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Abstract

1°-Cyclopentadienylcobalt-n*-tetraphenylbutadienes RC sH,CoC,H,Ph, (Ila~d: a R = H; b R = Et; ¢ R ='Pr; d R = PhCH,,) have
been prepared by simultaneous electrolysis of a respective substituted cyclopentadiene RC{H, and diphenylacetylene in acetonitrile
containing up to 0.5% water, using a cobalt anode. The action of iodine on Ila-d results in the elimination of the tetraphenylbutadiene
ligand and the formation of diiodides (RC;H Col,), (Il¥a—d). The reaction of Ia with iodine in the presence of electron donor ligands
leads to the formation of complexes CpCol,L, (L = Ph3P, Py, Me,S, dppe), [CpCoIL,]*15 (L, = dipy, phen), (CpCol, ), L (L = dppe).

© 1997 Elsevier Science S.A.
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1. Introduction

The preparation of n’-cyclopentadienylcobalt-n*-te-
traphenylcyclobutadiene (I) by electrolysis of mixtures
of cyclopentadiene and diphenylacetylene (tolan) in
acetonitrile using a cobalt anode has been reported in
the literature [1,2]. A more detailed study of this reac-
tion has revealed that, when the reaction is carried out
in the presence of appreciable amounts of water, a
complex involving an acyclic four-electron donor ligand
1°-cyclopentadienylcobalt-n*-tetraphenylbutadiene (Ila)
is formed along with I, and when the water content
attains a value of ca. 0.5% the complex Ila becomes
dominant among the reaction products. Taking ethyl-,
isopropyl- or benzylcyclopentadiene in the reaction in-
stead of unsubstituted cyclopentadiene, the respective
ethylcyclopentadienyl-, isopropylcyclopentadienyl- and
benzylcyclopentadienylcobalt tetraphenylbutadienes
(IIb—d) have been obtained [3].

" Corresponding author.
' Dedicated to the memory of Professor Yu.T. Struchkov.
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2. Results and discussion

We have studied the effect of the electrochemical
reaction conditions (reagent ratio, current density, na-
ture of supporting electrolyte) on the yield of the com-
pound Ila. The d.c. electrolyses were carried out in a
thermostated diaphragmless electrochemical cell under
argon atmosphere. The experimental conditions and re-
sults are presented in Table 1.

At stoichiometric reagent ratio (molar ratio cyclopen-
tadiene:tolan 1:2) the yield of Ila depends on the cur-
rent density i. A decrease of current density from 10 to
2.5mAcm™? leads to a yield increase from 60 to 68%
(with tetraethylammonium chloride as supporting elec-
trolyte: Table 1, runs 1-3). At equimolecular reagent
ratio, an even higher yield of 78%, calculated with
respect to the starting tolan, has been obtained; how-
ever, the product yield calculated with respect to cy-
clopentadiene decreased down to around 39% at the
same time (run 4). Similar effects were observed with
tetracthylammonium bromide taken as supporting elec-
trolyte (runs 5-8), but the yields of complex Ila were
about 15-20% lower compared with those in analogous
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Table |

Electrochemical synthesis of v’°-cyclopentadienylcobalt-v*-tetraphenylbutadiene (10 mmol tolan)

No. of run CpH (mmol) i (mAcm™?) 7 © (min) 0 ¢ (mF) Yield (mmol)
12 5 10 80 4430 3.02
24 5 5 160 40.60 323
32 5 2.5 320 42.64 3.39
42 10 2.5 370 53.70 3.93
5° 5 10 80 40.00 2.28
6° 5 5 160 48.00 225
7°0 5 2.5 320 40.84 247
gt 10 2.5 330 43.25 2.81

With 0.1 N Et,NCI as supporting electrolyte.
With 0.1 N Et,NBr as supporting electrolyte.
Electrolysis duration.

Quantity of charge passed.

experiments where chloride salt was used. It should be
noted that the formation of I in small quantities (ap-
proximately 2%) was observed in all cases.

The obtained compounds Ila—d are reddish-brown
crystalline substances, air-stable and easily dissolved in
common organic solvents. Their structures are con-
firmed by MS, IR and NMR spectroscopy. NMR data
are presented in Table 2, and in Table 3 some physico-
chemical characteristics of the complexes are given.

