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SUMMARY 

The reaction of (n5-C5HS)Co(CO)2 and diferrocenylacetylene has been 

shown to produce the mixed sandwich complex (n5-cyclopentadienylj(n4- 

tetraferrocenylcyclobutadiene)cobalt in 83% yield. A similar reaction 

between (n5-C,H,jCo(CO), and ferrocenylphenylacetylene produces two 

structural isomers, (rl5-cyclopentadienyl)(n4-l,2-diferrocenyl-3,4-di- 

phenylcyclobutadiene)cobalt and (s5-cyclopentadieny1)(n4-1,3-diferrocenyl- 

2.4-diphenylcyclobutadiene)cobalt. in 78% combined yield. The structures 

of these two products have been inferred from proton NMR and mass spectral 

studies, and unequivocally established by means of a single crystal X-ray 

diffraction investigation of the latter isomer- 

(n5-cyclopentadienylj(n4-1 ,3-diferrocenyl-2.4-diphenylcyclobutadiene) 







4 s 6 

thus indicate that steric factors which may be operative in earlier 

attempted cyclotrimerization reactions of (2) with metal carbonyls are 

not bf signif;cant,importance in the cyc’iodimerization of (3) to form (4), 

a process which may involve cobaltacyclic intermediates. 2,74 

The high stability of (t), which may be regarded as a “super-sand- 

4 
wich” Complex composed of four ferrocenyl and one n5-cyclopentadienyi-n.- 

cyc7obutadienecobalt units, is indicated by the intense molecu7ar ion in 

the mass spectrum of (4). The intensity of this peak dwaris all others, 

although 7ow intensity peaks representing losses of C5HgCo, (CgH5)2Fe, 

acety’lene (31, the cyclobutadiene moiety C4(C10HgFe)4, etc., are also 

clearly evident and serve to confirm the structure of (4). The proton 

f@iYFiR spectrum of (4) contains absorptions for CgHgCo, CgH5Fe and CgH4Fe 

fiydrogens whose mu7 tip7 ici ties, relative intensities and chemical shift 

values are likewise in accord with the proposed structure. The aromatic 

reactivity of (4) and comparisons with related systems are currently 

under investigatjon. 

As noted earlier, the interaction of an unsymmetrical acetylene such 

es (2) with (1) can theoretically produce two structurally isomeric cyclo- 

butadiene comp7eXes. such as the 1,3_diferrocenyl isomer (5) and the 7,2- 

diferrocenyl isomer (g).* As in previous studies involving unsymmetrical 

*These type products are more appropri’ately referred to as structural 

isomers rather than geometrical isomers. Earlier references to such 

products as “trans”. and “cis” isomers therefore represents -incorrect usage 

and terminology. 
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acetylenes ; 3-6 both isomers (2) and (15) could in fact be obtained in a 78% 

combined yield from the reaction of (I) and (2) in refluxing‘xylene. Se- 

paration of (5) and (6) was achieved by fractional crystallization from 

hydrocarbon solvents, the more symmetrical isomer (5) being appreciably 

less soluble than (6).* 

The proton NMR spectra of (5) and (6) are consistent with the pro- 

posed structures. The major differences in the two spectra occur in 

resonances representing the substituted cyclopentadienyl ring protons, 

which occur as a single A2B2 pattern for (z), and a less symnetrical 

pattern for (6), as have previously been noted.15’16 

Further support for the structural assignments for isomers (5) and 

(6) arises from a consideration of their mass spectra. Intense molecular 

ions were observed Sn both cases, again attesting to the high stability 

of such cyclobutadiene complexes derived from ferrocenylacetylenes. As 

in the case of earlier studies on isomeric cyclobutadiene complexes 

5 arising from the reaction of (1) with phenyltrimethylsilylacetylene , 

however, mass spectral cracking patterns have proved valuable in struc- 

tural assignments. Thus, the mass spectrum of (6) exhibited a major 

peak at m/e 410, representing loss of (2) from the molecular ion, as 

well as equally intense peaks at m/e 344 and 289 due to further fragmen- 

tation of the (M - CloH9FeC2C6H5+) ion by 

C5H5Fe units, respectively. In addition, 

corresponding to the losses of (3) and of 

molecular ion, were also clearly evident, 

acetylenes themselves at m/e 394 and 178, 

additional losses of C5H6 and 

peaks at m/e 518 and 302, 

diphenylacetylene from the 

as were ions representing the 

respectively. Assumin9 that 

and (n5-C5H5)Co(PPh3)2. 15,16 Struc- 

*Complexes (5) and (6) have independently 

Yamazaki from a reaction between (2) 

tural assignments were inferred from 

with our assignments based upon mass 

ations. 

