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ABSTRACT

The nitridonmol ybdenun{ VI) conpl exes MITQO 5( CPPhA)p
and %, N]LMOUO A were synthesized fromli 00 5 CCH,ON)
sodi um azi d, triphenyl phosphine oxide and totrabutylaronmoni um
chloride respectively in acetonitrile. The reaction of
fi oCIrj wi th sodi um azi de and tri phenyl phosphi ne oxi de
al so gave iioNd , (CPPh/\/\j which is found to be anew way
of preparing nitridonmol ybdenum conpl exes. The nitridono-

| ybdenum conpl exes obtained were analytically pure.

Attenpts to synthesize nitridotungsten VI) conpl exes
by reaction of wCIA W th sodiumazide in acetonitrile gave
i npur e V\NClA( CHA(]\I)A conpl ex. Reaction of the recrysta-
| 1ized and deconposition product of WNO I\( CI-NJG 1)p with
t ri phenyl phosphi ne oxide in nethyl enechl oride gave pure
Vfif(]l\(OPPh/\)2 inlowyield. Sinmlar reaction of \ﬁ\ﬁu/\( CHACN)p
with tetrabutyl anmmoni um chloride and 2,2 -dipyridyl in

acetonitrile gave onl y- i npure products.
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The ol efin nmetathesis reaction which represents a
versatile and novel teclinique in alkene and al kyne che-
mstry, is a catalytic reaction with outstanding scien-
tific interest and considerable industrial significance.
The reaction was di scovered by BATIKS and BAILEY in 1964,
who found that propene is selectively converted into
et hene and 2-butene, in the presence of a heterogeneous
catal yst consisting of iI(,CEDA supported on al um ni um
oxi de*

O efin nmetathesis can be defined as the exchangg of
al l eylidene units between one or several olefins via éleay
vage and reformation of tbe carbon-carbon double bonds.

Thisis illustrated by equation(1) for the general case

oxX on acyclic, asymetric olefin2'9u

90 25% 25%0

2 1L+CH = ClI=Rp -=prtl ¥y~CHOHRy + Ry C=CHRy ()

As the above reaction is nearly thernoneutral, the
met at hesi s equi libriumis mainly governed by the change of

reaction entropy, leading to a statistical di stribution of

t he al kyl i dene nnietiesow The catal ytically active species

itself is a transition netal carbene conpl ex as has been

proved recently7'1oo
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At present nunerous heterogeneous and honbgeneous
met at hesi s catal ysts are known, mainly consisting of tung-
sten, nol ybdenum and rheni um conpounds as the essenti al
constituents. The heterogeneous catalysts in nost cases
contain oxides or carbonyls of the above transition nmetals
supported on AIpC% or Sicp/\”l4o

Mbst of the honpgeneous catal ysts are of ZIEGLER - MATTA
typeo The first and one of the nost active catalyst system
descri bed by CALDERON in 1967 consists of VI]A/EtCH/ EtACp
(1:1:4)/\” In the nmean time, plenty of other nore or |ess
ef fective tungsten based systens have been published. How
ever, the nunber of highly active M- containing honbgeneous
catal ysts has remained restricted to only a few that may

be classified into three major groups as shown bel ow

D I Hflxood s racrp Rar2c316

2)  HoC|A D)L, / LAIG LY
||003(1|o)1%9/ RAl(Jp18 19

L - various H- or O - donor |igands
Mod( NOY( C0) pLp / RAl O p2°
(L = PPhy, AsPhj)

3) iiORG_[Lp / RAlOlp
(R=1lie, Et: L = OPPh), i di py, BUA‘NCI)
(X = Halide).

Groups 1 and 2 contain certain carbonyls and nitrosyl

Mol ybdenum conpl exes in conbination with a cocatalyst.



As shown by DOYLE for group ¥ and by SEYEEKTH and TAUBE
for group 2 B/Ot he M-base systens exhibit a significantly
hi gher metathesis activity than their tungsten counterparts.
Mbreover, the two groups contain M in a | ow oxidation state.
On the contrary, the nitrido conplexes in group 3 are

the only active M-containing catalyst precursors with the
metal in the high oxidation nunmber +6 Up to nowthe
correspondi ng nitridotungsten conpl exes have not yet been

i nvest i gat ed extensi vel y. There is only scarce information
as to their preparation and nothing i s known about their

catal ytic properties with respect to ol efin netathesis.

The synthesis of chloronitridomol ybdenum conpl exes
Mok (] and MoNCI /\LE(L = donor ligand) usually starts with
M( G)p or MG . and such nitride precursors as I\Id/\p,
c N7A Et A_HIiAp, /and ( CU/\)ZSi IA In asimlar way few derivas
tives of tingsten, WfCI{see next chapter) have been
obt ai ned fromWG()ggr}. Very recently a rather safe
and conveni ent synthesis for the conpounds MoNC /\QY’—
(L = OHriy, /:dipy) and fBu/\kj l."HEQ ] usi ng NaN, as
a nitrido source has been published by SEYEERTH and
TAITRE®]  Although, already mentioned by CHATT et al/\
sodi um asi de has never been used for the nthesis of

anal ogous nitridotungsten derivatives.
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Therefore it is the objective of this project to
i nvestigate the reaction of various nol ybdenum and tungsten
chlorides with sodiumaside and to devel op a conveni ent
nmet hod for the synthesis of chloronitrido conpl exes of
these transition el ements. The conpl exes synthesi zed
have to be characterized analytically and spectroscopically

and may serve as catal ysts for netathesis experiments,



2, LITERATURE SURVEY
?.1 transition Metal Nitrido Conplexes

At present nitrido conpounds are intensively
i nvesti gated because of their possible occurrence as
internediates in the biologically inmportant nitrogen
fixation28* Attempts to sinulate and nodelize this inportant
catal ytic process have directed the interest to the nitrogen
transition netal bond, its synthesis, and reactivity. Addi-
tional inportance m ght come fromthe application of nitrido-
nmol ybdenum conpl exes as highly active precatalysts in
ol efin nEtathesi521o Above all it is a current topic of
research to | ook nmore thoroughly into conpl exes containing

TQotal nitrogen nultiple bonds.

2 2 The Nitrido Ligand

The nitrogen atom serves as the donor atomin a
great variety of ligands. One of these is the nitride
i on N¥™ which is not only a stronger -donor but al so one
of the strongest \f-donors known. |n contrast to the
oxi des andfluorides, it is only the nitrido [ignad which
has the cajacity of formng netal-ligand triple bonds,

due to the conparatively | ow el ectronegativity of nitrogen



snd, incidently, an optimal overlap between nitrogen-p and
wetnl d-orbitals. As for the central atom, high electrone-
pativity and high oxidation states should obviously favor

the formation of nitrido complexes encouraging a substantial

clectron transfer from the nitrido ligand to the metal28-29°

(nly a liwmitted number of trangition metals have
been found to form nitrido complexes, especially those in
thne wmiddle of the d-series. Among these, Mo, W, e, Ru ard
Os are bthe most common and properly studied partly due to
their providing apparently favorable conditions for metal

nitrogen maltinle bond formationgB*aoo

i

In most cases the nitrido ligand occurs ss ? terminal
ligand. Yell known are the tetragonal pyramidal %omplex
anions [MNClé}m . (M = Mo, W, Re, Ru, Cs) which contain
an extrenely short.ﬁgg M bond. “The triple bond arises from
nverlap of oneF- and two degenerate TI - type orbitals of
the nitride ligsnd with empty d - orbitals of the metal .
The non bonding electron pair remaining on the nitrogen

28, 31~55

makes the nitrido ligand only a poor Lewis bases

Tn addition to the terminal mode of bonding there are

also complexes with some types of nitrido bridges,

— o+ , L O
Asymmetrical M = N - M bridges, e.g. in e NCIA}
B . }/2"' + }é" . . r” “L 5_ 55
SGvmmetrical M =N = M bridges, e.g. 1n tlaENBrle'

s s . . . 1. kS ) 1 - 6
Hitrido My bridges, e.g. in [T (5G)(H,0) 5 &
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Synthesis of Nitrido Complexes

There are various ways leading to nitrido complexes.
i"hese are briefly compiled here and illustrated by selected
awamples. Complebe reviews on this topic are given by

7
GHIFFITH)7, DEHNICKE and STRAEHLEgBo

1. Anmonolysis Reaction
Mitridoosnate [QSO5N]“ was the first complex Lo be
orepared by ERITSCHE and STRUVE in 1847°° by treatment

of 080, in KOH solution with strong ammoni.a

050, + KOH + NHy ~-—eee=3 K[080,00] + 2H,0 (2)
2. leaction with Hydrazineaghqg

HaloO, + IRy + N, .2HCL Ay Ren01, (PR, (3)

160 (0B6) Ty (PPhy) , + TipHy o2HOL + Hp0 et

HONO1,(LPh, ), + BHOH + PRgFO + M C1 (4)

3, leaction of Vanadium Nitride with Chlorine45

0N 4 201, 20 - 14070, 01 ,VHCI, (5)
&, deaction with Nitrogen Trichloride25

601, + HOL, highotemp° » ReNOL; + 2,501, (6)

teCly + NOL, QC ¥ ReNCl, + 201, (7)

5, Decomposition of Azides
The most effective preparative method is the reaction
of azides with transition metal halides. The halogen

26 271

2 ., i T
azides 01N524§ 6, Y 5 He,8il,°C, and KaN;' have

been employed so far.
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cCL, .

