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29 JTHF BHIALZA A9 3,6-bis(6-methyl-2-pyridyl)pyridazine, (L')7} 3,6-bis-(2'-pyridyl)pyridazine,
L) daez & 97 Holas A3BE, 1~88 PAste] Xray ZATEE FAF T}, G4t v sj3tEsie]
i W3S fNste]l mzd dig AxgAE A4 WaFd UE 4FEY 52 44 AEsidch o d
3, L-Zn 2, 8o $50IA ioh W 7i4Ee) WS Uehiglon, 428404 LANI(IT) @ Co(l) 2%
A 59k 6°] ®] (ORY, Oryzae sativa L)ol oigt Melde Uehflg Bk oflel, &3o|:8o)(SCP, Scriptus
juncoids)ell & AZ8AE BT I3 AFEANAE L Co(ll) 2 Zn(II) FEQ 29 42 A} E3], L!

% U7h 5997 MAG (Magnaporthe grisea)ol tistel W0%olye] A84L Uehiglch (20009 19 219 4%,

2000 29 239 4:2))

Key words : 3,6-Bis(6"-methyl-2-pyridyl)pyridazine,
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YA phosphoesterase £0] 271 olife] F&o| gl
oste] A3 ddde Hell Akl WAL JEs)
(Spiro 5, 1969)3l= H4F E&|E4(DNase Z RNase)ol]
@3 AF(Hughes, 1981)7} % &w3lA] olZoix|x
(Wilcox, 1996) sitt. olo] #Ag A9 AF2H AAF
Sung> DNA =@ 31322 phenylphosphated] 7}
& ¥r8AS HES7] 3o del23F phosphate mono-
ester(Sung 5, 199%) 3 diester(Sung 5, 199)¢] 28 Co
() HetEe] T20k vhgAel fate] Rw @ n) 9ok

2 A7 Ashig(Dervan®} Hertzberg, 1982)0] o}
£y Soiagoz e B4 g IMEe A48
zAshE A Yool Forg AAsle] IEEI)E 2
NB7ME(H710A SR d5AE 28 ugs
AFELES] T 5& BER k= dd9 7xdTEA
DNase-29 Zul(Chin 3, 1989; Chin, 191)2 #3}1
Z pyridazinef- =4 & e]zb=28 Co(II), Ni(II), Cu(Il)
R In(l) § HolFE HASFES A3l o5 Fx9)
b mEll SRtEel dig RS uksA(Willams
1998)2 8, =3z gt 428437 484 Wi
e Addd 58 doprgith
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Supaas, A5,

bR Sy, HE8,

Y=g FAshedl 29 2-cyanopyridine, 2-picoline
4 hydrazine hydrate 53 sodium cyanide, % dime-
thylsulfate 5 F7]8% &< Aldrich#] 13 Aotk
2228]3, chloroform, ethylacetate, n-hexane % ethyl
alcohols 41lE Fluka A 15 A|%E ARSIk 34
d HFEEY 72E ] Hste] XA FHERML
Enraf-Noniuns CAD+4 Diffractometer, NMR spec.<
Varian Gemini(200MHz)2¢@ 12]3 MS spec.& GCMS-
QP 5050A2.29) GC/MS specirometerZ z}z} o] 83}5]
t}. 33HE9) H& H(C)& Thomas HooverZ@e] §4
FA712 48t BASA &1 Angsiden, pK, &
254 A(logP)= Sirius Co. PCA 101 222 ZA3}

ATk

3,6-Bis(6'-methyl-2'—pyridyl)pyridazine(L")
2-picoline © 2 RE] 2-peoline-N-Oxide(Boekelheide9} Lirm,
1954)& 7373t 2-cyano-6-methylpyridine(Freely
1973)& #93tt} ©l& thAl hydrazine hydrates} wt
3to]  3,6-bis(6'-methyl-2"-pyridyl)-1,2,4,5-tetrazine &-
& thgol acetyleneo® WHSA}7|3 ethyl acetate:n-
hexane (1:4, v/v)& A7) 4uz 3 Aoz AAY &
& =34 ZAA L(017g 4% 61%)S UUcHButtes}
Case, 1961). Obs. m.p:148-149; 'H NMR(CDCl:;/TMS,
8):27 (s. 6H), 7.2~73(d. 2H), 7.7~78(t. 2H), 85~
8.6(d. 2H), 8.7(s. 2H), MS(m/e,(%)) : 262.05(100), 264.25
(M, 2.77).

