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PL-1, MON

THE SELECTIVE FUNCTIONALISATION OF SATURATED HYDROCARBONS. GIF AND ALL THAT 

DEREK H.R. BARTON

Department of Chemistry, Texas A&M University, College Station, TX 77843, 
U.S.A.

Gif-type systems for the selective functionalisation of saturated hydro­
carbons- use pyrddine and acetic acid (or other acid) as solvent. All re­
quire an VFe oxenoid species produced by the reaction of superoxide with 
^Fe or of hydrogen peroxide with InFe. Exceptionally (D.T. Sawyer) oxy­

gen can react with an !IFe p-oxo dimer to produce the VFe oxenoid. All these 

systems convert saturated hydrocarbons selectively to ketones. For a con­
version of 20-30% the yield is nearly quantitative.

Two intermediates have been identified; the first (A) has an VFe-0 sigma 
bond, the second (B) is an alkoxy derivative of IHFe. A plausible overall 

mechanism has been proposed.

Intermediate A can be captured in a preparatively useful way by a number 
of reagents to furnish secondary bromides, chlorides, phenylselenides, phen- 
ylsulfides, and sulfides. The bnomination reaction with BrCCl^ is the best 
reaction from the yield and utility point of view.

Gif-type chemistry seems to be closely related to the mode of action of 
the enzyme methane monooxygenase.

2



PL-2, MON

ASYMMETRIC HYDROXY LATI ON AND EPOXIDATION CATALYZED BY 

VAULTED BINAPHTHYL METALLOPORPHYRINS

J.T. GROVES

Department of Chemistry, Princeton University, Princeton, New Jersey 

08544, USA
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Asymmetric synthesis has emerged as a rich and rapidly developing 
area of chemistry, combining elements of organic synthesis, molecular 
recognition, metal coordination chemistry and catalysis. Of the various 
strategies for exploiting the available pool of chiral compounds, catalytic 
asymmetric induction offers the distinct advantage of chemical amplifica­
tion of the asymmetry of the catalyst.
The enzymic epoxidation of simple olefins such as 1-octene has been shown 
to proceed with very high enantiomeric excesses, 80-100%. In such cases 
there can be no auxiliary, bonded interactions between the catalytic center 
and the substrate. Accordingly, it must be possible to develop synthetic 
catalysts with chirotropic cavities which can mimic this high enantioselectivi-
ty.

The discovery that iron porphyrins will catalyze alkane hydroxylation 
and olefin epoxidations in the presence of oxygen donors such as iodosyl- 
benzene has provided an opportunity to use synthesis porphyrins for 
modelling the oxygen transfer reaction of cytochrome P-450. Chiral metallo- 
porphyrins have been shown to mediate catalytic asymmetric oxygen trans­
fer to afford optically active epoxides from prochiral olefins. The largest 
enantiomeric excess reported to date (ee=51%) has been provided by an 
iron porphyrin catalyst with chiral binaphtyl appendages. In this lecture 
we will describe the synthesis and characterization of a new, vaulted 
porphyrin with a chirotropic binaphthyl bridge. The iron(lll) and manga- 
nese(III) derivatives of this porphyrin have proven to be robust catalysts 
for olefin epoxidation and sulfoxidation providing catalytic ee's as high as 
72%. Most significantly, the first catalytic asymmetric hydroxylations with 
similarly high ee's have been observed with this catalyst. Aspects of the 
mechanisms of asymmetric oxygen transfer reactions will be discussed.
[J.T. Groves and P. Viski, J. Am. Chem. Soc., 1989, III, 8537; J.T. 
Groves and P. Viski, J. Org. Chem., 1990, 55 (in press)].

We have recently described the preparation and characterization of a 
trans-dioxo-ruthenium(VI) prophyrin complex which has been shown to be 
an efficient catalyst for the aerobic epoxidation of olefins. We have also 
shown that this complex will catalyze the hydroxylation of alkanes under 
appropriate conditions. It is now apparent that the dioxoruthenium(VI) 
complex is the species responsible for oxygen transfer and that an 
intermediate oxoruthenium( IV) complex is then reoxidized in air. We 
have shown that the oxidation of ruthenium( IV) to ruthenium( VI) proceeds 
via disproportionation to produce both ruthenium( VI) and ruthenium( 11) 
porphyrin complexes. The ruthenium( 11) complex reacts rapidly with 
oxygen to regenerate the oxor u them um (IV) intermediate which then 
continues the catalytic cycle. Experimental results which illuminate this 
oxygen activation and transfer process will be described.
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PL-3, TUE

BIOMIMETIC BINDING AND ACTIVATION OF DIOXYGEN WITH COPPER 
COMPLEXES

ZOLTÁN TYEKLÁR and KENNETH D. KARLIN
Department of Chemistry, The Johns Hopkins University, Baltimore, Maryland, 21218 USA

Interest in the reactivity of dioxygen (O2) with copper ion complexes arises from (a) the 
general utility of this metal in oxidative processes, and (b) the occurance of Cu centers at the 
active sites of proteins known to interact with dioxygen and involved in processes including 
02-transport (hemocyanin), hydroxylation of aromatics (monooxygenases) and reduction of 
O2 to water (oxidases). Here, we will briefly review aspects of the known protein chemistry 
and then summarize our attempts to model/mimic the active site structures and function, 
particularly those systems involving the reversible binding of O2 and the hydroxylation of an 
arene substrate in a model monooxygenase system.1»2

Using various amine/pyridine ligating systems, we have recently descibed three types of 
peroxo-dicopper(II) complexes, {Cu2-02}n+ (1-3), which are formed reversibly by the 
addition of O2 to either mono-or dinuclear copper(I) compounds. The syntheses, physical

1 2 3

properties and C>2-binding behavior will be described. The reactivity of 1-3 with various 
reagents will be compared, showing that the peroxo moiety in 1 & 2 is basic or nucleophilic in 
character while that for 3 is the opposite, more like early transition metal peroxo compounds.

When the connecting group between tridentate moieties in 3 is a m-xylyl unit, hydroxyla­
tion occurs; a variety of studies indicate that an intermediate similar to 3 is involved.
Reactions of copper complexes involving ligands with modified m-xylyl groups will also be 
discussed, and studies of these have helped in formulating a proposed reaction mechanism.

New ligands and complexes which may also be discussed are aimed to enhance the ability 
to oxidize externally added substrates or to effect the rapid four-electron reduction of O2.

REFERENCES

1. Z. Tyeklár and K. D. Karlin, Accts. Chem. Res., 22, 241 (1989).
2. K. D. Karlin, and Y. Gultneh, Prog. Inorg. Chem. ¿¿,219 (1987).



PL-4, WED

SELECTIVE OXIDATIONS WITH DIOXYGEN CATALYZED BY RUTHENIUM AND RHODIUM 
COMPLEXES
B.R. JAMES
Department of Chemistry, University of British Columbia, Vancouver, 
British Columbia, Canada V6T 1Y6
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There is wide interest in using О2 or air in processes for selective 
catalytic oxidations of organics because of the relatively low cost and 
environmental compatibility. There have been notable advances in recent 
years, many emanating from attempts to mimic aspects of the monooxygenase, 
cytochrome P-450, a heme system.

The Figure above outlines the P450 mechanism, and the various routes 
(addition of 02 + 2e, О22-, or'd) to generate the putative 0=Fev(porp)
[or 0=FeIV(porpt)] species. Many groups are studying such oxidations 
within porpyhrin and nonporphyrin systems, and many reductants have 
been tested as the 2e-source in the net reductive activation of 02;*euch 
studies have led also to accidentally discovered dioxygenase systemsЛ 

This lecture will present an overview of the area, incorporating also 
work from UBC. The latter includes : (a) 02 -oxidations of thioethers, 
phenols, and alcohols using trans-Ru(porp)(0)2 catalysts,1/2 which can also 
effect 02-oxidations of hydrocarbons, as discovered by Groves' group ;1 
(b) isolation and catalytic oxidation properties of Ru(porp)X (X = Br, Cl) 
species (cf. the Fe111 species in the Figure), and (c) use of H2 as the 
intended sacrificial reductant (02 + H2—*H20 +'o’) with nonporphyrin Rh 
complexes, this leading instead to catalytic oxidation of the solvent used 
(N,N-dimethylacetamide) and catalytic formation of H202.

REFERENCES
1. Preprints, Symposium on Oxygen Activation in Catalysis, Division of 

Petroleum" Chem. Inc., Am. Chem Soc. Boston, MA, 1990.
2. B.R.James et al., In New Developments in Selective Oxidation (Eds.

G.Centi and F. Trifiro), Elsevier, Amsterdam, 1990.



PL-5, THU

INDUSTRIAL CATALYTIC OXIDATIONS: AN OVERVIEW 

R.A. SHELDON

Andeno B.V., P.O. Box 81, 5900 AB VENLO, The Netherlands

Catalytic oxidation is the most important technology for the conversion 

of hydrocarbon feedstocks, such as lower olefins, aromatics and alkanes, 

to a variety of bulk industrial chemicals, such as ethylene oxide, propyl­

ene oxide, acrylonitrile, maleic anhydride, terephthalic acid, phenol and 

caprolactam. Both heterogeneous, gas phase and homogeneous, liquid 

phase processes are used, in a roughly 50/50 ratio.

The various industrial processes for the manufacture of these bulk 

chemicals will be reviewed and compared. Emphasis will be placed on the 

new development trends in this area that constitute the driving force for 

industrial research on catalytic oxidation. For example, the rationale 

underlying the changes in feedstocks utilized for certain products and 

the trend towards 'low-salt' technologies will be discussed.
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PL-6, FRI

7

OXIDATION OF HYDROCARBONS. NEW APPROACHES.
A.E.SHILOV
Institute of Chemical Physics, Chemogolovka 142 432,USSR

Selective catalytic oxidation of alkanes can involve an 
activation of a hydrocarbon molecule by a low-valent metal 
complexes with subsequent oxidation of alkyl derivative formed 
initially by an external oxidation agent. Oxidation of alkanes 
in the presence of bivalent platinum complexes is the example 
of such a reaction.

Another approach involves biomimetic oxidation by an iron 
compound which reacts first with dioxygen producing high-va­
lent iron complex containing Felv=0 fragment. Both heme and 
non-heme iron complexes capable to such oxidation will be con­
sidered in the lecture as well as other high-valent compounds 
capable to selectively oxidize hydrocarbons including methane.

Non-metal systems which may be carriers of oxygen cation 
and oxidize hydrocarbons will be also considered.
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SP-1, MON

NEW SYSTEMS FOR OXIDATION AND FUNCTIONALIZATION OF ALKANES

C. L. Hill. R. F. Renneke, C. M. Prosser-McCartha, and M. Faraj 
Department of Chemistry, Emory University, Atlanta, GA 30322 U.S.A.

Oxidative resistant completely inorganic analogs of metalloporphyrins and other such 
complexes of formula, РМц(ТМ)Оз9х", where M = the d° ions WVI or Movl, and TM = 
transition metal ion, catalyze the functionalization of hydrocarbons by a range of oxygen 
donors.1-5 One mechanism of several investigated to date will be discussed, that for 
functionalization of alkanes by f-butylhydroperoxide (ТВHP) catalyzed by PWn(Co11)0395‘ and 
related complexes. The mechanism is complex and involves oxo transfer and radical chain 
components. A modification of this system for the oxidative nitrogenation of alkanes will be 
discussed.3

Some early transition metal polyoxometalates catalyze a range of photochemical 
oxidation processes that display unusual products and mechanisms including the oxidative 
dehydrogenation and functionalization of saturated hydrocarbons.6'13 Second generation 
systems have been developed that catalytically and selectively dehydrogenate alkanes to the 
nonthermodynamic and least substituted alkenes plus H2.13 These systems function by 
combining the ability of the excited states to cleave unactivated C-H bonds with the ability of the 
ground states to oxidize (or not oxidize) the radicals in competition with other processes. Some 
new polyoxometalate based photooxidation systems utilize the deactivating effect of oxygenated 
products to effect functionalization of unactivated C-H bonds in high conversion and high 
selectivity in the presence of conventionally far more reactive groups.9 The first systems for the 
oxidative replacement of unactivated C-H bonds with C-C bonds and generation of the 
nonthermodynamic or most substituted carbanions from saturated hydrocarbons will be 
discussed. The latter reactions combine excited state atom abstraction with radical reduction to 
make the corresponding carbanions. The photooxidation capabilities of some of these systems 
have applications in photomicrolithography and in biotechnology.

REFERENCES
1. C. L. Hill and R. B. Brown, Jr.: J. Am. Chem. Soc. 1986, 108, 536.
2. M. Faraj, C. L. Hill: J. Chem. Soc., Chem. Commun. 1987, 1487.
3. M. Faraj, C.-H. Lin, C. L. Hill: New J. Chem. 1988,12, 745.
4. C. L. Hill In Activation and Functionalization of Alkanes, Hill, C. L. Ed. Wiley: New 

York, 1989, Chapter УШ.
5. C L. Hill: U.S. patent 4,864,041
6. C. L. Hill, D. A. Bouchard, M. Kadkhodayan, M. M. Williamson, J. A. Schmidt, E. F. 

Hilinski: J. Am. Chem. Soc. 1988,110, 5471.
7. R. F. Renneke and C. L. Hill: ibid 1988,110, 5461.
8. R. F. Renneke and C. L. Hill: Angew. Chem. Inti. Ed. Engl. 1988, 27, 1526.
9. C. L. Hill, R. F. Renneke, and L. A. Combs: New J. Chem. 1989,13, 701.
10. R. C. Chambers and C. L. Hill: Inorg. Chem. 1989, 28, 2509.
11. C. L. Hill: U.S. patent 4,839,008
12. С. M. Prosser-McCartha, C. L. Hill: J. Am. Chem. Soc. 1990,112, 0000, in press.
13. R. F. Renneke, M. Pasquali, and C. L. Hill: J. Am. Chem. Soc. 1990,112, 

submitted for publication.
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SP-2, MON

A PERSPECTIVE OF CATALYTIC OXIDATION 

GORDON READ
Department of Chemistry, University of Exeter, 

Exeter EX4 4QD, United Kingdom.

An understanding of how and why an event has occurred is as important to the 
true scientist as the observation of the event itself. In this matter chemists 
exercised in the challenge of homogeneous catalytic oxidation are no exception.
In many studies in this branch of chemistry the wish to understand the 
mechanism is evident yet, surprisingly often, mechanistic proposals appear in the 
literature on the back of the most limited of evidence.

This talk uses some results of mechanistic studies from the author's laboratory to 
illustrate generalities frequently ignored in contemporary work on metal catalysed 
oxygenations. It will first outline how basic evidence can be easily obtained, 
exemplifying this point with some findings on ruthenium catalysed oxidations of 
PhgP. A study of the oxidative decomposition of [ {RhCl(cyclo-octene)2) 2] will 
be used to show how complicating factors should not always provide the excuse 
for lack of supporting mechanistic evidence. Finally, aspects of the mechanism 
of a novel oxygenative carbon-carbon bond cleavage reaction will be discussed to 
illustrate how evidence for the mechanistic pathway of a minor reaction may point 
to unsuspected reactions of major significance.
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SP-3, MON

COMPLEX ACTIVATION OF О FOR SELECTIVE OXIDATIONS 

R.S. DRACO

Department of Chemistry, University of Florida, Gainesville, Florida 32611 

USA

Strategies that can be employed to utilize complexes to activate O^ for 

selective hydrocarbon oxidations will be discussed. Our ruthenium 2,9- 

dimethyl, 1,10-phenanthroline (dmp) complex is one of the few systems that 

utilizes oxygen at near ambient conditions without the need of an external 
reducing agent to carry out the selective oxidation of hydrocarbons1. The 

mechanism of these reactions have implications for the understanding of 
biologically related iron based systems. Theoretical^ and experimental1 in­

vestigations of ruthenium-охо complexes have been used to study the 

mechanism of oxygen atom transfer reactions and those metal properties that 

facilitate transfer. Ruthenium complexes also provide the basis for catalytic 

systems that carry out the homogeneous catalytic oxidation of methane. 

Studies of this system will be described.

REFERENCES

1. C.L. Bailey, R.S. Drago: J. Am. Chem. Soc. Chem. Commun., 179-180 

(1987).
2. T.R. Cundari, R.S. Drago: Inorg. Chem., 29, 487-493 (1990).
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SP-ц, MON

INTRAMOLECULAR REACTIVITY OF OXO-ALKYL COMPLEXES OF 
MOLYBDENUM AND TUNGSTEN

Henri Arzoumanian*, Heinz Krentzien** and Helena Teruel**

* ENSSPICAM, URA 1410 du CNRS, Univérsité Aix-Marseille III, France 

**Chemistry Department, Universitad Central de Venezuela, Caracas, Venezuela

In most metal catalyzed oxydation reactions, one essential step is the 
oxygen transfer from metal to substrate. The nature of the oxygen can be either peroxydic 
or oxydic. When organic substrates are oxidized it is generally assumed that the organic 
moiety is coordinated to the metal center.

In order to better understand this transfer process the controlled 
"decomposition" of dialkyldioxo group(VI) metal complexes has been studied.

Recent results on the reactivity of dialkyldioxo molybdenum(VI) and 
tungsten(VI) complexes will be presented. The controlled "decomposition" yields the 
corresponding aldehyde and alcohol.

О
fch2 II

^M=0 ----------- ► RCHO + RCH2OH
FOVT

L

RCH2 = Methyl, Isopropyl, Isoamyl, Neopentyl, Benzyl, Tolyl

L = Bipyridyl
M = Mo, W

This reaction has been followed spectroscopically ; various 
mechanistic pathways have been envisaged and tested and will be discussed.
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SP-5, MON

OXIDATION OF ALCOHOLS AND DIOLS BY PEROXOMETAL COMPLEXES

S. CAMPESTRINI, F. DI FURIA. G. MODENA AND F. NOVELLO 
Centro di Studio sui Meccanismi di Reazioni Organiche del CNR, Dipartimento di 

Chimica Organica dell Univer sita’, Via Marzolo 1,1-35131 Padova, Italy.

Anionic peroxomolybdenum and peroxotungsten complexes have been shown to 
behave as oxidants of the alcoholic function.1'3 The oxo-diperoxo molybdenum complex 
containing the picolinate V-oxido ligand and the tetrabutylammonium cation as counterion, 
M0O5PICO,4 allows the oxidation of both primary and secondary alcohols to the 
corresponding carbonyl compounds4 in non polar solvents, under relatively mild 
conditions and with a high degree of selectivity. Thus, the oxidation of the OH groups may 
be carried out for molecules where other groups, either oxidizable or sensitive to the 
reaction conditions adopted with other oxidants, are present.5

Although the synthetic scope of M0O5PICO may be considered well established on the 
basis of several examples which will be presented, the oxidation mechanism has yet to be 
elucidated. Both the role of the ligand and the intimate nature of the oxidation step which, 
in priciple, may be either a homolytic or a heterolytic process, will be discussed also by 
comparing the results obtained for alcohol oxidations by M0O5PICO with those obtained 
with the same oxidant in diol oxidations and with other peroxomolybdenum complexes.

REFERENCES
1. S.E. Jacobson; P.A. Muccigrosso; F. Mares: J. Org. Chem., 44, 921 (1979).
2. B.M. Trost; Y. Masuyama: Tetrahedron Letters, 25, 173 (1984).
3. Y. Masuyama; M. Takahashi; Y. Kurusu: Tetrahedron Letters, 25,4417 (1984).
4. O. Bortolini; S. Campestrini; F. Di Furia; G. Modena: J. Org. Chem., 52, 5467 (1987).
5. O. Bortolini; S. Campestrini; F. Di Furia; G. Modena: J. Org. Chem., in press.
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SP-6, TUE

KINETICS AND THERMODYNAMICS OF DIOXYGEN INTERACTION WITH COPPER

A.D. ZUBERBÜHLER

Institute of Inorganic Chemistry, University of Basel,
CH-4056 Basel, Switzerland

In contrast with the considerable amount of kinetic data and mechanistic 
insight on the autoxidation of low molecular Cu(I) complexes, thermodynamic 
parameters on copper/dioxygen interaction have been restricted to the 
biological oxygen carrier hemocyanin until recently.

Binding and activation of dioxygen by copper complexes has long been 
based purely on kinetic evidence for low molecular systems. This situation 
has fundamentally changed with the development and characterization* of 

quasireversible p-peroxo copper complexes which made it possible to obtain 
the thermodynamic and kinetic parameters of dioxygen binding. In addition, 
oxygenation of organic substrates now can be studied starting from these 
well defined compounds, greatly reducing the speculative aspects of some 
kinetics studies. Enthalpies of formation of such adducts are close to 
those of iron complexes and of biological dioxygen carriers, i.e. roughly 60 
kJ/mol, reaction entropies being responsible for their low stability 
constants at room temperature. Experimental evidence is indicating a strong 
electrophile as the oxygenating species. Dioxygen activation occurs both 
thermally and photochemically.

Exceptionally detailed insight into dioxygen binding is obtained with 
tris-(2-pyridyl-)ethylamine as ligand for which the stepwise formation of 

1:1 dioxygen adduct and its subsequent transformation into the binuclear 
(x-peroxo complex could be followed for the first time.

REFERENCES
1. K.D. Karlin P. Ghosh, R.W. Cruse, A. Farooq, Y. Gultneh,

R.R. Jacobson, N.J. Blackburn, R.W. Strange and J. Zubieta:
J. Am. Chem. Soc., 106, 6769 (1988).
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SP-7, TUE

PREPARATION AND REACTION OF ц-PEROXO COMPLEXES OF 
COPPER AND IRON AS MODELS FOR TYROCINASE AND 
METHANE MONOOXYGENASE

Nobumasa KITAJIMA and Yoshihiko MORO OKA
Research Laboratory of Resources Utilization, Tokyo Institute of Technology, 
Nagatsuta-cho 4259, Midori-ku, Yokohama, 227 JAPAN

A series of peroxo copper which are relevant to monooxygenase were 
successfully synthesized by use of hindered tripod nitrogen ligands, the 
complexes include ц-г|2; r\2 peroxo copper(II), alkyl- and acylperoxo 
mononuclear copper(II) complex.1^ The structures, physicochemical 
properties and reactivities of these species provide clear insight on the 
structure of active site and activation mechanism of dioxygen of the 
corresponding monooxygenase, tyrocinase.4

By use of a hindered tris(pyrazolyl)borate, we succeeded to prepare a 
mononuclear iron(II) complex which binds dioxygen reversibly at -20° C in 
toluene.5 The resonance Raman studies on the dioxygen adduct clearly 
demonstrated that the formed species is ц-регохо binuclear iron(III) 
complex.

As a plausible function model for methane monooxygenase which 
contains a binuclear iron site as hemerythrin, we developed a catalytic 
system composed of a ц-охо ц-carbonato binuclear iron(III) complex, Zn 
powder (electron donor) and acetic acid (proton donor).8 The system is 
active for dioxygen oxidation of not only adamantane but also pentane and 
benzene with turnover numbers of more than 10.7

REFERENCES
1. N. Kitaj ima, К. Koda. S. Hashimoto, T. Kitagawa and Y. Moro-oka, J. Chem. Soc. Chem. 

