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Abstract 

The reactions of [Fe,(&H5)2(CO)3(CNMe)] (I) and [Fe,(n-C,H,),(CO),- 
(CNMe),] (II) with tin(IV) Lewis acids E = SnX, or RSnX, (X = Cl, Br, or I; 
R = alkyl, Ph, Fe(&H,)(CO), or Fe(n-CsH,)(CO)(CNMe) proceed by way of 
often isolable adducts [I-E] and [II-E]. II but not I also forms adducts with 
[{Fe(v-C,H,),(CO),},SnX,]. On the basis of IR spectroscopy it is concluded that 
these adducts have the [Fe,( q-C,H,),(CO)(L)(p-CO){ 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(q-C,H,)(CO)(L)X] and 
[Fe(n-C,H,)(CO)(CNMe)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(&H,)(CO),(CNMe)]’ [SnX,]- and [Fe(q-C5H5)(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 [l], 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,(&H,),(CO),,(CNMe),,] (n = 1 or 2). In many instances l/l 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 

0022-328X/87/$03.50 0 1987 Elsevier Sequoia %A 



eventually decompose to mixtures of mono-iron complexes cj,hich usually contain 
Fe--Sn or Fe-X bonds. Th e\e final products have been zeparatcd and rdentified ir? 

some cases, but not all. 

Experimental 

Previously published methods were used to prepare [Fe,( q-(‘,H. )2(<‘0) I(CNMe)] 
[S], [Fe,(,9-C5H~)~(CO),(C‘NMe),] [6]. [Fe(,rl-(‘iH,)((‘O),SnX,] /4]. and [jFe(q- 
C,H,)(CO), )2SnX,] (X y= I:‘. Cl. Br or I) [4]. Other chemicals Lst‘re purchased and 
used as received except for SnC‘l, or SnBr,. which wert: diitilleci hcf(irc LISA'. 

[inless otherwise stated. all reaction> were carried out at rc~>m trmpcrature under 
nitrogen in solvents which had been dried and deoxvgenatcd h\ rcfluxing ovu 
calcium hydride (tetrahqdrc,l’uran. benr.ene or tolurnc) or ~~i:~gncfhiiiri~ (nk:thnol). 

and distilled before use. ‘1 ctr;lhvcirOfL11.;~11 nas further pwificct h\ tli\t~llation fr-c-m 

<odium and benzophenone. 
The reactions were monitored by IR spectrohc<)p). An aiiqu,,t cri’ lhc reaction 

mixture was taken and the wlvent removed it reduced prcsbure. I-hc rcsiduc U;U 
completely redissolvetl in chloroform and the IR spectrum taken. 13~ >pectr:r thuh 
obtained for reactions run in benzene solution did not differ \ignific~antl\ from Ihcw 
obtained directly from react.ions run in chloroform 

IR spectra were run (~1 LI Perkln~~Elmer- 377 spectrometer. quipped with ;I 
Hitachi - Perkin Elmer readout recorder. They were calibrated with ~;a~eou~ I>Cl 
and water vapour in the I(iO~i~L150 cm ’ regim [7]. Spectra uerc Irlhfi run on .: 
Perkin Elmer 283B between 200 and 4000 cm ’ using samples dispcrhctii in c’;w.~um 
hromide discs. They were calibrated M ith polystyrene 1’1. 

Anal~srs were carried 1.~11 in the Anal> tic31 I_;~borator\ of l. ni\wGty (‘nllegr. 
Dublin. 

SnX, was added to a benzene solution (50 ml) of’ [Fe,! ~I-(.~.;H, )2((.‘t.))3(C‘NMe)] 
(1 g. mole ratio l/l). Although no reaction took place uhen X -= I:. precipitate> 
were given when X = Cl (pruk). Br (pink) and I (brown). Thew \vere filtered off. 
Leashed with pentane and dried. They were identiflcd ;t: i, I H~~LIC: [Fe,( v- 
C,Hi),(C’O),((‘NMe)(Sn)c:,, )I. 

Under the same condition>. SnX, and jFe,( q-CiE-I, )2(CO~,(C‘NMr):. ] (1 g. mole 
ratio l/l) gave precipitates when X = Cl (brown). Br (purple) and 1 (purple). ‘The) 
were filtered off. washed tvith pentanc and dried. When ?i -m-m Cl OI- Br they \vere 
identified as 1 /I adducts [Fe,( q-C;H,) ,(CO),(CNMe)l( Sn.X, )/. but u hen X x-m 1 
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the product was formulated as [Fe,(q-CsH,),(CO),(CNMe),{Fe(q-CSH5)- 
(CO)(CNMe)SnI,}]. This last was also the product if a solution of [Fe,(q-C,H,),- 
(CO),(CNMe),] (1 g) in benzene (40 ml) was added to one of SnI, also in benzene 
(15 ml) (mole ratio l/l). 

