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Abstract

The reactions of [Fe,(n-CsH;),(CO),(CNMe)] (1) and [Fe,(n-CsH;),(CO),-
(CNMe),] (II) with tin(IV) Lewis acids E = SnX, or RSnX, (X=Cl, Br, or I;
R = alkyl, Ph, Fe(n-C;H ) CO), or Fe(n-C;H)}(CO)CNMe) proceed by way of
often isolable adducts [I-E] and [II-E]. II but not I also forms adducts with
[{Fe(n-CsHs),(CO), },5nX, ). On the basis of IR spectroscopy it is concluded that
these adducts have the [Fe,(n-CsH,),(COYL)(u-CO)Y p-CN(Me)E}] structure with
N—Sn bonds (L =CO or CNMe). They are more or less unstable; some break
down in the solid state, some in the benzene solution, and all in acetone solution to
give mono-iron complexes, in reactions which appear to be largely if not completely
regiospecific. Thus when E = SnX, the products are [Fe(n-C;H)}CO)L)X] and
[Fe(n-CsH N CO)YCNMe)SnX ;] where L = CO (from I) or CNMe (from II) which
appear to form in ca. equal amounts and in high yields. Small amounts of
[Fe(n-CsH )Y CO)(CNMe)]* [SnX;]” and [Fe(n-CHs)(CO)CNMe)X] are also
formed from I when X = Br or I, but the second do not appear to be primary
products. A previously proposed mechanistic scheme is used to account for the
course of these reactions.

Introduction

We have a continuing interest in the reactions of electrophilic reagents with
polynuclear metal complexes containing CO and related ligands [1], and have
suggested a mechanistic framework within which some of these reactions may be
considered [2].

Here we report detailed studies of the reactions of tin(IV) halide derivatives with
[Fe,(1-CsH5),(CO),.,(CNMe),] (n=1 or 2). In many instances 1/1 adducts are
formed which contain the p-{CN(Me)SnX,} moieties and N —Sn bonds. In some
cases these adducts have been isolated and purified, or they have been detected and
identified by spectroscopic techniques. The adducts are of varying stabilities but all
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eventually decompose to mixtures of mono-iron complexes which usually contain
Fe—Sn or Fe-X bonds. These final products have been separated and wdentified in
some cases, but not all.

Previous work from these laboratories has shown that SnX, (X = ClL Br or 1)
cleave the metal--metal bond in [Fe,(n-C H:)-(CO),] to give equimolar amounts of
[Fe(n-CsH,)(CO), X} and {Fe(n-C Hy W CO),SnX ] {3]. Tin(1V) halide derivatives.
RSnX; and R,SnX,. where R is an alkyl. aryl or transition metal based radical,
undergo similar reactions but only at higher temperatures [3]. On the other hand. we
have found that Sni, and [Fe,(n-C H:),(CO),(CNMej,] form a 1,71 adduct

i /

[Fe, (q-CiHy ) (CONCNMe) p-COM p-CN(Me)Snl, i ] which decomposed under the

conditions of the experiment to unidentified species which did not possess bridging
CO or CNMe ligands [4].

Experimental

Previously published methods were used to prepare [Fe,(-C H ), (COY ., (CNMe)]
[5], [Fey(n-CsHy ), (CO),{CNMe), ] [6]. [Fe(n-CH(CO)Y,SnX ] [4]. and [{Fe(n-
C:H )CO), },SnX,] (X = F. Cl, Br or I) [4]. Other chemicals were purchased and
used as received except for SnCl, or SnBr,., which were disulled before use,

Unless otherwise stated, all reactions were carried out at room temperature under
nitrogen in solvents which had been dried and deoxygenated by refluxing over
calcium hydride (tetrahydrofuran. benzene or toluene) or magnesium {methanol),
and distilled before use. Tetrahydrofuran was further purified by distillation from
sodium and benzophenone.

The reactions were monitored by IR spectroscopy. An aliquot of the reaction
mixture was taken and the solvent removed at reduced pressure. The residuce was
completelv redissolved in chloroform and the IR spectrum taken. The spectra thus
obtained for reactions run in benzene solution did not differ significantly from those
obtained directly from reactions run in chloroform.

IR spectra were run on a Perkin-Elmer 337 spectrometer. equipped with a
Hitachi-Perkin- Elmer readout recorder. They were calibrated with gaseous DCI
and water vapour in the 1600-2150 ¢m ' region [7]. Spectra were also run on a
Perkin- Elmer 283B between 200 and 4000 cm ' using samples dispersed in caesium
bromide discs. They were calibrated with polvstyrene {7].

