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요 약. 효소모델 코발트 화합물의 전자스펙트럼에서 축상의 이온성 리간드와 코발트사이의 전하전이에 

해당하는 흡수띠의 위치가 용매의 극성도에 따라 변화하는 현상이 평면상의 거대고리 리간드의 공액도와 

어떠한 상관관계가 있는가에 대하여 다음과 같은 여러가지의 공액도를 가진 거대고리 리간드의 유기코발트 

착화합물을 사용하여 연구하였다. 완전히 공액인 CH3CoL, C6H5CoL, CNCoL, CH3CoL\ CNCoL； 부분적으로 

공액인 CH3(py)Co(DH)2, CH3CoL\ 비공액의 이중결합을 포함하는 [CHQXiq-CT)](C1()4)2와 고리가 완전히 

닫히지 않은 CHMMsalen)이 그들이다. 코발트와 탄소사이의 전하전이 흡수띠는 평면상의 거대고리 리간드가 

완전히 공액일 때에만 용매의 극성도가 증가함에 따라 더욱 짧은 파장으로 이동하였고, 그에 해당하는 전 

이에너지宓『)는 용매의 극성도(Z)와 직선의 상관관계에 있었으나, 거대고리 리간드가 불완전한 공액이거나 

고리가 닫히지 않았을 때에는 전이 에너지와 용매의 극성도 사이에 상관관계를 발견할 수 없었다.

ABSTRACT. The electronic spectra of enzyme-model organocobalt(III) complexes containing comple

tely or partially conjugated macrocyclic ligands were measured in various solvents to investigate the 

solvent effect on the charge transfer band for the axial cobalt-carbon bond by the extent of conjugation 

in the equatorial macrocyclic ring; completely conjugated, CH3CoL, C6H5CoL, CNCoL, CH3C0L', CNCoL', 

partially conjugated CH3(py)Co(DH)2, CH3C0L”, unconjugated dienes, [CH3Co(l,4-CT)](C104)2, and open 

ring, CH3Co(salen). The position of the charge transfer band which corresponds to the cobalt-carbon 

bond was shifted to a shorter wavelength as the polarity of solvent increased and the transition energy 

(Et) had a linear relationship with solvent polarity parameter, Z-valuet only in the case of completely 

conjugated system. However, the linear correlation between ET and Z was not observed for partially 

conjugated and open ring systems.

INTRODUCTION

The importance of the chemistry of vitamin B12 

has been recognized due to the effectiveness in 

the treatment of pernicious anaemia. Vitamin B12 

is the cobalt(IID compound which contains 15-me

mbered corrin ring and a benzimidazole group in 

one axial position and cyanide in the other. B12 

coenzyme is the compound which the cyanide li

gand is replaced by an alkyl group. So far the 

known 5-coordinated organocobalt(III) compounds 

as the enzyme model compounds have some deg

ree of n-conjugation1'7. A porphyrin has 9X2n- 
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electrons and corrin has 13n-electrons with a le응s 

n-conjugation. The cobaloxime and TIM ligands 

have 4 X2n-electrons conjugated, acacen and 옹alen 

have 5 X2n-electrons in the inner macrocyclic 

ring. Thus a cobalt complex requires some degree 

of n-conjugation in the macrocyclic ring to form 

a fairly stable o~bonded alkyl derivative.

Murakami et al? synthesized a o-bonded dicya- 

ncx:obalt(III) complex of complexly conjugated tet- 

rapyrrolic macrocycle, dicyano (8,12-diethyl-1,2,3» 

7,17,18,19-octamethyl-tetradehydrocorrinato) co- 

balt(III), and observed that the position of a certain 

band in 700 nm region was sensitive to the polarity 

of a solvent. They assigned this band to the charge 

transfer band for the Co-CN bond and the transi

tion energy 缶,kcal moL) was linearly correlated 

with a solvent polarity parameter, Z-value.

The solvent effect on electronic spectra was sys

tematically studied in a quantitative manner by 

Kosower using Z-values for the first time9~11. The 

Z-values were proposed as the charge transfer 

transition energies form the ionic 마ate (R+T) to 

the less polar state (R I ') of the l-ethyl-4-carbo- 

methoxy-pyridinium iodide and utilized as standa

rds of solvent polarity since these transition ener

gies constitute a quantitative empirical measure 

of the ionizing power of the solvents. The more 

polar solvents have the larger Z-values.