6'-Methyl groupo] X&HA @& vl HAH 36-
bis(2-pyridyl)pyridazine (L% (obs, m.p.:176~178°(it.
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AFME Helgran @ /A $715% FESe) 4284 3

mp.:179~180) 'H NMR(CDCl;/TMS, §):7.35~7.42(t.
2H), 7.84~7.92(t. 2H), 8.67~876(t. 6H) MS(m/e, (%)):
205.05(100), 234.05(M", 90.80), 23510 (M+1, 19.18))&
2-cyano-pyridineS ZWEAZ tetrazined 7A§35t L'
de wmoz FAsigick.

[Nia(L?)s(OH)](CIO#)5 10H,0, 5(Kim, 1999)

oA 17 01g043 mM, 1 eq)S ¢ %4 ethanol
< nickel chloride, (Ni(I1)Cl, - 6H;0) 0.203g (0.85 mM,
2 eq)S 3¢ ethanol §Hof] Ao} FHA HH3] 7}sld
AT M) JAE AU AP EL ethyl alooholZ
3 AFstn AZAA 5 (MW:1917.32), 016 g(4-8:20%)
g iaigon, £49 Fo| 424 HHA Naclo; 1

Table 1. Crystal data and structure refinement for
tetranuclear nickel complex, 5

Empirical formula CosHpsCloN16NisOz4

Formula weight 191732

Temperature 201 K

Wavelength 071069 A

Crystal system, space monoclinic, ‘P2;/n
group

Unit cell dimensions a = 141660(19) A
a= 900 deg.
b = 20911(3) A

A= 102308(18) deg.

= 26359(4) A
7 = 9.0 deg.

Volume 7629(2) A®

Z, Calculated density 4, 1669 Mg/m’

Absorption coefficient 1246 "

F(000) 3924

Crystal size
Theta range for
data collection

0462 0.363 < 0.363 mm
206 to 19.98 deg.

Index ranges -13<=h<=13, 0<=k<=20,
O<=l<=25
Reflections 7295/7095 [R(int) = 0.0224]
collected /unique
Completeness to 20 =19.98 963%
Adsorption correction none
Max. and min. 0.5145 and 0.2405
transmission
Refinement method Full-matrix least-squares
on P
Data/restraints/parameters 7095 / 0 / 1031
Goodness-of-fit on F? 1.590

Final R indices [I>2 ¢ ()]

R indices (all data)

Largest diff. peak and
hole

Ri= 0.0808, wR, = 0.2261
Ri= 01249, wR, = 0.2373
3813 and 0539 e.A°

eq.8 7kt A AAe| B¢ dolEE ¥ 1o 23 3
A9 722 39 19 27 Jepisich

Fig 1. X-ray crystal structure of [Nig(L?)s(OH)s](ClOy)s
» 10H;O complex. 5 { ORTEP representation :
Thermal ellipsoids are drawn at 50% pro-
bability level. The five ClO; and ten water
molecules are omitted for clarity).

