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Summary: The synthesis of a new macrobicyclic hard and 
soft ligand containing an o-phenanthroline subunit and an 
aza-crown ether is described. 

There is currently a growing interest in hard and soft 
heteroditopic ligands, which are able to complex soft 
transition metals as well as hard alkali cations.'y2 Several 
of these ligands have been reported, and they emerge from 
three main approaches at  the molecular level. Macrocyclic 
compounds combining Schiff bases and polyoxyethylene 
moieties have been described recently!'* and complete the 
important work on macrocyclic crown ethers incorporating 
pyridines and thioethers as soft  site^.^-^ Among the lat- 
erally branched compounds that have been described some 
years ago, phosphino-crown ethers have proven their ability 
to form heterodinuclear complexes.1°'12 Besides the 
macrocyclic and laterally branched macrocyclic ap- 
proaches, the cryptate area has provided the concept of 
hard and soft macrobicycles combining crown ethers as 
hard binding sites and N or S heterocycles as sift sites.13 

We report the synthesis of a new macrobicyclic ligand 
(Figure 1) which is built on a 2,9-diphenyl-l,10- 
phenanthroline unit used as the soft coordinating site. 

Sterically hindered phenanthrolines have been exten- 
sively studied,14-16 and their capability of complexing and 
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Figure 1. Rigid molecular framework incorporating both hard 
and soft coordination sites. 

stabilizing soft cations such as copper(1) has been dem- 
onstrated.17-19 The aza-crown ether unit [ 18]N20, serves 
as the hard binding site for an alkali cation. The biphenyl 
spacer ensures the rigidity of the molecular framework and, 
consequently, the high degree of preorganization of the 
ligand. 

The 2,9-bis(bromophenyl)- 1,lO-phenanthroline (1) was 
obtained by previously described methodsz0 by stepwise 
introduction of (pbromopheny1)lithium at  the 2- and 
9-positions of o-phenanthroline. The diary1 bromide 1 
(Figure 2) was a good precursor to form biphenyl units by 
"Suzuki" type cross-coupling with arylboronic acids.2l The 
quantitatively protected o-bromobenzaldehyde 2 obtained 
by standard methods22 was treated with Mg to give the 
Grignard reagent 3 in 95% yield. The Grignard was then 
slowly added to an excess of trimethylborate (THF/-78 
"C/argon). After acidic workup (5% HCl/Et20) and pu- 
rification by acid/ base extraction, the deprotected boronic 
acid 4 was obtained in overall 65% yield as white crystals 
from CH2Clz/hexane (mp 108-110 "C). 

Reacting the boronic acid with the 2,9-bis(p-bromo- 
phenyl)-1,lO-phenanthroline ( 1 )  in the remarkable 
"Suzuki" cross-coupling conditionsz3 (Pd(PPh,),/toluene- 
/MeOH/aqueous Na2C03/argon/80 "C/12 h) afforded, 
after chromatography (SiOz/CH2C12/1-2% ethyl acetate), 
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Figure 2. "Suzuki" approach to  novel disubst i tuted phenanthrolines.  
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the dialdehyde 5 as a pale yellow solid (mp 237-239 "C) 
in 80% yield.24 

Reduction of 5 by an excess of LiA1H4 in refluxing THF 
afforded the diol 6 (Figure 3) as a yellow solid in 72% yield 
(mp 138 OC dec, SiO;/ether-CH2Cl2 in 9 /1  ratio/lL2% 
MeOH). Treatment of the diol with refluxing HBr 48% 
and H2S04 a catalyst gave the dibromide in 35% yield 
(mp 249 "C dec) after chromatography (SiO2/CH2C1,/ 

(24) All new compounds gave satisfactory analytical data. NMR 
(100 MHz), 'H NMR (200 MHz), CHN analysis within 0.4% error, and 
mass spectroscopy measurements are in agreement with the proposed 
structures. 
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traces of MeOH). The very efficient cyclization method 
described for 2,9-bis(bromomethyl)-l,lO-phenanthrolines 
and aza-crown ethers to form mixed phenanthrolino-crown 
ether crypt ate^^^ has been applied to 7 and [18]N20, 8. 
The macrocycle 8 was treated under argon with an excess 
of cesium carbonate in refluxing dry acetonitrile before 
adding dropwise a suspension of the dibromide 7. After 
20 h of reaction, the inorganic materials (solids) were 
discarded and the crystalline ligand 9 (mp 110-111 "C) was 
isolated in 30% yield from the organic phase by chroma- 
tography (Si02/Ch2C12/MeOH). The yield of the cycli- 
zation reaction could be compared to those obtained by 
Lehn and co-workers who have reported up to 70% yield 
for this type of reactions using Na2C03 as a base.25 

The relative flexibility of our precursor (rotation around 
the biphenyl bond) has directed our choice toward cesium 
carbonate, instead of the sodium salt. For cryptates syn- 
thesis, the size of the sodium seemed to be adequate for 
templation of the cyclization, but in our case benefit was 
taken from the ability of the cesium ion to gather frag- 
ments for SN2 reactions.26 
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From 'H NMR data, the geometry of the ligand 9 has 
been approximated, and measurements are in agreement 
with the proposed conformation depicted in Figure 1. The 
signal of the ortho proton is significantly shifted to higher 
fields when compared to open precursors (A6 = -0.2 ppm), 
showing that the phenyl spacer is no longer coplanar with 
the phenanthroline ring. The second significant shift is 
the shielding of the benzylic protons whose signal (singlet) 
appears at  3.66 ppm versus 4.54 ppm in the precursor 7. 
This is consistent with placing the benzylic protons very 
close to the shielding cone of the phenyl substituents 
present on the phenanthroline moiety. A slight broadening 
of the signals has been observed a t  room temperature 
indicating a reduced mobility of the macrobicyclic 
framework. 

Investigations concerning the complexing abilities of 9 
as well as its copper(1)- and rhodium(1)-alkali complexes 
are under progress. 
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The syntheses of five new 4-alkyl-2-iodosobenzoic acids (3) are described. The iodine atom was introduced 
by ortho-directed lithiation of 4-alkylbenzyl alcohols followed by treatment with I*. The catalytic effectiveness 
of each of the products in the hydrolysis of 4-nitrophenyl diphenyl phosphate in microemulsions was studied. 
The 4-methyl- and 4-ethyl-substituted products were each found to be significantly better catalysts than the 
standard nonalkylated 2-iodosobenzoic acid (3, R = H). These results would indicate that microemulsions of 
these materials may find use in detoxification procedures. 

Introduction 
Certain phosphate, phosphonate, and phosphinate esters 

are persistent acetylcholinesterase inhibitors and neuro- 
toxic agents. Since some are used as potent pesticides and 
chemical warfare agents, their rates of decomposition and 
detoxification are of considerable importance. Efficient 
detoxification methods would find applications in the 
decontamination of environments and equipment exposed 
to these agents. 

Many functional groups have been studied for their 
reactivity toward phosphate esters and, since the latter are 
only sparingly soluble in water, micellar and microemulsion 
media have often been employed. In recent years, 2- 
iodosobenzoic acid (IBA, 3, R = H) and several derivatives 
have been reported to be effective catalysts in phosphate 
ester decompositions.2 Speculation on the mechanism 
responsible for the extraordinary reactivity of IBA has 
suggested that the cyclic IBA anion is the nucleophile that 
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