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Abstract 

(-qS-Cyclopentadienyl)dicarbonylcobalt undergoes FriedeI-Crafts acylation with both organic and organometallic acid chlorides, 
including acetyl, benzoyl, p-toluoyi, p-anisoyl and 2-naphthoyl chlorides, and chloroformyiferrocene as well as I, I'-di(chloroformyl)fer- 
rocene. The resulting ketones react with triphenylphosphine to afford the corresponding carbonyl-phosphine analogs. IR and NMR 
spectral features of the new compounds are discussed. 

Ke3~vords: Cobalt; Cyclopentadienyl; Ferrocene: Metallo-aromatic 

1. Introduction 

The FriedeI-Crafts acylation reaction has played a 
veq, significant role in synthetic organic chemistry since 
its fortuitous discovery in 1877, and has laid the founda- 
tion for important modem chemical processes [1]. In 
1952, Woodward and coworkers found that the organo- 
iron compound bis('qS-cyclopentadienyl)iron (ferrocene) 
could readily undergo F'riedel~Crafts acylation to form 
both mono- and disubstituted acyl derivatives, depend- 
ing on the number of equivalents of acylating agent 
used [2]. This facile electrophilic aromatic-type substituo 
tion reaction has subsequently played a key role in the 
extensive development of Fen'ocene chemistry. 

Since this pioneering discovery, a small number of 
additional cyclopentadienyl-metal compounds have 
been found to exhibit metallo-aromatic properties. 
These include bis(~qS-cyclopentadienyl)ruthenium 
(ruthenocene) [3,4], bis(lqS-cyclopentadienyi)osmium 
(osmocene) [3,41, (~l'S-cyclopentadieny/)tricarbonyl - 
manganese (cymantrene) [5-7], (xr-cyclopenta- 
dienyl)tricarbonyltechnetium [8] and -rhenium [8-10], 
(~5-cyclopentadienyl)dicarbonylnitrosylchrona iu m 
(cynichrodene) [11,12] and (lqS-cyclopentadienyi)tetra - 
carbonylvanadium [13-15]. In 1967, Fischer and 
coworkers determined the relative reactivities of many 
of these organometallic tompounds towards Friedel- 
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Crafts acylation with respect to some common organic 
aromatic systems [16]. Ferrocene was shown to be the 
most reactive of all the compounds studied, with the 
reactivity decreasing in t~e following order: ferrocene 
> anisole > ruthenocene ~ cymantrene > osmocene > 
cynichrodene :~ (IqS-C~Hs)V(CO)4 ~' benzene > 
(~15 _ CsHs)Re(CO): v 

Although it was not included in the above study, 
(,qS°cyclopentadienyl)dicarbonyicobalt (1) was tepotled 
in 1959 in the patent literature to undergo a Fr;edel- 
Crafts acylation reaction [17]. By treating a carbon 
disulfide solution of 1 with aluminum chloride and 
benzoyl chloride, Kozikowski was able to isolate ('qSo 
benzoylcyclopentadienyl)dicarbonylcobalt (2). It was not 
until 1981 that the aromatic reactivity of 1 was further 
investigated [18]. Hart modified the original procedure 
so that benzoylation occun~d in a methylene chloride 
solution overnight at room temperature. He also formed 
a PetTier complex of benzoyl chloride and aluminum 
chloride prior to the addition of 1. In a similar manner, 
Hart prepared ('qS-acetylcyclopentadienyl)dicarbonyl" 
cobalt (3). An alternative route to 3 utilizing sodium 
acetylcyclopentadienide, iodine and dicobalt octacaro 
bonyl has subsequently been developed [19]. 

In this paper, we describe detailed synthetic proce- 
dures for a variety of new acyi derivatives of I obtained 
by the FriedeI-Crafts method. Conversions of these 
compounds to the corresponding carbonyl-triphenyl- 
phosphine analogs are also reported, and spectral fea- 
tures of all new organometallic compounds are dis- 
cussed. 
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2. ltemlts mul discussion 

In agreement with earlier brief reports [17,18], 1 
readily undergoes Friedel-Crafts benzoylation in the 
presence of aluminum chloride to afford the benzoyl 
derivative 2 in 49% yield. In a similar manner, 
F r i e d e l - C ~  acetylation produces the acetyl analog 3 
in 61% yield. In order to examine further the scope of 
this reaction, Friedel-Crafts acylations with a variety of 
other acid chlorides (p-toluoyl, p-anisoyl and 2-naph- 
thoyl chlorides) were investigated. In each case, the 
conesponding ~tones (4-6) were obtained in moderate 
yields as low-melting, slightly air-sensitive red oils 
which were difficult to purify further. All acylations 
were conducted by adding 1 to a preformed Pettier 
complex of the acid chloride and aluminum chloride in 
methylene chloride solution. 

