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Description 

CEPHAROSPORINS HAVING A CATECHOL GROUP 

5 [Technical Field] 

[0001] 

The compounds of the present invention are related to cephem 

cornpounds, which have a wide antimicrobial spectrum, and in 

particular exhibit potent antimicrobial activity against beta-

10 lactamase producing Gram negative bacteria, and pharmaceutical 

composition comprising the same. 

[Background Art] 

[0002] 

To date, a variety of beta-lactam drugs have been developed 

15 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. 

20 According to the Ambler molecular classification, beta-

lactarnase 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 (OXA type and the like). 

25 Amongst these, Classes A, C and D types are largely classified 

into serine-beta-lactamase, and on the other hand, Class B type 

is classified in to rr,etallo-beta-lactamase. It :has been kr1own 

that both have respectively different mechanisms to each other 

in terms of hydrolysis of beta-lactam drugs. 

30 

35 

Recently, clinical problem has 

existence of Gram negative bacteria 

been occurring due 

which have become 

to the 

highly 

resistant to beta-lactam drugs including Cepf'1ems and Carbapenems 

by production of Class A or D types serine-beta-lactamase and 

Class B type metallo-beta-lactamase which have extended their 

substrate spectrum. Particularly, metallo-beta-lactamase is 
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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 

5 Non-Patent Literature 1). However, there is a demand for 

development of Cephem compounds which exhibit more potent 

antimicrobial activity, in particular effectivity against a 

variety of beta-lactamase producing Gram negative bacteria. 

[0003] 

10 One of known antimicrobials having high anti-Gram negative 

bactericidal activity is 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 3
+, thereby the compound is efficiently incorporated into the 

15 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. 

20 [0004] 

Patent Literatures 2-8 and Non-patent Literatures 2-11 and 

16 disclose cornpounds having a catechol or a sturcture sirnilar 

thereto on the 3-position side chain of the Cephem backbone. 

Patent Literature 9 and Non-patent Literatures 12-15 

25 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 1 these references do not disclose the cornpounds of 

30 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 antibacterial activity against wide spetcrum of 

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

Cephem compounds having catechol type substituents. 

[Prior Art References] 

[Patent Literature] 

5 [0005] 

[Patent Literature 1] International Publication No. 2007/119511 

pamphlet 

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

173893 

10 [Patent Literature 3] Japanese Laid-Open Publication No. H2-

15090 

[Patent Literature 4] Japanese Laid-Open Publication No. H2-

28187 

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

15 117678 

[Patent Literature 6] Japanese PCT National Phase Laid-Open 

Publication No. H6-510523 

[Patent Literature 7] Japanese Laid-Open Publication No. H5-

213971 

20 [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. 2 007 /0 967 4 0 

25 pamphlet 

[Patent Literature 11] International Publication No. 2003/078440 

pamphlet 

[Non-Patent Literature] 

[0006] 
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pp.36-39(2008) 

[Non-Patent Literature 2] The Journal of Antibiotics, Vol. 43, 

pp.1617-1620(1990) 

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

35 pp. 795-806 (1989) 
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[Non-Patent Literature 4] The Journal of Antibiotics, Vol. 46, 

pp.833-839(1993) 

[Non-Patent Literature 5] The Journal of Antibiotics, Vol. 46, 

pp.840-849(1993) 

[Non-Patent Literature 6] The Journal of Antibiotics, Vol. 46, 

pp. 850-857 (1993) 

[Non-Patent Literature 7] The Journal of Antibiotics, Vol. 46, 

pp.1458 1470(1993) 

[Non-Patent Literature 8] The Journal of Antibiotics, Vol. 4 8, 

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(1992) 

15 [Non-Patent Literature 11] Bioorganic & Medicinal Chemistry 

20 

25 

30 

Letters, Vol.5, pp.963-966(1995) 

[Non-Patent Literature 12] The Journal of Antibiotics, Vol. 48, 

pp.417-424(1995) 

[Non-Patent Literature 13] The Journal of Antibiotics, Vol. 41, 

pp.377-391(1988) 
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Biotechnology, Vol.40, pp.892-897(1994) 

[Abstract of Invention] 

[Problems to be solved by the Invention] 

[0007] 

Microbiology and 

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 

compounds which exhibit potent antimicrobial activity 

multi-drug resistant microbials, in particular, Glass 

rnetallo-beta-lactamase producing Gram negative bacteria. 

Cephem 

against 

B type 

Still preferably, the present invention provides Cephem 

compounds which do not exhibit cross-resistance against known 

10 Cephem drug or Carbapenem drugs. 

[Means for solving the problems] 

[0008] 

The present invention provides Cephem compounds which have 

solved the above-mentioned problems having at least following 

15 structural features: 

1) The compounds of 

on 

the 

the 

present invention 

3-posi ti on side quarterly ammonium group 

catechol type substituent on the extreme thereof, 

have cyclic 

chain, and a 

preferably, 

have a chloride atom on the benzene ring of the catechol group; 

20 2) The compounds of the present invention have a spacer 

moiety (-G-B-D) between the quarterly ammonium group and the 

catechol type substituent; 

3) The compounds of the present invention have an 

aminothiadiazol ring or aminothiazol ring on the 7-position side 

25 chain, and a carboxylic group on the extreme of the oxime moiety. 

[0009] 

Specifically, the present invention provides the following 

inventions: 

1) A compound of the formula: 

30 [Formula 1] 
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S~x 0 
HzN~v~ T ~ N ~' )=() ;~~G-B-D 

/0 0 ~ 
E cooe 
\ 
F 

I 
HOOC 

wherein, 

x is N, CH or C-Cl; 

T is S, S=O, CH2 or O; 

5 A is lower alkylene, lower alkenylene or lower alkynylene; 

G is a single bond, optionally substituted lower alkylene, 

optionally substituted lower alkenylene, or optionally 

substituted lower alkynylene; 

B is a single bond or 5- or 6-membered heterocyclic group 

10 containing at least 1 to 3 N atom(s); 

D is a single bond, -CO-, -0-CO-, -C0-0-, -NR7
-, -NR7 -CO-, 

CO-N~-, -N~-CO-NR7 -, -0-, -s-, -so-, -so,-N~-, -NR7 -SO,-, 

CH2 -NR7 -CO- or -S02 -; 

E is optionally substituted lower alkylene; 

15 F is a single bond or optionally substituted phenylene; 

20 

R3
, R4

, R5 and R6 each is independently hydrogen, halogene, 

nitrile, or -OR8
; 

R7 each is independently hydrogen or optionally substituted 

lower alkyl; 

each is independently hydrogen, lower alkyl, 

halo(lower)alkyl, lower alkylcarbonyl or carbamoyl; 

A group of the formula: 

[Formula 2] 

( I ) 
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15 

7 

is an optionally substituted, saturated or unsaturated, 

monocyclic or fused cyclic quarternary ammonium group containing 

at least one or more N atom(s); 

the broken line shows a bond in the ring; 

provided that when G bonds to a cationic N atom, the broken 

line is absent, and when G does not bond to a cationic N atom, 

the broken line shows a single bond between the cationic N atom 

and a neighboring atom or shows lower alkylene between the 

cationic N atom and a ring-forming atom other than the 

neighboring atom; and when G is a single bond, B 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] 

~ A--Nv G 

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

an ester, a protected compound at the amino on the ring in the 

20 7-.side chain, a pharmaceutically acceptable salt, or a solvate 

thereof. 

[0010] 

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

25 on the ring in the 7-side chain, a pharmaceutically acceptable 

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

said formula 

[Formula 5] 
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is the following formula: 

[Formula 6] 

R10) k 

or 

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

q is an integer from 0 to 3, R10 is halogen, hydroxy, lower alkyl, 

halo (lower I alkyl, lower alkoxy, or halo (lower) alkoxy, provided 

that R10 may be identical or different at k or q occurrences, and 

A and G are as defined in item 1). 

10 

[0011] 
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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] 

Is the formula: 

[Formula 8] 

G 

or 

10 Wherein n, kg and R10 are as defined in item 2), and A and Gare 

as defined in item 1). 

[0012] 

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

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

15 salt, or a solvate thereof according to any one of items 1)-3), 

wherein R3 and R4 are -OR8
, wherein R8 is as defined in i tern 1) . 

[0013] 

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

20 on the ring in the 7-side chain, a pharmaceutically acceptable 

salt, or a solvate thereof according to any one of items 1)-3), 

wherein 

the formula 

[Formula 9] 
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RB 
is the formula: 

[Formula 10] 

RB 

wherein R3
, R4

, R5
, R6 and R8 are as defined in i tern 1) . 

5 [0014] 

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

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

salt, or a solvate thereof according to any one of items 1)-3), 

wherein 

10 the formula: 

[Formula 11] 

Rs 

is the formula 

[Formula 12] 

Cl OH 

1---0-0
" 

wherein R3
, R4

, R5 and R6 are as defined in item 1). 

15 

[0015] 
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7) The compound, or an ester, a protected compound at the amino 

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

salt, or a solvate thereof according to any one of items 1) 6), 

wherein A is -CH2 - , -CH 2 -CH2 - , -CH2 -CH2 -CH 2 - , -CH=CH-, -CH=CH-

5 CH2 - or -CH2 -CH=CH-. 

[0016] 

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

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

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

10 wherein G is a single bond, -CH2 - , -CH2 -CH2 - , -CH2 -CH2 -CH2 - , 

CH=CH-, -CH=CH-CH,-, -CH,-CH=CH-, -cH,-CH(CH,)-, -CH,-CH('Pr)- or 

-CH2 -CH (Ph) - , wherein 'Pr refers to isopropyl group, and Ph 

refers to a phenyl group. 

[0017] 

15 9) 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)-8), 

wherein B is a single bond or the formula: 

20 

[Formula 13] 

or 

[0018] 

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 one of claims 1-9, 

25 wherein Dis a single bond, -co-, -o-co-, -C0-0-, -NR 7
-, -NR7 -CO-

NR7 -NR7 -CO- or -CO-NR7 
-, wherein R7 is as defined in item 1). 

[0019] 

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

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

30 salt, or a solvate thereof according to any one of items 1) 9), 
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wherein Dis a single bond, -co-, -NR7-CO-NR7-, -NR7 -CO- or -co­

NR7-, wherein R7 is as defined in item 1). 

[0020] 

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

5 on 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] 

or 

wherein R1 and R2 are each independently hydrogen, halogen, an 

10 optionally substituted lower alkyl, an optionally substituted 

lower alkylthio, or an optionally substituted phenyl, R11 and R12 

are each independently hydrogen, an optionally substituted lower 

alkyl, an optionally substituted carboxyl, or a carbamoyl, and m 

refers to an integer of 1 to 5. 

15 [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 according to any one of items 1)-12), 

wherein R7 and R8 are each independently hydrogen or a lower 

20 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), 

25 wherein X is N. 

[0023] 

15) 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), 

30 wherein wherein X is CH or C-Cl. 

[0024] 
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16) The compound, or an ester, a protected compound at the amino 

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

salt, or a solvate thereof according to any one of items 1)-15), 

wherein T is S. 

5 [0025] 

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

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

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

x is N, CH or C-Cl; 

10 T is S; 

A is a lower alkylene; 

G is a single bond or a lower alkylene; 

the formula: 

[Formula 15] 

0)~ 
/~~ 

A G 

15 is the formula: 

[Formula 16] 

or 

B is a single bond; 

n is an integer of 0-3; 

D is -NH-CO- or -CO-NH-; 

20 E is the formula: 

[Formula 17] 

Mev' Me/y Me"'p<' 
y 

or 

wherein Me refers to a methyl group; 

F is a single bond; 

R3 and R4 are -OH, and R5 is hydrogen or Cl, and R6 is hydrogen. 
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[0026] 

18) A pharmaceutical composition comprising the compound, or an 

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

side chain, a pharmaceutically acceptable salt, or a solvate 

5 thereof according to any one of items 1-17. 

[0027] 

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

has an antimicrobial activity. 

[ 0 02 8] 

10 20) A method for treating an infectious disease, characterized 

in the step of administering the compound, or an ester, a 

protected compound at the amino on the ring in the 7-side chain, 

a pharmaceutically acceptable salt, or a solvate thereof 

according to any one of items 1)-17). 

15 [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 treating an infectious disease. 

20 [0030] 

22) Use of 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)' 

25 therapeutic agent. 

[0031] 

for manufacturing an infectious disease 

The present invention provides the following inventions as 

alternative embodiments: 

l') A compound of the formula: 
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[Formula 18] 

( I' ) 

wherein 

x is N, CH or C-Cl; 

T is s, S=O, CH2 or O; 

5 A is lower alkylene, lower alkenylene or lower alkynylene; 

B is lower alkylene, lower alkenylene, lower alkynylene or 5-

or 6-mernbered heterocyclic group containing at least 1 to 3 N 

atom(s); 

D is a single bond, a lower alkylene, -CO-, -0-CO-, -C0-0-, 

10 -NR7 
- , -NR7 -CO-, -CO-NR7 

- , -NR7 -CO-NR7 
- , -0-, -S-, -SO-, -S0 2 -

NR 7
-, -NR 7 -S02 - or -S02-; 

E is an optionally substituted lower alkylene; 

Q is N or CR9
, 

R 5
, R4

, R5
' R6 and R 9 each is independently hydrogen, 

15 halogene, nitrile, or -OR8
; 

20 

R7 each is independently hydrogen or optionally substituted 

lower alkyl; 

R8 each is independently hydrogen, lower alkyl, 

halo(lower)alkyl, lower alkylcarbonyl or carbamoyl; and 

a group of the formula 

[Formula 19] 

is an optionally substituted, saturated or unsaturated, 

rnonocyclic or fused cyclic quarternary am.monium group containing 

at least one or more N atom(s); 
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or an ester, a protected compound at the amino on the ring in 

the 7-side chain, a pharmaceutically acceptable salt, or a 

solvate thereof, provided that the following is excluded: 

5 [0032] 

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 

10 [Formula 21] 

0 
~N~B 

is the following formula: 

[Formula 22] 

~,(~~'. ~01 
A N-B A (~l\l 

=.) or 0-i( 
8 

wherein n is an integer from 0 to 5, RlO is halogen, hydroxy, or 

a lower alkyl, k is an integer from 0 to 4, and A and B are as 

15 defined in item 1'). 

[0033] 
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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 sol vate thereof according to claim 1, wh.erein 

said formula 

5 [Formula 23] 

is the formula: 

[Formula 24] 

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

as defined in item l'). 

10 [0034] 

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

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

salt, or a solvate thereof according to any one of items l')-3'), 

wherein R3 and R4 are -OR8
, wherein R8 is as defined in item 1'). 

15 [0035] 

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 thereof according to any one of claims 1-3, 

wherein 

20 the formula: 

[Formula 25] 

is the formula: 



[Formula 2 6] 

Rs OR8 

1---6-0R' 
I 

Rs 
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wherein R5, R6 and R8 are as defined in item 1'). 

[0036] 

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

5 on the ring in the 7-side chain, a pharmaceutically acceptable 

salt, or a solvate thereof according to any one of items 1')-5'), 

wherein A is -CH2 - , -CH2 -CH 2 - , -CH2 -CH 2 -CH2 - , -CH=CH-, -CH=CH-

CH 2 - or -CH 2 -CH=CH-. 

[0037] 

10 7') 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 item l')-6'), 

wherein B is -CH 2 - , -CH 2 -CH2 - , -CH2 -CH 2 -CH 2 - , -CH=CH-, -CH=CH­

CH2 - , -CH 2 -CH=CH- or the formula: 

15 [Formula 27] 

or 

[ 0 03 8] 

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

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

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

wherein Dis a single bond, -co-, -o-co-, -co-o-, -NR7
-, -NR7-CO­

NR7-, -NR7-CO- or -CO-NR7
-, wherein R7 is as defined in item 1'). 

[0039] 

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

25 on the ring in the 7-side chain, a pharmaceutically acceptable 

salt, or a solvate thereof according to any one of items 1')-7'), 
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wherein Dis -co-, -NR7 -CO-NR7
-, -NR7 -CO- or -CO-NR7

-, wherein R7 

is as defined in item 1'). 

[0040] 

10') The compound, or an ester, a protected compound at the 

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

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

claims l')-9'), wherein Eis the formula: 

[Formula 2 8] 

or 

wherein R1 and R2 are each independently hydrogen, halogen, an 

10 optionally substituted lower alkyl, a lower alkylthio, or an 

optionally substituted phenyl, R11 and R12 are each independently 

hydrogen, an optionally substituted lower alkyl, an optionally 

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

integer of 1 to 5. 

15 [0041] 

11' ) The compound, or an ester, a protected compound at the 

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

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

items l')-10'), wherein R7 and R8 are each independently hydrogen 

20 or a lower alkyl. 

[0042] 

12') 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 

25 items l')-11'), wherein Xis N. 

[0043] 

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 according to any one of 

30 items l')-11'), wherein Xis CH or C-Cl. 
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[ 0044 J 

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 

5 items l')-13'), wherein Tis S. 

[0045] 

15') 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 l'), 

10 wherein 

X is N, CH or C-Cl; 

T is S; 

the formula: 

[Formula 2 9 J 

~ A~\J~B 

15 is the formula: 

20 

[Formula 30] 

0\)n 
~ffi~ 

N < "'--s 

A is a lower 

B is a lower 

alkylene; 

alkylene; 

n is an integer of 0-3; 

D is -NH-CO- or -CO-NH-; 

E is the formula: 

[Formula 31] 

Me~' 
Me~ 
wherein Me refers to a methyl group; 

25 Q is CH; 

R3 and R4 are -OH, and R5 is hydrogen or Cl, and R6 is hydrogen. 
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[0046] 

16') A pharmaceutical composition comprising the compound, or an 

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

s ide chain, a pharmaceutically acceptable salt, or a solvate 

5 thereof according to any one of items 1' )-15'). 

[0047] 

17') The pharmaceutical composition according to item 16'), 

which has an antimicrobial activity. 

[Effects of The Invention] 

10 [0048] 

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 

15 against a variety of bacteria including Gram negative bacteria 

and/or Gram negative bacteria; 

2) the compounds exhibit potent antimicrobial activity 

against beta-lactarnase producing Gram negative bacteria; 

3) the compounds exhibit potent antimicrobial activity 

20 against multi drug resistant bacteria, in particular, Class B 

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

4) the compounds do not exhibit cross resistance with known 

Cephem drugs and/or Carbapenem drugs; 

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

25 after administration into the body. 

[Best Mode of Carrying out the Invention] 

[0049] 

Tl1e respective terms used herein are as defined alone or in 

combination with other terms as follows: 

30 "Halogen" includes fluorine, chlorine, bromine and iodine. 

35 

Preferably, halogen is fluorine, chlorine or bromine, and more 

preferably halogen is chlorine. 

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

carbons, preferably 1-6 carbons, 

and include for example, methyl, 

and more preferably 1-3 carbons, 

ethyl, n-propyl, isopropyl, n-
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butyl, isobutyl, 

neopentyl, hexyl, 

like. 

sec-butyl, tert-butyl, n-pentyl, isopentyl, 

isohexyl, n-heptyl, isoheptyl, n-octyl and the 

The lower alkyl 

alkylcabonyl ", "lower 

"hydroxy (lower) alkoxy", 

"hydroxy (lower) alkoxy", 

moiety in halo(lower)alkyl", "lower 

alkyl thio ", 

"lower 

''lower alkoxy'', 

alkoxy (lower) alkoxy", 

"lower alkoxy(lower)alkoxy", "lower 

alkylarnino", "lower alkylimino", "lower alkylcarbamoyl", 

"hydroxy (lower) alkylcarbamoyl", "lower alkylsulfamoyl n' "lower 

10 alkylsulfinyl'', "lower alkylthio", and the like is as above in 

"lower alkyl". 

Substituents in "an optionally substituted lower alkyl" is 

at: least one of those groups selected from "Substituents group 

alpha". 

15 [0050] 

"Substituents group alpha" is a group consisting of halogen, 

hydroxy, lower alkoxy, hydroxy(lower)alkoxy, lower 

alkoxy(lower)alkoxy, carboxy, hydroxy(lower)alkoxy, lower 

alkoxy (lower) alkoxy, amino, acylarnino, lower alkylamino, imino, 

20 hydroxyimino, lower alkoxyimino, lower alkylthio, carbamoyl, 

lower alkylcarbamoyl, hydroxy(lower)alkylcarbamoyl, sulfamoyl, 

lower alkylsulfamoyl, lower alkylsulfinyl, cyano, nitro, 

carbocyclic group, and heterocyclic group. 

[0051] 

25 ''Halo(lower)alkyl'' refers to a group in which at least one 

position of a lower alkyl is substituted with the above 

"halogen", and 

difluoromethyl, 

monobromornethyl, 

30 [0052] 

include, for example, monofluoromethyl, 

trifluoromethyl, monochloromethyl, 

monofluoromethyl, monochloroethyl, and the like. 

"Lower alkylene" includes linear alkylene having 1-8 

carbons, preferably 1-6 carbons, and more preferably 1-3 carbons. 

and include, for example, methylene, ethylene, n-propylene, n­

butylene, n-pentylene, n-hexylene and the like. 
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"Lower alkenylene" includes linear alkenyl having 2-8 

carbons, preferably 2-6 carbons, more preferably 2-4 carbons 

having at least one double bond at any position, and include, 

for example, vinylene, allylene, propenylene, butenylene, 

prenylene, butadienylene, pentenylene, pentadienylene, 

hexenylene, hexadienylene, and the like. 

"Lower alkynylene" includes a linera alkynylene having 2-8 

carbons, preferably 2-6 carbons, more preferably 2-4 carbons, 

having at least one triple bond at any position, and include, 

10 for example, ethynylene, propynylene, butynylene, pentynylene, 

hexynylene and the like. 

15 

[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 -CH2 - moiety of "lower alkylene" includes the cases 

where as described in the formula: 

20 [Formula 32] 

R 11 and R12 are each independently hydrogen, an optionally 

substituted lower alkyl, an optionally substituted carboxyl, 

or a carbamoyl, and m refers to an integer of 1 to 5, the cases 

where the substients are taken together to form a ring, and 

25 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 Alpha. 

30 [0054] 
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"Carbocyclic group'' includes cycloalkyl, cycloalkenyl, aryl 

and non-aromatic fused carbocyclic groups and the like. 

"Cycloalkyl" is a carbocyclic group having 3-10 carbons, 

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

5 includes, for example, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl and cyclodecyl, 

and the like. 

"Cycloalkenyl" includes those in which at least one double 

bond is included in the ring of the cycloalkyl at any position, 

10 and specifically include, for example, cyclopropenyl, 

15 

cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptynyl, 

cyclooctynyl, and cyclohexadienyl and the like. 

"Aryl" 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 fluorenyl 

and the like. 

20 "Heterocyclic group" includes heterocyclic groups having at 

least one hetero atom arbitrarily selected from O, S and N, in 

the ring thereof, and specifically includes, for 

membered or 6-membered heteroaryl such as pyrrolyl, 

pyrazolyl, pyridyl, pyridazinyl, pyrimidinyl, 

example, 5-

imidazolyl, 

pyrazinyl, 

25 triazolyl, triazinyl, tetrazolyl, isoxazolyl, oxazolyl, 

oxadiazolyl, isothiazolyl, thiazolyl, thiadiazolyl, furyl and 

thienyl and the like; bicyclic fused heterocyclic groups such as 

indolyl, isoindolyl, indazolyl, indolylizinyl, indolynyl, 

isoindolinyl, quinolyl, isoquinolyl, cinnoninyl, phthalazinyl, 

30 quinazolinyl, naphtylizinyl, quinoxanilyl, purinyl, pteridinyl, 

benzopyranyl, benzimidazolyl, benzotriazolyl, benzisoxazolyl, 

benzoxazolyl, benzoxadiazoyl, benzisothiazolyl, benzothiazolyl, 

benzothiadiazolyl, benzofuryl, isobenzofuryl, benzothienyl, 

benzotriazolyl, imidazopyridyl, pyrazolopyridine, quinazolinyl, 

35 quinolyl, isoquinolyl, naphtylidinyl, dihydrobenzofuryl, 
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tetrahydroquinolyl, tetrahydroisoquinolyl, dihydrobenzoxazine, 

tetrahydrobenzothienyl, and the like; tricyclic fused 

heterocyclic group such as carbazolyl, acridinyl, xanthenyl, 

phenothiadinyl, phenoxathiinyl, phenoxazinyl, dibenzofuryl, 

5 imidazoquinolyl and the like; non-aromatic heterocyclic group 

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

thianyl, thiazolidine, pyrrrolidinyl, pyrrolinyl, imidazolidinyl, 

10 

15 

imidazolinyl, 

morpholinyl, 

dihydropyridyl, 

tetrahydrofuryl, 

pyrazolidinyl, pyrazolinyl, pyperadinyl, 

morpholino, thiomorpholinyl, thiomorpholino, 

dihyrobenzimidazolyl, 

tetrahydropyranyl, 

tetrahydropyridyl, 

tetrahydrothiazolyl, 

tetrahydroisothiazolyl, dihydrooxazinyl, hexahydroazepinyl, 

tetrahdydrodiazepinyl, and the like. 

[0055] 

"5- or 6-membered heterocyclic group containing at least 1 

to 3 N atom(s)" includes, for example, any of those groups as 

follows: 

[Formula 33] 

Preferably, it includes any group as follows: 

20 [Formula 34] 

[0056] 

wherein a quartery arrunonium group as shown in Formula: 

[Formula 35] 
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is a saturated or unsaturated, monocyclic 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 

5 may include an additional one or more 0 and/or S atoms. 

Hetero rings which form the quaternary ammonium group is as 

follows: 

Saturated hetero ring containing N atom includes, for 

example, azetidine, pyrrolidine, pyrazolidine, thiazolidine, 

10 oxazolidine, imidazolidine, piperidine, piperazine, morpholine, 

thiomorpholine,azepane, azocane, quinuclidine, and fused ring 

15 

containing the same, and preferably pyrrolidine, piperazine, 

azepane, or quinuclidine. 

Unsaturated N-atom containing hetero ring includes, for 

example, monocycle (for example, pyrrol, pirazol, imidazol, 

oxazol, isoxazol, thiazol, isothiazol, pyridine, pyridazine, 

pyridimine, pyrazine, triazine, triazol, 2,3-dihydro-lH-pyrrol, 

2, 5-dihydro-lH-pyrrol, and fused bicyclic ring containing these 

monocycle in the ring (for example, indole, benzimidazole, 

20 benzopyrazole, indolydine, quinoline, isoquinoline, quinoline, 

25 

30 

phtalazine, quinazoline, benzoisoxazole, benzoxazole, 

benzoxadiazole, benzoisothiazole, benzthiazole, benzoxadiazole, 

benzisothiazole, benzthiazole, benzotriazole, purine, indoline, 

1H-pyrrolo[3,2-b]pyridine, 1H-pyrrazolo[4,3-b]pyridine, lH-

thiazolo[4,5-c]pyridine, 1,4-dihydro-pyrazolo[4,3-b]pyridine, 

pyrido[3,4-b]pyrazine, 1,3-dihydro-imidazo[4,5-c]pyridine and 

the like), and preferably, pyrrol, imidazole, pyridine, 

benzimidazole, 2,5-dihydro-lH-pyrrole. 

[0057] 

Specifically, for example, heterocyclic groups which 

optionally have a plurality of substituents at an appropriate 

position, for example, as described below are included. 
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Subs ti tuents include at least one selected from an optionally 

substituted lower alkyl or a Substituted Group Alpha: 

[Formula 3 6 J 

~~ 

i (l) 

~*sl 
N=./ 

Te N 

~l 
N-j 

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

5 R10 is halogen, hydroxy, lower alkyl, halo (lower) alkyl, lower 
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alkoxy, or halo (lower) alkoxy, provided that R'° may be identical 

or different at k occurrences. 

[0058] 

More preferably, the following heterocyclic groups are 

5 included as follows: 

[Formula 37] 

) n 
( R10 ) k ( R10

) k (R'o) k ( R'o) k (<'~ 
G~ 8:l 

"'(:(' ill~ (•)O 
/Ny XN ' \(N~ , x:N~ , YN~ 
~ ' ~ 

( R10) q 
( R'o) k ( R10) k ( R'o) q 

ffi~N--/ "'~ '"~ xN~ N-i /N~ 
/N.:::::J "< /,N ""-< N=./ , o~ 

( R10) k y 
( R'o) q ( R10 k I ( R10

) k 
N/\ (:J G~ I 

~N~ /, 
/N~ 7 "'< ' 

R10 ) k 

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

q is an integer from 0 to 3, R10 is halogen, hydroxy, lower alkyl, 

halo (lower) alkyl, lower alkoxy, or halo (lower) alkoxy, provided 

10 that R10 may be identical or different at k or q occurrences 

[0059] 

Still more preferably, the heterocyclic groups are included 

as follows: 
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[Formula 38] 

n, k, g and R 10 are as defined above. 

[0060] 

The heterocyclic group as 

preferable. 

[Formula 39] 

wherein n is as defined above. 

[0061] 

shown as follows is most 

"A satl1rated or unsaturated, monocyclic or fused cyclic 

quaternary arrrrnonium group including at least one N atoms 11 is a 

saturated or unsaturated, monocyclic 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 

15 including 1-4, preferably 1-2 substituents, and said ring may 

include additional one or more 0 and/ or S atonts. 

[0062] 

Specifically, the heterocyclic groups which may have a 

plurality of substituents at an appropriate position are 

20 included as follows, for example. Subs ti tuents include a group 

selected from an optionally substituted lower alkyl or 

Substituents Group Alpha: 
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[Formula 40] 

G-+1:n ~'" ~~ 
;·"'~ A~. ~~. ~-

@I jl r @/ r;V1 @r°'/ I @10 @0 N. @11 j /-N::::--.... 
',./N·n /N,~ v:/ /N~ ',./N~ "( NH 

' \ ! '<, \ _j/N ~ '11.c ' . '=c} 
' HN----N ' 0 

' '>,. 

I~~~ 1~~/~' /~@~' .;i />,., 

00 Ne/ 
©I I I n ! / ! 

'1,/N '- XN~ ~A YNH '>i.,. NH 
1 

NH NH , __ I 
Nd Nd HN d ~N 

'· ~@./>(''• 
; . sZ0:i' ~ ~©~ 

1-®ff 
N// 'I N/ N/ re o::t· . I 

10. I 
© ~ 0. ' 

le::.' // /N NH y NH 
©N '~"' Nd \,-~ I I \~ HN-N , "·N 

~' /t1i' ~@ / . ~ I~~ C*l 'h7/' o\Y) ' N/ 
I ' c±:i 1 ! 

@'~ 0. I y ~N~ " ~ "(N~ • . s s I S \ s ' k.1 ~J NJ ~d ~d ' s /; 

>"' 
~ 

/,@~ I© ,,,< @ ~ / /~ ~"' ~ 
IN*! 

KN/'l-

'1]!> @ly N I l@v '',/N~ '-. 

~o le 11 ©i i 

' 0 Ya 0. I vN~ 0. \ 

;,J ~o • ! ),_) ~ccc·j Nd ~ccd o--' 

• 
N~ ~~N ~"' N~'\ N /@ \ ~~µ <~' ~N~ 

@II~ 8 11~ 91• -1 911~ l7 "'i/N~h '1 /N ,,,--/ / ,;N~ . N / 

' ''( '< N 
' " H N 

H 

wherein n is an integer frorn 0 to 5, R13 is halogen, hydroxy, 

lower alkyl, k is an integer of 0 to 4, Rx is an optionally 

substituted lower alkyl, and furthermore, hydrogen atom in NH 

5 may be substituted with a group selected f::om an optionally 

substituted lower alkyl or Substituents Group Alpha. 
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[0063] 

More preferably, the heterocyclic group which rr1ay be 

substituted at an appropriate position is as follows. 

Substituents include those groups selected from an optionally 

5 substituted lower alkyl or Substituted Group Alpha. 

[Formula 41] 

wherein n, R13 and k are as defined above. 

[0064] 

More preferably, the heterocyclic groups are included as 

10 follows: 

15 

[Formula 42] 

wherein n, R13 and k are as defined abo·ve. 

[0065] 

The nomenclature of the substitution position on the Cephem 

backbone of Compounds (I) and I 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-position of the Cephem 

backbone as shown below. 
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[Formula 43] 

) 1 

7 6 T~ 2 

8 
N ~ 

3 

I 0 
5 

14 
coo 

[0066] 

Esters of Compounds (I) and (I') preferably include, those 

5 esters at the carboxyl at the 7-position side chain or at the 4-

position. Esters at the carboxyl at the 7-posi ti on side chain 

refers to a compound which has an esterified structure as shown 

in the formula as follows: 

[Formula 44] 

10 wherein E and F is as defined in item 1), and Rl 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 form a carboxy state. 

Esters at the 4-position of Compounds (I) and (I') refer to 

15 compounds which have an esterified structure at the 4-position 

moiety as shown in the formula as follows: 

[Formula 45] 
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wherein A and T is as defined in item 1), and Rb is an ester 

residue such as a carboxylic protecting group and the like, and 

p- is a counterion such as halogen. Such esters include those 

esters which are readily metabolized to form a carboxylic state. 

The above mentioned carboxylic protecting groups include 

lower alkyl (for example, methyl, ethyl, t-butyl), optionally 

substituted aralkyl (for exarnple, benzyl, benzhydryl, phenethyl, 

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

butyldimethylsilyl, diphenyl t-butylsilyl) and the like. 

10 [0067] 

15 

20 

25 

Compounds protected at the amino of the thiazol or 

thiadiazole ring of the 7-position side chain of Compounds (I) 

or (I') refer to compounds in which the thiazol or thiadiazol 

rings are a ring as shown in the formula: 

[Formula 4 6] 

s----x 
RcHN-{~ 

N I 
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-

nitrobenzyloxycarbonyl), optionally substituted aralkanoyl (for 

example, p-ni trobenzoyl) , acyl (for example, formyl, 

chloroacetyl) and the like. 

[0068] 

Pharmaceutically acceptable salts of Compounds (I) and (I') 

include, for example, salts or int.ramolecular salts formed with 

inorganic base, ammonia, organic base, inorganic acid, organic 

acid, basic amino acid, halogen ions and the like. Such 

inorganic base include alkali metal (Na, Kand the like), alkali 

30 earth metal (Mg and the like), organic base includes procaine, 

2-phenylethylbenzyl amine, dibenzylethylene diamine, 

ethanolamine, diethanolarnine, trishydroxymethyl arninornethane, 
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polyhydroxalkylamine, N-methyl glucosamine and the like. 

Inorganic acids include, for example, hydrochloric acid, 

hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid 

and the like. Organic acids include, for example, p-toluene 

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

10 

trifluoroacetic acid, maleic acid and the like. Basic amino 

acids include, for example, lysine, arginine (7Jv1''/), ornithine, 

histidine and the like. 

As used herein, "solvate" refers to a solvate with water or 

organic solvent (for example, methanol, ethanol, isopropyl 

alcohol, acetone), and preferably hydrate. 

[0069] 

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

limited to particular isomers but include any possible isomers 

15 and racemates as exemplified as follows: 

20 

In Compounds (I) and (I'): 

[Formula 47] 

includes 

[Formula 48] 

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

[Formula 49] 

inclt1des 
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[Formula 50] 

R1><··· A 2'' 
R )/ 

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

[Formula 51] 

/UoH /no 
N / HN / OH OH 

/UoH 
I . 
N~OH 

/UoH I . 
w'~o H 

A~~OH A(XOH ;(t;(o ;(0ao N "" N,_, 
I/ ! 

~ "" 0 
/ OH OH OH 

5 , wherein -OH group may form a salt with a counter cation (for 

example, Na+, K+, Li+ and the like). 

[ 0 07 0 l 

The compounds of the present invention are preferably those 

compounds as specifically shown as follows: 

10 Formula (I): 

[Formula 52] 

( I ) 

Preferable embodiments of Formula (I) are as follows: 

1) Compounds v,rherein T is S (hereinafter T is sl) 

15 [0071] 
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2) Compounds wherein A is a lower alkylene or a lower alkenylene 

(hereinafter A is al); 

compounds wherein A is -CH2 - (hereinafter A is a2); 

compounds wherein A is -CH2 -CH2 - , -CH2 -CH2 -CH2 - or -cH~cH-CH2 -

5 (hereinafter A is a3); 

Preferably, A is a2 as described above. 

[0072] 

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

compounds wherein B is 

10 [Formula 53] 

(hereinafter B is b2) 

Preferably, B is bl. 

[ 0 07 3 J 

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

is dl) ; 

compounds wherein D is -NH-CO-, -N (CHc)-CO-, -CO-NH-, -CO-N(CH 3 )­

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

more preferably, D is d2 as described above. 

20 [0074] 

5) Compounds wherein E is -CH,- (hereinafter E is el I ; 

compounds wherein E is -CH (CH3 ) - (hereinafter E is e2); 

compounds wherein E is -C (CH3) ,- (hereinafter E is e3); 

compounds 1Nherein E is as follows: 

25 [Formula 54] 

H >,,, 
"' /

c , 
H 7 or 

More preferably, E is e2 or e3 as described above. 

[ 0 07 5 J 
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6) Compounds wherein F is a single bond or phenylene 

(hereinafter F is fl) 

[0076] 

7) Compounds wherein G is a lower alkylene or lower alkenylene 

5 (hereinafter G is gl); 

compounds wherein G is -CH2 -, 

(hereinafter G is g2); 

Compounds wherein G is -CH=CH- or -CH=CH-CH2 - (hereinafter G is 

g3); 

10 Compounds wherein G is a single bond (hereinafter G is g4) 

compounds wherein G is -CH2 -CH(CH3)-, -CH2 -CH(iPr)- or -CH2 -

CH (Ph) - (wherein iPr refers to isopropyl group, PH refers to a 

phenyl group) (hereinafter G is g5) . 

More preferably, G is g2 above. 

15 [0077] 

8)Compounds wherein X i CH, C-Cl or X (hereinafter X is xl). 

[0078] 

9)Compounds wherein the formula: 

[Formula 55] 

20 is the formula: 

[Formula 56] 

(wherein n is an integer of 1 to 5, and A and G is as defined 

above) (hereinafter hl) .; 

25 compounds wherein the formula: 

[Formula 57] 
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is the formula: 

[Formula 58]: 

G 

;~6( 
A 

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

[ 0 07 9] 

5 10) Compounds wherein R3 and R4 are -OH, and R5 and R6 are 

hydrogen, hereinafter il); 

compounds wherein R3 and R4 are -OH, and R5 is hydrogen and R6 is 

halogen (hereinafter i2); 

compounds wherein R3 and R4 are -OH, and R5 and R6 are halogen 

10 (hereinafter i3); 

More preferably, R3
, R4

, R5 and R6 are i2 rnentioned above. 

[0080] 

Further preferable embodiments of Compound (I) are those in 

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

15 [Formula 59] 

20 

25 

(fJ (\ 

/~~ A G 
and R3

, R4
, R5 and R6 a.re as follows: 

(sl, al, bl, dl, el, fl, gl, xl, hl, il),(sl, al, bl, dl, 

gl, xl, hl, i2) ' ( s 1, al, bl, dl, el, fl, gl, xl, hl, i3)' 

bl' dl, e 1, fl' gl' xl, h2, il) ' ( s 1, al, bl, dl, el, fl, 

h2, i2) ' ( s 1, al, bl f dl, el, fl, gl, xl, h2, i3), (sl, al, 

el, f 1, g2, xl, hl, il), (sl, al, bl, dl, el, fl, g2, 

i2) ' ( s 1, al, bl, dl, el, fl, g2, xl, hl, i3), (sl, al, bl, 

fl, g2, xl, h2, il)' ( s 1, al, bl, dl, el, fl, g2, xl, h2, 

al, bl, dl, el, fl, g2, xl, h2, i3)' (sl, al, bl, dl, el, 

xl, hl, il), (sl, al, bl, dl, el, fl, g3, xl, hl, i2), (sl, 

el, fl' 

( s 1, al, 

gl, xl, 

bl, dl, 

xl, hl, 

dl, e 1, 

i2) ' ( s 1, 

fl, g3, 

al, bl, 
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dl, el, fl, g3, xl, hl, iJ), (sl, al, bl, dl, el, fl, g3, xl, h2, 

il), (sl, al, bl, dl, el, fl, g3, xl, h2, i2), (sl, al, bl, dl, el, 

fl, g3, xl, h2, i3), (sl, al, bl, dl, el, fl, g4, xl, hl, il), (sl, 

al, bl, dl, el, fl, g4, xl, hl, i2), (sl, al, bl, dl, el, fl, g4, 

5 xl, hl, i3), (sl, al, bl, dl, el, fl, g4, xl, h2, il), (sl, al, bl, 

dl, el, fl, g4, xl, h2, i2), (sl, al, bl, dl, el, fl, g4, xl, h2, 

i3), (sl, al, bl, dl, el, fl, g5, xl, hl, il), (sl, al, bl, dl, el, 

fl, g5, xl, hl, i2), (sl, al, bl, dl, el, fl, g5, xl, hl, i3), (sl, 

al, bl, dl, el, fl, g5, xl, h2, il), (sl, al, bl, dl, el, fl, g5, 

10 xl, h2, i2), (sl, al, bl, dl, el, fl, g5, xl, h2, i3), (sl, al, bl, 

d.l, e2, fl, gl, xl, hl, il), (sl, al, bl, dl, e2, fl, gl, xl, hl, 

i2), (sl, al, bl, dl, e2, fl, gl, xl, hl, i3), (sl, al, bl, dl, e2, 

fl, gl, xl, h2, il), (sl, al, bl, dl, e2, fl, gl, xl, h2, i2), (sl, 

al, bl, dl, e2, fl, gl, xl, h2, i3), (sl, al, bl, dl, e2, fl, g2, 

15 xl, hl, il), (sl, al, bl, dl, e2, fl, g2, xl, hl, i2), (sl, al, bl, 

dl, e2, fl, g2, xl, hl, i3), (sl, al, bl, dl, e2, fl, g2, xl, h2, 

il), (sl, al, bl, dl, e2, fl, g2, xl, h2, i2), (sl, al, bl, dl, e2, 

fl, g2, xl, h2, i3), (sl, al, bl, dl, e2, fl, g3, xl, hl, il), (sl, 

al, bl, dl, e2, fl, g3, xl, hl, i2), (sl, al, bl, dl, e2, fl, g3, 

20 xl, hl, i3), (sl, al, bl, dl, e2, fl, g3, xl, h2, il), (sl, al, bl, 

dl, e2, fl, g3, xl, h2, i2), (sl, al, bl, dl, e2, fl, g3, xl, h2, 

i3), (sl, al, bl, dl, e2, fl, g4, xl, hl, il), (sl, al, bl, dl, e2, 

fl, g4, xl, hl, i2), (sl, al, bl, dl, e2, fl, g4, xl, hl, i3), (sl, 

al, bl, dl, e2, fl, g4, xl, h2, il), (sl, al, bl, dl, e2, fl, g4, 

25 xl, h2, i2), (sl, al, bl, dl, e2, fl, g4, xl, h2, i3), (sl, al, bl, 

dl, e2, fl, g5, xl, hl, il), (sl, al, bl, dl, e2, fl, g5, xl, hl, 

i2), (sl, al, bl, dl, e2, fl, g5, xl, hl, i31, (sl, al, bl, dl, e2, 

fl, g5, xl, h2, il), (sl, al, bl, dl, e2, fl, g5, xl, h2, i2), (sl, 

al, bl, dl, e2, fl, g5, xl, h2, i3), (sl, al, bl, dl, e3, fl, gl, 

30 xl, hl, ill, (sl, al, bl, dl, e3, fl, gl, xl, hl, i21, (sl, al, bl, 

dl, e3, fl, gl, xl, hl, i3), (sl, al, bl, dl, e3, fl, gl, xl, h2, 

ill, (sl, al, bl, dl, e3, fl, gl, xl, h2, i21, (sl, al, bl, dl, e3, 

fl, gl, xl, h2, i3), (sl, a ' ~, bl, dl, e3, fl, g2, xl, hl, il), (sl, 

al, bl, dl, e3, fl, g2, xl, hl, i2), (sl, al, bl, dl, e3, fl, g2, 

35 xl, hl, i3), (sl, al, bl, dl, e3, fl, g2, xl, h2, il), (sl, al, bl, 



5 

dl, e3, fl, g2, xl, h2, i2), (sl, 

i3), (sl, al, bl, dl, e3, fl, g3, 

fl, g3, xl, hl, i2), (sl, al, bl, 

al, bl, dl, e3, fl, g3, xl, h2, 

xl, h2, i2), (sl, al, bl, dl, e3, 

dl, e3, fl, g4, xl, hl, il), (sl, 

i2), (sl, al, bl, dl, e3, fl, g4, 

fl, g4, xl, h2, il), (sl, al, bl, 

40 

al, bl, 

xl, hl, 

dl, e3, 

il), (sl, 

fl' g3' 

al, bl, 

xl, hl, 

dl, e3, 

dl, e3, fl, g2, xl, h2, 

il), (sl, al, bl, dl, e3, 

fl, g3, xl, hl, i3), (sl, 

al, bl, dl, e3, fl, g3, 

xl, h2, i3), (sl, al, bl, 

dl, e3, fl, g4, xl, hl, 

i31, (sl, al, bl, dl, e3, 

fl, g4, xl, h2, i2), (sl, 

al, bl, dl, e3, fl, g4, xl, h2, i3), (sl, al, bl, dl, e3, fl, g5, 

10 xl, hl, il), (sl, al, bl, dl, e3, fl, g5, xl, hl, i2), (sl, al, bl, 

dl, e3, fl, g5, xl, hl, i3), (sl, al, bl, dl, e3, fl, g5, xl, h2, 

il), (sl, al, bl, dl, e3, fl 1 gS, xl, h2, i2), {sl, al, bl, dl, e3, 

fl, g5, xl, h2, i3), (sl, al, bl, dl, e4, fl, gl, xl, hl, il), (sl, 

al, bl, dl, e4, fl, gl, xl, hl, i2), (sl, al, bl, dl, e4, fl, gl, 

15 xl, hl, i31, (sl, al, bl, dl, e4, fl, gl, xl, h2, ill, (sl, al, bl, 

dl, e4, fl, gl, xl, h2, i2), (sl, al, bl, dl, e4, fl, gl, xl, h2, 

i31, (sl, al, bl, dl, e4, fl, g2, xl, hl, il), (sl, al, bl, dl, e4, 

fl, g2, xl, hl, i2), (sl, al, bl, dl, e4, fl, g2, xl, hl, i3), (sl, 

al, bl, dl, e4, fl, g2, xl, h2, il), (sl, al, bl, dl, e4, fl, g2, 

20 xl, h2, i2), (sl, al, bl, dl, e4, fl, g2, xl, h2, i3), (sl, al, bl, 

dl, e4, fl, g3, xl, hl, il), (sl, al, bl, dl, e4, fl, g3, xl, hl, 

i2), (sl, al, bl, dl, e4, fl, g3, xl, hl, i3), (sl, al, bl, dl, e4, 

fl, g3, xl, h2, ill, (sl, al, bl, dl, e4, fl, g3, xl, h2, i2), (sl, 

al, bl, dl, e4, fl, g3, xl, h2, i3), (sl, al, bl, dl, e4, fl, g4, 

25 xl, hl, il), (sl, al, bl, dl, e4, fl, g4, xl, hl, i21, (sl, al, bl, 

dl, e4, fl, g4, xl, hl, i3), (sl, al, bl, dl, e4, fl, g4, xl, h2, 

ill, (sl, al, bl, dl, e4, fl, g4, xl, h2, i2), (sl, al, bl, dl, e4, 

fl, g4, xl, h2, i31, (sl, al, bl, dl, e4, fl, g5, xl, hl, ill, (sl, 

al, bl, dl, e4, fl, g5, xl, hl, i2), (sl, al, bl, dl, e4, fl, g5, 

30 xl, hl, i3), (sl, al, bl, dl, e4, fl, g5, xl, h2, il), (sl, al, bl, 

dl, e4, fl, g5, xl, h2, i21, (sl, al, bl, dl, e4, fl, g5, xl, h2, 

i3), (sl, al, bl, d2, el, fl, gl, xl, hl, ill, 

[0081] 

(sl, al, bl, d2, el, fl, gl, xl, hl, i2), (sl, al, bl, d2, el, fl, 

35 gl, xl, hl, i31, (sl, al, bl, d2, el, fl, gl, xl, h2, ill, (sl, al, 
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bl, d2, el, fl, gl, xl, h2, i2), (sl, al, bl, d2, el, fl, gl, xl, 

h2, i3), (sl, al, bl, d2, el, fl, g2, xl, hl, il), (sl, al, bl, d2, 

el, fl, g2, xl, hl, i2), (sl, al, bl, d2, el, fl, g2, xl, hl, 

i3), (sl, al, bl, d2, el, fl, g2, xl, h2, il), (sl, al, bl, d2, el, 

5 fl, g2, xl, h2, i2), (sl, al, bl, d2, el, fl, g2, xl, h2, i31, (sl, 

al, bl, d2, el, fl, g3, xl, hl, il), (sl, al, bl, d2, el, fl, g3, 

xl, hl, i2), (sl, al, bl, d2, el, fl, g3, xl, hl, i3), (sl, al, bl, 

d2, el, fl, g3, xl, h2, ill, (sl, al, bl, d2, el, fl, g3, xl, h2, 

i21, (sl, al, bl, d2, el, fl, g3, xl, h2, i31, (sl, al, bl, d2, el, 

10 fl, g4, xl, hl, ill, (sl, al, bl, d2, el, fl, g4, xl, hl, i21, (sl, 

al, bl, d2, el, fl, g4, xl, hl, i3), (sl, al, bl, d2, el, fl, g4, 

xl, h2, il), (sl, al, bl, d2, el, fl, g4, xl, h2, i2), (sl, al, bl, 

d2, el, fl, g4, xl, h2, i3), (sl, al, bl, d2, el, fl, g5, xl, hl, 

il), (sl, al, bl, d2, el, fl, g5, xl, hl, i2), (sl, al, bl, d2, el, 

15 fl, g5, xl, hl, i3), (sl, al, bl, d2, el, fl, g5, xl, h2, il), (sl, 

al, bl, d2, el, fl, g5, xl, h2, i2), (sl, al, bl, d2, el, fl, gS, 

xl, h2, i3), (sl, al, bl, d2 1 e2, fl, gl, xl, hl, il), (sl, al, bl, 

d2, e2, fl, gl, xl, hl, i2), (sl, al, bl, d2, e2, fl, gl, xl, hl, 

i3), (sl, al, bl, d2, e2, fl, gl, xl, h2, il), (sl, al, bl, d2, e2, 

20 fl, gl, xl, h2, i2), (sl, al, bl, d2, e2, fl, gl, xl, h2, i31, (sl, 

al, bl, d2, e2, fl, g2, xl, hl, il), (sl, al, bl, d2, e2, fl, g2, 

xl, hl, i2), (sl, al, bl, d2, e2, fl, g2, xl, hl, i3), (sl, al, bl, 

d2, e2, fl, g2, xl, h2, il), (sl, al, bl, d2, e2, fl, g2, xl, h2, 

i2), (sl, al, bl, d2, e2, g2, xl, h2, i3), (sl, al, bl, d2, e2, 

25 fl, g3, xl, hl, ill, (sl, al, bl, d2, e2, fl, g3, xl, hl, i2), (sl, 

al, bl, d2, e2, fl, g3, xl, hl, i3), (sl, al, bl, d2, e2, fl, g3, 

xl, h2, ill, (sl, al, bl, d2, e2, fl, g3, xl, h2, i21, (sl, al, bl, 

d2, e2, fl, g3, xl, h2, i3), (sl, al, bl, d2, e2, fl, g4, xl, hl, 

il), (sl, al, bl, d2, e2, fl, g4, xl, hl, i2), (sl, al, bl, d2, e2, 

30 fl, g4, xl, hl, i3), (sl, al, bl, d2, e2, fl, g4, xl, h2, il), (sl, 

al, bl, d2, e2, fl, g4, xl, h2, i2), (sl, al, bl, d2, e2, fl, g4, 

xl, h2, i3), (sl, al, bl, d2, e2 1 fl, g5, xl, hl, il), (sl, al, bl, 

d2, e2, fl, gS, xl, hl, i2), (sl, al, bl, d2, e2, fl, g5, xl, hl, 

i3), (sl, al, bl, d2, e2, fl, gs, xl, h2, il), (sl, al, bl, d2, e2, 

35 fl, gS, xl, h2, i2), (sl, al, bl, d_2, e2, fl, gS, xl, h2, i3), (sl, 
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al, bl, d2, e3, fl, gl, xl, h.1, il), (sl, 

xl, hl, i2), (sl, al, bl, d2, e3, fl, gl, 

d2, e3, fl, gl, xl, h2, il}, (sl, al, bl, 

i2), (sl, al, bl, d2, e3, fl, gl, xl, h2, 

fl, g2, xl, hl, il), (sl, al, bl, d2, e3, 

al, bl, d2, e3, fl, g2, xl, hl, i3), (sl, 

xl, h2, il), (sl, al, bl, d2, e3, fl, g2, 

d2, e3, fl, g2, xl, h2, i3), (sl, al, bl, 

il), (sl, al, bl, d2, e3, fl, g3, xl, hl, 

fl, g3, xl, hl, i3), (sl, al, bl, d2, e3, 

al, bl, d2, e3, fl, g3, xl, h2, i2), (sl, 

xl, h2, i3), (sl, al, bl, d2, e3, fl, g4, 

d2, e3, fl, g4, xl, hl, i2), (sl, al, bl, 

i3), (sl, al, bl, d2, e3, fl, g4, xl, h2, 

fl, g4, xl, h2, i2), (sl, al, bl, d2, e3, 

al, bl, d2, e3, fl, g5, xl, hl, il), (sl, 

xl, hl, i2), (sl, al, bl, d2, e3, fl, g5, 

d2, e3, fl, g5, xl, h2, ill, (sl, al, bl, 

i2), (sl, al, bl, d2, e3, fl, g5, xl, h2, 

fl, gl, xl, hl, ill, (sl, al, bl, d2, e4, 

al, bl, d2, e4, fl, gl, xl, hl, i31, (sl, 

xl, h2, il), (sl, al, bl, d2, e4, fl, gl, 

d2, e4, fl, gl, xl, h2, i3), (sl, al, bl, 

ill, (sl, al, bl, d2, e4, fl, g2, xl, hl, 

fl, g2, xl, hl, i3), (sl, al, bl, d2, e4, 

al, bl, d2, e4, fl, g2, xl, h2, i21, (sl, 

xl, h2, i31, (sl, al, bl, d2, e4, fl, g3, 

d2, e4, fl, g3, xl, hl, i21, (sl, al, bl, 

i31, (sl, al, bl, d2, e4, fl, g3, xl, h2, 

fl, g3, xl, h2, i2), (sl, al, bl, d2, e4, 

al, bl, d2, e4, fl, g4, xl, hl, ill, (sl, 

xl, hl, i21, (sl, al, bl, d2, e4, fl, g4, 

d2, e4, fl, g4, xl, h2, ill, (sl, al, bl, 

i21, (sl, al, bl, d2, e4, fl, g4, xl, h2, 

fl, g5, xl, hl, ill, (sl, al, bl, d2, e4, 

al, bl, d2, e3, fl, gl, 

xl, hl, i3), (sl, al, bl, 

d2, e3, fl, gl, xl, h2, 

i31, (sl, al, bl, d2, e3, 

fl, g2, xl, hl, i21, (sl, 

al, bl, d2, e3, fl, g2, 

xl, h2, i2), (sl, al, bl, 

d2, e3, fl, g3, xl, hl, 

i2), (sl, al, bl, d2, e3, 

fl, g3, xl, h2, ill, (sl, 

al, bl, d2, e3, fl, g3, 

xl, hl, il), (sl, al, bl, 

d2, e3, fl, g4, xl, hl, 

il), (sl, al, bl, d2, e3, 

fl, g4, xl, h2, i31, (sl, 

al, bl, d2, e3, fl, g5, 

xl, hl, i31, (sl, al, bl, 

d2, e3, fl, g5, xl, h2, 

i31, (sl, al, bl, d2, e4, 

fl, gl, xl, hl, i21, (sl, 

al, bl, d2, e4, fl, gl, 

xl, h2, i2), (sl, al, bl, 

d2, e4, fl, g2, xl, hl, 

i2), (sl, al, bl, d2, e4, 

fl, g2, xl, h2, ill, (sl, 

al, bl, d2, e4, fl, g2, 

xl, hl, ill, (sl, al, bl, 

d2, e4, fl, g3, xl, hl, 

ill, (sl, al, bl, d2, e4, 

fl, g3, xl, h2, i31, (sl, 

al, bl, d2, e4, fl, g4, 

xl, hl, i31, (sl, al, bl, 

d2, e4, fl, g4, xl, h2, 

i31, (sl, al, bl, d2, e4, 

fl, gs, xl, hl, i21, (sl, 
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al, bl, d2, e4, fl, g5, xl, hl, i3), (sl, al, bl, d2, e4, fl, g5, 

xl, h2, il), (sl, al, bl, d2, e4, fl, g5, xl, h2, i2), (sl, al, bl, 

d2, e4, fl, g5, xl, h2, i3), 

[0082] 

