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1. A DC-89 derivative represented by the formula

HaG CO,CH;

HN

wherein:
X represents Cl or Br;
R represents:
(a) substituted or unsubstituted lower alkyl;
(b) substituted or unsubstituted aralkyl;
() COR! in which R1 represents;
(i) hydrogen;
(ii) substituted or unsubstituted lower alkyl
(iii) substituted oc¢ unsubstituted aryl;
(iv) substituted or unsubstituted heterocyclic group selected from: the
group consisting of pyridyl, pyrazinyl and pyrimidinyl;
oo :/2
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(v) OR2 (in which R2 represents substituted or unsubstituted lower
alkyl or aryl);

(vi) SR2 (in which R? is the same meaning as defined above);

(vii) NR3R4 (in which R3 and R* independently represent hydrogen,
substituted lower alkyl, amino, or mono- or di(lower alkyl)amino, provided that R3 and
R4 are not hydrogen at the same time);

/7 \
NN RS

N/ .

R6

(viii)

in which R> represents NR7 (in which R7 represents hydrogen or substituted or
unsubstituted lower alkyl) or oxygen, and RO represents hydrogen or substituted or
unsubstituted lower alkyl, or

=00
o

(in which RS represents hydrogen or substituted or unsubstituted lower alkyl) or SO,R8
(in which R8 represents substituted or unsubstituted lower alkyl or substituted or
unsubstituted aryl); and

Y represents

 OCH;
OCHs
| OCH;
N ocH, O
o 0

or pharmaceutically acceptable salts thereof.
6. A method for the treatment or prophylaxis of a tumor in a mammal,

comprising administering to said mammal an effective amount of a DC-89 derivative
according to any one of claims 1 to 3.
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(57) Abstract

A DC-89 derivative represented by general formula (I) or a pharmacologically acceptable salt thereof, wherein
X represents Cl or Br; R represents (un)substituted alkyl, (un)substituted aralkyl, COR! or SO2R?; and Y represents.
the group (a) or (b). The compound has an excellent antitumor activity and is useful as an antitumor drug,




SPECIFICATION

DC-89 DERIVATIVE-

5 Technical Field

The prnsent 1nventlon relates to DC-89 derivatives. The
compounds of tHe present invention exhlblt excellent anti- tumor

activity and are useful as antl tumor agents.

10  Background Art

As compoudds related to DC-89 derivatives of the present
invention, DC-89Al1, DC-89A2, DC-89B1 and DC-89B2 represented by
the follow1ng structural formula are known, and these compounds
exhibit antibacterial act1v1ty agalnst various bacterla and also

15 antitumor activity against melanoma B-16, . etc.

20

~CH,-, Y0 = Cl
single bond, Y% = CH,Cl
DC-89B1:X0 = —CH,-, YO = Br
DC~89B2:X0 = singie bond, Y% = CH,Br

DC-89A1: X0
25 DC-89A2:X0

DC-89A1 is disclosed in WO87/06265, and DC-89A2, DC-89B1
30 and DC-89B2 are disclosed in JP,A,2-119787. SF2582A and SRt e
SF2582B, which are the same compounds as DC-89A2 and DC—89A1,
are disclosed in JP,A,1-139590. DC-88A and DC113 are dlsclosed
in WC87/06265 and JP,A,2-177890, respectively. These compounds
exhibit not only antibacterial activity against various bactéria
35 but also anti~tumor activity against melanoma B-16, etc.
DC-88A derivatives and DC-89 derivatives are disclosed in
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JP,A,2-288879, JP,A,3-7287, JP,A,3-128379 and JP,A,5-178858.
JP,A,3-128379 discloses Compounds (A) and (C) represented by the following
formulae, and JP,A,5-178858 discloses Compounds (B) and (D) represented by the

followmg formulae
G co.CHy

CO,CH;
OCH;
oc
OCHs
H3(‘N NCO> HaC NCOZ N x
0

5
| ®)
CO,CH; CO,CHy -
10 Further, CC-1065 and its derivatives are dlsclosed in JP,A,54-64695, JP,A,60-

193989, WO88/04659, EP-359454 and JP,A,3-14581. Related derivatives are dlsclosed

in JP,A,6-116269.
It is an object of the present invention to provide DC-89 derivatives which exhibit

excellent anti-tumor activity.

Disclosure of the Invention

15
The present invention provides DC-89 derivatives represented by formula (I)
HaG CO,CH;
X
H
@
RO "
Y
wherein:
X represents Cl or Br;
20 R represents: Y
; /5

(a) substituted or unsubstituted lower alkyl;
(b) substituted or unsubstituted aralkyl;
(c). COR! in which R! represents;

(i) hydrogen;

[N:\libaa]00974:JVR

;—— 




3
(if) substituted or unsubstituted lower alkyl
(iif) substituted or unsubstituted aryl;
- (iv) substituted or unsubstituted heterocyclic group selected fromthe

group consisting of pyridyl, pyrazinyl and pyrimidinyl;
(v) OR? (in which R? represents substituted or unsubstituted lower

alkyl or aryl);
(vi) SR2? (in which R? is the same meaning as defined above);

(vii) NR3R# (in which R3 and R# independently represent hydrogen,
substituted lower alkyl, amino, or mono- or di(lower alkyl)amino, provided that R3 and
10 R# are not hydrogen at the same time);

(&)

(viii) o R

in which R5 represents NR7 (in which R7 represents hydrogen or substituted or
unsubstituted lower alkyl) or oxygen, and R® represents hydrogen or substituted or

unsubstituted lower alkyl, or

- 0w )
. Fliﬁ

HMRE |
BN (in which RS represents hydrogen or substituted or unsubstituted lower alkyl) or SO,R8 -
Nl (in which R® represents substituted or unsubstituted lower alkyl or substituted or

unsubstituted aryl); and '
: Ceee Y represents
L OCHy

OOQOf OCH3
0:. L[] 0: / OCHS
K ~ N
WooocH

20 0 o

or pharmaceutically acceptable salts thereof.
The compounds represented by formula (I) are hereinafter referred to as Compounds

(D). Similarly, the compounds represented by formulae (I) and (IX) are referred to as
Compounds (I) to (IX). Compounds (I)a, (I)b, etc. are intended to be included in
25 Compounds (I), and Compounds (I)b-1, (I)b-2, etc. are intended to be included in

Compounds (I)b.
In the definition of the above-mentioned formula (I), lower alkyl and the alkyl

Y
//’w° A 0 ) 8 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
AT

VN Y

\ O
\\

[N:Mibaa]00974:JVR
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sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, isohexyl,
heptyl, octyl and iso-octyl. Examples of aryl include phenyl and
naphthyl. Examples of aralkyl include_groups having 7 to 20
carbon atomsoquh as benzyl, phenetyl, styryl, benzhydryl‘and
trityl. Examples of the.heterocyclic group include pyridyl,
pyrazinyl and,pyrimidihyl. The substituted lower alkyl has 1 to
3 independently-selected substituents such as lower alkoxy,v
alkylthio optionally substituted by carboxy, carboxy, lo@er
alkoxycarbonyl, benzyloxycarbonyl, amino, mono- or di (lower
alkyl)amino, cyclic amino optionally substituted by lowe:'alkyl
or cyclic amino; haiogen ahd phenyl, ih which examples of the
cyclic amino group include pyrrolidino, plperldlno, plpera21nyl
and morpholino,; and lower alkyl and the alkyl moiety of lower
alkoxy, lower‘alkylthlo, lower alkoxycarbonyl and mono- or -
di (lower alkyl)amino has the same definition as that of the
above-mentioned lower alkyl. ExampleS-Of halogen-include
fluorine, chlorine, bromine and iodine atoms. The substituﬁed
aryl, the substituted aralkyl and the substituted heterocyollc
group each has 1 to 3 independently-selected substituents such
as lower alkyl, substituted zlkyl, lower alkoxy, lower
alkoxycarbonyl, amiho, mono- oxr di(lower'alkyl)amlno, pyrrole
and halogen, in whlch lower alkyl and the alkyl moiety of ;nwer
alkoxycarbonyl and mono- or di (lower alkyl)amino has the same
definition as that of the above-mentioned lower alkyl, and the
substituents of substituted lower alkyl and halogen axe the same
meanings as defined above.
Examples of the pharmaceutlcally acceptable salts of
Compounds (I) include inorganic acid-addition salts such as
hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate and
nitrate, and organic acid-addition salts such as acetate,»
benzoate, maleate, fumarate, succinate, tartrate, citrate,
oxalate, glyoxylate, aspartate and methanesulfonate.

The processes for preparing Compounds (I) are described

below.
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hydrolysis.

When the défined groups changes under reaction conditiohs_;-

or are inappropriate for conducting the processes, the processes
can be easily carried out by using protection/deprotection : :
method for functional groups conventionally employed in organic

synthetic chemistry includihg oxidation, reduction and

(Process 1) ,
Compound (I)a, which is Compound (I) wherein R is o

substituted or unsubstitﬁted lower alkyl or substituted brv'

unsubstituted aralkyl, can be p:epated by the,f01lowing,process.

(Process 1-1) .
Compound (II) can be prepared by treating Compound (C) or -

Compound (D} with perchloric acid in an inert solvent

HGC COgCHa . b Hac COzCHg L v BN
HN . o ©HN OH e
HCIO4 g ]

o) , | | HO ';'

! . : Y

In the formulae, Y is the same meaning as defined above.

Perchloric acid is usually nsed in ‘an amount of 1 to 20 : » 1fJf@ﬁf
equivalents based on Compound (C) &z (D). R

As the inert solvent, water, dlmetnylformamide,
tetrahydrofuran, toluene, dioxane, acetonitrile, etc. may be
used singly or in combination. The reaction is usually
conducted at -20°C to 50°C for 10 minutes to 10 hours.

(Process 1-2)
Compound (IV) can be p.epared by reacting Compound (II), in

the presence of a base in an inert solvent, with T

RS-Hal ()




La

wherein R? is substltuted or unsubstltuted lower alkyl or
substituted or unsubstltuted aralkyl in the definition of R, and

Hal is a chlorine; bromine or iodine atom:

HaC

HiC,  CO,CHs
HN O HN
N R"-Hal
HO 'l'.' Base R0
Y . .
(1) : (1v)
10 | |

In the formulae, R? and Y ar= the same meanings as defined

above.

Compound' (III) 1is usually used in an amount of 1 to 10

15 equ1valents based on Compound (IT), Examples of the base
include potassium carbonate, -sodium hydrogen carbcnate,
potassium tert-butoxzde, triethylamine, pyridine and 4-
dimethylaminopyridine The base 1is usually used in an amount of
1 to 10 equlvalents based on Compound (II). As the inert

20 solvent, dlmethylformamlde, acetone; tetrahydrcfuran, tcluené,
dioxane, acetonitrile, etc. “may be used singly or in ' o '
combination.  The reactlon is usually conducted at -20°C to 80 C S P

for 1 hour to 3 days

25 (Process 1- 3) , :
Compound (V) can be prepared by reacting Compound (IV) with

methanesulfonyl chloride in the presence of a base in an.;nert

solvent.

2CH3 . B . H3C . 002CH3

30 | 0S0:CHy
CHySOLCI

(IV) | o 5

In the formulae, R® and Y are the same meanings as defined

()
3
e}
(o]

'ﬁ

SASE

35

above.
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Methanesulfonyl chloride is usually used in an amount of 1
to 5 equlvalents based on Compound (IV). Examples of the base.
include pota351um tert-butox1de, trlethylamine, pyridine and 4-

dlmethylamlnopyrldlne The base 1is usually used in-an amount of '

1 to 5 equivalents based on Compound (IV) . However, when the.
base serves also as a solvent, it is used in large excess. . As
the inert’solvent, pyridine, methylene chloride, chloroform,
dimethylformamide,_tetrahydrofurah, toluene,fdioxane, etc. may -
be used singly or ‘in combination. The reaction is usually
conducted at -80°C to 50°C for 30 minutes to 1 day.

(Prxocess 1 4)
Compound (I)a can be prepared by reactlng Compound (V). in

an inert solvent, with

Met-X = (V1)
wherein Met is an alkali metal such as lithium, sodium and
potassium, and X is the same meaning as defined above.

H,C COgCHa

HyC CO,CH3
' T 0S0,CHj HN
HN . Met-X

Rr°0 'i' |
TR 0

In the formulae, R?, Met, X and Y are the same meanings as

defined above.:

Compound (VI) is usually used in an amount of .1 to 20
equivalents based on Compound (V). As the inert solvent,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran,; toluenej;
dioxane, acetonitrile, etc. may be used singly or in

combination. The reaction is usually conducted at 0°C to 100'C_.'

for. 30 minutes to 2 days.




5
(Process 2-1) G
Compound (VII) éan be prepared by treating Compound (C) dr
Compound (D) with hydrochloric acid or hydrobromic acid in‘an
inert solvent. ‘ :
10 HaC_  CO,CH,
HN o
HX
B
(o] ¢
15 (€), (D)
In the formulae, X and Y are the same meanings as defined above.
Hydrochloric acid or hydrobromic acid is usually used in an
20 amount of 1 to 20 equivalents based on Compound (C) cr (D). As
the inert solvent, water, dimethylformamide, tetrahydrofuran,
dioxane, acetonitrile, eté may be used singly or in
combination. The reaction is usually conducted at ~30°C to 50 o
for 10 minutes to 5 hours.
25
Compound (C) can be prepared from Compound (E) having the
following structure, which is a precursor of Compound (C), by
the process desclosed in JP,A,3-128379. Compound (C) thus
obtained also may be used without isolation in the above
30 process.
H,C CO,CH,
HN Bt OCHy
/ OCH,
t-BuMe,SI0 N
35- o H OCH,
(E)
FERPAGN,
Ay N
[g N )
'\Z?\NT o‘?@;’%/ 5

(Process 2)
Compound (I)b,
which R! is the same meaning as defined above, can be prepared :

which is Compound (I) wherein R is COR! in

by the following process.
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In the formula, Me represents a methyl gfoup, and t-Bu

represents a tert-butyl group.

(Process 2-2-1)
Compound (I)b-1, which is Compound (I)b wherein R! .o

hydrogen, SUbStituted.Or'unsubstituted alkyl, substituted or
unsubstituted aryl or substituted or unsubstituted heterocyblic,
group, can be prepared by reacting Compound (VII), in an inért
solvent, with a condénsation agent such as } )
dicyclohexylcarbodiimide (DCC), 4-dimethylaminopyridine and:
R10CO,H (in which R!? is hydrogen, substituted or unsubstituted
alkyl, substituted or’ﬁnsubstituted aryl or substituted or
ursubstituted heterocyclic group in the definition of Rl).

H:!C COz(:H 3

(I b1

In the formulae, R!?, X and Y are the same meanings as defined

above.

RI0OCO,H;, DCC and 4-dimethylaminopyridine are usually used in
amounts of 1 to 10 equivalents based on Compound (VII). As the
inert solvent, methylene chloride, chloroform,
dimethylformamide, tetrahydrofuran, toluene, dioxane,
acetonitrile, etc. may be used singly or in combination.
reaction is usually conducted at -20°C to 50°C for 1 hour to 1

The

day.

(Process 2-2-2)
Compound (I)b~1 can be prepared by reacting Compound (VII)
with an acid anhydride represented by the formula (R!°CO),0 in

which R!® is the same meaning as defined above in the presence of

a base in an inert solvent.




(vin)

Base

(1) b1

In the formulae, R!9, X and Y are the same meanings as defined

above.
10

equivalents based on -Compound (VII) .
include triethylamine, pyridine and 4-dimethylaminopyridine.

The base is usually used in an amount of 1 to 10 equivalents.: 3

15 based on Compound (VII). However, when the base serves élSQvasva

a solvent, it is used in large excess.

The acid anhydride is usually used in &an amount of 1 to 10

Examples of the base

As the inert solvent,

methylene chloride, chloroform, dimethylformamide,
tetrahydrofuran, toluene, dioxane, pyridine, etc. may be used
singly or in combination. . The reaction is usually conducted at

20 -20°C to 50°C for 30 minutes to 1 day.

(Process. 2-3)

Compound (I)b-2, which is Compound (I)b wherein R! is OR2
or SR? in which R? is the same meaning as defined above, can be.

25 prepared by reacting Compound (VII) with

R%Z-COClI

(VIL)

wherein 2 is oxygen or sulfur, and R? is the same meaning as

defined above in the presence of a base in an inert solvent.

