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Organometallic Chemistry 
30-Electron cationic iron- and cobalt-containing triple-decker complexes 

with a central cyclopentadienyl ligand. The first synthesis of the parent 
triple-decker iron complex 

with cyclopentadienyl ligands, [(q-CsHs)Fe(p-q :q-CsH5)Fe(q-CsHs)] PF 6 
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The parent 30-electron triple-decker iron complex with cyclopentadienyl [igands, 
[(q-CsHs)Fe(ta-rI:q-Cst|5)Fe(q-CsHs)]PF 6 (i), was prepared for the first time by visible- 
light irradiation of ferroccnc and [(ri-CsHs)Fe(q-C6H6)IPF 6 in CH2CI 2 at 0 ~ An 
analogous reaction performed with the use of (rI-CsHs)Co(q-C4Me 4) (2) instead of fer- 
rocene afforded the thermally labile 30-electron cationic iron-cobalt triple-decker complex 
[(q-CsIts)Fe(~-q:q-CsHs)Co(q-C4Me4)}PF 6. The latter reacted with compotmd 2 at 20 ~ 
to form the symmetrical 30-electron cationic dicobalt triple-decker complex [(q-C4Me4)Co(~t- 
q:q-C5Hs)Co(q-C4Me4)] PF6. 

Key words: sandwich compounds, triple-decker complexes, iron. cobalt, ferrocene. 

The first 34-electron triple-decker nickel complex with 
cyclopentadienyl  ligands, viz., [(~3-CsHs)Ni(Ia-rI:q- 
CsHs)Ni(q-CsHs)IX (X = BF 4 or PF6), was synthesized 
by Werner and Salzer in 1972.1,2 In 1987, we described 
the synthesis of the first 30-electron triple-decker com- 
plexes of the iron-group metals with cyclopentadienyl 
ligands, [(q-CsRs) M(p-rl:q-CsMes)M'(q-CsMes)l PF6, 3-5 
by the stacking reaction of the coordinatively unsaturated 
12-electron fragments [(q-CsRs)MI ~ (M = Fe, R = H; 
M = Rtt, R = H or Me) with decamethylmetallocenes 
M "(rl-CsMes) 2 (M" = Fe, Ru, or Os). These compounds 
contain at least two pentamethylated cyclopentadicnyl 
rin~s (the central ring atld one terminal ring), like the 
analogous contplexes [(q-CsMes)Ru(la-q:rI-CsHs)M(q- 
CsMes)]CF3SO 3 (M = Fe or Ru) (terminal rings), which 

have been prepared by Herberich and coworkers. 6 Tile sta- 
bility of the above-mentioned complexes of the iron-group 
metals is determined to a la~e extent by the presence of 
methyl substituents in the cyclopentadienyl rings. As t'or 
unsubstitttted (parent) 30-electron triple-decker complexes 
of this type, the possibility of  genera t ion  of the 
[(q-CsHs)Fe(I.t-q:q-CsHs)Fe(q-CsHs)I + cation from fer- 
rocene by electron impact has been demons'trated previ- 
ously by mass spectromet~'. 7 At the same time, the prob- 
lem of the chemical synthesis of the above-mentioned cat- 
ion remained unresolved. 

We found that the stacking reaction of the 12-elec- 
tron cationic fragment [(q-CsH 5) Fe] + with ferrocene in 
CH2Ch " produced the parent 30-electron triple-decker 
iron compound ! (Scheme I). 
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Scheme I 
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The {(q-CsHs)FeJ* fragment was generated in situ 
under visible-light irradiation of  tile corresponding ben- 
zene complex at 0 ~ Low temperature is essential for 
the successful synthesis of complex ! because the use of 
the same starting compounds even at 20 ~ afforded the 
ferrocenium cation [(q-Cs|-ls).~Fel +. It should be noted 
that the decamethylated derivative [(q-CsHs)Fe(la-q:q- 
CsMes)Fe(q_CsMes) ]PF 6 4 can be synthesized at room 
temperature, which indicates that it is more stable than 
compound 1. 

