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Abstract 

Three series (A, B and C) of homobinuclear and heterobinuclear diphosphine-bridged metal-ring carbonyl complexes containing in 
series A a diphosphine metal-metal bridge [(qx-ring,XC0)2MA-~-P;,-MB(C0)2(qY-ringB)1Z+ (ring, = C6H6, C,H,CH, or 
C,H,; ring, = C,H, or C,H,; M, = Mn or Fe; Mn = Fe; -P,-= Ph,P(CH,),PPh,, n = l(1, 2, 3, 41, in series B a diphosphine 
metal-ring bridge [(qX-ring,XCO),M,-P,-ero-(qY_‘-ring.)M,(CO),]’+ (ring, = CsH,, CsH,, C,H, or C,H,CH,; ring, = 
CsH7, C,H, or C,H,; M, = Mn or Fe; MB = Fe or Cr) and in series C a diphosphine ring-ring bridge [~-Pz-X(5-ero-q4- 
(C,H,)Fe(C0)3H(7ero-q6-C,H,~~CO)~)]2+ (x, y = 6,7;7,9) have been made by the facile reaction of suitably activated or 
substituted ring-metal carbonyl cations with various diphosphines. 

Key work Manganese; Iron; Chromium; Diphosphine; Carbonyl; Binuclear complexes 

1. Introduction 

Tertiary diphosphines such as the diphenyldiphos- 
phinoalkanes PPh,(CH,),PPh2 (n = 1, dppm; n = 2, 
dppe; n = 3, dppp; n = 4, dppb) normally bond directly 
via the phosphorus atoms to the metal atoms of 
organometallic molecules and frequently form strongly 
bonded metal dimers whose reactions with small 
molecules have been extensively investigated [l]. How- 
ever, we have shown recently that the above diphos- 
phines may react quite differently under mild condi- 
tions with a variety of metal carbonyl complexes of 7~ 
acids to give new structural types of diphosphine metal 
complexes [2-41 which include, firstly, exu ring adducts 
involving the bonding of only one phosphorus atom of 
the diphosphine to a ring carbon atom of the r-acid 
ligand, e.g. [(q4-C,H,-Se.ro-dppm)Fe(CO),1[BF41 and, 
secondly, diphosphine-linked ring-ring dimers, e.g. 
[(7,7’-exe-dppb){(q6-C,H ,)Cr(CO),),][BF,],. The 
structures of both complexes have been confirmed by 
X-ray crystallography [2,4]. 

We report here the synthesis of a wide range of 
homobinuclear and heterobinuclear metal-ring car- 
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bony1 complexes (I-XXIX) in three series which con- 
tain the following series A, the well-established diphos- 
phine bridged metal-metal structure 111; series B, 
diphosphine-linked metal-ring bridges; series C, 
diphosphine-linked ring-ring bridges. 

2. Results and discussion 

In general, direct reaction between two different 
ring-metal carbonyl cations [(q”-ring,)M,(CO),]+ and 
[qY-ring,)Ma(CO),]’ and a diphosphine (-P,-X-P,- 
= PPh,(CHr),PPh, (n = 1, dppm; n = 2, dppe; n = 3, 
dppp; n = 4, dppb)), which is essentially a self-assembly 
type procedure, was unsuccessful in the absence of 
some activating procedure. In order to promote reac- 
tion under mild conditions, it was found necessary first 
to replace one carbonyl group of one cation by a 
monodentate bonded diphosphine to form [(qx-ring,) 
M,(CO),(q’-P,-)I+ and then to replace one carbonyl 
group of the second cation by a labile group such as 
tetrahydrofuran (THF) to form [(q Y-ring n)M ,(CO), 
G’I-IF)I+. Reaction of these substituted ring-metal car- 
bony1 complexes then proceeded rapidly at room tem- 
perature to give binuclear diphosphine metal-metal 
bridged cations [(q”-ring,XCO),M,-k.-P,-M,(CO),- 
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I BF4 (a) 

1 OC 
. ..a[ A PPh,(CH,),Ph,P 

b 

Scheme 1. 

(qY-ring,)]*+ (Scheme l(a)), both homonuclear and 
heteronuclear, depending on the nature of M, and M, 
(method 1). 

