University of Rajshahi Rajshahi-6205 Bangladesh.

RUCL Institutional Repository http://rulrepository.ru.ac.bd
Department of Chemistry PhD Thesis
1993

Peroxo Complexes and Their Oxygen
Transfer Reactions

Khan, Mr. Abdur Rahim

http://rulrepository.ru.ac.bd/handle/123456789/947
Copyright to the University of Rajshahi. All rights reserved. Downloaded from RUCL Institutional Repository.



PEROXO COMPLEXES AND THEIR
OXYGEN TRANSFER REACTIONS

A THESIS )
Submmed to rhc Uuiversity of Ra;:lmhi Bangladesh
. in pamal fulfilment of the requirements
’ Jor the degrec of '

'DOCTOR OF PHILOSOPHY.

o
. CHEMISTRY _
D—=]F+33
Submitted by

- J ﬂlJ" &alnxs C“I'“n
[CHEMISTRY RESEARCH LABORATORY . [DEPARTMENT OF CHEMISTRY
RAJSHAHI UNIVERSITY, RAJSHAHI 'UNIVERSITY OF RAJSHAHI
JUNE, 1993 | - RAJSHAHL,.-

BANGLADESH



The chemistry of the peroxo complexes of various transition metals

has received considerable attention in recent years mainly because they
are sources of active oxygen atoms and can be used as stoichiometric as
well as catalytic oxidants for organic and inorganic substrates; eg., they
can be successfully used for the oxidation of olefins, ketones, phosphines,
arsines etc. We have successfully employed peroxo complexes to generate
glycerine from allyl alcohol which is indeed an industrial aspect of the
project.

The present thesis describes isolation and characterisation of
different peroxo complexes of Zr (IV), Th (IV), Mo (VI), W ‘(VI) »apd U (VI)
ions containing different bi~dentate, tri-dentate and quardri~dentate
ligands. A few oxygen transfer reactions of the complexes towards olefins,
ketones, triphenyl phosphine and triphenyl arsine have been investigated.

Some of the work described in the thesis has been published and the
remainder is in the process of publication.
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Abstract ix

diene (trans[l14]}diene) and an organic molecule of high molecular weight,
viz, bis (2,4,4,~-trimethyl pentyl) phosphoric acid were used as organic
ligands to isolate a few peroxo complexes. The metal ions used were Mo (VI)
and U (VI) ions. Complexes of the two macrocyclic ligands were found to
be stable towards oxidation and that of the other complexes containing the
organic molecule of high molecular weight were found to be active towards
oxidation.

The study was also extended to isolate peroxo complexes containing
a number of amino acids as ancillary ligands e.g. Glycine, Leucine and
Tyrosine. The metal ions used were Mo (VI}), U (VI), Zr (IV) and Th (IV).
These complexes were found to be effective oxidants for the oxidation of
allyl alcohol, PPh,; and AsPh,

A few Schiff bases were also derived from the condensation of
salicylaldehyde with amino acids, glycine, leucine or phenyl alanine. Peroxo
complexes containing these Schiff bases were also isclated. The metal ions
were Mo (VI), W (VI), U (VI), Zr (IV) and Th (IV). These were all inert
towards oxidation.

The complexes were characlerized by elemental analyses, conductivity
measurements, IR, NMR and in some cases by mass spectral data. The IR
spectra of the complexes indicate that the frequency of the v, mode of the
M (0,) grouping, which is essentially an 0-O stretch, decreaset_a with the

increase in the atomic number of metals in a particular group.



DMF

ATP

HMPA
HOMO
LUMO
TPP
MO
[15] ane N,
DMSO
THF
IR
NMR
dipic
pic

TBHP

1]

H

N, N° - dimethyl formamide

adenosine triphosphate

superoxide

peroxide

Hexamethyl phosphoric triamide
Highest occupied molecular orbital
=Lowest unoccupied molecular orbital
triphenyl phosphine

Molecular orbital

1, 4, 8, 12 -~ tetraazacyclopentadecane
dimethyl sulphoxide

tetrahydrofuran

infrared spectra

nuclear magnetic resonance spectra
2, 6 - pyridinedicarboxylate
pyridine 2 -~ carboxylate

tert butyl hydroperoxide



CHAPTER 1

1.1;  GENERAL INTRODUCTION ON ZIRCONIUM, THORIUM, NOLYBDENUN, TUNGSTEN
AND URANIUM  METALS.

1.1.1: ZIRCONIUM

Zirconium was discovered by M.H. Klaprothl, a German chemist near
the end of eighteenth century. It is commonly found as silicate, oxide etc.
It appears to be nearly as abundant as carbon in the earth’s crust. It
constitutes nearly 0.017 percent of the earth’s lithosphere. The principal
ores are baddeleyite, Zr0O, and Zircon, ZrSiO,. Baddeleyite is found in Brazil
and Sril.anka and Zircon in New South Wales, India and Brazil. According
to H.A, Rowlandz, . W. Dyson3 and J.N. Locl:cyer'1 zirconium occurs in the
sun. M. Merrill® reported zirconium bands in the spectra of stars and H.
Laspeyerss in meleorities. Some volcanic lavas contain upto b0X of
- zirconium.

Zirconium is a bright white metal which is soft, malleable and ductile
when pure. It melts at 1875°C. It occurs in three forms (a) crystalline (b)
graphitic and (c) amorphous. The crystalline form is hexagonal.

Zirconium and its com;;ounds are used’ in the arts and industries.
Ferrozirconium is used as a scavenger in the steel industry. It is also

used in the construction of some wireless valves and in surgery. Zirconia
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is used in the manufacture of highly refract,or:,rﬂ crucibles, muffles,
resistance cores etc. The use of zirconium compounds-oxide, silicate,
carbonate, sulphite and phosphate- as pigments has been pa.tenteds. The
basic acetate is sold as konstrastin for weighting silk!?. Zircon is used in
making the knife edges and planes for balances on account of its hardness.
The insolubility of zirconium phosphate in dilute mineral acids makes
zirconium nitrate an excellent reagent for removing phosphate ion in
qualitative analyses,

1.1.2: THORIUM

Thorium was discovered by J.J. Berzelius!! in 1815, This was first
named Thorine after the god Thor' of scandinavian mythology. Thorium is
widely distributed in nature, but in very small proportion. J. Joly12
estimated that the earth’s lithosphere contained from 0.2x10°%-3x107% gm per
gm. The thorium minerals are largely concentrated in about five areas. (1)
Norway and sweden (2) North America (3) Brazil (4) Urals (5) Tasmania.

J.J. Berzeliusla, the discoverer of this, extracted it from thorite, Th
Si0,. According to C.R. Bohn, most of the thorium compounds in commerce
are extracted from monazite, a complex phosphate {Ce, La, Y, Th) PO,
Monazite is found largely in Brazil and India.

Scon after the discovery of radioactivity of Uranium, G.C. Schimdt!*
and independently M.S. Curie'® found that the thorium and its compounds
and thorium minerals are also radioactive. Thorium products emit a mixture
of a, § and y- rays. The radio activity of thorium products is a complex
effect due to the presence of a series of transformation products derived

form thorium itself: Thorium ——#* Mesothorium-1 —#* Mesothorium-2 ——»
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» Thorium emanation ———» active

» Thorium -x

Radiothorium
deposit of Thorium.

Pure thorium is a soft white metal which is both malleable and ductile
and which will burn in the air. Unlike the other metals of the group it is
soluble in Hcl. It melts at 1830°C and shows no signs of allotropy.

R. Escales!® described the use of thorium slloys as reducing agents.
E.W. Von Siemens and T.G. Halske !’ recommended an alloy of tungsten and
thorium in the manufacture of filaments for incandescent lamps. Thorium
is one of the most important raw materials for the production of nuclear

U233

energy. Its irradiation in nuclear reactors yields fissionable isotope

by an (n,y) reaction. 90th®*? n,y. 90 Th®®® -p~ 91pa®*? -p- 92 U

1.1.3: MOLYBDENUM

In 1782 P.J. H,jelm18 separated the metal from molybdaena and called
it molybdenum. It does not occur in the elemental form in nature. The most
important ore of molybdenum is the sulphide, Mo Sz which is found as the
mineral molybdenite or molybdenum glance; but wulfenite, PbMoO,, is also
used as a source of the metal.

Depositl,s.are found in many parts of the world, but chiefly in the
United states of America, Mexico, Norway and India. Small amounts of
molybdenum ( 0.1-0.3 ppm)} are also widely distributed in fertile soil. The
metal which may be a biochemical catalyst, is taken up by some plants,
peas and bean containing 3-9 ppn‘l-; E. Demﬂ.r(:ay19 observed molybdenum
occurring in the ashes of some plants - scotch fir, silver fir, vine, oak,

poplar and horn bean. Molybdenum can be extracted both by carbon
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reduction process and electrolytic process.

Molybdenum is a silver-white metal which melts at 2600°c and boils at
5000°c. It is oxidized in the air at a red heat to molybdic oxide.

The metal is mostly used in the steel industry for making alloyse-
molybdenum steels and can to a limited extent replace the more expensive
tungsten. It volatilizes too easily to be suitable for use as the filaments in
incandescent electric lamps, but is used as a filament support both in
lamps and in radiovalves. Molybdenite is used as a rectifier in wireleas
telegraphy. Molybdenum wires has been recommended as resistance wire in
electric furnaces?®. It is used as a substitute for platinum and platinum -

iridium alloyszl.

1.1.4. TUNGSTEN

The history of tungsten is closely associated with a mineral which was
thought to contain tin, presumably because of its density. Thus J.G.
wallerius®? called the mineral from Bohemia lapids staniferi spathacei. In
Sweden, the mineral was called tungsten- from the swedish tung heavy or
ponderous; and sten stone -and A.G. We;nerza called it schwearstein. The
only importa.;\t, ores of tungsten are scheelite CaWo, and wolframite, (Fe,
Mn) Wo,.

Tungsten does not occur in nature in the elemental form. According
to F. clarke and H.S. Washington?? the average proportion of tungsten in
the. igneous rocks of the earth’s crust is 5x107% percent. The main deposits
of tungsten ores are in china, Burma, U.S.A., Bolivia and Portugal; the

Chinese deposits being the most plentiful. Tungsten is usually extracted
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from scheelite. Pure tungsten is ductile and can be drawn out into very
fine wire. Its melting point is near 3400°c.

The main use of tungsten is for producing extremely hard and tough
steel containing 3-6% of the clement. This steel is used for armour plate,
projectiles and for cutting tools. Owing to its suitable electrical resistance,
high melting point and extremely low vapor pressure, tungsten is now
almost the sole metals used for the filamenta of incandescent electric lamps.

C. Beindl®® used it with good results as a catalytic agent in the
synthesis of ammonia. Tungsten oxide and Tungestates have been used in
dyeing industry.

1.1.5: Uranium

M.H. klaproth®® in 1786 read a paper : "chemische Unlersuchungen des
Uranerze" in which he showed the existence of a new element. He called
the element uranium - after the planet Uranus. According to F.W. clarke

and H.S Washington“‘

the average proportion of uranium in the igneous
rocks of the earth’s crust is 2.3x10"5 pércent. The chief source of uranium
is pitchblende, also called uraninite which is a complicated silicate
containing U, Pb, Th, Fe, Ca, Bi, Ra, Sb and Zn. The other ores are
kasolite, a lead uranyl silicate and carnotite. K,0 2U0Q;. V,0;. 3B,0. The
main deposits are in the Belgian Congo and Canada, but there are
important deposits in the U.5.A and in Bohemia. In the past, uranium -
bearing ores have usually been worked for radium, the uranium being a
bye-product. But the possibility of using uranium as a source of nuclear

energy has changed this situation and has also made details of Improved

methods of extraction secret. The radiocactivity of uranium was discovered
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by Henry Becquerel” in 1896. Uranium and its compounds are largely used
as a source of nuclear energy eg for the preparation of hydrogen bombs.
Other uses of uranium are in the manufacture of iron alloys®® in
photometry?? as a dye for textile leather and wood?® in medicine for
diabetes®! etc. It is also used as a catalyst in chemical processes32 and x-
ray anticathodes. Four countries Canada, south Africa, U.S.A and France

control 85 to 90 percent of the world’s known low cost uranium reserves.

1.2: OXYGENATED COMPLEXES OF TRANSITION METALS

(peroxides, superoxides and p-peroxides)

Dioxygen, superoxo and peroxo complexes of transition metal centres have

33-43 owing to the relevance of this chemistry

received wide spread attention
to oxygen transport and catalytic activation as in the biological O, carriers,
oxygenases, peroxidases and hydroxylases“. Metal peroxides are key
compounds in this area and we have a programme in our laboratory to
synthesize new organoperoxc complexes of different transition metals of
group 4A and 6A in order to gain a deeper understanding of the factors
which influence the reactivity, structure and bonding in these novel
compounds,

Dioxygen itself is a reactive entity but since it has a triplet ground
state, its direct combination with organic molecules is a spin—forbidden
process“. Tranistion metals having multiple spin and oxidation states can
readily interact with dioxygen, and in some cases, they form isolable
oxygen adducts. In these associations the metal acts as a reducing agent
by filling the antibonding ug' orbitals of dioxygen. It increases the 0-0

distance and facilitates its cleavage. The oxygen molecule is thereby
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activated and the chemist may take use of this activated oxygen for
scientifically or technologically interesting oxidation reactions.

Investigation into the fixation and activation of molecular oxygen by
transition metals were largely initiated because of an interest in model
compounds that are used in studying reversible oxygenation mechanisms
involved in the very complex natural oxygen carriers eg the hemoglobine
and hemocyanins;

Viz,

MLi + 0, = O,MLi;

M = Fe ; Li = porphyrin ligand.

The respiratory pigments are able to fix oxygen molecules from the
atmosphere, to transport them to their sites of reaction and there to
release them. This is in a sense, is a catalytic process and is reversible.
The respiratory chain used to produce energy in the form of A’i‘P
(adenosine triphosphate) in aerobic metabolism is based on the reductions
of oxygen to water and is extremely efficient.

A common feature of these reactions is the involvement of metal atoms
in complexing and activating oxygen.

The dioxygen-metal adduct Mo, can have either the " Superoxo"
structure (0,”) when the metal is a potential one-electron donor or the
peroxo structure (05] when the metal is a potential two-electron donor.
These dioxygen adducts may further react with a second metal to produce
the "p-peroxzo" species MO,M, which can be transformed either by cleavage
of the 0-O bond into the "OX0O" species M=0 or by loss of one oxygen atom
into the "p- oxo" specie M-0-M. The hydroxo species M-~OH can be further
obtained by hydrolysis of the Oxo complex. The oxygenated complex of

transition metals are shown in Fig 1.
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Fig. 1. Oxygenated conmplexes of transitional metals.
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Al these six different types of oxygenated complexes can be

considered as potential sources of oxygen atom liable to be given to

reactive substrates.**"*% .

(i) Superoxo complexes are the primary reversible dioxygen adducts
occurring naturally in the oxygen—-carrying iron-porphyrin respiratory
pigments such as myoglobin. They also intervene as precusors of active
peroxidic species in enzymatic monooxygenases containing the cytochrome
Py5o as prosthetic group?:

(ii) Peroxo and p — peroxo complexes containing dioxygen are bonded to the
metal in a peroxidic form. They are responsible for various selective
oxidations such as epoxidation, Ketonization, oxidative cleavage of olefins
and Bayer-Williger lactonization of Keltones etc.

{iii) p - oxo complexes have been shown to be the active species in copper
catalyzed oxidation of alcohols to Xetones and oxidative cleavage of
pyrocatechol“.

(iv) Oxo complexes often behave as carbenic reagents and are responsible
for various oxidalion reactions, eg, epoxidation of olefins, oxidative cleavage
etc.

{v) Hydroxo complexes intervene in Wacker - type oxidations involving
hydroxy-palladation of olefins giving carbonyl compounds.

We are interested only for the reactivities of the peroxo complexes.

1.3: THE BONDING OF OXYGEN TO METAL
1.3.1: The electronic structure of dioxygen compounds :

The bonding in molecular oxygen is best described by molecular
orbital theory“. According to this theory the valence orbitals of the two
oxygen atoms (ZSZZP") combine to give molecular orbitals whose relative

energies are shown in Fig 2.
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The ground state of molecular oxygen is observed to be a triplet state
(3;) with two unpaired electrons occupying a pair of degenerate T
antibonding orbitals, The two lowest excited states are formed by
redistributing the two electrons in the 2P n° orbitals., The configurations
and energies for the ground states and first two excited states are shown
in Fig 3.

Molecular orbital theory also predicts bond orders of 2.5, 2. 1.5 and 1 for
the dioxygenyl cation 0, molecular O, superoxide O, and peroxide o§'
respectively.

The molecular orbital diagram given in Fig 2 is valid for a free
oxygen molecule but for O, under the influence of the electrostatic field
of a transition metal ion in a complex, the situation will be some what
different. It was first postulated by Griffith®” that this influence might
remove the degeneracy of the 2Pn" level and that in certain cases, the
energy difference between the two orbitals may become larger than the
energy of pairing i.e. the two electrons will then be located In the more

stabilized of the two orbitals with their spin paired (Fig 4).

2 .
7 pr (p,)
/
ZZp'n'* . 1 L —
A
\ 1\’ *
\ 2w
E (py)
Free O2 O2 in a ligand field

Fig. 4. 1Influence of a ligand field on the electron
distribution in the oxygen molecule.
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Griffith has also indicated that in this situation the oxygen molecule has
an electronic configuration comparable with that of ethylene in its ground
state. We may therefore, visualize the electron distribution in terms.

i z idizati 0 f the sp
of a trigonal Sp° hybridization at the two oxygen atoms. OUne o P
hybrid orbitals of each oxygen atom is used for mutual o- bonding and
the other two are each doubly occupied ; in other words, they form a set
of four lone pair orbitals (n,) oriented in the same way as the four

hydrogen atoms in ethylene {Fig 5). There is also one effective n— bond in

the molecule ; the lowest energy empty antibonding orbital is 2Pr" (Px)

1.3.2: Bonding in metal dioxygen complex.
Two basic classes of metal dioxygen complexes have been proposed as
model systems; those incorporating dioxygen in a side-on linkage {(the

vaska-type complexes Fig. 6)""'l9 and those involving a single metal

50-52

dioxygen o-bond, proposed by pauling and others (Fig. 7) « The former

34,53 39,41~

class, discovered and intensively studied by wvaska and others

43.54-57 ere said to have covalent linkages between the metal and the
peroxide group in an isosceles triangular fashion. Perhaps the simplest way
to understand the metal peroxide interaction would be through the

comparison of Og"and C,H, as ligands*®

. In the ethylene complexes, the
olefin is usually considered as donating electrons from the n bonding
orbital to the metal, while the metal donates electrons from an appropriate
filled d orbital to the empty, antibonding T orbital of the olefin. In the
peroxide ion, the n orbital is already filled, so that no back bonding is

possible. At the same time, there may be donation to the metal both from

the n- and © orbitals of the peroxide group, at least when the metal is in
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a sufficiently high oxidation state. The effect of coordination on the 0-0

bond would then depend on the relative strengths of the two interactions -

»
in other words, on whether donation was principally from n — oOT from n
orbitals of the peroxide group (Fig 8).

It has been mentioned that removal and addition of electrons to the

" orbital of dioxygen brings about many changes &s summarized in Table

134,58.

Table 1. Properties of dioxygen and its ions.

Bond 0-0 Bond U(O—Ol
Order A° Energy -1 cm”™
kcal mol
o; 2.5 1.12 1905
A~
0, 2 1.21 118 1580
v
o; (Superoxide) 1.5 1.33 1097
027 (peroxide) 1.0 1.49 35 802
22—

~
O
<o




Fig.

