), 1.57 (3H,
d, 6.9Hz).

Example 42
Compound 43:

According to (1-1) described in Example 1, 338 mg
(yield, 53%) of compound 43 was prepared from 500 mg (1.37
mmol) of radicicol and 438 mg (2.74 mmol) of
o-benzylhydroxylamine hydrochloride. The thus prepared
compound 43 was found to be a mixture of oxime-based iscmers

(about 2:1) according to 'H-NMR.
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FAB-MS m/z: 470 [M+H]*
Major component: 'H-NMMR (CD,OD) d(ppm) : 7.10 - 7.50 (6H, m),
6.78 (1H, d, 15.8Hz), 6.42 (l1H, s), 6.18 (1H, t, 10.9Hz),
5.59 (1H, dd, 10.9, 3.3Hz), 5.30 (1H, m), 5.16 (2H, s), 3.91
- (1€, 4, 16.3Hz), 3.81 (1H, d, 16.3Hz), 3.32 (1H, m), 3.01 (1H,
dat, 7.9, 3.3Hz), 2.41 (l1H, dd, 14.3, 3.bHz), 1.55 (l1H, m),
1.52 (3H, d, 6.4Hz).

Example 43
Compo‘l.md 44:

A 205 mg (1.12 mmol) portion of compound < was
dissolved in 3 ml of methanol, and the solution was mixed
with 0.467 ml of 12 N hydrochloric acid and stirred at room
temperature for 2.5 hours. The solvent was evaporated under
reduced pressure, the thus prepared residue was dissolved in
2 ml of pyridine and mixed with 136 mg (0.37 mmol) of
radicicol which had been dissolved in 2 ml of pyridine, and
then the mixture was stirred at room temperature for 138
hours. The reaction solution was mixed with 0.5 N
hydrochloric acid and extracted with ethyl acetate. The
ethyl acetate layer was washed with saturated brine and dried
with anhydrous sodium sulfate, and then the solvent was
evaporated under reduced pressure. The resulting residue was
purified by thin layer chromatography (chloroform/methanol =

5/1, then chloroform/acetone = 4/1) to obtain 119 mg (yield,
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65%) of compound 44. ‘The thus prepared compound 44 was found
toc be a mixture of oxime—ba;ed isomers (about 2.5:1)
according to 'H-NMR, v

FAB-MS m/z: 486 [M+H]"

Major component: 'E-NMR (CDCl,) S{ppm): 11.00 (1H, br), 9.09
(1H, br), 7.22 - 7.32 (38, m), 7.00 (1H, 4, 8.2Hz), 6.91 (1H,
ddd, 7.6, 7.3, 1.1Hz), 6.64 (lH, d, 15.8Hz), 6.57 (lH, s),
6.14 (1H, dd, 9.9, 9.6Hz), 5.69 (1H, br d, 10.2Hz), 5.47 (1H,
m), 5.15 (1H, d, 13.5Hz}, 5.08 (1H, d, 12.9Hz), 4.80 (1H, br),
3.99 (1H, br), 3.20 (1H, br), 2.96 (1H, ddd, 8.3, 2.6, 2.5Hz),
2.31 (1H, ddd, 15.2, 3.8, 3.3Hz), 1.97 (1H, ddd, 14.9, 8.6,

4.0Hz), 1.55 (3H, d, 6.6Hz).

Examples 44-49
According to Example 43, compounds 45 to 50 were

prepared from radicicol and compounds d to i, respectively.

Example 44
Compound 45:
Isomer ratio: about 1.7:1
FAB-MS m/z: 502 [M+H]'
Major component: 'H-MMR (CDCl, + CD,OD) S(ppm): 7.11 (1H, dd,
16.2, 11.2Hz), 6.67 (18, d, 16.2Hz), 6.37 (1H, s), 6.35 (1H,
d, 2.0Hz), 6.32 (1H, d, 2.0Hz), 6.18 (1H, d, 2.0Hz), 6.05 (1H,
t, 10.6Hz), 5.54 (1H, dd, 10.1, 2.8Hz), 5.36 (1H, m), 4.97
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(2H, s), 4.36 (1H, d, 16.2Hz), 3.86 (1H, d, 18.1Hz), 3.16 (1E,
br), 2.91 (1H, br d, 8.9Hz), 2.26 (1H, ddd, 14.9, 3.3, 3.0Hz),
1.77 (1H, ddd, 14.9, 4.3, 4.0Hz), 1.47 (3H, d, 6.6Hz).

Example 45
Compound 46:
Iscmer ratio: about 1.8:1
FAB-MS m/z: 560 [M+H]* S
Major component: ‘H-NMR (CDCL,) B(ppm):‘7.17 (1B, dd, 15.8,
11.58z), 6.73 (1H, d, 16.2Hz), 6.63 (2H, s), 6.54 (lE, s),
6.13 (1H, d4d, 12.5, 10.6Hz), 5.60 (1H, br d, 11.2Hz), 5.49
(18, m), 5.11 (2H, s), 4.69 (1H, br), 4.04 (1€, br), 3.85 (3H,
s), 3.84 (6H, s), 3.18 (1H, br), 2.96 {1H, br d, 8.98z), 2.32
(1H, ddd, 14.9, 3.6, 3.3Hz), 1.95 (1H, ddd, 14.5, 9.4, 4.1Hz),

1.54 (3H, d, 6.6Hz),

Example 46
Compound 47:

Isomer ratio: about 1.8:1

FAB-MS m/z: 500 [M+H]*

Major component: 'H-MMR (CDCl,} &(ppm): 7.16 {(l1H, dd, 16.5,
11.2Hz), 6.74 (1H, d, 16.2Hz), 6.52 (1H, s), 6.21 (1H, d,
2.0Hz), 6.18 (1H, d, 2.0Hz), 6.14 (1H, dd, 1.0.9, 10.6Hz),
5.88 (1E, dd, 3.6, 2.0Hz), 5.65 (1H, br d, 10.2Hz), 5.49 (1H,
m), 5.02 (1H, s), 4.70 (1H, br), 3.99 (l1H, br), 3.18 (1H, br),
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2.96 (l1H, ddd, 8.9, 3.3, 2.6Hz), 2.32 (1H, ddd, 15.2, 3.6,
3.38z), 1.96 (1H, ddd, 15.0, 9.4, 4.5Hz), 1.55 (3H, d, 6.9Hz).

Example 47
Campound 48:
Iscmer ratio: about 3:1
FAB-MS m/z: 527 [M+H]®
Major component: 'H-NMR (CDCl,) &(ppm): 7.15 (1H, m), 7.14
(2H, d, 8.6Hz), 6.72 (2H, d, 8.6Hz), 6.69 (1H, d, 15.8Hz),
6.56 (1H, s), 6.14 (1H, dd, 11.2, 10.6Hz), 5.64 (1H, dd, 10.2,
3.3Hz), 5.50 (1H, m), 4.73 (1H, br), 4.25 - 4.38 (2H, m),
4.06 (18, br), 3.21 (1H, br), 2.95 - 3.00 (3, m), 2.92 (6H,
s}y, 2.34 (1H, ddd, 15.2, 3.5, 3.38z), 1.99 (1H, ddd, 14.8,

8.9, 4.0Hz), 1.57 (38, d, 6.%9Hz).

Example 48
Compound 49:
Isomer ratio: about 2.4:1
FAB~MS m/z: 582 [M+H]'
Major component: 'H-NMR (CDC1l;) O(ppm): 7.38 (2H, d, 7.%9Hz),
7.14 - 7.32 (1H, m), 7.23 (2H, 4, 7.6Hz), 6.71 (1H, 4,
15.8Bz), 6.38 (1H, s), 6.15 (1H, dd, 11.9, 10.6Hz), 5.64 (lH,
dd, 10.2, 2.0Hz), 5.47 (1H, m), 5.17 (2H, s), 4.70 (1H, br),

3.68 (1H, br), 3.66 (2H, s), 3.21 {1H, br), 2.97 (1H, br d,
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8.3Hz), 2.61 (BH, br), 2.37 (3H, s), 2.33 (1H, ddd, 14.2, 3.6,
3.3Hz), 1.99 (1K, m}, 1.54 (3H, d, 6.6Hz).

Example 49
Compound 50:
Isomer ratio: about 1.4:1
FAB-MS m/z: 577 [M+H]"
Major component: ‘H-NMR (CDCl,) &(ppm): 7.88 (1E, d, 7.9Hz),
7.7i (1€, m), 7.57 (1H, dd, 7.9, 7.3Ez}, 7.42- (18, d, 8.3,
7.3Hz), 7.19 (iH, m), 6.79 (1H, d, 16.2Hz), 6.56 (1H, s),
6.17 (1H, dd, 10.8, 9.6Hz), 5.59 - 5.72 (3H, m), 5.51 (1E, m),
4.66 (1B, br), 3.96 (1H, br), 3.20 (1H, br), 2.99 (1H, Qdd,
8.6, 2.6, 2.6Hz), 2.80 (6H, s), 2.34 (1H, ddd, 15.2, 3.6,
3.3Hz), 1.97 (1H, m), 1.56 (3H, &, 6.6Hz).

