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Absiraci: A generai method for the preparation of the unsymmetrical 2,8- and 2,9-
dihal

1alonhenanthrolines is nresented. The use of these halonhenanthrolines as svnthetic suhgtrates
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in the Suzuki and Sonogashira/Castro-Stevens palladium catalyzed chemistry is exemplifed.
These derivatized phenanthrolines are seen as key building blocks for the design and construction
of topologically complex polynuclear metal coordination complexes. © 1998 Elsevier Science Ltd.
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Control of the regiochemistry of halogenation (substitution) around the phenanthroline nucleus is a
suprisingly difficult synthetic problem. 1.2 Although the 2,9 (flanking positions) and 3,8 (axial positions) have
been identified as key attachment points for the design and stabilization of self-assembled polynuclear metal-
coordination complexes of specific geometry and topology, 3-5 the obvious 2,8 subtitution pattern is essentially
unexplored. In addition, although Sauvage has shown the utility of a Tschitschibaban-like reaction for the

cvnthecic of 2 9-diarvl-1 10-nhenanthrolines. general intermediates for 2-X 0-Y disuhstitution are much rarer 0
synthesis of Z,Y-diaryi- 1, 1U-pncnantirolines, general mtermeciates 1or 2-A,Y gisupsiitufion are mucn rarer
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phenanthroline derivatives, but access to general methods for the preparation of dihalo-1,10-phenanthrolines
would provide a convenient design intermediate from which modern organometallic chemistry could be
implemented. We provide here another very useful step toward the general preparation of halophenanthrolines
and exemplify their use in palladium catalyzed cross coupling reactions. 11-14

Recently, we prepared 3-bromo and 3,8-dibromo- 1, |0-phenanthroline by a direct one-pot bromination of
phenanthroline hydrochloride. 15 Attempts to extend this to the bromination of 2-aryl-1,10-phenanthroline led to

aryl bromination with halophenanthrohn(, side products, but overall an unuseful procedure. Halogenation (Cl or
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ar
the 2,9 dihaloderivaiives, we were surprised at our inabiiity as of yet, to carry oui this procedure starting from 3-
bromophenanthroline to prepare 3,9 (i.e. 2,8) dihaloderivatives. Fortunately, simply reversing the order of
halogenation solves this problem. Reaction of 2-chloro-1,10-phenanthroline hydrochloride with bromine in
nitrobenzene leads to the 8-bromo-2-chloro-1,10-phenanthroline (1) in 50% yield after chromatography; some
starting material is recovered and can be recycled. The chloride of 1 can be displaced by iodide to give 8-bromo-
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ine (N (749% vield). Reoioselective nalladium catalvzed counline reactions of 2 occur at

do-1, [0-phenanthroline (=) (/4% yield). Regloselective palladium catalyzed coupiing reactions of Z occur atl
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yield by reacting 1 equivalent of the 4-boronic ester of anisole with 2 under Suzuki conditions (6% Pd(PPh,),,
Ba(OH),, DME-H,0, 80°, 3 h). 18 The remaining bromine in position 8 is then availabie for other couplings. A
useful example of this is the reaction of TMS acetylene with 3 under Sonogashira conditions (6% PdCl,(PPh,),;
DMF, 80°, 3 h) !9 followed by deprotection to prepare 2-(4-methoxyphenyl)-8-ethynyl-1,10-phenanthroline (4)
in ca 75% yield for two steps.
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In the course of our investisation, we realized that 2 9-diiodo-1,10-phenanthroline (5) has not bee
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substitution. Indeed, this reaction occurs in moderate yield (74%), and careful observation of
time shows the growing in and then disapperance of the 2-chloro,9-iodo-1,10-phenanthroline (6). Thus, taking
advantage of this discrete reactivity, one can isolate either the symmetrical 5 or the unsymmetrical 6 by
controlling the exposure time.

Clean reactions occur between 5 and the 4-boronic esters of anisole under Suzuki conditions, but this
product can be obtained much more easily by direct Sauvage arylation of 1,10-phenanthroline. 6 More important
examples are the reaction of the 4-boronic acid of bromobenzene and mesitylboronic acid with 5 under Suzuki
conditions (6% Pd(PPh,),; Ba(OH),; DME, 80°, 3 h) !® to produce bis-2,9- (4 bromophenyl)-1,10-

phenanthroline (7), a useful building block, and the sterically congested 2,9-dim ,10-phenanthroline (8)
in vrinlde f SN 0L and AQ 0. racnaritualy
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The differential reactivity of the halogens in 6 makes possible the synthesis of some unsymmetrical 2,9-
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mesitylboronic acid (6% Pd(PPh,),; Ba(OH),; DME, 80°, 3 h) produces 2-chloro-9-mesityl-1,10-phenanthroline
(9)in 71 % yield. Conversion of the 2-chloride to the iodide followed by coupling with trimethylsilylactylene
under Sonogashira conditions (6% PdCL,(PPh,),; DMF-NEt,, 80° 3 h) 19 and hydroxide induced desilation
(MeOH-THF, KOH) produced 10 in 65 % yield.
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It has been long realized that flanking substitution on 1,10-phenanthroline helps to induce and kinetically

stabilize ML, coordination complexes of tetrahedral ligand field. 6
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bipyridine oligomers
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linked through the flanking positions are the basis for tetrahedral-based helicate design. <V-<¢ Axial substifution

is important for construction of grids and weaves as well as for octahedral-based triple helicates. 23-26  The
methods presented in this paper provide the bricks necessary to build these molecular architechtures and should

motivate even more creative topological constructions using phenanthroline metal templating strategies.
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