5 (sl, al, b2, dl, el, fl, gl, xl, hl, il), (sl, al, b2, dl, el, fl, 

gl, xl, hl, i2), (sl, al, b2, dl, el, fl, gl, xl, hl, i3), (sl, al, 

b2, dl, el, fl, gl, xl, h2, il), (sl, al, b2, dl, el, fl, gl, xl, 

h2, i2), (sl, al, b2, dl, el, fl, gl, xl, h2, i3), (sl, al, b2, dl, 

el, fl, g2, xl, hl, il), (sl, al, b2, dl, el, fl, g2, xl, hl, 

10 i2), (sl, al, b2, dl, el, fl, g2, xl, hl, i3), (sl, al, b2, dl, el, 

fl, g2, xl, h2, il), (sl, al, b2, dl, el, fl, g2, xl, h2, i2), (sl, 

al, b2, dl, el, fl, g2, xl, h2, i3), (sl, al, b2, dl, el, fl, g3, 

xl, hl, il), (sl, al, b2, dl, el, fl, g3, xl, hl, i2), (sl, al, b2, 

15 

20 

25 

30 

35 

dl, el, fl, g3, xl, hl, i3), (sl, al, b2, 

il), (sl, al, b2, dl, el, fl, g3, xl, h2, 

fl, g3, xl, h2, i3), (sl, al, b2, dl, el, 

al, b2, dl, el, fl, g4, xl, hl, i2), (sl, 

xl, hl, i3), (sl, al, b2, dl, el, fl, g4, 

dl, el, fl, g4, xl, h2, i2), (sl, al, b2, 

i3), (sl, al, b2, dl, el, fl, g5, xl, hl, 

fl, g5, xl, hl, i2), (sl, al, b2, dl, el, 

al, b2, dl, el, fl, g5, xl, h2, il), (sl, 

xl, h2, i2), (sl, al, b2, dl, el, fl, g5, 

dl, e2, fl, gl, xl, hl, ill, (sl, al, b2, 

i2), (sl, al, b2, dl, e2, fl, gl, xl, hl, 

fl, gl, xl, h2, il), (sl, al, b2, dl, e2, 

al, b2, dl, e2, fl, gl, xl, h2, i3), (sl, 

xl, hl, il), (sl, al, b2, dl, e2, fl, g2, 

dl, e2, fl, g2, xl, hl, i3), (sl, 

il), (sl, al, b2, dl, e2, fl, g2, 

fl, g2, xl, h2, i3), (sl, al, b2, 

al, b2, dl, e2, fl, g3, xl, hl, 

xl, hl, i3), (sl, al, b2, dl, e2, 

dl, e2, fl, g3, xl, h2, i2), (sl, 

i3), (sl, al, b2, dl, e2, fl, g4, 

al f b2 f 

xl, h2, 

dl, e2, 

i2), (sl, 

fl' g3' 

al, b2, 

xl, hl, 

dl, el, fl, g3, xl, h2, 

i2), (sl, al, b2, dl, el, 

fl, g4, xl, hl, il), (sl, 

al, b2, dl, el, fl, g4, 

xl, h2, il), (sl, al, b2, 

dl, el, fl, g4, xl, h2, 

il), (sl, al, b2, dl, el, 

fl, g5, xl, hl, i3), (sl, 

al, b2, dl, el, fl, g5, 

xl, h2, 

dl, e2, 

i3), (sl, 

fl, gl, 

al, b2, 

xl, hl, 

i3), (sl, al, b2, 

fl, gl, xl, hl, 

al, b2, dl, e2, 

xl, h2, i2), (sl, 

dl, e2, fl, g2, 

i2), (sl, al, b2, 

dl, e2, fl, g2, xl, h2, 

i2), (sl, al, b2, dl, e2, 

fl, g3, xl, hl, il), (sl, 

al, b2, dl, e2, fl, g3, 

xl, h2, il), (sl, al, b2, 

dl, e2, fl, g3, xl, h2, 

il), (sl, al, b2, dl, e2, 
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fl, g4, xl, hl, i21, (sl, al, b2, dl, e2, fl, g4, xl, hl, i3), (sl, 

al, b2, dl, e2, fl, g4, xl, h2, ill, (sl, al, b2, dl, e2, fl, g4, 

xl, h2, i21, (sl, al, b2, dl, e2, fl, g4, xl, h2, i3), (sl, al, b2, 

dl, e2, fl, g5, xl, hl, ill, (sl, al, b2, dl, e2, fl, g5, xl, hl, 

5 i21, (sl, al, b2, dl, e2, fl, g5, xl, hl, i31, (sl, al, b2, dl, e2, 

fl, g5, xl, h2, il), (sl, al, b2, dl, e2, fl, g5, xl, h2, i21, (sl, 

al, b2, dl, e2, fl, g5, xl, h2, i31, (sl, al, b2, dl, e3, fl, gl, 

xl, hl, il), (sl, al, b2, dl, e3, fl, gl, xl, hl, i21, (sl, al, b2, 

dl, e3, fl, gl, xl, hl, i31, (sl, al, b2, dl, e3, fl, gl, xl, h2, 

10 il), (sl, al, b2, dl, e3, fl, gl, xl, h2, i21, (sl, al, b2, dl, e3, 

fl, gl, xl, h2, i3), (sl, al, b2, dl, e3, fl, g2, xl, hl, ill, (sl, 

al, b2, dl, e3, fl, g2, xl, hl, i21, (sl, al, b2, dl, e3, fl, g2, 

xl, hl, i31, (sl, al, b2, dl, e3, fl, g2, xl, h2, il), (sl, al, b2, 

dl, e3, fl, g2, xl, h2, i2), (sl, al, b2, dl, e3, fl, g2, xl, h2, 

15 i31, (sl, al, b2, dl, e3, fl, g3, xl, hl, il), (sl, al, b2, dl, e3, 

fl, g3, xl, hl, i2), (sl, al, b2 1 dl, e3, fl, g3, xl, hl, i3), (sl, 

al, b2, dl, e3, fl, g3, xl, h2, il), (sl, al, b2, dl, e3, fl, g3, 

xl, h2, i2), (sl, al, b2, dl, e3, fl, g3, xl, h2, i3), (sl, al, b2, 

dl, e3, fl, g4, xl, hl, ill, (sl, al, b2, dl, e3, fl, g4, xl, hl, 

20 i2), (sl, al, b2, dl, e3, fl, g4, xl, hl, i3), (sl, al, b2, dl, e3, 

fl, g4, xl, h2, ill, (sl, al, b2, dl, e3, fl, g4, xl, h2, i21, (sl, 

al, b2, dl, e3, fl, g4, xl, h2, i3), (sl, al, b2, dl, e3, fl, g5, 

xl, hl, ill, (sl, al, b2, dl, e3, fl, g5, xl, hl, i21, (sl, al, b2, 

dl, e3, fl, g5, xl, hl, i3), (sl, al, b2, dl, e3, fl, g5, xl, h2, 

25 ill, (sl, al, b2, dl, e3, fl, g5, xl, h2, i21, (sl, al, b2, dl, e3, 

fl, g5, xl, h2, i31, (sl, al, b2, dl, e4, fl, gl, xl, hl, ill, (sl, 

al, b2, dl, e4, fl, gl, xl, hl, i21, (sl, al, b2, dl, e4, fl, gl, 

xl, hl, i3), (sl, al, b2, dl, e4, fl, gl, xl, h2, il), (sl, al, b2, 

dl, e4, fl, gl, xl, h2, i2), (sl, al, b2, dl, e4, fl, gl, xl, h2, 

30 i3), (sl, al, b2, dl, e4, fl, g2, xl, hl, il), (sl, al, b2, dl, e4, 

fl, g2, xl, hl, i21, (sl, al, b2, dl, e4, fl, g2, xl, hl, i3), (sl, 

al, b2, dl, e4, fl, g2 1 xl, h2, il), (sl, al, b2, dl, e4, fl, g2, 

xl, h2, i2), (sl, al, b2, dl, e4, fl, g2, xl, h2, i3), (sl, al, b2, 

dl, e4, fl, g3, xl, hl, il) / (sl, al, b2, dl, e4, fl, g3, xl, hl, 

35 i21, (sl, al, b2, dl, e4, fl, g3, xl, hl, i31, (sl, al, b2, dl, e4, 
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fl, g3, xl, h2, il), (sl, al, b2, dl, e4, fl, g3, xl, h2, i2), (sl, 

al, b2, dl, e4, fl, g3, xl, h2, i3), (sl, al, b2, dl, e4, fl, g4, 

xl, hl, il), (sl, al, b2, dl, e4, fl, g4, xl, hl, i2), (sl, al, b2, 

dl, e4, fl, g4, xl, hl, i3), (sl, al, b2, dl, e4, fl, g4, xl, h2, 

5 il), (sl, al, b2, dl, e4, fl, g4, xl, h2, i2), (sl, al, b2, dl, e4, 

fl, g4, xl, h2, i3), (sl, al, b2, dl, e4, fl, gS, xl, hl, il), (sl, 

al, b2, dl, e4, fl, gS, xl, hl, i2), (sl, al, b2, dl, e4, fl, gS, 

xl, hl, i3), (sl, al, b2, dl, e4, fl, g5, xl, h2, il), (sl, al, b2, 

dl, e4, fl, gS, xl, h2, i2), (sl, al, b2, dl, e4, fl, gS, xl, h2, 

10 i3)' 

[0083] 

(sl, al, b2, d2, el, fl, gl, xl, hl, il), (sl, al, b2, d2, el, fl, 

gl, xl, hl, i2), (sl, al, b2, d2, el, fl, gl, xl, hl, i3), (sl, al, 

b2, d2, el, fl, gl, xl, h2, il), (sl, al, b2, d2, el, fl, gl, xl, 

15 h2, i2), (sl, al, b2, d2, el, fl, gl, xl, h2, i3), (sl, al, b2, d2, 

el, fl, g2, xl, hl, il), (sl, al, b2, d2, el, fl, g2, xl, hl, 

i2), (sl, al, b2, d2, el, fl, g2, x1, hl, i3), (sl, al, b2, d2, el, 

fl, g2, xl, h2, il), (sl, al, b2, d2, el, fl, g2, xl, h2, i2), (sl, 

al, b2, d2, el, fl, g2, xl, h2, i3), (sl, al, b2, d2, el, fl, g3, 

20 xl, hl, il), (sl, al, b2, d2, el, fl, g3, xl, hl, i2), (sl, al, b2, 

d2, el, fl, g3, xl, hl, i3), (sl, al, b2, d2, el, fl, g3, xl, h2, 

il), (sl, al, b2, d2, el, fl, g3, xl, h2, i2), (sl, al, b2, d2, el, 

fl, g3, xl, h2, i3), (sl, al, b2, d2, el, fl, g4, xl, hl, il), (sl, 

al, b2, d2, el, fl, g4, xl, hl, i2), (sl, al, b2, d2, el, fl, g4, 

25 xl, hl, i3), (sl, al, b2, d2, el, fl, g4, xl, h2, il), (sl, al, b2, 

d.2, el, fl, g4, xl, h2, i2), (sl, al, b2, d2, el, fl, g4, xl, h2, 

i3), (sl, al, b2., d2, el, fl, gS, xl, hl, il), (sl, al, b2, d2, el, 

fl, g5, xl, hl, i2), (sl, al, b2, d2, el, fl, g5, xl, hl, i3), (sl, 

al, b2, d2, el, fl, gS, xl, h2, il), (sl, al, b2, d2, el, fl, g5, 

30 xl, h2, i2), (sl, al, b2, d2, el, fl, g5, xl, h2, i3), (sl, al, b2, 

d2, e2, fl, gl, xl, hl, il), (sl, al, b2, d2, e2, fl, gl, xl, hl, 

i2), (sl., al, b2, d2, e2, fl, gl, xl, hl, i3), (sl, al, b2, d2, e2, 

fl, gl, xl, h2, il), (sl, al, b2, d2, e2, fl, gl, xl, h2, i2), (sl, 

al, b2, d2, e2, £1, gl, xl, h2, i3), (sl, al, b2, d2, e2, fl, g2, 

35 xl, hl, il), (sl, al, b2, d2, e2, fl, g2, xl, hl, i2), (sl, al, b2, 
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d2, e2, fl, g2, xl, hl, i3), (sl, al, b2, d2, e2, fl, g2, xl, h2, 

il), (sl, al, b2, d2, e2, fl, g2, xl, h2, i2), (sl, al, b2, d2, e2, 

fl, g2, xl, h2, i3), (sl, al, b2, d2, e2, fl, g3, xl, hl, il), (sl, 

al, b2, d2, e2, fl, g3, xl, hl, i2), (sl, al, b2, d2, e2, fl, g3, 

5 xl, hl, i3), (sl, al, b2, d2, e2, fl, g3, xl, h2, il), (sl, al, b2, 

d2, e2, fl, g3, xl, h2, i2), (sl, al, b2, d2, e2, fl, g3, xl, h2, 

i3), (sl, al, b2, d2, e2, fl, g4, xl, hl, il), (sl, al, b2, d2, e2, 

fl, g4, xl, hl, i2), (sl, al, b2, d2, e2, fl, g4, xl, hl, i3), (sl, 

al, b2, d2, e2, fl, g4, xl, h2, il), (sl, al, b2, d2, e2, fl, g4, 

10 xl, h2, i2), (sl, al, b2, d2, e2, fl, g4, xl, h2, i3), (sl, al, b2, 

d2, e2, fl, g5, xl, hl, il), (sl, al, b2, d2, e2, fl, g5, xl, hl, 

i2), (sl, al, b2, d2, e2, fl, g5, xl, hl, i3), (sl, al, b2, d2, e2, 

fl, g5, xl, h2, il), (sl, al, b2, d2, e2, fl, g5, xl, h2, i2), (sl, 

al, b2, d2, e2, fl, g5, xl, h2, i3), (sl, al, b2, d2, e3, fl, gl, 

15 xl, hl, il), (sl, al, b2, d2, e3, fl, gl, xl, hl, i2), (sl, al, b2, 

d2, e3, fl, gl, xl, hl, i3), (sl, al, b2, d2, e3, fl, gl, xl, h2, 

il), (sl, al, b2, d2, e3, fl, gl, xl, h2, i2), (sl, al, b2, d2, e3, 

fl, gl, xl, h2, i3), (sl, al, b2, d2, e3, fl, g2, xl, hl, il), (sl, 

al, b2, d2, e3, fl, g2, xl, hl, i2), (sl, al, b2, d2, e3, fl, g2, 

20 xl, hl, i3), (sl, al, b2, d2, e3, fl, g2, xl, h2, il), (sl, al, b2, 

d2, e3, fl, g2, xl, h2, i2), (sl, al, b2, d2, e3, fl, g2, xl, h2, 

i3), (sl, al, b2, d2, e3, fl, g3, xl, hl, il), (sl, al, b2, d2, e3, 

fl, g3, xl, hl, i2), (sl, al, b2, d2, e3, fl, g3, xl, hl, i3), (sl, 

al, b2, d2, e3, fl, g3, xl, h2, il), (sl, al, b2, d2, e3, fl, g3, 

25 xl, h2, i2), (sl, al, b2, d2, e3, fl, g3, xl, h2, i3), (sl, al, b2, 

d2, e3, fl, g4, xl, hl, il), (sl, al, b2, d2, e3, fl, g4, xl, hl, 

i2), (sl, al, b2, d2, e3, fl, g4, xl, hl, i3), (sl, al, b2, d2, e3, 

fl, g4, xl, h2, il), (sl, al, b2, d2, e3, fl, g4, xl, h2, i2), (sl, 

al, b2, d2, e3, fl, g4, xl, h2, i3), (sl, al, b2, d2, e3, fl, g5, 

30 xl, hl, il), (sl, al, b2, d2, e3, fl, g5, xl, hl, i2), (sl, al, b2, 

d2, e3, fl, g5, xl, hl, i3), (sl, al, b2, d2, e3, fl, gS, xl, h2, 

il), (sl, al, b2, d2, e3, fl, g5, xl, h2, i2), (sl, al, b2, d2, e3, 

fl, gS, xl, h2, i3), (sl, al, b2, d2, e4, fl, gl, xl, hl, il), (sl, 

al, b2, d2, e4, fl, g1, xl, hl, i2), (sl, al, b2, d2, e4, fl, gl, 

35 xl, hl, i3), (sl, al, b2, d2, e4, fl, gl, xl, h2, il), (sl, al, b2, 
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d2, e4, fl, gl, xl, h2, i2), (sl, al, b2, 

i3), (sl, al, b2, d2, e4, fl, g2, xl, hl, 

fl, g2, x.1, hl, i2), (sl, al, b2, d2, e4, 

al, b2, d2, e4, fl, g2, xl, h2, il), (sl, 

xl, h2, i21, (sl, al, b2, d2, e4, fl, g2, 

d2, e4, fl, g3, xl, hl, il), (sl, al, b2, 

i2), (sl, al, b2, d2, e4, fl, g3, xl, hl, 

fl, g3, xl, h2, ill, (sl, al, b2, d2, e4, 

al, b2, d2, e4, fl, g3, xl, h2, i31, (sl, 

xl, hl, ill, (sl, al, b2, d2, e4, fl, g4, 

d2, e4, fl, g4, xl, hl, i31, (sl, al, b2, 

il), (sl, al, b2, d2, e4, fl, g4, xl, h2, 

fl, g4, xl, h2, i3), (sl, al, b2, d2, e4, 

al, b2, d2, e4, fl, g5, xl, hl, i2), (sl, 

xl, hl, i31, (sl, al, b2, d2, e4, fl, g5, 

d2, e4, fl, g5, xl, h2, i21, (sl, al, b2, 

i3) ' 

[0084] 

d2, e4, fl, gl, xl, h2, 

il), (sl, al, b2, d2, e4, 

fl, g2, xl, hl, i3), (sl, 

al, b2, d2, e4, fl, g2, 

xl, h2, i3), (sl, al, b2, 

d2, e4, fl, g3, xl, hl, 

i3), (sl, al, b2, d2, e4, 

fl, g3, xl, h2, i21, (sl, 

al, b2, d2, e4, fl, g4, 

xl, hl, i2), (sl, al, b2, 

d2, e4, fl, g4, xl, h2, 

i2), (sl, al, b2, d2, e4, 

fl, g5, xl, hl, il), (sl, 

al, b2, d2, e4, fl, g5, 

xl, h2, ill, (sl, al, b2, 

d2, e4, fl, g5, xl, h2, 

(sl, a2, bl, dl, el, fl, gl, xl, hl, il), (sl, a2, bl, dl, el, fl, 

20 gl, xl, hl, i2), (sl, a2, bl, dl, el, fl, gl, xl, hl, i3), (sl, a2, 

bl, dl, el, fl, gl, xl, h2, il), (sl, a2, bl, dl, el, fl, gl, xl, 

h2, i2), (sl, a2, bl, dl, el, fl, gl, xl, h2, i31, (sl, a2, bl, dl, 

el, fl, g2, xl, hl, ill, (sl, a2, bl, dl, el, fl, g2, xl, hl, 

i2), (sl, a2, bl, dl, el, fl, g2, xl, hl, i3), (sl, a2, bl, dl, el, 

25 fl, g2, xl, h2, il), (sl, a2, bl, dl, el, fl, g2, xl, h2, i2), (sl, 

a2, bl, dl, el, fl, g2, xl, h2, i3), (sl, a2, bl, dl, el, fl, g3, 

xl, hl, ill, (sl, a2, bl, dl, el, fl, g3, xl, hl, i21, (sl, a2, bl, 

dl, el, fl, g3, xl, hl, i3), (sl, a2, bl, dl, el, fl, g3, xl, h2, 

il), (sl, a2, bl, dl, el, fl, g3, xl, h2, i2), (sl, a2, bl, dl, el, 

30 fl, g3, xl, h2, i31, (sl, a2, bl, dl, el, fl, g4, xl, hl, il), (sl, 

a2, bl, dl, el, fl, g4, xl, hl, i2), (sl, a2, bl, dl, el, fl, g4, 

xl, hl, i3), (sl, a2, bl, dl, el, fl, g4, xl, h2, il), (sl, a2, bl, 

dl, el, fl, g4, xl, h2, i21, (sl, a2, bl, dl, el, fl, g4, xl, h2, 

i31, (sl, a2, bl, dl, el, fl, g5, xl, hl, ill, (sl, a2, bl, dl, el, 

35 fl, g5, xl, hl, i2), (sl, a2, bl, dl, el, fl, g5, xl, hl, i3), (sl, 
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a2, bl, dl, el, fl, g5, xl, h2, ill, (sl, 

xl, h2, i2), (sl, a2, bl, dl, el, fl, g5, 

dl, e2, fl, gl, xl, hl, il), (sl, a2, bl, 

i2), (sl, a2, bl, dl, e2, fl, gl, xl, hl, 

fl, gl, xl, h2, ill, (sl, a2, bl, dl, e2, 

a2, bl, dl, e2, fl, gl, xl, h2, i3), (sl, 

xl, hl, il), (sl, a2, bl, dl, e2, fl, g2, 

dl, e2, fl, g2, xl, hl, i3), (sl, a2, bl, 

il), (sl, a2, bl, dl, e2, fl, g2, xl, h2, 

fl, g2, xl, h2, i3), (sl, a2, bl, dl, e2, 

a2, bl, dl, e2, fl, g3, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a2, bl, dl, e2, fl, g3, 

dl, e2, fl, g3, xl, h2, i2), (sl, a2, bl, 

i3), (sl, a2, bl, dl, e2, fl, g4, xl, hl, 

fl, g4, xl, hl, i2), (sl, a2, bl, dl, e2, 

a2, bl, dl, e2, fl, g4, xl, h2, il), (sl, 

xl, h2, i2), (sl, a2, bl, dl, e2, fl, g4, 

dl, e2, fl, g5, xl, hl, il), (sl, a2, bl, 

i2), (sl, a2, bl, dl, e2, fl, g5, xl, hl, 

fl, gS, xl, h2, il), (sl, a2, bl, dl, e2, 

a2, bl, dl, e2, fl, g5, xl, h2, i3), (sl, 

xl, hl, il), (sl, a2, bl, dl, e3, fl, gl, 

dl, e3, fl, gl, xl, hl, i3), (sl, a2, bl, 

ill, (sl, a2, bl, dl, e3, fl, gl, xl, h2, 

fl, gl, xl, h2, i3), (sl, a2, bl, dl, e3, 

a2, bl, dl, e3, fl, g2, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a2, bl, dl, e3, fl, g2, 

dl, e3, fl, g2, xl, h2, i2), {sl, a2, bl, 

i3), (sl, a2, bl, dl, e3, fl, g3, xl, hl, 

fl, g3, xl, hl, i2), (sl, a2, bl, dl, e3, 

a2, bl, dl, e3, fl, g3, xl, h2, il), (sl, 

xl, h2, i2), (sl, a2, bl, dl, e3, fl, g3, 

dl, e3, fl, g4, xl, hl, il), (sl, a2, bl, 

i2), (sl, a2, bl, dl, e3, fl, g4, xl, hl, 

fl, g4, xl, h2, il), (sl, a2, bl, dl, e3, 

a2, bl, dl, el, fl, g5, 

xl, h2, i3), (sl, a2, bl, 

dl, e2, fl, gl, xl, hl, 

i3), (sl, a2, bl, dl, e2, 

fl, gl, xl, h2, i2), (sl, 

a2, bl, dl, e2, fl, g2, 

xl, hl, i2), (sl, a2, bl, 

dl, e2, fl, g2, xl, h2, 

i2), (sl, a2, bl, dl, e2, 

fl, g3, xl, hl, il), (sl, 

a2, bl, dl, e2, fl, g3, 

xl, h2, il), (sl, a2, bl, 

dl, e2, fl, g3, xl, h2, 

il), (sl, a2, bl, dl, e2, 

fl, g4, xl, hl, i3), (sl, 

a2, bl, dl, e2, fl, g4, 

xl, h2, i3), (sl, a2, bl, 

dl, e2, fl, g5, xl, hl, 

i3), (sl, a2, bl, dl, e2, 

fl, g5, xl, h2, i2), (sl, 

a2, bl, dl, e3, fl, gl, 

xl, hl, i2), (sl, a2, bl, 

dl, e3, fl, gl, xl, h2, 

i21, (sl, a2, bl, dl, e3, 

fl, g2, xl, hl, il), (sl, 

a2, bl, dl, e3, fl, g2, 

xl, h2, il), (sl, a2, bl, 

dl, e3, 

il), (sl, 

fl' g3' 

22 f bl I 

xl, h2, 

fl, g2, xl, h2, 

a2, bl, dl, e3, 

xl, hl, i3), (sl, 

dl, e3, fl, g3, 

i3), (sl, a2, bl, 

dl, e3, fl, g4, xl, hl, 

i3), (sl, a2, bl, dl, e3, 

fl, g4, xl, h2, i2), (sl, 
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a2, bl, dl, e3, fl, g4, xl, h2, i3), (sl, a2, bl, dl, e3, fl, g5, 

xl, hl, il), (sl, a2, bl, dl, e3, fl, g5, xl, hl, i2), (sl, a2, bl, 

dl, e3, fl, g5, xl, hl, i3), (sl, a2, bl, dl, e3, fl, g5, xl, h2, 

il), (sl, a2, bl, dl, e3, fl, g5, xl, h2, i2), (sl, a2, b1 1 dl, e3, 

5 fl, g5, xl, h2, i3), (sl, a2, bl, dl, e4, fl, gl, xl, hl, il), (sl, 

a2, bl, dl, e4, fl, gl, xl, hl, i2), (sl, a2, bl, dl, e4, fl, gl, 

xl, hl, i3), (sl, a2, bl, dl, e4, fl, gl, xl, h2, il), (sl, a2, bl, 

dl, e4, fl, gl, xl, h2, i2), (sl, a2, bl, dl, e4, fl, gl, xl, h2, 

i3), (sl, a2, bl, dl, e4, fl, g2, xl, hl, il), (sl, a2, bl, dl, e4, 

10 fl, g2, xl, hl, i2), (sl, a2, bl, dl, e4, fl, g2, xl, hl, i3), (sl, 

a2, bl, dl, e4, fl, g2, xl, h2, il), (sl, a2, bl, dl, e4, fl, g2, 

xl, h2, i2), (sl, a2, bl, dl, e4, fl, g2, xl, h2, i3), (sl, a2, bl, 

dl, e4, fl, g3, xl, hl, il), (sl, a2, bl, dl, e4, fl, g3, xl, hl, 

i2), (sl, a2, bl, dl, e4, fl, g3, xl, hl, i3), (sl, a2, bl, dl, e4, 

15 fl, g3, xl, h2, ill, (sl, a2, bl, dl, e4, fl, g3, xl, h2, i2), (sl, 

a2 f bl I dl, e4, fl, g3, xl, h2, i3), (sl, a2, dl, e4, fl, g4, 

xl, hl, il), (sl, a2, bl, dl, e4, fl, g4, xl, hl, i2), (sl, a2, bl, 

dl, e4, fl, g4, xl, hl, i3), (sl, a2, bl, dl, e4, fl, g4, xl, h2, 

il), (sl, a2, bl, dl, e4, fl, g4, xl, h2, i2), (sl, a2, bl, dl, e4, 

20 fl, g4, xl, h2, i3), (sl, a2, bl, dl, e4, fl, g5, xl, hl, il), (sl, 

a2, bl, dl, e4, fl, g5, xl, hl, i2), (sl, a2, bl, dl, e4, fl, g5, 

xl, hl, i3), (sl, a2, bl, dl, e4, fl, g5, xl, h2, il), (sl, a2, bl, 

dl, e4, fl, g5, xl, h2, i2), (sl, a2, bl, dl, e4, fl, g5, xl, h2, 

i3) ' 

25 [0085] 

(sl, a2, bl, d2, el, fl, gl, xl, hl, il), (sl, a2, bl, d2, el, fl, 

gl, xl, hl, i2), (sl, a2, bl, d2, el, fl, gl, xl, hl, i3), (sl, a2, 

bl, d2, el, fl, gl, xl, h2, il), (sl, a2, bl, d2, el, fl, gl, xl, 

h2, i2), (sl, a2, bl, d2, el, fl, gl, xl, h2, i3), (sl, a2, bl, d2, 

30 el, fl, g2, xl, hl, il), (sl, a2, bl, d2, el, fl, g2, xl, hl, 

i2), (sl, a2, bl, d2, el, fl, g2, xl, hl, i3), (sl, a2, bl, d2, el, 

fl, g2, xl, h2, il), (sl, a2, bl, d2, el, fl, g2, xl, h2, i2), (sl, 

a2, bl, d2, el, fl, g2, xl, h2, i3), (sl, a2, bl, d2, el, fl, g3, 

xl, hl, il), (sl, a2, bl, d2, el, fl, g3, xl, hl, i2), (sl, a2, bl, 

35 d2, el, fl, g3, xl, hl, i3), (sl, a2, bl., d2, el, fl, g3, xl, h2, 
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il), (sl, a2, bl, d2, el, fl, g3, xl, h2, i21, (sl, a2, bl, d2, el, 

fl, g3, xl, h2, i31, (sl, a2, bl, d2, el, fl, g4, xl, hl, ill, (sl, 

a2, bl, d2, el, fl, g4, xl, hl, i2), (sl, a2, bl, d2, el, fl, g4, 

xl, hl, i31, (sl, a2, bl, d2, el, fl, g4, xl, h2, ill, (sl, a2, bl, 

5 d2, el, fl, g4, xl, h2, i21, (sl, a2, bl, d2, el, fl, g4, xl, h2, 

i31, (sl, a2, bl, d2, el, fl, g5, xl, hl, ill, (sl, a2, bl, d2, el, 

fl, g5, xl, hl, i21, (sl, a2, bl, d2, el, fl, g5, xl, hl, i31, (sl, 

a2, bl, d2, el, fl, g5, xl, h2, il), (sl, a2, bl, d2, el, fl, g5, 

xl, h2, i2), (sl, a2, bl, d2, el, fl, g5, xl, h2, i3), (sl, a2, bl, 

10 d2, e2, fl, gl, xl, hl, il), (sl, a2, bl, d2, e2, fl, gl, xl, hl, 

i2), (sl, a2, bl, d2, e2, fl, gl, xl, hl, i3), (sl, a2, bl, d2, e2, 

fl, gl, xl, h2, il), (sl, a2, bl, d2, e2, fl, gl, xl, h2, i2), (sl, 

a2, bl, d2, e2, fl, gl, xl, h2, i3), (sl, a2, bl, d2, e2, fl, g2, 

xl, hl, il), (sl, a2, bl, d2, e2, fl, g2, xl, hl, i2), (sl, a2, bl, 

15 d2, e2, fl, g2, xl, hl, i31, (sl, a2, bl, d2, e2, fl, g2, xl, h2, 

ill, (sl, a2, bl, d2, e2, fl, g2, xl, h2, i21, (sl, a2, bl, d2, e2, 

fl, g2, xl, h2, i31, (sl, a2, bl, d2, e2, fl, g3, xl, hl, ill, (sl, 

a2, bl, d2, e2, fl, g3, xl, hl, i21, (sl, a2, bl, d2, e2, fl, g3, 

xl, hl, i31, (sl, a2, bl, d2, e2, fl, g3, xl, h2, ill, (sl, a2, bl, 

20 d2, e2, fl, g3, xl, h2, i21, (sl, a2, bl, d2, e2, fl, g3, xl, h2, 

i31, (sl, a2, bl, d2, e2, fl, g4, xl, hl, ill, (sl, a2, bl, d2, e2, 

fl, g4, xl, hl, i2), (sl, a2, bl, d2, e2, fl, g4, xl, hl, i31, (sl, 

a2, bl, d2, e2, fl, g4, xl, h2, il), (sl, a2, bl, d2, e2, fl, g4, 

xl, h2, i2), (sl, a2, bl, d2, e2, fl, g4, xl, h2, i31, (sl, a2, bl, 

25 d2, e2, fl, g5, xl, hl, il), (sl, a2, bl, d2, e2, fl, g5, xl, hl, 

i21, (sl, a2, bl, d2, e2, fl, g5, xl, hl, i31, (sl, a2, bl, d2, e2, 

fl, g5, xl, h2, il), (sl, a2, bl, d2, e2, fl, g5, xl, h2, i21, (sl, 

a2, bl, d2, e2, fl, g5, xl, h2, i31, (sl, a2, bl, d2, e3, fl, gl, 

x 1, hl' il), (sl, a2, bl, d2 1 e3 f fl, gl, xl, ' ' n..1.., i21, (sl, a2, bl, 

30 d2, e3, fl, gl, xl, hl, i31, (sl, a2, bl, d2, e3, fl, gl, xl, h2, 

ill, (sl, a2, bl, d2, e3, fl, gl, xl, h2, i21, (sl, a2, bl, d2, e3, 

fl, gl, xl, h2, i3), (sl, a2, bl, d2, e3, fl, g2, xl, hl, il), (sl, 

a2, bl, d2, e3, fl, g2, xl, hl, i21, (sl, a2, bl, d2, e3, fl, g2, 

xl, hl, i31, (sl, a2, bl, d2, e3, fl, g2, xl, h2, ill, (sl, a2, bl, 

35 d2, e3, fl, g2, xl, h2, i2), (sl, a2, bl, d2, e3, fl, g2, xl, h2, 
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i3), (sl, a2, bl, d2, e3, fl, g3, xl, hl, il), (sl, a2, bl, d2, e3, 

fl, g3, xl, hl, i2), (sl, a2, bl, d2, e3, fl, g3, xl, hl, i3), (sl, 

a2, bl, d2, e3, fl, g3, xl, h2, il), (sl, a2, bl, d2, e3, fl, g3, 

xl, h2, i2), (sl, a2, bl, d2, e3, fl, g3, xl, h2, i3), (sl, a2, bl, 

5 d2, e3, fl, g4, xl, hl, il), (sl, a2, bl, d2, e3, fl, g4, xl, hl, 

i2), (sl, a2, bl, d2, e3, fl, g4, xl, hl, i3), (sl, a2, bl, d2, e3, 

fl, g4, xl, h2, il), (sl, a2, bl, d2, e3, fl, g4, xl, h2, i2), (sl, 

a2, bl, d2, e3, fl, g4, xl, h2, i3), (sl, a2, bl, d2, e3, fl, gS, 

xl, hl, ill, (sl, a2, bl, d2, e3, fl, g5, xl, hl, i21, (sl, a2, bl, 

10 d2, e3, fl, gS, xl, hl, i3), (sl, a2, bl, d2, e3, fl, g5, xl, h2, 

ill, (sl, a2, bl, d2, e3, fl, g5, xl, h2, i2), (sl, a2, bl, d2, e3, 

fl, g5, xl, h2, i31, (sl, a2, bl, d2, e4, fl, gl, xl, hl, ill, (sl, 

a2, bl, d2, e4, fl, gl, xl, hl, i21, (sl, a2, bl, d2, e4, fl, gl, 

xl, hl, i31, (sl, a2, bl, d2, e4, fl, gl, xl, h2, ill, (sl, a2, bl, 

15 d2, e4, fl, gl, xl 1 h2, i2), (sl, a2, bl, d2, e4, fl, gl, xl, h2, 

i31, (sl, a2, bl, d2, e4, fl, g2, xl, hl, ill, (sl, a2, bl, d2, e4, 

fl, g2, xl, hl, i21, (sl, a2, bl, d2, e4, fl, g2, xl, hl, i3), (sl, 

a2, bl, d2, e4, fl, g2, xl, h2, il), (sl, a2, bl, d2, e4, fl, g2, 

xl, h2, i2), (sl, a2, bl, d2, e4, fl, g2, xl, h2, i3), (sl, a2, bl, 

20 d2, e4, fl, g3, xl, hl, ill, (sl, a2, bl, d2, e4, fl, g3, xl, hl, 

i21, (sl, a2, bl, d2, e4, fl, g3, xl, hl, i3), (sl, a2, bl, d2, e4, 

fl, g3, xl, h2, ill, (sl, a2, bl, d2, e4, fl, g3, xl, h2, i2), (sl, 

a2, bl, d2, e4, fl, g3, xl, h2, i3), (sl, a2, bl, d2, e4, fl, g4, 

xl, hl, il), (sl, a2, bl, d2, e4, fl, g4, xl, hl, i2), (sl, a2, bl, 

25 d2, e4, fl, g4, xl, hl, i31, (sl, a2, bl, d2, e4, fl, g4, xl, h2, 

ill, (sl, a2, bl, d2, e4, fl, g4, xl, h2, i2), (sl, a2, bl, d2, e4, 

fl, g4, xl, h2, i3), (sl, a2, bl, d2, e4, fl, g5, xl, hl, il), (sl, 

a2, bl, d2, e4, fl, g5, xl, hl, i2), (sl, a2, bl, d2, e4, fl, g5, 

xl, hl, i3), (sl, a2, bl, d2, e4, fl, g5, xl, h2, ill, (sl, a2, bl, 

30 d2, e4, fl, g5, xl, h2, i21, (sl, a2, bl, d2, e4, fl, g5, xl, h2, 

i3)' 

[ 008 6] 

(sl, a2, b2, dl, el, fl, gl, xl, hl, il), (sl, a2, b2, dl, el, 

gl, xl, hl, i2), (sl, a2, b2, dl, el, fl, gl, xl, hl, i3), (sl, a2, 

35 b2, dl, el, fl, gl, xl, h2, ill, (sl, a2, b2, dl, el, fl, gl, xl, 
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h2, i2), (sl, a2, b2, dl, el, fl, gl, xl, h2, i3), (sl, a2, b2, dl, 

el, fl, g2, xl, hl, il), (sl, a2, b2, dl, el, fl, g2, xl, hl, 

i2), (sl, a2, b2, dl, el, fl, g2, xl, hl, i3), (sl, a2, b2, dl, el, 

fl, g2, xl, h2, il), (sl, a2, b2, dl, el, fl, g2, xl, h2, i2), (sl, 

5 a2, b2, dl, el, fl, g2, xl, h2, i3), (sl, a2, b2, dl, el, fl, g3, 

xl, hl, il), (sl, a2, b2, dl, el, fl, g3, xl, hl, i2), (sl, a2, b2, 

dl, el, fl, g3, xl, hl, i3), (sl, a2, b2, dl, el, fl, g3, xl, h2, 

il), (sl, a2, b2, dl, el, fl, g3, xl, h2, i2), (sl, a2, b2, dl, el, 

fl, g3, xl, h2, i3), (sl, a2, b2, dl, el, fl, g4, xl, hl, il), (sl, 

10 a2, b2, dl, el, fl, g4, xl, hl, i2), (sl, a2, b2, dl, el, fl, g4, 

xl, hl, i3), (sl, a2, b2, dl, el, fl, g4, xl, h2, il), (sl, a2, b2, 

dl, el, fl, g4, xl, h2, i2), (sl, a2, b2, dl, el, fl, g4, xl, h2, 

i3), (sl, a2, b2, dl, el, fl, gS, xl, hl, il), (sl, a2, b2, dl, el, 

fl, gS, xl, hl, i2), (sl, a2, b2, dl, el, fl, gS, xl, hl, i3), (sl, 

15 a2, b2, dl, el, fl, gS, xl, h2, il), (sl, a2, b2, dl, el, fl, gS, 

xl, h2, i2), (sl, a2, b2, dl, el, fl, gS, xl, h2, i3), (sl, a2, b2, 

dl, e2, fl, gl, xl, hl, il), (sl, a2, b2, dl, e2, fl, gl, xl, hl, 

i2), (sl, a2, b2, dl, e2, fl, gl, xl, hl, i3), (sl, a2, b2, dl, e2, 

fl, gl, xl, h2, il), (sl, a2, b2, dl, e2, fl, gl, xl, h2, i2), (sl, 

20 a2, b2, dl, e2, fl, gl, xl, h2, i3), (sl, a2, b2, dl, e2, fl, g2, 

xl, hl, il), (sl, a2, b2, dl, e2, fl, g2, xl, hl, i2), (sl, a2, b2, 

dl, e2, fl, g2, xl, hl, i3), (sl, a2, b2, dl, e2, fl, g2, xl, h2, 

il), (sl, a2, b2, dl, e2, fl, g2, xl, h2, i2), (sl, a2, b2, dl, e2, 

fl, g2, xl, h2, i3), (sl, a2, b2, dl, e2, fl, g3, xl, hl, il), (sl, 

25 a2, b2, dl, e2, fl, g3, xl, hl, i2), (sl, a2, b2, dl, e2, fl, g3, 

xl, hl, i3), (sl, a2, b2, dl, e2, fl, g3, xl, h2, ill, (sl, a2, b2, 

dl, e2, fl, g3, xl, h2, i2), (sl, a2, b2, dl, e2, fl, g3, xl, h2, 

i3), (sl, a2, b2, dl, e2, fl, g4, xl, hl, il), (sl, a2, b2, dl, e2, 

fl, g4, xl, hl, i2), (sl, a2, b2, dl, e2, fl, g4, xl, hl, i3), (sl, 

30 a2, b2, dl, e2, fl, g4, xl, h2, il), (sl, a2, b2, dl, e2, fl, g4, 

xl, h2, i2), (sl, a2, b2, dl, e2, fl, g4, xl, h2, i3), (sl, a2, b2, 

dl, e2, fl, gS, xl, hl, il), (sl, a2, b2, dl, e2, fl, g5, xl, hl, 

i2), (sl, a2, b2, dl, e2, fl, gS, xl, hl, i3), (sl, a2, b2, dl, e2, 

fl, g5, xl, h2, il), (sl, a2, b2, dl, e2, fl, g5, xl, h2, i2), (sl, 

35 a2, b2, dl, e2, fl, gS, xl, h2, i3), (sl, a2, b2, dl, e3, fl, gl, 
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xl, hl, ill, (sl, a2, b2, dl, e3, fl, gl, 

dl, e3, fl, gl, xl, hl, i31, (sl, a2, b2, 

il), (sl, a2, b2, dl, e3, fl, gl, xl, h2, 

fl, gl, xl, h2, i31, (sl, a2, b2, dl, e3, 

a2, b2, dl, e3, fl, g2, xl, hl, i21, (sl, 

xl, hl, i3), (sl, a2, b2, dl, e3, fl, g2, 

dl, e3, fl, g2, xl, h2, i2), (sl, a2, b2, 

i31, (sl, a2, b2, dl, e3, fl, g3, xl, hl, 

fl, g3, xl, hl, i21, (sl, a2, b2, dl, e3, 

a2, b2, dl, e3, fl, g3, xl, h2, il), (sl, 

xl, h2, i21, (sl, a2, b2, dl, e3, fl, g3, 

dl, e3, fl, g4, xl, hl, ill, (sl, a2, b2, 

i2), (sl, a2, b2, dl, e3, fl, g4, xl, hl, 

fl, g4, xl, h2, ill, (sl, a2, b2, dl, e3, 

a2, b2, dl, e3, fl, g4, xl, h2, i31, (sl, 

xl, hl, il), (sl, a2, b2, dl, e3, fl, g5, 

dl, e3, fl, g5, xl, hl, i31, (sl, a2, b2, 

il), (sl, a2, b2, dl, e3, fl, g5, xl, h2, 

fl, g5, xl, h2, i3), (sl, a2, b2, dl, e4, 

a2, b2, dl, e4, fl, gl, xl, hl, i21, (sl, 

xl, hl, i3), (sl, a2, b2, dl, e4, fl, gl, 

dl, e4, fl, gl, xl, h2, i2), (sl, a2, b2, 

i3), (sl, a2, b2, dl, e4, fl, g2, xl, hl, 

fl, g2, xl, hl, i21, (sl, a2, b2, dl, e4, 

a2, b2, dl, e4, fl, g2, xl, h2, il), (sl, 

xl, h2, i2), (sl, a2, b2, dl, e4, fl, g2, 

dl, e4, fl, g3, xl, hl, il), (sl, a2, b2, 

i2), (sl, a2, b2, dl, e4, fl, g3, xl, hl, 

fl, g3, xl, h2, il), (sl, a2, b2, dl, e4, 

a2, b2, dl, e4, fl, g3, xl, h2, i31, (sl, 

xl, hl, il), (sl, a2, b2, dl, e4, fl, g4, 

dl, e4, fl, g4, xl, hl, i3), (sl, a2, b2, 

il), (sl, a2, b2, dl, e4, fl, g4, xl, h2, 

fl, g4, xl, h2, i31, (sl, a2, b2, dl, e4, 

a2, b2, dl, e4, fl, g5, xl, hl, i2), (sl, 

xl, hl, i2), (sl, a2, b2, 

dl, e3, fl, gl, xl, h2, 

i2), (sl, a2, b2, dl, e3, 

fl, g2, xl, hl, ill, (sl, 

a2, b2, dl, e3, fl, g2, 

xl, h2, il), (sl, a2, b2, 

dl, e3, fl, g2, xl, h2, 

il), (sl, a2, b2, dl, e3, 

fl, 

a2, 

xl, 

g3, 

b2, 

h2, 

xl, hl, 

dl, e3, 

i31, (sl, 

i3) 1 (slr 

fl' g3' 

a2, b2, 

dl, e3, fl, g4, xl, hl, 

i3), (sl, a2, b2, dl, e3, 

fl, g4, xl, h2, i2), (sl, 

a2, b2, dl, e3, fl, g5, 

xl, hl, i2), (sl, a2, b2, 

dl, e3, fl, g5, xl, h2, 

i21, (sl, a2, b2, dl, e3, 

fl, gl, xl, hl, ill, (sl, 

a2, b2, dl, e4, fl, gl, 

xl, h2, il), (sl, a2, b2, 

dl, e4, fl, gl, xl, h2, 

ill, (sl, a2, b2, dl, e4, 

fl, g2, xl, hl, i31, (sl, 

a2, b2, dl, e4, fl, g2, 

xl, h2, i3), (sl, a2, b2, 

dl, e4, fl, g3, xl, hl, 

i3), (sl, a2, b2, dl, e4, 

fl, g3, xl, h2, i2), (sl, 

a2, b2, dl, e4, fl, g4, 

xl, hl, i2), (sl, a2, b2, 

dl, e4, fl, g4, xl, h2, 

i21, (sl, a2, b2, dl, e4, 

fl, g5, xl, hl, ill, (sl, 

a2, b2, dl, e4, fl, g5, 
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i3), (sl, a2, b2, dl, e4, fl, g5, 

fl, gS, xl, h2, i2), (sl, a2, b2, 

xl, h2, il), (sl, a2, b2, 

dl, e4, fl, g5, xl, h2, 

5 (sl, a2, b2, d2, el, fl, gl, xl, hl, il), (sl, a2, b2, d2, el, fl, 

gl, xl, hl, i2), (sl, a2, b2, d2, el, fl, gl, xl, hl, i3), (sl, a2, 

b2, d2, el, fl, gl, xl, h2, il), (sl, a2, b2, d2, el, fl, gl, xl, 

h2, i21, (sl, a2, b2, d2, el, fl, gl, xl, h2, i3), (sl, a2, b2, d2, 

el, fl, g2, xl, hl, il), (sl, a2, b2, d2, el, fl, g2, xl, hl, 

10 i2), (sl, a2, b2, d2, el, fl, g2, xl, hl, i3), (sl, a2, b2, d2, el, 

fl, g2, xl, h2, il), (sl, a2, b2, d2, el, fl, g2, xl, h2, i2), (sl, 

a2, b2, d2, el, fl, g2, xl, h2, i31, (sl, a2, b2, d2, el, fl, g3, 

xl, hl, il), (sl, a2, b2, d2, el, fl, g3, xl, hl, i2), (sl, a2, b2, 

d2, el, fl, g3, xl, hl, i31, (sl, a2, b2, d2, el, fl, g3, xl, h2, 

15 il), (sl, a2, b2, d2, el, fl, g3, xl, h2, i2), (sl, a2, b2, d2, el, 

fl, g3, xl, h2, i3), (sl, a2, b2, d2, el, fl, g4, xl, hl, il), (sl, 

a2, b2, d2, el, fl, g4, xl, hl, i2), (sl, a2, b2, d2, el, fl, g4, 

xl, hl, i3), (sl, a2, b2, d2, el, fl, g4, xl, h2, il), (sl, a2, b2, 

d2, el, fl, g4, xl, h2, i2), (sl, a2, b2, d2, el, fl, g4, xl, h2, 

20 i3), (sl, a2, b2, d2, el, fl, gS, xl, hl, il), (sl, a2, b2, d2, el, 

fl, g5, xl, hl, i2), {sl, a2, b2, d2, el, fl, gS, xl, hl, i3), (sl, 

a2, b2, d2, el, fl, gS, xl, h2, ill, (sl, a2, b2, d2, el, fl, g5, 

xl, h2, i2), (sl, a2, b2, d2, el, fl, gS, xl, h2, i3), (sl, a2, b2, 

d2, e2, fl, gl, xl, hl, ill, (sl, a2, b2, d2, e2, fl, gl, xl, hl, 

25 i2), (sl, a2, b2, d2, e2, fl, gl, xl, hl, i31, (sl, a2, b2, d2, e2, 

fl, gl, xl, h2, il), (sl, a2, b2, d2, e2, fl, gl, xl, h2, i2), (sl, 

a2, b2, d2, e2, fl, gl, xl, h2, i3), (sl, a2, b2, d2, e2, fl, g2, 

xl, hl, ill, (sl, a2, b2, d2, e2, fl, g2, xl, hl, i2), (sl, a2, b2, 

d2, e2, fl, g2, xl, hl, i3), (sl, a2, b2, d2, e2, fl, g2, xl, h2, 

30 ill, (sl, a2, b2, d2, e2, fl, g2, xl, h2, i21, (sl, a2, b2, d2, e2, 

fl, g2, xl, h2, i3), (sl, a2, b2, d2, e2, fl, g3, xl, hl, ill, (sl, 

a2, b2, d2, e2, fl, g3, xl, hl, i2), (sl, a2, b2, d2, e2, fl, g3, 

xl, hl, i3), (sl, a2, b2, d2, e2, fl, g3, xl, h2, il), (sl, a2, b2, 

d2, e2, fl, g3, xl, h2, i21, (sl, a2, b2, d2, e2, fl, g3, xl, h2, 

35 i3), (sl, a2, b2, d2, e2, fl, g4, xl, hl, il), (sl, a2, b2, d2, e2, 
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fl, g4, xl, hl, i2), (sl, a2, b2, d2, e2, fl, g4, xl, hl, i3), (sl, 

a2, b2, d2, e2, fl, g4, xl, h2, il), (sl, a2, b2, d2, e2, fl, g4, 

xl, h2, i2), (sl, a2, b2, d2, e2, fl, g4, xl, h2, i3), (sl, a2, b2, 

d2, e2, fl, g5, xl, hl, il), (sl, a2, b2, d2, e2, fl, g5, xl, hl, 

5 i21, (sl, a2, b2, d2, e2, fl, g5, xl, hl, i3), (sl, a2, b2, d2, e2, 

fl, g5, xl, h2, ill, (sl, a2, b2, d2, e2, fl, g5, xl, h2, i21, (sl, 

a2, b2, d2, e2, fl, g5, xl, h2, i3), (sl, a2, b2, d2, e3, fl, gl, 

xl, hl, ill, (sl, a2, b2, d2, e3, fl, gl, xl, hl, i2), (sl, a2, b2, 

d2, e3, fl, gl, xl, hl, i3), (sl, a2, b2, d2, e3, fl, gl, xl, h2, 

10 il), (sl, a2, b2, d2, e3, fl, gl, xl, h2, i21, (sl, a2, b2, d2, e3, 

fl, gl, xl, h2, i3), (sl, a2, b2, d2, e3, fl, g2, xl, hl, ill, (sl, 

a2, b2, d2, e3, fl, g2, xl, hl, i2), (sl, a2, b2, d2, e3, fl, g2, 

xl, hl, i3), (sl, a2, b2, d2, e3, fl, g2, xl, h2, ill, (sl, a2, b2, 

d2, e3, fl, g2, xl, h2, i21, (sl, a2, b2, d2, e3, fl, g2, xl, h2, 

15 i3), (sl, a2, b2, d2, e3, fl, g3, xl, hl, il), (sl, a2, b2, d2, e3, 

fl, g3, xl, hl, i2), (sl, a2, b2, d2, e3, fl, g3, xl, hl, i31, (sl, 

a2, b2, d2, e3, fl, g3, xl, h2, il), (sl, a2, b2, d2, e3, fl, g3, 

xl, h2, i2), (sl, a2, b2, d2, e3, fl, g3, xl, h2, i3), (sl, a2, b2, 

d2, e3, fl, g4, xl, hl, il), (sl, a2, b2, d2, e3, fl, g4, xl, hl, 

20 i2), (sl, a2, b2, d2, e3, fl, g4, xl, hl, i31, (sl, a2, b2, d2, e3, 

fl, g4, xl, h2, il), (sl, a2, b2, d2, e3, fl, g4, xl, h2, i21, (sl, 

a2, b2, d2, e3, fl, g4, xl, h2, i3), (sl, a2, b2, d2, e3, fl, g5, 

xl, hl, il), (sl, a2, b2, d2, e3, fl, g5, xl, hl, i2), (sl, a2, b2, 

d2, e3, fl, g5, xl, hl, i3), (sl, a2, b2, d2, e3, fl, g5, xl, h2, 

25 ill, (sl, a2, b2, d2, e3, fl, g5, xl, h2, i2), (sl, a2, b2, d2, e3, 

fl, gS, xl, h2, i3), (sl, a2, b2, d2, e4, fl, gl, xl, hl, il), (sl, 

a2, b2, d2, e4, fl, gl, xl, hl, i2), (sl, a2, b2, d2, e4, fl, gl, 

30 

xl, hl, i3), (sl, a2, b2, d2, e4, 

d2, e4, fl, gl, xl, h2, i2), (sl, 

i3), (sl, a2, b2, d2, e4, fl, g2, 

fl, g2, xl, hl, i2), (sl, a2, b2, 

fl, gl, xl, h2, il), (sl, a2, b2, 

a2, b2, d2, e4, fl, gl, xl, h2, 

xl, hl, il), (sl, a2, b2, d2, e4, 

d2, e4, fl, g2, xl, hl, i3), (sl, 

a2, b2, d2, e4, fl, g2, xl, t12, il), (sl, a2, b2, d2, e4, fl, g2, 

xl, h2, i2), (sl, a2, b2, d2, e4, fl, g2, xl, h2, i3), (sl, a2, b2, 

d2, e4, fl, g3, xl, hl, il), (sl, a2, b2, d2, e4, fl, g3, xl, hl, 

35 i2), (sl, a2, b2, d2, e4, fl, g3, xl, hl, i3), (sl, a2, b2, d2, e4, 
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fl, g3, xl, h2, il), (sl, a2, b2, d2, e4, fl, g3, xl, h2, i2), (sl, 

a2, b2, d2, e4, fl, g3, xl, h2, i3), (sl, a2, b2, d2, e4, fl, g4, 

xl, hl, il), (sl, a2, b2, d2, e4, fl, g4, xl, hl, i2), (sl, a2, b2, 

d2, e4, fl, g4, xl, hl, i3), (sl, a2, b2, d2, e4, fl, g4, xl, h2, 

5 il), (sl, a2, b2, d2, e4, fl, g4, xl, h2, i2), (sl, a2, b2, d2, e4, 

fl, g4, xl, h2, i3), (sl, a2, b2, d2, e4, fl, gS, xl, hl, il), (sl, 

a2, b2, d2, e4, fl, gS, xl, hl, i2), (sl, a2, b2, d2, e4, fl, gS, 

xl, hl, i3), (sl, a2, b2, d2, e4, fl, g5, xl, h2, il), (sl, a2, b2, 

d.2, e4, fl, g5, xl, h2, i2), (sl, a2, b2, d2, e4, fl, g5, xl, h2, 

10 i3) ' 

