(19) B FEREFT (JP)

B T EF L &AM

JP 2004-506069 A 2004.2.26

(DFFHBERES
$52%2004-506069
(P2004-5060694)
43) £RE FRR1652F 268 (2004. 2. 26)

(51) Int.CL." Fl F—va—F (BE)
CO8F 220/34 CO8F 220/34 41031
CO8F 230/06 COS8F 230/08 41100
cCO8G 8/00 CO8G 85/00
SEWEK KWK PHRBLEWRET (£ 105 B)
@) HEEE 15RE2002-518226 (P2002-518226) |(71) HEEA 501078166
(86) (22) HEEE ER13EF3H3H (2001.8.3) Y= Z T = AT - TUE -
85) BIERCIREE  EERISELA29H (2003, 1.29) HALYA - 47— RL—Fw |
(86) EREHEEES  PCT/US2001/024294 TAYAEREAV—FFM20874
87 EELMES  W02002/012251 , Ve—TrYAYY, IRATAwS -1
(87) HEAME ER145F2H 148 (2002. 2. 14) —F 12321, 24—} 210
Bl) BRIELTESE  09/632,624 (74) fKIB A 100089705
(32) B5H ERR12ESH4H (2000. 8. 4) #E+ #HE —%
(33) BLEERE  REUS) (74) (REA 100076691
£E+ @H £
(74) fRIB A 100075270
#ELT M FE
(74) {RIBA 100080137
#E+ TE HEB

B EICHE S

(54) (READEFR] KIERBPTOMERIL

(57)00 00

ugboooboboobuoooboboooboboobuooboboboobobooobobobod
uoboboobOoo0ooOoo0oobOooobOoo0oobOoo0ooOooooOooOoOobooobooOobooOooodg
gboooboooboobooboboobooboboooboobooo



[ [ e e e e e e [ e [ I
e e e e e e e e s |

e = S e e e e e e e e e [ Y O

e e e e e e e e Y Y I Y

Oo0DooogQgogao

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo

O
O
O
O

OOooooooo0oooooooD oo oDoooooooDoDooogoQgoQg
OOoooooo4o0oooooooDoooDoDoooUoooooDoDooogggog
OO0o0ooooo4ddooooooUdUooooDoooUUoDoDooogoggg
OoooooooooooooooooDoooooooooooogogoQga-g

Oooooooo0ooooooooooDoooooooooodg

OooooooooooooooDoDoDoooogoooo

O
O
O
O
O
O
O

O
O
O
O
]
O
O
O

O
O
O
O
O
O
O
O

OoooooooooooooUoooooogoogogogogoao

Oo0oOoooo4gogUoooDooo4ggogoooooogg
Ooooooooooooooooooooodg
OoooocoooooooooooooooOodg
OooDooooooooooogodg

Ooooooogoogooao

O
O
O
O
O
O
O
O
O

OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao

O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
OJ

Oooooogogdg

O
O
O

(2)

OooOoo0ooooOgoadg

Oooo0oooQgdg

OooooooQgdg

O 0OooQgoooo
O Ooogooo
OO oQgogoao

JP 2004-506069 A 2004.

.26

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooocoo0o0ooooooo0 oo oDoooo0o oo oDoooo00oooDoDoooo0ooDoooogogogoao

Oooooooo0oooooooo0 oo oooooooDooogogooao

Ooooooo0ooooooogooooao

Oo0ooooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood

OooooooogooQoogoo

OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao

Iy |
I [y |

Ooooooooogogoooao
OO0 ooooooQgooo

O
O
O
O

Oo0oooooogogodg

O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo

O Ooogoo

O
O

O 0O oo

O O0ooo

O O0ooo

O

O
O
O
O
]
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O

)

O
O

O
O

O
O
O
O
O

O
O
O
OJ
O
O

JP 2004-506069 A 2004.

O
O
OJ
O
O

.26

10

20

30

40

50



e e e e e e e e = [ [ e [ I

e e e e e e e e s |

s e = e s e s A e i Y e o Y [ |

Ooooooo4oooDoooogooooao
Oo0o0oooogog4UoooDoDooo4Qgooooao
Ooooooooooooooogoooooao

Oo0Ooo0oooao
OoOoo0oooaoo

TOoOO0DoDoOooOooOo4Qgoooooodg

OO0 0DooDooogog4gogoooao

OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A

O

Ooooooooogogoooao
Oo0oooooogoQgoooao

O
O

OoooooooDooDoooooooDoooogoooao

O

Ooooooooooooogogoooao

O
O
O
O
O
O

O Ooogoo

Oo0DoDooo4ogUoooooogogooao

O 0O oo

OoooocooooooooogoogoooOoao

O
O
O

Ooooocooooooooogoogoooao

Ooooooooooooogogoooao

Ooooooooooooogogogooao

OO0 oo oDoooggogogooooood
Oo0ooooooooooooood
Ooooooooooooooodg
oo oo oDooo oo ooooo

oo oooooogogoog

O
O

O
O

O Oo0ooooog

O

(4)

O O
O O

Ooooooooo

OoOooOooOooooo

(]
O

O
O
O
O
O
O

O
O
O
OJ

Oooooooog

O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao

JP 2004-506069 A 2004.

O
O
O
O
O
O
O
O
O
O
O

O
O

.26

10

20

30

40

50



[ = S [ [ e e e e e e [ e [ e [ A
e e e e e e e e s |

Y = S A e i e e e o e e [ e e [ Y I

e A s e s e e ) e e ) e e A |

OOo0o0oooogod

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

e e e e e e e I s sy |

OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg

O
O

Oo0oooooooooooooooD oo oDooo4ogooDooooggg
Oo0ooooogogfUooDoooogUDUoooDoDooUo4dooDooooggg
OoooooooooDoooooooDoooooooooooooQgog

OOo0ooooooooooooooooDoDoooooooooag

Ooo0oooooo0oooooooo0oooooogoggoo
OOo0oooooo0ooooooo4ogoooooogoggogoao

O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

OO0 o0ooDooo4ggoooDoooog4oooooooogd

O0Ooo0Oo0oood

OOo0oooooooooooooooooooogod

I [y |

Oooooooo0ooooooooooooogodg
OooDooooooooooodg

Oooooooogogogoao

OOoo0oooao

O0Ooo0oooo

O
O

O
O
(]
O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Oo0oooao

OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd

O
O
O
O

OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao

JP 2004-506069 A 2004.

O
O
[
O
O
O

.26

10

20

30

40

50



e R ey [ s R s [y |

ey ey e e e sy e e e I

OO0oooooo0ooooooo4oDUoooDoDoDooUooUoooDoD oo oDoDoooggogoaog
e ) e s e e e e R ) e s s [
Ooo0ooooooo o0 oo oooo0o oo oD oD oo oo0o o0 oD oD oo o oo oDooooQgoogo

Oo0oooooooooooooo0ooooooogoooao
OOooooooo0oooooo4o0oooooogoogooao

O
O
O
O
O
O

O
O
OJ
O
O
O
O
OJ

OO0Oo0ooood
OO0Oo0oo0ooogod
I A
OOoo0oood

O

OoooooooQooooao

O oOooo

O

OoooooooQooooao

O
O

O Oooo
OO oo

O
O

O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo

O
O
O
O

O Ooooo
O OoOgooo
O Ooo0ooOoo

O

O
O
O

O O0ooo

O 0Oooo

O Oooo

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

(6)

O 0ooo

O
O
O
O

JP 2004-506069 A 2004.2.26

gbooobooooobaoad

gooaao

gooaao

gooagao

gooaao

googao

ooogao

10

20

30

40

50



[ e = S ) e e e e e [ [ I
e e e e e e e e s |

e Y = S e e o e o e o e e e e e A e Y

OO0 oDooo0dd0ooooooUdUoooDoDoDoooUUoUoDoDooogogoooao

Oo0DoOooDoogog4gogooDooogogdg

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

e e e e e e e I s sy |

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

O
O
O

e s e e e e e e A s [
e e e e e e ) e e s s [ |
oo ooooooo0 oo oDooo o o0 oo oooo o oooooogodg
[ I

OO0 oo oooQo0 oo oooo Qo0 oo oooggo-g

O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O

O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O

OO0 ooODooo4o0 oo oooo Qo0 ooDooogogo-g

OO0 oDooDooogogooDooogogogooooodg
OOo0oooOoooooooooooooooodo
OOo0oooooooooDoooooooooondg
Oo0ooooooooooooaoo

Oo0oooooogogogoQg

O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo

O
O

O
O
O
O
O
O
O
OJ

O
O
(]
O
O
O
O
O

OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg

O
O
(]

€]

O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao

O
O
O

JP 2004-506069 A 2004.

O

.26

10

20

30

40

50



[ = [ [ e e e e e e e e [ e [ I

e e e e e e e e e [y s [ |
s = S e s e e e e e Y Y |

O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao
O Ooo0oooo

e A e e e s e e e s e o A

OO0Oo0oooo

Oooooooo0o0oooooo0 oo oDooo oo oo oDoooo0oooonDoDoooo0oooDooooQgog
[ e e e R [y s [ |
[ e ey e e ey e s [y s [ |

O Ooooo

O

O
O
O

Oo0oooooooooDoooo0oooDooooUooooDoooggogaog
e s e e e e O s s [ |
Oooooooooooooooo0oooDooooooooooQgoogoao

Ooo0ooooooo o oo oooooooDoooogoooao

OOo0ooooooo0oooooo4ooooooogoogdg
Oo0ooooooooooooo4oooooooogogdg
OO0oooooUoooooDooo4ggoooooogogogdg
Oo0oooooooooooooooooooooOgodg
Ooo0oooooooooooooooooooooOgodg

Oo0oooooooooooooogd

Oooooooogogooao

O
O
O
O
O
O
O
O
O
O
O

O
OJ
O
O
O
O
O

O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Ooo0gooo
O Ooogoooo
O Ooogooao

O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
OJ

Oooooogogdg

O
O
O

O
O
O

(8)

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao

JP 2004-506069 A 2004.

.26

10

20

30

40

50



OoooooooQooooao

OoooooooQooooao

O OooooooooooDoooooooooog
Ooooooogooooogdg

O
O

O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao

O O

O
O

Oo0DoDooo4gogoooooogdg

O

Oo0oooooooooooOod

Oooooooogoogoooao
OoooooooogoQgog
Oooooooogogg

OOooooogogdg

OooOoo0ooooQgodg

OooooooQgodg

OoooooQgdg

O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo

OooooogooQgdg

Oooooogogdg

(9

OooOoo0ooooOgoadg
Oooo0oooQgdg

OooooooQgdg

OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao

e e sy |

e s e e e e sy |

e e e s e ) s e e s e s s [ [ |

s e A s e e ) e s s e e e s [ |

e s R ) I s [y |

OoooooooQoIOmbopoooQo oD oDoDoo o0 o0 oD oD oDoDooo0DooDoooogogoao-g

Oo0oooogoQgg

O

O Oooo

O

O
OJ

O
O
O
O
O
O
O
O
O
O
O

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo

JP 2004-506069 A 2004.

O
O
O
O
O

O

.26

ugbooodoaano
oooooao

10

20

30

40

50



O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
OO o0oo0ooogod

oooooao

u
O
g
O
g
g
O

O
O
O
O

e e [ ey ) [ ey e e e [y |

[ e e e e e e [y s [ |
[ e e s ey e e s e ) e s e e [y [ |

OOo0o0ooooU0UoooDooDoUUUoDoDooooUogooooao
OooooocoooooooooooDooooooooooaoo

Oooooooooooooo0oooooogooooao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao

OO0 ooopooogogoooooao
Oooooooooooooooaoo
Oooooooooooooooaoo

O

O

O

O

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo

O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao

O

O
a
O
g
a

oooao

u
O
a
O
g
a
O

u
O
a
O
g
a
O

O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao

ogoao

(10)

u
O
a
O
g
a
O

OoOoo0ooood
OO0Oo0oooogod
OO0Oo0ooogod

u
O
g
O
g
g
O

O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao

JP 2004-506069 A 2004.

gooao

U
O
O
O
O
O
O

OoOoo0ooood

U
O
0
O
0
U
O

O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

oooogan

g obobooobooboobooooboboboboobobooboobooDbao
ugboobooouoboobobouoboooboooboobooboobooaod
oooooooobooooboooooooobDbooocooooooobDbooOooo

goooboboobooboobooboogobooboboobobao
gboooboobooboobooobooobooboooboooboooban
oooooooboooocoogd

ooooooooboooboooooooooboobooooooooao
oooooooooboooogoooooboboboooooooao

oooooooooooooooao

ooogan

good
gooadg

oooooobooooano

goodgano
O

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog

O

O

O

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog

Ooooooogdg

goooobooboognnb

O
O
O

O
O
O
O

OoOoooooogdg
OOooooogdg
OoOoo0ooooOod

O O
O O
O O
O O

O
O

Oooo0oooOodg
O Ooooo

O
O

O
O

O

O
O
O
O
O
O
O
O
OJ
O
O
O
O

O

O Oooo

O

O Oooo

O

O 0oo o

O

O 0Oooo

O
0

O Oooo

0
0

O Oooo

gbooobgao

O

O Oooo

O

|

O Oood

O

O 0Oooo

O

O Oooo

O

O Oooo

O

O Oooo

O

O 0Ooogo

goooboobognob
gooogboad

O

O 0ooo

O

O Oooo

O

O Oooo

O Oooo

O Oooo

O 0ooo

O 0Oooo

10

20

30

40

50



OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo

O

O 0Ooo0oooao

Oooooood
Ooooooogod
OOoooooogod
OoOooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo

(11) JP 2004-506069 A 2004.

gbooboooboboobooogoboobooobooobobobooboodnnb

ooooooboooooouoooooobooooooao

gbooboooboooboboogobooboobooboobobobgoboonb
gboboobooobooboooooboobooobooobooooobaoadao

gooooooao

goooano

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

[ = [ [ e e e e e e e e [ I
e e e ey e e e e e e sy |

OOooooo4QoUoooooo4o00 oo oDoooo oD UoooDoDoDoooUoDooImbooog4goooao

Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

OO0 o0DoDoooddoooDoobooggogogooooogod
OOo0ooooooooooooooooooood
Ooooooooooooooooooooogodg

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
Oo0o0ooe oo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OO0Oo0o0O©oo
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O Oooo|io;o
O Oooo|o
O O oOoo|o
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
O O0Doooooogodg

O 0Oooo
O
O
O
O
O
O
O
O
O
(]
O

OO0 o0 oooooogodg
OO0 o oooooogodg
Oooooooood
oo o oooooogodg
oo o0 oooooogog
oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
OooooooQgogoo
OoooooQgogoao
OooooogogQgogaoQg
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
OoooooQgogoao
OooooogoggogaoQg
OO0 ooooggogaog
Oooo0oooOooOgoao
OooooooQogogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

O
O

.26

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

OoooooooOoogoo
OooooooogoQgoo

Ooooooooo0oooooo oo oDooo o oo oDoooo0oooDooooogooooOoao
Ooooooooo0oooooo oo oDooo oD oo oDoDooo0DooDoDoooQgooooao

O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

OoooooogoQgogoaoQg
OoooooogQgogaoQg
Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo

O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOooooao
O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo
O Oooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
O

Ooooooood

O

OooooooogoQoogoo
OoooooogogQgogoog
OoooooogQgogooQg
Oooooooggogaog
OoooooooOooOono

(]

~
[EnN
N
~

Ooooooood

OoooooogogQgogooQg
OoooooogQgogooQg
OooooooggogaoQg
OO0 oooogQgogog
OoooooooOooOgoo
OooooooogogQgogooQo
OoooooogoQgogooQg
OoooooogQgogoQg
Oo0DoDooooggogog
OoooooooOooQgoo
OooooooogogoQoogoo
OoooooogoQgogoog
OoooooogQgogooQg
Oo0ooooggogog
OoooooooOoogood
OooooooogoQoogoo
OoooooogQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo

O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

|

JP 2004-506069 A 2004.

goooogao

O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

Oooo0oooOoogoao
Ooo0ooooQogogoao

Ooooooodg
Ooooooogod
OO0 ooooogod
OOooooood
Ooooooodg

O 0Oooo
O oOooo
O 0Oooo

N
(o2}

O

ooag
ogagad

O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OO0 oDooo4gogooooodg

O O

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

OOoo0ooood
O0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OOoo0ooood
OO0Oo0ooood
O0Ooo0Oo0oo0ood

O 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao
O Ooo0oooo

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao

e s e e s e e e e O R v
OoOoo0ooooao

Ooooooooooooooo oo oDoDooooooDoDoooooooooodg
Ooooooooo0oooooo oo oDoDoooo0o oo oDoDoooooooooog

Ooooooogdg

gooogooan
gooad

O
O

Ooooooooo

O

a
O
a
u
O
a
O
g
a
O
a
u
O

Ooo0oooogQgoo
OooooogQgoao

O O

OOoooooogdg

OOooooogdg

OOoo0ooooOod

ooao

O

O

O 0Oo0oooaog

O

Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo

OO0 ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oo oDooogogoao
Ooo0oooooooQgoOooo
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooooogogoo

(13)

O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooo
O Ooo0oooao
O O0Oo0ogooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao

O 0Oooo
O Oooo
O Ooogo
O O0ooo
O O0ooo
O Oooo
O Oooo
O Ooogo
O 0ooo

O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O O0ooo
O O0ooo
O Oooo
O Oooo
O 0O ogo
O O0ooo
O Oooo
O Oooo
O Oooo
O 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

JP 2004-506069 A 2004.

