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Redox-active units, derived from ferrocene, nitrobenzene, and Scheme 1

tetrathiafulvalene, have been utilized to prepare a variety qf crown 1) AgBF /CH,CI,

ether and cryptand-based macrocycles with-hgsest chemistry [Rh(Cl)cog),l, —————— = "Rh(I)"

that can be controlled via an applied electrochemical potehtial. 2) THF/-78°C

These compounds, often referred to as redox switches, have been CH M. PPh
used in the development of chemical sensors and materials forPh P N_3@>_\/—\Pph_|2 2 BF, _©_N
facilitated small molecule and ion transpdth comparison, there “CH,
are relatively few strategies for preparing redox-active transition- /RQ /R\ "

metal-containing macrocycles where the redox-active group is part Ph,P, N‘©‘ N__PPh,

of the organic portion of the macrocycle that connects the metals CH H C

that comprise the rings. The use of bipyridine-containing redox- 2

active ligands to make rigid macrocycles, via the molecular library

strategy, is one such approathuyt general strategies for flexible ~ Scheme 2

structures are not readily available. Strategies for making both 5

rigid and flexible structures with tailorable architectural parameters P! Ei*@_ﬁ'; 72 2BF,
are attractive because they will allow one to design supramolecular \ NCCH, \R/
structures with preconceived small molecule binding properties F/ CHCN™

and either (1) a probe to detect macrocyaiest molecule P, \—};H NPPh:

. . . . CH
binding events in the case of chemical sensors or (2) an electro-

chemical switch to adjust macrocycle-mediated stoichiometric or ?HB CH,CN t FHs QH, o+ 28,
catalytic chemistry. Ph#’/_N PhP o (CHyNct | co,cren thﬁ(_N ™ ‘
Herein, we report a method that utilizes our “weak-link syn- oc';"jhh cvfj“ - 2 O NS
thetic approach’and hemilabile ligandglerived from Wurster's \—ﬁu@n,:—/ ’ co TL@N_/P PPz

reagent,N,N',N'-tetramethyl-1,4-phenylenediamine (TMPD)) to °H36°H3 CH, _CH,
prepare a new class of flexible, redox-active binuclear macro- GH, CH, 2 2

cycles. TMPD, which can exhibit up to two sequential reversible PO Ol TF’gO
one-electron-transfer proces$esan be converted intdN,N'- OCRT /RT
dimethylN,N'-bis[2-(diphenylphospino)ethyl]-1,4-phenylenedi- PhR_ NN PPh, Vacuum
amine () via six steps (Supporting Information). Sibert and N
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graphically determined to exhibit trans phosphine stereocherffistry.
Significantly, when the reaction betwe2mnd CO is carried out

in CH,Cl,, the half-open macrocyck is formed. Similarly, the
reaction betweef and acetonitrile (neat) results in the formation
of half-opened macrocycke Both of these compounds have been
fully characterized in solution and by solid-state single-crystal
X-ray diffraction studies (Supporting Information). TH&{1H}
NMR spectrum of4 exhibits two resonances at 15.6 (dd,
Jp—p = 130 Hz,Jrn-p = 278 HZz) andd 53.6 (dd,Jp—p = 126 Hz,
Jrn-p = 280 Hz) assigned to its inequivalent phosphines.
Similarly, 5 exhibits a pair of resonances @t32.9 (dd,Jp—p =

[2.0 yA
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50 Hz, Jrh-p = 165 Hz) andd 64.8 (dd,Jp—p = 50 Hz, Jrp-p = Figure 1. ORTEP diagram showing the structure @fwith 50%

190 Hz). The difference in PP coupling constants fot and5 probability displacement ellipsoids. Hydrogen atomsAand counterions have
; ; ; ; ; been omitted for clarity. Selected bond lengths (A) and bond angles

can bz ?ﬁtrlbutet:dl to trle dlffterence m_phosphlne stereochemlstry(deg): RhL-CI1 361(3): RhEP1 2.318(3): RhiP2 2.311(4): Rht

around the metal centers (trans vs cis). C1 1.756(13); Rh#CI2 2.359(3); CI+-Rh1—P1 90.11(11); Cl+Rh1-

Significantly, the ether and thioether analogues2alo not C1179.1(4); P+ Rh1-C1 89.5(4); Cl+-Rh1-P2 90.40(12); PARh1—
exhibit its reactivity pattern, which results in the formation of P2 167.60(13); P2ZRh1-C1 90.2(4). (Inset: cyclic voltammogram of
half-open complexes. This is a result of the relative ligating 6. Experimental conditions: Ci€l, 0.1 M"BuNPFs, scan rate= 200
properties of the three functional groups; the N-donor atoms in mV/s_, Au working electrode, Pt mesh counter electrode, and Ag wire
2, in terms of ligating ability to Rh(l), lie between that for O and quasi-reference electrode.)