Agt Ze wyew #re L R L) 1993 Ni
(I)CL, - 6H,0, Co(I)Cl, - 6H,0, Cu(II)CL2H,0, %
In(M)CLe B4 293E WgAlA 75~B%e] 42 o
& =424 [NiL')OCL]Cl 3H0, 1 (0.16g), B =4
24 [CoL):CLI2H0, 2 (Andrew 5, 1969) (0.17g), A
& =474 [CulL)ClCIO, 3 (0.20g), F42% [Zn(L')
CLJH0, 4 (015g), AL =3 [CoLICLIHO, 6
(Andrew 5, 1969) (018g), H4:A] [Cun(L)Cl(OH)]
H,O, 7 Munno$} Denti, 1982) (0.19g) 2 A% #3274
[Zn(L)CLI2H,0, 8 (0.16g) 5 8%< #7184 FaitE
55 47 S Xray FHEMOR 3Ad +2E &
QA3

X-ray Z2HF= 24

XA FHEAS § A2 FRFA AT SjHE 5
o g APLEE T=291 Ko|z AR A7) 0462X
0.363 <0363 mm o]t} ‘

Cell parameter= 11.392< § <13.413 A}o]o] 2572
3|4 ¥LA-S Enraf-Nonius CAD4 diffractometer= =33}
Jom, ARE3H 93-S graphite2 @388 Mo K, o1
w/26F scandlrt. AT 3Adelels  Lorentz-
polarization factor® RAIFFoY FHAAE 1A
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&3t
centrosymmetry ¢l P2;/nejix
ol4d WHYoz vk

F#9 AW SHELXL-97 Z2a3e o] &3}y full-
matrix least-squares WH O R 3lon, BE A 9z
+ International tables for X-ray crystallography zt&
48890

sddoleleRe 2dURAE pF B
4

=2 o
ATz SHELXL-90<

H3SEE 49 logPel £3

3 o2 59 F8AUV, Amx=3005 nm % loge=
448) 5 mMS 2%(NaOH 2 H:BO;)e] $h28ol( =01
Moz ZAg pH 79| & 25 ml9} monophosphateg!
4-nitrophenyl phosphate (NPP) 2 DNA 29 332 2A
phosphodiester?]  bis(4-nitrophenyl)phosphate ~ (BNPP)<}
bis-(2,4-dinitrophenyl)phosphate (BDNPP)¢] #7-g<i(1
mM) 005 mlE ¥ 50Ty 2D 3§E9 7is)
AHE<l 4-nitrophenolate( A max=400 nm)7} AAEHE F%
W3S UVESHoR St Agld w2 F3% 9
S2RE W|(T04=0693/k)E T3] 14 WgEe 4
“(ksec) 2 AA2}erAnt.

pK. AHE 25ColA 05 mM (1.2 mg)®) A4 ml)E
0.15 Me] KCl 4846 ml)oj =o]31, 0.5Me] HCl2 pH
€ 28 Y& T 05Me KOH=Z pH 10744 auto-
titrator2 AAsto] AL pKast 254 (logPh)A+E ¥ 3
o] Zejstick

4=ad AHH

x84 (Rate:4.0kg/ha)2 in-vivool X B(ORS,, Oryzae
sativa L)ol&lo] 4F<) = %<9 IYECC, Echinochloa
crus-galli), &=yo| 1#Po|(SC]., Scriptus juncoides), E27N
H)(MOV., Monochoria vaginalis) R &7)(SAP., Sag- ittaria
pygmaea) T WEoE HAINAY. dzlm Ad@ALe
Fdd FAEETA B AEA A ¥ &F
W MAG., Magnaporthe grised), ® AFAFH vl
(RSB., Rhizocomic solani), AYLFHo|HFHCGM.,, Botrytis
cinerea), EvtE SWHT(TLB., Phytophthora infestant), 2
EBIH(WLR, Puccinia reconditd) 2 Hz] 3717
(BPM, Erysiphe gramimis) 6%°l tiste] A4 Hhy
(KRICT, 1989) 0.2 212|513

Xray 2472 g% 23, L' 2 U’ 1999 34
(M) 233L W3AA 6-methyl X84 L'-%E, 1~4
= gEALM=12 £F 11)2 83 L2348, 5~82
olgHA] (Ex AFAILAM=1:1))(Kim 1999)°]sit}.