proton NMR data, and are in agreement 

spectral and X-ray diffraction consider- 

been obtained by Yasafuku and 



~..a.~~$o~:f&~&~tSon p&&y of..cyclobutadi.%tie-met&l. &mpl&&s~ is .-or& .I = ;- 
. . . _:-- 

*ich proc&ds~.via:losses-uf acetylenes_fr&r~the molec~l~r.ionJ-.then~ali ., -.’ 

.the .ions observed above might be anticipated .in the masse spectrumof. _I.. 

(6) 2,4,17.. . ._ 
:_- ..- 

The mass spectral cracking pattern of (2) also exhibited major peaks 

at m/e 410,:344 and‘289;representing losses of (2) and subsequent frag- 

ments from the molecular ion, as well as an .intense peak representing the 

acetylene (2) at m/e 286. -In contrast to the. spectrum of (6), however, 

peaks due to losses of the syrrketrical acetylenes (3) and diphenylace- 

tylene as well as peaks due to-the acetylenes themselves were totally 

absent. Assuming that rearrangement of the tetraarylcyclobutadiene 

moiety does not occur before fragmentation, the mass spectral resu7t.s 

for (2) are therefore completely consistent with its assignment as the 

more smetricai isomer. 

Crystallographic Considerations 

In order to unequivocally assign the-structures of isomers (5) and 

C$. and to obtain meaningful molecular parameters relating to the assumed 

4 n -cyclobutadiene ring system, a single crystal X-ray diffraction investi- 

gation of the more crystallizable isomer (5) was subsequently undertaken. 

Table I contains the positional and anisotropic thermal parameters 

for the non-hydrogen atoms_ Isotropic temperature factors for the hydro- 

gen atoms and solvent carbon atoms are given in Table II. A table of 

structure factors is available from the editor’s office.* Figure 1 shows 

the numbering scheme used in the tables,.while Figure 2 illustrates the 

molecular configuration and thennal motions 19 
of the subject compound. 

(Continued on p-254) 

*The table of structure factors has been deposited as NAPS Document 
No. 03225 (32 pages). Ortier from ASIS/NAPS, c/o Microfiche Publications, 

-P-O. .Box 3513, Grand: Central Station; New York,. N.Y. 10017; ~A copy may 
be secured by citing the document number, remitting $8.00.for photo- 
copies .or $3.00~ for microfiche. -Advance payment .is. required. Make checks 
payable to Microfiche Publications. Outside the United States and Canada, 
postage is 53.00 for a photocopy and 91.00 for a fiche. 
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Fig. 7. Perspective view of compound 2 showing the numbering 
scheme used in the Tables. 

Fig. 2. ORTEP view of compound 5 with thermal ellipsoids at 
the 50% probability level. 





C
l9

 
8.

17
67

(2
3 

O
,5

23
4(

1)
 

8,
27

19
(l

) 
0.

@
62

(2
, 

L
1.

00
27

61
 7

 
O

.L
36

13
4(

 4
 -

o.
eo

oa
c~

~ 

c2
0 

O
.U

%
?5

(2
) 

O
.5

48
3(

1)
 

0,
24

38
(I

) 
O

,9
05

6(
2)

 
8.

06
3l

M
t 

8 
0.

8O
21

0(
 

5 
0,

!3
oo

;?
cy

, 

C
2l

 
0,

5i
’5

0(
2)

 
(3

,0
62

1(
l)

 
0.

2I
B

D
(l

) 
a.

go
s;

rc
 

I)
 

0,
00

23
2(

 
7 

13
.0

13
12

9(
 4

 -
0,

00
09

C
?,

 

c2
2 

0,
7(

19
0(

2)
 

D
,B

G
99

(1
) 

!3
.2

39
7(

1)
 

0.
 t

JO
57

i2
) 

0.
08

%
36

~ 
7 

O
,O

Q
13

3(
 

4 
-0

,K
lO

Y
G

g 

C
23

 
Q

.6
77

3(
2)

 
8.

