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Summary 

(Ir-Cyclopentadienyl) (triphenylphosphine) cobaltacyclopentadiene complexes 
having a variety of substituents have been prepared from substituted acetylenes 
and (lr-cyclopentadienyl)bis(triphenylphosphine)cobalt. In some cases mono- 
acetylene complexes have been isolated and by addition of other acetylenes to 
the monoacetylene complexes, cobalt metallocycles consisting of two different 
acetylene units have been prepared. The structures of all cobaltacyclopentadiene 
isomers have been determined by NMR spectra and/or by degradation to organic 
compounds_ 

After the discovery of ferracyclopentadiene complexes, which are prepared by 
the reaction of iron carbonyl with acetylenes [ 11, many metallocyclopentadiene 
complexes have been prepared from acetylenes [ 21. However, only few examples 
are known of the synthesis of complexes bearing different substituents in their 
metallocycles [ 1,2b,Zd,2k]. Some metallocyclopentadiene complexes have been 
used as starting materials for the synthesis of 5- or B-membered organic ring com- 
pounds [2b,3] and control of substitution in these organic ring compounds has 
been achieved by using cobaltacyclopentadiene complexes having various substitu- 
ents at the desired positions in the metallocycle [ 33. 

In the present paper, we report details of the synthesis of such substituted 
cobaltacyclopentadiene complexes. They are prepared in one step by the reac- 
tion of (Ircyclopentadienyl)bis(triphenylphosphine)cobalt with two molar 
equivalents of a substituted acetylene cr, by a stepwise procedure, with isola- 
tion of intermediate (sr-acetylene)cobalt complexes. By the stepwise method two 
different acetylenes-can be incorporated into the metallocycle. 
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Results and discussion 

The reaction is illustrated in Scheme 1 and all the cobaltacyclopentadiene com- 
plexes thus obtained are summarized in Table 1. They are very stable at room 
temperature and their solutions can be handled in air. However, they react 
easily with diverse reagents at 70-1lO”C [3] _ In particular, the substituted 
thiophenes and benzenes derived from them are helpful for the determination 
of the position of each substituent in the parent cobalt metallocycles. 

SCHEME 1 

2 R’CSCR2 

- PPh3 

Ph P~colPP~ 3 3 

(I) 

- PPh3 d CECR’ 

0 I R3CSCR4 

1 R* 

i”y ’ 
PhjP 

R( 

CIlal R’.R2 = Ph 

(II b) R’ = Ph , R* = COOMe 

R’. R2 

(Ix-xm 

The reaction of (~-cyclopentadienyl)bis(triphenylphosphine)cobalt (I) with 
an equimolar amount of diphenylacetylene or methyl phenylpropiolate gave the 
(a-acetylene)cobalt complex (IIa, IIb) in good yield, whereas, a similar reaction 
with excess of acetylene afforded cobaltacyclopentadiene complexes (III-VIII). 

In the one-step synthesis using methyl phenylpropiolate, the resulting com- 
plex contained only two of the three possible isomers and these were separated 
by column chromatography. Complex VI-l, which was eluted faster than the 
other, shows two methyl PMR absorptions and was assigned the structure 
(~~yclopentadienyl)(triphenylphosphine)-2,4-diphenyl-3,5_di 
cobaltacyclopentadienne. The other isomer, VI-2, which revealed only one kind 
of methyl mxonance in the PMR spectrum and gave 2,5_diphenyl-3,4dimethoxy- 
carbonylthiophene [4] on treatment with sulfur, was assigned as 2,5diphenyl- 
3&diniethoxycarbonylcobaItacyclopentadiene_ 
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(la-1 1 (91-21 (aI--1) nzu-2) 

Cp = CsHs 

The reaction of I with an excess of methyl methyIpropiolate also gave two 
isomers. Complex VII-l, which was eluted faster than the other from an 
alumina column, has only two kinds of methyl resonances at 6 1.50 (d, J 2 Hz, 
C-CH,) and 3.46 (s, O-CHs) ppm and gave 2,5climethoxycarbonyl-3,4-di- 
methylthiophene [ 51 on treatment with sulfur. It was, therefore, assigned the 
structure 2,5&methoxycarbony13,4ilimethylcobaltacyclopentadiene_ Another 
complex, VII-2, which shows four methyl resonances at 6 1.65 (d, J 2 HZ, 
C-CH,), 2.47 (s, C-CH,), 3.40 (s, O-CHs), and 3.57 (s, O-C&) ppm, was 
assigned as 2,4~imethoxycarbonyl-3.5dimethylcobaltacyclopentadiene deriva- 
tive. 