Common., 151 (1988).
2. N. Ki tájim a, K. Fujisawa, Y. Moro-oka and K. Toriumi, J. Am. Chem. Soc., Ill, 8975 (1989).
3. N. Kltajlma, K. Fujisawa and Y. Moro-oka, Inorg. Chem., in press.
4. N. Kltajlma, T. Koda, Y. Iwata and Y. Moro-oka, J. Am. Chem. Soc., in press.
5. N. Kltajlma, H. Fukui, Y. Moro-oka, Y. Mizutani and K. Kitagawa, J. Am. Chem. Soc., in 

press.
6. N. Kltajlma, H. Fukui and Y. Moro-oka, J. Chem. Soc. Chem. Commun., 485 (1988).
7. N. Kltajlma, M. I to, H. Fukui and Y. Moro-oka, Inorg. Chem. in press.
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SP-8, TUE

QUERCETIN 2,3-D I OXYGEN ASE MIMICKING COPPER CHEMISTRY 

G. SPEIER

Department of Organic Chemistry, University of Veszprém 

8201 Veszprém, Hungary

Recent interest in metal-assisted oxygenation reactions is motivated 

by the desire to disclose new synthetic ways for the introduction of 

oxygen atoms into organic substrates and by the hope that such studies 

will give us insight into the mechanism of biological oxygenation reactions 

catalyzed by metalloenzymes.

Quercetin 2,3-dioxygenase, a copper-containing metalloenzyme, cata­

lyzes the degradation of quercetin (3', 4', 5,7-tetrahydroxyflavonol) into 

a depside (phenolic carboxylic acid ester) and carbon monoxide.

We are studying the copper mediated oxygenation reactions of flavor'd 

using several copper complexes in various solvents leading to different 

oxygenated products. From these mixtures copper flavonolate complexes 

could be isolated.

The isolation and structural characterization of copper(l) and

copper (11) flavonolate compounds established the possible mode of coordi­

nation of quercetin to the copper in the enzyme. A series of flavonolato 

copper complexes are good catalysts for flavonol oxygenation. Oxygena­

tion studies on copper flavonolate compounds give evidence for the 

possible mode of the reaction between the coordinated flavonolate ligand 

and dioxygen.
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SP-9, TUE

IRON- AND COBALT-INDUCED ACTIVATION OF HOOH AND OF DIOXYGEN 
FOR THE KETONIZATION OF METHYLEN!C CARBONS, AND THE 
DIOXYGENATION OF ARYLOLEFINS AND CATECHOLS

DONALD T. SAWYER, CESHING SHEU, HUI-CHAN TUNG, AND ANDRZEJ 
SOBKOWIAK
Department of Chemistry, Texas A&M University, College Station, Texas 77843,
U. S. A.

In pyridine/acetic acid solvent (2:1 molar ratio) (DPA)FeniOFeni(DPA)
(DPA = 2,6-dicarboxylato-pyridine) catalyzes hydrogen peroxide for the selective 
ketonization of methylenic carbons ( !Xh2 ]X=0), and the dioxygenation of 
acetylenes to a-diketones and arylolefins to aldehydes.1 Cyclohexane is transformed 
with 76% efficiency (с-СбНп oxidized per two HOOH) to give >97% cyclohexanone 
and <3% cyclohexanol, and n-hexane with 55% efficiency to give 53% 3-hexanone, 
46% 2-hexanone, and <2% 1-hexanol.

With this same pyz(HOAc) solvent Fen(DPAH)2 is autoxidized by O2 
to (DPAH)2Fe111OFe111(DPAH)2 via a reactive intermediate,
(DPAH)2Fe111OOFe111(DPAH)2 (1). The latter, when formed in the presence of excess 
substrate, reacts (about 10-30% efficient for a 50-fold excess of substrate relative to 
catalyst) to ketonize methylenic carbons, and to dioxygenate arylolefins 
[c-PhCH=CHPh -> 2 PhCH(O)] and catechols [l,2-Ph(OH)2 -> 
H0C(0)CH=CH-CH=CH(0)0H (muconic add)]. With the use of reductants 
[PhNHNHPh, H2NNH2, PhCH2SH, and H2S] stoichiometric turnovers are achieved 
via the reduction of (DPAH)2FemOFem(DPAH)2 to FeI1(DPA)2 [e.g., 3 mM 
Fen(DPAH)2, O2 (1 atm, 3.4 mM), 1 M с-СбН]2, and 100 mM PhNHNHPh reacts to 
yield 21 mM с-СбНю(О), 21% efficient)].

Analogous chemistry is facilitated by related cobalt complexes and solvent 
systems via activation of HOOH. Work in progress extends these systems to the 
monoxygenation of hydro«. .1' nons (reaction mimics for the methane monooxygenase 
and cytochrome P-450 enzymes).

REFERENCES

1. C. Sheu, S. A. Richert, P. Cofre, В. Ross, Jr., A. Sobkowiak, D. T. Sawyer, and J. R. 
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TITANIUM-PROMOTED ENANTIOSELECTIVE OXIDATION 

OF THIOETHERS AND SYNTHETIC APPLICATIONS
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Centro Meccanismi Reazioni Organiche del CNR, Dipartimento di Chimica Organica,
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The asymmetric oxidation of thioethers to sulfoxides has a theoretical and practical 
interest because of the simplicity of the model, the easyness of the reaction and the 
great importance of homochiral sulfoxides in organic synthesis1.

Only recently methods to obtain enantiomerically pure sulfoxides by direct oxida­
tion have been discovered^,4. However, the efficiency of such methods is still 
strongly dependent on the structure of the thioethers.

Studies are in progress in several laboratories as well as in our own both to im­
prove the efficiency of the oxidation and to define the structural effects on the enan- 
tioselectivity with the available methods.

The results obtained in our group with the titanium-(R)-diethyltartrate-alkylperoxide 
promoted oxidation will be reported and discussed.
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DIOXYGEN ACTIVATION AND HOMOGENEOUS CATALYTIC OXIDATIONS 

USING METAL CYCUDENE COMPLEXES

B. K. COLTRAIN, N. HERRON, C. M. FENDRICK AND D. H. BUSCH 

Chemistry Department, University of Kansas, Lawrence, Kansas 66045, U.S.A.

The transition metal cydidene complexes, in their lacunar forms (structure I), 

are exceptional dioxygen carriers, and structural modification provided expanded 

cavity space to encompass a potential organic substrate in addition to dioxygen 

(structure II). Studies have now been made on (1) the activation of dioxygen in

III

cydidene complexes and on (2) the oxidation of organic substrates using cydidene 

complexes and oxygen surrogates. Several routes lead to the formation of peroxide 

complexes, inducting the direct reduction of bound dioxygen; however, subsequent 

substrate oxidations have not been confirmed for these spedes. The usual 

surrogate oxidizing agents oxygenate substrates and the active site (intracavity vs 

external) may be dependent on solvation properties.
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COBALT SCHIFF BASE COMPLEX CATALYZED EPOXIDATION OF OLEFINS 
WITH NaOCI

A. NISHINAGA. M. KAKUTANI, T. UMEDA, and K. MARUYAMA 
Department of Applied Chemistry, Osaka Institute of Technology,
Ohmiya 5, Asahi-ku, Osaka 535, Japan

Cobalt Schiff base complexes [Co(SB)] are interesting because of their 
characteristic behavior as artificial oxidoreductases: dioxygenations in aprotic 
solvents, monooxygenations in alcohols, and dehydrogenations.1 However, no 
information has been available about catalytic activity of Co(SB) for epoxidation. 
We report here that Co(SB) catalyze the oxidation of olefins with NaOCI mainly to 
give epoxides. The oxidation was examined with olefins 1a - 1f. A solution of 1 in 
dichloromethane containing Co(SB) was stirred with a solution of NaOCI in a 
borate buffer (pH 10) at room temperature. Products 3-7 were isolated in 
addition to epoxides2 from the resulting mixture. No reaction takes place without 
the catalyst. The nature and distribution of the chlorinated products depend on the

1a 1b 1c 1 d le H

structure of 1. On the other hand, the structure of Co(SB) does not afffect the 
product distribution but the reaction rate. Since both cis- and trans-stylbenes give 
only trans-stilbene oxide, the present oxidation should involve a radical process. 
Nonplanar Co(L1)-Co(L4) are more effective than planar Co(L5) and Co(L6) in the 
present catalysis. Product and kinetic analyses of the oxidation suggest a 
mechanism involving rate controlling homolysis of Com(SB)(OCI) under the 
interaction with the substrate, different from the mechanism proposed for the 
Mn(TPP)CI catalyzed epoxidation.2

REFERENCES
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REACTIONS BETWEEN COORDINATED DIOXYGEN AND COORDINATED SUBSTRATES IN 

BINUCLEAR MACROCYCLIC COMPLEXES

A. E. MARTELL and R.J. MOTEKAITIS

Department of Chemistry, Texas A&M University, College Station, Texas 77843-3255, U.S.A.

The use of a dlcobalt(ll) macrocyclic complex as host for the coordination and activation of 
secondary bifunctional bridging ligands as guests is described. The macrocycle 1,4,10,13,16,11- 
hexaaza-7,19-dioxacyclotetracosane (BISDIEN) coordinates two Co(ll) ions to form a dinuclear 
complex which is greatly stabilized by bridging ligands such as hydroxide, oxalate, and mesoxalate 
anions, as well as dioxygett. Equilibrium constants for the formation of the corresponding mono- 
bridged dinuclear Co(ll)-BISDIEN complexes have been determined potentiometrically.1 It was found 

that the dioxygen complex also contains a bridging hydroxide ion, as well as two coordinated water 
molecules, indicated by L in formula 1, which are converted to hydroxide ions at high pH. When a third 
bridging bifunctional donor such as oxalate is present, it occupies the coordination sites indicated by L 
in 1 to give 2, a triply-bridged dinuclear macrocyclic cobalt(ll) complex (formally indicated as Co3 + 

with dioxygen as а д-регохо bridge. The equilibrium constants controlling the formation of 2 have been 
determined and conversion to this species is about 65% complete under an atmosphere of pure 
dioxygen at 25.0°C in aqueous solution at pH 8.5 with initial concentrations of 1.0 x 10"3 M BISDIEN, 
1.0 x IO"3 M oxalate and 2.0 x 10"3 M Co(ll). The dioxygen is sufficiently activated by metal ion 

coordination that it readily oxidizes oxalate at 45.0°C when both are present as bridging groups within 
the same dinuclear macrocyclic cavity. Reaction rates have been measured, and the kinetic data will 
be interpreted with an appropriate reaction mechanism involving electron transfer from oxalate to 
dioxygen through the cobalt centers.1

Co—QH Ñ——

C----

HN — 3+I

A similar investigation2 has been carried out with mesoxalate (ketomalonic acid) in place of 

oxalate, and similar mixed singly-, doubly-, and triply-bridged dicobalt BISDIEN complexes are formed. 
In this case, however, the redox reaction within the macrocyclic cavity occurs in a catalytic mode in the 
presence of excess mesoxalate, with the reductant being converted completely to carbon dioxide, 
rather than a mixture of carbon dioxide and carbon monoxide. A cyclic reaction scheme will be 
proposed showing regeneration of the starting polybridged binuclear complex, followed by 
oxygenation and oxidation of the substrate to carbon dioxide.

REFERENCES

1. R.J. Motekaitis and A. E. Martell, J. Am. Chem. Soc., 110, 8059 (1988).
2. R. J. Motekaitis and A. E. Martell, J. Am. Chem. Soc., submitted.
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SINGLET OXYGEN AND ELECTRON-TRANSFER IN PHOTOOXIDATIONS

CHRISTOPHER S. FOOTE and RICHARD KANNER 
Department of Chemistry and Biochemistry 
University of California, Los Angeles, CA 90024-1569

Photosensitized oxidations involve absorption of light by a sensitizer, followed by 
oxidation of a substrate. Two basic reactions of the excited sensitizer occur. Sens* can either 
react directly with the substrate (Type I) or with oxygen (Type П). The Type П reaction leads 
mainly to singlet molecular oxygen by an energy transfer mechanism.

Sens

Type I Type IIhv

'f
Sens*Radicals or 

Radical Ions Substrate 
or Solvent

The cyanoaromatic-sensitized photooxidation of aromatic alkenes such as fra/ir-stilbene 
is a prototype for the Type I electron-transfer reaction. The radical cation and anion 
intermediates have both been detected spectroscopically. However, we have previously 
shown that both Type I and Type П processes compete in reactions with this sensitizer. In this 
paper we show how contibutions from each process can be assessed.

+ •

+ Cyanoarom"
Cyanoarom1

Ar,

The “monomol” luminescence at 1270 nm can be used for direct measurement of both 
the absolute amount of singlet oxygen produced and its lifetime. The quantum yield of singlet 
oxygen (!02) production by 9,10-dicyanoanthracene (DCA) has been redetermined by this 
method in benzene and acetonitrile; Ю2 is produced from both singlet and triplet states of 
DCA. Direct preparation of 3DCA by enhanced intersystem crossing with 2,5- 
dimethyliodobenzene (DMIB) allowed determination of the individual contributions of 3DCA 
and !DCA to *02 production. Substrate-enhanced intersystem crossing can make the triplet 
pathway a major route under some conditions. Flash spectroscopic detection can be used to 
measure the amount of radical ions and triplet DCA. The quantum yield of singlet oxygen 
(1Q2) production from DCA in the presence of marts-stilbene (TS) was also determined. The 
formation of *02 is quenched by TS in acetonitrile, but enhanced in benzene. Exciplex 
emission is observed in both solvents. These observations suggest that exciplex formation in 
benzene leads to enhanced intersystem crossing in DCA, but that ion-pair separation in 
acetonitrile is too rapid to allow this process. These observations emphasize the complexity 
of some photochemical oxidation reactions but show how they may be successfully probed by 
a combination of physical methods.



1,2,3-TRIOXANES.
THE CHEMISTRY OF A NEW CLASS OF SATURATED HETEROCYCLES 

Charles W. Jefford
Department of Organic Chemistry, University of Geneva 

CH-1211 Geneva 4, Switzerland
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Secondary ozonides or 1,2,4-trioxolanes (1) occupy an important place in the annals of 
classical chemistry. In contrast, little has been reported of their higher homologues, the 

1,2,4-trioxanes (2). No reference to them pre-dates 1954. Since the emergence of arteannuin 

(3), a naturally-occurring trioxane, as a powerful antimalarial remedy, interest in this class of 
oxygen heterocycles has dramatically increased.

By the judicious use of singlet oxygen and hydrogen peroxide, certain olefins can be oxy­
genated to produce a variety of heterocycles incorporating three or four oxygen atoms. From 

simple starting materials both mono- and bicyclic derivatives of 1,2,4-trioxane and 1,2,4-tri- 
oxan-5-cne can be easily assembled in high yield. Despite their high oxygen content, they 

are surprisingly stable, often occurring as crystalline solids, so enabling their structures to be 

determined by X-ray. We will present new mechanistic, structural, and chemical results deal­

ing with the formation of these poly-oxygenated products, their potential as synthetic inter­
mediates, and their role as oxidants.

1 2 3
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NITRATE AND NITRITE LIGANDS AS MEDIATORS IN PALLADIUM CATALYZED OXIDATION 
OF OLEFINS

V.A. LIKHOLOBOV
Institute of Catalysis, Siberian Branch of the USSR Academy of Sciences, 
Novosibirsk 63ОО9О, USSR

Data about oxidation reactions of organic and inorganic substrates (ole­
fins and sulphides, aromatic compounds) catalyzed chiefly with palladium 
complexes involving the N0% ligands (x = 2,3) are represented in the paper.

Mechanism of nitratoxilation processes (formation of the ethylene-glycol 
nitrates) and of acetoxilation (formation of the ethylene-glycol acetates) 
of ethylene, being conducted in solutions of the palladium salts in concen­
trated nitric and acetic acids correspondingly, is investigated, as well as 
that of reaction of oxidation of dialkylsulphides to dialkylsulphoxides.

Nature of the key intermediates of stoichiometric oxidation of ethylene 
with N0x ligands in the complexes I^PdXg^(N0%)^, where n = 1+2, X = 2,
3, L - CH^CN, to various products: acetaldehyde, vinylacetate, nitroethyle­
ne, ethylene-glycol monoacetate, ethyledendiacetate, - is studied in de­
tails by application of the method of NMR- and IR-spectroscopy. Problems 
of influence of nature of the N0% ligand and solvent on the direction of 
the ethylene oxidation process, are discussed.

Catalytic compositions on the basis of nitrito- and nitrato-complexes 
of palladium for realization of the processes of co-oxidation of carbon 
monoxide and olefins to various compounds containing carboxyl groups, are 
developed.

Additional introduction of ferric compounds to palladium complexes made 
it possible to increase sharply the rate of re-oxidation of the palladium 
nitroso complexes by dioxygen, the first being the products of reduction of 
the nitrite and nitrate complexes. As a whole, presence of ferric compounds 
allowed to increase the activity of the palladium-nitrite complexes in reac­
tions of oxidation and nitration into ring of the benzene derivatives.

Heterogenized analogues of the palladium-nitrite systems were obtained: 
anchored on the fixed nitrile ligands; adsorbed on SiCL and active carbon, 
dispersed metal particles of palladium supported on SiO^, TiO^, active car­
bon and treated with nitric acid were produced. Behaviour of these systems 
when contacting with carbon monoxide, ethylene, propylene, was studied by 
a wide set of physical methods of investigation being applied. Information 
on a mechanism of heterogenized systems, which in general terms is similar 
to that of homogeneous analogues, was obtained.
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SELECTIVE FUNCTIONALISATION OF SATURATED HYDROCARBONS BY OXO 
RUTHENIUM COMPLEXES

M.M. TAQUI KHAN
Discipline of Coordination Chemistry and Homogeneous Catalysis, Central 
Salt & Marine Chemicals Research Institute, G. B. Marg,
Bhavnagar - 364 002, India.

Selective functionalization of saturated hydrocarbons has become a 
" 12subject matter of much current Interest. ' Cytochrome P450 models 

involve the use of macrocyclic complexes of Fe, Mn, Cr, Ru in the 
presence of oxidants such as NaOCl, C^H^IO, ICH^O^ and amine oxides 
for the oxidation of saturated hydrocarbons.^ ^ Ru(III)-EDTA catalyzes 

the oxidation of saturated hydrocarbons in the presence of molecular 
oxygen^ or NaOCl^ as oxidants. The nature of the products depend on 

the oxidant.
In the oxidation of hydrocarbons by molecular oxygen catalyzed by 

Ru(III)-EDTA, the products of oxidation are those of a P450 radical cage 
type.^ Cyclohexane gives 8% conversion to cyclohexanol^ and 1% cyclo­
hexanone, adamantane^ gives 4% of 1-adamantol with 0.2% of 2-adamantone

The ratio of C-/C-. и 0.05. Ru(III)-EDTA can be oxidized by NaOCl 
V ^ -3

to Ru =0(EDTA) which catalyzes the oxidation of cyclohexane, tetra- 
hydrofuran and adamantane in the presence of NaOCl. The reaction 
proceeds by a Gif type^ of product selectively. Cyclohexane gives 

7% yield of pure cyclohexanone; tetrahydrofuran gives 10% yield of 
y-butyrolactone and adamantane, 3% of 2-adamantone and 0.5% of 1- 
adamantol (Cg/C^ « 6).

The mechanism of these reactions will be discussed.
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CATALYSED OXIDATIONS USING PEROXYGEN REAGENTS

К M Dear, Interox Research & Development, Laporte pic

Catalytic oxidation Is an Important process type widely In current use In 
the chemical Industry. One technique enables low cost oxidants to be used 
for a wide range of functional group oxidations.

Hydrogen peroxide Is particularly suitable to catalytic activation. Under 
neutral conditions at ambient temperature It is not very reactive. It may 
be converted "In situ" to a wide range of active species which will 
perform specific oxidations. It may also be used to re-oxldlse other 
active oxidants within a process giving an overall catalytic effect.
Other peroxygen reagents such as persulphates or percarboxylic acids are 
generally more reactive than Hydrogen Peroxide.

The presentation will review the many active oxidant species generated by 
peroxygen compounds. Species covered Include oxygen transfer, oxygen 
radical and other redox species:-

Epoxidation
Bayer Villiger oxidation of ketones 
Aromatic side-chain oxidations
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CATALYTIC Cu(II) INDUCED REACTIONS

W. BLITS. R. OFFERMANNS А1Ю L. FRUNS 

CP—CHE/CPPS, DSM-Research
P.O.Box 18, 6160 MD Geleen, The Netherlands

One of the great challenges of the chemical industry is the 
development of selective catalytic oxidations with 02. There is 
considerable interest at the present time in Cu-catalysed oxidation 
reactions from very different points of view1'2' .

A lot of scientific and industrial chemical research has been done 
on the Cu-catalysed polymerisation of 2,6-dimethyl phenol4'5'6, 
especially on the organic chemical aspects of the growing polymer chain. 
However mechanistic studies on the operating catalytic system were 
relatively scarce untill 1985.

At DSM therefore a study was started to eluicidate the role of Cu, 
the 2 substrates (phenols and 02), ligands and solvents, in the 
polymerisation of phenols . The DSM system consisted of sinple 
Cu-carboxylates in the corresponding carboxylic acid, phenol and oxygen.

It was shown that in the catalytic cycle of Cu-carboxy lates at least 
3 Cu-complexes are involved.
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NEW METAL COMPLEX SORBENTS FOR THE RECOVERY OF OXYGEN
6. P. PEZ and J. A. Norman
Air Products and Chemicals, Inc., 7201 Hamilton Blvd., Allentown, 
PA, 18195-1501, U.S.A.

Oxygen is produced in large tonnage quantities for the most 
part by the distillation of air at cryogenic temperatures. In 
recent years alternative methods for the separation of air have 
emerged. These include pressure-swing processes using zeolites as 
nitrogen-selective adsorbents, molecular sieve carbons as 
kinetically selective adsorbents for oxygen, and very recently 
polymer membranes.

Reversibly oxygen binding metal complexes, principally of 
cobalt and iron have been studied as potentially highly selective 
sorbents for the separation of oxygen from air. Ideally, a solid 
state metal complex is required which has an appropriate reversible 
oxygen affinity and capacity, a low heat of reaction and is stable 
in use. This last requirement has been the most difficult to 
realize. In this paper we will describe the synthesis, and 
characterization and basic properties of a new family of solid state 
complexes that show an unprecedently facile oxygen absorption and 
desorption at ambient conditions.
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SELECTIVE OXYGEN-DRIVEN DECARBOXYLATIONS OF N-SUBSTITUTED 
AMINO ACIDS.

Dennis P. Rilev. Donald L. Fields, and Willie Rivers, Monsanto Company, 
800 N. Lindbergh Blvd., St. Louis, MO 63167, USA.

Cobalt(ll) ion in aqueous solution has been found to catalyze very 
selectively the molecular oxygen driven oxidation of ((N-phosphono- 
methyl)imino)diacetic acid (PMIDA) to (N-phosphonomethyl)glycine (PMG):

H
02, "CAT" I

H203PCH2N(CH2C02H)2 —---------- -- h2o3pch2nch2co2h
H20, Д

PMIDA PMG

This homogeneous catalytic conversion is novel and represents, in effect, 
an oxidative dealkylation of one carboxymethyl moiety yielding the N- 
substituted glycine. This oxygen-driven reaction is extremely selective 
to the desired product PMG when carried out to high conversions (>99%) at 
the natural pH of the free acid substrate (-1-2) and when carried out at 
substrate loadings less than 5% by weight. In addition, the catalytic 
system is very selective for the PMIDA substrate; i.e., other closely 
related ligands show no reactivity; e.g., NTA, EDTA, etc. The results of 
kinetic and mechanistic studies on dilute systems are presented and 
discussed with special emphasis on how an understanding of the 
mechanism can make it possible to generate a catalyst system which 
gives very high yields even with very high substrate loadings. This Co 
catalyzed reaction is first-order in substrate and [Co]tot- The oxygen 
pressure dependence exhibits saturation kinetics, while the selectivity 
increases as oxygen pressure increases. The rate is also inversely 
proportional to [Н+]. Product and labeling studies as well as the kinetic 
studies support a mechanism in which Co(lll) ion is generated from the 
reaction of 02 with a CoH(PMIDA) complex producing hydrogen peroxide and 
a Co|M(PMIDA) complex. Co(lll) is the oxidant of a bound PMIDA, followed 
by the decarboxylation of the resultant radical and the subsequent 
trapping of the NCH2 radical with oxygen. The ultimate fate of the 
oxygenated radical is to the N-formyPMG, 1, which hydrolyzes to the PMG 
product.
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WHY NOT OZONE ?

