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ABSTRACT: The interaction between two TEMPO spin
centers connected to a photoswitchable overcrowded alkene
changes from noncoupled (three-line EPR spectrum) in the
trans state, where the two spin centers are separated by∼22
Å, to strongly coupled (five-line EPR spectrum) in the cis
state, where the separation is ∼7 Å, upon photoswitching.
Importantly, the performance of the alkene switching unit is
essentially unaffected by the spin centers.

Dynamic photocontrol over the magnetic interaction between
stable organic radical centers (RCs) is a promising strategy

for molecular-scale information processing and memory de-
vices.1,2 Several photochromic units (PUs), such as azobenzenes,3

diarylethenes,4 and Schiff bases,5 have been functionalized with
free RCs to construct systems in which photoswitching of the PU
typically modulates the through-bond interaction of the RCs,
producing a readable magnetic signal. Irie and co-workers4 have
reported an impressive series of RC�PU�RC compounds in
which reversible photocyclization of the diarylethene PU can
switch a through-bond spin�spin coupling of pairs of nitronyl
nitroxide RCs on and off, as manifested by substantial changes in
the electron paramagnetic resonance (EPR) spectra. However, in
these π-conjugated RC�PU�RC systems, modulation of the
chain length of the π delocalization by photoisomerization of the
PU was used to control the spin�spin interaction. Nevertheless,
achieving a system that operates by on/off switching of the elec-
tronic interaction between the RC units mediated through the π
system of the PU unit without compromising the efficiency of the
photoswitching processes is a challenging task that requires careful
optimization of the π-conjugated structures.4a

Here we present a highly efficient photoswitchable magnetic
system by which intramolecular through-space magnetic inter-
actions between two RCs can be switched on and off reversibly.
The molecular design, which does not rely on through-bond
interactions between the RCs, avoids loss of photochemical per-
formance. In this system (Figure 1), the RC�PU�RC functional
subunits are connected in a non-π-conjugated manner via alkyla-
mide spacers to minimize the electronic interference between the
PU and RC units. The switching unit (see trans-1) is based on the
well-known overcrowded alkenes (OA),6 to which a pair of stable
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) radicals are at-
tached via amide bonds. Light-driven cis�trans isomerization of
the OA unit can switch the through-space magnetic interactions
between the two TEMPO radicals. In the trans state, the TEMPO
units are kept apart, and the three-line EPR spectrum is assigned
as that of a monomer-like TEMPO unit. In stark contrast, in the
cis state, the two TEMPO units are in sufficient proximity to allow

for strong spin�spin coupling, as manifested by a five-line EPR
spectrum. These two states can be interconverted by alternate
irradiation at λirr = 312 and 365 nm at room temperature in several
solvents.

Detailed synthesis procedures and characterization data for
trans-1 and the reference compounds trans-2 and trans-3 are
provided in the Supporting Information (SI). Mono-TEMPO-
substituted trans-2 was prepared to confirm the intramolecular
nature of the photoswitchable spin�spin coupling observed for
trans/cis-1. Bis(cyclohexylamine)-substituted trans-3, which does
not bear RCs, was used for comparison.

Compounds trans-1�3 display similar UV�vis absorption
spectra (Figure 2 and Figure S1 in the SI) with a maximum
centered at 297 nm that is ascribed to absorption by the trans-OA
unit. Irradiation at 312 nm resulted in a decrease in the absorp-
tion of trans-1 at 297 nm with a concomitant increase of a new
absorption band at 350 nm (Figure 2a). An isosbestic point was
maintained at 319 nm over the course of the irradiation. At the
photostationary state (PSS), an 89% yield of cis-1 was formed.
Compounds trans-1�3 exhibited essentially identical changes in
their absorption spectra upon irradiation at 312 nm. The spectral
changes are assigned to the transf cis photoswitching of the OA
unit.6a,b For the reference compound 3, 1H NMR spectroscopy
was employed tomonitor the photoswitching. The aromatic proton
Ha shifted from 7.02 to 6.95 ppm (Figure S1), characteristic6a,b of
the formation of cis-3.

The changes in the magnetic interaction between the two
TEMPO radical units of compound 1 upon photoswitching were
monitored by EPR spectroscopy (Figure 2b). A three-line spectrum
(g = 2.006, AN = 15.5 G) typical of TEMPO was observed for
trans-1, indicating the absence of significant spin coupling be-

Figure 1. Representation of the photoswitching of intramolecular
through-space magnetic interaction and the structures of trans-1�3.
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tween the two radicals.7�10 The EPR spectra showed substantial
changes from a three- to a five-line spectrum upon irradiation at
312 nm. The mixture of three- and five-line EPR signals observed
at the PSS (>71% cis-1) was in agreement with the PSS determined
by UV�vis absorption and 1H NMR spectroscopy. The changes
in the EPR spectrum upon switching to the cis state are indicative
of coupling between the two TEMPO RCs, which is larger than
the 14N hyperfine coupling constant.7 Density functional theory
(DFT) molecular modeling studies at the B3LYP/6-31G* level
(Figure 3) indicated that the two TEMPO radicals are in pro-
ximity in the cis state11 with a separation between the N�O
centers of ∼7.1 Å, which coincides with the reported distance
through which strong spin�spin interactions occur.9 In contrast,
in the trans state, the two TEMPO units are sufficiently isolated
from each other (∼22.4 Å) to preclude significant spin coupling.
The EPR spectrum of the monosubstituted reference compound
trans-2 was unaltered (Figure 2d) upon photoisomerization of
the OA unit (Figure 2c), supporting the assignment of intramo-
lecular coupling in cis-1.

The photoswitching was reversible (Figure 4 and Figure S3).
Irradiation at 365 nmdrove the reverse cisf trans isomerization,
with a decrease in the intensity of the absorption band at 350 nm
(Figure S3a) and recovery of the initial absorption of trans-1 at
297 nm (86% trans-1 at the PSS). Concomitant recovery of the
three-line EPR spectrum was also observed (Figure S3b).

An important feature of the present system is that the radical
centers do not interfere with the photochemical properties of the

switching unit. Comparison of the quantum yields for photo-
switching of compounds 1�3 (Table 1) indicates that TEMPO
functionalization did not significantly affect the isomerization
process in either direction. This is a remarkable feature in view of
the fact that orders-of-magnitude decreases in the quantum ef-
ficiency have been observed in π-conjugated RC�PU�RC sys-
tems.4c In addition, the intramolecular nature of the magnetic
interaction in the current study, in contrast to those showing in-
termolecular interactions,5 allows this dynamic system to operate
under a wide range of experimental conditions. Photoisomeriza-
tion resulted in substantial changes to the EPR spectrum in
various solvents, including ethyl acetate, dichloromethane, to-
luene, and acetonitrile (Figure S4), even at micromolar concen-
trations (Figure S5).

In summary, the present system operates at room temperature
and shows substantial changes in the RC�RC interaction with
essentially complete retention of the photochemical performance of
the overcrowded alkene switching unit.
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