[0088] 

(sl, a3, bl, dl, el, fl, gl, xl, hl, il), (sl, a3, bl, dl, el, fl, 

gl, xl, hl, i2), (sl, a3, bl, dl, el, fl, gl, xl, hl, i3), (sl, a3, 

bl, dl, el, fl, gl, xl, h2, il), (sl, a3, bl, dl, el, fl, gl, xl, 

15 h2, i2), (sl, a3, bl, dl, el, fl, gl, xl, h2, i3), (sl, a3, bl, dl, 

el, fl, g2, xl, hl, il), (sl, a3, bl, dl, el, fl, g2, xl, hl, 

i2), (sl, a3, bl, dl, el, fl, g2, xl, hl, i3), (sl, a3, bl, dl, el, 

fl, g2, xl, h2, il), (sl, a3, bl, dl, el, fl, g2, xl, h2, i2), (sl, 

a3, bl, dl, el, fl, g2, x1, h2, i3), (sl, a3, bl, dl, el, fl, g3, 

20 xl, hl, il), (sl, a3, bl, dl, el, fl, g3, xl, hl, i2), (sl, a3, bl, 

dl, el, fl, g3, xl, hl, i3), (sl, a3, bl, dl, el, fl, g3, xl, h2, 

il), (sl, a3, bl, dl, el, fl, g3, xl, h2, i2), (sl, a3, bl, dl, el, 

fl, g3, xl, h2, i3), (sl, a3, bl, dl, el, fl, g4, xl, hl, il), (sl, 

a3, bl, dl, el, fl, g4 1 xl, hl, i2), (sl, a3, bl, dl, el, fl, g4, 

25 xl, hl, i3), (sl, a3, bl, dl, el, fl, g4, xl, h2, il), (sl, a3, bl, 

dl, el, fl, g4, xl, h2, i2), (sl, a3, bl, dl, el, fl, g4, xl, h2, 

i3), (sl, a3, bl, dl, el, fl, gS, xl, hl, il), (sl, a3, bl, dl, el, 

fl, gS, xl, hl, i2), (sl, a3, bl, dl, el, fl, gS, xl, hl, i3), (sl, 

a3, bl, dl, el, fl, gS, xl, h2, il), (sl, a3, bl, dl, el, fl, gS, 

30 xl, h2, i2), (sl, a3, bl, dl, el, fl, gS, xl, h2, i3), (sl, a3, bl, 

dl, e2, fl, gl, xl, hl, il), (sl, a3, bl, dl, e2, fl, gl, xl, hl, 

i2), (sl, a3, bl, dl, e2, fl, gl, xl, hl, i3), (sl, a3, bl, dl, e2, 

fl, gl, xl, h2, il), (sl, a3, bl, dl, e2, fl, gl, xl, h2, i2), (sl, 

a3, bl, dl, e2, fl, gl, xl, h2, i3), (sl, a3, bl, dl, e2, fl, g2, 

35 xl, hl, il), (sl, a3, bl, dl, e2, fl, g2, xl, hl, i2), (sl, a3, bl, 
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dl, e2, fl, g2, xl, hl, i3), (sl, a3, bl, 

il), (sl, a3, bl, dl, e2, fl, g2, xl, h2, 

fl, g2, xl, h2, i31, (sl, a3, bl, dl, e2, 

a3, bl, dl, e2, fl, g3, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a3, bl, dl, e2, fl, g3, 

dl, e2, fl, g3, xl, h2, i2), (sl, a3, bl, 

i3), (sl, a3, bl, dl, e2, fl, g4, xl, hl, 

fl, g4, xl, hl, i2), (sl, a3, bl, dl, e2, 

a3, bl, dl, e2, fl, g4, xl, h2, il), (sl, 

xl, h2, i2), (sl, a3, bl, dl, e2, fl, g4, 

dl, e2, fl, g5, xl, hl, il), (sl, a3, bl, 

i2), (sl, a3, bl, dl, e2, fl, g5, xl, hl, 

fl, g5, xl, h2, il), (sl, a3, bl, dl, e2, 

a3, bl, dl, e2, fl, g5, xl, h2, i3), (sl, 

xl, hl, il), (sl, a3, bl, dl, e3, fl, gl, 

dl, e3, fl, gl, xl, hl, i3), (sl, a3, bl, 

il), (sl, a3, bl, dl, e3, fl, gl, xl, h2, 

fl, gl, xl, h2, i3), (sl, a3, bl, dl, e3, 

a3, bl, dl, e3, fl, g2, xl, hl, i21, (sl, 

xl, hl, i3), (sl, a3, bl, dl, e3, fl, g2, 

dl, e3, fl, g2, xl, h2, i2), (sl, a3, bl, 

i31, (sl, a3, bl, dl, e3, fl, g3, xl, hl, 

fl, g3, xl, hl, i2), (sl, a3, bl, dl, e3, 

a3, bl, dl, e3, fl, g3, xl, h2, il), (sl, 

xl, h2, i2), (sl, a3, bl, dl, e3, fl, g3, 

dl, e3, fl, g4, xl, hl, il), (sl, a3, bl, 

i2), (sl, a3, bl, dl, e3, fl, g4, xl, hl, 

fl, g4, xl, h2, il), (sl, a3, bl, dl, e3, 

a3, bl, dl, e3, fl, g4, xl, h2, i3), (sl, 

xl, hl, ill, (sl, a3, bl, dl, e3, fl, g5, 

dl, e3, fl, g5, xl, hl, i3), (sl, a3, bl, 

il), (sl, a3, bl, dl, e3, fl, gS, xl, h2, 

fl, g5, xl, h2, i31, (sl, a3, bl, dl, e4, 

a3, bl, dl, e4, fl, gl, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a3, bl, dl, e4, fl, gl, 

dl, e2, fl, g2, xl, h2, 

i2), (sl, a3, bl, dl, e2, 

fl, g3, xl, hl, il), (sl, 

a3, bl, dl, e2, fl, g3, 

xl, h2, ill, (sl, a3, bl, 

dl, e2, fl, g3, xl, h2, 

il), (sl, a3, bl, dl, e2, 

fl, g4, xl, hl, i3), (sl, 

a3, bl, dl, e2, fl, g4, 

xl, h2, i3), (sl, a3, bl, 

dl, e2, fl, gS, xl, hl, 

i3), (sl, a3, bl, dl, e2, 

fl, g5, xl, h2, i2), (sl, 

a3, bl, dl, e3, fl, gl, 

xl, hl, i2), (sl, a3, bl, 

dl, e3, fl, gl, xl, h2, 

i21, (sl, a3, bl, dl, e3, 

fl, g2, xl, hl, il), (sl, 

a3, bl, dl, e3, fl, g2, 

xl, h2, il), (sl, a3, bl, 

dl, e3, fl, g2, xl, h2, 

il), (sl, a3, bl, dl, e3, 

fl, g3, xl, hl, i3), (sl, 

a3, bl, dl, e3, fl, g3, 

xl, h2, i3), (sl, a3, bl, 

dl, e3, fl, g4, xl, hl, 

i3), (sl, a3, bl, dl, e3, 

fl, g4, xl, h2, i2), (sl, 

a3, bl, dl, e3, fl, g5, 

xl, hl, i21, (sl, a3, bl, 

dl, e3, fl, g5, xl, h2, 

i2), (sl, a3, bl, dl, e3, 

fl, gl, xl, hl, il), (sl, 

a3, bl, dl, e4, fl, gl, 

xl, h2, il), (sl, a3, bl, 
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dl, e4, fl, gl, xl, h2, i2), (sl, a3, bl, dl, e4, fl, gl, xl, h2, 

i3), (sl, a3, bl, dl, e4, fl, g2, xl, hl, il), (sl, a3, bl, dl, e4, 

fl, g2, xl, hl, i2), (sl, a3, bl, dl, e4, fl, g2, xl, hl, i3), (sl, 

a3, bl, dl, e4, fl, g2, xl, h2, il), (sl, a3, bl, dl, e4, fl, g2, 

5 xl, h2, i2), (sl, a3, bl, dl, e4, fl, g2, xl, h2, i3), (sl, a3, bl, 

dl, e4, fl, g3, xl, hl, il), (sl, a3, bl, dl, e4, fl, g3, xl, hl, 

i2), (sl, a3, bl, dl, e4, fl, g3, xl, hl, i3), (sl, a3, bl, dl, e4, 

fl, g3, xl, h2, il), (sl, a3, bl, dl, e4, fl, g3, xl, h2, i2), (sl, 

a3, bl, dl, e4, fl, g3, xl, h2, i3), (sl, a3, bl, dl, e4, fl, g4, 

10 xl, hl, il), (sl, a3, bl, dl, e4, fl, g4, xl, hl, i2), (sl, a3, bl, 

dl, e4, fl, g4, xl, hl, i3), (sl, a3, bl, dl, e4, fl, g4, xl, h2, 

il), (sl, a3, bl, dl, e4, fl, g4, xl, h2, i2), (sl, a3, bl, dl, e4, 

fl, g4, xl, h2, i3), (sl, a3, bl, dl, e4, fl, g5, xl, hl, il), (sl, 

a3, bl, dl, e4, fl, g5, xl, hl, i2), (sl, a3, bl, dl, e4, fl, g5, 

15 xl, hl, i3), (sl, a3, bl, dl, e4, fl, g5, xl, h2, il), (sl, a3, bl, 

dl, e4, fl, g5, xl, h2, i2), (sl, a3, bl, dl, e4, fl, g5, xl, h2, 

i3) ' 

[0089] 

(sl, a3, bl, d2, el, fl, gl, xl, hl, il), (sl, a3, bl, d2, el, fl, 

20 gl, xl, hl, i2), (sl, a3, bl, d2, el, fl, gl, xl, hl, i3), (sl, a3, 

bl, d2, el, fl, gl, xl, h2, il), (sl, a3, bl, d2, el, fl, gl, xl, 

h2, i2), (sl, a3, bl, d2, el, fl, gl, xl, h2, i31, (sl, a3, bl, d2, 

el, fl, g2, xl, hl, ill, (sl, a3, bl, d2, el, fl, g2, xl, hl, 

i2), (sl, a3, bl, d2, el, fl, g2, xl, hl, i3), (sl, a3, bl, d2, el, 

25 fl, g2, xl, h2, il), (sl, a3, bl, d2, el, fl, g2, xl, h2, i2), (sl, 

a3, bl, d2, el, fl, g2, xl, h2, i3), (sl, a3, bl, d2, el, fl, gJ, 

xl, hl, ill, (sl, a3, bl, d2, el, fl, g3, xl, hl, i2), (sl, a3, bl, 

d2, el, fl, g3, xl, hl, i3), (sl, a3, bl, d2, el, fl, g3, xl, h2, 

il), (sl, a3, bl, d2, el, fl, g3, xl, h2, i2), (sl, a3, bl, d2, el, 

30 fl, g3, xl, h2, i3), (sl, a3, bl, d2, el, fl, g4, xl, hl, il), (sl, 

a3, bl, d2, el, fl, g4, xl, hl, i2), (sl, a3, bl, d2, el, fl, g4, 

xl, hl, i3), (sl, a3, bl, d.2, el, fl, g4, xl, h2, il), (sl, a3, bl, 

d2, el, g4, Xl f h2 f i2), (sl, a3, bl, d2, el, fl, g4, xl, h2, 

i3), (sl, a3, bl, d2, el, fl, gS, xl, h1 1 il), (sl, a3, bl, d2, el, 

35 fl, g5, xl, hl, i2), (sl, a3, bl, d2, el, fl, g5, xl, hl, i3), (sl, 
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a3, bl, d2, el, fl, g5, xl, h2, il), (sl, a3, bl, d2, el, fl, g5, 

xl, h2, i2), (sl, a3, bl, d2, el, fl, g5, xl, h2, i3), (sl, a3, bl, 

d2, e2, fl, gl, xl, hl, il), (sl, a3, bl, d2, e2, fl, gl, xl, hl, 

i2), (sl, a3, bl, d2, e2, fl, gl, xl, hl, i3), (sl, a3, bl, d2, e2, 

5 fl, gl, xl, h2, il), (sl, a3, bl, d2, e2, fl, gl, xl, h2, i2), (sl, 

a3, bl, d2, e2, fl, gl, xl, h2, i3), (sl, a3, bl, d2, e2, fl, g2, 

xl, hl, il), (sl, a3, bl, d2, e2, fl, g2, xl, hl, i2), (sl, a3, bl, 

d2, e2, fl, g2, xl, hl, i3), (sl, a3, bl, d2, e2, fl, g2, xl, h2, 

il), (sl, a3, bl, d2, e2, fl, g2, xl, h2, i2), (sl, a3, bl, d2, e2, 

10 fl, g2, xl, h2, i3), (sl, a3, bl, d2, e2, fl, g3, xl, hl, il), (sl, 

a3, bl, d2, e2, fl, g3, xl, hl, i2), (sl, a3, bl, d2, e2, fl, g3, 

xl, hl, i3), (sl, a3, bl, d2, e2, fl, g3, xl, h2, il), (sl, a3, bl, 

d2, e2, fl, g3, xl, h2, i2), (sl, a3, bl, d2, e2, fl, g3, xl, h2, 

i3), (sl, a3, bl, d2, e2, fl, g4, xl, hl, il), (sl, a3, bl, d2, e2, 

15 fl, g4, xl, hl, i2), (sl, a3, bl, d2, e2, fl, g4, xl, hl, i3), (sl, 

a3, bl, d2, e2, fl, g4, xl, h2, il), (sl, a3, bl, d2, e2, fl, g4, 

xl, h2, i2), (sl, a3, bl, d2, e2, fl, g4, xl, h2, i3), (sl, a3, bl, 

d2, e2, fl, g5, xl, hl, il), (sl, a3, bl, d2, e2, fl, g5, xl, hl, 

i2), (sl, a3, bl, d2, e2, fl, g5, xl, hl, i3), (sl, a3, bl, d2, e2, 

20 fl, g5, xl, h2, il), (sl, a3, bl, d2, e2, fl, g5, xl, h2, i2), (sl, 

a3, bl, d2, e2, fl, g5, xl, h2, i3), (sl, a3, bl, d2, e3, fl, gl, 

xl, hl, il), (sl, a3, bl, d2, e3, fl, gl, xl, hl, i2), (sl, a3, bl, 

d2, e3, fl, gl, xl, hl, i3), (sl, a3, bl, d2, e3, fl, gl, xl, h2, 

il), (sl, a3, bl, d2, e3, fl, gl, xl, h2, i2), (sl, a3, bl, d2, e3, 

25 fl, gl, xl, h2, i3), (sl, a3, bl, d2, e3, fl, g2, xl, hl, il), (sl, 

a3, bl, d2, e3, fl, g2, xl, hl, i2), (sl, a3, bl, d2, e3, fl, g2, 

xl, hl, i3), (sl, a3, bl, d2, e3, fl, g2, xl, h2, il), (sl, a3, bl, 

d2, e3, fl, g2, xl, h2, i2), (sl, a3, bl, d2, e3, fl, g2, xl, h2, 

i3), (sl, a3, bl, d2, e3, fl 1 g3, xl, hl, il) 1 (sl, a3, bl, d2, e3, 

30 fl, g3, xl, hl, i2), (sl, a3, b1, d2, e3, fJ., g3, xl, hl, i3), (sl, 

a3, bl, d2, e3, fl, g3, xl, h2, il), (sl, a3, bl, d2, e3, fl, g3, 

xl, h2, i2), (sl, a3, bl, d2, e3, fl, g3, xl, h2, i3), (sl, a3, bl, 

d2, e3, fl, g4, xl, hl, il), (sl, a3, bl, d2, e3, fl, g4, xl, hl, 

i2), (sl, a3, bl, d2, e3, fl, g4, xl, hl, i3), (sl, a3, bl, d2, e3, 

35 fl, g4, xl, h2, il), (sl, a3, bl, d2, e3, fl, g4, xl, h2, i2), (sl, 
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a3, bl, d2, e3, fl, g4, xl, h2, 

xl, hl, il), (sl, a3, bl, d2, e3, 

d2, e3, fl, gS, xl, hl, i3), (sl, 
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i3), (sl, 

fl, g5, 

a3, bl, 

il), (sl, a3, bl, d2, e3, fl, g5, xl, h2, 

fl, gS, xl, h2, i3), (sl, a3, bl, d2, e4, 

a3, bl, d2, e4, fl, gl, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a3, bl, d2, e4, fl, gl, 

d2, e4, fl, gl, xl, h2, i2), (sl, a3, bl, 

i3), (sl, a3, bl, d2, e4, fl, g2, xl, hl, 

fl, g2, xl, hl, i2), (sl, a3, bl, d2, e4, 

a3, bl, d2, e4, fl, g2, xl, h2, il), (sl, 

xl, h2, i2), (sl, a3, bl, d2, e4, fl, g2, 

d2, e4, fl, g3, xl, hl, il), (sl, a3, bl, 

i2), (sl, a3, bl, d2, e4, fl, g3, xl, hl, 

fl, g3, xl, h2, il), (sl, a3, bl, d2, e4, 

a3, bl, d2, e4, fl, gJ, xl, h2, i3), (sl, 

xl, hl, il), (sl, a3, bl, d2, e4, fl, g4, 

d2, e4, fl, g4, xl, hl, i3), (sl, a3, bl, 

il), (sl, a3, bl, d2, e4, fl, g4, xl, h2, 

fl, g4, xl, h2, i3), (sl, a3, bl, d2, e4, 

a3, bl, d2, e4, fl, g5, xl, hl, i2), (sl, 

xl, hl, i3), (sl, a3, bl, d2, e4, fl, g5, 

d2, e4, fl, gS, xl, h2, i2), (sl, a3, bl, 

i3), 

a3, bl, d2, e3, fl, g5, 

xl, hl, i2) 1 (sl, a3, bl, 

d2, e3, fl, g5, xl, h2, 

i2), (sl, a3, bl, d2, e3, 

fl, gl, xl, hl, il), (sl, 

a3, bl, d2, e4, fl, gl, 

xl, h2, il), (sl, a3, bl, 

d2, e4, fl, gl, xl, h2, 

il), (sl, a3, bl, d2, e4, 

fl, g2, xl, hl, i3), (sl, 

a3, bl, d2, e4, fl, g2, 

xl, h2, i3), (sl, a3, bl, 

d2, e4, fl, g3, xl, hl, 

i3), (sl, a3, bl, d2, e4, 

fl, g3, xl, h2, i2), (sl, 

a3, bl, d2, e4, fl, g4, 

xl, hl, i2), (sl, a3, bl, 

d2, e4, fl, g4, xl, h2, 

i2), (sl, a3, bl, d2, e4, 

fl, gS, xl, hl, il), (sl, 

a3, bl, d2, e4, fl, g5, 

xl, h2, il), (sl, a3, bl, 

d2, e4, fl, g5, xl, h2, 

25 [0090] 

(sl, a3, b2, dl, el, fl, gl, xl, hl, il), (sl, a3, b2, dl, el, fl, 

gl, xl, hl, i2), (sl, a3, b2, dl, el, fl, gl, xl, hl, i3), (sl, a3, 

b2, dl, el, fl, gl, xl, h2, il), (sl, a3, b2, dl, el, fl, gl, xl, 

h2, i2), (sl, a3, b2, dl, el, fl, gl, xl, h2, i3), (sl, a3, b2, dl, 

30 el, fl, g2, xl, hl, il), (sl, a3, b2, dl, el, fl, g2, xl, hl, 

i2), (sl, a3, b2, dl, el, fl, g2, xl, hl, i3), (sl, a3, b2, dl, el, 

fl, g2, xl, h2, il), (sl, a3, b2, dl, el, fl, g2, xl, h2, i2), (sl, 

a3, b2, dl, el, fl, g2, xl, h2, i3), (sl, a3, b2, dl, el, fl, g3, 

xl, hl, il), (sl, a3, b2, dl, el, fl, g3, xl, hl, i2), (sl, a3, b2, 

35 dl, el, fl, g3, xl, hl, i3), (sl, a3, b2, dl, el, fl, g3, xl, h2, 
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il) / (sl, a3, b2, dl, el, fl, g3, xl, h2, i2), (sl, a3, b2, dl, el, 

fl, g3, xl, h2, i3), (sl, a3, b2, dl, el, fl, g4, xl, hl, il), (sl, 

a3, b2, dl, el, fl, g4, xl, hl, i2), (sl, a3, b2, dl, el, fl, g4, 

xl, hl, i3), (sl, a3, b2, dl, el, fl, g4, xl, h2, il), (sl, a3, b2, 

5 dl, el, fl, g4, xl, h2, i2), (sl, a3, b2, dl, el, fl, g4, xl, h2, 

i3), (sl, a3 1 b2, dl, el, fl, g5, xl, hl, il), (sl, a3, b2, dl, el, 

fl, g5, xl, hl, i2), (sl, a3, b2, dl, el, fl, g5, xl, hl, i3), (sl, 

a3, b2, dl, el, fl, gS, xl, ft2, il), (sl, a3, b2, dl, el, fl, gS, 

xl, h2, i2), (sl, a3, b2, dl, el, fl, g5, xl, h2, i3), (sl, a3, b2, 

10 dl, e2, fl, gl, xl, hl, il), (sl, a3, b2, dl, e2, fl, gl, xl, hl, 

i2), (sl, a3, b2, dl, e2, fl, gl, xl, hl, i3), (sl, a3, b2, dl, e2, 

fl, gl, xl, h2, il), (sl, a3, b2, dl, e2, fl, gl, xl, h2, i2), (sl, 

a3, b2, dl, e2, fl, gl, xl, h2, i3), (sl, a3, b2, dl, e2, fl, g2, 

xl, hl, il), (sl, a3, b2, dl, e2, fl, g2, xl, hl, i2), (sl, a3, b2, 

15 dl, e2, fl, g2, xl, hl, i3), (sl, a3, b2, dl, e2, fl, g2, xl, h2, 

il), (sl, a3, b2, dl, e2, fl, g2, xl, h2, i2), (sl, a3, b2, dl, e2, 

fl, g2, xl, h2, i3), (sl, a3, b2, dl, e2, fl, g3, xl, hl, il), (sl, 

a3, b2, dl, e2, fl, g3, xl, hl, i2), (sl, a3, b2, dl, e2, fl, g3, 

xl, hl, i3), (sl, a3, b2, dl, e2, fl, g3, xl, h2, il), (sl, a3, b2, 

20 dl, e2, fl, g3, xl, h2, i2), (sl, a3, b2, dl, e2, fl, g.3, xl, h2, 

i3), (sl, a3, b2, dl, e2, fl, g4, xl, hl, il), (sl, a3, b2, dl, e2, 

fl, g4, xl, hl, i2), (sl, a3, b2, dl, e2, fl, g4, xl, hl, i3), (sl, 

a3, b2, dl, e2, fl, g4, xl, h2, il), (sl, a3, b2, dl, e2, fl, g4, 

xl, h2, i2), (sl, a3, b2, dl, e2, fl, g4, xl, h2, i3), (sl, a3, b2, 

25 dl, e2, fl, g5, xl, hl, il), (sl, a3, b2, dl, e2, fl, g5, xl, hl, 

i2), (sl, a3, b2, dl, e2, fl, g5, xl, hl, i3), (sl, a3, b2, dl, e2, 

fl, g5, xl, h2, il), (sl, a3, b2, dl, e2, fl, g5, xl, h2, i2), (sl, 

a3, b2, dl, e2, fl, g5, xl, h2, i3), (sl, a3, b2, dl, e3, fl, gl, 

xl, hl, il), (sl, a3, b2, dl, e3, fl, gl, xl, hl, i2), (sl, a3, b2, 

30 dl, e3, fl, gl, xl, hl, i3), (sl, a3, b2, dl, e3, fl, gl, xl, h2, 

il), (sl, a3, b2, dl, e3, fl, gl, xl, h2, i2), (sl, a3, b2, dl, e3, 

fl, gl, xl, h2, i3), (sl, a3, b2, dl, e3, fl, g2, xl, hl, il), (sl, 

a3, b2, d1, e3, fl, g2, xl, hl, i2), (sl, a3, b2, dl, e3, fl, g2, 

xl, hl, i3), (sl, a3, b2, dl, e3, fl, g2, xl, h2, il), (sl, a3, b2, 

35 dl, e3, fl, g2, xl, h2, i2), (sl, aJ, b2, dl, e3, fl, g2, xl, h2, 
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i3), (sl, a3, b2, dl, e3, fl, g3, xl, hl, il), (sl, a3, b2, dl, e3, 

fl, g3, xl, hl, i21, (sl, a3, b2, dl, e3, fl, g3, xl, hl, i31, (sl, 

a3, b2, dl, e3, fl, g3, xl, h2, il), (sl 1 a3, b2, dl, e3, fl, g3, 

xl, h2, i2), (sl, a3, b2, dl, e3, £1, g3, xl, h2, i3), (sl, a3, b2, 

5 dl, e3, fl, g4, xl, hl, il), (sl, a3, b2, dl, e3, fl, g4, xl, hl, 

i21, (sl, a3, b2, dl, e3, fl, g4, xl, hl, i31, (sl, a3, b2, dl, e3, 

fl, g4, xl, h2, il), (sl, a3, b2, dl, e3, fl, g4, xl, h2, i21, (sl, 

a3, b2, dl, e3, fl, g4, xl, h2, i31, (sl, a3, b2, dl, e3, fl, g5, 

xl, hl, il), (sl, a3, b2, dl, e3, fl, g5, xl, hl, i2), (sl, a3, b2, 

10 dl, e3, fl, g5, xl, hl, i3), (sl, a3, b2, dl, e3, fl, g5, xl, h2, 

ill, (sl, a3, b2, dl, e3, fl, g5, xl, h2, i21, (sl, a3, b2, dl, e3, 

fl, g5, xl, h2, i31, (sl, a3, b2, dl, e4, fl, gl, xl, hl, il), (sl, 

a3, b2, dl, e4, fl, gl, xl, hl, i2), (sl, a3, b2, dl, e4, fl, gl, 

xl, hl, i3), (sl, a3, b2, dl, e4, fl, gl, xl, h2, ill, (sl, a3, b2, 

15 dl, e4, fl, gl, xl, h2, i2), (sl, a3, b2, dl, e4, fl, gl, xl, h2, 

i3), (sl, a3, b2, dl, e4, fl, g2, xl, hl, il), (sl, a3, b2, dl, e4, 

fl, g2, xl, hl, i2), (sl, a3, b2, dl, e4, fl, g2, xl, hl, i3), (sl, 

a3, b2, dl, e4, fl, g2, xl, h2, ill, (sl, a3, b2, dl, e4, fl, g2, 

xl, h2, i2), (sl, a3, b2, dl, e4, fl, g2, xl, h2, i3), (sl, a3, b2, 

20 dl, e4, fl, g3, xl, hl, il), Isl, a3, b2, dl, e4, fl, g3, xl, hl, 

i2), (sl, a3, b2, dl, e4, fl, g3, xl, hl, i3), (sl, a3, b2, dl, e4, 

fl, g3, xl, h2, il), (sl, a3, b2, dl, e4, fl, g3, xl, h2, i21, (sl, 

a3, b2, dl, e4, fl, g3, xl, h2, i3), (sl, a3, b2, dl, e4, fl, g4, 

xl, hl, ill, (sl, a3, b2, dl, e4, fl, g4, xl, hl, i2), (sl, a3, b2, 

25 dl, e4, fl, g4, xl, hl, i3), (sl, a3, b2, dl, e4, fl, g4, xl, h2, 

ill, (sl, a3, b2, dl, e4, fl, g4, xl, h2, i2), (sl, a3, b2, dl, e4, 

fl, g4, xl, h2, i3), (sl, a3, b2, dl, e4, fl, g5, xl, hl, il) r (sl, 

a3, b2, dl, e4, fl, gS, xl, hl, i21, (sl, a3, b2, dl, e4, fl, gS, 

xl, hl, i3), (sl, a3, b2, dl, e4, fl, g5, xl, h2, il), (sl, a3, b2, 

30 dl, e4, fl, gS, xl, h2, i21, (sl, a3, b2, dl, e4, fl, g5, xl, h2, 

i3)' 

[0091] 

(sl, a3, b2, d2, el, fl, gl, xl, hl, il), (sl, a3, b2, d2, el, fl, 

gl, xl, hl, i2), (sl, a3, b2, d2, el, fl, gl, xl, hl, iJ), (sl, aJ, 

35 b2, d2, el, fl, gl, xl, h2, il), (sl, a3, b2, d2, el, fl, gl, xl, 
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h2, i2), (sl, a3, b2, d2, el, fl, gl, xl, h2, i3), (sl, a3, b2, d2, 

el, fl, g2, xl, hl, ill, (sl, a3, b2, d2, el, fl, g2, xl, hl, 

i2), (sl, a3, b2, d2, el, fl, g2, xl, hl, i3), (sl, a3, b2, d2, el, 

fl, g2, xl, h2, il), (sl, a3, b2, d2, el, fl, g2, xl, h2, i2), (sl, 

5 a3, b2, d2, el, fl, g2, xl, h2, i3), (sl, a3, b2, d2, el, fl, g3, 

xl, hl, il), (sl, a3, b2, d2, el, fl, g3, xl, hl, i2), (sl, a3, b2, 

d2, el, fl, g3, xl, hl, i3), (sl, a3, b2, d2, el, fl, g3, xl, h2, 

il), (sl, a3, b2, d2, el, fl, g3, xl, h2, i2), (sl, a3, b2, d2, el, 

fl, g3, xl, h2, i3), (sl, a3, b2, d2, el, fl, g4, xl, hl, il), (sl, 

10 a3, b2, d2, el, fl, g4, xl, hl, i2), (sl, a3, b2, d2, el, fl, g4, 

xl, hl, i3), (sl, a3, b2, d2, el, fl, g4, xl, h2, il), (sl, a3, b2, 

d2, el, fl, g4, xl, h2, i2), (sl, a3, b2, d2, el, fl, g4, xl, h2, 

i3), (sl, a3, b2, d2, el, fl, g5, xl, hl, il), (sl, a3, b2, d2, el, 

fl, g5, xl, hl, i2), (sl, a3, b2, d2, el, fl, g5, xl, hl, i3), (sl, 

15 a3, b2, d2, el, fl, g5, xl, h2, il), (sl, a3, b2, d2, el, fl, g5, 

xl, h2, i2), (sl, a3, b2, d2, el, fl, g5, xl, h2, i3), (sl, a3, b2, 

d2, e2, fl, gl, xl, hl, il), (sl, a3, b2, d2, e2, fl, gl, xl, hl, 

i2), (sl, a3, b2, d2, e2, fl, gl, xl, hl, i3), (sl, a3, b2, d2, e2, 

fl, gl, xl, h2, il), (sl, a3, b2, d2, e2, fl, gl, xl, h2, i2), (sl, 

20 a3, b2, d2, e2, fl, gl, xl, h2, i3), (sl, a3, b2, d2, e2, fl, g2, 

xl, hl, il), (sl, a3, b2, d2, e2, fl, g2, xl, hl, i2), (sl, a3, b2, 

d2, e2, fl, g2, xl, hl, i3), (sl, a3, b2, d2, e2, fl, g2, xl, h2, 

il), (sl, a3, b2, d2, e2, f1 
~~, g2, xl, h2, i2), (sl, a3, b2, d2, e2, 

fl, g2, xl, h2, i3), (sl, a3, b2, d2, e2, fl, g3, xl, hl, il), (sl, 

25 a3, b2, d2, e2, fl, g3, xl, hl, i2), (sl, a3, b2, d2, e2, fl, g3, 

xl, hl, i3), (sl, a3, b2, d2, e2, fl, g3, xl, h2, il), (sl, a3, b2, 

d2, e2 1 fl, g3, xl, h2, i2), (sl, a3, b2, d2, e2, fl, g3, xl, h2, 

i3), (sl, a3, b2, d2, e2, fl, g4, xl, hl, il), (sl, a3, b2, d2, e2, 

fl, g4, xl, hl, i2), (sl, a3, b2, d2, e2, fl, g4, xl 1 hl, i3), (sl, 

30 a3, b2, d2, e2, fl, g4, xl, h2, il), (sl, a3, b2, d2, e2, fl, g4, 

xl, h2, i2), (sl, a3, b2, d2, e2, fl, g4, xl, h2, i3), (sl, a3, b2, 

d2, e2, fl, g5, xl, hl, il), (sl, a3, b2, d2, e2, fl, gS, xl, hl, 

i2), (sl, a3, b2, d2, e2, fl, g5, xl, hl, i3), (sl, a3, b2, d2, e2, 

fl, g5, xl, h2, il), (sl, a3, b2, d2, e2, fl, g5, xl, h2, i2}, (sl, 

35 a3, b2, d2, e2, fl, g5, xl, h2, i3), (sl, a3, b2, d2, e3, fl, gl, 
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x1, hl, il), (sl, a3, b2, d2, e3, fl, gl, x1, hl, i.2), (sl, a3, b2, 

d2, e3, fl, gl, xl, hl, i3), (sl, a3, b2, 

il), (sl, a3, b2, d2, e3, fl, gl, xl, h2, 

fl, gl, xl, h2, i3), (sl, a3, b2, d2, e3, 

a3, b2, d2, e3, fl, g2, xl, hl, i2), (sl, 

xl, hl, i31, (sl, a3, b2, d2, e3, fl, g2, 

d2, e3, fl, g2, xl, h2, i2), (sl, a3, b2, 

i3), (sl, a3, b2, d2, e3, fl, g3, xl, hl, 

fl, g3, xl, hl, i21, (sl, a3, b2, d2, e3, 

a3, b2, d2, e3, fl, g3, xl, h2, il) / (sl, 

xl, h2, i2), (sl, a3, b2, d2, e3, fl, g3, 

d2, e3, fl, g4, xl, hl, il), (sl, a3, b2, 

i21, (sl, a3, b2, d2, e3, fl, g4, xl, hl, 

fl, g4, xl, h2, ill, (sl, a3, b2, d2, e3, 

a3, b2, d2, e3, fl, g4, xl, h2, i31, (sl, 

xl, hl, ill, (sl, a3, b2, d2, e3, fl, g5, 

d2, e3, fl, g5, xl, hl, i31, (sl, a3, b2, 

il), (sl, a3, b2, d2, e3, fl, g5, xl, h2, 

fl, g5, xl, h2, i31, (sl, a3, b2, d2, e4, 

a3, b2, d2, e4, fl, gl, xl, hl, i2), (sl, 

xl, hl, i31, (sl, a3, b2, d2, e4, fl, gl, 

d2, e4, fl, gl, xl, h2, i2), (sl, a3, b2, 

i31, (sl, a3, b2, d2, e4, fl, g2, xl, hl, 

fl, g2, xl, hl, i2), (sl, a3, b2, d2, e4, 

a3, b2, d2, e4, fl, g2, xl, h2, ill, (sl, 

d2, e3, fl, gl, xl, h2, 

i21, (sl, a3, b2, d2, e3, 

fl, g2, xl, hl, il), (sl, 

a3, b2, d2, e3, fl, g2, 

xl, h2, ill, (sl, a3, b2, 

d2, e3, fl, g2, xl, h2, 

il), (sl, a3, b2, d2, e3, 

fl, g3, xl, hl, i3), (sl, 

a3, b2, d2, e3, fl, g3, 

xl, h2, i31, (sl, a3, b2, 

d2, e3, fl, g4, xl, hl, 

i.3), (sl, a3, b2, d2, eJ, 

fl, g4, xl, h2, i2), (sl, 

a3, b2, d2, e3, fl, g5, 

xl, hl, i2), (sl, a3, b2, 

d2, e3, fl, g5, xl, h2, 

i2), (sl, a3, b2, d2, e3, 

fl, gl, xl, hl, ill, (sl, 

a3, b2, 

xl, h2, 

d2 f e4 I 

d2, e4, fl, gl, 

ill, (sl, a3, b2, 

fl, gl, xl, h2, 

ill, (sl, a3, b2, d2, e4, 

fl, g2, xl, h1, i3), (sl, 

a3, b2, d2, e4, fl, g2, 

xl, h2, i.2), (sl, a3, b2, d2, e4, fl, g2, xl, h2, i.3), (sl, a3, b2, 

d2, e4, fl, g3, xl, hl, ill, (sl, a3, b2, d2, e4, fl, g3, xl, hl, 

i2), (sl, a3, b2, d2, e4, fl, g3, xl, hl, i3), (sl, a3, b2, d2, e4, 

fl, g3, xl, h2, il), (sl, a3, b2, d2, e4, fl, g3, xl, h2, i21, (sl, 

30 a3, b2, d2, e4, fl, g3, xl, h2, i3), (sl, a3, b2, d2, e4, fl, g4, 

xl, hl, il), (sl, a3, b2, d2, e4, fl, g4, xl, hl, i2), (sl, a3, b2, 

d2, e4, fl, g4, xl, hl, i.3), (sl, a3, b2, d2, e4, fl, g4, xl, h2, 

il), (sl, a3, b2, d2, e4, fl, g4, xl, h2, i.2), (sl, a3, b2, d2, e4, 

35 

fl, g4, xl, h2, 

a3, b2, d2, e4, 

i3), (sl, a3, b2, d2, e4, fl, g5, xl, hl, il), (sl, 

fl, g5, xl, hl, i21, (sl, a3, b2, d2, e4, fl, g5, 



65 

xl, hl, i31, (sl, a3, b2, d2, e4, fl, g5, 

d2, e4, fl, g5, xl, h2, i21, (sl, a3, b2, 

i3 I" 

[0092j 

xl, h2, ill, (sl, a3, b2, 

d2, e4, fl, g5, xl, h2, 

5 Amongst the combinations above, particularly preferable 

combinations are as follows: (sl, a2, bl, d2, e2, fl, gl, xl, hl, 

ill, (sl, a2, bl, d2, e2, fl, gl, xl, hl, i21, (sl, a2, bl, d2, e2, 

fl, gl, xl, hl, i31, (sl, a2, bl, d2, e2, fl, gl, xl, h2, ill, (sl, 

a2, bl, d2, e2, fl, gl, xl, h2, i21, (sl, a2, bl, d2, e2, fl, gl, 

10 xl, h2, i3), (sl, a2, bl, d2, e2, fl, g2, xl, hl, il), (sl, a2, bl, 

d2, e2, fl, g2, xl, hl, i21, (sl, a2, bl, d2, e2, fl, g2, xl, hl, 

i31, (sl, a2, bl, d2, e2, fl, g2, xl, h2, il), (sl, a2, bl, d2, e2, 

fl, g2, xl, h2, i2), (sl, a2, bl, d2, e2, fl, g2, xl, h2, i3), (sl, 

a2, bl, d2, e2, fl, g4, xl, hl, il), (sl, a2, bl, d2, e2, fl, g4, 

15 xl, hl, i2), (sl, a2, bl, d2, e2, fl, g4, xl, hl, i3), (sl, a2, bl, 

d2, e2, fl, g4, xl, h2, il), (sl, a2, bl, d.2, e2, fl, g4, xl, h2, 

i21, (sl, a2, bl, d2, e2, fl, g4, xl, h2, i3), (sl, a2, bl, d2, e3, 

fl, gl, xl, hl, il), (sl, a2, bl, d2, e3, fl, gl, xl, hl, i2), (sl, 

a2, bl, d2, e3, fl, gl, xl, hl, i31, (sl, a2, bl, d2, e3, fl, gl, 

20 xl, h2, il), (sl, a2, bl, d2, e3, fl, gl, xl, h2, i21, (sl, a2, bl, 

d.2, e3, fl, gl, xl, h2, i3), (sl, a2, bl, d.2, e3, fl, g2, xl, hl, 

il), (sl, a2, bl, d2, e3, fl, g2, xl, hl, i2), (sl, a2, bl, d2, e3, 

fl, g2, xl, hl, i31, (sl, a2, bl, d2, e3, fl, g2, xl, h2, il), (sl, 

a2, bl, d2, e3, fl, g2, xl, h2, i21, (sl, a2, bl, d2, e3, fl, g2, 

25 xl, h2, i3), (sl, a2, bl, d2, e3, fl, g4, xl, hl, ill, (sl, a2, bl, 

d2, e3, fl, g4, xl, hl, i2), (sl, a2, bl, d2, e3, fl, g4, xl, hl, 

i3), (sl, a2, bl, d.2, e3, fl, g4, xl, h2, il), (sl, a2, bl, d2, e3, 

fl, g4, xl, h2, i2), (sl, a2, bl, d.2, e3, fl, g4, xl, h2, i3). 

[ 0093 J 

30 The compounds represented by formula (I) of the present 

invention can be manufactured, for example 1 by a general 

synthesis method described below. 
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[Formula 60] 

First step 

II 
Ill 

Third step 

v 

Fourth step 

I/Ill VII 

Eighth step 

x 

(wherein, E, F, X, A, T, Ra, Rb, Re, P-, and 

[Formula 61] 

\ 
COOH 

IV 

IX 

are defined as above; LG and Y are leaving groups (for example, 

hydroxy, halogen (Cl, Br, I)' carbamoyloxy, acyloxy, 

methanesulfonyloxy, toluenesulfonyloxy that may be substituted, 
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etc.);Rd is hydrogen or a carboxy protecting group;Re is hydrogen 

or a amino protecting group.) 

[0094] 

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

5 Compound (IV) 

10 

The first step: 

Compound (III) is obtained 

hydroxyphthalimide in the presence 

hydroxy) and Mitsunobu reagent, or 

(II) (LG is another leaving group) 

hydroxide, sodium methoxide). 

by a reaction with N-

of Compound (II) (LG is 

in the presence of Compol1nd 

and a base (such as sodium 

An amount of N-hydroxyphthalimide used is generally 1-5 

molar equi val en ts, preferably, 1-2 molar equivalents, relative 

to Compound (II) 

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

20 

tetrahydrofuran, diethyl ether, tert-butyl methyl ether, 

diisopropyl ether), halogenated hydrocarbons (e.g., 

dichloromethane, 

(e.g., n-hexane, 

chloroform, carbon tetrachloride), hydrocarbons 

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

N,N-dimethylformamide, 

methylpyrrolidone), and the 

like thereof. 

N,N-dimethylacetamide, 

like, and mixed solvents 

N-

and the 

A reaction temperature is in a range of, generally 1 about 

50-100°C, preferably about -40-50'C, and more preferably about -

25 30-0'C. 

30 

[0095] 

The second step: 

N-Methylhydrazine or hydrazine was added and reacted to 

Compound (III) to provide Compound (IV). 

An amount 

range of about 

of N-rnethylhydrazine or hydrazine used is in a 

1-10 molar equivalents, preferably 1-5 molar 

equivalents, more preferably 1-2 molar equivalents, relative to 

Compound (III) . 

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

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



68 

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate, 

isopropyl acetate), halogenated hydrocarbons (e.g., 

dichloromethane, chloroform, carbon tetrachloride), hydrocarbons 

(e.g.,. n-hexane, benzene, toluene), alcohols (e.g.,. methanol, 

5 ethanol, isopropanol.), amides (e.g., forrnamide, 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. 

10 A reaction temperature is in a range of, generally, about 

0-lOO"c, preferably about 0-50"C, more preferably about 10-30°C. 

[0096] 

The third step: 

Compound (IV) is added and reacted to Compound (V), which 

15 is commercially available or obtained by a known method, to 

provide Compound (VI). (For example, 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 Compound (IV). 

20 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.g., 

dichloromethane, chloroform, carbon tetrachloride), hydrocarbons 

25 (e.g., n-hexane, benzene, toluene), alcohols (e.g., methanol, 

ethanol, isopropanol), amides (e.g., formamide, N,N­

dimethylf ormarrtide, N, N-dimethylacetarnide, N-methylpyrrolidone) , 

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

MeCN, propionitrile), dirnethylsulfoxide, water and the like, and 

30 mixed solvents and the like thereof. 

A reaction temperature is in a range of, generall, about 0-

lOO'C, preferably about O so'c, more preferably about 10-30"C. 

[0097] 

2) 7-Position Amidation and 3-Position Side Chain Formation; 

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

Compound (IX) is provided by reacting Compound (VI) and 

Compound (VII), which are corru.'Tlercially available or synthesized 

according to methods described in literature (e.g., Japanese 

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

Publication No. 62-149682, etc.). In this case, preferably, R' 

and Rb are carboxy protecting groups, Re is an amino protecting 

group, and Rd and Re are hydrogen. 

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

10 about 1-5 moles, preferably 1-2 moles, relative to 1 mole of 

Compound (VII) . 

Examples of reaction solvents include ethers 

tetrahydrofuran, diethyl ether, tert-butyl 

(e.g.r dioxane, 

methyl ether, 

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate, 

15 isopropyl acetate), halogenated hydrocarbons (e.g., 

dichloromethane, chloroform, carbon tetrachloride), hydrocarbons 

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

N,N-dimethylformamide, 

methylpyrrolidone), ketones 

N,N-dimethylacetamide, N-

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

20 nitriles (e.g., MeCN, propionitrile), dimethylsulfoxide, water, 

and the like, and mixed solvents and the like thereof. 

25 

30 

A reaction temperature is in a range of, generally, about -

40-80°C, preferably about -20-50°C, more preferably about -10-

300C. 

Furthermore, 

can be provided 

Compound (IX). 

chloroperbenzoic 

a compound of which T is 

by oxidizing a 

Examples of 

acid (m-CPBA), 

compound 

oxidizing 

hydrogen 

acid, and the like. 

SO in Compound (IX) 

of which T is S in 

agents include m-

peroxide, peracetic 

The above-described amidation reaction may be carried out 

after a carboxy moiety is converted to a reactive derivative 

(e.g., inorganic base salt, organic base salt, acid halide, acid 

azide, acid anhydride, mixed acid anhydride, active amide, 

active ester, active thioester). Examples of such inorganic 

35 bases include alkali metals (e.g., Na, K, etc. I, alkaline-earth 



70 

metals (e.g., Ca, Mg) , and the like. Examples of organic bases 

include trirnethylarnine, triethylamine, tert-butyldimethylamine, 

dibenzylmethylamine, benzyldimethylamine, N-methylmorpholine, 

diisopropylethylamine, and the like. Examples of acid halides 

5 include acid chlorides, acid bromides, and the like. Examples 

of mixed acid anhydrides include mixed acid anhydrides of mono­

alkyl carbonate, mixed acid anhydrides of aliphatic carboxylic 

acid, mixed acid anhydrides of aromatic carboxylic acid, mixed 

acid anhydrides of organic sulfonic acid, and the like. 

10 Examples of active arnides include amides with nitrogen­

containing heterocyclic compound, and the like. Examples of 

active esters include organic phosphoric esters (e.g., 

diethoxyphosphoric esters, diphenoxyphosphoric esters, and the 

like), p-nitrophenyl esters, 2,4-dinitrophenyl esters, 

15 

20 

cyanomethyl esters, and the like. Examples of active thioesters 

include esters with aromatic heterocyclic thiol compound (e.g., 

2-pyridylthiol esters), and the like. Furthermore, in the 

above-described reaction, a suitable condensing agent 

used as desired. For example, hydrochloric acid salt 

dimethylaminopropyl-3-ethylcarbodiimide (WSCD·HCl), 

N,N'-carbonyldiimidazole, 

may be 

of 1-

N,N'­

N,N'-dicyclohexylcarbodiimide, 

thiocarbonyldiimidazole, N-ethoxycarbonyl-2-ethoxy-1,2-

dihydroquinoline, phosphorus oxychloride, alkoxyacetylene, 2 

chloromethylpyridinium iodide, 2-fluoromethylpyridinium iodide, 

25 trifluoroacetic anhydride, and the like can be used as a 

condensing agent. 

[0098] 

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

Compound (X) is provided by reacting Compound (IX) and a 

30 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, Ra and Rn are car box~/ protecting groups, and Re 

is an arnino protecting group. 
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An arnount of a corresponding tertiary arnine used is in a 

range of, generally, 1-5 moles, preferably 1-2 moles, relative 

to 1 mole of Compound (IX) 

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

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

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate, 

isopropyl acetate), halogenated hydrocarbons (e.g., 

dichlorornethane, chloroform, carbon tetrachloride), hydrocarbons 

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

10 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. 

A reaction temperature is in a range of, generally, -20-

15 60°C, preferably -10-40'c, more preferably 0-20°C. 

Furthermore, a compound of which T is SO 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 chloride, and the like. 

20 [0099] 

3) 3-position side chain formation and 7-position amidation; 

Synthesis of Compound (X) 

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

Compound (VIII) is provided by reacting Compound (VII) with 

25 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, Rb is a carboxy protecting group, and Re is an 

amino protecting group. 

30 An amount of a corresponding tertiary amine used is in a 

35 

range of, generally, 1-5 moles, preferably 1-2 moles, relative 

to 1 mole of Compound (VIII). 

Examples of reaction solvents include ethers 

tetrahydrofuran, diethyl ether, tert-butyl 

diisopropyl ether), esters (e.g., ethyl formate, 

(e.g., dioxane, 

methyl ether, 

ethyl acetate, 
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isopropyl acetate), halogenated hydrocarbons (e.g.' 

dich.l.oromethane, chloroform, 

(e.g. r n-hexane, benzene, 

N,N-dimethylformamide, 

carbon tetrachloride), hydrocarbons 

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

N,N-dimethylacetamide, N-

5 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. 

A reaction temperature is in a range of, generally, -20-

600C, preferably -10-40°C, more preferably 0-20°C. 

10 [0100] 

The Seventh Step (7-position amidation reaction): 

Compound (X) is provided by reacting Compound (VIII) and 

Compound (VI). In this case, preferably, R' and Rb are carboxy 

protecting groups, Re is an amino protecting group, Rd and Re are 

15 hydrogen. 

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

about 1-5 moles, preferably 1-2 moles, relative to 1 mole of 

Compound (VIII I . 

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

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

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate, 

isopropyl acetate), halogenated hydrocarbons (e.g., 

25 

dichloromethane, 

(e.g., n-hexane, 

chloroform, 

benzene, 

N,N-dimethylformamide, 

carbon tetrachloride), hydrocarbons 

toluene) / amides (e.g., 

N,N-dirnethylacetamide, 

formamide, 

N-

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

nitriles (e.g., MeCN, propionitrile), dimethylsulfoxide, and the 

like, and mixed solvents and the like thereof. 

A reaction temperature is in a range of, generally, about -

30 40-BO'c, preferably about -20-50°C, more preferably about -10-

300C. 

The above-described amidation reaction may be carried out 

after a carboxy rrtoiety is converted to a reactive derivative 

(e.g., inorganic base salt, organic base salt, acid halide, acid 

35 azide, acid anhydride, mixed acid anhydride, active amide, 
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active ester, active thioester) . Examples of such inorganic 

bases include alkali metal (e.g., Na, K, and the like), alkali 

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

trimethylamine, triethylamine, tert-butyldimethylamine, 

5 dibenzylmethylamine, benzyldimethylamine, N-methylmorpholine, 

diisopropylethylamine, and the like. Examples of acid halides 

include acid chlorides, acid bromides, and the like. Examples 

of mixed acid anhydrides include mixed acid anhydrides of mono­

alkyl carbonate, mixed acid anhydrides of aliphatic carboxylic 

10 acid, rrtixed acid anhydrides of aromatic carboxylic acid, mixed 

acid anhydrides of organic sulfonic acid, and the like. 

Examples of active amides include amides with nitrogen­

containing heterocyclic compound, and the like. Examples of 

active esters include organic phosphoric esters (e.g., 

15 diethoxyphosphoric ester, diphenoxyphosphoric ester, and the 

like), p-nitrophenyl ester, 2,4-dinitrophenyl ester, cyanomethyl 

ester, and the like. Examples of active thioesters include 

20 

esters with aromatic 

pyridylthiol esters), 

heterocyclic 

and the like. 

thiol compound 

Furthermore, in 

(e.g., 2-

the above-

described reaction, a suitable condensing 

desired. For example, hydrochloric 

dimethylaminopropyl-3-ethylcarbodiimide 

agent may be used as 

acid salt of 1-

(WSCD • HCl) , N,N'-

dicyclohexylcarbodiimide, N,N'-carbonyldiimidazole, N,N'-

thiocarbonyldiimidazole, N-ethoxycarbonyl-2-ethoxy-1,2-

25 dihydroquinoline, phosphorus oxychloride, alkoxyacetylene, 2-

chloromethylpyridinium iodide, 2 fluoromethylpyridinium iodide, 

trifluoroacetic anhydride, and the like can be used as a 

condensing agent. 

Furthermore, a compound of which T is SO in Compound (X) is 

30 obtained by reducing the compound of which T is SO in Compound 

(X). Examples of reducing agents include potassium iodide 

acetyl chloride, and the like. 

[0101] 

4) Deprotection Reaction 

35 The Eighth Step: 
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Compound (I) is provided by subjecting Compound (X) to a 

deprotection reaction with a method well known to those skilled 

in the art. 

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

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

diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate, 

n-butyl acetate), halogenated hydrocarbons (e.g., 

dichloromethane, chloroform, carbon tetrachloride), hydrocarbons 

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

10 N, N-dimethylformamide, N, N-dimethylacetamide, N-

methylpyrrolidone) , ketones I e.g. , acetone, methyl ethyl ketone) , 

nitriles (e.g., MeCN, propionitrile), nitoros (e.g., 

nitromethane, nitroethane, nitrobenzene), dimethylsulfoxide, 

water, and the like. These solvents may be used alone or in a 

15 combination using two or more of such solvents. 

A reaction temperature is in a range of, generally, about -

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

As a catalyst, Lewis acid (e.g., A1Cl 3 , SnC1 4 , TiC1 4 ), 

protonic acid (e.g., HCl, HBr, H2 S0 4 , HCOOH), and the like can be 

20 used. 

and 

The obtained Compound 

thereby an ester, or a 

I I I is further chemically modified, 

compound of which an amino on the 

thiazole ring at the 7-position thereof is protected, or a 

pharrrtaceutically acceptable salt, or a solvate thereof can be 

25 synthesized. 

[0102] 

The compounds of the present invention have s wide 

antimicrobial activity spectrwn, and may be used for prevention 

or therapy against a variety of diseases caused by causative 

30 bacteria in a variety of mammals including humans, for example, 

airway infectious diseases, urinary system infectious diseases, 

resipiratory system infectious diseases, sepsis, 

nephritis,cholecystitis, oral cavity infectious diseases, 

endocarditis, pneumonia, bone marrow membrane myelitis, otitis 
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media, enteritis, empyema, wound 

opportunistic infection and the like. 

