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In the catalytic hydrolysis of 2',3'-<cAMP by the Cu(Il) complexes of 2,9-(V,N-di-methylethylenedi-
amino)-1,10-phenanthroline (A) and 2,9-(NV,N-dimethylethylenediaminomethyl)-1,10-phenanthroline
(B) that are designed as a new ligand molecule of artificial DNase, due to the four intramolecular
H-bonds forming between amino groups of ligand molecule and phosphoryl group of 2',3'-cAMP.
It is anticipated that Cu(Il) complexes of (A) and (B) are able to promote a rate that is as much
as seventy thousand times faster than the catalytic hydrolysis rate of 2'3'-cAMP by Cu(Il) com-
plexes of 2,9-dimethyl-o-phenanthroline.
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Alef & 717]. gl ARESE Al9FS-S Fluka, Sigma 2
JunseiAl ] 1w Al9FS ARS8 N N-dimethylformamide
(DMF), benzene, ethyl acetate, methylene chloride(MC),
chloroform, absolute ethanol ¥ 7€} 8jE& 7153 3l AA|
&t ARGttt SIHE] ali= 230-400 mesh] silica gel©]
#9171 column chromatography®t 24 ¥hg-g o]8ste] A
AL whe] g FE FRIEE] 98 TLC(Thin layer
chromatography)= precoated silicagel plate(Merck Co.)& AR
sialtt. AdEel 72 ERle 018" HNMRS CDCI, £+
D,0E EviZ 3 oA TMSE Ui¥ BFE EZ= 3o
Vatian EM-360 model(200 MHz)3} Bruker AM-300 model
(300 MHz)®] spectrometer® —22]3. BC-NMRZ Varian UNITY
model(75 MHz)®] spectrometer®™ 22} 2&431999™  chemical
shift== 3(ppm) 42 #7181t shtEe] =32 Holliston
ARl Mel-Templls ARg-3ted ZA I Z8)a Akxpls] 7
&5 IAeP] 919 Xaay 38 £42 SHELXLIT models
ol-g-stict.
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Scheme 1. Synthetic process of 2,9-(V,¥-Dimethylethylenediamino)-
1,10-phenanthroline (A).

2,9-(V,N-Dimethylethylenediamino)-1,10-phenanthroline (A).
% E4d= | 10-phenanthroline monohydrate 5 g3 1,3-di-
bromopropane 25 g(5 eq)S WH3AlA  6,7-dihydro-5H-[1,4]
diazepino{1,2,3,4-lmn][1,10]}-phenanthroline-4,8-ditumdibromide
(D(obs.m.p.: 280~286°C) 9.41 g(97.6%) A AL Potassium
hexacyanoferrate, 694 (5 eq)® NaOH 31.74g (20 eq.)S ice
bath’doll A 108 A= wdkel gl & sompll %9 (1), 9g
& A3 HrRit 5°C olskE wkshEA] et gtz F
38} Al1Z] Tl column chromatography(MC : MeOH = 20: 1)
2 e AT £, methanol® Al AFsle] M) 3,6,79-
tetrahydro-5/-[1,4]-diazepino-[1,2,3,4-Imn][1,10] phenanthroline-
3,9-dione(1l) 2.10 g(42%) ASATh (D), 1.7g3 phosphorus
pentachloride 3.53 g2 eq )& £3. phosphoryl chlorideZ 7}t
gtol 54l 5, g7k B9 BFRATIT AAES MCE AAF
stod B1419] 2 9-dichloro- [, 10-phenanthroline(ITT) (obs.m.p.: 249~
250°C, Rf=0.4MeOH : MC=1:20) 140 g(84%)2 A}, (11D,
1 g7 N,N-dimethylethylenediamineS 855 mi) 713k 8-S

29 Bt FFT o) 7t %8 chlorofom-hexane

1:20vv)eE A AAsle] (A), 083 g (58.7%) L3lom®
27k= shekE (A9 AA S Scheme 1ol QoFsigict

2,9«(N,N-Dimethylethylenediaminomethyl)-1,10-phenanthroline
(B). 2,9-Dimethyl-1,10-phenanthroline 2 g} selenium dioxide
Sgd.7egyS 4% dioxane S0mpell =< F, 2A17H5<S BHRA]
7151 A st 0°ColA WA =e€] 2,9-diformyl-
1,10-phenanthroline(V), 138 g(7&: 60.8%)S LU
Obs.mp:  235~237°C, 'H-NMR(CDCL/TMS) 8(ppm): 8.78(d,
2H, J=129Hz, H 828(s, 2H, H,), 823(d, 2H, J=
129Hz, H,,), 1048, 2H, -CHO). (V), 0.5g& methanol
202 m/ =<9 ¥, N,N-dimethyl ethylenediamine 0.37 g(2 eq.)
& A IR 12414F §9F Aol mRiAZl F
NaBH 0.32g(4eq)2 % 7V8ke reductive amination HHg-¢1
Leuckart reaction®e.2 =ghilo] 71EAF dlx)] 313E2] (B)
(‘'H-NMR (CDCL/TMS) 3&(ppm): 8.55(d, 2H, J=7.4Hz,
H 799, 2H, H,,), 7.84(d, 2H, J=74Hz, H,),
4.69(s, 4H, -CH,-), 3.62(t, 4H, -CH,-), 3.22(t, 4H, -CH,),
2.94(s, 12H, -CH,)), 0.48 g(59.6%)ya TAdsiaom g7t= 85t
&, B)e] AA 34 8L Scheme 201 L2Fs13ict.
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Scheme 2. Synthetic process of 2,9-(V,N-Dimethylethylenediamino-
methyl)-1,10-phenanthroline (B).

