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Summary

Reaction of [MoX(CO),(T-CjH_)(MeCN),] with the
arsines thAsCH2CH2AsPh2 (dae) and thAsCHzAsth (dam)
yields complexes of stoichiometry [uox(co)z(n-csas)dae]
(where X = Cl, Br or I) and [Mox(co)z(n—caﬂs)]zdam (where
X=20C ;r Br). The former are isomorphous with the known
thPCHéCH2PPh2 complexes, whereas the latter probably contain
halogen and dam bridges. Under forcing conditions the

corresponding ditertiary phosphines form the molybdenum(O)

derivatives cis—uo(CO)z[thP(CHZ)nPth]2 (where n = 1 or 2).

Introduction

The tertiary phosphines PPh3 4

conditions with [MOX(C0)2(1]-CSH5

molybdenum(Q) derivatives [Ho(CO)z(Pna)z(ueCN)Z] and [uo(c0)2(p

{1,2]. However, under similar conditions the ditertiary phosphines

and P(n-C H9)3 react under mild

)(MeCN)z], where X = Cl or Br, -to form

B33

113



vsolvents and reactants'freed !rom moxsture and oxygen by standard procedures.

,-;ne‘coeelexes [uoxv(CO)é(nr—c:’HS)(uem)z], where X = Cl, Br or I, were prepared
r,_byvliterature methods f4]. '
‘ Inirared spectra were recorded on solxd samples using a Perkin-Elmer

237 spectrophotometer and a- Beckman—RIIC FS 720 1nterferometer. ‘H NMR
'spectra were aeasured on a JEOL PS 100 instrument using tetramethylsilane as
internnl standard ' Molecular weights were measured in acetone solution at
«37 C on a Hechrolab 301A Osmomeuer.

Carbon and hydrogen analyses were determined by microanalytical

‘ techn1ques (Dr. Straucs, Oxtord).

Preparation of.,[!lox(co)z(n_-csﬁs)dae], where X = Cl, Br or I
o S A solution of 1.0 mnol’(0.49 g) dae in 20 emd acetone was added to
'1 O mmol [uoX(CO) (n—C H )(MeCN)z} dxssolved in 15 cm; acetone. The

solutlon was stirred and warned to 50 C for 0.5 hr and the solvent evaporated

to lov_bulk at room,tenperature._ -On cooling. the products (complexes
I-111) crjstallised out as orange_solids which were filtered off and

’recr&stallisedlfrom,CHCISIbetroleum ether. . Yields 40-60%.

Preparation otl[uox(CO) (rrr 5)]2dan, where X = CI or'Br

1 mrol (0.47 g) dam and 0.5 Emol [Mox(c0),, (77C,H, 50 (MeCN),, ] were
V'dissolved separately in the. ninzmum quantlty of- acetone and then stirred
‘together at room temperature. ,~The products-(lvrand V) were filtered oif -

and recrystallised as above. Yields 40—50%.

No other products were 1dent1£1ed .in the- dae or dam reactxons even
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in rétluxing acetone or acetonitrile in the presence of a large excess of

1igﬁnd. . ‘k

Preparation of cis-uo(CO)z[PhZP(Cﬂz)nPPh2], where n = 1 or 2

1 mmol [nox(co)z(n—csns)(uecn)zj was heated under reflux in

30 cm3 MeCN with 3 mmol dpe or dpm for 2 hr. The yellow product wﬁich

precipitated from solution on cooling was filtered off, washed with a little

acetone and recrystallised from CHCls/petfoleum ether (yields up to 70%).
Reactions of [MoCl(CO)z(n—Csﬂs)(HeCN)z] with PPh_ and AsPh

3 3

1:2 mol ratios of [MoCl(CO)2(ﬂ—C3H5)(MeCN)z] and ZPh, (Z = P or As)

were dissolved in the minimum volume of acetone maintained at ice-salt
temperastures., After 1 hr the solution was filtered and treated dropwise
with petroleum ether to precipitate products VI and VII as yellow solids,
which were recrystallised from CH2C12/betroleum ether. Yields 66 and 22%

respectively. Complex VII was also formed when the AsPh3 reaction was

carried out in boiling MeCN.

The corresponding bromo- and iodo-starting materials reacted with

PFh3 in acetone at low temperatures to produce cis—Mo(PPhs)z(Co)4 in low

yields (15-20%).