Example 50
Compound 51:

A 565 mg (4.55 mmol) portion of compound 3} was
disselved in 10 ml of pyridine, and the solution was mixed
with 0.4 ml of concentrated hydrochloric acid and 664 mg
(1.82 mmol) of radicicol and stirred at room temperature for
21 hours. The reaction solution was mixed with a saturated
ammcnium chloride agqueous solution and extracted with ethyl
acetate, the ethyl acetate layer was washed with saturated

brine and dried with anhydrous sodium sulfate, and then the
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solvent was evaporated under reduced pressure. The resulting
residue was purified by silicav gel column chromatography
(chloroform/methancl = 40/1) to obtain €94 mg (yield, 81%) of
compound 51. ’

Isomer ratio: about 2:1

FAB-MS m/z: 471 [M+H]"

Major component: H-NMR (CD,OD) O(ppm): 8.48 (1H, d, 4.0Hz),
7.84 (lH, dt, 7.6, 1.BHz), 7.53 (1€, m), 7.33 (1B, m), 7.26
(1H, dd, 16.2, 11.28z), 6.87 (1H, d, 15.8Hz), 6.40 (1H, s),
6.17 (1H, t, 10.9Hz), 5.60 (1H, dd, 10.9, 3.0Hz), 5.28 (1H,
m), 5.23 (2H, s), 3.92 (1H, d, 16.2Hz), 3.77 (1H, d, 16.2Hz),
3.33 (18, m), 3.01 (1H, m), 2.40 (1H, ddd, 14.2, 3.6, 3.3Hz),

1.58 (1H, ddd, 13.8, 8.9, 4.4Hz), 1.51 (3H, d, 6.3Hz).

Example 51
Compounds 52 and 53:

A mixture of campounds 52 and 53 (about 4:1) was
prepared from radicicol and compound k according to Example
50, 380 mg of the thus prepared mixture of compounds 52 and
53 (about 4:1) was separated by high performance liquid
chromatography (column: YMC-Pack ODS AM, SH-365-10BM, 500 x
30 mm I.D., eluent: 50 mM phosphate buffer (pH 7.3)/methanol
= 47/53, flow rate: 40 ml/min, detection: UV 276 nm), the
eluate was extracted with ethyl acetate, washed with

saturated brine and dried with anhydrous sodium sulfate, and
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then the solvent was evaporated under reduced pressure. Each
‘'of the resulting residues was pqwdered from_a mixed solvent
of ethanol and water to obtain 219 mg of compound 52 and 133
mg of compound 53. :

Compound 52:

FAB-MS m/z: 471 [M+H]'

'H-NMR (CD,0D) &(ppm): 8.58 (1E, d, 2.0Hz), 8.47 (1H, dd, 5.0,
2.0Hz), 7.89 (1H, dd, 7.9, 2.0Hz), 7.43 (1H, ddd, 7.9, 5.0,
2.0Hz), 7.26 (l1H, dd, 15.8, 10.9Hz), 6.76 (lH, d, 15.8Ez),
6.41 (18, s), 6.16 (1H, t, 10.98z), 5.61 (1, dd, 10.9,
3.0Ez), 5.31 (1H, m), 5.22 (2H, s), 3.91 (1H, d, 15.8Hz),
3.81 (1E, d, 16.3Hz), 3.35 (1H, m), 3.02 (1H, m), 2.42 (1H,
dt, 15.3, 4.0Hz), 1.58 (1H, ddd, 13.8, B.9, 4.4Hz), 1.52 (3E,
d, 6.4Hz) .

Compound 53:

FAB-MS m/z: 471 [M+H]?

'H-NMR (CD,0D) O(ppm): B.61 (1H, d, 2.0Hz), 8.49 (1H, dd, 5.0,
2.0Hz), 7.93 (1H, dd, 7.9, 2.0Hz), 7.45 (1H, ddd, 7.9, 5.0,
2.0Hz), 7.15 (1H, d4d, 16.2, 10.9Hz), 6.41 (1H, s), 6.12 (1H,
d, 15.8Hz), 6.09 (1H, t, 10.9Hz), 5.48 (1H, d4d, 10.9, 3.0Hz),
5.31 (1¥, m), 5.26 (2H, s), 4.64 (1H, d, 16.4Hz), 3.40 (1H, d,
16.2Hz), 3.35 (1H, m), 2.96 (1H, dt, B.9, 2. 6Hz), 2.42 (1H,
dt, 14.5, 3.0Hz), 1.60 (1H, m), 1.50 (3H, d, 6.4Hz).
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Example 52

Compound 54: ‘ ‘

According to Example 50, compound 54 was prepared
from radicicol and compound m. :
Isomer ratio: about 2:1
FAB-MS m/z: 471 [M+H]'
Major component: 'H-NMR (CD,0D) &(ppm): 8.60 (2H, m), 7.50
(18, w), 7.29 (1H, dd, 16.2, 11.2Hz), 6.85 (1H, d, 11.2Hz),
6.43 (1H, s), 6.18 (1H, t, 10.9Hz), 5.62 (1H, dd, 10.6,
3.3Hz), 5.30 (1H, m), 5.23 (2H, s), 3.91 (1H, d, 16.2Hz),
3.81 (iH, d, 16.2Hz), 3.35 (1H, m), 3.02 (1H, dt, 7.9, 3.3Hz),
2.42 (1H, dd, 14.5, 4.0Hz), 1.59 (1H, ddd, 13.8, 8.9, 4.4Hz),

1.52 (3H, d, 6.38z).

Exanmple 53

Compound 55:

According to Example 43, compound 55 was prepared
from radicicol and compound n.
Isomer ratic: about 1.5:1
FAB-MS m/z: 499 [M+H]"
Major component: H-NMR (cpcl;) O(ppm): 8.47 (1H, s), 8.42
(1B, 4, 5.0Hz), 7.62 (1H, 4, 7.9Hz), 7.28 (1H, dd, 7.8,
4.9H8z), 7.17 (1H, dd, 15.5, 11.5Hz), 6.63 (1H, d, 16.2Hz),
6.52 (1H, s), 6.15 (l1E, dd, 11.6, 11.2Hz), 5.65 (1H, br d,

$.9Hz), 5.50 (1H, m), 4.71 (1H, d, 15.5Hz), 4.20 (2H, t,
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6.8Hz), 4.01 (1H, br), 3.19 (1E, br), 2.97 (1, br d, B.6Hz),
2.77 (28, t, 7.3H2), 2.33 (28, ddd, 15.2, 3.3, 3.0Hz), 2.07
(2B, m), 1.94 (1H, ddd, 16.8, 8.3, 4.0Hz), 1.56 (3H, d,

6.9Hz) .

Example 54

Compound 56:

According to Example 43, compound 56 was prepared
from radicicol and compound o.
Iscmer ratio: about 3:1
FAB-MS m/z: 487 [M+H]*
Major component: 'H-NMR (CDCl,) d(ppm): 10.95 (1H, br), 9.36
(18, br), 8.15 (1H, d, 4.3Hz), 7.34 (1E, d, 8.3Hz), 7.20 -
7.30 (2H, m), 6.69 (1H, d, 16.2Hz), 6.57 (1H, s), 6.15 (1H,
dd, 10.9, 10.6Hz), 5.70 (1H, br d, 11.2Ez), 5.48 (1E, m),
5.32 (1H, d, 12.BHz), 5.24 (1H, d, 12.5Hz), 4.77 (1H, br),
4.03 (1H, br}, 3.19 (1H, br), 2.96 (1H, br d, 8.2Hz), 2.32
(1H, ddd, 15.2, 3.3, 3.0Hz), 1.97 (1H, ddd, 14.7, 8.7, 4.3Hz),

1.55 (3H, d, 6.6Hz).

Example 55
Compound 57:
(55~1):
A 5.00 g (13.7 mmol) portion of radicicol was

dissolved in 10 ml of DMF to which, while cooling in an ice
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bath, were subsequently added 2.80 g (41.1 mmol) of imidazocle
and 4.54 g (30.1 mmol) of tert—butyl (chloro_)dime&ylsilane,
and ﬁhe raesulting mixture was stirred at room temperature for
3 hours. The reaction solution was mixed with a saturated
ammonium chloride aqueous solution and extracted with ethyl
acetate, the ethyl acetate layer was washed with saturated
brine and dried with anhydrous sodium sulfate, and then the
solvent was evaporated under reduced pressure. The resulting
residue was purified by silica gel column chromatography
(chloroform/methancl = 100/1) to obtain 6.96 g (yield, B86%)
of a di-tert-butyldimethylsilyl derivative of radicicol.
FAB-MS m/z: 593 [M+H]'

(55-2) :

According to (1-1) described in Example 1, 18 mg
(yield, 5.5%) of compound (L) was prepared from 319 mg (0.54
mmol) of di-tert-butyldimethylsilyl derivative of radicicol
and 240 mg (3.45 mmol) of hydroxylamine hydrochloride. The
thus prepared compound (L) was found to be a mixture of
oxime-based isomers (about 1:1) according to B NMR .

