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e

i
r

d
o n o r

g
r o u

P
s a n

d
th

e

co

o

rd i
n a

ti
o n

g
e o

m
e t

ry

a t
th

e
m

e t a
l

.

T h
e s e s t

ru ct
u r a

l fa
e

to
r s a

ffe

e t t h
e s

P
e e t r o

sco

P i
e

,

el
e

ct ro ch

e
m i

ca
l

,
a n

d

,

i
n

m
u

l t i
n u e

l
e a r s

y
s t e

m
s
,

t h
e

m

a
g

n e
ti

e e
h

a r a e t e r
i
s t i

e s o
f th

e

m

e t a
l l

o
b i

o s
i t e

.

C

o

m P
a

ri

s o n o

f

a r a n
g

e o

f m

o
d

e
l

e o

m P
o u n

d

s

h

a v

i

n
g

s
l i g h tl y d i

ffc

r e n t
m

e t a

l

e n v
i
r o n

m

e n t s

b

u

i l d
s

u
p

a n u n

d

e r s t a n

d i

n
g

o

r
t
h

e e

跳
ets orthese stru eturalra etorson th已ph ysieo一e h e m ica 一p ro p ertse s

o f th e m o d e ls
.
a n d th is ca

n th e n b e u sed in th e d e d u e tio n o f stru e tu ra l fe a tu re s o f th e

m e ta llo P ro te in u n d e r stu d y
.

H ill[川 has in trod uee d tw
o u sefu 一d e n n itio n s fo r m o d e一eo m p o u n d s o r m e ta llo p ro 忱in s

,

J
p
吧亡赵

la rive m o
de 七

a n d c o rro b ‘
, r a r i

v e
m

o
de

l.v

.

s 刀e e u la ri
ve 用o de ls

a re P re P a red w h e n th e stru
ctu re

o f th e m iero e n v iro n m en t o f th e m e ta llo b io site 15 u n k n o w n a n d th e o b je e t一v e 1 5 t o r e P r o d u ee

s o
m
e P h y s i e o 一e h

e
m ica l P ro P e r ty o f th e s y s te m in a s im P le r e o m P l

e x
.
W h e n th e s tru

e tu r e o f th e

m
e t a ll

o b io s it e 15 k n o w n a e o r r o b o
r a ri ve m

‘,

de
l

e a n
b

e
P

r e
P

a r e
d

.

T h i
s

1
5 u s u a

l l y
a

l
o

w m
o

l
e e u

l
a r

俄igth
‘c o m p lc x in w h ic h ‘h c c n v i

r o n
m
c n ‘ o f ‘h c m

c‘a l 15 r c p r o d u c c d a s a
CC
u r a ‘c ly a s p o s s ib le

·

T l

l

i

s
t

h

e n

h

e

1 P

s

d

e
t

e

rm

i

n e

w h

e
t

h

e r
t

h

e o

b

s e r v e

d P

r o

P

e r
t

i

e s o

f
th

e

m

e
t

a

l i

n
t

h

e

P

r o
t

e

i

n a r e

d

o

m
i

-

n a

te
d

b y
t

h

e

fi

r s
t

co

一o
rd in a t io n s P h e r e a n d e a n g iv e in s ig h ts in to th e re la tio n sh iP b e tw e e n s tru 。

tu ra l fe a tu rc s o f th e m e ta llo b io s ite a n d its p ro p e rtie s
.
A th ird ty P e o f m o d el 15 th e fo

n c rio na l

从ode l i
n w h ieh th e ae tu a l fu n e tio n in g o f th e m e ta llo b io site 15 reP ro d u cc d

.
T h is ty P e o f m o d el

-

lin g 15 d ee m ed to b e th e m o st d iffi c u lt a n d it 15 still e o rrec t to sa y th a t it h as n o t y et b e en sa tisfa 。

to ri一y a eh ie ve d
.
T h is m ay b e re一a ted to th e eo n沈pt or the enra rl.c sra re[12]

,
n a

m
e 一y th a t th e a e tive

m e ta l site o f a n en Zy m
e 15 in a g eo m etry a P P ro a e h in g th a t o f th e tra n sitio n sta te o f th e a P P ro

-

P ria te rea e tio n a n d 50 15 u n iq u e ly a d a P ted fo r e a ta ly tic a e tio n
.

