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Description

CEPHALOSPORIN HAVING CATECHOL GROUP

[Technical Field]
(o601}

The compounds of the present invention are related to cephem
compounds, which have a wide antimicrobial spectrum, and in
particular exhibit potent antimicrobial activity against beta-
lactamase producing Gram negative bacteria, and pharmaceutical
composition comprising the sanme.

[Background Art]
[oooz]

To date, a variety of beta-lactam drugs have been developed
and beta-lactam drugs have become clinically extremely important
antimicrekbial drugs. Howsver, there are increasing number of
bacterial types which have obtained resistancy against beta-
lactama drugs by producing beta-lactamase, which degrade beta-
lactam drugs.

Becording to the Ambler molecular classification, beta-
lactamase are largely classified into four classes,
Specifically, those are Class A (TEM type, SHEV type, CTX-M type
and the like), Class B {(IMP type, VIM type, L-1 type and the
like), Class € (AmpC type) and Class D (0XA type and the like).
Amongst these, Classes A, C and D types are largely classified
into serine-beta-~lactamase, and on the other hand, Class B type
is classified in to metallo-beta-lactamase. It has been known
that both have respectively different mechanisms to each other
in terms of hydrolysis of beta-lactam drugs.

Recently, clinical problem has been occurring due te the
exlistence of Gram negative bacteria which have become highly
resistant to beta-lactam drugs including Cephems and Carbapenems
by production of Class A or D types serine-beta-lactamase and
Class B type metallo-beta-lactamase which have extended their

substrate spectrum. Particularly, metallo-beta-lactamase 1is
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known to be one of the causes of obtaining multi-resistancy in
Gram negative bacteria. Cephem compounds which exhibit
intermediate activity against metallo-beta-lactamase producing
Gram negative bacteria are known (e.g., Patent Literature 1 and
Non-Patent Literature 1}). Howewver, there i3 a demand for
development of Cephem compounds which exhibit more potent
antimicrobial activity, 1in particular effectivity against a
variety of beta-lactamase producing Gram negative bacteria.
[0003]

cne of known antimicrobials having hich anti-Gram nsgative
bactericidal activity is Cephem compounds having a catechol
group intramolecularly (e.g., Neon-Patent Literatures 2-4). The
action thereof is that the catechol group forms a chelate with
Fe’', thereby the compound is efficiently incorporated into the
bacterial body by means of Fe3+ transportation system on the
celiular membrane {tonB—dependent iron transport system).
Therefore, research has Dbeen conducted on compounds having
catechol or similar structure thereto, on the 3-positicn side
chain or 7-position side chain on the Cephem backbone.
[0004]

Patent Literatures 2-8 and Non-patent Literatures 2-11 and
16 disclose compounds having a catechol or a sturcture similar
thereto on the 3-position side chain of the Cephem backbone.

Patent Literature 8 and Non-patent ILiteratures 12-15
disclose compounds having a catechol or a sturcture similar
thereto on the 7-position side chain of the Cephem backbone,

Nen-patent Literatures 7, 9, 10 and 12-15 describe Cephem
compounds which have been stabilirzed against beta-lactamase.

However, these references do not disclose the compounds of
the present invention. Furthermore, these references, which
describe Cephem compounds having catechol group intramolecularly,
have no specific description regarding metallo-betas-lactamase of
Class B type, or antibacterial activity against wide spetcrum of

Gram negative bacteria including Class B type.
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Patent Literatures 10 and 11 do not specifically disclose

Cephem compounds having catechol type substituents.

[Prior Art References]

[Patent Literature]

[0005]

[Patent Literature 1] International Publicaticn No. 2007/118511
pamphlet

[Patent Literature 2} Japanese Laid-Open Publication No. H3-
173893

[Patent Literature 3] Japanese Lald-Open Publication No. HZ=-
15080

[Patent Literature 4] Japanese Lald-Open Publication No. HZ-

28187

[Patent Literature 5] Japanese Laid-Open Publication No. H2Z2-

117678
[Patent Literature 6] Japanese PCT National Phase Lald-Open

Publication No. H6-310523

[Patent Literature 7] Japanese Laid-Open Publication No. H3-
213871

[Patent Literature 8] Japanese Laid-Open Publication No. H2Z-
28185

[Patent Literature 9] Japanese Lald-Open Publication No. H&-

345776
[Patent Literature 10] International Publication Neo. 2007/0%8740

pamphlet

{Patent Literature 11] International Publication No. 2003/078440
pamphlet

[Non—-Patent Literature]

(0006}

[Non-Patent Literature 1] The Journal of Antibiotics, Vol 61,
pr.36-39(2008)

[Non-Patent Literature 2] The Journal of Antibiotics, Vol. 43,
pp.1617-1620(19380)

[Non~-Patent Literature 3] The Journal of Antibiotics, Veol.42,

pp.795-806(1989)
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I[Non-Patent Literature 4] The Journal of Antibictics, Vol.4s,
pp.833-839(1993)

[Non—-FPatent Literature 5] The Jourrnal of Antibiotics, Vol.4§,
pE.840-849(1993)

{Non—-Patent Literature &} The Journal o¢f Antibiotics, Vol.46,
pp.850-857 (1293)

[INon—-Patent Literature 7] The Journal of Antibiotics, Vol.4s,
Pp.1458~-1470(1993)

[Non=~Patent Literature 8] The Journal of Antibiotics, Vol.48,
pp.1371-1374{19853)

[Non-Patent Literature 9] The Journal of Medicinal Chemistry,
Vol.35, pp.2631-2642(1992)

[Non=Patent Literature 10] The Journal of Medicinal Chemistry,
Vol.35, pp.2643-2651(1292)

[Non-Patent Literature 111 Biocorganic & Medicinal Chemistry
Letters, Vol.5, pp.%63-266(1995)

[Noen-Patent Literature 12] The Journal of Antibilotics, Vol.48,
pp.417~424(1925)

[Mon-Patent Literature 131 The Journal of Antibioctics, Vol.41,
pp.377-381(1988)

Non-Patent Literature 14] The Journal of Antibiotics, Vol.49,
op.496-498(1956)

[Nen—-Patent Literature 15] The Journal cof Antibiotics, Vol.46,
pp.1275-1288(1993)

[Non-Patent Literature 16] Applied Microbiology and
Biotechneclogy, Vol.40, pp.822-827(19%4)
[Abstract of Invention]
[Problems to be solved by the Inventicn]
[0007]

The present invention provides Cephem compounds which

exhibit potent antimicrecbial spectrum against a variety of
bacteria including Gram negative bacteria and/or Gram positive

bacteria.
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Preferably, the present invention provides Cephem compounds
which exhibit potent antimicrobial activity against beta-
lactamase producing Gram negative bacteria.

More preferably, the present invention provides Cephem
compounds which exhibit potent antimicrobial activity against
multi-drug resistant microbials, in particular, Glass B type
metallo-beta~lactamase producing Gram negative bacteria.

Still preferably, the present invention provides Cephem
compounds which do not exhibit cross-resistance against known
Cephem drug or Carbapenem drugs.

IMeans for solving the preoklems]

[coos]

The present invention provides Cephem compounds which have
solved the above-mentioned problems having at least following
structural features:

1) The compounds of the present invention have c<yclic
quarterly ammonium group on the 3-position side chailn, and a
catechol type substituent on the extreme thereof, preferably,
have a chloride atom on the benzene ring of the catechcl group;

2) The compounds of the present invention have a spacer
molety (-G-B-D} Dbetwsen the guarterly ammonium group and the
catechol type substituent;

3} The compounds of the present invention have an
aminothiadiazel ring or aminothiazol ring on the 7-position sids
chain, and a carboxylic group on the extreme of the oxime molety.
[0009]

Specifically, the present invention provides the following
inventions:
1y A compound of the formula:

[Formuala 1]
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wherein,

¥ is N, CH or C-Cl;

T iz 8, 8=0, CH; or O;

A is lower alkylene, lower alkenylene cor lower alkynylene;

G is a single bond, optionally substituted lewer alkylene,
opticonally substituted lower alkenylene, or optionally
substituted lower alkynvlene;

B is a single bond or 5- or 6&~membered heterccyclic group
containing at least 1 to 3 N atom(s};

D is a single bond, -CO-, -0-CO-, -CO0-0-, -NR'-, -NR'-CO-, -
co-NR'-, -NR’-CO-NR'-, -0-, -8-, -S0-, -80,-NR'-, -NR'-80,-, -
CH; -NR' -CO- or -S50C;-—

E is optionally substituted lower alkylene;

F is a single bond or optionally substituted phenylene;

R, R*', R%°and R°each is independently hydrogen, halcgene,
nitrile, or -OR®;

R’ each is independently hydrogen or optionally substituted
lower alkyl;

R’ cach is independently hydrogen, lowsar alkyl,
hale (lower)alkyl, lewer alkylcarbonyl or carbamoyl;

A group of the formula:

[Formula 2]

(1)
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is an optionally substituted, saturated or unsaturated,
monocyclic or fused cyclic guarternary ammonium group containing

at least one or more N atom{s}!;

the broken line shows a bond in the ring;

provided that when G bonds to a cationic N atom, the broken
line i1s absent, and when G does not bond to a cationic N atom,
the broken line shows a single bond between the cationic N atom
and a neighboring atom or shows lower alkylene between the
cationic N atom and a ring-forming atom other than the
neighboring atom; and when G is a single bond, B 1s a single
bond and D ig-NH~CO- or -S~-, a group of the formula:

[Formula 3]

®
N
A///'\\Q G

is not a group of the formula:

[Formula 4]

e

wherein, a hydrogen atom{s) may be substituted;

an ester, a protected compound at the amince on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate

thereof.

{0010]

2) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to item 1), wherein

sald formula

[Formula 5]



®
N

is the feollowing formula:

[Formula 6]

(Rm
3

/n
® ®
e o

k
A

5 wherein n is an integer from 0 to 5, k 1s an integer from 0 to 5,
g is an integer from 0 to 3, R' is halogen, hydroxy, lower alkyl,
halo{lower)alkyl, lower alkoxy, or halo(lower)alkoxy, provided
that R may be identical or different at k or g occurrences, and
A and G are as defined in item 1}).

10
[0011]
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3} The compound, or an ester, a pretected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable

salt, or a solvate thereof according to item 1), wherein

sald formula

[Formula 7]

@
N
A/ T

Is the formula:

[Formula 8}

(RO K (Rﬂ)k (Rw)q

In G

® ® New
@ — G
A/N\G A/N\) or A/N\/

Wherein n, k g and R' are as defined in item 2}, and R and G are

as defined in item 1).

(00121

4} The compound, or an ester, a protected compound at the amino
on the ring in the 7~gide chain, =a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-3),

wherein R® and R® are -OR®, wherein R8 is as defined in item 1).

[CO13]

5) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chailn, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-3),
wherein

the formula

[Formula 9]
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is the formula:

[Formula 10]

RS OR®

ORS

RS
wherein R®, R*, R>, R® and R® are as defined in item 1).

[0014]

6) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1}-3),
wherein

the formula:

[Formula 11]

RC‘!
R‘;

RS
RG
is the formuila
[Formula 12]

Ci OH

OH

wherein R®, RY, R® and R® are as defined in item 1}.

(00157
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7y The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-6},
wherein A is -CH,-, =CH,=~CH,~, -CH,-CH,;~CH;~, =CH=CH-, -CH=CH-
CH, -~ or —-CH; -CH=CH-.

{0016}

g) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-7},
wherein G is a single bond, -CH;-, -CH;-CH;-, -CH;-CH;-CHp~, =
CH=CH~, ~CH=CH-CH,-, —-CH,-CH=CH-, -CH,-CH(CH;)-, -CH,-CH('Pr)- or
—CH, —-CH({Ph}~, wherein *Pr refers %o isopropyl group, and Ph
refers to a phenyl group.

[CO017]

8y The compcund, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1}-8),
wherein B is a single bond or the formula:

[Formula 13]

A
o, Ay

rcoigl
10) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable

salt, or a szolvate thereof according to any one of claims 1-9,

wherein D is a single bond, -C0-, -0-C0-, -CO-0-, -NR'-, -NR'-CO-
NR’ -, =NR’-CO- or -CO-NR'-, wherein R’ is as defined in item 1).
[0019]

11) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable

salt, or a solwvate thereof according to any one of items 1)-9),
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wherein D is a single bond, ~CO-, -NR' -CO-NR'~-, -NR'-CO- or -CO-
NR’ -, wherein R’ is as defined in item 1).

[0020]

12) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptabls
salt, or a solvate thereof according to any one of items 1)~11),
wherein E 1s the formula:

[Formula 14]

R m R S
GBS, =

¥ ¥ a e

wherein R' and R? are each independently hydrogen, halogen, an
optionally substituted lower alkyi, an optionally substituted
lower alkylthio, or an optionally substituted phenyl, R* and R
are each independently hydrogen, an optionally substituted lower
alkyl, an opticnally substituted carboxyl, or a carbamovyi, and m

refers to an integer of 1 to 5.

[0021]

13) The compound, or an ester, a protected compound at the amino
on the ring iIn the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-12),
wherein R’ and R" are each independently hydrogen or a lower
alkyl.

(0022}

14} The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-13),
wherein X is N.

[0C23]

15) The compound, or an ester, a protected compound at the amino
cn the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate therecf according Lo any one of items 1)-13),
wherein wherein X iz CH or C-C1.

ro024]
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or an ester,

16) The compound,

on the ring in the 7-side chain,
salt,
wherein T 1is S.
[0025]

or an ester,

17} The compound,

on the ring in the 7-side chain,

salt, or a solvate thereof according
¥ is N, CH or C-Cl;
T is S;

B 1ls a lower alkylene;

a protected compound at the amino
a pharmaceutically acceptable

or a solvate therecof according to any one of items 1)~15),

a protected compound at the amino

a pharmaceutically acceptable

to item 1, wherein

G ls & single bond or a lewer alkylene;

the formula:

[Formuala 15]

®
A : G
is the formula:

[Formula 16}

Jn ¢

@ |

H
N N
A// \\G or P(//

B iz a single bond;

n is an integer of 0-3;
D is ~NH-CO- or -CO-NH-;
E is the formula:

{Formula 17]

e O

wherein Me refers to a methyl group;

ar

+

F 1s a single bond;

R* and R' are -0H, and R’ is hydrogen

U

",
o

or Cl, and R® is hydrogen.
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[0026]
18} A pharmaceutical composition comprising the compound, or an
ester, a protected compound at the amine on the ring in the 7~
side chain, a pharmaceutically acceptable salt, or a solvate
thereof accerding to any one of items 1-17.

[0C271]

18) The pharmaceutical composition according to item 18), which
has an antimicrobial activity.

[0028]

20) A method for treating an infectious disease, characterized
in the step of administering the compound, or an ester, a
protected compound at the amino on the ring in the 7-side chain,
a pharmaceutically acceptable salt, <¢r a solvate thereof
according to any one of items 1)-17).

[(0028]

Z1) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1-17,
which is for treating.an infecticus disease.
[0C30]
22 Use of the compouna, or an ester, a protected compound at
the amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a sclvate thereof according to any one of
items 1y=-17y, for manufacturing an infectious dizease
therapeutic agent.
[0031]

The present inventicon provides the following inventions as
alternative embodiments:

17) A compound of the formula:
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[Formula 18]

N .
= A/Nj\swo x————RS (n

wherein

¥ iz N, CH or C-Ci;

T is 8, S5=0, CH. or 0O;

& is lower alkylense, lower alkenviene or lower alkynylene;

B 1s lower alkylene, lower alkenylene, lower alkynvylene or 5-
or f-membered heterccyclic group containing at least 1 to 2 N
atomis);

D iz a single bond, a lower alkylene, -C0-, -0-CC-, -C0O-0-,
-NR" -, ~NR’-CO-, =CO-NR'-, -NR’'-CO-NR' -, -0-, -8-, =80-, -80,-
NR'-, -NR'-S0,- or -80,-;

E is an optionally substituted lower alkylens;

Q is N or CR’,

R*, R', R°* R® and R’ each is independently hydrogen,
halogene, nitrile, or -ORY;

R'each is indepeﬁdently hydregen or opticnally substituted
lower alkyl;

RYeach is independently hydrecgen, lower alkyl,
haloc(lower)alkyl, lower alkylcarbonyl or carbamoyl:; and

a group of the formula

[Formula 191

e @\f

is an optionally substituted, saturated or unsaturated,

monocyclic or fused cyclic guarternary ammonium group containing

at least one or more N atom(s);
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or an ester, a protected compound at the amino on the ring in
the 7-side chain, a pharmaceutically acceptable salt, or a
solivate thereof, provided that the following ils excluded:

[Formula 201

Hzm—(\ /J\ U—N

| P e

Me
COOH

[0032]

2') The compound, or an ester, a protected compound at the amino
on the ring in the 7-slde chain, a pharmaceutically acceptable
salt, or a solvate therecf according to item 1'), wherein

said formula

[Formula 217

®
.

is the following formula:

{Formula 22]

#(WQE?N Ja 5 A ﬁﬁxw =
it ol/\/ ol | o | Ny
g o T A’Nﬁbfi“a R/(NT/

wherein n i1s an integer from 0 to 5, R10 is halogen, hydroxy, or
a lower alkyi, k is an integer from 0 to 4, and A and B are as
defined in item 1').

[0033]
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3'} The compcound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thersof according teo claim 1, wherein

said formula

[Formula 23]

&5
Af//;;::>\\8

is the formula:

[Formula 24]

wherein n, R' and k are as defined in item 2'), and A and B are
as defined in item 1').

[0034]

4'}) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 17)-37},
wherein R® and R' are -0OR?, wherein R® is as defined in item 1').
10035)

5’) The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a scivate thereof according to any one of claims 1~3,
wherein

the formula:

[Formula 25]

R3 R4

Mg

\Q RG

is the formula:
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[Formula Z26]

RS OR®
§+A<M y OR®
RB

wherein EK°, R® and R® are as defined in item 1').

[0036]

8’} The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according te any one of items 1'}-5'},
wherein A is -CH,-, -CH;-CH;~, -CH;-~CH,-CH,~, -~CH=CH-, ~CH=CH-
CH; - or =CH; ~CH=CH-.

[C037]

77y The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate therecf according to any one of item 1')-6'),
wherein B i1s -CH,-, -CH,-CH;-, -CH;~-CH,;-CH;-, ~CH=CH-, ~CH=CH-~-
CHy -, -CH;~-CH=CH- or the formula:

[Formula 27]

e -~
" F oo,
~ v/\\? 3 \,\{ .\;
: 4 i
S ﬁix, # L'“M:M\ F
I &
o Qr
[00381
8"} The compound, cr an ester, a protected compound at the amino

on the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a sclvate thereof according to any one of items 1')-7'},
wherein D is a single bond, -CO-, ~0-CO-, -CO-0-, =-NR'=~, =-NR'-CO-
NR' -, ~NR'~CO- or ~-CO-NR'-, wherein R’ is as defined in item 1').

[0039]

8’} The compound, or an ester, a protected compound at the amino
on the ring in the 7-side chain, a pharmaceutically acceptable

salt, or a solvate thereof according to any one of items 1")-7"),
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wherein D is -CO-, -NR'-CO-NR’-, -NR'=CO- or -CO-NR'-, wherein R’

is as defined in item 17).

[C040]
10') The compound, or an ester, a protected compound at the
aminoe on the »ing in the 7-side chain, & pharmaceutically

acceptable salt, or a solvate therecf according toe any one of

claims 1'}-9'), wherein E is the formula:

[Formula 28]

W % S
‘ oy /AT N i 4%,
! - [ s . 4N A Y
F{ -.\\“.}{’. / , -3’\. T~ }{ f’) 3 R ‘mg"w
~ o / *
HE \&H' - \KJ _}{ ‘\ﬁ
g ' ks or R &

wherein R' and R? are each independently hydrogen, halogen, an

optionally substituted lower alkyl, a lower alkylthio, or an

opticnally substituted phenyl, R and RY” are each independently

hydrogen, an opticnally substituted lower alkyl, an optionally

substituted carboxyl, or a carbamoyl, and m refers to an

integer of 1 to 5.

[0041]
11y The compound, or an ester, a protected compound at the
amince on the ring in the 7-side <chain, a pharmaceutically

acceptable salt, or a solvate thereof according to any one of

items 1')-10'), wherein R’ and R! are each independently hydrogen
P ¥y ny g

or a lower alkyl.

(00427
127) The compound, cr an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically

acceptable salt, or a solvate therecf according to any one cof

items 1')}-11'), wherein ¥ is N.

[0043]

137y The compound, or an ester, a protected compound at the

the the 7-side chain, a pharmaceutically

amino  on ring in

acceptable salt, or a sclvate thereof according to any cone of

items 1')-11"), wherein ¥ is CH or C-Cl.
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[0044]

147y The compound, or an ester, a protected compound at the
amine on the ring in the 7-side <chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1')-13'}, wherein T is S.

[0045]

157 The compound, o©or an ester, a protected compound at the
amine on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a sclvate thersof according to item 1'),
wharein

X is N, CH or C-Cl;

T is 8;

the formula:

[Formula 29]

//}

is the formula:

TFormula 30C]

n

&%
N
™~
& B
A iz a lower alkylens;
iz a lower alkylene;
n is an integer of 0-3;
D is -NH-CO- or -CO-NH-;
E is the formula:

[Formula 31]

Me ﬁf
wherein Me refers to a methvyl group:

Q is CH:

R? and R' are -OH, and R’ is hydrogen or C1, and R® is hydrogen.
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[0046]

167) A pharmaceutical compesition comprising the compound,

21

or an

ester, a protected compound at the amino on the ring in the 7-

side chain, & pharmaceutically acceptable salt,

thereof according to any one of items 1')-15").
[0047]
17"} The pharmaceutical composition

which has an antimicrobial activity.

[Effects of The Inventiocon}

[0048]

The compounds of the present

invention are

or a solvate

useful as

according to item 167},

a .

pharmaceutical preoduct in that the compounds have at least one

of the following features:

1} The compound exhibits

against a varilety of bacteria including Gram negative

and/or Gram negative bacteria;

2) the compounds

exhibit

potent

potent

antimicrobial

antimicrobial

against beta-lactamase producing Gram negative bacteria;

3y the compounds

exhibit

potent

against multi drug resistant bacteria,

antimicrebial

in particular,

type, metallo-beta-lactamase producing Gram negative bacteria;

spectrum

bacteria

activicy

activity

Class B

4) the compounds do not exhibit cross resistance with known

Cephem drugs and/or Carbapenem drugs;

5) the compceunds do not exhibit side effects such as fever

after administration into the body.

[Best Mode of Carrying out the Invention]

[0049]

The respective terms used herein are as defined alone or in

combination with other terms as follows:

"Halogen" 1lncludes fluorine,

bPreferably, halogen 1s fluorine,

preferably halogen is chlorine.

chlorine,

chlorine or bromine,

bromine and

iodine.

and more

"Lower alkyl" includes linear or branched alkyl having 1-~8

carbons, preferably 1-¢ carbons,

and inciude for example,

methvyl,

and more preferably 1-3 carbons,

ethyl,

n=propyl,

isopropyl,

n—
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butyl, isobutyl, sec-butyl, tert-butyl, n-pentyvl, isopentyl,

neopentyl, hexyl, ischexyl, n-heptyl, isoheptyl, n~cctyl and the

like.

The lower alkyl molety in halo{lowerj)alkyl", "lower
alkylcabonyl™, "lower alkylthio", T"lower alkoxy",
"hydroxny (lowerialkoxy", "lower alkoxy{lower)alkoxy",
"hydroxy {iower)alkoxy", "lower alkoxy(loweryalkoxy™, "lower
alkylamino', "lower alkyiimino", "lower alkylcarbamoyl",
"hydroxy (lower}alkylcarbamoyl", "lower alkylsulfamoyl", Tlower

alkyisulfinyl”™, "lower alkyithio™, and the like is as above in
"loweyr alkyl".

Substituents in "an coptionally substituted lower alkyl™ is
at least one of those groups selected from "Substituents group
alpha'.

[0050]

"Substituents group alpha" is a group consisting of halogen,
hydroxyv, lower alkoxy, hydroxv{lower)alkoxy, lower
ailkoxy(lowerjalkoxy, carboxy, hydroxy {lowerjyalkoxy, lower

alkoxy{lowerjalkoxry, amino, acylamino, lower alkylamine, imineo,

hydrozyimino, lower alkoxyimino, lower alkylthio, carbamovl,
lower alkylcarbamoyl, hydrozy{lower)alkylcarbamoyl, sulfamovl,
lower alkylsulfamovyli, lower alkylsulfinyl, cyano, nitreo,

carbocyelic greup, and heterocyceclic group.
[0051]

"Hale (lower)alkyl"” refers to a group in which at least one
position of a lower alkyl 1s substituted with the above
"halogen', and include, for example, moneflucromethyl,
difluvoromethyl, triflucromethyl, monochloromethyl,
monobromeomethyl, monofliuoromethyl, monochloroethyl, and the like.
[0052]

"Lower alkylene" includes linear alkylene having 1-8
carbons, preferably 1-6 carbons, and more preferably 1-3 carbons.
and include, for example, methylene, ethylene, n-propylene, n-

butylene, n-pentylene, n-hexylene and the like.
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"Lower alkenylene" includes linear alkenyl having 2-8
carbons, preferably 2-6 carbons, more preferably Z-4 carbons
having at least one double bond at any position, and include,
for example, vinylene, allylene, propenylene, butenylene,
prenylens, butadienylene, pentenylene, pentadienylene,

hexenylene, hexadienylene, and the like.

"Lower alkynylene" includes a linera alkynylene having 2-8
carbons, preferably 2-é carbonsg, more preferably 2-4 carbons,
having at least one triple bond at any pesition, and include,
for example, ethynylene, propynylene, butynylene, pentynylens,
hexynylene and the like.

[0053]

Substituents of "an opticnally substituted lower alkylene”,
"an opticnally substituted lower alkenvlene", and "an optionally
substituted lower alkynylene" include at least one group
selected from Substituent Group Alpha.

"An optlonally substituted lower alkylene'" is a greoup in
which the -CH,— moilety of "lower alkylene” includes the cases
where as described in the formula:

[Pormula 327
[mi“i R“\Mi’a
//C
&

R and RY™ are each independently hydrogen, an optionally
substituted lower alkyl, an optionally substituted carboxyl,
or a carbamoyl, and m refers to an integer of 1 to 5, the cases
where the substients are taken together to form a ring, and
cases where the substituents are taken together to form a bond
with an adjacent carbon atom.

Substituents of "an optionally substituted phenyvlene™ and
"an optionally substituted phenyl” include at least one group

selected from the Substituent Group Alpha.

[0054]
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"Carbooyelic group" includes cyclealkyl, cyclealkenyl, aryl
and non—aromatic fused carbocyclic groups and the like.

"Cycloalkyl" is a carbocyclic group having 3-10 carbons,
preferacly 3-8 carbons, more preferably 4-8 carbons, and
includes, for example, cyclopropyi, cyclobutyl, cyclopentyl,
cyclohexyl, oyceloheptyl, cyclooctyl, cyclononyl and cyclodecyl,
and the like.

"Cycloalkenyl™ includes those in which at least one double
bond is included in the ring of the cycloalkyl at any position,
and gpecifically include, for example, cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptynvi,
cyclooctynyl, and cyclohexadienyl and the like.

"Aryl" includes phenyl, naphtyl, anthryl and phenanthryl
and the like, and in particular, phenyl is preferable.

"Non-arcmatic fused carbocyelic group™ includes group in
which two or more cyclic groups selected from the "coycleoalkyl™,
"oyolioalkenyl® and "aryl" are fused, and specifically, includes,
for example, indanyl, indenyl, tetrahydronapntyl, and fluorenyl
and the like.

"Heterocyclic group" includes heterccyclic groups having at
least cne hetero atom arbitrarily selected from ¢, 3 and N, in
the ring thereof, and specifically includes, for example, 35-
menbered or é-membered hetercaryl such as pyrrolyl, imidazolyl,
pyrazelyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinvyl,
triazolyl, triazinvl, tetrazolyl, isoxazelyl, oxazolyl,
oxadiazolyl, isothiazolyl, thiazolyl, thiadiazolyi, furyl and
thienyl and the like; bicyclic fused heterccyclic greups such as
indelyl, iscindolyl, indazolvl, indolylizinvl, indolvynyl,
igoindolinyl, gquinelyl, iszoquinelyl, cinnoninyl, phthalazinyi,
quinazolinyl, naphtylizinyl, guinexzanilyl, purinyl, pteridinyl,
benzopyranyl, Dbenzimidazolyl, Dbenrzotriarzciyl, Dbenzisoxazolyl,
benzoxazolyl, benzoxadiazoyl, benziscthiazolyl, benzothiazolyl,
benzothiadiazolyl, benzofurvyl, iscbenzofuryl, benzothienyl,
benzotriazeolyl, Iimidazopyridyl, pyrazolepyridine, guinazelinyl,

gquinolvyl, isoquinolyl, naphtylidinyl, dihydrobenzofuryl,
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tetrahydroguinolyl, tetrahydroisoquinelyl, dihydrobenzoxazine,
tetrahydrobenzothienyl, and the like; tricyclic fused
heterocyclic group such as carbazolyl, acridinyl, =zanthenyl,
phenothiadinyl, phenoxathiinyl, phenoxazinyl, dibenzocfuryl,
imidazogquinolyl and the like; non-aromatic heterocyclic group
such as dioxanyl, thiiranyl, oxiranyl, oxathicranyl, azetidinyl,
thianyl, thiazolidine, pyrrreolidinyl, pyrrelinyl, imidazolidinyl,
imidazelinyl, pyrazolidinyl, pyrazolinyl, pyperadinyl,
morpholinyl, morpholine, thiomorpholinyl, thiomorpholino,
dihydropyridyl, dihvrobenzimidazolyl, tetrahydropyridyl,
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiazolyl,
tetrahydroisothiazolyl, dihydrooxazinyl, herahydroazepinyl,

tetrahdydrodiazepinyl, and the like.

[0055]

"5~ or 6G-membered heterocyclic group containing at least 1
to 3 N atomi{s)" includes, for example, any of those groups as
follows:

[Formula 33]

H
N

f; ‘;\N ;\N ;\E/ N ;\N/\NH
Ty, U G, A, T
~O

'

\;ﬁ _ !
A

N ;\N ™ NH
VRS ST N\f,;ﬁ;.

Preferably, it includes any group as follows:

[Formula 34]

#
O, 4

Y

wherein a quartery ammonium group as shown in Formula:

[00586]

[Formuia 35]
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@ N
K
is a =saturated or unsaturated, monocyclic or fused cyclic
gquaternary ammonium group preferably including 1-4 N atoms, more
preferably 1-3 N atoms, and still more preferably 1-2 N atoms,
and including 1-4, preferably 1-2 substituents, and said ring
may include an additiconal one or more O and/or 5 atoms.

Hetero rings which form the guaternary ammonium group is as
follows:

Saturated hetersc ring containing N atom includes, for
example, arzetidine, pyrrolidine, pyrazolidine, thiazolidine,
oxazolidine, imidazelidine, piperidine, piperazine, morpholine,
thiomorpholine, azepane, azocane, dquinuclidine, and fused ring
containing the s=ame, and preferably pyrrolidine, piperazine,
azepane, or guinuclidine.

Unsaturated HN-atom containing hetero ring includes, for
example, monocycle (for example, pyrrol, pirazol, imidazel,
oxazol, i1soxazol, thiazol, 1sothiazol, pyridine, pyridazine,
pyridimine, pyrazine, triazine, triazol, 2,3-dihydro-lE-pyrrol,
2,5~dihydro-1H-pyrrol, and fused bilcyclic ring containing these
monccycle in  the ring {for example, indele, benzimidazole,
benzopyrazole, indolydine, quincline, i1soguinoline, guinoline,
phtalazine, guinazoline, benzoisoxarzcle, benzoxazole,
benzoxadiliazole, benzoisothilazols, benzthiazole, benzoxadiazole,
benzisothiazole, benzthiazole, benzotriazecle, purine, Iindoline,
1H-pyrrole[3,2-blpyridine, 1H-pyrrazcloid, 3-blpyridine, 1H~-
pyrazolol[4,3-blpyridine, thiazolo{4,5-clpyridine, 1,4-dihvydro-
pyrido[3, 4-bipyrazine, 1,3~dihydro~imidazo[4, 5~clpyridine and
the like}, and preferably, pyrrol, imidazole, pyridine,
benzimidazole, Z,5-dihydro-lH-pyrrole.

[0057]

Specifically, for example, heterocyclic groups which

optionally have a plurality of substituents at an appropriate

position, for example, as described below are included.
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Substituents include at least ocne selected from an optiocnally

substituted lower alkyl or a Substituted Group Alpha:

[Formula 36]

wherein n is an integer from 0 to 5, k is an integer from 0 to 4,

R is halogen, hydroxy, lower alkyl, halo({lower)jalkyl, lower
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alkoxy, or halo{lower)alkoxy, provided that R*® may be identical
or different at k occurrences.
[0058]

More preferably, the following heterocyclic groups are
included as follows:

[Fermula 371

R1D Kk R1O> K

wherein n is an integer from 0 to 5, k is an integer from 0 to 4,
¢ is an integer from 0 to 3, R'Y™ is halogen, hydroxy, lower alkyl,
halo (lower)alkyl, lower alkoxy, or halo(lower)alkoxy, provided
that R'Y may be identical or different at k or g occurrences
(00591

Still more preferably, the heterocyclic groups are included

as follows:



10

15

20

29

[Formula 38]

(R1O K

)n \Rm) k ﬁlﬂl (Rm)q

O} ‘ GDiZij>Na\}f

N o

n, k, g and R are as defined above.

(00607

The heterccyclic group as shown as follows is moest

preferable.

[Formula 39]

o

z ®

w”
wherein n 13 as defined above.

[0061]

"A saturated or unsaturated, monocyclic or fused cyclic
guaternary ammonium group including at least one N atoms" 1s a
saturated or unsaturated, monocyclic or Ffused c¢yclic quaternary
ammonium group preferably including 1-4 N atoms, moere preferably
1-3 N atoms,  and. still meore preferably 1-2 N atoms, and
including 1-4, preferably 1~-2 substituents, and said ring may
include additional one or more O and/or 3 atoms.

[0062]

Specifically, the hetercocyclic groups which may have a
plurality of substituents at an appropriate position are
included as follows, for example. Substituents include a group
selected from an opticnally substituted lower alkyl orx

Substituents Group Alpha:



30

[Formula 40]

wherein n is an integer from 0 to 5, RY™ is halogen, hydroxy,
lower alkyl, k 1s an integer of 0 fto 4, Rx 1ls an optionally
gsubstituted lower alkyl, and furthermore, hvydrogen atom in NH
may be substituted with a group selected from an opticnally

gubstituted lower alkyl or Substituents Group Alphs.
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[0063]

More preferably, the heterocyclic group which may be
substituted at an appropriate position is as follows.
Substituents include those groups selected from an optionally
substituted lowesr alkyl or Substituted Group Alpha.

[Formula 41]

k(R1O )n pZ %HH P @)(;;5\\F
&) C}N EDN i G%Q\\ ! %%qu\\
EL[/NF,%H/ oY :

wherein n, R and k are as defined above.

[0064]

More preferably, the heterccyclic groups are included as

follows:

[Formula 42]

wherein n, R*? and k are as defined above.
[0065]

The nomenclature of the substitution position on the Cephem
backbone of Compounds (I} and (I') are as follows. T-position
side chain and 3-position side chain as used herein refers to a
group which binds to the 7-position or 3-position of the Cephem

backbone as shown below.



10

15

32

[Formula 43]

1
.

\7 6 \2
8 3

N _~

ol > £4

CO0

[D066]

Esters of Compounds (I) and (I') preferably include, those
esters at the carboxyl at the 7-position side chain or at the 4-
position. Esters at the carboxyl at the 7-position side chain
refers to a compound which has an esterified structure as shown
in the formula as follows:

[Formula 4417

,L

NS

AN

R*O0OC
wherein E and F i1s as defined in item 1), and Rl 1s an ester
residue of the carboxyl protecting group and the like. The
esters include those esters which are readily metabolized in the
body te form a carboxy state.

Esters at the 4-position of Compounds (I} and (I'} refer to
compounds which have an esterified structure at the 4-position
molety as shown in the formula as follows:

[Formula 457
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wherein A and T 1s as defined in item 1), and Rb is an ester
residue such as a carboxylic protecting group and the like, and
P- is a counterion such as halogen. Such esters include those
esters which are readily metabolized to form a carboxylic state.

The above mentioned carboxylic protecting groups include
lower alkyl (for example, methyl, ethyl, t-butyl), optionally
substituted aralkyl (for example, benzyl, benzhydryl, phenethyl,
p-methoxybenzyl, p-nitrobenzyl), silvl group (t-
butvldimethylsilyl, diphenyl t-butylsilyl) and the like.
(00877

Compounds protected at the amino of the thiazol or
thiadiazole ring of the 7-position side chain of Compounds (I)
or (I') refer to compounds in which the thiazol or thiadiazol
rings are a ring as shown in the formula:

[Formula 46]

S—x
R HN—<\N J\f

wherein ¥ i1s as defined in item 1, and R° refers to an amino

protecting group. Such amino protecting groups include groups
which are readily metabolized in the body to form amino. Such
amine protecting groups include lower alkoxycarbonyl {for
example, t-butoxycarbenyl, benzyloxycarbonyl, -

nitrobenzyloxycarbonyl), optionally substituted aralkancoyl ({(for
example, p-nitrobenzoyl), acyl {for example, formyl,
chloroacetyl) and the like.

[0058]

Pharmaceutically acceptable salts of Compounds (I} and {(I7)
incliude, for example, =zalts or intramclecular salts formed with
inerganic base, ammonia, organic base, inorganic acid, organic
acid, Dbasic amino acid, halogen 1lons and the like. such
inorganic base include alkalil metal (Na, K and the like), alkali
earth metal (Mg and the like), organic base includes procaine,
?-phenylethylbenzyl amine, dibenzylethylene diamine,

ethanolamine, diethanclamine, trishydroxymethyl aminomethane,
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polvhydroxalkylamine, N-methyl glucosamine and the like.
Inorganic acids include, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid
and the like. Organic acids include, for example, p-toluene
sulfonic acid, methane sulfonic acid, formic acid, acetic acid,
trifiucroacetic acid, malelc acid and the like. Basic amino
acids include, for example, lysine, arginine (TW¥° 7y, ornithine,
histidine and the like.

2As used herein, "solvate" refers to a solvate with water or
organic sclvent (for example, methanel, ethanol, isoprepyl
alccochol, acetene), and preferably hydrate.

[0069]

The Compounds [I) and {I') of the present invention are not
limited to particular isomers but include any possikle i1somers
and racemates as exemplified as follows:

In Compounds (I} and (IT7):

[Formula 47]

Hj;fs
& N T
CO0E

includes

[Formula 48]
- itff e
a, Tk,
e O e

In E of Compounds (I) and (I'}),

[Formula 49]

R %”m
R? Hﬁr

includes
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[Formuila 503}

Rl s, R&\{i?%
R2’/<<:;r R?oW ﬁg‘

Furthermore, Formula (I') includes the following isomers:

[Formuala 511

HN. 2
OH OH
ﬂﬁ | e -OH %OH
P |
NT oH N
H
oo "o — "
| S— P L
v\oH o OH oH

5 , wherein -OH group may Iform a salt with a counter cation (for
example, Na’', K, Li® and the like).
r0070]
The compounds of the present invention are preferably those
compounds as specifically shown as follows:
10 Formula (I):

[Formula 52]

S-
X O
HzN_ﬁ%ﬂ’ﬁ\»/jL”H T @ T
4
i R
| | \“\\\\
Mo N —n” G—B—D—( (1)
E\ Co0o R®
F RS
/
HOOC

Preferable embodiments of Formula (I} are as follows:
1) Compounds wherein T 1is 35 (hereinafter T i= sl)

15 (00717
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2) Compounds wherein A 1s a lower alkylene or a lower alkenylene

{hereinafter A is al);

compounds wherein A is -CH,- (hereinafter A 1s a2};

compounds wherein A 1s -CH;~CH;-, =~CH;~CH;-CH;~- or -CH=CH-CH;-
(hereinafter A is a3):

Preferably, A is aZ as described above.

[Co72]

3) Compcounds wherein B 1z a single bond (hereinafter B is bhil)
compounds wherein B 1=

[Formula 53]

A |
AN G
O‘J\f - Yor¥ K

{hereinafter B is b2)

Preferably, B is bl.

[0073]

4y Compounds wherein D is a single bond or -CO- (hereinafter D
is dly;

compounds wherein D is —-NH-CO-, =N(CH;)}-CO~, -CO-NH-, -CO-N{CH;)-

or ~NH-CO-NE- (hereinafter D is d2)

more preferakly, D is d2 as described above.

o741

5} Compounds wherein E is ~CH;~ (hereinafter E is e1);

compounds wherein E is —CH(CH:;}~ (hereinafter E is e2);
compounds wherein E is —-C{CH;)s- (hereinafter ¥ is e3);
compounds wherein E is as follows:

[Formula 54]
RS
S Hxﬁg*——< A Hhﬁc——ﬁ<%k
S VA ST
/ HOOG & QF  HMoc b

More preferably, E is 2 cor 3 as described above.

(G073]
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a) Compounds wherein F is a single Dbond or phenylene
(hereinafter F is f£1)
[o076]
7} Compounds wherein G is a lower alkylene or lower alkenylene
(hereinafter G 1s gl);
compounds  wherein G 1s -CH;-, ~CHy ~CH; ~, or —CHp,-CH, ~CH, -
{hereinafter G is g2);
Compounds wherein G i1s -CH=CH- or -CH=CH-CH;~ (hereinafter G is
g3};
Compounds wherein & 1s a single bond (hereinafter G is g4)
compounds wherein G is -CH;-CH(CH:)-, ~CH,-CH(*Pr)- or -CH,-
CH{Ph)~- (wherein iPr refers to isopropyl group, PH refers to =z
whenyl group) {(hereinafter G is gb).

More preferably, G is g2 above.
(0077
8)Compounds wherein X 1 CH, C-Cl or X (hereinafter X is xl1).
[oo78]
3)Compounds wherein the formula:

[Formuala 557

NS
A/ G
is the formula:

[Formula 56]

In
&,
N
& e
(wherein n is an integer of 1 te 5, and A and G is as defined

above) {(hereinafter hl).;

compounds wherein the formula:

[Formula 57]
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NS
A/ G
igs the formula:

[Formula 581]:

@1
N

~

A
wherein A and G are as defined above (hereinafter h2).

[0079]

10} Compounds wherein R’ and R' are -0OH, and R® and R° are
hydrogen, hereinafter‘il);

compounds wherein R® and R are -OH, and R’ is hydrogen and R® is
halogen (hereinafter 12);

compounds wherein R® and R' are -OH, and R’ and R° are halogen

{(hereinafter 13);

More preferably, r*, RY, R’ and R® are 12 mentioned above.

{0080}
Further preferable embodiments of Compound (I} are those in

which the combination of T, A, B, D, E, F G, X and the formula:

[Formula 59]

@ N\\
A/ oS G
and R’ RY R’ and R® are as follows:
(s1, al, bl, dl, el, f1, gil, =1, hi, il), (s1, al, bl, d1, el, f1,
gl, x1, nhl, i2),(sl, al, bl, di, el, £1, g1, =1, nl, i3),(sl, al,
b1, d1, el, f1, gl, =1, h2, i1}, {sl, al, bil, di, ei, £1, gl, xi,
h2, i2y,(si, a1, bi, di, el, fi, gil, =1, h2, 13),{sl, al, bl, d4di,
el, f£1, g2, =1, hl, i1),(sl, al, bl, dl, eil, £1, g2, =1, hil,
iz2y, {s1, =al, bl, d1, el, fi1, g2, =x1, hi, 13),(si, al, bl, d1, =1,

t

i, g2, xl, hz, i1), (s, al, bil, di, ei, f1l, g2, =1, hZ, 12}, (sl,

o

1, b1, di, e1, f£f1, g2, =1, h2z, 13),(st, al, bi, di, ei, fl1, g3,
1

, hi, 11y, (sl, al, bl, 41, el, £i, g3, x1, hi, 12},i{si, al, bi,



al,

ily, (s1,

£1,
ai,
x1l,
dl,
i3)

£1,

a1,

i2y, (=1,

£1,
al,
w1y
di,
i1)
£1,
al,
®1,
di,
i3)

£1,

12)
£1,
al,
x1l,
al,
il1)
£1,
al,

x1,

el,

g3,

bl,

hl,

al,

; (81,

g5

bl,

hz,
e?,

gl,

b1,

hl,

e,

¢ (81,

g2,

bl,

hi,

ez,

; (51,

gd,

i3}, (s1,

-

i3}, (s1,

i2), (s,

iz2y, (s,

i), {81,

i3), (s1,

i3), (81,

i2y, {s1,

12), (8%,

i1}y, {81,

ily, (s,

i13), (s1,

13), (s,

13), {s1,

£1,

al,

®l,

dl,

i11), {sZ,

£1,

al,

®1,

dl,

13), (sl,

£1,

al,

x1,

di,

12y, (81,

f1,

al,

=z,

a1,

i1}, (=1,

£1,

al,

®1l,

dl,

13), (sl

£,

al,

®1,

dl,

g3,

b1,

hi,

el,

g4,

bl,

hil,

el,

gl,

k1,

hZ,

ez,

g2,

bl,

hil,

ae?Z,

g3,

bl,

hi,

e?,

g5,

b1,

hZ2,

el,

x1, hz,
a1, el,
i1y, (s1,
£1, g4,
al, bl,
%1, hz,
dl, el,
133, (81,
£1, 95,
al, bl,
%1, hi,
dal, ez,
12}, (s,
£1, g2,
al, bil,
®x1l, hZ2,

dl, ez,

Cily, (81,

£l, g3,
al, bl,
x1l, hZ,
dl, ez,
i3}, (s1,
£1, g4,
al, bl,
®x1l, hl,
dl, ez,
izy, (81,

£1, ol,

i2), (sl, al, bi,

£1,

al,

x1,

dil,

i1}, (s1,

gl,

=1,

hi,

el,

®1l, h2,
dl, e3,
iiy, {s1,
£1, gz,
al, bl,



di, e3, £1, g2, x1, h2, i2),(sl, al, bl, d1, 3, f1, g2, x1, h2,
i3), (s, al, bl, d1, 2, £l, g3, =1, hi, 1il},(s1l, al, bl, d1, e3,
£1, g3, =1, hi, 12}, (s1, =1, bi, di, 3, £i, ¢3, x1, hi, i3}, (s,
al, bl, di, e3, £1, g3, xl, h2, il),(si, al, bi, di, e3, fi, g3,

®xl, nh2, i2),{(sl, al, bl, di, 3, f£1, g3, x1, hz, i3}, {(s1l, al, bl,
di, 3, f1, g4, =i, hi, i1l),(=sl, al, b1, di, e3, fi, g4, =x1, hil,

izy, {s1, al, bl, d1, =3, £i, g4, =1, hl, i3}, (sl, al, bl, di, e3,
£f1, g4, =1, hz, i1}, {(sl, al, bi, dl, e3, f£1, g4, =1, h2, i2),(s1,
al, bl, dil, e3, f£1, g4, x1, hz, i3),(sl, &i, bi, dl, e3, £1, g5,

x1, hi, il1),(sl, ai, bi, &1, e3, fl, g5, =1, hl, i2),(sl, al, bl,
d1, e3, fi, g5, x1, hl, i3),(sl, al, bl, d1, e3, f1, g5, xl, h2,

il), (=81, a1, bi, di, e3, f1, g5, xi, h2, i2),(s1l, al, bl, di1, e3,
1, g5, x1, h2, i3),isl, al, bil, dl, 4, f£i, gl, xi, hl, i1}, (s1,
al, »1, dl, e4, £i, gl, =1, hl, 12),{(sl, al, bl, di, =4, £i, gl,

xl, hl, i3),{s1, al, bl, dl, e4, f1, gl, =1, h2, i1}, (sl, al, bil,
di, e4, £1, gl, xi, h2, 12}, (sl, al, bl, di, ed, £1, ¢il, x1, h2,

i3y, {s1, al, bl, dl, e4, £f1, g2, %1, hl, i1}, (sl, al, bl, di, e4,
£1, g2, =xl, hl, 12y, (s1, al, bl, dl, e4, £1, g2, =1, hl, i3y, (s1,
al, bl, di, e4, f1, g2, %1, h2, il),{sl, al, bl, dl, e4, £1, g2,

xl, h2, i2),(sl, al, bl, d1, e4, fl, g2, =1, h2, i3}, (s1l, al, bi,
dl, e4, f1, g3, =1, hl, i1l),(s1, al, bl, d1, e4, £1, g3, =1, hil,

i2), {s1, al, bl, 41, e4, f1, g3, x1, hl, i3),(s1, al, bl, di, e4,
£1, g3, =1, h2, il),{(sl, al, bl, d1, e4, £1, g3, x1, h2, 12}, {sl,
al, bl, di, e4, £1, g3, =1, h2, 1i3),(sl, al, bl, di, e4, £1, g4,

®x1l, hi, il),(sl, &al, bl, d1l, e4, £1, g4, =1, hi, i2), (=1, al, bl,
dl, e4, £1, g4, =l, hi, 13),(sl, al, bl, dl, e4, £f1, g4, =1, hZ,

i1y, (g1, al, bl, di, e4, fi, g4, x1, h2, i2), (g1, al, bl, 41, e4,
£1, g4, =1, h2z, i3),(sl, al, b1, di, e4, £1, g5, xi, hl, i1y, (s1,
al, bl, d1, e4, fi, g%, x1, hl, iz),(si, al, bl, d1, =4, f1, gb,

xl, hi, i3}, (sl, al, bi, dl, e4, f1, g5, =1, hz, il),{(sl, al, bl,
d1, e4, f1, g5, x1, h2, i2),(sl, al, bl, dl, e4, fi, g5, %1, h2,

i3), (s1, al, bl, d2, el, f1, gl, x1, hl, i1},

[0081]

