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A variety of metal ion salts have been employed to promote free Mgz" Sc*
reactions of nucleophiles with electrophiles which can be activated
by the coordination of metal ion salts to electrophiles, controlling
not only the reactivities but also the selectivitle$ Metal ion salts
can also promote free radical reactions and electron-transfer
reaction8 The promoting effects of metal ions are certainly
related to the Lewis acidity of metal ion salts employed to promote
the reactions. The Lewis acidity of metal ions can be predicted
qualitatively on the basis of the charges and ion radii of metal ions.
However, it is highly desired to havegaantitatve measure of the . . . . .

Lewis acidity of metal ions in relation with the promoting effects 400 420 440 460 480 500
on the reactions. Wavelength, nm

we h"?“’e recem.ly reported that the \./alues of ESR spectra Of. Figure 1. Fluorescence spectra of AcrCO and the Acr@@"" complexes
superoxide-metal ion complexes are highly sensitive to the Lewis " jeaerated MeCN at 298 K.
acidity of a variety of metal ions and that the binding energhds) (
readily derived from the,, values provide a quantitative measure the energy splitting due to the coupling of CO stretching in the
of Lewis acidity of metal ion8:1°The AE values have been shown  1AcrCO'—M"" complex. The absorption maximén), hvy andr
to be directly correlated with the promoting effects of metal ions values are listed in Table 1.
in electron-transfer reactioi8® However, this method can only Organotin halides, in particular, pentafluorophenyltin bromides
be applied to diamagnetic metal ions, since the paramagnetic metaksuch as (GFs),SnBr, are unique and useful, since they are
ion complexes with @~ give no ESR signal. Redox active metal  hydrolytically stable enough to be isolated by column chromatog-
ions which undergo electron-transfer reactions with~@annot raphy or distillation in open air, in contrast to most of the
be employed, either. conventional Lewis acids that are sufficiently acidic to promote

We report herein a much more general and convenient methodsynthetically useful reactiod3 The pentafluorophenyltin bromides
to provide a quantitative measure of the Lewis acidity of metal ion and other organotin halides also form the complexes with AcrCO
salts. That is the fluorescence maxima of 10-methylacridone and the Ama, hvi and v values of thelAcrCO —Lewis acid
(AcrCO)—metal ion salt complexes. The florescence enelgy) ( complexes are also listed in Table 1.
decreases with increasing the Lewis acidity of metal ion salts, and  The g,-value of the ESR spectrum of the,;O—Lewis acid
the hvr value provides quantitative measure of the Lewis acidity of complex gives valuable information concerning the binding strength
metal ions including paramagnetic and redox active species. of the O*~—Lewis acid complex. The deviation of thgvalue

Irradiation of the absorption band of AcrCO results in fluores- from the free spin valuegg = 2.0023) is caused by the spinrbit
cence at 432 nm in MeCN. When Sc(OJ#% added to an MeCN interaction as given by eq 1,
solution of AcrCO, the absorption band of AcrCO is red-shifted
due to the 1:1 complex formation between AcrCO and Sc(&HFf) 0,,= 0, + 2A/AE Q)

The formation constank() is determined from the spectral change

as 1.2x 10° M~L1 Thus, the Lewis acidity of Sc(OTf)s strong where/ is the spir-orbit coupling constant (0.014 eV) aE is
enough to form the complex with AcrCO in competition with the the energy splitting ofry levels due to the complex formation
coordination of MeCN which is an abundant weak base. When between @~ and Lewis acid, andE > 1.%1°Thus, theAE values
AcrCO forms the complex with Sc(OTEf)the fluorescence maxi-  are readily determined from the deviation of thg-values from
mum @may) is red-shifted from 432 to 474 nm, and the fluorescence the free spin valuegp) as listed in Table 20 The AE values
lifetime (z) becomes longer in the AcrGE&5¢(OTf); complex (16.9 derived from theg,-values of ESR spectra of the,O—Lewis acid