For the pyridinium iodides with various substi

tuents on the pyridine ring the transition energies 

had a linear correlation with the Z-values. There

fore transition energies for any polar bond atta

ched to aromaic rings have a linear relation옹hip 

with the polarity of &이ve 개 s. Sakata et 이}also 

observed the solvent effect for the 5-coordinate 

metal complex of another fully conjugated ligand, 

(chloro(7f17-diethyldibenzo[b,i][l,4All] tetraa- 

zacyclotetradecinato) iron(III)}, in the 580~63° 

nm range of the electronic spectrum and there 

was also a linear relationship between the transi

tion energies for the Fe-Cl bond and the Z-values. 

Although the solvent effect was observed in seve

ral fully conjugated systems a옹 above, it has not 

been clarified so far whether this phenomenon ap

pears only in the case of complexes containing 

completely conjugated macrocyclic ring (more ext

remely, aromatic ring) or not. Due to the lack of 

systematic investigation on the conflation bet

ween the charge transfer of the axial polar bond, 

M~X, and the degree of n-conjugation in the equa

torial macrocyclic ligand, it is necessary to com

pare and elucidate the electronic spectra of orga- 

nocobalt complexes containing macrocyclic ligands 

with various conjugation. For that purpose, we em

ployed square pyramidal 5-coordinate organoco- 

balt(III) complexes of a new completely conjugated 

macrocyclic ligand, alkyl-5,15-dimethyl-8,17-di- 

phenyldibenzo[b,i][l,4(8,ll]tetraazacyclotetradeci- 

natocobalt(III), [RCoL] (R=CH3, C6H5, CN, la~c) 

which were synthesized in our laboratory13, the 

complexes of another macrocyclic rings with com

plete conjugation (14n-electrons), &~b, partial 

conjugation, 3~4, and unconjugated dienes, 5, and 

an open ring, 6. Thus, we wish to report the depe

ndence of the absorption band attributable to the 

axial polar cobalt-carbon bond on the degree of 

conjugation in the equatorial macrocyclic ring of 

organocobalt(III) complexes.
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EXPERIMENTAL

Reagents and Solvents. All the reagent-grade 

chemicals including NiAcMHQ, hydrazine, potas

sium cyanide were purchased from Aldrich Che

mical Company and were used without further pu

rification unless stated otherwise. All the solvents 

were reagent-grade and were dried by distillation 

over appropriate drying agents under nitrogen 

prior to use.

Instruments. Electronic spectra were taken on 

a Spectronic 1201 Spectrophotometer by Milton 

Roy. Infrared spectra were measured on a Perkin 

Elmer 1310 using KBr discs or nujol mulls. Proton 

NMR spectra were obtained on a Varian T-60A 

or Jeol PMX Spectrometer. All the compounds 

were handled with minimal exposure to light to 

prevent the cleavage of cobalt-carbon bond. Stan

dard techniques for the manipulation of air-sensi

tive compounds14 were used for some air-sensitive 

compounds and solvent were deaearated by paring 

them with nitrogen or by the freeze-thaw method.

Preparation of Cyano~6,15-dimethyl-diphenyldi- 
benzo[b,i][l,4,841]tetraazacyclotetra(licinatoco- 
balt(III), CNCoL, 1c. To a solution of CoCCIOQy 

6H2O (0.31 g) in methanol (10 ml) was added LH215 

(0.40 g) in acetone (30 m/) and the above solution 

was brought up to reflux. After an hour, KCN (0.1 

g) was added and reflux was continued additional 

20 minutes. Dark blue-green crystals were filte

red, washed with ether and dried in vacuo,

mp.>300°C

IR：Vc=n 1590 cm-1, 기c조n 2110 cm-1

炒NMR：2310 CH3), 550(s, -CH=), 621-7.50 

(m, aromatic)

Anal. Calcd for C33H26N5CO: C, 71.9; H, 4.72; 

N, 12.7

Found : C, 71.3; H, 4.82; N, 12.4.

Other organocobalt(III) complexes, la~b, 
b, 3, 4, 5, 6 were prepared by the literature me- 

thod4-16'20.

