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Synergetic Effect in Benzyl Alcohol Oxidation
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High oxidation state oxo complexes have been known aer [(tpy)(bpy)Ru(OH)](CIO4), was dissolved in 10 mL of
the reactive intermediates in metalloporphyrin-catalyzedCH,Cl, with a 100-fold excess of benzyl alcohol and 0.04
reaction® Although many oxo complexes tend to be reactivemmol of the phase transfer catalyst benzyldimethyltetrade-
oxidants, they are receiving continuous attention because af/lammonium chloride (abbreviated as BOTX). 10 mL
their usefulness as catalysts in different types of reattionof an alkaline NaOCI solution (chlorine 5% minimum, Ald-
Recently, ruthenium oxo forms are observed as effectiveich Chemical Co.) and 10 mL of a HF@PQ;* phosphate
complexes for the oxidation of the base functionality of gua-buffer solution (pH=10.5) were layered over the reaction
nosine 5'-monophosphate in DNA. mixture in CHCI,, which was stirred vigorously. Aliquots of

It is well known that a phase transfer reagent is catalytithe organic layer was monitored by G.C. every 10 or 15 min.
cally effective in different solubility of reactarft®ecause  After 3 h, the organic layer was dropped into ether to precip-
agquo complexes could be mostly produced from the oxidaitate the metal complex. The product was collected and
tion reaction of substrate and oxidants, original oxo com+otary evaporated under reduced pressure, and the remaining
plexes have been regenerated electrochemically or by usidgiuid was analyzed for aldehyde by spectroscopic tech-
co-oxidants. Therefore it is quite interesting to investigate niques.
oxidation reaction in the presence of metal complex, a phase In blank experiments without added a ruthenium complex,
transfer catalyst, and substrate in organic phase and co-oxthe reaction of benzyl alcohol with NaOCI showed only
dant in aqueous phase. This might be an interesting exampsenall amounts of benzaldehyde. Adding a phase transfer cat-
where a combination of two catalysts provides a remarkablalyst, BDTA'CI-, to benzyl alcohol in CKLI, containing
synergetic effect. NaOCI solution gave a huge increase in overall yield. By

It has been pointed out that ethers and alcohols are readigmploying BDTACI™ as a phase transfer catalyst with the
oxidized by a ruthenium complex. Addition of stoichiomet- [(bpy)(py)RU'(OH,)]?* catalyst we have found that the
ric amount of benzyl alcohol or phenol into [ReOJ?" in reaction was accelerated under catalytic condition where
acetonitrile leads to the formation of [ROH,]?>* and corre-  benzyl alcohol and NaOCI were used in larger amounts in
sponding oxidized organic product as found edtlierom Figure 1.
the rate law and product analyses, the mechanism of benzyl
alcohol oxidation involved the hydride transfer, on the othet
hand the oxidation of phenol appeared to be the electrophili
attack on the aromatic ring. For catalytic purpose, the elec
tron transfer type oxidants such as porphyrin-based corr
plexes with co-oxidants have been broadly used as describr
previously! In its reaction, the [RYU=OJ** system may be
different from those oxidants and has a problem by requiring
excessive amounts of (MJACe(NQy)s, thus limiting general
use.

Here, the oxidation of benzyl alcohol by [(bgpy)
RuY(O)F** or [(bpy)(p-tertbutylpy)RU" (O)F* or [(tpy)(bpy)
RuY(0)]?* (bpy=2,2'-bipyridine; py=pyriding)-tertbutylpy
=para-tertiary-butylpyridine; tpy=2,2".6',2"-terpyridine) can A
be made catalytic with OChs co-oxidant and by using the u
phase transfer condition. The resultant "RH;]?* was
readily re-oxidized to give [R{=OJ?** under OCI solution, °
which was confirmed from the disappearance of an MLCT 0 ' I I i I ,
band by UV/visible spectrophotometer (Eq. 1). 0 10 20 30 40 50 60

Time (min)
NaOCI N~ Figure 1. Plot of Time (min)vs Conversion (mmol) Obtained for
W [Ru¥=0] 1) the Representative Catalytic Oxidation of Benzyl Alcohel<
benzyl alcohol + NaOClk= benzyl alcohol + NaOCI + BDTAIS; B
= benzyl alcohol + NaOCI + [(bpy(py)Ru(OR)J(ClO4)2; [ =

In a typical experiment, 0.02 mmol of either [(bfgy) benzyl alcohol + NaOCI + [(bpy(py)RU(OH)](CIOw), + BDTA*
Ru(OR))(ClO4)2 or [(bpy)(p-tertbutylpy)Ru(OH)I(CIOL)2  cr.
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Although there showed a decrease of overall yield in thexidation of benzyl alcohol and NaOCI with a phase transfer
oxidation reaction without using a phase transfer reagent, theatalyst. Taking into consideration of the previous data of the
combination of two catalysts was effective in the oxidativehuge rate decrease of [(bgprtertbutylpy)RUY(0)]?* in
reaction as well as the phase transfer reaction. As mentionecomparison with [(bpyfpy)Ru"(0)]**,2% it is not an unex-

a ruthenium aquo complex changed to a ruthenium ox@ected result. Interesting to note is that [(bfpaert

intermediate very quickly in the presence of a phase transfdautylpy)RU"(0)]?* complex is more unstable than [(bpy)

reagent and NaOCI, from which the oxidation by'TR®]**  (py)Ru(O)f* complex in basic solution in longer period of

complex could take place. The mechanism of this procestme, becausp-tert-butylpy ligand is more susceptible to be

could be similar to that proposed by the previous witks. oxidized than py in ligand oxidation reactidm conclusion,

The reaction would be described as following scheme. this method provides a convenient and an efficient synthesis
of benzaldehyde as electrocatalytic oxidation.
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