It is noteworthy that the methyl proton resonances at 6 1.50 in VII-l and at 
1.65 in VII-Z appear as doublets due to couphng with the 3iP nucleus, whereas 
the other C-CH3 resonance in VII-2 appears as a singlet. The finding that the 
long-range 1H-3’P coupling occurs only in the methyl group attached to 3- or 
4-position of the cobaltacyclopentadiene ring supplies a method for the structural 
ehrcidation of other related complexes. The structure of VIII, which was the 
sole product in the reaction of I with methylphenylacetylene, was determined 
on this basis as that of 2,5diphenyI-3,4-dimethyIcobaltacycIopentadiene since 
the methyl resonance appears as a single doublet at 6 O-61 (J 1 Hz) ppm- This 
structure was further supported by the thiophene and benzene derivatives 
derived by the reaction of VIII with sulfur or dimethyl acetylenedicarboxylate: 
the melting points of the thiophene (159OC) and the benzene (126-12’7OC) 
derivatives obtained differed from those of known 2,5dimethyl-3,4diphenyl- 
thiophene (m-p. 113-114°C) [6] and 1,2dimethoxycarbonyl-3,6dimethyl-4,5- 
diphenylbenzene (m-p- 212O C) [ 7]_ 

Cobaltacyclopentadiene complexes also were prepared from IIa and IIb. The 
reaction of IIa with dimethyl acetylenedicarboxyl and 1,4dimethoxybutyne- 
2 gave PX and X, respectively_ The reaction of IIa with unsymmetrical acetylenes, 
such as phenylacetylene, methyl propiolate, methylphenylacetylene, and methyl 
methyIpropiolate, gave only one isomer (complexes XI-XIV, respectively) of 
the possible two_ 

From complexes XI and XII known thiophenes [4a,8,9] were derived by 
treatment with &fur, thereby determining the positions of substituents in these 
metallocycles as indicated in Table 1. The structures of XIII and XIV could be. 
deduced from their PMR spectra: doublet peaks of C-H3 groups with coupling 
constant 1 Hz in XIII and 2 Hz in XIV indicated that the C-CHs groups were 
attached to the Pcarbon of the cobaltacycle. The structure of XIV was further 
confiied by its reaction with methylphenyhcetylene, which gave a ca. 1. : -1 
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mixture of benzene derivatives (Scheme 2). In the PMR spectrum, one of the 
benzene isomers showed a single peak due to the C-CH, group at 6 2.09 ppm 
and the other isomer showed resonances at 6 2.05 and 1.80 ppm. The alternate 
structure for XIV would not give benzenes having such a resonance pattern 
(Scheme 2). 

SCHEME 2 

Ph 

Ph 

Ph COzMe 

The reaction of IIa with methyl phenylpropiolate gave both isomers, XV-l 
(5% yield) and XV-2 (43%). Based on the melting point of the thiophene derived 
from XV-2, which was consistent with that of authentic 2,3,5-triphenyl-4 
methoxycarbonylthiophene [4a], the structures of both isomers were deduced 
as shown in Table 1. 

