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Summary 

Treatment of [ {M(Q-C~H~)(CO)JJ (M = MO or W) with diiodine in ethanol 
at 0°C in the presence of Na[B(C&Ts),] produces the iodide-bridged derivative 
[ {M(~-CsHS)(CO),j2(~-I)] [B(CJ&),] (IV-B(C&)J. IV is an intermediate in 
the formation of [M(q-C&H5 j(CO),I] from [ {M(q-C5H5)(C0),j2J and I2 in 
dichloromethane as shown by monitoring with IR and, consistent with this, 
iodide attack on this bridged species gives [M(q-CsHs)(CO),I] _ IV is also sus- 
ceptible to nucleophilic attack by neutral donors such as acetone, pyridine, 
P(C,Hs), and P(OCHs)s. The reaction of the substituted derivatives 
[ {Mo(~-C~H~)(CO)~P(OCH,),)~] with an equimolar amount of diiodine in etha- 
nol in the presence of Na[B(C,H,),] also affords a bridged iodo product, viz. 
[ {Mo(n-C5Hs)(CO),P(OCH,),) 2(~-I)[B(C&).,] although if an excess of diio- 
dine is employed the molybdenum(IV) species [Mo(n-C5HS)(CO)P(OCH3)&] is 
formed. Bromination and chlorination of [ (M(Q-C&-HS)(CO)~~~] and 
[ {Mo(~-C~H~)(CO)~P(OCH&~~] always gives rise to molybdenum(N) deriva- 
tives, WU~-CdMCO)&I or [Mo(~-CsH5)(CO)P(OCH&X3], as well as the 
molybdenum(I1) products [M(q-C,Hs)(CO)sX] or [Mo(q-CsHs)(CO),- 
P(OCH,),X] (X = B r or Cl), irrespective of the molar ratios employed. The ter- 
tiary phosphinemoIybdenum(IV) compounds ]Mo(Q-C~H~)(CO)LX,] {L = 
P(C2H& or P(CH,)&H5, L + P(C&H,),; X = Cl, Br or I} are produced by 
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treatment of the corresponding molybdenum(I1) derivatives [Mo(q-C5H5)- 
(CO),LX] with the appropriate dihalogen. A mechanism for the halogenation 
of [ {M(q-C:sHS)(CO).L}J (L = CO or P(OCH&) is proposed. 

Introduction 

Previous studies on the halogenation of metal-metal bonded dinuclear metal 
carbonyl complexes have indicated that, for [ {M’(q-&H,)(CO)& .J (I; M’ = Fe 
or Ru) [ 3-61, [ {Fe(CO)&-SR))J (II; R = alkyl or aryl group) and substituted 

M-= Fe or Ru 
(I31 

(I) 

derivatives of the latter [7,8], the reactions proceed via halide-bridged interme- 
diates_ For instance treatment of [ {Fe(q-CSHs)(CO).J J with diiodine has been 
shown to lead to the formation of [ {Fe(~-C5H5)(CO)~2(~-I)]+ which reacts 
further with iodide ions to produce [Fe(q-C,H5)(CO),I] [5]. All of the com- 
pounds investigated contain either bridging car-bony1 or bridging thiol groups 
[g-18] as shown * and even though the bridging carbonyls in [ {M(q-CsHs)- 
(CO),} J are cleaved on halogenation [ 5,6], the bridging thiol groups in 
[ {Fe(CO),(E.r-SR)}2], etc., remain intact [8]. On the basis of the results of 
these studies a general mechanism involving (i) electrophilic attack of the 
dihalogen moletiule on the metal complex resulting in heterolytic cleavage of 

the halogenfialogen bond and the formation of the halide-bridged cationic 
intermediate and (ii) subsequent nucleophilic attack of the halide ion on the 
intermediate to give the neutral halide, was proposed_ 

To test the generality of the proposed scheme and in particular to establish 
whether it applies to non-bridged dinuclear species with fairly long metal- 
metal bonds, a study of the halogenation of [ {M(q-CsHs)(CO)s},] (III; M = MO 
or W, L = CO) and the substituted derivative [ {Mo(+ZsH,)(CO),P(OCH,),},] 
{III; M = Mo, L = P( OCH&} has been made [ 21-24]_ The MO-MO and W-W 
distances in [ {Mo(rl-CSH,)(CO),},] and [ {W(rl-CsH,)(CO),),] are 3.235(l) and 
3-222(l) _& respectively [ 23]_ These are much longer than those normally 
found for dinuclear compounds containing one or more bridging carbonyl 
groups [ 25,26]_ 

* Only the tnzns-bridged isomer of [ {XLT’(~-C~H~)(CO),]~] (M = Fe or Ru) is illustrated. 
[ {F~(~-cJ~H$(CO)~]-J is present primarily a~ a mivture of its es- and trans-bridged isomers in 
solution c11.193. while c {RU<~-C~H~)(CO&~ occurs in non-bridged forms in this phase as well as _ 
in the cis- and trons-bridged forms [9.10,14,20]. 