T h e n a tu re o f ty P e一3 e o P P e r s ite s P r o v id
e s a e h a lle n g e t o t h

e s y n th e t i
e e

h
e
m i
s t a n d m

a k e s

th
e
m P r im

e
ta
r g e ts fo

r
m
o d e llin g s tu d ie s

.
I n o r d e r t o d o th i

s a v e r s a tile lig
a n d s y s te m

,

h
a v

i
n

g

th
e

P
o t e n t i

a
l fo

r
m

o
d i fi

e a t i
o n

i
n o r

d
e r t o

i
n e o r

P
o r a t e

m
e t a

l
a t o

m
s s u e

h t h
a t t h

e r e
q

u
i
s

i t e s
i te

P
r o

P
e r

ti
e s a r e

P re
s e n t

,

m
u s t

b
e

d
e s

i g
n e

d

一

N

e

cc

s s a r

y d

e s

i g

n

fe

a
t

u r e s

i

n e

l

u

d

e

th

e u s e o

f

n

i
t

r o

g

e n

d

o n o r a
t

o

m

s a n

d d

o n o r s e
t

s e a

P

a

b l

e o

f
h

o

l d i

n

g
t

h

e e o

p P

e r a
t

o

m

s

i

n

th

e e o r r e e
t

e o o r

d

一n a ti
o n

e n v ir o n m
e n t a n d

a t th
e e o r re e t in te r m

e t a llie se P a ra ti
o n ,

a n
d t h

e
P

r e s e n

cc

o
f

a v a
i l

a
b l

e
b

r
i d g i

n
g

g
r o u

P
s

.

F i
n e t u n

i
n

g
o

f
t
h

e
l i g

a n
d

s
y

s t e
m b y

s
y

s t e
m

a t i
e v a r

i
a n

ce

o
f t h

e s e
fe

a t u r e s e a n t h
e n

b
e

u s e
d t o

d
e v e

l
o

P t h
e s

P
a

ti
a

l fe
a t u r e s o

f
t
h

e
m

o
d

e
l

.

T h
e a

d
v e n t o

f d i
n u e

l
e a

ti
n

g l i g
a n

d
s

,

w h i
c

h h

o
l d

tw

o

m

e t a
l
s

w i t h i
n t h

e s a

m

e
l i g

a n
d fr

a

m

e
w

o r
k

,

o
P

e n e
d

t
h

e
d

o o r
t

o a
w i d

e r a n
g

e o

f
d

i

n u e

l

e a r

co
m P l

e x e s a n
d

t
o

i
n

t
e r e s

t
i
n

t
h

e
i
r a

p P l i
e a

t
i

o n a s s

m

a
l l m

o
l
e e u

l
e

m

o
d

e
l
s

fo

r
b i

m

e
t

a
l l

o
b
一o s ite s

.

T o d a te m
o st re s e a r e h in th is a r e a h a s e o n

cc
n tr a te d o n th e o x y g e n tr a n s P o r t P r o te in

h a e m
o
cy

a n in a n d t h e P o ly fu
n e tio n a l

o x
id
a s e ty ro s in a s e

.

W
e r e P o rt h e r e t h e sy n th e s is a n d
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Ch araeterisation of a fi rst一g e n e r a ti o n m
o d e l fo

r th e tr in u e le a r e o P P e r s it e fo
u n d

’

i

n a s

co

r

b

a

te

o x

i d

a s e

.

3

.

M

o

d

e

l

S

fo

r

t
h

e

B i

o s

i
t

e
S

L T h

e e n

d

o

g

e n o u s

b

r

i d g

e e r a

.

O

u r e a r

l y w

o r

k

e o n e e r n

i

n

g
t

h

e u s e o

f
d i

n u c

l

e a
t

i

n

g
S

ch

i
ff

b

a s e

m

a e r o e

y

e

l
i

e

l
i g

a n

d

s

i

n

th

e

m

o

d

e

l l
i

n

g

o

f

co

P P

e r

b i

o s

i
te

s

w

a s

b

a s e

d

o n
t

h

e

P
re m i

s e
t

h

a
t t

h

e

re
w

a s a

P

r o

tc i

n 一b a s e d

e n
d
o g e n o u s b r id g

e P r e s e n t in o x y h
a e
m
o
cy
a n
i
n
.
S
e v e r a l m

o d e l
sy s te m

s w e re
e x t a n t in t h

e
lit
e ra -

tu
r e a n

d
o n e o

r t h
e se w a s t h

e p o ly p o d
a
l lig

a n
d (5 )

,

d
e

ri
v

ed
b y R

e e
d

e r 。15

.
[’3 ]

,

w h i
e

h g
a v e 小e

山n u e一e a r e u ll 一a z id o e o
m p le x

scn

e
m
a ti
e a一y d e p ie te d a s (6 )

.
T h e p h y sie o一比

em iealp rop crt ies

of this eo m p lex [C
u… C u sep aration (fr o m the X 一r a y e仃stal str uetu re)

,

3

.