In the 'H NMR spectra of these compounds, a
high-field shift of the resonance signal of ethylenic
protons belonging to the tetraphenylbutadiene ligand (&
1.30-1.54 ppm) compared with that of non-coordinated
butadiene (& ~ 5ppm) is to be noted. Although such an
NMR signal shift of ethylenic protons, according to the
data known from the literature [4], could be regarded as
providing evidence of a coordinated butadiene moiety,
an X-ray analysis of the complex Ila has been per-
formed to establish its structure. The analysis of the
X-ray diffraction pattern of compound Ila revealed that
the Co() atom is coordinated with both C,H and
m-tetraphenylbutadiene ligands, forming a wedge-like
sandwich structure as shown in Fig. 1 [5].

In the framework of reactivity studies of mono-
cyclopentadienylcobalt derivatives, we have investi-
gated the reaction of the complexes II with iodine. The
reactions proceed easily, yielding the respective iodides
through elimination of tetraphenylbutadiene ligands:

I
RC,H,CoC,Ph,H, > (RC,H,Col,), II

R =H (a), C,H; (b), 'C,H, (), C4HCH, (d)

The compound IIla is believed to have dimeric
structure (see, for example, Ref. [6]). By analogy, we
suggest dimeric structures also for the compounds IIIb—
d.

Stoichiometric quantities of iodine (reagent ratio 1:1)
are sufficient for the transformation to be complete.
When the amount of iodine taken was less than that
required by 1:1 stoichiometry, unreacted II compounds

were present among the reaction products. No
organocobalt product containing both the tetraphenylbu-
tadiene ligand and iodine could be detected. This result
is different from that observed earlier by us [7] for the
reaction of m’-cyclopentadienylcobalt-n*-cyclo-
pentadiene with iodine (reagent ratio 2:1), where -
cyclopentadienyl(n*-cyclopentadiene)cobalt iodide with
both iodine and cyclopentadiene ligands was isolated
from the reaction mixture.

The compounds IIla-d react with triphenylphos-
phine to give the respective phosphine complexes
(RC,H,)(Ph,P)Col, (IVa-d), which can also be
formed when the compounds IIa-d and triphenylphos-
phine, dissolved in benzene, are allowed to react with
iodine: (see Scheme 1)

The elimination of the tetraphenylbutadiene ligand
and the formation of the compounds of type
(CsH,)Col, L [L = Py (V), Me, S (VD] also takes place
in the reaction of equimolecular amounts of the com-
pound Ila with iodine in the presence of pyridine or
dimethylsulphide. "H NMR studies of the compounds V
and VI were hampered by their poor solubilities in
common organic solvents. However, the introduction of
benzyl substituent in the cyclopentadienyl ring was
found to enhance the solubility of the corresponding
pyridine complex, and the structure of
[C{H,CH,CH,Col,Py] (VID) could be confirmed by
"H NMR spectroscopy. Thus, the signal of the methy-
lene group protons in compound VII is located at &
3.75 ppm (2H), the cyclopentadienyl ligand protons are
detected at & 5.40—5.50 ppm (4H), and the presence of
phenyl and pyridine protons is revealed by the signals at
& 7.10-7.90 ppm (10H).

The reaction of Ila with iodine in the presence of
2,2'-dipyridy! (dipy) or 1,10-phenanthroline (phen) was
found to take a somewhat more complex course com-
pared with that with ligands as discussed above. When
equimolecular quantities of I1a and iodine were allowed
to react, a mixture of products was obtained. However,
in the presence of iodine taken in excess, the reaction
occurred selectively and led to the formation of com-



