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Coordination-driven self-assemblywherein the coordination Scheme 1
geometry of a metal is propagated in space using a di- or multitopic —M—Nf>—/—©'“""— NN N—M
ligand to form a discrete metallomacrocyélés emerging as a 7 v |: = = :I
means, as compared to many metalganic coordination net- —M—Nf>f©'“—"'— sold }ig
works? to control bulk physical properties (e.g., porosity) of solid- N
state materials. One property of the solid state that such coordination- I_I_I

M—N= =N—M

product

driven self-assembly has not been employed to control, however, “™*° reactants  template
is reactivity3-8 are
Inspired by work of Lewis, Alcock,* and Foxmahinvolving " L“\M/O\M/“
mononuclear metal complexes that facilitate dimerizatfofSas I: = WO M = transition metal ion
M

well as polymerization® of olefins, and related work of Foxman, k(;)
Mallouk,” and otherinvolving coordination networks that facilitate W
dimerization$2 oligomerization$2 and polymerizatiorf§7.8b.c

of olefin®8 and acetylene$,we report here an application of
coordination-driven self-assembly to direct a photoinducee-[2
2] cyclodimerizatiofl in the solid state. Specifically, a dinuclear
Zn complex has been used to assemblédpé [where 4,4bpe=
trans-1,2-bis(4-pyridyl)ethylene)] within a tetranuclear rectangular
assembly, in [ZgL2(OH)x(4,4-bpe)](ClO4)44H,0 (1) (where LH

= 2,6-bisN-(2-pyridylethyl)formimidoyl]-4-methylphenol), wherein
the two bipyridines react to give 4;#pcb, in [ZnL,(OH)x(4,4-
tpch)](ClOy)4+4H,0 (2) (where 4,4tpcb = rctt-tetrakis(4-pyridyl)-
cyclobutane), in up to 100% yield. We show that the reaction occurs Figure 1. X-ray crystal structure off: ball-and-stick views of (a)

via a rare single-crystal-to-single-crystal (SCSC) transform#tion  teyranuclear assembly and (b) hydrogen-bonded array. Color scheme: Zn

that exhibits a red shift in fluoresceriéé?from blue to green. Our = yellow; Cl = gray; O= red; N= green; C= blue; H= black.
observations make the solid an attractive candidate as a high-density
data storage and imaging matefi&l*® la). Each metal [Zn-Zn (R): Zn(1)-Zn(2) 3.135(1), Zn(Ly

~ The tetranuclear assembly that directs the-[2] photoreaction Zn(2)a 13.542] adopts a square pyramidal geometry where the
is based on dinuclear Schiff-base complexes first described by pyridyl N-atoms of 4,4bpe occupy the apical positions, while the
1

Robson and Okawa (Scheme ‘3)In these complexes, WO  emaining sites are occupied by a single O- and two N-atoms of L

transition-metal-ions fall within the range for {2 2] photoreaction and a single O-atom of @-OH- ion. Each assembly is surrounded

. S N " .

in a solid (|.e:, <‘_1'2 A)? Additionally, the me_tals possess two by two CIO,™ ions, one that lies disordered across two sites A and

par_al_lel coordlnatlon_ axes that can be occupied by neutral (e.g., B (occupancies: (A) 0.53, (B) 0.47), and two water molecules that

E/)v/gdlsnuecsr? ig%orleirggnfoﬂ%anbis I(Jesgd Q;S) |\I,I’\1/ garf?:%nigtgat assemble with the OHligand to form a one-dimensional hydrogen-

juxtapose two I?nolecules of 4:Bpe in’ a discrete tetrgnucléar bonded array with cavities filled by four CIO ions and four

Jre(:talf;gular assembly in the sol}dpstate for a stereocontrolled [2 VAt molecules [6-O (A): O(2)--O(11) 2.888(5), O(11)-0(12)
2.804(6), O(11)y-O(4) 2.787(5), 0O(12)-O(8A) 3.03(1),