119 

M =MoorW 

Results and discussion 

In one of the earliest investigations involving 1 {Mo(~-C!~H~)(CO)~}~] it was 
established that on reaction with diiodine in aromatic solvents such as benzene 
and toluene this compound gives rise to the neutral iodide, [Mo(q-C5H5)- 
(CO),IJ 1271. Subsequent studies revealed that if an excess of diiodine is 
employed in these reactions the triiodide [Mo(~-C~H~)(CO)~I~] is produced 
albeit very slowly [Z&29]. The formation of the trihalide derivative was found 
to be much more rapid in the corresponding chlorination and bromination reac- 
tions however, so much so that the molybdenum(H) species [Mo(q-C5H5)- 
(CO),X] (X = Cl or Br) could not be isolated [28,29]. 

By monitoring the reactions of [ {Mo(~)-C,H~)(CO)~},] and [ {W(q-C5H5)- 
(CO),},] with equimolar amounts of diiodine in dichloromethane by means of 
infrared spectroscopy we have observed that intermediates in the formation of 
[M(@sH5)(CO),I] (M = Mo or W) can be detected_ Their presence is short 
lived however and their C-0 stretching peaks decreased in intensity with 
increase in intensity of the peaks corresponding to the neutral products; the 
decrease.was found to be rapid for M = Mo but occurred at a more moderate 
rate for M = W. These intermediate species could nevertheless be isolated in 
moderate yield by performing the iodinations in the presence of Na[B(C6H5)4] 
in either ethanol at 0°C or toluene, plus sufficient ethanol to effect dissolution 
of the counterion, at -15O C. The compounds which separated from solution 
were characterised as the iodide-bridged derivatives [ {M(q-CSH,)(CO),)&L-I)]- 
[B(C6Hs),] (IV-B(C,H5),). The solution (CH,Cl,) and solid state IR spectra of 
these compounds reveal similar band patterns in the C-O stretching region 
with the better resolved solid state spectra exhibiting six peaks. Although this 
IR spectroscopic evidence cannot be employed for establishing the structure of 
these species it is consistent with the cations having a symmetry lower than Cao_ 
It is anticipated that these cations will have CZ symmetry, as found for most 
compounds of the type [ {Fe(q-C5H5)(CO),}&-X)] (X = bridging group) 1303 _ 

IV was found to react very readily with iodide ions in solution to produce 
[M(q-C5H5)(CO),I] indicating that this particular reaction is the final step in 
the formation of [M(+&H5)(CO),IJ from [ {M(~-CsH5)(C0)3} 2] and diiodine. 
The susceptibility of IV to iodide ion attack also explains our inability to ob- 
tain IV-B(C,H5), in high yield or to isolate salts of IV employing other coun- 
terions such as [N( CGHg)d J [PFAJ . 
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IV (M = MO) was also found to be very susceptible to attack by neutral 
nucleophiles such as acetone, pyridine, triphenylphosphine and trimethyl phos- 
phite, For instance on monitoring the dissolution of the tetraphenylborate salt 
of IV (M = MO) in acetoned by means of ‘H NMR spectroscopy, it was ob- 
served that the resonance associated with the cyclopentadienyl protons of IV 
decreased in intensity with increase in intensity of two new cyclopentadienyl 
peaks, consistent with the fission of the MO-I-MO bridge and the formation of 

CMo(rl-GH,)(CO) ( 3 acetone)] [B(C&),] and [Mo(q-C5H5)(CO)J]. Whilst the 
neutral iodide was readily isolated from the reaction mixture, the acetone 
adduct was not owing to its slow decomposition in acetone solution and its 
rapid degradation in the absence of the solvent. It was thus identified by means 
df IR spectroscopy only_ 

Treatment of IV-B(C&I,), (M = MO) with pyridine in acetone or dichloro- 
methane at room temperature led to the formation of [Mo(q-CSHs)(CO)JJ and 
an ionic product presumed to be [Mo(q-C,H,)(CO),(py)] [B(C&,),] (py = pyr- 
idine) on the basis of its IR spectrum (see Table 2); its low solubility and its 
slow decomposition in solution prevented the measurement of its ‘H NMR 
spectrum and its isolation in pure form. Dissolution of IV-B(C&), (M = MO) 
in neat pyridine, on the other hand, resulted in the formation of the bis-substi- 

tuted ionic product, [Mo(Q-C&)(CO),(py),l [B(CJL),l. isolated as the cis 
(lateral) isomer according to IR evidence [ 31-341, as well as the neutral iodide 