Reactions of [FeJv-C,H,),(CO),_,,(CNMe),,] (n = I or 2) with R&X, X = Cl or Br; 

R = Me, n-Bu, Ph, Fe(q-C,H,)(CO)2, or Fe(q-C,H,)(CO)(CNMe) 
A solution of RSnX, in benzene (20 ml) was added to one of [Fe,( q- 

C,H,),(CO),(CNMe)] (0.5 g mole ratio l/l) 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,(q-C5H5)2(C0)3(CNMe)(RSnCl,)] by analyses and spectroscopic data. 

When RSnX, = n-BuSnCl,, [Fe(&H5)(CO),SnX,] and [Fe(q-C5Hs)(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 l/l adducts [(Fe,(q-CsHs)z(CO)3- 
(CNMe)(RSnX,)] except when RSnX, = n-BuSnCl, or [Fe( q-CsH5)(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,(q-C,H,),(CO),(CNMe),] (0.5 g 
mole ratio l/l) 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,(~-C,H,),(CO),(CNMe),(MeSnCl,)l 
analysed well. However if a reactant mole ratio of l/2 was used an analytically pure 
sample of [Fe,(q-CsH5)2(C0)2(CNMe),(PhSnC1,)] could be isolated. When 
RSnX, = [Fe(q-CSHs)(CO),SnX,] or [Fe(q-C,H,)(CO)(CNMe)SnXj] (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 l/l adducts [Fe,(n-C,H,),(CO),(CNMe),(RSnX,)]. 

Reactions of [FeJv-C,H,),(CO),_,,(CNMe),]] (n = 1 or 2) with RZSnX2 (R = n-Bu or 

Fe(v-C5H5)(CO), 
[Fe,(q-C,H,),(CO),(CNMe)] does not react with either n-Bu,SnCl, or [{Fe(q- 

C,H,)(CO), LSnCbl ( mo e 1 ratio l/l) either in benzene or methanol at room 
temperature or under reflux even during 7 h. 

A solution of [{Fe(q-CsH,)(CO),},SnX,] (X = Cl or Br) in benzene (20 ml) was 
added dropwise to one of [Fe,(q-CsH,),(CO),(CNMe),] (0.5 g; mole ratio l/l) 
also in benzene (30 ml). Although IR spectroscopy showed that adducts were 
formed with v(CN) 1580 and 2187 cm-‘. and v(C0) 1805 and 1940-2030 cm-‘, 
they could not be isolated. When X = F, no reaction took place. 

Reactions of [Fe*(q-C,H,),(C0),.,,(CNMe),]] (n = 1 or 2) with Me,SnCI 
There was no reaction between [Fe,(q-C,H,),(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 [FeJq-C,H,),(CO),.,, (CNMe),(E)] (n = I or 
2; E = tin (IV) Lewis acid) in acetone 

The [Fe2(q-C,H,),(CO),(CNMe)(E)] adducts (1.4 g) were dissolved in acetone 



Results and diwussion 

Insolution[Pe,(~-Ci,H,)~(CO)~(CNMe)](l)and[Fe,~~-( ,H,),((~‘O),((‘NMe),j 
(II) exist as mixtures of rapidly interconverting isomers [5.h]. .Alth~wgh I tind It fail 

to react with weaker tinilL’) Ixwis acids, with the stronger once. i:, rhc~, ycnerall\ 
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Table 1 

Yields. decomposition points and analyses for the adducts of [Fe,(l)-C,H,),(CO),CNMe)] (I) and 

[Fe,(+gH5)Z(CO)Z(CNMe),] (II) with tin(W) Lewis acids E 

E Dec. Pt. Analyses (Found (calcd.) (‘%)) Yield 

(“C) C H N x (W) 

Adducts of [Fe,(q -C, H,),(CO),(CNMe)] 

SnBr, ” 

MeSnCl 3 

PhSnCl 3 

Adducts ~f[Fe~(ll-C,H,)~(Co)~(cNMe),/ 

SnCl,. kC,H, h 

SnBr, ’ 

MeSnCl 3 

PhSnCl,.;C,H, 

Fe(+?,H,)(CO),SnCl,. iC,H, 

89-91 31.3 

(31.2) 
_ 24.0 

(23.3) 

98-101 32.6 

(32.9) 

78-80 39.5 

(39.7) 

47-50 36.0 

(36.2) 

96-98 30.5 

(30.1) 

36.2 

(36.2) 

39-41 32.4 

(32.7) 

25.8 

(26.9) 

U Sn = 13.2 (14.7)%. ’ Sn = 18.00 (18.2)s. ’ Sn = 13.6 (14.5)s. 

