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ABSTRACT

INVESTIGALTIONS ON THE REsCTION OF
MOLYBDENUM PENTACHLCRIDE AND CHLOROOXOMOLYBDENUM
COMPLEXES WITH SODIUM AZIDE

The reaction of MoCl5 with NaN5 in acetonitrile
followed by addition of OPPh5 resulted in the forma-
tion of impure MOOC}.E(OPPhBD2 rather than the expected
nitrido analogue., NaN5 acts here as a reducing agent
generating a molybdenum(IV) chloride derivative which

was trapped as impure Moclq(Py)gr_

The reaction of M00014 with acetonitrile or NaN5
produced a green solution containing an MoOGla(MeON)2
complex which could not be isolated but trapped with
OFPh; end identified as MOOC1,(OPPhy),e  4ddition of

NaN. to the green molybdenum oxotrichloride intermediate,

5
MoOGlE(MeCN)2 produced a deep violet solution. The

viole product could not be igolated but was inferred
to consist of [Na][MoOClB(NB)(MeCN)], a loose adduct

of M00C15(MGCN)2 and NaNB. Thus, addition of OFPPh. %o

5
the violet solution resulted in the formgtion of impure
MoOG15(OPPh,),. - The violet intermediate obtained from
MoOC1,(MeCN), and NaN; is stable in acetonitrile bub
decomposes in CH2012 under evolubtion of N2 and reduction
yielding MoOClE(MeCN)3 as a brown crystalline product

which is sensitive tq:hydrolyﬂia. ?prli(OPPh5)2 itsel%‘?eacts

slower with-NaN5 in acetonitrile with chloride—azide

exchange yielding MoOGlE(N5)(OPPh3)2.

— e
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1.

INTRODUCTION

Nitrido complexes of transition metals in
general and those of molybdénum in particular have
received increasing interest as possbile interme-
diates in biological nitrogen fixation [1}. Such
nitrido complexes are usually conver '~ . to ammonia
by addition of alcohols or water, but are sometimes
sufficiently reactive to abstract hydrogen even

from aprotic solvents such as thf.

Recently it has also been reported thet
nitrido complexes of manganese can serve as inter-
mediates in the transfer of nitrogen to unsaturated
organic substrates [2]}. The process may be consi~
dered analogues to the well known epoxidation of

olefins.

Further attention as to the use of nitrido
molybdenumn compounds in catalysis came from the
finding that they represent an essential consti-
tuent of certain homogenous catalyst systems for
olefin metathesis [%,4}. Most of the metathesis
catalysts published so far of Ziegler-Natta type
and based on tungssen, molybdenum or rhenium
complexes [5~8]. In contrast to the large number
of highly active tungsten containing metathesis

systems, there are, surprisingly enough, only a




few molybdenum based systems of comparable activity.
Considering the type of molybdenum precatalyst involved
in olefin metathesis these can be categorized into the

folloving three major groups [9].

A. HNitrosylmolybdenum complexes

e.gs MoCL,(NO),L,/EtALCL,, . [10411]

MOClB(NO)LE/EtﬂlclE [11]

(L = various N-and O-donors)

MO01(N0)(00)2L2/EtA1012 [12)

(L = PPh s ASPha)

B. Nitridomolybdenum complexes

Cege MoNClBLg/Rﬁlcle [%]

(L= OPPhz; L, = Bu,NCl; R = Me, Et)
¢. Halopentacarbonylmolybdates(Q)
Eege £Bu4NJ[mo(co)5013/EtA1012 [13]

The use of dinitrosylmolybdenu{Q) complexes
with EtA1012 as o cocatalyst for the homogenous
metathesis of olefins was first.reported by Zuech in
1967 [L0}. Taube and Seyferth found that the mono-

nitrosylmolybdenum(II) complexes MoLlL

015(N0)L2, and.
nitrosylcarbonylmolybdenun(0) complexes MOOGI(NO)(GO)gLE,
exceed the metathesis activity of the analogaus dini-

trosyl precatalysis [11,12] and are among the most

QO/II




aAnother possible agent to split off the oxygen from
the NO group is the Lewis acid, cocatalyst, EtAlCle.

The above result is further supported by the
finding that the nitridomolybdenum(VI) complexes,
MONC1 5T, (L, = Bu,NCL, L = oPPga), themselves consti-
tute very efficient metathesgis precatalysts [3]}. For

the homogenous system MoNClB(OPPh »/EtALCLl,, it hes

5)
been confirmed experimentally that the nitridomolybdenum
grouping remains intact throughout the catalytic pro-
cegss. Furthermore, the carbon ligand, being essential
for the catalytic alkylidene group rearrangement, was
proved to originate from the EtA4lCl, cocatalyst (9],
Incidently, the catalyst formation is very likely to
proceed under alkylation of the chloronitridomolybdenum~

(VI) precatalyst, MoNCl L,» and subsequent a-hydrogen

5

elimination as indicated in equation (3).

VI | TVos( v
Mo N013L2+(2+x)G2H5A1012—~>£Mo N(QHCHa)Cl.xAl(Et)Glej

+ 2Lgx1015 + CoHg (3)

A s8imilar process may be operative in transferring

the oxonitrido intermediate, [NMo® (0)Cl.xALCL,.yALl(Et)CL,)

5
(equation (1)% into a metathetically active nitrido-

carbene compleX.

Despite the usefulness of the nitridomolybhdenum

ao/co




-5 -

complexes as catalyst%&little is known about their
preparation and reactivity. The synthesis of the
chloronitridomolybdenum complexes, MoNCl3 and
MoNGlaI;X (x =14 L = Bu, NC1l, Et,NC1l, dipy; x = 2,

L = OPPha; X = 3y L » py) usually starts with Mo(co)6,
MoClg, or MoCl,Ls (L = thf, MeCN) and nitride pre-
cursors such as NCl5 [17], GlN3 [18], Et4NN5 [19] and
(Me)BSiN3 [(20]. Very recently a rather safe and
convenient synthesis for the compounds, M0N015L2

(L = OPPhzs Y2 dipy, Y2 By,NC1) from MoCl,(MeCN),
using N3N5 as a nitrido source was published by

Seyferth and Taube [3].
MoGlQ(MeGN)2+NaN5+2OPPh5-->M0N015(OPPh5)2+Na01+N2+2MeGN

The regction of MoCl5 with NaN5 and OP.Ph5 in aceto-
nitrile has been dealt with by Zewdu Gebeyehu [21].

The only oxonitridomolybdenunm compounds known
todate are Ka[Mo(N)O3] [223 and the above mentioned
(05H5)5M03(N)(o)(co)4 [16,23}. The assumption that
oxonitridomolybdenum comrlexes might be involed in
metathesis catalyst systems (see equation (1)) focused
our interest on this complex type. A possible prepa~
rative entrance should be the reaction of molybdenum
oxochlorides with azide, even though oxoazido comp-

lexes may also be expected as possbile products. Both

(4)




oXonitrido and oxoazidomolybdenum compounds are of

general interest as potential metathesis catalysts.
f"hus, it is the objective of this project:

1. 7o study the reaction of MoCl5 with NaN5 in aceto-
nitrile using OPPh3, Bu4NCl, and pyridine as auxi-
lary ligandse. As possible products nitridomoly-

bdenun(VI) complexes, MoNClBLn, may be expected.