O 0Oooo

O Oooo

O Ooogo

ooooooobooocooooooooobooocboooooooao
ooooooooboooboooooooooboobooooooooao

gooboooooood

OOoo0oooood

O

OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd
Ooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd
OoOoo0ooooogod
Oooooooogdg
Ooooooogd
OOoooooogd
OOooooogd

gooobad

Oooo0oooOodg
Ooo0oooQgdg
Ooooooogdg
OoOooooogdg
OOooooogdg
OoOoo0oooOodg
OooooooQgdg
Oooooogdg
OOooooogdg
Oooooogdg

gooooboobognDb

OoOoo0ooooOod

OoooooQgodg

Ooooooogdg

Ooooooogdg

Oooooogdg

OoOoo0ooooOod
oo ooooooQodg

gooooboobooboogobogno
oo oboobooboobooooobad
O OO0Dooo0oooooooboooooogoao

O O

O 0Ooo

Ooo0oooogod
Oooooooogdg
Ooooooogd
OOoooooogd

oo oooooogodg

O oo ooooogdg

O oo oooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OOooooo40oUoooooo4o00 oo oDooooo LoD UoooDoDoDoooUoDoooDoDooogoggoooao
Oo0o0oooodUoooooooddUooDooUU U UUoDoDoDoDUoUUUoUoDoDoog4goooao
e~ Y O R e [ i e e O Y
Oooooooo0ooooooo00 oo oooo oD oo oDoDooo0DooDoDooogoooao

Oo0oooogoQgg

OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

Oooooooo0oooooogogoooao
OOo0ooooooo0oooooogoooao
OO0 o0ooDooo4ogooooogoggoooao
Ooooooooooooooogoooao
Ooooooooooooooogoooao
Oooooooo0oooooogoooao
Oooooooo0oooooogoooao
OO0 ooDooo4ogoooooogoggoooao
OOooooooooooooogoooao
Oooooooooooooogoooao
Oooooooo0oooooogoooao
Oooooooo0oooooogogogoooao
OO0 o0ooDooo4ogoooooogogoooao
OOo0ooooooooooooogoOoooao

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

(14) JP 2004-506069 A 2004.2.26

O O
O O
O O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O

uboobooboboobdoobobooboood

Oooooooooooooooogogoo
Ooooooooo0ooooogQgoo
OO0 oooooo4o0oooooggoo
OO0 oooDooo4o0oooooggoaog
OO0 Do oDoogog4gogooooogogogaog
Oooooooooooooooogogogoao
Oooooooo o0 ooooogoQgoo
Ooooooooo0oooooggoo
Oo0oooDooo4o0ooooogogoao
OO0 0o oDoogog4Qggoooooggogaog
Oooooooooooooooogogogoao
oo oooooo o0 ooooogogoo
oo ooooooo0oooooggoo
Oo0oooDooo4o0ooooogogoao
OO0 DooDooogog4Qogoooooggogaog
Oooooooooooooooogogogoao
Ooooooooo o0 ooooogogoo
Oooooooo o0 ooooogQgoo
Oo0oooooo4o0ooooogogoog
OO0 oDooDooog4gooooooogogogaog

OooOoo0ooooQgadg
Ooo0oooogoQgdg
Oo0oooogQgdg
Ooo0oooogoQgdg
Oooooogogdg
OooOoo0oooodgadg
OoooooogoQgdg
Oo0oooogQgdg
OoooooogoQgg
Ooooooggg
Oo0oooogogdg
OooooooQgdg
Oo0oooogoQgdg
OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
OoooooogoQgdg
OoooooogQgdg
Oo0oooogoQgdg
Ooooooggdg

10

20

30

40

50



oo o0ooooooo0 oo oD ooo o o0 oD oD o oo o0oo0o oo oo o oo ooooofg
I s e e s e

O
O
O
O
O
O
O

OooDoooooooooogodg
Oooooooogooooogodg
OO0 oDoDooog4gogooooogod
Oooooocoooooood
Ooooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
OO0 ooDooog4gogooooogod
OOo0oo0oooooooooood
Ooooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
OooDoDooogogooooogod
OOo0ooooooooooood
Oooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogooooogodg
OO0 o0DoDoogog4gogooooogod
Oooooooooooood

Oo0oooogoQgg
Oooooogogdg
Ooooooggdg
OooOoooooQdgdg
Ooo0oooogoQgdg
OoooooogoQgog
Oo0oooogoQgdg

[ |
O d
O d
[ |
O O
[ |
O d

O

Ooooooggdg

O d

(15)

O
]
O
O
O

OooOoo0ooooQgadg
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

[ |
[ |
[ |
O d
O d
0O O
[ |
[ |

O
O

JP 2004-506069 A 2004.

uobobooboaooboooboad

OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDoooggQgogoooao
Oooooooogogoooao
oo ooooooQgoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgogoooao
Oo0ooooooogoooao
oo oooooogoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oooDooogoggogoooao

O d
[ |
[ |
[ |
O d

O
O
O
O
O
O
O
O
O

s e e e s e e e e e s [ s [ |
e e e e e s e e e e e s [ s O |
O 0Ooo0ooi;i.o

oo

ey e e e e o ey Iy
e e e e e s e e R [ s [ [y |

oo 0O
oooag
good
ooogao

O

O 0Ooo0ooao

gooooao
gooooaoao
ooog ooogoao
goog oo
gooooaoaao

O
g
gboogbdaoan
O
a

u
O
g
O
g
u

ugoodagbad
ooooao
goooogobad
ooooooao
goo ooao
goooobaoaoan

Iy |
[ R |

u
0
a
O
U
a

O
O
O
0

oooaod
ogagad

oooao

ooooao

O OO
O Oood
O 0Ooo
O O0ooo
O 0Oooo

O 0Oooo
O Oood
O 0Oo o
O O0ooo
O 0Oooo

2.26

O
O

O
oad
oo
oo

g0 obooboooboobogobod
gbooooooobooboobooboad

oo ooooooooooboobooooooooboobooooooooao
oooooooobooooogooooooooboboooooooooDoaoOo

ooooob0 oooooboooooooooobooboobooooooooaob

10

20

30

40

50



(16) JP 2004-506069 A 2004.2.26

bbb bdggboboobobobobooboboboobooboobooobaadn
oooooooobobooooouooooooboooooOoooooboobooooao
g0 0 boobodo obooboooboooboobooboooboooboo O oOagqg
ooooooob, 00, O OOOODODDODOOOOOO

g

goooobooboooboobobooboooboob oob0 oobo ooooob O
oo tcoooooooboobooboooooooboboOoobooooooobobDbOoboo
gooob boobobogoboooooboooboboDbD oobobooboboobooboonob
ugoooobooouobdobouob,0bpp0obo0b00,0oobobb0 OO0 OOob Od
U oboocooogoooooboboogoooooobboboo0o0 ooo oooo
uoooooboooobooobooob ooboobooboboooboobooobooobao
ooooooooooao

OO oOoooo
OO oOoooo
OO oOoooo

uobooobooooob booboboobobooobooboooboooboobooao
ooooo,ob0b0,00C000O0O0oo0ooOobODbOOCcOO0oOoOoobooboDoboDoObOn
goooboooboogoboooobooboobooobooboboobodaob
ugbooobooooboobdo ob oobobo ooobooboobaoada
ooooo o o, 0ODO0OODO ODOOODODDOOOpU0O0y O ODDOOCOO

Uoodooooooooogoggogooooooogogogoooononan

googao

ooooooooboooooouoob0 oooooboboooooooao
gooooboobobooboboDb o0 ooob boo booao
uobooboobobobooboobooboobooooboaoboaadno
goooooobooocoooooooboboobooooooobo oo oo
oo oob oobooobooboobob boooobooboobooaon
oooooao

oo oIooOooooQgoooo
OO0 oIoOoOooogog4goooo
OO0 goIomoOooogog4dgogoooao
Ooooooooogogoooao

0
g
gboooooboobobo o0 booobooboo ocobooobooaao
0
g

O
g
a
O
a
u
O
a
O
g
a
O
a
god d
O

O 0Ooo0oooioi™g

O
g
u
O
g
u
O

O OooOooo
O Ooo0oono
O
O
O

goaoaaod
oooao
gooao
ugoaoadog
ogg o

0000000000000 000000000
000000000000 O00 00000 00
0000000000000 0000O00000
000000000000 O000 00000 O
0000 00000000, 00, O 00O
00 00,000000,0,0000000
oooooao

0000000000000 000000000

O Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo

O Oooo

OO0 oooooogogdg
O ooao

ooooooao
oogoggoao

OO ooooogOodg

OO 0o oOod

googogan gbogooooogboooodoan

e e ey [ [ ey e s sy |

OO oooogQoooooao

i
OO ooooQgoOoooo

1 B [ |

o

O
O
O
O
0
0 0000, O
O
O
O
0
O

OO oOono oooogo

s o

g 0ooo0 oobobo oooboboobooboooboooboo oo
ugboobooouobooboobooboboobooboooboobooboobaoado
ooooooooo oob 0b0b0 00 o000 ocoooo oo oo
gboooboooobooboobooboooboooboobobooboooan
o 00 0oob0 oooooOoocooooooooboboobocoooooooao
gooobooobooboobooboogobooboban

oooo0 ooooooboooooooooooboobocopOooooOoOnn
goooobooogoboooboboobobDb ooooboooboboo
ugbobooboooobooboobdoo 0o ocoboooboOooboobooabaa
ooooooboooooo0 ococoooooobob oDoobDbODOOoOOoOoo

Ooo0oooogogQgoo
OooooogQgoao
Oo0DooogQgogao
Ooo0oooooQgoao

O
a
O
g
a
O
a
u
O

10

20

30

40

50



(17) JP 2004-506069 A 2004.2.26
oo oobodo oboo oOad
oooooao
ooooboobooobooobooobooboobooboooboobobo oooobo o
ooooo0 oo ocooo oo oboobo ooooODO OOODOO0O OO0 o0 oo bOoao
gboooboboooboooboao
obogoogoogbooodoogogooagonodan
oooooooooobooooooooooboobooooooooboboobooooooooao
goooboobobooboboobobooobooboboobooboooboboDbDao
usbooobooboboobdooboob bbooooboob obooboboobao
ooooooooooooooooooboboooooooobobobooooooooao
uooooboobooboob boooobobob ocobobobooboobooboobao
ooooooob,O0o0oooooooobooboooooooooooboooooooao
googbad
ogooad
C
C &1
L v -2 HETRET T (25:1) RTEDT(25:1)
O (M) 15mg/ml CDI/Io 25mg/m1TDI/Io
L
L
“lo 1.00 1.00
L
. {50 1.44 1.50
‘1100 1.75 1.90
L
.| 200 2.13 2.33
L
oooooao
gooag
[ ﬁz
C
[ | T a—RARE fERmEa ¥ (50:1) 45T (50:1)
[ (mM) 10mg/mlTDI/To 20mg/mlTDI/Io
C
L
Lo 1.00 1.00
{
L 1.40 1.48
[ {100 1.70 1.79
C
- |200 2.04 2.22
L
gooogooad
ogogaog
goooboooboboobobooboboobooboboobobooboboDbDao
uoboooboobooboobogadab
oooooao
goooboobobogoboooboboobobooo Oobo Oob boooobo o
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooooooooooooooboboooooooobobobooooooooao

10

20

30

40

50



g
O

OoooooooQgooQgQd
OoooooogogoaoQg
OooooogogoQg
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog

O

oad

~
[EnN
(o]
~

uo

OooooogogoQg
O O0Oo0Oooooog
OOoooooaog
Oooooogog-g
OO0 ooooogogdg
Oooo0oooogodg

ooogoaoan

OO oooooQooooao

O 0Ooooo

O — ™ ™ ™ Mmoo

Oooooooogoogoooao
Oooooooogoogooao
Oooooooogoogooao
OO0 ooDooogogooao

[ T e T e R |

ooo

OO oooooQooooao
OO ooooogogQgogoooao
OO0 ooooogQgogooao

oo

OOo0oooooooooooooQogogoaQg
O Ooo0ooooi.m
O 0Ooogooo|i;o
O Ooogoo|io
O Ooogogo|io

O
O
OoOoooQgoo

#3

0«

O
a
O
g
a
O
g
u

OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

ugoaoadg

JP 2004-506069 A 2004.2.26

0o

A

B

il

I420/1550
0 mM
Fpa—2=R

T420/1550
100 M
Ha— =&

T420/1550
200 mM
i — R

1.5/1.5

3.92

6.18

7.36

1.5/3

3.93

6.12

7.25

3/3

4.00

6.27

7.28

O O
O O
O O
0O O

O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
OO oOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
OO oOooo
O 0Ooo0ooo
O Ooooo

Oooooooooogoogo-g
O Ooooo

oo ooooooogogoo-g

O O
O O
O O
O O
O O
O O
O O
O O
O O
O d

#4

O O
O O
O O

O O

O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O Od
O O
O O
O O
O O
O O
O O
O O
O O

O O

I420/1I550 pH 6.

5 |I420/I550 pH

7.0

I420/1550 pH 7.5

4.28 + 0.18

4.60 £ 0.37

4.29 + 0.19

gooogao
gboobooaooaoad
ooooooooao

ooooodOnOOO
oooooooooaon

ooooooooooobon
ooooooooboboooooogao

ooooooooboooooooooooboboo0oo0 ooo boboao
gooobooboobooboboogoboobooboogoboboDbao
goboobooboobooboobooboobooooboooboaodnb
ooooooooobooooooooooboooobooooooooao
gooboobooboboooboobooboooboao

oooooooobooobooooooooao
oooooooobooooooooooao

10

20

30

40

50



(19) JP 2004-506069 A 2004.2.26
1 e e I 1 0 B A N O A A A AR A WA W A
0 e e A A B N A N A O
goooooooooooooooOooo0ooUoo0nL0 oObUoooUO0 boobUooobooodod
0 e e e O A O A O N A N A N A O
ooooooobooooooooo0ooooDoo0DoooDooobo0Doob0DO0 ooo ooodod
1 s e e A B A R R e A W AR N W N A
goooaoad
I I I I A 6 R A B R B A A e e e N N N N N N N RN
goooboooboobooooooooooada
oooao
I I e I 1 I I B o 0 0 R B A B A B A A N N A W A N AR B N A
0 e e B o B A O A O A B A B A B O A N A N A A
gooboobuoobtoobbdob0O0oU0buo0obb00obbbUooDboUoboUobouobboo
1 e I I 6 6 R A R B R A O B R W A
goooaoad
oooao
gooobooooobooooooodoooooboooooonbdd
goooaoad
oooao
: cl
[
[
e
[
[
[ NH/\/O\/\O
[ Hol
a
Ooooooad
goooooooobooooooodoofdooooodoobooobooboooooaodab
dodoooooooooaoad
goooooooooooooooOooo0oooooO0Doo0oo0D0 oo obboo Dooboboo o
o000 oooobooboobo booobbooboobobUooboobooboboobood
0 e e e e e e B B A B A B A B A B A B A B A N R A W A
I I e I 1 I I B o 0 0 R B A B A B A A N N A W A N AR B N A
0 B A B A B B A B A B A R
oo, oobdodd,4d0dy,0obbbbobbobbb0 b bbb UooboUobouoboo
ooo
gooobo0 bDooob obhbboooboobU0oU0b U OO0 OUODbDpygpU0ObDOoUOobDOO
o000 O0o0oboo0 OO0 boooooUoooooooooooooobao
goooon0 obb oooo booboooooobooUoobO0 oo Doooo oooog
oo ooooooo oooboooo oboo O OooboobOoO0 Obobo oDoboooo O

oo oboooo oboobo oob b0 o0 booao

g ooo oo ooobog goao

oooooob 0o ocooo ODooooo ©0b0Ob DOobO obooobobDb O booo
O 0Obooo0 0O Ooo0ob0 ooooooboobo oo

ooogao
oooao

g o

10

20

30

40



L T e T e T e T e T e T e T e R

NH

400

NH

(20) JP 2004-506069 A 2004.2.26

HyC

CH

NN N
O
Ooo0oo0oooao
O00000000000000000000000000000000000000 0
OO000000000000000000000000000
gooooooooooooocococoouooooooooooo oo oooo ooao
oo 0oo0oob0 Oooo0o0 ODoob0 ODoboooo0o Oob0 ooobo OoobO0 oooo oooao
g ooobooobboobdo Ubh obbobbo, ODObQODD Ubhboobboobobo
goooooooooooooooooouoooto oo ooooooobooooooooo
gooboobuoobgoobtb obb oUobg DbbooboUobuoud, ODObD Ooobo
gooooooooooooooooooooooooooooooooooooonodo
goboboo0ob oobboobuoUdy 0000000 bUoUoDboUoboobooooao
0o 0o00bo0btoobboobuoo0obUoU0oboU0obbbbUobDboUoboUob oo
gooooooooooooooooooobooooDb bbb bbb bogp OO ObOO
g 00, 0000000 0DDOO0OD0ODDODODU0ODDODDOD DOOoOobOoobooao
goobo booobbh obboobboob4UoUob DU O Ubpgpobbooboo
oo oooo4Qo 0OobO0 oooooobooooooooooooooooooao
ooooo0 OO0 Oo0oo0o0 ooooooootooob0 Ooooboo Doooo oo o
ooo ooooooQOo oboooooo ObooOo O Ooboooo oboobo oDooooo o

oo ooooo oooo0oo0 Do OO O0oO0oO0 oo oo boboobooo DO
goooooboo 0o boob booo4ob 0O DO OO0 Oobooboo b0 boo
g oooo 0o ooob boooobooboaodao

oooao
oogao

oad

10

20

30



(21) JP 2004-506069 A 2004.2.26

: CH,
[
[ o) CH;
[ B
[ o
[
[ CH,
[ H
[ NN
; r cH
[ o]
[
[
[
[
: N N
]
[
[ o}
[ 5"
[
[ 8]

CH,
g
0
ODoDo0o0oo
D0000000000000O0O000DO0O00ooDO0OoooOoOooooooooooooag
0000000000000 00000O0O00ooDO0OooooOooooooooooood
0000000000000 000000000000ODO0DOoOoooooooooooao
0000000000000 oDOoDOooooOooooooooooao
0O00000000D0O000D0O000D0O0O00DO0O0O0DO0O0O0DO0DO0O0DOoOooDOO
0000000000000 DODO0O0ODODOO0ODODOODOODOODD OO0 00000
O0000D0 D000 000000 OO0 0000 000 000 00000000
0000000000000 D0O000D0D0O0D0DO0OO0OO0DO0OO0 00 00 0000 OO0
D00 D00 00000000, 0000000000000000000000000
0000000000000 D0O000D0O0O00DO0O0O0DO0DO0O0DO0OoOoDoDOooOooDOd
0000000000000 D0O00O00O000D0O0O0ODODOO0ODO0DO0ODOoDOoOoOoOan
oDpopOoO00D0 OO0 0DO0O0OO0OD 0DO0,00000,00,0000000000000
OO0 000D 0000000000000 D0O0O00DO0O00DO0O00DO0OoDOO
O0000000O0D0O00O0D0DO0O0O0ODODO0O0DODO0ODODOOOoDOoDOOoOoOoOon
000 000 O, ,0,,0,0,0, 00000000 0OoOO0" 00D O OO
O 00 0D oo oooao
D000 00000 000000000000 00,00,000,0000000
OO0 00000 OO0 0000000000000
O000O0 OO0 0000 0000000 D0OD0OO0OO0OD OO0O00O0 00000 00 O
000 0000000 000O0O00OD 000 0O 00000 000 000000 O

oo ooooo OoooO0oo0 D00 OO OO0oO0oO0 oo oo boboobooo DO
oooooboo 0o bobob ODoooob 0O OO0 OO0 obooboo b0 boao
U ooboodog 0o ooob booooboobad

oooooao

10

20

30

40

50



(22) JP 2004-506069 A 2004.2.26

ggogaog
0ggoooooooogogogoooooooococgoogogooooan
oooooao

ooogao

GHa

e T e T e T e T e T e T e T e B |

H,C

O
0o0oo0o0ao

0000000000000 000000000000000000000000000
o

000000000000 000000D0D000000 OO0 0000 0000000
000 0O0000O0 00 00000 000 000 00000 00 0000000
000000000000 000000D000000000 00 0000 00000
0000 000000000000 0000000, 0000 0000000000
0000000000000 000000D00000000D0000000000000
0000000000000 000000000000000000000000000
00000, 00,0000000000000000000000000O00O00000
0000000000 00 0000

0000 00000 000000000000 00,00,000,0000000
0000 00000 00 0000000000000

00000 00 0000 000000000000 000000 0 0 000 00
0000000 00 00000000 0000000 000 0000 00000
000 DO0000O0 0O OO0 00000 00000 000 O 0 0000 000
00 000000 000000000 O 0000 000000 0 00 000 O
000000 0 0000 OD000 0 0000 0000000000

0o0oo0o0ao

0000

HE

L T T e T e T e T e O e Y e e O e O e R e RO e B s |

oooooao



(23)

JP 2004-506069 A 2004.2.26

bogdgodgdoogibngoogibggiodgioogindgdioodgboogodagoogodaondg
tdooooooooocgogogooooooooocogoogooooooodn
gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooo oo booo OboOOOOD ODODOCOOOOOOOODOD DOoOobDbOoO Oob0 O
goog oo obooobooooo obob bboobobOoOOobOooboboobao
ucooooboboooboobooboooob OO oboo ooobo ooobo obaoao
ooooo ooooooobob ooooboboboudy ODOO ODOOOOOOoOoOooOoODaO
goooboobobooboboobobooobooboboobooboooboboDbDao
uboobooboboobdoboboobdoo oo oouobo obpp 00000y O0Og
ooooooooooooogooooobooboooo ODoOooOooO bDoOoOoOOoOOoo
ooog ooooo ooooboooboboo oo 00O OO0y 0000000
oot Ooouo0 oo boocoooooooooao
gooob 0o oboo oooobooobobobob bobOoob O D OOob bOo
oooooboo oo ocoobooooob booo4obo0o obo oobooobo bobooao
oo ocooooo o oo booboobo bobooo ODDODO O O OOO0OOo bOoo
oo obooobob booooooob 0O ODOoDOO ObOoOoOobo 0o ob boao
ugooobdo o obob boob 0 0ouobdo oboobooogdaob

gggooooano

tdgogooooooogogoggooooooococgogogogoooan

goboooboooboobooboobooboobooboobor goboooboobooboaodaob
goooooooooooooooooboooooooobooooooooooao
gooao
gooad
ooogaod
gooao
gooad

oagad

Oooooooogogooooaoo
Ooooooogooooao
Oooooooogogoao
OO0 ooDoooogogogao

gooao

goooano

uoano
O
g

Ooooooo0
“ pooooao
0000
o000
0000
0000
o000
00O

O Ooogo
00O

O 0Ooo0ooooao
O O0OoQooooao
O 0O0ooooao
O O0Oo0oo0oooao

o oo
oogaod
oonf
uod
goao

OoOoo0oooodg

O 0Oooo

Oo0Ooo0o0ooao
OOoo0Oooo
OOoo0oooao
O Ooo0oooao

Oooooooo0ooooooggbooooo o0 oo ooooooooiooogodg
Ooooooo0o0oooooooo oD oDooooDooDoDooo<®o0goonooaoiio