(sl, al, bl, d2, 1, £1, gi1, =1, hl, 12}, (sl, al, bl, 42, el, £1,
gl, %1, hl, i3}, (=1, al, bl, d2, el, f1, gl, =1, h2, il), {(s1, al,
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b1,

hz,

£1,

41

a2, ei, f1, gl, =1, hZz, 12),{(si, a&l, bl, d2, el, £f1, gl, =1,
i3y, (=1, &1, b1, d2, el, £1, g2, =1, hi, il},(si, al, bl, dz,
£f1, g2, =1, hi, i2),(si, =21, bl, d2, ei, fi, g2, =1, hil,
(si, al, bl, 42, el, fl1, g2, =1, hz, i1}, {si, al, bl, d2, el,
g2, %1, h2, i2),(sl, al, bl, d2, el, f1, g2, =1, hZ, i3}, (s1,
bl, d2, el, £1, g3, =1, hl, il),{=s1, al, bi, d2, ei, £1, g3,
hi, iz2y,(s1, al, bl, dz, i, £1, g3, =i, hl, i3),{(s1, al, bi,
el, f£1, g3, x1, hz, il),(sl, al, bl, d2, i, f1, g3, xl, h2,
(=1, al, bl, d2, el, f1, g3, =1, hz, 13}, (sl, al, bl, dz2, el,
g4, x1, hi, ily,{sl, al, bl, d2, el, f1, g4, =1, hl, i2}, {s1,
bl, d2, el, £1, g4, =1, hl, i3}, (sl, al, bl, d2, el, £1, g4,
h2, i1y, (=21, al, bl, d2, i, f1, g4, =1, h2, 12}, (s1l, al, b1,
el, f£i, g4, xi, hz, 13),(si, al, b1, d2, el, £i, g5, x1, hil,
, (81, al, bl, d2, el, £f1, g5, =1, hl, 12, (sl, al, bl, dz, el,
g5, =i, hl, i3y, (sl, al, bl, d2, e, f£1, ¢35, xi, nhz, il}, (=1,
bl, d2, i, £1, gb, =1, h2, 1i2),{sl, &al, bl, d2, el, £1, g5,
h2, 13}, (sl, al, bl, 42, e2, f£i, gl, =xi, hl, il},{sl, al, Dbi,
e2, £1, gl, =1, hl, i2),{(sl, al, bl, d2, e2, f1, gl, x1, hl,
 {s1l, al, bi, d2, e2, £1, gl, =i, h2, il),(sl, &al, bl, d2, e2,
gl, =1, n2, 12y, (s1, al, bl, d2, e2, £i, gl, =i, h2, 1i3), (s1,
bi, d2, e2, f£f1, g2, =1, hl, il1),({sl, al, bl, dz2, e2, fl, g2,
hi, iz2y,(sl, al, bl, d2, e2, £1, g2, =1, hl, 13),{(sl, al, bil,
e?, 1, g2, x1, hz, ii),{(sl, al, bl, dz, e2, fl, g2, x1, hZz,
, (sl, al, bl, dz, ez, £1, g2, x1, h2, 133, (sl, al, bl, d2, e2Z,
g3, x1, hl, il), (=1, al, bl, d2, 2, f£l1, g3, =x1, hil, 12}, {(s1,
bl, d2, ez, £1, ¢3, =1, hl, i3y, (s1, al, bl, d2, e2, £1, g3,
h2, i1y, (=1, al, bl, dz, eZ, £1, g3, xl1, h2, 12},(sl, al, bl,
ez, f£1, g3, =1, h2, 1i3),(sl, al, bl, d2, e2, f1, g4, x1, hi,
,isl, al, bl, 42, ez, £, g4, ®1, hl, i2), (=1, &al, bl, d2, =2,
g4, x®1, hl, 13}, {(sl, al, bl, d2, e2, £1, g4, =1, h2, il), (s1,
bl, dz, e2, £1, g4, =1, h2, i2),(s1, al, bl, 42, <2, £f1, g4,
hz, i3),({sl, al, b1, d2, e2, f1, g5, xi, hl, i1}, {sl, al, bi,
e?, f1, gb, =xi, hl, 1i2),1{sl, &al, bi, d2, ez, £l, g3, =1, hi,
, (s1, al, bl, 42, e2, f£1, g5, =z, h2, 1l),{sl, al, bl, 42, eZz,

g5, =1, h2, i2),(sl, al, bl, 42, e2, fi, g5, x1, h2, 13}, (sl,
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al, bi, d2, 3, £1, g1, %1, hl, i1),{sl, al, bl, 42, =3, f1, gi,
21, hi, iz}, (s1, al, bl, d2, 3, fi, gl, x1, hl, 1i3),{si, al, bl,
dz, 3, f£1, gl, =i, h2, il},(s1, al, kl, d2, 3, fl, gi, =1, hi,
i2), {s1, al, bl, 42, e3, f1, gl, =1, h2, i3),{(sl, al, bi, d2, e3,
£1, g2, %1, hl, i1l),(si, al, bl, d2, e3, fl, g2, =1, hl, i2}, (s1,
al, bl, d2, &3, fi, g2, =1, hl, 13},(sl, al, bl, dz, e3, fl, g2,
=1, h2z, i1y, (sl, al, bl, d2, 3, £i, gz, =1, h2, i2),(si, al, bil,
dz, e3, fl, g2, =1, hz, 13},(si, al, k1, dz, e3, £1, g3, =1, hl,
i1), (s1, al, b1, d2, e3, f1, g3, =1, hl, i2), (=1, al, bl, d2, e3,
£1, g3, =1, hl, 13),(sl, al, bil, d2, 3, f£1, g3, =1, h2, 11}, (sl,
al, bi, d2, 3, fl, g3, =1, h2, i2),(si, al, bi, d2, e3, £f1, g3,
®l, h2Z, 13),{s1, al, bi, d2, 3, f1, g4, =1, hl, il), (s1, ali, ki,
dz, 3, f1, a4, =1, hi, i2},{si, al, bl, d2, e3, f1, g4, =1, hil,
i3), (s1, al, bl, d2, e3, fl, g4, x1, h2, il),(sl, al, bl, dz, e3,
£1, g4, x1, h2, i2),{sl, al, bl, d2, e3, f£1, g4, =1, h2, 13}, (s1,
al, bil, d2, e3, £1, g5, =1, hi, i1),(si, al, b1, d2, e3, fi, g5,
x1l, hi, i2), (sl, &1, bl, d2, 3, f1, g5, x1, hi, 4i3),(sl, al, bi,
dz2, e3, f£1, gb, x1, hz, i1),(=s1, al, bl, d2, e3, f£i, g5, x1, hZ,
2y, (sl, al, bl, d2, 3, fi, g5, =i, hZ, 13}, (sl, =al, bl, dz, eid,
f1, gi, =i, hl, ily, (s1, al, bl, d2, e4, f£1, gi, =1, hl, i2), (s1,
al, bl, d2, e4, f1, gi, =1, hi, i3),(sl, al, bl, d2, e4, fl, gi,
%1, h2, il),(si, al, bl, d2, =4, £1, gl, =1, h2, 12),(sl, al, bl,
dz2, e4, f1, gl, =1, nhz, i3),{s1, al, bl, d2, e4, £1, g2, =xl, hi,
i1), {81, al, bl, d2, ed4, £1, g2, =i, hl, i2),(sl, al, bl, d2, e4,
£1, g2, %1, hi, 1i3),{sl, al, bi, d2, e4, f1, g2, xl, hZ, i1}, (s1,
al, bl, d2, ed4, £i, g2, =i, h2, iz),(sl, al, bl, d2, e4, f1l, g2,
%1, h2, i3), (sl, al, bl, d2, e4, £1, g3, x1, hl, il),(si, al, bl,
dz, =4, £1, g3, =1, hl, 12},(sl, al, bl, d2, e4, f£l, g3, =1, hl,
i3y, {s1, al, bl, d2, e4, £1, g3, =1, hz, il),(sl, al, bl, d2, e4,
£1, g3, %1, h2z, 12),(s1, &l, bl, d2, e4, fI1, g3, x1, h2, i3}, (s1,
al, bl, dz, e4, £1, g4, =1, hl, il),({(sl, al, bl, dz, e4, £1, g4,
x1l, hl, iz}, {sl, al, bl, d2, e4, £1, g4, =1, hil, i3),(sl,.al, b1,
dz, e4, f£1, g4, =1, hz, il;, (=1, al, bl, d2, ed4, £1, g4, =1, h2Z,
i2), (sl, al, bl, d2, 4, £1, g4, =1, h2, i3),(sl, al, bl, dz, =4,
£1, g5, =1, hl, i1y, (si, al, b1, d2, e4, £1, g5, =1, hl, i2), (sl,
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al, bi,

x®l, hZ2,
dz2, e4,
(00821

(sl, al,

-

gl, =1,

bz, di,
h2, 12y,
el, f1,
12}y, {s1,
£1, g2,
al, bz,
x1l, nhl,
dl, el,
r 81,
g3,
bz,
®1l, hl,
el,
(81,
g5,
bz,
h2,
ez,
, (81,
g1,
bZ,
z1, hil,
dl, e2,
ily, (=1,
£1, g2z,
al, b2,
x1l, hl,
al, ez,

i3}, (s,

dz, ed4,
il), (sl,

f1, ad,

B2, dl,

hi, iz2y,
el, f1,

(s1l, al,
g2, =1,
al, bz,
x1l, h2,
di, ei,

i1y, (s1,
£1, g3,
al, b2z,

=1, h2,

di, el,
i3y, (s1,
£1i, g4,
al, bz,
21, hl,
dl, el,
i2y, (81,
£f1, gl,
al, b2,
%1, h2,
dl, e2,
ily, {st,
£1, g2,
al, b2,
®1, h2,
dl, ez,
i3y, (s1,
£1, g3,

al, bz,

%1,

43

£1, g5, =1, hil,

al, bl, d2, <4,

h2, 13},

£1, 21,

91,
b2,

el,

(Sl, dlf

al,

gl, =1, h2, il),

k2, di, el, £1,

hi, i1}, (s1,
i, gz,

b2,

d1, el,

ily, {81, ai,

g2, =1, h2,

b2,

£1,

al, di, el,

Xl, hl, i3)r(51r

£f1, g3,

bz,

dl, el,

i3}, (s1, al,

f1, g4, =1, hi,

al, b2, dl, =i,

®x1, hz, i2), {sl,

1, g3,

b2,

dil, el,

iz2y, {(s1, al,

£1, x1l, h2,

g3,

al, b2, di, el,

#1, hl, il), (sl,
fi, gi,

b2,

dl, ez,

i1y, {(si, al,

£1, =1,

gl,

2l, bz, di, ez,

dil, ez, £1,

i3), (s1, al, bz,

£i, g3, =1, hi,

al, b2, di, e?,

%1, h2, 12}, (s1,

dl, ez, fi, g4,

al,

f1,

hl,
el,
{81,

gi,

x1,

di,

i3),

f1,
al,
x1,
di,
12),
f1,
al;
®x1,
dl,
it}
£1,

al,

bz,

13}, (s,

g5,

11
£1,
al,

=1,

nl,
el,
(sl,
g3,
bz,
hZ,
el,
{s1,
g4,
b2,
hi,
al,
(s1,
g5,
b2,
hi,
e?,
{sl,
gz,
b2,

dl,

al, bl,

®l, hz,

s {s8l, al,

gl, =1,
b2, di,
hz, i3),
el,
P (81,
g2,
b2,
ni,
el,
. (51,
g4,
b2,
hz2,
el,
e (51,
g9,
b2,
x1l, h2z,
dl, ez,
i3}, (s1,
1, gil,
al, bz,
x1, hi,
dl, =2,
i2), {s1,
£1, g3,
al, b2z,
x1, hz,
dl, ez,

i1}, (s1,

£1,

dz, ed4, f£1, g5,

iz}, (s1, al, Dbi,

b2, d1, el, f1,

nl, i3),{=s1, al,

el, fi, x1,

gi,

(s1, al, b2, di,

gz, =i, hl,

al, bz, di, el,

xl, h2, 12), (81,

di, el, £1, g3,

izy, {82, al, b2,

f:{_’. g3, le hzl

al, bz, di, el,

xl, hl, 11}, (si,

a1, =i, f1, g4,

i1y, {sl, al, b2z,

£1, g4, x1, hZ,

al, b2, 41, el,

#1l, hl, 13}, (s1,

el, £1, gb5,

b2,

dl,

i3y, {81, al,

£1, gl, =1, hl,

al, b2, dl, 62,

Xl, hg, iZ),(Slr

dl, 62, fl; ng

12}, (sl, al, b2z,

£1, g2, =1, hz,

al, b2, 41, e2,

x1, hi, 11), (s1,

di, ez, fi, g3,

il),(slr alr b2!

1, ®x1l, hz,

g3,

ai, b2, di, e2,
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£1, g4,

5

al, b2,

21, h2,
dl, ez,
12y, {81,
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al, b2, dl, 3,
%1, hl, il), (s1,
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£f1, g4, =1, hZ,
al, bz, dil, e3,
x1l, hl, 13}, ({si,
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i3}, {s1, al, bz,
£1, gl, =1, hil,
al, b2, di, <4,
%1, hz, 123, (s1,
di, e4, £1, g2,
iz2), tsl, al, bz,
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%1, hl, 1i1), {(s1,
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i3)
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al,
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dl,
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£
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el,
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hi,
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hi,
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4
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f

b2,

i3y, (s1,
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al, b2,
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12), (81,
£f1, gl,
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£1, g3, =i, h2, ii),{=l, al, bZ, di, ed4, 11, g3,‘x1, hz, 123y, (s1,
al, b2, 4i, e4, £1, g3, ®1, h2, i3},({sl, al, b2, dl, ed4, fl, g4,

xi, hil, i1y, (sl1l, =al, b2, dl, e4, £1, g4, =1, hl, 12}, (sl, al, b2,
dl, =4, fi, g4, %1, hl, 13),{sl, ail, 22, dl, =4, £1, g4, =zl, hZ,

i1y, (81, al, bz, d1, e4, £f1, g4, =1, hz, i2),(sl, al, b2, di, <4,
£1, g4, %1, h2, 13),({s1, al, bz, di, e4, f1, g5, x1, hi, i1}, (sl,
al, b2, di, e4, f£1, g5, x1, hl, i2),(sl, al, b2, di, e4, fl, g5,

%1, hl, i3), (sl, al, b2, dil, e4, f1, g5, x1, h2, i1}, (si, al, b2,
dl, e4, £l, g5, z1, hz, 12),(s1, al, b2, d1, ed4, £i, g5, =1, hZ,

i3y,

[0083]

(sl, al, b2, d2, el, fl1, gl, =1, hi, i1y, (=1, al, b2, d2, ei, £1,
gl, =1, hi, i2),isi, al, b2, dz, eil, f£i, gl, =i, hl, 13}, (s, al,
L2, 42, 1, f1, gi, =1, hZ, il),(s1, al, b2, 42, i, £l, gl, =xl1,
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al, b2, d2, 1, f£i, g4, w1, hl, 12},(s1, al, b2, dz, el, fl, g4,

%1, hl, i3),{(s1, al, b2, dz2, el, £1, g4, =1, hz, il),{(sl, al, b2z,
dz, el, fl, g4, =1, hzZ, 12},isl, al, b2, dz, el, £f1, g4, =1, hZ,

i3), (=1, al, b2, d2, el, f1, a5, x1, hl, i1y, {(sl, al, b2, d2, el,
£1, g5, =x1, hl, i2},({sl, al, bz, d2, el, f£1, g5, x1, hi, 13}, (s1,
al, b2z, d2, el, fi, g5, =1, h2, il),(sl, al, b2, d2, ei, fl, g5,

x1l, h2, i2), (s1, al, b2, dz2, el, f£1, gb, =1, hz, 13),(si, al, b2z,
d2, e2, f£i, gl, =1, hi, il), (s1, a1, b2, d2, =2, fi, gl, =1, hi,
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dz, 2, £1, gz, =1, hl, iZ},!{sl, al, b2, d2, ez, f1, g2, =1, hZ,
il), (81, &al, b2, 42, ez, fl1, g2, =1, hZ, 12),(=sl, al, b2, d2, ez,
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al, b2, 42, 2, f1, g3, =1, nl, iz),(sl, al, b2, d2, ez, £i, a3,
%1, hi, i3), (sl, al, b2, d2, e2, f£1, g3, =1, h2, 1il},(sl, al, b2,
dz, ez, f£f1, g3, x1, h2, i2),(sl, al, b2, d2, e2, fi, g3, xi, hzZ,
i3y, (s1i, al, b2, d2, =2, f£1, g4, =1, hl, i1}, {(sl, al, b2, d2, eZ,
£1, g4, x1i, hi, i2),({sl, al, b2, d2, e2, [1, g4, =1, hl, 13), {s1,
al, bz, d2, ez, fl, g4, =1, h2, i1),(sl, al, b2, d2, ez, £1, g4,
%1, h2, i2y,(s1, al, b2, dz, =2, f1, g4, =1, h2, i3}, {sl, al, b2,
dz2, ez, £1, gb, =1, hi, 11),({=sl, =1, b2, d2, 2, fl, g3, =1, hil,
i2y, {=s1, al, b2, d2, e2, fl, g5, =1, hl, i3),{sl, al, b2, dz, 2,
£1, g5, ®1, h2, i1),({(s1, al, b2, dz, ez, f£1, g5, =1, h2, i2}, (=1,
al, b2, dz, ez, £1, g3, 1, hZ, 13),(sl, al, b2, d2, e3, fl, gl,
x1, hi, il),¢s1, al, b2, d2, 3, f£i, gl, =i, hl, 12}, (sl, al, bZ,
d2, e3, fl1, gl, =1, hl, i3}, {(sl, al, bz, d2, e3, fl1, gl, =1, hZ2,
i1), (sl, al, b2, 42, 3, f£i, gi, =x1, h2, i2),{sl, al, b2, 42z, e3,
£1, gl, %1, h2, 1i3),t(sl, al, b2, d2, 3, fi1, g2, =i, hl, ily, (s,
al, b2, dz, 3, fi, g2, =1, hi, 1i2),({sl, al, b2, dz, 3, f1, gZ,
x1, hl, i3), (s1, al, b2, d2, 3, fi, g2, =1, h2, i1),(sl, al, b2,
dz, 3, f£1, g2, =1, hZ, i2),{(=sl, =21, b2, dz, 3, fi, g2, =l, h2z,
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£1, g3, %1, hl, i2),(sl, al, b2, dz, 3, f£1, g3, i, hl, i3}, (sl,
al, b2, dz, 3, f£fi, g3, =1, hz, 1il},{(sl, al, b2, dz, =3, fl, o3,
x1l, h2, i2),{s1, al, bz, dz2, 3, £i, g3, =1, hz, 13),isl, al, b2,
dz2, e3, fi, g4, ®1, hi, i1),({sl, al, b2z, dZ, 3, f1, g4, =1, hl,
izy, (s1, al, b2, 42, 3, fl1, g4, =1, hl, i3}, (sl, al, b2, dz, =3,
£f1, g4, =1, h2, il}, (81, al, b2z, d2, 3, 1, g4, =1, h2, 12}, (s1,
al, b2, 42, e3, f1, g4, xl1, hz, i3},(s1, al, b2, dz, 3, fl, g5,
x1, hil, il), (sl, al, b2, d2, e3, f1, g5, xl1, hl, i2},{sl, al, b2z,
42, 3, £1i, g5, =1, hl, i3),{s1, al, b2, 42, e3, £1i, g5, =1, h2,
i1y, {s1, al, b2, 42, e3, f£1, gb, =1, h2, 12),(sl, al, bz, dZ, e3,
£1, 95, =1, hz, i3y, (sl, al, b2z, d2, =4, f1, gl, =1, 1, i1y, (s1,
al, bz, d2, e4, f1, gi, =1, hl, i2),(sl, al, b2, d2, 4, fl, gl,
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ily, (s1l, a2, pi, 42, el, fl, g3, x1, hZ, 1i2),({sl, a2, bl, 4z, =1,
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a2, bl, d2, el, fi, o5, =1, h2, il),{s1l, a2, bl, d2, el, fl, g5,
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i1), (sl, a2, bl, 42, e2, f1, g2, x1, h2, i2),(si, a2, bl, d2, e2,
£1, g2, =1, h2, i3),(sl, a2, bl, d2, e2, f£1, g3, x1, hl, il), (s,
a2, bi, dz, e2, fl, g3, =xi, hi, 1i2),(sl, a2, bl, d2, 2, f1, g3,
®x1, hl, 13}, (s1l, a2, bl, 42, 2, £i, g3, =1, h2, il},(sl, a2, kl,
d2, ez, fi1, g3, w1, h2, i2),(sl, a2, bl, d2, e2, fi, g3, =l, h2,
izy, (81, aZ, bl, d2, =2, £1, g4, =1, hl, il),{(sl, a2z, bl, dz, =2,
f1, g4, =1, hl, 12),({=sl, a2, bl, d2, =2, £1, g4, %1, hl, i3}, (s1,
aZ, bl, d2, e2, fi, g4, =1, h2, iil},(sil, a2z, bl, d2, e2, £1, g4,
%1, h2, 12),{s1, a2, bli, d2, ez, fl, g4, x1, hz, i3, (=1, aZ, bl,
a2, e2, f1, g5, xi, hi, i1}, {sl, a2z, bl, 42, e2, f1, g5, =1, hil,
iz2y, is1, a2, bl, dz, 2, £1, g5, =x1, hl, 1i3),(sl, a2, bl, d2, eZ,
£1, g5, x1, hz, ily,{(sl, a2, bi, 42, e2, £1, g5, =xl, h2, 1i2), (sl,
a2, bl, d2, e2, f1, g5, =i, hZ, i3}, (sl, aZ, bl, d2, =3, £l, gl,
%1, hl, i1}, (si, a2z, bl, dz, 3, f1, gi, =1, hl, 1i2),(sl, a2, bl,
a2, e3, f1, gil, =1, hil, i3),{(sl, a2, bl, d2, e3, f1l, gl, ®1, h2,
ily, (81, a2, bl, d2, 3, £1, gl, =1, hZ, 12),(s1l, a2, bl, 42, e3,
£1, gl, x1, h2, i3),({sl, a2, bl, d2, e3, £1, g2, =1, hl, 1il), (s,
a2, bl, d2, e3, fl, g2, x1, hl, i2}),(sl, a2, bl, dzZ, e3, fl, g2,
%1, hl, 13),(si, a2, bl, d2, e2, fi, gz, xl, h2, il},(sl, az, bl,
dz2, 3, f£l, g2, =1, hz, iZ),(sl, a2, bl, d2, 3, f£l1, g2, =1, hZ2,
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aZ,

13y, (=1,
£1, 43,
az, bl,
x1l, hZ,
dz, e3,
izy, (s1,
£1, a4,
aZ, bil,
ni,

e3,

x1,
dz,
il), (81,
£1, qgb&,
az, bi,
%1, hil,
dz, e4d,
i3}, {s1,
£f1, g2,
k1,
x1l, h2,
dz, e4,
i2), (=1,
£1l, g3,
az, bi,
hi,

xl,

ily

dz,

[0086]
(sl, a2,
agl, =1,

w2, di,

a?, bl, 42, 3, f£1, g3,

®1, hl, i2), (sl, a2, bl,

dz, e3, fl, g3, %1, h2,

i2), (s1, a2, bl, d2, e3,

g4, =1, hl, i1}, {sl,

b1, d2, e3, fi1, g4,

h2, i1}, (81, az,

e3, f£1, g4,

(1, azZ, bl,

g5, x1, hi,

bl, d2, e3,

h2, i3), (sl,
£, gi,

bl,

ed,

{sl, a2z,

xi, hZz,

gl,

bi, d2, e4,

hil, i2), (s1,

dz, £1, g2,

bl,

ed,

(s1, aZ,

g3, x1, hl,

b1, d2, e4,

hz, ily, (sl,

aed, f£1, g3, =1, h2Z,

(1, a2z, bl, d2Z, =4,

g4, =i, hl, i3y, (s1,

bl, 42, £fl, g4,

bl,

ed,

h2, 13}, (=1, a2z,

ed, £1, gb5, =1, hl,

(sl, a2, bl, 42, <4,

gb, x1, h2, 12}, (=1,

di, el, fi, gl, =i,

b2z,

bZ,

hi, i2), (sl, a2, di,

el, f1, gl, x1, h2, il),

13},

az,
=1,
dz,
iz},
£1,

a2,

(81,

{sl,
g4,
bl,
h2,
ed,
(31,
g3,
b1,

11y, (s1,

£1,
az,
x1,
dz,
13}
£1,
az,
%1,
dz,
i2)
£1,
az,
z1,
dz,
il1)
£1,
az,
21,
4z,
i3)
£1,
az,
x1,
dz,
i2)
£1,
az,
®1,

dz,

g3,
bl,
hz,

risl,

g4,
bl,
hl,
e3,

e {81y

gl,
bl,
h2,

e,

, (81,

g2,
»1,
h2,

ed,

PRGN

g3,
bi,
ki,

ed,

r (81,

as,
b1,
n2,

ed,

&z,
=1,
dz,
13},
£1,

a2,
®1,
dz,
iz},
1,

az,
®1,

dz,

i3y,

b1, d2, e3,

hi, 13}, (s1,

e3, fl, g3,

{si, az, bl,

®x1l, hil,

g4,

b1, d2, e3,

h2, i2), (=1,
£1, g5,

bl,

el3,

(s1, a2z,

g5, %1, hz,

bl, d2, e3,

hl, il), (=1,
£1, g1,

bl,

ed,

(sl, a2z,

gl, =1, hz,

b1, dz, e4,

nl, i3), (s,

ed, f1l, g2,

{(gl, az, bl,

g3, x1, hl,

bl, dz, =4,

h2, 12y, (s1,
£1, g4,

ki,

ed,

{sl, a2z,

g4, =1, h2,

bi, dZ, e4,

nil, i1), (s1,
£fi, g5,

bl,

a4,
a2,

{s1,

g5, =1, hz,

dl, 1, £1,
13), (=1,

£i,

gl,
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hZ,
el,
123
£1,
az,
x1,
dl,
11}
f£1,
a2z,
x1,
di,
i3)
f1,

az,

dil,
i2)
£L,
az,
®x1l,
dal,
i1)
£i,
az,
®1,
dl,
13)
£1,
az,
x1l,
d1,
12)
£1,

az,

12y, (81,
£i, g2z,
, (s, aZ,
g2, xI1,
bz, di,

hl, il),
ei, f1,
, (81, aZ,
g3, =xl,
bz, di,
hi, 13},
el, £1,
, lsl, a2z,
g5, x1,
b2, dl,

izy,
£1,

az,

%1,

, {81,

a2, b2, d1, i, i,

x1l, hl, 1i1),{sl, a

b2, di, £1, g2,

b2,

al,

hz, i1, i{sl, aZ,

el, £i, gZ, =1, hZ,

/s1, a2, b2, di, el,

g3, =i, hl, 13), {s1,

bz, di, i, g3,

b,

el,

h2, i3y, (sl, aZ,

1, g4, =1, hi,

az, b2, di, el,

%1, h2, 12}, ({sl,

a1, £1, o5,

bz,

el,

12y, {81, a2,

el, f1, gb, =1, h2z,

a2, b2z, di, el,

x1l, hi, 11), (=1,

dl, ez, fl, gi,

i1y, (81, a2, bz,

£1, gl, =1, h2z,

22, bz, dl, e2,

x1l, hi, i3), (s1,

dl, £1,

gz,
b2,

e?,

i3y, isl, aZ,

£1, g3, =1, nl,

a2, bz, dl, e2,

%1, hz, i2), (s1,

di, f1,

g4,
b2,

ez,

iz2), (s1, az,

ez, fl, g4, =1, h2,

(s1, a2, b2, dl, e2,

g5, x1, nhl, i1),(s1,

b2, di, £1, g5,

b2,

e,

hz, 11), (sl, aZ,

e2, f£i, g5, x1, hZ,

52
gl, =1,
2, Bhe,
®x1, hl,
dr, el,
i3y, (s1,
£1, g3,
az, b2,
%1,
dl,
i2},
£1,
az,
®x1,
di,
il),
1,
az,
%1,
dt,
i3y, {s1,
£f1, g2z,
a2, bz,
®x1, h2z,
d1, ez,
iz)y, (81,
£f1, g3,
a2, b2,
#1, hl,
dl, e2,
ily, (81,
£f1, g4,
a2, b2,
x1, hl,
dl, ez,

i3}, (s1,

n2,

di,

13)
£1,
a,
x1i,
dl,
12)

133
i,
az,
=1,
di,
iz)

az,
x1l,
dl,
i1}
1,
az,
®1l,
d1,
i3)
f1,
az,

13y, {=1, a2, b2, di,

£1, xl, hil,

gz,
b2,

el,

, (s1, a2, di, el,

g2, xl, h2Z, i2},(sl,

dl, £1,

g3,
b2,

al,

i2), (sl, a2z,

el, fl, g3, x1, h2,

a2, b2, 41, el,

hi, 1i1), (s,

el, f£f1, g4,

, {sl, a2z, b2,

g4, =1, h2,

a2, b2, di, el,

x1l, hl, 13}, (si,

dl, £1,

g3,
bz,

el,

i3}, (s1, az,

£1, g1, =1, hi,

a2, b2, di, ez,

Cx1, h2, i2), (sl,

dl, e2, fl, g2,

i2), {81, a2, b2z,

fi, g2, %1, h2,

a2, b2, di, ez,

%1, nhl, il), (sl,

41, £1, g3,

b2,

ez,

ily, (81, a2,

£1, a3, =1, h2,

;is8l, aZ, b2z, dl, e2Z,

g4, x1, hi, 13), (=1,

e2, fl, g4,

b2,

a1,

i3y, (81, a2,

£1, g5, =1, hIl,

a2z, bz, dl, eZ,

x1, h2, 123, (sl,

di, 3, 1, gl,
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®xi,
dl,
ily,
£1,
az,
®1,
dl,

133,

ild,
fi,

az,

{81,

(s1,

g4,
b2,

ily, (=1,
£1, gl,

az, bz,

1, hZ,

dl, e3,

dl, e3,
il), (s1,
£1, g5,
az2, b2,
x1i, hZ2,
dl, e4,
i3y, (81,
£i, gil,
a2, b2,
#1, hl,
di, e4,
12y, (=1,
£1, g3,
a2, bz,
xl, h2,
dl, e4,
ily, (s1,
£1, g4,
a2, b2,

®1l, hZz,

di, e4,

az, b2z,

®xl, hl,

dl, e3,

i3), (s1,
1, g2,
az, bz,

x1l, hZ,

dl, &3,

iz}, (si,
a3,

pid

b2,

f1,
az,
hil,
di, e3,
i1y, (s,
£1, g4,
a2, bz,
%1, hl,
dl, e3,
i3}, (=1,
i, g1l,
az, b2,
%21, h2,
dl, e4,

iz}, (s1,

d1, ed,
13), (s1,

1, g5,

dl, 3,
i3y, (s1,
£1, gl,
az, bZ,
=1, hl,
di, e3,
12y, (s,
£1, g3,
a2, bz,
x1l, hZz,
dl, e3,
11y, (s1,
£1, g4,
a2z, bz,
®x1l, hZ,
di, 3,
13), (=1,

£fi, g5,

*

az, b2,

%1, hl,
dl, e4,
iz}, (s1,
£1, g2,
a2, b2,
x1l, h2,
di,
il), (s1,
£fi, g3,
aZz, b2,
xl, h2,
dl, e4,
13y, (s,
£1, g4,
a2, bz,

x1, hi,

ed,.

53
£1, gi,
az, bz,
xl, h2z,
dl, e3,

12), (s1,

il),
£1,
az,
x1,
d1,

i3},
f£1,
az,
x1,
di,

izy,
f1,
az,
x1,
dil,
i1y, ts1,
£1,
az,
21,
di,

i3y, (s,

J4,

L2,

xl, h2,

di,

ed,

i2), (s,

di,
i2}
£3,
az,
®x1i,

1
a

i1y
£1,
az,
®1,
dl,

i3)

az,

12)
£1,

az,

hi,
al,
r (81,
g2,
b2,
h2,
e3,

r (81,

bz,
h2,
el3,
r {81,

ed,
e (81,
gz,
b2z,
h2,
ed,
(81,

g3,

izy,

fi,
az,

=1,

g1,

(sl,

gl,
b2,

hi,

e3,

i1y, (s,

gz,

iz), (81,

£1,
az,
%1,
dl,
ily,
1,
az,
x1,
di,
i3}y
£1,
az,
x1,
dl,
i2),
1,
az,
21,

di,

g5,
B2,
hl,
a4,
(s,
gi,
b2,
hl,
ed,
{sl,
g3,
bz,
hZ,

(=1,

g4,
b2,

hl,

e4,

a2z, b2z,

®x1l, h2,
di, 3,
11y, (81,
i, g2,
a2, bz,
1, hZz,
dl, e3,
i3y, i{s1,
£i, g3,
a2, bz,
%1, hl,
dl, 3,
i2), (81,
£1, g5,
az, bz,
x1l, hZ,
di, e3,
il), (sl,
£1, gi,
az, b2,
x1i, hz,
di, e4,
i3y, (sl,

i, g2,
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x1, hl,

al, e4,
i3)y
100871
{sl, az,
gl, =1,
bz, d2,
hZ; izy,
el, £,
12y, (s1,
£1, g2,
a2, bz,
x1l, hl,
dz, =1,
ily, (81,
£1, g3,
az,
=1,
dz, el,
i3)
£l,
az,
x1,
dz,
12)
£1,
az,
x1,
dz,
i1y
£1,
az, bz,
%31, hl,
d2, 22,

i3), {s1,

13), (s1,

£1, gb,

b2, dz,

hil, i2j,

el, f1,

{81, aZ,
gz, =1,
az, bz,

®x1l, h2,

dz, el,
il}, (s1,
1, g3,
a2, bz,
xl, hZ2,
dz, el,
i3y, (s1,
£1, g4,
az, b2,
%1, hi,
dz, el,
i2y, (s,
£i, gi,
a2, b2,
x1, h2Z,
dz, ez,
11, (s,
£1l, g2,
az, bz,

x1l, h2,
dz2, ez,
i3y, (sl,
£1, g3,

az, bZ,

54

a2, b2, dl, e4, £1, g5, x1, h2, i1y, (sl,
x1, h2, i2),(s1, a2, b2, di, e4, £1, 45,
el, fi, gl, xi, hi, i1y, (sl, a2, b2, d2,
(g1, a2, b2z, dz, el, f£1, gl, x1, hl, i3},
gl, x1, h2, il},{(sl, a2, b2, dz, ei, f1,
b2, d2, el, fi, gl, =1, h2, 1i3),{(s1, a2,
hi, il), (sl, a2, b2, 42, ei, f£f1, g2,
dz, eil, fi, g2, x1, hil, 13}, (s1, a2, b2,
ily, (sl, aZ, b2, d2, el, £1, g2, =1, h2,
£1, g2, x1, h2z, i3}, (sl, a2, b2, d2, el,
a2, b2, d2, el, £1, g3, x1, hil, i2), (=1,
x1, hil, 13),{sl, aZ, bz, d2, ei, fl, g3,
dz, el, £1, g3, ®1i, h2, 123, (s1, a2, b2z,
i3y, (s1l, a2, b2, d2, el, fi, g4, =i, hl,
£1, g4, =1, hl, 1i2),(sl, az, b2, d2, el,
a2, b2, d2, el, £1, g4, =1, h2, il}, (s,
%1, h2, 12}, (s1l, a2, b2, dZ, 1, f£1, g4,
daz, el, fl1, g5, =1, hl, 1il), (s1, aZz, b2,
izy, (81, a2, b2, d2, el, £1, ¢5, =1, hl,
f1, g5, =1, h2, il),{sl, a2, b2, d2, ei,
a2, b2, d2, 1, fl, g5, x1, h2, 13),{sl,
%1, hl, 11),{sl, a2z, bz, d2, e2, £1, qgl,
d2, e2, f£i, gl, i, hi, i3}, (sl, a2z, b2,
ily, (s1, a2, b2, d2, ez, f1, gl, x1, h2,
f1, gl, =1, hz, 13),{sl, a2, b2, dz2, e2,
a2, b2, 42, ez, fi, g2, =1, hl, i2), (sl,
k1, hi, 13}, (sl, a2z, b2, d2, e2, f1i, g2,
dz, ez, fl, g2, x1, h2, 12}, (=sl, a2, b2,
i3), (sl, a2, b2, d2, e2, fl, g3, xl, nil,
£1, g3, =1, hl, i2),{si, a2, b2, 4z, e2,
a2, b2, d2, ez, f1, g3, xl, h2, il), (=1,
®xl, h2, 1i2%y,{s1, a2, b2, 42, 2, £1, 93,
d2, ez, £1l, g4, x1, hl, il}, (=1, a2, b2,

21,

a2, b2,

x®1, hZz,

el, f1,

{1, a2z,
gl, x1,
bz, dz,
hi,
dz2, el,
iz}, (81,
£f1, g3,
az, bz,
21, h2Z,
dz, el,

i1}, {s1,

dz, e?,
ily, (=1,
£1, g3,
a2, bz,

®h, h2,

dz, ez,
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£1, g4, x1, hi, izy,{sl, a2, bz, d2, e2, fl, g4, =1, hi, 13), (=1,
a2, b2, d2, e2, f1, g4, =1, h2, il),(sl, a2, b2, dz, =2, fl, g4,
x1, hZ, i2),(s1, a2, b2, 42, e2, f1, g4, =1, h2, i3}, (s1, a2, b2,
dz, ez, fl, g5, 1, hi, 1il1),(sl, aZ, b2, 42, e2, f£l, b5, =1, hl,
12), (g1, a2, b2, d2, e2, f£1, o5, =1, hl, i3y, (sl, az, k2, d2, e2,
£1, g5, =1, h2, 1ily, (sl, a2, bz, d2, =2, f£1, g5, xl1l, h2, i2), (si,
a2, bz, dz, e2, f1, g5, x1, hz, 1i3),(sl, a2, b2z, d2, 3, fl, gl,
x1l, hl, i1), (sl, aZ, b2, d2, 3, f1, gl, =i, hl, 1i2),{sl, a2, bZ,
42, 3, £i, gl, ®i, hl, i3y,{si, azZ, bz, d2, 3, fi, gl, =1, h2,
i1y, (sl, a2z, b2, 42, 3, £1, gl, =i, h2, i2),({(sl, aZ, b2, d2, e3,
£i, gl, =x1, h2, i3}, (=81, a2, b2z, dz, 3, f1i, g2, x1, hl, il;, (=1,
az, bz, dz, 3, fl, g2, x1, hl, 12),{(=s1, aZ, b2, d2, 3, fi, g2,.
®l, hi, 13y, (=81, a2, b2, d2, 3, f£1, g2, x1, h2, il),(sl, a2, b2,
dz2, 3, f1, g2, xl, h2, i2),(sl, a2, bz, d2, e3, f£1, g2, =1, h2,
i3), {(s1, a2, b2, d2, 3, f1, g3,.xl, hi, i1),{sl, a2, b2, d2, =3,
f1, g3, =1, hl, i2),{sl, a2z, bz, d2, 3, £1, g3, =1, hi, 13), (sl,
a2z, b2, d2, 3, f1i, g3, =1, h2, i1y, (81, a2z, b2, dz, e3, £i, g3,
1, h2, 1i2),(s1, a2, b2, d2, 3, fl, g3, =i, h2z, i3),{(sl, a2, b2,
d2, e3, f1, g4, xi, hl, 1ily,(sl, a2, b2, d2, 3, f1, g4, x1, hi,
i2), (g1, a2, b2, d2, 3, f1, g4, =1, hl, 13),(si, a2, b2, dz2, e3,
£1, g4, x1, h2, i1y, (sl, a2z, b2, d2, 3, f1, g4, =i, h2, i2), (s1,
a2, b2, d2, e3, f1, g4, =1, h2, i3}, (sl, a2, b2, d2, 3, £1, g5,
xl, hl, il), (sl, a2, b2, d2, e3, f£1, g5, %1, hl, i2),(sl, a2, b2,
gz, 3, £1, g5, =zi, hl, i3),(sl, a2, b2, 42, 3, £i, g5, =1, h2,
ily, 81, a2z, b2, 42, 3, £1, g5, =1, h2, i2),(sl, a2, b2, 42, e3,
£1, g5, 1, hz, i3y, (s1, a2, bz, d2, e4, £i, gl, =i, hl, ii), (sl,
a2, bz, d2, e4, fl, gl, %1, hl, i2),(sl, a2, b2, d2, e4, f1, qil,
x1l, hi, i3), {sl, aZ, bz, d2, =4, £1, gi, =i, h2, i1y, {sl, a2, b2,
dz2, 4, f1, gl, =1, h2, i2y,(sl, aZ, b2, d2, ed4, f£i, gl, x1, h2,
13),4{s1, a2, bz, dz, e4, £1, g2, =21, nil, 1il},(sl, aZ, bz, d2, =4,
£i, g2, 1, hl, 1i2),{sl, a2, b2, d2, ed4, fl, g2, =1, hl, i3}, (s1,
az, bz, 42, ed, £1, g2, =i, h2, iij,(sl, a2, b2, d2, =4, f1, g2,
xl, hz, i2)y,(sl1, a2z, b2, dz, e4, £l, g2, x1, h2, i3}, (sl, a2, b2,
dz, 4, £1, g3, x1, hl, i1), (s, a2, b2, dZ2, e4, fl, g3, =i, hi,

izy, (sl, a2z, b2, d2, e4, f£1, g3, =1, hl, i3}, {sl, a2, bz, d2, e4,



10

15

20

25

30

35

£i, g3,

az, biZ,

x1l, hil,

dz, =4,
ily, {s1,
£1, g4,
a2, bz,
®xl, hi,
dz, =4,
i3},

rocoseg]
{sl, a3,
gl, =1,
bl, di,
hz, iz,

], f1,

i2), (81,
£1, g2,

a3, bi,

1, hi,

dil, el,
il), (=1,
£1,
al, bl,

nl,

%1, h2, i1), (s1, a2, b2, d2, e4, f1, g3, =1, h2, i2), (sl,
dz2, e4, f£1, g3, xi, h2, i3),(sl, a2, b2, d2, e4, fi, o4,
i1y, (s1, a2z, b2, d2, e4, £1, g4, =1, hl, i2),{(sl, a2, b2,
i, g4, =1, hi, 1i3),{(sl, azZ, b2, dz, e4, f£l, g4, =1, hZ,
az, bz, d2, e4, f£f1, g4, =1, h2, i2),({sl, a2, b2, dzZ, e4,
%1, h2, 1i3), (sl, a2, b2, d2, =4, fl, g5, =1, hl, il), (s1,
dz, e4, fi, o5, xl, hl, i2),{sl, a2, b2, d2, e4, £1, g5,
i3), (s1, az, bz, d2, e4, fi, g3, x1, h2, il), (s1, a2, b2,
£i, g5, =1, hz, 12),{sl, a2, bz, dz, <4, f£i, g5, x1, hZ,
ki, dl, i, £1, gl, =1, hi, il;, (sl, a3, bli, di, el, f1,
hl, i2},{sl, a3, bl, dl, e1, £1, gi, =1, hl, 1i3),{(sl, a3,
el, f1, gl, =1, h2, i1}, (sl, a3, bl, di, el, f1, gl, =1,
'sl, a3, bl, d1, el, f1, gl, ®1, h2, i3),(s1, a3, bi, 41,
g2, =1, hi, 1i1y,{(sl, a3, bli, di, ei, f1, g2, =1, hl,
a3, bl, di, 1, f£i, gZ, =1, hl, 1i3),(sl, a3, bl, dl, el,
x1l, h2, ily, (s1, a3, bl, d1, el, £1, g2, x®1l, h2, i2}, (s,
di, el, fi, g2, =1, h2, i3),(si, a3, bl, di1, el, f1, g3,
i1y, (sl, a3, bl, di, el, fl1, g3, x1, hl, i2),(sl, a3, bl,
£1, g3, =®1, hil, i3}, (sl, a3, bl, 4, i, fl, g3, =1, hZ2,
a3, bl, dl, i, fi, g3, %1, h2, i2),{(sl, a3, bl, dl, el,
%1, h2, i3), (sl, a3, bl, dl, el, f1, g4, =1, hl, il}, (s1,
di, el, fi, g4, =1, hi, i2),(sl, a3, bl, di, el, f1, g4,
i3), {81, a3, bl, d1, ei, £f1, g4, =1, hz, il),(sl, a3, bl,
£1, g4, x®1, hZz, 12}, (sl, a3, b1, dil, ei, f1, g4, =1, hzZ,
a3, bl, d1, ei, f1, g5, xl, hi, il),(sl, a2, bil, dil, el,
®xl, hi, 12y, (=1, a3, bil, dl, ei, f£1, gb, x1, hi, 13}, (s1,
d1, el, f£1, g5, =1, h2, il),{sl1l, a3, bl, d1, el, fi, ¢S,
izy, (sl, a3, bl, di, el, £1, g3, =1, hZ, i3}, (sl, a3, bl,
f1i, gl, =1, ni, ily,isl, a3, b1, dil, =2, f1, gl, =1, hl,
a3, bl, 41, e2, f1, g1, =1, hl, 1i3),(sl, a3, bl, dl, eZ2,
x1, h2, il},(sl, a3, bl, di, e2, f1, gi, xl1, h2, i2), (s1,
di, e2, fl, gl, %1, h2, i3),(s1, a3, bl, 41, e2, fl1, g2,
i1y, (sl, a3, bl, di, ez, fi, g2, xi, hl, 1i2),{sl, a3, bi,
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41,
i1y
£1,
asi,
®1,
di,
i3)
£1,
a3,
i,
dl,
i2)
f1,
al3,
=1,
di1,
11y
£1,
a3,
®x1,
di,
13)
£1,
a3,
x1,
dl,
12)
£1,
az,
x1,
dl,
11)
1,
a3,

®l,

!

¥

a2,
(sl,
gz,
b1,
hi,
ez,
(el
g4,
b1,
hz,
ez,
{51,
g5,
b1,
ki,
a3,
(s,
gl,
bl,
hl,
al,
(sl
g3,
b1,
hZ,
e,
{s1,
g4,
k1,
hl,
el3,
{s1,
g5,
b1,

hi,

1, g2,

a3, bil,
®1l, h2,
di, ez,
i3y, {s1,
£1, g3,
a3, bi,
X1, hi,
dl, e2,
izy, (=81,
£1, o5,
a3, bl,
x1, hZ,
dl, ez,
i1y, {s1,
£1, gl,
a3, bi,
%1, hZ,
di, 3,
i3y, (s1,
1, g2,
a3, bil,
®x1, hl,
dl, e3,
12y, (s1,
£1, g4,
al, bl,
xl, h2,
di, e3,
ily, (sl,
£1, g5,
a3, bl,
®1l, h2,
dl, e4,

13), (sl,

57

%1, hl, 13}, {(sl, a3, bi,
dl, e2, f1, g2z, =1, h2Z,
i3y, {s1, a3, bl, di, eZ,
£1, g3, =1, hl, 12),i(s1,
a3, bl, di, e2, f1, g3,
x1, h2, i12),{(sl, a3, bl,
dl, ez, fl, g4, =i, hil,
i2y, (=1, a3, bl, di, ez,
£1, g4, =1, h2, i1y, (=1,
a3, bl, 41, e2, f£1, g4,
%1, hi, il:,{sl, a3, bl,
di, e2, fi, g5, x1, hil,
ily, (=1, a2, bl, di, eZ,
Fil, g5, %1, h2, 13),({=sl,
a3, bl, 41, 3, f£1, gl,
x1l, k1, 133, (=1, a3, ki,
d1, 3, f£1, gl, =1, hZ2,
i3y, (81, a3, bl, di, e3,
£1, g2, =1, hi, iz}, (=1,
ai, bl, dl, &3, f£i, g2,
%1, h2, i2),(s1, a3, bl,
dl, e3, f1, g3, =1, hl,
i2y, (s, a3, bi, di, e3,
fi, g3, =1, hz, il), {sl,
a3, bl, di, 3, f£i, g3,
x1, hl, i1), (sl, a2, bl,
dal, 3, £1, g4, =1, hl,
i1y, (s1, a3, bl, dl, e3,
£1, a4, =1, hz2, 1i3),(sl,
a3, bl, dl, e3, fi, g5,
x®l, hl, i3}, (sl1l, a3, bl,
di, 3, f£l1, g5, =1, hZ,
12}, (s1, a2, bl, di, e4,
£1, gl, =1, hl, 1z}, (sl,
a3, bl, di, e4, fi, gl,

dz,
i2)
£1,

d1,
iz)
£1,
al,
®1,
dl,
il
£1,
ai,

di,
i3)

al,
®1,
dil,
i2)
£1,
ad,

=1,

ez,

PRE:N

i, g2,

a3, bl,

x1l, nl,

di, ez,

il}, {s1,

£f1, g3,

a3, bl,
x1l, hl,
al, eZ2,

i3y, (s1,
£1, g5,

a3, bl,
x1l, h2,
di, e3,
123, (s1,
£1, g1,

al, bl,

%1, hl,

dl, e3,
il), (s1,
£1, gz,
a3, bi,
%1, hl,
di, e3,

13y, (=1,

£1, g4,

ai, bl,
%1, hzZ,

d1, e3,

iz2y, (81,
£1, g5,
a3, bl,
®L, hi,
dl, e4,

ily, (s1,

%1, hZ,

dl, ez,
ily, {s1,
£i, g3,
a3, bil,
x1, hZ,
dl, e2,
i3), {s1,
£1, g4,
a3, bl,
%21, hi,
dl, e2,
izy, (s1,
£1, gl,
a3, bi,

x1l, h2,

dl, e3,
ily, (s1,
£i, g2,
a3, bl,
z1l, hz,
di, e3,
i3), (s1,
£1, g3,
a3, bl,
®x1l, hl,
dl, e3,
iz}, (s1,
£1, g5,
a3, bil,
x1l, hZz,
dl, e3,
i1y, (81,
1, gl,

al3, bl,
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a3,
w1,
dl,
i1)
fl,
a3,
x1l,
di,
i3)

ed,
Pl
g4,
b1,
hl,
ed,

7

(0088}

(=1,

gl,
b1,
nZz,
el,
i12)
i1,

a3,

#1,
dz,
i3)
f1,

a3,
x1,
dz,
12},
£1,
. (sl
92,

bi,

sl

a5,

£1,

bl,
hi,
el,

(=1,

£1,
a3,

%1,

gl,
bl,
ni,

ed,

£1,

g4,
b1,
hi,

58

x1i, h2, i2},i(sl, a3, bl, di, e4, fl, gl, xl, hZ2,
di, e4, £i, g2, =1, hi, il),({si, a3, bl, di, =4,
i2), (s1, a3, bl, di, e4, fl, g2, =1, hl, i3), (s1,
£1, g2, %1, nh2, il),(sl, a3, bi, d1, e4, f1i, g2,
23, bl, dl, e4, £f1, g2, =1, h2, i3),{sl, a3, bl,
x1, hi, i1),(sl, a3, bl, dl, e4, fl, g3, %1, hi,
dl, e4, fl, g3, rl, hl, i3}, (s1l, a3, bl, di, ed,
i1y, (s1, a3, bi, d1, e4, f1, g3, =1, h2, i2y, (s1,
£1, g3, ®1, h2, 13}, (sl, a3, bl, dl, ed, £1, g4,
a3, bi, d1, e4, £1, g4, =1, hi, 12),(s1, a3, bl,
x1l, hl, 13),(sl, a2, bl, dl, e4, fl, g4, x1, h2,
dl, =4, £1, g4, =1, h2, 1i2),(=1, a3, bl, dl, e4,
i3y, {s1, a3, b1, d1, e4, £1, g5, =1, hl, il), (s1,
£1, gb, =1, hl, 1i2),(sl, a3, bl, di, e4, f1, g5,
a3, bl, 41, 4, £1, g5, xi, h2, il),(sl, a3, bl,
%1, h2Z, i2),{sl, a3, bl, di, e4, £1, g5, x1, hZz,
el, f1, gl, =i, hi, il),(s1, a3, bl, d2, el, fi,
(s1, a3, bl, d2, el, f1, gil, =1, hi, i3),(sl, a3,
gl, x1, h2z, ily, (sl, a3, bl, dz, el, f1, gl, =1,
bl, d2, el, f£1, gi, =1, h2, 13),(=sl, a3, bl, dz,
hi, il},(sl, a3, bl, dz, el, fl, g2, =i, hl,
g2, el, f1, g2, =1, hl, i3),(sl, a3, bl, dz, eil,
ily, (s1, &3, bi, d2, el, £1, gz, x1, h2, 12}, {sl,
£i, g2, x1, h2, 13),{=sl, a3, bl, dz, el, fl, g3,
a3, bl, d2, el, fi, g3, x1, hl, 12),(sl, a3, bl,
x1, hl, i3), (sl1, a3, bi, d2, eil, fl, g3, x1, hz,
d2, el, f1l, g3, =1, h2, i2),(sl, a3, bl, d2, eil,
i3y, {81, a3, bl, d2, el, £1, g4, =1, hl, il), (=1,
£1, g4, x1, hl, i2},{sl, a3, bl, &2, el, f£f1, g4,
a3, bl, d2, 1, £1, g4, x1, h2Z, il),(s1, a3, bl,
xl, h2, 12y, (sl, a2, kl, d2, 1, £i, g4, =i, hZ,
dz, ei, f1, g5, =1, hi, ily,(s1, a3, bl, dz, el,
i2), (s1, a3, bi, d2, el, £1, g5, x1, hil, 13), (s1,
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a3,
x1,
dz2,
i12)
1,
a3,
%1,

dz,

11}, (si,

1,

a3,

=1,

dz,
i3y
fi,
a3,
x1,
dz,
i2)
£1,
al,
=1,
dz,
i1y
£1,
a3,
®x1,

dz,

£1,
a3,
®x1,
dz,
iz

£i,

b1,
h2,
ez,
r (81,
gl,
b1,
ni,

ez,

gz,
bi,
hl,
e?,
r (sl
g4,
bl,
h2,
e?,
r (81,
g5,
bl,
ni,
a3,
(81,
gl,
bi,
hi,
e3,
r (81,
g3,
b1,
nZ,
el,