In some cases, the metal-metal bridged complexes 
may be prepared by activation of only one of the 
starter cations, e.g. by the synthesis of [(q5-C5H5- 
Fe(CO),(THF)]+, and allowing it to react by a self-as- 
sembly route, with another ring-metal carbonyl cation, 
e.g. [(q5-C,H,)Fe(CO),]’ in the presence of a diphos- 
phine (method 2 and Scheme l(b)). Similarly, direct 
reaction of [(rl”-ringA)MA(CO),(rl’-P2)]+ with [(qy- 

ring,)M,(CO),]+ can also be used in some cases 
(method 3). By these various routes, a range of binu- 
clear diphosphine metal-metal bridged complexes (I- 
XI) was prepared (Table 1). 

The ring-metal diphosphine-bridged complexes 
(series B) (XII-XXV may be prepared by a modified 
self-assembly-type reaction between a ring-metal car- 
bony1 complex containing a labile ligand [(q*- 
ring,)M,(CO),QHF>l’, the cyclodienyl iron tricar- 
bony1 cations [(q5-C,H,>Fe(CO),]’ (x, y = 6, 7; 7, 9), 
and a diphosphine (method 4 and Scheme 2(a)). Alter- 

(b) (n = l- 3) 

IWz 

Scheme 2. 
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natively, reaction between [(qlX-ring,)M,(CO),(q’- 
P2)]+ and the cyclodienyl iron tricarbonyl cation may 
be used (method 5 and Scheme 2(b)). 

Finally, the ring-ring diphosphine-bridged dimers 
(series C) XXVI-XXIX may be prepared simply by 
direct assembly between [(q’-C7H7)Cr(CO)J, the cy- 
clodienyl cations [(q5-C,H,)Fe(CO),]’ (x, y = 6, 7; 7, 
9) and the appropriate diphosphine, PPh,(CH,),PPh, 
(n = 3, dppp; n = 4, dppb) (method 6 and Scheme 3). 
We now consider each series in turn. 

2.1. Series A: diphosphine metal-metal bridged dimers 
(z-D3 

A series of the complexes [(qx-ring,(CO),MA-u- 
P,-M,(CO),(qY-ring,)]*’ containing cyclopentadienyl, 
indenyl and benzene rings with M,, Ma = Mn or Fe in 
various combinations were prepared by the general 
routes discussed above (see Section 3 for details). Ana- 
lytical and spectroscopic data given in Tables 1 and 2 
support their formulation as diphosphine-linked 
metal-metal dimers. For example, two of the IR car- 
bony1 stretching frequencies of [(q6-CgH&Ha) 
(CO),Mn(~-dppp)Fe(Co),(rlS-C,H,)I[PF,I[l (I% 
which appear at 2054 and 2004 cm-‘, are close to 
those for [(q5-C,H,)Fe(CO),(q’-dppp)l[BF,l [51; an- 
other two, at 2004 and 1956 cm-‘, are close to those 
for [(q6-C,H,CH,)Mn(Co),(rl’-dPPP)l[PF61 161. 

The ‘H NMR spectrum gives clear support for re- 
tention of the hapticities of both ring, and ring. in IV 
(Table 2). Thus the cyclopentadienyl ring shows a dou- 
ble doublet at 6 = 5.15 ppm and the toluene protons 
appear as a doublet of doublets for H(2,6) at 6 = 5.36 
ppm, a doublet of triplets for H(3,5) at S = 5.9 ppm 
and a doublet of triplets for H(4) at 6 = 5.5 ppm. 
Similarly, the 13C spectrum is consistent with retention 
of hapticity by both rings, with the absence of any 13C 
resonance due to a carbon atom to which phosphorus 
is bonded which would result in a typical splitting with 
J(C-P) = 30-40 Hz. 

The 31P NMR spectrum (Table 1) provides the most 
conclusive evidence, showing a resonance at 6 = 66.9 
ppm due to the phosphorus bonded to the manganese 

Scheme 3. 

(n=3-4) 

atom, a value very close to that of S = 67.2 ppm found 
for [(q6-C6H,CH3)Mn(CO)2(q1-dPpp)l[PF61 [61, and a 
second resonance at 6 = 57.9 ppm due to phosphorus 
bonded to the iron atom, a value close to that of 
6 = 60.3 ppm for [(q’-C,H,)Fe(CO),(qi-dppp)l[BFJ 
[5]. Resonances due to a phosphorus atom bonded to a 
ring carbon atom that appear around the region of 
6 = 20-30 ppm and exhibit a clear splitting due to P-C 
coupling (Jr_, = 30-40 Hz) and those due to a pen- 
dant P which occur around 6 = -30 ppm are clearly 
absent in the case of IV and other members of series A 
(I-XI), whereas they are present in the case of com- 
pounds of the series B (XII-XXV) and series C 
(XXVI-XXIX). 