Analyses were carried out in the Analyvtical Laboratory of University College.
Dublin.

Reactions of [Fe(n-CsH},(CO), ((CNMe), [ (n=1 or 2) with SnX, (X = F. Cl Br
or 1)

SnX, was added to a benzene solution (50 ml) of [Fe,(7-CH: ), (CO) tCNMe)]
(1 g. mole ratio 1,/1). Although no reaction took place when X = F. precipitates
were given when X = Cl (pink), Br (pink) and I (brown). These were filtered off.
washed with pentane and dried. They were identified as 1,1 adducts [Fe,(n-
C,H ). (CO(CNMe)(SnX )]

Under the same conditions. SnX, and {Fe,(n-CsH:),(CO3,(CNMej.j (1 g. mole
ratio 1,/1) gave precipitates when X = Cl (brown). Br (purple) and 1 (purple). They
were filtered off. washed with pentane and dried. When X = Cl or Br they were
identified as 1/1 adducts [Fe,(n-C;H).(CO),(CNMe),(SnX ). but when X = |
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the product was formulated as [Fe,(n-CsHjs),(CO),(CNMe),{Fe(n-CsH;)-
(CO)(CNMe)Snl, }]. This last was also the product if a solution of [Fe,(n-CsHs),-
(CO),(CNMe),] (1 g) in benzene (40 ml) was added to one of Snl, also in benzene
(15 ml) (mole ratio 1/1).

Reactions of [Fe,(n-C;H;),(CO), ,(CNMe),] (n=1 or 2) with RSnX; X = Cl or Br;
R = Me, n-Bu, Ph, Fe(n-CsH;)(CO),, or Fe(n-C;H;)(CO)(CNMe)

A solution of RSnX,; in benzene (20 ml) was added to one of [Fey(n-
CsH,),(CO);(CNMe)] (0.5 g mole ratio 1/1) in benzene (30 ml). A reaction took
place in all cases. With MeSnCl; and PhSnCl; pink solids precipitated which were
filtered off, washed with pentane and dried. They were identified as adducts of the
type [Fe,(n-CsHs),(CO);(CNMe)RSnCl,)] by analyses and spectroscopic data.
When RSnX; = n-BuSnCl,, [Fe(7-CsH)(CO),SnX;] and [Fe(n-CsHs)(CO)CN-
Me)SnX,] (X = Cl or Br) the colours of the reaction mixtures changed from purple
to red brown, and solids could be precipitated by the addition of pentane (50 ml)
and cooling. The solids were all identified as 1/1 adducts [(Fey(n-CsH;)(CO)5-
(CNMe)RSnX ;)] except when RSnX;=n-BuSnCl; or [Fe(n-CsH;)}(CO)}CN-
Me)(SnCl,]. Then the precipitates consisted of inseparable mixtures of species that
did not possess bridging CO or CNMe ligands.

Similar reactions between RSnX, and [Fe,(n-CsH;),(CO),(CNMe),] (0.5 g
mole ratio 1/1) in benzene solution (50 ml) gave pink precipitates when R = Me
and Ph or a brown precipitate when R = n-Bu. Although all three were identified
spectroscopically as adducts, only [Fe,(n-CsHs),(CO),(CNMe),(MeSnCl;)]
analysed well. However if a reactant mole ratio of 1,/2 was used an analytically pure
sample of [Fe,(n-CsHj),(CO),(CNMe),(PhSnCl;)] could be isolated. When
RSnX; = [Fe(n-CsH; )(CO),SnX;] or [Fe(n-CsH;)(COYCNMe)SnX;] (X =Cl or
Br) no solids precipitated from the reaction mixtures until pentane (50 ml) was
added and they were cooled. Then brown solids were obtained which were filtered
off, washed with pentane and dried. They were identified spectroscopically and
analytically as 1/1 adducts [Fe,(n-CsHs),(CO),(CNMe),(RSnX ;)]

Reactions of [Fe,(n-CsH;},(CO), (CNMe),] (n=1 or 2} with R,SnX, (R = n-Bu or
Fe(n-CsHs )(CO),

[Fe,(1-CsHs),(CO),;(CNMe)] does not react with either n-Bu,SnCl, or [{Fe(n-
C,H,)(CO), },SnCl,] (mole ratio 1/1) either in benzene or methanol at room
temperature or under reflux even during 7 h.