FAB-MS m/z: 608 [M+N]*
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TBSO O CH,

{55-3):

A 120 mg (0.20 n&ncl):Lp;:;tion of compound (L) was
dissolved in 1.7 ml of THF, the resulting solution was mixed
with 1867 mg  (0.99 mmol) of 2-hydroxymethyl-3-
methoxymethoxypyridine dissolved in 0.5 ml of THF, which had
been prepared by dimethoxymethylation of 3-hydroxy-2-
pyridinecarboxylic acid and subsequent reduction with lithium
aluminum hydride, 103 mg (0.39 mmol) of triphenylphosphine
and 0.06 ml (0.39 mmol) of DEAD, and the mixture was stirred
at room temperature for 23 hours. The reaction scolution was
mixed with a phosphate buffer (pH 7) and extracted with ethyl
acetate. The ethyl acetate layer was washed with saturated
brine and dried with anhydrous sodium sulfate, and then the
solvent was evaporated under reduced pressure. The resulting
residue was purified by thin layer chromatography
(chloroform/methanol = 100/1) to obtain 39 mg (yield, 26%) of
a di-tert-butyldimethylsilyl derivative of compound 57.

FAB-MS m/z: 761 [M+H]*
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(55-4) :

A 39 mg (0.05 mmol) _ portion of the di-tert-
butyldimethylsilyl derivative of compound 57 was dissolved in
1.8 ml of THF, 0.13 ml (0.13 mmol) of a 1 M TBAF/THF solution
was added to the thus prepared sclution which was cooled at
-10°C, and the resulting mixture was stirred for 50 minutes
at the same temperature. The reaction solution was mixed
with a phosphate buffer (pH 7) and extracted with chloroform,
The chloroform layer was washed with saturated brine and
dried with anhydrous sodium sulfate, and then the solvent was
evaporated under reduced pressure. The resulting residue was
purified by thin layer chromatography (chloroform/methanocl =
12/1) to obtain 26 mg (yield, 95%) of compound 57. The thus
prepared compound 57 was found to be a mixture of oxime-based
isomers (about 1:1.7) according to 'H-NMR .

FAB-MS m/z: 531 [M+H]*

Major component: 'H-NMMR (CDCl,) &(ppm): 11.15 (1H, br), 8.28
(18, dd, 4.6, 1.3Hz), 7.49 (1H, d, 8.3Hz), 7.25 (1H, dd, 8.3,
5.0Hz), 7.02 (1H, dd, 16.2, 10.%9Hz), 6€.72 {1H, s), 6.13 (1H,
d, 15.8Hz), 6.09 (1H, dd, 10.2, %.6Hz), 5.55 (1B, dd, 10.§,
2.3Hz), 5.49 (1, m), 5.30 (2H, s), 5.23 (24, s}, 4.58 (1H, d,
16.5Hz), 4.21 (1H, d, 16.5Hz), 3.45 (3H, s), 3.08 (1H, br),
2.90 (1H, br 4, 9.9Hz), 2.31 (1H, ddd, 15.2, 3.0, 2.6Hz),
1.90 (1H, ddd, 15.2, 10.2, 4.3Hz), 1.53 (3H, d, 6.9Hz).
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Example 56

Compound 58: , _

According to Example 43, compound 58 was prepared
from radicicol and compound p. -
Isomer ratic: about 1.4:1
FAB-MS m/z: 487 [M+H]'
Major component: 'H-MMR (CDCl, + CD,OD) &(ppm): B.15 (0.25H,
dd, 5.9, 3.38z), 7.76 (0.25H, dd, 5.9, 3.3Hz), 7.64 (1H, m),
7.33 (1H, dd, 3.3, 2.6Hz), 7.11 (1H, dd, 16.0, 11.4Hz), 6.56
(1§, d, 16.28Bz), 6.50 (0.5H, 4, 1.7Hz), 6.38 (lH, s), 6.05
(18, dd, 10.9, 9.6Bz), 5.56 (lH, dd, 10.2, 3.0Hz), 5.37 (1H,
m), 4.86 (2H, s), 4.46 (1B, d, 16.5Hz), 3.88 (1H, d, 16.5Hz),
3.18 (1H, br), 2.90 (1H, ddd, 8.6, 2.6, 2.3Hz), 2.27 (1H, ddd,
14.9, 4.3, 3.6Hz), 1.79 (1E, ddd, 14.5, 8.9, 4.0Hz), 1.47 (3H,
d, 6.3Hz).

Example 57

Compound 59:

According to (1-1) described in Example 1, compound
59 was prepared from radicicol and a triflucrocacetate of
compound q.
Isomer ratic: about 2:1
FAB-MS m/z: 504 [M+H]'
Major component: 'H-NMR (CD,0D) Ofppm): 7.29 (1H, dd, 15.8,
11.2Hz), 6.82 (1H, d, 16.2Hz), 6.43 (1H, s), 6.18 (1H, dd,
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15.8, 10,9Hz), 5.67 (1H, s), 5.66 (1H, dd, 10.6, 3.6Hz), 5.31
(1, m), 4.87 (28, s), 3.95 (1E, d, 16.2Hz), 3.84 (1H, d,
16.2Hz), 3.30 (18, m), 3.02 (1H, dd, 5.6, 2.3Hz), 2.43 (1H,
dt, 14.3, 3.5Hz), 1.62 (1H, m), 1.52 (3H, d, 6.6Hz).

Example 58

Compound 60;

According to Example 43, compound 60 was prepared
from radicicol and compound r.
Isomer ratio: about 2:1
FAB-MS m/z: 491 [M+H]"
Major component: ‘H-NMR (CDCl,) d(ppm): 8.88 (2H, br), 7.19
(1H, m), 6.66 (l1H, d, 12.9Hz), 6.38 (1H, s), 6.16 (1H, dd,
12.1, 9.9Hz), 5.62 (1H, br 4, 10.26z), 5.42 (1H, m), 4.59 (1H,
br), 3.86 - 4.00 (3H, m), 3.11 - 3.31 (38, m), 2.95 (1H, br 4,
8.3Hz), 2.53 (3H, s), 2.11 - 2.33 (3H, m), 1.95 (1, m), 1.78

(4H, br), 1.53 (3H, d, 6.6Hz).

Example 59
Compound 61:
According to (1-1) described in Example 1, compound
61 was prepared from radicicol and a hydrochloride of
compound s.
Isomer ratio: about 1.8:1

FAB-MS m/z: 477 [M+H]*
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Major component: ‘H-NMR (CD.0D) S(ppm): 7.27 (1H, dd, 16.5,
11.6Hz), 6.75 (1, d, 16.5Hz), 6.39 (1H, s), 6.15 (1H, dd,
11.6, 10.6Hz), 5.61 (1H, dd, 10.6, 3.6Hz), 5.32 (1H, m), 4.38
(2H, m), 3.95 (26, m), 3.28 (iH, m), 3.20 (2H, m), 3.03 (44,
m), 2.95 (1H, m), 2.41 (1H, m), 1.95 (4H, m), 1.66 (1H, m},
1.52 (3H, d, 6.3Hz).

Example 60
Compound 62:

According to (1-1) described in Example 1, compound
62 was prepared from radicicol and a hydrochloride of
compound t.
Isomer ratio: about 5:1
FAB-MS m/z: 505 [M+H]'
Major component: 'H-NMR {CD,OD) O(ppm): 7.26 (1H, d&d, 15.8,
10.9dHz), 6.72 (18, d, 16.2Hz), 6.42 (1H, s), 6.16 (1H, dd,
11.9, 10.6Hz), 5.62 (1H, dd, 10.6, 3.6Hz), 5.30 (1H, m), 4.23
(28, dd, 12.5, 6.3Hz), 3.96 (1H, 4, 16.2Hz), 3.81 (1H, d,
16.2Hz), 3.35 (1H, m), 3.15 (6H, m), 3.03 (1H, m), 2.44 (1H,
dt, 14.5, 3.6Hz), 2.15 (2H, m), 1.80 - 1.86 (4H, m), 1.66 (1H,
m) , 1.5é (3H, d, 6.3Hz).
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Example 61

Compound 6€3: ) _

According to (1-1) described in Exa:fple 1, compound
63 was prepared from radicicol and a =hyd:r:oc.l'nlo::j_d;e of
compound u.
Isomer ratio: about 2:1
FAB-MS m/z: 521 [M+H]'
Major component: 'H-NMR (CD,OD) d(ppm): 7.25 (1H, dd, 16.2,
11.968z), 6.72 (l1H, d, 16.2Hz), 6.44 (1H, s), 6.16 (1H, dd,
11.9, 10.6Hz), 5.61 (1H, dd, 10.6, 3.6Hz), 5.31 (1H, m), 4.24
(2, m), 3.96 (1H, d, 16.2dz), 3.89 (1H, m), 3.83 (lH, d,
16.2Hz), 3.43 (1H, m), 3.35 (1H, m), 2.96 - 3.10 (5H, m),
2.43 (1H, dt, 10.9, 3.6Hz), 1.95 - 2.20 (4H, m}, 1.75 - 1.80

(4H, m), 1.62 (1H, m), 1.52 (3H, d, 6.6Hz).

