
Reactions of Tin Halides with { (x-  Dienyl ) FeCCO) ,), Compounds 
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The products of the reactions of {(le-dienyl) F~(co),), with SnX, (dienyl = C,SI&. MeC,H,, or C,H, : X = F, 
CI. Br. or I) may be {(E-dienyl)Fe(CO),X). ((x-dienyl)~e(CO),SnX,), ((re-dienyl) F~(CO),},S~X,. or {(.re-dienyl)- 
Fs(CO),],SnXdepending on X. the reaction conditions. and the mole ratlo of reactants. I t  is suggested that when 
X = F or CI. the insertion of SnX, into the Fe-Fe bonds takes place largely in one step giving the ((x-dienyl) Fe- 
(cO),),S~X, derivatives. Hovvever. when X = Br or I. the dirners are ftrst converted to a mixture of {(x-dienyl)- 
Fe(CO),X) and {(n-dienyl)Fe(CO),SnX . The second of these reacts further with excess dimer to  give the 
insertion ' products. The reactions of ir-dienyl)'Fe(CO)d, with ((x-dienyl) Fe(CO),SnX,) or {(n-dienyl) fe- 

(CO)*),SnX, may be used to prepale((le-dienyl) G~(CO)*)((~-d~enyl)'Fe(CO),)SnX, and((x-dienvl) Fe(CO),),{(=- 
dienyl)'Fe(CO),)SnX respectively. The tin(lv) hafides. w ~ t h  the exoeption of the fluor~de. react readily w~th the 
dfmers ro give a similar variety of products. 

THE oxidative addition of a wide variety of mono- and 
poly-nuclear metal carbonyl complexes to tin(11) halides 
provides a useful synthetic route to compounds contain- 
ing tin(rv)-transition metal b0nds.l Of particular 
interest are the reactions of ((x-dienyl)Fe(CO)p}, with 
SnX, (dienyl = C,H,; X = C1, Br, or I) in refluxing 
methanol or tetrahydrofuran which have been reported 
t o  give ((n-dienyl)Fe(CO)$BSnX'L derivatives as Ithe soIe 
 product^.^^^ Kinetic studies of the reactions where 
X = C1 and Br have been de~cribed.~ 

Thus these reactions appeared to be straightforward, 
but we now report that this is not the case. They give 
( (z-dienyE)Fe(CO),X), {(rcdienyl)Fe(CO),Snql, { (41- 
enyljEe(CO),),SnX,, or ((dienyl) Fe(CO)B}SSnX (di- 
enyl = C5H,, MeC,H4, or GH,. (indenyl) ; X = I?, CI, 
Br, or I) depending on the reactlon conditions, the mole 
ratio of reactants, and the halogen X. Although the 
(7-dienyl) ligand does not influence the course of the 
reactions, it does affect their rates. 

These are the first such reactions of tin(rr) fluoride 
which have been reported. Many of the other corn- 
pounds are new, particularly the {(re-dienyl)Fe(CO)P)aSnX 
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derivatives of which the only other example is ((x- 
C,H,)Fe(CO)z}3SnPh,6 and the mixed ((dienyl)Fe(CO)2)- 
((denyl)'Fe(CO),)SnX, and ((x-dienyl)Fe(CO),)t{(7:- 
dienyl)'Fe(CO),)SnCl complexes which have no precedent 
and which would probably be diffidt t o  prepare by 
other methods. 

The tin(~v) halides, except the fluoride which is inert, 
react readily with {{x-dienyl)Fe(CO),]z to give a mixture 
of ((n-dienyl)Fe(CO),X) and ((n-dienyl) Fe(CO),SnX,) 
complexes as has previously been shown for ((r- 
C,H,)Fe(CO)Q), and SnXl (X = C1, Bt, or I).6 How- 
ever, when more strenuous conditions and an excess of 
the dimer is used, the {(trr-dienyl)Fe(CO),)BSnX, and 
((fidienyl)Fe(C0)3BSnC1 derivatives are obtained. 

