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Summary 

Reactions of diorganotin oxides in refluxing pentacarbonyliron proceed via 
formation of carbon dioxide to give [ R,SnFe(CO)J]2 (I) in high yields. Dior- 
ganotin sulphides and acetates react similarly under analogous conditions. 
Carbonyl substitution by triorgano-phosphines and -phosphites in complexes 
of type I has been investigated. 

_____.__.__--- ..~__-~- 

Introduction 

Crystallographic substantiation [l] of the dimeric formulation [2] for iron 
carbonyl complexes of the type R*SnFe(CO), (I) has been followed by renewed 
interest in these compounds as precursors to tetracarbonyliron derivatives (II; 
L = py or THF) in which the main-group metal is formally in the divalent state 
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[ 33. During an investigation of reactions of organotin chalcogenides with metal 
carbonyls we have encountered a facile general synthesis of compounds I which 
is much more efficient than any described previously [ 3,4]. 
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R.esults and discussion 

Reaction of dibutyltin oxide in refluxing Fe(CO)s provides a very effective 
route to I (R = Bu); after 6 h a yield of 67% was obtained and some B@nO 
remained. This reaction was investigated in more detail under sealed-tube condi- 
tions, giving 89% of I (R = Bu) together with a corresponding yield of carbon 
dioxide entirely consistent with the unusual direct elimination of oxygen from 
tin represented by reaction (1). Further experiments with related organotin 
derivatives showed this type of reaction 

2Fe(CO)5 + 2BuzSn0 --f I (R = Bu) + 2C02 (I) 

to be general for dialhyltin oxides, bis(trialkyltin) oxides, and for the sulphur 
analogues (Table 1). All the products, including the liquid di-octyl tin derivative, 
showed the characteristic [4] pattern of IR bands attributable to Y(CO) modes. 
Phenyl-tin compounds appear to be less reactive; with Ph,SnO no reaction 
occurred and trimeric 153 (PhzSnS)J gave only 15% of I (R = Ph), while with 
bis(triphenyltin) species the complex (Ph$ln)rFe(CO), was formed. Involvement 
of the butyltin analogue of the latter in the formation of I (R = Bu) has been 
suggested elsewhere [ 4]_ 

Reactions of Fe(CO), with several other organotin derivatives have also been 
investigated_ With clibutyltin diacetate, similarly high yields (Table 1) of I 
(R = Bu) were obtained, while butyltin trichloride reacted rapidly in refluxing 
Fe(CO)s to give the orange complex (SnBuCl,)zFe(CO),. In the u(C0) region, 
this compound shows IR bands indicative of a cis-configuration at ca 30 cm-’ 
to higher energy than those [4] for (SnBu&l)rFe(CO),, consistent with in- 
creasingly effective removal of charge from the iron atom with increasing halogen 
substitution at tin_ Longer reaction times gave red oils with IR spectra appro- 
priate for complexes of type I (& = Cl2 or BuCl) but these were not isolated. 
Addition of tetravinylstannane to refluxing Fe(CO)s resulted in rapid deposition 
of an orange solid, from which I (R = CH=CH*) was isolated. Essentially the 
same reaction has recently been described by Garner and Hughes 161. By con- 

TABLE 3 

REACTIONS OF ORGANOTIN DERIVATIVES WITH PENTACARBONYLIRON 

Reactant <% yield of product) Product Found (Calc.) 

C H 

SnBu2COAef7 <52): [ButSnO (67): 

CBu2SnS33 (62): <SnBu&O <35k CBu+nFe(COh32 35.96 (35.95) 4.56 <454) 
CSnBu3)3S (45) 

[Me&O1 (20: 15) [M=2S*=(CG).,l2 = 
SnCFe<CO)414 = 

LEt&nOI (51) cRt2~=a=x+I, 2796 <27_67) 2.k<2.92) 

LOc2SnOl<60~ [-,S=ktco,,l, 
C=tSnOl 

46.14 (4682) 6.59 (6.68) 
No reaction , 

<=2snS)3 (16) -- CPfySnF=<CO>J3 
(Spph3hO (65): (SnPb3)lS <16> 

45.36 (43.56) 3.46 (227) _ 
-- (SnPhj)lFe<CO)q - 55.52 (65.23) 3.25 x3+6, :_ ,- -~ ’ 

=Identi6edbyIIZrp~~y,.- :_, _._ 
-. :-; - _-. -. ,_ ‘; :. . i -: , 
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trast, no complexes could be crystallized from the viscous oils formed by reac- 
tion between tributyl(vinyl)stannane and Fe(CO), . 