Hed 1 . S el ] 160

ReClg + Cliy e —3 [HeClglNg]+ #Cl, (8)
o : g1 -

el N o St Rel } .
fieC 51\5] - RelCly + W, (9)

2.4 Nitrido Complexes of iolybdenum and Tungsten
2.,4,1 ireparation of Nitrido Molybdenum(¥I) and Tungsten(VI)

Counpounds.

e firvst nitrido complexes of molybdenum and tungsten

were prepared by DEMIICKE and SURABHLE by converting either

HoClg o WOl with ClUi i‘n 0014240
H001g + Gl ZZ? >[HoC1g1] + % Cly (10)
0Ly + C1N, TN S Tucagr, ) + c1, (11)
£ I"IQISI‘E;} o%limé MTCL, + Cly + W, (12)
Moo= Mo, W

‘e unstable azido intermediate LM015N5] decomposes ab
*

room bemperature to give the mitrido complex MNClB, The

intermediate monoazide can, however, react with a second

C].N5 to forw highly prlosive shiny black crystals of

o 2

1‘;0(/1“{<H3)2
| . cC1, ) | (153
[;10(,15%_1 + Gl ey oG, (Tiz), + €1,

DEANICK: and XAUEGER used Iﬂ5 or I\ICl5 in trapping another
intermediate the pis{ tetrachloromolybdenun)diazene,

(FONC1,),, which splits off Cl, to give MoNCL;, at 100°C or
AN
on refluxing4€’45
cel

‘ I . t (14)
100 SR A
MoClg + 21N, -4 {MolNC1,), + Ny + Clj
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: At r
Y . .~ N EH [ ™
2HoCly + 2NC; 3 {LioNCl,), + 4Cl1, (15)
i 3 .100°C N
(hoN014f2 - 2“0&615 + Clg (16)
In a similar way HoNBr5 has been obtained from MoBr, and
n5 e
R whereas FoI, gives the azido derivative MoI,N
vndsr these conditions 7.
HoBr, + iy meeemy MolBr, + IBT + N, (17)
l‘;oI5 + IN5 ? moigNB + 12 118)
uBr6 and INB resct via an explosive azido intermediate
. o . cnare O
ﬁBrBNB to give ﬂNBra 7,
wBr6 + IN? "xffﬁiF*“% wBrsN3 et WNBr5 + Bra + N2 (19)

Thstead of using tungsten and molybdenum halides one may as

well start with the hexacarbonyls of these elements and

e PT748
Mo”7,
5 cel, (20)
1(C0) g + HOLy ~wm—m—romey MHCL5 4 6C0
M = Mo, W

iteaction (20) is more comnplex and very probably proceeding

via a {ﬁNClgjlintermediate by liberating N, and 012 in addition
to C0°7a With i, and ¥(00)g the explosive (C0),(;), could
49

be isolated

A rather uncomnon method to prepare HNC].3 (M = Mo, Re)
is the transfer of the nitrido group from {C15VNC£} which has
recently been described by DEHNICKE and LIESEEa,

OlBVE -Gl + MClB-w__u==—§ MN015 + VCl4 + Cl, (21)

Complex halonitrido compounds with Mo and W in the

oxidation number + 6 may be obtained either by conversion
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of the appropriate transition metal halide complexes with

various azides or by ligand addition to NNX; (M = lio, W;

3 = U1, Br). The first method has been used by BEREﬁANES

for the preparation of [ﬁtqﬂjtﬂoNClnjfrom I’ioCl5 and[Et&Q}N5o
. CH2612

PR S ol Nzonol
rioClg A (16,0} [15omen, § o (22)

Stacting with MoCl, L, comnplexes (I = MeCN, TH¥ ) and Neaﬁiﬁa

straignt forward method to nitrido molybdenun (VI) complexes

was proposed by CHATT and DITHORTE in 1974260
CH#H ‘.
MoCl, L o Gill. et | MON fe_SiC
HoCL, Ty + liegBilly wmdenmt Lm05015LX] + W,y + HegBiCL (23)
(1 = G0N, 9HF)
. - 1
MoNCLT | 4+ 2T em—mmme [lOHCL, L 2!
[..‘oliblgixj v 256 =+ [lol Cle 5+ xL (24)

(L'= % dipy UPPhy, B, 1CL)
{yoﬁalaLX] + 3 ﬁeBSi(dtc) ey TON(dTC) 5 +
5Me58i01 + L (25)

(dtc = Etgmcsg s Heol0S, 4 Oclly

NCS,, )
Le poenction (25) does not zive a good yield of ﬂoN(BgONEtalﬁ,
an alternative pat.way is reconended which includes the
introduction of the dithiocarbamate ligand prior to the
nitrido one26°

oGl Ty 5ﬁe361(,2CNEt2)-ﬁﬂm=““% MoCl(ﬁzcﬂEt2)5+
Dliex81iCL + 2% (26)

HoC1 (8,0NEL,) 5 + Me381N5m~$maﬂ+-MoN(SchEt2)5 +

Me,BiCl + T, (27)
if me55iﬁ3 is sdded in excess, more than one chloro ligaad
50,51

may be substituted as shown by BCHWEDA and STRAEHLE
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¢1(CH,) .01
.q1¢;£;m¢-ﬁom(m5)5(dipy> + N,

+ 4MeBSiCl (28)

MoCL, (dipy) + 4le,Sill,

Cl(CHE)QCl
o (O L PRI S P S S U —. . i 1
h0(14(.J)2 . LH6531N5 Sy 10N(N5)5(by) +
Ny o+ 4He5SiCl + Py (29)
Cl(CH2)ECl -

HoGL, (), + 2lle Bill, -~ —  Moll(W3)C1,(Py) + (50)

2He§SiCl + NZ + Py

All the azido complexes are highly explosive and sensitive

to hydrolysis.

26
Although already mentioned by CFAIT et al.in 1974 , it
iga somewhat strange that, the use of sodiuum azide as the simp-

jest nitrogen source for nitrido complexes has only been
21

sxplored very recently by BEYFLRTH and TAUBE™ .
CH (N _
ol Al i 1 P . “x A R
$ioC1,, (CHzCN), + Nally -5 [MoNC1(CH,CH), ] +
NaCl + N, (31)
r,i ral & M - _mr_v‘___} T "\T 1 - 1T,
}}oﬂbla(bﬂng%J + 2L > NoLClBLg + ACdBCN (32)

(Ll = 1 dipy, OPPhE; Ly = Bu4N01)

fhis reaction is, however, limitted to acetonitrile as
a solvent and permits only one chloro ligand to be subs-

tituted.,

Ytegarding the synthesis and resction of similar
fungsten complexes there are only few reports, RUSCHKY and
R A "B T oas .
DBHNTCEH ' obtained [PPh, ] [(WiBr,] as an impure compound,

atarting with WBr5 and PthN5 in CH2C12°
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CH2C12

WBT + Pl FIy Sy [eh, P] ﬁ.tiNqu] + Ny 4 #Br,, (33)

The same product s5tiil more impure could also be isolated

after converting {Fh,P] &1131361 with IN,.
fin e ) + o1y ————emy(en, U} ilibe, 1+ 182 4 MBr, + Ny (SH)

e IBr formed in this process attacks, the nitrido complex

to give [Ph,¥l[Tir,] and WNAr,.
frn, o} e, ¥ + IBr e frn, 418, | + Wb, (35)

In many cases nitrido complexes of Mo(VI) and Ww(VvI)
have been pnrepared from tetrameric parent compound EMNX53ZL
( 12 = o, Wy X = C1, Br) by ligand addition reaction witﬁﬁut
and with cleavage of the eight-menbered planarégﬂzﬁ;g§h ring55
Up to now 1t is only the OPGlB ligand that has proved to be

unable to cleave the cyclic {ﬂNX?}l¥moiety because of its

rather modest Lewls basicityBB“Bs.
TR - T . o f1r >Te ) \
[rmea, ], + 6orcl, > fivon, (0£C1,)), - 20PC1, (36)

he analogous bromonitrido molybdenum compound has

alsc been characterized56o rﬁoN013.0P01532+may be likewise
e
4y

obteined from H0015009015

stronger Lewis bases lead to a complete rupture of the
-} single bonds in the betrameric units and give rise to

monomeri¢ complexes of the type HNKELn (n = 1=3). Complexes
with n = 1 are normally formed with MeL10157, EtQEG15?-58,
< T ¥ 31,58 | 56 ,
bu4HCl . £h4}61 y Ph,AsCl and PhqlBr to yield

the corresponding tetrschloronitridometalates (VI).
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o=, T, A8; M o= Ho, Wy X = Cl, Br; R = Te, JNit, Bu, Fh

¢ the complex cation used is not too bulky, even a second

chioride may be accomodated by the molybdenum central aton
. - i A “'157

a8 found by KUHLID:CH and DENNICKETS .

