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The metallo-supramolecular [2:4] and [3:6] complexeslt] 7 - 12 are achieved by the self-
assembly of the rigid dipyridylurea ligands 1 - 3 and tetrakis(acetonitrile)palladium(ll)
tetrafluoroborate 6. With the ligands 4 and 5 no complexes are observed, which can be
explained by the methyl groups in ortho position to the pyridine nitrogen.
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The systems were analyzed by a combination of several different
analytical methods. 'H NMR and mass spectrometry (shown for
system 7/10) show that [2:4] and [3:6] complexes 7 - 12 and
15/16 exist in these systems. In the self-assembled system of 6
and 14 just a [3:6] complex 17 is observed, which is due to the
coordination geometry of the ligand 14.

Due to the complexity of the systems, 2D-DOSY NMR
spectroscopy Is used to identify the different species in solution
(the DOSY NMR spectra of 7/10 and 15/16 are shown as
representative examples). On the base of the experimental
diffusion coefficients, the radii of the different complexes are
calculated!2l. A comparsion of these radii with calculated ones (by
molecular modelling) allows us to identify the species as [2:4]
and [3:6] complexes.

Il. The Equilibria between [2:4] and [3:6] Complexes
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In the case of the complexes with the rigid ligands,
NOESY and ROESY NMR spectroscopy tell us
that the carbonyl groups of the urea ligands are
pointing inwards the cavity of the complexes 7 - 12.
For the other complexes 15/16 and 17 no
Information of the ligand conformation in these

complexes could be achieved up to now.

of the urea ligands point inwards the cavity of the complex.

orientation of the urea-carbonyl groups in the crystal structure.

Complex 8 can be crystallized by diffusion of diethyl ether into a
solution of 2 and 6 in DMF. The crystal data of 8 supports the results
of the NOESY and ROESY NMR experiments. The carbonyl groups

Furthermore, a water molecule was observed as a guest inside the cavity of the complex. The water molecule forms some
hydrogen bonds with the carbonyl groups of the ligands. This can as well be an explaination for the non symmetrical

o O
N-HI36] H5[24]l[3 6] | For the systems of 7/10 and 8/11 time dependent changes
Home e are observed by !H NMR spectroscopy and mass
H-2[2:4] \J / / i T — e 4]’[3 . spectrometry.
= - 1h }\ H In the case of 7/10 a new species is observed after five
I“ Intermedlates 1N Self-Assem bly J | / days (see on the left side). Mass spectrometry indicates
s Intermediates of self-assembly processes of at sda_ )| . . ,Ml o Jooo k. J that it could be a [4:8] complex. The ratio of .[2:4] and [3:_6]
/ least two different building blocks can be complexes changes as well, whereas the [2:4] complex is
o . . JU J preferred.
Syrmges o observed with mass spectrometry by using a 10d L . - NV, .
/ fast mixed-flow technique. M l SRR .
y Solutions of the building blocks are seperated in 15d | — - N-HI2:4] H-6[2:4] - |
different syringes and pressed into capillaries JJ“‘ H-2[2:4] nose \ N}H[e‘:e]/ Y /
and mixed in a microreactor (mixing tee). The zog_}L ) " Il)t A ' J ) o w10 min
= - mixture of the building blocks is transported by | Lo | sn
mixing fee another capillary to the ESI source of an ESI 25d ) ) N ul \ ' _,«JAN‘ 1 ﬂ |
y o FT-ICR mass spectrometer to measure the . . _10h
capiaries mixed sample solution after a defined time. 20d | . 5 N T | I | J_15h
[ESIsource ... |1 PP
10.4 10.0 9.6 9.2 8.8 8.4 1 ) I [ | 20nh
Equimolar amounts of ligand 1 and metal center 6 were E;Q;r In the system of 8/11 the [3:6] complex is converted into the [2:4] __l . )\ | J__25h
dissolved in DMSO, respectively. This solutions were 8] - complex and after 40 hours no 11 is observed with NMR | | ) 1 | 30n
diluted with acetonitrile to a concentration of 100 3 S e - = spectroscopy (see on the right side). This result was verified by [
umol/L, which were used for the mass spectrometric T e s /""”“9“:‘“”' ESI-FT-ICR mass spectrometry, wherein a complete conversion = A J_ssh
experiments. (2A42)"-HBFY / was observed after 15 days. This can be interpreted by involving ; A | |_40n
In here, the reaction time was controlled in two different ol \ a bite-angle change comparing the ligands 1 and 2, which is | | | | 45nh
ways. At first the flow rate of the solvents was varied ’"’“33‘”““\:“]" caused by the ligand’s methyl groups. 102 10.0 58 66 04 52 B0 88 66 64 82 80 78 76  oom

