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._~~e_;iiwssll;apid fdr_M =Mo_~~~ ‘o~i)~ ~~~~~~mo~ inod~~~ rate for M = W; 

me-e’ jspehi_+y.9~~ g&+&&j&&:@+ is-&_.~gb$:ti-.&-~g th& i&.ations in 

theprcsence .ofN&3(~6 Hg )4 _] in either ethanol-at- 0” C or toluene, plus suffi- 
. . ,Zientethanol to effect the ‘d&solution ;Of -t& counterion, at -15” C. The coti- 
_:_ pd~~ ~~c~S~parated.from: sh:;ltioh we -~aracteiisea as tEie.iodide ~~d~~. 

:c$+@iv& [{M($&,H, )(CO)f 32 I] [B(QH~ ); 1. .. 
Bro&nationof J:{M($-C&%l, )(‘(eO)i 32 ]- .m-dichloromethane was found to 

_- jead:t& ~~-~~id~f~~~ti~~.6f:IM~~-Cs H, )@O)‘;-_Br. ] .[16, 17, -& 1 

[tit&i l&:j{CO),‘&] ;-i&!&&&e of ihe Bri-/[ (M(q-C, Hi )(c:d), )= ] molar 

iatk emphyed [ {M(+C, H5 )fCO), 3-2 Bil‘ could not be detected in this reac- 
tion& for that matter could it be isolated by performing the bromination in 

Ye_thanol in the presence of a counterion_ but this is attributed to the rapid rate 
‘of .formation of the two neutral products; The’chlorination-reactions of 
[ .$M(v-C~ Hs )(cOj, 3* ] were_fou&d to be even more rap&l than the corre- 
spondizig bromiriations such that the neutral chloride /M(n-C, Hs )(CO), Cl] be- 
~came difficult_ to detect in the formation of [Mo(Q-CS HS )(CO), Cl3 ] . 

L The reaction of the substituted deriv&ive [ {Mo(q-C5 H5 )(CO), P(OCH:, )3 }J 
[lS] with iodine was also studied and, as for the corresponding reactions in- 
valving the unsubstituted compounds, [ {_M(&, H, )(CO), 3* 1, a-? ionic species 

.-viz- C cMo(tl-C, H5 )(CO), P(OCHs )3 32 I]‘, was found to be an intermediate in 
the formation of the-neutral prodtict, [Mo(q-C5 H5 )(CO), P(OCHB )3 I] _ 

f {M(q;CS HS.)(CO),.32 I]’ (M.= MO or W) were observed to react very readily 
with ioclide-ions to produce .[M(q-C,H, )(CO), 11, consistent with these species 
bei& intermediates in the formation of the latter from [ {M(Q-C, H5 )(CO), 37, 1. 
-These c+io& &r&&&s are also susceptible to attack _by neutral nucleophiles 
and 1’IMof~-G H,-)(CO), 3,-f]* f or instance reacts readily with acetone, pyri- 
dine, P(C6 H, )3 .and P(OCH,~), to afford [Mo(q-C, H, )(CO), (Nu)]‘ (Nu = nu- 
cleophile) and ‘[Mo(q-C, HS )(CO), I] . 

On-the basis of the above results it is suggested that halogenation of 
] cM(r& H5 )(CO), 3* ] IM = MO or W) occurs by the mechanism proposed for 
[ {M’(+iH; )(C;>), 3z j ‘(M’ = F e or Ru) and. [ {Fe(CO)i SR),] (R = alkyl or 
aryl.group) [l--5] _ This involves (i) electrophilic attack of the halogen mole- 
~@l& &?$&me&l co&pkx resulting in heterolytic cleavage of the halogen-halo- 
&S& @nd:&d.th& formation of the halide bridged c&iotic intermediate through 
athree%entie t&n&on state, and (ii) subsequent nucleophilic attack-of the 
halide~ion’on the intermediate to give the neutral halide as shown in Scheme 1. 

Although [M(s-Cs Hs )(CO); ] (M = MO or W) [ 19-21] radicals can be read- 
ily generated under photochemical conditions*, a radical mechanism is elimi- 
nated’on the basis that it-cannot readily-explain the formation of [ {M(q-C, Hi )- 
(CO)3 )f Xl’- A.-her possibiliw invoking the heterolytic fission of 

c @y?-c5 Fs )(;cO), 32 1 according to equations 1-4. _ 

I: @?&i-W% XCW, 32 1 = IM(s-C, HS WO), 1’ -I- CWrl-G HS Wok l- (1) 

IM(s-GH, WW3 I- +X2 + CWT-CSHS)(CO)~ Xl *x- (2) 
fWyG H, NC013 1’ + X- + [WVC, HS )(CO), Xl (31 

: . 

*Theseredicalskacf~dil~xvith c~orocarbontrappingagentstoproduce [M(~,H,)(co),cI] ~211. 
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SCHEME 1 

cc cc 
0 0 0 0 

CM(t7-CS Ki WO)s I’ + IM(v-C, Hs WO), Xl + I CM(rl-C, H, )(CO), 12 Xl’ (4) 

C CM(q-CS H, )(CO), ]z Xl’ + X- += 2[M(71-C, H, )(CO), X] is discarded on 
the basis that o&y [ {M(qCs H5 )(CO), }* I]’ (M = IMO or W) was observed to be 
formed in the initial stages of the iodination of [ {M(s-C5 H5 )(CO), I2 ] _ 

Similar to that established previously for [M(q-C5 H, )(CO)s X] (M = MO or 
W; X = Cl, Br or I) [16, 17 3, the substituted derivatives [Mo(Q-C, H5 )(CO), LX] 
(X = Cl, Br or I; L = P(OC& )3, P(C2 H5 )3 or P(CH3 )* C6 H5 ) react readily with 
halogens to produce molybdenum(IV) compounds of the type [Mo(q-C, H5 )- 
(CO)LX3 1. [Mo(q-C!, H5 )(CO), P(C6 H5 )3 X] on the other hand affords 
[Mo(q-C, H5 )(CO), X3 ] on attack by halogens. This difference in behaviour 
can be attributed to the greater steric bulk of the triphenylphosphine ligand 
[22]. A similar explanation will account for the instability of [MO(~)-C5 H5 )- 
(CO)L& ] (L = P(C2 H5 )3 or P(CH3 )2 C6 H5 ) in solution. 
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