EXPERIMENTAL 

All chemicab were purchased except for ((x-C,H,)Fe- 
(CO)a)B which was prepared by thc method of Hallam and 
P a u ~ o n . ~  

The reactions were carried out under an atmosphere ot 
nitrogen in methanol, butanol, 100-1 20' petrol, benzene. 
xylene, or tetrahydrofuran solution using ca. 0.002 me1 of 
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the { (x-dknyl)Fe(CO) ,I, complexes. Only the last of these 
solvents was dried and deoxygenaked unless it i s  stated 
otherwise. The products were isolated by removal of the 
reaction solvent at reduced pressures. In some instances, 
purification was efiected by chromatography, but usually 
recrystdlization from methanol, or, occasionally, from 
acetone, xylene, or 100-120' petrol, was sufficient. It  
made no significant difference to thc products whether the 
reactions were camed out in the presence or absence of 
light. The yieIds, melting points, and anaryses for the 
products are given in the Table. 

(x-~H,)Fe(CO),), (111) was consumed within 3 h to give a 
mixture of (IF-CgH,) Fe(CO),),SnF, and ((mCJT,) Fe(CQ)3]3- 
SnF  which cauM not be separated but which were identified 
by i.r. spectroscopy. The cyclopentadienyl. and indenyl 
{(x-&enyl)Fe(e(CO)f)BsnF derivatives were the sale products 
when (I) or (111) and SnF, (mole ratio 1 : 3) were hcated in 
refluxing xylene for 10 and H h respectiveIy. {(x-C,H,)- 
Fe(CO),),SnF, was an intermediate in the first of these 
reactions. 

Both (I) and (II), but not (III), reacted with SnC1,,2E20 
(mole ratio 1 : 1) in methanoil at room temperature to give 

The yields, meIting points, infrared spectra, and analyses for the products of the reactions of {(r-dienyl)Fe(CO),), 
with tin (11) halides, and some related compounds 

Anal-. 
r 

Found Required ' 
7- A ~ t i o n  ban* b 

Cmnound YICM o 11.0.a c H x c H x , 

32 dec. 182 ::: 238-240 

Y9.9 2.0 39.6 30.2 2.2 39.9 1991(9.i) 203:1(10i 
36.9 2.1 3 7  1 2 W 36.0 1!391(3 6) 2034(10) 
ro-s 1.5 %o+s 1.a 26.5 s002(10) ao4l(1o~ 
16-0 1.0 46-0 15.7 0.9 44.7 1999(9 5 P038(10) 
12.2 0.9 3e.5 32-4 0.7 66-3 l!rsi(g el 2035(10) 
22.7 1.8 23.0 1.7 2>8 lC!JB(!I 5)  1113U(IUJ 
17-5 1-4 43-4 17.5 1-3 43 7 lHOS(9.6) 2086(10) 
13.7 1.4 58.4 18.9 1.0 55.0 i gnz ( l o )  BO?O(10) 
28.0 1.2 29.0 1.5 23.8 1997[1U) 2035jCl 7) 
22.X 1.3 41.2 22.6 1.3 41.0 I996(9.7) 2U3>(10) 
18.0 1.8 52.5 18.3 1.0 52.4 1992(10) 202Y(l0) 
33-3 2.2 32.8 8.0 195:1(4 1) 19?4/7-3) 1[199(7.Z) W!G(IO) 
30.5 1.8 30.9 1.9 13-1 llj4(2.9) 197415-4) fOOO(5.4) 2024(10 
28.3 1.9 ne-a 1-0 2e.s igss(a.s) 1u:ais.a) 1ssqa.e) zoespo] 
22.6 1.5 36.6 23.1 1.4 84.9 1953(943) 1974(5.5) 1998(8.i) 2023(10) 

w.) 
dcc. 160 
dee. 130 
dec. I40 
dm. 228 
dec. 220 
dm. 185 
dec. 2W 
li7-160 
156-1 j9 

X a Hslagen b I n f t d  spectra (1700-9100 c m - W  MC% disulphide mtutiong with relative ak height in theses. a When reacths were carried out In 
hwew me&& lad teV.b*f- mlutim the sirb of the were Ammf h d e m d n i  $he solvent un= is stated otherwise. 1 IXtermined In wale3 
tubes dee. r d-@ without melting, and (d-.) melted lvlt d - p i h .  a Yield of reaction ~n methanol or tetrahydrofutan. I Yield of reaction tabenme. 

