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( , 116029;

Na(HB(pz);) Na(HB(3, 5-Me,pz);)

, VO(HB(p2)s)(pz)(SCN)(1)

(SCNH),(2).
. 1876
, 1971
[L2]
(bromoperoxidase nitrogenase),
[3~6]
6.7
30 ,
18]
, SCN~
9~15

VO(HB(pz):)(pz)(SCN) (1) VO(HB(3, 5-
Me;pz)3)(3,5-Me,pz)(SCN)(SCNH), (2)
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VOSO4-nH,0O KSCN

VO(HB(3,5-Me,pz);)(3,5-Me,pz)(SCN)-

B >

) 1 2 X
1
() . JASCO FT/IR-480
(200~4000 cm™', KBr ); JASCO
V-570 - (200~1100 nm,
); PE240C ; JASCO FP-6500
( ). VOSO, - nH,0, ,
16,17
() VO(HB(pz)3)(p2)-
(SCN) (1) 1.0 mmol

(0.24 g), 1.0 mmol (0.068 g), 2.0 mmol KSCN

(0.19 g) 1.0 mmol VOSO,-nH,0(0.23 g, VOSO,
71%) 4h
0.32 g, 80%( VOSO4 ) C13H14-
BN,OSV ( )%: C, 38.20(38.42);

H, 3.41(3.45); N, 30.98(31.03).
VO(HB(3,5-Me,pz);)(3,5-Me,pz)(SCN)-
(SCNH),(2) 1.0 mmol
(0.32 g), 1.0 mmol (0.096 g), 2.0
mmol KSCN (0.19¢g) 1.0 mmol VOSO,-nH,0 (0.23
g, VOSO, 71%)
4 h, ,
, 0.38 g,
). Cy3H3BNj0OS;V (
43.70(43.36); H, 5.12(5.03); N, 23.98(24.19).

60%( VOSO,
)%: C,
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a4 3 8 & 51 3 2006 2

() ) 0.45
mm>=<0.30 mm>=0.10 mm 1 0.40 mm>0.30
mm><0.25 mm 2 , Rigaku AFC
TR Mo Ka
. : 1, 2.71°=6<27.53°;
2,2.56°=0=27.53°. 1,
4619 4251 ,2736  (1>20(1))
; 2,
6591 6144 ,3059 (1>20(1))
Lp
Fourier s
, 2 2
SHELX-97 Y Pentium PC 1
) 1 . ; 39,290 , 489
: P21/n, a = 8.894(3) A, b = 14.994(4) A, ¢ = ; 2 63,394
14.1492(16) A, = 102.659(16)°, V=1841.0(8) A°, Z = , 657
4, D,=1.462 g/lem’, S=1.029, , R = ,
0.0434, WR, = 0.1096, Apmu = 0.446 €A™, Appin = (Cs ).
-0.322 eA”, 2: , :P-1, a =
11.059(2) A, b = 16.349(3) A, ¢ = 10.154(2) A, a = Mulliken
98.958(19)°, B = 115.785(13)°, y = 71.567(15), V =
1567.9(5) A%, Z =2, D, = 1.344 g/cm’, S = 0.995, 2
, Ri=0.0738 , WRy = 0.2051, Appsx = 21
0.713 €A™, Apmin = —0.833 eA™. (
1 2, . 1. ) ( )
) . Gaussian98W ( 3).
, Hartree-Fock , 3-21G*(6d, 71) 1 2 21
g8 2 1 , 2 ,
?{ ; IR 2
) N, N- ) ,
CHCl;, CH,Cl,, CH;CN  THF
2.2
4 )
3000~3500 cm™ , ,
3433 3432 cm' 1 2
N—H . 3000~2000 cm™ ,
1 , ,
i 1 ' 2509 ¢cm™'  B—H

