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CHAPTER I 

ASPECTS OF THE CHEMISTRY OF CIS-DIOXOMOLYBDENUM(VI)(TRIDENTATE) 

SYSTEMS AND THE PURPOSE OF THE PRESENT INVESTIGATION 

~ In this chapter the known chemistry of cis-dioxomoly­

bdenum(VI) (tridentate) systems is summerised. The scope and 

the purpose of the present work is also discussed. 
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I.1 INTRODUCTION 

One area of active research work in the fundamental 

chemistry of transition elements in recent years is the chemistty 

of Molybdenum. R.H.Holm in his 
1 review pointed out that three 

forces impelled research in molybdenum chemistry. The firet force 

is the syntheses of different small molecules and larger cluster. 

where Ho-Ho bonds of different multiplicities 
- 2,3 

are - _preeent . 

These studies are 1 imi ted to lower oxidation - etatee of 

molybdenum. A second force is the area of induetrial catalyeie 

and metallurgy•. Molybdenum catalysts are extensively ueed in the 

purification of 
~ petroleum and the gasification_ of 

third one is the role of molybdenum in biology. 

A. MOLYBDENUM IN BIOLOGICAL SYSTEMS ---------- -- --~-~----- -------

4 
coal . The 

Molybdenum is an essential trace element preeent in two 

- 6-7 d ... dr • 6,8-0 classes of enzymes uiz. nttro6enase _ an ny oxyLases . 

The enzymes nitroeenase is found in simple bacteria and 

also in plants. This type of enzymes is- responsible for the 

f N 
. 2 

reduction o 
2 

to ammonla . 

N
2 

+ 6H. + 6e 
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Despite extensive studies, the active site of ni tro~enase where 

binds and is reduced remains 
j,0-12 

unknown . But it is well 

established that cofactor in nitro~enase contains both iron and 

7 
molybdenum . N . t• . 13-14 umerous lnves lgatlons on nitro~enase have 

shown that the molybdenum centers exhibit oxidation state of + IV 

or even higher. 

The molybdenum hydroxytases catalyze either substrate 

oxidations or 

multicomponent 

2 
reductions . These include2

'
8 

a 

enzymes such as xanthine oxidase, 

group of 

xanthine 

dehydro~enase. sutfite oxidase. aldehyde oxidase and nitrate 

reductase. These enzymes catalyze a two electron oxidation or 

2 
reduction of the substrate . 

Recent studies established that these enzymes possess a common 

molybdenum cofactor
6

. On the basis of EXAFS studies 1 ~- 18 
and EPR 

19-21 
spectra obtained for_ the hydroxyl ases , it has been 

established that molybdenum center in hydroxylases is mononucler 

with oxo and sulphur ligation and it exhibits VI, V, IV oxidation 

states during catalytic cycle. Xanthine oxidase and xanthine 

dehydro~enase.contain cis-oxothio-Mo(Vl) center coordinated by 
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th . 1 t 1 . :l 6 • J. !5 T · 10 a e 1ganc s . _erm1nal thio ligation is absent in su~fi te 

oxidase, a~dehyde oxidase and nitrate reductase. These enzymes 

contain cis-dioxo Mo(VI) center in their oxidised forms2
'J.!5. It 

1
·s h a.22 s own that oxidised Mo fragment of rat liver s'lltfi te 

oxidase absorbs at relatively low energy around 475 nm. 

B. SYNTHETIC ANALOGUE APPROACH 

Inorganic chemists take interest to ~ynthesize 

molybdenum complexes that can mimic the EXAFS, EPR, spectroscopic 

and electrochemical properties of molybdoenzymes. Their success 

is limited to certain aspects of molybdoenzymes. However such 

attempts enrich the coordination chemistry of molybdenum in its 

higher oxidation state. The enthusiasm shown in the preparation 

of dioxomoiybdenum(Vl) complexes follows from the 

id if
. . 6,23 

ent 1cat1on of 
VI +2 

[Mo 0 ] group in fully oxidized states . 2 

of a number of redox enzymes. The cofactor of such enzymes is 

expected to be coordinatively unsaturated, so that effective 

binding of the substrate may occurr. Introduction of dianionic 

VJ: +2 • tridentate ligand to . the coordination sphere of [Mo 0
2

] mo1ety 

can provide an open active site on Mo. Therefore the coordination 

chemistry of dioxomolybdenum(VI) complexes with dibasic 

tridentate ligands has received considerable attentions. 
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C. WORKDONE : 

