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Abstract: The catalync p-benzoqumone or au oxldaaon of benzoin to bennl was camed out m the 

presence of Pen&-o-xyl)#- (o-xyl = o-xylene-a. a’-&thlolate) or [Fen(S+Bu)&- m a ratlo 

[benzomlficatalyst] = 20/l m DMF at 25 ‘C Under such mild reacnon condmons, the Fe(II) thiolate 

complex exhibited high catalync activity In the reacuon catalyzed by [Fen&-o-xyl)d2-, 64% and 

93% of benzom was oxldlzed to benzll in 25 h by air and p-benzoqumone, respectively In the an 

oxidation of benzyl alcohol catalyzed by [Fe”&-o-xyl)212-, benzaldehyde was formed speclfically 

without formation of benzolc acid Furthermore, p-subsntuent effect (Cl > H > OMe) was found m 

the catalytic air oxldatlon of p-subsntuted benzyl alcohol The catalync oxidation 1s first order with 

respect to each of substrate and the catalyst at mmal stage A reacaon mechanism was proposed and 

the rate-determmmg step 1s at the release of the methme hydrogen as a proton winch 1s based on the 

kmetlc Isotope effect (kH/ko was 4 3 by p-benzoqmnone oxldatlon and 5 0 by au oxtdation, 

respectively) andp-substnuent effect of substrate m the presence of [Fen&-o-xyl)#- 

INTRODUCTION 

Many transmon metal thlolate complexes such as [MoOv(SR)4]-, [MrP(SR)&- 

and [FeqSq(SR)412-,I-3 and metal acetate complex such as [NGI(OCOCH3)2] 4 have 
been reported to exhibit catalytic actlvlty m the oxldatlon of alcohol to ketone or 
aldehyde Most of these metal thlolate complexes were synthesized as model of native 
metalloprotems m structural and/or reactivity aspect.5 The studies of reaction 
catalyzed by metal thlolate complexes provide mformatlon for the mechanisms of 
catalytic oxldatlon and would be useful m understandmg the oxldatlon process of native 
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proteins. Recently, the simple Fe(I1) thtolate, e.g. [Fe(SPh)4]2-, and cysteine- 
containing ohgopeptide-Fe(I1) complexes as, [Fe(Z-cys-Gly-Val-OMe)4]2- and [Fe(Z- 

cys-Pro-Leu-cys-Gly-Val-OMe)#, which were model of rubredoxm, were found to 

be catalyttcally active in the air oxidation of methyl DL-mandelate to methyl 

benzoylformate, p-substituted benzhydrol to the corresponding benzophenone and 
benzom to benzt1.697 The reactton mechanisms catalyzed by Fe(I1) thiolate complex 
are considered to be very rmportant smce the native rubredoxm functions as electron- 

transfer mediators usmg a Fe(II)/Fe(III) redox couple in btologtcal systems.8 

As reported previously, the Fe(I1) tbiolate complexes showed higher catalytic 

activity than that of Mn(I1) analogue and the reaction rate 1s very fast at the imttal 
stage.6-7*9 The Fe(III) species was proposed to be involved m the catalytic reaction 
since the reaction of Fe(I1) thtolate complexes with air or p-benzoqumone gives the 

correspondmg Fe(II1) complexes. 7 However, most of Fe(II1) thiolate complexes are 
thermally unstable due to the oxidation of th101 hgands to give dtsulftde and Fe(I1) 
complex10 except for a few reported examples with chelate hgands as, [Fem(S2-o- 

xyl)2]- or with bulky hgands as, [FeIu(S-2,3,5,6-Me4CgH)4]- 11912 In this paper, we 

report the results of the stotchtometrtc reaction of [FeItt(S2-o-xyl)2]- wtth benzom 
together with the catalytic p-benzoqumone or an oxtdatton of benzom to benztl and also 

p-substituted benzyl alcohol to the correspondmg benzaldehyde m the presence of 
[Fen&-o-xyl)#- An oxidation mechamsm was proposed based on the kmetlc 
isotope effect m the oxtdatlon of benzom, a-C-deuterated benzoin and on the p- 
substnuent effect m the oxtdatlon of p-substttuted benzyl alcohol. 