(}Hgt}lg

[, 00} [enen, ] + wp,NC1 - -+ [Et, ] 2&101\‘%015:} (%8)
Hﬂela (1 = Mo, @) and 2,2' - dipyridyl give the octahedral
comnlexes UNCla(dipy)59 which are rather unstable and tend

r =
to decompose by reduction)g’ 5960

MECLy Aipy m—me—=3 MNCL, (dipy) (%9)

iith pyridine the seven coordinate complexes MNCIBCPy)5

o . 24
have similarly been obtained .

BITCI, APy e - I“L[\TCla(Py)B (40)

5 .,2. Freparation of Nitrido Molybdenum (V) and Tungsten

(V) Complexes.

In principle, nitridomolybdenum (V) complexes may
be obtained by intramolecular reduction of the corres-—
ponding Mo (VI) derivatives. This can be achieved
either by heating or by addition of ligends which
are capasble of stabilizing lower oxidation states.
necording to CHATT and DILWORTH, M0614(THF)2 reacts with
and PPhB, J?hg}?l"iea or dipy respectively in CH2012

to give the complexes H0N612L2 26’600
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The dipryidyl complexes Moﬂxg(dipy) (X = ¢1, Br) have

woen found independently by DEHNICKE et 212059
CH.,C1

Ny o LT o8 W.‘é._.,,.g._.. a
LOblq(lHﬂ)g + MeaulN5 + 2L - NoNblBL2 +

N, + MezBSiCl + 2THE (41)
BTl Py ——, Y .”—In ’
LoﬂClaLg > MoNCl, L, + VL, (42)
(L = IhBP" 1"1(12}‘1"[(-31 1% dipy; 4 = Cl; L = d4ipy, X = Br)

[Pyl mMiT i [ ) e e Y
u0015(lﬂh)5 + ne501n5 + 2PPh5 R MoNClg(PPhB)E +

55101 (43)

“he nature of the product was confirmed by a direct

N2 + ATHE + te

gsynthesis starting from I‘IoCla(THF)5 and HQBSiN3°

The only W{V) containing nitrido complex knowi SO

far is the binuclear 1on(;sfh4].2[ﬁ2 NClthcontalnlng a
VIl wl 61
sliphtly agsymmetric W = N ~ Wounit .

p.it,%  Preparation of Nitrido Molybdenum (IV) and

Tungsten (IV) complexes

Hitherto no attempts have been made to obtain
nitrido complexes of o (IV) and W (IV) by reduction.
i direct roube for this type of compounds is, however,

the oxidation of N(Ng)g(diphose)g published by CHATT
51,52

at als ’

' He§SiN

#(0,), (diphose) , ——mmrdemms) MN(T,) (diphose),
THE, Phlie 7

¥o= o, W
The azido ligand in EN(NB)(diphose)g may be substituted

by bromide Lo give MNBr(diphose)252, CHATT et 31.52 have
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also obbained nitridotungsten (IV) complexes by the

renction of fille with a tungsten compound.

[ﬁ(NH)Br(diphos)gj]Br + TiMe

PHF

y) WNBr(diphos)2
+ LiBr + CH, (45)
2.5 Reactivity of Fitrido Molybdenum and Tungsten
Compounds

2.5.1L tlodes of Rezction

Ta eonsidering a nitrido transition metal complex, five

modes of reactbion, supported ex erimentaly are conceivable.
3 PI

> 5
1. Nucleophilic addition to I
5. slechrophilic addition to W
%, Wucleophilic substitution of X
4, vubstitution of N

5. deduction of Il

©.5,2 Hucleophilic Addition to the Metal

fddition of the Lewis base, ('}PCl5 to the tetrameric
nitrido halides T-'ENCl5 (1 = lo, W) and NDNBTB takes place under
retention of its structure to give [ﬂNXB,OPXB],2OPX5 complexes
(sec eqn.(36)), Stronger ligands such as 1.7, Br , 4ipy,

pv, cleave the eight membered ring into monomeric unts,

(800 san.(57) to (u0)) 27729,
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2eDo? Electrophilic Addition to the Nitrido Ligand

In contrast to the strongly electrophilic central atom
the nitrido ligand has got only little nucleophilic character
in wost cases. Ohus, even such a strong Lewis acid as Sb015
does not undergo complex formation with NONC]_5 or N0N014 T
{nly if strongly TI - basic fluoro ligands weaken the Mol bhond
and. thus, increase the electron density on I, adduct forma-

tion at the nitride ligand is possible28.

MomCL, |7+ Bb0Lg amwe%?% (46)

[ R Eﬁ%Nm}ﬁir (47)

5

i sufficient level of nucleophilicity of the nitrido

ligand 2lso seems to be necessary for the formation of

26,52, 60 52,60
b]

. N Y24 I
thionitrosyl™ imido”" and alkylimido complexes

from anitrido commounds. The addition of oxygen to give
nitrosyl complexes has not been managed so far, but leads

only to oxo-complexes.

GH,, (1Y
5 8 e & ﬁo(NS)(Sgcmﬂg)3 (48)

FoN (5,0HR,,)

R o= e, #5t, (CHy)g

ANBr(diphos), + HBr -3 WD Br (diphos), [Br (49)

[

HﬂBr(diphos)p + GH5nCH~CH2 ——y  Y(HS)Br (diphose)2
\{ + CH -G = O, (50)

TR (S 4+ [En, C1" B3R, 7 e {110 (100D, ) (8 ,CHR, BT

Mol (80N 2) , 4 [0y e, + [Ho (W ha)(ogClR2?2§%

in interesting reaction is the conversion of wN(NB)(diphos)g

with ethyl iodide in THF, leading to the ethylimido complex



17 -

ﬁ(NLt)(NB)(diphose)é]I52
HH(N,) (diphose),, + Lt &«?@!(mﬂt)(NB)(diphos)ajl (52)

Cobolh Tucleophilic Substitution of the Ligand X

Substitution reactions of this sort with ¥ being
nevtral or charged are quite common and may be considered
a8 a synthetical route for ngw nitrido complexes. In
¢Xchange reaction taking place in[ﬁoN014]" and related

ions, the sixth coordination site trans to the nitrido

ligand is normally left vacant,

Esth 4] frowey 4] + Ahgll, M. 3 @sy% EION(NB) 4]
+ 44gClL  (53)
[As}’h 4] f*fioNcl 4] + 4ApE iagi@-\f [AsPh 4] [ﬁowﬂ + 4hpcl (54)

Uith chelate ligands such as dipyridyl or tetraphenyl
, i
porphyrin HetPP59 and also with CH50N¥7 substitution may
i
teke place,

o0l " 4 qipy -2Lovy INCL,(dipy) + C1”
U

(55)
(M = fo, W) K
2[1m, ¥} [umne, |+ 2O 0N —evvoeowo (N B (CHL, 0N, +
21H, PBr (56) *
"l T ) i - ‘ + - i
MONBry + HotPP  vmomy ELON(LPP)J [Br5]+ I, (57)
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moush unusual Mo(VIE) is reduced here to Fio(V) with
oryeen acting as a reducing agent. This process is not

revoersible,

2.5,6 Heduction of the Central lFetal

The few examplos for the reduction of nitrido complexes
of To(VI) and W(VI) under rectention of the nitrido group
nove already been mentioned in section 2.4.2 The
reactions proceed via NNClBLx intermediates containing
(V1) which by subsequent addition of the phosphine or
dipy decomposas reductivély to give complexes of the type
LELELg (11 = pio, Wy X = Cl, Bry; L = Ph§PT Pthﬂe, ¥% dipy)
s“1thouzh there is no prooi at the moment, one may assume
that the catalyst formation reaction in the homogeneous
metathesis systen NoNGlB(OPPh5)2/ E’t:AlCl2 in chloro-

2 l L 4 - L
honzene™ ', very well may involve reduction of the nitrido

1:2(VI) complex by the aluminum organic cocatalyst.
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%,  LLBULDS AND DISCUSLION
%,1. TIreparation of Nitridomolybdenum (VI) Complexes
%.,1.1. Preparation of Trichloronitridobis(triphenylphosphine
oxide)molybdenum (VI) from HoCl4(CH50N)2 and Sodiunm

dezide

In order to bhecome familiar with the inert gas techniques
and also for comparison with other nitrido compounds attempts
were made first to reproduce the synthesis of MoNClB(OPPhB)2
from N0014(0H5CN)2, sodium azide and triphenylphosphine oxide

in acebo.itrile as recently described by SEYFERTH and TAUBE®

The starting compound MoClLP(CHBCN)2 was easily prepared by
stirring molybdenum pentachloride in an excess of acetonit-

rile for two days at room temperature according to a proce-

durc outlined by CHOIL et al62o

2MoCl. + S5CH.CN meree—3 2MoCl, (CH, CN) 5 +
4 5 2

5
[ ona " (101,17 + 2. CH,CN ]

