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values of ae and ah are generally of a few tens of “V/K 
and proportional to T when Fermi level is situated in a 
band.12 Therefore, the sign-change of a from + to — with 
temperature should be primarily attributed to the aug
mentation of 心 as T increases. Such a tendency is ap
parently strengthened for the nonmetallic phases, in which 
carriers are considered to move via hopping process by the 
aid of lattice vibration. The mobility of electron seems to be 
more easily activated than hole, since the electrons are as
sociated with Ni2+ ions and can move from sites to sites, 
keeping the local symmetry as octahedral for both Ni2+ and 
Ni3+. But hopping of holes associated with Ag2+ ions would 
require a large change of local symmetry, from 4-fold rec
tangular (Ag2+) to 2-fold linear (Ag+).

In conclusion, AgNii.xFeJVO2 undergoes a metal-insulator 
transition through the Anderson localization process with re
latively a small substitution ratio x=0.1 with respect to 
AgNii.xCoxO2, due to the large random potential introduced 
by Fe3+ ions and partly the reduced covalency of Ni-0 bond.
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Transition metal complexes of chelating ligands contain
ing an amide functional group have received much attention 
as a result of a marked increase in the lability of amide por
tion.1 Many investigations have revealed that the depro
tonated nitrogen of organic amides donates to metal ions, 
stabilizing high oxidation states. Several examples of depro
tonated bis-amides with the picolinamide unit as a basic 
component have been shown to act as tetradentate N4 li
gands.2 The bis-picolinamide ligands, 7V,A^-bis(2'-pyridine- 
carboxamide)-d5-l,2-cyclohexane(cz5-bpch),2a 丿V，N'-bis(2七 

pyridinecarboxamide)-Zran5-l,2-cyclohexane(/ran5-bpch),2b 
7V,7V-bis(2'-pyridinecarboxamide)-1 ^-benzenelbpbHz)^ and N, 
7V/-bis(6'-methylpyridine-2'-carboxamido)-l,2-benzene(6- 
mebpbH2)2d have a pronounced tendency for planar N4 tetra
dentate coordination to Cu(II) ion on deprotonation. They 
have been shown to take stereochemistries of a distorted 

square-pyramid. However, few Cu(II) complexes have tetra
dentate chiral mono amide functionality. On the other hand, 
edda(ethylenediaminediacetato) type ligands seem to have a 
certain characteristic of hardly coordinating with metal ions 
in a plane.3

Thus, in this study we described the synthesis, spectral 
properties and X-ray crystal structure of [Cu(S-aladien)H2O]+ 
with 아liral tetradentate mono amide ligand, 2(S)-2,9- 
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diamino-4,7-diazanonane-3-one(S-aladienH).

Experimental

Preparation of SvaladienH ligand. S-phthaloy- 
lalanyl was prepared from S-alanine (0.2 mol, 17.8 g) and 
phthalic anhydride (0.22 mol, 32.6 g) according to the 
method of Asperger et al.4 and A^-(S-phthaloylalanyl)diethy- 
lenetriamine was prepared from the S-phthaloylalanyl (0.12 
mol, 26.3 g) and dien (0.12 mol, 12.4 g) by using di
cyclohexylcarbodiimide (DCC) as a peptide reagent in di
chloromethane.5 The S-aladienH was obtained to remove 
the amine protecting group of 7V-(S-phthaloylalanyl)diethy- 
lenetriamine by using hydrazine in ethanol. Yield of oil 
phase was ca. 50%. 13C NMR (D2O), 8=21.04 (CH), 39.27, 
39.75, 48.41, 50.71 (CH2 of dien backbone), 53.12 (chiral 
carbon of S-alanine moiety), 178.13 (C=O).

Preparation of [Cu(S~aladien)H2O] B미wHQ. 5- 
aladienH (10 mmol, 3.2 g) and CuC12-2H2O (8 mmol, 1.4 g) 
was dissolved in 50 mL water and pH was maintained at 
8.0, and then the mixture was stirred for 4h. at 60 °C. The 
solution was diluted to 500 mL and then loaded onto a ca
tion exchange resin (SP Sephadex C25) column. After the 
column was washed thoroughly with water, the adsorption 
band separated with 0.1 M NaC104. The solution was eva
porated to dryness and crystallized from an ethanol-ni-

Table 1. Summary of Crystallographic Data and Intensity Col
lection for [Cu(S-aladien)H2이 BPh4 H2O

Empirical formula CU1C31H40N4O3B1
Formula weight 591.04
Crystal system Monoclinic
Space group P2Ja(#14)
Z 4
Cell parameters 

a (A) 16.117(6)
b(A) 10.889(4)
c(A) 17.103(6)
PC) 101.20(3)
V(A3) 2944(2)