RESULTS 

Catalytrc Oxrdatton of Benzoln to Benz11 by Aw or p-Benzoqtunone ln the Presence of 
Fe(U) Throlate Complexes 

The aerial oxtdatton of benzom catalyzed by [Fe(&-o-xyl#- (l), [Fe(SPh)#- 
(2) and [Fe(S-t-Bu)4]2- (3) was camed out m mild condmons (m DMF at 25 “C and 

ambient pressure) with a ratio: [substrate] [catalyst] = 20 : 1, (see experimental 
section) The representative runs of these reactions are shown m Ftgure 1. All of 

these Fe(I1) complexes exhrblt high catalytic acttvtty with very fast mmal oxidation 
rate 64% (catalytic yield, 1280%), 66% (catalyttc yield, 1320%) and 73% (catalyttc 
yield, 1460%) of benzom was oxtdtzed to benztl m 25 h m the presence of catalyst of 1, 
2 and 3, respectively, whtch were slmllar to those catalyzed by cysteine peptide 
thtolate Fe(I1) complexes 7 

In contrast to the an oxtdatlon reaction, the mtttal reactton rate became 
somewhat slow when p-benzoqumone was used as an oxidant As shown m the 

Figure 1, the time course of the [Fe(S2+xyl)@, benzom and p-benzoqumone system 
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(1 : 20 : 40) mdicates a smooth oxldatlon process without obvious deactivation of the 

catalyst. The yield of benzll was 93% (catalytic yield, 1860%) in the p-benzoquinone 
oxidation catalyzed by complex 1 m 25 h which was higher than that of air oxidation 

after the same period as mentioned above. The rapid deactivation of catalyst in the air 
oxidation IS caused by the formation of water during the reactIon since the iron- 

thiolato complex IS unstable in water.20 
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Figure 1. Time course for the catalytic oxldatlon of benzoin to benzll. (0) 

p-benzoqumone (40 mM) oxldatlon catalyzed by [Fe(S2+xyl)2]2- (l), (0) 
air oxldatlon catalyzed by [Fe&o-xyl)#- (l), (A) air oxldatlon catalyzed by 
[Fe(SPh)4]2- (2) and (0) air oxidation catalyzed by [Fe(S-t-Bu)4]2- (3). 
[Benzom] = 20 mM, [Catalyst] = 1 mM, m DMF at 25 “C. 
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Figure 2. Dependence on the 

concentratton of [Fe(S2-o-xy1)2]2- for 
the observed rate constants at mittal 
stage for the p-benzoqumone oxtdatton 

of benzom (20 mM) m DMF at 25 “C. 

The oxidation rate constant 
(k&) was obtained at initial stage of 

the reaction for both of an and p- 
benzoqumone oxidation of benzoin. 

The kohs of the air oxidation was 

found to be about U-folds larger than 
that of p-benzoquinone oxidation 

catalyzed by complex 1 (Figure 1). 
The correlation between the kehs and 

concentration of catalyst was 
exammed. For example, as shown in 

the Figure 2, a linear relation was 

found in the case of p-benzoqumone 
oxidatron. This indicates that the 

oxrdatton reactton rate is proportional 
to the concentratton of the catalyst. 

Furthermore, the order with respect 
to the benzom was investigated and 

the logartthmm plot of benzom 
concentration against time is also 

lmear (Figure 3) Therefore, the 

reaction 1s first order with respect to 
each concentratton of benzom and 

the catalyst, that which 1s the same 
as m cases of oxidation of benzom 

catalyzed by 4Fe4S cluster and 
[Nr(OCOCH3)2] 394 

The deutenum kinetic isotope effect 1s unportant for mvesttgatton of the oxidatton 

mechanism. Oxtdation of a-deuterobenzom by p-benzoqumone or au m the presence 

of complex 1 was cart-ted out under the same condmons as the reaction of benzoin. 
The observed k&D was 4.3 (oxtdlzed by p-benzoqumone) and 5 0 (oxtdlzed by au), 
respectively. Thts indicates that cleavage of the a-C-H bond of benzom 1s mvolved m 

the rate-determmmg step 7 

Catalytrc AU- Oxrdatron of p-Substrtuted Benzyl Alcohol to the Corresponding 
Benzaldehyde rn the Presence of [Fe(&-o-xy1)2]2- 

