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S$/!2D?=?'[9Y(;C()Ce(OD??-*iY(NCe(%GF'KY(dC()CY(4+9(DFF'*-D&-'K(?D&9(*'KF&DK&(B'?(+9,9(

:-KM-K=(&'(=G':-K(-F(-KM9H9KM9K&('B(H?'&9-K(F&?>*&>?9C(I>+!5/6>?.0@($&&#Y(39Y(!!R"S@

!!R""C(



 -15- 

S!/!)H?-K=9?Y(OC(3Ce()G-=9?Y()C(aCe(%GF'KY(dC()Ce(5+-GG-HFY(aC(1C(d?CY(;9*+DK-F,F('B(G-=DKM(

?9*'=K-&-'K(-K(,E'=G':-KC(45/6'()/7'($&&)Y(QJY(Q""@`!AC(

SR/!5D>G-K=Y(XCY(1D&>?9('B(&+9(-?'KV'JE=9K(:'KM(-K('JE+D9,'=G':-KC(:2.<0/'($&#)Y(DN3Y(

!7R@!7SC(

SS/!Z-&D=DIDY( 4Ce( %+B?-DFY( ;C( \Ce( \'>FF9D>Y( NC( XCe( 6i9MDV)D-&'Y( ;Ce( g'K9&DK-Y( 4CY(

m[-M9K*9(B'?(+EM?'=9K(:'KM-K=('B(:'>KM(M-'JE=9K(&'(&+9(M-F&DG(+-F&-M-K9('B('JE*':DG&(

,E'=G':-K(DKM(+D9,'=G':-KC(:2.<0/C($&'!Y(DQWY(7Q"@7`!C(
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Figure 2–1. AE/TMET/8F!01!EG8!H/8U20TF4L!/8H0/E8K!+-!K2I8/F!TF8K!E0!10/I!V.E8/"F04T'48!
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Scheme 2–1. Synthesis of Py3CD. 

O
O

H3CO OCH3

OCH3

O

O

HO
H3CO

O

O OCH3

OCH3H3CO

O

O
OCH3

H3CO

OCH3

O

O
H3CO

H3CO

OCH3

O

O

H3CO

H3CO

OCH3

O
O
OCH3

OCH3

H3CO

O
O

OCH3
H3CO

H3CO

O

O

OH
OCH3

O

OH3CO

H3CO OCH3

O

O
H3CO

OCH3

H3CO

O

O
OCH3

OCH3

H3CO

O

O

OCH3

OCH3

H3CO

O
O

H3CO

H3CO

OCH3

N

SS

O
O

H3CO OCH3

H3CO

O

O

H3CO

O

O OCH3

OCH3H3CO

O

O
H3CO

H3CO

OCH3

O

O
H3CO

H3CO

OCH3

O

O

H3CO

H3CO

OCH3

O
O
OCH3

OCH3

H3CO
O

O

OCH3

OCH3

H3CO

O

O

OCH3

O

O
OCH3

H3CO

OCH3

OO
H3CO

OCH3

H3CO O

O OCH3

OCH3

H3CO

O

O
OCH3

OCH3

H3CO

O

O
H3CO

H3CO

OCH3

H3CO

OCH3

N

OO

Py3CD

Py2CD

N

–O3S

N

N

N

N

–O3S SO3
–

SO3
–

Fe

S S

hemoCD1

N

–O3S

N

N

N

N

–O3S SO3
–

SO3
–

Fe

O O

hemoCD2

FeIITPPS

O
O

H3CO OCH3

OCH3

O

O

OCH3

H3CO

O

O OCH3

OCH3H3CO

O

O
OCH3

H3CO

OCH3

O

O
H3CO

H3CO

OCH3

O

O

H3CO

H3CO

OCH3

O
O
OCH3

OCH3

H3CO

O
O

OCH3
H3CO

H3CO

O

O

H3CO

OCH3

O

OH3CO

H3CO OCH3

O

O
H3CO

OCH3

H3CO

O

O
OCH3

OCH3

H3CO

O

O

OCH3

OCH3

H3CO

O
O

H3CO

H3CO

OCH3

N

OO

Py3OCD 
(1)