Reactions of the complexes I with tri-organophosphines have been only 
cursorily investigated. Kahn and Bigorgne have reported [7] that at am- 
bient temperature with PEtX monosubstitution of I (R = Bu) occurs giving 
((CO),Fe-p-(SnBu,),Fe(CO)s(PEts)) while heating gives [Bu,SnFe(C0)3 (PEts)]?; 
IR spectra of these products were discussed but no yields were recorded. Marks 
and Newman have described [ 33 an 8% conversion of I (R = Me) to the disub- 
stituted product ]Me$nFe( CO)J PBus)12 _ Much higher yields (35-75s) of com- 
plexes III and IV of the latter type result when I (R = Bu) is treated in solution 
with PPh3 or 1,2_bis(diphenylphosphino)ethane; likewise, with a range of other 
tri-organophosphines and with tri-organo-arsines although difficulty was encount- 
ered in isolating analytically pure derivatives IR spectroscopy confirmed (by 
lowering in energy of CO stretching bands) that substitution had taken place. 
With triphenylphosphite under very mild conditions, monosubstitution occurs 
giving {BujSnzFe2( CO),P(OPh), }, (V), while heating in undiluted P(OMe), 
affords a complex (VI) tentatively formulated on the basis of IR and analytical 
measurements to be the totally substituted compound in which the fourmem- 
bered Sn,Fe* ring has been retained_ These observations confii that com- 
pounds I undergo carbonyl substitution reactions with phosphorus donor 
molecules, in contrast to the homolysis of the polymetallic ring brought about 
[ 33 by treatment with nitrogen- or oxygen-containing bases. 

Experimental 

Reactions were carried out in an atmosphere of dry dinitrogen gas. Products 
were isolated by removal of excess pentacarbonyliron, followed by extraction of 
the solid residue first with pentane and then with dichloromethane whence con- 
centration and cooling of the extracts to -78” C induced crystallization. The 
complexes were characterized by elemental microanalysis, IR (Perkin-Elmer 
457, cyclohexane or chloroform solution) and mass (AEI MS902) spectroscopy_ 

Reactions of pentacarbonylimn 
(i) With dibutyltin dikcetate Gentle refluxing of a mixture of BulSn(OAc)l 

(13 g, 37 mmol) and Fe(CO), (37 g, 187 mmol) for 60 h was accompanied by 
evolution of CO and led to the formation of a metallic mirror and a dark, red- 
green solution from which was obtained after recrystallization from pentane 
pale yellow [Bu,SnFe(CO).&, (7.8 g, 9.7 mmol) m-p. llO-111°C (lit. [4] 
112°C). Found: C,.35.96; H, 4.56. &,H3hFe208Snt: talc. C, 35.95; H, 4.54%. 
Shorter reflux times afforded lower yields of the complex. Pentane insoluble 
material in this reaction was identified as iron(H) acetate. 

(ii) With diorgandtin oxide% diorganotin sulphides, bis(triorganotin)-oxides, 
and bis(trior@notin)sulphides A series of reactions with Fe(CO& were carried 
out as detailed in (i) by refluxing the_ or@notin compound .&her in liquid iron 
pentacinbonyl _or in’_; &ixtur& of the latter in 100-120” C petroleum ether, 
~di-&butyl;&~ff-o~ c&&m& Representative yields and analytical data for the 
pr&e-_~_c.ollect$ in Table I. : 

;.. .- ..... .: 



TA
B

LE
 

2 

kE
&

Tl
O

N
S 

O
F 

B
IS

(D
l-N

.B
U

TY
LS

TA
N

N
YL

TE
TR

A
C

A
R

B
O

N
YL

lR
W

 
. .