[0103] 

infectious diseases, 

The compounds of the present invention are effective in 

particular against Gram negative bacteria, preferably, Gram 

negative 

Serratia, 

bacteria of 

Enterobacter, 

enterobacteria 

Ci trobacter, 

(E. coli, 

Morganella, 

Klebsiella, 

Providentia, 

Proteus and the like), Gram negative bacteria colonized in 

resipiratory system ( Haemophillus, Moraxella and the like) , and 

10 Gram negative bacteria of glucose non fermentation (Pseudomonas 

aeruginosa, PseudomoriaS other than P. aeruginosa, 

Stenotrophomonas, Burkholdelia, Acinetobacter and the like). 

Classes A, B, C and D beta-lactamase produced by these Gram 

negative bacteria are extremely stable against metallo-beta-

15 lactamase belonging to Class B including in particular IMP type, 

VIM type, L-1 type and the like, as such, these are effective 

against a variety of beta-lactam drug resistant Gram negative 

bacteria including Cephem and Carbapenem. Moreover, the 

compounds of the present invention has antimicrobial activity 

20 against Gram positive bacteria including methicillin resistant 

staphylococcus aureus (MRSA), penicilline resistant 

Staphylococcus pneumoniae, and the like. Still more preferable 

compounds have features such as blood concentration in which 

such is highly bioavailable, long duration of effects, and /or 

25 significant tissue migration. More preferable compounds are safe 

30 

35 

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, per 1 kg of body weight of a 

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

mg/day, if desired, divided into 2-4 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 may be used 

for pH adjustment. When used as capsules, granules, tablets, 

carriers may be known exhipients (for example, starch, lactose, 

5 sucrose, calcium carbonate, calcium phosphate and the like), 

binders (for example, starch, acacia gum, carboxymethyl 

cellulose, hydroxypropyl cellulose, crystalline cellulose, and 

the like), lubricants (for example, magnesium stearate, talc and 

the like), and the like. 

10 [0105] 

Hereinafter, the present invention is described in more detail 

with working examples and experimental examples. However, the 

present invention is not limited to them. 

In Exarnples, the meaning of each abbreviation is as described 

15 below. 

AcOEt: ethyl acetate 

THF: tetrahydrofuran 

DMF: N,N-dimethylformamide 

PMB-Cl: para-methoxybenzylchloride 

20 i-Pr2 0: diisopropyl ether 

MeOH: methyl alcohol 

NaOH: sodium hydroxide 

Et 3 N: triethylamine 

MsCl: methanesulfonylchloride 

25 MgS0 4 : magnesium sulfate 

AcCl: acetylchloride 

AlC1 3 : aluminum chloride 

ODS: octadodecylsilyl 

MeCN: acetonitrile 

30 DMA: dimethylacetamide 

AcOi-Pr: isopropyl acetate 

NaHS0 3 : sodium hydrogen sulfite 

NaHS04 : sodium hydrogen sulfate 

TFA: trifluoroacetic acid 
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WSCD·HCl: hydrochloric acid salt of N-ethyl-N'-(3-

dimethylaminopropyl)carbodiimide 

Me: methyl 

Et: ethyl 

5 Pr: propyl 

Ph: phenyl 

PMB: para-methoxybenzyl 

t-Bu: tert-butyl 

i-Pr: isopropyl 

10 Boe: tert-butoxycarbonyl 

BH: benzhydryl 

Ms: methanesulfonyl 

Trt: trityl 

TBS: tert-butyldimethylsilyl 

15 Bn: benzyl 

[ 0106] 

Example 1 

Synthesis of Compound (I-1) 
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[Formula 62) 

HOOC'f 

N.O 

N )L .~ S n 
H2N--f /( I( f-(~ 0 yl 

s-N O }-N,/ N~ ~OH 
0 N I 

COQ H / OH 

7 

I -1 

Cl 0 

HOyVoH 

HO)l) 
2 

o~NH2 

5 

t-BuOOC'f 

N.O 

N )!_ -~ S n 
BocHN--f /( [( 'rl~J < Jl x / 

6 

l 

s-N 0 rN~N~N ] J OPMB 

O COOBH I H ~ J 
- OPMB 

8 

Cl 0 

PMBOijOPMB 

PMBO --"
3 

H r'l(OPMB 

O~NyyoPMB 
0 Cl 

6 

I - 1 

Step (1) Compound 1 ~Compound 2 

A suspension of Compound 1 ( 10. 83 g, 50 mmol) in 

5 dichloromethane (100 mL) was cooled to 0°C, and then BBr 3 (18. 91 

ml, 200 mmol) was added drop-wise thereto over 15 minutes. It 

was stirred at 0°C for 15 minutes and tf1en at room ternperature 

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

hydrochloric acid containing ice, followed by adding AcOEt and 

10 THF thereto, and then dichlorornethane was evaporated under 

reduced pressure, subsequently separating the solution. The 
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organic layer was washed with water two tirnes, washed with 

saturated brine, and then dried over MgS0 4 • MgS0 4 was removed by 

filtration, and then concentration and drying in vacuo yielded 

Compound 2 as a pale orange powder (5.46g, 58% yield). 

5 Compound 2 : 

1 H-NMR (DMSO-d 6 ) O(delta): 6.78 (lH, d, J = 8.4 Hz), 7.24 (lH, d, 

J = 8.1 Hz), 9.28 (lH, br), 10.38 (lH, br), 12.56 (lH, br). 

Step (2) Compound 2 ~ Compound 3 

To a solution of Compound 2 (5.43 g, 28.8 mmol) in DMF (58 mL) 

10 was added K2 C0 3 (13.93 g, 101 mmol), PMB-Cl (15.69 ml, 115 mmol), 

and sodium iodide (4.32 g, 28.8 mmol) in turn, followed by 

stirring at 70°C for 3 hours. The reaction solution was cooled 

to room temperature, and then poured into water and AcOEt. At 

this time, because solid was precipitated, i-Pr2 0 was added 

15 thereto, and thus the solid was fully precipitated. The solid 

was filtrated, washed with water, washed with i-Pr2 0, and then 

air-dried to yield Compound 3 as a pale orange solid ( 13. 5 g, 

86% yield). 

Compound 3: 

20 1 H-NMR (CDCl3) 8(delta): 3.80 (3H, s), 3.81 (3H, s), 3.82 (3H, s), 

4.93 (2H, s), 5.08 (2H, s), 5.27 (2H, s), 6.81-6.92 (7H, m), 

7.32-7.40 (6H, m), 7.63 (lH, d, J 9.0 Hz). 

Step (3): Compound 3 ~ Compound 4 

To a solution of Compound 3 (13.53 g, 24.64 mmol) in MeOH (100 

25 mL) and THF (100 mL) was added aqueous 2M NaOH solution (37. 0 ml, 

73.9 mmol), followed by stirring at 70°C for 80 minutes. After 

the reaction solution was cooled to room temperature, THF and 

MeOH were evaporated under reduced pressure, and then AcOEt, 2M 

hydrochloric acid, and water were added tf1ereto. As a result, 

30 solid was precipitated. The solid was filtrated and then air­

dried to yield Compound 4 as a white solid (8.58 g, 81% yield). 

Compound 4: 

1 H-NMR (DM.SO-dc) O(delta): 3.75 (3H, s), 3.78 (3H, s), 4.88 (2H, 

s), 5.18 (2H, s), 6.86 (2H, d, J ~ 8.7 Hz), 6.99 (2H, d, J = 8.7 



80 

Hz), 7.23 (lH, d, J = 9.0 Hz), 7.29 (2H, d, J 

(2H, d, J = 8.6 Hz), 7.61 (lH, d, J = 7.8 Hz). 

Step (4): Compound 4 ~Compound 6 

8.6 Hz), 7.45 

To a solution of Compound 4 (0.858 g, 2 rmnol) in DMA(lO mL) 

5 was added Et 3 N (0.36 ml, 2.6 mmol), followed by cooling to -l5°C, 

and then MsCl (0.187 ml, 2.4 wmol) was added, subsequently 

further stirring at -l5°C for 1 hour. Compound 5 (0.507 ml, 4 

mmol) was added thereto, followed by stirring for 1 hour at -

15°C. To the reaction solution was added aqueous 5% sodium 

10 hydrogen carbonate solution and AcOEt, and then the solution was 

separated. After one-time extraction frorrt the aqueous layer 

with AcOEt, the organic layer was washed with water, and then 

washed with saturated brine. The organic layer was dried over 

MgS0 4 , subsequently MgS0 4 was removed by filtration, and then 

15 concentrated. To the residue AcOi-Pr was added, and then the 

precipitated solid was filtrated, dried in vacuo to yield 

Compound 6 as a white solid (0.708 g, 67% yield). 

Compound 6: 

1 H-NMR (DMSO-dd O(delta): 1.65-1.68 (4H, m), 2.44-2.56 (4H, m), 

20 3.26-3.34 (4H, rn), 3.74 (3H, s), 3.76 (3H, s), 4.87 (2H, s), 

5.14 (2H, s), 6.86 (2H, d, J = 8.7 Hz), 6.97 (2H, d, J 8.7 Hz), 

7.11 (lH, d, J = 8.7 Hz), 7.18 (lH, d, J = 8.7 Hz), 7.30 (2H, d, 

J = 8.7 Hz), 7.42 (2H, d, J = 8.7 Hz), 8.22 (lH, t, J = 5.7 Hz) . 

.Step ( 5) : Compound 7 ~ Compound I I-1) 

25 To Compound 7 (0.935 g, 1 mmol) and Compound 6 (0.525 g, 1 

mmol) DMF (3 rnL) was added to dissolve them, followed by 

stirring at room temperature for 4 hours. DMF ( 3 

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

potassium iodide (l.16 g, 7 mrnol) and AcCl (0.285 ml, 

mL) was 

and then 

4 mmol) 

30 were added thereto, subsequently stirring at 0°C for 2 hours. 

The reaction solution was poured into ice water and AcOEt, and 

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

the aqueous layer with AcOEt, the organic layer was washed with 

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

35 was dried over MgS0 4 , subsequently Mg.SO, was removed by 
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filtration, and then concentration and subsequent drying in 

vacuo yielded Compound 8 as a brown oil. 

next reaction without purification. 

This was used for the 

The whole amount of Compound 8 obtained was dissolved in 

5 dichloromethane (15 ml), followed by cooling to -40°C, and then 

anisole (1.09 ml, 10.00 mmol) and 2M AlCl3-nitromethane solution 

( 5. 00 ml, 10 minol) were added thereto in turn, subsequently 

stirring at O 0 c for 90 minutes. To the reaction solution was 

added 2M hydrochloric acid, MeCN, i-Pr2 0, and hexane that had 

10 been cooled to O'C, subsequenthently stirring for a while. As a 

15 

result, insolubles appeared. The supernatant and the insolubles 

were separated, after the solution of the supernatant was 

separated, the aqueous layer was combined with the insolubles. 

2M hydrochloric acid and MeCN were added thereto, and thus the 

insolubles were dissolved. 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 

20 powder (246 mg, 33% yield). 

Compound (I-1): 

1 H-NMR (DMSO-dc) o(delta): 1.47 (6H, s), 1.99-2.09 (4H, m), 3.37-

3.51 (SH, m), 3.76-3.80 (2H, m), 3.91 (lH, d, J = 14.1 Hz), 5.08 

(lH, d, J = 13.2 Hz), 5.15 (lH, d, J 5.1 Hz), 5.72 (lH, dd, J 

25 = 5.1,8.3 Hz), 6.78 (2H, s), 8.21 (2H, m), 8.43 (lH, br), 9.51 

I lH, d, J = 8 .1 Hz). 

Elementary analysis for C2 9 H3 3 ClNs 01 o S2 • 3. 6H2 0 

Calcd.: C, 42.58; H, 4.95; Cl, 4.33; N, 13.70; s, 7.84 (%) 

Found.: c, 42.55; H, 4. 8 0; Cl, 4. 16; N, 13.72; S, 7.62 (%) 

30 [0107] 

Example 2 

Synthesis of Compound (I-2) 
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[Formula 63] 

t-BuOOC~ 

D
N,O H 'i( 

N N S 
BocHN--f ]-(~ 

S 0 j---f'..k / I 
0 

g COOP MB 

f t-BuOOC'f' l 
I N'o 

N )I,_ .H s I 
BocHN--f y lf ]-( I n 0 

s__'J 0 o,f-N~N~N~OPMBJ 
COOPMB I H ~OPMB 

11 

I - 2 

Step Ill: Compound 9 ~Compound (I-2) 

To Compound 9 ( 3. 55 g, 4 rmnol I and Compound 10 ( 1. 96 g, 4 

5 mmol) was added DMF (10 mL) to dissolve them, followed by 

stirring at room temperature for 3. 5 hours. DMF (20 mL) was 

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

potassium iodide (4.65 g, 28 mmol) and AcCl (1.14 ml, 16 mmol) 

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

10 The reaction solution was poured into ice water and AcOEt, and 

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

the aqueous layer with AcOEt, the organic layer was washed with 

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

was dried over MgS0 4 , followed by MgS04 was removed by filtration, 

15 and then concentration and subsequent drying in vacuo yielded 
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Compound 13 as a reddish brown oil. 

reaction without purification. 

This was used for the next 

The whole amount of Compound 11 obtained was dissolved in 

dichloromethane (60 ml), followed by cooling to -40°C, and then 

5 anisole (4.37 ml, 40 mmol) and 2M A1Cl 3 -nitromethane solution 

( 2 0. 00 ml, 4 0. 0 mmol) were added thereto in turn, subsequently 

10 

15 

stirring at 0°C for 40 minutes. While maintaining the reaction 

temperature at 0°C, i-Pr2 0 was added to the reaction solution, 

and then 2M hydrochloric acid was added small-potion-wise 

subsequently stirring. As a result, insolubles thereto, 

appeared, and then the resulting insolubles gathered and 

agglomerated. After the supernatant was removed, i-Pr2 0 was 

added to the mass of the insolubles, followed by washing the 

insolubles, and then the supernatant was discarded. This 

operation was repeated several times. Ice water and MeCN were 

added to the insolubles to dissolve, and then HP resin was added 

thereto, subsequently evaporating MeCN under reduced pressure. 

The resulting mixed solution was purified by HP and ODS 

chromatography. The resulting solution of the title compound 

20 was concentrated in vacuo, and subsequently lyophilized to yield 

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

Compound ( I-2 I : 

25 

30 

1 H-NMR (DMSO-d 6 ) O(delta): 1.45 (3H, s), 1.46 (3H, s), 1.98-2.08 

( 4 H, m), 3.36-3.48 ( 8 H, m), 3.77-3.84 ( 2H, m), 3.94 (lH, d, 

13.5 Hz I, 5.03 (lH, d, J = 13.2 Hz I, 5.18 (lH, d, J - 5.1 

5.76 (lH, dd, J = 5. 1, 8. 1 Hz), 6. 72 (lH, s) , 6.77 (lH, d, 

8. 4 Hz), 7.20 (lH, d, ,) = 8 .1 Hz), 8.53 ( 2H, m), 9.23 (lH, 

9.43 (lH, 

Elementary 

Calcd.: c, 

Found.: C, 

[ 0108] 

Example 3 

d, J = 8. 1) , 9.61 ( lH, s). 

analysis for C3 o H3 s N1 01 o S2 

44.70; H, 5. 60; N, 12.16; 

44.69; H, 5. 10; N, 12. 2 8; 

synthesis of Compound (I-3) 

·4.9H2 0 

S, 7.96 ( % ) 

s, 7.47 (%) 

J = 

Hz) , 

J = 

s) , 



[Formula 64] 

Cl 0 

HO~OH 
HOY 

Cl 
12 

o~NH2 

6 

84 

HOOC+ 

N.O 

N)!_H s n 
H,N--f JV I( 1-(~I ( " 0 Cl 

s 0 J-t·L,f'J~N~N~OH 
0 coo H I /,-

- OH 
I -3 Cl 

Cl 0 

PMBO~OPMB 
PMBOY 

Cl 
13 

PMBO OH V
CI 0 

I 

PMBO 
Cl 

14 

15 

t-BuOOC+ 

BocHN--f~Hf-Tgi 
ON~H;Q::::: 0 Cl 

15 

s o }-N~I 
0 i 

9 COOPMB 

I t-BuOOC~ 
I 

N.O 

N )!_ .H s n 
BocHN--f J I( f-T l ~O Cl 

s O }-N~N~N "' OPMB 

0 COOPMB I H I ,,,:. OPMBJ 

L 16 Cl 

--------~ 1-3 

Step (1): Compound 12 ~ Compound 13 

To a solution of Compound 12 (2.23 g, 10 ~mol) in DMF (22 mL) 

5 was added K2 C0 3 (4.84 g, 35 rru:nol), PMBCl (5.45 ml, 40 rru:nol), and 

potassium iodide ( 1. 5 g, 10 mmol) in turn, followed by stirring 

at 70°C for 1 hour. The reaction solution was cooled to room 

temperature, and then poured into ice water and AcOEt, followed 

by separating the solution. After one-time extraction from the 
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aqueous layer with AcOEt, the organic layer was washed with 

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

was dried over MgS04 , subsequently MgS0 4 was removed by 

filtration, and then concentrated. The crude product was 

5 purified by flash column chromatography to yield Compound 13 as 

a pale yellow liquid ( 5. 37 g, 92 % yield) . 

10 

Compound 13: 

1 H-NMR (CDCl,) o(delta): 3.816 (3H, s), 3.823 

s), 4.97 (2H, s), 5.05 (2H, s), 5.29 (2H, s), 

7.33-7.41 (6H, m), 7.65 (lH, s). 

Step (2): Compound 13 ~ Compound 14 

(3H, s), 3.83 (3H, 

6.86-6.93 (6H, m), 

To a solution of Compound 13 (5.37 g, 9.2 mmol) in MeOH (54 

mL) and THF (54 mL) was added aqueous 2M NaOH solution (13.8 ml, 

27. 6 mmol), followed by stirring at 70°C for 1 hour. The 

15 reaction solution was cooled to room temperature, followed by 

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

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

separating the solution. After one-time extraction from the 

aqueous layer with AcOEt, the organic layer was washed with 

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

was dried over MgS0 4 , subsequently MgS0 4 was removed by 

filtration, and then concentrated. i-Pr2 O was added to the 

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

vacuo to yield Compound 14 as a white solid (2.19 g, 52% yield). 

25 Compound 14: 

1 H-NMR (DMSO-dG) o(delta): 3.76 (3H, s), 3.77 (3H, s), 4.98 (2H, 

s), 5.06 (2H, s), 6.91-6.97 (4H, m), 7.33-7.39 (4H, m), 7.65 (lH, 

s). 

Step (3): Compound 14 ~Compound 15 

30 To a solution of Compound 14 (1.390 g, 3 mmol) in DMA (14 mL) 

was added Et 3 N (0.582 ml, 4.2 mmol), followed by cooling to -15'c, 

and then MsCl (0.304 ml, 3.9 mmol) was added, subsequently 

stirring at -15'c for 70 minutes. Compound 5 (0.760 ml, 6 mmol) 

was added thereto, followed by further stirring at -15 'c for 1 

35 hour. To the reaction solution was added water and AcOEt, 
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followed by separating the solution. After one-time extraction 

from the aqueous layer with AcOEt, the organic layer was washed 

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

layer was dried over MgS0 4 , subsequently MgS0 4 was removed by 

5 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). 

1 H-NMR (CDC1 3 ) O(delta): 1.81 (4H, br), 2.61 (4H, br), 2.75 (2H, 

m), 3.56-3.58 (2H, m), 3.823 (3H, s), 3.828 (3H, s), 4.98 (2H, 

10 s), 5.01 (2H, s), 6.87-6.92 (4H, m), 7.36-7.40 (4H, m), 7.47 (lH, 

s). 

Step (4): Compound 9 ~Compound (I-3) 

A solution of Compound 15 (0.89 g, 1.59 mmol) in DMF (5 mL) 

was degassed, and then Compound 9 If= 0.92) (1.54 g, 1.59 mmol) 

15 was added thereto, 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 iodide (1. 85 g, 11.1 mmol) 

and AcCl (0.454 ml, 6.36 mmol) were added thereto, subsequently 

stirring at o•c for 2 hours. The reaction solution was poured 

20 into ice water and AcOEt, and then NaHS0 3 was added thereto, 

followed by separating the solution. After one-time extraction 

from the aqueous layer with AcOEt, the organic layer was washed 

25 

with water, and then washed 

layer was dried over MgS0 4 , 

filtration, and then the 

subsequent drying in vacuo 

powder. This was used 

purification. 

with saturated brine. The organic 

subsequently MgS0 4 was removed by 

filtrate was 

yielded Compound 

for the next 

concentrated and 

16 as an orange 

reaction without 

The whole amount of Compound 16 obtained was dissolved in 

30 dichloromethane (20 ml), followed by cooling to -40"c, and then 

anisole ( 1. 7 4 ml, 15. 9 mmol) and 2M AlC1 3 -nitromethane solution 

( 7. 96 ml, 15. 9 mmol) were added thereto in turn, subsequently 

stirring at 0°C for 90 rninutes. While maintaining the reaction 

temperature at 0°C, i-Pr2 O was added to the reaction solution, 

35 and then 2M hydrochloric acid was added small-portion-wise, 
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subsequently stirring. As a result, insolubles appeared, and 

then the resulting insolubles gathered and agglomerated. After 

the supernatant was removed, i-Pr2 0 was added to the mass of the 

insolubles, followed by washing the insolubles, and then the 

supernatant was discarded. This operation was repeated several 

times. Ice water and MeCN were added to the insolubles, 

followed by dissolving it, and then HP resin was added, 

subsequently evaporating MeCN under reduced pressure. The 

resulting mixed solution was purified by HP and ODS 

chromatography. The obtained solution of the title compound was 

concentrated in vacuo, and subsequently lyophilized to yield 

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

Compound (I-3): 

1 H-NMR (DMSO-dG) o(delta): 1.44 (3H, s), 1.45 (3H, s), 2.04-2.09 

15 (4H, m), 3.28-3.54 (SH, m), 3. 75-3.86 (2H, m), 3. 92 (lH, d, J = 

13.5 Hz), 5.05 (lH, d, J = 13.5 Hz), 5.17 (lH, d, J = 5.1 Hz), 

5.73 (lH, dd, J = 4.8,8.1 Hz), 6.72 (lH, s), 6.98 (lH, s), 7.29 

20 

( 2H, br), 

Elementary 

Calcd. : c, 

Found.: C, 

[0109] 

Example 4 

8.58 ( lH, 

analysis 

42.41; H, 

42.54; H, 

m) ' 9.43 (lH, d, J = 8 .1 Hz). 

for C.:,0H33Cl2N1010S2 ·3.5H20 

4.74; Cl, 8.34; N, 11.54; s, 

4.80; Cl, 7. 78; N, 11.58; s, 

Synthesis of Compound (I-4) 

7.55 (%I 

7.45 (%I 



[Formula 65] 

Cl 0 

PMBO~OH 
PMBO ,,,;; 

4 

88 

a~NH2 
17 

0 Cl 

o~~uOPMB 
,,,;; OPMB 

18 

18 

t-BuOOC~ 

N'O 

Nn~ S n nOPMB BocHN--f / f-T~j ( H ~ I 
S 0 Oj-N~N~N I "" OPMB 

COOPMB I 0 Cl 

19 

Step (1): Compound 4 ~ Compound 18 

I -4 

To a solution of Compound 4 (3.43 g, 8 mmol) in DMA (35 mL) 

5 was added Et 3 N (1. 55 ml, 11.2 rrunol), followed by cooling to 15°C, 

and then Ms Cl ( 0. 810 ml, 10. 4 mmol) was added, subsequently 

stirring at -15 °C for 1 hour. Compound 17 (2.02 ml, 16 mmol) 

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

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

10 then separated. After one-time extraction from the aqueous 

layer with AcOEt, the organic layer was washed with water, and 

then washed with saturated brine. The organic layer was dried 

over MgS0 4 , subsequently MgS0 4 v.ras removed by filtration, and 

then the filtrate was concentrated. AcOi-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 solid (2.98 g, 69% yield). 

Compound 18: 

1 H-NMR (CDC1 3 ) o(delta) l.67 (4H, br), 1.77-1.81 (2H, m), 2.48 

5 (4H, br), 2.62 (2H, t, J = 6.3 Hz), 3.55 (2H, q, J = 6.0 Hz), 

3.80 (3H, s), 3.83 (3H, s), 4.94 (2H, s), 5.07 (2H, s), 6.84 (2H, 

d, J = 8.4 Hz), 6.90-6.93 (3H, m), 7.34-7.37 (5H, m), 7.76 (lH, 

m). 

Step (2): Compound 9 ~Compound (I-4) 

10 A solution of Compound 18 (1.62 g, 3 mmol) in DMF (8 mL) was 

degassed, and then Compound 9 (f 0. 92) (2. 89 g, 3 mmol) was 

added thereto, followed by stirring at room temperature for 4.5 

hours. DMF ( 16 mL) was further added thereto, followed by 

cooling to -40°C, and then potassium iodide (3.49 g, 21 mmol) 

15 and AcCl ( 0. 85 6 ml, 12 mmol) were added thereto, subsequently 

stirring at 0°C for 1 hour. To the reaction solution was poured 

ice water and AcOEt, and then NaHS03 was added, followed by 

separating the soluton. After one-time extraction from the 

aqueous layer with AcOEt, the organic layer was washed with 

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

was dried over MgS0 4 , subsequently MgS04 was removed by 

filtration, and 

Compound 19 as 

then concentration and 

a brown powder. This 

reaction without purification. 

drying in 

was used 

vacuo yielded 

for the next 

25 The whole amount of Compound 19 obtained was dissolved in 

dichloromethane (40 ml), followed by cooling to -40°C, and then 

anisole (3.28 ml, 30 mmol) and 2M AlCl3-nitromethane solution (15 

ml, 30 rnmol) were added thereto in turn, subsequently stirring 

at 0 °C for 2 hours. While maintaining the reaction temperature 

30 at 0°C, i-Pr2 O was added to the reaction solution, and then 2M 

hydrochloric acid was added small-potion-wise thereto, 

subsequently stirring. As a resu.l t, insolubles appeared, and 

then the resulting insolubles gathered and agglomerated. After 

the su1:ienatant was rernoved, i-Pr2 0 vJas added to the mass of the 

35 insolubles, followed by washing the insolubles, and then the 
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supernatant was discarded. This operation v.Jas repeated several 

times. Ice water and MeCN were added to the insolubles, 

followed by dissolving it, and then HP resin was added thereto, 

subsequently evaporating MeCN 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 subsequently lyophilized to yield 

Compound (I-4) as a white powder (0.56 g, 24% yield). 

Compound (I-4): 

10 1 H-NMR (DMSO-do) O(delta): 1.21 (3H, s), 1.22 (3H, s), 1. 72-1.82 

(6H, m), 3.19 (8H, m), 3.64 (2H, d, J = 16.8 Hz), 3.71 (lH, d, J 

= 13.8 Hz), 4.68 (1H, d, J = 14.1 Hz), 4.94 (1H, d, J = 5.1 Hz), 

5.50-5.55 (lH, m), 6.49 (lH, s), 6.53 (2H, d, J 3.3 Hz), 7.07 

(2H, br), 8.17 (lH, m), 9.04 (1H, br), 9.20 (1H, d, J = 8.7), 

15 9.90 (lH, br). 

Elementary analysis for C31H36ClN1010S2 ·4.6H20 

Calcd. : ~ 43.85; H, 5.37; Cl, 4.18; N, 11.55; s, 7.55 (%) vr 

Found.: c, 43.81; H, 5 .19; Cl, 5. 63; N, 11.58; s, 7.36 (%) 

[0110] 

20 Example 5 

Synthesis of Compound (I-5) 
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t-BuOOC+ 

N'O 0 

h
H 11 

N N S 
BocHN-f ]---(~ 

s-N 0 j-1\L Y" I 
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91 

I 
N'O 

h
H 

N N S Y" OPMB I BocHN-f ]---( I n H ([( 

18 

' s-N 0 o}--N~N~N~OPMB 

l COOBH l 0 Cl , 

20 J 

Step (1): 

1-5 

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 mmol) was added thereto, 

followed by stirring at room temperature for 4. 5 hours. DMF (18 

mL) was further added thereto, fallowed by cooling to -4 0 ° C, 

potassium iodide (3.49 g, 21 mmol) and AcCl (0.856 ml, 12 mmol) 

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

10 and AcOEt was poured to the reaction solution, and then NaHS0 3 

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

extraction from the aqueous layer with l\cOEt, the orgar1ic layer 

was washed v1ith water, and then washed with saturated brine. 

The organic layer was dried over MgS04, subsequently MgS0 4 was 

15 removed by filtration, and then concentration and drying in 

vacuo yielded Compound 20 as a brown powder. 

the next reaction without purification. 

This was used for 
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The whole amount of Compound 20 obtained was dissolved in 

dichloromethane (40 ml), followed by cooling to -40°C, and then 

anisole (3.28 ml, 30 rnrnol) and 2M A1Cl 3 -nitromethane solution (15 

ml, 30 rnrnol) were added in turn, subsequently stirring at O'C 

for 3 hours. While maintaining the reaction temperature at O'c, 

i Pr 2 0 was added to the reaction solution, and then 2M 

hydrochloric acid was added small-potion-wise thereto, 

subsequently stirring. As a result, insolubles appeared, and 

then the resulting insolubles gathered and agglomerated. After 

10 the supenatant was removed, to the mass of the insolubles was 

15 

added i-Pr2 O, followed by washing the insolubles, and then the 

supernatant was discarded. This operation was repeated several 

+- • .... imes. Ice water and MeCN were added to the insolubles to 

dissolve, and then HP resin was added thereto, subsequently 

evaporating MeCN under reduced pressure. The resulting mixed 

solution was purified by HP and ODS chromatography. The 

obtained solution of the title compound was concentrated in 

vacuo, and subsequently lyophilized to yield Compound ( I-5) as 

pale yellow powder (188 mg, 8% yield). 

20 Compound (I-5): 

25 

1 H-NMR (DMSO-d6) 8(delta): 1.46 (6H, s), 1.95-2.07 (6H, m), 

3.27-3.37 (SH, m), 3.77-3.83 (3H, m), 5.02 (lH, d, J = 14.1 Hz), 

5.08 (lH, d, J = 4.8 Hz), 5.64 (lH, dd, J = 4.8,8.4 Hz), 6.71-

6.79 (2H, m), 8.20 (2H, br), 8.50 (lH, m), 9.23 (lH, br), 9.50 

(lH, d, J = 7. 5). 

Elementary analysis for C3 o H3 s ClN8 01 o S2 · 4. SH2 0 

Calcd.: c, 42. 48; H, 5.23; Cl, 4.18; N, 13.21; S, 7.56 (%) 

Found.: c, 4 2. 64; H, 5. 0 9; Cl, 3. 91; N, 13.07; s, 7.17 (%) 

[0111] 

30 Example 6 

Synthesis of Compound (I-6) 



[Formula 67] 

Cl 0 

PMBO~OH 
PMBO / 

4 

1-BuOOC~ 

n
N,O H ~ 

N N S 
BocHN---f f-l~ 

s o j--N, ~ I 
0 

COOP MB 
9 

L 

93 

Step (1): Compound 4 ~Compound 22 

W
OP MB 

M 

O~N OPMB 

0 Cl 
22 

22 

1- 6 

To a solution of Compound 4 ( 2. 5 7 g, 6 mrnol) in DMA ( 2 5 mL I 

5 was added Et 3 N (1.16 ml, 8.4 ITumol), followed by cooling to -l5°C, 

10 

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

stirring at -l5°C for 50 minutes. Compound 21 (1.81 g, 12 mmol) 

was added thereto, followed by further stirring at -15°C for 70 

minutes. Water and AcOEt was added to the reaction solution, 

subsequently separating the solution. After one-time extraction 

from the aqueous layer with AcOEt, the organic layer was washed 
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with \.Vater, and then washed with satu1::-ated brine. The organic 

layer was dried 

filtration, and 

over MgS0 4 , subsequently MgS0 4 was removed by 

then concentrated. The crude product was 

combined with unpurified Compound 22 ( 4 mmol), which had been 

5 synthesized elsewhere, and then was purified by flash column 

chromatography to yield Compound 22 as a yellow oil (4.87 g, 84% 

yield) . 

Compound 22: 

1 H-NMR (CDCl,) 6(delta): l.68 (2H, s), 1.77-1.80 (2H, m), 2.28-

10 2.30 (2H, m), 2.53-2.60 (3H, m), 2.75 (lH, t, J = 7.2), 2.81 

(l.5H, s), 3.12 (l.5H, s), 3.17 (lH, m), 3.79 (3H, s), 3.83 (3H, 

s), 4.97 (2H, s), 5.05 (2H, s), 6.80-6.84 (2H, m), 6.89-6.97 (4H, 

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

Step (2): Compound 9 ~Compound (I-6) 

15 A solution of Compound 22 (f = 0. 95) (l. 70 g, 3 mmol) in DMF 

(8 mL) was degassed, and then Compound 9 (f = 0.92) (2.89 g, 3 

mmol) was added thereto, followed by stirring at room 

temperature for 4 hours. DMF (16 IT~) was further added thereto, 

followed by cooling to -40°C, and then potassium iodide (3.49 g, 

20 21 mmol) 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 3 was added, 

followed by separating the soluton. After one-time extraction 

from the aqueous layer with AcOEt, the organic layer was washed 

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

layer was dried over MgS04 , subsequently MgS0 4 was removed by 

filtration, and th.en concentration and drying in vacuo ::,1ielded 

Compound 23 as an orange powder. This was used for the next 

reaction without purification. 

30 The whole amount of Compound 23 obtained was dissolved in 

dichloromethane (40 ml), followed by cooling to -40°C, and then 

anisole (3.28 ml, 30 mmol) and 2M AlC1 3 -nitromethane solution (15 

ml, 30 mmol) were added thereto in turn, subsequently stirring 

at 0°C for 1 hour. While maintaining the reaction temperature 

35 at 0°C, i-Pr2 O was added to the reaction solution, and then 2M 
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hydrochloric acid was added small-potion-wise thereto, 

subsequently stirring. As a result, insolubles appeared, and 

then the resulting insolubles gathered and agglomerated. After 

the supenatant was removed, i-Pr2 0 was added to the mass of the 

5 insolubles, followed by washing the insolubles, and then the 

10 

supernatant was discarded. This operation was repeated several 

tirnes. Ice water and MeCN were added to the insolubles, 

followed by dissolving it, and then HP resin was added thereto, 

subsequently evaporating MeCN under reduced pressure. The 

resulting mixed solution was purified by HP and ODS 

chromatography. 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): 

15 1 H-NMR (DMSO-dd 8(delta): 1.43 (3H, s), 1.44 (3H, s), 2.06 (4H, 

m), 2.80 (3H, s), 3.43 (SH, br), 3.71-3.87 (2H, m), 3.99 (lH, d, 

,J = 13.5 Hz), 5.03 (lH, d, J = 13.5 Hz), 5.15 (lH, d, J = 5.1 

Hz), 5.72 (lH, dd, J = 5.1, 8.4 Hz), 6.56 (lH, d, J 8.lHz), 

6.71 (lH, s), 6.80 (lH, d, J = 8.1 Hz), 7.27(2H, br), 9.43 (lH, 

20 d, J = 8.1 Hz). 

Elementary analysis for for C3 1 H3, ClN; 01 o S2 · 4. 2H2 O 

Calcd.: c, 44.22; H, 5.32; Cl, 4. 21; N, 11. 65; S, 7.62 (%) 

Found.: c, 44.20; H, 5.32; Cl, 4.25; N, 11.73; S, 7.84 (%) 

[0112] 

25 Example 7 

Synthesis of Compound (I-7) 



[Formula 68] 

HOOC~ 
I 

N'O H 

96 

N N S 

H2N-f !-(~'> n ~? yl 
s-N 0 rN / N~ '°' OH 

0 N I 
COO Me / 

- OH 
1- 7 

1-suooc+ 

N'O o 

~
H 11 

N N S 
BocHN-f f-(~ 

s-N o }--N, Y" I 
0 

22 

COOBH 
7 

1-suooc+ l 
N'O 

N )!_ .H s 0 
1 

BocHN ' /( I( 0 Cl 
\-N 0 0):=;(-(J~N~N~OPMB . 

COOBH I Me lA j 
- OPMB 

24 

Step (1): Compound 7 ~ Compound (I-7) 

1-7 

A solution of Compound 22 (f = 0. 95) (1. 70 g, 3 rnmol) in DMF 

5 (8 rnL) was degassed, and then Compound 7 (2. 80 g, 3 rnrnol) was 

added thereto, followed by stirring at room temperature for 4 

10 

15 

hours. DMF ( 16 mL) was further added thereto, followed by 

cooling to -40°C, and then potassium iodide (3. 49 g, 21 romol) 

and AcCl (0.856 ml, 12 mmol) were added, subsequently stirring 

at 0°C for 1.5 hours. To the reaction solution was poured ice 

water and AcOEt, and then NaHS03 was added, followed by 

separating the soluton. After one-time extraction from the 

aqueous layer with AcOEt, the organic layer was washed with 

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

was dried over MgS0 4 , subsequently MgS0 4 was removed by 

filtration, and then concentration and drying in vacuo yielded 
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Cornpound 2 4 as a brown powder. This was used for the next 

reaction without purification. 

The whole amount of Compound 24 obtained was dissolved in 

dichloromethane (40 ml), followed by cooling to -40°C, and then 

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

10 

15 

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

for 1 hour. While maintaining the reaction temperature at 0°C, 

i-Pr2 0 was added to the reaction solution, and then 2M 

hydrochloric acid was added small-potion-wise thereto, 

subsequently stirring. As a result, insolubles appeared, and 

then the resulting insolubles gathered and agglomerated. After 

the supenatant was removed, i-Pr2 0 was added to the mass of the 

insolubles, followed by washing the insolubles, and then the 

supernatant was discarded. This operation was repeated several 

times. Ice water and MeCN were added to the insolubles to 

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

evaporating MeCN under reduced pressure. The resulting mixed 

solution was purified by HP and ODS chromatography. The 

obtained solution of the title compound was concentrated in 

20 vacuo, and subsequently lyophilized to yield Compound (I-7) as a 

white powder (0.78 g, 34% yield). 

Compound (I-7): 

1 H-NMR (DMSO-d6 I o(delta): 1. 47 ( 6H, s)' 2.07 ( 4H, br), 2.82 (3H, 

s I , 3.35-3.57 (SH, m)' 3.76-3.88 (2H, rn) ' 4.01 ( lH, d, J = 12.9 

25 Hz), 5.06 (lH, d, J 13.5 Hz), 5.16 (lH, d, J = 5 .1 Hz), 5.73 

( lH, dd, J = 5.4,8.4 Hz), 6.58 ( lH, d, J = 7. 8 Hz), 6.82 ( lH, d, 

J = 8.1 Hz), 8.21(2H, br), 9.49 (lH, d, ,T -· 8. 4) . 

Elernentary analysis for for C3 0 H3:; ClN8 01 o S 2 · 4. 1H2 0 

Ca led. : 0 42.84; H, 5. 18; ~· 4.22; N, 13.32; s, 7.62 (%) v, v.1_' 

30 Found.: c, 42.81; H, 5. 10; Cl, 4.30; N, 13.36; S, 7.77 (%) 

[0113] 

Example 8 

Synthesis of Compound (I-8) 
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[Formula 69] 

C~> 
HCI '}m, 

25 26 

27 

28 29 

I - 8 

Step (1): Compound 25 - Compound 27 

To a solution of Compound 26 (l.25 g, 7.0 mmol) in 

5 dimethylacetamide (12 mL) was added triethylamine (2.43 mL, 17.5 

mmol), followed by cooling to -15°C, and then methanesulfonyl 

chloride ( 0. 35 mL, 4. 55 mmol) was added, subsequently stirring 

for 1 hour at -15°c. Then a solution of Compound 25 in 

dimethylacetamide ( 5 mL) was added thereto, followed by stirring 

10 for 1 hour. Into the reaction solution was added ethyl acetate 

(50 mL) and 5% sodium hydrogen carbonate l ~· SO ...... Ut...lOD. The organic 

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

over magnesium sulfate, filtrated, and then evaporated under 

reduced pressure. Isopropyl ether was added to the residue to 

15 precipitate solid, and then collected to yield Compound 27 

(1. 90g, 98% yield). 
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Compound 27: 

1 H-NMR (CDCl,) O(delta): 1.48-1.85 (8H, m), 2.63-2.75 (6H, m), 

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

6.85-7.00 (3H, m), 7.15-7.20 (lH, m), 7.32-7.37 (m, 3H), 7.48-

5 7.52 (lH, m). 

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

Compound 28 (888 mg, 1 mmol) and Compound 27(553 mg, 1 mmol) 

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

at room temperature for 3 hours. Dimethylformamide I 2 mL) and 

10 potassium iodide (l.16 g, 7 minol) were added thereto, followed 

by cooling to -40°C, and then acetyl chloride (0.285 mL, 4 mmol) 

was added thereto, subsequently 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, 

15 dried over magnesium sulfate, filtrated, and then evaporated 

under reduced pressure to yield Compound 29 as a powder. 

Compound 29 was dissolved in methylene chloride (10 ml) and 

anisole (1 ml), followed by cooling to -40°C. 2M AlC1 3 -

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

20 0°C for 50 minutes. To the reaction solution was added aqueous 

25 

2M HCl (60 ml), acetonitrile (50 ml), and ether (100 ml). The 

aqueous layer was washed with ether, concentrated in vacuo, and 

then subjected into HP-2 OSS column chromatography eluting the 

desired compound with acetoni trile-water. Collected fractions 

were concentrated in vacuo. The concentrated solution was 

lyophilized to yield Compound (I-8) as a white powder (252 mg, 

32% yield). 

Compound I I-8) : 

1 H-NMR (D2 0) 8(delta): 1.49 (3H, s), 1.50 (3H, s), 1.60-1.80 (4H, 

30 m), 1.82-2.10 (4H, m), 3.39-3.70 (6H, m), 3.72-3.85 (4H, m), 

3.93 (lH, d, J 13.8 Hz), 4.14 (lH, d, J = 13.8 Hz), 5.36 (lH, 

d, J = 5.1 Hz), 5.87 (lH, d, J = 5.1 Hz), 6.70-6.72 (2H, m), 

6.98 (lH, s). 

Elementary analysis for for C32H3aClN1010S 2 ·4.BH2 0 
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Calcd.: C, 44.34; H, 5.54; Cl, 4.09; N, 11.31; o, 27.32; S, 7.40 

(%) 

Found.: C, 44.51; H, 5.39; Cl, 3.79; N, 11.30; S, 7.44 (%) 

[0114] 

5 Example 9 

Synthesis of Compound (I-9) 

[Formula 70] 

Q 
H 

30 

0 

{ot-Bu 

31 

0 2NyyOPMB 

~ OPMB 

34 

O~o 
Ot-Bu 

32 

H2NyyOPMB 

~ OPMB 

35 

Step (1): Compound 30 ~Compound 32 

11 0 H 
N~NyyOPMB 

0 ~ 
OPMB 

36 

I - 9 
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To a solution of Compound 31 (2 g, 28 .1 mnc1ol) in THF (10 mL) 

was added Compound 30 (5.41 g, 42.2 mmol), followed by stirring 

at room temperature for 2 hours. Ethyl acetate and water were 

added thereto, followed by extraction from the aqueous layer 

5 with ethyl acetate, and then the organic layer was washed with 

saturated brine. The organic layer was dried over magnesium 

sulfate, filtrated, and then concentrated in vacuo to yield the 

title compound 32 (4. 98 g, 89% yield). 

Compound 32: 

10 1 H-NMR (CDCl,) o(delta): 1.46 (9H, s), 1.74-1.80 (4H, m), 2.40-

2. 60 (m, 6H), 2. 70-2. 75 (m, 2H). 

15 

Step (2): Compound 32 - Compound 33 

To a solution of Compound 32 (4.98 g, 25 mmol) in 

chloride (20 mL) was added trifluoroacetic acid 

methylene 

(20 mL), 

followed by stirring overnight. After concentration in vacuo, 

4M HCl in ethyl acetate solution (9.37 mL, 37.5 mmol) was added 

thereto. The precipitated solid of Compound 33 was washed with 

ethyl acetate (3.74 g, 83% yield). 

Compound 33: 

20 1 H-NMR (02 0) o(delta): 1.95-2.20 (4H, m), 2.84-2.89 (2H, m), 

3.10-3.20 (2H, m), 3.44-3.52 (2H, m), 3.62-3.80 (2H, m). 

Step (3): Compound 34 - Compound 35 

A solution of Compound 34 (7.08 g, 17.9 rrmol) in ethyl acetate 

(350 mL) and methylene chloride (100 mL) was degassed under 

25 reduced pressure, and then replaced with nitrogen. Platinum 

dioxide (350 mg, 1.54 mmol) was added thereto, followed by 

hydrogenation. After 2 hours, the reaction solution was 

filtrated, and then the filtrate i,vas evaoprated under reduced 

pressure. Isopropyl ether was added to the residue to 

30 precipitate solid, and then collection of the precipitated solid 

yielded Compound 35 (5.64 g, 86% yield). 

Compound 35: 

1 H-NMR (CDC1 3 ) o(delta): 3.80 (3H, s), 3.81 (3H, s), 4.94 (2H, s), 

5.01 (2H, s), 6.18-6.23 (lH, m), 6.30-6.32. (lH, m), 6.72-6.78 

35 (lH, m), 6.80-6.90 (4H, m), 7.26-7.42 (4H, m). 
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Step (4): Compound 33 + Compound 35 ~Compound 36 

To a solution of Compound 33 ( 3 5 9 mg, 2 mmol) 

(1.38 mL, 

in 

dimethylacetamide ( 6 mL I was added tr iethylamine 10 

nLmol I, followed by 

chloride (0. 21 mL, 

for 1 hour at 

cooling to 

2.80 mmol) 

-15°C. A 

-15 ° C, and then methanesulfonyl 

was added, subsequently stirring 

solution of Compound 35 in 

dimethylacetamide (5 mL) was added, and then the solution was 

allowed to warrn up to room ternperature. Ethyl acetate (50 mL) 

was added into the reaction solution and 5% sodium hydrogen 

carbonate solution was added. The organic layer was washed with 

water, washed with saturated brine, dried over magnesium sulfate, 

filtrated, and then evaporated under reduced pressure. The 

residue was purified by silica gel column chromatography to 

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

15 Compound 36: 

1 H-NMR (CDC1 3 ) O(delta): 1.82-1.87 (4H, m), 2.50-2.60 (2H, m), 

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

5.02 (2H, s), 5.07 (2H, s), 6.70-6.90 (m, 6H), 7.29-7.50 (5H, m). 

Step (5): Compound 28 + Compound 36 ~ Compound (I-9) 

20 Compound 28 (517 mg, 0.54 rrmol) and Compound 36 (266 mg, 0.54 

rrmol) was dissolved in dimethylformamide (4 mL), followed by 

stirring at room temperature for 3 hours. Dimethylformamide (3 

mL) and potassium iodide (630 mg, 3.79 mmol) were added thereto, 

followed by cooling to -40°C, and then acetyl chloride (0.155 mL, 

25 2.17 mmol) was added thereto, subsequently stirring at 0°C for 1 

hour. Then lM phosphorus tribromide in methylene chloride 

solution (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 

30 with water, washed with saturated brine, dried over magnesium 

su.lfate, 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 AlC1 3 -

35 ni tromethane solution ( 2. 7 rnl) was added thereto, subsequently 
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stirring at 0 °C for 5 0 minutes. To the reaction solution was 

added aqueous 2M HCl (60 mL), acetonitrile (50 mL), and ether 

(100 mL). The aqueous layer was washed with ether, followed by 

concentration in vacuo, and then subjected ir1to HP-20SS column 

5 chromatography, subsequently eluting the desired compound with 

acetonitrile-water. Collected fractions were concentrated in 

vacuo. The concentrated solution was lyophilized to yield 

Compound (I-9) as a white powder (129 mg, 33% yield). 

Compound (I-9) 

10 1 H-NMR (D2 0) o(delta): 1.49 (3H, s), 1.50 (3H, s), 2.10-2.30 (4H, 

m), 2.80-3.12 (2H, m), 3.41-3.80 (SH, m), 4.02 and 3.92 (2H, ABq, 

J = 15.5 Hz), 5.34 (lH, d, J = 4.8 Hz), 5.84 (lH, d, J = 4.8 Hz), 

6.77-6.80 (lH, m), 6.83-6.96 (lH, m), 6.90-6.98 (2H, m). 

Elementary analysis for for C30H35 N101 oS 2 ·4.6H2 0 

15 Calcd.: C, 45.00; H, 5.56; N, 12.25; O, 29.18; S, 8.01 (%) 

Found.: c, 45.02; H, 5.39; N, 12.35; s, 7.92 (%) 

[0115] 

Example 10 

Synthesis of Compound (I-10) 
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[Formula 71] 

L 

Q 
V"NH 2 

H2N~OPMB 

~ OPMB 

38 39 

BocHN-<, I H \? sv 
N N S 

~'o n-~ ,[ 
x 0 r~~-co,t-Bu 0 OPMB 

28 

41 

104 

Q A 
V"N N~OPMB 

H H ~ 
/,, OPMB 

40 

40 

I -10 

Step (1): Compound 39 +Compound 38 ~Compound 40 

To Compound 39 ( 914 mg, 2. 5 mmol) was added tetrahydrofuran 

(100 mL), followed by cooling to o"c. Triphosgene ( 2 97 mg, 1 

mmol) and triethylamine (0.52 mL, 3.75 mmol) were added, 

subsequently stirring at room temperaturefor 30 rninutes. After 

cooling to O"C again, triethylamine (0.52 mL, 3.75 mmol) and 

Compound 38 (314mg, 2. 75mmol) were added, followed by stirring 

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

sodium hydrogen carbonate solution were added into the reaction 

solution. After extraction from the aqueous layer with ethyl 

acetate, the organic layer v1as washed with saturated brine, 

dried over magnesium sulfate, filtrated, and then evaporated 
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under reduced pressure. Isopropyl ether was then added to the 

residue to precipitate solid. Collection of the precipitated 

solid yielded Compound 40 (1. 06 g, 84% yield). 

Compound 40: 

1 H-NMR (CDC1 3 ) o(delta): 1.62-1.68 (4H, m), 2.43-2.55 (4H, 

2.62 (2H, t, J = 5.7 Hz), 3.31 (2H, dd, J 5.1, 11.1 Hz), 

(3H, s), 3.80 (3H, s), 5.00 (2H, s), 5.03 (2H, s), 6.60-6.69 

m), 6.82-6.88 (SH, m), 7.11-7.13 (lH, m), 7.27-7.37 (4H, m). 

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

m)' 

3.79 

(lH, 

10 Compound 28 (955 mg, 1 mmol) and Compound 40 (506 mg, 1 mrnol) 

were dissolved in dimethylformamide (4 mL), followed by stirring 

at room temperature for 3 hours. Dimethylformamide I 3 mL) and 

potassium iodide ( 630 mg, 3. 7 9 mmol) were added thereto, 

followed by cooling to -40°C, and then acetyl chloride (0.155 mL, 

15 2.17 lTu~ol) was added thereto, subsequently 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 sulfate, filtrated, and 

then evaporated under reduced pressure to yield Compound 41 (738 

20 mg) 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 A1Cl 3 -

nitromethane solution (5 ml) was then added, subsequently 

stirring at 0°c for 50 minutes. Aqueous 2M HCl (60 mL), 

25 acetonitrile (50 mL), and ether (100 mL) were then added to the 

30 

reaction solution. The aqueous layer was washed with ether, 

subsequently concentrating in vacuo, and then subjected into HP-

20SS column chromatography, followed by eluting the desired 

compound with acetonitri.le-water. Collected fractions were 

concentrated in vacuo. The concentrated solution was 

lyophilized to yield Compound (I-10) as a white powder (98.3 mg, 

13% yield) . 

Compound (I-10): 

1 H-NMR (D2 0) o(delta): 1.48 (3H, s), 1.49 (3H, s), 2.12-2.20 (4H, 

35 m), 3.20-3.80 (lOH, m), 3.90 (1H, d, J = 16.8 Hz), 4.04 (lH, d, 
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J = 16.8 Hz), 5.32 (lH, d, J = 4.8 Hz), 5.84 (lH, d, J 

6.60-6.70 (lH, m), 6.80-6.85 (2H, m), 6.96 (lH, s). 

4. 8 Hz), 

Elementary analysis for C30 H36 N8 0 10 S2 ·4.6H2 0 

Calcd.: C, 44.18; H, 5.59; N, 13.74; o, 28.64; S, 7.86 (%) 

5 Found. : C, 4 4. 2 6; H, 5. 3 8; N, 13. 7 4; S, 7. 5 6 ( % ) 

[0116] 

Example 11 

Synthesis of Compound (I-11) 

[Formula 72] 

s~ o 
H,N-<\ !L IL H 
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o I 44 0 

Ot-Bu 

0 
42 

HCI 
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49 

I • 11 

Q 0 Cl 

'--'N~OPMB 
H lA 

OPMB 

50 
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Step (1): Compound 42 ~ Compound 43 ~ Compound 45 

A solution of Compound 42 (2.77 g, 10 mmol) in methylene 

chloride (12 mL) was cooled to o"c, and then methylhydrazine 

(0.53 mL, 10 mmol) 

30 minutes. The 

concentrated until 

was added thereto, followed by stirring for 

reaction solution was filtrated, and then 

the filtrate reached about half-volume. 

After Methanol ( 25 mL) was added thereto followed by cooling to 

O"C, Compound 44 (2.72 g, 10 mmol) was added thereto, 

10 subsequently stirring for 30 minutes and then stirring at room 

temperature for 90 minutes. Then ethyl acetate (200 mL) and 

0. 2M HCl 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 

15 pressure. To the residue was added ether, and then collection 

of the precipitated solid yielded Compound 4 5 I 3. 22 g, 8 0% 

yield) . 

Compound 45: 

1 H-NMR (DMSO-dG) o(delta): 1.42 (9H, s), 1.47 (9H, s), 4.62 (2H, 

20 s), 7.41 (lH, s). 

Step (2): Compound 45 ~ Compound 47 

To a solution of Compound 45 (3.22 g, 8.02 mmol) in 

dimethylacetamide (30 mL) was added triethylamine (1.45 mL, 10.4 

mmol), followed by cooling to -15"C. Methanesu.lfonyl chloride 

25 (0.75 mL, 9.63 mmol) was added, followed by stirring for 15 

minutes, and then N-methylmorpholine ( 1. 76 mL, 16. 0 wmol) and 

Compound 46 (3.09 g, 7.62 mmol) were added thereto, subsequently 

stirring for 1 hour. Then ethyl acetate (200 mL) and dilute 

hydrochloric acid were added thereto. The organic layer was 

30 separated, washed with aqueous 5% sodium hydrogen carbonate 

solution, washed with water, washed with saturated brine, dried 

over magnesium sulfate, filtrated, and then evaporated under 

reduced pressure. The residue was purified by silica gel column 

chromatography to yield the desired compound (5.28 g, 88% yield). 