A solution of [{Fe(n-CsH;)(CO), },SnX,] (X = Cl or Br) in benzene (20 ml) was
added dropwise to one of [Fe,(n-CsH;),(CO),(CNMe),] (0.5 g; mole ratio 1/1)
also in benzene (30 ml). Although IR spectroscopy showed that adducts were
formed with »(CN) 1580 and 2187 cm ™', and »(CO) 1805 and 1940-2030 cm™ !,
they could not be isolated. When X = F, no reaction took place.

Reactions of [Fe,(n-CsHs),(CO), ,(CNMe),] (n=1 or 2) with Me;SnCl
There was no reaction between [Fe,(1-CsH,),(CO), ,(CNMe),] (n =1 or 2) and
Me,SnCl in either bezene or methanol at either room temperature or under reflux.

Breakdown of the isolated 1 : 1 adducts [Fe.(n-CsHs),(CO),.,, (CNMe), (E)] (n=1 or
2; E =tin (IV) Lewis acid) in acetone
The [Fe,(n-CsH;),(CO);(CNMe)(E)] adducts (1.4 g) were dissolved in acetone
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(30 ml). IR spectroscopy showed that in all instances they decomposed to give
species which did not contain any bridging CO or CNMe ligands. The solvents were
removed from the reaction mixtures at reduced pressure. and lhc residues extracted
with benzene. When E = SnCl, all of the residue dissolved. so the solution thus
obtained was filtered and the benzene removed at reduced pressure to give a lar
which dissolved in hot methanol. On cooling this solution 1t deposited orange
crystals of [Fe(n-C H (COHCNMe)SnCl, ] which were filtered off. washed with
verv cold methanol and dried. The filtrate was evapn,rm,cd te drvness and the
resulting residue crystallized from dichloromethane pentane mixtures to give {Fe(n-
CsHO(CO).Cl.

When E == SnBr, there was a fraction of the onginal restdue which was insoluble
in benzene. It was crystallized from a dichloromethane pentane mixture o give
[Fe(y-CiH H(CO) . (CNMel[SnBr,]. The benzene-soluble fractuon of the residue was
separated as deseribed for B = SnCl, into [Fe(n-C H COROCNMeSaBr.} and
[Fe(n-CiH (CO), Br]. Traces of [Fe(n-CoH CONCNMe)Br] were alse obtained
bv further cooling of the dichioromethane pentane mother liguors which had
already vielded {Fe(n-C H, <C0),Br].

Those [Fe,(n-CH ), (COp(CNMe)(E)] adducts where E = MeSnCT,. PhSnCl ..
[Fe(q-C.HCO)-SnX ] (X = C1or Bry and [Fe(n-CoHCONCONMeSnBr, | also
break down in acetone solutions (o species which de not contain bridging CO or
CNMe ligands. Unfortunatelv it was not possible 1o separate the various products
by crystallization techniques. although they could be identified 1n some instances,

in all reactions of [Fe,(np-CHO-{COL(CNMey] with tin(lVy halides £ m
benzene solution, adduct formatmn was accompanied by cleavage of the dimer o
species which did not contain bridging CO or CNR lhigands. As this was generally
insignificant, such species were not isolated in most instances, but were identified by
their IR spectra. However when E=Snl,. dimer cleavage was the dominant
reaction in benzene seolution and we were able to isolate three products from the
reaction mixture {apart from an impure sample of the adducty using fractonal
crystallization. Thev were identified as [Fe(n-C.H (COWONMeSnl L [Fe(y-
s H HCO), 1] and [Fe(n-C. HO(CONTNMeyl|.

The [Fey(n-CoHy,(C ()‘M('\Mc (E)} adducts (0.5 g) were dissolved 1 acetone
and stirred. When [.,» SnX, (X =( lor Br) a reaction took place at room tempera-
ture and the mixture could be separated into [Fe(n-CoHOHCONCONMeSnX (] and
{Fc(n-C\Hﬁ)(C())((‘NM&)X} using the fractional crystathization  techniques de-
seribed above. When EF = [Fe(n-C;H(COY.SnX ] or [Fe(n-C.H. O COWON-
Me)SnX,] (X = Cl or Br} the dddutl.\ were stable o acetone solution at room
temperature, but under reflus they broke down to species contwning onlyv terminal
CO and CNMe ligands. However we were not able to tsolate and wdenufv these.