GHp

- (c)

Possible scheme for representing the inter-
action between a transition metal atom and
ethylene or peroxide as ligands. .

(a) Donation to the metal from a wm-bonding
orbital of ethylene; (b) donation from the
metal to a m-antibonding orbital of ethylene;
(c) donation to the metal from a w-bonding
orbital of peroxide; (d) donation to the

metal from a w-antibonding orbital of peroxide.
An orbital indicated by full lines contains

an electron-pair; those indicated by broken
lines are empty. For simplicity, the metal
orbital interacting with the w-bonding ligand
orbitals have been drawn as sp hybrids,
although they will probably have d—character48
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1.4: MODE OF FORMATION OF TRANSITION METAL PEROXIDES.
The dioxygen complexes which are referred to as the side- bonded or

T - bonded dioxygen complexes are diemagnetic and can be obtained by two

. 57,59
Principal methods?!42,57,5 .

1.4.1: Ligand exchange by reaction of 022— and a high-valent metal_
complex; an acid-base interaction :

Specifically, this consiste of reaction of hydrogen peroxide with a

complex containing a metal in a higher oxidation state.

e -0-H o)
M= 0 + H202~—~9M1:2~’ —n” | 4 H,0 [3]
Co-n o
Examples:
CrO;.ONC.H, + 2H202———9-é//,‘ ] + 2H,0 [4]
ONCH
o)
MoO, + 2H.0. + HMPA-——9 | l + H.0 (5]
3 272 o //, 2
HMPA H.,0
or
111 11— 9 + '
COTMHL0) ) + B0, ——e 5y | + 24,0 (6]
-0 3 :

In these examples, the dioxygen is provided in an already reduced
(peroxide) state. The metals in their higher oxidation states do not enter

into back bonding to dioxygen. Complexation occurs from the (Lewis) acid-
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base interaction between the metal ion and the peroxide ion.

A great number of peroxo complexes of group 4A, 5A and 6A have
been prepared by this method and shown by X-ray -crystallographic
structure determination to exhibit the triangular model of bonding of
peroxide to metal?®:48:34:57.81 por most of these complexes, there is very
little variation in the O-O bond distance despite differences in the metal,
ancillary ligands, valence state and str'uc:tureqz
1.4.2: Oxidative addition of dioxygen to a complex of a low valent metal.

The second method of obtaining peroxe complexes is the direct
introduction of dioxygen with reduced, two electron donor metal complexes.
The peroxidic nature of dioxygen adducts such as M (PPh;),0, [M = Pd, Pt}
has been demonstrated by obtaining hydrogen peroxide upon hydrolysis of

the complexes with strong acid®®,

0
—
Mt + o, > MPt2 (7]
\ O
Examples:
P Ph,
PPh co co 0
3
N ' ™~ III//
Ir\ + O2 > Ir (2]
x’/// PPh, x’//' \\\‘o
PPh,
o)
I 111
Co ¥ 0 —=> ¢4 | (8]
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1.5. TRANSFER OF COORDINATED OXYGEN FROM TRANSITION METAL
PEROXIDE TO ORGANIC SUBSTRATE.

The peroxo complexes can be considered as pot_ential donors of
oxygen to reactive substrates. The primary oxygen source for the
preparation of these peroxidic complexes can be either molecular oxygen
itself or peroxidic compounds such as hydrogen peroxides or
alkylhydroperoxide. Hence the way in which . transition metal peroxides
release oxygen to substrates is particularly relevant to the catalytic
properties of transition metal complexes in selective oxidations involving 0,,
ROOH or H,0, as the oxygen source.

In order to understand better the reactions of peroxo complexes, it
is instructive to consider the general reaction of olefin with M-X group.
The key step in most of the transition metal catalyzed transformations of
olefins coneists of the w0 rearrangement of the olefin on the metal shown

by the equation (9).
20 |
. . ]
M—X + < ="M —x= M—C—f—x |

This transformation can be described as the insertion of the
coordinated olefin into metal -~ nucleophilic bond M-X. In the case of metal
bearing oxygen atoms, the application of this general principle leads to a
peroximetallation process if the metal is bonded to a peroxidic group, or

to an oxymetallation process if the metal is bonded to an oxygen atom as
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in oxo or hydroxo complexes.
The insertion of substrates such as olefin or ketones into the metal
peroxides give rise to the formation of a tive-membered peroxymetallocyclic

adduct e.g. for olefins.

o : 0 0-0
/ ~— v \/ —_—N / \ -
M+ M =M . C 10
N |
For ketones,
0o ||
07

0 ; 0-0
M/ + :_ M/T —_— M/ [11]
™o o' N0

The coordination of the substrate to the metal prior to insertion is
only necessary for nucleophilic substrates??’®3, For electrophilic substrates
such as cyano olefins or hexafluoro acetone, this preliminary coordination
is not necessary and the peroxo metallocyclic adduct resultse from the
bimolecular 1,3~ dipolar addition of the substrates to the peroxo group as

shown in equations [12]6‘1 and [13}65
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: Me CN + ,0-0 0
A S l CN N
(PPh,) ,Pt + ,‘:{ = {(Ph,P) ,Pt —>(Ph.,P) ,Pt 0
372N Mé o 32 MD N . 3 AN
/C -~ C— CN
Me  Me CN
Me
{12]
F.C 0-0)
0 3 CF
e \ 0
LnIr\ [+ /c:o = LnIr+/ / 3——>LnIr<’ \O (13]
0 PG 0-cZ-CF
3 CFq N
0 CFy

1.6: AIM OF THE PRESENT WORK.

Studies on the peroxo complexes have received considerable attention
in recent years because many of these complexes are efficient
stoichiometric and catalytic oxidants for organic and inorganic substrates.
The reactivity of metal peroxides can be greatly modified by introducing
metals of different sizes and ancillary ligands with different donor
properties. In particular peroxo complexes containing lighter metals for
instance [Zr(C H NCO00),(0,})] were kinetically stable towards olefinic
compounds whereas the analogous complexes of heavier metal, like, thorium
was an efficient oxidant. It was therefore, an interest to synthesize new
peroxo complexes of the lighter transition elements, viz, zirconilum and
molybdenum and also some heavier transition elements, tungsten, thorium

and uranium. It was aimed to isolate peroxo complexes of the above metals
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containing mono-dentate, bi-dentate, tri-dentate and quardridendate organic

ligands. It was also of interest to isolate peroxo complexes containing

tetraaza-macrocyclic ligands, amino acids and compounds of high molecular

weights, viz., Lix-34c cyanex-272, Lix-54 etc. Investigation into the
reactivity of these complexes towards various substrates was also a subject
of our interest. A comparative study dealing with the stabilities of the

peroxo complexes based on the size of the metal as well as on the nature

of coligands used will also be the subject of our interest.

1.70 LITERATURE SURVEY

Oxygen carrier complexes have many uses. One of the novel
application was their use by the U.S Navy during world war II to supply
oxygen for welding and cutting purposesss'm.

Dioxygen complexes of transition metals besides having an intrinsic
interest of their own are of considerable and growing importance for their
ability to catalyze oxygen insertion reactions and oxidation of organic
substrates,3334, 40-43,48,54,55,58,68-73

In this respect, they may be compared in some ways to
"oxygenases”" and "oxidases" respectively.

A great number of transition metal complexes with oxygen as a ligand
are known. As early as 1852 Fremy '’ reported that " ammonia-cobalt salts"
and particularly the nitrate, absorb oxygen from the air and release it
again when dissolved in water.

In 1933 pfeiffer et al.’® reported that the red brown crystals of bis~

salicylaldehyde-ethylene diimine cobalt (II) complexes darkened on exposure

to air. Tsumki'® proved that the colour change was due to reversible
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sorption of molecular oxygen but it was a long way from there to the more

sophisticated cobalt (II) chelates, which are considered now as suitable

model substances for the natural oxygen carrier systems and to the

catalytically active transition metal-oxygen complexes. These have been

extensively reviewed®® 86:68,73,77,78
Oxygen transfer from peroxo complexes to substrates:-

Chromium, molybdenum and tungsten oxodiperoxo complexes with the
general formula M(0)}(0,),L, have been obtained by reaction of a ligand, L
(eg. amide, phosphoramide, amine, phosphine oxide, arsine oxide, aromatic
amines and their oxides) with a solution of MoO,; or WO, in hydrogen
peroxide“'m.

These complexes, which are soluble in organic solvents, are able to
react with various reactive substrates. Mimoun et 2L3%*'%? have studied
epoxidation of olefins by [Mo(0) (0,), HMPA. H,0] and showed that the
reaction proceeds via two steps: reversible coordination of olefin to the
metal displacing the ligand, followed by irreversible oxygen transfer to the
olefin.

Displacement of the ligand L by the olefin has been shown to occur
using NMR measurements and kinetic studies. Further, a strong inhibitory
effect of the presence of o donor ligands on the rate of epoxidation has
been observed®Z.

Since coordination of olefin to the metal is the rate determining step,
epoxidation occurs more readily when the olefin possesses substituents

which make it more nucleophilicu.

Several mono peroxc-molybdenum complexes, [Mo(O)(O.L,)Ln]B0 and
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81 ared
dideroxo-molybdenum complexes, [Mo(0)(0;); Lnlel have been prep

82
and found to epoxidize many different types of alkenes

pe

Y || A
N ™ )

L L : l-| L2

Fig. 93 monoperoxo molybdenum Fig. 10; diperoxo molybdenum

complex complex

Among the monoperoxo-molybdenum complexes synthesized are
Mo{0){0,)(dipic) H,0, Mo(0)(0,) [PhCON(ph)0],, Mo (0)(0,)X,L,, Mo(0)(0,) Cl
(pic} and Mo(0)(0,) Cl,. HMPA epoxidises unactivated alkenes, but the
epoxide is mainly formed at the beginning of the reaction and
progressively disappears to be replaced by products of oxidative
cleewage85

The diperoxo-molybdenum complexes (fig 10) can be easily prepared
from addition of the ligands to a solution of MoQO; in hydrcgen peroxidems

The diperoxo molybdenum complexes have been found to
stoichiomelrically oxidize alkenes to epoxides in good yields at room
33,38,86-90

temperature in aprotic solvents

The epoxidation of alkenes is stereo selective, ie cis—alkenes are
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'le

. q. 38
transformed into cis-epoxides and trans-alkenes into trans—epoxides

The mechanism for the transfer of an oxygen atom from Fig 10 to an
alkene has been the subject of many discussions. Spectroscopic and kinetic
studies reveal that the first step in the epoxidation of an alkene by
Mo(0)(0,),. HMPA is a reversible displacement of the ligand {probably the
equatorial) by the alkene, followed by irreversible oxygen transfer to the
alkene>'®8:%L 1t has been observed that the rate of epoxidation is reduced
by the presence of 6-donor ligands, and furthermore, complexes with
equatorial positions adjacent to the peroxo moiety occupied by anionic
ligands or strongly complexing bidentate or tridentate ligands are
unreactive??. 130-Labeling studies demonstrate that it is the peroxygen that
is transferred to the alkene®!. The reactivity of the alkenes increases with
their nueleophlicitya:’. The two mechanisms suggested for the oxygen
transfer from Mo(0){0,), to an alkene are outlined in scheme 1.

The first mechanism (scheme 1 [II] involves interaction of the alkene
with one of the peroxygens; this mechanism is similar to those suggested
from both an experimental and a theoretical point of view for epoxidation
with group IV and V transition metals and peroxides as well as epoxidation
of alkenes with per-acids. The second mechanism, {scheme 1 [12] starts
with the coordination of the alkene to molybdenum by which the alkene
loses its nueleophilic character, 1II. The next step consists then of an
intramolecular 1,3 dipolar cycloaddition of the peroxo group to the
coordinated electrophilic alkene, yielding a five membered

peroxometallocycle, 12, which decomposes by a 1,3-dipolar cycloreversion

mechanism to the epoxide and the Mo(0),(0,) complex.
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O/——--'Mo/ ' — _C—C— + O—-uo—-—o [12]

SCHEME, 1
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The two HOMOs of 10 are mainly of pz and px character at the

peroxygens and antibonding, schematically shown in 13 and 14 whereas

among the LUMOs an orbital with py character, o antibonding between the
two peroxygens is found in 15%%

The empty orbitals of 10 are mainly d orbitals at molybdenum and
thus able to interact with ligands.

The two mechanisms in scheme 2 for the epoxidation of alkenes have
been suggested on the basis of frontier orbitals of Mo(0){O, )292-

The first step in the two mechanisms is the coordination of the
alkene to molybdenum in a parallel (scheme 2, route a) or perpendicular
(scheme 2, route b) orientation relative to the molybdenum-peroxo plane.
By a slipping motion of the alkene from the two orientations at the
molybdenum atom toward one of the peroxygens favorable interactions
between the n and n" orbitals of the alkene and 15 and 14 (or 13) become
possible. The similarities of the transition state 16 and 17 and of those
discussed in relation to oxygen transfer from the ;ther d® transition metal
alkylperoxo complexes outlined above are thus obvious. It was not possible
on the basis of the extended- Huckel calculations to distinguish
energetically between 15 and 16. The total energy for 12 was found to be
higher than those of the transition states in the mechanisms in scheme 2°2.

Olah et al'® carried out the epoxidation of many organic olefinic
compounds with uranyl peroxide, U(0),(0;). 4H,0. They also proposed a
mechanistic path for epoxide formation similar to Mimoun's.

P

L |
Jacobgon et al.  have reported oxo di- and mono-peroxo complexes

of Mo and W containing picolinato and pyridine-2,6-dicarbxylato ligands of
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- + C.H.N(CO0) JH 0.
general formulae [M(0)(0;), CHNCOO]™ H0 and [M(0)(03) CsHaN 27772

i d W
They also reported characterization of peroxc complexes of Mo an

having outer sphere uncoordinated ligand eg [M(0)(0, ], CSHqNCOO]--
2CH ,NCOOCH. Hpe' (M=Mo and W). The molybdenum peroxo complexes,
[Mo(0)(0,)C5 H,NCOO] H0' and [Mo{0)(0,)CH N(CO0),JH 0 have been used
as catalysts for the Bayer-Villiger oxidation of cyclic ketones by H,0,(90%)
to lactones and their derivatives. Using the peroxo complex
[Mo(0)(0,)CH,N(CO0),] H,o as oxidant and cyclopentanone as substrate,

Jacobson et al*® obtained &-valeroclactones (45%) and 5-hydroxypentanoic

acid (15%)

0
o
Cho\n
\ll N --Mo
i @ U
0- C——-h
O i”

[20]

The suggested mechanism involved the formation of the peroxo-
metallocycle via the ingertion of the carbonyl bond between the M-O bond,
just as the proposed mechanism for the epoxidation of olefines. It has been
reported that the peroxo complexes containing monodentate ligands such as
Mo(0)(0,), HMPA. H,0 decompose readily and are not suitable as catalysts
for oxidation of cyclic ketones; however, peroxo complexes stabilized by

polydentate ligands are being used as successful oxidants. Besides, the
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¢ = idize secondary alcohols
complexes [M(0)(0,),CH,NCOOJHz (M = Mo,W) oxidiz

to ketones.

Tarafder et al?® prepared several zirconium peroxo complexes

containing mono,di— and tridentate ligands. These complexes were found to

oxidise triphenyl phosphine or triphenyl arsine to their oxides. A possible
reaction path which was shown is described in scheme 3.

Tarafder et al* prepared séme peroxo complexes of group 4A ad 6A
metals containing nitrogen-sulfur donor ligands. They found that Mo(VI)
complexes were not reactive toward allyl alcohol. But complexes of zr(IV)
and Th(IV) were found to oxidize triphenyl phosphine and triphenyl arsine
to their oxides.

Dengel et al?® prepared a number of new stable carboxylato peroxo
complexes and presented spectroscopic data for them in the solid state and
in solutions. They reported for the first time the X-ray crystal structure
of a glycolato peroxo complex. They found that carboxylato ligands capable
of forming five membered rings with the metal {eg, oxalate, citrate,
tratarate, maia.te, tartronate, glycolate, quinate, 1, 3 5- tetrahydroxy-
cyclohexane carboxylate] generally give stable complexes with peroxo
coligands. But carboxylates which did not form such rings (eg. acetate
adipate, succinate, salicylate etc) did not form such complexes. The
formation of the peroxo complexes also depended on pH.

Tarafder?’ reported some adduct type hexacoodinated peroxo
complexes of thorium with the molecular compositions [The(A—B—C)OzL] [A-B-
C = pyridine 2, 6-dicarboxylate ligand, L = triphenyl phosphine oxide,

arsine oxide etc). The compounds were very stable and failed to oxidise



SCHEME 3
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allyl alcohol.

Vi), and
Tarafder et al®® reported the peroxo complexes of Zr(IV) w(VI),

U(VI) ions containing multidentate ligands, eg. EDTA. They showed that the

complexes were very stable and were inactive towards oxidation of allyl

alcohol, triphenyl phosphine or arsine.

Dengel et al”® studied the transition metal peroxo complexes of
niobium(V) tantalum(V), zirconium(iV) and hafnium(IV) containing
carboxylato ligands eg glycolate, citrate etc. They found that reaction of
aqueous solutions of the tetraperoxo species K,[M (0,), 1 [M = Nb and Ta]
with the carboxylic acid in 1:1 ratio in the presence of an excess of H,0,
leads to the new complexes of the type K; [M(0,), (glyc)). 2H,0. and K, [Nb
(0,); (mal)). 2H,0. The presence of excess of H,0, in the reaction mixture
served to increase the yield of the product.

100 ctudied the kinetics of the oxygen transfer reactions

Ghiron et al
of diperoxo and monoperoxc complexes of some metals. They observed that
oxodiperoxo complexes were much more reactive than the monoperoxo forms.

Bhattacharjee et al.'®’ examined the reactivities of [Zr(0}(0,)F ,] 2= and
[Zr(0}(0,),F] 3. The complexe [Z2r(0)(0,)F,] %~ jon reacted with S0,(g) in
aqueous medium to afford the ternary [Zr(O)(SO4)F2]2' complex through
insertion of S0, into 0-0 bond.

Fujii et al. 102

gave EPR evidence of intermediate peroxo complexes
formed in a SOD model system. They proposed the following mechanism for
Fe-EDTA peroxo complex, scheme 4.

Chen et al'®® examined the dioxygen adducts of Ni(II) and Co(1I)

dioxopentaza-macrocycle complexes and summarised their results as (i) Ni-



+
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: i ‘ ducts as do
complexes of the above ligands formed short lived dioxygen adduc

their Co (II) analogues; (li) the dioxygen affinities of Co (II) complexes

were considerably higher than the corresponding Ni (1) Complex, (iid)

dioxygen complex formation was strongly exothermic and involved large

negative entropy change, (iv) substitution of alkyl and aralkyl groups at
the 15 - position slowed the rate of degradation of the dioxygen complexes
of both Co (II) and Ni (II).

Tarafder et al'?® examined some peroxo complexes of Cr{VI). Mo(VI),
W(VI) and 2Zr(IV) ions containing tridentate and quardridentate neutral
ligands. They showed that the complexes were inert towards oxidation of
triphenyl phosphine or arsine due to the enhance stability of the metal
peroxo moiety in the presence of tridentate or quardridentate ligands
which precludes oxygen transfer reaction.

Islam et al'?® studied some peroxo complexes of Mo(VI) and W(VI)
with a dinegative bi~dentate and a neutral bidentate ligands and found
that the complexes were inert towards oxidation of olefinic compounds but
can oxidize PPh; and AsPh; to their oxides.

129 synthesized some mixed ligand complexes of Zr(IV) and

Islam et al
Th(IV) ions containing bidentate organic ligands. Zirconium complexes were
found to be inert towards oxidation of allyl alcohol but can oxidize

triphenyl phosphine and triphenyl arsines whereas the thorium complexes

were active towards oxidation of PPh, and AsPh, as well as allyl alcohol.