 . .
 . . 

_.
__

__
 

_.
.. _

__
_.

_ 
. ..

_.
.. _

 _.
...

...
 _ 
_.

 ,.
.._

..-
-..

_.
 

~‘
_.

,. 
. 

,
.
 

.
 

R
e
i
o
t
a
n
t
'
 

Pr
od

uc
t 

C
ol

ou
r, 

yl
al

d 
(lh

) 

PP
h3

 a
 

_,
__

...
__

 
.._

,“
_.

^ _
 ._

...
..,

 
,. 

. 
,I.

 
. . 

(B
u$

nF
e(

C
O

)jP
Ph

jl~
 

(1
11

) 
G

ol
de

n~
yc

llo
w

, 
34

 

Pb
2P

(C
JH

2)
3P

Pb
~ 

b 
{B

up
Sn

Fe
(C

O
)~

tP
Ph

,(C
rf

l)l
PP

hl
ljZ

 
(IV

) 
Ye

llo
w

, 
74

 

,,’
 

‘, 
: 

1.
” qo&

 
0 

,I,
., 

; 

; 
:]

 j. 
o(

o y
a,

 j d
 

I”
 

,,.
, 

j 

{B
u4

Sn
~F

e~
(C

O
)~

IP
(o

Ph
)~

l~
 

(W
 

{B
u

2s
n

F
s[

P
(O

M
e)

~l
r)

 
12

 W
I)

 

Pa
lo

 y
el

lo
w

, 
40

 

Y
el

lo
w

, 
65

 

58
.8

4 
(6

8.
18

) 
6&

G
 

8.
12

 
(6

,7
0)

 
(8

.3
4)

 
20

33
6,

 
10

02
m

(r
h)

, 
10

84
s,

 
1~

74
8,

10
67

vs
, 

19
40

w
(s

h)
, 

IB
lO

w
, 

16
84

m
. 

18
5O

w
 

’ 

45
,G

i-l
 

4,
71

 
20

38
s,

 
20

00
m

, 
’ 

(4
5,

41
) 

(4
.7

1)
 

1D
76

s(
sh

), 
10

7G
vs

e 

28
.0

0 
O

,O
Q

 
(3

0.
13

8)
 

(G
,E

8)
 

._
__

_ 
__

,_
 _ ,,
.. _

_ ._
.. ,.

 ..
__

 __
__

 . ..
_.

 _.
_ _

 . ..
_.

__
. 

_.
 ,,

. . .
__

_,
 _ 
.._

 .,.
. ..

_.
 _

.. .
._

...
...

 _.
...

 
,.^

. 
I_

 .,.
. __

. .
,..

...
 ..

__
__

.“
._

__
_ 

. . 
. . .

 _ 
. .

 . 
I”

 ..
_-

.. ~
..m

-,
__

__
._

 

‘. 
‘O

 I 
id

o
l. 

sp
u

lv
., 

8 
h

 In
 m

flu
xl

n~
dl

gl
ym

s.
 

b 
2,

b 
m

ol
, 

eq
ul

v.
, 

12
 I

I 
In

,re
flu

xl
ng

 
lO

G
-1

20
°C

 
pe

g 
et

hc
t. 

c 
2.

5 
m

ol
. 

cq
ul

v,
, 

4 
h 

at
 3

6”
C

, 
’ 

St
nr

(ln
g 

co
m

pl
ex

 
dl

as
ol

ve
d 

In
 

:, 
ne

xt
 

P(
O

M
s)

3,
6@

C
 

fo
r 

8 
h.

 e
 K

B
r 

di
m

. 
f 

C
yc

lo
hs

xa
ne

 
ao

lu
tio

n.
 

: 
: 

(‘,
Ji

, 
‘, 

,, 
‘, 

,’ 

‘. 
,, 

.;,
 

,::
 

2.
 

,:.
 

,’ 
,; 

: 

. _
 

1
..

 
.-

,.
. 

.,
. 

.,
 

. 
. 

. 
_

,.
. 