RESULTS AND DISCUSSION

Preparation and Charactrization of CNCoL. 
The dark blue green cyanocobalt(III) compound 

was prepared by the addition of cyanide to the 

solution of cobalt perchlorate and the free macroc

yclic ligand, LH2t under nitrogen atmosphere. This 

compound was characterized by means of IR, 

NMR, UV-VIS spectroscopy and elemental analy

sis. In the IR spectrum, the absorption band at 

1590 cm'1 was assigned to the imine bond in the 

macrocyclic ring and that at 2110 cm"1 to the axial 

C=N stretching. The NMR spectrum 아lows a si

nglet at 2.31 ppm due to the methyl group in the 

macrocycle and a singlet at 5.50 ppm for the me- 

thine and a multiplet in the range of 6.21~ 7,50 

ppm for aromatic protons. The UV-VIS spectral 

data 아low three absortions at 17,600(6, 800), 20,200 

(e, 900), 27,800(e, 6900) cmf

Electronic Spectra of Orgunoc❶Comp
lexes. The electronic spectra of the cobalt(III) co

mplexes show intense absorption bands in the ra

nge of 15,000^40,000 cm-1. The large molar exti

nction coefficients (103~10〃m이—tmT) are attri

buted to n—n* transitions within the ligand mole

cules and charge transfer transitions between me

tal and ligand. The spectral data of the 5 coordi- 

nate organocobalt complexes of completely conju

gated ligand, 6,15-dimethyl-8,17-diphenyldibenzo 

Ebti] [ l,4,8,ll]tetraazacyclotetradecinate (C32H26N4, 

L2'), with 14n-electrons were reported previous

ly20. An absorption band of CH3C0L in 600 nm re

gion can be assigned to the transition for C0-CH3 

bond, since the position of the band is very sensi

tive to the polarity of solvents as shown in Table 

1:入g value being extended from 568 nm in the 

most polar solvent, CH3OH, to 610 nm in the least 

polar one, benzene, in the series. This assignment 

can be supported by the fact that the electronic

Table 1. Solvent effect on CT bonds for CH3C0L

Solvent Z value 入max Et (kcal/mol)

CH3OH 83.6 568 503

C2H5OH 79.6 572 49.9

CH3CN 71.3 562 50.8

DMF 68.5 580 49.2

CHC13 63.2 600 47.7

Isoocatane 60.1 606 47.2

Benzene 54.0 610 46.9

Vol. 37, No. 12, 1993



1050 徐慧曝・奉贊娥-黃英愛

Table 2. Solvent effect on CT bonds for CeHsCoL and 

CNCoL

Complex C6H5CoL CNCoL

Solvent Z value 入max Et 人max Er

CH3OH 83.6 572 49.9 568 50.3

C2H5OH 79.6 580 49.2 576 49.6

DMF 68.5 588 48.6 586 48.8

CHC13 63.2 605 47.3 602 47.5

Isoocatane 60.1 602 47.5 612 46.7

Benzene 54.0 624 45.8 616 46.4

Table 3. Solvent effect on CT bonds for CH3CoLr and 

CNCoL'

Complex CH3CoL, CNCoU

Solvent 人max Et Amax Et

CH3OH 610 46.9 50.9

C2H5OH 614 46.7 50.3

CH3CN 50.0

DMF 621 46.0 49.6

CHCI3 623 45.9 49.4

Isoocatane 626 45.7 48.5

Benzene 628 45.5 48.0

Fig. 1. Correlation between charge transfer transition 

energy (Er) of CNCoL and solvent polarity parmaeter 

(Z)

Fig. 2. Correlation between charge transfer transition 

energy (EB of CNCoL' and solvent polarity parameter 

(Z).

spectra of square planar 4-coordinate Co(II)L and 

Cu(II)L of this work did not have any absorption 

band in the same region (extinction coefficients in 

parentheses): Co(II)L; 435 nm (4,800), 360 (47,400), 

Cu(II)L; 500(1,510), 440(6,000), 395(13,500). The 

solvent effects on the CT (charge transfer) ener

gies for Co-C bonds of CeHsCoL and CNCoL are 

listed in Table 2. The maximum wavelengths of 

the CT bands were converted into transition ener

gies by the relation, ET (kcal/mol)=2.859 X lO5/^^ 

(A). The transition energies of each of the above 

three. complexes have a linear relationship with 

Z-values and Fig. 1 shows this relationship for 

CNCoL. It is very interesting to note that the io

dide was bonded to an aromatic system in pyridi

nium iodide9^11, the chloride to the iron with a 

completely conjugated macrocyclic ligand of 14n- 

electron system in the chloroiron complex12 and 

the methyl to the cobalt containing a completely 

conjugated 14n-electron system of RCoL among 

the reported complexes showing the solvent effect 

on the electronic spectra so-far. Since there is 

neither a clear elucidation nor a systematic inves

tigation on whether or why the solvent effect is 

observed only in the case of a complete conjugated 

system, the organocobalt complexes of various co

njugation were employed in this work: the comp

lexes of another completely conjugated ligand, 

CH3CoL* (2a) and CNCoL' (2b), partial conjugation, 

CH3(py)Co(DH)2(3) and CH3CoL//(4), and unconju

gated dienes, [CH3Co(lf4~CT)](ClO4)2(5), and an 

open ring, CH3Co (salen) (6). In both ca용es of fully 

conjugated systems (2a~b), there were also the 

solvent dependence of the absorption band at the 

600 nm region for 2a and the one at the 560 nm 

region for 2b and the corresponding transition 

energies related linearly with the polarity of solve

nts (Table 3 and Fig. 2). Thus, the position of the 

absorption band for Co-C bond in the completely 

conjugated system is shifted to the lower wavele-

Joumal of the Korean Chemical Society
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Table 4. Solvent effect on CT bonds for CH3(py)Co 