6 2 人: d iam agn etie:

ch arge transfe r ban d
,

3 6 4
n

m 」eo m pare elo sely w ith th ose fo u nd fo r m er一a z id o h a e m o e y a n in

a n d it w
a s e o n e lu d e d t h a t a s

“
t h

e
P
o

P
u

l
a r

i t y
o

f P h
e n o x

i d
e

m
a
y b

e a t o
d d

s
w i t h t h

e a
b
s e n e e o

f

e n
h

a n

ee d
t y

r o s
i
n e v

i b
r a t i

o n a
l m

o
d

e s
i
n r e s o n a n e e

R
a
m

a n s t u d i
e s o

f
o x

y h
a e

m
o e

y
a n

i
n

.

…

alk o x id e fr o m serin e o r th re o n in e n o w b e co m
e s a P a rtieu la rly v ia b le ca

n d id a te
”

fo
r

th
e

E X A F S
一P r e d i

e te d
e n
d
o g e n o u s b

r id g
e
.

曰N曰N〔t E t

!O

廿
oursystem wasderived from thebarium一te m P la te d e y cl o e o n d e n s a ti

o n o f

2
,

6 一d i
a
ee
ty lP y

r
id i

n e a n
d l

,

3 一d ia m in o 一2 一P r o P a n o l fo ll
o w e d b y t

ra n s
m
e
ta ll

a ti
o n w ith co P P e r to

gi
v e 山e d inu c一e a r co m p一

e x
(7 )

,
t h

e e r
y

s t a 一stru
e tu re o r w h i比 w as ob tain记[”

.
T h is re vea一e d a

C u :
.
C u sep a ra tio n o f 3 64 人

,
a n

d p
r o v

i d
e

d
t
h

e
fi

r s t e x a
m p l

e o
f

a s t
ru

e t u r a 一y一e h a ra e te r is e d
‘

e o
p p

e r
d i

m

e r
w i

t
h

a s
i
n

g l
e

al
k

o x o 一b r id g
e
.
E l
e e tr o e h e m i

e a
l
s tu d i

e s o n t h
e e o

m P l
e x

i
n
d i
-

ca te d th
a ‘ s‘

ru
c ‘u r a l “h a n g e s o

CC
u r

re d 申
ring ‘h e

re d u e ti o n 一o x id a tio n e y e le t h a t w e re n o t in
co m P a tib le w ith

a

b ri d ge
一b re

a
k i
n g a n

d 一m
a k in g P ro ee

ss
.
I f th

e r e
1
5 n o

e n
d
o g e p o u s b ri d g

e P r e se n t i
n d e o x y h a e m

o e y a n i
n ,

b
u t t

h
e r e

1
5

su ch

a
b ri d g

e
,

e v e n
i f i

t 1
5

h y d
r o x

i d
e

,

i
n o x

y h
a e

m
o e

y
a n

i
n

th
亡n

a b r id g
e es

m
a
k in g

a n
d 一b

r e a k in g P r o e e s s m
u s t o

ccu

r o n re a e -

ti
o n o

f th
e d i心

o P P e r s it
e w ith d io x y g e n

.
T h e e o m P l

e x
(7 ) w

a s

th
e比fo 比

view ed
as a sP eeulative m od elfo r th e h aem oeyan in site

.

‘

W

i
th th

e

b

en

e

fi
t

o

f h
i

n

d

s

i
g h

t
o

ffe

r e

d
b

y
t

h

e s
t

ru

c
t

u r e o

f d

e o x

y h

a e

m

o e

y

a n

i

n

i

t

1

5 n o

w

a 。

伪p 忱吐血at Ph eno la te (fr o m tyro sine) and alk oxide (fr o m serine or th reon in e) eann o t aet as th e

en dogenou s b ri dge and 50 o ne o f the m ost eogent eo m m ents arising fr om th e early m odellin g
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s t u d s
e s

w
a s

L i p p
a r

d
‘5

i
n t e r

p
r e t a t i

o n
t
’5 】 o r h is re su 一ts rr o m co m p 一

e x
(8 ) w h i

eh sta ted th a t
“

山e

st abi一ity a n d u b iq u ity o r 山e e u Zo H 3
+ un it su ggest th at the

‘
e n

d
o

g
e n o u s

’

p
r o t e

i
n

b
r
i d g i

n
g

l i g
a n

d m i g h t s
i m P l y b

e
th

e
h y d

r o x
i d

e a n
i
o n

: I t
1
5 n o w

n e

ee
s s a

ry
t o a s

k i f
t
h

e
re 1

5 a n
y

r e
q

u
i re

-

m
e n t

fo
r a n e n

d
o

g
e n o u s

b
r
i d g

e a t a
l l

.