The i.r. spectra were obtained as d e d b e d  previausly.8 
The frequencies and relative intensities of absorption 
bands lying between 1700 and 2100 cm-1 are summarked f n 
the Table. 

RESULTS 

The dimer {(n-C,HdFe(CO),j, (I) failed to react with 
anhydrous tin(rr) fluoride (mole ratio 1 : 3) in methanol at 
room temperature, but in refluxing n-butanol {(x-  
C,H,)Fe(CO),},SnF, was obtained after ca. I2 h. Although 
the reaction was monitored by i.r. spectroscopy, no other 
species could be detected. The similar reaction of 
( (R-M~C,H,)F~(CO),), (11) required 15 h for completion, but 
the product could not be purified. The indenyl dimer, 

Che chlorides { (rr-dienyl)Fe(CO) ,CQ. The reactions ceased 
after a few minutes, but were completed if air was bubbled 
through the solutions. If the solvent was dried and 
deoxygenated, (I) slowly gave { (rr-C,H,)Fe(C0),],SnClB 
only. The same compound was the sole product in reflnx- 
ing benzene, methanol, or tetrahydrofuran in reactions 
which required respectiveIy 1, 10, and 5 h for completion. 
Changes in the (I) : SnC1,2H,O mole ratio from I : 1 t o  1 : 2, 
and finally to 1 : 10 caused the formation of increasing 
amounts of ((x-C,HJ Fe (CO),SnCl,), although this was 
always a minor product, and reduced the reaction times to 
8, 2, and 2 h respectively in the above solvents. The dimw 
(11) reacted simiIarly but more slowly, whilst (111) reacted 

M. Casey and A. R. Manning, j. Chem. Soc. (A) ,  1970.2258. 



more rapidly and only gave {(*H,)Fe(CO),SnCls] when 
very large quantities of tin(rr) chloride were used. In 
refluxing xylens, SnC&,2H,O convwtd dl three dimem, 
(1)-(In) (mole ratio 1 : 2). to {(IT-dienyI)Fe(CO),)sSnC1 
complexes, but only the cyclopentadienyl derivative could 
be purified. Spectroscopic studies showed that this was 
formed via { (K-C,H,)Fe(CO) ,},SnCk, and that reaction times 
were 12, 15, and 1 h for (XI, (XI), and (111) respectively. In 
all of these reactions, anhydrous tin(rr) chloride and the 
dihydrate gave identical results. 

At room temperature in dried and deoxygenated 
methanol, SnBr,,ZH,O reacted with all three d imm to give 
small amounts of ((n-dienyl)Fe(CO),Br] compIexes, but the 
methylcyclopentadienyl and indenyl derivatives could not 
be imlated. When (I) and SnBra,2R,O were heated to- 
gether in refluxing benzene, methanol, or tetrahydrofuran, 
comparable quantities of { (lc-C,H,)Fe(CO),Br) and ((re- 
C,H,)Fe(CO),SnBr,) were formed within ca. 6 min. When 
an equimolar ratio of reactants was used, not d l  OX the 
dimer was consumed, and the reminder underwent a 
slower reaction with the initial products to give ((R- 

C,H,) Fe(CO),),SnBr, only (reaction times 8, 24, and 24 h in 
the above solvents). If an excss of tin(@ bromide was 
used (mole ratio 1 : 2) most of the dimer was consumed in 
this initial reaction, but some { (rr-CPb)Fe(CO) ,),SnBr, 
could be detected. Its formation was only suppressed by 
using very large amounts of SnBr,. Thus when a reactant 
mole ratio of 1 : 10 is used, all af (I) underwent the initial 
reaction, and the bromo-complex was converted to 
{(fiC,M,)Fe(CO),SnBr3) sa that this was the h a 1  p d u c t  
(reaction times &, &, and 1 h). Similar products are 
obtained with both (11) and (111) in reactions which were 
respectively slower and faster than those of (I). Of the 