(1943-1925 cm -n) than for 2-6. This result is due to 
electron-donation of the phosphine ligand to the metal 
center, which strengthens the cobalt-carbon bond but 
weakens the carbon-oxygen bond in this ligand. The 
organic carbonyl groups in 2-6 appear between 1670 
and 1590cm -n, whereas this group is shifted to slightly 
lower energy (1640-1600 cm- ~ ) in phosphine analogs 
7-9 and 11. 
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These electrophilic substitution reactions of 1 
demonstrate its metailo-aromatic properties, It was 
therefore of interest to compare the relative reactivities 
of I and ferrocene under Friedel~Crafts conditions. 
Accordingly, a competition reaction was conducted be. 
tween one equivalent each of I and ferrocene with one 
equivalent each of a~tyl chloride and aluminum chlo- 
ride. Following hydrolysis, examination of the reaction 
products by *H NMR demonstrated that ferrocene un- 
dergoes exclusive acylation. The I H NMR spectrum 
shows a singlet representative of unreacted 1 at 
4,98ppm, as well as two pseudo-triplets at 4.66 and 
4.42ppm and singlets at 4.13 and 2.25 ppm, all indica- 
tive of a~tylfenocene. 

The (~lS.acylcyclopentadienylkticarbonylcobalt com- 
pounds 2-6 were converted to the corresponding 
¢obalt-phosphine derivatives (7-11) by reaction with 
triphenylphosphine in refluxing THF [20.21]. The phos- 
phine ~mplexes 7-11 were obtained as air-sensitive 
~ -b l ack  solids following purification by column chro° 
matography and ~rystallization. 

All the (~q~-acylcyclopentadienyl)dicarbonylcobait 
t o m , r i d s  2-6 exhibit typical symmetric and antisym. 
metric terminal carbonyl stretches above and below 
2000cm "1 in their IR spectra (2035-2000cm-* and 
1980-1950 cm- i ). For the phosphine analogs 7-11, the 
terminal carbonyl ligand absorbs at lower energy 

In the :H NMR spectra of the (~qS-acylcyclopenta- 
dienyl)dicarbonylcobalt compounds 2-6, the aromatic 
protons are observed as multiplets between 7.80 and 
6.30ppm, the cyclopentadienyl protons as pseudo-tri- 
plets on either side of 5.00ppm (5.05-4.76ppm and 
4.60-4.17ppm), and the methyl protons as singlets 
between 2.85 and 1.70ppm. The corresponding phos- 
phine complexes 7-11 show slight downfield shifts in 
the multiplets for the aromatic protons (7.41-7.30 ppm), 
the pseudo-triplets of the cyciopentadienyl protons 
(5. ! 8-5.04 ppm and 4.73-4.66 ppm), and the singlets of 
the methyl protons (3.85-2.24ppm). The :~lp NMR 
spectra of 7--I1 contain somewhat broadened signals 
between 63.54 and 64,58 ppm. Broadening is likely due 
to spin-spin interaction with cob~dt, which has a no° 
clear spin of 5/2. 

The FriedeI-Crafts reactivity of 1 era1 also be ex- 
tended to the synthesis of bi- and trimetallic ketones. 
Thus, (TlS.ferrocenoylcyclopentadienyl)dicarbonyicobalt 
(12) has been prepared in 57% yield from ferrocenoyl 
chloride ! aluminum chloride and 1 by preforming the 
Pettier complex and subsequently adding I. 

o 

12 13 

~" Knobloch and Rauscher's procedure [22] for the preparation of 
l,r-di(chloroformyl)ferrocene using oxalyl chloride as the chlorinat- 
ing agent was applied to the synthesis of chloroformylferrocene. This 
method is superior to those employing thionyl chloride or phosphorus 
pentachloride, owing to the absence of mr formation. 