¢ (81,

g4,

59

dz, ei, fi, g5, x1, h2, i1}, (=i,
12y, {81, a3, bi, d2, el, f1, g5,
fi, gl, =1, hi, i1}, (si, a3, bi,
a3, bi, dz, e2, f1, gl, 1, hl,
x1, hz, ily, (=1, a3, kl, d2, =2,
dz2, ez, £1, gl, =1, hz, 13}, (sl,
il}, {81, a3, bl, dz, e2, fi, g2,
£f1, g2, x1, hl, i3}, (sl, a3, bl,
a3, vl, dz2, e2, f£1, gz, %1, h2,
®x1l, h2, i3), (=1, a3, bl, d2, e2,
dz2, e2, f£i, g3, xi, hi, i2), (s,
i3y, (s1, a3, bl, d2, ez, f1, 43,
£1, g3, =1, h2, i2),(sl, a3, bl,
ali, bl, d2, ez, f£f1, g4, =x1, hi,
x1l, hl, 1i2),(sl, a3, bl, dzZ, e2Z,
dz, ez, f£f1, g4, =1, hz, ii), {81,
i2y, {(sl, a3, bl, dz, ez, f£i, g4,
f£1, g5, =1, hi, 11),(s1l, a3, bil,
a3, bl, d2, ez, fl, g%, =i, hi,
xl, h2, il), (s1, a3, bl, d2, eZ,
42, e2, £i, g5, %1, h2, i3), {s1,
i1y, (s, a3, bi, d2, e3, f£i, gl,
£1, gl, x1, hl, i3),(sl, a3, bi,
a3, bl, dz, 3, f£l1, gi, =1, hZ2,
®xl, h2, 13),{sl, a3, bl, dZ, e3,
42, e3, i, g2, =1, hl, 12}, (s1,
i3y, {s1, a3, bl, dZ, 2, fl, g2,
£1, g2, =1, h2, 12),(s1, a3, bl,
a3, bl, d2, e3, f£1, g3, =1, hi,
xi, hi, 12}, (sl, a3, bi, d2, e3,
dz, e3, f1, g3, =1, h2, il}, (sl,
iz2y, {sl, a3, bl, 42, 3, £1, g3,
£1, g4, x1, hl, 1il}, {(si, a3, bkl,
ald, bi, dz, 3, f1, g4, x1, hi,
xl, h2, 1il), (sl, a3, bl, dZ2, &3,

a3,
®x1l,
dz,
i3)
i,
a3,
x1,
dz,
123
£1,

a3,

dz,
i1)
£1,
a3,
®1,
dz2,
13)
£i,
a3,
z1,
dz,
12)

£1,

. (=21,

4z,
133,
1,
a3,
®x1,
dz,
12},
1,
ald,
xl,

dz,

il), (sl,

£1,
a3,
x1,

dz,

pte

i

1,
a3,
®x1,
dz,
2y,
f1,
a3,
®x1,

az,

[

£1,
a3,
®1,
dz,
i3y,
£,
a3,

®x1,

el,
(81,

gl

bl,

hz,
ez,
{sl,

g2,

bi,

hi,

el,

g3,
b1,
hi,

ez,

3), (s1,

gd5,
k1,
hz,
a3,
(s1,
gl,
bl,
hl,

eld,

1y, i1,

g2,
bi,
hi,
@3,
(81,
g4,
b,
nz,

1, g5,

ald, bi,
=%, hil,
d2, ez,
i2y, (s1,
f1, gz,
ai3, bl,
®x1, h2,
az, e2,
ily, (s1,
£1, g3,

bl,
hz,

asi,
®x1,
dz, &2,
i3y, (s1,
£1, g4,
a3, bil,
x1l, hl,
dz, eZ,
12y, (s1,
£1, gl,
a3, bil,

x1, hZ,
d2, e3,
i1y, (=1,
£1, g2,
a3, bl,
®i, h2Z,
dz, e3,
133, (s1,
£1, g3,
a3, bi,
x1l, hl,
dz2, 3,

123, (s1,
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a3, bl,

®i, nhil,
d2, e3,
r (81,
g5,
bl,
n1,
dz, e4d,
i3, (=1,
£1, 9z,
a3, bl,
h2,
ed,
(81,
g3,
bl,
hi,
ed,
(81,
g4,
az, bi,
zl, hl,
dz, e4,
133,
[C090]
(g1, a3,
gl, =1,
b2, dil,
hz, 12},
el, f1,
12}, {sl,
1, g2,
ald, b2,
®xi, hl,

d1, 1,

dz, e3,

ily, {s1,
£1, g5,
a3, bl,
%1, hZ,
dz, e4,
i3), (=81,
gl,
bl,

hi,

{sl,
g3,
b,
h2,
a4,
{s1,
G4,
bl,
hz,
ed,

(81,

g3,

b2, di,

hi, iz,
el, £1,
{sl1,

g2,

Fl, g4,

a3, bl,
%1, hl,
dz, e3,
13), (s,
£f1, gi,
a3, bl,
xl, hz,
dz2, ed,
iz}, {sl,
£f1, g2,
a3, bil,
%1, hi,
dz, ed,
il), {sl,

i, g3,

az,
i3), (81,
Fi, g5,

al,

el, fi,
{s1l, a3,
gl, =1,
b2, di,
hi,
dl, el,
i1y, (s,
£l, g2,
a3, b2,

zl, hl,

ily, (sl,

xl, hz,

dz2, e3,
13), (81,
1, gb5,
a3, bl,
x1l, hl,

dz, =4,

12y, (s1,

g,
bl,

h2,

dz, e4,
i3y, (81,
£i, g4,
a3, bl,
x1, hi,

dz, ed,

i2), (sl,

gl, =1,

b2, d1,
h2, i1},

el, f1,

£f1, gz,

a3z, b2,
x1l, hz,
dl, eil,

i3), (s1,

a3,

60

i3y,
fi,
al,
%1,
dzZ,
i2),

12},
1,
a3,

el,
{51,

gl

®1,
d1,
i3y,
£i,

al,

b2,

(s,

g5,
bl,
hz,
ed,

(sl,

(si,
g2,
b1,

hi,
el,
(sl,
93,

b2,

1,
dz,
i2)

£1,
a3z,
%21,
dz,
i2)
£1,
a3,
®x1,

dz,

hZz,

dl,

13}, (s,

£1,
a3,
=®1,
di,

g3,

i3y

el,

g2,
b2,
ni,

el,

dz,

12y, (81,

£1,
al,
®x1,

dz,

il), (1,

£i,
a3,

=1,

13), (81,

£1,
a3,
=1,

az,

iz}, {s1,

£i,

a3,

£1,
as,
®i,

dl,

iz2),

£1,

83, fl[ 9'5!

a3, bl,

g5, =1, h2,

bl, dz, e3,

hl, ily, {sl,

64, f:l.; gll

a3, bl,

%1, h2,

gl,

bl, dZ, e4,

hl, i3}, (s1,

fi, gz,

ald, bl,

xl, hi,

g3,

bl, d2, e4,

h2, 123}, (=1,

84, fl, g4f

a3, bl,

g4, =i, hZ,

bl, dz, ed,

g2, =1, hil,

bz, di, el,

h2, 12}, (s,

£i, g3,

B2,

el,

{=1, a3,

x1l, hz,

g3,
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i1l), (81, a3, b2, dl, ei, fl, g3, x1, h2, i2),(si, a3, b2, di, el,
£1, g3, =1, h2, i3),(sl, a3, b2, dl, el, f£1, g4, xi, hil, il), (sl,
aX, b2, d1, el, fi, g4, x1, hl, 12),(=s1, a3, b2, d1, 1, £1, g4,
%1, hil, 13),{sl, a3, b2, di, =1, f1, g4, =1, h2, il}, (s, a3, b2,
dl, el, f£1, g4, =1, hZ, 1i2),{s1, a3, bz, dl, el, £i, g4, =1, hZ,
i3}, (g1, a3, b2, d1, el, f£f1, g5, x1, hl, il),(sl, a3, b2, dl, ei,
el, f1, g5, x1, hl, 13}, (=1,

3
-

£1, g5, x1, hi, iZ2},(sl, a3, b2, d
a3, b2, di, =i, fi, g5, x1, h2, 1l},{sl, a3, b2, dl, el1, £1, g5,
x1l, h2, 1i2),{sl, a3, b2, di, eil, f1, gb5, =1, h2, i3),{sl, a3, b2,
dai, ez, £1, gl, %1, hl, ily,(sl, a3, b2, ¢l, e2, fi, gl, =x1, hi,
i2), tsl, a3, b2, di, ez, f1, gl, =1, hl, 13}, {sl, a3, b2, dl, eZ,
£f1, g1, x1, h2, i1y, {sl, a3, b2, dl, «Z, f£1, ¢l, x1, h2, 12}, (sl,
a3, b2, di, e2, f£l, ¢l, =1, h2, i3),(si, a2, b2, di, ez, fl, g2,
%1, hi, i1}, (=1, a3, b2, dl, 2, f£1, g2, =1, hl, 12),(sl, a3, b2,
dl, e2, £1, g2, =1, hl, i3),(sl, a3, b2, d1, e2, fl, g2, %1, h2,
il), (s1, az, b2, dl, ez, £1, g2, x1, h2, 1i2),(sl, a3, bz, dl, eZ,
£1, g2, %1, hZ, 13}, (sl, a3, b2, dl, e2, £, g3, =1, hi, il), (s1,
a3, b2, d1, =2, fl, ¢3, %1, hl, i2),(sl, a3, b2, di, e2, f1, g3,
=1, hl, 1i3Y, (81, a3, b2, dl, e2, f£1, g3, =i, h2, 11l},{s1, a3, bz,
dl, ez, f£1, g2, xl1, hz, 12),(sl, a3, b2, di, e2f £f1, g3, =1, h2,
13), {sl, a3, bz, 41, ez, £1, g4, =1, nl, il),{sl, a3, b2, d1, e2,
f1, g4, =1, hi, i2),{(sl, a3, b2, dl, e2, £1, g4, x1, hl, i3}, (sl,
a3, bz, 41, e2, fi, g4, =1, hz, ii},{sl, a2, b2, di, ez, fl, g4,
xl, h2, 12}, {81, a3, b2, 41, 2, fi, g4, =1, h2, i3),({sl, a3, bz,
41, e2, £1, g5, xi, hl, il),{=1, a3, k2, di, ez, £1, g3, xz1, hl,
12y, (sl, a3, bz, di, e2, f£f1, g5, =1, hl, 13}),(sl, a3, b2, di, a2,
£1, g5, =1, h2, il),(sl, a3, b2, di, e2, £1, g5, x1, h2, i2), (=1,
a3, b2, dl, ez, f£1, g5, =1, h2, 1i3),(sl, a3, b2, di, 3, £f1, gil,
1, hl, ii), (s1, a3, b2, dl, e3, fl, gl, x1, hl, 1i2),({sl, a3, bz,
di, 3, fi, gl, =1, hil, 13),1(s1, a3, k2, di, 3, fi, gl, xl1l, h2,
11y, (s1l, a3, b2, di, 3, f1, ¢l, =1, h2Z, 12}, {(sl, a3, bz, di, e3,
£1, gi, rL1, n2, 13),{=s1, a3, b2, d1, 3, £i, gz, x1, hi, il), (s1,
23, b2, di, e3, fl, g2, x1, hl, i2),(s1, a3, b2, di, e3, fi1, g2,
x1, hl, i3y, (=1, a3, b2, d1, 3, fl1, g2, x1, h2, il),(sl, a3, b2,

41, e3, f1, g2, =1, h2, i2),(s1, a3, b2, d1, e3, f1, g2, xl, hZ,
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i3y, (s1, a3, b2, di, e3, fl, g3, =1, hl, il),(si, a3, b2, dl, e3,
£1, g3, %1, hl, i2),(sl, a3, b2, di, e3, fi1, a3, xl, hl, i3), (s1,
a3, b2, d1l, e3, fl, g3, =1, h2, i1),(sl, a3, bz, di, e3, £1, g3,

=1, h2, i2),(s1, a3, b2, di1, 3, fi, g3, =1, h2, i3),{=s1, a3, b2,
di, 3, f£1, g4, =1, hl, il),(si, a3, b2, dl, e3, f1, g4, =i, hl,

iz}, (s1, a3, b2, di, e3, fl, g4, =1, hi, i3),(sl, a3, b2, di, e3,
fl, g4, =l, h2, ii),(sl, a3, b2, di, e3, f1, g4, =1, h2, 12), (s1,
a3, b2, d1, e3, fi, g4, =1, h2, 13),(sl, a3, b2, dl, e3, f1, g5,
®1l, hl, 411),{(sl, &3, b2, di, 3, fl, g5, =1, hl, 1i2),(sl, a3, b2,
di, e3, f£1, g5, =1, hl, 13}, ({sl, a3, b2z, dl, 3, fl, g3, =i, h2,

ily, (s1, a3, b2, 41, e3, f£i, g5, =1, h2, i2),!(sl, a3, b2, di, =3,
£f1, o8, =1, hz, 1i3),(sl, a3, b2z, di, 4, fl, gl, =1, hl, il}, (=1,
a3, b2, di, e4, f1, gl, x1, hl, i2),{(sl, a3, b2, dl, e4, £1, gi,

%1, hl, i3),(sl, a3, b2, d1, e4, fl, gl, =1, h2, il), (sl, a3, b2,
di, e4, f1, gl, =1, hz, 12}, (si, a3, b2, di, e4, f1l, gl, x1, h2Z,

i3), (s1, a3, b2, dl, e4, f1, g2, =1, hl, il),(sl, a3, b2, dl, ed,
£1, g2, ®1, hl, i2),{sl, a3, b2z, di, e4, £1, g2, x1, hi, 13}, (s1,
a3, b2, di, e4, fl, g2, =1, h2, il),{sl, a3, b2, di, e4, fl, g2,

%1, n2, i2),(sl, a3, b2, d1, e4, fl, g2, %1, h2, i3), (sl, a3, b2,
dl, e4, £1, g3, =1, hi, il1),{sl, a2, b2, dl, e4, £1, g3, x1, hi,

izy, (sl, a3, b2, dl, e4, fl, g3, =1, hil, i3),(sl, a3, b2, dl, ed,
£1, g3, ®1, h2, il), (sl, a3, b2z, di, ed4, fl, g3, xi, hz, 1i2), (sl,
a3, b2, dl, e4, £1, g3, =xl, hz, 1i3),(sl, a3, bz, di, e4, f£l, g4,

%1, nhl, il), (si, a3, b2, di, e4, fl, g4, =1, hl, i2), (sl, a3, b2,
di, e4, £1, g4, =1, hi, i3}, (sl, a3, b2, d1, e4, f1, g4, x1, h2,

i1y, (sl, a3, bz, di, e4, £1, g4, =1, h2, 12),(sl, a3, b2, dl, e4,
£i, g4, =i, h2, i3),(sl, a3, b2, dl, e4, fi, g5, x1, hi, il), {sl,
a3, b2, d1, e4, £1, g5, =i, hl, i2),(sl, a3, b2, dl, e4, fl, g5,

%1, nl, i3),(s1, a3, b2, di, e4, f1i, g5, =l, n2, il),(si, a3, b2,
a1, e4, f£1, g5, %1, n2, i2),(sl, a3, b2, di, e4, £1, g5, =1, h2,

i3),

[0091]

(sl, a3, bz, d2, el, £l1, g1, x1, hl, il), (sl, a3, b2, d2, ei, f1,
gl, x1, hil, 12}, (sl, a3, b2, d2, 1, fi, gl, =1, hl, i3),{sl, a3,

b2, d2, el, f1, gl, xi, n2, il), (sl, a3, bz, d2, el, fi, gl, x1l,
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iz2y, (81, a3, b2, d2, el, fi, gl, x1, h2Z, 1i3),{=s1, a3, b2, d2,
£i, g2, =x1, hl, 1il1),(si, a3, k2, dZ, 1, £1, g2, =1, hl,
(s1, a3, b2, d2, el, fi, g2, x1, nl, i3},(si, a3, bz, 42, el,
g2, %1, h2, il),(sl, a3, b2, d2, ei, fi, g2, =1, h2, i2), (si,
b2, d2, e1, f1, g2, x1, h2, 13),{(s1, a3, b2, dz, el, f£1, g3,
hl, 11i),i{sl, a3, b2, dZ, el, f1, g3, =1, hil, 1i2), (si, a3, b2,
el, f£i, g2, x1, hl, i3),(sl, a3, b2, dZ, el, f1, g3, x1, hZ,
{sl, a3, bz, d2, 1, fi, g3, =1, h2, iz),{(sl, a3, bz, d2, el,
g3, xl, hz, 13),(sl, a3, bz, dZ, &1, f1, g4, =1, hi, 1il), (sl,
b2, dz, el1, £1, g4, =1, hl, iz2),{si, a3, b2, d2, el, fi, g4,
hi, 13), (sl, a3, b2, d2, ei, fl1, g4, =i, h2, 1il),{sl, a3, bz,
el, fi, g4, =1, h2, 1i2),{(sl, a3, bz, d2, el, fl, g4, =1, hZz,
{s1, a3, bz, d2, 1, fl, g5, =1, hl, i1}, (sl, a3, b2, dz, el,
g5, x1, hl, i2),(sl, a3, bz, 42, el, £, g5, =l, hl, 13}, {sl,
Lz, dz, ei, f£i, g3, =1, h2, il),{si, a3, bz, dz, el, fl, g5,
n2, 12}, (sl, a3, b2, dz, el, f£1, g3, =1, hZ, i3),(sl, a3, b2,
2, f1l, gl, x1, hl, il),(sl, a3, b2, d2, e2, fi1, gl, =1, hil,
{sl, az, bz, d2, ez, fl1, gl, =1, hl, i3}, (sl, a3, b2, d2, eZ,
gl, x1, h2, il), (=1, &3, b2, d2, e2, £1, gl, =1, h2, i2), (sl,
L2, 42, e2, f£1i, gl, =i, h2z, i3}, (sl, a3, b2, dz, 2, f1, g2,
nhi, ily, (sl, a3, b2, d4d2, e2, fl1, g2, x1, hl, 12),{sl, a3, b2,
@2, f£1, g2, %1, hl, 13},(s1, a3, b2, d2, e2, fi, g2, x1, hZ2,
(s1, a3, b2, dZ, e2, £f1, g2, x1, hz, 1i2),(sl, a3, b2, dz2, eZ,
g2, =1, h2, 13}, (sl, a3, bz, d2, ez, fi, g3, =1, hl, 1il), (sl,
bz, d2, ez, fi1, g3, =1, hi, i2),(sl, a3, bz, d2, ez, fl, g3,
hi, i3}, (sl, a3, b2, d2, e2, fl, g3, =1, h2, il), (sl, a3, b2,
e2, f£1i, g3, x1, h2Z, i },(51, a3, b2, dzZ, 2, f£1, g3, =1, hZ,
{s1, a3, bz, d2, =2, fi, g4, x1, hl, il),(sl, a3, bZ, d2Z, eZ,
g4, =1, hl, i2),{sl, a3, b2, d2, 2, £i, g4, x1, hli, 13), (sl,
k2, dz2, ez, f£i, g4, =i, h2, 1il},(sl, a3, b2z, d2, e2, fi, g4,
h2, i2), {(sl, a3, b2, d2, ez, £i, g4, =1, h2, 1i3),(sl, a3, b2,
e2, f£i, g%, x1, hil, 1i1}),{sl, &3, b2, dZ, ez, f£1, g5, =1, hil,
(=1, az, b2, d2, ez, fl1, gb, x1, hl, i3),(s1, a3, b2, dz, eZ,
g5, xl, h2, 11),({sl, a3, b2, dz, e2, £1i, g5, =1, hz, 12}, (sl,

=

b2, dz, =2, f£1, g5, %1, hZ, 13),(sl, a3, b2, d2, 3, 1, gi,



%1, nl, i1y, {si, a3, b2, d2, 3, f1l, gi, =1, ni, i2),{sl, a3, b2,
42, e3, f1, gl, =1, hl, i3y,(si, a3, b2, d2, e3, f1, gl, x1, h2,
il), {81, a3, bz, dz, 3, f£1, gl, =1, hz, 12), (=1, a3, bz, dZ, e3,
f1, gl, %1, h2, i3),(sl, a3, b2, d2, e3, £1, g2, xl, hl, il), (si,
a3, b2, d2, e3, fl, g2, x1, hi, i2),(s1, a3, b2, 42, e3, fl, g2,
%1, hl, i3),(s1, a3, b2, d2, 3, £i, g2, =1, hz, il),{=s1l, a3, b2,
d2, 3, f£f1, g2, =1, h2z, i2),(sl, a3, bz, dZ, 3, £fl, g2, =zl, h2,
i3y, {s1, a3, b2, d2, e3, f£l, g3, =1, hi, il), (si, a3, bz, 4z, e3,
£1, g3, %1, hil, iz}, (=1, a3, bz, d2, 3, fl, g3, x1, hl, 13), {s1,
a3, bz, d2, e3, fi, 3, =1, hz, il),(sl, a3, bz, d2, e3, fl, g3,
x1l, h2, iz}, (s1, a3, b2, d2, e3, fl, g3, =1, h2, 1i3),{sl, a3, bz,
dz, 3, f1, g4, =i, hi, ii), (sl, a3, b2, dz, e3, fl1, g4, =i, hi,
12y, (=1, a3, b2, d2, 3, f£1, g4, =1, hl, 13}, {sl, a3, b2, dz2, e3,
£1, g4, %1, h2, 1l),{sl, a3, b2, d2, e3, £1, g4, x1, h2, 12}, (s1,
a2, b2, dz, e3, fi, g4, x1, hz, 13),(sl, a3, 2, d2, 3, f1, gb,
®i, hl, i1y, (s1, a3, b2, d2, e3, £1, g5, =x1, hl, i2},(sl, a3, bz,
dz, e3, £1, g5, 1, hl, i3),(sl, a3, b2, d2, e3, fl, g5, xl, h2,
ily, (s1, a3, bz, d2, e3, £1, g5, %1, hZz, 12}, (sl, a3, b2, d2, e3,
£1, g5, =1, h2, i3), (sil, a3, bz, d2, ed4, £i, gl, =x1, hl, 11), (=1,
a3, b2, d2, e4, £1, gl, x1, hl, 12}, (s, a3, b2z, d2, e4, fl, qgl,
x1, hl, i3),(sl, a3, b2, d2, =4, f1, gl, =1, h2, il),(sl, a3, b2,
dz, e4, f£1, gl, xi, h2, i2y, (sl, a3, b2, d2, e4, £1, gi, xl, hZ,
i3), (sl, a3, b2, d2, e4, fl, g2, w1, hl, i1}, {(sl, a3, b2, dz, e4,
£1, g2, =1, hl, i2),(sl, a3, b2, d2, e4, £1, g2, =1, hl, i3), (sl,
a3, b2, 42, ed4, fl, g2, xi, h2, il),(sl, a3, b2, d2, e4, fl, g2,
%1, h2, i2),(sl, a3, b2, d2, e4, fl, g2, x1, h2, i3),(si, a3, b2,
d2, e4, f£1i, g3, =1, hi, 11),({(sl, a3, bz, d2, =4, fl, g3, x1, ni,
i2y, (s1, a3, b2, d2, 4, f1, g3, x1, hl, i3}, (sl, a3, b2, d2, e4,
£1, g3, =1, h2, ily, (&1, a3, b2, d2, =4, £1, g3, =1, hZ, 12), (=1,
a3, b2, 42, ed4, f£1, g3, =i, h2, i3),(si, a3, b2, d2, e4, £i, g4,
x1l, hl, il), (si, a3, b2, d2, ed4, £1, g4, x1, hi, 12),{=1, a3, bZ,
d2, e4, fi, g4, =1, hil, 1i3),{(sl, a3, b2, d2, e4, fl, g4, =1, h2,
ily, (81, a3, bz, d2, ed4, fl, g4, =1, nZ, 12}, (s1, a3, b2, dz, e4,
£fi, g4, =1, h2, 13y, (sl, a3, b2, dz, =4, £1, g5, =xl, hi, 11), (=1,

a3, b2, d2, e4, fi, g5, =1, nhl, i2),(sl, a3, b2, d2, e4, fi, g5,
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xl, hl, i3),{(sl, a3, b2, d2, 4, f£1, g5,
d2, e4, f£1, g5, =1, h2, i2),(sl, a3, b2,
131},

[0092)

Amongst the combinations above,

combinations are as follows: (sl1l, a2z, bl,

il), (s1l, a2, bl, d2, e2, f1, g1, =1, hl,
f1, gl, =1, hl, i3), (s1, a2, bil, dz2, e2,
a2z, bl, dz, 2, f£1, gl, =1, h2, 12}, {si,
21, h2, i3y, (si, a2z, bl, 42, 2, fi, g2,
dz, ez, f1, g2, =1, hi, i2},(si, a2, bl,
13y, (sl, a2, bl, dz, e2, f£f1, g2, =1, h2,
£1, g2, %1, h2, 12),(s1, a2, bil, d2, &2,
a?, bl, d2, e2, £1, g4, =1, hl, i1}, (s,
x1, hl, 42}, {(sl, az, kl, d2, 2, fl, g4,
dz2, e2, £i, g4, x1, h2, il),({sl, a2, bil,
i2y, (sl, a2, bi, d2, e2, f£1, o4, =1, h2z,
£1, gl, %1, hi, il),{s1, a2, bl, d2, e3,
a2, bl, d2, e3, f1, gi, =1, hl, i3), (s,
21, h2, i1}, {sl, a2, bil, d2, e3, fi, gl,
d2, e3, fi, g1, =i, hz, 1i3),{(sl, a2z, bi,
i1y, (si, =22, bl, dz, 3, fi, g2, xi, hl,
£f1, g2, x1, hl, 13), (sl, az, bl, d2, e3,
a?, bl, d2, 3, f1, g2, x1, h2, i2), (=1,
x1, h2, i3}, (sl, a2, bil, d2, e3, £1, g4,
d2, e3, £1, g4, =1, hil, i2}),(sl, a2, bl,
i3),(sl, aZ, pl, d2, e3, £i, g4, =1, h2,
£1, g4, =i, h2, i2), (sl, a2, bil, d2, e3,

[0093]

The compounds represented by formula

invention <c¢an be manufactured, for

synthesis method described below.

ily, (s1,

iz}, (si,

i3}, {s1,

i2), (s1,

il), (sl,

example,

a3, b2,

%1, h2,

particulariy preferable

%1, hi,
dz, ez,
i1y, (=1,
£i, gq1l,
aZ, bl,
x1, hi,
d2, ez,
i3y, (s1,
£1, g4,
a2, bi,
xi, hz,
dz, e3,
izy, (s1,
£f1, «ol,
az, bi,
x1, hl,
d2, e3,
i1y, (s1,
£1, gz,
az, k1,
x1l, hl,
d2, e3,
13}.

of the present

general
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[Formula 60]
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[Formula 61}

o

N
ﬁﬂ{ S
; LG and Y are leaving groups

are defined as abave; (for example,

hydroxy, halogen (cL, Br, Iy, carbamoyloxy, acyloxy,

methanesulfonyloxy, toluenesulfonyloxy that may be substituted,
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etc.);RY is hydrogen or a carboxy protecting group;R® is hydrogen
cr a amino protecting group.)

[0034]

1) Raw Materials of the 7-Position Side Chain: Synthesis of
Compound (IV)

The first step:

Compound (ITI) is obtalined by a reaction with N-
hydroxyphthalimide in the presence of Compound (II) (LG is
hydroxy) and Mitsunobu reagent, or 1n the presence of Compound
(TTy (LG is another leaving group) and a base (zuch as =sodium
hydroxide, sodium methoxide).

An amount of N~-hydroxyphthalimide used is generally 1-5
molar eqguivalents, preferably, 1-2 mclar equivalents, relative
to Compound (II}.

Examples of reaction solvents include ethers (e.g., dioxane,
taetrahydrofuran, diethyl ether, tert-butyl methyl gther,
dilsopropyl ether), halogenated hydrocarbons (e.q.,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
{e.g., n-hexane, benzene, toluene), amides (e.g., formamide,
N, N-dimethylformamide, N, N-dimethylacetamide, -
methylpyrrelidone), and the like, and mixed solvents and the
like thereof.

A reaction temperature is in a range of, generally, about -
50-100°C, preferably about -40-50°C, and more preferably about -
30-0°C.

[00985]

N-Methylhydrazine or hydrazine was added and reacted to
Compound (ITI) to provide Compound (IV).

An amount of N-methylhydrazine or hydrazine used is in a
range of about 1-10 molar equivalents, preferably 1-3 molar
eguivalents, more preferably 1-2 molar equivalents, relative to
Compound (ETT1).

Examples of reacticn solvents include ethers (e.g., dioxane,

tetrahydrofuran, diethyl = ether, tert-butyl methyl ether,
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diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate}, halogenated hydrocarbons (e.g.,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
{e.g., n-hexane, benzene, toluene}, alcchols (e.g., methanol,
ethanol, isopropanol), amides {e.q., formamide, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone),
ketones {(e.g., acetone, methyl ethyl ketone), nitriles (e.g.,
MeCN, propicnitrile), dimethylsulfoxide, water, and the like,
and mixed sclvents and the like thereocf.

A reaction temperature 1s in a range of, generally, about
0-100°C, preferably about 0-50°C, more preferably about 10-30°C.
[0096]

The third step:

Compound (IV) isg added and reacted to Compound (V), which
is commercially avallable or obtained by a known method, to
provide Compound (VI). (For example, it is described in
Bicorganic & Medicinal Chemistry, Vol. 15, p. 6716-6732 (Z007)).

N-Methylhydrazine or hydrazine 1is added and reacted to
Compound (IIXI} to provide Compound (IV).

Esxamples of reaction solvents include ethers {(e.g., dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
lsopropyl acetate), - halogenated hydrocarbéns le.qg.,
dichloromethane, c¢hloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene}, alcochols (e.g., methanol,
ethancl, isopropanol), amides le.q., formamide, N, N-—
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone},
ketones f{e.qg., acestone, methyl ethyvl ketone), nitriles (e.g.,
MaCN, propionitrile}, dimethyisulfoxide, water and the like, and
mixed solvents and the like therect.

k reaction temperature is in a range of, generall, about 0-
100°C, preferably about 0-50°C, more preferably about 10-30°C.
[oce7]
2y T7-Position Amidation and 3-Position Side Chain Formation;

Synthesis of Compound (X))
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The fourth step (7-position amidation reacticn):

Compound  (TX) is provided by reacting Compound (VI) and
Compound (VIL), which are commercially avallable or synthesized
according to methods described in literature (e.g., Japanese
Laild-Open Publication  Wo. 60-231684, Japanese Laid-Cpen
Publication No. €2-148682Z, etc.). In this case, preferably, R®
and RY are carboxy protecting groups, R® is an amino protecting
group, and RY and R® are hydrogen.

An amount of Compound (VI} used 1s in a range of, generally,
about 1-5 moles, preferably 1-2 meles, relative to 1 mole of
Compound {(VIT).

Examples of reaction solvents Include ethers (e.g., dicxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
dilsopropyl ether), esters {(e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons {e.qg.,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, Dbenzene, toluene), amides (e.g., ZIformamide,
N, N~dimethylformamide, N, N-dimethylacetamide, N-
methylpyrrolidone}, ketcones {e.g., acetone, methyl ethyl ketone)
nitriles {e.g., MeCN, proplonitrile), dimethylsulfoxide, water,
and the like, and mixed solvents and the like thereof.

A reaction temperature 1s in a range of, generally, abocut -
40-80°C, preferably about -20-50°C, more preferably about -10-
30°C.

Furthermore, a compound of which T is 350 in Compound (IX)
can be provided by oxidizing a compound of which T 1s 3§ in
Compound  {IX}). Examples of oxidizing agents include m-
chloroperbenzoic acid (m~CPBA), hydrogen peroxide, peracetic
acid, and the like.

The above-~described amidation reaction may be carried out
after a carboxy molety is converted toe a reactive derivative
{e.g., inorganic base salt, organic base salt, aclid halide, acid
azide, acid anhydride, mixed acid anhydride, active amide,
active ester, active thicester). Examples of such inorganic

bases include alkali metals (e.g., Na, K, etc.), alkaline-earth
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metals (e.qg., Ca, Mg), and the like. Examples of organic bases

include trimethylamine, triethylamine, tert-butyldimethylamine,

dibenzylimethylamine, benzyldimethylamine, N-methylmorpholine,
diisopropylethylamine, and the like. Examples of acid halides
inglude acid chlorides, acid bromides, and the like. Examples

of mixed acid anhydrides include mixed acid anhydrides of monc-
alkyl carbonate, mixed acid anhydrides cf aliphatic carboxylic
acid, mixed acid anhydrides of aromatic carboxylic acid, mixed
acid anhydrides of organic sulfonic acid, and the like.
Examples of active amides include amides with nitrogen-
contalning heterocyelic compound, and the Iike. Examples of
active esters include ordanic phosphoric esters (e.qg.,
diethoxyphesphoric esters, diphenoxyphosphoric esters, and the
like), p-nitrophenyl esters, 2, 4-dinitrophenyl esters,
cyanomethyl esters, and the like. Examples of active thilocesters
include esters with aromatic heterocyciic thiol compound (e.g.,
2-pyridylthicl esters), and the like. FPurthermcre, 1in the

above-described reaction, a suitable ceondensing agent may be

used a=z desired. Fer example, hydrochloric acid salt of 1-
dimethylamincpropyl-3-ethylcarbodiimide {(WsCD-HCL), N, N -
dicyclohexylcarbodiimide, N, N’ -carbonyldiimidazole, N, N -
thiccarbonyldiimidazole, N-ethoxycarbonyl-2-ethoxy-1, 2=

dihydrogquineline, phosphorus oxychloride, alkoxyacetylene, 2~
chloromethylpyridinium iodide, 2-flucromethylpyridinium Ilodide,
triflucrcacetic anhydride, and the like can be used as a
condensing agent.

[(0098]

The fifth step (3-position side chain forming reaction):

Compound (X} i1s provided by reacting Compound (IX) and a
corresponding tertiary amine (i.e., saturated or unsaturated and
monocyclic heterocycle or condensed-ring heterocycle having at
least c¢ne or more N atoms which may be substituted). In this
case, preferably, R® and R® are carboxy protecting groups, and R®

is an amino protecting group.
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An amount of a corresponding tertiary amine used 1s in a
range of, generally, 1-5 moles, preferably 1-2Z moles, relative

to 1 mole of Compound (IX).
Exampleg of reacticn solvents include ethers (e.g., dioxane,

tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diiscopropyl ether}, esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons {e.g. .,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, tolusne), amides (e.g., Lformamide,
N, N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone), ketones (e.g., acetone, methyl sthyl ketone),
nitriles (e.g., MeCN, propionitrile), dimethylsulfoxide, water,
and the like, and mixed solvents and the like thereof.

L reaction temperature is in a range of, generally, =-20-
60°C, preferably -10-40°C, more preferably 0-20°C.

Furthermore, a compound of which T is S0 in Compound (%)

can be provided by reducing the compound of which T is SC in

Compound [X) . Examples of reducing agents include potassium
icdide = acetyl chloride, and the like.
[0099)

3) 3-position side chain formation and 7-positien amidation;
Synthesis of Compound (X))

The Sixth Step {(3-position side chain forming reaction):

Compound {(VIII} is provided by reacting Compound (VII} with
a corresponding tertiary amine (i.e., saturated or unsaturated
and monccyclic heterocycle or condensed-ring heterocycle having
at least one or more N atoms which may be substituted). In this
case, prelerably, R" is a carboxy protecting group, and R® is an
amino protecting group.

An amount of a corresponding tertiliary amine used is in a
range of, generally, 1I-5 mcles, preferably 1-Z moles, relative
to 1 mele of Compound {(VIII).

Examples of reaction solvents include ethers {(e.g., dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
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iscopropyl acetate), halogenated hydrocarbons (e.qg.,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene), amides (e.gu} formamide,
N, N-dimethyl formamide, N, N-dimethylacetamide, N-
methylpyrrolidene), ketcnes (e.g., acetone, methyl ethyl ketone),
nitriles f{(e.g., MeCN, proplonitrile), dimethvlsulfoxide, water,
and the 1ike, and mixed solvents and the like thereof.

A reactlon temperature is 1in a range of, generally, -20-

60°C, preferably -10-40°C, more preferably 0-20°C.

[0150]

The Seventh Step (T-position amidation reaction):

Compound (X)) 1s provided by reacting Compound (VIII}) and
Compound (VI}. In this case, preferably, R and R® are carboxy

protecting groups, R° is an amino protecting group, R and R® are
hydrogen.

An amount of Compound (VI used is in & range of, generally,
about 1-5 moles, preferably 1-2 moles, relative to 1 mole of
Compound (VIII).

Examples of reaction solvents include ethers (e.g., dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether}, esters (e.g., ethyl formate, ethyl acetate,
iscpropyl acetate}, halogenated hydrocarbons (e.qg.,
dichleoromethane, chleoroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene), amides {(e.g., formamide,
N, N-dimethylformamide, N, N-dimethylacetamide, N~
methylpyrroiidone), ketones (e.g., acetone, methyl ethyl ketcnej,
nitriles (e.g., MeCN, proplonitrile), dimethylsulfoxide, and the
like, and mixed solvents and the like thereof.

A reaction temperature iz in a range of, generally, about -~
40-80°C, preferably about -20-30°C, more preferably about -10-
30°C.

The above-described amidation reaction may be carried out
after a carboxy moliety 1is converted to a reactive derivative
(e.qg., inorganic base salt, organic base salt, acid halide, acid

azide, acid anhydride, mixed acid anhydride, active amide,
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active ester, active thiocester). Examples of such inorganic
bases include alkali metal (e.g., Na, K, and the like), alkalil
earth metal (e.g., Ca, Mg). Examples of organic bases include
trimethylamine, triethylamine, tert-butyldimethylamine,
dibenzylmethylamine, benzyldimethylamine, N-methylmorpholine,
diisopropylethylamine, and the like. Examples of acid halides
include acid chlorides, acid bromides, and the like. Examples
of mixed acid anhydrides include mizxed acid anhydrides of mono-
alkyl carbonate, mixed acid anhydrides of aliphatic carboxylic
acid, mixed acid anhydrides of arcomatic carboxylic acid, mizxed
acid anhydrides of organic sulfonic acild, and the like.
Examples of active amides include amides with nitrogen-
containing heterocyclic compound, and the like. Examples of
active - esters include organic  phosphoric esters (e.qg.,
diethoxyphosphoric ester, diphencxyphospheric ester, and the

like}, p-nitrophenyl ester, 2,4~dinitrophenyl ester, cyanomethyl

ester, and the like. Examples of active thiocesters include
esters with aromatic heterocyclic thiol compound (e.g., 2Z-
pyridyithiol esters), and the like. Furthermore, in the above-

described reaction, a suitable condensing agent may be used as

desired. For example, hydrochleric aclid s=alt of 1-
dimethylaminopropyl=3-ethylcarkbodiimide (WSCD-HC1}, N, N -
dicyclohexylcarbodiimide, N, Nf-carbonyldiimidazole, N, N~
thiccarbonyldiimidazole, N-ethoxycarbonyl-2-ethoxy-1,2-

dihydroguinoline, phosphorus oxychloride, alkoxyvacetylene, 2-
chloremethylpyridinium iodide, 2wfluoromethylpyridinium  iodide,
triflucrcacetic anhydride, and the like can be used as a
condensing agent.

Furthermore, a compound of which T is 80 in Compound (X)) is=
obtazined by reducing the compound of which T i1s 320 in Compound
(). Examples of reducing agents include potassium ilodide -
acetyl chloride, and the like.

[0101]
4) Deprotection Reaction

The Eighth Step:
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(I) is provided by subjecting Compound |

deprotection reaction with a method well-known to those

in the art.

Examples of reaction solvents include ethers (e.g.,

¥y to a

skilled

anisole,

dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl ether,

dilsopropyl ether),

n-butyl acetate),

dichloremethane, chlorof

e.q. n-hexane
’ ’

e

N, N-dimethylformamide,

methyipyrrolidone),

nitriles (e.

nitromethane,

water, and the like.

halogenated hvdrocarbons

esters {e.g., ethyl formate, ethyl acetate,

le.qg.,

orm, carkbon tetrachloride), hydrocarbons

N, N-dimethylacetamide,

ketcnes (e.g., acetone, methyl ethyl

g.., MeCN, proplonitriley, nitoraos

nitroethane, nitrobenzene}, dimethylsu

combination using two or more of such solvents.

& reaction temperature 1s in a range of, generally,

benzene, toluene), amides (e.g., formamide,

N_
ketone),

(e.qg.,

lfoxide,

These sclvents may be used alone or in a

about -

30-100°C, preferably about 0-50°C, more preferably about 0-10°C.

As a catalyst,

protonic acid

used.

Lewls acid (e.g., AlCly, S3nCl,,

(e.g., HCl, HBr, H;S0,, HCOOH), and the lik

TiCly},

e can be

The obtained Compound {(I) is further chemically modified,

and thereby an ester,

thiazole ring

at the

or a compound of which an aminc on the

7-position thereof is protected, or a

pharmaceutically acceptable salt, or a s=solvate thereof

aynthesized.

[0102]

The compounds of

antimicrobial activity spectrum,

the present invention have

can be

s  wide

and may be used for prevention

or therapy against a wvariety of diseasess caused by causative

bacteria in a wvariety of mammals including humans,

airway 1infectious diseases, urinary system infectiocus d

resipiratory

system

nephritis, cholecystitis,

endocarditis,

preumonia,

for exzample,

iseases,
infectious disecases, sepsis,
oral cavity infecticus diseases,

bone marrow membrane myelitis,

otitis



10

15

20

25

30

35

75

media, enteritis, empyema, wound infectiocus diseases,
opportunistic infection and the like.
[0L03]

The compounds of the present invention ares effective in
particular against Gram negative bacteria, preferably, Gram
negative Dbacteria of enterobacteria (E. coli, Klebsiells,
Serratia, Enterocbacter, Ciltrobacter, Morganella, FProvidentia,
Proteus and the like), Gram negative bacteria colonized in
resipliratory system (Hasemophillus, Mcraxella and the like), and
Gram negative bacteria of glucose non fermentaticon (Pseudomonas
aeruginosa, Pseudomonas other than P. aeruginosa,
Stencotrophomonas, Burkheldelia, Acinetobacter and the 1like).
Classes A, B, C and D beta-lactamase produced by these Gram
negative bacteria are extremely stakle against metallo-beta-
lactamase belonging to Class B including in particular IMP type,
VIM type, L-1 type and the like, as such, these are effective
against a wvariety of beta-lactam drug resistant Gram negative
bacteria including Cephem and Carbapenem. Moreover, the
compounds of the present invention has antimicrobkial activity
against Gram positive bacteria including methicillin resistant
staphylococcus aureus {MRSA}, peniciliine resistant
Staphylococcus pneumoniae, and the like. S5till more preferable
compounds  have featurss such as blecod concentration in which
such is highly bicavailable, long duration of effects, and /or
significant tissue migration. More preferable compounds are safe
in terms of side effects. More preferable compounds have high
water solubility, and thus preferable as an injecting drug, in
particular.

[0104]

Compounds (I) may be administered parenterally or corally as
an injection agent, capsules, tablets, and granules, and
preferably, administered as an 1njecting agent. Amounts to be
administered may be usually, per 1 kg of body weight of a
patient or animal, about 0.1-100mg/day, preferably, =zbout ¢.5-50

mg/day, if desired, divided into 2-4 times per day. Carriers
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when used ag an injection agent 1s for example, distilled water,
saline and the 1like, and further base and the like may be used
for pH adjustment. When used as capsules, granules, tablets,
carriers may be known exhiplents (for example, starch, lactose,
sucrose, calcium carbonate, calcium phosphate and the like),
binders (for example, starch, acaclia  gum, carboxymethyl
celiulose, hydroxypropyl cellulese, crystalline cellulose, and
the like), lubricants {for example, magnesium stearate, talc and
the like}, and the like.

[0105]

Hereinafter, the present invention is described in more detail
with working examples and experimental examples. However, the
present inventlon is not limited to them.

In Examples, the meaning of each abbreviaticn is as described
below.

AcCOEL: ethyl acetate

THE: tetrahydrofuran

DMF: N,N-dimethylformamide

FMB~-Cl: para-methoxvbenzylchloride

1-Pr,0: diiscpropyl ether

MeCH: methyl alcohol

NaCH: sodium hydroxide

Et;N: triethylamine

¥MsCl: methanesulfonylchloride

MgS0O, : magnesium sulfate

AcCl: acetylchloride

21Cls: aluminum chloride

0DS: octadodecylsilyl

MeCN: acetonitrile

DMA: dimethylacetamide

AcOi-Pr: lsopropyl acetate

NaHS80; : sodium hydrogen sulfite

NaHS0, @ sodium hydrogen sulfate

TFAa: triflucrcacetic acid
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WSCD-HC1l: hydrochloric acid salt of N-ethyl-N'-(3-

dimethylamincpropyl) carbodiimide

Me: methyl
Et: ethyl

Pr: propyl
Ph: phenyi

PMB: para-methoxybenzyl
t-Bu: tert-butyl
i-Pr: isopropyl
Boc: tert-butoxycarbonyl
BH: kenzhydryl
Ms: methanesulfonyl
Trt: trityl
TB3: tert-~butyldimethylsilyl
Bri: kenzyl

[0106]

Example 1

Synthesis of Compound {(I-1)
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Step (i) Compound 1 - Compound 2

A sugpension of Compound 1 {10.83 g9, 50 mmol ) in
dichloromethane (100 mlL) was cooled to 0°C, and then BBr, (18.91
ml, 200 mmol} was added drop-wisze thereto over 15 minutes. it

was stirred at 0°C for 15 minutes and then at room temperature

for 3  hours. The reaction mixture was poured into 2M

hydrochloric acid containing ice, followed by adding AcOEt and

THF thereto, and then dichloromethane was evaporated under

reduced pressure, subseguently separating the solution. The
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organic laver was washed with water two times, washed with
saturated brine, and then dried over MgSO,. MgS0; was removed by
filtration, and then concentration and drying In vacuo yielded
Compound 2 as a pale orange powder (5.46g, 58% yield).
Compound 2:
1H-NMR (DMSO-d¢) S{delta): 6.78 (1H, d, J = 8.4 Hz), 7.24 (1H, d,
J = 8.1 Hz), 9.28 {1H, br}, 10.38 (iH, br), 12.56 (1H, br).
Step (2) Compound 2 - Compound 3

To a solution of Compound 2 (5.43 g, 28.8 mmol) in DME (58 mL)
was added K,CO: (13.93 ¢, 101 mmel}, PMB-CL (15.69 ml, 115 mmol),
and szodium ilodide (4.32 g, 28.8 mmol) in turn, followed by
stirring at 70°C for 3 hours. The reaction solution was cooled
to room temperature, and then poured inte water and AcOEL. At
this time, because sclid was precipitated, 1-Pr.0 was added
thereto, and thus the solid was fully precipitated. The solid
was filtrated, washed with water, washed with 1-Pr,0, and then
air-dried to yield Compound 3 as a pale orange solid (13.5 g,
86% yield).
Compound 3:
YH-NMR (CDC1,} 8{delta): 3.80 (3H, =), 3.81 (3H, s), 3.82 (3H, s),
4.93 (2H, =), 5.08 ({(2H, sy, 5.27 (2H, s), 6.81-4.92 (7H, m),
7.32-7.40 {6H, m), 7.€3 {1H, d, T = 9.0 Hz).
Step {3): Compound 3 — Compound 4

To a solution of Compound 3 (13.53 g, 24.64 nmol) in MeCH (100
wmlL) and THF {100 mL} was added aquecus 2M NaOH solution (37.0 ml,
73.9 mmol), followed by stirring at 70°C for 80 minutes. After
the reaction sclution was cooled te room temperature, THF and
MeOH were evaporated under reduced pressure, and then AcOEt, 2M
hydrochloric acid, and water were added thereto. RAs a result,
golld was precipitated. The se¢lid was filtrated and then air-
dried to yield Compound 4 as a white solid (8.58 g, 81% yield).
Compound 4:
YH~NMR (DMSO-dg) S{delta}: 3.75 (3H, =), 32.78 (3H, s), 4.88 (2H,
g}, 5.18 (2H, =), 6.86 (2H, 4, J = 8.7 Hz}, 6.8%9 (2H, 4, J = B.7
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Hz), 7.23 (1H, d, J = 9.0 Hz), 7.29 (2H, d, J = 8.6 Hz), 7.45
(2H, d, J = 8.6 Hez}, 7.61 {lH, d, J = 7.8 Hz).
Step {4): Compound 4 - Compound 6

To a seclution of Compound 4 (0.8%58 g, 2 mmol) in DMA{I0 mL)
was added Et:N (0.36 ml, 2.6 mmol), followed by cooling to -15°C,
and then MsCl (0.187 ml, 2.4 rmmol) was added, subseguently
further stirring at -15°C for 1 hour. Compound 5 {0.507 ml, 4
mmol) was added thereto, followed by stirring for 1 hour at -
15°C. To the reaction sclution was added agueocus 5% sodium
hydrogen carbonate solution and AcCEt, and then the sclution was
separated, After one-time extraction from the aqueous layer
with AcOEt, the organic layer was washed with water, and then

washed with saturated brine. The organic layer was dried over

MgS0,, subseguently MgS0: was remeoved by filtration, and then

concentrated. To the residue Ac0Oi~Pr was added, and then the
precipitated seolid was filtrated, dried in vacuo to yield
Compound & as a white scolid {0.708 g, 67% yield).

Compound 6:

TH-NMR (DMSO-dg) &(delta): 1.65-1.68 (4H, m), 2.44-2.56 (4H, m),
3.26-3.34 {4H, m), 3.74 (34, s), 3.76 {(3H, sy, 4.87 {(2H, =),
5.14 (2H, s), 6.86 (2H, d, J = 8.7 Hz), 6.87 (ZH, d, J = £.7 Hz},
7.11 (1H, &, J = 8.7 Hz), 7.318 (1H, d, J = 8.7 Hz}, 7.30 (2H, d,
J = 8.7 Hz), 7.42 (2ZH, d, J = 8.7 Hz), 8.22 (iH, t, J = 5.7 Hz}.
Step (5): Compound 7 - Compound (I-1)

To Compound 7 {(0.935 g, 1 mmol} and Compound & {(0.325 g, 1
mmol) DMF (3 mlL) was added to dissolve them, followed by
stirring at room temperature for 4 hours. DME (3 ml) was
further added thereto, followed by cooling to -40°C, and then
potassium lodide (1.16 g, 7 mmel) and AcCl (0.285 ml, 4 mmol)
were added thereto, subsequently stirring at 0°C for 2 hours.
The reactlieon solution was poured into lce water and AcOBEt, and
then the solution was separated. After one-time extraction from
the agquecus layer with AcCOEt, the organic layesr was washed with
water, and then washed with saturated brine. The organic layer

was dried over MgSO., subseguently Mg30, was removed by
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filtration, and then concentration and subsequent drying in
vacuo yielded Compound 8 as a brown oil. This was used for the
next reactiocn without purification.

The whole amount of Compound 8 obtained was dissolved in
dichleromethane (15 ml), followed by cooling to -40°C, and then
anisole (1.09% mi, 10.00 mmcl) and 2M ALCl:-nitromethane solution
(5.00 ml, 10 mmol} were added thereto in turn, subsequently
stirring at 0°C for 90 minutes. To the reaction solution was
added 2M hydrochleric acild, MeCN, i-Pr;Q, and hexane that had
been cocled Lo 0°C, subseguenthently stirring for a while. 2As a
result, insolubles appeared. The supernatant and the insolubles
were geparated, after the solution of the supernatant was
separated, the agqueous layer was combined with the insolubles.