In all the reactions described above. replacement of acetone hy acetonitrile or
tetrahvdrofuran gave the same results. The analysis, meltung ponts. vields and IR

4

spectra of the adducts and other reaction products are summurized in Tables 1 3
Results and discussion
In solution [Fe, (7-CsH< ), (CO),(CNMe)] (1) and [Fe, (n-C.H ) (CO)-.(CNMe) . ]

(IT) exist as mixtures of rapidly interconverting isomers [5,6]. Although 1 and I fail
to react with weaker tin{fIV} Lewis acids, with the stronger ones. F. thev generallv
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Table 1

Yields, decomposition points and analyses for the adducts of [Fe,(n-CsHj5),(CO);CNMe)] (I) and
[Fe, (n-CsHs),(CO),(CNMe), ] (I) with tin(IV) Lewis acids E

E Dec. Pt. Analyses (Found (caled.) (%)) Yield

Adducts of [Fe,(n-CsHs),(CO);(CNMe)]

SnBr, ¢ 77-80 23.0 1.7 1.7 65
(22.4) (1.6) (1.7)

MeSnCl, 136-139 311 29 2.6 15.4 77
(31.6) (2.6) (2.3) (17.5)

PhSnCl, 52-55 36.8 2.8 1.9 14.5 93
(37.3) (3.4) (2.1) (15.8)

Fe(n-CsH )(CO),SnBry 67-70 285 1.5 1.8 24.1 4.7

(292)  (20) (16) (26.1)
Adducts of [Fe,(q-CsHs),(CO),(CNMe),]

SnCl,- LCH, » 89-91 313 33 41 197 52
(312) (26 @3 (217

SnBr, ¢ - 24.0 28 32 27
(233) (1.9 (3.4

MeSnCl, 98-101 326 3.3 4.2 168 74
(329) (3.1 @5 (172)

PhSnCl,- LC H, 78-80 395 36 40 151 97
(39.7) (32 (40) (154

Fe(n-CsH XCO),SnCl, LC.H, 47-50 36.0 3.0 3.6 129 7
(362) (2.8) (35 (134

Fe(n-CsH, XCO),SnBr, 96-98 305 28 31 245 25
(30.1)  (23)  (31) (262

Fe(n-CsHs CO)CNMe)SnCl, - 36.2 34 4.9 119 36
(362)  (30)  (5.3) (134

Fe(n-CsH4 XCO)YCNMe)SnBr;- } CoH, 39-41 324 27 43 291 36
(G27) (27 (44 (29.3)

Fe(n-CsH; (COYXCNMe)Snl 5 - 258 25 3.9 338 -

(269)  (22) (38) (35.6)

4Sn =13.2 (14.7)%. * Sn =18.00 (18.2)%. ¢ Sn =13.6 (14.5)%.

formed 1/1 adducts {I-E] and [II-E] derived from isomers of both I and II which
have one p-CNMe ligand. Some of these adducts could be isolated and analysed;
most others could be detected spectroscopically and the transient, non-detectable
formation of a few could be inferred from the formation of the products characteris-
tic of adduct decomposition.

The adducts proved to be of varying stabilities with some breaking down in
benzene solution or even the solid state. However all decomposed on dissolution in
acetone or other donor solvents such as acetonitrile or tetrahydrofuran. These
decomposition products did not contain bridging CO or CNMe ligands. In some
instances they could be isolated and analysed; in others they could only be
identified by IR spectroscopy.

Adduct formation, characterisation and structure
Although I did not react with the Lewis acids E = Me;SnCl or R,SnCl; in
benzene solution (R =n-Bu or Fe(n-CsH)(CO),) it immediately formed 1/1

(Continued on p. 122)
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adducts [[-E] with E=SnX, or RSnX; (X =CI, Br, or I; R = Me. Ph. Fe(n-
C HNCO),. or Fe(n-C.HWCOYCNMe)). The reaction of T with n-BuSnCl; did
not give a detectable adduct, but the IR spectra of the reaction mixture was very
similar to that given on breakdown of the adduct [Fe.(n-CiH 3 (COY(ON-
Me)MeSnCl.)|. Consequently  we assume that [Fe,(n-C.HL 3 (CO) (CNMe)(n-
BuSnCl;)j] was formed but decomposed rapidly in benzene sclution. Analviical data
could only be obtained for those adducts which precipitated from the reaction
mixtures: any extended work-up procedures mcluding recrvstallization resulted
adduct cleavage of the type described below. However we obtained reasonable and
consistent analyses for four representative compounds (Table 1y and were able 1o
identify the remainder by IR spectroscopy.

The adducts [1-E} are pink to brown solids, with the colour darkening along the
series X = Cl < Br < . and R = (I < Me. Ph <« Fe(y-C.HOHNCOY,. Fe(n-
CoH (CONCNMe). They are all unstable in the solid state and eventually decom-
pose to complexes which contain only terminal CO or CNMe hgands. Similar bun
more rapid decompositions take place in solution, and become very fast in donor
solvents such as acetone. acetonitrile or tetrahvdrofuran as opposed to non-donor
or n-BuSnCl,
are noticeably less stable than the others that we have prepared. and decompose

solvents such as benzene or chloroform. The adducts where == Sal
rapidly even in benzene solution.