Considerable progress has been made in the preparation 

of dioxomolybdenum(VI} complexes . with trident_ate ligands. 

Cis-dioxomolybdenum(VI) complexes have been prepared with dibasic 

tridentate ligands starting from bis(acetyl-

acetonato)dioxomolybdenum(VI), Mo0
2
(salicyl-

aldehyde)~, Na
2
Mo0

4
• 2H

2
0 or Mo0

2
Cl

2
• The complexes are isolated 

in the form of. Mo0
2

L or Mo0
2

L( A) (where A = monodentate neutral 

ligand) depending on molybdenum precursor, ligand and reaction 

conditions. Raj an and 
24-Z!:i 

Chakravorty have described the 

synthesis of dioxomolybdenum(VI) complexes by the use of 

tridentate schiff bases derived- from salicylaldehyde or its 

substituted derivatives and ortho-substituted phenol. They have 

used bis( acetylacetonato )dioxomolybdenum(VI), bis(salicylalde-

hydato )dioxomolybdenum(VI) __ and ( NH
4

) 
6

Mo
7
0

24
• 4H

2
0 as molybdenum 

2!:i 
precursors Topich et 

2() 
a~. have reported the synthesis and 

characterization of -a number of cis-dioxomolybdenum(VI) 

tridentate schiff base coordination complexes. 2,6-disubstituted 

pyridine ligand 

triamide. Dey et 

has been 

where 

, 28 
aL. have 

27 
used 

HMPA 

to 

is 

described 

prepare complexe 

hexamethylphosphoric 

the synthesis of 

cis-dioxomolybdenum(VI) complexes·by the reaction of Na
2
Mo0

4
.2H

2
0 
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with the tridentate schiff base ligands derived from 

salicylaldehyde, thiosalicyldehyde with orthp-aminoalcohola or 

ortho-aminophenols. The attractive cis-dioxomolybdenum(VI) 

complexes with flexible yet bulky tridentate ligands have been 

reported by Berg and H 1 
2'P-30 

o m . Treatment of 

bis(acetylacetonato)dioxomolybdenum(VI) with 2,6-bis(2,2-di-

phenyl-2-hydroxyethyl)pyridine in methanol 90 
give 

while 2,8-bis(2,2-diphenyl-2-mercaptoethyl)-

It is h 
91-32 s own that 

tridentate schiff base ligands obtained from salicylaldehyde, 

substituted salicylaldehyde and aalicylhydrazide or 

benzoylhydrazide easily form dioxomolybdenum(VI) complexes where 

water molecule or THF are present in coordination sphere of Mo. 

The a quo complexes have been 
91 

obtained by reacting dilute 

sulphuric acid .solution of (NH
4

)
2

Mo0
4 

with a dilute sodium 

hydroxide solution of schiff. bases in aquous medium. The water 

molecule in aquocomplexes is easily replaced by tetrahydrofuran. 

Other hydrazide schiff base complexes of dioxomolybdenum(VI) are 

33-3!5 33 
also known . Dutta and Pal have reported the preparation of 

dioxomolybdenum(VI) complexes by the reaction of 

bis(acetylacetonato)dioxomolybdenum(VI) and hydrazide schiff base 

in methanol. Dioxomolybdenum(VI) complexes of the type Mo
2

L(Me0H) 

have been reported
36 

with different types of tridentate dibasic 

j 
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schiff base ligands. Casella et , 37 a .... have used 