35 Compound 47: 
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1 H-NMR (CDC1 3 ) o(delta): 1.42 (9H, s), 1.49 (9H, s), 3.61 and 

3.48 (2H, ABq, J = 18.0 Hz), 3.81 (3H, s), 4.47 (2H, s), 4.77 

and 4.72 (2H, ABq, J = 17.1 Hz), 5.05 (lH, d, J 4.8 Hz), 5.20 

(lH, d, J = 12.0 Hz), 5.25 (lH, d, J = 12.0 Hz), 5.93 (lH, dd, J 

5 = 4.8, 8.7 Hz), 6.87-6.91 (2H, m), 7.33-7.37 (m, 3H), 8.10-8.15 

(lH, br), 8.74 (lH, d, J = 8.7 Hz). 

10 

Step (3): Compound 47 ~ Compound 48 

A solution of Compound 47 (5.28 g, 7.02 rnmol) in methylene 

chloride (50 mL) was cooled to -40°C, and then m-

chloroperbenzoic acid (1. 62 g, 7.02 mrnol) was added, 

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

5% sodium thiosulfate solution was added to terminate the 

reaction. Methylene chloride was evaporated under reduced 

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

15 The organic layer was washed with aqueous 5% sodium hydrogen 

carbonate solution, washed with saturated brine, dried over 

rnagnesium 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). 

20 Compound 48: 

1 H-NMR (CDC1 3 ) ii(delta): 1.42 (9H, s), 1.54 (9H, s), 3.40 (lH, dd, 

J = 1.5, 18.3 Hz), 3.80 (lH, d, J = 18.3 Hz), 4.22 (lH, d, J = 

12.6 Hz), 4.57 (lH, dd, J = 1.5, 4.8 Hz), 4.74 (2H, s), 5.10 (lH, 

d, J = 12.6 Hz), 5.24 (lH, d, J 12.0 Hz), 5.29 (lH, d, J = 

25 12.0 Hz), 6.07 (lH, dd, J = 4.5 9.2 Hz), 6.88-6.92 (2H, m), 

7.34-7.37 (2H, m), 8.38 (lH, d, J 9.2 Hz). 

Step (4): Compound 48 ~ Compound 49 

Compound 48 (5.39 g, 3.15 rnmol) in THF (60 mL) was cooled to 

l5°C, and then potassium iodide (3.15 g, 21.05 rmnol) was added, 

30 followed by stirring for 1 hour. Then ethyl acetate and aqueous 

5% sodium thiosulfate 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. This was used for the next reaction without 

35 purification. The yielded amount was 5. 42 g ( 90% yield). 
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Compound 4 9: 

1 H-NMR (CDClc) o(delta): 1.41 (9H, s), 1.50 (9H, s), 3.55 (lH, d, 

J = 18.0 Hz), 3.72 (lH, d, J 18.0 Hz), 3.80 (3H, s), 4.17 (d, 

lH, J = 9.6 Hz), 4.57 (lH, d, J 4.5 Hz), 4.71 (2H, s), 4.79 

5 (lH, d, J= 9.6 Hz), 5.24 (lH, d, J= 11.7 Hz), 5.30 (lH, d, J= 

11.7 Hz), 6.02 (lH, dd, J 4.5, 9.6 Hz), 6.80-6.92 (2H, m), 

7.24-7.39 (3H, m), 8.36 (d, lH, J = 9.6 Hz). 

Step (5): Compound 49 + Compound 50 ~Compound 51 

Compound 49 (1.85 g, 2 rnrnol) and Compound 50 (1.05 g, 2 rnrnol) 

10 were dissolved in dimethylformamide (2 mL), followed by stirring 

15 

20 

at room temperature for 2 hours. Dimethylformamide (4 rnL) and 

potassium iodide (2 .32 g, 14rnrnol) were added thereto, followed 

by cooling to -40°C, and then acetyl chloride (0.571, 8.00 rnrnol) 

was added, subsequently stirring at 0°C for 1 hour. To the 

reaction solution was added water and ethyl acetate. The 

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

dried over magnesium sulfate, filtrated, and then evaporated 

under reduced pressure to yield Compound 51 as a powder. 

Compound 51 was dissolved in methylene chloride (20 ml) and 

anisole (2 ml), followed by cooling to -40°C. 2M AlCl3-

nitromethane solution (10 ml) was then added thereto, 

subsequently stirring at 0°C for 50 minutes. To the reaction 

solution was added then aqueous 2M HCl (50 mL), acetonitrile (50 

mL), and ether (100 mL). The aqueous layer was washed with 

25 ether, subsequently concentrating in vacuo, and then subjected 

into HP-20SS column chromatography, followed by eluting the 

desired compound with acetonitrile-water. Collected fractions 

were concentrated in vacuo. The concentrated solution was 

lyophilized to yield Compound (I-11) as a white powder (430 mg, 

30 30% yield). 

Compound I I -11 I : 

1 H-NMR (D2 O) O(delta) 2.10-2.35 ( 4H, m)' 3.40-3.80 (lOH, m)' 

3.94 I lH, d, ,J = 14.1 Hz), 4.12 (lH, d, J 14.1 Hz I, 4.57 I 2H, 

s) ' 5.34 ( lH, d, J - 4. 8 Hz I, 5.87 ( lH, d, J = 4.8 Hz I, 6.67 ( 2H, 

35 s I, 7.02 (lH, s). 
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Calcd.: C, 42.24; H, 4.81; Cl, 4.45; N, 12.31; O, 28.13; S, 8.05 

( % ) 

Found.: C, 42.52; H, 4.73; Cl, 4.21; N, 12.46; S, 7.70 (%) 

5 [0117] 

Reference Example 1 

General syntheis methods of side chain amines (a)-(n) 

[Formula 73] 

Bn, Bn"-. O~NH, 
a 3V:'" 0 0 x£o, (COCl)2 x£o, N~N "" 0 I Bn I Bn H I "" 

"" y "' y Et3N ? 
0 OH 0 Cl X Bn 

(A) (B) (C) 

10 As illustrated in the synthesis route above, an equivalent 

mole of oxalyl chloride was added to a methylene chloride (10 V) 

solution (suspension) of benzoic acid derivative (A), which 

corresponds to side chains (a)-(n), followed by stirring at room 

ternperature for 2 hours. After concentration in vacuo until 

15 reaching about-half volume, the resultant was added to an amine 

(1. 0 equivalent/Et3N (1.2 equivalent)/THF solution), which 

corresponds to side chains (a)- (n), that had been cooled to -

20 °C, st1bsequ.ently st.i rring for 30 minutes. D.i.111ting with 

methylene chloride, washing with water, drying, and then 

20 concentrating the filtrate yielded desired amine (C) (side 

chains (a) - ( n) ) ( 90 % or higher yield) . Physical constans of 

side chains (a)-(n) are shown below. 

[0118] 

Side chain (a) 

25 [Formula 7 4] 
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1 H-NMR (CDClJ) O(delta): 1.72-1.88 (6H, m), 2.50-2.62 (4H, m), 

2.68 (2H, t, J = 5.7 Hz), 3.52-3.57 (2H, m), 5.19 (4H, s), 6.90 

(lH, d, J =8.7 Hz), 7.21-7.60 (llH, m), 7.56 (lH, d, J = 1.8 Hz), 

8.49 (lH, bs). 

5 LC/MS (ES +): 445 (M+H') 

[0119] 

Side chain (b) 

[Formula 75] 

10 1 H-NMR (CDCl,) o(delta): 1.72 (4H, bs), 2.59 (4H, bs), 2.70 (2H,t, 

J = 4.5 Hz), 3.51-3.55 (2H,m), 3. 79 (6H, s), 5.10 (4H,s), 6.81-

6. 95 (6H, m), 7.26-7.37 (SH, m), 7.53 (lH, bs). 

LC/MS (ES+): 491 (M+H') 

[0120] 

15 Side chain (c) 

[Formula 7 6] 

C 0 Bn 

N._/'-N~O 
H l:J-_ 

9 
Bn 

1 H-NMR (CDClJ) i:i(delta): 1.75-3.05 (12H, m), 5.17 (2H, s), 5.18 

(2H, s), 6.85-6.97 (3H, m), 6.25-6.45 (llH, m). 

20 I"C/MS (ES +): 431 (M+H') 

[ 0121 J 

Side chain (d) 

[Formula 77] 
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1 H-NMR (DMSO-d6 ) li(delta): 1.45-3.60 (12H, m), 2.89 (3H, s), 5.15 

(2H, s), 5.17 (2H, s), 6.90-7.16 (3H, m), 7.22-7.48 (lOH, m). 

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

5 [0122] 

Side chain (e) 

[Formula 78] 

a 0 Cl Bn 
N--../'N~O 

H ~ 
9 
Bn 

1 H-NMR (CDC1 3 I O(delta): 1. 70-1.83 (4H, m), 2.50-2.59 (4H, m), 

10 2.70 (2H, t, J = 6.3 Hz), 3.52-3.60 (2H, m), 5.04 (2H, s), 5.16 

(2H, s), 6.89-6.96 (2H, m), 7.26-7.51 (llH, m). 

LC/MS (ES+): 465 (M+H~) 

[0123] 

Side chain (fl 

15 [Formula 79] 

1 H-NMR (CDC1 3 ) li(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, 

s), 6.96 (lH, bs), 7.23-7.50 (12H, rn). 

20 LC/MS (ES +): 499 (M+H') 

[0124] 

Side chain (g) 

[Formula 80] 
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1 H-NMR (CDCl;) o(delta): 1.38-1.80 (SH, m), 3.35-3.56 (6H, m), 

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

(llH, m), 7.57 (lH, d, J=2 Hz), 8.32 (lH, b.s). 

5 LC/MS (ES +): 459 (M+H') 

[0125] 

Side chain (h) 

[Formula 81] 

10 1 H-NMR (CDCl;) o(delta): 1.47-l.48(2H, m), 1.52-l.63(4H, bs), 

2.35-2.50 (4H,m), 2.57 (2H,t,J = 4.5 Hz ), 3.49-3.53(2H, m), 

5.20(2H,s), 5.21(2H, s), 6.93 (lH,d,J = 6.3 Hz), 7.03(1H, bs), 

7. 25-7 .55 (12H, m). 

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

15 [0126] 

20 

Side chain (i) 

[Formula 82] 

1 H-NMR (CDClc) o(delta): 1.40-1.63 (SH, 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 (2H, d, ,J = 4.8 Hz), 6.96 (lH, d, J = 8.7 Hz), 7.10 (lH, 

bs), 7.22-7.58 (llH, m). 

LC/MS (ES+): 479 (M+H') 

[0127] 

25 Side chain ( j I 
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[Formula 8 3] 

1 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 (lH, bs), 7.25-7.62 

5 (lOH, m), 7.56 (lH, s). 

10 

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

[0128] 

Side chain (kl 

[Formula 84] 

cop~" 
N " I 

9 
0 Bn 

1 H-NMR (CDCld 8(delta): 1.30-1.95 (14H, m), 2.45-2.58 (4H, m), 

2.45-2.90 (lH, m), 5.18 (2H, s), 5.19 (2H, s), 6.89-6.96, 3H, m), 

7.23-7.45 (12H, m). 

LC/MS (ES +): 471 (M+H+) 

15 [0129] 

Side chain (1) 

[Formula 85] 

1 H-NMR (CDC1 3 ) 8(delta): 1.45-1.70 (4H, m), 1.80 (4H, bs), 2.12-

20 2.30 (lH, m), 2.83-3.10 (lH, m), 2.57 (4H, bs), 2.83-3.10 (2H, 

m), 4.55-4,72 (lH, m), 6.85-6.92 (2H, m), 7.23-7.70 (lOH, m). 

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

[0130] 
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Side chain (m) 

[Formula 86] 

aY'l;Q:CI ~n 
~N "I 

0 
0 Cl Bn 

1 H-NMR (CDC1 3 ) O(delta): 1.30-1.70 (4H, m), 1.81 (5H, bs), 1.93-

5 2.12 (lH, m), 2.25-2.34 (lH, m), 2.57 (4H, bs), 4.50-4.61 (lH, 

m), 5.02-5.09 (4H, m), 7.24-7.50 (11H, m). 

LC/MS (ES+): 539 (M+H•) 

[0131] 

Side chain (n) 

10 [Formula 87] 

oy"')p~n 
~N "I 

9 
0 Bn 

1 H-NMR (CDCl,) li(delta): 1.38-1.80 (SH, m), 3.35-3.56 (6H, m), 

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

(llH, m), 7.57 (lH, d, J = 2 Hz), 8.32 (lH, b.s). 

15 LC/MS (ES +): 485 (M+H') 

[0132] 

Reference Example 2 

By methods below, Compound (F) or (G) was synthesized. 

[Formula 88] 

H s,X 0 H 0 
Boc·N-<;, V,N s 

J ~~· 
X :>/,O O COOR' 
y COOR 

ID] 

N aHC03 -
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Cephem (D), which is a raw rnaterial obtained by a known rnetf1od, 

was dissolved in DMF (5 V), and then an amine (equivalent mole) 

of side chain (a)-(n), shown above, was added, followed by 

5 stirring at room temperature for several hours. After ice-

cooling, potassium iodide (7 equivalents) and acetyl chloride (5 

equivalents) were added, subsequently stirring for 1 hour. To 

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

with stirring. The precipitated deposit was filtrated, and then 

10 washed with water, followed by lyophilization. The dried matter 

(E) was dissolved in methylene chloride (20 V) and nitromethane 

( 10 V) , followed by adding, at roorri temperature, anisole ( 10 

equivalents) and then 2M aluminum chloride/nitromethane solution 

(10 equivalents), subsequently stirring for 1 hour. After 

15 reacting, the reaction mixture was poured into cold lM 

hydrochloric acid/acetonitrile/isopropyl ether (3/1/5) The 

aqueous layer was separated, subjected into HP-20 column 

chromatography, and then purified. After eluting with 

acetonitrile/water, the eluate was concentrated in vacuo, and 

20 then lyophilized to yield ojective ( F) . As required, desired 

25 

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

and then subjected into HP-20 column chromatography. Eluted 

fractions were concentrated, and then lyophilized to yield 

sodium salt (G). 

Examples of Compound (F) or (G) (Compound (I-12) - Compound 

(I-34) I are shown below. 

[0133] 

Example 12 

Compound (I-12) 
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[Formula 89) 

SVOH HzN-{ I 1 N s /\, 
N I fl"~(") 0 Cl 

N\ }--riL fa N~N~OH 
0 ° 8 H I Me>( COO fa OH 

Me COOH 

1 H-NMR (DMSO-dd ii(delta): 1.45 (3H, s), 1.46 (3H, s), 1.92-2.19 

(4H, m,), 3.00-3.95 (llH, m), 3.95, 5.07 (2H, ABq, J = 13.8 Hz), 

5.16 (lH, d, J = 5.1 Hz), 5.73 (lH, dd, J 5.1, 9.6 Hz), 6.73 

(lH, s), 6.78 (2H, s), 7.29 (2H, bs), 8.43 (lH, bs), 9.44 (lH, d, 

J = 8. 4). 

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

IR (KBr) cm- 1
: 3308, 1773, 1607, 1532, 1471 

10 Elementary analysis for C30 H34 ClN7 0 10 S 2 ·3.8H2 0 

Calcd.: c, 43.99; H, 5.24; Cl, 4.49; N, 12.11; s, 7.77 (%) 

Found.: c, 43.91; H, 5.11; Cl, 4.32; N, 11.95; s, 7.81 (%) 

[0134] 

Example 13 

15 Compound (I-13) 

[Formula 90] 

S-N 0 H 
HzN-{ i[ )LN S /\, 

N~lf fi"~z__ ffi) 0 
N )-N_ fa N~N~OH 
\ 0 e H lA 

Me><o coo fa OH 

Me COOH 

1 H-NMR (DMSO-dd o(delta): 1.40 (3H, s), 1.41 (3H, s), 1.72-2.10 

(4H, m), 3.05-3.80 (lOH, m), 3.85,5.02 (2H, ABq, J = 9.9 Hz), 

20 5.09 (lH, d, J = 3.9 Hz), 5.67 (lH, dd, J = 3.9, 6.5 Hz), 6.72 

(lH, d, J= 6.0 Hz), 7.14 (lH, d, J= 6 Hz), 7.23 (lH, s). 

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

IR (KBr) cm- 1
: 3301, 1777, 1599, 1514, 1464 

Elementary analysis for c,,H34 ClN,010 S2 ·3.9H2 0 
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10 

15 

20 

. ~ Ca led· · ..___, 

Found.: C, 

[0135] 

Example 14 

44.15; 

44.14; 

d 11-14) Compoun i 

1 91 J rFormu a l 

H, 

H, 

5.51; N, 

5.34; N, 
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14.05; 

14.20; 

s, 

S, 

8 .18 ( % ) 

( %) 8.13 

Clo H 0 SI(-·~. S {:) ~OH H,N-<N-"-i( N.,,.-1 (N~N I ~ 
N O,;)--N~ H h OH 'o coo 

Me·· ( 
COOH 

MSO-d, ) 1 -NMR (D, 1 Hz) r d, J = 5. - 84-2.16 (4H, l. 

H (13H, m), 3 20-5.10 -
m)' · 78 

6.3 Hz)' 6 · J = 3. 9, 

lH dd, 5 • 7 4 ( I 

d, J = 6. 3 

1 43(3H, Hz), 8(delta): ·- J=3.9 

5 .14 (lH, d, 7 21 (lH, 
Hz), . d, J = 6. 0 ( lH, 

I lH, s). Hz), 7.31 , ) 

+): 738 (M+H 
LC/MS (ES 3301, 1778, 
IR (KBr) cm-1: 

[0136] 

Example 15 

d (I-15) Compoun 

Ula 92] [Form 

1542, 1512 15 9 9' 

S--,-rCI 0 H S ~\ 0 Cl 

H,N-<N II j ·~ N~N I ~, ' Jl_)LN~~( 0) ~OH 
N O e H h OH b coo 

Me· ( 

LC/MS (E.S 

IR (KBr) 

[0137] 

COON a 

+): 772 (M+H') 

-I. 3292, 1771, cm · 

Example 16 

d 11-16) Compoun \ 

1537' 14 73 15 8 9' 
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[Formula 93] 

S Clo .1yH HzN\' -N S 
N I n-1 c;') 9 Cl 

N j--N~N~Ny:OH 
\00 I 8 H I 

coo ~ 
Me"'( OH 

COOH Cl 

1 H-NMR (DMSO-d6 + CD3 0D) o(delta): 1.41 (3H, d, J = 7.2 Hz), 

1.79-2.23 (4H, m), 2.98-3.90 (lOH, m), 3.94, 5.03 (2H, ABq, J = 

5 13.5 Hz), 4.57 (lH, q, J = 6.6 Hz), 5.14 (lH, d, J = 5.4 Hz), 

6. 9 (lH, bs). 

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

IR (KBr) cm- 1
: 3305, 1779, 1613, 1538, 1474, 1403 

Elementary analysis for C2 9 H3 0 Cl 3 N, o,, 0 S 2 • 2. 4H2 0 

10 Calcd.: C, 40.81; H, 3.83; N, 12.11 (%) 

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

[0138] 

Example 17 

Compound (I-17) 

15 [Formula 94] 

HzN-<- I · N s 0 SVOH 
N 1 n-1 l@) 0 

N )--N~N~N~OH 
\ 0 ' 8 H I 

Me><o coo ~ OH 

Me COOH 

1 H-NMR (DMSO-do I ii(delta): 1. 46 (3H, s) ' 1.47 

I 6H, ml, 2.80-3.93 (lOH, m)' 3. 97' 5.01 ( 2H, 

5.18 (lH, d, J = 4.8 Hz), 5.75 ( lH, dd, J = 

(3H, 

ABq, 

4. 8 f 

20 ( lH, s) ' 6. 79 (lH, d, J = 8.1 Hz), 7.21 ( iH, d, 

7.30 (3H, s), 8.52 (lH, bs). 

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

IR (KBr) cm- 1
: 3301, 1774, 1600, 1515, 1470 

Elementary analysis for C31 H37 N,0 10 S2 ·4.5H2 0 

s I, 1.50-1.99 

J = 14.4 Hz I, 

7.8 Hz) , 6.74 

J = 8.1 Hz I, 
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Calcd.: c, 45.88; H, 5.91; N, 11.81; .s, 7.87 1% I 

Found. : c, 45.80; H, 5. 7 0; N, 12.06; s, 7.89 (%I 

[0139] 

Example 18 

5 Compound (1-18) 

[Formula 95] 

S0 0 H 
HzN--{ II JLN s ~ 
N~ r-1~1 L@ I 0 Cl 

N )--N~N~NuOH 
~ 0 i 8 H I . 

Me>( COO // OH 

Me COOH 

1 H-NMR (DMSO-dd 8(delta): 1.43 (3H, s), 1.49 (3H, s), 1.22-1.95 

(6H, m), 3.07-4.08 (llH, m), 4.95-5.13 (lH, m), 5.15 (lH, d, J = 

10 4.8 Hz), 5.72-5.83 (lH, m), 6.63-6.84 (3H, m). 

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

IR (KBr) cm- 1
: 3324, 1770, 1600, 1537, 1470 

Elementary analysis for c, 1 H,,ClN,010S2 ·8H,O 

Calcd.: c, 41.07; H, 6.54; N, 10.37; S, 6.75 (%) 

15 Found.: c, 40.90; H, 5.76; N, 10.77; s, 7.04 (%) 

[0140] 

20 

Example 19 

Compound (I-19) 

[Formula 96] 

S;, 0 H 
HzN-{ 11 )LN S ('] 

N~lf r-1~1 L".) 0 Cl 

N }--N~N~N~· OH 
\ 0 i 8 H I . 

Me>(o coo // OH 

Me COOH Cl 

1 H-NMR (DMSO-dd 8(delta): 1.44 (3H, s), 1.46 (3H, s), 1.58-1.97 

(6H, m),3.08-3.95 (lOH, m), 4.44, 5.07 (2H, Abq, ,J = 14.1 Hz), 

5.18 (lH, d, J = 5.1 Hz), 5.78 (lH, dd, J = 5.1, 8.1 Hz), 6.72 
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(lH, s), 7.00 (lH, s), 7.30 (2H, bs), 8.50 (lH, bs), 9.43 (lH, d, 

J = 8. l Hz) . 

LC/MS (ES+): 800 (M+H•) 

IR (KBr) cm- 1
: 3322, 1778, 1614, 1531, 1470 

5 Elementary analysis for C3 1 H3 s Cl 2 N1 01 o S2 • 5. OH 2 0 

Calcd.: C, 41.91; H, 5.36; N, 10.66 (%) 

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

[0141] 

Example 20 

10 Compound (I-20) 

[Formula 97] 

S-N 9 H 
H2N--{ ii JLN S ("] 
N~ 1---( '] l") 0 

N }-tiL A '::N~N~"'° OH 
\ O I ";; H I 

Me><o coo ,-;:: OH 

Me COONa 

1 H-NMR (D2 0) o(delta): 1.36 (6H, S), 1.50-1.91 (6H, m), 2.92-4.06 

(13H, m), 4.58-4.80 (lH, m), 5.21 (lH, d, J = 3.9 Hz), 5. 72 (lH, 

15 d, J = 3.9 Hz), 6.58 (lH, d, J = 6.6 Hz), 7.04 (2H, bs). 

LC/MS (ES+): 733 (M+H+) 

IR (KBr) cm- 1
: 3296, 1772, 1592, 1519, 1468 

[0142] 

Example 21 

20 Compound (I-21) 

[Formula 98] 

S Clo 

H2N--{ v~ S Q 
N ~\ )=t~~~N~O "'° OH 

0 0 I 8 H I coo ,-;:: 
Me· < OH 

COOH 

1 H-NMR (DMSO-d 6 + CD3 0D) o(delta): 1.45 (3H, d, J = 7.2 Hz), 

1.50-1.95 (6H, m), 2.83-3.90 (lOH, m), 3.96, 5.09 (2H, ABq, J = 
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13.8 Hz), 4.63 (lH, q, J = 6.3 Hz), 5.16 (lH, d, J =5.1 Hz), 

5.73 (lH, d, J = 5.1 Hz), 6.79 (lH, d, J = 8.4 Hz), 7.21 (lH, dd, 

J = 2.4, 8.4 Hz), 7.30 (lH, d, J = 2.4 Hz). 

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

5 IR (KBr) cm· 1
: 3308, 1779, 1601, 1538, 1513, 1453 

Calcd.: c, 44.12; H, 5.27; Cl, 4.40; N, 11.74; S, 7.58 ( 9c) 

Found.: c, 43.91; H, 5.11; Cl, 4.32; N, 11.95; s, 7.81 (%) 

[0143] 

10 Example 22 

Compound (I-22) 

[Formula 99] 

S Clo _/ JQLH H2N \\ I N S ("', 
N I J--(~l.0) 0 Cl 

N J-r'L h' N~NuOH 
\ 0 9 H I 
0 coo h' 

Me"-( OH 
COON a 

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

15 IR (KBr) cm<: 3290, 1772, 1599, 1539, 1473 

20 

[0144] 

Example 23 

Compound (I-23) 

[Formula 100] 

5---/CI 0 
H2N-{ II jL~ s 0 
N~ ]--( 'l l.e) 9 Cl 

N }-r'L /A "N~N~"" OH 
\0 Y';;' HI 
0 coo h' 

Me·'( OH 
COON a Cl 

1 H-NMR (07 0) o(delta): 1.11 (3H, d, J = 7.2 Hz), 1.03-1.74 (6H, 

m), 2.82-3.38 (llH, m), 4.20-4.60 (2H, m), 5.00 (lH, d, J = 5.1 

Hz)' 5.54 (lH, d, J = 5.1 Hz)' 6.63 (lH, s). 

LC/MS (ES +): 822 (M+H1
) 
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IR (KBr) cm- 1
: 3298, 1770, 1600, 1538, 1470 

[0145] 

Example 24 

Compound (I-24) 

5 [Formula 101] 

1 H-NMR (DMSO-d6 + CD3 0D) o(delta): 1.45 (3H, s), 1.47 (3H, s), 

1.83-2.21 (4H, m), 3.00 (3H, s), 3.25-3.97 (lOH, m), 4.01, 4.96 

(2H, Abq, J = 13.5 Hz), 5.14 (lH, d, J = 5.1 Hz), 6.74 (lH, d, J 

10 = 5.1 Hz), 6.72-6.80 (3H, m), 6.87 (lH, s). 

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

IR (KBr) cm- 1
: 3194, 1778, 1595, 1530, 1490 

Elementary analysis for C1 1 H37N,o,,s, ·3.4H,o 

Calcd.: c, 47.01; H, 5.65; N, 12.23; S, 8.05 (%) 

15 Found.: C, 46.95; H, 5.57; N, 12.36; S, 8.09 (%) 

20 

[0146] 

Example 25 

Compound (I-25) 

[Formula 102] 

S Clo 
H2N~ /(-· ~--~ S /\, 

N~ f-1"~(__ ©) 9 
N )-t~- N~N~OH \ o e , I 

0 COO Me /' OH 
Me' '( 

COOH 

1 H-NMR (DMSO-d6 + CD3 0D) o(delta): 1.42 (3H, d, J = 6.9 Hz), 

1.52-2.21 (4H, m), 2.99 (3H, s), 3.09-4.00 (lOH, m), 4.05, 4.90 

(2H, ABq, J = 12 Hz), 4.60 (lH, q, J = 6.9 Hz), 5.12 (lH, d, J = 

5.1 Hz), 5.75 (lH, d, J = 5.1 Hz), 6.70-6.98 (3H, m). 
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LC/MS (ES +) : 752 (M+H') 

IR (KBr) cm- 1
: 3308, 1779, 1669, 1593, 1537, 1489, 1447 

Elementary analysis fer c,,H,,ClN,01 ,s, ·1.9H2 0 

Calcd.: c, 45.44; H, 4.54; Cl, 5.01; N, 12.88 (%) 

5 Found.: c, 45.82; H, 4.84; Cl, 4.51; N, 12.45 (%) 

10 

[0147] 

Example 26 

Compound (I-26) 

[Formula 103] 

1 H-NMR (DMSO-d6 ) o(delta): 1.43 (3H, d, J = 7.2Hz), 1.78-2.16 (6H, 

m), 2.93-3.82 (lOH, m), 3.82, 5.03 (2H, ABq, J = 14.1 Hz), 4.60 

(lH, q, J = 7.2 Hz), 4.74 (lH, d, J 4.8 Hz), 5.54 (lH, dd, J = 

4.8, 8.4 Hz), 6.71 (lH, d J = 8.1 Hz), 6.30-6.40 (2H,m). 

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

IR (KBr) cm- 1 :3311, 1777, 1595, 1540, 1512, 1457 

Elementary analysis for c, o H, 9 ClN1 0 1 o s, · 2. 5H 2 0 

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

Found.: C, 45.20; H, 4.93; Cl, 4.45; N, 12.30 (%) 

20 [0148] 

Example 27 

Compound (I-27) 

[Formula 104] 

S Clo 
HzN~ 1(-· '(~ S 0 yCXOH 
N~ "r-(~l 0 ) H ,/ I 

N }--r\L N~N "" OH 
\ 0 8 I 
0 coo 0 

Me"'< 
COON a 
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1 H-NMR (D2 0) 8(delta): 1.29 (3H, d, J = 6.9 Hz), 1.33-1.97 (SH, 

m), 2.88-3.90 (llH, m), 4.38-4.67 (2H, m), 4.76 (lH, d, J = 5.1 

Hz), 5.50 (lH, d, J = 5.1 Hz), 6.65 (lH, d, J = 8.1 Hz), 6.98-

7.17 (2H, m). 

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

IR (KBr) cm- 1
: 3929, 1776, 1594, 1543, 1447, 1397 

[0149] 

Example 28 

Compound ( I-28) 

10 [Formula 105] 

SVH HzN--{ I N S r\ 
N I j--(~z._e) 

N _f-ril.,,;; N~ yOCOH 
\ 0 9 I I I 

Me><o coo ~N ""' OH 

Me COOH 0 

1 H-NMR (DMSO-dd O(delta): l.43 (3H, s), 1.46 (3H, s), 1.50-2.22 

(SH, m), 2.60-4.30 (llH, m), 3.95, 5.01 (2H, ABq, J = 12.9 Hz), 

5.17 (lH, b, J = 4.8 Hz, 5.73 (lH, dd, J = 4.8, 7.8), 6.60-6.97 

15 (4H, m), 7.27 (2H, bs), 9.49 (lH, bs). 

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

IR (KBr) cm- 1
: 3196, 1778, 1590, 1530, 1444 

Elementary analysis for C3 3 H3 9 N7 0 1 0 S 2 • 3. 5H 2 0 

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

20 Found.: C, 48.28; H, 5.65; N, 11.94 (%) 

[0150] 

Example 29 

Compound (I-29) 
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[Formula 106] 

8 11 \? H HzN~ ~N S rl 
N 11 f-T~z__ 0 ) 

N j-1\L ~ ND ;Q:OH \ o s I 
Me><o coo N "" OH 

Me COOH 0 Cl 

'H-NMR (DMSO-d6 ) ii(delta): 1.44 (3H, s), 1.46 (3H, s), 1.30-2.33 

(6H, m), 2.60-4.06 (llH, m), 4.44-4.72 (lH, m), 4.83-5.03 (lH, 

5 m), 6.47-6.88 (3H, m), 7.28 (2H, bs). 

LC/MS (ES+): 792 (M+H+) 

IR (KBr) cm- 1
: 3302, 2970, 1773, 1606, 1532, 1445 

Elementary analysis for C3 3 H3 8 ClN7 0 1 0 S 2 • 4. 8H2 0 

Calcd.: C, 45.23; H, 5.63; Cl, 4.10; N, 10.89; s, 7.08 (%) 

10 Found.: C, 45.10; H, 5.46; Cl, 4.03; N, 11.16; S, 7.30 (%) 

15 

[0151] 

Example 30 

Compound (I-30) 

[Formula 107] 

1 H-NMR (02 0) &(delta): 1.34 (3H, s), 1.36 (3H, s), 1.52-2.29 (SH, 

m), 2.68-3.80 (llH, rn), 3.88,4.53 (2H, ABq, J 13. 8 Hz) , 5. 1 7 

(lH, d, J = 5.1 Hz), 5.71 (lH, d, J = 5.1 Hz), 6.60-6.82 (3H, m). 

LC/MS (ES +): 759 (M+H+) 

20 IR (KBr) crn- 1
: 3309, 1772, 1588, 1526, 1448 

[0152] 

Example 31 

Compound (I-31) 
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15 

20 

l 108 J [Formu a 
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sJQLClo H 

I I I Nn~s c;) OH H2N\\ NDp1 N I N / 

N\ 0 ' e N ""' OH 
COO I 

0 0 Me"'~OONa 

2 2 8 (SH, 1.55- . 
-69Hz), 48Hz, . 1.30 (3H, d, J - ) . 5.17, d, J = . 

) 
8 (delta). 2 (2H, m ' . NMR (D,O 4 38-4.6 ,_ . m} • } 

10 (llH, ' 6 82 (3H, m . 2 63-4. 6 63- . 
m), · J=

4
.8Hz), · 

5 72 (lH, d, 'I 

. +). 778 (M+H 1446 1374 r.c /MS (ES . 15 8 9' ' 

~ -1. 3292, 1773, -Na·7.5H20 
) 

cm . • ClN,o,,~, IR (KBr . f' r c,,H,, 31 (%) 
_ 1 y~is -

0 
N 10 · ana~ ._ 3 . 5 3; ' ti'~ ernentary 6 Cl - ) 

~J. H, 5.8 ; ' N, 10.48 ('t 41.33; 79· 
Calcd.: c, 

Found.: c, 41.09; H, 5.39; -C 1, 3. ' 

[0153] 

Example 32 

d (I-32) Compoun 

1 109] fFormu a 

, S Clo H 

--{ l( JJ-N)----(Sj W ~OH H,N N--11 f-NANYl ' i 

N\ 0 ' e ~N ""' OH 
0 COO 0 Cl Me'"~OONa 

LC/MS (ES 

IR (KBr) 

[0154] 

+): 812 (M+H") 

-1. 3313, 1772, cm · 

Example 33 

d (I-33) Compoun 

'541 1449 1599, ..L - f 



5 

10 

1 110 J [Formu..La 
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gc,/CI 0 H /"\ CJ 

2 N~ )-N~NYl I 
H N-<:\ II JLN]-(SI ( G) )QcOH 

N\ O I e ~N "'- OH 
0 COO 0 Cl Me···~OONa 

LC/MS (ES 

IR (KBr) 

[0155] 

84 5 'M+H') +): ' 

-1. 3315, 17691 cm · 

Example 34 

( I-34) Compound 

111] [Formula 

1597, 1540 

s-N ° ~ µs A uo OH "'" ~.v II' / N,/'" I ~ 
N rN / e H / OH b 0 

coo 
Me>( 
Me COONa 

LC/MS (ES . 745 (M+H') +). 

-1. 3305, 1770, crn · 1673, IR (KBr) 

[0156] 

Example 35 

synthesis of . d (I-35) Compoun 

158 9, 1521 
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[Formula 112 J 

s~CI 
H,N-{ I CONH 

N I 'rts'J 0 
N,o )--N~Ny-.,poH 
'""\ 

0 
coo· ~N ""-- I 

COOH OH 

1-35 ° 

s~CI 
BocHN-{ I ? 

N CONH'rts 

~'o _)--N~I 
II'"\ O COOPMB 

COOBH 

+ o~ ('(OPMB 

~i~OPMB 
0 

52 53 

s~CI 
BocHN-{ I 

N CONH S 1·0 
~-o )=t~Ny-.,poPMB 
111

"\ ° COOPMB ~N """ I 
COOBH OPMB 

0 

54 

Step (1): Compound 52 + Compound 43 - Compound 54 

1-35 

Compound 52 (3.65 g, 3.58 mmol) and Compound 53(1.90 g, 3.58 

5 mmol) were dissolved in dimethylformamide (10 ml), followed by 

stirring at room temperature for 6 hours. To the reaction 

solution was added DMF (30ml), subsequently cooling to -40°C, 

and then potassium iodide ( 4. 16 g, 25. 06 mmol) followed by 

AcCl(l.022 ml, 14.32 mmol) were added. After stirring for 1 

10 hour under ice-cooling, the reaction solution was poured to the 

mixed solution of ethyl acetate and aqueous NaHS0 3 solution. The 

organic layer was separated, washed with water, dried, and then 

evaporated to yield Compound 54 as a powder. The resulting 

Compound 54 was used for the next reaction without purification. 

15 Step (2): Compound 54 - Compound (I-35) 

Compound 5 4 ( 3. 58 mmol) was dissolved in methylene chloride 

(20 ml) and anisole (3.9 ml), followed by cooling to -30°C. 2M 

A1Cl 3 -nitromethane solution (17.9 ml, 35.8 mmol) was then added, 

subsequently stirring for 30 minutes. To the reaction solution 
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was then added i-Pr2 0 (40 ml) followed by 2M-hydrochloric acid, 

subsequently stirring for 5 minutes. As a result, oily deposit 

precipitated. The supernatant solution was rernoved by 

decantation, and then dilute hydrochloric acid and MeCN were 

added to the deposit to dissolve. HP-20SS resin was added to 

the solution, followed by concentration, and then subjected into 

HP-20SS column chromatography, subsequently eluting with water-

acetonitrile. Fractions containing the desired compound were 

concentrated in vacuo, and then lyophilized to yield Compound 

10 (I-35) as a powder (180 mg, 6% yield). 

15 

Compound (I-35): 

1 H-NMR (D2 0) .S(delta): 1.43 (3H, d, J = 6.9 Hz), 1.60-2.19 (SH, 

m), 2.80-3.62 (9H, m), 3.42, 3.75 (2H, Abq, J = 15.6 Hz), 3.95, 

4. 98 (2H, ABq, J 12.9 Hz), 4.61 (lH, q, J = 7.2 Hz), 5.14 (lH, 

d, J = 5 . 1 Hz ) , 5 . 7 1 ( 1 H, dd, J 4.8, 8.4 Hz), 6.45 (lH, m), 

6. 71 (lH, d, J 8.1 Hz), 6.75 (lH, d, J = 8.1 Hz), 6.86 (lH, s), 

7. 43 (2H, bs), 9.32-9. 68 (3H, m). 

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

20 Calcd.: C, 43.81; H, 5.40; N, 11.18; S, 7.31; Cl, 4.04 (%) 

Found.: c, 43. 78; H, 5.26; N, 11.29; s, 7.39; Cl, 3.93 (%) 

[0157] 

Example 37 

Synthesis of Compound (I-37) 

25 [Formula 113] 

~NH2 + 

0 Cl 

~OPMB 
HO ~ 

OPMB 

~N~PMB 
N'-J H lA~ 6' OPMB 

56 62 63 

BocHN-<'lf ~ ~ 
N J µ:-,,l ,Cl 

'o 0 x"':. ~osut 0 OPMB 

H,N-<tt JLH~s ~~~H 
1i j--N:-,,l -N'v lA~ 

------ NQ 0 J_._.~ OH 

~OH 0 OH CF3COO" 

0 0 

64 t. 37 
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Step (1): Compound 62 ~ Compound 63 

To a solution of Compound 62 (1.72 g, 4.0 mmol) in 

dimethylformamide (7 mL), under ice-cooling with stirring, was 

added 1-hydroxybenzotriazole ( 595 mg, 4.40 mmol) and 

5 hydrochloric acid salt of ethyldimethylaminopropylcarbodiimide 

(843 mg, 4. 40 mmol). After stirring at room temperature for 1 

hour, the reaction solution was ice-cooled again, a solution of 

Compound 56 (l.03 g, 7.37 mmol) in dimethylformamide (3 mL) was 

added over 5 minutes. After stirring at the same temperature 

10 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% aqueous sodium carbonate solution. 

The precipitation was filtrated, and then dried in vacuo to 

yield Compound 63 (1.99 g, 90% yield). 

15 Compound 63: 

20 

25 

1 H-NMR (DMSO-dG) o(delta): 1.49 (6H, t, J = 7.8 Hz), 2.95 (6H, t, 

J=7.8 Hz), 3.26 (2H, d, J= 6.3Hz), 3.80 (3H, s), 3.83 (3H, 

s), 4.95 (2H, s), 5.09 (2H, s), 6.36 (lH, t, 6.3 Hz), 6.82 6.96 

(5H, rn) , 7.25 ( lH, s)' 7.31-7.36 ( 4H, m), 7.47 (lH, d, J = 8.7 

Hz). 

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

To a solution of Compound 64 (637 mg, 0.8 rmnol) in 

dimethylformarnide (2.0 mL) was added Compound 63(507 mg, 0.92 

mmol) and sodium bromide I 165 mg, 1. 6 mmol) under ice-cooling. 

The reaction solution was stirred for 3 hours in a water bath at 

15°C, and then dimethylformamide (4 mL) was added, and 

subsequently cooled to -40°C. At -40°C, phosphorus tribromide 

(151 µL, 1. 6 mmol) was then added, followed by stirring at the 

same temperature for 1 hour. The reaction solution was poured 

30 into 5% brine (100 mL), subsequently stirring for 15 minutes, 

35 

and then the precipitation was filtrated. The filter residue 

was then dried in vacuo to yield a light brown solid. A 

solution of this solid in methylene chloride (4 mL) was added to 

a solution of TFA (7. 0 mL) with anisole (746 µL) under ice 

cooling with stirring. This reaction solution was stirred at 
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roorn temperature for 1. 5 hours, and then TFA was evaporated 

under reduced pressure, while maintaining the temperature of the 

water bath at 25°C or below. The residue was added into 

diisopropyl ether (80 mL) under ice-cooling with stirring, 

followed by filtrating the precipitation. The residue was 

concentrated in vacuo to yield Compound ( I-37) 

yield) as a powder. 

Compound (I-37): 

(808 mg, 69% 

1 H-NMR (02 0) o(delta): 1.48 (3H, s), 1.50 (3H, s), 1.95 (6H, brs), 

3.32-3.51 (9H, m), 3.88 (2H, m), 4.60 (lH, d, J 13.5 Hz), 5.35 

(lH, d, J = 5.1 Hz), 5.86 (J.H, d, J = 5.1 Hz), 6.68 (lH, d, J = 

8.4 Hz), 6.73 (lH, d, J = 8.4 Hz). 

Elementary analysis for 

H,0·0.4CF 3 COOH·0.3 (C 3 H70C3H7) 

Calcd.: c, 42.19; H, 4.39; N, 9.01 

7. 91 ( %) 

Found.: c, 42.24 

7. 67 ( % ) 

[0158] 

H, 4.80 N, 9. 42 

s, 5.54 Cl, 3.53 F, 

s, 6. 16 Cl, 3.41 F, 

20 Example 38 

25 

Synthesis of Compound (I-38) 

[Formula 114] 

S-N 0 o 
BocH N { _l( Jl_ti ~ 

~-Ir "~~ 
N ~ f-N,# Cl 

'o o 
~OBu' 0 OPMB 

S-~ l 0 Cl 

H,N--<~~ ~~~-s r,;:::y~-NJY+yoH 
------..;~ ~ f-N,# N-t/ H (A 

'o 0 OH 

~OH 0 o· 
0 0 

61 I - 38 

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

To a solution of Compound 61 (675 mg, 0. 8 mmol) in 

dirnethylforrnarnide (2.0 rnL) was added Compound 63 (485 mg, 0.88 

rnrnol) and sodium bromide (165 mg, 1. 6 rrm1ol) under ice-cooling. 

The reaction solution was stirred for 3 hours in a water bath at 

15 ° C, and then dirnethylf ormamide ( 4 mL) was added thereto, and 
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subsequently cooled to -40° C. At -40 ° c, phosphorus tribromide 

(151 µL, l. 6 mmol) was then added thereto, followed by stirring 

at the same temperature for 1 hour. The reaction solution was 

poured into 5% brine (100 mL), subsequently stirring for 15 

5 minutes, and then the precipitation was filtrated. The filter 

residue was dried in vacuo to yield a light brown solid. A 

solution of this solid in methylene chloride (4 mL) was added to 

a solution of TFA(7.0 mL) with anisole (738 µL, 6.76 mmol) under 

ice-cooling with stirring. This reaction solution was stirred 

10 at room temperature for 1.5 hours, and then TFA was evaporated 

under reduced pressure, while maintaining the temperature of the 

water bath at 25°C or below. The residue was added into 

diisopropyl ether (80 mL) under ice-cooling with stirring, 

followed by filtrating the precipitation. This solid was dried, 

15 dissolved in aqueous sodium hydrogen carbonate, and then 

subjected into 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 

20 (264 mg). This powder was dissolved in water/acetonitrile/0.lM 

HCl. HP20SS was added thereto, concentrated, and then subjected 

into HP column chromatography eluting the desired compound with 

water-acetonitrile. The fractions containing the desired 

compound were concentrated in vacuo, and then the concentrated 

25 solution was lyophilized to yield Compound (I-38) (100 mg, 13% 

yield) as a powder. 

compound (I-38): 

1 H-NMR (D 2 0) o(delta): 1.52 (3H, s), 1.53 (3H, s), 1.94 (6H, t, J 

7.5 Hz), 3.34-3.51 (9H, m), 3.85-3.91 (2H, m), 4.58 (lH, d, J 

30 13.5 Hz), 5.35 (lH, d, J = 4.8 Hz), 5.88 (lH, d, J = 4.8 Hz), 

6.85 (lH, d, J = 8.4 Hz), 6.89 (lH, d, J = 8.4 Hz). 

Elementary analysis for C31 H35 C1Ne010S 2 ·4.9 H2 0 

Calcd.: c, 43.07 H, 5.30 N, 12.89 S, 7.06 (%) 

Found.: C, 42.92 H, 5.30 N, 12.92 S, 7.39 (%) 

35 [0159] 



Example 41 

Synthesis of Compound (I-41) 

[Formula 115] 

r('N~ 
N==./ NH2 

69 

68 

134 

70 

OPMB 

BocHN-<\ I H " sv 0 
S o r(OPMB 

BocHN--<, 11 ~ H ~~ 
N Nf-(~S J, J-N / I 

0 0 

~ 0 OBH 

coot-Bu 

NljNT--Y'SI /-' __r-J 0 
N, j-N~N"UN 

0 0 ~~---"@ ~ 0 OBH ~ 
coot-Bu 

71 72 

1-41 

5 Step (1): Compound 68 - Compound 70 

Compound 68 I l. 58 g, 4. 00 rnrnol) was dissolved in 

dichloromethane (30 ml), and then Compound 69 (0.48 ml, 4.00 

mmol) and WSCD · HCl ( 920 mg, 4. 80 mmol) were added, followed by 

stirring at room temperature for 3 hours. After adding water, 

10 the organic layer was washed with water, washed with saturated 

brine, and then dried over magnesium sulfate, subsequently 

evaporating the solvent under reduced pressure. Diethyl ether 

was added to the resulting residue, and then filtrated to yield 

Compound 70 as a colorless powder (1.71 g, 85% yield). 

15 Compound 7 O: 
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1 H-NMR (CDC1 3 ) 8(delta): 2.09 (2H, m), 3.43 (2H, m), 3.80 (3H, s), 

3.81 (3H, s), 4.03 (2H, t, J 6.9 Hz), 5.09 (2H, s), 5.10 (2H, 

s), 6.28 (lH, t, J = 6.5 Hz), 6.86-6.91 (SH, m), 6.96 (lH, s), 

7.06 (lH, s), 7.20 (lH, dd, J = 8.4, 2.0 Hz), 7.31-7.36 (4H, m), 

5 7.45-7.50 (2H, m). 

Step (2): Compound 71 ~ Compound 72 ~ Compound (I-41) 

Compound 71 (934 mg, 1.00 mmol) was dissolved in 

dimethylformamide (2 ml), and then Compound 70 (0.48 ml, 4.00 

mmol) was added, followed by stirring at room temperature for 

10 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 O'C 

over 1 hour and further stirring at 0 'c for 1 hour. Ethyl 

15 acetate and aqueous NaHS0 4 solution 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 g I was dissolved 

20 in methylene chloride ( 15 ml I and anisole ( 1.1 ml), and 

subsequently cooled to -25 'c. 2M A1Cl 3 -ni tromethane solution 

(5. 0 ml) was added, followed by stirring at temperature between 

-25°C and -5°C for l hour. The reaction solution was then 

25 

30 

transferred into a solution of lN-HCl:MeCN I 1: l I at 0°C. 

Diisopropyl 

extraction. 

ether was added, followed by separation and 

To the aqueous layer was added HP-20SS resin, and 

then acetoni trile vvas evaporated under reduced pressure. The 

mixed solution was subjected into HP-20SS column chromatography 

eluting the desired compound with acetonitrile-water. 

containing the desired compound were collected, 

Fractions 

and then 

concentrated in vacuo. The concentrated solution was 

lyophilized to yield Compound (I-41) as a powder (470 mg, 60% 

yield). 

Compound (I-41): 
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l H-NMR (DMSO-d6) Ii (delta): 1. 42 (6H, br)' 2. 05 (2H, br)' 3 .17-

4. 20 (6H, m), 4.87 (lH, d, J = 12.0 Hz), 5.03 (lH, m), 5.15 (lH, 

d, J = 12.0 Hz), 5.71 (lH, m), 6.71 (lH, s), 6.77 (lH, d, J = 

4.0 Hz), 7.16 (lH, d, J = 4.0 Hz), 7.28 (3H, br), 7.76 (lH, s), 

5 7.93 (lH, s), 8.27 (lH, br), 9.28 (lH, s), 9.52 (lH, br). 

MS (ESI): 729 ' (M+H) ' 

Elementary analysis for C30H32Na010S2 ·3.0H20 

Calcd.: C, 45.88; H, 4.78; N, 14.55; s, 8.44 (%) 

Found.: c, 46.03; H, 4.89; N, 14.31; s, 8.19 (%) 

10 [0160] 

Example 42 

Synthesis of Compound (I-42) 
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[Formula 116] 

Cl~O'-
+ ll 

0 

74 75 

r(YOPMB 

~ H2N OPMB 
77 

OPMB 

8 ei 0 0 
BocHN-<\ ii 11 H " 

N~N)=t~S 

Sei O 0-\ BocHN~ Jl jL H o _ OPMB 

N II N'll~S ("'\ _}--N 
N N I 
'o o / 

:::\ 09'0BH 
coot-Bu 

N. ,;7-N N"JN H 
0 0 / (j) 

~ 0 OBH dJ 
coot-Bu 

79 
71 

Step (1): Compound 73 + Compound 74 ~Compound 75 ~ Compound 76 

To Compound 73 (2.04 g, 30.0 mmol) was added toluene (8 ml), 

5 dimethylformamide (0.8 mL), potassium iodide (199 mg, 1.2 mmol), 

and Dotassium carbonate (3. 73 g, 27 mmol), subsequently stirring 

at room temperature for 15 minutes. To the reaction solution 

was added Compound 7 4 ( 3. 94 ml, 45 mmol), followed by sti:::ring 

at 65°C for 2 hours. Ethyl acetate and water were added to the 

10 reaction solution. The organic layer was washed with water, 

washed with saturated brine, dried over rnagnesium sulfate, 
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filtrated, and then concentrated in vacuo to yield Compound 

75(3.28 g). 

To Compound 75 (3.28 g, 23.4 mmol) was added water (10 rnl), 

followed by heating at reflux for 5 hours. The reaction 

5 solution was concentrated, followed by adding methanol thereto, 

and then filtration yielded Compound 76 (3.28 g). 

Compound 76: 

1 H-NMR (DMSO-d6 ) li(delta): 4.82 (2H, s), 6.89 (lH, s), 7.14 (lH, 

s), 7.63 (lH, s). 

10 Step (2): Compound 76 + Compound 77 - Compound 78 

To Compound 76 (126 mg, 1.0 mmol) was added dichloromethane (4 

ml), Compound 77 (365 mg, 1.00 mmol), and WSCD·HCl (249 mg, 1.30 

mmol), followed by stirring at 0°C for 1 hour and then at room 

temperature for 1 hour. Dimethylformamide ( 2 ml) was added, 

15 subsequently stirring for 1 hour, and then concentrated in vacuo 

to evaporate dichloromethane. Dimethylformamide (2 ml) was 

added, and then allowed to stand for 3 days. Dichlorornethane 

and water were then added. The organic layer was washed with 

water, washed with saturated brine, dried over magnesium sulfate, 

20 and then filtrated to yield Compound 78 (390 mg, 58% yield, 70% 

potency). 

25 

Step (3): Compound 71 + Compound 78 - Compound 79 - Compound (I-

42) 

Compound 71 

dimethylf ormamide 

mmol, 70% potency) 

0°C for 2 hours 

(538 mg, 0.58 mmol) was dissolved in 

(2 ml), and then Compound 78 (390 mg, 0.58 

was added thereto, followed by stirring at 

and then at room temperature for 3 hours. 

Din1ethylformamide (6 rnl) was added, and then the reaction 

solution was cooled to -40°C. Subsequently, potassium iodide 

30 (670 mg, 4.04 mmol) and acetyl chloride (0.206 ml, 2.88 mmol) 

were added, followed by stirring at -40°C for 30 minutes and 

further at 0°C for l hour. Ethyl acetate and aqueous NaHS0 4 

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 vacuo to yield Compound 7 9 

as a powder. 

The above-described crude Compound 79 was dissolved in 

methylene chloride (10 ml) and anisole (0. 63 ml), followed by 

cooling to -30°C. 2M A1Cl 3 -nitromethane solution (2.89 ml) was 

added thereto, subsequently stirring at temperature between 

30'c and l0°C for l hour. The reaction solution was 

transferred into a solution of lN-HCl:MeCN ( 1: 1) at 

Diisopropyl ether was added, and then the solution was separated. 

HP-20SS resin was added to the aqueous layer, and then 

acetonitrile was evaporated under reduced pressure. The mixed 

solution was subjected into HP-20SS column 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 yield Compound (I-42) as a powder (70 mg, 17% 

yield). 

Compound I I-42): 

1 H-NMR (DMSO-d6) o(delta): 1. 42 ( 6H, d, J = 5.6 Hz), 2.91-3.91 

20 (2H, m), 4.77 (lH, d, J = 13.6 Hz), 4.99 (lH, m), 5.11 (2H, br), 

5.20 (lH, d, J = 13.6 Hz), 5.66 (lH, m), 6.58 (lH, d, J = 8.4 

Hz), 6.64 (lH, s), 6.74 (lH, d, J = 8.4 Hz), 7.04 (HI, s), 7.20 

(lH, br), 7.63 (lH, s), 7.91 (lH, s), 9.29 (lH, s), 9.50 (lH, 

br), 10.4 (lH, s). 

25 MS (ESI): 701 ' (M+H) ' 

Elementary analysis for C2 e H2 e N8 0 1 0 S2 • 4. 4H2 0 

Calcd.: c, 43.02; H, 4.53; N, 14.33; s, 8.50 (%) 

Found.: C, 43.12; H, 4.76; N, 14.37; s, 8.22 (%) 

[ 0161 J 

30 Example 43 

Synthesis of Compound (II-1) 
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[Formula 117] 
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Step ( l): Compound la ~ Cornpound ld 

Compound la (3 g, 7.51 rn:mo 1) was 

chloride (30 mL)' followed by cooling 

methylhydrazine (0.402 mL, 7.51 mmol) 

1d 

disolved in 

to -30°C, 

was added 

N. 
=<o 

COOBH 

11-1 

methylene 

and then 

thereto, 

subsequently stirring for 40 minutes. The reaction solution was 

filtrated, and then to the filtrate was added methanol (15 mL) 
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followed by Compound le (2.045 g, 7.51 mmol), subsequently 

stirring. The reaction solution was concentrated in vacuo, and 

then to the residue was purified water, followed by extraction 

with ethyl acetate. The separated organic layer was washed with 

5 purified water, washed with saturated brine, and then dried over 

anhydrous magnesium sulfate. Magnesium sulfate was removed by 

filtration, and then the solvent was evaporated under reduced 

pressure to yield Compound ld as a yellow oily substance (3.96 g, 

100% yield.). 