2. To investigate the reaction of the oxochloromoly-
bdenum complexes, MoOCl4 and MoOClﬁ(OPPhB)g, with
NaN5 in acetonitrile as a potential route to oxo-

nitrido or oxoazido derivatives of molybdenum.
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2¢ LITERATURE SURVEY: The Reaction of azides with

Molybdenum and Tungsten Complexes
2.l Reaction Pathways

Nitrogen serves as a donor atom in a
great variety of ligands. One of these is the

azide ligand, N,, In its behaviour it is quite

3*
similar to the chloride anion. Thus, it acts
as a moderetely strong b-donor with some addi-
tional m~donor capacity. BEven though the
azide ﬁas a delocalized m—system, the ligand
does neither seem to display remarkable
n~acceptor properties nor to form m-complexes
(side-on bonding). However, a few complexes

with bridging azido ligands have been

desceribed [38].

The azide ion itself is symmetrical and
linear, and its electronic structure may be

represented by three mesomeric forus.

2q - 29  *

e 6 _ + 9 -
L4 = N = N¢ ] <> [N 2 N - N¢] <> [4§ - N 5 Ns]

pl=A

In covalent azides, the linear symmetry is
lost and the structure is best described by
the following two resonance hybrids

© 9 e @
R-N=N=Nt < mmmm s >ReN-Ng ¥




In addition to its role as a ligend, the azide
ionsy but covalent azides as well, may act as oxidizing
or reducing agentse With transition metal complexes

the following reactions have been observed so far,
1, Substitution

Mo~ X 4 MY w Ny ——=> M' - X+ M~ Ny | (5)

2e Oxidation of the transition wmetal

a, Under formation of diazene complexes

eM = Ny ==> M = N - N =M+ 2N, (6)

b« Under formation of alkylimido complexes

M+ Rl ~=> M =N - R+ N, )

¢. Under formastion of nitrido complexes

M- N, -->M3 N+ N, (8)

3

% Reduction of the transition metal

4. Nucleophilic addition to unsaturated ligands

M~ CO 4+ Nﬁ

~=> M~ ¢ - N ~-> [M - NCO}™ + N, (10)

0

34

The following four sections are meant to deal with a
literature survey of the above reactions of azides

with molybdenum and tungsten compounds.
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Fornmation of fizido Complexes

Dehnicke et al. investigated the reaction of
M0015 and WCl6 with OlN5 in order to prepare -
nitrido complexes of the formula HNClE. Thg MOY1I0~
azido intermediates, M015(N5)’ were detected but
not isolated due to their instability and explo-

siveness (1842417,

[¢]
0°¢
MoCl5 + cm5 o> [MOC,15(N5)] + Y2 C1, (11)
WCl,. + C1N '—-98(—3—--> (el (., )1 + C1 (12)
6 3 5% 2
(ML (N.)] w220 micd , Ol + N (13)
573 3 2 2
(M = Mo, W)
With an excess of GlNB, the [1%'10015(1\13)3 complex
could be converted into the more stable but
highly explosive, black diazido derivative
HoCl4(N5)2 [18].
[MoCl5(N5)] + GJ.N5 ~—=> MoC1, (N /)2 + Cl, (14)

Similar unstable moncazide inbtermediates have
been invoked in the reaction of MoBr4 with

IN5 257, WBrg with IN5 [26] and EPth]£WBr6]

3 with IN5 in

0014 seems 1o give a somewhat more stable azido

with IN;[EG], The treatment of Mol

e/
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eomplex, M0I2(N§) [27]« "Wwo other highly explosive butb
isolable diazido compounds were obtained from M(CO)6

(M = Moy W) and 1N, [28].
M(CO) g + IN, -=> M(CO)B(NB)E + I, (15)
(M = Moy W)

The reaction of the hexaflourides of molybdenum

and tungsten with alkali and tetraalkylammonium azides

‘yas investigated in detail by Glavincevski and Brovmn~

stein [29430]. The following three reaction pathways
could be debected.

MP + Ng ———=> [MF, (NBDJ" (16).
APy + Ny —==-> MF, + MF5(N5) | (17)
MFg -+ Ng ----- > MFg + 3/2 N, (18)

Thus, WFg is capable of adding one equivalent of
[R,NI[N3] in liquid 80, or GHCl, %o give £R4NJEWF6(N5)J.
Excess of azide initiakes reaction (16) with slow

rate. With alkali azides, M'NB(M‘ = Li, Na, Cs), in
liquid 80, pathway (16) predominates, whereas with
acetonitrile as a solvent rapid azide addition followed
by slow reduction according to equation (18) was
observed. WF.(N,) and CsWFg could be isolated as

pure compounds.

RYATIN
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EW(N)(N5)(dppe)2] + EtL —-> [w(NEt)(NB)(dppe)gjz (27)

[M(N)(N5)(dppe)2] + CHy fGHg ~CH; —=> [W(NS)(NB)(dppe)gj

N/

5
+ CH2=CH—CH5 (28)

There is only one exanple of a bridging awzide
ligand. Bishop et al-[38] showed that the reaction of
[Pth)[Moo(SGHECchHQS)aj with HN, in methanol results

in the formation of the winual triply-bridged complex,

[Mo202(u—N3)(SCH20H20H28)53.

[Ph, P][M00(S(CH,) 58) 3] + HIN; ~====-—- >[Mo 5,0, (1~N5)
(5(CH,) 58) 5] (29)

In addition to the4u~N3 ligand the two molybdenum(V)
centers are coupled by two sulphur bridges. The hydra-
zoic acid in equation (29) is generated in situ from

Me5SiN5 and methanol.

Another reaction involving in situ formed HN3 was
reported by Dehniche [39]. Thus WCl; and INy in CH,5C1,
were found to give the tetrameric cyclic HN3 adduct,
2.3 Rormation of Diazene Complexes

fhe chemistry of bridging diazene or M~N2

complexes of molybdenum and tungsten is not very

vo/oe
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extensive. With e¢lements of the VI B group, only a few
compounds have been described so far. Thus, the dini-
trogen complex [Re(PMegPh)4Gl(N2)J reacts with suitable
acceptors & (4 = CrCl, (thf),, MoCla(thf)g, loCl1, (OMe)
and 1Cl, (PMegPh) to give u-N, derivatives of the
formula [Cl(PMeEPh)4 Re(n—Ng)A} [407. 4lso trinuclear
species with a [Re(u—Ng) M(u—Ng)ReJ framework

(M = ?1, Mo, W)y are known. The best characterized
compound of this type is [{Cl(PMeEPh)4 Re(u—Ng)}QMoClqj

obtained from MoOCGl, or MoGlQ(PPha)g and

3
[Re(PPhMeg)4Cl(N2)J [413. Very recently Anderson
et al [42] succeeded in isolating the first homometalic
binuclear u—N2 tungsten complex of this sort,
[_W(Ng)g(PEtgPh)532 (n-N,)1.