13
11

(l
) 

0,
29

03
(1

3 
13

.I
!Q

54
( I

) 
b.

00
23

6(
 

7 
O

,B
O

l2
6(

 
4 

-0
,0

@
32

(2
$ 

C
24

 
0,

54
,2

5(
2)

 
c1

.1
21

9(
1)

 
0,

%
69

9(
l)

 
Q

.E
j0

56
(2

) 
8,

00
21

9(
 

6 
0,

00
13

3(
 

4 
-O

,Q
E

@
i’

c2
,, 

C
25

 
0.

74
77

(2
) 

13
.1

63
4(

l)
 

0,
35

08
(I

) 
O

.O
Q

59
(2

) 
fj

.Q
02

27
( 

7 
0,

00
13

6(
 

4 
0.

00
03

(2
,, 

C
2G

 
0.

85
78

(2
) 

@
.2

09
B

( 
1)

 
O

,s
l7

5i
 

I)
 

8,
G

jO
68

(2
:, 

ij
.0

02
97

( 
8 

8.
11

13
15

2(
 5

 -
d,

bL
llO

(~
) 

C
27

 
0.

92
62

(2
) 

O
.2

32
5(

2)
 

0,
4(

16
2(

I)
 

D
,(

$0
69

(2
, 

9,
00

35
1(

 
9 

O
.8

02
23

( 
6 

~0
,0

02
2C

~,
 

C
28

 
0.

88
56

(3
) 

E
l,2

11
 l(

2)
 

0,
46

85
(l

) 
e.

ql
el

c2
) 

fj
.0

8?
94

(1
0 

M
.O

01
76

( 
5 

-8
,0

13
07

(?
) 

c2
9 

0,
77

56
(3

) 
O

.l6
60

(2
) 

0,
47

2G
(l

l 
O

,I
!l

O
A

(3
1 

8.
0[

ld
SG

~ 
I I

 
0.

(3
13

13
8(

 5
 -

a*
ol

3l
.?

q)
 

C
JO

 
0,

70
’7

3(
2)

 
O

. 1
42

7m
 

B
,r

ll4
l(

l)
 

B
.Q

07
6(

2)
 

g.
aa

,?
e;

il 
9 

O
.O

O
l5

5(
 

5 
-0

.w
ll9

(2
1 

C
3l

 
rJ

.5
99

1(
3)

 
8.

?9
21

(2
) 

0,
17

36
Q

j 
O

.C
11

4E
(3

) 
~*

lm
3r

37
~l

l~
 

0.
60

41
4~

10
 

0.
00

16
(3

1 

C
32

 
B

.5
48

2(
3)

 
0.

24
17

(2
) 

8,
12

36
!2

) 
8,

61
22

(3
) 

[1
*0

06
R

71
 I5

 
O

#O
B

4I
 I 
c 

9 
-0

.0
83

4(
4)

 

c3
3 

0,
65

1 
l(

4)
 

O
.l9

83
(2

) 
lL

l,O
96

8(
1)

 
0,

63
25

(G
) 

~~
.0

04
53

02
 

0,
00

12
4(

 
6 

-0
.0

09
7(

4)
 

c3
4 

0,
76

fj
2(

3)
 

B
.2

24
7(

2)
 

0.
13

24
(2

) 
8.

81
23

(3
) 

cj
.B

O
52

91
 I2

 
0,

00
31

5(
 

7 
-O

.O
O

lE
I(

3)
 

c3
5 

0.
72

13
6(

3)
 

O
.z

U
25

(2
j 

8,
17

84
(l

) 
O

.O
14

1(
3:

~ 
$.

00
35

0(
 

9 
O

,O
O

26
9(

 
7 

-0
.0

13
54

(3
1 

C
36

 
0.

5o
;J

lc
2,

 
0.

00
45

(l
) 

0,
17

42
(l

) 
IJ

 , l
rl

O
65

 (2
) 

c1
.0

0?
21

! 
7 

0.
00

14
9(

 
4 

-a
.o

oO
sc

2?
 

c3
7 

0*
39

a3
(2

) 
-0

.0
35

9~
1)

 
0,

19
71

(!
) 

U
.O

O
82

(2
) 

O
,O

O
27

3(
 

8 
O

.O
82

26
( 

6 
-O

.O
fl

18
(2

? 

c3
9 

0.
33

25
(3

) 
-0

.0
93

4(
2)

 
0.

