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Nature uses characteristic properties of metal ions to pethese observations has not been made yet.
form specific biological functionsEnzymes such as urease, Some Ni(l) macrocyclic complexes have been known to
carbon monoxide dehydrogenase (CODH), hydrogenaseeact with CO and the CO adducts have been characterized
(H,-ase), and methyl coenzyme M reductase contain Ni(llpy the UVAis, ESR, and IR spectfad® However, there
ions? have been no reports for the X-ray structure of Ni(I)-CO
F430, a Ni(ll) hydrocorphinoid complex, is a prosthetic adducts yet. Only the EXAFS data for [NjJCOJ" and
group of Smethyl coenzyme M reductase which catalyzes[Ni(L2)COJ" showed that they had five-coordinate geometry
the reductive cleavage &methyl coenzyme M to coen- with Ni-C bond distances of 1.80 and 1&8espectively.
zyme M and methane in the final stage of carbon dioxide
reduction in the methanogenic bactéridthough the func-

3
2

tion of F430 is not fully understood yet, an EPR signal N HN N HN
detected in whole cells d¥lethanobacterium thermoauto- [ j [ j
trophicum has been attributed to a Ni(l) form of F430. NH N N HN
Isolated F430 (pentamethyl ester of F430) can be reduced J |

the Ni(l) species in THF, which was characterized by UV/vis >|\/K /KX
and ESR spectroscopy. L L,

To obtain Ni(I)-CO adducts and to understand the property
of Ni(l) complexes better, we measured the CO binding con-
stants for various Ni(l) macrocyclic complexegdlam and
1-5) by using electrochemical method and tried to find the
factors which affect CO binding.
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Although X-ray structures of Ni(l) species of isobacterio- ’i‘ weN
chlorin, F430, and F430M have not been reported yet, analy
sis of EXAFS data suggests that their macrocyclic cores at cyclam 1 2
expanded and distorted compared with the structures of tt (RRS.S)
Ni(ll) species®’ For example, in the case of low spin Ni(ll)
F430M, the Ni-N bond distance is 1.90(&), but the N N
reduced Ni(l) F430M shows two sets of Ni-N bond distances CN G D AH - M
of 1.88(3)A and 2.03(34.%® Recently, X-ray structures of [ ) aH N N N N
some Ni(l) macrocyclic complexes in square-pléfaand [N N] [ j [ j
square-pyramid& coordination geometry have been also NN oY N NoOND
reported. The results show two sets of Ni-N bond distance W L iy leN) H GNJ H
rather than a simple expansion of macrocyclic core com N, J \

pared with the parent Ni(ll) species. Therefore, all Ni(l)
macrocyclic complexes known so far show two different 3 4
sets of Ni-N bond distances although proper explanation fo (R,R,S.9) (R.R,S,S) (RS,R,S)
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Experimental Section r
20.00
Reagents All chemicals and solvents used in the synthe-  15.00
sis were of reagent grade and were used without further pur 10,001
fication. For the spectroscopic and physical measurement 2
organic solvents were dried and purified according to the lit 5
erature method$. (n-BuuNPFR;, was recrystallized three
times in ethanol and dried overnight at P@under vac-
uum. Nitrogen and CO gases were purified by passing thet
through the columns filled with BTS catalyst and GaCl -10.00- ) ) . ] . . ) .
Synthesis Various Ni(ll) macrocyclic complexes [Nif] 0 -500 -1000 -1500 -2000
(ClOy4), (L=1-5) were synthesized by the one-pot template Potential (mV)
condensation reactions according to the literatures previrigure 1. Cyclic voltammograms of [Ni)](ClO,).. Ni concent-
ously reported’*8 ration, 1.0 mM in MeCN with 0.1 M¢Bu),NPF. Scan rate = 100
Electrochemistry. Cyclic voltammetry was carried out MV/s. Dotted line .- ): measured underztmosphere. Solid line
with a BAS 100B/W electrochemical workstation using a{—): measured under CO atmosphere (1 atm).
conventional cell. The electrochemical data were measure
in MeCN solution of 0.1 Mri{-Bu)sNPFs. The working elec-
trode was a glassy carbon, the auxiliary electrode was  20.00
coiled platinum wire, and the reference electrode was Ag
Ag* (0.01 M). To carry out the cyclic voltammetry under CO ., 10.00
atmosphere, MeCN solution was degassed and then sai=
rated with 1 atm CO. Solubility of CO in MeCN at 25
was assumed to be 0.0083 M/atm according to the litere
turel®

5.00

0.00

Curr

Current

-10.00

Results and Discussion
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The CO binding constant&dc) for Ni(l) complexes ofl.- Potential (mV)
S5 were detemyg\led by using cyclic voltammetry as previ-gigyre 2. Cyclic voltammograms of [N&](CIO4),. Ni concent-
ously reported®*The CO hinding constanK¢o) for elec-  ration, 1.0 mM in MeCN with 0.1 M¥Bu);NPFs. Scan rate = 100

trochemically generated Ni(l) complex is defined by eq. 1mV/s. Dotted line (.- ): measured underditmosphere. Solid line
and 2. (—): measured under CO atmosphere (1 atm).