There is only one reference concerning the forma-
tion of a diazene molybdenum complex employing azide
as a source of nitrogen. The reaction of M0015 with
IN5 or NCl3 in CCl4 yields (u-diazene)bis(tetrachloro-
nolybdenum) o [M0N01432 [43].

CGl4

.+ 2IN —> [MoNC1,], + 2N, + 2IC1 (30)

2Moblb 3

oCL
4
2M0015 + 2N015 L [MoNCl4]2 + 4C1, , (1)

Phermal decomposition of [M0N614]2 gives the nitrido

complex, M0N015.

100°¢

Y2 [MONG14]2 — > MoRC1

5 + Y2 Cl, (32)

ou/-c
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The reaction is suggested to prbceed via the interme-
diates MoGan I, and QlBMoNI. In the presence of
co—ordinating solvents, e.g. OPGla, the formation of

nitrido complexes is straightforward [43].

[MoNCl4]2 reacts with water to molybdenum blue,
NH5' and N2. Nitrogen originates most probably from

N,H, as the primary hydrolysis product [43].

The brown diazene complex, MoNQl4 could also be
prepared from Mo(CO)6 and N015 in CCl,, but was iso-
lated only as a crude product [44].

C014

Mo(CO)g + 2NC1 > "MONCL," + 69 + Y2 N, + Cly (33)

5

244 Formation of Imido Complexes

Phe reaction of arylazides with tungsten
complexes was found to yield compounds with

coordinated RN5PRB’ RN_H and RN [45]. One example

5

of such a reaction is shown in equation (34).

W(CO) 5 (B 0NEL,) 5 + ArNg=—> W(CO) (NR) (8,CNEb,) 5+N,+CO  (34)

An analopgous complex of molybdenum, MO(GO)E(SQGNEtg)g,
was reported to resct with arylazides under formation
of a bis(arylimido) derivative, whereas MOO(SECNEtE)2

forms a monoimidoxo complex with the same reagent [46].

_—> Mo(NAr)g(SECNEtg)g (35)

MO(GO)g(SchEte)E + 2ArN5

(4r = ph)

.o/.a
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MoO(8,CNEL5) 5 + ATNy ~-> Mo (0) (Har) (8,CNEL,) » (36)
(ar = Ph, p~CgH,NO,)

The two NPh groups in monomeric cis—Mo(NPh)g(SECNEta)2
are one bent and the secon linear. The bent one has a
strong twans-effect [4]. The dumido complex Mo(NAr)2 -

(S2CNEt2)2 forms a monoimido derivative when treated

with either HC1 or CH,Br as shown below [46].

o)
Mo(Nnr)g(SgCN}Bte)g + 2HQL ——> MO(NAI')CZLQ(SBCNEtg)e

+ Hylar (37)
MO(NAI')2(SQONE132)2 + 2MeBr ~-> Mo(NAr)Brg(SEONEtE)g

+ Me Nar (28)

The reaction of the oxoimido complex MoO(Nﬂr)(SQCNEtz)2

with HCl leaves the imido group intact if the aryl group
is phenyl. However, if the aryl group is pA06H4N02, the

imido group is replaced by chloro ligands [46].
MoO(WAD) (8,CNEb,), + HOL —~> Mo(NAT)CL,(S,CNEt,) + Hy0  (39)
(Ar = Ph)

MOO(WAL) (8,CNEb )5 + HCL —=> MoOCL,(S,CNEb,), + HNar  (40)

(ar = p-CgH,NO,)
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Maatta et al.discussed the synthesis of
Mo(NPh)X,(8,0NEb,), (X = Cl, Br) and the structure of

a CHCLl, adduct of this complex [48].

3
Oxohalo compounds of molybdenum react with

MeBSiN3 in thf to form oxohaloimido complexes [49],.

1 iN_ + 20PR. ——~=—— [ ¥ 3
MoQG 5+ M8581N5 + 20PR5 >M0012(NH)(0)(OPR5)2 tone

(R5 = Pha, Ph, Et, EtEPh)

liost probably the solvent is the source of the imido

hydrogen in equation (41).

Phe phenylimidochloro complexes, w(NPH)cla(PPhB)2
and W(NPh)012 (PMe5)5 and related compounds were the

subject of a recent publication by Bradley et al.[50].

Bridging imido complexes have been synthesized
by Korswagen et al. [51].

0
0P S [0pMO, [M-NCOEE] o4 o

CpM(GO)BCH 4
OBt 2

+ N

3 3

(M = Mo, W) [GpMO]gﬁu—NCOEEt]Qu-O)+..
cpm(oo)501 + ees

"he preparation of nitrene complexes via acidazides and

azidoacid esters was also explored by this group [52].

Chisholm et al, prepared a dimeric diimido complex of

nolybdenum from MOE(OBu+)6 and Rifx L53].

co/oi..\_
A E

(41)

(42)
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Mog(OBut)6 + ArN5~~> [Mo(Nﬂr)g(OBut)gj2  oene (43)

(ar = Ph, C6H4Mep)

Excess of the arylazide produces a dimeric complex that

conbains bridging and terminal imido groups [54].

Mo,(OBuT) . + > AT > [Ho(Nar) (u-Nar) (0Bu®) 5],
(ar = Ph, CgH,MeP) + 4N, + 2[Bu’0.] (44)

The alkylazides, RNy (R = Me, Bt, CH,ON = CH,),

5
react with the dinuclear molybdenum and tungsten compounds,
[(G5H5)M(GO)2]2 (M = Mo, W), abt temperatures between 200
and 300 K In particular, azides add to the metal-metal
multiple bond of the precursor with consecublive ring

closure via nucleophilic attack of the coordinated azide

upon one of the mebtal carbonyl ligands [55].

M - Op (45)

(R = Me, Eb, allyl)
2.5 Formation of Nitrido Complexes

The literature on nitrido complexes of molybdenum
and tungsten was reviewed by Zewdu Gebeyehu up to
1982 [21]. Here only some recent advances shall be
added.

ce/ee
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The reaction of WCl6 and IN5 in dichloromethane to

give the HN3

mentioned in section 2.2.

adduct [u¥015 . O. 5HN534 has alreédy been

Despite the fact that NaN5 is safe and convenieht to

handle, it was only recently that Seyferth and Taube [B]

used this azide as a source of nitrido-nitrogen.