CHAPTER 2

In this chapter experimental techniques other than the methods of

preparation of the complexes will be discussed.

2.1. CLEANING OF GLASS WARES

Glass wares were cleaned in an acid bath, a hot mixture of sulfuric
acid and nitric acid. The acid was removed with tap water and then washed
with distilled water. These were then dried in an oven at 180°C for 2-3

hours.

2.2. MATERIALS
2.2.1: 2Zr{(Iv), Th(1v), U(VI), Mo(VI) and W(VI) compounds.

Zirconium nitrate, tetra-hydrate, Zr(NO;),.4H,0, Thorium nitrate tetra-
hydrate, Th(NO,),.4H,0 Uranyl nitrate hexa-hydrate, UO,(NO,),.6H;0. and
Tungstic acid, WO, were obtained from British Drug House (BDH) and
Molybdic acid, MoQ, from May and Baker (M & B). The chemicals were all

analytical grade and were used without any purifications.

2.2.2: Ligands

8-hydroxyquinoline, 2-aminobenzoic acid, 2-aminophenol, pyridine-2-

carboxylic acid, quinoline-2- carboxylic acid, Benail, cyanex-272,

diamminoethane, obtained from MERCK, O-phenylene diamine, glycine and

hydrazine hydrate from BDH, [15] ane N, from ALDRICH and Leucine,
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Tyrosine, glycine, and phenyl alanine from MCB were all. analytical grade

and were used as received.

2.2.3 : Other chemicals

n-hexane, Benzene, Dioxane, Benzyl chloride, dichloro ethane, acetone,
triphenyl phosphine, triphenyl arsine, dimethyl formamide, dimethyl
sulphoxide, potassium bromide, hydrogen peroxide, phosphorous pentoxide,
potassium hydroxide, carbondisulphide, sodium sulphate obtained from
MERCK, tetrahydrofuran, n-butanol, trans stilbene, allyl alcohol, Salicylic
acid, methanol, glycol, hydrogen bromide from BDH and ether from FLUKA
were used as supplied. Absolute alcohcl obtained from Carew and CO,

Bangladesh was further purified by refluxing first with I, and Mg-turnings

for 23 hours and distilled.

2.3 : PHYSICAL MEASUREMENTS
2.3.1: Conductivity
{i) The conductivities of 10™*M solutions of the complexes
(CHAPTER-3) in N, N-dimethyl formamide {DMF) were measured
at 298k with a conductivity bridge type MC 3 ({Electronic
switchgear Ltd. London).
{ii) The conductivities of 10™M solutions of the complexes
{CHAPTER 4-10) in dimethyl sulphoxide (DMSO) were measured
at 298 k using a WPA CM 35 conductivity meter and dip type

cell with platinized electrodes.

2.3.2: Infrared spectra

IR spectra in the range (4000-200) cm™' (as KBr pellets) of the
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i i - -photometer
complexes were recarded with a Pye~-Unicam SP3 300 IR spectro-p

and Acclab 10 (4000-200) cm™! spectraphotometer.

2.3.3: Nuclear magnetic resonance {(nmr) spectra

Proton NMR ' of some of the complexes were obtained from the

department of Chemistry. University of Ottawa, Ottawa, Canada.

2.3.4: Mass speclira

Mass spectra of some complexes were obtained from the Chemistry

Department, University of Ottawa, Canada.

2.3.5: Elemental analyses

(i) Carbon and hydrogen analyses for the compounds discussed
in CHAPTER-3 were done by Mikroanalytisches labor Pascher
Germany.

(ii) Carbon, hydrogen and nitrogen analyses for the complexes

| discussed in CHAPTERS (4-8) were carried out by
Microanalytical services,at the University of St. Andrews,
Scotland. Some of the complexes were analyzed by the Regional

Sophisticated Instrumentation centre (RSIC), Lucknow, India.

2.3.6: Metal estimation

Metals in some complexes were determined gravimetricallyws.

2.3.7: Estimation of the number of active oxygen atoms in some of the
peroxo complexes

A known quantity of the sample (0.5-1 g) was dissolved in a
minimum volume of methanol (Ca 100-150 cm3) which was acidified with 25

cm® of 2N Sulfuric acid and was followed by the successive addition of
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three drops of osmic acid and one drop of ferroin as an indicator. It was
then titrated against previously standardiied cerric sulfate solution (Ca
0.1N) until there was transition from orange-red to very pale blue color of

the solution. As,0, (0.1N) solution was used to standardise cerric sulfate

solution.



3.1 : Abstract: Several New peroxo complexes of molybdenum and tungsten

es
containing different organic ligands have been prepared. The complex

have the compositions [Mo(0){(0;)L,], [MO(O)z(Oz)L(Hso)r' [Mo(0)(0;)L") and
[W(0)(0,)L,] [L = oxoquinolino, aniline—z—carboxylafo, 2—-aminophenoxido,
picolinato or 2-carboxylatoguinolino ligand; Lo = N-(2-oxophenyl)
salicylidenimino ligand], respectively. The complexes were found to oxidvse
allyl alcohol, and also triphenyl phosphine and triphenyl arsine to their
oxides. The IR spectra of the complexes indicate that the frequency of the
v,-mode of the M(O,) grouping which is essentially an 0-0 stretch,
deéfeases with the increase in the atomic number of metals in a particular

group.

3.2 : EXPERIMENTAL
3.2.1: Preparation of the Schiff base L”, N—-(2-oxophenyl) Salicylidenimine.
A solution of 2-aminophenol {0.1 mol, 10.9 g} in a 1:1 mixture of
benzene and ethanol (100 cm®) was added to a solution of salicylaldehyde
(0.1 mol, 12.2 g) in benzene (20 cm?). The resulting mixture was bolled for
3 minutes and then cooled in an ice salt bath where upon brown reddish
yvellow crystals formed; these were separated, washed several times with
hot ethanol and dried in vacuo over magnesium perchlorate. It was
recrystallised from methanol. Yield 16 g. Anal. Calcd. for Cl‘.,l-luNo2 C, 73.23%
H, 5.16% Found C, 73.23% H, 5.16%
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3.2.2: General method for the preparation of complexe:n: )

(1,3,4,6, and 7) : [M(O)(OZ)LZ] M = Mo(VI) or wW{ .
3 irred

A suspension of M0,(0.013 mol) in 30% HZOZ(SO c_m) was stirre

i i * hen
overnight at 45-50°C to get a clear solution. This was cooled to O C whe

3
a solution of organic ligand L (0.026 mol) in acetone (20 cm ) was added to

. ime i —galt
it. The mixture was stirred while cooling at the same time in an ice-sal

bath. A bright yellow precipitate appeared, which was washed successively
with water and n-hexane, and dried in vacuo over PO o
3.2.3: Preparation of the complex 2 :

H'[Mo(0) ,(C 1 ,NH ,COO)(H ,0)].

The same procedure was applied to (0.0153 mol, 2.2 g) of molybdic
acid and (0.0153 mol, 2.1 g) of 2-aminobenzoic acid, yield was 3.0 g {62%).
3.2.4: Preparation of the complex b :

[Mo(0)(0, )C,,HyNO, 1.

This was also prepared by the same method from molybdic acid (0.01

mol, 1.5 g) and the Schiff base N-(2-hydroxyphenyl) salicylidenimine (0.01

mol, 2.4 g), yielded 2.5 g (67%) of the complex.
3.3 : REACTIVITIES OF THE COMPLEXES

3.3.1: Reaction of 1 with allyl alcohol {Reaction A) :

Compound 1 (0.015 mol, 6.5 g) was suspended in 20 cm® of
tetrahydrofuran (THF) and a stoichiometric amount of allyl alcchol was
added. The mixture was refluxed at 60°C for 24 h. Microdistillation under
ca 19 mm Hg yielded glycidol [5 g (57%)] at 145-150°C. The glycidol was
identified from its boiling point (160-161°C).
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i Reaction B):
3.3.2: Catalytic reaction of 1 and H,0, with allyl alcohol {

g of 1. was added followed by the addition of

in 20 c:m3 of dioxane and 1.1

i flux at 90°'C for 24 h.
25 cm® of 30% H,0, The mixture was kept under re

. The fraction
The reaction mixture was filtered at 19 mm Hg. pressure

collected at 175-180°C was identified as glycerol. yield 18 g {53%).

3.3.3: Reaction of 3 with triphenyl phosphine (Reaction C) :
A solution of triphenyl phosphine (0.0026 mol, 0.7 g) in THF (20 cm’)
was added to a solution of 3. (0.0026 mol, 0.94 g) in the same solvent
(60 c¢m?). the mixture was refluxed for 48 h. TLC indicated that the reaction |
was complete. The solution was filtered and the residue collected. A

yellowish white powder was recovered from the filtrate which was identified

as OPPh, [m.p. 155-157°C (lit 157°C)].

3.3.4;: Reaction of 4 with triphenyl arsine (Reaction D) :

A solution of triphenyl arsine (0.0022 mol, 0.68 g) in THF (30 cm’)
was added to a solution of 4 {0.0022 mol, 0.86 g) in the same solvent (70
cms). The mixture was refluxed for 72 h. TLC indicated that arsine was
converted entirely into arsine oxide. The solution was filtered and the
residue collected. Evaporation of the filtrate yielded the product [m.p. 187~
189°C (1it 189°C)].

Complexes 6 and 7 were also found to be effective stoichiometric

reagents for the oxidation of PPh; and AsPh, to their oxides.

3.4: RESULTS AND DISCUSSION

The analytical and molar conductance data (Table 2) are consistent
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tom. Titrations of the

with a seven fold coordination of the metal a

i indi d that
methanolic solutions of the peroxo complexes with Ce(IV) indicate

indicated
1-7 were mono—peroxo complexes. The molar conductance values 1n

that all of the complexes were non-electrolytes in solution except for 2

which exhibited a value characteristic of a 1:1 electrolyte in DMF (Table % ).

i c
Literature values'®® for 1:1 electrolytes are comparable to ours. Alkalimetri

titration of 2 indicated an inflection point at pH 6.3 which corresponds to
the neutralization of the outer-sphere proton.

IR spectral data are shown in Table3. The v(0-H) band at 3405 cm™
observed in the free 8-hydroxyquincline disappears upon coordination,
which indicates de];:otonation and coordinalion at the oxygen cite. Further
in compound 1 and 7 the decrease in v(C=N), from the free ligand value
(1610 to 1560) and {1610 to 1580) i,e, 50 and 30 cm ! respectively indicates
coordination by -the heterocyclic nitrogenag’“'sa. The shifting of v(C=N)
modes thu%s suggested that Mo(VI) acts as a stronger acceptor than W{VI)
Complexes 2 and 3 show two v(N-H,) bands (Table 3}) significantly lower
than the wvalues for 2-amino benzoic acid and 2-amino phenol (3390, 3300;
3414, 3342 cm )5 Complexes 2, 4 and 6 show a decrease in v (C=0) by 48,
85 and 77 cm™! respectively from the free ligand values. (1632, 1640, 1628;
1680, 1725, 1705) cm™ indicating carboxylate binding in the complexes3® 3
5, In 4 and 6 the appearance of v(C=N) at 1595 and 1590 cm™! respectively
suggest that the heterocyclic nitrogen is coordinated to the metal atom
becomes v(C=N) band in free ligand is 1610 cm™'. The Schiff-base N-(2-

hydroxyphenyl)-salicylidenemine in complex 5 be haves as a tridentate-

dinegative ligand coordinating at the imino nitrogen and two oxygen
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} relative to the

[ — m-'
atoms?®. In complex 5 the decrease In v(C=N) by 25 ¢

ough the imino nitrogen

1

free ligand va.lue43 indicates coordination thr

atom®°197. The v(0O-H) band observed in the free Schiff base at 3290 cm

. . as \ . and
disappears upon coordination, which indicates deprotonatlon

H P - H
coordination at the oxygen cite. Further support for M-O (O’ = oxygen 1n

organic ligand; M = Mo or W)} and M-N bondings in 1-7 are evident from

-1
the appearance of v(M-0') and v(M-N) modes at 375-405 and 280-312 cm™,

41 ~ -1
respectively. All of the complexes display v(M=0) modes = at 940 960 cm

{Table 3).

The metal peroxo grouping gives rise to three IR and Raman active
vibrational modes. These are predominantly 0-0O stretching (vl), the
symmetric M-O stretch (v,), and the antisymmetric M-O stretch {v3). The
characteristic v, (0-0) modes of 1-6 appear at 848-900 cm™l, There is a
decrease in v, upon passing from molybdenum conplexes fo the tungsten
complexe 7. The v, mode was found to decrease further in the peroxo
complexes of uranium®®. The v; and v, modes in 1-7 appear at 637-680 and
538-612 cm”l, respectively. The assignments shown in Table 3 are based on
comparisons with other ©peroxo complexes of molybdenum and

tungsten®® 41,108,109

3.5 : REACTIVITY

Peroxo complexes of molybdenum and tungsten were not explosive.
These were found to liberate iodine on treatment with aqueous iodide. So
that the possible reactivity of the present peroxo complexes toward olefinic
compounds could be explored.

Compound 1 was allowed to react stoichiometrically with allyl alcohol

(Reaction A). Which produced glycidol as indicated by an IR band at 1055
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cm™! assigned to a C-0-C stretching mode?®'°%, The reaction mechanism has

been shown in scheme 5.
With H,0, and using a catalytic amount of 1 (Reaction B) the product

isolated was glycerol as indicatled by its boiling point. The IR spectrum was
identical with that of an authentic sample. The mechanism has been out

lined in scheme 6.

Reactions C and D produced triphenyl phosphine oxide and triphenyl
arsine oxide respectively. The products showed IR bands at 1190 and 880
cm™! assigned to v(P=0) and v(A5=0) modes respectively?1?: 111 ppe reaction
path ways has been shown in scheme 7.

IR spectra of the metal residues of reactions ¢ and D showed the
disappearance of v,(0-0) bands thereby indicating the transfer of peroxo

oxyens to the substrates.
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Table 2. Analytical data and other physical properties of Mo{VI) and W(VI} peroxo

complexes.
- 4 :
No. Compoun X netal X carbon X hydrogen X peroxide Molar
conduetace
ealc. Found | calc. Found | calc. Pound | calc. Yound | ohm~! cn? no1”!
1 [No(0)(0; ) (CaHg NO), | 22.2  22.0 50.0 50.0 2.8 2.7 7.4 1.4 0
2 n'[M0(0) (0 ,) (CH NH,CO0) (N0  30.5 30.3 26.6 26.5 2.8 2.8 10.2 0.2 €5.5
3 {Mo(0)(0,)(C M NH0) 5] 26.6 26.6 40.0 39.8 3.3 3.3 8.9 8.9 0.2
4 [Ma(0} (0 ,) (CgH 4NCOO) 4] 24.6 24,4 36,9 36.8 2.0 2.0 8.2 8.2 0.2
5 (Mo (0)(0,)(C 1 HO ] 25.8 25.6 42,0 41.8 2.4 2.4 8.6 8.6 0.5
6 [Ma(0)(0,)(C gl gNCOT) ] 19.6 19.6 48.2 49.1 2.5 2.4 6.5 6.5 o
7 {W(0)(0,) (CglgNO) 5] 35.4 3%5.3 41.5 41.3 2.3 2.3 6.1 6.1 o

The organic moieties for the compounds indicated are :

NH? NH?
O 5. OF " Qs
f\j ? ()() 3 () ’ PJ (:()()

1,7 2 3 A

@Q:CH@@ @{\@wé
5 6
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Table 3. IR spectral data for the Mo(V1) and W(VI) complexes® [band maxima (ecm™)].
Compound v(0-H) | v(HHz) | v(C=0) | v(c=N) | v(n=0) v,(0-0) '3"’11) '.2((?,) v(u-0") | vu=m)
1 16508 950s 848vs 637vs 538s 400w 312s
2 3400br 3270m 1632vs 9453 B860vs 660s 550ve  375m 290sh
31756m
3 3315m 9473 850vs  640s 590m 400w 280w
3260m
4 1640vs 1595m 950s 870s 650vs 600w 400vs 300m
5 1615m 950s 900s 680m 600m 38bs 295m
6 1628vs 15908 960s 865s 670s 612m 405m 285m
7 15808 940vs B825vs 645s 575m 400w 270m

PRelative band intensities are denoted by vs, s, m, w, sh and br, meaning very strong,
strong, medium, weak, shoulder and broad respectively.
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4.1:  Abstract:~ Several new organo peroxo complexes of Zr{IV), Th(IV),

Mo(VI) and U(VI) ions have been prepared and characterised. The
complexes have the general formula [Zr(0,)CgH,(CO,),. 2CH,NO], [Th(O,),L]
[Th(0;)CH,(CO,), 20PPhy], [Th(0,)L",], [Mo(0,),L], [Mo(0,)L',] and
[Mo(0,)L" H,0]

[L = bidentate-neutral ; L. = bidentate-uninegative and L” = bidentate—
dinegative ligands ; M = Mo(VI) or U{(VI)] respectively. Some of the
complexes were found to oxidise triphenylphosphine and triphenyl arsine
to their oxides. The IR spectra of the complexes indicate that the
frequency of the v, mode of the M(0,) grouping which is essentially an
0-0 stretch, decreases with the increase in the atomic number of metals in
a particular group.

4.2: EXPERIMENTAL

4.2.1: Preparation of Complex 1 : [Zr(0,)CMH (CO,), 2CHNO].

Zr (NO,)4. 4H,0 (0.005 mol) in water (25 cm’) was added to a solution
of phthalic acid (0.005 mol) in methanol (20 cm®). To the mixture 25 cm® of
30% H,0, was added followed by the addition of a solution of CH, NO (0.01
mol) in acetone (50 cm?®). The resulting precipitate which separated out was

filtered, washed with ethanol and dried in vacuo over P,0,4.
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4.2.2: Preparation of the complexes 2 and 3:

[Th (0,), L] [L = CgH,(NH,), and C¢H NNH,,].

Th (N03)4-4H20 (0.005 mol) in water (25 cma) was added to a solution
of ligand L{0.005 mol) in ethanol (25 cm’). To the mixtu;‘e 30 cm® of 30%
H 0, was added. The resulting mixture was heated on a steam bath for 10
min. The precipitate so obtained was processed and collected as before.
4.2.3: Preparation of the complexes 4 and 5.

Mo(O)(Oz)(NHZCHZCHZO)2 and [Mo(0)(0,)(CH,CH,0,)H,0]

MoO; (0.005 mol) was stirred and heated in 30% H,0, (60 cm’) at 50°C
for 48h. The solution was filtered and the filtrate was added to a solution
of stoichiometric amount of organic ligands in ethanol (25 cma). The

precipitate obtained was separated and stored as above.

4.2.4: Preparation of the complex 6 [U(0)(0;)(CgH,NH,0),].
To a solution of UO,(NO;)2. 6H,0 (0.005 mol) in ethanol (20 cm’), was
added successively a solution of the ligand (0.01 mol) and 25 cm® of 30%

H,0, which yielded the product. It was separated and stored as above.
4.2.5: Preparation of the complex 7.

[U(0)}(0;)CH,(CO,),H,0] :

To a solution of UQ,(NO,),. 6H,0 (0.005 mol} in ethanol (20 cm®) was
added successively a solution of the ligand (0.005 mol) in ethanol (25 cma)

and 30% H,0, (20 cm3). The resulting precipitate was filtered, washed and

stored as above.
4.3: REACTIVITIES OF THE COMPLEXES.

4.3.1: Reaction of 1 with triphenyl phosphine
Triphenyl phosphine (0.004 mol) in THF was added to a suspension

of 1 (0.004 mol) in the same solvent. Refluxing the mixture for 48h failed



to produce any reaction. The complex was recovered unchanged.