Deale (gem 3) 1.295
jU (cm1 with Mo-Kcc ) 13.7
Transmission factor 84.9323-99.9093
Scan type cd-20
Scan width (ft))(deg) 1.46+O.75tan(0)
2仞阿 어eg) 52.64
No. of reflections measured 6518
No. of reflections observed 1704

(I> 紀(I)) 
F(000) 1248
No. of variable 361
Discrepancy indices 
R° 0.073
R： 0.079
Goodness of fit indicator。 1.74
Max. shift in final cycles less than 0.01
¥=平시피伝F°|. 七氏尸[Q*(F시미)2伝w(F°2)]"2, where, 巧=[。世")] 

.c Estimated standard deviation of an observation of unit
weight: 사Hj)2/(N()-Nv)]"2, where N0=Number of ob
servations and Nv=Number of variables.

tromethane mixture (1:1 by volume) added to sodium tetra
phenylborate (NaBPh4). A blue-violet precipitate (1.4 g) 
was collected by filteration. Yield: 30%. Calc, for CuxQr 
H39O3N4B1： C, 63.02; H, 6.83; N, 9.49. Found: C, 63.68; H, 
6.77; N, 9.19.

X-ray data collection. The preliminary experiments 
as well as unit cell parameters and intensity data collection 
were performed on an Enraf Nonius CAD4 TURBO dif
fractometer with a graphite-monochromatized Mo-Kcu ra
diation (0=0.71069 A). The intensity data were collected by 
the co-20 scan technique. A total of 6518 reflections up to 
2Qnax=52.6각‘‘ was collected, of which 1704 independent re
flections with / >3cj(I) were used for the structure analysis. 
Crystallographic data and additional details of data col
lection and structure determination are summarized in Table
1. The structure was solved by MULTAN and refined by a 
full matrix least-squares refinement, using structure solution 
package MolEN.6 The neutral atomic scattering factors for 
all the non-hydrogen atoms were taken from the literature.7 
The final error indices were R=0.Q73 and 7?^=0.079, respec
tively. The selected bond lengths and angles with their es
timated standard deviations in the complex are summarized 
in Table 2.

Results and Discussion

Absorption and CD spectrum. The absorption and 
CD spectrum of [Cu(S-aladien)H2O]+ shows an absorption 
band at 548 nm and a weak negative CD band at 538 nm 
(Figure 1). In general, Cu(II) complexes with an amide func
tional group were arranged approximately in a plane around 
the central metal ion. A stronger ligaton to axial position in 
the Cu(II) ion would cause the d-d absorption band to shift 
to a lower energy.8 In many cases, a shoulder band appears 
at about 900 nm as a result of such a ligation.9 For example, 
edda (ethylenediaminediacetato) type ligands seem to have 
a certain characteristic of hardly coordinating with a metal 
ion in a plane. In particular, H2epro[(S,S)-l, 1 '-ethylenedi- 
pyrrolidine-2,2'-dicarboxylic acid] hardly coordinates with 
Cu(II) in plane because of the rigid pyrrolidinyl groups.10 
But, [Cu(bpb)H2O] and [Cu(6-mebpb)H2O] with bis-pi- 
colinamide tetradentate ligands, bpbH2 and 6-mebpbH2 have 
been reported to coordinate in a plane to Cu(II) ion.^ In 
[Cu(5-aladien)H2O]+ with a chiral mono amide ligand, the

bond distances (A) bond angles (°)

Table 2. The selected bond distances (A) and angles (°) for [Cu 
(5-aladien)H2O] BPh4 H2O

Cul-Nl 2.04(1) Nl-Cul-N2 106.0(4)
Cul-N2 2.03(1) Nl-Cul-N3 164.2(4)
Cul-N3 1.89(1) Nl-Cul-N4 86.4(5)
Cul-N4 2.02(1) N2-Cul-N3 85.0(4)
Cul-01 2.38(2) N2-Cul-N4 167.5(5)
O2-C1 1.28(2) N3-Cul-N4 82.7(5)
N3-C1 1.29(2) Ol-Cul-Nl 89.6(5)
N4-C6 1.14 ⑵ Ol-Cul-N2 90.4(4)

Ol-Cul-N3 101.9(6)
Ol-Cul-N4 90.4(8)

Numbers in parentheses are estimated standard deviations in the 
least significant digits.
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Figure 1. Absorption and CD spectrum of [Cu(S-aladien)H2O]+ 
(1.5x 10"2 mol• dm"3) in aqueous solution.

weak shoulder band could not be observed. Therefore, we 
suggested that S-aladienH ligand coordinates with a plane 
of Cu(II) ion because of the planar preference of the amide 
group within the S-aladienH ligand. On the other hand, this 
complex exhibits weak negative Cotton effect in the d-d re
gion. It was indicated that the optical activity in the planar 
form complex was not derived from contributions of con
figuration or conformation but the vicinal effect of the asym
metric carbon of S-aladien.