S.Z Mabrouk et aL / Journal of Organometallic Chemistry 527 ¢1997) 43-49 45 

Compound 12 has previously been obtained by us in 
36% yield from (~qS-chloroformylcyclopentadienyl)di- 
carbonylcobalt, aluminum chloride and ferrocene [23], 
but the procedure developed here is more convenient 
and straightforward. The spectral data for 12 obtained in 
this manner correspond to the earlier literature values 
[23]. 

In an analogous manner, l,l'-bis('qS-cyclopen - 
tadienyl)diearbonylcobalt]ferrocene diketone (13) has 
been obtained from I in 33% yield, using 1,1'-di(chloro- 
formyl)ferrocene [22] as the aeylating agent. The IR 
spectrum of 13 shows the symmetric and antisymmetric 
terminal carbonyl stretches at 2013 and 1950cm-~. The 
organic carbonyl stretching frequency for 13 at 
1620cm-t is comparable with the carbonyl frequency 
for diferroeenyl ketone (1612 era- i ) [4]. In the i H 
NMR spectrum of 13, the pseudo-triplets representing 
protons on the cyelopentadienyl-cobalt rings appear at 
5.56 and 5.33 ppm, whereas resonances representing the 
less deshieided protons on the cyciopentadienyl-iron 
rings appear at 4.97 and 4.58 ppm. 

We have previously demonstrated that aeyl deriva- 
tives of 1, such as ('qS-formylcyelopentadienyl)di- 
carbonylcobalt and 3. undergo a wide variety of trans- 
formations that implicate the formation of cobalt-stabi- 
lized carbonium ions [18,19]. The availability of the 
corresponding aroyl analogs as reported here should 
considerably facilitate further studies along these lines. 

3, Experimental section 

All operations were performed under an inert atmo- 
sphet~ of nitrogen using standard Schlenk or glove box 
techniques. Nitrogen was dried via passage through two 
successive tubes, one containing molecular sieves and 
the other phosphorus pentoxide. Trace oxygen was re- 
moved by passage through a column of BTS catalyst. 
All solvents were dried prior to use. Diethyi ether and 
tetrahydrofuran (THF) were predried over sodium wire 
and subsequently distilled from Na/K alloy. Pentane, 
hexane and benzene were likewise distilled from Na/K 
alloy, whereas methylene chloride was dried and dis- 
tilled from calcium hydride. Deoxygenated water was 
prepared by bubbling nitrogen just under the surface of 
distilled water as it was being heated to boiling 
overnight. It was then cooled under a nitrogen stream. 
Aluminum chloride and benzoyl chloride were obtained 
from Fisher Scientific Co. and Eastman Kodak respec- 
tively, whereas most other reagents were obtained from 
Aldrich. Column chromatography was conducted under 
nitrogen using neutral alumina or silica gel. The adsor- 
bents were activated by heating in an oven prior to use. 
After the adsorbent had cooled to room temperature, it 
was packed into a glass column. J H and 3tp NMR data 
were obtained on a Bruker NR-80AF spectrometer. 

Infrared spectra were acquired on a Perkin-Elmer 1310 
spectrometer. All melting points were recorded on a 
Mel-Temp apparatus and are uncorrected. Microanaly- 
ses were performed by the Microanalytical Laboratory, 
University of Massachusetts, Amherst, MA. (~5. 
Cyclopentadienyl)dicarbonylcobalt (1) was prepared by 
the method of Rausch and Genetti [24]. Since 1, a red 
oil, decomposes readily in the presence of light and 
slowly in air, it was stored at - 2 0 ° C  under nitrogen in 
the absence of light. It can be kept for months in this 
manner. 

3.1. (71S.Acetylcyciopentadienyl)dicarbonylcobalt (3) 

Acetyl chloride (0.53 ml, 7.4retool) and aluminum 
chloride (l.019g, 7.64mmol) were combined with 
125 ml of dry methylene chloride in a 250ml Schlenk 
flask equipped with a magnetic stirring bar and a nitro- 
gen outlet leading to an oil bubbler. The solution was 
stirred at room temperature for 1.75 h. (~qS-Cyclopenta- 
dienyl)dicarbonylcobalt (1.35g, 7.50mmol) was then 
added and the red solution stirred at room temperature 
overnight in the absence of light. The solution was 
hydrolyzed by the slow addition of 50ml of deoxy- 
genated water containing ten drops of concentrated 
hydrochloric acid. The layers were separated and the 
aqueous layer extracted with methylene chloride. The 
combined organic layer was washed with water and 
dried over magnesium sulfate. The solution was filtered 
through Celite and the solvent removed to give 1.01 g 
(61% ) of ( qqS-acetylcyclopentadienyl)dicarbonylcobalt as 
a red oil. IR and ~ H NMR spectra of the product were 
identical to literature data [18,19]. 