, MeCN
M0014(MeLN)2 + Nalfy —==2=--me > [MoNGl5(MeCN)XJ
.+ NaCl + N, (46)
[MoN015(MeCN)XJ o) Fpe— > M0N015L2 + XMeCN (47)
(L = OPPhzy Ly = a;pq, Bu, NC1)

Other nitrodomolybdenum(VI) and tungsten(VI)
complexes, the structure of which was elucidated, are

[Ph4ASJE£MNCl5 (PO,G1,)) [56] and [PPh,] [MoNC1,1 [57].

The reaction of phenyl diazonium chloride with MoNCl5
in POOl5 was investigated by Mueller et al [58] and found
to give [PhN,] [MONC1l,]. The compound is unstable in
dibutylether yielding the ether adduct [MoNCl, . OBugjq.

3

FOC1,,
PAN,CL + MONCly wwmsm=@mmmee > [PhW,] [MoNCL,] (48)

[PhNEJ [MON014] + BugO ———>‘V4 [MONCIB.OBu2]4+N2

+ PhCl (49)

a diazo precursor was also cmployed by Feasey etal.[23]

to prepare the oxonitrido complex [(05H5)5M05(N)(0)(GO)4J.

cefon
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M92(00)4Cp2 + N,CHCOOE® Hg§e> cz'p§1~,q05(1\1)_(ro)(co),+ (50)

another synthetic route for the synthesis of this rather
unusval cluster compound by thermal splitting of a |
nitrosyl ligand [16] has already been discussed in the

introduction.

4 new method for the preparation of the rather rare
nitridomolybdenum(V) complexes was published by Schmitte
et al [59]. This was prepared from a nitrodomolybdenum(VI)_

Precursor, £PPh5Me]I wvhich serves as a reducing agent.,
2[M0N015(Mecn)] + BEPhzMel ~==27-- > [PPh5Me]2[MoN014]

+ PPhleI,+MoNCLy.nMeCN (51)

Chatt and coworkers [37] continued their work on the
reaction of dinitrogen tungsten complexes with MGBSiNB’

yielding nitridoazidotungsten(IV) derivatives.,

W(H,),(dppe)y + 2HeyBilly m~ivm~w> WH(N,;)(drpe), + 2N,
slow

+ 2[MeyBi.] (52)
The nitrido ligand is basic enough to add proton forming
an inido group.
WH(N) (dppe)y + HX —=> [W(NHDX(dppe),IX + «os (53)
(X = ¥, C1, Br, I, BF,)
With strong basesy e.g. LiMe in THF, the process may be

reversed again [37].
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[W(NH)Br(dppe)BJBr + LiMe —-"=~— >W(N)Br(dppe)2

+ LiBr + CH4

‘The structure of the corresponding molybdenum compounds,
MON(NB)(dppe)z and [Mo(NH)Br(dppe),IBr.MeOH, was investi-
gated by Dilworth et al [36].

The involvement of nitridomolybdenum complexes in
biological N,~-fixation and their significance for
mimicing the reaction of nitrogenase wasg pointed oub

by Hussain et al. [60] and Dilworth et al [61].:

Somewhat related to the conversici » of azide into
nitrido derivatives is the nucleophilic addition of
azides to complexes with unsaturated ligands, e.g CO.
| Thus the reaction of W(CO)6 with Nall; progeeds under
slow attack of the carbonyl ligand by the azido anion
followed by rapid decomposition under libration of N2
and rearrangment to give an isocyanatopentacarbonyl-
tungstate(0) [(62].

N
N T3 ......._.2..
W(C0Jg + Nalz —===%-- > [(CO)gW~C-N, ] [Na]-~-=>

0 [(co) 5&*;(1\160)] [Na]

(55)
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3« PRESULTS AND DISCUSSION

3.1 Synthesis of Trichloronitridobis{triphenyl-
phosphineoxide Jmolybdenun(VI) from Tetrachloro-
bis(acetonitrile)molybdénun{IV) and Sodium

azide.

In order to become familiar with the
inert gas technique, the synthesis of the
nitridomolybdenum(VI) complex, MONGJ_B(OPPHE)Q,
from HoCl, (KeCN), and NaN; in acetonitrile
followed by addition of OPPh5 was reprodﬁced
according to a procedure described by Seyferth
and Taube [3}. TFor the synthesis of the starting
compound , MoCl5 was reacted with an excess of
acetonitrile yielding the brown crystalline
MoCl4(MeCN)2 as a sparingly soluble precipi-
tate with 557 yield.

2MoC1g + SMeON MeUN__. 2MoC1,, (MeCN), + HOL

+ CLCH,CN (56)

brown crystals

yield: 557
IR: V(CN)2285(s) ,2%20(m)em™t
Bia: % Mo 9% Cc1 % N

Found: 29.97 43.60 8.21
Calc.: 30.00 44, 34 B.76

For the reaction with NaN3g acetonitrile proved to be the

only solvent suitable because it appears to guarantee a




- 2% -

sufficiently high solubility for both, MoClq(MeCN)2 and
NaNa. The latter rescts slowly under N2 evolution
yielding purple solution that is supposed to contain an n
intermediate acetonitrilenitrido complex,,[MONCIBCMeGN)Xls
with x being most probably 2 (sece equation (57)). .addi-
tion of two equivalents of triphenylphosphine oxide
results in the precipitation of light brown crystals

of MoNGlB(OPPha)zo The dry compound can be handled in

air for a short time.
MoClq(MeCN)e + NaN5-— —————— >[MQN015(MeGN)2] + N, + NaCl (57)

1 ( _MeCHN_
[MoNol§(MecN)2} + 20FPhy >M0N015(OPPh5)2

+ 2MeCN (58)
light brown crystals

vield: 652

TR: V(MosN) 1042(w) 1060(w)em ™+

Ea: Mo % C1 N
Found : 12.72 13,13 1.86
Calc.: 12.41 13.76 1.81

By comparison of the IR-spectrum of MoNClB(OPPh5)2 with the
spectrum of the reference compound MoOCl§(OPPh5)2, the two

l.could be unambigously

weak absorptions at 1042 and 1060 cm
assigned to the MosN grouping, most probably resulting from
the existance of two isomeric forms of the complex. 4 third
band at 1025 e~ ! mentioned by Seyferth and Taube obviously
3 because it also appears in the
spectrum of MoOClB(OPPha)2 (refer to appendix, Fig. ¢ and

belongs to coordinated OFPPh

Wi.g’:- !7‘).
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The latter was prepared by a literature method

from WoClgy ebhanol, and OPPh, with 50f yield [62].

5
MOOCIBCOPPh5)2 is a light green subsbance that is stable

0o air and moisture.. It was characterized by its typical

V(Mo = 0) frequency at 978 cm"l and elemental analysis
(Found (calec.): Mo, 11.98 (12.38); Cl, 14.02 (15.75)2).