The p-substttuted benzom or benzhydrol have been used to examme the 
electronic influence on the oxldatton reaction catalyzed by metal thtolate complexes as 

[Fe(SPh)4]2-, [Fe(Z-cys-Gly-Val-OMe)4]2-, [FeqS4(ttpbt)4]2- (ttpbt = 2,4,6- 

trnsopropylbenzenethrolate) and [Mn(SPh)412- etc 296,799 In these cases, the electron- 
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Figure 3. Relation of In[Benzom] vs time m the p-benzoqumone oxtdatton of 

benzom m the presence of [Fe(S2-o-xyl)#- (0 5 mM) in DMF at 25 “C. 

Table I. Catalytic an oxldatton of p-substituted benzyl alcohol in the presence of 
[Fe(!&o-xyl)#- m DMF at 25 “C. 

substrate product yield (S) 

4,4’-d~hlorobenzyl alcohol 4,4’-dichlorobenzaldehyde 10 

benzyl alcohol benzaldehyde 7 

4,4’-dmethoxybenzyl alcohol 4,4’-dlmethoxybenzaldehyde 6 

Reaction conditions: [substrates] = 20 mM, [catalyst] = 1 mM, reaction time, 2 h. 

withdrawmg group as Cl or Br accelerates the oxidation while the electron-donating 

one as CH3 or 0CH3 works opposite. In this study, we mvestlgated the air oxidatron 
of p-substituted benzyl alcohol m the presence of complex 1 and the results arc listed 

m Table I. Similar p-substituent effect was observed m these an oxidation reactions. 

The p-chloro-substituted substrate is oxidized more easily than the p-methoxy one. 

The observed p-substrtuent effect mdtcates that the a-hydrogen of benzyl alcohol was 

released as a proton m the rate-determmmg step 
The oxidation product was mvestigated by I%-NMR spectroscopy. In our 

reaction condmons, the oxtdatton was found to stop at aldehyde specifically, since only 

a carbonyl carbon signal of benzaldehyde (Ph*C(H)=O) at 192 ppm (m Me#o-& at 
30 “C) was detected, no signal due to the carbonyl carbon of benzoic acid was 

observed which should appear at 173 ppm Absence of benzorc acid was also 

confirmed by HPLC analysis In the absence of catalyst, no detectable p-substituted 
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benzaldehyde was formed m 2 h. The combined results of the kmetrc isotope effect 
and the p-substituent effect indicate that the oxrdatlon reaction mvolves transport of 

both protons and electrons durmg the catalytrc oxldatton cycles. 
The an oxidation of benzaldehyde catalyzed by Fe(I1) thiolate complex was also 

carried out m the same condmons as the catalytic au oxrdatlon of benzyl alcohol. 

However, no benzorc acid was produced m 20 h Thus the Fe(I1) thiolate complex 
was found to be catalytrcally mactlve m the au oxidatton of aldehyde to carboxyhc acid. 

