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Ferrocene, ruthenocene, and tricarbonyl(n-cyclopentadienyl)manganese
were acylated with chlorides of oxo acids C;H;CO(CH,),COCI. Expected
unsymmetrically substituted diketones were isolated in reactions with fer-
rocene (for n=3—8), ruthenocene (n=8), and tricarbonyl(n-cyclopen-
tadienyl)manganese (n =4, 6). Being accompanied with unsaturated lactones
the chlorides with n =2, 3 gave complicated mixtures of products with fer-
rocene but did not react with tricarbonyl(n-cyclopentadienyl)manganese.

deppolieH, PYTEHOLEH ¥ LUKJIONEHTaJHeHHIMapraHeTPHKap6oHH GbLTH
auunupoBansl xyopuaamu ketokucior C.H;CO(CH,),COCI. Bbuin Bhige-
JIeHbl OXHAaeMble HECHMMETPHYHbIE JHKETOHBI B peakuusx c ¢eppoleHOM
(n=3—8), pyreHouenoM (n=8) M UMKIONEHTaAHEHWIMapraHeUTPUKap-
6oHunoM (n=4.6). Xnopugbl KUCIOT ¢ n=2. 3 CONPOBOXIAIOTCA
HEHACBHILIEHHBIMH JIAKTOHAMH M HalOT CJIOXHYIO CMeCh NMpPOAYKTOB C ¢ep-
POLIEHOM, HO HE PEearupyioT ¢ HUKJIONEHTaAHeHWIMapraHelTPUKap6OHIIOM.

One of our previous papers [1] deals with the competitive intramolecular
Michael addition performed on ferrocene derivatives containing one activated
methylene group and two activated carbon—carbon double bonds. Another one [2]
was devoted to the same reaction on substrates with one activated unsaturated
bond and two, nonequally, activated methylene groups.

The aim of the present work involves both the preparation of unsymmetrically
substituted diketones CsHsCO(CH,),COFc (e.g. compounds which we needed as
starting material in our previous study [2], where Fc=ferrocenyl) and exploring
possibility to employ chlorides of oxo acids in acylation reactions with various
aromatic systems. So far, almost no attention has been paid to preparation of oxo
acid chlorides and their use as acylating agents [3].

The synthesis of w-oxo-w-phenylalkanoic acids (I) was accomplished in two
steps. Friedel—Crafts acylation of benzene with ester chlorides of dicarboxylic
acids (n =4—8) (Scheme 1) gave corresponding esters which were subsequently
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hydrolyzed to the free acids. In the case of n =2, 3 succinic and glutaric anhydrides
were used as acylating agents.

Thionyl chloride and phosphorus trichloride were attempted to convert oxo acids
(I) to the corresponding chlorides (IT). The reaction with an excess of thionyl
chloride in anhydrous benzene was found to be a convenient route to the chlorides
with n =4—8. (Later it was shown, however, that PCl, gave better results, at least
in the case of n =4.) Crude chlorides which remained after stripping off the solvent
and thionyl chloride were used in the next step without further purification. This
method failed in the case of 4-oxo-4-phenylbutanoic and 5-oxo-5-phenylpentanoic
acids. Evaporation of volatile liquids left an oily material which did not react with
ferrocene. When SOCI, was replaced by PCl,, formation of H,POs; was observed in
these reactions, though longer time was required for their completion (in compari-
son with, for instance, the acid with n =4). In this case the oily product did react
with ferrocene.

COOH CO0C,H COOH
/ CHsOH /28 A / soct,
(C<2)n '——H—,-" (CH,), CZTSOFT (CHz)n —_—
COOH COOCZHS C00C2H5
A
COcCl
A H,0
——— (CHz)n AlCL CSHSCO(CHz’nCOOCZHs T’- CBHSCO(CHZ)nCOOH
CO0C,H
2''s I

Scheme 1

Reactions of chlorides II (n =4—8) with ferrocene and the chloride II (n =8)
with ruthenocene under AICI; catalysis gave rise to expected unsymmetrically
substituted diketones IIT in 7—45 % yields (no attempts to find optimum reaction
conditions were made) (Scheme 2). :

In some cases, also small amounts of by-products IV, V, and VI were isolated.
Contamination of the starting oxo acids I with traces of corresponding dicarboxylic
acids can account for the formation of oxo acids I'V and symmetrical diketones V.
Such an impurity cannot be detected in 'H NMR spectra of I. Its presence was, at
last, proved by means of isotachophoresis. (Separation of diesters of dicarboxylic
acids from monoesters by rectification cannot exclude the presence of traces of
RO,C(CH,),CO;R in RO,C(CH,),CO,H.) Unsaturated ketones VI seem to have
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been formed via alkylation of ferrocene with ketones III followed by elimination of
water. Such alkylations of ferrocene with ketones in the presence of AICl; have
been described earlier [4].

