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Description
CEPHALOSPORIN HAVING CATECHOL GROUP

[Technical Field]
{0001}

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 same.

[Background Art]
[0002]

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

According to the Ambler molecular classification, Dbeta-
lactamase are largely classified into four classes.
Specifically, those are Class A (TEM type, SHV type, CTX-M type
and the like), Class B (IMP type, VIM type, L-1 type and the
like), Class C (AmpC type) and Class D (0OXA type and the like).
Amongst these, Classes A, C and D types are largely classified
inéo 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 hydrclysis of beta-lactam drugs.

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

substrate spectrum. Particularly, metallo-betz-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). However, there is a demahd for
development of Cephem compounds which exhibit more potent
antimicrobial activity, in particular effectivity against a
variety of beta-lactamase producing Gram negative bacteria.
[00C3]

one of known antimicrobials having high anti-Gram negative
bactericidal activity 1is Cephem compounds having a catechol
group intramolecularly (e.g., Non-Patent Literatures 2-4). The
action thereof is that the catechol group forms a chelate with
Fe'™, thereby the compound is efficiently incorporated intc the
bacterial body by means of Fe3+ transportation system on the
cellular membrane (tonB—dependent iron  transport system).
Therefore, research has been conducted on compounds having
catechol or similar structure thereto, on the 3-position side
chain or 7-position side chain on the Cephem backbone.
[0C04]

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 ¢f the Cephem backbone.

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

Non-patent Literatures 7, 9, 10 and 12-15 describe Cephem
compounds which have been stabilized 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-beta-lactamase of
Class B type, or antibacterieal activity against wide spetcrum of

Gram negative bacteriaz 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 Publication No. 2007/118511
pamphlet

[Patent Literature 2] Japanese Laid-Open Publication No. H3-
173883

[Patent Literature 3] Japanese Laid-Cpen Publication No. H2-
15090

[Patent Literature 4] Japanese Lald-Cpen Publication No. H2-
28187

[Patent Literature 5] Japanese Laid-Open Publication No. H2-
117678

[Patent Literature 6] Japanese PCT National Phase Laid-Open
Publication No. H6-510523

[Patent Literature 7] Japanese Laid-Open Publication No. HS5-
213971

[Patent Literature 8] Japanese Laid-Open Publication No. H2-

28185

[Patent Literature 9] Japanese Laid-Open Publication No. H6-
345776 |

[Patent Literature 10] International Publication No. 2007/C9€740
pamphlet
{Patent Literature 11] International Publication No. 2003/078440
pamphlet

[Non~Patent Literature]
{0006}
[Non-Patent Literature 1) The Journal of Antibiotics, VVol 61,
pp.36-35(2008)

[Non-Patent Literature 2] The Journal of Antibiotics, Vol. 43,
pp.1617-1620(1980)

The Jcurnal of Antibiotics, Vol.4Zz,

[Non~Patent Literature 3

pp.795-806 (1989)
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[Non-Patent Literasture 4] The Journal of Antibiotics, Vcl.4e6,
pPp.833-839(1993)

[Non-Patent Literature 5] The Journal of Antibioctics, Vol.4§6,
pp.840-849(1983)

[Non-Patent Literature 6] The Journal of Antibiotics, Veol.4s,
pp.850-857(1993)

I[Non-Patent Literature 7] The Journal of Antibiotics, Vel.ds,
pp-1458-1470(1993)

[Nen—-Patent Literature 8] The Journal of Antibiotics, Veol. 48,
pp.1371-1374({1995%)

[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(1932)

[Non-Patent Literature 11] Bioorganic & Medicinal Chemistry
Letters, Vol.5, pp.963-866(1995)

[Non—-Patent Literature 12] The Journal of Antibictics, Vol.48,
pp.417~424(1995)

[Non~Patent Literature 131 The Journal of Antibiotics, Vol.41,
pp.377-391(1988)

[Non~Patent Literature 14] The Journal of Antibiotics, Vol.49,
pp.496-498 (1996)

[Non-Patent Literature 15} The Journal of Antibiotics, Vol.46,
pp.1279~1288(1993)

[Non—-Patent Literature 16} Applied Microbiclogy an

(o}

Biotechnology, Vol.40, pp.892-897(1994)
Abstract of Invention]
[Froblems to be solved by the Invention]
[0007] ’
The present invention provides Cephem compounds which
exhibit potent antimicrobial 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 ezhibit potent antimicrobial activity against
multi-drug resistant microbials, in particular, Glass B type
metallo-beta~lactamase producing Gram negative bacteris.

till preferably, the present invention provides Cephem
compounds which do not exhibit cross-resistance against known
Cephem drug or Carbapenem drugs.
[Means for solwving the problems]
[06008]

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

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

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

3) The compounds of the present invention have an
aminothiadiazol ring or aminothiazol ring on the 7-positicn side
chain, and a carboxylic group on the extreme of the oxime moiety.
{0008]

Specifically, the present invention provides the following
inventions:

1) A compound of the formula:

[Formula 1]
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— _R*
B—D ke
N
RS
HOOC
wherein,

X is N, CH or C-Cl;

T iz 8, S8=0, CH; or ©O;

A is lower alkylene, lower alkenylene or lcwer alkynylene;

G is 2 single bond, opticnally substituted lower alkylene,
optionally substituted Jower alkenylene, or optionally
substituted lower alkynylene;

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

D is a single bond, -CO-, =-0-CO-, =-C0O-C-, -NR'-, -NR'-CO-, -
Co-NR’ -, -NR'-CO-NR'-, -0-, -S~, -S0-, ~S0,-NR'=-, -NR'-S0,-, -
CH, ~NR’ ~CO~ or ~S0,-;

E is optionally substituted lower alkylene;

F is a single bond or cptiocnaily substituted phenylene;

R, R!', R°aznd Reach is independently hydrogen, halcgene,
nitrile, or -OR®;

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

R® each is independently hydrogen, lower alkyl,
halo(lower)alkyl, lower alkylcarbonyl or carbamoyl;

A group of the formula:

[Formula 2]

()



10

15

20

25

is an optionally substituted, saturated or unsaturated,
monocyclic or fused cyclic quarternary ammoniwn group containing
at least cne or more N atom{s);

the broken line shows a bond in the ring;

provided that when G bonds to a cationic ¥ atom, the broken
line is absent, and when G does not bond to a cationic N atom,
the broken line shows a single bond between the caticnic N atom
and a neilghboring 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 is~-NH-CO- or -S~-, a group of the formula:

[Formula 3]

is not a group of the formula:

[Formula 4]

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

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

therecof.

{00107}

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

said formula

[Poermula 51
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is the fellowing formula:

[Formala 6}

(Ri0) &

A

or

wherein n is an integer frem ¢ to 5, k 1is an integer from 0 tec 3,
g is an integer from 0 to 3, R is halogen, hydrony, lower alkyl,
halo{lowerjalkyl, lower alkoxy, or halo{lower)alkoxy, previded
that R may be identical or different at k or g occurrences, and

A and G are as defined in item 1).

-y
Q
<
—
oot
—
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3) 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

said formula

[Formula 7]

@
N,
e \)QG

Is the formula:

[Formula 8]

(R‘{\\k ) (R 0>k . (Rw)q

N .
A,/ \\G N or A

)
i
a3
o

Wherein n, k g and R are as defined in item 2), and 2 and
as defined in item 1).

[00121

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 1)-3),

wherein R® and R® are ~CRY, wherein R8 is as defined in item 1).

[0013]

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

wherein

the formula
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is the formula:

[Formula 10]

R OR®
g .
OR3
¢ \ i/
RG

. , . g N . . .
wherein R®, R, R®, R® and R® are as defined in item 1).

[0014]

) The compound, or an ester, a protected compound at the amino

on the ring in the 7-side chain,
salt, or
wherein

the formula:

[Formula 11]

R3

'
A
R
is the formula
{Formula 12]
ci OH

o

N 2 5 5 . . .
wherein RY, RY, R® and R® are as defined in item 1).

[0015]

a pharmaceutically acceptable

a solvate thereof according to any cne of items 1}-3),
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73} 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 thereof according to any cne of items 1)-6),
wherein A is -CH;-, =-CH;-CH,-, -CH;-CH,-CH;-, -CH=CH-, -CH=CH-
CH; - or -CH; —CH=CH-.

[001€]

8) The ccmpound, or an ester, a protected compocund 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 1s & single bond, -CH;-, -CH,-CH;-, -CH;-CH;-CH;-, -~
CH=CH-, ~CH=CH-CH,-, =-CH,~-CH=CH-, ~-CH;-CH{CH;)~, -CH:.-CH({'Prj- or
~-CH, ~CH(Pn)~-, wherein !Pr refers to isopropyl group, and Ph
refers to a phenylAgroup.

[(C017]

3) The ccmpound, 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]

[ooiel

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 solvate thereof according to any cne of claims 1-9,

wherein D is a single bond, -CO-, -0-CC-, -CO-0-, -NR'-, -NR’-CO-

7 - ~ : =7 s ; ‘ N
NR’~-, =NR'~-CO- or -CO-NR'-, wherein R’ is as defined in item 1).

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

salt, or a solvate therecf according te anyv one of items 1)-9)
= Py / i
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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
cn the ring in the 7-side chain, a pharmaceutically acceptable
salt, or a solvate thereof according to any one of items 1)-11),
wherein E is the formula:

[Formula 14]
T,

N .
R? . (3 A RO ™
> RN

R » o R &

wherein R* and R? are each independently hydrocgen, halogen, an

%

optionally substituted lower alkyl, an opticonally substituted
lower alkylthic, or an optionally substituted phenyl, &Y and R*
are each independently hydrogen, an optionally substituted lower
alkyl, an optionally substituted carboxyl, or a carbamoyl, and m
refers tc an integer of 1 to 5.

[0021]

13} 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 accerding 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.

10023)

15) The compound, or an ester, a protected compound at the aminc
on the ring in the 7-side chain, a pharmaceutically acceptable
sait, or a solvate thereof according to any one of items 1)-13),
wherein wherein ¥ is CH or C-Cl.

[0024]
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16) The compound, or an ester, a protected compound at the aminc
on the ring in the 7-side chain, =z pharmaceutically acceptable
salt, or a soclvate thereof according to any one of items 1)-15),

wherein T 1s S.

- {0025}

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

X is N, CH or C-C1l;

T is S;

A is a lower alkylene;

G 1s a single bond or & lower alkylene;

the formula:

[Formula 15]

/‘\
PSR

- G
is the formula:

[Formula 16]

/‘“‘Hn ¢

Kﬁ? ®
K// \\G or 'A///

B is a single bond;

N

n is an integer of 0-3;
D is -NH~CO~- or -CO-NH-;
E is the formula:
[Formula 17]
= “,
Me>/ﬁa { ) "
Mexuu»- Me

Me” \\ & ™,

& . Hﬁr or ﬁﬁf
wherein Me refers to a methyl group;

F is a single bong;

R® and R? are -OH, and R® is hydrogen or Cl, and R® is hydrogen.
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[0626]

18) A pharmaceutical composition comprising the compound, or an
ester, a protected compound at the aminc on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvat
thereof according to any one cof items 1-17.

[00271

18) The pharmaceutical composition according to item 18), which

an antimicrecbial activity.

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

[0029}

©21) 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 treatingban infecticus disease.

[0030]

22) Use of 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 scolvate thereof according to any one of

for manufacturing an infectious disease

-

items =17y,
therapeutic agent.
[0031]

tion provides the following inventions as

3

The present inve
alternative embodiments:

17y A compound of the formula:
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S~x o
H2N~<\/xk T H 3 4
N. T R
N E/L ™ /@ ﬁ\\/j 5
o o AT BTh T TR ()
E coom® ge
COOH
wherein

X is N, CH ¢r C-Cl;

]

is 5, $=0, CH, cr C;

A is lower alkylene, lecwer alkenylene or lower alkynylene;

B is lower alkylene, lower alkenylene, lower alkynylene or 5-
or 6é-membered heteroccyclic group containing at least 1 to 3 N
atom{s};

D is a single bond, a lower alkylene, -CO-, =-0-CO~, -CO-0-,
-NR’~, ~NR'-CO-, =-CO-NR’-, =-NR'-CO-NR' -, =-0-, -S-, =-SO0-, -S0,-
NR' =, -NR’~80,~ or -8S0,-;

E is an opticnally substituted lower alkylene;

o is N or CRS,

z 4 4 x 0] " .
R*, R*, R°* R®* and R® each is independently hydrogen,

halogene, nitrile, or -ORY;

R’each is indepeﬁdently hydrcgen or opticnally substituted
lower alkyl;

R®each is independently hydrogen, lower alkyl,
halo (lowerjalkyl, lower alkylcarbenyl or carbamoyl; and

a group of the formula

{Fermula 181

O,
zgf”éfigl\:;

is an optionally substituted, saturated c¢r unsaturated,
monocyclic or fused cyclic quarternary ammonium group containing

at leasst 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-gide chain, a pharmesceutically acceptable salt, or a
solvate thereof, provided that the following is excluded:
{Formula 20}
<.,‘;
Ha H T
NI s B
. @D
,.E/ j;,l PPN
Jae) T ’]\}/j:
e . N
:?i\ Q0 ~F O
COOH '

w3

e
e

e

5 {00321
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 therecf acceording to item 1'), wherein
said formula

10 [Formula 21)

the following fermula:

[
0

[Formula 22}

Lan]

— ,&A\l\ _,.'/’\ l (\\
& N, = 3 @ I
Naw s B N k e KT
Py o NP N
. A7 N—B A g AT }
e , =/ or &

wherein n is an integer from 0 to 5, R10 is halogen, hydroxy, or
a lower alkyl, k i1s an integer from 0 to 4, and A and B are as

15 defined in item 1').
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2'} The compound, or an ester, a protected compound at the amino

j
on the ring in the 7-side chain, a pharmaceutically acceptabls

cording to claim 1, wherein

(9]

salt, or a solvate thereof =z
said formula

{Fermula 23]

/N\)KB
A
is the formala:

{Formula 24}

wherein n, R*® and k are as defined in item 2'), and A and B are
as defined in item 17).

[0034]

4'} The compound, or an ester, a protected compound at the aminc
on the ring in the 7-side chain, 2 pharmaceutically acceptabkle
salt, or a solvate therecf according to any one of items 1')-3'}),
wherein R® and R' are -OR?, wherein R® is as defined in item 17').
f0035)

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 solvate therecf according to any one of claims 1-3,
wherein

the formula:
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[Ferrmula 263

RS> OR?

% ———<w\-OR8

RS

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

(RS}

6]

(oo

6’} The compound, or an ester, a

on the ring in the 7-side

salt, or a sclvate thereof accor

wherein A is -CH,-, -CH;-CH;-,

CH; - or -CH, -CH=CH~-.

[0037]

77 ) The compound, or an &

cn the

salt, or a solvate therecf asccor

wherein B 4is ~CH,~-, ~CH;-CH;~-,

CHy, -, -CH; -CH=CH~ cr the formula

[Formula 27]

1 \‘\_\(//\\ i \M\".‘,’JJ \\
S /'&\, 4 o B £
£ &
or
{0¢38)
8’) The compound, cr zn ester,

on the ring in

chain,

ester, a

ring in the 7-side chain,

the 7-side chain,

protected compound at the amino

a pharmaceutically acceptable

ding to any one of items 1')-5'},

-CH; -CH; ~CH, -, ~CH=CH-, ~CH=CH-

protected compound azt the amino

a pharmaceutically acceptable

1
i

ding to any one of item 1')~

-CH; -CH; -CHz -, ~CH=CH-, ~CH=CH-

N

a protected compound at the amino

a pharmaceutically acceptable

salt, or a solvate thereof according to any one of items 1')-7'},

wherein D is a single bond, -CO-, -C-CO-, -C0-0-, -NR' -, -NR’-CO-

NR'~, -NR'~CO- or ~CO~NR’-, wherein R

10039]

@71 The compound, ©r an ester,

on the ring in the 7-side

salt,

chain, a

or a solvate thereof according

is as defined in item 1').

a protected compound at the amino
pharmaceutically acceptable
one of items 1'3;-7%),

to any
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wherein D is ~C0O-, -NR’-CO-NR’~, -NR'-CO- or -CO-NR'-, wherein R
is as defined in item 17).

[0040]

10'y 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

claims 1')-9'), wherein ¥ ig the formula:
[F
5,
i 4
S
R\\ jf
/ukmw\\
i N F
or " &

and R? are each independently hydrogen, halogen, an
optionally substituted lower alkyl, a lower &lkylthio, or an
optionally substituted phenyl, R and R are each independently
vdrogen, an opticnally substituted lower alkyl, an opticnally
substituted carbozyl, or a carbamoyl, and m refers to an
integer c¢f 1 to 5.
[0041]

11’y The compound, or an ester, a protected compound at the

amine on the ring in the 7-side chain, a pharmaceutically

o=l

acceptable salt, or a solvate thereof according to any one of
items 1')-10'), wherein R’ and R are each independently hydrogen

or a lower alkyl.

12’y 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 cf

137} The compound, or an ester, a pretected compound at the

amino on the ring in the 7-side chain, a pharmaceutically

i1

$

olvate thereof accerding to any one of

n
®

acceptable salt, or a

¥

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

14’) The compound, or an ester, a protected compourd at the
amino on the ring in the 7-side c¢hain, a pharmaceutically
acceptable salt, or a solvate therecf according tc any one of
items 1')}-13'), wherein T is S.

[0045]

1573y The compound, or ah ester, a protected compound at the

in the 7-side chain, & pharmaceutically

1

amino on the ring
acceptable salt, or

a solvate thereof according to item 1'),

a
wherein

X is N, CH or C-Cl;

T is 8;

the formula:

[Formula 29]

A/N\._// B

is the formula:

[Formula 30]

a/n
D
N
x~ s
A is a lower alkylene;

B is a lower alkylene;

n 1ls an integer of 0-3;
D is -NH-CO- or -CO-NH-;
E is the formula:

[Formula 31}

wherein Me refers te a methyl group;

R’ and R' are -0OH, and R’ is hydrogen or Cl, and R® is hydrogen.
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i
L

<

046]

167) A pharmaceutical compositicn 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

\

therecf according to any cne of items 1')-15").
7

7'y The pharmaceutical composition according to item 16'),
which has an antimicrobial activity.
Effects of The Invention]

[o04s)]

The compounds of the present invention are useful as a
pharmaceutical product in that the compounds have at least one
of the following features:

1) The compound exhibits potent antimicrobial spectrum
against a variety of bacteria including Gram negative bacteria
and/or Gram negative bacteria;

2) the compounds exhibit potent antimicrobial activity
against beta-lactamase producing Gram negative bacteria;

3) the compounds exhibit potent antimicrebial activity
against multi drug resistant bacteriz, in particular, Class B
type, metallo—-beta-lactamase producing Gram negative bacteria;

4) the compounds do not ezhibit cross resistance with known

Cephem drugs and/or Carbapenem drugs;

5) the compounds do not exhibit side effects such as fever
after administration inte 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" includes fluorine, chlorine, bromine and iodine.

referably, halogen is Zfluorine, chlcorine or bromine, and more

-

iKY

preferakbly halogen is chlerine.
"Lower alkyl" includes linear or branched alkyl having 1-8
carbons, preferably 1-6 carbons, and more preferably 1-3 carbons,

—

and include for example, meithyl, ethyl, n-propyl, isopropyl, n
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butyl, iscbutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

neopentyl, hexyl, isohexyl, n~heptyl, ischeptyl, n-octyl and the

like.

The lower alkyl molety in haloc{lower)alkyl", "lower
alkylicabonyl", Tlower alkylthio", "lower alkoxy",
"hydroxry {lower)alkory", "lower alkoxy{lower)alkoxzy",
"hydroxy{lower)alkoxy", "lower zlkoxy(lowerjalkoxy", "lower
alkylamino", "lower alkylimino", "lower alkylcarbamoyl",

"hydroxy (lower}alkylcarbamoyl", "lower alkylsulfamoyl”, '"lower
alkylsulfinyl"™, "lower alkylthioc™, and the like is as above in

"lower alkyl".

Substituents in "an optionally subkstituted lower alkyl" is

at least one of those groups selected from "Substituents group
alpha”.
[0050]

"Substituents group alpha” is a group consisting of halogen,
hydroxy, lower alkoxy, hydroxy (lower)alkoxy, lower
alkoxry{lower)alkoxy, carbcezry, hydroxy {lower)alkoxry, lower

alkoxy{lower)alkoxy, amino, acylamino, lowsr alkylamino, imino,
hydroxyimino, lower alkoxyimino, lowsr alkylthio, carbamoyl,
lower alkylcarbamoyl, hydroxy{lower}alkylcarbamoyl, sulfamoyl,
lower alkylsulfamoyl, lower  alkylsulfinyl, cyano, nitro,
carbocyclic group, and heterocyclic group.

[C051]

"Halo{lower)alkyl™ refers to a group in which at least one
position of a lower alkyl dis substituted with the above
"halogen", and include, for example, monofluoromethyl,
difluoromethyl, trifluoreomethyl, monochloromethyl,
moncbremomethyl, monoflucromethyl, monochioroethyl, and the like.
[0052]

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

butylene, n-pentylene, n-hexylene and the like.
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"Lower alkenylene” includes linear alkenyvl having 2-8
carbons, preferably 2-6 carbons, more preferably 2-4 carbons
having at least one double bond at any pesition, and include,
for example, vinylene, allylene, ropenylene, butenylene,
prenylene, butadienylene, pentenylens, pentadienylene,

hexenylene, hexadienvlene, and the like.

"Lower alkynylene" includes a linera alkynylene having Z2-8

carbons, preferably 2-6 carbons, more preferably 2-4 carbons,
having at least one triple bond at any pesition, and include,
for example, ethynylene, precpynylene, butynylene, pentynylene,
hexynylene and the like.

[0053]

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

"An optionally substituted lower alkylene” is a group in
which the ~CH;~ moiety of "lower alkylene" includes the cases
where as described in the formula:

[Formula 321}

N
/
> R1Z P

R and RY are each independently hydrogen, an optionally
substituted Jlower alkyl, an opticnally substituted carboxyl,

or a carbamoyl, and m refers tc 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 phenylene™ and
"an optionally substituted phenyl" include at least one group
selected from the Substituent Group AElpha.

{00541
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"Carbocyclic group" includes cycloalkyl, cycloalkenyl, aryl
and non-asromatic fused carbocyclic groups and the like

"Cyclocalkyl™ is a carbecyclic group having 3-10 carbons

Y = = 7

preferably 3-8 carbons, mere preferably 4-8 carbons, and

includes, for example, cyclopropyl, cyclobutyl, cycliopentyl,

cyclohexyl, cycloheptyl, cyclooctyl, cycleononyl and cyclodecyi,
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 specifically include, for example, cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptynyl,

cyclooctynyl, and cyclohexadienyl and the like.

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

"Non-aromatic fused carbocyclic group" includes group in
which two or more cyclic groups selected from the "cycloalkyl”,
"cycloalkenyl" and "aryl" are fused, and specifically, includes,
for example, indanyl, indenyl, tetrahydronaphtyl, and fluorenyi
and the like.

"Heterccyclic group" includes heterocyclic groups having at

east one hetero atom arbitrarily selected from O, $§ and N, in

fout

the ring thereof, and specifically includes, for example, 5~
membered or 6-membered hetercaryl such as pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazolyl, triazinyl, tetrazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, isothiazolyl, thiszolyl, thiadiazolyl, furyl and
thienyl and the like; bicyclic fused heterccyclic groups such as
indeolyl, iscindolyl, indazolyl, indolylizinyl, indolynyl,
isoindolinyl, gquinolyl, isoguinolyl, cinncninyl, phthalazinyl,

azolinyl, naphtylizinyl, gquinoxanilyl, purinyl, pteridinyl,

q‘x:il &Z0
benzo vi, benzimidazolyl, benzcotriazolyl, benzisozxazclyl
Y+

N

benzoxazolyl, benzozxadiazoyl, benziscthiazelyl, benzeothiazolyl,
benzothiadiazolyl, benzofuryl, isobenzofuryl, benzothienyl,
benzotriazolyl, imidazopyridyl, pyrazcolopyridine, guinazolinyl,

guinelyl, isoquinclyl, naphtylidinyl, dihydrobenzofuryl,
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tetrahydroguinolyl, tetrahydroisoquinelyl, dihydrobenzoxazine,
tetrahydrobenzothienyl, and the like; tricyclic fused
heterocyclic group such as carbazolyl, acridinyl, =xanthenyl,
phencthiadinyl, phenoxathiinyl, phenczazinyl, dibenzofuryl,

imidazogquinelyl and the like; non-aromatic heterocyclic group

such as dioxanyl, thiiranyl, oxiranyl, oxathioranyl, azetidinyl,

[

imidazolinyl, pyrazolidinyl, pyrazolinyl, pyperadinyl,
morpholinyl, morpholine, thiomorpholinyl, thiocmorpholino,
dihydropyridyl, dihyrobenzimidazolyl, tetrahydropyridyl,
tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiazelyl,
tetrahydroisothiazolyl, dihydroozazinyl, hexahydroazepinyl,

tetrahdydrodiazepinyl, and the like.
[0055]

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

[Formula 33}

;‘5% fg\!’\i f{\N/\! ff\{j\j SN
SN k\J/ 3ﬁ L\V/N\;; HN\V/N\}g L\N/l\\;
' : ' H

anyl, thiazolidine, pyrrrelidinyl, pyrrolinyl, imidazelidinyl,

¢ §
£
;*\\T/”\7 ﬁ{\Nxﬁ\7 ;{\N/f\7 5;‘ S NH
\‘/ N \ ! \\_—" __1’ N ~ ‘555 L:—:_,{"

\}j ' »«*N\}; ' \tﬁr e £

Preferably, it includes any group as follows:

wherein a quartery ammonium group as shown in Formula:

[Formula 35]
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@
KN
is a saturated or unsaturated, nmonocyclic or fused cyclic
quaternary 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 additional one oxr more O and/or § atoms.

Heterc rings which form the quaternary ammonium group is as
follows:

Saturated hetero ring containing N atom includes, for
example, azetidine, pyrrolidine, pyrazolidine, thiazclidine,
oxazolidine, imidazolidine, piperidine, piperazine, morphocline,
thiomorpholine, azepane, azocane, quinuclidine, and fused ring
containing the same, and preferably pyrrolidine, piperazine,
azepane, or guinuclidine.

Unsaturated N-atom c¢ontaining hetero ring includes, for
example, monocycle (for example, pyrrol, pirazel, imidazol,
oxazol, isoxazol, thiazol, isothiazol, pyridine, pyridazine,
pyridimine, pyrazine, triazine, triazcl, 2,3-dihydro-lH-pyrrol,
2,5~dihydro-1H~pyrrol, and fused bicyclic ring containing these
monocycle in the ring (for example, indole, benzimidazole,
benzopyrazocle, indolydine, guincline, iscguincline, quinocline,
phtalazine, quinazoline, benzoisoxazole, benzoxazole,
benrzoxadiazocle, benzoisothiazole, benzthiazole, benzoxadiazole,
benzisothiazole, benzthiazcle, benzotriazole, purine, indoline,
1H-pyrrole[3,2-blpyridine, 1H-pyrrazeclo {4, 3-blpyridine, 1E~-
pyrazolo{4,3~-blpyridine, thiazolo([4,5-c]pyridine, 1,4~-dihydro-
pyrido2,4-blpyrazine, 1,3~dihydro~imidazo[4,5~c]pyridine and
the like}, and preferabkly, pyrrol, imidazele, pyridine,
benzimidazole, 2,5-dihydro-lH-pyrrole.

{0057

Specifically, for example, heterocyclic groups which

optionally have a plurality of substituents at an appropriate
1

pesiticon, for ezample, as described below are inc
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alkoxy, or halo(lower)alkoxy, provided that R may be identical
or different at k cccurrences.
[C058]

More preferably, the following heterocyclic groups

o]
H
®

included as follows:

[Formula 37)

[ R0}
\R k

(?10/\k (Rm)q
o/ @Ni |
N <
[

wherein n is an integer from 0 to 5, k is an integer from 0 to 4,
g is an integer from 0 te 3, R is halocgen, hydroxy, lower alkyl,
hale{lower}alkyl, lower alkoxry, or halo{lower)alkoxy, provided
that R' may be identical or different at k or g occurrences
[0059]

Still more preferably, the heterocyclic groups are included

s follows:
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[Formula 28]

n, ¥, g ana R*
[0080]

The heterocyclic group as shown as follows is most
preferable.

[Formula 3%8)

/Nﬁ“é)n
/ \

wherein n is as defired above.
[0061]

"n  saturated or unsaturated, monocyclic or fused cyclic
quaternary ammonium group including at least one N atoms" is a
saturated or unsaturated, monocyclic or fused cyclic guaternary
ammonium group preferably including 1-4 N atoms, more preferably
1-3 N atoms, and still mcore preferably 1-2 N atoms, and
;ncluding 1-4, preferably 1~2 substituents, and said ring may
inciude additional cne or more O and/or S atoms.

Specifically, the heterocyclic groups which may have a
plurality of substituents at an appropriate position are
included as follows, for example. Substituents include a group

d

frem an cptionally substituted lower alkyl or

Substituents Group Alpha:
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[C063]

More preferably, the heterocyclic g¢reup which may be
substituted at an appropriate position is as follows.
Substituents include these grcups selected from an optiocnally
substituted lower alkyl or Substituted Group Alpha.

[Formula 41]

wherein n, RY and k are as definsd above.
[0064]

More preferably, the heterocyclic groups are included as
follows:

[Formula 42]

[0065]

The nomenclature of the substitution position on the Cephenm

backbone of Compounds (I} and (I') are as follows. 7-position
side chain and 3-position side chain as used herein refers to a
group which binds to the 7-position or 3-positicn of the Cephem

backbone as shown below.
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{Formula 43]

;f 6\2

/’“\,/3\;/

01010

[00E6]

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 Ifollows:

[Formula 44]

AAANAANN

L

SN T

AN

R*0O0C
wherein E and ¥ is as defined in item 1), and R1 is an ester
residue of the carboxyl protecting group and the like. The
esters include those esters which are readily metabolized in the
body to ferm a carboxy state.

Esters at the 4-position of Compounds {I) and (I') refer to
compeounds which have an esterified structure at the 4-position
moiety as shown in the formula as follows:

[Formula 45]

§” \m/ &
%—Nw ~

COORb

o

/?")

&

1
®
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b is an ester

Q.
)

wherein A and T is as defined in ditem 1), an
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
lewer alkyl {for example, methyl, ethyl, t-butyl), optionally
substituted aralkyl {(for example, benzyl, bkenzhydryl, phenethyl,

p-methoxybenzyl, p-nitrobenzyl), silyl group {t-

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:

wherein X is 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
amino protecting groups include lower alkoxycarbonyl (for
example, t-butoxycarbonyl, benzyloxycarbonyl, p-
nitrobenzyloxyvcarbonyl), optionally substituted aralkanoyl (for
example, p-nitrobenzoyl}, acyl (for example, formyl,
chloroacetyl) and the like.

[0068]

Pharmaceutically acceptable salts of Compounds (I} and (17)
include, for example, salts or intramclecular salts formed with
inorganic base, ammonia, organic base, inorganic acid, organic
acid, basic aminc acid, halogen 1lions and the like. Such
inorganic base include alkali metal (Na, K and the like), alkali
earth metal (Mg and the like), organic base includes procaine,
2-phenylethyibenzyl amine, dibenzylethylene diamine,

ethanclamine, diethanclamine, trishydroxzymethyl aminomethane,
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polyhydrexalkylamine, 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 acilds include, for example, p-toluene

sulfonic acid, methane sulfonic acid, formic acid, acetic acid,

1

trifluoroacetic acid, maleic acid and the like. Basic amino
acids include, for example, lysine, arginine {7#¥ V), ornithine,
histidine and the like.

A&s used herein, "solvate" refers to a solvate with water or
organic solvent (for example, methancl, ethanol, isopropyl
alcohol, acetone}, and preferably hydrate.

[G068]

The Compounds (I) and (I'} of the present invention are not

limited to particular isomers but include any possible isomers

and racemates as exemplified as follows:

e

In Compounds (I) and (I'}
[Formula 47]
H
é”“N\ .S
: WN) ’
CO0=
includes

[{Formula 48]

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

¢

[Formula 49}

o
e

Rz\\ &

s

ks

includes
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[Formula 50]

R1>’““

75, hed
o,

R? N

-

Furthermore, Formula (I') includes the following isomers:
[Formula 51}
o ‘/\ CH H"F:
i i
N A H
OH

194

OH
A"J
o N OH eff\i/\/o&ﬁ
] S i H
L .
N “oH kNAO
H
Ao OH A< OH Ao 0 A o
o —" o — o —"x
1 S ——— H / ‘

5 , wherein -OH group may form a salt with a counter cation {(for
example, Na', K', Li’ and the like).
[0070]
The compounds of the present invention are preferably those
compounds as specifically shown as follows:
10 Formula {(I):

[Formula 52]

S~
X 0
i noMH 3
HZN“<\N/‘1\/L N\__}/_ T of ) T R4

N N )\ e N\X
o o 7 K G B0 7 ()
, \ K
F RS

™~

HOOC

Preferable embodiments of Forxrmula (I) are as follows:

1) Compounds wherein T is S (hereinafter T is sl)

n

15 (00717
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2) Compounds wherein A is a lower alkylene or a lower alkenylene
{hereinafter A is aly);

compounds wherein A is ~CH,~ (hereinafter A is &a2);

compounds wherein A 1s -CH;-CH,-, -CH;-CH,-CH;- or -CH=CH-CH,
{(hereinafter 2 is a3);

Preferably, 2 is a2 as described above.

[0072]

3) Compounds wherein B is a single bond (hereinafter B is bl)

compounds wherein B is

[Formula 53]

r"! ~ i{ PN |
[ﬁji \XL,&\J ‘*kg

T T or X

{hereinafter B is b2)
Preferably, B is bil.
16073

4) Compounds wherein D is a single bond or -CO- (hereinafter D

is dl);
compounds wherein D is -NH-CO-, ~N{(CH:)-CC~-, -CO-NH-, -CO-N{CHj)=-
or -NH-CO-NH- {(hereinafter D is dZ)

more preferably, D is d2 as described above.
[0074]

5) Compounds wherein E is ~CH:- (hereinafter E is el

—

’
compounds wherein E is —CH(CH:)- (hereinafter E is e2};
compounds wherein E is -C{(CH;)3;~ (hereinafter E is e3);
compounds wherein E is as follows:

[Foermula 54}

More preferably, E is €2 ¢r e3 as described above.

[0075]
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&) Compounds wherein F is a single bond or phenylene
(hereinafter F is f1}
f0076]
7) Compounds wherein G is a lower alkylene or lower alkenylene
{hereinafter G is gl};
compounds vwherein 6 is ~CH,-, -CH,~CH;~, or ~-CH;-CH;-CH,-
{hereinafter G is g2);
Compounds wherein G 1s ~CH=CH- or -CH=CH-CH;- (hereinafter G is
g3);
Compounds whersin G is a single bond (hereinafter G is g4)
compounds wherein G is =-CH,-CH{CH;}-, ~-CH,~CH('Pr)- or -CH,-
CH{Ph)~ (wherein iPr refers tc isopropyl group, PH refers to a
phenyl group) (hereinafter G is g5).

More preferably, G is ¢2 above.
(00771
8)Compounds wherein ¥ 1 CH, C~Cl or X (hereinafter X is x1).
[0078]
5)Compounds wherein the formula:

[Formula 551}

/N“\
A . G
is the formula:

[Formula 56]

)

/n
@
N
~
7 e
(wherein n is an integer of 1 to 5, and A and G is as defined

above) (hereinafter hl).:

compounds wherein the formula:

[Formula 57]
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is the formula:

[{Pormula 58]:

@&/
_

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

[0079]
10) Compounds wherein RY and R* are -OH, and R® and R® are
hydrogen, hereinafter il); '
compounds wherein R® and R’ are -0H, and R® is hydrogen and R® is
halogen (hereinafter i2);
compounds wherein R® and R’ are -OH, and R® and R® are halogen
{hereinafter 1i3);
More preferably, R, R, R’ and R® are iZ mentioned above.
{0080}

Further preferable embodiments of Compound (1) are those in
which the combination of T, A, B, D, E, F G, X and the formula:

{Formula 58]

ON\~
A/ I
and R*, RY R° and R® are as follows:
(s1, al, bl, di, el, f£1, gl, ®x1, hi, il),(sl, al, bl, 41, el, f1,
gl, x1, hi, i2), (s1, al, bl, dl, el, £1, gl, =1, hri, 13),{sl, ail,
bl, di, eil, £1, gi, x1, hK2, il),{(sl, al, ©vi, 41, ei, £1, gi, =i,
h2, i2), (sl, al, bl, &1, el, £i, g1, xl1, h2, i3),(sl, a1, bl, d1,

=1, f1, q2, =1, hil, iil),{sl, al, bl, di, el, f£1, g2, =1, hi,

[N
L)

i2), (s1, al, bi, 41, ei, f1, g2, x1, hi, i3),(s1, al, bl, d1, e1l,

f1, g2, ®1, h2, i1),(si, al, bil, dl, =i, £1, g2, =i, h2, i2), {s1,
al, bl, di, ei, £1, g2, z1, h2, i3),{s1, al, bl, dl, el, f1, g3,
21, hi, iil;, {sl, a1, bl, di, ei, fi, a3, x1, hl, 12}, {s1, a1, bi,
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di, e, f£1, g3, =i, hl, 13}, (si, &1, bl, di, el, £1,
ily, {s1, al, bi, d1, el, f1, g3, =i, hz, 12),{si, al,

£1, ¢3, xi, h2, i3),(s1, =1, bl, dil, el, £1, g4, %1,

di, e2, £1, gi, =1, kl, 1i1),({sl, al, bl, di, ez, f1

-

2y, (sl, al, bi, dl, e2, f£fi, gl, x1, hl, i3y, (sl1, ail,
£1, gl, =1, h2, il),{sl, al, b1, d1, e2, £f1, gl, =1,
al, k1, 41, e2, fi1, gi, x1, h2, 13),{(sl, al, bl, di,
%1, hi, il),(sl, ai, bl, 41, e2, fi, g2, =1, hl, i2),
dl, 2, f£f1, g2, %1, hl, i3),(sl, ai, bkl, dl, e2, f1,
bl, di, e2, £1, g2, =1, h2, 12}, {sl, ai,
£i, 92, z1, h2, i3),(s1, &l, bl, di, e2, fi, @3, =1,
al, bi, di, e2, fl, g3, x1, hi, i2;,(si, al, bl, di,

x1, hl, i3),(sl, al, bl, di, e2, f1, g3, x1, h2, il),

x1, hi, 1i3), {(sl, a1, bi, d1, e3, £f1, g2, %1, hz, il},(si,



i

1
{sl, al, bi, d1, e3, fl, g5, xi, hl, 12),({sl1, =al, bil,
g5, %1, hi, i3}, (sl, al, bi, dl, e3, fl, g5, x1, h2,
b1, di, e3, f1, g5, %1, h2, i2),(sl, al, bl, dl, e3,

h2, 13),(s1, &1, bl, dl, e4, £1, gi, =1, h1l, il}, (s1,

{sl, &l, bl, di, e4, £1, gi, =1, h2, i1}, (sl, =al, bil,
gl, x1, h2, i2),(sl, al, bl, di, e4, f£fl1, gl, x1, h2,
bl, 4di, e4, £1, g2, x1, hl, i

, (s1, ai, bl, di, e4, f£1, g2, =1, hi, i3}, (s1,

F
%
Mo

ed4, £1, g2, x1, h2, i1}, (sl, al, bl, di, e4, f1, g2,
(s1, al, bl, d1, e4, f1, g2, =1, h2, i3),(s1, al, bl,
g3, =1, hi, i1),{(s1, ai, bl, di, e4, £1, g3, =xi, hl,
bl, dil, e4, £f1, ¢3, z1, hl, 1i3),(sl, &al, bl, di, e4,

ed, f£i, g3, xi, h2, i3),(sl, al, bl, dl, ed, fi, g4,

ed4, £1, g5, =x1l, hl, 1i2),{sl, al, bl, d1, e4, £fi, g&,

y, {sl, al, bl, dl, ed, fi, g5, w1, h2, il), (sl, al, bi,

g5, %1, h2, 12),{sl, al, b1, dl, ed4, £1, g5, =1, h2,

bl, 42, e1, f£1, gl, x1, h1, iij,

1, =1, hl, i2), {s1, al, b1, 42, =1, fi1,

joR
™y
-
®
et
[t}
ot
~
0

i3),{sl, a1, bl, 42, el, £1, gl, =1, h2, 11),{s1, al,
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X1,

41

ei, f1, gi, x1, h2, i2),{(sl, al, bi, d2, el, fi,
(s1, al, bl, dz, ei, £1, g2, =x1, hi, il), (sil, ai,
g2, =x1, hi, i2),({(sl, &l, bl, d2, el, f1, g2,
al, bl, d2, el, fi, g2, x1, hZ, i1),(s1, a1, bl,
x1, h2, i2),(sl, &l, bl, d2, el, £f1, g2, x1, hZ,
42, ei, f1, g3, x1, hi, i1),(sl, al, bl, d2, el,
i2y,{sl, &1, bl, 42, el, fi, g3, =i, hl, i3),(sl,
£i, g3, =®1, h2, il},(sl, al, bi, d2, ei, fl1l, g3,
al, bl, d2, el, £f1, g3, x1, h2, 13),{(sl, al, bil,
®x1l, hl, i1y, (sl, al, bl, <2, el, fl, g4, x1, hi,
d2, el, fi, g4, x1, hl, i3}, (sl, =i, bl, d2, el,
i1y, (81, al, bl, 42, ei, £f1, g4, x1, h2, i2),(s1,
£1, g4, x1, h2, i3y, (sl, al, bl, d2, el, £f1, g5,
al, bl, ¢z, el, £i, g5, =1, hl, 1i2),(s1, al, bl,
%1, hl, i3}, {si, al, bl, d2, el, f1, g5, x1, h2,
d2, ei, fi, g5, =1, h2, 12),(si, al, bl, d2, ei,
i3}, (sl, al, bl, d2, e2, £f1, gl, x1, hl, il), (=i,
£i, g1, =1, hi, i2),(sl, al, bi, d2, ez, fi, gl,
al, bil, d2, e2, f1, gi, x1, h2, il),{sl, al, bil,
%1, hz, 12}, (=1, al, bl, d2, e2, fi, gl, x1, h2,
d2, e2, fi1, g2, x1, hil, il1),(si, al, b1, d2, e2,
iz}, (s1, al, bl, d2, e2, f1, g2, =1, hl, i3),(sl,
£1, g2, x1, h2, il), (sl, al, b1, d2, €2, f1, gz,
al, bl, d2, e2, £1, 92, %1, h2, i3), (sl, al, bil,
x1, hl, i1y, (si, al, bil, d2, e2, £1, g3, =1, hl,
d2, &2, £1, g3, x1i, hl, 1i3),{sl, al, bl, d2, e2,
il)Y, (s1, al, bl, &2, €2, fl, g2, x1, hzZ, i2), (s1,
f1, g3, x1, h2, i3),(sl, al, bl, d2, e2, fl, g4,
al, bl, 42, e2, f1, g4, x1, hl, i2),(s1, al, bl,
x1l, hl, 133}, (sl, al, bl, d2, e2, £f1, g4, =1, h2,
d2, e2, f£i, o4, xl, h2, i2),(sl, al, bl, d2, e2,
i), (s1, al, bl, d2, e2, £f1, g5, =1, hi, il),({(sl,
£1, g5, x1, hl, i2),(sl, a1, bl, d2, e2, fl, g5,
al, b1, d2, ez, £f1, g5, x1, h2, il),is
X1, h2, i2}, (sl, al, b1, d2, e2, f£i, g5, x1, h2,

x1,

gl, =i,

bl, d2,
hl,

a2z, el,

[P

i3), (81,

x1,

az,

al, k1,

xl, hi,

1, al, bil, d2, e2,

i3), {s1,



i2), (s1, =i, bl, d2, e3, fi, gi, x1, h2, i3),(sl, al, bl, d2, e3,

al, bl, d2, e3, f1, g2, x1, hi, i3}, (sl, al, bil, d2, e3, £f1, ¢2,
x1, h2, i1y, (sl, ai, bl, dz, e3, fi, g2, x1, h2, 12},(sl, al, bl,
d2, e3, f1, g2, xi, h2, i3),(s1, al, bl, d2, e3, f1, g3, =1, hi,
i1), (s1, al, b1, d2, e3, fl, g3, x1, hl, i2),(sl, al, bl, d2, e3,
£1, ¢3, x1, hl, i3),(sl, al, bil, d2, e3, £1, g3, x1, h2, il), (sl,
al, bl, d2, e3, f1, g3, =1, h2, i2),(sl, al, bl, d2, e3, f1, g3,
x1l, h2, i3),{sl, al, bi, d2, e3, £f1, g4, x1, hl, il), {s1, al, bi,
d2, e3, fi, g4, =1, hi, i2),{sl, =1, bl, d2, e3, fi, g4, x1, hil,
i3), (s1l, al, bl, d2, e3, f1, g4, x1, h2, i1),(sl, al, bl, d2, e3,
fi, g4, x1, h2, i2),{(sl, al, 1, d2, e3, fl1, g4, =1, h2, i3}, (=81,
al, b1, d2, e3, £1, g5, %1, hi, il),(sl, al, bl, d2, &3, £fi, g5,
x1, hl, i2), (si1, al, bi, d2, e3, fi, g5, =1, hl, i3),(si, al, bi,
d2, e3, fi, g5, x1, hz, 1il), (sl, al, bl, d2, e3, f1, g5, %1, h2,
i2), (s1l, a1, bl, d2, e3, f1, g5, xl1, h2, i3),(sl, al, bl, d2, ed,
£i, g, %1, hi, i1y, (sl, al, ki, d2, e4, f1, gli, x1, hl, 1i2), (s1,
al, bl, dz2, e4, f£1, gi, x1, hl, 1i3),(si, al, bl, d2, e4, fi, gi,
x1, h2, i1}, (si, al, bl, d2, ed4, £1, gl, =i, h2, i2),(sl, al, bil,
dz2, e4, f1, gl, 1, hZ, i3),(sl, al, bl, d2, e4, £f1, g2, %1, hil,
i1y, (s1, al, bl, d2, ed4, fi, g2, 1, hl, i2),(sl, al, bil, d2, e4,
f1, gé, %1, hi, i3}, {sl, al, bl, dzZ, ed4, £f1, g2, %1, h2, i1}, (s1,
al, bl, d2, e4, f1, g2, x1, h2, i2),(sl, al, bl, d2, e4, f1, g2,
%1, h2, i3), (sl, al, bi, d2, e4, £f1, g3, =1, hi, i1}, (s1, al, bl,
d2, =4, f£i, g3, x1, hl, i2),(sl, al, bi, dz, e4, £1, g3, zl, hl,
i3y, (g1, &1, bl, d2, e4, fl, g3, =1, hz, il), (sl, al, bl, d2, ed,
£1, g3, %1, h2, i2),{(sl, al, bi, d2, e4, f1, g3, x1, h2, i3}, (sl,
al, bl, d2, e4, £f1, g4, x1, hl, i1),({s1, &l, bl, d2, e4, fl, g4,
1, hl, i2),(sl, al, bil, d2, e4, fl, g4, x1, hil, i3>,(s1,‘a1, b1,
d2, e4, £i, g4, x1, h2, il), (s1, al, bl, d2, e4, fl1l, g4, zl, h2,
i2), (s1l, al, bl, dz, e4, f1, g4, =1, hz, i3),(sl, al, bl, 42, e4,

£1, g5, ®1, hil, il), (s1l, =al, bl, d2, e4, f1, g5, xl, hi, i2), (s1,
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gl, bl, d2, e4, £f1, g5, =1, hi,
xl, h2, i1y, (sl, =2i, bl, d2, e4,
d2, e4, fi, g5, x1, h2, i3},
{0082]