4.3.2: Reaction of 2 with triphenyl arsine

A solution of triphenyl arsine (0.0009 mol, 0.28 g) in THF (26 cm®)
was added to a suspension of the complex (0.00045 mol) in the same
solvent. The mixture was refluxed for 48h. TLC indicated that arsine was
converted entirely to arsine oxide. The solution was filtered and the
residue collected Evaporation of the filtrate vielded the product m.p. 186~

188°C (lit value for OPh,A,) 189°C)

4.3.3: Reaction of 7 with allyl alcohol.
Refluxing 7 with allyl alcohol in presence of large excess of 30% H,0,
in dioxane medium for 48h at 90°C failed to produce any reaction. The

unaltered complex 7 was recovered.

4.4: RESULTS AND DISCUSSION

Elemental analyses and conductivity data of the complexes (1-7) were
presented in Table 4. The conductivity data for solution in DMSO indicated
that 1-7 were all non—electrolytes. IR spectral data were shown in Table 5.
Complex of phthalic acid 1 showed a decrease of v{c=o) by 22 cm™? (1658
cm™) compared to the free ligand value (1680 cm™}) and those of malonic
-acid showed a decrease of v(c=0) by 87 cm™ (1638 cm™Y) compared to the
free ligand value {1726 cm™)) indicating carboxylate binding in the complex.
In complex 1 complexing causes a decrease in v (N-0) by 32 cm! (1210 cm™Y)
compared to the free pyridine oxide (1242 cm"l). Ethylene glycol is
potentially bidentate, dinegative. The v (CH) mode, observed as a broad
band at 3200-3600 cm! disappeared upon co-ordination in 5 which indicated

deprotonation and co-ordination at the oxygen site. Complexes 2, 3, 4 and
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6 showed two bands, (2; 3340 and 3280); (3, 3280 and 3180); (4, 3200 and
3140); and (6, 3220 and 3165 cm™) significantly lower than the values for
O-phenylenediamine (3400, 3380 cm~!in 2); 2-aminophyridine (3360, 3200 cm”
"in 3); 2-aminophenol (3414, 3342 cm™! in 6) and ethanol amine (3380, 3290

-1 . .
cm " in 4). This was also evident from the appearance of bands at 255-320

cm'! which were tentatively attributed to the v (M-N) modes. M=Zr(IV).
Th(IV), Mo(VI) and U(vI).

Further in complex 3 the v(C=N) mode appeared at 1570 cm™!
indicating that the ring nitrogen is coordinated to the metal atom®'. In
addition, the far IR spectra of 1, 4, 5, 6 and 7 display bands at 360-460

cm™! (Table 5) which were tentatively attributed to the v(M-07)

43,55,93,94,96,97

modes (0"= oxygen in the organic ligands). The metal peroxo

grouping (local C,, symmetry) gives rise to three IR and Raman active
vibrational modes. These were predominantly (0-0) stretching (v;) the
symmetric M-O stretch (v;) and the antisymmetric M-O stretch (v;). The
characteristic v,;(0-0) mode of 1-7 appeared at 800-876 cm™! (Table 5). In
particular the v, mode of the present thorium peroxo complexes {2-3)
occurred at slightly lower frequencies than the zirconium analogue (1).
This was more discernible in the peroxo complexes of Lhe ciements of group
6A; there is a decrease in v; upon passing from molybdenum complexes (4-
5) (865-8756 cm™!) to the corresponding uranium peroxo complexes (6-T)
(800-830 ¢m™!). The present data, thus showed that for the M{(0,) grouping
the v,(0-0) mode decreased with the increase in the atomic number of
metals in a particular group. In the present examples the v; and v, mode

appeared at 600-695 and 500-555 cm™! respectively. These assignments were
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based on comparison with other peroxo complexes of zirconium, thorium,

55,93,94,96,97, . i
molybdenum and uranium 108,199 The complexes (4-7 display

41,96

v(M=0) modes at 900-925 cm™l, Complexes 6 and 7 showed broad bands

-1 P
at 3160 cm ° arising from coordinated water molecules.

4.5: REACTIVITY

These peroxo complexes were not explosive so that the possible reactivity
of the complexes towards olefinic compounds and towards triphenyl
phosphine and arsine could be explored. Compound 2 was allowed to react
with AsPhy. The réaction produced OAsPh,. The product showed IR bands

at 880 cm™} assigned to v{As=0) mode'*''®

. Compound 7 was allowed to react
with allyl alcohol. The compound failed to oxidize allyl alcohol even when
refluxing at 90°C was continued for 48h. Compound 1 also failed to oxidize
PPh,; when refluxed in THF medium for 48h. The negative result outline the
enhanced stability of the metal peroxo moiety in the presence of bidentate,
dinegative chelating ligands. We observed similar negative results with
other peroxo complexes containing tridentate, bidentate-dinegative and

quardridentate ligands®?+93:57.98,
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Table 4. Analytical data and other physical properties of the peroxo

complexes®.
No. Compound Colour X metal % carbon b4 hy;’lrogen Molar
calc. found | calc. found| cale. found |conductance
lc- mol” -1

1. [Zr{0;)CgH,(C0;), .2C H; NO] Ash 1%.1 19.1 45.3 45.2 2.9 2.9 o

2.  [Th(0;) ,CgH ,4(NH,} ] Ash 57.4 57.2 17.8 11.5 1.9 2.0 1.5

3. [Th(D,) ;(CH NNH ) Yellow 59.5 59,1 15.4 15.4 1.5 1.5 0

4. [Mo(0)(0,)(NH ,CH CH,0) ,] Yellow 36.3 36.4 18.2 18.1 4.5 4.4 0

5. [Mo(0)(0;)(CH,CH 0 ,)H 0] Black 43.2 43.3 10.8 10.8 2.T 2.1 2.5

6. [U(0)(0,)(CH NH,0},] Yellow  47.4 47.5 28,7 28.7 2.4 2.4 1.5

T.  [U(0)(04)CH,(CO,) M 0] Yellow 58.6 58.7 8.9 8.8 0.98 0.9 0

% The organic moieties for the compounds indicated are

0, NHQ_ NH,
0y NHq @ 0

€O,
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Table 5. IR spectral data for the Zr(IV), Th{Iv), Mo(VI) and U(VI) complexes®
fband maxima (cm™!)].

20 - s0
compound | ¥ (O~H)| ¥ (NH;}| v (C=0)| ¥ (C=N)| v (E=0){ v (M=0) v (0-0) [ vaM]| vy v (M-0")| v (M)
No. No No
i. 1658vs 12108h 8)2vs 675ve 555vs  425va
2. 3340w 828va 600w 525w 320sh
3280w
3. 3280w 1570w 8308 600w 525w 310sh
3180w
4. 3200w 900ve 670sh  635m 830m 400w 300w
3140w
5. 3160br 925ve  870sh 635vs 530ve 390s
3220w 905vs 810w 600sh 540w  640br  260sh
3165w
1. 3160br 1638va 820ve Bl5m 600br 405w

“Relative band intensities are denoted by vs, s, m, w, sh and br meaning
very strong, strong, medium, weak, shoulder and broad respectively.
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5.1: Abstract: Some new peroxo complexes of molybdenum, tungsten,
uranium, zirconium and thorium containing quardridentate, dinegative schiff
base ligands have been synthesized and characterized. The schiff bases
C,H N0, and C H,N,O.H, were derived from the condensation of O-
phenylenediamine or hydrazine hydrate with salicylaldehyde, respectively.
The schiff bases undergo deprotonation, while complexation having ONNO
donor sequences producing complexes of compositions [M(0)(0,)(ONNO)] and
[M"(0,)(ONNO)] [M = Mo', W' and U'; M" = zZr' and Th", ONNO =
c,H 14Nzog'a.nd C.H mNzo§]. The chelate effect of the quardridentate ligands
stabilizes the metal-peroxo moiety which prevents oxygen transfer reactions
to both organic and inorganic substrates. The & donor nature of the
quardridentate ligands influences the mode of coordination of the peroxo
moiety. The frequency of the v, mode of the M(0,) grouping decreases with

an increase in the atomic number of the metals in a particular group.

5.2: EXPERIMENTAL
5.2.1: Preparation of the schiff base CjoH;NOM, :

Salicylaldehyde (0.01 mol, 1.22 g) in absolute ethanol (30 cm®) was
added to a solution of 0-phenylenediamine (0.0056 mol, 0.54 g) in the same

solvent (20 cm?). The mixture was boiled down to ca 25 cm? and cooled to
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room temperature. The orange-red crystal which separated were washed

with ethanol. Melting point 142-144°¢ (Found : C, 75.8; H, 4.9; N,8.8 Calc for

Cyo Hia N0, Hy : C, 75.9; H,5.1; N, 8.9%),

5.2.2:  Preparation of the schiff base Cill (N0 H,:

Salicylaldehyde (0.01 mol, 1.22 g) in absolute ethanol (30 cm®) was
added to a solution of hydrazine hydrate (0.005 mol, 0.25 g) in the same

solvent (15 Cma)- The mixture was heated on a water bath to reduce the

3

volume to ca 20 cm” and cooled to room temperature. The yellow crystals

were separated and washed with ethanol. melting point 209-211°C {Found:

C, 69.9; H, 4.9; N.11.7. calc for C,, H), N, O, H, C, 70.0; H, 5.0; N, 11.7%

5.2.3: General methods for the preparation of complexes 1, 3 and 4:
[M(0)(0,)L.] (M = Mo and W'5 L = C,1, N,020r C H,N,0%"

A suspension of MO; (0.017 mol) in 30% H,0, (60 cm’) was stirred
over night at 45-50°C. This was filtered and to the clear filtrate was added
a solution of L (0.017 mol) in hot ethanol (150 cm®). The mixture was
stirred whilst cooling at the same time in an ice salt bath., A yellow
precipitate appeared, which was washed successively with water and ether

and dried in vacuo over PO,

5.2.4. Preparation of the complexes 2 and 5:
[U(0)(0,)L.). (L = CpoHy N,05 and Cy H, N,07):

To a solution of U0,(NO,), 6 H,0 (0.006 mol) in ethanol (35 cm?), a
solution of L (0.006 mol) in the same solvent (100 cm®) and then 30% H,0,

(35 c¢cm?) were added. The product was separated and stored as above.

5.2.5: Preparation of the complexes 6 and 7.
[M(0,) L} (M = ZrIV or ThIV L = CpoHy 4 N, 02T

A solution of M(NO,)4, 6 H,0 (0.005 mol in water (40 cm’) was added
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to a solution of L. (0.005 mol) in ethanol (100 cm?), followed by the addition

3
of 30% H,0, (30 cm®), The product was separated and stored as above.

5.3: REACTIVITIES OF THE COMPLEXES :

5.3.1: Reaction of 1 with allyl alcohol:

Refluxing of 1 with allyl alcohol in a 1:1 molar ratio in
tetrahydrofuran (THF) medium for 48h. failed to produce any reaction; 1

was recovered unchanged.

5.3.2: Reaction of 4 with allyl alcochol in presence of excess of H,0.:
The complex 4 was refluxed with allyl alcohol in the presence of a
large excess of 30% H,0, in dioxane medium for 48h at 90°C also failed to

produce any reaction; 4 was recovered unchanged.

5.3.3: Reaction of 5-7 with triphenyl phosphine and triphenyl arsine:
Complexes 5-7 were refluxed with equimolecular quantities of
triphenyl phosphine and triphenyl arsine, respectively in THF for 48h also

failed to produce any reaction; 5-7 were recovered unchanged.

5.4: RESULTS AND DISCUSSION

The analytical data was presented in Table 6. The molar conductance
values showed that all of the complexes were non electrolytes in DMSO
indicating that the chelate anions were covalently bonded in all the cases.
These data were consistent with seven fold coordination of molybdenum(VI)
tungsten(VI) and uranium(VI) complexes, while the zirconium(IV) and

thorium(IV) analogues were hexa coordinated.

IR spectral data were presented in Table 7. The ligands C,oH,,N,0H,
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and Cy4H;N,O;H, were potentially quardridentate, coordinating via the two
methine nitrogen atoms and oxo anions generated during complexation. The
free schiff bases produce v(OH) bands (Table 7.) which disappear in the
complexes indicating deprotonation at the OH end, thus providing an oxo
coordination. This was also apparent from the non electrolytic nature of the
complexes. That the ligands deprotonate at the OH end was also evident
from the appearance of v(M-0") (0" = oxygen in organic ligands) modes at
360-435 cm™' (Table 7.) in the far-IR spectra of the complexes??»3%:93:94,96-
98,112 The v(C=N) bands observed at 1560 and 1570 cm™ for C,oH 1, N0H,
and C,H,/N,0H, respectively, were shifted to lower frequencies (Table 7.)
upon complexation, indicating ccordination at the methine nitrogen atoms.
This was also apparent from the v(M-N) modes at 260-350 cm~! in the far-
IR spectra of the comp]exes‘s'ss'93'94'96'98'112. The v {M-N) band!*® observed
at 985 cm™! for free C 4 H N0.HH, was shifted to lower frequencies in 3-5
indicating that both the azo methine nitrogen atoms were coordinated.
Complexes 1-5 show diagnostic bands at 910-925 cm™! attributable to v(M=0)
modes??:98:112 The metal peroxo grouping (local C,, symmetry) gives rise
to three IR and Raman active vibrational modes. These were predominantly
0-0 stretching {v,) the symmetric M-O stretch (v,) and antisymmetric M-O
s.;tretch (v3). The characteristic v,(0-0) modes of 1-7 appear at 795-840

cm™! (Table 7). In particular, the v, mode decreases upon passing from
molybdenum complexes (1 and 3) (840 and 845 cm™!) to the corresponding
tungsten complex (4) (825 em™1), which was then further decreased in the
uranium peroxo complexes (2 and 5) (790 and 795 cm™). The v, mode of the

thorium peroxo complex 7 (805 cm~}) appears at a lower frequency than the
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zirconium analogue (6) (820 cm™), The present, study thus clearly reveals

that for the M(0;) grouping, the v,1{0-0) modes decrease with an increase

in the atomic number of metals in a particular group. Again in the present

examples, it was discernible that the vV, modes of molybdenum, tungsten,

uranium, zirconium and thorium complexes appear at lower frequencies than
the peroxo complexes of these metals containing monodentate, bidentate and
tridentate auxiliary ligands“'43'55’93'94'96’98'112. This was presumably due
to a greater charge cancellation of the metal centers by the quardridentate
o~donor ligands, thereby causing a weaker coulombic interaction in the
M"'—-O}"(n = 4 or 8) moiety in the present examples. The present peroxo

complexes display v; and v, modes at 602-670 and 520-660 cm™ L

respectively (Table 7).

5.5: REACTIVITY

The present peroxo complexes were found to be inert towards
oxidation of olefin and other substrates. Complexes 1 and 4 failed to oxidize
allyl alcohol even when refluxing at 96°C was continued for 48h., Compounds
5-7 were also unreactive towards phosphine and arsine. These negative
results outline the enhanced stability of the metal peroxo moiety in the
presence of quardridentate dinegative chelating ligands which precludes
oxygen transfer reactions. We also observed a similar stabilizing effect of
the peroxo complexes containing various multi - dentate organic

s 2
Ilgand543,55,93,97,98,11 .
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Table 6. Analytical data and other physical properties of the peroxo complexes®.

No. Compound Colour X carbon X hydrogen X Nitrogen |[Molar conductance
\ calc. Found|calc. Pound| calc. Found | ohm ! cm? wol™!
i [M0(0)(0;)(CyqH 4N,0,)]1  Yellow  52.4 52,3 3.0 3.0 6.1 6.1 2
2. [U(0)(0,) (C o 14N 0)1] Yellow  40.0 39.8 2.3 2,3 4.6 4.5 0
3. {Mo(0)(0,)(G 40, gN505)] Yellow  44.0 43.9 2.6 2.5 7.3 T.1 5
4. {H(O)(Oz)(c]AHlonzoz)] Yellow 33.7 35.7 2.1 2.1 5.9 5,9 1
5. [U(0)(03)(C 41 gH50,)] Yellow  32.0 32.0 1.9 1.8 5.3 5.3 ]
6. [Lr(0,)(CyH 14"202)] Colorless 54.9 54.7 3.2 3.2 6.4 6.0 3
7. {Th(Oz)(Conl“NzOz)] colorless 51.5 51.5 2.4 2.4 4,8 4.8 0

2 The organic moieties for the compounds are:

:C'Hﬁ
N O__
0
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Table 7. IR spectral data for the Mo(VI), U(VI), W(VI), 2Zr(IV), and Th(IV)
complexes® [band maxima (cm™!)].

N
compound v (0-H) V(C=N) | Y(N=N) | v(M=0) | v, (0-0) va(’n;:t, 'z(ﬁj;, v(1-0"){ v(M-N)
CaoM)4 N, 0, 1y 3600~3300br 1580vs
GHH 10"202“2 3600-3400br 1570= 983vs
1. 1510vs 920vs 840vs 615vs 528vs 3658 352m
2. 1520va 910s 790vsa 6108 520va  420s 260s
3. 1515va  960s 925~ 8458 6158 528n 360s 350m
4. 1525vs 965s 930s 825vs 6158 5258 3758 295m
5. 1530ve 9703 910s T95va 6158 525m 435s 270m
6. 1520vn 820vs 670mn 560m 4208 310w
7. 1530=8 805s 602ve 520m 400n 300m

3relative band intensities are derided by vs, s, m, w and br representing very

strong, strong, medium, weak and broad respectively.
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6.1: Abstract : New peroxo complexes of zirconium(IV), thorium(IV),
molybdenum(VI), tungsten(VI) and uranium(VI) containing a quardridentate
schiff base, formed by the condensation of S-benzyldithiocarbazate and
benzil have been synthesized and characterized. The complexes have the
general formula [M(0,)(SNNS)] (M = Zr'" and Th') and [M~(0){(0,)(SNNS)]
M” = Mo”, w'! and UVI). These peroxo complexes were found to be inert
towards oxidation. The size of the metals as well as the electronic effect
derived from the gquardridentate schiff base influence the mode of
coordination of the peroxo moiety. The frequency of the v, mode of the
M(0,) grouping decreases with an increase in the atomic number of the
metals in a particular group and in the 8§ donor electronic nature of the

quardridentate schiff base used.
6.2: EXPERIMENTAL

6.2.1: Preparation of S—benzyldithiocarbazate NH,NHCSS CH,CH, :

S-benzyldithiocarbazate was prepared as follows!!*: Potassium
hydroxide (0.20 mol, 11.4 g} was dissolved in 90% ethanol (70 ml). Hydrazine
hydrate (0.20 mol 10 gm) was added to it and the mixture was cooled to
0°C in an icc salt bath. Carbon disulfide Cs, (0.20 mol, 15.2 g) was added

dropwise with constant stirring over a period of 1 h. During this time two

layers had formed. The light- brown lower layer was sBeparated and
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dissolved in cold 40% ethyl alcohol (60 cm®). The mixture was kept in an

ice bath and benzyl chloride (0.20 mol, 25 g) was added dropwise with
vigorous stirring of the mixture. After the complete addition of benzyl
chloride the white product which had formed was filtered off, washed with
water and after drying was recrystallized from benzene and dried over
anhydrous calcium chloride yield 12 g.m.p. 125°C. Found C, 48.5; H, 5.0; S,
31.8, calcd for CgH ¢N,S,: C, 48.5; H, 5.1; S, 32.3%
NH,-NH, + CS, + CICHZCGH;,"'?NHZ-—NH—/})—S—CHZ ~ CeHg + Hcl

S
6.2.2: Preparation of the schiff base CyyH,.N,S,

A solution of S-benzyldithiocarbazate (0.0546 mol, 11.2 g) in absolute
ethanol (300 cm3) was added to a solution of benzil (0.0188 mol 3.9 g) in
the same solvent (100 cm?®). The mixture was refluxed for 6h and the yellow
crystals which settled on cooling were separated out and washed with
ethanol.