3.2. (~laoAcetylcyclopenmdienyl)carbonyl( triphenylphoso 
phine)cobalt (8) 

Following the above procedure, (~q~oacetylcyelo- 
pentadienyl)dicarbonylcobalt was synthesized from 
1.346g (10.1 mmol) of aluminum chloride, 0.90ml 
(13retool) of acetyl chloride, and 1.543g (8.57mmol) 
of (~lS-cyclopcntadienyl)dicarbonyleobait. About 120 ml 
of dry THF and 2.45 g (9.35 retool) of triphenylphos- 
phine was added to the crude red oil in a 250ml 
Schlenk flask equipped with a magnetic stirring bar, 
condenser, and nitrogen outlet attached to an oil bub- 
bler. The red solution, which became brown instantly, 
was stirred at reflux overnight in ttle absen~ of light. 
The reaction mixture was allowed to cool to room 
temperature under a gentle flow of nitrogen. The sol- 
vent was removed in vacuo and the residue dissolved in 
dry methylene chloride. Alumina was added and the 
solvent removed. The material was loaded onto an 
alumina column (2 x 21.5 cm 2) under nitrogen and the 
column elutod with diethyi ether tc, yield an orange- 
brown band. Removal of the solvent produced 0.76g 
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(19% based on 1) of (qLacetylcyclopen- 
tadienyl)carbonyKtriphenylphosphine)cobalt, which was 
recrystallized from diethyl ether/hexane to give red- 
black crystals, m.p. 110-113°C. H NMR (CDCI3): 8 
7.41 (m, 15H, phenyl), 5.04 (t, 2H, H2.5), 4.66 (t, 2H, 
H3.4), 2.24 (s, 3H, CH3). 31P{H} NMR (C6D6): 8 
64.58. IR (CH2C12): 1928 (s), 1648 (m), 1460 (w), 
1425 (w), 1375 (w), 1087 (m) cm -l .  Anal. Found: C, 
68.63; H, 4.91. C26H22CoO2P Calc.: C, 68.43; H, 
4.86%. 

3.3. (~S.Benzoylcyclopentadienyl)dicarbonylcobalt (2) 

Benzoyl chloride (1.05 ml, 9.05 mmol) and aluminum 
chloride (1.207g, 9.05mmol) were combined with 
100ml of dry methylene chloride in a 250ml Schlenk 
flask equipped with a magnetic stirring bar and a nitro- 
gen outlet attached to an oil bubbler. The resulting 
yellow solution was stirred at room temperature under 
nitrogen for 2h. Subsequently, (qS-cyciopentadienyl)di- 
carbonylcobait (I.63 g, 9.05 retool) was added and the 
red solution stirred overnight in the absence of light. 
The reaction mixture was hydrolyzed by the a0dition of 
43 ml of deoxygenated water containing six drops of 
concentrated hydrochloric acid. The mixture was poured 
into a separatory funnel and the layers were separated. 
The aqueous layer was extracted twice with methylene 
chloride. Th~ combined organic layer was washed twice 
with water, dried over magnesium sulfate, and filtered 
through a frit containing a small amount of Celite. 
Removal of the solvent in vacuo produced 1.25 g (49%) 
of (qsobenzoylcyclopentadienyl)dicarbonylcobalt as a 
red oil, The product can be further purified by column 
chromatography on alumina, eluting with 2:1 
pentane/diethyl ether and distillation at $0~ 
60°C/0.02Torr. Storage of the distillate at - 20°C led 
to the formatie:, of a red solid, which aport recrystalliza- 
tion from pentme at -78°C afforded 3 as an orange 
solid, m.p. 41-.42~C. *H NMR (C6D6): 8 7.95 (m, 2H, 
o-pbenyl), 7.20 (m, 3H, m- and p-phenyl), 5.05 (t. 2H, 
H2.s), 4.58 (t, 2H, Hs.4). IR (C6H6): 3020 (br, w), 2040 
(s), 1975 (s), 1650 (s), 1375 (m), 1275 (m), 1165 (w), 
1020 (w), 880 (w), 720 (w)cm °1, MS: m/e  284 (M+), 
Anal. Found: C, 58.91; H, 3.02. CI,,HgCoO 3 Calc.: C. 
59.17; H, 3.19%. 

