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The reactions of ferrocene with glutaryl chloride, in the 
presence of aluminium chloride, were investigated. Depending 
upon the reaction conditions and the molar ratios of reactants, 
ll-ferrocenyl-11-oxovaleric acid (I) , 1,5-diferrocenyl-1,5-pentane
dione (III) (the product of intermolecular acylation), and homo
annularly cyclized 1,2-(a,E-dioxopentamethylene)ferrocene (V) were 
obtained. These reactions proceeded v;ia ll-ferrocenyl-11-oxovaleric 
acid chloride (la) . 

INTRODUCTION 

The Friedel-Crafts acylation of ferrocene with dicarboxylic acid anhy
drides or halfester halides for preparation of w-ferrocenyl-w-oxoaliphatic 
acids, and their subsequent reduction to appropriate w-ferrocenilaliphatic 
acids, have been reported in several papers1- 3• 

By the action of either trifluoroacetic acid anhydride or polyphosphoric 
acid, it was shown that these ferrocenylaliphatic acids gave products with 
either a heteroannular or a homoannular ring closure or polymers, depending 
on the aliphatic chain length4- 6 • In the literature there is no example of a 
successful cyclization of w-ferrocenyl-w-oxoaliphatic acids. Nesmeyanov et 
al.3 a'ssumed that such reactions are inhibited because of the deactivating 
influence of the carbonyl group on the ferrocene nucleus. 

The Japanese authors7 have showed that the reaction of ferrocene with 
succinyl chloride gives y-ferrocenyl-y-oxobutyric acid, y,y-diferrocenylbutyro
lactone, and 1,4-diferrocenyl-1 ,4-butanedione, but they have not isolated the 
products of intramolecular cyclization. 

RESULTS AND DISCUSSION 

We should like to report the reactions of ferrocene with glutaryl chloride 
in order to find out the possibility of the formation of the intramolecularly 
cyclized specimens IV or V . 

.l{eflux.ing ferrocene , glutaryl chloride, and a1uminium chloride in the 
molar ratfo 2 : 1 : 2 in methylene chloride, 1,5-diferrocenyl-1,5-pentanedione 
(III), (420/o) and a small amount ·of ll-ferrocenyl-5-oxovaleric acid (I) were 
obtained. The identical compound (III) can be prepared in a good yield by 
the base-catalyzed condensation of y-ferrocenyl-a ,y-dioxobutyric acid (II)8 
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with 35°1<; aqueous formaldehyde, and subsequent treatment of the reaction 
mixture with concentrated aqueous sodium hydroxyde. This reaction probably 
proceeds via intermed iate Ha, which is cleaved by the act.ion of aqueous 
sodium hydroxyde to III. The diketone III was characterized by its dioxime 
(Illa) and mono(2,4-dinitrophenylhydrazone) (IIIb) . 

In order to increase the possibility of the intramolecular cyclization of 
ferrocene with glutaryl chloride, we worked under the conditions of di
acylation9. The reaction of ferrocene , glutaryl chloride and aluminium chloride 
in molar ratio 1 : 1.4 : 2.5 in methylene chloride gave the mixture od 24.40/o 
of the keto acid I and 8.40/o of 1,2-(a,E-dioxopentamethylene)ferrocene (V). 
The presence of heteroannularly bridged 1,1' -(a ,E-dioxopentamethylene)ferro
cene (IV) (which can be prepared by base-catalyzed condensation of 1,1' -di
acetylferrocene with formaldehyde10) was not observed. 

The structure of diketone V was supported from its dioxime derivative 
(Va), molecular weight measurement, and from spectral data. The ir. spectrum 
of V is related to the spectrum of known 1,2-(a-oxopentamethylene)ferrocene 
(VI)5 : the two absorption bands characteristic for carbonyl group (at about 
1660 and 1290 cm-1) as well as the bands indicating the h omoannular sub
stitution11 (at about 1100 and .1000 cm- 1) are present in both spectra. The 
absorption maximum at 225 nm in the uv. spectrum of diketone V is near 
to the maximum of the related ketone VI (}'max = 227 nm). The methylene 
proton signals in the NMR spectra of compound V and 1,5-diferrocenyl-1,5-
pentanedione (III) have similar chemical shifts which appear at standard 
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positions (-r): multiplets at about 7.00-·7.30 (both methylenes next to carbonyl 
groups) and at about 7.70-8.20 (the third aliphatic methylene) ppm. In the 
spectrum of diketone V the five protons belonging to the unsubstituted 
ferrocene ring give a singlet at 5.82 ppm. The three protons of the other 
symmetrically 1,2-diacylated ferrocene ring give signals as two lines at 
r = 5.27 (2 H) and three lines at r = 5.60 (1 H). As compared to the A 2B 2 

system of monoacyl substituted ferrocene ring12 the present pattern indicates 
an A 2B spin system with JAB (vA - vB) = 0.0513• 