@ o2, LNi(Il) 289, 59 2472 3 vloly
(Table 1)¢} 3291 +x(Fig. 1)2%E] o] AAL TAIGA

o|1, P2i/n9 IS e Aoz uYAEE ExgE
4010t} dulE= 1031 7o, HF A% A= I
25 (DI 7095 74e] =R3)d vlolete] tizte] Ry=0.0808
ojutt. o BRHEL 12708 WIS 17} 174(6) " = 7
o] 3o, BE nickel YAEL AAYA9) 42U}
2039(11) A<l Agel HAZ w=e] gk =g, Su)
(dsp) B ZAF3] sisEsisk= DNAS  phospho-
diester backborn2 Ni(II)$} ¥H-3HA Hed ¥4 O
@Ato)9] o|WA z+e 57.88(12) °, @F @+ 64.39(12) °
ollom, oL EXSE= 7369(8) ° ~76.43(8) ° o WY
o At O A e O @ A Sl O
v 3 WEko 2, 09 Op WhiHde s 3l Uth
B ol BASE HAReE o7y lom, vHA
CC, CN, 283 NN 2§ sp’ &4 2gdo] ¥t
o wjgsle] ik

In-ZE2 4 F 89 7ol Zn(I1) 9= 17) o} A
AL oJHHAE AYA 97 ZnYAet Y=t NY#
Aolg] At (Zn-N)dr7t 217) il Aoz At

o

Jlege ursd
Ao AF ZHilE(Hecht, 1996)0] uwe} o]& #AE<]
"h3-ZA10] cis-platin(cis-diamminedi-chloroplatinum(1T ))
(Rosenberg 5, 1969)7} o] M¥ZF9] DNAYe] 43
the A4Sl NPP R DNA walshgEel BNPPs)
BDNPPol cfgh L' & LA34(1I) 229 wE4(E 22
Aqder L-Age] LZABurt Idn owrldl
phenoxy group’dll nitro groupo] Bol X|g=o] US4
Table 2. pKa and hydrophobicity constant of orga-
nometalic complexes and observed first-

order rate constants (Koss X 10°) for hydro-
lysisa) of phosphate esters

Cat. logP pKa NPP BNPP BDNPP
1 0298 944 151 1.20 730
2 4566 881 035 043 217
3 1.799 8.44 292 051 1480
4 0164 7.38 042 08 129
5 4636 887 065 0.65 7.00
6 0422 9.26 043 0.44 1.08
7 4628 870 1830 124 3030
8 1504 846 740 330 14300
Ly 2783 418 - - -
L, 2070 286 - - .

None - - 0006” 300x10% 0219

“The rate constants were determined at 50°C and pH
7.0, "Kirby, A. J. & Younas, M. (1970) J. Chem. Soc.
(B) 510~513; Extrapolated from rate measured at 10
0C., “Bunton, C. A, & Farber, S. (1969) J. Org.
Chem. 34:767~771, “Kirby, A. J, & Jencks, W. P.
(1965) J. Am. Chem. Soc. 87:3209~3216.



EAR oA WeAS(o)7t B Wp>0)E U
Efi= offi= phenyl melide] HAEAR] nitro group
o] W& 5 phosphoryl groups PgAte]l skd =27)71
o2 F&o 9slel ZA3kEl hydroxyl groupol
7 A2 245ty F-olul.