3.4. f ~ ~oBct, zoylcyc!opeatadienyl)corbonyl(triph~nylo 
phosphine k~obah f 7 ) 

(qS-Benzoylcyclopentadienyl)dicarbonylcobalt was 
synthesized as described above using 1.15 ml 
(9.92 mmol) of benzoyl chloride, 1.324g (9.93 mmoi) of 
aluminum chloride, and 1.623g (9.01 retool) of 
(~l~cyclo~ntadienyl)dicarbonyleobalt. Dry THF 
(125 mi) was added to the red oil in a 250ml Schlenk 
flask which was equippeO with a magnetic stirring bar, 

condenser, and a nitrogen inlet attached to an oil bub- 
bler. Triphenylphosphine (2.246g, 8.56mmol) was 
added and the resultant red solution heated at reflux for 
36 h in the absence of light. Foaming and gas evolution 
were initially observed. The solution was allowed to 
cool to room temperature and the solvent removed in 
vacuo. The residue was dissolved in methylene chloride, 
and alumina was added. The solvent was removed and 
the material loaded onto an alumina column (2 × 
20cm2). Two bands were observed upon elution with 
diethyl ether, a faint yellow band and a red-brown 
band. Removal of the solvent from the second band 
yielded 1.14g (24% based on 1) of (xlS-benzoylcyclo - 
pentadienyl)carbonyl(triphenylphosphine)cobalt, which 
was recrystallized from diethyl ether/hexane to give 
red-brown needles, m.p. 136-138 °C. iH NMR 
(CDCI3): 8 7.37 (m, 20H, phenyi), 5.17 (t, 2H, H2.5), 
4.68 (t, 2H, H3.4). 3tP{H} NMR (C6D6): 8 63.94. IR 
(CH2Cl2): 1935 (s), 1615 (m), 1370 (m), 1275-1245 
(m), 1085 (m) cm-I. Anal. Found: C, 71.53: H, 4.72. 
C~tH24CoO2P Calc.: C, 71.82; H, 4.67%. 

3.5. ( ~ ~ -p- Toluoylcyciopentadienyl)dicarbonylcobalt (4) 

The reaction procedure was analogous to that de- 
scribed for 3, using p-toluoyl chloride (l.05ml, 
7.94 retool), aluminum chloride (l. ! 26 g, 8.45 retool), 
methylene chloride (130ml) and (~ls-cyclopenta o 
dienyl)dicarbonylcobalt (1.43 g, 7.94 retool). Following 
hydrolysis, extraction, drying and removal of the sol- 
vent, 1.783g (75%) of (~Sop°toluoylcyclo~ntadieo 
nyl)dicarbonylcobalt was obtained as a red oil. H NMR 
(CDCI~): 8 7.53 (d, 2H, phenyl), 6.62 (d, 2H, phenyl), 
4.76 (t, 2H, H2.~), 4.17 (t, 2H, H~,~), 1.70 (s, 3H, Ctt ~). 
IR (pentane): 2930-2825 (s), 2000 (s), 1953 (s), 1710 
(w), 1623 (m), 1593 (m), 1550 (w), 1450-1437 (m), 
1365 (~), 1337 (m), 1295 (w), 1265 (m), 1165 (m), 
1150 (w), 1105 (w), 1073 (w), 1025 (w), 1005 (w), 847 
(w), 827-803 (w), 770 (m), 727 (w) cm -I. 