The reaction of IIb with methyl methylpropiolate yielded only two isomers, 
XVI-l and XVI-2. Their PMR spectra show doublet peaks attributable to C- 
CHS groups with a coupling constant of 2 Hz, suggesting that the methyl group 
is bonded to the &carbon of the metailocycie in both isomers. As the melting 
point of the thiophene obtained from XVI-l coincided with that of literature 
value [4a], XVI-1 was determined to be the 2,5dirnethoxycarbonyI-3-methyl- 
4-phenylcobaltacyclopentadiene derivative. The structure of XVI-2 was con- 
firmed by a PMR spectrum of the benzene derivative prepared by its reaction 
with diphenylacetylene. Only one of the four possible isomers should give a 
benzene having a single O-methyl resonance and that was the case (Scheme 3)_ 

SCHEME 3 

PhCZCPh 

Ph 

Ph 

COple 

Me 

Obviously, the first step of the cobaltacyclopentadiene formation from I is 
replacement of one of the phosphines by an acetylene molecule to form a T- 
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acetylene complex II. For further reaction of II with an acetylene, two altema- 
tives may be proposed (Scheme 4)_ In the first of these (path-l), an attacking 
acetylene replaces the other phosphine to give a bis(acetylene) complex (XVII), 
which undergoes oxidative coupling to form a coordinatively unsaturated Co”’ 
metallocycle XVIII. Similar types of intermediate have been proposed in the 
reaction of “titanocene” with olefins [lo] or diphenylacetylene [ 111. The 
second path includes a thermally excited, ionic monohapto-acetylene inter- 
mediate XIX [ lf,lj] to supply a vacant coordination site for an attacking acet- 
ylene molecule. 

It is difficult to distinguish between these alternatives, but path-l seems more 
probable by the following reasoning, although the ionic monohapto-acetylene 
intermediate might be important in other systems in which a much polar mole- 
cule is incorporated into a metallocycle [ 123 - (I) Polar solvents such as dichloro- 
methane or pyridine did not enhance the rate of the reaction, IIa + PhzCz -+ III, 
which could be observed easily by disappearance of the characteristic green color 
of IIa. (2) The reactions of IIa with methyl phenylpropiolate, and of IIb with 
diphenylacetylene, gave cobaltacyclopentadienes XV-1 and XV-2 in virtually 
identical ratio. The result, together with that of 1, suggests that a polar inter- 
mediate XIX is improbable. (3) Addition of free triphenylphosphine to a reac- 
tion system of IIa with diphenylacetylene markedly decreased the rate. The. ob- 
servation can be interpreted by the reasonable assumption that XVII * XVIII 

SCHEME 4 

CL = PPh3) 

I 

\ 

L 
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is the rate determining step of path-l and that preliminary equilibrium is at- 
tained between II and XVII. To accomodate this observation, the ligand (tri- 
phenylphosphine) should not participate in the oxidative coupling reaction of 
the bisacetylene complex. 

When asymmetricahy substituted acetylenes are used, the positions of the 
substituents in the final cobalt metallocycle will be governed by arrangements 
of the two acetylene molecules in the bisacetylene intermediate XVII, which 
might largely be affected by a dipole--dipole interaction between them. Which 
carbon of each acetylene unit is bonded to cobalt in the oxidative coupling 
step to give the more thermodynamically stable isomer, would be another im- 
portant factor in determining regioselectivity of the final product. 

Experimental 

All reactions were performed under nitrogen-Melting points are uncorrected 
and determined on a Mitamura micromelting point apparatus. For column 
chromatography, Sumitomo Activated Alumina KCG-30 was used. IR spectra 
were obtained on a Shimazu IR-27G spectrophotometer. PMR spectra were 
recorded on a Varian HA-100 or a JEOL-60 spectrometer in CDCls unless other- 
wise stated_ Mass spectra were obtained on a Niphondenshi JPS-IS spectrometer 
at 75 eV_ 

(n-Cyclopentadienyi)bis(triphenylphosphine)cobait (I) 

The following improved method was employed instead of the known publish- 
ed method [ 131. 

To freshly prepared chlorotris(triphenylphosphine)cobalt [ 14](12 g, 13.6 
mmol) suspended in benzene (160 ml) was added a te+trahydrofuran solution of 
sodium cyclopentadienide (1 mmol solution, 20 ml) at room temperature, and 
the resulting dark-red solution was stirred for 30 min. Excess of sodium cyclo- 
pentadienide then was hydrolyzed with water (10 ml) at 0°C and the organic 
layer was dried over sodium sulfate. Concentration of the filtered solution under 
pressure (to ca. 30 ml), followed by addition of hexane (30 ml), gave dark-red 
crystals of the desired complex in 24 h (6.9 g, 70% yield). 