Compounds IV—VI have been fully characterized and their physncal constants
together with '"H NMR data are given in Experimental. In addition, 'H NMR
spectra of V were a helpful tool in assignment of signals in 'H NMR spectra of
desired ketones III

COICH,,) COCH CO(CH,,) COOH
@ ot @ Znes @ zn
AlCI M

M+ [CH,) 3 M + +
2n
\ CH,CL,
COCgHs
T m Iv
@cmwz)nco-@ @—co(cnz)n JCH =?——@
CeH

+ M M + M 673 M

v 75
M = Fe, Ru

n = 3-8 (see Tables 3-5)

Scheme 2

Acylation of ferrocene with 6-oxo-6-phenylhexanoyl chloride (prepared by
SOCI, method and, hence, contained some HCIl) gave diketone IIIb in poor yields
(7 %). Suschitzky et al. have reported 12 % yield [5]. In this case compound VII
was the major product (70 %) (Scheme 3). Suschitzky reported 15 or 55 % yield
of the same product [6]. Apparently compound IITb underwent Claisen—Schmidt
reaction catalyzed by traces of HCl. Such a reaction performed on 1,6-difer-
rocenyl-1,6-dioxohexane using dried gaseous HCl gave 95 % yield of 1-fer-
rocenoyl-2-ferrocenylcyclopentene [7].

When 6-oxo0-6-phenylhexanoyl chloride was prepared by PCl; method the yield
of IIIb raised to 40 % and VII was formed in negligible amounts.
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Both 5-oxo-5-phenylpentanoyl chloride and the corresponding unsaturated
lactone are formed upon treatment of the parent acid with PCl; (‘"H NMR spectra).
Acylation of ferrocene with such a mixture led to the formation of great number of
products, desired 1-ferrocenyl-5-phenyl-1,5-pentanedione IIla being among them
(Scheme 4).

CO(CH,),COC.H
@ cocl CH—CH, @’ 2’37765
/ / \

Fe + (C<2)3 —_— CSHS_C\ /CH2 —= Fe + 5—-6 substances
@ COCgHg 0—=co
Illa
Scheme 4

However, in the case of 4-oxo-4-phenylbutanoic acid, the unsaturated lactone
was the major product in the resulting mixture which failed to give 1-fer-
rocenyl-4-phenyl-1,4-butanedione. Although interesting, this part of our work is
a slight deviation from our original project and its results will be published
separately.

The last two reactions did not work at all on tricarbonyl(n-cyclopentadienyl)-
manganese. Starting material was recovered in 95—98 % and, although, 8—10
additional compounds were detected on TLC plates, they were not isolated due to
their rapid decomposition. On the other hand, the chlorides II with n=4 and
6 reacted smoothly giving 70 % resp. 48 % yields of expected unsymmetrically
substituted diketones of the type VIII. (Scheme 5).

As reactivity of tricarbonyl(n-cyclopentadienyl)manganese towards elec-
trophiles is regarded to lay between those of benzene and anisole [8, 9], we assume
that above chlorides II can be utilized in Friedel—Crafts acylations of various kinds
of aromatic systems.

622 Chem. Papers 40) (5) 619—629 (1986)



ACYLATIONS OF METALLOCENES

COICH,), COCH
@ /cou @' 2/nC0CHs
AlCl3

Mn + (CHz)n i P Mn’
/| CHZCl2
0ocC COo co COCSHS 0oC Co co
n==4,6 viir
Scheme 5

The structures of new compounds have been proved by "H NMR spectra and
elemental analyses. Signals of methylene groups adjacent to nonequivalent car-
bonyls in III are separated enough (2.7 ppm and 3.0 ppm) to be easily distin-
guished from each other. These signals were unambiguously assigned to
FcCOCH,— and CqH;COCH,—, respectively on the grounds of 'H NMR spectra
of symmetrically substituted diketones V (FcCOCH,— 8 =2.68—2.72 ppm). Be-
cause protons in CsH;COCH,— moiety are positioned at lower field than those in
FcCOCH,—, one can conclude ‘that they are also more acidic.