Z2M hydrochleric acid and MeCN were added thereto, and thus the

ingolubles were dissclved. HP resin was added thereto, and then
MeCN was evaporated under reduced pressure. The resulting mixed
solution was purified by HP and ODS chromatography. The

resulting solutlion of the title compound was concentrated in
vacuo, and then lyophilized to vyield Compound {I-1l) as a white
powder (246 mg, 33% yield).

Compound {I-1): 4

'H-NMR (DMSO-dg) 8{delta): 1.47 (6H, s), 1.99-2.09 (4H, m), 3.37-
3.51 (8H, m), 3.76-3.80 (2H, m), 3.91 (1H, d, T = 14.1 Hz), 5.08
{1H, d, J = 13.2 Hz), 5.15 (1H, d, J = 5.1 Hz), 5.72 (1H, dd, J
= 5.1,8.3 Hz), 6.78 {ZH, s), 8.21 (2H, m), 8.43 (1H, br), 9.51
(1, d, J = 8.1 Hz}.

BElementary analvsis for CooHz2CINs0308, +2.6H 0

Calcd.: C, 42.58; H, 4.95; Cl, 4.33; N, 13.70; 8, 7.84 (%)
Found.: €, 42.55; H, 4.80; Cl, 4.16; N, 13.72; 5, 7.62 (%)

[(0107]

Example 2

Synthesis of Compound (I-2)
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Step (1): Compound 9 — Compound (I-Z)

To Compound & (3.55 g, 4 mmol) and Compound 10 (1.8¢ g, 4
mmcl) was added DMF (10 mi} to dissclve them, followed by
stirring at room temperature for 3.5 hours. DME {20 mL) was
further added theretc, followed by cooling te -40°C, and then
potassium ilodide (4.65 g, 28 mmol) and AcCl (1.14 ml, 16 mmol)
were added thereto, subsequently stirring at 0°C for 1 hour.
The reaction golution was poured into ilce water and AcCEL, and
then the solution was separated. After one~time extraction from
the agueocus layer with AcCEt, the organic laver was washed with
water, and then washed with saturated brine. The organic layer
was dried over MgSO,, followed by MgSC, was removed by filtration,

and then concentration and subsequent drying In vacuce yielded
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Compound 13 as a reddish brown cil. This was used for the next
reaction without purification.

The whole amount of Compound 11 obtained was dissolved in
dichleromethane (60 ml), followed by cooling to -40°C, and then
anisole {4.37 ml, 40 mmol) and 2M AlCl:;-nitromethane solution
(20.00 ml, 40.0 mmol) were added thereto in turn, subsequently
stirring at 0°C for 40 minutes. While maintalining the reaction
temperature at 0°C, 1i-Pr,0 was added to the reaction solution,
and then 2M hydrochloric acid was added samall-potion-wise
thereto, subsequently stirring. As  a result, insclubles
appeared, and then the resulting insolubles gathered and
agglomerated. After the supernatant was removed, 1-Pr;0 was
added to the mass of the inseolubles, followed by washing the
insolubles, and then the supernatant was discarded. This
operation was repeated several times. lce water and MeCN were
added to the insclubles to dissclve, and then HP resin was added
thereto, subsequently evaporating MeCN under reduced pressure.
The resulting mixed sclution was purified by HP and O0DS
chrematography. The resulting solution of the title compound

was concentrated in vacuo, and subseguently lyophilized to yield
Compound {1—2) as a pale yellow powder (0.65 g, 23% yleld).
Compound (I-2):

"H-NMR (DMSO-ds) &(delta): 1.45 (3H, s), 1.46 (3H, s), 1.98-2.08
(4H, m), 3.36~-3.48 (8H, m), 3.77-3.84 (2H, m), 3.%4 (1H, d, J =

13.5 Hz), 5.03 (1H, d, J = 13.2 Hz), 5.18 (1E, d, J = 5.1 Hz),

5.76 (1€, dd, J = 5.1,8.1 Hz}, €.72 {iH, s}, €.77 (14, d, 7
8.4 Hzy, 7.20 {(iH, d, J = 8.1 Hz), 8.53 {(2H, m), 9.23 {(1H, =),
$.43 (18, d, J = 8.1), 9.61 (1H, s).

Flementary analysis for CiaHzsN;O0;105:4.9H,0

Calcd.: C, 44.70C; H, 5.60; N, 12.1%; 3, 7.26 (%)

Found.: C, 44.69; H, 5.10; N, 12.28; 3, 7.47 (%)

[0108]

Examplie 3

Synthesgis of Compound (I-3)
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Step (1): Compound 12 - Compound 13
To a solution of Compound 12 {2.23 g, 10 mmeol} in DMF (22 mL)

was added K;C0O; (4.84 g, 35 mmol), PMBCL (5.45 ml, 40 wmwel), and
potassium iodide (1.5 g, 10 mmol) in turn, followed by stirring
at 70°C for 1 hecur. The reaction solution was cooled to room
temperature, and then poured inte lce water and RcCEt, followed

by separating the solution. After cne-time extracticn from the
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agueous layer with AcOEt, the organic layer was washed with

water, and then washed with saturated brine. The organic layer
was dried over MgS30,, subseguently MgS0, was removed Dby
filtration, and then concentrated. The crude product was

purified by flash column chromatography te yield Compound 13 as
a pale vellow liguid (5.37 g, 92% yield;.
Compound 13:
lH-NMR (CDCls) 8(delta): 3.816 (3H, =), 3.823 (3H, s), 3.83 (3H,
s), 4.987 (2H, s), 5.05 (2H, s), 5.29 (2H, =), 6.86-6.83 (6H, m),
7.33-7.41 (84, m}, 7.65 (1lH, s).
Step (2): Compound 13 - Compound 14

To a soluticn of Compound 13 {5.37 g, 9.2 mmol) in MeCH ({54
mL) and THE (54 ml; was added agueocus 2M NaCOH solution (13.8 ml,
27.6 mmol), followed by stirring at 70°C for 1 hour. The
reaction solution was cocled to room temperature, followed by
evaporating THF and MeOH under reduced pressure, and then AcOEt,
2M hydrochloric acid, and water were added thereto, subseguently
separating the solution. After one—-time extraction from the
aqueous layer with AcCEL, the .organic layer was washed with
water, and then washed with saturated brine. The organic layer
was dried over MgS0,, subseguently MgSC, was removed by
filtration, and then concentrated. i-Pr,0 was added to the
residue, and then the precipitated solid was filtrated, dried in
vacuo to yield Compound 14 as a white solid {2.19 ¢, 52% yield).
Compound 14:
YH-NMR (DMSGC-dg ) S(delta): 2.76 (3H, s}, 3.77 (3H, s}, 4.98 (2H,
s), 5.06 (2K, s}, 6.91-6.97 (4B, m), T.33-7.39 (4H, m), 7.65 (1H,
s}.
Step {2): Compound 14 - Compound 15

To a solution of Compound 14 (1.390 g, 3 mmol} in DMA (14 ml)
was added EBEt:;N (0.582 ml, 4.2 mmol), followed by cocling to -15°C,
and then MsCl (0.304 ml, 3.2 mmol) was added, subseguently
stirring at -15°C for 70 minutes. Compound 5 (0.760 ml, & mmol)
was added thereto, followed by further stirring at ~15°C for 1

hour. To the reaction sclutlion was added water and AcOFtL,
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followed by separating the solution. After one-time extraction
from the agueous layer with AcOEt, the organic layer was washed
with water, and then washed with saturated brine. The organilc
layer was dried over MgS0:, subseguently Mg30, was removed by
filtration, and then the filtrate was concentrated. The crude
product was purified by flash column chromatography to vield
Compound 15 as a white powder (1.01 g, 60% yield).

TH-WMR (CDC1.) S{delta}: 1.81 (4H, br), 2.61 (4H, br), 2.75 (2H,
m), 3.536-3.58 (2H, m)}, 3.823 (3H, =), 3.828 (3H, s}, 4.88 (2,
gy, 5.01 (2H, s), 6.87-6.82 (4H, m), 7.36~7.40 {4H, m), 7.47 (1H,
5.

Step {(4): Compound 2 - Compound (I-3)

A soluticn of Compound 15 (0.8% g, 1.59% mmol) in DMF {53 mL)
was degasszed, and then Compound 9 (f = 0.9%2) (1.54 g, 1.59 mmcl)
was added thereto, followed by stirring at room temperature for
5 hours. oME {10 mL) was further added therete, followed by
cooling to -40°C, and then potassium iodide (1.85 g, 11.1 mmol)
and AcCl (0.454 ml, ©.3¢ mmol) were added thereto, subseguentliy
stirring at 0°C for 2 hours. The reaction solution was poured
into lce water and AcQEt, and then NaHS0: was added thereto,
followed by separating the solution. After one-time extraction
from the aqueous layer with AcOEt, the organlc layer was washed
with water, and then washed with saturated brine. The organic
laver was dried over MgS0,, subsequently MgS0O; was removed by
filtration, and then the filtrate was concentrated and
subsequent dryving Iin vacuo yielded Compound 16 as an orange
powder. This was used for the next reaction without
purification.

The whole amount of Compound 16 obtained was dissolved in
dichloromethane (20 ml}, followed by cooling te -40°C, and then
anisole {(1.74 ml, 15.9 mmol) and 2M AlCl:-nitromethane =colution
{7.96 ml, 15.9% mmol) were added thereto in turn, subseguently
stirring at 0°C for 90 minutes. While maintaining the reaction
temperature at 0°C, 1-Pr,0 was added to the resaction solution,

and then 2M hydrochloric acid was added small-portion-wise,
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subsequently stirring. As a result, insclubles appeared, and
then the resulting insolubles gathered and agglomerated. After
the gupernatant was removed, 1-Pr;0 was added to the mass of the
insclubles, followed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the insolubles,
followed by disselving it, and then HP resin was added,
subseguently evaporating MeCN under reduced pressure. The
resulting mixed golution was purified by HP and oDs
chromatography. The obtained sclution of the title compéund was
concentrated in wvacuo, and subsequently lyophilized to yield
Compound (7-3) as a white powder (498 myg, 40% yield).

Compound (1—3):

VH-NMR (DMSO~dg ) S(delta): 1.44 (3H, s), 1.45 (3H, s), 2.04-2.09
{4, m), 3.28-3.54 (8H, m), 3.75-3.886 (ZH, m), 3.%2 (1H, d, J =
13.3 Hz!, 5.05 (iH, 4, J = 13.5 Hz), 5.17 (1H, 4, J = 5.1 Hz},
5.73 {1Hd, dd, J = 4.8,8.% Hz), &.72 (1H, =), 6.98 (1lH, =), 7.29
{2H, bry, 8.58 [(1H, m), 8.43 (iH, d, J = 8.1 Hz).

Elementary analysis for CieH;sClMN0:08;3.5H0

Calcd.: C, 42.41; H, 4.74; Cl, 8.34; N, 11.54; 5, 7.55 (%)
Found.: <, 42.54; H, 4.80; Cl, 7.78; N, 11.58; 3, 7.45 (%)

[0109]

Example 4

Synthesis of Compound (I-4%)
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Step (1): Compound 4 - Compound 18

To a soluiion of Compound 4 (3.43 g, & mmol) in DMA (35 mL)
was added Eti;N {(1.55 ml, 11.2 mmol), followed by coocling te ~15°C,
and then MsCl (0.810 ml, 10.4 mmol} was added, subseguently
stirring at -15°C for 1 hour. Compound 17 (2.02 mi, 16 mmol}
was added thereto, followed by further stirring at -15°C for 1
hour. Water and AcOEt was added to the reaction solutlion, and
then separated. Afrer one-time extraction from the agueous
layer with AcCEt, the organic layer was washed with water, and
then washed with saturated brine. The organic layer was dried
over MgS0,, subsequently Mg30, was removed by filtration, and

then the filtrate was concentrated. AcOi-Pr was added to the
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residae, and then the precipitated solid was filtrated, dried in
vacuoc to yield Compound 18 as a white solid (2.98 g, 69% yield).
Compound 18:

YH-NMR (CDCls;) &{delta): 1.87 {4H, br), 1.77-1.81 (2H, m), 2.48
{(4H, bry, 2.62 {(2H, t, J = 6.3 Hz), 3.55 (2H, g, J = &.0 Hz},
3.80 (3H, s}, 3.83 (3H, =), 4.%94 (2H, s), 5.07 (2H, s}, €.84 (2H,
d, J = 8.4 Hz), 6.30-6.93 (3H, m), 7.34-7.37 (5H, m), 7.76 ({lH,
mj .

Step (2): Compound 3 - Compcund (I-4)

A zolution of Compound 18 (1.62 g, 3 mmol) in DMF (8 mL} was
degassed, and then Compcound 2 (f = 0.82) (2.8% g, 3 mmol) was
added thereto, followed by stirring at room temperature for 4.5
hours. DMF - (16 mL} was further added thereto, followed by
cooling to -40°C, and then potassium iodide (3.49 g, 21 mmol)
and AcCl (0.858 ml, 12 mmol) were added thereto, subsequently
stirring at 0°C for 1 hour. To the reaction soluticn was poured
ice water and AcORt, and then NaH30; was added, followed by
separating the soluton. After one-time extraction from the
agueous layer with AcCEt, the organic layer was washed with
water, and then washed with saturated brine. The organic layer
was dried over MgS0,, subseguently MgS0; was removed by
filtration, and then concentration and drying in vacuo yielded
Compound 1% as a brown powder. This was used for the next
reaction without purification.

The whole amount of Compound 19 cobtained was dissclved in
dichleremethanse (40 ml), followed by cooling to -40°C, and then
aniscle (3.28 ml, 30 mmol} and 2M AlCls-nitromethane solution (15
ml, 30 mmol] were added thereto in turn, subseguently stirring
at 0°C for 2 hours. While maintaining the reaction temperature

at 0°C, i-Pr;0 was added to the reaction soluticon, and then 2M

hydrochleric acld was added small-potion-wise thereto,
subsequently stirring. Zs a result, insclubles appeared, and
then the resulting insclubles gathered and agglomerated. After

the supenatant was removed, 1-Pr;0 was added to the mass of the

insolubles, followed by washing the insolubles, and then the
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supernatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the insolubles,
followed by dissolving it, and then HP resin was added thereto,
subseguently evaporating MeCN under reduced pressure. The
resulting mwixed  solution  was purified by HP and  0DS3
chromatography. The resulting solution of the title compcound
wasg concentrated in wvacuo, and subseguently lyophilized to yield
Compound (T-4} as a white powder (0.56 g, 24% yield).

Compound (I-4}):

'H-NMR (DMSO-d¢) 8{(delta): 1.21 (3H, =), 1.22 (3H, s}, 1.72-1.82
(6H, m), 3.19 (8H, m), 3.é4 (2H, d, J = 16.8 Hz), 3.7L (lH, 4, J
= 13.8 Hz), 4.68 (1H, d, J = 14.1 Hz), 4.%4 (1H, 4, J = 5.1 Hz),
5.50~-5.55 (1IH, m), 6.49 (1H, s), 6.53 (2H, d, J = 3.3 Hz), 7.07
(24, br), 8.17 (1H, m), 9.04 (1lH, brj}, ©.20 (1H, d, J = 8.7},
9.90 (1H, bx).

Blementary analvsis for C;;H:sCIN, O 5;4.6H, 0

Caled.: C, 43.85; H, 5.37; €1, 4.18; N, 11.55; 8, 7.55 (%)
Found.: C, 43.81; H, 5.19; cl, 5.63; N, 11.58; 3, 7.36 (%)

[0110]

Example 5

Synthesis of Compound (I-5)
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Step (1}:

A solution of Compound 18 (1.62 g, 3 mmol) in DMF (2 mL) was
degassed, and then Compcund 7 {(Z.80 g, 3 mmecl) was added thereto,
followed by stirring at room temperature for 4.5 hours. DMF (18
mL) was further added thereto, followed by cooling to -40°C,
potaszsium lodide (3.48 g, 21 mmeol) and AcCl (0.856 mi, 1Z mmol)

were added, subsequently stirring at 0°C for 2 hours. Ice water

and AcOEt was poured To the reaction solution, and then NaHS0,

was added, followed by separating the scluten. After one-time

extraction from the aguecus layer with AcORt, the organic lavyer

was washed with water, and then washed with zaturated Dbrine.
The organic layer was dried over MgSC,, subseguently MgSO, was
removed by filtraticon, and then cencentration and dryving in

vacuo yielded Compound Z0 as a brown powder. This wasgs used for

the next reaction without purification.
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The whole amount of Compound 20 obtained was dissclved in
dichloromethane (40 ml), followed by cooling to -40°C, and then
anigole (3.28 ml, 30 mmol) and 2ZM AlCl: —nitromethane solution (15

ml, 30 mmol) were added in turn, subseguently stirring at 0°C

for 3 hours. While maintaining the reactilon temperature at 0°C,
i~Pr; 0 was added to the reaction solution, and then 2M
hydrochleric acid was added small-potion-wise thereto,
subseguently stirring. As a result, insolubles appeared, and
then the resulting insolubles gathered and agglomerated. After

the supenatant was removed, tTgo the mass of the insclubles was
added 1-Pr,0, followed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the insolubles to
dissolve, and then HP resin was added thereto, subsequently
evaporating MeCN under reduced pressure. The resulting mixed
solution was purified by HPF and 0ODS chromatography. The
obtained solution of the title compound was concentrated in
vacuo, and subseguently lyephilized to vyield Compound (I-5) as
pale yellow powder {188 mg, 8% yield).

Compound (I-5):

'H-NMR (DMSO-d¢) &8(delta): 1.46 (6H, s), 1.95-2.07 (6H, m),
3.27-3.37 {(8H, m}, 3.77-3.83 (3K, m}, 5.02 (iH, d, J = 14.1 Hz),
5.08 (iH, d, J = 4.8 Hz}), 5.64 (1H, dd, J = 4£.8,8.4 Hz), 6.71-
6.7% (2H, my, 8.20 (2H, br}, 8.50 (lH, m), 9.23 (1H, br}, 9.50
(18, d, J = 7.5},

Elementary analysis for CspHisCINy O3, 4.5H;0

Caled.: C, 42.48; H, 5.23; Cl, 4.18; N, 13.21; 8, 7.56 (%)
Found.: €, 42.64; H, 5.09; Cl, 3.91; N, 13.07; s, 7.17 (%)
(01113

Example &

Synthesis of Compound (I-6)
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Step {1): Compound 4 - Compound 22

To a solution of Compound 4 (2.57 g, & mmel) in DMA (25 miL)
was added Ety;N (1.16 ml, 8.4 mmol), followed by cooling to ~15°C,
and then MsCl (0.608 mi, 7.8 mmol} was added, subseguently
stirring at -15°C for 50 minutes. Compound 21 {1.81 g, 12 mmol)
was added thereto, followed by further stirring at -15°C for 70
minutes. Water and AcCEt was added to the reaction sclution,
subsequently separating the solution. After one-time extraction

from the aquecus layer with AcOEL, the organic layer was washed
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with water, and then washed with saturated brine. The organic
layer was dried over MgS0o,, subseguently MgS0, was removed by
filtraticon, and then concentrated. The c¢rude product was
combined with unpurified Compound 22 .(4 mmol), which had been
gynthesized elsewhere, and then was purified by flash column
chromatography to vield Compound 22 as a vellow oil (4.87 g, 84%
yvield).

Compound 22:

"H-NMR (CDCl;) S{delta): 1.68 (2K, s), 1.77-1.80 (2K, m), 2.28-
2.30 (2H, m), 2.53-2.60 (3H, m), 2.75 (iH, ©, J = 7.2}, 2.81
{1.5H, s), 3.12 (1.5H, s), 3.27 (1K, m), 3.79 (3H, s), 3.83 (3H,
sy, 4.97 (2H, s}, 5.05 (2H, s), 6.80-6.84 (2H, m), 6.89-6.97 (44,

m), 7.31-7.36 (4H, m).

Step {2): Compound 9 - Compound (I-6)
A solution of Compound 22 {f = 0.93) {(1.70 g, 3 mmol} in DMF

{8 mL) was degassed, and then Compound 9% (f = 0.82) (2.8% g, 3

mmod ) was  added thereto, followed by stirring at room
temperature for 4 hours. DMFP (16 ml,) was further added thersto,

followed by cooling to -40°C, and then potassium iodide (3.49 g,
21 mmol) and AcCl {0.836 ml, 12 mmol} were added thereto,
subsequently stirring at 0°C for 1 hour. Ice water and AcCEt
were poured te the reaction solution, and then NaH30; was added,
followed by separating the soluton. After one-time extraction
from the aquecus lavyer with AcCEL, the organic laver was washed
with water, and then washed with saturated brine. The organic
layer was dried over MgSOs, subsequently MgSO, was removed by
filtration, and then concentration and drving in vacuo vielded
Compound 23 as an orange powder. This was used for the next
reaction without purification.

The whole amount of Compound 23 c¢btained was dissolved in
dichloromethane (40 ml), followed by cooling te —-40°C, and then
anisole (3.28 ml, 30 mmol) and 2ZM AlCl:-nitromethane solution (15
ml, 30 mmel) were added thereto in turn, subsequently stirring
at 0°C for 1 hour. While maintaining the reaction temperature

ar 0°C, 1-Pr.0 was added to the reaction scoluticn, and then 2M
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hydrochleric aclid was added small-potion-wise thereto,
subsequently stirring. As a result, insoclubles appeared, and
then the resulting insolubles gathered and agglomerated. After
the supenatant was removed, 1-Fr;0 was added to the mass of the
insolubles, folleowed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the iIinsolubles,
followed by dissolving it, and then HP resin was added thereto,
subsequently evapcorating MeCN under reduced pressure. The
resulting mixed soluticn  was purified by HP and 0OD3
chromatography. The obtained solution of the title compound was
concentrated in vacueo, and subsequently lyophilized to yield
Compound (I-6) as a white powder (0.94 g, 41% vield).

Compound (I-6):

YH-NMR (DMSO-d¢) O(delta): 1.43 (3H, s), 1.44 (3H, s}, 2.06 (4H,
m), 2.80 (3H, =), 3.43 (8H, kr), 3.71-3.87 (2H, m), 3.99% (1lH, d,
J = 13.5 Hz), 5.03 (1H, d, 7 = 13.5 Hz), 5.15 (1H, d, J = 5.1
Hz}, 5.7z (1H, dd, J = 5.1, 8.4 Hz), 6.5%6 (iH, d, J = 8.1 Hz),
.71 (1H, =), &.80 (1H, d, ¥ = 8.1 Hz), 7.27(2H, br), 9.43 (1H,
d, J = 8.1 Hz;.

Elementary analysis for for Ci;1H:ieCLlN1 Oy g8 +4.2H, 0

Calcd.: C, 44.22; H, 5.32; Cl, 4.21; N, 11.65; 8, 7.62 (%)
Found.: €, 44.20; H, 5.32; Cl, 4.25; N, 11.73; s, 7.84 (%)

[0112]

Example 7

Synthesis of Compound (I-7)
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Step (1): Compound 7 — Compound (I-7)

A solution of Compound 22 (£ = 0.95) (1.70 g, 2 mmol} in DMF
{8 ml) was degassed, and then Compound 7 (2.80 g, 3 mmol) was
added thereto, followed by stirring at room temperature for 4
hours. DME (16 ml) was further added theretc, Ifollowed by
cooling to -40°C, and then potassium iodide (3.49 g, 21 mmol)
and AcCl (0.856 ml, 12 mmol) were added, subseguently stirring
at 0°C for 1.5 hours. To the reaction solution was poured ice
water and AcOEt, and then NaHS0; was added, followed by
separating the soluton. After one-time extraction from the
aqueous layer with AcOEt, the organic layer was washed with
water, and then washed with saturated brine. The organic laver
was dried over MgSOy, subsequently MgS0,; was removed by

filtratiecn, and then concentraticn and dryving in vacwo yielded
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Compound 24 as a brown powder. This was used for the next
reaction without purification.

The whole amount of Compound 24 obtained was dissolved in
dichloromethane (40 ml), followed by cooling te -40°C, and then
aniscle (2.28 ml, 30 mmol) and 2M RICl;-nitremethane solution (15

ml, 30 mmol) were added in turn, subsequently stirring at 0°C

for 1 hour. While maintaining the reaction temperature at 0°C,
i-Pr,0 was added to the reactlon solution, and then 2M
hydreochloric acid was added gmall-potion-wise thereto,
subsequently stirring. As a result, insolubles appeared, and
then the resulting inscolubles gathered and agglomerated. After

the supenatant was removed, 1-Pr;0 was added to the mass of the
insolubles, followed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several
LTimes. Ice water and MeCN were added to the insclubles to
dissolve 1it, and then HF resin was added thereto, subseguently
evaporating MeCN under reduced pressure. The resulting mixed
solution was purified by HP and 0ODS chromatography. The
obtained solution of the title compound was concentrated in
vacuo, and subseguently lyophilized teo yield Compound (I-7) as a
white powder (0.78 g, 34% yield).

Compound {I-7):

PH-NMR (DMSO-de) S({delta): 1.47 (€H, s), 2.07 (4H, br), 2.82 {(3H,
s), 3.35-3.87 (8H, m), 3.76-3.88 (2H, m), 4.01 (1H, 4, J = 12.9
Hz), 5.0é (1i¥, d, J = 13.5% Hz}, 5.l {(1H, d, J = 5.1 Hz), 5.73
(1lE, ad, J = 5.4,8.4 Hz), 6.58 {1, d, J = 7.8 Hz), 6.82 (lH, 4,
J = 8.1 Hz}, 8.21(2H, br), 92.49 (1H, &, J = §.4),

Elementary analysis for for CyoHzsCiNgO145,°4.1H,0

Calecd.: C, 42.84; H, 5.18; C1, 4.22; N, 13.32; 3, 7.62 (%)
Found.: €, 42.81; H, 5.10; CL, 4.30; 1, 13.36; &, 7.77 (%)

[0113]

Example 8

Synthesis of Compound {(I-8)
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Step (1): Compound 25 - Compound 27
To a solution of Compound 26 (1.25 g, 7.0 mmol) in

dimethylacetamide (12 ml) was added triethylamine (2.43 mL, 17.5
mmol), followed by cooling to -15°C, and then methanesulfonyl
chloride {(0.35 mL, 4.55 mmol) was added, subsequently stirring
for 1 hour at -15°C. Then a solution of Compound 25 in
dimethylacetamide (5 mlL) was added thereto, followed by stirring
for 1 hour. Into the reaction solution was added ethyl acetate
(50 mL)} and 5% sodium hydrogen carbonate solution. The organic
laver was washed with water, washed with saturated brine, dried
over magnesium sulfate, filtrated, and then evaporated under
reduced pressure. isopropyl ether was added to the residus to

precipitate solid, and then collected to yield Compound 27

(1.90g, 98% yield).

Cl
OF‘MEI

.
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Compound 27:

“H-NMR (CDCl:) &(delta): 1.48-1.85 (8H, m}, 2.63-2.75

3.40-3.50 (2H, m), 3.80 (3H, s), 3.83 (3H, s), 6.80-6.84

(6H, ),

6.85~-7.00 {(3H, m), 7.15-7.20 (1H, wm), 7.32-7.37 {(m, 3H),

7.52 (14, m).
Step (2): Compound 28 - Compound 29 - Compound {(I-8)

Compound 28 (888 mg, 1 mmol) and Compound Z7{(553 mg,

(2B, m},

7.48-

1 mmol)

were dissolved in dimethylformamide (2 mlL), followed by stirring

at rcom temperature for 3 hours. Dimethylformamide {2 mL) and

potassium lodide {(1.16 g, 7 mmol) were added thereto,

by cooling to —-40°C, and then acetyl chloride (0.283 mL,

fol

lowed

4 mmol}

was added thereto, subseguently stirring at 0°C for 1 hour. To

the reaction =solution was added water and ethyl acetate.

The

organic layer was washed with water, washed with saturated brine,

dried over magnesium sulfate, filtrated, and then evaporated

under reduced pressure to yield Compound 2% as a peowder.

Compound 2% was dissolved in methylene chloride (10 ml) and

anisole {1 ml}, followed by <cooling teo -40°C. ZM AlCl:-—

nitromethane solution (5 ml) was added, subsequently stirring at

0°C for 50 minutes. To the reaction gclution was added aqueocus

2M HC1l (60 ml), acetcenitrile (50 ml), and ether (100 mli).

The

agueous layer was washed with ether, concentrated in vacuwo, and

then subjected into HEP-2083 column chromatography eluting the

desired compound with acetonitrile-water. Collected fractions
were concentrated iIn vwvacuo. The concentrated solution was
lyophilized to vield Compound (I-8) as a white powder (252 mg,
32% yield).

Compound (I-8):

"H-NMR (D,0) &i{delta): 1.49 (3H, s}, 1.50 (2H, s}, 1.60-1.80 (4H,
mi, 1.82-2.10 (44, m}, 3.39-3.70 (€H, wm), 3.72-3.85 (4H, m),
3.93 (1H, d, J = 13.8 Hz), 4.14 (1H, d, J = 13.8 Hz}, 5.36 (lH,
d, J = 5.1 Hz), 5.87 (1#, d, J = 5.1 Hz), 6.70-8.72 {(2H, m),

6.98 (1H, s).

Elementary analysis for for C;.H;sClN,0,,8,+4.8H,0
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Caled.: €, 44.34; H, 5.54; cl, 4.09; N, 11.31; o, 27.32; &, 7.40

Found.: C, 44.51; H, 5.39; Cl, 3.79; N, 11.30; §, 7.44 (%)
[0114]

Example 9

Synthesis of Compcund (I-9)

[Formula 70}

HQN—«Q

h i
o
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s
o
BGCHN“<\ | il
NT N s
N, ;:Er g
o g = —_—
>§ 0~ oPMB
COt-Bu
28
BOCHN—~<\:]\W/JLL
;EﬁEI;L\/ J \\ OPMB -
0”7 “oPMB > oPMB
cozpsu
37 |

Step (1): Compound 30 — Ccmpound 32
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To a sclution of Compound 31 {2 g, 28.1 mmol} in THF (10 mL)
was added Compound 30 (5.41 g, 42.2 mmol), followed by stirring
at room tempsrature for 2 hours. Ethyl acetate and water were
added thereto, followed by extraction from the aguecus laver
with ethyl acetate, and then the organic layer was washed with
saturated brine. The organic layer was dried over magnesium
sulfate, filtrated, and then concentrated 1in vacuo to yield the
title compound 32 (4.98 g, 89% yield).

Compound 32:

VH-NMR {(CDCl:} S{deltal: 1.46 (9H, s}, 1.74~1.80 (4H, m}, 2.40-
2.60 {m, 6H), 2.70-2.75 (m, 2ZH}.

Step (2): Compound 32 - Compound 33

To a seolution of Compound 32 (4.98 g, 25 mmol) in methylene
chloride (20 mlL) was added trifluorcacetic acid (20 mL),
followad by stirring overnight. After concentration In vacuo,
4M HCl in ethyl acetate solution {(9.37 mL, 327.5 mmol) was added
thereto. The precipitated solid of Compound 33 was washed with
ethyl acetate (3.74 g, 83% yield).

Compeound 33:

*H-NMR (D,0) ©&(delta): 1.95-2.20 (4H, m), 2.84-2.89 (2H, m),
3.10-3.20 {2H, m}, 3.44-3.52 {2H, m), 2.6Z-3.80 (2H, m).

Step (2): Compound 34 - Compound 35

B soluticn of Compound 34 (7.08 g, 17.9 mmel) in ethyl acetate
(350 mL! and methylene chloride (100 mL) was degassed under
reduced pressure, and then replaced with nitrogen. Platinum
dioxide (350 mg, 1.54 mmol) was added therete, Ifollowed by
hydregenaticn. After 2  Thours, the reaction solution was
filtrated, and then the filtrate was evacoprated under reduced
pressure. Tsopropyl ether was added to the residue to
precipitate seolid, and then collection of the precipitated solid
vielded Compound 35 (5.64 g, 86% vyield).

Compound 35:
lg-NMR {CDCl.} &i{delta): 3.80 (3H, s), 3.81 (3H, s}, 4.94 (2H, s,
5.01 (2H, =), 6.18-6.23 (1H, m), ©.30-6.32 {1H, m), 6.72-6.78

(15, m), 6.80-6.920 (4K, m), 7.26-7.42 (4H, mj.



10

15

20

25

30

35

102

Step (4): Compcund 33 + Compound 35 - Compound 36

To a solution of Compound 33 (3% mg, 2 mmol) in
dimethylacetamide (&€ mL) was added triethylamine {1.38 mL, 10
mmol), followed by cocling to -15°C, and then methanesulfonyl
chleride {0.21 mi, 2.80 mmcl) was added, subsegquently stirring
for 1  hour at -13°C. A sclution of <Compound 35 in

dimethylacetamide (5 mlL} was added, and then the sclution was

allowed to warm up Lo room Ifemperature. Ethyl acetate (50 ml)
was added into the reaction solution and 5% sodium hydrogen
carkonate solution was added. The organic layer was washed with

water, washed with saturated brine, dried over magnesium sulfate,
filtrated, and then evaporated under reduced pressure. The

residue was purified by silica gel column chromatography to

vield Compound 36 (266 mg, 27% yield).

Compound 36:

'H-NMR (CDCl;) S(delta): 1.82-1.87 (4H, m), 2.50-2.60 (2H, m),

2.62-2.66 (4H, m), 2.80-2.86 (m, 2H), 3.79(2H, =)}, 3.80{3H, s},

5.02 {(2H, =), 5.07 (2H, s), €.70-6.90 {m, &€H)}, 7.2%-7.B0 {(5H, m}.
Step (5): Compound Z8 + Compound 36 - Compound {(I-9)

Compound 28 (517 mg, 0.54 mmol) and Compound 3¢ {(2¢6 mg, 0.54
mmol) was dissclved in dimethylformamide (4 mbLy, followed by
gtirring at room temperature for 3 hours. Dimethylformamide (3
mL) and potassium leodide (630 mg, 3.79 mmol} were added thereto,
followed by cooling to -40°C, and then acetyl chloride (0.155 ml,
2.17 mmol) was added thereto, subsequently stirring at 0°C for 1
houx. Then 1M phosphorus tribromide in methylene chloride
solution (1.08  ml) was further added at 0°c  thereto,
subgequently stirring fer 30 minutes. To the reaction solution
was added water and ethyl acetate. The organic layer was washed
with water, washed with saturated brine, dried over magnesium
sulfate, filtrated, and then evaporated under reduced pressure
to yield Compound 37 as a powder.

Compound 37 was dissolved 1in methylene chloride (10 ml) and
anisole (0.¢& ml), followed by cooling to -40°C, 2M  AlClL; -

nitromethane sclution (2.7 ml) was added therefo, subseguently
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stirring at 0°C for 50 minutes. To the reaction soluticn was
added aquecus 2ZM HClL {60 mil), acetonitrile (50 mL)}, and ether
{100 mL}. The aguecus layer was washed with ether, followed by
concentration in vacuo, and then subijected inte HP-2083 column
chromatography, subsequently eluting the desired compound with
acetonitrile-water. Collected fractions were concentrated in
vacuo. The concentrated solution was lyophilized to vyield
Compound (I-9) as a white powder (129 mg, 33% yield).

Compcound (I-9):

"H~NMR (D, 0) S8({delta}: 1.49 (3H, s}, 1.50 (3K, s), 2.10-2.30 (4H,
m), 2.80-3.12 (ZH, m), 3.41-3.80 (8H, m), 4.02 and 3.82 (2H, ABg,
J = 15.5 Hz), 5.34 (1H, d, J = 4.8 Hz), 5.84 (1H, d, J = 4.8 Hz),
£.77-¢.80 (1H, m), 6.83-6.9¢ (1lH, m), 6.80-6.98 (2H, m).
Elementary analysis for for CipHzsN;CioS8; +4.6H0

Calcd.: C, 45.00; H, 5.56; N, 12.25; 0, 29.18; 38, £.01 (%)

Found.: C, 45.0Z2; H, 5.39; N, 12.35; S, 7.82 (%)

[0115]

Example 10

Synthesis of Compound (I~10)
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Step (1): Compound 22 + Compound 38 - Compound 490

To Compound 3% (914 mg, 2.5 mmol) was added tetrahydrofuran
(100 mL), followed by cooling teo 0°C. Triphosgene (287 mg, 1
mmol) and triethylamine (C.52 mL, 3.75 mmel) were added,
subseguently stirring at rcom temperaturefor 30 minutes. After
cooling to 0°C agaln, triethylamine (0.%2 mlL, 3.75 mmel) and
Compound 38 (3ld4mg, 2.75mmel} were added, followed by stirring
at room temperature for 30 minutes. Ethyl acetate(50 mL) and 3%
sodium hydrogen carbonate solution were added into the reaction
solution. After extraction from the aqueous layer with ethyl
acetate, the organic layer was washed with saturated brine,

dried over magnesium sulfate, filtrated, and then evapcrated
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under reduced pressure. Isopropyl ether was then added to the
residus to precipitate solid. Collection of the precipitated
z=olid yielded Compound 40 {(1.06 g, 84% yield).

Compound 40:

PH-NMR (CDCl.) 8(delta): 1.62~1.68 (4H, m), 2.43-2.55 {4H, m),
2.62 (2H, £, J = 5.7 Hz}, 3.31 (2H, dd, J = 5.1, 11.1 Hz), 3.78%
(3H, s), 3.80 (3H, sy, 5.00 (24, s), 5.03 (ZH, =), ©6.060-6.69 (lH,
m), 6.82-6.88 (5H, m), 7.11-7.13 (1H, m), 7.27-7.37 (4H, m).

Step (2): Compound 28 — Compound 41 - Compound (I-10)

Compound 28 (855 mg, 1 mmol) and Compound 40 (506 mg, 1 mmol)
were dissolved in dimethylformamide (4 ml), followed by stirring
at room temperature for 32 hours. Dimethylformamide (3 mi) and
potassium lodide {630 mg, 3.7% mmoel) were added thersto,
followed by cooling to -40°C, and then acetyl chloride (0.155 mL,
2.17 mmol) was added thereto, subseguently stirring at 0°C for 1
hour. Water and ethyl acetate were added to the reaction
golution. The organic layer was washed with water, washed with
saturated brine, dried over magnesium sulfate, filtrated, and
then evaporated under reduced pressure to yield Compound 41 (738
mg) as a powder.

Compound 41 (1.38 g) was dissloved in methylene chloride (10
ml) and anisole (I ml), followed by cooling to -40°C. ZM BAiCls -
nitromethane solution (5% ml) was then added, subsequently
stirring at 0°C for 50 minutes. Aguecus 2M HCL (60 mL),
acetonitrile (50 mL), and ether (100 mlL) were then added to the
reaction solutiocn. The agueocus layver was washed with ether,
subsequently concentrating in vacuo, and then subjected into HP~
208% column chromatography, followed by eluting the desired
compound with acetonitrile-water. Collected Zfractions were
concentrated in vacuo. The concentrated solution WES
lyophilized to yield Compound (I-10) as a white powder (98.3 mg,
13% vyield).

Compound (I-10):
'H-NMR (D,0) &{delta): 1.48 (3H, s), 1.49 (3H, s), 2.12-2.20 (4H,
m}, 3.20-3.80C (10H, m), 3.%0 ({iH, d, J = 16.8 Hz), 4.04 (1H, d,
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J 1.8 Hz},

6.60-6.70 (1H, m),

(1H,
5.80-6.85
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d, J 4.8 Hz), 5.84 (lH, d, J 4.8 Hz),

{(2H, m), ©.96 (1H, s=).

Elem@mtary analysis for Ci0HsgNg Oy 0 S5 '4-6HQO

Calcd.: C, 44.18; H, 5

Found.: C, 44.26; H, 5
itclie]

Example 11

Synthesis of Compound

[Formula 72]
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N, 13.74; 3, 7.56 (%)
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Step (1): Compound 42 - Compound 43 - Compound 45

A soluticn of Compound 42 (2.77 g, 10 mmol) in methylene
chloride (12 mL) was ceccled toe 0°C, and then methylhydrazine
(0.53 mi, 10 mmol) was added thereto, followed by stirring for
30 minutes. The reacticon solution wag filtrated, and then
concentrated until the filtrate reached about half-volume.
After Methanol (25 mlL) was added thereto followed by cooling to
o, Compound 44 (2.72 g, 10 mmol) was added thereto,
subsequently stirring for 30 minutes and then stirring at room
temperature for 50 minutes. Then ethyl acetate (200 mL} and
0.2M HC1 solution were added thereto. The organic layer was

washed with water, washed with saturated brine, dried over

magnesium sulfate, filtrated, and then evapcrated under reduced

pressure. Te the residue was added ether, and then collection
of the precipitated solid yielded Compound 45 (3.22 g, 80%
yvieldy .
Compound 45:
YH-NMR (DMSO-ds) &(delta): 1.42 (9H, =), 1.47 (9H, s}, 4.62 (2H,
sy, 7.41 (1H, s).
Step (2): Compound 45 - Compound 47

To a sclution of Compound 45 (3.22 g, 5.02 mmol) in
dimethylacetamide ({30 mL} was added triethylamine (1.45 mi, 10.4
mmol), fellowed by cooling to -15°C. Methanesulfonyl chloride
{(0.75 mL, 9.63 mmol) was added, followed by stirring for 15
minutes, and then N-methylmorpheline (1.76 mL, 16.0 mmol} and
Compound 46 {(3.09 g, 7.62 mmol) were added thereto, subsequently
stirring for 1 hour. Then ethyl acetate (200 ml) and dilute
hydrochleric acid were added thereto. The organic layer was
separated, washed with aquecus 5% sodium hydrogen carbonate
solution, washed with water, washed with saturated brine, dried
over maghesium sulfate, filtrated, and then evaporated under
reduced pressure. The residue was purified by silica gel column
chromatography to yleld the desired compound (5.28 g, 88% yield).

Compound 47:
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3.48 (2H, ABRq,

108

S(delta): 1.42 (SH, s), 1.49
J = 18.0 Hz), 3.8%1 (3H, s),

and 4.72 (2H, BABg, J = 17.1 Hz), 5.05 (1H, d

(1H, d, J = 12.

(9H, =)}, 3.61 and

4.47 (24, s), 4.77

r J

0 Hz), 5.25 {1H, d, J = 12.0 Hz),

= 4.8, 8.7 Hz), 6.87-&6.81 (2H, m), 7.33-7.37

(18, br), 8.74

(1H, d, J = §.7 Hz).

Step (3): Compound 47 — Compound 48

= 4.8 Hz), 5.20

5.83 {1H, dd, J

(m, 3H), 8

.10-8.15

A solution of Compound 47 (5.28 g, 7.0Z mmol) in methylene

chloride (50

mi) wWas cooled to -40°

<y

and t

chloroperbenzoic acid {1.62 d, 7.02 mmol) was

subsequently warming up from =-40°C to -10°C gradually.

5% scdium thiecsulfate solution was added

reaction. Methylene chloride was evaporated

to

tarmin

under

hen m-

added,
Agueocus
ate the

reduced

pressure, and then ethyl acetate and water were added thereto.

The organic layer was washed with agueous

5%

sodium hydrogen

carbonate solution, washed with saturated brine, dri

ed over

magnesium sulfate, filtrated, and then evaporated under reduced

pressure. This was wused for the next

purification.
Compound 48:

H-NMR (CDC1s )

The yielded amount was 5.39 g

reaction

wilthout

{100% yield).

5(delta): 1.42 (9H, s), 1.54 {&H,

J = 1.5, 18.3 Hz), 3.80 (1lH, d, J = 18.3 Hz},

12.6 Hz), 4.37

(14, dd, J = 1.5, 4.8 Bz}, 4.74

d, J = 12.6 Hz), 5.24 (1H, d, J = 12.0 Hz)

12.0 Hz), 6.07

7.34-7.37 (2H,

(1, dd, J = 4.5 , 2.2 Hz),
m}, 8.38 (1H, d, J = 8.2 Hz;.

Step (4): Compound 48 - Compound 49

Compound 48

15°C, and then

followed by stirring for 1 hour.

{(5.39 g, 3.15 mmol) in THFE (60 mL)

potassium iodide (3.15 g, 21.05 mmol)

f

), 3.40

4.22 (1H,

(2H, s},

5

.29 {1H,

6.88-6.92

% sodium thiosulfate solution were added thereto. The

layer was washed with water,

(1H, dd,
d, J =
5.10 (1H,
d, J =

(2H, m),

was cooled to
was added,

Then ethyl acetate and agusous

organic

washed wilith saturated brine, dried

over magnesium sulfate, filitrated, and then evaporated under

reduced pressure. This was used for the next reaction without

purification.

The yielded amount was 5.42 g

{SC

L
(s}

yvield).
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Compound 49:
TH-NMR (CDCL:) 8(delta): 1.41 (9H, =), 1.50 (9H, s), 3.55 {1H, d,
J = 18.0 Hz), 3.72 {(1H, d, J = 18.0 Hz), 3.80 (3H, s), 4.17 (d,
1H, J = 9.6 Hz), 4.57 (1H, d, T = 4.5 Hz), 4.71 (2H, s), 4.79
{18, d, T = 9.6 Hz), 5.24 {14, ¢, J = 11.7 Hz)y, 5.30 (1H, 4, J =
11.7 Hz), 6.02 (lH, dd, J = 4.5, 9.6 Hz), 6.80-6.92 (2H, m},
7.24-7.39 (3H, m), 8.36 (d, 1H, J = 8.6 Hz}.
Step (5): Compound 4% + Compound 50 - Compound 51

Compeound 49 (1.85 g, 2 mmel) and Compound 50 (1.03 g, 2 mmol)
were dizsoclved in dimethylformamide (2 mL), followed by stirring
at room temperature for 2 hours. Dimethylformamide (4 ml) and
potagsium iodide (2.32 g, l4mmol) were added thereto, followed
by cooling to -40°C, and then acetyl chleride (0.571, 8.00 mmol)
was added, subseguently stirring at 0°C for 1 hour. To the
reaction solution was added water and ethyl acetate. The
organic laver was washed with water, washed with saturated brine,
dried over magnesium sulfate, filtrated, and then evaporated
under reduced pressure to yield Compound 51 as a pcwder.

Compound 51 was dissclved in methyvlene chloride {20 ml}) and

anisole (2 ml), followed by cooling to -40°C. 2M  AlCl,~
nitromethane solution (10 ml) was then added thereto,
subseguently stirring at 0°C for 350 minutes. To the reaction

solution was added then agueocus 2M HC1 (50 mlL), acetonitrile (50

ml), and ether (100 mLj. The agqueous layer was washed with
ether, subsequently concentrating in wvacuo, and then subjected
inte HP-2083 column chromatography, followsed by eluting the
desired compound with acetonitrile-water. Collected fractions
were concentrated in vacuo. The concentrated sclution was
lyophilized to vyield Compound (I-11) as a white powder (430 mg,
30% yield).

Cempound (I-11):

YH-NMR (D 0) S{delta): 2.10-2.35 (4H, m}, 3.40-3.8C {(10H, m),
3.94 (1H, d, J = 14.1 Hz), 4.12 (1H, d, J = 14.1 Hz), 4.57 (2H,
s}, 5.34 (i1H, d, J = 4.8 Hz), 5.87 {(1H, 4, J = 4.8 Hz), 6.867 (2H,

sy, 7.02 (1H, s).
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Dlementary analysis for C,gH;CIlN;0;,5,;4.0H;0
Calcd.: €, 42.24; H, 4.81; C1, 4.45; N, 12.31; ©, 28.12; &, 8.03

el

{
Found.: C, 42.52; H, 4.73; Cl, 4.21; N, 12.46; 3, 7.70 (%}

L
/

o

(0117}
Reference Example 1

General synthels methods of side chain amines (a)-{n)

[Formula 73]

Bn. Bn_ n
x I o (CocH2 X o G\‘\/\NHZ G i 2
~Bn ~g ~N

R N ——— H
Y Y E{3N Q
0% “oH o“ X Bn
(B) (C)

(A)

As illustrated in the synthesis route above, an eqguivalent
mole of oxalyl chloride was added to a methylene chloride (10 V)
golution (suspension) of benzeic acid derivative (A), which
corresponds to side chains (a)-(n), followed by stirring at room
temperature for 2 hours. After concentration in wvacuwe until
reaching about-half wveolume, the resultant was added tc an amine

(1.0 equivalent/Et.N {1.2  equivalent)/THF solution), which

corresponds to =side chains {(a)-(n), that had been cooled to -
20°C, subsequently stirring for 30 minutes. Diluting with
methylene chloride, washing with water, drying, and then
concentrating the filtrate vyielded desired amine (C) {side
chainz (a)-{(n)) (90% or higher vield). Physical constans of

side chains {(aj=(n}) are shown below.
(01187
Side chain {&)

[Formula 74]

O
Qi
N_~N o

O Bn
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"H-NMR {CDCl:;) &(delta): 1.72-1.88 (6H, m), 2.50-2.82 (4H, m),
2.68 (2H, t, J = 5.7 Hz), 3.52-3.57 (2H, m), 5.19 (4H, s), 6.90
(1H, d, J =8.7 Hz), 7.21-7.60 (11H, m), 7.56 (1H, d, J = 1.8 Hz),
8.49 (1H, bs).

LC/MS (ES +): 445 (M+H")

[0119]

Side chain {(b)

[Formula 73]

O 0 PMB
N\/\N O
H

0
PMB

YH-NMR (CDCls) &{delta): 1.72 (4H, bs), 2.59 (4H, bs), 2.70 (24,t,
J = 4.5 Hz), 3.51-3.55 (2H,m}, 3.7% (6H, s), 5.10 (4H,s), 6.81-
.95 {6H, m), 7.26-7.37 (5H, m), 7.53 {(1H, bs).

LC/MS (ES +): 491 (M+ET)

[0120]

Side chain (c)

[Formula 76]

Chongdon 8
H
0

YH-NMR (CDCl:} &(delta): 1.75-3.05 (12H, m), 5.17 (2H, s), 5.18
(2H, 3), 6.85~-6.97 (3H, m), 6.25-6.45 (11H, m).

LC/MS (ES +): 431 (M+HE")

(01211

Side chain (d)

[Formula 77}

Bn

Qi I
e LA,

4

Bn
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'H-NMR (DMSO-d¢) S{delta): 1.45-3.60 (12H, m}, 2.89 (3H, s), 5.15
(2H, s), 5.37 (2H, s}, 6.90~7.16 (3H, m), 7.22-7.48 (10H, m).
LC/MS (ES +): 445 (M+H")

(01223

Side chain (&)

[Formula 78]

<:j 0 CiI Bn
N\/\N o
H

8]

Bn

H-NMR (CDCls) &(delta): 1.70-1.83 (4H, m), 2.50-2.5% (4H, m),
2.70 (2H, t, J = 6.3 Hz), 3.52-3.60 (2H, m), 5.04 (2H, s), 5.16
(2H, s}, 6.89-6.96 (2H, m), 7.26-7.51 (11H, m).

LC/MS (ES 4): 465 (M+HT)

[0123]

Side chain {f)

[Formala 791

<:j Q0 Cl Bn
N\,/\N 0

H
(o]

Cl én

‘H-NMR (CDCls) d(delta): 1.63-1.86 (4K, m), 2.57 (4H, bs), 2.72
(2H, d, J = 6.0 Hz), 3.52-3.59 {(2H, m), 5.07 (2H, s), 5.13 (2H,
s}, 6.96 (1H, bs), 7.23-7.50 (12H, m).

LC/MS (ES +): 499 (M+H")

[0124]

Side chain (g)

[Formula 80]

$n
O
Ok KX
N._~_N 0
0 Bn
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'H-NMR (CDCl:) Bi{delta): 1.38-1.80 (8H, m), 3.35-3.56 (6H, m},
5.18 (2H, s), 5.19 (2H, =), 6.91 (1H, d, J = 8.4 Hz), 7.24-7.52
(11H, m), 7.57 {1H, d, J =2 Hz), 8.32 (1H, b.s).

