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Abstract

Electro-organic Synthesis of Some Natural

Products Analogues

By

Berhane Tecle

Advisor-. Dr.Tesfaye Biftu

In this project an attempt was made to prepare lignans

by oxidative and reductive coupling of the a-enolates and

a-bromo derivatives of substituted propiophenones respectively.
Propiophenone derivatives were prepared by the addition of

ethylmagnesium iodide to substituted benzaldehydes followed

by oxidation of the intermediate alcohols with Jones’ reagent.
The a-bromo propiophenone derivatives were prepared by

treating the ketones obtained with bromine in chloroform

solution.

Prior to preparative electrolysis of the a-enolates
and a-bromo derivatives, the working potentials were deter-
mined by cyclic voltammetry and PC polarography. It was

found out that the carbonyl functional group was reduced

at a potential greater than -1.9V and C-Br bond it was

cleaned to the corresponding free radical or carbanion

in the potential range of -0,2V to -1.4V.
Preparative electrolysis of 3,4-methylenedioxypropio-

phenone in methanol containing, sodium methoxide and pota -
ssium iodide at 1.05V (divided cell) gave the a-hydroxy



prcpiophenone derivatives. The methyl, ether propio-
phenone derivatives were also obtained when the ketones

were electrolyzed at various working potentials in qqueous-
methanol medium containing the electrolytes sodium hydro-
xide and potassium iodide. Exhaustive preparative electro-
lysis of the a-bromo-3,4-dimethoxynropiophenone derivative

at -1.7V vs SCE using platinum electrode(divided cell)gave

a lipnan of the 1,4-diaroylbutane derivatives.
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I. I N T R O D U C T I O N

Organic electrochemistry was among the first
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chemists of the late nineteenth

centuries very well recognized ^he b&sid prdhdip'les of
i ; t t t : : i t ! i ! !

electrochemistry laid by Faraday and Mernest. The import-
ance of the electrode potential in controlling the course

of an electrolytic reaction v/as also understood by Haber
\

in 1898.1 The early twentieth century saw a flurry of
activity in organic synthesis using electrochemical
techniques by such individuals as Haber, Fichter, Thatcher,
Kolbe and many others who recognized the promise of electro-
lysis as an important synthetic tool for both laboratory

and industrial reactions.2’3

Interest and activity in organic electrochemistry

declined in the 1930's and 1940's at a period when organic

chemistry was flourishing and expanding in many directions.4
This was due to inadequecies in the theory and in their

instrumentation to stimulate growth of electro-organic
research and achieve the still largely unexploited poten-
tial of electrochemistry in organic synthesis.
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The development of electrochemical techniques and

instrumentation, initially developed for analytical uses
i s 5 t » : j i i : i 1 s s i ^ J i ? i i s i i ’ rprovided much information

itself, and also gave the

"eyes" to examine properly the clectr'ode' reaction - he1 is
dealing with.5

concerning ,thq , electrode process,.
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Nowadays, an extremely wide variety of electro-
chemical conversion can be carried out using relatively

simple and inexpensive equipment, usually with the further
advantages of speed, good yields and simplicity of work-up.
It is possible to carry out many redox processes, that is,
reductions and oxidations, far more efficiently electro-
chemically than with the aid of conventional reducing or

oxidizing agnets. Furthermore, there are many reactions

that can be carried out electrochemically which are not

possible chemically.

In this project an attempt was made to electro-
chemically synthesize the various classes of lignans

(1-5), natural products with a broad-range of thera-
peutic values,by oxidative (anodic) and reductive

(cathodic) coupling of the ct-enolates and ot-bromo
derivatives of substituted propiophenones.(6),
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Synthesis of these compounds by this method has the

unique advantage of low cost and simplicity of work-up.
It also avoids the use of some hazardous and toxic

chemical oxidants.



IX. B A C K G R O U N D #/•

Among all the elementary particles that matter is

made up of, the electrons are the ones which are oxploited

by the chemist in synthesis and mechanism elucidation.

The transformation of a compound into another com-
pound requires sufficient’ energy to overcome the activa-
tion energy. This could be provided thermally, photo-
chemically or electrochemicallv. Thermal enerpy increases

the random motion of the molecules. Hence, collision

could take place at any point in space since movement is

random. This collision between molecules causes electron

transfer. Light irradiated, reactants give high, energy

species which would react further to get rid of the

excess energy. In electrically induced reactions, a

rather direct route is followed. In this case, electrons

are either torn away or civen to the substrate. The

activation energy in electrochemical reaction is in some

cases lower than the corresponding simple chemical

reaction due to the catalytic effect of the electrode.
The first step in electrochemical reaction is an electron

exchange between the electrode and the compound in solution.
The exchange gives rise to a cation-radical or an anion-
radical intermediate. The intermediates formed then under-
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go chemical reaction which will be followed by further

electron exchange or dimerization o£ the radicals.

Consider two atoms A and B which are sp, sp2 or

sp 3 hybridized. Electron removal or addition to these

systems gives rise to the following intermediates:

A $ A—B^A B
A—B A > A—B
A*4 ft = 3-̂ A'B

Different functional groups in a molecule are

oxidized or reduced at different potentials. Hence, an

electron addition or removal occurs only when that parti-
cular potential is reached. This allows to selectively

conduct a certain chemical transformation in the presence

of other functional groups. Electrode potential regions

of some functional groups are given in Appendix I.

1. Lignans

Lignans constitute a class of natural products which

frequently occur in wood6 * 7 and characterized by the bond-
ing of two phenylprooyl precursors) groups at the




























































































