HSC COzCHg

H3C CO,CH3
= X
HN '
R2-z-COCI . /,
Base R2ZCO,” T
Y x
D b2

In the formulae, X, ¥, Z and R? are the same meanings ag defined

30 X
HN,_
HO T
Y
35 (vin)
above.
i AN
- Z""""\; (. ) y‘

s
KN ‘\‘ ‘\“l T (\(‘

10
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Compound (VIII) is usually used in an amount of 1 to 10 =
equiv;lents based on Compound (VII). Examples of the base ' '
include potassium tert—butoxide;}triethylamine, pyridine‘and 4~ _
dimethylaminopyridine. - The base is usually used in an amount off‘

1 to 10 equivalents based on Compound (VII). However, when théiv R

base serves also as a solvent, it is used in large excess;'_As S
the inert solvent, methylene chloride, chloroform, '
dimethylformamide, tetrahydrofuran, toluene, dioxane, pyridiné,i“
etc. may be used singly or in combination. The reaction is
usually conducted at -80°C to 50°C for 30 minutes to 1 déy.

(Process 2-4) .

Compound (I)b-3; Which is Compound (I)b wherein R! is
NRI3R!2 wherein R% and R4aiindependently represent hydrogen or
substituted or unsubétituted.lower alkyl in the definition of R3'
and RY, can be prepared by the following process. i

(Process 2-4-1) | -
Compound (IX) can be prepared by reacting Compodnd {VII)
with p-nitrophenyl chloroformate in the presence of a base in an

inert solvent.

HaC. CO,CH,

HN mu—@—ococn HN
| >
)

Y
(Vi)

In the formuXae, X and Y are the same meanings as defined above.

p-Nitrophenyl chloroformate is usually used in an amount of
1l to 5 equivalents based on Compound (VII). Examples of the
base inclade potassium tert-butoxide, triethylamine, pyridine
and 4-dimethylamincpyridine. The base is usually used in an
amourt of 1 to 5 equivalenteg based on Compound (VII). However,
when the base serves also as a sclvent, it is used in large
excess. As the inert solvent, methylene chloride, chloroform,

"‘i‘"\\'\h
11

Ry
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pyridine, dimethylformamide, tetrahydrofuran, toluene,'dioxane;‘?
etc. may be used sxngly or in combination. The reaction is_
usually conducted at -80°C to 30 ¢ for 30 mlnutes to 10 hours

(Process 2-4- °)
Compound (I)b -3 can be prepared by reactlng Compound (IX)

with R3R!NH (in which R3 .and R* are the same meanings as. deflned

above) in the presence of a base in an inert solvent.

coscH;

RWR“NH :

(1x) (1) b3

In the formulae X, Y, R? and R% are the same meanings as defined

above.

RIK*H is usual]y used in ‘an amount of 1 to 5 equxvalents

v

based on Compound (IX) . Examples of the base include

triethylamine, pyrldlne and 4= dlmethylamlnopyrldine The base_is e

usually used in an amount of 1 to 5 equivalents based on
Compound (IX). However, when the base serves also as a solvent,
it is used in large excess. As the inert solvent, methylene
chloride, chloroform; dimethylformamlde,,tetrahydrofuran,
toluene, dioxane, etc. may be used singly or in combination.

The reaction is usually conducted at -80°C to 80°C for 30

minutes to 1 day.

(Process -2-5)
Compound- (I)b=4, which is Compound (I)b wherein R! is
NR3:RMP (in which R3® and R% independently represent hydrogen,
amino or mono- or di(lower alkyl)amino in the definition of R3
and RY) or | NN/“WES
) | |
(in which R® and R® are the same meaninags as defined above), can;

B ¢ r&
1 Wﬁu%w} . - 1




be prepared by reacting Compound (IX), #n the presence of afbaSe'f?f i

in an inert solvent, ‘with ..

) | i R an ' '
HNR®R® (0 a  or HNN ~ R® (X) b
L ] AR B D e
5 N R e e
wherein R3P, R%, R5 and R6 are the samé'meanings as. defined
above. '
HyC:  CO,CHs HiC_  CO,CH;,
10 - HN, . o X v B HN iy ;
' ‘ e, ——— . o’
om—@-oco_ N RO, N
(T (1) b4

15 In the formulae, Rl is NR3®R4® (in which R3 and R are the-séme:4,:*

meanings as defined above) or NN/ \Rs

Ae\_J

(in which RS and RS are the same meanings as defined above)fin
20 the definition of R!, and X and Y are the same meanings as

defined. above.

Compound (X) is usually used in an amount of 1 to 5
equivalents based on Compound (IX). Examples of the baée _
25 include triethylamine, pyridine and 4-dimehhylaminopyridinef The
base is usually used in an amount of 1 to 5 equivalents based on
Compound (IX). However; when'LAe'oase serves also as a solvent; -

it is used in large excess. As the inert solvent, methylene
chloride, chldroform} dimethylformamide, tetrahYdrofuran,-.:

30 toluene, ‘dioxane, etc{vmay be used singly or in cdmbihation‘ ""”'ﬁ“-VT
The reaction is usually conducted at -80°C to 50°C for 30 ‘

minutes to 1 day.

(Process 3) :
35 . Compound (I)c, which is Compound (I) wherein R is SO,R® (in

which R® is the same meaning as defined above), can be prepa?ed

13
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by reacting Compound (VII), in the pfesence of a base in an
inert solvent, with Compound (XI) represented by the formula

R*’sozcn (X1) |
wherein RS is the same meaning as defined above.

HSC COzCHs

R%s0O,CI
‘Base » R%0,”7 N

| (vm ) @
In the formulae,vRB,:X‘and Y are the same meanings as defined

above.

Compound  (XI) is usually used in an amount of 1 to 10
equivalents’baeed on Compound (VII). Examples of the'base:
include potassium tert—butox1de, trlethylamlne, pyridine and 4—
dimethylamlnopyrldlne. The’ base is usually used 1n an amount of
1l to 5 equivalentS»based on Compound (VII). However,-when}the
base serves also as a solvent, it is used in large excess. As
the inert solvent, methylene chloride, chloroform, |
dlmethylformamlde, pyrldlne, tetrahydrofuran, toluene, dloxane,
etc. may be used singly or in comblnatlon ‘The reactlon is
usually conducted at -80°C to 50°C for 30 mlﬁutes to: 20 hOUrs

After the completlon of the reaction of each process,
water, acid, buffer, an aqueous solutlon of sodium hydrogen
carbonate, etc.'are added to the reaction mixture, if necessary,
and the mixture is extracted with an organic solvent such as
ethyl acetate, chloroform and ether. The extract is washed with
water, an aqueous solution of sodium hydrogen carbonate, an
aqueous éolution of sodium chloride, etc. and dried over
anhydrous’sodium sulfate, et¢. . After the solvent is evaporated,
the resulting residue is purified by silica-gel column |
chromatography; thin-layer chromatography, high=performance
preparative liquid chromatography, recrystallization, etc.

In the case where a salt of Compound (I) is desired and it
is obtained in the form of the desired salt, it can be subjected

14
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to pur:ficatlon as such.. In the case where Compound (I) is, =

obtained in the free state and its salt is desired, the deSLred
salt can be obtalned by dlssolv1ng or suspending Compound (I) in
a suitable solvent and addlng a sultable acid to the solutlon or;

suspension.. - :
The reaction intermediates may be directly used in the
subsequenf step without. isolation or purification Compounds
(I) and its pharmaceutlcally acceptable salts may be in the form
of adducts w;th‘water or various solvents, which are also w1th1n
the scope‘of tne present invention. ‘Further, all possible’
isomers of Compounds (I)‘including optical isomers and mixtures
thereof also fall wlthln the scope. of the present 1nventlon '
The structures and compound numbers of representative
compounds whlch fall under Compounds (I) are shown in Table 1;G
The structures and compound numbers of the synthetic |
intermediates“of ComPOund (I) are shown in Table 2.

15
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OCHy ; : ' . R __
/ O OCHs Mec= ' N
\m_\ Ph:v—@ LT Tt

N ocnJ

Compound R o x SRR %
No. : S SRR

10 1l CHzPh S BT
2 CH . . Br ™

3 cHy e ™

4 S0CH; i Br ™
15 5 . sq,CF, FR Br ™
6. COCH, B ™
7 cocH, Br o TM
8 COPh : | Br . TM
9 CONHCH,COCHPH B TM

20 | |
10 CONHCH;CO,H o oBr ™

11 CONHCH(CHPRICOH ~  Br ™
2 COCH; e MEC
13 CONHCH;CQZH B MEC
25 | | el LR
14 ‘COCH, Br MEC
15 COSCH SRR Br 'MEC
16 CO—’Q v : ... Br . MEC
co{ » . . . Br MEC
" Q.ﬁcn

30 18 CONHN NCHy Br MES

J(J

.19 CONHN_ NCHs.HCl Br MEC
20 CONHN 0 Br MEC
‘. N
21 CO‘\—;? Br MEC

35 ; - HN . .
22 co-@—unz | Br MEC

T L CO@N G Br MEC
*:\;-VF%(/ X N/ T
r 4’»\

1y . L 16




~Table 1 (continued)

5 (\/@ s
e .
Compound R e X Y
No. i .
10  NGH), ; |
2 g o Br MEC
25 CO~_-N(GHs), Br MEC
26 CO{ )N B MEC
15 (21 cocuzn_\__lncu,_ Br  MEC
28, O )-CHN_ NCHy HBr Br MEC
29 ~CONHN(CH,)y - ° e ' Br ‘MEC
30 CON(CHyNH, | Br MEC

90 31 CONHEQ-ND B MEC
32 cont_ N ) HBr  Br  mEC

34 cO~)-CH,NHCOOC(CHy); ~ Br MEC
- 35 _co-@—-cn,nnz B MEC
36 GO~ )~CH,NH,. HBr Br MEC
a7 CONHN__NCH,. HBr B MEC
.38 CON(CH;3)NHCH; - B MEC
39 ©  COCH,N' NCHy. 2HBK Br MEC
30 . M NEHs
a0 cocHN N ) 2HBr  Br MEC
35 :
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‘Table 2

Compound R
No. -

a H
b  CH.Ph

¢ CH;

The pharmacological’activity-of‘representative 3ompounds

(I) is shown in Test Examples.

HeLaS; cells were_suspended in MEM medium containing 10%

fetal calf serum and 2 mM glutamine to a concentration of 2.67 x

10% cells/ml. The cell suspension thus prepared was put into
wells of a 24-well culture plate in an amount of 0.75 ml pex
well. After the cells were 1ncubated in a CO, incubator

overnight at 37°C, Compound (I) which had been approprlately
diluted Wlth a culture medium was added to each well in an

amount of 0.25 ml.

The - cells were further 1ncubated in the CO, 1ncubator for

72 hours,-and the culture supernatant was removed. Then, the 3
cells were dispersed in a solution of trypsin and EDTA, and

The number of the cells was counted using a cell
counter. The concentration of Compound (I) at which the growth‘
of .the cells is 1nh1b1ted by 50% was calculated by comparlng
the number of untreated cells with the number of the cells

recovered.

v :
b ‘ ' : o
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treated with Compound (I) at known concentrations, and the_Vaiue;f'””""

was defined as ICgy.

The result is shown in Table 3.

Five male ddY-straln mice each welghlng 18 20 g were used

for each group as test animals, and 5 x 105 Sarcoma 180 tumor

cells were 1mplantedat the axilla subcutaneously. One day after
the implantation, 0.2 'ml of a physiological saline cohtqining'v

Compound (I) at the concentration shown in Table 3 was

intravenously administered to each mouse. T/C [T: average tumor  '13 * .

volume (mm3) of the group treated with the test compound, c:

average tumor volume (mm3) of the control group (to which 0.2 ml-_*'

of a physiological saline was intravenously admlnlstered)] was
determined seven days after the implantation.
The result is shown in Table: 3.

19




. Table 3

Dose.

I C3o(nM)f 

~ Compound -

; .aaui
NG

(mg_‘/kg)_- o
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5 administration. The result is shown in Table 4.
Tahle 4
Compound No. ~ MLD (mg/ke)
10 '
6 0. 25
7 0.50
8 0. 50
10 24,0
11 4.0
13 2.0
14 2.0
15 19 >8. 0
25 2.0
26 2.0
28 2.0
29 2.0
30 2.0
32 28.0
20 33 2.0
37 >8.0
38 4,70
39 4.0
40 - 2.0
25
Compounds (I) and pharmaceutically acceptable salts thereof
can be used as anti-tumor compositions singly or in combination =
with at least one pharmaceutically acceptable auxiliary. For
example, Compounds (I) or salts thereof are dissolved in a
30 physiological saline or in an aqueous solution of glucose,
lactose, mannitol, etc. to prepare a pharmaceutical composition
suitable for injection. Alternatively, Compounds (I) or salts
thereof are freeze-dried in a conventional manner and mixed with
sodium chloride to prepare a powder injection. If necessary, ‘
35 the pharmaceutical composition of the present invention may
contain additives which are known in the art of medical
- 1. ;:; "'}\‘_-_
\ {’41’;\.;.
~ b . _
BT ,L’w( ) 21
S '
*v T (\(c

3. Acute toxicity

Compound (I) was intravenously administered to ddy-strain e
male mice each weighing 20 # 1 g. MLD (minimum rethal dose) was_.37 o

determined by observ1ng the mortallty at 14 days after
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S

preparation;, for example, pharmaceutically acceptable salts.
Although the dose of the composition of the present
invention varies depending on the age, condition, etc. of a
patient, CompOUnd‘(I) is administered to mammals including human
belngo ata dose of Q. Ol to 60 mg/kg/day. Administration may be
conducted, for ex mple, once a da  single admlnlgtratlon or
consecutlve admlnlqtratlcns) or 1nterm1ttently 1l to 3 tlmes a
week or once every 2 to 3 weeks, ;ntravenously If des;redt
intraarteriél administration, ihtraperitoneal administrgtion,.
intrathoracial administration, etc. are also possible at a.
similar dose and,in.a $imilér manner. Further, if desired, the
compbsition may also be administered orally, in a similar'dose" 
and in a‘similar_ménner; Forms for oral administration ihcludé_

tablets, capsules, powders, granules and ampoules, which contain 5

pharmaceutiCal auxiliaries well known in the art of medical-
preparatlon : '
The ‘present invention is dllustrated by referring to the
foilowlng Examples. The physicochemical propertles shown in the
following Examples were determined with the following equipment.’

NMR JEOL, Ltd. ~ FX-100 (100 MHz)
JNM-GX270 (270 MHz)
JNM-En270 (270 MHz)
Bruker AM-400 (400 MHz)
| AM-500 (500 MHz)
MS ~ Hitachi Ltd. M-80B
Shimadzu QP-1000
JEOL, Ltd. JMS-D300
| JMS-SX102
IR Japan Spectral Co., Ltd. IR-810
HORIBA FT200

In thin-layer chromatogyraphy, a silica-gel plate (Silica.
gel 60F,, 0.5 mm 20 x 20 cm) manufactured by Merck Co. was

used. As the silica ge}, Wakogel C-200 manufactured by Wako

Pure Chemical Industries, Ltd. was used.
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Example . 1 Synthesis of: Compound 1

Compound b (17 mg, 0.028 mmol) obtained in Reference
Example 2 was dissolved in 1 ml of pyridine, and 0.0065 ml
(0.084 mmol) of methanesulfonyl chloride was added thereto. The -

mixture was stirred at room temperature for 2 hours, To the

reaction mixture was added a 0.01 M phosphate buffer (pH 7); and

the mixture mwas extracted with ethyl acetate. The ethyl acetate‘
layer was washed with a saturated aqueous solution of sqdiUm |
chloride, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The obtained crude product was '
dissolved in 1 ml of N,N-dimethylformermide, and 7.3 mgv(0.084'.'
mmol) of lithium bromide was added thereto. The mixture was
stirred at 80°C for 2 hours. To the resulting reaction mixture-
was added a 0.01 M phosphate buffer (pH 7), and the mixture was
extracted with ethyl acetate. The ethyl acetate layer was
washed with a saturated aqueous solution of sodium chloride,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtained crude product was purified by
silica-gel column chromatography'(ZO ml of silica gel, n-hexane:
ethyl acetate=2:1) tc give 12 mg of Compound 1 (yield: 64%).

The physicochemical properties of Compound 1 are as

follows.

