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1)
OXIDATIVE DIMERIZATION OF (l1-HYDROXYALKYL)FERROCENE WITH OXYGEN
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Treatment of (l-hydroxy-l-phenylethyl)ferrocene EIII) in hexane

with O, in the presence of SiO2 or acidic A1203 gave several oxi-

2
dative dimerization products: butadiene (VIII), 1,4-dihydroxybutane
(IX), and tetrahydrofuran derivatives (Xa and b). Production of
these compounds suggests formation of an unisolated peroxide (XII)

as an intermediate.

Oxidative intramolecular cyclization of several 1,1'-bis(l-hydroxyalkyl)ferro-
cenes (I) with oxygen and acidic catalyst to produce 1,1'-(l,2-dioxane-3,6-diyl)-
ferrocenes (II), peroxide derivatives of [4]ferrocenophane, and their derivatives

2-4) The present paper describes oxidative di-

has already been reported by us.
merization of (l-hydroxy-l-phenylethyl)ferrocene (III) by intermolecular reaction
analogous to the above cyclization.

Alcohol (III) (mp 112-114°C) was prepared by the Grignard reaction of benzoyl-
ferrocene (V) with CH3MgI or acetylferrocene (VI) with PhMgBr. Bozak et 25.5'6)
have reported that no alcohol (III) but a butene derivative (VII) resulted in the
Grignard reaction of V. By re-examination of the reaction of V, we obteinad the
alcohol (III) (12%) and ethylene (IV) (47%) but no butene (VII). The ethylene
(IV) should be produced by dehydration of III. The butene (VII) was produced

5,6) with ag. HC1 (74%), or on

either on digestion of the Grignard intermediate
treatment of alcohol (III) or ethylene (IV) with ag. HCl (see Table 1). The
dimerization possibly proceeded via the addition of the intermediately formed
ferrocenylcarbonium ion to ethylene (IV).

Alcohol (III) was treated with O, gas and 6N HCl in benzene under the same

2
conditions as the cyclization of I to give ethylene (IV), butene (VII) and benzoyl-
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ferrocene (V).7) However, treatment of III under an O2 gas or air atmosphere in

the presence of silica gel in hexane afforded butadiene (VIII), 1,4-dihydroxybutane

(IX) and tetrahydrofuran (Xa and b). The products VIII, IX and X were obtained

on treatment with acidic alumina but not with neutral alumina. VIII, IX and X

were also produced on treatment of ethylene (IV) with silica gel or acidic alumina

in hexane. The reaction of IIT or IV with oxygen did not occur in benzene even
when silica gel or acidic alumina was used.8)
fh fh ?h fh
Fc-('J-CH3 —— Fc—C=CH2 + Fc-C=CH—?-Fc + FcCOPh
OH CH3
(ITT) (Lv) (VII) (v)
Ph Ph Ph Ph
' ' ! ! Ph Ph
Fc-C=CH-CH=C-Fc + Fc—?-CHZCHZ-?—Fc +
OH OH Fc 0 Fc
(VIII) (1X) (Xa) mp 224-226°C
mp 244-246°C mp 190-192°C (Xb) mp 168-168.5°C
Table 1. Yields of the products in the reaction of alcohol (III)
and ethylene (IV) with 02 and acidic catalysts.
Conditions Yields (%)
IV VII v VIII IX Xa Xb
ITI 6N HC1 O2 benzene 82 1.6 2.2 — —_ —_ —
IV 6N HC1 air benzene 74 5.3 1.9 — —_ _— —_
111 S1‘02 air hexane 51 — 2.8 15 — —_ —
ITI S1'02 02 hexane 48 —_ 4.8 23 0.8 5.5 6.8
111 H'-A1,0, 0,  hexane 49 — 5.7 5.9 50 1.0 —
II1 S1'02 air benzene 70 — 2.3 —_ — —_ —_
111 S1'02 N2 hexane 84 — 2.2 — _ 1.4 —_—
IV 5102 02 hexane 22 — 7.9 11 3.1 1.6 —_

These products were isolated by column-chromatography on neutral alumina.

Butadiene derivative (VIII) showed a Ve=c

band at 1599 cm—l, an olefinic proton

signal at § 6.51 (2H, s), and anM+ at m/e 574.1028 (C36H30Fe2),respectively, in

its Raman, PMR and high-resolution mass épectra. The spectra of 1,4-dihydroxy-

butane (IX) indicated vOH bands at 3520 and 3370 cm_l

(IR), a singlet of two hy-
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droxyl protons at ca. § 3.4 and anm’ at m/e 610.1287 (C Fe2). Tetrahydro-

3613492
furan derivative (C36H320Fe2) was separated into two stereoisomers Xa (mp 224-226
°C;M+, 592.1154) and Xb (mp 168-168.5°C; M+, 592.1179). The methylene protons
(4H) of Xa and Xb appeared as an AA'XX' system at § 2.2-2.9 and an AA'BB' system
at 6§ 2.5-2.65, respectively. The configuration of the two isomers was not yet
confirmed.

The structure of VIII, IX and X was also confirmed by the following reactions.
Butane derivative (XI) showedanM+ at m/e 578.1325 (C36H34Fe2) and a methine proton
signal at § 3.53 (2H, m).

TsOH H,/Rh-C Ph oh LiATH,
IX — > VIII FC-CHCH,CH CH-FC «—— % ¥
80°C, 100 atm ATCT,

(X1)
mp 224-225°C

The compounds VIII, IX and X produced in the present reaction should be oxi-
datively dimerized via a different mechanism from that of formation of butene (VII).
The peroxide (XII) expected could not be isolated in the
oxidative reaction. However, it is reasonable to assume Ph:N<F__T><:Ph
that the products VIII, IX and X were produced via the Fc™ N—of Fc
peroxide (XII), since the structure of those was analogous (XI1)
to that of the by-products in‘the oxidative cyclization of TI.

It is shown that the formation of C-C bond in the reactions of (l-hydroxy-

9)

alkyl) ferrocene derivatives with oxygen and acidic catalysts occurs also inter-
molecularly. Further experiments are in progress to investigate the mechanism of

the present and previous reactions.
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