In conclusion it can be stated that the reactions of ferrocene with glutaryl 
chlor.ide gave, depending on reaction conditions and molar ratios of reactants, 
l>-ferrocenyl-l)-oxovaleric acid (I), 1,5-diferrocenyl-1,5-pentanedione (III), and 
1,2-(a,e-dioxopentamethylene)ferrocene (V) . Following the course of these 
reactions by thin layer chromatography14, and analysing the ir. spectra of 
intermediate (I), it was concluded that they proceeded via unisolated l>-ferro
cenyl-l)-oxovaleric acid chloride (Ia). 

Attempts to cyclize l)-ferrocenyl-l>-oxovaleric acid (I) to IV or V, by 
the action of either trifluoroacetic acid anhydride or polyphosphoric acid, were 
unsuccessful. 

EXPERIMENTAL 

The melting points were determined on a Kofler heating microscope and are 
uncorrected. The ir. spectra were recorded as KBr pellets with a Perkin-Elmer 
Infracord Model 137 spectrometer. The uv. spectrum of compound V (in ethanol) 
was measured on a Perkin-Elmer UV/VIS Model 124 spectrophotometer. The NMR 
spectra (in deuteriochloroform solution) were recorded on a Varian A-60 spectro
meter with tetramethylsilane as internal standard. The molecular weight of V (in 
chloroform) was recorded on a Perkin-Elmer Model 115 Molecular weight apparatus 
by vapor pressure method. Thin-layer chromatography (TLC) was done on chro
matoplates of silicagel G (Merck) in benzene - ethanol (30 : 1 and 15 : 1)14• 

y-Ferrocenyl-a,y-dioxobutyric acid (II) was prepared from acetylferrocene and 
diethyl oxalates according to the procedure described in Part . I8 oI this series. 

Reaction of ferrocene with gliitaryl chloride in the molar ratio 2 : 1 

To a vigorously stirred solution of 2.2 g (12 mmol) of ferrocene in 20 · ml of 
methylene chloride 1.6 g (12 mmol) of aluminium chloride was added under an 
atmosphere of nitrogen. Then, 1.0 g (6 mmol) of glutaryl chloride, dissolved in 
10 ml of the same solvent, was dropped in under the same conditions during 1/2 
hour. The course of the reaction was followed by pouring aliquots of the reaction 
mixture from time to time into cold water, and extracting with ether. TLC of ether 
extracts in the beginning of the reaction indicated 11-ferrocenyl-o-oxovaleric acid (I) 
as the main product (by comparison with the R1-value of authentic specimen !2). 
The ether extracts were evaporated and separated from unreacted ferrocene by 
dissolving residues in sodium carbonate solution, followed by neutralization with 
diluted hydrochloric acid. The ir. spectra of the samples obtained in this manner 
were identical with those of the authentic specimen I2. 

This strongly indicates the presence of the keto acid chloride (Ia) in the reaction 
mixture during the initial period of reaction. After refluxing for 2 hours, the reaction 
mixture was cooled and poured onto crushed ice and water. On removal of the 
aqueous layer, the methylene· chloride solution was washed with water and separated 
into a neutral and an acidic fraction by extraction with 25 ml of 25'°/o aqueous 
sodium carbonate. The acid fraction, on neutralization with diluted hydrochloric acid, 
gave 0.2 g (5.7%) of o-ferrocenyl-o-oxovaleric acid (I); m. p. 134--136 °c (lit.2 136-
137 oq; the ir. spectrum shows bands as quoted in the reference2 (3060 m, 1706 s, 
1667 s, 1108 w, 1006 w, 824 s cm-1). 

The neutral fraction was washed with water, and dried over sodium sulfate; 
after evaporation of the solvent in vacuo until dry, 1.2 g (42.0°/o) of 1,5-diferrocenyl-
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-1,5-pentanedione (III) was isolated; yellow-brownish glittering crystals (from 750/o 
aqueous ethanol); m. p . 130-132 °C ; ir. spectrum : 1655 s (ketone CO) cm-1. 

