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The utilization of carbon dioxide as arenewable C, building block has been a chdlenge for synthetic chemists
and is getting more important. Especidly, utilization as a phosgene alternative is quite promisng. We
investigated the trandformation of CO, under supercritica conditions in the presence of a cataytic amount of
BuSnO: (i) synthesis of dimethyl carbonate (DMC) by the reaction with methanol, and (ii) synthesis of
urethane through the reaction with amine and acahol.
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Organic solvent-free synthesis of polyphenyleneoxide (PPO)
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Polyphenyleneoxide (PPO) is one of the important engineering plagtics showing excdllent mechanica, thermd,
eectricd and chemica properties a higher temperatures In industry, PPO has been produced by
oxidative-coupling reaction in toluene solvent and it has been pointed put that the solvent recovery plays an

important role in determining the process feashbility. Additiondly the viewpoint of green sudainable
chemistry has brought the trend of solvent-free synthesis even for polymer industry. From these backgrounds,

we have made an attempt of PPO synthesis in supercritica carbon dioxide (SC-CO,) without using organic
solvent. It iswdl known that SC-CO, can have solvent power of dissolving monomers but generdly poor
solvent for high molecular weight polymers. This was dso found in our trid experiment of PPO synthesisin
SC-CO.. In this sudy, we propose a new synthetic technique for high molecular weight PPO via twostep
polymerization with controlling reection temperature in SC-CO..
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Recently, supercritical water (SCW) is becoming a green solvent for a severd organic reactions. SCW can
provide a high reaction activity, however sometimes requires catdydts for accderating and contralling the
reection rate and sdectivity. So far, alot of experimentad results for cataytic reactions in SCW have been



reported, but alimited studies can be found about a catdytic function of the catdys in SCW. A metd oxide,
which has both acidic and basic sites on the surface, has been known to work actively for reactions even in
SCW. In this study, we propose a hew green pH control technique with meta oxides in SCW, through the

studies on 2 propanol, acetic acid, and glucose reactions.
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Lipase-catdyzed transesterification of acohols took place smoothly under reduced pressure when methyl
phenylthioacetate was used as acyl donor in [bmim]PF6, and we succeeded in obtaining the corresponding
acylated compound in opticaly pure form; this makes it possible to use lipase repeatedly becausetherewasno
drop in the reaction rate despite three repetitions of the process
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The utility of ionic liquids for fluorination using 2,2-difluoro-1,3-dimethylimidazolidine (DF) is described.
Especidly, the carbonyl group of o 3 -epoxy carbonyl compounds was converted to the difluoromethylene
group smoothly.
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2,2-Difluoroethanol was accumulated by bacteria, giving difluoroacetic acid and so on. The converson of
2,2 -difluoroethanal to difluoroacetic acid with abiologicd system is described
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The utility of microreactor for the synthesis of afluoro-ab-unssturated esters by the Horner-Wadsworth
Emmons reaction of triethyl 2-fluoro-2-phosphonoacetate with adehydes in the presence of base, is described.
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The recycling of rubber componentsin used rubber products, eqecidly those in automobiletires, is one of the
mogt important subjects for the rubber industry. In our study, supercriticd CO, has been adopted for the
devulcanization process of naturd rubber (NR) vulcanizates as a reaction media. Supercriticad CO, hesafew
advantages as a devulcanization reaction media. CO, iseasily and rapidly removed by rdeasing pressure after
the reaction and may dso enhance the diffusion rate of a devulcanizing reegent into the rubber vulcanizate
comprised of a3-dimensona retwork polymer.
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Two types of biocataytic reactions in supercritical carbon dioxide were investigated: asymmetric reduction of
ketones using acohol dehydrogenase and kinetic resolution of acohol using lipases. As a result, opticaly
active acohols were obtained with excellent enantioselectivities.
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In order to investigate the gpplication of ionic liquidsto the extractive fermentation of lactic acid, we examined
the toxicity of ionic liquids to lactic acid-producing bacteria, and conducted the extraction of lactic acid from
the agueous solution to ionic liquids. We found that two bacteria species survive in the presence of ionic liquids,
and the extractability of ionic liquidsis superior to that of conventiond organic solvents.
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The isomerization of nbutane under supercritica conditions over sulfated zirconia has been sudied. We found
that the under supercritica conditions the cataytic activity was higher than that of ges or liquid phase and the

catalys lifetime was greatly improved.
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Ruthenium complexes in ionic liquid effectively catdyze the hydroformylation of smple akenes with carbon
dioxide asaresctant.
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Biocatayticd processes have dready proven to be a useful tool for green chemigtry, because the biocataysts



