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1,10-Phenanthroline undergoes coupling with ketones promoted by samarium diiodide to produce 2-(1-hydroxyalkyl)-1,10-phenanthrolines.
O-Methylation of these derivatives provides the corresponding 2-(1-methoxyalkyl)phenanthrolines. Demethoxylation with samarium diiodide
then affords 2-alkylphenanthrolines. This process may be repeated to obtain 2,9-disubstituted phenanthrolines. A variety of new, substituted
phenanthrolines are thus obtained. These compounds have numerous potential applications as ligands in metal-promoted reactions, including

asymmetric catalysis.

Several approaches have been developed for the asymmetriexpected to have many applications as ligands in asymmetric
synthesis of nonracemic organic compounds. An especially catalysis employing any of several metals. In fact, uses of
important strategy is the use of metal catalysts containing achiral phenanthrolines have been limitedije in part to the

number of types of chiral ligandsl,10-Phenanthroline has

small number of methods that have been reported previously

long been known as a commonly used, nearly universal for the synthesis of these ligan@#Nonetheless, we have

ligand that forms complexes with a wide range of metals.

recently demonstrated the usefulness of substituted phenan-

Chiral derivatives of phenanthroline may therefore be throlines in asymmetric, palladium-catalyzed reactiofibe
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rational design of these ligands was guided by the use of
specially parametrized molecular mechanics calculations for
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the prediction of structures of ground-state complexes andtypes of couplings are well-known for carbonyl compounds,
reaction transition staté$.However, the extension of these imines, oximes, nitriles, amides, indoles, and related sub-
studies to the wealth of reactions in which chiral phenan- strates employing various reducing agents. Especially promi-
throline ligands may potentially be employed is dependent nent in recent years has been the use of samarium diidéide.
upon more general methods for the synthesis of substitutedindeed, when 1,10-phenanthroline and ketones are allowed
phenanthrolines. The availability of additional methods to react with a THF solution of freshly prepared samarium
would also have an impact on other numerous uses ofdiiodide}!! the desired substituted phenanthrolinksare
phenanthrolines and their metal compleketerein we report obtained (eq 1)? The scope of the reaction is indicated by
a very simple method for the synthesis of substituted

phenanthrolines by the straightforward samarium-promoted o)
coupling of ketones with the parent compound, 1,10- R)kR 7
phenanthroline. 7N /N . _ ) m
One possible strategy for the generation of substituted =\ n= 2.2 eq Sml; HO NN
THF, 25 °C R R, 1

phenanthrolines would be the met&lalogen exchange
reaction of 2-halophenanthrolirféfollowed by addition of
the resulting 2-metalated derivatives to carbonyl compoundsthe examples in Table 1 whereby aliphatic ketones may be
to give 2-(1-hydroxyalkyl)phenanthrolined)( However, employed in general, but aromatic ketones and aldehydes
attempted exchange reactions of 2-halophenanthrolines withare not useful substrates due to other competing reductive
typical alkyllithium reagents result mainly in addition/ processes such as self-couplings and carbonyl reductions.
substitution of the alkyllithiums on the phenanthroline The racemic products from the use of prochiral ketones
nucleus. Reaction of 2-halophenanthrolines with active (entries c, d, and e) are potentially resolvable, but alterna-
metals and metalation of 1,10-phenanthroline with strong tively, chiral ketones such as thujone (entry f) and menthone
bases also fail to give useful intermediates for carbonyl (entry g) can be employed to give chiral, nonracemic
addition reactions. A much simpler variation of this strategy products directly:3

which would give the desired substituted ligands more

directly from 1,10-phenanthroline itself would be pinacol- _

like coupling of this parent compound with ketones. These Table 1. Samarium Diiodide-Promoted Coupling of Ketones
with 1,10-Phenanthroline and Subsequértlethylation and
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Attempts were made without success to extend this diiodide-promoted coupling of a ketone with a product of
reaction to other, related substrates such as pyridine andhe preceding sequence of reactions. This approach to
isoquinoline in place of phenanthroline. Likewise,(- obtaining 2,9-disubstituted phenanthrolines is illustrated with
unsaturated ketones, in place of saturated ketones, do nothe formation of cyclohexanone-derived proddcteq 5).
generally give useful results, but in the case of pulegone,
product? is obtained which results from conjugate addition

and reduction of the phenanthroline nucleus (eq 2). 7N 7\ <:>:o
H =N N= (5)
o 2.2 eq Smly
5 : THF, 25 °C
— 4a
7N @
—N N= 2.2 eq Smly o )
THF, 25 °C Our preliminary results have shown that the reaction of

1,10-phenanthroline with ketones and samarium diiodide

The substituted phenanthrolindsmay be employed in provides a simple method for the synthesis of substituted
further reactions for the purpose of obtaining modified Phenanthroline ligands. The possibility exists of extending
ligands. For exampleD-alkylations may be effected straight- these preparations to the use of other reducing agents and to
forwardly as exemplified by methylation with methyl iodide additional classes of substrates. AldDsalkylations and

to give the 2-(1-methoxyalkyl)phenanthrolindgeq 3). In O-acylations beyond the simple methylations reported here
may be employed to introduce additional stereochemical

features and other metal-coordinating groups based upon

7 N/ N\ NaH;CHj 7 N_ N\ oxygen, nitrogen, sulfur, phosphorus, unsaturated func-

Ho 7N N= e oseg CHO )TN N= @) tional groups, heterocycles, and even additional phenan-
R Ry 1 R R, 3 throline moieties. The further enhancement of these prepara-

tions and the use of the resulting ligands in asymmetric

turn, the alkoxyalkyl derivative8 may be subjected to catalysis are subjects of further investigations in our labora-

reductive cleavage, again with samarium diodide,give tory.

the simpler 2-alkylphenanthrolings(eq 4). The results of
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