JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

A Capping Methodology for the Synthesis of

Lower 0-Oxo-phthalocyaninato Silicon Oligomers
Andrew N. Cammidge, Fabien Nekelson, Madeleine Helliwell, Martin J. Heeney, and Michael J. Cook
J. Am. Chem. Soc., 2005, 127 (47), 16382-16383« DOI: 10.1021/ja0558443 « Publication Date (Web): 02 November 2005
Downloaded from http://pubs.acs.org on March 25, 2009

%ﬁwﬁw}

o) -o——N-—

%/ISI / N N N N \N/ NII \N/ NII
+ ABA

“AB BAII

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 1 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0558443

JIAIC[S

COMMUNICATIONS

Published on Web 11/02/2005

A Capping Methodology for the Synthesis of Lower H1-Oxo-phthalocyaninato
Silicon Oligomers

Andrew N. Cammidge,* Fabien Nekelson,” Madeleine Helliwell,* Martin J. Heeney,$ and
Michael J. Cook*1

Wolfson Materials and Catalysis Centre, School of Chemical Sciences and Pharmaosrsityiof East Anglia,
Norwich, UK NR4 7TJ, Department of Chemistry, kbrsity of Manchester, Manchester, UK M13 9PL, and Merck
NB-SC, Chilworth Science Park, Umirsity Parkway, Southampton, UK SO16 7QD

Received September 2, 2005; E-mail: m.cook@uea.ac.uk; a.cammidge@uea.ac.uk

u-Oxo-bridged silicon phthalocyanine (Pc) oligomers and poly- Scheme 1. Synthesis of Oligomers 3—6 and Their Visible Spectra
mers have attracted much attention for more than four deéades. (toluene)

These linearly stacked, chemically stable structures are characterizec
by a controlled architecture that aligns the component Pc rings 2 |_g/f s|
cofacially ca. 3.33 A apaf® A particularly interesting feature of —Neg lﬁk%

the polymers is thatr—s interactions provide the basis for one- i Pﬁgﬁ"
dimensional conductivit§ most notably upon doping with iodirfe. 2R- OOOGFa 1Rt Qu.llnoilne reflux

. f e h . 7R =TBDMS
Oligomers have been identified to have potential in molecular

electronic devices and optical switching and optical limiting }..HX
applications Research into lower oligomers, in particular, as model --;s?‘é E I =
compounds for the polymers, has contributed structural infornfation :“51'4 =N
and an understanding of transition energies of the Q-band in theA » =
visible region absorption spectrdf® and electrochemical proper- N‘B”* %ﬁ%ﬁ?
ties? Variable temperaturéH NMR spectroscopy has confirmed
free rotation of the Pc rings about the-$)—Si axis® %Lfb

Polymers and higher oligomers can be obtained by théraral 2on N 3
Lewis acid catalyzed dehydration of dihydroxysilicon phthalo- o T
cyanine, PcSi(OH) but the synthesis of the lower oligomers is 3 (AB) i /\g-
more challengingu-Oxo-bridged dimers have been prepared by 4(ABB)
reaction of PcSi(OR)with its dichlorosilicon analogifeand by ._?L

thermal condensation of derivatives related to the formiéixed
dimers, in which the two Pc rings are substituted differently, have % ng/
also been obtained after chromatographic separations of the various o ""‘EL

components of mixed condensatiérRoutes to the potentially more =
interesting trimers and tetramers are less well developed, but

examples have been isolated as side products during the synthesi %ﬁ Cﬁqﬂ’%
of dimerst0 SR _

We now report a novel approach which, in principle, offers Wgﬁ__f;:rw N ""N%
controlled access to lower-oxo-bridged oligomers. The strategy ~ N

. N ey
suggested itself after failures to polymerize the sterically crowded /fﬁ‘;ﬁg\_/\wgﬁi gﬁ_ﬂ,
1,4,8,11,15,18,22,25-octahexyl PcSi(QH).1! Thus1 was recov- s /\,"fs{%f\
ered intact when heated under conditions that polymetizdeds 5(ABA} X’ \
sterically demanding 2,3,9,10,16,17,23,24-octaalkoxymethyl deriva-
tives, and only limited amounts of a dimer (Q-band 688 nmcf. 6 (ABBA)
704 nm) were formed during attempts to polymerlzeith FeCk
or CaC}, catalysis. Attempted separation of the dimer over silica
regenerated. Thermolysis of the bistrifluoroacetate esterdf.e.,
2; 2 h at 200°C*3) gave unchanged starting material. Workup of a —__ABA
reaction wherd was added as a plausible polymerization catalyst /}gk —QSSA
gave onlyl itself. We concluded from this series of reactions that ’/ ‘\
the bulky alkyl chains il either restrict formation of a-oxo bridge 4
between two molecules dfand/or, when such a bridge is formed, i : i
it is readily cleaved. This led us to explditas a capping group to 300 400 500 600 MM700 800 900
terminate a growing-oxo-bridged chain of sterically uncongested
monomer units.