2.2. Series B: Diphosphine bridged metal-ring complexes 
(xlz-xxy) 

As for series A, NMR spectroscopy is the most 
informative spectroscopic technique for elucidating the 
structures of series B. Thus, in general, the ‘H NMR 
spectra of the cations of series B complexes [(q’- 
ring,)M,(CO)2(PPh2(CH2~~PPh2)-e.ro-(qy~1-ring,) 
Ma(CO)J*+ (ring,= C,H,, C,H, CH, or C,H,; 
ring. = C,H,, C,H, or C,H,; M, = Fe or Mn; Ma = 
Fe or Cr; n = 1, 2, 3, 4) (XII-XXV) are similar to those 
of their constituent mononuclear parts. For example, 
the ‘H NMR spectrum of [(q6-C6HsCH3)Mn(CO), 
(dppmXeU+q4-CgH7)Fe(CO)31[PF61[BF41 (XXIV) (Ta- 
ble 2) is very similar to that of [(q6-C,H,CH,) 
Mn(CO),(q’-dppm>][PF6] [6] and [(q4-C6H7-5-exe- 
dppm)Fe(CO),][BF,] [3]. In particular, H(5) (C,H, 
ring) appears as a double triplet at 6 = 3.9 ppm (Jr,_, 
= 7.2 Hz) close to the values for the dppm ring adduct 
of [(C,H,)Fe(CO),]+ [3]. Similarly, C(5) appears at 
S = 33.7 ppm with Jr_, = 33.3 Hz. Finally the 31P 
spectrum (Table 1) provides clear evidence for a 
metal-ring diphosphine bridge, with resonances at S = 
74.1 and 6 = 27.1 ppm due to phosphorus bonded to 
the manganese centre and phosphorus bonded to C(5) 
of the C,H, ring respectively. These values are very 
close to, but not identical with those for the parent 
mononuclear compounds. The differences in 6 values 

1 IBF,I, 
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TABLE 2. ‘H and 13C NMR spectra data for selected binuclear diphosphine ligand complexes 
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Complex Chemical shift 

6 (porn) 

Assignment 

Series A: diphosphine metal-metal bridged dimers (IV) 

Series B: diphosphine bridged metal-ring complexes (XXIV) 

[(~6-C6HsCH3)Mn(CO),(dppmXsro-~4-C6H,)Fe(CO),~FF6XBF4l a 7.50 (br) 

5.45 (br) 

5.61 (br) 

5.96 (br) 

2.75 (br) 

4.65 (br) 

5.10 (t) 

2.50 (br) 

3.90 (dt) 

1.51 (br) 

2.24 (br) 

Not clear 

2.32 (br) 

223.00 (d) 

211.00 (s) 
131.00 (m) 

118.00 (s) 

102.00 (s) 

97.00 (s) 

94.00 (s) 

59.65 (s) 

85.50 (s) 

86.20 (s) 

50.60 (d) 

33.70 (d) 

26.50 (s) 

24.15 (br) 

19.60 (s) 
Series C: diphosphine bridged ring-ring complexes (XWTI) 

[{PFh~(~,)4PPh,){(5-exo-~4-C6H,)Fe(CO)3~(7~o-q6-C,H,~~CO)3}~BF4]~ b 7.65 (m) 
3.07 (br) 

4.96 (br) 

5.30 (br) 
2.89 (br) 

3.61 (br) 

1.82 (br) 
2.62 (br) 

7.45 (ml -C,H, (phenyls) 

5.90 (dt) H (3,5) 
5.36 (dt) H (2,6) 
5.52 (dt) H (4) 
5.15 (dt) C5H5 

2.80 (s) CH3 

2.69 (dq) c&(a) 

2.53 (dq) cH,-C?/) 

1.14 (m) CH,-(PI 

223.00 (d) Mn-CO 

210.73 (d) Fe-CO 

131.97 (m) -C,H, (phenyls) 

116.09 (s) C(l)-CH, 

101.60 (d) C(2,6) 
97.80 (d) C(3,5) 
97.20 (d) C(4) 
89.40 (d) CsHs 
33.80 (m) -CH2(u,y) 
20.74 (d) CH,@) 
20.27 (s) CH3 