[Mo(q-C,H,)(CO),Il- 
The reactions of IV-B(CJ-15)J (M = MO) with P(CJ15)3 and P(OCH,), in ace- 

tone or dichloromethane at ambient temperature afforded not only 

[Mo(q-GH&CO)&I CB(C&L),l (L = PGH& or P(OCH&) and [Mo(q-GH+ 
(CO),11 but substituted derivatives thereof_ Thus the reaction involving 

P(GH& gave [~~~(~-CSHS)(CO),P(C~~),~ [B(GHs).J 1351, CMo(rl-C&)- 
(CO),11 and [Mo(~-C~H~)(CO)~P(C&)~I] [32,35] whilst that involving 

P(OCHA produced EMo(rl-C5H5)tCO),P(OcH,),1 [B(GHAl, [Mo(rl-GH5)- 
(cO),IP(OCH&1.1 CIXCd%),I 1241, CMo(rl-GH,)(COLIl and CMotq-&HA- 
(CO),P(OCH&I] [33,34]. No attempts were made to separate [Mo(q-C5H5)- 

(CO),IP(OCH&1J tWWW,l f ram IMo(rl-C,H,)(CO),P(OCH,),I IWWkhl 
and the two were identified by means of IR only: [Mo(q-C5H5)(CO),- 
P(OCH&] [B(C6H5),]: v(C-0) 2071s, ca. 2010s and ca. 1990s cm-‘; 
[Mo(q-C,H,)(CO),{P(OCH,),},] [B(&Hs)~] I v(C-0) 1985ms and 1920s cm-l, 
both in CH,CI,. [MO(?)-C5H,)(CO),P(OCH,),I] and [Mo(q-C5H5)(CO), 
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P(C&I&I] which were both separated from [Mo(~-C~H~)(CO)~IJ by means of 
column chromatography, were isolated as mixtures of their cis- (lateral) and 
frans-isomers (diagonal) [31-34]_ IV-B(C,H,), (M = MO) was also found to react 
with diiodine in CH&l, to produce [Mo(q-C5H5)(CO),I], but the rate of reac- 
tion was very much slower than that for the corresponding reaction involving 
iodide ions. 

The reaction of [ (M(q-C5H5)(CO),},] (hl = Mo or W) with an excess of diio- 
dine in CH&l:! was also monitored and, as established previously [ 28,291, the 
neutral iodide [M(r)-C,H,)(CO),I] was observed to react slowly with the excess 
diiodine to produce [M(q-C5H5)(CO),I,]. In contrast to the iodination reac- 
tions, the bromination of [ {M(q-CsH5)(CO),) 2] in dichloromethane always 
afforded the metal products [M(v-C5H5)(CO),Br,] [i&29], via 
[M(q-C5H5)(CO),Br], irrespective of the BrJ[ {M(+Z5H5)(CO),},] molar ratio 
employed. [ {M(q-C5H5)(CO),},(p-Br)]’ could not be detected in these reac- 
tions nor for that matter could it be isolated by performing the brominations 
in ethanol in the presence of a counter-ion. This is attributed to the rapid rate 
of formation of the two neutral products. The chlorination reactions of 
E CMh-W&)(C%I,l were found to be even more rapid than the correspond- 
ing brominations such that the neutral chloride [M(q-C,H,)(CO),Cl] could not 
be detected in the formation of [M(q-C5H5)(CO).C1,] even when less than equi- 
molar quantities of dichlorine were employed. 

A halide-bridged product was isolated from the reaction of the substituted 
derivative, [ {h’l(v-C,H,)(CO),P(OCH&},] 1241, with an equi- or twice molar 
amount of diiodine in ethanol at O”C, in the presence of Na[B(C,HS),]. This 
compound which was characterised as [ {Mo(q-CsHs)(CO),P(OCH,),} 2(p-I)]- 
[B(C,H,),], afforded a ‘H NMR spectrum containing two CsHs resonances of 
near equal intensity, one occurring as a singlet and the other as a doublet 
(J 2 Hz). A third much weaker resonance, possibly a doublet, was also discem- 
ible. Previous studies have shown that the C,H, resonances in the ‘H NMR spectra 
of the trans-isomer (diagonal) of [Mo(q-C,H,)(CO),LX] (L = ligand; X = Cl, Br 
or I) are split into doublets whereas those in the spectra of the &-isomers 
(lateral) occur as singlets [33] _ The NMR data are thus consistent with the hlo- 
(q-C,H5)(CO),P(OCH3), moieties in I {Mo(Q-CsH,)(CO).P(OCH,),),(p-I)]* 
adopting both a trans- (diagonal) and a c&configuration (lateral) but whether 
this species is present in solution as primarily the “ci.s,trans” isomer or as pri- 
marily a mixture of the “cL‘s,cL‘s” and “trans,trans” isomers in approsimately 
equal amounts cannot be established from the available spectroscopic evidence_ 