OOo0ooooooooooooooIODhooocoooooDoDoooggogoao

Oo0oooogogddoooobooggooDoDooogogooooao
e > O i [
Ooooooooo0ooDoooDoo0oooDoooooooooaoo
Oooooooo0ooDoooOooDooDoDooooooooao
OOoDooooo4oooDooooooooDooooogooooao
OOo0Doooooodoooo b oo oooogoggogogoooao

OoooooooooDoooo)HooooooooooooQodg
Oo0ooooooo0oooooo|HooDooooooooooQgdg
Oo0o0ooDooooooDoDooo| oo oooooooooooQgdg
Oo0o0oooooooooooogog| oo oooogo4ogoooooggg
Ooooooooooooooooooooa-o
Ooooooooooooooooooooo.o
Oooooooo0ooooiooooooooo
Oooooooo0ooDooiooogoooooaog
Oo0oooo4ooooDoooUoIODhoooUooooooDooogoggogoao
OoOoooooooooooooooIomOboooooooooogogooao

s e

ooy, 00000
gobooooo 0O
oododg ocoooooooao

OoOooooooo0o0ooooooo0 oo ooo o0 oo oooQgogooao

Ooooooooooooogogig
Ooooooooooooogogig
OoDoooooogooooogglg

oooooooao
gbooobgyg DO
gooooaoand
ooooooao
gooooan
ugbooodoaano
ooooooao
oooogbad
ooooooao
gooooboogao
gbooooaoao
ooooooaon
gooooboobonb
ugboooboobdobad
oooooobobooboooooao

Ooooooooooooogogoooao
OO0 oDooUogU00ooDoo oo oDoDoooogooooao
OooooooooooDooooooooooooooooao
Oooooooooooo oo ooDooooooooao

OoOooooooo0oooooo| oo oDooooogogoooao
OooooooQgdg

Oo0oooooogog?o
OOo0oooooooooooogog|mnoooooogogoao

Ooooooo4ooogooogogilo
OoooooooooboooOooboQgoaooilb

10

20

30

40

50



(24) JP 2004-506069 A 2004.2.26

ubooboobuoboobdo obdoeOO0obO0OO0obOO0obOOO0ObOObOOODbOObOOnD
ooooooooooooooooooboboooooooobobobooooooooao
obooobooobooboobooboobood

oooooao

gooag

obogboogobogbogoodgoogogioogoogooagoodgoddan

oooooao

oooag

N~ A

L T e T e T e T e T e Y |

W NP e e N
O
Oooogooao
0000000000000 000000000000000000000000000
O000ad
0000000000000 0000000000 OO0 O000 OO0 000 00
gob oboo boobboboUobgy ODOODDQDODUODDOODDOUODbDUOUODbDOUODRDOO
gooooooooooooo0 OO0 o000 ocooooooooooobooodooaoooan
0000000000000 0000000 00000,00,000000000 4
goboobuoob ooboobdoob bobboobbuoobooboobOogboag
0 e B A B A B A B B B A B A A W A W A
000000000000 00000000000
ooooooo0o oo Ooooo0 oooooooooooo Oobobooo ooooo oo
0 000 0000000 OO0O0OO0ODO0OO0 000 O 000000 000 0000
oo 0 00 ooogogQg ooooo Obobo O O Obooobo Oooo oo ooooao

o oooooooodo o oobooobo boooboob 0O OO0 obo ocoobooobooog o
oo ooo4o 0o oboboobo ODooooooogooao

gooogbad

good

L T e T e T e T e T s T e T e T s T e T s B e B e}

P Ve
4
o
(t) CH,
cH!
L
Oo000o0oo0oao

bogdgodgdoogibngoogibggiodgioogindgdioodgboogodagoogodaondg

Udoggoooooogogoogooooooofogogogoooooocogogogogoano

10

20

40

50



(25) JP 2004-506069 A 2004.2.26

ugboobdooboboobobooboobooobooboboobooboouobooboboao
oooooob 00 o000 ocooooooobooboo0oU0o0o0 oo booo bDOGO
ooog oobobo oobo OO0 ooboooboooboooboobobooboobao

O 0Oooo

[m]

O
g
a
O
a
u

O

oooooooao
O ODoooogao
ooooooo o
O 0Doo0 000D
oo o oo oo
O Ooooogag

goboodgbad
ooogao

CHy

T/TCH‘
.

[ +)

&
9,
W,

o

L T T e T e T e T e O e Y e e O e O e R e RO e B s |

0
0
O
O
O
O

oooooooboooboooo oo 0o ooooO0O OODO ODOObODbODoOoOOoOg OO0
gobooobooboobooboogoboboobobooobobouoboboobobooDbDao
gboobooobooboooobooboobooboooboooboboboobooboaoadnb
gooooooboooooooooooboobooboboooooobob oo oooo oo
oo, o0b,0oboobobooboboobobooboboob bobo oo
ugboooboooogoboobooooyg obooboobobooboob oobodao

oo oop0oopg0oboby,bOO0OO0OO0OO0OO0OO0O0OO0ODO0 OOOODO O

gooagao

oo oooooooobobOooo0 ObOoooo boooo oo
ogoob0 oooboobogo oo 0o obooboogo ooboo oboo
oo ooooo obo 0o o obobo ooo oo boobaodo
o 0 o0oo0oo0ob ooooobb 0 oo ooo bobooooo o
ooogog ooboobo b bboob ODobOoooboboo

N\/\D/\/OH

X
)
<

CH,
L

ODoDo0o0oo
D0000000000000O0O000DO0O00ooDO0OoooOoOooooooooooooag
0000000000000 00000O0O00ooDO0OooooOooooooooooood
D0000000000000000000000000D000ooNoOooooooooad
D0000000000000DO0O00ooDOoOoooDoOoooooooooooao
0O00000000D0O000D0O000D0O0O00DO0O0O0DO0O0O0DO0DO0O0DOoOooDOO
O00000000D0O00O0OD0DO0O0OC0OD0O0DO0ODODO0ODODOODODOODOoDOoOoaO
OO0 0D0DO00OD 000000000 DO0O00DO0OO0OO0D OO0 O0OO0O00 000 OO0
OO0 DO0DO0OO0OD 0ODO0OO0 0000 OO0 000000 00 0000 00000
O0O00 0000000000000 0OCO0ODO0O0OO0ODO0 000000 00 0000
OO0DO000 0OD0DO00 000000, 00, 000 0D0DO0O0O0O0O0O0O0O0O0O00D0O00
0000000000000 D0O00O00O000D0O0O0ODODOO0ODO0DO0ODOoDOoOoOoOan
0000000000000 D0O0O0O0DODO0O0DODOO0OODODOO0D OO0 0000 00
., 00000, 00,000000000000D0000 OO0OOO0 0OO0O0O0OODOO
000 0DO00 O,,0,,20,0,0,000000000000 " 00O O OO
O 0o 0D oo ” oooo

0D0DO00 00000 0000000000 0D ODO0,00,000,0000000

10

20

30

40

50



(26) JP 2004-506069 A 2004.2.26

b0 oobdob b0 ocobooboooboooboadab
ooooo oo oooo bOoooooooobooboDbD ODOoDODODO ODODbODbODoO O0b0 O
oo oooooboogog oooooob bbobo O booobob boo oooboao

o oo ooooo ooooo oob 0o o0 oboboo Ooboobo o0 oooooobo o
gooooob0 0o oo oooo4OoQ0o bbb ODOobD Doobobbo O oo
oooo0o 0o ooob bboboooooo
jggooooofcocg0ogooooooococg0ogogogooooooococgogogooooan
000o0ooooooogogogooooooogoogoooooooogoggoggooooan
Uggoooooocooogooooooooogoooooooocogogogoooonan
gggoooooocog0oogooooooocogogoogooooooococgogogooooan
ogoano
ooooooooocooooooooboobooboboooooobobDboo bbobooooo

ooooooooao
gbooobooboao
gboboobooaoobad
goooo ooao
go’r obooobaoao
ooooooooao
gooooooboogan
gbobooboooooboad
oooooboupwbODOO0OO

OO0 ooooooogjoio;ioiooo

O 0Ooo0ooooao
OooooogQgoao

OOoooooogd

O

goboooob boobo oboobo oboo OboOoobO0O Oob boobo
ubo ooooboobobooboboouoboboboobooboooboooboodb

oooooooobooooooooooboooooooao
goboooboooboboooboobooboooboobodnb
uobobouobooogoboobooboooboaooboad
oo oooo0 ocooooooboobooooooao
gooooboooboboob 0o oboob oobad
ooooooooooooouooopbDbOOO0OO0OOOn
gobooobooobobogoboooboooboooboobodnb
goboooboooboboobooboobogo ooobada
oooooooobooooooooooboooooooao

gooobooboodgo oboobobooboboooboobooboooboboooboboDbDao
ugoboobooooboobooouobooboobobooboboboobooboooboo d

ooooooboooooooooooobooooooooooboo OooODoOao

OoOooooooooooioboo0 oD oDoDooooooDoooogogoo;o@Ioiocjcodg

Oooooooooooiogdg
OoooDooogooooiogdg
OO0 oDoDoo4gogooooiogd

OOo0oooooooOoogo|iooao
Oooooooogoogoo|iooo
O oo oooooogi»g
O Oo0oooooooglig
OO0 oooooooglig
OOoooooooo|™
OOoooooooogi™g
O oo oooooogig

Oooooogoggog|o
OO0oo0oooogogog|o
OooOoo0oooQgo|o
Oooo0oooQgo|o
Oooo0oooQgog|o
OooooogogoQgog|o
OOoo0ooooggog|o
OoOoo0ooooOooOo|o
Oooo0oooQgog|o
Oooo0oooQgog|o
OoooooQgog|o
Oo0oo0ooooggog|o
O0o0o0oooogoogogigo
Oooo0oooQgo|o
Ooo0oo0oooQgog|o
OoooooQgog|o
Oooooogoggog|o

i o

I [ o I

Ooo0oo0ooogo|o
Ooo0oo0oooQgo|o
Ooooooogdg
OoOoooooogdg
OOooooogdg
OOoo0oooOod
Ooo0oooOodg
Ooooooogdg
Ooooooogdg
OOooooogdg

10

20

30



T e T e T e T e T e T e T e T e T e D e R
82 )

o~

27)

JP 2004-506069 A 2004.2.26

L
Dooooao
D000000000000000000000000000NONOoONooooooooan
D00000000O000000000000000000000ONONOoOoooooan
D00000000O000O000a0
0000000000000 D0O0O00OODO0OO0ODDO0ONDOODOONOODOOODOoOooOaOn
0000000000000 O00O00O0O00O00O0O0O0O0O0OO0O0O0O0DO0DOOOoOOGod
00 0DO0O00OD0 0000000000000 0O000D0 OO0 00000 000 OO0
00 OD0O0O0O0 0000 0000000 000000 00 0000 00000 O
D00 00000000000 O00000O000O00O000O000 OO0 0000 00
000 0000 000000, 00, 00 0DO0O00OO0O0OO0O0OO0OO0O0OC0OOO0OO0O0O0O00
0000000000000 O0O0O00O0O0O0O0D0DO0O0DO0OO0O0OO0O0O0OONO0DOODOOoOoOaOn
0000000000000 0O0O00O0O00O00O000O0D0O000O00O0O00 00 OO
0 0 00,00000,00,0000000000000000 0000 0000
0000000000000 O0O0O00O0O00O0D0DO0O0O0O0O0OO0O0O0O0DO0OOO0OoOOOooOaOn
0000000000000 0O0O0O0O
000 000 O,,0,,0,0,0,,000000000000 " ooOoO O
00 00 0 00 " DOO 0OOO0O0OD0DO0OO0OO0O0O0O0O0O
0000 00000 00000000 DO0O0D 00,00,000,0000000
000 00000 00 0000000000000
0D000O0 00 0000 000000000000 000000 0O 0 000 00

oooooboo oo ocooboboooob boobooobo obo ooboo ooboooao

oo

oooooob oob0 ooo oooooobo o oo oobobbooobo boooo boOao
g ooboo oog oo obooo4ob Dboboobob0o0 0D oobo oboao
ug oo ooob boooboooo 0 obobobodo oboobo b boobO ocoboohob

goooooooidoooooogoogooogooooogbgooogano

ooogo O

goooano
goooogno 0O
ooooooao
ooooobaoao
ugboooboado
ooooooao

oo oooioooogodg

ooooooaon

goboobogao

g oooo 0O

gobooobooao
gboooodoaano
ooooooaon

O
O
O
oooooooao
O
O
O

a

O

g

ugooobdooooboobooooboo boobo obOo ooboo bo o
oo ooooogooooboobobooo4o0 Uooo0ob0 o040 ooooo oo oo
U oboboooboooboboobooboooboboboobooboooooboboobooboobao
O
g

ooooo0 ooooooobOoobooooooooobooao
ooooboooboobobogobooboobogobobooboog
obooobooboboobooboobdo ooooao
oooooooooooooooooboboobooogao
ooooboobooboboobooboobogoboboboao
uboooboobdob bboooob booodg oo
oooooooobooOoo0 ODooooooooobooao

10

20

30

40

50



(28)

JP 2004-506069 A 2004.2.26

0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
000000000’ OO0’ 0000000000000 D000000000000 O
00 000000000000 00000D0000000O0O000o0oO0ooooooan
0000000000000 0000D00000D000000000000000000
0000000000000 O0D000OO0O0D0D 0000000000000 0O0O000
0000000000000 D0000O0O0O00OO0O0O0O0DO0OOODO0O0DOoODO0OoOOooan
0 000 0000000000000 000000000D0000000000000
000000000000 O00 OO0 0000000000000 000000000
0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
000000000 00000

D0O00000O00oooooao

0000000000000 0000D00000D000000000000000000
0000000000000« O00OOO0O0OD0OCOODO0ODOOODO0DOOODOOOODOO
0 00000, 000 0000000000000 000D0000000000000
0000000000000 0000D00000000000000000000p 00
0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
00000 00000000 000000 000000000000 0000000
0000000000000 D0000O0O000O0O0O0O00OO0O0O0O0DOoOoO0ONOoooOooan
0000000000000 0000D00000D000000000000000000
0000000000000 O000OD0O0O0OO0ODO0OOO0O0ONDOoOO0O0OoDooooan
00 000000 0 0000000000000 0000000000000000
0000000000000 0000D0000000000000000

oooooo

0000

0000000000000 000000000000000000000000000
0000000000000 00000000000000000000a0a’ 000
0000000000000 000000000000000000000000000
0000000000000 000000000O0NO00D0oOoONoooooooooooan
0000000000000 000000000000000
0000000000000 000000000000000000000000000
oo

0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
0000 00 000 00000000 0000000000000 00000000
0000000000000 D0000O0O000O0O0O0O00OO0O0O0O0DOoOoO0ONOoooOooan
00000, 00,00000000 0000000000 O0O000O0O0000O000
000,00, 0000000000C0000 00000O0DO0OO0O0OO0O0OO0OO0OOOO0
0000000000000 000000000000000000000000000
0000000000000 00000000

0000000000000 D00D0OO0OO0O00D0OOO0O0O0DO0OOO0O0DOoOoO0ONOoooOooan
0 000 0000 0000000000000 00000000000000000
0000 000 000 00000000 00000,00,00000000000
00000, 00000 000 0 000000000000 00000000000
0000000000000 0O00O0O0O0O0OO0O0D0O0,00,00000 000000
Oo00O00000O00, OO0 0000000000000 0000O00O0OO0O0O0O0aO
00000000000 000 0000000

000 000 O,,0,,0,0,0 00000000 0 ooo 0o oog O
0000

00000 OO0 0000 000000000000 000000 0 0O 000 00
0000000 00 00000000 0000000 000 0000 00000

10

20

30

40

50



(29) JP 2004-506069 A 2004.2.26

ugooobdod oo oob0 ooboob 0 oo obobo oooboob boao
g oooo boo oo oooOooODbOO OODOOOOO0OO0OO0 0O ODOOO0 ODODOOO
g o oo oob bboooboooboo 0 obobobo obobo b boobO oobooaob
oooao

0o Oa’ OD0O0O0O0DODO0DO0ODOODOOODOOODOOOO gogoogoogogoogao

ugboboobooboooboobooboobooboobaoadd
U Obooo0 ODoOoooo0oo0oo0oQ0 oooo oo booo
goooboooboobooobooboogoboobobnn
ub,uobp0b0o0ob0 o0 0boob booog g U gbooboooboobad
oo ocooooooobobobooooooooboao uooooooboog 0d
o oo oboo oboobo ooboo obooobooobooboooboboboao
ocooooooooboooooooobo,b00O00O0 DO OODODO OODODOO
ooooboooobooboboogoboobobooboboboobooDbao
uoboobooboboboobooboooboouobp 00 bO000O0000D00O0Gg
oo oooooooooobobbooooooob, OO0y 0O0oO0oooooao
goobooobooobobooboobooboboobonb

g oot booob oobooboboobdo obobooob ooboobo bo d
oooooobo ooooobobo oob ooob oooooboo ooo0 ooao
g oo ooooboo obooob oob 00O ooboo obo oo boooao
ooooooobooo b ooob0 oooobob 0O oo oboobo bobooooo
gooog o U 0 obodo obooobogogboonob

UOaoa Oao’ Ubboogbooodgboogogioogboogoodgboogoagonogan

g

ugb Ood0 ooboodg obad
oo OO ooooo oo
g 0ooboog obobooao
u
O

Ooooojooogoogoo

O 0Ooooi&o

OooooooogoQgg
OoooooogoQgg
OO0Oo0ooooaog

o’ 000 gooboooboobobooboobooboobooooboobonb
g oo oOa4d ugboooboobodob booodo ob0 oobdo oo oooba
oooog o U obboboooooooooobooooboooooooboboobooogoao
gooo oo o
ood

O Uooooooooooogao

oo
og
gogooooooocogogogooooooocfoocgogoooooooodand
ood
oo
oad

g oooob boobo oob ooboob ooboao
ogoao oooooooooooooooooooao
Ug O 0 00 booboboobooobobod
ugoad gboooboobodo oooobooobobb
ood ooooooooboy, 00O O0O0o0oo0o0Oaon
oono goooboobobooboobobn
uoano ugboboboobooboobdao bobooaob
oogd oooooooooboooooooooooao

O
O d

O Oooooao

0
g
u
O
g
a

OooooooogoQgog
OooooogoQgdg
OO0Oo0oooo
OooOoogo
OoOoo0oooao
OoOoo0oooao
O oOooos
OoOoo0oooogod
OooOoo0ooood
Oooooog?o
OoooooogoQgg
OooooogQgdg
OoOoooogho

s, O0,,0,0,0,000000000000 " OO0 O OO
0000
0000 000000000000 00000
0000000 00 00000000 0000000 000
0O 0 00 00000 00000 000
0oo0DO0O0O00 O 0 000
0000 0000

OoooooooQgooao
O
O
O
O
O
oo

g o oog oao
ooo ooooao
g ooob bo
gobodaoad g oo oboaoad

O

I I

a
O
g
u
O
g
O
g
g

I I Ry
o I R
[ i I o Ay [
[ i I o A [
I I Ry
I o B
Ono;ioin; oo
I A
OnoOioin; o o
i o A
i Y Y
I A
i I R
o I R
[ o I o A [
[ i I o Ry
I i I o
I i I oy
O ;e O