-C,H, (phenyls) 

H(4) (C,H,CH,) 

H(3,5) (C,H,CH,) 
H(2,6) (C,H,CH,) 
H(l) (C,H,) 

H(2) (C,H,) 

H(3) (C&f,) 
H(4) (C,H,) 

H(5) K,H,) 

H(6),,, (C,H,) 

f-w&d, (C,H,) 

CHz 

a3 

Mn(C0) 

Fe(C0) 

-C,H, (phenyls) 

C(l)cH, (C,H,CH,) 

C(2,6) (C,H,CH,) 
C(3,5) (C,H,CH,) 
C(4) (C,H,CH,) 
C(1) (C,H,) 
C(2) (C,H,) 
C(3) (C,H,) 
C(4) (C,H,) 
C(5) (C,H,) 
C(6) (C,H,) 

CH2 

CH3 

Phenyls 

H(l) (C,H,) ring 
H(2) (C,H,) ring 
H(3) (C,H,) ring 
H(4) (C,H,) ring 
H(5) (C,H,) ring 
H(6kro (C,H,) ring 

H(6)endo (C,H,) ring 
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TABLE 2 (continued) 
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Complex Chemical shift 
6 (ppm) 

3.12 (br) 

Assignment 

H(1.6) (C,H,) ring 
4.84 (br) Hi215j (C,H,) ring 
5.58 (br) H(3,4) c&H,) ring 
5.54 (br) H(7) (C,H,) ring 
2.65 (br) -CH, (a, S) 
1.46 (br) -CH, (B> Y) 

54.28 (s) C(l) (C,H,) ring 
85.43 (s) C(2) (C,H,) ring 
85.91 (s) C(3) (C,H,) ring 
51.37 (s) C(4) (C,H,) ring 
31.49 (d) C(5) (C,H,) ring 
26.87 (s) C(6) (C,H,) ring 
59.05 (s) CU,6) (C,H,) ring 
97.13 (s) C(2,5) (C,H,) ring 

103.59 (s) C(3,4) (C,H,) ring 
35.59 (d) C(7) (C,H,) ring 
22.41 (m) -CH, (a,6) 
16.99 (m) -CH, 0%~) 

a Solvent acetonitrile. b Solvent dichloromethane. 

for XXIV (S = 74.1 ppm) and the parent (6 = 70.4 
ppm) for P bonded to Mn when compared with those 
for P bonded to a ring carbon atom (XXIV 6 = 27.1 
ppm; parent, 6 = 31.7 ppm) suggest that there is more 
donation from P to Mn in the metal-ring dimer than in 
the parent cation and slightly less donation from P to 
C(5); however, this is not a general trend, and in the 
case of dppe, dppp and dppb, which do not form 
mono-ring adducts with the parent cyclodienylium iron 
tricarbonyl cations [3], comparison must be made with 
the corresponding symmetric diphosphine-bridged 
ring-ring dimers [31. In these cases, the differences 
between values of 6, for P-C(5) in series B and those 
for corresponding ring-ring dimers depend on the 
chain length of the diphosphine, sometimes being posi- 
tive (dppp) and sometimes negative (dppe). 

2.3. Series C: Diphosphine bridged ring-ring complexes 
Cxxw-xxzx) 

Four of these complexes (XXVI-XXIX) were ob- 
tained by a self-assembly route based on reaction of 
the Kq’-C,H,)cr(CO),l+ cation with one of the cyclo- 
dienyl iron tricarbonyl cations [(q’-(C,H,>Fe(CO),]+ 
(x, y = 6, 7; 7, 9) and either dppp or dppb. Analytical 
and spectroscopic data are given in Tables 1 and 2. 
Again, as with series B, the spectroscopic properties 
are very similar to, but not identical with, those of the 
corresponding symmetric homonuclear diphosphine- 
bridged ring-ring complexes of iron 131 and chromium 
[4]. For example, [{dppb)( 5-exe-q4-C,H,)Fe(CO),K7- 
exe-q6-C7H7)Cr(CO),I][BF41, (XXVII) shows v(CO) 
stretching frequencies at 2057, 1991, 1931 and 1900 

