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Dinuclear crown ether palladium complex: a highly effective 
strategy for encapsulating potassium cations in small crown 
ether rings 

Fátima Lucio−Martínez[a], Brais Bermúdez[a],  Juan M. Ortigueira[a],  Harry Adams[a], Alberto 
Fernández[b], M. Teresa Pereira[a] and José M. Vila*[a] 

 
The potential of 15-crown-5 ethers to link rather large cations as 
potassium is limited to the quasi parallel arrangement of two oxygen 
donor moieties upon appropriate orientation of the corresponding 
ether ring containing molecules. Substrates bearing the two crown 
ethers capable of achieving such coordination are hitherto unknown.  
The synthesis and isolation of a tailored-made dinuclear 
palladacycle bearing 15−crown−5 ether rings on the metallated 
phenyls offers such a possibility providing the adequate environment 
for the formation of the sandwiched [K(metallacycle−15−crown−5)2] 
moiety. This synthetic strategy culminates also in isolation of the first 
palladacycle able to entrap potassium cation  through bonding to two 
15−crown−5 ether rings in a single molecule. 
 
Crown ethers are ligands well known for their selectivity towards 
encapsulating metal ions, especially those of the alkaline and 
alkaline-earth metals, for which cavity size is a paramount 
factor.1 Hence, they have shown a wide variety of applications 
related to sensors, membrane ion transport or potential anti-
cancerous species, among others.2 On the other hand, 
cyclometalled compounds also display interesting properties as 
metallomesogens,3 in catalysis4 and as antineoplastic 
substances.5 Since the first cyclometallated compound bearing a 
crown−ether functionality was synthesized in 2001 by 
Bezsoudnova et al.6 much work has been done in this field in 
order to combine both species.7 We ourselves have indulged in 
the preparation of crown-ether palladacyles and we have shown 
that in accordance with the ring size sodium8a and silver8b 
cations may be accommodated in 15−crown−5 and in 
18−crown−6 rings, respectively. The potassium cation is 
amongst those that show great affinity for crown-ether rings and 
for which more studies have been carried out. Its size makes it 
most suitable for 18−crown−6 rings; for the smaller 15−crown−5 

ether a sandwiched−type geometry has been suggested for 
complexation of the cation by two 15−crown−5 ether moieties.9,10 
To date a rather significant quantity of references may be found 
related to this sort of arrangement. Then, the crown ether may 
serve as an entrapping agent for K+;11 to sustain K+ as the 
counter-ion;12 and for making bis-sandwiched tetracrown 
complexes.13 In Scheme 1 some relevant examples are depicted 

which show I  the seminal potassium 1:2 complex by Truter et 
al.,14a II   the polymeric structure where K+ cations and NO3

− 
anions form connecting bridges with crystal packing being 
responsable for the sandwiched geometry ,14c and III  the self-
assembly of bis(crown)stilbenes. Nevertheless, it should be 
noted that alkali metal-crown ether interactions exceed simplistic 
"size fit" considerations. 14b Likewise, related sandwich structures 
with metals other than potassium have also appeared: In,15a 
Sn,15b Dy;15c also, other claims to potassium 15−crown−5  
coordination albeit lacking clear crystallographic evidence have 
appeared.16 
 
  

 
 
Scheme 1. Examples of isolated complexes containing the potassium cation 
coordinated by separate molecules, I, II, III; and coordinated in a single 
molecule, IV. 

 
At variance with the hitherto known examples we sought out to 
prepare the first species containing the two coordinated crown 
rings in one single molecule IV . Thus, following our previous 
results concerning crown-ether palladacycles we became 
interested in trying to devise a convenient palladacycle featuring 
the two 15−crown−5 ethers needed for K+ coordination in the 
possibility of synthesizing a mixed potassium 
sandwiched─palladium complex. We anticipated that 
tetranuclear thiosemicarbazone palladacycles17 could offer an 
advantageous solution towards the isolation of the aforesaid 
potassium coordination with 15−crown−5 moieties on the four 
metallated phenyl rings. Then, our ensuing hypothesis was that 
adequately separating the two pairs of parallel metallated 
moieties should produce the needed arrangement giving 
molecules appropriate for sandwiched potassium coordination; 
accordingly, what follows is our synthetic strategy for the 
systematic coordination of the bulky K+ cation to 15-crown-5 
ethers via thiosemicarbazone palladacycles.  
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Scheme 2. Reaction sequence leading to the synthesis of the sandwiched 