B
e
fo

r e a
d d re

s s
in g t h i

s
P

r o
b l

e
m h

o
w

e v e r
i
t

1
5

i m P
o

rt
a n t t o

d
r a

w
a t te

n t
i
o n t o t

h
e s e

m i
n a

l
s t u

d i
e s

m
a
d

e
b y K

e n n e
t h K

a
ri i

n a n
d h i

s

co
一w o r k

e r s o n
th
e

a e t iv a t io n o f d io x y g e n b y d in u e l
e a r

co P P e r cc
n tr e s i

n v o
l
v
i
n g P h e n o la t o 一b ri d g

e s a n d o n
m
o d e l

Sy
s te m

s
fo
r
co
P P e r m

o n o 一o x y g e n a se a e ti
v
it y
.
T h is w o rk h

a s b e e n re v ie w e d b y th e in v e s t ig a t o r s

a n
d
s o w 川 n o t b e d iseu sse d fu

rth er h e rell61
.

昌
尸
\

/ 。、/
内、

争《
{

,
.

。
、_

,

昌
、

甲入
。
户勺

.
昌

O公
H
黔价

丫
_
一

毕
从了
0
、夕

令/咦

工N/工H甘

8

筋 T h e p o s卜即dogenous bridge era
.

D u ring th e eou rse of stu d ies on ligand s eaP able of P rovid ing en d ogen o us bridges it b eeam e

aPP arent fr o m the stru ct u res o f several m on o nuelear b ariu m eom Plexes o f fu nction alised

七tr a im in e S ch iff b
a se m ae ro cy

ele s th a t th e m a ero e y elie lig a n d s h a d fo ld e d to P re sen t m o Ie eu la r

cl e rts in to w h ieh th e m e ta一io n s e o o rd in a ted [17]
.
T h is m o d e o r m e ta一in co 印

o ration is no td issim i
-

lar to that of m etallo P ro tein s in w h ieh the rc qu isite m etal 15 b ou nd in a Po ek et o r eloft P ro du cc d

by the eonfo rm
ati on al arrangem ent o f th e Pro te in

.
o u r obiect ive th en beca m e the sy nthesis o f

fiexib le m aer ocy cl es eaPah le o f generating eleft s fo r m eta l co
ord in ation w ith ou t th e P re senee o f

a ligand 一b a s e d e n d o g e n o u s b r id g e
.
I n o rd

e r
to d o th i

s a
sc
r
i
e s o

f b ib
r a
cc h i

a
l
,

o r
d

o u
b l y P

e n
d

a n t

a

rm

e
d

,

m
a e r o

Cy
e

l
e s

w
e r e s

y
n

t h
e s

i
s e

d fr
o

m Z

,

6 一d i
acc

ty lP y ri d in
e a n

d
a r a n g e o f N

,

N
一b i

s
( 3
一a m i

n o P r o P y l)
一a n d N

,

N
一b is (2

一a m i
n o e th y l)一

a lk y la m in e s u sin g b a ri u m o r silv er( I )

tc m p一a to s[, . 1
.
T h e r e s u 一tin g m o n o n u ele a r b a riu m co m p l

ex es a n d d in u cl ea r 51一v e r( I ) co m p l
e x es

we re fo u n d to h a ve th
e req u ired eo n fo

rm
a ti o n a n d in th e la tt er ca s

e s th e m eta ls w e re seP a ra te d

b y d ista n cc
s ra n g in g fr o m 2

.
9一 > 6

.
0 A d e p e n d in g o n th e n a tu r e o f th e d o n o r g r o u p s in th

e

pe
n d a n t a

rm
s a n

d
o n th e le n g th o f th

e e a r b o n a to m
e
h
a
i
n s P r e se n t i

n
th
e la te r a l d i

a
m i
n e d e r i

v e
d

S P a沈rs
.

T ran sm etallation of th e bariu m eo m Plex of the m aeroeyele d erived fr om N
,

N
一b i

s
(2
一 a m i

n o e th y l)
一2 一m

e th
o x y e th y l

a
m i
n e r e a d ily g

a v e a
d i
n u
cl
e a r e o P P e r ( 11 )

e o
m P l

e x
.
T h

e

X 一r a y e
ry
s t a l

s t
ru
e tu re

o
f w h ie h s

h
o w e d th a t th e e

l
e ft e o n

fo
rm

a tio n h a d b e e n

d e s tr o y e d ( s
e
h
e
m
e 一 a n d F ig u re 一)[

191
.
^ 5 th e p rim a仃 objeetive at th at ti m e w as to reeo ver a

co m Plex in w hieh th e cl eft co
nfo rm atio n w as re ta in ed and w h ieh eou ld b e u sed as an

en d ogen ou s b ridge-- l
ess h aem oeyan in m od el itw as obv io usly n eeessary to reth in k

.
Itw as d eeid

-

ed that red uetio n of the
‘

i m
i

n e

b

o n

d

s

i

n
t

h

e

l i g

a n

d

s

w

o u

l
d g i

v e a

m

o r e

fl

e x

i
b

1

e a n

d m

o r e s
t

a

b l

e
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igand sy stem and th is

泊d iu m b o ro h y d ri d e
.

w a s a ch iev ed b y red u e tiv e d
em e ta lla tio n o f th e d isilve r co m P lex e s u s in g

R e a eti o n o f th e re d u cc d m e回一fr ce m
a e r o

Cy cl
e s w ith

e o P P e叹11 ) th en

笋v。co m p 一e x e: o r sto i比i
om et订 e u 3以o R )

2(e 一。刁,
n
H

Zo t201

.