Table 2
"H and "*C chemical shifts in the NMR spectra of compounds Ila-c
Compound 5 'H (ppm) 5"C (ppm)
Solvent Ph Cp =CH- R =HCPh = C(Ph)- Cp R C-
1 2 3 4 5 6 7 8 9 10 11
Ila ccl, 6.70-7.10 (20H) 4.48 (5H) 1.44 (2H) — 52.17 (2C) 96.01 (2C) 84.10 (5C) — 137.86 (2C)
144.53 (2C)
IIb (CD,),CO 6.87-7.23 (20H) 4.62 (2H) 1.51 (2H) 1.20 3H) 52.50 (2C) 96.25 (2C) 80.34 (20) 12.65 (10) 138.02 (2C)
3.85(2H) 2.142H) 8591 (20) 19.88 (10) 144.92 (2C)
105.40 (1C)
Ile (CD;),CO 6.96-7.30 (20H) 4.72 (2H) 1.54 (2H) 1.24 (6H) 52,50 (2C) 96.25 (2C) 78.75 (2C) 23.86 (20) 138.03 (2C)
3.75 2H) 2.42 (1H) 86.63 (20) 26.25 (1C) 144.98 (2C)
109.82 (1C)
IId Ccl, 6.65-7.32 (25H) 4.36 (2H) 1.30 2H) 3.30 2H) 53.00 (2C) 96.35 (2C) 81.01 2C) 33.33(10) 137.66 (2C)
3.86 (2H) 86.02 (2C) 141.34 (10)
101.95 (1C) 144,30 (2C)

a

The "*C NMR spectra were recorded with CDCI 3 as solvent.
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Table 3

Physico-chemical characteristics of the complexes II-IV

Compound

Anal. Found (%)

C

H

Formula

Calc. (%)

C

M.p. (°C)

Yield (%)

MS, m / z (ion)

2

3

6

9

11

12

Ila

IIb

e

IId

Illa
IIIb

82.01

82.50

82.57

83.77

16.01
21.00

5.78

6.28

6.41

6.00

1.48
234

67.00
62.67

C;,H,,Co

CysH;,Co

CsH;3C0

82.15

82.34

8243

83.90

15.89
20.75

5.64

6.12

6.34

5.81

1.33
2.23

67.17
62.53

208-210

162-164

198-200

199-201

140-142

65

66

70

67

90
87

482 (C4,H,,Co™), 417 (C,4H ,Co™),
358 (CpsHY,y), 281 (C o HYY),

238 (C,,H,,Co™), 124 (CsH Co™),
65 (CsHY)

510(C,45H4,Co™), 482 (C4;H,;Co™),
417 (CpHp,Co™ ), 358 (CpeH3y),

281 (C,,Hj;), 238 (C ,H,,Co "),
152,(C,HyCo™), 124 (CHCo™),
93(C,HJ ), 77(C4HI)

624 (C1xH;,Co™ ), 482 (C43H,,Co ™),
417 (C,H,,Co™), 358 (CyHY,),

281 (C,,H}), 238 (C,H,,Co™),

179 (C,,H{})), 166 (C{H, Co™),

124 (C;H;Co*), 107 (C,HT)

572 (C4oH;;Co™), 417 (Cp5H,,Co ),
358 (C,H,), 281 (C,,H,;Co™),

238 (C,,H,,Co™), 214 (C,H,,Co™),
179 (C,H}), 155(C,H})

406 (C,H,Col?), 279 (C,H,Col ),
253 (CH,Col ™), 186 (Col ™),
152 (C;H,Co* ), 93 (C,HY)

¥81
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Ic

nd

IVa

IVb

1vd

22.76

30.95

4321

45.18

46.00

49.51

2.52

241

3.23

3.75

4.01

3.45

60.59

54.18

39.87

38.06

37.13

34.52

CyH,,Col,

C,H,,Col,

C,,H,,Col, P

C 5 Hp Col, P

C o H,6CoL, P

C4oH,4Col, P

22.88

30.80

43.12

44.94

45.78

49.34

2.64

2.37

3.62

3.84

3.59

60.44

54.24

39.69

37.99

37.20

3476

110-112

173-175

178-180

179-181

171-174

76

73

78

72

67

63

420 (C4H,,Col3 ), 313 {Col} ),

293 (C4H, ,Col™), 267 (C;H,Col ),

186 (CoI™), 166 (C4H,,Co "),

107 (C4H})

486 (C,,H;,Col} ), 341 (C;,H,,Col ™),

313 (Cold), 214 (C,H,,Co™),

186 (Col*), 155 (C,H}))

640 (C 3 H,,Col,P+), 513 (C,3H,,ColP ),
386 (C,; H,,CoP™), 378 (CsHCol}),

321 (C,gH,5sCoP*), 313 (Col}),

262 (C,3H,;sP*), 251 (CsHCol ),
77(C4H1), 65(C,HY)