cm-‘, which are close to those for the Fe(CO), moiety 
in [(5,5’-e.xo-dppbXq4-C6H7)Fe(CO)Jz][BF4]z (~co = 
2056 and 1986 cm-‘> [3] and the Cr(CO), moiety in 
[(7,7’-exo-dppbX(q6-C7H,>Cr(Co),),l[BF4]~ [4]. Simi- 
larly, the ‘H and 13C NMR spectra are very similar to 
those of the analogous symmetric ring-ring dimers. 
For example, C(5) (C,H, ring) in XXVII appears as a 
doublet at 6 = 31.5 ppm with J,_, = 39.7 Hz com- 
pared with 6 = 31.2 ppm with Jr_, = 37.1 Hz in [(5,5’- 
exo-dppb)((q4-C6H7)Fe(C0)3121[BF412 [31 and 
C(7XC,H, ring) at S = 35.6 ppm (doublet) with J,_, 
= 30.1 Hz compared with 6 = 34.1 ppm (doublet) 
with Jr_, = 30 Hz in [(7,7’-exe-dppbX(q6-C,H,) 
Cr(CO>,},][BF,], [4]. Finally, the 31P NMR spectra 
again provide the most convincing evidence for diphos- 
phine-linked ring-ring dimers in series C, with in each 
case two distinct resonances, one in the region 20-22 
ppm due to a phosphorus atom bonded exe to the C(7) 
atom of the C,H, ring 141 and one in the region 30-32 
ppm due to a phosphorus atom bonded exe to the C(5) 
atom of the C(6) and C(7) cyclodienyl rings 131. No 31P 
resonances due to phosphorus atoms bonded to a 
metal centre were observed, in contrast with series A 
and B. 

Finally, it should be noted that in a number of the 
above diphosphine-linked dimers the 31P signals are 
split within the range lo-40 Hz. In some cases the 
splittings are unequal at the two phosphorus atoms; 
clearly the splittings are not due to mutual phosphorus 
coupling as in a typical mononuclear cation such as 
[(qS-C,H,)Fe(CO),(q’-dppe)l[BF,] where Jr, = 39.7 
Hz [7]. We consider that the 31P splittings observed in 
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a number of these complexes arise from conforma- 
tional isomerism. Further studies are in progress to 
elucidate the nature of this isomerism. 

3. Experimental details 

Solvents were freshly dried by standard methods. 
All reactions and work-up were carried out under high 
purity nitrogen. Tertiary diphosphines (dppm, dppe, 
dppp and dppb) (n = 1, 2, 3 and 4, respectively) were 
purchased from suppliers and used without further 
purification. IR spectra were measured using a 0.1 mm 
CaF, cell on a Per&-Elmer 1720 FI spectrometer 
linked to a 3700 data station. rH, i3C and 31P NMR 
spectra were recorded on a JEOL GX270 spectrome- 
ter. Analyses were performed by the Microanalytical 
Laboratory of the Chemical Services Unit of University 
College Dublin and are given in Table 1 together with 
the IR carbonyl stretching frequencies of the new 
compounds. Published methods were used for the 
preparation of the starter cations [6-111. 

Typical preparations are as follows. 

3.1. Series A 

3.1.1. (Preparation of [(q’-C6HsCH3)it4n(CO),(p- 
dppp) (CO), Fe(q’-C5 H,)l[PF61[BF,l (IV): method 1 

(Toluenejmanganese bis(diphenylphosphino)pro- 
pane dicarbonyl hexafluorophosphate (0.3 g, 0.29 mmol) 
was treated with cyclopentadienyl iron dicarbonyl te- 
trahydrofuran tetrafluoroborate (0.2 g, 0.59 mmol) in 
acetone (50 ml> at room temperature under nitrogen. 
The reaction was monitored by IR spectroscopy until 
the carbonyl stretching peaks of the starting cation 
[q5-(C,H5)Fe(C0)2THF]BF4 had disappeared (9 h). 
The addition of ether led to precipitation of the prod- 
uct as yellow crystals (68% yield). The product is stable 
under nitrogen at 0°C. 