e w2 29 33E 4, e v S A
®u, NPP 2 BDNPPo| tjste] L-2E-2 Cud Zn=Ni)
Co, -12]5. BNPPol:= Ni> Zn) Co=Cu 91 whdo| L[>z
& 30 2d 8989 A BF Zn) Cup Nid Cod
THE In-HFo] 7B} ¥ EAAS JYERRITE 53,
gtee] w2 Zn-#Ee 29 3282 BDNPP: 11w,
NPP: 184} 22j3 BNPP: 4wy} [Z3Zo] T siis)
93-S Bk wEhd, 7B 2 7eRe e e et
A 8 F-Zuljo| 7Z-9-xmrt BDNPPA] ok 79lul, BNPPo]|
ME 11wk, 8l3 7€ NPPel| diste] 3duje] ma 7}
SR We4e zh dehigltl ol A LARE
o] cis-diaque HE}(Chin, 1991)¢] T2& FA|3}7] o
2 FAHc

tjo

st 3 5 KA FF7Y w=Fxe g A4z
203 228)9)E in vivoo) X AR (Rate:4.0 kg/ha)dt
ZAINE 3)o] wWEW A2g4e Jed 2,56 27, L
(= 124 2 2 62 ¥4 (ORYY) ol miat A
7S vehd whde) 73 L'e w(ORY")Q] 397)9} wWolx]
of 25 42¥4¢ ugew, 1,3 Y 58|, Zn(Nl) 2L,
49} 8L 2Rt=el FEQle] A 2Fo diste] AxEAH S
LERA] gkt

Table 3. Primary screening of paddy post herbicidal

activity(%) of organometal complex” in vivo
against various weeds

No. ORS” ORS? ECC? sC? MOV? SAP¥
1 0 0 0 0 0 0
2 0 20 60 60 70 20
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 90 100 20 30
6 0 20 0 100 100 50
7 40 20 70 0 0 0
8 0 0 0 0 0 0
L' 20 20 40 30 30 0
L2 0 0 0 50 0 30

JRate(kg/ha):4.00 POryzae sativa L., 3Leaf & 9Seed,
YEchinochloa crus-galli, ®Scriptus juncoides, °Monochoria
vaginalis, ®Sagittaria pygmaea.
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5+ ECC.9} SCJ.of thaked 90~100% —1z)ir 62 SCJ.
o} MOV.9) thated ztz} 100% Arzshge Jehpich =
3, 5% Wl ity ARARNS JehiA &E Huds
2k 2e e FFEQ] 6-methyl XA, L'e o
2 33k A 23 Ax84L Ushgey HxgAel
L= wo tiste] AxdAo] gtk Avdow L5
of MErt 4 HxBYS drhiglon, Unse
i} L'o] 2 SRL>L)S Byt

AFEA AA (E 42 250 ppmellA] o]Fof 2 Roz
¥ SGUTS A8l 6784 Foll g Ardge dA
Hoz LV2E, 1~47} LA2E, 5~85r} Hla 9940
2 2o BALSLYS vEpdo s Ax843) At 7
S Rgrh 7FEY ATEARL MAGY Uiste) 713 2
24, TLBS} BPMo| diglde ¢33 248 18i
WLR2] A9ole L-2Zo] L-4Errt ¢ 34 1Y
o #E, 2, 49 L2 LY)o] MAGTO| 183 #HE, 19]
WLRZO] 90%o)de] £& #4< Yehdeh wabd A
Aoz o7l g AFESE MAGT| disto] o
33 AR a8 L L)E a8yl x84y
w2 A% Byl

Table 4. Fungicidal activity (%) of organometal
complex” in vivo against various fungi

No. MAG” RsB? coM? TLB? WLR? BPM®
1 0 30 11 29 90 12
2 99 20 38 17 16 68
3 25 5 0 52 26 25
4 100 50 5 5 73 18
5 50 0 5 17 80 12
6 16 0 0 58 0 12
7 33 5 5 41 0 43
8 58 5 11 29 16 0
L 9% 55 16 29 26 68
L’ 90 35 33 5 85 12

IConc.250ppm, “Magnaporthe  grisea, C)R}:)izocto@z solani,
Botrytis cinerea, *Phytophtora infestants, "Puccinia recon-
dita & YErysiphe graminis.

