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Summary 

Reaction of [MoXCCO)2C~C3H51CMeCN)2] with the 

arsines ph2AsCH2GH2AsPh2 Cdae) and ph2AsCH2AsPh2 <dam) 

yields complexes of stoichiometrp [MoXCCO),Cq-C,HS)dae) 

<where X = Cl. Br or I) and [MoXCCO12Cq-CSHS)]2dam <where 

X = Cl or Br). The former are isomorphous with the known 

ph9pcA2CZi2PPh2 complexes, whereas the latter probably contain 

halogen and dam bridges. Under forcing conditions the 

corresponding ditertiary phosphines form the molybdenumCO> 

derivatives cis-MoCCO~2[ph2PCCH2~nPph2]2 (where n = 1 or 2). 

Introduction 

The tertiary phosphines PphS and PCn-C41i9)S react under mild 

conditions with [MoXCcO)2<TTC3H5)CMecN)2], where X = Cl or Br,.-to form 

molybdenumC0) derivatives [MoCCG~2CPR2~2CMeCN)2] and [YoCcO)2CpR3)2BeCN] 

c1,21. However, under similar conditions the ditertiary phosphines 
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-- All.pr_eparationswere carried out under dry nitrogen gas using 
__-. .~ 

.-- -' 
solvents and reactauts'&+ed from moisture and oxygen by standard procedures_ 

The-cc&plexes [MoX<do)~C~3H5)<MecN)2], where X = Cl, Br or 1. were prepared 

~by-literature methods c4], 

Infrared spectra were recorded oh solid samples using a Perkin-Rlmer 

~237. spectrophotoaeter and a Backaau-RIIC F'S 720 interferometer. 'Ii m!R 
~. 

spectra vore measured on a JRCL PS 100 instrument using tetramethylsilane as 

inteA standard. xolecular weights were measured in acetone solution at 

.37OC on a Mechrolab 3OlA Csmometer. 

Carbon and hytiiogen analyses were determined by micr oanalytical 

techniques <Dr.Strauss, Oxford). 

Preparation of [MoX<CO),<~C,H5)dae], where X = Cl, Br or I 

9 
A solution of 1.0 ru!aol (0.49 g) dae in 20 cm" acetone was added to 

1.0 a&l ~MoX<~)i<Tt_C3H5)<_Me~)2] dissdlvyl in 15 cm 3 acetone The . 

solutioo was stirred and warmed to 50°C for 0.5 hr and the solvent evaporated 

to low bulk at r- temPerat_. On cooling the products (complexes 

I-III) crpstallised out as orange.solids which were filtered off and 

recrystallised-f- CIiC13/petroleum ether. Yields 40_6C%: 

Preparation of [MoX<CO>2CTt_C3R5i,]2dam, where X = Cl or Br 

1 mm.01 CO.47 g) dam and 0.5 501 CMoX<co)2<t-yC3R5)(MeCN)2] vere 

dissolved separately in the.~aix&na quantity of-acetone and.then stirred . . 

together &room temperature. The products-<IV and V) were filtered off- 

arid r~rjrstallised a.s above. &elds40_5C%. _ 
_. _. 

No other.Products-weie identified.in the-dae .or dam reactions even 

. ,.’ 
. 



in refluxing acetone or acetonitrile in the presence of a large excess of 
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Preparation of cis-Mo<CO),[Ph2P<CH2)nPPh2]. where n = 1 or 2 

1 mm01 [MoX<CO)2<q-C3H5)(MeQI)2] was heated under reflux in 

30 cm3 MeCN with 3 mm01 dpe or dpm for 2 hr. The yellow product which 

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

acetone and recrystallised from CHC13/petroleum ether (yields up to 7&). 

Reactions of [MoCl<CO)2<q-C3H5)WeCN)2] with PPh3 and AsPh3 

1:2 mol ratios of [hfoCl<CO)2<~C3H5)(MeCN)2] and ZPh3 <Z = P or As) 

were dissolved in the minimum volume of acetone maintained at ice-salt 

texqeratures. 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/petroleum ether- Yields 66 and 22% 

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

carried out in boiling YeCR. 

The corresponding bromo- and iodo-starting materials reacted with 

PPh3 in acetone at low temperatures to produce 

yields <ES-20%). 