bis(acetylacetonato)dioxomolybdenum(VI) as molybdenum precursor 

to synthesis dioxomolybdenum(VI) complexes with tridentate 

ligands of the type N-salicylidene-L-amino acids. Tandon and 

.k 38 cowor era have prepared dioxomolybdenum(Vl) complexes by the 

reaction of bis(acetylacetonato)dioxomolybdenum(Vl) with 

tridentate schiff base ligands derived from condensation of 

2-hydroxy-1-naphthaldehyde, 

acetophenone with glycine 

dimethylpyrazolyl)borate 

2,4-pentanedione and 2-hydroxy-

or £1-alanine. Hydrotris(3,5-

has been .9P 
used as 

tridentate ligand to isolate compounds of the type 

[MoO X(HB(3,5-Me pz) )], where X is a monodentate unianionic 
2 2 3 . 

ligand. The reaction of K[HB(3,5-Me pz) ] with MoO X (OPPh ) (X 
2 3 2 2 3 2 

= F, Cl), MoO Br (Me SO) 
2 2 2 2 

and (NEt ) [MoO ( NCS) ] 
. 4 2 2 4 

. ld 40 
y~e s 

Mo0
2
X[HB(3,5-Me

2
pz)

3
]. 

Recently tridentate ligands salicylaldehyde 

S-methylisothiosemicarbazone having O,N,N donor atoms have been 

used by Leovac and 
4J. 

coworkers . They have used 

bis( acetylacetonato )dioxomolybdenum(VI) as starting material to 

prepare Mo(VI) complexes of the type [Mo0
2

(0NN)S] (where S = Py, 

MeOH, EtOH ) . 

MoO (tridentate) complexes allow the binding of various 
2 

monodentate neutral molecules to the labile coordination site. 
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2!5 
shown 

j 

that Mo0
2

L complexes react 

with different monodentate ligands (A) to form complexes of the 

type Mo02 L(A). The complexes undergo substitution reaction. of the 

type, 

/ / 
Mo0

2
L(A) + A = Mo0

2
L(A ) + A 

(where A/= different monodentate neutral ligands). The Mo02L(~) 
lose A/ in a single endothermic step on heating. Prabhakaran and 

34 
Nair have studied the spectral properties and thermal stability 

·Of different adducts of 

dioxomolybdenum(VI)~ Syamal 

hydrazide 

and 
92 Kumar 

schiff complexes of 

have used DMF, 

Pyridine-N-oxide, tetrahydrofuran and DMSO as monodentate neutrar 

ligands to prepare monomeric non-electrolytic and diamagnetic 

cis-dioxomolybdenum complexes, [Mo0
2
L(A)]. . 42--43 

It 1s shown that 

different bidentate ligands (AA) such as ethylenediamine, 

tr imethy lened iamine, tetramethylenediamine or tho-phenanthro 1 ine, 

2,2/-bipyridine, ortho-phenylenediamine and 2-aminoethylpyridine 

can form the seven coordinate heterochelates [Mo0
2
L(AA)]. Dash et 

el.. 
44 have used biologically important molecule imidazole and its 

derivatives to study the acceptor behaviour of Mo0
2 
(tridentate) 

syst.em. 

The electron transfer charecteristics of 

cis-dioxomolybdenum(Vl) complexes have been studied with the use 

of cyclic voltametric techniques. Irreversible behaviour has been 
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25-2CS 
reported for Mo0

2 
(tridentate) complexes . Berg and Holm have 

90 
described that the dioxomolybdenum(VI) complex [Mo0

2
(LNS

2
)). 

exhibits an irreversible reduction which approaches chemical 

reversibility at 250 K. 

Oxo transfer behaviour of Mo0
2 
(tridentate) system have 

got attention of inorganic chemists. Topich and 45 Lyon have 

r~ported the oxygen transfer' reaction of 
v:r 

Mo 0
2
(tridentate) 

systems with PPh
2
Et in DMF. 