1) Sheldrick G M. SHELXL97. Program for the refinement of crystal structures. University of Géttingen, Germany, 1990
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51 3 2006 2 4FE K
1 A) )
1 2 1 2
() ( )HB(pz);  HB(Mexpz);
vV—0 1.597(2) 1.584(4) B—N(1) 1.518(4) 1.520(8)
V—N 2.036(3) 2.031(5) B—N(3) 1.544(4) 1.540(8)
V—N(2) 2.264(2) 2.330(5) B—N(5) 1.541(4) 1.545(8)
V—N(4) 2.103(2) 2.104(5) N(1)—N(2) 1.359(3) 1.383(6)
V—N(6) 2.083(2) 2.087(5) N(3)—N(4) 1.359(3) 1.375(6)
V—N(8) 2.112(3) 2.116(5) N(5)—N(6) 1.361(3) 1.374(6)
0-V-N 96.57(11) 96.9(2) C(9)-N(5)-B 130.5(3) 130.7(5)
0-V-N(6) 95.96(10) 97.1(2) N(4)-N(3)-B 121.3(2) 119.5(4)
N-V-N(6) 167.40(10) 165.98 (19) N(6)-N(5)-B 120.6(2) 119.5(4)
0-V-N(4) 97.87(11) 97.71(19) N(1)-B-N(5) 108.9(2) 110.5(5)
N-V-N(4) 93.62(10) 90.41(19) N(1-B-N(3) 107.7(2) 108.1(5)
N(6)-V-N(4) 83.41(9) 86.45(17) N(5)-B-N(3) 106.6(2) 109.4(5)
0-V-N(8) 99.12(11) 96.3(2) ()
N-V-N(8) 90.15(10) 91.4(2) S—C(13) 1.611(3) 1.619(6)
N(6)-V-N(8) 89.11(9) 88.30(18) N—C(13) 1.165(4) 1.170(7)
N(4)-V-N(8) 162.06(10) 165.53(18) N(7)—C(12) 1.336(4) 1.343(8)
0-V-N(2) 178.92(10) 178. 6(2) N(7)—N(8) 1.346(3) 1.361(7)
N-V-N(2) 84.05(10) 84.40(19) N(8)—C(10) 1.331(4) 1.332(7)
N(6)-V-N(2) 83.40(9) 81.65(17) N-C(13)-S 179.1(3) 179.3(10)
N(4)-V-N(2) 81.20(9) 82.94(17)
N(8)-V-N(2) 81.75(9) 82.97(17)
~ 1 Na 90
N—N\ 80’\m
N [
VOSO, + Rm B—n "
e I
N/N 40
R Z TR g 30 ! 1 L .(a)
B 99
R@R KSCN %
R 40
N I
T 0 TN ()
/ N/TII\I\ ” N 11(())00 30100 20100 10100 . 220
/I/\I—— ~J A\ R -
H—B R \ ser/om”!
=
RA__~R ¢ 4 1(a) 2(b)
S
R =H(l), CH,(2) >
3 1 2 C—H , 2971 2927 cm™
2538 cm™' B—H , 2088
2074 em™  SCN em™ SCN 2000~1000
, 3000 cm™' em™ , )
2927 2846 cm’! C—H 1 . 1628, 1503, 1405, 1391,
2, 3 , 3000 cm™ 1355, 1308, 1213, 1130, 1117, 1070, 1053 cm™".
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2 1624, 1572, 1541, 1447, 1417,
1383, 1373, 1285, 1417, 1383, 1373, 1285, 1203, 1131,
1109, 1069 cm™.

C=N,C=C,N—H ,
, . 1000~
220 cm™’ , V=0 V—N
,966 968 cm™! 1 2 V=0
) 2, V—N 473,
436, 401 cm™' 1, V—N
483, 383, 364, 350 cm™'

2.3

1 2
240, 326, 527, 735 nm 240, 336, 531,
, 240~336 nm ,
s 240 nm

, 326~336 nm , 2
1 10 nm,
. 527~735 nm R

d-d

708 nm

T-m*

2.4

5 VO(HB(pz)3)(pz)(SCN)
s 300 nm

360 nm

, , VO(HB(pz)3)(pz)-
(SCN) ( 5 )

290 nm

40

0.7

0
30 2907350 400

F(a.u.)

@ 20

10 . L . L .
200 250 300 350

Fe/mm
5 1
250~400 nm
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150

HE (au)
2 3
j '

0 "
300 350 400 450 480
Fenm

6 Na (HB(p2)s) (1) 12

200
= 150
E 100
%
S0
0 L . T
300 350 400 450 500
FE/mm
7 Na(HB(3, 5-Me,pz);) (1) 2(2)
s 300~450 nm
Na(HB(pz);) Na(HB(3, 5-
Me;pz);) T, T ,
Stoke ,
6 b
VO(HB(pz);)(pz)(SCN) Na(HB- (pz)s)
, V() V( e
V( ) . 7 Na(HB(3, 5- Me;pz)3)