女悦
n 比 宜

C l l C 2 8

C 2 7

C 2 6

F ig u r e 1 M
0 1e c u la r s t ru

e tu r e s o f t h e e a t io n s fr o m t h e m o n o n u e le a r b a ri u m a n d d i n u e le a r

co
p p e r( ll )

e o m p l e x e s sh
o w i n g th

e o 件ning up ofthe m oleeular eleft

Ill

w e had

rel
ate d w ork w ith th

e a灯cl ie ligand l
,

1 1 一d ia m in o 一6 一h y d ro x y 一4
,

8 一d ia za
u n d e ca

n c

p rc p a r e d a tr i
n u cl

c a r
co ln p l

c x
C
u JL C I

, ·

Z H
Z
O

a n
d h

a
d

a s ,
i g

n c
d

,

fr
o

m
t h

e
F

.

A

.

B m

.
s
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rc su一ts a n a in th e a b se n ee o r su ita b 一e e即sta 一5 ro r x 一r a y a n a 一y sis[21]
,

t h
e

ro
rm

u
l
a t i

o n

(
9

)

.

I t w
a s

n o t e d t h
a t t h i

s e o
m P

o u n
d d i

s
P l

a
y

ed

t h
e

b
a s

i
:

fo
a t u

re
s o

f th

e t r
i
n u e

l
e a r s

i te d
e t e

rm

i
n e

d fo
r

a s

co

r
b

a t e o x
i d

a s e
.

B
o

th
o

f t h
e a

b
o v e s

P
e e

i
e s

h
a v e

P re se
n t a

d i
n u e

l
e a t i

n
g

ce

n t r e
w h i

e
h

ca

n
b

e

d i re
e t

l y
a t t a e

h
e

d t o a t h i
r
d

e o o r
d i

n a
ti

n
g

s
i
t e v

i
a

d
o n o r a t o

m
s s

i t
e

d i
n

P
e n

d
a n t a r

m
s

.

C
o n s e

q
u e n t l y i

t w
a s

P
o s s

i b l
e t o

co

n

ee i
v e t

h
a t s u

i t
a

b l
e

m
o

d i fi ca
t i

o n o
f th

e
P

e n
d

a n

t--

a

rm

e
d

m
a e r o e

y
e

l
e s

w
o u

l d l
e a

d t o a
m

o
d

e
l fo

r t h
e t r

i
n u c

l
e a r

co
P

pe

r s
i t e

i
n a s e o r

b
a

te
o x

i d
a s e

.

a

/ 、/ 、

《。一

叭空
b1O

BeforediscussingthetrinuclearmodelitwouldbeaPProPriatetoeommentbrieflyonPostee吧n d o g e n o u s b ri d gc m
o
d
e
l
s
fo
r
h ac m

o e y a n i
n
.
I f

n o e n d
o g e n o u s b r id g e 15 r e q u ire d th

e n a

m
o
d
e
l
c o

m p o u n d 川ust be con sid e
red

in w h ich th e u nsu p porte d c
u…c u sep aration 15 ca

.
3
.
6 A
.

A range o f P o1yPod a1 ligan ds in w hich th
e sP ace r grou Ps betw een th e P od and s h ave no b rid ging

prop er石e s h a v e b cc n d ev ise d [ 22 一24 1 ; t h
e

p
o
d
a n

d
s u

耐 h
ave bee n derivea rrom pyridsne,

而id
azo一es

,

p y
ra

z o
l
e s o r a

m i
n e s

.