Mo0
2

(L) + PPh
2
Et • MoOL + OPPh

2
Et 

v:r 
The reactions are first order with respect to Mo 0 (tridentate) 

. . 2 

system and PPh
2
Et. Oxo transfer cycle has been studied in details 

by . Berg and 
30 

Holm . The cis-dioxomolybdenum(VI) complexesof 

2,6-bis(2,2-diphenyl-2-mercaptoethyl)pyridine [Mo0
2

(LNS
2

)] reacts 

with PPh
3 

in DMF to form monomeric monoxo. Mo(IV) complex 

[Mo0(LNS
2

)(DMF)], which on reaction. with Me
2

SO in DMF gives back 

the original cis-dioxomolybdenum(Vl) complex.-

In the solid state IR spectra i di t 
25,2P 

n ca es 

Movi0
2
(tridentate) systems attain linear polymeric. structure 

involving Mo ·= 0 , Mo bridge between six coordinate molybdenum 

centres. Zi6lkowski at eL .a.cs have reported a dimeric structure 

with an asymmetric 
VI . 

double oxygen bridge for Mo 0
2 
(tridentate) 

complexes. Although a few five 

4-7-48 
species are known . 

coordinate 
VI 

Mo 0 (tridentate) 
2 
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/ -
2,2 -dihydroxyarylazo compounds can serve as a 

/ tridentate dibasic ligands. There is a scope to employ 2,2. -dihy-

droxyarylazo compounds to generate cis-dioxomolybdenum(VI) 

complexes. 

1.2 PURPOSE OF THE PRESENT WORK 

a In nature molybdenum is found an essential component in 

the conversion of atmospheric nitrogen to ammonia at room 

temperature and pressure. In this context it is worthwhile to 

study the binding of azo function with molybdenum. 

Arylazo-molybdenum linkage is reported in a number of 

carbonyl and cyclopentadienyl complexes of Mo in its lower 

oxidation states. 
4P 

King and Bisnette have prepared compounds 

(where Ar = 

Green et ' 50 ar.. have isolated complex of the form 

( C
5

H
5 

)Mo (CO )
2 

( N
2

C
6

H
5

)- The complexes of the type 

[RB(pz)
9
Mo(C0)

2
N

2
Ar] have been prepared by 51 

Trofimenko , where R 

= H, pz = 1-pyrazo ly l, Ar = C
6

H
5

, p-FC
6

H
4

, m-FC
6

H
4

, p-N0
2

C
6

H
4 

and 
52-!53 

have described the reaction of etc. Otsuka coworkers 

Since molybdenum centers in nitro8enase are suggested to exhibit 
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highe~ oxidation states and the dinitrogen fixation is believed 

to occur step wise through diazene and hydrazine, a number of 

organohydrazido( 2-) molybdenum complexes have been 'reported in 

its higher oxidation states
54

-
57

• 

A systematic investigation of the interaction of arylazo 

compounds with Mo(VI) seems interesting. In the present work 

2, 2/ -dihydroxyarylazo compounds have been employed to prepare 

Mo0
2 
(tridentate) complexes and to study their electrochemical 

behaviour. The planner. tridentate dibasic 2, 2/ -d:ihydroxyarylazo 

ligands occupy three coordination sites around ·the cis-[MoO ] 2 
... 

2 

moiety leaving the sixth coordination site free. 

acceptorbehaviour and reactivities of cis-dioxomolybdenum (VI) 

complexes have been studied. 



j 

+-

-12-

REFERENCES 

1. R.H.Holm, Coord.Chem.Reviews, 1990, 100, 183. 

2. E.I.Stiefel, Proe.Inore.Chem., 1977, 22, 1. 

3. F.A.Cotton and R.A.Walton, "HuU.ipl.e Bonds Between Hetal 

Atoms", Wiley-Interscience, New York, 1982. 

4. W.R.Chappell and K.K.Petersen (Eds.) "Hol.yodenwn. in the 

Environment", Marcel Dekker, New York, 1976, Vol.2. 

5. P.Grange and B.Delmon, "Proceedi.nes of the First International. , 

Conference on the chemistry and uses of molybdenum.••. 