Example 62

Compound 64:

According to (1-1) described in Example 1, ccmpound
64 was prepared from radicicol and a hydrochloride of
compound V.
Isomer ratio: about 3:1
FAB-MS m/z: 521 [M+H]®
Major component: 'H-NMMR (CD,OD) &(ppm): 7.24 (1H, dd, 16.2,
11.9Hz), 6.73 (1H, d, 16.2Hz), 6.42 (1H, s), 6.15 (1H, m),

5.60 (1H, dd, 10.8, 4.0Hz), 5.30 (1H, m), 4.17 (2H, m), 3.92
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(1H, d, le6.2Hz), 3.80 (1H, d, 16.2Hz), 3.70 (2H, m), 3.35 (1H,
m), 3.27 (48, m), 3.02 (1", ddd, 8.9, 3.3, 2.0Hz), 2.41 -
2.56 (7H, m), 1.70 (5H, m), 1.53 (3H, d, S.Sﬁz).

Example 63
Compound €5:

According to (1-1) in Example 1, compound 65 was

prepared from radicicol and a hydrochloride of compound w.
Iscmer ratio: about 4:1
FAB-MS m/z: 520 [M+H]'
Major component: 'H-NMR (CD,OD) S{ppm): 7.24 (1H, dd, 16.2,
11.28z), 6.71 (1H, d, 16.2Hz), 6.42 (1H, s), 6.15 (1H, dd,
10.9, 9.6Hz), 5.60 (l1H, dd, 10.9, 3.3Hz), 5.31 (1H, m), 4.18
(2H, dt, 4.3, 2.0Hz), 3.93 (1H, 4, 15.8Hz), 3.83 (1H, d,
15.8Hz), 3.35 (1H, m), 3.02 (1H, dd, 8.9, 2.3Hz), 2.45 - 2.60
(10E, m), 2.45 (1B, dt, 14.5, 3.6Hz), 2.36 (3H, s), 1.92 (2H,
m), 1.62 (1H, m), 1.53 (3H, d, 6.6Hz).

Example 64
Compound 66:

According to (1-1) described in Example 1, compound
66 was prepared from radicicol and a hydrochloride of
compound x,
Isomer ratio: about 1.5:1

FAB-MS m/z: 596 [M+H]*
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Major component: 'E-NMR (CD,0D) O(ppm): 7.20 - 7.30 (3H, m),
6.95 (2H, d, 7.9Hz), 6.84 (18, t, 7.4Hz), 6.74 (1H, d,
16.2Hz),. 6.43 (1H, s), 6.11 (1H, m), 5.59 (lH, dd, 10.8,
3.38z), 5.30 (1H, m), 4.20 (2H, m), 3.95 'f(ll-I, d, 15.8Hz),
3.84 (1H, d, 15.8Hz), 3.34 (l1H, m), 3.19 (4H, m), 3.01 (1H,
dd, 5.6, 3.3Hz), 2.71 (49, m), 2.52 (2H, m), 2.40 (1H, dd,
14.5, 3.6Hz), 1.74 (4H, m), 1.61 (1H, m), 1.51 {3H, d, 6.6Hz).
Example 65

Compound 67:

According to (1-1) described in Example 1, compound
67 was prepared from radicicol and a hydrochloride of
compound y.
Isomer ratio: about 2:1
FAB-MS m/z: 537 [M+H]*
Major component: 'H-NMR (CD,OD) O(ppm): 7.24 (1H, dd, 16.2,
11.2Hz), 6.73 (1H, d, 16.2Hz), 6.42 (1H, s), 6.15 (1H, dd,
10.9, 9.6Hz), 5.59 (1H, dd, 10.9, 3.3Hz), 5.30 (1H, m), 4.11
- 4.19 (2, m), 3.94 (18, d, 16.28z), 3.84 (1H, d, 16.2Hz),
3.34 (1, m), 3.00 (1B, m), 2.78 (4H, m), 2.67 (4H, m), 2.47
(3B, m), 1.67 (5H, m), 1.53 (3H, d, 6.6Hz).
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Example 66

Compounds 68 and 69: ) '

According to (l-1) described in Example 1, a mixture
of compounds 68 and 69 was prepared from radicicol and a
hydrochloride of compound z, and then compounds 68 and 69
were prepared by purifying the mixture using high performance
liquid chrxomatography (eluent: 50 mM phosphate buffer (pH
5.9) facetonitrile = 68/32) ‘according to Example 51.
Compound 68: FAB-MS m/z: 491 [M+H]"
'H-NMR (CDC1,) d(ppm): 10.08 (1H, br s), 7.18 (1H, dd, 15.5,
11.5Hz), 6.85 (1H, br s), 6.63 (1H, d, 15.5Hz), 6.60 (1H, s),
6.15 (1H, t, 11.5Hz), 5.67 (1B, d, 11.5Hz), 5.51 (1H, m},
4.73 (1H, br), 4.29 (2H, t, 5.3Hz), 4.03 (1€, br), 3.64 (28,
m), 3.51 (3H, m), 3.20 (1H, s)‘, 2.98 (1H, m), 2.40 (2H, m),
2.33 (1H, m), 2.01 (28, m), 1.57 (3H, d, 6.9Hz).
Compound €9: FAB-MS m/z: 491 [M+H]*
'H-NMR (CDCl,;) &{ppm): 11.25 (1H, br s), 7.02 (1H, dd, 16.0,
11.2Hz), 6.58 (1H, br s), 6.11 (1H, d, 16.0Hz), 6.09 (1H, m),
5.57 (1H, d, 10.9Hz), 5.51 {1H, m), 4.45 (l1H, 4, 16.5Hz),
4.34 (2H, d, 5.2Hz), 4.25 (1H, d, 16.5Hz), 3.80 (1H, m), 3.58
{35, m), 3.08 (1B, s), 2.91 (1H, d, 9.%Hz), 2.45 (2H, m),
2.32 (1, m), 2.06 (2H, m), 1.95 (1H, m}), 1.56 (3H, 4, 6.5Hz).
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Example 67

Compound 70: ) ‘

According to Example 50, compound 70 wés prepared from
radicicol and compound aa. .‘
Isomer ratio: about 2:1
FAB-MS m/z: 505 [M+H]'
Major cemponent: ‘H-MMR (CD,OD) S(ppm): 7.25 (1H, dd, 16.2,
11.8Hz), 6.75 (1H, d, 16.2Hz), 6.43 (1H, s), €.17 (1H, t,
11.2Hz), 5.60 (1H, dd, 10.6, 3.6Hz), 5.30 (1, m), 4.18 (2H,
m), 3.92 (1H, d, 16.2Hz), 3.79 (1H, d, 16.2Hz), 3.49 (2H, m),
3.41 (2H, q, 6.9Hz), 3.34 (1H, m), 3.02 (1H, m), 2.43 (1H, m),
2.37 (2H, m), 2.04 (2H, m), 1.98 (2€, m), 1.62 (1H, m), 1.53
(32, d, 6.6Hz).

Example 68

Compound 71:

According to (1-1} described in Example 1, compound
71 was prepared from radicicol and a trifluorcacetate of
compound bb.
Isomer ratio: about 3:1
FAB-MS m/z: 507 [M+H]"
Major component: ‘H-NMR (CD,0D) S(ppm): 7.24 (1H, <&d, ;6.5,
11.2Hz), 6.77 (1H, d, 16.2Hz), 6.45 (lH, s), 6.17 (1H, dd,
10.9, $.6Hz), 5.61 (1H, m), 5.29 (1H, m), 4.11 - 4.90 (3H, m),
3.99 (18, d, 16.2Hz), 3.8l (l1H, d, 16.2Hz), 3.39 (4H, m),
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3.31 (1H, m), 3.01 (1H, m), 2.43 (1H, dt, 14.5, 3.6Hz}, 2.07
(48, m), 1.60 (1H, m}, 1.51 (3H, d, 6.6Hz).

