
SYNTHESIS AND CHARACTER!ZATION OF SOME

NITRIDC MOLYBDENUM AND TUNGSTEN COMPLEXES

A Thusis

Presented to the

School of Graduate Studies

Addis Ababa University

In Partial Fulfillment

of the Requirements for the Degree

Master of Science in Chemistry

by

Zewdu Gebeyehu

June, 1983

I



To my parents, my wife .Roman Hegash

and my dhi-ld Hiwot Zewdu



3.

ACKI'TO: /LEBGEI-TMS

I am greatly indebted to ray advisor, DrJ.Sey.forth,
for bis generous advice, devoted assistance and encouragement

luring this research work. I wish to express my thanks to

all my teachers in the Department of Chemistry, above all

Dr.Makonnen Dilgassa who developed ray interest of studing

inorganic chemistry „

I am thankful to Ato Wedaje EmirU, who made nearly

all the glasswares required for my research, Ato Abdu

Detang, Ato Adnew G-oletu and friends working in 1IAPRU.
thanks are also debt to Ato Alemayehu Arecla and Ato W'akgari

Ki.rpo who always encouraged me during the research work,

I would like to acknowledge W/t Hekdes Yilma, and U/t Arasale

Tesserae who typed this paper. It is a pleasure to thank

the Bewdish Agency for Research Cooperation with Developing

Countries(.ViREC)for the financial assistance, needed

to cover the expenses in this research work.
Last but not least, I am much thankful to my wife

Roman hegash who always tried to create good conditions

at home during my studies and to my mother W/Senait Feleke

who covered the expenses for typing this paper.



ABSTRACT

The nitridomolybdenum(VI) complexes MoI'TOI (OPPh^
)p

and LMoUCl^
j were synthesized from lioCl^CCH^

CN)
^
,

\

sodium azid, triphenylphosphine oxide and totrabutylaromonium

chloride respectively in acetonitrile. The reaction of

fioClr with sodium azide and triphenylphosphine oxide

also gave i'ioNCl^
(OPPh

^̂ j which is found to be anew way

of preparing nitridomolybdenum complexes. The nitridomo-
lybdenum complexes obtained were analytically pure.

Attempts to synthesize nitridotungsten(VI) complexes

by reaction of wCl^ with sodium azide in acetonitrile gave

impure WNC1^
(CH

^
ON)^ complex. Reaction of the recrysta-

llized and decomposition product of WNCl^
(CHyOll)p with

triphenylphosphine oxide in methylenechloride gave pure

VfifCl^
(0PPh^

)2 in low yield. Similar reaction of ViWCl^
(CH^

CN)p

with tetrabutylammonium chloride an.d 2,2'-dipyridyl in

acetonitrile gave only impure products.
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I.M!}tODUCO?'1'OK

The olefin metathesis reaction which represents a

versatile and novel teclinique in alkene and alkyne che-
mistry 5 is a catalytic reaction with outstanding scien-
tific interest and considerable industrial significance «

The reaction was discovered by BATIKS and BAILEY in 1964-,

who found that propene is selectively converted into

ethene and 2-butene, in the presence of a heterogeneous

catalyst consisting of ilo(CO)^ supported on aluminium
i

oxide"* „

Olefin metathesis can be defined as the exchange of

alleylidene units between one or several olefins via clea-
vage and reformation of tbe carbon-carbon double bonds»

This is illustrated by equation(l)for the general case

2-9ox on acyclic, asymmetric olefin

IL-CH CII-RP :rrtl 1.’ ~CH-CH-R1 + R2-CH=CH-R2 (1)

90% 25% 25%

As the above reaction is nearly thermoneutral, the

metathesis equilibrium is mainly governed by the change of

reaction entropy, leading to a statistical distribution of

0
the alkylidene moieties «, The catalytically active species

itself is a, transition metal carbene complex as has been

7-10proved recently' o
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At present numerous heterogeneous and homogeneous

metathesis catalysts are known, mainly consisting of tung-
sten, molybdenum and rhenium compounds as the essential

constituents,, The heterogeneous catalysts in most cases

contain oxides or carbonyls of the above transition metals

supported on AlpO^
or SiOp^'