X-ray AAEY. 2170= £41, (AYE DMSO 5~§9%(DMSO
tHO=1:1) 6 mpell oM =91 § Ao g &<t &
e Gle weAe] TAAE ©]&3te] Bruker SMART 1000
CCD diffractometer® X-ray 34EAS Adsoin). Addex
E T=293Ke|al 439 A7l 0460X0.347X0.308 mmo]%}
t}. Monoclinic cell parameter$! a=10.5873(12)A, b=11.0610
(13)A, c=185082)A, a.=7-90.000, p—99.947(2), V—213438
(HATE 26845 < B < 263805 Alojol]l 4964719] B|HRbE-S
Z33le] dgjom olm) ARES WAL graphite® TAsl
Mo K,°l2 o/20= scandt$iTh % 5311709 independent
reflection® 2<0<25° HHANA ZAHEHJ L™ absorption
correction& SADABSel <l A=At 303374 S}k
L 12> 26(]) o3 FZe] Z=4, u=0.081mm'¢l P 2l/c
Z7AolA BTk B =AY PEE direct method? 2
ghglom £329] least-squares refinement= SHELXL 97°0 =
28-S o8l kit

BAe] HAg 2)7k= (A), (B) 2 2,9-diamino-o-phenanthroline
() 28] ligand-Cu(ll)-dimethylphosphate 2H&<| #2sld
el Sybyl ZE 7 (Ver. 7.1)P 2% simulated annealing””
RS o] g8l] T B AURAE Zhe EAES BHEk
t}, olw] A= Gasteiger-Huckel chargeE 2-8-3F3L Conj-
Grad W2 &8-313ch B3 torsion angleo| W3glell Wt
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747k 629 17952 W 7F2E JERAT). Artificial DNase
oM I3t w9l Ashe phosphate diesterd] AkAas} G227
e 849 29 FelEa e NQ) 2 NG) 975 9
A7) F, o171l kel AT T Alolgla oitEE
N(1) % N©6) 9AHE7H] torion angle 34 79.4° [N(1)-C(3)-
CA)»NQ)& 60.8° IN(5)-C(17)-C(18)-N(6)] & 18.6°%] =}o]=
HEplIt). 27t sikee] AFAEE Table 1] 28w
bond parameterg< HE2 Aot ?

gZt= BA9] AdA. 2,9-diamino-o-phenanthroline®] Cu(Il)
2} shgHEo] 2,9-dimethyl-o-phenanthroline®] Cu(ll) # 3132
of ujsted 2.3-cAMP(2'3cyclic adenosine monophosphate)S-
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Fig. 1. X-ray crystal structure of 2,9-(V,V-Dimethylethylenedi-
amino)-1,10-phenanthroline (A) as ligand (ORTEP representation:
ellipsoids at the 50% probability level).
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Cu(ll) 2 =& 283t DNA =Y 33E2A dimethyl-
phosphate 211 Fo|Jel (-1l #et T-Z(Fig. 2)°] 53
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Table 1. Crystallographic data of 2,9-(N,N-Dimethylethylenedi-
amino)-1,10-phenan throline (A)*

O,NC,H,, Z=4

Mr=388.52 Dx =1.541 Mgm™
monoclinic Mo K

a radiationa = 10.5873(12)A
b=11.0610(13)A

¢ =18.508(2)A

Cell parameters from 4964
reflections
0 =12.6845-26.3805°

o =90.00° p=0.081mm'Z=4

B =99.947(2)° T=293K

vy =90.00° Block, light pale yellow

V =2134.8(4)A° 0 460 0.347X0.308 mm

Bruker SMART 1000 CCD T=0.9754,T . =0.7471
diffractometer /26 scans R,,=0.0388

Reflections collected : 27059 h=-14—14

5311 independent reflections k=-14—14

Bmax =25° =244

Absorption correction: SADABS

Refinement on 1 where P = (F?+ 2F2 )3
R() [1>25(I)] =0.1048 (A/O), = 0.000

wR(I) =0.3345 (AP) = 1.256eA
S=1.427 (Ap)a=0.581eA7

“Recrystallized in DMSO : H,0 =1 : 1 solvent.
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Fig. 2. Mechanistic roles and transition state of advanced copper
complexes (I~III) with ligand A, B and C for hydrolyzing
dimethylphosphate as DNA model compound.
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