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Summary.- Thereactions between iodide lon and [M(C7H7)(CO)3]BF 4 M =Mo, W;
C7H..i; = tropylium fon) have been investigated kinetically by flow Hn.m.r. and by
stopped-flow spectrophotometry, and the n.m.r. method shows that two fluxional
intermediates are formed In each reactlon by transfer of the lodide loa to the
tropylium ring, from an initlalrapidly formed intermediate probably involving a
metal-iodide bond,

A brown intermediate Is reported to form during thecourse of reaction (1)
M=Mo, W; C7H-;' ——-ttopyllum lou):1

[Lvi(C.7H7)(CO)3 ]+ +1 — [M(C7H7)(CO)21] +CO 1)

The structure of the lntermedlétehas not been established previously and could
arise from attack o Iodide ion atthe tropylium ion  at the metal or even at one of the
carbonylgroups. Previous studieshave shown that nucleophiles such as HS-, MeO~
and H react at the tropyHum ion, 2 and phosphines and phosphites are also known to
be Involved In attack at aromatic rl.ngs.3 - In other cases nucleophllic attack at the
carbonylgroups has been established, as in the reactions with amines orhydrazines, 4
and In the reactions of dienyl(tricarbonyl)iron(0) where there is Infra-red;evidence
for the formation of an acyl cle.t'lvat:lve.5 Nucleophllic attack atthe metal centre Is
alsoknown tooccur during the reacthn of [M(C7H7)(CO)3]+ M =Cr, Mo and W)
with acetoaitrile, where displacement of the tropylium ion takes place and
[M(MeCN)a(CO)3] is eventually formed.®



[M(C7I'l7)(CO)3] S F-_._; [IM(C7H7 (c0)3] Q) ‘rapld . "__(z")_,

¢==a [M(C,H.,I)(CO) ST @)
aceto -i;izl"i . T M
o cetone » ‘ ‘.k_._z_ [ (C7H7I)(CO)2 (acetone)]+CO o 4)
kg ,
-‘[M(c7H7x)(c0)2(acemne)]—> [M(C7H7)(CO)2I]+acetone - )

Wben ’Vi W, the spectrophotometric results show that formatlon of the brown
intermediate 12 follows the rate law: d[_zjfdt fas(1 + K[ I DI ][W(C7H7)(CO)3].
At2912Ka kK 771&45dm3mols , K= 61 i7 dm mol
and hénce the Hmmng vahe ofk at hlgh [ri ls 127 0. 88 . Formation c:afl2
was also followed between 219 and 258 K by SFFTNMR under the limiting condltlt;n
of high [I-] _and the actlvaticn parameters assoclated with k, are AH#/K] mo1 ! =
§9.4+ 8.2 and 60.3 + 2.4, as4/1 X " mo1™ =75+ 32 and -23 + 10 for M = W and
Mo reSpecuvely. a ’ ’
Intermediate I 1 whlch forms rapldly upon mixing the complexes with excess
lodide fon could either be an ioa -palr, or more likely a complex In which the
iodide Ion Is co-ordinated at the métal centre. We favour either structure Aor
structure B for lntermed[ate I , A be!ng more lIkely slnce conversion to 12
(atructures C or D) Is fac:llcated by dle cls -geometry. There are two pleces of
evidence in favour of lnltlal attack at the metal centre rather than loa-pau:
’tormanon. Flrstly, the slgnlﬂcantly dlﬂ’erent end:a!ples of activation assoclated
with k ; fits with the gteater strength of Ww-I compared wn:h Mo-l bonds, and we
would not expect such a dlﬁereuce ifI wasan lon-pau: Secondly, we. ohserve ln
our SFFTNMR experlments wlth the Iess reantlve mngsten complex at 237K, that »
upon f!rst mlxlng w!tb excess I (and before any of l:he hrown lntermedlate 12 has
fonned) the:e ls a slgnlﬂca.nt hroadenlng (but negllglble shlft) of the slnglet
C7H7 resonance at 6 6 56 p p.m. ﬁ:om Avi = 1 36 Hz' ln the startlng materlz:ll
to A‘Ji = 2. 85Hzfor I K Furthe.rmore .as theresonanceat 5=6. 56p P. m. 3