(sl, al, b2, di, ei, £1, gi, x1,
gl, =1, hl, i2),(si, al, b2, di,
b2, di, el1, £1, g1, =i, h2, il},
h2, 12),(sl, ai, b2, di, el, f1,
el, fi, g2, =1, hl, i1),(sl, a
i2),{sl, al, b2, di, ei, £f1, g2,
£1, g2, x1, h2, il), (s, al, b2,
al, b2, di, el, £i, g2, x1, h2,
x1, hi, 1i1), (sl, al, b2, di, el,
d1, el, f1, g3, x1, hl, i3),(s1,
i1y}, {(s1, &al, b2, di, el, £f1, g3,
£1, g3, =i, h2, 1i3), {si, al, b2,
al, b2, 41, el1, £f1, g4, =1, hl,
x1, hl, i3}, (sl, ali, b2, dil, el,
dl, el, £1, g4, x1, hz, i2),(sl,
i3, (sl, &al, b2, di, el, f1, gs,
£f1, g5, x1, hl, 12),{s1, al, b2,
al, b2, dil, el, £f1, g5, x1, h2,
%1, h2, 12}, (g1, al, b2, di, ei,
dl, e2, f£1, g1, =1, hl, i1}, (sl,
iz2},{=1, al, bz, di, e2, fi, gi,
£1, g1, =21, h2z, i1y, (si, al, b2z,
al, bz, d1, e2, f1, gl, =1, h2,
21, hl, i1y, {1, al, bz, d1, e2,
diz, e2, fl, g2, xi, hi, i3j, (s},
ilj, (s1, al, b2, di, ez, f1, o2,
£1, g2, x1, h2, i3}, (sl, al, b2,
al, b2, di, e2, £, g3, x1, hil,
21, hl, i3),({s1, a1, b2, di, ez,
di, ez, £1, g3, x1, h2, 1i2), (=31,
i%), {s1, 21, b2, dl, e2, fl, g4,

i2), {sl, &1, bl, d2, e&,
“£1, g5, =1, hz, i2), (=1,
hi, 1il), {s1, al, b2, di,
el, f1, ol, %1, ni, i3},
{s1, al, b2, dl, el, f1,
gl, x1, h2, i3}, (sl, al,
1, b2, di, el, f1, g2,
x1, hl, i3}, (sl, al, b2,
di, el, f£1, g2, x1, h2,
i3),{sl1, al, b2, di, el,
£i, g3, x1, hil, 1i2),(sl,
al, k2, di, el, f1, g3,
x1l, k2, i2), (sl, al, bz,
d1, el, f£1, g4, x1, hi,
i2),(s1, al, b2, 41, =1,
£f1, g4, =1, h2, i1}y, (sl,
al, k2, d1, el, £fi, g4,
x1, hl, i1}, (sl, al, b2,
dl, el, £f1, g5, x1, hl,
i1y, (s1, al, b2, di, el,
£1, g5, x1, h2, 1i3), (s1,
ali, b2, dl, e2, f1, ¢l,
%1, hl, 4i3), (s1l, al, b2,
d1, e2, £f1, gi, xl1, h2,
i3), (s1l, al, b2, di, eZ,
£1, g2, =x1, hl, i2), (s1,
al, b2, di, e2, fi, g2,
zl, h2, i2Z),{si, al, b2z,
di, €2, f1, g3, =1, hl,
iz2y,{sl, al, b2, di, e2,
£f1, 93, x1, h2, il),(sl,
al, b2, di, e2, f1, g3,
»x1, nhi, 11}, (s1, al, b2,

x1,

el, f1,

{s1, al,
gi, x1,
b2, di,
hi,

dl, e,
i2), {s1,
£f1, ¢3,
al, bz,
%1, h2,
dl, ei,
ily, (s,
f1, a4,

bz,

n2,

al,
X1,

di, el,
i3y, (s1,
£1, g5,

al, b2,
%1, hil,
dl, ez,
i2y, (s1,
£1, g2,
al, b2,
%1, h2,

dl, e2,
i1y, (s1,
£f1, g3,
al, b2,
%1, h2,

di, e2,
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£1, g4,
al, b2,
xl, h2,
di, ez,
12y, (81,
£1, g5,
al, b2,
x1, hl,
dl, e3,
il), (s1,
£fi, gqi,
al, b2z,
%1, hi,
di, e3,
13}, (s1,
£1, g3,
al, bz,
z1l, h2z,
dl, e3,
iz2), (s1,
i, ¢4,
al, b2,
x1, hi,
dl, e3,
i1y, (s1,
£1i, g5,
al, b2,
x1, hil,
dl, e4,
i3}, {(s1,
£1, gz,
al, b2,
%1, h2,
dl, e4,

i2), (s1,

dl, e2,
i1y, (s,
f1, ¢i,
zl, bz,
xl, h2,
di, e3,
i3y, (=1,
fi, g2,
al, b2,
x1l, hl,
dl, e3,
i2y, (s1,
£1, g4,

b2,

bz,

£1, g3,

ai, bz,

iz2), (s1, al, b2, di, e2,
£fi, ¢4, =1, h2, 1il), (sl,
al, b2, dl, e2, f1, g4,
x1, ni, ily, (sl, al, b2,
dl, e2, fl, g5, =1, hl,
i1}, (s1, a1, b2, dl, e2,
£f1, g5, =®i, h2, 13}, {sl,
al} b2, di, ez, fi, gi,
x1, hi, i3},{s1, al, b2z,
di, e3, f1, gi, =1, hZ,
i3), (s1, al, bz, 41, e3,
£i, g2, %1, hl, 12}, (=1,
al, b2, di, e3, fl, g2,
xl, hz2, i2),(s1l, al, bz,
di, e3, f1, g3, %1, hl,
i2y, (s1, al, b2, dl, e3,
£1, g3, x1, hZ, i1), (s},
al, b2, dl, e3, f1, g3,
xi, hi, i1}, (s1, al, b2,
dl, e3, fi, g4, x1, hil,
il), (s1, al, b2, dl, e3,
£1, g4, x1, hz, i3), (sl,
al, b2, di, e3, f1, g5,
%1, hi, i3),{(=s1, al, b2,
dl, e3, f£1, g5, =1, h2,
i3), (s1, al, b2, di, &4,
f1, g1, =1, hi, 1i2), {(si,
al, bz, di, e4, f1, 91,
x1, h2, i2),{sl, &l, b2,
d1i, e4, f1, g2, =1, hi,
iZ), (s1, &l, b2, di, e4,
£1, g2, x1, h2, il1), (s1,
al, b2, di, e4, £f1, g2,
x1, hi, il), (s, &ai, bz,
di, e4, fl, g3, =1, hl,

%1,

i3)

%1,

11)

al,
%1,
di, e4,

i3), (s1,

hl, i3),

x1,

d1,

£1,

al
ad,

%1,

dl,

f1,
al,
%1,

f1,
al,
g4, x1,
b2, di,

izy,

ail,

£1,
al,
X1,
di,
i1),
ed, f1,
, (81, ail,
gl, xi,

b2, di,

al, b2, d4i,

i1y,

{sl,

hi,

ez,

12), (s1,

gl,

- bz,

hz,
e3,
(s1,
g2,
b2,
h2,

e3,

i3), (s1,

g3,
b2,
hi,
e3,
(1,
gs,
b2,
h2,
e3,
(s1,
gl,
b2,
h2,

ed,

eq,
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£1, g2,
ai, bz,
x1, hi,
d1l, e4,
i1y, (s1,
£1, g4,
al, b2,
xi, hi,
dl, e4,
i3y,
[0083]
(sl, ai,
al, x1,
b2, d2,
hz, 12y,
1, fi,
12y, (51,
£1, g2,
al, b2z,
x1, hi,
dz, el,
ily, (s1,
£1, g3,
al, bz,
%1, hil,
dz2, el,
i3), (s1,
£1, gs5,
al, 2,
x1l, hZz,
dz, e2,
i2y, (s1,
i, gi,
al, b2,
x1, hi,

f1, g4, =i, hl, i3),{s1, al, b2,
al, b2, 281, e4, f1, g4, %1, h2,
x1, h2, i3),(sl, al, bz, dl, &4,
41, e4, f1i, g5, x1, hi, i2),(s1,
i3y, (s1, al, b2, di, e4, fi, g5,

f1, g5, x1, h2, 12),{(sl, a1, b2,

bz, d2, ei, f1, gl, x1, hl, il), (sl

hi, i2), {(sl1, al, b2, dz, 1, £i,
el, £1i, ¢l, x1, hz, il),(sl, al,
{sl, al, b2, d2, el, f£1, gl, x1,

g2, x1, hi, il},(sl, al, b2, dz,

al, b2, 42, el, fi, gz, %1, hil,
%1, hZ, i1), (s1, =al, b2, d2, el,
d2, ei, f£f1, g2, x1, h2, i3}, (s1,
il), (sl, al, b2, d2, ei, fi, g3,
£f1, 493, x1, hil, 13),(sl, al, b2,
al, b2, d2, el, f1, g3, x1, h2,
%1, h2, i3),(sl, al, bz, d2, el,
d2, el, f£i, g4, %1, ni, 12}, (s1,
i3}, {81, al, b2, d2, el, fl, g4,
£fi, g4, x1, hz, 1i2),(sl, al, b2,
al, b2, d2, el, fi, g5, %1, hi,

, d2, el,

N

i, hl, 1i2), (81, al, b
42, el, f£1, g5, xl, hz, il},(sl,
iz}, (si, al, b2, dz, ei1, f1, g5,
£fi, g1, x1, hl, ily,{(si, al, b2,
al, b2, d2, e2, £1, gi, x1, hl,
%1, h2, 11y, (81, al, b2, d2, e2Z,
dz2, e2, fi, gl, =1, h2, i3),(s1,

i1y, (s1, a1, b2, d2, e2, f1, gz,

i)
£1,
al,
%1,
dz2,
i2)
f1,
al,

x1,

el,

g3,
b2,

hi,

. al,
»1,
dz,
i3},

. (81,
g2,
b2,
hl,
el,
r (1,
g4,
b2,
h2,
el,
(81,
g5,
b2,
h2,

Yo (s,

g1,

%1, h2, 1i2), (s1,
dl, e4, f1, g4,
i2)y, {s1, al, b2,
£1, g4, x1, h2,

dl, e4, £1, g5,
i1y, (81, a2l, b2,

f1, g5, =1, h2,

b2, d2, el, £1,
hl, i3),{sl, ai,
el, f1, gl, x1,

{sl, al, b2, 4z,

£1, g2, x1, hi,

al, b2, d2, eil,
»1, h2, 12y, {s1,
dz2, el, f£i, g3,
i2),(sl, al, b2,
£f1, g3, xz1, hz,
al, b2, d2, el,
x1, hl, i1y, (s1,
dz2, eil, fi1, g4,
i1y, {sl, al, b2,
£f1, g4, x1, hz,
al, b2, dz, e1,
%1, hl, i3), (s1,
de, el, f1, g5,
i3), (s1, al, bz,
£1, g1, =1, hi,
al, b2, 42, e2,
xl, h2, 12), {81,

d2, <2, fi, g2,

)
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dz, eZ,
il), (s1
£1, g2,
al, b2,
X1, hi,
dz2, ez,
i3}, (s1,
£1, g4,
al, b2,
x1, hzZ,
42, e2,
i2), (s1,
£f1, g3,
al, b2,
x1, hi,
dz2, e3,
ily, (s,
£1, g,
al, b2,
%1, hi,
d2, e3,
i3}, (s1,
£1, g3,
al, b2,
x1l, h2Z,
az, e3,
12}, (s,
f1, g4,
al, b2,
x1, hl,
dz2, €3,

£1, g2,
al, b2,
x1l, hz,
a2, e2,
i3y, (=1,
£1, g3,
al, bz,
xl, hil,
dz, ez,
i2), (si,
£1, g5,
al, b2,
%1, h2,
dz, ez,
il), (sl,
£1, gi,
al, b2,
%1, h2,
dz2, e3,
i3), (s1,
£f1, g2,
al, bz,
z1l, hi,
dz2, e3,
i2), (s1,
£i, g4,
al, b2,
x1l, h2z,
d2, e3,
i1y, (s1,
£1, g5,
al, b2,
#1, h2,
dz2, ed,
i3), is1,

xl; hi, i3}, (s1,
d2, ez, f1, g2,
i3}, (=1, ai, b2z,
£1, g3, =1, hil,
al, b2, d2, ez,
%1, hz, 12}, (s1,
dz, e2, f1, g4,
i2), (s1, ai, b2,
£f1, g4, x1, h2,
al, b2, d2, ez,
®xl, hl, i1y, (=i,
d2, ez, fl1, g3,
il), {(sl, al, b2,
£1, g5, =1, hez,
al, b2, dz, e3,
x1, hi, i3), (s,
42, &3, f£1, gil,
i3}, (si, al, b2,
£fi, g2, x1, hi,
al, b2, d2, e3,
x1, h2, i2), (si,
g2, 3, fl, g3,
i2), (sl1, al, b2z,
£1, g3, =1, h2,
al, b2, d2, eZ,
%1, hi, i1), (sl
d2, e3, fi, g4,
il), (s1, al, b2z,
£1, g4, =1, h2,
al, b2, dz2, e3,
%1, hl, i3}, (s1,
dz, 3, f£l, g5,
i3y, {s1, al, bz,
£, gl, =1, hi,
al, b2, dZ, e4,

46

al, b2,
%1, hZz,
dz, ez,
i2y, {s1,
1, g3,
al, b2,
x1, hl,
d2, ez,
ily, (=1,
£1, g4,
al, b2,
x1l, hi,
dz, e2,
i3y, (s1,
£1, g1,
al, bz,
x1, h2,
dz, e3,
iz2), {(s1,
i, g2,
al, b2,
x1, hil,
d2, e3,
i1}, (s1,
£1, g3,
al, b2,
%1, hi,
dz2, e3,
i3y, (s1,
£1i, g5,
al, b2z,
xl, hz,
d2, e4,

i2), {sl,

£1, gi,

£1, g2,
al, bz,
%1, hi,
a2, e2,
i1y, (=1,
1, g3,
al, b2z,
x1l, hil,
d2, ez,
i3), {si,
£1, g5,
al, bz,
®l, h2z,
dz2, e3,
iz2y, (s1,
£1, g1,
al, b2,
xi, hil,
d2, e3,
11}, (s1,
£1, g2,
al, b2z,
z1l, hl,
dz, e3,
1i3), (s1,
£1, g4,
al, b2
x1l, h2,
d2, e3,
12}, (s1,
£1, g5,
al, b2,
21, hl,
d2, e4d,
i1y, (s1,

al, b2,

%21, hZ2,
dz, &3,
ii), (s1,
g2,

al, b2,
xl, h2,
d2, €3,
i3), (s1,
fi,

al, b2,
%1,

dz2, e3,
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hZ,

hi,

Y, (81,

g3,
bl,
hi,

el,

i <Sll

g5,

£f1, gil,
al, b2,
x1, hil,
dz, ed,
iz2y, (s1,
£f1, o3,
al, bz,
%1, hez,
dz, e4,
ily, (s1,
£f1, g4,
al, b2,
x1l, h2,
dz, e4,
i3), (s1,
£1, g5,
bl, d4di,
hi, iz),
el, f£1,
(sl, =22,
g2, =1,
a2, bl,
xl, hz,
dl, el,
il), (sl
£1, g3,
22, bil,
%1, h2z,
dl, el,
13}, (s1,
£1, g4,
a2, bl,
¥1, hil,

x1, h2, i2),{sl, a1, b2, d2, e4, £f1, ¢i, 21, h2,
d2, e4, fl1, g2, x1, hi, il),{sl, al, b2, 42, e4,
i2), (s1, al, b2, 242, e4, f1, g2, =x1, hil, i3),(si,
£i1, g2, %1, h2, il),(s1, al, b2, d2, e4, fi, g2,
al, b2, 42, e4, f£i, g2, x1, h2, i3),(sl, al, b2,
x1, hil, 1i1), (s1, &l, b2, d2, e4, fi, g3, x1, hl,
g2, ed4, fi, g3, x1, hl, i3),({sl, al, b2, d2, e4,
i1y, (s1l, al, b2, d2, e4, f1, g3, rl, hz, i2), (s1,
£f1, g3, x1, h2, 1i3),(sl, al, b2, 42, e4, £1, g4,
al, b2, 42, e4, f1, g4, x1, hl, i2),{sl, al, b2,
%1, hi, i3}, (sl1l, al, b2, dz2, e4, fl, g4, =1, h2,
¢2, ed4, f1l, o4, x1, h2, i2),(si, al, b2, d2, e4,
i3y}, (s1, ai, b2, 42, e4, fi, g5, x1, hl, il),{(sl,
fi, g5, x1, hl, i2),(sl, al, b2, d2, e4, f1l, g5,
al, b2, 42, e4, £1, g5, x1, h2z, 1i1),(s1, al, b2,
%1, h2, i2),{s1, al, b2, d2, e4, fl, g5, x1, h2,
el, £i, 9l, =1, hl, 1l1), (sl, a2, bl, di, el, fi,
(s1, a2, bi, di, el, £f1, gl, =1, nhl, i3),(sl, a2,
gl, x1, h2, i1}, (sl, a2, bl, dl, el, f1, gl, =1,
b1, di, el, £i, gl, x1i, hz, i3}, (sl, a2, bil, di,
hi, i1y, {si, a2, bl, di, el, £i, g2, =1, hi,
d1, el, fl1, g2, x1, hi, 13}, (sl, a2, bl, di, el,
i1y, tsi, a2, bl, d1, el, £1, g2, zl, h2, i2),(sl,
£1, g2, %1, h2, i3}, (sl, aZ, bl, dl, el, f1l, g3,
a2, bl, d1, ei, f£1, g3, ®1, hl, i2},(sl, &2, bl,
%1, hl, i3),(s1, a2, kl, d1, =1, f1, g3, =1, h2,
d1, el, f1, g3, x1, h2, 12),(sl, a2, bl, di, el,
i3), (s1, a2, bl, d1, el, f1, g4, x1, hi, i1}, (s1,
£1, g4, x1, hi, i2),(sl, a2, bil, di, €1, fl, g4,
a2, b1, 41, ei, fi, g4, 21, n2, il}),(sl, a2, bi,
%1, h2, 1i2),{(s1, a2, bl, di, el, f1, g4, zl, hZ,
d1, el, f1, g5, %1, hl, il1),({sl, a2, bl, di, el,
i2y,{sl, a2, bi, di, el, £i, g5, ®1, hl, 13}, (s1,



48

a2, bi, di, el, fi, g5, x1, hz, i1y, (s1, &2, bl, di, el, f1, g5,
1, h2, i2),{sl, a2, bl, dil, ei, £i, g5, x1, h2, i3}, (sl, a2, bl,
41, e2, f£1l, gl, =i, hi, il),{(si, a2, bl, di, e2, f1, gl, =1, hl,

2, £f1, gi, =1, hl, i3),(sl, a2, bi, d1, e2,

]

i2y, (s1, a2, bl, di,
fi, gl, %1, h2, i1y, (s1, a2, bl, di, e2, £1, gl, x1, h2Z, i2), (sl,
a2, bil, di, e2, £1, gi, x1, h2, i3}, (sl, &2, bl, di, e2, fl, g2,
%1, hkl, i1y, (si, a2, bl, d1, e2, £1, g2, %1, hl, 1i2), (sl, a2, bi,
di, e2, fi, g2, %1, hi, 1i3),(si, a2, bl, di, e2, f1, g2, %1, hZ2,
i1y, (s1, a2, k1, d1, e2, f1, g2, x1, hz, 12),(sl, &2, bl, di, e2,
£fi, g2, %1, h2, i3), (=1, a2, bl, d1, 2, f£i, g3, x1, hl, il), (sl,
a2, bl, di, e2, f£i, g3, x1, hl, i2),(sl, a2, bl, di, e2, f1, g3,
%1, hl, i3),({sl, a2, bl, d1, ez, fl, ¢3, x1, h2, il),(sl, a2, bl,
di, e2, fi, g3, =1, h2, i2),(sl, a2, ®l, d1, e2, £1, g3, x1, h2,
i3y, (sl, a2, bl, di, e2, f1, g4, =1, hi, il), (sl, a2, bl, d1, e2,
f1, g4, x1, hi, i2),{s1, a2, bi, di, e2, fl, g4, xi, hl, i3}, (sl,
a2, bl, d1, e2, fi, g4, =1, h2, i1),(sl, a2, bl, di, e2, f1, g4,
x1l, h2, i2),(sl, a2, bi, di, e2, f1, g4, x1, h2, 13),(sl, a2, bl,
dl, e2, fi, g5, =x1, hi, il),{(si, a2, bl, di, e2, fi, g5, x1l, hl,
i2y, (s, a2, bl, di, e2, fi, g5, x1, hl, i3}, (s1, a2, bl, di, eZ2,
£1, g5, x1, h2, il), (s1, a2, bl, dl1, e2, f1, g5, x1, h2, i2),{(sl,
a2, bl, di, e2, f1, g5, =1, h2z, i3),(sl, a2, bi, dl, e3, f1, gi,
%1, hi, i1),(sl, &2, b1, di, e3, fi, gl, =21, hi, i2),{(sl, a2, bl,
d1l, e3, f1, gl, x1, hi, 13),({s1l, a2, bl, dl, e3, f£1, gl, %1, h2,
i1y, (sl, a2, bl, di, e3, £f1, gl, =x1, hZ, i2),{sl, a2z, bl, di, e3,
£1, g1, x1, h2, i3}, (s1, a2, bl, d1, e3, £1, g2, x1, hl, il), (s,
a2, bl, d1, e3, f1, g2, x1, hi, i2},(sl, a2, bl, di, e3, fl, g2,
%1, hl, i3), (sl, a2, bl, d1, €3, fl, g2, x1, h2, il),(sl, a2, bl,
di, e3, fi, g2, =1, hz, i2),{s1, a2, bi, dl, e3, f1, g2, 21, h2,
i3), (s1l, a2, bi, d1, e3, fi, g3, =i, hl, i1),{sl, a2, bl, d1, e3,
1, hl, i2y, (s1, a2, b1, d1, e23, £f1, g3, x1, hl, i3), (s1,
aZ, bl, 41, e3, f£1, g3, x1, h2, i1},(sl, aZ, bl, dl, 3, f1, g3,
2y, (s1, a2, bi, di, e3, f1, g3, =i, h2, i3),(s1, a2, bl,
dl, e3, £1, g4, %1, hil, il1),{(sl, a2, bl, di, e3, f1, g4, =i, hl,
izy, (sl, a2, bl, di, e3, £f1, g4, x1, hi, i3),(si, a2z, bl, di, e3,

£1, g4, =1, h2, i1),(sl, a2, bi, dl, &3, f1, g4, xi, h2, i2), (s1,



a2, bl, dl, e3, fi1, g4, =1, h2, i3),(s1, =&z, bl, di, e3, fi, g5,
z1l, hi, i1, (sl, a2, bi, di, e3, £1, g5, =1, hi, 12),{si, a2, bl,
dl, e3, f£1, g5, »l, hi, i3),(sl, aZ, bl, dl, e3, fl, g5, X1, h2,
ii), (=1, a2, k1, 41, e3, f1, g5, xi, h2, 12}, (sl, a2, bl, di, e3,

fi, g5, =1, h2, i3y,{(sl, a2, bl, 41, e4, £1, gil, =i, hi, i1y, {sl,

a2, bl, di, e4, f1l, gl, =x1, hi, i2),(sl, a2z, bl, d1, e4, £1i, gi,
%1, hl, 1i3), (sl, a2, bl, di, e4, f£1, gl, =3, h2, i1},(s1, a2, bi,
di, e4, f1, gi, =1, h2, i2),(sl, aZ, b1, di, e4, fi, gl, =1, h2Z,

1, e4, £1, ¢2, =1, hl, i1}, ({sl, a2, bl, di, =4,
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w
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tn
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o
IN]
o
,-_1
N
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, (s1l, az, bl, d1, e4, fi, gz, x1, hl, 13), {sl,

~—

£1, g2, =1, hl, i2

z2, bl, di, e4, £1, g2, xi, h2, il},(sl, a2, bl, di, e4, 1, g2,

di, ed4, f1i, g3, =1, hl, il),(sl, a2, bl, di, e4, £1, g3, xzl1, hi,
i2), {s1l, a2, bl, di, e4, f1l, g3, =zl, hl, i3),(sl, a2, bl, d1, e4,
3, %1, h2, i1}, (s, a2, bl, d1, <4, £1, g3, ®l, h2, i2}, (sl,
a2, bi, di, e4, £1, g3, =1, h2, i3),{(si, a2, bl, dl, e4, £f1, g4,
x1, hi, i1}, (sl, a2, bi, di, e4, f1, g4, x1, nhl, 12),(sl, a2, bl,
di, ed, £1, g4, =i, ni, 1i3),(si, aZ, bl, dil, e4, £f1, g4, xl1, hZ,

i1y, (s1, =22, bl, d1, e4, fi, g4, %1, h2, iZ2},{(sil, a2, bl, dl, e4,

dil, e4, f£l, o5,

\
[
|39

—

-
0
Pty
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U]
28]
~
8]
s

il), (s1, a2, bil,
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ok
N
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-
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N
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193
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o
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[le]
3
y

el, f1, g2, =®1, hl, 4ily,({(sl, a2, bl, dz2, el1, f£f1, gZ, 51, hi,
i2y, {sl, a2, bl, d2, el, fi, g2, =®1, hl, i3y, (sil, a2, bl, d2, el,
£i, g2, =1, h2, i1y, (s1, a2, bl, d2, ei, £il, g2, =1, h2, 12),(sl,
a2, bi, d2, el, f1, g2, x1, h2, i3}, {sl, a2, bil,
=1, hi, i1}, {si, a2, bl, 42, el, £i, g3, =i, hl, i2),(si, a2, b1,

42, el, fi, g3, x1, hl, 1i3),(si, aZz, bi, dZ, 1, £f1i, g3, =1, h2,

Lodog



i1y, (s1, a2, bil, 4z, el, £i, g3, x1, h2, i2),(sl, a2, bl, dz, ei,
£1, g3, =1, hz, 1i3),(sl, a2, bl, dz, =1, fi, g4, =1, hl, il1),(sl,
22, b1, d2, el, £1, g4, =1, hi, 12),(sl, a2, bl, dz2, el, f1, g4,
x1, hl, i3y, (sl, a2z, b1, d2, el, fi, g4, x1, h2, i1}, {s1, a2, bil,

42, el, fi1, g4, =l, h2, i2),({s2, a2, bl, 42, ei, f£f1, g4, =1, h2,

i2),(s1l, &2, bi, dz, e2, f£1, gl, =1, hil, i3),(s1, a2, bl, d2, e2,
fl,'gl, %1, h2, 11), (sl, a2, »bl, d2, e2, fl, gl, w1, h2, i2), (s1,
a2, k1, dz2, e2, fi, gl, x1, h2, i3),{(si, a2, bl, d2, e2, fl, g2,
i, hl, 1ii), (sl, a2, b1, d2, =2, f1, g2, x1, hl, 1iZ),(sl, a2, bl,
2, €2, fi, g2, x1, hl, i3),(sl, &2, bl, d2, e2, f1, g2, xi, h2,
i1y, (sl, &2, bi, d2, e2, f1, g2, =x1, h2, i2),(s1l, &2, bl, d2, e2,
1, g2, %1, h2, 1i3),(sl, =22, bl, 42, e2, f1, g3, x1, hi, 1i1), (s,
az, bl, d2, e2, f£1, g3, xi, hl, i2),{sl, a2, bl, d2, e2, fl1, g3,
®1l, hi, 133, (s1, a2, bl, d2, ez, fi, g3, xi, h2, il),(s1l, a2, bl,
dz, e2, -£1, g3, =1, h2, 1i2),{s1, a2, bl, d2, ez, f1, g3, xl, h2,
i3y, (sl, =a2, bl, d2, e2, f1, g4, =x1, hl, 1il1},({(sl, a2, bl, d2, e2,
£f1, g4, =1, hi, i2),(sl, a2, bl, d2, e2, fl, g4, %1, hl, i3), (sl,
a2, bl, d2, ez, f£i, g4, =1, h2, il), {(sl, a2, bl, d2, e2, f1, g4,
x1, h2, i2),{sl, a2, bl, d2, e2, fi, g4, x1, h2, 1i3),{(sl, a2, bl,

k1, d2, e2, f£f1, g5, %1, hi,
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iz2)y, {s1, a2, bl, d2, e2, fl, g5, =®x1, hl, i3),{sl, aZ, bl, d2, e2,

a2, bl, d2, e2, f£1, g5, =1, h2, i3),(sl, a2, bl, d2, e3, f1, ql,

i1y, (g1, a2, bi, 482, e3, fi, gl, =x1, h2, 12),(sl, a2, bl, d2, e3,
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12y, (81,
£1, 93,
az, ki,
x1l, h2,
dz, e3,
i2), {sl,
i, g4,
a2, bl,
x1, hl,
d42, e3,
il), (81,
fi, g5,
a2, bl,
x1l, hi,
dz, e4,
i3y, (s1,
f1, g2,
a2, bl,
z1l, h2,
d2, e4,
i2), (=1,
£1i, 93,
a2, bil,
x1, hl,
dz, e4,
i1y, (81,
£1, g4,
a2, bi,
»l, hi,
dz, e4,
i3},
[poogej
(sl, a2z,
gl, =1,
b2, dl,

a2, bil,
x1, hi,

g2, e3,

12}, (s1,
fl, ¢4,

22, bl,
x1l, h2,

dz, e3s,

i1), (s1,
£1, g5,

a2, bl,
xl, h2,

a2, e4,

i3), (=1,
£1, gi,

az, bl,
x1, hil,
dz, e4,

iz2), {s1,
£1, 93,

az, bi,
xl, hz,
dz, e4,

i1y, {s1,
£fi, g4,

az, bl,
%1l, hz,

d2, ed,

13), (81,

£1, g5,
b2, di,
hi, i23,
el, fz,

a2, e3, fi, g3, %1,
iz), (sl, a2z, bi, d2,
£1, g3, x1, h2, i1},

&2, bl, d2, 3, fi,
x1, hl, i1y, (=1, &2,

42, e3, f1, g4, x1,
i1y, (s1, a2, k1, d2,
£1, g4, x1, h2, i3},

a2, bl, d2, e3, fI,
%1, hl, i3),(sl, a2,

d2, e3, fi, g3, =i,
i3y, (sl, a2, bl, dZ,
£1, gl, x1, hi, i2),
a2, bl, d2, e4, f1,
»1, h2, i2},(sl, a2,
dz2, ed, fi, g2, x1,
i2y), (s1, a2, bl, a4z,
£i, g2, %1, h2, il),
a2, bil, d2, =4, f1,
x1i, hl, 1il),({s1, a2z,
daz2, ed4, f£1, g3, x1,
ily, {(sl, a2, bl, dz2,
£1, g3, x1, hz, 1i3),
a2, bl, d2, e4, fi,
x1, hl, i3),(sl, aZ2,
az, e4, f1, ¢4, x1,
i3), (s1, a2, bl, dz,
£1, ¢5, %1, hi, 12),
a2, bl, d2, e4, f1,
x1l, hz, i2),(s1, az,
el, fi, gl, =1, hi,

{s1, a2, b2, di, el,

gl, x1, hz, i1}, (sl,

b

g4,

ed,

(s1,

i1y,
f1,
az,
21,

dz,

izy,

{sl,
g3,
bl,

hz,

a2, b1, dz2, e3,
x1l, hi, i3y, (s1,
dz2, e3, fl, g3,

i3), (s1, a2, bl,
£1, g4, =1, hi,

a2, bl, d2, e3,
x1, h2z, 12}, (s1,
d2, e3, f1, g5,

12}, (sl, a2, b1,
f1, g8, =1, h2,

a2, bl, d2, e3,
%1, hl, ily), (s1,
a2, e4, f1, gi,

il), (s1, a2, bl,
f1, g1, x1, hZ,

a2, bl, dz, e4,
%21, hl, 13}, (sl,
d2, e4, f£i1, g2,

i3}, (s, a2, b1,
£1, g3, =1, hil,

a2, bl, dz, e4,
x1l, hz, i2), {s1,
d2, e4, f1, g4,

12y, (s, &2, bi,
fi, g4, x1, h2,

a2, bl, d2, e4,
x1, hil, i1}, (s1,
d2, =4, f1, g5,

11y, {s1, a2, bi,
£fi, g5, x1, hz,

b2, di, e1, £1,
hi, i3), {sl, a2,
el, f1, g1, =xI1,
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h2, 12}, (s1, a2, b2, di, ei, £f1, gi, x1, h2, i3),{s1l, a2, b2, di,
el, fi, g2, =x1, hi, il1),(sl, &2, b2, dil, ei, f£i, g2, =z1, hi,
i23,(s1, a2, b2, di, el, £1, g2, x1, hl, i3),(sl, a2, b2, di, el,
£1, g2, x1, h2, il},(sl, a2, b2, di, el, f1, g2, x1, h2, i2), (sl,
a2, b2z, d1, el, f1l, g2, x1, h2, i3),(sl, a2, b2, 41, &1, fl1l, g3,
x1, hi, i1),(sl, a2, b2, d1, el, f1, 93, x1, hi, i2),(sl, a2, b2,
dl, ei, f1, g3, %1, hi, i3),(sl, a2, b2, di, ei, f1, ¢3, x1, h2,
i1}, (s1, a2, b2, di, el, £i, g3, x1, h2, i2),(sl, a2, b2, di, el,
£1, 93, =1, h2, i3), (s1, a2, b2, dl, el, £1, g4, xi, hl, 11}, {s1,
a2, b2, di, el, fi, g4, %1, hl, 1i2),{(sl, a2, b2, di, el, fi, g4,
%1, hl, i3}, {s1, a2, b2, dil, ei, £f1, g4, xi, hz, il),(sl, a2, b2,
di, el, f1, g4, =i, h2, i2),(si, a2, k2, di, eil, fi, o4, x1, h2,
i3), (s1, a2, b2, di, el, £fi, g5, =1, hl, i1}, {(sl, a2, b2, 41, ei,
£1, g5, =1, hi1, i2),{s1, a2, b2, di, el, f1, g5, x1, hl, i3), (=1,
a2, b2, 41, ei, f1, g5, x1, h2, ii),(sl, a2, b2, dil, el, fi, g5,
%1, hz, i2),(sl, a2, b2, di, el, f1, g5, =x1, h2, i3),(sl, a2z, b2,
dil, e2, fi, gl, =1, hl, il),(sl, a2, bz, dl, e2, £l, gl, =1, hi,
i2), (s1l, a2, b2, di, e2, £f1, gl, x1, Rl, i3),({sl, a2, b2, di, e2,
£1, ¢1, =1, hz, i1}, (sl, a2, b2, di, e2, fi, gi, x1, h2, i2), (s1,
a2, b2, di, e2, f1, g1, x1, h2, i3),(sl, a2, b2, di, e2, f1, g2,
%1, hil, il), (sl1l, a2, b2, dl, ez, f1, g2, =1, hl, i2},(sl, a2, b2,
41, e2, f1, g2, x1, hi, i3),(sl, a2, b2, d1, e2, f1, g2, z1, h2,
il), (s1, a2, b2, 41, e2, fl, g2, x1i, h2, i2),(sl, a2, b2, dl, e2,
£f1, g2, x1, h2, i3),({(sl, a2z, b2, dl, e2, fl, g3, x1, hl, il}, (s1,
a2, b2, d1, e2, £1, g3, xi, hl, i2),(sl, a2, b2, di, e2, £1, g3,
%1, hi, 13}, (sl, a2, b2z, di, ez, fi, g3, x1, h2, il),(sl, a2, b2,
dl, e2, f1, g3, x1, h2, i2},(sl, a2, b2, di1, e2, f1, g3, 1, h2,
i3), (81, a2, b2, d1, e2, fl, g4, =1, hi, il),(sl, a2, b2, di, eZ2,
f1, ¢4, x1, hl, i2}), (s1, a2, b2, di, ez, £1, g4, x1, hi, i3}, (s,
a2, b2, di, e2, f1, g4, x1, h2, il),(sl, a2, b2, dl, e2, f1, g4,
xl, h2, i2),{sl, a2, b2, d&i, e2, f1, g4, %1, h2, 1i3),(sl, a2, b2,
di, ez, f1, g5, xi, h1l, il1),(sl, a2, b2, di, e2Z, fi, g5, xl1, hi,
i2), {s1l, a2, b2, 41, e2, f1, g5, =1, hl, i3),(sl, a2, b2, dl, e2,
£1, g5, %1, h2, i1),(s1, a2, b2, di, e2, f1, g5, =1, h2, 12}, (s1,

a2, bz, dl, ez, f£i, g5, xl1, hZz, i3}, (sl, 22, b2, dl, e3, f1, gl,



i1y, (s1,
£1, gl,

a2, b2,

a2, bz,
%1, hi,
dl, e3,
i2y, (=1,
£1, g4,
a2, b2z,
xl, h2,
dl, e3,
i1), (s1,
fi, g5,
az, b2,
x1, h2,
- di1, ed,

x1l, hz,

dl, e4,

%1, nl, 13}, (sl,

x1, h2, 12}, {(s1,
dl; 6’3[ fll 93:

£1, g3, x1, h2,
a2, b2, di, e3,
x1l, hi, i1, (si,
dl, e3, f£1, g4,
i1}, (s1, a2, b2,

a2, b2, di, e3,

%1, hil, i3),(sl,

d1, e3, fi, g5,
i3}, {81, a2, b2,
£fi, g1, =1, hi,

a2, b2, di, e4,
®l, h2z, 12),(sl,
di, e4, fi, g2,
i2), {sl, a2, b2,
£1, g2, x1, h2,

a2, b2, di, e4,

%1, hil, i1}, (si,
di, ed, £1, g3,
i1y, (s1, &2, bz,
f1, g3, x1, h2,
az, b2, 41, €4,
x1, hi, 133, (sl,
di, e4, f£1, g4,
i3}, (s1, a2, b2,

£1, g5, %1, hi,

g5, 1, hi,

x1l, hz,
dl, e3,
ily, (81,
f1, g2,
a2, b2,
x1, hz,
dl, e3,
i3), {s1,
£fi, g3,
a2, b2,
x1, hi,
dl, e3,
i2), (s1,
£1, g5,
az, b2z,
x1, h2,
di, e3,
i1), (s1,

%1, h2,
di, e4,
i3}, (s1,
£1, g2,
a2, bz,
x1, hi,
di, ed4,

12y, (=1,

£1, g4,
az, k2,
%1, hZ,
di, e4,
ily, {s1,
f1, g5,
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ai, e4,
i3},

[0087]

gl, =xI1,
b2, d2,
h2, 1i2),
el, £1,
iz), (s1,
£1, gz,
a2, b2,
x1l, hi,
dz, el,
il), (s1,
£i, g3,
a2z, bz,
x1, hi,
d2, ei,
i3), (s1,
£1, g5,
a2, b2,
x1, h2,
d2, e2,
i2), {s1,
£1, g1,
a2, bZ,
x1, hi,
dz, e2,
i1y, (s1,
£1, gz,
aZ, b2,
®i, hil,
dz, ez,
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i3y, (81, a2, b2, dil, e4, f£f1, g5, =x1, h2, il}, (s1,
£1, g5, %1, h2, i2),{(sl, a2, b2, dl, =4, fi, g5,
b2, d2, el, fi, gl, =i, hl, i1), (sl, a2, b2, 42,
hi, i2),(sl1, a2, b2, d2, el, f1, gl, x1, hi, i3),
el, fi, gi, =1, h2, i1),!{s1, &2, b2, d2, el, £f1,
(s1, a2, b2, 42, el, fi, gi, %1, h2, i3),{sl, a2,
g2, ®1, hl, 1il),(sl, &2, b2, d2, el, f1, g2,
a2, b2, d2, ei, f1, g2, x1, hil, i3),(sl, a2, b2,
x1, h2, i1), (sl, &2, b2, dz, el, f1, g2, zl, h2,
42, el, f£1, g2, x1, h2, i3),(sl, a2, b2, d2, el,
il), (s1, a2, b2, d2, el, £f1, ¢3, x1, hl, i2),(si,
fi, g3, x1, hi, 1i3),(sl, a2, b2, d2, el, fl, g3,
a2, b2, d2, el, f1, g3, =1, h2, i2),(sl, a2, b2,
x1, h2, 1i3), (sl1, a2, b2z, d2, el, £1, g4, x1, hl,
dz, el1, f£1, g4, =1, hl, i2),(sl, a2, bz, d2, el,
i3y, (sl, a2, b2, d2z, ei, £f1, g4, =1, h2, il), (sl,
£1, g4, =1, h2, i2), (sl1, a2, b2, dZ, el, fi, g4,
a2, b2, d2, el, £1, g5, %1, hl, i1}, (sl, a2, b2,
¥1l, hi, i2),{s1, a2, b2, d2, ei, f1, g5, x1, hi,
d2, el, fi, g5, x1, h2, il),{sl, a2, b2, d2, el,
i2y, (81, &2, bz, d2, el, fl, g5, x1, h2, i3),{s1,
fi, g1, i, hi, il), (sl, a2, b2z, d2, e2, £1, gi,
a2, b2, d2, ez, £fi, gl, x1, hl, i3}, (sl, a2, bz,
x1, h2, i1}, {s1, &2, b2, d2, e2, fl, gl, x1, hz,
d2, e2, fi, gi, x1, h2, i3),{(sl, a2, b2, d2, ez,
it), (sl, a2, b2, dz2, e2, f1i, g2, x1, hl, 12),(=sl,
£1, g2, ®1, hil, 13}, (sl, a2, b2, dz, ez, fl, gz,
az, b2, d2, e2, fi, g2, x1, h2, i2), (=1, a2, b2,
¥1, h2, i3),{(si, a2, b2, d2, eZ, f1l, g3, x1, hil,
dz, e2, f1, g3, x1, hi, i2),(si, a2, b2, d2, e2,
i3), {s1, a2, b2, 4z, e2, f£i, g3, =i, h2, i1),(s1,
1, g3, %1, h2, i2),{si, a2, b2, d2, ez, £f1, g3,
a2, b2, d2, e2, fl, g4, x®1, hl, il),{si, &2, b2,

%1,

az, bz,

%1, h2,

el, f1,

{sl, a2,
gl, i,
b2, d2,
hi,
dz, el,
i2y, (s1,

£1, g3,

a2, b2,
x1, hi,
d2, e2,

i2), (s1,

£1, g2,
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{s1,

»
P4

b

4

2,

%1, hi,

dz2, e3,
i3}, (=1,
£1, g2,
a2, b2,
21,
d2,

i2), (s1,

hz,

e3,

£1, g3,

aZz, b2,

x1l, hi,

dz, e3,

. 1
ily, (si,

az, b2, d4dz,
X1, h2, i1y,
d2, ez, fi,
i1y, (s1, =a2,
£1i, g5, =1,
a2, b2, dz,
x1l, h2, 1iZ),
dz2, e3, f1,
13y, (s1l, a2,
f1, gl, =1,
a2, bz, dz2,
x1l, nhi, i2),
dz, 3, f1,
izy, (s1, aZ,
fi, 2, x1,
a2, bz, d2,
%1, h2, 1ily,
dz, e3, f1,
ily, {s1, az,
£f1, g4, =1,
a2, k2, dz,
%1, hz, i3},
dz, e3, fi,
13), (=1, a2z,
£1, g5, x1,
a2, b2z, dz,
z1, hl, i2),
dz2, e4, f1,
izy, (s1, aZz,
1, g2, =i,
a2, bz, dz,
%1, h2, i1y,
dz2, e4, 11,
il), (s1, aZz,
£1i, g3, =1,

(81,

£1, g4,
a2, bz,
x1, hZ2,
dz2, e2,
i3y, (s1,
£1, g5,
az, b2,
x1, hl,
daz, e3,
12y, (s1,
£1, g2,
a2, bz,
xl, hZ,
d2, e3,
i1y, (s,
£1, g3,
a2, b2,
xi, h2,
dz2, e3,
i3), (81,
1, g4,
a2, b2,
21, hil,
dz, e3,
i2), (s1,
£1, gl,
a2, b2,
x1, hZ,
dz, e4,
ily, (s1,
£l, a2,
a2, b2,
x1, hZ2,
az, ed,
i3y, {s1,

i3)/1

juy
NI e
- )

a2,
hl,
el3,

x1,
dz,
i2y, (=1,

£i, g5,
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£1, 93,
a2, b2,
x1l, hi,
dz, ed4,
i1y, (s1,
£1, o4,
az, b2,
x1l, hi,
d2, ed4,
i3},
[oogsg}
(si, a3,
gl, =x1,
b1, di,
h2, izy,
el, f1,
iz), (s1,
£i1, 92,
a3, bl,
xl, hi,
dl, el,
i1y, (81,
£f1, ¢3,
az, bi,
%1, hi,
dl, el,
i3y, (s1,
£i, g5,
a3, bil,
»1l, hZ2,
di, ez,
i2), (s1,
£1, gi,
a3, bil,
%1, hil,