Yield 12.2 g. m.p. 168°C (Found C, 63.2; H, 4.6; N, 9.8 calcd for
CyoHysN, Sy C» 63.2; H, 4.6; N, 9.8%

6.2.3: Preparation of the complexes 1 and 2 :

[M(0,)(SNNS)], [M =Zr'" or Th™, SNNS = (CygH,N,S)"]

The schiff base CjHN S, (0.0002 mol) was added to a solution of
potassium hydroxide (0.0004 mol) in 30% H,0, (20 cm®). The solution was
heated for 5 min filtered and to the filtrate was added with stirring a
solution of M(NO;),.4H,0 (0.0002 mol) in water (15 cm®). The resulting

precipitate which separated out was filtered, washed several times with

water and dried in vacuo over Py0y.
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6.2.4: Preparation of the complexe 3 and 4 :
[M(0)(0,)(SNNS)] [M = Mo™ and W'

The schiff base C3gH 26N ,S, (0.005 mol) was added to a solution of
potassium hydroxide (0.01 mol) in 30% H,0, {100 cm®). The solution was
heated for 5 min, filtered and to the filtrate was added, with stirring, a
solution of MO; (M = Mo'' and W' (0.005 mol in 30% H,0, (60 cm®). The
resulting precipitate was filtered, washed successively with water and

ether and dried in vacuo over PO,»

6.2.5: Preparation of the complex 5 : [U(0)(0, )(SNNS)]

The schiff base C3oHy6N, S, (0.006 mol) was dissolved in a solution of
potassium hydroxide (0.01 mol) in 30% H,0, (100 cm®). The solution was
heated for 5 min, filtered and to the filtrate was added, a solution of
Uoz(Noa)z' 6H,, (0.005 mol) in water (50 cm®). The solution was boiled and
cooled. The resulting precipitate was filtered, washed successively with

water and ether and stored as above.
6.3: REACTIVITIES OF THE COMPLEXES :

6.3.1: Attempted reaction of the complex 1 with allyl alcohol
Refluxing the complex 1 with allylalcohol in a 1:1 molar ratio in THF

medium for 48 h failed to produce any reaction; 1 was recovered

unchanged.
6.3.2: Reaction of 2 with allyl alcohol in presence of excess H,0,
The complex 2 was refluxed with allyl alcohol in presence of large

excess of 30% H,0, in dioxane medium of 48 h. at 90°C. It also falled to

produce any reaction; 2 was recovered unchanged.
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6.3.3: Reaction of 3 and 5 with tripheny! phosphine and triphenyl arsine
Refluxing 3 and 5 with equimolar quantities of triphenylphosphine or
triphenyl arsine respectively in THF for 48h also failed to produce any

reaction; 3 and 5 were recovered unchanged.

6.4: RESULTS AND DISCUSSION :

Elemental analyses and conductivity data for the complexes were
presented in Table 8. The complexes were non electrolytes in DMSO
solution suggesting that the anions were covalently bonded in all the
cases. The mass spectrum of the schiff base CagHygNy S, did not display the
molecular ion peak but showed other diagnostic peaks at m/z 285, 211, 149,

105, 77, 51 and 28.

CsHs““C—:_N‘NH — /SCI‘ﬁCﬁHS - ____C__—N____Nzc/SCHZCGHS
\S 6 I \SH
S SH
sHs C N—-NH —C\ CGHS—-*C:N———N"——_—C<
SCH, CsHs SCH, Ce Hs

(a) (1b)

The schiff base can exist in the thioketo form (la) or in enethiol
form (1b) or as a mixture of both. The IR spectrum of the schiff base did
not display v(SH) at ca 2570 cm~! but exhibits v{NH), v(C=N) and v(C=S)
modes (Table 9), indicating that in the solid state the achiff base remains
in the thioketo from (la). Its 1y NMR spectrum in CDCL, exhibits signals

at 4.36, 7.5 and 9.89 ppm corresponding to the methylene, phenyl and NH-
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protons, respectively.

The 'H NMR spectrum did not display peak attributable to a B-H
proton. Therefore the schiff base remains predominantly in the thioketo
form (1a) in CDCl; The schiff base, however forms complexes only in basic
medium. Attempts to prepare complexes from a neutral medium were
unsuccessful. This suggests thal the nucleophilicity of the ligand was

greatly enhanced in alkaline medium probably due to the creation of an

1:4-118

anionic site in situ . The thione group was relatively unstable in the

monomeric form and undergoes a thione (la} + thiol (1b) equilibrium. The
deprotonation and consequent formation of an anionic site in Situ was
favoured by the basicity of the medium and the v(N-H) and v(C=S) bands
of the free ligaﬁd disappear in the spectra of the complexes suggesting
that the ligand was coordinated in the deprotonated thiol form. This was
also evident from the appearance of v (C-S)lzo'121 bands at 710-725 cm™! and
v(M-S) bands 94,116,117,122 44 995-270 cm™! (Table 9) in the IR spectra of
the complexes. The v(C=N) band of the free schiff base was shifted to
lower frequencies in the complexes (Table 9) suggesting that the
azomethine nitrogen was coordinated. A molecular model shows that the a-
nitrogen (iminonitrogen) was not bonded due to considerable stearic
strain114-118 The far IR spectra of the complexes exhibit bands in the

- region 300-325 cm™?! ('i‘a.ble 9) which are tentatively attributed to v (M-N)

modes13:55,93,94,96,122,124  copplexes 3-5 display bands at 915-925 cm™1

assignable to v(M=0) modes“'ga'“z‘ The metal peroxo grouping (local C,y
Symmetry) give rise to three IR and Raman-active vibrational modes. These

are predominantly O-0 stretching (v;), the symmetric M-O stretch (v,) and
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the antisymmetric M-0 stretch (v,). The characteristic vl(O;O) modes of 1-5

-1
appear at 800-840 cm™ (Table 9). In particular, the v; mode decreases from

the zirconium complex (1, 820 cm™) to the corresponding thorium complex
(2, 810 cm™!). This was also discernible in the cases of peroxo complexes
of the elements of group 6A, There was a decrease in v, upon passing from
the molybdenum complex (3, 840 cm™) to the corresponding tungsten
complex (4, 830 cm™!) which was further decreased in the uranium peroxo
complexes (5, 800 cm™!), The present data thus clearly reveal that for the
M(O,) grouping the v,(0-0) modes decrease with an increase in the atomic
number of the metals in a particular group. In the present examples, V3
and v, modes appear at 620-660 and 530-550 cm™l respectively, It was
noteworthy that the v, mode of the present peroxo complexes of zirconium,
thorium, molybdenum, tungsten and uranium appear at lower frequencies
than the peroxo complexes of these metals containing monodentate,

bidentate and tridentate ancillary ligands”'ss'93’94'90'98‘112. This

is
presumably due to greater charge neutralization of the metal centres by
the quardridentate, dinegative 8-donor ligand, causing a weaker coulombic

interaction in the M"'—Of’moiety (n=4 or 6).

6.5: REACTIVITY :

The present peroxo complexes were not found to undergc oxygen
transfer reactions. Complexes 1 and 2 failed to oxidize allyl alcohol even
when refluxing at 90°C was continued for 48h. Complexes 3 and b were also
unreactive towards phosphine and arsine. These negative results outline
the enhanced stability of the metal peroxo moiety in the presence of the

quardridentate chelating ligand which precludes oxygen Lransfer reaction.
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gimilar results were also found for the pPeroxo complexes containing

tridentate and quardridentate ligands %3:93,97,112

Table 8. Analytical data and other physical properties of the complexes®.

No. Compound Colour X carbon X hydrogen | X nitrogen Molar
calc. found | calc. found| calc. found | conductance
gt cn? mo1"?!
1. [Zr(Oz)(SNNS)] Ash 52.1 52.0 3.5 3.3 8.1 8.1 0
2. [Th(Oz)(SNNS)] Colourlenss 43.3 43.1 2.9 2.8 6.7 6.5 2
3. [Ho(D)(Dz)(SHNS)] Yellow 50.6 50,3 3.4 3.4 7.9 1.7 1
4, [H(D)(oz)(SNNS)] Yellow 45.0 45.0 3.0 3.0 7.0 6.8 0
5. [U(O)(oz)(SNHS)] Yellow 42.2 42.1 2.8 2.8 6.6 6.5 4

“The organic moiety for the compounds indicated is (CaoHquS‘)z'
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Table 9. IR spectral data for the Zr(IV), Th(IV), Mo(Vi) and W(VI) and U(VI)
complexes® [band maxima (cm™!)].

No. compound | V(N-N)| v(C=N)|v(C=3)) v(C-8)| v,(0-0) '3(;\% 'z(';?'; v (M-1) | v (14-8) | ¥ (H=0)

630526“154 3285m 1560ve 10458

1. 1520 T10vs 8208 630va 580a 328vs 270vs
2. 1525s T15vs 8108 6§25va 530ve 315a 2658
3. 1515ve 710s 840va 6208 535s 300vse 2568 915va
4. 1525s 1208 3308 630ve 5408 315ve 2608 920=
5. 1530s 1258 8Q0vs 6358 6458 320m 270m 928vs

"Relative band intensities are denoted by vs, 8 and m representing very
strong, strong, and medium respectively,
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7.3. Abstract : Some novel peroxo. complexes of molybdenum(Vi) and

uranium(VI) containing two quardridentate, tetraza-macrocyclic ligands and
an organic molecule of high molecular weight have been synthesized and
characterized. The complexes have the general formula {M{0),(0,}) LI M =
Mo'' and UYL L = [15] ane N, : 1, 4, 8, 12-tetraazacyclopentadecane and
trans-[14]-diene : b, 7, 7, 12, 14, 14-hexamethyl 1, 4, 8, 1ll-tetraaza-
cyclotetradeca-4, 1i-diene) and [M(0)(0O,)(cyanex-2727),] (cyanex-272" = bis
(2, 4, 4-trimethyl pentyl) (phosphinate). The peroxc complexes containing
macrocycllic ligands were found to be inert towards oxidation, but those
containing cyanex -~ 272 were found to oxidize allyl alcohol, transe stilbene
and also PPh;and AsPhg, to their oxides, The IR spectra of the complexes
indicate that the frequency of the v, mode of the M(0,) grouping, which
_is essentially an 0-O stretch decreases with an increase in the atomic

number of the metals in a group.

7.2: EXPERIMENTAL
7.2.1: Preparation of 5, 7, 7, 12, 14, 14, - hexamethyl- 14, 8, 11 -
tetraazacyclotetradeca— 4, 11 ~diene {(trans [14]~-diene)lza
The above macrocycle was prepared as follows: A solution of 1, 2 -

diamminoethane (0.15 mol, 10 cm?) in methanol (100 cm’) was cooled in an
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jcc bath and conc. HBr (0.32 mol, 34 cm?®) was added dropwise. The white
precipitate was filtered off. The product was washed with ether and n-
butanol and then dried in Vacuo over PO,p To the product (1, 2-
diamminoethane dehydromide) prepared above (0.02 mol, 4.44 g) was added
acetone (100 cma) and 1, Z-diammiﬁo ethane (0.02 mol, 1.2 gm) The mixture
was stirred and heated at 45°C for about an hour, during which time a
copious white precipitate of the macrocycle dihydrobromide was formed. The
solution was cooled and the product was filtered off, washed with ice cold

acetone and ether. It was then dried in vacuo over P,0,, mp, 107-108°C.

7.2.2: Preparation of 1, 4, 8, 12 -tetraazacyclo-pentadecane ([15] ane N,)
The above compound was obtained from Aldrich chemical company and

was used as such.

7.2.3. General methods for the preparation of the complex 1 and 2
[Mo(0), (0,) L, (L = [15] ane N, or trans [14] —diene)

A suspension of MoO, (0.01 mol) in 30% H,0, (60 cm®) was stirred
overnight at 60°C. This was filtered and to the clear filtrate was addgd a
solution of L. (0.01 mol) in ethanol (76 cm®). The mixture was atirred whilst
cooling at the some time in an ice salt bath. A yellow precipitate appeared,

which was washed successively with water and ether and dried in vacuo

over P,0,q

7.2.4:  Preparation of the complex 3 : [Mo(0)(0, }(cyanex-272"), ]
(cyanex—272" = bis (2, 4, 4-trimethyl pentyl) (phosphinate)

Cyanex-272 (0.01 mol, 2.9 g) was added to a solution of potassium

hydroxide( 0.01 mol, 0.56 g) in ethanol (80 cm®). To this clear solution was

added, with stirring, a solution of MoO, (0.005 mol, 0.72 g) in 30% H,0, (60
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em’) The mixture was cooled and the resulting precipitate which separated
out was filtered, washed with ether and dried in vacuo over P,0,,.

7.2.5: General methods for the preparation of the complexes 4 and 5 :
[U(0) ,(0,)L] (L. = [15] ane N, or trans-[14] -diene)

To a solution of Uoz(Noa)z' 6 H,0 (0.005 mol) in ethanol (30 cm®), a
solution of L (0.005 mol) in the same solvent (50 cm®) and then 30% H,0,

(30 cma) were added. The product was separated and stored as above.

7.2.6: Preparation of 6 : [U(0)(0,)(cyanex-2727),]

Cyanex-272 (0.004 mwol, 1.16 g) was dissolved in a solution of
potassium hydroxide (0.004 mol, 0.22 g) in ethanol (50 cm‘:’“). To this solution
were added, a solution of UQ,(NO,), 6 H,0 (0.002 mol, 1.04 g) in the same
solvent (25 cm®) and then 30% H,0, (30 cm®). The product was separated

and stored as above.

7.3: REACTIVITIES OF THE COMPLEXES

7.3.1: Reactions of the complexes 1 with allyl alcohol : (A)

Complex 1 was refluxed with allyl alcohol in a 1:1 molar ratio in THF
medium for 48 h. It failed to produce any reaction; 1 was recovered
unchanged.

7.3.2:  Reaction of 4 with trans stilbene : (B)
The complex 4 was refluxed with trans stilbene in a 1:1 molar ratio

in CH,Cl, for 24 h. It failed to produce any reaction; 4 was recovered

unchanged.
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7.3.3: Reaction of 2 and 5 with triphenyl phosphine or arsine : (C)
Refluxing 2 and 5 with equimolar quantities of triphenyl phosphine
or triphenyl arsine, respectively, in THF for 48 h also failed to produce

any reaction; 2 and 5 were recovered unchanged.

7.3.4: Reaction of 3 with trans-stilbene (D)

Trans-stilbene (0.0086 mol 1.5 g) was added to a suspension of 3
(0.0086 mol, 6.2 g) in CH,Cl, (100 cm?), The mixture was stirred under
reflux for 48h, after which the solution was filtered and TLC indicated a
complete conversion of stilbene to its oxide. The filtrate was evaporated
and the residue was extracted with ether and evaporation of the extract
yielded 1.4 g of trans-stilbene oxide; m.p. 62-64°C (lit m.p., 65~67 C). Anal

calc for C,,H,,0 : C, 85.71; H, 6.12; O, 8.16. Found C, 85.61, H, 6,10; O, 8.14%.

7.3.5: Catalytic reaction of 3 and H 0, with trans-stilbene (E).

Trans stilbene (0.0086 mol, 1.5 g) was added to 0.08 g of 3 suspended
in 60 cm?® of dioxane and 20 cm® of 30% H,0,. The mixture was heated under
reflux at 90°C for 48 h. It was cooled and filtered and the filtrate
evaporated to dryness. The residue was extracted with ether and the
extract was dried with Na,50, and evaporated to dryness. A yellow solid
(1.3 g, 87% yield) was identified as benzoin by IR, NMR and mass
spectrometry as well as by elemental analysis; m.p. 132-134°C (lit m.p. 134-
136°C). Anal calc for C,H,,0; C. 79.24; H, 5.66; 0, 16.09. Found C, 79.36; H,

5.64; 0, 15.03. No starting material was detected in TLC.
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7.3.6: Reaction of 6 with allyl alcohol : (F)

Compound 6 (0.01 mol, 8.6 g) was suspended in 70 cm® of THF and

a stoichiometric amount of allyl alcohol was added. The mixture was
refluxed at 60°C for 24h. Microdistillation under ca 19 mm Hg yielded

glycidol [0.45 g, 77% yield] at 147-150°C. The glycidol was identified from

its boiling point.

7.3.7: Catalytic reaction of 6 and H,0, with allyl alcohol : (G)

A 20 cm® quantity of allyl alcohol (0.294 mol, 17.04 g) was dissolved
in 25 cm?® of dioxane and 0.9 g of 6 was added followed by 20 cm® of 30%
H,0,. The mixture was kept under reflux at 90°C for 24 h. The reaction
mixture was filtered and the filtrate distilled at 19 mm Hg pressure. The

fraction collected at 178-180°C was identified as glycerol [15 g, 556% yield].

7.3.8: Reaction of 3 with triphenyl phosphine : (H)

A solution of triphenyl phosphine (0.005 mol, 1.3 g) in THF (30 cms)
was added to suspension of 3 (0.005 mol, 3.6 g) in the same solvent (75
cma). The mixture was refluxed for 48 h. The progresa of the reaction was
monitored by TLC which indicated that the reaction was complete. The
solution was filtered and the residue collected. A yellowish white powder
was recovered from the filtrate which was identified as OPPhy [m.p. 166~

157°C (lit 157°C)].

7.3.9: Reaction of 6 with triphenyl arsine :(I)
A solution of triphenyl arsine (.005 mol, 1.5 g) in THF (50 cm’) was
added to a suspension of 6 (0.005 mol, 4.3 g) in the same solvent (100 cm’).

The mixture was refluxed for 48 h. TLC indicated that arsine was converted
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complelety to its oxide. The solution was filtered and the residue collected

gvaporation of the filtrate yielded the product [m.p. 188-189°C (it 189°C)]

7.4: RESULTS AND DISCUSSION

Elemental analyses and conductivity data for the complexes are
presented in Table 10. The molar conductance ;values show that all of the
complexes are non-electrolytes in DMSO indicating that the chelating
ligands are all covalently bonded in all the cases. It also supports that the
organic molecule cyanex-272 deprotonates at the - OH end providing an oxo
coordination, the other coordination site being the oxygen of >P=0 group.
The complex of cyanex—-272 are probably seven—-coordinated. The structure
of the complex containing macrocyclic ligands, however cannot be
postulated without having the single crystal data. Several attempts to
develop single crystal failed.

IR spectral data are presented in Table 11. The ligands [16] ane N,
and 1;:;n5~ [14] -diene are potentially quardridentate co-ordinating via the
four ring nitrogens. The free tetraaza-ligands show (v-H) (Table 11) bands
which are shifted to lower frequencies in 1, 2, 4 and 5 indicating that
these nitrogens are co-ordinated Further the free trans- [14] -diene
exhibits v(C=N) band at 1670 cm™! which is shifted to lower frequencies in
2 and 5. These are also apparent from the v (M-N) modes at 260-360 em!

: ,55,93-95,112,125,126
in the far IR spectra of the complexes‘13 . These complexes

are the first reported examples of its kind.