VO(HB(3,5-Me,pz);)(3,5-Me,pz)(SCN)(SCNH),
VO(HB(3,5-Me,pz);)(3,5-Me,pz)(SCN)(SCNH),
Na(HB(3,5-Me;pz);) ,

V()
2.5
(1, 1 ; 1,V
N (N2, N4,
N6) (N8) ()
N , VN;O
. ,N4, N6, N8, N
, 0.0043 A, V
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51 3 200 2 4%EFd K
-0.26824, N2 O 3 1 2
1.9956A —1.8654A
V—N4, V—N6 V—N2 ’ (HOMO)
2.103(2), 2.083(2)  2.264(2)A, V—N2
, V—N2
[14] T ’
: d (O, N,
1 ,Vv=0 1.597(2)A, vV—0 S) p . 5 3.5
, V—N V—N8
2.036(3), 2.112(3)A. 4 N-V-N4, 1 (2. 1 7 5
N6-V-N4, N-V-N8, N6-V-N§ 93.62(10)°, 1
83.41(9)°, 90.15(10)°, 89.11(9)°, N2- V-0 1 2 .
178.92(10)°, , , ’ 3)
. 1, N 0

, N-C-S 179.1(3)°, 4

@ +2 ( 1 2

' ) ’ 1.993  1.514).
3 (N2, N4 N6) ’
, VN;5O
, N4, N6, N8, N , g
0.01975A, V,N2 Ol 3,5 . 4
0.2385(3), —2.1245(3)  1.8298(3)A. 1 2

1 2 : 1 2 ~
V—O0 (1.597(2)A) 2 V—O 1 2 ( —0.3983
(1.584(4)A) , 4 V—N (N, -0.7704), N
N6, N4, NB8) 2.036(3), 2.083(2), 2.103(2), : vV—0
2.112(3)A, 1 4 Mulliken \% 0
V—N : 2.031(5), 2.087(5), 2.104(5), 2.116(5)A. ,V N .

1 V—N2 (2.264(2)A) 2 1, V—N , V—N(N, N8),
V—N2 (2.330(5)A). 2 0.143679, 0.143679; 0.105205,
N-V-N 91.4(2)°~86.5(2)°, 1 0.102286 (N4, N6), ; V—N(N2)

N-V-N (93.62(10)°~83.41(9)°), 0.089849. 2, V—N ,

V—N(N), 0.100166;
: 2 0.023925(N4); 0.047962, 0.048886 (N8, N6);
N-C-S 179.7(1)°, 1 V—N(N2) 0.056485.
2 1 2 ( : hartree)?
HOMO-3 HOMO-2 HOMO-1 HOMO LUMO
1 —0.33585 -0.31005 -0.30874 -0.30027 -0.01952
2 -0.31321 -0.26227 —0.24275 -0.22050 - 0.04934