LC/MS (B8 +): 459 (M+H")

[0125]

Side chain {hj}

[Formula 81}
gl ¥
H

O

"H-NMR (CDCl,) &(delta): 1.47-1.48(24, m), 1.52-1.863(4H, bs),
2.35-2.50 (4H,m), 2.57 (2H,t,J = 4.5 Hz ), 3.49-3.53(ZH, m),
5.20{(2H4,s), 5.21(2H, s), 6.93 (1H,d,J = 6.3 Hz), 7.03(1H, bs),
7.25-7.55(12H, m).

LC/MS (ESI positive): 445 (M+H')

[0126]

Side chain (i)

[Formula 82]

O O Cl Bn
RO

&
H N
0

Bn

'H-NMR (CDCl:) S8{delta): 1.40-1.63 (8H, m), 2.42 (2H, bs), 2.54
(2H, t, J = 6 Hz), 3.50-3.58 {(24,m), 5.05 (2H, d, J = 4.8 Hz),
5.17 (2H, d, J = 4.8 Hz), 6.96 (1H, d, J = 8.7 Hzy, 7.10 (1H,
bs), 7.22-7.58 (11d4, m).

LC/MS (ES +): 479 (M+H"}

(0127}

gide chain (1)
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[Formula 83}

[:?1 O CI Bn

H
O

Ci Bn

"H-NMR (CDCly) &(delta): 1.40-1.75 (6H, m), 2.42 {4H, bs), 2.53

(24, t, J = & Hz), 3.48-3.56 (2H, m), 7.01 (iH, bs), 7.25~7.62
5 (108, m), 7.56 (1lH, s).

LC/MS (ES +): 513 (M+H)

[0128)

Side chain (k)

[Formuala 84]

Gy 8
N o

0 Bn
10
LH-NMR (CDC1,) &{delta): 1.30-1.95 (14H, m), 2.45-2.58 (4H, m},
2.45-2.90 (1H, m), 5.18 (24, ), 5.19 (2H, s), 6.89-6.96, 3H, m),
7.23-7.45 (12H, m). |
LC/MS (ES +): 471 (M+H")
15 [0129]

Side chain {1}

[Formula 85]

G 5
N 0

'H-NMR (CDCl;) S{delta): 1.45-1.70 (4H, m), 1.80 (4H, bs), 2.12-

200 2.30 (1H, m), £.83-3.10 (1H, m), 2.57 (4H, bs), 2.83-3.10 (2H,
m)y, 4.55-4,72 (1H, m), 6.85-6.92 (2H, m), 7.23-7.70 (10H, m).
LC/MS (ES +): 505 {M+H")

[0130]
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Side chain {m)

[Formula 86]

<:j Cl Bn
N\[::j 0
N O

i

O Cl Bn

'H-NMR (CDC1:) S{delta): 1.30-1.70 (4H, m), 1.81 {(5H, bs}, 1.93-
5 2.12 {(iH, m), 2.25-2.34 (1H, m), 2.57 (4H, bs), 4.50-4.61 ({14,

m), 5.02-%.09 (4H, m), 7.24-7.50 (11H, m).

LC/MS (ES +): 539 (M+H")

[0131]

Side chain (n)}

10 fFormula 87]

'H-NMR (CDCl;) 8{delta): 1.38-1.80 ({(8H, m), 3.35-3.56 (6H, m),
5.18 (2H, s), 5.1% (2H, =), 6.91 {(1iH, 4, JT = 8.4 Hz;, 7.24-7.52
(118, m), 7.57 {iH, d, J = 2 Hz), 8.32 (lH, b.s).

15 LC/MS (ES +): 485 (M+H")
(01321
Reference Example 2
By methods below, Compound (F) or (G) was synthesized,

[Formula B8]

P ¢ PHE
LA S -
] 5»): [} H Y] f'/ _{
Bﬂc--N—%| H é & Rogs- N o }L\{J'L‘N
T, 2
N; O,/,WN' b . — i H},}\,NVANJLT
i toor: 7S et SOR ﬁ::E
eaon e -oaR
0] {E}

Sy 0w
Hy . N it
DACE S anksle | H4%ﬂ*fﬁ Moy (@ g Naﬂﬁﬁs 2‘4%‘L7’ "
- C AR I
e R o Mozt Mgy at;tTC‘H N«./“N
23 HPz0 @ HoE )
X cuo . coa®
chromatography YXCGGH UH Y‘.S:,U(}Na o
(F) &)
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Cephem (D), which 1s a raw material obtained by a known method,

was digsolved in DMF

of side

stirring at room temperature

cooling,

chain {(al~{n),

potassium lodide

equivalents) were added,

(5 V),

and then an amine

shown

{7 eguivalents)

(equivalent mole)

above, was added, £

for

several hours.

ollowed by

After ice-

and acetyl chloride (&

subseguently stirring for 1 hour. To

5% brine (50 V) containing sodium thiosulfate was slowly added

with stirring.

washed with water,

followed by lyophilization.

(B} was dissolved in methylene chloride (20 V)

(10 vy,

egquivale
{10 equ
reacting
hydrechl
agueous

chromato

acetonit

followed by adding,

at

iale}

om temperature,

The precipitated deposit was filtrated, and then.

The dried matter

and nitromethane

anisole {10

nts) and then 2M aluminum chloride/nitromethane solution

ivalents), subseguently

’ the reaction

oric acid/acetonitrile/isopropyl ether

layer was separated,

graphy, and th

.

rile/water, the

stirring for 1 hour. After
mixture was poursd into cold 1M
{(3/1/5). The

subjected into HP-20 column
purified. After eluting with

en

eluate was

then lyophilized to yield ojective

compound

concentrated in

vacueo, and

(F) . Az reguired, desired

(F}) was dissolved in sodium hydrogen carbonate solution,

and then subjected Into HP-20

fraction

sodium s

g were concentrated,

alt (G).

Examples of Cempound

(I-34))
[0133]
Example

Compound

are shown below.

1z
(I-12)

(F

|
/

or

column

and then

(G)

chromatography. Eluted
iyvophilized to  yield
(Compound {(I-12) - Compound
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[Formula 89}

R pEr R

coo
Me COQH

LE-NMR (DMSO-dg} S(delta): 1.45 (3H, s), 1.46 (3H, s), 1.92-2.19
(4H, m,), 3.00~3.95 {11H, m), 3.95, 5.07 (2H, ABg, J = 13.8 Hz),
5.16 (14, d, J = 5.1 Hz), 5.73 (lH, dd, J = 5.1, 9.6 Hz), 6.73
(1H, =), ©.78 {(2H, s}, 7-29 (2H, bs), 8.43 (1H, bs), 9.44 (1H, d,
J = 8.4).
LC/MS (ES +): 752 (M+H')
IR (KBr) cm ': 3308, 1773, 1607, 1532, 1471
Elementary analysis for CiH;,CIlN;0:95;+3.8H,0
Caled.: C, 43.9%; H, 5.24; cl, 4.49; N, 12.11; 3, 7.77 (%)
Found.: €, 43.91; H, 5.11; Cl, 4.32; N, 11.95; 8, 7.81 (%)
[0134]
Example 13
Compound (I-13)
[Formula 90}
HZN“<?‘§ i “ )
RS
N N~ N~ OH
\ o . ﬁﬁ

Me O coo OH

Me” cooH

"H-NMR  (DMSO-dg ) 8(delta): 1.40 (3H, s), 1.41 (34, s), 1.72-2.10
(4H, m), 3.05-3.80 (10H, m}, 3.85,5.02 {2H, ABg, J = 9.9 Hz),
5.09 (14, d, J = 3.9 Hz), 5.67 (1H, dd, 7 = 3.9, 6.5 Hz), ©.72
(18, ¢, § = 6.0 Hz), 7.14 (1H, d, J = 6 Hz), 7.232 (lH, =).

LC/MS (ES +): 719 (M+H")

IR (KBr) cm™': 3301, 1777, 1599, 1514, 1464

Elementary analysis for CosHy,ClNgO 4S8 »3.9H;: 0
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Caled.: €, 44.15; H, 5.5%1; N, 14.05; 8, 8.18 (%)
Found.: C, 44.14; ¥, 5.34; N, 14.20; &, B.13 (%)
[0135]

Example 14

Compound {I-14)

[Formula 91]

s-Clo
HoN—C | H
N
& N\/«N OH
MEH coo® on
COOH

YH-NMR (DM8O-d¢) &(delta): 1.43(3H, d, J = 5.1 Hz),
m), 3.20~5.10 (13H, m), 5.14 (1H, d, J = 3.9 Hz),

J = 3.9, 6.3 Hz), 6.78 (1H, d, J = 6.0 Hz), 7.21
Hz), 7.31 (1H, s). |

LC/MS (ES +): 738 (M+H")

IR (KBr} cm™*: 3301, 1778, 1598, 1542, 1512
[013¢]

Example 15

Compound (I-13}

[Formula 821

Cl
HN—{SW/ Qu
2N /u\ﬂ/u_N~*‘T‘S K;;B o ol
\ cf;“N N\v/”\N . OH
H |
MEHO COo “OH
COONa

LC/MS (ES +): 772 (M+HT)

IR {KBrj} cm ': 2292, 1771, 1589, 1537, 1473
[0137]

Example 16

Compound {I-16}

1.84-2.16
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[Formula 23]

swaé
wgv ct
N N\/\N OH
Me”< OH
COOH cl
'H-NMR (DMSC-dg 4+ CD3;OD) S{deltay: 1.41 (3H, d, J = 7.2 Hz),

1.79-2.23 {(4H, m), 2.88-3.90 (10H, m}, 3.94, 5.03 (2H, ABg, J =
5 13.5 Hz), 4.57 (iH, g, J = 6.6 Hz), 5.14 (1H, d, JT = 5.4 Hz),

6.2 (1IH, bs).

LC/M8 {ES +): 808 (M+H™)

IR {KBr) cm™': 3305, 1779, 1613, 1538, 1474, 1403

Elementary analysis for CrgH:pCl:N.01438, +2.4H,0
10  cCaled.: ¢, 40.81; H, 2.83; N, 12.11 (&)

Found.: C, 40.%86; #H, 4.13; N, 11.53; (%)

(0138}

Example 17

Compound (I-17)

15 [Formula 94]

th“<:]\TJ— ;i%;;ljgﬂj

s
H
Me” cooH

PH-NMR (DMSO-d¢) &§(delta): 1.46 {3H, s), 1.47 (3H, s), 1.50~1.99

(6H, m), 2.80-3.93 (10H, m), 3.97, 5.01 (2H, ABg, J = 14.4 Hz),

5.18 (1H, d, J = 4.8 Hz), 5.75 (1H, dd, J = 4.8, 7.8 Hz), 6.74
20 (1, s}, €.79 (In, d, 0 = 8.1 Hz), 7.21 (iH, 4, J = 8.1 Hz),

7.30 (3H, s), &.52 (1lH, bs).

LC/MS (ES +): 732 (M+H"}

IR (KBr) cm ': 3301, 1774, 1600, 1515, 147¢C

Elementary analysis for CsyHy N:O;S; +4.5H,0
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Caled.: C, 45.88; H, 5.81; N, 11.81; 5, 7.87 (%)
Found.: C, 45.80; H, 5.70; N, 12.06; S, 7.89 (%)
{0139]
Examplie 18

5 Compound (1-18)

[Formula 85]

5 0
HN—C | H
2 N/\YJ% cl
N\//\N %.-OH
Me = OH
Me” ooH

TH-NMR ({DMSO-d¢) d{delta): 1.43 (3H, s}, 1.4% (3H, s), 1.22-1.95

(64, m}, 3.07-4.08 (11H, m), 4.95-5.13 (1H, m), 5.15 (1H, d, J =
10 4.8 Hz), 5.72-5.83 (1H, m), 6.63-6.84 (3H, m).

LC/MS (BES +) 766 (M+H™)

TR (KBr) cm™': 3324, 1770, 1600, 1537, 1470

Elementary analysis for Ci;1H:eClN9Qy 08, *8H; 0

Calced.: C, 41.07; H, 6.54; N, 10.37; &, 6.75 (%)
15 Found.: C, 40.90; H, 5.76; N, 10.77; 3, 7.04 (%)

{01407

Example 19

Compound (I-19)

[Formula 26]

¥bNm<-i“r)M ;:Tigl\EAW o cl

Me ““OH
Me” cooH Cl

20
YH-NMR (DMSO-dg ) O(delta): 1.44 (3H, s), 1.46 (3H, s}, 1.58-1.87
{6H, m),3.08-3.95 (1C0H, m), 4.44, 5.07 (ZH, Abg, J = 14.1 Hz),
5.18 (iH, d, J = 5.1 Hz), 5.78 (1H, dd, J = 5.1, 8.1 Hz}, 6&6.72
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(1H, sy, 7.06 {(1H, s), 7-30 (2H, ®bs), 8.50 (1H, bs), 9.43 (1E, d,
J = 8.1 Hz).
LC/MS (ES +): 800 (M+H")
TR {KBr) cm ': 3322, 1778, 1614, 1531, 1470
5 Elementary analysis for Cy:iH3sCloN0108, - 5.CH,0
Calcd.: C, 41.91; H, 5.36; N, 10.66 (%}
Found.: ¢, 41.80; H, 5.09; N, 11.01 (%)
(01413
Example 20
10 Compound {I-20)
{Formala 97}
HZN“<§5F i ﬁ s
NJ\“/L :I;f N @
N\ o N%/N\/\N- OH
Me. O coo”’ H o
Me” cooNa
"H-NMR (D:0) &{delta): 1.36 (6H, 8}, 1.50~1.91 (6H, m), 2.92-4.06
(13K, m), 4.58-4.80 (14, m), 5.21 (1H, &, J = 3.% Hz}, 5.72 (1H,
15 d, J = 3.9 Hz}, 6.58 (14, d, J = 6.6 Hz), 7.04 (2H, bs).
LC/MS (ES +): 733 {(M+H')
IR (KBr) cm ~: 3296, 1772, 1592, 1519, 1468
10142]
Example 21
20 Compound (I-21)
[Formula 98]
bi
HZN%\SL)OLE s
N , ;Ej{;;]\gjg] 0
N N._~ N~ OH
N O ! =] N
0 coo H
Me{ OH
COOH
YH-NMR  (DMSO-dg + CP.OD) &{delta): 1.45 (3H, d, J = 7.2 Hz),
1.50-1.95 (6H, m), 2.83-3.80 (10H, m), 3.96, 5.09 (2H, ABg, J =
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13.8 Hz), 4.63 (1H, q, J = 6.3 Hz), 5.16 (1H, d, J =5.1 Hz),
5.73 (1H, d, J = 5.1 Hz), 6.79 (1H, d, J = 8.4 Hz), 7.21 (1H, dd,
J = 2.4, 8.4 Hz), 7.30 (1H, d, J = 2.4 Hz).

LC/MS (ES +): 752 (M+H")

IR (KBr) om ®: 3308, 1778, 1601, 1538, 1513, 1453

Elementary analysis for CigH;sCIN.C15;: " 3.8H, 0

Caled.: C, 44.12; H, 5.27; Cl, 4.40; N, 11.74; s, 7.58 (%)
Found.: C, 43.91; H, 5.11; Cl, 4.32; N, 11.95; g, 7.81 (%)

[0143]

Example 22

Compound (I-22)

[Formula 99]

s-Clo
rﬁNWQ:]:Tﬁ_H
;LjT‘ Cl
N\V/“‘N OH

M@” coo” oH
COONa

LC/MS (BS +): 786 (M+H')

IR (KBr) cm °: 3290, 1772, 1599, 1539, 1473
(014473

Example 23

Compeound {I-23)

[Formula lOO]

HgN‘<\ /J\{LL ];1’ J H
T

200
I\Ile'“<
COONa

VH-NMR (D; Q) &(deltal: 1.11 (3H, d, J = 7.2 Hz), 1.03~1.74 (6H,
my, 2.82-3.38 (11H, m), 4.20-4.60 (2H, m), 5.00 (iH, d, J = 5.1
Hzy, 5.54 (14, d, J = 5.1 Hz), 6.63 (1H, s).

LC/MS (ES +): 822 (M+HY)
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. IR (KBr) cm™': 3298, 1770, 160C, 1538, 1470

[0145]
Example 24
Compound (I-24)

[Formula 101]

N j\(L //LNWL 0

Me 0 COOo Me OH
Me” cooH

TH-NMR (DMSO-ds; + CD;0D) &(delta): 1.453 (3H, s), 1.47 (3H, =),
1.83-2.21 {4H, m), 3.00 (3H, =), 2.25-3.97 (10H, m), 4.01, 4.8¢
(24, Abg, J = 13.5 Hz), 5.14 (iH, d, J = 5.1 Hz), 6.74 (1H, d, J
= 5.1 Hz), 6.72~-6.80 (3H, m}, 6.87 (1H, s).

LC/MS (ES +): 732 (M+H')

IR (KBr) cm™': 3194, 1778, 1595, 1530, 1490

Elementary analysis for CyyHi-N;01:5;+3.4KE:0

Calcd.: C, 47.01; H, 5.65; N, 12.23; 3, 8.05 (%)

Found.: €, 46.95; H, 5.57; N, 12.36; 3, B.09 (%)

[0146]

Example 25

Compound (I-25)

[Formula 102]

Cig
HN— o
2 :Hig/ﬁ 1 &\T;l\JAi\//\N/&\[::j:

d

COO
Me[\<<
COCH
"H-NMR (DMSO-d; + CD;OD) &(delta): 1.42 (3H, d, J = 6.9 Hz),

1.52-2.2% (4", m), 2.9% (3H, s), 3.08-4.00 (10H, m), 4.05, 4.920
(2H, ABg, J = 1Z Hz), 4.60 (IH, ¢, J = 6.9 Hz), 5.12 (1H, d, J =

5.1 Hz), 5.75 (1H, d, J = 5.1 Hz), 6.70-6.88 (3K, m).
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LC/MS (ES +): 752 (M+H")

TR (KBr) cm ': 3308, 1779, 1669, 1593, 1537, 1489, 1447
Elementary analysis for C3oH:yCIlN:O; 08,1 .8H,0

Calcd.: C, 45.44; H, 4.54; Cl, 5.01; N, 12.88 (%)
Found.: C, 45.82; H, 4.84; Ci, 4.51; N, 12.45 (%)

[0147]

Example 26

Compound {I-28)

[Formula 103]

s. Clo
H
HzN”4~:[{/ﬂ~N s OH
N™ T ;jf Zgl H
N\ o N e ; OH
o) o)

coo’
Me ¢
COOH

"H-NMR {DMSO-d:) &(delta): 1.43 (3H, d, J = 7.2Hz), 1.78-2.16 (6H,
m), 2.%3-3.82 (10H, m), 3.82, 5.03 (2H, ABg, J = 14.1 Hz), 4.60
(1H, g, J = 7.2 Hz), 4.74 (1H, d, J = 4.8 Hz), 5.54 (1H, dd, J =
4.8, 8.4 Hz), &.71 {1H, d J = 8.1 Hz), 6.30-6.40 (2H,m)}.

LC/MS (ES +): 752 (M+H")

IR (KBr) cm ! 13311, 1777, 1595, 1540, 1512, 1457

Elementary analysis for CypHs;ClN:C;,8: - 2.53H0

Calcd.: C, 45.10; H, 4.90; Cl, 4.59; N, 12.59 (%)

Found.: C, 45.20; H, 4.93; Cl, £.45; N, 12.30 (%)

{01487

Example 27

Compound (I-27)
[Formula 1041
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YH-NMR (D,0) S{delta): 1.29 (34, d, J = 6.9 Hz), 1.33-1.97 (8H,
m), 2.88-3.50 (11H, m), 4.38-4.67 (2H, m), 4.76 (1H, d, J = 5.1
Hz), .50 (iH, d, J = 5.1 Hz), 6.65 (14, d, J = 8.1 Hz), 6.98~
7.17 (Z2H, m).

LC/MS (ES +): 766 (M+H )

IR (KBr) cm ‘: 3929, 1776, 1594, 1543, 1447, 1397

[0149]

Example 28

Compound {I-28}

[Formula 1057

HoN— ]\(L [_)
Me” cooH o

TH-NMR (DMSO-dg) 8{delta): 1.43 (3H, s), 1.46 (3H, s), 1.50-2.22
(8H, m), 2.60-4.30 (11H, m), 3.85, 5.01 (2H, ABg, J = 12.9 Hz),
5.17 {1H, b, J = 4.8 Hz, 5.73 (14, dd, J = 4.8, 7.8}, 6.60-6.97
(4H, m), 7.27 (2H, bs), 9.49 (1H, bs).

LC/MS (ES +): 758 (M+H")

IR (KBr) cm ': 3196, 1778, 1590, 1530, 1444

Elementary analysis for Ci:Hae¢N;0:038;3.5H;0

Calecd.: C, 47.97; H, 5.51; N, 12.24 (%)

Found.: C, 48.28; H, 5.65; N, 11.9%4 (%)

[0150)
Example 28

Compound {(I-29)
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[Formula 106&]

S, oy
PQN%%ILYJ" S

H

R
nge coo”

Me” cooH

"H-NMR (DMSO-dg) &(delta): 1.44 (3H, s), 1.46 (3H, s}, 1.30-2.32
{6H, m), 2.60-4.06 (11H, m), 4.44-4.72 (1H, m), 4.83-5.03 (1H,
mj, 6.47-6.88 (3H, m), 7.28 (2H, bs).

LC/MS (ES +): 782 (M+H")}

IR (KBr) cm ': 3302, 2970, 1773, 1606, 1532, 1445

Elementary analysis for Ci;3H:eClN; 0,453, - 4.8H;0

Calcd.: C, 45.23; H, 5.63; Cl, 4.10; N, 10.89; 8, 7.08 (%)
Found.: C, 45.10; H, 5.46; Cl, 4.03; N, 11.16; 3, 7.30 (%)

(01511

Example 30

Compound (I-30)

[Fermula 107]

khNWQ
J\HL;;QVW/\OH

Me" coona o)

HE S

YH-NMR (D, 0) &(deltay: 1.34 {34, =), 1.36 {(3H, s}, 1.52-2.29 (8H,
m), 2.68-3.80 (11H, m), 3.88,4.53 (2H, BBqg, J = 13.8 Hz), 5.17
(14, d, J = 5.1 Hz), 5.71 (1H, d, J = 5.1 Hz), 6.60-6.82 (34, m).
LC/MS (ES +): 759 (M+H)

IR (KBr) cm”': 330%, 1772, 1588, 1526, 1448
[0152]

Example 31

Compound (I-31)
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[Formula 108]

L» yrets
R e

COONa

Ho N

TH-NMR (D, 0} 8(delta): 1.30 (3H, d, J = 6.% Hz), 1.55~2.28 (8H,
m), 2.63-4.10 (11H, m), 4.38-4.62 (2H, m), 5.17, &, J = 4.8 Hz,
5.72 {(1H, d, J = 4.8 Hz), 6.63-6.82 (3H, m).

LC/MS (ES +): 778 (M+HT)

IR {KBr) cm *: 3292, 1773, 1589, 1446, 1374

Elementary analysis for Cy:;H:sCIN; 0143 Na7.5H,0

caled.: C, 41.33; H, 5.86; Cl, 3.53; N, 10.31 (%)

Found.: C, 41.09; H, 5.39; C1, 3.79; N, 10.48 (%}

[0153]

Example 32

Compound (I-32)

[Formula 1083

CI
0Oy
H2N»<\
;Ljf‘// ~_-COH
0o’ \E:i; o
Menn< OH
COONa 0o Ci

LC/MS (ES +): 812 (M+H")

IR (KBr) cm *: 3313, 1772, 1599, 1541, 1449
[0154]

Example 33

Compound {I-33}
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[Formula 1107}

thN—ﬁ_lM{)m
coo®
Me~<
COONa

LC/MS (ES +): 845 (M+H")

IR (KBr) cm™': 3315,
[D155)

Exzample 34

Compound (I-34)

[Formula 1111}

Sy ©
N H
*hN*ﬁ/mT)LN s O
N i T ®
N }N A AN~y

H
" OH

N O

1769, 15397,

=]

ve. O COO

Me™ coona

ILS/ME8 (ES +3: 745 (M+ET)

IR (KBr) cm *: 3305,
[0156]
Example 35

Synthesis of Compound

1770, 1673,

(I-35;

128

Ci
OH
OH
0o Ci
1540
O

1589,

1521
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[Formala 112]
o
S
HN—, |
N:]:TrCONH s (T—}
Neg :I:gif;lxva+ OH
o] :
“wk coC \[::g
COOH OH

[-35 ©

o

S
BocHN o
o %NITCONH & O
| N OPMB

g
\““K COOPMB OPMB

COOBH @]
53

52
ci
s
BocHN— |
NIWCONH Sy O
T Neg ;[:g‘// N OPMB
o 9 1@
we COOPMB N
cooBH OPMB

0

e [-35

54

Step (1): Compound 52 + Compoﬁnd 43 — Compound 54

Compound 52 {3.65 g, 3.58 mmol) and Compound 532(1.%0 g, 2.58
mmol) were dissclved in dimethylformamide (10 ml}, followed by
stirring at room temperature for © hours. Toc the reaction
solution was added DMF (30ml), subseguently cooling to -40°C,
and then potassium 1lodide (4.16 g, 25.06 mmol) followed by
AcCl{1.022 ml, 14.32 mmol}) were added. After stirring for 1
hour under ice-cooling, The reaction sclution was poured te the
mixed solution of ethyl acetate and agueous NaHS3C; solution. The
organic layer was separated, washed with water, dried, and then
evaporated to yield Compound 54 as a powder. The resulting
Compound 54 was used for the next reaction without purification.
Step (2): Compound 54 - Compound (I-33)

Compound 54 (3.58 mmol) was dissolved in methylene chloride
{20 ml) and aniscle (3.9 ml}, fecllowed by cooling to ~30°C. 2M
AlCL; -nitromethane solution (17.9 ml, 35.8 mmol) was then added,

subsequently stirring for 30 minutes. To the reaction solution
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was then added 1i-Pr,0 (40 ml) followed by 2M-hydrochleric acid,
subsequently stirring for 5 minutes. As a result, c¢illy deposit
precipitated, The supernatant sclution was removed by
decantation, and then dilute hydrochloric acid and MeCN were
added to the deposit to dissolve. HP-205% resin was added to
the solution, followed by concentration, and then subjected into
HP~2038 column chromatography, subsequently eluting with water-
acetonitrile, Fractions containing the desired compound were
concentrated in wvacuo, and then Iyophilized to yield Compound
(I-3%) as a powder (180 mg, 6% yield).

Compound (I-35}):

"H-NMR (D,C)} 8{delta): 1.43 (3H, d, J = 6.9 Hz), 1.66-2.19 (8H,
m), 2.80-3.62 {(9H, m), 3.42, 3.75 (2H, BAbg, J = 15.6 Hz), 3.95,
4.98 (24, ARy, J = 12.9 Hz), 4.461 {(1H, g, & = 7.2 Hz), 5.14 {1H,
d, J = 5.1 Hz}, 5.71 {1H, dd, J = 4.8, 8.4 Hz), 6.45 (1H, m),

6.71 (1H, d, J = 8.1 Hz), 6.75 (1H, d, J = 8.1 Hz), 6.86 (1H, s),

7.43 (2H, bs), 9.32-9.68 (3H, m).

MS(ESIY: 778 % (M+H)

FEilementary analysis for CyoHigN+0155,CLy +5.5H, 0

o

Caled.: ©, 43.81; H, 5.40; ¥, 11.18; S, 7.31; Cl, 4.04

oo
E

Found.: C, 43.78; H, 5.26; N, 11.29; 8, 7.39; Cl, 3.93 (
[0157]

Exanple 37

Synthesis of Compound (I-37)

[Formula 113]

o o o ol
&Egzr”\NHz X Ho,i\Efij:OPMB FE;a,A\ﬁ/ﬁ\[i:IjJPMB
Z > oPmB N OPMB

56 62

Cl

BocHNvfjH)L ﬁ HaN— jYL j;’}l\/
>3/08ut o] OPMB OH Q

O

CFLCO0

64 -37

OH
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Step (1): Compound 62 - Compound 63

Toe a solution of Compound 62 (1L.72 g, 4.0 mmol) in
dimethylformamide (7 ml), under ice-cooling with stirring, was
added l-hydroxybenzotriazole {595 mg, 440 mmol ) and

hydrochloric acid salt of ethyldimethylaminopropylcarbodiimide
{843 mg, 4.40 mmol). After stirring at room temperature for 1
hour, the reaction solution was ilce-cooled again, a sclution of
Compound 36 {1.03 g, 7.37 mmol) in dimethvylformamide (3 mL) was
added over 5 minutes. After stirring at the same temperature
for 4 hours, the solvent was evaporated under reduced pressure.
The residue was poured inte cold water (30 mL}), and then
adjusted to pH 10 with 20% agueocus sodium carbonate solution.
The precipitation was filtrated, and then dried in vacuo to
yvield Compound 63 (1.99 g, 90% yield).

Compound &3:

YH-NMR (DMSO-dg ) di{delta): 1.4% (6K, t, J = 7.8 Hz), 2.95 (6H, t,
J = 7.8 Hz}y, 3.26 {(2H, d, J = &.3 Hz), 3.80 (3H, s}, 3.83 (3H,
sy, 4.%5 (ZH, =), 5.08 (2H, =), 6.36 (1H, t, €.3 Hz), 6.82~6.96
(58, m), 7.25 (1H, s), 7.31-7.36 (4H, m}, 7.47 (1H, d, T = 8.7
Hz}) .

Step {2): Compound 64 - Compound (I-37)

To @ solution of Compound &4 {637 mg, 0.8 mmcol) in
dimethylformamide (2.0 ml) was added Compound 63(507 mg, 0.92
mmol) and sodium bromide (165 mg, 1.6 mmol) under ice-cooling.
The reaction solution was stirred for 3 hours in a water bath at
15°c, and then dimethylformamide (4 mL) was added, and
subseguently cocled tc -40°C. At -40°C, phosphorus tribromide
{15% pL, l.6 mmol) was then added, followed by stirring at the
same temperature for 1 hour. The reaction solution was poured
inte 3% brine (200 miL), subsequently stirring for 13 minutes,
and then the precipitation was filtrated. The filter residue
was then dried in vacuo to yield a light brown solid. A
solution of *this solid in methylene chloride (4 ml) was added to
a solution of TFA (7.0 ml) with anisolé (746 ulL) under ice-

cooling with stirring. This reaction solution was stirred at
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rocom tempersture for 1.5 hours, and <tThen TFA was evapocrated
under reduced pressure, while maintaining the temperature of the
water bath at 25°C or below. The residue was added into
diisopropyl ether (80 mbL) under ice-cooling with stirring,
followed by filtrating the precipitation. The residue was
concentrated in vacwe to yield Compound (I-37) (808 mg, 68%
vield) as a powder.

Compound {(I-37):

TH-NMR (D, 0) S{delta): 1.48 (3H, s), 1.5C (3H, s}, 1.95 (6H, brs),
3.32-3.51 (8H, m), 3.88 (2ZH, m), 4.00 (1H, d, JT = 13.5 Hz), 5.35
(1, 4, J = 5.1 Hz), 5.86 (1H, 4, J = 5.1 Hz), 6.68 (lH, 4, J =
8.4 Hz), 6.73 (1, d, J = 8.4 Hz).

Elementary analysis for CipHz7CLE3N9 01,8, +4.0
H,0-0.4CF; COOH-0.3(C:H, OC3 Hy )

Calcd.: C, 42.15%5 ; H, 4.39 ; N, 2.01 y 8, 5.54 ; Cl, 3.53 ; F,
7.921 (%)

Found.: €, 42.24 ; H, 4.80 ; N, 9.42 ; 5, 6,16 ; C1, 3.41 ; ¥,
767 (%)

[0158]

Example 38

Synthesis of Compound (I-28)

[Formula 114]
l
BocHN—é)\])L Ha _4&} ., H
3; J;‘fv GZV L,
>X%/OBJ 7 TOPMB OH )

8]

O

61 i-38

Step (1l): Compound 61 - Compound {(I-38)

To a solution of Compound 61 {675 mg, 0.8 mmol) in
dimethylformamide (2.0 mL) was added Compound 63 (485 mg, 0.88
mmol) and sodium bromide (165 mg, 1.6 mmol) under ice-cooling.
The reaction solution was stirred for 3 hours in a water bath at

15°C, and then dimethylformamide (4 mlL} was added thereto, and
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subsequently coecled te -40°C. At -40°C, phosphorus tribromide
(151 uL, 1.6 mmol) was then added thereto, followed by stirring
at the same temperature for 1 hour. The reaction solution was
poured intce 5% brine (100 mE), subsequently stirring for 15
minutes, and then the precipitation was filtrated. The filter
reagidue was dried in wvacuo to vield a light breown solid. A
sclution of this solid in methylene chleride (4 ml) was added to
a solution of TFA{7.0 ml) with anisole (738 ul, &.76 mmol) under
ice-cocling with stirring. This reaction solution was stirred
at room temperature for 1.5 hours, and then TFA was evapcrated
under reduced pressure, while maintaining the temperature of the
water bath at 25°C or below. The residue was added into
diisopropyl ether (80 mL) under l1ce-cooling with stirring,
followed by filtrating the precipitation. This solid was dried,
dissolved 1in agueous scdium hydrogen carbonpate, and then
subiected into ODRE column chromatography, followed by eluting
the desired compound with water-acetonitriie. The fractions
containing the dezired compound were concentrated in vacpo, and
then the concentrated solution was lyophilized to vield a powder
(264 mg). This powder was dissolved in water/acetonitrile/0.1M
HC1l. HPZ0S3S was added thereto, concentrated, and then subjected
into HP column chromatography eluting the desired compound with
water-acetonitrile. The fractions containing the desired
compound were concentrated in vacuo, and then the concentrated
solution was lyophilized to vyield Compound {(I-38) (100 mg, 13%
yvield) as a powder.

Compound (I-38):

"H-NMR (D,0) S(delta): 1.52 (3H, s), 1.53 (3H, s), 1.94 (6H, t, J
= 7.5 Hz), 2.34-3.51 (9H, m), 3.85-3.91 (2H, m}, 4.58 (1H, 4, J

i

13.5 Hz), 5.35 (1H, d, J = 4.8 He), 5.88 (1H, d, J = 4.8 Hz),
6.85 (1H, d, J = 8.4 Hz}, 6.89 [(1H, d, J = B.4 Hzj.

Elementary analysis for Cy HzecCINgO105,°4.9 H O

Caled.: C, 43.07 ; H, 5.30 ; N, 12.89 ; 8, 7.06 (%)

Found.: €, 42.92 ; H, 5.30 ; N, 12.82 ; 5, 7.3% (%)

[0159]
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Example 41
Synthesis of Compound (I-41}

[Formula 115]

ff:p’“\,/\ o
= NH
PMBO._ N 2 N
| A _on 89 (i; H
PMBO N OFMB
0 COFMB
s 70
OPMB
OPMB

BOCHNM{L:H\T/HWQ*P—T‘E BocHN“”g }L\r:i_ﬁ s H
| N =
N S 1 j/:ij Y oAb

! N N
o O &
07 "OBH :><k o oBH &
COOBUY COOt8y
7 72

oH
7\
S o __/—OH
FﬁN“<‘jLw/ﬂ—ﬁ s N
N T
il I !/\Nf O
N, ;iN = Ny
o © @
A2
><COOH o~ o
{-41
5 Step {1): Compound 68 — Compound 70
Compound &8 (1.58 o 4.00 mmol ) was dissolived in

dichlorcmethane (30 ml), and then Compound 69 (0.48 ml, 4.00
mmol} and WSCD-HCl1 (%20 mg, 4.80 mmol) were added, followed by
stirring at room temperature for 3 hours. After adding water,

10 the organic laver was washed with water, washed with saturated
brine, and then dried over magnesium sulfate, subseguently
evaporating the solvent under reduced pressure. Diethyl ether
was added to the resulting residue, and then filtrated to yisld
Compound 70 ag a coleorless powder (1.71 g, 85% yield;.

15 Compound 70:
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YH~NMR (CDCl:;) 8(delta): 2.0% (2H, m), 3.43 (2H, m), 3.80 (3H, sV,
3.81 (34, s), 4.03 (2H, t, J = 6.9 Hz), 5.09 (2H, s}, 5.10 (2H,
sy, &.28 (lH, t, J = 6.5 Hz), 6.86-6.%1 (5H, m), 6.96 (1H, s,
7.06 (1H, s}, 7.20 (1lH, dd, J = 8.4, 2.0 Hz), 7.31-7.36 (4H, m),
7.45-7.50 (ZH, m).

Step (2): Compound 71 - Compcund 7Z - Compound (I-41)

Compound 71 (934 mg, 1.00 mmo 1) Was dissolved in
dimethylformamide (2 ml), and then Compound 70 (0.48 mi, 4.00
mmol) was added, followed by stirring at room temperature for
2.5 hours. Pimethylformamide (& ml) was added, and then the
reactlon solution was cooled to -40°C. Subsegquently, potassium
iodide (1.16 g, 7.00 mmol) and acetyl chloride (0.357 ml, 5.00
mmol) were added, and the mixture was allowed to warm up to 0°C
over 1 hour and further stirring at 0°C for 1 hour. Ethyl
acetate and agquecus NaHS0; soluticon were added. The organic
laver was washed with water, washed with saturated brine, dried
over magnesium éulfate, filtrated, and then concentrated Iin
vacuo to yield Compound 72 as a powder.

The above-described crude Compound 72 (1.42 g) was dissolved
in methylene chloride {15 mwml} and anisole (1.1 mly, and
subsequently cooled to -25°C. 2M AlCL; —nitromethane solutlon
(5.0 ml) was added, followed by stirring at temperature between

-25°C and -5°C for 1 hour. The reaction solutien was then

transferred intoe a solution of IN-HCl:MeCN (1:1) at 0°C.

Diisopropyl ether was  added, followed Dby separation and
extraction. To the agueous layer was added HP-203838 resin, and
then acetonitrile was evaporated under reduced pressure. The

mixed solution was subjected into HPF-208S5 column chromatography

eluting the desired compound with acetonitrile-water. Fractions
containing the desired compound were collected, and then
concentrated in vacuo. The concentrated scolution was

lyophilized to yield Compound (I-41} as a powder (470 mg, &0%
yvield}.

Compound {I-41):



10

136

TH-NMR (DMSCO-ds ) S(delta): 1.42 (&H, br), 2.05 (2H, hr), 3.

4.20 (6H, m), 4.87 (iH, d, T = 12.0 Hz), 5.03 {(1H, m), 5.15
d, J = 12.0 Hz), 5.71 (iH, wm), 6.71 (1H, s}, 6.77 {lH, d,
4.0 Hz), 7.16¢ {1H, d, I = 4.0 Hz}, 7.2Z8 (3H, br}, 7.76 (1H,
7.93 (1H, =), 8.27 {(1H, bry, 9.Z28 (1H, =), 2.52 {1lH, br}.
MS{ESI): 729 ' (M+H)

Elementary analysis for CagHzNgQy 8, +3.0H,0

Caled.: C, 45.88; H, 4.78; N, 14.53; 5, B.44 (%)

Tound.: C, 46.032; H, 4.85; N, 14.3%1; 3, 8.19 (%)

[0160]

Example 42

Synthesis of Compound (I-42)



137

[Formula 116]

H

N o N
[ CI/\[( ~ /N

1\f> * o E\@ )

73 74 75

OFMB
I '
N OPMB N OFMB

H R
78

OPMB

OPMB

S
BocHN— || [ H 9 BOCHN"<\ o QOPMB
N s -
l 7 //.\N\)Lg
%w

N
/&Ii:_c;ﬂzi%;l\v//' N‘ 4#—N =

ey o OB 4
COOt-Bu COOr-Bu

79
71

Step (1;: Compound 72 + Compound 74 - Compound 75 — Compound 76
To Compound 73 (2.04 g, 30.0 mmol) was added toluene (8 ml),
5 dimethylformamide (0.8 mL), potassium lodide (199 mg, 1.2 mmol),
and potassium carbonate (3.73 g, 27 mmol), subsequently stirring
at room temperature for 15 minutes. To the reaction sclutiocon
was added Compound 74 (2.94 ml, 45 mmol), followed by stirring
at 65°C for 2 hours. Ethyl acetate and waler were added to the
10 reaction solution. The organic layer was washed with water,

washed with saturated brine, dried over magnesium sulfate,



10

15

20

25

30

138

filtrated, and then concentrated in wvacue to yield Compound
T5(3.28 g).

To Compound 75 {3.2Z8 g, 23.4 mmol} was added water (10 mli},
followed by heating at reflux for 5 hours, The reaction
sclution was concentrated, followed by adding methancl thereto,
and then filtration vielded Compound 76 (3.28 g).

Compound 756: )

'H-NMR (DMSO-dg ) 5(délta): 4.82 (24, s}, 6.89% {1H, s}y, 7.14 (1iH,
), 7.63 {(1H, s).

Step (2): Compound 76 + Compound 77 - Compound 78

To Compound 76 (126 mg, 1.0 mmol) was added dichloromethane {4
ml), Compound 77 (365 mg, 1.0C mmol), and WSCD-HCI1 (249 mg, 1.30
mmol}, followed by stirring at 0°C for 1 hour and then at room
temperature for 1 hour. Dimethylformamide (2 ml} was added,

subsequently stirring for 1 hour, and then concentrated in vacuo

te evaporate dichloromethane. Dimethylformamide (2 ml) was
added, and then allowed to stand for 2 days. Dichlorcmethane
and water were then added. The organic laver was washed with

water, washed with saturated brine, dried over magnesium sulfate,
and then filtrated to yield Compound 78 (3% mg, 58% yield, 70%
potency) .

Step (3): Compound 71 + Compcund 78 - Compound 72 - Compound (I~
42)

Compound 71 (538 my, 0.58 mmol) was dissclved in
dimethylformamide {2 ml}), and then Compound 78 (35%0 mg, (.58
mmol, 70% potency) was added thereto, followed by stirring at
0°C for 2 hours and then at room temperaturs for 3 hours.
Dimethylformamide (6 ml} was added, and then the reaction
solution was cooled to -40°C. Subseqguently, potassium ilodide
(670 mg, £4.04 mmol) and acetyl chloride (0.206 ml, 2.88 mmol)
were added, followed by stirring at -40°C for 30 minutes and
further at 0°C for 1 hour. Ethyl acetate and aguecus NaHSO,
soluticn were added. The organic layer was washed with water,

washed with saturated brine, dried over magnesium gsulfate,
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filtrated, and then concentrated in vacuo to yield Compound 79
as a powder.

The above-described crude Compound 7% was dissolved in
methylene chloride {10 ml} and aniscle (0.63 ml), followed by
cooling toe -30°C. 2M AlCl;-nitromethans solution (2.8% ml) was
added thereto, subseguently stirring at temperature between -
30°c and -10°C for 1  hour. | The reaction solution was
ftransferred intoe a soluticon of 1N-HCL:MeCN {1:1) at 0°C.
Diisopropyl ether was added, and then the sclution was separated.
HP-2053 resin was added to the aquecus layer, and then
acetonitrile was evaporated under reduced pressure. The mixed
solution was subjected inte HP-20388 ceolumn chromatography,
subseguently eluting the desired compound with acetonitrile-
water. Fractions containing the desired compound were collected,
and then concentrated in vacuo. The concentrated solution was
lyophilized to yield Ceompound (I-42) as a powder (70 mg, 17%
vield).

Compound (I-42):

YH-NMR  (DMSO-dg ) S(delta): 1.42 (8H, d, J = 5.6 Hz)y, 2.%1-3.91
(2H, m}, 4.77 (1H, 4, J = 13.6 Hz), 4.%% {(1H, m), 5.11 (2H, br},
3.20 (1iH, d, J = 13.6 Hz), 5.66 (iLH, m}, 6.58 (1H, d, J = 8.4
Hz), 6.64 (1H, s}, &.74 (1H, d, J = 8.4 Hz), 7.04 {(iH, s}, 7.20
(1H, bxy, 7.63 (iH, =), 7.91 (1H, s}, 8.29 (iH, s}, ©.50 ({1H,
br), 10.4 (1H, s).

MS(ESI): 701 © (M+H) *

Elementary analysis for CrpHpeNgO1(3; *4.4H;0

Calcd.: C, 43.02; H, 4.53; N, 14.33; S, 8.50 (%)

Found.: <, 43.12; H, 4.76; N, 14.37; 8, 8.22 (%)

[clel)

Example 43

Synthesls of Compound (II-1)
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[Formula 117]
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Step {(1): Compound la — Compound 1d

i

Ceompound  1la (2 g, 7.5L mmel) was disolved in methyliene
chleride (30 mL), followed by cooling to ~30°C, and then
methylhydrazine (0.402 mL, 7.51 mmol) was added thereto,
subsequently stirring for 40 minutes. The reacticn sclution was

filtrated, and then to the filtrate was added methanol (15 mbL}
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followed by Compound lc  {2.043 g, 7.51 mmol), subseguently
stirring. The reaction solution was concentrated in vacue, and
then to the residue was purliied water, followed by extraction
with ethyl acetate. The separated organic layer was washed with
purified water, washed with saturated brine, and then dried over
anhydrous magnesium sulfate. Magnesium sulfate was removed by
filtration, and then the sclvent was evaporated under reduced
pressure to yield Compound l1d as a yellow coily substance (3.96 g,
100% yield.}.
'H-NMR (CDCly) 8{delta): 7.40-7.13 (10H, m), 6.86 (1H, s), 5.71-
5.56 (2H, m), 1.11 (%H, s).
Step {2): Compound 1d - Compound le

Hydrochloric acid salt {(3.41 g, 7.5%6 mmol) of diphenylmethyl
T-amino-3-chloromethyl-3-cephem-4-carboxylate was suspended in
ethyl acetate (40 ml), and then Compound 1d was added thereto,
and subsequently coecled te —-40°C. To the reaction solution was
added phenyl dichlorophosphate {1.356 ml, %.08 mmol), and then
added drop-wise N-methylmorpholine (2,459 mi, 22.69% rmmocl),
followed by stirring at -~40°C. To the reaction solution was
then added aqueocus 10% succinic acid solution. The organic
layer was separated, washed with agueous 5% sodium hydrogen
carbonate, washed with purified water, and then washed with
saturated brine, The organic layer was dried over anhydrous
magnesium sulfate, and then magnesium sulfate was removed by
filtration. The s=olvent was evaporated under reduced pressure,
and then the resulting residue was purified by silica gel
chromatography to vield le as a yellow oily substance (3.65 g,
48% vyield).
PH-NMR (CDCl:) S{delta): 7.46-7.20 (21H, m), 6.%3 (1H, s), 6.92
{1H, =), 5.8%9 (1#, dd, J = 9.2, 5.0 Hz}), 5.87 {(1H#, d, J = 1.8
Hz), 5.63 ({(1H, d, J = 1.8 Hz}, 4.87 (1H, d, J = 5.0 Hz), 4.47
{1, d, J = 12.0 Hz}, 4.2% (1H, d, J = 11.1 Hz}, 3.42 (1H, d, J
= 18.5 Hz), 3.23 (1iH, 4, J = 18.8 Hz), 1.52 (9H, s).

Step (3): Compound le - Compound 1f
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Compound le {(3.67 g, 3.71 mmol) was dissolved in methylene
chloride (40 mL), and subsequently cooled to -30G°C. 65% m-
chloroperbenzeic acid {0.%84 g, 2.71 mmol) was added, followed
by stirring for 80 minutes. Aguecus 1% sodium hydrogen sulfite
solution {40 mlL)} was added, and then the organic layer was
separated. The organic layer washed with aguesous 5% sodium
hydrogen carbonate, washed with purified water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by IfLiltration, and then the
sclvent was evaporated under reduced pressure. The resulting
residue was subjected into silica gel chromatography to vyield
Compound 1f as a yellow oily substance (2.67 g, 77% yield}.

"H-NMR {CDCl:) &(delta): 7.49-7.26 (24H, m), 6.94 {1H, s}, 6.89
(14, s}, 6.16 (iH, dd, J = 9.8, 4.7 Hz};, 5.75 (1H, d, J = 2.0
Hz), 5.57 (1H, 4, J = 2.0 Hz}, 5.29 (1H, br s), 4£4.88 (1H, &, J =
12.¢ Hz), 4.13-4.10 (1H, m}, 3.37 (1H, d, J = 18.6 Hz), 2.81 (1H,
d, J = 19.7 Hz), 1.52 (%H, s).

Step {4): Compound 1f - Compound lg

Compound 1€ (2.67 q, 2.8 Smmol) Was dissolved in

tetrahydrofuran (25 mL), and then degassed under light-shielded

condition. Under nitrogen atmosphere, to the reaction solution
was then added potassium iodide {1.28 g, 8.55  mmol},
subseguently stirring. To the reaction scolution was then added

aqueous 4% sodium hydrogensulfite solution (253 mi), followed by
extraction Zrom the agqueous layer with ethyl acetate. The
separated organic layer was washed with purified water, washed
with saturated brine, and then dried over anhydrous magnesium
sulfate. Magnesium sulfate was remowved by filtration, and then
the sclvent was evaporated under reduced pressure to vyield
Compound lg as a yellow olly substance.

'H~NMR (CDCl.) S8(delta): 7.50-7.26 (36H, m), 6.98 {(1H, s), 6.90
{1H, =), 6.12 (14, dd, J = 8.5, 4.6 Hz), 5.73 ({(1H, d, T = 1.9
Hz}, .54 (1H, d, J = 1.9 Hz), 5.28 [(1H, br s}, 4.74 (1H, 4, JT =
9.3 Hz), 4.10-4.04 (1H, m), 3.30 (1H, d, J = 17.2 Hz), 2.96 (1H,

d, J = 18.1 Hz), 1.59-1.47 (9H, m;.
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Step (5): Compound lg - Compound 11 - Compound (II-1)

Compound ig {(1.12 d, 1 mrneld ) was dissolved in
dimethylacetamide (3 mlL}, and then Compound 1h (659 mg, 1 mmol)
was added thereto, subsequently stirring at room temperature for
five and half hours. To the reaction solution was added
purified water, followed by extracticon with ethyl acetate. The
organic layer was washed with purified water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the
solvent was evaporated under reduced pressure to yield Compound
11,

Then, Compound 1i was dissolved in methylene chloride (15 ml),
and subsequently cooled to -50°C. To the reaction solution was
then added phosphorus tribromide (0.189 miL, 2 mmol), followed by
stirring at -50°C for 1 hour. Z&nisole (1.09 mlL, 10 mmol) and 2
mel/L aluminuwn chloride/nitromethane solution (5 mL, 10 mmol)
were then added thereto, followed by stirring at 0°C. To the
reaction solution was then added purified water (30 ml) and
diisopropyl ether (50 mi). To the reaction solution was added
acetonitrile and 2 N  hyvdrochloric acid, and then  the
precipitation was dissolved, subsequently the aqueous laver was
separated. The organic laver was extracted with a mixed
sclution of water/acetonlitrile/dilute hydrochloric acid, and
then to the combined agqueocus layer was HF20SS resin, followed by
concentration. The concentrated suspension was subjected into
HP20388/0DS column chromatography, subsequently eluting with
water-acetonitrile. An agueous 0.2 N sodium hydroxide solution
was used for fractions containing the desired compound to obtain
a sodium salt, and then concentrated in vacue. The concentrated
solution was lyophilized to yield Compound (II-1} as a powder
(245 mg, 32% yield).