Reactions ofEuoc1(c0)2(ﬂ—C3H5)]2dam with other ligands

(a) Pyridine. 0.5 mmol (0.46 g) of complex IV was dissolved in

S5 cm3 CHCl_ and treated with 2 cm3 pyridine, The solution was stirred at

3
room temperature and the product LHoCl(CO)z(Trcsﬂs)pyz] precipitated by the

dropwise addition of petroleum ether. Yield 65%.
(b) Tetraphenylarsonium chloride, 0.5 mmol (0.46 g) of

3 )
complex IV dissolved in 5 cm C52C12 was stirred at room temperature with

0,5 mmol (0.21 g) Ph4AsC1 dissolved in the minimum volume of CH2012.
Addition of petroleum ether (40-60) precipitated Ph4As[H02(00)4(n-C3H5)2C13]
in 90% yield.

(c) thPCH2PPh2. 1.0 mmol (0.93 g) of complex IV was mixed with

2,0 muol (0,77 g) dpm in 15 cm3 acetonitrile and refluxed 1.5 hr. The
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solid which separated out on cooling was recrystallised from CHCl /betroleum
ethe Vand identitied as cis—uo(co) (dpm)

Yield 85%.
ae;uns‘ taﬁa‘bi‘seus'sioa

Dltertlary arsn:e reactlons

Analytical and spectroscoplc data (Tables 1 and 2) show that the
reactions of [Mox(cO) (n-C

)(MeCN),_ ] with dae are completely analogous to
those of dpe under mlld conditions.

Thus the cis-carbonyls and the n -allyl

3
group are retained in each of the products, and both MeCN ligands are replaced
by a chelating molecule of dae.

In the room temperature NMR spectra,

the
arsine methylene protons appeared as an AA'BB' pattern, while the signals for
t

he allyl ligand were typical of symmetrical 71 -allyls.

At low temperatures
however, the spectra of complexes I-II1I lost all fine structure and by -120 C

up to six separate broad signals were observed for the allyl and methylene

protons (Fig.l), indicating that the deceptively simple room temperature

31°c (in cpcl.)

'

[}

]

o [
~120%C (in CHCL_F¥) .
'

%

1

X IR T
-
-
v’

Fig.1l.

ppm (§).

Variable temperature 'H NMR of [MoBr(co),(n~C_,H_)dae]



Methylene and> A 1

,1!'! : ) n:,l-c H protons ‘protons

4.04tt . 2.8m 7.44m
©i3.70a(6.5) . 4.1tt. . 2.92m . 7.5lm
11 1.754(10.2) . 3.79a(6.7) - 4.30tt 3.04m  7.40m
e AR - 2.40m
IV 1.584(10.0) 3.68a(6.2)  4.44tt’ 3,148 ' 7.30m
v -1.604(10.0)  3.884(6.3)  4.64tt . 3.44s '7.36m
vi®  0.83a(9.8) 3.55d(6.7)  3.67tt 4.02br, PCH, 7.72m
: o | 5.55m, CH,=
VII . 0.864(9.8) 3.35d(6.7)  3.70tt 4.10d(7.0)ASCH, 7.7Cm
: e 5.53m, CH,

S.64m, CH2

a d = doublet, tt = triplet of triplets, m = multiplet, br = broad

b, 31P decoﬁpled spectrum -

spectrawere caused 5y ithe_ stereoc!;emical nonrigidity of the molecule.
Theildw temperature séiitfing of the allyl signals revealed the non—
equivalence o£ the two ends of- the allyl group, and consequently a

X moleculnr st:r:ucture whi‘..h lacks a plane of sy=smetry through the a11y1
“group‘ia‘indicated' In the solid-state, complexas I-II1X were found to be
1somornhous with their dpe a.nalogues, and consequently the type 01' structure
’» recently Iound Ior [uoxccm (T]—Caﬂ )dpe] where X = Cl or I [5] seens

1ikely et least :!or couplexes I and. III.A
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In refluxing acetonitrile no reduction to Mo(0) occurred in the
presence of excess dae, although under these conditions the corresponding
ditertiary phosphine (dpe) caused reductive elimination of allyl ‘halide and
yielded g!gf[no(co)z(dpe)zj in high yields.

thAsCHZAsth did not react in an analogous manner to either dae
or dpm. The conplexes formed (IV and V) had an allyl to dam ratio of 2:1,
and an NMR investigation of various mixtures of [MoX(CO)Z(n—Caﬂs)(MeCN)Z]

and dam in CDCl_ gave no indication of more than this one type of complex.,

3
The chemical shifts of the methylene protons of the coordinated ax;sine fell
between the values normally found for monodentate and chelated dam and were
consistent with a bridging mode of coordination [6]. In order that the
Mo(IX) atom retdns its 18e configuration, more than one bridging ligand must
be present, and a dam and halide bridged structure analogous to that
reported for the isoelectronic complexes [Rez(CO)GCIZdam] [7] and
LWé(C0)4(NO)2X2dam] [6] seems likely therefore.