668 (C,5H,,Col, P+ ), 575 (CgH sCol,P),
541 (C,H,,ColP*), 414 (C,sH,,CoP*),
406 (C,H,Col; ), 279 (C,H,Col *), 262 (C,,
152(C,H4Co™ ), 93(C,Hy ),

77(CcHY)

682 (C, H,,Col,P*), 575 (C ;3H,5;Col, P),
555 (C ., H,5ColP* ), 420 (C4H,Col} ),

293 (C4H,,Col™* ), 262 (C 3H sP"),

166 (C4H,,Co™ ), 186 (Col ™),

107 (C4H7},)

730 (C 30 H ,4Col,PT), 603 (C 3 H,ColP ),
575 (C\4H,5Col,P™), 468 (C,,H,,Col} ),
341 (C,,H,,Col "), 262 (C gH P"),

214 (C,,H,,Co™), 186 (Col ™),

155 (C,H;)
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Fig. 1. Molecular structure of m’-cyclopentadienyl-n-tetraphenyl-
butadiene (IIa)

plexes having composition (C;H;)Col,L, [L, = dipy
(VIID); phen (IX)].

In the '"H NMR spectrum of VIIIL, the singlet of
cyclopentadienyl protons is found at § 6.15ppm (5H),
dipyridyl protons are revealed as two doublets: at &
8.50 ppm (2H) and & 10.0 ppm (2H), and two triplets: at
& 7.85ppm (2H) and & 8.26 ppm (2H).

In the 'H NMR spectrum of IX, the cyclopentadienyl
group protons are detected at & 6.35ppm (5H), the
protons of the phenanthroline ligand give two doublets:
at 5 8.95ppm (2H) and & 10.35ppm (2H), and a
multiplet in the region of & 8.10-8.45ppm (4H).

The data from the 'H NMR spectra provide evidence
for the equivalence of the two nitrogen-containing cy-
cles, both in VIII and IX, i.e. for the bidentate character
of the ligand coordination to cobalt. Taking this into
account, it could be suggested that the VIII and IX
molecules are stable 18-electron species
[(C;H)CoIL,]*, with I counter-ions in the outer
sphere.

X-ray structural analysis data provided a convincing
confirmation of the suggested structure (Fig. 2) [8].

In [(CsH;)CoKdipy)]™ (Fig. 2), the Co(Ill) atom is
coordinated with an m>-C,Hj ligand, a practically pla-
nar w-donor dipyridyl ligand, and an iodine atom.

The reaction of m’-cyclopentadienylcobalt-n*-tetra-
phenylbutadiene with iodine in the presence of 1,2-
bis(diphenylphosphino)ethane (dppe) proceeds in an

Ph,P

[(RCsH,)T0I,0, o

111
—> (RCgH, ) (PhyPYCel,

v

(RC53,)C000,Ph,H, + PhyP

CeH
11 646

or
[(RCsH,)C0I0, (RCsH, )CoC, P H, + PhyP
111 11
Ph,P I
[ PhaP (RCsH,) (PhsP)Col, 2]

Cell CeH
slilp v 5tlg

Scheme 1.

ci15} N

ci4r

: ca3) cli2)

Fig. 2. Molecular structure of [1’-CsH;Col(dipy)I]* (cation of VIII,
the counter-ion I5 is omitted).

even more complex manner. We have found that, within
the interval of reagent ratios Ila:dppe:l, from 1:0.5:1 to
1:1:1, a mixture of three products is formed:

I2
CpCoC,Ph,H, — CpCol,dppe + (CpCol,),dppe
Ia dppe X X1
+ (CpCol, ),
Illa

The yields of the compounds X, XI and ITIa depend
on the quantities of dppe and iodine used. Thus, at
equimolecular Ila/iodine ratio, the increase in amount
of dppe from 0.55 to 1.0mol/mol Ila resulted in a
substantial yield increase of the unsymmetric mononu-
clear complex X and a corresponding yield decrease for
the binuclear complex XI and the dimeric iodide IIla
(molar product ratios found were 2.5:2.5:1 and
7.5:0.5:0.25 respectively). At 1.5-fold dppe excess, the
complex X becomes the only organocobalt product of
the reaction.