S. In the case of the ether analogue2pCO (1 atm) and aceto-
nitrile (neat), respectively, completely open the condense

macrocycle'¢ and, in the case of the thioether analogue, neither . e i . L
small molecule, alone, can open the condensed intermefiate. and 310 mV, respectively, exhibits an irreversible oxidation at

While 3 is stable in acetonitrile solution, upon vacuum removal 450 mV. Whenl is coordinated to Rh(l) as i only irreversible
of solvent,3 quantitatively converts back t Interestingly, in oxidation is observeds,, = 320 mV). Macrocycleg ands also

CH,Cl, 2 can be opened int6 by reacting it with tetramethyl-  exhibit irreversible cyclic voltammetryE, = 170 and 205 mV,
ammonium chloride (10 equiv) and CO (1 atm), Scheme 2. 'espectively). Interestingly, macrocy@ewhere the TMPD redox

Neutral macrocycl& was obtained as a yellow solid and shows Ccenter is no longer coordinated to the Rh centers, exhibits a
a characteristic doublet @t21.0 (d,Jrn_p = 121 Hz), which is reversible, two-electron oxidation/reduction with &y, = —120

consistent with the NMR data for its oxygen- and sulfur-based MV, Figure 1 (insetf. Taken together these observations dem-

d its dichloride precursor and the parent redox-active TMPD unit,
which exhibit second reversible one-electron oxidations at 462

analogue’ (6 19.4, d,Jrnp = 132 Hz and 24, d,Jrnp = 124 onstrate our ability to generate macrocycles from this new ligand
Hz). Single crystals of doubly protonatédcompound?,® were with reversible redox couples, but only when the redox-active
obtained by slow cooling of a saturated acetic acid solutiod of ~group does not bond to the metal centers that comprise the
with 10 equiv of CHCN to 0 °C. The crystal structure of macrocycle rings.

consists of two discrete molecules in a triclinic unit cell. The In conclusion, we have developed an efficient synthetic method
geometrical data of the two molecules, which have virtually for the preparation of a new class of redox-active binuclear
identical coordination spheres around Rh, are very similar, and macrocycles that incorporate TMPD units. The work is important
therefore, only one molecule will be described. The structure of for the following reasons. (1§ is the first example of a flexible

7 exhibits square planar Rh(l) centers with a-Hh distance of redox-actibe macrocycle formed via the weak-link approach. (2)
9.427 A, Figure 1. The parallel planar arenes are 6.872 A apart, When one considers the myriad of two- and three-dimensional
and the CO and the Cl ligands are in an anti conformation. The cage structures (e.g., anionic, neutral, and cationic molecular
structure of7 clearly shows that protonated N(2) and N(2A) have cylinders) that can be generated frdnvia relatively simple
adopted a distorted trans stereochemistry about the macrocycliccoordination chemistr§? this system provides a platform for
ring. Consistent with the N atom protonation, the bond angles preparing a diverse collection of redox-active supramolecular
around N(2) and N(2A) are in the 116:012.9 range, which structures with tailorable architectural parameters andHmsgst
significantly differs from the 117.9122.2 range observed for  chemistries. (3) The incorporation of redox-active units within
its nonprotonated N(1) and N(1A) atoms or the nonprotonated these macrocycles confers upon them a variety of novel physical
or metalated nitrogen atoms #and5. properties that may allow them to sense, record, and even facilitate

Cyclic voltammetry was employed to probe the electrochemical chemical reactions within their macrocyclic cavities.
response of the redox center in ligabtb metal ions. Ligand,

like its dichloride precursor and the parent redox-active TMPD  Acknowledgment. We acknowledge the Georgia Institute of
unit8 exhibits an initial reversible one-electron oxidation-t50 Technology Molecular Design Institute, the NSF, and the
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(8) X-ray structure analysis o (CaoH7eOsNsP,CliRI,): M = 1675.03; Supporting Information Available: Synthetic procedures fdr—7,
colorless plate (0.2% 0.08 x 0.02 mm); triclinic, space groupl (No. ORTEP diagrams o# and5, and crystallographic data fer, 5, and7.
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(Infineum V8512) on a glass fiber. All measurements were made on a
SMART-1000 CCD area detector with graphite-monochromated ®o K (9) This is assigned as a two-electron oxidation/reduction based on a

radiationd = 0.71069 A (» scan, @ < 56.6") at—120°C. The structure comparison with free ligand (a reversible, one-electron oxidation/
was solved by and expanded using Fourier techniques. Owing to the reduction) and the fact that a second reversible oxidation is not observed.
paucity of the data the acetic acid and the acetyl nitrile molecules were It should be noted tha also displays an irreversible oxidationEt, =
refined isotropically without the hydrogen atoms, and the protons on 537 mV outside of the potential window for TMPD oxidation. Similarly,
nitrogen atoms were not located. The remaining non-hydrogen atoms compound3 exhibits a reversible, two-electron oxidation/reduction at

were refined anisotropically including the chlorine ions. Ei» = —143 mV and an irreversible oxidation Bfa = 497 mV.