[Fea(n-CsHg 3, (COY (ONMes)] (11 fails to react with Me,SnClL but unlike T 1t
does react with [{Fe(n-C.H.(CO), },SnX,] (X = Cl or Brj. Adducts were detected
but could not be isolated. It also forms 1,71 adducts of the gencral formulae
[Fe (n-CH ) (COY(CONMey-(Ey. [TT-E], with the tin(IV) Lewts acds SaX, or
RSnX, (X =Cl. Br. or I R=Me, n-Bu, Ph. Fe(n-C.H. XCO1. or Fel(y-
CoHO(CONCNMe)). These adducts have darker colours than those of 1 and are
more stable towards breakdown both in the solid state and in solution, For example
the adduct of 11 with n-BuSnCl, may be isolated even though it s impure. and
although the reaction of Il with Snl, does not give [Fe.(n-C.Ho)-(CO) -
(CNMej (Snlyyf. [Fe,(n-C H ) (CO) . 0CNMe) . { Fet -C HOCOWONMe)Snl )
may be wsolated from the reaction muxture. Apart from these differences, the
commentary about the adducts of 1 may be applied to those of I However it
should be noted that the differences in reactivity between I and 11 i, in part. a
consequence of the greater hasicity of TL This has been noted previously in studies
of the reacuions of both with alkyl halides [8]

The IR spectra of [L-¥] und [I1-E] (Table 2) show absorption bands at (a) ca.
2180 e ' due to the »(CN) vibrations of terminal CNMe ligands of [I1-E] only.
(b) ca. 2000 em ' due to the »(CO) vibrations of terminal CO ligands. {¢) ca. 1810
cm ! due to the »(CO) vibrations of bridging CO groups, and (d) at ca. 1600 cm
which are characteristic of the »{CN) vibrations of bridging CN(MejF licands with
N -»E bonds. These spectra are very similar 16 those of the adducts of T and [} with
other Lewis acids such as alkyl halides and HBEF, [8,9]. and it seems reasonable to
suggest that [I-E} and [11 E} have the structures shown in Fig. 1 with planar
{Fe.C=N

{Me)E} moieties (¢f. the structures of [cis-Fe (g-CoH O, (COy (p-COY p-
CN(Me)HIBFE, [9] and [cis-Feo(n-MeC H 312(CO) 5 (p-C Oy p-ON{MeyMe | [])
which have been determined by X-ray crystallography. There is insufficient evidence
available at present to determine whether {11 F] are iy or mrans with respect to
their conformation about the ca. planar Fe(Cy.Fe bridging svstem or if they have
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/ 4Sn\N/Me k / ME\N/SnXA x
\ \ /C\ /

Syn Anti

Fig. 1. The proposed structures of the adducts of the [Fe,(n-CsHjs),(CO),(LY(CNMe)] complexes
(L = CO or CNMe) with tin(IV) Lewis acids.

syn or anti conformations about the u-{C=N} bonds. However, in the IR spectra of
the adducts of [I-E] with E = SnBr,, Snl,, PhSnCl, and MeSnCl, there are two
absorption bands at ca. 2000 cm ™! due to their #»(CO) vibrations with the band at
lower frequencies being much the less intense. This is consistent with a cis
configuration for the Fe,(n-CsHjs),(CO), fragment of the molecule; if it were trans
a single absorption bands would be expected. On the other hand, the IR spectrum
of [Fe,(n-CsHjs),(CO);(CNMe)SnCl,)] shows a single but very broad absorption
band with an irregular envelope at ca. 2000 cm ~! which may be due to either cis or
trans isomers or a mixture of the two. Where we have been able to obtain solution
spectra the above features are retained and so are not due to solid-state effects.