N

–O3S

N

N

N

N

–O3S SO3
–

SO3
–

Fe

O O

hemoCD3

3 3

3 3

2 2

FeIITPPS

FeIITPPS

3 3

2 2

3

3

O

H

O

H

HO

H

O

OTsH
H

OH

Bring

Gring
O

H

O
H

O

O

HH
H

OH

Bring

Gring
O

H

O
H

O

O

HH
H

OCH3

Bring

Gring

O

H

O

S

H

OH

O
HH

H

OCH3

Bring

Gring

mono-2-O-Ts-β-CD mono-2,3-epoxy-β-CD mono-2,3-epoxy-per-O-Me-β-CD

Py3CD

O

H

O

H

OH

H

O
S

H

Gring

Bring

OCH3

H

N

SHHS

N
N



! "!9>!"!

?8**7@@A " β− %@8/""")8"

β"+-(! #:#

G8I0+-! %?23T/8! 9R#( %,#( %+,(

)' !,$!&" G8I0+-#

@LW+- +- W

#

" β−+-!%I060"9=W"8H0NL"H8/""")8"β"+-( W=!<"

(Scheme 2–1) !,"

@LW+- %X ( 9 W

Y.4K86 !-" G8I0+-#

&' 7

(Table 2–1) 5.60 G8I0+-# !

!

Table 2–1. 7G8!,#R.KKTMEF!.6K!,#!! .6K!+,!'26K263!.11262E28F!%)!.#Z=!Z![!! ,#!0/!+,=!

70//(!=!EG8!,#\+,!F848ME2U2EL!%.(!=!.6K!G.41"42U8F!%5/((!10/!EG8!.TE0N2K.E206!01!&'=!)'!.6K!

G8I0+-F!.E!9<]+C!

!

!'$#+" G8I0+-9 @L9+- +- 9

@LW+- X

(Scheme 2–2)!%" !

!

!

!

!

P1/2 O2 / Torr t50 / h

hemoCD1

hemoCD2

hemoCD3

Hb (R-state)

Mb

10

176

18

0.22

0.69

30

50

13

6 ~ 138

aRef (15), bRef (16) , cRef (17), dRef (25) , eRef (26, 27),  fRef (28).

P1/2 CO / Torr

1.5 ×  10-5

1.6 ×  10-2

5.6 ×  10-4

1.4 ×  10-3

1.4 ×  10-2 – 2.5 ×  10-2

1100000

11000

80358

150

20 – 40

M (= P1/2 O2 / P1/2 CO)

Hb (T-state) 12–140 0.3 40 – 460

a

b

c

d

e

f



! "!9#!"!

Scheme 2–2. Synthesis of Py2CD. 

!

9>#W G8I0+-W +- X

W

@LW,+-! %1( ?8**7@@A #:# !&" @LW,+-!

%1( 2,6-di-O-methyl-β-CD W=! <"

A09 @LW,+-12 @LW,+-12! W

"6

(Scheme 2–3) !&" @LW,+-! 9 !

!

Scheme 2–3. Synthesis of Py3OCD (1).!

!

G8I0+-W G8I0+-#

1.5  %7.'48! 9R#( G8I0+-W

52E.32FG2

G8I0+-W %,#RG8I0+-W( +,

%+,RG8I0+-W(

#," 5.60 G8I0+-W %;;;( I8ERG8I0+-W

I8ERG8I0+-W %+^$(

+^$RG8I0+-W !&"

G8I0+-W

5.60 9>#W G8I0+-W !&"

O

H

O

H

HO

H

O

OH
H

OH

Bring

GringO

H

O

H

HO

H

O

OHH
H

OH

Bring

Gring

NaOH

O

H

O

H

H3CO

H

O

OH
H

OCH3

Bring

Gring

β-CD 2,2’-linked β-CD dimer Py2CD

N

BrBr

N
N

O

H

O

H

O

H

O

OCH3
H

H

OCH3

Bring

Gring
O

H

O

H

HO

H

O

OCH3
H

H

OCH3

Bring

Gring

NaH

2,6-DMe-β-CD 3,3’-linked β-CD dimer

Py3OCD

O-methylation to residual 
2-OH at B-G rings

NaH, CH3I

N

ClCl

N



! "!99!"!