Oxrdatton of Fe(U) Thlolate Complexes by Air or p-Benzoquanone 
Stoichiometric reaction of [Fen(Sz-o-xyl)$- with dloxygen or p-benzoqumone 

was studied by measurements of absorptton spectra. For example, a new absorption 

maximum was observed immediately at 478 nm when the droxygen (about 2 

equtvalents) was inJected into a DMF solution of complex 1 The result Indicates that 
the Fe(II1) complex of o-xylene-a, a’-dnhtolate was formed m solution since [Fe**r(S2- 

o-xyl)2]- has been reported to exhibit an absorptton band at 486 nm.11 The formatron 
of Fe(II1) throlate complex by an oxtdatton of the corresponding Fe(I1) analogue has 

been reported7>21 and m a few cases, au oxtdatlon of Fe(I1) complex has been used to 

synthestze the correspondmg Fe(II1) complex 11~12 

Spectral change also occurred m a reaction between complex 1 and p- 
benzoqumone (1 * 1) m DMF solutron which 1s stmllar wtth that of an oxtdatton as 

described above. Observatton of two absorptron maxima at 480 and 690 nm confirms 

the formatton of Fe(II1) species 11 In addmon, maxima at 426 and 455 nm were also 

detected m this reaction at first and the intensity was decreased gradually and 

disappeared finally (m about 5 h), while the absorptton maxima at 480 and 690 mn 

were stable and showed a little change after one day The absorptron maxima at 426 

and 455 nm were supposed to be due to the one-electron reduced product of p- 
benzoqumone About 90% Fe(II1) complex was formed m situ as esttmated from the 

absorptton coefftcrent m both cases of dloxygen and p-benzoqumone oxrdatton 

reactions 

Stolchrometrlc Reaction of [FeIII(S2-o-xyl)z]- with Benzoln 
This reaction was mvestlgated by 1H-NMR spectroscopy m an acetomtrtle-d3 

solutron at 30 “C and the results are presented m Figure 4 No tsotroprcally shifted 

signals were observed m the 1H-NMR spectrum of [Feu’(S2-o-xyl)2]- due to the high 

paramagnetism of high-spin Fe(II1) as discussed for the oxtdlzed rubredoxm 22 
However, when one equivalent of benzom was added to the solutton, signals at 108.8 
and 91.7 ppm were observed m about 20 mm (Figure 4a) and the mcrease of mtensrty 
of these two signals Indicates progress of the reaction Almost the same stgnals were 

found m the 1H-NMR spectrum of complex [Fez(ST-o-xyl)3]2- (see experimental 
section) The result rmphcates that a bmuclear Fe(I1) thlolate complex was formed by 
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this reaction No signal was found at about 264 ppm (Figure 4) which was due to the 

CH2 protons of a mononuclear complex, [Ferr(S2+xyl)2]2-. The result indicates no 

formation of [Fert&-o-xyl)#- durmg the reactron of [Fetrr&-o-xyl)z]- with benzom. 

a 

b 

d 

I 1 I I I I I I 

300 200 100 0 

ppm from TMS 

Figure 4. IH-NMR spectra of reaction of [Fem(&-o-xyl)z]- wnh benzom (1 
. 1) m acetonitrile-d3 at 30 “C. a) Reaction rime, 20 mm, b) 50 mm, c) 150 

mm and d) 40 h 
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Figure 5. Time course for the stolchrometnc reaction between [Fern&-o- 
xyl)z]- and benzoin (1 : 1) m DMF at 25 “C. 

The CH2 protons of [Fe2(SCH2CH$&- have been reported to be observed at 
69 ppm at 24 “C and at 59 9 and 57 6 ppm at -30 “C m acetonitrrle-dg.18 The CH2 

signals (108.8 and 91 7 ppm at 30 “C) of [FeAS2+xyl)3]2- were observed at lower 

field than those (69 ppm at 24 “C) of [Fe2(SCH2CH3)&- This trend was stmllar to 
the CH2 signals observed m mononuclear complexes of [Fe(S2+xyl)#- (264 ppm m 

acetomtrile-dg at 30 “C, down field shifted) and [Fe(SCH2CH3)4]2- (196 ppm m 

acetomtrrle-& at 27 “C) 20 

The formation of a bmuclear complex from reaction of the o-xyl Fe(II1) complex 

with benzom was considered to be caused by the presence of protons (H+) of benzoin. 