Complex 1 is an air-unstable blue solid, which can 
be stored under an inert atmosphere at -78  ~ A 
solution of  complex I in CH2CI;~ is stable at low tem- 
perature under an inert atmosphere but decomposes at 
room temperature in several hours to form paramagnetic 
products. More polar solvents rapidly decompose 1. 
Thus, the addition of acetonitrile to a solution of 1 in 
CH2CI 2 or to a solid specimen leads to the disappear- 
auce of the characteristic blue color due to the nucleo- 
philic replacement of ferrocene by solvent molecules 
(Scheme 2). 

Scheme 2 
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In the course of addition of acetoqitrile to a solution of 
complex I in CIt?CI 2 at 0 ~ the solution may turn 
~iolet, which is typical of tile trisacetonitrile cationic 
complex I(q-CsHs)Fe(MeCN)31L 8 However, the violet 
color rapidly dimq+pears due to disproportionation of this 
complex to form fcrrocenc and IFe(MeCN)6] ~+, which 
agrees with the proposed strttcture of  i as a triple-decker 
complex. It should be noted that the ferrocenium cation 

[(rI-CsHs)2Fe] +, which is also bhle, is rather stable in a 
MeCN solution. Therefore, the reaction with acetonitrile 
is a simple qualitative test for triple-decker complex 1. 
This reaction can be also used in the case of other 
unstable cationic triple-decker complexes and, in particu- 
lar, in the case of the i ron-containing compounds  
[(q-CsHs)Fe(~-q:q-CsMes)M(n-CsMes)JPF 6 (M = Fe, 
Ru, or Os), which we have prepared previously. 4 The 
addition of acetonitrile to these compounds also results 
in tile disappearance of tile typical bright color. However, 
the Ru 2- and RuOs-con t a in ing  c o m p o u n d s  
[(rI-CsR5)Ru(la-rFq-CsMes)M(rI-CsMes)]PF 6 (M = Ru, 
R = H or Me: M = Os, R = H) exhibit high stability'* 
and do not decompose under the action of  acetonitrile. 

Triple-decker complex 1 was also charactreized by 
the data of  elemental analysis as well as by ~H and 
13C{IH} NMR spectroscopy. The data of  elemental  
analysis indicate that compound 1 crystallizes with 
dichloromethane molecules. The ~H NMR spectrum of 
this compound (in CD2CI2) has the only singlet at ~5 
4.37 belonging to the CsH 5 protons along with a signal 
of the protons of  dichloromethane at 15 5.32. This sug- 
gests that the protons of  the terminal and central 
cyclopentadienyl rings are equally shielded. This fact, 
while surprising, does not contradict  the data for other 
iron-containing tr iple-decker complexes. For example, 
in [ ( r l -CsHs)  Fe(~-  q:q-C5 H5) Fe(q-C5 Mes)l  PF6, 
[ (q -CsHs)  Fe(~a-q:rI-C5 HS) Ru(q -CsMes) ]  P F6, and 
[(q-CsHs)Fe(la-q:rI-CsHs)Co(q-C4Me4)]PF~, (see be- 
low), the signals of the protons of tile terminal CsH 5 
rings are observed at 6 4.35, 4.52, and 4.53 and the 
signals of the protons of the central CsH 5 rings are 
observed at fi 4. t5, 4_22, and 4.39, respectively. [n these 
compounds, the signal of the protons of one ring is only 
slightly shifted with respect to that of the second one 
(0.14--0.30 ppm) .The  13C{IH} N M R s p e c t r u m o f c o m -  
pound 1 (in CD2Ch) has two singlets at 6 69.20 and 
52.48 with an integrated intensity ratio of 2 : 1, belong- 
ing to tile carbon atoms of  the terminal and central 
rings, respectively, along with signals of dichloromethane. 
These data agree well with the spectral data for the 
related methylated tr iple-decker  complexes of  the iron- 
group metals, viz., [ (q -CsRs)M(la -q : r I -CsMes)M' (q-  
CsMes)]PF 6 (M = re ,  R = H; M = Ru, R = H or 
Me; M" = Fe, Ru, or Os), 3,4 whose structures were 
confirmed by the data of  X-ray diffraction analysis of 
the Ru 2- and RuOs-containing derivatives. 4,5 