14-NMR (400MHz, CDC13) 8 (ppm) ; 9.38 (1H,br s), 8.62(1lH,br s),
8.16(1H,s), 7.51-7.36(5H,m), 7.01(1H,d,J=2.3Hz), 6.90(1H,s),
5.27(1H,d,J=11.0Hz), 5.22(1H,d,J=11.0Hz),

4.75(1H,br d, J=8.9Hz), 4.56(2H,m), 4.08(3H,s), 3.97 (3H,s),
3.95(3H,s), 3.93(3H,s), 3.82{1H,dd,J=8.1,2.1F”), '
3.22(1H,dd,J=8.1,8.1Hz), 2.72(3H,s)

IR(KBr)v (cm~l); 1697, 1605, 1525, 1494, 1415, 1214, 1112,

1088
SIMS (m/z); 664, 662 (M+H) T , 430, 428, 234

C 23
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Example 2 Synthesis of Compound 2 :
Compound ¢ (52 mg, 0,089 mmol) obtained in Reference

Example 3 was dissolved in 2.6 ml of pyridine, and 0.014 ml

(0.181 mmol) of methanesulfonyl chloride was added thereto. The':f'fn

mixture was stirred at room temperature for 2 hours. To the R
reaction mixture was added a 0.01 M phosphate buffer (pH 7), and. =~

the mixture was extracted with ethyl acetate. The ethyl acetate =

layer was washed with a saturated aqueous solution of sodium
chloride, dried over anhydrous  sodium Sulfate,vand coanntrated,g-
under reduced preésure The obtained crude product was : :
dissolved in 2.6 ml of N,N-dimethylformamide, and 15.5 mg (0. 178
mmol) of lithium bromide was added thereto, The mixture was
stirred at 80°C for 3 hours. To the resulting reaction mixtﬁre-‘
was added a 0,01 M phosphate buffer (pH 7), and the mixture was
extracted with ethyl acetate. The ethyl acetate layer was
washed with a saturated aqueous solution of sodium chloride,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtained crude product was purified by
silica-gel column chromatography (20 ml of silica gel, nPhexané}
ethyl acetate=1:1) to give 48 mg of Compound 2 (yield: 92%) .

The physicochemical properties of Compcund 2 aré as

follows.

1H-NMR (400MHz, CDC13) S (ppm) ; 9.38 (1H,br s), 8.59(1H,br s),
8.02 (1H,s), 7.01(1H,d,J=2.3Hz), 6.90(1H,s), 4.74(1H,br
d,J=8.9Hz), 4.54 (2H,m),4.08(3H,s), 4.01(3H,s), 3.97(3H,s),
3.95(3H,s), 3.92(3H,s), 3.82(1H,dd,J=9.8,3.9Hz),
3.21(1H,dd,J=9.9,9.9Hz), 2.73(3H,s)

IR(KBr)v(cm-l); 1697, 1584, 1492, 1411, 1312, 1215, 1112

SIMS (m/z); 588, 586 (M+H)* , 354, 352, 234

Example 3 Synthesis of Compound 3

Compound ¢ (25 mg, 0.048 mmol) abtained in Refezence
Examplie 3 was dissolved in 2.0 »*l of pyridine, and 0.019 ml
(0.25 mmol) of methanesulfonyl chloride was added thereto, ' The
mixture was stirred at room temperature for 24 hours. ‘To the

) ' 24
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react:.on mlxture was added 1N hydrochlorlc acn.d, ‘and the , '
mixture was extracted w1th ethyl acetate, The ethyl acetate
layer was washed with a saturated aqueous solution of sodlum '
hydrogen carbonate and a saturated aqueous solution of sod:.uni

chloride, drled over anhydrous sodium sulfate, and concentrated i

under reduced pressure. The obtalned crude product was -

dissolved in ’) .0 ml of N, N dlmethylformamide, and 11.0 mg (O 259'-" B

mmol) of llthium. chloride was added.there_to. The mixture was:-,
stirred at 80°C for 3 hours. To the resulting reaction mixture

was added a 0.01 M phOSphate buffer (pi 7), and the mixture was

extracted with ethyl acetate. The ethyl acetate layer wrs
washed with a saturated aqueous solution of sodium c‘\lori'de‘,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtalned ¢rud: nroduct was purlfied by

silica-?gel column chromatography (20 ml of silica gel, n-hexane: -

ethyl acetate=3:1) to give 19 mg of Compound 3 (yield: 73%).
The physicochemical properties of Compound 3 are as

follows.

1H-NMR (400MHz,CDC135) 8 (ppm) ; 9.42 (1H,s), 8.70(1H,s),
8.03(1H,s), 7.00(1H,d,Jd=2.3Hz), 6.89(1H,s), 4.75(1H,br d,
J=9.51z), 4.52(1H,dd,J=9.5,8.4Hz), 4.47(1H,m), 4.07(3H,s),
4.00(3H,s), 3.95(3H,s), 3.95(3H,s),3.94(1H,m), 3.92(3H,s),
3.33(1H,dd,J=10.1, 9. 9Hz), 2.73 (3H,s)

IR(KBr)v(cm?); 1685, 1631, 1521, 1457, 1405, 1313, 1220,
1113

SIMS (m/z); S542(M+H) * , 234

Example 4 Synthesis of Compound 4

Compound E (30 my, 0.044 mmol) was dissolved in 1.5 ml of
tetrahydrofuran (THF), and 1.5 ml of a 1 N hydrobromic acid
aqueous solution was added thereto, The mixture was stirred at
room temperature for 24 hours. To the reaction mixture was

added a 1 N hydrobromic acid aqueous solution, and the resulting

mixture was extracted with chloroform, The ¢hloroform layer was
dried over anhydrous sodium sulfate, and concentrated under
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reduced‘preséure " The obta;ned crude product was dissolved in 2
ml of methylene chlorlde “Then, 0 016 ml (O 21 mmol) of '
methanesulfonyl chlorlde and 0.029 ml (0, 21 mmol) of o

trlethylamlne were added thereto The mlxture was st;rred at

-78°C for 2 hours ~To the reactlon mixture was added phoophatevfﬂgFf
buffer (pH 7)., and the mixture was extracted with chloroform.rj[ffﬂ

The chloroform layer ‘was washed w1th a saturated aqueous
solutlon of sodium chlorlde, drled over anhydrous sodlum

sulfate, and concentrated under reduced pressure. The ol:»taj'.ned;:‘;f,"-‘kj

crude product was purlfied by sillca-gel column chromatography :

(30 ml of silica gel, chloroform: methanol~100 1) to give 25 ‘mg  f7"jdf

of Compound d (yleld 87%)
The phyoicochemlcal propertles of Compound 4 are as

follows.

LH-NMR (400MEZ, CDC13) 8(ppm) ; 9.36 (1H,br s), 9.00(1H,br s),
8.31(1H,s), 7.01(1H,d,J=2.2Hz), 6.90(1H,s), .

.77 (1H,dd,J=10.5,1.0Hz), 4,68 (1H,m), 4.57(1H,dd,J=10.4, |
.6Hz), 4.08 (3H,s), 3.98(3H,s), 3.95(3H,s),3.92(3H.s),
.81(1H,dd,J=10.1, 2.5Hz), 3.33(1H,s), ,
3.26(1H,G¢,J=9.9,9,9Hz), 2.75(3H,s) |

TR (KBr)D(cm-l); 1698, 1522, 1410, 1364, 1217, 1177, 1106
SIMS (m/z); 652, 650(M+#1) * , 418, 416, 234

=3

©

w

Example 5 Syuthe51s of Compound 5
Compound E (100mg, 0.15 mmol) was dlSSOlVed in 5 ml of

tetrahydrofuran, and 0.220 ml (0,22 mmol) of a tetrahydrofuran -
solution (1.0 M) of tetra-n-butylammonium fluoride was added
thereto. The mixture was stirred at room temperature fog 1
hour. To the reaction mixture was added a 0;2'M'phosphate‘

buffer (pH 7), and the mixture was extracted with ethyl acetate.

The ethyl acetate.layer was washed with a saturated aqueous
solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. To the
reaction mixture were added 5 ml of ‘acetonitrile and 0.5 ml of
48% hydrobromic acid, and the mixture was stirred for 1 hour.

26
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To the reactlon m:.xture was added a lN hydrobromlc acid aqueous
solution, -and the m:\.xture was extracted with chloroform. _,_'T,'he i
chloroform layer was drled over anhydrous sodn.um sulfate, and
concentrated under. reduced pressure The . obtalned crude product
was dlssolved in 5 ml of methylene chlorlde, and 0 075 ml (0. 45
mmol) of trlfluoromethanesulfonlc anhydrlde and 0.063 ml (0 45
mmol) of triethylamine were added thereto at -78°C.  The mlxture
was stirred at -78"C'for 2 hours. To the reactlon mlxture was
added phosphate buffer (pH: 7), and the mixture was extracted
with chloroform. " The chloroform layer was washed Wlth a..
saturated. 'aoueou‘s solut:.on of sodium chloride, dried over
anhydrous sodium sulfate, and concentrated undex reduced
pressure. - The obtalned ‘crude ‘product was pur:.f:.ed by s:.lica-gel
column chromatography (30 ml of silica gel, hexane: ethyl :
acetate=3:1) to give 77 ‘mg of Compound 5 (yield: 73%).

The '.ph_y‘sico’c’h'emical proper.ties of. Compound 5 are as

follows.

1H-NMR (400MHz, CDC13) 8(ppm) ; 9.39(1H,s), 8.74 (1H,s),
8.45(1H,8), 7.00(1H,d,Jd=2,3Hz), 6.89(1H,s),
4.78(1H,dd,J=10.5, 1.3Hz), 4.69(1H,m), 4.58(1H,dd,J=10.2,
9.2Hz), 4.08(3H,s), 3.99(3Hs), 3.95(3H,s), 3. 92 (3H,s),
3.79(1H,dd,J=10.1, 2. 4Hz), 3.26(1H,dd, J=10.0,10. OHz),

2.78 (3H, 5) ,

IR (KBr){em-l) ; 1697, 1611, 1522, 1412, 1311, 1213, 1137,

1114 _
SIMS (m/z); 706, 704 (M+H) * , 234

Example 6 Synthesis of Compound 6 , ,
Compound E (40 mg, 0. 058 mmo'l) was dissolved in 4 ml of

tetrahydrofuran, and 0.087 ml (0 087 mmol) of a tetrahydrofuran L

solution (1.0 M) of tetra-—n-butylammonlum fluoride was added
thereto. The mixture was stirred at room temperature for 1
hour. To the reaction mixture was added a 0.2 M phosphate

buffer (pH 7), and the mixture was extracted with ethyl acetate.
The ethyl acetate laver was washed with a saturated aqueous

TR,

v, -

Rl Ao,

<N

%
Sy,

27
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solution of 'sodiu'm chloride, dried over anhydrous sodium
sulfate,' and concentrated under reduced pressure,. To ‘the -
reactlon mlxture were added 4-ml of acetonltrlle and 2 ml.-of: 48%

hydrobromic ac:.d, and the mlxture was stirred for 1 hour ':'_To._ G

the react:.on mixture was added a 1N hydrobromlc ac;d aqueous

solution, and the mlxture was extracted w:.th chloroform "I'he A

chloroform layer was drled over anhydrous sodlum sulfate, and

concentrated under reduced pressure The obtained crude product iRy
was dissolved in 4 ml of methylene chlorn_de, and 0 020 ml (0. 21 St

mmol) of acet.lc anhydride and 25 mg (O 20 mmol) of
dlmethylamlnopyrn.dlne were added thereto at 0°C. The mixture
was stirred at 0°C for 2 hours. To the reaction mixture was
added phosphate buffer (pH 7), and the mixture was extracted
with chloroform. The ‘c:hloroforr‘n layer was washed'with a
saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reduced ‘
pressure. The obtained crude product was purified by s:.llca~gel
column chromatography (30 ' mk of s:.llca gel,

chloroform methanol—SO 1) to g:.ve 23 mg of Compound 6 (yleld
65%) . , : . _

The physicochemical properties of Compound' 6 are as

follows.,

1H-NMR (400MHz,CDC13) 8 (ppm) ; 9.35(1H,br s), 8.45(lH,s),
8.20(1H,s), 6.99(1H,d,J=2.2Hz), 6.89(1H,s), 4,75(1H,br d,
J=9.6Hz), 4.62(1H,m), 4.55(1H,br d,J=9.8Hz), 4.08(3H,s),
3.96(3H, s), 3.95(3H,s), 3.92(3H,s),

3.81(1H,dd, J=10.0, 2. 4Hz), 3. 24(1H dd, 3=10.0,10.0Hz),,

2. 72(3H,s), 2.41(3H,s) o
IR (KBr)V(cm-l); 1686, 1654, 1559, 1507, 1457, 1314, 1189

SIMS (m/z); 616, 614 (M+H) * , 234

Example 7 Synthes:Ls of Compound 7
Compound E (40 mg, 0.058 mmol) was dissolved in 4 ml of

tetrahydrofuran, and 0.088 ml (0.088 mmol) of a tetrahydrofuran
solution (1.0 M) of tetra-n-butylammonium fluoride was added '

ARV - E 28
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thereto. - The mixture was stirred at room temperature fdr.ltv
hour. To the reactlon mixture was added a 0.2 M phosphaLe :
buffer of pH .7, and the mixture was - extracted with chloroform
The chloroform layer was washed w1th a saturated aqueous
solution of sodlum chlorLde, drled over anhydrous sodlum
sulfate, ‘and concentrated under reduced pressure. To the
obtained crude product were added 4 ml of acetonitrils and. 2 ml
of 48% hydrobromlc acid, and\the mlxture was strrrea at’ room v'
temperature for 1 hour. To the reactlon mixture was added a’ l'N;l

hydrobromlc acmd aqueous solution, and the resulting mixture was
extracted with chloroform. The chloroform layer was dried overvn””*“":

anhydrous ‘sodium sulfate, and concentrated under reduced

pressure. The obtained crude product was dissolved in 2. 5 ml oftfﬁj Y

methylene’ chlorlde,-and 0.014 ml (0.18 ‘mmol) of methyl:
chloroformate and 0.025 ml (O 18 mmol) of trlethylamlne were- :

added thereto at =78°C. The mlxture was stirred at -78° o8 to (N CV‘wfff.:ﬁ'

for 2 hours. To the reaction mixture was added a 0.2 M
phosphate buffer (pH-7) & and the mixture was extracted with-
chloroform. = The chloroform layer was washed with a'saturated'

aqueous solution of sodium chloride, dried over anhydrous sodium - =

sulfate,‘and concentrated,under reduced pressure. The obtained:
crude product was purified by silica~gel colunn chromatographyi
(30 ml of silica gel, n-hexane:ethyl acetate=2:1) to give 32 mg ed
of Compound 7 (yield: 87%). ' ' , o
The_physicochemical properties of Compound 7 are .as

follows.

1H-NMR (270MHz, CDC15) 8 (ppm) ; 9.39(1H,s), 8.74(1H,s),
8.33(1H,s), 7.00(1H,d,J=2.0Hz), 6.90(1H,s), 4.75(1H,br d,
J=9.4Hz), 4.58(2H,m), 4.08(3H,s), 3.97(3H,s), 3.96(3H,s),
3.95(3H,s), 3.92(3H,s), 3.72(1H,m),3.24(1H,dd,J=9.9,9.4Hz),

2.72(3H,s) : .
IR (KBr)v{cm-t); 1768, 1696, 1617, 1445, 1442, 1315, 1263, -

1219, 1111
FABMS (m/z); 632, 630(M+H) t., 234
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Example 8 Synthe51s of Compound 8

Compound E (50 mg, 0,07 mmol) was dissolved in 5 ml of
tetrahydrofuran, and 0. 11 ml (0.11 mmol) of a tetrahydrofuran .
solution (1 0 M) of tetra-n—butylammonlum fluoride was added ,' ﬂ
thereto. _The mixture was stlrred at room temperature forvl
hour. To the reaction mixture was added a 0.2 M phosphate.
buffer of pH 7, and the mixture was extracted with chloroform.
The chloroform layerVWas washed with a saturated aqueous
solution of sodium chloride, dried over anhydrons Sodium '
sulfate, and concentrated under reduced pressure. To the
obtained crude product were added 5 ml of acetonltrlle and 2 5
ml of 48% hydrobromlc acid, and the mixture was stirred at room 3_,i.f»

temperature for ‘1 hour. To the reaction mixture was added a 1 N it
hydrobromic acld agueous solutlon, and the resulting. mixture wasa"
extracted W1th chloroform. The chloroform layer was dried over:-
anhydrous sodlum sulfate,'and concentrated under reduced

pressure. The obtalned crude product was dissolved in 3 ml of
mtthylene chloride, and 0. 027 ml (0.22 mmol) of phenyl
chloroformate and 0.030 mg (0 22 mmol) of trlethylamlne were

added thereto at -78°C. The mixture was stirred at -78°'C to 0° Ci"

for 1 hour. To the reactlon mixture wasvadded a OmZ.M phosphate

buffer (pH 7),.and the mixture was extracted with chloroform.
The chloroform layer was washed with a saturated aqueous '
solution of sodium chloride, dried over anhydrous sodium ,
sulfate, and concentrated under reduced préssure. The obtained
crude product was purified by silica-gel column chromatography
(30 ml of silica gel, n-hexane:ethyl acetate=2:1) to give 40 mg‘
of Compound 8 (yield: 82%). '
The»physicochemical properties of Compound 8 are as

follows.