potassium crown ether complex. 
 A suitable metal salt was chosen in pursuit of achieving in one 
single reaction a palladacycle with the K+ cation coordinated to 
15-crown-5 ether. Hence, 3,4−(C8H
N(H)C(=S)NHMe, 1, was treated with K2[PdCl
give a yellow precipitate which was filtered of
liquor a set aside. The solid was too insoluble for NMR 
characterization, therefore, assuming it to be the tetranuclear 
cluster, 2, inclusive or not of coordinated potassium, it was 
treated with Ph2PCH2PPh2 (dppm) in slight excess of a 1:4 ratio 
which gave a clear yellow solution b. 
Work up of the solution gave a solid, c, for which the 
NMR data showed a pair of doublets centered at 30.3 and 
ppm (2J = 69.3 Hz) and a singlet at 29.8 ppm. Reducing the 
initial mother liquor a to low volume gave a precipitate, 
was also reacted with dppm in a similar fashion; the 
NMR was analogous to c, albeit the singlet was centered at 25.0 
ppm; in both cases the pair of doublets was the major product. 
Attempts to recrystallize c gave suitable crystals 
X-ray analysis (vide infra); the 31P−{1H} NMR spectrum for 
showed only a sharp singlet at 29.8 ppm. We then tentatively 
assigned the two doublets in the spectrum of 
and the singlet at 25.0 ppm to 5, presumably lacking the 
potassium cation. Attempts to separate the compounds derived 
from d were not conducted; however, in order to assert their 
formation and to verify the spectroscopic assignments we then 
treated ligand 1 with a potassium−free salt, PdCl
work up and addition of dppm pure 4 and 5

 

Reaction sequence leading to the synthesis of the sandwiched 

sen in pursuit of achieving in one 
cation coordinated to 
H16O5)C6H3C(Me)=N-
[PdCl4] in ethanol to 

give a yellow precipitate which was filtered off and the mother 
set aside. The solid was too insoluble for NMR 

characterization, therefore, assuming it to be the tetranuclear 
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oublets in the spectrum of d to compound 4 
, presumably lacking the 

eparate the compounds derived 
were not conducted; however, in order to assert their 

oscopic assignments we then 
−free salt, PdCl2, and after 

5 could be obtained. 

Therefore, the presence of these species void of K
procedure would be in agreement with our assumption that K
only coordinates to 15-crown-
arrangement. Furthermore, treatment of compound 
potassium chloride only gave the starting material; no potassium 
coordination was observed. The measured % of potassium in 
albeit low, was enough to produce a small percentage of 
mixture 3 + 4, and this prompted us to devised a preparation of 
pure 3, after which we obtained
definite proof. Our synthetic strategy for the isolation of a 
sandwiched K+ was predicated on the adequate phosphine ratio. 
This route led to reaction of the aforementioned yellow 
precipitate with Ph2PCH2PPh2 (dppm) in 1:2 ratio, in acetone at 
50° C for 24 h. The resulting orange solution was reduced to low 
volume and the solid formed was filtered off. A diagnostic 
feature of complex 3 was its singlet at 29.8 ppm in the 
NMR spectrum in deuterated acetone, assigned to the two 
equivalent phosphorus nuclei. Also, the % of potassium was in 
accordance with the presence of the cation in 
 
 
 

 

 

 

 

 

Figure 1. Thermal ellipsoid plot of 3 
Hydrogen atoms and minor disorder 
clarity. Selected bond distances (Å) 
2.029(3), Pd1−C1 2.045 (4), Pd1−P1 2.2563 (13), Pd1−S1 2.3678 (13), 
Pd2−N4 2.036 (3), Pd2−C11 2.040 (4), Pd2−P2 2.2600 (13), Pd2−S2 2.3578 
(12), N1−Pd1−C1 80.53(14), C1−Pd1−P1 96.62(11), N1−Pd1−S1 81.83(9), 
P1−Pd1−S1 101.12(4), N4−Pd2−C11 80.57(15), C11−Pd2−P2 95.97 (12), 
N2−Pd2−S2 81.63(10), P2−Pd2−S2 101.84(4).
 