’ (61)
he reaction zroceeded with formation of a black brown

golution from which the dark-brown crystalline product pre-

cipitated in 72% yield. Although not recrystallized due

to its insolubility in most solvents, the compound was

found to be analytically pure as confirmed by elemental

analysis (see section 4.2.1)
For the synthesis of NoNClB(OPPhB)g, MoCl4(CH50ﬂ)2
was treated with one equivalent of sodium azide in

scetonitrile. Accompained by nitrogen evaluation a
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red-brown solution was formed within one hour. The white
g0lid residue consisted of sodiwn chloride and unreacted
aodiun azide. The reaction presumably involves the formation
of an azido intermediate which immediately docomposes to
¢ive nitrogen and a nitrido acetonitrile complex such as

FoNCL (CHoON), |
(70 )( 2 lxj

| _ CH,CN _ -
MoC1, (G zCl), o+ Mally = ) EﬁoﬂClB(CﬂacN)xJ+
 NaCl + N, (62)
&)

The latter is stable under nitrogen at room temperature
but hydrolyses rapidly to green and hlue decomposition
products (presumbly oxo--complexes) on exposure to wel air65,
As the compound failed to recrystallize from suitable
solvents such as methylenechloride or acetonitrile, a
thorough characterization was impossible, However, its
composition was deduced from the ligand exchange reaction
with triphenylphosphine oxide which gave a lightbrown
arecipitate in 65% yield, The snalytical result (table 6)
and Lthe IR - spectrum (table 7) confirmed the compound to
be the nitridomolybdenun (VI) compleX, HoNClB(OPPhB)g,
the formation of which may be expressed by the following

eguation,
] ) CH,CN
T 7 . A >
[Hore1, (CH,0M) { + 20PPhy ¥ NONC1, (OFPhz), +

XCH ; ON (6%)
(2)




- DD -

Tn contrast to (L) this triphenylphosphine oxide adduct(Z2 )
crystallized very well and was more stable to hydrolysis.
74 ecould be handled in dry air, was soluble in CHEClg,
sther , THF, but did not dissolve in benzene and hexane.
Un treating the complex with water it turned blue due to
reduction to Mo(V) complexesqu Preatment of the reduced
product with concoH2604 sand then refluxing for some time
on air caused re-oxidation to a colourless soluble
molybdate(VIL), Oubsequent addition of a strong base liberated
spmonia, used to measure the nitrogen content by the KJIELDANL

method.

M0N015(OPPh5)P exhibits an IR-spectrum which contains
a1l the absorptions expected for the ligand triphenylphos-

whine oxide, such as the intense [/(P=0) band at 1120 cn™ .

Turthermore, there are strong bands in the region 250«4000m—1
which correspond to the various lMo~Cl stretching and bending
vibrations. Important for the characterization of the
complex are three mediun absorptions in the region

1100-1000 cm~t, which can be assigned to the H(Mox N)
vibrations. The fact that there are three absorptions at
1055<nfl, 10%5 cm"l and 1026 cm“l may be interpreted

by the three possible sbereoisomers, which are possible for

an octahedral complex HONCIBLQQ
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i N N
. | I
01,\;%: ol Cl““*tizo*""'b L t_‘;:l‘io‘ D
Sl ] cr] el 1| el
c1 b c1
2a 2b 2¢

Fig 1. OBtereoisomers of an octahedral complex, HONGIELQQ
] ¥
e ehloride ligand trans to the nitrido group in (2a) and

(2¢) competes with the nitrido ligand for the d,  and dg,
acceptor orbitals of the central metal by the virture of
its bheing a strong T ~donor as depicted by Fig.2.

Ag OPFh, ligand is supposed to be a weaker 7\-donor than

5
he chloride, the Ho¥ N bond in (2b) should be strongest
and therefore, give rise to that absorption with the
hishest frequency at 1053 em™t,

Px(y) dxz(yz) px(y)

Tig. 2. Orbital overlap schene between metal and ligand
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%,1.2 Preparation of Tetrabutylawmmonium Tetrachloronitrido-

mnolybdate(VI) from MoGl4(OHBGN)2 and Sodium Azide.

Treatment of the red-brown solution (1) obtained from
hoCl4(GHBCN)2 and sodium azide in acetonitrile (see eqnd62))
with one equivalent of tetrabutylammonium chloride dissolved
in the same solvent gave red--brown, shiny, sheet like
crystals. The analytical values for Mo, Cl, and ¥-content
(sce table 6) and the IR--spectrum (table 7) confirm the
composition [Bu4§§{MoN014] for the compound which was

formed by the following reaction.

CH 0N
[MolC1, (CH,CR)  } + Bu,NCL = [BF%N;} fitonecy,, 1+

| G5O (64)
The complex could be handled in air for a short time,
but tended to hydrolyse when in contact with moisture yielding
a blue decomposition product probably containing Mo(V).
rydrolysis withtconco H2804 under oxidizing conditions
(addition of Cuf0, or Se~KJLLDAHL catalyst), followed by
treatment with excess sodium hydroxide gave ammonia.

The IR-spectrum of the compound apart from the bands
1

due to the ligand, shows a medium absorption at 1067 cm

which can be assigned to the M (lio=N) stretching vibration.

other tetrachloranitridomolybdate(VI) complexes

(sec table 1).




N o i

Nitrido complexes | (Yo% N in em ™ | Titv ]
[lie, 17 | {ToMC1,, '} 1054 58
[t 1| {Horey, | 1060 58

[ie,0¢ [Momon, ) 1030 51|

(:Lt o, 20 [l‘loNClmu | 1052 25 |

Table L. (lio® N) frequencies of($4N]{boNClqj

The relatively high value of the (Moz N) frequency may

be explained by the absence of any denor ligand in trans
nosition to the Moz N grouping. Characteristic but not very
conclusive are the various poorly resolved absorptions in
the range of 230-400 en™ ! due to various M{(Mo-C1l) and

6(FmﬂCl) vibrations58,

%.1.3 Preparation of Prichloronitridobis(triphenylphosphine

oxide)molyhdenum(VI1) from H0015 and Sodium Azide

We found that nitrido molybdenum complexes could be -
prepared directly from molybdenum pentachloride and sodium
awnide in acetonitrile. The reaction of MoGl5 with NaN3 in
CHBCN resulted in the formation of a dark violet solution
with some white precipitate (proved to be sodium chloride
by potentiometric titration with AgHOB)and conconitant:
gas evolution., In addition to nitrogen, the evolved

gas contained chlorinte detected qualitatively by
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veaction with a KI / starch mixture. The violet solution
vas not stable but changed to red-brown on stirring for

one hour. Addition of two equivalents of triphenylphosphine
oxide dissolved in acetonitrile to this solution pave a
light brown precipitate. Both the analytical values for

the o, Cl, and W content as well as the IR-spectrum

were consistent with the structure, MoNCla(OPPhB)E, formed

in 70% yield by the following reaction:

CH,,CN
HoClg + Nally + 20PPhy  redomm—n3 HoNCL,(OPPhy), + NaCl

> %
(W) N, + KL, (65)

3y analogy to a similar conversion of H0015 with ClN5 in-

vestigated by DHINICKE et 81?4

y the violet intermediate,
though not isolated or characterized may be an unstable

azido complex such as {foCL, (N,)(CH,CN) | uhich slowly deco-
mposes to the red-brown but stable intermediate [HONCIBGE%QN%QI

nitrogen, and chlorine. The latter obviously reacts with

triphenylohosphine oxide according to equation(63).

Both MoNClB(OPPh3)2 complexes, (2) and (4) exhibit
identical properties (see section 3.1.1). The IR-
specetrum of complex (]i), however, shows one remarkable
difference in the [AMo® N) region, In contrast %o
coeplex (2), only one JAMo# M) absorption at 1027 et

is observed., 'This value is identical with the lowest
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(o N) frequency of (2), having been assigned to one
of the two NONGla(OPPhE)? isomers in which chlorine is

trans Yo the nitrido ligand,

5.2 Attempte to lrepare Nitridobtungsten (VI) Comnlexes,

3.2.1 leaction of hi(’)lq_(G’HzCL\?)g with Sodium Azide in

Locebonitrile.,

Unlike M0014(CH50N)2, wclq(CHBGN)g, doca
not react with Na‘N5 in CH50NU Neither colour change nor
e¢volution of gas was observed upon stirring at room temp-~
crebture or upon refluxing. The reason for the inertness
of wu14(GHBCN)2 with respect to NaN5 is unclear. In
contrast to the Mo derivative, ﬂClq(GHBCN)g is soluble
in acetonitrile, suypesting a monomeric structure in
solution rather than a polymeric one as expected for the
sparingly soluble I‘ﬁoCllJr(CHB(}l‘i')2° Therefore, subtle
differences in the balance of lattice, solvation, (M-Cl)
and (N_N5) bond energies may be responsible for the diffe-

rent reactivities of the two chloro-complexes.