Example 69

Compound 72:

According to Example 50, compound 72 was prepared from
radicicol and compound cec.
Isomer ratio: about 2:1
FAB-MS m/z: 580 [M+H]'
Major component: ‘H-MMR (CD,0D) S(ppm): 7.24 (1H, dd, 16.2,
11.26z), 6.72 (l1H, 4, 16.28Bz), 6.43 (1H, s), 6.11 (1H, dd,
11.9, 10.6Hz), 5.59 (1H, dd, 10.6, 3.3Hz), 5.31 (1H, m), 4.99
(1, t, 5.08Bz), 3.81 - 3.99 (6H, m), 2.35 (1B, m), 2.99 (1H,
m), 2.42 (1H, dt, 14.5, 3.5Hz), 2.03 (2H, m), 1.61 (1H, ddd,

14.2, 4.6, 4.6Hz), 1.53 (3H, d, 6.3Hz).

Example 70
Compound 73:
(70-1) :

A 300 mg (0.493 mmol) portion of compound (L) was
dissolved in 5 ml of dichloromethane to which were
subsequently added 0,05 ml (0.493  mmol) of ethyl
chloroformate and 0.07 ml (0.493 mmol) of triethylamine at
-78°C, and the mixture was stirred at 0°C for 2 hours. The

reacticn solution was mixed with a saturated ammonium
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chloride aqueous solﬁtion and extracted with ethyl acetate.
The ethyl acetate layer wa$ washed with saturated brine and
dried with anhydrous sodium sulfate, and theﬁ the scolvent was
evaporated under reduced pressure. The resz.ilting residue was
purified by silica gel column chromatography (n-hexane/ethyl
acetate = 6/1) to obtain 1B8 mg (yield, 56%) of a di-tert-
butyldimethylsilyl derivative of compound 73.

(70-2) :
According to (55-4) described in Example 55, compound
73 was prepared from the di-tert-butyldimethylsilyl
derivative of compound 73.

Isomer ratio: about 1.3:1

Major component: 'H-NMR (CD,0D) O{ppm): 7.45 (1H, dd, 16.3,
11.4Hz), 6.71 (1H, d, 15.8Hz), 6.46 (1H, s), 6.22 (1H, m),
5.73 (1B, dd, 10.4, 3.0Hz), 5.33 (1H, m), 4.34 (1H, 4, 6.9Hz),
4.11 (18, d, 16.3Hz), 4.00 (1H, d, 16.3Hz), 3.35 (1H, m),
3.04 (1€, m), 2.43 (1H, dt, 14.3, 3.5Hz), 1.61 {(1H, m), 1.53

(3H, d, 6.4Hz), 1.35 (3H, t, 6.9%9Hz).

Example 71
Compound 74:
According to (70-1) and (70-2) described in Example
70, compound 74 was prepared from compound (L), triethylamine
and methyl isocyanate.

Isomer ratio: about 1.2:1
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Major component: 'H-NMR (CD,0D)} d(ppm): 7.42 (1H, dd, 16.3,
11.9Hz), 6.76 (1H, d, 16.3Hz), 6.46 (1H, s), 6.26 (1H, dd,
11.9, 10.6Hz), 5.71 (18, dd, 10.9, 3.5Hz), 5.34 (1H, m), 4.10
(18, d, 16.3Hz), 3.85 (1H, d, 16.3Hz), 3.36 (1H, m), 3.04 (1m,
m), 2.85 (38, s), 2.43 (1H, dt, 14.3, 3.58z), 1.65 (1H, m),

1.53 (3H, d, 6.4Hz).

Example 72

Compound 75:

According to (70-1) and (70-2) described in Example
70, compound 75 was prepared from compound (L), triethylamine
and acetyl chloride.
Isomer ratio: about 1.2:1
Major compenent: ‘H-NMR (CD,0D) d(ppm): 7.43 (1, dd, 15.8,
11.9Hz), 6.75 (1H, d, 15.8Hz), 6.47 (lH, s}, 6.15 (1H, dd,
11.9, 10.6Hz), 5.72 (1H, dd, 10.4, 3.5Hz), 5.34 (1H, m), 4.13
(18, d, 16.3Hz), 4.04 (1H, d, 16.3Hz), 3.35 (1H, m), 3.04 (1E,
m), 2.40 (18, dt, 14.3, 3.5Hz), 2.23 (3H, s), 1.65 (1H, m},

1.53 (3H, d, 6.9Hz).

Example 73
Compound 76;
According to {1-1) described in Example 1, compound
76 was prepared from radicicol and O-phenylhydroxylamine
hydrochlo-ride .
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Isomer ratio: about 3:1

FAB-MS m/z: 456 [M+H]' ‘ '

Major component: 'H-NMR (CDCL;) O(ppm): 10.95 (1H, bxr}, 7.24

- 7.38 (58, m), 7.05 (1€, m), 6.89 (1H, d, 16.2Hz), 6.61 (1H,

s), 6.23 (1H, ddd, 10.2, 10.2, 1.1Hz), 5.73 (1H, br d,

10.2Hz), 5.53 (1H, m), 4.85 (1H, br), 4.21 (1H, br), 3.23 (1H,
br), 3.01 (1H, ddd, 8.3, 2.6, 2.3Hz), 2.37 (1H, ddd, 15.2,

3.6, 3.38z), 2.01 (1H, ddd, 15.5, 9.1, 3.8Hz), 1.58 (3H, d,

6.6Hz) .

Reference Example 1
Compound a:
(1-1) :

A 5.00 g {22.4 mmol) portion of B8-bromcoctancic acid
was dissolved in a mixed solvent of 2 ml dichloromethane and
10 ml hexane, and the solution was mixed with 8.00 ml (44.8
mmol) of tert-butyl 2,2,2-trichlorcacetoimidate and 0.45 ml
(3.66 mmol) of boron trifluoride-ether complex and stirred at
rocom temperature for 1 hour. The reaction solution was mixed
with 10 ml of hexane and 0.031 g (3.66 mmol) of sodium
bicarbonate, the resulting precipitate was separated by
filtration, and then the solvent was evaporated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (n-hexane/ethyl acetate = 5/1) to

cbtain 2.34 g (yield, 38%) of tert-butyl 8-bromocctancate.
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(1-2):

A 2,70 g (8.29 mmol) portion .of tert-butyl
8-bromooctancate was dissolved in 20 ml of DMF', and the
solution was mixed with- 1.35 g  (8.28  mmol)
N-hydroxyphthalimide and 1.86 ml (12.4 mmol) of
1,8-diazabicyclo[5,4,0]-7-undecene and stirred at room
temperature for 20.5 hours. The reaction solution was mixed
with water and extracted with ethyl acetate, the ethyl
acetate layer was washed with 0.5 N hydrochloric acid and
then with saturated brine and dried with anhydrous sodium
sulfate, subsequently evaporating the seclvent under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (n-hexane/ethyl acetate = 5/1}) +to
obtain 0.83 g (yield, 28%) of tert-butyl B8-(phthalimidoxy)-
octanoate.

'H-NMR (CDC1,) S8(ppm): 7.83 (2H, m), 7.75 (2H, m), 4.20 (2H,
t, 6.8Hz), 2.21 (2Hd, t, 7.6Hz), 1.79 (2H, m), 1.60 (2H, m),
1.44 (9H, s), 1.45 - 1.29 (6H, m}.

(1-3) :

A 1.00 g (2.77 mmol) portion of tert-butyl
B- (phthalimidoxy) ~octancate was dissolved in 9 ml of
chloroform, and the solution was mixed with 4.1 ml (4.16
mmol} of a 1 M hydrazine monohydrate/methanol solution and
stirred at room temperature for 0.5 hour. After separation

of the resulting precipitate by filtratien, the resulting
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filtrate was mixed with water and extracted with chloroform,
the chloroform layer was washed with saturated brine and '
dried with anhydrous sodium sulfate, and then the solvent was
evaporated under reduced pressure. The thus prepared residue
was dissolved in 14 ml of dichloromethane, and the solution
was mixed with 6.4 ml of trifluorcacetic acid and stirred at
room temperature for 2 hours. By evaporating the solvent
under reduced pressure, a trifluorocacetate of the compound a

was prepared.

Reference Example 2
Compound b:
According to {1-1} to (1-3) described in Reference
Example 1, a trifluorcacetate of compound b was prepared from

1l-bromoundecancic acid.