10 1 H-NMR (CDC1 3 ) O(delta): 7.40-7.13 (lOH, m), 6.86 (lH, s), 5.71-

5.56 (2H, m), 1.11 (9H, s). 

Step (2): Compound ld ~ Compound le 

Hydrochloric acid salt (3.41 g, 7.56 mmol) of diphenylmethyl 

7-amino-3-chloromethyl-3-cephem-4-carboxylate was suspended in 

15 ethyl acetate (40 mL), and then Compound ld was added thereto, 

20 

and subsequently cooled to -40°C. To 

added phenyl dichlorophosphate ( 1. 35 6 

added drop-wise N-methylmorpholine 

followed by stirring at -40°C. To 

the reaction solution was 

mL, 9.08 mmol), and then 

(2.459 mL, 22.69 rrmol), 

the reaction solution was 

then added aqueous 10% succinic acid solution. The organic 

layer was separated, washed with aqueous 5% sodium hydrogen 

carbonate, washed with purified water, and th.en washed with 

saturated brine. The organic layer was dried over anhydrous 

magnesium sulfate, and then magnesium sulfate was removed by 

25 filtration. The solvent was evaporated under reduced pressure, 

and then the resulting residue was purified by silica gel 

chromatography to yield le as a yellow oily substance ( 3. 65 g, 

30 

4 9% yield) . 

1 H-NMR (CDCl3 ) 

(lH, s), 5. 89 

Hz), 5.63 (lH, 

8(delta): 7.46-7.20 (21H, m), 6.93 (lH, s), 6.92 

(lH, dd, J = 9.2, 5.0 Hz), 5.87 (lH, d, J = 1.8 

d, J = 1.8 Hz), 4.87 (lH, d, J = 5.0 Hz), 4.47 

(lH, d, J 12.0 Hz), 4.29 (HI, d, J = 11.l Hz), 3.42 (lH, d, J 

= 18.5 Hz), 3.23 (lH, d, J = 18.8 Hz), 1.52 (9H, s). 

Step (3): Compound le ~ Compound lf 
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Compound le I 3. 67 g, 3. 71 mmol I was dissolved in methylene 

chloride (40 mL), and subsequently cooled to -30°C. 65% m­

chloroperbenzoic acid (0.984 g, 3.71 mmol) was added, followed 

by stirring for 80 minutes. Aqueous 1% sodium hydrogen sulfite 

5 solution (40 mL) was added, and then the organic layer was 

separated. 

hydrogen 

The organic layer washed with 

carbonate, washed with purified 

aqueous 5% sodium 

water, washed with 

saturated brine, and then dried over anhydrous magnesium sulfate. 

Magnesium sulfate was removed by filtration, and then the 

10 solvent was evaporated under reduced pressure. The resulting 

residue was subjected into silica gel chromatography to yield 

Compound lf as a yellow oily substance (2.67 g, 77% yield). 

'H-NMR (CDCl,) O(delta): 7.49-7.26 (24H, m), 6.94 (lH, s), 6.89 

(lH, s), 6.16 (lH, dd, J = 9.8, 4.7 Hz), 5.75 (lH, d, J = 2.0 

15 Hz), 5.57 (lH, d, J = 2.0 Hz), 5.29 (lH, br s), 4.88 (lH, d, J = 

12.4 Hz), 4.13-4.10 (lH, m), 3.37 (lH, d, J = 18.6 Hz), 2.81 (lH, 

d, J = 19. 7 Hz), 1.52 (9H, s). 

Step (4): Compound lf ~Compound lg 

Compound lf (2.67 g, 2.8 5mmol) was dissolved in 

20 tetrahydrofuran ( 25 mL), and then degassed under light-shielded 

condition. Under nitrogen atmosphere, to the reaction solution 

was then added potassium iodide ( 1. 2 8 g, 8. 5 5 mmol) , 

subsequently stirring. To the reaction solution was then added 

25 

aqueous 4% 

extraction 

sodium hydrogensulfite solution 

from the aqueous layer with 

(25 mL), followed by 

ethyl acetate. The 

separated organic layer was washed with purified water, washed 

with saturated brine, and then dried over anhydrous rnagnesiurn 

sulfate. Magnesium sulfate was removed by filtration, and then 

the solvent was evaporated under reduced pressure to yield 

30 Compound lg as a yellow oily substance. 

1 H-NMR (CDCl,) O(delta): 7.50-7.26 (36H, m), 6.98 (lH, s), 6.90 

(lH, s), 6.12 (lH, dd, J = 9.5, 4.6 Hz), 5.73 (lH, d, J = 1.9 

Hz), 5.54 (lH, d, J = 1.9 Hz), 5.28 (lH, br s), 4.74 (lH, d, J = 

9.3 Hz), 4.10 4.04 (lH, m), 3.30 (lH, d, J = 17.2 Hz), 2.96 (lH, 

35 d, J = 18.l Hz), 1.59-1.47 (9H, m). 
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Step (5): Compound lg ~ Compound li ~ Compound (II-1) 

Compound lg (1.12 g, 1 nm1ol) was dissolved in 

dimethylacetamide (3 mL), and then Compound lh (659 mg, 1 mmol) 

was added thereto, subsequently stirring at room temperature for 

five and half hours. To the reaction solution was added 

purified water, followed by extraction with ethyl acetate. The 

organic layer was washed with purified water, washed with 

saturated brine, and then dried over anhydrous rnagnesium sulfate. 

Magnesium sulfate was removed by filtration, and then the 

10 solvent was evaporated under reduced pressure to yield Compound 

li. 

15 

20 

25 

Then, Compound li was dissolved in methylene chloride (15 mL), 

and subsequently cooled to -50°C. To the reaction solution was 

then added phosphorus tribromide (0.189 mL, 2 mmol), followed by 

stirring at -50"c for 1 hour. Anisole ( 1. 09 mL, 10 mmol) and 2 

mol/L aluminum chloride/nitromethane solution (5 mL, 10 mmol) 

were then added thereto, followed 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 acid, and then the 

precipitation was dissolved, subsequently the aqueous layer was 

separated. The organic layer was extracted with a mixed 

solution of water/acetonitrile/dilute hydrochloric acid, and 

then to the combined aqueous layer was HP20SS resin, followed by 

concentration. The concentrated susper1sion was subjected into 

HP20SS/ODS column chromatography, subsequently eluting with 

water-acetonitrile. An aqueous 0.2 N sodium hydroxide solution 

was used for fractions containing the desired compound to obtain 

a sodium salt, and then concentrated in vacuo. The concentrated 

30 solution was lyophilized to yield Compound ( II-1) as a powder 

(245 mg, 32% yield) 

MS (m+l I 736.00 

Elementary analysis for C29H2sCl1N1010S2Na1 ( H20) 4. 5 ( NaHC0 3 ) 1 . 1 

Calcd.: c, 38.81; H, 4.23; Cl, 3.81; N, 10.52; s, 6.88; Na, 5.18 

35 Found.: c, 38.56; H, 4.50; Cl, 4.55; N, 11.08; s, 7.19; Na, 5.38 
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1 H-NMR (D2 0) o(delta): 7.18 (lH, s), 6.78-6.75 (2H, m), 5.91 (lH, 

(2H, m), 5.15 (lH, br s), 4.74-4.82 

13.9 Hz), 3.82-3.54 (13H, m), 2.21-

d, J 4.9 Hz), 5.32-5.28 

( lH, m), 

2.07 (5H, 

5 [0162] 

Example 44 

4.10 

m). 

( lH, d, J = 

Synthesis of Compound (II-2) 
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[Formula 118] 

/ 

11-2 

0 
}-coOBH 

N-O ---~ 

0 
2a 

2d 

o NV cooBH ~o 4cooBH 

N-O -- I N-O 
/ 

0 0 
2b 2c 

8 11 0 
BoeHN-{ J( Jl 

N I( 'OH 

2e0 
sv BoeHN-{ [ 

N OH 
I 

N, 

Me OH 
0 

[><COOBH 

2f 

s 
BoeHN-{ [ sv BoeHN-{ l ~ o 

N1[NH II N ~- Ntr~S 
t>(O d/ N ~ Cl 

COOBH 
0 OBH 

2g 

~o 
0
}=(

8

} _c1 

COOBH Oro: 

2h 

s 
BoeHN-{ VO o 

0 0 Cl 

N~ l[ ; OPMB 
~-yy 

W I N~s 
~o drN~~} ,1 

COOBH r~:. 
0 OBH 

2i 

BoeHN-{

8

V o 

N ~;o NA~~~ Q~ Xxo t oPMB 
V\ o w ~ I . 

COOBH 1- Boe / 
0 OBH OPMB 

2k 

Step (1): Compound 2a ~ Compound 2b 

2j Boe ~OPMB 

11-2 
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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 mL) of diazomethane 

(29.1 mmol), prepared from N-methyl-N-nitrosourea (3 g, 29.1 

mmol), was added. After stirring at 0°C overnight, diethyl 

5 ether was concentrated in vacuo until the volume 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 2b ~ Compound 2c 

10 Compound 2b (2.911 g, 6.59 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 solid was filtrated, and then dried in vacuo to 

yield Compound 2c (1.35 g, 3.28 mmol). 

15 1 H-NMR (DMSO-dG) o(delta): 7.85 (4H, s), 7.50-7.21 (lOH, m), 6.86 

(lH, s), 1.78 (2H, dd, J = 8.6, 5.4 Hz), 1.52 (2H, dd, J = 8.6, 

5. 4 Hz). 

Step (3): Compound 2c ~ Compound 2g 

Compound 2c (1.35 g, 3.27 mmol) was used, and treated 

20 similarly as described above to yield Compound 2g (2 .52 g, 92% 

yield) . 

1 H-NMR (CDC1 3 ) o(delta): 8.19 (lH, br s), 8.02 (lH, d, J = 9.1 

Hz), 7.49-7.18 (27H, m), 6.97 (lH, s), 6.89 (lH, s), 5.98 (lH, 

dd, J = 9.1, 5.0 Hz), 5.02 (lH, d, J = 5.0 Hz), 4.52 (lH, d, J = 

25 11.8 Hz), 4.32 (lH, d, J = 11.8 Hz), 3.48 (lH, d, J = 18.3 Hz), 

3.23 (lH, d, J = 18.3 Hz), 1.75-1.54 (15H, m). 

Step (4): Compound 2g - Compound 2h 

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) 

30 1 H-NMR (CDClc) o(delta): 8.32 (lH, br s), 7.86 (lH, d, J 9.7 

Hz), 7.49-7.20 (27H, m), 6.97 (lH, s), 6.91 (lH, s), 6.16 (lH, 

dd, J = 9.7, 4.5 Hz), 4.90 (lH, d, J = 13.4 Hz), 4.54 (lH, dd, J 

= 4.6, 1.3 Hz), 4.18 (lH, d, J = 12.3 Hz), 3.73 (lH, d, J = 18.5 

Hz), 3.32 (lH, d, J=l8.6Hz), 1.64-1.53 (15H, m). 

35 Step ( 5) : Compound 2h ~ Compound 2i 
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Compound 2h ( 2. 07 g, 2 .18 rnrnol I was used, and treated 

similarly as described above to yield Compound 2i (2. 23 g, 91% 

yield). 

JH-NMR (CDC1 3 ) o(delta): 8.36 (lH, br s), 7.86 (lH, d, J = 9.7 

5 Hz), 7.50-7.10 (23H, m), 6.98 (lH, s), 6.90 (lH, s), 6.11 (lH, 

dd, J= 9.7, 4.9 Hz), 4.75 (lH, d, J 9.0 Hz), 4.52 (lH, dd, J 

= 4.9, 1.1 Hz), 4.07 (lH, d, J = 9.5 Hz), 3.66 (lH, d, J = 18.8 

Hz), 3.49 (lH, d, J= 18.8 Hz), 1.69-1.43 (15H, m). 

Step (6): Compound 2i ~Compound 2k ~Compound (II-2) 

10 Compound 2i ( 1.12 g, l mmol) was used, and treated similarly 

as described above to yield Compound (II-2) (312 mg, 40% yield). 

MS (m+l) = 750.00 

Elementary analysis for 

C3oH 31ClN7010S2Na I H,o) 3 (NaHCO,) 1 (NaCl) i.s ( H,O) i.o 

15 Calcd.: c, 36.46; H, 4.01; Cl, 8.68; N, 9.60; S, 6.28; Na, 7.88 

Found.: c, 36.48; H, 4.15; Cl, 4.26; N, 9.82; S, 6.33; Na, 7.93 

1 H-NMR (D2 0) o(delta): 7.03 (lH, br s), 6.84-6.73 (2H, m), 5.84 

(lH, d, J = 4.5 Hz), 5.34 (lH, d, J = 4.5 Hz), 4.76-4.71 (lH, m), 

4.11 (lH, d, J = 13.3 Hz), 3.98-3.42 (llH, m), 2.31-2.05 (4H, m), 

20 1. 43-1.17 (4H, m). 

[0163] 

Example 45 

Synthesis of Compound (II-3) 
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[Formula 119] 
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Step (1): Compound 3a ~Compound 3b 

Compound 3a (18.6 g, 58.4 rrrnol) 

11-3 

was dissolved in 

5 tetrahydrofuran (190 mL), and then N-hydroxyphthalimide (11.44 g, 

70.1 mmol) and triphenylphosphine (18.39 g, 70.1 mmol) were 

added thereto. To the reaction solution was then added drop-

wise diisopropyl azodicarboxylate ( 13. 63 mL, 70.1 m'Tlol), 

.subsequently stirring at room temperature. The reaction 

10 solution was concentrated in vacuo, and then to the resulting 
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residue was added methanol (300 mL), followed by stirring at 0°C. 

The precipitated solid was filtrated and then dried under 

reduced pressure to yield Compound 3b (8.70 g, 32% yield). 

1 H-NMR (CDCle) O(delta): 7.77-7.69 (4H, m), 7.56 (2H, dd, J = 7.7, 

5 1.7 Hz), 7.39-7.36 (3H, m), 7.31-7.23 (7H, m), 7.18-7.15 (3H, m), 

7.09-7.01 (2H, m), 6.93 (lH, s), 6.04 (lH, s). 

Step (2): Compound 3b ~Compound (II-3) 

Compound 3b (4.63 g, 10 mmol) was used, and treated similarly 

to described above to yield Compound 3c. Compound 3c (1. 068 g, 

10 l mmol) was dissolved in methylene chloride (10 mL), and then 

Compound 3d (0.588 g, 1 mmol), hydrochloric acid salt (0.23 g, 

1.2 mmol) of 1-(dimethylaminopropyl)-3-ethylcarbodiimide, and 

pyridine (0.105 mL, 1.3 mmol) were added thereto, followed by 

stirring at -l0°C for 1 hour. To the reaction solution was 

15 added purified water, followed by extraction from aqueous layer 

with methylene chloride. The organic layer v1as 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 

20 pressure to yield Compound 3e. 

Then Compound 3e was dissolved in methylene chloride (15 mL), 

and subsequently cooled to -30°C. Anisole (1.1 mL, 10 mmol) and 

2 mol/L aluminum chloride/nitromethane solution ( 5 mL, 10 mmol) 

were added, followed by stirring at 0°C. To the reaction 

25 solution was then added purified water (30 mL) and diisopropyl 

30 

ether (50 mL). Acetoni trile and 2 N hydrochloric acid were 

added the treated reactior1 solutior1 to dissolve the 

precipitation, then the aqueous layer was separated. The 

organic layer was extracted with a mixed solution of purified 

water/acetonitrile/dilute hydrochloric acid, and then HP20SS 

resin was added to the combined aqueous layers, followed by 

concentration. The concentrated suspension was subjected into 

HP20SS/ODS column chromatography, subsequently eluting the 

desired compound with aqueous dilute hydrochloric acid-

35 acetonitrile, and then fractions containing the desired compound 
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were concentrated in vacuo. The concentrated solution was 

lyophilized to yield Compound (II-3) as a powder (91 mg, 11% 

yield). 

Elementary analysis for C34H34ClN,010S2 (H,O) 4 (HCl) i.s 

Calcd.: c, 44.05; H, 4. 7 3; Cl, 9. 5 6; N, 10.58; s, 6.92 

Found.: c, 43.80; H, 4.55; Cl, 9.53; N, 10.41; S, 6.65 

1 H-NMR (DMSO-d2) Ii (delta): 10.20 ( lH, br s)' 9.64 ( lH, d, J = 7.0 

Hz), 8.53 (lH, br s), 7.51-7.36 (6H, m), 6.85-6.75 (3H, m), 5.94 

(lH, dd, J = 8.0, 5.0 Hz), 5.58 (lH, s), 5.26 (lH, d, J = 5.0 

Hz), 4. 65 (lH, d, J = 13. 7 Hz), 4.30 (lH, d, J 14.3 Hz), 3.93 

(lH, d, J = 16.6 Hz), 3.69-3.50 (9H, m), 2.17-1.96 (4H, br m). 

[0164] 

Example 46 

Synthesis of Compound (II-4) 
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[Formula 120] sv H,N~ NH S 
N I n~'l 0 0 Cl 

HCI N,O 0)-N~fJ~N~OH 
/" ( coo- H llA 

H2NOC COOH OH 

11-4 

4a 4b 4c 

:tP 
S;, 0 

BocHN~ jl_ Jl 
N If -OH 

' 0 
rcoOBH 
CONH2 

4d 

-c1+H3N s 

0 )=(r:l'J~ ~O : OPMB 
0 N I 

0 OBH I- ,,;: OPMB 

41 

s 
BocHN~ ilyl O 

N NH 
I nslO OCI 

N(,O j-N,1~1'J~N~OPMB Ph'" 0 I 
COOBH _ H 

O/'--OBH I ,,;: OPMB 

4g 

Step (1): Compound 4a ~ Compound 4c 

N,o 

Ph"( 
COOBH 

4e 

11-4 

D-arginine 4a (10.42 g, 70 rnmol) was dissolved in aqueous 2 N 

5 sulfuric acid solution, and then potassium bromide was added 

thereto, and subsequently cooled to -10°C. Sodium nitrite (9.58 
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g, 13 9 mmol) was then added to 

by stirring. The reaction 

the reaction solution, followed 

solution was extracted with 

tetrahydrofuran, and then the organic layer was dried over 

anhydrous magnesium sulfate. Magnesium sulfate was removed by 

5 filtration, and then the solvent was evaporated under reduced 

pressure to yield 11.14 g of Compound 4b. 

Compound 4b (5.88 g) 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 

10 hours. The reaction solution was concentrated in vacuo, and 

then ethyl acetate and aqueous 5% sodium hydrogen carbonate were 

added, subsequently separating the organic layer. The organic 

layer was washed with purified water, washed with saturated 

brine, and then dried over anhydrous magnesium sulfate. 

15 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 4c as an oily substance (8.62 g, 79% yield). 

1 H-NMR (CDClJ) o(delta): 7.42-7.30 (14H, m), 6.87 (lH, s), 4.81 

20 (lH, dd, J 8.1, 6.6 Hz), 3.16 (lH, dd, J = 15.7, 8.1 Hz), 2.88 

(lH, dd, J 15.7, 6.5 Hz). 

Step (2): Compound 4c ~ Compound 4d 

N-hydroxyphthalimide (7.77 g, 47.7 mmol) was dissolved in 

dimethylformamide (85 mL), and then potassium carbonate (4.94 g, 

25 35. 7 mmol) was added thereto, subsequently stirring at room 

temperature. To the reaction solution was then added a solution 

of Compound 4c (8.63 g, 23.83 rnmol) in dimethylformamide (45 mL), 

followed by stirring at room temperature for 6 hours and 40 

minutes. The reaction solution was poured into 400 mL of 

30 purified water, and then the precipitated amorphous solid was 

filtrated. The obtained solid was then suspended in methanol. 

The resulting solid was filtrated, and then the residue was 

dried in vacuo to yield Compound 4d (l.83 g, 17%). 

1 H-NMR (CDClc) o(delta) 7.78-7.71 (4H, m), 7.35-7.22 (lOH, m), 

35 6.91 (lH, s), 6.51 (lH, br s), 5.45 (lH, br s), 5.25 (lH, dd, J 
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16.5, 5.0 Hz). 
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16.5, 7.5 Hz), 2.95 (lH, dd, J 

Step (3): Compound 4d ~Compound (II-4) 

Compound 4d was used, and treated similarly as described above 

5 to yield Compound (II-4) (88 mg, 11% yield). 

10 

MS (m+l) 781.03 

Elementary analysis for C30H33ClN2011S2 (H,O) 2.s (HCl)o.s 

Calcd.: C, 41.52; H, 4.77; Cl, 6.13; N, 12.91; s, 7.39 

Found.: c, 41.52; H, 4.73; Cl, 6. 29; N, 12.94; s, 7.48 

1 H-NMR (DMSO-do I 8(delta): 10.23 ( lH, br s) ' 9.47 (lH, d, J = 8. 2 

Hz), 9.34 (lH, br s), 8.45 (lH, br s), 7.42 (lH, br s), 7.29 (2H, 

s), 6.97 (lH, br s), 6.81-6.75 (3H, m), 5.78 (lH, dd, J = 8.2, 

5.0 Hz), 5.19 (lH, d, J = 5.2 Hz), 5.00-4.87 (2H, m), 4.02 (lH, 

d, J = 13.1 Hz), 3.88 (lH, d, J = 17.1 Hz), 3.81-3.17 (6H, m), 

15 2.64 (2H, d, J = 6.4 Hz), 2.16-1.98 (4H, m). 

[0165] 

Example 47 

synthesis of Compound (II-5) 
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[Formula 121] 

OH 

OH 

11-5 

OMe 
Cl 

l~OMe 
llAOMe 

~~:x: 
N~ 

Sb 
Cl OMe ~''~o" __ 

u::: 
Sa Sc 

Sd 

OPMB 

OPMB BocHN--{sy 0 c1yYoPMB 

ClrtOPMB N ~- N~rs ~ 
~ ----- XO 0)-1\k /' l';J~ 
N coot-Bu 0 OBH 1-

Se 
Sf 

Step (1): Compound 5a ~Compound 5c 

compound 5a (Ref. Journal of Labelled Compound and 

5 Radiopharmaceuticals 45; 5; 2002; 371-378) (1194 mg, 4 mmol) was 

dissolved in 1, 4-dioxane (10 mL). Then purified water ( l mL) , 

Compound 5b (820 mg, 4 mmol), potassium carbonate (1658 mg, 12 

mmol), and tetrakistriphenylphosphine palladium (231 mg, 0.2 

mmol) were added thereto in turn, followed by heating at reflux. 

10 Purified water was added to the reaction solution, followed by 

extraction from the aqueous layer with ethyl acetate. The 

organic layer was washed with purified water, and then washed 

with saturated brine. After the organic layer was dried over 

11-5 
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anhydrous magnesium sulfate, magnesium sulfate was removed by 

filtration, and then the sol vent was evaporated under reduced 

pressure. To the resulting residue was then added diisopropyl 

ether. Insolubles were filtrated, washed with diisopropyl ether, 

5 and then dried in vacuo to yield Compound 5c (415 mg, 42% yield). 

1 H-NMR (CDC1 3 ) o(delta): 8.64 (2H, dd, J = 4.5, 1.6 Hz), 7.35 (2H, 

dd, J= 4.5, 1.6 Hz), 7.05 (lH, d, J= 8.5 Hz), 6.91 (lH, d, J= 

8. 5 Hz) , 3. 93 ( 3H, s) , 3. 91 ( 3H, s) . 

Step (2): Compound 5c ~ Compound Sd 

10 Compound Sc (415 mg, 1. 66 mrnol) was dissolved in methylene 

chloride (4 rnL), and then a 1 mol/L solution of boron tribromide 

in methylene chloride ( 4 .16 mL, 4 .16 mmol) was added thereto, 

followed by stirring at room temperature for 30 minutes. To the 

reaction solution was added methanol, and then the solvent was 

15 evaporated under reduced pressure. The resulting residue was 

filtrated, washed with methylene chloride, and then dried in 

vacuo to yield Compound 5d. 

20 

1 H-NMR (D2 0) o(delta): 8.74 (2H, d, J 6.4 Hz), 8.14 (2H, d, J 

6.4 Hz), 7.06 (lH, d, J = 8.5 Hz), 7.01 (lH, d, J = 8.5 Hz). 

Step (3): Compound 5d ~ 

Compound Sd (332 

Compound Se 

mg, 1.097 mmol) was suspended in 

dimethylformamide (3 mL), and then potassium carbonate (531 mg, 

3.84 mmol) and 4-methoxybenzyl chloride (0.329 mL, 2.414 mmol) 

were added thereto in turn, subsequently stirring at room 

25 temperature. Purified water was then added to the reaction 

solution, followed by extraction from the aqueous layer with 

ethyl acetate. The organic layer was washed \.\rith purified water, 

and then washed with saturated brine. The organic layer was 

dried over anhydrous magnesium sulfate, subsequently removing 

30 magnesium sulfate by filtration, and then the solvent was 

evaporated under reduced pressure. The resulting residue was 

subjected into silica gel chromatography to yield Compound 5e 

(276 mg, 55% yield). 

1 H-NMR (CDCl,) o(delta): 8.65 (2H, dt, J = 7.6, 2.7 Hz), 7.37 (6H, 

35 dt, J= 9.5, 3.6 Hz), 7.03-6.97 (2H, rn), 6.93 (2H, ddd, J= 9.3, 
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5.0, 2.5 Hz), 6.84 (2H, dt, J = 9.2, 2.5 Hz), 5.10 (2H, s), 5.01 

(2H, s), 3.84 (3H, s), 3.80 (3H, s). 

Step (4): Compound Se - Compound Sf - Compound (II-5) 

Compound 5e (276 mg, 0.598 mmol) was used, and treated 

5 similarly as described above to yield Compound (II-5) (240 mg, 

58% yield). 

10 

MS (m+l) = 689.08 

Elementary analysis for C2eH2sClNGOsS2 (H20) 2.6 

Calcd.: C, 45. 70; H, 4. 14; Cl, 4.82; N, 11.42; s, 8.71 

Found.: c, 45. 96; H, 4. 05; Cl, 4.85; N, 11.39; s, 8.36 

1 H-NMR (DMSO-dd li(delta): 9.44-9.36 (3H, m), 8.21 (2H, d, J = 

6.7 Hz), 7.27 (2H, s), 6.94 (2H, s), 6.69 (lH, s), 5.73 (lH, dd, 

J = 8.3, 5.0 Hz), 5.64 (lH, d, J = 13.4 Hz), 5.14-5.04 (2H, m), 

3.56 (lH, d, J = 17.8 Hz), 3.15 (lH, d, J = 17.8 Hz), 1.40 (6H, 

15 s) . 

[0166] 

Example 48 

Synthesis of Compound (II-6) 
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[Formula 122] 

H2N---{ I NH s sv 
N I [-(-)°bCI 

N, )-N~':J"- I ""' OH 
0 0 I I >< coo- /-

COO Na OH 

Cl 

l~OMe 

~ OMe 

Ga 

11-6 

~Ayli< 
v Gb 

OMe 

Cl 
:/ . OMe 

N '-"' "" I 

I ,,::: 

Ge 

OPMB S 
' I OPMB BocHN---{ Vo o 

N NH II 

I ns---, :? 

V --- X0 o)-N~r;-J" 
Ge COOi-Bu ~--·. 1-

0 OBH 

Gf 

Step (1): Compound 6a ~ Compound 6c 

Cornpound 6a ( 2 . 9 9 g, 10 mrnol) and Compound 6b 

Cl 

""' OPMB 

,,::: OPMB 

11 

5 mmol) were used, and treated similarly as described above to 

yield Compound 6c (1.92 g, 77% yield). 

1 H-NMR (CDC1 3 ) o(delta): 8.68-8.62 (lH, m), 8.59 (lH, td, J = 3.1, 

1.6 Hz), 7.76 (lH, dtd, J = 7.8, 1.6, 1.6 Hz), 7.34 (lH, ddt, J 

= 7_s, 4.8, 1.1 Hz), 7.05 (lH, dd, J 8.6, 1.2 Hz), 6.92 (lH, 

10 dd, J= 8.6, 1.2 Hz), 3.96-3.90 (6H, m)_ 

Step (2): Compound 6c - Compound 6d - Compound 6e - Compound 6f 

- Compound (II-6) 

Compound 6c ( 1. 9 g, 7 _ 61 mmol) was used, and treated similarly 

as described above to yield Compound 6d (1.54 g, 67% yield). 

15 Then Compound 6d (l.54 g, 5.90 mrnol) was used, and treated 

11-G 
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similarly to described above to yield Compound 6e (l.16g, 49% 

yield) . Compound 6f (l.16 g, 1.09 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 C2aH24Cl1N609S2 ( H20) 3 ( NaHC03) 1. J. 

Calcd.: C, 41. 88; H, 3. 7 6; Cl, 4. 2 5; N, 10.07; S, 7.68; Na, 3.03 

Found.: c, 41. 84; H, 4.15; Cl, 4.65; N, 10.35; s, 7.65; Na, 3.30 

1 H-NMR (D2 0) li(delta): 9.10 (lH, s), 8.89 (lH, d, J = 5.8 Hz), 

8. 58 (lH, d, J = 8.1 Hz), 8.08 (lH, J = 7 .1 Hz I , 6.95-6.90 

(3H, m), 5.83 (lH, d, J = 4.7 Hz), 5.64 (lH, d, J 14.6 Hz), 

5.33 (lH, d, J = 15.1 Hz), 5.28 (lH, d, J = 4.7 Hz), 3.68 (lH, d, 

J = 17.8 Hz), 3.22 (lH, d, J = 17.8 Hz), 1.44 (6H, s). 

[0167] 

15 Example 4 9 

Synthesis of Compound (II-7) 
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[Formula 123] 

11-7 

)) 5) X:rBr I -_ 
,,-;; N ,,-;; 

o/+ 

7a 7b 7c 

OH OTBS 

x;~oe 
Cl / OTBS 

I 
"" "" I "" 

N / 
HBr 

7e 7f 

OTBS s 
BocHN~) q O 

N~N~H ~S / 
Cl / OTBS 

"" I 

Cl 

l~OMe 

u OMe 

7h 

N, I 
/0 0 N / tJ" 

)\ A I· 
coot-Bu o OBH 

7g 

Step (1): Compound 7a ~Compound 7b 

7i 

OMe 
Cl 

"" I 
OMe 

"" "" 
,,-;; 

7d 

11-7 

Compound 7a ( 8. 34 g, 7 0 rnmol) was dissolved in methylene 

5 chloride (80 mL), and then m-chloroperbenzoic acid (18.58 g, 70 
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mmol) was added thereto, subsequently stirring at 0°C for 45 

minutes. To the reaction solution was added an aqueous solution 

of sodium hydrogen sulfite (8.01 g, 77 mmol), and then adjusted 

to pH 10 with aqueous 2 N sodium hydroxide solution. After 

extraction frorn the aqueous layer with chloroform and 

tetrahydrofuran, the organic layer was dried over anhydrous 

magnesium sulfate. Magnesium sulfate was removed by filtration, 

and then the solvent was evaporated under reduced pressure to 

yield Compound 7b as a gray solid (8.46 g, 89% yield). 

1 H-NMR (CDCl,) O(delta): 8.05 (lH, d, J 6.3 Hz), 7.14-7.05 (2H, 

m), 3.18 (2H, t, J = 7.6 Hz), 3.03 (2H, t, J = 7.6 Hz), 2.28-

2.10 (2H, m). 

Step (2): Compound 7b ~ Compound 7c 

Compound 7b (4 g, 29. 6 mmol) was dissolved in chloroform (20 

mL), and subsequently cooled to 0°c. To the reaction solution 

was added phosphorus oxybromide (16. 97 g, 59. 2 rrmol), followed 

by heating at reflux. Ice (5 g) was added into the reaction 

solution, and then adjusted to pH 10 with aqueous 2 N sodium 

hydroxide solution. The aqueous 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 

25 chromatography to yield Compound 7c (922 mg, 16% yield). 

30 

1 H-NMR (CDCl3) o(delta): 8.12 (lH, d, J=5.5 Hz), 7.22 (lH, d, J 

= 5. 5 Hz), 3.12 (2H, t, J = 7.7 Hz), 

2.22-2.09 (2H, m). 

Step (3): Compound 7h ~Compound 7i 

Compound 7h 

dimethylsulf oxide 

(2.19 

(20 

g, 7.34 

mL), and 

octamethyl-2,2'-bi(l,3,2-dioxaborane) 

[l,l'-bis(diphenylphosphino)ferrocene] 

2. 98 (2H, J = 7. 7 Hz) , 

mmol) was dissolved in 

then 4,4,4',4' ,5,5,5',5'-

(2.05 g, 8.07 mmol), 

dichloropalladium(II) ·methylene chloride complex (599 mg, 0. 734 

35 mmol), and potassium acetate (2.16 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 acetate. The organic layer was washed 

with purified water, and then washed with saturated brine. 

5 After the organic layer was dried over anhydrous magnesium 

sulfate, rnagnesium 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 mg, 19% yield). 

10 1 H-NMR (CDCle) O(delta): 7.43 (lH, d, J = 8.4 Hz), 6.79 (lH, d, J 

= 8.4 Hz), 3.88 (3H, s), 3.83 (3H, s), 1.36 (14H, s). 

15 

Step (4): Compound 7c ~Compound 7d ~ Compound 7e 

Compound 7c ( 923 mg, 4. 66 mmol) and Compound 7 i ( 1. 08 g, 3. 60 

mmol) were used, and treated similarly to described above to 

yield Compound 7d (845 mg, 81% yield). Then Compound 7d (845 mg, 

2.92 mmol) was used, and treated similarly to described above to 

yield Compound 7e (741.6 mg, 74.1 % yield.) 

1 H-NMR (DMSO-ds) o(delta): 10.28 (lH, br s), 9.54 (lH, br s), 

8.64 (lH, d, J= 6.0 Hz), 7.65 (1H, d, J= 6.0 Hz), 6.89 (lH, d, 

20 J = 8.2 Hz), 6.75 (lH, d, J = 8.2 Hz), 3.27 (2H, t, J = 7.5 Hz), 

2.90 (2H, t, J = 7.5 Hz), 2.22-2.12 (2H, m). 

25 

Step (5): Compound 7e ~ Compound 7f 

Compound 7e (741 mg, 2.16 mmol) was 

dimethylformamide (7 mL), and then triethylamine 

mmol), imidazole (442 mg, 6.49 mmol), 

dissolved in 

(0.899 mL, 6.49 

and chloro-t-

butyldimethylsilane (978 mg, 6.49 mmol) were added, subsequently 

stirring at roorn terrtperature. 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 

30 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 evaporated under reduced 

pressure. To the resulting residue was added diisopropyl ether, 

and then filtrated. The residue was washed with diisopropyl 

35 ether to yield Compound 7f (971 mg, 92% yield). 
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1 H-NMR (CDC1 3 ) 8(delta): 8.35 (lH, d, J = 5.2 Hz), 6.93 (lH, d, J 

= 5.2 Hz), 6.80 (lH, d, J 8.3 Hz), 6.67 (lH, d, J = 8.3 Hz), 

3.08 (2H, t, J = 7.7 Hz), 2.77 (2H, t, J 7.2 Hz), 2.13-2.03 

(2H, m), 1.04 (9H, s), 1.00 (9H, s), 0.26 (6H, s), 0.22 (6H, s). 

5 Step (6): Compound 7f ~Compound 7g ~ Compound (II-7) 

Compound 7f (490 mg, 1 mmol) was used, and treated similarly 

to described above to yield Compound (II-7) (287 mg, 38% yield). 

MS (m+l) = 729.21 

Elementary analysis for C"H2 sClN60 8S 2Na (H 2 0) s.s 

10 Calcd.: c, 43.79; H, 4.62; Cl, 4.17; N, 9.88; S, 7.54; Na, 2.70 

Found.: C, 44.09; H, 4.57; Cl, 5.02; N, 8.82; S, 6.71; Na, 2.76 

1 H-NMR (DMSO-d3) 8(delta): 9.15 (lH, d, 

J = 6.8 Hz), 6.79 (lH, d, J 8.1 Hz), 

dd, J= 10.5, 8.2 Hz), 5.76 (lH, t, J 

J = 6.8 Hz), 7.70 (lH, d, 

6. 71 (lH, s), 6.59 (lH, 

6.2 Hz), 5.50 (lH, d, J 

15 13.9 Hz), 5.13 (lH, s), 5.06 (lH, d, J 5.0 Hz), 3.46 (lH, d, 

J 11.7 Hz), 3.15 (lH, d, J = 17.5 Hz), 2.94 (3H, g, J = 7.0 

Hz), 2.25-2.07 (2H, m), 1.41 (6H, d, J = 16.8 Hz). 

[ 0168 J 

Example 50 

20 Synthesis of Compound (II-8) 
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[Pormula 124] 

Sa 

Cl 

HOOC~OPMB 

~OPMB 
Sb 

11-8 

:\'XOPMB --­
OPMB 

/ 

Sc 

S--:, :'Ceo Cl 
BocHN~ Vo q 2) I ~ OPMB 

N NH " ' 
~' nsl ' ~ I / OPMB 

XO d;l---N~l';J" 
COOi-Bu O~OBH 1-

Sd 

Step (1): Compound Ba ~Compound Sc 

11-8 

Compound Sb (3.26 g, 7.6 mmol) was dissolved in 

dimethylacetamide, and subsequently cooled to -15 °C. To the 

reaction solution was then added triethylamine (1.475 ml, 10.64 

mmol) and methanesulfonyl chloride (0.829 mL, 10.64 mmol), 

followed by stirring. To the reaction solution was then added a 

solution of Compound Sa (1.02 g, 7. 6 rmnol) dissolved in 

dimethylacetamide I 1 mL), subsequently stirring at 0°c. 

Purified water was added to the reaction solution, followed by 

extraction with ethyl acetate. The organic layer was washed 
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with purified water, and then washed with saturated brine. 

After tt1e organic layer was dried over anhydrous magnesium 

sulfate, magnesium sulfate was removed by filtration, arid then 

the solvent was evaporated under reduced pressure. The 

5 resulting residue was subjected into silica gel chromatography 

to yield Compound Sc (1.25 g, 30% yield). 

MS (m+l) =545. 2 

Step (2): Compound Sc ~Compound 8d ~Compound (II-8) 

Compound Be (623 mg, 1 mmol) was used, and treated similarly 

10 to described above to yield Compound (II-8) (305 mg, 34% yield). 

MS (m+l) = 772.16 

Elementary analysis for C32H2sClN7010S2Na (NaHC03) 0.2 I H,o) '·, 

Calcd.: C, 43.18; H, 4.34; Cl, 3.96; N, 10.95; S, 7.16; Na, 3.08 

Found.: C, 44.09; H, 4.57; Cl, 5.02; N, 8.82; S, 6.71; Na, 2.76 

15 [0169] 

Example 51 

Synthesis of Compound (II-9) 
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[Formula 125] 

EtOOC~ 

tA 
N COOEt 

EtOOC~ 

--- Q_"~OH N 

9a 9b 

EtOOC~ 

(,~H H 
N f( 

~OH Nv 

9g 

Cl 
HOOC'OOPMB 

~NH Nv- 2 

" OPMB 
9j 

91 

9e 

9k 

Step (l): Compound 9a ~Compound 9b 

0 

9h 

EtOOCQ' ""' 

. " N N 3 

9c 

----EtOOC~ 

"~~ 
~N 

9f 

11-9 

Compound 9a (12.8 g, 57.3 mmol) was dissolved in ethanol, and 

subsequently cooled to -5°C. To the reaction solution was added 

sodium borohydride (1-41 g, 37.3 mmol), and then calcium 

chloride I 4 .14 g, 37.3 mmol) was added small-portion-wise, 

followed by stirring for 45 minutes. The reaction solution was 

poured into purified water (120 mL), and then ethanol was 
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concentrated in vacuo. The precipitated solid was filtrated to 

yield Compound 9b (4.71 g, 45% yield). 

1 H-NMR (CDCl,) 8(delta): 9.16 (lH, d, J = 1.8 Hz), 8.29 (lH, dd, 

J = 1.8, 8.4 Hz), 7.35 (lH, d, J 8.4 Hz), 4.83 (2H, br s), 

5 4.42 (2H, q, J= 6.9 Hz), 3.69 (lH, s), 1.42 (3H, t, J= 6.9 Hz). 

Step (2): Compound 9b ~Compound 9c 

Compound 9b (7 .56 g, 41. 7 mmol) was suspended in methylene 

chloride, and subsequently cooled to 0°C. To the reaction 

solution was then added triethylamine (6.36 mL, 45.9 mmol) and 

10 methanesulfonyl chloride ( 3. 5 7 mL, 45. 9 mmol) in turn, followed 

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 

15 over anhydrous magnesium sulfate, magnesium sulfate was removed 

by filtration, and then the solvent was concentrated in '\:Tacuo. 

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 

20 added purified water, followed by extraction with ethyl acetate. 

The organic layer was washed with purified water, and ~· ..... nen 

washed with saturated brine. After the organic layer was dried 

over anhydrous magnesium sulfate, magnesium sulfate was removed 

by filtration, and then the sol vent was concentrated in vacuo. 

25 The resulting residue was then subjected into silica gel 

chromatography to yield Compound 9c (8.18 g, 95% yield). 

1 H-NMR (CDCl,) oidelta): 9.18 (lH, d, J= 2.1 Hz), 8.32 (lH, dd, 

J = 8.1, 2.1 Hz), 7.44 (lH, d, J 8.5 Hz), 4.57 (2H, br s), 

4.42 (2H, q, ,J = 7.0 Hz), 1.42 (3H, t, J = 7.0 Hz). 

30 Step (3): Compound 9c ~ Compound 9d 

Compound 9c (8.18 g, 39. 7 rnmol) was dissolved in 

tetrahydrofuran ( 80 mL) , and then triphenylphosphine ( 11. 45 g, 

43. 6 rnmol) was added, subsequen.tly stirring until gas evolution 

ceased. To the reaction solution was then added purified water 

35 (7 .15 g, 397 mmol), followed by stirring at 60°C. The solvent 
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was evaporated under reduced pressure, and then tf1e resulting 

residue was subjected into silica gel chromatography to yield 

Compound 9d as green oily substance (6.81 g, 95% yield). 

1 H-NMR (CDC13 ) 8(delta): 9.15 (lH, d, J = 2.0 Hz), 8.25 (lH, dd, 

J = 8.0, 2.0 Hz), 7.38 (lH, d, J = 8.0 Hz), 4.41 (2H, q, J 

Hz), 4.05 (2H, s), 1.71 (2H, s), l.41 (3H, t, J=7.4 Hz). 

Step (4): Compound 9d - Compound 9e 

7.4 

To formic acid (7.25 mL) 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 

rnmol) was dissolved in methylene chloride (70 rnL), and then the 

prepared mixed acid anhydride wad added drop-wise thereto, 

followed by stirring at room temperature. To the reaction 

solution was then 

carbonate, followed 

added aqueous saturated sodium hydrogen 

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 evaporated under reduced 

pressure. The resulting residue was then subjected into silica 

gel chromatography to yield Compound 9e (7.16 g, 91% yield). 

1 H-NMR (CDCl3 ) o(delta): 9.14 I lH, d, J = 2 .1 Hz), 8.35 (lH, s) ' 

8.28 (lH, dd, J = 2 .1, 8.1 Hz), 7.35 (lH, d, J 8.1 Hz) , 6.88 

( lH, br s) , 4.68 ( 2H, d, J = 5.2 Hz), 4.42 ( 2H, q, J = 7 .1 Hz), 

1. 42 (3H, ~ J = 7.1 Hz). c, 

Step ( 5) : Compound 9e - Compound 9f 

Compound 9e ( 7. 15 g, 3 4. 3 rninol) was dissolved in toluene ( 7 0 

mL), and then phosphorus oxychloride (6.38 mL, 68. 7 mmol) was 

added, followed by reflux under heating. To the reaction 

30 solution was then added aqueous saturated sodium hydrogen 

carbonate, followed by extraction with ethyl acetate. The 

organic layer was washed with purified water, and then washed 

with saturated brine. The organic layer was dried over 

anhydrous magnesium sulfate, subsequently removing magnesium 

35 sulfate by filtration, and then the solvent was evaporated under 
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reduced pressure. To the resulting residue was added 

diisopropyl ether, and then filtrated. The filtrated residue 

was washed with diisopropyl ether to yield Compound 9f as a 

yellow solid (5.38 g, 82% yield). 

5 1 H-NMR (CDCl,) o(delta): 8.75-8.70 (lH, m), 8.21 (lH, s), 7.47-

7.41 (2H, m), 7.23 (lH, dd, J = 9.7, 1.2 Hz), 4.40 (2H, q, J = 

7.1 Hz), 1.41 (3H, t, J = 7.1 Hz). 

10 

Step (6): Compound 9f ~ Compound 9g 

compound 9f 

( 3 0 mL) , and 

(2.85 g, 15 mmol) was dissolved in tetrahydrofuran 

subsequently cooled to -7 8 ° C. To the reaction 

solution was then added drop-wise a 1 mol/L diisobutyl aluminum 

hydride/toluene solution (37. 5 ml,, 37. 5 mmol), followed by 

stirring at -78°C. To the reaction solution was added sodium 

sulfate decahydrate, and then anhydrous sodium sulfate was added, 

15 subsequently stirring while warming up to room temperature. The 

treated reaction solution was then filtrated. The filtrate was 

evaporated under reduced pressure, and then the resulting 

residue was subjected into silica gel chrornatography to yield 

Compound 9g (1.18 g, 53% yield). 

20 1 H-NMR (CDCle) O(delta): 8.06 (lH, s), 7.95-7.91 (lH, m), 7.46-

7.36 (2H, m), 6.70 (lH, dd, J = 9.3, 1.3 Hz), 4.66-4.62 (2H, m). 

Step (7): Compound 9g ~ Compound 9h 

Compound 9g (1.18 g, 7.96 mmol) was dissolved in 

dimethylformamide (10 mL), and subsequently cooled to 0°C. To 

25 the reaction solution was added diphenylphosphoryl azide ( 2. 05 

mL, 9. 5 6 rnmol) , and then l,8-diazabicyclo[5.4.0]undec-7-ene 

(1.44 mL, 9.56 mmol) was added drop-wise thereto, followed by 

stirring at room temperature. Purified water was then added to 

the reaction solution, followed by extraction with ethyl acetate. 

30 The organic layer was washed with purified water, and then 

washed with saturated brine. The organic layer was dried over 

anhydrous magnesium sulfate, and then magnesium sulfate was 

removed by filtration. The solvent was evaporated under reduced 

pressure, and then the resulting residue was subjected into 

35 silica gel chromatography to yield Compound 9h. 
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1 H-NMR (CDCl,) o(delta): 8.02 (lH, s), 7.93-7.90 

(lH, d, J = 9.4 Hz), 7.44 (lH, s), 6.66 (lH, dd, 

Hz), 4.29 (2H, s). 

Step (8): Compound 9h ~ Compound 9i ~ Compound 9k 

I lH, m) , 7. 4 7 

J = 9.4, 1.3 

5 Compound 9h ( 1.13 g, 6. 53 mmol) was used, and treated 

similarly as described above to yield Compound 9i. Compound 9i 

was dissolved in dimethylformamide, and then Compound 9j (3.08 g, 

7.18 m.rnol), 1-hydroxybenzotriazole (971 mg, 7.18 mmol), and 

hydrochloric acid salt ( 3 45 mg, 1. 8 mmol) of 1-

10 (dimethylaminopropyl)-3-ethylcarbodiimide were added in turn, 

subsequently stirring at room temperature. To the reaction 

solution was added purified water, and then the precipitated 

solid was filtrated. The filtrated residue was washed with 

ethyl acetate to yield Compound 9k (2.2 g, 60% yield). 

15 1 H-NMR (DMSO-dd o(delta): 8.93-8.80 (2H, m), 8.33 (lH, s), 7.69-

7.59 (2H, m), 7.43 (2H, d, J = 8.6 Hz), 7.31 (2H, d, J 8.6 Hz), 

7.21 (2H, s), 7.03-6.93 (3H, m), 6.90-6.83 (2H, m), 5.16 (2H, s), 

4.88 (2H, s), 4.37 (2H, d, J = 5.7 Hz), 3.78-3.73 (6H, m). 

20 

Step (9): Compound 9k ~ Compound (II-9) 

Compound 9k (558 mg, 1 mmol) was 

described above to yield Compound (II-9) 

MS (m+l) = 785.31 

treated similarly 

(377 mg, 47% yield). 

Elementary analysis for C32H28ClNe0 1 oS 2Na (NaHC03) 0 3 (H 20) 5 . 8 

as 

Calcd.: c, 41.41; H, 4.29; Cl, 3.78; N, 11.96; s, 6.85; Na, 3.19 

25 Found.: C, 41.19; H, 4.23; Cl, 4.03; N, 12.24; S, 6.87; Na, 2.79 

1 H-NMR (D20) o(delta): 

7.68 

I 2H, 

( lH, d, J = 9. 8 

m), 6.79 (lH, d, 

9. 41 (lH, s), 

Hz), 7.18 (lH, 

J = 8. 4 Hz) , 

8.25 (lH, s), 8.00 

d, J = 9.6 Hz), 

5.81 (lH, d, J 

(lH, s), 

6.95-6.86 

4.6 Hz), 

5.40 (lH, d, J = 14.5 Hz), 5.26 (lH, d, J = 4.9 Hz), 5.18 (lH, d, 

30 J = 14.5 Hz), 4.51 (2H, s), 3.65 (lH, d, J = 18.0 Hz), 3.24 (lH, 

d, J = 18.0 Hz), 1.52-1.38 (6H, m). 

[0170] 

Example 52 

Synthesis of Compound (II-10) 
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[Formula 1 26 1 
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Step (1): Compoun 

11-10 

d lOa ~ d lOb Compoun 
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Compound lOa (11.04 g, 40 mmol) was dissolved in diethyl ether 

(100 mL) and methylene chloride (400 mL), and then 

diphenyldiazomethane (17.09 g, 88 mmol) was added thereto, 

subsequently stirring at room temperature for 1 hour. The 

reaction solution was concentrated in vacuo, 

added thereto. The resulting solid was 

Compound lOb (22.6 g, 93%). 

and then hexane was 

filtrated to yield 

1 H-NMR(DMSO-d6) li(delta): 5.15 (2H, s), 6.93 (2H, s), 7.30-7.50 

(20H, m). 

10 Step (2): Compound lOb ~ Compound lOc 

Compound lOb (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 solution was then poured 

15 into aqueous dilute hydrochloric acid solution, followed by 

extraction with ethyl acetate. The organic layer was washed 

with water, and then washed with saturated brine. After drying 

over anhydrous magnesium sulfate, the solvent was evaporated 

under reduced pressure to yield Compound lOc (10.3 g, 98%). 

20 1 H-NMR(CDC1 3 ) 8(delta): 5.29 (lH,s), 6.59 (lH, s), 6.60 (lH, s), 

7.10-7.50 (20H, m). 

Step (3): Compound lOc Compound lOd 

N-hydroxyphthalimide (2.28 g, 14 mmol) was suspended in 

dimethylformamide (10 mL), and then sodium hydride (60%, 480 mg, 

25 12 mmol) followed by Compound lOc 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 

30 saturated brine. After drying over anhydrous magnesium sulfate 

followed by filtrattion, the solvent was evaporated under 

reduced pressure. To the residue was added diethyl ether, and 

then the resulting solid was filtrated to yield Compound lOd 

(2.50 g, 41%). 
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'H-NMR(CDCle) o(delta): 5.87 (lH, s), 6.84 (lH, s), 6.86 (lH, s), 

7.10-7.40 (20H, m), 7.27-7.90 (4H, m). 

Step (4): Compound lOd ~ Compound lOe ~ Compound 10g 

Compound lOd was dissolved in methylene chloride (70 mL), 

5 subsequently cooled to -78°C, and then methylhydrazine (0.60 mL, 

11. 34 mmol I was added thereto, followed by stirring for 1 hour 

10 

15 

20 

under ice-cooling. The precipitated solid was filtrated, and 

then the filtrate was concentrated in vacuo. To the residue was 

then added ethyl acetate. The separated organic layer was 

washed with aqueous 5% sodium hydrogen carbonate, and then 

washed with saturated brine. After drying over anhydrous 

magnesium sulfate followed by filtration, the solvent was 

concentrated in vacuo. To the residue was added methanol (100 

mL), and then, at Compound lOf was added, subsequently 

stirring overnight. The reaction solution was concentrated in 

vacuo, and then ethyl acetate was added thereto. The separated 

organic layer was washed with aqueous 0. 2 N hydrochloric acid, 

and then washed with saturated brine. After drying over 

anhydrous magnesit:L'n sulfate followed by filtration, the solvent 

was concentrated in vacuo. The resulting residue was purified 

by silica gel column chromatography to yield Compound lOg (2.91 

g' 35%). 

1 H-NMR(DMSO-d6) o(delta) 1.49 (9H, s), 6.12 (lH, s), 6.80-7.00 

(3H, m), 7.20-7.60 (20H, m). 

25 Step (5): Compound lOg + Compound lOh ~ Compound lOi 

Compound lOg (2.91 g, 3.97 mmol) was dissolved in methylene 

chloride (30 mL)' subsequently cooled to -30°C, and then 

Compound lOh ( 1. 60 g, 3. 97 mmol I, N-methylmorpholine ( 2 .18 mL, 

19.8 mmol), and phenyl dichlorophosphate (0.589 mL, 3.97 mmol) 

30 were added thereto in turn. The reaction solution was stirred 

at -30°C for 1 hour. Aqueous dilute hydrochloric acid solution 

was added to the reaction solution, followed by concentration in 

vacuo. After the concentrated solution was extracted with ethyl 

acetate, the organic layer was washed with aqueous 5% sodium 

35 hydrogen carbonate, and then washed with saturated brine. After 
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drying over anhydrous magnesium sulfate followed by filtration, 

the solvent was concentrated in vacuo. The resulting residue 

was purified by silica gel column chromatography to yield 

Compound lOi (2.79 g, 88%). 

5 1 H-NMR(DMSO-d6) o(delta): 1.53 (9H, s), 3.25(1H, d, J = 18.0 Hz), 

3.46 (lH, d, J 18.0 Hz), 3.78 (3H, s), 4.33 (lH, d, J = 11.7 

Hz), 4.57 (lH, d, J = 11.7 Hz), 4.81 (lH, d = 4.8 Hz), 5.16 (lH, 

d, J = 5.7 Hz), 5.21 (lH, d, J = 5.7 Hz), 5.85-5.90 (lH, m), 

6.03 (lH, s), 6.80-7.00 (7H, m), 7.10-7.40 (20H, m). 

10 Step (6): Compound lOi ~Compound lOj 

Compound lOi (2.79 g, 2.26 mmol) was dissolved in methylene 

chloride (30 mL), subsequently cooled to -40°C, and then 65% m­

chloroperbenzoic acid (573 mg, 2.49 mmol) was added thereto, 

followed by warming up to -l0°C over 2 hours. To the reaction 

15 solution was added aqueous 5% sodium thiosulfate solution, and 

then concentrated in vacuo. The concentrated solution was then 

extracted with ethyl acetate. The organic layer was washed with 

aqueous 5% sodium hydrogen carbonate, and then washed with 

saturated brine. The organic layer was dried over anhydrous 

20 magnesium sulfate, and then the sol vent was evaporated under 

reduced pressure to yield Compound lOj (2. 61 g, 100%). 