Experimental

'H NMR spectra were measured on a Tesla BS 487 spectrometer with working frequency
of 80 MHz as CDCI, solutions with tetramethylsilane as internal standard at 23 °C. The
chemical shifts were read with +0.01 ppm accuracy. Column chromatography was per-
formed on a silica (Kavalier, Votice), mixtures of benzene—ethyl acetate being eluant.
Melting points were taken on a Kofler hot-stage. All acylation reactions were conducted in
anhydrous dichloromethane as solvent and in nitrogen atmosphere.

Diethyl esters, monoesters, and ester chlorides of dicarboxylic acids were prepared
according to published procedures [10—12]. Similarly, known procedures were followed in
preparation of oxo acids I with n =4—8 [13] and n=2, 3 [14].

w-Oxo-w-phenylalkanoyl chlorides II

Procedure A: With SOCI,

A mixture of 0.02 mol of w-oxo-w-phenylalkanoic acid I (n =4—8), anhydrous benzene
(150 cm?), and freshly distilled thionyl chloride (20 cm’) was heated to reflux over a period
of 3—4 h. After cooling to room temperature the excess of SOCl, and benzene were
removed under reduced pressure. The residue was heated with an additional dry benzene
(100 cm®) and the evaporation was repeated (to remove the last traces of SOCI;). The crude
product was used in subsequent step without further purification.
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Table 1
Characteristic data for compounds of the type III and VIII
wi(calc.)/ %
Compound Metal Formula M, wi(found)/% M.p./°C* Yield/%
C H Fe
Hla Fe C,HyFeO, 360.24 70.02 5.59 15.50 94—95 19.5
70.25 5.66 15.61
1w Fe Cy,H;;FeO, 374.26 70.60 6.19 14.92 84—86 40.2
71.21 6.16 15.34
Illc Fe Cy;H,.FeO, 388.29 71.14 6.23 14.38 68—71 20.5
70.72 6.30 13.94
Id Fe C.H;FeO, 402.32 71.65 6.51 13.88 72—175 39.2
) 71.20 6.93 13.76
IIle Fe C;sHyeFeO, 416.34 72.12 6.77 13.41 65—68 46.1
72.21 6.80 13.39
i Fe CysHsoFeO, 430.37 72.56 7.02 12.97 75—77 457
72.94 7.32 12.86
IIIg Ru C1H30RuO; 476.23 65.57 6.34 — 94—96 223
65.66 6.44 —
Villa Mn Cz0H,,MnO; 392.28 61.24 4.37 — 76—84 70.2
62.06 4.40 —
VIIIb Mn C2:H2:MnO; 420.34 62.86 5.04 — 58—59 51.5
63.01 5.10

a) Crystallization from the mixture benzene—petroleum ether.
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Table 2

'H NMR chemical shifts (6/ppm) for compounds of the type III and VIII

Compound n  Metal —CH— —CH,COC:H, —CH,COC.H; C;sH; Hs H. CsH;
HIa 3 Fe 2.14q,2H 2.83t,2H 3.09t,2H 4.16s,5H 4.46t,2H 4.78t,2H 7.3—8.1m, 5SH
Iy 4 Fe 1.80 m, 4H 2.75t,2H 3.01¢,2H 4.18s,5H 4.47t,2H 4.77t,2H 7.3—8.1m, 5H
IIlc 5 Fe 1.2—2.0 m, 6H 2.72t,2H 2.99t,2H 420s,5H 4.48t,2H 4.77t¢,2H 7.3—8.1m, 5H
1rd 6 Fe 1.2—2.0 m, 8H 2.70t,2H 2.96t, 2H 4.18s,5H 4.46t,2H 4.75t,2H 7.3—8.1 m, SH
Ille 7 Fe 1.2—2.0 m, 10H 2.69t,2H 2.96t, 2H 420s,5H 447t,2H 4.77t,2H 7.3—8.1m, SH
It 8 Fe 1.2—2.0m, 12H 2.69t,2H 295t,2H 4.18s,5H 4.47t,2H 4.76t,2H 7.3—8.1m, 5SH
IIIg 8 Ru 1.1—19m, 12H 2.57t,2H 2.95¢,2H 458s,5H 4.75t,2H 5.08t,2H 7.3—8.1m, SH
VIIIa 4 Mn 1.77 m, 4H 2.70¢,2H 2.98t,2H — 482¢t,2H 5.43t,2H 7.1—8.1m, SH
VIIIb 6 Mn 1.1—1.9 m, 6H 2.58t,2H 2.95¢,2H — 483t,2H 542t,2H 7.1—8.1m, SH