^ co
n s

ta
n t re

a t u
re

o
r 比e d inue一e a r e u ll eo m p一e x es o r th ese

lig a n d s 15 a n 8
.
0 A

,
o r

g
r e a t e r

,

i
n

t
e

rm

e t
a

l l i
e s e

p
a

ra
t
i
o n

:
th

e s
m

a
l l m

o
l
e e u

l
e

m
o

d
e

l d
o e s n o t

h
a v e

th
e n a t u r a

l
co

n s t r a
i
n

ts i m P
o s e

d
o n

i
t t

h
a t

th
e P

ro te i
n 饵n offc

r th e b io site and 50 there 15 a dis
-

ti n et syntheti e ch allenge in this are a
.
T h e d ico P Per( I ) co m Plexes o f the ligand s (1印 reaet

re versibly w ith dio xygen and ca n be d ire etly in te rco
n verte d th rough se veral Cy cl es w ith re lative

·

一y litu e 一ig a n d d e eo m p o sitio n [2刀
.
T h is

.re in ro rcc
s 山e co

n
哪
tthatanendogenousb石d g e 15 n o t a

P rc 一r e q u is ite fo
r
re
v e r s ib le d io x y g e n b i

n
d i
n g
.
T h

e d i
e o P

PC 叹11 )
sPeci es fo rm cd in the exPeri

-

m ents are believed to be Peroxo一sP e e ie s a n d a
re
e
.
P
.
r
一
silentin fr ozc n solution w hich suggests

th at a single 召一P e r o x o 一b r id g e ca
n P r o m

o
te th

e s tr o n g a n
ti fe rr

o
m
a g n e tism fo u n d in

o x y h a e m
o e y a n in

,

A

s

i
m

i 一a r
·

o

b

s e

rv

a
t

i

o n

h

a s

b

e e n

m

a

d

e

ro

r s

i

n

g 一y b rid g ed d in u ele a r e u n eo m
-

P le x es d eriv ed fr o m tw o seP a ra te trid en ta te tris一(3
,

5 一d im
e th y lP y

r a z o
ly l) b

o
ra te t r iP o d a l

一ig a n d s[251 th u s p ro m o 石n g th e th o u g h t 山at a dinu e一ea tin g 一ig a n d m a y n o t b e e ru
e ia一to th e m o 一

d
e
lli
n g P r o cc

s s
.
R e ee

n t P u b lica
ti
o n s w it h m

o n o n u e
l
e a
ti
n g lig

a
h d
s h a v e n r o v id

e d e x e iti
n g re s u lt s

co
n
cc
r n
i
n g th

e P o s s ib l
e n a t u r e o f

a n y b r id g e w ith i
n o x y h

a e
m
o e y a n i

n

U
s
i
n g t h e te tr a d e n ta te t r iP o d a l lig a n d tr is [2

一P y r id i
n y l】m

ethyl一a m in e ( 1 1 ) K a r lin a n d h is

co w o rk
e rs h a v e s h o w n u n a m b ig

u o u s一y th a t e u 1 co m p 一
ex es ea n rev e rsib 一y b in d a io x y g en w ith

-

o u t th e p re sen cc
o r a n e n d o g e n o u s b rid g e [261

.
T h e d in u cl e a r e u n 一p e r o x id e sp e e ie s ro

rm
e
d 1

5

e
.
P
.
r

一
silentand the X 一ra y s tr u e t u re o

f t h i
s e o

m P
o u n d s h o w s t h e P r e se n e e o f a t

ra
~

1
,

2 一b
r
id g i

n g p e r o x id
e s tr u e tu re

s u s ta i
n
i
n g a C

u … C u separatio n of 4
.
36 A

.
w h il

st th is 15 n ot a
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Pree isc m
od elfo r th e b io site it do es elim inate the likelih oo d of a rra

~
l

,

2 一b r id g in g P e r o x id e a t

th
e b io s ite

.
M
七r e re cc

n tly K
a r lin h a s s h o w n th a t it 15 P o s s ib le to

r e v e
rs ib ly re

a e t d io x y g e n w ith

co p p e r( I ) co m p le x e s o f l
,

2 一d im
e山y一im id a z o 一e[27]

.

乡Z
/�\O\/O|O/\c代护 称飘

,

粼 宁今
过岁 \一“

火一/ 一
N

11 12

T he strong antifo rrom agnetie eouPling Presc ntin a林一P e ro x o tr is一P y r a zo ly lb
o r a te

co m P le x

h
a s
b
e e n r e

rc
r r e

d to e a r lie r[2 51
.
T h

e
x 一

r a y e叮sta 一stru
ctu
re o r比e co m p一e

x d e‘v e d rr o m tris一(3
,

5 一d i一iso p r o p y lp y ra z o ly l) b o ra te
,

[
C

u

( H B 一(3
,

5 一护rZp z), ) ]硕0刁
,

(
1 2

)」
,

h
a s

b
e e n

ca

r
ri

e
d

o u t

a n
d

r e v e a 一5 a n o v e一尸一叮2 : 叮2 b r id g in g e o o记in ation or山e pero xide[281
.
T he e u…e u sc p ara tio n

15 3
.
56人

,
s
i g

n
i fi ca

n t l y
s
h

o r t e r t h
a n t h

a t
fo

u n
d i

n

th

e

co m p l
e x

d
e

ri
v

ed
fr

o
m (

1 1
)

w h
e

re th

e

tr a

一
拜一 l

,

2 一m
o d e w a s fo

u n d
,

a n
d

e o n s
i
s t e n t w i th

t h
e

E X A F S ee d
e r

i
v e

d d i
s t a n

cc

o
f 3

.