Most of the homogeneous catalysts are of ZIEGLER - MATTA

typeo The first and one of the most active catalyst system

described by CALDERON in 1967 consists of WCl^/EtOH /EtAlClp
(1:1:4)̂ „ In the mean time, plenty of other more or less

effective tungsten based systems have been published. How-
ever, the number of highly active Mo-containing homogeneous

catalysts has remained restricted to only a few that may

be classified into three major groups as shown below,

1) JjlHj-fflo(CO)5z|/ R41C12,R3A12C1316
2) HOC12(H0)2L2 / LAIC]p17

lloCl7(1'I0)]JO / RAlOlp18"19
J tk. L-

L -- various H - or 0 - donor ligands

Mod(NO)(CO)pLp / RAlClp20

(L = PPh
^
, AsPhj)

;> ) i ioRGlLp / RAlOlp21 ’

(R = lie, Et; L - OPPh^
, Vi dipy, Bu^NCl)(X - Halide).

Groups 1 and 2 contain certain carbonyls and nitrosyl

.'Molybdenum complexes in combination with a cocatalyst.
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As shown by DOYLE for group 1̂ and by SEYEEKTH and TAUBE
O

for group 2 % the Mo-base systems exhibit a significantly

higher metathesis activity than their tungsten counterparts.
Moreover, the two groups contain Mo in a low oxidation state.
On the contrary, the nitrido complexes in group 3 are

the only active Mo-containing catalyst precursors with the

metal in the high oxidation number +6. Up to now the

corresponding nitridotungsten complexes have not yet been
i

investigated extensively. There is only scarce information

as to their .preparation and nothing is known about their

catalytic properties with respect to olefin metathesis.

The synthesis of chloronitridomolybdenum complexes

MoI'IClj and MoNCl^Lp
(L - donor ligand)usually starts with

Mo(GO)^ or MoGl and such nitride precursors as Nd^p,CIN?^" Et
^
HIi^p, and(CU

^
)7.SiN^. In a similar way few deriva-

tives of timgsten, WifCl7(see next chapter)have been
on

obtained from W(GO)g . Very recently a rather safe

and convenient synthesis for the compounds MoNCl

^dY-,

(L - OHriu? /- dipy) and fBu^kj!
_
HoECl^J using NaN

^
as

a nitrido source has been published by SEYEERTH and

TAITBE o .Although, already mentioned by CHATT et al̂

sodium aside has never been used for the S2/nthesis of

analogous nitridotungsten derivatives.

/
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Therefore it is the objective of this project to

investigate the reaction of various molybdenum and tungsten

chlorides with sodium aside and to develop a convenient

method for the synthesis of chloronitrido complexes of

these transition elements. The complexes synthesized

have to be characterized analytically and spectroscopically

and may serve as catalysts for metathesis experiments.,

j
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2 „ LITERATURE SURVEY

?'. a1. transition Metal Nitrido Complexes

At present nitrido compounds are intensively

investigated because of their possible occurrence as

intermediates in the biologically important nitrogen

28fixation * Attempts to simulate and modelize this important

catalytic process have directed the interest to the nitrogen

transition metal bond, its synthesis, and reactivity., Addi-
tional importance might come from the application of nitrido-
molybdenum complexes as highly active precatalysts in

21olefin met.athesis Above all it is a current topic of

research to look more thoroughly into complexes containing

TQotalnitrogen multiple bonds.

2„2 The Nitrido Ligand

The nitrogen atom serves as the donor atom in a

great variety of ligands* One of these is the nitride

ion N^~ which is not only a stronger -donor but also one

of the strongest Vf-donors known* In contrast to the

oxides and fluorides, it is only the nitrido lignad which

has the caj>acity of forming metal-ligand triple bonds,
due to the comparatively low electronegativity of nitrogen

I
!




























































































































