Anal. C25H24Fe202 (468.1) calc'd. : C 64.14 ; H 5.170/a 
found: C 64.36; H 5.470/o 

1,5-Diferrocenyl-1,5-pentanedione (III) 

To a solution of 1.2 g (4 mmol) of y-ferrocenyl-a,y-dioxobutyric acid (II) in 10 
ml of 96°/o ethanol, 0.16 g (2 mmol) of 350/oi aqueous formaldehyde and several drops 
of aqueous diethylamine were added. ' The reaction mixture was left to stand at 
room temperature for 2 days. Then, it was treated with concentrated aqueous sodium 
hydroxide to precipitate a yellow-brownish flocculated substance, which was 
filtered off and washed with water until neutral; yield 0.6 g (64.50/o) of diketone III. 

The substance is identical to the main product (III) of the preparation described 
above [mixed melting points, ir. spectra, and Rf values (TLC)]. 

1,5-Diferrocenyl-1,5-pentanedione dioxime (Illa) 

To prepare dioxime (Illa), 0.5 g of hydroxylamine hydrochloride dissolved in 
3 ml of water, and 2 ml of 100/o aqueous sodium hydroxide were added to a 
solution of 0.2 g of diketone III in 10 ml of 960/o' ethanol. The reaction mixture 
was refluxed for 2 hours, and evaporated in vacuo to a small volume. After recry
stallization from ethanol, the yellow crystalline dioxime (m. p . 181.5-182 °C) was 
obtained; ir. spectrum: 3250 s (oximine OH), 1625 w (oximine C=N), 945 s (oximine 
NO) cm-1• 

Anal. C2sH21Fe~N202 (499.2) calc'd .: C 60.16; H 5.45; N 5.61°/~ 
found: C 60.14; H 5.52; N 5.380/o 

1,5-Diferrocenyl-1,5-pentanedione mono(2,4-dinitrophenylhydrazone) (IIlb) 

Compound IIIb was prepared by the action of excess of 2,4-dinitrophenylhy- · 
drazine reagent15 on an ethanolic solution of the diketone III; red-brownish cry
stalline substance (from benzene), m . p. 187-188 °c ; ir. spectrum : 3460 w (hydrazine 
NH), 1675 m (ketone CO), 1515 s and 1340 s (nitrophenyl NO) cm-1• 

Anal. Ca1H2sFe2N405 (648.3) calc'd.: C 57.43; H 4.36; N 8.670/o 
found: C 57.27; H 4.36 ; N 8.780/o 

Reaction of ferrocene with glutaryl chloride in molar ratio 1 : 1.4 

To a suspension of 40 g (0.30 mol) of aluminium chloride in 120 ml of methylene 
chloride a solution of 29 g (0.17 mol) of glutaryl chloride was added slowly, dissol
ving the aluminium chloride. A nitrogen atmosphere and stining were maintained 
throughout the reaction. A solution of 22 g (0.12 mol) of ferrocene m 140 ml of 
the same solvent was added dropwise over a period of 2.5 ho.urs. After 20 hours 
of stirring the reaction mixture was hydrolyzed by pouring it onto crushed ice. 
On removal of the aqueous layer the organic phase was washed with water and 
extracted several times with 100/o aqueous sodium carbonate. The acidic fraction 
after neutralization with dilute hydrochloric acid gave 6.5 g (24.40/o) of keto acid I, 
m. p . 134.5-136 °c (see the above acylation of ferrocene). 

The organic phase was then washed with water until neutral, dried over sodium 
sulfate and evaporated in vacuo until dry; the residual resinous substance was dis
solved in benzene and chromatographed over alumina (Merck, basic) and eluted 
as follows: (1) benzene gave 5.5 g of unchanged ferrocene and (2) chloroform gave 
2.1 g (8.4°/~) of 1,2-(a,E-dioxopentamethylene)ferrocene (V), m. p. 99-100 °C; repeated 
column chromatography O·f this material gave red crystalline product melting at 
100---101 °c; ir. spectrum: 1660 s and 1293 m (ketone CO) cm-1 ; measured molecular 
weight 277 ± 2'0/o. 

