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Abstract: Palladium(0)-catalyzed cross-coupling reactions of elec-
tron deficient aryl- and heteroaryl bromides with aza-crown ethers
of various ring sizes are described. The catalyst system Pd(OAc),/
PPh, gave best results for cross coupling reactions of macrocyclic
aza-crown ethers with electron poor aryl bromides.
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Macrocyclic ionophores based on aza-crown ether deriv-
atives have attracted much attention because of their ap-
plication as building blocks for artificial transmembrane
ion channels, carrier systems for ion and molecule trans-
port, supramolecular catalysts, and molecular elements
for supramolecular assemblies.! Especialy N-aryl-aza-
crown ethers with defined ring sizes have been combined
with photo- or redoxactive subunits and were recognized
frequently as meta cation selective sensors.?

However in terms of efficiency and flexibility most syn-
theses of N-aryl-aza-crown ethers are not satisfying: ei-
ther high dilution conditions often providing a low
yielding ring closure of the crown ether moiety,® or high
pressure conditions (>8 kbar) for achieving a SyAr reac-
tion between the corresponding amine and an activated
aryl halide are necessary.* Concerning strategy and syn-
thesis the direct attachment of commercially or easily
available aza-crown ethers to various aromatic compo-
nentsvia a cross coupling reaction promisesto be the most
straightforward approach towards N-aryl- and N-heteroar-
yl-aza-crown ethers. Furthermore, such a strategy should
ensure a high flexibility with respect to thering size of the
crown ether subunit, and the allowance for amultifold at-
tachment of more than one aza-crown ether component to
an aromatic core.®

We report here a new and efficient synthesis of N-aryl-
and N-heteroaryl-crown ethers from aryl- or heteroaryl
bromides and aza-crown ethers based on a Pd(0)-mediat-
ed cross coupling reaction inducing a carbon-nitrogen
bond formation. This strategy follows our recent report on
the synthesis of N-(9-anthryl) aza-18-crown-6, a novel
chromo- and fluoroionophore.®

The intensive studies of Buchwald, Hartwig, and others
on Pd(0)-catalyzed aryl aminations’ have lead to a proto-
col that effects the coupling of primary and secondary

Table 1 Influence of the ligand and the ring size of the aza-crown
ether 2 on the Pd-catalyzed cross-coupling reactions of 1 with 2.
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a) Reaction conditions: Pd-cat. (3 mol%), ligand L and yields see
Table 1, 1.2 eq. 2, 1.3 eq. NaO'Bu, 100 °C, 12h, toluene, reaction
carried out in a Schlenk tube with screw cap. b) Pd : L =1: 2,
Pd(dba), was used in combination with P(o-tol); and Pd(OAc), in
combination with PPh; and P(‘Bu)s; c) yield of isolated product.11

amineswith aryl bromides and chlorides. Whereasinitial-
ly a Pd(0)/P(o-tol), catalyst was used, more recently sec-
ond generation catalysts based on chelating phosphine
ligands have been proven to be superior in many cases.®
Nevertheless, limitations towards sterically crowded
amines were observed, and Pd-catalyzed aryl aminations
have neither been studied with macrocyclic amines, nor
with aza-crown ethers so far.

At the outset of our studies we investigated the influence
of the steric properties of different monodentate phos-
phine ligands on the Pd(0)-catalyzed cross-coupling reac-
tion between the electronically activated 4-nitro-
bromobenzene (1, 1 equiv) and aza-[18]-crown-6 (2a, 1.2
€q.) in the presence of NaOt-Bu (1.3 equiv) in toluene as
solvent at 100 °C (Table 1). The catalyst combinations of
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Table 2 Pd-catalyzed cross-coupling reactions of bromobenzenes and bromopyridines with aza-18-crown-6 (2a).
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a) reaction conditions: toluene, 100 °C, 1.2 eq. 2a and 1.3 eq. NaO'Bu per bromine functionality, Pd(OAc), or Pd(dba), was used as Pd
source with 3 mol% Pd-salt per bromine functionality; b) Pd : ligand = 1 : 2, Pd(dba), was used in combination with P(o-tol); and
Pd(OAc), in combination with PPhs; ¢) yield of isolated products; d) crown ether 10 (50%) was formed as major product; e) crown ether
10 (25%) was formed as side product; f) crown ether 14 (10%) was formed as side product, g) PPh; as ligand was not investigated for

this case; h) bipyridyl 17 was synthesized as described in ref. 21).