MS (m+l) = 736.00
BElementary analysis for CysHpeCliN.0:0SMNay (Ha0) 4 s {NadCO:) 1,
Caled.: C, 38.81; H, 4.23; Cl, 3.81; N, 10.52; 3, 6.88; Na, 5.18

Found.: <, 38.56; H, 4.20; C1, 4.55; N, 11.08; 53, 7.19; Na, 5.38

o
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"H-NMR (D,0) &{delta): 7.18 (1H, s), 6.78-6.75 (2H, m), 5.91 (1H,
d, J = 4.9 Hz), 5.32-5.28 (2H, m), 5.15 (lH, br s), 4.74-4.82
(1H, m), 4.10 (3H, d, J = 13.3 Hz), 3.82-3.54 {(13H, m), 2.21-
2.07 (5H, m).

(0162]

Example 44

Synthesis of Compound (II-2)
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[Formula 118]
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Step (1): Compound Za - Compound IZb
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Compound Z2a {(3.77 g, 8.44 mmel) was suspended in diethyl ether
{280 mL), and then an ether =solution (100 mL) of diazomsthane
{29.1 mmel), prepared from N-methyl-N-nitrosocurea (3 g, 29.1
mmol), was added. After stirring at 0°C overnight, diethyl
ether was concentrated in vacuo until the volume reached about
200 mL, and then filtrated. Collection of the filtrated residue
yielded Compound 2zb (2.911 g, 70% yield). This was used for the
next step (Z) without purification, etfc.

Step (2): Compound 2b - Compound Zc

Compound 2b {2.9%11 g, 6.59 mmol) was suspended in toluene (30
mL}, and then subjected to heating at reflux for 8 heours and 30
minutes. After the reaction solution was cooled, the
precipitated selid was flltrated, and then dried in vacue to
yvield Compound Zc (1.35 g, 3.28 mmol).

*H-NMR (DMSO-d¢) d{delta): 7.85 (4H, s), 7.50-7.21 (1i0H, m), 6.8%6
(1H, sy, 1.78 (2H, dd, T = 8.6, 5.4 Hz}, 1.52 (2H, ad, J = 8.6,
5.4 Hz}.

Step (3): Compound 2¢ - Compound 2g

Compound Zc (1.35 g, 2.27 mmeol) was used, and treated
similarly as described above to yileid Compound 2Zg {2.52 g, 82%
vield;.

"H-NMR (CDCly) 8(delta): 8.19 (1H, br s), 8.02 (1H, d, J = 9.1
Hzy, 7.49-7.18 (27H, m), 6.97 (1H, =), 6.8% (1H, s), 5.98 (1H,
dd, J = 2.1, 5.0 Hz), 5.02 (1H, d, J = 5.0 Hz), 4.52 {(1H, 4, J =
11.8 Hz)y, 4.32 (1H, d, J = 11.8 Hz), 3.48 (iH, d, J = 18.3 Hz),
2.23 (1H, d, J = 18.3 Hz), 1.75-1.54 (15%H, m).

Step (4): Compound 2g - Compound 2Zh

Compound Zg (2.32 g, 2.5 mmel) was used, and treated similarly
to described above to yield Compound 2h (2.07 g, 87% vield).
VH-NMR  (CDCL,) 8(delta): 8.32 (1H, br s), 7.86 (lH, d, J = 9.7
Hz)y, 7.49-7.20 (274, m), 6.%7 (iH, s}, 6.81 (iH, =), 6.16 (1H,
dd, J = 9.7, 4.5 Hzy, 4.20 (1iH, d, J = 13.4 Hz), 4.54 (1H, dd, J
= 4.6, 1.3 Hz), 4.18 (i#, d, J = 12.3 Hz), 3.73 (18, d, J = 18.5
¥z), 3.32 (1H, d, J = 18.6 Hz), 1.64-1.53 (15H, m).

Step (5): Compound 2h — Compound 2i
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Compound Z2h (2.07 g, 2.18 mmol) was used, and *htreated
similarly as described above to yield Compound 2Zi (2.23 g, 21%
yvield).

TH-NMR (CDCls) &{delta): 8.36 {(1H, br s), 7.86 (1H, &, J = 9.7
Hz}, 7.50-7.1C (23H, m), 6.92% (lH, s}, 6.90 (1H, s), 6.11 ({14,
dd, J = 9.7, 4.8% Hz), 4.75 (iH, d, J = 9.0 Hz), 4.52 (1H, dd, J
= 4.9, 1.1 Hz), 4.07 (14, 4, J = 9.5 Hz), 3.66 (14, d, J = 18.8
Hz), 3.49 (1H, d, J = 18.8 Hz), 1.69-1.43 (15H, m).

Step (6): Compound 2i - Compound 2k - Compound {II-2)

Compound 2i (1.12 g, 1 mmol} was used, and treated similarly
ags described above te yield Compound (II-2)} (312 mg, 40% yield).
M3 {m+1) = 750.00
Elementary analysis for
CapHC1N.0153;Na (Hp0) 2 (WaHCO;) 1 {(NaCl)y s {HoC) g5
Calcd.: C, 36.46; H, 4.01; Cl, B.68; N, 9.60; 8, 6.28; Na, 7.88
Found.: C, 36.48; H, 4.15; Cl, 4.26; N, ©.82; 8, 6.33; Na, 7.93
'H-NMR (D;0) &(delta): 7.03 (iH, br s}, 6.84-6.73 (2H, m), 5.84
(1, d, J = 4.5 Hz), 5.34 {lH, d, J = 4.5 Hz), 4.76~4.71 (1lH, m),
4.11 (1H, d, J = 13.3 Hz), 3.98-3.42 (11H, m), 2.31-2.05 (4H, m),
1.43-1.17 (4H, m).

(01631
Example 45

Synthesis of Compound (II-3)
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[Formula 119}
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Step (1): Compound 32a - Compound 3b

Compound Ra (18.6 g, 5g.4 o 1) was dissolved in
tetrahydrofuran (190 mlL), and then N-hydroxyphthalimide (11.44 g,

70.1 mmel) and triphenylphosphine (18.32 g, 70.1 mmol) were

added thereto. Te the reaction sclution was then added drop-
wise diisopropyl azodicarboxylate (13.63 mL, 0.1 mmol),
subseguently stirring at room temperature. The reaction

soluticon was concentrated in vacuo, and then to the resulting
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residue was added methancl (300 mL), followed by stirring at 0°C.

The precipitated solid was filtrated and then dried under

reduced pressure to yield Compound 3b (8.70 g, 32% yield).

'HoNMR (CDCL, )

d{delta): 7.77-7.62 (44, m}, 7.56 (2H, dd, JT = 7.7,

1.7 Hzy, 7.39-7.36 (3dH, m), 7.31-7.23 {7H, m), 7.18~7.15 (3H, m},

7.09-7.01 {(ZH,

m}, 6.93 (1H, s), &.04 (1H, s).

Step (2): Compound 3b - Compound (II~3)

Compound 3b

(4.63 g, 10 mmel) was used, and treated similarly

to described above to yield Compound 3c. Compound 3¢ (1.0868 g,

1 mmol) was dissolved in methylene chloride (10 ml), and then

Compound 3d (0.588 g, 1 mmel), hydrochloric acid salt (0.23 g,

1.2 mmel) of L1-{dimethylaminopropyl)-3~ethylcarbodiimide, and

pyridine (0.105 mi, 1.3 mmol) were added thereto, foliowed by

stirring at -10°C Ffor 1 hour. To the reaction solution was

added purified water, followed by extraction from adqueous layer

with methylene chloride. The organic layer was washed with

purified wate

r, washed with saturated Dbrine, and dried over

anhydrous magnesium sulfate. Magnesium sulfate was removed by

filtration, and then the solvent was evapcrated under reduced

pressure to yield Compound 3e.

Then Compou

nd 3e was dissolved in methylene chloride (15 mL},

and subsequently cooled to ~30°C. Anisole (1.1 mL, 10 mmol) and

2 mel/L aluminum chloride/nitromethane sclution (5 mL, 10 mmol)

were added,
sélution was
ether (50 mil)
added to th
precipitation,

organic layer

followed by stirring at 0°C. To the resaction
then added purified water (30 mL) and diisopropyl
. Acetonitrile and 2 N hydrochloric acid were
e Treated reaction solution to dissolve the

then the agueous layer was separated. The

was extracted with a mixed scolutien of purified

water/acetonitrile/dilute hydrochloric acid, and then EP203S

resin was added to the ceombined agueous lavers, followed by

concentration.

The concentrated suspension was subjected into

HP2083/008  column chromatography, subseguently eluting the

desired comp

acetonitrile,

cund with  aguecus dilute  hydrochloric  acid-

and then fractions containing the desired compound
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were cconcentrated In  vacuo. The concentrated sclution was
lyophilized to vyield Compound (II-3) as a powder (81 mg, 11%
yvield).

Elementary analysis for CiHzClN.01038, {H00 4 (HCL), 5

Calcd.: C, 44.05; H, 4.73; Cl, %.56; N, 10.58; 3, 6.92

Found.: C, 43.80; H, 4.55; C1, 9.53; N, 10.41; 8, 6.65

'H-NMR (DMSO-d;) 8{delta): 10.20 (iH, br s), 9.64 (1H, d, J = 7.C
Hzy, B.53 (1H, br s), 7.51-7.36 (6H, m), 6.85-6.75 (3H, m), 5.54
(i, &4, J = 8.0, 5.6 Hz), 5.58 (1H, =), 3.26¢ {(1H, d, J = 5.0
Hz)y, 4.63 (1H, d, J = 13.7 Hz), 4.30 (1H, d, J = 14.3 Hz), 3.93
{1, d, J = 16.6 Hz), 3.69-3.50 (8H, m), 2.17-1.96 (4B, br m).
[0164]

Example 46

Synthegls of Compound (II-4)
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[Formula 120]
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Step (1): Compound 4a — Compound 4c
D~arginine 4a (10.42 g, 70 mmol) was dissclved in agueous 2 N
sulfuric acid soluticn, and then potassium bromide was added

thereto, and subseqguently cooled to -10°C. Sodium nitrite (9.58
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g, 139 mmol)
by stirring.
tetrahyvdrofuran,

anhydrous magnesium sulfate.
filtration,

pressure to yield 131

The

and then the

reaction

and then the

162

was then added to the

reaction solution,

goluticn  was

organic

solvent was

foliowed
extracted with
dried over

layver was

Magnesium sulfate was removed by

evaporated under reduced

.14 g of Compound é4b.

Compound 4b (5.88 g) was suspended in chleroform (60 mL) and
tetrahydrofuran (30 mL), diphenyldiazomethane (6.12 g, 31.5
mrol), followed by stirring at room temperature for twe and half

hours.

The reacticn solution was

concentrated in wvacuo,

and

then ethyl acetate and agueous 5% seodium hydrogen carbonate were

added,

layer was

brine, and then
Magnesium sulfate
solvent was

residue was

Compound 4c as an oily substance

1 H~NMR

(1H,

dd,

(CDC1ls)

J = 8

(18, dd, J = 15.7,

Step

{2):

dried over

was

evaporated under

subjected 1into

N-hydroxyphthalimide

dimethylformamide

(8.62 g, 78% yield).

d({delta): 7.42-7.30 (14H, m), &.87 (1H, =), 4.81
.1, 6.6 Hz), 3.1¢é (1H, dd, J = 15.7, 8.1 Hz), 2.88

6.5 Hz).

Compound 4c¢ - Compound 4d

(7,77 g, 47.7 mmol)y was dissolved in
{85 mL}, and then potassium carbonate (4.%4% g,
s added theretc, subsequently stirring at room

35.7 mmol} wa

temperature.

of Compound 4c

followed by stirring

minutes.

purified

filtrated.

The

The

water

resulting

(8.

reaction

’

solid was

03 g,

anhydrous

washed with purified water,

removed by filtration,

23.83 mmol)

solution

dried in vacuo to yield Compound 4d

! H-NMR

6.

g1

(1H,

{CDC1s)

3y
Sy

d{d
.51

elta):

(1H,

7.78-7
kr s),

71
5.45

reduced pressure.

subseguently separating the organic layer.
washed with
magnesium

and then

The organic

saturated
sulfate.

the

The resulting

in dimethylformamide

was poured 1

filtrated,

(1

{4H, m), 7.35-7.22

(

nto

and then the precipitated amorphous

at room temperature for 6 hours

400

(45 mL},
and 40
mL of

silica gel chromatography to vyield

To the reactlon solution was then added a scolution

solid was

The obtained solid was then suspended in methanol.

and then the residue was

.83 g, 17%).

H, br s),

3.25

(1H,

{1CH,

dd,

\
my

J
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= 7.5, 5.0 Hz), 3.04 (1H, dd, J = 1.5, 7.5 Hz), 2.95 (1lH, dd, J
= 16.5, 5.0 Hz).
Step (3): Compound 4d - Compound (II-4)

Compound 4d was used, and treated similarly as described above.
to yield Compound (II-4) (88 mg, 11% yield).
MS (m+l) = 781.03
Elementary analysis for CioHzsClNg0y15, (H20) 3,5 (HCL) g s
Calcd.: C, 4£1.52; H, 4.77; Cl, 6.13; N, 12.91; 8, 7.38
Found.: €, 41.52; H, 4.73; Cl, ©.29; N, 12.54; 3, 7.48
*H-NMR (DMSO-d¢) 8(delta): 10.23 (1HE, br s), %.47 (1H, 4, J = 8.2
Hz), 9.34 (1H, br s), 8.45 {(1H, br s), 7.42 (lH, br s), 7.29% (2H,
s), &.97 (1H, br s}, 6.81-6.73 (3H, m), 5.78 (lH, dd, T = 8.2,
5.0 Hz), 5.19 (14, d, J = 5.2 Hz), 5.00-4.87 (2H, m), 4.02 (1H,
d, J = 13.1 Hz), 3.88 (1H, d, J = 17.1 Hz}, 3.81-3.17 (6H, m),
2.64 (2H, d, J = 6.4 Hz), 2.16-1.%8 (4H, m}.
[0165]
Example 47
Synthesis of Compound (1I-5)
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[Formula 121]
S o
HN— |
NLKLNH: Q\/ﬁ

ii-5

QJQ
% B‘o OMe

% ;& P Clu_~_OMe oH
| OMe 5b ] ¢l OH
Ty N o
OMe N~ |
| N Her
5d

Sa ¢

OPMB

! A S ——
N COOt—Bu
5e
5f
Step (1): Compound 5a - Compound 3¢
Compound S5a (Ref. Journal of  Labelled  Compound and

5 Radiopharmaceuticals 45; 5; 2002; 371-378) {1194 mg, 4 mmol) was
dissolved in 1,4-dicoxane {10 mLj}. Then purified water (1 mL},
Compound 5b (820 mg, 4 mmol}, potassium carbonate (1658 mg, 12
mmol), and tetrakistriphenylphosphine palladium ({231 mg, 0.2
mmol) were added thereto in turn, followed by heating at reflux.

10 Purified water was added to the reaction solution, followed by
extraction from the aqueous layer with ethyl acetate. The

and then washed

crganic layer was washed with purified water,

with saturated brine. Lfter the organic layer was dried over

OPMB BGCHN—<\ cl OPMB
cl OPMB NH
: lk -
OBH

-5
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anhydrous magnesium sulfate, magnesium sulfate was removed by
filtration, and then the solvent was evaporated under reduced
pressure. To the resulting residue was then added diisopropyl
ether. 1Insolubles were filtrated, washed with diisopropyl ether,
and then dried in wvacuc to yield Compound b5c {415 mg, 42% yield;).
YH~NMR (CDCl;) 8{delta): 8.64 (2H, dd, J = 4.5, 1.6 Hz), 7.35% (2H,
dd, § = 4.5, 1.6 Hz}, 7.05 (1H, d, J = 8.5 Hz), 6.9%1 (iH, d, J =
8.5 Hz), 3.93 (3H, s), 3.91 {(3H, s).

Step (2): Compound 5c¢ — Compound 5d

Compound 5c¢ (415 mg, 1.66 mmol) was dissolved in methylene
chloride (4 mL), and then a 1 mol/L solution of boron tribromide
in methylene chloride (4.16 mL, 4.16 mmol} was added thereto,
followed by stirring at room temperature for 30 minutes. To the
reacticn scolution was added methancol, and then the solvent was
evaporated under reduced pressure. The resulting residue was
filtrated, washed with methylene chloride, and then dried in
vacuo to yield Compound 3d.

'H~NMR (D,0) Si{delta): 8.74 (2H, d, J = 6.4 Hz}, B.14 (2H, 4, J =
6.4 #Hz), 7.06 (1H, d, J = 8.5 Hz), 7.01 (1H, d, J = 8.5 Hz).
Step (3): Compcund 5d - Compound 5Se

Compound 5d (332 mg, 1.087 mmol) was suspended  in
dimethylformamide (3 mL), and then potassium carbonate (531 mg,
3.84 mmol) and 4-methoxybenzyl chloride (0.32% mL, 2.414 mmol)
were added thereto in turn, subsequently stirring at room
temperature. Purified water was then added to the reaction
sclution, followed by extraction from the agueocus layer with
ethyl acetate. The organic layer was washed with purified water,
and then washed with saturated brine. The organic layer was
dried over anhydrous magnesium sulfate, subsequently removing
magnesium sulfate by filtration, and then the solwvent was
evaporated under reduced pressure. The resulting residue was
subjtected intce silica gel chromatography to yield Compound 3e
(276 mg, 55% yield).

*H-NMR (CDCly) &(delta): 8.65 (2H, dt, J = 7.6, 2.7 Hz), 7.37 (6H,
dt, J = 9.5, 3.6 Hz), 7.03-6.97 (2H, m), 6.93 (2H, ddd, I = 9.3,
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5.0, 2.5 Hz), 6.84 (2H, dt, T = 9.2, 2.5 Hz), 5.10 (2H, =), 5.01
{24, sy, 3.84 {(3H, =), 3.80C (3H, s).
Step (4): Compound 5e - Compound 5f — Compound {II-5)

Compound 5e (27¢ mg, 0.598 mmecl) was used, and treated
gimilarly as described above to vyield Compound (I1-5) {240 mg,
58% yield).

MS (m+l) = 688.08

Elementary analysis for CupHClNegOeS, (H20) 2.6

Caled.: C, 45.70; H, 4.14; €1, 4.8Z; N, 11.4Z2; s, 8.71

Found.: C, 45.%96; H, 4.05; Ci, 4.85; ¥, 11.3%; 5, 8.36

YH-NMR (DMSO-dg¢) S(delta): 9.44~9.36 (3H, m), 8.21 (2H, 4, JT =
&.7 Hz), 7.27 (2H, s), 6.5%4 (2H, s}, €6.69 (1H, =)}, 5.73 (iH, dd,
J = 8.3, 5.0 Hz}, 5.64 (14, d, J = 13.4 Hz), 5.14-5.04 (ZH, m},
3.56 (id, d, J = 17.8 Hz), 3.15 (1H, 4, J = 17.8 Hz), 1.40 (6H,
sy,

[0166]

Example 48

Synthesis of Compound (II-6)
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[Formula 122]

S 0
HN— | NH g
N, NN, OH
o0 f [ o
Coo" P>
COONa OH

[ OMe &b !
OMe L e
ga : éc 6d
OPMB S
ol OPMB BocHN— B\i
= 7[ N
£ !
NS . N
LA
be
6f
Step (1): Compound 6a - Compound 6C
Conpound 6a (2.5%% g, 10 mmol) and Compound &b (2.26 ¢, 11

mmel) were used, and treated similarly as described above to
vield Compound 6¢c (1.92 g, 77% yield).
YPH-NME (CDC1,) S{delta): 8.88-8.62 (1H, m}, 8.59 (1H, td, J = 3.1,
1.6 Hz), 7.76 (1H, dtd, T = 7.8, 1.6, 1.6 Hz), 7.34 (1H, ddt, J
= 7.8, 4.8, 1.1 Hz), 7.05 (1Y, dd, J = 8.6, 1.2 Hz), 6.5%2 (IiH,
dd, J = 8.6, 1.2 Hz}, 3.96-3.890 (6H, m}.
Step (2): Compound 6c - Compound 6d — Compound ée — Compound &f
—~ Compound (II-6)

Compound 6¢ (1.9 g, 7.61 mmol) was used, and treated similarly
as described above to vield Compound 6d (1.54 ¢, 67% yield).

Then Compound 6d {1.%4 g, 5.%0 mmol) was used, and treated
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similarly to described above to yield Compound 6= {1.lég, 49%

vield). Compound 6f (1.16 g, 1.02 mmol) was used, and treated
similarly as described above to yield Compound (II-6) (410 mg,
53% yield).

MS {(m+l1)} = 68%9.10

Elementary analysis for CpeHz Tl Ng0:S; (H0) 3 (NaHCOs) ;4

Calcd.: C, 41.88; H, 3.76; Cl, 4.25; N, 10.07; S, 7.68; Na, 3.03
Found.: C, 41.84; H, 4.15; Cl, 4.65; N, 10.35; 8, 7.65; Na, 3.30

"H-NMR (D;0) &(delta): 9.10 (IH, s), 8.89 (1H, d, J = 5.8 Hz),

8.58 {(1H, d, J = &.1 Hz), 8.08 (1K, t, J = 7.1 Hz), 6.95-6.90
(3%, m), 5.83 (lH, d, J = 4.7 Hz), 5.64 (1H, d, J = 14.6 Hz),

5.33 (1K, d, J = 15.1 Hz), 5.28 (1H, d, J = 4.7 Hz), 3.68 (1H, 4,
J = 17.8 Hz), 2.22 (1H, d, J = 17.8 Hz), 1.44 (6&H, s).

[0167)

Example 48

Synthesis of Compound {(II~7)
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[Formula 1Z232]
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Step {(1}: Compound 7a - Compound 7b
Compound 7a (8.34 g, 70 mmol) was dissolved in methylene

5 chloride {80 mL}, and then m-chloroperbenzoic acid (18.58 g, 70
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mmol) was added thereto, subsequently stirring at 0°C for 45
minutes. To the reaction sclution was added an agueous solution
of sodium hydrogen sulfite (8.01 g 77 mmol), and then adjusted
to pH 10 with agueous 2 N scodium hydroxide solution. After
extraction from  the aquecus laver with chloroform  and
tetrahydrofuran, the organic layer was dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration,
and then the solvent was evaporated under reduced pressure to
vield Compound 7b as a gray solid (8.4€ g, 89% yield).
'H-NMR (CDCl:) d(delta): 8.05 [iH, d, J = 6.3 Hz), 7.14-~7.05 (2H,
m), 3.i8 (2H, t, J = 7.6 Hz), 3.03 (2H, £, T = 7.6 Hz), 2.28-
2.10 {(2H, m).
Step (2): Compound 7b - Compound 7c

Compound 7o (4 g, 29.6 mmol} was dissolved in chloroform (20
mL), and subsequently cocled to 0°C, To the reaction solution
was added phosphorus oxybromide (16.97 g, 358.2 mmel), followed
by heating at reflux. Ice (5 g) was added intoe the reaction
sclution, and then adjusted fo pH 10 with aquscus 2 N =sodium
hydroxide solution, The adquecus layer was then extracted with
chioroform. The separated organic layer was washed with
purified water, washed with saturated brine, and then dried over
anhydrous magnesium sulfate. Magnesium sulfate was removed by
filtratien, and then the sclvent was evaporated under reduced
pressure. The resulting residue was subjected into silica gel
chromatography to yield Compound 7c (822 mg, 16% yield).
*H-NMR (CDCl;) &{delta): 8.12 (1H, d, J = 5.5 Hz), 7.22 {(1H, d, J
= 5.5 Hz), 3.12 {(2H, ¥, J = 7.7 Hz), 2.88 (2H, &, J = 7.7 ®Hz),
2.22-2.09 (2H, m}.

Step (3): Compound 7h - Compound 71

Compound Th {(2.12 g, 7.34 mmo 1} Was dissolved in
dimethylsulfoxide (20 mbL), and then 4,4,4', 47 ,5,5,5% 51—
octamethyl-2,2"-bi{l,3,2~-dioxaborane) (2.05% g, 8.07 mrmoll,

1,1"-bis{diphenylphosphino) ferrocene]
dichloropalladium(II) ‘methylene chleoride complex (599 mg, 0.734

mmel), and potassium acetate {(Z2.16 g, 22.01 mnol) were added
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thereto in turn, subsequently heating to 80°C and stirring. To

the reaction solution was then added purified water, followed by

extraction with ethyl ace
with purified water, and

After the organic layer

tate, The organic layer was waszshed

then washed with saturated brine.

was dried

over anhydrous magnesium

sulfate, magnesium sulfate was removed by filtration, and then

the solvent was evaporated und

ar reduced pressure. The

resulting residue was subjected into silica gel chromatography

to yield Compound 71 (413 mg,

‘H-NMR (CDCl,) &{delta): 7.

43 (1E,

= 8.4 Hz), 3.88 (3H, =), 3.83 (3H,

4, J

19% yield).

= 8.4 Hz), 6.79 (1H, d, J

s}, 1.36 (14H, =s).

Step (4): Compound 7c — Cempound 7d - Compound 7e

Compound 7o (923 mg, 4.66 mmol)

and Compound 71 {(1.08 g, 3.60

mmel) were used, and treated similarly to described above to

vield Compound 7d (845 mg,

8l% yield).

Then Compound 7d {845 myg,

2.82 mmol) was used, and treated simlilarly to described above to

yvield Compound 7e (741.6 mg, 74.1 %

H-NMR (DMSO-ds} 8(delita):
8.64 (1H, d, J = 6.0 Hz),

i0.28

vield.)

(1H,

7.65 (1H, d,

J = 8.2 Hz), 6.75 (1H, d, J = 8.2 Hz),

2.80 (28, ©, J = 7.5 Hz), 2.Z22-2.12

(2H,

Step (5): Compound 7e - Compound 7f

Compound Te (741 mg, 2.16
and then triethylamine (0.899 mL, 6.49

dimethylformamide ({7 mL},

mmol), imidazole (442

i

myg, 6.49

butyldimethylsilane (%78 mg, €.49 mmol)

stirring at room temperature. To

added purified water, foll

owed by

the r

extra

br s), 8.54 (1H, br s),
J = 6.0 Hz), 6.89 (1H, d,
3.27 (2H, t, J = 7.5 Hz},

mi .

ol} was dissolved in

mmol), and chloro-t-
were added, subseduently
eaction solution was then

ction with ethyl acetate.

The organic layer was washed with purified water, and then

washed with saturated brine.

over anhydrous magnesium sulfate,

After the organic layer was dried

magnesium sulfate was removed

by filtration, and then the sclvent was evaporated under reduced

pressure. To the resulting residue was added diisopropyl ether,

and then filtrated. The

ether to yieid Compound 7f

residue was

{871 mg,

92%

washed with diisopropyl

ield).
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YH-NMR (CDCls) S{delta): 8.35 (iH, o, J = 5.2 Hz), 6.93 {(lH, d, J
= 5.2 Hz), 6.80 (1H, d, J = 8.3 Hz), 6.67 (1H, d, J = 8.3 Hz),
3.08 (2, &, J = 7.7 Hz)y, 2.77 (2H, t, J = 7.2 Hz), 2.13-2.03
{(2H, m}, 1.04 (9H, s}, 1.00 (8%, s}, 0.26 {(6H, s5), 0.22 (0H, =).
Step (&): Compound 7f — Compound 7g — Compound {IT~T7)

Compound 7f (490 mg, 1 mmel) was used, and treated similarly
to described above to vield Compound (II-7) (287 mg, 38% vield).
MS (m+l) = 729.21
Elementary analysis for CiHopCLlNgOS:Na (H;O) s 5
Caled.: C, 43.79; H, 4.62; Ci, 4.17; N, 9.88; 8, 7.54; Nz, 2.70
Found.: €, 44.09; H, 4.57; Cl, 5.02; N, 8.82; 3, 6.71; Ha, 2.76
YH-WNMR (DMSO-d¢) 8{delta): 9.15 (1H, d4, J = 6.8 Hz), 7.70 (1H, d,
J = 6.8 Hz), 6.7% (1H, d, J = 8.1 Hz), 6.71 ({(1H, s), 6.39 (1H,
dd, J = 10.5, 8.2 Hz), 5.76 [(1H, t, J = 6.2 Hz), 5.50 (1H, d, J
= 13.9 Hz), 5.13 (1H, s}, 5.06 (1H, &, J = 5.0 Hz), 3.46 {(1H, d,
J o= 11.7 Hz}), 3.15 {1H, d, J = 17.5 Hz), 2.9%94 {3H, g, T = 7.0
Hz), 2.25-2.07 (2H, m), 1.41 (6H, d, J = 16.8 Hz).

(0168}
Example 50

Synthesis of Compound (II1-8)
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[Formula 124]
0 Ci
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Step {1): Compound 8a - Compound 8c

Compound g8b {(3.26 g, 7.6 mmo 1) was dissolved in
dimethylacetamide, and subsequently coocled to -15°C. To the
reaction sclution was then added triethylamine {1.475 ml, 10.64
mmol)  and methanesulfonyl chioride (0.829 mL, 10.64 mmol},
followed by stirring. To the reactlon solution was then added a
solution of Compound 8a (1.02 g, 7.6 mmol) dissolved in
dimethylacetamide (1 mLy, subsequently stirring at  0°C.
Purified water was added to the reaction sclution, followed by

extraction with ethyl acetate. The organic layer was washed
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with purified water, and then washed with saturated brine.
After the organic layer was driled over anhydrous magnesiun
gaulfate, magnesium sulfate was removed by filtration, and then
the solvent was evaporated under reduced pressurs. The
resulting reszidue wasg szsubjected into silica gel chromatography
to yield Compound 8c {(1.25 g, 30% yield).

MS (m+l) =545.2

Step (2): Compound 8¢ — Compound 8d -~ Compound (II-8)

Compound 8c (623 mg, 1 mmol) was used, and treated similariy
to described above to yield Compound (IT-8} (305 mg, 24% yield).
MS {m+l) = 772.16
Elementary analysis for CsHzsCIlN:01p8:Na {(NaHCOsz) .2 (Ha0) 4.9
Calcd.: C, 43.18; H, 4.34; CLl, 3.96; N, 10.95; 3, 7.16; Na, 3.08
Found.: ¢, 44.09; H, 4.57; Cl, 5.02; N, 8.82; 3, 6.71; Na, 2.76
[0169]

Example 51

Synthesis of Compound (II-%)
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[Formuzla 1257
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Step (1): Compound 9%a - Compound B2b

Compound %a (12.8 g, 57.3 mmol) was dissclved in ethanol, and

subsequently cooled to -5°C. To the reaction solution was added
sodium borohydride (1.41 g, 37.3 nmmol), and then calcium
chloride (4.14 g, 37.3 mmol} was added small-porticon-wise,
followed by stirring for 45 minutes. The reaction soluticn was

poured inte purified water ({120 mL), and then ethanol was
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concentrated in vacuo. The precipitated solid was filtrated to
vield Compcund 9o (4.71 g, 45% yield).
YH-NMR (CDCl;) &(delta): 9.16 (1H, d, J = 1.8 Hz}, 8.29 (1H, dd,
J = 1.8, 8.4 Hz)y, 7.3 (1H, d, J = B.4 Hz), 4.83 (2H, br s,
4.42 (28, g, J = €.9 Hz}, 3.69 (lH, s), 1.42 (3H, t, J = 6.2 Hz}.
Step (Z): Compound %2b — Compound 5c

Compound 2k {(7.56 g, 41.7 mmol) was suspended in methylene
chloride, and subseqguently cooled to 0°C. To the reaction
solution was then added triethylamine (6.36 mL, 45.9 mmol) and
methanesulfonyl chloride (3.57 mL, 45.9 mmecl) in turn, followed
by stirring at 0°C. Purified water was then added tec the
reaction solution, followed by extraction with ethyl acetate.
The organic layer was washed with purified water, and then
washed with saturated brine. After the organic layer was dried
over anhydrous magnesium sulfate, magnesium sulfate was removed
by filtration, and then the solvent was concentrated iIin vacuo.
The resulting residue was dissoclved in dimethylformamide (110
mL), and then sodium azide (4.07 g, 62.6 mmol) was added,
subsequently stirring at 60°C. To the reaction solution was
added purified water, followed by extracticon with ethyl acetate.
The organic layer was washed with purified water, and then
washed with saturated brine. After the organic laver was dried
over anhydrous magnesium sulfate, magnesium sulfate was removed
by filtration, and then the solvent was concentrated in vacuc.
The resulting residue was then subijected into silica gel
chromatography to yield Compound 2¢ (8.18 g, 925% vyield).
'H-NMR (CDC1l:) 6(delta): 9.18 (1H, d, J = 2.1 Hz), ©.32 (1iH, 4dd,
J = 8.1, 2.1 Hz), 7.44 (1H, d, J = 8.5 Hz), 4.57 (2H, br =),
4.42 (2H, g, J = 7.0 Hz), 1.42 (34, t, J = 7.0 Hz).
Step (3): Compound %9c - Compound %d

Compound ¢ {(8.18 d, 3.7 mmol ) was digsclved in
tetrahydrofuran (80 mL), and then triphenylphosphine (11.45 g,
43.6 mmcl) was added, subsequently stirring until gas evolution
ceased. To the reaction soluticon was then added purified water

(7.15 g, 397 mmol), followed by stirring at 60°C. The solvent
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was evaporated under reduced pressure, and then the resulting
residue was subjected inte silica gel chromategraphy fte yield
Compound 2d as green oily substance (6.81 g, 95% yield).
'H-NMR (CDC1;) S(delta): 9.15 (1H, d, J = 2.0 Hz), £.25 (1H, 4d,
J = 8.0, 2.0 Hz), 7.38 (1H, d, J = 8.0 Hz), 4.41 (2K, g, T = 7.4
Hz), 4.0% {2Hd, s), 1.7% (2H, =), 1.41 (3H, t©, J = 7.4 Hz}.
Step {(4): Compound 2d — Compound 8Ze

Te formic acid (7.25 ml) was added acetic anhydride (7.14 mlL,
76 mmol), subsequently heating to 50°C for 30 minutes, and thus
a mixed acid anhydride was prepared. Compound 9%d (6.81 g, 37.8
mmol) was dissolved in methylene chloride (70 mL), and then the
prepared mixed acid anhydride wad added drop-wise thereto,
followed by stirring at room temperature. To the resaction
solution was then added aqueous saturated scodium hydrogen
carbonate, followed by extraction with ethyl acetate,. The
organic layer was washed with purified water, and then washed
with saturated brine. After the organic layer was dried over
anhydrous magnesium sulfate, magnesium sulfats was removed by
filtration, and then the solvent was evaporated under reduced
pressure. The resulting residue was then subjected into silica
gel chromatography to yield Compound %e (7.16 g, 91% yield).
lH-NMR (CDCl.) didelta): 9.14 (1H, d, J = 2.1 Hz), 8.35 (1H, s),
8.28 (1H, dd, J = 2.1, 8.1 Hz), 7.35 (1H, 4, J = 8.1 Hz), 6.88
(14, br s}, 4.68 (2H, d, J = 5.2 Hz), 4.42 (ZH, g, J = 7.1 Hz),
1.42 (3H, t, J = 7.1 Hz;.
Step (5): Compound Se - Compound 2f

Compound % (7.15 g, 34.3 mmol) was dissolved in toluene (70
mL), and then phosphorus oxychloride (6.38 mlL, 68.7 mmol) was
added, followed by reflux under heating. Tc the reaction
solution was then added agqueous saturated sodium hydrogen
carbonate, followed by extraction with ethyl acetate. The
organic layer was washed with purified water, and then washed
with saturated brine. The organic layer was dried over
anhydrous magnesium sulfate, subseguently removing magnesium

sulfate by filtratlon, and then the solvent was evaporated under
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reduced pressure. To the vresulting residue was  added
diiscpropyl ether, and then filtrated. The filtrated residue
wag washed with diisopropyl ether to yileid Compound 8f as a
yvellow solid (5.38 g, 82% vyield).
PH-NMR (CDCl:) S{delta): 8.75-8.70 (1H, m), 8.21 (1H, s), 7.47-
7.41 (2H, m), 7.23 (1H, dd, J = 9.7, 1.2 Hz), 4.40 (24, g, J =
7.1 Hzy, 1.41 fBH, t, J = 7.1 Hz}.
Step (6): Compound 2f - Compound 8g

Compound 2f (2.8% g, 15 mmol) was dissolved in tetrahydrofuran
(30 mL), and subseguently cooled to -78°C. To the reaction
solution was then added drop-wise a 1 mel/L diisobutyl aluminum
hydride/toluene solutien (37.5 mL, 37.5 mmol), fcllowed by
stirring at -78°C. To the reaction solution was added sodium
sulfate decahydrate, and then anhydrous sodium sulfate was added,
subsequently stirring while warming up to room temperature. The
treated reaction solution was then filtrated. The filtrate was
evaporated under reduced pressure, and then the resulting
residue was sublected into siliica gel chromatography to yield
Compound 9g {1.18 g, 53% yield).
"H-NMR (CDCl,) &(delta): 8.06 (1H, s), 7.95~7.91 (1H, m}, 7.46-
7.36 (2H, m}, 6.70 {1H, dd, J = 8.3, 1.3 Hz}, 4.66~-4.62 (ZH, m).
Step (7): Compound %¢g - Compound Sh

Compound g (1.18 g, 7.96 ol ) was dissclved in
dimethylformamide (10 mL), and subseguently cooled to 0°C. To
the reaction scliution was added diphenylphosphoryl azide (2.05
mL, 9.56 mmol), and then 1,8~-diazabicyclclb.4.0]undec-7-ene
(1.44 mL, 9.56 mmol) was added drop-wise therets, followed by
stirring at room temperature. Purified water was then added to
the reaction solution, followed by extracticn with ethyl acetate.
The organic layer was washed with purified water, and then
washed with saturated brine. The organic layer was dried over
anhydrous magnesium sulfate, and then magnesium sulfate was
removed by filtration. The solvent was evaporated under reduced
pressure, and then the resulting residue was subjected into

silica gel chromatography to vield Compound 8h.
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"H-NMR (CDCls) 8{delta): 8.02 (I1H, s), 7.93~7.90 (1iH, m), 7.47
(1¥, d, J = 9.4 Hz), 7.44 (lH, s}, ©&.66 (1H, dd, JT = 9.4, 1.3
Hz), 4.29 {(2H, =).
Step (8): Compound 9h — Compound %1 - Compound 2k

Compound %h (1.13 g, 6.53 mmel) was used, and treated
similarly as described above to yield Compound 2i. Compound 91
was dissolved in dimethylformamide, and then Compound 93 (3.08 g,
7.18 mmol}, Il-hydroxybenzotriazele {971 mg, 7.18 mmol), and
hydrochloric acid salt (345 mg, 1.8 rmol) of i-
{dimethylaminopropyl)-3-ethylcarbodiimide were added in turn,
subsequently stirring at zoom temperature. To the reaction
solution was added purified water, and then the precipitated
solid was filtrated. The filtrated residue was washed with
ethyl acetate to yield Compound 8k (2.2 g, 60% yield).
YH-NMR (DMSO-ds ) &(delta): 8.93-8.80 (2H, m), 8.33 (1H, s), 7.69-
7.59 (24, m), 7.43 {24, d, J = 8.8 Hz), 7.31 (2H, d, J = 8.6 Hz),
7.2 {2H, s), 7.03-6.93 (3H, m), 6.80-6.83 (2H, m}, 5.16 {(2H, s,
4.88 (2H, s), 4.37 {(2H, d, J = 5.7 Hz), 3.78~3.73 (6H, m).
Step (9): Compound 9%k - Compound (II-9)

Compound 2k (558 mg, 1 mmel) was treated simlilarly as
described above to yield Compound (ITI-9) (377 mg, 47% yvield).
MS {(m+l) = 785.31
Elementary analysis for CiHzeCIiNg0;S,Na (NaHCOs) 5 5 (H:0):5.¢
Caled.: C, 41.41; H, 4.29; Cl, 3.78; W, 11.96; S, 6.853; Na, 2.19
Found.: ¢, 41.19; H, 4.23; C1, 4.03; N, 12.24; 3, 6.87; Na, 2.79
'H-NMR (D, 0) 8{delta): 9.41 (iH, =), 8.25 (1H, s), 8.00 (1H, s),
7.8 {(iH, d, & = 9.8 Hz), 7.18 {(1H, d, J = 9.6 Hz), 6.95-6.,86
(2H, m), 6.7% (id, d, J = 8.4 Hz), 5.81 (14, d, J = 4.8 Hz},
5.40 (1H, d, J = 14.5 Hz), 5.26 (1H, d, J = 4.9 Hz), 5.18 (1H, d,
J = 14,5 Hz)}, 4.51 (2H, s), 3.65 (1H, d, J = 18.0 Hz}, 3.24 (1H,
d, J = 18.0 Hz), 1.52-1.38 (¢H, m).
[0170]
Example 52

Synthesis of Compound (II-10)
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Step (1):

Compound 10a — Compound 10b
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Compound 10a (11.04 g, 40 mmol) was dissolved in diethyl ether
{100 ml} and methylene chloride {400 k), and then
diphenyldiazomethane (17.089 g, 88 mmocl) was added thereto,
subseguently stirring at room temperature for 1 hour. The
reaction solution was concentrated in vacuo, and then hexane was
added thereto. The resulting solid was filtrated o yield
Compound 10b (22.6 g, 93%).

YH-NMR (DMSO~ds ) 8(delta): 5.15 (2H, s}, 6.83 (2H, s), 7.30-7.50
{20H, m).
Step (Z2): Compound 10b - Compound 10c¢

Compound 10b {12.17 o, 20 mmo 1} was dissolved in
dimethylformamide {60 mL), and then triethylamine {3.05 mL, 22.0
mmol) was added thereto, subseguently stirring at room
temperature for 1 hour. The reaction sclution was then poured
into aqueous dilute hydrochloric acid sclution, followed hy
extraction with ethyl acetate. The crganic layer was washed
with water, and then washed with saturated brine. After drying
cver anhydrous magnesium sulifate, the solvent was evaporated
under reduced pressure to yield Compound 10c (106.3 g, 88%).
TH-NMR(CDCl:) 8{delta): 5.2% (lH,s), 6.58% (1H, s), 6.60 {(1H, s),
7.16~7.50 {20H, m).

Step {(3): Compound 10c — Compound 10d

N-hydroxyphthalimide (2.28 g, 14 mmol) was suspended in
dimethylformamide (10 mlL}, and then sodium hydride (60%, 480 mg,
12 mmol} followed by Compound 10c were added thereto,
subsegquently stirring at room temperature for 30 minutes. The
reaction sgolution was then poured into ice-cold water, followed
by extraction with ethyl acetate. The organic layer was washed
with aqueocus 10% sodium hydrogen carbonate, and then washed with
saturated brine. After drying over anhydrous magnesium sulfate
fellowed by filtrattien, the scolvent was evaporated under
reduced pressure. To the residue was added diethyl ether, and

then the resulting sclid was filtrated to yield Compound 10d

(2.50 g, 41%).
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PH-NMR(CDCly) &(delta): 5.87 (1H, s}, 6.84 (1H, s), 6.86 (1H, =),
7.26~7.40 (20H, m), 7.27-7.90 (4H, m).
Step {4): Compound 10d - Compound 10e - Compound 10g

Compound 10d was dissclved in methylene chloride ({70 mL},
subseguently cooled to -78°C, and then methylhydrazine (0.60 mi,

11.34 mmol) was added thereto, fcllowed by stirring for 1 hour

under ice-cocling. The precipitated solid was filtrated, and
then the filtrate was concentrated in vacuo. To the residue was
then added ethyl acetate. The separated organic laver was

washed with aguecus 5% sodium hyvdrogen carbonate; and then
washed with saturated brine. After drying over anhydrous
magnesium sulfate followed Dby filtration, the solvent was
concentrated in wvacuo. To the residue was added methanol (100
mL), and then, at 0°C, Compound 10f was added, subseguently
stirring overnight. The reaction scolution was concentrated in
vacuo, and then ethyl acetate was added theretc. The separated
organic layer was washed with agueous 0.2 N hydrochloric acid,
and then washed with saturated brine. After drving over
anhydrous magnesium sulfate folleowed by filtration, the solvent
was concentrated in vacuo. The resulting residue was purified
by silica gel column chromatography to yileld Compound 10g (2.91
g, 35%).
"H-NMR (DMSO-de ) 8(delta): 1.49 (9H, s), 6.12 (1H, s), 6.80-7.00
(38, m), 7.20-7.6C (20E, m).
Step (5): Compcound 1Cg + Compound 10h — Compound 1041

Compound 10g (2.91 g, 2.97 mmol) was dissolved in methylene
chloride (30 mL), subseguently cooled to -30°C, and then
Compound 10h (1.60 g, 3.97 mmol), N-methylmorpholine (2.18 mi,
19.8 mmol), and phenyl dichlorophosphate (0.58% mL, 3.97 rmmol)
were added thereto in turn. The reaction scoluticon was stirred
at -30°C for 1 hour. Aguecus dilute hydrochloric acid solution
was added tc the reaction solution, followed by concentration in
vacuo. After the concentrated solution was extracted with ethyl
acetate, the organic layer was washed with aguecus 5% sodium

hydrogen carbonate, and then washed with saturated brine. After



10

15

20

25

30

173

drying over anhydrous magnesium sulfate folleowed by filtration,
the solvent was concentrated in wvacno. The resulting residue
was purified by silica gel column chromatography to yield
Compound 10i (2.79 g, 88%;.
TH-MMR (DMSO-dg ) S(deltal: 1.53 (9H, s), 3.25(1H, d, J = 18.0 Hz),
3.46 (12, d, J = 18.0 HKz), 3.78 (3H, =), 4.33 (1H, d, J = 11.7
Hz), 4.57 (lH, d, J = 11.7 Hz), 4.81 (1H, d = 4.8 Hz), 5.16 (1H,
4, § = 5.7 Hz), 5.21 (l¥, 4, J = 5.7 Hz), 5.85-5.9C (lH, m),
6.03 (1H, s), 6.80-7.00 (7H, m), 7.10~7.40 (20H, m).
Step (6): Compound 10i - Compound 107

Compound 10i (2.78 g, 2.26 mmol) was dissolved in methylene
chloride (30 mL), subsequently cooled to -40°C, and then 65% m-
chloroperbenzcoic acid (573 mg, 2.4% mmol) was added thereto,
followed by warming up te =10°C over 2 hours. Tc the reaction
solution was added agueous 5% sodium thicsulfate solution, and
then concentrated in vacuo. The concentrated solution was then
extracted with ethyl acetate. The organic layer was washed with
agqueocus 5% sodium hydrogen carbonate, and tThen washed with
saturated brine. The organic laver was dried over anhydrous
magnesium sulfate, and then the solvent was evaporated under
reduced pressure to yield Compound 167 (2.861 g, 100%).
H~NMR (CDCl: ) &(delta): 1.45 (9H, s), 2.39 (iH, d, J = 17.7 Hz),
3.79 {3H, s), 4.00-4.30 (2H, m), 4.93 (iH, d, J = 17.7 Hz), 5.16
(1H, d, J = 11.7 Hz), 5.33 (1H, d, J = 11.7 Hz), 5.80-6.20 (2H,
m)y, 6.80-7.10 (4H, m), 7.11-7.6C (24H, m).
Step {(7): Compound 107 - Compound 10k

Compound 107 {2.48 Gy 2.26 mno 1) Was dissclved in
tetrahydrofuran (30 mlL), subseguently cooled to 15°C, and then
potassium iodide (1.06 g, 6.78 mmol) was added thereto, followed
by stirring for 1 hour. To the reaction solution was added
agueous 5% scodium thiocsulfate solution, and then the scolvent was
concentrated in vacuo. The concentrated scolution was extracted
with ethyl acetate, and then the organic laver was washed with

saturated brine. The organic layer was dried over anhydrous
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magnesium sulfate, and then the sclvent was evaporated under
reduced pressure to yield Compound 10k (2.72 g, 98%).

"H-NMR (CDC1;) &(delta): 1.43 {94, m}, 3.35 (1H, d, J = 18.3 Hz),
3.79 (3H, s), 4.00-4.30 (2H, m), 4.63 (1H, d, J = 18.3 Hz), 5.15
{(1¥, d, J = 11.7 Hz), 5.35 (1H, d, J = 11.7 Hz), 5.90-6.20 (2H,
m), 6.80-7.14 (4H, m), 7.15-7.60 {(24H, m).

Step (8): Compound 10k — Compound 10m — Compound (II-10)

Compound 10k (1.23 g, 1 mmel}) and Ccmpound 101 (525 mg, 1
mmol) were dissolved in dimethylformamide (3 mL), subseguently
stirring at room temperature for 2 hours. The reaction solution
was diluted with dimethylformamide {6 mL}, and then potassium
iodide (1.16 g, 7 mmol) was added, followed by cooling to ~40°C.

Acetyl chloride (0.285 mL, 4 mmel) was then added, subsegquently

stirring at C°C for 1 hour. Ice and ethyl acetate were then
added thereto. The organic layer was separated, washed with
water, and then washed with saturated brine. After drying over

anhydrous magnesium sulfate followed by filtration, the solvent
was evaporated under reduced pressure to vield Compound 10m.

Then Compound 10m was dissolved in methylene chloride {10 mL)
and anisole (0.6 mL), and subsequently cocled to -40°C. To the
reaction seluticon was then added 2M-aluminum
chloride/nitremethane solution (2.7 mb), followed by stirring at
0°Cc for 50 minutes. To the reaction szolution was then added
acueocus 2 N hydrochloric acid (60 mL), acetonitrile (50 mL}, and
diethyl ether (100 ml}. The aqueous layer was separated, and
then washed with diethyl ether. The solvent was then
concentrated Iin vacue. The concentrated solution was sublected
inte HP-Z08S column chromatography eluting with acetonitrile-
water, and then desired fractions were concentrated in vacuo.
The concentrated solution was lyophclized to yield Compound [T7-
10) as a white powder (205 mg, 26%).

"H-NMR (D, 0) &{delta): 2.22-2.40 (4H, m), 3.40-4.20 (12H, m), 5.34
(14, d, J = 4.8 Hz), 5.65 (l1H, =), 5.85 (1H, d, J = 4.8 Hz},
6.72 (2H, s}y, 7.19 (1H,=).

Elementary analysis for CipH:gCIN; G125, 3.0H:C
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Calcd.: C, 43.19; H, 4.35; Cl, 4.25; N, 11.75; o, 28.77; §, 7.69

ool

(%)
Found.: €, 43.12; H, 4.47; C1, 4.22; N, 11.79%; 3, 7.55 (%)

(01711
Example 53

Synthesis of Compound (II-11)
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Step {(1): Ceompound ila + Compound 1lb - Compound llc
Compound 1la {3.00 g, 7.0 mme 1) was dissolved in
5 dimethylacetamide (30 mL), and then triethylamine (1.26 miL, 9.10
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mmol) was added, and subsequently cooled to -15°C. To the
reaction scolution was added methanesulfonyl chloride (0.66 mL,
8.40 mmol), followed by stirring for I hour at -15°C. To the
reaction soluticn was then added a solution of Compound 1lb in
dimethylacetamide (53 mL), subsequently stirring for 1 hour.
Ethyl acetate (50 mL) and 5% sodium hydrogen carbonate solution
were added into the reaction solution, and then the organic
layer was separated. The organic layer was washed with water,
and then washed with saturated brine. After drying over
anhydrous magnesium sulfate, the solvent was evaporated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography to yield title compound llc (3.63 g,
92%) .

PH-NMR (CDCLl:) S(delta): 1.50~2.10¢ (8H, m), 2.20-2.80 (4H, m),
2.81-3.10 (2H, m), 3.40-4.0C (9H, m), 4.80-5.05 {(m, ZH), 5.06-
5.20 (m, 2H), 6.80-7.00 (4H, m), 7.20-7.40 (6H, m).

Step (2): Compound 11d + Ceompound 1lc¢ - Compound 1le - Compound
{IT~-11)

Compound 11d (1.06 g, 1 mmol) and Compound 1lc (565 mg, 1
mmol) were dissolved in dimethyvlformamide (3 ml), subseguently
stirring at room temperature for 2 hours. The reacticn solution
was diluted with dimethylformamide (6 mL), followed by cooling
to —-40°C, and then phosphorus tribromide (0.188% mL, 2 mmol} was
added thereto, subseguently stirring for 1 hour. Tce and ethyl
acetate were then added to the reaction sclution. The separated
organic laver was washed with water, and then washed with
gsaturated brine. After drying over anhydrous magnesium sulfate
followed by filtratiocon, the solvent was concentrated in vacuo to
yield Compound lle.

