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Abstract

Application of Ruthenium compounds in organic synthesis as homogeneous catalyst
Alireza Khorshidi Hossem1

Metal-catalyzed reactions have made a great contribution to the recent growth of arganic
synthesis, and a variety of synthetlc methods have been reported using'mainly Group VIII
transition metal complexes in stoichiometric or catalytic amounts. Ruthenium is relatively
inexpensive in comparison with the other Group VIII transition metals such as Rhodium, and
a wide variety of Ruthenium complexes have been prepared using RuCls'nH,O as the startin g
material. On the other hand, the development of new efficient synthetic methods leading to
indole derivatives continues to receive much attention in organic synthesis because of their
bxologlcal activities. In the present thesis, application of Ruthenium as homogeneous catalyst
in organic synthesis has been investigated.

In the first chapter, synthesis of bis(indolyl)methanes through condensa‘non of indoles and
various aldehydes or ketones using Ru' as catalyst is reported. It was found that the catalytic
system involving Ru'™ affords the products smoothly under very mild condmons in good to
high yields (Scheme 1).’

Ru'"t R (12mol%)

CH,OH ri, 0.5h

Ru'" R (1.2 molo)

[ I > CH;0H, 1.t

1

A

K Z

Scheme 1
In the second chapter, double—con_]ugate 1,4-addition of indoles to dibenzylidenacetones using
Ru™ as catalyst is reported. It was found that the system involving Ru'™ catalyzes formation

of two C-C bonds in one pot in good to high yields (Scheme 2).

/\)]\/\ RuCl3 nH,0
Ry cn,on Reftux

la: R=Ry=Ry=H 2a: Ry= CeHs
1b: Rj=Me, R;=Ry=H 2b: Ry= 4-MeOCgH,
ic: Ry=Ry=H, Ry>Me 2c: Ry=4-CICgH;

1d: Ry=R,=H, Ry=Br.
Scheme 2
In the third chapter, Ruthenium-catalyzed oxidation of aromatic and heteroaromatic
compounds is reported. It was found that ultrasonic irradiation in a biphasic system consisting
of substrate, CH,Cl,, H,0, CH3CN, NalO4 and catalytic amounts of RuCl;.nH,0, accelerates
the oxidation reaction to afford the desired products in good yields (Scheme 3).

o) O Q O
Ru™, NalO, N
D Va2V
e A D)

Scheme 3
In the forth chapter, Ruthenium-catalyzed regioselective ring-opening of aliphatic and aryl
epoxides under solvent-free conditions is reported. It was found that RuCl;.nH,O catalyzes

b e L

e

»?/ J:,,,\__(xuj,/}, 3

A




the Friedel-Crafts type alkylation of indoles, providing 3-alkylated derivatives in good yields
under mild reaction conditions (Scheme 4).

0o -RuClz.nH,0 (5 mol%)
RO @ | o
N Solvent free, r.t. O
N HN H

R= Ph, allyl, n-butyl

Scheme 4 o
In the fifth chapter, Ruthenium-catalyzed preparation of oxindoles from one-pot trimerization
of indoles under oxidative conditions, and from electrophilic substitution reaction of indoles
with isatins or isatin derived imines under very mild reaction conditions is reported (Scheme

5).
\ RuCly.nH,0 (5 mol %)
3 +3H,0,
N MeOH, 50 °C

H

Scheme 5
In the last chapter, diastereoselective conjugate 14~add1tton of indoles to a,B-unsaturated
carbonyl compounds (hormone steroids) using Ru'" as catalyst is reported. It was found that
RuCl3.nHz0 catalyzes the Michael addition of indoles to hormone steroids, providing new 3-
alkylated derivatives in good to high yields (Scheme 6).

©j\> RuCl3.nH,0 (5 mol%)
+ -
N o MeOH, Reflux

Scheme 6

Keywords: Ruthenjum, Aldol condensation, Oxidation, Symmetric dienones, Epoxides,
Oxidative trimerization, Hormone steroids, Regioselectivity.
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