(DHX and CH3CoLw

Complex CH3(py)Co(DH)2 CH3C0L"

Solvent Wavelength (nm) Wavelength (nm)

ch3oh 714 562 498 632 562 504

DMF 706 561 498 634 562 502

Benzene 710 562 496 634 565 504

Table 5. S시vent effect on CT bonds for [CH3Co(lt4_

CT)](C1O4)2 and CH3C0 (salen)

Complex [CH3Co(lt4-CT)](ClO4)2 CH3C0 (salen)

Solvent Wavelength (nm) Wavelength (nm)

CH3OH 732 562 502 647 455 394 341

(sh) (sh)

DMF 734 562 502 649 454 392 340

Benzene 734 562 498 648 454 392 342

ngth as the polarity of solvents increases and the 

charge transfer energies correlate linearly with the 

polarity of solvents. On the other hand, the absor

ption maxima in the electronic spectra of the com

plexes of partial conjugation and an open ring sys

tem in methanol are as follows (e in parenthesis): 

compound 3; 714(620), 562(1,630), 498 nm(l,700), 

4; 632(4,830), 562(6,200), 504 nm(7,820), 5; 732 

(1,590), 562(750), 502 nm(l,280), 6; 647(1,340), 455 

(sh, &270), 394(sh, 3,450), 341 nm(13,300). In order 

to find out which band could be assigned to the 

cobatl-carbon bond among several bands, the elec

tronic spectra were taken in three solvent sys

tems; the most polar, CH3OH, the medium, DMF, 

and the least polar one, benzene, among the solve

nts used for the complexly conjugated system. It 

seems that all the bands have changes only within 

the range of experimental error as the polarity 

of solvents changes as shown in the Table 4 and

5. Therefore, the compounds with partially conju

gated or open ring systems do not show the sol

vent dependence of the electronic spectra. Al

though the Z-value was defined as an empirical 

parameter of solvent polarity based on the charge 

transfer band of 1 - ethyl-4-carbomethoxypyridi- 

nium iodide in various solvents as mentioned 

above, we might apply this concept to our metal 

complexes as follows. Upon excitation by light ab

sorption, charge is transferred from the ground 

state, [CoL]+R*, to form [CoL] R ' in the excited 

state and a large decrease in a dipole moment 

will result. The completely conjugated macrocycles 

with 14n-electrons are presumed to be similar to 

an electron-withdrawing arom가ic system showing 

an algorption band within the range of 200~700 

cm1. This also means that the absorption bands 

shown in the systems other than completely con

jugated systems may not include the charge trans

fer bands for cobalt-carbon bond because of too 

large transition energies. Therefore, the reason 

why we observe the solvent dependence on the 

electronic spectrum。미y in the completely conju

gated system is probably not because there in no 

charge transfer band in the partially conjugated 

or open ring systems but because the transition 

energies for the charge transfer in these systems 

are too high to be observed. This is the same rea

soning that an organic molecule with a conjugated 

double bond or an aromatic ring shows a strong 

absorption peak due to a n —n* transition in the 

200— 700 nm region of spectrum but the one with 

electrons of sigma bonds or simple alkenes doesn't: 

electrons of the latter are too tightly bound to be 

promoted by the radiation in this range.

In conclusion, the position of the absorption 

band in which the axial cobalt-carbon bond is in

volved is shifted to a shorter wavelength as the 

polarity of solvent increases and the charge trans

fer energies correlate linearly with the polarity 

of solvents only for the complexes containing com

pletely conjugated equatorial equatorial macrocyc

lic ligand and the compounds with partially conju

gated or open ring systems do not show the sol

vent dependence on the electronic spectra. Fur

ther work is now in progress to clarify also the 

correlation between the bonding property of an 

axial polar bond and the aromaticity in the e이 

rial macrocycle by using nonaromatic but comple

tely conjugated 16-n systems as well as aromatic 

14-and 18-n system.
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