15
72

(2
) 

0.
03

9Q
W

 
O

.O
03

19
( 

9 
O

*U
O

33
0(

 D
 -

o.
O

O
sl

c,
?j

l 

c3
9 

0,
37

04
(3

) 
-O

.l1
18

~2
) 

B
,O

94
O

(l
) 

O
,O

[l
97

(2
:)

 
0.

00
31

31
: 

‘9
 

0,
08

27
2(

 
7 

-0
.O

rj
13

~3
:)

 

C
40

 
0.

47
68

I3
) 

-0
.0

73
0(

2)
 

0*
87

13
8(

l)
 

O
.0

11
7G

) 
8.

00
4B

6(
10

 
O

.0
01

5~
( 

5 
-0

.O
ix

l9
i3

~ 

C
4I

 
8.

54
16

(2
) 

-O
.O

14
7(

2)
 

U
,lO

96
(1

) 
0.

 o
p3

.r
 (

2)
 

O
,O

O
34

0(
 

9 
O

.B
01

53
1:

 5
 -

O
.O

01
7(

2)
 .- 

T
IE

 F
O

R
tI

 O
F 

T
H

E
 ~

I~
I~

~J
T

R
O

P
:C

 T
IW

W
II

_ 
PA

R
FI

II
E

~‘
E

R
 

1%
: 

E
X

IT
-(

B
II

, 
l):

bH
:h

i-!
 

+ 
R

L
~.

.‘
):

I:
I:

I.
K

 +
 D

(3
,3

I:
rl

;r
:1

; 
+

 H
(~

,;‘
)Y

/.{
:I

:~
; -1

. e
(l

,3
)~

~+
~j

: 
.+

 ~
~~

~~
~~

~~
~~

~~
~~

~ 

o.
or

$3
ac

l) 

0.
0$

14
(2

) 

o,
a~

oa
c 

1)
 

o.
ol

ja
sc

l, 

1.
0o

B
O

4(
 1)

 

O
.Q

el
B

li(
l)

 

O
.O

B
L

32
~1

1 
0.

ob
es

rz
.l 

-@
.O

Q
13

(2
) 

-*
0.

68
18

(2
3 

0.
0[

38
6(

2)
 

O
.m

N
9!

21
 

0.
00

14
(3

) 

-o
.a

og
ac

a,
 

O
.O

O
lJ

(3
) 

O
.O

O
tl

7(
2)

 

-0
.o

og
7c

3,
 

O
.O

O
~~

oc
l, 

P.
O

O
j8

C
2)

 

(1
.0

01
~6

(2
) 

-f
~.

O
Q

4(
2,

 

-l
y.

O
O

\ 
l(

2)
 

(j
.O

0Q
4(

2,
 



: .T&BLE II . . .. - 
. 

:._ _. 

Rositional:and ~Thernkl Para&ters for Hydrogen Atoms and.-Solvent 
.- ..:Mol&cule Ckbon Atks ~- 

.Aton. ‘:&.- 1 L ‘B(IS0) 

C42 .O-2074(9) O-1304(6) 
C43 0.lOM(11) O-0837(7) 
c44 0..0553(9) 

Hl 
ii2 
H3 

E 

z 
H9 
HlO 
Hll 
H12 
H13 
l-l14 
Hl5 

O-0206(6) 

0.066(2) 
-O-042(2) 

0.002(2) 
O-113(2) 
0.155(2) 
O-109(2) 

Hl6 
Hl? 
H13 
H20 
H26 
H27 
H28 
H29 
H30 
H37 
H32 
H33 
H34 
H35 
H37 
H38 
H39 

FE 

0.121i2j 

O-129(3) 
-O-052(3) 

O.OOl(3) 
O-240(3) 

-0.113(3) 
o-022(2 j 
O-886(2) 

O-378(2) 

O-589(2) 
0.219(l) 

-O-121(2) 
-0.15013) 
-O-097(2) 

O-007(2) 

O-403(2) 
O-350(1) 

x:5(3) 
19_3(3) 
17.8(3) 

8.1(10) 

6.9(9) 

?.l(lO) 

5.6(7) 

5.6(8j 
5.9(8) 
4.6(6) 
6.6(9j 

7.3(10) 

Relevant bond distances and angles are presented in Table III and mean 

planes are listed in Table‘ IV. 