xylene were used to prepare ((fiC,H,)Fe(CO) ,)I (~dieny1)- 
Fe(CO),)SnX, (X = C1, Br, or I; dienyl = C,H,, MeC,H,, 
or CJ3,). A similar reaction of ( (z-C,HAFe (CO),}=SnFs 
with (I), and of ((x-C,H,)Fe(CO),),SnQ with (XI) and (111) 
gave I (x-C~HdFe(0) 1 I (x-C~H5)Fe(W1121 (n- 
MeC,H,)Fe(CO),)SnCl, and ( (x-C,HJFe(CO) ,)A (x-C,H,)- 
Fe(GO),)SnCl after reaction times of 24, 12, and 2 h re- 
spectively. W e  have a h  prepared {(+IT,) Fe(CO),]- 
{ (K-M~C~HJF~(CO)  ,X (rr-C,H,)Fe(GO),}SnCl, but it was a 
liquid which wuld not be purified. 

The product yields given in the Table are those for the 
reactions of {(x-dienyl)Fe(CO),), unless it is obviously 
otherwise, ~ .g .  the preparation of {(n-C,H,)Fe(CO)& (n- 
MeC,H,)Fe(CO),)SnCI,. They ate quoted for reactant mole 
ratios which give the highest yields of that particular 
compound. When the reactions were carried out in a 
variety of solvents, the yields were normally almost in- 
dependent of the solvent, and the differences could be due 
to mechanical losses. The exceptions to this generalization 
were the reactions involving tin(r1) iodide. The product 
yields using methanol or tetrahydrofuran, and those using 
benzene as the solvent are quoted where applicable. 

The products were generally air-stable crystalline solids. 
Their coIours deepened with increasing atomic weight of the 
halogen and an increase in the number of iron atoms in the 
molecule. whilst the n-indeny1 derivatives always more 
highly coloured than +heir cyclopentadienyl and methyl- 
cyclopentadienyl analogues. ( (R-C,H,)Fe(CQ) ,SnCII) is 
yellow, { (fiC,H,)Fe(C0)3BSnXB is brown, and ((x-C,ff,)- 
Fe (CO),j,SnBr is purple. 

DISCUSSION 
thr& dime& only (111) reacted with tin(r I) brohide to give 
a {(n-dienyl)Fe(CO),),SnBr complex, and this in refluxing The results suggest that when tin@) halides react 
xylene using a 2 : 1 mole ratio of reactants (reaction time with the dimers ((denyl)Fe(CO),), in reAuxing benzene, 
g. h). methanol, or tetrahydrofuran to give the ' insertion ' 

The reactions of all three dirners with anhydrous tin(11) compounds ((~-di~Yl)Fe(C0)a]~s%~ they do so either 
iodide were similar to their reactions with SnBr,,fH,O in ' directly ' in a single stage reaction, or ' indirectly ' in a 
methanol or tetrahydrofuran solutions. A major difference reaction which has two distinct steps with the initial 
was that although both II*dienyl)Fe(CQ)$} and i b- formation of {(wdienyl}Fe(CO),SnX and its subsequent 
dienyl)Fe(CO)$nI,l complexes were f~xmed quickly, reaction with more dimer ta give the ' insertion ' product. 
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these two compounds would also be expected in the 
reactions at room temperatme if the t in(~v) halide was 
the reactive species. Only the first was observed, and i t  
is p i b l e  that the limited reaction which does occur is 
attributable to a small quantity of an oxidizing agent 
such as air which could not be excluded. The reaction 
must require at least two moles of SnX, (4 g atoms of 
halogen) per mole of dimer consumedm As a consequence 
either the excess tin is in a reduced oxidation state, 
perhaps as the metaI, or an oxidizing agent is present. 
The reaction of (I) with SnBr, which was mentioned 
above, tends to rule out the second possibility, and 
suggests that the unused tin is present as the free metal. 
The similarity of the reactions of SnBr,,BH,O and 
anhydrous SnI, in wet or in dried solvents indrcates that 
the presence, or absence, of water is not an important 
factor. 