It should be pointed out that in all experiments with
equimolecular ITa /iodine ratios, some quantity of unre-
acted ITa was always present in the reaction mixtures.
This may be caused by a partial consumption of iodine
in a by-reaction with dppe. Applying a fairly small (less
than 10%) excess of iodine led to a complete transfor-
mation of Ila.

The complex XI reacts with dppe to give the com-
pound X, which can also be obtained in a moderate
yield by the reaction of dppe with the diiodide Illa:

dppe dppe
(CpCol,),dppe — CpCol,dppe « (CpCol,),
X1 X TMa

The synthesized complexes X and XI are solid
coloured air-stable substances. Their structures have
been confirmed by the respective data obtained from IR
and '"H NMR spectra, and from elemental analysis.

In the '"H NMR spectrum of X (acetone-dy), the
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signal of phenyl protons is located in the & 7.30-
8.25ppm range, the cyclopentadienyl protons give a
singlet at & 5.90 ppm, and the signals from methylene
groups are represented by two broadened peaks at o
3.35 and 3.45ppm. In the '"H NMR spectrum of XI
(CDCl,), the phenyl protons are revealed in the &
7.10-7.45 ppm region, the singlet of cyclopentadienyl
protons is located at 6 4.82ppm, and the signal from
methylene groups is a broadened peak at & 2.56 ppm.

3. Experimental

All operations were carried out in argon atmosphere.
“C and 'H NMR spectra were recorded with a Bruker
WH-360 spectrometer using 360.13 and 90.53 MHz fre-
quencies respectively. Mass spectra were obtained with
an MX-1320 instrument. The X-ray structural analyses
were performed by S.E. Nefedov and LL. Eremenko,
guided by Professor Yu.T. Struchkov [5,8].

3.1. Alkylcyclopentadienylcobalt tetraphenylbutadienes
(Ila-d)

A solution of 5 or 10mmol of the corresponding
cyclopentadiene and 10 mmol diphenylacetylene in 75 ml
of electrolyte medium was electrolysed with d.c. current
maintained at current density values of 2.5, 5 or
10mA cm~? (manual control). The electrolytic cell used
was of diaphragmless type, fitted with a stirrer and
coaxial cylindric electrode set: two steel cathodes of
total surface area 100 cm* and a cobalt anode of 100 cm?
area disposed between them. 0.1 N tetracthylammonium
chloride or bromide solution in acetonitrile with around
0.5% water content was used as electrolyte medium. A
copper coulometer was used to measure the quantity of
electric charge passed.

After the required quantity of electric charge had
passed, the reaction mixture was diluted with a 10-fold
excess of water, and the products extracted with hexane.
The extract was dried over anhydrous magnesium sul-
phate. After removal of the solvent, the residue was
chromatographed on a column filled with 100/160 pm
silica using hexane /benzene (1:1) as eluent. The sol-
vent from the solution thus obtained was evaporated
under reduced pressure, and the solid residue dried in
vacuo.

3.2. Cyclopentadienylcobalt diiodide (Illa)

To a solution of 0.5mmol cyclopentadienylcobalt
tetraphenylbutadiene (IIa) in 50 ml of benzene, a solu-
tion of 0.5 mmol iodine in 15 ml of benzene was added.
The reaction mixture was stirred for 1 h, The precipitate
formed was separated from the solvent, washed with
ether and dried in vacuo.

Ethylcyclopentadienylcobalt diiodide (IIIb) was pre-
pared in a similar way.

3.3. Isopropylcyclopentadienylcobalt diiodide (Hlc)

To a solution of 0.5 mmol isopropylcyclopentadienyl-
cobalt tetraphenylbutadiene in 50 ml of benzene, a solu-
tion of 0.5 mmol iodine in 15 m! of benzene was added.
The reaction mixture was stirred for 1h and then fil-
tered. The filtrate was concentrated to a volume of
10ml by removal of the solvent under vacuum, and
70ml of pentane was added to the resulting solution.
The precipitate formed was separated, washed many
times with pentane and dried in vacuo. The compound
was purified by repeated precipitation from benzene.

Benzylcyclopentadienylcobalt diiodide (IIId) was
prepared by a similar procedure.