O
t
O
g
u

[ i I o A [
[ i I o Ry
I i I o
[ i I oy
[ i I o

O
g
0
g
U

[ I o Ry
[ i I o Ay
I i I oy
[ i I oy
[ i I o A [

O
O
O
0
O

I I R
[ i I o [

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoooOooioik|ooooao
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

OooOoomomioioio|jgoogoog
O 0Ooioo|ogo|jgo o
O o0ooo;oooio o

O o oio|o;o



O

O

(30)

e e e e e s ey e = [ A Iy

ey e e e e s ey e e Y I Oy

OOo0ooooooooooooo4ogooooooggoao
OO0 o0DooooddUoooDoooo4dooDoooogogogao

gboobooboobooboooboooboobogadnb
oooooooooboooooooao

OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog
OO0 ooooogogdg
OooooooOogao
OooooooQgoQgaog
OooooogoQgaoQg
OooooogogaoQg

OOo0oooooooooooooogod

O
a
u
O
a
O
g
a
O
a
u
O
a
O
g
a

Ooooooooooooodg
Oo0ooooo4gogooooodg
OO0 oDoDooogogoooood
OOo0ooooooooooboood

O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O

JP 2004-506069 A 2004.2.26

O

O

uodg ooodo o gao ubbdbala’” ODOOODOODOOOOOOOO
goooooobooboooooooooboooboooooooboobobobooooooooaob
0000000000000 000 ooo0Do0 o oo oooooDOOaO p O
ooooooobooocooooooooboobOppbOo0ooooboboDbOObOOOooooooao
gobooobooobogoboboogobooobobooboboppbOoboboboobonb
gboobooobooboooobooboobooboooboooboboboobooboaoadnb
goooooobooooo” oo ooboooooooooobobOOoboooooooao
g obobooooboobobooboboobogobooboobooboobooobobnb
ugbooboobouobooouobooboboobooobooobooboobooboadnn
goooooobooboooooooooboooboooooooboobobobooooooooaob
goboooooooboooooboodg oboo obooboooboooboooboooboao
ooooooobooocooooooooooboooooooboobooboboooooooao
gobooobooobogobobobogobooobgobooboboogoboboboboobonb
ugboooobo ooboo oboooboooooboood
jggoooooococogogogoooooooand
goboooboooboobooboogoboobobooboboogobooboboobodnb
ugbooboobouobooouobooboboobooobooobooboobooboadnn
goooooobooboooooooooboooboooooooboobobobooooooooaob
gboooboooboobooboog obobobooboooboooboobooboobooboao
ooooooobooocooooooooooboooooooboobooboboooooooao
gobooobooobogobobobogobooobgobooboboogoboboboboobonb

uoooobdo ooaoao

gboogoooboobad
ooo ooooooao
gboooooboonboao
oooooooooao
gboooobooDbao
goboooboooodgan
oooooooooobano
gbooooboboDbDao
gbooooogbodado

O 0ooo
O
O
O
(]
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

10

20

30

40



JP 2004-506069 A 2004.2.26

G

ugooad

good

0 gz 0 e
n S0 2 SOH
CoHO A 2o o Uty

26:1 (DR T)
GExF vv—)

il ]
O o~ 0 o gz\JIT%
{/\m am u | @ " zu
—%
@/m\nx
0 ~CH

[N n—"N_)

,m. [}

By

0
Yooty
NSI, e %

(A ougH) @
©§L J

)

s

I3

56;3%152\: ?me&é
0

. (@donsn
N H§J”=]zu1 Ko RO gzlzuﬁ B o @Hzlzw %
§Lz§\=(§ ﬂ%wﬁ TN Ny et [N )
6} 1]
(SdQu5) A@@cea
o] (SormoM0u0en)
L % [ ) % [ ﬁ%*i@ﬁpﬂa
# T ol P o PR
@xxm u — 0L \m —a @z \h
) :w_vuwewﬂu RN, ufua
s o E
)
™
¥
R
AJ
13l
&2 MM ) ¥ R
1| WMW o.o_wo o.o_mo o.c_mm c.o_mm c,o.mv o.@mv 0088
Al \A & '
NS v
Ni=| N L
SfE X 05
N SN
=\ L3N
E > Lo
W N
=
‘r 8 Z L0g
N
%A 002
|
P O |
S8EE88 8888~ 052
H O O
00¢
O

ooogao

oooao

< 5
Fe
e
L=
s
h E
o X
n
pay
=
N Lo
X
1 i~
Y
SN r~
4
-
T T T T T T T T And
8 8 8888 8 8 °
N3y “%E
% rm
.
]
N e
A U
L5
1
AR g
NN p,
¢ B =
& &
Fuo
2 =
10 -r o o~ -~ =
Ny *&E

ogooag

—A&—TERNTET—}

—&— 7)a—-2z

T T T T
W o ™ o

KB T OB

L—
@ M~




(32) JP 2004-506069 A 2004.2.26

good ugooad

650

45

35

60
450 nmYA(30 nm) £

— 0mM /" pa-z
— 60mM /" -2

500
# 8, om

I

¥

N

[
Z

3

25

N\ A
N ]
ny ‘FH3M
Oooogad
5
&
4.5?\

0 20 40 60 80
[Zra—Z], mM



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

—
<
e
v
N
«
—
=
N
=
g

(33)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CQOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publieation Date
14 February 2002 (14.02.2002)

PCT

OO OO

(10) International Publication Number

WO 02/12251 Al

(51) International Patent Classification”
5/04, GOIN 33/66

CO7F 5/02,

(21) International Application Number: PCT/US(1/24294
(22) International Filing Date: 3 August 2001 (03.08.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
09/632,624 4 August 2000 (04.08.2000) US

(71) Applicant: SENSORS FOR MEDICINE AND SCI-
ENCE. INC. [US/US); 12321 Middlebrook Road,
Germantown, MD 20874 (US).

(72) Inventor: COLVIN, Arthur, E., Jr.; 4155 Baltimore Na-
tional Pike, Mt. Airy, MD 21771 (US).

(74) Agents: KARTA, Glenn, E. etal.; Rothwell, Figg, Bmst &
Manbeck, PC., Suite 701-E, 555 13th Street, N.W., Wash-
ington, DC 20004 (US).

(81) Desiguated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH,CN, CO, CR, CU,
Cz, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, IP, KE, KG, KB, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL,TI, TM, TR, TT. TZ, UA, UG, UZ, VN, YU, Z4, ZW.

(84) Desiguated States (regionalj: ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
pateni (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Buropean
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BI, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in ithe event of receipi of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.
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TITLE QF THE INVENTION
DETECTION OF ANALYTES IN AQUEOUS ENVIRONMENTS

CROSS~-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of
application Serial No. 09/632,624, filed Bugust 4, 2000.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
Not applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to indicator molecules for
detecting the presence or concentration of an analyte in
a medium, such as a ligquid, and to methods for achieving
such detection. More particularly, the invention relates
to copolymer macromolecules containing relatively
hydrophobic indicator component monomers, and hydrophilic
monomers, such that the macromolecule is capable of use

in an agueous environment.

2. Description of the Related Art

Indicator molecules for detecting the presence or
concentration of an analyte in a medium are known.
Unfortunately, many of such indicators are insoluble or
sparingly soluble in water. For example, U.S. Patent
5,503,770 (James, et al.) describes a fluorescent boronic
acid-containing compound that emits fluorescence of a
high intensity upon binding to saccharides, including
glucose. The fluorescent compound has a molecular
structure comprising a fluorophore, at least one

phenylboronic acid moiety and at least one amine-

1~

JP 2004-506069 A 2004.2.26
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providing nitrogen atom where the nitrogen atom is
disposed in the vicinity of the phenylboronic acid moiety
s0 as to interact intramolecularly with the boronic acid.
Such interaction thereby causes the compound to emit
fluorescence upon saccharide binding. See also T. James,
et al., J. Am. Chem. Soc. 117(35):8982-87 (1995).
However, the compound described in example 2 of U.S.
Patent 5,503,770 (having formula (6)) is substantially
insoluble in water, and as a practical matter requires
the presence of an organic solvent such as methanol in
order to work in a liguid environment.

Lack of sufficient aqueous solubility is a severe
problem when dealing with applications in an agueous
environment, for example, in vivo applications. Thus,
there remains a great need for adapting insoluble or
sparingly soluble indicators for use in agueous
environments.

BRIRF SUMMARY OF THE INVENTION

In one aspect, the present invention is directed to
an indicator macromolecule for detecting the presence or
concentration of an analyte in an aqueous environment,
said macromolecule comprising a copolymer of:

a) one or more indicator component monomers

which individually are not sufficiently water

scluble to permit their use in an aqueous

environment for detecting the presence or

concentration of said analyte; and

b} one or more hydrophilic monomers;
such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an agueous

environment.

JP 2004-506069 A 2004.2.26
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In another aspect, the present invention is directed
to a method for the production of an indicator
macromolecule for detecting the presence or concentration
of an analyte in an agueous environment, said method
comprising copolymerizing:

a) one or more indicator component monomers which
individually are not sufficiently water soluble to permit
their use in an agueous environment for detecting the
presence or concentration of said analyte; and

b) one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an agueous environment.

In another aspect, the present invention is directed
to a2 method for detecting the presence or concentration
of an analyte in a sample having an agueous environment,
said method comprising:

a) exposing the sample to an indicator
macromolecule, said macromolecule comprising a copolymer
of:

i) one or more indicator component

monomers which individually are not

sufficiently water soluble to permit their

use in an agueous environment for

detecting the presence or concentration of

said analyte; and

ii) one or more hydrophilic monomers;
such that the resulting macromolecule is capakle of
detecting the presence or concentration of said analyte
in an agueous environment, and wherein the indicator
macromolecule has a detectable quality that changes in a
concentration-dependent manner when said macromolecule is

exposed to said analyte; and

JP 2004-506069 A 2004.2.26
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b) measuring any change in said detectable quality
to thereby determine the presence or concentration of
said analyte in said sample.

In another aspect, the present invention provides a
macromolecule which is capable of exhibiting an excimer
effect, which comprises a copolymer of:

a) one or more excimer forming monomers, the
molecular constituents of which are capable of exhibiting
an excimer effect when suitably oriented with respect to
each other; and

b) one or more other monomers;
such that the resulting macromolecule exhibits said
excimer effect.

In yet another aspect, the present invention provides
a method for producing a macromolecule which is capable
of exhibiting an excimer effect, which method comprises
copolymerizing:

a) one or more excimer forming menomers, the
molecular ceonstituents of which are capable of exhibiting
an excimer effect when suitably oriented with respect to
each other; and

b) one or more other monocmers;
such that the resulting macromolecule exhibits said
excimer effect.

In yet another aspect, the present invention provides
a method for detecting the presence or concentration of
an analyte in a sample, said method comprising:

a) exposing the sample to an indicator
macromolecule, said macromolecule comprising a copolymer
of:

i) one or more indicator component
monomers, the molecules of which are

capable of exhibiting an excimer effect

—4-
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when suitably oriented with respect to

each other, and which are alsc capable of

detecting the presence or concentration of

an analyte; and

ii) one or more other monomers;
such that the resulting macromolecule exhibits said
excimer effect, and wherein the indicator macromolecule
has a detectable quality that changes in a concentration-
dependent manner when sald macromolecule is exposed to
said analyte; and

b) measuring any change in said detectable guality

to thereby determine the presence or concentration of

said analyte in said sample.

BRIEF DESCRIPTION OF THE DRAWINGS

Pigures 1-2 illustrate the emission spectra of
several indicator macromolecules of the present invention
as described in Example 2.

Figure 3 depicts the synthesis of an indicator
component mononer referred to in Example 3.

Figure 4 illustrates the normalized fluorescence
emission (I/Io @ 427 nm) of an indicator as described in
Example 5.

Figure 5 illustrates the normalized fluorescence
emission (I/Io @ 428 nm) of an indicator as described in
Example 6.

Figure 6 illustrates the normalized fluorescence
emission (I/Io @ 427 nm) of an indicator as described in
Example 6.

Figure 7 illustrates the- absorbance spectra of an

indicator as described in Example 7.

JP 2004-506069 A 2004.2.26
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Figures 8-9 illustrate the ratio of the absorbance
(450 nm/530 nm) of an indicator as described in Example
7.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention provides a way
to utilize, in an agueous environment, indicatoxr
components which by themselves are insoluble or sparingly
soluble in an agueous envireonment. Such indicators are,
in effect, copolymerized with one or more monomers which
are sufficiently hydrophilic such that the resulting
indicator macromolecule is sufficiently hydrophilic
overall so as to overcome the hydrophobic centribution of
the indicator component monomers.

Suitable indicator components include indicator
molecules which are insoluble or sparingly soluble in
water, and whose analyte is at least sparingly soluble in
water. Suitable analytes include glucose, fructose and
other vicinal diols: a-hydroxy acids; B-keto acids;
oxygen; carbon dioxide; various ions such as zinc,
potassium, hydrogen (pH measurement), carbonate, toxins,
minerals, hormones, etc. It will be appreciated that
within the scope of indicator component monomer as used
herein are included mixtures of two or more individual
monomers (at least one of which is not sufficiently
soluble to function adequately in an agueous environment)
which, when incorporated into the macromolecules of the
present invention, function as an indicator.

Many such indicator components are known. For
example, the compounds depicted in U.S. Patent 5,503,770
are useful for detecting saccharides such as glucose, but
are sparingly soluble to insoluble in water. Other
classes of indicators include the lanthanide chelates

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

i5

20

25

30

(40)

WO 02/12251 PCT/US01/24294

disclosed in copending U.S. Application Serial No.
09/265,979 filed March 11, 1999 (and published as PCT
International Application WO 99/46600 on September 16,
1999), incorporated herein by reference; polyaromatic
hydrocarbons and their derivatives; the indicators
disclosed in co-pending application Serial No. 09/754,217
filed January 5, 2001 and application Serial No.
60/269,887 filed February 21, 2001, both of which
describe indicators having two recognition elements
capable of discriminating between glucose and interfering
o-hydroxy acids or B-diketones, etc.

The indicator components of the present invention
will generally have a detectable quality that changes in
a concentration-dependent manner when the macromolecule
is exposed to the analyte to be measured. Many such
qualities are known and may be used in the present
invention. For example, the indicator may include a
luminescent (fluorescent or phosphorescent) or
chemiluminescent moiety, an absorbance based moiety, etc.
The indicator may include an energy donor moiety and an
energy acceptor moiety, each spaced such that there is a
detectable change when the macromolecule interacts with
the analyte. The indicator may include a fluorophore and
a quencher, configured such that the fluorophore is
quenched by the quencher when the analyte is absent. In
that situation, when the analyte is present, the
indicator undergoes a configurational change which causes
the quencher to move sufficiently distant from the
fluorophore so that fluorescence is emitted. Conversely,
the fluorophore and quencher may be configured such that
in the absence of analyte, they are sufficiently
separated and the fluorcphore emits fluorescence; upon

interaction with the analyte, the fluorophore and
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quencher are moved in sufficient proximity to cause
guenching. The configurational change concept is
described in more detail in co-pending application Serial
No. 09/754,219, filed January 5, 2001, entitled
“Detection of Analytes”, incorporated herein by
reference.

Other detectable moieties include those whose
flucrescence is affected by analyte interaction via
photoinduced electron transfer or inductive effects.
These include the lanthanide chelates disclosed in
copending U.S. BApplication Serial No. 09/265,979 filed
March 11, 1993 (and published as PCT International
Application WO 99/46600 on September 16, 1999),
incorporated herein by reference; polyaromatic
hydrocarbons and their derivatives; coumarins; BODIPY®
{Molecular Probes, Eugene, OR); dansyl: catechols; etc
Another class of moieties include those whose absorbance
spectrum changes upon interaction of the indicator
compound with the analyte, including Alizarin Red, etc.
Another class of moieties include those whose
fluorescence is modulated by proximity effects, e.g.,
energy donor/acceptor pairs such as dansyl/dabsyl, etc.

Preferably, the detectable quality is a detectable
optical or spectral change, such as changes in absorptive
characteristics (e.g., absorptivity and/or spectral
shift), in fluorescent decay time (determined by time
domain or frequency domain measurement), fluorescent
intensity, fluorescent anisotropy or polarization; a
spectral shift of the emission spectrum; a change in
time-resolved anisotropy decay ({(determined by time domain
or frequency domain measurement), etc.

Suitable hydrophilic monomers should be sufficiently
hydrophilic so as to overcome the sum of the hydrophobic

. .
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indicator component monomers, such that the resultant
indicator macromolecule is capable of functioning in an
aqueous environment. It will be readily apparent that a
wide variety of hydrophilic monomers are suitable for use
in the present invention. For example, suitable
hydrophilic monomers include methacrylamides,
methacrylates, methacrylic acid, dimethylacrylamide,
TMAMA, vinyls, polysaccharides, polyamides, polyamino
acids, hydrophilic silanes or siloxanes, etc., as well as
mixtures of two or more different monomers.

Suitable hydrophilic monomers for a given application
will vary according to a number of factors, including
intended temperature of operation, salinity, pH, presence
and identity of other soclutes, ionic strength, etc. It
would be readily apparent that the degree of
hydrophilicity of the indicator macromolecule can be
increased by adding additional functional constituents
such as ions (e.g., sulfonate, guartenary amine,
carboxyl, etc.), polar moieties (e.g., hydroxyl,
sulfhydryl, amines, carbonyl, amides, etc.), halogens,
etc.

It will be appreciated that the molar ratio of
hydrophilic monomer to indicatcor component monomer may
vary widely depending on the specific application
desired. Preferred ratios of hydroplilic
monomer:indicator component monomer range from about 2:1
to about 1000:1, more preferably from about 5:1 to about
50:1.

The indicator macromolecules of the present invention
may generally be synthesized by simply copolymerizing at
least one indicator component monomer with at ieast one
hydrophilic monomer. Optimum polymerization conditions

(time, temperature, catalyst, etc.) will vary according

-9~
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to the specific reactants and the application of the
final product, and can easily be established by one of
ordinary skill.

It will be appreciated that the indicator
macromolecules of the present invention may have any
desired extent of water solubility. For example, the
indicator macromolecule of Examples 1 and 2 below is very
soluble, readily dissolving in agueous solution. On the
other hand, indicator macromolecules containing, for
example, the hydrophilic monomer HEMA (hydroxyethyl
methacrylate) or other common hydrogel constituents, can
be non-soluble yet hydrophilic.

The soluble indicater macromolecules may be used
directly in solution if so desired. On the other hand,
if the desired application so requires, the indicator
macromolecule may be immebilized (such as byvmechanical
entrapment, covalent or ionic attachment or other means)
onto or within an insoluble surface or matrix such as
glass, plastic, polymeric materials, etc. When the
indicator macromolecule is entrapped within, for example,
another polymer, the entrapping material preferably
should be sufficiently permeable to the analyte to allow
suitable interaction between the analyte and the
indicator components in the macromolecule.

Many uses exist for the indicator macromolecules of
the present invention, including uses as indicators in
the fields of energy, medicine and agriculture. For
example, the indicator macromolecules can be used as
indicator molecules for detecting sub-levels or supra-
levels of glucose in blood, tissues, urine, etc., thus
providing valuable information for diagnosing or
monitoring such diseases as diabetes and adrenal

insufficiency. Medical/pharmaceutical production of

-10-
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glucese for human therapeutic application requires
monitoring and control.

Uses for the present invention in agriculture include
detecting levels of an analyte such as glucose in
soybeans and other agricultural products. Glucose must
be carefully monitored in critical harvest decisions for
such high value products as winé grapes. As glucose is
the most expensive carbon source and feedstock in
fermentation processes, glucose monitoring for optimum
reactor feed rate control is important in power alcohol
production. Reactor mixing and control of glucose
concentration also is critical to guality control during
production of soft drinks and fermented beverages, which
consumes the largest amounts of glucose and fermentable
sugars internationally.