When a large excess of tin(11) bromide is used, the 
( (x-dienyl)Fe(CO),Br) formed is converted to ( (le- 
dieny1)Fe (CO),SnBr,) in a relatively slow reaction. 
Thus these compounds are the sole finaI products, and 
may be obtained in high yields. In the case of the 
tin(11) iodide systems, the insertion of Snl, into the 
Fe-9: bond does not take place.fO Consequently the 
yields of the {(IF-dienyl)Fe(CO),SnI,) compIexes in 
methanol or tetrahydrofuran solutions are never greater 
than SO%, and { (x-dienyJ)Fe(CO),I) derivatives are also 
present. However, these tend to  decompose and the 
tri-iodotin-compounds are easily purified. Thus the 
reactions provide straightforward routes to the { (x -  
dieny1)Fe (CO),Sn&) derivatives which are very eco- 
nomical when X = Br and useful when X = T. These 
observations rule out the possibility that {(n-dienyl)- 
Fe(CO),X) are the sole initial products which are 
subsequently converted t o  {(dienyl) Fe(CO)aSnX,]. 

When equimolar quantities of SnX, and ((x-dieny1)- 
Fe(CO),), react by the ' indirect ' route, all of the tin@) 
halide is consumed in the rapid first step, but only half 
of the dimer. The remainder then reacts more slowly 
with {(7rdienyl)FeFe(CO)&nXB) to give ((rr-dieny1)Fe- 
(CO),]sSnX, together with ((r-&enyE)Fe(CO),X}. As 
half of the dirner is converted to the halogeno-complexes, 
the yields of the ' insertion ' compounds cannot be 
greater than 50%. In most instances, continued heat- 
ing of the reaction mixture brings about the decom- 
position of the ({le-dienyl)Fe(CO),X) by-products. This 
is rapid in solvents such as xylene at 139 "C, but slower 
in benzene, methanol, or tetrahydrofuran, which allows 
the most stable, e.g, (x-C5H6) Fe(CO),I , to  be isolated. 
The ' direct reaction proceeds with the formation of 

no detectable intermediates or by-products, and conse- 
quently the ' insertion ' compounds are obtained in high 
yields, ca. 7 6 9 0 % .  Its importance decreases, and 
that of the ' indirect ' route increases, for SnFz > 
SnCI, > SnBr, so that whereas tin(11) fluoride reads 
solely by the ' direct ' route, the chloride and bromide 
utilize both. The formation of some {(zdienyl)Fe(CO),- 
SnCl,) when large amounts of anhydrous or hydrated 
tin(rr) chloride are used suggests that a small proportion 

of the dimer ((~e-~%enyl)Fe(CO)~)~ is consumed by the 
' indirect ' reaction. With tin(r1) bromide, some ((x- 
dienyl)Fe(C0)3,SnBr is formed a t  SnBr, : dimer mole 
ratios of 2 : 1 and even larger. This indicates that a 
little of the dimer undergoes the ' direct ' insertion re- 
action whilst most of it takes part in the ' indirect ' 
reaction. The corresponding reactions of tin@) iodide 
proceed by a similar mixture of routes in methanol and 
tetrahydrofuran, but in benzene only the ' direct ' one is 
of any importance. 

T h e  second step of the ' indirect ' route may be used to 
prepare the mixed ' insertion ' products ((re-dienyll- 
Fe(CO)z)(x-dienyl)'Fe(CO)&SnX, from ((x-dienyl)Fe- 
(CO)&3nX,) and {(x-dienyl)'Fe(CO),)%. If it is used to 
prepare ( (rr-CBH5)Fe(CO) t)aSnC12, the reaction is much 
slower than that which gives the corresponding bromide, 
whereas the reaction of (I) with tin(11) chloride is much 
faster than its reaction with tin@) bromide. This 
eliminates the possibility that the ' direct ' route in- 
volves the formation of { (le-dieny 1) Fe(CO)BSnXs) which 
is consumed so rapidly that it cannot be detected by i.r. 
spectroscopy. 