T

'HNMR (8/ppm) for VII: 1.9—2.2 (m, 2H, —CH,—), 2.5—3.1 (m, 4H, —C=), 4.07 (s, 9H, Fc), 7.2—7.9 (m, SH, C:H;).
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Table 3

Characteristic data for compounds of the type IV—VII

w;(calc.)/ %
wi(found)/%

Compound n Metal Formula M, M.p./°C*
C H Fe
IVa 5 Fe C,;HyFeO, 328.19 62.26 6.14 17.01 98—101
62.55 6.17 16.35
IVb 7 Fe CyoH,4FeO, 356.25 64.05 6.79 15.67 95—98
64.17 7.01 16.73
Va 5 Fe C,;H;5Fe,0, 496.22 65.35 5.68 22.50 107—112
65.49 5.52 21.70
Vb 6 Fe CysHaoFe 0, 510.25 65.21 5.92 21.89 112—116
65.92 6.02 21.12
Ve 7 Fe Cy9H;;Fe,0, 524.27 66.43 6.15 21.30 92—95
66.59 6.30 20.85
vd 8 Fe C30Ha4Fe, 0, 538.30 66.93 6.36 20.75 120—124
66.58 6.50 20.65
Ve 8 Ru CsoH14Ru,0, 630.00 57.19 5.43 — 124—128
57.60 5.59 —
Vla 5 Fe CsHiiFe,O 570.34 71.60 6.00 19.58 104—108
72.12 6.06 19.35
VIb 7 Fe Cs¢HasFe,O 598.30 72.25 6.40 18.66 80—83
72.55 6.61 18.69
vII — Fe C;;H;FeO 356.25 74.17 5.65 15.67 136—140
74.23 5.86 15.86

a) Crystallization from the mixture benzene—petroleum ether.
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'H NMR chemical shifts (6/ppm) for compounds of the type IV and V

Table 4

Compound n Metal —CH,— —CH,COOH —CH,COC;H, C,H; Hg Ha
IVa 5 Fe 1.2—2.0m, 6H 2.38t,2H 2.70t,2H 4.19s, SH 4.49t,2H 4.77¢,2H
IVb 7 Fe 1.0—1.9 m, 10H 2.35t,2H 2.68t,2H 4.18s, SH 4.48t,2H 4.77t,2H
Va 5 Fe 1.3—19m, 6H — 2.73t,4H 4.21s, 10H 4.48t,4H 478 t, 4H

Vb 6 Fe 1.2—19m, 8H — 2.70t,4H 4.18 s, 10H 4.46t,4H 476 t, 4H
Ve 7 Fe 1.2—1.9m, 10H — 2.68t,4H 4.18 s, 10H 4.46t,4H 4.75t,4H
vd 8 Fe 1.0—19m, 12H — 2.68t,4H 4.20s, 10H 4.48t,4H 4.78 t,4H
Ve 8 Ru 1.1—1.8 m, 12H — 2.57t,4H 4.58 s, 10H 4.76 t, 4H 5.09t, 4H
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Table 5

'H NMR chemical shifts (8/ppm) for compounds of the type VI

Compound n Metal —CH— —CH,COC;H, C;sH; CsH;s + CsH,
Vla 5 Fe 1.0—2.0m, 8H 2.62t,2H 4.06s, SH 4.16 m, 9H
Vib 7 Fe 1.1—2.0 m, 12H 2.65t,2H 4.06 s, SH 4.16 m, 9H