Climax Molybdenum Company, London, 1973, 188. 

6. T.G.Spiro (Ed.), "Hol.ybdenv.m En2ymes", Wiley-Interscience, 

p.161, New York, (1985). 

7. F .J. Bergersen and J. R. Postgate(Eds.), "A Century of Ni troeen 

Fixation Research", The Royal Society, London, 1987. 

8. M.P.Coughlan (Ed.), "Hol.ybdenwn. and Hol.ybdenwn.-Containine 

. En2ymes" . Pergamon, Oxford ( 1980) . 

9. K.V.Rajagopalan, Biochem.El.em., 1984, 3, 149. 

10. B.Hedman, P.Frank, S.F.Gheller, A.L.Roe, W.E.Newton, K.O. 

Hodgson, J.Am.Chem.Soc., 1988, 110, 3798. 

. 11. A.E.True, M.J.Nelson, R.A.Venters, W.H.Orme-Jhonson, 

B.M.Hoffman, J .. Am. Chem. Soc., 1988, 110, 1935. 

y 
: .... i 



I 

/ 

-13-

12. W.J.Broughton and A.Puhler(Eds.) Fixat. ion", 

Clarendon Press, Oxford, UK, 1986, Vol.4. 

13. W.E.Newton, J.R.Postgate and C.Rodrignez-Barrueco(Eds.) 

"Recent Deve~opment.s in Nit.ro8en Fixation", Academic 

Press, London, 1977~ 

14. R.W.F.Hardy, F.Bottomley and R.C.Burns(Eds. ), "A Treaties on 

dinitro8en Fixation, Section I and II lnor8anic and 

Physica~ Chemistry and Biochemistry", Wiley, New York, 1979. 

15. S.P.Cramer, R.Wahl and K.V.Rajagopalan, J.Am..Chem..Soc., 1981, 

103, 7721. 

16. S.P.Cramer, L.P.Solomonson, M.W.W.Adams and L.E.Mortenson, 

J.Am..Chem..Soc., 1984, 106, 1467. 

17. S.P.Cramer and R.Hille, J.Am..Chem..Soc., 1985, 107, 8164. 

18. G.N.George, C.A.Kipke, R.C.Prince, R.A.Sunde, J.H.Enemark and 

S.P.Cramer, Biochemistry, 1989, 28, 5075. 

19. R. C. Bray, "'The Enzymes" , 1979, 12, 299. 

20. T.R.Hawkes and R.C.Bray, Biochem..J., 1984, 222, 587. 

21. G.N.George, T.R.Hawkes G.D.Jones and R.C.Bray, Po~yhedron, 

1986, 5, 587. 

22. J. L. Jhonson and K. V. Rajagopalan, J. BioL Chern.. , 1977, 252. 

2017. 

23. S.P.Cramer, Adv.lnor8.Bioinor8.Hech., 1983, 2, 259. 

New York, 1985. 



+. 

24. 

-14-

O.A.Rajan, S.Adhikari and A.Chakravorty, Indian 

J.Chem., 1977, 15A, 337.; _O.A.Rajan, and A.Chakravorty, 

Inorg.Chim.Acta, 1979, 37, L503. 

25. O.A.Rajan, and A.Chakravorty,_ Inorg.Chem., 1981, 20, 660. 

26. J.Topich and J.T.Lyon III, Po~yhedron, 1984, 3, 55, 61; 

Inorg.Chem., 1984, 23, 3202. 

./ 

27. L.S.Liebeskind, K.B.Sharpless R.D.Wilson and J.A.Ibers, 

J.Am.Chem.Soc., 1978, 100, 7061. 

28 .. K.Dey, R.K.Maiti and J.K.Bhar, Trans.Het.Chem., 1981, 6, 346. 