When the indicator macromolecules incorporate
fluorescent indicator substituents, various detection
techniques also are known in the art that can make use of
the macromolecules of the present invention. For
example, the macromolecules of the invention can he used
in fluorescent sensing devices (e.g., U.S5. Patent No.
5,517,313) or can be bound to polymeric materials or
other substrates such as test paper for visual
inspection. This latter technique would permit, for
example, glucose measurement in a manner analogous to
determining pH with a strip of litmus paper. The
macromolecules described herein may alsc be utilized as
simple reagents with standard benchtop analytical
instrumentation such as spectroflucrometers or clinical
analyzers as made by Shimadzu, Hitachi, Jasco, Beckman
and others. These molecules would alsc provide analyte

specific chemical/optical signal transduction for fiber
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optic-based sensors and analytical fluorometers as made
by Ocean Optics (Dunedin, Florida), or Oriel Optics.

U.5. Patent 5,517,313, the disclosure of which is
incorporated herein by reference, describes a
flucrescence sensing device in which the macromolecules
of the present invention can be used to determine the
presence or concentration of an analyte such as glucose
or other cis-dicl compound in a liquid medium. The
sensing device comprises a layered array of a fluorescent
indicator molecule-containing matrix (hereafter
"fluorescent matrix"), a high-pass filter and a
photodetector. In this device, a light source,
preferably a light-emitting dicde ("LED"), is located at
least partially within the indicator material, or in a
waveguide upon which the indicator matrix is disposed,
such that incident light from the light source causes the
indicator molecules to fluoresce. The high-pass filter
allows emitted light to reach the photodetector, while
filtering out scattered incident light from the light
source.

The fluorescence of the indicator molecules employed
in the device described in U.S. Patent 5,517,313 is
modulated, e.g., attenvated or enhanced, by the local
presence of an analyte such as glucose or other cis-diol
compound .

In the sensor described in U.S. Patent 5,517,313, the
material which contains the indicator molecule is
permeable to the analyte. Thus, the analyte can diffuse
into the material from the surrounding test medium,
thereby affecting the fluorescence emitted by the
indicator molecules. The light source, indicator
molecule-containing material, high-pass filter and

photodetector are configured such that at least a portion

~12-
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of the fluorescence emitted by the indicator molecules
impacts the photodetector, generating an electrical
signal which is indicative of the concentration of the
analyte (e.g., glucose) in the surrounding medium.

In accordance with other possible embodiments for
using the indicator macromolecules of the present
invention, sensing devices alsc are described in U.S.
Patent Nos. 5,910,661, 5,917,605 and 5,894,351, all
incorporated herein by reference.

The macromolecules of the present invention can also
be used in an implantable device, for example to
continuously monitor an analyte in vivo (such as blood or
tissue glucose levels). Suitable devices are described
in, for example, co-pending U.S. Patent Application
Serial No. 09/383,148 filed August 26, 1999, as well as
U.S. Patent Nos. 5,833,603, 6,002,954 and 6,011,984, all
incorporated herein by reference.

The macromolecules of the present invention have
unique advantages. For example, absorbance of a sample
is directly proportional to both the concentration of the
absorber and the sample path length. Thus, in an
absorbance-based assay, it is apparent that for a given
level of absorbance, the sample path length may be
greatly reduced i1f the absorber concentration is greatly
increased. That desirable increase in concentration may
be accomplished by decreasing the ratio of the
hydrophilic monomer:indicator component monomer. In
effect, the present invention allows the localized
concentration of much more absorber component into a
limited space, thereby increasing the absorbance per unit
thickness. Thus the present invention additiocnally
allows use of much smaller equipment when performing
absorbance-based assays. It will also be apparent that

-13-
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for any optically-based assay, including fluorescence
based assays, the ability to greatly increase the local
concentration of the indicator component offers several
advantages. For example, a higher local concentration of
the indicator component can permit the utilization of
thinner layers of indicator macromolecule, which in turn
can greatly reduce the response time of the macromolecule
to the presence or concentration of the analyte.

Further, it can result in a higher extinction of
excitation light, which can desirably reduce the
incidence of autofluorescence when working in tissue
systems or physiological solutions. For example, when
working with a fluorescence based macromolecule, non-
absorbed excitation light can interact with, e.g., NADH,
tryptophan, tyrosine, etc. which may be present in tissue
or physiclogical solutions resulting in undesirable
interfering fluorescent emission from those moieties.
Having a high local concentration of indicator component
with high absorption can reduce that undesired
interfering emission. Additionally, when utilizing an
absorbance~-based macromolecule in tissue or physiolegical
solutions, it is desirable to reduce the amount of the
source radiation that is reflected in potentially varying
amounts by components in surrounding tissue or fluid,
such as bilirubin, e.g. Therefore, having a high local
concentration of indicator component with high absorption
can reduce that undesired effect.

As a further aspect of the present invention, it has
been discovered that certain macromolecules exhibit an
excimer effect. By way of background, when two planar
molecules with aromatic structure (such as is common with
fluorophores) are concentrated to a point where their pi

electron orbital lobes may overlap, a resonance condition

14~
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can then occur for some species where the resonance from
overlap results in a hybrid (couplet) structure which is
energy favorable and stable. These two planar molecules
become oriented in a coplanar configuration like two
slices of bread on a sandwich with their electron clouds
overlapping between them. For fluorescent planar
species, a characteristic downfield emission occurs
relative to the uncoupled species at wavelength of
substantially lower energy than the parent species.
Molecules able teo form such favorable resonant
configurations are known as excimers. As used herein, an
excimer effect refers to the resulting characteristic
longer wavelength emission from excimers.

Some examples of typical excimer-forming polyaromatic
hydrocarbons include anthracene and pyrene. There are
many others. BAn example is the anthracene derivative
(boronate included), the indicator component used in
Examples 1 and 2 of the present application. Although
anthracene is known to form excimers in solution, one
must be able to concentrate the molecule to sufficiently
high levels to observe any excimer character. In the
case of the anthracene derivative of Examples 1 and 2,
the molecule is insoluble in water and insufficiently
soluble in a solvent such as methanol to observe excimer
characteristics. In the present examples, the relative
concentration of the anthracene derivative monomer was
increased in proportion to the hydrophilic monomer in the
copolymer from 500:1, 400:1, 200:1, 100:1, 50:1, 25:1,
15:1 and then 5:1. All have the characteristic blue
emission at 417 nm of the anthracene derivative except at
5:1 ratio, a green emission suddenly appears. This green
emission is that of an excimer hybrid and the emission

has been shifted downfield by approximately 100+
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nanometers (~515-570 nm, green). The concentration of
the overall sclution does not need to be high since the
distance between planar species is being controlled by
placement along the polymer backbone rather than soluble
concentration in 3-D space.

Surprisingly, it has been found that the excimer
emission region is not responsive to changes in analyte
concentration, but is responsive to all other aspects of
the =vstem analyzed, such as excitation intensity,
temperature, and pH. As a result, the present indicator
macromolecules may serve as both an indicator and an
internal reference. For example, an ideal referencing
scheme is one where the emission intensity at an
indicator wavelength (i.e., the wavelength influenced by
the analyte) is divided optically using select bandpass
filters, by the emission intensity at the excimer
wavelength. The resultant value corrects for interfering
factors which affect fluorescent emission properties,
such as fluorescent guenching by, e.g., oxygen, drift and
error in pH, power factors and drift affecting LED
intensity, ambient temperature excursions, etc

It will be readily appreciated that the
macromolecules of the present invention which exhibit an
excimer effect will be useful in both agqueous and non-—
agueous environments. Consequently, those
macromolecules, as well as the component monomers
(excimer~forming and other monomer), may range from
hydrophilic to hydrophobic, depending upon the desired
application.

Also, when the excimer macromolecules of the present
invention are used to detect the presence or

concentration of an analyte, the macromolecule may be
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used directly in solution, or may be immobilized as
described above.

The macromolecules of the present invention can be
prepared by persons skilled in the art without an undue
amount of experimentation using readily known reaction
mechanisms and reagents, including reaction mechanisms
which are consistent with the general procedures
described below.

Example 1
tion of 9-[(methac oylaminopropylamino
methyllianthracene
(3) Cne-Phase

To a suspension of N-(3-aminopropyl) methacrylamide
hydrochloride (Polysciences, #21200) (11.82 g, 0.066
mole, 3.0 eq) and a trace of inhibitor DBMP (2, 6-di-t-—
butyl-4-methylphenol) (10 mg) in chloroform (250 mL}
stirring in an ice-water bath, diisopropylethylamine (25
mL, 18.55 g. 0.144 mole, 6.5 eq) was added dropwise in 20
minutes. The mixture was allowed to warm up to room
temperature and cooled again in ice-water bath. A clear
solution of 9-chloromethylanthracene (5.0 g, 0.022 mole)
in chloroform (100 mL) was added dropwise over 1 hour.

It was run at 25°C for 1 hour, 50°C for 12 hours and then
70°C for 2 hours.

The mixture was washed with water (60 mlL x 4), and
the aqueous layer was extracted with methylene chloride.
The organic layers were combined, dried over Na,S0,,
separated, and the solvent was removed under reduced
pressure at 40°C. The crude material was then
chromatographed on silica gel with 2-5% methanol in
methylene chloride to give 2.44 g (33.4%) of product as a

-17-
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solid. TLC (silica gel): R, 0.39 (MeOH/CH,Cl, = 1/9), a

single spot.

{B) Two-Phase

To a clear solution of N-(3-aminopropyl)
methacrylamide hydrochloride (788 mg, 4.41 mmole, 10 eq)
and a trace of inhibitor MEHQ (methylether hydroguinone}
(2 mg) in a mixture of water (30 mL) and tetrahydrofuran
(30 mL) stirring in an ice-water bath. A Na,CO,/NaHCO;
buffer (66 mL, 0.2 M, pH 10) was added in 1 hour and a
solution of 9-chloromethylanthracene (100 mg, 0.441
mmole) in chloroform (100 mL) was added in 3 hours. It
was run at 25°C for 7 hours and then 55°C for 12 hours.

The organic layer was separated, washed with water
(50 mL = 4), and the aguecus layers were extracted with
methylene chloride. The organic layers were combined,
dried over Na,SO,, separated, and the solvent was removed
with reduced pressure at 45°C. The crude material (270
mg) was then chromatographed on silica gel with 10-20%
methanol in methylene chloride to give 28.7 mg (19.6% of
product as a solid TLC {silica gel): R, 0.77 (MeOH/CH,Cl,
= 3/7), a single spot.

I ati = - ac i T0] -N-(o-

boronobenzyl) aninolmethyl]anthracene

To a solution of the product obtained in step a)
above {2.440 g, 0.00734 mole) and a trace of inhibitor
DBMP (10 mg) in chloroform (200 mL) stirring in an ice-
water bath, DIEA (diisopropylethylamine) (2.846 g, 3.84
mL, 0.022 mole, 3.0 eg) was added by portions in 10
minutes, and then a solution of 2,2-dimethylpropane-1,3-
diyl [o- (bromomethyl) phenyl]boronate (2.492 g, 0.00881
mole, 1.2 eq) in chloroform (15 mL) was added in 30

-18-
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minutes. The reaction was run at room temperature for 20
hours.

The mixture was washed with water, separated and the
agueous layers were extracted with methylene chloride.
The organic layers were combined, dried over Na,S0,,
separated and the solvent was removed with reduced
pressure at 25°C. The semi-solid (4.75 g) was then
chromatographed on silica gel with 2-5% methanol in
methylene chloride to give 2.50 g (76.3%) of product as a
lightly yellow crystalline solid, mp 72-73°C, TLC (silica
gel): R, 0.36 (MeOH/CH,Cl, = 1/9). It is soluble in
CH,Cl;, CHCl,, THF, CH;0H, and C,H:OH. Limited solubility
in H;0 and ether. R

Preparation of water-scluble-copolymeric utions of
MAPTAC and 9~[ [N-methacryloylaminopropyl-N-(o—
borenobenzyl)aminolmethyljanthracene
(50:1) solution: To a solution of the monomer (42.3 ng,
0.0908 mmole) in ethanol (100%, 1.5 mL), MAPTAC [3~
{methacryloylamino)propyl] trimethylammonium chloride (2.0
nL, 1.0 g, 4.54 mmole, 50 eg) and an AIBN (azobisisobutyl
nitrile) ethanclic solution (0.183 M, 0.2 mL) as radical
initiator were added, a clear solution was obtained. It
was saturated with nitrogen and then heated to 70°C in 1
hour, and kept at 70°C for 80 minutes, and a viscous
liquid was obtained.

The liquid obtained was treated with water (26 mL)
and filtered through a microfilter (0.45 um) to give a
clear solution. After dialysis through a cellulose
acetate membrane (MWCO 3500) with water 5 L x 4), it was
concentrated with polyethylene glycol (MW 20 K) to a
clear solution (34.54 g). Concentration: 24.0 mg solid
in 1.0 g solution, total scolid 829 mg, yield 79.5%.

-19~
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Similar procedures were applied to prepare
copolymeric solutions of 500:1, 400:1, 200:1, 100:1,
50:1, 25:1, 15:1, and 5:1 molar ratios of hydrophilic

monomer: indicator.

Glucose Modulation of 50:1 and 25:1 Co-polymers

The modulation of the fluorescence of the 50:1 and
25:1 indicator macromolecules by glucose solutions having
various concentrations is shown below in Tables 1 and 2.
Table 1 shows the results using two different
concentrations (15 mg/ml and 25 mg/ml) of the 25:1
indicator macromolecule of this example with four
different glucose concentrations. Table 2 shows the
results using two different concentrations (10 mg/ml and
20 mg/ml) of the 50:1 indicator macromolecule of this
example with four different glucose concentrations. In
both Tables, I/Io is the ratio of the emitted intensities

at 420 nm after and before exposure to glucose (365 nm

excitation).

Table 1
Glucose I/Io for 15 mg/ml | I/Io for 25 mg/ml
concentration indicator indicator
(mM) macromolecule macromolecule

(25:1) (25:1)
0 1.00 1.00
50 1.44 1.50
100 1.75 1.90
200 2.13 2.33
—20-
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Table 2
Glucose I/Io for 10 mg/ml |I/Io for 20 mg/ml
concentration indicator indicator
(mM) macromolecule macromolecule
(50:1) (50:1)
5 0 1.00 1.00
50 1.40 1.48
100 1.70 1.79
200 2.04 2.22
E e 2
10 This example demonstrates a surprising and useful
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25

30

excimer effect present in connection with the 5:1
indicator macromolecule prepared in Example 1.

Figure 1 depicts the emlssion spectra of the 5:1
indicator macromelecule when exposed to three
concentrations of glucose (0 mM, 30 mM and 60 mM) after
excitement by light at 365 nm. Also shown in the shaded
region of Figure 1 is the emission of the non-excimer
25:1 indicator macromolecule from Example 1. The excimer
emission region shows an "isosbestic region® rather than
an isosbestic point. It can be seen from Figure 1 that
the excimer emission region (the region where the 0 mM,
30 mM and 60 mM glucose lines overlap) is not responsive
to changes in glucose concentration (just like an
isosbestic point). The excimer emission region begins
approximately 100 nm downfield from the peak responsive
wavelength of the anthracene derivative modulation.
Except for glucose, the excimer is responsive to all
other aspects of the system, such as excitation
intensity, temperature; and pH. Therefore, an ideal
referencing scheme is one where the amplitude or signal
value at 415 nm is divided electronically by the

amplitude or signal value at 515 nm or another wavelength
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or range of wavelengths within the excimer emission
region, and the resultant value will be corrected for
drift and error in pH, power factors and drift affecting
LED intensity, ambient temperature excursions, etc. That

is demonstrated below.

Demonstration of Excitation Intensit: Temperature a
Coxrection

The glucose modulation of the 5:1 indicator
macromolecule was measured with three different glucose
solutions (0 mM, 100 mM and 200 mM). The emission
spectra were determined for each of the glucose solutions
at three different spectrophotometer slit configurations
for source and emitted light (1.5 being narrower and 3
being wider). The data are shown in Table 3. In the
Table, the ratio of the emission intensity at 420 nm to
the emission intensity at 550 nm is relatively

independent of slit configuration.

Table 3
slit 1420/1550 I420/1550 1420/1550
Configuration | 0 mM glucose | 100 mM 200 mM
glucose glucose
1.5/1.5 3.92 6.18 7.36
1.5/3 3.93 6.12 7.25
3/3 4.00 6.27 7.28

The temperature stability of the 5:1 excimer
indicator macromolecule was determined. The ratic of the
emissions at 420 nm and 550 nm for a 1 mg/ml solution of
the 5:1 excimer indicator macromolecule exposed to 200 mM
glucose (pH 7.35) was 7.57 at room temperature and 7.53 at
approximately 60°C.

22—
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The pH stability of the 5:1 excimer indicator
macromolecule was also determined. The ratio of the
emissions at 420 nm and 550 nm for a 1 mg/ml solution of
the 5:1 excimer indicator macromolecule at three
different pH levels (6.5, 7.0 and 7.5) were determined
(excitation light at 370 nm, slits 1.5,3), and are shown
in Table 4. The full emission spectra are shown in
Figure 2. The variation over the range tested was

statistically insignificant.

Table 4

I420/I550 pH 6.5 I1420/1I550 pH 7.0 I420/1550 pH 7.5

4.28 £ 0.18 4.60 £ 0.37 4.29 £ 0.19

It is believed that the stability of the excimer
complex (presumably through the pi cloud) exceeds that of
the non-excimer anthracene derivative, and, that the
boronate recognition feature, which is able to perturb
the properties of the non-excimer, and thus make a good
indicator, is not able to perturb the more stable excimer
complex and thus the excimer makes a very good reference
indicator. The reference molecule is structurally
unaltered from the read channel indicator. The polymer
matrix may be the same, and in this example is in fact
the same macromolecule. The recognition element is open
and intact, but the inductive energy influence between
recognition element and fluorophore center has been
muted.

The foregoing is quite significant, because it can
eliminate the need for separate physical and/or chemical

environments between indicator and reference molecules.

Example 3

-23-
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The synthesis of a suitable lanthanide chelate
indicator component monomer is depicted in Figure 3.

Compounds (1) and (2) are commercially available from

Macrocyclics, Richardson, TX (compound (2) is known as p-.

NH,~Bz-DOTA). The end product (9) may be co-polymerized
with one or more other monomers to form an indicator

macromolecule.

Example 4

Singie-methacrylamide monomer of bis-boronate-anthracene

40®

W SN

Hat

A. 9-chloromethyl-10-[[2-(2-hydroxyethoxy)ethylamino] -
methyl]anthracene hydrochloride salt.

To a suspension of 9,10-bis(chloromethyl)anthracene
(5.18 g, 18.8 mmole, 3.99 equiv.) in 200 mL of NMP was
added 2-(2-aminoethoxy)ethanol (0.495 g, 0.475 mL, 4.71
mmole). The mixture was stirred in the dark for 17
hours. At this time, the reaction mixture was
concentrated to ~ 50 mL under vacuum at 50°C. The
residue was purified by silica gel chromatography (150 g
gravity grade silica gel, 0~10% CH,OH/CH,Cl,) to yield
0.425 g (24%) of a yellow/orange solid.

TLC: Merck silica gel 60 plates, Rf 0.72 with 70/30
CH,C1,/CH;0H, see with UV (254/366), ninhydrin stain.
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HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

100% B 2 min, retention time 16.1 min.

B. 9-{[2-(2~hydroxyethoxy)ethylamino]lmethyl]~10-{{ {3~
methacrylamido)propylaminolmethyl]anthracene.

To a suspension of N-{3-aminopropyl)methacrylamide
hydrochloride salt (3.08 g, 17.2 mmole, 4.2 equiv.), DIEA
(5.19 g, 7.00 mL, 40.1 mmole, 9.8 equiv.) and ~ 3 mg of
BHT in 125 mL CHCl; at 23°C was added dropwise a solution
of 9-chloromethyl-10~[[2-(2-hydroxyethoxy)ethylamino]~
methyl]anthracene hydrochloride salt (1.56 g, 4.10 mmole)
in 25 mL of CHCl;. The mixture was subsequently stirred
in the dark for 92 hours. At this time, the reaction
mixture was filtered and washed with 2 x 40 mL of NaHCO,
(saturated agueous solution). The organic extract was
dried over anhydrous Na,S0,, filtered and concentrated to
yield a sticky orange solid which was purified by alumina
chromatography (50 g activated neutral alumina, 0-5%
CH;0H/CH,Cl,) to yield 0.364 g (20%) of an orange solid.
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TLC: Merck silica gel 60 plates, Rf 0.16 with 70/30
CH,C1,/CH;0H, see with UV (254/366), ninhydrin stain.

HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

100% B 2 min, retention time 16.85 min.

“\/\/""fkm

O S

c. 8~ [N-[2-(5, 5~-difte '§ i}nan—Z—yl)benzyl]~N-[3—
(methacrylamidc)propylagiégimethyl]—10—[N-[Z-(S,S—
dimethylborinan-2-yl)benzyl] -N-[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]anthracene. (Single-methacrylamide
monomer) .

‘A solution of 9-[([2-(2-hydroxyethoxy)ethylaminc]-
methyl]-10-[[{3-methacrylamido)propylaminolmethyl]-
anthracene (0.343 g, 0.763 mmole), DIBA (0.965 g, 1.30
mL, 9.8 equiv.) and (2-bromomethylphenyl)boronic acid
neopentyl ester (1.09 g, 3.85 mmole, 5.0 equiv.} in 20 mL
CHC1l, at 23°C was stirred in the dark for 25 hours. At
this time, the reaction mixture was concentrated
initially by rotary evaporation, then using a vacuum pump

to remove DIEA. The residue was purified by alumina
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column chromatography (40 g activated neutral alumina, 0-
10% CH;OH/CH,Cl,) to yield 0.299 g (46%) of a yellow
orange solid. This product may be copolymerized with one
or more other monomers to form an indicator
macromolecule. The borcnate groups should be deprotected

prior to use.
FAB MS: Calc’d for CsHeB,Ns0; [M]* 854; Found [M + 1]% 855.

PLC: Merck basic alumina plates, Rf 0.35 with 95/5
CH,C1,/CH,0H, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph,Vydac 201TP 10 x 250 mm
column, 0.100 mL injectien, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100% B 2 min, retention time 19.7 min.

Example 5

Dual~methacrylamide monomer of bis-boronate-anthracene

CHy

MM CHy

YOOIy
mf\/\.m%r”

~27-
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A. 9,10-bis[3- (methacrylamido)propylamino]methyl-
anthracene.

A suspension of 9,10-bis(chloromethyl)anthracene
(1.5 g, 5.45 mmole), DIEAR (28.17 g, 38.00 mL, 218 mmole,
40 equiv.), N-{3-aminopropyl)methacrylamide hydrochloride
salt (9.76 g, 54.5 mmole, 10.0 equiv.), and ~ 5 mg of BHT
in 200 mL CHCl,; at 23°C was stirred in the dark for 4 days
at 40°C. At this time, the temperature was increased to
45°C and the mixture was stirred for 3 days longer. At
this time, a precipitate had formed. The mixture was
filtered, and the solid product dissolved in the minimum
amount of CH,Cl,. A yellow crystalline solid, the bis
hydrochloride salt of the desired product, formed
overnight (3.15 g, guantitative).

TLC: Merck basic alumina plates, Rf 0.31 with 90/10

CH,C1,/CH,0H, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 15.0

min.
Hy

Oh
\

o

éﬁm
=>:
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B. 9,10—bis[N—[2-(5,5-dimethylborinan~2-yl)benzyl]—N—[B—
(methacrylamido)propylaminolmethylanthracene.

A solution of 9,10-bis[3~(methacrylamido)-
propylamino]methylanthracene (0.650 g, 1.34 mmole of the
free amine), DIEA (0.612 g, 0.825 mL, 4.74mmole, 3.55
equiv.), (2-bromomethylphenyl)boronic acid neopentyl
ester (1.34 g, 4.74 mmole, 3.55 equiv.) and BHT (5 mg as
inhibitor) in 20 mlL CHCl; at 23°C was stirred in the dark
for 5 days. At this time, the reaction mixture was
concentrated in vacue and the residue was purified by
alumina chromatography (200 g activated neutral alumina,
0-2% CH,0H/CHCl,) to yield 0.465 g (39%) of a very

viscous yellow oil.

TLC: Merck basic alumina plates, Rf 0.59 with 90/10
CH,C1,/CH;OH, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 column, 0.050 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 16.9

min.

C. Preparation of N,N~dimethylacrylamide hydrogel with
glucose indicator:

A solution of N,N-dimethylacrylamide (40% wt.) and
N, N’ -methylenebisacrylamide (0.8% wt.) in ethylene glycol
was prepared. 9,10—bis[N—[2-(5,5—dimethylborinan—2—yl)—
benzyl]—N—[B—(methacrylamido)propylamino]methylanthracene
(17.8 mg, 2x107° mole) and 40 pL of agueous ammonium
persulfate (5% wt) were combined with 1 mL of ethylene

glycol monomer solution. The resulting solution was
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placed in a glove box purged with nitrogen. An aqueous
solution of N,N,N’,N’-tetramethylethylenediamine (80 L,
5% wt.) was added to the monomer formulation to
accelerate polymerization. The resulting formulation was
poured in a mold constructed from microscope slides and
100 micron stainless steel spacer. BAfter being kept for
8 hours in nitrogen atmosphere the mold was placed in
phosphate buffered saline (PBS) (10 mM PBS, pH=7.4), the
microscope slides were separated, and the hydrogel was

removed. The hydrogel was washed with 100 mL of PBS

-containing 1 mM lauryl sulfate sodium salt and 1 mM EDTA

sodium salt for 3 days, the solution being changed every
day, followed by washing with DMF/PBS (10/90 by vol., 3 x
100 mi), and finally with PBS (pH=7.4, 3 x 100 mL). The
resulting hydrogel polymer was stored in PBS (10 mM PBS,
pH=7.4} containing 0.2% wt. scdium azide and 1 mM EDTA
sodium salt.

D. Modulation of FL ce With Gl , Lactate and
Acetoacetate

The modulation of the fluorescence of the indicator
macromolecule (which contains two recognition elements)
prepared in this example by glucose, lactate and
acetoacetate was determined. Figure 4 shows the
normalized fluorescence emission (I/Jo @ 427 nm) of the
hydrogel of this example in 10 mM PBS, pH 7.4 containing
0.2% NaN,; and 1 mM EDTA containing various amounts of
sodium-L-lactate, lithium acetoacetate or a-D-glucose.
Data were recorded using a Shimadzu RF-5301
spectrofluorometer with excitation @365 nm (slit = 3 nm)
and emission at 427 nm (slit = 3 nm) at low sensitivity
at 37°C using a temperature controlled sample holder.

The cuvettes containing 3 mL of the desired solution were
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equilibrated at 37°C for 15 minutes before measurement.
Bach hydrogel sample was measured in four independent
samples. Error bars are standard deviation with
quadruplicate values for each data point. The hydrogels
containing a glucose recognition molecule were prepared
as previously described. The hydrogels were mounted on
glass slides and covered with polyester mesh in PMMA
cuvettes at 45° to the incident light. Solutions of 1,
5, 10 and 20 mM sodium L-lactate ([Rldrich}, 5, 10 and 20
mM lithium acetcacetate [Aldrich], and 1, 2, 4, 5, 10,
and 20 mM a-D-glucose were prepared in 10 mM PBS, pH 7.4
containing 0.2% NaN; and 1 mM EDTA. The fluorescence of
the copolymer was affected by the presence of glucose,
but not by the presence of lactate or acetoacetate.
Example 6
Single- and dual-methacrylate monomers of bis-boronate-

anthracene

R N

408

WAV T

AL 9,10—bis[[2-(2—hydroxyethoxy)ethylamino]methyl]—
anthracene.

To a solution of 2-(2-aminocethoxy)ethanol (31.4 g, 30.0
mL, 299 mmole, 20.9 equiv.) in 40 mL CHCl; at 23°C was
added 9,10-bis(chloromethyl)anthracene (3.94 g, 14.3
mmole). The solution was stirred in the dark for 67
hohr;. At this time, 100 mL CH,Cl, were added and the
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solution was washed with 1 x 50 mL and 2 x 100 ml
portions of NaHCO, (saturated agueous solution). The
organic extract was dried over anhydrous Na,SO,, filtered
and concentrated to yield 4.67 g (79%) of a yellow

5 powder. Product (~85 % pure by RP-HPLC) was carried on

as is.

HPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nn
detection, A = water (0.1% HFBA) and B = MeCN (0.1%

10 HFBA), gradient 10% B 2 min, 10-80% B over 18 min, B80-

100% B over 2 min, 100% B 2 min, retention time 15.6 min.

Y
g

o

L.

a oy
CHy

AN v

B. 9,10-bis[N-{2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-
(2-hydroxyethoxy) ethylamino]methyl]anthracene.

A solution of 9,10-bis[[2~(2-hydroxyethoxy)ethylamino]-

15 methyl]anthracene (4.02 g, 9.75 mmole), DIEA {12.6 g,

17.0 mL, 97.5 mmole, 10.0 eguiv.) and (2-bromomethyl-
phenyl)boronic acid neopentyl ester (13.7 g, 48 mmole,
4.9 equiv.) 4in 125 mL CHCl, at 23°C was stirred in the
dark for 46 hours. At this time, the reaction mixture

20 was concentrated initially by rotary evaporation, then
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using a vacuum pump to remove the DIEA. The residue was
purified by alumina column chromatography (150 g
activated neutral alumina, 0-3% CH;OH/CH,Cl,) to yield
5.67 g (70%) of a viscous oil which solidified upon
standing. Product (~85 % pure by RP-BPLC) was carried on

as 1is.

TLC: Merck basic alumina plates, Rf 0.33 with 95/5
CH,C1,/CH;OH, see with UV (254/366).

HPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%

HFBA) , gfadient 10% B 2 min, 10-80% B over 18 min, 80-
100% B over 2 min, 100% B 2 min, retention time 18.8 min.

C. 9~[N-[2-(5,5~dimethylborinan-2-yl)benzyl] -N-[2-(2-
methacroyloxyethoxy)ethylaminolmethyl]-10-[N-[2~(5,5~
dimethylborinan-2-yl)benzyl] -N-[2~ (2-hydroxyethoxy) -
ethylaminolmethyl] anthracene. (Single-methacrylate
monomer) .

A solution of 9,10-bis[N-[2-{5,5-dimethylborinan-2-
yl)benzyl]-N-{2-{2-hydroxyethoxy)ethylamino]lmethyl] -

-33-
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anthracene (0.298 g, 0.359 mmole), methacrylic acid
(0.304 g, 0.300 mL, 3.53 mmole, 9.84 equiv.), DCC (0.965
g, 4.68 mmole, 13.0 equiv.) and N,N-dimethylamino-
pyridine (0.020 g, 0.16 mmole, 0.46 equiv.) in 15 mL
CH,Cl, at 23°C was stirred in the dark for 4 hours. At
this time, the reaction mixture was filtered and
concentrated by rotary evaporation. The residue was
purified by alumina column chromatography (50 g activated
neutral alumina, 0-4% CH,OH/CH,Cl,) to yield 0.150 g (47%)
of a yellow selid.

FAB MS: Calc’d for CgHgB,N,0, [M]* 885; Found [M + 1)* 886.

TLC: Merck basic alumina plates, Rf 0.45 with 95/5
CH,C1,/CH.,OH, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100% B 2 min, retention time 21 min.

D. Water soluble copolymer of 9-~[N-[2-(5,5~
dimethylborinan-2-yl)benzyl] -N-[2- (2-methacroyloxy-
ethoxy)ethylaminolmethyl]-10-{N-[2-(5,5-dimethylborinan~-
2-yl}benzyl]~N-[2- (2-hydroxyethoxy)ethylaminc]lmethyl] -
anthracene and TMAMA (1:50 molar ratio}.

To a solution of [2-(methacryloxy)ethyl]trimethyl-
ammonium chloride (TMAMA, 70 wt % agueous sclution, 0.344
g monomer, 1.66 mmole, 50 equiv.) in 0.600 mL water was
added a solution of 9-[N~-[2-(5,5-dimethylborinan-2-
yllbenzyl]-N-[2-(2-methacroyloxyethoxy)ethylamino] -
methyl]~10-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-

—34-
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(Z—hydroxyethoxy)ethylamino]methyl]anthracene {0.029 g,
0.033 mmole) in 3.00 mL MeOH. To this mixture was added
4,4’ -azobis (4-cyanovaleric acid) (0.0075 g, 0.027 mmole,
1.6 mole % of total monomer). The solution was filtered
through a 0.45 p membrane filter, was purged with
nitrogen gas and then heated in the dark at 55°C for 16
hours. At this time, the viscous solution was cooled to
25°C and concentrated in vacuo. The residue was diluted
with 20 mlL water and filtered through a 0.2 p membrane
filter. The polymer sclution was dialyzed through a
cellulose acetate membrane (MWCO 3500) against 2 x 4 D of
water. From the dialysis was obtained 38.5 mL of polymer
solution. Concentration of a portion of this solution to
dryness indicated 0.0075g polymexr per 1.0 mL solution.
Overall 0.28%g (77%) yield of polymer.

E. Modulation of Fluorescence With Glucose, Lactate and
Acetoacetate

The modulation of the fluorescence of the copolymer
(which contains two recognition elements) prepared in
step D of this example by glucose, lactate and
acetoacetate was determined. Figure 5 shows the
normalized fluorescence emission (I/Io @ 428 nm) of a 1.5
mg/mL solution of anthracene bis boronate-TMAMA (1:50
mole ratio) copolymer in PBS containing a) 0-20 mM
glucose; b) 0-20 mM lactate; c) 0-20 mM lithium
acetoacetate. Spectra were recorded using a Shimadzu
RF~5301 spectrafluorometer with excitation 8365 nm;
excitation slits at 1.5 nm; emission slits at 1.5 nm;
ambient temperature. The fluorescence of the copolymexr
was affected by the presence of glucose, but not by the

presence of lactate or acetoacetate.

-35-

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

(69)

WO 02/12251 PCT/US01/24294

F. 9,10-bis[N~[2~(5,5-dimethylborinan-2-yl)benzyl] -N-
[2- (2-methacroyloxyethoxy) ethylamino]methyl]lanthracene.
(Dual~methacrylate monomer) . .

A solution of 9,10-bis[N-{2-(5,5-dimethylborinan-2-
yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylaminolmethyl]) -
anthracene (0.100 g, 0.120 mmole), methacrylic acid
{0.112 g, 0.110 mL, 1.30 mmole, 10.8 eguiv.), DCC (0.316
g, 1.53 mmole, 12.8 equiv.) and N,N-dimethylamino- ’
pyridine (0.014 g, 0.11 mmole, 0.92 equiv.) in 5 mL CH,CI,
was stirred at 0°C for 1 hour, then 23°C for 22 hours. At
this time, the reaction mixture was filtered and
concentrated by rotary evaporation. The residue was
purified by alumina column chromatography (30 g activated
neutral alumina, 0-2% CH,0H/CH,Cl,) to yield 0.030 g (26%)
of a yellow solid. This product may be copolymerized
with one or more other monomers to form an indicator
macromolecule. The boronate groups should be deprotected

prior to use.

FAB MS: Calc’d for CsgHqBM,0,, [M]* 953; Found [M]* 951

{(weak molecular ion peak).
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TLC: Merck basic alumina plates, Rf 0.67 with 95/5
CH,C1,/CH;OH, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min, 2
mL injection loop, 370 nm detection, A = water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min, 10-
80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,
retention time 19.6 min.

G. Preparation of HEMA/SPE/MAA hydrogel with glucose
indicator:

A solution of hydroxyethyl methacrylate (HEMA, 0.078
mL, 0.084 g, 0.64 mmol), methacrylic acid (MAA, 0.030 mL,
0.030 g, 0.35 mmol), polyethyleneglycol dimethacrylate
1000 (PEGDMA, 0.5 mg/mL agueous solution, 0.048 mL), and
N, N~dimethyl-N-methacryloxyethyl-N-{3-sulfopropyl) -
ammonium-batain (SPE, 0.462 g, 1.65 mmol} in 0.900 mL of
ethylene glycol was prepared. 9,10-bis[N-[2~(5,5-
dimethylborinan-2-yl)benzyl]-N-[2-(2-
methacroyloxyethoxy)ethylamino]lmethyl]anthracene
{0.0036g, D.010 mmel) and 0.020 nL of 5% wt. agueous
solution of ammonium persulfate were combined with 0.500
mL of the ethylene glycol monomer solution. This
solution was placed in glove box purged with nitrogen.
An aqueous solution of N,N,N’,N’~
tetramethylethylenediamine (0.040 mL, 5% wt.) was added
to the monomer formulation to accelerate polymerization.
The resulting formulation was poured in a mold
constructed from microscope slides and a 100 micron
stainless steel spacer. After being kept for 8 hours in
nitrogen atmosphere the mold was placed in phosphate
buffered saline (PBS, pH=7.4), the microscope slides were
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separated, and the hydrogel was removed. The hydrogel
was washed with 100 mlL of PBS containing 1 mM lauryl
sulfate sodium salt for 3 days, the solution being
changed every day, followed by washing with MeOH/PBS
(20/80 by vol. 3 x 100 mL), and finally with PBS (3 X 100
ML) . The resulting hydrogel polymer was stored in PBS
(pH=7.4) containing 0.2% wt. sodium azide and 1 mM EDTA
sodium salt.

H. Modulation of Fluorescence with Glucose:

The modulation of the fluorescence of the dual
methacrylate indicator compound prepared in this example
by glucose was determined. Figure 6 shows the relative
fluorescence emission (IG427 nm) of a HEMA/SPE hydrogel
(100 micron thickness, prepared as previously described)
containing the dual methacrylate glucose recognition
molecule of this example in PBS (pH 7.4 containing 0.2%
NaN; and I mM EDTA) containing 0 to 20 mM o~D-glucose.
The hydrogels were mounted on glass slides and covered
with black polyester mesh (Sefar America, Depew, NY) in
PMMA cuvettes at 45° to the incident light. All
measurements were made at 37°C in a Shimadzu RF-5301
spectrofluorometer with excitation at 365 nm (slit = 1.5
nm) and emission at 427 nm (slit = 1.5 nm) at high
sensitivity using a temperature controlled sample holder.
The cuvettes containing 3 mL of the desired glucose
solution (0, 1, 2, 4, 5, 10, 20 mM glucose) were
equilibrated at 37C for 30 minutes before measurement. A
single exponential function was used to fit the raw

fluorescence data.
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xample 7
Effect of glucose or lactate on acrylamide gel comtaining
N-[3- (methacrylamido)propyl] -3, 4~dihydroxy~9,10-dioxo-2-
anthracenesulfonamide (Alizarin Red § monomer} and
o, -bis [N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido) propylamino]~1,4~xylene (bis boronic acid

monomer) :

A. 3,4-Dihydroxy-9,10-dioxo~2-anthracenesulfonyl
chloride:

3,4~dihydroxy~9,10-diozo-2-anthracenesulfonic acid
sodium salt (1.4 g, 3.9 mmeles) was combined with 30 mL
of chlorosulfonic acid and heated to 90°C for 5 hours,
after which the solution was cooled to 0°C and poured
into 100 g of ice. After the ice melted the solution was
extracted with CH,Cl, (3 x 100 mL), methylene chloride
extracts were combined, dried with Na,50, and evaporated
to produce 0.87 g of solid (Yield 66%)

B. N—[3—(mathac:ylamido)propyl]—3,4~dihydroxy~9,10—
dioxo-2-anthracenesulfonamide:

3,4-dihydroxy-9, 10~dioxo-2-anthracenesulfonyl chloride
(96 mg, 0.28 mmoles) and N~({3-aminopropyl) methacrylamide
hydrochloride (108 mg, 0.6 mmoles) were combined with 20
mL of CH,CIL,. To this suspension Et,N (303 mg, 3 mmoles)
was added. The mixture was stirred at room temperature
for 24 hours, filtered, and solvent was evaporated. The
resulting solid was subjected to column chomatography on
Si0, (10 ¢) with CH,C1l,/MeOH (90/10) as an eluent. The
product was obtained as a red solid (80 mg, 64% yield).