Reactions of@oC1<CO)2(7W3H5)]2dam with other 

(a) Pyridine. 0.5 mm01 (0.46 g) of 

5 cm3 CHC13 and treated with 2 cm3 pyridine. 

cis-Mo(PPh3)2<CO)4 in low 

ligands 

complex IV was dissolved in 

'Ihe solution was stirred at 

roclm temperature and the product LMoC~(CO)~<~-C~H~)P~~] precipitated by the 

dropwise addition of petroleum ether. Yield 65%. 

(b) Tetraphenylarsonium chloride. 0.5 mm01 (0.46 g) of 

complex IV dissolved in 5 cm3 CH2C12 was stirred at room temperature with 

0.5 mm01 CO.21 g) Ph4AsC1 dissolved in the minimum volume of CH2C12. 

Addition of petroleum ether (40-60) precipitated Ph4As[M~2<CO)4<q-C3H5)2C13] 

in 9O% yield. 

(c) Ph2PCH2PPh2. 1.0 mm01 (0.93 g) of complex IV was mixed with 

2.0 mm01 CO.77 g) dpm in 15 cm3 acetonitrile and refluxed 1.5 hr. The 
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'SolSa-;dhich-separated out ‘on cooling was recrystallised 
I. . 

kther'and identified as~~-Mo(CO)2(dpm)2. Yield 85%. 
. 

Rkeulta and-Discussion 
..: .~ 

Ditertiarv arsine reactions 
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from CIiCl3/petroleum~ 

. -- Analytical and spectroscopic data <Tables 1 and 2) showfbat the 

reactions of [Mox<CO)~<~T_C~~~)(M~CN)~~ with dae are completely analogous to 

those of dpe under mild conditions. Thus the cis-carbonyls and the q3-ally1 

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 

the ally1 ligand were typical of symmetrical q3-allyls. At low temperatures 

however, the spectra of complexes I-III lost all fine structure and by -120°C 

up to six separate broad signals were observed for the ally1 and methylene 

protons <Fi-g.1). indicating that the deceptively simple room temperature 

3loC <in CDC13) 

5 4 3 2 1 

Ppm <6) 

Fig-l. Variable temperate 'R m of [~oBr(C0)2<~C3H5)dae]. 



III 
- -, L_~=?;o_;;= 3:&d&?) 4.3ott 3.04m 7.4Gm 

-. 
_. 2.4Qu 

IV .Ljaa<l~o.o, 3:&3d<6.2) : 4.44tt 3..149 7.3Qu 
:- .- 

V :+qdGLo> 3.88dC6.3j 4.64tt 3.44s 7.36m 

~1. -._ 
VI 

b 
0.83d<9.8> 3.55dC6.7) ..3_67tt 4_02br, F'CH ~7.72~~ 

- 
5.55m. cH2=d 

-VII 1 0;86d(9 -8) 3.35dC6.7) 3.70tt 4.1cJdc7.0)AscH2 7.7QlI 

~. f:fE:E? 

a d = dkblet, tt = tiYip1et of triplets, = = multiplet. br = broad 

b 31P decoupled s&t- 

spectra were emsed by tb" stereochemical nonrigidity of the molecule. 

tie l&v tenperature splitting of the ally1 signals revealed the non- 
: 

: 
equivalence--of the_.:&0 kds of.the ally1 group. and consequently a 

~olec~~_.strtxcture whkh la&s a plane of s+etrp through the ally1 . -i 

---group.+-indicated. -Tn-the solid-s+_te;campleres I-III were found to he 

&omo&~oks with thei;; dpe snalogues, and consequently the type of structure 
.-. 

recently f&d f& ~M&CCO>,C_yC3E~j~pe.J, where X = U or I CSJ seems 

:.~liE&p iit:i&& &r ymp+xes_~I_'.kncI. 111.: : : I -. _. 
.- 

_-. -__ 
-. 

._.- -. 
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CR2-AsPh2 

In refluxing acetonitrile no reduction to MO(O) occurred in the 

presence of excess dae, although under these conditions the corresponding 

ditertiary phosphine (dpe) caused reductive elimination of ally1 -halide and 

yielded cis-[Mo<C0)2(dpe)2] in high yields. 