Anal. C15H14Fe02 (282.1) calc'd.: C 63.86; H 5.000/o 
found.: C 63.56; H 5.190/o 
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1,2-( a,s-Dioxopentamethylene)ferrocene dioxime (Va) 

Dioxime (Va) was prepared by mixing an aqueous solution of 0.7 g of hydro
xylamine hydrochloride with an ethanolic solution of the diketone V. The reaction 
mixture was adjusted to pH 6-7 by the addition of aqueous sodium hydroxide, 
and left to stand at room temperature for 24 hours. Then it was concentrated under 
reduced pressure and diluted with water to precipitate a yellow amorphous sub
stance, m. p. 184-185 °c (recrystallized from ethanol); ir. spectrum: 3240 s (oximine 
OH), 1630 w (oximine C=N) and 956 m (oximine NO) cm-1. 

Anal. C15HrnFeN202 (310.1) calc'd.: C 58.09; H 5.20; N 9.03°/~ 
found: C 58.17; H 5.00; N 9.04% 

Acknowledgement. The authons are indebted to Mr. M. Tomaskovic of Research 
Department »Pliva« for molecular weight measurement. 

REFERENCES 

1. A. N. Ne s me ya no v, N. A. Vo 1' ken au, and V. D. Vi 1' ch e vs k a ya, 
Dokl. Akad. Nauk SSSR, Ser. Khim. Ill (1956) 362. 

2. K. L. Rinehart, Jr., R. J . Curby, Jr., and P. E . S o k o 1, J. Amer. Chem. 
Soc. 79 (1967) 3420. 

3. A. N. Ne s me ya no v, N. A. Vo 1 ' ken au, and V. D. Vi 1' ch e vs k a ya, 
Dokl. Akad. Nauk SSSR, Ser. Khim. 118 (1958) 512. 

4. K. L. Rine h art, Jr. and R. J. Curby, Jr., J. Amer. Chem. Soc. 79 (1957) 
3290. 

5. K . L . Rinehart, Jr., R. J. Curby, Jr., D. H. Gustafson, K. G. Har
rison, R. E. Bozak, and D. E. Bub 1 it z, J. Amer. Chem. Soc. 84 (1962) 3263. 

6. K . S ch 1i:ig1 and M. Fried, Tetrahedron Lett. (1963) 1473. 
7. N. Sugiyama, H. Suzuki, Y. Shioura, and T. Tetei, Bull. Chem. 

Soc. Jap. 35 (1962) 767. 
8. M. Lac an and V. Rap i c, Croat. Chem. Acta 42 (1970) 411. 
9. M. Vogel, M. R au s ch, and H. Ros en b erg, J. Org. Chem. 22 (1957) 1016. 

10. M. Fur di k, S. Tom a, and J. Suchy, Chem. Zvesti 16 (1962) 449. 
11. M. Rosen b 1 um and R. B. Woodward, J . Amer. Chem. Soc. 80 (1958) 5443. 
12. M. Rosen b 1 um, Ferrocene, Ruthenocene, Osmocene, in : D. Seyfert h (ed.), 

The Chemistry of OrganometaHic Compounds, Chemistry of the Iron Group 
Metallocenes, J. Wiley & Sons, New York 1965, p. 89. 

13. R. A. Hoffmann, S. Forsen, and B. Gestblom, Analysis of NMR 
Spectra, in: P. Die h 1, E. F 1 u ck, and R. Kos f e 1 d (eds.), NMR Basic Prin
ciples and Progress, Vol. Springer, Berlin 1971, p. 104. 

14. K . Sch 1i:ig1, H. Pe 1 o use k, and A. Mohar, Monatsh. Chem. 92 (1961) 533. 
15. R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The Systematic Identi

tification of Organic Compounds, J . Wiley & Sons, New York 1960, p. 111. 

SAZETAK 

Reakcija ferocena s glutaroil-kloridom 

M. Laean i V. Rapic 

IstraZivane su reakcije ferocena s glutaroil-kloridom u prisutnosti aluminijeva 
klorida. U ovisnosti o reakcijskim uvjetima i molarnim omjerima reaktanata pri
pravljeni su l\-ferocenil-1\-oksovalerijanska kiselina (1), l,5-diferocenil-1,5-pentandion 
(III) (produkt intermolekulamog aciliranja) i homoanularno cikliz:irani 1,2-(a,E-di
oksopentametilen)ferocen (V) . U ovim reakcijama kao intermedijer nastaje klorid 
l\-ferocenil-1\-oksovalevijanske kiseline (la) . 
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