N

«2.2 Reaction of Tungsten Hexachloride with Sodium

Avide in Acetonibrile.

In contrast to the unreactive H014(CH§CN)2, tungsten
hexachloride reacted slowly with sodium azide in acetoni-
trile with liberstion of a mixture of nitrogen and

chlorine. When the gas evolution was complete, a red-brown
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colution with a white precipitate of sodium chloride

and excess sodium szide was obtained. On reducing the
volumne of thislsolution in vacuum, and cooling down to
¢50067 dark-brown, needle like crystals precipitated.

wven though this extreumely noisture sensgitive, dark-
prown complex (5) was recrystallized from CHLCH and dried
2t room temperature in vacuum for several hours, the
analytical resulls were not in good agreement with the
composition of the nost likely product WHCl.ﬁ(GHaON)2

(see table 2). The most ressonable interpretation of the
composition of (i) is to regard 1t as a nixture of
ﬁﬁCla(CHBCN)g and reduced chlorocacetonitriletungsten
complexesg. The latter is formed in a side reaction of
K that finally results in the formation of

WClﬁ with CH

6 )
wClq(GH§CN)2 according to equation(66).

401, + SCH,CH remme =3 HClu(CHBGN)g +

6 >

[(31{501\11%}F [1[312:}' + 2o OHL,CN| (66)
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CHBON by RUSCHKE and DEIICEE. The existence of the
corresponding chloro-derivatives of tungsten and molybdenum
has only bheen mentioned&TO As both compounds, (5) and (&)
are highly sensitive to hydrolysis and the appropriate
inetronents (glove box, etc) were not at hand, it was
impogsible to gupport the above interpretation by the

Th-gpectra of the complexes.

%,2.% Reaction of Tungsten Hexachloride with dodium Azide

and Triphenyliphosphine Oxide.

Since the reaction of HoCl5, N8F59 and OPPh5 in CH5CN
cave the well defined nitrido complex, MoNClB(OPPhg)E,
there was good reason to expect the formation of the
corresponding tungsten derivative by reaction of w016
with NaNB and the same ligand. Affer adding two equivalents
of triphenylphosphine oxide to the red-brown acetonitrile
solution obtalned [rom w016 and ﬂaﬁB fhe colour turned
yellow-brown. On reducing the volune & yellow crystalline
precipitate was obtained. This compound () was recrysta-
11lized from OH2012 and hexane. & decrease in yield was
always observed bechuse of the formation of an oily
produet if an excess of hexane was added. The compleX
igs stable in dry air but hydrolysed rapidly in the presence

of moisture to form a green deconposition product, most

probably an oxo~derivative. It dissolves in CH?Cl2,
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JHBCN and TiF, but is uot goluble in ether and hexXane.

Tne analytical values are not in good agrcement with

a compleX'ﬁNCla(OPPhB)gn Though the reaction was expected
to proceed as follows the chlorine content was found

to be too high and the tungsten content too low (see

table 3% and 6).

Olii(lN
WY H_CND), L T TTT— WG )
u015(oﬂ5 )3_ + 201?1113 B 4 41‘¥bl5(OP}h3)2 +
(7) 2CH Ol (69)
; l
Gomplex gm“p#uggﬁﬁf?t lfl_?iwmmﬂ_
i W o1 N
]
(72 (18,02 | 17.05; 0.66
|
, e
\.@1013(013.%115)2 21.%7 1 12,38 [ 1.61
1-&1‘1014_(0131’113) 29.%7 | 22,97 { 2.62
ivﬂ\TClg(OlJPhB)g 22,29 8.60 11,70

mable 3. W, €17 and I content found for (2) and
calculated for some hypothetrical products,

NNDIX(OPfhﬁ)y

The impurities may agaln be reduced tungsten (IV)
chlorides asg indicated by the high chloride content,
"he nitrogen value obtained by the KJILDANL method and

the TR-spectrun (table 7) suggest the presence of a
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nitride tungsten complex, UNOlB(OPPhB)gn The IR-spectrum
shows the various absorptions of the OPPh5 ligand
such 88 the typical (P = 0) frequency at 1120 em™ T

and is quite similar to the snaloguous Mo complex. Ia

the Z}(W-a-N) region there is a weak, put chracteristic

bend at 1027 cm_1 indicating the presence of only one
HHClg(OIPhB)g isomer. The absorptions between 230 and 400 cm
due to W~{1 stretching and bending modes are not very well

regolved.

Tn another attempt, the rcecrystallized WNCla(OH.CN)2

5
complex (5) itself was treated with OPPh5 in GH2C12° A
vellow complex (8) was separated in 24% yield having the
same properties as the above compound (7). Ae confirmed
by elemental analysis (table 6) its composition is in
good agreement With the formula WNCIE(@?Phﬁ)go The
Ti-spectrum is identical with that of the impure product
(7). The isolation and chavacterization of (8) also
vrovides direct evidence for the reaction of tungsten
pexachloride and sodium azide to give a WEClB(CHBGN)g
detivative in acetonitrile as discussed in the

previous section. The preparation of pure nitrido
complexes seens to he considerably complicated by the
need to separate the ubiquitous tungsten chloride

irpurities and the tendency to form oily products.

1



Tn another attemwpt to prepare WNGlB(OPPh5)2, the
browmish-black decomposition product (6), was reacted
with triphenylphosphine oxide. 'Thus (&) was gsuspended
in methylenechloride followed by addition of two equivalents
of OPPh5° From the brown solution a light brown compound (g)
nWag precipitatedu The analybical values for W, ClL and N of
the recrystallized complex agreed well with those calculated
Tor WFCla(OPPh5)2 (see table 6). The TR-spectrum (table 7)
shows clearly all the characteristic absorptions including
a JJ(#2 W) band at 1035 en~l. Unfortunately in a second
atbempt to synthesize thig compound 1o crystalline product
could be obtained bub only & brown oil, indicating once
more the poor crystallizability observed for the OPPh5

cerivatives. The results suppor® without doubt the

interpretation of the thermal degradation of WNOLLB(CHBCN)2 (5)

o a WN015(CH5CN) complex (£), rather than a nitrido tungsten
(V) complex formed by an intramolecular reduction as desc-
rived for HNBr5(dipy)59,

7,2 a4 Reaction of Tungsten Hexachloride with Sodium

azide and DPegrabutylammonium Chloride.

Addition of one equivalent of tetrabutylammonium
chloride to the red brown solution prepared from w016 and

N3N5 in acetonitrile gave yellow, sheet like crystals,



The 1R-gpectrum shows absorptions in the region
235400 en~t which correspond to the bending and stretching
nodes of the metal-chlorine bond. A band at 1033 cm™ T
geems to be the M (WHH) frequency but could not be assigned
unambiguously because of its weakness and interference of
the tetrabutylammonium cation (see table 7). For the

complexes [He, | [NC1,] and [Fhyis][UNCL,}, 1036 and 1032 cn”y

58

respectively; have been reported as the (W =N) frequencies” ,

%.2.,5 Heaction of Tungsten Hexachloride with Sodium

Azide and 2,2'-Dipridyl.

The dark-brown crystalline compound (5) prepared from
w016 and ﬁaN5 in CHBCN was dissolved in CH2012 and treated
with one equivalent of 2,2'-dipyridyl. On concentrating
the resulting brown solution a brown-product . (11) was
obtained. The latter, however, decomposed immediately
and turned greenish-gray after removing the solvent conp-
letely. In the presence of CH2612 or CHECN as a solvent,
the same decouposgition was found to take place affer
several days. As the grey final product (12) proved to be
insoluble in most solvents, recrystallization could not
be accomplished. The compnound is stable in air and

has no tendency to hydrolyse. Th IR-spectrum exhibits

the absorptions expected for dipyridyl and, furthermore,
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some bands in the »(W-Cl) and i(W-Cl) regicn, i.e. between
2501400 cmml° The 4(W>=1N} region is not conclusive because

a characteristic //(WTHN) absorption could not be located.

A complex with the composition wNClﬁ(dipy) has already
been synthesized from HNOIB and dipyridyl in CH,Cl, by DERNICKE
et al?9 Therefore, the brown substance observed in the
reaction discussed aBove should have been formed in the
fellowing way-

CH.,C1.