Support for this type of structure was obtained from far-infrared

studies. For the rhenium complex‘[Rez(CO)GCIZdam], Colton [8] assigned

///, -
Ph,As AsPh, s
I I M = Mo, X = C1 or Br, 3L = 2C0 and I -CzH_
X L
\u/ \u/ M=Re, X=0C6, L=CO
L/I\x/l\n M = W, X = halide, 3L = 2CO and NO
L L
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:’bands at 283(3) and 230(-) to v(Re-Cl) bridging stretches, = Complexes 1V
"uand V exhibited a similar pattem of halogen sensitive bands, whereas
iconplexes (I)-(III), 'hich contain only terminal Mo-X linkages showed single
-;strong M-X stretches (Thble 1). Vkrianle temperature NMR studies indicate
-Ethat co-plaxea Iv and V are also fluxional in solution. The sharply defined
‘room temperature a11y1,signals become broad featureless bands by -40°C and
,tsen'¥evertf§t stilil lower temperatures to 3 normal 2X2 spectrum shifted
to alightly lower fields. The non-splitting of the low temperature allyl
éignals 1ndicﬁtas that the molecule finally adopts a symmetrical structure
iith the allyl groups probably trans to the arsenic ligands and cis to both
bridging halides. The non-formetion of the iodo-complex under similar
reaction conditions may reflect the weaker bridging capacity of this halide ion.

Attempts to replace bridging dam by dpm resulted in no reaction under
mild conditions and complete disruption and reduction of the complex with the
formation of ciS-[Ho(CO)z(dpm)zj in high yield in refluxing MeCN. Reaction
of complex IV with pyridine and with Ph4AsC1 resulted in displacement of the
arsine ligand and formation of the known products [HoCl(CO)z(ﬂ-Csﬂs)pyz] and
Ph 4As[l!oz(c0) 4(1-1-c3i15)2c13] (Reaction scheme).
Ditertiary phosphine reactions

Reaction of dpe and dpm with [HOX(CO)z(n-CBHS)(HeCN)z], where X = C1,
Br or I, led to the initial formation of the complexes [Mox(CO)z(n-Caﬁs)Lz],
where Lz = dpe or dpm [3]. In the presence of excess ligand in boiling
MeCN reduction of Mo(II) to Mo(O) occurred with the formation of
glgf[uo(CO)z(Fh)z]. jhis reductive elimination reaction can be accomplished
in polar solﬁents other than acetonitrile and is similar to the reaction
between the nitrile starting materials and the tertiary phosphines PPha and
p(n'c489)3‘ However, in these latter reactions there is no report of any
intermediate Mo(II) complex of the type [HoX(CO) (-CH. ) (PR )2] as a precursor
of the reduced products.

_-B have reinvestigated the reactions of the nitrile starting

materials with PPh, under very mild conditions, and have extended the
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Dieck et,al observed similar-

_in these reactions were: the :salts (Pl:3z-c B )r_uo (co) ('q-c u_) 013] ‘and

5.4 :their studies “on’ the phosphine raactions [l 2] The .-
fdittering reactivities ot PPh, and P(n C z)s. (which cause reduction)
v‘cc;mpared ‘with PHPh, PhPCH PPh, and PH,PCH,CH,PPh, '(which form stable
’uglybdennmLII) addugts unde: anbient ccuditions) may ha related to
variations in the electronic and/br steric ettects or the phosphines.
'Akvalid comgazison‘between the electronic affects of monodentate and
- bidentate pho;phines 1is dit:icult to_obtain,-but'the steric requirements
o!:tﬁéiliggndé'aré well'décunenﬁedrtpl, and have been shown t§ increase
a;ong ‘the series P"zmépmz <’m2mi2mzp§hz < PHPh, < P(n-C,H,), < PPh,,
'witt{_t_he‘ ‘two phosphines which readily cause reduction haviné cone angles greater

>tﬁan'13091-whereas the remainder have cone angles between 120 and 130 [9].
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