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Straightforward and controlled synthesis of porphyrin-phthalocyanine-
porphyrin heteroleptic triple-decker assemblies**

Daniel Gonzalez-Lucas, Shazia C. Soobrattee, Davidughes, Graham J. Tizzard, Simon J. Coles

and Andrew N. Cammidge*

Natural and synthetic macrocyclic systems basegoophyrinl and

phthalocyanine parents (Figure 1) have been the focus of intense

research over recent decades and continues tongarentunil! The
assembly of these functional macrocycles into higinder covalent

and supramolecular structures has been a fruitfall @nd spectacular

examples, often inspired by nature, have been regér

The direct face-to-face assembly of porphyrins phithalocyanines
(i.e. without bridging ligands between the centnatal ions) was first
achieved for tin (IV) phthalocyaniné&, but most attention has

focused on the fascinating lanthanide double- aimletdecker

sandwich complexé$, not least because the assemblies introduce

important new character such as Near IR absorptioe (o1t
overlap between macrocycles) and molecular magneiis some
examples'®!

A number of synthetic approaches to porphyrin-ploitya@anine
multidecker systems have been investigaf@dThey range from
statistical strategies through sequential assenawigl multistep
synthesis. Although successful, with examples noeluding the

syntheses of quadruple and quintuplé€ systems, the strategies
most often lead to mixtures and the products theresere prone to

subsequent re-equilibration.

As part of a wider project to assemble high-ordechine-like
constructs from functional porphyrin and phthalotpe building
blocks, we performed model studies on the constmictof

multidecker systems on a porphyrin dyad platforime Experiment

and key discovery are shown in Scheme 1. Two paonplyits were
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Figure 1. Parent structures Porphyrin 1, Phthalocyanine 2, a porphyrin-

separated by a flexible chain of intermediate lbrf{@10) and treated phthalocyanine double-decker 3 and a Phthalocyanine triple-decker 4.

with lanthanum AcAc in hot octanol, monitoring theetalation by
UV-vis analysis of aliquots. When metalation waanptete, 2
equivalents of phthalocyanine were added and reflartinued
overnight.
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The resulting reaction mixture contained mostlyt jiso
products (no starting materials) and separationaanadlysis revealed
formation of bis-triple deckes alongside the bridged triple-decker
There was no evidence for formation of the corrasig bis-
double-decker. Repeating the reaction using exgledglocyanine
led to6, while using 1 equivalent of phthalocyanine ledlegively
to 7 as a single product. The reaction is reproducipié the triple
decker (TD) is robust. Full characterisation regdalseveral
interesting features. X-ray crystallograffhghows a symmetrical TD
structure and minimal strain in the linking chaldowever, the
presence of the chain leads to an eclipsed arrasgfew the
macrocycles — the porphyrin rings are aligned, thiglcontrasts the
staggered conformation observed in related compleké

In solution, absorption spectroscopy shows the ifBrgement
with characteristic long wavelength absorptiongeding to the near
IR.I% 68INMR spectroscopy gives further insight, most imantly
on the dynamics of the molecular gyroscope. Inghignt system, at
ambient temperaturéH NMR spectroscopy reveals a single pair of
signals for the central phthalocyanine macrocyciglying rapid
rotation on the NMR timescale.
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Scheme 1. Controlled synthesis of lanthanum-bridged porphyrin-phthalocyanine-porphyrin triple-deckers (TD); inset, the X-ray crystal structure
of 7 showing direct alignment of the three macrocycles. Only one of the symmetry-imposed disorder components is shown. Hydrogen atoms have
been omitted for clarity

The free rotation of the central phthalocyaninetainwvas phthalocyanine gave an absorption spectrum that was essentially
investigated alongside experiments to probe thesatility and identical to parent TD7. Its 'H NMR spectrum also shows
tolerance of the synthetic method, using centralifiits with varying characteristic features of the parent system tlisitiear that the long
steric demand. Phthalocyanir@and9 (Figure 2), bearing 8-octyl-  sidechains are no longer able to pass the bridgiag and therefore
substituents at tH&:!*1] anda-I*1 sites respectively were synthesisedthey prevent free rotation of the central phthatémige macrocycle.
and employed in TD formation using the developeotquol. TD  In this situation the aromatic protons of the caintmacrocycle are no
formation appeared smooth in both cases — eacHiryigk single longer equivalent and are observed as 4 singl@sir 2, inset).
major product that gave identical mass spectronmretsylts (cluster
at m/z = 3085 corresponding to the TD). Howeverthier detailed
characterisation revealed that the two complexessagnificantly
different. TD 10, formed from the peripherally substituted
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Figure 2. Triple-decker formation from substituted phthalocyanines; peripherally substituted phthalocyanine 8 leads to stable TD 10 where rotation

of the central macrocycle is prevented by the sidechains.