For those adducts where the tin(IV) electrophile E is [Fe(n-CsHs)(CO),SnX,],
[Fe(n-CsH (COYCNMe)SnX,], or [{Fe(n-CsH;)(CO),},SnX,] (X =Cl, or Br),
the absorption bands due to the »(CO) or »(CN) vibrations of E lie at much lower
frequencies than do those for free E. Unfortunately they usually lie close to
absorption bands due to vibrations arising from the remainder of the molecule and
cannot be resolved from them. Their presence may be inferred as they make such
absorption bands either broad with irregular envelopes or much more intense than
is usually the case. The »(CO) values for E = [Fe(n-C;H)(CO),SnCl;] in [I-E]
(marked *) and [IT-E] (marked ®) are 1980 ® and 2028 ® cm ™' (2002, 2041 cm™ "),
for E = [Fe(n-CsH )Y CO),SnBr,] are 1975 ® and 2020 ® cm ! (1999, 2038 cm™ 1),
for E = [Fe(n-CsH)(CO)CNMe)SnCl,] are 1980 ® and 2178 ® cm ! (1990, 2188
cm ™), for E = [Fe(n-C;H )(CO)CNMe)SnBr,] are 1980 ® and 2175 * cm ™! (1996,
2187 cm™ '), and for E = [Fe(n-CsH,)(CO)CNMe)Snl,] are 1980 ® and 2194 ®
cm™ ! (1989, 2182 cm™'). The values for »(CO) and »(CN) of free E [3] in
chloroform solution are given in parentheses.

Two lines of evidence strongly suggest that the tin(IV) halides E bond to
p-CNMe ligands of I and II by N —Sn bonds. The first is the decrease in the »(CO)
and »(CNMe) frequencies of E = Fe(n-C;H)(CO)L)SnX; (L =CO or CNMe)
mentioned above. Similar decreases have been observed in going from [Fe(7-
CH,)(C0),SnCl,] to [Fe(n-CsH Y CO),SnCl, - bipy (bipy = 2,2'-bipyridyl; »(CO)
= 1966, 1978, 2011 and 2025 cm™! in nujol) [10]. The second is provided by a
comparison of the frequencies of the absorption bonds due to the »(Sn-X)
vibrations of the Lewis acids E. These decrease markedly on adduct formation
(Table 1) e.g in going from SnCl, to [I-SnCl,], »(SnCl) decrease from 403 cm !
[11] (benzene solution) to 290 cm ™' (CsBr disc), whilst the corresponding figures for
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SnBr, are 279 [11] and 210 cm ' respectively. A similar effect has been abserved in

formation of a bond between the ligand L (which in our case i~ the N atom of the
w-CNMe ligand of T or 11y and the Sn atom results in a reduction of the effective
electronegativity of the tin atom, a decrease in the Sn-X bond strengths. and hence
a decrease in the »(Sn- X frequencies [13]. The decrease in the #{Sa X)) frequencies
along the series SnX . RSnX.. R,SnX. and R,SnX is also atiributed o the weaker
Sn- X bonds arising from the decline in the effective electronegativity of the tin
atom as the halogens X are replaced by the alkyvi, aryl or transition metul-based
radicals R which are poorer electron-withdrawing or better electron-donating groups.
A further reduction in the »(Sn-X) frequencics results when these substituted
tin(IV) halides form adducts with 1 or I under those circumstances where R s o
transition metal-based radical such as {Fe(n-C.H N CO) .0 or {Fenp-C HCO)-
(CNMe)}, the electronegativity effects may also be used o account for the decrease
in the »(CO) and »(CN) frequencies along the shave series and on adduct
formation.

The spectroscopic data allows us to state that the adducts {1-F] and |1 E]
contain N—8n bonds and the adduct stoichiometries suggest that there are proh-
ably one of these per tin atom. However the data we possess do not allow us 1o
determine the ligand distribution about the Sn atom or the degree of polymerisation
of the adducts although the solubility characteristics of the adducts of SnX .
MeSnCl; or PhSnCl, do suggest that thev are jonic or polvmeric.

The mono-iron species arising from adduct breakdown

Some of the adducts [I-F) and [11- E] break down in the solid state. but all do so
in benzene or. more rapidly. in acetone solution to give products which contain only
one Fe atom and no bridging CO or CNMe ligands. Chromatographic techniques
could not be used to separate these products us those containing Sn- X bonds were
irreversibly absorbed, and so we had to rely on fractional crvstallizations. These
were difficult and consequently the yields of the isolated and puritied products hore
no relation to their yields in the reaction mixtures as determined by IR spec-
troscopy. The problems of product separation became increasingly acute as the
number of non-halogen groups bonded to tun{IV) also increased. Therefore we were
only able to solate and dentify by analyses the final products from the hreakdown
of the adducts of T and 1T with SnX, (X = CL. Br. or ). but 1 other instances
selected products in the reaction mixtures could be identified by IR SPECtIosCopy,