WG, (OO, + dipy 2By WNOL(dipy) + 20H,0N (71)

g Complex Co?teﬁfﬂfn %,
g W c1 N
(12) 29.94 1 27.4% 5.51
WNOlB(dipy) 39.76 | 23,00 9.09
WHC1, (dipy) 43,06 | 16.61 9.84
} WNCL, (dipy) 36,95 | 28,48 | 8.4%

teble 5. VY, Cl and N-contents found for (12) and

calculoted for some hypothetical products.
e grey final product (12) has been analyszed, but

the analytical values obtained for ¥, €1 and N are not

conclusive (sSee table 5 and 6). Though the decomposition
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of (11l) appears to be in contradiction to the stable

complex WNCla(diDy) mentioned in the litrature, the use

of acetonitrile as a solvent and the different starting
compound , WNCla(CHBCN)g (5) may be responsible for the
different course of resction observed. A similar decompo-
sition product has been obtained in synthesizing the
molybdenum analogue fronm [ﬁoNGlB(GHBCN)X] and diprydyl

in acetonitrile?ﬂ° Therefore, the assumption of a reductive
decay under formation of WNCl,(dipy), as reported for the

59

analogous bromo derivative””, seems to be responsible,

but there is no evidence so far in this case.
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%.% Conclusions

The use of sodium azide for the synthesis of nitrido
complexes of Mo(J1) and W(VI) has been described in the
nrevious sections. In the case of molybdemum both M0015
and M0014(OH50N)2 nay be used as starting compgﬁnds,
where as for tungsten only w016 reacts with I\IaN3 in aceto-
nitrile. The processes taking place in the synthesis of
nitridomolybdenum(VI) complexes can be summerized as

ghown in the following scheme.

CH,CN
FoGl,  mmm—dore—ey  HoC1, (CH,OH),
7 (72)
N (74 (73)
Nal,/CH,CN  \ Nal,/CH,,CIY
\ -
\ v
[HomC1 , (CH 5GN)KJ
(75) + 20PPh5
HoNCL (0PPhy).,

Tt should be noted that the reactions (73) and @4)
proceed via different azide intermediates but result in
the same stable{ﬁoNCl5(OHBGN)X]compléxo Moreover (74)

seems to be stereospecific whereas (73%) leads to a uwixture
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of stercoisomeric nitrido complexes 885 shown for MoNClB(OPPhng
For the synthesis of nitridotungsten(VI) complexes a

~ipilar reaction gcheme can be cutlined.

CHaﬁT
R B " w014(GH56N)2
(76) /
f/'
!
(78) Nall, /CH,CN
all /Ol

G 6

NaNB/CHBCN (77)

wHClB(CHBCN)Q
(79) l 2OPPh5

NNClB(Oth5)2

Scheme 2.
stridotungsten(VI) complexes

Although, The formation of n
WN01§(OPPh5)2$ there

proved by the synthesis of
on (76) that produces WClq(CHBCN)2

and thus représents

has been
ig a parallel reacti

which has proved to be inert to NaN5
an ubiguitous source of dimpurities.
¢l, and N -contents

The colours and the corresponding W,

s attempted to be synthesized are listed

of the commound
aten complexes, the most

in table 6. For the impure tung
in constituent is indicabted in prackets. The

likely ma
d the low tungsten values found

high chlorine content an
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Cror (2), (DD (10) =anad (12) confirm the presence of tungsten(IV)

chloridng &8 sS0urce of impurities.

ithe essenbial lﬂuspectroscopic data are collected in
sable 7. The presence nf one oOr severaljj(ﬂézﬁ) absorptions
in the range of 1100-1000 cmﬁl is characteristic for all
nitrido complexes of iio(VI) and W(vI). For the tungsten
sdducts with dipy and Bu4E01 a definite assignment Of the
(3-= 1) frequency ia not possible. The cheracteristic
absorptions in the A(i1-C1) and 5(1i-C1) region are badly
resolved (see Fig. 1 to 7) and not conclusive for atructural

elucidation.

n conclusion, the reaction of HoCl5 or EoCl4(CHBGN)2
with Naﬁ5 in CHBCN.is a reliable method for the preparation
of nitridomolybdenun complexes. The corresponding reaction
of W016 and. Naﬁ5 in Gﬂacﬂ seens, however, TO he unselective

snd cumbersone, and ig therefore limited in its applicability.
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..,_.,. | e s e

i {
M , .
| Complext M Solour | Gomtent in % found (celcd.)
! ’ Mo/d L 0L , il
1
Eozowwﬁomwwwvw (2) ,. 1ight brown Tmoﬂmﬁmoﬁu L 13.13(13. 76) , 1.86(1. m\; ,
mf.a ;H,A_.%Bb (3) _m red—brown, shiny | .\_m 82(19.1) ﬁ 28.11(28.6%) w £.68(5.76) |
W sheet like | M | ﬂ
i 1 |
,# cl 8@5 uw (&) | 1ight brown Tm&a@mkb ' 1%,66(13.77) ,, 1.35(1.81) #
_q 1)
ﬂ. HCL Gﬂp ). 5 £ (5) M dark-brown ME,%EPWS f 24.,45(27.53) J A4 .40(1C. mm,
w 0 ?mémvmﬁf@ P oyellow Tm .02(21.37) w 47.61(12.38) ’ 0.66(1.61) M
! 1
_m A_.ESWA%S%N S(g) | yellow 19.94(21 57) | 2.46(12.38) | 1.05(1.60) |
| WNCl Sm.mw%m@ (9) | brown 1 20« .71(21.39) | 20.71(21.38) ’ 4,13(1.61) |
.\i - -~ 1 i 1
% B, L W SEC (a0 vellow,shiny | 28.,69(571.58) wm@,immf,w@ L4, 26(4.81) !
w w sheet like M N w
j NGl {ap M G..m.vw grey Mm@ 9u(39.01) b 27,43(23.000 1 2. %1(9.13) !
..,. . . i i
Table 6. colour and analytical results of nitrido conplexes mdwefmmwuagu
1., If 1mpure +the most likely constituent is put  into brackets m w
Z. TProm 100l (CH. Otvm and z;Zw -
%, droa ioowm mﬁ@ ngw
n, TFrow (B) and ownbm in oﬁmod
.rln.vo -.m,HOMU ﬂhv m.H\:rw. o._..U..r..D.Nv \F”D. TH.NCHN

T A

Coe Do O

covmosition product owmmvmdp oCWﬁw

sy SHELCLs
z fol
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(r-c1), (19-C1)

Complex
in on™ T (VS)

L
-
.

W
|
]
MoNOL 5 (OFPR3) 5 (2) | 1026, 1035, 1053 (w) w 318
{
{3y, ,? Howel, ] (3 | 1067 | 349
w |
,_,,-omopwmomwu%m &) _M 1027 = “ 319 |
K T |H. i m o i
.‘mzoww@mmwwvmp ﬂwv .ﬂ 1027 w m W
| WIC1 5 (OPPhz) @ | 1030 @ _ _— |
b e (O _ _
zyowwmomMWme Awuw 10%2 m m 208 w
e T oo 4 i + ! . :
,N%d.i,, u_,eﬁﬁ 5o 1033 w | 510 M
_ not clear _ - :
J

Table 7. Characteristic sz W) and (8D (1:=C1) absorptions of the

Py

nitridc complexes of Vo and w svnthesized in Xi.

-

i. Cannot be assigned an unanbiguously
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bo EXPHRIMENTAL PART

4.1 General

The majority of the compounds synthesized were senstive
4o hydrolysis and in some cases, to oxidation. Thus complete
axclusion of air and moisture was necessary in wmost of the
ecxperiments. For this purpose nitrbHgen Eas produced locally
by the BEDE factory was used as an inert gase. Unfortunately
this gas was proved to contain about 4% of oxygen. Subse-
quent attempts by the BSEDE factory to produce a purer nit-
Toen [/as resulted in a maximun content of 0.5% oXygen.
“he need to remove evVel this 0.5% of oxygen was & challenging
probleu. Yarious tpials were made to remove this oxygen.
Thus, copper foll activated by a concentrated solution of
l‘%'}?La/NIiILpG1 in waver was packed in two five liter
containers. After bubling the impure nitrogen gas through,
the oxygen content was 1owered to about 0.2%. A moTre
effective method, however, seemed to be the use of an alka-
1line pyrogalol solution (€5 g pyrogallol/l; of 5N aqueous
4ia0H solution). This was found to absorb oxygen very
fast and with a high capacity. The nitrogen bubbled
through two such pyrogallol containing columns (length
100 em and diameter 5 cn. ) was first dried over CaCl,e
For further purification the gas was allowed to pass over

cotumns packed with a commercial catalyst to trap traces
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of oxygen and coloumns filled with MaOH, P205 and molecu-
1ar sieve (Type i), The nitrogen purified in this manner
wes sufficiently dry and the oxXygen content found to he
1ess than 0.05%.