5 8 一3
.
6 0

人 fo r oxyh aem oeyan in
.
T h e eom plex 15 d iam agn etic an d 50 th e d o se Physico 一它b

e
m ica l e

o
m
-

P a ri
s o n s b e tw e e n it a n d

o x y h
a e
m
o e y a n i

n le d to th
e P o s tu l

a ti
o n th

a t
,

i
n

th

e a
b

s e n

cc

o
f

a s e c o n
d

b
r

i d g i
n

g
s

p
e c

i
c “,

a
p

c r o x

i d
c C o u

l d b
c

b
o u n

d i
n t

h i

s n o v c
l w

a
y

a
t

a
t y p

e--

3 b i叭etallo biosite
·

B i

n

d i

n

g
m

o

d

e s

fo

r

P

e r o x

i d

e a r e

d

e

P i

e
t

e

d i

n

F i g

u r e

2 A

c 甘we料一 l
,

2 一b ri d g in g m
o d e h a s

ge
n e r a lly b e e n P ro p o s e d fo

r th e P e r o x id e i n h a e m
o e y a n in o n

th
e b a sis o

f m
a g n e ti e a n

d

s P ee
tr o s

co P i
e
m
e a s u r e

m
e n t s b u t th

e r e
h
a s

b
e e n n o

d i
r e e t e v id

e n
ee fo

r th i
s b i

n
d i
n g m

od
e
.
F
r o
m

m
o
d
e
l
s
tu d i

e s
it h

a s
b
e e n n o te d th a t o n e一a to m

e n d o g e n o u s b r id g
e s s u P P o r t a s c c o n d

o n
卜
atom

exogenous bridge w ith C u一 C u separati on s o f ca 3
.
o A w hereas w hen the s

cco
nd b ri d ge 15

co m po sc d or tw o一a t o m s t h
e se p a r a tio n 15 ca 3

.
6 人t29 1

.
e on sequ ent一y a 拜一

,

一m
ode ro r 山e

pe ro xide b ind ing has been d isregard ed an d u ntil the P ub lica tion of the ab ove w ork a 拜一1
,

2 一m
o d e w a s r e g a rd e d

a s
m
o r e e o

m P a t ib l
e w ith th

e
k
n o w n i

n te r m
e t a lli

e s e P a ra t io
n
.
L a s t y e a r

山e e即stal stru etu re or o xyh aem oeyan in w as n na l一y 50一v ed a n d th e p re se n ce o r 山e 拜一冲2 :

叮2 b ri d g in g eo o rd in a tio n o r th e p ero x id e w a s e o n n rm ed [30l
.
T h is th ere fo re p ro v id e s a su

ccc

ss

sto ry fo r m o d ellin g stu d ie s
.
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M M

M ·
o
一
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林
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“
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1
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2 B i

n
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n
g

m
o

d
e s o

f
P

e r o x
i d

e

M

有
\M

、、 火 /
U

协
一

n
2

.

1一2
.

4

S y
n t h

e ti
e a n a

l
o
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e s
fo
r t h

e

T h
e
T
r
i
n u c

l
e a r

S it
e
M

o
d
e
l

tri
n u
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e a r s

it
e
i
n a se o r

b
a te o x

id
a s e a n d th

e r e
l
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‘
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o x
i d

a s e s a r e s

ca
rce

.

T h
e
re

a
re

n u
m

e

ro
u s

.

ex

am

P l
e s

i
n

th
e

l i te ra
t u

re
o

f h y d
r o x o 一b ri d g ed

tr ia n g u lo 一co p p e r ( n )
e o
m p 一e x es

,

d
e

p i

cte

d
s

比
em atieal ly in (一3 )[3 , ]

.
T h

e y a r e
m

o s t l y b
a s

ed
o n

闪u ilateral tri angles of eo p per atom
s w ith inte rm

eta llic d ista nce s cl ose to 3
.
0 A an d sup po r忆d

b y a t le a st o n e 拜3一h y d
r o x o b ri d 罗; th ere 15 a singl c com p lex derived fro

m a po lyto pic

m acr o卿cl ie 一ig a n d w h ieh h a s a d o u b一e ”3魂yd
roxo bridge[3习

.
o n e h ex a n u cl e a r co p p

e式u )

co m p lex
,

d
e

ri
v

ed
fr

o
m

a
p

o
l y p

o
d

a
l l i g

a n
d (

1 4
、

x = N
,
)

,

h
a s

be

e n
re p

o

rte

d O
3
1 i

n w h i比 比ere are

tw o
aP Pro xim ate ly iso seeles tri an gular a

rra
ys of coP Per(11 ) atom s Pre sc nt

,
e a

ch
h

a v
i
n

g

ty p
e 一3一ike pairs o f cop per atom s havin g 3

.
llA se p arati on and su pp ort ed b y an

en do gen ou s

P hen ox o一b ri d g e d e riv ed fr o m th
e lig a n d : th

e
th ird co P P e r 15 d ista n t fr o m th e P a ir

by 7
.
7 5 a n d 7

.
4 6 人 respeetively

.