The new {(x-dienyl)Fe(CO),),SnX derivatives (Table) 
are given when {(xdienyl)Fe (C0)2!,SnX2 react with the 
dimers. These reactions are sim~lar t o  those of the 
second step of the ' indirect ' route to the ' insertion ' 
mmpunds, but are much slower, and, consequently, 
require more vigorous con&tions. Under such con- 
ditions, e.g. refluxing xylene, the by-products, {(x- 
dienyl)Fe(CO)BX) (X = F, C1, or Br), decompose. Our 
inability to prepare compounds wl~ere X = I may arise 
from their instability under the conditions of their 
f omat ion. Similar reactions between ( (K-C,HJFe- 
(CO)J,SnCI, and ((x-dienyl)Fe(CO),), may be used to 
prepare mixed compounds { (~C~H~)Fe(CO]~)~((x-nienyl)- 
Fe(CO)JSnCt, and even ((+C,H,)Fe (CQ),){ (x->¶eC,HJ- 
Fe(CO),}((x-C,&)Fe(C0)3SnCl. Unfortunately this 
would not crystallize, but its i.r. spectrum was similar to 
those of the other tri-iron derivatives. 

The reactions between tin(rv) halides, SnX, (X = CI, 
Br, and I), and (I) have been shown to yield a mixture of 
{ (n-C,HJFe(CO),X) and ((PC,H,)F~(CO),S~X,}.~ We 
now find that these three halides react similarly with (11) 
and (111), but tin(1v) fluoride is inert. Under more 
vigorous conditions, the halogeno-iron complexes may 
decompose, but the trih-enotin-derivatives are able to 
undergo further slower reactions with (b-dieny1)- 
Fe(CO)J, to give {(~dienyl)Fe(CO),)~SnX~ and, when 
X = Cl, ((~-dienyl)Fe(CO)~]~SnY (cf. the dimer-SnX, 
reactions discussed above). 

In the reactions of the dimers with ((K-dieny1)- 
Fe(CO),},SnCh -, (la = &2), the reactivity of the Sn-CI 
bond decreases as n increases, and (111) reacts more 
readily than (I) or (11). 

Few reactions have been reported which are similar 
to those postulated here. The first step of the ' indirect ' 
route may have its counterparts in some reactions of 
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InCl?' {GeCla)-?8 or SnClg "th { (K-~H, )MQ(CO) ,~  or 
{ (n-C,HJFe(CO),), which give complexes containing one 
Mw3Z or Fe-hZ bond (M = In, Ge, or Sn). Reactions 
which are superficially similar to the second step of the 
' indirect ' route are those of RSnX, with ((+C,H,)- 
Fe(CO),),,6 or Co,(CO), to give ({rr-C5H5)Fe(CO),- 
SnX,R) and RSn(Co(CO),), respectively (R = phenyl or 
halogen; X = halogen). 

The i.r. spectra of the {(x-dienyl)Fe(CO),SnX,) and 
the { (K-dienyl)Fe(CO)Bl{ ('IF-dienyl)'Fe(COSnX deriva- 
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'2 J .  D. Colton and R. M. Peachey, Inorg. Nucleav Chm. 
letlws, 1970, 6, 727. 

13 D. J .  Patmore and W. A. G. Graham, Imrg. Chefit.. 1968, 5, 
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tives (dienyl, dienyl' = C,H,, &leC,W,, or C&,; X = F, 
C1, Br, or 1) (Table) are similar to those of, for example. 
((x-C,H,)Fe(CO)&nC&) or ((xC,H5)Fe(CO),)$nC1, be- 
tween I700 and 2100 cm-1.l4 They exbibit no unusual 
or unexpected characteristics. The spectra of some of 
the ((xdienyl)Fe(CO),),SnX complexes show more than 
six absorption bands or shoulders due to their v(C0) 
vibrations. Thus it is likely that they exhibit some 
form of isomerism, perhaps arising from restricfed 
rotation about the Fe-Sn bond (e.g. ref. 15). 
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