%1, hz,
4z, e4,
i1}, (83,
£f1, g4,
a2, bz,
%1, h2,
dz2, ed4,
i3y, (s1,
£1, ¢b,
b1, di,
hl, i2),
el, fi,
(sl1l, a3,
g2, x1,
a3, bil,
x1l, hZ2,
dl, el,
ily, (831,
£1, g3,
a3, bl,
%1, h2,
d1, el,
i3), (=1,
£1, g4,
a3, bil,
x1l, ki,
dl, el,
i2y, (s,
£f1, gi,
a3, bl,
x1l, hZ,
di, &2,
11}, (81,

i1), (s, a2, b2, d2, e4, f£1, g3, x1, h2, 12}, (si,
£1, 93, x1, h2, 1i3),(sl, a2, b2, d2, e4, £f1, g4,
a2, bz, d2, e4, f1, g4, =1, hl, i2),{(sl, a2, bZ,
%1, hil, i3),(sl, a2, b2, d2, e4, fl, g4, =1, h2,
d2, e4, £1, g4, ®l, hz, i2),{sl, a2, bz, d2, e4,
i2), (sl1, azZ, b2, d2, e4, f1, g5, xl1, hl, il), (s,
f£1, g5, %1, hil, i2},(sl, a2, b2, d2, e4, f1, g5,
a2, b2, 42, e4, fl1, g5, =1, h2, il1),(sl, a2, b2,
%1, h2, i2),(sl, a2, bz, dz, e4, f1, g5, x1, hZz,
ei, f1, g1, =1, hi, il),(s1l, a3, bi, di, el, f1,
{s1l, a3, bl, d1, el, fi, gl, x1, hl, i3}, {sl, a3,
gl, i, h2, i1}, ({sl, &3, b1, di, el, f1, gl, X1,
b1, di1, e1, £i1, gl, =1, h2, i3),(sl, &3, bl, di,
hi, ii), {(sl, a3, bl, di, el, fl, g2, =1, hi,
di, el, fi, g2, =1, hl, i3),(sl, a3, bl, di, el,
il), {s1, a3, bl, di, el, £i, g2, xl, h2, i2), {s1,
£1, ¢2, x1, h2, i3),(s1l, &3, bl, di, el, fl1l, g3,
a3, bil, di, el, f1l, g3, =1, hi, i2),(sl, a3, bi,
x1, hi, 1i3),(sl, a3, bl, d1, el, £fl1, g3, x1, h2,
di, el1, f1, g3, x1, h2, i2),({sl, a3, bl, di, el,
i3), (81, a3, bl, di1, ei, f1l, g4, xi, hl, i1), (si,
£1, g4, %1, hl, i2),({sl, a3, bl, di, el, f1, g4,
a3, bl, di, ei, f£1, g4, =1, h2, il), (s1, a3, bil,
xl, h2, 12}, (s1, a3, bi, di, el, £f1, g4, zl1, h2z,
dl, ei, £1, g3, %1, hi, i1}, (sl, a3, bl, dil, el,
i2), (s1l, a3, bi, dl, el, fi, g5, x1, hl, i3}, (s1,
£1, ¢5, x1, h2, ii1),(sl, a3, bl, di, el, £f1l, g5,
a3, bl, di, ei, f1, 95, x1, h2, i3}, (sl, a3, bl,
%1, hi, i1),(sl, a3, b1, di, e2, fl, gl, =1, hl,
di, e2, fi, gl, =®1, hl, i3),(sl, a3, bl, di, e2,
ily, (sl1, &3, bl, di, e2, f1, gi, xl1, h2, i2}, (s1,
£1, gi, x1, n2, i3),(si, a3, bl, dl, ez, fl, g2,
a3, bi, d1, ez, f1l, g2, x1, hi, i2),(sl, a3, bl,



dl, =2, £i, g2, %1, hi, i3}, (sl, a3, k1, d1, e2, f1, g2, =1, h2,
il), (s1, a3, bi, dl,‘e2, f1, g2, =1, h2, 1i2),({(sl, a3, bl, d1, e
£1, g2, %1, h2, i3),(s1, a3, bl, d1, e2, f1, g3, x1, nhi, i1}, (sl,
a3, bl, di, e2, f1, g3, x1, hl, i2),(sl, a3, b1, di, e2, £f1, g3,
%1, hi, i3}, (s1, a3, bl, 41, e2, fl, g3, xi, h2, il},(sl, a3, bl,
di, ez, f1, g3, w1, h2, i2),{sl, a3, bl, di, e2, f1, g3, x1, h2,
i3}, (s1, a3, bl, di, ez, fl, g4, xi, hil, il),(sl, a3, bl, dl, e2,
f1, g4, x1, hi, i2), (s1, a3, bl, di, e2, fl1, g4, x1, hil, i3}, (si,
a3, bl, d1, e2, fi, g4, %1, h2, i1),(sl, a3, bl, di, e2, fi, g4,
%1, h2, i2),{s1, a3, bl, d1, e2, fl, g4, x1, h2, i3),(sl, a3, bil,
dl, e2, fl, g5, %1, hi, i1),(sl, a3, bl, d1, e2, fl, g5, =xl, hl,
i2), (sl, &3, bl, di, e2, fl, g5, x1, hl, i3),(sl, a3, bi, di, eZ,
£1, 95, x1, h2, ily, (sl, &3, bl, di1, e2, £f1l, g5, =21, h2, i2), (sl,
a3, bl, di, e2, fl, ¢gb5, %1, h2, i3),(sl, a3, bl, d1, e3, fi, gi,
x1, hl, il), (s1, a3, bl, di, e3, f1, g1, =x1, hi, 1i2},(sl, a3, bi,
di, e3, f£l, gl, =1, hl, i3),(sl, a3, bl, di, e3, £fl, gl, =1, h2,
il), (sl, a3, bil, d1, e3, f£1, gl, x1, h2, i2),(sl, a3, bl, dl, e3,
£1, g1, xi, h2, i3}, (sl, a3, bl, d1, e3, f1, g2, x1, hl, i1}, (si,
a3, bl, d1, e3, f1, g2, x1, hi, i2),(sl, a3, bl, dil, e3, f1, g2,
x1, hl; i3),(s1, a3, bl, 41, e3, f1, g2, x1, h2, il),(sl, a3, bl,
di, e3, f1, g2, %1, h2, i2),{sl, a3, bl, di, e3, fi, g2, x1, h2,
i3y, (sl, a3, bl, di, e3, f£1, g3, x1, hl, i1),(sl, a3, bl, di, e3,
£1, ¢3, x»1, hl, i2), (sl1, a3, bi, di, e3, fi, g¢g3, x1, hl, i3y, (=1,
a3, bl, d1, e3, f1, g3, x1, h2, il),{(sl, a3, bl, di, e3, fl, g3,
x1, h2, 12),{s1, a3, bl, di, €3, £1, g3, x1, hz, i3),{(sl, a3, bil,
dl, e3, fl, g4, =1, hl, il1),(sl, a3, bl, di, e3, f1, g4, =1, hi,
i2), (sl, a3, bl, dl, e3, f1, g4, ®1, hi, i3),(sl, a3, bl, dl, e3,
£1, g4, x1, h2, i1}, (sl, a3, bl, dl, e3, fi, g4, xI1, h2, i2), (sl,
a3, bi, di, e3, £1, g4, zl, h2, 1i3),(sl, a3, bi, dl, e3, f1, g5,
%1, hi, ily, (sl1, a3, k1, dl, =3, fl, o5, x1, hil, i2),(sl, &3, ki,
di, 3, f£1, ¢5, x1, hil, 43),(si, a3, pbl, dil, e3, fl, g5, x1, h2,
ily, {sl, &3, b1, d1, &3, £1, g5, %1, h2, i2),(sl, a3, bl, dl, e3,
£1, g5, x1, h2, i3),(sl, a3, bi, d1, e4, f1, gl, x1, hi, i1}, (s1,
b1, d1, =4, f1, ¢1, %1, hl, iz}, (sl, a3, bl, d1, e4, f1, gi,

%1, hl, i3),(s1, a3, bl, di, e4, f1, gi, =1, h2, il),(sl, a3, b1,
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dl, ed, f1, gi, x1, h2, iz}, (s1, &3, bl, di, e4, f1, gi, x1, h2,

3y, (sl, a3, bl, 41, e4, f1, g2, x1, hi, il),(sl, &3, bi, di, e4,
£fi, g2, %1, nhi, i2),(sl, &3, bl, 41, e4, f1, g2, x1, hi, i3}, (s1,
a3, bl, di, e4, f1, g2, x1, h2, i1},(sl, a3, bl, d1, e4, f1, g2,
x1, h2, i2), (s1, a3, bl, 41, e4, £i, g2, x1, h2, i3),(s1l, a3, bi,
di, e4, f1, g¢3, x}, hi, il1),(sl, a3, bl, di, e4, £, g3, x1, hl,

i2), (s1, a3, bl, di, e4, f1, g2, x1, hl, i3),(sl, a3, bl, di, e4,
f1, ¢3, =1, h2, il),(sl, a3, bl, dl, e4, fi, g3, %1, h2, i2}, (s1,
a3, bi, dl, e4, f1, g3, x1, h2, i3}, (sl, a3, bl, dl, e4, fl, g4,

x1, hi, il), (sl, a3, bi, d1, e4, f1, g4, x1, hi, i2),(sl, a3, bil,
di, e4, f1, g4, %1, hl, i3),(si, a3, bl, dl, e4, fl, g4, =1, h2,

il}, (=1, a3, bl, 41, e4, £1l, g4, =»1, h2, 12}, {sl, a3, bl, dil, e4,
£1, g4, x1, h2, i3),(sl, a3, bl, d1, ed4, fl, g5, x1, hl, il), (sl,
a3, bl, di1, e4, f1, g5, xl1, hl, 1i2),(sl, a3, bl, dl, e4, £f1, g5,

x1, hl, i3), (sl, a3, bl, di, e4, fi, g5, x1, h2, il),(sl, a3, b1,
dl, e4, fi, g5, x1, h2, i2),(s1, 23, bl, d1, e4, £1, g§, x1, h2,

i3),

[0089)

(sl, a3, bl, d2, el, f1, gi, =1, hl, il),(sl, a3, bl, &2, el, f1,
gi, x1, hl, iz}, (s1, &3, bl, d2, el, fi1, gl, x1, hi, i3), (sl, a3,
k1, d2, el, fi, gl, x1, hz, il),(sl, &3, bl, d2, el, f1l, gl, =1,

h2, i2), (s1, a3, b1, d2, el, f£1, gi, x®1, h2, i3},{(sl, a3, bi, 42,
el, fi, g2, x1, ni, il),(sl, a3, bl, d2, el, f1, g2, =1, hi,

i2), (s1, a3, bi, 42, ei, f1, g2, =1, hl, i3),(sl, &3, bl, d2, ei,
£f1, g2, %1, h2, il), (si, a3, bl, d2, el, f£1, g2, =1, h2, i2), (s1,
a3, bl, dz, el, f1, g2, xi, h2, i3),{sl, a3, bl, d2, ei, fl, g3,

x1, hl, ii), (sl1, a3, bl, 42, el, fl, g3, x1, hl, 1i2),(sl, &3, bl,
42, el, f1, g2, x1, hl, i3),(si, a3, bl, d2, el, £f1, g3, x1, h2,

ily, (s1, a3, bi, d2, el, f1, g3, x1, h2, i2),(sl, a3, bl, d2, el,
£1, g3, %1, h2, i3),(si, a3, bl, d2, el, £1, g4, x1, hl, il), (sl
a3, bl, d2, ei, fl, g4, xi, hil, i2),(s1, a3, bl, d2, el, f1, g4,

%1, hi, 1i3), (sl1, &3, bl, d2, eil, £1, g4, x1, h2, ilj, (sl, a3, bl,

éz, ei, fi, g4, x1, h2, i2},(sl, a3, bl, d2, el, £1, g4, x1, hz,

[le]

i3), (s1, a3, bl, d2, ei, f1, ¢5, =1, hi, ilj,(sl, a3, bl, dz, ei,

£f1, o5, =1, hil, i2y, (s1, &3, ki, &2, el, fi, g5, x1, hi, i3}, (s1,
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dz,
iz2)

o

d2, el, f£1, g5,
i3), (s1, a3, bi,
£1, ¢i, =1, hil,
a3, bkl, dz, e2,
%1, h2, i2), (s1,
d2, e2, f1, g2,
12y, (81, =23, bil,

- fi, g2, x1, h2,

a3, bl, 42, ez,
x1, hl, i1), (s1,
42, ez, f1, g3,

il), (s1, a3, bil,

a3, bi, dz2, e2,
x1, hi, i3}, (s1,
dz, e2, f1, g4,
i3y, (s1, a3, bil,

il),(s1, a3, bil,
£f1, g2, =1, h2,
a3, bi, d2, e3,
x1, hi, i3), (s1,
dz, e3, f£1, g3,
i3), (s1, &3, b1,
£1, g4, =1, hil,
a3, bl, d2, e3,
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gl, =1,
b2, d1,
hz, 12y,
el, f1,
12y, {s1,
£1, g2,
a3, b2z,
%1, hil,

dl, ei,

x1,

80

i3}, (8%,
£1, g5,
a3, bl,
x1l, h2,
dz, ea,

iz), (s1,
f1, g1,
23, bl,
®1l, hil,
dz, e4,

i1), {s1,
f1, g2,
a3, bi,
x1, hil,
dz2, e4,

13), (81,
fl, g4,
a3, b1,
%1, hZ,
dz2, e4,
i2), (s1,
fi, g5,
a3, bi,
hil, i1},
el, f1,

il), (sl, a3,

gi, =1,
a3, b2, dl

®i, hi,

dl, el,

42, e2, f1, g5,
i2y, (s1, a3, bil,
fi, g5, =1, hz,
a3, bl, dz, e3,
%1, hl, i1y, (sl,
dz, e4, f1, gl,
i1y, (sl1, a3, bi,
£1, g1, x1, hZ,
a3, bi, dz2, e4,
x1l, hl, i3}, (s,
dz, e4, fi, gz,
i3), (s1, a3, bi,
fi, g3, x1, hi,
a3, bl, dz, ed4,
®1, h2, i2}, (s1,
d2, e4, £1, 94,
iz), (s1l, a3, bi,
£f1i, g4, %1, h2,
a3, bl, dz, e4,
xl, hi, 1i1), {(s1,
d2, =4, f£1i, g5,
i1y, (s1, a3, bi,
£f1, ¢S5, x1, h2,

b2, dl, el, f1,
hi, 13}, (s1, a3,

el, f1, gl, =x1,

, (81, a3, bz, di,
f1, g2, =x1, hl,

xi, hz2, 12}, (si,
di, el, f£1, g3,
12y, {s1l, a3, bz,

£f1, ¢3, x1, h2,
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di,

£1, g3,
al, b2,
x1, hi,
di, el,

£1, g5,
a3, bz,
x1l, h2,
di, el,

£1, oi,
a3, b2,
x1, hZ,

dl, e2,
i3), (s1,
fl, gz,
az, bz,
xi, hi,

dl, ez,
12y, (s1,
£f1, g4,
a3, b2,
xl, h2,

dl, =2,

£f1, g5,
al, h2,
x1l, hZ2,
dl, e3,
i3y, (s1,
£i, ¢i,
a3, b2,
x1, hi,
dl, eZ3,

61

13},

" [\
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i1, o4,
a3, b2,
%1, hil,
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2, dz, &1, fi, gil, x1, h2, i3),1isl, a3, b2, dz,
hi, i1}, (si, a3, k2, d2, el, £1, g2, =1, hil,

y, (s, a3, b2z, dz, el,

93]

dz2, el1, fi, g2, =1, hl, 1

iz, (s1,

j

Q2
T,
w
)
)
8]

i1y, (s1, a3, b2, dz2, el, £

f1, g2, xl, h2, 13),(sl, a3, b2, d2, el, f1l, g3,
a3, b2, dz, el, f£1, g3, =1, hi, i2),{sil, a3, b2,

G
N
~
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~
o]
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-
B
=
-
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™o

1

%1, hl, i3}, (sl, a3, b2z,
dz2, el1, f1, g3, x1, h2, i2),(sl,
i3), {(s1, a3, bz, d2, el, £1l, g4

f1, g4, %1, hil, i2),(sl, a3, b2, d2, el, f1, g4,

a3, b2, d2, ei, fil, g4, =i, h2, il),{(sl, a3, bz,
x1l, hz, i2),{(sl, a3, b2, d2, el, f1, g4, =1, h2,

42, el, f£1, g5, x1, hl, i1y, (sl, a3, bz, dz, el,
i2y, {(sl1, a3, p2, dz2, 1, £i, g5, x1, hi, i3}, (s1,
£1, g5, x1, h2, il1l),({sl, a3, b2z, d2, el, £1, g5,

al, b2, d2, el, f1, g5, =zl, h2, i3),(sl, a3, b2,

d2, e2, £fi, g2, =1, h2, i2),{sl, a3, b2, d4d2, e2,
i3y, (s1, a3, b2, d2, e2, fi,

£i, g3, x1, hi, i2),

%1, h2z, 12),(sl, &3, b2, 42, e2, £1, g3, =1, h2,
é2, e2, fi, o4, %1, hl, i1}, (sl, a3, b2, 42, e2,
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%1, hl, i1, (sl, a3, b2, 42, 3, f£i, gl, =1, hl, i2},{sl, a3, b2,

i1y, (s1, a3, b2, 42, 3, f£1, gl, =1, hZ, i2),(sl, a3, b2, d2, e3,
£1, gil, 21, h2, i3),({(sl, a3, b2, d2, e3, fi, g2, x1, hl, il}, (sl,

23, b2, d2, e3, fi, g2, %1, hi, i2j,{sl, a3, b2, d2, e3, fl, gz,

£1, g4, =1, h2, i1y, (sl, a3, b2, d2, e3, f£fi, g4, =zl, h2, i2), (sl,
a3, b2, d2, e3, f£i, g4, =1, h2, 1i3),(sl, a3, b2, d2, e3, fl1, g3,
x1, hl, iiy, (s1, a3, b2, d2, e3, f1, g5, x1, hl, i2}, (s1, a3, bz,
d2, e3, f1, g5, x1, hl, 13}, (sl, a3, bz, d2, 3, fl, g5, x1, h2,
il), {s1, a3, b2, d2, eZ, £1, g5, =1, hz, i2),(sl, a3, b2, d2, e3,
£1, g5, x1, hz, i3),(sl, a3, b2z, d2, e4, f1, gl, =1, hl, i1}, {(s1,
a3, b2, d2, e4, £1, gl, =x1, hi, i2),{(sl, a3, b2, d2, e4, fl, ¢l,

x1, hl, 1i3), {(sl, a3, bz, 42, e4, f1, gl, =i, h2, il},(sl, a3, bz,

i3y, (sl, a3, b2, d2, e4, fl, g2, =x1, hl, i1}, (sl, a3, b2, 42, e4,
fi, g2, =1, hl, i2),(sl, a3, b2, d2, e4, fl, g2, =1, hl, i3), (=1,
a2, b2, d2, e4, fi1, o2, x1l, h2, il},{(sl, a3, bz, d2, 4, fl, g2,
1, h2, iz2), {(sl, a3, b2, d2, e4, f£l, g2, x1, h2, i3}, {(si, a3, b2,
dz2, e4, £1, 93, =21, hl, il),(sl, a3, b2z, d2, ed4, f1, g3, x1, hl,
iz2y, {si, a3, b2, d2, e4, £i, g3, =1, hl, i3}, (sl, &3, b2, d2, e4,
£f1, g3, i, h2, i1), (sl, a3, bz, 42, e4, fl, g3, x1, h2, i2), (s1,
a3, b2, 42, ed4, f1, g3, x1, h2, i3),(sl, a3, b2, d2, ed, fi, o4,
x1, hl, 1il), (si, a3, b2, dz, e4, f1, g4, =1, hi, i2),(=s1l, a3, bz,

42, e4, f1, g4, =1, nl, i3),(sl, a3, b2, 42, ed, f1, g4, =1, h2,
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Arongst the combinations above, particularly preferable
combinations are as follows: (sl, a2, bl, d2, e2, £1, gl, x1, hi,

ily, (sl, a2, b1, d2, ez, f1, gl, x1, hl, 12}, {sl, a2, bl, d2, ez,
£1, gi, ®1, hl, i), (s1,

a2, bl, d2, e2, f£1, gl, %1, h2, il), (s1,

n

a2, bi, 42, e2, fi, gl, =1, h2, 1i2),({(sl, a2, bl, 42, e2, fl, gi,
%1, h2, i3}, (sl, aZ, bl, 42, e2, f1, g2, xi, hl, il),{sl, a2z, bl,
dz2, e2, f1, g2, x1, hi, i2},(si, a2, bl, &
i3y, {sl, a2z, bl, d2, e2, £1, g2, x1, hZ, il),(sl, a2, bl, dz, e2,
£1, g2, =1, h2, i2),(s1l, a2z, bi, d2, e2, £1, g2, =1, h2, i3}, {(s1,
a2, kl, d2, e2, £f1, g4, =1, hi, il),(sl, aZ, bl; d2, e2, f£1, g4,
x1, hil, i2),(sl, a2, bl, d2, e2, £1, g4, xi, hl, i3),(sl, a2, bl,
dz2, e2, £1, g4, xi, h2, 1i1),(sl, a2, bl, d2, e2, f1, g4, x1, hZ2,
, (sl, a2, bl, dz2, e2, f1, o4, xl, h2, i3),{(sl, az, bl, dz2, e3,
£1, ¢l, x1, hi, i1), (si, a2, bl, d2, =3, f£1, gl, =1, hl, i2), (s1,
aZ, bl, dz2, 3, fi, gil, =x1, hl, i3),{sl, a2, bl, d2Z, e3, f£1, ql,

%1, h2, il),(sl, a2, bi, d2, e3, fl, gl, x1, h2, i2),(sl, a2, bl,

i1y, (s1, a2, bl, d2, e3, fi, g2, =i, hl, 12),(sl, a2, bl, 4z, e3,
£1, g2, x1, hl, 43}, (s1, a2, bi, d2, e3, f1, g2, x1, h2, 1il), (=1,
a2, bl, d2, 3, £1, g2, =x1, h2, i2),(sl, a2, kl, d2, 3, fl, g2,
x1, h2, i3}, (s1l, &2, bl, 42, 3, fi, g4, x1, hl, il), (sl, a2, bl,
d2, e3, f£i, g4, x1, hl, 12),(sl, &2, bl, d2, e3, fl, g4, xl1, hil,
i3y, (sl, a2, k1, 42, e3, £1, g4, =1, h2, il},(s1, a2, bl, d2, e3,
£1, g4, #i, h2, i2), (s1, a2z, bl, d2, e3, f1, g4, x1, h2, 1i3).
[0083]

The compounds represented by formula (I) of the present
invention can be manufactured, for - example, by a general

synthesis method described below.
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(wherein, E, F, X, A, T, R?,

[Formula 61)

ving groups {(for example,

are defined as above; LG and Y are lea
Br, I3, carbamovloxy, acyloxy

ot

hydrozy, halogen (Ci,
that may be substituted,

Lt

methanesulfonyloxy, toluenesulfonyloxy
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67

etc.);R® is hydrogen or a carboxy protecting group;R® is hydrogen
or a amino protecting group.)
{0094}

) Raw Materials of ths 7-Position Side <Chain: Synthesis of

}d

Compound (IV)
The first step:

Compound  (III) is obtained by a reaction with N-

n

hydrexyphthalimide 1in the presence of Compound (II) (LG i
hydroxy) and Mitsunobu reagent, or in the presence of Compound
{IT) (LG is another leaving group) and a base {such as sodium
hydrozide, sodium methoxide).

An amount of HN-hydroxyphthalimide used is generally 1-5
molar equivalents, preferably, 1-2 meolar equivalents, relative
to Compound (II).

Examples of reaction solvents include ethers (e.g., dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), halogenated hydrocarbons {(e.qg.,
dichloromethane, chloroform, carbon tetrachloride}, hydrocarbons

(e.g., n-hexane, Dbenzene, toluene), amides (e.g., formamide,

N, N-dimethylformamide, N,N~-dimethylacetamide, N-
methylpyrrolidone), 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 preferzbly about -~
30-0°C.

[0085]

N-Methylihydrazine or hydrazine was added and reacted to
Compound (III) to provide Compound (IV).

An amount of N-methylhydrazine or hydrazine used is in a
range of about 1-10 molar equivalents, preferably 1-5 molar

.

ive to

ot

eguivalents, more preferably 1-2 molar eguivalents, rela

Cermpound (III).

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

tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
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her), esters (e.g., ethyl formate, ethyl acetate,

P

diisopropyl e

!

iscpropyl acetate), halogenated hydrocarbons le.g.,
dichloromethane, chleroform, carboen tetrachloride), hydrocarbons
{e.g., n-hexane, bkenzene, toluene), alcohols {e.g., methanol,
ethanol, iscpropanol}, amides (e.qg., formamide, N, N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone),
ketones (e.g., acetone, methyl ethyl ketone), nitriles (e.g.,
MeCN, propionitrile}, dimethylsulfoxide, water, and the like,
and mixed solvents and the like thereof.

2 reaction temperature is in a range of, generally, abcut

Lo}

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

The third step:

Compound (IV) is added and reacted to Compound (V), which
is commercially available o¢r obtained by a known method, to
provide Compound (VI). (For exzample, it is described in
Bioorganic & Medicinal Chemistry, Vol. 15, p. 6716-6732 (2007)).

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

Examples of reaction solvents include ethers (e.g., dioxzane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diiscpropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons le.qg.,
dichloromethane, chloroform, carbon tetrachloride), hydrocarbons
{e.g., n-hexane, benzene, toluene), alcchols ({e.g., methanol,
ethanol, isopropancl), amides {e.qg., formamide, ¥, N~
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidene),
ketones {e.g., acetone, methyl ethyl ketone), nitriles (e.g.,
MeClN, propionitrile), dimethylsulfoxide, water and the 1like, and
mixed solvents and the like thereof.

A reaction temperature 1s in a ranges cof, generall, about 0-

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

(0087}
2) 7~Position PAmidation and 3-Position Side Chain Formaticn;
Synthesis of Compound (X}
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The fourth step (T-pesition amidation reaction):
Compounc (IX) 1is provided by reacting Compound (VI) and
tompound {VII), which are commercially available or synthesized

7

sccerding to methods described in literature [(e.g., Japanese

[2Y)

Laid-Open Publication No. 60-231684, Japanese Laid-Cpen

case, preferably, R®

101

Publication No. 62-148682, ete.). In thi
and R® are carbozy protecting groups, R° is an amino protecting
group, and R® and R® are hydrogen.

an amount of Compound (VI) used is in a range of, generally,
apout 1-5 moles, preferably 1-2 moles, relative to 1 mole of
Compound (VII).

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,
isopropyl acetate), halogenated hydrocarbons (e.qg.,
dichlcremethane, chloroform, carbon tetrachloride), hydrocarbons
{e.g., n-hexane, benzene, toluene), amides (e.g., 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 solwvents and the like thereof.

2 reaction temperature is in a range of, generally, about -
40-80°C, preferably about -20-50°C, more preferably about =-10-
30°C.

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

can be provided by oxidizing a compound ¢f which T is S in

Compound (IX5. Examples of oxidizing agents include m-
chloroperbenzoic ci (m-CPBA), hydrogen percxide, peracetic

acid, and the like.

The above-described amidation reaction may be carried out
after a carboxy molety is ceonverted to a reactive derivative
{e.g., inorganic base salt, corganic base salt, acid halide, acid
azide, acid anhydride, mixed acid anhydride, active amide,
active ester, active thiocester). Examples of such inorganic

bases include alkali metals {(e.g., Na, K, etc.}), alkaline-earth
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nmetals (e.g., Ca, Mg), and the like. Examples of organic bases
¥ f ] il

include trimethylamine, triethylamine, tert-butyldimethylamine,

dibenzyimethylamine, benzyldimethylamine, N-methylmorpheoline,
diisopropylethylamine, and the like. Examples of acid halides
include acid chlorides, acid bromides, and the like. Examples

CE

Y . . .
f mixed acid anhydrides inciude mixed acid anhydrides of mono-
alkyl carbonate, mixed acid anhydrides of aliphatic carboxylic
acid, mixed acid anhydrides of aromatic carboxvlic acid, mixed

cid anhydrides of organic sulfonic acid, and the like.

o

Examples of active amides include amides with nitrogen-
containing heterocyclic ccmpound, and the Iike. Examples of
active esters include organic phosphoric esters {e.qg.,
diethcezyphesphoric esters, diphenoxyphospheric esters, and the
like}, p-nitrophenyl esters, 2, 4~dinitrophenyl esters,
cyanomethyl esters, and the like. Examples of active thicesters
inciude esters with aromatic heterocyclic thiol compound (e.g.,
2-pyridylthicl esters), and the like. Furthermore, in the

abcove-described reaction, a suitable condensing agent may be

used as desired. For example, hydrochloric acid salt of 1-
dimethylaminocpropyl-23~ethylcarbediimide (WSCD*HC1}, N, N’ -
dicyclohexylcarbodiimide, N, N’ -carbonyldiimidazole, N, N -
thiccarbenyldiimidazole, N—ethoxycarbcnyl—Z—ethoxy—l,2—

dihydroquinoline, phosphorus oxychloride, alkozyvacetylene, 2-
chloromethylpyvridinium iodide, 2-fluoromethylpyridinium Ilodide,
triflucrcacetic anhydride, and the like can be used as a
condensing agent.
(0028}
The fifth step (3-position side chain forming reactionj:
Compound (X) is provided by reacting Compound (IX) and a
corresponding tertiary amine {i.e., saturated or unsaturated and

monocyclic heterocycle or condensed-ring heterocycle having at

9]

least cone or more N atoms which may be substituted). In thi
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 is in a
ranve of, generally, 1-5 moles, preferably 1-2 moles, relative
to 1 mole of Compound {IX).

Examples ¢f reaction sclvents include ethers (e.g., dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons {e.qg.,

dichlcremethane, chloroferm, carbon tetrachloride), hydrcoccarbons

(e.g., n-hexane, bkenzene, toluenej), amides (e.g., formamide,
X, N-dimethylfcrmamide, N,N-dimethylacetamide, N-
methylpyrrolidone), kstones {(e.g., acetone, methyl ethyl ketone),

nitriles (e.g., MeCN, propiocnitrile), dimethylsulfoxzide, water,
and the like, and mixed solvents and the like thereof.

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

Furthermore, a compound cf which T is 350 in Compound (X)
can be provided by reducing the compound of which T is SO in
Compound (X} . Examples of reducing agents include potassium
iodide =~ acetyl chleride, and the like.

[(0C92)
3) 3-position side chain fermation and 7-position amidation;
Synthesis of Compeound (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 monocyclic heterocycle or condensed-ring heterocycle having
at least one or more-N atoms which may be substituted). In this
case, preferably, R® is a carboxy protecting group, and R® is an
amino protecting group.

An amount of a corresponding tertiary amine used is in a
range of, generally, 1-5 moles, preferably 1-2 moles, relative
to 1 mele of Compound (VIII}.

Examples of reaction solvents include ethers (e.g., diozane,
tetrahyvdrofuran, diethyl ether, tert-butyl methyl ether,

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
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isopropyl acetate), halogenated hydrocarbons
dichloromethane, chlorcform, carbon tetrachleoride),
(e.g., n-hexane, benzene, toluene), amides (e.g.,

N, N-dimethyl formamide,

methylpyrrelidone),

nitriles

N,N-dimethylacetamide,

{(e.g., MeCN, proplonitrile),

dimethylsulfoxide,

and the like, and mixed sclvents and the like therecof.

2 reaction temperature is in a range of,

(e.g.,

hydrocarbons

formamide,

N-

ketones (e.g., acetone, methyl ethyl ketone)

water,

generally, -20-

50°C, preferably -10-40°C, more preferably 0-20°C.

[0100]

The Seventh Step (7-positicn amidation reaction):

Compound

Compound ({VI)

(%) is provided by

. In this case,

reacting Compound

preferably, R® and R° are

(VIII} and

carboxy

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

hydrogen.

about 1-5 meoles,

An amount of Compound (VI) used is in a range ¢f, generally,

Compound (VIII).

tetrahydrofuran,

diisopropyl ether),

preferably 1-2 moles,

Examples of reaction solvents include ethers

isopropyl

dichloromethane,

(e.qg. .,

diethyl

acetate},

n-hexane, benzene

N, N-dimethyiformamide,

methylpyrrolidone),

nitriles (e.g.

1i

40-80°C,

30

after a

(e.g.,

(=4

ke,

A reaction temperature is in a range of,

°c.

The above-described amidation reaction may be

ide,

esters

chloroform,

ketones

ether,

halogenated

;, toluene},

{e.

tert-butyl

ethvl formate,

<

amides (e.g.,

relative to 1 mole of

{e.g., dioxane,

methyl

ether,

ethyl acetate,

carbon tetrachloride),

hydrocarbons

N, N~dimethylacetamide,

g., acetone,

; MeCN, propilonitrile),

dimethylsulfoxide,

and mixed solvents and the like thereof.

acid

carboxy

preferably about

anhydride,

-20-50°C,

mixed

moiety 1s converted

acid

generally,

(e.g.,

hydrocarbons

formamide,

N-

methyl ethyl ketone)

and the

about -

more preferably about -10-

anhydride,

active

carried out
to a resactive derivative

incrganic base salt, organic base salt, acid halide, acid

amide,
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active ester, active thivester). Examples of such inorganic
bases include alkali metal (e.g., Na, K, and the 1like}, alkali

earth metal (e.g., Ca, Mg). Examples of organic kases include

trimsthylamine, triethylamine, tert-butyldimethylamins,
dibenzylmethylamine, benzyldimethyl N-methylmorpholine,
diisopropylethvliamine, and the like. Examples of acld halides

include acid chlorides, acid bromides, and the like. Examples
of mized acid anhydrides include mixed acid anhydrides of mono-
alkyl carbonate, mixed acid anhydrides cof aliphatic carboxylic
acid, mixed acid anhydrides of arocmatic carboxylic acid, mized
acid anhydrides of organic sulfonic acid, and the like.
Examples of active amides include amides with nitrogen-
containing heterocyclic compound, and the Ilike. Examples of
active - esters include organic  phosphoric esters (e.qg.,
diethoxyphesphoric ester, 'diphenoxyphosphoric ester, and the
like), p-nitrophenyl ester, 2,4-dinitrophenyl ester, cyanomethyl
ester, and the like. Examples of active thioesters include
esters with aromatic heterccyclic thiol compound (e.g., 2-
pyridylthiol esters), and the like. Furthermore, in the above-

described reaction, a suitable condensing agent may be used as

desired. For example, hydrechloric acid salt of 1~
dimethylaminopropyl-3-ethylcarbodiimide (WSCD+HC1), N, N~
dicyclohexylicarbediimide, N,Nf-carbonyldiimidazole, N, N’ -
thiocarbonyldiimidazole, N-ethozycarbonyl-2-ethoxy-1, 2~

dihydroguineline, phosphorus oxychloride, alkoxyacetylene, 2-
chloromethylpyridinium iodide, Z-fluoromethylpyridinium iodide,

riflucroacetic anhydride, and the like «can be wused as a

o+

ondensing agent.

9]

Furthermore, a compound cf which T is SC in Compound (X) is
obtained by reducing the compound of which T is SC in Compound
(). Examples of reducing agents include potassium iodide -
acetyl chleride, and the like.

[0101]
43} Deprotection Reaction

The Eighth Step:
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Compound ({I) 1is provided by subjecting Compound (

¥y to a

deprotection reaction with a method well-known to those skilled

in the

“
arv.

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

anisole,

vl ether, tert-butyl methyl ether,

dioxane, tetrahydrcfuran, dieth
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
n-butyl acetate), halogenated hydrocarbons

dichloromethane, c¢hlorof

(e.q.,

=

n-hexane,

N, N—dimethylformamide,

nmethylpyrrolidone),

nitril

nitromethane,

water,

€5

and the like.

(e.qg., MeCN,

nitroethane,

benzene,

These

orm, carbon tetrachloride), hydr

ketcones (e.

N, N-dimethylacetamide,

g., acetone, methyl ethyl

propionitrile), nitoros

nitrobenzene}, dimethylsu

combination using twoe or more of such solvents.

A reaction temperature is

in a range of, generally,

(e.g.,

ccarbons

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

N_.
ketone)
(e.q.,

=

1foxide,

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.

Lewis ac

id {e.g., AlCl:, 8SnCl,,

TiCl, ),

{(e.g., HCL, HBr, H;S0;, HCOCH), and the like can be

The obtained Compound (I}

is further chemically modified,

and thereby an ester, or a compound of which an amino on the

thiazo

pharmaceutically acceptable

synthe

[0102]

The

le ring at the

sized.

compounds of

7-posit

the

ion thereof is protected, c¢r a

salt, or a solvate thereof

present invention Thave

can be

s wide

antimicrobial activity spectrum, and may be used for prevention

or therapy against a

bacter

variety of diseases caused by c¢

ausative

variety of mammals including humans, for exzample,

ia in a

infectious diseases, urinary system infectiocus diseases,
ratory system infectious diseases, sepsis,
tis, cholecystitis, oral cavity infectious diseases,
rditis, preumcnia, bone marrow membrane myelitis, otitis
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media, enteritis, smpyena, vound infectious diseases,
oppertunistic infection and the like.
[0103]

The compounds <f the present invention are effective in
particular against Gram negative bacteria, preferably, Gram
negative bacteria of enterobacteria (E. coli, Klebsiella,
Serratia, Enterchacter, Citrobacter, Morganella, Providentis,
Proteus and the 1like), Gram negative bacteria colonized in
resipiratory system {(Haemophillus, Moraxella and the like), and
Gram negative bacteria of gluccse non fermentation (Psesudomonas
aerugincsa, Pseudomonas other than P. aeruginossa,
Stenotrophomonas, Burkholdelia, Acinetobacter and the 1ike).
Classes A, B, ¢ and D beta-lactamase produced by these Gram
negative bacteria are extremely stable against metallo-beta-
iactamase belonging to Class B including in particular IMP type,
VIM type, L-1 tyvpe and the like, as such, these are effective
against a variety of beta-lactam drug resistant Gram negative
bacteria including Cephem and Carbapenem. Moreover, the
compounds of the present invention has antimicrobial activity
against Gram positive bacteria including methicillin resistant
staphylococcus aureus (MRSER}, penicilline resistant
Staphylococcus pneumeniae, and the like. Still more preferable
compounds have features such as blood concentration in which
such i1s 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 orally as
an injection agent, capsules, tablets, and granules, and
preferably, administered as an injecting agent. Amounts to be

administered may be usually, er 1 k ¢f body weight of a
p ¥ Y g

0

patient or animal, about 0.1-100mg/day, preferably, about 0.5-50

mg/day, if desired, divided inteo Z-4 times per day. Carriers

£
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when used as an injection agent is for example, distilled water,

saline and the like, and further base and the like mayv be used
for pH adjustment. When used as capsules, granules, tablets,

carriers may be known exhipients (for example, starch, lactose,
sucrose, calcium carbonate, calcium phosphate and the like),
binders (fer exampie, starch, acacia gum, carboxymethyl
cellulese, hydroxypropyl cellulose, crystalline cellulose, and
the like), lubricants (for eéample, magnesium stearste, talc and
the like), and the like.

[6105]

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

In Examples, the meaning of each abbreviation is as described
bBelow.

AcCEt: ethyl acetate

THE: tetrahydrofuran

DMF: N,N-dimethylformamide

PMB-Cl: para-methoxybenzylchloride

i-Pr,0: diisoprepyl ether

MeQOH: methyl alcohol

NaOH: sodium hydroxide

Et;N: triethylamine

-

MsCl: methanesulfonylchloride

}_)
-
o
ot
)

MgS0O, : magnesium su
neCl: acetyichloride
R1Cls: aluminum chloride
0DS: octadodecylsilyl
MeCN: acetonitrile

DMA: dimethylacetamide

AcQi-Pr: isopropyl acetate

NaHS80; : sodium hydrogen sulfite
NaHsSO, : sodium hydrogen sulfate

TFA: trifluocrcacetic acid
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WSCD+HCY: hydrochloric acid salt of N—ethyl-N'-(3-
dimethylamincpropyl)carbodiimide
Me: methyl
Et: ethyl
5 Pr: propyl
Ph: phenyl
PMB: para-methoxybenzyl

t-Bu: tert-butyl

10 Boc: tert-butcxycarbonyl
BH: benzhydryl
Ms: methanesulfonyl
Trt: trityl
TBS: tert-butyldimethylsilyl
15 Bn: benzyl
{010€)
Example 1

Synthesis of Compound (I-1)
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[Formula ©2]

¢ o cl ¢l 7
MeO J\ﬁ)\OH HO (Y o ———— PMBO}!)\I/ OPMB
MeO ‘/1 HO N , PuBO”

N/\/NH2
o o G -~ OPMB
- PMBO N on 5 Y
' 7 oPMB

PMBO

t—BuOOC\%
( 6
BocHN—( | 7/Kr(
s—N

COOBH
7
3 +BuOOC. T//
| o
H
BocHN~~/ ﬁ/\[/ //L ﬂ o ol e+ 141
5N O SNz N\/\N,%OPMB
H |
COOBH |
B \///\OPMB
e B o
Step (1) Ceompound 1 - Compound 2
A suspension of Compound 1 (10.83 g, 50 rmmol) in
5 dichleoromethane (100 ml) was cooled to 0°C, and then BRr, {(18.¢1
ml, 200 mmol) was added drop-wise thereto over 15 minutes. It
was stirred at 0°C for 15 minutes and then at room temperature
fcr 3 hours. The reactien mixture was poured into 2M

hydrechloric acid containing ice, followed by adding AcOEt an
10 TEF thereto, and then dichloromethane was evaporated unde

reduced pressure, subseguently separating the solution. Th

d

r

e
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layer

saturated brine,

filtration,

Compound

Compound

P H-NMR

J = 8.

Step (

-

Z

D .

P

and

was

and then dried over

then concentrati

washed

with

79

as a pale crange powdexr

1 Hz),

2) Compound 2

(DMSO-ds )

9.28

Si{delta): 5.

(1H,

brj,

78

10.3

To a solution of Compound 2

was

added

and sodium

Ky COs

{13.23 g,

iodide (4.

32 g

- Compound 3

101 mmol},

on

water

two

thOu .

times,

I‘ig SO.-_:

and drying

in

washed with

was remcved by

vacuo yielded

(5.46g, 58% yield).
(1¥, d, J = &.4 Hz), 7.24 (1H, 4,
8 {iH, br), 12.56 (1H, bx).
(5.43 g, 28.8 mmol) in DMF (58 mL)
PMB-Cl {(15.€9 ml, 115 mmolj,
; 28.8 mmol) irn turn, followed by

stirring at 70°C for 3 hours.

to room temperature,

this

time,

thereto,

was filtrated,

ml)

(2H

and thus the solid was

L4

(CDC1: )

5)

because

to yield

4

(€H, m)

; 1.63

(ZH,

washed with

8 {delta): 3.80
5.08

(1H,

s},

solid was

The

px

water,

Compound 3 as

and then poured

ect

£

cip
fully

into

reaction soluticen

was coocled

water and AcOEtL. At

itated,

i-Pr,0 was

precipitated.

added

The sclid

washed with i-Pr,;0,

=

pale orange solid

d, J= 9.0 Hz}.

Compound 3 - Compound 4

olution of Compound

73.9 mmol),

the

MeOH were evapcrated under reduce
hydreochioric acid,

solid was precipitated.

and THF

{100

mL)

2

>

(13.53 g,

(3H,
6.81-6.92

Siy

24.64 mmol)

3.82

in MeOH

was added aqueous 2ZM NaOH solution

and

{13

(37

followed by stirring at 70°C for 80 minutes.

reaction

sol

ution

Was

cooled

A
[0

to

room

temperature,

pressure,

and water were added

The solid was

(3H,
(7H,

then

e
)

S)y

m),

(100
.C ml,

After

THF and

and then AcOEt, 2M

thereto.

As

[=Y

resul

t

filtrated and then air-

dried t¢ yield Compound 4 as a white solid (8.58 g,

Compound 4:

&

H~NMR

(DMSO-ds )

s),

81% yield).
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juny
™

-
w1
.
Wy
ot

Hz}, 7.23 (1B, d, J = 8.0 Ez}, 7.29 (2H, d, J = 8.6 Hz
{?H, d, J = 8.6 Ez), 7.61 (1H, d, J = 7.8 Hz).
3tep {4): Compound 4 - Compound 6

To a solution of Compound 4 (0.858 g, 2 mmol) in DMA(10 mL)
was added EtiN (0.26 ml, 2.6 mmcl), followed by cooling to -15°C,
and then MsCl (0.187 ml, 2.4 mmol} was added, subseguently
further stirring at -15°C for 1 hour. Compound 5 {0.507 ml, 4
mmol) was added thereto, follewed by stirring for 1 hour at -
15°C. Te the reaction solution was added agueous 5% sodium
hydrogen carbonate solution and AcCEt, and then the soclution was
separated. After cne-time extraction from the aquecus layer
with AcOEt, the organic layer was washed with water, and then
washed with saturated brine. The organic layer was dried over
MgS0,, subseguently MgS80, was removed by filtration, and then
concentrated. To the residue AcOi-Pr was added, and then the
precipitated solid was filtrated, dried iIn vacuo to yield
Compound 6 as a white solid {(0.708 g, 67% yield).
Compound 6:
'H-NMR (DM30-d¢) S(delta): 1.65-1.68 (4H, m), 2.44~2.56 (4H, m),
3.26-3.34 (4H, m), 3.74 (3H, s), 3.76 (3H, s}, 4.87 {(2H, s8),

n

.14 (2H, s), 6.86 (2H, d, J = 8.7 Hz), 6.97 (2H, d, I = 8.7
7.1Y (1H, d, J = 8.7 Hz), 7.i8 (1H, d, J = 8.7 Hz), 7.30 (2H, d,
J = 8.7 Hz), 7.42 (2K, 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 mmel) and Compound 6 (0.525 g, 1
mmol) DMEF (3 mlL) was added to diszsolve them, followed by
stirring at room temperature for 4 hours. DMF (3 mL) was

further added thereto, followed by cooling to -40°C, and then

(e}
By

potassium lodide (1.16 g, 7 mmol) and AcCl { 85 ml, 4 mmol)

were added thereto, subsequently stirring at 0°C for 2 hours.
The reaction solution was poured into ice water and AcOEt, and
then the soclution was separated. After one-time extraction from
the aquecus layer with AcCEt, the crganic layer was washed with

water, and then washed with saturated brine. The organic laver

was dried over MgSO;, subssquently MgSoO, was removed by
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ltration, and then concentration and subseguent drying in

i

i
vacuo yielded Compound 8 as a brown oil. This was used for the
next reaction without purification.

The whole amount of Compound 8 obtained was dissolved in

]

dichloromethane (15 mi}, followed by cooling to =-40°C, and then
aniscle (1.09 ml, 10.00 mmol) 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 hydrochloric acid, MeCN, 1-Pr;O, and hexane that had
been cocled to 0°C, subseguenthently stirring for a while. As a
result, insolubles appeared. The supernatant and the insclubles
were separated, after the solution of the supernatant was
separated, the aquecus layer was combined with the insolubles.
2M hydrochleric acid and MeCN were added therete, and thus the
insolubles were dissoclved. 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 solution of the title compound was concentrated in
vacuo, and then lyophilized to yield Compound (I-1) as a white
powder (246 mg, 33% yield).

Compound (I-1):

.88-2.08 (4H, m), 3.37-

[

PH-NMR (DMSO-ds) 8(delta): 1.47 (6H, s,
3.51 (8H, m), 3.76-3.80 (28, m), 3.91 (1H, d, J = 14.1 Hz), 5.08
(1H, d, J = 132.2 Hz), 5.15 (1H, d, J = 5.1 Hz), 5.72 {(1H, dd, J
= 5.1,8.3 Hz), 6.78 (2H, s), 8.21 (2H, m), 8.43 (1H, br), 9.51

(1H, d, J = 8.1 Hz).

Elementary anal_"sis for CssHz: C1Ng Cy98;, 3. 6H, O
Calcd.: T, 42.58; H, 4.95; Cl, 4.33; N, 13.70; s, 7.84 (%)
Found.: C, 42.55; H, 4.80; Cl, 4.16; N, 13.72; &, 7.862 {%)

(01067]
Example 2

Synthesis ¢f Compound (I-2)



82

[Formula 632]

Hooc\z/

|
O

H
r%N~«¢’7//\ﬂ’ I:T
-

H ! |
]
LBuOOC\%/— ”\y/A\v”“jf/Qk/l\opMB

,o o 0
|S: 10
BocHN— ;j//\ﬂ/ 7
/\/I
COOPMB

]

tBuOOC\%/

/

BOCHN~ﬂ? \T/i\ﬂ/ \Til\w/ .
;Ej/coopws 1 E:EI:OPME

v OPMB
— 11 -

Step (1): Compound % - Compound (I-2)

To Compound 9 (3.55 g, 4 mmol) and Compound 10 (1.86 g,

4

5 rmmol) was added DME (10 mL) to dissolve them, followed by

stirring at room temperature fer 3.5 hours. DMEF (20 mL)

was

urther added thereto, followed by cooling to -40°C, and then

potassium icdide (4.65 g, 28 mmel) and AcCL (1.14 ml, 16 mmol)

were added thereto, subsequently stirring at 0°C for 1 hour.

10 The reaction scluticn was poured into ice water and AcOEL,

and

then the sclution was separated. After one-time extraction from

the agqueous layer with AcUOEt, the organic laver was washed with

water, and then washed with saturated brine. The organic layer

was dried over MgSO,, followed by MgS0; was removed by filtr

tion,

1% and then concentration and subseguent drying in vacuo vyielded
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Compound 13 as a reddish brown oil.

reacticn without purification.