H. J. LEDON "

L'AIR LIQUIDE,Chemical Division, 75 Quai d'Orsay 
75 321 Paris Cedex 07. FRANCE.

Industrial applications of ozone are strongly dependent 

upon the economics of its generation. Recently, 

significantly reduced energy costs were achieved by using 

oxygen feeded ozone generators associated with an 

oxygen-ozone separation device. The economics of this new 

technology will be compared with the air operated ozone 

generation.

Potential applications of this large source of cheap ozone 

in several fields like chemical synthesis, water treatment, 

pulping,... will be illustrated.
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TITANIUM SILICALITE CATALYZED OXIDATIONS 

B.NOTARI
ENI Research and Development,20097-San Donato Milanese,ITALY

Oxygen of the air is undoubtedly the cheapest and most widely 

used oxidant.In quite a few cases however the desired products 
cannot be obtained with the use of oxygen and more expensive 

oxygen sources must be used: hydrogen peroxide,hydroperoxides, 

peracids. Hydrogen peroxide is very attractive because of the 

low cost per oxygen atom,absence of by-products and ease of 

operations,but its use has been limited by the relatively low 

yields of useful products that could be obtained with respect 

to other oxidants.
It has recently been discovered that Titanium Silicalite 

(TS-1), a crystalline microporous solid having the structure 

of silicalite but containing Ti(IV) in framework positions, 

acts as a highly selective oxidation catalyst for many different 

reactions in which is the oxidant: epoxidation of olefins

and diolefins,oxidation of alcohols to aldehydes or ketones, 

hydroxylation of aromatics,ammoximation of ketones. New processes 
and technologies making use of H2°2 have been made possible by 

TS-1 unique properties.
The hydroxylation of phenol with for the production of

catechol and hydroquinone proved competitive with existing pro­
cesses and an industrial plant for the production of 10.000 T/Y 

of diphenols has been built and is succesfully operating since 

1986 in Ravenna,ITALY.
Evidence concerning the structure of the material and the 

mechanism by which it acts as a selective oxidation catalyst 

are discussed.
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OVER-OXIDATION OF CYCLOHEXANE BY THE GIF SYSTEM IN AN 

ATMOSPHERE OF PURE OXYGEN

U. SCHUCHARDT, E.V. SPINACE and V. MANO
Instituto de Química, Universidade Estadual de Campinas,
Caixa Postal 6154, 13081 - Campinas, SP, Brasil

The Gif system has been shown to be very selective for the 
oxidation of secondary CH^-groups to the corresponding 
ketones.1 Under an atmosphere of pure oxygen, cyclohexane is 

oxidized with more than 85% selectivity to cyclohexanone with 
turnover numbers as high as 100/h.2 With prolonged reaction 

times the cyclohexanone and cyclohexanol formed are further 
oxidized.2 We have now studied the oxidation of these 

compounds separately and identified some of the products 
formed. Under the same reaction conditions (20°C, 4 h, pure 
oxygen) oxidation of cyclohexanol and cyclohexanone is slower. 
Cyclohexanol is further oxidized with a turnover number of 
23/h, but cyclohexanone was only 23% of the oxidation products. 
Cyclohexanone is further oxidized with the rate of 20/h and 
forms mainly a cyclohexanedione, which is presently being 
identified by comparison with an authentic sample. No adipic 
acid is formed under the reaction conditions. Similar results 
have been reported by Barton et. al.,^ who found that the Gif 

system oxidizes cyclohexanol only slowly, giving cyclohexanone 
in 14% yield, and that adamantanone is further oxidized to 
adamantañediones with 10.2% yield.

This work was financed by Nitrocarbono S.A. Fellowships 
from CNPq and UNICAMP are acknowledged.

REFERENCES
1. D.H.R. Barton, J. Boivin, M. Gastiger, J. Morzycki, R.S.
Нау-Motherwell, W.B. Motherwell, N. Ozbalik and K.M. 
Schwartzentruber: J. Chem. Soc. Perkin Trans. I, 947 (1986).
2. U. Schuchardt and V. Mano: Preprints I World Congress and 
II European Workshop on New Developments in Selective 
Oxidation, D6, 01 (1989).



37
0-2, MON

Transformation of Fe(III)TMP N-Oxide to a Two Electron 
Oxidized Equivalent of Fe(III)TMP Complex

Yoshihito Watanabe*, Katsuomi Takehira, Masao Shimizu,Takashi Hayakawa, 
Hideo Orita, and Masahiro Kaise

National Chemical Laboratory for Industry, Tsukuba Research Center 
Tsukuba, Ibaraki 305, Japan

The reaction of Fe(III)TMP N-oxide (la, TMP: tetramesitylporphyrin)1) with an 

excess amount of trifuluoroacetic acid (TFA) in toluene at ca -30°C gave a new 

species (4 a), whose sorét band appears at 412 nm, via the transient formation of an 

intermediate (3a). A titration of la with TFA indicates one mole of the acid being 

required to complete the formation of 3a. Upon the addition of an acid scavenger 

such as pyridine immediate reproduction of la was observed. Further, red shifted 

sorét band of 3a (437 nm) indicated its structure to be a protonated form of la at 

the N-oxide oxygen. Addition of a larger amount of TFA to 3 a accelerated to form 

4a. A very similar reaction was also observed in the reaction of Fe(III)TDCPP N- 

oxide (TDCPP: tetrakis-2,6-dichlorophenyl-porphyrin). In addition, slow reduction 

of 4 a to Fe(III)TMP+* at -30°C and to Fe(III)TMP at room temperature were 

observed. It is consistent with the chemical reduction of 4a to Fe(III)TMP by 2 

equiv. amount of iodide. The UV-Vis spectrum of 4 a is very different from that of 

Fe(IV)TMP and Fe(IV)TMP+*,2) but very similar to porphyrin dication complexes of 

Zn, Mg, and Ni.2) The EPR spectrum of 4a at -150°C showed two broad 
absorptions at g=4.2 and 2.05, similar to Fe(III)TPP(C104). Based on these 

results, we assigned 4a to be an Fe(III)TMP dication complex.

References
1) Groves, J. T.; Watanabe, Y. J. Am. Chem. Soc. 1986,108, 7836-7837.
2) Groves, J. T.; Watanabe, Y. J. Am. Chem. Soc. 1986,108, 7834-7836.
3) Fajar, J.; Borg, D. C.; Forman, A.; Dolphin, D.; Felton, R. H. J.Am. Chem. Soc. 

1970,92,3451-3459.
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METALLOPORPHYRIN - CATALYZED EPOXIDATION OF PROPYLENE 
R. IWANEJKO , T. MLODNICKA and J. POLTOWICZ
Institute of Catalysis and Surface Chemistry, Polish Academy of 
Sciences, 30-239 Krakow, Poland

Selective oxidation of hydrocarbons has been the subject of 
a great interest and investigations. Especially, model systems 
based on metalloporphyrins used as catalysts have been intensely 
explored. Here we report the results of the investigations on 
the reaction of epoxidation of propylene with LiOCl as the 
oxygen source and porphyrins of such transition metals as 
Mn(III), Fe(III), Ni(II), Cu(II), and Zn(II) as the catalysts. 
The yield in propylene oxide as well as the selectivity appeared 
to be dependent not only on the character of the metal centre 
but also on the structure of the porphyrin ligand.

From among the investigated porphyrins the one with manganese 
centre and 2,6-dichlorotetraphenylporphyrin ligand (CIMnTDCPP) 
shows the highest activity: 5 cycles per minute and selectivity 
which exceeds 90%. Smaller selectivity ca. 60% is observed for 
manganese (Ill)-tetramesitylporphyrin (CIMnTMP) while manganese 
(Ill)-tetratolyloporphyrin (CIMnTTP) gives very poor results. 
Corresponding iron(III) porphyrins show smaller activity and 
selectivity in the investigated process, however, the influence 
of the character of the porphyrinic ligand is similar.

The addition of imidazole increases the yield of propylene 
oxide in the reactions catalyzed by manganese porphyrins while 
its effect on the reactions catalyzed by iron porphyrins is 
negative.

Nickel, copper and zinc tetratolyloporphyrins appeared 
practically inactive.

In contrast to the results described above, when propylene 
was epoxidized by molecular oxygen in the presence of aldehyde 
as the reducing agent, CIMnTTP appeared to be more effective 
catalyst than CIMnTDCPP.

On the basis of the obtained results important mechanistic 
conclusions may be drawn.
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MOLECULAR OXYGEN AS OXIDANT IN HETEROPOLYANION CATALYSED 
OXIDATIONS

R- Neumann and M. Levin
Casali Institute of Applied Chemistry, Graduate School of Applied Science and 
Technology, The Hebrew University of Jerusalem, Jerusalem, Israel 91904

Two modes of heteropolyanion (HPA) catalysed oxidations using 
molecular oxygen as the primary oxidants are presented. In the first mode use of 
heteropoly molybdates enables the oxidative dehydrogenation of alcohols to 
aldehydes, of amines to nitriles and aromatization of dienes in high selectivity 
and in quantitative yields by electron transfer from the organic substrate to the 
heteropolyanion The reduced heteropolymolybdate is then reoxidized by 
molecular oxygen coupled with formation of water. The entire catalytic cycle may 
be summarized by equation 1.

(1) LIPAox + Substrate ------> 2H+ + HPArcc| + Product
2H+ + HPArcd + 1/202 ----- » HPAox + H20

The presentation will focus on two types of heteropolymobybdates that are active 
in such reactions and discuss the synthetic and mechanistic aspects of the 
reactions. In particular emphasis will be placed on the identity of the reduced 
species and the manner of reoxidation by dioxygen.

In the second reaction mode transition metal substituted heteropoly anions 
of the general formula SiM(H20)Wn039 (M = Mn, Cu, Ru, Rh etc) are used 
together with reducing agents such as sodium borohydride, sodium dithionite or 
hydrogen and colloidal platinum to oxidize alkenes to epoxides and alcohols. 
Depending on the reducing agent and type of heteropolyanion used several 
reaction pathways are implicated including allyli: autoxidation, high valent 
metal oxo mediated epoxidation and formation alcohols with anti-Markownikoff 
orientation perhaps via decompostion of organoboranes formed by catalytic 
hydroboration.
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Novel Oxidation of Phenols by Copper(II) Complex 
Catalyst / O2 System.

K. Takehira. M. Shimizu, Y. Watanabe, T. Hayakawa, and H. Orita 
National Chemical Laboratory for Industry, Tsukuba Research Center, Higashi, 1-1,

Tsukuba, Ibaraki 305, Japan

We previously reported that CuCl2*2H20 coupled with amine, hydroxylamine, or 

oxime catalyzes the oxygenation of 2,3,6-triemthylphenol to trimethyl-p-benzo- 
quinone(TMQ) with dioxygen in alcoholic solvent in the presence of hydrochloric 
acid. Here, we report the oxygenations of 2,6-dimethylphenol(2,6-DMP) and
2,4,6-trimethylphenol (2,4,6-TMP) by the similar reaction system.

2.6- DMP, which affords mainly diphenoquinone or poly(phenylene oxide) in usual 
copper(II) catalyzed oxidation, was oxygenated selectively to 2,6-dimethyl-p-benzo- 
quinone(2,6-DMQ)(90% yield) in the present oxidation. This oxygenation was 
favoured by the presence of hydrochloric acid and the most preferable catalyst 
system was CuCl2*2H20-hydroxylamine hydrochloride, similarly to the case of the

oxidation of 2,3,6-TMP to TMQ.
2.4.6- TMP was selectively converted to 3,5-dimethyl-4-hydroxybenzaldehyde 

(DMHBA)(95 % yield) by CuCl2*2H20-acetone oxime / O2 system. A presence of 

hydrochloric acid rather caused the formation of 2,6-DMQ as a by-product. In 2,4,6- 
TMP oxidation, a substantial amount of 2,6-dimethyl-4-alkoxymethylphenol was 
detected as an intermediate to DMHBA, and therefore 3,5-dimethyl-4-hydroxy- 
benzaldehyde dialkyl acetal is most likely the precursor of DMHBA. It is thus 
considered that oxygen atom incorporated into aldehyde group of DMHBA is deriv­
ed from water, while that incorpoated into p-benzoquinones is from oxygen molecule. 
The latter incorporation is accelerated by the presence of proton acid. This may 
arouse interest in the oxidation mechanism because a hydroperoxo species can be 
formed by protonation of activated dioxygen and considered as the active species in 
the biomimetic oxidation by dicopper(I) complex as a model of Type 3 copper 
protein.3

1. K. Takehira, M. Shimizu, Y. Watanabe, H. Orita, and T. Hayakawa, Tetrahedron 
Leu., 30, 6691 (1989).

2. K. Takehira, M. Shimizu, Y. Watanabe, H. Orita, and T. Hayakawa, /. Chem. 
Soc., Chem. Commun., 1989, 1705.

3. K. D. Karlin, P.Ghosh, R. W. Cruse, A. Farooq, Y. Gultneh, R. R. Jacobson, N. J. 
Blackburn, R. W. Strange, and J. Zubieta, J. Am. Chem. Soc., 110, 6769 (1988).
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RUTHENIUM 0X0 COMPLEXES AS ORGANIC OXIDANTS

A. C. DENGEL, W. P. GRIFFITH and J. J. JOLLIFFE 
Department of Chemistry, Imperial College of Science, Technology and Medicine,

London SW7 2AY, Great Britain..

As part of our continuing work on platinum group oxo complexes as catalysts for organic 
oxidations we report a number of new carboxylato complexes of ruthenium(VI) and (V). Their 
reactions have been investigated as oxidants for alcohols, phosphines, sulphides and activated 
halides.

Ruthenium(VI). Reaction of Ru04 with acetic acid in the presence of tetra- 
arylphosphonium chlorides gives the acetato species [Ru02(0Ac)Cl2]; propionato, butyra to 
and other carboxylato complexes have also been isolated. The X-ray crystal structure of the 
acetato complex is reported as are its reactions with organic substrates. The new complexes are 
effective, selective oxidants for primary alcohols to aldehydes and secondary alcohols to 
ketones; halides to aldehydes, sulphides to sulphoxides and sulphones and phosphines to 
phosphine oxides. In the presence of N—methylmorpholine-N-oxide (NMO) and other co­
oxidants they function as efficient catalysts for the above reactions, and unsaturated substrates 
do not suffer competing double bond cleavage.

Ruthenium(V) and osmium(V). Reaction of (R4N)[Ru04] (R = nPr, nBu) or 
(Ph4P)[0s04] with tertiary a- hydroxycar boxy lie acids H2L gives the salts (R4N)[RuOL2] and 
(Ph4P)[OsOL2] (L = {0C(0)C(0)Et2}2 (ehba); {0C(0)C(0)Me2}2'; {0C(0)C(0)MeEt}2";
{0C(0)C(0)MePh} 2‘). We have already reported the X-ray crystal structure2 of 
(nPr4N)[RuO(ehba)2]; it is analogous to that of the chromium(V) species Na[CrO(ehba)2],3 

with the oxo ligand occupying an equatorial position in a distorted trigonal bipyramid. 
Reactions of these complexes are reported; they are mild oxidants for alcohols and phosphines.

REFERENCES
1. A. C. Dengel, A. M. El-Hendawy, W. P. Griffith, C. A. OMahoney and D. J. Williams,

J. Chem. Soc. Dalton Trans. 737 (1990).
2. A. C. Dengel, W. P. Griffith, C. A. OMahoney and D. J. Williams, J. Chem. Soc. Chem.

Commun., 1701 (1989).
3. R. J. Judd, T. W. Hambley and P. A. Lay, J. Chem. Soc. Dalton Trans., 2205 (1989)
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SELECTIVE OXIDATION OF ALCOHOLS BY DIOXIRANES
R. CURCI, M. FIORENTINO, C. FUSCO, and R. MELLO
Centro C.N.R. "MJS.O.", Dipartimento Chimica, Universitá di Bari .via Amendola 173, Bari , Italy 1-70126 

Once it became established1 that the reaction of peroxomonosulfate HSO5" (caroate) with
ketones generates dioxiranes,2 the feat of isolation of a few volatile species such as
dimethyldioxirane (la ) (in 1: ^=^=СНз)3,4 and methyl(trifluoromethyl)dioxirane (lb)5 
(in 1: ^=СНз; 2R=Cp3) precipitated an intensive utilization of these unique oxidants in 

synthetic applications.2 Among these, the most remarkable to-date appears to be the O-atom
insertion into "unactivated" C-H bonds of alkanes.2’6 In these reactions, the data collected and
scout runs had indicated that - in most of the cases - the secondary alcohols initially formed are
further oxidized to the corresponding ketones.6 We have now carried out a detailed study
demonstrating that a variety of cyclic and alicyclic secondary alcohols can be cleanly
transformed into ketones using 3b under extraordinary mild conditions and in high yield, 
within very short reaction times.

Лон CH2CI2, -20 to 0 °C /2 to 60 min
conv > 90%, yield >90%

Dioxirane lb was found to be over 200 times more reactive than la in the conversion of 
cyclohexanol into cyclohexanone. And yet with lb remarkable selectivides attain, allowing 
- e.g. - the clean transformation of epoxyalcohols into epoxyketones ; emionorbomeol was 
found to be over 40 times more reactive than its exo Stereomer. Cyclobutanol is transformed 
by lb into cyclobutanone only, and an isotope effect кц/kj^ of ca. 1.6 has been measured 
using cyclohexanol and cyclohexanoW%2 These and other pieces of evidence suggest that a 
radical or radical-chain mechanism is unlikely for the title reaction.

References
(1) (a) Edwards. J. O.; Pater, R. H.; Cura, R; Di Fuña, F. Photochem. Photobiol. 1979, 30, 63. (b) Cura. 

R.; Florentino. M.; Troisi. L; Edwards, J. O.; Pater, R. H. J. Огц. Chem. 1980, 45, 4758. (c) Cicala. 
G.; Cura, R.; Florentino. M.; Lancchiuta, O. J. Огц. Chem. 1982, 47, 2670. (d) Curd, R.; Florentino. 
M.; Seno. M. R. J. Chem. Soc., Chem. Comm. 1984, 155.

(2) For reviews, see: (a) Cura, R. In A ¿vanees in Oxygenated Processes; Baumstark, A. L, Ed.; JAI: 
Greenwich. CT; Vol. 2, Chapter 1, 1990. (b) Adam. W.; Cura. R.; Edwards, J. O. Acc. Chem. Res. 
1989, 22. 205. (c) Murray, R. W. Chem Rev. 1989, 39, 1187..
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(5) Mello, R.; Fiorentmo, M.; Sdacovelli, O.; Cura, R. J. Org. Chem. 1988, 53, 3890.
(6) Mello, R.; Fiorentmo, M.; Fusco, C.; Cura, R. J. Am. Chem. Soc. 1989, 111, 6749.
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REGIOSELECTIVITY OF SINGLET OXYGEN ENE REACTIONS. 
THE NON-BONDING LARGE GROUP EFFECT.

Michael Orfanopoulos. Manolis Stratakis and Yiannis Elemes
Department of Chemistry, University of Crete, 71110 Iraklion,Crete, Greece.

The ene reaction of singlet oxygen1 with alkyl or aryl substituted alkenes shows a 
general preference for hydrogen abstraction from the group which is geminal to the larger 
substituent of the double bond. These results, like the previous observations2, require that 
non-bonding interactions be the dominant factor that controls the relative stabilities of the 
transition states leading to isomeric products.

w

Chtf R2

ООН

V-R,
r2

major product

R1 r2 % major prod.

Neopentyl H H 100
" H CH3 83

CH3 CH3 78
(Butyl H CH3 66
(CH3)3Si CH3 CH3 100
Isobutyl CH3 isobutyl 97

" isobutyl CH3 97
x-Phenyl H CH3 75 (aver.)

REFERENCES
1. a) Singlet Oxygen; H. H. Wasserman. R. W. Murray, Ed.; Academic Press, New York, 
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b) L. M. Stephenson, M. J. Grdina. M. Orfanopoulos: Acc. Chem. Res. 12, 419, (1980).
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A FUNDAMENTAL KINETIC MODEL FOR AMOCO'S CO/MN/BR LIQUID PHASE 
OXIDATION CATALYST

WALT PARTENHEIMER AND ROBERT GIPE

Amoco Chemical Corporation, Research and Development Center,
P. O. Box 3011, Naperville, IL 60566, United States

A homogeneous mixture of cobalt acetate, manganese acetate 
and hydrobromic acid is a highly efficient catalyst for 
oxidizing alkylaromatic groups, via dioxygen, to their 
corresponding aromatic carboxylic acids. The most important 
commercial example is the oxidation of p-xylene to terephthalic 
acid.

We have measured the rate constants of all of the catalyst 
components in their most important oxidation states with each 
other, with the methylaromatic compounds and with the solvent 
acetic acid. From this data we have developed a model to 
explain why addition of bromide to a cobalt catalyst greatly 
enhances the rate of oxidation and reduces the amount of 
solvent decarboxylation. The model also correctly predicts 
the effect of manganese addition to the Co/Br catalyst.

As time permits, we will discuss the active catalytic 
species. Hammett studies reveal that these oxidations do not 
proceed via Co(III) or the bromine atom but rather by a 
manganese-bromine complex.

REFERENCES
1. G. H. Jones, J. Chem. Research(5), p. 207 (1982).
2. D. H. Blackburn, Catalysis of Organic Reactions, Chapter 20 

(1990).
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INTERACTION OF MOLECULAR OXYGEN WITH TRANSITION METAL CENTERS 
IN ELECTROCATALYTIC SYNTHESIS OF PEROXO SPECIES

G.Costa, C . Tavagnacco and G.Balducci 
Department of Chemical Sciences - University of Trieste 
Piazza Europa 1 - 34127 Trieste - Italy

Transition metal complexes are widely used as models, either 
of oxygen carriers or of dioxygen activators in catalytic 
oxidations. The key factors determining the oxygen carrying or 
the catalytic properties are the thermodynamic and kinetic 
features of the interaction of molecular oxygen with the metal 
center, possibly yelding an oxygen adduct.
The catalytic mechanism does not require extensive amounts or 

stability of the product of the interaction between molecular 
oxygen and the transition metal complex. On the other hand, 
enhanced reactivity of coordinated dioxygen is essential.
It is thus difficult to provide direct evidence for the forma­

tion of an oxygen adduct or of an interaction product which 
should be very reactive and present in even minute amounts.
We have used extensively the electrochemical tecniques to 
investigate the reduction of molecular oxygen in the presence 
of metal complexes and the mechanism of catalytic oxidations 
which can be observed in the presence of substrates.
The essential (overall) reactions are the following:

MLn<x> + e --- > MLn < X-1>
MLn(x-i> + 02 --- - - - > MLn - O2

MLn - O2 + substrate ---- > MLn(x) + oxidation products

The main requirement is the regeneration of the MLn(x} species 
(whithout extensive irreversible oxidation of the ligands) ; 
the critical point for the catalytic efficiency is the M - O2 
interact ion.