As part. of.contilming studies-of the reactivity of tile 
[(q-CsHs)FeJ + fragment with respect to sandwich com- 
pounds, we studied the reaction of  this fragment with 
the cobalt complex (q-CsHs)Co(q-C4Me4) (2), It was 
demonstrated that the attack of the cationic species 
[(q-CsHs)Fe] + .proceeds regioselectively on the five- 
membered ring of compound 2. Tile 30-electron cat- 
ionic iron-cobalt t r iple-decker complex 3 is formed as 
the primary reaction product (Scheme 3). 

This conlpound can be isolated in the pure form if 
the reaction is carricd out at 0 '~C. At higher tempera- 
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Scheme 3 
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ture (20 ~ c o m p o u n d  3 decomposes  with e l iminat ion 
of  the stable ferrocene molecule  and generat ion of  the 
12-electron [ (q-C4Me4)Co]  + cat ionic fragment. The lat- 
ter fragment enters into the stacking reaction with com-  
pound 2, which is present  in the reaction mixture,  to 
form symmetr ica l  30-e lec t ron  cat ionic  t r ip le -decker  
dicobalt complex  4 as the final product.  To prepare 
complex 4 in the pure form, the initial compouqd  2 and 
[ ( n - C s H s ) F e ( q - C 6 H 6 ) I P F  6 shottld be taken in a molar  
ratio of  >_2 : I. The  react ion is accompanied  by the 
transfer of  the cyclopentadienyl  ligand from cobal t  to 
iron. This process occurs  through in termediate  forma- 
tion o f  the thermal ly  labile t r ip le-decker  complex 3, 
which is conver ted  into complex  4 as a result of  the 
exchange of  ferrocene for 2. It should be noted that the 
l igand-exchange reactions play a significant role in the 
chemistry of  r t -complexes o f  transition metals. In the 
case under  considerat ion,  the molecules  o f  the sandwich 
compounds  (ferrocene and compound  2) act as ligands. 

Tr ip le -decker  complexes  3 and 4 are brightly colored 
solid compounds .  C o m p o u n d  3 is stable (both in the 
solid state and in solut ions in CH2CI 2) only at low 
temperature  t, nder  an inert a tmosphere.  Compou, td  4 is 
more stable but it slowly decomposes  in air. Triple-  
decker  complexes  3 and 4 were character ized by the 
data of  e lementa l  analysis and I H N M R  spectroscopy. 
The tH N M R s p e c t m m o f c o m p o u n d 3 h a s t w o s i n g l e t s  
at 8 4.53 and 4.39 belonging to the protons of  the 
terminal and central cyclopentadienyl  rings, respectively, 
and a singlet of  the protons o f  the methyl groups of  the 

C4M% ring at /5 1.31. The  II-I N M R  spec t rum of  sym- 
metrical compot,  nd 4 contains  only  two singlets, namely,  
a singlet of  the protons of  the centra l  CsH 5 ring at 8 4.44 
and a singlet o f  the protons o f  the  methyl  groups o f  the 
C4Me 4 ring at 8 1.47. The  IH N M R  spectral data for 
compounds  3 and 4 agree well with the data for o ther  
30-e lec t ron  t r ip le -decker  c o m p o u n d s  con ta in ing  the 
CsH56 or C5Me53-5 central  l igands,  which have been 
reported previously. 

To summarize ,  in the present  work we prepared new 
tr iple-decker  iron and cobalt  c o m p l e x e s  with a central 
cyclope, t tadienyl  ligand using the ca t ion ic  fragment  
I(q-QsHs)Fe] + in stacking react ions  with sandwich com-  
pounds. 

Experimental  

All operations were performed under an argon atmosphere 
with the use of anhydrous solvents freshly distilled under an 
inert atmosphere. The initial compounds [(q-CsHs)Fc(q- 
C6tt6)]PF6 9 and (q-CsHs)Co(rI-C4Me4) l0 (2) were pre- 
pared according to known procedures. The reactions were 
carried out in I5-mm Schlenk tubes upon cooling with ice. 
Irradiation was performed with the use o fa  DRL-250 lumines- 
cent lamp (250 W). 