This was used for the naxt

The whole amount of Compound 11 obtained was dissclved in
dichloromethans (60 ml), followed by cooling to -40°C, and then
anisonle (4.37 ml, 40 mmocl) and 2M AlCl:-nitromethane solution
(20.00 ml, 40.0 mmol) were added theretoc in turn, subsequently
stirring at 0°C for 40 minutes. While maintaining the reaction

temperature at 0°C, i-Pr;0 was added to the reaction

and then 2M hydrochloric acid was added

thereto, subsequently stirring. As a result,

appeared, and then the resulting insolubles

agglomerated. After the supernatant was removed,

the mass of the insolubles, followed by

added to

insolubles, and then the supernatant was

operation was repeated several times. Ice water and

added tc the insclubles to dissolve, and then HP resin

thereto, subseguently evaporating MeCN under reduced

The resulting mixed solution was purified by HP

chromatography. The resulting sclution of the title

was concentrated in vacuo,

gathered

discarded.

and subsequently lyophilized

sclution,

small~-potion~wise

insclubles

and

i-Pr, 0 was

washing the

This
MeCN were

was

compound

to yield

Compound (I-2) as a pale yelleow powder (0.65 g, 23% yield).
Compound (I-2}:

PH-NMR (DMSO-d¢) S{delta): 1.45 (3H, s), 1.46 (3H, s), 1.98-2.08
{(4H, m), 3.36~3.48 (&H, m}), 3.77-3.84 (2H, m), 3.%4 (1H, 4, JT =
13.5 Hz), 5.03 (1H, d, J = 13.2 Hz), 5.18 (1K, d, J = 5.1 Hz),
5.7¢ (iH, dd, J = 5.1,8.1 Hz), 6.72 {i1H, =), €.77 (14, 4, J =
8.4 Hz), 7.20 (1, d, J = 8.1 Hz}, 8.53 (2H, m), 9.23 {1H, s},
9.43 {(1n, d, § = 8.1), 9.61 (1H, s).

Elementary analysis for CigHisN:0::8,4.8%H,0

Calcd.: C, 44.70; H, 5.60; N, 12.16; 8, 7.86 (%)

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

[0108]

Exzample 3

Synthesis of Compcund (I-3)
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Step (1): Compound 12 - Compound 13

To a seclution of Compound 12 {2.23 g, 10 mmel) in DMF {22 mL)
was added K,CO; (4.84 g, 35 mmol}, PMBCL (5.45 ml, 40 wmmol), and
potassium lcodide {1.5 g, 10 mmol) in turn, followed by stirring
at 70°C for 1 hour. The reacticn solution was cooled to room
temperature, and then poured into ice water and AcCEtL, followed

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

water, and then washed with saturated brine.

was dried over MgSO,, subsequently 1g S0,

filtration, and then concentrated. The

The organic layexy
was removed by

rude product was

purified by flash column chromatography to yield Compound 13 as

a pale yellow liguid (5.37 g, 92% yield).
Compound 13:
"H-NMR (CDCl;) 8(delta): 3.816 (3H, s}, 3.823
sy, 4.97 {(2H, s), 5.05 (2H, s), 5.29 (2H, s},
7.33-7.41 (6H, m}, 7.65 (1lH, s).
Step (2): Compound 13 - Compound 14

Te a solution of Compound 13 (3.37 g, 9.2
mlL) and THF {54 mL) was added aguecus 2M NaOH

7.6 mmol), followed by stirring at 70°C

(3, s), 3.83 (3HE,
6.586-6.83 {(6H, m),

mmol) in MeOH (54
solution {(13.8 mi,

for 1 hour. The

reaction solution was cooled to room temperature, fellowed by

evaporating THF and MeOH under reduced pressure, and then AcOEtL,

2M hydrechloric acid, and water were added thereto, subsequently

separating the solution. Afrer one-time extraction from the

agueous layer with BACCEt, the organic layer was washed with

water, and then washed with saturated brine.
was dried over Mg30,, subseqguently MgsO,

filtration, and then concentrated. i-Pr,0

The organic lavyer
was removed by

was added to the

residue, and then the precipitated solid was filtrated, dried in

vacuo to yield Compound 14 as a white solid (2.1% g, 52% yield).

Compound 14:
1H~NMR (DMSO-ds) 8(delta): 3.76 (3H, s}, 3.77

s}, 5.06 (2H, s), $£.91-6.97 (4H, m}, 7.33-7.3

Step (3): Compound 14 - Ceompound 15

(3H, s), 4.98 (2H,

9 (4H, m), 7.€5 (1H,

To a solution of Compound 14 (1.3%0 g, 3 mmol) in DMA (14 mL)

was added Bti;N {0.582 ml, 4.2 mmol), followed by cooling to -15°C,
3.9

and then MsCl (0.304 ml,

stirring at -15°C for 70 minutes. Compound 5

mmel) was added, subseguently

(0.760 ml, © mmol)

was added thereto, followed by further stirring at -15°C for 1

hour. Tc the reaction sclution was added

water and AcCOEL,



followed by separating the sclution. After one-time extraction

Yot

from the aquecus layer with ARcOEt, 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 the filtrate was concentrated. The crude
product was purified by flash column chromatography to yield
Compound 15 as a white powder (1.01 g, 60% yield).

'H-NMR (CDCl:) &{delta): 1.81 (4H, br), 2.61 [(4H, br), 2.75 (2H,
m), 3.56-3.58 (2K, m), 3.823 (3H, s), 3.828 (3H, s), 4.88 (2H,

sy, 5.01 (2H, s), €.87-6.92 (4H, m), 7.36-7.40 {(4H, m), 7.47 (1H,

Step (4): Compound 9 — Compound {(I-3)

A solution of Compound 15 ($.89 g, 1.59 mmol) in DMF {5 mL)
was degassed, and then Compound 8 (f = 0.%2) {1.54 g, 1.59 mmol)
was added theretc, followed by stirring at room temperature for
5 hours. DMF {10 mL) was further added thereto, followed by
cooling to -40°C, and then potassium icdide (1.85 g, 11.1 mmol)
and AcCl (0.454 ml, 6.3¢ mmcl) were added thereto, subseguently
stirring at 0°C for 2 hours. The reaction solution was poured
inte ice water and AcOEt, and then NaHS0O, was added thereto,
followed by separating the solution. After one-time extracticn
from the aqueous layer with AcCEt, the organic layer was washed
with water, and then washed with saturated brine. The ocxrganic
layer was dried over MgS0,, subsequently MgSO; was removed by
filtration, and then the filtrate was concentrated and
subsequent drying din vacuo yielded Compound 16 as an orange
powder. This was used for the next reaction without
purification.

The whoele amount o¢f Compound 16 obtained was dissolved in
dichloromethane (20 ml), followed by cooling tc -40°C, and then

aniscle (1.74 ml, 15.92 mmol} and 2M AlCl.;-nitromethane sclution

{7.96 ml, 15.9 mmcl; were added thereto in fturn, subsequently
stirring at 0°C for 90 minutes. VWhile maintaining the reaction

temperature at 0°C, 1i~Pr,0 was added to the reaction solution,

hloric &acid was added small-pertion-wise,

ar
3
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[
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I
o
b
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subsegueantly stirring. As a result, insclubles appeared, and

then the resulting insclubles gathered and agglomsrated. Lfter

the supernatant was removed, i-Pr;0 was added to the mass of the

insolubles, fellowed by washing the insclubles, and then the

discarded. This operation was repeated several

insclubkles,

times Ice water and MeCN were added to the

foliowed by dissolwing 1it, and then HP resin was added,
subsegquently evaporating MeCN under reduced pressure. The
resulting mixed solution was purified by HP and DS
chromatography. The obtained sclution of the title compound was
concentrated Iin vacuo, and subsequently lyophilized to yield

Compound (I-3) as a white powder (498 mg, 40% yield).

Compound (I-3):

YH-NMR (DMSO~d;) &(delta): 1.44 (3H, s), 1.45 (3H, s), 2.04-2.09
(4H, m}, 3.28-3.54 (8H, m), 3.75-3.86 (2H, m), 3.%2 (1H, 4, J =
13.5 Hz), 5.05 (14, 4, O = 13.5 Hz}, 5.17 (iH, d, J = 5.1 Hz),
5.73 {(iH, dd, J = 4.8,8.1 Hz), 6.72 (1H, s), €.98 (1H, s), 7.29
(24, br), 8.58 (1H, m), 9.43 (iH, d, J = 8.1 Hz).

Elementary analysis for Ci;oH;:CL:N:0:.48;-3.5H0

Caled.: C, 42.41; H, 4.74; Cl, 8.34; N, 11.54; 8, 7.55 (%)
Found.: C, 42.54; H, 4.80; Ci, 7.78; N, 11.58; 8, 7.45 (%)

[0109]
Example 4

~ompound (I-4)
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Step {1): Compeound 4 — Compound 18
To a solution of Compound 4 {3.43 g, & mmol} in DMA (35 mi)
was added Et;N (1.55 ml, 11.2 mmol), followed by cooling te -15°C,

and then MsCl {0.810 mil, 10.4 mmeol} was added, subsequently

fid e

LR

L

5
[&]

stirring at -1i5°C for 1 hour. Compound 17 (2.02 ml, 16

was added thereto, followed by further stirring at -15°C for 1

hour. Water and AcOEt was added to the reaction sclution, and

n

then separated. After one-time extraction from the agusou
layer with AcQEt, the organic layer was washed with water, and
then washed with saturated brine. The crganic layer was dried
ocver MgSO,, subsequently MgSO, was removed by filtration, and

then the filtrate was concentrated. &c01i-Pr was added to the
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residue, and then the precipitated solid was filtrated, dried in
vacuo to yield Compound 18 as a white selid (2.88 g, €9%% vield).
Compound 18:

YH-NMR (CDCla) &(delta): 1.67 (4H, br), 1.77-1.81 {2H, m), 2.48
(4H, brdy, 2.62 (2H, t, J = 6.3 Hz), 3.55 (2H, g, J = &.0 Hz},
3.80 (3H, s), 3.83 {(3H, s8), 4.94 (2H, s), 5.07 (ZH, s}, 6.84 (ZH,
d, J = 8.4 Hz), 6.50-6.93 (3H, m), 7.34-7.37 (5H, mj, 7.76 {lH,
mj).

Step (2): Compound 9 — Compound (I-4)

A solution of Compound 18 (1.62 g, 3 mmel) in DMF (8 mL) was
degassed, and then Compound 9 (f = (0.92) (2.89 g, 3 mmol) was
added thereto, fellowed 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 (0.856 ml, 12 mmol) were added theretc, subsequently
stirring at 0°C for 1 hour. To the reaction solution was poured
ice water and AcOEt, and then NaHS0; was added, followed by
separating the socluton. After one-time extraction from the
agueous layer with AcOEt, the crganic layer was washed with
water, and then washed with saturated brine. The organic layer
was dried over MgS0,, subseguently MgSO; was removed by
filtration, and then concentration and drying in vacue yielded
Compound 19 as a brown powder. This was used for the next
reaction without purification.

The whole amount of Compound 19 obtained was dissoclved in
dichloromethane (40 ml), followed by cooling to -40°C, and then
aniscle (3.28 ml, 30 mmel) and 2M AlCl;-nitromethane solution {15
ml, 30 mmol} were added thereto in turn, subsequently stirring
at 0°C for 2 hours. While maintaining the reaction temperature

at 0°C, i-Pr,0 was added to the reaction s=olution, and then 2M

hydrochloric acid was added small-potion-wise thereto,
subseguently stirring. As a result, insclubles appeared, and
then the resulting insoclubles gathered and agglomerated. After

the supenatant was removed, i-Pr;C was added to the mass of the

insolubles, followed by washing the dinsclukles, and then the
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supernatant was discarded. This operation was repeatsd several
times. Ice water and MeCN were added to the insolubles,
followed by dissclving it, and then HP resin was added thereto,
subsequently evaporating MeCHW under reduced pressure. The
resulting mixed soiution was purified by HP and ODS
chromatography. The resulting solution of the title compound
was concentrated in vacwo, and subsequently lyophilized to yield
Compound (I-4) as a white powder {(0.56 g, Z4% yield).

Compound {I-4}:

PH-NMR (DMSO-d¢) &{deita): 1.21 (3H, s), 1.22 (3H, s}, 1.72~1.82
(6, m), 3.1% (8H, m), 3.64 (2H, d, J = 16.8 Hz), 3.71 {(1H, 4, J

4

#
[

= 13.8 Hz), 4.68 (1H, d, J .1 Hz), 4.%4 (1¥, d, J = 5.1 Hz),
5.50~5.55 (1H, m), 6.49 (1H, s), 6.53 (2H, 4, J = 3.3 Hz), 7.07
(2H, br), 8.17 (1H, m), 9.04 (1H, br), 9.20 (1H, d, J = 8.7),

9.90 (1H, br).

Elementary analysis for C;;HaeCIN,0;:45;"4.6H;0
Caicd.: C, 43.85; H, 5.37; Cl, 4.18; N, 11.553; 5, 7.35 (%)
Feund.: C, 43.8%; H, 5.19; Cl, 5.62; N, 11.58; 8, 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 (9 ml) was
5 degassed, and then Compound 7 (2.80 g, 3 rmmol) 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,
potassium iodide {(3.48 g, 21 mmol) and AcCl (0.856 ml, 212 mmol)
ware added, subsequently stirring at 0°C for 2 hours. Ice water
10 and AcOEt was poured to the reaction scluticn, and then NaHSO,
was added, followed by separating the soluton. After one-time
extraction from the agueous layer with AcOEL, the organic layer
was washed with water, and then washed with saturated brine.
The organic layver was dried over MgSQ,, subseguently MgS0, was
15  remcved by filtraticen, and then concentration and drying in
acuo yielded Compound 20 as a brown powde This was used for

ifi

the next reaction without purification.



10

15

20

25

30

92

The whole amount of Compound 20 cbtained was dissolved in
dichlcoromethane (40 ml), followed by cocoling to -40°C, and then

anisole {(3.28 ml, 30 mmol) and 2M AlCl:;-nitromethane solution (15

Q

ml, 30 mmel) were added in turn, subseguently stirring at 0°
for 3 hours. While maintaining the reaction temperature at 0°C,
i-Pr;0 was added to the reaction solution, and then 2M
hydrochloric acid was added small-potion-wise therete,
subseguently stirring. As a result, insolubles appeared, and
then the resulting insolubles gathered and agglomerated. After
the supenatant was removed, to the mass of the insclubles was
added 1-Pr,0, followed by washing the insclubles, and then the
supernatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the insolubles to
dissclve, and then HP resin was added thereto, subseqguently
evaporating MeCN under reduced pressure. The resulting mixed
solution was purified by HP and 0OD3 chromatography. The
obtained solution of the title compound was concentrated in
vacue, and subseguently lyophilized to yield Compound (I-5) as
pale yellow powder (188 mg, 8% yield).
Compound (I-3):

'H-NMR (DMSO-ds) S(delta): 1.46 (€H, sy, 1.95-2.07 (6H, m),
3.27-3.37 (8H, m), 3.77-3.83 (3H, m), 5.02 {(iH, d, J = 14.1 Hz),
5.08 (18, 4, J = 4.8 Hz), 5.64 (1H, dd, J = 4.8,8.4 Hz), 6,71~

e}
n
o

6.79 (2H, m}, 8.20 {(2H, br}, 8.50 (1H, m), 2.23 (1H, br),
{1H, 4, J = 7.5).

Elementary analysis for Cy¢H;sCiNy0.58;+4.5H;0
Calcd.: C, 42.48; H, 5.23; C1, 4.18; N, 13.21; 8, 7.56 (%)
Found.: C, 42.64; H, 5.09; Cl, 3.%1; N, 13.07; 8, 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, 6 mmol) in DMA (25

mL)

5 was added Et;N (1.16 ml, 8.4 mmol}, followed by cooling te -15°C,

and then MsCl (0.608 ml, 7.8 mmol) was added, subseguently

stirring at -15°C for 50 minutes. Compound 21 (1.81 g, 12 mmol)

o0

was added thereto, followed by further stirring at -15°C for

70

minutes. Water and AcOEt was added to the reaction solution,
10 subseguently separating the soclution. After one-time extraction
from the aguecus layer with AcOEt, the organic layer was washed
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with water, and then washed with saturated brine. The organic
layer was dried over MgSC,, subseguently MgS0O; was removed by
filtration, and then concentrated. The crude produc was
combined with unpurified Compound 22 (4 mmol}, which had been
synthesized elsewhere, and then was purified by flash column
chromatography to yield Compound 22 as a yellow oil {(4.87 g, 84%
yield).

Compound Z2:

'H-NMR (CDCl:} &{delta): 1.68 (2H, s}, 1.77-1.80 (2H, m}, 2.28-
2.30 (2B, m), 2.53~2.60 (3H, m), 2.75 (1H, &, J = 7.2y, 2.81
(1.5H, s), 3.12 {(1.5H, =), 3.17 (1H, m), 3.79 (3H, s), 3.83 (3H,
sy, 4.%7 (2B, s), 5.05 (24, s}, ©.80-6.84 (2H, m), ©.89-6.37 (4H,

Step {2Z): Compound 8 - Cecmpound (I-6)

A solution of Compound 22 (f = 0.95) (1.70 g, 3 mmol) in DMF
(8 mL) was degassed, and then Compound 9 (f = 0.82) (2.85 g, 3
mmel) was added thereto, followed by stirring at room
temperature for 4 hours. DMF (16 mL) was further added thereto,
followed by cooling to -40°C, and then potassium iodide (3.48% g,
21 mmel) and AcCl (0.856 ml, 12 mmol} were added thereto,
subsequently stirring at 0°C for 1 hour. Ice water and AcOEt
were poured to the reaction solution, and then NaHS0; was added,
followed by separating the soluton. After one-time extraction
from the aqgueous layer with AcOEt, the organic layer was washed
with water, and then washed with saturated brine. The organic
layer was dried over MgS80,, subseguently MgSOs was removed by
filtration, and then concentration and drying in vacuo yielded
Compound 23 &s an orange powvder. This was used for the next
reactiocn without purification.

The whole amount of Compound 23 obtained was dissolved in

g

dichloromethane {40 ml), followed by cocling to -40°C, and then

2]

3

4

anisole (3.28 ml, 30 mmel! and 2ZM ARICl:;-nitromethane sclution (1
ml, 30 mmcl) wexre added thereto in turn, subsequently stirring
at 0°C for 1 hour. While maintaining the reaction temperature

at 0°C, 1-Pr.0 was added to the reaction solution, and then 2M
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hydrochloric acid Was added small-peotion-wise thereto,
subsequently stirring. As a result, insclubles appeared, and
then the resulting insolubles gathered and agglomerated. After

the supenatant was removed, 1—?rgo was added to the mass of the
insolubles, followed by washing the insclubles, and then the
supefnatant was discarded. This operation was repeated several
times. Ice water and MeCN were added to the insclubles,
followed by dissolving it, and then HP resin was added thereto,
subsequently evaporating MeCN under reduced pressure. The
resulting mixed golution was purified by HP and ODS
chromateography. The obtained solution of the title compound was
concentrated in vacuo, and subsequently lyophilized to yield
Compound (I~6) as a white powder (0.94 g, 41% yield).

Compound (I-6):

*H~NMR (DMSC-d¢) 8(delta): 1.43 (3H, s), 1.44 (3H, s), 2.06 (4H,
my, 2.80 (3H, s), 3.43 (8H, br), 3.71-3.87 (2H, m), 3.%9 (1H, d,
J = 13.5 Hz}, 5.03 {(1H, d, J = 13.5 Hz), 5.15 (1H, d, J = 5.1
¥z), 5.72 {1H, dd, J = 5.1, 8.4 Hz), 6.56 {1H, 4, J = 8.1 Hz),
6.71 {(1H, s), 6.80 {(lH, d, J = 8.1 Hz}), 7.27(2H, br), 9.43 (1H,
8.1 Hzj.

Elementary analysis for for CiiHs¢CIN; 03482 4.2H,0

Calecd.: C, 44.22; H, 5.32; Cl, 4.21; N, 11.865; 3, 7.62 (%)
Found.: C, 44.20; H, 5.32; C1, 4.25; N, 11.73; 8, 7.84 (%}
([0112]

Example 7

Synthesis of Compound (I-7)
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[Formula 68]
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Step (1): Compound 7 - Compound (I-7)

(1.70 g, 3 mmol) in DMF

0
o
\a)
w

A solution of Compound 22 (f
(8 mlL) was degassed, and then Compound 7 (2.80 g, 3 mmol) was
added thereto, fecllowed by stirring at room temperature
hours. DMF (16 ml) was further added thereto, focllowed by
cooling te =-40°C, and then potassium iodide (3.49 g, 21 mmolj
and AcCl (0.856 ml, 12 mmol) were added, subsequently stirring
at 0°C for 1.5 hours. To the reaction sclution was poured ice

nd then NaHS0, was added, followed by

Q.

AcOETL,

ol

water an
separating the soluton. After one-time extraction from the

agueous layer with AcOEL, the organic layer was washed with

water, and then washed with saturated brine. The organic layer
was dried over MgS0, subsequently MgS0; was remcved by

filtration, and then concentration and drying in vacuo vielded
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Compound 24 as a brown powvder. This was used for the next
reaction without purification.

The whole amount of Compound 24 obtained was disscolved in
dichleorcmethane (40 ml), fecllowed by cooling to -40°C, and then
aniscle (3.28 ml, 30 mmol) and 2M AlCl.~nitromethane solution (15
ml, 30 mmol)] were added in turn, subseguently stirring at 0°C
for 1 hour. While maintaining the reaction temperature at 0°C,
i-Pr,0 was added to the reaction solutiocn, and then 2M

hydrochloric acid was added small-potion-wise thereto,

ot

subsequently stirring. As a vresult, insclubles appeared, and
then the resulting insolubles gathered and agglomerated. After
the supsnatant was removed, 1-Pr;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. Tce water and MeCN were added to the insolubles to

dissolve it, and then HP resin was added thereto, subseqguently

evaporating MeCN under reduced pressure. The resulting mixed
solution was purified by HP and O©ODS chromatography. The

obtained solution of the title compound was concentrated in
vacuo, and subseguently lyophilized te yield Compound (I-7) as a
white powder (0.78 g, 34% yield).

Compound {I-7):

'H-NMR (DMSCO-de¢) Sidelta): 1.47 (6H, s}, 2.07 (4H, br), 2.82 ({(3H,
s}, 3.35-3.57 (8H, m), 3.76-32.88 (2H, m), 4.01 (1H, o, J = 12.9
Hz), 5.06 (iH, d, & = 13.5 Hz}, 5.16 (1H, d, J = 5.1 Hz}, 5.73

5

J = 8.1 Hz), 8.21(2H, br}, 9.4% (1H, &, J = 8.4).

Eleme—:ntary analysis for for C30H35C1NQO; (553‘4...}{20

~3}
[o)}
Ny
o

Calcd.: <, 42.84; H, 5.18; Ci, 4.22; N, 13.32; S,

o

Found.: C, 42.681; H, 5.10; C1, 4.30; N, 13.36; &, 7.77 {
[0113]
Example 8

Synthesis of Compound (I-8)
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Compound 27:
'H-NMR (CDCl:;) B{delta): 1.48-1.85 (8H, m), 2.63-2.75 (6H, m},
3.40-3.50 (2H, m}, 3.B0 (3H, s}, 3.83 (3H, s), 6.80~6.84 {(2H, m),

{3H, m), 7.15-7.20 (1H, m}, 7.232-7.37 {m, 3H)}, 7T.48&-

N
[a9]
w
1
~J
fo]
Q

Step (2): Compound 28 - Compound 29 - Compound {I-8)

Compound 28 (888 mg, 1 mmol) and Compound 27(553 mg, 1 mmcl)
were dissolved in dimethylformamide (2 mL), followed by stirring
at room temperature for 3 hours. Dimethylformamide (2 mL) and
potassium lodide (1.16 g, 7 mmel) were added thereto, followed
by cooling tc -40°C, and then acetyl chloride (0.285 mL, 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 vield Compound 29 as a powder.

Compound 2% was dissolved in methylene chloride {10 ml) and
aniscle (1 ml), followed by cooling to -40°C. 2M AiCls-
nitromethane solutien (5 ml) was added, subsequently stirring at
¢°C for 50 minutes. To the reaction solution was added aguesous
2M HCL (60 ml), acetonitrile (50 ml), and ether {100 ml). The
aguecus layer was washed with ether, cconcentrated in vacuvo, and
then subjected into HP-208S column chromatography eluting the
desired compound with acetonitrile~water. Collected fractioens
Qere concentrated in vacuo. The concentrated sclution was
lyophilized to yield Compound (I-8) as a white powder (252 mg,
32% yield).

Compound (I-8}:

[t >3

"H-NMR (D, 0) &(delta): 1.4% (3H, s), 1.50 (3H, s), 1.60-1.80 (4H,
m), 1.82-2.10 (4H, m), 3.3%-3.70 (6H, m), 3.72-3.85 (4H, m),
3.93 (1H, d, J = 13.8 Hz), 4.14 (1H, &, J = 13.8 Hz), 5.36 (1H,
d, § = 5.1 Hz), 5.87 (1H, d, J = 5.1 Hz}, 6.70-6.72 {(2H, m},
6.98 (1H, s).

Elementary analysis for for C;;H;:ClN,G: (S, "4.8H,0
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5.54; Ci, 4.09; N, 11.31;

Calcd C, 44.34; H, 5.
(%)

ound c, 44.51; H, 5.39; Cl, 3.79; N, 11.30; 8§, 7.44 (%)
[0114]

Example 5

Synthesis of Compound {I-9)

[Formula 70}

F‘> | C& . Q\/YO

S~y ()&oueu _—
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! N
o
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“OPMB
34 35 38

S
BccHN“*@ ! ;ﬁ\H 9
N ‘ N\r__T,S\l
N?a 4;_ 38

N. {
05 O
OPMB

o
Cczt'BU
28
BocHN— ’l\j/ﬁ\
o |
OPMB Z > 0oPMB
COtBu

Compound 30 - Compound 32
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Te a sclution of Compound 31 (2 g, 28.1 mmol} in THF (10 ml)

b

was édded Compound 30 (5.41 g, 42.2 mmol), fecllowed by stirring
at room temperature for 2 hours. Ethyl acetate and water were
added thereto, followed by extraction from the agueous layer
with ethyl acetate, and then the organic laver was washed with
saturated brine. The organic layer was dried over magnesium
sulfate, filtrated, and then concentrated in vacuo ﬁo vield the
title compound 32 (4.98 g, €8% yield).
Compound 32:
‘H-NMR {(CDCl.) 8{delta): 1.46 (8H, s), 1.74-1.80 (4H, m), 2.40-
2.60 (m, €H), 2.70-2.73 (m, 2H).
Step (2): Compound 32 - Compound 33

To a sclutioen of Compound 32 (4.%98 g, 25 mmel} in methylene
chloride (20 mL) was added trifluorcacetic acid (20 mi),
followed by stirring overnight. After concentration in vacuo,
4M HCl in ethyl acetate solutien (9.37 mL, 37.5 mmol) was added
therete. The precipitated solid cf Compound 23 was washed with
ethyl acetate (3.74 g, 83% yield}.
Compound 33:
YH-NMR (D, 0) d&{delta): 1.%5-2.20 (4H, m), 2.84-2.89 (2H, m),
2.10-3.20 (ZH, m), 3.44-3.52 (2H, m), 3.62-3.80 (2H, m).
Step (3): Compound 34 — Compound 35

A solution of Compound 34 (7.08 g, 17.8 mmel) in ethyl acetate
{350 mL) and methylene chloride (100 mlL} was degassed under
reduced pressure, and then replaced with nitrogen. Platinum
dioxide (350 mg, 1.54 mmol) was added thereto, followed by
hydrogenation. Efter 2  hours, the reaction sclution was
filtrated, and then the filtrate was evaoprated under reduced

pressure. Iscpropyl ether was added to the residue to

j

precipitate solid, and then collection of the precipitated solid
yielded Compound 35 (5.64 g, 86% yield).

Compound 35:

1H-NMR (CDCls) &{delta): 3.80 (3H, s), 2.81 (3H, s), 4.%4 (JH, s},

5.01 (2H, s) 6.18-6.23 {(1H, m), 6.30-5.32 (iH, m), 6.72-6.78

\ iy

(14, m), €.80-6.90 [4H, m), 7.26-7.42 (4H, m).
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Step (4): Compound 33 + Compound 35 - Compound 36

To a sclution of Compound 33 {358 nmg, 2  mmol) in
dimethylacetamide (€ mlL) was added triethylamine (1.38 mL, 10
mmol), fellowed by cocling to -15°C,v and then methanesulfonyl
chloride {0.21 miL, 2.80 mmol) was added, subsequently stirrihg
for 1 hour at -15°C. A solution of Compound 35 in
dimethylacetamide (5 mL) was added, and then the solution was
allowed to warm up to room temperature. Ethyl acetate (50 mLl)
was added into the reaction solution and 5% sodium hydrogen
carbonate soclution was added. The organic layer was washed with
water, washed with saturated brine, dried over magnesium sulfate,
fiitrated, and then evaporated under reduced pressure. The

residue was purified by silica gel cclumn chromatography to
yield Compound 26 (266 mg, 27% yield).

Compound 36:

'H-NMR (CDCl,) &(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), 3.7%(3H, s}, 3.80(3H, s),
5.02 (24, s), 5.07 (2H, s), €.70-6.90 (m, 6H), 7.29~7.50 (5H, m).
Step (5): Compound 28 + Compcund 36 — Compound (I-9)

Compound 28 (517 mg, 0.54 mmel) and Compound 36 (266 mg, 0.54
mmol) was dissolved in dimethylfermamide (4 mL), folliowed by
stirring at room temperature for 3 hours. Dimethylformamide (3
ml) and potassium iodide (€30 mg, 3.79 mmol) were added thereto,
followed by cooling to =-40°C, and then acetyl chloride (0.155 rl,
2.17 mmol) was added thereto, subsequently stirring at 0°C for 1
hour. Then 1M phosphorus tribromide in methylene chleride
soluticn (1.08 mL) was further added at 0°c thereto,
subsequently stirring for 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 in methylene chloride (10 ml) and
anisole (0.6 ml), followed by cooling to -40°C. 2M ARICls-

nitromethane solution (2.7 ml) was added thereto, subseguently



10

15

103

stirring at 0°C for 50 minutes. Toe the reaction solution was
added agueous 2M HC1l (60 mlL), acetonitrile (50 mlL}, and ether
{100 mL). The aguecus layer was washed with ether, followed by
concentration in vacue, and then subjected into HP-20SS column
chromatography, subseguently eluting the desired compound with
acetonitrilie-water. Collected fractions were concentrated in
vacuo. The concentrated sclution was lyeophilized to yield
Compound (I-9) &s a white powder (129 mg, 33% yield
Compound (I-9):

TH~NMR (D;0) 8(delta): 1.49 (23H, s), 1.50 (3H, s), 2.10-2.30 (4H,
m), 2.80-3.12 (2H, m}, 3.41-3.80 (BH, m), 4.02 and 3.82 (2H, BBq,
J = 15.5 Hz), 5.34 (1H, ¢, J = 4.8 Hz), 5.84 (1H, d, J = 4.8 Hz),
6.77-6.80 (1H, m}, 6.83-6.%6 (1H, m), 6.80-6.98 (2H, m).
Elementary analysis for for CipHisN:01¢8;4.6H;0

Calcd.: C, 45.00; H, 5.56; N, 12.25; O, 29.18; S, B8.01 (%)

Found.: C, 45.0Z; H, 5.39; N, 12.35; 8, 7.92 (%)

Example 10

19}

ynthesis of Compound (I-10)
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[Formula 71}

HaN—4

COH 670 OH
110
[ [> o
~ \,/\ HoN OPMB N\//\N)LN _OPMB
NH» \[:;[ —— H H\E::L
OPMB Zorme
38 39 44
Boc!-’N-—<\
i! ];{f\/
COﬂBuO oPMB
28
BocHN——(\ J\]/L
O
\/ N I\ OH —  }-10
>< H i
SN,
CotBy OF OPMB OH
41
. ot

Step (1): Compound 22 + Compound 38 - Compound 40
To Compound 3% (914 mg, 2.5 mmel) was added tetrahydrofuran
{100 mi), followed by cocling to 0°C. Triphosgene (287 mg, 1
mrel) and riethylamine (0.52 miL, 3.75 mmol) were added,
subseguently stirring at room temperaturefor 30 minutes. After
ling te 0°C azgain, triethylamine ({(0.52 mL, 3.75 mmol) and
Compound 38 {3l4mg, 2.75mmol) were added, followed by stirring

t room temperature for 30 minutes. Ethyl acetate(50 mL) and 5%

4]

dium hydrogen carbonate solution were added into the reaction

u
O

soluticon. After extraction from the agueous layer with ethyl
zcetate, the organic layer was washed with saturated brine,

dried over magnesium sulfate, filtrated, and then evaporated
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under reduced pressure. Isopropyl ethexr was then added te the
residue to precipitate solid. Collection of the precipitated
solid yielded Compound 40 (1.06 g, £4% yield).

Compound 40:

'H-NMR (CDCl;) 8(delta): 1.62-1.68 (4H, m), 2.43-2.55 (4H, m),
2.62 (2H, £, 0 = 5.7 Hz), 3.31 (2H, dd, J = 5.1, 11.1 Hz), 3.79
(3H, s}, 3.80 (3H, s), 5.00 (2H, s), 5.03 {(2H, s), 6.60-6.€63 {1H,
m), 6.82-6.88 {(5H, m}, 7.11-7.13 (iH, m), 7.27-7.37 (4H, m).

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

Compound 28 {955 mg, 1 mmol) and Compound 40 (506 mg, 1 rmunol)
were dissolved in dimethylformamide (4 mL), fcllowed by stirring
at room temperature for 3 hours. Dimethylformamide (3 mL) and
potassium iodide (€30 mg, 3.79 mmol) were added thereto,
fellowed by cooling to ~40°C, and then acetyl chloride (0.155 mL,
2.17 mmol) was added thereto, subsegquently stirring at 0°C for 1
hour. Water and ethyl acetate were added to the reaction
solution. The organic layer was washed with water, washed with
saturated brine, dried over magnesium suifate, filtrated, and
then evaporated under reduced pressure to yield Compound 41 (738
myg) as a powder.

Compound 41 (1.38 g} was dissloved in methylene chloride (10
ml) and anisole (1 ml), followed by cooling to -40°C. 2M AICl;-
nitromethane solution (5 ml) was then added, subsegquently
stirring. at 0°C for 30 minutes. Agueous 2M HCL (60 wmL),
zcetonitrile (50 mL}, and ether (100 mL} were then added to the
reaction solution. The aqueous layer was washed with ether,
subsequently concentrating in vacuvo, and then subjected into HP-
2088 column chromatography, fcollowed by eluting the desired
compound with acetonitrile-water. Collected £fractions were
concentrated in vacuo. The concentrated solution was
iyophilized to yield Compound (I-10) as =2 white powder {58.2 mg,
13% yield).

Compound (I-10}:
'H-NMR (D,0) &(delta): 1.48 (3H, s), 1.49 (3H, s), 2.12-2.20 (44,

my, 3.20-3.8C (1CH, m), 3.90C (1H, d, J = 16.8 Hz), 4£.04 (1H, d,
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J = 16.8 Hz), 5.32 (1H, d, J = 4.8 Hz), 5.84 (1H, d, J = 4.8 Hz),
6.60-6.70 (1H, m), €.80-6.85 (2H, m), 6.96 (1H, s).

Elementary analysis for C:pHz;eNegQ108; °4.6H,0

Calcd.: C, 44.18; H, 5.58; N, 13.74; 0, 28.64; S, 7.86 (%)

Found.: C, 44.26; K, 5.38; N, 13.74; 5, 7.56 (%)

[0116]

Example 11

Synthesis of Compound {I-11)

[Formula 72}
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€]

.

tep (1): Compound 42 — Compound 43 - Compound 45

A sclution of Compound 42 (2.77 g, 10 wmmol) 1in methyliene
chloride (12 mL) was cooled to 0°C, and then methylhydrazine
(0.53 mL, 10 mmocl) was added thereto, followed by stirring for
30 minutes. The reaction sclution was filtrated, and then
concentrated until the filtrate reached about half-volume.
After Methanel (25 mL) was added thereto followed by cooling to
0°C, Compound 44 (2.72  q, i0 mmol) was added thereto,

ubseguently stirring for 30 minutes and then stirring at room

n

:

temperature for B30 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 evaporated under reduced

pressure. To the residue was added ether, and then collection
cf the precipitated seclid yielded Compound 45 ({3.22 g, 80%
vield) .
Compound 45:
JH-NMR (DMSC-d¢) O(delta): 1.42 (9H, s), 1.47 (9H, s), 4.862 (2H,
s), 7.41 (1H, s).
Step (2): Compound 45 - Compound 47

To a solution ¢f Compeound 45 (3.2Z2 g, 8.02 mmol) in
dimethylacetamide (30 mL) was added triethylamine (1.45 mL, 10.4
mmel), followed by ceoling to -15°C. Methanesulfonyl chloride
(0.75 mL, 9.63 mmol) was added, followed by stirring for 15
minutes, and then N-methylmorpholine (1.76 mL, 16.0 mmcl) and
Compound 46 {3.08 g, 7.62 mmol) were added thereto, subsequently
stirring for 1 hour. Then ethyl acetate (200 xlL) and dilute
hydrochloric acid were added thereto. The organic layer was
separated, washed with agqueocus 5% sodium hydrogen carbonate
sclution, washed with water, washed with saturated brine, dried
over magnesium sulfate, filltrated, and then evaporated under
reduced pressure. The residue was purified by silica gel column
chremategraphy to yleld the desired compound (5.28 g, 88% yield).

Compound 47:
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'H-NMR (CDCis;) &(delta): 1.42 {%H, s), 1.49% {(SH, s}, 32.61 and
3.48 (2H, ABg, J = 18.0 Hz:, 3.81% (3H, s), 4.47 (2%, s}, 4.
and 4.72 (2H, ABg, J = 17.1 Hz), 5.05 (1H, d, J = 4.8 Hz), 5.20
(1H, d, & = 12.0 Hz), 5.25 (1H, 4, J = 12.0 Hz), 5.93 (1H, dd, J
= 4.8, 8.7 Hz), 6.87-6.91 {(2H, m), 7.33-7.37 (m, 3H), 8.10-8.15
(18, br), 8.74 (iH, d, J = 8.7 Hz}.

Step (3): Compound 47 - Compound 48

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

chloride (50 mL) was cooled to ~40°¢C, and then m-
chloroperbenzoic acid (1.62 g, 7.02 ol ) was added,
subsegquently warming up from -40°C to ~10°C gradually. Aqueous

5% sodium thicsulfate solution was added to terminate the
reaction. Methylene chloride was evaporated under reduced
pressure, and then ethyl acetate and water were added thereto.
The organic layer‘ was washed with aguecus 5% sodium hydrogen
carbonate solution, washed with =aturated brine, iried over
magnesium sulfate, filtrated, and then evaporated under reduced
pressure. This was used for the next reaction without
purification. The yielded amount was 5.39 g (100% yield}.
Compound 48:

'H-NMR (CDCl.) 8{delta): 1.42 {(SH, s), 1.54 (S9H, s), 3.40 (1H, dd,
J = 1.5, 18.3 Hz), 3.80 (1H, d, J = 18.3 Hz), 4.22 (iH, d, J =
12.6 Hz), 4.57 (1H, dd, J = 1.5, 4.8 Hz), 4.74 (24, s), 5.10 (1H,
d, J = 12.6 Hz), 5.24 (1H, d, J = 12.0 Hz}, 5.2% (iH, d, J =

4.5 , 8.2 Hz), 6.88-6.92 (2H, m),

i

12.0 Hz), 6.07 (1, dd, J
7.324-7.37 {(2H, m), 8.38 (1H, d, J = 9.2 Hz).
Step (4): Compound 48 - Compound 49

Compound 48 {(5.39 g, 3.15 mmol) in THF {60 mL) was cooled to
15°C, and then potassium iecdide (3.15 g, 21.05 mmol} was added,
followed by stirring for 1 hour. Then ethyl acetate and agusous
5% sodium thiosulfate sclution were added thereto. The organic
layer was washed with water, washed with saturated brine, dried

over magnesium sulfate, filtrated, and then evaporated under

(o]

reduced pressure. This was used for the next reaction without

purification. The yielded amount was 5.42 g (90% vyieid).
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 solution was added then aqueous 2M HCI

to

in methylene chloride

-40°C.

then a

(50

desired compound with acetonitrile-water.

were

lyophilized to yield Compound

concentrated

30% yileld).

Compound

b H-NMR

3.94

(1H

r

(I-11):

{(D: 0)

d,

in

ml},

followed Db

was

{20 ml)

and

2M AlCli-

dded

and tThen

thereto,

acetonitrile

To the reaction

{50

washed wit

subjected

¥y eluting the

Collected fractions

vacuo. The concentrated sclution was
(I-11) as a white powder (430 mg,
2.10-2.35 {4H, m), 3.40-3.80 [{iCH, m},
Hzy, 4.12 {1H, d, 0 = 14.1 Hz), 4.57 (2H,
.8 Hz), 5.87 (1#, d, J = 4.8 Hz), 6.67 (2H,
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Elementary analysis for C;pH:oCIN; 0058, 4.0H,C
Calcd.: C, 42.24; H, 4.81; Cl, 4.45; N, 12.31; O, 28.13; 8, 8.05

(%)

(93]

Found.: C, 42.52; H, 4.7
[0117]

Reference Example 1

General syntheis methods of side chain amines (a)~{n)

[Formula 73]

Bn._ Bn Bn
0 ‘ 0 AN O 0 :
X . {COCH2 X " N~ e
Bn . Bp - H ] P
Y Y Et3N “ o
07 oH ol X Bn
(B) {C}

(A)

As illustrated in the synthesis route above, zan eqguivalent
mole of oxalyl chleoride was added to a methylene chloride (10 V)
sclution (suspension) of benzeic acid derivative (&), which
corresponds tc side chains (a)-{n), followed by stirring at room
temperature for 2 hours. After concentration in vacwo until
reaching about-half wvolume, the resultant was added to an amine
(1.0 egquivalent/EtyN (1.2 egquivalent}/THF sclution), which
corresponds to side chains (a)-(n), that had been cocoled to -

20°C, subsequently stirring for 30 minutes. Diluting with

methylene chloride, washing with water, drying, and then

concentrating the filtrate yielded desired amine {(C) {side
chains (a)~{n}) {%0% or higher yield). Physical constans of

side chains {(a)-{n) are shown below.
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'H-NMR {(CDCl:) d(delta): 1.72-1.88 (6H, m), 2.50-2.62

2.68 (2E, t, & = 5.7 Hz), 3.52-3.57 (2H, m), 5.19
(1H, d, J =8.7 Hz), 7.21-7.60 (11H, m}, 7.56 (1H,
8.49 (1H, bs).

LO/MS (ES +): 445 (M+HY)

[0119]

Side chain (b)

Formula 75
{

<:j o] PMB
N\/\N G
H

e
PMB

(4H,

TH-MMR (CDCl.) d(deltaj: 1.72 (4H, bs), 2.59 (4H, bs),

(4H, s),

J = 4.5 Hz}, 3.51-3.55 (2H,m), 3.7% (6H, s), 5.10
6.95 (6, m), 7.26-7.37 (5H, m), 7.53 (1H, bs).
LC/MS (ES +): 491 (M+H')

10120

Side chain (¢}

[Formula 76]

PE-NMR (CDCl;) &(delta): 1.75-3.05 (12H, m), 5.17
(2H, s), 6.85~6.97 (3H, m), 6€.25-6.45 {(11H, m).
LC/MS (BES +): 431 (M+H")

[0121]

Side chain (d)

[Fermuala 77)

Bn

Cho J
N\//\N}LT::]:O
e L

¥

Bn

(2H,

{4H,

P

S

2.70

s},

mi,

(2H,t,
6.81~

.18
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[e2]
o]

'H-NMR (DMSO-d¢) d{delta): 1.45-3.60 (12H, m}, 2.8% {3H, s}, 5.15
(2H, s), 5.17 {2H, s}, 6.90-7.16 (3H, m), 7.22-7.48 (10H, m).
LC/MS (ES +): 445 (M+H')

(01221

/

Side chain {e}

{Fermula 78}

<:j 0 CI B8n
N\/\N O
H

0

+

Bn
"H-NMR ({CDCl;) d(delta): 1.70-1.83 (4H, m), 2.50-2.59. (4H, m},
2.70 (2H, t, J = 6.3 Hz), 3.52-3.60 (2H, m), 5.064 (2H, s), 5.16
(2H, &), 6.89-6.96 (2H, m), 7.26-7.51 {(11H, m}.
LC/MS (ES +): 465 (M4H")
[0123]

PH-NMR (CDCl:) O{delta): 1.63-1.86 (4H, 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,
5), 6.96 (1H, k=), 7.23-7.50 (12H, m).

LC/MS (ES +): 499 (M+H™)

[0124]

Side chain (g)

[Formula 80]
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'H-NMR (CDCl:;) 8{delta): 1.38-1.80 (8H, m), 3.35-3.56 (6H, m},

5.18 (2H, s}, 5.19% (2H, s), 6.91 (1H, d, J = 8.4 Hz}, 7.24-7.52

{11H, m), 7.57 {(1H, 4, J =2 Hz), 8.32 {1H, b.s).
4

PH-NMR  (CDCl.Y) 8(delta
.35-2.50 (4H,m), 2.57 (2H,t,J = 4.5 Hz ), 3.

58]

~1
A
w
{
3
o
(&}
N
S
o]
-
=

LC/MS (ESI positive): 445 (M+H')
[0126]
Side chain (i)

[Formula 821

O o ¢l Bn
N\//\N’infj:o

'H-NMR (CDCl,) &(delta): 1.40-1.63 (8H, m), 2.42 (2H, bs), 2.54
(2H, t, J = 6 Hz), 3.50-3.58 {2H,m), 5.05 (2H, d, J = 4.8 Hz),
5.17 (2K, d, J = 4.8 Hz), 6.96 (1H, d, J = 8.7 Hz), 7.10 (1H,

LC/MS (ES +): 479 (M+H")
[0127]

Side chain (3}
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[Formula 83}

E:j 0 CI Bn
N\/\N = (o]

'H-NMR {CDCl;) &8(delta): 1.40-1.75 (6H, m), 2.42 (4H, bs), 2.53
(2H, t, J = 6 Hz), 3.48-3.56 (2H, m), 7.01 (1H, bs), 7.25-7.62
(10H, m), 7.56 (1H, s).

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

(0128]

Side chain (k}

{Formula 84]

G 5
N e}

'H-NMR (CDCls) &(delta): 1.30-1.95 (14H, m), 2.45-2.58 (4H, m),

[y

2.45-2.90 (1H, m), 5.18 (2H, s), 5.1% (2H, s), 6.89-6.96, 3H, m),
7.23-7.45 (12H, m). '
LC/MS (ES +): 471 (M+H")
[0129]

Side chain (1)

[Formula 85)

a 3
N 0

O CI Bn

YH-NMR (CDC1l;) S{delta): 1.45-1.70 (4H, m), 1.80 (4H, bs), 2.12-
2.30 (iH, m), 2.83-3.10 (1H, m), 2.57 (4H, bs), 2.83-3.10 (24,
my, 4.55-4,72 {1H, m), 6.85-6.92 (2K, m), 7.23-7.70 (104, m).