3.1.2. Preparation of [(q5-C9H,)Fe(CO),(p-dppb) 
(CO), Fe(q ‘-C, H,)I[BF,], OW.Ik method 2 

Reaction of a 1: 1: 1 molar ratio of [(q5-C,H,) 
Fe(CO),]BF, (0.3 g, 0.87 mmol) with [(q5-C&H,> 
Fe(CO),THFlBF, (0.34 g, 0.88 mmol) and bis(dipheny1 
phosphinolbutane (0.29 g, 0.86 mm011 in acetone (50 
ml) at room temperature under nitrogen gave the 
metal-metal dimer [(q5-CgH,)Fe(CO)&-dppb) 
(CO),Fe(q5-C,H,)][BF,],. The reaction was moni- 
tored by IR spectroscopy until conversion into the 
desired complex was complete (4 h). The solution was 
then filtered, and addition of ether precipitated the 
final product as yellow crystals (70% yield). The prod- 
uct is stable at room temperature. 

3.1.3. Preparation of [(q6-C6H6)l!!n(CO)&dppe) 
(CO),Fe($-C, H,)][PF,][BF,](LX): method 3 

A mixture of benzene manganese bis(diphenylphos- 
phino)ethane tetrafluoroborate (0.4 g, 0.4 mm011 and 
indenyl iron tricarbonyl trafluoroborate (0.14 g, 0.41 
mm011 in acetone (50 ml) was stirred at room tempera- 
ture under nitrogen until conversion was complete, as 
shown by IR spectroscopy (12 h). Filtration of the 
solution and addition of ether precipitated the product 
as yellow crystals (67% yield). 

3.2. Series B 

3.2.1. Preparation of [(q’-C,H,)Fe(CO), fdppp)(exo- 
q4-C6H,)Fe(CO),/[BF4BF,], (xrrr): method 4 

A mixture of [(qS-C,H,)Fe(CO)ZTHF]BF, (0.3 g, 
0.89 nrmol), [(q5-C6H,lFe(CO),]BF, (0.273 g, 0.89 
mm011 and bis(diphenylphosphinolpropane (0.37 g, 0.89 
mm00 in a 1: 1: 1 molar ratio in acetone (50 ml) was 
kept at room temperature under nitrogen until conver- 
sion into the desired complex was complete, as shown 
by IR spectroscopy (6 h). The solution was filtered, and 
addition of ether precipitated the product as yellow 
crystals of the diphosphine-bridged ring-metal dimer 
[(q5-C5H5)Fe(CO)Z(dppp)(eXo-q4-CsH ,)Fe(CO),l 
[BF412 (74% yield). The product was stable for several 
months under nitrogen at 0°C. 

3.2.2. Preparation of [(q6-C6 H,CH,)Mn(CO), 
(dppm)(exo-q4-C6H7)Fe(CO~,]~PF6~~BF41 (XXIV?: 
method 5 

A mixture of [(q6-C6H,CH3)Mn(CO),]PF, (0.3 g, 
0.79 mmol) and bis(diphenylphosphinohnethane (0.31 
g, 0.80 mmol) in acetone (50 ml) was kept at room 
temperature under nitrogen until conversion into [(q6- 
C6H,CH31Mn(CG),(q1-dppml][Pl?~] was complete, as 
confirmed by IR spectroscopy. The salt [(q5- 
C,H,)Fe(CO),]BF, (0.24 g, 0.79 mmol) was then added 
and the reaction monitored by IR spectroscopy until 
the carbonyl stretching peaks of [(q’-C,H,>Fe(CO>,] 
BF, had disappeared (30 min). The addition of ether 
then precipitated yellow crystals of the diphosphine- 
bridged ring-metal dimer [(q’-C,H,)Mn(CO),(dppm) 
(exe-q4-C,H,)Fe(CO),][PF,][BF,] (68% yield). 

3.3. Series C 

3.3.1. Preparation of [(dppb){(5-exe-q4-C,H,)Fe 
(CO),}{(7-exo-q6-C,H,)Cr~CO),}I~BF,l, CKWII~: 
method 6 

A mixture of [(q5-C,H,)Fe(CO>,]BF, (0.5 g, 1.6 
mmol), [(q’-C,H,)Cr(CO>,lBF, (0.5 g, 1.6 mmoll and 
bis(diphenylphosphino)butane (0.69 g, 1.6 mmol) (in 
acetonitrile (50 ml) was kept at room temperature 
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under nitrogen until complete conversion had oc- 
curred, as shown by IR spectroscopy. The solution was 
filtered, and addition of ether precipitated the product 
as salmon-pink crystals. These were filtered off and 
recrystallized from dichloromethane-hexane to give a 
78% yield of the ring-ring dimer [(dppb){(5_exo-q4- 
C,H,)Fe(CO),M7_exo-q6-C,H,)Cr(CO),)I12. 
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