» decaya ltlarep!acedbytwo new C7H7 resonances ﬁ:om I ata—s 47p p.m. S
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[ca. 93%, probably (C)] and at & =5.19 p.p.m. [ca. 7%, probably (D)] and the
Av% =1.86
Hz at 237 K) when completely formed Is nearly twice as large as that observed
inltially forl1. This fits with structures A or B for I ! which would be

height of the resonance from the major 12 specles (§ = 5.47 p.p.m.

expected to be flixional and thefefore have a broadened C7H7 resonance. It
proved lmposslble to freeze out the broad resonance associated with I owing to
the low solubility at greatly reduced temperatures, hut the resonance at & = 5,47
p.p.m. from (C) did collapse upon cooling, as showz In the figure. The
spectral assigments shown for (C) are consistent with some closely related

structures. The unique hydrogen atom (a) has a resonance at high field as in

o 8 : _ + n_ 3
,C7H8' [(C7H8 )M(CO)3] and the adduct between [W(C7H7 (CO)3] and Bx3P,
whereas In [(CSH7 )Fe(CO)s] whichhas a different structure the unlquehydrogen

has a resonance at low fleld. ? ‘The complex between [W(C,]I-!7 (CO)3] and msP is
reportedto havea structure the same as that postulated for the brown intermedlate
(C) with r replaced by m“p and this Is confirmed by the low temperature spectrum
of (C) where the chemical shlfts are very simillar tothose observed at room
temperature for the stable adduct with m P (tigure).

Studles of the rateof loss of thehrown intermedlate 12-' togive the final product
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I-‘:.g- 1. (1) -(4) - Varlable temperamre Hn m.r.: spectra of (_1_2) .
(5) . Room temperature Hn m.r. spectrum of the maP adduct
‘of~[(C7H7)W(CO)3]:_:7[srl_n__mrla‘tlon is (6)]. SR
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g lndlcate an lnltlalrapld reactlon followed by aslower step. The rate constants
U observed for the slow step vary approxlmately lnversely with the lnltlal complex

. V-t';concenu:atlon varying from 1. 9x10°2s™" whea [complex] 5x 10™% mol dm ™
3 -1 -3

to'4. 6x 10 when [compiex] 5x 10~ mot dm ™. Furthermore, If solutlons

are pre-samrated with CO before the addition of iodide ion, the brown Intermediate
. rcan be stabllised for qulte a long period of time, This behaviour is consistent with
A_.réaé'tlotr;s,(n!)i -(5): application of the steady-state approximation to the postulated
solveqtd -coniplexglvés k(ohse:ved )= k'zks/(k _2[ COl+ k3 ) (k'2 = kz[ acetone]).
Iitially when [CO]= O, k(observed) = k'2, butas {CO] increases In solition the rate
- decreasesuatil finallyk(observed) = k'zkalk _2[ CO]. Since [CO] is directly related to
[complex], the final rate is inversely dependent on [complex] asobserved. .Reactions
(4) - (5)are also conslstentwith the observation that the final product Is not In a
reversible equilibrium with f , since there is no brown intermedlate refcrmed when
the final product is reactedwith excess €O.

The possibility that the minor Intermediate specles observed In these reactions
(tentatively assignedthe endo-structure, D) Is, In fact, the solvento-complex
postulated in reactions (4) - (5) Is unlikely since the concentration of D Is not
significantly reducedwhen the reaction (M = W) Is carrlied out In the presence of an
excess of CO. On the basis of the reversible reaction (4), the concentration of
the minor species would be e;cpected to be reduced to zero under these conditions.

The mechanism postlated here for the formation of the intermediate (Lz) is very
simllar to thatreported recently for the reactions between [(C )Fe(CO)3 ]+ and
nucleophlles (e.g. N OEt : T P) attack occurring first at the metal centre
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followed by transfer of the nucleophlle to the C7H ring.
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