LC/MS (ES +): 505 (M+H')



Side chain {m)

[Formula 86]

115

<:j Clt Bn
N 0
G Cl Bn
"H-NMR (CDC1.) 8(delta}: 1.30-1.70 (4H, m), 1.81 (5H, bs},
5 2.12 (18, m), 2.25~2.34 (1H, m}, 2.57 {(4H, bs), 4.50-4.861
m}, 5.0zZ-5.09 (48, m), 7.24-7.50 (11H, m).
LC/MS (ES +4): 532 (M+H")
{0131)
Side chain (n)
10 [Fermula 87]
Gy o
N o
1e¥ee
o] Bn
YH-NMR (CDCl.) d{delta): 1.38-1.80 (8H, m), 3.35-3.56 (6H,
5.18 (2H, s}, 5.19 (2H, s), 6.9%91 (1H, 4, J = 8.4 Hz),
(11H, m), 7.57 {1H, d, 0 = 2 Hz}), 8.32 (1lH, b.s).
15  LC/MS (BES +): 485 (M+H")
[0132}
Reference Example 2
By methods belcw, Compcund (F) or (G) was synthesized.
[Foermula 88]
M

Hp N
DAL E ! ankole”

.—-——-—AMMW‘»
N HE20
chromatography 'Y%IOG

ALN
jrf

R C;VA .
T’
'\,»

Zi K Al

H
{(F}

S O
NaHC O3 H’N{hk{wgﬂ 5/1

:L\,‘i ..x-\?‘}iﬁ B —
QG 0 / a4

B
I VANKT

GOR'
{E}

] R
R - VAﬁ
« £o6
Y toona

mj,

7.24-7.52
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Cephem (D), which is a raw material obtained by a known method,
was dissclved in DMF (5 V), and then an amine (eguivalent molie)
¢f side chain (a)-{n), shown above, was added, Zfcllowed by
stirring at rocom temperature for several hours. After ice-
cooling, potassium lodide {7 eguivalents) and acetyl chloride (5
eqguivalents) were added, subseguently stirring for 1 hour. To
5% brine (50 V) containing sodium thiosulfate was slowly added
with stirring. The precipitated deposit was filtrated, and then.
washed with water, followed by lyophilization. The dried matter
(B) was dissclved in methylene chloride (20 V) and nitromethane
(10 Vi, followed by adding, at room tCemperature, aniscle (10
egquivalents) and then 2M aluminum chloride/nitromethane solution
(10 equivalents), subseguently stirring for 1 hour. After
reacting, the reaction mixture was poured into cold 1M
hydrechloric acid/acetonitrile/iscpropyl ether (3/1/5). The
agueous layer was separated, subjected into HP-20 column
chrowatography, and then purified. After eluting with
acetonitrile/water, the eluate was concentrated in wvacuo, and
then lyophilized to yield ciective (F). As regquired, desired
compound (F) was dissolved in sodium hydrogen carbonate solution,
and then subjected intc HP-20 column chromatography. Eluted
fractions were concentrated, and then lyophilized to vyield
sodium salt (G).

Examples of Compound [(F} cor (G} (Compound (I-12) - Compound
(I-34)) are shown below.
[0133]
Example 12

Compound (I-12)
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il i ~

N o&~NY/.¢N\/«\’E \_-OH

O =]
Me-. CoOo
Me” ‘cooH

H-NMR (DMSO-d¢) 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 5.16 {(1H, d, J = 5.1 Hz), 5.73 (1H, dd, J = 5.1, 9.6 Hz), 6.73

(1®, sy, 6.78 (2H, s), 7.29 (2H, bs), 8.43 (1¥, bs), 9.44 (1, 4,

10 Elementary analysis for CioH; ClN;01,8:+3.8H;0
Calcd.: C, 43.99; H, 5.24; C1, 4.49
Found.: C, 43.9%91; E, 5.11; Cl, 4.32; N, 11.95; s, 7.81 (%)
10134)
Example 13
15  Compound {I-13)

{Formula 98]

Sy O
lﬁN—Qwﬁj)Lﬁ s
N e 9
N N A0
N\ O
Me._ O
Me” cooH

TH-NMR (DMSO-de) S(delta): 1.40 (3H, =), 1.41 (3H, s), 1.72-2.1C
g

&
(4H, m}, 3.05-3.80 (10H, m), 2.85,5.02 (2H, ABq, J = 9.9 HzJ,
20 5.0% (i#, 4, J = 2.8 Hz), 5.67 {(iH, 4ad, J = 3.9, 6.5 Hz), 6.72
(1H, d, J = 6.0 Hz), 7.14 (1H, d, J = 6 Hz), 7.23 (1H, s).
LC/MS {(ES +): 719 (M+H")
IR (KBr) em *: 3301, 1777, 15%

9
Blementary analysis for C,¢H: . CIlN:0;58,+3.9H: 0



Caled.: C, 44.15; H, 5.51; N, 14.05; 5, 8.18
Found.: C, 44.14; H, 5
{0135}
Example 14

5 Compound (I-14)

{Formula ©1)

YH-NMR (DMSO~de) S{delta): 1.43(3H, 4, J = 5.1 Hz},

m), 3.20-5.10 (i34, m), 5.14 (iH, d, T = 3.
10 O = 3.9, 6.3 Hz), 6.78 (1H, d, J = &.0 Hz),

LC/MS {ES +): 738 (M+H')
IR {KBr) cm %: 3301, 1778, 159%, 1542, 1512
{0136)
15  Example 13
Compound (I-15})
[Formula 921

Cig

S~

o
0

LC/MS (ES +): 772 {M+HT)
20 IR (KBr) cm ': 3282, 1771, 1589, 1537, 1473
10137)

Example 16

Compound (I-16})

1.84-2.1¢
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{Formula 83]

s
HN—C [ LR ‘
* ‘NJLVJLN§~fS\ [~y o c

=] :’E !
we O C00 TRy
\
COOH c

VH-NMR (DMSO-ds + CD.0OD) &(delta): 1.41 (3H, d, J = 7.2 Hz),
1.79-2.23 {4H, m), 2.96-3.90 (10H, m), 3.94, 5.03 (2H, ABg, J =
13.5 Hzj, 4.57 (iH, q, J = 6.6 Hz), 5.14 (1H, &, J = 5.4 Hz),
6.9 (1H, bs).

LC/MS (ES +): 808 (M#H')

s

03

IR {KBr) cm ': 2305, 1779, 1613, 1538, 1474, 1

O

Elementary analysis for Cp;¢H3;pCl;Ni0y4S, «2.4H,
Caled.: C, 40.81; H, 3.83; N, 12.11 (%)

Found.: C, 40.96; H, 4.13; N, 11.53: (%)

Examgle 17
Compound (I-17)

[FPormula 84]

S o
LN sy g
i ;jf Le
N\ o N\ff - N\v//\ﬁ j 2 ~OH
me.© Coo Z~oH
Me™ cooH

PH-NMR  (DMSO-d¢ ) S(delta): 1.46 (3K, s), 1.47 (3H, s), 1.50-1.99

(6E, m), 2.80-3.93 (10H, m), 3.%7, 5.01 (ZH, 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

8
(1K, s), 6.79 (iH, d, J = 8.1 Hz}, 7.21 (iH, ¢, J = 8.1 Hz),

IR (KBr) cm ’: 3361, 1774, 1600, 1515, 1470

Elementary analysis for Ci;iHz; N1Gi05, +4.5H;0



1
hY]

lcd.: C, 45.88; H, 5.%1; N, 11.81; 35, 7.87 (%)
Found.: C, 45.80; H, 5.70; N, 12.06; 5, 7.885 (%)
[0139]
Example 18

5 Compound {1-18)

[Formula B85}

HAN— ]\/?L”
0o <l
;[fi;l\/w\/\NJkIA§(0H
Me / H l\§9LY)H
Me” cooH

'H-NMR (DMSO-de¢) S(delta): 1.43 (3H, =), 1.49 (3K, s), 1.22-1.95

(6%, m), 3.07-4.08 {11H, m), 4.95-5.13 (1H, m), 5.15 (1H, 4,
10 4.8 Hz), 5.72-5.83 (1H, m), 6.63-6.84 (3H, m).

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

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

Elementary analysis for C;;H;¢CIN.01¢5; ' 8E; 0O

Calcd.: C, 41.07; H, 6.54; N, 10.37; 8, 6.75 (%)
16  Found.: C, 40.906; H, 5.76; N, 10.77; 5, 7.04 (%)

{0140]

Example 19

Compound (I-19)

[Formula S¢6]

s~ 0o
, H
HN—L | i :
2 Nj\”/ N S\[ (o) o cl
NNy i\\WOH
Ve coo® H LA,
Me” cooH cl

20

J

PH-NMR (DMSO-dg) S{delta): 1.44 (3H, s), 1.46 (3H, s), 1.58-1.97
(6B, m),3.08-3.95 (10H, m;, 4.44, 5.07 ({2H, 2bg, J = 14.1 Hz),

5.18 (1H, d, J = 5.1 Hz), 5.78 {1, d4dd, J = 5.1, 8.1 Hz},
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(1H, =y, 7.00 {1H¥, s), 7.30 (2H, bs}, 8.50 (1H, bs), 9
J = 8.1 Hz}

LC/MS {(ES +): BOO (M+E")

IR {KBr) cm ': 3322, 1778, 1614, 1531, 1470

Elementary analysis for C;iH;sCl,N50:¢35; *5.0H, 0

Calcd.: C, 41.8%; H, 5.36; N, 10¢.66 (%)

Found.: C, 41.80; H, 5.09 N, 11.01 (%)

[0141)

Exanmple 20

Compound (I-20)

[Formula 971

S- 9 H
HoN— )L\ﬂ/L*N:I:T’S\l
N N~
o]
Me. O 00
Me” cooNa
YH-NMR (D,0) &{delta): 1.36 (6H, S), 1.50-1.91 (6H, m),
{i3H, m), 4.58-4.80 (1H, m), 5.21 (1H, &, J = 3.9 Hz},
g, J= 3.9 Hz), 6.58 (1H, d, J = 6.6 Hz), 7.04 {2H, bs).
LC/MS (ES +): 733 {(M+H')
IR (KBr) cm *: 3286, 1772, 1592, 1519, 1468
(0142}
Example 21
Compound (I-21)
[Formula 98]
HzN’<\ )LN ™~ .
N\ cf;"N\fv eh&i/”\ﬁ ﬂlii OH
Me' '<O coo OH
COOH

UH-NMR  (DMSO-dg + CD.OD) Sidelta):

1.50-1.85 (6H, m), 2.83-3.80

2.82-4.0¢

5.72 {(iH,
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13.8 Bz}, 4.63 (1H, g, J = 6.3 Hz), 5.16 (1H, d, J =5.1 Hz),

.73 {1H, d, J = 5.1 Hz), €6.73 (iH, &, JT = €.4 Hz), 7.21 (1H, 44,
J = 2.4, 8.4 Hz}, 7.30 (1H, d, J = 2.4 Hz).
LC/M8 (ES +): 752 (M+HY)

IR (KBr) cm™': 3308, 1778, 1601, 1538, 1513, 1453
Elementary analysis for CypH;:CIN;0108; - 3.8H,;0

Calcd.: C, 44.12; H, 5.27; Cl, 4.40; N, 11.74; s, 7.58 (%)

L

cund.: €, 43.9i; H, 5.11; Cl, 4.32; N, 11.85; s, 7.81 (%)
{0143]

Example 22

Compound {I~-22)

[Formula 99]

HN—C ] 19w ~
—&
2 NL’)—N\}_ s\ (2] o
o) © H =
i (eJoe) oH
COONa

LC/MS (ES +): 786 (M+H")

IR (KBr) cm ': 3280, 1772, 1599, 1539, 1473
[0144]

Example 23

Compound (I-23)

TFormula 100]

Ci
HN— [ I H s.
el
N N~ N ~
0 COO
Me
COONa

PH-NMR (D, 0) 8(delita): 1.11 (3H, &, J = 7.2 Hz), 1.03~1.74 (6H,

m), 2.82-3.38 (11H, m}, 4.20-4.60 (2H, m), 5.00 (IR, d, I = 5.1



fa
~J
~]
<

~
&
(o))
Q
(=
=
w
[N
o
~
i
228

~J

(]

. IR [(KBr) cm ': 3298,
[0145]
Example 24
Compound (I-24)

5 [Formula 101}

S O
HN— \” ' n. S M
N ; - 4@) O
N N~ N._~ OH
LN NJ\C\/
Me 0 CcO0 Me = OH

Me”™ cooH

'H-NMR (DMSO-dg + CD;0D) 8{delta): 1.45 (3H, s), 1.47 (3H,
1.83-2.21 (4H, m), 3.00 {3H, s), 3.25-3.87 (10H, m), 4.01,

(2H, Abg, J = 13.5 Hz), 5.14 (1H, d, J = 5.1 Hz), 6.74 (1H,
10 = 5.1 Hz), 6.72-6.80 (3K, m), 6.87 (1H, s=).

LC/MS (ES +): 732 (M+E")

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

Elementary analysls for Ciy3H; N20,¢8; -3.4H:0

—
o
—_—

Calcd.: C, 47.01; H, 5.65; N, 12.23; 8, 8.0C

5
15  TFound.: C, 46.95; H, 5.57; N, 12.36; S, €.09

(%)
[Cl48]
Example 25
Compound ({I-25)
[Formula 102}
HN%SJT\CL?”
T :;V@ ? |
w\ O/“‘N @N\//\N * . -OH
Me”o CO0 Me Z~OH
COOH
20
H-NMR (DMSO~ds + CD;OD) ©&{delta) 1.42 (34, d, J = 6.9
1.52-2.21 (4H, m), 2.99 (34, s), 3.05-4.00 (10H, m), 4.0%,

4
(28, ABg, J = 12 Hz), 4.80 (1H, g, J = 6.9 Hz), 5.12 {(1lH, d,

s},

4.96

d, J
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IR (KBr) cm *: 3308, 1779, 1669, 1593, 1537, 1489,
Elementary analysis for CigH3;sCIN:015;+1.9%H;0
Calcd.: C, 45.44; H, 4.54; Cl, 5.01; N, 12.88 (%)
Found.: C, 43.82; H, 4.84; C1, 4.51; N, 12.45 (%)
[0147)

Example 26

Cocmpound (I-26)

[Formula 103]

TH-NMR (DMSO-d¢) S{deltal: 1.43 (3H, d, J = 7.2Hz),

m), 2.83-3.82 (10H, m), 3.82, 5.03 (2H, BBg, J = 1

.4 Hz), 6.71 (1H, d J = 8.1 Hz), 6.30-6.40

@] .
~ [as} :t:
e ~

jeo)

(E8 +}: 752 (M+HT)
IR (KBr) cm™® 13311, 1777, 1595, 1540, 1512, 1457

BElementary analysis for CiypHzgCLlN; 0108, -2.5H;0

Calcd.: C, 45.10; H, 4.%0; Cl, 4.59; N, 12.59 (%)
Found.: C, 45.2C; H, 4.93; Cl, 4.45; N, 12.30 %)

[0l48)
Example 27
Compcound (I~27)
[Formula 104]
‘ CIO
HZN*\ % j:f’ y /,I/OH
NW/L\/\O

O

H

Me“'<
COONa

g, J = 7.2 Bz}, 4.74 (1H, d, J = 4.8 Hz), 5.54

(ZH,m) .
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* H-NMR (D¢} di{deltz): 1.29 (38, d, J = 6.9 Hzy, 1.33-1.857
m), 2.88-3.%0 (11H, m), 4.38-4.67 (2H, m), 4.76 (1H, d, J
Hz), 5.50 (i#, d, J = 5.1 Hz), 6.65 (1H, d, J = 8

7.17 {(2H, m).

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

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

[0149]

Example 28

Ceompound (I-28)

[Formula 105

S
HoN—( 71, %
N

N S ‘
{ [T (e
N /N ;j\\/N\r/\j OH

E-NMR (DMSO-ds) 8(delta): 1.43 (3H, s), 1.46 (3H, s}, 1.50-2.

(8H, m), 2.60-4.30 (11H, m), 3.95, 5.01 (2H, ABg, J = 12.9

il

5.17 (1H, b, J = 4.8 Hz, 5.73 (1H, dd, J
(4H, m), 7.27 (2H, bs), 2.49 (1H, bs).
LC/MS (ES +): 758 (M+H") _

IR (KBr) cm ': 3196, 1778, 1590, 1530, 1444
Elementary analysis for CizHigN;0,48; *3.5H;0
Calcd.: C, 47.97; H,

Found.: C, 48.28; H,

[0150]
Example 29

Compound {(I-29)

4.8, 7.8), 6.60-6.37
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[Formula 106]

H N /’S ~B\/‘?~ H
2N N S
N™ 7“7’ [;>

N SN N _OH
N z é"
Me ><o coo NS oy
Me™ cooH o ci

PH~NMR (DMSO-ds) S({delta): 1.44 (3R, s), 1.46 (3H, sy, 1.30-2.33
{6H, m), 2.60-4.06 (11H, m), 4.44-4.72 (1lH, m), 4.83-5.03 (1H,
5 m), 6.47-6.88 (3H, m), 7.28 (2H, bs).
LC/MS (ES +): 792 (M+H*)
IR (KBr) cm ': 3302, 2970, 1773, 1606, 1532, 1445
Elementary analysis for Cs:H3sCIN; 0358, *4.8H;:C
Caled.: C, 45.22; H, 5.€3; Cl, 4.10; N, 10.89; 35, 7.08 (%)
10 Found.: C, 45.10; H, 5.46; Cl, 4.03; N, 11.16; S, 7.30 (%)
01511
Example 30
Compound (I-30)
[Formula 107]
H2N~<\§\N 0

A )

15
TH-NMR (D, 0) &{delta): 1.34 (3H, s), 1.36 (3H, s), 1.52-2.29 (8H,
my, 2.68-3.80 (11H, m), 3.88,4.53 (2H, ABg, J = 13.8& Hz), 5.17
(18, &, J = 5.1 Hz), 5.71 (iH, ¢, J = 5.1 Hz), 6.60-6.82 (34, m).
LC/MS (BS +): 759 (M+H

20 IR (KBr) cm l: 2309, 1772, 1588, 1526, 1448

I-31)

Compound
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[Formula 108]

s—Clo
O H
HZN”\/\L/‘LN s
7

N ~_N // OH
N O ! o |
0 coo N SN

Me'( i

'H-NMR (D,0) &(delta): 1.30 (3K, d, J = 6.9 Hz), 1.855-2.28 (8H,

my, 2.63-4.10 {11H, m), 4.38-4.62 (2H, m), 5.17, d,

5.72 {iH, d, J = 4.8 Hz), 6.€63-6.82 (3H, m).

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

IR (KBr) cm ': 3292, 1773, 1589, 1446, 1274

Elementary analysis for Ci;;H;¢CIN;0,¢S;Na-7.5H;0
.53; N, 10.31 (%)

Caicd.: C, 41.33; H, 5.86; Cl, 3
Found.: C, 41.08; H, 5.39; Cl, 3.79; N, 10.48 (%)

[0153)

&

xample 32

k

Compound (I-32)
[Formula 109]
s-Clo
N ] (o)
N/”\/

N4 W/L\@NT/\' ./iOH

6] olele] N S
Me“'< ~ | CH
COONa o <

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

IR (KBr) cm *: 3313, 1772, 1599,

Pt
w
=S
fouY

-
[

£
3
0

[0154]

4.8 Hz,
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[Formula 110}

S\’/C! O
H2N~<\N_I L H

Sy ) o
N N. .~ N\(/\\ = OH

NO T T T L]/
0 €00~ LN Ay
Me:+

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

IR (KBr) cm™': 3315, 1769, 1597, 1540
5 [0155) '

Example 34

Compound (I1-34)

[Formula 111]

Sy O
N Oy
HaN—< L(‘LN s
ol B @S
NI

w/k/%«“v“wk@w
e l

0 co0 H P
Me./

>< OH

Me” =0ONa

10 LC/MS (ES +): 745 (M+H')
IR (KBr) cm™?: 3305, 1770, 1673, 1589, 1521
[0156)
Example 35

Synthesis of Compound (I-33%5)



[Formala 112)

5. Gl
HN— |
¥ GONH s
T )
~ AN AN
T
e coo N
{~35 0
o J~{f
BooHh :I;,CONH
2 ]
“”\ COOPMB

COOBH

BocHN—4 \( CONH
N\
o

Co

52

Step (1):

Compound 52 (3.65 g,
5 mmol)
at room temperature

(30ml},

stirring

solution was added DMF

and then potassium iodide
AcCl(1.022 ml, 14.32 mmol)

hour under ice-cocling, the

10

mixed solution of ethyl acetate and agueous NaHSO;

organic layer was separated,

evaporated to yield

Compound 54 was used for

15

1#2]

tep (2): Compound 54

Compound 54 (3.58 mmol) was

{20 ml) and aniscle (2.9 ml),

AlCl; ~nitromethane solution (17

subsegue

4

d f)
- COOPMB OPME

2.58 mmol)
were dissolved in dimethylformamide

for © hours.

(4.16
were

reaction sclution was

washed

Compound 54

- Compound
dissolved
followed by
.9 ml,

ntly stirring for 30 minutes.

129

OH

OH

@ OPMB
\y(@opma

l‘
’

1-35

Compound 52 + Compound 43 - Compound 54

and Compound 532{(1.80 g, 3.358

(10 ml), followed by

To the reaction

subsequently cooling to -40°C,

g, 25.06 mmel) followed by

)

added. After stirring for 1

poured to the

soluticn. The

with water, dried, and then

as a powder. The resulting

the next reaction without purification.

(I-35)

inn methylene chloride

cooling to -30°C. 2M

35.8 mmol) was then added,

To the reaction solution
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was then added i-Pr,0 (40 ml} folliowed by 2M-hydrochloric acid,
subsequently stirring for 5 minutes. As a result, oily deposit
precipitated. The supernatant soclution was removed by
decantation, and then dilute hydrochloric acid and MeCN were
added to the deposit to dissolve. HP-20S85 resin was added to
the soclution, followed by concentration, and then subjected into
HP-2058 column chromatocgraphy, subseguently eluting with water-
acetonitrile. Fractions containing the desired compound were

concentrated in vacuo, and then lyophilized to yield Compound

[9%)

(I-3%) as a powder (180 mg, 6% yield).
Compound {(I-35):
TH-NMR (D,0) S{delta): 1.43 (3H, d, J = 6.9 Hz), 1.60-2.19 (8H,

m), 2.80-3.62 (9H, m), 3.42, 3.75 {2H, Bbgq, J = 15.6 Hz), 3.85,

4.98 (2H, BBg, J = 12.9 Hz), 4.61 (1H, g, J = 7.2 Hz), 5.14 (1H,
d, J = 5.1 Hz), 5.71 (iH, dd, J = 4.8, 8.4 Hz), 6.45 (1H, m),
6.71 (1H, d, J = 8.1 Hz), 6.75 (1H, &, J = 8.1 Hz), 6.86 (1H, s),

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

+

MS(ESI): 778 T (M+H)

Elementary analysis for C; H;e¢N:0;¢8,CL; +5.5H,0

.
[es)
s
w

Calcd.: C, 43.81; H, 5.40; W, 11.18; s, 7.31i; <1,

W s
B

w

w

oz

~

Found.: C, 43.78; H, 5.26; N, 21.2%; 8, 7.39; C1,
[0157]

Example 37

Synthesis of Compound (I-37)

[Formula 113)

o i o o
@/\NHz ‘ Ho/n\@OPMB @/\ﬁﬂw{j:oms
OPMB N OPMB

56 82 ' 63

I Y I&L@W
v O v O OK
>.Sf/08ut 07 NorMB >Sron 07 oK CE,co0

[o]

e}
84 1-37
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Step (1): Compound 62 - Compound 63

To a solution of Compound 62 (1.72 g, 4.0
dimethylformamide (7 ml), under ice-cooling with stirring, was
added i-hydroxrybenzotriazole {585 mg, 4.40 mmol)  and
hydrochloric acid salt of ethyldimethylaminopropylcarbodiimide
{843 mg, 4.40 mmol). After stirring at room temperature for 1
hour, the reaction solution was ice-ccoled again, a solution of
Compound 56 (1.03 g, 7.37 mmecl) in dimethylformamide (3 mL}) was
added over 5 minutes. Efter stirring at the same temperature
for 4 hours, the solvent was evaporated under reduced pressure.
The residue was poured into cold water (30 mL), and then
adjusted to pH 10 with 20% aqueocus sodium carbonate solution.
The precipitation was £filtrated, and then dried in vacuo to
yield Compound 63 (1.99 g, 90% yield).
Compound 63:
'H-NMR (DMSO-d¢ ) 8(delta): 1.4% (6H, t, J = 7.8 Hz), 2.95 (6H, t,
g = 7.8 Hz), 3.26 {(2H, d, J = 6.3 Hz), 3.80 (3H, s), 3.83 (3H,
s}, 4.95 (2H, s}, 5.08 (2H, s), 6€6.36 (1H, t, 6.3 Hz), 6.82-6.86
{58, m), 7.25 (iH€, s), 7.31-7.36 {4H, m), 7.47 (1H, d, T = 8.7

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

To a solution of Compound 64 (637 mg, 0.8 mmol) in
dimethylformamide (2.0 mL) was added Compound 63(507 mg, 0.82
mmol) and sodium bromide (165 mg, 1.6 mmeol) 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

ed to -40°C. At -40°C, phosphorus tribromide

ol

subseguently coco
(151 pL, 1.6 mmol) was then added, followed by stirring at the
same temperature for 1 hour. The reaction solution was poured
inte 5% brine (100 mL), subsequently stirring for 15 minutes,
and then the precipitation was filtrated. The filter residue
was then dried in vacuo to yield a 1light brown solid. B
soclution of this solid in methylene chloride (4 ml) was added to

a solution of TFA (7.0 mL) with anisole (746 uyL) under ice-

=

cocling with stirring. his reaction sclution was stirred at
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room temperature for 1.5 hours, and taen TFA was evaporated
under reduced pressure, while maintaining the temperature of the

water bath at 25°C or below. The residue was added into
diiscpropyl ether (80 wmL} wunder ice-ccoling with stirring,
ollowed by filtrating the precipitaticn. The residue was
concentrated in wvacuo to yield Compound (I-37) (808 mg, 69%
yield) as a powder.

Compound (I-37):

'H-NMR (D, 0) Si{delta): 1.48 (3H, s), 1.50 (3H, s), 1.85 (6H, brs
3.32-3.51 (9H, m), 3.88 (2H, m), 4.60 (1H, d, J = 13.5 Hz), 5.35

Q.
<

|
w
o
o
™
o
o
o
-
o
Q
<

i

(1H, d, J = 5.1 Hz), 5.86 (1H,
8.4 Hz), 6.73 (1H, d, J = 8.4 Hz).
Elementary analysis for C30H37C1F3N701252 4.0

H,0+0.4CF;CO0H 0.3 ({C:H,0C: Hy )
39

w
©
[
n
~
Ut
o
s
-~
Q
f..l
()
[3:]
w
~
3

;N

£

Calcd.: C, 42.19% ; H, 4.

7.91 (%)

Feund.: C, 42.24 ; H, 4.8C ; N, 9.42 ; S, 6.16 ; Cl, 3.41 ; F,
7T.67 (%)
[0158]

Example 38
Synthesis of Compound (I-38)

[FPormuzla 114

OBu OPNMB 0}1 [¢)

61 1-38

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

')'\

To a scolution of Compound 61 (675 mg, 0.8 mmol) in

dimethylformamide (2.0 mL) was added Compound 63 (48% mg, 0.88
mmol) end sodium bromide (165 mg, 1.6 mmol) under ice-cooling.
The reaction soluticn was stirred for 3 hours in a water bath at

)

15°¢, and then dimethylformamide (4 mL) was added therete, and
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subsequently cooled to -40°C. At -40°C, phosphorus tribromide
{1%1 pL, 1.6 mmol) was then added thereto, followed by stirring
at the same temperature for 1 hour. The reaction sclution was
poured inte 5% brine (100 ml), subsequently stirring for 153
minutes, and then the precipitation was filtrated. The filter
residue was dried in vacuo to vyield a 1light brown solid. A
solution of this sclid in methylene chloride (4 mL) was added to
a solution of TFA{7.0 mL} with anisole (738 ulL, 6.76 mmecl} under
ice-cooling 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 residus was added into
diisopropyl ether (B0 ml) wunder i1ce-cooling with stirring,
fcllowed by filtrating the precipitation. This solid was dried,
dissclved in agueous sodium hydrogen carbonate, and then
subjected intoc ODS column chromatography, followed by 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 yield a powder
(264 mg). This powder was dissolved in water/acetonitrile/0.1M
HCl. HP20S3 was added thereto, concentrated, and then subjected
inte HP column chromatography eluting the desired compound with
water—acetonitrile. The fractions containing the desired
compound were concentrated in vacue, and then the concentrated
sclution was lyophilized to yield Compound {I-38) {100 mg, 13%
yield) as a powder.

Compound (I-38):

TH-NMR (D, 0) &(delta): 1.52 (3H, s), 1.53 (3H, sy, 1.94 {(6H, t, J
2.34-2.51 {(9H, m), 3.85-3.91 (2K, m), 4.58 (lH, d, J

= 7,5 Hz)

!

= 12.5 Hz), 5.35 (1H, &, J = 4.8 Hz), 5.88 (iH, d, J = 4.8 Hz),

=]

6.85 (1H, d, T = 8.4 Hz}, 6.89 {(1H, d, J = 8.4 Hz).

31H35C1Ngalbsz +4.58 H: O

s )
it
o}
B
[l
3
rt
Al
N
s
v
o
&
—
s
n
it
th
h
[a]
8
0

Calcd.: C, 43.07 ; H, 5.30 ; N, 12.89 ; S, 7.06 (%)
0

o~

Found.: C, 42.

o>

9

; N, 12.82 ; 8, 7.38 (%)

x5
1

-
(2]
(1%}

[0159]
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Synthesis of Ccompound (I-41)
{Formula 115]
1\')(:,7\' \/’\NH O
PMBO. = 2
Xy A~ )LY/§ﬁ
ji/?? OH 89 @ A ﬂ\y\
PMBO” N OPMB
o} OPMB
68 70
OPMB
5 HN—( \‘OPMB
ac N J\)‘—N BocHN-‘ﬁ\ /\/H-N - \/\/
r ol =t )W
~ )
TN
0~ "OBH o OEH 4
COOt-Bu COCtBu
71 72
OH

, 8 0
FﬁN_<‘]LH/ﬂ-ﬁ s
J
Y I

(1)«
Compound
dichlcoromethane

mmoel) and WSCD-ECL

stirring at

10 the crganic layer

brine, and then

evaporating the

was added to the

Cempound

Compound 70:

15

13381 {1.58

(30 mlj,
(920 myg,

room temperature
was washed
dried
solvent

70 as a ceclorless powder

r“\ -/ﬁ\«r‘d

4&-N\?; N> N

N
o]

>

~
>

OQ

cooH ©
{~41

Compound 68 - Compound 70

4.00 mmel ) was dissclved in
?

and 0.48 ml,

then Compound 6% 4.00

4.80 rmol) were added, followed by

for 3 hours. After adding water,

with water, washed with saturated

over magnesium sulfate, subsequently

under reduced pressure. Diethyl ether

residue, and then filtrated to yield

(1.71 85% yield).

g,
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TH-NMR (CDC1l:) 8(delta): 2.09 (2H, m), 3.43 (2H, m), 3.80 (3H, =),
3.81 (3H, s), 4.03 (2H, t, J = 6.9 Hz}, 5.09 (2K, s), 5.10 {2H,

sy, 6.28 ({(1H, t, J§ = 6.5 Hz), 6.86-6.91 (5H, m), 6.%6 {1H, =},
6

7.06 {(1H, s}, 7.20 (lH, dd, J = £.4, 2.0 Hz), 7.31-7.36 (44, m),
7.45-7.50 (2H, m).
Step (2): Compound 71 - Compound 72 — Compound ({I-41)

Cempound 71 (834 mg, 1.00 mmo 1) Was dissclved in

ml}, and then Compound 70 (0.48 ml, 4.00

e

dimethylformamide (
mmol) was added, followed by stirring at room temperature for
2.5 hours. Dimethylformamide (6 ml) was added, and then the
reaction solution was cooled to -40°C. Subsequently, 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

cver 1 hour and further stirring at 0°C for 1 hour. Ethyl
acetate and aqueous NaHSO; soclution were added. The organic

layer was washed with water, washed with saturated brine, dried
over magnesium sulfate, filtrated, and then concentrated in
vacuo to yield Compound 72 as a powder.

The above-described crude Compound 72 (1.42 ¢) was dissolved
in methylene <chloride (15 ml} and anisole (1.1 ml}, and
subkseguently cooled to -25°C. 2M ARICl;-nitromethane solution
(5.0 ml) was added, followed by stirring at temperature between
-25°C and -5°C for 1 hour. The reaction solution was then
transferred into a solution of IN-HCl:MeCN (1:1) at 0°C.
Diisopropyl ether was added, followed by separation and
extraction. Tc¢ the aguecus layer was added HP-2038 resin, and
then acetonitrile was evaporated under reduced pressure. The

mixed solution was subjected into HP-208S column chromatography

eluting the desired compound with acetonitrile-water. Fractions
containing the desired compound were collected, and then
concentrated in  vacuc. The concentrated sclution  was

lyophilized to vyield Compound (I-41) as a powder (470 mg, 60%
yield).

Compound {I-41):



10

TH-NMR (DMSC-d¢) 8idelta): 1.42 (&H, brj, 2.05 (2H
4.20 (6H, m), 4.87 (1H, d, T = 12.0 Hz), 5.03 {(1H, m),
d¢, J = 12.0 Hz), 5.71 {(1H, m), 6.7%1 (1H, s), 6.77

4.0 Hz), 7.16 (1H, d, J = 4.0 Hz}, 7.28 (3H, br),

-

7.93 (1H, =), 8.27 (1H, br), 9.28 (1K, s}, 9.52 (1H, br).

MS(ESIY: 728 % {M+H)
Elementary anal
Caled.: C, 45.8
Found.: €, 46.0
{0160}

Example 42

Synthesis of Compound {I-42)
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[Formula 116]

H
N o ~ o
N S N ~
47+ H e § [ —————
N o} N’:J o]
73 74 75

X, OPMB

éf\N/\TrOH HaNT o oPMB % w/“TrN\T/QW,OPMB

= =
N= O N © L‘fd\OPMB
6 78
OPMB
S 7\
S / o]
L1 9 o BocHN— |} H o \._ /—OPMB
BoeHN \?\‘ !: ! N (S\ N/\ru—N S\i =\ —}N/
ey e Le
N\O O/ N =z o o =~ @
> o7 oBH o oBH 4
CO0tBu COOtBu
79
71
OH
o 7
wCI Th o (Do
N ;[j’ j =
N—" H
N Na
N\O o /\/@\/
AN
coon ©° O
1-42

Step (1): Compound 73 + Compound 74 - Compound 735 -~ Compound 76
To Compound 73 {2.04 g, 30.0 mmol) was added toluene (8 ml),
5 dimethylformamide (0.8 mL), potassium iodide (199 mg, 1.2 mmol),

and potassium carbonate (3.73 g, 27 mmcl), subsequently stirrin

n

[te}

at room temperature for 15 minutes. To the reaction sclutic

o]

was added Compound 74 (3.%4 ml, 45 mmol), followed by stirring
at 65°C for 2 hours. Bthyl acetate and water were added to the
10 reaction soclutien. The organic layer was washed with water,

washed with saturated brine, dried over magnesium sulfate,
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filtrated, and then concentrated in vacuo to yield Compound

To Compound 75 (3.28 g, 23.4 mmel) was added water (10 ml),
follewed by heating at reflux for 5 hours. The reaction
solution was concentrated, followed by adding methanol thereto,
and then filtration yielded Compound 76 (2.286 g).

Compeound 76: )
TH-NMR (DMSO-d¢) S(Aélta): 4.82 (2H, s}, €.89 (1H, s), 7.14 (1H,
s}y, 7.63 (1H, s).

Step (2): Compecund 76 + Compound 77 - Compound 78

To Compound 76 {126 mg, 1.0 mmol) was added dichloromethane (4
ml), Compound 77 (365 mg, 1.00 mmol), and WSCD-HCl (249 mg, 1.30
mmol}, followed by stirring at C°C for 1 hour and then at room
temperature for 1 hour. Dimethylformamide (2 ml) was added,
subseguently stirring for 1 hour, and then concentrated in vacuo
to evaporate dichloromethane. Dimethylformamide (2 mwml) was
added, and then allowed to stand for 3 days. Dichloromethane
and water were then.added. The organic layer was washed with

water, washed with saturated brine, dried over magnesium sulfate,

~and then filtrated to yield Compound 78 {390 mg, 58% vield, 70%

potency) .
Step (3): Compound 71 + Compound 78 - Compound 7% - Compound (I~
42)

Compound 71 (538 mg, ¢.58 macl) was dissclved in
dimethylformamide (2 ml), and then Compound 78 (23290 mg, 0.58
mmol, 70% potency) was added theresto, Ifollowed by stirring at
0°C for 2 hours and then at room temperature for 3 hours.
Dimethylformamide (6 ml) was added, and then the reaction
soluticn was cooled to -40°C. Subsequently, potassium iodide
(670 mg, 4.04 mmel) and acetyl chloride (0.206 ml, 2.88 mmol)
were added, followed by stirring &t -40°C for 30 minutes and
further at 0°C for 1 hour. Ethyl acetate and aguecus NaHSO,
solution were added. The organic layer was washed with water,

washed with saturated brine, dried over magnesium sulfate,
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filtrated, and then concentrated in vacwe to yield Compound 79
as a powder.

The above-described crude Compound 79 was dissoclved in
methylene chloride {10 ml) and aniscle (0.63 ml), fcllowed by
coeling fto -30°C. 2M AlCl;-nitromsthane solution (2.8% ml) was
added thereto, subsequently stirring at temperature between -
30°C and =10°C for 1  hour. The reaction solution was
transferred into a sclution of 1IN-HCl:MeCN {(1:1) at 0°C.
Dilsopropyl ether was added, and then the solution was separated.
HP-208% resin was added to the aqueous layer, and then
acetonitrile was evaporated under reduced pressure. The mixed
solution was subjected into HP-20S8S celumn chromatography,
subsequently 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 vyield Compound (I-42) as a powder {70 mg, 17%
yield). '

Compound (I-42):

'H-NMR (DMSO-d¢) 8(delta): 1.42 (64, d, J = 5.6 Hz), 2.%1-3.91
(2H, m), 4.77 (18, d

5.20 (1, ¢, J = 13.6 Hz), 5.66 (1H, my, 6.58 (lH, d, J = 8.4
Hz), 6.64 (1H, s}, €

(1H, br), 7.63 (1iH, s}, 7.91 (1H, s), 9.29 {(1H, s), 9.50 (1H,
br)y, 10.4 (1H, s).
MS({ESI): 701 % (M+H)
Elementary analysis for CypHysNgO1S; *4.4H;0

; S, 8.50 (%)

w

~1

Caled.: C, 43.02; H, 4.53; N, 14.3
.37; 8, 8.22 (%)

Z
~
$3
229

Found.: C, 43.12; H, 4.76;
[0161]
Example 43

Synthesis of Compound (II-1;
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fPormula 117)

S
HN—G [ 0
N7y -
\l.l S S / \ o
A I G
— O/ ”N\// /,l\\\//\N, \}‘//\l/.OH
\ [ ! .
COONa* O'A\O’ N ~OH
1i-1
BocHNWA“
O \\ ] J\ }J\"‘H S
P RNV T “
(.\\\IJ(N_O/ COORH 3 § ‘ BOCHN—‘(\ ;; )\
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Step (1): Compound la - Compound 1d

Compound la (3 g, 7.51 mmol) was disclved in methylene

chloride ({30 mlL), followed by «cooling to -30°C, and then

methylhydrazine (0.402 mlL, 7.51 mmol) was added thereto,

stirring for 40 minutes. The reacticn soclution was

subseguently

filtrated, and then to the filtrate was added methanol (15 ml)
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followed by Compound lc {(2.045 g, 7.21 mmol), subseguently
stirring. The reaction solution was concentrated in vacue, and

then to the residue was purified water, followed by extraction

Y=

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 solvent was evapcorated under reduced
pressure to yield Compound 1ld as a yellow olly substance (3.96 g,
100% yield.).
TH-NMR (CDCl;) &{(delta): 7.40-7.13 (104, m), 6.86 (1H, s), 5.71-
5.56 (2H, m), 1.11 (%H, s).
Step (2): Compound 1d - Compound le

Hydrochloric acid salt (2.41 g, 7.56 mmcl) of diphenylmethyl
7-amino-3-chloromethyl~3-cephem-4~carboxylate was suspended in
ethyl acetate (40 ml), and then Compound 1d was added thereto,
and subsequently cooled te -40°C. To the reaction sclution was
added phenyl dichlorophosphate (1.356 ml, 9.0 mmol), and then
added drop-wise N-methylmorpholine (2.458 mL, 22.69 mmel),
followed by stirring at =-40°C. To the reaction solution was
then added agueocus 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 wag dried over anhydrous
magnesium sulfate, and then magnesium sulfate was removed by
filtration. The solvenﬁ 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% yield).
'H-NMR (CDCl:) &{delta): 7.4€6-7.20 (21H, m), 6.93 (1H, s), 6.92
{1H, s}, 5.89 (1H, dd, J = 8.2, 5.0 Hz), 5.87 (iH, d, J = 1.8
Hz), 5.63 (1H, 4, J = 1.8 Hz)}, 4.87 (1H, d, J = 5.0 Hz), 4.47
{(1H, d, J = 12.0 Hz)}, 4.29 (iH, d, J = 11.1 Hz), 3.42 (14, 4, J
= 18.5 Hz), 3.23 {(1H, d, J = 1€.8 Hz), 1.52 (9H, s}.

Step (3): Compocund le - Compound 1f
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Compound le (3.67 g, 3.71 mmol) was dissclved in methylene
chloride (40 ml), and subseguently cooled to -38°C. 65% m-
chloroperbenzoic acid {0.884 g, 3.71 mmol} was added, followed
by stirring for 80 minutes. Agqueous 1% sodium hydrogen sulfite
solution {40 nmL) was added, and then the organic layer was
separated. The organic layer -washed with aqueocus 5% scdium
hydrogen carbonate, washed with purified water, washed with
saturated brine, and then dried cver anhydrous magnesium sulfate.

fagnesium sulfate was removed by filtration, and then the

v,

solvent was evaporated under reduced pressure. The resulting
residue was subjected into silica gel chromatography to yield
Compound 1f as a yellow oily substance (2.67 g, 77% yield).
PH-NMR (CDCl;) 8{delta): 7.49~7.26 (24H, m), 6.94 (1B, s), 6.89
{14, s}, 6.16 (lH, dd, J = 9.8, 4.7 Hz), 5.75 (iH, d, J = 2.GC
Hz), 5.57 (18, d, J = 2.0 Hz), 5.29 (iH, br s), 4.88 (14, 4, J =
12.4 Hz), 4.13-4.10 ({(1H, m), 3.37 (1B, d, J = 18.6 Hz}, 2.81 (1BH,
d, J = 19.7 Hz), 1.52 (SH, s).
Step (4): Compound 1f — Compound 1g

Compound 1£ {(2.67 g, 2.8 Smmo 1) was dissolved in
tetrahydrofuran (25 mlL), and then degassed under light-shielded
condition. Under nitrogen atmosphere, to>the reaction solution
was then added potassium lodide {1.28 v 8.55 mmol},
subsequently stirring. To the reaction sclution was then added
agueous 4% sodium hydrogensulfite solution (25 ml), followed by
extraction £from the agueous layer with ethyl acetate. The
gseparated organic layer was washed with'purified water, washed
with saturated brine, and then dried over anhydrous magnesium
sulfate. Magnesium sulfate was removed by filtratiocn, and then
the scolvent was evaporated under reduced pressure tc yield
Compound 1g as a yellow oily substance.
'H-NMR (CDCl:) 8(delta): 7.50-7.26 (36H, m), 6.98 (1H, s}, 6.90
{1H, s), €.12 (1H, dd, J = &.5, 4.6 Hz), 5.73 (iH, d, I = 1.8
Hz), 5.34 {18, ¢, J = 1.9 EHz), 5.28 (1R, br s), 4.74 (38, 4, J =
9.3 Hz), 4.10-4.04 (1H, m), 3.30 (iH, d, J = 17.2 Hz), 2.96 (1H,

d, J = 18,1 Hz), 1.59-1.47 (9H, m).
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Step (8): Compound 1g - Compound 1i - Compound (II-1)

Compound lg {1.12 g, 1 mnol ) was dissolved in
dimethylacetamide (3 mlL}, and then Compound 1h (6539 mg, 1 mmol)
was added thereto, subseguently stirring &t room temperature for
five and half hours. To the reaction solution was added
purified water, followed by extracticn 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 vremoved by filtration, and then the
solvent was evaporated under reduced pressure to yieid Compound
1i.

Then, Compound 1li was dissolved in methylene chloride (15 mlL),
and subseguently cocled to -350°C. To the reaction solution was
then added phosphorus tribromide (0.189 L, 2 mmol), followed by
stirring at -50°C for 1 hour. Znisole (1.09 mL, 10 mmol) and 2
mol/L aluminum chloride/nitromethane solution (5 mL, 10 mmol}
were then added thereto, focllowed by stirring at»O°C. To the
reaction solution was then added purified water (30 mL) and
diisopropyl ether (50 mL). To the reaction solution was added
acetonitrile and 2 N hydrochloric &cid, and then the
precipitation was dissolved, subsegquently the agueous layer was
separated. The organic laver was extracted with a mixed
solution of water/acetonitrile/dilute hydrochloric acid, and
then to the combined aguecus layer was HP20SS resin, followed by
concentration. The concentrated suspension was subjected into
HP20S8/0DS column chromatography, subsequently eluting with
water-acetonitrile. An aqueocus 0.2 N sodium hydroxide sciution
was used for fractions containing the desired compound to obtain
a sodium salt, and then concentrated in vacuo. The concentrated
solution was lyophilized to yield Compound (II-1l) as a powder
(245 mg, 32% yield).

MS {(m+l) = 736.00

Elementary analysis for C;sH;eC1;N;0:55:Na; (HoO)4.5{NaHCO;) ;1

—
[e0)

Caled.: C, 28.81; H, 4.23; C1, 3.81; N, 10.52; 5, 6.88; Na, 5.

(a2
oo

Found.: C, 38.36; H, 4.50; Cl, 4.55; N, 11.08:; &, 7.19; Na, 5.
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'H-NMR (D,0) S{delta): 7.18 (1H, s}, 6.78
4, J = 4.9 Hz), 5.32~5.28 (2H, m), 5.15 (1H, br s), 4.74-4.82
my, 4.10 (i, d, J = 13.9 Hz), 3.82-3.54 (13K, m}, 2.21-

{1H,
2.07 {35H, m}.
162

[o

Nt

Example 44

Synthesis of Compound (II-2)
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Compound 2a (3.77 g, 9.44 mmol) was suspended in diethyl ether

(280 ml), and then an ether solution (100 mlL) of diazomethane

{28.1 mmol), prepared from HN-methyl-N-nitroscurea (3 ¢, 2%.1
mmol}, was added. After stirring at O0°C overnight, diethyl

ather was concentrated Iin vacue until the veolume reached about
200 mL, and then filtrated. Collection of the filtrated residue
yielded Compound 2b (2.911 g, 70% yield). This was used for the
next step (2} without purification, etc.

Step (2): Compound 2Zb - Compound Zc

Compound 2b (2.911 g, 5.59 mmol) was suspended in toluene (30
mL), and then subjected to heating at reflux for 8 hours and 30
minutes. After the reaction solution was cooled, the
precipitated sclid was filtrated, and then dried in vacuo to
yield Compound 2c¢ (1.35 g, 3.28 rmol).

PH-NMR (DMSO-dg) S{deltaz): 7.85 (4H, s)y, 7.50-7.21 (10H, m), 6.66
(1H, s), 1.78 (2H, dd, J = 8.6, 5.4 Hz}, 1.52 (2H, dd, J = 8.6,
5.4 Hz).

Step (3): Compound 2¢ - Compound 2g

Compound  2c¢ {1.35 g, 3.27 mmol) was used, and treated
similarly as described above to yileld Compound 2g {2.52 ¢, 92%
yield).

YH-NMR {CDCl:) §(delta): 8.19 (1K, br s), 8.02 (1H, d, J = 9.1
Hz), 7.49-7.18 (27H, m), 6.97 (1H, s), 6.8% (1H, s), 5.98 (1H,
da, J = 9.1, 5.0 Hz), 5.02 (1H, d4, U = 5.0 Hz), 4.52 (1H, 4, J =
11.8 Hz), 4.32 (1H, d, J = 11.8 Hz), 3.48 (iH, d, J = 18.3 Hz),

(1B, d, J = 18.3 Hz}, 1.75-1.54 {(15H, m).