Then, Compound lle was dissolved in methylene chloride {10 mi)
and anisole (0.6 mL), and subsequently cooled to -40°C. Z2M~-
aluminum chloride/nitromethane sclution (2.7 mlL) was then added
to the reaction sclution, followed by stirring at 0°C for 50
minutes. Toe the reaction solution was then added agueous 2 N

hydrochloric acid (60 mL}, aceteonitrile (50 mbL), and diethyl
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ether (100 mL). The aqgueous layer was separated, and then
washed with diethyl ether. The solvent was then concentrated in
vacuo. The concentrated solution was subjected into HP-2038

column chromatography eluting with acetonitrile-water, and then
fractions <containing the desired Compound were collected.
Collected agusous solution was adjusted to pH=6 with agueous
0.02 N sodium hydroxide sclution, and then concentrated in vacuo.
The concentrated solution was lyophilized to yield Compound (II-
11) as a white powder {222 mg, 27%).

YH-NMR (D, 0) 8{delta): 1.48 (3H, s), 1.50 (3H, s), 1.80-2.60 (8H,
m}, 3.90 (1H, 4, T = 14.1 Hz), 4.24 (1H, d, J = 14.1 Hz), 5.36
(1, d, J = 4.8 Hz), 5.86 {1H, &, J.= 4.8 Hz), 6.50-6.580 (2H, m},
6.98 (1H, s).

Elementary analysis for Ciy3;HisCIN.O1p S, Na*4.8H,0-0.8 (NaHCO;)
Caled.: €, 41.80; H, 5.03; Ci, 3.66; N, 10.12; O, 28.40; 5,
6.22; Na, 4.Z27 (%)

found.: C, 41.74; H, 5.03; C1, 3.24; N, 10.81; &, 6.97; Na, 4.79
(%)

[o0172)

Example 54

Synthesis of Compound (II-12)
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Step (1): Compound 1Za — Compound 12ZDb
Compound 12a (2.63 g, 15 mmol) and triethylamine {(4.1é ml, 30
mmol) were dissolved in methylene chloride (20 mLj, and then
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cooled teo 0°C. To the reaction solution was then added
methanesulfonyl chloride (1.29% mL, 16.5 mmol}, subseguently
warming up to room temperature gradually. The reaction solution
was stirred &t room temperature for 6.5 hour, and then
triethylamine {4.16 miL, 30 mmol) and methanesulfonyl chloride
{1.2% mL, 16.5 mmol) were addsd. To the reaction sclution was

then added 5% sodium hydrogen carbonate solution, followed by

extraction with methylene chloride. The organic layer was dried
over anhydrous magnesium sulfate, filtrated, and then
concentrated Iin vacuo. To the concentrated solutlion was then

pyrrolidine (16.1 mL, 125 mmel), subsequently heating to 50°C
with stirring. To the reaction solution was added agqueous 1 N
hydrochloric acid solution, and then the aqgueous layer was
separated. To the agueous laver was added aqueous 1 N sodium
hydroxide =olution, and then extracted with ethyl acetate
followed by methylene chloride. The organic layer was dried
over magnesium sulfate, followed by filtration, and then the
solvent was concentrated in vacuo to Compound 12b as a crude
product. Compound 1Z2b was used for the next reaction without
purification.
YH-NMR (CDC1l:) S(deita): 1.76 (3H, &, J = 6.6 Hz), 1.44 (9H, s),
1.70-1.80 {(4H, m}, 2.20-2.65 {(&6H, m), 3.35-3.50 (1H, =).
Step (2): Compound 12b - Compound 12¢

The crude product [(an amcunt equivalent to 2 mmel), which
contains Compound 12b  obhtained in the previous step, was

dissolved in methylene chloride {1 mlL)}, and then triflucroacetic

acid (4.¢2 mnmL} was added thereto, subsegquently standing
overnight. The reaction solution was concentrated Iin vacuo, and
then methylene chloride {2 mlL) was added thereto. 4 N

hydrochloric acid/ethyl acetate (1.25 mL, 2 mmol) was then added
at 0°C thereto, followed by stirring. The solvent was then
concentrated in vacue to yield Compound 12c¢ as a crude produt.
Compound 1Zc was used for the next reaction without purification.
VH-NMR (D; ©) 8({delta): 1.45 (3H, d, J = 6.0 Hz), 1.80-2.40 (4H, m},
3.00-3.50( 4H, m), 3.51-2.064 (ZH, m), 2.68-4.00 {(1lH, m).
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Step (3): Compound 1Zc + Compound 12d - Compound 1l2e

Compound 12d (686 ma, 1.6 mno L) was dissolved in
dimethylformamide (7 mL), and then cooled to 0°C. Hydrochloric
acid salt (337 mg, 1.76 mmel; of N-(3~dimethylaminopropyl}-N'-

ethylcarbodiimide, and l-hydroxybenzotriazole (270 mg, 1.76

mmol) were added in turn, subseguently stirring at room
temperature for 30 minutes. After the reaction scolution was
cooled to 0°C, a dimethylformamids {2 mbL) soluticn of a
composition (an amount eguivalent to 2 mmol), which comprises

Compound 12c¢ obtalned in Step (2), was added thereto, followed
by adding triethylamine (0.85 mL, 7.2 mmol). Inte the reaction
solution was then added ethyl acetate(50 mL) and 5% sodium
hydrogen carbonate solution. The separated organic laver was
washed with water, and then washed with saturated brine. The
organic layver was dried over anhydrous magnesium sulfate, and
then the solvent was evaporated under reduced pressure to yield
Compound 12e (714 mg, 83% yield from Compound 12a).

H-NMR (CDCly) 6{delta): 1.32 (3H, d, J = 6.3 Hz), 1.60-1.80 (4H,
m), 2.40-2.8C (&H, m), 3.80 (3H, s), 3.83 (3H, s), 4.10-4.25 (1H,
my, 4.%94 (2H, s), 5.07 {(2H, s), 6.80-7.00 (6B, m), 7.25-7.50 (4H,
m) .

Step (4): Compound 12f + Compound 1lZ2e — Compound 12g — Compound
{II-12}

Treatment similar to that described above yielded Compound (II-
12y (140 mg, 18%).

'H-NMR (D, Q) B(delta): 1.20-1.80 (9H, m), 2.00-2.40 (4H, m), 3.20-
3.80 (8H, m), 3.95 (1H, d, J = 14.1 Hz), 4.20 (1H, 4, J = 14.1
Hzy, 5.36 (1H, d, J = 4.8 Hz), 5.8% (iH, 4, J = 4.8 Hz), 6.60-
6.80 (2H, m), &.97(1H, s).

Elementary analysis for Cyz;H:;sClN, 0.5, Nar4.8H,;0-0.8({NalC0Oy)
caled.: C, 41.%0; H, 5.03; Cl, 2.66; N, 10.12; ©, 28.40; 8§,
6.22; Na, 4.27 (%)

Found.: ¢, 4i.74; H, 5.03; Cl, 3.24; ¥, 10.61; 3, €.97; Na, 4.7¢%
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Example 55
Synthesis of Compound (II-13)

[Formula 129}
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Step (1): Compound 13a - Compound 13b

Compound 13a (336 mg, 1.5 mmol) and Z-pyrroline (0.251 mlL, 3.3
mnel) were dissolved in acetonitrile, and then potassium iodide
{249 mg, 1.5 mmel) and potassium carbonate (622 mg, 4.5 mmol)
were added, subseguently heating to 50°C for 1 hour. 1 N
hydrochleric acid and ethyl acetate were added, and then the the
aquecus layer was separated. To the separated aqueous layver was
added aqueous 1 W socdium hydrexide solution, and then the
agueous laver was extracted with ethyl acetate, followed by
methylene chloride (two times). The organic layer was dried
over anhydrous magnesium sulfate, followed by filtration, and
then the solvent was evaporated under reduced pressure to yield
Compound 12b ({288 mg, 20% yield).
YH-NMR (CDCls) O8(delta): 1.44 (9H, s), 2.70-2.90 (2H, m), 3.10-
3.40 (2H, m}, 3.80-3.70 (4H, m), 5.77 (2H, s).
Step {(2): Compound 13b - Compound 13c

Compound 13b (289 mg, 1.36 mmol) was dissolved in methylene

chioride {1 mL), and then triflucorcacetic acid {2 mL} was added

thereto, subsequently standing overnight. The reaction solution
was then evaporated under reduced pressure. The residue was
dissolved in methylene chloride (2 mL), and tThen a 4 N

hydrochloric acid/ethyl acetate solution (0.85 mL) was added
thereto, followed by stirring. The sclvent was evaporated under
reduced pressure to yield Compound 13¢ as a crude produckt.
Compound 13c was used for the next reaction without purification.
VH-NMR (D, 0) S (delta): 3.40-3.50 (2H, m), 3.60-3.80 (24, m), 4.00-
4.60 (4H, m), 5.85 (ZH,s).
Step (3): Compound 13c + Compound 13d - Compound 13e

Treatment similar as described above yielded Compound 13e (468
mg, B3%).
"H-NMR (CDCl,) &(delta): 2.80-3.00 (2H, m), 3.51-3.55 (6H, m),
2.79 (3H, s}, 3.80 (3H,s), 4.96 {2H, =), 5.07 (2H, =), 5.77 (2H,
s), 6.80-7.00 (4H, m), 7.25-7.60 {(6H, m}.

i

Step (4): Compound 13f + Compound 13e - Compound 13g — Compound

(TI-13}
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Treatment similar as described above yielded Compound (II-13)
(300 mg, 43%).
YH-NMR (D,0) S({delta}: 1.48 (3H, s), 1.50 (3H, s), 3.40-4.00 (6H,
m), 4.20-4.60 {(6H, m), 5.33 (1H, 4, J = 5.1 Hz), 5.85% {(1lH, d, J
= 5.1 Hz), 5.8% (2H, =}, 6.72 (2H, =}, 6.87 (1H, s}.
Elementary analysis for CigH3;  CIN;C o8, Na-4.1H,0-1.0 (NaHCO;)
Calcd.: C, 40.03; H, 4.36; Ci, 3.81; N, 10.54; 0O, 29.42; 3,
6.30; Na, 4.24 (%)
Found.: C, 39.80; H, 4.46; Cl, 3.71; N, 10.88; 5, 7.12; Na, 5.32
{%)
[0174]
Example 56

Synthesis of Compound (II-14)
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[Formula 130]
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Step {1}: Compound l4a - Compound l4c — Compound 14d

Compound 14a (859 mg, 5.54 mmol)] was suspended in thionyl
chloride (3.94 mL, 54.0 mmol), subsequently stirring at 80°C for
2 hours. After thionyl chloride was evapcrated under reduced
pressure, dimethylacetamide was added to the residue. The
reaction sclution was cooled to 0°C, and then Compound l4c (1.64

g, 4.5 mmol} was added thereto, followed by adding triethylamine
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(1.25 mL, 9 mmol). The reaction solution was then poured into
agqueous sodium carbonate, followed by extraction with ethyl
acetate. The organic layer was dried over anhydrous magnesium
sulfate, and then the solvent was evaporated under reduced
pressure to yield Compound 14d (1.70 g, 75%).
PH-NMR (CDCls) &(delita): 1.70~1.90 {6H, m), 2.90-3.10 (6H, m),
3.80 (24, =), 3.81 (3H, s), 5.01 {(2H, s), 5.05 (2H, =), 6.80-
7.00 (5B, m), 7.20-7.40 (&H, m}.
Step {2): Compound l4e + Compound 14d — Compound 14f - Compound
{II-14)

Treatment gimilar as described zbove vyielded Compound ({II-14)
(318 mg, 44%).
YH-NMR (D, 0) 8(delta): 1.49% (3H, s), 1.51 (3H, s), 2.10-2.40C (6H,
m), 2.20-4.00 (10H, m), 5.35 (iH, 4, J = 4.8 H#Hz), 5.88 (1H, d, J
= 4.8 Hz), 6.70-6.8C {(1H, m), 6.80-6.80C (2H, m), 6.87 (1H, s).
Elementary analysis for CyiHysNyOyeS5;Na-4.3H,0
Caled.: C, 46.12; H, 5.44; N, 12.15; ©, 28.34; s, 7.94 (%)
Found.: C, 46.01; H, 5.20; N, 12.13; 3, 8.05 (%)
[0175]
Example 57

Synthesis of Compound {II-15)
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[Formula 131]
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Step (1): Compound 1l5a - Compound 15d

Synthesis of Compound 15d from Compound 1i5a was carried out
according to WO Z002/0763878.
Step (2): Compound lbe + Compound 13d - Compound 15f

Compound 15e (1.51 g, 3.52 mmol) was dissolved in methylene
chloride (20 mL), and then diisopropylethylamine (1.48 mL, §.45
mmol), l-methylimidazole, Compound 15d (621 mg, 4.19% mmol), and
diphenyl chlorophosphate ({0.872 mL, 4.1% mmol) were added in
turn, followed by stirring. The solvent was concentrated in
vacuo, and then the residue was purified by silica gel column
chromatography to yvield Compcound 15f {981 mg, 50%).
"H-NMR (CDC1;) &{delta): 1.80-2.00 (2H, m), 2.60-2.72 (2H, m),
2.82~-3.00 (ZH, m}, 3.80 (3H, s), 2.84 (3H, s), 4.9% (2H, =),
5.13 (2H, s}, 6.80~8.40 (1l2H, m).
Step {(3): Compound 13g + Compound 15f - Compeound 15h - Compound
(IT1-15)

Treatment similar as described above yielded Compound {II-153)
(249 mg, 31%).
"H~NMR (D, 0) 8(delta): 1.48 (6H, s}, 1.860-2.00 (4H, m), 2.60-2.80
{2H, m), 2.90-3.10 (2H, m), 3.23 (iH, d, J = 18.3 Hz}, 3.43 (1H,
d, J 18.3 Hz), 5.13 (iH, 4, J = 14.7 Hz), 5.23 (1H, d, J = 4.5

It

Hz), 5.82 (1H, d, J = 4.5 Hz), 6.73-6.77 (lH, m), 6.92 (1H, s},
7.00-7.07 {1H, m), 8.23-8.35 (1H, m), 8.44-8.47 (1H, m).

[0176]

Example 58

Synthesis of Compound (II-18)
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[Formula 132]
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Step {1): Compound léa - Compound 16b

Compound 1éa (7.12 g, 30 mmol) was dissolved in methylene
chioride (50 mlL), and then triethylamine (8.32 mL, 60 mmol) was
added. The reaction solution was cocled to 0°C, and then
methanssulfonyl chloride (2.57 mL, 33 mmol) was added drop-wise
over 10 minutes. After the reaction sclution was stirred at

room temperature for 20 minutes, aguecus saturated scodium



10

15

20

25

30

35

180

hydrogen carbonate was added thereto, subsequently the organic
layer was separated. After the organic layer was dried over
anhydrous sodium sulfate, scdium sulfate was removed by
filtration, and then the solvent was concentrated in vacuo.
Pyrrolidine (32.3 mi, 2%0 mmol} was then added to the resulting
concentrated residue, followed by heating to 50°C for 2.5 hours
with stirring. Excess pyrrelidine was evaporated under reduced
pressure, and then water was added te the resulting concentrated
rezidue, followed by extraction with ethyl acetate. The organic
layer was washed with water, washed with saturated brine, and
then dried over anhydrous magnesium sulfate. Magnesium sulfate
was removed by filtration, and then the solvent was concentrated
in wvacuo. The resulting crude product was purified by silica
gel column chromatography to yield 1éb as a white solid (7.23 g,
83%) .
PH-NMR (CDCl;) 8(deltay: 1.39 (9H, sy, 1.73-1.77 {(4H, m), 2.42-
2.57 (54, m), 2.76 (l1H, dd, J = 9.9, 12.3 Hz), 4.59 (1H, br),
5.54 {(1H, d, T = 4.2 H=z), 7.20-7.34 (5H, m).
Step {2): Compound 16b -» Compound lé6c - Compound lée

Compound 16k (7.23 g, 24.9% mmol) was dissolved in methylene
chloride (35 mL), and then trifluocrcacetic acid (34.5 ml, 448
mmel) was added, subseguently stirring at room temperature
overnight, The s=olvent was evaporated under reduced pressure,
and then ethyl acetate was added to the resulting concentrated
residue, followed by extraction with aqueous 2 N hydrochloric
acid solution. An agueous 2 N sodium hydroxide solution was
then added to the aguecus layer until the aqueous laver had a pH
7-8, followed by extracticn with methylene chloride. The
organic laver was dried over anhydrous sodium sulfate, and then
sodium =zsulfate was removed by filtration. The solvent was
concentrated under reduced perssure, and then further dried in
vacue to yileld Compound 16c as a brown oil. The obtained léc
was used for the next reaction without purification.

Compound 16d (6.43 o, 15 ramol) was dissolved in

dimethylformamide (70 mL), subsequently cocoled teo 0°C, and then
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nydrochloric acid salt {3.16 g, 16.5 mme 1) of N-{3-

dimethylaminopropyl)~N'-ethylcarbodiimide and 1-
hydroxybenzotriazole (2.53 g, 16.5 mmol) were added therete in
turn, followed by stirring at room temperature for 1.3 hours.

The reaction sclution was cooled to 0°C, and then Compound lé6c
(3.43 g, 18 mmol) and tristhylamine (6.24 mL, 45 mmol) were

added thereto, subsequently stirring at 0°C for 2 hours and then
standing at OO temperature overnight. Water and
tetrahydrofuran were added teo the reaction mizture, followed by
extraction with ethyl acetate. The organic laysr was washed

with agquecus saturated sodium hydrogen carbonate, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by_ filtration, and then the

selvent was concentrated Iin vacuo. Isopropyl acetate was then
added to the residue obtained. The resulting solid was

filtrated, and then dried in vacuco to yield Compound 1l6e as a

white solid (6.31 g, 70%}.

TH-NMR (DMSO-ds) S{delta): 1.66 (4H, br}, 2.50 (4H, br), 2.56 (1H,
g, J = 6.3 Hz), 2.81 (1H, dd, J = ©.3, 12.0 Hz), 3.74 {34, s},

3.76 (3H, s), 4.87 (2H, s), 5.06 (1H, dd, J = 9.0, 15.0 Hz},

5.16 {(ZH, &), 6.87 {(2H, d, J = 8.7 Hz), 6.97 (2H, d, J = 8.7 Hz),
7.09 (1#, d, ¢ = 8.4 Hz), 7.18-7.26 (ZH, m), 7.29-7.34 (4H, m),

7.37-7.40 {2H, m), 7.42 {(2H, d, J = 8.7 Hz).

Step (3): Compound lée + Compound 1le6f — Compound 16g - Compound
(I1~-16)

Compound 1l6e (1.20 g, 2.0 mmol} was suspended in a mixed
solvent of dimethylformamide (6 ml;} and tetrahydrofuran (4 mL).
Then Compound 16f (2.12 g, 2.0 mmol } and sodium hydrogen
carbonate { 0.34 g, 4.0 mmol) were added thereto in turn,
subsequently stirring at room temperature for 4 hours. The
reaction solution was cooled te -40°C, and then phosphorus
tribromide (0.377 mL, 4 mmel) was added, subseguently stirring
at 0°C for 1 hour. Ice-cold water was added to the reaction
mixture, followed by extraction with ethyl acetate. The crganic

layer was washed with water, washed with saturatad brine, and
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then dried over anhydrous magnesium sulfate. Magnesium sulfate
was then removed by filtration. The solvent was concentrated
under reduced pressure, and then further dried in vacuc to yield
Compound 16 g as a brown formed sclid. The obtained Compound
18g was used for the next reaction without purification.

The whole amount of Compound 16g obtained was dissolved in
methylens chloride {30 mL), subseguently cooled to -40°C, and
then anisole (2.19 mL, 20 mmol) and 2M~aluminum
chleoride/nitromethane solution (10 mL, 20 mmol) were added
rhereto in turn, followed by stirring at 0°C for 1 hour. To the
reaction solution was then added agqueous 2 N hydrochloric acid
soluticon, acetonitrile, and diisopropyl ether that had been

cooled to 0°C, subsequently stirring to completely dissolve

insolubles. To the separated agquecus layer was added HPZ0-SS
resin, and then acetonitrile was concentrated in vacuo. The
resulting mized solution was purified by oDS column
chromatography. Te the obtained solution of the desired

Compound was then added agueocus 0.2 N sodium hydroxide solution
until the solution had pH=6.0. Excess sodium hydroxide was then
neutralized by adding one piece of dry ice. The resulting
solution was concentrated in vacuo, and then lyophilized to
yield Compound (II-16) as a white powder (0.48 g, 28%).

YH-NMR (D,0) S(delta): 1.48 (3H, s), 1.49 (3H, =), 3.42-3.94 (9H,
m), 4.25 (1H, d, J = 14.4 Hz), 5.25 {(1H, d, J-= 4.8 Hz), 5.71
(11, br), 5.83 (1H, d, J = 4.8 Hz), 6.37 (1H, d, JT = 8.4 Hz),
6.67 (1¥, d, J = 8.1 Hz), 7.48 (5H, br).

Elementary analysis for:CsH;2CIN;0; 45, Na-0.1NaHCO; +4.8H, 0
caled.: C, 45.87; H, 4.98; C1, 3.75; N, 10.37; 8, 6.79 (%)
Found.: C, 45.85; H, 5.05; Cl, 3.93; N, 10.2%9; 35, 6.72 (%)

(01771

Example 59

Synthesis of Compound (II~17)
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{Formula 133}
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Step (1): Compound 17a — Compound 17b == Compound 17c¢
Compound 17a (5.0 g, 24.6 mmol) was dissolved in methylene

chloride (40 mL}), and then triethylamine {6.82 mL, 42.2 mmol)
was added therete, subsequently cooling to 0°C. Methanesulfonyl
chloride (2.11 mi, 27.1 mmol} was added drop-wise to the
reaction solution over 10 minutes. The reaction solution was

stirred at room temperature for 1 hour, and then agueous
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saturated sodium hydrogen carbonate was added thereto, followed
by extraction with methylene chloride. The organic laver was

drised over anhydrous magnesium sulfate, and then magnesium

sulfate was removed by filtration. The =solvent was then
evaporated under reduced pressure. Pyrrolidine {26.4 mL, 320
mmol) was added to the resulting concentrated residue,

subsequently heating to 530°C for 2.5 hours with stirring.
Excess pyrrolidine was evaporated under reduced pressure, and
then ethyl acetate was added to the resulting concentrated
residue, followed by extraction with agueous 1 N hydrochloric
acid solution. To the agueocus layer was added agueous 2 N
sodium hydroxide seclution until the soluticn had a pH of 7-8,
followed by extraction with methylene chloride. The organic
layver was washed with water, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration,
and then concentrated in vacueo to vield Compound 17b as a white
solid. The obtalned Compound 17b was used for the next reaction
without purification.

The whole amount of Compound 17b obtained was dissolved in

methylene chloride (22 mL}, and then triflucrcacetlic acid (22.0
ml, 285 mmol) was added, subsequantly stirring at room
temperature overnight. The solvent was evaporated under reduced

pressure, and Tthen ethyl acetate was added to the concentrated
residue, followed by cocling to 0°C. 4 N hydrochleric
acid/ethyl acetate sclution (40 ml) was then added to the
goluticn, subseguently stirring at 0°C for 15 minutes. The
resulting solid was filtrated, and then dried in vacuo to yield
Compound 17c¢ as a white solld (3.30 g, 62%).

"H-NMR (DMSO-d¢} &{delta): 0.97 (éH, dd, J = 3.3, 6.9 Hz), 1.87-
2.13 (5H, m), 2.93-3.15 (2H, m), 32.45-3.59 (4H, m), 3.7¢ (1H,
bry, 5.75 (2H, br).

Step {2): Compeound 17c¢c — Compound 17e

Compound 17d (6.43 T, 15 mmo l ) was dissolved in
dimethylformamide (70 mL), subsequently cooling to 0°C, and then

hydrochloric acid salt {3.16 g, 16.5 o) of  N-{3-
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dimethylamincopropyl)-N'-ethylcarboediimide, and 1-

hydrozyvbenzotriazole (2.53 g, 16.5 mmol) were added thereto in

turn, followed by stirring at room temperature for 1.5 hours.

The reacticn solution was cooled to 0°C again, and then Compound
17c (3.44 g, 15 mmol) and triethylamine (10.4 mlL, 75 mmol) were

added, subsequently stirring at 0°C for 2 hours and further left

standing at room temperature overnight. Water and

tetrahydrofuran were added to the reaction mixture, followed by
extraction with ethyl acetate. The crganic layer was washed

with agueous saturated sodium hydrogen carbonate, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the

sclvent was concentrated Iin vacuo. Diisoprepyl ether was then
added to the resulting residue. The resulting solid was

filtrated, and then dried in wvacuo te vyield Compound 1l7e¢ as a
white solid (6.21 g, 73%;.

"H-NMR (DMSO-d¢} &{delta): 0.89 (&H, dd, J = 6.9, 16.2 Hz), 1.66

(4H, br), 1.84 {1H, td, J=7.2, 18.6 Hz), 2.39-2.51 (6H, m}, 2.75

{1H, sy, 3.76 (1H, =), 3.94 (1H, m), 4.87 (2H, s), 5.15 (2H, s),

6.87 (2H, d, J = 8,7 Hz}, €.96 (2H, d, § = 8.7 EHz), 7.05 (iH, d,

J = 8.7 Hz), 7.18 (1H, d, F = 8.7 Hz), 7.32 {(2H, d, J = 8.7 Hz),

7.42 (2H, d, T = 8.7 Hz), 7.97 (2H, d, J = 9.0 Hz}.

Step (3): Compeound 17e + Compound 17f —* Compound 17g — Compound
(II-17)

Compound 17e (1.20 g, 2.0 mmol} was dissclved in a mized
solvent of dimethylformamide (6 mL) and tetrahydrofuran (2 mL),
and then Compound 17f (Z.1Z2 g, 2.0 mmol) and sodium hydrogen
carbonate (0.34 g, 4.0 mmel} were added thereto, subseduently
stirring at room temperature for 2 hours. The reaction solution
was cooled to -40°C, and then phosphorus tribromide (0.377 mL, 4
mraoly was added, feollowed by stirring at 0°C for 1 hour. Ice-
cold water was then added to the reaction mixture, follced by
extraction with ethyl acetate. The organic layer was washed
with water, washed with saturated brine, and then dried over

anhydrous magnesium sulfate. Magnesium sulfate was removed by
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filtration, and then the solvent was evaporated under reduced
preasure to yield Compound 17g as a brown formed solid. The
chtained Cecmpecund 17g was used for the next reactlion without
purification.

Then the whole amout of Compound 17g cbtained was dissolved in
methylene chloride (30 mlL), and then aniscle (2.1% ml, 20 mmol)
and ZM-aluminum chloride/nitromethane solution {10 mL, 20 mmol)
were added at -40°C in turn, subsequently stirring at 0°C for
1.5 hours. To the reaction solution was added 2 N hydrochloric
acid, acetonitrile, and diisopropyl ether that had been coocled
to 0°C, followed by stirring to completely disscolve insolubles.
The agqueous layer was then separated. HPZ20-358 resin was added
to the agueous layer, and then acetonitrile was concentrated in
vacuo. The resulting concentrated solution was purified by ODS
column chromatography. An agueous 0.2 N sodium hydroxide
soclution was added to the sclution of the resulting desired
compound until the scolution had pH=6.0. =Zxcess sodium hydroxide
was then neutralized by adding one pilece of dry ice. The
obtainead solution was concentrated in vacuo, and then
lyophiltized to yield Compound {(II-17) as a white powder (823 mg,
50%) .

"H-NMR (D,0) 8(delta): 0.95-1.05 (5H, m), 1.49 (3H, s), 1.51 (3H,

s}, 2.07 (1iH, br), 2.19 {(4H, bri, 3.43-3.69 (8H, m), 3.99% ({(1H, d,
J = 16.8 Hz), 4.18 (1H, 4, J = 13.8 Hz), 4.54 (iH, m), 5.37 (1H,

d, J = 5.4 Hz), 5.90 (1H, &, J = 5.1 Hz), 6.73 (2H, m), 6.58 (1H,
s).

FElementary analysis for:C;;H;CIN;Gy145;Na-0.2NalHC0; -4.0H:0

Caled.: C, 44.05; H, 5.26; Cl, 3.92; N, 10.83; s, 7.09 (%)

Found.: C, 44.07; H, 5.30; Cl, 4.14; N, 10.72; 8, 6.93 (%)

[0178]

Example 60

Synthesis of Compound (I1-18)
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[Formula 134}
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Step (1): Compound 18a - Compound 18b
Compound 18a {6.45 o, 30 mmo 1) was dissolved in
tetrahydrofuran (70 mL), and then diphenyidiazomethane {6.9%% g,
36 munol) was added thereto. The resaction sclution was then

stirred at room temperature for 1 hour, subsequently heating at
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reflux for 2 hours. The reactlon mixture was concentrated in
vacup, and then Methanol was added to the residue. The
resulting sclid was filtrated, and then dried in wvacue to yileld
Compound 18b as a white solid (2.01 g, 79%).
YH-NMR (CDCl.) S(delta): 4.50 {(2H, s}, 7.11 ({(iH, s), 7.25-7.49
(12H, m), 8.11 (24, d, J = 8.1 Hz}.
Step (2): Compound 18b — Compound 18c

Compound 18b (2.0 g, 23.6 mmol} and N-hydroxyphthalimide (4.62
g, 28.3 mmol) were dissclved in dimethylformamide (90 mL), and
then triethylamine ({3.93 mwl, 28.2 mmol) was added fhereto,
subsequently heating to 50°C for 1 hour with stirring. Ice-cold
water and tetrahydrofuran were then added to the reaction
solution, focllowed by extraction with ethyl acetate. The
organic layer was washed with agueous saturated sodium hydrogen

carbonate, washed with saturated brine, and dried over anhydrous

magnesium sulfate. Magnesium sulfate was removed by filtraticn,
and then the solvent was concentrated in vacuo. n-Hexane was
then added to the resulting residus. The resulting sclid was

filtrated, and then dried in vacue to yield Compound 18c as a
white solid (9.28g, 85%).

YH-NMR (CDCls) &{delta): 5.27 (2H, s), 7.10 (1H, s), 7.25-7.44
(10H, m), 7.63 (2H, d, J = 8.4 Hz}, 7.71-7.82 (4H, m), 8.14 {2H,
d, J = 8.4 Hz)

Step (3): Compound 1l8c - Compound 18d - Compound 18f

Compound 18c (6.95 g, 15 mmol) was dlssolved 1in methylene
chloride {70  mL), subseqguently ccoling fto 0°C, and then
methylhydrazine (0.88 mL, 16.5mmol) was added in one portion,
followed by stirring at 0°C for 1.5 hours. The resulting solid
was then removed by filtration. The solvent was evaporated
under reduced pressure, and further dried in wvacuo to vield
Compound 18d as a pale yellow solid. The obtained Compound 18d
wag used for the next reaction without purification.

Then a solution of Compound 18e (4.08 g, 15 mmel) in methanol
(40 mlL) was cooled te 0°C. To this sclution was added a

methylene c¢hloride (20 ml) solution of the whole amount of
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Compound 18¢ obtained as described above, followed py stirring
at 0°C for 1 hour and further at room femperature for 1 hour.
The reactilon scolution was concentrated in wvacuo, and then water
was added to the residue, followed by extraction with ethyl
acetate. The organic layer was washed with water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was zremoved by filtration, and then the
solvent was concentrated in vacuo. After methancl was added to
the resulting residue, the resulting solid was filtrated, and
then dried in vacue to vyield Compound 18f as a white solid
(6.23g, 71%).

"H~NMR (DMSO~ds) 8(delta): 1.46 (94, =), 5.31 (2H, s), 7.04 (1H,
sy, 7.27-7.43 {(7H, m), 7.52-7.55 (6H, m), 8.11 (2ZH, d, JT = 8.4
Hz).

Step {(4}): Compound 18f + Compound 18g — Compound 18h — Compound
(II-18)

Compound 18g (Z.37 g, 2.22 mmol) was dissolved in methylene
chloride {30 mL), subseguently cooling to -10°C. Then Compound
18f (1.18 g, 2.0 mmel), hydrochloric acid salt (0.51 g, Z2Z.47
mmol) of  N-{3-dimethylaminopropyl)-N'-ethylcarbodiimide, and
pyridine {0.233 mlL, 2.8% mmol) were added thereto in turn,
subsequently stirring at =-~10°C for 1.5 hours. Agueous 2 N
hydrochloric acid solution (2 mL) was added to the reaction
mixture, and then concentrated in vacuo. Water was then added
thereto, followed by extraction with ethyl acetate. The organic
laver was washed with water, washed with saturated brine, and
then dried over anhydrous magnesium sulfate. After magnesium
sulfate was removed by filtration, the sclvent was evaporated
under reduced pressure, and further dried in wvacuo to yield
Compound 18h as a brown formed solid. The obtained Compound 18h
was used for the next reaction without purification.

The whole amcunt of Compound 18h cobtained was dissolved in
methylene chleoride (15 mL), subssqguently cooling to -40°C, and
then anisole (1.9%7 mL, 18 mmol) and trifluorcacetic aclid (30 mL)

were added thereto in turn, followed by stirring at 0°C for 1
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hour. The solvent was evaporated under reduced pressure, and
then ice-cold water, acetonitrile, and diiscpropyl ether were
added thereto. After the agqueous layer was separated, HP20-353
resin was added thereto, acetonitrile was concentrated in vacuo.
The resulting mixed sclution was purified by ©DS column
chromatography. An aguecusgs 0.2 N sodium hydreoxide golution was
added to the obtained scilution cof the desired ceompound until the
gsolution had pH=6.0, and then excess sodium hydroxide was
neutralized by adding one pilece of dry ice. The resulting
sclution was concentrated In vacueo, and then lyophilized to
vield Compound (II-18) as a white powder (138 mg, 7%).

YE-NMR (D, 0) S{deltal: 2.20 (4H, br), 3.24 (iH, d, J = 17.4 Hz),
3.41-3.91 (10H, m), 4.08 (iH, d, J = 14.1 Hz), 5.22 (1H, d, J =
5.1 Hz), 5.26 (24, s), 5.7¢ (iH, 4, J = 4.8 Hz}, 6.80 (1H, d, J
= g.1 Hz), 6.8% (14, d, J = 8.4 H=z), 6.53 (1H, s), 7.46 (2H, d,

J = 8.1 Hz), 7.81 (2H, d, J = 8.1 Hz).
Elementary analysis for:CsyHssCLlN;0,,8;Na-0.2NaHC0O; «5.6H,C
Calcd.: C, 43.70; H, 4.76; Cl, 3.77; N, 10.43; 5, 6.82 (%)
Found.: C, 43.67; H, 4.70; Cl, 3.80; N, 10.44; S, 7.05 (%)
[0179] |

Example &1

Synthesis of Compound (II-19)
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[Formula 135]
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Step (1): Compound 19z + Compound 1%b — Compound 19c

S5-Amincpyridine 1%a (0.95%1 g, 10 mmol), Compound 18%b (4.72 g,
11.00 mmol), I-hydroxybenzotriazole (1.486 g, 11.00 mmol), and
hydrochleoric acid salt {(2.109 g, 11.00  mmol} of N-{3-

dimethylaminopropyl) -N'-ethylcarbodiimide werea disselved in

dimethylacetamide (12.5 mL), subsequently stirring at 70°C for
8.5 hours. Distilled water was added to the reaction sclution,
and then the precipitated solid was filtrated. The filtrated

residue was washed with agueous saturated sodium hydrogen
carbonate, washed with distilled water, and then washed with
diisopropyl ether. The residue was dissolved in methanol,
followed by stirring for 3.5 hours under reflux. The reaction

solution was filtrated, and then the filtrated residus was
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washed with methanocl. The residue was dried in wacuc to yield
Compound 1%c as a white solid (1.41 g, 2 8%).

'H-NMR (DMSO-ds) S(delta): 10.80 (14, s), 9.09 (2H, =), 8.93 (1H,
sy, 7.48-7.26 (6H, m}, 6.92 (ZH, d, J = 8.5 Hz), 6.88 (2H, d, J
= 8.5 Hzy, 5.21 (2H, s), 4.93 {2H, s), 3.77 {3H, =), 3.75 (3H,
sy,

Step (2): Compound 1%9c + Compound 19d — Compound 18e

Compound 1%c (0.506 g, 1.90 mmel) and Compound 18d (C.940 g,
1.00 mmol) were dissolved in dimethylacetamide {3 mL},
subsequently stirring at room temperature for &  Thours.
Dimethylformamide (30 mL) was added to the reactlion sclution,
followed by cooling to -40°C, and then phosphorus tribromide
{0.1% mL, 2.00 mmol) was added fthereto. The reaction sgolution
was stirred at ~40°C for 3 hours, and then sthyl acetate and ice
water were added thereto. The organic layver was extracted with
operaticon of separation, then washed with saturated brine, and
further dried over anhydrous magnesium sulfate. Magnesium
sulfate was filtrated, the solvent was evaporated under reduced
pressure to Compound 1% as a formed solid,. The obtained 19%e
was used for the next reaction without purification.

Step (3): Compound 1%z — Ceompound (II-19)

The whole amount of the crude Compound 1% cbtaired by the
previous reaction was dissclved in methylene chloride (15 ml},
subsequently cooling to -40°C. Anisole (1.03 mL, 10.0 mmol} and
2M—aluminum chloride/nitromethans sclution (5.00 mL, 10.0 mmol)
were added thereto in turn, followed by stirring at 0°C for 2
hours. To the reaction sclution was added distilled water,
acetonitrile, dilscopropyl ether, and aguecus 2 N hydrochloric
acid solution, and then stirred. Because precipitation appeared,
the supernatant was separated by decantation. The aquecus layer
was geparated from the supernatant by operation cof separation.
The agueous layer was combined with the decantation residue, and
then aquecus 2 N hydrochleric acid sclution and acetcenitrile
were added to make a homogeneous solution. HP-208S resin was

added to the solution, concentrated, subjected into column
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chromategraphy connecting HPZOSE column and subseqguent ODS
column, and then purified. The resulting solution of the
desired compound was concentrated in vacuo, and then lyophilized
to yield Compound (II-1%) as a white powder (58 mg, 8%).

H-NMR {D,0} &(delta): 8.34 (1H, =)y, 7.18 (1H, d, J = 8.3 Hz),
8.5 Hz), 6.58 (1H, s}, 6.35 {(1H, d, J = 2.2 Hz},

It

.86 (1H, d, J
5.79 (1H, 4, 4 = 4.7 Hz}, 5.46 (1H, d, T = 4.7 Hz), 5.12 (1H, d,
J = 10.6 Hz), 5.03-4.66 (3H, m), 4.48 (iH, d, J = 10.6 Hz}, 1.32
{6H, =s).

MS (m+l) = 733

Elementary analysis for CpaHauClNp018:Na (NaHCOs); s (HaC)e s

Caled.: ¢, 35.75; H, 3.83; Cl, 3.5&; N, 11.31; S, €.47; Na, 5.80
(%)

Found.: C, 35.53; H, 3.63; Cl, 5.26; N, 11.80; S, 6.59; Na, 3.04
(

.
L

o>

)
1803

O

Example 62
Synthesis of Compound {(I1-20)
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[Formala 136)]

s
HN-G | @ o cl
NT S oNH s N L OH
N H

!
Boctn—( | § o o <l
NT SN s " OPMB
LU G -
11-20
g.:o Nf\“(@\/ OPMB

Step (1}): Compound 20a + Compound 20b — Compound 20c

Compound 20a (1.00 g, 1.1& mmol) and Compound 20b(0.606 g,
1.10 mmol) were disgsolved in  dimethylformamide {3.5 mL),
subsequently stirring at zrcom temperature for 3 hours. Ethyl
acetate and aqueous 0.2 N hydrochloric acid solutlicn were then
added to the reaction solution. The organic layer was separated,
washed with aguecus 0.2 N hydrochleric acid solution, washed
with saturated brine, and then dried over anhydrous magnesium
gulfate. Magnesium =zulfate wasg filtrated, and then the solvent

was evaporated under reduced pressure to yield 20c as a formed
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solid. The obtained Compound 20c was used for the next reaction
without purification.
Step (2): Compound 20c — Compound (II~20)

The whole amount c¢f the c¢rude Compcund Z20c¢ obtained by the
previous reactlon was treated similarly as described above to
vield Compound (I7-20} as a white powder (83 mg, 10%).

PH-NMR (D,0) &(delta): 7.00 (1H, s), 6.93 (1H, 4, J = 8.5 Hz),
6.88 (1H, d, J = 8.5 Hz), 5.23 (18, d, I = 2.6 Hz), 5.13 (1H, d,
J = 2.6 Hz), 4.%4-4.56 (3H, m), £.33 (lH, 4, J = 13.6 Hz), 3.97-
2.85 (ZH, m), 3.53-3.33 (8H, m), 1.98-1.91 {6H, m).

MS (m+l) = 731

Elementary analysis for CipHCIlN.Na0:3, (NaHCO:) 5 5 {H0) 4 5

Calcd.: C, 40.%92; H, 4.56; Cl, 3.96; N, 10.95; 5, 7.16; Na, 3.85
(%)

Found.: C, 40.76; H, 4.63; Cl, 4.0%; N, 10.8%; &, 7.34; Na, 2.77
(%)

(01811

Example 63

Synthesis of Compound {II-21)
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[Formala 137]
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Step (1): Compound 21la + Compound Zlb -= Compound Zlc

Treatment similar to that described above yielded Compound 20c

5 a3

reaction without purification.

Step (2): Compound Zlc -~ Compound (II-21)

a formed solid. The cbtained 20c was used for the next

The whole amount of the crude Compound 2lc cobtained by the

previcus reacticn was treated similarly to that described above

10 to yield Compound {II-21) as a white powder (406 mg, 48%).

Yge-NMR (D, 0) S{delta): 6.98
6.87 (1H, d, J = €.4 Hz}, 5.85 (1H, d, J = 3.0 Hz), 5.32 {(1H,

ES

(1H, s), 6.92 {(iH, d, J = 8.4 Hz),
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J = 5.0 Hz), 3.88-2.80 {(ZH, m), 4.86-4.55 (3H, m), 3.53-3.27 (8H,
m), 1.94-1.82 (oH, m), 1.47 (3H, 4, T = 7.1 Hz).
MS {m+l) = 785
Elementary analysis for Ci;HyClNaNaO3; (NalHCO:) 5 s (H.0) 4 5

5 Caled.: C, 41.61; H, 4.71; Cl, 3.90; N, 10.78; 8, 7.05; Na, 3.7%
(%)

Found.: ¢, 41.78; H, 4.87; Cl, 4.01; W, 1C¢.77; 8, 7.07; Na, 2.74

oo

(%)
[0182]
10 Example 64
Synthesis of Compound {II-22)

[Formula 138]
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Ste {1} : Compound 22Za + Compound 22b -— Compound 22c
|2 s P P
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According a method similar to that described in BRicorg. Mad.

Chem. 2007, 15, §&716, the cobtained Compound 2Za {(8%2 mg, 1 mmol)
and Compound 22b (525 g, 0.9%9 mmol) were dlssolved in
dimethylacetamide (3 mbL}, and then potassium iodide {450 mg, 3
mmol) was added to the reaction solution in a water bath,
subsequently stirring at room temperature for 100 minutes.
Dimethvlformamide {6 ml) was added to the reaction sclution,
followed by cooling to 0°C, potassium iodide {1.33 g, 8 mmol)

and acetyl chleoride
subseguently stirring at the same temperature for one hour.
reaction
agueous 10%

and then the organic layer was separated,

washed with

sulfate.

in vacuc to yvield Compound 22zc.

(0.43 ml,

saturated brine,

& mmol)

and then

next reaction without purification.

Step (2):

Compound ZZc — Compound

Magnesium sulfate was filtrated,

solution was then diluted with

(Ir-22)

ethyl

dried

acetate.

were added thersto in turn,

The

An

sodium hydrogen sulfite soluticn was added thereto,

The organic laver was

over magnesium

and then concentrated

Compound 22c¢ was used for the

The whole amount of the crude Compound 22c¢ described above was

digsolved in methylene chloride (8 mL)

mmoll, and

then

chloride/nitromethane

thereto,

reaction solution was scolved intoe a mixed solution of

N

hydrochloric

acid

cooled

solution

to

(5 mbL,

solution and

diigopropyl ether was added thereto.

was separated, HP-2058 resin was added,

vacno.
chromatography

containing the desired compound were concentrated in vacuo,

then lyeophilized to vield Compound

powder.

MS:

P H-NMR

J

738.03 (M+H)

5.8 Hzy,

(DMSO—dlg )

7.28

eluting with

didelta): 2.60

(2H,

br =83},

The concentrated solution was

and aniscle

-40°C,

10 mmol}

(1.7 mL,

10

ZM-aluminum

was then added

acetonitrile,

After

subseguently stirring for one hour in an ice bath.

and

the agquecus

The

agueous 1

then

layer

and then concentrated in

subjected

to 0ODS column

water—acetonitrile.

Fractions

(338.3 mg, 46%)

(TI-22)
(1H, d, J = 8.52 Hz},
6.88-6.78 (3H, m), 5.78

8.48
{(1H,

as

(1,
dd,

and

I=4

.

Ly

J
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= 8.2, 5.2 Hz}, 5.19 (1H,

Hz), 4.63 {(lH, g, J =

209

7.2 Hz), 3.96 (1H, d, J =

(1H, d, J = 16.5 Hz), 3.60-3.55 (SH, m), 2.17-2.01

(3H, d, J = 7.2 Hz).

Elementary analysis for

Caled.: C, 41.86 ; H, b.

Found.: ¢, 41.9%1 ; H, 4
[0183]

Example 65

CoroHz2CIN701 08, - 5.1 (H0)

Synthesis of Compound (II-23)

d, J = 5.2 Hz), 5.08 (1H, d, J =

13.2 Hz),

(4H, mj},

13.5
3.87
1.45

12 ; N, 11.81 ; S, 7.73 ; Cl, 4.27 (%)
.92 ; N, 12.07 ; 8, 7.78 ; C1, 4.08 (%)
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[Formula 139]
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Step (1): Compound 23a + Compound Z3b - Compound 2Z3cC

Compound 23a (4 g, 33.9% mmol) was disscolved in tetrahydreofuran
{50 mL). While stirring, a tetrahydrofuran solution (30 mL} of
diphenyldiazomethane 23b (6.91 g, 35.6 mmol) was added drop-wise
thereto. After the reaction solution was stirred at room
temperature for two hecurs, the solvent was evaporated under
reduced pressure. n~Hexane {100 mL}) was then added to the
residue. The resulting solid was filtrated, and then washed
with n-hexane to yield Compound 23c (§.25 g, 86%) as a solid.
YH-NMR (CDCl;) 8({delta): 7.36-7.29 (10H, m), 6.96 (1H, =), 4.16
{1H, d, J = 3.2 Hz), 2.67 (1H, br s), 2.23-2.13 (1H, m}, 1.02
{3H, d, J = 7.0Hz), ©.77 (3H, d, J = T7.0 Hz).

Step (2): Compound Z3c + Compound Z3d — Compound Z23e

Compound 23c (g.17 o 28.7 mmol) wWas dissolved in
tetrahydrofuran (80 mL}, and then triphenylphosphine (8.28 g,
31.6 mmol), Compound 23d (5.16 g, 31.6 mmel), and dilsopropyl
azodicarboxylate (6.15 mL, 31.6 mmol) were added thereto in turn.
After stirring at room temperature for three hours,
triphenylphosphine {1.51 g, 5.74 mmol), Compound 234 (0.93 g,
5.74 mmol), and diisopropyl azodicarboxylate (1.1 mL, 5.74 mmol)
were added thereto in turn, feollowed by further stirring for 45
minutes. The solvent was evaporated under reduced pressure, and
then methancl (120 mL) was added. The resulting solid was
filtrated, and then washed with methancl to yield Compound 23e
(7.46 g, 60%) as a solid.

YH-NMR (CDCl:) d(delta): 7.792-7.72 (4H, m), 7.38-7.20 (10H, m),
£.98 {1H, s), 4.65 (1H, d, J = 7.14 Hz), Z2.45-2.34 {(1H, m), 1.18
{3H, d, J = 6.73 Hz), 1.00 (3H, d, J = 6.73 Hz).

Step (3): Compound 23e - Compound 23L — Compound ZZ3h

Compound  23e  (3.01 g, 7 mmel) was disselved in methylene
chioride (30 mlL), and then methylhydrazine (0.39% mi, 7.35 mmol)
was added thereto under ice-cooling, subsequently stirring at
the same temperature for one hour, The resulting solid was then
removed by filtration. Methanol (15 mi) was added to the

filtrate, and then Compound 23g (2.00 g, 7.350 mmol} was added
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thereto under ilce-ccooling, subseguentliy stirring at the same

temperature for three hours. The solvent was then evaporated
under reduced pressure. Ethyl acetate and water were added
thereto, and then the organic layer was separated. The organic

layer was washed with saturated brine, and then dried over
anhydrous magnesium sulfate. Magnesium sulfate was filtrated,
and then the solvent was evaporated under reduced pressure.
After evaporation, ethvl acetate was added o the resulting
sclid to yield Compound 23h {1.66 g, 44%) as a sclid.
PH-NMR (CDCls ) S{delitaj: 7.38-7.26 (10H, m), 6.94 (iH, s}, 4.96
{1H, 4, J = 3.7 Hz), 2.41-2.30 (1H, m), 1.07 (3H, d4, T = 7.0 Hz),
0.85 (34, d, J = 7.0 Hz).
MS: 552.22 {M-H}.
Step (4): Compound 231 - Compound 237

Compound 231 (45.1 g, 100 mmeol) was suspended 1in methylene
chloride (750 miL), and then 2,6-lutidine (24.5 mi, 210 mmol) and
trityl chloride (30.7 g, 110 mmol) were added under ice-cooling
in turn, subsequetnly stirring at room temperature for 3 hours.
2, 6-Lutidine (5.8 mwmL, 50 =mmol) was added to the reaction
soluticn, followed by stirring 165 minutes, and then trityl
chloride (8.37 g, 30mmel) was added thereto, subsequently
stirring for 30 minutes. 2,6-Lutidine (5.8 mi, 50 mmol} was
further added to the reaction scolution, and then left standing
at room temperature overnight. An agueous 1 N hydrochloric acild

solution was added to the reaction solution, and then the

organic layer was separated. fThe organic laver was washed with
wateyr, washed witl saturated Dbrine, and then drisd over
anhydrous magnesium sulfate. Magnesium sulfate was removed by

filtration, and then evaporaticn vyielded Compound 233 (84.7 g}.
'H-NMR (CDCls} 8{delta): 7.51-7.24 (25H, m), 6.98 (1H, s), 4.80
(iH, dd, J = 9.8, 4.8 Hz;, 4.28-4.43 (3H, m), 3.49 (I1H, d, J =
18.1 Hz)y, 3.35 (1H, d, J = 18.1 Hz), 32.00 (14, d, I = 2.8 Hz).
Step (5): Compound 23] - Compound 23k

The crude Compound 233 (84.7 g) obtaind as described above was

dissolved in methylene chloride, and then a solutiocn of m-
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chloroperbenzolc acid  (75%, 23 g, 100  rmmol) in methylene
chloride (200 mL) Was added thereto under ice-cooling,
subseguently stirring at the same temp@rature'for 3C minutes.
m-Chloroperpenzoic acid (75%, 6.920 g, 30 mmol} was Ffurther added,
followed by stirring for 30 minutes under ice-cooling. An
agqueous sodium hydrogen carbonate solution was added to the
reaction soluticn, and then the organic lavyer was separated.
The organic layer was washed with agueocus 5% sodium sulfite
solution, washed with water, washed with saturated brine, and
Then dried over anhydrous magnesium sulfate. Magnesium sulfate
was removed by filtration, and then the solvent was evaporated
under reduced pressure. The resulting redsidue was dissolved in
a small amount of methylene chloride, and then diisopropyl ether
was added. After the resulting solid was filtrated, the
fiitrated residua waz washed with diisopropyl ether, and then
dried in vacuo to yield Compound 23k {(59.8 g, 89%%) as a solid.
"H-NMR (CDCl.) 8(delta): 7.57-7.28 (25H, m), 6.92 (1H, s), 4.8%~
4.84 (2H, m), 4.04 (lH, 4, J = 12.2 Hz), 3.46~3.56 (3H, m), 3.05
{1H, d, J = 18.5 Hz}.
Step (&6): Compound 23k + Compound 231 — Compound 23m

Compound 23k (13.5 g, 20 mmol) and Compound 231 (10.5 g, 20
mmol) was dissolved in dimethylacetamide (60 mL), and then was
degassed 1in a water bath. While the reaction solution was
stirred, potassium ilodide (8.99 g, 60 mml) was added thereto,
followed by stirring at room temperature for 90 minutes.
Bimethylformamide (100 mL) was added to the reaction solution
under lce-cooling, followed by degassing, and then potassium
iodide (2¢.6 g, 160 mmol) and acetyl chloride (8.56 mL, 120 mL)
were added thereto in fturn, subsequently stirring at the same
temperature for one hour. The reaction solution was then poured
into a solution of sodium hydrogen sulfite (68 g) dissolved in
brine {1200 mL}. The resuliting solid was filtrated, and then
washed with water. The filtrated residue was dissolved in
methylene chloride, washed with water, and then washed with

saturated brine. The organic layer was then dried over
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anhydrous magnesium suliate. Magnesium sulfate was remcoved by
filtration, and then the solvent was evaporated under reduced
pressure to yield Compound 232m (27.3 g}.
Step (7): Compecund 23m — Compound Z3n

The crude Compound 23m {27.3 g) obtained as described above
was dissclved in acetone (130 mL}, and then agqueous © N
hydrochloric acid scolution {(4.83 mL, 2%.6 mmel) was added
therete at room temperature for 3.5 hours. Methylene chloride
{500 mL) was added to the reaction solution to dilute, and then
dried over anhydrous magnesium sulfate. Magnesium sulfate was
removed by filtration, and then the sclvent was evaporated under
reduced pressure tc yield 23n (26.6 g).
MS: 203.35 (M+H).