1H-NMR (270MHz,CDC13) O (ppm) ; 9.39(1H,s), 8.84(1H,s),
8.45(1H,s), 7.46-7.29(5H,m), 7.00(1H,d,J=1.9Hz), 6.90(1H,s),
4.76 (1H,br d,J=9.4Hz), 4.59(2H,m), 4.08(3H,s), 3.98(3H,s),
3.95(3H,s), 3.92(3H,s), 3.72(1H,m), 3.24(1H,d¢,J=9.9,9.4Hz),
2.75(3H,s) :
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IR(KBx)V(cm™d) ; 1780, 1614, 1493, 1464, 1414, 1313, 1221,
1188, 1111 e | |
FABMS'(m/'z)‘;v .69‘.4, 692(M+H). t o, 234

Example Q Synthes;s of Compound 9
Compound- E (20 mg, 0.03 mmol) was dlssolved in 1 ml of

tetrahydrofuran, and. 0. 045 ml (0.045 mmol) of a tetrahydrofuran‘o7.ith

solution (1.0 M) of tetra-n—butylammonlum fluoride was added
thereto. vThe mixture was stirred at room temperature for 1vc""
hour. To the reaction mixture was added a 0.2 M nhosphate &
buffer of pH 7, and the m*xture was extracted with chloroform
The chloroform: layer was washed with a saturated aqueous
solution of sodium chlorlde,bdrled over anhydrous sodlum
sulfate, and ‘concentrated under reduced pressure. ‘To the
obtained crude product were added 1 ml of acetonitrlle and 0 5
ml of 48%. hydrobromlc acid, and the mixture was stlrred at room
temperature for 2 hours, To the ‘reaction mlxture was added a. 1
N hydrobromlc,aC1d aqueous solutlon, and the resulting mlxture :
was extracted with chloroform. The chloroform layer was drled
over anhydrous sodlum sulfate, and concentrated under reduced
pressure. The obtalned crude product was dissolved 1n 1 ml of
methylene: chloride, and 19 mg (0.09 mmol) of p—nitrophenyl
chloroformate and 0.013 mg (0.09 mmol) of triethylamine were |
added thereto at -78°C. The mixture was stirred for 30 minutes.
To the reaction mixture were added 36 mg (0.11 mmol) of glycine
benzyl ester p-toluenesulfonate and. 0.015 ml (0.11 mmol) of

triethylamine, and the mixture was stirred at -78°C to O‘C_forgzj:f'

hours. To the reaction'mixture_wae added a saturated aqueous:

solution of sodium hydrogen carbonate, and the resulting mixture

was extracted Wlth chloroform. The chloroform layer was washed

with a saturated aqueous solution of sodium chloride, dried over,.

anhydrous sodium sulfate, and concentrated under reduced
pressure. The obtained crude product was purified by 31llca gel

column chromatography (20 ml of silica gel, chloroform.methanolf_ 'd‘,

50:1) to give 15 mg of Compound 9 (yield: 65%).
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The‘,thS’ic,oohemical' properties of 'Compound 9 ‘a,re asg -

follows. ' '

1H- NMR(270MHZ coc13)8(ppm), 9. 34(1H br), 9, 31(1H,s),f

8.10 (1H,br), 7.28-7. 18(5H m), 6.91(1H,d,J=2.0Hz),
6.81(1H,5), 5.82(1H,t,J=5.6Hz), 5.09(2H,s),
4.99(2H,t,J—5.5Hz),,4,65(1H,br d,J=10.0Hz), 4.47(24,m),
4.00(3H,s), 3.95(3H,s), 3.86(3H,s), 3.84(3H,s), 3. 7L,
br d,J=7.2Hz), 3.14 (1H,dd,J=9.9,9.6Hz), 2.57(3H,s) |
IR(KBr)‘v(cm‘l);;'»174‘,1, '1583,:1495-,_ 1456, 1414 1290, 1213,'
1190 | | S |
FABMS(m/z),_?GS, 763(M+H) t, 234

ﬂxamg,Le_lQ Synthesls of Compound 10
Compound 9 (15 mg, O 02 mmol) obta:n.ned in Example 9 was

dissolved in a mixture of 0.5 ml of e‘_hanol, 0.1 ml of methanol
and 0.1 ml of a 1 N hydrobromlc ac:Ld aqueous solutlon,' and 4 mg
of 10% Pd/C was added- thereto The mixture was stirred 1n a-
hydrogen atmosphere at room temper,ature for 2 hours. The

reaction mixture was flltered, and the filtrate was coh_centratfed'

under reduced pressure Water was added to the obtained c;crUde" e

product, and the mlxture was extraoted with chloroform The

chloroform layer was washed with a saturated aqueous solutlon of:*f*' s

sodium chloride, drled over anhydrous sodium sulfate, and

concentrated under reduced pressure. The obtained crude prodﬁo,t:'"‘_,_f'[

was purified by 'silica -gel column chromatography (20 ml of

silica gel, chloroform: methanol acetic acid=100:10:2) to glve 12

mg of Compound 10 (yield: 89%).
The phy51cochemlcal propertle., of Compound 10 -are. as

follows.

1H-NMR (270 MHz, ‘acetoh’e—d6 + trifluoroacetic acia _':)pm)'; »
8.04 (1H,s), 6.98(1H,s), 6.87(1H,s), 5.40(1H,br), 4.54 (2H,m),
3.91(3H,s), 3.78(3H,s), 3.77(1H,m), 3.75(3H,s), 3.74(3Hs),
3.74 (1H,m), 2.57(3H,s) - |
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IR (KBr)V (cm-1); 1697, 1601, 1444, 1416, 1219, 1109, 1088
FABMS (m/z); 675, 673 (M+H) * , 234 o |

Example 11 Synthe31s of Compound 11 _
Compound E. (20 mg, O 03 mmol) was dlssolved in 1° ml of

tetrahydrofuran, and 0,045 ml (0. 045 mmol) of a tetrahydrofuran-'f/'7”

solution (1.0 M) of tetra—n—butylammonlum fluoride was added -
thereto. The m;xture was stirred at room temperature for 1
hour. To the reaction mixture was added a 0.2 M phosphate
buffer of pH 7, and the mlxture was extracted with chloroform
The chloroform layer was washed with a saturated aqueous
solution of sodium chlorlde, dried over anhydrous sod;um
sulfate, and,concentrated under redueedvpressure. To the
obtained crude product were added 1 ml of acetonitrile and 0.5

ml of 48% hydrobromic acid, and the mixture was stirred at room

temperature for 2 hours. - To the reaction mixture was added a 1
N hydrobromlc acid aqueous solutlon, and the resultlng mixture
was extracted with chloroform. The chloroform layer was drled ;:"
over anhydrous sodium_sulfate,vand concentrated under reduoed,'
pressure. The obtained crude product was dissolved in 1 mi of o
methylene'chloride, and-19 mg‘(0.09 mmol) of p-nitrophenyl
chloroformate and 0.013 ml (0.09 mmol) of triethylamine were
added thereto at =78°C. The mixture was stirred for 30 minutes.
To the reaction mixture were added 18 mg (0,11 mmol) of E ‘
phenylalanine and 0.013 ml (0.09 mmol) of triethylamine, and the
mixture was stirred at -78°C to room temperature for 24 hours.. .
To the reac*ion mixture was added a 1 N hydrobromic acid aqueous
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated'.
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The obtained
crude product was purified by silica-gel column chromatography '
(20 m1 of silica gel, chloroform:methanol:acetic acid=100:5:1)
to give 8 mg of Compound 11 (yield: 35%). '
The physicochemical properties of Compound 11 are as

follows.
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1H-NMR (270MHz, DMSO-de) 8 (ppm) ; 12.35(1H,br), 11.38(1H,br s),
7.81(2H,s), 7.27-7.16(5H,m), 6.95 (1H,d,J=2.2Hz),

6.93 (1H,s), 4.58 (1H,m), 4 41(3H,m), 4.15(1H,m), 3.88(3H,s),
3.79(34,s), 3. 77(3H s), 3. 74(3H,s), 3.54(3H,m), 2.98(1lH,m),
2.62(3H,8) | | -
IR (KBr)v(cm1l); 1699, 1525, 1416, 1313, 1217, 1111

FABMS (m/z); 765, 763(M+H) + , 573, 571, 234

Example l Synthesiélof Compound 12 . :

Acetonitrile (1.5 ml) and 0. 135 ml of 489 hydrobromic acid f;i

were added to 33 mg (0. 079 mmol) of Compound D, and the mlxture:
was stlrred at room temperature for 1 -hour, To the reactlon_._

mixture was added a 1 N hydrobromic acid aqueous solutlon, and

the mixture was extracted with chloroform. The chloroform layerﬁ

was dried over anhydrous sodium'sulfate, and concentrated underv~7~f=k'*"

reduced pressure. The obtained crude product was dissolved in’ :

3.5 ml of methylene ‘chloride, and 0.019 ml (0.25 mmol) of methyl"g:

chloroformate and 0.033 ml (0.24 mmol) of triethylamine were
added thereto at =78°C. The mixture was stirred for 3 hours.

To the reaction mlxture was. added a 0.2 M phosphate buffer of pr3i?“'7
7, and the resulting mixture was extracted with chloroform The

chloroform layer was washed with a saturated aqueous solution of
sodium chloride, dried over anhydrous sodium sulfate, end‘ |
concentrated under reduced pressure The obtained crude product | .
was purified by silica-gel column chromatography (30 ml f '
silica gel, chlorororm methanol=50:1) to give 40 mg of Compound o
12 (yield: 72%). ' L

The physicochemical properties of Compound 12 are as

follows,

1H~-NMR (270MHz, CDC13) 8 (ppm) ; 8.86(1H,br), 8.40 (1H,br),
7.80(1H,d,J=15.1Hz), 7.57(1H,d,J=8.9Hz), 6.93(1H,d,J=8.8Hz),
6.80(1H,d, J=15.2Hz), 6.79(1H,br s), 4.54(1H,m), 4.47(1lH,

br d,J=10.9Hz), 4.31(1H,dd,J=9.6,9.6Hz), 3.96(3H,s),
3.93(3H,s), 3.86(3H,s), 3.79(1H,br d4,J<10.5Hz),

3.22(1H,dd, J=10.5,10.5Hz), 2.67(3H,s)
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IR (KBr)v (em™1); 1768, 1697, 1645, 1512, 1437, 1412, 1252, -
1217, 1095 | . et
FABMS(m/z), 559, 557 (M) *

Example 13 Synthe31s of Compcund 13
Acetonitrile (3 5 ml) and 0,29 ml of 48% hydrobromic ac1da

were added to 70 mg (0.17 mmol) of Compound D, and.the mlxture-
was stirred at room temperature for. 1 hour. To the reaction

mixture was added alN hydrobromic acid aqueous solution, and
the mlxture was extracted with chloroform. The chloroform layer:r'

was dried over anhydrous sodium sulfate, and concentrated underc”fff

reduced pressﬁrea’,fhe~crude product Was dissolved in 7 ml of
methylene chloride, and 103 ng (0,51 mmol) of pvnitrophenyl”
chloroformate and 0. 071 ml (0 51-mmol) of trlethylamlne were.
added thereto at =-78°C. . The mlxture was stirred for 30 mlnutes.
To the reaction mixture were added 100 mg (0.58 mmol) of glycine :
tert-butyl ester hydrochloride and 0.083 ml (0.60 mmol) of o
triethylamine, and the mixture was stirred at «78°C to room
temperature for 9 hours. To the reaction mixture was added a
0.2 M phosphate buffer of pH 7, and the_reSulting mixture was.:
extracted with chloroform. The chloroform layer was washed with
a saturated aqueous solution of sodiam chloride, dried over )
anhydrous sodium sulfate, ahd'codcentrated under reduced
pressure. The obtained crude product was purified by silica-gel
column chromatography (30 ml of Slllca gel,
chloroform:methanol=20:1) to glve 11C mg of a tert-butyl ester
of Compourid 13 (yield: 85%). Ethylene dichloride (8ml) was
added to the tert-butyl ester of Compound 13 (80 mg, 0.10 mmol),
and 0.18 ml of 48% hydrobromic acid was added thereto. The
mixture was stirred at 50°C for 4 hours. To the reaction
mixture was added a 1 N hydrobromic‘acid aqueous solution, and
the mixture was extracted with chloroform. The chloroform layer
was dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtained crude product was purified by
silica-gel c¢hromatography (przparative T.L.C., chloroform:
methanol:acetic acid=50:10:1) to give 23 mg of Compound 13
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(vield: 32%). .
The physicochemical properties of Compound 13 are as

follows.

IN-NMR (270 MHz, acetone. dg + tfifluoroacetic‘acid—d)ﬁ(ppm);_

8.17 (1H,br),7.68 (1H,d, J=15.5Hz), 7.60(2H.d,J=8.9Hz),

7.03(1H,d, J=15.4Hz), 6.89(2H,d,J=8.9Hz), 4.49(2H,m),

3.96(2H,s), 3.93(1H,m), 3.83(3H,s), 3.78(lH,m), 3.76(3H,s),
3,37 (1H,m), 2.61(3H,s) R S
IR (KBr)v (cr-}); 1700, 1647, 1572, 1560, 1412, 1221, 1109

FABMS (m/z); 708, 706(M) ™

Example 14 Synthesié of Compound 14

Acetonitrile (1.3 ml) and 0.27 ml of 48% hydrobromic acid
were added to 13 mg (0.031 mmol) of Compound D, and the mixture
was stirred at room temperature for 1 hour., To the reaction.
mixture was added avl_N hydrobromic acid aqueous solution, and -
the resulting mixture was extracted with chloroform. The |
chloroform layer was dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The obtained crude product
was dissolved in 1 ml of methylene chloride, and 0.009 ml (0.25
mmol) of acetic anhydride and 12 mg (0.098 mmol) of '
dimethylaminopyridine weré added thereto at 0°C. The mixture
was stirred for 3 hours. To the reaction mixture was added a
0.2 M phosphate buffer of pH 7, and the resulting mixture was
extracted with chloroform. The chloroform layer was washed with
a saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate; and concentrated under reduced
pressure. The obtained crude product was purified by silica-gel
column chromatography (20 ml of silica gel, chloroform:methanol=
100:1) to give 16 mg of Compound 14 (yield: 95%).

The physicochemical properties of Compound 14 are as

follows.

1H-NMR (270MHz,CDC13) 6(ppm) ; 8.43(1H,bx), 8.31 (1H,br),
7.80(1H,d,J=15.6Hz), 7.57(2H,d,J=8.6Hz), 6.94(2H,d,J=8.6Hz),
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6.79(2H,d, J=15.5Hz) , 4.57(1H,m), 4.48 (1H,br d,J=10.3i{z),
4.31(1H,dd,J=9.5,9.582), 3.97(3H,s), 3.86(3H,s),
3.80(1H,dd, J=10.5,2.3Hz), 3.24(1H,dd,J=10.4,10.4Hz),
2.71(3H,8), 2.40(3H,s) |
IR(KBr)v(cm-l); 1701, 1691, 1637, 1602, 1490, 1458, 1203

FABMS (m/z); 543, 541(M) *+

Example 15 Synthésisvof Compound 15 _ , ,

Acetonitrile (0 A1 ml) and 5.4 Pl of 48% hydrobromic acid =
were added to 10.0 mg . (0.0239 mmol) of Compound D, and the
mixture was stirred at room temperature for 40 minutes. The
reaction mixture was cohcentrated under reduced pressure.. The
obtained crude product was dissolved in 0.61 ml of methylene '
chloride, and 6.4 {1 (0.074 mmol) of methyl chlorotiolformate
and 10.0 Ml (0.072 mmol) of triethylamine were added thereto at
~78°C. The mixture was stirred at -78°C for 80 minutes. To the
reaction mixture was added a satu:ated aqueous solution of '
sodium hydrogén carbonate, and the resulting mixture was

W

extracted with chloroform. “he chloroform layer was washed with ' 7

a saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate, and conCent:ated under reduced
pressure. The obtained crude product was purified by‘thin-layér
chromatography (chloroform:methanol=15:1) to give 11.5 mg of
Compound 15 (yield: 84%).

The physicochemical properties of Compound 15 are as

follows.