We have found that the reversible formation of a very reactive 
and electrochemically active interaction product at the elec­
trode can be documented even in cases of instability of the 
dioxygen adduct in the bulk.
As examples the cases of the following complexes are reported

The relationships between the reactivity of the interaction 
product, the electrocatalytic reduction of dioxygen and elec- 
trocatalytic synthesis of peroxo species are discussed.
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ELECTROASSISTED OXIDATION OF HYDROCARBONS BY MOLECULAR 
OXYGEN CATALYZED BY POLYPYRROLE MANGANESE PORPHYRIN FILMS.

F. BEDIOUI. S. GUTIERREZ GRANADOS, C. BIED-CHARRETON* and J. DEVYNCK.

Laboratoire dElectrochimie (U. R. A. n° 216 du CNRS), Ecole Nationale Supérieure de Chimie 
de Paris, 11 rue P&M Curie, 75231 Paris cedex 05 (France).*Laboratoire de Chimie 
Bioorganique et Bioinorganique (U. R. A. n° 1384 du CNRS), Université Paris-Sud, 91401 
Orsay (France).

Attachment of transition metal complexes, and especially porphyrins to polymeric support 
has been researched extensively over the past several years. The electroactive thin films 
described here have been obtained from direct anodic oxidation of pyrrole substituted 
metalloporphyrins1 to obtain modified electrodes. These new electrodes are aimed at catalysing 
redox and organic reactions, and can be involved in efficient biomimetic systems for 
hydrocarbon and/or hindered phenol oxidation by molecular oxygen, using supported 
manganese porphyrins as catalysts. The complete catalytic processes requiere the electrochemical 
reduction reduction of Mn(Hl)porphyrin to obtain the catalytic species 2.

We report the electrochemical preparation and behaviour of a poly(pyrrole-Mn(Ill)porphyrin) 
film modified electrodes, and we note that porphyrin linkage to polypyrrole does not modify the 
redox system of manganese (E° (Mn(III)/Mn(II)) = -0.3V/SCE). Thus, the catalytic activity 
towards oxidation by molecular oxygen can be examined. Results for the electroassited oxidation 
reactions of cis-cyclooctene, adamantane and 2, 6-diterbutylphenol by dioxygen, under 
atmospheric pressure, in organic solutions using the manganese porphyrin coated electrodes as 
catalyst are described. One of the remarkable aspects of these results is the large activity of the 
porphyrin catalyst when it is fixed on the electrode 2>3. The relation between the catalytic activity 
of the supported porphyrin and the material of the electrode is discussed. In addition, these 
results confirm the stability of such polypyrrole films.
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REACTIVITY OF ORGANOPALLADIUM COMPOUNDS TOWARDS EARLY 
TRANSITION METAL PEROXIDES: O-INSERTION vs. C-X-COUPLING

P.L. Alsters. H.T. Teunissen, J. Boersma and G. van Koten*

Debye Research Institute, Department of Metal Mediated Synthesis, University of Utrecht, 
Padualaan 8, 3584 CH, Utrecht, The Netherlands.

Oxygen insertion into the Pd-C bond is of interest as it offers a route for the 
oxy-functionalisation of a C-H bond:

We have studied reactions of early transition metal peroxides with organopalladium compounds 
and found marked differences in reactivity, depending on the nature of the peroxo species and 
the reaction conditions.
The expected oxygen insertion could be achieved by using TBHP (rerr.butylhydroperoxide) 
and a vanadium catalyst (e.g. VO(acac)%):

Me Me
\ /

TBHP

V-cat.
(yield 80-95 %)

By variation of the ligand X in cyclopalladated complexes of the type Pd(C6H4CH2NMe2-2)X 
it was shown that the reactivity is strongly enhanced by increasing the nucleophilicity of the 
Pd-centre.
In contrast to vanadium peroxo species, the molybdenum peroxide MoO(02)2 HMPT.H2O 
displays a totally different chemistry. Oxygen insertion in the Pd-C bond is only of minor 
importance for this reagent. Instead, this Mo-peroxide couples halide- or alkoxide- 
nucleophiles to the palladated carbon atom:

R4N+X

Mo-peroxide

ROH

C—X

C—OR

(X = halide)

(R = Me; Et; PhCH2)

The alkoxylation is of special interest as it offers a one-pot conversion of a C-H bond into a 
C-OR function with very high selectivity.



THE REACTIONS OF IRON(III) PORPHYRINS WITH TERTIARY-BUTYL 
HYDROPEROXIDE IN AQUEOUS SOLUTION

JOHN R. LINDSAY SMITH and RUSSELL J. LOWER
Department of Chemistry, University of York, York YOl 5DD, England.

It is generally agreed that the reaction of peroxyacids with iron(III) 
porphyrins results in the formation of an oxo-iron(IV) porphyrin T cation 
radical, (a peroxidase Compound I model), reaction (1). However, there is 
disagreement over the corresponding reactions of alkyl hydroperoxides. Some 
studies1 provide evidence that hydroperoxides behave similarly to peroxyacids 
and oxidise iron(III) porphyrins in an initial 2-electron step with heterolytic 
cleavage of the 0-0 bond, reaction (2). In contrast, others2 suggest the 
iron(III) porphyrin is only oxidised to the level of peroxidase Compound II 
with concomittant homolysis of the hydroperoxide, reaction (3).
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Fe(III)P + rco2h
Ó

+ ro2h

-----> OrFe(IV)P+‘ + RC02H (1)

Fe(III)P —» 0-Fe(IV)P + * + ROH (2)

Fe(III)P + ro2h —» 0=Fe(IV)P + RO + H+ (3)

The present study attempts to resolve the controversy over the mechanism 
using the reaction of t-butyl hydroperoxide with iron(III) 
tetra(4 -N-met hy lpyridy 1 )porphryin in aqueous solution. The kinetics and 
products of this reacation have been studied over a wide pH range in the 
presence and absence of efficient chemical traps for the short-lived oxidising 
species. The intermediates have been characterised by uv-vis and resonance 
Raman spectroscopy and by stopped-flow e.s.r. methods. The role of the axial 
ligands in influencing the course of the reaction has also been investigated. 
The results are discussed in terms of heterolytic and homolytic cleavage of 
hydroperoxides by iron(III) porphyrins and they reveal the difficulties in 
distinguishing between the two mechanisms.
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RUTHENIUM CATALYZED OXIDATION OF NITROGEN-CONTAINING 

HETEROAROMATIC COMPOUNDS
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Department of Chemistry, Faculty of Engineering, Yokohama National 
University, 156 Tokiwadai, Hodogaya-ku, Yokohama, Japan 240

Nitrogen-containing aromatic heterocyclic compounds such as quinoline, 
isoquinoline, acridine et al., were oxidized to corresponding aromatic 
o-dicarboxylic acids at high yields remaining pyridinic structure in the 
product molecules by hypochlorite ion in the presence of ruthenium catalyst 
at ambient temperatures in alkaline aqueous solution. Qrinoline was oxi­
dized to pyridine-2,3-dicarboxylic acid (yield=84%) when the initial con- 

- 1) - centration of OH was fixed as 1.1 M . The concentration of OH in aqueous
solution was found to play an important role on the selectivity of the reac­
tion. The major product in the oxidation of quinoline was changed to oxalic 
acid or C02 depending on the OH concentration. The spectrophotometrie 
study indicates that the active species for selective oxidation of quinoline 
into the pyridinedicarboxylic acid may be (Ru (VII) 0^) (perruthenate ion) 
which shows its absorption maximum at 385 nm.

When the oxidation of quinoline was carried out using two-phase reaction 
system, such as CC1^-H^0 or CHC1^-H^0, the rate of oxidation was drastically 
decreased. On the contrary, the oxidation proceeded more rapidly compared 
with the case of the absence of an organic phase, when acetonitrile was used 
as an organic phase instead of CCl^ or CHCl^. The result shows that the 
two-phase system composed of CH^CN-H^O is very convenient for a substrate 
being oxidized whose solubility in aqueous alkaline solution is limited.

Acridine was oxidized using CH^CN-H^O solution system. Pyridine-2,3,5,6- 
tetracarboxylic acid was formed at the yield of 82% at 3 h when relatively 
higher initial CH concentration (1.1 M) and 30°C were used as reaction con­
ditions. On the other hand, quinoline-2,3-dicarboxylic acid (acridinic 
acid) was formed at the yield of 23% in addition to pyridinetetracarboxylic 
acid (yield=55%) when lower initial OH concentration (0.55 M) and lower 
reaction temperature (10°C) were used. Acridinic acid is the reaction inter­
mediate to pyridinetetracarboxylic acid in the ruthenium catalyzed oxidation 
of acridine.
REFERENCE

1) T.Hara and T.Matsumura, Studies in Organic Chemistry, Elsevier, 33, 347 
(1988).
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"ENHANCED ELECTRONIC DELOCALIZATION IN FACE-TO-FACE 
DIPORPHYRINS. IMPLICATION IN THE UNIQUE REACTIVITY OF THE 
COBALT DERIVATIVES TOWARDS DIOXYGEN AND IN THE 4-ELECTRON 
REDUCTION MECHANISM OF 02.H

Y. LE MEST1r M. L'HER1 and J.P. COLLMAN2
1 URA CNRS 322, Université de Bretagne Occidentale, 6 Avenue 
Le Gorgeu, 29287 Brest CEDEX, France
2 Stanford University, Stanford, CA 94305, U.S.A.

In the search for electrocatalysts for the oxygen cathode 
of fuel cells, dicobalt cofacial diporphyrins capable of 
reducing 02 directly to H20 through the 4-electron mechanism have been synthesized1. A complete electrochemical and 
spectroscopic (UV-vis, EPR) reinvestigation of these families 
of dimers, first with non-electroactive metal derivatives, and 
afterwards with the cobalt ones anew, turned out to be 
necessary to interpret the particular redox properties and oxygen reactivity of the cobalt derivatives2' . This study 
emphasizes a strong "diporphyrin effect"4. It is mainly 
electronic and is generated by strong тг-тг couplings between 
the two porphyrin rings, independently of the metal centers: 
it induces an enhancement of the electron density in the 
neutral form and a two-rings-extended electronic 
delocalization in the oxidized forms of these dimers. Their 
special geometry also introduces a steric hindrance to axial 
ligation. The complete description of the "diporphyrin effect" 
allows an interpretation of the remarkable reactivity of the 
cobalt derivatives towards dioxygen. Its unicity originates in 
that both the electrons of the rings and those of the 
cobalt(II) participate in the 02 fixation through 
intramolecular ring-cobalt-oxygen electron transfers. А д- 
superoxo and а д-регохо dicobalt complex are reversibly formed 
by reaction of 02, respectively with the monooxidized [Co(II)P • Co(II)P]+ and dioxidized [Co(II)P- - -PCo(II)]2+ forms of
the cobalt dimers in the absence of any strong axial ligand, 
whereas surprisingly the neutral one [Со(II)P Co(II)P] does 
not fix 02. The two oxygenated forms can be reversibly 
interconverted electrochemically. These results will be 
discussed in terms of their possible implication in the 
mechanism of the 4-electron reduction of 02.
REFERENCES.
1. (a) J.P. Coliman, P. Denisevich, Y. Konai, M. Marrocco, C. 
Koval and F.C. Anson: J. Am.Chem.Soc., 102. 6027 (1980)? (b)
C.K. Chang, H.Y. Liu, I. Abdalmuhdi: J.Am.Chem.Soc., 106. 2725 
(1984) .
2. Y. Le Mest, M. L'Her, J.P. Coliman, К. Kim, S. Helm:
J.Electroanal.Chem., 234. 277 (1987).
3. Y. Le Mest, M. L'Her, J.P. Coliman, N.H. Hendricks, L. 
McElwee-White: J.Am.Chem.Soc., 108. 533 (1983).
4. Y. Le Mest: Thesis, Brest, (1988).
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OXIDATION OF ALCOHOLS BY RUTHENIUM(II) COMPLEXES 
M. BRESSAN. M. MENGARDA and A. MORVILLO
Dipartimento di Chimica Inorganica, Universita' di 
Padova, via Marzolo 1, 1-35131 Padova, Italy.

Although many valid procedures are available for the 
preparation of carbonyl compounds by the oxidation of
alcohols, catalytic alternatives to well established 
methods are still attractive. Among the various 
transition metal, ruthenium-based catalysts have been 
widely tested in conjunction with a number of oxidants.1

In this paper we report the ruthenium-catalyzed 
oxidation of alcohols, using LiCIO or KHS05 as the
stoichiometric oxidants, in water-dichloromethane double 
phase. Fast oxidation (up to 30 turnovers/min) of 
secondary alcohols to ketones and of primary alcohols to 
aldehydes (and to a lesser extent to carboxylic acids)
are achieved with almost quantitative yields to the 
oxidants. The catalysts examined are a representative
choice of ruthenium(II) complexes [RuX2(L)4] , containing
phosphorus, sulfur, oxygen or nitrogen donors.2 Also
commercial ruthenium trichloride was tested for
comparison purposes.

The reactions are first order in ruthenium, but zero 
order in alcohol, as shown by varying the substrate 
concentrations over the range 0.1-1 M. Clearly worth
noting are also the almost absent D effects for the 
oxidation of various deuterated forms of 1 - butano 1 , 
whereas cyclobutanol is mostly converted into 
cyclobutanone, thus suggesting a 2-e transfer.

REFERENCES
1 W.J. Mi j s and C.R.H.I. deJonge, "Organic Syntheses by

Oxidation with Metal Compounds ", Plenum, 1986; A. H. 
Haines, "Methods for the Oxidation of Organic
Compounds. Alcohols, etc.", Academic, 1989 .

2 M. Bressan and A. Morvillo, J. Chem. Soc. Chem.
Commun., 1988, 650 ; Ibid., 1989, 421; Inorg . Chem.,
1988, 28, 9 50; Ibid., 1990, 29 , 0000 ; J. Organometal.
Chem., 1989, 363, 175



LACTONIZATION OF CYCLIC KETONES WITH HYDROGEN PEROXIDE CATALYZED BY 

PLATIN UM(II) COMPLEXES.

G. STRUKUL. R. GIOVANETTI and F. PINNA

Department of Chemistry, University of Venice, 30123 Venezia, Italy

The Baeyer-Villiger oxidation of ketones to esters is an interesting synthetic reaction 
that is generally performed with organic peroxy acids1. However being the reaction 
slower than the related epoxidation of olefins, acidic conditions are usually required, 
peroxytrifluoroacetic acid being the reagent of choice^

The use of hydrogen peroxide as primary oxidant for this reaction has been 
occasionally reported in the literature associated with As^, Mo4 or Se5 as catalysts. With 
the exception of some arylseleninic acids the above catalysts are effective only using 90% 
H2O2, their use being somehow impractical for larger scale operations. In this 
communication we report a very straightforward method for the lac Ionization of cyclic 
ketones with commercial 32% H2O2 solutions under very mild conditions. This oxidation is 
based on the use of some Pt(II) complexes as catalysts which proved useful also in the 
selective epoxidation of terminal olefins under mild conditions^.

The reactions were generally performed at room temperature using in most cases 
I(dppe)Pt(CF3)(CH2Cl2)1 С1СЦ (dppe = 1,2-bis-diphenylphosphinoethane) as catalyst 

dissolved in neat ketone Under these experimental conditions a variety of cyclic ketones 

can be oxidized. The initial rates are usually high and lead to rapid formation of 

significant amounts of lactone
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A NOVEL OXIDATION OF ALKYNES WITH HYDROGEN PEROXIDE CATALYZED BY 
PEROXOTUNGSTOPHOSPHATES

YASUTAKA ISHII and YASUYUKI SAKATA
Department of Applied Chemistry, Kansai University, Suita, Osaka 564,
Japan

In the previous paper, we showed that treatment of H3PW12О40 (WPA) 
in excess 35£-H202 with *-C5H5N+(CH2)15CH3 Cl(CPC) easily produced peroxo- 
tungstophosphate (PCWP) cotaining cetylpyridinium moiety as the counter 
cation. 1 The PCWP thus prepared was found to be similar in structure to 
that of the peroxocomplex prepared by Venturello and his coworkers.2 

Recently, Tomaselli et al. have reported the stoichiometric oxidation of 
terminal alkynes into keto aldehydes by metal peroxide like (HMPA)Mo0(02) 2 

in the presence of Hg(OAc)2, and the catalytic oxidation with dilute H202 

by NaMQU or (cetylpyridinium)3PtZNU 0(M : Mo or W) combined with Hg(OAc)2.3

We now found that the PCWP catalyzes a new class of oxidation of in­
ternal alkynes to a,0-epoxy ketones with 35%-H202 under two-phase system 
by using chloroform as the solvent. For example, 4-octyne gave 5,6-epoxy- 
octan-4-one, 5-octen-4-one and a small amount of cleaved product, butyric 
acid. The same reaction of 4-octyne in tert-butyl alcohol in place of 
chloroform gave butyric acid as a principal product. The oxidation of 5- 
octen-4-one, which is considered to be the precursor of epoxide, afforded
5,6-epoxy-octan-4-one as expected. Meanwhile, diphenyl acetylene was
oxidized to benzil under the tow-phase system, but benzoic acid was formed 
in tert-butyl alcohol.

PCWP (30wt%)
/\ — y\ + 6H2o2

CHCI3. rf. , 24 h 
О

+
оо

(62%)

ОPCWP (30wi%)
Ph-^-Ph + 6H202 (53 %)CHCI3, rf. . 48 h

О
REFERENCES
1. Y. Ishi i," M. Yamawaki, T. Ura, H. Yamada, T.Yoshida, M.Ogawa: J. Org. Cem., 

53, 3587(1988).
2. ÜTVenturel lo, R.D.Aloisio, J. C. Bart, M. Ricci: J. Mol. Cata 1., 32, 107(1985)
3. F. P. Ball istrer i, S.Failla, G. A. Tomasel 1 i, R.Curci: Tetrahedron Lett., 
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CHEMILUMINESCENCE OF SYSTEM "LUMINOL-METAL COMPLEX'H^O^

H. OJIMA and K. NONOYAMA
Department of Chemistry, Aichi Kyoiku University,
Kariya 448, Japan

In an alkaline solution, luminol(3-aminophthaloylhydrazine, 
abbrev. Lu) reacts with oxidizing agents(02, 0^, CIO and H^O^ 
to emits a weak chemiluminescence with an emission max. at 
424 nm.(fluorescence due to the exited state of 3-amino- 
phthalate anion produced by the oxidation of Lu).

It has been known that metal complexes of Fe(ll), Fe(III),
Со(II), Co(lll) and Cu(ll) acts as efficient catalysts to 
enhance the emission intensity of this system. This paper 
presents to certify the existence of the "REACTANT" for this 
luminescent reaction. As proof of the "REACTANT", the following 
results have been presented using the complexes type-a and -b.

(1) The ligands which cab form efficient catalyst for this 
reaction possess the alkanolamine moiety which exhibit a tenden­
cy to form an О-bridge dimer itself or with other ligands (for 
ex. with Lu). (2) The dependence of luminescent intensity on 
change of pH reflects the relationship between the catalytic 
activity and structural change of the catalyst depends on pH.
The optimum condition for this reaction was established within 
the limits of pH* 10.5-11. At this pH range, the CuL'Lu system 
displayed a new d-d band which may be due to the pre-REACTANT. 
Additionally, the sub-normal value ofJU^^^(l.5 BM) is also the 
proof for this species. (3) Upon change of Lu in this system 
appeared an inflection point at [Lu]/[Cu]=1/2 in the relation­
ship "[Lu]/[Cu]/4vluminescent intensity", and the range below 
this point showed a linear relationship. This fact may suggest 
that the component of the REACTANT is "CuL«Lu=2 11",

pre-REACTANT "REACTANT
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THERMAL AND PHOTOCHEMICAL CATALYSIS BY POLYOXOMETALLATES. 
REGENERATION OF CATALYST BY DIOXYGEN.

E. Paoaconstantinou and A. Hiskia 
Institute of Physical Chemistry, NRC Demokritos, 153-10 

Athens Greece.

Polyoxometallates of molybdenum, tungsten and vanadium are 
effective catalysts in a variety of important industrial 
processes. Their catalytic activity is, generally, attrib­
uted to their: a. acid base properties, b. redox properties, 
and c. the "bulkiness" and flexibility of their structure 1.

Recently their photocatalytic capabilities have been 
recognized in: a. Hz-production, b. photogalvanic cells, c. 
oxidation of organic compounds2, d. functionalization of 
alkanes3, e. sensitization of semiconductors4, and f. 
sensitization of electrodes5.

Whereas molybdates are stronger reducing reagents than 
tungstates , their regeneration (reoxidation) requires H2O2, 
or dioxygen with active charcoal. On the other hand 
tungstates are poor oxidizing reagents; However, excitation 
in the near visible and UV regions renders tungstates (as is 
always the case) effective oxidizing reagents, and due to 
their fast reoxidation by dioxygen effective photocatalysts.

This presentation reports on the effect of the nature of 
polyoxometallate, redox potential, degree of reduction, ionic 
strength and pH in the reoxidation mechanism of reduced 
oxometallates by dioxygen in homogeneous solutions.

REFERENCES

1. M. Misono, Cat. Rev. . 1987, 2£L, 269.
2. E. Papacon tant inou, Chem. Soc . Rev. . 1989, IS., 1.
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Oxidation of Naphthalene on Palladium Based Catalysts.

Kazuo SASAKI, Atsutaka KUNAI, Yasushi KURODA and Tomoyuki KITANO 
Department of Applied Chemistry, Hiroshima University,
Higashi-Hiroshima , 724 Japan

We have demonstrated1^ that some palladium catalysts supported 

on silica have potentialities of producing phenols directly from 
benzene and gaseous oxygen under ambient conditions. This paper 
deals with the reaction of naphthalene in comparison with the 
reaction of benzene. The catalyst used was basically silica 
supported palladium catalyst which works with the Cu(I)/Си(II) 
redox couple. In contrast to benzene, which needs no solvent, 
naphthalene necessitates the use of solvent. Acetic acid cont­
aining some water was found to be useful. Products obtained 
were 1-naphthol, 1,4-naphthoquinone and (E)-2-formylcinnamalde- 
hyde with a ■> yield of more than 78 % in which naphthoquinone 
shared 40 %. The reaction mechanism for producing these pro­
ducts are outlined as follows.

1-Naphthol, one of the primary products, is gradually conver­
ted to naphthoquinone when copper species are in the reaction 
system. When, however, copper is éliminated from the system, 
1-naphthol is obtained as the stable product.

OH

1. A.Kunai,T.Kitano,Y.Kuroda, J.Li-Fen, and К.Sasaki,Cata.Lett. 
4,139(1990).
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SYNTHESIS, STRUCTURE AND BIOMIMETIC CATALASE TYPE ACTIVITY OF A NOVEL 0X0 
BRIDGED TETRANUCLEAR MANGANESE AGGREGATE EXHIBITING SHORT 0---0 INTER­

ACTIONS

SERGIU M. GORUN and ROBERT T. STIBRAMY
Exxon Research u Engineering Company, Corporate Research Science 
Laboratories, Annandale, N.J. 08801 (U.S.A.)

A novel oxo (hydroxo) bridged valence trapped Mn(II)Mn(111)3 
aggregate comprising the unprecedented Q)*•-H-•-Ő)^ core (0-0 distance 

2.467(5)8) has been synthesized and structurally characterized. Barium 

and calcium ions are linked to the aggregate via hydrogen bonded water 
molecules. This tetranuclear complex has the same oxidation level as 
the S0 state of the oxygen evolving manganese center of Photosystem II. 
Its catalase activity parallels that of both S0 state of PSII and 

manganese (pseudo) catalases.
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ON THE MECHANISM OF IRON PORPHYRIN-CATALYZED CARBON-CARBON BOND CLEAVAGE 
OF 1,2-DIOLS

и и ff ff
T. OKAMOTO, К. SASAKI, A. MURAKAWA, and М. TACHIBANA

#Hitachi Chemical Со., Ltd., Ibaraki Res. Lab., Hitachi, Japan, Kyoto
ffInstitute of Technology, Matugasaki, Kyoto, Japan, and Physical and 

Chemical Institute, Wako, Saitama, Japan.

