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Introduction

In the early stages of designing discrete 3D
assemblies by combining an organic ligand with a
cis-protected metal, the use of a template was
mandatory.ll Later, solely the choice of a rigid
ligand could shift the equilibrium from an unspecific
assembly to a discrete, thermodynamically favored
3D assembly, making the use of a template
unnecessary.!?

This In mind, we synthesized a tritopic pyridine
ligand (1), which combines the properties of being
rigid, but still having a rotational flexibility between
the acetylene units.

After combining ligand 1 with M(dppp)OTf,
(M = Pd(l), Pt(l); dppp = diphenylphosphino-
propane) in a 1 : 1.5 ratio, we interestingly observed
an equilibrium between a 3:2 and 6:4 (ML)
assembly when using the cis-protected Pd(ll) metal
- and only a 3:2 assembly for the cis-protected Pt(ll)
metal at room temperature.
2 = = Both assemblies were investigated and confirmed
by 1H-, 31P-NMR and ESI MS experiments.

Synthesis

Tritopic pyridine ligand 1 is
synthesized by a Sonogashira
cross coupling reaction.

When combing the tritopic

protected Pd(ll) metalinal:15 = ~ ©
ratio, an equillibrium of a 3:2 and
6:4 assembly is observed.
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NMR Spectroscopy

The *H-NMR shows the tritopic pyridine ligand 1 and the Pd assembly in a
1: 1.5 ratio in CD,CIL,.

The a-pyridyl protons(Ha) are downfield shifted indicating a coordination to
the metal and the second a-pyridyl protons (Hb) are upfield shifted due to the
phenyls of dppp.

A broadening of the signals may indicate an equilibrium of two or more

NMR Experiments

IH- and 3'P-NMR high temperature depending
measurements with the Pd assemblies In
nitrobenzene-d:; were performed
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Tandem Mass Spectrometry Experiments

Isolation of the double charged cage (2) or triple charged bowl (3) and the — o

\ Ph a Initiated fragmentation by an IRMPD CO,, Laser unclosed the possibility: O/Qi”/ }\
RN /P \hhpp h . . - 5 . )% N

CFI;@ | Pd to study the fragmentation mechanism of the M,L, molecular cage, which was N o ofen AN

Ph P = =_NR

_ \

assemblies.
- In the 3!P{H}-NMR of the Pd assembly in
t assembly
P-NMR in nitrobenzene DMSO-d, two signals are evident representing
- . .
PP PP the 3:2 and 6:4 assemblies (latter more upfield i
//N/ TN : : : A=0.69 ppm: :A=0.03 ppm
< shifted), while three peaks are observed in o downfield: :to upfield
- _NELP?&E“LN\ e NMWMW nitrobenzene under identical conditions. In Do
- = . Lo
\Pr P LI L S S0 R R contrast, the 3'P{H}-NMR of the Pt assembly in S
(SOCF I pd]_ ) 30 20 10 0 -10 20 -30 -40 -50 -60f : _ o
Y nitrobenzene shows only one signal. S
(SO4CFa)s N e — N Pd assembly : :
~~— ~Nor g NN S “P-NMR in DMSO-d, _ _ - : 144 He. He(hidd
Q\Qi e e }9/0 This confirms the observed equilibrium between ;o b Il Shery
-¥ N, the 3:2 and 6:4 assemblies and its solvent ‘ Hb Profans)
ﬁE:P’Pd‘F(Ph g g : :
(S ependency.
: % -
T T T T l | | | T l
30 20 10 0 -10 100 90 8.0 7.0 6.0 5.01

| . . NBhpPdg PR Ph_Ph
h Ph reconfirmed by MS3 experiments and h\i B }:ﬁ D
(SO3CF3)4 , PPh ] N\\pd/ﬂ/ N\Pp . Ph Ph
l-M to ensure the 6:4 assembly is not a dimer of the 3:2 assembly e v o g u){v :}7»
°d 2465 %" e
. . (SO4CF3)y R PR 5Ph
Ph | Fragmentation mechanism of the Pd assembly (M,L,): o e \ A
Ph Ph 667 . _ pd
e loss of Pd (Il) corner ro-pg” ) - 19933 Ph P o s
' PH Ph 48066 3064 — {F?q - o
* loss of neutral ligand 1 44 AN &
 Jloss of second ligand 1, simultaneously forming two Pd (ll) corners linked e T h MMMM sy 100
by a triflate anion oot ' mu Phlrssapurimmionsss 90
" N I T — A 2 h [ 80 &
W 70 &

bl peathos eaio TERPE RN SW WY FPRTIY | Y RO PO " ' _ Q
‘ =
. SURDVSUN, | W R NN
I i \" b el ndirndnbl L *"“'“*‘“”ﬁ““‘“uHH"iﬂ“"5N*&ﬁGun#ﬂu$ﬂn4ﬁhhﬁgﬁwiq“*NAd 50
(SO4CF3)4 . kol - '
3 2 ] ' isolated (3)

© 500 1000 1500 2000 2500 3000
Yz

A different fragmentation pathway is observed for the Pd
assembly (MgL,):

 loss of Pd (Il) corner + ligand 1

loss of two Pd (Il) corners + ligand 1, forming the 3:2
assembly via back side attack of the free pyridyl unit
at the appropriate Pd corner

l 1 " | 30

i - isolated (2) 500 1000 1500 2000
T

[M,L,-20Tf]*

/ m/z 1591

Mass Spectrometry

The ESI mass spectrum of the Pt assembly after
24 h of stirring results in only one peak showing
the formation of only the 3:2 assembly.

The ESI mass spectrum of the Pd assembly after
only 10 min of stirring already confirms the
formation of a 3:2 and 6:4 assembly
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Conclusion

« We observed an equilibrium between a self-assembled M,L,-cage and a MgL,-bowl when mixing tritopic ligand 1 and cis-
rotected Pd-metal in a ratio of 1:1.5.

was confirmed by NMR spectroscopy and ESI mass spectrometry.
bled us to study the fragmentation mechanism of the 3:2 and 6:4 assemblies.

hift of the equilibrium towards the entropically favored 3:2 assembly.
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