G8I0+-W

@LW,+-!%1( AMG8I8!9RW @LW,+-!%1(

G8I0+-W

@LW,+-

G8I0+-W 9=P"K2"""I8EGL4"β"+-

^)_ `a"U2F

@LW,+-!%1( G8I0+-W ,# +,

!

!

!

$"# #

!

$'!"# #

!

%^)_( b^)"c+X<>>

%<>>!)&J( +-+4+ -)A,"7%

%7)A( %-X_7(

X)_ -X_7"Aa@

%)XZ-;"7,?(

d_`5c_!.TE0148N!FH88K α" "*"

9=W=P" """ "β" %e)f^.g3=!

-89%[!#*<#CP$( @LW+-!%e)f^.g3=!-89![!9S<SCW#(

%`a"U2F (

`a"9#>> `a"9*<>

)T4E2AH8M"#<>>

7++"9P>

< H& H&

)"#9 ?"<9 5,?Z,+

h)"*d ATH8/K8N45

Q<!#>\W>>!hZ!M04TI6!%#!× W>!MI( hc X57i!HT/2128/!



! "!9W!"!

?@Z+!%hc!&8.4EGM./8( !

!

$'$"# #

!

?8***7@@A#'"=! W=<"'2F%'/0I0I8EGL4(HL/2K268! GLK/0'/0I2K8!%" W=<"

'2F%MG40/0I8EGL4(HL/2K268!GLK/0'/0I2K8!-"

!&!^)_ -X_7")A )XZ-;"7,?!)A

j.I.E0!XTE0!AE244!h4.FF!)0K84!Yh!9<>

A2IH42M2EL!Y.E8/! @T/212M.E206! ALFE8I

%SSCSSSk( %SSCSSSk( %#>>>! HHI(

%SSCSSSk( !

!

$'$'!" $()*+,*!*-./012*β*34 !"#$

#

Scheme 2–4. Synthesis of!2,6-di-O-methyl-β-CD.!

!

!

!

!

 9>>!IZ! β"+- PC>!3!

%<!II04( -)?!<>!IZ 

*C>!3!%#>>!II04( ! R<!l!

W> SC<!IZ!%#>>!II04( -)?!9>!IZ!

#< W!

9<!k #>!IZ 9

<>!IZ #>>!IZ! !

! <! 9>>!IZ 9

\!

%#\#=!U\U(

%PCP!3=! S*k( )XZ-;"7,?!)A!

O

CH2OH

OOH

OH 7
(OH)7

(HO)7

3

26
1) NaOH / dry DMF
2) (CH3)2SO4

0 ~ –5 ˚C, 3 h

(OH)x

(H3CO)7

(OH)7-x

3

26

(OH)7 (OCH3)7

3



! "!9*!"!

!&!^)_ !

!

!&!^)_!%<>>!)&J=!+-+4+(!δ <C>Q!%F=!<&(=!*CS$!%K=!<&(=!WCS*!%I=!<&(=!WC$PRWC<W!%I=!

W#&(=! WC<WRWC*>! %I=! W#&(=! WC9$! %KK=! Q&(D! )A! %)XZ-;"7,?=! α"ML.60"*"

GLK/0NLM266.I2M!.M2K=!H0F2E2U8!I0K8( -\9!e)f^.g3:!#W<W=!10T6K!#W<W=!e)f+&#f^.g3:!

#WPQ=! 10T6K! #WPQ=! e)f9+&#f^.g3:! #W$#=! 10T6K! #W$#=! e)fW+&#f^.g3:! #WS<=! 10T6K!

#WS<C!

!

$'$'$" 516734%& 8 9 '(#!

!
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Scheme 3–3. The mechanism of O2–bound Glu-hemoCD1.!
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Scheme 3–4. The mechanism of CO–bound Glu-hemoCD1.!
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Scheme 4–2. The mechanism of O2–bound )*",692!P!,/$=01.!
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Figure 4–21. Structures of synthetic myogobin models that work in organic solvents 

and their abbreviations.!
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Scheme 4–3. The mechanism of CO–bound )*",69TP,/$=01!%<. and CO–bound )*"
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Figure 4–23. (a) I7U6'*"I7U6'*! 7KD*9<CD76K! 6K! D4*!O2–bound )*",692P,/$=01! .! %H.!

,6E7D7S* polar effects on CO–bound )*",692P,/$=01G!
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