T=-2H 2H(SAR)

o7l L-FgEl @A AYHE olfE
6-methyl groupzte] YAFNE Aste] o7}t HA) £
Sn wFAzE dojle Aoz Agdth Jzlm LA
o L-ZErr} sleRE wgAe]l ZLSL) olfE
cis-platin(Williams 3, 1998)3} Zo] 2719 o]@7]7} cis-
Az o3 AR transEII} & wjoEV|Q FrlotRl
o= o] glom A3Hs5Ho] cis-platindt 22 chloro
groupo|ghe 59 873(Bertini, 1994)2 23017 dite
Z Ao
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% olF AR Pzl AFH u} ol LAxE
o] IFAZ Cis-diaque FEHHE Yo T2RE o207
A(Chin, 1991) F43 2@ FAAZ 8she hyd-

roxyl groupo| :=ZHo] §l7] wjFelch 2|1 ojrjeA
57} 2 #4¢ Uehlie olf& phosphoester7} 718

sish=tl QlolA Fdol29 57 BE4E double Lewis
acid @4(Wall 5, 1993)02 Zn) wh3Alo) %7HSung,
199%)5h= Aoz dugrt

AT TR heels HEe nAx] ¢goy oE
o] AAY] F5e} vl AR AEFAdE= E 9
e mALL Audoz gzis, L' 9 2= FaletEsn
th 8 AESEE Jehioy B34 vyhEe b
ohoshtsty, AFRES FLUA] ot 43

189 R 254 (logP=logPut x %)t (logP=L’>L}¢] 2}
ol(dlogP= 0.713(lit. 0.56)(Hansch9} Leo, 1989))94 <
E AR A7, auy o5 Faltese] A8
TR uHAT FAE Zgos 84S Holn g
RE F2 2o FSolge] Holahe A%4d(Hansche}
Leo, 1995)0] FA4o) 717k =L 7t (logP<0)& 27 o
Pog A9En, AEZAY tAE ZAfeiA FHo
w2 71A(Hansch9} Leo, 1995)0] o&ted 1 0]9]e] 83
o2 JAEHE) S AR ALEH 0)5A 7IQske A
o2 HolAth

LMl 2

B ATE 8% SSUFATY A7)z 51997
001-G00048) Aol ofate] o]Fo)A Hoz olo] M}
Hu.
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Biological activities of some organometalic compounds as artificial nuclease

Nack-Do Sung, Dae-Whang Kim', Byung-Mok Kwon’, Tae-Young Kim, I-Hwan Suh’(Division of Applied
Biology & Chemistry, Biology - Environmental Chemistry, College of Agriculture, Chung-nam National University,
Tacjon 305-764, Korea, 'Korea Research Insititute of Chemical Technology, P. O. Box 107, Yusong, Taejon 305-606,
Korea, Protein Regulator R.U., Korea Research Institute Bioscience and Biotechnology, Yusong, Taejon 305-600,

Korea and *Division of Basic Sciences, Physics, College of Natural Science, Chung-nam National University, Taejon
305-764, Korea.)

Abstrac: A series of transition metal complexes of 3,6-bis(6’-methyl-2-pyridyl)pyridazine (L') and
3,6-bis(2 -pyridyl)pyridazine (L% as artificial nuclease, 1~8 were synthesized. After determining of X-ray
crystal structure, hydrolysis rate constants of phosphates, as DNA model compound and biological activities
were confirmed. L*-Zn(II) complex, 8 was shown the best hydrolysis rate constant. The L°-Ni(IT) complex,
5 and L-Co(Il) complex, 6 showed the highest herbicidal activity against SCP (Scriptus Juncoids) with
excellent tolerance to rice, ORY (Oryzae sativa L.). And the L'-Co(Il) complex, 2, L'-Zn(Il) complex, 4 and
ligand (L' & L% displayed above 90% fungicidal activity against MAG (Magnaporthe grisea).

*Corresponding author(Fax : +82-42-825-3306, E-mail : ndsung@hanbat.chungnam.ac.kr)



