Inorg. Chem. 2006, 45, 10049-10051

Chemistr

* Communication

[norganic y

Synthesis, Structural Characterization, and Properties of Aluminum (Il)
meso-Tetraphenylporphyrin Complexes Axially Bonded to Phosphinate

Anions

Sébastien Richeter,* ‘T Julien Thion, T Arie van der Lee, * and Dominique Leclercq '

Laboratoire de Chimie Mdleulaire et Organisation du Solide, UMR 5637, Weisite Montpellier
II, CC 007, Place Eugee Bataillon, 34095 Montpellier Cedex 05, France, and Institut Eleope
des Membranes, UMR 5635, Warsite Montpellier 1, CC 047, Place Euge Bataillon,

34095 Montpellier Cedex 05, France
Received September 20, 2006

Aluminum  (Ill) meso-tetraphenylporphyrins axially bonded to
phosphinate anions have been synthesized and characterized by
NMR and UV-visible spectroscopy, single-crystal X-ray diffraction,
and FAB* mass spectrometry. According to the solvent and the
size of the anion, these compounds are able to self-assemble in
two different manners.

A self-assembly process can be describea sgontaneous
association of molecules under equilibrium into stable
aggregates held together by nonatent bonds Such
phenomena are frequent in biological systems, and an
outstanding example is provided by bacteriochlorophyll
molecules. Metalloporphyrins are attractive compounds for
the design of self-assembling chromophoteBhe axial
coordination on the metal center is a powerful synthetic way
to synthesize large multiporphyrinic systefsctually, much
attention have been paid to porphyrin containing zinc(ll),
magnesium(ll), tin(IV), or rhodium(lll) as metal centérs.
Although aluminum(lll) porphyrins are well known for their
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Figure 1. Synthesis of complexek and 2.

catalytic properties and their rich photo- and electrochem-
istry 8 their use as molecular building blocks for the design
of porphyrin arrays remains limited. The synthesis of por-
phyrin arrays including aluminum(lll) porphyrins is mostly
limited to the use of phenolateand carboxylatésas the
axial ligand. Surprisingly, there is no example of alumi-
num(lll) porphyrins axially bonded to phosphinate anions.
Here we report the synthesis of aluminum(li)eso-

tetraphenylporphyrin (AITPP) complexes axially bonded
to phosphinate anions and present their properties as su-

pramolecular building blocks. Complexdsand 2 were
obtained by a 6ne-pot strategy using thenesetetraphen-

ylporphyrin free base (JTPP) as starting material (Fig-

ure 1). HTPP was treated with AIMg and the phosphinic
acid derivative was added to the reactive intermediate
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Figure 3. Two different views in CPK of ongl-EtOH] .. supramolecular
chain. Light gray, C porphyrin; dark gray, C ethanol; dark green, C Ph on
P(3). (Ph meso and hydrogen atoms, except (O5)H, omitted for clarity).

Figure 2. X-ray structure of1-EtOH] . supramolecular chains. Light gray,
C porphyrin; dark gray, C ethanol; dark green, C Ph on P(3). Hydrogen
atoms, except (O5)H, are omitted for clarity.

Me—AI""TPP. The desired complexésnd2 were isolated
by addition of pentane to the reaction mixture and obtained
in high yield (85-87%).

Crystals of the complek-EtOH were obtained from slow
diffusion of pentane into a solution df in a mixture of
CHCIJ/EtOH in a 98:2 ratio (no crystals were obtained

Wi'ltlrlmut EtOH). This_ is the first X-ray strugture of_ @ the phosphorus atom, respectivelypall Hmeta and Hiino
AI'TPP complex axially bonded to a phosphinate aflion. girongly shielded by the porphyrinic ring current. These
Crystallographic analysis showed that compleand ethanol  cpemical shifts are close to those of a benzoate bound to a

molecules self-assemble to form polymetiD supramo- gy coordinate Al'TPPS In our case, the second axial ligand
lecular chains[1-EtOH ., where subunits are linked through  is 5 molecule of CROD.