FAB MS: Calculated for C,HaN,0;8 M* 445; Found M* 445.
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HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 ml injection, 0.75 mL/min, 2
mL injection loop, 370 nm detection, A = water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min,
10-80% B over 18 min, 80-~100% B over 2 min, 100% B 2 min,
retention time 17.67 min.

C. «o,x'-bis[3~(methacrylamido)propylaminc]-1,4-xylene.

A solution of N-(3-aminopropyl)methacrylamide
hydrochloride salt (3.00 g, 16.8 mmole, 2.21 equiv.),
DIEA (6.5 g, 8.8 mL, 50 mmole, 6.6 equiv.)
terephthaldicarboxaldehyde (1.02 g, 7.60 mmole) and Na,SO,
(10.7 g, 75.3 mmole, 9.91 equiv.) in 75 mL anhydrous MeOH
was stirred in the dark at 25°C for 18 hours. At this
time, more Na,50, (10.7 g, 75.3 mmole, 9.91 equiv.) was
added and stirring continued for 6 hours longer. At this
time, the solution was filtered and NaBH, (1.73 g, 45.7
mmole, 6.01 equiv.) was added to the filtrate in portioms
and subseguently stirred at 25°C for 21 hours. The
suspension was filtered through Celite and the filtrate
was concentrated. The residue was dissolved in 100 mL
CH,Cl, and washed 1 x 25 mL saturated aqueous NaHCO;. The
organic extract was dried over anhydrous Na,S0,, filtered
and concentrated to yield a viscous oil. The product was

carried on as is.

HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2.00 mL/min, 260 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%
HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 15.8

min.

-40-

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(74)

WO 02/12251 PCT/US01/24294

D. o,a -bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-
N-[3~ (methacrylamido) propylamino] -1, 4-xylene.

A solution of o, a’-bis[3-(methacrylamido)-
propylaminol-1,4-xylene (2.9%94 g, 7.61 mmole), DIEA (2.97
g, 4.00 mL, 23.0 mmoles, 3.02 equiv.), ({(2-bromomethyl-
phenyl)boronic acid neopentyl ester (6.50 g, 23.0 mmole,
3.02 equiv.) and BHT (5 mg as inhibito?) in 75 mL CH,Cl,
at 25°C was stirred in the dark for 28 hours. At this
time, the mixture was washed 1 x 25 mL saturated aqueous
NaHCO,;. The organic extract was dried over anhydrous
Na,S0,, filtered and concentrated. To the residue was
added 200 mL ether and the suspension was stirred for 18
hours. The suspension was filtered and the residue
dissolved in CH,Cl,, filtered and the filtrate
concentrated. To the solid residue was added 150 mL
ether and the suspension was stirred for 18 hours. At
this time, the suspension was filtered yielding 1.98 g
(33%) of a fluffy pink powder, which had a maximum
solubility of 1 mmolar in PBS {pH 7.4).

FAB M8: Calc’d for CuHgB,N,0; [M]* 790; Found [M + 11* 791.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
280 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 13.4

min.
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E. Preparation of acrylamide gel containing

N-[3- (methacrylamido)propyl]-3,4-dihydroxy~9,10-dioxo-2-
anthracenesulfonamide (Alizarin Red S moncmer} and
o,a'-bis[N~[2~(5,5-dimethylborinan-2-yl)benzyl] -N-[3-
(methacrylamido)propylamino]-1,4-xylene:

Ethylene glycol solution containing 30% wt. acrylamide
and 0.8% wt. N,N'-methylenebisacrylamide was prepared.
N-[3- (methacrylamido)propyl]-3,4-
dihydroxy-9, 10-dioxo-2~anthracenesulfonamide (1.5 mg,
3.38 % 107¢ mole) and o,a'-bis[N~[2~(5,5-dimethyl-
borinan-2-yl)benzyl]-N-[3-(methacrylamido)propylamino] -1,
4-xylene (28 mg, 3.54 x 107° mole) were combined with 800
nL of ethylene glycol monomer solution and 40 nlL of 5%
wt. aqueous ammonium persulfate. This formulation was
placed in a glove box purged with nitrogen along with a
mold constructed from glass microscope slides and 100
micron stainless steel spacer. An aqueous solution of
N,N,N’,N'~tetramethylethylenediamine (40 pL, 5% wt.) was
added to the monomer solution to accelerate
polymerization and the final formulation was poured into
a glass wold. The mold was left under nitrogen
atmosphere for 16 hours, after which it was immersed in
PBS (pH=7.4) and the glass slides were separated to
afford a hydrogel polymer in a form of a thin film. The
resulting hydrogel thin film was washed with 100 mL of
phosphate buffered saline containing 1 mM lauryl sulfate
sodium salt for 3 days, the solution being changed every
day, followed by washing with MeOH/PBS (20/80 by vol., 3
x 100 mL), and finally with PBS (pH=7.4, 3 x 100 mL).
Hydrogel polymer was stored in PBS (10 mM PBS, pH=7.4}
containing 0.2% wt. sodium azide and 1 mM EDTA sodium
salt.
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F. Modulation of Absorbance With Glucose and Lactate

The modulation of the absorbance of the indicator
hydrogel (which contains two recognition elements
prepared in this example by glucose and lactate was
determined. The acrylamide gel was mounted in FMMA cell
in the same way as described in Example 5. Phosphate
buffered saline (PBS), pH=7.4 containing the desired
amount of glucose or sodium lactate was heated to 37°C in
a water bath and placed in the PMMA cell containing the
gel after which the PMMA cell was allowed to equilibrate
for 15 min at 37°C. BAbsorbance measurement for each
glucose or lactate concentration was conducted in
triplicate. For each measurement, absorbance at 650 nm
was used as a blank, A{650 nm) was subtracted from all
values of A{450nm) and B(530 nm).

Figure 7 shows the absorbance spectra for acrylamide
gel (30%) containing 4 mM Alizarin Red § monomer (1:1000
molar ratio of Alizarin Red:écrylamide)and 44 mM bis
boronic acid monomer with and without glucose. Figure 8
shows the effect of glucose on absorbance of acrylamide
gel (30%) containing 4 mM Alizarin Red S monomer and 44
mM bis boronic acid monomer. Figure 9 shows the effect
of sodium lactate on absorbance of acrylamide gel (30%)
containing 4 mM Alizarin Red S monomer and 44 mM bis
boronic acid monomer (1:95 molar ratio of boronic acid
monomer:acrylamide}. The absorbance of the indicator was
affected by the presence of glucose, but not
substantially affected by the presence of lactate.
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What is claimed is:

1. An indicator macromolecule for detecting the
presence or concentration of an analyte in an aqueous
environment, said macromolecule comprising a copolymer
of:

a) one or more indicator component monomers which

individually are not sufficiently water soluble to

permit their use in an aqueous environment for
detecting the presence or concentration of said
analyte; and

b) one or more hydrcphilic monomers;
such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an aqueous

environment.

2. The indicator macromolecule of claim 1, wherein the
macromolecule is capable of detection by an optical

change,

3. The indicator macromolecule of claim 1, wherein the
indicator component monomer comprises an N- (o~

boronobenzyl)aminomethylanthracene derivative.

4. The indicator macromolecule of claim 3, wherein the
indicator component monomer is selected from the group
consisting of

9-[ [N-methacryloylaminopropyl-N-{o-boronobenzyl) amino] -
methyl]anthracene;

9-[N-[2-(5, 5-dinethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido) propylamino)methyl]~10-[N-[2- (5,5
dimethylborinan-2-yl)benzyl]-N-[2~(2-hydroxyethoxy) -
ethylamino]methyl]anthracene;
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9- [N-(2-boronobenzyl) -N-[3~ (methacrylamido) -
propylaminojmethyl)-10-[N-(2-boronocbenzyl)~N~[2- (2-
hydroxyethoxy)ethylaminolmethyllanthracene;

9,10~bis (N-(2-(5,5~dimethylborinan-2-yl)benzyl]-N-[3~
(methacrylamido)propylaminoimethyl] anthracene;

9,10-bis [N~ (2-boronobenzyl) -N-[3- (methacrylamido) —
propylamino]methyl]anthracene;

9-[N~[2-(5,5-dimethylborinan-2-yl)benzyl] -N-[2-(2-
methacroyloxyethoxy)ethylamino]lmethyl]-10-[N=-[2-(5, 5-
dimethylborinan-2-yl)benzyl]-N-[2- (2-hydroxyethoxy) -
ethylamino]methyl]anthracene;

9-[N- (2-boronobenzyl) -N-[2~ (2-methacroyloxyethoxy) -
ethylaminolmethyl]-10-[N-{2-boronobenzyl) ] -N~[2- (2~
hydroxyethoxy)ethylaminolmethyllanthracene;

9,10-bis [N~[2-(5,5-dimethylborinan-2-yl)benzyl]-N-{2-
(2-methacroyloxyethoxy)ethylaminolmethyl]anthracene;

3,10-bis (N-{2-boronobenzyl)~N-[2- (2~
methacroyloxyethoxy)ethylamino)methyl]anthracene;

N~-[3-{methacrylamido)propyl]~3,4-dihydroxy-9, 10~dioxo~
2-anthracenesulfonamide;

o, —bis [N-[2- (5, 5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)}propylamino] -1, 4-xylene;

and salts or derivatives thereof.

5. The indicator macromolecule of claim 3, wherein the
hydrophilic monomer comprises [3-(methacryloylamino)-

propylltrimethylammonium chloride.

6. The indicator macromolecule of claim 1, wherein the
indicator component monomer is selected from the group
consisting of a lanthanide chelate and a polyaromatic

hydrocarbon.
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7. The indicator macromolecule of claim 1, wherein the
molar ratio of hydrophilic monomer:indicator component
momomer is from about 2Z2:1 to about 1000:1.

8. The indicator macromolecule of claim 7, wherein the
5 ratio of hydrophilic monomer:indicator component momomer
is from about 5:1 tec about 50:1.

9. The indicator macromolecule of claim 8, wherein the
ratio of hydrophilic monomer:indicator component momomer
is about 5:1.

10 10. The indicator macromolecule of claim 1, wherein
the analyte detected is selected from the group
consisting of a vicinal diol; an a-hydroxy acid, a f-keto
acid oxygen; carbon dioxide; zinc, potassium, hydrogen,

or carbonate ions; a toxin; a mineral; and a hormone.

15 11. The indicator macromolecule of claim 10, wherein
the analyte detected is a vicinal diol which comprises a

saccharide.

12. The indicator macromelecule of claim 11, wherein

the saccharide is glucose.

20 13. The indicator macromolecule of claim 1, wherein
i) the molar ratio of hydrophilic monomer:indicator
component momomer is from about 2:1 to about 15:1,
ii) the indicator component monomer comprises an N-{o-
boronobenzyl)amino]methyllanthracene derivative,
25 1ii)} the hydrophilic monomer comprises {3~
(methacryloylamino)propyl]trimethylammonium chloride, and

iv) the macromolecule exhibits an excimer effect.
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14. A method for the production of an indicator
macromolecule for detecting the presence or concentration
of an analyte in an agueous environment, said method
comprising copolymerizing:

a) one or more indicator component monomers which
individually are not sufficiently water soluble to permit
their use in an aqueous environment for detecting the
presence or concentration of said analyte; and

b) one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte

in an aqueous environment.

15. The method of claim 14, wherein the macromolecule

is capable of detection by an optical change.

16. The method of claim 14, wherein the indicator
component monomer comprises an N-(o-

boroncbenzyl)aminomethylanthracene derivative.

17. The method of claim 16, wherein the indicator
component monomer is selected from the group consisting
of

9-[ [N-methacryloylaminopropyl-N~(o-boronobenzyl)amino] ~
methyllanthracene;

9-[N-{2- (5, 5-dimethylborinan-2-yl)benzyl] -N-[3~
(methacrylamido)propylamino]methyl]-~10~[N~[2- (5,5~
dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylamino]methyl]anthracene;

9-[N-{2-boronobenzyl)-N-[3- (methacrylamido) -
propylaminomethyl]~10-{N-(2-boronobenzyl)-N-[2~ (2~
hydroxyethoxy)ethylaminolmethyl) anthracene;
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9,10-bis[N-[2-(5,5-dimethylborinan-2~yl)benzyl])-N-[3~
(methacrylamido)propylamino]methyljanthracene;

9,10-bis[N-(2-boronobenzyl)-N-[3-{methacrylamido) -
propylaminolmethyl]anthracene;

9-[N-[2-(5, 5-dimethylborinan-2~yl)benzyl] ~N-[2~ (2~
methacroyloxyethoxy)ethylaminolmethyl]-10-[N-[2-(5,5-
dimethylborinan-2-yl)benzyl] -N-[2-{2-hydroxyethoxy) -
ethylamino]lmethyllanthracene;

9- [N~ (2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy) -
ethylamino]methyl]-10-[N-[2-boronobenzyl) I -N-[2-(2-
hydrozyethoxy)ethylaminolmethyl)anthracene;

9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-
(2-methacroyloxyethoxy)ethylaminolmethyl]anthracene;

9,10-bis[N-(2-boronobenzyl)~N-[2-(2-
methacroyloxyethoxy)ethylamino]methyl]lanthracene;

N~ [3- (methacrylamido}propyl] -3, 4-dihydroxy-2, 10-dioxo-
2-anthracenesulfonamide;

o, -bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N~[3-
(methacrylamido) propylamino]l-1,4-xylene;

and salts or derivatives thereof.

18. The method of claim 14, wherein the hydrophilic
monomer comprises [3-{(methacryloylamino)-

propyl]trimethylammonium chloride.

19. The method of claim 14, wherein the indicator
component monomer is selected from the group consisting

of a lanthanide chelate and a polyaromatic hydrocarben.
20. The method of claim 14, wherein the molar ratio of

hydrophilic monomer:indicator component momemer is from
about 2:1 to about 1000:1.
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21. The method of claim 20, wherein the ratio of
hydrophilic monomer:indicator component momomer is from

about 5:1 to about 50:1.

22. The method of claim 21, wherein the ratio of
hydrophilic monomer:indicator component momomer is about

5:1.

23. The method of claim 14, wherein the analyte
detected is selected from the group consisting of a
vicinal diol; an a-hydroxy acid; a P-keto acid; oxygen;
carbon dioxide; zinc, potassium, hydrogen, or carbonate

ions; a toxin; a mineral; and a hormone.

24. The method of claim 23, wherein the analyte

detected is a vicinal diol which comprises a saccharide.

25. The method of claim 24, wherein the saccharide is

glucose.

26. The method of claim 14, wherein

i) the molar ratio of hydrophilic monomer: indicator
component momemer is from about 2:1 to about 15:1,

ii) the indicator component monomer comprises an N-(o-
boronobenzyl)aminomethylanthracene derivative,

iii) the hydrophilic monomer comprises [3-
(methacryloylamino)propyl]trimethylammonium chloride, and

iv) the macromolecule exhibits an excimer effect.
27. A method for detecting the presence or

concentration of an analyte in a sample having an aqueous

environment, said method comprising:
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a) exposing the sample to an indicator macromolecule,
said macromolecule comprising a copolymer of:
i) one or more indicator component
monomers which individually are not
sufficiently water soluble to permit their
use in an aqueous environment for
detecting the presence or concentration of
said analyte; and
ii) one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an aqueous environment, and wherein the indicator
macromolecule has a detectable quality that changes in a
concentration-dependent manner when said macromolecule is
exposed to said analyte; and
b) measuring any change in said detectable guality to
thereby determine the presence or concentration of said

analyte in said sample.

28. The method of claim 27, wherein the change in said

detectable quality is an optical change.

29. The method of claim 27, wherein the indicator
component monomer comprises an N- (o-

boronobenzyl)aminomethylanthracene derivative.

30. The method of claim 29, wherein the indicator
component monomer is selected from the group consisting
of

9—[[N—methacrylDylaminopropyl—N—(o—boronoﬁenzyl)amino]—
methyljanthracene;

9-[N-[2-(5,5~dimethylborinan-2-yl)benzyl] ~-N-[3-
(methacrylamido)propylamino]methyl}-10-(N~-{2- (5,5~
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dimethylborinan—z—yl)benzyl]~N—[2—(2—hydroxyethoxy)—
ethylaninojmethyl]anthracene;

9-[N- (2~boronobenzyl) -N~[3~ (methacrylamido) -
propylamino]methyl]—10—[N—(2—boronobenzyl)~Nv[2—(2—
hydroxyethoxy)ethylamino)methyl]anthracene;

9,1D—bis[N—[Z—(5,5—dimethylb0rinan—2~yl)benzyl]—N—[3—
(methacrylamido)propylamino]methyl}anthracene;

9,10—bis[N~(2—boronobenzyl)—N~[3—(methacrylamido)—
propylamino]lmethylanthracene;

9-[N-[2- (5, 5-dimethylborinan-2-yl)benzyl] -N-{2- (2~
methacroyloxyethoxy)ethylamino]methyl]—10—[N—[2~(5,5—
dimethylborinan—Z—yl)benzyl1—N-[2—(2—hydroxyethoxy)—
ethylaminolmethyl]anthracene;

9—[N—(Z—boronobenzyl)—N—[2—(2~methacroyloxyethoxy)—
ethylamino]methyl]—10—[N—[2—boronobenzyl)]—N—[Z—(Z—
hydroxyethoxy)ethylaminolmethyl]anthracene;

9,10—bis[N—[2—(5,5—dimethylborinan—2—yl)benzle—N—[Z—
(2~methacroyloxyethoxy)ethylamino}methyl]anthracene;

9,10—bis[N—(Z—boronobenzyl)—N—[Z—(2~
methacroyloxyethoxy)ethylamino)methyllanthracene;

N-[B—(methacrylamido)propy1]~3,4—dihydroxy~9,lO—dioxo—
2-anthracenesulfonamide;

a,a’—bis[N—[2—(5,S—dimethylborinan—Z—yl)benzyl]-N—[3—

(methacrylamido)propylamino]-1,4-xylene;

and salts or derivatives thereof.

31. The method of claim 27, wherein the hydrophilic
monomer comprises [3-(methacryloylamino)-

propyl]trimethylammonium chloride.
32. The method of claim 27, wherein the indicator

component monomer is selected from the group consisting

of a lanthanide chelate and a polyaromatic hydrocarbon.
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33. The method of claim 27 wherein the molar ratio of
hydrophilic monomer:indicator component momomer is from
about 2:1 to about 1000:1.

34. The method of claim 33, wherein the ratio of
5 hydrophilic monomer:indicator component momomer is from
about 5:1 to about 50:1.

35. The method of claim 34 wherein the ratio of
hydrophilic monomer:indicator component momomer is about
5:1.

10 36. The method of claim 27, wherein the analyte
detected is selected from the group consisting of a
saccharide; oxygen; carbon dioxide; and zinc, potassium,

hydrogen, or carbonate ions.

37. The method of claim 36, wherein the analyte

15 detected is a saccharide.

38. The method of claim 37, wherein the saccharide is

glucose.

39. The method of claim 27, wherein
i} the molar ratio of hydrophilic monomer:indicator
20 component momomer is from about 2:1 to about 15:1,
ii) the indicator component monomer comprises an N-{o-
boroncbenzyl)aminomethylanthracene derivative,
iii) the hydrophilic monomer comprisss [3-
(methacryloylamino) propyl]trimethylammonium chleride, and

25 iv) the macromolecule exhibits an excimer effect.
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40. The method of claim 39, wherein said macromolecule

serves as both an indicator and a reference.

41. A macromolecule which is capable of exhibiting an
excimer effect, which comprises a copolymer of:

5 a) one or more excimer forming monomers, the molecules
of which are capable of exhibiting an excimer effect when
suitably oriented with respect to each other; and

k) one or more other monomers;
such that the resulting macromolecule exhibits said

10 excimer effect.

42. The macromolecule of claim 41, wherein the
macromolecule is capable of detecting the presence or

concentration of an analyte.