The cyclobutadiene group is square but not quite planar. If a plane 

is chosen through any three of the carbon atoms, the fourth one is 0.035 i 

out of the plane- The bond distances in the C4 ring average l-462(5) i2’ 

and the bond angles are very c7ose to 90”. 



255 

The cyclopentadienyl ring bonded to cobalt is quite regular with an 

average carbon-carbon bond distance of l-399(12) i and an average bond angle 

of Jo7.5(5)0. This bond distance is in good agreement with similar average 

lengths in related compounds.5’6S20. However it is somewhat, but perhaps 

not significantly shorter than corresponding average lengths in the cyclo- 

pentadienyl rings of the ferrocene moieties. These latter values are 

J-411(6) i for ring 1, J-426(5) i, ring 2; l-426(4) i, ring 3 and l-411(2) i 

forring i; where ring 1 is Cl-C5; ring 2, C6-CJO; ring 3, Cll-Cl5 and ring 

4, CJ6-C20. 

Cobalt-carbon distances are normal, ranging from l-973(2) i to 2.012(l) 

ii, with an average of l-986(5) ii, for the carbons in the cyclobutadiene 

ring and from 2.039(2) i to 2.070(l) i with an average of 2.058(5) i for 

cyclopentadienyl carbons. The cobalt ring-centroid distances are 1.694 i 

and J-682 i for the four and five membered rings, respectively. Iron- 

carbon bond distances were also quite regular with average values of 

2.040(l) i, 2.045(g) i, 2.043(2) I! and 2.039(3) i for rings 1, 2, 3 and 4, 

respectively. The corresponding ring centroid-iron distances are 1.653 i, 

ring 1; 1.647 ii, Ring 2; 1.646 i, ring 3; 1.642 i, ring 4. 

As has been observed with other cobalt-cyclobutadiene-cyclopentadiene 

sandwich compounds, the five and four membered rings are almost parallel, 

making a dihedral angle of l.l”_ The ferrocenyl groups are slightly be- 

low the four membered ring and point away from the cobalt atom (Table IV). 

They are also twisted to a small extent about the carbon-carbon bonds to 

the cyclobutadiene ring with the magnitude of the twist given by the tor- 

sion angles in Table III. A positive angle indicates clockwise rotation 

about the carbon-carbon bond when viewed from the cyclobutadiene ring out- 

ward. The ferrocenyl C5 rings are in the eclipsed conformation and make di- 

hedral angles with each other of 4.4” [Fe(l)] and2.6” [Fe(2)]. The phenyl 

groups are also twisted about their bonds to the cyclobutadiene ring but 

to a much Jirger extent as seen from the magnitude of the torsion angles 

of 44.0” [C(36) - C(41)] and -57.6 [C(23) - C(28)] with the cyclobuta- 

diene ring. 
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TABLE III (Continued) 

Bond Angles 

C(24)-C(Zl)-C(Z) 
C(21)-C(22)-C(23) 
C(22)-C(23)-C(24) 
C(23)-C(24)-C(21) 

C(lO)-C(6)-C(7) 
C(6)-C(7)-C(8) 
C(7)-C(8)-C(9) 
C(8)-c(9)-c(10) 
C(9)-C(lO)-C(6) 

C(18)-C(l6)-C(17) 
C(16)-C(17)-C(19) 
C(17)-C(19)-C(20) 
C(19)-C(20)-C(18) 
C(20)-C(18)-C(16) 

C(41)-C(36)-C(37) 
C(36)-C(37)-C(38) 
C(37)-C(38)-C(39) 
C(38)-C(39)-C(40) 
C(39)-C(40)-C(41) 
C(40)-C(41)-C(36) 

C(21)-C(36)-C(37) 
C(Zl)-C(36)-C(41) 
C(22)-C(19)-C(17) 
C(22)-C(79)-C(20) 
C(23)-C(25)-C(26) 
C(23)-C(25)-C(30) 
C(24)-(X7)-C(8) 
C(24)-C(7)-C(6) 

107.9(2) 

:E[~; 
708:6(2) 
108-l(2) 

108.2(2) 
108-l(2) 
107.3(2) 
108.7(2) 
107.8(2) 

118-l(2) 
127-l(2) 
120.6(2) 
119.6(2) 
;;;-Wj 

. 