1 H-NMR(CDC1 3 ) o(delta): 1.45 (9H, s), 3.39 (lH, d, J = 17.7 Hz), 

3.79 (3H, s), 4.00-4.30 (2H, m), 4.93 (lH, d, J 17.7 Hz), 5.16 

(lH, d, J = 11.7 Hz), 5.33 (lH, d, J = 11.7 Hz), 5.80-6.20 (2H, 

25 m), 6.80-7.10 (4H, m), 7.11-7.60 (24H, m). 

Step (7): Compound lOj ~ Compound lOk 

Compound lOj ( 2. 48 g, 2 .26 mmol) was dissolved in 

tetrahydrofuran (30 mL), subsequently cooled to 15 °c, and then 

potassium iodide (1.06 g, 6.78 mmol) was added thereto, followed 

30 by stirring for 1 hour. To the reaction solution was added 

aqueous 5% sodium thiosulfate solution, and then the solvent was 

concen.trated in vacuo. 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 sulfate, and then the solvent was evaporated under 

reduced pressure to yield Compound lOk (2.72 g, 98%). 

1 H-NMR(CDC1 3 ) o(delta): 1.43 (9H, m), 3.35 (lH, d, J 18.3 Hz), 

3.79 (3H, s), 4.00-4.30 (2H, m), 4.63 (lH, d, J 18.3 Hz), 5.15 

5 (lH, d, J = 11.7 Hz), 5.35 (lH, d, J = 11.7 Hz), 5.90-6.20 (2H, 

m), 6.80-7.14 (4H, m), 7.15-7.60 (24H, m). 

10 

15 

20 

25 

Step (8): Compound lOk ~ Compound lOm ~ Compound (II-10) 

Compound lOk (1. 23 g, 1 mmol) and Compound 101 (525 mg, 1 

mmol) were dissolved in dimethylforrnamide (3 mL), subsequently 

stirring at room temperature for 2 f1ours. The reaction solution 

was diluted with dimethylformamide (6 mL), and then potassium 

iodide (1.16 g, 7 mmol) was added, followed by cooling to -40°C. 

Acetyl chloride ( 0. 285 mL, 4 mmol i was then added, subsequently 

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 lOm. 

Then Compound lOm was dissolved in methylene chloride (10 mL) 

and anisole (0. 6 rnL), and subsequently cooled to -40°C. To the 

reaction solution was then added 2M-aluminurn 

chloride/nitrornethane solution (2. 7 mL), followed by stirring at 

0°C for 50 minutes. To the reaction solution was then added 

aqueous 2 N hydrochloric acid (60 mL), acetonitrile (50 mL), and 

diethyl ether (100 ~T I 
H~/ • The aqueous 

then washed with diethyl ether. 

layer was separated, and 

The solvent was then 

concentrated in vacuo. The concentrated solution was subjected 

into HP-20SS column chromatography eluting with acetonitrile-

water, and then desired fractions were concentrated in vacuo. 

30 The concentrated solution was lyopholized to yield Compound (II-

10) as a white powder (205 mg, 26%). 

1 H-NMR(D2 0) o(delta): 2.22-2.40 (4H, m), 3.40-4.20 (12H, m), 5.34 

(lH, d, J = 4.8 Hz), 5.65 (lH, s), 5.85 (lH, d, J = 4.8 Hz), 

6.72 (2H, s), 7.19 (lH,s). 

35 Elementary analysis for C3 o H3 o ClN7 0 1 2 S2 • 3. OH 2 0 
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Calcd.: c, 43.19; H, 4.35; Cl, 4.25; N, 11.75; o, 28.77; S, 7.69 

(%I 

Found.: C, 43.12; H, 4.47; Cl, 4.22; N, 11. 79; s, 7.55 ('c) 

[0171] 

5 Example 53 

Synthesis of Compound (II-11) 
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[Formula 127] 
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rn .. mol) was added, and subsequently cooled to -15 ° C. To the 

reaction solution was added methanesulfonyl chloride ( 0. 66 mL, 

8. 40 mmol), followed by stirring for 1 hour at -15°C. To the 

reaction solution was then added a solution of Compound llb in 

5 dimethylacetamide (5 mL), subsequently stirring for l hour. 

Ethyl acetate (50 mL) 

were added into the 

and 5% sodium hydrogen carbonate solution 

reaction solution, and then the organic 

The organic layer was washed with water, layer was 

and 

separated. 

washed with saturated brine. After drying over 

10 anhydrous magnesium sulfate, the solvent was evaporated under 

reduced pressure. The resulting residue was purified by silica 

gel column chromatography to yield title compound llc (3. 63 g, 

92% I. 

1 H-NMR(CDC1,) o(delta): 1.50-2.10 (SH, m), 2.20-2.80 (4H, m), 

15 2.81-3.10 (2H, m), 3.40-4.00 (9H, 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 lld + Compound llc ~ Compound lle ~ Compound 

(II-11) 

Compound lld (1. 06 g, 1 rmnol) and Compound llc (565 mg, 1 

20 mmol) were dissolved in dimethylformamide (3 mL), subsequently 

stirring at room temperature for 2 hours. The reaction solution 

was diluted with dimethylformamide I 6 mL), followed by cooling 

to -40°C, and then phosphorus tribromide (0.189 mL, 2 mmol) was 

added thereto, subsequently stirring for 1 hour. Ice and ethyl 

25 acetate were then added to the reaction solution. 

organic layer was washed with water, and then 

The separated 

washed with 

saturated brine. After drying over anhydrous magnesium sulfate 

followed by filtration, the solvent was concentrated in vacuo to 

yield Compound lle. 

30 Then, Compound lle was dissolved in methylene chloride (10 mL) 

and anisole ( 0. 6 mL) , and subsequently cooled to -4 0 °C. 2M-

aluminum chloride/ni tromethane solution 

to the reaction solution, followed by 

minutes. To the reaction solution was 

( 2. 7 mL I was then added 

stirring at 0°C for 50 

then added aqueous 2 N 

35 hydrochloric acid (60 mL), acetonitrile (50 rnL), and diethyl 



5 

178 

ether (100 mL). The aqueous layer was separated, and then 

washed with diethyl ether. The solvent was then concentrated in 

vacuo. The concentrated solution was subjected into HP-20SS 

column chromatography eluting with acetonitrile-water, and then 

fractions containing the desired Compound were collected. 

Collected aqueous solution was adjusted to pH=6 with aqueous 

0.02 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%). 

10 1 H-NMR(D2 0) o(delta): 1.48 (3H, s), 1.50 (3H, s), 1.80-2.60 (SH, 

m), 3.90 (lH, d, J = 14.l Hz), 4.24 (lH, d, J 14.1 Hz), 5.36 

(lH, d, J = 4.8 Hz), 5.86 (lH, d, J = 4.8 Hz), 6.50-6.90 (2H, m), 

6.98 (lH, s). 

Elementary analysis for C33 H3 sClN7010S2Na·4.8H 2 0·0.8(NaHC0 3 ) 

15 Calcd.: C, 41.90; H, 5.03; Cl, 3.66; N, 10.12; o, 28.40; S, 

6. 2 2; Na, 4. 2 7 ( % I 

Found.: C, 41.74; H, 5.03; Cl, 3.24; N, 10.61; S, 6.97; Na, 4.79 

I% I 

[0172] 

20 Example 54 

synthesis of Compound (II-12) 
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BocHN~OH 

12a 

179 

HzN-\,sl/f ~~~s 0 ~ ~o : oH 
N ' N / ~~N I 

I H ,,_;. OH 
N 0 I 

8 \ ~o 
y

0 0 
11-12 . ao·Na+ 

0 

BocHN"("Q 

12b 

HCI 

12c 

N~N "" a ~ ~O Cl OPMB 

H I / OPMB 
12e 

0 s 0 H II 

BocHN-~ l JLNT-(~Sl 
N' II J-1'" / I 

N, 0 

x 0 

OBH 

CN~N+OPMB 
H lAOPMB 

rot-B~ 12f 

12g 

s 0 H 0 o Cl 
BocHN-\, l JLNT-(~S c ~OPMB 

N' II LN / ~~N I 
0 0 

N /,/ H / OPMB x- O OBH ~ 
~Ot-Bu 

0 

12h 

' 12b ·2a - Compouna 

AIC/3 
anisole 

11-12 

Compound l ol) and step (1): 15 mm -

12a I 2 - 63 g' chloride Compound methylene 
L 30 (4 .16 m ' , thylamine 

tr ie · and then 
rmnol I were dissolved in (20 mL)' 



180 

cooled to 0°C. To the reaction solution was then added 

methanesulf onyl chloride (1.29 mL, 16. 5 mmol), subsequently 

warming up to room temperature gradually. The reaction solution 

was stirred at room temperature for hour, and then 

5 triethylamine ( 4. 16 mL, 30 mmol) and methanesulfonyl chloride 

(1.29 mL, 16.5 mmol) were added. To the reaction solution was 

then added 5% sodium hydrogen carbonate solution, followed by 

extraction with methylene chloride. The organic layer was dried 

over anhydrous magnesium sulfate, filtrated, and then 

10 concentrated in vacuo. To the concentrated solution was then 

pyrrolidine (16.1 mL, 195 mmol), subsequently heating to 50°C 

with stirring. To the reaction solution was added aqueous 1 N 

hydrochloric acid solution, and then the aqueous layer was 

separated. To the aqueous layer was added aqueous 1 N sodium 

15 hydroxide solution, and then extracted with ethyl acetate 

followed by methylene chloride. The organic layer was dried 

over magnesium sulfate, followed by filtration, and theri~ the 

solvent 1tJas concentrated in vacuo to Compound 12b as a crude 

product. Compound 12b was used for the next reaction without 

20 purification. 

25 

'H-NMR(CDCl,) &(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 (lH, s). 

Step (2): Compound 12b ~ Compound 12c 

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 trifluoroacetic 

acid ( 4. 62 mL) was added thereto, subseq11ently standing 

overnight. The reaction solution was concentrated in vacuo, and 

then methylene chloride ( 2 mL) was added thereto. 4 N 

30 hydrochloric acid/ethyl acetate (1.25 mL, 5 mmol) was then added 

at 0°C thereto, followed by stirring. The sol vent was then 

concentrated in vacuo to yield Compound 12c as a crude produt. 

Compound 12c was used for the next reaction without purification. 

1 H-NMR(D2 0) 8(delta): 1.45 (3H, d, J = 6.0 Hz), 1.80-2.40 (4H, m), 

35 3.00-3.50( 4H, m), 3.51-3.64 (2H, m), 3.68-4.00 (lH, m). 
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Step (3): Compound 12c + Compound 12d ~ Compound 12e 

Compound 12d (686 mg, 1. 6 mmol) VJ as dissolved in 

dimethylformamide (7 mL), and then cooled to 0°C. Hydrochloric 

acid salt (337 mg, 1.76 mmol) of N-(3-dimethylaminopropyl)-N'-

ethylcarbodiimide, and 1-hydroxybenzotriazole (270 mg, 1. 76 

rrmol) were added in turn, 

temperature for 30 minutes. 

subsequently .stirring at room 

After the reaction solution was 

cooled to a dimethylf ormamide (2 mL) solution of a 

composition (an amount equivalent to 2 mmol), which comprises 

10 Compound J.2c obtained in Step (2), was added thereto, followed 

by adding triethylamine (0.99 mL, 7.2 mmol). Into the reaction 

solution was then added ethyl acetate (50 mL) and 5% sodium 

hydrogen carbonate solution. The separated organic layer was 

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

15 organic layer was dried over anhydrous magnesium sulfate, and 

then the solvent was evaporated under reduced pressure to yield 

Compound 12e (714 mg, 83% yield from Compound 12a). 

1 H-NMR(CDC1 3 ) o(delta): 1.32 (3H, d, J = 6.3 Hz), 1.60-1.80 (4H, 

m), 2.40-2.80 (6H, m), 3.80 (3H, s), 3.83 (3H, s), 4.10-4.25 (lH, 

20 m), 4.94 (2H, s), 5.07 (2H, s), 6.80-7.00 (6H, m), 7.25-7.50 (4H, 

m). 

Step (4): Compound 12f +Compound 12e ~Compound 12g ~Compound 

(II-12) 

Treatment similar to that described above yielded Compound (II-

25 12 I ( 14 o mg, 18 % l . 

1 H-NMR(D2 0) o(delta): 1.20-1.80 (9H, m), 2.00-2.40 (4H, m), 3.20-

3.80 (SH, m), 3.95 (lH, d, J = 14.1 Hz), 4.20 (lH, d, J = 14.1 

Hz), 5.36 (lH, d, J = 4.8 Hz), 5.89 (lH, d, J = 4.8 Hz), 6.60-

6.80 (2H, m), 6.97(1H, s). 

30 Elementary analysis for C33 H38 ClN1 0. 0 S2 Na·4.8H 2 0·0.8(NaHC0 3 ) 

Calcd.: c, 41.90; H, 5.03; Cl, 3.66; N, 10.12; o, 28.40; s, 

6.22; Na, 4.27 (%) 

Found.: c, 41.74; H, 5.03; Cl, 3.24; N, 10.61; s, 6.97; Na, 4.79 

I%) 

35 [ 017 3] 
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Example 55 

(TI-13) Compour1d .i.. t-hesis of syn __ 

l 129] [Formu a 

HzN~
8
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-;:o 0 O~OBH 
- ~Ot-Bu 
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- ~Ot-Bu 
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11-13 
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Step (1): Compound 13a ~Compound 13b 

Compound 13a (336 mg, 1.5 mmol) and 3-pyrroline (0.251 mL, 3.3 

mrnol) were dissolved in acetonitrile, and then potassium iodide 

(249 mg, 1.5 mmol) and potassium carbonate (622 mg, 4.5 mmol) 

5 were added, subsequently heating to 50°C for 1 hour. 1 N 

hydrochloric acid and ethyl acetate were added, and then the the 

aqueous layer was separated. To the separated aqueous layer was 

added aqueous 1 N sodium hydroxide solution, and then the 

aqueous layer was extracted with ethyl acetate, followed by 

10 methylene chloride (two times). The organic layer was dried 

over anhyd.rous magr1esium sulfate, followed by filtration, and 

then the solvent was evaporated under reduced pressure to yield 

Compound 13b (288 mg, 90% yield). 

1 H-NMR(CDC1,) O(delta): 1.44 (9H, s), 2.70-2.90 (2H, m), 3.10-

15 3.40 (2H, m), 3.60-3.70 (4H, m), 5.77 (2H, s). 

Step (2): Compound 13b ~ Compound 13c 

Compound 13b (289 mg, 1.36 mmol) was dissolved in methylene 

chloride (1 mL), and then trifluoroacetic acid (3 mL) was added 

thereto, subsequently standing overnight. The reaction solution 

20 was th.en 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 Compound 13c as a crude product. 

25 Compound 13c was used for the next reaction without purification. 

1 H-NMR(D2 0) /)(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 

30 mg, 85%). 

1 H-NMR(CDC1 3 ) O(delta): 2.80-3.00 (2H, 

3.79 (3H, s), 3.80 (3H,s), 4.96 (2H, s), 

s), 6.80-7.00 (4H, m), 7.25-7.60 (6H, m). 

m), 3.51-3.55 (6H, 

5.07 (2H, s), 5.77 

m) ' 

I 2.H, 

Step (4): Compound 13f +Compound 13e - Compound 13g - Compound 

35 I II-13) 
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Treatment similar as described above yielded Compound I II-13) 

(300 mg, 43%). 

1 H-NMR (02 0) O(delta): 1.48 (3H, s), 1.50 (3H, s), 3.40-4.00 (6H, 

m), 4.20-4.60 (6H, m), 5.33 (lH, d, J = 5.1 Hz), 5.85 (lH, d, J 

5 = 5.1 Hz), 5.99 (2H, s), 6.72 (2H, s), 6.97 (lH, s). 

Elementary analysis for C3, H31 ClN7 01 o s, Na· 4. lH, o · 1. 0 (NaHC03) 

Calcd.: C, 40.03; H, 4.36; Cl, 3.81; N, 10.54; O, 29.42; S, 

6.90; Na, 4.94 (%) 

Found.: C, 39.90; H, 4.46; Cl, 3.71; N, 10.88; S, 7.12; Na, 5.32 

10 ( % ) 

[0174] 

Example 56 

Synthesis of Compound (II-14) 
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[Formula 130] 

SVH 0 
H2N-<'N I N]-(S ~N--i('YOH 

I )-N~,if~ H ~ 
N\ o GJ OH 

o e ><- 0 0 11-14 
· )/OH 

0 

0 

~Cl 

H2N---<YOPMB 

~ 
14c OPMB 

HCI 
14a 14b 

Su l 0 BocHN~ jll ~ S 
NJ n~I 

' 0 0 x- 0 OBH 

~Ot-Bu 
0 14e 

14d 

I 
sv 0 BocHN-<'N I ~ s ~N--<YOPMB 

I :P-::l if~ H ~ I Nb 0 x /()) OPMB 

I x- 0 OBH ~ 14f 

L . ~Ot-Bu 
0 

Step (1): Compound 14a ~ Compound 14c ~Compound 14d 

11-14 

Compound 14a ( 8 5 9 mg, 5. 5 4 mmol) was suspended in thionyl 

5 chloride (3.94 mL, 54.0 mmol), subsequently stirring at 80°C for 

2 hours. After thionyl chloride was evaporated under reduced 

pressure, dimethylacetarnide was added to the residue. The 

reaction solution was cooled to 0°C, and then Compound 14c (1.64 

g, 4. 5 mmol) was added thereto, followed by adding triethylamine 
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(1.25 mL, 9 mmol). The reaction solution was then poured into 

aqueous sodium carbonate, followed by extraction with ethyl 

acetate. The organic layer was dried over anhydrous magnesium 

sulfate, and then the solvent was evaporated under reduced 

5 pressure to yield Compound 14d (1. 70 g, 75%). 

1 H-NMR(CDC1 3 ) 8(delta): 1.70-1.90 (6H, m), 2.90-3.10 (6H, m), 

3.80 (3H, 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 14e + Compound 14d ~ Compound 14f ~ Compound 

10 (II-14) 

Treatment similar as described above yielded Compound (II-14) 

(318 mg, 44%). 

1 H-NMR(D2 0) 8(delta): 1.49 (3H, s), 1.51 (3H, s), 2.10-2.40 (6H, 

m), 3.20-4.00 (lOH, m), 5.35 (lH, d, J 4.8 Hz), 5.88 (lH, d, J 

15 = 4.8 Hz), 6.70-6.80 (lH, m), 6.80-6.90 (2H, m), 6.97 (lH, s). 

Elementary analysis for C31 H3 5 N701 oS 2 Na·4.3H2 0 

Calcd.: C, 46.12; H, 5.44; N, 12.15; O, 28.34; S, 7.94 (%) 

Found.: c, 46.01; H, 5.20; N, 12.13; S, 8.05 (%) 

[0175] 

20 Example 57 

Synthesis of Compound (II-15) 
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[Formula 131] ;8v0 
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Step (1): Compound 15a ~Compound 15d 

Synthesis of Compound 15d from Compound 15a was carried out 

according to WO 2002/076979. 

Step (2): Compound 15e + Compound 15d ~ Compound 15f 

5 Compound 15e (1.51 g, 3.52 mmol) was dissolved in methylene 

chloride I 2 0 mL I , and then diisopropylethylamine ( 1. 4 8 mL, 8. 4 5 

mmol), 1-methylimidazole, Compound 15d (621 mg, 4.19 mmol), and 

diphenyl chlorophosphate (0.872 mL, 4.19 mmol) were added in 

turn, followed by stirring. The solvent was concentrated in 

10 vacuo, and then the residue was purified by silica gel column 

chromatography to yield Compound 15f (981 mg, 50%). 

1 H-NMR (CDCl3) o(delta): 1.80-2.00 (2H, m), 2.60-2.72 (2H, m), 

2.82-3.00 (2H, m), 3.80 (3H, s), 3.84 (3H, s), 4.99 (2H, s), 

5.13 (2H, s), 6.80-8.40 (12H, m). 

15 Step (3): Compound 15g + Compound 15f ~ Compound 15h ~ Compound 

(II-15) 

Treatment similar as described above yielded Compound (II-15) 

I 2 4 9 mg, 31 % ) • 

1 H-NMR (D2 0) o(delta): 1.48 (6H, s), 1.60-2.00 (4H, m), 2.60-2.80 

20 (2H, m), 2.90-3.10 (2H, m), 3.23 (lH, d, J= 18.3 Hz), 3.43 (lH, 

d, J = 18.3 Hz), 5.13 (lH, d, J = 14.7 Hz)' 5.23 (lH, d, J = 4.5 

Hz), 5.82 (lH, d, J = 4.5 Hz), 6.73-6.77 (lH, m), 6.92 (lH, s), 

7.00-7.07 (lH, m), 8.33-8.35 (lH, m), 8.44-8.47 (lH, m). 

[0176] 

25 Example 5 8 

Synthesis of Compound (II-16) 
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[Formula 132] 

~h 0 ~h 
HO . ~~~~~~~ N . 
~NHBoc ~NHBoc 0 f'h 

N . 
~NH2 

16a 16b 
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0 I/ ~('EJ I ~ I 
L COOBH 8 / OPMB 

16g 

Step (1): Compound 16a ~Compound 16b 

16c 

11-16 

Compound 16a (7.12 g, 30 rnrnol) was dissolved in methylene 

5 chloride (50 rnL), and then triethylamine (8.32 rnL, 60 mmol) was 

added. The reaction solution was cooled to o'c, and then 

methanesulfonyl chloride (2.57 rnL, 33 mmol) was added drop-wise 

over 10 minutes. After the reaction solution was stirred at 

room temperature for 20 minutes, aqueous saturated sodium 
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hydrogen carbonate was added thereto, subsequently the organic 

layer was separated. After the organic layer was dried over 

anhydrous sodium sulfate, sodium sulfate was removed by 

filtration, and then the solvent was concentrated in vacuo. 

5 Pyrrolidine (32. 3 mL, 390 mmol) was then added to 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 

10 layer was washed with water, washed with saturated brine, and 

then dried over anhydrous magnesium sulfate. Magnesium sulfate 

was removed by filtration, and then the solvent was concentrated 

in vacuo. The resulting crude product was purified by silica 

gel column chromatography to yield 16b as a white solid ( 7. 23 g, 

15 83%). 

1 H-NMR (CDCl3 ) o(delta): 1. 39 (9H, s)' 1. 73-1. 77 I 4H, m)' 2.42-

2.57 ( 5H, m)' 2.76 (lH, dd, J = 9.9, 12.3 Hz), 4.59 ( lH, br), 

5.54 (lH, d, J = 4. 2 Hz), 7.20-7.34 I 5H, m). 

Step 12 I: Compound 16b ~ Compound 16c ~ compound 16e 

20 Compound 16b (7.23 g, 24.9 mmol) was dissolved in methylene 

chloride (35 mL), and then trifluoroacetic acid (34. 5 ml, 448 

mmol) was added, subsequently stirring at room temperature 

overnight. The sol vent was evaporated under reduced pressure, 

and then ethyl acetate was added to the resulting concentrated 

25 residue, followed by extraction with aqueous 2 N hydrochloric 

acid solution. An aqueous 2 N sodium hydroxide solution was 

then added to the aqueous layer until tbie aqueous layer had a pH 

7-8, followed by extraction with methylene chloride. Tfte 

organic layer was dried over anhydrous sodium sulfate, and then 

30 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 16c 

was used for the next reaction without purification. 

Cornpound 16d (6.43 g, 15 mmol) was dissolved in 

35 dimethylformamide (70 mL), subsequently cooled to 0°C, and then 
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hydrochloric acid salt (3 .16 g, 16. 5 

dimethylaminopropyl)-N'-ethylcarbodiimide 

hydroxybenzotriazole (2.53 g, 16.5 rrn:nol) were 

mmol) of 

and 

N-(3-

1-

added thereto in 

turn, followed: by stirring at room temperature for 1. 5 hours. 

5 The reaction solution was cooled to 0°C, and then Compound 16c 

(3.43 g, 18 mmol) and triethylamine (6.24 mL, 45 rmnol) 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 

10 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 

15 added to the residue obtained. The resulting solid was 

filtrated, and then dried in vacuo to yield Compound 16e as a 

white solid (6.31 g, 70%). 

1 H-NMR (DM.SO-dd ii(delta): 1.66 (4H, br), 2.50 (4H, br), 2.56 (lH, 

q, J 6.3 Hz), 2.81 (lH, dd, J = 9.3, 12.0 Hz), 3.74 (3H, s), 

20 3.76 (3H, s), 4.87 (2H, s), 5.06 (lH, dd, J = 9.0, 15.0 Hz), 

5.16 (2H, s), 6.87 (2H, d, J = 8.7 Hz), 6.97 (2H, d, J = 8.7 Hz), 

7.09 (lH, d, ,J = 8.4 Hz), 7.18-7.26 (2H, m), 7.29-7.34 (4H, m), 

7.37-7.40 (2H, m), 7.42 (2H, d, J = 8.7 Hz). 

Step ( 3) : Compound l 6e + Compound l 6f ~ Compound l 6g ~ Compound 

25 (II-16) 

30 

Compound 16e (1.20 g, 2.0 mmol) was suspended in a mixed 

solvent of dimethylformamide (6 mL) and tetrahydrofuran (4 mL). 

Then Compound 16f (2.12 g, 2.0 mmol) and sodium hydrogen 

carbonate 0. 34 g, 4. 0 mmol) were added thereto in turn, 

subsequently stirring at room 

reaction solution was cooled 

temperature for 

to -40°C, and 

4 hours. The 

then phosphorus 

tribromide ( 0. 377 mL, 4 mmol) was added, subsequently stirring 

at 0°C for 1 hour. Ice-cold water was added to the reaction 

mixture, followed by extraction with ethyl acetate. The organic 

35 layer was washed with water, washed with saturated brine, and 
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then dried over anhydrous magnesiurn sulfate. Magnesium sulfate 

was then removed by filtration. The sol vent was concentrated 

under reduced pressure, and then further dried in vacuo to yield 

Compound 16 g as a brown formed solid. The obtained Compound 

5 16g was used for the next reaction without purification. 

The whole amount of Compound 16g obtained was dissolved in 

methylene chloride (30 mL), subsequently cooled to -40°C, and 

then anisole ( 2. 19 mL, 20 mmol) and 2M-aluminum 

chloride/nitromethane solution (10 mL, 20 mmol) were added 

10 thereto in turn, followed by stirring at 0°c for 1 hour. To the 

reaction solution was then added aqueous 2 N hydrochloric acid 

solution, acetonitrile, and diisopropyl ether that had been 

cooled to 0°C, subsequently stirring to completely dissolve 

15 

20 

insolubles. To the separated aqueous layer was added HP20-SS 

resin, and then acetonitrile was concentrated in vacuo. The 

resulting rnixed solution was purified by ODS column 

chromatography. To the obtained solution of the desired 

Compound was then added aqueous 0.2 N sodium hydroxide solution 

until the solution had pH=6.0. Excess sodium hydroxide was then 

neutralized by adding one piece of dry ice. The resulting 

solution was concentrated in vacuo, and then lyophilized to 

yield Compound (II-16) as a white powder (0.48 g, 28%). 

1 H-NMR (D2 0) O(delta): 1.48 (3H, s), 1.49 (3H, s), 3.42-3.94 (9H, 

m), 4.25 (lH, d, J 14.4 Hz), 5.25 (lH, d, J 4. 8 Hz) , 5. 71 

25 (lH, br), 5.83 (lH, d, J = 4.8 Hz), 6.57 (lH, d, J = 8.4 Hz), 

6.67 (lH, d, J=S.1 Hz), 7.48 (SH, br). 

Elementary analysis for:C 36 H3 1ClN10ioS2Na·0.1NaHC03 ·4.8H2 0 

Ca led.: c, 45. 87; H, 4. 98; Cl, 3.75; N, 10.37; s, 6. 79 (%) 

Found.: c, 45.85; H, 5.05; Cl, 3. 93; N, 10.29; s, 6.72 (%I 

30 [0177] 

Example 59 

Synthesis of compound (II-17) 
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l-Pr 

HO~NHBoc 
17a 
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0 
l-Pr 

N . 
~NHBoc 

0 2HCI 0 
i-Pr 

N~NH2 
17c 

0 Cl 

~OPMB 
HO ~ 

OPMB 
17d 

17b 

0 l-Pr 0 Cl 

N~N~OPMB 
H ~ 4 

OPMB 
17e 

17e 

ii-17 

Step (1): Compound 17a -+Compound 17b -+Compound 17c 

Compound 17a (5.0 g, 24.6 mmol) was dissolved in methylene 

5 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 

reaction solution over 10 minutes. The reaction solution was 

stirred at room temperature for 1 hour, and then aqueous 
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saturated sodium hydrogen carbonate was added thereto, followed 

by extraction with methylene chloride. The organic layer was 

dried over anhydrous magnesium sulfate, and then magnesium 

sulfate was removed by filtration. The solvent was then 

evaporated under reduced pressure. Pyrrolidine (26.4 mL, 320 

mrnol.) was added to the resulting concentrated residue, 

subsequently heating to 50°C for 2.5 hours with stirring. 

Excess pyrrolidine was evaporated under reduced pressure, and 

then ethyl acetate was added to the resulting concentrated 

10 residue, followed by extraction with aqueous 1 N hydrochloric 

acid solution. To the aqueous layer was added aqueous 2 N 

sodium hydroxide solution until the solution had a pH of 7-8, 

followed by extraction with methylene chloride. The organic 

layer was washed with water, and then dried over anhydrous 

15 magnesium sulfate. Magnesium sulfate was removed by filtration, 

and then concentrated in vacuo to yield Compound 17b as a white 

solid. The obtained Compound 17b was used for the next reaction 

without purification. 

The whole amount of Compound 17b obtained was dissolved in 

20 methylene chloride (22 mL), and then trifluoroacetic acid (22.0 

rnL, 285 mrnol) was added, subsequently stirring at room 

ternperature overnight. The solvent was evaporated under reduced 

pressure, and then ethyl acetate was added to the concentrated 

residue, followed by cooling to 0°C. 4 N hydrochloric 

25 acid/ethyl acetate solution (40 mL) was then added to the 

solution, subsequently stirring at 0 °C for 15 minutes. The 

resulting solid was filtrated, and then dried in vacuo to yield 

Compound 17c as a white solid (3.50 g, 62%) 

1 H-NMR (DMSO-d6 I o(delta) 0.97 (6H, dd, J 3.3, 6.9 Hz), 1.87-

30 2.13 (SH, m), 2.93-3.15 (2H, m), 3.45-3.59 (4H, m), 3.76 (lH, 

br), 5.75 (2H, br). 

Step (2): Compound 17c-+ Compound 17e 

Compound 17d (6.43 g, mmol) was dissolved in 

dimethylformamide (70 mL), subsequently cooling to 0°C, and then 

35 hydrochloric acid salt (3.16 g, 16.5 mrnol) of N-(3-
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dimethylaminopropyl)-N'-ethylcarbodiimide, and 1-

hydroxybenzotriazole ( 2. 53 g, 16. 5 mmol I were added thereto in 

turn, followed by stirring at room temperature for 1. 5 hours. 

The reaction solution was cooled to 0°C again, and then Compound 

5 17c (3.44 g, 15 mmol) and triethylamine (10.4 mL, 75 mmol) were 

added, subsequently stirring at 0°C for 2 hours and further left 

standing at room temperature overnight. Water and 

tetrahydrofuran were added to the reaction mixture, followed by 

extraction with ethyl acetate. The organic layer was washed 

10 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. Diisopropyl ether was then 

added to the resulting residue. The resulting solid was 

15 filtrated, and then dried in vacuo to yield Compound l 7e as a 

white solid (6.21 g, 73%). 

'H-NMR (DMSO-dG) o(delta): 0.89 (6H, dd, J = 6.9, 16.2 Hz), 1.66 

(4H, br), 1.84 (lH, td, J=7.2, 18.6 Hz), 2.39-2.51 (6H, m), 3.75 

(HI, s), 3.76 (lH, s), 3.94 (lH, m), 4.87 (2H, s), 5.15 (2H, s), 

20 6.87 (2H, d, J = 8.7 Hz), 6.96 (2H, d, J = 8.7 Hz), 7.05 (lH, d, 

J = 8.7 Hz), 7.18 (lH, d, J = 8.7 Hz), 7.32 (2H, d, J = 8.7 Hz), 

7.42 (2H, d, J = 8.7 Hz), 7.97 (2H, d, J = 9.0 Hz). 

Step (3): Compound 17e + Compound 17f --> Compound 17g --> Compound 

(II-17) 

25 Compound 17e (1.20 g, 2.0 mmol) was dissolved in a mixed 

solvent of dimethylformamide (6 mL) and tetrahydrofuran (2 rnL), 

and then Compound 17 f I 2. 12 g, 2. 0 rmnol) and sodium hydrogen 

carbonate ( 0. 34 g, 4. 0 mmol) were added thereto, subsequently 

stirring at room temperature for 2 hours. The reaction solution 

30 was cooled to -40°C, and then phosphorus tribromide (0.377 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 

35 anhydrous magnesium sulfate. Magnesium sulfate was removed by 
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filtration, and then the solvent was evaporated under reduced 

pressure to yield Compound 17g as a brown formed solid. The 

obtained Compound 17g was used for the next reaction without 

purification. 

5 Then the whole amout of Compound 17g obtained was dissolved in 

methylene chloride (30 mL), and then anisole (2.19 mL, 20 mmol) 

and 2M-aluminum chloride/nitromethane solution (10 mL, 20 mmol) 

were added at -40°C in turn, subsequently stirring at O'C for 

1. 5 hours. To the reaction solution was added 2 N hydrochloric 

10 acid, acetonitrile, and diisopropyl ether that had been cooled 

to o'c, followed by stirring to completely dissolve insolubles. 

The aqueous layer was then separated. HP20-SS resin was added 

to the aqueous layer, and then acetonitrile was concentrated in 

vacuo. The resulting concentrated solution was purified by ODS 

15 column chromatography. An aqueous 0.2 N sodium hydroxide 

solution was added to the solution of the resulting desired 

compound until the solution had pH=6.0. Excess sodium hydroxide 

was then neutralized by adding one piece of dry ice. The 

obtained solution was concentrated in vacuo, and then 

20 lyophilized to yield Compound (II-17) as a white powder (823 mg, 

50%). 

25 

1 H-NMR (D2 0) o(delta): 0.95-1.05 (5H, m), 1.49 (3H, s), 1.51 (3H, 

s) ' 2.07 ( lH, br), 2.19 ( 4H, br), 3.43-3.69 (SH, m), 3.99 ( lH, d, 

J = 16.8 Hz), 4.18 ( lH, d J 13. 8 Hz), 4.54 (lH, m)' 5.37 ' 
d, J = 5. 4 Hz) , 5.90 ( lH, d, ,J = 5.1 Hz), 6.73 I 2H, m)' 6.98 

s) . 

Elementary analysis for:C33H3s;ClN1010S2Na·0.2NaHC0 3 ·4.0H20 

Calcd.: c, 44.05; H, 5.26; Cl, 3.92; N, 10.83; S, 7.09 (%) 

Found.: c, 44.07; H, 5.30; Cl, 4.14; N, 10. 72; s, 6.93 (%) 

(lH, 

(lH, 

30 [0178] 

Example 60 

Synthesis of Compound (II-18) 
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[Formula 134 J 

•Na·oocY') 

~ 
N'O 
q H 

NDN)=!S' 0 0 Cl 
H,N-f I I U'! s 0 N~N~ ""' OH 

0 © N I 8 H 
COO -"' OH 

Br~ 
~COOH 

18a 

11-18 

Br~ 
~COOBH 

18b 

(/;(o 
yN·o~ 

o I 
,,,;; COOBH 

18c 

BocHN-(:1ncooH 
BocHN-(;l\ COOH NTr 

~ H2N.0~ 
,,,;; COOBH 

18d 

' ! HBOOC~ 
I I 

""' 
N,O 

18e 
0 

18f 

1 

N ), ,H s 0 
BocHN--\ j/I I( f-( I 'ii Cl 

l s 0 j-N,~;N~ UOPMB 
o r -0 i ~ I 

COOBH 8 ,,-;: OPMB 

18g 

Step (1): Compound lBa --+ Compound 18b 

Compound 18a (6.45 g, 30 mmol) 

HBOOCV 
18f 

11-18 

was dissolved in 

5 tetrahydrofuran (70 mL), and then diphenyldiazomethane (6. 99 g, 

3 6 mmol) was added thereto. The reaction solution was then 

stirred at room temperature for l 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 vacuo to yield 

Compound 18b as a white solid (9.01 g, 79%). 

5 1 H-NMR (CDC1 3 ) o(delta): 4.50 (2H, s), 7.11 (lH, s), 7.25-7.49 

(12H, m), 8.11 (2H, d, J=8.1Hz). 

Step (2): Compound 18b -> Compound 18c 

Compound 18b (9.0 g, 23.6 mrnol) and N-hydroxyphthalimide (4.62 

g, 28.3 mrnol) were dissolved in dimethylformamide (90 mL), and 

10 then triethylamine (3.93 mL, 28.3 mrnol) was added thereto, 

subsequently heating to 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 aqueous saturated sodium hydrogen 

15 carbonate, washed with saturated brine, and dried over anhydrous 

20 

25 

magnesium sulfate. Magnesium sulfate was removed by filtration, 

and then the solvent was concentrated in vacuo. n-Hexane was 

then added to the resulting residue. The resulting solid was 

filtrated, and then dried in vacuo to yield Compound lBc as a 

white solid (9.28g, 85%). 

1 H-NMR (CDC1 3 ) o(delta): 5.27 (2H, s), 7.10 

(lOH, m), 7.63 (2H, d, J = 8.4 Hz), 7.71-7.82 

(lH, s), 7.25-7.44 

(4H, m), 8.14 (2H, 

d, J = 8.4 Hz) 

Step (3): Compound 18c 

Compound 18c (6.95 

-> Compound 18d -> Compound 18f 

g, 15 mrnol) was dissolved in 

chloride (70 mL), subsequently cooling Lo 0°c, 

methylene 

and then 

rnethylhydrazine (0. 88 rnL, 16.5mmol) was added in one portion, 

followed by stirring at o'c for 1.5 hours. The resulting solid 

was then removed by filtration. The solvent vJas evaporated 

30 under reduced pressure, and further dried in vacuo to yiel.d 

Compound 18d as a pale yellow solid. The obtained Compound 18d 

was used for the next reaction without purification. 

Then a solution of Compound 18e (4.08 g, 15 rnmol) in methanol 

(40 mL) was cooled to 0°C. To this solution was added a 

35 methylene chloride (20 mL) solution of the whole amount of 
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Compound 18c obtained as described above, followed by stirring 

at 0°C for 1 hour and further at room temperature for 1 hour. 

Tf1e reaction solution was concentrated in vacuo, and then water 

was added to the residue, followed by extraction with ethyl 

acetate. The organic layer was washed with water, washed with 

saturated brine, and then dried over anhydrous rnagnesiurn sulfate. 

Magnesium sulfate was removed by filtration, and then the 

solvent was concentrated in vacuo. After methanol was added to 

the resulting residue, the resulting solid was filtrated, and 

10 then dried in vacuo to yield Compound 18f as a white solid 

(6.23g, 71%). 

1 H-NMR (DMSO-dG) 8(delta): 1.46 (9H, s), 5.31 (2H, s), 

s), 7.27-7.43 (7H, m), 7.52-7.55 (6H, m), 8.11 (2H, d, 

Hz) . 

7.04 (lH, 

J = 8. 4 

15 Step (4): Compound 18f + Compound 18g --+ Compound 18h --+ Compound 

(II-18) 

Compound 18g ( 2. 37 g, 2. 22 mmol) was dissolved in methylene 

chloride (30 mL), subsequently cooling to -10°C. Then Compound 

18f (1.18 g, 2.0 mmol), hydrochloric acid salt (0.51 g, 2.67 

20 mmol) of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide, and 

pyridine (0.233 mL, 2.89 mmol) were added thereto in turn, 

subsequently stirring at -10°C for 1.5 hours. Aqueous 2 N 

hydrochloric acid solution ( 2 mL) was added to the reaction 

mixture, and then concentrated in vacuo. Water was then added 

25 thereto, followed by extraction with ethyl acetate. The organic 

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

then dried over anhydrous magnesium sulfate. After magnesium 

sulfate was removed by filtration, the solvent was evaporated 

under reduced pressure, and further dried in vacuo to yield 

30 Compound 18h as a brown formed solid. The obtained Compound 18h 

was used for the next reaction without purification. 

The whole amount of Compound 18h obtained was dis.solved in 

methylene chloride (15 mL), subsequently cooling to -40°C, and 

then anisole ( 1. 97 mL, 18 mmol) and trifluoroacetic acid ( 30 mL) 

35 were added thereto in turn, followed by stirring at 0°C for 1 
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hour. The solvent was evaporated under reduced pressure, and 

then ice-cold water, acetonitrile, and diisopropyl ether were 

added thereto. After the aqueous layer was separated, HP20-SS 

resin was added thereto, acetonitrile was concentrated in vacuo. 

5 The resulting mixed solution was purified by ODS column 

chromatography. An aqueous 0.2 N sodium hydroxide solution 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 one piece of dry ice. The resulting 

10 solution was concentrated in vacuo, and then lyophilized to 

yield Compound (II-18) as a white powder (138 mg, 7%). 

1 H-NMR (D2 0) i5(delta): 2.20 (4H, br), 3.24 (lH, d, J 17.4 Hz), 

3.41-3.91 (lOH, m), 4.08 (lH, d, J = 14.1 Hz), 5.22 (lH, d, J 

5.1 Hz), 5.26 (2H, s), 5.76 (lH, d, J = 4.8 Hz), 6.80 (lH, d, J 

15 8.1 Hz), 6.89 (lH, d, J = 8.4 Hz), 6.93 (lH, s), 7.46 (2H, d, 

J = 8.1 Hz), 7.81 (2H, d, J = 8.1 Hz). 

Elementary analysis for:C, 4 H,,ClN,0 1 oS 2 Na·0.2NaHC0 3 ·5.6H2 0 

Calcd.: 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 (%) 

20 [ 0179] 

Example 61 

synthesis of Compound (II-19) 
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[Formula 135] 

s" H2N-~ Jl ~ 
N rNH N 

~ rTSi ('IJ 0 (:I 

'o }-i'k~-N~ uoH 0 8 N / I 
H I 

O 0 o- "' OH 
+Na·o 

11-19 

s" 
BocHN-{ yo o 

N NH II 

I ~~S 

N
OPMB 

H 
N~ OPMB 
I( J 0 Cl 

N 

19c 

S---;, 
BocHN-{VO 

N I NH s N 
N r-T~i ( ·11 0 Cl 

'o of-N~~~~~OPMB 
~o oAOBH 1

8 ~OPMB 
t-BuO 

19e 

N, I 
0 )-N --" I 

~i OAOBH 
t-BuO 

19d 

11-19 

Step (1): Compound 19a + Compound 19b ~ Compound 19c 

5-Aminopyridine 19a (0.951 g, 10 mmol), Compound 19b (4.72 g, 

5 11.00 mmol), 1-hydroxybenzotriazole (1.486 g, 11.00 mmol), and 

10 

hydrochloric acid salt (2.109 g, 11.00 mmol) of N- (3-

dimethylaminopropyl)-N'-ethylcarbodiimide were dissolved in 

dimethylacetamide ( 19. 5 mL), subseqt1ently stirring at 7 0° 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 aqueous saturated sodium hydrogen 

carbonate, washed with distilled water, and then washed with 

diisopropyl ether. The residue was dissolved in rnethanol, 

followed by stirring for 3.5 hours under reflux. The reaction 

15 solution was filtrated, and then the filtrated residue was 
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washed with methanol. The residue was dried in vacuo to yield 

Compound 19c as a white solid (1.41 g, 2 

1 H-NMR (DMSO-dd O(delta): 10.80 (lH, s), 

s), 7.48-7.26 (6H, m), 6.99 (2H, d, J = 

8.5 Hz), 5.21 (2H, s), 4.93 (2H, s), 

s) 

8%) • 

9.09 (2H, s), 8.93 

8.5 Hz), 6.88 (2H, 

3.77 (3H, s), 3.75 

(lH, 

d, J 

( 3H, 

Step (2): Compound 19c + Compound 19d -+ Compound 19e 

Compound 19c (0.506 g, 1.00 mmol) and Compound 19d 

1. 00 rrnnol) were dissolved in dimethylacetamide 

(0. 940 g, 

(3 mL), 

10 subsequently stirring at room temperature for 6 hours. 

15 

Dimethylformamide (30 mL) was added to the reaction solution, 

followed by cooling to -40°C, and then phosphorus tribromide 

( 0 .19 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 fil trated 1 the sol vent was evaporated under reduced 

pressure to Cornpound 19e as a formed solid. The obtained 19e 

20 was used for tt1e next reaction without purification. 

Step (3): Compound 19e --+ 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. Anisole (l.09 mL, 10.0 mmol) and 

25 2M-aluminum chloride/nitromethane solution I 5. 00 mL, 10. 0 mmol) 

were added thereto in turn, followed by stirring at 0°C for 2 

11ours. To the reaction solution was added distilled water, 

acetonitrile, diisopropyl ether, and aqueous 2 N hydrochloric 

acid solution, and then stirred. Because precipitation appeared, 

30 the supernatant was separated by decantation. The aqueous layer 

was separated from the supernatant by operation of separation. 

The aqueous layer was combined with the decantation residue, and 

then aqueous 2 N hydrochloric acid solution and acetonitrile 

were added to make a homogeneous solution. HP-20SS resin was 

35 added to the solution, concentrated, subjected into column 
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chromatography connecting HP20SS column and subsequent ODS 

column, and then purified. The resulting solution of the 

desired compound was concentrated in vacuo, an_d then lyophilized 

to yield Compound (II-19) as a white powder (58 mg, 8%). 

5 1 H-NMR (D2 0) ii(delta): 8.34 (lH, s), 7.18 (lH, d, J = 8.5 Hz), 

10 

6.86 (lH, d, J 8.5 Hz), 6.58 (lH, s), 6.35 (lH, d, J = 2.2 Hz), 

5. 7 9 ( lH, d, J 4.7 Hz), 5.46 (lH, d, J = 4.7 Hz), 5.12 (lH, d, 

J = 10.6 Hz), 5.03-4.66 (3H, m), 4.48 (lH, d, J = 10.6 Hz), 1.32 

( 6H, s). 

MS (m+l) 733 

Elementary analysis for C2sH24ClNa010S2Na (NaHC03 Ii. s I H20) 6.1 

Calcd.: C, 35. 75; H, 3.83; Cl, 3.58; N, 11.31; S, 6.47; Na, 5.80 

I ~I o I 

Found.: c, 35.53; H, 3.63; Cl, 5.26; N, 11.80; s, 6.59; Na, 3.04 

15 ( % ) 

[0180] 

Example 62 

synthesis of Compound (II-20) 
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[Formula 136] 