The reactions of 1 with SnX, or the decomposition of {I- SnX,| adducts in
acetone or benzence solution eventually afford two principal products. [Fe(n-
CHOCO); X] and [Fe(n-C.HH(CONCNMeiSnX ). IR spectroscopy suggests that
the reactions are close to quantitative, and that these two products are formed in ca.
equal amounts. However. the problems associated with product separation and
purifications mean that the vields of purified compounds are much lower, especially
for [Fe(n-C H . COy, X1

There are no significant amounts of other products with SnCl,. but with bath
SnBr; and Snl, two are ohserved. We have isoluted the benzene-insoluble fFe(n-
CsHO(CO),(CNMe)SnBr for which the nominal vield of 7% is probably close to
the true vield as indicated by R spectroscopy. However the amounts of salts of the
same cation formed in the Snl, reaction are small and variable. They may be
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detected and identified by IR spectroscopy but could not be isolated. The second
side products are [Fe(n-CsH ) (CO)(CNMe)X] which may well be formed in amounts
greater than the nominal yields of 1% (X = Br) or 4% (X =1) as they cannot be
distinguished from [Fe(7n-CsH)}(CO)CNMe)SnX;] by IR spectroscopy. However
we are not convinced that these are primary reaction products as [Fe(n-
C;H;)(CO),SnX ] would be anticipated and has not been detected. Furthermore
[Fe(n-CsH Y(COYCNMe)Snl, ], at least, is unstable towards loss of Snl, in solution
and slowly decomposes to [Fe(n-CsH Y COYCNMe)l].

The IR spectra of the reaction mixtures of I with RSnCl; (R = Me, n-Bu or Ph)
are very similar to those with SnX, in the »(CO)/v(CN) region between 1900 and
2250 cm™~!. Two species are formed in ca. equal amounts. [Fe(5-CsH;)(CO),Cl]
may be identified readily even though its lower frequency »(CO) absorption band
(2013 cm™ ') overlaps with that due to the second species (ca. 1990 ¢cm !) which
also has a »(CN) band at ca. 2180 cm™' and is probably [Fe(n-CsH;)(CO)-
(CNMe)SnCl,R]. Unfortunately we could not separate these products, largely
because of the high solubility of the second which in itself indicates that [Fe(n-
C;H)(CO)CNMe)SnCl,] was not formed in significant amounts. When R = Ph
some [Fe(n-CsH5 W CO),(CNMe)] ™ salts are formed, more in benzene solution than
in acetone.

When the group R in RSnX; (X = Cl or Br) is Fe(n-C;H )}(CO)CNMe), the IR
spectrum of the reaction mixture is so complicated that no useful information can
be obtained from it. However, when R = Fe(1-C;H)(CO), it is possible to say that
there are present ca. equal amounts of [Fe(n-CsH;)XCO),X] and another species
with »(CN) ca. 2180 cm ™.

When the adducts [II-SnX,] (X = Cl or Br) decompose in benzene or acetone
solution, the final IR spectra of the reaction mixtures in the 1600~2250 cm ™! region
are very simple. Each show two rather broad absorption bands, one at ca. 1990
cm ! due to »(CO) vibrations and another at ca. 2190 cm ! due to »(CN) modes.
From these solutions may be isolated [Fe(n-CsHg)COYCNMe)X] and [Fe(n-
C;H )(CO)YCNMe)SnX,]. Because of the accidental coincidence of their »(CO)
and »(CN) vibrations it is not possible to determine even approximately their
relative yields, but because of separation and purification difficulties, they are
unlikely to be close to the nominal yields given in Table 3. There is no evidence for
the formation of detectable amounts of [Fe(n-C.H;)CO),X], [Fe(n-CsHj;)
(CO),SnX,], [Fe(n-CsHs)CNMe),X] or [Fe(n-CsHs)}CNMe),SnX ;] complexes
or for salts of the type [Fe(n-CsH XCO),(CNMe)|{SnX,[ or [Fe(n-CsH; }(COXCN-
Me),][SnX;]. As has been mentioned in the Experimental section, the principal
product from the reaction of II with Snl, is the adduct [II-Fe(n-C;H ;)Y CO)(CN-
Me)Snl,). [Fe(n-CsH )(COYCNMe)] and [Fe(n-CsH; )(COYCNMe)Snl ;] may also
be isolated in low yields from the reaction mixture. It is probable that they arise
from the spontaneous breakdown of the initially-formed [II-Snl,] and that the
second of them itself forms an adduct with unreacted I1.