Cyanex-272 is potentially bidentate, coordinating via the >P=0 oxygen
and the oxo anion generated in basic medium. Attempts to prepare

complexes from a neutral medium were unsuccessful. This suggests that the
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nucleophilicity of the ligand is greatly enhanced in alkaline medium

probably due to creation of an anionic site in situ. The deprotonation and

consequent formation of on anionic site in sity is favoured by the basicity
of the medium and the v(OH) band of the free ligand disappear in the

spectra of the complexes 3 and 6 thus providing an oxo coordination. That

the ligand deprotonates at the - OH end is also evident from the

appearance of ¥(M-0") (0’= oxygen in organic ligand) modes at 370-395
(Table 11) in the far IR spectra of the complexes, The v(P=0) band
observed at 1170 cm™ in the free cyanex is shifted to lower frequencies
(1055-1060 cm™! in 3 and & indicating coordination via oxygen of >P=0
group. Complexes 1-6 show diagnostic bands at 885-960 cm™! attributable
to v(M=0) modes 43,98,112 Complexres 1, 2, 4 and 5 show two bands due to
v(M=0) modes, presumably arising from Cis-orientations of two M=0O groups.
The metal peroxo grouping (local C,, symmetry) gives rise to three IR and
Raman-active vibrational modes. These are predominantly 0-0 stretching
(v,), the symmetric M-O stretch (v,) and the antisymmetric M-0 sfretch
(v,). The characteristic v ,(0-0) modes of 1-6 appear at 840-870 cm™! (Table

11). In particular, the v, mode decreases upon passing from molybdenum

complexes (1-3) (860-870 cm™1) to the corresponding uranium complexes (4-

6) (B40-845 cm™'). The present study thus suggests that for the M(0,)
grouping the v1(0-0) modes decrease with an increase in the atomic
member of metals in a particular group. The present peroxo complexes

display v, and v, modes at 645-660 and 510-570 cm™! respectively (Table

11). The complexes 1, 2, 4 and 5 are probably eight coordinated. Eight

. . 99
coordinated peroxo complexes are not rare; Griffith et al” reported
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recently a number of eight-coordinated peroxo complexes of various

transition metals.

7.5: REACTIVITY

The peroxo complexes 1, 2, 4 and 5 were inert towards oxidation of
olefins, phosphines and arsines. These negative results out line the
enhanced stability of the metal peroxo moiety in the presence of
quardridentate macrocycles which precludes oxygen transfer reactions. We
also observed a similar stabilizing effect of the peroxo complexes containing
various multidentate organic ligands“’ga’m’%’“z. However 3 and 6 were
reactive and oxidations of trans-stilbene allyl alcohol, phosphine and arsine
have been investigated. The wvarious conditions are described in the
experimental section.

Reaction D produced trans—stilbene oxide as indicated by a strong
IR bands at 1058 cm™ assigned to the C-0-C stretching mode and the 4
NMR spectrum displayed methine absorption at 3.85 ppm as required for
trans-stilbene oxide. Fufther,the mass spectrum of the product gave a
molecular ion peak at m/e 196.

In reaction E 3 was used to catalyze the oxidation of trans-stilbene
by H,0, to produce a high yield of the product that however in this case
was benzoin. The IR spectrum of the product (XBr pellet) displayed v(C=0)
at 1685 cm~* and v(O-H) at 3385 cm™". The !4 NMR spectrum showed methine
absorption at 6.0 ppm. The mass gpectrum showed a molecular ion peak at

m/e 212. A possible reaction path is shown in scheme 8.
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T‘?_é,” — = OH + H [ —
i Ph V4 Ph . o Ph

L = deprotonated Cyanex—272

SCHEME 8

Reaction F produced glycidol as indicated by an IR band at 1060 cm™t
assigned to C-0-C stretching mode 40,93,98  with H,0, and only a catalytic
amount of 6 the product isolated was glycerol as indicated by its boiling
point. The IR spectrum was identical with that of an authentic sample. Its
4 NMR spectrum showed methylene and methine absorptions at 3.65 and 5.2
ppm. respectively. A possible reaction path is shown in scheme 9.

Reaction H produced triphenyl phosphine oxide. The IR spectrum of
the product showed v(P=0) at 1192 em ' 1'% The IR spectrum of the metal

residue left after oxidation showed disappearance of v,(0-0) band. Reaction
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1 with triphenyl arsine produced triphenylarsine oxide as was evident from
the TR band at 880 cm™ assigned to v(As=0)"1, The IR spectrum of the
metal residue showed the disappearance of v,(0-0) band. A possible
reaction path is shown in scheme 10. So that additional evidence that the
peroxo oxygen is transferred to PPh; or AsPh, could be gained, a blank
experiment was performed in the absence of the complex under identical
conditions, which failed to give the product. This precludes autoxidation
of PPh,; or AsPh, under the experimental conditions used. A 30% H)0,
éolution it self oxidizes PPh, or AsPh, to their oxides which therefore limits

the scope of the complexes 3 and 6 to be used as catalysts along with H,0,

for the above oxidation.

CH,=CH-CH,0H ~=2mpound 6 oy cHcH,0H

H,0

222 0
H+

—— = CH,—CH—CH,0H
\Cl)é —_— Ho—CHz—EH—CHZ—OH
H
H,0°
2 HOCH,CH—CH,OH
. CI)H' -1 HOCH,CHOHCH,O0H
2

SCHEME 9
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0= M\| L o= () —_—
v No 7 “PPh,
K o(: .
— O AN
O / ﬁ / ——> O=M=0 + OPPhy
AN L
ph’ | “Ph
Ph

M = MoVl or UVL; L = deprotonated Cyanex—272.

SCHEME 10
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Table 10. Analy tical data and other physical properties of the peroxo complexes®.

Ho. Gowmpound Colour X Carbon X Hydrogen A Mitrogen |Molar conductance
cale. Found| cale. Pound| calc. Found (n'l (‘.l!z Iml—‘
. mo(mz(nz)us]ane Kyl yellow 35.30 35.21 7.00 6.89 14.97 34.85 0
.. ["o(n)z(oz)t.rnns-[i."]—nicne] yellow 43.64 43.52 7.32 7.31 12.72 12.58 2
3. [Ho(o)(nz)(ﬂ)’ﬂ“e"'27z—)z] yellow 53.17 53.10 9.48 9.45 0
s, [U(Q)z(oz)[m]nne N4] yellow 25.58 25.46 5.07 5.06 10.85 10.78 1
5. (U(o)z(nz)tranﬂ-llﬂ—nlen'ﬂ yellow 232.99 32.73 5.54 5.48B 9.82 9.54 3
6. [n(o)(oz)((:ynnex-z'fz')zl yellow 44.44 A4.14 17.93 7.B2 0
aThe organic moielies for the compounds are:
[15]ane Ny = trans-| 14]-diene = Cyanex-272 =
Me Me CH;
| Me [
CNH HN“: < N N<H (CH3)3CCHZCHCI'\12 0
1 IIN N
D H=N 7 NoH
/}\)L (CH3),CCH,CHCH,
Me |
CHs,

1, 4 2,5 3,6
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Table 11. IR spectral data for the Mo"! and U"?!

complexes® [band maxima (cm™)].

compound v{0-H) V(N-H) Y(C=N){v(p- _ 0 70
Y{v(P=0)|v(M=0) ¥,(0-0) "3Q’¢L 'ZQ" v(M-0) | Y(H-N)

[15] ane N4 3200-3300br

trans-[14]-Diene 3300br 1870vs

cyanex-272 3500-3600br 11708

1. 3050-3100brx 810ve 8740s 660m 5501 350
920va

Z. 3100br 1625va 86 0m 8608 650w 570m 3608
945m

3. 105558 9608 8608 855m 560w 3708

4. 3055-3150br 9008 8408 6408 520m 2658
890s

5, 3150br 1620s 900s 840s 645m 510w 260m
8858

6. 1060= 9S00= 845= 660sh 520m 395a

3Relative band intensities are denoted by vs, s, m, w, br and sh representing

very strong, strong, medium, weak, broad and shoulder respectively.
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8.1. Abstract : Several new peroxo complexes of Mo(VI), U(VI), Zr(IV) and
Th(IV) ions containing some bidentate amino acids have been synthesized
and characterized. The complexes have the general formula {M(0)(0,)L7, ],
[M"(0,)L7;); [M(0)(0,)L""H,0] and [M"(0,)L""H,0] [M = Mo(VI) and U(VI); M"
= zr(IV) and Th(IV); L™ = glycinate, leucinate; L’ = tyrosinate]. The
complexes were reactive towards trans-stilbene, PPh, and AsPh, giving
their oxides. The IR spectra of the complexes indicate that the frequency

of the v, mode of the M(0,) grouping which is essentielly an 0-O stretch

decreases with an increase in the atomic number of metals in a group.

8.2: EXPERIMENTAL

8.2.1: General method for the preparation of 1 and 3, [Mo(0)(0,)(L"),} and
4 [Mo(0)(0,)(L"7). H,0} [L = glycine or leucine; L~ = tyrosinel:
Preparation of 1 and 3 : -

The amino acid L (0.02 mol) was dissolved in ethanol (60 cm®) and
was treated with potassium hydroxide (0.02 mol). The solution was cooled
and to it was added, a solution of Mo0O, (0.01 mol) in 30% H0, (75 cm?). The
mixture was cooled in an ice-salt bath. The resulting precipitate was

separated washed with ether and dried in vacuo over P,0,, The complex

4 was prepared similarly using equimolar quantities of tyrosine and MoO,.
8.2.2: General method for the preparation of 2 and 8 [U(o)(oz)(L—)z]‘ [L
= glycine and leucinel.

The amino acid L (0.01 mol) was dissolved in a solution of potassium

hydroxide (0.01 mol) in 30% H,0, (80 cm?). The solution was cocled and to
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it was added a solution of U0, (NO;),.6H,0 (0.005 mol) in ethanol (60 cm®)

The mixture was cooled in an ice-salt bath. The crystals so obtained were

removed by filtration, washed with ether and dried in vacuo over P,0
1

10

8.2.3:  General method for the preparation of 5 and 7, [M(0,)L"".H,0] and
6. [Th(Oz)L—z] M= Zr(I1V) and Th(1V);

L = leucine; L. = tyrosinel].

The amino acid L or L7{0.01 mol) was added to a solution of
potassium hydroxide (0.01 mol) in 30% H,0, (80 cm®). The solution was
cooled and to it was added a solution of stoichiometric amount of M (NOB)..

4H,0 in ethanol (50 cma). The complexes obtained were removed by

filtration, washed with ether and dried in vacuo over PO,q

8.3: REACTIVITIES OF THE COMPLEXES
8.3.1. Reaction of 1 with trans-stilbene (Reaction A)

Trans-Stilbene (1.8 g, 0.01 mol) was added to a suspension of 1 (2.9
g, 0.01 mol) in CH.Cl, (160 cm?®). The mixture was stirred under reflux and
the progress of the reaction was monitored by TLC. After 36 h of reflux
TLC indicated a complete conversion of stilbene to its oxide. The solution
was filtered and the filtrate evaporated and the residue extracted with
ether and evaporation of the extract yielded 1.75 g of trans-stilbene oxide,
m.p. 63-65°C) (Found: C, 85.55; H, 6:00; O, 8.12. C,4H,;0 calcd.: C,86.71; H,

6,12; 0, 8.16%).

8.3.2: Reaction of 2 with trans—stilbene (Reaction B)
Trans-Stilbene( 1.4 g, 0.005 mol) was added to a suspension of 2

(2.17 g, 0.0056 mol) in CH,CL (100 cm’). The mixture was stirred under

reflux and the progress of the reaction was monitored by TLC which after
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24 h of reflux indicated a coinplete conversion of atilbene to its oxide. The
- golution was filtered and the filtrate evaporated and the residue extracted
with ether and the evaporation of the extract yielded 1.35 g of trans-
stilbene oxide. The product was characterized from its m.p. and ele;mental

analyses.
8.3.3: Reaction of 6 with triphenylphosphine (Reaction C)

A solution of triphenylphosphine (1.3 g, 0.005 mol) in THF (35 cm’)
was added to a suspension of 6 (2,62 g, 0.005 mol) in the same solvent (80
cma). The mixture was refluxed for 24h. The progress of the reaction was
monitored by TLC which indicated that the reaction was complete. The
solution was filtered and the residue collected. A yellowish white powder

was recovered from the filtrate which was identified as OPPh; [m.p.166-

157°C (lit. 157°C)].

8.3.4: Reaction of 8 with triphenylarsine (Reaction D}

A solutjon of triphenylarsine (1.5 g, 0.005 mol) in THF (60 cma) was
added to a suspension of 8 (2.73 g, 0.005 mol) in the same solvent (70 cm’).
The mixture was refluxed for 24 h. TLC indicated that arsine was converted
completely to its oxide. The solution was filtered and the residue collected.

Evaporation of the filtrate yielded the product [m.p.187-188°C (lit, 189°C)].

8.4: RESULTS AND DISCUSSION
Elemental analyses and conductivity data for the complexes are

presented in Table 12. The complexes are all non-electrolytes in solution

suggesting that the anions are covalently bonded in all the cases. These

data are consistent with seven—fold coordination of molybdenum(VI) and
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uranium(VI) complexes, while the zirconium(IV) and thorium(IV) analogues

are hexa—coordinated.

IR spectral data are presented in Table 13. In alkaline medium the

amino acids glycine and leucine behave as bidentate ligands coordinating
via the amino nitrogen and the carboxylate anions. Tyrosine is , however,

potentially tridentate, coordinating via the amino nitrogen, carboxylate

anion and the oxo anion generated during complexation. This is also
apparent from the non-electrolytic nature of the complexzes. In addition,
absence of band in the region 3400-3600 cm™}! in the speclra of the
complexes of tyrosine indicate that it undergoes deprotonation at the OH
end, thus pro;riding an oxo coordination. All of the complexes have
characteristic v(NH,) stretching modes in the region 3075-3185 cm™,
indicating coordination by the amino nitrogen. This is also evident from the
appearance of bands at 275-375 cm! {(Table 13) which are tentatively
attributed to the v(M-N) mode3:55:93-99. 112 (\p o g IV IV MoY! and UYY).
Complexes 1-8 display v(C=0) bands at 1640-1670 cm'l, characteristic of
carboxylate binding in the complexes”'ga'nz. This is also evident from the
appearancé of v(M-0") (0’= oxygen in organic ligands) modes at 390-430
cm™! in the far IR spectra of the complexes”'55'93'99'112. Complexes 1-4 and
8 show diagnostic bands at 910-925 cm’l, attributable to v (M=0) modestd 3"
98,112 mhe metal peroxo grouping (local C,y Symmetry) gives rise to three
IR and Raman-active vibrational modes. These are predominantly 0O-0
stretching (v,), the symmetric M-O stretch (v,) and the antisymmetric M-O

stretch (v,). The characteristic v,{0-0) modes of 1-8 appear at 815-870

cm™! (Table 13). In particular, the v, mode decreases upon passing from
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molybdenum complexes (1, 3 ang 1) (865, 870 and 860 cm™!) to th
e
corresponding uranium complexes (2 and 8) (840 andg 835 cm’l). Again, i
- y n

the case of peroxo complexes of the elements of group 4A, there is
? a

decrease in Vv, upon passing from the zirconium complex (5) (830 cm™) to
the thorium complexes (6 and 7) (815 and 820 cm™!). The present study
thus clearly revels that for the M(0,) grouping, the v,(0-0) modes

decrease with an increase in the atomic number of metals in a particular

group. The present peroxo complexes display v, and v, modes at 626-670

and 505-570 cm™, respectively (Table 13),

8.5: REACTIVITY

To explore the reactivity of the present peroxo complexes, 1 and 2
were allowed to react with trans-stilbene while 6 and 8 were used to
oxidize triphenylphosphine and triphenylarsine, respectively.

Reactions A and B produced trans-stilbene oxide as indicated by a
strong IR band near 1060 cm! assigned to the C-0-C stretching mode and
the 'H NMR spectra displayed methine absorption at 3.8 ppm as required
for trans-stilbene oxide. The mass spectra indicated molecular ion peak at
m/e' 196. Experimental details indicated that Reaction B was faster than
Reaction A, indicating that the uranium peroxo complex was kinetically more
labile than its molybdenum analogue. A possible reaction path is shown is

Scheme 11.

Reaction C produced triphenylphosphine oxide. The IR spectrum of

em™? 1% Reaction D, with

the product showed v(P=0) at 1190
triphenylarsine, produced triphenylarsine oxide, as was evident from the

111
IR band at 880 cm~! assigned to v(As=0)" . The IR spectra of the metal



residues of reactions C and D showed the disappearance of VI(O-O) bands.
A Possible reaction path is shown in Scheme 12. So that additional evidence
that the peroxo oxygen is transferred to PPh, or As Ph, could be gained,

blank experiment was performed in the absence of the complex under

jdentical conditions, which failed to give the product.

L L o
O= | + H>=<Ph N
- O= e ol
L/ M\ Ph H L/l\,d\
H : Ph
Ph: :‘H
L\ L 00
o w’ o
H Ph L
Ph: Ny :H v 0=M=0
0 v
M =Mo" and UY'; L = NH,CH,COO
SCHEME 11
L 0__
L 0 \ /
/ NO L/ S
L
L 050 L\
0= U'ﬂ (" s O=U =0 + OAsPh,
i/ >As\ 4
Ph | “Ph



Chapter 8

Table 12. Analytical and

molar conductance data for the complexes.

No. Complex

Found (Calcd.)% Molar
C H N conductance
ohm™! ¢m? mol™?
1. [Mo(0)(0;) (NH,CH,C007),] 16,41 2.71  9.48 0
(16.45) (2.76) (9.586)
2. [U(0)(0,}(NH,CH,CO0T) ) 11.00 1.85  6.41 2
(11.01) (1.86) (6.45)
3. [Mo(0)(0;){CM;CH(CH 3)CH(NH,)CO0™) ] 35.61 5.78 6.89 4
(35.65) (5.98) (6.93)
4. [uo(o)(oz)("oc6H4CHZCH(NH2)coo')Hio] 3aL.45 3.1 4.10 1
(31.89) (3.25) (4.11)
5, [zr(oz)('ocsn4cn2cn(nuz)coo‘).nio] 33.70 3.43 1.34 0
. (33.74) (3.46) (4.37)
6. [Th(0,)(CH ;CH(CH ;)CH(NE,)C007),] 27.45 1.52 5.22 0
(27.49) (4.81) (5.34)
1. [1h(oz)('oc6n4cnzcn(nnz)coo')ﬂio] 23.23 2.40 3.00 1
(23.44) (2.40) 3.04
- 2
B. [U{0)(0,)(C R CH(CH 3)CH(NH,)C00 ) ;] 26.21 4.24 5.11
22t 3 (26.38) 4.43 5.13
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Table 13. Infrared spectral data for the complexes

> [band maxima (cm™) [band
maxima {cm )J*

X und| v (0-H) Y (NH,) v(C=0 = - ~Q z0 .
No. Compo 2 ( ) ¥(H=0) v,(0-0) '3“{6 vz(r“: Y(M-0") | v(M-N)

1. 3195m 16508 920va 8658 6308 510m 405m 360gh
3105m

2. 3200w 16658 910vs 8403 625m 5058 400w 270=
3110m

3. 31180m 1655vg 925vs 870va 6363 525m 410eh 370m
3095w

4, 3090br 3185m 16608 920vs 860m 635m 520m 415w 375w
3075m

5. 3400br 3180m 1640vs 830s 670m 560m 430sh 325w
3075w

6. 3195m 16503 815vsa 660m 570s 395m 305w
3090m '

7. 3410br 3190m 1655vs 820=s 655sh 5403 390m 310w
3095m

8, 3210w 16708 915vs 8368 6365vs 315m 405m 275m
3115m

fRelative band intensities are denoted by vs, s, m, w br and sh representing
very strong, strong, medium, weak, broad and shoulder respectively.
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g.1: Abstract : New organoperoxo complexes of molybdenum(VI),

tungsten(VI), uranium(Vl), zirconium(IV) and thorium(IV) ions containing
tridentate schiff bases formed by the condensation of an amino acid
(glycine, leucine or phenyl alanine) and salicylaldehyde have been
synthesized and characterized. The complexes have the general formula
[M(0)(0,)L] M = Mo(VI), W(VI) or U(VI) and {M”(0,)L.H,0], [M = Zr(IV) or

Th(IV). and L = a dinegative schiff base]

CH= N —CHy CH=N—CHCHZHI(CH3),

() (‘)._(I::_—o,f) 0-C=0

/CH:N—ﬁH —CH2’©
‘3 ~0 0—C=0
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These peroxo complexes were found to be inert towards oxidatio
n.