The stoichlometry of the reactton is given m equation (1) 

PhCH(OH)COPh + 2(EtqN)[Fent(S2+xyl)2] - 

PhCOCOPh + (Et4N)z[Fe2”(S2-o-xy1)3] + 1,2-C6H4(CH$H)2 (1) 

One equivalent of o-xylene-a, a’-dlthlol formed by this reaction was confirmed by 1H- 
NMR spectroscopy. The formation of benztl was detected by HPLC. The results 
indicate that the Fe(II1) complex can oxidize benzom to give benzll with concomitant 

formatton of a bmuclear Fe(II) species 

The same reaction was also carried out m DMF at 25 “C The time course of 
converston of benzom to benzll which was analyzed by HPLC is shown m Figure 5. In 
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a stolchlometric reaction of [Fem(&-o-xyl)2]- with benzoin (1 : l), Just about half 

amounts of benzoin (50%) was oxldlzed to benzil. The result indicates that two moles 

of Fe@) thiolate complexes oxidizes one mole of benzoin as shown m the equation 
(1). This reaction was also momtored by 1H-NMR m DMF-&, two lsotroplcally shifted 

signals at 113.8 and 94.6 ppm were observed which were very similar to those 

observed in acetomtnle-dg as shown in Figure 4. 

The stoichlometric reaction between [Fem(SZ-o-xyl)Z]- and o-xylene-a, a’-d&h101 
has been reported to produce the reduced state (Fez+) as evidenced by electronic 

spectral results.23 

DISCUSSION 

Both air and p-benzoqumone can oxldlze some Fe(I1) thlolate complexes to 

Fe(II1) state as confirmed by absorption spectroscopy, and the Fe(II1) complex reacts 

with a sultable substrate such as benzom to give benzll as shown by the stolchlomevlc 
reaction of [Fem&-o-xyl)2]- with benzoin. Thus, the catalytic oxldatlon of benzom in 

the presence of Fe(II) thlolate complexes was consldered to proceed through the same 
reaction mechanism m both cases of air and p-benzoqumone oxidation and the Fe(II1) 

complex formed m situ is the active species, although the mmal reactlon rate was qmte 

different between air and p-benzoqumone oxldatlon. A probable oxldatlon mechamsm 

1s illustrated m Figure 6. 
In the present catalytic oxldatlon of benzom, the Fe(I1) thlolate complex was 

firstly oxldlzed to Fe(II1) state by air or p-benzoqumone smce the Fe(I1) complex does 

not react with benzom as proven by electromc spectroscopy which was the same as m 

the case of oxidation of benzom catalyzed by some of the 4Fe4S clusters.3 In the 

second step, the substrate coordmates to metal ion through alcoholic and ketyl oxygen 

atoms to form a SIX coordmated Fe(II1) complex as proposed previously.7 In the cases 
of catalytic au- oxldatlon of benzyl alcohol and benzhydrol which was reported 

previously, a solvent molecule may coordinate to Fe(II1) mstead of the ketomc oxygen 

atom in this step. A slmllar coordmatlon of substrate to metal ion has been reported m 

the cases of 4Fe4S cluster,3 [Nl(OCOCH3)2],4 etc as catalyst The anionic alcoholic 

oxygen atom (CH-0-) coordmates to metal ion since the catalytic oxldatlon of benzom 

ethyl ether does not occur as reported m the case of [MovI02(cysS-OMe)2] as a 

catalyst.24 Then, one-electron oxldatlon of benzom occurred to form an intermediate 

as shown m Figure 6a and the methme hydrogen of benzom was released as a proton 

The rate of this step probably controls the rate of whole oxldatlon, because this 1s the 
rate determining step based on the kmetlc isotope effect and p-substltuent effect of 

substrate. The hydrogens from alcohohc OH group and methme hydrogen of benzom 
are oxidized by dloxygen and p-benzoqumone to give water and hydroqumone, 
respectively 
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rate-determuung step 
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OH 
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+2H+ 
Ph 