11-20 

S---, 

BocHN-{ v· 0 0 
N NH II I s 

N,O )=(~l ,I 

>=i OxO:B 
t-BuO 

20a 

204 

0 Cl 

~~~OPMB 
NJ llAOPMB 

20b 

s-,, 
BocHN-{ Jl ~ O O Cl 

N r-N\fn~S ~N~OPMB 
0 )-r\L,.;;; N~ H lA 
>= 

O © OPMB 
18 

O 0 OPMB 
t-BuO 

20c 

Step (1): Compound 20a + Compound 20b __, Compound 20c 

11-20 

Compound 2 Oa ( 1. 00 g, 1. 16 rnrnol) and Compound 20b ( 0. 60 6 g, 

1. 10 rnrnol) were dissolved in dimethylformamide (3.5 mL), 

subsequently stirring at room temperature for 3 hours. Ethyl 

acetate and aqueous 0. 2 N hydrochloric acid solution were then 

added to the reaction solution. The organic layer was separated, 

washed with aqueous 0. 2 N hydrochloric acid solution, 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 20c -+ Compound (II 20) 

The whole amount of the crude Compound 20c obtained by the 

5 previous reaction was treated similarly as described above to 

yield Compound (II-20) as a white powder (83 mg, 10%). 

1 H-NMR (D2 0) 8(delta): 7.00 (lH, s), 6.93 (lH, d, J = 8.5 Hz), 

6.88 (lH, d, J = 8.5 Hz), 5.23 (lH, d, J = 2.6 Hz), 5.13 (lH, d, 

J= 2.6 Hz), 4.94-4.56 (3H, m), 4.33 (lH, d, J= 13.6 Hz), 3.97-

10 3.85 (2H, m), 3.53-3.33 (SH, m), 1.98-1.91 (6H, m). 

MS (m+l) = 751 

Elementary analysis for C30H31ClN7Na010S2 (NaHC03) o.s (H20) 4.s 

Calcd.: c, 40.92; H, 4.56; Cl, 3.96; N, 10.95; S, 7.16; Na, 3.85 

1% I 

15 Found.: C, 40.76; H, 4.63; Cl, 4.09; N, 10.89; S, 7.34; Na, 2.77 

(%I 

[0181] 

Example 63 

Synthesis of Compound (II-21) 
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[Formula 137] 

s 
BocHN~ 11 )? O 

NYN~~s 
" <° 0)--1\k ~ I 

)=o OAOPMB 
t-BuO 

21a 

206 

11-21 

0 Cl 

~N~"' OPMB 
~AJI H I 
~ ,,:, OPMB 

21b 

s 
BocHN~ 11 )? O O Cl 

NYN~~s ~N~OPMB 
o }--N,,,:, ifJ H lA ,,,. < O CfJ 8 OPMB 

)=o 0 OPMB I 
t-BuO 

21c 

Step (1): Compound 21a + Compound 21b _, Compound 21c 

11-21 

Treatment similar to that described above yielded Compound 20c 

as a formed solid. The obtained 20c was used for the next 

reaction without purification. 

Step (2): Compound 21c _, Compound (II-21) 

The whole amount of the crude Compound 2lc obtained by the 

previous reaction was treated similarly to that described above 

10 to yield Compound (II-21) as a white powder (406 mg, 48%). 

1 H-NMR (D,O) &(delta): 6.98 (lH, s), 6.92 (lH, d, J = 8.4 Hz), 

6.87 (lH, d, J = 8.4 Hz), 5.85 (lH, d, J = 5.0 Hz), 5.32 (lH, 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 (SH, 

m), l.94-1.88 (6H, m), 1.47 (3H, d, J= 7.lHz). 

MS (rn+l) = 765 

5 Calcd.: C, 41.61; H, 4.71; Cl, 3.90; N, 10.78; S, 7.05; Na, 3.79 

( % ) 

Found.: C, 41.78; H, 4.87; Cl, 4.01; N, 10.77; S, 7.07; Na, 2.74 

( % ) 

[0182] 

10 Example 64 

Synthesis of Compound (II-22) 

[Formula 138] 

yco,H 
N,0 

N~~ S 
H,N-f J A 1-(-1 0 o Cl 

S 0 )-N~W,,,~ ~OH 
0 I N I 

COi H a OH 
11-22 

Cl 0 Cl 

N~N~OPMB Hu a OPMB 
22b 

22c 

Step (1): Compound 22a + Compound 22b --> Compound 22c 

11-22 
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According a method similar to that described in Bioorg. Med. 

Chem. 2007, 15, 6716, the obtained Compound 22a (892 mg, 1 mmol) 

and Compound 22b (525 mg, 0. 99 mmol) were dissolved in 

dimethylacetamide (3 mL), and then potassium iodide (450 mg, 3 

5 mmol) was added to the reaction solution in a water bath, 

subsequently stirring at room temperature for 100 minutes. 

Dimethylformamide ( 6 mL) was added to the reaction solution, 

followed by cooling to O'c, potassium iodide (1.33 g, 8 mmol) 

and acetyl chloride (0.43 mL, 6 mmol) were added thereto in turn, 

10 subsequently stirring at the same temperature for one hour. The 

reaction solution was then diluted with ethyl acetate. An 

aqueous 10% sodium hydrogen sulfite solution was added thereto, 

and then the organic layer was separated. The organic layer was 

washed with saturated brine, and then dried over magnesium 

15 sulfate. Magnesiu.m sulfate was filtrated, and th.en concentrated 

in vacuo to yield Compound 22c. Compound 22c was used for the 

next reaction without purification. 

Step (2): Compound 22c-+ Compound (II-22) 

The whole amount of the crude Compound 22c described above was 

20 dissolved in methylene chloride ( 8 mL) and anisole ( 1. 1 mL, 10 

rrunol), and then cooled to -40'C. 2M-aluminum 

chloride/nitromethane solution (5 mL, 10 mrnol) was then added 

thereto, subsequently stirring for one hour in an ice bath. The 

25 

reaction solution was 

N hydrochloric acid 

diisopropyl ether was 

solved into a mixed solution of aqueous 1 

solution and acetonitrile, and then 

added thereto. After the aqueous layer 

was separated, HP-2038 resin was added, and then concentrated in 

vacuo. The concentrated solution was subjected to ODS column 

chromatography eluting with water-acetonitrile. Fractions 

30 containing the desired compound were concentrated in vacuo, and 

then lyophilized to yield Compound (II-22) (338.3 mg, 46%) as a 

powder. 

35 

MS: 738. 03 (M+H) 

1 H-NMR (DMSO-dGi o(delta): 9.60 (lH, d, J = 8.52 Hz), 8.48 

J = 5.8 Hz), 7.28 (2H, br s), 6.88-6.78 (3H, m), 5.78 (lH, 

(lH, t, 

dd, J 
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= 8.2, 5.2 Hz), 5.19 (lH, d, J = 5.2 Hz), 5.08 (lH, d, J = 13.5 

Hz), 4.63 (lH, q, J = 7.2 Hz), 3.96 (lH, d, J = 13.2 Hz), 3.87 

(lH, d, J 16.5 Hz), 3.60-3.55 (9H, m), 2.17-2.01 (4H, m), 1.45 

(3H, d, J 7. 2 Hz). 

5 Elementary analysis for C29 H32 ClN1 0 10 S2 ·5.l(H2 0) 

Calcd.: ~ 41. 96 H, 5.12 N, 11. 81 s, 7.73 Cl, 4. 27 ( % ) v' 

Found.: c, 41.91 H, 4.92 N, 12.07 S, 7.78 Cl, 4.08 (%) 

[0183] 

Example 65 

10 Synthesis of Cornpound (II-23) 
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Step (1): Compound 23a + Compound 23b -~ Compound 23c 

Compound 23a (4 g, 33.9 mmol) was dissolved in tetrahydrofuran 

(50 mL). While stirring, a tetrahydrofuran solution (30 mL) of 

diphenyldiazomethane 23b (6.91 g, 35.6 rmnol) was added drop-wise 

5 thereto. After the reaction solution was stirred at room 

temperature for two hours, the solvent was evaporated under 

reduced pressure. n-Hexane (100 mL) was then added to the 

residue. The resulting solid was filtrated, and then washed 

with n-hexane to yield Compound 23c (8.25 g, 86%) as a solid. 

10 1 H-NMR (CDC13) o(delta): 7.36-7.29 (lOH, m), 6.96 (lH, s), 4.16 

(lH, d, J = 3.2 Hz), 2.67 (lH, br s), 2.23-2.13 (lH, m), 1.02 

( 3H, d, J = 7. OHz), 0. 77 ( 3H, d, J = 7. 0 Hz) . 

Step (2): Compound 23c + Compound 23d -> Compound 23e 

Compound 23c (8 .17 g, 28.7 mmol) was dissolved in 

15 tetrahydrofuran (80 mL), and then triphenylphosphine (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 ..... urn. 

After stirring at room temperature for three hours, 

triphenylphosphine ( 1. 51 g, 5. 7 4 mmol) , Compound 23d ( 0. 93 g, 

20 5. 7 4 mmol), and diisopropyl azodicarboxylate ( 1.1 mL, 5. 74 mmol) 

were added thereto in turn, followed by further stirring for 45 

rninutes. The solvent was evaporated under reduced pressure, and 

then methanol (120 mL) was added. The resulting solid was 

filtrated, and then washed with methanol to yield Compound 23e 

25 (7.46 g, 60%) as a solid. 

1 H-NMR (CDC13) o(delta): 7.79-7.72 (4H, m), 7.38-7.20 (lOH, m), 

6.98 (lH, s), 4.65 (lH, d, J = 7.14 Hz), 2.45-2.34 (lH, m), 1.18 

(3H, d, J= 6.73 Hz), 1.00 (3H, d, J= 6.73 Hz). 

Step (3): Compound 23e -> Compound 23f -> Compound 23h 

30 Compound 23e (3.01 g, 7 mmol) was dissolved in methylene 

chloride (30 mL), and then methylhydrazine (0.39 mL, 7.35 mmol) 

was added thereto under ice-cooling, subsequently stirring at 

the same temperature for one hour. The resulting solid was then 

removed by filtration. Methanol (15 mL) was added to the 

35 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 sol vent was then evaporated 

under reduced pressure. Ethyl acetate and water were added 

thereto, and then the organic layer was separated. The organic 

5 layer was washed with saturated brine, and then dried over 

10 

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%) 

1 H-NMR (CDC1 3 ) o(delta): 7.38-7.26 (lOH, 

(lH, d, J 3.7 Hz), 2.41-2.30 (lH, m), 

0.85 (3H, d, J= 7.0 Hz). 

MS: 552.22 (M-H). 

Step (4): Compound 23i -" Compound 23j 

as a solid. 

m), 6.94 (lH, s), 4.96 

1.07 (3H, d, J = 7.0 Hz), 

15 Compound 23i ( 45 .1 g, 100 mmol) was suspended in methylene 

chloride (750 mL), and then 2, 6-lutidine (24.5 mL, 210 mmol) and 

trityl chloride (30. 7 g, 110 mmol) were added under ice-cooling 

in turn, subsequetnly stirring at room temperature for 3 hours. 

2,6-Lutidine (5.8 mL, 50 mmol) was added to the reaction 

20 solution, followed by stirring 165 minutes, and then trityl 

chloride (8. 37 g, 30mmol) 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 aqueous l N hydrochloric acid 

25 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 over 

anhydrous magnesium sulfate. 1'1agnesium sulfate was removed by 

filtration, and then evaporation yielded Compound 23j (84.7 g). 

30 1 H-NMR (CDCle) o(delta): 7.51-7.24 (25H, m), 6.98 (lH, s), 4.80 

(lH, dd, J = 9.8, 4.8 Hz), 4.28-4.43 (3H, m), 3.49 (lH, d, J 

18.1 Hz), 3.35 (lH, d, J = 18.1 Hz), 3.00 (lH, d, J = 9.9 Hz). 

Step (5): Compound 23j -+ Compound 23k 

The crude Compound 23j (84.7 g) obtaind as described above was 

35 dissolved in methylene chloride, and then a solution of m-
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chloroperbenzoic acid (75%, 23 

chloride (200 mL) was added 

g, 100 

thereto 

mmol) 

under 

in methylene 

ice-cooling, 

subsequently stirring at the same temperature for 30 minutes. 

m-Chloroperbenzoic acid (75%, 6.90 g, 30 mmol) was further added, 

5 followed by stirring for 30 minutes under ice-cooling. An 

aqueous sodium hydrogen carbonate solution was added to the 

reaction solution, and then the organic layer was separated. 

The organic layer was washed with 

solution, washed with water, washed 

aqueous 5 % sodium sulfite 

with saturated brine, and 

10 then dried over anhydrous magnesium sulfate. Magnesium sulfate 

was rernoved by filtration, and then the solvent was evaporated 

under reduced pressure. The resulting redsidue was dissolved in 

a small amount of methylene chloride, and then diisopropyl ether 

was added. After the resulting solid was filtrated, the 

15 filtrated residue was washed with diisopropyl ether, and then 

dried in vacuo to yield Compound 23k (59.8 g, 89%) as a solid. 

1 H-NMR (CDCl:;) 8(delta): 7.57-7.28 (25H, m), 6.92 (lH, s), 4.89-

4.84 (2H, m), 4.04 (lH, d, J = 12.2 Hz), 3.46-3.56 (3H, m), 3.05 

(lH, d, J = 18.5 Hz). 

20 Step (6): Compound 23k + Compound 231 --+ Compound 23m 

Compound 23k (13.5 g, 20 mmol) and Compound 231 (10.5 g, 20 

mmol) was dissolved in dimethylacetamide (60 mL), and then was 

degassed in a water bath. While the reaction solution was 

stirred, potassium iodide I 8. 99 g, 60 mml I was added thereto, 

25 followed by stirring at room temperature for 90 minutes. 

Dimethylformamide ( 100 mL) was added to the reaction solution 

und.er ice-cooling, followed by degassir1g, and then potassium 

iodide (26.6 g, 160 mmol) and acetyl chloride (8.56 mL, 120 mL) 

were added thereto in turn, subsequently stirring at the same 

30 temperature for one hour. The reaction solution was then poured 

into a solution of sodium hydrogen sulfite (68 g) dissolved in 

brine (1200 mL). The resulting solid was filtrated, and then 

washed with water. The filtrated residue was dissolved in 

methylene chloride, washed with water, and then washed with 

35 saturated brine. The organic layer was then dried over 
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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 23m --> Compound 23n 

5 The crude Compound 23m (27. 3 g) obtained as described above 

was dissolved in 

hydrochloric acid 

acetone 

solution 

(130 mL), 

(4.93 mL, 

and 

29.6 

then aqueous 6 N 

mmol) was added 

thereto at room temperature for 3. 5 hours. Methylene chloride 

(500 mL) was added to the reaction solution to dilute, and then 

10 dried over anhydrous magnesium sulfate. Magnesium sulfate was 

removed by filtration, and then the solvent was evaporated under 

reduced pressure to yield 23n (26.6 g). 

MS: 903.35 (M+H). 

Step (8): Compound 23n + Compound 23h --> Compound 230 

15 Compound 23n (1.18 g, 1.1 mmol), Compound 23h (554 mg, 1 mmol), 

and hydrochloric acid salt ( 25 3 mg, 1. 3 2 mmol) of N- ( 3-

dimethylaminopropyl) -N' -ethylcarbodiimide were dissolved in 

methylene chloride (15 mL), and then cooled to 0°C. Pyridine 

(0.12 mL, 1.43 mmol) was added to the reaction solution, 

20 followed by stirring for one hour under ice-cooling. Aqueous 2 

N hydrochloric acid solution ( 1 mL), ethyl acetate, and water 

were added to the reaction solution, and then the organic layer 

was separated. The organic layer was washed with saturated 

brine, and then dried over anhydrous magnesium sulfate. 

25 Magnesium sulfate was removed by filtration, and then the 

solvent was evaporated under reduced pressure to yield Compound 

230 (1.52 g) 

MS: 1438.58 (M+H) 

Step (9): Compound 230 -->Compound (II-23) 

30 The crude Compound 2 Jo ( 1. 5 2 g I obtained as described above 

35 

was dissolved. 

10 mmol), 

in 

and 

methylene chloride 

then cooled to 

(8 mL) and 

-40°c. 

anisole 

2M 

(1.1 mL, 

aluminum 

chloride/nitromethane solution (5 mL, 10 mmol) was added thereto, 

followed by stirring at a terr1perature between -10°C and -5°C for 

one hour. The reaction solution was dissolved into aqueous 1 N 
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hydrochloric acid solution and acetonitrile, and then the 

aqueous layer was separated. After the aqueous layer was washed 

with diisopropyl ether, HP-20SS resin was added thereto, and 

then concentrated in vacuo. The concentrated solution was 

5 subjected to ODS column chromatography, eluting with aqueous 

hydrochloric acid solution-acetonitrile. Fractions containing 

the desired compound was concentrated in vacuo, and then 

lyophilized to yield Compound (II-23) 

powder. 

(195.9 mg, 26%) as a 

10 MS: 766. 07 (M+H). 

1H-NMR (DMSO-d0) 8(delta): 9.67 (lH, d, J = 8. 0 Hz), 8.53 (lH, t, 

J = 5.2 Hz) , 6.82 ( lH, s)' 6.78-6.75 I 2H, m)' 5.93 (lH, dd, J = 

8. o, 5.2 Hz), 5.31 (lH, d, J = 5.0 Hz) , 4.66 ( lH, d, J = 13.9 

Hz), 4.36 ( lH, d, J = 5.1 Hz) , 4.29 ( 2H, d, J = 14.6 Hz), 3.99 

15 I 3H, d, J = 17 .1 Hz), 3.62-3.40 I 9H, m)' 2.15-1.89 (5H, m)' 0. 96 

( 6H, dd, J = 5. 1, 6. 7 Hz). 

Elementary analysis for C31 H3 E ClN, 01 o s, · 4. 2 (H 2 O)·1. 9 (HCl) 

Calcd.: C, 40. 86 

Found.: c, 40.86 

20 [0184] 

Example 66 

H, 5. 12 

H, 5. 03 

Synthesis of Compound (II-24) 

N, 10.76 

N, 10.72 

s, 7.04 

s' 6. 99 

Cl, 11.28 (%) 

Cl, 11.20 (%) 
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Step (1): Compound 24a -+ Compound 24b -+ Compound 24d 

Compound 24a (2. 99 g, 7 mrnol), synthesized similarly by a 

5 method described in Bioorg. Med. Chem. 2007, 15, 6716, was 

10 

dissolved in methylene chloride (30 mL). Methylhydrazine (0.37 

mL, 7 mrnol) was then added thereto und.er ice-cooling, 

subsequently stirring at the same temperature for one hour. The 

solid which appeared during the reaction was then removed by 

filtration. Methanol (15 mL) was added to the filtrate, and 

then Compound 24c (1.91 g, 7 mrnol) was added thereto under ice­

cooling, followed by stirring at the same temperature for one 

hour. After stirring at room temperature for another three 
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hours, ethyl acetate and aqueous 0.1 N hydrochloric acid 

solution were added thereto. The organic layer was separated, 

washed with water, washed with saturated brine, and then dried 

over anhydrous magnesium sulfate. _i;.fter magnesium sulfate was 

5 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 diisopropyl 

ether to yield Compound 24d (2.29 g, 59%) as a solid. 

MS: 552.05 (M+H). 

10 1 H-NMR (CDC1 3 ) o(delta): 7.37-7.23 (lOH, m), 6.92 (lH, s), 2.64-

2.51 (4H, m), 2.06-2.03 (2H, m), 1.55 (9H, s). 

Step (2): Compound 24e + Compound 24f -> Compound 24g -> Compound 

(II-24) 

Compound 24e (1.18 g, 1.1 rrmol) and Compound 24f (546 mg, 0.99 

15 rrmol) were used, and Compound 24g and Compound (II-24) were 

obtained according to a procedure similar to that described 

above. 

Compound 24g (1.67 g). MS: 1437.59 (M+H). 

Compound (II-24) (251. 7 mg, 33%) 

20 MS: 764.04 (M+H) 

1 H-NMR (DMSO-d6) o(delta): 9.75 (lH, d, J = 8.2 Hz), 8.55 (lH, br 

s), 6.86-6.78 (2H, m), 5.97 (lH, dd, J = 8.2, 5.2 Hz), 5.35 (lH, 

d, J = 5.2 Hz), 4.68 (lH, d, J = 14.6 Hz), 4.31 (lH, d, J = 13.7 

Hz), 4.02 (lH, d, J = 17.1 Hz), 3.66-3.10 (9H, m), 2.78-2.67 (2H, 

25 m), 2.46-1.84 (lOH, m) 

Elementary analysis for C31 H31 ClN,010 S2 ·3.9(H2 0) ·l.7(HC1) 

Calcd.: c, 41.53 H, 4.89 N, 10.94 s, 7.15 Cl, 10.68 (%) 

Found.: C, 41.33 H, 4.85 N, 11.66 S, 6.89 Cl, 10.75 (%) 

[0185] 

30 Example 67 

Synthesis of Compound (II-25) 
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[Formula 141] 
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Step (1): Compound 25a + Compound 25b ---+ Compound 25c 

Compound 25a (1.91 g, 2.83 mmol) and Compound 25b (1.56 g, 

5 2.83 wmol) were dissolved in dimethylacetamide (9 mL), and then 

degassed in a water bath. While the reaction solution was 

stirred, potassium iodide (l.27 g, 8. 49 mmol) was added thereto, 

followed by stirring at room temperature for 40 minutes. 

Dimethylformamide ( 15 mL) was added to the reaction solution 

10 under ice-cooling, followed by degassing, and then potassium 

iodide (3.76 g, 22.6 mmol) and acetyl chloride (1.21 mL, 17.0 

mmol) were added thereto in turn, subsequently stirring at the 
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same temperature for one hour. The reaction solution was then 

poured into a solution of sodium hydrogen sulfite (8. 5 g) 

dissolved in brine (150 rnL). Tf',e resulting solid was filtrated, 

and then washed with water. The obtained solid was dissolved in 

5 methylene chloride, washed with water, and then saturated brine. 

The organic layer was then dried over anhydrous magnesium 

sulfate. Magnesium sulfate was removed by filtration, and then 

the solvent was evaporated under reduced pressure to yield 

Compound 25c (3.56 g). 

10 MS: 1171.44 (M+H). 

15 

Step (2): Compound 25c -c> Compound 25d 

The crude Compound 25c (3. 5 6 g) obtained as described above 

was dissolved in acetone ( 2 0 mL) , and then aqueous 6 N 

hydrochloric acid solution (0.68 rnL, 4.06 mmol) was added 

thereto, subsequently stirring at 

Methylene chloride and methanol 

room temperature for 5 hours. 

were added to the reaction 

solution to dilute, and then dried over anhydrous magnesium 

sulfate. Magnesium sulfate was removed by filtration, and then 

the solvent was evaporated under reduced pressure to yield 25d 

20 ( 3. 83 g) . 

MS: 929.56 (M+H). 

Step (3): Compound 25d + Compound 25e -c> Compound 25f 

Compound 25d (1.20 g, 1.1 mmol) and Compound 25e (554 mg, 1 

mmol) were used, and Compound 25f (1. 34 g) was obtained 

25 according to a procedure similar to that described above. 

MS: 1464.89 (M+H) 

Step (4): Compound 25f -c> Compound (II-25) 

The whole amount of 25f obtained as described above was 

dissolved in methylene chloride (2 rnL) and anisole (0.83 rnL, 

30 7. 63 JTu"Ilol), and then ice-cooled. Trifluoroacetic acid ( 8. 5 mL, 

110 mmol) was then added thereto, subsequently stirring under 

ice-cooling for one hour. Trif luoroacetic acid (2 mL) was 

further added thereto, followed by stirring at room temperature 

for 30 rninutes. After the solvent was evaporated under reduced 

35 pressu1:e, diisopropyl ether was added thereto, and then the 
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resulting solid was filtrated. The obtained solid was then 

dissolved in acetonitrile and aqueous 1 N hydrochloric acid 

solution. HP-20SS resin was added thereto, and then 

concentrated in vacuo. The concentrated solution was then 

5 subjected to ODS column chromatography, eluting with water­

acetonitrile. An aqueous 0. 2 N sodium hydroxide solution was 

then added to fractions containing the desired compound to 

obtain a sodium salt. 

and then lyophilized to 

The sol vent was concentrated in vacuo, 

yield Compound (II-25) (201.2 mg, 29%) 

10 as a powder. 

MS: 792.21 (M+H) 

1 H-NMR (D2 0) o(delta): 6.97 (lH, s), 6.90-6.83 (2H, m), 5.85 (lH, 

d, J 4.8 Hz), 5.34 (lH, d, J = 4.8 Hz), 4.58 (lH, d, J = 14.5 

Hz), 4.34 (lH, d, J = 5.2 Hz), 3.89-3.83 (2H, m), 3.50-3.33 (9H, 

15 m), 2.15-2.13 (lH, m), 1.98-1.84 (6H, m), 0.99 (6H, t, J = 6.9 

20 

Hz). 

Elementary analysis for C33 H3 ,ClN7 0 10 S 2 Na·4.8(H2 0) ·0.l(NaHC03 ) 

Calcd.: C, 43.73; H, 5.18; N, 10.78; S, 7.05; Cl, 3.90; Na, 

2. 78 I%) 

Found.: C, 43.87 

2.88 (%) 

[0186] 

Example 68 

H, 5 .17 

Synthesis of Compound (II-26) 

N, 10.72 s, 6.63 Cl, 3. 94 Na, 
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[Formula 142] 
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Step (1): Compound 26a ---> Compound 26b 

11-26 

To Compound 26a (1 g, 6.44 mmol), synthesized similarly by a 

5 method described in Helv. Chim. Acta. 1954, 37, 1672, was added 

thionyl chloride (7 mL), subsequently heating at reflux for two 

hours. After thionyl chloride was evaporated under reduced 

pressure, xylene was added thereto, and then concentrated in 

vacuo again. The concentrated solution was cooled to 0°C, and 

10 then an aqueous solution (25 mL) of sodium 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 rninutes. Potassium carbonate was 

then added to the reaction solution until effervescence ceased. 

After extraction with toluene, the organic layer was washed with 

5 anhydrous magnesium sulfate, and then magnesium sulfate was 

removed by filtration. The resulting solution was then heated 

at reflux for 45 minutes. After extraction with aqueous 6 N 

hydrochloric acid solution, the separated aqueous layer was 

further heated at reflux for 150 minutes. The reaction solution 

10 was cooled to roorn temperature, and then concer!trated in vacuo. 

After isopropanol was added to the residue, the resulting solid 

was filtrated, washed with isopropanol, and then dried in vacuo 

to yield Compound 26b (655.9 mg, 51%). 

1 H-NMR (02 0) o(delta): 3.57 (6H, t, J = 7.6 Hz), 2.26 (6H, t, J 

15 7.6Hz). 

MS: 127.11 (M+H). 

Step (2): Compound 26c --> Compound 26d + Compound 26b -> Compound 

26e 

Compound 26c (858 mg' 2 rrm1ol) was dissolved in 

20 dimethylacetamide ( 9 rnL), and then cooled to -15 °C. 

Triethylamine (0.33 mL, 2.4 mmol) was added to the solution, and 

then methanesulfonyl chloride (0.20 mL, 2.6 mmol) was added 

thereto, followed by stirring for 30 minutes at temperature 

between -l0°C and -5 °C. The reaction solution was cooled to -

25 l5°C, and then triethylamine (0.92 rnL, 7.2 mmol) and Compound 

26b (478 mg, 2.4 rrmol) were added thereto in turn, subsequently 

stirring for 90 minutes under ice-coolin.9. An aqueous 0. 2 N 

sodium hydroxide solution was added to the reaction solution, 

followed by extraction with ethyl acetate. The organic layer 

30 was washed with water, washed wi.th saturated brine, and then 

dried over anhydrous magnesium sulfate. Magnesium sulfate was 

removed by filtration, and then the solvent was concentrated in 

vacuo. The concentrated solution was subjected to silica gel 

column chromatography, eluting with chloroforrn/rnethanol. 
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Fractions containing the des ired corr.pound were concentrated in 

vacuo to yield Compound 26e (459.5 mg, 43%). 

MS: 537.19 (M+H). 

1 H-NMR (CDC1 3 ) o(delta) 7.37-7.34 ( 4H, m)' 6.91 (2H, dd, J = 8. 5' 

2. 1 Hz I , 6.83 ( 2H, d, J = 8.5 Hz I , 5.85 ( lH, br s) , 5.08 ( 2H, s) , 

4.94 (2H, s) , 3.83 (3H, s), 3.81 (3H, s) ' 3.01 ( 6H, t, J = 7.6 

Hz I , 1. 98 ( 6H, t, J = 7.6 Hz I. 

Step ( 3) : Compound 26f + Compound 26e --+ Compound 26g 

Compound 26f ( 450 rng, 0.84 mmol) was dissolved in 

dimethylformamide (3 mL), and then degassed. Compound 26e (783 

mg, 0. 84 rnrnol) was then added thereto, followed by stirring at 

room temperature for 40 minutes. After the reaction solution 

was diluted with ethyl acetate, aqueous 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 rnagnesium sulfate was filtrated. 

The solvent was evaporated under reduced pressure to yield 

Compound 26g (1.04 g). 

20 MS: 1343.92 (M+H). 

Step (4): Compound 26g --+ Compound 26h 

The whole amount (1.04 g) of the crude Compound 26g obtained 

as described above was dissolved in dirnethylforrnamide (6 mL), 

and then cooled to -40°C. Phosphorus tribromide (0 .10 mL, 1. 06 

25 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 organic layer was 

30 dried over anhydrous magnesium sulfate, magnesium sulfate was 

filtrated, and then the solvent was evaporated under reduced 

pres .sure to yield Compound 2 6h I 931 mg I 

MS: 1327.87 (M+H) 

Step (4): Compound 26h --> Compound (II-26) 
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The whole amount (931 mg) of the crude Compound 26h obtained 

as described above was used, and treated according to a 

procedure similar to that described above, and thus Compound 

(II-26) (292.7 mg, 59%) was obtained as a powder. 

5 MS: 764.28 (M+H). 

1 H-NMR (D 2 0) b(delta): 6.99 (1.0H, s), 6.89 (2H, dd, J = 8.1, 

14.5 Hz), 5.89 (lH, d, J = 5.0 Hz), 5.37 (lH, d, J = 5.0 Hz), 

4.63 (lH, d, J 13.1 Hz), 3.92 (2H, dd, J 15.0, 10.4 Hz), 

3.49-3.79 (6H, m), 3.43 (lH, d, J = 17.5 Hz), 2.34-2.56 (6H, m), 

10 1.52 (6H, d, J=4.6Hz). 

Elementary analysis for C31 H33 ClN,010 S2 Na·6.6(H2 0) ·0.2(NaHC0 3 ) 

Calcd.: c, 40.65; H, 5.07 i N, 10.64; S, 6.96; Cl, 3.85; Na, 

2.99 (%) 

Found.: c, 40.54; H, 4.85 

15 3.05 (%) 

[0187] 

Example 69 

Synthesis of Compound (II-27) 

N, 10.81 S, 7.26 Cl, 3.79 Na, 
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[Formula 143] 

I 
--j--co2Na 

N"O 
II H 

H N--/•N~I 1T'-N'--,>, s, /\ 0 OOH 
2 \ ___!J I! 1 ' I ~ / " I 

s 0 /,+--N~/N~~ A / ~ i 
0~1. NN OH 

Co " H H I 
2 Cl 

11-27 

Cl 

H02C1~0PMB--~ 
00PMB 

27a 

27d 

! 
---r-co2t-Bu 

N .• O 

27c 

BocHN--f.N~I ~. __;S-._ /)\ o, J..._.,OPMB 

s~ 0 ,;7Nv/1--. ;N~ A "' ,, d ' 'I '" ' V' 
0 ) ~ "1· N N OPMB 

co,BH H H Cl 
27e 

Step (1): Compound 27a + Compound 27b --+ Compound 27c 

11-27 

Compound 27a (2.14 g, 5 mmol) was suspended in toluene (25 mL), 

5 and then triethylamine ( 0. 83 mL, 6 rrnnol) and diphenylphosphoryl 

azide ( 1. 2 9 mL, 6 rmnol) were added thereto in turn, followed by 

heating at reflux for one hour. Compound 27b (0.86 g, 7.5 rmnol) 

was then added, subsequently heating at reflux for another two 

hours. The reaction solution was cooled to room temperature, 

10 and then the solvent was evaporated under reduced pressure. 

Water was added to the residue, followed by extraction with 

ethyl acetate and tetrahydrofuran, and then the organic layer 

was concentrated in vacuo. Isopropanol was added to the 
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resulting residue, and then the resulting solid was filtrated to 

yield 27c (1.84 g, 68%). 

1 H-NMR (DMSO-d6 ) O(delta): 8.65 (lH, br s), 7.91 (lH, br s), 7.67 

( lH, dd, J = 14. 9, 9. 6 Hz), 7. 3 9 ( 2H, d, J = 7. 3 Hz) , 7. 2 9 ( 2H, 

5 d, J = 7 . 6 Hz ) , 7 . 0 9 ( 1 H, dd, J = 18 . 4 , 8 . 9 Hz ) , 6 . 9 5 ( 2 H, d, J 

= 7.6 Hz), 6.86 (2H, d, J 

3.76 (3H, s), 3.74 (3H, s), 

1. 70-1. 67 (4H, m). 

MS: 540.36 (M+H). 

7.8 Hz), 5.06 (2H, s), 4.89 (2H, s), 

3.29-3.10 (2H, m), 2.48-2.42 (6H, m), 

10 Step (2): Compound 27d + 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. 

15 Compound 27c (648 mg, 1.2 mmol) was added to the reaction 

solution, subsequently stirring at room temperature for one hour. 

Ethyl acetate and water were added to the reaction solution, and 

20 

insolubles were removed by filtration. The organic layer 

separated from the filtrate was washed with aqueous 10% sodium 

hydrogen 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 vacuo. The concentrated residue was 

dissolved in dimethylformamide (12 mL), and then cooled to -40°C. 

25 Phosphorus tribromide ( 0 .1 7 mL, 1. 84 mmol) was added thereto, 

followed by stirring at the same temperature for 90 minutes. 

Ethyl acetate was added to the reaction solution to dilute, and 

then water was added thereto. The organic layer was separated, 

and then dried over anhydrous magnesium sulfate. Magnesium 

30 sulfate was filtrated, and then the solvent was evaporated under 

reduced pressure to yield Compound 27e (1.05 g). 

MS: 1330.11 (M+H) 

Step (3): Compound 27e ..._. Compound (II-27) 

The whole amount ( 1. 05 g) of the crude Compound 27e obtained 

35 as described above was used, and treated according to a 
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procedure similar to that described a.bove, and thus Cornpound 

(II-27) (90. 7 mg, 16%) was obtained as a powder. 

MS: 767.37 (M+H). 

1 H-NMR (D20) o(delta): 6.99 (lH, s), 6.88 (2H, s), 5.87 (1H, d, J 

5 = 4.9 Hz), ~-3~ (lH, d, J = 4.9 Hz), 4.18 (lH, d, J = 14.0Hz, 

4.08 (lH, d, J = 14.0 Hz), 3.91 (lH, d, J = 16.9 Hz), 3.76-3.33 

(9H, m), 2.25-2.15 (4H, m), 1.50 (6H, d, J = 4.1 Hz). 

Elementary analysis for C30H3,ClN001 0S2Na·5.7(H2 0) 

Calcd.: C, 40.40; H, 5.13; N, 12.56; S, 7.19; Cl, 3.98 Na, 

10 2.58 (%) 

Found.: C, 40.37 

2. 36 I%) 

[0188] 

Example 70 

H, 5.00 

15 Synthesis of Compound (II-28) 

N, 12.48 S, 7.48 Cl, 3. 83 Na, 
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[Formula 144] 

0 

HO-N~ 
YOH 0 28d 

28b 

C02BH 

28c 

ill 

V 0
,NH2 

~C02BH 
. 

28g fa 

I 
COzBH 

NJO 

BocHN---<(' J C02H 
s 

281 

PC02BH 

N,O 

N )( .H s 
BocHN---{ JJV Ir µ:~n ~o Cl 

S 0 N / N~N " OPMB 
0 +1- ' 

H I 
C02BH / OPMB 

28j 

28h 

28h 

Step (1): Compound 28a + Compound 28b ---> Compound 28c 

11-28 

Compound 28a (4.29 g, 28.2 mmol), synthesized similarly by a 

5 method described in J. Org. Chem. 1993, 58, 6372, was disolved 
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in tetrahydrofuran ( 40 mL), and then diphenyldiazornethane 28b 

( 8. 21 g, 42. 3 rnmol) was added, followed by heating at reflux for 

20 hours. The sol vent was evaporated under reduced pressure, 

and then subjected to silica gel column chromatography, eluting 

with ethyl acetate-hexane. Fractions containing the desired 

cornpound were concentrated in vacuo to yield Compound 28c (7. 95 

g' 8 9%) . 

1 H-NMR (CDC1 3 ) o(delta): 8.11 (lH, s), 8.07 (lH, d, 

7.59 (lH, d, J = 7.7 Hz), 7.48-7.26 (9H, rn), 7.12 

J=7.7Hz), 

(lH, s), 4.76 

10 (2H, d, J = 5.7 Hz), 1.78 (lH, 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 rnL), and then N-hydroxyphthalimide 28d (4.89 g, 30 mmol) 

and triphenylphosphine ( 7. 86 g, 30 mmol I were added thereto in 

15 turn, subsequently cooling to 0°C. Diisopropyl azodicarboxylate 

(7. 28 mL, 37. 5 rmnol) was then added to the reaction solution, 

followed by stirring at room temperature for two hours. The 

sol vent was evaporated under reduced pressure. After methanol 

was added to the resulting residue under ice-cooling, the 

20 resulting solid was filtrated, and then dried in vacuo to yield 

Compound 28e (7.84 g, 68%). 

1 H-NMR (CDC1 3 ) o(delta): 8.24 (lH, s), 8.15 (lH, d, J 7.9 Hz), 

7.85-7.78 (3H, m), 7.75-7.68 (2H, m), 7.51 (lH, t, J 7.7 Hz), 

7.43 (4H, dd, J = 7.9, 1.4 Hz), 7.38-7.26 (6H, m), 7.10 (lH, s), 

25 5.27 (2H, s). 

30 

35 

Step (3): Compound 28e --> Compound 28f --> Compound 28h 

To Compound 28e (5.56 g, 12 mmol) was added methylene chloride 

( 2 5 rnL), and then methylhydrazine ( 0. 64 mL, 12 mmol) was added 

thereto under ice-cooling, followed by stirring at the same 

temperature for one hour. The solvent was evaporated under 

reduced pressure, and then methanol (45 mL) was added. Under 

ice-cooling, Compound 28g (3.27 g, 12 mmol) was then added, 

subsequently stirring for three hours. The solvent was 

evaporated under reduced pressure, and then ethyl acetate, 

tetrahydrofuran, and saturated brine were added thereto. The 
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organic layer was separated, and then the solvent was evaporated 

under reduced pressure to yield Compound 28h (7.49 g, 97%). 

1 H-NMR (CDCl3) o(delta): 8.11 (lH, s), 8.04 (lH, d, J = 8.1 Hz), 

7.56 (lH, d, J = 7.6 Hz), 7.46-7.24 (12H, m), 7.12 (lH, s), 5.26 

5 (2H, s). 

Step (4): Compound 28i + Compound 28h __, Compound 28j 

Compound 28i (1.60 g, 1.5 mmol) and Compound 28h (793 mg, 1.35 

mmol) were used, and Compound 28j (1.68 g) was obtained 

according to a procedure similar to that described above. 

10 MS: 1472.84 (M+H). 

15 

Step (5): Compound 28j __,Compound (II-28) 

The whole amount of the crude Compound 28j obtained as 

described above was dissolved in methylene chloride (3 mL) and 

anisole (1.07 

Trif luoroacetic 

rnL, 

acid 

9.78 

(12 

mmol), and then cooled to 0°C. 

mL, 110 mmol) was then added to the 

reaction solution, followed by stirring for 30 minutes under 

ice-cooling. Trifluoroacetic acid ( 4 mL) ;,,;as further added to 

the reaction solution, subsequently stirring at room temperature 

for 90 minutes. After the solvent was evaporated under reduced 

20 pressure, diisopropyl ether was added, and then tl:1e resulting 

25 

solid was filtrated. The solid was dissolved in acetonitrile 

and aqueous 1 N hydrochloric acid solution, and then HP-20SS 

resin was added. The solvent was concentrated in vacuo, 

subjected to ODS column chromatography, eluting with water-

acetonitrile. An aqueous 0. 2 N sodium hydroxide solution was 

used for fractions containing the desired compound to obtain a 

sodium salt. The fractions were concentrated in vacuo, and then 

lyophilized to yield Compound (II-28) (204.6 mg, 23%) as a 

powder. 

30 MS: 800.24 (M+H) 

1 H-NMR (D2 0) o(delta) 7.90 (lH, s), 7.79 (lH, d, J = 7.63 Hz), 

7.55 (lH, d, J = 7.17 Hz), 7.41 (lH, t, J = 7.93 Hz), 6.97-6.92 

(2H, m), 6.82 (lH, d, J = 8.08 Hz), 5.75 (lH, d, J 4.88 Hz), 

5.26 (2H, s), 5.21, 4.73 (lH, d, J = 4.88 Hz) (lH, d, J = 4.88 
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Hz), 4.10 (lH, d, J = 14.64 Hz), 3.93-3.47 (9H, m), 3.27 (lH, d, 

J = 16.62 Hz), 2.12-2.26 (4H, m). 

Elementary analysis for C34H33ClN7010S2Na·5.2(H2 0) ·0.l(NaHC03 ) 

Calcd.: C, 44.31; H, 4.74; N, 10.61; S, 6.94; Cl, 3.84; Na, 

5 2.74 (%) 

Found.: c, 44 .16 

2. 8 6 ( % ) 

[0189] 

Example 71 

H, 4.62 

10 Synthesis of Compound (II-29) 

N, 10. 77 s, 7 .12 Cl, 4. 07 Na, 
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Na02CYll 

~ 
,0 

232 

~ H s n o Cl 
N NJ-( I ~OH H2N-f ,}-N~N~~ I "' 
S O I / OH COi 
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0 
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s 
29g 

0 29d 
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,N 

0 
0 
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HB02~ 

N 
,0 

11 
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s 

29f 29h 
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HB02~ 

,0 

N H 0 0 Cl l~Nj-(~S ~OPMB BocHN-fNJ ~ ,f-N, / ~~~ I "' 
S O BH / OPMB C02 

11-29 

29j 
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Step (1): Compound 29a -> Compound 29h 

Compound 29a, synthesized similarly by a method described in J. 

Am. Chem. Soc. 2001, 123, 1856, was used, and Compound 29h was 

obtained according to a procedure similar to that described 

5 above. 

Compound 29c (7.75 g, 107%) 

1 H-NMR (CDC1 3 ) o(delta): 8.18 (lH, dd, J = 8.5, 1.1 Hz), 7.55 (lH, 

td, J = 7.5, 1.2 Hz), 7.47-7.25 (12H, m), 7.11 (lH, s), 4.76 (2H, 

d, J=7.4 Hz), 3.72 (lH, t, J=7.4 Hz). 

10 Compound 29e (10.2 g, 90%) 

1 H-NMR (CDCli) O(delta): 8.16 (lH, d, J = 7.6 Hz), 7.86-7.70 (SH, 

m), 7.59 (lH, t, J = 7.5 Hz), 7.46-7.24 (llH, m), 7.05 (lH, s), 

5.66(2H,s). 

Compound 29h (4.03 g, 69%) 

15 1 H-NMR (CDCl,) o(delta): 8.08 (lH, d, J=7.5 Hz), 7.59 (lH, d, J 

= 7.6 Hz), 7.52-7.24 (13H, m), 7.06 (lH, s), 5.66 (2H, s). 

MS: 588.20 (M+H). 

Step (2): Compound 29i + Compound 29h -> Compound 29j -> Compound 

(II-29) 

20 Compound 29i (793 mg, 1.35 mmol) and Compound 29h (793 mg, 

1. 35 mmol) were used, and compound (II-29) v.1as obtained 

according to a procedure similar to that described above. 

Compound 29j (l.78 g) 

MS: 1473.89 (M+H). 

25 Compound (II-29) (157.3 mg, 17%) 

MS: 800.23 (M+H) 

1 H-NMR (D20) &(delta): 7.52-7.44 (2H, m), 7.40-7.30 (2H, m), 6.95 

(lH, s), 

5.80 (lH, 

6.90 (lH, d, J = 8.24 Hz), 6.82 (lH, 

d, J = 4.73 Hz), 5.44 (2H, s), 5.28 

d, J 

(lH, d, 

8.24 Hz), 

J = 5. 03 

30 Hz), 4.83 (lH, d, J = 14.18 Hz), 4.10 (lH, d, J = 14.18 Hz), 

3.92-3.36 (lOH, m), 2.21-2.18 (4H, m). 

Elementary analysis for C34 H33 ClN,010 S2 Na·4.6(H 2 0) ·0.2(NaHC03 ) 

Calcd.: C, 44.56; H, 4.64; N, 10.64; S, 6.96; Cl, 3.85; Na, 

2. 99 ( % ) 
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2. 98 (%) 

[ 0190] 

44.51 
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u 4.60 '" N, 10. 71 s, 6.85 

Example 
73 

(II-31) 
5 synthesis . of Compound 

1 - 146] [Formu a -

S Clo H 0 
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Step (1): Compound 31a +Compound 31b-> Compound 31c 

Compound 3la (2.18 g, 5 mmol) and Compound 3lb (2.94 g, 5 

ITh'Tlol) was suspended in methylene chloride (20 mL). Pyridine 

of N- (3-(0.48 mL) and hydrochloric acid salt (1.05 g) 

dimethylaminopropyl)-N'-ethylcarbodiimide were then added 

thereto under ice-cooling, followed by stirring for 30 minutes. 

The reaction solution was diluted 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 column chromatography to yield Compound 31c (3.82 g). 

1 H-NMR (CDC1 3 ) O(delta): 0.93 (3H, d, J = 3.9 Hz), 0.95 (3H, d, J 

= 4.8 Hz), 1.47 (9H, s), 2.15-2.20 (lH, m), 4.40-4.66 (SH, m), 

5.33 (lH, d, J = 3.0 Hz), 5.82 (lH, dd, J = 3.0, 7.0 Hz), 6.89 

15 (lH, s), 6.94 (llH, s), 7.12-7.63 (21H, m), 9.39 (lH, d, J = 6 

Hz) . 

Step (2): Compound 31c + Compound 31d -> Compound 3le -> Compound 

(II-31) 

Compound 31c was dissolved in DMF (5-fold volu.cne), and then 

20 potassium iodide (1.5 equivalents) and Compound 31d (equivalent 

mole) were added thereto, followed by stirring at room 

ternperature for 2 hours. The solution was slowly added to 

stirred 5% brine (50-fold volurne), and then the precipitated 

deposits were filtrated. The filtrated solid was washed with 

25 water, suspended in water, and then lyophilized to yield the 

30 

crude product 3le (100%). The crude product 31e was dissolved 

in methylene chloride (20-fold volume) and nitromethane (10-fold 

volume) . Anisole (10 equivalents) followed by 2M aluminum 

chloride/nitromethane solution (10 equivalents) were then added 

at room temperature, subsequently stirring for 1 hour. After 

reacting, the reaction solution was poured ' +-in ._o cold lN 

hydrochloric acid/ acetoni trile/ diisopropyl ether ( 3 /1/5) . The 

aqueous 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+H') 

IR (KBr) cm- 1
: 3309, 1784, 1667, 1608, 1532 

5 Elementary analysis for C31H3sClN1011S·3.6H20 

Calcd.: C, 45.68; H, 5.34; N, 12.03; Cl, 4.35; S, 3.93 (%) 

Found.: c, 45.56; H, 5.02; N, 12.25; Cl, 4.56; s, 4.06 (%) 

[0191] 

Example 74 

10 synthesis of Compound (II-32) 

[Formula 147] 

a 0 Bn 

N~N~O 
H lA H syClo H ? 

Boc-N~ _lL__,}LN S 
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H sqCl~H ? e 
Boc-N~ I N S I\ I 

N I ]-(~1,e) 0 Bn 
N. j--N. / 'N~N~O 
0 0 H I 

Me·"( COOBH / O 
COOBH Bn 

32c 

0 
32b sn 

11-32 

Step ( l): Compound 32a + Compound 32b ___,, Compound 32c ___,, Compound 

(II-32) 
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(0.68 g, 0. 7 
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(a mixture of a(alpha), 

mmol) and Compound 

p(beta)-sulfoxide = 7:2) 

32b were dissolved in 

dimethylformamide ( 6 mL), and then potassium iodide ( 0. 2lg , 2 

equivalents I was added thereto, followed by stirring at room 

5 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 yield the 

crude product 32c (l.07g). The crude product 32c was dissolved 

10 in methylene chloride (20-fold volume) and nitromethane (10-fold 

volume). Anisole 

chloride/nitromethane 

(10 equivalents) followed 

solution ( 10 equivalents) 

by 2M 

were 

room temperature, subsequently stirring for 1 hour. 

aluminum 

added at 

After 

reacting, the reaction solution was poured into cold lN 

15 hydrochloric acid/acetonitrile/diisopropyl ether (3/1/5). The 

aqueous layer was separated, and then subjected to HP-20 column 

chromatography to purify it. After eluting with 

acetonitrile/water, eluates were concentrated in vacuo, and then 

lyophilized to yield Compound (a mixture of a (alpha), p (beta) -

20 sulfoxide 80:15) (II-32). 

LC/MS (ES+): 755 (M+H•) 

IR (KBr) cm~ 1
: 3297, 1790, 1611, 1530, 

Elementary analysis for C291 H3 2 ClN,011 S2 ·3.4H2 0 

Calcd.: c, 42.71; H, 4.80; N, 12.02; Cl, 4.35; s, 7.86 (%) 

25 Found.: C, 42.67; H, 4.68; N, 12.17; Cl, 4.30; S, 7.71 (%) 

[0192] 

30 

Test Exarnple 1 

Compound (I) of the present invention was investigated for 

the antimicrobial activity thereof. 

(Test methods) 

(Microbe/Strain species Nos. 1-14): 

Measurernent of Minirnurn Inibitory Concentration (MIC, 

microg/ml) was conducted according to the standard method of the 

Japan Society for Chemotherapy, and the amount of bacteria for 
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inoculation was lOOOcfu/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 Inibi tory Concentration (MIC, 

5 microg/ml) was conducted according to the CLSI (Clinical and 

Laboratory Standards Institute) and the amount of bacteria for 

inoculation was lOOOOcfu/spot, and Mueller-Hinton agar medium 

was used as the test medium, and conducted using agar plate 

incubation. 

10 Test results are shown in Tables 1-6. In the tables, a 

unit of the values of inhibitory activity is microg/ml (µg/ml). 

[0193] 

[Table 1] 

Bacteria 
[ Comp<irative Compound Compound Compound 

Strain Bacteria Species Strain Name 
No. 

i COmJlOUnd ·1 {1-1) (I~2) (l-3) 

1 KlebSielfa pneumoniae ATCC 700603 16 0.5 0.25 0.125 

2 Pse11domonas aeruginosa SR24 4 0.063 0.063 0.031 

3 Pseudomonas aeruginosa SR27060 32 0.25 0.125 0.125 
-

4 Acfnetobacter baumannii SR24396 64 0.125 0.25 0.125 

5 Stenotrophomonas ma/lophilia SR21970 16 0.5 

15 [0194] 

[Table 2] 

Bacteria Oofuoound C'0mPound CQmpoutid Compound 
Strain Bacteria Species Strain Name 

No (l-8) {1-1 Z') (I-15) (!-17) 

1 Klebsie!la pneumoniae ATCC 700603 0.125 0.25 0.125 0.25 

2 Pseudornonas aeruginosa SR24 0.031 0.063 0.063 0.063 

3 1 Pseudo1nonas aeruginosa SR27000 0.125 0.125 0.125 0.125 
i 

4 Acinetobacter baumannii SR24396 0.25 0.25 0.25 0.5 I 
5 Stenotrophomonas mattophilia SR21970 0.5 4 0.5 

--- ··--- -

[0195] 
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[Table 3] 

1 Bacteria: 
Strain Bacteria Species 

No 

1 Klebsiel/a pneumoniae 

2 Pseudornonas aeruginosa 

3 Pseudomonas aeruginosa 

4 Acinetobacter baumanriii 

5 Stenotrophomonas maltophiiia 

[0196] 

[Table 4] 

Bacteria! 
Strain \Bacteria Species 

No_ , 

! 1 i Kiebsieila p.oeumoniae i 
i 2 Pseudomona.s aeruginosa 

3 Pseudomonas aeruginosa 

4 Acinetobacter baumannii 

5 Stenotrophomonas mallophilia 
-· 

[0197] 

[Table 5] 

-· 
Bacteria 
Strain Bacteria ·species 

f'h ----·-
1 K!ebsiella pneumoniae 

2 Pseudorrionas aeruginosa 
-··-

l 
3 Pseudomonas aeruginosa 

4 Acinetobacter baumannii 

5 Stenotrophomonas maltophilia ............._ ____ 

[ 0198] 
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-
Strain Name 

Compound 

(1-1 8) 

ATCC 700603 0.125 

SR24 0.063 

SR27060 0.25 

SR24396 0.25 

SR21970 0.5 

1 Strain Name 
Compound 

(t-25) 
' 
jA rec 7ooao3 0.5 

SR24 0.125 

SR27060 0.25 

SR24396 0.5 

SR21970 

·--·· 
Compound 

Strain Name 
(ll-4) 

ATGC 700603 0.5 

SR24 0.125 

SR27060 025 
. 

SR24396 0.25 

SR21970 1 

Comp0u'nd Compound Compound 

{I-'19) (I-22) (i-23) 

0.125 0.125 0.031 

0.063 0.063 0.031 

0.125 0.125 0.125 

0.125 0.25 0.125 

0.25 4 
·-· ---

Compound Compoul'ld Comoound Comoound 
(l-26) (!1-1) (ll-2) Ol-3) 

0.5 0.5 0.5 0.125 

0.125 0.125 0.125 0.125 

0.5 0.25 0.25 0.5 

1 0.125 0125 0.25 

2 0.5 1 

Compound Compound Comp;:iund Compound 

(ll-10) (!I-12) (U-13) (11-16) 

0.5 0.25 0.25 0.125 

0.125 0.063 0.063 0.125 

0.25 0.25 0.5 0.25 

0.25 0.25 0.25 0.5 

1 1 1 1 
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[Table 6 J 

Bacteria ComPOund Cornp:mnd Compound Gompo(,lf1d Compourid 
Strain Bacteria Species Strain Name 

(ll-i7) (fl-22) (ll-23) (ll-24) (11-25) No 

1 Ktebsiella pneumoniae ATCC 700603 0.25 05 0.125 0.125 0.25 

2 Pseudo1nonas aeruglnosa SR24 0.063 0.125 0.125 0.063 0.063 

3 Pseudomonas aeruginosa SR27000 0.25 0.25 0.25 0.5 0.25 

4 Acinetobacter baurnannii SR24396 0.5 0.125 0.25 0.125 0.25 

5 Stenotrophomonas maltophilia SR21970 1 2 0.5 0:5 1 

Bacterial strains described in the above tables and enzyme 

(beta-lactamase) produced thereby are explained in Table 7. 

5 [0199] 

[Table 7] 

Bacteria Species Strain Name 
Enzyme 

Produced Strain Type 

K. pneumoniae ATCC700603 SHV-18 ESBL producer strain 

P. aeruginosa SR24 None Ceftazidime sensitive strain 

:~-.:~~!~gf.~~~~ :::.::.~~~?.?.~o.: .... ·:-.:.·: ... :::::.::.1§.f.:.1.: ... :~~.:r.\i;;~~~~;~~i~~~~~~~;~:;~;:.::: :::::· .. :.::: 
A. baumannii SR24396 None 
5:·-,;,~/t~phlfi~·· n • sF!2197o'' ................... ···L:~1····· ·····~~~r~fj~~~~-;;~~~~~~~n~~-~;~in) ...... m •• 

[0200] 

Comparative Compound 1 

10 As shown in the above results, the compounds of the present 

invention were shown to have a wide antimicrobial spectrum, in 

particular, potent antimicrobial spectrum against Gram negative 

bacteria, and/or effectiveness against multi-drug resistant 

bacteria, and exhibited high stability against beta-lactamase 
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producing Gram negative bacteria. 

Compound 1 having no catechol 

compounds of the present 

In comparison to Comparative 

group, it was shown that the 

antimicrobial activity. 

5 [0201] 

Formulation Example 1 

invention have more potent 

Powder of a compound of the present invention is loaded to 

prepare an injection agent. 

[Industiral Applicability] 

10 [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 Gram 

negative bacteria. Moreover, the compounds have good 

15 bioavailability, 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] 

5 

wherein, 

x is N, CH or C-Cl; 

T is S, S=O, CH2 or O; 

A is lower alkylene, lower alkenylene or lower alkynylene; 

10 G is a single bond, optionally substituted lower alkylene, 

optionally substituted lower 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); 

15 D is a single bond, -co-, -0-CO-, -co-o-, -NR 7 
-, -NR7 -CO-, 

20 

CO-NR 7
-, -NR 7 -CO-NR 7

-, -0-, -S-, -SO-, -S02-NR 7
-, -NR 7 -S02-, 

CH2 -NR7 -co- or -so,-; 

E is optionally substituted lower alkylene; 

F is a single bond or optionally substituted phenylene; 

R' 
' 

R5 and R6 each is independently hydrogen, halogen, 

nitrile, or -OR8
; 

R7 each is independently hydrogen or optionally substituted 

lower alkyl; 

R6 each is independently hydrogen, lower alkyl, 

25 halo(lower)alkyl, lower alkylcarbonyl or carbamoyl; 

A group of the formula: 

[Formula 2] 

( I ) 
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is an optionally substituted, saturated or unsaturated, 

monocyclic or fused cyclic quaternary arn:monium group containing 

at least one or more N atom(s); 

5 the broken line showing a bond in the ring; 

provided that 

when G bonds to a cationic N atom, the broken line is absent; 

when G does not bond to a cationic N atom, the broken line shows 

10 a single bond between the cationic N atom and a neighboring atom 

or shows lower alkylene between the cationic N atom and a ring­

forming atom other than the neighboring atom; and 

when G is a single bond, B is a single bond and D is-NH-CO- or -

S-, a group of the formula: 

15 [Formula 3] 

20 

is not a group of the formula: 

[Formula 4] 

~ 
I ---H 

A--N~ 

G 

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

or an ester, a protected compound at the amino on the ring in 

the 7-side chain, a pharmaceutically acceptable salt, or a 

solvate thereof. 
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2. The compound, or an ester, a protected compound at the 

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

acceptable salt, or a solvate thereof according to claim 1, 

wherein 

5 said forrnula 

[Formula 5] 

is the following formula: 

[Formula 6] 

(~ 
(R10) k (Ro) k (Ro) q 

CD 
81 N~G /N~ /N~ 

A N 
c•i~ 

/No:::::/ A N-G N-G 
A N-j o-z 

( R'o) k ( R10 )q ( R10 k 

cb ®~N) G 

N /N~ CD 
A/ ~G A G /N~ 

A 

R10) k 
--G 

or 

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

q is an integer from 0 to 3, R10 is halogen, hydroxy, lower alkyl, 

halo (lower) alkyl, lower alkoxy, or halo (lower) alkoxy, provided 

G 

G 
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that R:;_o may be identical or different at k or q occurrences, and 

A andG are as defined in claim 1. 

3. The compound, or an ester, a protected compound at the 

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

acceptable salt, or a solvate thereof according to claim 1, 

wherein 

said formula 

10 [Formula 7] 

is the formula: 

[Formula 8 J 

(£) 

/N~ 
A 

G 

or 

wherein n, k, g and R:;_o are as defined in claim 2, and A and G 

15 are as defined in claim 1. 

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 

20 claims 1-3, wherein R3 and R4 are -OR8
, wherein R2 is as defined 

in claim 1. 

5. The cornpound, or an ester, a protected compound at the 

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

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

claims 1-3, wherein 
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the formula 

[Formula 9] 

RB 

is the formula: 

[Formula 10] 

RB 

5 wherein R3
, R4

, R5
, R6 and R8 are as defined in claim 1. 

6. The compound, or an ester, a protected compound at the 

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

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

10 claims 1-3, wherein 

the formula: 

[Formula 11] 

R3 
R4 

l 
Rs 

RB 

is the formula 

[Formula 12] 

Cl OH 

l~oe 
15 wherein R3

, R4
, R5 and R6 are as defined in claim 1. 
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7. 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 

claims 1-6, wherein A is -CH2-, -CH2-CH2-, -CH2-CH2-CH2-, -CH=CH-, 

5 -CH=CH-CH,- or -CH,-CH=CH-. 

8. The compound, or an ester / a protected compound at the 

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

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

10 claims 1-7, wherein G is a single bond, -CH2 - , -CH2 -CH2 - , -CH2 -

15 

20 

25 

CH 2 -CH2 -, -CH=CH-, -CH=CH-CH2 -, -CH2 -CH=CH-, -CH2 -CH(CH 3 )-, -CH2 -

CH('Pr)- or -CH 2 -CH(Ph)-, wherein iPr refers to isopropyl group, 

and Ph refers to a phenyl group. 

9. 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 

claims 1-8, wherein B is a single bond or the formula: 

[Formula 13] 

or 

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 one of 

claims 1-9, wherein D is a single bond, -CO-, -0-CO-, -C0-0-, 

NR 7 
- , -NR7 -CO-NR7

-, -NR7 -CO- or -CO-NR 7
-, wherein R7 is as 

defined in claim 1. 

11. The compound, or an ester, a protected compound at the 

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

30 acceptable salt, or a solvate thereof according to any one of 
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claims 1-9, wherein Dis a single bond, -co-, -NR7 -CO-NR7
-, -NR7 

CO- or -CO-NR7 
, wherein R7 is as defined in Claim 1. 

12. The compound, or an ester, a protected compound at the 

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

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

claims 1-11, wherein E is the formula: 

[Formula 14] 

or 

wherein R1 and R2 are each independently hydrogen, halogen, an 

10 optionally substituted lower alkyl, a lower alkylthio, or an 

optionally substituted phenyl, R11 and R12 are each independently 

hydrogen, an optionally substituted lower alkyl, an optionally 

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

integer of 1 to 5. 

15 

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 according to any one of 

claims 1-12, wherein R7 and R6 are each independently hydrogen or 

20 a lower alkyl. 

14. The compound, or an ester, a protected compound at the 

amino on the ring in the 7-side chain, a pharmaceu.tically 

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

25 claims 1-13, wherein X is N. 

15. 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 

30 claims 1-13, wherein X is CH or C-Cl. 
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16. Tf1e 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 

claims 1-15, wherein T is S. 

5 

1 7. 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 claim 1, 

wherein 

10 X is N, CH or C-Cl; 

T is S; 

A is a lower alkylene; 

G is a single bond or a lower alkylene; 

the forrnula: 

15 [Formula 15] 

20 

is the formula: 

[Formula 16 J 

c;J)n 
©~ + 

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 

Mev' 
Me/'y 

17] 

Me""'<' y or 

wherein Me refers to a methyl group; 

F is a single bond; 
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R3 and R4 are -OH, and .R 5 is hydrogen or Cl, and R6 is hydrogen. 

18. A pharrnaceutical composition comprising the compound, or an 

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

5 side chain, a pharmaceutically acceptable salt, or a solvate 

thereof according to any one of claims 1-17. 

10 

19. The pharmaceutical composition according to claim 18, which 

has an antimicrobial activity. 

20. A method for treating an infectious disease, characterized 

in the step of administering the compound, or an ester, a 

protected compound at the amino on the ring in the 7-side chain, 

a pharmaceutically acceptable salt, or a solvate thereof 

15 according to any one of claims 1-17. 

21. The compound, 

amino on the ring 

acceptable salt, or 

or an ester / a protected compound at the 

in the 7-side chain, a pharmaceutically 

a solvate thereof according to any one of 

20 claims 1-17, which is for treating an infectious disease. 

22. Use of the compound, or an ester, a protected compound at 

the arnino on the ring in the 7-side chain, a pharrnaceutically 

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

25 claims 1-17, for manufacturing an infectious disease therapeutic 

agent. 
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