Reference Example 3
Compound c:
(3-1):
According to (1-2) described in Reference Example 1,
'1.29 g {quantitative) of methyl 2Z2-methoxymethoxybenzoate was
. prepared from 1.00 g (6.57 mmol) of methyl salicylate, 0.75
ml (9.86 mmol) of chloromethyl methyl ether and 1.72 ml (9.86

mmol) of diisopropylethylamine.
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{(3-2):

A 792 mg (4.04  mmol) portion of methyl
2-methoxymethoxyvbenzoate dissolved in 12 ml of THF was added
to 337 mg (8.89 mmol) of lithium aluminum hyd.r:l.de dissolved
in 5 ml of THF, and the mixture was stirred at room
temperature for 2.5 hours. The reaction solution was mixed
with water and extracted with ethyl acetate, and the ethyl
acetate layer was washed with saturated brine and dried with
anhydrous sodium sulfate. By evapcration of the solvent

" under reduced pressure, 640 mg (yield, 94%) of
Z2-methoxymethoxybenzyl alcohol was prepared.
{3-3):

According to (55-3) described in Example 55, 486 mg
(yield, 57%) of N-(2-methoxymethoxybenzyloxy)phthalimide was
prepared from 454 mg (2.70 mmol) of 2-methoxymethoxybenzyl
alcohol, 484 mg (2.97 mmol) of N-hydroxyphthalimide, 744 mg
{2.84 mmol)} of triphenylphosphine and 0.446 ml (2.84 mmol) of
DEAD.

(3-4):

According to (1-3) described in Reference Example 1,
a reaction solution prepared by treating 427 mg (1.36 mmol)
of N-(2-methoxymethoxybenzyloxy)phthalimide with 0.099 ml
(2.04 mmol) of hydrazine monohydrate was separated by
filtration, and then the solvent was evaporated under reduced

pressure to obtain 244 mg (yield, 98%) of compound c.
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FAB-MS m/z: 184 [M+H]'
"H-NMR (CDC1,) &(ppm): 7.37 (1H, dd, 7.4, 1.8Hz), 7.27 (1H,
ddd, 7.4, 7.3, 1.8Hz), 7.11 (1H, dd, 7.3, 1.3Hz), 7.02 (iH,
ddd, 7.6, 7.6, 1.3Hz), 5.42 (2H, br s), 5.22 (2H, s), 4.79
{(2H, s), 3.49 (38, s).

Reference Example 4
Compound d: . .

Accofding to (55-1) described in Example 55, methyl
3,5-di- (tert-butyldimethylsiloxy)benzoate was prepared from
methyl 3,5~-dihydroxybenzoate, and compound d was prepared
from methyl 3,5~di- (tert-butyldimethylsiloxy)benzoate
according to (3-2) to (3-4) described in Reference Example 3.
FAB-MS m/z: 384 [M+H]'

'H-NMR (CDCL,) &(ppm): 6.46 (28, d, 2.3Hz), 6.28 (lH, t,
2.3Hz}, 5.37 (2H, br), 4.57 (2H, s), 0.97 (18H, s), 0.19 (12H,

s).

Reference Example 5
Compound e:
According to (3-2) to (3-4) described in Reference
Example 3, compound e was prepared from methyl 3,4,5-
trimethoxybenzoate.

FAB-MS m/z: 214 [M+H]'
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'H-NMR (CDC1,) O(ppm): 6.60 (2H, s), 5.43 (2H, br), 4.64 (2H,

s), 3.88 (6H, s), 3.85 (3H, s).

Reference Example 6

Compound f:
(6-1):

A 2.00 g (13.1 mmol) porticon of 3,5-diamincbenzoic
acid was dissolved in a mixed solvent of 20 ml THF and 20 ml
water, and the solution was mixed with 6.88 g (31.5 mmcl) of
di-tert-butyl dicarbonate, adjusted to pE 7 to 8 with a
saturated sodium bicarbonate aqueous solution and then
stirred at room temperature for 4 hours. The reaction
solution was mixed with a 10% citric acid agqueous solution
and extracted with ethyl acetate. The ethyl acetate layer
was washed with saturated brine and dried with anhydrous
sodium sulfate, and then the solvent was evaporated under
reduced pressure. The resulting residue was purified by
silica gel column chromatography (chloroform/methancl = 10/1)
to cbtain 3.83 g {yield, 85%) of 3,5-di- (tert-
butoxycarbonylamino)benzoic acid.
(6-2) :

A 2.00 g (5.68 mmol) portion of 3,5-di-{tert-
butoxycarbonylamino)benzoic acid was dissolved in 15 ml of
THF, 3.77 ml (39.7 mmol) of borane-methyl sulfide complex

dissolved in 10 ml of THF was added dropwise to the thus
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prepared solution, and the mixture was stirred at room
temperature for 5 hours. The reaction solution was cooled to
0°C, mixed with water and extracted with ethfl acetate. The
ethyl acetate layer was washed with saturated brine and dried
with anhydrous sodium sulfate, and then the solvent was
evaporated under reduced pressure. The resulting residue was
purified by silica gel column chromatography
(chlor.oform/met'hanol = 20/1) to obtain 1.08 g (yield, 56%) of
1,3-di-tert-butoxycarbonylamino-5-hydroxymethylbenzene.

{(6-3):

According to (3-3) and (3-4) described in Reference
Example 3, compound £ was prepared from 1,3-di-tert-
butoxycarbonylamino-5-hydroxymethylbenzene.

FAB-MS m/z: 354 [M+H]'
'H-MMR (CDCl,) O(ppm): 7.41 (1B, t, 1.7Hz), 7.07 (2H, d,
1.7Bz), 6.50 (2H, br s), 5.39 (2H, br), 4.62 (2E, s), 1.50

(18H, s).

Reference Example 7
Compound g:
According te (3-3) and (3-4) described in Reference
Example 3, compound g was prepared from
4- (dimethylamino)phenetyl alcohol.

FAB-MS m/z: 181 [M+H]'
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‘B-MMR (CDCl;) &(ppm): 7.10 (2H, d, B8.6Hz), 6.70 (2H, d,
8.6Hz), 5.38 (2H, br s), 3.84 (2H, t, 7.1Hz), 2.91 (6H, s),
2.81 (2H, t, 7.1Hz). '

Reference Example 8
Compound h:

According to (6-2) and (6-3) described in Reference
Example 6, compound h  was prepared from
4- (N-methylpiperazinomethyl)benzeoic acid.

H-RMR (CDC1,) d(ppm): 7.29 (2H, m), 7.15» (2H, m), 5.20 (2H,
br), 4.56 (2H, s), 3.93 (2H, s), 3.44 - 3.41 (4H, br), 2.68 -
2.58 (4H, m), 2.55 (3H, s).

Reference Example 9
Compound 1i:

Aceording to (1-2) described in Reference Example 1,
methyl 2-(dimethylaminosulfonyl)benzoate was prepared from
methyl 2- (aminosulfonyl)benzoate, methyl icdide and potassium
carbonate, and then compound i was prepared according to
(3-2) to (3-4) described in Reference Example 3.

FAB-MS m/z: 231 [M+H]*
'H-NMR (CDCl, + CD,0D) &(ppm): 7.87 (1H, d, 7.98z), 7.71 (1H,
d, 7.6Hz), 7.62 (1H, dad, 7.9, 7.3Hz), 7.46 (l1H, 4&d, 7.6,

7.3Hz), 5.10 (2H, s), 2.81 (6H, s).
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Reference Example 10
Compound J:
According to (3-3) and (3-4) described in Reference
Example 3, compound j was prepaied from 2-pyridylcarbinol.
‘B-NMR {CDCl,) d(ppm): 7.21 - 7.30 (5H, m), 5.40 (2H, br),

3.90 (2H, t, 6.9Hz), 2.91 (2H, t, 6.9Hz).

Reference Exanple 11
Compound k:

According to (3-3) and (3-4) described in Reference
Example 3, compound k was prepared from 3-pyridylecarbinel.
'H-NMR (CDCl,} d(ppm): 8.63 (1H, 4, 2.0Hz), 8.57 (1H, dd, 5.0,
1.5z}, 7.73 (1H, dt, 7.9, 2.0Hz), 7.33 (1HE, dd, 7.9, 4.9Hz),

4.92 (2H, br), 4.71 (2R, s).

Reference Example 12
Compound m:

» According to (3-3) and (3-4) described in Reference
Example 3, compound m was prepared from 4-pyridylecarbinol.
'H-MMR ({CDC1l,) &(ppm): B8.59 (2H, d, 5.9Hz), 7.26 (2H, d,
5.98z), 5.55 (2H, br), 4.71 (2H, s).
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Reference Example 13
Compeound n:

According to (3-3) and (3-4) described in Reference
Example 3, compound n was prepai'ed from 3—pirridinepropanol.
'B-NMR (CDCl,) O(ppm): 8.45 (1H, br s), B8.43 (1H, dd, 4.9,
1.38z), 7.50 (1H, ddd4, 7.6, 1.6, 1.3Hz), 7.20 (1H, 44, 7.6,
4.9Hz), 5.36 (2H, br), 3.67 (2H, t, 6.3Hz), 2.67 (2H, t,
7.8Hz), 1.90 (2H, m). : -

Reference Example 14
Compound o:

According to (3-1) to (3-4) described in Reference
Example 3, compound o was prepared from 3-hydroxypicolinic
acic.