—AB

Rel. Abs.

We tested this “phthalocyanine cap” hypothesis by reacting
with dichlorosilicon phthalocyanine (1:1.2) in refluxing quinoline

Iﬂﬂ:xg[g:g of East Anglia. (Scheme 1). TLC monitoring indicated thhhad been consumed

§ Merck. completely after 5.5 h. Removal of quinoline followed by reaction
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with pyridine/agueous NaOH to convert-SCI bonds in residual
starting material and products into-SDH bonds led to isolation

of a dark blue residue. Difficulties in chromatographic separation
of the components were circumvented by exhaustive silylation of
axially ligated OH groups in the mixture usingrt-butyldimeth-
ylsilyl chloride (TBDMSCI). Four bis-silylated products were
separated by column chromatograpBy.6, in the sequence d,

6, 3, and4. Hereafter3—6 are referred to more conveniently (with

a solvent dependence of the optical spectrum of some alkoxy-
substituted dimers; this they assigned to the presence of different
conformational isomers0One form exhibits a blue-shifted Q-band,
as above, and was assigned a staggering angle of ta 5other
exhibits a multicomponent Q-band with low intensity absorption
beyond 750 nm. Calculations showed that this is consistent with a
staggering angle of ca. 20The spectra of the new oligomers
(Scheme 1) show no solvent dependency from toluene, through

yields shown in parentheses) as the AB (35%) dimer, the ABB THF to CHCl,. Their band shape and band complexity vary
(13%) and ABA (9%) trimers, and the ABBA (3%) tetramer, significantly. All four compounds show a weak absorption between
respectively, where A refers to the substituted Pc moiety and B to 800 and 850 nm, indicative of excitation to their low energy exciton
the unsubstituted Pc unit. These products were identified through levels. This suggests that the small staggering angle between A

a combination of MALDI-TOF MS andH NMR spectroscopy.
Each compound gave a mass spectrum with an isotopic cluster
corresponding to Mwith fragmentation ions corresponding to loss
of one (or two) of the silyl protecting groups. The assignment of
the sequence of the rings in the oligomers followed from the
characteristic sets 6H NMR signals for the TBDMS groups; two
were evident in the spectra of the AB dimer and the ABB trimer,
but only one was apparent in those of the ABA trimer and the
compound assigned as the ABBA tetramer. With regard to the last
of these, we dismissed the alternative BAAB structure, which also
fits the data. This followed from the lack of evidence for the
formation of stable structures with two adjacent sterically demand-
ing A units either within other products of this experiment or in
the earlier attempted self-condensationslofnstead, the results

of the present experiment indeed point to the feasibility of uging
as a capping unit.

With this in mind, we sought to modify the above conditions
that led to the AB dimer as the main product in order to favor the
formation of the ABA trimer. Thus, a condensation dfand
dichlorosilicon phthalocyanine in the ratio of 2:1 equiv, followed
by exhaustive silylation with TBDMSCI, now afforded a mixture
of AB (5%), ABA (19%), and ABB (4%). Also recovered was a
significant amount of the bis-TBDMS derivative of unconsumed
1, viz 7.

The chemical stability of oligomei3—6 were probed using BfF
OEt, under conditions reportétito cleave silyl protecting groups
from a substituted dihydroxysilicon Pc to form the corresponding
difluorosilicon Pc. Under these condition3;-6 all yielded the
products of replacement of the terminal TBDMS groups with
fluorine; no products arising from cleavage of fhexo bridges
were observed. These new derivatives were characterizé#f by
and %F NMR spectroscopy and MALDI-TOF MS. A further
indication of lability of the protecting groups was discovered during
the preparation of a crystal of the AB dimer for X-ray structure
analysis. When methanol was allowed to diffuse slowly into a
solution of the compound in chloroform, crystals were obtained of
a derivative of AB 8) in which the TBDMSO axial ligand attached
to ring B is replaced by MeO. Selected bond length and angle data
are collected in the Supporting Information. The staggering angle
between the rings is ca. 16compared to 37found for the bis-
TBDMS-protected homodimer of the unsubstituted compound (the
BB dimer using the present terminology).

The lower oligomers of unsubstituted-oxo-bridged silicon
phthalocyanines exhibit characteristic narrow blue-shifted Q-band
absorptiong? explicable in terms of an allowed transition to the
higher energy exciton level and a disallowed transition to the lower
level. However, excitation to the latter is only forbidden at ring
staggering angles of 45 anf.®Kleinwachter and Hanack reported

and B rings observed in the solid state&fs maintained in the
solutions of3—6.

In conclusion, we have identified a novel and convenient protocol
for the synthesis of mixed lowen-oxo-silicon phthalocyanine
oligomers. The method has the potential to be tuned to favor a
particular compound. The oligomers obtained to date are of interest
in terms of the complexity of their visible region absorption spectra
and should provide useful models for testing theoretical methods
for predicting exciton coupling in multichromophore systems.
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