Ph2AsCH2AsPh2 did not react in an analogous manner to either dae 

or dpm. The complexes formed <IV and V) had an ally1 to dam ratio of 2:1, 

and 

and 

The 

an NklR investigation of various mixtures of [MoX(C0)2<~-C3H6)(MeCN)2] 

dam in CDC13 gave no indication of more than this one type of complex. 

chemical shifts of the methylene protons of the coordinated &sine fell 

between the values normally found for monodentate and chelated dam and were 

consistent with 8 bridging mode of coordination [6]. In order that the 

Mo(I1) atom retrins 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 [Re2(CO)6C!12dam] 

!$'2~CO)4<NO)2X2dam] CS] seems likely therefore. 

Support for this type of structure was obtained 

[7] and 

from far-infrared 

studies. For the rhenium complex~[Re2<CO)6C12dam], Colton [8] assigned 

/“\ 
Ph2As AsPh2 

3 
I = MO, X = Cl or Br. 3L = 2C0 and ~j -C3Hs 

M=Re, X=Cl, L=CO 

M = W, X = halide, 3L = 2CO and NO 
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bands at 283(s).and 230(n) to \1(Re-Cl) bridging stretches. Complexes IV 

.- 
~.andV;~exi$bited a similar pattern of halogen sensitive bands, whereas 

CcaplereS <I>-(III>.-which contain only terminal W-X linkages shoved single 

strong M-X stretches <Table 1). Variable temperature NldFt studies indicate 

-that coapXexem.IV and V are also fluxional in kolution. The sharply defined 

room temperature ally1 signals becoas broad featureless bands by -4OOC and 

then revert at still lover temperatures to a normal A3d2X3 spectrum shifted 

to slightly lower fields. The non-splitting of the low temperature ally1 

signals indicates that the molecule finally adopts a symmetrical structure 

with the ally1 groups probably trans to the arsenic ligands and cis to both 

bridging halides. The non-formation 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-[go<CC)3<dpm)3] in high yield in refluxing MeCN. Reaction 

of complex IV with pyridine and with ph4AsCl resulted in displacement of the 

arsine ligand and formation of the known products [MoC~CCO)~<~-C~FZ~)~~~] and 

Ph4As[Moz<CO)4<q-C3H5)3C13] (Reaction scheme). 

Ditertiary phosphine reactions 

Reaction of dpe and dpn with cnrox<ro),<rS_C3H,)<MeCN)Z]. where X = Cl, 

Dr or I, led to the initial formation of the complexes [MoX(CO),Cq-C3H,)L2], 

where Lz = dpe or dpst [S]. In the presence of excess ligand in boiling 

bleecN reduction of Mo<II) to hIoC0) occurred with the formation of 

cis-~Mo<CO)2<L2)2]. This reductive elimination reaction can be accomplished 

in Polar solvents other than acetonitrile and is similar to the reaction 

between the nitrile starting materials and the tertiary phosphines PPh3 and 

P<n-C4HD>3. However, in these latter reactions there is no report of any 

intermdiate Mo<II) caaplex of the type [:~UOX<CO),(~C~H~)<PR~)~] as a precursor 

of the kduced products. 

We have reinvestigated the reactions of the nitrile starting 

materials with PPh3 under very mild conditions, and have extended the 



&e&&g rea&vi&es.of PPh__-:and Pm-C&J3.<which cause reductionj 

coq3aMd 0it.h Fi-lPhzr : Ph$XR$h2, and Ph2PC!R$E2PPh2 (which form stable 

a~al-#adec&~$IL) adducts under ambient caaditions') map be related to 

v+uiatfons in the electronic and/or steric effects Of the phosphines. 

Au&id comparison between the electronic effects of monodentate and 

bidentate phosphfnes is difficult to obtain, but'the steric requirements 

of the ligauds are well documented CSl. and have been showh to increase 

alongthe series Ph2PCRiPPh2 < RQXXi2CH2Pph2 c RIphz c P<u-C4HS)3 < Pph3. 

with the.-two phosphines which readily cause reduction having cone angles greater 

thali rso=-. whereas the remainder have cone angles between 120 and 130° LSI. 
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