FAB-MS m/z: 185 [M+H]"®

'H-NMR (CDC1,) O(ppm}): B.27 (1H, dd, 4.6, 1.3Hz), 7.42 (1H,
dd, 8.3, 1.3Hz), 7.18 (1H, dd, 8.3, 4.6Hz), 5.75 (2H, br},
5.22 (2H, d, 0.7Hz), 4.92 (2H, s), 3.47 (3H, d, 1.0Hz).

Reference Example 15
Compound p:
According to (3-1) to (3-4) described in Reference

Example 3, compound p was prepared from 6-hydroxynicotinic

acid.
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'H-NMR (CDCL, + CD;0D) &(ppm): 7.98 (1H, d, 2.3Hz), 7.52 (1H,
dd, 8.6, 2.3Hz), 6.68 (1H, d, 8.2Hz), 5.32 (2H, s), 4.46 (2H,

s), 3.35 (3H, s).

Reference Example 16
Cempound q:
(16-1) :

According to (1-2) described in Reference Example 1,
tert-butyl N-(6-uracilmethoxy)carbamate was prepared from
tert-butyl N-hydroxycarbamate, sodium hydride, and
6- (chloromethyl)uracil.

FAB-MS m/z: 258 [M+H]"

'H-NMR (CDCLl,) O&(ppm): 10.34 (1H, brx), 8.02 {(1H, br), 5.54
(1H, s), 4.67 (2H, s), 1.48 (SH, s).

(16-2):

A 385 mg (1.50 mmol) portion of tert-butyl
N-(6-uracilmethoxy) carbamate was dissolved in 0.5 ml of
dichloromethane, and the soluticn was mixed with 0.5 ml of
trifluorcacetic acid and stirred at room temperature for 1
hour. By evaporating the solvent under reduced pressure, a

trifluoroacetate of compound g was prepared.
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Reference Example 17
Compound r: ,

According to (3-3) and (3-4) descri_Bed in Reference
Example 3, compound r was: prepared :‘;:‘rom l-methyl-3-
piperidinemethanol.

'H-NMR  (CDC1l;) &(ppm): 5.47 (2E, br), 3.55 (1H, dd, 9.9,
5.6Hz), 3.48 (1H, dd, 9.9, 7.6Hz), 2.92 (1H, br d, 10.9Hz),
2.81 (1B, br d, 11,2Hz), 2.28 (3, s), 2.03 (1B, m), 1.89 -

1.87 (2E, m), 1.59 - 1.71 (4H, m).

Reference Example 18

Compound s:

According to {3-3) described in Reference Example 3,
1- (2-phthalimidoxyethyl)pyrrolidine was prepared from
pyrrolidineethanol and treated with a 4 N hydrochloric
acid/ethyl acetate solution to make it intc a hydrochloride,
and then compound s was prepared from the hydrochleride
according to (3-~4) described in Reference Example 3. By
treating compound s with a 4 N hydrochloric acid/ethyl
acetate solution, a hydrochloride of compound s was prepared.

FAB-MS m/z: 145 [M+H)}*
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Reference Example 19

Compound t: |
(19-1): i

Accoxrding to (1-2) deséribed in Reference Example 1,
4.20 g (yield, 39%) of ethyl N-(3-bromopropoxy)acetoimidate
was prepared from 5.00 g {48.5 mmol) of ethyl
acetohydroxamate, 1.90 g (48.5 mmol) of scdium hydride and
7.4 ml (72.7 mmol) of 1,3-dibromopropane.
(19-2) :

A 500 mg (2.23 mmol) pertion - of ethyl
N- (3-bromopropoxy) acetoimidate was dissolved in 6 ml of
dichloromethane, and the solution was mixed with 0.22 ml
(2.23 mmel) of piperidine and 0.33 ml (2.23 mmol) of
1,8-diazabicyclo[5.4,0]-7-undecene and stirred at room
temperature for 36 hours. The reaction solution was mixed
with a saturated ammonium chloride aqueocus solution and
extracted with chloroform. The chloroform layer was washed
with saturated brine and dried with anhydrous sodium sulfate,
and then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel
chromatography (chloroform/methanol = 10/1) te cbtain 166 mg
(vield, 32%) of ethyl N-(3-piperidinopropoxy)acetoimidate.

FAB-MS m/z: 229 [M+H]"
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'‘H-NMR (CDC1,;) O(ppm): 4.00 (2H, q, 6.9Hz), 3.93 (2H, t,
6.3Hz), 2.53 (6H, m), 1.93 (2H, m), 1.92 (3H, s), 1.70 (4H,
m), 1.49 (2H, m), 1.27 (3H, t, 6.9Hz) .

(19-3) : '

A 166 mg (0.71  mmol} portion of ethyl
N-(3-piperidinopropoxy)acetoimidate was dissolved in 0.5 ml
of THF, and the solution was mixed with 0.1 ml of
concentrated hydrochloric acid- and stirred at room
temperature for 1 hour. By evaporating the solvent under

reduced pressure, a hydrochloride of compound t was prepared.

Reference Example 20
Ceompeound u:
According to (19-2) and (19-3) described in Refexence
Example 19, a hydrochloride of compound u was prepared from

ethyl N-(3-bromopropoxy)acetocimidate.

Reference Example 21
Compound v:

According to (19-1) described in Reference Example 19,
ethyl N-(4-bromobutoxy)acetoimidate was prepared from ethyl
acetohydroxamate, sodium hydride and 1,4-dibremobutane, and
then a hydrochloride of compound v was prepared according to

(19-2) and (19-3) described in Reference Example 19.
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Reference Example 22
Compound w:
According to (19-2) and (19-3) described in Reference
Example 19, a hydrochloride of corpound w was prepared from
ethyl N-(3-bromoprcpoxy)acetoimidate.

Reference Example 23
Conmpound x: ; o
According to (19-2) and (19-3) described in Reference
Example 19, a hydrochloride of compound x was prepared from

ethyl N-(4-bromobutoxy)acetoimidate.

Reference Example 24
Compound y:
According to (19-2) and (19-3) described in Reference
Example 19, a hydrochloride of compound y was prepared from
ethyl N-(4-bromcbutoxy)acetoimidate.

Reference Example 25
Compound z:

According to (3-3) and (3-4) described in Reference
Example 3, compound z was prepared from 1-({2-hydroxyethyl)-2-
pyrrolidinone, and then compound z was treated with a 4 N
hydrochlorie acid/ethyl acetate solution to obtain a

hydrochloride of compound z.
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FAB-MS m/z: 145 [M+H]*

Reference Example 26
Compound aa:

According to (3-3) and (3-4) described in Referenqe
Example 3, compound aa was prepared from 1-{3-hydroxypropyl) -
2 —i:yrrolidinone .

"E-NMR (CDC;) 8(ppm): 5.40 (2H, br), 3.68 (2E, t, 6.3Hz),
3.39 (2H, dd, 11.5, 6.9Hz), 3.37 (2H, m), 2.39 ( 2H, dd, 8.8,
7.6Hz), 2.02 (2H, ddd, 6.9, 6.3, 1.0Hz), 1.81 (2H, ddd, 11.5,

6.3, 1.0Hz), 1.81 (2H, m).

Reference Exanple 27

Compound bb:
(27-1) :

According to {16-1) described in Reference Example 16,
659 mg (3.80 mmol) of tert-butyl N-(allyloxy) carbamate
prepared from tert-butyl N-hydroxycarbamate, sodium hydride
and allyl bromide was dissolved in 10 ml of dichlorcmethane,
and the thus prepared solution was mixed with 886 mg (4.67
muel)  of m-chloreperbenzoic acid and stirred at room
temperature for 24 hours. The reaction solution was filtered,
mixed with a 1 N sodium hydroxide aqueous solution and
extracted with chloroform. The chloroform layer was washed

with saturated brine and dried with anhydrous sodium sulfate,
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and then the sclvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column ’
chromatography (n-hexane/ethyl acetate = 4/1) to obtain 447
mg (yield, 62%) of tert-butyl N-;(Z , 3-epoxypropoxy) carbamate.
(27-2):

A 150 mg (0.79 mmel) portien of tert-butyl
N- (2,3-epoxypropoxy) carbamate was dissolved in 1 ml of
methanol, and the sclution 'was-mixed with 0.08 ml (0.95 mmol)
of pyrrelidine and stirred at room temperature for 14 hours.
The reaction solution was mixed with a saturatéd amonim
chloride aquecus solution and extracted with chloreoform. The
chloroform layer was washed with saturated brine and dried
with anhydrous sodium sulfate, and then the solvent was
evaporated under reduced pressure to obtain 181 my (yield,
88%) of tert-butyl N-(2-hydroxy-3-pyrrolidinylpropoxy)-
carbamate.
FAB-MS m/z: 261 [M+H]*
'H-NMR (CDCl,) S(ppm): 4.02 (1H, m), 3.92 (1H, dd, 11.2,
3.3Hz), 3.77 (1H, dd, 11.2, 7.3Hz), 2.68 (4H, m), 2.65 (lH,
m), 2.50 (1H, m), 1.89 (9H, s), 1.80 (4H, m).
(27-3) :