%e2 Reaction of Molybdenum Pentachloride with dSodium

aAzide in acetonitrile

The reaction of MoCl,. with NaN, was found to

5 3
be vigorous and accompanied by gas evolution
vielding a dark violet solution. Subsequent addi-
tion of two equivalents of OPPh5 in the same

sblvent resulted in precipitation of a light brown
product in high yield. The compound can be

handled in air and was recrystsallized from
GHEGle/hexane. Its IR~-spectrum does not show any
absorption bebween 1000 and 1100 em™  which could

be assigned to a V(Mo=K) wibration. In addition %o
the absorption of the coordinated OPPh3 ligand,
there is, however, a new and strong band at 978 cm—:L
in the region of V(Mo = 0) vibrations of oxomoly-
bdenum(V) complexes (refer to appendix, fig 8).
Infacty the IR-spectrum of the light brown product -
is almost identical with that of the reference

compound , M00015(0P9h3)2 (see section 3.1).
The formation of MoOCl;(OPPhy), from MoClgy NalN

[ —— /

3
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and;OPPh5 in acetonitrile is not a straightforward
reaction. The vigorous N, evolution on treating MoGl5
with NaN; suggests the reduction to MoCl, (MeCN), with
the azide acting as a reducing agent. On addition of
the phosphine oxide, the intermediate molybdenum(IV)
chloride is most probably reoxidized to give MoOCl5
(OPPha)g. fsimilar reactions between molybdenum(IV)
halides and oxygen containing ligands under generation
of MoOCl5 derivatives have already been described [63].
A possible way for the reaction encountered here 1is
given in equations (59) and (60).

MoClg + NeNy + 2MeCN MeCH_ [M0GC1, (MeCN) ;]

+ 3/2 Ny + NoCl (59)

MeCN . .
[Moclq(MeCN)gj + 30PPh, —-—===-—- > MoObli(OPPh5)2+PPh5

+ 2MeCN + ¥2 Cl, (60)

light brown

Yield: 80/

IR: V(Mo = 0) 978(8) cm™™
BA: Y Mo % cL
Found: 9.54 19.57
Calc.: 12.38 1%.7%

Even though the IR-spectrum coincides with that of the re~
ference compound {(see appendix, fig. 7 and 8), the product
is largely impure, Differences in colour (light brown

instead of light green) and the high chlorine content

/e
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smggest other molybdenum chlorides and NaCl as the most
likely impurities not being separable by repeated re-

crystallization from dichloromethane/hexane.

5o as to avoid reoxidation of the suggested
[MoClQ(MeGN)EJ intermediate, the reaction was repsaced
with the oxygen-free ligands tetrabutylammonium chloride
and pyridine. On adding Bu4NOl to the violet solution

obtained from IvIoOl5 and NalN, in acetonitrile, the colour

3
changed immediately to brown. Precipitation with die~
thylether or attemnpts to c¢rystallize the product from
dichloromethane /hexane failed, always yilelding a brown

olil.

A cerystalline product could, however, be obtained
with pyridine as a ligand. aAfter addition of two equi-
valents of pyridine bto the solution of the violet inter-
mediate, a light brown ¢rystalline substance precipi-
tated in low yield. The latter is sparingly soluble
in acetonitrile and dichloromethane and can be handled
in air for a‘short time. Attempts to recrystallize the
compound failed because of its low solubility. Colour,
solubility and IR-spectrum of the product are largely
identical with those of the reference compound,
M0014(Ry)2 (see appendix, fig. 9 and 10), which was
synthesized directly from MoCl,(MeCN), and pyridine in
dichloromethane [63]. Even though the formation of
such a complex should also be anticipated from the

intermediate, [M0014(MSCN)2], formed from M0015 and

 ——
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NaN5 (see equation 61) the
1 MeCN_ nys e ; ] ~
MoCl,(MeCN), + 2Py —==2=- >"MoCL, (Py)," + 2MeCN

light brown
S Yield: 37/

EAr 7, Mo % C1
Found: 10.00 4.1 4 39
Cale.: 24.23  35.81

product obtained in this reaction is not pure but consi-
derably’ contaminated by other chloride containing impuri-
ties as indicated by the too high chlorine and the too
low}molybdenum content. The presence of oxomolybdenum
specles can also not be excluded because there are two
medium broad absorptions at 950 and 910 o™+ l.0. in the
range of V(o = O) stretching vibrations. The only
source of oxygen here can be the inert gasg nitrogen,
which evidently still contains traces of 05 capable of

reacting with the tetrachloromolybdenum(IV) intermediate

in equation (61),

Summing up one can conclude that NaH5 in its reaction
with MoCl5 acts as a reducing agent rather than forming
nitridomolybdenum complexes. 4 tetrachloromolybdenum(IV)
intermediate could be trapped with pyridine as grossly
impure MoCl4(Py)2. The oxygen—-containing ligand OPPhy

leads to reoxidation of the intermediate and formation of

. t_/i\_o.

(

1)
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MoOGlB(OPPhB)g. Traces of O2 in the inert gas may also
contribute to the formation of oxomolybdenum compounds, -
&1l the products are virtually impure and only identi-

fied by their IR~specta.

3.3 Reaction of Molybdenum Oxotetrachloride with

acetonitrile and Sodium Azide

The starting compound MoOCl4 was prepared

from Mo0, and SOCL, as outlined by Colton et 8
[64].
MO0 -+ 25001, ——-> Mo0Cl, + 280, (62)

dark green crystals

Yield: 62Y

MOOCIQ, a dark green crystalline substance, is
extremely sensitive to hydrolysis and was used

without further purification.

MoOCL, dissolves in acetonitrile at -40°¢ %o
give a dark brown sclution. On stirring at room
temperature this solution turns greén within 2
hours. The green colour indicates the formation
of & MoOCl, derivative, most probably MoOClB(MeCN)E.
Similar reaétions and thersduction of MoOCl4 in
other organic solvenis have already been described
in the literature [65). The [HoOCl; (MeCN),)
intermediate (see equation (63)) could not be iso-

lated but wes trapped as MoOClB(OPPha)e.
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MOOCL, + 2MeCN ~====-- > [M00015(Me(31?!)2]+ V2 ¢1, (63)
2h -
green solution
(10001, (MeCN),] + 20PPh, MQQE-—-N&OOGlB(OPPhB)é )

+ 2MeCN (64)
light green crystals

Yield: 402
IR: V(Mo = 0) 978(s) Cm™*

Ba: 2 Mo % C1
Found: 11.82 1%.96
Calc.: 12.38 1%473

llemental analysis and IR-spectrum are in good agreement

with the above formula (see appendix, fig. 11).

The same product was obtained when MoOCl4 was reacted
with one equivalent of NaN5 in acetonitrile., This reaction
is, however, very fast and completed within a few minutes.
Vigorous gas evolution indicated the oxidation of the azide

to nitrogen according to equation (65).