The size of the metals influences the mode ‘of coordination of the perox
0

moiety. The frequency of the v, mode of the M(0,) grouping which is

essentially and O0-0 stretch, decreases with an incresse in the atomic

number of the metals in a particular group.

9.2: EXPERIMENTAL

9.2.1: Preparation of the schiff bases :

An amino acid (glycine, leucine or phenyl alanine) (0.01 mol] together
with 0.01 mole of potassium hydroxide in 60 cm® of water was stirred for
an hour at 50-60°C to get a clear solution. A solution of salicylaldehyde
(0.01 mol) in ethanol (20 cma) was added to it and the mixture was heated
for 2-3 hour at 50-60°C when a clear yellow solution was obtained. Several

attempts to solidify the schiff bases failed. Therefore the schiff bases were

i32-13%
used in situ " for the syntheses of the peroxc complexes.
9.2.2: General method for the preparation of complexes (1, 2, 6, 7, 11
and 12; [M(0){(0,)L] [M = Mo(VI) or W(VI)., L = a dinegative schiff
base.]

A suspension of MO; (0.01 mol) in 30% H,0, (60 cm’®) was stirred over
night at 45-50°C to get a clear solution. This was cooled and to the cold
solution was added a solution of the previously prepared schiff bases. The
precipitate appeared was filtered, washed successively with water and

ether and then dried in vacuo over P,0,,

9.2.3; General method for the preparation of the complexes (3, 8 and
13). [U(0)(0,) LI

3
To a cold solution of UO, (NO;l,. 6H,0 (0.01 mol) in ethanol (50 cm”)

was added successively the previously prepared cold solution of the schiff
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bases and 30% H,0;, (30 em3). The yellow precipitate formed was filtered
]

washed with water and ether and dried in vacuyo over P,0
™10

9.2.4: General method for the Preparation of complexes (4, 5, 9, 10, 14,
and 15) [M(OZ)L. H0] [M = Zr(IV) or Th(IV)].

M(NOy)y» 4H,0 (0.01 mol) in water (30 cm’) was added to a cold

solution of the previously pPrepared schiff base followed by the addition of

3 .
40 cm” of 30% H,0, The mixture was cooled in ice. The precipitate appeared

was filtered, washed with water and ether and then stored as before.
9.3: REACTIVITIES OF THE COMPLEXES :
9.3.1: Reaction of 1, 4 or 7 with allyl alcohol.

Refluxing of 1 or 4 with allyl alcohol in a 1:1 molar ratio in
tetrahydrofuran {(THF) medium for 48h. failed to produce any reaction; 1
and 4 were recovered unchanged.

Refluxing of T with allyl alcohol in the presence of a large excess of
30% H,0, in dioxane medium for 48h. at 90°'C also failed to produce any
reaction; 7 was recovered unchanged.

9.3.2: Reactions of 10 or 14 with triphenyl phosphine.

Refluxing of 10 and 14 with equimolar quantities of triphenyl
phosphine in THF for 48h. failed to produce any reaction. 10 and 14 were

recovered unchanged.

9.3.3: Reactions of 3, 5 or 8 with triphenyl arsine.
Refluxing 3, 5 or 8 with equimolar quantities of triphen_yl arsine in

THF for 48h. also failed to produce any reaction 3, 5 and 8 were recovered

unchanged.
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9.4: RESULTS AND DISCUSSION
Elemental analyses and conductivity data of the complexes (1-15) are
presented in Table 14. The molar conductance values show that all of the

complexes are non-electrolytes in DMSO indicating that the chelate anions

are covalently bonded in all the casges. These data are consistent with six

fold coordination of the metal complexes.

IR spectral data are presented in Table 15. All the schiff bases are

potentially tridentate, coordinating at the imino nitrogen and two oxygen

atoms®3. In the complexes the appearance ofy {C=N) band at (1550-1600) cm™’

indicates coordination through the imino nitrogen atoms'?’. This is also

evident from the v(M-N) mode at (270-360) cm™1 in the far IR spectra of

the complexes®3:55,71,94,122,123

The v(OH) bands of the free ligand in the region 3400-5500 cm™!
disappear in the complexes 1, 2, 3, 6, 7, 8, 11, 12 and 13 which indicate
deprotonaion at. the -OH end. thus providing oxo coordination. That the
ligands deprotonate at the -OH end is also evident from the appearance of

v (M-0’) modes, (O =oxygen in organic ligand) at (370-420) cm™! (Table 15.)

43,55,71,93,94,96

in the far IR spectra of the complexes . All the complexes

1

display v (C=0) modes at (1625-1650)cm™ characteristic of carboxylate

binding in the complexes. The complexes (1-3, 6-8, 11-13) show diagnostic

43,93,94,96
bands at (905-940) cm™! attributable to v(M=0) modes - The

1

complexes (4, 5, 9, 10, 14 and 15) show broad bands at (3400-3500)cm™ due

to coordinated water molecules. The metal peroxo grouping (local C.yv

symmetry) gives rise to three IR and Raman active vibrational modes. These

are predominately O-O stretch (v,), the symmetric M-0 stretch (v,) and
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antisymmetric M-0 stretch (v,). The characteristic v,(0-0) modes of th
of the

complexes (1-15) appeared at (815-890) cpy-1 (Table 15.). In particular th
D ar the

v, mode decreases upon passing from molybdenum complexes (1, 6 and 7)
»

to the corresponding tungsten complexes (2, 6 and 12) which theén further

decreases for uranium complexes (3, 8 and 13) (Table 15) Besides in the
case of the peroxo complexes of the elements of group 4A, there is
decrease in v; mode upon passing from Zirconium complex (4, 9 and 14) to
the corrgsponding thorium complexes (5, 10 and 15). The present study
thus clearly reveals that for the M(0,) grouping the v,(0-0) modes
dec;ease with an increase in the atomic number of the metals in a

particular group. The present peroxo complexes display v, and v, modes

at (615-690) cm™! and (520-570) e¢m™! respectively.

9.5: REACTIVITY :

The peroxo complexes of molybdenum, tungsten, uranium, zirconium
and thorium were not explosive. So that the possible reactivity of the
present peroxo complexes toward olefinic compounds could be explored. Thé
present peroxo complexes were all found to be inert towards oxidation of
olefin and other substrates, triphenyl phosphine or triphenyl arsine. These
negative results out line the enhanced stability of the metal-peroxc moiety
in the presence of tridentate dinegative chelating ligand, which precludes
oxygen transfer reactions. We also observed a similar stabilizing effect of

i . . 43,55,71,88,
the peroxo complexes containing various multidentate ligand
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rable 14. Analytical data and other physical properties of the complexes®

Colour X Metal

Calc. Found Cazlct:.ar:::xnnd cxal'::y‘lr: gen | X Nitrogen Molar
+ Found| calc. Pound conductance
2 lom?mor-1
1. [Mo(0)(0,)(CgH,N0g)] Yellow 29.9 29,8 33.6 33.3 2.2 2.2 4.4 4.3 0
2. [H(0)(0p)(CgH4NO5)] Ash 45.0 44.9 26.4 26.3 1.7 1.7 3.4 3.4 0
3. [8(0)(0,)(CgH,NO4)] Yellow 51.4 51.5 23.3 23.5 1.5 1.4 3.0 3.1 1.5
4. [Zr(0,)(CgH,NO4).H,0] ABh 28.6 28.4 34.0 34.1 2.8 2.9 4.4 4,3 1
5. [Th(0,)(CgH4NO4).H,0] Ash 50.5 50.2 23.5 23.3 z.0 2.1 3.1 3.z 0
6. [Mo(0)(0)(C 3l NO3)]  Yellow 25.5 25.7 41.4 41.2 4.0 4.1 3.7 3.7 1
7. [¥(0)(0,) (€ H,-N03}] Brown  39.6 39.5 33.6 33.5 3.2 3.3 3.0 3.0 0
8. (U(0)(03)(Cy3H,:N04)) Yellow 45.9 46.0 30.0 30.1 2.9 3.0 2.7 2.6 2
9. [Zr(0,)}(C 3, NO}.H,0) Black 26.2 26.0 45.0 45,3 4.9 5.0 4.0 4.1 1
10, [Th{(0,)(C,3H,:N04).H,0] Ash 64.6 64.3 43.5 43.3 4.7 4.5 3.9 3.7 2
11. [Ho(0}(0,)(C eH,NO5)]  Yellow 23.4 23.5 46.7 46.5 3.2 3.3 3.4 3.5 1
12. [W(0)(0)(C g N03)]  Ash 36.9 36.7 38.5 38.2 2.6 2.7 2.8 2.9 0
13. [U(0)(0,)(C gl 3N04)]  Yellow 43.0 42.8 34.7 34.5 2.4 2.5 2.5 2.5 2
14, [Zr(0,)(C, M, N035) . H,0] Ash 22.3 22.1 47.1 47.3 3,7 3.8 3.4 3.5 1
15. [Th(0,)(C gH 3N03) . H,0] Brown  42.3 42.1 35.0 35.2 2.7 2.8 2,6 2.5 2

®The organic moieties for the complexes are:

CH=N-CH, CH=N-CHCH2CH(CH3),

— - --—___ =0
0 0-C=0 00-C

1—5 6 — 10

CH=N—CH—CH?>

0 0—C=0
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rable 15. TR spectral data for the complexes® [band maxima (cr1)).

Ho. Compound;  V(0-H) vEE=O) | v(CH) | w(ne0) v1(0-0) '36\'1 "z("l% Y(1-0"){ v(M-H)
1. 16408 1600e 905 870x 670s 5358 3708 340s
2. 16508 15508  930ve 830ve  g40s 5258  380m  315a
3, 16458 1570s8 910vs 815va 620m 520w 4008 270m
4. 3400-3500br 1650w 1600w 860va 665a 570n 3708 3608
5, 3300-3500br 1650sh  1600s 820s 675m 570w 400w 3508
6. 16458 1595s 9408 8908 656m 5358 400w 3508
7. 1645s 15508 9258 880m 6358 5308 4108 340m
8. 1645s 15608 915m 860s 6258 5208 4008 295w
9. 3200-3500br 16403 1580w 8658 6603 580s 410w 3608
10. 3300-3500br 1630br 16008 830s 650w 570w 405m a25w
11. 1640s 16008 9108 §50s 6808 560m 4008 3508
12. 16458 15708 920m 8308 6508 540s 4008 3408
13, 16408 1580w 3058 8208 630m 5208 4158 320m
14. 3100-3500br 1660=s 15808 840s 680ve 5708 420w 3508
15. 3200-3500br 1640s 15858h 830m 6658 5308 420w 320w

®Relative band intensities are denoded by vs, s, m, w and br representing very

strong, strong, medium weak broad and shoulder respectively.
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10.1: Abstract : The reactivities of the peroxo complexes of Mo(VI), U(VI),
zr(1v) and Th(IV) ions towards PPh; and AsPh; were compared on the basis
of different sizes of the metals, multidentate nature of the co-ligands and
also on the donicity of the ancillary ligands used. It has been observed
that the reactivity increases with he increase in the atomic number of the
metal in a particular group. The reactivity also depends on the nature of
the co-ligands. Peroxo complexes containing mono-dentate ligands were
highly reactive than bidentate ligands; compounds containing tridentate or

quardridentate ligands were found to be inactive.

10.2: EXPERIMENTAL
10.2.1: Preparation of the complex 1, U(0ON0,), 20PPhy

U0, (NO,);. 6H,0 (0.005 mol) in water (30 cm’) was added a solution
triphenyl phosphine oxide (0.01 mol) in ethanol (30 cm’). To the mixture
was added H,0, (30%) (30 cm?). The yellow precipitate formed was filtered,
washed with ethanol and ether and then dried over PO;¢

10.2.2: Preparation of the complex 2, U(0){0,),- 20AsPh,.

The same procedure was applied to U0, (NO;),. 6Hzs (0.005 mol},

3 .
triphenyl arsine oxide (0.01 mol) and H,0, (30%) (30 cm”). The precipitate

was separated and stored as above.
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10.2.3:  General method for the Preparation of

[M{0,), L] and [U(0)(0 the complexes 3, 4 and 6

2)2L) [M = Zr(1v) or Th (IV), L = ¢4 NNH,].

M(NO) 44H,0 (0.005 mol) or Uoz(Noa)z- 6H,, (0.005 mol) in water (30

dded i )
cmy) was added a solution of the ligand (0.005 mol) in ethanol (30 cm®). To

o 4 o, 3
the mixture 30% H,0, (30 cm’) was added immediately with stirring., The

precipitate obtained was filtered, washed with ethanol and then dried in

vacuo over P,0,,.

10.2.4: Preparation of the complex 5 [Mo(0)(0,), CH HNH .

A suspension of MoO; (0.005 mol) in 30% H,0, (60 cm®) was stirred
over night at 60°C. This was filtered and to the clear filtrate was added
a solution of the ligand, C;H,NNH, (0.005 mol) in ethanol (50 cm’). The
mixture was stirred whilst cooling at the same time in an ice-salt bath. The
yellow precipitate formed was filtered, washed with ethanol and ether and

then stored as above.

10.2.5: Preparation of the complex 7 [U(0)(0,), det).

U0, (Noy),. 6Hyg (0.005 mol) in water (30 cm’) was added a solution of
the ligand (0.005 mol) in ethanol (30 cm’). To the mixture was added H,0,
(30%) (30 cm?’) with stirring. The yellow precipitate formed was filtered

washed with ethanol and ether and then dried over POyq.

10.3: RFEACTIVITIES OF THE COMPLEXES

10.3.1: Reactivity depending on the gize of the metal.

In order to accomplish this complexes 3, 4, 5 or 6 were allowed to

react with triphenyl phosphine or arsine. A solution of triphenyl phosphine

or arsine in THF (30 cm?®) was added to a suspension of 3 in the same
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3 .
golvent (60 cm }. Refluxing the mixture for 48h Produced phosphi id
ne oxide

or aI‘Si"e 0][1‘ dE ? l >ME ].E tiOIl Of t‘he Ieaction was monibored by TLC The
L3

were found to be completed in 8h, 48h, and 8h respectively

10.3.2:  Reactivity depending on the multidentate nature of the co-ligands

To examine the reactivity of the peroxo complexes containing mono,

bi, and tridentate organic ligands, the complexes 1, 6 or 7 were allowed to

react with triphenyl phosphine or arsine. Refluxing the mixture of
triphenyl phosphine or arsine and the complexes in THF gave triphenyl
phosphine oxide or arsine oxide in 6h with complex 1 and in 8h with
complex 6. No phosphine oxide or arsine oxide was formed with complex 7

even when refluxing was continued to 72h.

10.3.3: Reactivity depending on the donicity of the ancillary ligands.
In order to perform this the complexes 1 or 2 were refluxed with

tripfxenyl phosphine or arsine in THF. It has been observed that the

phosphine or arsine was completely converted to phosphine oxide or arsine

oxide in 6h with complex 1 and in 4h with complex 2 which was monitored

by TLC.

10.4: RESULTS AND DISCUSSION.

The analytical and conductivity data are given in (Table 16). The

complexes were all non electrolytes in DMSO suggesting that the complexes

were undissoclated in solution.

IR spectra data are presented in (Table 17). The characteristic v,

- -1 . I
(0-0) modes of the complexes appear at (800-850 cm™) (Table 17). In
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particulﬂr' the v, mode decreageg upon passi
sing from zirconium complexes

to thorium complexes. The v mode of the uranium peroxo compl
exes occur

at lower frequencies than that of molybdenum angd tungsten 1
complexes

(Table 17) reported carrierl?®

Thus v mode decreases with the increase of the atomic number of
o

: ; 93,94,96,1 .
metals in a particular group . More Importantly, the v,mode of the

peroxo complexes containing bidentate and tridentate ligands occur at lower
frequencies than those containing mono dentate co-ligands. This 1is
presumably due to the greater charge neutralization of the metal centres
by the multidentate §-donor ligands causing a weaker coulombic interaction
in the M™-0,? moiety (n=4 or 6).

Complexes 1-6 were found to oxidize phosphines and arsines to their
oxides. It is interesting however, that the thorium and uranium peroxo
complexes were more reactive than the lighter zirconium or molybdenum
analogues. This is perhaps expected that with the increase of size the
kinetic instability of metals increases thereby enhancing the nucleophilicity
of substrates for an attack.

The insertion of phosphine and arsines into the metal peraxide bond
forming a peroxo metallocycle is a concerted process.“"“ which is very
facile for heavier metals. The products OPPh; and OAsPh, were
characterized from the melting points and IR spectra. The uranium peroxo

complex 7 containing a tridentate Co-ligands was however, inert towards

tripheny] phosphines or arsines. This findings contradicts the information

that the total electronic effect of the multidentate ligands on the metal

centre weakens the M"% bonding (Table 17) which should render stronger

1 i i L] w
oxidizing character to 7 than those containing monodentate ligands. We

: . i ligands
believe that the positive gain in entropy while using multidentate Lga
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predominates the electronic effect thereby giving a huge kinetic stability
to the metal peroxo moiety in 7.

Westland et al! reported that the 0-0 stretching frequency in
peroxo complexes of Mo and W is decreased by replacing a given ligand by
one which is a stronger donor. They suggested that the peroxide modes
depend on the degree of ionic character in the M-O bonds and this may
in turn be affected by the other ligands in the molecule. Griffith has noted
that when fluorine replaces a less electronegative element bonded to the
central atom of a peroxo complex, the {0-0) stretching frequency is
increased 1", The analogous phosphorus and arsenic-containing ligands (eg
OPPh; and OAsPh,) are spatially very much alike while the pauling
elecleonegativities of phosphorus and arsenic are 2.19 and 2.18
respectively-practically identical . Nevertheless, the frequency of the
v,mode is lower in the arsenic compounds than in the phosphorus
analogues. The polarity or the polarizibility of the bond from the group 5A
¢lement to oxygen should influence charge displacement toward the metal
atom. Reynold and Meek reported the following bond moments for Ph,EO
(E=p or As): P-0, 3.27; As-0 4.77 D. The derived charge separations in the
E-O0 bonds show that the oxygen in the arsine oxide i8 more negative, and
values of 2.45x107'% and 1.78x107'° e.s.u. were obtained for arsine oxide and
phosphine oxide respectively, using 0.74, 1.10 and 1.21 A® aa the covalent
radii for oxyden, phosphorus and arsenic respectively. The following plm
values were obtained®' for the protonated oxides; R';P0, 9.72; R,PO, 8.54;
R,As0, 16.14 (R” = cyclooctyl, R’ = n-butyl). This evidence again points to
a greater polarity in the case of arsine oxides and hence = As-O is a
stronger donor than = P-0. This argument seems to apply again in

accounting for the lower v value observed for compound 2 compared to 1.
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The infrared data also reflects on the reactivity of the complexes.

In

particular U(0)(0,},.2 OAsPh; was more reactive than U(0)(0,), 20PPh; (see

experimental section) toward PPh; and AsPhj This example gives some

assurance in the variation of reactivities with respect to the donicity of

the co-ligands used in dioxygen complexes.

Table 16. Analytical data and other physical properties of Zr(1V), Th(IV),
Mo(VI) and U(VI) peroxo complexes®.