29. J.M.Berg and R.H.Holm, Inorg.Chem., 1983, 22, 1768. 

30. J.M.Berg and R.H.Holm, J.Am.Chem.Soc., 1985, 107,. 917. 

31. A.Syamal and D.Kumar, Trans.Het.Chem., 1982, 7, 118. · 

32. A.Syamal and D.Kumar, Indian J.Chem., 1982, 21A, 534. 

33. R.L.Dutta a~d A.K.Pal, Indian J~Chem., 1983, 22A, 871. 

34. C.P.Prabhakaran and B.G.Nair, Trans.Het.Chem., 1983, 8, 368. 

35. A.Syamal and M.R.Maurya, Trans.Het.Chem., 1986, 11, 235. 

36. A.Syamal and M.R.Maurya, Trans. Het. Chem., 1986, 11, 172; 

ibid. 1986, 11 , 255-

37. L.Casella, M.Gullotti, A. Pintar, S.Colonna and A.Manfredi, 

Inorg.Chim.Acta, 1988, 144, 89. 

38. N. Kanoongo, R. Singh and J.P. Tandon, Trans. He t. Chem. , 1989, 

14, 221. 



-~ 

I 
./ 

-15-

39. W.E.Cleland(Jr), K.M.Barnhart, K.Yamanouchi, D.Collison, 

40. 

F. E.Mabbs, R. B. Ortega and J .H. Enemark, Inor8. Chern.. 1987, 26, 

1017 and ref therein. 

C.G.Young, I.P.Mclnerney, M.A. Bruck and J.H.Enemark, 

Inor8.Chem.., 1990, 29~ 412. 

41. E.Z.Ivege~,V.M.Leovac, G.Pavlovi~ and M.Penavi~ ,Po~yhedron 

1992' 11 ' 1659. 

42. A.Syamal and M.R.Maurya, Indian .J.Chem.., 1984, 23A, 950. 

43. A.Syamal and M.R.Maurya, Trans.Het.Chem.., 1985, 10, 45. 

44. R. N .Mohanty, V. Chakravorty and K. C. Dash, Po~yhedron, 1991, 

. 10' 33. 

45. J.Topich and J.T.Lyon III, Inor8.Chim..Acta, 1983, 80, L41. 

46. J.M.Sobczak, T.Glowiak and J.J.Zi6lkowski, Trans.Het.Chem.. 

1990, 15, 208. 

47. J.M.Berg and R.H.Holm, .J.Am..Chem..Soc., 1984, 106. 3035. 

48. J. M. Hawkins, C. Dewan and K. B. Sharpless, I nor8. Chern.. , 1986. 

25, 1501. 

49. R. B. King and M. B. Bisnet te, J. Am.. Chern.. Soc. , 1964, 86, 5694; 

Inor8- Chern.. 1966, 5. 300. 

50. M.L.H.Green, T.R.Sanders and R.N.Whiteley, Z. Naturjorsch, 

. 1968' 23b, 106. 

51. S. Trofimenko, Inor8. Chern.. , 1969, 8, 2675. 

52. A. Nakamura, M.Aotake and S.Otsuka, .J. Am.. Chern.. Soc. 

3456. 

fit!~~ ~ ·ti· :ii ~i. ~J .a:~ 
bf;JS'('Fett1•(\' tW~A~; 

"-~"~ J ,;~. J.J, l<. .~: ~..b f.' fl tN' ~r ti 

1974, 96, 



-16-

53. A.Nakamura, K.Sugihasi and S.Otsuka, Journat of the tess 

Common Heta~s. 1977, 54, 459. 

54. D.Carrillo, F.Robert and P.Gouzerh, InorB.Chim.Acta. 1992, 

197' 209. 

! 
/ 

55. C.Bustos, C.Manzur, H.Ganzalez, R.Schrebler, D.Carrillo,C.Boie, Y 

Jeannin and P.Gouzerh ; InorB. Chim. Acta. , 1991, 185, 25. 

56. C.Pickett, S.Kumar, P.A.Vella and J.Zubieta, InorB. Chem., 1982, 

21, 908. 

57. T.A.George, L.Ma, S.N.Shailh, R.C.Tiedale and J.Zubieta, 

lnore. Chem., 1990, 29, 4789. 