..
_

_
 

...
,..

...
...

r.
 

_ _
...

_ __
 ̂_

..,
._

_.
.._

., 
.._

._
- 

Po
un

d 
(c

td
c,

) 
u(

C
0)

 
(c

m
”‘

) 
--.

,_
 

_.
,. _

_.
-. 

._
._

 _
_-

---
 

C
 

II 
P 

..,
 

.._
. 

. ,
...

 _
 . . 

_.
_ ,.

. 
_.

-_
 y*

--
 

56
,6

7 
62

4 
10

70
a,

 
19

4O
W

 
(5

4.
84

) 
62

6)
 

19
2O

s,
18

00
m

(s
h)

, 
lS

7G
m

 
c 

:, .’ 
‘,,

. 
;,,

 
,,‘

/ 
,I .

: 
‘. 

;: 
,, - 

..-
 

-.
. 

- 
--

 
._

 -
. 

- 
- 

_ 
-.

 
-.

 
- 

.-
 

- 
._

 
- 

- 
_.

 -
 

- 
._

 
- 

_ 



183 

(iii) With dibutyltin oxide In a Carius tube at 90°C for 19 h, Bu$nO (230 
mg, 0.92 mmol) and Fe(CO), (3 g, 15 mmol) yielded CO (IR, 1.18 mmol), CO? 
(IR, 0.91 mmol) and pure [Bu,Fe(CO),], (353 mg, 0.44 mmol). Similar sealed 
tube reactions with ( R2SnS)s (R = Me or Bu) provided no evidence for the 
formation of either COS or CS, _ 

(iu) With triorganotin halides With tri-n-propyltin chloride, Fe(CO)s yielded 
an orange yellow solid from pentane with a complex IR spectrum (vC0, 
2078s, 2058(sh), 2049vs, 2030m, 2018s as well as several weak bands) tenta- 
tively attributable to the presence of a misture of (Pr,CISn)zFe(CO), and 
[Pr2SnFe(C0)4]2. Refluxing triphenyltin chloride in Fe(CO)s/diglyme for 24 h 
led only to recovery of unreacted halide. 

(u) With butyltin trichloride Short reflux (3 h) of a mixture of BuSnCl, (3.9 g, 
13.8 mmol) and Fe(CO), (15 g, ‘75 mmol) yielded a pale orange solid from di- 
chloromethane. Recrystallization (CHrCl,) gave bis(n-butyl-dichlorostannyl)- 
tetracarbonyliron (2.5 g, 3-8 mmol). (Found: C, 21.1; H, 2.6. C,,H,,Cl+FeO,Sn, 
talc.: C, 21.8; H, 2.7%). IR: vCO (CHCIX soln.), 213Ow, 2105vw, 206Os, 2035vs, 
2000~ (sh). v(Sn-Cl) (CsI disc), 325s, 305s cm-‘. Longer reaction times (17 h) 
yielded bright red, viscous oils. 

(vi) With uinyfstannanes Tributylvinylstannane with Fe(CO), afforded only 
dark oils following extraction with either pentane or CH&12 _ In refluxing Fe(COh 
tetravinyltin rapidly deposited an orange solid which yielded (pentane) yellow 
bis(divinylstannylt.etracarhonyliron) (ca 40%; Found: C, 28.6; H, 1.9. 
CI~HlzFezOBSn2 talc.: C, 28.2; H, 1.8%). IR (cyclohesane soln.) 2054s (sh), 1992vs 
cm-’ _ This complex rapidly darkened even in vacua to give a deep orange, pentane 
insoluble material. 

Reactions of bis(di-n-butylstannyitetracarbonyliron) (I, R = Bu) with organo- 
phosphines, -arsines, and -phosphites 

Reactions of I (R = Bu) with a variety of PRs, AsRX and P(OR)s ligands were 
investigated, mainly by refluxing the reactants in lOO-120°C petroleum ether 
or diglyme. While in all cases IR spectroscopy provided evidence for carbonyl 
displacement, isolation of pure products was generally difficult; some represen- 
tative analytical data are presented in Table 2. 
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