As a model system mimicing the reaction of cytochrome P-450scc, we 
have reported successful oxidative cleavage of various 1,2-diols having
aromatic substituents with dioxygen and N-benzyl-1,4-dihydonicotine amide

” 12 (BNAH) as the reducing agent catalyzed by (TPP)FeCl. ’ Recently, we found
that the catalytic system was also effective for the bond cleavage of 
various aliphatic 1,2-diols. The reactivity was determined by the stru­
cture of diols with the order being, approximately, 2°-2° > 2°-3° > 3-1 > 
3°-3° > l°-2° diol. Kinetic study using several type of diols shows satura­
tion of the rate at high concentration of diols which was an indication 
of the mechanism following Michaelis-Menten behavior. Km values, apparant 
dissociation constants, increased by the introduction of substituents at 
the a-positions of the hydroxyl groups, and the reactivity was influenced 
by the steric hindrance of substrates. The Km values were also parallel 
to the pKa values of corresponding alcohols, consistent with the formation 
of iron(IV)-diolato complex as the intermediate, which was previously 
proposed. Inspection of Vmax values suggests that rate-determining bond 
cleavage is dependent on the C-C bond energy between the carbons having 
hydroxy groups, that is, the stability of hydroxy carbon radicals, in 
accordance with the mechanism through formation of radical species.
To confirm the generation of radical species, we attempted spin trapping 
by DMPO in the decomposition of iron(IV)-diolato complex. EPR measurement 
at low temperature (-80°C) revealed the formation of two DMPO adducts, 
one of which was characteristic for a spin adduct of an oxy radical. The 
observation of the О-centered radical, which would be generated by one 
electron oxidation of the diol anion coordinated to iron (IV) center, is 
a direct evidence for the mechanism involving radical species.

REFERENCES
1. T. Okamoto et al.: J. Chem. Soc. Chem. Commun., 381 (1985).
2. T. Okamoto et al.: J. Am. Chem. Soc., 110, 1187 (1988).



59
P-02/'MON

Generation of Fe(III)OEP-Hydrogen Peroxide Complex by Reduction 
of Fe(II)OEP-oxygen Complex with Ascorbic Acid Sodium Salt

Hiroaki OHYA-NISHIGUCHI*, Kunihiko TAJIMA, Masato SHIGEMATSU, 
Junichi JINNO #, and Kazuhiko ISHIZU,

Department of Chemistry, Faculty of Science, Ehime University, 
Matsuyama; ¿Research Institute, Ohtsuka Pharmaceutical Co., Ltd; 
Tokushima 771-01 ;*Department of Chemistry, Faculty of Science, 
Kyoto University, Sakyo-ku Kyoto 606, Japan.

An aqueous solution of ascorbic acid sodium salt (denoted as 
AscNa; 0.2M, 0.02ml) was added to DMF solution of 
Fe(II)OEP(pyridine)-02 complex (l.OmM, 0.4ml) at -40 °C, and the 
mixture was immediately frozen at 77 К. The observed ESR 
spectrum revealed formation of the ferric low-spin complex 
(denoted as complex (A); g^=2.286, ^=2.171 and gg=1.953), with 
the free radical species derived from AscNa (g=2.006). On the 
other hand, optical spectrum recorded for the same frozen 
solution showed a pair of new absorption maxima at 556 and 604 
nm. It is noted here, that the same ferric low-spin complex was 
also recorded by mixing Fe(III)OEPCl and aqueous hydrogen
peroxide in the presence of KOH (Table). The observed ESR and 
optical parameters of these complexes agreed well with those of 
previously reported Fe(III)TPP( OH)( ООН) complexJ) This means 
that the identical Fe(III)OEP("OH)("ООН) complex is generated by
reduction of Fe(II)0EP-0^ complex with AscNa, but also by mixing 
Fe(III)OEPCl and hydrogen peroxide under alkaline condition 
(Scheme 1).2* The complex (A) will be the practical model for 

the intermediate heme-hydrogen peroxide complex of the P-450.

Complex A

1 )К. Taj ima, Inorg. Chim. Acta, 1 63, 1 1 5 ( 1 989).
2)К. Taj ima, M. Shigematsu, J. Jinno, K. Ishizu, and

H. Ohya-Nishiguchi, J. Chem. Soc., Chem. Commun., 144 (1990).



Important role of Fe(III)TPP-Oxygen-Skatole Ternary Complex 

in Tryptophan Dioxygenase Model Reaction System

Kunihiko TAJIMA, Miwa JOSHING, Kazuhiko ISHIZU, 
and Hiroaki OHYA-NISHIGUCHI
Department of Chemistry, Faculty of Science, Ehime University, 
Matsuyama 790, Japan;*Department of Chemistry, Faculty of 
Science, Kyoto University, Sakyo-ku Kyoto 606, Japan.

Mechanism on the dioxygenation of 3-methylindole occurring in 
the presence of Fe(III)TPPCl and alkaline reagents was studied 
by means of the product analyses and spectroscopic measurements. 
The results of GC-MS measurements indicated that 3-methylindole 
(skatole) was converted to о-formamidoacetophenone (FA), in 
which two oxygen atoms derived from atmospheric oxygen were 
involved. Optical spectrum recorded for the mixture at -78 °C 

demonstrated the presence of new iron complex as characterized 
by absorption maxima at 421, 550 and 586 nm. ESR spectrum 
recorded for the same reaction mixture revealed formation of two 
types ferric low-spin complexes (g^=2.32, g2=2.17 and g3=1.95; 
and g, =2.24, g2=2.16 and g3=1.96) with anomalously small g- 
anisotropy. From comparison of ESR parameters of the complexes 
with those of previously reported heme-butyl peroxide 
complexes,1'2,3) t±e present complexes were assumed to be the 
six coordinate Fe(III)TPP-peroxide complex. Therefore, these 
complexes were concluded to be the Fe(III)TPP( 0CH3)( 00- 
skatole) and Fe (III)TPP ( " 00-skatole )2 complex, having the 3- 
methy1-3-hydroperoxo-indolenine at axial position (Fig. 1).

The Fe(III)TPP-oxygen-substrate 
ternary complex will be an 
important intermediate species 
generated in the dioxygenation 
processes of skatole.

1)K. Taj ima, J. Jinno, К. Ishizu, H. Sakurai, and H. Ohya- 
Nishiguchi, Inorg. Chem., 2 8, 709 (1 989). 2) К. Tájima, Inorg, 
Chim. Acta, J_63 115 (1989). 3)K. Tajima, M. Shigematsu, J. Jinno, 
Y. Kawano, К. Mikami, К. Ishizu, and H. Ohya-Nishiguchi, 
Biochem. Biophys. Res. Commun., 166 924 (1990). 4)K. Tajima, M. 
Yoshino, J. Jinno, T. Edo, K. Mikami, K. Ishizu, and H. Ohya- 
Nishiguchi, Inorg. Chim. Acta, in press (1990).
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DECOMPOSITION OF CYCLOHEXYL HYDROPEROXIDE CATALYSED BY VARIOUS 
RUTHENIUM(II) PORPHYRINS.

C.B. HANSEN1. F.P.W. AGTERBERG1, W. DRENTH1 and U. KRAGTEN2
1 University at Utrecht, Debije Research Institute, Dept. Organic Chemistry 

Padulaan 8, 3584 CH Utrecht, The Netherlands
2 DSM Research, P.O.Box 18,6160 MD Geleen, The Netherlands

The conversion of cyclohexane to cyclohexanone is an important industrial process. An 
intermediate in this reaction is cyclohexyl hydroperoxide. This peroxide can be decomposed 
into two main products, i.e. cyclohexanone and cyclohexanol. Other products are oxygen and 
water.

The decomposition is catalysed by various metalloporphyrins. We investigated in particular 
manganese and ruthenium tetraarylporphyrins. A difference in behaviour of these two types of 
porphyrin complexes is that the former requires an axial ligand such as pyridine, whereas the 
latter does not.

The behaviour of five different tetraarylporphyrins will be presented: tetraphenyl-, tetramesityl-, 
tetrakis(2-chlorOphenyl)-, tetrakis(2,6-dichlorophenyl)-, and tetrakis(2,3,4,5,6-pentachloro- 
phenyöporphyrinatorutheniumcarbonyl.
During the reaction the ruthenium(II) porphyrin probably is converted into a trans- 
dioxonuhenium(VI) -porphyrin. Under the reaction conditions a precipitate is formed. Also this 
precipitate is catalytically active.
The selectivity for ketone and alcohol is the same for the various ruthenium(II) porphyrins. 
Therefore, the-mechanism of the decomposition is likely to be the same for these catalysts.
A mechanism will be proposed.
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The Role of Threonine 252 in the Oxygen Activation by Cytochrome 
P-450cam: Mechanistic Studies by Site-directed Mutagenesis

Michiyo Imai, Hideo Shimada, Yoshihito Watanabe**: Yuko Hibiya-Matushima, 
Ryu Makino, Hideo Кода*, Tadao Horiuchi* and Yuzuru Ishimura 

Department of Biochemistry, School of Medicine, Keio University, Tokyo 160, 
‘Faculty of Phrmaceutical Sciences, Kyushu University, Fukuoka 812, and 

“National Chemical Laboratory for Industry, Ibaraki 305, Japan.

The fuctional role of threonine 252 in the oxygen activation by cytochrome P- 
450cam was examined by employing site-directed mutants of cytochrome P-450cam. 

The replacement of threonine 252 to alanine did not cause significant spectral 

changes of the ferric, ferrous and СО-ligated states. When the product analysis 

was combined with the oxygen consumption assay, we found that oxygen 

consumed by the native enzyme system was completely incorporated into the 

substrate camphor to produce 5-exo -hydroxycamphor, while only 6 % of the 
oxygen consumed was utilized for the product formation by the mutant enzyme 
even though the oxygen consumption activity by the mutant enzyme was nearly 

identical with that of the native enzyme. In this uncoupled reaction the remaining 
part of the oxygen, i.e., about 85 % of oxygen consumed by the mutant enzyme 
was demonstrated to be directly transformed to H2O2 but not O2'. Thus, the 

absolute coupling of oxygen incorporation to the substrate was lost in the mutant 
enzyme resulting in the production of H2O2. Essentially the same findings were 

obtained for another mutant enzyme with valine 252, except that the enzymic 

activity reduced to one-third of that of native enzyme. These results imply that 
H2O2 is produced in the process of the second electron input to the oxygenated 

enzyme, and threonine 252 plays a crucial role in the oxygen activation by 
cytochrome P-450camJ)

Reference
1) Imái, M:; Shimada, H.; Watanabe, Y.; Matsushima-Hibiya, Y.; Makino, R.; Кода, 

H.; Horiuchi, T.; Ishimura, Y. Proc. Natl. Acad. Sei. USA, 1989, 86, 7823.



BIOMIMETIC DIOXYGEN ACTIVATION AND CATALYTIC OXYGENATIONS OF 
UNSATURATED HYDROCARBONS USING IRON PORPHYRINS

L. WEBER, G. HAUFE, D. REHOREK and H. HENNIG
Department of Chemistry, Karl-Marx-University, Talstraße 35,

DDR-7010 Leipzig, G.D.R.

Catalytic oxygenation of hydrocarbons by molecular oxygen 
using metalloporphyrin catalysts, model reactions for the 
function of naturally occuring monooxygenase enzymes have 
attracted much attention over the past years. The catalytic 
system usually requires a reducing agent in analogy to NADPH 
in enzymic systems, to cleave the oxygen-oxygen bond in the 
dioxygen-iron(II) porphyrin complex to form the active oxo- 
iron species in the cytochrome P-450 cycle.

Photoreduction of iron(III) porphyrins with visible light 
yields iron(II) complexes which are able to co-ordinate di­
oxygen and to form the oxo-porphinato iron(IV) species an

2alternative intermediate in cytochrome P-450 reactions 
Although several physico-chemical data are available for this 
species, only few is known about its chemistry.

We studied the reactivity and chemoselectivity of different 
oxo(tetraarylporphinato)iron(IV) complexes toward various 
olefins. Depending on the structure of the olefins epoxidation 
and/or hydroxy lation reaction products were observed. The 
reactivity and chemoselectivity was found to be influenced by 
the structure of the porphyrin and axial ligands. Similarly 
to the well studied reactions of oxo-iron(IV) porphyrin cation 
radicals with hydrocarbons the reaction mechanism involves 
oxygen transfer to yield epoxides and/or hydrogen abstraction 
from the hydrocarbons to yield finally alcohols or ketones.

REFERENCES
1. D.H. Chin, A.L. Balch and G.N. La Mar: J. Am. Chem. Soc., 

102, 1446 (1980).
2. J.T. Groves and Y. Watanabe: J. Am. Chem. Soc. 110, 8443 
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HYDROXYLATION OF PHENOL CATALYZED BY METAL PHTHALOCYANINES

Y. MASKI and M. HRONEC
Faculty of Chemical Technology, Slovak Technical University,
812 37 Bratislava, Radlinskeho 9, Czechoslovakia

The liquid phase hydroxylation of phenol to isomeric dihy- 
droxybenzenes is catalyzed by strong mineral acids, Fenton’s 
reagent or titanium silicalite1 3.

In this paper phenol has been hydroxylated with hydrogen 
peroxide in the presence of metal phthalocyanines. Various 
reaction parameters including time, temperature, initial con­
centration of H202> ratio of reactants and nature of the cata­
lyst were studied. Under practical reaction conditions :
PhOH : catalyst = 1 : 20 :0. 1; 75°C ; 4 hr hydroquinone and
pyrocatechol are formed in 60 - 70 % yield.

It was found that catalytic properties of metal phthalo­
cyanines are influenced by /1/ the type of the central metal 
and its ligand, /ii/ mode of catalyst preparation and purifi­
cation, /iii/ in the case of polymeric phthalocyanines by the
size of the polymer and mutual ratio of two different metals in 
the complex. The best yields of isomeric dihydroxybenzenes were 
obtained with Bi, Sb and Sn phthalocyanines. The mixed W-Mo 
polymeric phthalocyanine obeys synergistic effect, whereas the 
bimetallic mixtures Sn-Bi, Sn-Sb and Sn-Mo antagonistic. Metal 
phthalocyanines deposited on anorganic carriers are less ac­
tive.

The nature of metal catalyst and its concentration affect 
also the distribution of reaction products. Hydroquinone and 
pyrocatechol are formed in the ratio 2.2 : 1 to 7.0 : 1. An
electrophilic substitution mechanism is proposed for hydroxy- 
lation.

REFERENCES
1. J. Varagant: Ind. Eng. Chem., Prod. Res. Dev. 15, 212, 1976
2. R.A. Bull: US Patent 4 578 521
3. B. Kraushaar - Czarnetzki, J.H.C. Van Hooff, Catal. Letts.

2, 43 (1989)



PHTHALOCYANINE DERIVATIVES AS CATALYSTS POR SOFT 
PEROXIDATIVE OXIDATION

■V.M.Derkacheva, S.V.Barkanova, O.L.Kaliya, E.A.Luk’yanets 
Organic Intermediates and Dyes Institute, В.Sadovaya, 1/4, 
103787, USSR

In order to estimate the reactivity-sctruc ture correlation 
and to find the most effective catalysts for the oxidative 
reactions of saturated hydrocarbons such as cyclohexane by 
hydroperoxides we have synthesized the following substitu­
ted derivatives of cobaltous phthaiоcyanine: tetra-4-pheno- 
xy-(1), tetra-4-tert-butyl-(II), tetra-3-phenylth io -5 -1 er t- 
butyl-(III), tetra-3-bromo-5-tert-butyl-(IV),tetra-3-pheno- 
xy-(V) and tetra-3-nitro-5-tert-butylphthai оcyanine (VI). 
Using these compounds as catalysts we have Investigated the 
kinetics of the reaction of cyclohexane oxidation by cumene 
hydroperoxide in mild conditions (benzene, 20 C, inert atmo­
sphere, tr^0.5h) and of the reaction of ph thai о cyanine de­
gradation in the oxidative media. The product of cyclohexane 
oxidation is the mixture of cyclohexanol and cyclohexanone 
with ratio 1.2-1.5/1, the total yield is 80-90% on hydroper­
oxide used.

We have established that the stability of the catalysts is 
much more sensitive to the nature of the substituent than its 
catalytic activity. Namely, the rate constants of cyclohexa­
nol and cyclohexanone formations varied from 4.6 and 2.4M""1 s"1 
for (I) to 0.66 and 0.4iiT1s"’1 for (VI). (For the compounds 
II-V the values of the appropriate constants are 3.0, 1.8;
4.0, 2,1; 4.5, 2.5; 1.9, 1.1 M"1s~1 , respectively). In con­
trast, the rate constants of oxidative degradation of cata­
lysts I-VI (kQX) varied more than 100-fold range: 2.5, 6.0, 
0.8. 0.5, 0.7 and 0.015 M“^s”1, respectively, and a linear 
relationship between these values and one-electron oxida­
tion potentials is observed.
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HYDROPEROXIDE OXIDATION OP CYCLOHEXANE CATALYZED BY METAL 
COMPLEXES OP AZAPORPHINES
S,V,Barkanova, I.A.Zheltukhin, O.L.Kaliya, V.N.Kopranenkov,
E .A.Luk’yanets
Organic Intermediates and Dyes Institute, B.Sadovaya, 1/4, 
103787, USSR

The catalytic hydroxylation of saturated hydro carbons by 
reduced forms of oxygen in the presence of porphine-like cata­
lysts is now extensively investigated. However, there are only 
few reports concerning azaporphine catalysts which are often 
more available''than porphyrines and more stable towards oxi­
dants, We have discovered and investigated the reaction of cy­
clohexane oxidation by cumene hydroperoxide in the solutions 
of cobaltous and ferrous complexes of tetra-4-tert-butyIphtha- 
locyanine (^PcM) and tetra-tert-butyltetrazaporphine (^TAPM).

In mild conditions (benzene, 20 C, inert atmosphere, t^4 
0,5h) cyclohexane was oxidized to cyclohexanol and cyclohexa­
none mixture with ratio 1.2-1 ,5/1, the total yield reaching 
80-90% on hydroperoxide used, (In these conditions the oxida­
tion of n-hexane leads to the 2- and 3-hexanols and 2- and 3- 
hexanones mixture with ratio 2/1). Turnovers of the catalysts 
are 26, 1200, 3550 and 46OO for ^PcCo, ^TAPCo, ^TAPFe and 
^PcPe, respectively (ferrous complexes were used in the form 
of yu -oxodimers).

The kinetics of cyclohexane oxidation and the accompanying 
cumene hydroperoxide decomposition have been investigated and 
the mechanisms of both reactions are discussed. The influence 
of axial ligands such as pyridine, quinoline was studied with 
the purpose of clarifying the methods of catalysts stabiliza­
tion. The nature of active species and their role in the for­
mation of oxidation products have been suggested.

The discovered relationships were used in the development 
of novel convenient method of the juglone synthesis by cata­
lytic oxidation of 1,5-dihydroxynaphtalene with peracetic 
acid (10-15%). The yield of juglone reached 80-85% on subst­
rate when tr=0.5h and turnover of catalyst 100-200.



POLYMER-BOUND IRON(III) PORPHYRINS AS OXIDATION CATALYSTS 
IN AQUEOUS SOLUTION

R.J. LOWER and J.R. LINDSAY SMITH
Department of Chemistry, University of York, York YOl 5DD, England.

It has been suggested that oxidative destruction of metalloporphyrins is 
caused by two catalyst molecules, one having been activated by the oxidant, 
reacting with each other in a face-to-face manner.1 If this is correct, then 
site-isolating the catalyst on a polymeric support should hinder these 
interactions and increase its stability.

The aim of this work has been to investigate how binding 
5,10,15,20-tetra(4-/V-methylpyridyl)porphyrinatoiron(III), [Fe(III)T4MPyP] to 
poly(styrene-4-sulphonate) influences its reactivity and stability in aqueous 
solution, with tertiary-butyl hydroperoxide as the oxidising agent. This system 
is compared with the reactions of the porphyrin in the absence of polymer. 
Reactions catalysed by the polymer-bound porphyrin are slower than those of 
unbound Fe(III)T4MPyP. This observation is consistent with our findings on 
the nature of the Fe(III)T4MPyP species bound to the polymer, where the 
porphyrin has been found to exist as cofacial aggregates. In contrast, at the 
same concentration in free solution, Fe(III)T4MPyP is known to be 
monomeric.2 Differences between the polymer-bound and unbound porphyrin 
catalytic systems are discussed.

REFERENCES
L B. De Poorter and B. Meunier: J. Chem. Soc. Perkin Trans. II, 1753 (1985). 
2. G.M. Miskelly, W.S. Webley, C.R. Clark, D.A. Buckingham: Inorg. Chem., 
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COBALT PHTHALOCYANINE CATALYSIS IN AUTOXIDATION OF 2-AMINOPHENOL 
BY DIOXYGEN

E.R. MILAEVA1, Z. SZEVERÉNYI2 AND L.I. SIMÁNDI2
1 2 Moscow State University, 119899 Moscow, USSR; Central Research
Institute for Chemistry, Hungarian Academy of Sciences, 1525
Budapest, Hungary
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The kinetics and mechanism of the C^-oxidation of
2-aminophenol (H^AP) to 2-aminophenoxazine-3-one under ambient 
conditions, catalyzed by the recently synthesized tetrakis(3,5- 
di-tert-butyl-4-hydroxyphenyl)-dodecachlorophthalocyaninato(co­
balt (II) , (R^PgCo) have been studied by ESR and UV/VIS 
spectroscopic methods. The rate of 2-aminophenoxazine-3-one 
formation is first order in [R^PcCo] and obeys a
Michaelis-Menten type kinetics with respect to [H^AP]. The 
suggested mechanism involves a rate-determining inner-sphere 
electron transfer from coordinated H^AP to coordinated 0^ in the 
superoxo complex:

Co + h2ap Co(H2AP)

Co(H2AP) + o2 (H2AP)Co02

(H2AP)Co02 + CO + H02slow ■> HAP*



THE ROLE OF COBALT ALKYLPEROXO COMPLEXES IN THE CATALYTIC 
OXIDATION OF PARAFFINS.
Y.D._CHINAKOV, E.P. TALSI, V.P. BABENKO and K.I. ZAMARAEV. 
Institute of Catalysis, pr. Lavrentieva, 5, Novosibirsk, 
630090, USSR.

The bis(aoetylaoetonato)cobalt - cumylhydroperoxide - 
cyclohexane system has been studied. The special technique

1 QQof simultaneous H and Co NMR spectra registration was 
employed and found to be useful method in the catalyst state 
monitoring during reaction process.

The following results were obtained. The presence of 
pyridine derivatives in benzene solution stabilizes 
alkylperoxo complexes Co(acac)2(OOR)B, where R is cumyl, В 
is 3-Br-Py, Py or 4-((CH^)gNH)-Py. In the absence of this 
substances cobalt alkylperoxo complexes are not found in 
sufficient amounts and three isomeric hydroxo derivatives 
[Co(acac)o0H]2 are observed as predominant species. The 
comparison of this two systems reactivity (with and without 
pyridine derivatives) gives valuable data for elucidating of 
the alkylperoxo complexes role in the hydroxylation of 
paraffins.