MoOOCL, + NaN3 + 2MeCN —==¥2_. > £PH00015(M60N)2J

4
+ 3/2 W, + NaCl (65)

green solution

The green intermediate MoOClB(MeCN)2 was found to react
rapidly with another equivalent of NaN5 yielding a deep violet
solution, Nitrido complex formation can be excluded because
there is no N2 evolution. The violet intermidiate thus formed

is stable in acetonitrile at room temperature and is most
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"he IR-spectrum of the complex does not show any abso-~
rption due to an azido group but contains all the bands
of coordinated acetonitrile as well as a peak at 960 cm"l
characteristic of the V(Mo = 0) stretching vibration of
dichlorooxomolybdenum(IV) conplexes which is expected

in the range of 940 and 960 cm™* [66]. Only little is
known about this class of oxochalides. 4 few complexes

of the formula MoOCl with L being MePPhE, EtPPh2 and

2l
EtgPPh [66] and As Me ,Ph [67]) have been described. To
the besgt of our knowledge, the above acetonitrile

complex, MoOClg(MeCN)B, has not yet been mentioned in

the literature.

Atbempts to precipitate the violet intermediate
from acetonitrile by diethylether were also not succe~
ssful. The colour of the solution turned instantaneously
brown snd a slow gas cvolution occured. On cooling to
~4OOC, yellow crystals precipitated which are extremely
sensitive to moisture. The IR-spectrum (see appendix
fig. 12 and 13). is quite similar to the one recorded
for MoOClg(MeON)5 but exhibits an additional strong
absorption at 990 en~L and another couple of V(CN)
peaks at 2260 and 2280 em™*. The lattoer absorptions
suggest the presence of an oxomolybdenum(V) com;:lex,
mnost probably MOOOIB(MeCN)e. From the intensity ratio
of the two V(Mo = 0) absorptions, the latter should be
the main product with a part of it obviously already
decomposed to MoOClE(MeCN)B. The extent of reduction

is apparently subtly dependent upon the solvent,

RSP Sy SIS R,
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WWhereas diethylether causes only partial or slow redu-
ction, dichloromebthane as a poor donor solvent is obvi-
ously not capable of stabilizing the oxochlofomoly~
bdenum{V) intermediate in the presence of NaN3 and
incidentally, rapid reduction takes place. This con-~
clusion was nicely confirmed by reacting the violet
intermediate with OPPhE, which is known to be a strong

donor ligand.

The deep violet solution obtained from MoOCla(MeCN)g

and NalN, in acetonitrile reacted with OPPh3 to give a

3
brown mixture from which a 1light brown crystalline pro-
duct could be isolated after remow. of the solvent,

dissolution in dichloromethane, and precipitation with.

hexane. Gas evolution was not observed.

NalMoOC1, (W, ) (MeCN)] + 20P¥h, MeCH__» 100C1; (OPPh,) ,
' + N3N5+MeCN (68)
light brown crystals

Yield: 40%

IR: V(Mo = 0) 978(s) om™t

BA: % Mo % c1
Found: 11.95 13,52
Calee:  12.38 13.73

Elemental analysis and IR-spectrum (see appendix. fig., 14)

of the conmpound confirm the formula MoOClB(OPPh The

302"
light brown colour suggests the presence of minor impurities.

The strong donor ligand OPPhB, does in fact stabilize the oxomo-
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lybdenum(V) complex inhibiting any reductive decay.,
sbsorptions at 2070(g) and 2010-2060(sh) cm™t suggest
the presence of small amount of an azidooxo complex
5)2 and Nali;.

3.4 Reection of Trichlorooxobis{triphenylphosphine oxide)-

forned from MoOGla(OPPh

molybdenum(V) with Sodium azide in icetonitrile;
Formation of Dichlorooxoazidobis{triphenylphosphine

oxide) molybdenun(V)

The oxomolybdenum(V) complex MoOClB(OPPha)2 was

found to be not inert to Nall, in acetonitrile but to

3

undergo a slow chlorideazide exchange according to

equation (69).

_— MoOClg(N5)(0PPh3)2 + NaCl  (69)

MoOCla(OIPha)g + NaN5

dark brown

Yield: 60y

: V(N5) 2075(s8)y 2125(w) om™+
V(Mo=0) 940 cm ™+
BAs Z o % Cl
Found: 12.32 Q.17
Calc.: 12.28 9.07

The reaction is very slow and goes to dompiection within
24 hours. Gas evolubion could not be observed.
MoOGlB(OPPhB)a, which is only sparingly soluble ‘in aceto-
nitrile, turns slowly from light green to brown. The dark

brown crystalline solid obtained after filtration and

oS
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recrystallization from dichloromethane/hexane can be
handled in air for a short time and has similar solubi-
lity properties as MoOGl5(OPPh5)2o Its composition,
MoOOlg(NB)(OPPhB)g, is supported by elemental analysis
and IR-spectrum (see appendix fig. 15). In addition to
the absorplions of co-ordinated OPPhB, the characteri-
stic V(N3> frequency of the azido ligand is found at
20758s) with a shoulder ar 2010 - 20%0 cu L. The posi-
tion of the V(Mo=0) absorption at 940 cm_l ig lower than
usually found for Mo(V) oxotrichalide complexes and may
be result of the substitution of chloride by the stronger
donor azide. The oxoazidomolybdenum complex is stable

at room temperature and not explosive, In contrast to
simple molybdenum chlorides, the decomposition of azido
into nitrido complexes is apparently not favoured in

the presence of a strongly u-donating oxeoligand and with
acetonitrile as a solvent. Neverthlesg, this result
cannot be generalized for other solvents and types of
azides. Thus, Chatt et al-[49] reported MoOCl5 to react
with Me5SJ‘.N5 in tetrahydrofuran under formation of oxo-
imido complexes of the formula, MoO(NH)012L2 (I, = OFPh
OPPhES

5!
> and OPPtht). The imido ligand is supposed to

be a result of the decomposition of an intermediate

azido complex followed by abstraction of proton from

the solvent,
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4y BAPERIMENTATL, PsRT
4,1 Inert Ges and Solvent Purification

Most of the compounds synthesigzed were
sensitive to hydrolysis and, in some cases,
also to air. 1In order to exclude oxygen and
moisture, all operations were performed under
nitrogen, inert gas. The nitrogen available
in town containes 0.5Z,oxygen. For purifica-
tion, nitrogen was first bubbled through two
columns (length 100 cm, diameter 5 cm) conta-
ining an alkaline pyrogallol scolution (63 g
pyrogallol/l 5K aqueous NaOH). The inert gas
was then further purified by passing it through
a Ca012 column. Traces of oxygen and water
were btrapped by successively passing the gas
through columns packed with a commercial
copper ocatalyst, NaOH, P205, and molecular
sieve (type 44). The nitrogen thus purified
was sufficiently dry and contained iess than

Os OS% 0XYEEen.