Compound n  Metal Hp H. —CH= CeHs
Vla 5 Fe 443t 2H 4.73t,2H 594t, 1H 7.1—7.5m, SH
VIb 7 Fe 445t 2H 4.75t,2H 5.93t,1H 7.1—7.5m, SH

Procedure B: With PCl,

A mixture of 0.03 mol of w-oxo-w-phenylalkanoic acid I, anhydrous benzene (150 cm*),
and freshly distilled PCl, (25 cm®) was heated at 60—70 °C for 3—10 h (depending on the
amount of formed H,;PO;). The cold benzene solution was decanted from H,PO;, the latter
was rinsed with dry benzene and the excess of PCl; and benzene were removed from the
combined solutions under reduced pressure. The residue was dissolved in dry benzene
(100 cm?) and volatile liquids were again evaporated (removing of traces of PCl,). The crude
product was immediately used in the next step.

a-Metallocenyl-w-phenyl-a,w-alkanediones I11

A solution of above prepared chloride (0.03 mol) in dry CH,Cl, (70 cm®) was added to
a solution of ferrocene (0.03 mol) in dry CH,Cl, (70 cm’) with stirring at a temperature of
0—S5 °C, under nitrogen. Anhydrous AICI, (0.05 mol) was added during 30 min to the
stirred mixture. The stirring was continued at temperature 5—15 °C for an additional 1 h
and then for 2 h at room temperature. (The course of reaction was monitored on TLC
plates.) The reaction mixture was poured into ice-cold water (500 cm®) (sufficient amount of
NaHSO, was added at this stage to discharge the blue-green colour due to ferricenium salts),
and the layers were separated. The aqueous layer was extracted several times with CH,Cl,
the combined CH,Cl, solutions were washed with water, dried (Na,SO,), and the solvent was
removed. The residue was chromatographed on silica using ethyl acetate—benzene mixtures
as eluant. There was always isolated unreacted ferrocene (20—40 %) in addition to products
III—VII (Tables 1—5).

The same procedure was used with ruthenocene or tricarbonyl(n-cyclopentadienyl)man-
ganese as starting material.

Acknowledgements. Our thanks are due to Ing. E. Greiplovd (Institute of Chemistry,
Komensky University) for elemental analyses and Dr. E. Sol¢aniovd for NMR spectra.

628 Chem. Papers 40 (5) 619—629 (1986)



ACYLATIONS OF METALLOCENES

References

1. Toma, 8. and SaliSova, M., Acta Fac. Rerum Natur. Univ. Comenianae (Chimia) 21, 59 (1975).

2. Salifov4, M., Toma, $., and Sol&4niové, E., Chem. Zvesti 34, 507 (1980).

3. Olah, G. A., Friedel—Crafts and Related Reactions I—IV. Interscience, New York, 1965.

4. Rosenblum, M., Chemistry of the Iron Group Metallocenes, Part I, p. 90. Wiley, New York, 1965.
5. Suschitzky, J. L., Rutherford, D., and Marshall, P. R., Ger. Offen. 2253936 (1975).

6. Suschitzky, J. L., Rutherford, O., and Marshall, P. R., Ger. Offen. 2453977 (1975).

7. Ladan, M., Rapi¢, V., and Brbot-Saranovi¢, A., Croat. Chem. Acta 49, 857 (1977).

8. Kozikowski, J., Magginu, R. E., and Klose, M. S., J. Amer. Chem. Soc. 81, 2995 (1959).

9. Fischer, E. O., Foerster, M., Kreiter, G. G., and Schwarzhaus, K. E., J. Organometal. Chem. 7, 113

(1967).

10. Vogel, J., Practical Organic Chemistry, p. 381. Longmans—Green, London, 1948.
11. Swan, S., Ochler, R., and Buswelt, R. J., Org. Syn., Coll. Vol. 2, p. 276. Wiley, New York, 1947.
12. Nikishin, G. N., Ogibin, Yu. N., and Petrov, A. D., Dokl. Akad. Nauk SSSR 138, 393 (1961).
13. Papa, D., Schwenk, E., and Hankin, H., J. Amer. Chem. Soc. 69, 3018 (1947).
14. Somerwhile, L. F. and Allen, C. F. A., Org. Syn., Coll. Vol. 2, p. 81. Wiley, New York, 1947.

Translated by J. Sraga

Chem. Papers 40 (5) 619—629 (1986) 629