coordination and hydrogen bonds (Figure 2). The porphyrin
is not flat but has a slight saddle shape (the-@5—C15
and C16-Al—C20 angles are close to 1°%2 The coor-
dination geometry around the 'Alis slightly distorded
octahedral and is coordinated in the equatorial positions by
the four nitrogen donors fg—N = 2.00 A). One axial
position of the Al is occupied by the oxygen of the
phosphinate ligand which forms a bent interaction with the
metal (A-0O(2)—P(3)= 161.5). The second axial position
of the A" is occupied by the oxygen of one ethanol
molecule. The AFO(2)pnosphinatedistance is shorter than the
Al —O(5)esthanol distance (1.86 compared to 1.98 A). These
distances are close to those found in the literature far Al
Schiff base phosphinate complexX&sihe O(2)-Al—0(5)
linkage is almost linear~179). The ethanol molecules
link the building blocksl together through hydrogen bonds
with the P=O functions (O(4¥0O(5) = 2.50 A) and
coordination bonds with the Al (O(5)—Al). The distance

Figure 4. 'H NMR spectra ofl (200 MHz, 300 K, 20 mM) (a) in €Ds
+ 10% CD:OD and (b) in GDe.

Significant broad signals are observed'ByNMR of the
complexl in benzeneds (without CD;OD) at 25°C (Figure
4b). The protons resonate at higher fields, showing the close
proximity between the porphyrins and suggesting the forma-
tion of self-assembled species containing six-coordinate
AI"TPP complexes aggregated into chains through bridging
phosphinate¥? When the sample is heated at %5, sharp
signals are displayed corresponding to comileith a five-
coordinate Al' (the Hyno resonate at 5.20 ppm, see the
Supporting Information). The addition of a coordinating
solvent such as CI@D to the NMR sample leads to sharper
signals corresponding to the monomeric comde2D;0D
(Figure 4a). It demonstrates that=P—Al interactions are
involved in the self-assembled structures—¢r stacking
interactions are not responsible for the self-assembly pro-
cess)! This process is reversible: when solvents are
evaporated and fresh benzemgs added, broad signals are
displayed again. Sanders and co-workers showed that a six-

n . X :
between two Al' atoms is 7.75 A. Two views of one chain .. jinate Al —porphyrin complex was never detected with
are represented in the Figure 3. All the ethyl groups of the benzoates as the axial ligand (except if a coordinating
ethanol molecules (dark gray) are situated on the same side

of the Chain'_ ) ) ) o (9) Crystal data fofl.EtOH (CsgH4N4O3PAl): My, = 902.97, monoclinic,
Complex1 is air and moisture stable, and no dissociation space grourF(’l)Z%% (No. 14),:(:1? 12.8820(4) A(,b T§6.0619g) A,
_ ; ; ; : c=15.0590(4) AB = 111.15(2, V = 4715.19(70) A Z = 4, dcaica
of the P-O—Al bond is _obs_erved in sol_ut|on even if a — 1,268 gon, T = 173 K. A(Mo Ka) — 0.71073 A (Mo Koo =
large excess of a coordinating solvent is added. THe 0.128 mm'%, 87 791 refins collected, 15 579 unique refins ;Rdfor
NMR spectrum of the complet-CDs0OD in a mixture of [l > 20(1)]= 0.1037, wR2,(F?) = 0.1017 for all data, GOF oR? =

. . . 1.301, trans. coeff= 0.980-0.990.
CeDe/CD3;OD in a 9:1 ratio shows the axially bound (10) mitra, A.; Parkin, S.; Atwood, D. Alnorg. Chem2006 45, 3970
phosphinate anion (Figure 4a). The characteristic signals 0f(11) 1(%9)7(53- dner. M. Guerin. A 1. Hunter. C. A+ Michel U Rot
. . H a araner, \.; Guerin, A. J.; Aunter, C. A.; Michelsen, U.; Rotger,
the TPP ligand are displayed. The three signals at 6.71, 6.54," " ~”\aw J. Chem1999 309-316. (b) Ma, C. T. L.. MacLachian, M.