W
[\S]
(93]

n

tep (4): Compound 2g - Compound Zh

Compound 2g (2.52 g, 2.5 mmol) was used, and treated similarly
to described above to yield Compound 2h (2.07 g, 87% yield).
PH-NMR (CDCl;) 8{delta): ©.32 (lH, br s), 7.86 (1H, d, J = 8.7
Hz), 7.49-7.20 (274, m), €.8%7 (l1H, s), 6.8 (1H, =), 6.16 ({1H,
dd, &5 = 8.7, 4.5 Hz), 4.80 (1H, d, J = 13.4 Hz), 4.54 (iH, 44, J

8 {(i#, &, J = 12.3 Hz), 3.73 (1B, d, I = 18.5
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Compound 2h  (2.07 g, 2.18 mmol) was used, and treated
similarly as described above to yield Compound 2i {2.23 g, 912
yield).

PH-NMR (CDCl;) S{deltz): 8.36 (1H, br s), 7.86 (1H, 4, J = 9.7
Hz}, 7.50-7.10 (23H, m), 6.98 (1H, s), 6.90 (1H, s), 6.11 (1H,
dd, J = 9.7, 4.% Hz), 4.75 (1H, d, J = 9.0 Hz), 4.52 (iH, dd, J

= 4.9, 1.1 Hz), 4.07 (1lH, &, J = 9.5 Hz), 3.66 (iH, d, J = 18.8
Hz), 3.49 (1H, d, J = 18.8 Hz)}, 1.69-1.43 (15H, m).
Step (6): Compound 21 - Compound 2k - Compound {II-2)

Compound 23 (1.12 g, 1 mmel) was used, and treasted similarly
as described above to yield Compound (II-2) (312 mg, 40% vield).
MS (m+l) = 750.00
Elementary analysis for

C3cH31C1INGO1S;Na (H:0) 3 (NaHCC:) 1 (NaCl): s {H:0) 1.5

é

Calcd.: C, 36.46; H, 4.01; Cl, 8.68; N, ©9.60; s, 6.28; Na, 7.88
Pound.: C, 36.48; H, 4.15; Cl1, 4.26; N, 9.82; 8, 6.33; Na, 7.93

1H-NMR (D,0) 8(delta): 7.03 (iH, br s), 6.84-6.73 (2H, m), 5.84

(1%, 4, J 4.5 Hz), 5.34 (1H, d, J = 4.5 Hz)}, 4.76~4.71 (1H, w),
4.11 (1H, d, J = 13.3 Hz), 3.%8-3.42 (11H, m), 2.31-2.05 (4H, m),
1.43-1.17 {(4H, m).

[0163]

Example 45

Synthesis. of Compound (II-3)
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[Formula 118]
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Step (1): Compound 3a — Compound 3b

Compound Ra (18.6 o 8.4 mmol) was dissclved in
tetrahydrofuran (190 mlL), and then N-hydroxyphthalimide (11.44 g,
70.1 mmol} and triphenylphesphine (18.3% g, 70.1 mmol) were
added thereto. Te the reaction sclution was then added drop-
wise diisopropyl azodicarboxylate (13.63 mL, 70.1 mmol},
subsequently stirring at room temperature. The reaction

solutien was concentrated in vacuo, and then to the resulting
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residue was added methanol (300 mi), followed by stirring at 0°C.
The precipitated sclid was filtrated and then dried under
reduced pressure to yield Compound 3k (8.70 g, 32% yield).

'H-MMR (CDC1:) 8(delta): 7.77~7.69 (4H, m), 7.56 (2H, dd, T = 7.7,
¥z), 7.39-7.36 (3H, w), 7.31-7.23 {(7H, m), 7.18-7.15 (3K, m),
$~7.01 (2H, m), 6.83 (1H, s), 6.04 (1IH, s).

Step (2): Compound 3b - Compound {(II-3)

Compound 3b (4.632 g, 10 mmol) was used, and treated similarly
to described above to yield Compound 3c. Compound 3c (1.068 g,
1 mmol) was dissolved in methylene chloride (10 mL), and then
Compound 3d (0.588 g, 1 mmeol), hydrochloric acid salt (0.23 g,
1.2 mmol) of 1-(dimethylaminopropyl)-3~ethylcarbodiimide, and
pyridine (0.105 mlL, 1.3 mmol) were added therete, followed by
stirring at =18°C for 1 hour. To the reaction solution was
added purified water, followed by extracticen from agueous layer
with methylene chloride. The organic layer was washed with
purified water, washed with saturated brine, and dried over
anhydrous magnesium sulfate. Magnesium sulfate was removed by
filtration, and then the solvent was evaporated under reduced
pressure to yieid Compound 3e.

Then Compound 3e was dissolved in methylene chloride {15 mL},
and subseguently coocled to -30°C. Anisole (1.1 mL, 10 mmol) and
2 mol/L aluminum chloride/nitromethane solution (5 mL, 3iC mmol)
were added, followed by stirring at 0°C. To the reaction
sclution was then added purified water (30 mL) and diisopropyl
ether (50 mL). Acetonitrile and 2 N hydrochleoric acid were

added to the treated reaction solution to digsolve the

precipitation, then the agueous layer was separated. The
crganic layer was extracted with a mixed solution of purified

water/acetconitrile/dilute hydrochleoric acid, and then HP2(CSS
resin was added to the combined agueous layers, fcllowed by
concentration. The concentrated suspension was subjected into
HF2088/0DS column chromatograghy, subsequently eluting the

desired compound with  agueous dilute hydrechloric  acid-

acetonitrile, and then fractions centaining the desired compound
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were concentrated in vacue. The concentrated solution was
lyophilized to vyield Compound (II-3} as a powder (91 mg, 11%
vielid).

Elementary analysis for CiH:ClN;0,S, (H;0) 4 (HCL): s
Calcd.: C, 44.05; H, 4.732; Cl1, 9.56; N, 10.58; 3, 6.92
Found.: C, 43.80; H, 4.55; Cl, 9.533; N, 10.41; &, €.65

'H~NMR (DMSC~ds} 8(delta): 10.2C (1H, br s), 9.64 (1H, 4, J = 7.0
Hz), 8.53 (1H, br sj, 7.51-7.36 (6H, m), 6.8 4

e
(1H, dd, J = 8.0, 5.0 Hz), 5.58 (iH, s), 5.

Example 46

Synthesis of Compound (II-4)
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Step (1): Cempound 4a - Compound 4c¢
70 mmol) was dissolved in aguecus 2 N

(10.42 g,
petassium

Sodium nitrite

D~arginine 4a
suifuric acid solution, and then bromide was added
thereto, and subsequently cooled to -10°C {8.58
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g, 139 mmol) was then added to the reaction solution,

follicwad

by stirring. The reaction solution was extracted with

tetrahydrofuran, and then the organic layer was dr

ied over

‘anhydrous magnesium sulfate. Magnesium sulfate was removed by

filtration, and then the solvent was evaporated under reduced

4 g of Compound ib.

ot

pressure to yield 11.

Compound 4b (5.88 ¢} was suspended in chloroform (60 mL) and

tetrahydrofuran (30 mL), diphenyldiazomethane (6.12 g, 31.5
mmol), followed by stirring at room temperature for two and half
hours. The reaction sclution was concentrated in vacuo, and

then ethyl acetate and agueous 5% sodium hydrogen carbonate were

added, subsequently separating the organic layer. The organic

layer was washed with purified water, washed with
brine, and then dried over anhydrous magnesium
Magnesium sulfate was remeved by filtration, and
solvent was evaporated under reduced pressure. The
residue was subjected into silica gel chromatography
Compound 4c as an oily substance (8.62 g, 79% yield).
'H~NMR (CDCls;) &(delta): 7.42-7.30 (14H, m), 6.87 (1H,
(1H, dd, J = ¢€.1, 6.6 Hz), 2.16 (1H, dd, J = 15.7, 8.1
(1H, 4d, J = 15.7, 6.5 Hz).

Step (2): Compound 4c - Compound 4d

saturated
sulfate.
then the
resulting

to yield

sy, 4.81
Hz), 2.88

N-hydroxyphthalimide (7.77 g, 47.7 mmol) was dissolved in

dimethylformamide (85 mL), and then potassium carbonate (4.9%4 g,
35.7 mmol} was added therete, subsequently stirring at room
temperature. To the reaction solution was then added a sclution
of Compound 4c (8.63 g, 23.83 mmol} in dimethylformamide (435 mLj,

followed by stirring at room temperature for 6 hours and 40

minutes. The reaction solution was poured into 400 mL of

purified water, and then the precipitated amcrphous solid was

filtrated. The obtained solid was then suspended in

methancl.

The resulting solid wag filtrated, and then the residue was

dried in vacuo to yield Compound 44 (1.83 g, 17%).

TH-NMR (CDC1s) d(delta): 7.78-7.71 {4H, m}, 7.35-7.22

€.91 (1H, s} 6.51 {(1H, bxr s}, 5.45 (1H, br s), 5.25 (1H, d4d, J

=i
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= 7,5, 5.0 Hz), 3.04 {(1H, dd, J = 16.5, 7.5 Hz), 2.%5 {(1H4, dd, J
= 16.5, 5.0 Hz).
Step (3): Compound 4d - Compound (II-4)
Compound 4d was used, and treated similarly as described above.
c

to yield Compound (II-4) (88 mg, 11% yield).

ME (m+l) = 781.03

Calcd.: C, 41.%2; H, 4.77; Cl, 6.13; W, 12
Found.: C, 41.52; B, 4.73; Ci, 6.29; N, 12.84; 8, 7.48

*H-NMR (DMSO-d;) 8(delta): 10.23 (1H, br s}, 9.47 (i, d, J = 8.2
Hz), 9.34 (1H, br s), 8.45 (1H, br s}, 7.42 (1H, br s), 7.2% (2H,
s), 6.%7 (iH, br s), 6.81-6.75 (3H, m), 5.78 (1H, dd, J = 8.2,
5.0 Hz), 5.19 (1K, d, J = 5.2 Hz), 5.00-4.87 (2H, m), 4.02 (1H,
4, J = 13.1 Hz), 2.88 (1H, d, J = 17.1 Hz), 3.81-3.17 (6H, m),
2.64 (2H, &, J = 6.4 Hz), 2.16-1.98 (4H, m).

[0165]

Example 47

Synthesis of Compeund (II-5)
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[Formula 121]
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Step (1): Compound 5a - Compound Sc

3

Compound Sa {Ref. Journal of  Labelled  Compound  and

adiopharmaceuticals 4%; 5; 2002; 371-378; (11%4 mg, 4 mmol) was
dissolved in 1,4-dioxane (10 mL}. Then purified water {1 mL),
Compound 5k (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.

Purified water was added to the reaction sclution, followed by

extraction from the aguecus layer with ethyl acetate. The

organic layer was washed with purified water, and then washed

with saturated brine. After the organic layer was dried over

-5
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anhydrous magnesium sulfate, magnesium sulfate was removed by

and then the solvent was evaporated under reduced

pressure. To the resulting residue was then added diisopropyl
ether. Insclubles were filtrated, washed with diisopropyl ether,
and then dried in vacuo to yield Compound 5¢ (415 mg, 42% yield).
PH-NMR (CDCl;) 8{delta): 8.64 (2H, dd, J = 4.5, 1.6 Hz), 7.35 (2H,

4.5, 1.6 Hz), 7.85 (iH, d, J = 8.5 Hz), 6.81 {1H, d, J =

3H, =).

o~

8.5 Hz), 3.93 (34, s), 3.91
Step (2): Compound 5¢ - Compound 5d

Compound 5c (415 mg, 1.66 mmol} was dissolved in methylene
chloride {4 nl), and then a 1 mol/L sclution of boren tribromide
in methylene chloride (4.16 mL, 4.16 mmol} was added thereto,
followed by stirring at room temperature for 30 minutes. To the
reaction sclution was added methanol, 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 5d.
"H~NMR (D,0) 8{delta): 8.74 (2H, d, J = 6.4 Hz), 8.14 (2H, 4, J =
6.4 Hz), 7.06 (1iH, d, J = 8.5 Hz), 7.01 (18, d, J = 8.5 Hz}.
Step (3}: Compound 5d - Compound Ze

Compound 5d {332 mg, 1.087 mmol) was suspended in
dimethylformamide {3 mL), and then potassium carbonate (531 mg,
3.84 mmel) and 4-methoxybenzyl chleride (0.329 mL, 2.414 mmol)
were added thereto in turn, subseqguently stirring at room
temperature. Purified water was then added to the reaction
solution, followed by extraction from the aqueous layer with
ethyl acetate. The organic laver was washed with purified water,
and then washed with saturated brine. The organic layer was
dried over anhydrous magnesium sulfate, subseqguently removing
magnesium sulfate by filtration, and then the solvent was
evaporated under reduced pressure. The resulting residue was

subjected inte silica gel chromatography to yvield Compound 5Se
3 ¥ ¥ P
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.5 Hz}), 5.10 {2H, s), 5.01

3]

5.0, 2.5 Hz), 6.84 (2H, dt, J = 9.2,

-
2

oy
e

iy

. sy, 3. (3, s), 3.80 (3H, s).

+

Step {4): Compound 5e - Compeound 5f — Compound (II-3)

P

Compound 5e (276 mg, ©0.5%8 mmol) was used, and treated
similarly as described above to'yield Compcound (II-3) (240 mg,
58% yield).

MS (m+l) = £88.08

Elementary analysis for CuHzsClNg0:8:(H;0)z.6

Calecd.: C, 45.7C; H, 4.14; C1, 4.82; N, 11.42; s, 8.71
Feund.: C, 45.96; H, 4.05; Cl, 4.85; ¥, 11.3%; 35, B8.36

"H-NMR (DMSO-d;} &{delta): 9.44-9.36 (3H, m), B.21 (24, d, J =

~J

&.7 Hzy, 7.27 (2H, s), 6.8%4 (2H, s}, 6.6S (1H, s), 5.73 (1H, dd,
J = 8.3, 5.0 Hz), 5.64 (1H, d, J = 13.4 Hz), 5.14-5.04 (2H, m),
3.56 {1H, d, J = 17.8 Hz), 3.15 (1H, &, J = 17.8 Hz), 1.40 (6H,

[01€66]
Example 48

Synthesis of Compound (II-6)
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Step (1): Compcund éa - Compound 6c

Compound 6a {2.%% ¢, 10 mmol}) and Compound &b (2.26 , 11

[te]

mnrel) wsre used, and treated similarly as described above

O
=

[

yield Compound éc (1. g, 77% yield).

PH-NMR (CDCl:} &{delta): 8.68-8.62 (1H, m), 8.5% (1H, td, J = 3.1,

1.6 Hz), 7.76 (1E, dzd, J = 7.8, 1.6, 1.6 Hz), 7.34 {(lH, ddt, J
= 7.8, 4.8, 1.1 Hz), 7.05 (1H, dd, J = 8.6, 1.2
dd, J = 8.6, 1.2 Hz}, 3.96-2.20 {6H, m).
Step (2): Compeund 6c - Compound 6d — Compound ég - Compound ¢f
- Compound (II-86)

Compound 6c (1.8 ¢, 7.61 mmuel) was used, and treated similarly
above to yield Compound éd4d (1.54 g, €7% yield).

.54 g, 5.30 mmol; was used, and treated
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similarly to described above to yield Compound 6e (1.l6g, 49%

yield). 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+l) = 689.10

Elementary analysis for CppHz.C1iNgOsS: (H0) 3 (NaHCTOC;};

Caled.: C, 41.88; H, 3.76; Ci, 4.25; N, 10.07; S, 7.68; Na, 3.03

Found.: C, 41.84; H, 4.15; C1, 4.65; N, 10.35; 8§, 7.65; Na, 3.3C

'H-NMR (D;0) &(delta}: 9.10 (1H, s), ©.89 (iH, d, J = 5.8 Hz),
8.58 (1H, 4, J = 8.1 Hz), 8.08 (1H, t, J = 7.1 Hz), 6.85-6.80

o

(35, m), 5.83 (idH, d, J = 4.7 Hz), 5.€4 (lH, ¢, T = 14.6 Hz),
5.33 (iH, d, J = 15.1 Hz)y, 5.28 (iH, d, J = 4.7 Hz), 3.68 (1H, 4,
J = 17.8 Hz), 2.22 (14, d, J = 17.8 Hz}, 1

[0167]

Example 49

Synthesis of Compound (II-7)
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Step (1): Compound 7a - Compound 7b

Compcund 7a {8.34 g, 70 mmol) was dissolved in methylene

chicride (80 mL), and then m-chloroperbenzoic acid (18.58 g, 70
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45

mmol) was added thereto, subsequently stirring at 0°C for

minutes. To the reaction sclution was added an agueous solution

of secdium hydrogen sulfite {8.01 g, 77 mmecl), and then adjusted
to pH 10 with aqgqueous 2 N sodium hydroxide scolution. After

extraction from the aqueous layer with chicroform and
tetrahydrofuran, the organic layer was dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration,
and then the sclvent was evaporated under reduced pressure to
yvield Compcund 7b as a gray solid (8.46 g, 89% yield}).
*H-NMR {CDCl;) &(delta): 8.05 (1H, d, J = 6.3 Hz), 7.14-7.05 (2H,
my, 3.18 {2H, t, J = 7.6 Hz), 2.03 (2H, t, J = 7.6 Hz), 2.28-
2.10 (2H, m).
Step {(2): Compocund 7b - Compound 7c¢

Cempound 7b (4 g, 29.6‘mmol) was dissclved in chloroform (20
mL), and subseguently cooled to 0°C. To the reaction solution
was added phosphorus oxybromide (16.97 g, 5%.2 mmol), followed
by heating at reflux. Ice (5 g) was added into the reaction
solution, and then adjusted to pH 10 with agueous 2 N sodium
hydroxide solution. The agquecus layer was then extracted with
chloroform. 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 solvent was evaporated under reduced
pressure. The resulting residue was subjected into silica gel
chromatography to yield Compound 7c (822 mg, 16% yield).
H-NMR (CDCly) 8(delta): 8.12 (1K, d, J = 5.5 Hz), 7.22 (1H, d, J
= 5.5 Hz), 3.12 (2H, %, J = 7.7 Hz), 2.88 (2H, t, J = 7.7 Hz),
2.22-2.09 (2H, m).

Step (3): Compound 7h - Compound 7i

Compound Th (2.19 g, 7.34 mmol} was dissolved in
dimethvlsulfoxide (20 ml), and then 4,4,47,4',5,5,5",5"%~
ctamethyl~2,2'~bi{1,3,2~-dicnaborane) (2.0% g, §.07  mmoljl,

nej

0]

1,1"-bis(diphenylphosphino) fexrroc

dichlorcpalladium(II) methylene chloride complex (5928 mg, 0.734

mrnel) , nd potassium acetate (2.186 g, 22.01 mmol; 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 aceiate. The organic layer was washed
with purified water, and then washed with saturated brine.
Bfter the organic layer was dried over anhydrous magnesium

suifate, magnesium sulfate was removed by filtration, and then
the solvent was evaporated under reduced pressure. The
resulting residue was subjected into silica gel chromatography
to yield Compound 7i (413 ng, 19% yield). |
*H~NMR (CDCl,} 8{delta): 7.43 (1H, d, J = 8.4 Hz), 6.79 (1H, d, J
= 8.4 Hz), 3.88 (3H, s), 3.83 (3H, s), 1.36 (14H, s).
Step (4): Compound 7c - Compound 7d - Compound Te

Compound 7¢ {923 mg, 4.66 mmol} and Compound 7i (1.08 g, 3.60
mmoel) were used, and treated similarly to described above to
vield Compound 7d (845 mg, 81% yield). Then Compound 7d (845 mg,
2.92 mmol) was used, and treated similarly to described above to
vield Compound 7e (741.6 mg, 74.1 % yield.)
‘H-NMR (DMSO-d¢) &(delta): 10.28 (1H, br s), 9.54 (1H, br s),
£.64 (14, d, J = 6.0 Hz), 7.65 (iH, d, J = 6.0 Hz), 6.8% (1H, d,
J = 8.2 Hz), 6.75 (1H, d, J = 8.2 Hz), 3.27 (2H, t, J = 7.5 Hz},

2

.90 (2H, t, J = 7.5 Hz),

38

Step (5): Compound 7e - Compound 7f

Compound Te {741 mg, 2.186 mmel) was dissolved in
dimethylformamide (7 mL), and then triethylamine (0.829 mlL, €.49
mmol), imidazole (442 mg, 6.49 mmcl), and chloro-t-
butyldimethylsilane ({878 mg, 6.4% mmol) were added, subseguently
stirring at room temperature. To the reaction solution was then
added purified water, followed by extraction 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 sclvent was evaporated undexr reduced
pressure. To the resulting residue was added diiscpropyl ether,
and then filtrated. The residue was washed with diisopropyl

ether to yield Compound 7f (971 mg, 92% yield}.
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{(2H, my, 1.04 (SH, s}, 1.00 (®H, =), 0.26 {(6H, s;, 0.22 {(&H, ).
Step (6): Compound 7f - Compound 7g — Compound (II-7)

Compound 7f (490 mg, 1 mmol) was usad, and treated similarly
to described above to yield Compound (II-7) (287 mg, 38% vield).
MS (m+1l) = 728.21

Elementary analysis for CuHCLNiOS;Na (Hp0)s.5
.70

38}

Caled.: C, 43.79; H, 4.62; Cl, 4.17; N, 9.88; s, 7.54; Na,
Found.: C, 44.09; H, 4.57; Cl, 5.02; N, ©.82; 8, 6.71; Na, 2.76

"H-NMR (DMSO-d¢) 8(delta): 9.15 (1H, d, J = 6.8 Hz), 7.70 (1H, d,
J = 6.8 Hz), €.79 (iH, ¢, J = §.1 Hz), 6.71 (iH, s), 6.59 (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 (18, s), 5.06 (1H, d, J = 5.0 Hz), 3.46 {1H, d,
J = 11.7 Hz), 3.15 (1H, d, J = 17.5 Hz), 2.94 (3H, q, JT = 7.0

Hz), 2.25-2.07 (28, m), 1.41 (68, d, J = 16.8 Hz).

Example 50

Synthesis of Compound (II-B)
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Step (1): Compound 8a - Compound 8c

{2.26 G, 7.6 mmol) was dissolved in

]

Compound Bb

dimethylacetamide, and subsequently cocled to =-15°C. To the

reaction sclution was then added triethylamine {1.475 ml, 10.64

mmel) and methanesulfonyl chioride (0.82% mL, 10.64 mmol},

followed by stirring. To the reaction solution was then added a

solution of Compound 8a (1.02 g, 7.6 nmmol) dissolved in
dimethylacetamide {1 mL}, subseguently stirring at 0°C.

Purified water was added to the reaction solution, fcllowsd by

extraction with ethyl acetate. The organic layer was washed
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with purified water, and then washed with saturated brine.
Efter the organic layer was dried over anhydrous magnesium
sulfate, magnesium sulfate was removed by filtration, and then
the solvent was evapcrated under reduced pressure. The
resulting residue was subjected into silica ¢gel chromatography

to yield Compound 8c {1.25 g, 30% yield).

Step (2): Compound 8¢ - Compound 8d — Compound (II-8)

Compound 8c (623 mg, 1 mmcl) was used, and treated similarly
to described above to yield Compound (IT-8) (305 mg, 34% vield).
MS (m+l) = 772,16
Elementary analysis for C;:H:eCiN;0::8:Na (NaHCC:)¢.»{H:0)..-

Calcd.: C, 43.18; H, 4.34; CLl, 3.96; N, 10.9%5; 8, 7.1¢; Na, 3.08

-

Found.: C, 44.09; H, 4.537; Cl, 5.02; N, 8.82; 8, 6.71; Na, 2.76
[0169]
Example 51

Synthesis of Compeound (II-2)
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Step {1): Compound %a — Compound 9o
Compound %a (12.8 g, 57.3 mmol) was dissolved in ethancl, and
subsequently cooled to -5°C. To the ction scluticon was added
sedium  borohydride (1.41 g, 37.3 mel ) and then calcium
chloride (4.14 g, 37.23 mmol) was added small-portion-wise,

followed by stirring for 45 minutes. The reaction solution was

in

poured into purified water (120 mL), and then ethanol wa

L
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concentrated in wvacuo. The precipitated solid was filtrated to

yvield Compound 9b (4.71 g, 45% yield).

i

'H-NMR (CDC1l;) 8(delta}: 9.16 (1H, 4, J 1.8 Hz), 8.29 (1B, dd,
8

J = 1.8, 8.4 Hz;, 7.35 (iH, d, J = .4 Hz), 4.83 (2H, br s},

~

4.42 (2H, g, J = 6.9 Hz), 3.69 (lH, s), 1.4Z {3H, t, J = 6.9 Hz).

tep (2): Compound 3%b - Compound 8c

W

Compound 8b (7.36 g, 41.7 mmol) was suspended in methylene
chlcoride, and subseguently cooled to 0°C. To the reaction
solution was then added triethylamine (6.36 mL, 45.3% mmol) and
methanesulfonyl chloride (3.57 ml, 453.9 mmel} in turn, fcllowed
by stirring at 0°C. Purified water was then added to 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 in vacuo.
The resulting residue was dissolved 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 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 in vacuvo.
The resulting residue was then subjected into silica gel
chromatography teo yield Compound Sc (8.18 g, 95% yield).

'H-NMR (CDCl;) &(delta): 9.18 (1H, d, J = 2.1 Hz), 8.32 (1H, dd,
J = 8.1, 2.1 Hz), 7.44 (1H, &, J = 8.5 Hz), 4.57 (2H, br s),

= P

4.42 (2K, g, J = 7.0 Hz), 1.42 (3%, t, J = 7.0 Hz).
Step (3): Compound %c — Compound 9d
Compound Sc (8.18 g, 29,7 mmol) was dissolved in

tetrahydrofuran (80 mlL), and then triphenylphosphine (11.45 g,
43.6 mmol) was added, subsequently stirring until gas evolution
ceased. To the reaction scluticn was then added purified water

(7.15 ¢, 397 mmcl), followed by stirring at #0°C. The sclvent
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was evaporated under reduced pressure, and then the resulting
residue was subjected into silica gel chrematography te yield
Compound 9d as green oily substance (6.81 g, 85% yield).
'"H-NMR (CDC1l:) &(deltaj: 9.15 (1H, d, J = 2.0 Hz), £.25 (1H, dd,
J = 8.0, 2.0 Hz), 7.38 (1H, d, J = 8.0 Hz), 4.41 (2H, g, T = 7.4
Mz), 4.03 (2H, s), 1.71 {(2H, s), 1.41 (34, t, I = 7.4 Hz).
Step (4): Compound 8d - Compound Se

To formic acid (7.25 mlL) was added acetic anhydride (7.14 mL,
76 mmol), subsequently heating to 50°C for 30 minutes, and thus
a mixed acid anhydride was prepared. Compound 9d {6.81 g, 37.8
mmol) was dissoclved in methylene chleride {70 mL), and then the
prepared mixed acid anhydride wad added drop-wise thereto,
follcowed by stirring at room temperature. To the reaction
solution was then added agqueous saturated sodium hydrogen
carbonate, follcocwed 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
anhvdrous magnesium sulfate, magnesium sulfate 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% vield).

'H-NMR (CDCl:) (1#, ¢, J = 2.1 Hz), 8.35 {iH, s},

5 4
{, ad, J = 2.1, 8.1 Hz), 7.3% (1H, d, . J = 8.1 Hz), 6€.88

ot

8.28 (1

o

4

~3

1 T

(1H, br s), 4.68 (2H, d, J = 5.2 Hz), 4.42 (2H, g, J = 7.1 Hz),

1.42 (3H, t, J = 7.1 Hzj.

€2}

tep (5): Compound %e -» Compound 5f

Compound 2%e (7.15 g, 34.3 mmo}l) was dissolved in toluene (70
mL), and then phesphorus oxychloride (6.38 mL, 68.7 mmol) was
added, followed by reflux under heating. To the reacticn
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 Dbrine. The organic layer was dried over

In]

anhydrous magnesium sulfate, subseguently emoving magnesium

sulfate by filtration, and then the solvent was evaporated under
p r s
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reduced ©pressure. Te the resulting residue was added
diisopropyl ether, and then filtrated. The filtrated residue
wag washed with diisopropyl ether te yield Compound 9f as a
vellow solid (5.38 g, 82% yield).
PH-NMR {(CDCl:) &(delta}: 8.73-8.70 (1H, m), 8.21 (1H, s), 7.47-
7.41 (2H, m), 7.23 (1H, dd, T = $.7, 1.2 Hz), 4.40 (2H, g, J =
7.1 Hz), 1.41 QBH, t, I = 7.1 Hz).
Step (6): Compound $f - Compound Sg

Compecund 2f (2.85 g, 13 mmol) was dissolved in tetrahydrefuran
{30 mlL), and subsequently coocled to -78°C. To the reaction
sclution was then added drop-wise a 1 mol/L diiscbutyl aluminum
hydride/toluene solutien (37.5 mL, 37.5 mmcl), followed 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 rocom temperature. The
treated reaction solution was then filtrated. The filtrate was
evaporated under reduced pressure, and then the resulting
residue was subjected into silica gel chromatography to yield
Compound 9¢g {1.18 g, 53% yield).
'"H-NMR (CDCl:) 8(delta): B8.06 (1H, s), 7.95-7.81 (1H, m), 7.46-
7.36 (24, m), 6.70 (l1H, dd, J = 2.3, 1.3 Hz), 4.66-4.62 (2H, m).
Step (7): Compound 8g - Compound 9h

3 g, 7.%6  mmol) was dissolved in

=

(223
)

Compound Sg {

~e

dimethylformamide (10 mL), and subsequently ‘coocled to 0°C. To
the reaction solution was added diphenylphosphoryl azide (2.05
miL, 9.56 nmmol), and then 1,8-dizzabicyvcle[5.4.0Jundec-7-ene
(1.44 mL, 2.56 mmol) was added drop-wise theretoc, followed by
stirring at room temperature. Purified water was then added to
the reaction solution, followed by extraction with ethyl acetate.
The c¢rganic layer was washed with purified water, and then
washed with saturated brine. The crganic layer was dried over
anhydrous magrnesium 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 9h.
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Yp-wMp (CDCLl.) b(delta): 8.02 (1H, s), 7.93~7.80 {(iH, m), 7.47
(1, d, J = 5.4 Hz), 7.44 (1lH, s), 6.66 (1H, dd, J = 9.4, 1.3
4

Step (8): Compound 8h - Compound 91 - Cempound 9k
Compound Sh ({(1.13 g, 6.53 mmel) was used, and treated
similarly as described above to yield Compeound 9i. Compound 91
was dissolved in dimethylformamide, and then Compound 9 (3.08 g,
7.18 mmeol), I1-hydroxybenzotriazole (971 mg, 7.18 mmol), and
hydrochloeric acid salt {345 mg, 1.8 mmel ) of i-
{dimethylamincpropyl)-3-ethylcarbodiimide were added in turn,
subsequently stirring at room temperature. To the reaction
soluticn was added purified water, and then the precipitated
sclid was filtrated. The filtrated residue was washed with
ethyl acetate to yield Compound %k (2.2 g, 60% yield).
'H-NMR (DMSC-d¢) &(delta): 8.93-8.80 (2H, m), 8.33 (1H, s), 7.69-
24, d, 3 = 8.6 Hz),

7.59 {(2H, m), 7.43 (2H, d, J = 8.6 Hz), 7.31

7.21 (2H, s), 7.03-6.93 (3H, m), 6.%0-6.83 (2H, m), 5.16 (2H, s),

443

n

4.88 (2H, s), 4.37 (24, d, I = 5.7 Hz), 3.78-3.73 (6H, m).
Step (9): Compound %k - Compound (II~9)

Compound 9k (5358 mg, 1 mmol) was treated similarly as
described above to yield Compound (II-8) (377 mg, 47% yield).
MS {(m+l) = 785.31
Elementary analysis for CipHCLlNe014S5:Na (NaHCOs})e.2{H0)e e
Caled.: C, 41.41; H, 4.29; Cl, 3.78; N, 11.86; S, 6.85; Na, 3.19%
Found.: C, 41.19; H, 4.23; Cl, 4.03; N, 12.24; 8, 6.87; Na, 2.79
'H-NMR (D,C) &(delta): 9.41 (1K, =), 8.25 (1H, s), B8.00 (1K, s),
7.68 (14, 4, J§ = 9.8 Hz), 7.18 (1H, d, J = S$.6 Hz), 6.85-6.8¢
{2H, m}, .79 (1H, 4, 0 = 8.4 Hz), 5.81 {(1H, 4, J = ¢4
5.40 (1H, d, J = 14.5 Hz}, 5.26 {1H, d, J = 4.5 Hz), 5.18 (14, d,
J = 14.5 Hz}, 4.51 (2H, s), 3.65 (1H, d, 0 = 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 1Ca - Compound 10b
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Compound 10a (11.04 g, 40 mmol) was dissolved in diethyl ether
(100 mL} and methylene chloride (400 mi}, and then
diphenyldiazomethane (17.082 g, 88 mmol) was added thereto,
subseguently stirring at rcom temperature for 1 hour. The
reaction sclution was concentrated Iin vacuo, and then hexans was
added thereto. The resulting solid was filtrated to yield

ompound 10b (22.6 g, 83%).
'H-NMR (DMSO~dg ) 8(delta): 5.15 (2H, s), €.93 (2H, s), 7.30-7.50
(20H, m).
Step (2): Compound 10b - Compound 10c¢

Compound  10b 12.17 g, 20 mmol) was dissolved in
dimethylformamide (60 mL), and then triethylamine (3.05 mL, 22.0
mmol ) was added thereto, subsequently stirring at room
temperature for 1 hour. The reaction scluticn was then poured
inte aqueous dilute hydrochloric acid solutioﬁ, followsd by
extraction with ethyl acetate. The o¢rganic layer was washed
with water, and then washed with saturated brine. After drying
over anhydrous magnesium sulfate, the solvent was evaporated
under reduced pressure to yield Compound 10c (10.3 g, 88%).
'H-MMR (CDC1l;) 8(delta): 5.29 (1H,s), 6.59 (1H, s), 6.60 (1H, s),
7.10-7.50 (20H, m).

Step (3): Compound 10c -~ Compound 10d

N-hydroxyphthalimide (2.28 g, 14 mmel) was suspended in
dimethylformamide (10 mL), and then scodium hydride (60%, 480 mg,
12 mmol} followed by Compound 10c were added thereto,
subsequently stirring at room temperature for 30 minutes. The
reaction solution was then poured into ice~cold water, followed
by extraction with ethyl acetate. The organic layer was washed
with aqueous 10% sodium hydrogen carbonate, and then washed with
saturated brine. After drying over anhydrous magnesium sulfate
followed Dby filtrattien, the sclvent was evaporated under
reduced pressure. To the residue was added diethyl ether, and
then the resulting solid was filtrated teo yield Compound 10d

(2.50 g, 41%).
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*H~NMR(CDCl;) &(deita): 5.87 (iH, s), 6.84 (1H, s), 6.86 (1H, s},
7.10-7.40 (20H, m), 7.27-7.80 (£4H, m).
Step (4): Compound 10d - Compound 10e - Compound 10g

Compound 10d was dissolved in methylene chloride (70 mL),
sukbsequently cooled to -78°C, and then methylhydrazine {(0.60 mi,
11.34 mmol) was added thereto, followed by stirring for 1 hour
under ice-cooling. The precipitated solid was filtrated, and
then the filtrate was concentrated in vacuc. To the residue was
then added ethyl acetate. The separated organic laver was
washed with aqueous 5% sodium hydrogen carbénate, and then
washed’ with saturated brine. After drying over anhydrous
magnesium sulfate followed by filtration, the sclvent was
concentrated in vacuo. To the residue was added methancl (100
mL), and <then, at 0°C, Cocmpound 10f was added, subsequently
stirring overnight. The reaction solution was concentrated in
vacuo, and then ethyl acetate was added theretc. The separated
organic layer was washed with aqueous 0.2 N hydrochloric acid,
and then washed with saturated brine. After drying over
anhydrous magnesium sulfate fcllowed by filtration, the solvent
was concentrated In vacuo. The resulting residue was purified
by silica gel column chromatography to yield Compound 10g (2.¢1
g, 35%).
'H-NMR (DMSO-d¢ ) B (delta): 1.49% (9H, s), 6.12 (1H, s), 6.80-7.00
(3H, m), 7.20-7.60 (20H, m}.
Step (5): Compound 10g + Compound 10h - Compound 10i

Compound 10g (2.91 g, 3.97 mmol) was dissclved in methylene
chloride (30 mL), subsequently cooled to -30°C, and then
Compound 1Ch (1.60 g, 3.97 mmol), N-methylmorpholine (2.18 mi,
19.8 mmol),. and phenyl dichlorophosphate (0.589% mL, 3.9%7 mmol)
were added thereto in turn. The reaction solution was stirred
at -30°C for 1 hour. Agueous dilute hydrochleric acid solution
was added to the reaction solution, followed by concentration in
vacuo. Affter the concentrated solution was extracted with ethyl
acetate, the organic layer was washed with agueous 5% sodium

hydrogen carbonate, and then washed with saturated brine. After
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drying over anhydrous maghesium sulfate followed by filtration,
the solvent was concentrated in vacuo. The resulting residue
was purified by silica gel column chromatography to yield
Compound 101 (Z.7% g, 88%).

! —
{

PH-MMR(DMSO-de ) S{delta): 1.53 (9H, =), 3.25(1H, d, J = 18.0 Hz),
3.46 (1H, d, J = 18.0 Hz), 3.78 (3H, s), 4.33 (1H, d, J = 11.7
7 (i, 4, J = 11.7 Hz}, 4.81 (1H, d = 4.8 Hz), 5.16 {(1H,

d, J = 5.7 Hz), 5.21 (1H, 4, J = 5.7 Hz), 5.85-5.90 (1H, m),
6.03 {1H, s), €6.80-7.00 (7H, m), 7.10~-7.40 (20H, m).
Step {6): Compound 10i - Compound 10j

Compound 10i (2.78 g, 2.26 mmol) was dissolved in methylene
chloride ({20 mL), subsequently cooled to -40°C, and then 65% m-
chloroperbenzoic acid (573 mg, 2.4% mmecl) was added thereto,
followed by warming up te -10°C over 2 hours. To the reactiocn
solution was added aquecus 5% sodium thicsulfate solution, and
then concentrated in wvacuo. The concentrated solution was then
extracted with ethyl acetate. The organic layer was washed with
agueous 5% sodium hydrogen carbonate, and then washed with
saturated brine. The organic layer was dried over anhydrous
magnesium sulfate, and then the solvent was evaporated under
reduced pressure to yield Compound 103 (2.61 g, 100%).
lY~NMR (CDCl: ) 8{delta): 1.45 (S9H, s}, 2.39 (1H, 4, J = 17.7 Hz),
3.7% (3H, s), 4.00-4.30 (2H, m), 4.83 (iH, d, J = 17.7 Hz), 5.16
(1H, d, J’= 11.7 Hz), 5.33 (1i#, d, J = 11.7 Hz), 5.80-6.20 (2H,
m), 6.80-~7.10 (4H, m), 7.11-7.60 (24H, m).
Step (7): Compound 10j — Compound 10k

Compound 163 (2.48 g, 2.2¢6 mmol) was dissclved in
tetrahydrofuran (30 mL), subseqguently cocled to 15°C, and then
potassium iodide (1.08 g, 6.78 mmol) was added thereto, followed
by stirring for 1 hour. To the reaction soliution was added
agueous 5% sodium thiosulfate sclution, and then the solvent was
concentrated in vacueo. The concentrated solution was extracted
with ethyl acetate, and then the organic layer was washed with

saturated brine. The organic layer was dried over anhydrous
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magnesium sulifate, and then the sclvent was evaporated under

educed pressure to yield Compound 10k (2.72 g, 98%).

it

"H-NMR (CDCl;) S(delta): 1.43 (8H, m), 3.35 (1H, d, J = 1i8.3 Hz),
79 {(3H, s), 4.00-4.30 (2H, m), 4.63 (1H, 4, J = 1.3 Hz), 5.15

3.
(1#, 4, T = 11.7 Hz), 5.35 (1H, &, J = 11.7 Hz), 5.90-6.20 (2H,
m), €6.80~-7.14 {(4H, m), 7.15-7.60 (Z24H, m).

Step (8): Ceompound 10k -+ Compound 10m - Compound (1I-10)

Compound 10k (1.23 g, 1 mmol) and Compound 101 (525 mg, 1
mmol) were dissolved in dimethylformamide (3 ml), subseguently
stirring at room temperature for 2 hours. The reaction soluticn
was diluted with dimethylformamide (6 mL), and then potassium
iodide (1.36 g, 7 mmol} was added, followed by cooling to —~40°C.
Acetyl chleride (0.285 mL, 4 mmol) was then added, subseguently
stirring at 0°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 yield Compound 10m.

Then Compound 10m was dissolved in methylens chloride (10 mL)
and anisole (0.6 mL), and subsequently cooled to -40°C. To the
reaction sclution was then added 2M-aluminum
chloride/nitromethane solution (2.7 mL), followed by stirring at
0°C for 50 minutes. To the reaction solution was then added
agqueous 2 N hydrochleric acid (60 mL), acetonitrile (50 mL}), and
diethyl ether (100 nl). The aquenus layer was separated, and
then washed with diethyl ether. The solvent was then
concentrated in vacue. The concentrated sclution was subjected
into HKP-20835 column chromatograrhy eluting with acetonitrile-
water, and then desired fracticns were concantrated in vacuo.
The concentrated sclution was lyopholized to yield Compound (II-
10) as a white powder (205 mg, 26%).

'H-NMR(D; 0) d(delta): 2.22-2.40 (4H, m), 3.40-4.20 (12H, m), 5.34
(14, d, 0 = 4.8 Bz), 5.65 (1H, s), 5.85 (1H, d, J = 4.8 Hz),
6.72 (24, s), 7.1% (1H,s).

Elementary analysis for CspsH:;sCIN;O;;:8,3.0H;0
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[Formula 127]
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tep (1): Compecund lla + Compound 1lb - Compound ilc
Compound ila {3.00 g, 7.0 mmol) was dissclved in

=

dimethylacetamide (30 nl}, and then triethylamine (1.26 mL, 9.10
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mmely was added, and subseguently cooled to ~15°C. To the

reaction scliution was added methanesulfonyl chloride {0.€6 mL,

8.40 mmol), focllowed by stirring fer 1 hour at =-15°C. To the
reaction solution was then added a solution of Compound 1lb in
dimethylacetamide (3 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 sclvent was evaporated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography to yield title compound 1llc (3.63 g,
892%) .

*H-NMR (CDC1l:) O&(delta): 1.50-2.10 (8H, m), 2.20-2.80 (4H, m),
2.81-3.10 (2H, m), 3.40-4.00 (84, m), 4.80~-5.05 {m, 2H), 5.06~-
5.20 {m, 2H), 6.80-7.00 (4H, m), 7.20-7.40 (6H, m).

Step (2): Compound 1lld + Compound 1lc - Compound lle - Compound
(II-11)

Compound 11d (1.06 g, 1 wmmel) and Compound 1ic (565 mg, 1
mmoel) were dissolved in dimethylformamide (3 ml), subseqguently
stirring at room temperature for 2 hours. The reaction solution
was diluted with dimethylformamide (6 mL), followed by cooling
to -40°C, and then phosphorus trikromide (0.188 mL, 2 mmeol) was
added thereto, subseguently stirring for 1 hour. Ice and ethyl
acetate were then added to the reaction sclution. The separated
crganic aysr was washed with water, and then washed with
saturated brine. After drying over anhydrous magnesium sulfate
followed by filtration, the solvent was concentrated in vacuo to
yield Compound lle.

Then, Compound lle was dissolved in methylene chloride (10 mlL)
and aniscle (0.6 mL), and subsequently cocoled to -40°C. 2M-
aluminum chloride/nitromethane solution (2.7 mL) was then added
to the reactiocn sclution, followed by stirring at 0°C for 50
minutes. To the reaction sclution was then added agueous 2 N

hydrochloric acid (60 mL), acetenitrile (50 mL), and diethyl
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ether (100 mL). The aqueous layer was separated, and then
washed with diethyl ether. The solvent was then concentrated in
vacuo. The <concentrated sclution was subjected into HP-20SS
column chromatography eluting with acetonitrile-water, and then
fractions containing the desired Compound were collected.
Collected agueous solution was adjusted to pH=6 with agueous
02 N sodium hydroxide solution, and then concentrated in vacuo.
The concentrated solution was lyophilized to yield Compound (II-
11} as a white powder (222 mg, 27%}.
'B-NMR(D,0) §(delta): 1.48 (34, s), 1.50 (3H, s), 1.80-2.60 (§H,
m), 3.20 (1H, d, J = 14.1 Hz), 4.24 (1H, d, J = 14.1 Hz), 5.3¢6
(1H, d, J = 4.8 Hz), 5.86 (1H, d, J = 4.8 Hz), 6.50~-6.90 {(2H, m),
£.98 (1H, s).
Elementary analysis for Ci;3HigClNy0,1p3S:Na*4.8H,0+0.8 (NaHCO;)
Calecd.: C, 41.90; H, §5.03; Cl, 3.66; N, 10.12; 0O, 28.40; s,

€.22; Na, 4.27 (%)
Found.: C, 41.74; H, 5.0%; Cl, 3.24; N, 10.61; S, 6.97; Na, 4.79
(%)

(0172

Example 54

Synthesis of Compecund (II-12)
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Step {1): Compound 12a — Compcound 12b

Compound 12a (2.63 g, 15 mmol) and triethylamine (4.16 wmL, 30

mmol) were dissolved in methylene chloride (20 mL}, and then
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cooled to 0°C. To the reaction solution was then added

methanesulfonyl chloride (1.2% mL, 16.5 mmol), subseguently

warming up to room temperature gradually. The reaction soluticn
was stirred at room temperature for (.5 hour, and then
triethylamine {4.1i¢ mL, 30 rmmol) and methanesulfonyl chloride
(1.29% miL, 16.5 mmol) were added. To the reaction sclution was

then added 5% sodium hydrogen carbonate solution, followed by

extracticn with methylene chloride. The organic layer was dried
over anhydrous magnesium sulfate, fiitrated, and then
concentrated in wvacuo. To the concentrated solution was then

pyrrolidine (16.1 mL, 185 mmol), subsequently heating to 50°C
with stirring. To the reaction solution was added agueocus 1 N
hydrochloric acid solution, and then the aqueous layer was
separated. To the agueous layer was added agueous 1 N sodium
hydroxide solution, and then extracted with ethyl acetate
follcwed by methylene chleoride. The organic layer was dried
over maghesium sulfate, followed by filtration, and then the
sclvent was concentrated Iin vacuo to Compound 12b as a crude
product. Compound 12b was used for the next reaction without
purification.
'H-NMR (CDCls) O(delta): 1.76 (3H, d, J = 6.6 Hz), 1.44 (9H, s},
1.70-1.90 (4H, m), 2.20-2.65 {(6H, m), 3.35-3.50 (1H, s).
Step (2): Compound 12b - Compound 1Zc¢

The crude product (an amount equivalent to 2 mmol), which
contains Compound 12b obtained in the previous step, was

dissolved in methylene chloride (1 mL), and then triflucrcacetic

acid (4.62 mlL} was added thereto, subsequently standing
overnight. The reaction sclution was concentrated in vacuo, and
then methylene chloride (2 mL) was added thereto. 4 N

hydrochloric acid/ethyl acetate (1.25 mL, 5 mmel) was then added

at 0°C thereto, Ffollowed by stirring. The solvent was then

concentrated in vacuc to yield Compound 12c as a crude produt.

Compound 12c¢ was used for the next reaction without purificatioen.