Fe(q-C,H,)(CO)(CNMe)SnCl, 

Fe(q-C,H,)(CO)(CNMe)SnBr3. iC,H, 

Fe( q-C, H,)(CO)(CNMe)SnI 3 

77-80 

136-139 

52-55 

67-70 

23.0 1.7 
(22.4) (1.6) 
31.1 2.9 

(31.6) (2.6) 
36.8 2.8 

(37.3) (3.4) 

28.5 1.5 

(29.2) (2.0) 

3.3 

(2.6) 
2.8 

(1.9) 
3.3 

(3.1) 

3.6 

(3.2) 

3.0 

(2.8) 
2.8 

(2.3) 
3.4 

(3.0) 

2.7 

(2.7) 
2.5 

(2.2) 

1.7 

(1.7) 
2.6 

(2.3) 
1.9 

(2.1) 
1.8 

(1.6) 

4.1 

(4.3) 
3.2 

(3.4) 
4.2 

(4.5) 

4.0 

(4.0) 

3.6 

(3.5) 
3.1 

(3.1) 
4.9 

(5.3) 

4.3 

(4.4) 
3.9 

(3.8) 

15.4 

(17.5) 

14.5 

(15.8) 

24.1 

(26.1) 

19.7 

(21.7) 

16.8 

(17.2) 

15.1 

(15.4) 

12.9 

(13.4) 

24.5 

(26.2) 

11.9 
(13.4) 

29.1 

(29.3) 

33.8 

(35.6) 

65 

17 

93 

4.7 

52 

27 

74 

97 

73 

25 

36 

36 

formed l/l adducts [I-E] and [II-E] derived from isomers of both I and II which 
have one CL-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. ln some 
instances they could be isolated and analysed; in others they could only be 

identified by IR spectroscopy. 

Adduct formation, charucterisation 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(q-C,H,)(CO)2) it immediately formed l/l 

(Continued on p. 122) 
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Fig. 1. The proposed structures of the adducts of the [Fez(q-C,H,),(CO)z(L)(CNMe)] complexes 
(L = CO or CNMe) with tin(W) Lewis acids. 

~yn or anti conformations about the p-{C=N} bonds. However, in the IR spectra of 
the adducts of [I-E] with E = SnBr,, SnI,, PhSnCl 3 and MeSnCl 3 there are two 
absorption bands at ca. 2000 cm-’ due to their v(C0) vibrations with the band at 
lower frequencies being much the less intense. This is consistent with a cis 
configuration for the Fe,(n-CsHs)z(CO)z fragment of the molecule; if it were tram 

a single absorption bands would be expected. On the other hand, the IR spectrum 
of [Fe,(&H,),(CO),(CNMe)(SnC1,)1 shows a single but very broad absorption 
band with an irregular envelope at ca. 2000 cm-’ which may be due to either cis or 

tram 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-C5H5)(CO):1SnX,], 
[Fe(&H,)(CO)(CNMe)SnX,1, or [{Fe(n-CgH5)(C0)2),SnX,] (X = Cl, or Br), 
the absorption bands due to the v(C0) or Y(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 v(C0) values for E = [Fe(n-C5Hs)(C0)2SnCl,] in [I-E] 
(marked “) and [II-E] (marked b, are 1980 b and 2028 b cm-’ (2002, 2041 cm-‘), 

for E = [Fe(n-CsH,)(CO),SnBr,] are 1975 b and 2020 b cm-’ (1999. 2038 cm-‘), 
for E = [Fe(q-C,H,)(CO)(CNMe)SnCl,] are 1980 ’ and 2178 b cm-’ (1990, 2188 
cm-‘), for E = [Fe(n-C,H,)(CO)(CNMe)SnBr,] are 1980 b and 2175 a cm-’ (1996, 
2187 cm-‘), and for E = [Fe(n-C,H,)(CO)(CNMe)SnI,] are 1980 a and 2194 b 
cm-’ (1989, 2182 cm-‘). The values for Y(CO) and y(CN) of free EL [3] in 
chloroform solution are given in parentheses. 