1H--NMR (270MHz, CDC13) 8 (ppm) ; 8.80(1H,s), 8.37 (1H,brs),
7.80(1H,d, J=15.2Hz), 7.56(2H,d,J=8.6Hz), 6.93(2H,d,J=8.9Hz),
6.79(1H,d, J=15.2Hz), 4.50-4.59(1H,m), 4.47(1H,d,J=10.6Hz),
4.30(1H,dd,J=9.2,9.2Hz), 3.95(3H,s), 3.85(3H,s),

3.79(1H,dd, 9=10.2,3.4Hz), 3.22(1H,dd,J=10.2,10.2Hz),
2.68(3H,s), 2.44(3H,s)

FABMS (m/z); 575, 573 (M+H) *

IR(KBr)v(cm-l); 1701, 1610, 1506, 1404, 1294, 1265, 1234,

1196, 1176, 1111
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Examnui_Lﬁ Synthesis of Compound 16
Acetonltrile (1.16 ml) and 10.8 Ul of 48% hydrobromlc acid :

were added to 20,0 mg (0, 0478 mmol) of Compound D, and the
mixture was stirred at: room temperature for 50 mlnutes To thef
reaction mixture was added alnN hydrobromlc acid aqueous
solution, and the resultlng mixture was extracted with
chloroform. The chloroform layer was washed thh a saturated }
aqueous solutlon of sodium chloride, dried over anhjdrous sodlum gth bk
sulfate, and concentrated uznder reduced pressure. The_obtalned ;{j”“
crude product was dissolved in 0.75 ml of methylene chloride,

and 0.30 ml of methylene chloride containing 17.7 mg (O ;43

mmol) of nicotinic acid and 29 6 mg (0.143 mmol) of
dicyclohexylcarbodilmlde was added thereto at -20°C. The }
mixture was stirred for 5 minutes. Subsequently, to the mlxture*.jf‘i}ff“
was added 17.5 mg (0.143 mmol) of 4-dimethylaminopyridine, and . '
the mixture was stirred at -20°C to room temperature'f0§418;5 e i &
hours, To the reaction mixture was added a saturated-aqueous_~- i

solution of sodium hydrogen carbonate, and the resulting mixture -
was extracted with chloroform. The chloroform layer was washed
with a saturated aqueous solution of sodium hydrogen carbonate-
and with a saturated aqueous solution of sodium chloride, dried
over anhydrous sodium sulfate, and concentrated undex reduced
pressure. The obtained crude product was purified by thln;layer e e
chromatography (chloroform:methanol=30:1) to give 18.8 mglofV ' b
Compound 16 (yield: 65%).

The physicochemical‘properties of Compound 16 are as

-OWS.

.[~NMR (270MHz,CDC13) § (ppm) ; 10.89 (1H,brs), ‘ Sy
9.34(1H,d, J=1,7Hz), 8.75(1H,dd,J=5.0,1.7Hz), 8.35(1lH,brs), g ;
8.27(1H,dt,J=7.9,1.7H.), 7.77(1H,d,J=15.2Hz),

7.56(2H,d, J=8.6Hz), 7.36(1H,dd,Jd=7.9,5.0Hz), 6.93(2H,d,
J=8.6Hz), 6.79(1H,d,J=15.2Hz), 4.58-4.69(1H,m),

4.49(1H,d, J=10.6Hz), 4.33(1H,dd,J=10.2,8.9Hz), 3.98(3H,s),
3.85(4H,s), 3.27(1H,dd,J=10.2,9.94z), 2.73(3H,s)

FABMS (m/z); 606, 604 (M+H) *
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TR(KBriv{em); 1747, 1697, 1649, 1595, 1512, 1408, 1294, 1265, -
1217, 1173,,1093 | | N ' e

Example: 1; Synthesxs of Compound 17

Anhydrouﬁ ethyl acetate (1,59 ml) was added to 19. 8 mg
(0.0328 mmol) of Compound 16 obtalned in Example 16, and 9.56 Ml
of 6.86 N hydrogen chloride Jn ehtanol was added thereto. "The :;:575
mixture was stlrred at room- tempe raturye for 3 hours _The L
reaction mixture was: concentrated under reduced pressure to give '

19.9 mg of Compound 17. ,
The physioochemical prOpe:ties of Compound 17 are as

follows.

1H-NMR (270MHz, DMSO-dg) 8 (ppm) ; 12.14 (1H,brs), 9,37(1H,s),
8.96(1n, >rd, J=4.0Hz), 8,58 (1H,dt,J=7.9,2.0Hz), « 23(1H,s),
7.75(2H, d, J=8.6Hz), 7.71-7.74(1H,m), 7.60(1H,d,J=15.5Hz),
7.07(1H,d, J=15.5Hz), 7,00(2H,d,J=8,6Hz), 4.41-4,59(3H,m), .
3.86(4H,s), 3.81(3K,s), 2.64(3H,s) = e
IR(KBr)v(cm™1); 1697, 1645, 1601, 1512, 1408, 12§., 1252, G5

1217, 1174, 1097

Exampie 18 Syntlesis of Compound 18

Acetonitrile (1.74 ml) and 41 pUl of 48% hydrohromic acid
were added to 30.0 mg (0. 0717 mmol) of Compound D, and the 4
mixture was stirred at room temperature for 2 hours. To the ]
reactica mixture was added a 1 N hydrobromic acid aqueous e
solution, and the resulelng mixture was extracted with
chloroform. The ‘“hloroform 1ayer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The obtalned
crude product was dissolved mn 1.74 ml of methylene chloride,
and 43.4 mg (0.215 mmol) of ﬂ—nmtrophenyl chloroformate and 30
gl (0.215 mmol) of trlethylamlne were added thereto at -78°C.
The mixture was stirred for 40 minutes. Subsequently, to the , P
mixture was &dd ded 43 pl (0.359 mmol) of l-amino-=4- | o
methylpiperazire, and the nixture was stlrred at ~7€°C to 0 C -

o
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£ ‘ hours. To the reactlon mixture was added a: saturated
aqueous solui Jn of sodium hydrogen carbonate, and the resulting
mixture was extracted w1th chloroform -The chlorororm layer was e
;ashed w1th,a saturated aqueous solutlon of sodium hydrogen .
arbonate and w1th ‘a: saturated aqueous solution of sodium , ;
chloride, dried over anhydrous sodium sulfate, and concentrated k;u
under reduced pressure ".The obtalned crude product was purifled fﬂ;
by thin- layer chromatography (chloroform methanol—9 1) to give B

20.4 mg of Compound 18 (yleld 44%) _
”he phy31cochemical properties of Compound 18 are as

follows,

IH-NMR(270MHz;CDC13)Scppm);,9.85(1H,br3), 8.25(1H,brs),

.79 (1H,d, J=15.5H=}, 7.55(2H,d,J=8.6Hz), 7.07(1H,br),
.92 (2H,d, J=8.6Hz), 6.78(1H,d,J=15.2Hz), 4.46~4.56(1H,m),
.42 (1H,d,J=10.2Hz) , 4.26(1H,dd,J=9.9,8.6Hz), 3. 91(3H,s>,'
.85(3H,5), 3.75(1H,dd,J=9.9,2.3Hz),

.18 (1H,dd, 3=9.9,9.9Hz), 2.95(4H,br), 2.56 (3H,s),

.52 (4H,br), 2,25(33,3) | |

FABMS (m/z) ; 642, 640 (MtH) * | o |

IR (KBr)v(eml); 1741, 1697, 1650, 1512, 1433, 1410, 1252,

N W e’ s & 9

1215, 1173, 1090

Example 19 Synthesis of Compound 19

Ethanol (0.86 ml) and 0.43 ml of methanol were added to L
20.4 mg (0.0318 mmol) of Compound 18 obtalned in Example 18, and -
13.9 ul of .86 N hydrogen chloride in ethanol was added
thereto. The mixture was stirred at room'temperature for 3
hours. The reaction mlxture vas concentrated under reduced
pressure to give 20 9 mg of Compound 19.

The phys;cochemlcal properties of Compound 19 are as

follows,

1H-NMR (270MHz, DMSO-d¢) 8 (ppm) ; 12.12 (1H,brs), 10.20(1H,br),
5.49 (1H,brs),8.03(1H,s), 7.75(2H,d,J=8.3Hz),
7.59(1H,d, J=15.2Hz), 7.06(1H,d,J=15.2Hz),
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7.00 (2H,d, J=8.6Hz), 4.41-4.55 (3H,br), 3.84(3H,s),

3.81(3H,s), 3.78(1H,br), 3.11-3.20(7H,m), 2.79(3H,s),
2.65(3H,8) R O
IR (KBr)v(cml); 1749, 1697, 1647, 1512, 1437, 1414, 1250, 1219,
1188, 1093 / | | AR,

Examplg_ZQ Synthesis of Compound 20

Acetonitrile (1.74 ml) and 40.6 K1 of 48% hydrobromlc acxd
were added to 30.0 mg (0.0717 mmol) of Compound D, ‘and the
mixture was stlrred at room temperature for 40 minutes. To the'
reaction mixture was added a 1 N hydrobromlc acid aqueous :
solution, "and the resultlng mixture was extracted with.
chlorofotm. The chloroform 1ayer was washed with a saturated

aqueous solution of sodium chloride, dried over anhydrousisodium e TRLETIN

sulfate, and concentrated under reduced pressure. The obtained
crude product was dissolved in 1.74 ml of methylene chloride, v
and 43.4 mg (0.215 mmol) of p-nitrophenyl chloroformate and 30
Ml (0.215 mmol) of triethylamine were added thereto at -78°C.
The mixture was stirxred for 35 minutes. Subsequently} to the

mixture was added 34.6 {1 (0.359 mmol) of 4- aminomorpholine, and' Sk

the mixture was stirred at -78° C to room temperature for 23
hours. To the reaction mixture was added a saturated aqueous
solution of sodium hydrogen carbonate, and the resulting mixture
was extracted with chloraform. The chloroform Layer was;washed'
with a saturated aqueous solution of sodium hydrogen carbonate

and with a saturated adueouS-SOlution of sodium chloride, dried -

over anhydroﬁs sodium sulfate, and concentrated under reduced o
pressure. The obtained crude product was purified by thinelayer]
chromatography (chloroform:methanol=9:1) to give 25.9 mg of A
Compound 20 (yleld 58%) . ‘

The phy51cochem1cal properties of Compound 20 are as

follows.

1H-NMR (270MHz, CDC13) 8 (ppm) ; 9.96 (1H,brs), 8.25 (1H,s),
7.81(1H,d, J=15.2Hz), 7.54(2H,d,J=8,9Hz), 7.42(1H,brs),
6.91(2H,d, J=8.9Hz), 6.77(1H,d,J=15.2Hz), 4.42-4.56(1H,m),
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1.40 (1H,d, J=10.2Hz), 4.26(1H,dd,J=9.2, 9.2Hz), 3.89 (3H,8),
3.84(3H,s), 3.75(1H,brd,J=8.3Hz), 3.65(4H,br), gRE e

3.22(1H,dd,J=9.6,9.2Hz), 2.84(4H,br), 2.52(3H,s)
FABMS (m/z); 629, 627(M+H) * f PR
IR (KBx)v(em-l); 1697, 1647, 1603, 1512, 1435, 1414, 1252, 1215,
1111, 1090'” | (RO ‘ o i

Example 21 Synthesls of Compound 21
Acetonitrile (1. 45 ml) and 34 ul of 48% hydrobromlc a01d

were added to 25.0 mg (0.0597 mmol) of Compound D, . and the
mixture was stirred at room température for 50 minutes. To the &
reaction mixture was then added a 1 N hydrobromic ac;d aqueous '
solution, and the resultlng mlxture was extracted with '
chloroform. The chloroform layer was washed with a saturated
aqueous solutlon of ‘sodium chlorlde, dried ovexr anhydrous sodium '
sulfate, and concentrated under reduced pressure. The obta;ned
crude product was,d;ssolved in 1.31 ml of methylene chloride,: |
and 24.9 mg (0.179 mmol) of 3-aminopyrazine-2-carboxylic acid
and 37 mg (0.179 mmol) of dicyolohéxyloarbodiimide were added
thereto at =20°C. = The mixture wasvstirred for 5 minutes. - '
Subsequently, to the mixture was added 21.9 mg‘(0.179‘mmoi)'of'
4—dimethylaminopyridine, and the mixture was stirred at ~20°C to
room temperature for 18.5 hours. To the reaction mixture was
added a saturated aqueous solution of sodium hydrogen carbonate,
and the resultlng mixture was extracted with chloroform. The
chloroform layer was washed with a saturated aqueous solution of
sodium hydrogen carbonate and with a saturated aqueous solution
of sodium chlorlde, dried over anhydrous sodium sulfate, -and-
concentrated under reduced pressure. . The obtalned crude productv'
was purified by thin-layer'chromatog:aphy (chloroform:methanol='
20:1) to give 24.1 mg of Compound 21 (yield: 64%). |
The physicochemical properties of Compound 21 are as

follows.

1H-NMR (270MHz, CDC13+CD30D) 8 (ppm) ; 8.54 (1H,s),
8.29(1H,d, J=2.0Hz), 7.92(1H,d,J=2.0Hz), 7.73(1H,d,J=15.5Hz),
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7.53(2H,d, J=8.6Hz) , 6.89(2H,d,J=8.9Hz), 6.,76(1H,d,J=14,8Hz),
4.48-4.59 (1H,m), 4.44(1H,d,J=10,2Hz), i | 5
4.29(1H,dd,J=9.9,8.6Hz), 3.91(3H,s), 3.81(3H,s),

3.79(1H,dd, J=8. 6,2.0Hz), 3,21 (1H,dd, J=10.2,9.9Hz),

2.65(3H,s) o PR s |

FABMS (m/z) ; 622, 620(M+H) + | |

IR (KBr)v (cm-1); 1716, 1697, 1647, 1597, 1512, 1408, 1296,
1248, 1174; 1092. . '

Example 22 Synthes1s of Compound 22

Acetonltrlle (1.45 ml) ‘and 34 pl of 48% hydrobromlc acid. R

were added to 25 0 myg (0 0597 mmol) of Compound D, and the
mixture was stirred at.room tempe;ature for 60 minutes. To the
reaction mixture was then added a 1 N hydrobromic adid-aqueous '
solution, and the resultihg mixture was extracted with
chloroform. The chloroform layer was washed with a saturated
aqueous solutlon of sodium chlorlde, dried over anhydrous sodlum.
sulfate, and ¢oncentrated under reduced pressure, The~obta1ned
crude product was dissolved in 1.45 ml of methylene chloride,
and 27 mg (0.179 mmol) of 3,4-diaminobenzoic acid and 37 mg
(0.179 mmol) of dicyclohexylcarbodiimide were added thereto.attd
~-20°C. The mixture was stirred for 10 minutes. Subsequently, to
the mixture was added 21.9 mg (0.179 mmol) of 4- SR
dimethylaminopyridine, and the mixture was stirred at -20°C to
room temperature‘for'16 hours. To the reaction mixture was ;

added a saturated aqueous'solution of sodium hydrogen carbonate,' f’

and the resulting mixture was extracted with chloroform. The
chloroform layer was washed with a saturated aqueous solution of'
sodium hydrogen carbonate and with a saturated aqueous solution’
of sodium chlorlde, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The obtained crude product
was purified by thin=layer chromatography (chloroform: methanol—-
9:1) to give 13.7 mg of Compound 22 (yield: 36%)
The physmcochemical properties of Compound 22 are as

fallows.
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1H-NMR(270MH2 DMSO- ddﬁ(ppm), 12. 06(1H brs), 8. 07(1H brs),
.75 (2H, d, J=8.6Hz), 7.59(1H, d,J=15.5Hz), 7.37(1H,s),
.35(1H,dd,J=8.2,2.0Hz), 7.06(1H,d,J=15, 5Hz),

.99 (2H,d, J=8. 6Hz), 6.63(1H, d,J=7. 9Hz), 5.51(2H, brs),
.82(2H,br), 4.39-4.57(3H,m), 3. 85 (3H,s),

.83 (1H,brd, J=11. 2Hz), 3. 81(3H s), 3.45(1H,dd, J=8.9, 8. 9Hz),
.62 (3H, s) : :

FABMS (m/z); 635, 633 (M+H) + , | o _
IR(KBr)v(em™t); 1701, 1693, 1645, 1593, 1512, 1410, 1306, 1250,