Our results suggest that the process of interest has 
homolytic mechanism and the role of cobalt catalyst is just 
to generate, reacting with ROOH, free RO" (ROO*) radicals 
which directly attacks alkane. And the cobalt alkylperoxo 
derivatives formation is not the catalytic cycle step but 
side reaction.
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DIOXYGEN ACTIVATION AND CATALYTIC ALKANE OXIDATION USING IRON 
COMPLEXES SUPPORTED ON SILICA.
А.М.ШШКШ,V.S.BELOVA and A.E.SHILOV
Institute of Chemical Physics, USSR Academy of Science, 
142432, Che mogol о vka, USSR

Methane monooxygenase, the enzyme oxidizing methane to 
produce methanol in the first step, is known to contain 
binuclear complex of non- heme iron. To mimic the enzyme iron 
(III) was immobilized on the surface of silica modified by 
imidazole groups. The reductive 0o activation at this 
surface species by zinc powder in the presence of 
methylviologen as an electron transfer agent and acetic acid 
as an effector in acetonitrile has been studied. The system 
catalyzes the oxidation of alkanes by Op to alcohols and 
ketones or aldehydes. The oxidation of methane, ethane, 
n-hexane, ois-1,2-dimethy1eye]оhexane and d¡methyJsulfoxide 
have been studied. At appropriate conditions the catalytic 
methane oxidation to methanol was observed at room 
temperature.

The mechanism of dioxygen activation in the present 
system will be discussed.
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DETERMINATION OF THE COMPOSITION OF COBALT CATALYSTS DURING 

OXIDATION OF p-XYLENE

A. Kaszonvl. Z. Cvengrosová and M. Hronec
Fakulty of Chemical Technology, Slovak Technical University 
812 37 BRATISLAVA, Czechoslovakia

When oxidation of p-xylene by molecular oxygen proceeds in 
an aqueuos sytem, cobalt catalysts are active only in the pre­
sence of p-toluic acid or phase-transfer catalysts1. The forma­
tion of complexes between CoBr^ and p-toluic acid was studied 
potentlometrlcally in water and p-xylene at different pH. At 
room temperatures a significant amount of cobaltous toluate is 
formed only at higher pH. An increase of pH from 4 to 8 decrea­
ses the rate of oxygen consumption observed after the initial 
period. The solubility of cobaltous toluate in p-xylene is neg­
ligible, but the solubility of cobaltic toluate is high.

In order to determine the content of toluate ligands bound 
to the cobalt catalyst during oxidation of p-xylene , a method 
based on the combination of chelatometry and gas-liquid chroma­
tography was developed. Nitrilotriacetic acid dissolved in py­
ridine reacts with cobalt catalysts and totally liberates aro­
matic acids acting as ligands. The liberated aromatic acids 
were esterifled and analyzed as methylesters by gas-liquid 
chromatography. This method was used for the determination of 
the composition of cobalt catalysts separated from the reaction 
mixture of p-xylene oxidation . It was found that the content 
of p-toluate ligands in the catalysts is influenced mainly by 
the initial concentration of p-toluic acid in the reaction mix­
ture formed from p-xylene and water and by the conversion of 
p-xylene. Composition of the catalyst from the industrial DMT 
process was analyzed too.

REFERENCES
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ALKYLCARBOHATE SYNTHESIS BY NEW CATALYTIC SYSTEM

Dae-Chul PARK, Mi-Yon LEE and Ki-Won JUN

Korea Research Institute of Chemical Technology, P.O.Box 9, Daedeogdanji, 

Daejeon, 305-606, KOREA

A new synthetic method of alkylcarbonate using new catalytic reaction 

system was studied. Cu-Zeolites X and Y were tested as the catalysts for the 

oxidative carbonylation reaction which is from methanol, carbon monoxide and 

oxygen. The catalysts were characterized by X-ray diffraction, X-ray photo- 

electron spectroscopy and Auger electron spectroscopy.

Ion-exchanged zeolites X and Y in CuCl2.2H20 of 0.5M solution showed the 

activity for the dimethylcarbonate synthesis. In the reaction, dimethylcar- 

bonate(DMC) is produced as major reaction product and carbon dioxide is formed 

by oxidation of carbon monoxide. A CuNaX catalyst exhibits the highest acti­

vity and it shows the selectivity of 60% to 75%. In CuNaX, the faujasite 

structure was destroyed during catalyst preparation, but the amorphous silica- 

alumina could performed a role of support.

The yield of DMC depends on reaction time, reaction temperature, reaction 

pressure but is slightly changed by increase of methanol. The activity of 

catalyst is affected by water content, and Cu++ cation existed in zeolite cage 

strongly interacts A1 in zeolite. The active component in the Cu-Zeolites 

catalysts seemed to be Cu20Cl2.
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SELECTIVE OXIDATION OF SOME TERPENE HYDROCARBONS

KYU WAN LEE, KYOUNG YUN CHOI and D.H.R.BARTON*
Korea Research Institute of Chemical Technology,
P.O.Box 9, Daedeogdanji, Taejon, Korea, 305-606
* Dept. of Chemistry, Texas A & M University, College Station, 
Texas 77843, U.S.A.

Selective oxidation of four Terpenes, Limonene,^-Terpino1, 
Terpino lacetäte and 3-Carene, were carried out by Gif-oxidation 
systems.

The main products are ketones as expeceted. Some ketones 
from substrates having asymmetric center show no optical acti­
vities. To verify whether it goes through radical reaction or 
not, we tried some experiments and the results lead to radical 
intermediates are not involved.

Therefore, we propose a symmetrical Ti-allyl complex mechanism 
instead of the known Iron-Carbene mechanism.1

To simplify the reaction system some trials attempted.
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THE SELECTIVE ALKANE OXIDATION BY H^O^ IN PYRIDINE, CATALYSED 
BY COPPER AND IRON SALTS.
D.H.R.Barton and Yu.V.Geletii
Department of Chemistry,Texas A&M University, College Station, 
Texas 77843, USA
Institute of Chemical Physics, Chernogolovka, 142 432 USSR

Alkanes were found to be efficiently oxidised by H^O^ *n the 
presence of copper and iron salts ( perchlorates or carboxyla- 
tes ) in pyridine + HCLO^ or pyridine + acetic acid solvents to 
give selectively ketones. The usual alkane conversion appro­
ached 20-30%, the product yield on consumed Но0^ was about 10- 
20%. Free alkyl radicals or alcohol were proved not to be the 
primary products of sec- C-H bond oxidation to ketone. The com­
petitive oxidation of cycloalkanes ( C^, Cfe, C , Cg, C^0 ), li­
near and branched alkanes were examined to make the conclusion 
that the selectivity of the oxidation both with iron or copper 
catalyst was very weakly dependent on the nature of the cata­
lyst used. The exception was the oxidation of the cyclohexadi- 
enes, the mixture of benzene and phenol was formed in copper 
system and benzene was the only product in iron one.

The examined systems were concluded to have "Gif-type" se­
lectivity1 and HO" radicals wete not reactive species. Íhe 
alternative mechanisms are discussed.

REFERENCE
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The catalytic oxidation of naphthalenes to naphthoquinones

J.M. Valk. F. Maassarani, J. Boersma, G. van Koten
University of Utrecht, department of metal mediated chemistry, Debye institute. 
Padualaan 8, 3584 Ctl, Utrecht, the Netherlands.

The oxidation of aromats to quiñones has always suffered from several problems with respect to 
the selectivity. In, for example the oxidation of 2-methyl-naphthalene to 
2-methyl-1,4-naphthoquinone, an important intermediate in the industrial synthesis of vitaminé К, 
with CrOy in a strongly acidic medium, at least 4 by-products are formed, while the total yield of 
2-methyl-1,4-naphthoquinone seldomly exceeds 60%. To gain more insight in the oxidation 
reactions of naphthalene we investigated the oxidation of metallated derivatives of our model 
system 2-(dimethylamino)-naphthalene, which is known to be cyclopalladated on position 11.
Our first discovery was that palladation took place on position 3 instead of position 1, to give 
compound J,. Removal of the chlorine, followed by oxidation with fc/f-buty I hydroperoxide in the 
presence of OV(acac)2 yielded the naphthoquinone derivative 2 in a 55% yield.

О

Pd-CI

We were able to unravel the reaction mechanism by independan! synthesis of possible 
intermediates. One of these intermediates could be oxidized to the naphthoquinone derivative 2 
with Pd(CIIyCN)q(BFq)2 acting as a catalyst.

REFERENCES
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OXIDATION OF A METHYL TO A FORMYL GROUP IN 
2,3-DIHYDRO-2,2,4-TRIMETHYL-1H-1,5-BENZODIAZEPINE BY О 

IN THE PRESENCE OF METAL SALTS AND COMPLEXES

Z. SZEVERÉNYI, L.I. SIMÁNDI AND R. IWANEJКО*

Central Research Institute for Chemistry, Hungarian Academy of 
Sciences, H-1525 Budapest, P.O. Box 17, Hungary
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Metal salts such as manganese(II) chloride, manganese(III) 
acetate, copper(II) perchlorate and cobalt(II) and manganese(III) 
porphyrines have been found to promote the oxidation of 
2,3-dihydro-2,2,4-trimethyl-lH-l,5-benzodiazepine, I by dioxygen 
at ambient temperature. The oxidation products have been 
analyzed by HPLC. Tetra(4-chlorophenyl)porphyrinato-cobalt(II) 
catalyzes the selective formation of 4-formyl-2,3-dihydro-2,2- 
dimethyl-lH-1,5-benzodiazepine, II from I. In other cases II 
undergoes further oxidation via C-C cleavage. A radical chain 
mechanism involving tautomerization of I to an enamine has been 
suggested:

(n+l)+
—N=C—CH„ —NH—C=CH ---— тт» —N—C=CHI 2 -MnT-H+ I 2

(I) enamine

+Mn+
—N=C—CHO «-

-MOHn+
+ 0,

-N=C-CH200‘ <- —N—С—CH,

(II)

*0n leave from the Institute of Catalysis and Surface Science, 
Polish Academy of Sciences, 30-239 Krakow, ul. Niezapominajek, 
Poland
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HETEROAROMATIC RADICAL CATIONS AND THEIR REACTIONS WITH 
HYDROCARBONS
Yu.V.GELET 11, E.M.KOLDASHEVA, A.E.SHILOV, and V.V.STRELETS
Institute of Chemical Physics USSR Academy of Sciences, 
Chernogolovka, Moscow Region, 142 432 USSR

Electrochemical oxidation of heteroaromatic N-oxides (sub­
stituted pyridines and diazines) was studied by cyclic voltam­
metry (CVA) in MeCN. The radical cations (L0+) were proved to 
be the primary intermediate. Their redox potential (Eq) and re­
activity depend on the substituents and the number of nitrogen 
in the heteroaromatic ring. The most stable radical cations are
produced from the following compounds: I - 4-MeO-pyridine-N- 

-2oxide (1.40; 10 ); II - quinoxaline-di-N-oxide (1.62; 0.1) and
III - phenazine-di-N-oxide (1.38; 10), in brackets the values
of Eq ( V, SCE ) and lifetime ( s ), respectively.

The reactivities of alkanes, substituted toluenes and aleo-' 
hols towards II and III radical cations were studied by CVA. 
The following trend of reactivity were observed: i-PrOH > tolu­
ene > cyclohexane >> benzene. In some cases the surprising ac- 
celarating effect of dioxygen was discovered in the reaction of 
L0+ with hydrocarbons. Under the preparative electrolysis the 
L0+ induced the oxidation of cyclohexane to appropriate ketone 
and alcohol, the III being deoxygenated to phenazine-mono-N- 
oxide. The oxygen transfer from LO* to hydrocarbon was conclu­
ded the probable way in the functionalazation of C-H bonds. 
The presence of bases was found to be of importance for the re­
action. The oxidation of i-PrOH to acetone induced by III radi­
cal cations wás suggested to proceed via hydrogen atom abstrac­
tion. Some prelimanary results are published in1,2.

REFERENCES
1. Yu.V.Geletii, V.V.Strelets, V.Ya.Shafirovich, and A.E.Shilov: 
Heterocycles, 28, 677 (1989).

2. E.M.КоIdasheva, Yu.V.Geletii, V.V.Yanilkin, V.V.Strelets: Izv. 
AN SSSR, Ser.khim.,1990, 994.



78

P-21, MON

HYDROPEROXIDES IN LIQUID PHASE HYDROCARBONS 
OXIDATION

S.CIBOROWSKI
Industrial Chemistry Research Institute, Rydygiera 8,
01-863 Warsaw, Poland.

Hydroperoxides are less sensitive to oxidation by dioxygen 
than products of their decomposition as ketones and alcohols 
which often are final products of industrial processes, 
example being pyclohexane oxidation.
Prospective method would be continuous oxidation of hydro­
carbons to possibly high stationary concentration of hydro­
peroxides followed by selective decomposition of these per­
oxides to desired products. This would decrease raw material 
consumption figures in industrial processes.
Possibilities of such a way of carrying out oxidation process 
are discussed on the basis of own research results as well 
as on literature data.
It has been particularly shown that in cyclohexane oxidation 
over 50% of cyclohexane can be transformed into cyclohexyl 
hydroperoxide which can be either decomposed to cyclohexanone 
and eyelohexanol or used for epoxidation of propylene.
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EPR and Optical Studies on Non-heme Iron, Substrate and Dioxygen 
Ternary Complexes in the Catechol Dioxygenase Model Reaction 
Systems

Satoshi Fujii, Hiroaki Ohya-Nishiguchi, and Noboru Hirota 
Department of Chemistry, Faculty of Science, Kyoto University, 
Sakyo-ku, Kyoto 606, Japan

Catechol dioxygenase model systems which consist of FeNTA1 
or Fe(salen)Cl2, several catechols, and molecular oxygen have 

been investigated by simultaneous EPR and optical measurements.
In FeNTA system, all the chelated catecholate complexes show 

the EPR spectrum whose rhombicity parameter E/D is ca. 0.20.
Only about DBC complex (DBC:3,5-di-tert-butyleatechólate ) , minor 
species (E/D=0.13; g=8.3, 5.4) could be observed (Figure I).
Considering the fact that DBC complex reacts faster than the 
other catecholate complexes, this minor species due to the 
monodentate catecholate complex is the key intermediate in the 
catalytic cycle. Overall the reaction no semiquinone radical 
could be seen.

On the other hand, Fe(salen)DBC shows the signals of the 
chelated complex and semiquinone radical generated from the 
Fe(III) —> DBC electron transfer (Figure II). Since the signal 
of semiquinone radical is observed in the sample prepared 
anaerobically, ferrous iron plays an important role in the 
reaction.

Figure I

1000 2000 3000 4000 5000

Field (gauss)
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CÜF’PER(II) CATALYZED AUTÜXJDATION OF CATECHOL IN ЛDUEOIJG
SOLUTION

JÓZSEF BALLA and TAMÄS KISS

Department of Inorganic and Analytical Chemistry,
Kossuth University, H-4010 Debrecen, Hungary

The aim of the present work was to clarify the kinetics and 
reaction mechanism of the copper(II) catalyzed oxidation of 
catechol by molecular oxygen in slightly acidic solution. The 

reaction may be ,a good model for the action of some oxygenase 
me talloenzymes e.g. tyrosinase.

The reaction was followed by oxygen-sensitive electrode and 

spectrophotometric methods.
The overall stoichiometry of the reaction was found to be:

+ 0 2
D

The rate describing the oxidation can be expressed in the 

form of a rather complex rate equation:

1/2
d 02 /dt = ( j( 2

This rate law is explicable in terms of a chain reaction
mechanism. Copper(I) is formed in the initiation step and it
reacts with molecular oxygen in a reversible reaction. The
formed activated dioxygen adduct CuO* interacts with the free

L 2 _
ligand HA" and with its copper(II) complexes CuA and CuA^ . The 
intramolecular electron transfer of the monomeric and dimeric 
ternary copperCII)-catecho1-oxygen complexes generates the 
o-quinone. The chain termination step is the bimolecular 
elimination of the activated dioxygen adduct.
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THE EFFECT OF MAGNETIC FIELD ON THE PROPAGATING CHEMICAL 
FRONT IN THE Co(I!)-CATALYZED AUTOMATION OF BENZALDEHYDE

E. BOGA. G. PEINTLER, S. KÁDÁR and I. NAGYPÁL

Department of Physical Chemistry, Attila József University 
H-6701 Szeged, P.O.Box 105, Hungary

It has recently been found and interpreted that the autoxidation of benzaldehyde 
in glacial acetic acid catalyzed by Co(II) acetate may take place as a front—reaction*.

The effect of magnetic field on the propagating reaction front has been studied in 
one and two dimension in different geometrical arrangement. It has been found that the 
magnetic field has an unexpectedly profound effect on the front velocity; it may 
completely stop or accelerate by orders of magnitudes the front velocity.

It may be stated as л general rule that no front—propagation is possible 
"against" the increasing field strength, and the front—propagation follows the steepest
descent in inhomogeneous magnetic field, 
demonstrate this general trend.

П (T)

Figure 1.Magnetic field strength 
between conic and flat poles (see 
figure 2.).

Figure 1 and 2 show an example to

Figure 2.The development of 2 D 
front boundary from the centre in 
inhomogeneous magnetic field.

REFERENCE
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MIMICKING GALACTOSE OXIDASE CATALYZED ALCOHOL OXIDATION WITH 
COPPER COMPLEXES CONTAINING BIDENTATE LIGAND

XI ZUWEI, HAN SHIQING, JIANG ZIQI and HUANG JIABI
Dalian Institute of Chemical Physics, Chinese Academy of
Sciences,161 Zhongshan Road, Dalian, China

Selective catalytic oxidation of alcohols with dioxygen to 
carbonyl compounds under mild conditions is of great 
importance in organic synthesis. Recently, some Cu(II) 
complexes containing tetradentate ligand catalyzed oxidation 
of alcohols have been studied as model system for the 
galactose oxidase.

We found that the catalytic activity of Cu(ll) complexes 
containing bidentate ligand, such as picolinato,
Cu(Cs H4 NCO2)2, is better than that containing tetradentate 
ligand Cu(Salen) for oxidation of benzyl alcohol to 
benzaldehyde with dioxygen in the presence of aprótic polar 
solvent and NaOH. Primary alcohol was oxidized more easily 
than secondary alcohol , but oxidation selectivity of the 
latter is greatly higher than that of the former.

Oxidation of cycloalkanols with dioxygen is more difficult 
than that of secondary alkanols. Among the bidentate ligands 
used in this study, the best catalyst for cyclohexanol 
oxidation is bis(8-hydroxylquinolinoate) copper complex. The 
conversion of cyclohexanol increased with increasing the 
strength of base added. When different structures of 
cycloalkanols were oxidized, the conversion was obviously 
affected by the s teric hindrance of alcohols.

H2O2 was detected in oxidation product of benzyl alcohol 
with Cu(Cs H4 NCO2)2 catalyst, and inhibition of oxidation by 
H2O2 was also observed. Therefore, Cu(CsH4NCO2)2 catalytic 
system is a model system for active site of the galactose 
oxidase. Based on study of ESR and in situ electronic spectra 
of this model system and catalytic performance of Cu(I) 
complex containing the same ligand, an oxidation mechanism 
involving Cu(11)/Cu ( I) catalytic cycle is proposed.
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Qualitative Formation of Spin-coupled Intermediate in a System 

Cosisting of Co(III)tetramine Complexes and Catechols.

- A Model Intermediate of Dioxygenase Reaction -

SATORU NAKASHIMA3, HIROAKI OHYA-NISHIGUCHIa, NOBORU HIROTA3, SEI 

TSUBOYAMAb and AKIRA NISHINAGAC

3Department of Chemistry, Faculty of Science, Kyoto University, 

Sakyou-ku, Kyoto 606; bThe Institute of Physical and Chemical 

Research, Wako, Saitama 351-01; department of Applied Chemis­

try, Osaka Institute of Technology, Asahi-ku, Osaka 535, Japan

A model system consisting of a cobalt(III)-tetramine com­

plexes (CoTE and CoTT; Fig.1) and 3,5-di-tert-butyl catechol 

(DBcat) has been examined to elucidate the reaction mechanism of 

catechol dioxygenase. The complexes were made to react with 

DBcat in mixed solvent (M^OzMeOH =1:1) at 50°C in the presence 

or in the absence of dioxygen. NMR showed that the reactions 

yielded oxidatively cleavaged products of DBcat. As the 

intermediate species, a cobalt(III)-semiquinone(DBsq) radical 

and a high-spin cobalt(II) complex were detected by ESR (Fig.2) 

regardless of the presence of dioxygen. These species are in 

equilibrium with a high-spin cobalt(II)-DBsq binary complex 

formed by one-electron transfer from DBcat to the mother 

complex. The magnetic moment of the binary complex isolated 

from the solution exhibited that there is an antiferromagnetic 

spin-coupling between the high-spin(S = 3/2 ) cobalt(II) ion and 

the semiquinone radical. This one-electron transferred in­

termediate species plays a key role in the reaction. (Scheme I) 

Further product analysis of the reactions is now under way.

CoTE
Fig. 1

DBSQ

Co-0

----0.

Products
Co -0
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MONOMERIC CU(II) COMPOUNDS WITH N AND N,S DONOR LIGANDS; 
DIOXYGEN CONSUMPriON AND CATALVMC ACTIVITY.

J.C. Wilson. A.H.J. Tullemans, W.L. Driessen, and J. Reedijk 
Department of Chemistry, Gorlaeus Laboratories, Leiden University, 
P.O. Box 9502, 2300 RA Ibiden, THE NETHERLANDS.

The metal site in Cu proteins often plays an important role in reactions 
with dioxygen. Low-molecular weight Cu compounds which mimic certain aspects 
of proteins have been made. As a test reaction, the oxidation of 2,6- 
dimethylphenol (DMP) to polyphenylene oxide (PPO) and diphenoquinone (DPQ) 
was studied by following 02 uptake at 25°C; (1 atm. as pure 02).' Cu(BF4)2 and 
Cu(N03)2 complexes with the didentate N,S-donor ligand merni (5-methyI-4- 
ethylmercaptomethyl-imidazole) show the same reactivity and selectivity for PPO.2 
Reaction rates are 1-5x105 mol 02.L1s\ at [Cu(II)|=0.0035M and |DMP|=0.03- 
0.3M. About 50% of the phenol was converted after one hour and less than 5% 
DPQ was formed. These results together with the study of the dioxygen uptake 
and catalytic artivity of other possible biomimetic systems will be presented.

REFERENCES:

1. F. J. Viersen, G. Challa, Reel. Trav. China. Pays. 108, 247-255, (1989).
2. A.H.J. Tullemans, E. Bouwman, R.A.G. de Graff, W.L. Driessen, J. Reedijk, 
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CATALYTICAL INFLUENCE OF Fe/III/ ON DIOXYGEN OXIDATION 
OF THIOGLYCOLIC ACID

S. KLEMENTOVA + and D.M. WAGNEROVA ++

+ Hydrobiо Log i caL Institute, Czech. Acad. Sei.,

Na sádkách 7, 370 05 C. Búdéjovi се, Czechoslovakia

++Institute of Inorganic Chemistry, Czech. Acad. Sei., 

Majakovského 24, 160 00 Prague, Czechoslovakia

The influence of ferric ions on thermal and photo- 
initiated reactions of thioglycolic acid with molecular 

oxygen was studied.
Thermal reaction depends dramatically on ferric ions

presence: no measurable reaction occurs with Fe
- 5 -1tion less than 1x10 mol l

3 + concent г a -
above the threshold value

initial reaction rate increases, for Fe^+ concentration
-52 x 10 ^ mol l 1 the vq value is 3 x 10 mol l"1 s'1

By thermal reaction exclusively the disulfidic product is 
formed; 0^ consumption stops sharply after the stoichiometric 
value mo Is of 0^ consumed : initial mo Is of substrate = 1:4 
is reached.