41l solwvents used had to be dry and deaerated. Ace-
tonitrile and dichloronethane were repeatedly refluxed over
P205 in an atmosphere of nitrogen and distilled off when
raquired. Diethyl ether was first refluxed over LiAlH4
and then distilled ynder nitrogen gas. The distillate
was again refluxed over freshly cut Na netal and benzophe-
none until the solution adopted a violet color. IHexane

was dried by refluxing withLiAlH4 under nitrogene.

holybdenun pentachleride, tungsten hexachloride,
and sodium azide were commercial products and used without

further purification.

Tetrabutylammonium chloride and 2,2 ~dipyridyl were
also available in the Department. TriphenylphosPhine oxide
was prepared DY oxidation of triphenylphosphine with K28208
and conce. H2504according to a procedure cutlined by
CETHEDY o a1&”

Various glasswares for the inert gas (3CHILENK)

technique were either modified or made in the glass

plowing section of the Department of Chemistry.
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5,2 TPreparations and Conversions

Lop.1 Tetrachlorobis(acetonitrile)molybdenum(IV);
HoOL,, (CHC) 62,

To a Schlenk tube with 40 nl of acetonitrile 2.25 g
(8,24 mmol) of molybdenun pentachloride was slowly added
nader nitrogen. The reaction mixture was stirred for
48 hours. The brown precipiltate formed was filtered, washed
with three 5 ml portions of acetonitrile, and dried in vacuun
at 5OOC° The brown crystalline solid is sensitive to
irydrolysis but can be handled in dry air for a short time.
he compound is sparingly soluble in acetonitrile, dichlo-

vomcthane, and insoluble in ether and hexane.

Tield: 1.91 g (72.%% Dbased on MoClB)
Analysis: Found(calc.for HoClq(CﬂaCﬁ%); Mo, 29.% (29.99);C1,

an 1084 . 3%)%.

4.2.2 mTrichloronitridobis(triphenylphosphine oxide)molyb-

denum(VI), MoNClB(OPPhB)Zo
47,202,,131’01;1Tetrachlorobis(acetonitrile)molybdenum(l‘f)eq°

1.%8 g (4.%31 mmol) of MoCl4(CHBCN)2 was added to a
schlenk tube containing 0.34(5.23 mmol) of NaN5 and 25 ml
of GHECN'under nitrogen. The mixture was gstirred until the

ovolution of gas was completed. The NaCl formed during

the reactlion and excess NaN3 was filtered off. "To the



red purple filterate 2.68 g (9.63 mmol) of triphenyl
phosvhine oxide dissolved in 50 ml of CH5GN was added while
sheking vigorously. A light brown precipitate was formed.
ihe mixture was cooled to - BOOC then filtered off, followed
by washing with small portions of a hexane / ether mixture
(4:1 ratio) and dried at 50°C in vacuum. The light brown
complex ig stable in dry air, however, turns blue when in
contact with moisture. It dissolves well in CH2012
moderately in OH50N, ether and THF, but is not soluble in
hexane. It can be recrystallized by dissolving in CH2012

and then precipitating with hexane.

Tield: 2.21lg (6541% based on M0014(CH56N)2)°
Analysis: Found (c&lc. for NoNGlg(OPPh5)2); Mo 12,72 (12.41)°
C1l, 1%.13 (13.76); N, 1.86 (1.81) %.

n.2,2.2 TFrom Molybdenum(V) Chloride

Tn Schlenk tube filled with nitrogen and containing

30 ml of CH§CN, 1.4g(5.12 mmol) of KoClB and 0.37g(5.69 mmol)

was added. The nmixture was stirred until no more

5

gas was evolved. The resulting violet solution was filtered
and then treated with 3E(10.78 mmol) of OPPh5 dissolved in

of Nall

25 ml of CH5CN . After decreasing the volume of the dark
brown solution to one fourth of the original volume a brown
crystalline product precipitated which after cooling to ~5000

was filtered, washed with hexane, and dried at 5000 in vacuum.

The product is stable in dry air, but turns blue in color

when in contact with moisture. It is well soluble in
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CH,CL,, moderately in CHBGH, ether and THF , but not in
hoxene., Recrystallization by disgolving in CH2012 and

then precipitating with hexane gave a light brown product.

Yield: 2.19 (69.8% with respect to HoGlB)
Analysis: Found (cale. for M0N01§OPPh5)2: Mo, 12.3%6 (12.41);
CL, 1%.66 (13.97); M 1.35 (1.81)%

4.2.% "etrabutylammonium Petrachloronitridomolybdate(VI)

[Bu, ¥} [1oNe,, |

4,5g (14,07 mmol) of MoClBr(UHBON)2 and 1.0g (15.38 mmol)
NaN3 were stirred under nitrogen in 110 ml of acetonitrile
until the evolution of nitrogen was completed. The red-
purple solution was filtered and further reacted with a
solubion of %.2g (14.8 mmol) tetrabutylammonium chloride in
50 ml of CHBCNo After filtering the resulting mixture
once more, the solvent was completely removed in vacuum.
The residue was dissolved in CH2612 and precipitated by
hexane (Precipitate slowly because of danger of oil formation)
Yo give red-brown, Shiny, sheet like crystals. This was
filtered off, washed with 1little CHQClg/hexane(l/B)
nixture, followed by pure hexane, and dried in vacuun
at EOOCo The compound is moisture sensitive, readily
soluble in CHgGle, CHBCN, and THF, sparingly soluble in
ether, and insoluble in hexane. Reerystallization is
carried out by dissolving in CH2012 and precipitating

with hexane.
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4.2.6 ieaction of Tungsten(V1} Chloride with Sodium

Azide in fcetonitrile

2.7% g (9.471 mmol) of w016 and 0.67g(10.31 mnol) of
ﬁaﬂ5 was cuspended in 35 ml of 0350H under nitrogen. The
wizbure wos stirred until no more gas was evolved. After
Tiltering off the NaCl formed and excess NaNB, the dark brown
filtrate was reduced by vacuum to one-fourth of the original
volune. The dark brown needlelike crystals the precipitation
of which was completed by coolling to -30°C were filtered,

washed three times with ? ml portions of CH,CN (cooled

3
to -30°C), and finally sucked dry in vacuvum at room temperature.
Yhe complex is extremly sensitive to moisbture, changes blue

on exposure to air, and was found to decompose to a black -
product when heated to 5000c The compound is highly soluble
in,GH2012 moderately soluble in acetonitrile, but insoluble

1in nexane and ether. It can be recrystalized from aceto--

nitrile.

Yield: 2.96 g (81.5% with respect to WCI6 and the formula
WHC i CN
lE(CPBC )2) .
Anzlysis:Found (calc, for WNClB(CHBCH)é}sw, 44,39 (47.59);
Cl 31.15 ( 27.53 ); W, 11.40 (10.88)



2.2 g (6,30 mmol) of Bu4NCl dissolved in 25 ml of GHBCN

was then added dropwise to the dark brown solution while
agitating vigorously. In doing so yellow, shiny, sheet-
like crystals were formed., Irecipitation was completed

ty decreasing the volume of the solution to one-third.

“he yellow solid was filtered off, washed three times

vith 5 ml portions of ether and dried at 5000 in vacuum,
The comnound dissolves well in CHBCN and CHgClg, but is in-
soluble in hexane and ether. It can be handled in dry air
Tor a short time but turns blue in contact with moisture.,
tecrystallization by dissolving in CH2012 and then precipita-

Ting with hexane gave a nicely crystallized yellow product.

Tield:  3.21 g (73.0% with respect to WClg and
the formula iﬁuQNj[WNCl4}_}‘

Analysis: Found (cale. for @u&NjEWNU14])Z W, 28.69 (31.58);
Ol 29.44 (24.36); N, 4.26 (4.81)%.

he2.9 Heaction of Tungsten(VI) Chloride with Sodium

tzide and 2,2'-~ Dipyridyl in Acetonitrile

2.7 g (6.30 mmol) of WCl. and O.4 g (6.15 mmol)
of NaN5 was converted in 25 ml of CHBGN in the same manner
8s above. The dark brown solution was filtered and the

solvent sucked off completely in vacuum. The brown

crystalline solid resulting was dissolved in 20 ml
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of CH2012 and treated with 0.9 g (5.76 mmol) of 2,2' -depyridyl

cissolved in 20 ml CH2012 under vigorous shaking. On

reducing the volume of the solutions a brown precipitate

was formed that decomposed to a greyish product after complete
emoval of the solvent. The same thing happend if the

product was isolated from acetonitrile solution. The

precipitate was filtered off, washed with three portions of

5 wl hexane, and dried at roomn temperature in vacuum. The

sreyish product could not be recrystallized as it is

insoluble in GHBCN, (1{112012.J hexane, and ether,

Yield: 2.2 g (89.8% with respect to HCI6 and the formula
WG, (dipy))

tnalysis: Found (calec. for wNCla(dipy)):w, 29.94 (39.91)
Cl 27.43 (22.00); N 3.% (9.1%) %.