The IR spectrum and the 1H NMR spectrum showed absence of 
the υ(N−H) stretch and of the hydrazynic proton resonance, 
respectively, consistent with N
Furthermore, the C1 resonance 
low─field shifted upon metallation.
proton resonances, and the H2
shifted compared to the related values detected for 
proximity of the phosphine phenyl groups; the latter resonance 
was coupled to 31P.  
Recrystallization from acetone again gave single crystals 
confirming the structure and the reproducibility of the prepara
routine. The crystal structure of complex 
binding of the bulky K+ to a 15−crown−5 ether by encapsulating 
the cation between two ether rings of the molecule (Figure 1); a 
breakthrough in palladacylce chemistry. The bond distances and 
angles in the cyclometallated part are within the expected values 
with allowance for lengthening of the Pd(1)
bond lengths consequent on the 
phosphine ligand. The O−K bond distances are all different from 
one another in the non−centrosymm
2.65−3.01 Å; although these data are similar to others found in 
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−H) stretch and of the hydrazynic proton resonance, 

respectively, consistent with NHhydrazynic deprotonation. 
 in the 13C NMR spectrum was 

ation.18 The a and b methylene 
H2 resonance were high−field 

shifted compared to the related values detected for 1 due to the 
proximity of the phosphine phenyl groups; the latter resonance 

Recrystallization from acetone again gave single crystals 
confirming the structure and the reproducibility of the preparation 

re of complex 3 gives definite proof of 
−crown−5 ether by encapsulating 

the cation between two ether rings of the molecule (Figure 1); a 
breakthrough in palladacylce chemistry. The bond distances and 

ated part are within the expected values 
with allowance for lengthening of the Pd(1)−N(1) and Pd(2)-N(4) 
bond lengths consequent on the trans influence of the 

−K bond distances are all different from 
−centrosymmetric structure ranging from 

Å; although these data are similar to others found in 
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related K+ 15-crown-5-ether compounds,13 five bond lengths are 
significantly shorter than those observed earlier.
halves of the molecule are close to parallel: the planes formed 
by the oxygen atoms ca. 2.6°, and the palladium coordination 
planes ca. 9.08°. Slipped π−π stacking interactions between the 
two palladacycle moieties, i.e., the phenyl, metal
coordination-N,S rings most surely contribute to the stabilization 
of the structure with centroid distances ranging from 3.54
Å.8b,19 

 
Figure 2. (a) Thermal ellipsoid plot of 3 shown at the 30%
along the b axis. (b) Space−filling model for the sandwich coordination in 
 
In summary, we have isolated a unique dinuclear 
phosphine−bridged thiosemicarbazone palladacycle containing 
15-crown-5 ether rings on the metallated phenyls, c
coordinating to the K+ cation by sandwiching it between the two 
ether rings, which results in a trinuclear mixed main group
transition metal complex. This result represents a 
enrichment in the chemistry of palladacycles as well as in the 
coordination chemistry of crown ethers; the 
representing unambiguous evidence of a palladium crown ether 
metallacycle capable of bonding to the K+ cation and constitutes 
the cornerstone for a systematic method for encapsulating  bulky 
cations to relatively small ether rings. Further studies regarding 
this chemistry are presently underway. 
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A doubly  15−crown−5 ether functionalized palladacycle is extremely efficient for achieving 
potassium coordination via a sandwich assembly. A strategy for the synthesis is devised to obtain a 
homobimetallic phosphine‒bridged palladium organometallic comprising the two oxygen donor 
moieties within one molecule, in a quasi-parallel orientation of the 15-crown-ether rings. 
 

Dinuclear crown ether palladium complex: a highly effective strategy for encapsulating 
potassium cations in small crown ether rings 

 

A crown palladacycle sandwiching potassium 
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