According to (16-2) described in Reference Example 16,
a trifluorocacetate of compound bb was prepared from tert-

butyl N-(2-hydroxy-3-pyrrolidinylpropoxy) carbamate.
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Reference Example 28
Campound cc:

According to (1-2) described in Reference Example 1,
2-(2-phthalimidoxyethyl) -1,3-dioxolan was prepared from
2~ (2-bromoethyl) -1, 3-dioxolan, N-hydroxyphthalimide and
potassium carbonate, and then compound cc was prepared from
2-(2-phthalimidoxyethyl) ~1,3-dioxolan according to (3-4)
described in Reference Example-3.- -

'H-NMR (CDC1,) O{ppm): 5.40 (2B, br), 4.97 (1H, t, 5.0Hz),
3.80 - 4,00 (6H, m), 1.98 (2H, dt, 6.3, 5.0Hz).
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TABLE 6 (1) Reference Example

H,NO-R%®
- 3e ol - le
;gﬁnd R pgrand R
b (CH,),COH k /\Q
~OCHj3
C m [+
/\?OTBS
d n [
TBS d
’\gngHs “OCHa
e CH 0 Y
CH, ° N
HBoc N
f Q
NHBoc P 0"0OCHs
0
s
h

SO2N(CHa)z
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TABLE 6 (2) Reference Example

H,NO-R*
s P Souna
t N‘NO y /\/\,N(:)g
u NNQDH- : , /\,NE

"NCgH

X 815 cc D

A~ N )
INDUSTRIAL APPLICABILITY

According to the present invention, novel

radicicol derivatives or pharmacologically acceptable
salts thereof which show tyrosine kinase inhibition
activity and have antitumor or immunosuppression effects

are provided.
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The claims defining the invention are as follows:

1. A mdicicol derivative represented by the following formula (I) p} a

pharmacological!)} acceptable salt thereof:

OR' O HC
o]
R%0 R'O (N
CI’N P
?
R?

7 wherein R' and R are the same or different, and .cgch represents hydrogen, alkanoyl, alkenoyl,” -
teﬂ-butyldiphenylsily} or tert-butyldimethylsilyl,
R3 Tepresents
(A) YR { wherein Y represents substituted or unsubstituted alkylene; and
r Tepresents |
(3) CONR’R” <whesein
o IR6 rcpresc;xls hydrogen, hydroxyl, swbstituted or unsubstituted lower
alkyl, substituted or’ uﬁsubstituted higher atkyl, substituted c;r unsubstituted lower cycloalkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted lower alkoxy, Substituted or
unsubstituted aryl, a substituted or unsubstituted heterocyclic group, or NRgli9 (wherein E® and r’
are the same or different, and each represents hydrogen, substituted or ;Jnsubstimted lm_aver alkyl,
substituted or unsubstituted higher alkyl, substituted or unsubstituted lower cycloalkyl, substituted or
unsubstituted aryl, a substituted or unsubstitutt;,d' heterocyclic group, subsiituted or unsubstituted
alkanoyl, substituted or unsubstituted aroyl, carbonyl bound to a substituted ot unsubstituted
heterocyclic ring, or substituted or unsubstituted arylc:irbamoyl), or is combined together with R’ and
adjoining N to represent a substituted or unsubstituted heterocyclic group; and |
R’ is combined together with Ré and adjoining N to represent a
substituled or unsubstituted heterocyclic group, or represenis hydroxyl, substituted lower alkyl,
substituted or unsubstituted higher alkyl, substituted or unsubstituted lower cycloalkyl, substituted or

unsubstituted alkenyl, substituted or unsubstituted lower alkoxy, substituted or vasubstituted aryl, a

-
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substituted or unsubstituted heterocyclic group, or NRRM (wherein R' and R' have the same

‘meaning as R® and RY defined above, respectively)>>,

. () COZF(12 (wherein R12 represents sobstituted lower alkyl, substituted or
unsubstituted higher alkyl, substituted or unsubstituted lower cycloalkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted aryl, or a substituted or unsubstituted heteroeyclic group),

(c) substituted or unsubstituted ary], |
(d) substituted or unsubstituted pyridyl,
(e) substituted or unsubstituted pyridonyl,
(f) substituted or unsubstituted pyrrolidonyl,
(g) substituted or unsubstilﬁtsd uvracilyl,
o substiluu-:d or unsubstituted piperidyl,
(i) substituted or unsubstituted piperidine,
(i) substituted or unsubstituted pyrrolidinyl,
(K} substituted or unsubstituted morpholino,
(1) substituted of unsubstitated morpholinyl,
(m) substituted or unsubstituted pipéraziny],
(n) substituted or unsubstit.uted thiomorpholino, or
(0} substituted or unsubstituted dioxolanyl },
® COR" < wherein R represents hydrogen, substiluted or unsubstituted lower
alky[, substituted or unsubstituted higher alkyl, substituted or unsubstituted aryl, substituted or

. . e
unsubstituted lower alkoxy, or NRMRY (wherein R 4 and R?® are the same or different, and cach

-represents hydrogen, substituted or unsebstituted lower alkyl, substituted or unsubstituted higher

alkyl, substituted or unsubstituled aryl, or substituted or unsubstituted pyridyl, or R a0d R™ are
combined together with adjoining N to represent a substituted or unsubstituted heterocyclic gToup)>,
or
(C) substituted or unsubstituted aryl;
X represents halogen , or is combined together with Ko represent a single bond; and
" R* is combined logeihcr with X to represent a single bond, or represents hydrogen, alkanoyl, ‘

alkehoyl, or -SO-Z { wherein Z represents formula (A):

-
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OR™ O HC
0 0—
R¥0 X (4)
Cl W A

wherein R and RzA have the same meaning as RI and R2 defined above, respectively; XA
represents halogen; and W represents O or ].‘~1-(}R3_A { wherein R3A has the same meaning as r?

defined above)}.

2. The compound according to claim 1 or a pharmacologically acceptable salt thersof,

5
wherein X is halogen.
3. The compouad according to claim 1 ora pharmacologically acceptable salt thereof,
wherein X is combined together with R4 to represent a single bond.
e 4. The compound according to claim 3 or a pharmacologically acceptable salt thereof,
o wherein R1 and R2 each is hydrogen.
“.' 5. The compound according to claim 4 er a pharmacologically acceptable salt thereof,
teaet wherein R3 is Y-RS,
cieeed : 6. The compound according to claim 5 or a pharmacologically accepiable salt thereof,

wherein R3 is substitoted or unsubstituted aryl, substituted or unsubstituted pyridyl, substituted or

-
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unsubstituted pyridonyl, substituted or unsubstituted pyrmolidonyl, substituted or
unsubstituted uracilyl, substituted or unsubstituted piperidyl, substituted or unsubstituted
piperidino, substituted or unsubstituted pyrrolidinyl, substituted or unsubstituted
morpholino, substituted or unsubstituted morpholinyl, substituted or unsubstituted
piperazinyl, substituted or unsubstituted thiomorpholino, or substituted or unsubstituted
dioxolanyl.

7. The compound according to claim 5 or a pharmacologically acceptable salt
thereof, wherein R’is pyrrolidonyl.

8. A 15-chlore-4,6,16,18-tetrahydroxy-12-(hydroxyimino)-3-
oxabicyclo[12.4.0]octadeca-1(18),8,10,14(15),16-pentaen-2-one derivative, substantially
as hereinbefore described with reference to any one of the Examples.

9. A pharmaceutical composition including or consisting of an effective amount
of at least one compound according to any cne of claims | to 8, together with a
pharmaceutically acceptable carrier, diluent or adjuvant therefor.

10. A methed for the treatment or prophylaxis of diseases caused by tyrosine
kinase in a mammal requiring said treatment or prophylaxis, which method includes or
consists of administering to said mammal an effective amount of at least one compound
according to any one of claims 1 to 8, or of a composition according to claim 9.

11. A compound according to any one of claims 1 to 8 or a composition or
formulation according to claim 9 when used in the treatment or prophylaxis of diseases
caused by tyrosine kinase.

12. A compound according to any one of claims I to 8 or a composition or
formulation according to claim 9 for use in the treatment or prophylaxis of diseases
caused by tyrosine kinase.

13. The use of a compound according to any one of claims 1 to 8 for the
manufacture of 2 medicament for the treatment or prophylaxis of diseases caused by
tyrosine kinase.

14.  The compound, composition, method, or use according to any one of claims 1
to 13, wherein said treatment or prophylaxis of discases caused by tyrosine kinase results
in antitumor or immunosuppression effects in said mammal.
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