N W s o N

1205, 1092

Example 23 Synthesis of Compound 23
Acetonitrile (1.45 ml) and 33.8 |L1 of: 48% hydrobromlc aCld

were added to 25.0 mg (0.0597 mmol) of Compound D, and the
mixture was stirred,at room temperature for 50 mihutés, To the
reaction mixture was further added 13.5 Hl of 48% hydrobromic
acid, and thelmixture was stirred for 20'hinutes. To the
reaction mixture was added - a 1 N hydrobromic acid aqueous
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated ,‘
aqueous solution of sodlum chloride; drled over anhydrous sodlum~'
sulfate, and concentrated under reduced pressure. The obtalned‘
crude product was dissolved in 0.94 ml of methYlene chloride,
and 0.37 ml of methylene chloride containing 29.6 mg (0.179
mmol) of 4- dlmethylaminohen201c acid and 37 mg (0.179 mmol) of
dlcyclohexylcarbodllmide was added thereto at =-20°C. The
mixture was st;rredafor 5 minutes. Subsequently, to the mlxturef
was added 21.9 mg (0.179 mmol) of 4-dimethylaminopyridine, and
the mixture was stirred at =20°C to room temperature for 18
hours. To the reaction mixture was added a saturated aqueous
solution of sodium hydrogen carbonate, and the resulting mixtﬁré
was extracted with chloroform. The chloroform layer was Qashed
with a saturated aqueous solution of sodium hydrogeh carbonate
and with a saturated aqueous solution of sodium chloride, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The obtained crude product was purified by thin-layer
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chromatography (chloroform:methanol=80:1) to give 22,3 mg of
Compound 23 (yield: 58%). |

The phy51cochem1cal properties of Compound 23 are as
follows. : : '
1H-NMR (270MHz, ch15)8(ppm); 9.44 (1H,brs), 8.28(1H,brs),
.92(2H,d, J=8.9Hz) , 7.75(1H,d,J=15.2Hz), 7.54 (2H,d, J=8.6Hz),
.92 (2H,d, J=8.2Hz), 6.77(1H,d,J=15.5Hz), 6.51(2H,d,J=8.6Hz),
.47-4.58 (1H,m), 4.43(1H,d,J=10.2Hz), o
.25 (1H,dd, J=9.2,8.2Hz), 3.94(3H,s), 3.84(3H,s), e
.82(1H,brd,Jé10.snz),'3;19<1H,dd,a=1o.2,9.éﬂz), 3.01(6H,s),
.50 (3H, 5) | e | ‘ :

FABMS (m/z) ; 648, 646 (M+H) * e . L i
IR (KBr)®(cm-l) ; 1697, 1647, 1603, 1512, 1406, 1267, 1174, 1155,

N W s oy 9

1088

Example 24 Synthesis of Compound 24 ‘
Acetonitrile (2. 32'ml)'and 54.1 U1l of 48% hYdrdbromic acid

were added to 40.0 mg  (0.0956 mmol) of Compound D, and the:

mixture was stirred at room temperature for 40 minutes. To the i

reaction mixture wa$ added a 1 N hydrobromic acid aqueous:
solution, and the resulting mixture was extracted with | _
chloroform. The chloroform layer was washed with a éétnrated‘_i
aqueous solution of sodium chloride, dried over anhydrous’sodiump
sulfate, and concentrated under‘reduced pressure, The obtained .
crude product was dissolved in 2.32 ml of methylene chloride,

and 47.4 mg (0.287 mmol) of 3~dimethylaminobenzoic‘acid.and:59.2
mg (0.287 mmol) of dicyclohexylcarbodiimide were added'théreto
at -20°C. The mixture was stirred for 5 minutes. Subseqpentiy,
to the mixture was added 35 mg (0.287 mmol) of 4- : S
dimethylaminopyridine, and the mixture was stirred at -20°C to‘
room temperature for 17.5 hours. To the reaction mixture was
added a saturated aqueous solution of sodium hydrogen carbonate,f
and the resulting mixture was extracted with chloroform. ' The
chloroform layer was washed with a saturated agueous solution{of
sodium hydrogen carbonate and with a saturated aqueous solution
of sodium chloride, dried over anhydrous sodium sulfate, and L
concentrated under reduced pressure. The obtained crude-product
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was purified by thin-layer chromatography (chloroform)‘tc.givé--_f 7
43.8 mg of a crude product. Then, the crude product Was_,-.‘x £
purified by high—performance preparativevliquid'chromatographyQ 1f f f
(acetonltrlle'water-90 10) to glve 31.6 mg of Compound 24 : S
(yield: 51%). N

The phy31cochemlcal propertles of Compound 24 are as:

follows.

H-NMR (270MHz, CDClg)S(ppm), 9.57(1H,brs), 8.30(1Hbrs), e
.73 (1H,d, J=15.2Hz), 7.53(2H, d,3=8. 6Hz), 7.42(1H,d,J=7, 9nz),,v,_*~'*~”~ﬁf‘
.34 (1H,brs), 7.18(1H,dd,J=7.9,7.9Hz), 6.92 (2H,d,J=8.6Hz),

.83 (1H,dd, J=7.9,2.6Hz),6.72 (1H,d,J=15,2Hz),

.45-4.58(1H,m), 4.40(1H,d,J=10.2Hz),

.25 (1H,dd, J=9.2,8.2Hz), 3.95(3H,s), 3.84(3H,s),

.80 (1H,dd,J=9.6, 2.0Hz),3.18(1H,dd,J=10, 2,9.902)

.87 (6H, s), 2.56(3H,s) ‘ :

FABMS (m/z); 648, 646 (M+H). T , .
IR (KBr)v(cm™l); 1734, 1697, 1653, 1603, 1512, 1458, 1406, 1250,

N Wb &y 9

1173, 1093

Example 25 Synthesis of Compound 25 _
Acetonitrile (2.32 ml) and 54.1 pl of 48% hydrobromic acid”
were added to 40. 0 mg (0.0956 mmol) of Compound D, and the
mixture was stirred at room temperature for 40 minutes. To the
reaction mixture was addéd a 1 N hydrobromic acid aqueous
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated
aqueous solution of sodium chloride, dried over annydrous sodlum
sulfate, and concentrated under reduced pressure. The obtained
crude product was dissolved in 2.32 ml of methylene chloride,
and 55.4 mg (0.287 mmol) of 4-diethylamincbenzoic acid and 59.2
mg (0.287 mmol) of dicYclohexylcarbodiimide were added thereto
at -20°C. The mixture was stirred for 5 minutes.'subséqpently,
to the mixture was added 35 mg (0.287 mmol) of 4- B
dimethylaminopyridine, and the mixture was stirred at -20°C to
room temperature for 21.5 hours. To the reaction mixture was
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added a saturated aqueous solutlon of sodium hydrogen carbonate,“u"d o

and the resulting mixture was extracted with chloroform 'The‘

chloroform layer was washed Wlth a ‘saturated aqueous’ solutlon of e
sodium hydrogen carbonate and with a saturated aqueous solutlon,'j"”f

of sodium chlorlde, drled over anhydrous sodium sulfate, and.
concentrated under reduced.pressure The obtained crude product
was purlfled by column chromatography (chloroform) to give 65 3
mg of a crude product. Then, the crude product was purlfled by
thin-layer chromatography. (chloroform:methanol=80:1) to glve
43.4 mg of Compound 25 (yield: 67%).

The physmcochemlcal-propertles of Compound 25 are as

follows, '
1H—NMR(270MH2 cnc13)8<ppm), 8,97 (1H, brs), 8.33 (1H, brs),

7.99 (2H,d, J=9.2Hz), 7.78(1H,d, J=15.2Hz), 7.56(2H,d,J=8.6Hz),
6.93 (2H,d, J=8.9Hz), 6.80(1H,d,J=15.2Hz), 6.61(2H,d,J=8.9Hz),
4.50-4.63 (1H,m), 4.46(1H,d,J=10.6Hz),

4.29 (1H,dd, J=9.9,8.3Hz), 3.96(3H,s), 3.85(3H,s),
3.83 (1H,dd, J=11.6,2.2Hz), 3.43(4H,q, J=6,9Hz),
3,22 (1H,dd, J=10.2,9.9Hz), 2.59(3H,s), 1.21(6H,t,J=6. 9Hz)
FABMS (m/z); 676, 674 (M+H) *
IR (KBr) v (cm-1) ; 1716, 1697, 1653, 1603, 1512, 1408, 1261, 1182,
1155, 1090

Example 26 Synthesis of Compound 26
Acetonitrile (1.74 ml) and 40.6 Ul of 48% hydrobromic acid

were added to 30.0 mg (0.0717 mmol) of Compound D, and the
mixture was stirred at room temperature for 40 minutes To the
reaction mixture was ‘added a 1 N hydrobromic acid aqueous
solution; and the reSulting mixture was extracted with
chloroform, The chloroform layexr was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The obtained
crude product was dissolved in 2.32 ml of methylene chloride,.
and 40.3 mg (0.215 mmol) of 4-(1H-pyrrol-l-yl)benzoic acid and
44.4 mg (0.215 mmol) of dicyclohexylcarbodiimide were added
thereto at =20°C. The mixture was stirred for 5 minutes
Subsequently, to the mixture was added 26.3 mg (0.215 mmol) of
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4—dimethylaminopyridine, and the mixture was stirred at f20‘cfto;r'
room temperature for 17 hours and 15 minutes. To the reaction
mixture was added a saturated aqueous solution of sodlum

hydrogenYCarbonate, anthhe'resulting mixture was extracted w1th‘_:3”

chloroform The chloroform layer was washed with a saturated
agqueous solutlon of sodlum hydrogen carbonate and w1th a
saturated aqueous solutlon of sodlum chlgride, drled over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The obtained crude product'was purified by columm
chromatography (chloroform) to give 29.3 mg of a crude product
Then, the crude product was purified by high- performance

preparative lquId chromatography (acetonitrlle.water—QO.10} to .,f;“r”"'

give 20.2 mg of ~Compound 24-(y1eld 42%)
The phy51cochem1cal propertles of Compound 26 - are as

follows.

1H-NMR (270MHz, CDC13) 8(ppm) ; 10.24(1H,brs), 8.28(1H,s),

8.03 (2H,d, J=7.9Hz), 7.71(1H,d,J=15,2Hz), 7.52(2H,d,J=8.6Hz),
7.13(2H,d,J=7.3Hz), 6.93(2H,brs), 6,91 (2H,d,J=8.2Hz),

6.67 (1H,d, J=15.2Hz), 6.29(2H,brs), 4.,20-4.48(LH,br),
4.29(1H,d,J=10.9Hz), 3.99-4.15(1H,m), 3.92(3H,s),

3.84(3H,s), 3.67(1H,brd,J=9.2Hz), 3.02(1H,dd,J=10.2,9. 6Hz),
2.56(3H,s8)

FABMS (m/z); 670, 668 (M+H) *

IR (KBr)v(cm-l); 1699, 1653, 1606, 1512, 1473, 1408, 1335, 1261,

1182, 1092

Example 27 Synthesis of Compound 27
Acetonitrile (1.16 ml) and 27 Ul of 48% hydrobromic acid

were added to 20.0 mg (0.0478 mmol) of Compound D, and the
mixture was stirred at room temperature for 40 minutes. To the .
reaction mixture was added & 1 N hydrobromic acid agqueous
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated
aqueous solution of sodium chloride,'dried over anhydrous sodium

sulfate, and concentrated under reduced pressure. The obtained
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crude prdduct'was dissolVed‘in 1.6 ml of methylenelchloride/
and 33.6 mg (0.143 mmol) of 4-(4-methylpiperazinylmethyl)benzoic

acid and‘29 6 mg (0.143 mmol) of dicyclohexylcarbodiimide were'_;.i.flﬁf-

added thereto at- 20 C. The mixture was stirred for § minutes
Subsequently, to the mlxture was added 17.5 mg (0,143 mmol) of

4- dlmethylamlnopyrldlne, and the mrxture was stirred at =20°C to l"-

room temperature'for 21 hours and 15 minutes. - To the reaction
mixture was added a saturated aqueous solution of sodium

hydrogen carbonate, and the resulting mixture was extracted with"

chloroform. The chloroform layer was washed with a saturated
aqueous solutlon of sodium hydrogen carbonate and with a
saturated aqueous solution of sodlum chloride, dried over .

anhydrous sodium sulfate, and concentrated under reduced

pressure. . The obtained crude product was purified by thin-layer b

chromatography (chloroform methanol 9:1) to glve 20.9 mg of
Compound 27 (yield: 61%).
The physicochemical:properties of Compound 27 are as

follows.

1H-NMR (270MHz, CDC13) 8 (ppm) ; 9.16-9.28 (1H,br), 8.33(1H,brs),
.08 (2H,d, J=7.9Hz), 7.75(1H,d,J=15.2Hz), 7.54 (2H,d,J=8,3Hz),
.40 (2H,d, J=7.9Hz), 6.92(2H,d,J=8.6Hz), 6.76(1H,d,J=15.5Hz),
.51-4.61(1H,m), 4.44(1H,d,J=9.9Hz),

.28 (1H,dd, J=8.9,7.6Hz) , 3.95 (3H,s), 3.84 (3H,s),

.80 (1H,brd, J=8.5Hz), 3.55(2H,s), 3.21(1H,dd,J=10.2, 9.9Hz),
.61(3H,s), 2.49(8H,brs), 2.31(3H,s)

FABMS (m/z); 717, 715(M+H) * .
IR (KBr)v(cm-1); 1697, 1653, 1647, 1601, 1512, 1408, 1250, 1217,

N W s 9 @

1173, 1090

Example 28 Synthesis of Compound 28 ‘
Anhydrous ethyl acetate (1.81 ml) was added to 12.7 mg

(0.0177 mmol) of Compound 27 obtained in Example 27, and 172 mg
of 5% hydrobromic acid in methanol was added thereto. The
mixture was stirred at room temperature for 1.5 hours. The

reaction mixture was concentrated under reduced pressure to give

e~ 49
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16.0 mg of'Compound'ZB. _ -
The physicochemical properties of Compound 28 are as -

follows.

1H-NMR (270MHz,DMSO-d¢) 8 (ppm) ; 12.14 (1H,s), 9.40-9.80 (1H,br),
.24 (2H,d,J=8.3Hz), 8.17(1H,s), 7.76(2H,d,J=8.6Hz),

.67(2H,d, J=7.3Hz), 7.59(1H,d,J=15.5Hz),

.0€ (1H,d, J=15.2Hz), 7.00(2H,d, J=8.6Hz), 4&.44-4,54(3H,m),
.86(3H,s), 3.81(3H,s), 3.49(2H,d,J=6.6Hz), 3.06-3.21(3H,m),

.84(3H,s), 2.63(3H,s) S
IR (KBr)v (cm™t); 1734, 1697, 1653, 1601, 1512, 1437, 1412,

N WS 9

1252, 1217, 1174,»1093

Example 29 Synthesis of Compound 29

Acetonitrile (1.74 ml) and 41 M1 of 48% ‘hydrobromic acid
were added to 30.0 mg (0.0717 mmol) of Compound D, and the -
mixture was stirred at room temperature for 1 hour. To the
reaction mixture was added a 1 N hydrobromic acid aqueous
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate; and concentrated under reduced pressure. The obtainedv
crude product was dissolved in 1.74 ml of methylene chloride,
and 43.4 mg (0.215 mmol) of p—hitrophenyl chlo.oformate and 30
il (0.215 mmol) of triethylamine were added thereto at -78°C.
The mixture was stirred for 1.5 hours. Subsequently, to the
mixture was further added 14.5 mg (0.0717 mmol) of p-nitrophenyl
chloroformate, ‘and the mixture was stirred for 30 minutes.
Then, 27.2 WUl (0.359 mmol) of 1,l-dimethylhydrazine was added
thereto, and the mixture was stirred at -78° to -20°C for 24
hours. To the reaction mixture was added a saturated aqueous
selution of sodium hydrogen carbonate, and the resulting mixture
was extracted with chloroform. The chloroform layer was washed
with a saturated aqueous solution of sodium hydrogen carbonate
and with a saturated aqueous solution of sodium chloride, dried
over anhydrous sodium sulfate, and concentrated under reduced

e 50
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pressure., The obtained crﬁde.produCt was purified by'thin layer _”-'E5ni°

chromatography (chloroform: methanol=20: 1) to give 18.9 mg of
Compound 29 (yield: 45%) . ‘
The physicochem;cal properties’of Compound’' 29 are @3

follows.