3.6. (~S.p. Toluoylcyclopentadienyl)carbonyl{triphenyl. 
phosph ine )cobah (9) 

The reaction procedure was analogous to that de- 
scribed for 8, using p-toluoyl chloride (I.50ml, 
I !.3 retool), aluminum chloride (I.303 g, 9.77 retool), 
methylene chloride (130ml), and (~l~-cyclol~nta - 
dicnyl)dicarbonylcobalt (I.500g, 8.33 retool). Subse- 
quent reaction of the resulting red oil (4) with tri- 
phenylphosphine (2.283 g, 8.70retool) in 150ml of THF 
in a 250ml Schlenk flask at reflux for 3 days, removal 
of the solvent and column chromatography on alumina 
gave a dark brown band (pcntane), a light yellow band 
(l:l  pentane/diethyl ether), and a red band (diethyl 
ether). Removal of the solvent from the third band 
yielded 0.673g (15% based on 1) of (qS-p-toluoyl- 
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cyclopentadienyl)carbonyl(triphenylphosphine)- 
cobalt, which was recrystallized from diethyl 
ether/hexane to give red-black needles, m.p. 131- 
134°(2. IH NMR (CDCI3): 6 7.36 (m, 19H, phenyl), 
5.15 (t, 2H, H, 5), 4.66 (t, 2H, H a 4), 2.40 (s, 3H, CH3). 
31 . . . .  P{H} NMR (C6D6): 8 63.67. IR (CH2C12): 1938 (s), 
1620 (m), 1370 (m), 1275-1245 (m), ~C~90 (m) cm -~. 
Anal. Found: C, 72.23; H, 4.99. Cz~H26CoO2P Calc.: 
C, 72.18; H, 4.92%. 

3.7. (~ S.p.Anisoylcyclopentadienyl)dicarbonylcobalt (5) 

Following the reaction procedure described for 3, 
p-anisoyl chloride (1.97 ml, 14.5 mmol), aluminum 
chloride (2.012g, 15.1mmol), 130ml of methylene 
chloride and (llS-cyclopentadienyl)dicarbonylcobalt 
(2.62 g, 14.5 retool) produced 2.16 g (47%) of ( p-aniso- 
ylcyclopentadienyl)dicarbonylcobalt as a red oil. t H 
NMR (CDCI3): 8 7.80 (d, 2H, phenyi), 6.30 (d, 2H, 
phenyl), 4.80 (t, 2H, H2.5), 4.20 (t, 2H, H3.4), 2.85 (s, 
3H, CH3). IR (CH2C12): 2015 (s), 1950 (s), 1590 (m) 

- I  
¢ m  . 

3.8. (vl~-p-Anisoylcyclopentadienyl)carbonyl(triphenyl - 
phosphine)cobalt (10) 

Following the procedure described for 8, using p-an- 
isoyl chloride (1.40 ml, 12.9 mmol), aluminum chloride 
(1.337 g, IO.Ommol), methylene chloride (130ml) and 
(.qS-cyclopentadienyl)dicarbonylcobalt (1.599 g, 
8.88mmol), $ was obtained as a red oil. Subsequent 
reaction of the red oil with triphenylphosphine (2.254 g, 
8.59mmol) in 12Oral of THF at reflux overnight fol- 
lowed by column chromatography (2 × 20cm 2) on alu- 
mina gave two bands: a brown band (1:1 pentane/di- 
ethyl ether) and a rcd.~brown band (diethyl other). The 
latter afforded 0.57 g (12% based on 1) of (~qS-p-aniso- 
ylcyclopentadienyl)carbonyl(triphenylphosphine)cobalt. 
The product was recrystallized from methylene chlo- 
ride/hoxane to give red-brown crystals, m.p. 139- 
141 °C. IH NMR (CDCi3): $ 7.37 (m, 19H, phenyl), 
5.13 (t, 2H, H2.5), 4.68 (t, 2H, H34), 3.85 (s, 3H, CH3). 
3tp{H} NMR (C6D6): 8 63.74. IR (CH2C12): 1930 (s), 
1595 (m), 1455 (m), 1370 (m), 1280-1245 (m), !160 
(m). 1090 (m), 1025 (m), 860 (w), 840 (w), 810 (w) 
cm "t. Anal. Found: C, 70.03; H, 4.80; P. 5.98. 
C32H26CO3P Calc.: C, 70.08; H, 4.78; P. 5.65%. 