In contrast to IV, [ CMo(q-C&)(CO),P(OcH,),(~-I)] [B(C,&15)J] was found 
to be exceptionally stable to iodide ion attack. In fact even when a twenty-fold 
excess of iodide ions was employed there was no indication of any reaction 
having taken place after a period of 30 minutes. On the other hand the com- 
pound reacted fairly rapidly with diiodine to produce [Mo(q-C5H5)(CO),- 
P(OCH&I]_ This would explain the observation that reaction of [ {Mo(7&H5)- 
(C0)2P(OCH3)3] J with an equimolar quantity of diiodine in CH,C& gave pri- 
marily [Mo(q-C!,H,)(CO),P(OCH,)JJ together with a little [ {Mo(q-CsH,)(CO),- 
P(OCH&} &I)] *_ Utilisation of a large excess of diiodine in the iodination of 
[ (Mo(~-C~H~)(CO)~P(OCH~ )3} *] led to the formation of the molybdenum(IV) 
species, [Mo(q-C,H,)(CO)P(OCH,),IJ, best isolated from reactions employing 
benzene as solvent. 
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The reaction of [ {Mo($~,H,)(CO),P(OCH,),).J with dibromine and dichlo- 
rine always afforded the molybdenum(IV) products, [Mo(q-C5H5)(CO)- 
P(OCH,),BrJ and [Mo(q-CSHS)(CO)P(OCH.&CIB], irrespective of the molar 
ratios employed. [Mo(q-CSHS)(C0)2P(OCH3)3Br] [34] and [Mo(q-C5H,)(CO)- 
P(OCH,),Cl] 1341 were observed to be intermediates in the formation of these 
tribalide derivatives but the halide bridged species [ {_Mo(~-C~H~)(CO)~- 
P(OCH,),)&-X)]* (X = Br or Cl) could not be detected in solution. Deliberate 
attempts to synthesise the latter from [ {Mo(~&&)(CO)~P(OCH&} J were 
also unsuccessful. The molybdenum(N) compounds [Mo(?&Hs)(CO)- 
P(OCH3)3X3J (X = Cl, Br and I) decomposed rapidly in solution and thus could 
not be recrystallized without extensive decomposition. They were best ob- 
tained by reacting the molybdenum(I1) halide [Mo(q-CsH,)(CO),P(OCH,),X] 
(X = Cl, Br or I) with the appropriate dihalogen in toluene (or toluene/CCl,) at 
0°C and allowing the product to crystal&e directly from the reaction solution_ 
The solid state IR spectra of these compounds revealed two well resolved peaks 
in the C-O stretching region suggesting an alternative formulation of 
[Mo(q-CsHs)(CO),P(OCH3)3X2]X. This possibility was eliminated however on 
the basis of conductivity measurements and the presence of a single C-O 
stretching band, albeit fairly broad, in the dichloromethane IR spectra. 

Treatment of [Mo(~-C~H~)(CO)~LX] (L = P(&Hs)~ or P(CH3)&&&; X = Cl, 
Br or.1) [32,33,36] with the appropriate dihalogen in benzene or benzene/Ccl, 
also led to the formation of molybdenum(IV) products, viz. [Mo(q-CsHs)(CO)- 
LX,]. Similar to [Mo(qC,H,)(CO)P(OCH3)3x31, these compounds were found 
to be unstable in solution and could not be purified by crystallisation; in the 
case of the triiodides, the rate of decomposition was such that they could not 
be isolated_ Interestingly these molybdenum(IV) derivatives also afforded solid 
state IR spectra containing two C-O stretching modes. The triphenylphos- 
phine-substituted derivatives [Mo(~-C~H~)(CO)~P(C&~)~X] (X = Cl, Br or I) 
[ 32,351 were also observed to react with dihalogens but the products were 
found to be the dicarbonyl species [Mo(q-CsH,)(CO),X,]. The formation of 
the latter instead of [Mo(qC,H5)(CO)P(C,J&),X,] is attributed to the rela- 
tively large steric bulk of the triphenylphosphine ligand [ 37]_ 

Meckanism of halogenation 
It is apparent from the above results that halogenation of [ {M(q-CsH5)- 

(CO),}J (M = MO or W) occurs via a pathway (or pathways) analogous to that 
(or those) for [ {M’(q-C,H,)(CO)&2] (M’ = Fe or Ru) with the penultimate step 
in the reaction scheme being a simple nucleophilic substitution involving halide 
ion attack on [ {M(q-C,H,)(CO),)2(~-X)]+ (X halogen) as shown (Scheme 1); 
the final step, which does not have a counterpart in the corresponding 
.[ {M’(q-CsHs)(CO)J,] halogenations, involves carbonyl replacement and oxida- 
tive addition of the dihalogen molecule. 