120.6(2) 
121.2(2) 

Z-%1 
122:8(l) 
118.7(2) 
125.0(l) 
127.8(l) 

C(35)-C(31)-C(32) 
C(31)-C(32)-C(33) 
C(32)-C(33)-C(34) 
C(33)-C(34)-C(35) 
C(34)-C(35)-C(31) 

C(15)-C(l1 )-C(lZ) 
C(ll)-C(12)-C(13) 
C(12)-C(13)-C(14) 
C(l3)-C(14)-C(l5) 
c(14)-c(15)-c(11) 

C(5)-C(l)-C(2) 
C(l)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-C(1) 

C(26)-C(27)-C(28) 
C(27)-C(28)-C(29) 
C(B)-C(29)-C(30) 
C(29)-C(30)-C(25) 
C(30)-C(25)-C(26) 
C(25)-C(26)-C(27) 

C(24)-C(21)-C(36) 
C(22)-C(21)-C(36) 
C(21)-C(22)-C(19) 
C(Z3)-C(22)-C(l9) 
C(22)-C(23)-C(25) 
C(24)-C(23)-C(25) 
C(23)-C(24)-C(7) 
C(Zl)-C(24)-C(7) 

108.8(3) 

108.1(2) 
106.7(Z) 
108.7(2) 

120.8(2) 
119.6(2) 
119.9(2) 

134.9(l) 
132.6(l) 
134.4(l) 
136.6(l) 
133.4(l) 

Torsion Angl es 

C(21)-C(24)-C(7)-C(6) 0.69 
C(24)-C(23)-C(25)-C(30) 43.4 
C(21)-C(22)-C(l9)-C(l7) -4.1 
C(22)-C(21)-C)36)-C(41) -49.2 

not reveal the presence of extra molecules because the crystals were 

crushed and vacuum dried in a pistol over boiling benzene. 

A packing diagram of the unit cell contents (sans solvent molecules) 

is given in Figure 3. There are no intermolecular contacts of less than 

3 ii. 



A. 

6. 

C. 

.‘keS_n- Planes and Atqmjc Displacements-~ (i) Therefrom . 

_.. . . . -_- 

Ritlg~co&ining C(21),_C{22), C(23);C(24) 

0.1260X ;& 0:7342Y-.- b.i6?2Z +- $A042 X 2 =- 0.78 

Et;:{ -: 0.009(2) 
-0.009(2) 

$g] : O.OOS(2) 
-0.009(2) 

Cyclopentadiene rings 

-1.’ 0.1377X + 0.7231Y 

C(3J) 

:1:%{ 
-s-k?st:j 

0:001(3) 

2. 0.1834X + 0.66191 

:[:I- 
-0.001(2) 

0.002(2) 
C(3) -0.003(2) 

3. 0.1327X + 0.7D83Y 

$1 
O.OOO(2) 
O.DD2(2) 

C(8) -O-003(2) 

4. 0.2847X - 0.49091 

Et::] 
~.~Owj 

C(13) -0:002(2) 

5. 0.2442X - 0.50891 

Et:;{ 
-0.002(2) 

O-003(2) 
C(l8) 0.000(2) 

Phenyl Rings. 

1. 0.5500X - 0.83461 

O.OD8(2) 
-O.OD8(2) 

~(27) 0.003(2) 

C(7) 
C(I9) 

Et::{ 
Co 

- 0.6769 = 1.9797 

C(34) 
EF5’ 

- 0.72682 = -5.1050 

Et:] 
Fe 

- 0.69332 = 1.6154 

C(9) 
dye 

- 0.8234 = 4.9416 

a141 
C(15) 
Fe 

- 0.82552 = 8.4050 

C(l9) 
C(20) 
Fe 

- 0.03232 = 1.6778 

2. -0.5754x f 0.72llY - 0.3860 = -4.2187 

C(36) 
C(37) 

O.DDl(2) 
-0.003(2) 

Cl391 

C(B) -0.001(2) 

-0.019(2) 
-0.261 
-O-316(2) 
-0.195(2) 

1.694 

x2 = 0.61 

-;.;CWj 

-1: 682 

X2 = 0.89 

O-003(3) 
-;.:$2’ 

. 