Two lines of evidence strongly suggest that the tin(IV) halides E bond to 
I”-CNMe ligands of I and II by N + Sn bonds. The first is the decrease in the v(C0) 
and v(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(q- 
C,H,)(CO),SnCl,] to [Fe(n-CsH5)(C0)2SnCl,. bipy (bipy = 2,2’-bipyridyl; v(C0) 
= 1966, 1978, 2011 and 2025 cm -I in nujol) [lo]. The second is provided by a 
comparison of the frequencies of the absorption bonds due to the v(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,], v(SnC1) decrease from 403 cm-’ 
[ll] (benzene solution) to 290 cm-’ (CsBr disc), whilst the corresponding figures for 
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detected and identified by IR spectroscopy but could not be isolated. The second 
side products are [Fe(n-C,H,)(CO)(CNMe)X] which may well be formed in amounts 
greater than the nominal yields of 1% (X = Br) or 4% (X = I) as they cannot be 
distinguished from [Fe(n-C,H,)(CO)(CNMe)SnX,I 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(+Z,H,)(CO)(CNMe)SnI,1, at least, is unstable towards loss of SnI, in solution 
and slowly decomposes to [Fe(n-C,H,)(CO)(CNMe)I]. 

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 v(CO)/Y(CN) region between 1900 and 
2250 cm-“. Two species are formed in ca. equal amounts. [Fe(n-C,H,)(CO),Cl] 
may be identified readily even though its lower frequency v(C0) absorption band 
(2013 cm-‘) overlaps with that due to the second species (ca. 1990 cm-‘) which 
also has a v(CN) band at ca. 2180 cm-’ and is probably [Fe(q-C,H,)(CO)- 
(CNMe)SnCl Z R]. Unfortunately we could not separate these products, largely 
because of the high solubility of the second which in itself indicates that [Fe(q- 
C,H,)(CO)(CNMe)SnCl,] was not formed in significant amounts. When R = Ph 
some [Fe(n-CgH5)(CO)Z(CNMe)]+ salts are formed, more in benzene solution than 
in acetone. 

When the group R in RSnX, (X = Cl or Br) is Fe(n-CgH5)(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(n-C,H,)(CO), it is possible to say that 
there are present ca. equal amounts of [Fe(n-C,H,)(CO),X] and another species 
with v(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 v(C0) vibrations and another at ca. 2190 cm-’ due to v(CN) modes. 
From these solutions may be isolated [Fe(n-C5H5)(CO)(CNMe)X] and [Fe(n- 
C,H,)(CO)(CNMe)SnX,]. Because of the accidental coincidence of their Y(CO) 
and v(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-C,H,) 
(CO),SnX,], [Fe(n-C,H,)(CNMe),X] or [Fe(n-C,H,)(CNMe),SnX,] complexes 
or for salts of the type [Fe(&H,)(CO),(,CNMe)][SnX,[ or [Fe(n-C,H,)(CO)(CN- 
Me),][SnX,]. As has been mentioned in the Experimental section, the principal 
product from the reaction of II with SnI, is the adduct [II-Fe(n-CsHs)(CO)(CN- 
Me)SnI,]. [Fe(n-C,H,)(CO)(CNMe)I] and [Fe(n-C,H,)(CO)(CNMe)SnI,] 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-SnI,] and that the 
second of them itself forms an adduct with unreacted II. 

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-C,H,)(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 v(CN) and v(C0) vibrations of the Fe(n- 

C,H,)(CO)(CNMe) moiety. 



In all other instances when SnX, are replaced b> thz Lewis acid> RSnX3 or 
R?SnCl, where R = Fe(~-CFHi)(i-O)l or Fe{ 4-C,Fi,)(COiiC‘NMr). tfw final IR 
spectra of the reaction mixtures are very complicated. V(v infortn:iii~~n could hi: 
gained from them except that the products contain t.t:r.min;~i htti t:(r) hri~.ip,ing (‘0 
and C&We ligands. 
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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 anri 
conformation about the CP=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 SnX,- at 
M2, then only the syn isomer would give the observed products which are exclu- 

sively [M’(CO)X], [Fe(q-C,H,)(CNMe)(CO)X], and [M2(CNMe)SnX,], [Fe(q- 
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- 
C,H,)(CO)(L)(p-CO)@-CNMe)] (L = CO or CNMe). 

We assume that the same mechanism may be applied to the cleavage of I and II 
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 [R&K,]- and [R,StiX]- are progressively poorer leaving groups 

than [SnX,]-. 
The formation of [Fe(n-CsHs)(CO),(CNMe)]+ [%X3]- 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,12- moiety migrates as a 
whole from N to M’. The further consequence of (b), e.g. oxidative addition of 
[SnX,]2P to M’, 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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