3.9. (715-2-Naphthoylcyclopentadienyi)dicarbonylcobalt 

The reaction procedr, re was analogous to that de- 
scribed for 3, using 2-naphthoyl chloride (I.96g, 
10.3retool), aluminum chloride (1.37g, 10.3mmol), 
methylene chloride (100mi) and (,qLcyciopenta- 
dienyl)dicarbonylcobalt (1.85 g, 10.3 mmol). Following 

hydrolysis, extraction, drying and removal of the sol- 
vent, !.249g (36%) of (-qS-2-naphthoylcyciopen- 
tadienyl)dicarbonylcobalt was obtained as a red oil. LR 
(CH2C12): 3045 (w), 2975 (m), 2933 (w), 2035 (s), 
1970 (s), 1683 (s), 1623 (w), 1590 (w), 1507 (m), 1433 
(m)j, 1370 (w), 1320 (w), 1270-1230 (w), 1207 (w), 
1193 (m), 1090 (w), 825 (m), 787-690 (m) cm -~. 

3.10. (~ls-2"Naphthoylcyclopentadienyl)carbonyl(tri- 
phenylphosphine)cobalt (11) 

The reaction procedure was analogous to that de- 
scribed for 8, using 2-naphthoyi chloride (1.426g, 
7.48 mmol), aluminum chloride (I.001 g, 7.51 mmol), 
methylene chloride (100 ml) and (,q5 
cyclopentadienyl)dicarbonylcobalt (1.307 g, 7.26 mmol). 
Reaction of the resulting red oil (6) with triphenylphos- 
phine (i.999 g, 7.62 mmol) in 130 ml of THF at reflux 
overnight, removal of the solvent, and column chro- 
matography on alumina gave several small bands on 
elution with pentane/ethyl ether as well as the product 
band on elution with diethyl ether. Removal of the 
solvent from the latter band yielded 0.83 g (20% based 
on 1) of (~qs-2-naphthoylcyclopentadienyl)carbonyl(tri- 
phenylphosphine)cobalt, which was recrystallized from 
diethyl ether/bexane to give a red-black solid. I H 
NMR (CDCI3): 8 7.30 (m, 22H, aromatic), 5.18 (t, 2H, 
H2.5), 4.73 (t, 2H, H3.4). 31p NMR{H} (CDCI3): 8 
63.55. IR (CDCI3): 1943 (s), 1610 (m), 1435 (m), 1380 
(m), 1290 (m)cm -~. Anal. Found: C, 74.26; H, 4.63. 
C~.sH26CoO2P Calc.: C, 73.95; H, 4.61%. 

3.11. Chloroformylferrocene 

Ferrocenecarboxylic acid [25] (4.96g, 21.6retool) 
was weighed into a 250ml Schlenk flask equipped with 
a magnetic stirring bar. The flask was evacuated and 
filled with nitrogen several times. To the flask was 
added 100ml of dry methylene chloride, 4.0ml 
(47 retool) of oxalyi chloride, and four drops of pyfio 
dine. A mercury bubbler was attached via a gas outlet 
and the flask was wrapped with aluminum foil in order 
to exclude light. The reaction mixture was stirred at 
room temperature overnight. The solvent was removed 
in vacuo and the residue extracted repeatedly with 
hexane. 1he solvent was removed from the combined 
hexane extracts to give 1.984 g (37%) of chloroformyl 
ferrocene as a red solid. The IR and ~H NMR spectra of 
the product corresponded to literature values [26]. 

3.12. (VlS-Ferrocenoylcyclopentadienyl)dicarb°nyic°" 
bait (12) 

Under nitrogen, IOOml of dry methylene chloride 
was added to chioroformyiferrocene (i.984g, 
7.98 mmol) contained in a 250 ml Schlenk flask equipped 
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with a magnetic stirring bar and a ga~ outlet. Aluminum 
chloride (I.073g. 8.05mmol) was added to the red 
solution, which turned blue as it was stirred at room 
temperature. After 2h, (~qS-cyclopentadienyl)di- 
carbonylcobalt (1.340g, 7.44mmoi) dissolved in 15ml 
of methylene chloride was added to the flask, and the 
solution immediately turned purple. The reaction mix- 
ture was s t i ~  at room temperature overnight, hydro- 
lyzed with 50ml of water followed by 50ml of 10% 
hydrochloric acid, and the layers were separated. The 
aqueous layer was extracted with methylene chloride 

the combined organic layer washed with water. The 
~ganic layer was dried over magnesium sulfate and 
filtered through Celite. The solvent was remo,'ed on 
silica gel. The coated material was loaded onto a silica 
gel column (2 x 20.5 cm) under nitrogen. Elution with 
pentane removed a yellow band, whereas diethyl ether 
eluted a red band. After removal of the solvent from the 
latter band, 1.65 g (57%) of (~S-ferrocenoylcyclopenta- 
dienyl)dicarbonylcobalt was obtained. Both the IR and 
t H NMR spectra were identical to those previously 
reported [23 ]. 

