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Efficient electronic communication between two equivalent redox Scheme 1. Synthesis and Structures of Self-Recognizing
centers requires tethering structures that support extensive electror?0mMpounds 3 and 4

delocalizatiort. In general terms, the extent of electronic coupling N Q 0/_ N N
between the redox centers usually decreases quickly as the distance L '\B_NH L ’\5_ H
between them increasé&nowledge of the structural features that / o) Vi z Y N "57 H
d — 6 r\-u d W& rkn
2 34

favor electron delocalization is not only important from a funda-
mental point of view but also relevant for the preparation of
molecules with potential applications as components in novel

. ) . i NaOEt, EtOH, Guanidinium chloride, reflux , 4h =
molecular electronic devicé$. A considerable body of work has "2 . Buanidinium ehioride, reflux
. . . . . ii: RNCO, pyridine, 90-100°C, 48h 3:R= Fe 4,R=
been devoted to the investigation of connecting structures with =

various types of unsaturated linkagésand more recently, interest-

It?g dresssul_trs rl;lvebbetenfrepokrted ‘;V'(tjh tetlhekrs conttalnlng matatal bled leads to increased current levels for the first oxidation wave and
riages: 10 the best of our knowiedge, linkage SUCIUres assembled yo e a5ed current levels for the second oxidation process at more

via noncovalent bonds have been pursued only in a few limited positive potential (Figure 2). In GYEN solution, only one wave

cases: In this _wor_k, we report t_he preparation and properties ‘?f was observed for the oxidation 8f In other words, the presence
a ferrocene derivative that contains a quadruple hydrogen bondlngOf CH,CN decreases the stability of the dimer, reducing its

moltllfk(donor’\—/ldgno’r—acc_(e;ptor—gc_((:jgptor, D(;Du%Ab) S|m|I3_rf_t%the concentration and the current levels for the second oxidation
well- nOﬁvn eljelrs urel OPV””" 'ge re_s||3 d b u; mq e tod process, which is characteristic of the dimer. However, a high level
preventllet&_eno tautomerls_m, as described by sanhjayan and Co- ot 4cetgnitrile (more than 80% v/v) is required for the complete
\_No(rjker_s. -Lh's ferrﬁcene de_rlvatlfve (gee ﬁ_d;ﬁme 1;|or f]trgctures) disappearance of the second oxidation process, a reflection of the
Ibs ss(ljgg? to rsle -recognlze, _dorm_lng” ighly stable hy rogen_- considerable stability of dimeri8,. These voltammetric results
bonded dimers that contain two identical ferrocene centers. Surlorls'clearly reveal that the two equivalent ferrocene centers in the dimer
ingly, the extent of electronic communlca_tlon bet\_/veen the ferrocene undergo oxidation at very different half-wave potentials; that is,
centers, separated by more than 10 A in the dimer, was found tothey exhibit a remarkable level of electronic communicatiohhis
be remarkably large. . . . . . finding was further confirmed in another series of voltammetric
Condensation of diester with guanidinium chloride yielded experiments in which compoun@ (at fixed concentration) was
. oo . T . nts ( . ‘ .
amine2, " which was reacted with the corresponding isocyanate rateq with increasing concentrations of redox inactive compound
to give the ferrocene derivativé)(or a redox inactive, isopropyl 4 again, increasing concentrations #fead to decreased current

derivative ¢, see Scheme 1). Both compourisnd4 are expected  joyels for the second oxidation process, as3hepecies is gradually
to form hydrogen-bonded complexes with themselves or any other

compounds containing similar DDAA hydrogen bonding mdfifd?

The 'H NMR spectrum of compoun@ in CDCl; verifies this A i T
hypothesis, as three hydrogen-bonded NH amide peaks are clearly i} N’)\,;,fll\,:/-
visible in the spectrum (Figure 1) at 10.5, 11.5, and 12.8 ppm. HE A
Similar results were obtained with compourdd Quantitative -
dimerization was observed upon dilution to concentrations as low - °--..H'"7;a
as 10uM, which is consistent with a high equilibrium constant a o0
(Kgim > 10° M~1) for the dimerization proces3.Dimer formation L L L
was also evident in the FAB mass spectrunBdtee Supporting
Information).'H NMR spectra obtained in CICl, were similar, ;%:i Fo
revealing that the dimers are sufficiently stable to withstand the j\h)\u,{
moderate increase in solvent polarity experienced in going from e HE
CDCl; to CD,Cl,. However, the spectrum & in CD3;CN solution i l' _F p
does not show the hydrogen-bonded NH resonances and corre- b Y T T\&
sponds to the monomer (Supporting Information), as anticipated "od
from the greater polarity of this solvent, which effectively disrupts l I 1 l |
the hydrogen bonding interactions.
Voltammetric experiments witB in CH,Cl, solution show two W 13 12 u 109 8 7 6 5 4 3 2

reversible oxidation waves (at 0.43 and 0.82 V vs Ag/AQCI) with  Figure 1. Partial’H NMR spectra (400 MHz) of compoundsand4 in
similar current levels. Enriching the solvent mixture in acetonitrile CDCI; solution. The proposed dimer structures are also shown.
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These results are remarkable for various reasons. First, the extent
of electronic communication, as estimated by the difference between
the two observed half-wave potentiafsH; ), is quite pronounced
in dimer 3,, particularly when considering that the edge-to-edge
distance between the two ferrocene centers is at least 1.0 nm, as
determined from molecular modeling computations (see minimized
structure for the dimer in Supporting Information). In comparison,
biferrocene shows AE;,, value in CHCI, solution of 350 m\A4
Bis(ferrocenyl)acetylene artdansbis(ferrocenyl)ethylene exhibit
AE;); values of only 130 and 120 mV, respectively, in the same
medium?14.17A recent determination okE;, in an organometallic
compound containing two terminal ferrocenyl units connected

) through a—C=C—Ru,—C=C- tether yielded a value of 310 mV,
which was taken as a demonstration of the positive influence that
the diruthenium bridge has on the extent of electronic coupling.
All these AE;), values are smaller than that measured with our
noncovalent dimer, which clearly illustrates the efficient electronic
coupling between the two ferrocene nuclei in dirBgr

a: 100% CH:Ch:
bz 50% CH:Cl+ 50% CH:CN
¢: 20% CH:CL:+ 80% CH:CN
5 d: 100% CHsCN
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Figure 2. Cyclic voltammetric behavior on glassy carbon (0.07 P)caf
1.0 mM 3 in 0.2 M TBAPR/CH.Cl, solution containing increasing
proportions of CHCN. Scan rate: 0.1 31,

012 To the best of our knowledge, this is the first example of a

oo b e p—— noncovalent mixed valence species, composed of two identical

oo | 0 Com pound 3 halves that are kept together by four hydrogen bonds. While further

' — work is obviously needed to understand the electronic coupling
Abs | b P—y between the ferrocene centers3inthe data presented here suggest

0.04 | that hydrogen bonding may assist electron transport/delocalization

.02 | in synthetic materials.

0 Acknowledgment. The authors are grateful to the NSF for the

e L L) generous support of this work (to A.E.K., CHE-0240295).

1000 o0 1200 1300 1400
M om . . Supporting Information Available: Additional experimental
Figure 3. Intervalence charge-transfer band obtained with a 1.0 mM

details and figures. This material is available free of charge via the

solution of 3 in 0.2 M TBAPR/CH,Cl,. Optical pathlength: 1.0 cm. Internet at http://pubs.acs.org.

Oxidant: NOPE.

replaced by the3-4 heterodimer, which only contains a single References
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