(see on the right side). In another experiment the
reaction time was controlled by using mixing-capillaries

with different lengths (see below). R e

A Tz 699 a fast self-
mz5ez [(2:4:2)(DMSO),] Q assembly @
|[(2:3:2)(DMSO,)] process was m/z 975 [3:6:4F"

m/z 654 s observed.
vl O

2+
[3:3:4] mzse Even at short

m/z 547 -
P [(4:3:4)(MeCN)(DMSO),] . ]
3:2:4] Y 2 reation times,

\ / the [2:4]]2:

complex was
observed. The
| 24s|[3:6] complex
| ' W was just
observed

Irregularly,

mEJEszz which  could
[2:4:2]2+ & be explained
m/z 997 by the

d /_p

m/z 1330 [2:4:3]'

1h

4 d

1d

H-22:4] H-2{3:6] H-8[3:6] H-6[3:6]

| R TS

| |

as well.

j
1

L L L L L L L L L L L L L L
0.4 10.0 9.6 9.2 8.8 8.4 8.0 7.6 ppm

' [(2:2:3)(H20)(DMSO)]+ influence ofl

concentration.

¥ t ' | Some intermediates were observed as well. On the
one hand, several species occur, which have to be
open chained and somehow linear complexes
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On the other hand, some complexes are observed,
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= structures ([2:2], [2:3] and [3:3]).
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[3:6] complex 10

by changing the solvent.

H4/HS ‘\J The equilibria between the [2:4] and the [3:6] complexes can be influenced

The addition of water to a solution 7/10 in DMSO leads to a conversion of
the [3:6] (10) into the [2:4] complex 7. In a mixture of DMSO/water in the
ratio 3:7 10 is almost converted into 7 within 4 days (see on the left).
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Temperature depending 'H NMR experiments did not give clear results. This can be explained with a realtivly slow
exchange between [2:4] and [3:6] complexes compared to other self-assembled metallo-supramolecular systems.

For the example of 7/10, concentration depending 1H NMR experiments clearly show that the [2:4] complex 7 is preferred at
lower concentration, whereas the [3:6] complex 10 is promoted at higher concentrations.

V. Conclusion

[2:4] complex under kinetic control.

mass spectrometric mixed-flow experiments.

The [2:4] and [3:6] complexes have two shells with different polarity which is caused by the directed dipyridyl urea ligands.
This feature can be used for molecular recognition and host-guest chemistry.
The equilibria between [2:4] and [3:6] complexes is influenced by the bite angle of the ligands as shown for 8/11. The self-
assembly of [3:6] complexes is affected by the solvent. In the case of solvent mixtures with water, the inclusion of water
molecules in the [2:4] complex may promote the conversion of [3:6] into [2:4] complexes as well. This is indicated by the
crystallographic data. The [2:4] complex is thermodynamically more stable than the [3:6] complex which is converted to the

The building process of [3:6] complexes is depending on the concentration of the starting materials which is observed in the

Due to the big variation of different intermediates in the self-assembly process, we assume that in the beginning many
different species are formed, which convert into the preferred complexes (here: [2:4] and [3:6]) with increasing time.

1] The nomenclature of the complexes: a) in the text: [metal:ligand]; b) in the mass spectra; [metal:ligand:counter ion]charge, Acknowledgement
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