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Organometallic compounds
 XIII*. The reduction of enones by ferrocene and hydrochloric acid
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SUMMARY

A convenient reduction of enones by ferrocene and HCl is described.

Sugiyama and Teitei' reported an abnormal Friedel—Crafts reaction in which the
reaction of ferrocene with fumaroyl chloride in the presence of aluminum chioride did not
give 1,2-diferrocenoylethylene as expected, but instead afforded 1,2-diferrocenoylethane
and §-ferrocenoylpropionic acid.

It is well known that the ferrocene molecule is easily oxidized by acids to give the
ferricinium ion with loss of one electron®. We have reinvestigated® the above reaction in
the presence of excess sodium chloride. 1,2-Diferrocenoylethylene was isolated as the
initial product, this was reduced by 2 moles of ferrocene in the presence of hydrochloric
acid or aluminum chloride to give 1,2-diferrocenoylethane in quantitative yield. The lim-
itations of the reduction by ferrocene and acid were examined by applying this reduction
to several compoundsi*. The results are listed in Table 1.

The homogeneous reduction by ferrocene and acid in organic solvents is a useful
and convenient method for reduction of the enedione structure R—COCH=CHCO—R"
After reduction the mixture is easily separated into an organic and an aqueous layer. The
ferrocene is quantitatively recovered from the aqueous layer by ascorbic acid and sodlum
bisulfite.

* For Part X see ref. 5.
*» After our work had been completed® Omote ef al. reported® similar reductions but they did not isolate
the enones which are assumed to form during the reactions.



“C44. . 0 ot o PRELIMINARY COMMUNICATION .

Compound - T .- Product’ Yield (%)
_Fc—COCH'*CHCO-Fc L Fe—~COCH,CH,CO-Fc~ - 99

. Fe~COCH=CHCOOH & .* - . - Fe—~COCH, CH, COOH 99

- Ph-COCH=CHCO-Ph(cis) © . Ph—COCH,CH,CO-Ph- 99
-Ph—COCH—CHCO-Ph(tmns) ~~ Ph-COCH,CH,CO-Ph 99
. Ph—COCH=CHCOOH . - .~ " Ph—COCH,CH,COOH - 90
_Ph—COCH=CHCOOCH, : - Ph—~COCH, CH, COOCH, 90 |
CH,; COCH=CHCOCH, (srars) ~ CH,COCH, CH, COCH, - 82
Ph~CH=CH-Ph S - -

* Ph=CH=CHCOOH(cis)} c -
Ph—-CH=CHCOOH(trans) ¢ -

. HOOC—CH=CH-COOH(cis) ¢ -

* HOOC—-CH=CH~COOH(trans) c _
Et0OC-CH=CH—~CQOEt . c : -
CICOCH=CHCOC1 . HOOC--CH=CH-COOH 100
HOH,CC=CCH,0H e -
HOOCC=CCOOH 4 -
Fe—-COCH=CH--Fc ¢ -
Fc—COCH=CH-—Ph c A -
Ph—COCH=CH~Ph e , -

FcH 60

Fe—-CHO . ' {Fc-CH,OH { 10
Fe-NO, = - . c - S -
Ph-NO, < -

~ Santonin € . -

' N 100
o= =0 ) HO——< >—- OH : ;

2 Lit.® , m.p. 220° (dg.c.). 5 Lit. *, m.p. 17{)«171"‘. € Starting compound recovered unchanged.

. EXPERIMENTAL

General procedure To a mixture of 0.372 g (2 mmol) of ferrocene in 1 mi of conc. HCl was
added a solution of 1 mmol of substrate in 10 m! of methylene chloride. The reaction mix-
ture was warmed until the color changed to blue-violet. Then the organic layer was separated,
' washed with water, and dried. Evaporation of the solvents gave the reduction products or
~ starting materials as hsted in Table 1. Addmon of ascorbic acid to the aqueous Iayer
precipitated cmde ferrocene in quantltatlve yield.
A Other solvents used were benzene and ethanol. Other aclds used were Hz SOq and
dﬂ. HC}. , :
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