ns for the!AcrCO"—Sc(OTf) complex and 6.1 ns foAcrCO').11 complexes can be used as a quantitative measure of Lewis acidity
Similarly the fluorescence spectra were observed when AcrCO of the metal ion salt including organotin halides, since the rate
forms the complexes with various metal ions (Yl including constants K) of Lewis acid-promoted electron transfer from an

paramagnetic and redox active metal ion salts such as Fg¢ClO  one-electron reductant such as (TPP)Co (@rRP tetraphenylpor-
Cu(CIQy)2, MN(ClO,),, and Co(CIQ), (typical examples are shown  phyrin dianion) to @ is well-correlated with the\E values?*°
in Figure 1). The two absorption bands in Figure 1 correspond to  There is astriking linear correlationbetween théw; values of
1 . . ; -
*To whom correspondence should be addressed. E-mail: fukuzumi@ap. AchO ,LeW'S acid complgxes and thee values of the @ .
chem.eng.osaka-u.ac.jp. Lewis acid complexes derived from tlgg-values as shown in
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Table 1. Fluorescence Maxima (Amax), the Energies (hvy), the
Lifetimes (r) of the 1AcrCO"—Lewis Acid Complexes and the
Binding Energies (AE) of the O,*~—Lewis Acid Complexes

Lewis acid AE, ev? Amax, NM hv, eV 7,Ns
Sc(OTfp 1.00 474 2.62 16.9
Y(OTf)s 0.85 460 2.70 13.9
Lu(OTf)3 0.83 461 2.69 15.2
La(OTf)3 0.82 458 271 14.4
Mg(ClOs)> 0.65 451 2.75 12.8
Ca(ClQy). 0.58 449 2.76 15.2
LiCIO4 0.53 442 2.81 15.0
Sr(ClQy)2 0.52 445 2.79 135
Ba(ClQy)2 0.49 444 2.79 13.0
NaClCy 0.34 437 2.84 12.8
Fe(ClO)s 1.08 478 2.59 13.6
Fe(ClQ) 0.9¢ 471 2.63 20.1
Cu(CIQy)2 0.9 471 2.63 16.9
Co(CIOy)2 0.99 470 2.64 15.8
Zn(OTf) 0.7P 456 2.72 14.0
Mn(ClOs)2 0.32 435 2.85 12.8
(CeFs)2SnBr 0.89 470 2.64 16.8
(CeFs)sSnBr 0.65 452 2.74 16.5
PhsSnCl 0.62 455 2.72 154
Bu,SnCb 0.61 453 2.74 15.6
free 0.32 432 2.87 6.1

aTaken from refs 9 and 104 Calculated from eq 2.
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Figure 2. Plot of hut of the 1AcrCO"—Lewis acid complexes VAE in
MeCN 298 K.

Figure 2. The linear correlation between thE values and théws
values is given by eq 2.

AE (eV)= —2.94hv (eV) + 8.70 2)

The stronger the acidity of the Lewis acid, the larger isAte
value, the more red-shifted is thgax value, and the smaller is the
hvt value. It is interesting to note that Fe(C)@is stronger Lewis
acid than Sc(OT§(Table 1). Such comparison has only been made
possible by the present method. The strong Lewis acidity ¢fdje
SnBk!2 has also been confirmed quantitatively in this study (Figure
2).

Other aromatic carbonyl compounds such as benzaldehyde

(PhCHO) also form complexes with Lewis acidsAlthough

PhCHO is nonfluorescent because of the efficient intersystem

crossing, the Lewis acid complex becomes fluorestemhe hy;
values offPhCHO—Lewis acid complexes are also well correlated
with the AE values of the @ —Lewis acid complexes (see
Supporting Information).

Although antiferromagnetic interaction between paramagnetic
Lewis acids and @ have precluded to determine thé& values,
hvs values of!AcrCO" complexes with paramagnetic and redox
active Lewis acids can be conveniently determined using only a
conventional fluorescence spectrophotometer. The good linear
correlation betweerAE andhv; in Figure 2 demonstrates that the
hvs values provide a quantitative measure of Lewis acidity of all
kinds of metal ion salts including paramagnetic and redox active
Lewis acids.
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