The assembly formed from non-peripherally subtitu

substituents become broadened due to rotationtheutentral Pc
retains resolved signals for both Ar-H and methylups. The TD

phthalocyanine9 is obtained as a pure, single compound but isomplex itself therefore is robust and the cemghahalocyanine ring,

significantly more complex. Both NMR and absorptspectroscopy
show that a simple symmetrical assembly is notyced in this case.
The NMR spectrum is complicated, but importantly¢haracteristic
signals (around 10 ppm) previously observed in T@sthe inner
phenyl protons of the porphyrins are absent. Tisertion spectrum
is also different and bears much closer similatitythe spectrum
expected for a mixture of metalloporphyrin + phttgfanine-
porphyrin double-decker. The preliminary conclusiorhis case is
that the added steric demand of the central phtiiafone, in which
the sidechains are displaced above/below the macimpland!!: 12
prevents symmetrical TD formation. The complexnsymmetrical,
with the central phthalocyanine likely to equilitgan the sandwich
between the two outer metalloporphyrins.
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Figure 3. Variable temperature 1H NMR spectra for TD 11.

Arrigid central phthalocyanine with intermediaterst bulk,11,

in this case, is unable to undergo free rotatiopdising the bridge.
A particular attraction of the lanthanide-bridgdduble and
triple decker assemblies is the potential for gaten of (single
molecule) magnetic materials through selection Itéraative ions
from the lanthanide series. lon size contracts sactbe lanthanide
seriesso the combination of simple synthesis protocohgside the
strain and conformational constraints imposed leylithk chain has
the potential to offer control in the constructioh bespoke TD
systems. Initial experiments have been performetiiadicate that
the systems do indeed offer excellent potential $etectivity
(Scheme 2). Representative lanthanide (l1) actts sath reducing
ionic radii were selected and used in TD formatigsing a modified
version of the conditions established for the lantim-bridged
systems described above. Assembly and isolation thoeé
Praseodymiumi2), Neodymium {3), Samarium14) and Europium
(15) TDs proceeded smoothly in a single unoptimisedrajional
step by directly heating a mixture of dyadanthanide salt and PeH
in octanol (radii P¥* = 99 pm, N@" = 98 pm, Sr#t = 96 pm, E&" =
95 pm) and the pure products gave absorption spebtracteristic
of TDs, and as expected the inclusion of Nd(IHga&u(lll) led to
dramatic expansion of the chemical shift range otegkin the NMR
spectra. The salts of smaller ions Tb (92 pm), @ygm) and Yb (87
pm) failed to produce easily isolable TDs suggestircut-off point
for stability in the constrained assemblies. Mogtaded examination
of the reactions employing Dysprosium ions verifileid preliminary
conclusion. The reaction between porphyrin dgaghthalocyanine
and dysprosium (acac)in octanol was monitored carefully at
intervals. The formation of two new (high mass) durcts was
observed, but prolonged heating failed to give detepconversion,
with unreacted porphyrin dya® always present. MALDI-MS
analysis indicated that the newly formed producterew the
dysprosium linked TCL6 (m/z = 2235) and the product from double:
decker formation between one porphyrin of the dyaih
phthalocyaninel(7, m/z = 2075). This second double-decker produ.t
could be isolated in sufficient purity to allow pnainary
characterisation, but the symmetrical TD complgé& always
contained traces of the double-deck&r and it was demonstrated
that the TD16 decomposed td7 on storage and on silica. The
difference in stability between one addition (d@ibecker) and twc
(TD) is likely to be a direct consequence of thie raf the bridging
chain, which directs an eclipsed arrangement irfltve stability) TD.
The potential for controlled sequential assemblyheferometallic
TDs was demonstrated through reaction of interntedid@ with
lanthanum (acae) The La-Dy TD 18 was indeed formed as an
inseparable mixture alongside the symmetrical Lailla 7 (the

bearing dimethyl dioxirane units @tsites, was selected for more product of TD formation and further exchange of foa Dy).

detailed investigation. TD formation using porphydyad5 was
again straightforward and the room-temperafiteNMR spectrum
shows a symmetrical TD is formed. Separate Ar-thalg and two
distinct singlets for the dioxirane units, cleamhdicate restricted
rotation. Spectra were recorded in toluene bet@&&375K. As the
temperature is increased, the signals for the poipmeso-phenyl

Prolonged reaction with an excess of lanthanumledlto complete
exchange and formation of the La-La T@xclusively.
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Scheme 2. Single-step and sequential synthesis of TD complexes using lanthanide ions of different radii.

In conclusion, a versatile and straightforward pcot is disclosed for
controlled synthesis of complex lanthanide-bridgeeteroleptic
porphyrin-phthalocyanine-porphyrin triple-deckersasblies. The
protocol complements the few known approaches, itapty using
a simple flexible link chain between the outer comgnts of the
structure to guide the assembly of complementarg-matched
metal ions and central macrocycle. The system ayspan intricate
balance of steric, geometric and ion-size effdws introduce further

control. Assembly is spontaneous as the lanthasedes is spanned
from lanthanum to europium and at this point thestaints of the
bridge and porphyrin substituents prevent inclusibsmaller ions.
The bridging chain can be passive or active inrdgteéng the final
character of the complexes — it directs the rimgrionformation and
can also prevent free rotation of the (suitablysigiged) central unit
of the molecular gyroscope. The combination opensve, scalable
approach to robust, highly functional single-molecmaterials.
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