TH-NMR (D, ©) 8(delta): 1.45 (3H, d, J = 6.0 Hz), 1.80-2.40 (4H, m),
1

3.00-3.50( 4H, m), 3.51-3.64 (2H, m), 3.€8-4.00 (1H, m).

/



10

15

20

25

30

35

181

Step {3): Compound 12c¢ + Compound 12d - Compound 1Ze

Compound 12d (686 mg, 1.6 mmol ) was dissolved in
dimethylformamide (7 mlL), and then cooled to 0°C. Hydrochloric
acid salt (337 mg, 1.76 mmol) cof N-{3-dimethylaminopropyl)-N'-
ethylcarbodiimide, and 1l-hydroxybenzotriazole (270 mg, 1.76

mmcl) were added in  turn, subseguently stirring at room

temperature for 30 minutes. After the reaction solution was
cocled to 0°C, a dimethyiformamide (2 mL) solution of a

composition {an amount eguivalent to 2 mmol), which comprises

Compound 12c obtained in Step (2), was added thereto, followed
by adding triethylamine (0.%8 mL, 7.2 mmol). Into the reaction
solution was then added ethyl acetate{50 mlL) and 5% sodium
hydrogen carbonate sclution. The separated organic laver was
washed with water, and then washed with saturated brine. The
organic layer was dried over anhydrous magnesium sulfate, and
then the sclvent was evaporated under reduced pressure to yield
Compound 12e (714 mg, 83% yield from Compound 12a).

'H~NMR (CDCl:) 6(delta): 1.32 (34, d, J = 6.3 Hz), 1.60-1.80 (4H,

H, s}, 4.10-4.25 (1H,

)

m)y, 2.40-2.80 (6H, m), 3.80 (3H, s}, 3.83 {
m)y, 4.94 (2H, s), 5.07 (24, s}, 6.80-7.00 (6B, m), 7.25-7.50 (4H,
md .

Step (4): Compound 12£f + Compound 1l2e — Compound 12¢g - Compound
(TI-12)

Treatment similar to that described above yielded Compound (II-
12) (140 mg, 18%).

'E-NMR (D, 0) 8(delta): 1.20-1.80 (9H, m), 2.00-2.40 (4H, m), 3.20-

4 Hz), 4.20 (iH, d4, J = 14.1

3.80 (BH, m), 3.85 (i#, d©, J = 14.1

Hz), 5.36 (1H, d, J = 4.8 Hz), 5.89% (iH, d, J = 4.8 Hz), 6.60-
§.80 (2H, m), 6.97(1H, s}.

Elementary analysis for Cy3;H:gClN:0; 05, Na*4.8H,00.8{NaHCO;)}
Caled.: C, 41.90; H, 5.03; Cl, 3.66; N, 10.12; C, 28.40; 8,

6.22; Na, 4.27 (%)
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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 (326 mg, 1.5 mmol) and Z-pyrroline (0.251 mL, 3.3
mmoll were dissclved in acetonitrile, and then potassium iocdide
{249 mg, 1.5 mmol) and potassium carbonate (622 mg, 4.5 mmol)
were added, subseguently heating to 30°C for 1 hour. 1 N
hydrochloric acid and ethyl acetate were added, and then the the
agueous layer was separated. To the separated agueocus layer was

dded aguecus 1 N sodium hydroxide sclution, and then the

sl

aguecus layer 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 te yield
Compound 13b {288 mg, 90% yield).
'H-NMR (CDCl:) 8(delta): 1.44 (%H, =), 2.70-2.90 (2H, m}, 3.10-
3.40 (2H, m), 3.60-3.70 (4H, m), 5.77 (2H, =).
Step {2): Compound 13b - Compound 13c

Compound 13b (289 mg, 1.36 mmel) was dissolved in methylene
chloride (1 mL), and then trifluorcacetic acid (3 ml) was added
thereto, subsequently standing overnight. The reaction scolution
was then evaporated under reduced pressure. The residue was
dissolved in methylene chloride (2 mL}, and then a 4 N
hydrochloric acid/ethyl acetate solution (0.85 ml) was added
thereto, followed by stirring. The solvent was evaporated under
reduced pressure to yield Compeound 13¢c as a crude product,
Compound 13c¢ was used for the next reaction without purification
PH~NMR ({D;O) §(delta): 3.40-3.50 {2H, m), 3.60-3.80 (2H, m), 4.00-
4.60 (4H, m), 5.95 (2H,s).
Step (3): Compound 13c + Compound 13d — Compound 13e

Treatment similar as described above yielded Compound 13e (468

mg, 85%).
'H-NMR (CDC1l;; O&(delta): 2.80-3.00 (2H, m), 3.51-3.55 (6éH, m),
3.7% (3H, s), 3.80 {(23H,s), 4.96 (24, s), 5.07 {(2H, s), 5.77 {(ZH,
7

.8
sy, €.80-7.00 (4H, m), 7.25-7.60 (6H, m).

Step (4): Compound 13f + Compound 13e - Compound 13g - Compound
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Treatment similar as described above yielded Compound (II~13)
(300 mg, 43%).
*H-NMR (D:0C) S(delta); 1.48 (34, s), 1.50 (3H, s), 3.40-4.00 (64,
m), 4.20-4.60 (64, m), 5.33 (iH, d, J = 5.1 Hz), 5.85 {(1H, d, J
= 5.1 Hz), 5.%9 (2H, s}, &.72 (2H, s}, €.87 (1H, s).

Elementary analysis for C3¢H;,CIN;008;Na*4.1H,0 1.0 (NaHCO;)

3

Caled.: C, 40.03; H, 4.36; Cl, 3.81; N, 10.54; O, 29.42; s,
6.80; Na, 4.24 (%)

6; ¢i, 3.71; N, 10.88; s, 7.12; Na, 5.32

i

Found.: C, 39.%0; H, 4.
(%)

[0174]

Example 56

Synthesis of Compound (II-14)
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[Formula 130]
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Step (1}: Compound lda - Compound i4c - Compound 14d

Compound 1lé4a (859 mg, 5.54 mmel) was suspended in thionyl
chloride (3.9%4 mL, 54.0 mmcl), subsequently stirring at 80°C fox
2 hours. After thionyl chloride was evaporated under reduced
pressure, dimethylacetamide was added to the residue. The
reaction solution was cocied to 0°C, and then Compound ldc (1.64

4.5 mmcl} was added thereto, followed by adding triethylamine

/U\ cl N '
OH IN/ o
@ @ NS I\/\OPMB
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(1.25 mL, 9 mmcl). The reaction solution was then poured inte
aqueous sodium carbonate, followed by extraction with ethyl
acetate. The organic layer was dried over anhydrous magnesium

ate, and then the solvent was evaporated under reduced

bt
b

su
pressure to yield Compound 14d (1.70 g, 75%).

PH-NMR(CDCl;) b&{deita): 1.70-1.90 ({8¥H, m), 2.90-3.10 (6H, m),
3.80 (3K, s), 3.81 (3H, s), 5.01 (2H, s), 5.05 (2H, s), 6.80-
7.00 (5H, m), 7.20-7.40 (6H, m).

Step (2): Compound l4e + Compound 1l4d —~ Compound 14f - Compound

(II-14

——t

Treatment similar as described above yielded Compound (II-14)
(318 mg, 44%).
LH-NMR (D, 0) 8(delta): 1.4% (3H, s), 1.51 (3H, s), 2.10-2.40 (6H,
m), 3.20-4.00 (10H, m), 5.35 (iH, d, J = 4.8 Hz}), 5.88 (1H, d, J
= 4.8 Hz), 6.70-6.80 (1H, m), 6.80-6.90 (ZH, m}, 6.97 (1H, s).
Elementary analysis for C;1H3zsN;C;¢S,;Na"4.3H,0
Calecd.: C, 46.12; H, 5.44; N, 12.15; O, 28.34; 5, 7.%4 (%)
Found.: C, 46.01; H, 5.20; N, 12.13: S, 8.035 (%)
[0175]
Example 57

Synthesis of Compound (II-15)
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{Formula 131}
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Step (1): Compound 15a - Compound 15d

Synthesis of Compound 13d from Compound 15a was carried out
according to WO 2002/076979.
Step (2): Compound 15 + Compound 15d — Compound 15f

Compound 15e (1.351 g, 3.52 mmol) was dissolved in methylene
chloride {20 mL), and then diisopropylethylamine (1.48 mL, B.45
mmol), l-methylimidazole, Compound 15d (621 mg, 4.19 mmcl), and
diphenyl chlorophosphate (0.872 mL, 4.19 mmol) were added in
turn, followed by stirring. The sclvent was concentrated in
vacuo, and then the residue was purified by silica gel column
chromategraphy to yield Compound 15f (981 mg, 50%).
YH-NMR (CDCls) 6&{delta): 1.80-2.00 (2H, m), 2.60-2.72 (2H, m},
2.82-3.00 (2K, m), 3.80 (3H, s), 3.84 (3H, s), 4
5.13 (2H, s), 6.80~8.40 (12H, m).
step (3): Compound 15g + Compound 15f - Compound 15h - Compound
(IT-15)

Treatment similar as described above yielded Compound {(II-15)
{249 mg, 31%).
PH-NMR (D, 0) &(delta): 1.48 (6H, s), 1.60-2.00 (4H, m), 2.60-2.80
(2H, m), 2.90-3.10 (2H, m), 3.23 (1H, d, J = 1€.3 Hz), 3.43 (1H,
d, J = 18.3 Hz), 5.13 (1H, d, J = 14.7 Hz), 5.23 (1, d, J = 4.5
Hz), 5.82 (1H, d, J = 4.5 Hz}, 6.73-6.77 (lH, m), 6.%2 (lH, s),
7.00-7.07 (1H, m), 8.33~-8.35 (1H, m), 8.44-8.47 (1H, m).
[0176]
Example 58

Synthesis of Compound (II-16)
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[Fermula 132]
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Step {1}: Compound 16a - Compound 1léb

Compound 16a (7.12 g, 30 mmol) was dissolved in methylene
chloride (50 ml), and then triethylamine (8.32 mL, 60 mmol) was
added. The reactiocn solution was cocled to 0°C, and then
methanesulfonyl chloride (2.57 mL, 33 mmol) was added drop-wise

over 10 minutes. After the reaction solution was stirred at

rocem temperature for 20 minutes, agqueous saturated sodium
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hydrogen carbenate was added thereto, subsequently the organic
layer was separated. hfter the organic layer was dried over
anhydrous sodium sulfate, sodium sulfate was <removed by
filtration, and then the solvent was concentrated 1in vacuo.
Pyrrolidine (32.3 mlL, 390 mmol) was then added tc the resulting
concentrated residue, followed by heating to 50°C for 2.5 hours
with stirring. Excess pyrrolidine was evaporated under reduced
pressure, and then water was added to the resulting concentrated
residue, followed by extraction with ethyl acetate. The organic
ilayer was washed with water, washed with saturated brine, and
then dried cver anhydrous magnesium sulfate. Magnesium sulfate

was removed by filtration, and then the solvent was concentrated

in vacuo. The resulting crude product was purified by silica
gel column chromatography to yield 16b as a white solid (7.23 g,
83%).

PH-NMR (CDC1l;) S{delta): 1.3% (9H, s}, 1.73-1.77 (4H, m), 2.42-
2.57 (5#, m), 2.76 (1H, dd, J = 8.9, 12.3 Hz), 4.59 (1H, br},
5.54 (1H, d, & = 4.2 Hz), 7.20-7.324 (5H, m}.
Step (2): Compound 16b — Compound léc - Compound lée

Compound 16b (7.23 g, 24.% mmol) was dissolved in methylene
chloride (35 mL), -and then trifluorcacetic acid (34.5 ml, 448
mmol) was added, subseguently stirring at room temperature
overnight. The solvent was evaporated under reduced pressure,
and then ethyl acetate was added to the resulting concentrated
residue, followed by extraction with aqueous 2Z N hydrochloric
acid solution. An aqueous 2 N scdium hydroxide solution was
then added to the agqueocus layer until the agqueocus layer had a pH
7-8, followed by extraction with methylene chloride. The
organic layer was dried over anhydrous sodium sulfate, and then
sodium sulfate was removed by filtration. The solvent was
concentrated under reduced perssure, and then further dried in

vacuo to yield Compound 16c as a brown oil. The obtained 1éc

$)

]

was used for the next reaction without purification.
Compound 16d (6.43 g, 15 mmol) was dissolved in

dimethylformamide (70 mlL), subseguently cocoled to 0°C, and then
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hydrochloric acid salt {3.16 g9, 16.5 mmol) of N~ (3=
dimethylaminopropyl)~N'-sethylcarbediimide and 1i-
hydroxybenzotriazole {2.53 g, 16.5 mmol)} were added thereto in

turn, followed by stirring at room temperature for 1.5 hours.

The reaction solution was coocled to 0°C, and then Compound 16¢
{3.43 g, 18 mmol) and triethylamine (6.24 mL, 45 mmol) were
added thereto, subsequently stirring at 0°C for 2 hours and then
standing at room temperature overnight. Water and
tetrahydrofuran were added to the reaction mixture, followed by
extraction with ethyl acetate. The organic layer was washed
with aqueous saturated sodium hydrogen carbonate, 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. Isopropyl acetate was then
added to the residue obtained. The resulting scolid was
filtrated, and then dried in vacuo to yield Compound 16e as a
white solid (6.31 g, 70%).

TH-NMR (DMSO-d¢) 8({delta): 1.66 (4H, br), 2.50 (4H, br), 2.36 (1H,
g, J = 6.3 Hz), 2.81 (1H, dd, § = 5.3, 12.0 Hz), 3.74 (3H, s},

3.76 (3H, s), 4.87 {(2H, s), 5.06 (1H, dd, J = 8.0, 15.0 Hz},
5.16 (2H, s}, 6.87 {24, d4, J = 8.7 Hz), ©.87 (2H, 4, T = 8.7 Hz),
7.09 (1, d, J = 8.4 Hz), 7.18-7.26 (ZH, m}, 7.29-7.34 (4E, m},

7.37-7.40 {(ZH, m), 7.42 {(2H, 4, J = 8.7 Hz).

Step (3): Compound 16e + Compound 16f — Compound 16g — Compound
{1I~-1¢)

Compound 16e {1.20 g, 2.0 mmol} was suspended in a mixed
scivent of dimethylformamide (6 mi) 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 to =-40°C, and then phosphorus
tribromide (0.377 mi, 4 mmel) was added, subseguently stirring

at 0°C for 1 hour. Ice-cold water was added to the reaction

9}

mivture, followed by exiraction with ethyl acetate. The crgani

layer was washed with water, washed with saturated brine, and
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then dried over anhydrous magnesium sulfate. Magnesium sulfate
was then remocved by filtration. The solvent was concentrated
under reduced pressure, and then further dried in vacuo to yield
Compound 16 g as a brown formed soclid. The obtainsd Compound
1ég was used for the next reaction without purification.

The whole amount of Compound 16g obtained was dissolved in
methylene chloride ({30 mL), subsequently cocled to -40°C, and
then anisole (2.19 mL, 20 mnol) and 2M=-aluminum
chloride/nitromethane solution (10 mL, 20 mmol) were added
thereto in turn, followed by stirring at 0°C for 1 hour. To the
reaction solution was then added agueocus 2 N hydrochloric acid
solution, acetonitrile, and diisopropyl ether that had been
cooled to 0°C, subsequently stirring to completely dissolve
insolubles. To the separated aqueocus layer was added HP20-SS
resin, and then acetonitrile was cencentrated in vacuo. The
resulting mixed solution was purified by oDSs column
chromatography. To the obtained scluticn of the desired
Cempound was then added agueous 0.2 N sodium hydroxide solution
until the solution had pH=6.0. Excess sodium hydroxide was then
neutrslized by adding one piece of dry ice. The resulting
sclution was concentrated in vacuo, and then lyophilized to
yield Compound (II-16) as a white powder (0.48 g, 28%).

YH-NMR (D;0) 8(delta): 1.48 (3H, s}, 1.49 (3H, s), 3.42-3.94 (9H,
m), 4.235 (1K, d, J = 14.4 Hz), 5.25 (lH, d, J-= 4.8 Hz), 5.71
(1H, bry, 5.83 (iH, 4, J = 4.8 Hz), €.57 (1H, d, J = 8.4 Hz},
6.67 (1B, d, J = 8.1 Hz), 7.48 (5H, kr}.

nalysis for:CseH;-CIN;0;8;:Na*0.1NaHCO: +4.8H, O

=
}.

®
=
¢

=
t
Qo
H
2,

i

4.98; Cl, 3.7%; N, 10.37; 8, 6.79 (%)
Found.: C, 45.85; H, 5.05; Cl, 3.983; N, 10.28; 8, 6.72 (%)
[0177]

Example 59

~
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Synthesis of Compound
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Step (1): Compound 17a — Compound 17k — Compound 17¢

Compound 17a (5.0 ¢, 24.6 mmol) was dissolved in methylene
chloride {40 mL), and then triethylamine (6.82 mL, 49.2 mmol)
was added thereto, subsequently cooling to 0°C. Methanesulfonyl
chloride (2.11 mL, 27.1 mmol) was added drop-wise to the

reacticon solution over 10 minutes. The reaction solution was

n

stirred at room temperature for 1 hour, and then agueocu
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saturated sodium hydrogen carbonate was added thereto, followed

by ezxtraction with methylene chloride. The oxrganic layer was
dried over anhydrous magnesium sulfate, and then magnesium
sulfate was removed by filtration. The solvent was then
evaporated under reduced pressure. Pyrrelidine (26.4 mL, 320
mmol ) was added to the resulting concentrated residue,

subsequently heating to 50°C for 2.5 hours with stirring.
Excess pyrrcolidine was evaporated under reduced pressure, and
then ethyl acetate was added to the resulting concentrated
residue, followed by extraction with aguecus 1 N hydrochloric
acid solution. To the aqueocus layer was added agqueocus 2 N
sodium hydroxide solution until the sclution had a pH of 7-8,
fellowed by extraction with methylene chloride. The co¢rganic
layer was washed with watex, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration,
and then concentrated in vacuo to yield Compound 17b as a white

solid. The obtained Compound 17k was used for the next reaction

without purification.

The whole amount of Compound 17b obtained was dissolved in
methylene chioride (22 mlL), and then triflucrcacetic acid (22.0
ml, 285 mmol) was added, subsequently stirring at room
temperature overnight. The scivent was evaporated under reduced
pressure, and then ethyl acetate was added to the concentrated
residue, followed by cooling to 0°C. 4 N hydrechloric
acid/ethyl acetate solution (40 mL) was then added to the
solution, subsequently stirring at 0°C fer 15 minutes. The
resuiting solid was filtrated, and then dried in vacue to yield
Compound 17c as a white solid (3.50 g, 62%).

JH-NMR (DMSO-d¢) S{delta): 0.%7 (6H, dd, J = 3.3, 6.9 Hz), 1.87-
.93-3.15 (2H, m), 3.45-3.59 (4H, m), 3.76 (1H,

Step (2): Compound 17c¢ —* Compound 1l7e
Compound 174 (2.4 g, 15 mmol) was dissoclved in
dimethylformamide (70 mL), subsequently cooling to 0°C, and then

hydrochloric acid salt {(32.16 g9, 16.8 mmol) of N- {3~
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3

dimethylaminopropyl)-N'-ethylcarbodiimide, and 1-
hydrozybenzotriazole (2.53 g, 16.5 mmol) were added theresto in
turn, fellowed by stirring at room temperature for 1.5 hours.

The reaction soluticn was coocled to 0°C again, and then Compound

17c ({3.44 g, 15 mmol) and triethylamine (10.4 mL, 75 mmol) were
added, subseguently 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 organic laver was washed
with agueous saturated sodium hydregen carbonate, washed with
saturated brine, and then dried over anhydrous magnesium sulfate
Magnesium sulfate was removed by filtraticn, and then the
solvent was concentrated iIn vacuo. Diisopropyl ether was then
added to the resulting  residue. The resulting solid was
filtrated,  and then dried in vacuoc to yield Compound 1
white solid (6.21 g, 73%).

*H-NMR (DMSO-d¢) d(delta): 0.89 (6H, dd, J = 6.9, 16.2 Hz), 1.66
(4H, br), 1.84 (1H, td, J0=7.2, 1i8.6 Hz), 2.38-2.51 (6H, m), 3.75
{1H, =), 3.76 {14, s}, 3.%4 (1H, m), 4.87 {24, s), 5.15 (2H, =),
&.87 (2H, d, J = 8.7 Bz), 6.96 (2H, d, J = 8.7 Hz), 7.05 (1H, 4,

I3

J = 8.7 Hz), 7.18 (18, d, J = 8.7 Hz), 7.32 {2H, 4, J

i
o
~1
o>
™
~

7.42 (2H, d, T = B.7 Hz), 7.97 (2H, d, T = 9.0 Hz).
Step (3): Compound 17e + Ceompound 17f — Compound 17g — Compound
(I1-17)

Compound 17e (1.20 g, 2.0 mmol) was dissolved in a mixed
solvent of dimethylformamide (6 mL) and tetrahydrofuran (2 mL},
and then Compound 17f (2.12 g, 2.0 mmel} and sodium hydrogen
carbonate {€.34 g, 4.0 mmol) were added thereto, subsequently
stirring at room temperature for 2 hours. The reaction solution
was cooled to -40°C, and then phosphorus tribromide (6.377 mL, 4
mmol) was added, followed by stirring at 0°C for 1 hour. Ice-
cold water was then added to the reaction mixture, folloed 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 than the solvent

pressure to yield Compound 17g as a br
obtained Compound 17g was used for the

purification.

was evaporated under reduced
own formed solid. The

next reaction without

Then the whole amcut of Compound 17g obtained was dissclved in

methylene chleoride (30 mlL), and then ani

and ZM-aluminum chloride/nitromethane

were added at -40°C in turn,

1.5 hours. To the reaction solution was
acetonitrile,
separated.

layer was then

to the agueocus layer,

The resulting concentrated solut

vacuo.
column chromatography. An aguecus 0.
solution was added to the solution of

compound until the solution had pH=6.0.

was then neutralized by adding

obtained solution was concentrated

lyophilized to yield Compound {II-17} as

sclution

one piece

sole (2.19 ml, 20 mmecl)

{10 mL, 20 mmci)

subsequently stirring at 0°C for

added 2 N hydrochloric

and diisopropyl ether that had been cooled

followed by stirring to completely dissolve insolubles.

HP20-SS resin was added

and then acetonitrile was concentrated in

ion was purified by 0DS
2 N sodium hydrexide
the resulting desired
Excess sodium hydroxide
of dry ice. The

in vacuo, and then

a white powder (823 mg,

50%) .
YH-NMR (D, 0) &{delta): 0.85-1.05 (5H, m), 1.49 (3H, s), 1.51 {3H,
sy, 2.07 (iE, br), 2.19 (4H, br), 3.43-3.69 (8H, m), 3.99 (iH, d
J = 16.8 Hz), 4.18 (1H, d, & = 13.8 Hz), 4.54 (iH, m), 5.37 (1H,
d, J = 5.4 Hz), 5.90 (1H, d, J = 5.1 Hz), 6.73 (2H, m), 6.58 (1K
s).

Elementary analysis for:Cs;aHyeCIlN,0;48;Na-0.2NaHCO: -4.0H,0
Caled.: C, 44.05; H, 5.26; Cl1, 3.92; N, 10.83; S, 7.09 (%)
Found.: C, 44.07; H, 5.30; Cl, 4.14; N, 10.72; S, 6.83 (%}

[0178]

Example 60

Synthesis of Compound {II-18)
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{Formula 134]
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Step (1l): Compound 18z - Compound 18b
Compound 18a (6.45 g, 30 el ) was dissolved in

3

tetrahydrofuran (70 mLl), and then diphenylidiazomethane (6.99 g,
36 mmcl) was added theretc. The reaction solution was then

stirred at room temperature for 1 hour, subsequently heating at
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reflux for 2 hours. The reaction mixture was concentrated in
vacuo, and then Methanol was added to the residue. The
resulting solid was filtrated, and then dried in vacue to yield
Compound 18b as a white solid (9.01 g, 78%).
PH-NMR {CDCl:;) &(delta): 4.5C (2B, s}, 7.311 ({(iH, s), 7.25-7.49
{12H, m), 8.11 (2H, d, J = 8.1 Hz).
Step (2): Compound 18b — Compcund 18¢c

Compound 18b (3.0 g, 23.6 mmel) and N-hydroxyphthalimide (4.62
g, 28.3 mmol) were dissolved in dimethylformamide (80 mlL), and
then triethylamine (3.93 mL, 28.3 mmol) was added thereto,
subsequently heating te 50°C for 1 hour with stirring. Ice-cold
water and tetrahydrofuran were then added to the reaction
solution, followed 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 filtration,
and then the solvent was concentrated in vacuo. ri-Hexane was
then added to the resulting residue. The resulting sclid was
filtrated, and then dried in vacuo to yield Compound 18c as a
white solid (9.28g, 85%).
YH~NMR (CDCl,) &{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 18c — Compound 18d —> Compound 18f

Compound 18c (6.95 g, 15 mmol) was dissolved in methylene
chloride (70 mL}, subseguentiy ceoling to 0°C, and then
methylhydrazine (0.88 mlL, 16.5mmol) was added in one portion,
followed by stirring at 0°C for 1.5 hours. The resulting solid

1

was then removed by tration. The sclvent was evapcerated

under reduced pressure, and further dried in vacwo to yield
Compocund 18d as a pale yellow sclid. The obtained Compound 18d
was used for the next reaction without purification.

Then a solution of Compound 18e (4.C8 g, 15 mmol) in methanol
(40 mL) was cooled to 0°C. To this solution was added a

~

methylene chloride (20 mL) sclution ¢f the whole amount of
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Compound 18c obtained as described above,

at 0°C for 1 hour and further at room

The reaction solution was concentrated in vacuo,

folliowed by

was added to the residue, followed by extraction

acetate. The c¢rganic layer was washed

with

water,

with

stirring
temperature for 1 hour.

and then water

ethyl

washed with

saturated brine, and then dried over anhydrous magnesium sulfate

Magnesium sulfate was removed by

solvent was concentrated in vacuo.

filtraticn,

After

the resulting residue, the resulting

selid

methanol

then dried in vacuc to yield Compound 18f as a

(6.23g, 71%).

'H-NMR (DMSO-d¢) 8!{delta): 1.46 {OH,
s)y, 7.27-7.43 {74, m), 7.52-7.55 (€H,

Hz) .

S

3
;s 5

mj,

.31 (2H,

was fi

and then the

was added to

ltr

white

5)

8.11 (ZH,

, 7.

ated, and

2

sclid

0
d, J = 8.4

Step (4): Compound 18f + Compound 18g — Compound 18h — Compound

(II1-18

e

Compound 18g {(2.37 g, 2.22 mmol}

was dissclved in methylene

chloride {30 mL), subsequently cooling to -10°C.

o

18f (1.18 g, 2.0 mmol), hydrochloric acid salt

Then Compound

{0.51

g, 2.67

mrael) cf N-{3-dimethylaminopropyl)-N'-ethylcarbodiimide, and

pyridine (0.233 mL, 2.89% mmol)

subsequently stirring at -10°C

hydrochlioric acid solution

(2 ml)

y

%

were ad

ded thereto in

for 1.5 houzxs.

turn,

Agueous 2 N

as added t¢ the reaction

mixture, and then concentrated in vacuo.

thereto, followed by extraction with ethyl

layer was washed with water,

washed

then dried over anhydrous maghesium

sulfate was removed by filtratiocn,

the

under reduced pressure, and Iurxther

Compound 18h as a brown formed sclid.

with

sulfate.

dried

Water was then added

acetate.

The organic

saturated brine, and

in wvacuo to

After magnesium

sclvent was evaporated

The obtained Compound 18h

was used for the next reaction without purification.

The whole amount of Compound

methylene chlcoride {15 mLj,

subsegu

then anisocle (1.97 mL, 18 mmol) and

were added thereto in turn,

followe

18h

obta

<
1]
o]
¢
§ot

ined was

dissolved in

coeoling to

-40°C, and

(30 mL)
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hour. The scolvent was evaporated under reduced pressure, and
then ice-cold water, acetonitrile, and diisopropyl ether vere
added thereto. After the agueous layer was separated, HP20-SS
resin was added thereto, acetonitrile was concentrated in vacuo.

mixed solution was purified by 0DS column

The resultin

te]

chromategraphy. An agueous 0.2 N sodium hydroxide soclution was
added to the obtained solution of the desired compound until the
solution had pH=6.0, and then excess sodium hydroxide was
neutralized by adding cone piece of dry ice. The resulting
solution was concentrated in vacue, and then lyophilized <to
yield Compound (ITI-18) as a white powder (138 mg, 7%).
'H-NMR (D,0) 8{delta): 2.20 (4H, br), 3.24 (1H, d, J = 17.4 Hz),
2.41-2.91 {(10H, m), 4.08 (1H, d, J = 14.1 Hz), 5.22 (1H, 4, J =
5.1 Hz), 5.26 {(2H, s}, 5.76 {(1H, d, J = 4.8 Hz}), 6.80 (1H, d, J
8.1 Hz), 6.89 (i, d, J = 8.4 Hz), 6.93 (1H, s), 7.46 (ZH, d,

J = 8.1 Hz), 7.81 (2H, d, J = 8.1 Hz).
Elementary analysis for:Ci¢H;;CIN.0;,8;Na*0.2NaHCO; *+5.6H, 0
Caled.: C, 43.70; H, 4.76; Cl, 3.77; N, 10.43; S, 6.82 (%)
Found.: C, 43.67; H, 4.70; Cl, 3.80; N, 10.44; s, 7.05 (%}
[0179) ‘

Example 61

\ted

Synthesis of Compcund {(II-1
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Step (1): Compound 18a + Compound 18b — Compound 19c
S-Bmincpyridine 19a (0.951 g, 10 mmol), Compound 1% (4.72 g,
11.00 mmol), I-hydroxybenzotriazole {1.486 g, 11.00 mmol), and
hydrcechloric acid salt {(2.109 g, 11.00 rmmol) of N~ {(3-
dimethylaminopropyl)-N'-ethylcarbodiimide were dissclved in
dimethylacetamide (12.5 mL}), subsequently stirring at 70°C for
8.5 hours. Distilled water was added to the reaction solution,
and then the precipitated'solid was filtrated. The filtrated
residue was washed with adgueous 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 resaction

solution was filtrated, and then the filtrated residue was
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washed with methancl. The residue was dried in vacuo to yield

Compound 18%c as & white solid (1.41 g, 2 8%).

TH-NMR (DMSO-ds) 6(delta): 10.80 (1H, s), 9.09

), 7.48-7.26 (6H, m), €.89 (2B, d, J = 8.5 Hz), 6.88 (2H, 4, J
7

= 8.5 Hz}, 5.21 (2H, =), 4.%3 (24, s), 3.77 (3H, s}, 3.

s).
Step (2): Compound 19c + Compound 18d — Compound 19%e

Compound 1%¢ [0.506 g, 1.00 mmel) and Compound 193 (0.%240 g,
1.00 mmol) were dissclved in dimethylacetamide {3 mL),

subsequently stirring at room temperature for & hours.
Dimethylformamide {30 mL} was added to the reaction sclution,
followed by cooling to -40°C, and then phosphorus tribromide
(0.1% mL, 2.00 mmol; was added thereto. The reaction solution
was stirred at ~40°C for 3 hours, and then ethyl acetate and ice
water were added thereto. The organic layer was extracted with
operation of separation, then washed with saturated brine, and
further dried over anhydrous magnesium sulfate. Magnesium
sulfate was filtrated, the solvent was evaporated under reduced

ressure to Compound 1% as a formed solid. The obtained 1S5e

9]

was used for the next reaction without purification.
Step (3): Compound 1% — Compound (II-19)

The whole amount of the crude Compound 19e obtained by the
previous reaction was dissolved in methylene chloride (15 ml),
subsequently cooling to -40°C. Aniscle (1.0¢ mL, 10.0 mmeol) and
2M—aluminum chloride/nitromethane solution (5.00 mL, 10.0 mmol)
were added therete in turn, followed by stirring at 0°C for 2
hours. Te the reaction solutien was added distilled water,
acetonitrile, diiscpropyl ether, and agueous 2 N hydrochleoric
acid socluticn, and then stirred. Because precipitation appeared,
the supernatant was separated by decantaticn. The aqueocus layer
was separated from the supernatant by operation of separation.
The agueous layer was combined with the decantation residue, and
then agqueous 2 N hydrochloric acid solution and acetonitrile
were added to make & homogeneous solution. HP-2038 resin was

added to the sclution, concentrated, subjected into column
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chromatography connecting HP2033 column and subseguent ODS
column, and then purified. The resulting scluticen of the
desired compound was concentrated in vacuvo, and then lyophilized
tc yield Compound (II-1%) as a white powder (58 mg, 8%).

'H-NMR (D.0) &(delta): 8.34 (1H, s), 7.18 (1H, d, J = 8.5 Hz),
6€.86 (1H, d, J = 8.5 Hz), 6.58 (1H, s}, 6.35 (1H, d, J = 2.2 Hz),
5.79 (1H, 4, 0 = 4.7 Hz), 5.46 (1H, d, J = 4.7 Hz), 5.12 (1H, d,

J = 16.6 Hz), 5.03-4.66¢ (2H, m}, 4.48 (1H, 4, J = 10.6 Hz}, 1.32
(6H, s)

MS (m+l) = 733

Elementary analysis for CysH;ClN:0,0S;Na (NaHCO0s) ;.5 (H0}s.

Caled.: C, 35.75; H, 3.83; Ci, 3.58; N, 11.31; S, €6.47; Na, 5.80

Example 62

Synthesis of Compound (II-20)
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[Formula 136]
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Step (1): Compound 20a + Compound Z0b — Compound 20c

Compound 2Ca (1.00 ¢, 1.16 mmcl) and Compound 20b(0.606 g,

5 1.10 mmol) were dissolved in dimethylformamide (3.5 mi},

subsequently stirring at room temperature for 3 hours. Ethyl

acetate and agueous 0.2 N hydrochloric acid soclution were then

added to the reaction solution. The organic layer was separate

washed with agueocus 0.2 N hydrochloric acid sclution, washed

10  with saturated brine, and then dried over anhydrous magnesium

sulfate. Magnesium sulfate was 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 Z0c — Compocund (II-20)

The whele amcunt of the crude Compound 20c obtained by the

O

previous reaction was treated similarly as described above t
vield Compound (II-20) as a white powder (83 mg, 10%).

YH-NMR (D,0) &idelta): 7.00 (1H, s), 6.93 (1H, 4, J = 8.5 Hz),
6.88 (l1H, d, J = 8.5 Hz), 5.23 (1¥, d4, J = 2.6 Hz), 5.13 (1H, 4,
J = 2.6 Hz}, 4.94-4.56 (3H, m), 4.33 (1H, d4, J = 13.6 Hz}, 3.97-
2.85 (2H, m), 3.53-3.33 (8H, m), 1.88-1.81 {(6H, m).

MS (m+l) = 751

Elementary analysis for CigHz;ClN:NaOp3; (NaHCO:) 6. (HaO) g s

Caled.: C, 40.92; H, 4.56; C1, 3.%6; W, 10.9%5; 8, 7.16; Na, 3.83
Found.: C, 40.7é; H, 4.63; Cl, 4.09; N, 10.89; 5, 7.34; Na, 2.77
(%)

[0181]

Example 63

Synthesis of Compound (II-21)
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Step (1): Compound 2la + Compound Zlb — Compound Z2lc

Treatment similar to that described above yielded Compound 20c
as a formed solid. The oktained 20c¢ was used for the next
reaction without purification.

Step (2): Compound 2lc — Compound (II-21)

The whole amount of the crude Compound Z2Ic obtained by the
previous reaction was treated similarly te that described above
to yield Compound (I1-21) as a white powder (406 mg, 48%).

'H-NMR (D-0) ®&(delta): 6.98 (1H, s), 6.82 (1H, d, J = 8.4 Hz),
6€.87 (1H, d, J = §.4 Hz), 5.85% (1H, 4, J = 5.0 Hz), 5.32 (1H, d,
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J = 5.0 Hz), 3.88~3.80 (2H, m), 4.86-4.55 (3H, m), 3.

53-3.27

m), 1.94-1.88 (8H, m}, 1.47 {(3H, d, J = 7.1 Hz}.
MS (m+1i} = 765
Elementary analyvsis for H::CLlNHNa0155, (NaHC0:) 5.5 {H0Y 4.5
Calecd.: C, 41.61; H, 4.71; Cl, 3.90; N, 10.78; S8, 7.0%5; Na,
(%]
Found.: C, 41.78; H, 4.87; Cl, 4.01; N, 10.77; s, 7.07; Na,
(%}
(0182]
Example €4
Synthesis of Compound (II-22)
[Formula 138)

\/COZH
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Step (1): Compound 22a + Compound 22b — Compound 2Zc¢

.79
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According a method szimilar to that described in Biocorg. Med.

hem. 2007, 15, 6716, the cbtained Compound 22a {£€9%2 mg, 1 mmol)
and Compound 22b (525 mg, 0.92 mmol) were issolved in
dimethylacetamide (3 ml), and then potassium iodide {450 mg, 3
mmol) was added to the reacticn solution in a water bath,

subsequently stirriig at room temperature for 100 minutes.
Dimethylformamide (6 mlL) was added to the reaction solution,

followed by cooling to 0°C, potassium iodide {1.33 g, ¢ mmol)
and acetyl chloride {0.43 mL, 6 mmol) were added thereto in turn,
subsequently stirring at the same temperature for one hour. The
reaction solution was then diluted with ethyl acetate. An
agueous 10% sodium hydrogen sulfite solution was added thereto,
and then the organic layer was separated. The crganic laver was
washed with saturated brine, and then dried over magnesium
sulfate. Magnesium sulfate was filtrated, and then concentrated
Iin vacuo to yield Compeound 22c. Compound 22c¢ was used for the
next reaction without purification.

Step (2): Compound 22c¢ — Compound {(II-22)

The wheole amount of the crude Compound 22c¢ described above was
dissolved in methylene chloride {8 mL) and anisole (1.1 mL, 10
mmol), and then cooled to -40°C. 2M-aluminum
chloride/nitromethane sciution (5 mL, 10 mmol) was then added
thereto, subsequently stirring for one hour in an ice bath. The
reaction solution was sclved into a mixed solution of agueous 1
N  hydrochloric acid solution and acetonitrile, and then
diisopropyl ether was added thereto. 1fter the aguecus layer
was separated, HP-2088 resin was added, and then concentrated in
vacuo. The concentrated solution was subjected to 0DS column
chromatography eluting with water-acetonitrile. Fractions
containing the desired compound were concentrated in vacue, and
then lvyophilized to vield Compcund (II~-22) (338.3 mg, 46%) as a
powder.

MS: 738.03 (M+H)
'H-NMR (DMSO-d¢) 8({delta): 9.60 (1H, d, J = 8.52 Hz), 8.48 (lH, t,

J = 5.8 Hz}, 7.28 (2H, br sj, 6.88-6.78 (3H, m), 5.78 {(1H, dd, J

[



, 5.2 Hz), 5.19 (iH, &, I = 5.2 Hz), 5.08 {(1H, 4, J = 13.5
Hz), 4.63 (1, q, J = 7.2 Hz), 3.96 (1H, d, J = 13.2 Hz), 2.87
{1H, d, J = 16.5 Hz), 3.60-3.55 {(SH, m), 2.17-2.01 {4H, m), 1.45
(3H, d, J = 7.2 Hz).

Elementary analysis for C;sHz;CIN-0:;0S8,5.1(H
Calecd.: C, 41.96 ; H, 5.12 ; N, 11.81 ; 8, 7.73 ; cCcl, 4.27 (%)

Found.: C, 41.91 ; H, 4.%92 ; N, 12.07 ; S8, 7.78 ; Cl, 4.08 (%)

>4

[0183]
Example 65

Synthesis of Compound {(1I-23)
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Step (l)y: Compound 23a + Compound 23b -+ Compound 23c

Cempound 23a (4 g, 33.9 mmol) was dissolved in tetrahydrofuran
(50 mL). While stirring, a tetrahydrofuran solution (20 wml) of
diphenyldiazomethane 23b (6.%1 g, 35.6 mmol} was added drop-wise
thereto. Bfter the reaction solution was stirred at room
temperatur for two hours, the sclvent was evaporated under
reduced pressure. n~Hexane (100 mL) was then added tc the
residue. The resulting sclid was filtrated, and then washed
with n-hexane to yield Compound 23c (8.25 g, 86%) as a solid.
TH-NMR (CDCl;) S(delta): 7.36-7.29 (10H, m), 6.96 (1H, s), 4.1

4, J = 3.2 Hz}, 2.67 (iH, br s), 2.23-2.13 (1H, m), 1.0Z

(34, d, J = 7.0Hz), 0.77 (3H, d, J = 7.0 Hz).
Step (2): Compound 23c + Compound 23d — Compound 23e

Compound 23c (8.17 g, 28.7 mmol) WES dissclved in
tetrahydrofuran (80 mL}, and then triphenylphesphine (8.29 g,
31.6 mmol), Compound 23d (5.16 g, 31.6 mmol), and diisopropyl
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 23d (0.93 g,
5.74 mmol), and diisopropyl azodicarboxylate (1.1 mL, 5.74 mmol)
were added thereto in turn, followed by further stirring for 45
minutes. The solvent was evaporated under reduced pressure, and
then methancl (120 nmL) was added. The resulting solid was
filtrated, and then washed with methanol to yield Compound Z23e
{7.46 g, 60%) as a solid.
PH-NMR (CDCl.:) &(delta): 7.79-7.72 {(4H, m), 7.38-7.20
6£.98 (1H, s), 4.65 (1B, d, 0 = 7.14 Hz}, 2.45-2.324 (1H, m), 1.18
{3, d, 3 = 6.73 Hz), 1.00 (3H, d, J = 6.73 Hz).
Step (3): Compound 23e - Compound 23f — Compound 23h

Compound 23e (3.01 g, 7 mmcl} was dissclved in methylene

chloride (30 mL), and then methylhydrazine (0.3% ml, 7.35 mmol)

was added theretc under ice-cooling, subsequently stirring at

the same temperature for one hour. The resulting solid was then
removed by filtration. Methanel (15 mk) was added to the

filtrate, and then Compound 23g (2.00 g, 7.35 mmol}) was added
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thereto under ice-cooling, subsequently stirring at the same

temperature for three hours. The sclvent was then evaporated
under reduced pressure. Bthyl acetate and water were added
thereto, and then the organic layer was separated. The organic

layer was washed with saturated brine, and then dried overx
anhydrous magnesium sulfate. Magnesium sulfate was filtrated,
and then the solvent was evaporated under reduced pressure.
After evaporation, ethyl acetate was added to the resulting
solid to yield Compound 23h (1.66 g, 44%) as a solid.
'H-NMR (CDCl;) S{deita}: 7.38-7.26 (10H, mj, 6.%4 (LH, =)}, 4.96
(13, d, J = 3.7 Hz), 2.41-2.30 (1H, m), 1.07 (3H, d, J = 7.0 Hz},
0.85 (34, d, d = 7.0 Hz).
MS: 552.22 (M~H).
Step (4): Compound 231 — Compocund 237

Compound 231 (45.1 g, 100 mmol) was suspended in methylene
chloride (750 mlL), and then 2,6-lutidine (24.5 mL, 210 mmel) and
trityl chloride (30.7 g, 110 mmol) were added under ice-cooling
in turn, subsequetnly stirring at room temperature for 3 hours.
2,6e-Lutidine (5.8 mL, 50 mmol) was added to the reaction
solution, followed by stirring 165 minutes, and then trityl
chleocride (8.37 g, 3Cmmol) was added thereto, subsequently
stirring for 30 minutes. 2,6-Lutidine (5.8 mL, 50 mmol) was
further added to the reaction solution, and then left standing
at room temperature overnight. An agueocus L N hydrochloric acid
solution was added to the reaction solution, and then the
organic layer was separated. The organic layer was washed with
water, washed with saturated brine, and then dried co¢ver
anhydrous magnesium sulfate. Magnesium sulfate was removed by
filtration, and then evaporation yvielded Compound 233 (84.7 g).
'H-NMR {CDCl;) &{delta): 7.51-7.24 (25H, m), 6.98 (1H, s), 4.80
(i#, dd, J = 9.8, 4.8 Hz}, 4.28-4.43 (3K, m), 3.49 (iH, d, J =
18.1 Bz), 3.35 (1H, d, J = 18.1 Hz), 3.00 (1H, d, J = 8.5 Hz).
Step (5): Compound 233 — Compound 23k

The crude Compound 2323 (84.7 g) obtaind as described above was

dissclved in methylene chloride, and then a sciution of m-
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chleride {200 ml) was added thereto under ice-cooling,
subseguently stirring at the same temperature for 30 minutes.
m-Chlioroperbenzoic acid {(75%, 6.80 g, 30 mmol) was further added,
followed by stirring for 30 minutes under ice-cooling. An
aqueous sodium hydrogen carbonate solution was added to the
reaction soluticn, and then the organic layer was separated.
The organic layer was washed with agueous 5% scdium 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 soclid was filtrated, the
filtrated residue was washed with diisopropyl ether, and then
ried in vacuo te yield Compgound 23k (58.8 g, 89%) as a solid.
‘H-NMR (CDC1l:) O(delta): 7.57-7.28 (25H, m), 6.92 (1H, s), 4.8%~
4.84 (2H, m), 4.04 (1H, &, J = 12.2 Hz), 3.46-3.56 (3H, m), 3.05
(lH, d, J = 18.5 Hz).
Step (6): Compound 23k + Compound 231 — Compound 23n

Compound 23k (13.5 g, 20 mmol) and Compound 231 (10.5 g, 20
mmel) was dissclved in dimethylacetamide {60 mL), and then was
degassed 1in a water bath. While the reaction solution was
stirred, potassium iodide (B8.98 g, 60 mml) was added therete,
followed by stirring &t room temperature for 90 minutes.
Dimethylformamide (100 mL) was added to the reaction solution
under ice-cooling, followed by degassing, and then potassium
iodide {26.6 g, 160 mmcl) and acetyl chloride (8.56 mL, 120 nlL)
were added thereto in turn, subseguently stirring at the same
temperature for one hour. The reaction solution was then poured

into a solution of sodium hydrogen sulfite (68 g) disscived in

o
brine {1200 mL). The resulting 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 cover
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anhydrous magnesium sulfate. Magnesium sulfate was removed by

filtration, &and then the solvent was evaporated under reduced
!

pressure to yield Compound 23m (27.3 g).

~

Step (7): Compound Z3m — Compound Z3n

‘

The crude Compound 23m (27.3 g} cbtained as described above
was dissclved in acetone ({130 mL), and then aqueous € N
hydrochloric acid sclution {4.83 mL, 29.6 mmel) was added
thereto at room temperature for 3.5 hours. Methylene chloride
(500 mL) was added to the reacticn 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 yleld 23n (26.6 g).

M3: S03.35 (M+H}.

Step (8): Compound 23n + Compound 23h - Compound 230
54 mg, 1 nmol),

wn

Compound 23n (1.18 g, 1.1 mmeol}, Compound 2Z3h ({

acid salt {253 mg, 1.32 wmmol}) of N-(3-

(¢}

and hydrochleri
dimethylaminopropyl) -N'~ethylcarbodiimide were dissolved in
methylene chloride (15 mL), and then cooled to 0°C. Pyridine
(0.12 mL, 1.43 mmeol) was added to the reaction sclution,
followed by stirring for one hour under ice-cocling. Agueous 2
N hydrochloric acid solution (1 mL), ethyl acetate, and water
were added to the reaction sclution, and then the organic layer
was separsted. The organié layer was 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 yleld Compound
230 (1.52 g).