All solvents used were dried and deareated.
Acetonitrile and dichloromethane were repeatedly
refluxed over P,0g and distilled off under nitro-

gen before use. Diethylether was repeatedly
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refluxed over LiAlH, and distilled under nitrogen,
followed by refluxing over freshly cut Na metal and
benzophenon until the solution turned violet. Hexane
and pyridine were dried by refluxing oﬁer LiAlH4 in an
atmosphere of nitrogen. Ebthanol was reacted with excess

sodium and then distilled under nitrogen.

HMolybdenum pentachloride, sodium azide, tetrabutyl-
ammonium chloride and N,N"-dipryidyl were commercially
available and used githoub furthoer purification.

Triphenylphosphine oxide, was prepared by oxidizing
triphenylphosphine, with K28208 and conc. H2804 according

to a procedure by Kennedy et al. [68].

4,2 Preparations and Reactions

44261 Tetrachlorobis(acetonitrile)molbdenum(IV);

MoC1 4(MeCN)2

Tetrachlorobis(acetonitrile Jmolybdenun(IV)

was prepared following established procedure
[69], Molybdenum pentachloride (4.15 g,
15,19 mmol) was added to acetonitrile £70 ml)
in a shlenk tube under nitrogen. The reaction
mixture was stirred over night yielding a
light brown solubion and a brown crysta-
1lline precipitate. The latter was filbered

offy washed with three 5 ml portions of

8!/69
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shaking vigorously, a light brown precipitate began %o
settle., The mixture was cooled to —BOOC, the solid
filtered off, followed by washing with three 5 ml
portions of a hexane/ether mixture (4:1 ratio) as well
as 5 ml of pure hexane, and dried at 5000 in vacuume
The light brown complex is stable in dry air, however,
turns bule in contact with moisture. It is very solu-
ble in dichlorcomethane, soluble in acetonitrile, di=
ethylether, and tetrahydrofuran, but insoluble in:
hexane. The compound can be recrystallized by disso=

lution in dichloromethane and precipitating with hxane.
Tield: 2.21 g (65/ based on MoCl,(MeCN),)

EA: Tound (Calc. for M0N013(OPPh5)2)'Mo, 12.72
(12.41); G1, 13.13 (13.76); N, 1.86 (1.81)7

IR: Sec appendix, fig. 6.

4.2,% Reaction of Molybdenum Fentachloride with Sodium

azide in Acetonitrile

To molybdenum pentachioride (1.6 g, 5.86
mmol) dissolved in acetonitrile (30 ml) and
cooled to ~40°C, sodium azide (0.39 g, 5.99 mmol)
was added slowly with stirring in an atmosphere
of nitrogen. 7The reaction proceeds with vigorous
gas evolution. Unreacted NaN3 and NaCl formed

were filtered off. The resulting solution has a

/e
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violet colour which turns blue-green in contact with

air. The mixture was saved for further experiments.

4.2,4 Reacktion of Molybdenum Pentachloride with Sodium
Azide and Triphenylphosphine Oxide in acetoni-

trile

The violet solution prepared in the same
manner as above (Gf; 4,2.%) by reacting moly-
bdenum pentachloride (2;4 £y 8.78 mmol),&nd sodium
azide (0.59 g, 9.07 mmol) in acetonitrile, was
treated with OFFh, (5 g4 17.97 mmol) dissolved
in acetonitrile (40 ml). fhe resulting mixture
was cohcentrated to one third of its original
volume and then cooled to -30°C. The light
brown crystalliné precipitate was filtered off,
washed twice #ith 7 ml hexane, and dried at 50°¢
in vacuum. The product is stable in dry air,
but turns blue in contact with moisture. It is
soluble in dichloromethane and pyridine, spari
ngly soluble in acetonitrile and diethylether,
but insoluble in hexane. It is recrystallizable
from a solution in dichloromethane using hexane

as a precipitating agent.

Yield: 3.75 g (55.07/, based on MoCl; and
calc. for MoOClB(OPPh5)2)



Ea:

IR:

4.2,5

$4,.2.6

- 40 =

Found (calc. for MOOOla(OPPhB)g); Moy, 9.54 (12.38);
Cly 19.57 (13.97)%

ee appendix, fig. 8

Reaction of Molybdenum Pentachloride with Sodium
Azide and Tetrabutylammonium Chloride in usceto-

nitrile

Molybdenum pentachloride (2.4 g, 8.78 mmol)
and sodium azide (0.59 gy 9.07 mnol) were reas
"cted in the same manner as described in experi-
ment 4.2.4s Lkxcess NaN5 and NaCl formed during

the reaction were filtered off. Aiddition of
Bu,NC1 (2,70 g, 9.73 mmol) in acetonitrile to
the violet solution changed its colour to brown
without any gas cvolution. Treatment of the
bréwn solubtion with diethylether oir hexane
resulted in the formation of a dark brown oil.
Complete removal of the solvent in vacuum,
dissolution of the dark brown tar in dichloro-
methane and precipitation with hexane failed to

give a crystalline product.

Reaction of NMolybdenum Pentachloride with Sodiunm

szide and Pyridine in acebonitrile

To the violet solution prepared in the same
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mapner as in experiment 4.2.4 (2.4 g M0015 and 0.59 g
NaNa), a solution of pyridine (1.50 g, 18;96 mmol) in
acetonitrile (20 ml) was added. No gas evolubion was
detected. The light brown crystalline precipitate was
filtered off, washed twice with 5 ml of hexane, and
dried at 5000 in vacuum. The product is stable to air
and moisture. It is soluble in pyridine, sparingly
soluble in acetonitrile, ethancl, and dichloromethane,'
but insoluble in hexane, Due to its low solubility in

dichloromethane and acebtonitrile, the compound could

not be recrystallized.

Yield: 1l.3 g (572, based on M0015 and calc. for
MOCl4(RY)2)1

Ea: PFound (calc. for MoCl,(Py),) Moy 10.00 (24423);
Cl, 41.39 (35.81)Y

IR: BSee appendix, fig. 9.

4,2.7 Holybdenum Oxotctrachloride; MoOCL,

MoOCl4 was prepared from MoO, and S0OCL

3 2

according to a procedure outlined by Colton
et al. [64]. 0O, (17 g, 118.05 mmol) was
refluxed in an excess of predistilled B80C1,
for five hours. The dark green crystals
formed were separated by distilling off the

thionyl chloride at reduced pressure. The oxo-~
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halide is extremely sensitive to hydrolysis and was

uged without further purification.

Yield: 1845 g (61,747, based on MoOs).