No. Compound Colour % carbon X hydrogen Z nitrogen Holar
: calc, found | calc. found| calc. found | conductance
ohm~LomZmo1~1
1. [U(0)(0y), 20PPH, ] Yellow 43.4 49.5 3.4 3.5 2
2. [U(0)(03},.2048Ph,] Yellow 44.9 45.0 3.1 3.2 2
3. 1ZIr(0,),(CH NNA,)] Brown 24.0 24.1I 2.4 2.3 11.2 11,3 1
4, [Th(oz)z(canmz)] Colourless 15.4 15.3 1.5 1.5 7.1 7.2 0
5. [Mo(0)(0,),(CH NNH,)]  Yellow 22.2 22.1 2.2 2.2 10.3 10.4 2
6.  [U(0}(0,),(CH ,NNH,)) Yellow 14.8 14.5 1.5 1.5 6.8 6.7 0
Yellow 11.9 11.7 3.2 5.2 10.4 10.3 2

7. [U(0) ,(0,) det]
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Table 17. IR spectral data for Zr(IV), Th(IV), Mo(VI) and U(VI) complexes®

[band maxima (cm'l)].

-0 ~0
No. compound ¥(NH,) v(C=N) v(M=0) VI(O-O) !3(!6 Vz(rLb v{M-N)

1. 922va §30s 685m 606m

2. 907vs 820vs 670m 612m

3. 3302w R 16008 8408 6808 590w 385w
3245w

4. 3285w 1570w 8308 600w 525w 310sh
3175w

5. 3210w 16408 8508 680e 380m 310w
3100w

6. 3240m 1650w 905vse 810w 600sh 520w 250m
31G0sh

7. 3280w 900vs 8008 650m 530m 293m
3180w

"Relative band intensities are denoted by vs, 8, m, w, br and sh
representing very strong, strong, medium, weak, broad and shoulder
respectively.



From the observation obtained in the previous sections, the following

conclusions were made,

(1) Peroxo complexes of different metal jons can be used as specific
reagents for oxidations of olefinic compounds and triphenyl phosphine or
triphenyl arsine.

(2) Peroxo complexes of Zr(IV) Th(IV) Mo(VI) W(VI) and U(VI) ions
containing bi dentale uninegative or bidentate neutral ligands are effective
oxidizing agents towards oxidation of olefinic compounds, triphenyl
phosphine and triphenyl arsine.

(3) Peroxo complexes of Zr(IV), Th(IV) Mo(VI) W(VI) and U(VI) ions
containing bidentate dinegative ligands are inactive ‘towards oxidation of
ethylenic compounds or PPh; or AsPh; The negative results outline the
enhanced stability of the metal peroxo moiety in the presence of bidentate-
dinegative chelating ligands.

(4) Peroxo complexes of the above mentioned metal ions containing
tridentate or quardridentate ligands are inactive towards oxidation of
olefinic compounds and PPh; or AsPh, These negative results outline the
enhanced stability of the metal peroxo moiety in the presence of the
quardridentate chelating lignds which precludes oxygen transfer reactions.
(5) During the oxidation of ethylenic compounds’PPha or AsPh, by the
peroxo complexes, the peroxo oxygen is transferred to the substrates.
This is evident from the disappearance of v, (0-O) bands in the metal

residues left after oxidat_ion.
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(6) The metal peroxo grouping (lecal C,, symmetry) gives rise to three IR
and Raman - active vibrational modes. These are predominantly (0-0)
stretching (v,) the symmetric M-O stretch (v,) and the antisymmetric M-O
stretch (v3). In particular the v, mode of the thorium peroxo complexes
occur at slightly lower frequencies than the zirconium analogues. This is
more discernible in the peroxo complexes of the elements of 6A; there is a
decrease of v, upon passing from molybdenum complexes to the
corresponding uranium peroxo complexes. The different data show that for
the M(O,) grouping the v, (0-O}) modes decrease with the increase in the
atomic number of metals in a particular group.

(7) The molar conductance wvalues indicate that the compilexes are non-

electrolytes in solution.

(8) The v, mode of the peroxo complexes of Zr{iV}, Th(IV), Mo(VI), W(VI)

and U(VI) ions containing quardridentate ligands appear at lower

frequencies than the peroxo complexes of these metals containing mono—

dentate, bidentate and tridentate ancillary ligands. This is presumably due

to greater charge neutralization of the metal centres by the quardridentate

dinegative o-donor ligands, causing a weaker coulombic interaction in the

M"'_Oz—2 moiety (n=4 or 6)

(9) Bidentate uninegative ligands form seven fold co-ordination with

Mo(VI), W(VI) and U(VI) ions whereas bidentate dinegative ligands form 6-

Coordinated complexes with Mo(VI), W(VI), U(VI) ions. Zr(IV) and Th(IV) ions

form six coordinated complexes with bidentate-dinegative, bidentate~neutral

and quardridentate dinegative ligands. However, the macrocyclic legands
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(quardridentate neutral) form complexes with U(VI), the structure of which
can not be ascertained without having single crystal data on these.

Repeated attempts to develop single crystal of the complexes failed.

(10) Oxidizing properties of the peroxo complexes depend on the size of
the central metal atom. It has been observed that the oxidizing power
increases with the increase in the atomic number of metals in a particular
group. This is attributed to its tendency to expand the coordination
numbers.

(11) The reactivity of the peroxo complexes also depend on the donicity
of the ancillary ligands used. It was observed that peroxo complexes
containing OAsPh, is slightly more labile toward PPh; and AsPh, than that

having OPPh, as a coligand.



1'

10.

11.

12.

13.

14.

15.

16.

i1.

M.H. Klaproth, Beobacht, Entdeck, Naturkunde 3. 2 (1789).

H.A. Rowland, Preliminary Table of solar spectrum wave lengths,
chicago 1898; phil Mag (5) 36. 49 (1893).

F.W. Dyson, phil Trans; 206, A. 403 (1906)

J.N. Lockyer, Table of wave lengths of enhanced lines London {1906)
M. Merrill, Pub. Astron, Soc pacific, 35, 217 (1922}

H. Laspeyres, Zeit. Kryst. 24, 489 (1995); 27, 597 (1897).

C.R. Bohm, Chem. Ztg. 35, 1261 (1911)

J.A. Andley. Trans. Cer. Soc. 16, 119 (1917)

L. Weiss, German, Pat D.R.P 255495, (1910)

E. Ristenpart, Farber, Ztg. 29, 26 (1918)

J.J. Berzelius, Afhand, Fysik, Kemi Min; 5, 76 (1816)

J.Joly, Radioactivity and geology, London, (1918), phil, Mag (6) 17,
760 (1909)

J.J. Berzelius, Srenska, Akad, Handl, 1 (1829)
G.C. Schmidt, Wicd, Ann, 65, 141 (1898)

M.S. Curie. Compt. Rend, 126, 1101 (1898)

R. Escals, German, PAT, D.R.P. 145802 (1902}

E.W.Von Siemens and J. G. Halske ib; 154998 (1912)



98

References

18.

19.

20.

21.

22,

23.

24.

25,

26.

217.

28,

29,

30.

31.

32.

33.

34.

35.

P.J. Hjelm, Svenska Akad, Nya Hand 9, 288 (1788)

E. Demarcary compt. Rend. 130, 91 {1900)

R. Winne and C. Dantszen, Met chem. Eng; 9, 537 (1911)

F.A. Fahrenwald, Trans, Amer, Inst, Min. Eng. 54, 541 (1916)
J.G. Wallerius, Mineralogia, Stockholm. 268, 303 (1747)

A.G, Werner, Berg, Journ, 386 (1789)

F.A Clarke and H.S. Washington, Proc. Nat. Acad. 8, 112 (1922)
C .Beindl. U.S. Pat No. 1492193, 1492194, (1924)

M.H. Klaproth, Mem. Acad. Berlin 273 (1789); 160 (1792)

F.W. Clarke and H.S. Washington, proc, Nat. Acad. 8, 112 (1922)
A. Haenig. Oesterr. Zeit. Berg. Hutt. 56, 177, 196, 208, 221 (1908)
R.F. Bacon. philippine Journ : Science 2, 129 (1907)

E. Odernheimer, German. Pat. D.R.P. 72523, (1892)

M. Pesqui, Pharm. Ztg. 46. 837 (1901)

F. Haler, German, Pat. D.R.P 259998, 1913. Zeit electrochem 16, 244
(1910)

Mimoun H, de Roch. L.S, Sajus L, Tetrahedron 26, 37 (1970)

Vaska L. Acc. Chem. Res. 9, 175 (1976)

Sharpless K.B, Townsgend J.M.; Williams D.R.J. Am. Chem. Soc. 94, 295
(1972)



References

99

36.

31,

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

Sheldon R.A. Recl. Tran. Chim. Pays-Bas 92, 367 (1973)

Chong A.O., Sharpless K.B.J. Org. chem. 42, 16587 (1977)

Bortolini O.; Conte V; Di Furia F.;

Modena G. Nouv. J. Chim 9
(a50) im 9, 157

Jacobson S.E.; Tang R.; Mares F. Inorg. chem 17, 3056 (1978)

Olah G.A.; Ocleh J.J. org chem 43, 2830 (1975}

Westland A.D.; Haque F.; Bouchard, J.M. Inorg., chem 19, 22556 (1980)
Mimoun H.J. Mol. Catal. 7, 1 (1980)

Westland A.D.; Tarafder M.T.H. Inorg chem 20, 3992 (1981)

F. Basolo, B.M. Hoffman and J.A. Ibers Acc. chem. Res. 8, 384 (1975)
H. Mimoun, Rev. Inst. Fr, Pet.; 33, 259 (1978)

H. Taube, J. Gen. physiol. 49, 29 (1965)

J.S. Griffith, proc. Roy Soc. A 235, 23 (1956)

J.A. Conor and E.A.V. Ebsworth, Adv. Inorg. chem. Radiochem 6, 279
(1964)

A.A, Vicek. Trans. Faraday Soc. 56, 1137 (1970)
L. Pauling. Nature {(London} 203, 182 (1964)

J.B. Wittenburg, B.A. Wittenberg, J. Peisach and W. Blumberg. Proc.
Nat. Acad. Sci. U.S.A. 67, 1846 (1970) '

J.J. Weiss. Nature (London) 202, 83 (1964)



References

100

53.

54‘

55.

56.

57.

58.
59.
60.
61.
62.

63.

64.

65.

66‘

67.

L. Vaska. A.C.C. Chem. Res. 1, 335 (1964)

H. Mimoun, M. Postal, F. Casabianca, J. Fischer and M. Metschler,
Inorg. Chem. 21, 1303 (1982)

A.D. Westland and M.T.H. Tarafder, Inorg. Chem. 21, 3228 (1982)

M.M. Taqui Khan and A.E. Martell, Homogeneous catalysis by metal
complexes Vol. I, Academic press New York (1974)

R. Guilard, Jean-Mare Latour, C. Lecomte, Jean - Clande Marchon, J.
Protas and D. Ripole, Inorg. Chem. 17, 1228 (1978)

J.S. Valentine, Chem. Rev. 73, 235 (1973)

B. Bosnich, H. Boucher and C. Marshall.,, Inorg. Chem. 15, 634 (1976)
S. Muto, H. Ogata and Y. Kamiya, Chem. Lett. 809 (1975)

I.I. Volnov. Russ. Chem. Rev. 41, 314 (1972)

B. Govewitt and M. Tsutsui, Adv. Catal. 27, 227 (1978)

R. Ugo, F. Cont, S, Cenini, R, Mason and G. Robertson, J. Chem. Scc.
Chem. Commun. 1498 (1988), G.M. Zander-ighi R. Ugo, A. Fusi and Y.
Bun. Taarit, ITnorg. Nucl. Chem. Lett. 12, 729 (1976)

R.A. Sheldon and J.A.Van Doorn, J. Organumet. Chem. 94, 115 (1975)

W.B. Beanlicu, G.D. Merer and D.M. Roundhil, J. Am. Chem. Soc. 100,
1147 (1978)

I..H. Vogt Jr, H.M. Faigenbuam and S. E. Wiberley, Chem. Rev. 63, 269
(1963)

R.F. Stewart, P.A Estep and J.J.S. Scbastian, U.S. Bur Minesinfarm.
Circ No. 7906 (1959)



References

101

68.

69.

70.

71!

72.

73.

74.

75.

76.

77-

78.

79.

80.

81.

82.

A.G. Sykes and J.A. Weil, prog, Inorg. chem, 13, 1 {1970)

L. Klevan, J. Peone Jr and S.X. Madan, J. chem. edn 60, 670 (1973)

G. Henrichi-olive and S. Olive, Angew chem. Int. Ed. Engl. 13, 29
(1974)

D.A. Muccigrosso, S.E Jacobson, P.A. Apgar, and F. Mares, J. Am,
chem. Soc, 100, 7063 (1978)

G. Melendon and A.E. Martell, coord. chem. Rev. 19, 1 (1976)
V.J. Choy and C.J. O’ Connor, coord. chem Rev. 9, 145 (1972/73)
E. Fremy, Leibigs Ann. Chem. 83, 227, 289 (1852)

P. Pfeiffer, E. Breith, E. Lubbe and T. Tsumaki, Leibigs Ann. chem.
503, 84 (1933)

T. T. Sumaki, Bull, Chem. Soc. Japan 13, 252 (1938)
E. Bayer and P. Schritzmann. Struct. Bonding 2, 181 (1967}
R.G. Wilkins. Advan. Chem. Ser. 100, 11 (1971)

H. Mimoun, I. Seree de Roch and L. Sajus, Bull. Soc, Chim. Fr. 1481
(1969).

Linden G.L.; Farona M.F. Inerg chem. 16, 3170 (1977)

Bhaduri S.; Ghosh A.; Khawaja H.J. chem. Soc. Dalton Trans 447,
(1981)

Mimoun H. The chemistry of peroxides; Patai S. Ed., Willey. New York
P463 (1983)



References 102

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Westlake D; Kergoat R; Guerchais J.E. Cr. Hebd. Seances. Acad Sci
Ser. C. 280, 113 (1975)

Tomioka H.; Takai K; Oshima X; Nozaki H., Tetrahedron Lett, 21, 4843
(1980)

Chanmette P, Mimoun H, Sanssine L.; Fischer J, Mitschler A.J.
organomet Chem. 250, 291 (1983)

J.E. Xovacic, spectrochim Acta, 234, 183 (1967)
Sobczak J. Ziolkowski J.J.J. Mol. catal 3, 166 (1977)

Arakawa H.; Moro-Aka Y; Nogaki A, Bull, chem. Soc Jpn. 47, 2958
(1974)

Achrem A.A, Timoscht schuck T.A, Metelitza, D.I, Tetrahedron, 30,
3165 (1974)

Chien C-S; Kawasaki T; Sakamoto M,; Tamura Y; Kita Y, Chem. Pharm
Bull 33, 2743 (1985)

Mimoun H. Angew. Chem. Int Ed Engl 21, 734 (1982)

Jorgensen K.A.; Wheeler R.A.; Hoffman R.J. Am. Chem Soc. 109, 3240
(1987)

M.T.H, Tarafder and M.A.L. Miah. Inorg. chem. 25, 2265 (1986)

M.T.H. Tarafder and Alauddin Ahmed. Indian Journal of Chemistry
25A, 729 (1986)

Andrew C. Dengcl, Willium P. Griffith, Richard D. Powel and Andrze)
Skapski, J. Chem Soc. Dalton Trans. 991 (1987)

M.T.H. Tarafder and A.R. Khan, Polyhedron 6, 275 (1987)



References

103

a7.

98.

99.

100,

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

M.T.H. Tarafder, Indian Journal of chemistry 26 A, 874 (1987)
M.T.H. Tarafder and A.A.M. Anowarul Islam polyhedron, 8, 109 (19£3)
Andrew C. Dengel and williun P. griffith polyhedron, 8, 1371 (1953)

Arlene F. Ghiron and Richard C. Thomson, Inorg. Chem 29, 4457
(1990)

Chira R. Bhattacharjee, Manish Bhattacharjee, Mihir K. Choudhury
and Surajit Choudhury, polyhedron, 9, 1653 (1990)

Satoshi Fujii, Hiroaki Ohya-Nishiguchi and Noborn Hirota, Inorganica
chimica acta 175, 27 (1990)

Dean Chen, Ramunas J. Motekaitis and Arthur E. Martel. Inorg. Chem.
30, 1396 (1991)

R.G. Bhattacharyya and S. Biswas. Inorganica chimica acta 181, 21B
(1991)

A.J. Vogel. A. Text book of quantitative Inorg. Analysis, longmans
green London (1961)

W.J. Geary, Coord. Chem. Rev. 7, 113 (1971)

M. Akbar Ali, Can. J. Chem. 58, 727 (1980)

E. Wendling, Bull Soc, Chim Fr. 16 (1967)

W.P. Griffith., J. Chem. Soc. 5248 (1964)

D. Brown, J Hill and C.E.F Rickard, J. Chem, Soc. A 499 (1970)

J. Burnstein, M. Halman, S. Pinchas and D. Samuel, J. Chem. Soc. 821
(1964)



References
104

112. M.T.H. Tarafder, M.B.H. Howlader, B. Nath. R, Khan,

and A.A.M.A. Iglam
polyhedron, 8, 977 (1987)

113. M.A. Ali, G Hossain, S.M.H. Majumder, M.N. Uddin, and M.T.H.
Tarafder, Polyhedron, 6, 1653 {1987)

114. M.A. Ali and M.T.H. Tarafder, J. Inorg. Nucl. Chem 39, 1785 (1977)

115, M.T.H. Tarafder and M. Rahim, Ind. J. Chem 28A, 1105 (1989)
116. M.T.H. Tarafder, Ind. J. Chem. 28A, 129 (1989)

117. M.T.H. Tarafder and S. Roy, Ind. J. Chem 27A, 407 (1988)
118. M.T.H. Tarafder, Ind. J. Chem, 28A, 531 (1989)

119. R. Mayer, Organosulphur Chemistry. (edtd by M.J. Jansen) P219,
Interscience Newyork (1983) ‘

120. F. Bassolo, W.H. Baddley and J.L. Burmeister, Inorg. Chem. 3, 1202
(1964)

121. J. Lewis, R.S. Nyholm and P.W. Smith, J. Chem. Soc. 4590 (1961)

122. N.M. Karayannis. C.M. Mikulski, M.J. Stroke, L.L. Pytlewski and M.M.
Labes, Inorg. Chim Acta 4, 455 (1970)

123. R.K. Agarwal, M. Srivastava, and A.X. Srivastava, J. Inorg. Nucl
Chem. 43, 204 (1981)

124, R.K. Agarwal, A.K. Srivastava, M. Srivastava, N. Bhakru and T.N.
Srivastava, J. Inorg. Nucl. Chem. 42, 1778 (1980)

125. M.T.H. Tarafder, P. Bhattachargee and A.K. Sarker, polyhedron 11,
795 (1992)

126. M. Saidul Islam and M. Masir uddin, polyhedron, II, 2913 (1992)



Referernces - ' 106

127. R.W. Hay and M.T.H. Tarafder, J. Chem. Soc. Dalton Trans. 823 (1991)

128, R.W. Hay, G.A. Lawrance and N.F. Curtis, J. Chem. Soc. perkin 1, 591
(1975)

129. M. Saidul Islam and M. Masir Uddin, synth. React. Inorg. Met-org.
Chem, 22, 893 (1992)

130. F.A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry" John
Willey and Sons, New York.

131. B.N. Laskorin, V.V. Yakshin, and L.J. Sokolskaya, Dokl. Akad, Nauk,
SSSR, 223, 1405 (1975)

1%2. Mala nath, C.L, Sharma and Neelam Sharma, Synth, React,
Inorg. Met- Org. Chem. 21, 807 (1951%)

1 3%, Guangbin Wang and James C. Chang. synth, React., Tnorg.
Met-Org. Chem. 21, 897 (1997)