2] photodimerization to produce 4thcb. ) .
Ditopic LH was synthesized from reaction of 2-hydroxy-5- O(12)--0(7)o 3.063(8), br —x + 1, =y + 1, —z + 2)] (Figure

methyl-isophthalaldehyde (0.84 g) with 2-aminoethyl-pyridine (1.24 1b). In this arrangement, the=€C k?onds of the assembly lie parallel
g) (1:2 ratio) in MeOH (15 mL}8 Dissolution of Zn(CIQ),*6H,0 and separated by 3.64 A. ThIS geometry conforr_ns to the to-
(0.37 g) to the above solution followed by addition of LiéH3O pochemical postulate of Schmidt for {22] photoreactiort.C=C
(0.03 g) in HO (5 mL) (2:3 ratio) produced a yellow solution. Ponds of nearest-neighbor assemblies lie offset and separated by
Diffusion of a MeOH solution (10 mL) of 4/4pe (0.90 g) into  9-82 A such that the €C bonds of the polygonal assembly are
the HO/MeOH solution (ratio= 4:2:3) gave yellow crystals df the sole olefins organized for reaction.
(vield = 76%) within two weeks. Further examination of suggests the tetranuclear assembly to
A view of the crystal structure df'® reveals that two dinuclear ~ be photoactive. Specifically, electron density consistent with a
[Zn,L(OH)]2* units assemble with two molecules of 4ppe to a cyclobutane ring from a [2+ 2] photoreaction to produce 4-4
form tetranuclear rectangular assembly, JZi§OH),(4,4-bpe}]**, tpcb is observed between the two bipyridines (yietd 8%).
sustained by four ZaN bonds [Zr-N (A): Zn(1)—N(5) 2.090- Moreover, exposure of either single crystals or a powdered
(3), Zn(2)-N(6)a 2.105(3) & —x + 1, —y+ 2,—z+ 2)] (Figure crystalline sample of to UV radiation, using either a 419 nm or
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Figure 2. Overlay views ofl (blue) and2 (green): (a) tetranuclear
assembly and (b) hydrogen-bonded array.
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Figure 3. Spectra ofl and2: (a) emission spectra (290 nm excitation)
(inset: microscope images of fluorescence of single crystals arid 2)

and (b) confocal fluorescence microscopy data (excitation at 454 nm with
Ar ion laser) comparing ratios of intensities at 510 and 480 nm (biue
green= 2). Each ratio image taken for 10 30 um cross section-12 um

from the crystal surface. Cross sectiord um thick. Spatial resolutions:
500 nm lateral and-1 um z-axis.

broadband Hg lam{ for a period of approximatgl5 h resulted

in dimerization of 4,4bpe to give 4,4tpch in 100% vyield. The
identity of 4,4-tpcb in2 was confirmed byH NMR spectroscopy.
Optical microscopy revealed that the transparency of the single
crystald® remained intact during the photoreaction, which suggested
that the reaction occurred via a SCSC transformation.

An X-ray diffraction analysis of a single crystal of the photo-
reacted sample df° confirms that the reaction occurred via a SCSC
transformation (Figure 2). Overlay views baind2 reveal that the
olefins dimerized to give 4;4pcb (Figure 2a). In this arrangement,
4,4-tpcb lies within2 such that the pyridyl groups, which adopt
an unsymmetrical boat conformation and lie inclined by ap-
proximately 12 with respect to the basal planes of the metals,
interact with the Schiff-base complex within a tetranuclear as-
sembly, similar tol, sustained by four ZaN bonds (Za-N (A):
Zn(1)—N(5) 2.094(3), Zn(2)-N(6) 2.106(3)]. To accommodate 4,4

tpch, the distances between the metals within and between the

in each single-crystalline solid. Although a related complex exhibits
blue fluorescence in solutich,our observations support the green
emission to be the result of the photocontrolled solid-state reaction.
To our knowledgel is the first example of a SCSC transformation
that displays such photocontrolled fluorescefice.

In this report, coordination-driven self-assembly has been used
to direct a [2+ 2] photoreaction in the solid state. Specifically, a
dinuclear Zn complex has positioned two molecules of-dpke
within a tetranuclear rectangular assembly for a SCSC photodimer-
ization that results in a dramatic red shift in fluorescence emission.
We are now using such complexes to organize multiple reaction
centers that may exhibit multicolor fluoresceficand produce
complex covalent structuré&*We are also developing complexes
that combine additional properties of metals with the organic solid-
state reactivity.
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