, ‘ X 一H
.Na : PY 一 2一

l吻l

In o u r a tte m P t to P re P a re a sy n th e tie a n a lo g u e fo
r tri n u cl e a r site in a sco

rb a te o x id a se th
e

di silve
r d iP rim a ry

a m in e p e n d a n t a rm ed m a ero cy cl i
e
co m P l

e x
( 15 ) w

a s fi rst P re p a red
via th

e

si lv er ( I ) te m P l
a te d [2+ 2』

eyeloeo nd en satio n o f tri城2一
am

i
n o e

th y l)
a
m i
n e

( tr
e n
)
a n
d Z

,

6
一d i

a
ee ty lp y ‘d in e[3,]

.
T h

e st扭etu re o r比e d ica tion sh ow s 比e 一ig a n d to h a v e 由e cl ert eo nro rm 冬

ti o n w ith th
e silv er io n s b o u n d in th e d iim in o P y ri d yl h ca d u

n its o f th e m a cr
o ey cl e a n d se P a

·

ra
t

ed
b y

_

3

.

1 7 A

.

F
u n

ct i

o n a

l i
s a

t i
o n o

f (
1 5 ) i

n o

rd

e r
t
o

i

n
t r o

d

u

ce

a s tr
o n

g
e x o 一m

a e r o卿elie

co PP er b ind ing site w as aeh ieved th rou gh reaetio n w ith salicy lald eh yde to yield th e d inu cl ear

ai lve叹I ) co m Pl
ex (16)

.
A dd iti o n o f on乡e q u iv a len t o f e o P P e式11 ) ace ta te an d tw o eq u ivalents

o f eoP Per(11 ) tetrafl u o ro bo rate to a re fl ux ing so lu ti on of (16) in m eth ano l/ aceton itri le ef-

fe cte d
tran

sm
eta llation ;

.ad d itio n of an excc ss of sod ium Perchlo rate th en led
,

o n e o o
l i

n
g

,
t o

th

e

i
s o

l
a

ti
o n o

f d
a r

k g re
e n e r

y
s t a

l
s a n a

l y
s

i
s o

f w h i
c

h i
n

d i ca
t
e

d t h
e

fo

rm

a
ti

o n o
f th

e
t ri

e o
P P

e r

( 11 )

h y d
r o x o s

p

eei

e s
C

u 3

( O H ) (
L

) ( C I O
一
)
3 ·

3 H
z
o

,

(
1 7

)

.

产名
、

(BF 一抢

15
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X 一ray
c
ry
s
ta ll

o g ra P h y co
n fi
rm ed th

e P re sen ce o f a d is

crc
te tri

n u cl ea r co P P er sP ed e s b o u n d

w i比in 比e m acro 卿cl ie rra m
ew o rk (F igure 3)[”1

.
T h e cl u ste r 15 co m p ri耐

ora 拼厂hydroxo

bri d罗d Pair
,

C
u

(
l

)
a n

d C
u

(
2

)

,
a n

d
a n o n 一b ri d g ed co P P e r a to m C u (3 )

.
T h e tw o m eta l io n s o f

th e d in u c le a r m o ie ty
a re sc p a ra

ted
b y 3

.
6 人 w ith a C u (1)一。H (一)一e u (2 ) a n g一e o r 13 7

.
5 0

.
^

SCa
le n e 侧

an
, la r arra

y 15 co mpleted by th e th ird eOPper atom Cu(3) with Cu(1)一C u (3 ) a n d

C u (2 )一C u (3 ) d i
s
ta
n
ee s

o f 5
.
9 A

a n d 4
.
9 A res

p e cti v el v
.

‘ J I

C 】3

C 4 1

F i g
u
re 3 M

o
lec

u
l
a r

st 几etu re ofth e ca tion fr om th e tr inuc l
ear eoP Pcr (11 ) co m pl

ex (17)sh
ow in g

th e oPening uP ofth e m oleeularcleft

T he co
o
rd i
natio n geom etri

es aro u nd th e co PP
er atom s of th e hyd ro

xo brid gcd P air,

C u ( 1) an d C u (2)
,

m
a

y b
e

d
e

se
r

i b
ed

a s
d i

s t o

rte
d

s
q u a

re b
a s
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