The formation of [ {M(q-C5Hs)(CO),)#-X)]+ is proposed to occur via one 
of two pathways, or both. The one (pathway Aj involves electrophilic attack 
by the dihalogen at metal sites of the complex leading to heterolytic cleavage 
of the halogen-halogen bond and the formation of the halide-bridged species 
through a three-centre transition state as shown. This pathway is analogous to 
that generally accepted for the electrophilic addition of halogens to olefins 
[38,39]. 
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SCHEME 1 

oc co 
oc x co 

M=MoorW;X=Ci,Brori 

The other pathway (B) is suggested in the light of some recent studies by 

McClevetiy et al. and by Connelly et al. The former discovered that reaction 
of [ {Fe(CO)&-SR)}J (R = CH3, C&H5 or C6H5) with (CF3)&& afforded, 
quite unexpectedly, [Fe,(CO)&-SR),] + [40,41] _ A detailed study of this reac- 
tion, as well as that of [ {Fe(CO)&-SR)}.] with [NO]PFB in the presence of 
(RS),, revealed that the tris-mercapto-bridged species is produced by formal 
insertion of a RS’ radical into the iron-iron bond of [ {Fe(CO)&-SR)} J +; the 
latter is formed by one-electron oxidation of [ {Fe(CO)&-SR)},] by 
I: {(Fe C(CF&C&l 2) 21 or CNOIPF, C401. C onnelly et al. reported more recently 
[ 421 that treatment of [ { Rh(q-CsH5)(p-S&H,CH,-p)} J with [NO]PF6 in the 
presence of (p-CH&H&& affords [ Rh*(q-C5H5)&-SC6H4CH3_P)J * and on the 
basis of theirs and the results of McCleverty et al. suggested that the formation of 
[ {Fe(CO),L(p-SR)} &'-I)] f (L = tertiary phosphine, R = alkyl or aryl group) in 
the reaction of [ { Fe(CO),L(p-SR)} J with iodine [ 7,8] occurs via a pathway 
involving insertion of an iodine radical, I’, into the iron-iron bond of 
[ {Fe(CO),L(p-SR)}.J+_ Pathway B will involve electron transfer from 
[ {M(q-C5H5)(CO),} *] to Xz (or X’) through the coordinated cyclopentadienyl 
or carbonyl groups followed by fission of X2 to X- and X’. Consistent with 
this mode of attack is a recent communication describing some kinetic studies 
on the reactions of Br, tid Iz with several substituted derivatives of 
CCMn(C0)51J and CCRe(CO)&J C431. Th ese indicated that initial attack by 
the dihalogens occurred at the extremities of the carbonyl ligands. With the 
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object of ascertaining the feasibility of the formation of [ {M(q-C5H,)(C0)3} 2- 
(c~-x)]* occurring via pathway B, [ {Mo(~-C~H&CO),),] was treated with 
[NO]PF6 in the presence of (C&&S),. No [ {Mo(.~~-C~H~)(CO)~)~(~-SC&I~)]+ 
could be detected in solution however. 

A number of alternative mechanisms for the halogenation of [(M(q-C,H,)- 
(CO),) PI were also considered but in each case were readily eliminated. For 
instance it has been established that M(Q-C,H,)(CO),’ radicals are readily 
generated from [ {M(q-CSH5>(CO),) J under photochemical conditions 
]44-461 *, but a radical mechanism involving M(q-C5Hs)(C0)3’ would not 
readily explain the formation of [ {M(~-CSH5)(C0)3}2(~-X)] “. A second pos- 
sibility involving the heterolytic fission of [ {M(q-C,H,)(CO)J J according to 
equations l-5 was discarded on the basis that only [ {M(v-C~H~)(CO),}~(V-I)]* 

[ jM(~CsHs)(C0)3} 21 = UWrl-C&MW,I +- + EW?-CJW(COM - il) 

]M(wGH~)(CO),I- + X2 + [h’I(riC5H5)(CO),X] + x- (2) 

WWXWtCW,I’ + X- += UWrl-GH,)(CO),Xl (3) 

MWX&)WOM+ + CJWrl-G&WO),Xl + C CM(~~-CSHS)(CO),~,(~-X)I+ (4) 

[ C~I(~-C,H,)(CO),},(P-X)I+ + X- * 2 CMh-W%)(CO),Xl (5) 

(M = MO or W) was observed to be formed in the initial stages of the iodination 
of [ {M(q-CSH5)(CO),)J and that [ {Mo(v-C~H~)(CO),}J failed to react with an 
equimolar amount of P(C&,), in ethanol over a period of 12 h. 