1H--NMR (270MHz,CDC15) 8 (ppm) ; 9.76 (1H,brs), 8.23(1H,brs),
7.80 (1H,d, J=15.5Hz), 7.56(2H,d,J=8.6Hz), 7.03(1H,brs),
6.92(2H,d, J=8.9Hz), 6.79(1H,d,J=15.2Hz), 4.43-4.51(1H,m),
4.40(1H,d, J=10,9Hz) , 4.23(1H,dd,J=9.6,9. 2Hz), 3.89(3H,s),
3.84(3H,s), 3.71(1H,dd,J=7.3,2.3Hz),
3.15(1H,dd,J=9.6,9.6Hz), 2.65(6H,s), 2.53(3H,s)

FABMS (m/z) ; 587, 585(M+H)

IR(KBr)v(cm-l); 2953, 1695, 1647, 1603, 1512, 1421, 1410,

1250, 1215, 1173, 1093

Example 30 Synthesis of Compound 30
Acetonitrile (0.87 ml) and 20.3 Ul of 48% hydrobromic acid

were added to 15.0 mg (0.0358 mmol) of Compound D, and the
mixture was stirred at room temperature for 50 minutes. To the
reaction mixture was added a 1 N hydrobromic acid aqieous :
solution, and the resulting mixture was extracted with
chloroform. The chloroform layer was washed with a saturated'
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The obtained B
crude product was dissolved in 0.87 ml of methylene chloride,
and 21.6 mg (0,107 mmol) of p-nitrophenyl chloroformate and 15
pl (0.107 mmol) of triethylamine were added thereto at -78°C.
The mixture was stirred for 40 minutes. Subsequently, to the
mixture was added 9.5 Wl (0.179 mmol) of l—methylhydraiine, and
the mixture was stirred at -78°C to 0°'C for 100 minutes. To the
reaction mixture was added a saturated agueous solution of
sodium hydrogen carbonate, and the resulting mixture was
extracted with chloroform, The chloroform layer was washed with
a saturated aqueous solution of sodium hydrogen carbonate and
with a saturated agueous solution of sodium chloride, dried over

- 51
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anhydrous sodium sulfate, and concentrated und2r reduced:-

pressure, The obtalned crude product was purified by thin—layer ;

chromatography (chloroform methanol =12:1) to glve 14 6 mg: of
Compound 30 (yleld 71%).
The physmcochemlcal properties of Compound 30 are as

fol ~us,

1H-NMR (270MHz, CDC13) 8 (ppm) ; 9.81-10.21(1H,br), 8.24 (LH,brs),
.81 (1H,d, J=15.2Hz), 7.57 (2H,d,J=8.3Hz), :

.93 (2H,d, J=8.6Hz), 6.82 (1H,d,J=15.5Hz), 4.47-4.55(1H,br),
.46 (1H,d, J=10.2Hz), 4.33(1H,dd,J=9.2,8.9Hz), 3.94(3H,s),

.85 (3H,s), 3.77(1lH,dd,J=9.4,2.1Hz), 3.29(3H,brs),

.19(1H,dd, J=9.9,9.9Hz), 2.32(3H,s)

FABMS (m/z) ; 573, 571(htH) * et
IR(KBr)v(cm-l); 1697, 1647, 1599, 1512, 1433, 1410, 1248, 1217,

W W a o 9

1173, 1111

Example 31 Synthesis of Compound 31 .
Acetonitrile (3.78 ml) and 89.4 [l of 48% hydrobromic acid

were added to 66.1 mg (0.158 mmol) of Compound D, and the
mixture was stirred at room temperature for 50 minutes. To the
reaction mixture was added a‘l N hydrobromic acid aqueous '
solution, and the resulting mixture was extracted with
chloroform. The c¢hloroform layer was washed with an aqueous
solution of sodium chloride, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The cbtained

crude product was dissolved in 3.0 ml of methylene chloride, and

95.5 mg (0.474 mmol) of p-nitrophenyl chloroformate and 66 |l
(0.474 mmol) of triethylamir< were added thereto at —78'C, and
the mixture was stirred for 45 minutes. To the mixture was
added 0.78 ml of a dichlorecmethane solution containing 101 mg
(0.553 mmol) of l-amino-4-piperidinopiperidine, and the mixture
was stirred at 0°C to room temperature for 23.5 hours. To the
reaction mixture was added a saturated aqueous solution of
sodium hydrogen carbonate, and the resulting mixture was

extracted with,chloroform» The chloroform layer was washed with




10

15

20

25

30

35

a saturated aqueous solutlon of sodlum hydrogen carbonate and

with a saturated aqueous solutlon of sodlum chlorlde, drled ove -

anhydrous’ sodium < lfate,.and concentrated under reduced vl

pressure; The obtalned crude produc* was purlfied by’thin~layer

chromatography (chloroform methanol tr19thylam1ne=9 I 0 2) ‘to.

give 48.5 mg of Compound 31 (yleld 43%) _‘
The phy31cochem1cal propertles of Compound 31 are as j;“

follows. : : : ' -

1H~NMR(270MHz,CDC13)5(ppm), 9 es(ln,brs) 8‘27(1H brs);ﬁ;

.78 (1H, d J—15 2Hz), 7. 5512H d J—8 6Hz), 7 Ol(lH 0”’!-1 _

.92(2H_d,Jf8,9Hz), 6. 79 ~H, d,J—14 9Hz), 4.48-4.5 (1H, m),

.43 (1H,d; d=9. QHZ): 4, 28(1H dd,J=9.6,8, 6H2),'3 2(3H s),

.85(3H,s), 3. .78 (1H,dd, J=9.4,2.5Hz) , 3.29(2H, br),

.20 (1H,dd, J=10 2,10. 2Hz) , 2.64(3H,s), 2.59(9H,br),

.84 (3H,br), 1.65(3H,br), 1.45(2H,br) DR

FABMS (m/z) ; 710, 708 (M+H) T T A R
IR (KBr)v(cm-1), 1697, 1645, 1601, 1512, 1433, 1410, 1252, 1215, =

oW W n gy 3

1173, 1107'”;'

nzampleﬁaz, Synthesis of Compound 32

Anhydrous ethyl acetate (2.5 nl) was added to 30.6 mg o
(0.0432 mmol) of Compound 31 obtalned in Example 31, and 210 mq '(ddi'
of 5% hydrobromic acid in methanol was added thereto. The '
mixture was stirred at :20_C,fox 40 minutes. The redctlon
mixture was concentrated under reduced pressure to give 35.5;mg_jvﬂ7“’
>f Compound 32. ,” ' _' | / L

The phvsicochemlcal oropertles of Compound 32 are as

fol.ows.

'H-NMR (270MXz, DMSO-dg) d (ppm) ; 12. O4(1H brs), 9. 25(1:,s),

9.00 (1#,b), 8.02 (1H,s), 7.75 (2H,d,J=8.6Hz), | ' .
7.59(1H,d,J=15.2Hz), 7.06(1H,d,J=15.2Hz), R e
7.00(2H,d,J=8.9Hz), $.36-4.53(3H,m), 3.85(3H,s), 3.82(3H,s), — H
3.78 (1H,m), 3.17-2.27(2H,m), 2.86-3.04(1H,m), -
2.69-2.79 (2H,m), 2.65(3H,s), 1.99-2.07(2H,br),

1.60-1.91 (9H,m), 1.34-1.49(2H,m)
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IR (KBr)v(cm-1); 1749, 1695, 1645, 1601, 1512, 1456, 1412, 1250,
1217, 1174_ et | ' |

Example 33 Synthe31s of ‘Compound 33
Acetonitrile (1.45 ml) and 33.8 ul of 48% hydrobromlc aeldd:'
were added to 25.0 mg {0.0597 mmol) of Compound D, and the
mixture was stirred at room temperature for 1 hour. To the
reaction-ﬁixture:was added a 1 N hydrobromic acid aqueous
solution, and the resulting mixture was extracted with
chloroform The chlo" »form layer was washed with a saturated

agueous solutlon of sodlum chloride, dried over anhydrous sodlum ,;f_

sulfate; and’ concentrated under reduced pressure.. The obtained
crude product was dissolved in.1.45 ml of‘methylene chloride;,
and 24.5 mg (0.185 mmol) of thiodiglycolic anhydride and 23.3 mg
(0.191 mmol) of 4-=dimethylaminopyridine were added'thereto‘at '
0°C. The mixture was ‘stirred at 0°C for 3 hours. To the
reaction mixture was added a 0.01 M phosphate buffer of pH 7eand
a 1 N hydrobromic acid aqueous solution, and the :esulting
mixture was extracted with chloxoform. The chloroform layer was
washed with a saturated aqueous solution of sodium hydroger.
carbonate~and with a saturated aqueous solution of sodium
chloride, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The obtained crude product was purified -
by thin-layer chromatography (chloroform:methanol:acetic
acid=4:1:0.1) to give 25.9 mg of Compound 33 (yield: 69%).
The physicochemical propertles of Compound 33 are as

follows

1H-NMR (270MHz, CDC13) 8 (ppm) ; 10.40 (1H,brs), 8.02(1H,s),
7.66(1H,d,J=15.2Hz), 7.49(2H,d,J=8.3Hz), 6.88(2H,d,J=8.3Hz),
6.63(1H,d,J=15.5Hz), 4.36-4.46(1H,m), 4.29(1H,d,J=10,6Hz),
4,11 (H,dd, J=9.9, 9.2Hz), 3.89(3H,s), 3.82(3H,s),

3.64 (1H,dd,J=9.9,2.3Hz), 3.59(2H,s), 3.40(1H,d,J=14.8Hz),
3.33(1H,d,J=14.8Hz), 3.07(1H,dd,J=10.2,9.9Hz), 2.50(3H,s)

FABMS (m/z); 633, 63L(M+H) t ,
IR (KBryv(cm-1); 1697, 1637, 1603, 1512, 1437, 1416, 1252, 1219,
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1174, 1105' T

Example 34 Synthesis of Compound 34

Acetonltrlle (1. 74 ml) and 40.6 Ul of 48% hydrobromic acid
were added to 30. 0 mg (0. 0717 mmol) of Compound D, and the
mixture was stirred at room temperature for 60 minutes. To the
reaction mixture was added a 1 N hydrobromic acid aqueous
solution, and the resultlng mixture was extracted with.
chloroform The chloroform layer was washed with a saturated

aqueous solutlon of sodlum chloride, dried over anhydrous sodlum;c[ﬂv'

sulfate, and concentrated under reduced pressure. The obtained’
crude product was diséolved in 1.74 ml of methylene chloride,
and 54.1 mg (0.215 mmol) of 4-(tert- s
butoxycarbonylamlnomethyl)benzolc acid and 44.4 mg- (0 215 mmol)
of dlcyclohexylcarbodllmlde were added thereto at -20°C. The

mixture was stirred for 5 minutes. Subsequently, to the mlxturef il

was added 26.3 mg (0,215~mmol) of 4-dimethylaminopyridine, and
the mixture was stirred at 420;6 to room temperaturevfof 5.5
hours. To the reaction mixture was added a 0.01 M phoSpﬁate
buffer of pH 7, and the resulting mixture was extracted with =
chloroform. The chloroform layer was washed with a Saturated
aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate; and concentrated under reduced pressure' The obtained '
crude product was purified by column chromatography (chloroform
and methanol:30:1) to give 44.3 mg of a crude product. '

Subsequently, the crude product was purified by hlgh-performance Ao

liquid chromatography (acetonitrile:water=80:20) to glve 28.5 mg i

of Compound 34 (yield: 54%).
The physicochemical properties of Compound 34 are as

follows.

1H-NMR (270MHz, CDC13) 8 (ppm) ; 9.44-9.76(1H,brs), 8.30(1H,brs),
8.00(2H,d, J=7.3Hz), 7.75(1H,d,J=15.2Hz), 7.55(2H,d,J=8.6Hz),
7.22(2H,d,J=7.3Hz), 6.92 (2H,d,J=8.9Hz), 6.76(1H,d,J=15.2Hz),
5.25 (1H,brs), 4.47-4.59(1H,m), 4.43(1H,d,J=10.9Hz),
4,21-4,38(3H,m), 3.94(3H,s), 3.84(3H,s),

! ﬁ} , 55
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3.81(1H,brd, J=10.9Hz), 3.20(1H,dd,J=10.2,10.2H2), 1.45(9K,s)

FABMS(m/z); 734, 732(M#H) * | otk
IR (KBr)v (cm-l); 1705, 1695, 1645, 1512, 1410, 1261, 1217, 1173,

1090, 1016

Example 35 Synthe51s of Compound. 35

1,2- chhloromethane (2.0 ml) and 1.445 g (0 893 mmol) of 5%”;1,_w

hydrobromlc acid-in methanol were added to 65.4 mg (0. 0717 mmol) o

of the crude product obtalned in Example 34, and the mixture was 'e:fi;

stirred at 60°C for 5 hours and 45 minutes. A saturated aquebus,l

solutlon of sodlum hydrogen carbonate was added to the reactlon i

mixture, and the resultlng mixture was extracted with
chloroform. The chloroform layer was washed with a saturated
aqueous solution of sodium hydrogen carbonate and_w1th a
saturated aqueous solution of sodium chloride, dried over

anhydrous sodlum sulfate, and concenLrated under reduced

pressure. The obtained crude product was purified by thln layer B

chromatography (chloroform and methanol:4:1) to obtain 84 5 mg
of a crude product. Subsequently, the crude product was _
purified by celumnlchromatography_(chloroform:methaﬁol=10:1) to
give 15.1 mg of Compound 35.(yieldf 33%). :

The physicochemical properties of Compound 35 are as

follows.

1H-NMR (270MHz, CDC15+CD30D) & (ppm) ; 8.25(1H,brs),

8.13(2H,d, J=7.9Hz), 7.70(1H,d,J=15.2Hz), 7.51(2H,d,J=8.6Hz),
7.37(2H,d, J=8.2Hz), 6.88(2H,d,J=8.6Hz), 6.75(lH,d,J=15.5Hz),
4.47-4.58 (1H,m), 4.42(1H,d,J=10.6Hz),

4.26 (1H,dd,J=9.6,8.9Hz), 3.91 (3H,s), 3.89(2H,s),

3.81(3H,s), 3.78(1H,brd,J=8.4Hz), 3.19(1H,dd,J=9.9,9.9Hz),
2.61(3H, s) S

FABMS (m/z); 634, 632 (M+H) * 4 e
IR(KBr)V (cm-l); 1732, 1695, 1647, 1601, 1512, 1410, 1259, 1219,

1174, 1092

¢ e E 56




Eagynple_iﬁ Synthe31s of Compound 36
Anhydrous ethyl acetate (1, 17 ml) was added to ll 1 mg i
(0.0175 mmol) of compound 35 obtalned in Example 35, and 85 mg TR
of 5% hydrobromlc acid in methanol was added thereto. The :
5 mixture was stirred at room temperature for 1 hour. The reactlonef
mixture was concentrated under reduced pressure to glve 14 6 mg"].ff
of Compound 36. Lo : L
The phy51cochemical properties of Compound 36 are as

follows.

10 : : :
1g- NMR(Z?OMHZ DMSO~ d6)5(ppm), 12, 15(1H brs), 8.32(2H, br), '
8.27 (2H,d,J=8.2Hz), 8.18(1H,brs), 7.75(2H,d, J=8. 3Hz),
7.72(2H,d,J=7.6Hz), 7.58(1H,d,d=15.5Hz),
7.08 (1H,d, J=15.2Hz), 7.00(2H,d,J=8.6Hz), 4.50-4.60 (1H,m),

15 4.41-4.48(2H,br), 4.21-4. 23(2H,m), 3.86(3H,s), 3.83(1H,brd),
3.81(3H,s), 2.63(3H,s) :

IR (KBr)V(cm-l); 1734, 1697, 1635, 1601, 1514, 1437, 1417, 1259, g
1174, 1093 ’ ' '

20 Example 37 Synthe31s of Compound 37
Anhydrous ethyl acetate (1. 25 ml) was added to 19 6 mg
(0.0306 mmol) of compound 18 obtained in Example 18, and 149 mg'fl
of 5% hydrobromic_aoid in methanol was added thereto. The ,d"
mixture was sﬁirred at 0°C for 1 hour. The reaction mixture was
25 concentrated under reduced pressvre to give 23 mg of Compound
37. | | :
The phy31cochem1cal properties of Compound 37 are as:

follows.

30 H-NMR(270MHz,DMSO-dg) 8 (ppm) ; 12.07 (1H,brs), 9.49(2H,brs),
8.04 (1H,brs), 7.76(2H,d,J=8.3Hz), 7.59(1H,d,J=15.28z), .
7.07 {1H,d, J=15.5Hz) , 7.00 (2H,d,J=7.3Hz), 4.38-4.56(3H,br),
3.85(3H,s), 3.82(3H,s), 3.77(1Hbr), 3.02-3.30(5H,m),

2.82(3H,s), 2. 66(3H s) : v , . o
35 IR(KBr)D(cm‘H, 1697, 1647, 1601, 152, 1437, 1412,‘1250, 1217,‘rf

1174, 1093
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Examplg_iﬁ Synthesis of Compound 38
Aoetonltrlle (1.2 ml) and 27 ‘U1 of 48% hydrobromlc acid

were added to 20.0 mg-(0.0478 mmol) of Compound D, and the
mixture was stirred at room temperature for 40 minutes,' To théz
reaction mixture was'then added a 1 N hydrobromic acid aqueous
solution, and: the resulting mixture was extracted with ‘
chloroform. - The chloroform layer was washed with a. saturated
aqueous solutlon.of sodium chloride, dried over anhydrous sodlumﬂ
sulfate, and concentrated under reduced pressure. The obtalned ‘
crude product was dissolved in 1.1 ml of methylene chlorlde, and
28.9 mg (0.143 mmol) of p- nltrophenyl chloroformate and 20 ul '
(0.143 mmol) of triethylamine were added thereto at -78°C. The
mixture was stirred for 45 minutes. Then, to the mixture waS;"
added a solution of 31.8 mg (0.239 mmol) of 1,2- : _
dimethylhydrazine dihydrochloride and 67 pL (0. 478 mmol) of
triethylamine in 0.31 ml of chloroform. The mixture was stlrreds
at -20°C for 2 hours and 25 minutes, To the reaction mlxture -
was added a saturated aqueous solution of sodium hydrogen
carbonate, and the resultlng mixture was extracted wrth
chloroform. The chloroform layer was washed with a saturated
aqueous solutlon of sodium hydrogen carbonate and with a
saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The obtalned crude product was purified by thln-layer
chromatography (chloroform methanol=20:1) to give 12.9 mg of
Compound 38 (yield: 469)

The physicochemical properties of Compound 38 are as

follows.