The X-ray Crystal Structure. Figure 2 shows a per
spective drawing of the cation [Cu(S-aladien)H2O]+ together 
with the atomic labeling scheme. In this figure, the Cu(II) 
ion has a distorted square-pyramidal geometry in which 
four sites of plane are occupied by the nitrogen of the S-ala-

Figure 2. A perspective drawing of the [Cu(5-aladien)H2O]+ 
with the labeling of the atoms. Thermal ellipsoids are drawn to 
include 50% probability. A hydrate and BPh4 ion are omitted for 
clarity.

dien ligand and an aqua ligand coordinates to an apical po
sition of the pyramid. The bond lengths are given in Table
2. The Cu-N(3) amide bond length (1.89 A) is significantly 
shorter than those of the others Cu-N(l): 2.04 A, Cu-N(2): 
2.03 A and Cu-N(4): 2.02 A. This indicates that basicity of 
deprotonated nitrogen in amide moiety of a ligand is in
creased. Also, the Cu-(Ol) bond length (2.38 A) is sig
nificantly longer than coordinated nitrogen atoms in a plane. 
The C(l)-N(3) and C(l)-O(2) bond lengths within amide 
moiety of a ligand are 1.29 and 1.28 A, respectively. For an 
N-coordinated in deprotonated amide moiety, it was re
ported that the negative charge would be delocalized along 
the amide C-N and C-0 bonds.11 In the

I n
N has a single bond character, and C-0 a double bond 
character. Conversely, in resonance form III, C-N has a dou
ble bond character, and C-O a single bond character.12 
These bonds of amide portion can also be intermediate(II) 
between double and single bonds. In a [Co(S-aladien)H2O]+, 
the amide C-N and C-0 bond lengths are consistent with 
the intermediate of these resonance forms. This represents 
that the negative charge would be completely delocalized 
along the amide C-N and C-O bonds.

The N(l)-Cu-N⑶ and N⑵-Cu・N(4) bond angles are 
164.2° and 167.5°, respectively. The deviations of the atoms 
from the least-squares plane comprising the four nitrogen

Scheme 1. The numbers in parentheses are the deviations of 
the atoms from the least-squares plane comprising the four ni
trogen donors.

Scheme 2. The chelate ring conformations calculated from the 
least-squares plane.
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donors are shown in Scheme 1. From these data, it is con
firmed that two nitrogens N(2), N(4) are slightly raised with 
respect to the other two nitrogens N(l), N(3) atoms. Also, 
dihedral angles between relevant planes from the least
squares plane are as follows: plane(l)-(2); 5.95°, plane(l)-
(3) ; 9.94°, plane(2)-(3); 6.65°. The plane (1), (2) and (3) in
dicate the planes which are composed of N⑴-C(4)-C(5)・N
(4) , N(2)-C(2)-C(l)-N(3) and N(4)-C(6)-C(7)-N(3), respec
tively. Thus, we identified the fact that the four nitrogen 
atoms of the ligand are mostly coordinated coplanarly, and 
the Cu(II) ion is raised slightly (0.0931 A) out of the plane 
of the four nitrogen atoms towards 0(1) coordinated in the 
apical position. The methyl group and amide oxygen are 
oriented slightly down from the least-squares plane.

Furthermore, the five membered chelate rings conforma
tion are shown in Scheme 2. From the least-squares plane 
data, carbons were distant C(l); 0.1628 A, C(2); 0.0281 A, 
C(4); 0.2332 A, C(5); - 0.3752 A, C(6); — 0.4034 A and C
(7) ; 0.1282 A, respectively. The distances of C(l), C(2) 
within peptide portion are all positive values; therefore, the 
conformation is envelope (e). But, two chelate ring con
formations of the dien backbone are considerably deviated 
from the envelope. They have a 8 and X conformation, 
respectively. The ring conformation of N(l)-C(4)-C(5)-N(4)
[8] is more puckered than N(4)-C(6)-C(7)-N(3) [시. From 
this result, we suggest that the fixed orientation of chiral car
bon in the ligand and the planar preference of amide por
tion affect the pucker of neighboring dien moiety.
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Oxidative decomposition of 1,1'-azoadamatane1,2 and Z-bu- 
tyl phenyl carbonate3 upon one-electron oxidation has spark
ed special interest to us in the nature of azocarboxylate ca
tion radicals, and their fragmentation mechanism. Some 
azoalkanes, especially tertiary azoalkanes, reacted with ca
tion radical at room temperature lead to rapid evolution of 

nitrogen via C-N bond cleavages.4"6 Also, fast decarbox
ylations of t-butyl phenyl carbonate and di-t-butyl dicar
bonate7 via C-O bond cleavages were observed at the same 
reaction conditions. Here, we describe a reaction of thian- 
threne cation radical (Th+ C1O4-, 1) with di-?erZ-butyl azodi
carboxylate (2) and plausible mechanistic postulates and