No single mechanism can be proposed for the halogenation of [ {Mo(v-GHs)- 

(~~M’(OCH,),3.1 on the basis of the data presently available_ It is clear that 

] C~~~~~-~~~s~~(=~~~~~~~~,~,~~~~-~~I + is an intermediate in the formation of 
[Mo(Q-C,H,)(CO),P(OCH&I] but iodine and not iodide ion attack on the 
bridged species gives rise to the latter. Alternative pathways very different from 
those represented in Scheme 1 cannot be eliminated at this stage and kinetic 
studies using the stopped-flow technique are required before a firm proposal 
can be made. _ 

It is apparent from our studies on the halogenation of a range of dinuclear 
,metal-metal bonded compounds [ 3,5,6,8,47,48] that the mechanistic path- 
ways depicted in Scheme 1 are common to a number of dinuclear systems and 
probably apply to the halogenation of a much wider range of compounds than 
those studied. Our earlier reports did not however consider pathway B as a pos- 
sibility in the formation of the halide-bridged species. This pathway will cer- 
tainly explain the intermediacy of [ {Fe(r&Hs)(CO)}.(C,H,),PCH,P(C,Hs)J* 
in the formation of [ {Fe(n-CSHs)(CO)}&-I)(C&),PCH,P(C,H5)23+ from 
[ fFe(q-C,H,)(CO)} ,_(C,H5)2PCH,P(C,H,)J and excess of diiodine 1483, will 
account for the second pathway used to explain the formation of [ Fe(q-C5HS)- 
(CO)*L] + (L = tertiary phosphine or phosphite), as well as [ Fe(q-C5HS)(CO)LI] 
and [Fe(r,GsH,)(CO),I], by iodination of [Fe2(rl-C5H5)2(CO)3L] [47] and will 

* These radicals react readily with chlorocarbon trapping agents to produce [M(q-C,H5)(CO),Cl] 
[44.46]. 
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explati as readily as pathway A the formation of [ (M’(q-C,H,)(C0),)2- 
(~r-X)l* (M’ = Fe or Ru) * and [ { Fe(CO),L@-SR)} &J-X)] * in the respective 
halogenation and iodination reactions of [ {M’(q-C5H,)(CO),}.] and [ {Fe(CO),- 
L(p-SR)),] [3,5,6,8]. On the other hand a pathway analogous to A is much 
more appropriate for describing the insertion of H’ into the Fe-Fe bond in 
I: CFe(CO),L(~-SCH,)}-,l (L = PWW3, PWLMWd PKH3)WJM2 or 
P(CJ&),) [51] and of SnCI, into the Fe-Fe bonds of [ {Fe(q-C5H,-)(CO)JJ 

and [ Fe2(rl-C5H5)2(C0)3P(OC6H5)33 affording 1 CFe(qGH5)(CO);t &-SnClz)l 
[ 521 and [ Fe,(q-CsHs)2(C0)3P(OC~H~)&-SnClZ)l [531, respectively. 

Experimental 

C EM(vWW(COL1.1 W = M o and W) [54,55] [IMo(~-C~H~)(CO)~X] (X = 
Cl, Brand I) [27,44,56], [Mo(Q-C~H~)(CO),LX] {X = Cl, Brand I; L = 
P(OCH&, P(C,H,),, P(CH,),C,HS and P(C,H,),} [32-34,361 and 
I IMo(rl-C,H,)(CO),P(OCH,),},l 1241 were synthesised according to literature 
methods while [ {Mo(q-C5Hs)(CO),},] was also obtained commercially. All 
reactions and operations were carried out under an atmosphere of dinitrogen. 
The chromatographic separations were effected on an alumina column (50 X 

1.5 cm; Merck acid washed alumina, activity III)_ The IR and NMR spectra 
were recorded on a Perkin-Elmer model 457 spectrophotometer and on Varian 
T60 and FT80A instruments, respectively_ Microanalytical results were ob- 
tained commercially. 

Physical properties and the analytical data of the compounds synthesised are 
summarized in Table 1. 