The IH NMR spectra were recorded on a Bruker AMX- 
400 instrument. 

(ta-rl:rl -Cyelopentadienyl)bis[(rl -eyclopentadienyl)iron ] 
hexafluorophosphate, [ (q -CsI t5 )  Fe(l . t -q:q-CsHs) Fe(q-  
Cslts)]PF 6 (1). Dichloromethane (20 mL) was added to a 
mixture of [(q-CsHs)Fe(q-C6H6)IPF 6 (86 rag, 0.25 retool) 
and fcrrocene (93 mg, 0.5 retool). The reaction mixture was 
irradiated with visible light at 0 ~ for 1 h with intense stirring 
using a magnetic stirrer. The blue solution was concentrated at 
0 ~ m vacuo. The residue was washed several times with 
petroleum ether to remove an excess of ferroccne alld then 
dried in vacuo. Compound 1 was obtained as a blue solid in 
almost quantitative yield The product can be reprecipitated 
with petroleum ether from CH2CI 2. Found (%): C, 30.2; 
tt, 2.83. CIs|I21CI6F~Fe2P ( I - 3  CH2CI?). Calculated (%): 
C, 30.59; H, 3.00. IH NMR (CD2Cl2) , 8:4.37 (s, n-CsH 5, 
u-q:q-Cst[5). 13C{tH} NMR (CD2CI2) , 8 :69.20 (s, 10 C, 
q-CsH5); 52.48 (s, 5 C, p-q:q-CsHs).  

(la-,l : q -Cyelopentadienyl) [ (q -eyclopentadienyl)iron] [ (,1- 
tet ramethylcyelobutadiene)cobalt ] hexafluorophosphate, 
[ (q-CsHs)  Fe( la -q :q-CsHs)Co(q-C4Me4)  IPF 6 (3). 
DicMoromethane (20 mL) was added to a mixture of 
[(q-CsHs)Fe(q-C61to)IPF 6 (95 rag, 0.275 retool) and con> 
pound 2 (58 rag, 0.25 retool). The reaction mixture was irra- 
diated at 0 ~ for 2 h with intense stirring using a magnetic 
stirrer. The bright-red solution was concentrated to dryness, 
extracted with a 3/4 CH2CtJhexane mixture, and filtered into 
an equal volume of hexane. The precipitate that formed was 
filtered oft. All operations were carried out at 0 ~ Complex 3 
was obtained in a yield of 95 mg (-70%) as a red solid. Fotmd 
(%): C, 40.89; H. 4.40. CIs.51123CICoF~,FeP (3- 0.5 CH2CI2). 
Calculated (%): C, 41.10: H, 4.29. tlq NMR (CD2C12), ~: 
4.53 ts, 5 H, q-Cslt5); 4.39 (s, 5 I-t, la-q:ri-CsH5); |.31 ~.s, 
12 H, C,~Me4). 

(!a- q :q -Cyclopen tadienyl) bis [ (q - let ramethyleyelobuta - 
diene)cobalt] hexafluorophosphate, [(q-C4Me4)Co(~-rl:q- 
Csils)Co(q-C4Me4)]['Fe, (4). A mixture of [(q-Cslts)Fe(q- 
C~,tI,,)It'['-~, (86 rag, 025 retool) :rod compound 2 1128 rag, 
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0.55 retool) ill CH2CI 2 (20 mL! was irradiated at 20 ~ for 
2 h with intense stirring using a magnetic stirrer until the color 
of the solution changed from red to orange. The solution was 
filtered into hexane or ether (-100 mL) and the precipitate 
was reprecipitated with ether from CH2CI 2. Yellow-orange 
complex 4 was obtained in a yield of 109 rng (S0%). Found 
(%): C, 46.56: I-t, 5.54. C21ttzqCo2F6P. Calculated (%): 
C, 46.34; H, 5.37. lit NMR (CD2CI~), 6 : 4 . 4 4  (s, 5 H, 
la-q:n-CsHs); 1.47 (s, 24 H, C4Me4). 
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