Or-Acetylene)cobalt complexes (III) 

(n-Cyclopentadienyl)(lr-diphenylacety~ene)(triphenylphosphine)cobalt (IIa). 
The known method [ 153 was improved as follows. Diphenylacetylene (0.9 g, 
5 mmol) was added to a solution of I (3.6 g, 5 mmol) in benzene (25 ml) and 
the reaction mixture was allowed to stand at room temperature. After 1 h, 
hexane (50 ml) was added to precipitate shiny black crystals of the title com- 
pound which were separated by decant&ion and wasbed with hexane (2.4 g, 85%)_ 
The crystals should be stored in a refrigerator. 

(r-Cyclopentadienyl)(lr-methyl phenylpropiolate)(triphenylphosphine)cobalt 
(IIb). To a solution of I (1.3 g, 1.8 mmol) in benzene (50 ml) was added methyl 
phenylpropiolate (0.3 g, 1.9 mmol) at 0°C and the solution was allowed to 
stand overnight at room temperature. After concentration, the residue was 
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chromatographed on Al,O, (2 X 15 cm). A brown-red band was eluted with 
benzene. Concentration and addition of hexane gave chocolate-brown crystals 
of the title complex (O-73 g, 74%). m-p. 131-133’C (dec.). Found: C, 72.64; 
H, 5.20; mol. wt. 521 (vapor pressure osmometry in benzene). C,,H2,0,PCo 
calcd.: C, 72.53; H, 5.16%; mol. wt_ 546.5 PMR (CbDb):.6 3.57 (s, CH3); 4.74 
(s, C,H,); 7-8 (multiplet, Ph) ppm. IR (nujol mull): 1820 v(CkC) cm-‘. 

Cobaltacyclopentadiene complexes (III-XVI) 

(Ir-Cyclopentadienyl)(triphenyIphosphine)-2,3,4,5-tetramethoxycarbonyl- 
CobaItacycZopentadiene (f VI_ To a solution of I (1.5 g, 2.1 mmol) in benzene 
(20 ml) was added dimethyl acetylenedicarboxylate (1.1 g, 8 mmol in 10 ml of 
benzene) dropwise under ice-cooling. The mixture was allowed to stand over- 
night at room temperature and then was chromatographed on A1203. An orange- 
red band was eluted with 1 : 1 benzene/ethyl acetate. Removal of the solvent in 
vacua and treatment of the residue with benzene/hexane gave orange-red crystals 
of IV (solvated with f mol of benzene, 0.25 g, 14%). The solvated benzene could 
be removed by heating the crystals in vacua at 170°C for 30 min 

(sr-Cyclopentadienyl)(triphenylphosphine)-2,4-diphenyl-3,5-dimethoxycar- 
bonylcobaltacyclopentadiene (VI-l) and (z-cyclopentadienyl)(triphenylphos- 
phine)-2,5-diphenyi-3,4-dimethoxycarbonylcobaltacyclopentadiene (W-2). 
To a solution of I (6.0 g, 8.3 mmol) in benzene (90 ml) was added methyl 
phenylpropiolate (3.0 g; 18.8 mmol) and the mixture was allowed to stand over- 
night. After concentration, the reaction mixture was chromatographed on Al,O,. 
TWO bands separated on elution with 25 ; 1 benzene/tetrahydrofuran. The first 
red-brown band was collected, concentrated and hexane was added to give red- 
brown CIYJ&& of VI-1 (1.7 g, 29%). From the second orange band, which was 
eluted with 10 I 1 benzene/tetrahydrofuran, orange-brown crystals of VI-2 
were obtained (1.5 g, 26%). 