Synthesis of [ {1v(q-C5H5)(CO),) ,(~-~)~.(B(CJZ?~) J (nl = 1Mo or W) 
A solution of diiodine (0.50 g, 2.0 mmol) in ethanol (ca. 50 ml) was added 

dropwise to a stirred solution of [ {Mo(q-C,H,)(CO),} J (0.98 g, 2.0 mmol) or 
[ {W(~-CSH~)(CO),}J (1.33 g, 2.0 mmol) and Na[B(C6H5),] (1.03 g, 3.0 mmol) 
in ethanol (ca. 50 ml) at 0°C. The reaction mixture was stirred for a further 
hour at this temperature and then centrifuged. The residue was washed in turn 
with small portions of benzene, chloroform, water and ethanol and.then 
extracted with dichloromethqe. The extract was filtered and the filtrate evap- 
orated to dryness to afford the title compound as a brown microcrystalline 
solid which was washed successively with chloroform, benzene and petroleum 
ether and dried thoroughly_ Yields: [ {Mo(q-C,H5)(CO),)2(/l-I)] [B(CaH5)J : ca_ 
50%; [ f_W(q-CsH5)(CO),),(p-I)] [B(C&15)J: ca. 33%. 

Synthesis of i C~M~(~~-CSHS)(CO)~(OCH,),) d~-I)l /WC&$ J 
The title compound was synthesised from [ {Mo(v-C5H5)(CO),P(OCH,),j J 

(1.02 g, 1.5 mmol) and diiodine (0.38 g, 1.5 mmol) in ethanol at 0°C in the 
presence of Na[B(C6H5)4] (0.68 g, 2.0 mmol) and purified according to the 
method described above omitting the chloroform washing step. Yield: ca. 30%. 
-- 

* Although C {Fe(‘l-C$&CO)&J ci+n be readily oxidised to [Fe(~-C5Hs)(CO),(solvent)]+ h ace_ 
tone oracetonitrfle. probably via C (Fe(17-C~H~)(CO)~)~l+[49], reaction of [ {Fe(q-C5H5)(CO)2)2] 
with [NOlPF6 in CHzC12 in the presence of (C6H5S)z did not afford [ iFe(rl-C,H,)(CO);),(~_sC~~5)]~ 
[501. This is not consistent with pathway B. 
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TABLE 1 

COLOURS AND CONDUCTIVITY AND ANALYTICAL DATA 

Compound a Colour Conductivity b Analyses (Found (calcd.) (%) 

ohm-’ cm* C H Others 

mor1 

CMo(Cp)(CO)~P(OMe)~ClI 

[Mo(Cp)(COj2P(OMe)3Brl 

CMO(CP)(CO)*P(OMe)3Il 

CMo(Cp)(C0)2PPh311 

I {~~o(Cp)(CO)&IlCBPh43 

C{WCp)(CO)3)2IlIBPh~l 

C{Mo(Cp)(C0)~P(0Me&11CBPh41 

CMo(Cp)(C0)3PPh3lCBPh41- _ :CH2C12 

CMo(Cp)(C0)3PPh3] (BPh41 

[~Io(Cp)(CO)P(OMe)3Cljl 

Orange 

Orange 

Red 

Red 

Brown 

0.73 

0.79 

0.88 

0.93 

86 

108 

Red brown 

Yellow 

Red 

Orange 

103 

104 

115 

18 

Orange 

Orange 

Orange 

Bl-OWII 

4.5 

6.1 

5.5 

5.8 

Brown 6.8 

32.4 4.0 

(31.9) (3.8) 
28.9 3.2 

(28.5) (3.4) 
25.7 3.1 

(25.7) (3.0) 
49.6 3.2 

(49.5) (3.3) 
51-l 3.2 

(51.3) (3-2) 
43.2 2.9 

(43.2) (2.7) 
46.2 4.3 

(46.8) (4.3) 
70.1 4.8 

(69.8) (4.8) 
70.0 5.1 

(70.9) (5-l) 
24.3 3.4 

(25.8) (3.4) 
20.2 2.4 

(19.6) (2.6) 
38.3 3.8 

(38.8) (3-8) 
28.7 2.7 

<29.7) (2.8) 
33.6 5.0 

(34.9) (4.9) 
26.1 3.8 

(26.4) (3.7) 

I. 

I. 

I. 

N. 

Cl. 

Br. 

Cl. 