MS: 1438.58 (M+H)

Step (9}: Compound 230 — Compound (II-23)

The crude Compound 230 (1.52 ¢) obtained as described above
was dissolved in methylene chloride (§ mlL) and anisole (1.1 mL,
10 mmoly, and then cooled to -40°C. 2M aluminur
chleoride/nitromethane solution (5 mL, 10 mmol) was added thereto,
fellowed by stirring at a temperature between -10°C and -5°C for

one hour. The reaction solution was dissolved into aqueous 1 N
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hvdrochloric acid sclution and acetonitrile, and then the
agueous layer was separated. After the acgueous layer was washed
with diisopropyl ether, HP-208S resin was added thereto, and
then concentrated in vacuo. The concentrated solution was
subjected to ODS ceclumn chromatography, eluting ~with aqueous
hydrochloric acid solution-acetonitrile. Fractions containing
the desired compound was concentrated In vacue, and then
lyophilized to yield Compound (II-23) (185.% mg, 26%) as a
powder.

MS: 766.07 (MtH}.

"H-NMR (DMSO-ds) 8({delta): 9.67 (1H, d, J = 8.0 Hz}, 8.53 (1H, £,
J = 5.2 Hz), 6.82 (1B, s), 6.78-6.75 (2H, m}), 5.83 (1H, dd, J =
.0, 5.2 Hz), 5.31 (14, 4, J = 5.0 Hz), 4.66 (1lH, d, J = 13.9
Hz}, 4.36 {1H, d, J = 5.1 Hz), 4.29 (2H, d, J = 14.6 Bz), 3.99
(3#H, 4, 0 = 17.1 Hz), 2.62-3.40 (9H, m), 2.15-1.88 (3H, m), 0.96
(6H, dd, J = 5.1, 6.7 Hz).

Elementary analysis for Ci;1H:¢CIN:0168:°4.2(H;0)+1.8(HCL)
Caled.: C, 40.86 ; H, 5.12 ; N, 10.76¢ ; 5, 7.04 ; Cl, 11.28 (%)
Found.: C, 40.86 ; H, 5.03 ; N, 1€0.72 ; S, 6.89 ; Cl1l, 11.20
{0184]

Example 66

Synthesis of Compound (II-24)
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Step (1): Compound 24a - Compound 24b — Compocund 24d

Compound 24a (2.99 g, 7 mmol), synthesized similarly by a

method described in Bicerg. Med. Chem. 2007, 15, 6716, was

dissolved in methylene chloride (30 mL). Methylhydrazine (0.37
mL, 7  mmol) was then added theretoc under ice-cooling,
subseguently stirring at the same temperature for one hour. The

solid which appeared during the reaction was then removed by
filtration. Methansl (15 mL) was added to the filtrate, and
then Compound 24c (1.%1 g, 7 mmecl) was added thereto under ice-
cocling, followed by stirring at the same temperature fcr one

hour. Bfter stirring at room temperature for another three
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hours, ethyl acetate and agueocus 0.1 .N hydrechleric acid
soluticon were added thereto. The organic layer was separated,
washed with water, washed with saturated brine, and then dried
over anhydrous magnesium su.fate. fter magnesium sulfate was
removed by filtration, the solvent was concentrated in vacuo,
and then diisopropyl ether was added to the residue. The
resulting solid was filtrated, and then washed with diiscpropyl
ether to yield Compound 24d (2.29 g, 55%) as a solid.

MS; 552.05 (M+H).

TH-MMR (CDCl:) 8(delta): 7.37-7.23 (10H, m), 6.92 (1H, s), 2.64~
2.51 (4%, m), 2.06-2.03 (2H, m}), 1.55 (BH, s).

Step (2): Compound 24e + Compound 24f — Compound 24g — Compound
(I1I~24)

Compound 24e (1.18 g, 1.1 mmol} and Compound Z4f {546 mg, 0.99
mmecl) were used, and Compound Z2Z4g and Compound (II-24} were
obtained according to a procedure similar to that described
above.

Compound Z4g (1.67 g). MS: 1437.59 (M+H}.

oo

Compound (II-24) (251.7 mg, 33%)
MS: 764.04 (M+H)

UH-NMR (DMSO-d¢) &(delta): 9.75 (1H, d, J = 8.2 Hz), 8.55 (1H, br
s), 6.86-6.78 (2H, m), 5.97 (iH, dd, J = 8.2, 5.2 Hz), 5.35 (1H,
d, 0= 5.2 Hz), 4.68 (1H, d, = 14.6 Hz), 4.31 (iH, &, J = 13.7
Hz), 4.02 (1H, &, J = 17.1 Hz), 3.66-3.10 (9¥, m), 2.78-2.67 (2H,
m), 2.46-1.84 (10H, m).

Elementary analysis for C;;Hy,CiMN,0:58,3.8(H,0) - 1.7 (HCL;

Calcd.: T, 41.53 ; H, 4.89 ; N, 10.9%4 ; s, 7.15 ; Cl, 10.868 ¢

=:a

.o
~—

Found.: C, 41.33 ; H, 4.85 ; N, 11.66 ; 8, €.89 ; C1, 10.75 {
[0185]
Ezample 67

Synthesis ¢f Compound (II-25)
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[Formula 141]

/S/COZNa
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.
c BocHN~—¢ | COH
f‘l“HgN LOPMB g
)_ oy J\@ .
— NA OPMB
copH ¥
25d

/\, _CO,BH
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Step (1): Compound 25a + Compound 25b — Compound 25¢

Compound 25a (1.91 g, 2.83 mmel) and Compound 2Z5b (1.56 g,
2.83 mmol} were dissclved in dimethylacetamide (2 miL), and then
degaszsed 1in a water Dbath. While the reaction scolution was
stirred, potassium icdide (1.27 g, 8.49 mmol) was added thereto,
followed by stirring at room temperature for 40 minutes.
Dimethylformamide (15 mL) was added teo the reaction solution
under ice-cooling, followed by degassing, and then potassium
iodide {3.76 g, 22.6 mmol) and acetyl chleride (1.21 mL, 17.0

mmol} were added thereto in turn, subsequently stirring at the
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same temperature for one hour.

poured into a scolution of sodium

dissolved in brine ({i50 mL}.

and then washed with water.

The reaction sclutiocn

hydrogen

The obtained solid

wWas

sulfite

was

then

(8.5

g)

The resulting sclid was filtrated,

dissclved in

methylene chloride, washed with water, and then saturated brine.
The organic layer was then dried cver anhydrous magnesium
sulfate. Magnesium sulfate was removed by filtration, and then

the solvent was evaporated under

Compound 2&c¢
MS: 1171.44 (M+H).
Compound 25¢ — Compound 25d

(3.56 q)

{2):

The crude Compound

Step
25¢

was dissolved in acetone (20 mnmLl},

hydrochleoric acid solution (0.88 mlL,

thereto,

Methylene chloride and methanol were

solution to dilute, and then

sulfate.

the solvent was

(3.83 g).

MS: 929.56 (M+H).

Step {3): Compound 25d + Compound 25e —

Compound 25d (1.20 g, 1.1 mmol) and

mmol) were used, and Compound 25f

according to a procedure similar to that

MES: 14€4.89 (M+H)

H

Step {4): Compound 25f — Compound

The whole amcunt of 25f obtained

dissolved in methylene chloride (2

7.63 mmol), and then ice-coocled.

110 mmol) then added thereto,

wWas

for one hour.

further added thereto,

for 30 minutes

pressure, diisopropyl ether was added

reduced pressure to

and

Magnesium sulfate was removed by filtration,

evaporated under reduced pressure

as described
mL}
Trifluorcacetic acid

subsequently
Triflucroacetic acid

followed by stirring at room

then agueous

4.06 mmol) was

subsequently stirring at room temperature for 5 hou

added to the
and

to

Compound 25f
Compound 25e

(1.34 g}

=

was

described above.

(II-25)

above

and aniscle

o

(2 mbL)

thereto, and then

obta

yield

cbtained as described above

N

added

reaction
dried owver anhydrous magnesium
then

vield 25d

{554 mg, 1

ined

was

{0.83 ml,
(8.5 mi,

stirring under

waes

temperature

After the solvent was evaporated under reducad

the
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resulting solid was filtrated. The obtained solid was then

dissolved 1in acetonitrile

and agueous 1 N hydrochloric acid

sclution. HpP-208S resin was added thereto, and then

concentrated in vacuo.
subjected to O0ODS coiumn
acetonitrile. An aqueous

then added to fractions

The concentrated sclution was then
chromatography, eluting with water-
0.2 N sodium hydroxide solutien was

containing the desired compound to

obtain a sodium salt. The scolvent was concentrated in vacuo,

and then lyophilized teo yield Compound ({(II-25) (201.2 mg, 29%)

as a powder.

MS: 792.21 (M+H)

YH-NMR (D,0O) 8(delta): 6.97

d, J = 4.8 Hz), 5.34 (lH,

Hz), 4.34 (iH, 4, J = 5.2

{(1H, s), 6.80-6.83 (2H, m}, 5.85 (1H,
d, J = 4.8 Hz), 4.58 (1H, d, J = 14.5

Hz), 3.85-3.83 (2H, m), 3.50-3.33 {(S%H,

m)y, 2.15%5-2.13 (iH, m), 1.96-1.84 (6H, m), 0.98 (6H, t, T = 6.9

Elementary znalvsis for C3;;H;sCINyO;¢S:Na+4.8(H;0) 0.1 {NaHCO;)

Caled.: C, 43.73 ; H, 5.18
2.78 (%)
Found.: C, 43.87 ; H, 5.17

393

.88 (%)
[0186)

Example €8

; N, 10.78 ; 85, 7.05 ; C1, 3.90 ; Na,

’

Cl, 3.%4 ; Na,

[o)}
w
-

; N, 10.72 ; 8, 6.

Synthesis of Compound (II-26)
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Step (1): Compound 26a - Compound 26b

To Compound 26a {1 ¢, 6.44 mmol), synthesized similarly by a
method described in Helv. Chim. Acta. 1954, 37, 1672, was added
thionyl chloride (7 mL), subsequently heating at reflux for two
hours. Rfter thionyl <chloride was evaporated under reduced
pressure, =xylene was added thereto, and then ooncentrated in
vacue again. The concentrated socluticn was cocled to 0°C, and

then an aqusous scluticon (25 mL} of scdium azide (1.67 g, 25.7
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mmol) was added thereto with stirring, followed by stirring at
the same temperature for 10 minutes. Potassium carbonate was
then added to the reaction sclution until effervescence ceased.
After extraction with toluene, the crganic layer was washed with
anhydrous magnesium sulfate, and then magnesium sulfate was
removed by filtration. The resulting sclution was then heated
at reflux for 485 minutes. After extraction with agueous 6 N
hydrochloric acid solution, the separated agueous layer was
further heated at reflux for 150 minutes. The reaction sclution
was cocled te room temperature, and then concentrated in vacwo.
after isopropancl was added to the residue, the resulting solid
was filtrated, washed with isopropancl, and then driesd in vacuo
to yield Compound 26b (655.8 mg, 51%).

'H-MNMR (D,0) 8{delta): 3.57 (6H, t, T = 7.6 Hz), 2.26 (6éH, t, J =
7.6 Hz).

MS: 127.11 (M+H).

Step (2): Compeound 26c — Compound 26d + Compound 26b — Compound
26e

Compound 26¢C {858 mg, 2 mmol) was dissolved in
dimethylacetamide ) ﬁL), and then cocled to -15°C.

Triethylamine (0.33 mL, 2.4 mmeol) 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 sclution was cooled to =
15°C, 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 90 minutes under ice-ccoling. An aquecus 0.2 N
sodium hydroxide solution was added to the reaction solution,
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 sclvent was concentrated in
vacuo. The concentrated solution was subjected to silica gel

column chromatography, eiuting with chloroform/methanol.
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Fractions containing the desired compound were concentrated in
vacuo to yield Compound 26e [459.5 mg, 43%).
MS: 537.19 (MtH).
"H-NMR (CDCl;) d(delta): 7.37-7.34 (4H, m), 6.91 (2H, d&d, J = B.5,
2.1 Bz}, 6.83 {2H, d, J = &.5 Hz), 5.85 (1H, br s}, 5.08 (2H, s},
4.%4 (2H, s}, 3.83 (3H, s}, 3.81 (3H, s), 3.01 (6, t, T = 7.6
Hz), 1.98 (6H, t, J = 7.6 Hz).
Step {(3): Compound 26f + Compound 26e — Compound 26g

Compound  26% {450 mg, 0.84 rmmol) was dissolved in

dimethylformamide (2 mL), and then degassed. Compound 26e {783

o

mg, 0.84 mmol) was then added thereto, followed by stirring a

room temperature for 40 minutes. LRfter the reaction solution

was diluted with ethyl acetate, aguecus 10% sodium hydrogen

sulfite solution was added, and then the organic layer was
separated. The organic layer was washed with water, and then
washed with saturated brine. The organic layer was dried over
magnesium sulfate, and then magnesium sulfate was filtrated.
The solvent was evaporated under reduced pressure to yield
Compound 26g (1.04 g).

MS: 1343.92 (M+H).

Step (4): Compound 2é6g — Compound 2Z6h

The wheole amount (1.04 g} of the crude Compound 26g cobtained
as described above was dissclved in dimethylformamide (6 ml),
and then cocled to -40°C. Phospherus 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 solution to dilute, and then the organic layer
was separated. The organic layer was washed with water, and
then washed with saturated brine. After the crganic layer was
dried over anhydrous magnesium sulfate, magnesium sulfate was
filtrated, and then the sclvent was evaporated under reduced

sressure to vield Compound 26h (831 myg).
K P

s

7.87 (M+H)

3%}

¥ N X
M3: 13

”;

Step {(4): Compound 26h — Compcound (II-26)
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The whole amount (%31 mg) of the crude Compound 26h obtained

)]

as described above was ussad, and treated according to

.

procedure similar to that described above, and thus Compoun

{

t

(II-26) (2%2.7 mg, 5%%) was obtained as a powder.

)%

MS: 764.28 (M+H).
99 (1.0H, s), 6.89 (2H, dd, J = 8.1,

(i, d, J = 5.0 Hz),

PHE-NMR (D, 0) &(delt=z): 6.
14.5 Hz), 5.83 (1, d, J

i
wr
[
o
w
Ul
w
~J

.63 (1H, d, J = 13.1 Bz), 3.92 (2H, ad, J = 15.0, 10.4 Hz),

4 3
3.49-3.79 (6H, m), 3.43 (1H, d, J = 17.5 Hz), 2.34-2.56 (6H, m),

4
.52 (6H, d, J = 4.6 Hz).

=

Elementary analysis for C.;H::ClN-0:¢S:Na-*6.6(H;0) 0.2 (NaHCOz)

Calcd.: C, 4C.865 ; H, 5.07 ; N, 10.64 ; 8, 6.96 ; Cl, 3.85 ; Na,
Found.: C, 40.54 ; H, 4.85 ; N, 10.81 ; 5, 7.26 ; Cl, 3.79 ; Na,
[0187]

Example €9

Synthesis of Compound (II-27
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[Formula 1423]
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Step {1;: Compound 27a + Compound 27b — Compound 27c

Compound 27a {2.14 g, 5 mmol;} was suspended in tcluene {25 ml}),
and then triethylamine (0.83 ml, € mmel) and diphenylphosphoryl
azide (1.29 mL, 6 mmol} were added thereto in turn, followed by
heating at reflux for one hour. Compound 27b (0.86 g, 7.5 mmol)
was then added, subsequently heating at reflux for another two
hours. The reaction solution was cooled to room temperature,
and then the solvent was evapocrated under reduced pressure.
Jater was added to the residue, followesd by extraction wit
ethyl acetate and tetrahydrofuran, and then the organic lavyer

was concentrated Iin vacuo. Iscopropanol was added to the
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resulting residue, and then the resulting solid was filtrated to
vield 27¢ (1.84 g, 68%).

TH-NMR (DMSO-dg) 8(delta): 8.65 (1H, br s}, 7.81 (1H, br s), 7.67
(1H, dd, § = 14.9, 9.6 Hz), 7.39 (24, &4, T = 7.3 Hz), 7.29 (2H,
d, J = 7.6 Hz), 7.09 (iH, dd, J = 18.4, 8.9 Hz), 6.95 (2H, &, J

")

il

7.6 Hz), ©.86 (2H, d, J = 7.8 Hz), 5.06 (2H, s}, 4.89% (2H, s),

.76 (3H, sj, 3.74 (3H, s}, 2.29-3.10 (2H, m}, 2.48-2.42 (éH, m},

w

1.70-1.67 (4H, m).
MS: 540.36 (M+H}.
Step (2): Compound Z7d + Compound 27c¢ — Compound 27e

Compound 27d {1011 mg, 1.2 mmol) was dissolved in
dimethylacetamide (5 mL), and then degassed in a water bath.
Potassium iodide (540 mg, 3.6 mmol} was then added thereto,
followed by stirring at room temperature for 20 minutes.
Compound 27c {848 mg, 1.2 mmel) was added to the reacticn
sclution, subsequently stirring at room temperature for one hour.
Ethyl acetate and water were added to the reaction soluticon, and
insclubles were removed by filtration. The organic layer
separated from the filtrate was washed with agqueous 10% sodium
hydrcgen 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 concentrated in vacuco. The concentrated residue was
dissolved in dimethylformamide (12 mL), and then coocled to -40°C.
Phosphorus tribromide (0.17 mL, 1.84 mmol) was added thereto,
followed by stirring at the same temperature for 90 minutes.

thyl acetate was added to the reaction sclution to dilute, and

o]

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 g).

MS: 133C.11 (M+H)

Step {Z): Compound 27e — Compound (II-27)
mpound 272 cbtained

Q
Q

The whole amount (1.05 g) of the crude

zs described above was used, and treated according to a
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procedure similar to that describéd above, and thus Compound
{(IT1-27) (90.7 mg, 18%) was obtained as a powder.

MS: 767.37 (M+H).

'H-NMR (D,0) &8{delta}: 6.99 (iH, s), 6.88 (2H, s), 5.87 (iH, &, J
= 4.9 Hz}, 5.35 (1H, 4, J = 4.9 Bz), 4.78 (1H, &, J = 14.0Hz,
4.08 (1H, d, J = 14.0 Hz}, 3.81 (1H, d, J = 16.8 Hz), 3.76-3.33
(98, m), 2.25-2.15 (4H, m), 1.50 (6H, d, J = 4.1 Hz).

Elementary analysis for C;¢H;;ClNyG:58:Na+*5.7(H,0)

calcd.: C, 40.40 ; H, 5.13 ; N, 12.56 ; S, 7.19 ; Cl, 3.98 ; Na,

Cl, 3.83 ; WNa,

[0188]
Example 70

Synthesis of Compound (II-28)



228

[Formula 144]
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Step (1): Compound 28a + Compound 2Z8b — Compound Z28c
Compound 28a {4.29% g, 28.2 mmecl), synthesized similarly by a

method described in J. Org. <Chem. 1983, 58, €372, was disolved
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in tetrahydrofuran {40 ml), and then diphenyldiazomethane 28b
(8.21 g, 42.3 mmol) was added, followed by heating at reflux for
20 hours. The solvent was evaporated under reduced pressure,
and then subjected to silica gel column chromatography, eluting
with ethyl acetate-hexane. Fractions containing the desired
compound were concentrated in vacuo to yield Compound 28c

g, 89%).

-

H~NMR (CDC1:) d(delta): 8.11 (1H, s), 8.07 (1H, d, J = 7.7 Hz),
7.59 (iH, d, I = 7.7 Hz), 7.48-7.26 (9H, m), 7.12
(24, 4, T = 5.7 Hz), 1.78 (1H, t, J = 5.7 Hz).
Step (2): Compound 28c + Compound 28d — Compound 28e

To Compound 28c (7.95 g, 25.0 mmol) was added tetrahydrofuran
{140 mL), and then N-hydroxyphthalimide 284 (4.89 g, 30 mmol)
and triphenylphosphine (7.86 g, 30 mmol) were added thesreto in
turn, subsequently cooling to 0°C. Diisopropyl azodicarboxylate
(7.28 mL, 37.5 mmol) was then added to the reaction solutiocn,
followed by stirring at room temperature for twe hours. The
solvent was evaporated under reduced pressure. After methanocl
was added toc the resulting residue under ice-cocoling, the
resulting solid was filtrated, and then dried in vacuo to yield
Compound 28e (7.84 g, 68%).
'H~NMR (CDC1:) O(delta): 8.24 (1K, s), 8.15 (1H, &, J = 7.9 Hz),
7.85-7.78 (3H, m), 7.75-7.68 }ZH, m), 7.51 {(1H, t, J = 7.7 Hz),
)

n

7.43 (4H, 4ad, J = 7.9, 1.4 Hz), 7.38-7.26 {(6H, m), 7.10 (iH,

5.27 {(2H, s).
Step (3}: Compound 28e — Compound Z8f - Compound 28h
To Compeound 28e (5.56 g, 12 mmol) was added methylene chloride
(25 mL}, and then methylhydrazine {(0.€64 mL, 12 mmcl) was added
therete under ice-cocling, followed by stirring at the same
temperature for one hour. The solvent was evapcrated under
reduced pressure, and then methanol {45 ml) was added. Under
ice~cooling, Compound 28g {3.27 g, 12 mmol) was then added,
subsequently stirring for three hours. The sclvent was
evaporated under reduced pressure, and then ethyl acetate,

tetrahydrofuran, and saturated brine were added thereto. The

A
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crganic layer was separated, and then the sclvent was evaporated
under reduced pressure to yield Ceompound 28h (7.4% g, 97%).
'"H-NMR (CDCl;) 8{delta): 8.11 (1H, s), B8.04 (13, d, J = €.1 Hz),
7.56 (1H, &, J = 7.6 Hz), 7.46-7.24 (12H, m), 7.12 (1H, =), 5.26
(2H, s).

Step (4): Compound 28i + Compound 28h — Compound 28]

Compound 281 (1.60 g, 1.5 mmol) and Compound 28h (783 mg, 1.35
mmol) were used, and Compound 283 (1.68 g} was obtained
according to a procedure similar to that described above.

MS: 1472.84 (M+H).
Step (5): Compound 283 — Compound (II-28)

The whole amount of the c¢rude Compound 283 obtained as
described above was dissolved in methylene chloride (2 mL) and
anisocle (1.07 L, 9.78 mmol), and then cocled to 0°C.
Trifluoroacetic acid (12 mi, 110 mmol} was then added to the
reaction solution, followed by stirring for 30 minutes under
ice~cocling. Trifluorocacetic acid {4 ml) was further added to
the reaction sclution, subseguently stirring at room temperature
for %0 minutes. After the solvent was evaporated under reduced
pressure, diisopropyl ether was added, and then the resulting
solid was filtrated. The sclid was dissolved in acetonitrile
and agueous 1 N hydrochloric acid solution, and then HP~-208S
resin was added. The solvent was concentrated In wvacuo,

ODS column chromatography, eluting with water-

O

subjected t
acetonitrile. An aqgueous 0.2 N sodium hydroxide solution was
used for fractions containing the desired compound to obtain a
sodium salt. The fracticns were concentrated in vacue, and then
lyephilized to yield Compound (II-28) (204.6 mg, 23%2) as a
powder.

MS: 800.24 (M+H}

YH-NMR (D,0) &8(delta): 7.90 (1H, s}, 7.79 {(1H, d, J = 7.63 Hz},
7.55 (1K, d, J = 7.17 Hz), 7.41 (1H, t, J = 7.93 Hz), 6.97-6.92
{2H, m;, 6.82 (1B, d, J = 8.08 Hz), 5.75 (1H, d, J = 4.8B8 Hz},
J = 4.8

|
o
oo
Q0
o
(]
-
el
>
a
2
[ ¢]

5.26 (Z2®, s), 5.21, 4.73 (1H, 4, J
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Hz), 4.10 (1H, d, J = 14.64 Hz), 3.93-3.47 (94, m), 3.27 (1H, d,
J = 16.62 Hz), 2.12-2.26 {(4H, m).

Elementary analysis for C;,;H;3CIlN.0;,S,;Na 5.2 {H,0) 0.1 (NaHCC;)

Caled.: C, 44.31 ; H, 4.74 ; N, 106.61 ; &, 6.%4 ; Cl, 3.84 ; Na,
2.74 (%)

Found.: C, 44.16 ; H, 4.62 ; N, 10.77 ; S8, 7.12 ; Cl, 4.07 ; Na,
2.86 (%)

[{oies]

Example 71

Synthesis of Compound {(II-29)
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{Formula 145}
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N AN s
BooHN—¢ ]/ YT ) o d
s O NN~ J\Oiopma
et o T N
., Hool P 1129

OPMB

OH
OH
0
N,
N
\ N
KPS ol
A . O
CO,BH
2%e
HBO,C /l
N
N,o
N |
BocHN~— | CO,H
s
25h
26h
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Step (1): Compocund 2% — Compound Z%h

Compeund 2%z, synthesized similarly by a method described in J.
Am. Chem. Soc. 2001, 123, 185€, was used, and Compound 25%h was
ob*ained according to a procedure similar to that described
above.
Compound 29%c (7.75 g, 107%)
H-NMR (CDCl;) &(deita): 8.18 (1H, dd, T = 8.5, 1.1 Hz), 7.55 (1lH,
td, T = 7.5, 1.2 Hz), 7.47-7.25 (i2H#, m), 7.11 (1H, s), 4.76 (2K,
d, J = 7.4 Hz), 3.72 (1H, t, J = 7.4 Hz).
Compound 23%e {10.2 g, 90%)
*H-NMR (CDCl;) &(delta): 8.16 (1H, d, J = 7.6 Hz), 7.86-7.70 (SH,
my, 7.59 (1H, t, J = 7.5 Hz), 7.46-7.24 ({(11H, m), 7.05 {(1H, s},

Compound 2%h (4.03 g, 69%)

*H-NMR (CDCl;) 8(delta): 8.08 (iH, d, J = 7.5 Hz), 7.59 (1H, &, 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 29%1 + Compound 2%h — Compound 2%) — Compound
(II-29)

Compceund 291 (793 mg, 1.35 mmol) and Compound 2%h (793 mg,
1.35 mmol) were used, and Compound (II-28) was obtained
according to a procedure similar to that described above.
Compound 293 (1.78 g)

MS: 1472.89 (M+H).

Compound (II-29%) (157.3 mg, 17%)

MS: 800.23 (M+H)

YH-NMR (D,0) &(delta): 7.52-7.44 (2H, m), 7.40-7.30 (24, m), 6.95
(14, d, J = 8.24 Hzj,

jun
o3
[$2]
[AV]

(1H, s), 6.90 (iH, 4, J = B.24 Hz

P

5.8C (1H, 4, J = 4.73 Hz), 5.44 (2H, s}, 5.28 (1H, 4, T = 5.03
Hz), 4.83 (1H, d, J = 14.18 Hz), 4.10 (1H, d, J = 14.18 Hz;,
3.92-3.32¢ {10H, m), 2.21-2.18 {4H, m).

Elementary analysis for C;¢H;:CIN, 018, Na4.6{H,0)0.2{NaHCO; }
Calcd.: C, 44.56 ; H, 4.64 ; N, 10.64 ; 8, 6.%¢ ; Cl, 3.85 ; RNa,

2.89 (%)



Feund.: C, 44.31 ; H, 4.60 ; N, 10.71 ; S, 6.85 ; Cl, 3.74 ; Na,

Example 73
Synthesis of Ceompound (II-31)

[Formula 1467

H2N~<\ \\/ﬂ.N

f ?

N A OH
WL° “J\@
COOH OH
i1-31

Cl
H S O
. Boc-N— || |
HClth;jfo N:[m)\on
N_~ Cl
o

\.,/

+ N —
COOBH M3“”°
Me COOBRH
31a 31b
Cl 0
oy /™
Boc- N~<\/\7/L~N “N~ A OBn
H o ;[
ci 31d " “0Bn
>m‘ COOBH
COOBH
31c
Cl o
H S0y l
Boc-N— || |
PP
NO O//L—Nw/ N\/\N)HI/TO-Bn - }|-31
AY H /
>m< COOBH 0B
COOBH
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Step (1): Compound 3la + Compound 31k — Compound 3lc
Compound 31la (2.18 g, 5 mmol) and Compound 31b (2.8%4 g, 3

mmol) was suspended in methylene chloride (20 mL). Pyridine

[

(0.48 mL) and hydrochloric acid salt (1.05 g) of N-{3-
dimethylaminopropyl) -N'-ethylcarbodiimide were then added
thereto under ice-cooling, fellowed by stirring for 30 minutes.
The reaction solution was diiluted with ethyl acetate and water,
and then the organic layer was separated. The organic layer was
washed with water, dried over anhydrous magnesium sulfate, and
then concentrated in vacuo. The residue was purified by silica
gel ceolumn chromatcgraphy to yield Compound 3lc (3.82 g).

*H-NMR (CDCl;) S{delta}: 0.93 (234, d, J = 3.9 Hz), 0.95 (34, 4, J
4.8 Hz), 1.47 (SH, s}, 2.15-2.20 (1H, m), 4.40-4.66 (SH, m),

it

.33 (iH, d, § = 3.0 Hz), 5.82 (iR, dd, J = 3.0, 7.0 Hz), 6.89

w

(14, sy, 6.84 {11H, s}, 7.12-7.63 (21H, m), 9.39 (iH, &, J = 6

Step (2): Compound 3lc + Compound 31d — Compound 3le — Compound
{II-31)

Compound 3lc was dissclved in DMF (5-fold wvolume}, and then
potassium lodide (1.5 equivalents} and Compound 31d {equivalent
mole) were added thereto, followed by stirring &t room
temperature for 2 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 3le (100%;. The crude product 3le was dissoclved
in methylene chloride (20-fcold velume) and nitromethane {10-fold
volume) . Anisole (10 egulvalents} followed by 2M aluminum
chloride/nitromethane sclution (10 ecuivalents) were then added
at room temperature, subsequently stirring for 1 hour. Rfter
reacting, the reaction solution was ©peoured intoe cold 1N
hydrochloric acid/acetonitrile/diisopropyl ether (3/1/5). The
agueous layer was separated, and then subjected to HP-20 column

chromatography to purify it. After eluting with
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acetonitrile/water, eluates were concentrated in vacuo, and then
lyophilized to yield Compound (II-31}.

LC/MS (ES +): 750 {(M+E™)

IR (KBr) om ': 3309, 1784, 1667, 1608, 1532

Elementary analysis for C;; H;eCIiN50:;58°3.6H;:0

Calcd.: C, 45.68; H, 5.34; N, 12.03; Cl, 4.35; 8§, 3.93 (%)

Found.: C, 45.56; H, 5.02; N, 12.25; Cl, 4.56; 8, 4.06 (%)

Example 74
Synthesis of Compound (II-32)
[Formula 147)
- HaN C'O ﬁ
i J\* = &9
”N\g\waﬁJ%/OH

COOH
1-32
g s
N\/’\N)‘k 0]
_Clo N
Boc- N**{\ )~ 0
J\r b g,

Step (1): Compound 32a + Compound 32b -+ Compound 32c¢c — Compound
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a {(a mixture of alalpha), PB{beta)-sulfoxide = 7:2}
{0.68 g, 0.7 rmmol) and Compound 32b were dissolved in
dimethylformamide {6 mL), and then potassium icdide (0.21g , 2
equivalents) was added therete, 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 vield the
crude product 32c (1.07g). The crude product 22c¢ was dissclved
in methylene chloride {20-fold volume) and nitromethane (10-fold
velume) . Anisole (10 equivalents) followed by 2M aluminum
chleride/nitromethane solution (10 eguivalents) were added at
room temperature, subseguently stirring for 1 Thour. After
reacting, the reaction solution was poured into cold 1IN
hydrochleric acid/acetonitrile/diisopropyl ether (3/1/5). The
agueous layer was separated, and then subjected to HP-20 column
chrematography to purify it. Afterxr eluting with
acetonitrile/water, eluates were concentrated in vacuo, and then
lyophilized to vield Compound (a mixture of o{alpha), pibeta)-
sulfoxide = 80:15) (II-32).
LC/MS (ES +): 755 (M+H")
IR {KBr) cm ': 3297, 17%0, 1611, 1530,
Elementary analysis for Cz:oe1H;zCIN0;:3,+3.4H;0

Calcd.: C, 42.71; H, 4.80; N, 12.02; C1, 4.35; 8, 7.86 (%)

o}

Found.: C, 42.67; H, 4.68; N, 12.17; Cl, 4.30; g, 7.71 (%)

Compound (I} of the present invention was investigated for

fot

the antimicrobial activity therecf.

{Test methods)

(Microbe/Strain species Nos. 1-14):

Mezsuremsnt of Minimum Inibitory Concentration {MIC,

microg/ml) was conducted according to the standard method of the

Japan Socliety for Chemotherapy, and the amount of bacteria for
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inoculation 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 Inibitory Concentration (MIC,
microg/ml) was conducted according toe the CLSI (Clinical and
Laboratory Standards Institute) and the amcunt of bacteria for
inoculation 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/m} (upg/ml).

[0183]
[Table 11
Bacteriaf i. omparative] Compound Compound Compaund
StNO ; 1 Bacteria Species Strain Name: igamﬁgﬁx‘n 1] {Im :u) {23 (1—3)

i |Kisbsieliz preumonias ATCC 700603 18 ¢s I 025 | 0.125
2 |Psewdomonas agruginosa SR24 4 0.083 | 0.063 | 0.031
3 |Pseudomonas aeruginoss SR27060 32 0.28 0.125 | 4.125
4 | Acinetobacter baumanaii SR24398 84 B125 | 025 | 0.128
& |Stengtrophonionas maftophiia  |SR21970 16 0.5

[0194]

[Table 2]

Bé’t': Bacteria Species Strain Name | °(;j‘j‘8;‘ C;':D;?Zd Oszﬂgf G\I_f‘;"j;‘f
1 |Kiebsiella pneumoniag ATCC 700603 . 0.125 | 0.28 C.125 . 0.25
2 |Pssudomonas aeruginosa 8R24 ’0_.031‘ | vD‘:OGB 0,083 0063
3 |Pseudomonas geruginosa SR2706E80 {8125 | 0.125 0.125 | D.i28
4 lAcingtobacter bavmannii SR24386 | 0.28 0.25 T 0.25 0.5
5 Srénétrophcmonas maliophifid. |SR21870 | 0.5 | 4 ) 0.5
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[Table 3]
Baoteria) e L , | Rompound |Gompound | Compound | Compound
St{\r;{n Bacteria Species | | Strain Name | 1-18} o 7:_9‘3; {}—22) (]__23.)‘
i |Kletsiella pheumoniae ATCC 7008063 0.125 | 0.185 0.125 0.031 -
2 |Pseudomonas asruginosa 8R24 0.083 | 0.063 0.083 0.031
3 |Pseutomonas aeruginosa SR27080 0.25 | 0.125 0.125 | 0,125
4 |Acinetobacter baumannii SH24395 0.2% | 0125 0.25 0,128
5 |Stenatrophomonas mattophiia  |SR21870 0.5 0.28 3
[0196]
[Table 4]
Bgoteris . . . — Co.ni;'mu’ﬁdl Compourid 'C()m_pound bommbnd Cormpound
Strfgm Bacterig Species Strain Name {1—25} »(.!__26.-) -1 F ar~2y | —*3:
1 |Kilebsiella preumoniae ATCG 700603 0.5 08 05 | 05 | 0125
2 |Pseudomonas aeruginosa ER24 0425 | 0125 | 0125 | 0.125 | 0125
3 |Pseudomenas asruginosa | SR27060 0.25 o5 025 | 025 0.5
4 [Acinetobacier baumaniiii SR243596 0.5 i gies | 0185 | 0.25
8 [Stenotrophomonas maltophiia  |SR21970 2 0:5. 1
[0197)
[Table 5]
B_ia’cte_n'a‘ . . . . Compound | Compound jCompound { Compaund | Compound
Btrsin Bacteria Species | Strain Name (=g | {H—~10) ) 127 (—137 (1~ 16)
A IKiebsisila prieumoniae ATEC 700603 0.5 0.5 0:25 | 025 | 0125
2 iPseudorionas aeruginoss SR24 0125 | 0,125 { 0.0683 | 0.063 | 0.125
3 |Pseudomonas seruginosa SR27060 028 | 025 0.25 0.5 0.25
4 |Acinetobacter baumannii SR24306 025 | 025 | €25 | 025 | 05
5 |Stensirophamonas maltophilia  |SR21870 1 4 1 1 1
[0188]
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[Table €]

‘ssffil'a Bacteria Species . Strsin gi‘e_me,: :(?'Ommi""d C;mﬁéu'n.é :ICh,m pound c.)’dmp'om? -C,;muéund‘
No. - U {—17) | (B~22) ] (1~28) | (1~ 24] | (i—~25)
1 | #ebsiella preumoniae ATCL 700803 025 05 9425 | 0.125 | 0.25
2 Pseudomoras asruginesa SR24 0.063 | 0925 | ©.125 | 0.063 | 0.063
3 |Pseudomonss aeruginesa SRe7060 | 025 | 025 | 025 | 05 | 025 |
4 Acinetobac-f;r;Ab&um‘annii - 5R24386 | 05 0.125 0.25 0125 | 0.25
5 | Stenotrophomonsas mattophilia SR21 970 1 2 0.5 08 1

Bacterial strains described in the above tables and enzyme

{(betz~lactamase) produced thereby are explained in Table 7.

5  [0199)
[Table 7]
Bacteria Speéies Strain Name Pégfif:::d vStra.in Type
K. pneumoniae ATCC700603  SHV-18 ESBLproducer strain
AP derugmosa _5324 o No_n; ‘‘‘‘‘ _W_"Ceftazidime sensm\.‘r;“;tmr‘;;ﬁ ...........
P acruginosa  SRzvos0 Py ML peducerstein T
A baumannii  SR243%6  None

s. malf@ﬁhﬂfﬁ _SR21970 L1 Péfrtg’;é’ﬁ:mif@;"m strain)

[{0200]

[Formula 148]

HoN— H \
¢ o ,/U—N\ /8\ }'; @ a <}
;1% N > \/\ /U\ FIN
6 J T W‘T 1 Me
Me. 1 k U
>>(‘/ COG‘ . /?’A'\
Me” N\ OH
COOH
Comparative Compound 1
10 As shown in the above results, the compounds of the present

invention were shown te 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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preoducing Gram negative bacteria. In comparison to Comparative
Compound 1 having no catechol group, it was shéwn that the
compounds of the present  invention  have more potent
antimicrobial activity.

{0201]

Formulation Example 1

Powder of a compcound of the present invention is locaded to
prepare an injection agent.

[Industiral Applicabkility]
[0202]

The compounds of the present invention have a wide
antimicrobial spectrum, and are effective as an antimicrobial
drug having high stability against beta-lactamase producing Gran
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. A compound of the formula:
[Formula 1]
H2N S\X 9 R3
&(L ];{ y
‘ \%:l\\ /// G—B—0D (1)
e CO00 RS
\F RS
HOOC/
5
wherein,
X is N, CH or C-Cl;
T is S8 or S8=0;
A is lower alkylene;
10 G 1is a single bond or optionally substituted lower
alkylene;
B is a single bond;
D is -NR’-CO-, -CO-NR’-, -NR’-CO-NR’-, -SO;-NR’", -NR’-
SO, - or -CH,-NR’-CO-;
15 E is optionally substituted lower alkylene;
F is a single bond or optionally substituted phenylene;
R® and R* are hydroxy, which bind respectively to
adjacent carbon atoms on the benzene ring;
R° and R® are each independently hydrogen or halogen;
20 each R’ is independently hydrogen or lower alkyl; and

the group of the formula:

[Formula 2]
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is an optionally substituted, saturated monocyclic or fused
cyclic quaternary ammonium group containing one or more N
atom(s) ;

the broken line represents the presence or absence of a

bond in the ring;

provided that
when G bonds to a cationic N atom, the broken 1line is
absent;
when G does not bond to a cationic N atom, the broken line
shows lower alkylene between the cationic N atom and a

ring-forming atom other than the neighboring atom,

or a pharmaceutically acceptable salt or a solvate thereof.

2, The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to claim 1, wherein
said formula

[Formula 5]

@

N.
A/ g

igs the following formula:

[Formula 6]

e
P

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)alkyl, lower alkoxy, or halo(lower)alkoxy,
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provided that R may be identical or different at k

occurrences, and A and G are as defined in claim 1.

3. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to claim 1, wherein

said formula

[Formula 7]

®
N
A/ N

is the following formula:

[Formula 8]

< K@ﬂ)

wherein n, k and R!® are as defined in claim 2, and A and G

are as defined in claim 1.

4. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-3,

wherein k is 0 and n is an integer from 0 to 3.

5. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-3,
wherein

the formula

[Formula 9]
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R4

R5
R6
is the formula:

[Formula 10]
RS OH

é*{\lijg*mOH
R6
wherein R® and R® are as defined in claim 1.

6. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-3,
wherein

the formula:

[Formula 11]

R3
R4

R5
R6
is the formula
[Formula 12]
cl OH

OH

7. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-6,

wherein A is -CH; -, -CH,-CH,- or -CH,;-CH,-CH,-.
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8. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-7,
wherein G is a single bond, -CH;-, -CH;-CH,-~, -CH,;-CH,-CH,-
, -CH;-CH(CH;) -, —CHz—CH(iPr)— or -CH,; -CH (Ph) -, wherein iPr

refers to isopropyl group, and Ph refers to a phenyl group.

9. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-8,
wherein D is -NR’-CO-NR’-, -NR’-CO- or -CO-NR’-, wherein R’

is as defined in Claim 1.

10. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-9,
wherein E is the formula:
[Formula 14]
R . (R S, R o

>< M /C—<
Y ¥ o R >
wherein R' and R? are each independently hydrogen, halogen,
an optionally substituted lower alkyl, a lower alkylthio,
or an optionally substituted phenyl, R' and R are each
independently hydrogen, an optionally substituted lower

alkyl, carboxyl, or carbamoyl, and m refers to an integer

of 1 to 5.

11. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-10,

wherein each R’ is independently hydrogen or a lower alkyl.

12. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-11,

wherein X is N.
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13. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-11,

wherein X is CH or C-Cl.

14. The compound, or a pharmaceutically acceptable salt or
a solvate thereof according to any one of claims 1-13,

wherein T is S.

15. The compound, or a pharmaceutically acceptable salt or
solvate thereof according to claim 1, wherein
is S;

is a lower alkylene;

Q P =3 9

is a single bond or a lower alkylene;

the formula:

[Formula 15]

is the formula:

[Formula 16]

)n G
® ©
N N
A G or A )

B is a single bond;

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

{Formula 17]
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o > s
e

wherein Me refers to a methyl group;
F is a single bond;

R®> is hydrogen or Cl, and R® is hydrogen or Cl.

16. The compound, or a pharmaceutically acceptable salt or

a solvate thereof according to claim 1, wherein

T is S;
A is -CHj ~;
G is -CH;-, -CH;-CH,;- or -CH,-CH,-CH, -;

the formula:

[Formula 18]

®
N
A/ o

is the formula:

G

[Formula 19]

)n

@
P ;
wherein n is an integer from 0 to 3;
B is a single bond;

D is -NH-CO~ or ~CO-NH-;
E is the formula:

[Formula 20]

Mo P b
SO -l e

wherein Me refers to methyl group;
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F is a single bond;
the formula
[Formula 21]

R3
R4

R5
R6
is the formula:

[Formula 22]

wherein R® and R® are as defined in claim 1.

17. The compound according to claim 1 selected from the
group consisting of:

[Formula 23]

HOOC ./

g TS 8
OH

14

i- 1

HOOC\%/
Hm\giﬁ)ﬁf ;jf// \/\



dTISOW

ARG
HO an
n 000
o N@—f
© w/‘\[

HO ”'aw

HO ~"N

Xy “@i @ -

HO

HO NN

000 n
«(kN o A,
o | N
o o (¢ s N‘H/t\[ SN
Ho s

0sc
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N~ OH
\ O N
M e><o Coo oM
Me”™ “cooH cl
1-19 ,
sl o
HzN”<\ i N S
N | IQ\/ ® o a
N N AN OH
\ o - \/\u
coo
Me OH
COONa

AN~y OH

OH
COONa a

[Formula 24]

s
HN— |
N

S @/\” )UOH
N
VY & OH
CE,CO0"

oH O OH

OH (o] Cl
N,

! j;f

N N

o]

MCSLLP
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S
il g

N

NI g O o ¢

o) N 7 N\/\N oH

O H
COONa* o

N O 9 ¢
Ne) N > N\/\N oH
N A
COONa* © -

© OH
-2
Fs
S 0
HzNh'<\ ’
N]\’/LNH S O .
Phe-¢ coor H
HCI COOH on
3
¥
S )
HaN—C
" ( s O o ¢
Hel N‘0 @ Nz &*\/\” OH
coo
14

MCSLLp
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*Na00C. g
H,N /J/\( P o <
~ J:(WJ\/N\/\NJ@OH

COO OH

[

16

*Na0OC. {

HN~(¢ J)\ff ;j’ Bro o
N\/\N OH
COO

17 OH

H2N~—<\
s
S

*Na0

ﬁ@”*@

\‘/COZH
N

“”"*’J)Y I(Yk Jgé[ou

COy
W-22 OH

/kfcozu
””“ﬂ I{QV J\&OH

H-23 OH

g(cozH
HaN—¢ ﬂ );(\gv NS J\&OH

COy OH
1i-24

MCSLLP
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/%/COZNB
WOH o
N AN s N OH
HN—¢ | I IE 533/\H
S o = OH

2
1-25 , and

,COzNa
.0 OH
N
H H
N AN s N o
ST T ) )
[ OO Cl
COy

-26

1

or a pharmaceutically acceptable sgalt, a solvate, an

isomer, or a racemate thereof.

18. The compound according to claim 1 represented by the
formula:

[Formula 26]

HOOC _ /

HzN—ﬂ( 7T/i\ﬂ/ :I:TTT;J\V/ 0o ¢ o
j::OH

!

I- 1

10 or a pharmaceutically acceptable salt or a solvate thereof.

19. The compound according to claim 1 represented by the
formula:

[Formula 27]

Hm—Ql
;ELVN\/\N OH
OH
15 1-8 ,

or a pharmaceutically acceptable salt or a solvate thereof.
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20. The compound according to claim 1 represented by the
formula:

[Formula 28]

S 0
WN%%ELTJ—H S (o) o «
I &
N };@\/N\/\N OH
\ o 2 N
0 coo oH

Me”™ “cooH
1-12

7

or a pharmaceutically acceptable salt or a solvate thereof.

21. The compound according to claim 1 represented by the
formula:

[Formula 29]

1* LR e

Co0

HN—

OH
COONa
1-15
’

or a pharmaceutically acceptable salt, a solvate, an

isomer, or a racemate thereof.

22. The compound according to claim 1 represented by the
formula:

[Formula 301}

HN—G |
:LT)L~;Ejt%l\/N\/\N)k[:iEOH
OH

CO0

Me” ‘cooH
1-17

[

or a pharmaceutically acceptable salt or a solvate thereof.

23. The compound according to claim 1 represented by the
formula:

[Formula 31]
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HN— IKU_
j;QVNwN on
Me: < OH
COONa cl

1-23
’

or a pharmaceutically acceptable sgsalt, a solvate, an

isomer, or a racemate thereof.

24. The compound according to claim 1 represented by the
formula:

[Formula 34]

cl

HN— ]\HL OH
oSl gos
OH 07 OH  CFCOO

I-37
’

or a pharmaceutically acceptable salt or a solvate thereof.

25. The compound according to claim 1 represented by the
formula:

[Formula 35]

Hﬂ—@l ci

OH

..... e

11-21

’

or a pharmaceutically acceptable salt, a solvate, an

isomer, or a racemate thereof.

26. A pharmaceutical composition comprising the compound,
or a pharmaceutically acceptable salt or a solvate thereof

according to any one of claims 1-25.
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27. The pharmaceutical composition according to claim 26,

which has an antimicrobial activity.