3.4. Alkylcyclopentadienyl(triphenylphosphine)cobalt
diiodides (IVa~d)

To a solution of 0.5 mmol of the corresponding com-
pound (Ia—d) and 0.5 mmol triphenylphosphine in 50 ml
of benzene, a solution of 0.5 mmol iodine in 15ml of
benzene was added. The mixture was stirred for 2 h and
then filtered. The filtrate was concentrated by removal
of the solvent under vacuum, and then treated with
60 ml of pentane. The precipitate was separated, washed
with pentane and dried in vacuo.

The compounds were purified by repeated precipita-
tion from benzene.

3.5. Cyclopentadienyl(pyridine)cobalt diiodide (V)

To a solution of 0.24 g (0.5 mmol) cyclopentadienyl-
cobalt tetraphenylbutadiene and 0.08 g (1 mmol) pyri-
dine in 50ml of benzene, a solution of 0.127g
(0.5 mmol) iodine in 25ml of benzene was added. The
reaction mixture was stirred for 1h. The precipitate
formed was separated from the solvent and dissolved in
methylene dichloride. The solution was filtered, concen-
trated by removal of solvent under vacuum, and treated
with pentane (75ml). The precipitate formed was fil-
tered, washed with pentane, and dried in vacuo. 0.17 g
(74%) of the compound V was obtained, m.p. 160-
162°C.

Anal. Found: C, 26.33; H, 2.30; I, 55.81; N, 3.37.
C,iH,,Col,N Calc.: C, 26.29; H, 2.21; I, 55.55; N,
3.07%.

In a similar way, from 0.24 g (0.5 mmol) of cyclopen-
tadienylcobalt tetraphenylbutadiene, 0.062 g of dimethyl
sulphide and 0.127 g (0.5 mmol) of iodine, 0.16 g (73%)
of cyclopentadienyl(dimethylsulphide)cobalt diiodide
(VD) was obtained, m.p. 182-183°C.

Anal. Found: C, 1893; H, 2.70; I, 57.45; S, 7.23.
C,H,,Col,S Calc.: C, 19.11; H, 2.52; 1, 57.69; §,
7.29%.
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3.6. Benzylcyclopentadienyl(pyridine)cobalt  diiodide
(Vi)

To a solution of 0.57 g (1 mmol) benzylcyclopentadi-
enylcobalt tetraphenylbutadiene and 0.158 g (2 mmol)
pyridine in 100ml of benzene, a solution of 0.254¢g
(1 mmol) iodine in 50ml of benzene was added drop-
wise. The reaction mixture was stirred for 1h and then
filtered. The solution obtained was concentrated by
removal of solvent under vacuum, and then treated with
pentane (75ml). The precipitate formed was then trans-
ferred to a Soxlet apparatus and the reaction product
extracted with ether. The mixture obtained was concen-
trated to a volume of about 10ml, the crystals formed
were separated from the solvent, washed with pentane
and dried in vacuo. 0.35 g (64%) of the compound VII
was obtained, m.p. 120-122°C.

Anal. Found: C, 37.48; H, 3.06; I, 46.44; N, 2.43.
C;H(Col,N Calc.: C, 37.32; H, 2.95; I, 46.39; N,
2.56%.

3.7. Cyclopentadienyl(2,2'-dipyridyl)cobalt tetraiodide
(VHI)

To a solution of 0.24 g (0.5 mmol) cyclopentadienyl-
cobalt tetraphenylbutadiene and 0.11 g (0.7 mmol) 2,2
dipyridyl in 50ml of benzene, 0.254g (1 mmol) of
iodine in 50ml of benzene was added. The reaction
mixture was stirred for 1h. The precipitate formed was
filtered, washed with 15ml of benzene and then dis-
solved in methylene dichloride. The solution obtained
was filtered and concentrated to a volume of about
10ml by removing the solvent under vacuum. The
crystals formed were separated from the solvent, washed
with ether, then pentane, and dried in vacuo. 0.3 g
(76%) of the compound VIII was obtained, m.p. 166—
168°C.

Anal. Found: C, 22.72; H, 1.63; I, 64.48; N, 3.67.
C,sH;Col,N Calc.: C, 22.87; H, 1.66; I, 64.43; N,
3.56%.