BG 

Cl, 

BL 

13.8 

(13.6) 

10.6 

(11.4) 

10.8 
(11.2) 

3.5 

(4.0) 
24.4 

(25.3) 
42.0 

(43.4) 

24.2 

(24.5) 

41.9 
c42.3) 

25.4 

(25.7) 

43.9 

(43.8) 

a _4bbreviations Cp, q-C,-Hs: Me. CH3: Et. C2Hg: Ph. CgHg; Py. pyridine. b l-10 X lo4 III solutions in acetone. 

Reaction of [ {Mo(q-C5H5)(CO),) 2(p-i)]' with various nucleophiles, L 
-4 solution of pyridine (0.05 g, 0.63 mmol) or P(OCH& (0.08 g, 0.65 mmol) 

or P(C&&.), (0.15 g, O-57 mmol) or [N(C,H,),]I (0.20 g, 0.54 mmol) in CHzCIII 
(ca. 30 ml) was added dropwise to a stirred solution of [ {Mo(~-C,H,)(CO),)~- 
(p-I)] [B(C&),] (0.51 g, 0.5 mmol) in CH,Cl, (ca. 80 ml) at ambient tempera- 
ture_ The solution was stirred for a further-15 min to 3 h and the solvent 
removed under reduced pressure_ The residue was purified as follows: 

L =pyridine_ The residue was extracted with benzene and filtered. The 
insoIuble residue was identified as [Mo(q-CSH,)(CO),py] [B(C&),] by means 
of IR spectroscopy only. IR was also employed to establish the presence of 
[Mo(q-CsHS)(CO),I] in the benzene extract_ 

L = P(OCH,),. The residue was extracted with benzene and the extract fil- 
tered. The filtratewas concentrated to a small volume and transferred to an 
alumina column- [Mo(q-C,H,)(CO),I] was removed from the column by eluting 
with benzene/petroleum ether (l/6). A second red band was obtained by elut- 
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ing with l/3 benzene/petroleum ether. Evaporation of the eluate and crystal- 
lisation of the residue from ether yielded red. crystals of ]Mo(r]-C5HS)(CO), 
P(OCH&Il. The residue from the filtration was shown to be a mixture of 
CMo(rl-C,Hs)(CO),P(OCH,),l CWJ&)d and CM~(~~-C~HS)(C~)~CP(OCH~)~)~J- 
[B(C&)J by means of IR_ 

L =P(C8&,. The residue was extracted with benzene and the extract fil- 
tered. The filtrate was concentrated to a small volume and transferred to an 
alumina column Elution with benzene/petroleum ether (l/6) afforded 
[Mo(q-CSHs)(CO),I] while elution with benzene/petroleum ether (l/3) gave a 
second red band which was collected. Removal of the solvent under reduced 
pressure and crystallisation of the resulting residue from benzene/petroleum 
ether gave [Mo(~-C~H~)(CO)~P(C&I~)~I] as a mixture of its ck- and trans- 
isomers. The residue from the filtration was dissolved in dichloromethane and 
the solution filtered. The filtrate was concentrated and yellow crystals of 
[Mo(rl-C,H,)(.Co),P(C,H,),l l?%W-M,I were obtained by addition of petroleum 
ether. 

Synthesis of ~M~(~-CSH~)(CO)~Y~[B(CSHS)~ 
A suspension of [ {Mo(q-C5H5)(CO),]&-I)] [B(C&C5)4] (0.51 g, 0.5 mmol) in 

pyridine (ca. 20 ml) at 40°C was stirred for 30 min. The pyridine was removed 
under reduced pressure and the residue was extracted with benzene. The resi- 
due from this filtration was in turn extracted with dichloromethane and the 
extract filtered. Red crystals of [Mo(q-C,H,)(CO),pyJ [B(C,H,),J were ob- 
tained from the filtrate by addition of petroleum ether. Yield: ca. 45%. 

Synthesis of [Mo(q-CSH5)(CO)LXJ (X = Br and Cl; L = P(OCH3)3, p(CH& 
Cdis and P(C&&) and [Mo(rl-C~H~)(co)p(oCH,)~~ 

A solution of Cl2 (1.0 mmol) in Ccl, (ca. 10 ml) or Brz (0.16 g, 1.0 mmol) in 
CCI, (ca. 10 ml) or I2 (0.25 g, 1.0 mmol) in benzene (ca. 30 ml) was added 
dropwise to’a stirred solution of [Mo(q-C&)(CO),LX] (X = Br or Cl; L = 
P(CCH&, WC&)&& s or P(&Hs)~) (1.0 mmol) or [Mo(q-&H,)(CO),- 
P(OCH&I] (0.47 g, 1.0 mmol) in benzene (ea. 50 ml). The precipitate which 
separated from solution was collected, washed with benzene and petroleum 
ether and dried thoroughly. Yield: ca. 60%. 
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