Step {(8): Compound 23n + Compound 23h - Compcound 230
Compound 23n {1.18 g, 1.1 mmol}, Compound 23h (554 mg, i mmol),

and hydrochlorice acid salt (253 mng, 1.32 mmel) of N-{3-
dimethylaminopropyl)-N'-ethylcarbodiimide were dissolved in
methylene chloride (15 mlL), and then cooled to 0°C. Pyridine
(C.12 mL, 1.43 mmol} was added to the reaction =solution,
followed by stirring for one hour under ice-cooling. Agqueous 2
N hydrochloric acid sclution (1 mhb), ethyl acetate, and water
were added to the reaction solution, and then the organic layer
was separated. The organié layer wag washed with saturated
brine, and then ried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the

solvent was evaporated under reduced pressure to yield Compound

.58 (M+H)
Step (9): Compound Z3o — Compound (II-23)

The crude Compound 230 (1.52 g} cbtained as described above
was dissclved in methylene chloride (8 mL}) and anisole {1.1 mL,
10 mmoll, and then coclad to ~40°C. 2M aluminum
chlcoride/nitromethane solution (5 mL, 10 mmel) was added thereto,
followed by stirring at a temperature between -10°C and -5°C for

one hour. The reactlon solution was dissolved into agueous 1 N
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hydrochloric acid solution and acetonitrile, and then the
aguecus layer was separated. After the aqueous layer was washed
with diisopropyl ether, HP-2033 resin was added thereteo, and
then concentrated in vacuo. The concentrated solution was
subjected to O0ODS column chromatography, eluting with aguecus
hydrochloric acid sclution-acetonitrile. Fractions containing
the desired compound was concentrated In vacue, and then
Lyophilized to vyield Compound (ITI-23) (195.9 mg, 26%) as a
powder.

MS: 766.07 (M+H).

YH-NMR (DMSO-dg ) §{delta): 9.67 (1H, 4, J = 8.0 Hz), 8.53 (1lH, t,
J = 5.2 Hz), 6.82 (1H, s), 5.78-6.75 (2H, m}, 5.93 (1H, dd, J =
8.0, 5.2 Hz), 5.31 (1H, d, J = 5.0 Hz), 4.66 (1H#, d, JT = 13.9
Hz), 4.36 {(1H, d, J = 5.1 Hz), 4.29 (2H, d, J = 14.6 Hz), 3.99
(38, d, & = 17.1 Hz}, 3.62-3.40 (9H, m), 2.15-1.892 {(5H, m), 0.96
(68, dd, J = 5.1, 6.7 Hz).

Elementary analysis for Ci1H:sCIN70108,4.2(H,0)+1.2(HCL)

Calcd.: C, 40.86 ; H, 5.12 ; N, 10.76 ; 5, 7.04 ; CL, 11.28 (%)
Found.: ¢, 40.86 ; H, 5.03 ; N, 10.72 ; 38, 6.99 ; Cl, 11.20 (%)
[0184]

Example 06

Synthesis of Compound {II-24)
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[Formula 140}
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Step (1): Compound 24a — Compound 24k — Compound 24d
Compound 24a (2.89 g, 7 mmol), synthesized similarly by a

methed described in Bicorg. Med. Chem. 2007, 15, 6716, was

dissolved in methylene chloride (30 mL). Methylnydrazine (0,37
mL, 7 mmol) was then added thereto under i1ce-cooling,
gubsequently stirring at the same temperature for one hour. The

solid which appeared during the reaction was then removed by
filtration. Methanol {15 mL} was added to the filtrate, and
then Compound 24c (1.91 g, 7 mmol) was added thereto under ice-
cooling, followed by stirring at the same temperature for one

hour. After stirring at room temperature for ancther three
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hours, ethyl acetate and aqueous (0.1 N hydrochloric acid
solution were added thereto. The organic layver was separated,
washed with water, washed with saturated brine, and then dried
over anhydrous magnesium sulfate. After magnesium sulfate was
removed by filtration, the soclvent was concentrated in vacuo,
and then diiscpropyl ether was added to the residue. The
resulting solid was filtrated, and then washed with diiscpropyl
ether to yield Compound 24d (2.28 g, 59%) as a solid.

MS: 552.05 (M+H).

"H-NMR (CBCl:) 8(delta): 7.37-7.23 (10H, m), 6.92 (1H, s}, 2.64-
2.51 (4H, m)y, 2.06-2.03 (2H, m}, 1.55 (8H, =).

Step (2): Compound Zd4e + Compound 24f — Compound Z4g — Compound
(IT-24)

Compound 2Z4e (1.18 g, 1.1 mmol} and Compcound 24f (546 mg, 0.99
mmel) were used, and Compound 2Z4g and Compound {(II-24} were
obtained according to a procedure similar to that described
above.

Compound 24g (1.67 g). M3: 1437.59 (M+H).

Compound (II-24) (251.7 mg, 33%)

MS: 764.04 (M+H)

YH-NMR (DMSO-d¢) 8(delta): 9.75 (1H, d, 9 = 8.2 Hz), 8.55 {1lH, br
), €.86-6.78 (ZH, m}, 5.97 (1H, dd, ¥ = B.Z, 5.2 Hz}, 5.35 (1H,
d, 3 = 5.2 Hz), 4.68 (lH, 4, 7 = 14.¢ Hz}, 4.31 (iH, ¢, J = 13.7
Hz), 4.02 (1H, d, J = 17.1 Hz), 3.66-3.10 (94, m), 2.78-2.67 (2H,
my, 2.46-1.24 (10H, m).

Elementary analysis for Cy HyyCIN,O108, 3.2 (H, 0} -1.7(HCL)

Calcd.: C, 41.53 ; H, 4.89 ; N, 10.%4 ; s, 7.15 ; Cl, 10.68 (%)
Found.: €, 41.33 ; H, 4.85% ; N, 11.66 ; 8, 6.89 ; C1, 10.75 (%)
[0185]

Example &7

Synthesis of Compound (II-25)
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[Formula 141]
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Step (1}): Compound 25a + Compound 25b — Compound 25c

Compound 25a (1.%1 g, 2.83 mmol) and Compound 2Z5b (1.56 g,

5 2.83 mmol} were dissclved in dimethylacetamide (9 mL), and then

degassed 1in a water bath. While the reaction solution was

stirred, potassium iodide (1.27 g, £.49 mmol) was added thereto,

followed by stirring at room temperature for 40 minutes.

Dimethylformamide (15 ml) was &added to the reaction solution

10 under ice-cooling, followed by degassing, and then potassium

iodide (3.76 g, 22.6 nmmel) and acetyl chloride (1.21 mlL, 17.0

mmel) were added thereto in turn, subsequently stirring at the
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same temperature for one hour. The reactlon solution was then
poured into a soluticon of sodium hydrogen sulfite (8.5 g)
dissolved in brine (150 mL). The resulting sclid was filtrated,
and then washed with water. The obtained solid was dissolved in
methylene chloride, washed with water, and then saturated brine.
The organic layer was then dried over anhydrous magnesium
sulfate. Magnesium sulfate was remeoved by filtration, and then
the solvent was evaporated under reduced pressure to ield
Compound 25c¢ (3.356 g} .

MS: 1171.44 (M+H).

Step (2): Compound 25¢ — Compound 25d

The crude Compcound 2Z¢ {(3.56 g) obtained as described above
was disselved in acetone (20 miy, and then aquecus 6 N
hydrochloric acid solution (0.68 mL, 4.06 mmol) was added
thereto, subsegquently stirring at recom temperature for 5 hours.
Methylene chleride and methanol were added to the reaction
solution to dilute, and then dried over anhydrous magnesium
sulfate. Magnesium sulfate was removed by filtration, and then
the solvent was evaporated under reduced pressure to yield 25d
(3.83 g).

MS: 925.56 {(M+H).

Step {3): Compound 25d + Compound Z5e —* Compound 25f
Compound 25d (1.20 g, 1.1 mmel) and Compound 25e& (554 mg, 1

mmol)  were used, and Compound 25  (1.34 ¢g) was obtainad
according to a procedure similar to that described abowve.

MSt: 1464.8% (M+H)

Step {(4): Compound 25f — Compound (I1I-25)

The whole amcunt of 25f obtained as described above was
dissolved in methylene chloride (2 mlL}) and anisole (0.83 mL,
7.63 mmol}, and then ilce-cooled. Trifluoroacetic acid (8.5 ml,
110 mmol) was then added thereto, subsequently stirring under
jce-cooling for one hour. Trifluorcacetic acid {2 mk) was
further added therets, followed by stirring at room temperaturs
for 30 minutes. After the solvent was evaporated under reduced

pressure, diiscpropyl ether was added thereto, and then the
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resulting solid was filtrated. The obtained solid was then
dissolved 1in acetonitrile and agueous 1 N hydrochloric acid
solution. HP-2088 resin was added thereto, and then
concentrated Iin vacuo. The concentrated solution was Lhen
subjected to O0ODS column chromatography, eluting with water-
acetonitrile. An agueous 0.2 N sodium hydroxide solution was
then added to fractions containing the desired compound to
obtain a sodium salt. The sclvent was concentrated in vacuo,
and then lyophilized to yield Compound (II-25) (201.2 mg, 29%)
as a powderx.

MS: 792.21 (M+H)

"H-NMR (D;0C) 8({delta): 6.97 (1lH, s), 6.90-6.83 (2H, m), 5.85 (1H,
d, J = 4.8 Hz), 5.34 (lH, d, T = 4.8 Hz), 4.58 (1H, d, J = 14.5
Hz)}, 4.34 (1H, d, J = 5.2 Hz), 3.89-3.83 (2H, m), 3.50-3.33 (9H,
m), 2.15-2.13 (1H, m), 1.98-1.84 (6H, mwm), .99 (6H, t, J = 6.9
Hzj.

Elementary analysis for Ci;H3;:CIlN,0, 05, Na4.8(H,0) 0.1 {NaHCO; )
Caled.: C, 43.73 ; H, 5.18 ; N, 10.78 ; 5, 7.05 ; Cl, 3.90 ; Na,
2.78 (%)

FYound.: C, 43.87 ; ", 5.17 ; N, 1¢.72 ; 8, &.63 ; Cl, 3.94 ; Ha,
Z2.88 (%)

[0186)

Example 68

Synthesils of Compound (II-26)
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Step {(1}): Compound 26a — Compound Z26b
To Compound Zéa (1 g, 6.44 mmol), synthesized similarly by a

method described in Helv. Chim. Acta. 1954, 37, 1672, was added
thionyl chloride (7 mbL), subseguently heating at reflux for two
hours. After thionyl chloride was evaporated under reduced
pressure, xylene was added thereto, and then concentrated in
vacuc again. The concentrated sclutlion was cooled to 0°C, and

then an aqueocus sclution (25 mL) of sodium azide (1.87 g, 25.7
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mmol) was added thereto with stirring, £followed by stirring at
the sgsame temperature for 10 minutes. Potassium carbonats was
then added to the reaction solution until effervescence ceased.
After extraction with tolusne, the organic layer was washed with
anhydrous magnesiuam sulfate, and then magnesium sulfate was
removed by filtration. The resulting sclution was then heated
at reflux for 45 minutes. BAfter extraction with agueous & N
hydrochloric acid =solution, the separated agueocus layer wasg
further heated at reflux for 150 minutes. The reaction solution
wasg ccoled to room temperature, and then concentrated in vacuo.
After isopropancl was added fo the residue, the resulting solid
was filtrated, washed with ilsopropancl, and then dried in vacuo
to yield Compound 26b (&55.% mg, 51%).

YH-NMR (D, Q) S{delta): 3.57 (6éH, t, J = 7.6 Hz), 2.26 (6H, t, J =
7.6 Hz) .

MS: 127.11 (M+H).

Step {[2): Compound 26c = Compound 26d + Compound 26b -+ Compound

26e
Compound 26¢ {858 myg, 2 ol ) was dissolved in
dimethylacetamide {9 k), and then cooled to -15°C.

Triethylamine (0.33 mL, 2.4 mmol) was added to the solution, and
then methanesulfonyl chloride {0.20 mL, 2.6 mmol) was added
thereto, followed by stirring for 30 minutes at temperature
between -10°C and -5°C. The reaction solution was cooled to -
15°¢, and then triethylamine (0.92 mL, 7.2 mmol} and Compound
26b (478 mg, 2.4 mmol} were added thereto in turn, subsequently
stirring for 20 minutes under lce-cooling. An agueous (.2 N
sodium hydroxide sclution was added to the reaction scolution,
followed by extraction with ethyl acetate. The organic lavyer
was washed with water, washed with saturated brine, and then
ried over anhydrous magnesium sulfate. Magnesium sulfate was
removed by filtration, and then the sclvent was concentrated in
VECUO. The concentrated solution was subjected to silica gel

column chromatography, eluting with chloroform/methanol.
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Fractions containing the desired compound were concentrated Iin
vacuo to yield Compound Z6e (45%8.5 mg, 43%).
M3: 537.19 (M+H).
TH-NMR (CDCl;) &(delta): 7.37-7.34 {4H, m), 6.91 (2H, dd, J = 8.5,
2.1 Hz), £.83 {2H, 4, J = 8.5 Hz), 5.85 (1lH, br s), 5.08 (2ZH, s},
4.94 (2", =), 3.83 (3H, s}, 3.8l (3H, =), 3.01 (6B, t, J = 7.6
Hz), 1.%8 (gH, t, T = 7.6 Hz).
Step (3): Compound Z6f + Compound Zée — Compound Z6g

Compound  Z6f (450 mg, 0.84 mmol) was issolved in
dimethylformamide (3 ml), and then degassed. Compound Z26e (783
mg, 0.84 mmol) was then added thereto, followed by stirring at
room temperature for 40 minutes. After the reaction solution
was diluted with ethyl acetate, agquecus 10% sodium hydrogen
sulfite soclution was added, and then the organic layer was
separated. The organic Jlayer was washed with water, and then
washed with saturated brine. The organic laver was dried over
magnhesium sulfate, and then magnesium sulfate was filtrated.
The solvent was evaporated under reduced pressure tTo vyield
Compound 26g {1.04 g}.
MS: 1343.92 (M+H).

Step (4): Compound 26g — Compound Z6h
The whole amount (1.04 g) of the crude Compound 26g obtained

as described above was dissolved in dimethylformamide (6 mL),
and then cooled to -40°C. Phosphorus tribromide (0.10 ml, 1.06
mmol) was added to the reaction solution, followed by stirring
at the same temperature for 40 minutes. Ethyl acetate was added
to the reaction scluticn to dilute, and then the organic laver
was separated. The organic layer was washed with water, and
then washed with saturated brine. After the organic layer was
dried over anhydrous magnesium sulfate, magnesium sulfate was
filtrated, and then the solvent was evaporated under reduced
pressure to yield Compound Z6h (231 mg).

M3: 1327.87 (MTH)

Step (4): Compound Z6h — Compeound {II-26})
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The whole amount ({931 mg) o¢f the crude Compound 26h obtailned
as described above was used, and treated according to a
procedure similar to that described above, and thus Compound
(TI-26) {2%2.7 mg, 59%%) was obtained as a powder.

MS: 764.28 (M+H).

'H-NMR (D, 0} 8{delta): 6.8% (1.0H, s), 6.8% (2H, d&dd, J = 8.1,
14.% Hz), 5.89 (1H, d, J = 5.0 Hz), 5.37 (l1H#, d, J = 5.0 Hz),
4.63 (1B, d, J = 13.1 Hz), 23.852 (ZH, dd, J = 15.0, 10.4 Hz),
3.49-3.79% (6H, m), 3.43 (1H, d, J = 17.5 Hz), 2.34-2.56 (63, m) ,
1.52 (6H, d, J = 4.6 Hz}.

Flementary analysis for C3:;H::CIN:0:p8;:Na-6.6(H,0) 0.2 (NaHCOy)
Calcd.: C, 40.65 ; H, 5.07 ; N, 10.64 ; 38, 6.96 ; Cl, 3.85 ; Na,
2.89 (%)

Found.: C, 40.54 ; H, 4.85 ; N, 10.8% ; 8, 7.26 ; Cl, 2.79 ; Na,
3.05 (%)

[0187]

Example 6%

Synthesis of Compound (II-27)
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[Formula 143}
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Step {(1): Compound 27a + Compound 27k — Compound Z27cC

Compound 27a (2.14 g, 5 mmol} was suspended in tcluene (25 mL),
and then triethylamine (0.83 ml, &% mmol) and diphenylphosphoryl
azide (1.2% mL, & mmol) were added theretoc in turn, followed by
heating at reflux for one hour. Compound Z7b (0.86 g, 7.5 mmol)
was then added, subsequently heating at reflus for another two
hours. The reaction solution was cooled to room temperature,
and then the solvent was evaporated under reduced pressure.
Water was added to the residue, followed by extracticn with
ethyl acetate and tetrahydrofuran, and then the organic layer

was concentrated in vacuo. Isopropancl was added to the
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resulting residue, and then the resulting solid was filtrated to
vield 27c¢c (1.84 g, 68%).
'H-NMR (DMSO-dg) 8(delta): 8.65 (1H, br =), 7.91 (1H, br s), 7.67
(14, dd, J = 14.9, 9.6 Hz), 7.39 (2H, &, J = 7.3 Hz), 7.29 (2H,
d, J = 7.6 Hz), 7.09 (1H, dd, J = 18.4, 8.9 Hz), 6.95 (2H, d, J
= 7.6 Hz), 6.86 (2H, d, J = 7.8 Hz), 5.06 (2H, s}, 4.89 (2H, =},
3.76 (3H, =), 3.74 (3H, =), 3.29-3.10 {(2H, m), 2.48-2.42 (6H, m),
1.70-1.67 (4H, m).
MS: 540.36 (M+H).
Step (2): Compound 27d + Compound 27c¢ —* Compound 27e

Compound 274 {1011 me, 1.2 mno ) was dissolved in
dimethylacetamide ({5 mL), and then degassed in a water bath.
Potassium iodide (540 mg, 3.6 mmel! was then added thereto,
followed by stirring at room temperature for 20 minutes.
Compound 27c (648 mg, 1.2 mmol) was added to the reacticn
solution, subsequently stirring at room temperature for one hour,
Ethyl acetate and water were added to the reaction solution, and
insoclubles were removed Dby filtraticn. - The organic layer
separated from the filtrate was washed with agquecus 10% sodium
hydrogen sulfifte solution, washed with water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the
solvent was concentrated in vacuo. The concentrated residue was
dissolved in dimethylformamide (12 mL), and then cocled to -40°C,
Phogphcerus tribromide (0.17 mhk, 1.84 mmol) was added thereto,
followed by stirring at the same temperature for 90 minutes.
BEthyl acetate was added to the reaction solution teo dilute, and
then water was added thereto. The organic layer was separated,
and then dried over anhydrous magnesium sulfate. Magnesium
sulfate was filtrated, and then the scolvent was evaporated under
reduced pressure to yield Compound 27e {(1.05 gJ.
MS: 1330.11 (M+H)

Step (3): Compound Z7e -~ Compcund (II-27)

The whole amount (1.05 g} of the crude Compound Z2Z7e obtained

as described above was used, and treated according to a
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procedure similar to that describéd above, and thus Compound
(I7-27) (20.7 mg, 16%) was obtained as a powder.

MS: 767.37 (M+H).

"H-NMR (D,0) S{delta): 6.99 (1H, s}, 6.88 (2H, s), 5.87 (1H, 4, J
= 4.9 Hz), 5.35 (1, d, J = 4.9 Hz), 4.78 (1H, d, J = 14.0Hz,
4.08 (1H, d, J = 14.0 Hz), 3.91 (1H, d, J = 16.9 Hz), 3.76-3.33
(9, m), 2.25-2.15 (4H, m), 1.50 (6H, d, JT = 4.1 Hz).

Elementary analysis for CipH:sClNgGC. o5, Na 5.7 (H, 0}

Calcd.: C, 40.4C ; H, 5.13 ; N, 12.56 ; 3, 7.19 ; Cl, 3.98 ; Na,
2.58 (%)

Found.: ¢, 40.37 ; H, 5.00 ; N, 12.48 ; 8, 7.48 ; Cl, 3.83 ; Na,
2.36 (%)

[01ss8]

Example 70

Synthesis of Compound {(II-28}
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Step (1): Compound 28a + Compound Z8b — Compound Z8c

Compound 28a (4.29 g, 28.2 mmol), synthesized similarly by a

methed described in J. Org. Chem. 1993, 58, 6372, was disolved
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in tetrahydrofuran (40 mL}), and then diphenyldiazomethane 28b
(8.21 g, 42.3 mmeol) was added, fcollowed by heating at reflux for
20 hours. The solvent wag evaporated under reduced pressure,
and then subjected to silica gel column chromatography, eluting
with ethyl acetate-hexane. Fractions containing the desired
compound were concentrated Iin vacuo to yield Compound 28c (7.85
g, 89%).
'H-NMR (CDC1ls:) 8{delta): 8.11 (1H, s), 8.07 (1H, d, J = 7.7 Hz),
7.59 (14, d, J = 7.7 Hz), T7.48-7.26 (S8H, m), 7.12 (1H, s), 4.76
(2H, d4, J = 5.7 Hzy, 1.78 (1H, %, J = 5.7 Hz}.
Step (2): Compcund 28c + Compound 2Z8d -+ Compound Z8e

To Compound 28c (7.95 g, 25.0 mmol) was added tetrahydrofuran
(140 mlL), and then N-hydroxzyphthalimide 28d (4.89 g, 30 mmol)
and triphenylphosphine (7.86 g, 30 mmol} were added thereto in
turn, subseqguently ceooling to 0°C. Diisopropyl azodicarboxylate
(7.28 mL, 37.5 mmol) was then added to the reaction solution,
followed by stirring at room temperature for two hours. The
solvent was evaporated under reduced pressure. After methanol
was added to the resulting residue under ice-cceoling, the
resulting solid was filtrated, and then dried in vacuo to yield
Compound Z8e (7.84 g, 68%).
YH-NMR O (CDC1l:) S(delta): 8.24 (1H, s), 8.15 (1H, d, J = 7.9 Hz),
7.85-7.78 (3H, m), 7.75-7.68 {(2H, m), 7.51 (1H, t, J = 7.7 Hz),
7.43 (4H, dd, J = 7.9, 1.4 Hz), 7.38-7.26 (6H, m), 7.10 (iH, s),
5.27 (2H, s).
Step {3): Compound 28e — Compound Z8f — Compound Z8h

To Compound 28e (5.56 g, 12 mmol} was added methylene chloride
(25 mL), and then methylhydrazine (0.64 mi, .12 mmocl) was added
thereto under ice-cooling, followed by stirring at the same
temperature for one hour. The solvent was evaporated under
reduced pressure, and then methancol {45 mi) was added. Under
ice-cooling, Compound 28g (3.27 g, 12 mmol) was then added,
subsequently stirring for three hours. The solvent was
evaporated under reduced pressure, and then ethyl acetate,

tetrahydrofuran, and saturated brine were added thereto. The
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organic layer was separated, and then the solveni was evaporated
under reduced pressure to yield Compound 28h (7.49 g, 97%),
"H-NMR (CDCl:) &{delta): 8.11 (1H, s), 8.04 (1H, d, T = 8.1 Hz),
7.56 (1H, d, I = 7.6 Hz), 7.46~-7.24 (1ZH, m), 7.12 (iH, s8), 5.26
(2H, s).

Step (4): Compound 281 + Compound 28h — Compound 287

Compound 281 (1.60 g, 1.5 mmol) and Compound 28h (793 mg, 1.35
mmol} were used, and Compcund 28] {(l1.68 g} was obtained
according to a procedure similar to that described above.

MS: 1472.84 (M+H).
Step (5): Compcund 283 — Compound (II-28)

The whole amount of the crude Compeound 283 obtained as
described above was dissolwved in methyvlene chloride (3 mL) and
anisole {1.07 nl, 9.78 mmoly, and then cooled to 0°C.
Trifluorcacetic acid (12 ml, 110 mmol) was then added to the
reaction solution, followed by stirring for 30 minutes under
ice~cooling. Trifluorcacetic acid (4 mL) was further added to
the reaction solution, subsequently stirring at room temperature
for 90 minutes. After the sclvent was evaporated under reduced
pressure, diisopropyl ether was added, and then the resulting
solid was filltrated. The sclid was dissolved in acetonitrile
and agueous 1 N hydrochloric acid solution, and then HP~20SS
resin was added,. The solvent was concentrated in wvacuo,
subjected to O0D3 column chromatography, eluting with water-
acetonitrile. An aqueous 0.2 N sodium hydroxide solution was

used for fractions containing the desired compound to obtain a

sodium salt. The fractions were concentrated in vacuo, and then
lyvophilized to vyield Compound (II-28) (204.6 mg, 23%) as a
powder.

MS: 800.24 (M+H)
LE-NMR (D, 0) S{(delta): 7.90 (1H, s), 7.79 (14, d, J = 7.63 Hz),
7.55 (1H, d, J = 7.17 Hz), 7.41 (1H, t, J = 7.93 Hz), 6.97-6.92

(2H, m), 6.82 (1H, d, J = 8.08 Hz), 5.75 (1H, d, J = 4.88 Hz),
5.26 (2H, s), 5.21, 4.73 (14, d, J = 4.88 Hz) (1H, d, J = 4.88
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Hz), 4.10 (1H, d, 0 = 14.¢4 Hz}, 3.83-3.47 (9H, m), 3.27 (1H, d,
J = 16.62 Hz), 2.12-2.26 (4H, m}).

Elementary analysis for C34H33C1N101082Na-5.2(Hzo)-O.I(Nchog)
Caled.: C, 44.31 ; H, 4.74 ; N, 10.61 ; 3, 6.94 ; Cl, 3.84 ; Na,
2.74 (%)

Found.: ¢, 44.16¢ ; H, 4.2 ; N, 10.77 ; 5, 7.12 ; Cl, 4.07 ; Na,

2.

6]

6 (%)

0189]

Y
et

Example 71

Synthesis of Compound (II-2%)
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Formula 1457
[

\K\/N RS
COy i = oH
1-29
O
N, ’
HO-N C
(T 1D o o
@j\w 2% © 204 | o
CO.H CO,BH 7 C0,BH
29a 28¢ 29e
@]
N HBO,C
BocHN~</ J/U\COZH
S

-crH3N;LiT,S\1 (fi} o 0
S N%/L\;M\NJﬁOPMB 28h
H

CO,BH OPMB

28§

HBC,C

o
N
N 1 ﬁ S
BocHN-— | £} Qo Cl
s O N AN OPMB

N
H e )1-28

CC,BH OPMB

29j
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Step (1}): Ceompound 292z — Compound 25h
Compound 2%a, synthesized similarly by a method described in J.
Am. Chem. Scc. 2001, 123, 1856, was used, and Compound 29%h was

obtained according to a procedure similar to that described

above.

Compound 28c (7.75 g, 107%)

‘H-NMR (CDCl:) 8(delta): 8.18 {(1H, dd, J = 8.5, 1.1 Hz}, 7.35 (1lH,
td, T = 7.5, 1.2 Hz), 7.47-7.25% (12H, m), 7.11 (1H, =), 4.76 {(2H,
d, J = 7.4 Hz), 3.72 (1H, t, T = 7.4 Hz;.

Compeund 2% {(10.2 g, 30%)

YH-NMR (CDCl:) &(delta): 8.16 (1H, d, J = 7.6 Hz), 7.86-7.70C (5H,
m), 7.5% (1H, t, J = 7.5 Hz), 7.46~7.24 {(11H, m;, 7.05 {1H, =),
5.66 (2H, s).

Compound 2%h {4.03 g, 69%)

YH-NMR (CDCls) S(delta): 8.08 (1H, &, J = 7.5 Hz), 7.5% (1H, 4, J
= 7.6 Hz), 7.52-7.24 (13H, m), 7.06 (1H, s}, 5.66 (2H, s).

MS: 588.20 (M+H).

Step (2): Compound 281 + Compound 25%h — Compound 29237 — Compound
(Ir-2%)

Compound 2%i (793 mg, 1.35 mmol} and Compound 2%h (783 mg,
1.35 mmol) were used, and Compound (II-29) was obtalned
according to a procedure similar to that described above.
Compeound 293 (1.78 g)

MS5: 1473.8% (M+H).

Compound (II-29) (157.2 mg, 17%)

MS: 800.23 (M+tH)

PH-NMR (D.C) Sldeita): 7.52-7.44 (2H, m), 7.40-7.30 (2H, m), 6.95
(1H, s), 6.%0 (iH, d, J = 8.24 Hz), 6.82 {(lH, d, J = 8.24 Hz),
5.80 (iH, d, 0 = 4.73 Hz), .44 (Z2H, s}, 5.28 (1lH, d, JT = 5.03
Hz), 4.83 (1lH, d, J = 14.18 Hz), 4.10 (1, d, J = 14.18 Hz),
3.92-3.36 (1CH, m), 2.21-2.18 {(4H, m).

Elementary analysis for Ciy4H:aCIN; OS5 Na*4.6(H;0)-0.2(NaHCO; )

Caled.: <&, 44.56 ; H, 4.64 ; N, 10.64 ; 3, 6.96 ; Cl, 3.85 ; Na,

2.99 (%)
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Found.: ¢, 44.%1 ; H, 4.60 ; N, 10.71 ; 8, 6.85 ; Ci, 3.74 ; Na,
2.88 (%)

(01907

Example 73

Synthesis of Compound {II-31)

[Formula 1461

s-Co
unN-< [ LH
> { coo°® H A on
COOH
[1-31
cl
H S o]
HoN o) Boc-N—¢ ||
HCI- H, j:, NLKU\OH
g N + .
COOBH MTWEO
Me COQBH
31a 31b
cl
H S O <j 0
BocN—< 1| IR o N\/x\NJLTi:j:OBn
' H
NO N.__= Cl 11d OBn
> COOBH
COOBH
Jic
BOC“N“<\ [ H 0O I
NT T (e o
NO oi“”N > N\/\ﬁj\@O-Bn -
> { COOBH o.mn
COOBH

f-31
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Step (1): Compound 3la + Compound 31k — Compound 3lc

Compound 3la (2.18 g, 5 mmcl} and Compound 3ib (2.94 g, 5
mmol) was suspended in methylene chloride (20 mL). Pyridine
(0.48 mL} and Thydrochloric acid salt {1.0% g of  N-{3-
dimethylaminopropyl)-N'-ethylcarbodiimide were then added
thereto under ice-cooling, followed by stirring for 30 minutes.
The reaction sclution was diluted with ethyl acetate and water,
and then the organic layer was separated. The organic layver was
washed with water, dried over anhydrous magnesium sulfate, and
then concentrated in vacuo. The residue was purified by silica
gel column chromatography to yileld Compound 3le {(3.82 g).

"H-NMR (CDCla} 8(deltal: 0.93 (3HE, d, J = 3.9 Hz), 0.95 (3H, d, J
= 4.8 Hz)y, 1.47 (%H, s}, 2.15-2.20 (1H, m), 4.40-4.66 (5H, m},
5.33 (iH, d, ¥ = 3.0 Hz), 5.82 (1H, dd, J = 3.0, 7.0 Hz), &.89
{14, =), ©.94 (i1, =), 7.12-7.63 {(21H, mwm), 9.3% (1H, 4, J = 6
Hz;.

Step (Z;: Compound 3lc + Compound 31d -+ Compound 3le = Compound
{II-31)

Compound 3lc was dissclved in DMF (5-fold wolume), and then
potassium lodide (1.5 eguivalents) and Compound 31d {eguivalent
mole) were added thereto, followed by stirring at roOom
temperature for 2 hours. The solution was slowly added to
stirred 5% brine (50-fold wveolume}, and then the precipitated
deposits were filtrated. The filtrated scolid was washed with
water, suspended in water, and then lyophilized to vyield the
crude product 3le (100%). The crude product 3le was dissclved
in methvlene chloride (20-fold wvolume) and nitromethane {10-fold

volume) . Aniscle ({10 eguivalents) followed by 2M aluminum

chleoride/nitromethane solution {10 eguivalents) were then added

at reoom temperature, subseguently stirring for 1 hour. After
reacting, the reaction solution was poured intoc cold 1IN
hydrochloric acid/acetonitrile/diiscpropyl ether (3/1/5). The

agueous layer was separated, and then subijected te HP-20 column

chromatography to purify it. After aluting with
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acetonitrile/water, eluates were concentrated in vacuo, and then

lvophilized to yield Compound (II-31).

IC/MS
TR (KBr)

(ES +): 750 (M+H")

em Y 3309, 1784, 1667, 1608, 1532

Elementary analysis for Cy1H34CIN7011S53.6H,0

Caled.: €, 45.68; H, 5.34; N, 12.03; €1, 4.35; &, 3.83 (%)
Found.: C, 45.56; H, 5.02; N, 12.25; C1, 4.56; 5, 4.0&6 (%}
[c191]

Example 74

Synthesis of Compound (II-32)

[Formula 147}

O
A

HoN—C [ LH
2 N/Lm)LN%—ij ® 0

N JN_A_N OH
Meiu< COO o OH

COOH
-32

Boc- N-*@ i
] 0O ﬁﬂ

Step

{1}):

[II-32)

N W)M J\QO__W,,
Me < COORBH H o H-32
COOBH én
32¢

Compound 32a + Compound 32b — Compound 3Z2c¢ — Compound
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Compound 3Za {a mixture of af{alpha), PBlbeta)-sulfoxide = 7:2)
(0.68 g, 0.7 mmol} and Compound 32b  were dissolved in
dimethylformamide (6 mL), and then potassium iodide (0.21g , 2

sguivalents) was added thereto, followed by stirring at room
temperature for 1.5 hours. The solution was slowly added to
stirred 5% brine (50-fold volume), and then the precipitated
deposits were filtrated. The filtrated solid was washed with
water, suspended in water, and then lyophilized to vyield the
crude product 3Zc (1.07g). The crude product 32c was dissolved
in methylene chloride {(20-fold wolume} and nitromethane (10-fold
volume) . Aniscle (10 equivalents) followed by 2M aluminum

chloride/nitromethane solution (10 equivalents) were added at

room temperature, subsequently stirring for 1 hour. After
reacting, the reaction sclution was poured intoe cold 1N
hydrochloric acid/acetonitrile/diisopropyl ether (3/1/5). The

agueous layer was geparated, and then subjected to HP-20 column
chromatography to purify it. Lfter aiuting with
acetonitrile/water, eluates were concentrated in vacuo, and then
lyophilized te yield Compound (a mixture of w(alpha), PB(beta)-
sulfoxide = 80:15) (I1-32).
LC/MS (ES +): 755 (M+H")
IR (KBr) cm *: 3297, 1790, 1611, 1530,
Elementary analysis for Cog1HipCINLGO1; 3, +3.4H,0
Calcd.: C, 42.71; H, 4.80; ¥, 12.02; Cl, 4.35; 8, 7.86 (%)
Found.: ¢, 42.67; H, 4.68; N, 12.17; Cl, 4.30; 3, 7.71 (%)
[0192]

Test Exampls 1

Compound (I) of the present invention was investigated for
the antimicroblal activity thereof.

(Test methods)

(Microbe/Strain species Nos. 1-14):
Measurement o¢f Minimum Inibitory Concentration (MIC,

microg/ml) was conducted zccording to the standard method of the

Japan Scclety for Chemotherapy, and the amount of bacteria for
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incculation was 1000cfu/spot, and sensitive disc medium was used
as the test medium, and conducted using agar plate incubation.

(Microbe/Strain species Nos. 15-17):

Measurement of  Minimum TInibitory Concentration (MIC,
microg/ml) was conducted according to the CLSI (Clinical and
Laboratory Standards Institute) and the amount o¢f bacteria for
incculation was 10000cfu/spot, and Mueller-Hinton agar medium

was used as -the test medium, and conducted using agar plate

incubation.

Test results are shown in Tables 1-6. In the tables, a

unit of the values of inhibitory activity is microg/ml {(pug/mly.

[G1383]
[Takle 1]
| etor s R ool I e e |
i [Kiebsielld pneumornias ATCC 70’0603 16 ns § 0.25 0.125
2 |Psetdomonas aeruginosa sRre4 4 0.083 i 0083 | 0031
3 |Pseudomonas aeruginosa SR27080 32 025 ! 0125 | 0128
4 tAcinetobacter baumantii 5R24398 84 G125 0.2% 0128
5 iStenttrophomonas mafiophifia  |SR21970 16 0.5 |
[0194]
Table 2]
US| Bacteris Spacies Strain Name Gomunund | Gomosens | Gomemuns fij‘;?;‘
i |Kiebsielia pneumoniae ATCC 700603 0.125 | 0.25 0.125 ;.9;25““
2 |Pseudomonas aeruginosa SR24 0.031 | 0.063 0.063 0063
3 |Pseudomonas geriginosa SR27660 0125 | 0128 0.125 | 0.128
4 jAcinstabacter baumanni SR24396 0.25 0.25 (.25 0.5
5 Stenotrophomonas maftophilias |SR218706. 0.5 4 3.8

[0195]
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ITable 3]
i |Klebsiella pneumaoniae ATCC 700803 G128 | 0.125 0.125 0.081
2 | Pseudomonis agruginesa SR24 0.083 0.063 | (3.083 0.031
3 | Pseudomonas asruginosa SR27060 0.25 0.1 2.5 C.125 0125 |
4 |Acinetgbacter baumanmi SR24386: 0.25 | 0.125 0.25 125
5 Smn‘ez‘mphamcnas maftophiia  |SR21970 0.5 025 .fit.
[D1B26&]
[Table 41
Rgfrt;ga Babteria Spenks Strain Nams Comound Commu"d :G?m'wufd Cf-)mmu"d Oomm??d
No. (1—28) | =26} | (~1) | (-2} | (1—38)
1 K_;iébsieﬁa phgumoniae ATCC 700803 4.5 0.5 8.5 0.0 0,125
2 | Pseudomonas aeruginosa 5R24 ©.125 | 0125 | 0125 | 0125 | 0125
3 | Pseudomonds aeruginosa S5R27060 025 | 0.5 .25 025 _{}.‘5
4 [Acinetobacter baumannii SH24396 0.5 1 0128 | 0128 | 0.25
5 __ Stenotrophomonas maftophifia [SR21970 2 0.5 t
[0197]
[Table 5]
"B’ actera Spocies strain tame | O ey | e
1 |Kebsigils prieumoniae ATCC 7006803 0.5 0.5 025 | 0625 | 125
2 Preudomionas asruginosa SR24 | 2125 0;?*25_1 0.063 | 0.063 0.1.25
3 ._:P}s_e.udqmahas agrugincsa SRFFOE0 025 025 0.25 0.5 325
4 |Acinetobacter baumannii SH24396 g25 | 025 | 025 0,25 8.5
5 1 Sferiotrophomonas maltophifia |BR21870 1 1 t b | 1

[0198]
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[Takle &]
s s e e
3 Kiehsiella preumonias ATCLC 700803 0.25 05 g.125 | 0125 0.25
2. |Pseudomonas aeruginosa SR24 0.083 | 0125 | 0.125 | 0.089 | 0.063
3 | Pegudbmonas asruginesa SRa7os0 D.25 0.25 0.25 g5 025
&  |Acinelobacter baumanmii BRO4398 05 o125 | 025 | gars | 055
5 iStenctrophomonas maltophilia  |BR21970 | 1 2 05 0.5 1

Bacterial strains described in the above tables and enzyme

(beta~lactamase) produced thereby are explained in Table 7.

5 [018¢9]
[Table 7]
Bacteria Species  Strain Name pE:;-ZiT'eed Strain Type
K pneumcniaé- ATCC?BK}Q{}S SH\I"»TB ESBL producer stram
P aerugmosa _ Sﬁzfi _ Nene B Saﬁﬂzaﬁi‘ﬁe sensmve stram
N N >“ MBL producer straln T
,P aer ugmosa SF{E?{)&{) !MP 1 ....m,fcafbapenem resistant.strain).
A baumanmt SR24398'- _ Ncme _
B T v
S ma!topfziifa 332197{3' L”1 (carbapenem resistant strain)
(02001
[Formula 148]
S
i ¢ LY
HN— 1 ILg 5 [0 Q
N /l/:?g'n f;”'j“‘\\,// N'V’/\”N'/ \“ﬁf’kg’\\/ Q\gﬁe
me. O O ] Ao
e CO0s P
Me” N\
COOH
Comparative Compound 1
10 ks shown in the above results, the compounds of the present

invention were shown to have a wide antimicrobial spectrum, in

particular, potent antimicrobial spectrum against Gram negative

bacteria, and/or effectiveness against multi-drug resistant

bacteria, and exhibited high =stability against beta-lactamase
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producing Gram negative bacteria. In comparison to Comparative
Compound 1 having no catechol greoup, it was shéwn that ths
compounds of the present  invention have more potent
antimicrobial activity.

(0201]

Formulation Example 1

Powder of a compound of the present invention i1s loaded to
prepare an injection agent.

[Industiral Applicabilility]
[(0202]

The compounds of the present invention have a wide
antimicrobial spectrum, and are effective as an antimicrobial
druyg having high stability against beta-lactamase producing Gram
negative bacteria. Moreover, the compounds have good
bicavailability, and high water solubility, and thus

particularly effective as an injection agent.
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Claims

1. 2 compound of the formula:

[Formula 1]

Jele \ |
E COoGO RS
\ B
F R
HCXDC/
5
wherein,
X is N, CH or C-Cl;
T is S, S=0, CH; or O;
B is lower alkylene, lower alkenylene or lower alkynylene;

10 G 1s a singls bond, optionally substituted lower alkylene,
ocptionally substituted lower alkenylene, or optionally
substituted lower alkynylene;

B is a single bond or 5- or 6&-membered heterccyclic group
containing at least 1 to 3 N atom(s);

15 D is a single bond, =-C0-, -0-CO~-, -CO-0-, ~NR’~-, -NR'-CO-, -
Co-NR’ -, ~NR'-CO-NR'-, =-0=-, -8-, -8S0-, -S0;-NR’~, =NR ~80,~, =~
CH, ~NR' ~CO- or -80,~;

E is optionally substituted lower alkylene;
F is a single bond or optionally substituted phenylene;
20 R*, R, R’and R® each is independently hydrogen, halogen,

nitrile, or -ORY;
R'each 1is independently hydrogen or optionally substituted
lower alkyl;
rRfeach is independently hydrogen, lower alkyl,
25  Thaloi(lower)alkyl, lower alkylcarbonyl or carbamoyl;
A group of the forpula:

[Formula 2]

4
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)
N\
A///‘\\C G

is an optionally substituted, saturated or unsaturated,
monocyclic or fused cyclic gquaternary ammonium group containing
at least one or more N atom{s);

the broken line showing a boend in the ring;

provided that
when G bonds fto a cationic N atom, the broken line i1s absent;
when G does not bond to a cationic N atom, the broken line shows
a single bond between the caticnic N atom and a neighboring atom
or shows lower alkylene between the cationic N atom and a ring-
forming atom other than the neighboring atom; and
when G is a single bond, B is a =single bond and D ig-NH~CO~ or -
S-, a group of the formula:

[Formula 3}

@®
N
A/\ o

is not a group of the formula:
[Formula 4]

/ [
AN ) °

wherein, a hydrogen atom{s) may be substituted;

or an ester, a protected compound at the amino on the ring in
the 7-side chain, a pharmaceutically acceptable salt, or a

solvate thereof.
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2. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side <chain, a pharmaceutically
acceptakle salt, or a solvate thereof according to claim 1,
wherein

5 saild formula

[Formula 5]
@/l
/\

is the following formula:

[Formula 6]

&)
or g

10
wherein n is an integer from 0 to 5, k is an integer from 0 to 5,
g is an integer from 0 to 3, RY is halogen, hydroxy, lower alkyl,

halo{lower)alkyl, lower alkoxy, or halo(lower)alkoxy, provided
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that R'™ may be identical or different at k or g occurrences, and

A andG are as defined in claim 1.

3. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side <c¢hain, a pharmaceutically

acceptable salt, or a solvate therecf according to claim 1,

wherein

sald formula

[Formuala 7]

@
A/ o G

ig the formula:

[Formula 8]

\
(Rafk )n (\RO)K G (Rm)q
® @® N
® G
N N/
A/ \G ' A/N\/ or A’/

wherein n, %k, g and R are as defined in claim 2, and A and G

are as defined in claim 1.

4. The compound, or an ester, a protected compound at the
amino on the ring in the 7-gide chain, a pharmaceutically
acceptable salt, or a solvate therecf according to any one of
claims 1-3, wherein R® and R' are -OR®, wherein RY is as defined

in claim 1.

5. The compound, or an ester, a protected compound at thes
amino on the ring in the 7-gside chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of

claims 1-3, wherein
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the formula
[Formula 9]

R3
R4

R5
R 8
is the formula:

[Formula 10}

RS OR®

~

ORS

RS
5  wherein R®, R*, R, R® and R® are as defined in claim 1.

0. The compound, or an ester, a protected compound at the

amino on the ring in the 7-side chain, a pharmaceutically

acceptable sgalt, or a sclvate thereof according to any one of
10 claims 1-3, wherein

the feormula:

[Formula 117

R3
R4

R5
R6
is the formula
[Formula 12]
cl OH

15  wherein RY, R}, R and R® are as defined in claim 1.
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7. The compound, or an ester, a protected compound at the
amine on the ring in the 7-side <c¢hain, & pharmaceutically
acceptable salt, or a solvate therecf according to any one of
claims 1-6, wherein A is -CH,-, -CH,-CH,-—, -CH;-CH;-CH;-, -CH=CH-,

~CH=CH-CH, - or —CH,~CH=CH-.

8. The cempound, or an aster, a pfotected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof acceocrding to any one of
claims 1-7, wherein G is a single bond, -CH,-, -CH,-CH;~-, =CH;~-
CH, ~CH; -, -CH=CH-, =-CH=CH-CH.-, -CH;-CH=CH-, -CH;-CH(CH3)~-, -CH;~-
CH{*Pry- or -CH,-CH(Ph)=-, wherein iPr refers toc isopropyl group,

and Ph refers to a phenyl group.

9. The compeound, or an ester, a protected compound at the
amine on the ring in the 7-=side <chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of

claims 1~8, wherein B is a single bond or the formula:

: 2
K/'i’\j;_ N\Jg . %L//N\gf"

{Formula 13}

10. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a sclvate therecf according to any one of
claims 1-9, wherein D is a single bond, -C0-, -0-C0C~, =CO-0O~, =
NR'-, -NR'-CO-NR'-, =-NR'-CO- or -CO-NR’-, wherein R’ is as

defined in claim 1.

11. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically

acceptable salt, or a solvate thereof according to any one of
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claims 1-9, wherein D is a single bond, ~CO~, -NR -CO-NR'-, -NR' -
CO- or —CO-NR’ =, wherein R’ i1s as dafined in Claim 1.
1z2. The compound, o<or an =ester, a protected compound at the

amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according te any one of
claims 1-11, whersin E is the formula:

[Fermula 14)]

R1 1H% ( m mﬁ; Rtk\ %Hh
R? Hff . ny or R12 Hfr

wherein R' and R’ are each independently hydrogen, halogen, an
optionally substituted lower alkyl, a lower alkylthic, or an
optionally substituted phenyl, R* and RY are each independently
hydrogen, an optionaily substituted lower alkyl, an optionally
substituted carboxyl, or a carbamoyl, and m refers to an

integer of 1 to 5.

13. The compound, or an ester, a protected compound at the
amino on the ring 1in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of

claims 1-12, wherein R’ and R® are each independently hydrogen or
d

a lower alkyl.

14. The compound, or an ester, a protected compound at the
amino on the ring 1in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of

claims 1~13, wherein ¥ is N.

15. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptakble salt, or a solvate thereof according to any one of

claims 1-13, wherein X is CH or C-Cl.



10

15

20

249

16. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a sclvate thereof according to any one of

claims 1-15, wherein T 1s S.

i7. The compound, or an ester, a protected compound at the
amine on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or & solvate thereof according to claim I,
wherein

¥ is N, CH or C~Cl;

T 1is S;

A is a lower alkylene;

G 1s a single bond or a lower alkylene;

the fermula:

[Formula 15]

@
///NQ\
A : G
ig the formula:

[Formula 1¢]

\)n G

@ ®
N
A// \\@ or Af//

B is a single bond;

N

n is an integer of 0-3;
D is -NH-CO- or -CO-NH-;
E i1s the formula:

[Formula 17]

Me %%% Q%L WH%

Mehtn-- Me

Me ﬂfr | jf; o ﬁf

wherein Me refers to a methyl group;

F is a single bond;
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R® and R' are -0OH, and R’ is hydrogen or Cl, and R® is hydrogen.

18. A pharmaceutical composition comprising the compound, or an
ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a sclvate

therecof according to any one of c¢laims 1-17.

18. The pharmaceutical composition according to claim 18, which

has an antimicrobial activity.

20. A methed for treating an infectious disease, characterized
in the step of administering the compound, or an ester, a
protected compound at the amino on the ring in the 7-side chain,
a pharmaceutically acceptable salt, o¢xr a solvate thereof

according to any cne of claims 1-~17.

21. The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chaln, a pharmnaceutically
acceptable salt, or a solvate thereof according to any one of

claims 1-17, which is for treating an infectious disease.

22. Use of the compound, o¢r an ester, a protected coempound at
the amino on the ring in the 7-side chaln, & pharmaceutically
acceptable salt, or a solvate thereof accerding to any one of

claims 1-17, for manufacturing an infectious disease therapeutic

agent.
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