Ni'(L) + e Ni'(L) 1)

Typical cyclic voltammograms of [Nifj(ClO4), and
y [Ni(3)](ClO4,), that are measured undeg Bhd CO atmo-
NiL) +Co Ni(L)(CO) 2) sphere are shown in Figures 1 and 2, respectively. When CO
Application of Nernst equation yields the relationship was bound to Ni(l), anodic shift occurred for the Ni(ll)/Ni(l)
betweenKco and the reduction potential of Ni(ll)/Ni(l) as reduction peak. Cyclic voltammograms of Ni(ll) complexes

Kco

described in eq. 3. of macrocycle2-4 which were measured under CO atmo-
RT sphere are reversible but thosd aind5 show only cathodic
E«CO) =E, + 3 In(1 +Kco[COJ) peaks indicating that CO binding to the complexe$ afid
1 E 5is irreversible. This may be attributed to the very slow dis-
Kco= ——= [eXpQEy % -1) (3)  sociation of CO in the complexes bfand5. Probably the
[CO] T equilibrium between [NI()(CO)]* and [NiL)]* (L =1 and

HereE,,(CO) is the half-wave potentiaE{{(CO) +E,{(CO))/  5) cannot be attained within anodic scan tffe.

2, measured under C@y, is the half-wave potentialEfc + The Ko values for various Ni(l) macrocyclic complexes
Eys)/2, measured under nitrogen atmosphere for the Ni(ll)are summarized in Table 1 together with Ni(ll)/Ni(l) reduc-
Ni(l) reduction, and\Ey, is E(CO) - E;,. 224 tion potentials E,) of the complexes. LargKco values

To obtainKco values, half-wave reduction potentials of (10°~10%) obtained in this study indicate the stabilization of
Ni(ll) complexes were measured undes &hd CO atmo-  Ni(l)-CO adducts. The CO binding constants of square pla-
sphere, respectively, and the data were fitted to eq. 3. In panar Ni(l) complexes may be affected by the bond strength of
ticular, the measurement AE,, under 1 atm CO pressure Ni(I)-CO and the alterations of solvation and geometric
allows the estimation d€co value when the solubility of CO  structure around metal complex upon CO binding. They
in MeCN at 25°C is assumed to be 0.0083 M/atm accordingwould reflect i) the electron density at the Ni(l) metal center,
to the literaturé? In the calculations, £5 mV was assumed to i) susceptibility of formation of five-coordinate species with
be the maximum experimental error. square pyramidal geometry, and iii) the solvation effect.
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Table 1 Reduction potentials of Ni(ll)/Ni(I) and CO binding

constants for Ni(I) complexes of various macrocyclic ligdnds
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by the cyclic voltammetric method. The binding constants
depend on the macrocyclic ligands. It is larger for mono-
cyclic ligand ( = cyclam), whose complex is more difficult
to be reduced from Ni(ll) to Ni(l), than for macropolycyclic
ligands [ = 2-5). The larger core size of the macrocycle in
L =3 and4, which stabilizes Ni(l) complexes better, causes
smallerKco value than those with smaller core size=(2).

The bulky subring moieties of the macrocycleLinr 2-5
prevent CO access to the Ni(l) ion, which leads to the

_ E° E(CO¥
ligand MBS Koo'
Epd Epd Ei  EpCO)En(CO)ECO)

cyclam -1.75 2.&10°
1 -175-1.64 -1.70 -1.68 -
2 -155-1.47 -152 -1.45 -1.34 -1.40 0.13 A6
3 -1.43-134-1.38 -1.38 -1.24 -1.31 0.07 U9
4 -1.46-136-1.41 -1.41 -1.26 -1.34 0.07 U9
5 -1.33-1.23-1.28 -1.28 -

aMeasured in MeCN with 0.1 M{Bu):NPFs at 25°C, voltvs Ag/Ag*
(0.01 M). "Measured under N atmosphere‘Measured under CO
atmosphere (1 atm§Cathodic peak potentiafAnodic peak potential.
"Ev,= (Epc + Epgf2. 9AEy,= Ey, (CO) - Ey. "Estimated from eq. ZRef-
erence 8.

Since the metal atom locates above the plane made by four
nitrogen donors when CO coordinates to the metal, the bind-
ing constants should be affected by the flexibility of macro-
cyclic ligand also. The crystal structure of Cu(l)-CO

complex previously reported shows that the metal locatesy

0.096A above the ligand plarfé. 3

the Kco values ofl = 2-4 are in the order of 81C". They
decrease in the order @ficlam>2>3~4 As shown in

Table 1, the reduction potential of Ni(ll)/Ni(l) increases in 5.

the order ofcyclam>1>2 >3 >4 >5 This indicates that
the reduction of Ni(ll) to Ni(l) is most difficult with cyclam
and easiest with the ligar That is, the electron donating
ability of the ligand to the metal is in the ordecgflam> 1

>2 >3 >4 >5 If the macrocyclic ligand donates more elec-
tron density to the metal ion, the Ni(l) ion will bind CO bet-

ter because stronger-back bonding will form between g

metal and CO.

The smaller binding constants for= 2, 3, and4 than the 9.

simple macrocycleyclam may also be explained by their

larger steric hindrance against CO binding at the axial sitd0-

due to the subring moieties. Hor 1 and5, the CO binding
constant could not be estimated because the reactions w
irreversible. However, sindg,S,R,§Ni(5)](ClO.), has bet-
ter geometric structure thaR,R,S,gNi(4)](ClO4), for the
out of plane distortion of metal iGhwhich is necessary for
the CO binding, we may expect that [B)i(CIO4). would 13
have largeKco value than [Ni)](ClO4).. In addition, macro-
cyclic ligand3 or 4 has larger ligand core than ligapd1®
This makes the metal with = 3 or 4 be reduced more easily

than that withL = 2, which is reflected by less negatizg,  15.
value. This in turn gives small&io value for3 and4 than ~ 16.

for 2. We would expect similar steric effect for=3 and4,
because their macrocyclic ligands have similar core size an{i7
subring moieties. They actually showed very simiapb
values.

Conclusion

18.
Electrochemically generated Ni(I) macrocyclic complexes19.

bind CO in MeCN and the binding constants were measured

smallerKco value.
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