By similar procedures, VII-l, VII-2, and VIII were prepared and isolated. 
(~-Cyc~opentadienyl)(triphenylphosphine)-2,3-diphenyl-4-methyl-5-methoxy- 

carbonylcobaLtacyc!opentadiene (XIV). To a solution of IIa (0.56 g, 1 mmol) in 
benzene (20 ml) was added methyl methylpropiolate (0.15 ml). After 1 h, the 
mixture was concentrated and chromatographed on A1203_ A brown band eluded 
with 10 : 1 benzene/dichloromethane was collected and concentrated. Addition 
of hexane gave brown crystals of XIV (O-45 g, 68%)_ 

By similar procedures, Were obtained IX, X, XI, XII, XIII, XV-l, and XV-2. 
(Ir-Cyclopentadienyl)(triphenylphosphinej-2,5-dimethoxycarbonyl-3-methyl- 

4-phenykobaltacyclopentadiene (XVI-l) and (Ir-cyclopentadienyl)(triphenyl- 
phosphine~2,4-dimethoxycarbonyl-3-methyl-5-phenylcobaltacyciopentadiene 
(XV.-2). Methyl methylpropiolate (0.25 ml) was added to a solution of IIb (1.1 
g, 2 mmol) in benzene (30 ml). After it had stood overnight, the reaction mix- 
ture was concentrated and chromatographed on Al203 to give mainly three 
zones, red-violet, yellow, and orange in color. From the first zone,-which was 
eluted with 1 : 1 benzene/dichloromethane, dark-red crystal, which did 
not contain the triphenylphosphine ligand and of as yet unknown structure, 
were obtained (O-014 g, m-p. 136:138”C). C&e&ion and concentration of the 
second band, which was eluded with dichloromethane, followed by addition of 
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hexane, gave orange-red crystals of XVI-l (0.12 g, 9%). From the third zone, 
which was eluted with 4 I 1 benzene/ethyl acetate, brown crystals of XVI-2. 
were obtained by similar work-up (0.50 g,f39%)_ 

Reaction with su!fur 

Reaction of W-2 with sul&r_ A mixture of VI-2 (0.20 g, 0.365 mmol) and 
elemental sulfur (80 mg) in benzene (30 ml) was heated at 150°C for 6 h in a 
sealed tube. After concentration, the reaction mixture was chromatographed on 
Al203 (2 X 15 cm). After the column was eluted with benzene (200 ml) and fur- 
ther with 1 : 1 benzene/dichloromethane (100 ml), the eluate with dichloro- 
methane was collected and concentrated, The residue was crystallized from 
hexane to give colorless crystals of 2,5diphenyl-3,4dimethoxycarbonylthio- 
phene. 

Other reactions of cobaltacyclopentadiene complexes with sulfur were car- 
ried out similarly; Table 2 compares physical properties of thiophenes thus ob- 
tained with those listed in the literature_ 

Reaction ‘with acetylenes 

Reaction of VIII with dimethyl acetylenedicarboxylate- A mixture of VIII 
(0.21 g, 0.32 mmol) and dimethyl acetylenedicarboxylate (0.15 ml) in benzene 
(10 ml) was heated at 70°C in a sealed tube. After 20 h, the reaction mixture 
was chromatographed on AIZOs and the eluate with 1 : 1 benzenejdichloro- 
methane was collected. Evaporation of the solvent and recrystallization of the 
residue from benzene/hexane gave colorless crystals of 1,2dimethoxycarbonyl- 
3,6-diphenyl-4,5-die~ylbenzene(0.014g,13%)m~p_126-l270C_ Found:C, 
77.24; H, 5.90. Cz4Hi204 calcd.: C, 76.98; H, 5.92%. 

Reaction of XVI-2 with diphenylacetylene. By a similar procedure to that 
described above, crystals of 1,2dimethoxycarbonyl-2-me~thyl-4,5,6-triphenyl- 
benzene were obtained (50 mg, 36%) from XVI-2 (205 mg, 0.29 mmol) and 
diphenylacetylene (0.33 g), m-p. 204-205°C. Found: C, 79.92; H, 5.60; mol_ 
wt- 436 (mass spectrum)_ C&&,0., &cd_: C, 79-79; H, 5.54%; mol. wt. 436.5. 
PMR: 8 2.38 (C-CHs); 3.45 (O-CHs) ppm. 
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