and 4.88 ppm are due to the protons of the phenyl rings on J. Angew. Chem., Int. EQ005 44, 4178-4182.
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Figure 5. UV-—visible absorption spectra df in CHCl; (a), CHCH . n .
CH:OH 9:1 (b), anch-hexane/CHG 98:2 (c). Picture inset: quartz cells Figure 6. FAB™ mass spectrum of the compl&xThe different fragments

with self-assembled compleiin n-hexane/CHGI98:2 (left) and not self- observed are schematically represented.
assembled complekin CHCI; (right) at 24uM (quartz cells of 1 cm path). . . ) . .
oligomeric species more than the dimer. It was possible to

molecule is added)With phosphinates as the axial ligand, ©bserve by FAB mass spectrometry a weak signalnalt
six-coordinate Al'TPP are observed in nonpolar solvents. = 1715 corresponding to the dimed]{** The exact
The reciprocal recognition between the donor sitgPand ~ @ssociation constarkasse for this system could not be
the acceptor site Al leads to self-assembled structures with €Xxtracted, buKassofor the P=O—Al interaction inn-hexane/
P=0—Al interactions. CHCl; 98:2 must be greater than %1B1-1.1° Bulky groups

The self-assembly process can also be observed by UV 0N the. porphyrin and/or the phos.phorus atom prevent the
visible spectroscopy. A solvatochromic behavior induced by formation of stable #O—Alinteractions. Thus, more stable
self-assembly of the compléiis observed. The UMvisible self-assembled structures are obtained when the size of these
absorption spectrum df in chloroform (Figure 5a) shows 9roups is decreased. Compl&has only one phenyl ring
the typical absorption bands of 'STPP derivatives. Ac- on the phosphorus atom. This structural change dramatically
cording to previous studiéd,the Al is square pyramidal decreases its solubility. This compound is only soluble in
(4Nrpp+ 10pmosphinad- NO self-assembly occurs at 241075 the presence of a coordinating molecule. It can be ex-
M in chloroform, and the solution is pink (Figure 5, inset). Plained by the formation of stable oligomeric structures with
The sharp Soret band and one intense Q-band appearP—O—Alinteractions which are disassembled by methanol.
respectively, at 415 and 546 nm. When aff Aigating entity FAB* mass spectrometry provided evidence for oligomeric
such as methanol is added, the Soret band and the intensétructures (Figure 6). Signals up to the tetramer fragment
Q-band are bathochromically shifted and appear, respectively (V2 = 2984.2) are detected, showing the stability of the
at 422 and 558 nm (Figure 5b). A second intense Q-band —[Al ~O—P=0]— backbone toward FABmass spectrom-
appears at 597 nm. This spectral evolution shows that the€ry conditions. _ _
Al is octahedral (4Nsp + 1Opnosphinaie+ 1OcHzor). The In summary, aluminum (III)mesetgtraphenylporphynn
P=0 and Al' is effective in nonpolar solvents. When a Prepared and characterized. These compounds are new
concentrated solution dfin chloroform is diluted by adding ~ Puilding blocks to obtain 1-D self-assembled structures.
n-hexane to reach 2.4 105 M, a change of color from  According to the solvent and the size of the anion, two self-
pink to brown is observed (Figure 5, inset). Dramatic changes 25sémbly pathways are possible to give supramolecular
in the UV—visible absorption spectrum result from the self- chains like[1-EtOH].. or self-assembled structures with
assembly process (Figure 5c). The Q bands are red-shifted®=O—Al interactions.

and show that the Al is octahedral (two intense Q-bands  Acknowledgment. We are grateful to the Centre National

at 564 and 604 nm). The Soret band is less intense andge |a Recherche Scientifique and the Mitistee I'Education
appears split and broad. This spectral evolution arises fromyationale de France for financial support.

the excitonic coupling between the neighboring chromo- _ _ ) )
phores within the self-assembled structufess expected, Supporting Information Available: General experimental

the addition of a coordinating solvent such as methanol to adetalls, full _synt_hetlc procedure and characterization qf compounds
. . 1 and2, estimation of thé&,ssocfor 1, and crystallographic data for
solution of the complex in n-hexane leads to complete

. i [1-EtOH] ... This material is available free of charge via the Internet
disassembly

. at http://pubs.acs.org.
Spectroscopic analyses tend to show that compisxable
to self-assemble alone in solution byP—Al interactions,
but there is no spectroscopic evidence of the formation of
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