Under the same circumstances but with RSnCl; (R = Me, n-Bu or Ph) in place of
SnX,, the final IR spectra of the reaction mixtures are similarly simple. However
each of the two absorption bands can now be seen to have two components which
are almost separable. The clear implication is that [Fe(n-CsH }(CO)(CNMe)SnCl, R]
are formed as replacement of SnCl; by SnCl,R would be expected to bring about a
decline in the frequencies of the »(CN) and »(CO) vibrations of the Fe(n-
C,H,)(CO)(CNMe) moiety.



In all other instances when SnX, are replaced by the Lewis acids RSnX,; or
R,SnCl, where R = Fe(n-C.H}CO}, or Fe({n-CiH WCOKCNMe). the final IR
spectra of the reaction mixtures are very complicated. No information could be
gained from them except that the products contain terminal bui nor hridging CO
and CNMe ligands.

Comments on the mechanism of the breakdown of the adducts jI-E] und [I1-E]
The most important overall reaction of I and I with SnX, mayv be summarised
bv equations 1 and 2,

[Fe,(7-CsH,)5(CO)(CNMej] + SnX,
[Fe,(n-C<H)5(CO)(CNMe)-SnX, | — (1
[Fe(n-C.H)(CO)X] + [Fe(n-CiH O CONCNMe)SnX |

[Fe,(7-CHs),(CO),(CNMe).| + SnX -
[Fe.(n-CsH),(CO)(CNMe)y-SnX, | - (2
[Fe(n-CsHO(CONCNMe)X] + [Fe(9-C HJ(CONCNMeISnX |

In both cases the first stage appears to be the virtually quantitative formation of
the adducts [1-SnX,] and {II-SnX,] which are more or fess unstabie and break
down to the final products. Varying amounis of these final products are always
present in the reaction muxtures during adduct formation and probat
the adducts. Tt is possible that we have been able to isolate some of the
hecause they are insoluble 1 the reaction solvent (benzene).

We have previously suggested that many reactions of polviiuclear meral carbonyl
derivatives such as I and II with electrophiles proceed by way of such adducts {21
These then break down to the final products which mav contain none. part. or all of
the original electrophile i the way shown in Scheme 1.

There is an alternative way in which this reaction may take place with the SaX,
group migrating from N to M' and X being the liberated anion which subse-
quently attacks M*. However. the proposed mechanistic scheme predicts that the
migrating group cannot end up on the same metal atom as the p-ligand 10 which it
was coordinated in the adduct. Therefore the products from T indicate thay the
reaction pathway shown in Scheme 1 is that adopted with X the migrating group
and SnX,  the hberated anion. Furthermore, the relatively high coordination
number of the Sn atom in the adducts means that the X atoms would not be

arise from
adducts only

S FotCoH KOO, for 1

M= Fo g-C Hs (CNMe). M7 = Fogn-C Ho HCOY,
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selectively discouraged by steric effects from approaching M (cf. ref. 2). Hence the
migration of X from Sn to M! is more likely than would otherwise be the case.

In the corresponding reactions of II the adducts may have the syn or anti
conformation about the C,=N bond. If we assume that the reactions also take place
with migration of X to M' (i.e. to the cisoid metal atom) and attack by SuX,~ at
M?, then only the syn isomer would give the observed products which are exclu-
sively [M'(CO)X], [Fe(n-CsH ) CNMe)(CO)X], and [M?*(CNMe)SnX,], [Fe(n-
C;H )} CO)CNMe)SnX,].

On the basis of the available data, except that already discussed, it is not possible
to gain any information as to whether the adducts are based on cis- or trans-[Fe,(n-
CsH ) (COYLY p-COYp-CNMe)] (L = CO or CNMe).

We assume that the same mechanism may be applied to the cleavage of I and 11
by RSnX; or R,SnX, Lewis acids. However the stability of the adducts towards
cleavage to the final product increases along the series E = SnX, < RSnX; <
R,SnX, even though the Lewis acidity of E decreases [14]. This may be because the
tin based anions [RSnX,]™ and [R,SnX]™ are progressively poorer leaving groups
than [SnX,]".

The formation of [Fe(n-CsHs)(CO),(CNMe)]" [SnX;]” when X = Br or I but
not Cl may also be accomodated in the above proposal. Either it is assumed (a) that
[SnX,]™ attacks M! rather than M?, or (b) that the [SnX,]*~ moiety migrates as a
whole from N to M!. The further consequence of (b), e.g. oxidative addition of
[SnX,]*" to M1, is to give the cation as is shown in Scheme 2. Although the adducts
decompose slowly in benzene or chloroform solution, the same reactions take place
much more rapidly in the donor solvents acetone, or tetrahydrofuran. This is clearly
consistent with a mechanism such as that outlined above.
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