43. The macromolecule of claim 42, wherein
15 a) the excimer forming monomer individually is not
sufficiently water soluble to permit its use in an
aqueous environment for detecting the presence or
concentration of said analyte; and
b) the other monomer is a hydrophilic monomer;
20 such that the macromolecule is capakle of detecting the
presence or concentration of said analyte in an agueous

environment.

44. The macromolecule of claim 42, wherein the excimer
effect does not substantially change in response to

25 changes in the presence or concentration of the analyte.
45. The macromolecule of claim 44, wherein

i) the molar ratio of other monomer:excimer forming

momomer is from about 2:1 to about 15:1,
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ii) the excimer forming monomer comprises an N~{o-
boroncbkenzyl)aminomethylanthracene derivative, and
iii) the other monomer comprises [3-

(methacryloylamino) propyl]trimethylammonium chloride.

46. The macromolecule of claim 41, wherein the excimer
forming monomer is selected from the group consisting of

a lanthanide chelate and a polyaromatic hydrocarbon.

47. The macromelecule of claim 45, wherein the excimer
forming monomer is selected from the group consisting of

9-{[N-methacryloylaminopropyl-N- (o-boronobenzyl)amino)] -
methyl]anthracene;

9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -N-[3~-
(methacrylamido)propylaminojmethyl}-10-[N-[2-(5,5~
dimethylborinan-2-yl)benzyl]-N~[2-(2~hydroxyethoxy) -
ethylaminolmethyllanthracene;

9- [N~ {2-boronobenzyl)~N- [3- (methacrylamido) -
propylamino]methyl]-10-[N-{(2-boronbenzyl) -N-[2-(2-
hydroxyethoxy)ethylamino]methyl]anthracene;

9,10-bis[N-[2- (5, 5-dimethylborinan-2-yl)benzyl]}-N~{3-
{methacrylamido)propylaminojmethyl]anthracene;

9,10-bis [N~ (2-boronobenzyl) -N-[3- (methacrylamido) -
propylamino}methylanthracene; '

9- {N-[2-(5, 5-dimethylborinan-2-yl)benzyl]-N-[2- (2~
methacroyloxyethoxy)ethylaminolmethyl]~10~[N- (2~ (5, 5-
dimethylborinan~2-yl)benzyl] -N-[2-{2-hydroxyethoxy) -
ethylamino)methyl]anthracene;

9~ [N-{2-boronobenzyl)-N-(2- (2-methacroyloxryethoxy) -
ethylamino]methyl]-10-[N-(2-boronobenzyl) -N-[2- (2~
hydroxyethoxy)ethylaminojmethyl]anthracene;

9,10-bis[N~[2-(5, 5-dimethylborinan-2-yl)benzyl] -N~[2~
(2-methacroyloxyethoxy)ethylamino}methyl]l anthracene;
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9,10~bis [N~ (2-boronobenzyl) -N-[2-(2-
methacroyloxyethoxy)ethylamino]methyl) anthracene;

N-[3-{methacrylamido) propyl] -3, 4-dihydroxy-9, 10-dioxo—
2-anthracenesulfonamide;

o, ~bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3~
(methacrylamido)propylamino] -1, 4-xylene;

and salts or derivatives thereof.

48. A method for producing a macromolecule which is
capable of exhibiting an excimer effect, which method
comprises copolymerizing:

a) one or more excimer forming monomers, the molecules
of which are capable of exhibiting an excimer effect when
suitably oriented with respect to each other; and

b) one or more other monomers;
such that the resulting macromolecule exhibits said

excimer effect.

49. The method of claim 48, wherein the macromolecule
is capable of detecting the presence or concentration of

an analyte.

50. The methed of claim 49, wherein

a) the excimer forming monomer individually is not
sufficiently water soluble to permit its use in an
agueous environment for detecting the presence or
concentration of said analyte; and

b) the other monomer is a hydrophilic monomer;
such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an agqueous

environment.
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51. The method of claim 49, wherein the excimer effect
does not substantially change in response to changes in

the presence or concentration of the analyte.

52. The method of claim 51, wherein
5 i) the molar ratio of other monomer:excimer forming
momomer is from about 2:1 to about 15:1,
1i) the excimer forming monomer comprises an N-{o-
boronobenzyl)aminomethylanthracene derivative, and
% iii) the other monomer comprises [3-

10 (methacryloylamino)propyl]trimethylammonium chloride.

53. The method of claim 48, wherein the excimer
forming monomer is selected from the group consisting of

a lanthanide chelate and a polyaromatic hydrocarbon.

54. The method of claim 52, wherein the excimer
15 forming monomer is selected from the group consisting of

9-[ [N-methacryloylaminopropyl-N- (o-boronobenzyl)amino] -
methyl]anthracene;

9-[N-{2-(5,5-dimethylborinan-2-yl)benzyl] -N-[3-
{(methacrylamido)propylamino)methyl]-10-[N~{2~(5,5-

20 dimethylborinan-2-yl)benzyl]~N-[2~(2-hydroxyethoxy) -
ethylaminolmethyllanthracene;

9-[N- (2-boronobenzyl)-N-[3-{methacrylamido) -
propylamino]methyl]l-10-[N-(2-boronobenzyl)-N-[2~ (2~
hydrozyethoxy)ethylaminolmethyl]anthracene;

25 9,10~bis [N-[2-(5, 5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylaminojmethyl]anthracene;

9,10~bis [N~ (2-boronobenzyl)-N-[3- (methacrylamido) -
propylamino]methyllanthracene;

9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -N-[2-(2-

30 methacroyloxyethoxy)ethylamino]lmethyl]-10-[N-[2-(5,5-
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dimethylborinan-2-yl)benzyl)-N-{2-(2-hydroxyethoxy) -
ethylamino]lmethyl]anthracene;

9- [N- (2-boronobenzyl) -N-[2- (2-methacroyloxyethoxy) -
ethylamino]methyl])-10~[N-(2-boronobenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino)methyl]-anthracene;

9,10-bis [N-[2-(5, 5-dimethylborinan-2-yl)benzyl]-N-[2-
(2-methacroyloxyethoxy)ethylamino)methyllanthracene;

9,10-bis[N- (2-boroncbenzyl) -N-[2-(2-
methacroyloxyethoxy)ethylamino]methyllanthracene;

N~[3-(methacrylamido}propyl]—3,4—dihydroxy—9,10—dioxo—
2-anthracenesulfonamide;

o, af —bis [N-[2- (5, 5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylaminel -1, 4-xylene;
and salts or derivatives thereof.

55, A method for detecting the presence ox
concentration of an analyte in a sample, said method
comprising:

a) exposing the sample to an indicator macromolecule,
said macromolecule comprising a copolymer of:

i) one or more indicator component

monomers, the molecules of which are

capable of exhibiting an excimer effect

when suitably oriented with respect to

each other, and which are also capable of

detecting the presence or concentration of

an analyte; and

ii) one or more other monomers;
such that the resulting macromolecule exhibits said
excimer effect, and wherein the indicator macromolecule
has a detectable quality that changes in a concentration-—
dependent manner when said macromolecule is exposed to

said analyte; and
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b) measuring any change in sald detectable quality to
thereby determine the presence or concentration of said

analyte in said sample.

56. The method of claim 55, wherein the excimer effect
does not substantially change in response to changes in

the presence or concentration of the analyte.

57. The method of claim 56, wherein

i) the molar ratio of other monomer:indicator
component momomer is from about 2:1 to about 15:1,

ii) the indicator component monomer comprises an N-{o—
boronobenzyl)aminolmethyllanthracene derivative, and

iii) the other monomer comprises [3-

(methacryloylamino)propyl] trimethylammonium chloride.

58. The method of claim 55, wherein the indicator
component monomer is selected from the group consisting

of a lanthanide chelate and a polyaromatic hydrocarbon.

58. The method of claim 57, wherein the indicator
component monomer is selected from the group consisting
of

9- [ [N-methacryloylaminopropyl-N~ (o-boronobenzyl)amino] ~
methyl]anthracene;

9-[N- (2-boronobenzyl) -N- {3~ (methacrylamido) -
propylaminolmethyl]-10-[N-[2-(5,5-dimethylborinan-2-
yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino] -
methyl]anthracene;

9-[N-{2-boronobenzyl)-N-[2- (2-methacroyloxyethoxy) -
ethylaminojmethyl]-10- [N~ (2-boronobenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino]methyl] -anthracene; and
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9,10-bis [N~ (2-boronobenzyl) -N-[2- ({2~
methacroyloxyethoxy)ethylaminolmethyl}anthracene;

and salts or derivatives thereof.

~59-

JP

2004-506069 A 2004.2.26



JP 2004-506069 A 2004.2.26

(93)

PCT/US01/24294

WO 02/12251

(FONHA34 INOTTONVILNG ¥0 G350 38 Nyo)

| Ol

iT1NOFTONOHOVI NI LINIOd 1 1S38S08| 410N

08

HLONZTIAVM
08

08¢
e

19

3503079 WWQE -~

35030719 W09

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L

(MFWIDXINON)
NOSINYAIN0D 404
NIOHS 152

SUBSTITUTE SHEET (RULE 26)



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/12251

2/9

00 600 6800

580.0

5300
WAVELENGTH (nm)

4800

430.0

50"
0
380.0

T
=3
©

ALISNALNI

300
250 1
100

8
I3

SUBSTITUTE SHEET (RULE 26)

(94)

PCT/US01/24294

FIG. 2

JP 2004-506069 A 2004.2.26



JP 2004-506069 A 2004.2.26

(95)

PCT/US01/24294

WO 02/12251

¢ .w_u_
~ /O
fwzgrzﬁ_.swﬁfu Goe sizfof%az U szzf%_.afqz <
Tog— \lN / \IN (NolLov3 In— i
{\m . u 7 bowmo {H D © @8 I
R

NsL ,luNo " NSL ,Ioa m\ox m—N Mg
JoE g e
NIo.s%,_ o Na.wxo.zun ?%%ngé 2
o Eéoé f o £
19— — — % ONIZY0 ) — — — 00— — — i
2 hm/ﬂ@a/o\mz 1 P g\mz ' T o @@8 i w3z
5 w
IR i —"_ Mg ouovadwon) AN N R
W oL g § :
LT} 3

Azo_aﬁzgoé {s530d) ——
"VRELY INILHYILS THOHIOD
el NSI, — \l%o W —,—,—% Ton NS.) — \1%0
{I0HIONOH) NN
@/\m u TIORY @/\mz zu ~TTomnGE /@/\m
§L ,Ioa (NGO NHONY) Too—"_ M —alp Ngl

@

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(96) JP

WO 02/12251 PCT/US01/24294

FLUORESCENCE, RU

419

3
/ © LACTATE
9 B ACETOACETATE

A GLUCOSE
1 & &
0 : : ’ .
0 5 0 15 2
ANALYTE,
FIG. 4

SUBSTITUTE SHEET (RULE 26)

2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

97) JP 2004-506069 A 2004.2.26

WO 02/12251 PCT/US01/24294
59
8
7_
g 01
=
& 5
2, —o— GLUCOSE
2 ) —— LACTATE
£ —a— ACETOACETATE
g 2
1 % & & "
0 ! T T T T
0 5 10 15 2

CONCENTRATION, mM

FIG.5

SUBSTITUTE SHEET (RULE 26)



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/12251

(98)

PCT/US01/24294

6/9

1604
1401
1204

=
<

FLUORESCENCE, RFU

A GLUCOSE
— FITTED CURVE

60.

£

40.

201

0 : T : : ; - ; ;

0 2 4 6 5 10 12 ¥4 1% 1B 2
GLUCOSE, mM
FIG. 6

SUBSTITUTE SHEET (RULE 26)

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/12251

(99) JP 2004-506069 A 2004.2.26

PCT/US01/24294
719
=
2
L=}
LI-ILLI
88
oL
=3 -2
a; ©
£
=8
L s E
L M~
. = X
[
7 9
- o L
- < =
w0 g

\ g
5 x5 -
NY ‘JONVENOSaY

SUBSTITUTE SHEET (RULE 26)



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/12251

RATIO A(450 rm)fA(530 nm)

45

15

25

8/9

(100) JP 2004-506069 A 2004.2.26

PCT/US01/24294

T I T

2 4 60
[GLUCOSE], mM

FIG. 8

SUBSTITUTE SHEET (RULE 26)



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/12251

RATIO A(450 nm)A(530 am)

(101)
PCT/US01/24294
9/9
? i 6 kN
[LACTATE], m
FIG. 9

SUBSTITUTE SHEET (RULE 26)

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(102)

Intcgiional Application No

PCT/US 01/24294

LASSIFIGATION OF SUBJECT MATTER

BT OO0z "C07F5/04  GOLN33/66

Ascarding 10 |nternationa) Patent Classification (IPC} orta both national classifieation and IPC

B. FIELDS SEARCHED

IPC 7 CO7F GOIN €120

system followed by classlicalion symbols)

Decumeniation searched other than minimum documentation to Ihe extent thal such documents are included in the flelds searched

EPO-Internal, BIOSIS

Electronic data bass consulled during the Infernalional szarch {name of date base and, where practical, search lerms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

abstract, col. 3, Tines 43 - 67, col.
line 45 - col. 7, tine 8, examples 1 - 5

Category ® | Giatlon of document, with indication, where appropriale, of the relevant passages Relevant te claim No.
X EP 0 430 510 A (GEN ELECTRIC CO PLC) 1-4,7-9,
5 June 1991 (1991-06-05) 14-18,
20-22,
27-31,
33-35
abstract, col. 1, Tines 25 - 45, col. 2,
Tines 12 - 15, col. 3, Tine 38 - col.
Tine 15, claims 1 - 6
X UsS 5 661 040 A (HORNG WAYNE J ET AL) 1-9,
26 August 1997 (1997-08-26) 14-22,
27-35

—f—

Frther documents are listed in the corinuation of box C.

Paient family members are listed in annes.

~ Spedial calegories of ited documents :

*A" document dofining o ganoral sialoof o ar which s ot
nsidared 1o be of paricular relevanc

k3 eaﬂlsr ‘document b publishec on or aharthe International
fling dale

"L+ document which mey throw doubts on priority claim(s) or
Which s clled o establish the publication dite of another
cilation or olher special reasan (as specif

0 dapumert rfering 1 an ofaldisclosurs, use, exhbion o
other m

P dm:umem Duniahed prior o o inemational g date but

fater than the priority dale claimed

“T' later dogumant publishedi after the Interationsl filing date:
ar piiority daie and not in confict with the application but
cited 10 tinderstand the principie or theary uaderiying the
invention

X document of paticutar elosance; he dlaimad inventon

ivolve an inveniive slup thn e tootmant 1 takan slone
docurent of paricular relevance; the claimad Invention
‘cannol be considered 1o Involve an invenlive siep hen the

<Z

dacument is combined with ona or more othar such deco.
ments. il cambinetion hemg obvieusto a pemun skllea
n i

3

dosument member of the same patent family

Date of the actual compietion of the inlemational search Datte of meiling of the inlermational search report
10 December 2001 18/12/2001
Name and mailing address of the ISA Authorized officer
European Patenl Oﬂﬂce. P.B. 5818 Patentiaan 2
]r_xu. 2280 HV Rijowilk
el (+31-70) 340-2040, Tx. 31 651 epo o,
Fax; (+31-70} 340-3016 Hoesel, H
Fomn PCTASA210 (second shaet) Huly 1982)
page 1 of 2

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(103)

INTERNATIONAL SEARCH REPORT J

Inte ional Appiication Ne

PCT7US 01/24294

C(Continuation} DOGUMENTS CONSIDERED TO BE RELEVANT

Category © | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5 256 535 A (HURSKAINEN PERTTI ET AL)
26 October 1993 (1993-10~26)

abstract, col. 4, Tines 22 - 42, col. 5,
lines 32 - 52, Tine 65 - col. 6, line 8,
col. 8, l1ine 12 - col. 9, 1ine 3, examples

’

X W0 99 46600 A (SENSORS FOR MEDICINE AND
SCIEN) 16 September 1999 (1999-09-16)

p. 6, Tines 10 - 15 and 30 ~ 35, p. 13,
lines 6 — p. 34, p. 24, line 1 - p. 25,
Tine 18

X NEZU T ET AL: "Interaction of
water-solubTe collagen with poly(acrylic
acid) -~ a study of poly(acrylic acid)s
jabelted with pyrenyl and naphthyl groups"
BIOMATERIALS, ELSEVIER SCIENCE PUBLISHERS
BY., BARKING, GB,

vol. 21, no. 4, February 2000 (2000-02),
pages 415-419, XP004184125

ISSN: 0142-9612

abstract, p. 416, 2.1. Materials

X GRUBER H J ET AL: "Accurate titration of
avidin and streptavidin with
biotin-fluorophore conjugates in complex,
colored biofluids”

BBA — GENERAL SUBJECTS, ELSEVIER SCIENCE
PUBLISHERS, NL,

vol. 1381, no. 2,

23 July 1998 (1998-07-23), pages 203-212,
XP004276163

ISSN: 0304-4165

abstract, p. 204/205, "2.1. Reagents and
buffers”, "2.3. Cumulative titration
of...", p. 205, col. 2, line 1 - p. 206,
col. 2, tine 20

X WILKEN R ET AL: “END-GROUP DYNAMICS OF
FLUORESCENTLY LABELED DENDRIMERS"
MACROMOLECULAR: RAPID COMMUNICATIONS,
WILEY VCH, WEINHEIM, DE,

vol. 18, no. 8,

1 August 1997 (1997~08-01), pages 659-665,
KP000698405

ISSN: 1022-1336

abstract, p. 559, last paragraph. p. 664,
Tines 26 - 32

1-9,
14-22,
27-35

48-50,
53,65,58

1,2,6,
14,15,
19,27,
28,32,
41-43,
46,
48-50,
53,5558

41,42,
46,4849

page 2 of 2

JP 2004-506069 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

aformatian on patent family members

(104)

Int

ona) Application Ne

PCT7US 01/24294

Patent document Publication Patent family \ Publication

cited in search report date member(s} date

EP 0430510 A 05-06-1991  EP (430510 A2 05-06-1991
GB 2238384 A 29-05-1991
JP 3255959 A 14-11-1991
us 5225516 A 06-07-1993

US 5661040 A 26-08-1997 AU 7331794 A 13-02-1995
CA 2172999 Al 26-01-1995
£p 0708837 Al 01-05-1996
JP 9500411 T 14-01-1997
Wo 9502700 Al 26-01-1995

US 5256535 A 26-10-1993  SE 454781 ‘B 30-05-1988
AT 856367 T 15-02-1993
DE 3784058 D1 18-03-1993
DE 3784058 T2 19-05-1993
EP 0288513 Al 02-11-1988
JP 1501681 T 15-06-1989
SE 8604436 A 18-04-1988
Wo 8802784 Al 21-04-1988

WO 9946600 A 16-09-1998 AU 3078599 A 27-09-1999
CN 1300368 T 20-06-2001
EP 1062516 Al 27-12-2000
Wo 9946600 Al 16-09-1999

Form POT/EAR1G (aten farmlly arex) Gl 192]

JP 2004-506069 A 2004.2.26



(105) JP 2004-506069 A 2004.2.26

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI,CM,GA,GN,GQ, GW, ML ,MR,NE, SN, TD,
TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,C0,CR,CU,CZ,DE, DK, DM,DZ,EC, EE,ES,FI ,GB,GD, GE, GH,
GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD, MG, MK, MN , MW ,MX ,MZ ,NO,NZ,,PL,PT,RO,R
uv,SD,SE,SG,SI,SK,SL, TI, T™, TR, TT, TZ,UA,UG,UZ, VN, YU, ZA, ZW

(74)000 100096013
ooooooooo

(74)000 100083747
ooooooooo0

(7000 000000000000000000
00000000000000000000000000000000000000000000
ooooooo

0000 (0O) 4J031 BAO9 BAL3 BA28 BDO3 BDO7 BDO9

0000 OO 4J100 ALOSQ AM21P AM21Q BAO2Q BAO3Q BAO6Q BA28Q BA31Q BA33P BA59Q

oooo 0o BBO1P BC43Q BC48Q BC51Q CAO4 JA15



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