Pd(dba),, or Pd(OAc), with P(o-tol); and P(t-Bu), respec-
tively, gave only moderate to low yields of cross-coupling
product 3a. Whereas 3a was obtained in 84% yield with
the sterically small ligand PPh; and Pd(OAC), (entry 1in
Table 1).° 1° Omitting the Pd-catalyst did not yield any
product under otherwiseidentical reaction conditions.

Next, the interplay between the steric demand of the phos-
phine ligands P(o-tol); and PPh,,*2 and the bulkiness of

the (macro)cyclic amine 2 was investigated. Cross-cou-
pling reactions of 1 with macrocyclic amines (2a and 2b),
aswell as with amines of medium ring sizes (2c and 2d)
could be achieved with both catalysts. However the cata-
lyst based on the sterically smaller ligand PPh; gave sig-
nificantly better results with the macrocyclic amines 2a
and 2b (entry 1 and 2, Table 1). No differencein reactivity
between a catalyst based on PPh, and P(o-tol), was found
in the arylamination of 1 with morpholine (2d) (entry 4,
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Table 1), indicating that the bulkiness of the aza-crown
ethers contribute to the observed differencesin reactivity.

The catalyst system based on the bidentate ligand BINAP
also led to the N-aryl-aza-crown ether 3a, abeit in a di-
minished yield of 36% (Scheme 1). Surprisingly the phe-
nol ether 4 was found as major product in 40% yield,*
whereas this alkoxidation product was not observed with
the catalysts based on the ligands PPh; and P(o-tol),.
Since the alkoxide ion is less nucleophilic than the amine
2athisresult isremarkable.

1)
ozN—@o +3a
4 ><

Scheme 1 Catayst and reaction conditions: i) Pd,(dba); (2 mol%),
BINAP (6 mol%), 1.2 eqg. 2a, 1.3 eq. NaO'Bu, 100 °C, 12h, toluene,
reaction carried out in a Schlenk tube with screw cap, 4 (40%), 3a
(36%).

1+ 2a

Scope and limitations of this new N-aryl-aza-crown ether
synthesis were further demonstrated by the results given
in Table 2, where commercially available aza-18-crown-6
(2a) was used as coupling partner.* The protocol could be
extended to the synthesis of cyanobenzene 6, benzophe-
none 10,%® and pyridine 14 17 with high efficiency. In all
casesinvestigated, the use of the catalyst system based on
PPh; gave consistently better results. The twofold cross-
coupling reactions of aza-crown ether 2a with the aryl
bromides 11, 15, and 17 proceeded with high yields to
givethe crown ether 12,4 16, and 18'° in 73%, 81%, and
98%, respectively. Inthe casesof 11 and 15 the mono-am-
inated products 10 and 14, resulting from a B-hydride-
elimination-reduction sequence of a Pd-imido intermedi-
ate,?° could beisolated as side products respectively (entry
4 and 6, Table 2). However, the protocol islimited to elec-
tron deficient arenes and heteroarenes. a cross-coupling
reaction between bromobenzene (7) and aza-18-crown-6
(2a) could not be achieved, neither with a Pd-catalyst
based on PPh;, nor with one based on P(o-tol), (entry 2,
Table 2).

Inasmuch that the reductive elimination of a Pd-imido-
complex is accelerated when electron poor aryl species
areinvolved,? and these el ectronic effects obviously sup-
port cross-coupling reaction with sterically encumbered
and therefore less reactive amines, the results obtained
here suggest furthermore, that the right interplay between
the bulkiness of the macrocyclic amine paired with the re-
duced steric demand of the phosphine ligand PPh; is nec-
essary for an efficient and high yielding N-aryl-aza-crown
ether formation.

In conclusion, we have developed a protocol for the syn-
thesis of N-aryl- and N-heteroaryl-aza crown ethers based
on Pd-catalyzed cross coupling reactions of electron defi-
cient aryl bromides with aza-crown ethers of various ring
sizes. However, the working catalyst system Pd(OAc),/
PPh; islimited to its use with electron poor aryl bromides.

M olecule and cation binding studies and the application of
these new macrocyclic ligands for the synthesis of novel
chromo- and fluoroionophores are currently under inves-
tigation.
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