a) 1 hartree = 110.5>< 107" J
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V. SV | 51 3 2006 2
3 1
1 2 1 2
A% 1.995116 1.513782 C6 0.218860 0.424679
0} —0.398382 —0.770430 C7 0.240922 0.425477
N —0.923001 —0.829007 C8 —-0.479100 —0.458559
N2 —-0.666299 —0.523665 C9 0.232496 0.430290
N4 —0.587412 —0.551038 C10 0.156424 0.398326
N6 —0.643045 —0.542871 Cl1 —0.473444 —0.474752
N8 —0.723081 —0.534091 C12 0.109348 0.429773
N1 —0.675646 —0.826484 C13 0.411390 0.282621
N3 —-0.712274 —0.813598 Cl4 —0.669747
N5 —0.677908 —0.814970 Cl15 —0.669674
N7 —-0.361620 —0.625045 Cl6 —0.689575
B 1.216111 1.492095 C17 —0.665767
Cl 0.238574 0.402178 C18 —0.687465
C2 —0.485072 —0.465122 C19 —0.673489
C3 0.239182 0.440777 C20 —0.673135
C4 0.228449 0.391414 C21 —0.651164
Cs —0.490609 —0.451481 S —-0.116909 —0.295648
11  Leslie F L, Michael O W. Ethanolates and heterocyclic amine
complexes of vanadium ( ). Inorg Chim Acta, 1983, 71I:
( 1 2004-2007) 81~86[DOI]
( 1 20571036) 12 Carrano C J, Mohan M, Holmes S M, et al. Oxovanadium ( )
( : 05L212) alkoxo-chloro complexes of the hydridotripyrazoly; borates as
models for the binding site in bromoperoxidase. Inorg Chem, 1994,
33: 646~655[DOI]
13 Collison D, Eardley D R, Mabbs F E, et al. Synthesis, crystallo-
1 Plass W. Supermolecular interactions of vanadate species: vanadium graphic and spectroscopic characterization, and magnetic proper-
() complexes with N-salicylidenehydrazides as versatile models. . . . . . .
ties of mixed-ligand oxovanadium ( ) hydrotris (3, 5-dimeth-
Coord Chem Rev, 2003, 237: 205-212(DO1] _ ylpyrazolyl) borate complexes. Inorg Chem, 1993, 32(5): 664~671
2 Crans D C, Smee J J, Gaidamauskas E, et al. The chemistry and [DoI]
biochemistry of vanadium and the biological activities exerted by 14 Kime-Hunt E, Spartalian K. Derusha M, et al. Synthesis, charac-
vanadium compounds. Chem Rev, 2004, 104: 849~902[DOI] ’ ’ ’ ' ’
3 Shechter Y. Insulin-mimetic effects of vanadate. Diabetes, 1990, terization, andmolecular structures of a series of [(3, 5- dimeth-
39: 15 ylpyrazolyl)borato] vanadium ( ) and -( ) complexes. Inorg
4 Micera G, Sanna D, Kiss E, et al. Oxovanadium () complexes of Chem, 1989, 28: 4392~4399[DOI)
phosphates of biological relevance: NAD®, NADP' and thiamine 15  Herberhold M, Frohmader G, Hofmann T, et al. Synthesis and charac-
mono- and diphosphate. Journal of Inorganic Biochemistry, 1999, terization of new hydrotri (3, 5-dimethyl-1-pyrazolyl) borate vanadium
75: 303~309[DOI] halfsanwich complexes. Inorg Chim Acta, 1998, 267: 19~25[DOI]
5 Crans D C, Keramidas A D, Amin S S, et al. Six-co-ordinated va- 16 Trofimenko S. Boron-pyrazole chemistry. . Poly(l-pyrazolyl)
nadium-( ) and -( ) complexes of benzimidazole. J Chem Soc, borates. ] Am Chem Soc, 1967, 89: 3170 3177
Dalton Trans, 1997, 2712~2799 17  Trofimenko S, Calabrese J C, Thompson J S. Novel polypyrazolyl
6 Rehder D, Pessoa J C, Geraldes C F G C, et al. In vitro study of borate ligands: Coordination control through 3-substituents of the
the insulin-mimetic behaviour of vanadium ( , ) coordination pyrazole ring. Inorg Chem 1987, 26: 1507~1514[DOI]
compounds. J Biol Inorg Chem, 2002, 7: 384~396[DOI] 18 LiuJ C, Guo G C, Huang J S, et al. Different oxidation states of
7  Thompson K H, Orvig C. Coordination chemistry of vanadium in copper ( , / , ) thiocyanate complexes containing 1,2,4- triazole
metallopharmaceutical candinate compounds. Coord Chem Reyv, as a bridging ligand: Syntheses, crystal structures, and magnetic prop-
2001, 219-221: 1033~1053[DOI] erties of 2-D polymer Cu(admtrz)SCN, linear trinuclear [Culp-
8 Trofimenko S, Scorpionates. The coordination chemistry of poly- Culll(admtrz)s(SCN),](ClO4),, and triangular trinuclear [Cull;-
pyrazolylborate ligands. Newark: Imperial College Press, 1999 (admtrz)4(SCN)3(us-OH)(H;0),](C104)2-H,0(admtrz = 4-amino-3,5-
9 Issigoni M, Katsaros N, Vrachnou-Astra E, et al. Pyrazole and dimethyl-1,2,4-triazole). Inorg Chem, 2003, 42: 235~ 243[DOI]
imidazole complexes of vanadium chloride. Inorg Chim Acta, 19  Freire E, Baggio S, Suescun L, et al. Comparative X-ray study of
1974, 9: 131~135 three Nickel( )-thiocyanate compounds. Acta Crystallographica
10 Zofia K. Studies of the structure of vanadium () complexes with
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nitrogen containing ligands in alcoholic solutions.
of V() with azoles. J Coord Chem 1979, 9: 37~41

. Complexes

Section C, 2001, C57: 905~908
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