By a similar procedure, from 0.24 ¢ (0.5 mmol) of
cyclopentadienylcobalt tetraphenylbutadiene, 0.108 g
(0.6 mmol) of 1,10-phenanthroline and 0.252 g (1 mmol)
of iodine, 0.33g (81%) of cyclopentadienyl(1,10-
phenanthroline)cobalt tetraiodide (IX) was obtained,
m.p. 190-192°C.

Anal. Found: C, 25.45; H, 1.58; 1, 62.44; N, 3.29.
C;H;;Col N Calc.: C, 25.15; H, 1.61; I, 62.63; N,
3.45%.

3.8. The vreaction of cyclopentadienylcobalt te-
traphenylbutadiene with iodine in the presence of
bis(diphenylphosphino) ethane (dppe)

(a) To a solution of 0.24g (0.5mmol) of Ila and
0.1g (0.25 mmol) of dppe in 50ml of benzene, a solu-

tion of 0.127 g (0.5 mmol) of iodine in 20 ml of benzene
was added under vigorous stirring. The mixture was
stirred for 2 h, and then filtered. The solution obtained
was concentrated by removal of solvent under vacuum,
and then treated with pentane. The precipitate formed
was separated from the solvent, washed with pentane
and dried in vacuo. After repeated precipitation from
methylene dichloride, 0.14 g (48%) of the compound XI
was obtained, m.p. 139-141°C.

Anal. Found: C, 37.22; H, 2.73; I, 43.81.
C,,H,,Co,1,P, Calc.: C, 37.47; H, 2.79; 1, 43.98%.

In the residue obtained after evaporation of
pentane /benzene solution, the initial Ila was detected
by mass spectrometry.

The precipitate obtained by filtration of the reaction
mixture was treated with methylene dichloride. The
suspension was filtered, the solution concentrated by the
removal of solvent under vacuum, and treated with
pentane. The precipitate formed was filtered, washed
with pentane and dried in vacuo. After repeated precipi-
tation from methylene dichloride, 0.094 g of the com-
pound X was obtained, m.p. 159-162°C.

Anal. Found: C, 47.56; H, 3.72; I, 32.74.
C,,H,4Col,P, Calc.: C, 47.97; H, 3.77; 1, 32.70%.

The residue obtained after extraction of the com-
pound X was washed with ether, then pentane, and
dried in vacuo. 0.037 g of 1Ila was obtained.

(b) After performing operations similar to those de-
scribed above, from 0.48 g (1 mmol) of compound Ila,
0.4 g (1 mmol) of dppe and 0.28 g (1.1 mmol) of iodine,
the following compounds were isolated: 0.56g of X,
0.053 g of XI, and 0.018 g of IIIa. No initial compound
IIa was detected in the reaction mixture.

3.9. Cyclopentadienylcobalt diiodide-bis(diphenylphos-
phino)ethane

(a) To a solution of 0.24 g (0.5 mmol) Ila and 0.302 g
(0.75 mmol) dppe in 50ml of benzene, a solution of
0.13 g iodine in 20 ml benzene was added. The reaction
mixture was stirred for 1.5 h, the precipitate formed was
separated from the solvent. The reaction products were
extracted from the precipitate with methylene dichlo-
ride; the extract was filtered, concentrated, and treated
with pentane. The precipitate formed was filtered,
washed with pentane and dried in vacuo. After repeated
precipitation from methylene dichloride, 0.29 g (75%)
of the compound X was obtained.

(b) To a solution of 0.29 g (0.25 mmol) XI in 70ml
of benzene, 0.1g (0.25mmol) of dppe was added. The
reaction mixture was stirred for 0.5h. The precipitate
formed was filtered, washed with ether, then pentane,
and dried in vacuo. 0.35g (90%) of the compound X
was isolated.

(c) To a suspension of 0.19g (0.5mmol) Ila in
20ml of benzene, 0.2 g (0.5 mmol) of dppe was added.
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The reaction mixture was stirred for 4 h. The precipitate
was then separated from the solvent. The reaction prod-
uct was extracted from the precipitate with methylene
dichloride. The solution obtained was filtered, then
concentrated and treated with pentane. The precipitate
formed was filtered, washed with ether, then pentane,
and dried in vacuo. 0.16g (41%) of the compound X
was isolated.
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