UV irradiation results in reaction of thioglycolic 
acid with molecular oxygen even without Fe3+ added; the 

excitation wavelengths belong to the range 290 - 330 nm. 
Photoinitiated oxidation does not end with disulfide 
formation, higher oxidation products are formed from 
disulfide in a consecutive reaction. The reaction rate of 
photoinitiated disulfide oxidation does depend neither on 

Fe/III/ nor on substrate concentrations.
Photocatalytic cycle has been found to operate in 

photo-oxidative transformation of thioglycolic acid, traces 
of metal ions being the precursor of the active catalyst.

Quantum yield of the reaction thioglycolic acid + 0^ 
/without Fe^+ ions added/ is 1,05.
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COBALT SCHIFF BASE COMPLEX CATALYZED DEHYDROGENATION OF AMINES WITH TBHP

K. MARUYAMA, T. KUSUKAWA and A.NISH INAGA
Department of Applied Chemistry, Osaka Institute of Technology 

Ohm i у a 5, Asahi-ku, Osaka 535, Japan

Dehydrogenation of secondary amines to imines with stoichiometric oxidiz­
ing agents is well documented. Co(salen),a representative cohalt schiff base 
complex, has been demonstrated to he an excellent catalysts for dehydrogen­
ation of sec-amines to imines with 02 in ethanol at 6(ГС. 1

We now fined that eec-amines unsusceptible to the 02/Co(salen) system 
undergo dehydrogenation upon using t-Bul)0ll (TBHP) as an oxidant in the pres­

ence of Co(salen).



CATALYTIC OXIDATION OF D-MANNITOL TO CHIRAL GLYCEROL DERIVA­
TIVES
C-H.H. EMONS. B.F.M. KÜSTER, J.A.J.M. VEKEMANS, R.A. SHELDON 
University of Technology Eindhoven, CT 1.37, P.O. Box 513, 
5600 MB Eindhoven, The Netherlands

Chiral glycerol derivatives are versatile intermediates 
with broad synthetic utility1•2. They can be used for the pre­
paration of the pure enantiomers of a wide variety of biologi­
cally active compounds and especially for the synthesis of 
ß-adrenergic blocking agents.

These chiral C3-building blocks are obtained from sugar de­
rivatives (chiral pool) or by asymmetric synthesis (enzymatic 
or non-enzymatic). Most of the known procedures are based on 
the glycol cleavage of, for example, D-mannitol derivatives3 
and employ expensive lead tetra-acetate or sodium periodate. 
It would be economically more attractive to combine the 
obvious advantages of raw materials from the chiral pool 
(availability, low cost, natural chirality) with the use of a 
cheap oxidizing agent comprising 02, H202 , etc. and a metal 
catalyst.

The oxidation of D-mannitol derivatives to chiral glycerol 
derivatives such as 2,3—0—isopropylidene—D—glyceric acid using 
various metal-catalysts in combination with cheap oxidizing 

agents, will be reported.
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DIOXYGEN CARRYOVER AND ACTIVATION BY COBALT(II) AND MANGANESE(11) COMPLEXES

N.I. ERMOKHINA, E.G. SI VALOV, Ju.I. BRATUSHKO and K.B. YATSIMIRSKII 
Pisarzhevskii Institute of Physical Chemistry, Academy of Ukrainian SSR, Kiev, 

USSR
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The transition metal complexes capable of binding and activating of 0?
1 -3 care simple models of natural oxygen carriers and metal 1oferments

The reversible oxygenation of cobalt(11)—2,2 ’-dipyridyl complex in ethanol 
and manganese(II)-tri-n-propylphosphine in toluene has been investigated.

The kinetic parameters have been determined and the mechanism for the 
Co(11)-dipy and Mn(11j-n-Pr^P catalyzed autoxidation reaction of hydroquinone 
and acrolein has been proposed. The effect of the solvent on the rate of reac­
tions was stablished. The effective rate constants and activation parameters 
of the reactions of oxygenated catalysts with the substrates have been calcu­

lated.
It has been determined that the intermediate oxygenated cobalt and manga­

nese complexes is the active form of catalysts in the reactions. It has been 
proposed that the rate-control 1 ing step of this oxidation process is the forma­
tion of an "oxygenated complex - substrate" intermediate.

The perspective of the utilization of these cobalt(11) and manganese(II) 
complexes as dioxygen carriers in composite membranes has been estimated.

REFERENCES
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SYNTHESIS AND CATALYTIC PROPERTIES OF IRON TRIPHENYL- 

PHOSPHINE OXIDE COMPLEXES

I. ONDREJKOVICÖVÁ, V. VANŐOVÁ and G. ONDREJOVIC 

Department of Inorganic Chemistry, Slovak Technical University, 

Radlinského 9, 81 2 37 Bratislava, Czechoslovakia

Iron tri phenyl phosphine oxide complexes of the composition 

FeX3(OPPh3)2 (X = CI) Br or NCS) and Fe(OPPh3) ц( Z) 2 (ZCIO^ or 1^ 

were prepared by autocatalytic oxidation of tripheylphosphine (PPh3) by 

dioxygen to tri phenyl phosphine oxide (OPPh3) in the presence of some 

iron salts and the corresponding anions X or Z. These complexes also 
may prepared by direct reaction of OPPh3 with FeX3 (X=CI, Br or NCsf^ 

or FeZ2 (Z=CI04[2J or l3).

Complexes FeX (OPPh~)_ and Fe(OPPh-) (l~). act as homogeneous
i i ¿ ¿ ч i ¿ [34]

catalysts of PPh3 oxidation by dioxygen in acetonitrile at about 323 К

The oxidation rate depends on the properties of the anions coordinated

in the mentioned complexes and on their structure. This rate increases

in the order: Cl< NCS< Br< I. It is probably connected with oxidizability

of the anions. In these catalytic systems reversible processes Fe(lll) ^

Fe(II) (for X=CI, Br or NCS) or 13 ^ 31 were observed.

On the contrary to complexes FeX3(OPPh3) 2 and Fe( OPPf>3) ц(I 3) 2,

perchlorate complex Fe(OPPh3) ^( CIO^) 2 is not catalyst of PPh3 oxidation.

During the autocatalytic oxidation of PPh3 by 02 in the presence of

Fe(CIO )_. the irreversible reduction of Fe(lll) to Fe(ll) takes place 
4 5 г rí

and the stable complex Fe(OPPh3) ^( CIO^) 2 is formed
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A THEORETICAL STUDY OF THE MECHANISM FOR THE FORMATION OF 
MALEIC ANHYDRIDE ON A VANADYL PYROPHOSPHATE SURFACE.

B. SCHI0TT. K. A. JORGENSEN and ROALD HOFFMANN 
Contribution from the Department of Chemistry, University of Arhus, 8000 
Arhus C, Denmark and the Department of Chemistry, Cornell University, 
Ithaca, 14853 N. Y., USA.

90

P-33, WED

An analysis of the oxidation of 1,3-butadiene to maleic anhydride by 
molecular oxygen catalyzed by a vanadyl pyrophosphate surface is given. The 
surface is known to contain pairs of edge-sharing vanadium-oxygen 
octahedra. Each pair has two vanadyl groups, one pointing towards the bulk 
(Lewis acid site) and the other being free for interaction. From extended 
Hiickel calculations on various modelsystems it is suggested that 1,3- 
butadiene becomes activated through a (2+4]-like cycloaddition reaction with 
the oxygen atom of the vanadyl group. This leads to an adsorbed 2,5- 
dihydrofuran species.

Molecular oxygen is found to adsorb on the Lewis acidic vanadium 
atom of the surface. The two possible adsorption geometries, V-superoxo and 
T|2-peroxo, are compared. It is suggested that the oxygen transfer reaction 
involves an initial hydrogen abstraction from the 2-position of the 2,5- 
dihydrofuran species, giving a surface bound hydroperoxide. A hydroxy 
radical is subsequently transferred back to the radical-like 2,5-dihydrofuran 
species, yielding a 2-hydroxy derivative. An asymmetric lactone is obtained 
after removal of one molecule of water from the surface. The 5-position is 
suggested to become oxidized in a similar way.
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SPECTROSCOPIC AND ELECTRONIC STRUCTURE STUDIES OF д-PEROXO 
BINUCLEAR COPPER AND COBALT MODEL COMPLEXES

M. BALDWIN. F. TUCZEK. P.K. ROSS and E.I. SOLOMON
Department of Chemistry, Stanford University, Stanford, California 94305- 
5080, United States of America

Oxygen activation and transport is accomplished by the peroxide- 
bridged binuclear copper active sites contained in a variety of important 
proteins including the Hemocyanins and Tyrosinases. In order to understand 
the relationship between electronic and geometric structure and function in 
these sites, we present absorption and resonance Raman data for the trans 
д-1,2 peroxo, n-r¡2:r]z peroxo and д-1,1 acylperoxo copper dimers which allow 
detailed spectral assignments. As these are the only structurally defined 
copper-peroxide complexes currently available, these studies have also been 
extended to include polarized single crystal spectroscopy on the cobalt- 
peroxide dimers of which there are many structurally defined examples with 
cis and trans д-1,2 and д-1,1 binding geometries. The absorption and 
resonance Raman data are correlated with the results of spin unrestricted, 
broken symmetry SCF-Xa-SW calculations in order to define in detail their 
electronic structure and its changes with variation of the peroxide binding 
geometry.
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A CATALYTIC OXIDATION EMPLOYING SINGULET OXYGEN 

S. NEMETH, T. VIDÓCZY

Central Research Institute for Chemistry, Hungarian Academy of Sciences,
H-1525 Budapest, P.0. Box 17, Hungary

For the mechanism of quenching of singulet oxygen by various complexes
the (partial) electron transfer is one of the possible pathways. According
to our previous results [1] certain LCo^^s-BQDD^ClO^ complexes (L is

organic ligand, s-BQDI is the monoanion of o-benzoquinonediimine, see [2])
1 *prooved to be very efficient quenchers of O^. In order to get some in­

direct support for the existence of a supposed short lived transient pro­
duced by electron transfer, the oxygen containing solution of methylene 
blue (sensitizer for CL production) and the appropriate complex was ir­
radiated in the presence of large excess hydroquinone (H^Q), an easily 
oxidizible substrate. HPLC analysis of the solution showed, that H^Q was 
selectively oxidized to p-quinone in high yield, meanwhile in case any of 
the above compounds were not present or the solution was not irradiated, 
oxidation did not occur. So the above process can be considered as a photo- 
catalytic oxidation, where the supposed transient is probably the oxidizing 
species. The mechanistic aspects of the oxidation will be discussed in 
detail.

1. T. Vidóczy, S. Nemeth, L.A. Shvedova: Adv. in Photochem. Ed. Zh. Bao-wen,
T. Chen-ho, Wu Shi-hang. Intern. Ac. Publ. Pergamon Press, p. 608, Bei­
jing 1989.

2. S. Németh, L.I. Simándi, Gy. Argay, A. Kálmán: Inorg. Chirn. Acta, 166,
31 (1989)



HOMOLYTIC REACTIVITY OF PEROXOVANADIUM COMPLEXES

M. BONCHIO, V. CONTE. F. COPPA, F. DI FURIA and G. MODENA
Centro CNR Studio Meccanismi Reazioni Organiche, Dipartimento di Chimica
Organica, via Marzolo 1,1-35131, Padova, ITALY.

Vanadium peroxocomplexes, besides their heterolytic behavior in the oxidation of 
nucleophilic substrates, e.g. thioethers1 and allylic alcohols2, exhibit a homolytic 
reactivity which is revealed by the occurrence of a radical chain decomposition and by 
the capability of hydroxylating aromatic and aliphatic hydrocarbons3,4. Such a reactivity 
is observed only in weakly coordinating solvents4 and it is magnified by the presence of 
peculiar ligands such as the picolinato anion. Both the effect of the solvent and of the 
ligands are not well understood. Therefore, we have initiated a mechanistic investigation 
of some model reactions where vanadium peroxocomplexes, bearing different ligands, 
display their homolytic reactivity toward a series of substrates in various solvents. The 
results of such an investigation will be discussed and some hypotheses on the role played 
by the parameters considered will be presented.
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OXIDATION OF PRIMARY ALCOHOLS TO CARBOXYLIC ACIDS BY 
A PEROXO COMPLEX OF IRIDIUM

Claudio Bianchini,Andrea Meli, Maurizio Peruzzini and Francesco Vizza

Istituto per lo Studio della Stereochimica ed Energetica dei Composti di Coordinazione, 
CNR, Via Jacopo Nardi, 39-50132 Firenze, ITALY.

In recent years, increasing attention has been devoted to both stoichiometric and 
catalytic oxidation of organic substrates by transition-metal oxo and peroxo complexes. 
However, the oxidation of primary alcohols to carboxylic acids has no precedent for T]2- 

dioxygen complexes.
Herein, we report on the synthesis and characterization of the novel peroxo complex 

of iridium [(triphos)IrCl(T|2-02)] (1) [triphos = MeQCT^PPl^^], which transforms 

primary alcohols into carboxylic acids and secondary alcohols into ketones.

RCH20H
A

HCl

Complex 1 is readily produced via displacement of ethylene by O2 in 
[(triphos)IrCl(T|2-C2H^)]. It reacts with RCH2OH (R = H, Me, Et, Pr, Ph) to form 

colorless solutions which separate white-off octahedral hydrido-carboxylate complexes 
[(triphos)Ir(H)(rj2-02CR)]Cl in excellent yield. These Ir(III) complexes are stable at 

room temperature in both solid state and solution, with the only exception of the formate 
derivative (R = H) which easily decarboxylates All of the compounds were characterized 
by elemental analysis and chemical-physical measurements incliding 1H, 31P, and 13C 

NMR spectrosopy.
The reaction mechanism has been elucidated by means of cross-over experiments and 

reactions with deuterium-labelled reagents.lt is concluded that the T]2-dioxygen ligand is 
protonated by the hydroxy proton from the alcohol to give Г)1-hydroperoxide and T]1- 

alkoxide ligands. Attack by the hydroperoxide on aldehyde formed by the ß-H 
elimination from r^-alkoxide completes the reaction.



0X0 TRANSFER FROM AMINES N-OXIDES TO COPPER SALTS : RESULTING 

COPPER (III) MEDIATED OXIDATION OF ORGANIC LIGANDS .

M. MAUMY and P. CAPDEVIELLE

Laboratoire de Recherches Organiques de l'ESPCI, associé au CNRS, 10 rue 
Vauquelin, 75231 PARIS Cedex 05, FRANCE .

95

P-38, WED

The interaction of trimethylamine N-oxide (TMAO) with Copper (I) and Copper (II) 

derivatives gives rise to transient Copper (III) intermediates and promotes a 

number of oxidations we have yet obtained through Cu /0^ systems or with 
Cu*** itself'*. General mechanism is assumed to be :

Cu-OX or Cu*OH + X(-H)R3NO + Cu*X R3N + 0=Cu***X

RgNO + Cu Xg R-N- + O —Cu***X 
3X"

|R3NÍ;

XCu**-OX or XCuHOH + X(-H)

+ R.N
J 5

Alcohols and carboxylic acids are thus oxidized to carbonyl compounds , in higher
yields than with Cu*/ 09 systems :

L TMAO
R *R2H COCu R*R2C=0

R1R2HC02CuI/"
TMAO

CH3CN , 70°C

CH^CN, 70°C

R1R2C(0H)C02CuI/I1 TMAO
R*R2GO+ CO,

Of - hydroxy acids intermediates are involved in the reaction of carboxylic acids, 
2

as under oxygen .

This new system allows the quantitative hydroxylation of benzoylglycine derivatives 
leading selectively to the corresponding salicylic compounds®, and constitutes an 

original synthetic way .
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3. P.Capdevielle and M.Maumy : l'Actualité Chimique, april 1986, 5 (review).
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INTERACTION OF HYDROGEN PEROXIDE AND COPPER (II) : THE STABLE 
COPPER (III) OXIDE jcuUI(0)0H j n

P.CAPDEVIELLE and M. MAUMY
Laboratoire de Recherches Organiques de I' ESPCI, associé au CNRS, 10 rue 
Vauquelin, 75231 PARIS Cedex 05, FRANCE .

Cu++ ions react with HgOg in water (pH ~ 5) to yield a brown precipitate, the 

analysis and first chemical properties of which demonstrate the quite simple 

structure of a trivalent copper oxo - hydroxide :

This new compound, stable for weeks in the dry state, oxidizes in high yields a

great variety of organic susbstrates, in particular alcohols, amines, carboxylic 
acids in the same way than the preceeding systems (Cu1/ Og or Cu / R^NO 

for which we had precisely postulated the intervention of Cu .

CuIII(0)0H О 2 or
Cu och2rR‘CHOR*CH2OH

R,NO

Cu7 02
r‘CH2NH2R CH=NHR CH2NH2

°2 or Cu'oCOCI 1R 1R2r!R2C —Оr1r2chco2h

R,NO

Moreover, starting here from pure Cu in the absence of oxidizable coreactants 
as Cu1 or RgN , one can achieve the oxidation of substrates yet unaffected by 

Cu1/ 02 or Cu^11/ R3NO systems . For instance, toluene :

C6H5- CH3 -----------C6H5™ CH20H

Numerous applications of this new reagent are under investigation .
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PEROXOLIGAND TRANS-INFLUENCE STRUCTURAL REVEALING IN THE 
VANADIUM( V) OXOPEROXOCOMPLEXES

V. S. SERGIENKO, V. K. BORZUNOV, M. A. PORAI-KOSHITZ 
N. S. Kurnakov Institute of General and Inorganic Chemistry 
USSR Acad.Sei.,117907 Moscow,USSR; New Chemical Problems 
Institute USSR Acad. Sei. ,142432,Chernogolovka Moscow Reg. .USSR

The vanadium(V) oxoperoxocomp1exes [V0(Og)(bipy)g]C104 (I), 
[V0(02)(phen)2]C104 (II) and NH4CV0(Og)Fg(bipy)] 2HgO (III) 
have been synthetized and studied by the X-ray single crystal 
structural analysis. In the structures of these seven- 
coordinated complexes the peroxoligand trans-weakening 
influence revealings have been found.

In the complexes I and II the influence is displaying in the 
lengthening of V-N bonds trans to Og-ligand compared with those 
ones trans to N (224 pm against 213 pm in I and 225 pm against 
214 pm in II). The common lengthening of V-N bond trans to 0(oxo) 
due to its trans-influence is of the same extent.

Apparently,the simultaneous trans-weak ing influence of "doubly 
bonded" oxo1igand and bidentate Og-ligand is taking place in the 
reaction of complex III formation aid is resulting in the 
intraspherical rearrangement? In the structure of complex III 

V-N bond trans to Og-group at the equathorial plane is something 
longer than V-N trans to F.
On the example of complexes I- 111 bidentate Og-ligand in the 

seven-coordinated (pseudooctahedral) vanadium!V) oxoperoxo- 
complexes has been shown to be an analog of "doubly bonded" 
oxoligand in manifesting the strong trans-influence. The VO(Og) 
fragment posesses characteristic for the V-VII groups d°-metal 
dioxocomplexes cis-structure. The peroxoligand influence 
effect is accompanying by shortening of 0-0 and (in the 
smaller extent) V-Og bonds.

REFERENCES
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A STRUCTURE OF SOME CATALYTIC MOLYBDENUM(VI) COMPLEXES

N.D. CHICHIROVA, C.G. VULFSON, N. V. PERAGINA, Ju. I. SALNICOV,

and A.A. CHICHIROV

V.l. Lenin Kazan State University

A.E. Arbuzov Institute of Organic and Physical Chemistry, Academy of 

Sciences U.S.S.R.

Kazan, U.S.S.R.

Oxygenated molybdenum(VI) compounds is known to be the effective 

catalysts for the epoxidation of olefins by hydroperoxides. With the 

purpose of formulating the algorithm to the catalysts selection we inves­

tigated the connection between a structure and physico-chemical properties 

of the ß-diketonated mO(VI) complexes with different substituents.
NMR * 95Mo spectrums confirm the dates of X - ray-diffraction and indi­

cate on C^ point symmetry of Mo(VI) ß-diketonates. Cis-stereochemistry 

of oxoligands is determined by its electron structure. The details of 

molecular structure are shown by the parameters of the spectrums, which 

depends on incoherent repulsion between donor atoms. Mo chemical shifts 

of the complexes are very sensitive to the nature of chosen ligands and 

are equal to 3,3 ppm - for acetylacetonate, 1,5 ppm - for benzoylacetonate, 

-4,0 ppm - for dipivaloylmetanate, - 15,0 ppm - for 3-trifluorineacetyl-

cmaphorate of Mo(VI). The growth of ionicity of the chemical bond Mo - О
95(chelate) comes to the more screening of nuclears Mo in the line acetyl­

acetonate - 3-trifluorineacetylcamphorate of MoC>2. That is in agreement 

with increasing of electron density delocalization in a chelate circle.

Accordingly we also found a correlation with the dipole moments of 

studied compounds: 5,32 D - for acetylacetonate, 6,05 D - for benzol- 

acetonate, 6,74 D - for dipivaloylmetanate, 7,74 D - for 3-trifluorine­

acetylcamphorate of Mo02.



KINETIC RESOLUTION OF OXIRANES BY MOLYBDENUMOXODIPEROXO/DIOL- 
REAGENTS

F.BETSCHINGER. V. SCHURIG, K. HINTZER and U. LEYRER
Institut für Organische Chemie der Universität, Auf der Morgenstelle 18, D-7400 Tübingen,
(FRG).

A new route for the preparation of unfunctionalized optically active oxiranes is the kinetic 
resolution by molybdenumoxodiperoxo complexes with hydroxyacid amides as bidentate 
ligands with the addition of chiral aliphatic diols. This method results in high enantiomeric 
excesses (ее > 90% ) and good chemical yields1.

In a typical experiment, the reaction was performed in 5 ml head-space-vials, which were 
charged with approximately 50 mg of molybdenumoxodiperoxo complex dissolved in 1 ml of 
1,2-dichloroethane. After oxirane and diol had been added, ее and chemical yield were 
determined by complexation gas chromatography on chiral stationary phases such as Ni(II)- 
bis-[3-heptafluorobutanoyl-(lR)-camphorate]2.
At a stoichiometric ratio oxirane/molybdenum complex/diol of 5:1:2 or 6:1:2 an optimum 
relationship between ее and chemical yield is obtained3,4. Products of the reaction are 
ketones and aldehydes arising from cleavage of the oxirane ring4. The reaction is not 
stoichiometric, but partially catalytic, 02 being believed as cause thereof4,5.