2 X = 3.56 

O-003(2) 
-0.002(2) 
-1.647 

2 X = 0.33 

O-005(2) 
-0.007(3) 
-1.646 

x2 = 0.25 

x2 = -83 

0.002(2) 
-0.002(2) 
-0.003(2) 

x2 = 1.56 

O-006(2) 
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Fig. 3. Stereoscopic view of the unit cell illustrating the 
packing of compound 5. Solvent molecules are centered 
at 0 0 0 and 0 4 4. 

EXPERIMENTAL SECTION 

A7 7 me7 ting points were taken in sealed capillaries under nitrogen 

and are uncorrected. ‘CAMAG neutral alumina was used for column chroma- 

tography. (n5-Cyclopentadienyl)dicarbonylcoba7t,’8 ferrocenylphenyl- 

acetylene7 and diferrocenylacetylene7 were prepared according to. litera- 

ture methods. Elemental analyses were carried out by the Microanalytical 

Laboratory, Office of Research Services, University of Massachusetts. 

Nmr spectra were recorded on a Varian A-60 instrument, ir spectra on a 

Beckman IR-70 instrument, and mass spectra on a Perkin-Elmer-Hitachi 

RMU-6L instrument at 70 eV. Skelly C is commercial heptane, b-p. 88- 

98°C. 

Reaction of n5-Cyclopentadienyldicarbonylcobalt and Ferrocenylphenylacetylene 

A solution of 0.267 g (1.5 nznol) of (n5-C,H,)Co(CO), and 0.858 g 

(3.0 mno7) of ferrocenylphenylacetylene in 100 ml of degassed xylene was 

heated to reflux with magnetic stirring under a nitrogen atmosphere for 

24 hr. The reaction mixture was allowed to cool under nitrogen, and the 

xylene was removed under reduced pressure until ca. 50 ml remained. The 

solution was filtered and added to a column of CAMAG neutral-grade alumina 

(deactivated with 5% H20) which had been packed in benzene. Elution with 

hexane-benzene removed an orange-red band, which after drying produced 

0.874 g (78%) of a mixture of (n5-cyc70pentadieny1)(n4-7,3-diferrocenyl- 



: -zc;b ..- __--1’ -- 

.-. 

2,4_diphei?ylcyclobutadiene)coba~~ (5) .and. (n5-cyclopentadienyl).(n4-1 ,2- : 

d~fer&enyl+3;4~diDhenylcyclobutad~ene)cobal t (6). The. products were 

separated by fractional .crystal~ization from Skelly C. 

The more sj&etrical isomer (5) is the predominaot’product; it is 
: -... 

apprecia5ly ‘less soluble than (6), and separates as dark- red crystals, 

m. p_ 207-208V (Found: C, 70-59; H, 4.62; Co, 8-40; Fe, 16-00. 

C4iH33CoFe2 calcd. : C, 70;72; H, 4-78; Co, 8.46; Fe, 16.04%). The NMR 

spectrum in C&l, exhibited peaks at T 6.04 (lOH, s, C5H5Fe), 5.88 (8H. 

m, C5H4Fe). 5.48 (5H, s. C5H5Co), l-9-2.2, 2.4-2.8 (lOH, m, C6H5). The 

mass spectrum exhibited the following princfpal peaks: m/e 696 (offscale, 

M+), 631 (4, M - C5H5*). 575 (4, M - C5H5Fe+), 510 (10, M - CIOHIOFe~), 

507 (13, M - CloHloCo~). 410 (45, M - C10HgFeC2C6H5C). 344 (75, 410 - 

C5H6*). 289 (100, 410 - C5H5Fe+). 286 (60, CloHgFeC2C6H5+), 189 (55, 

CloHIOCo+), 186 (28, CloHloFei). 124 (24, C5H5Cof). 121 (36, C5H5Fei). 