(whole cdls, enzymes) are biodegradable and sdlective. In addition to the catdyst and the productsreagents,
one of the main source of pollution in indudtrid processes is the solvent, which condtitutes the bulk of the
reection media Mogt of the solvents are toxic, flanmable and evgporable, which makes difficult their
separdion from the products congdering solvent losses during procedures.
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In order to design a highly active catdytic system for the pdladium-catayzed oxidative carbonylaion of
phenol, we ducidated the reactivity of possible intermediates such as L,Pd(OPh), and L,PdX(CO.Ph). Wedso
found an efficient heterogeneous catdyss of SmOCI as wdl as a recycable homogeneous catayss of
polyfluoroakyl phosphonium iodides (Rf;RPI) for the propylene carbonate (PC) synthesis from propylene
oxide (PO) and CO, under supercritica CO, (scCO,) conditions.
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In supercriticd carbon dioxide, 10 mol% of benzylamine promoted the carbon dioxide addition reection to
methoxyoxirane to afford the corresponding cyclic carbonate in a good yidd. For the carbon dioxide addition
to cyclohexene oxide, amine catdysts were activated by addition of onium sdts and the corresponding cyclic
carbonate was obtained in good yidds under high dendity carbon dioxide.
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Non-Covadent Derivatization isamethod of manipulating the physicd properties of materias by usng
intermolecular interactions.  Using the phenol-amide hydrogen bond as the primary interaction, binary
non-covaent derivative sysems of hydroguinones have been condructed. One dimensiond derivaivesusng
bis (N, N-didkyl) terephthdamides, two dimensond derivatives using tris (N, N-didkyl-trimesamides and
three dimensond derivatives usng tetrekis (4-(N.N-didkylamido) phenyl) methane have been prepared.
Using the Benzoin/Benzyl redox couple, we have investigeted the control of severa macroscopic prpertides.
The synthesis of the amide components and phase diagrams will be presented dong with a discusson of the
intermolecular forces & work in these sysems.
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lonic liquids (ILs) are becoming widdy recognized as solvents for green organic synthesis. In addition, the
reuse of solvents is preferable in view of green chemigtry. However, there have been only few papers deding
with dectroorganic synthesisin ILs.
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By far the most commonly used supercriticd (sc) fluid is CO, because it is inexpensive, non-toxic, has low
critica congants (T, = 304.20 K, R, = 72.8 bar) and is environmentaly benign. The difficulty that arises with
the use of CO2 isitsinahility to dissolve many organic and metd complexes dueto itslow polarity.
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Due to the low critica point, lack of toxicity and low cogt, scCQ, is so far the most commonly used
supercritica fluid. Neverthdess scCO, is a nortpolar solvent and many organic compounds and metd
complexes have very limited solubility in scCO..
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Heterocydic compounds form the bedrock of the invention of new drugs in the pharmaceutica indudtry.
Consequently, improvements in the synthesis and reaction of heterocydic compounds will have an important
impact on industrid chemigtry. The synthesis of heterocydlic rings often involves the hedting of an aromatic
precursor in astrong acid. lonic liquids provide aternative, “ greener” reaction condition for the Fischer indole
reection..
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Glycosdation reections of a glycosyl phosphite and acohols are conducted in an ionic liquid, hmim[NTf,],
containing a protic acid, HNTT,, to give the corresponding glycosides in high yidds This novd method is
greener than traditiond protocols using Lewis acid and organic solvent, because of the environmentaly benign
properties of theionic liquid and the reusablity of the reaction system.