4.2.8 Reaction of Molybdenum Oxotetrachloride with

acebonitrile and Triphenylphosphine Oxide

A dark brown solution was formed by
addition of MoOCl, (1.4 g, 5.52 mmol) to aceto-
nitrile (30 ml) at -30°C. The reaction was
accompanied by gas evolution. The colour of the
solution turned green during two hours of stirring
at room temperaﬁure. The green intermediate could
not he isolatediin crysgtalline form by precipi-
tation with ether or from dichloromethane/hexanei
Addition of OP.Ph5 (2.1 g; 11.14 mmol) in aceo~
nitrile to the green solution resulted in the
formation of a light green crystalline precipl- .
tate. The latter was filtered off, washed
three times with 7 ml hexane, and dried at 50°C
in vacuum., The product is stable in air and
moisture., It is scluble in dichloromethane,
moderately scoluble in acetonitrile, and inso-
luble in hexane and diethylether. The product
was recrystallized from a solution in dichloro~

methane by precipitating with hexane.

.l/‘.



Yield:
BA:

IR:

4e2.9

4,2.10

T4 -

1.7 g (39.80%, based on M00C1,, calc. for
M00015(0PPh5)2)

Found (calec. for MoOClB(OPPh5)2) Mo, 11.82
(12438)3 C1, 13.96 (13.75)%

See appendix, fig 1ll.

Reaction of Molybdenum Oxotetrachloride with

Sodium Azide

NaN§ (0.38 g4 584 mmol) was added to
MoOC1,, (Lo4 g, 5.52 mmol) dissolved in aceto-
nitrile (30 ml) at -30°C. The reaction was
accompanied by gas evolution and completed
within few minutes. 4t the same time the colour
of the solution turned from darkbrown to green,
The green intermediate could not be isolated

(CGfe experiment 4.2.8).

Dichlorooxotris(acetonitrile Juolybdenum(IV);

MoOCL, (1.4 gy 5.52 mmol) was reacted with
acetonitrile (30 ml) at room temperature to
give a green solution (Cf. experiment 4.2.8).
Upon addition of Nal; (0.38 g, 5.84 mmol) the
colour turned immediately dark violet. Gas
evolution was not. observed. The violet solubtion

cofon



is very sensitive to hydrolysis. Conplete removal of
the acetonitrile solvent gave a brown oil. Dissolution
of this o0il in dichloromethane yielded a brown solution
with slow gas evolubtion. 4 dark brown compound could be
isoluted by precipitation with hexane. The latter was
isolated by suction filtration, washed twice with 5 ml
hexance, and dried under vacuum. The product is very
gsensitive to hydrolysis, soluble in acetonitrile and
dichloromethane, but insoluble in hexane. Recrystalli-
zation was brought about by dissolution in dichloro-

methane and precipitation with hexane.

Yield: 0.51 g (30%, based on MoOCl,, calc. for
10001, (MeCN) ;)

EA: Pound (calc. for HoOC1,(MeCN) ;) ; Ho, 29.30
(31.36)s Cl, 22471 (23.17). N, 13.54 (13, 75)4}

TRt See appendix fig. 12.

On treating the violet solution prepared above
with diethylether, the colour changed to brown with
conconitant slow gas evolution. 4after cooling the
solution %o ~4OOC, yellow crystals precipitated. They
were separated by suction filtration,-wasﬁed twice
with 5 ml diethylether and hexane, and dried under
vacuum. The product is exbtremely sensitive to moisture,
exhibits similar solubility proPerﬁies as Mo0C1 ,(meCN)

but is not a pure compound as revealed from its
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IR~spectrum (Cf, section 3.3%).
Yield: O.4 g (24.9% based on MoOCL, , calc. for
MOOCIa(MeCN)2>

IR: See appendix, fig. 13

4,2,11 Tricholooxobis(triphenylphosphine Oxide)moly~
bdenun(V) MoOClB(OPPhB)2

The deep violet solution obtained by disso-
lving MoOCL, (1.4 g, 5.52 mmol) im acetonitrile
(30 ml) followed by addition of Naliy (0.38 g,
5.84 mmol) (Cf. experiment 4.2.10) was treated
with OPPh% (3.1 gy 1114 mmol) in acetonitrile
(40 ml), TFiltration of the resulting greem
:mixture gave a light brown drystalline sub=
stance that was washed with three portions of
? ml hexane and dried at 50°C under vacuums.
The product is stable to air and hydrolysis.
It has the same solubility as the compound

isolated in experiment 4.2.8, and was recry-

stallized from dichloromethane/hexalie,

Yield: 1.75 (40%, based on MoOCl,, calc, for
MoOCIB(OPPhB)éo
EiA: TPound (calec, for MoOCIE(OPPhg)E); Mo,
11095 (12.38); Cl, 13.52 (13.73)%

\
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21 NaOQOH. After 30 minutes, dissolution was completed

and the solution ready for the molybdenﬁm and chloride

determination.

de3.2 Molybdenum Determination

H4a3e3

The molybdenum content was determined gravi-
metrically by means of the oxinate method [71].
Yor this purpose, the alkaline molybdate solubtion
was neutralized with respect to melhyl orange and
acidified with two drops of 2N sulphuric acid.
After addition of 5 mnl 1N aQueous amronium
acetate, the solublon was heated to boiling,l
removed from the hot plate, and treated with
20 ml 3}, oxine acebate solution. The yellow
precipitate of molybdenyl oxinate coagulated
after 2+3 minutes. The presence of excess re-
agent is ensured by a disbinctly yellow colour
of the solution. Then, the mixture was filtered
hot, the precipitate washed with hot water until
the filtrate remained colourless, and dpied at

130-140°C,

Chloride Determination

After neutralizing and acidifying the sample

with 2 drops of 2N HNO5, chloride was debermined

so/ee
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by potentiometric titration with a 0.05 N AgNO5
solution [72]. The working electrode was a chloride
sensitive electrode and as a reference, a calomel

electrode was uscd.

4.3.4 Kjeldashl Determination of Nitrogen

The Kjeldahl method was successfully
employed for the determination of nitrogen in
nitrile and nitfido complexes [73}. In parti-
cular, ca. 120 ng of the sample (MoOClg(MeCN)B)
was dissolved in 15 ml of phenol sulphuric acid
in a 500 ml Kjeldhal flask followed by addition
of 1 g Na28205° Then, 10 ml concentrated sulphu-
ric acid and a drop of mercury was added. the
mixture was slowly heated to boiling in & hood.
After 2 hours the mixture was almost colourless.
Then the flask was connected to the Kjeldahl
digtillation set, diluted with 100 ml. distilled
water followed by 150 ml 6N agueous NaOH. After
distilling for 30 minutes, all the ammonia was
transferned into the receiver and trapped by
30 ml of Qe¢lN Hgsoq. The nitrogen content was
finally determined by back-titration with Q0.1 N

agqueous NaOH against methyl orange.

The estimation of azide nitrogen was not

possible by this nethod.

vo/ee
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IR-Spectrg

IR-spectra of the compound prepared were
recorded using an I[R-spectrophotometer Pye
Unicam SP 2000. The samples were prepared as
KI discse For those compounds tending to hydro-
lyse, the mull technique was employed. In-such
cases the sample was ground with nujol and
squeeged between NaCl discs. The spectra are

collected in appendix, fig. 1 to fig. 15.-
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