Both enantiomers of the oxirane are readily available, because the configuration of the diol 
determines the configuration of the excess oxirane. With S-diols R-oxiranes are formed and 
vice versa3,4,6.
Best results are obtained with MoO(02)2 ' S-PLA (S-PLA = S-piperidine-lactamide) and 
(2R,3R)-butandiol or (2S,3S)-butandiol respectively. Thus the kinetic resolution of trans- 
dimethyloxirane with MoO(02)2 • S-PLA/(2S,3S)-butandiol results in 94,3 % ее and 71 % 
yield of (2R,3R)-dimethyloxirane3. Aromatic substituted oxiranes also give high enantiomeric 
excesses, but much lower chemical yields than with aliphatic substituted oxiranes. 
Unexpectedly, large substituents decrease the chiral recognition of the kinetic resolution4.
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EP0XIDATI0N OF CYCLOHEXENE CATALYSED BY REROXOOXOMETALLATES UN­

DER PHASE-TRANSFER CONDITIONS

LÁSZLÓ J. CSÁNYI and KÁROLY JÁKY
Institute of Inorganic and Analytical Chemistry, A. József Uni­
versity, P.O. Box 440, H-6701 Szeged, Hungary

The epoxidation of cyclohexene with hydrogen peroxide was in­
vestigated in the diphasic water-chlorobenzene system using 
different quaternary ammonium chlorides as phase-transfer cata­
lyst (PTC). It was found that the yield of epoxide increased 
nearly linearly with increasing concentration of the molybde- 
num(VI) catalyst. A pH of 3-4 was found to be optimal for epo­
xide formation, the epoxide yield decreased with increase of 
the H+ ion concentration mainly due to the H+ ion-catalysed 

hydrolysis of the epoxide formed. A PTC excess inhibits the 
epoxidation. In the case of molybdenum(VI), arsenate ion pro­
ved to be a more active promoter than phosphate ions by a fac­
tor of 1.6 when (Mo] > [PTC] ; however, the sequence of promoter 

activity was reversed when the PTC was applied in a 10-fold ex­
cess. Tungsten(VI) is about 3-times more active catalyst than 
molybdenum(VI). however, for tungsten(VI) the activity sequen­
ce was P043~ > As043~. The view is advanced that the enormous 

differences between the reactivities of the investigated oxo- 
peroxometallate complexes and their heteropoly derivatives are 
connected with differences in the dissymmetry of the Oj2 diper- 

oxo ligands in these complexes, which otherwise have similar
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NEW INSIGHTS INTO THE CATALYTIC ACTIVITY OF POLYUXOMETALAI ES FOR OXIDA­
TIONS W1IH HYDROGEN PEROXIDE

C. AUBRY*, G. CHOTTARD**, N. PLATZER***, J.M. BRÉGEAULT*, F. CHAUVEAU****, 

C. HUET***** and H. LEDON*****
*Université P. et M. Curie, Departement de Chimie, *URA D 1428 CNRS, 
Catalyse et Chimie des Surfaces, Tour 44 - 2e, 4 Place Jussieu, 75252 
Paris Cédex 05, **URA 419, ***URA 455
****Universite de Paris VII I.T.O.D.Y.S. , 1 rue Guy de 1 a Brossé, 75005 
Paris
*****L'Air Liquide, 75 Quai d'Orsay, 75321 Paris Cédex 07

Heteropolyoxometalates, more particularly those with the KEGGIN 
structure have been used as precursors in the catalyzed selective oxida­
tion of organic substrates by dioxygen, alkyl hydroperoxides or hydrogen 
peroxide.

With H«0p, phase transfer catalysis is suitable for lipophilic 
substrates at moderate temperatures and with dilute hydrogen peroxide 
solutions. For instance, I SHI I et aj/ have studied the epoxidation 

of olefins in the presence of heteropolyacids (HPA) with the KEGGIN 
moiety Hn [ XM]^ 2O40 ] (M = Mo, W ; X = P, Si,...) and an on i urn chloride. 
According to these results, phosphotungst ic acid, HgLPW^O^J, x H^O, 
is the most active of these HPA. Some years ago, VENTURELLO et aj_^

p
developed a catalyst involving tungstate, WO^ , and an "assembling 
anion", PO^" , in acidic meri i a (pH : 2-4). A catalytical ly efficient 

peroxide salt : [(C6H13)4N]3 (+>| P04[WO(0^)2]4 j3' , was characterized

by single-crystal X-Ray diffraction analysis.
While testing these recently described systems and some novel pre­

cursors for the epoxidation of several olefinic substrates, we obtained 
clear evidence for a large spectrum of activities. This prompted us 
to perform physicochemical, mainly spectrochemica1 , studies (UV, IR, 
RAMAN, 3*P NMR, ...) to identify the major species in the biphasic

systems.
These investigations result in a better characterization of the 

known catalytic systems and of those involving novel tungsten or transi­

tion-metal precursors.
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CATALYTIC OXIDATIONS OF KETONES AND OF VICINAL DIOLS USING METAL-OXO 
COMPLEXES AND DIOXYGEN

J.M. BRÉGEAULT*, A. ATLAMSANI*, D. MERCIER*, В. EL ALI* and F. CHAUVEAU** 

*Université P. et M. Curie, Departement de Chimie, Catalyse et Chi mi e 
des Surfaces, Tour 44 - 2ё, 4 Place Jussieu, 75252 Paris Cédex 05 
**Université de Paris VII, I.T.O.D.Y.S. , 1 rue Guy de la Brossé, 75005 Paris

The oxidation of organic compounds using soluble transition metal - 
oxocomplexes themselves readily derived from inorganic precursors, has 
been extensively studied and reported. This type of oxidant is a leading 
contender in the development of industrially-useful catalysts for oxida­
tions where dioxygen is the direct source of oxygenated products. In 
our work, we have closely studied the catalyzed oxidation of ketones 
and vicinal diols by 0«, comparing the simplest precursors with sophistica­
ted complexes and with heteropolyacids H^n [PMo^ nvn^4o^ The behavior 
of different substrates, and effects of pH, etc. , sheds further light 
on the mechanism of these reactions.

1 2Oxidative cleavage of cyclic ketones and of vicinal diols is 
possible with dioxygen ; this is a valuable alternative to hydrogen 
peroxide or other oxidizing agents like periodic acid. Catalytic oxidation 
data as well as spectroscopic and electrochemical analyses relevant 
to the mechanism will be presented.
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OXIDATION OF ALIPHATIC AND AROMATIC AMINES BY Mo(0)(03)3L3 
(L= H30, HMPA,TPPO).

EXPORTA'"', F.RAGAINI'“’ and S.TOLLAR I'b J.
<•> Dipartimento di Chimica Inorganica e Metallorganica and 
C.N.R. Center, V.Venezian 21, 20133 Milano, Italy
**?> Dipartimento di Chimica Organica e Industríale, V.Vene­
zian 21, 20133, Milano, Italy.

The reactions of Mo(0)(03)aL3 (L= water, hexamethy1phospho-
ramide and tг ipheny1phosphineoxide) with primary aliphatic 
amines, R C H 3 NH 3 (R= C»H 0, 4-Cl-CAH*, 2-Cl-C*H*, 2,4- 
С13СЙН3, 2 , 4 - (OMe)3-CÄH3) were studied.
The original L ligands were substituted by the amines when 
a 1:20 ratio (complex/amine) was used in CH3CN as solvent 
at room temperature.
The obtained complexes have a stoichiometry according to 
Mo(0)3(03)(amine)3 showing an oxygen atom transfer from the 
complex to the amine. In the mother liquor of these stoi­
chiometric reactions, the corresponding oxidation products, 
RC H = N 0 H and RCH = NCH3R were detected.
It is interesting to note in the IR spectrum two bands in 
the 930-90 0 cm-1 region attributable to two ox о species, 
and a lower band due to the peroxo group, in accordance 
with the behavior showed by Mo(0)(03)3L3 in the epoxydation 
reactions 1.
Aromatic primary amines, RNH3 (R= 4-0CH3-C*Ha , 4-CH3-CaH4)
reacted with Mo(0)(03)3L3 in a more complex reaction. 
Depending on the complex/amine ratio it is possible to 
obtain different oxidation products like nitroso, nitro, 
azo and azoxy derivatives.
A M2-nitroso complex could be intermediately involved, 
since the reaction of Mo(0)(03)3L3 with PhNHOH in СH3С13 as 
solvent, with a 1:5 Mo/amine ratio, gives a light green 
compound of probable formulation Mo(0)3(u3-PhN0)(PhNHOH).

REFERENCES
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FORMATION OF ZIRCONIÜ|yK IV) AND HAFNIUM(IV) PEROXOFLUOROCOMPLEXES 
IN HYDROGEN PEROXIDE SOLUTIONS BY NMR DATA

G. A. KIRAKOSYAN, T. V. GALUSINA, S. V. LOGINOV, V. P. TARASOV, 
and Yu. A. BUSLAEV
Institute of General and Inorganic Chemistry Academy of Scinces, 
117907 Moscow, USSR Institute of New Chemical Problems
Academy of Sciences, 142432 Chernogolovka Moscow Reg. , USSR

The interactions of ziiconiumfIV) and hafnium! IV) salts, ZrCl^, 
Zr(N03)4-6Hg0, Zr0(N03)^2H20, MOClg* 8HgO and M( S04)2* 4Hg0 (M=Zr, 
Hf) with KF in absolute H202 have been studied by *9F NMR 
(75,39 and 282,4 MHz). Two types of complexes are formed in the 
solutions: hexacoordinated zirconium and hafnium peroxofluorides 
with bidentate Op - group and more labile oxofluoro- or hydroxo- 
f1uorocomp1exes without peroxo- or hydroperoxo1igands, the co­
ordination number of M( IV) being probably more than 6. Complex 
anion [MF^(Or.)]^ is predominated in the presence of free 
solvated fluoride ion, while the absence of F excess leads to 
formation of, besides the monomer, also I MpF^(0o)21and small 
amounts of [MnFßiCVUgm-. Moreover, in the case of zirconium(IV) 
salts solutions, complicated multiple resonances in the range of 
-57—64 ppm and -100--115 ppm which have been likely caused by 
some "polymeric" species can be observed in the 19F NMR spectra. 
The introduction of additional amounts of fluoride ion has 
resulted in the destruction of these complexes and formation of 
[ZrF^COo)]c~. In contrast to zirconium! IV) systems, in the case 
of Hf(IV) solutions under the same conditions the existence of 
such "condensed" complexes was not detected.

complex multiplicity S , ppm CFCI3 2J, Hz

Zr Hf Zr Hf

triplet
triplet
düblet of dublets 
düblet of triplets 
triplet of quintets
triplet
quintet

-36,0 -62,5
-76,5 -95,3
-27,9 -56,2
-69,6 -89,3
-72,9 -94,0
-18,0 -49,6
-75.0 -94.0

42 45

42 42
49 54

46 50



THE SHARPLESS EPOXIOATION OF 3-METHYL-2-BUTEN-1-OL USING VARIOUS 

ORGANIC HYDROPEROXIDES

E- H0FTa, H.-J. HAMANN a, L. RÜFFER® and M. JAKYb 

a Central Institute of Organic Chemistry, Academy of Sciences of the GDR, 

Berlin-Adlershof, GDR - 1199

b Central Research Institute for Chemistry, Hungarian Academy of Sciences,

P. 0. Box 17, H-1525 Budapest, Hungary

The SHARPLESS epoxidation of allylic alcohols using tert-butyl hydroperoxide 

in the presence of Ti(OiPr)^ and dialkyl tartrate is a versatile method for the 

preparation of homochiral epoxyalcohols1. 3-Methyl-2-buten-1-ol was trans­

formed by this method into the corresponding homochiral epoxyalcohol with 

high enantiomeric excess le.e.l. Alkaline treatment of the obtained 3,3-di- 

methylglycidol provides useful homochiral intermediates as a result of PAYNE 

rearrangement and ring opening reaction

The influence of the used kind of hydroperoxide on the yield and particularly 

on the e.e. of the generated 3,3-dimethylglycidol has been investigated. The 

use of the cumene- and 2-phenyl-butyl-2-hydroperoxide gives similar results 

as tert-butyl hydroperoxide, whereas the epoxidation with 1-phenylethyl-1- 

hydroperoxide proceeds with lower enantioselectivity. The use of tetralyl-1- 

hyroperoxide, however, results in sufficient yield but without optical induction. 

The effect of this variation of hydroperoxides in the SHARPLESS epoxidation 

is discussed.

REFERENCES
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A STRUCTURE AND FORMS OF EXISTENCE OF CATALYTIC SYSTEMS IN REACTIONS OF 
EPOXIDATION AND HYDRATION

N.D. CHICHIROVA, Ju.I. SALNICOV, S.G. VULFSON, A.A. PETUHOV, E.A. ANTIPINA, 

I.R. ABDULLIN
V.I. Lenin Kazan State University,
A.E. Arbuzov Institute of Organic and Physical Chemistry, Academy of 
Sciences of the U.S.S.R., Kazan, U.S.S.R.

With the purpose of modelling the structure of catalytic systems in the 
reactions of olefin epoxidation and hydration, we studied forms of existence 
of Mo(VI) compounds”with mono-, di-, triethylene glycol, and propylene gly­
col in mixed aqueous solutions. Mo^Og , MOyO^, MOgOg(L)^ , MOy024(L)n 

(n = 1,2) was found to be the preferable forms in this conditions.
The acidity properties of molybdenyl ethyleneglycolate, propylenegly- 

colate and butyleneglycolate, and the full statistical analysis of hypo­
thesis of Mo(VI) complexes in aqueous medium indicate formation of compounds 
with wholly substituted donor groups of ligands, i.e. the products of hydro- 

lytical polymerization as:

(Mo0j)(HL) n(Mo0jH.)(HL) ---- > (Mo0jHi-m)nLnHn-k + (k+mn)H+ '

k,m = 0, 1,2... , n = 2 ... к, m.
The composition and the structure of Mo(VI) complexes with 1,2-propane- 

diol (Ü, 2,3-butanediol ( U) , 2,3-dimethyl-2,3-butanediol (ИЛ) in nonpolar 
solutions (hexane, benzene, dioxane) were determined. In the solutions of 
Mo(VI) complexes with П_ and HJ, the equilibria are established:

2 (Mo02)(HL)2 ^ (Mo203)(HL)2(L)2 + H20

In solutions containing complexes of Mo02 and polymerization occurs 
by a chain mechanism without H20 evolution and yields di-, tri- and tetra- 

nuclear compounds.
A correlation was found between H20, H+ and diol concentrations, the 

degree of nuclearity in aqueous solutions, the type of organic solvents 
and the catalytic activity of molybdenum complexes in epoxidation and hy­

dration.
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COBALT SCHIFF BASE COMPLEX CATALYZED EPOXIDATION OF OLEFINS 
WITH NaOCI

A. NISHINAGA. M. KAKUTANI, T. UMEDA, and K. MARUYAMA 
Department of Applied Chemistry, Osaka Institute of Technology,
Ohmiya 5, Asahi-ku, Osaka 535, Japan

Cobalt Schiff base complexes [Co(SB)] are interesting because of their 
characteristic behavior as artificial oxidoreductases: dioxygenations in aprotic 
solvents, monooxygenations in alcohols, and dehydrogenations.1 However, no 
information has been available about catalytic activity of Co(SB) for epoxidation. 
We report here that Co(SB) catalyze the oxidation of olefins with NaOCI mainly to 
give epoxides. The oxidation was examined with olefins 1a - 1f. A solution of 1 In 
dichloromethane containing Co(SB) was stirred with a solution of NaOCI in a 
borate buffer (pH 10) at room temperature. Products 3-7 were isolated in 
addition to epoxides2 from the resulting mixture. No reaction takes place without 
the catalyst. The nature and distribution of the chlorinated products depend on the

1 a 1b 1c 1 d 1 e 1 f

Co(L2); Z= 2 Me Co(L5); Z= CH2CH2
PhCHO

7
Co(L3);Z Co(L6);Z=0C

structure of 1. On the other hand, the structure of Co(SB) does not afffect the 
product distribution but the reaction rate. Since both cis- and trans-stylbenes give 
only trans-stilbene oxide, the present oxidation should involve a radical process. 
Nonplanar Co(L1)-Co(L4) are more effective than planar Co(L5) and Co(L6) in the 
present catalysis. Product and kinetic analyses of the oxidation suggest a 
mechanism involving rate controlling homolysis of Com(SB)(OCI) under the 
interaction with the substrate, different from the mechanism proposed for the 
Mn(TPP)CI catalyzed epoxidation.2

REFERENCES
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ATTEMPTED CATALYTIC EPOXIDATION OF ALKENES USING A METAL 
HYDROPEROXIDE: DIOXYGEN INSERTION INTO A Pt-H BOND

T. T. WENZEL
Union Carbide Corporation, Technical Center, P.O. Box 8361,
South Charleston, WV 25303 USA

Aspects of the catalytic cycle proposed in the scheme were investigated. Step i, the 
epoxidation of an olefin by a metal hydroperoxide, has been proposed in the literature for the 
catalytic epoxidation of alkenes by hydrogen peroxide using 2 as the catalystЛ Steps ii and iii 
were demonstrated by the author. Step ii occurs smoothly at 60 °C, 75 psi H2 in 
tetrahydrofuran. Step iii, is accelerated by azonitrile free radical initiators, which supports a 
radical chain mechanism for the insertion of dioxygen into the Pt-H bond. Attempts to make 
the entire cycle catalytic have not yet succeeded.

^ „-<7
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Our recent work on the activation of molecular oxygen on metallic Cu1 lead to the 
conclusion that organic Bronsted acids such as methanol, nitromethane and benzoic acid easily 
react with Cu and 0% in the presence of a base (pyridine) according to the following scheme 
(X=-OMe,-OCOPh):

Cu + 1/2 02—Cu— О (surface)

Cu—О + HX—Cu/0H 
^X

Cu/0H + HX— CuX2+H20 
^X

As an extension of this research, we have investigated the possibility to use metallic Cu as a 
catalyst for the oxidation of monohydroxilated aromatics as an alternative to the use of CuCl 
and CuCl2. Thus, a different catalytic behaviour can be suspected starting from metallic Cu, 
respect to classical Cu(I) and Cu(II) salts, on the basis of either a different mechanism for 
oxygen activation or stabilization of different oxidation states.

While unsubstituted phenol gave 4,5-dimethoxy-1,2-benzoquinone (46%) and a-naphtol 
gave 2-methoxy-1,4-naphtoquinone (43%), the main product in the reaction of ß-naphtol was 
(1,l'-binaphtalene)-2,2'-diol (41 %)2

We here report the results obtained by reaction of 2-amino-phenol with molecular 02 in the 
presence of metallic copper.When the reaction was carried out in methanol/pyridine solution the 
main product was 2-aminophenoxazine-3-one.
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COBALT COMPLEX WITH 2, 2'-BIPYRIDYL IMMOBILIZED ON DISPERSE 
SILICA SURFACE IN THE REACTION OF P-HYDROQUINONE OXIDATION.

T. N. YAKUBOVICH. Y. L. ZUB, A. A. CHUIKO
The Institute of Surface Chemistry, Ukrainian Academy of Scien­
ces, Pr. Nauki 31, Kiev, 252650, USSR 
N. I. ERMOKHINA, Y. I. BRATUSHKO
The Institute of Physical Chemistry, Ukrainian Academy of Scien­
ces, Pr. Nauki 31, Kiev, 252028, USSR

We have shown previously1 that cobalt complex with 2, 2'-Ы- 
pyrldyl and supplementary base catalyzes the oxidation of p-hy- 
droquinone by molecular oxygen in ethanol.

It has been established that immobilization of cobalt comp­
lex with 2,2'-bipyrldy1 on disperse silica surface - aerosi 1 

leads to receiving effective heterogeneous catalyst. The ability 
of immobilized complex to reversible oxygenetion which is one 
from the main conditions determining the catalltic activity of 
heterogeneous complex has been established.

The catalltic activity of the sample was determined using 
the Og-uptake initial rates. Measurements were done with the 
volumetric Varburg apparatus. The influence of the solvent na­
ture on the oxidation rate has been determined. The oxidation 
rate is decreased in the following row:methanol > ethanol > iso- 
propanol > isobutanol. It has been determined spectrofotometri- 
rally that the oxidation product is p-benzoquinone. The investi­
gation of kinetic dependences of p-hydroquinone oxidation in 
ethanol shows that the reaction kinetics is described by Micha­
el is-Menten equation. The Michaelis constant (km- 0,5 mol/1, 
t=20°C) of heterogeneous process is some more than that of homo­
geneous one (km = 0,095 mol/1, t=19, 50C1). The mechanism of pro­
cess investigated is suggested.

REFERENCES
1. K. B. Yatslmirskli, Y. I. Bratushko, N. I.Ermokhlna: J. I norg. Chem. , 

12. 403 (1987)



OXYGEN ACTIVATION ON THE OXIDE SURFACE FOR THE OXIDATIVE 
COUPLING OF METHANE
A.G. ANSHITS, E.N. VOSKRESENSKAYA and L.I. KURTEEVA 
Institute of Chemistry and Chemical Technology,
K.Marx str. 42, Krasnoyarsk 660049, USSR

CH^ activation for the oxidative coupling of methane is 
fulfiled by oxygen preactivated on the oxide catalyst sur­
face. In opinion of different researchers these active oxygen 
species may be both dissociated (0^, 0, 0*) and molecular (02, 
o|~) forms. At the same time oxygen activation sites haven't 

been studied enough.
This report presents the data concerning the study of mole- 

pular oxygen activation on Bi-containing oxides. These data 
were obtained by the selection of catalytic systems with dif­
ferent structural properties and study of their behaviour in 
oxidative coupling of methane.

The structural analysis of the most effective catalysts . 
showed that oxides with oxygen defectness are most active for 
C^-hydrocarbon formation from methane. It has been shown that 
these oxides can activate oxygen with the formation of per­
oxide ions which can further disproportionate to atomic oxy­
gen. For this oxygen activation electron donors are needed, 
their role can be played host or impure ions.

The catalysts which satisfy the suggested requirements have 
been prepared. BigO^ doping by Li or Na causes the growth of 
oxygen defectness and at the same time the increase of O^-hyd- 
rocarbon formation activity in an order of a magnitude higher 
as compared to pure B^Oy The selectivity also increases to 
72-80 %. YBa2Gu^0r7_x with the high oxygen def ectness is more 
active in C^-formation but has lower selectivity (25 %). Esse­
ntially new catalytic systems have been suggested: 20 % at. 
Er/BigO^ and BigGeOy They have a high degree of oxygen defec­
tness and as high efficiency in (^-hydrocarbon formation as 
most active catalysts. Catalytic properties of the systems 
studied will be discussed on the base of the suggested oxygen 
activation model.
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THE REACTIVITY OF THE COORDINATED HYDROPEROXO LIGAND

S. A. MIRZA and A.F. WILLIAMS

Département de Chimie Minérale, Université de Génévé, 30 quai 

Ernest Ansermet, CH 1211, GENEVE 4, Switzerland

Coordinated hydroperoxo groups are frequently postulated as Inter­

mediates in autooxidation reactions mediated by transition metal complexes, 

but few stable hydroperoxo complexes have been reported, and little is 

known about their reactivity. This communication reports certain features
3_

of the reactivity of the hydroperoxo complex [ Co(CN) ЛООН) ] whose
1 5

preparation was reported some years ago .

In aqueous solution the hydroperoxo complex undergoes acid catalysed 

aquation according to the rate law

d(complex)
dt

- k^[Co(CN)^(OOH)

( 1 + Ka/tn3o] )

3-

This rate law was observed in the pH range 3-9 and gave values for
of 1 .72(3)x10 2 s 1 at 20°C and 1.53(3)x10 ^s ^ at 40°C; the corresponding

pK values were 5.27(1) and 5.25(1). The uncatalyzed aquation of the 
a 3

complex must be at least 10 times slower than the catalysed pathway.

In the pH range 7-9 the complex reacts with methionine at a rate which 

is faster than the aquation reaction. The observed rate of decomposition 

at 20°C was

rate = 1 .92(3)x107[ Co(CN)5(OOH)3 ]|_ methionine ][ H^O+ ]

The product of the reaction is apparently a methionine S-oxide complex 

of cobalt which slowly aquates to give free methionine S-oxide and 
[Co(CN) 6(OH2)]2 . The hydroperoxo complex is thus effecting oxygen atom 

transfer to the sulphur.
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