Later fractions produced the second isomer (6) as a microcrystalline 

orange solid, m-p. 199-200°C (Found: C, 70.69; H, 4.73; Fe, 15.99; Co, 

8.78%). The NMR spectrum in CDC13 exhibited peaks at T 6.05 (lOH, s, C5H5Fe), 

5.81 (4H, t, C5H4Fe), 5.67 (2H, M, C5H4Fe), 5.44 (2H, M, C5H5Fe), 5.40 

(5H, s. C5H5Co), 2.3-2.5, 2.6-2.9 (lOH, m, C6H5). The mass spectrum ex- 

hibited the following principal peaks: m/e 696 (offscale, M+), 631 (5, 

M- C,H,f). 575 (3, M - C,H,Fe+). 518 (6, M - C6H5C2C6H5+), 510 (9, M - 

CIOHIOF$). 507 (11, M - CIOHIOCof)~ 410 (30, M - C10HgFeC2C6Hgi), 394 

(5, CloHgFeC2C10HgFe*), 344(36, 410 - C5Hgi), 302 (8, M - C10HgFeC2Cl~~gFei)~ 

289 (100. 410 - C5HSFe+), 286 (18, C,,H,FeC,C,Hf), 189 (30, C,,H,,Coi), 

186 (23, C,,H,,Fe*), 178 (9, C6H5C2C6H5i), 124 (15, C5H5Cof), 121 (38, 

C5H5Fe+). 

Continued elution with benzene removed a dark band which produced a 

very small amount of a purple solid- The mass spectrum of this material 

exhibited an intense molecular ion peak at m/e 724, weaker peaks in the 

high mass region at-m/e 659 and 538 corresponding to M - C5Hgi and M - 

CloHloFei ions, respectively, etc. On this basis, the purple product 

is tentatively identified as one or more of the isomeric complexes 
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Reaction of n5-Cyclopentadienyldicarbonylcobalt and Diferrocenylacetylene 

In a manner similar to that described above, a mixture of 0.267 g 

(1.5 mmol) of (n5-C,H,)Co(CO),) and 1.182 g (3.0 mnol) of diferrocenyl- 

acetylene in 100 ml of degassed xylene was heated to reflux under nitrogen 

for 24 hr. Column chromatography of the reaction mixture on alumina and 

elution with benzene afforded 1.13 g (83%) of (n5-cyclopentadienyl)- 

(n4-tetraferrocenylCyyclobutadiene)cobalt (4). An analytical sample was 

prepared by a subsequent crystallization of a portion of the product 

from methylene chloride/hexane, orange-brown crystals, m-p_ 279-281°C 

(Found: C, 64.90; H, 4.85; Co, 6.40; Fe, 24.02. C49HqlCoFe4 calcd.: 

C, 64.52; H, 4.53; Co, 6.46; Fe, 24.41%). The NMR spectrum in CDC13 

exhibited peaks at T 5.90 (20H, s. C5H,Fe), 5.70 (8H, t, beta-C5H4Fe), 

5.23 (5H, s, C5H5Co), and 5.20 (8H, t, alpha-C5H4Fe). The mass spectrum 

exhibited the following principal peaks: m/e 912 (offscale, El’), 788 

(22, M - C5H5Cof), 518 (80, M - CloHgFeC2CloHgFef), 189 (80, CloHloCof), 

186 (100, CloHIOFef), 124 (71, C5H5Co), 121 (80, C5H5Fe*). 

Crystal lographic Studies 

Crystals suitable for X-ray studies were grown from benzene-hexane 

mixtures. Preliminary examination by precession and Heissenberg film- 

methods showed that the crystals are monoclinic P2l/c (systematic ab- 

sences hW with L odd and Ok0 with k odd). The crystal used for data 

collection was almost a rectangular parallelepiped of dimensions 0.5 x 

0.5 x 0.6 inn3. It was mounted with the long dimension (a axis) roughly 

parallel to the @axis of a CAD-4 computer controlled 4-circle diffracto- 

meter (Enraf-Nonius). Cell dimensions were determined from 25 accurately 

centered reflections by a least squares technique. The results were 

a = 10.551(3), b = 16.345(2), c = 19.796(3) ii, and ‘B = 93.19(l)“, V = 

3408(2) i3. Assuming Z = 4, the calculated density is 1.362 g/cmm3 as 

compared to a measured density (flotation in CH2C12-C2H58r mixture) l-44(2) 
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