Ph 
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Ph 
+2e- % 

Ph 

(2[Fe”(Sz-o-xy1)212- + 2H9 unstable 

t 
[FeF(S2-o-~yl)3]~- + ChHd(CH2SH)2 

Figure 6. a) Proposed catalytic cycle for the oxldatlon of benzom by air or 
p -benzoqumone m the presence of [Fe”(SR)4]2-; b) Scheme for the 

stolchtometrlc reactlon between [FeIII(S2-o-xyl)2]- and benzom 
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As shown in Figure 2, the oxidation is first order to the concentration of catalyst, 

thus the two-electron oxidation of benzom 1s considered to occur in two steps, not two 
moles of the catalyst oxrdrze one mole of benzoin simultaneously. In the latter case, 
the observed rate constant should be proportional to square of the concentratron of the 
catalyst (1.e second order dependence) 

In the stoichrometnc reactron of the Fe(III) complex with benzoin, two protons 

from substrate exist m the system since there is no suitable proton-acceptor. These 

protons cause the conversron of mononuclear Fe(I1) thiolate complex to bmuclear 

analogue (Figure 6b). The formation of (Et4N)2[Feztr(S2+-xy1)3] from 

(Et4N)2[Ferr(Sz+xy1)2] has been reported to occur m a protrc solvent such as 
ethanol 11 

The oxidation benzyl alcohol has been reported to be catalyzed by 

brs(pyridme)cobalt(II) complex, [Corr(bpy)2](C104)2 25 This Co(I1) complex also 
exhrbrts catalytrc actrvrty m the oxrdatron of benzaldehyde to benzorc acid.25 A MI@) 

throlate complex, [Mn(SPh)#-, has also been reported to be catalytically active m the 

oxrdatron of benzaldehyde to benzorc acid 9 However, the Fe(I1) throlate complex 
catalyzed the oxrdatron of alcohol to aldehyde selectrvely This specrftcrty is considered 

to be an important feature of Fe(B) throlate complex as a model of rubredoxin. 

EXPERIMENTAL 

Materials - Substrates, benzom was from Wako Pure Chemical Industries 
and purrfred by recrystalhzatlon, 4,4’-drchlorobenzyl alcohol, benzyl alcohol and 4,4’- 

drmethoxybenzyl alcohol were purchased from Tokyo Kaser Co. Ltd and purrfred by 

recrystalhzatron or by dlstrllatron before use p-Benzoqumone was also recrystallized 

and stored m the dark. a-C-deuterated benzom was prepared by a reported method 13 
All spectral measurements and operatrons except for an oxrdatron reactions were 

carrred out under inert gas atmosphere All solvents, e g DMF (N, N’- 

drmethylformamrde), acetomtnle-d3, were punfred by drstrllatron 

Synthesis of Fe(I1) and Fe(II1) Thiolate Compounds - The complexes 
employed m this study, (Et4N)2[Fen(S2+xyl)3] (l),ll (EtqN)2[Fe(SPh)4] (2),14~15 

(EtqN)2[Fe(S+Bu)41 (3),16 (Et4N)[Fer11(S2-o-xy1)2]17 and (EtqN)2[Fe$(S2-o- 
xy1)3],t1y17 were prepared by methods reported m the literatures. The 1H-NMR 

spectral measurements were carried out for the mono- and br-nuclear Fe(I1) o-xylene- 
a, a’-dlthrolate complexes m acetomtnle-d3 solutron at 30 “C and the results are given 

below [Fen(S2-o-xyl)2]2- 264 ppm (a-CH2 protons), 9 42 and 8.77 ppm (benzene rmg 
protons). The peaks at 108 7 and 92 4 ppm (ca 1 - 2) of [Fe$I(S2-o-xyl)3]2- are due to 
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the bridging and terminal CH2 protons, respectively, as m the case of [Fe2(SEt)&.la 

No isotropically shifted signals downfield from 20 ppm were observed for [FeIn(Sz-o- 
xyl)2]- at the same conditions. 