1H-NMR (270MHz, CDC1;) 8 (ppm) ; 9.65(1H,brs), 9.39(1H,brs),
8.24 (1H,s), 7.80(1H,d,J=15.2Hz), 7.57(2H,d,J=8.9Hz),

6.94 (2H,d, J=8.9Hz), 6.81(1H,d,Jd=15.5Hz), 4.50-4.57(1H,m),
4.46(1H,d,J=10.2Hz), 4.31(1H,dd,J=9.6,8.9Hz), 3.94(3H,s),
3.86 (3H,s), 3.78 (1H,dd J=9.7,2.5Hz), 3.27(3H,brs),
3.20(1H,dd,J=10.2,9,9Hz), 2.71(3H,brs), 2.44(3H,brs)
FABMS (m/z); 587, 585 (M+H)

Er“.zé S . 58
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IR (KBr) D (cm™1); 1716, 1697, 1686, 1647, 1601, 1512, 1410, 1252,
1219, 1173, 1159, 1109 | | ' |

Example 39 Synthe51s of Compound 39

Acetonltrlle (1. 58 ml) and 348 mg of 5% hYdrObromlc acid 1n“f1f P

methanol were added to 30.0 mg (0.0717 mmol) of Compound D, and
the mixture was stirred at room temperature for 30 minutes. The
reaction mikthre’was concentrated_under reduced pressure. The
obtained crude product was dissolved in 1.58 ml of methylene "
chloride, and 49.7 mg (0.215 mmol) of 2-(4-
methylpiperazinyl)acetic aeid'dihydrochleride and 41.1 mg (0,2153
mmol) of N4ethyl-N‘%3-dimethylaminopropylcarbodiimide o
hydrochloride were added thereto at =20°C. The mixture was _
stirred for 5 minutes. To the :eaetion mixture was then‘added'
52.6 mg (0.430 mmol) of 4-dimethylaminopyridine, and the_mixture'ﬁf
was stirred at -20°C for 4 hours and 10 mihutes. To ﬁhe' S s
reaction mixture was added a saturated aqueocus solution of
sodium hydrogen carbonate, and the resultlng mixture was
extracted with chloroform. = The chloroform layer was washed thh :
a saturated aqueous solution of sodium hydrogen carbonate and
with a saturated aqueous solution of sodium chloride; and'dried
over anhydrous sodium sulfate. Trifluoroacetic acid was then
added thereto, and the mixture was concentrated under reduced‘
pressure. - To the obtained crude product were added 2,00 ml of
anhydrous ethyl acetate and 355 mg of 5% hydrobromic acid in
methanol, and the mixture was stirred at -20°C for 1 hour. The

precipitated cryetals wére collected by filtration, washedrwith'>j‘-r

ethyl acetate, and dried under reduced pressure to give 14.4 mg ,:
of Compound 39 (yield 25%).
The physicochemical properties of Compound 39 are as

follows.

1H-NMR (270MHz, DMSO-dg) d(ppm) ; 12.06(1H,s), 9.45(1H,brs),
8.10(1H,s), 7.75(2H,d,J=8.6Hz), 7.59(1H,d,J=15.5Hz),

7.70 (1H,d, J=15,2Hz) , 7.00(2H,d,J=8.9Hz), 4.36-4.58(3H,br),
3.89(2H,s), 3.85(3H,s), 3.81(3H,s), 3.80(lH,brd,J=9.9Hz),

guf. ol | 59
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3.38-3.50(3H,m), 3.03-3.20(4H,m), 2.82(5H,br), 2.66(3H,s)
IR (KBr)v(cml); 1647, 1637, 1601, 1512, 1458, 1437, 1410,

1250, 1207, 1174

Exanm;e_ﬁg Synthesis of'COmpound 40
Acetonltrlle (1 58 ml) and 348 mg of 5% hydrobromic acid ln

methanol were added to 30.0 mg (0.0717 mmol) of Compound D, and

the mixture was stirred at room temperature for 30 minutes. The:{:ef,“.”*

reaction mixture_was concentrated under reduced pressure. The
obtained crude product was dissolved in 1.58 ml of-methyiene_’ Ci
chloride, and 64.4 mg (0.215 mmol) of 2-(4- il

plperldlnoplperldlnyl)acetlc acid dlhydrochlorlde and 41 1 mg-
(0.215 mmol) of N-ethyl-N'-3- dlmethylamlnopropylcarbodllmlde ;
hydrochloride were added thereto at -20°C. The mixture was_'

stirred for 5 minutes. Subsequently, 52.6 mg (0:430”mmol) Of'4,"7<

dimethylaminopyridine was added to the mixture, and the mixture
was stirred at -20°C to room temperature for 7 hours. A
saturated aqueous solution of sodium hydrogen carbonate was
added to the reaction mixture, and the reSulting mixture wasd'

extracted with chloroform. The chloroform layer was washed with =

a saturated aqueous solution of sodium hydrogen carbonate and
with a saturated aqueous solution of sodium chlorlde, and'dried
over anhydrous sodium sulfate. Trlfluoroacetlc acid was added
+thereto, and the mlxture was- cencentrated under reduced ”
pressure. Anhydrous ethyl'acetate (2.00 ml) and 580 mg of 5%
hydrobromic acid in methanol were added to the obtained crude
product, and the mixture was stirred at -20°C for 1 hour. The
precipitated crystals were collected by filtration, washed with
ethyl acetate, and dried under reduced pressure to give 48.1 mg =
of Compound 40 (yield: 77%).

The physicochemical propertles of Compound 40 are as

follows. : :
1H-NMR (270MHz, DMSO-d¢) 8 (ppm) ; 12.19(1H,s), 9.38(1H,brs),

8.20(1H,s), 7.76(2H,d,J=8.6Hz), 7.59(1H,d,J=15.2Hz),
7.08 (1H,d, J=15.6Hz), 7.00(2H,d,J=8.6Hz), 4.38-4.60(3H,m),
4.41(1H,br), 3.85(3H,s), 3.82(3H,s), 3.79 (1H,m),
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3.37-3.73(5H,m), 2.86-3.23(4H,m), 2.68(3H,s), 2.25(2H,br),
1.64-2.16(7H,m), 1.44 (1H,br) | ;
IR (KBr)v(cm-1); 1695, 1686, 1645, 1601, 1512, 1437, 1410, 1250,

1176, 1109

Reference Example 1 Synthe51s of Compound a
Compound E- (705 mg, 1,03 mmol) was dissolved in 36 ml of

tetrahydrofuran, and 1.55 ml of a 1 M tetrahydrofuran solution
of tetra-n-butylammonium fluoride was added thereto. -T@e'
mixture was Stlrredvat room temperature for 1 hour. Phqephate
buffer (pH 7) was added to the reaction mixture, and the
resulting mlxture was extracted with ethyl acetate. = The ethyl
acetate layer was washed with a saturated agqueous solution of
sodium chlorlde, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure.  The obtained ‘crude producL
was dissolved in 53 ml of N,N—dimethylformamlde, and 11 ml of
70% perchloric acid and 21_ml of water were added thereto at
0°C. The mixture was stirred at 0°C to room temperature fOr-Z
hours. A saturated aqueous solution of sodium hydrogen ‘
carbonate was added to the reaction mixture, and the resulting
mixture was extracted with‘ethyl'acetate{ The ethyl'acetate
layer was washed with a saturated aqueous solution of sodium
chloride, dried over ‘anhydrous sodium sulfate, and concentrated
under reduced.pressurem The obtained crude product was purified
by silica-gel column chromatography (160 ml of silica gel,
chloroform:methanol=30:i) to give 385 mg of Compound & (yield
73%). '

The physicochemical properties of Compound a are as

follows.

1H—NMR(4OOMH.2,.DMSO—d5)5(pph’1);. 11.36(1H,br s), 9.52 (1H,s),
7.82(1H,br s),6.97(1H,d,J0=2.2Hz), 6.87(1H,s), 4.67(1H,br
d,J=9.8Hz), 4.47(1H,dd,J=5.3,5.3Hz), '
4.39(1H,dd,J=10.1,8.4Hz), . 4.18(1H,m), 4.05(3H,s),3.89(3H,s),
3.88(3H,s), 3.86(3H,s), 3,73 (1H,dd,J=10.5, 5.0Hz),
2.66(3H,s)
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IR (KBr)V (cm-1); 1595, 1490 1442, 1320, 1223, 1161
SIMS(m/z); 510(M) + , 234

Reference ExgmplguZ Synthesis of Compound b

Compound a (50 mg, 0.098 mmol) was dissolved in 3 ml of
N,N—dimethylfdrmamide, and 20 mg {0.14 mmol) of potaSsium
carbonate.and 22 ml (0:19 mmol) of benzyl bromide were added
thereto. The mi?ture was stirred at room temberature for 48
hours. Phosphate buffer (pH 7) was added to the reaction
mixture, and the resulting mixture was extracted ‘with ethyl '
acetate. - The ethyl acetate layer was washed with a’ saturated
aqueous solutlon of sodlum chloride; dried over anhydrous sodlum '
sulfate, and concentrated under reduced pressure. The obtained
crude product was purified by.silica?gel column chromatography
(20 ml of silica gel, chloroform:methanol=100:1) to give 40 ma
of Compound b (yield: 68%).

The phy31cochemlcal propertles of Compound b are as

follows.

1H-NMR (400MHz,CDC13) 8 (ppm) ; 9.39(1H,br s), 8.63(1lH,br s),
8.18(1H,s), 7.50-7.37(5H,m), 6.99(1H,d,J=2.3Hz), 6,8é(1ﬂ,sj,
5.24 (2H,d,J=11.0Hz), 4.66(1H,dd,J=10.1,1.2Hz),
4.52(1H,dd,J=10.0,8.5Hz), 4.38(1H,m), 4.07(3H,s),3.94(3H,s),
3.91(3H,s), 3.90(3H,s), 3.85(1H,dd,J=10.5,4.7Hz),
3.58(1H,dd,J=10.5, 6.5Hz), 2.68(3H,s)

IR(KBr)V(cm™l); 1671, 1636, 1597, 1492, 1443, 1417, 1313,
1219, 1113 ,

EIMS (m/z) ; 599(M+1) * , 234

Reference Example 3 Synthesis of Compound c¢

Compound a (100 mg, 0.195 mmol) was dissolved in 5 ml of
N,N-dimethylformamide, and 41 mg (0.30 mmol) of potassium
carbonate and 0.019 ml (0.31 mmol) of methyl iodide were added
thereto. The mixture was stirred at room temperature for 24
hours. Then, 0.01 M phosphate buffer (pH 7) was added to the
reaction mixture, and the resulting mixture was extracted with

I~
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ethyl acetate The ethyl acetate layer was washed with a
saturated aqueous solutlon of sodium chlorlde, drled over
anhydrous sodlum sulfate,_and concentrated under reduced

pressure. The obtalned crude product was purified by. 81llca~gel5@?f

column chromatography (20 ml of 3111ca gel, chloroform: methanol—n
80: 1) to give 52 mg of‘Compound c (yleld 51%) . N : :
The physmcochemlcal propertles of Compound c are as.

follows.

1H- NMR(400MHZ CDCl3)8(ppm), 9.39(1H, br s), 8. 26(1H br s),
8.05 (1H,s), 6.99(1H,d,J=2.3Hz), 6. 86(1H,5), 4.66 '
(1H,dd, J=10.2,1.2Hz) , 4.52(1H,dd,J=10.1, 10.1Hz),

4.37 (1H,m), 4. 07(3H,s),'4 00(3H,s), 3.94(3H,s),3. 91(3H,s),
3.90(3H,s), 3.85(1H,dd,J=10.4,4.7Hz),

3.59(1H,dd, J=10.5,7.4Hz) , 2.69(3H,s) R
IR(KBr)u(cmﬂq; 1670, 1634, 1521, 1446, 1411, 1313, 1221,
1113 T | -
SIMS (m/2z) ; 524(M+H)+ 234

The preSent'inventionzrelates to DC-89 derivatives. The
compounds of the present invention exhibit excellent anti-tumor

activity and are useful as anti-tumor agents.
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The claims defining the invention are as follows:
1. A DC-89 derivative represented by the formula

HsG CO,CH;
— X
HN
RO N
wherein:
5 X represents Cl or Br;

R represents:
(a) substituted or unsubstituted lower alkyl;

(b) substituted or unsubstituted aralkyl;
(c) COR! in which R! represents;

10 (i) hydrogen;
ngeeed (ii) substituted or unsubstituted lower alkyl
(iii) - substituted or unsubstituted aryl;
N (iv) substituted or unsubstituted heterocyclic group selected from the -

: group consisting of pyridyl, pyrazinyl and pyrimidinyl;
: 15 (v) OR2 (in which R? represents substituted or unsubstituted lower

alkyl or aryl);
(vi) SR2 (in which R2 is the same meaning as defined above);

(vii) NR3R4 (in which R3 and R4 independently represent hydrogen,
) subst:tuted lower alkyl, amino, or mono- or di(lower alkyl)amino, provided that R3 and

20 R# are not hydrogen at the same time);

(viii) l’\JN R5
R6

in which RS represents NR7 (in which R7 represents hydrogen or substituted or

unsubstituted lower alkyl) or oxygen, and RS represents hydrogen or substituted or

unsubstituted lower alkyl, or
e C

(in which RS represents hydrogen or substituted or unsubstituted lower alkyl) or SO,R8
(in which R8 represents substituted or unsubstituted lower alkyl or substituted or

25

i unsubstituted aryl); and
AR /o
7 Y represents

SO
A O !
C

v P
) \ff;")’ T C<’_
—— [N:\libaa]00974: VR
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OCH;,

/ OCHs,

N ocH,
0

or pharmaceutically acceptable salts thereof.

OCHs

[N:\libaa]00974:JVR
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2. A DC-89 derivative represented by the formula

wherein X represents Cl or Br; and R® represents COR! {in-whiéh'
R! represents substituted or unsubstituted aryl, NR3RY (in which
R3 and R4<independently represant hydrogen, substituted"IOWer

alkyl, amino or mono- or dl(lower alkyl)amino, provided that R3
and R? are not hydrogen atoms at the same time), '

(in which R® and R’ independantly represent hydrogen or
substituted or unsubstituted lower alkyl), or

W =

(in which R® is the same meaning as defined above)},
and pharmaceutically acceptable salts thereof.

3. A DC-89 derivative represented by the formula
HiC,  co,CH,

wherein X represents Cl or Br; and Rl2 represents
LN 7
NHN N-R
—

(in which R7 represents hydrogen or substituted or unsubstituted

lower alkyl), or NHND—N: >
. 4

and pharmaceutically acceptable salt:: thereof.
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4' A DC-89 denvatxve, substantlally as herembefore descnbed w1t11 1eference to
a.ny one of the Examples ' ' R

5. A process of preparmg a DC-89 denvatxve, which process is substant: y 'as

herembefore described with reference to any one of the Examples.
6. A method for the treatment or prophylaxns of a ‘tumor in a mammal )

comprlsmg /admrmstermg to said mammal an effectlve amount of a DC—89 derlvatlve -

/ Dated 18 January, 1996
‘ quwa Hakko Kogyo Co., Ltd.

Patent Attorneys for the Applicant/Nominated Person
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DC-89 derlvatlves represented.by the formula

H,C . CO,CH,

HN.

" RO”

<=z

wherein X represents CL or Br; R represents substitutedﬁo:

unsubstituted alkyl; substituted or unsubstituted aralkylL,CORiﬁ}‘V ?7

or S,0R’; and Y represents :
L OCHy
- oxX Y\/@ .v : r

and pharmaceutlcally acceptable salts thereof
The compounds of the present invention exhibit excellent

anti-tumor activity and are useful as anti-tumor agents.
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