3.13. l , r -B i s l (~ . cyc lopen tad ieny l )d i carbony lco  - 
balt]ferrocene diketone (13) 

Under nitrogen, aluminum chloride ( I .49g, 
11.2mmol) was added to l,l'-di(chloroformyl)ferrocene 
[22] (1.722g, $.54mmoI) dissolved in 120ml of dry 
methylene chloride in a 250ml Schlenk flask equipped 
with a magnetic stirring bar and a gas outlet. The 
~sulting violet solution was stirred for 3 h before slowly 
~d,ng (~S.cyclopentadienyl~lcarbonylcobalt (2. I ~  g, 
12.0mmol) dissolved in 15 ml of methylene chloride. 
The msulumt blue solution was subsequently stirred at 
room wmp~ramre overnight. The reaction mixture was 
hydroly~ with 50ml of deoxygenated water and the 
layers were sepm~ted, The aqueous layer was extracted 
with methylene chloride, and the combined organic 
layer was washed with water. The organic layer was 
dried over magnesium sulfate and filtered through Celite. 
Silica gel was added and the solvent removed in vacuo. 
The red material was loaded onto a silica gel column 
(2 x 21.5 cm) under nitrogen. A light orang~ band was 
eluted with 4:1 pentane/diethyi ether followed by a red 

which was eluted with diethyl ether. The solvent 
was removed from the second bond to yield I . I I g  
(33%) of l,l'-bis[('qS.cyclopentadienyl)dicarbonylco~ 
balt]ferrocene diketone. Rccrystallization of the product 
from methylene chloride/hcxane gave red crystals, m.p. 
above 260~C. *H NMR (CDCI~): B 5,56 (t, 2H, 
H~,s(Co)), 5.33 (t, 2H, Hs,~(Co)), 4.97 (t, 2H, H~ ~(Fe)), 
4.58 (t, 2H, Hs.~(Fe)). IR (CDCI~): 2013 (s), 1970 (s), 
1620 (m), 1443 (m), 1380 (m), 1283 (m), 1050 (w), 805 
(w), 613 (w) cm-*. Anal. Found: C, 52.43; H, 3.02. 
C~H~CoaFeO~ Calc.: C, 52.21; H, 2.70%. 

3.14. Competition study o f  (vlS-cyclopentadienyl)di - 
carbonylcobalt with ferrocene towards Friedel-Crafis 
acylation 

In a glove box, aluminum chloride (0.340g, 
2.55 mmol) was weighed into a 25 ml Schlenk flask and 
a magnetic stirring bar was added. After removal of the 
flask from the box, 10 ml of dry methylene chloride and 
O.19ml (2.7 retool) of acetyl chloride were added to the 
flask, and the mixture was subsequently stirred at room 
temperature for 100rain. The solution was then added 
to a 25 ml Schlenk flask containing ferrocene (0.518 g, 
2.78 retool) and ('qS-cyclopentadienyl)dicarbonylcobalt 
(0.500g, 2.78retool) dissolved in 10ml of dry methy- 
lene chloride. The solution immediately became purple. 
The reaction was then stirred for 23 h in the absence of 
light, and hydrolyzed with 15 ml of deoxygenated water 
followed by 10ml of 10% hydrochloric acid. The layers 
were separated, the aqueous layer extracted with methy- 
lene chloride, and the combined organic layer washed 
with water. The organic layer was then dried over 
magnesium sulfate and filtered. The solvent was re- 
moved to give a dark red solid. *H NMR (CDCI3): B 
4.98 (s, 5H, CsHs(Co)), 4.66 (t, 2H, H, s(Fe)), 4.42 (t, 
2H, H~.4(Fe)), 4.13 (s, 5H, CsHs(Fe)), 2.25 (s, 3H, 
CHO. 
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