Typical Procedure for Catalytic Air Oxidation of Benzoin in the 
Presence of Fe(D) Thiolate Complexes - A solution of [Feri(S2+xy1)2]2- (1.30 

mg, 2 X 10-6 mol) m DMF (1 ml) was added to a DMF (1 ml) solutron of benzoin (8.49 
mg, 4 X 10-S mol) and the mixture was stirred vigorously at 25 “C under an argon 

atmosphere. The reaction was started by exposing the reaction mixture to air. After a 
given perrod, about 0.1 ml of the reaction solutron was taken out and added to a 

mixture of drethyl ether and water (2 : 1) to extract benzil and unreacted benzoin to the 

drethyl ether layer. The yield of benzil was determined by HPLC usmg a COSMOSIL 
SC18-AR column (150 mm X 4.6 mm msrde diameter) 

The air oxidation of benzom to benzil catalyzed by (Et4N)2[Fe(S+Bu)4] or 

(Et4N)z[Fe(SPh)4] was also camed out m the same way 

The catalytic an oxrdatron of a-C-deuterated benzom in the presence of [FeII(Sz- 

o-xyl)@ was camed out under the same condmons as the reaction of benzoin. 

Catalytic Oxidation of Benzoin by p-Benzoquinone in the Presence of 
[FeII(S2+xyl)#- - A DMF (1 ml) solution of Fe(I1) complex, [Fen&-o-xyl)$-, 

(2.61 mg, 4 X lo-6 mol) was added to a DMF (1 ml) solutron of benzom (17.0 mg, 8 X 
10-S mol) at 25 “C The mrxture was stirred vigorously and the reaction was started 

by addmon of a DMF (2 ml) solution of p-benzoqumone (17.3 mg, 1.6 X 10-4 mol). 

After a prescribed reaction trme, the product was extracted with drethyl ether and 

analyzed by HPLC. 
The p-benzoqumone oxrdatron of a-C-deuterated benzom catalyzed by [FeIt&- 

o-xyl)$- was also camed out under the same condmons as mentioned above. 

Catalytic Air Oxidation of p-Substituted Benzyl Alcohol to the 
Corresponding Benzaldehyde in the Presence of [Fe(Sz-o-xyl)# - To a 

DMF solution (1 ml) of [Fe(S2+xyl>2]2- (2 X lo-6 mol) was added 1 ml of p- 

substrtuted benzyl alcohol (4 X 10-S mol) m DMF wrth stnrrng and then an- was 

bubbled into the mixture and stirred at 25 “C. The other procedure was same as the 

case of an oxrdatron of benzom as described above. The reaction mixture were 
extracted with diethyl ether and analyzed by HPLC immediately or cooled to a lower 
temperature (-20 “C) before HPLC analysis to avoid the autoxrdation of benzyl alcohol 

by an. 

Stoichiometric reaction of (Et4N)[FeIII(Sz-o-xy1)2] with Benzoin in 
DMF or Acetonitrile Solution - A solution of Fe(II1) complex (5 X 10-h mol) m 
DMF (1 ml) and a solution of benzom (5 X 10-6 mol) in DMF (1 ml) were mixed and 
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stirred at 25 “C. The formation of benztl was determined by HPLC and the result was 

presented in Figure 5. 
In order to examine the product from reaction of [Fenr($-o-xyl)& with benzoin, 

the 1H-NMR spectral measurements were carried out using 15 mmol of 
(Et4N){Feur&-o-xyl)2] and 15 mm01 of benzoin m DMF-d7 (0.6 ml) or in acetonitrrle- 

d3 (0.6 ml) at 30 “C. 

Physical Measurements - Absorption spectra were measured on a JASCO 

Ubest-30 spectrophotometer in visible region, using a 1 mm cell. The sample 
concentrations were 1.0 mM. 400 MHz lH-NMR and 100 MHz 13C-NMR spectral 
measurements were carned out on a JEOL GSX-400 FT NMR spectrometer. 

Chemical shifts downfield of TMS (tetramethylsrlane) standard are defined as positive. 
The details of experimental condmons for 1H-NMR spectral measurements of Fe(II) 
thlolate complexes have been given m the prevrous papers l&l9 
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