4.2.10 Reaction of the MNitrido Acetonitrile Tungsten
Complex (5) with Triphenylphosphine Oxide in

Methylenechloride,

1.17 g (3.03% mmol calculated for WN015(0H30N)2)
of the nitrido acctonitrile tungsten complex (5) was
dissolved in 15 ml of CH2012 followed by addition of 1.8 g
(E.47 mmol) of triphenylphosphine oxide in 10 wl of the
Same solvent. The resulting yellow solution was filtered.

Frecipitation with about 25 ml of hexane gave a yellow




cryastalline solid. The latter was filtered off, washed
twice with 5 nl portions of hexane, and dried in vacuum.
iroperbies and recrystallization are the same as described

for compound (7} (sece section 4.2.7).

Yield: 0.62 g (2%.9% with respect to WHCIE(CHBGN)2 and
WNCIB(OPPh3)2)°
inalysis: Found (cale. for wﬁ013 (OPPh5)2): W, 19.94 (21.%7);
Cl, 12.46 (12.%8); N, 1,03 (1.61)%.

4,2,11 Thermal Decomposition of the Nitrido Acetonitrile

Tungsten Comnlex (5)

The nitrhdo acetonitrile tungsten complex (5) was heated
at 50°C in vacuum for two hours. In doing so the dark-brown
startine compound turned black. This degradation product (&)

113 only slightly sensitive to moisture. It is moderately

soluble in GH?GlZ, acetonitrile, but inscluble in ether.

4.2,12 Reaction of the Decomposition Product (6) with

Triphenylphosphine Oxide in lMethylenechloride.

2.05 g (5.94 mmol calculated for WN013(CH ON))of

5
the decomposition product (§) was dissolved in 25 ml of
CIL,Cl,. The brown solution was treated with 3.4 g (12.23 mmol)
of tripnenylphosphine oxide dissolved in 20 ml of the same

golvent. The latter was filtered and its volume decreased
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by vacuum to one-third. Frecipitation with 15 ml of hexane
cowe a light-brown solid. This was filtered, washed twice
with 5 wml portions of hexane, and dried in vacuum. The
ligbt brown product is stable in dry air for a short time,
but changes blue in contact with wmoisture. It is soluble
in CH,CN and 0H2012$ little in ether and benzene, and
insoluble in hexane. Recrystallization can be achieved by
dissolving the product in CH2012 and precipitating with
hezane (Danger of oil formation!). A second attempt to

prepare this complex failed because of its poor crystalliza-

CN)

Yield: l.4g (27.4% with respect to WN013(CH3

and wﬂula(OPPha)g)°
Analysis: Found (calc. for WE01§(OPPh5)2): W, 20.71 (21.37),

C1, 11.81 (12.38); W, 1.13 (1.61)%



4.5 Analysis
4.%,.1 Determination of Cxygen in Nitrogen Gas
4.%.1.1 podium Benzophenone Fethod

1.82 g (10 mmol) of benzophenone and 0.5g (22 mmol)
Sodium were shaken in 100 ml of dry ether under nitrogen
vntil the mixture became dark violet. This violet solution
resiulting  from the formation of disodium benzophenone was
1ntroduced drop by drop into a one litre flask filled with
nitrogen gas. When the colouy remains blue all the
cxygen in the flask is chemically absorbed. 1 mmol of

syygen decolorizes 4 mmol of disodium benzophenone.

4.%.1.2 Copper-Ammonia-Ammonium Chloride Method

itrogen filled in a gas burette is introduced to a
container packed with copper foil and NHB/NH401 agqueous
solution. After a while the nitrogen is allowed to flow
back into the burette. The difference in the gas volume

is cue to the amount of oxygen absorbed.
4.3.2 Elemental Analysis
2.l Letermination of Chloride

The complexes containing 20 to 40 mg chloride were
cither dissolved in strong NaOl solution and a few drops

of H,0, or oxidized by the SCHOENIGER method and absorbed



in 50 ml of 2N WaOH solution, These solutions were
ceidified with 2N HNO5 and the chloride content determined

vy potentiometric titration with 0.1 N AgN0566.

4.3%.2.2 Determination of lolybdenum and Tungsten

Both elements were determined gravimetrically by the
oxinate methode’?o Solutions containing 5-50 mg of Mo or W
wereg prepared in a similar manner as for the chloride deter-
mination. The solutions containing molybdate were acidified
with 2N scetic acid, followed by addition of 10% aumonium
acetate, then heated to boiling, and precipitated with an
cxcess of a solution of 3g 8-hydroxyquinoline in 100 ml
of conc. acetic acid. The solubion was boiled and filtered
hot through a G4 frit. The molybdenyl oxinate was dried at
120-140°¢C. Similarly the tungstate solutbion was made slightly
basic precipitated with 4% alcoholic solution of 8-hydroxyqui-
noline, boiled, and filtered through a G4 frit. The tung-

gstenyl oxinate was dried at 120°g.

5,%,2,% Determination of Nitrogen

mach determination was carried out with gquantities of
the substance containing 2 to 5 mg of nitrogen. The
gsanples were transfered into a KILDAHL flask and then
digested by 25 ml of conc. H,80, in the presencé of 0.1 g
of a commercial RJELDAHL catalyst, containing CUS04 or

89680



winen the solution had turned light yellow digestion was comp-
leted. TMhe content was diluted to 250 ml and mixed with 25 mnl
895 a6 solution, This was made basic by 15 M aqueous NaOl
solution, boiled, and the ammonia liberated absorbed by

50 ml of O.0O5K HESO4° The distillation was stopped when
»alf of the water had been distilled into the receiver.

The acid was back titrated with 0.1N NaOH solution.

Prom the volume of NaOH solution consumed, the amount

of Wi, and the percentage of Higrogen in the compound

2

wag calculated,

0.,3.,% IR-Bpectra

The IR-spectra of the compounds were measured using
the IR-spectromcters Perkin Flmer 727B and Pye Unican SP 2000,
‘“he samples were prepared as KBr( 600 cmﬂl) or KI discs
(200 =600 ecm™T). For the compounds tending to hydrolyse
KI was preferred. The spectra are collected in Appendix,

dig, 1 to 7.
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SUHMARY

Jt was the objective of this project to synthesize and

characterize some nitridomolybdenum and tungsten complexes,

"
ine

[
[

-]

regults obbained are summerized as follows.

In accordsnce to the literature the nitridomolybdenum(VI)
comploexes H0H015(OPPh5)2 and [Bu4H1€MDN01J were prepared
from H0014(GHBCN)2 and sodium azide in acetonitrile fo-
llowed by addition of the appropriate ligands. The
compounds were characterized by elemental analysis

and IR-spectrum. The latter confirmed NOHClg(OPPh5)2

(2) to consist of a mixture of three stercoisomers.

Molybdenum pentachloride was found to react directly
with sodium azide in acetonitrile. ©Bubsequent addition
of triphenylphosphine oxide gave the complex I“’IONCIB(OPPhB)2

(&) which consists of only one stereoisomer.

Tungsten hexachloride and sodium azide reacted in
acetonitrile to give a dark brown, but impure nitrido
acetonitrile tungsten (VI) complex (5) mainly consisting
ofijCla(CHBON)ggwhich decomposes al about 50°C to give
an acetonitrile depleted black compound{WNGlg(CHBCN)}(_@_)°

The reaction of wNCla(CHBGN)E (5) with triphenylphosphine
oxide gave yellow, impure{WNOla(OPPhB)g(Z)o From the

recrystallized complex (5) and triphenylphosphine



o
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oride in methylenechloride a yellow compound with 23%
vield was obtained., The elemental analysis and the IR-
sneetrum are consistent with the formula WNCIB(OPPh5)2°
The decomposition product (6) reacted with triphenyl-~
vliosphine oxide to form a light brown complex NNClB(OPPh3)2
(8) alsc characterized by elemental analysis and IR~

spectrum. This reaction, however, could not be reproduced.

he reaction ofiHNClB(CHBCN)Ef(é) with Bu4N61 gave a
yellow complex. Though the product is likely to contain
fﬁu&Nj{HNCl4y}neither elemental analysis nor IR-spectrunm

are conclusive,

The reaction of (5) with 2,2'-dipyridyl gave a brown
comulex that decomposed at roonm temperature. The
nature of the decomposition product could not ta

understood,

“he source of impurity in the nitridotungsten complexes
(%), (2}, (10) and (12) is suggested to be a side
reaction of w016 with acetonitrile eventually leading
to M014(0H5CN)2 which in contrast to its Mo analogue

is inert to sodium azide.

Thus, it is possible to conclude that, sodium azide

be used for the synthesis of nitridomolybdenum complexes

2ither from N0014(C350N)2 cu=MoCl5 in acetonitrile., Though
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tan reaction of w016 and. NaNB gives nitridotungsten complexes,
its applicability is limited due to the difficulty of

Lhiaining pure product,
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