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ABSTRACT: Strain has been used as a tool to modulate the
reactivity (e.g., mechanochemistry) and thermal isomerization
kinetics of photochromic compounds. Macrocyclization is
used to build-up strain in such systems, and in general the
reactivity and rates increase with the decrease in macrocycle
size. To ascertain the effect of strain on recently reported
bistable hydrazone photoswitches, we incorporated them into
macrocycles having varying aliphatic linker lengths (C3—C7),
and studied their switching behavior, and effect of macrocycle
size on the thermal isomerization rate. Surprisingly, while the
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systems with C3—CS linkers behave as expected (i.e., the rate is faster with smaller linkers), the isomerization rate in the
systems with larger aliphatic linkers (C6—C8) is enhanced up to 4 orders of magnitude. NMR spectroscopy, X-ray
crystallography and DFT calculations were used to elucidate this unexpected behavior, which on the basis of our analyses results
from the buildup of Pitzer (torsional), Prelog (transannular) and Baeyer (large angle) strain in the longer linkers.

B INTRODUCTION

Understanding how to build and control macrocyclic strain is
an active research area, as it can be used in manipulating
biological and chemical functions,' developing drugs” and
synthesizing polymers,” among other applications. The
numerous studies in this field led to the categorization of a
number of factors that contribute to strained rings, which are
(i) Baeyer or large angle strain, (ii) Pitzer or torsional strain,
and (iii) Prelog or transannular strain.* The interplay of these
factors plays an important role in determining the reactivity of
macrocyclic systems, especially medium-ring compounds. A
recent development in the field has been the incorporation of
photochromic compounds® into macrocyclic systems® so that
the photoinduced isomerization process can be used in tuning
the strain, and hence reactivity, in the system.” These studies
have led to a better understand of mechanochemistry,® allowed
for the development of light-activated energy storage systems,”
and the use of strain in manipulating the isomerization rates of
the photochromic compounds.'” Tt is this last aspect that
interests us here.

The control over the isomerization rate of molecular
switches, whether chemically or photochemically activated,
has been extensively investigated as this property determines
the function of the switch.'" Recently, there has also been a
push for the in situ modulation of rates using aggregation,''®
electrochemistry,12 and exchange reactions, " among others,"*
as such a control can eventually lead to the development of
molecular clocks,™ among other possibilities. In general
though the tuning of the thermal half-life of molecular switches
usually involves the synthetic manipulation of the chemical
structure of the compound, to take advantage of electronic
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and/or steric effects in the de/acceleration of the thermal half-
life. Another approach is the incorporation of the switches,
especially photoswitches, into cyclic systems to take advantage
of strain in accelerating isomerization rates.'” For example,
when stilbene is incorporated into a 17 membered ring it has a
thermal relaxation half-life (7,/,) of 17 days.”* However, when
the macrocycle size is decreased to a 16 membered ring the
)/, drops sharply to only 100 ms. Similar effects can also be
observed by changing the atom size in a macrocyclic system.
For example, when exchanging the bridging sulfur atom in
heterodiazocines to oxygen the half-life drops from 3.5 days at
27 °C to 89 s at 20 °C."" These examples illustrate that the
building up of even small amounts of strain through the
exchange or removal of an atom can drastically accelerate the
thermal half-lives of photoswitches.

These results have inspired us to try and use strain in
controlling the isomerization rates of the bistable photo-
chromic hydrazone switches'® (thermal half-lives of up to 2700
years) that we recently reported on.'” We took advantage of
the facile synthesis of the hydrazone scaffold and incorporated
it into macrocycles of varying sizes (C3—C8). The goal behind
this approach was to use the strain generated by macro-
cyclization in accelerating, as is done usually,'" the thermal
isomerization rate. Herein, we report on the systematic study
of the isomerization process of these macrocycles with an
emphasis on the role that ring strain plays in controlling their
thermal half-lives, which ranges from days to thousands of
years. Surprisingly, it is the macrocycles with the larger ring
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Figure 2. N—H proton resonances of the Z isomers of 1 and C3—C8 in toluene-dj.

sizes (C6—C8) that show orders of magnitude acceleration in
isomerization rates.

B RESULTS AND DISCUSSION

Synthesis and Characterization of the Photochromic
Hydrazone Macrocycles. The photochromic macrocycles
were synthesized in three easy steps (Figure la and Scheme
S1), the key one being a Mitsunobu reaction between
hydrazone 3 and the appropriate diol. The acyclic hydrazone
1, bearing an ethyl ester group on both the rotor and stator
parts of the switch (green and blue, respectively) was also
synthesized as a control. The hydrazones were characterized
using 'H and *C NMR spectroscopies and X-ray crystallog-
raphy. The '"H NMR spectra (Figure 2) of the hydrazones
show the characteristic low-field shifted N—H proton
resonance, confirming the presence of an intramolecular H-
bond in the molecules. While the N—H proton of 1 resonates
at 14.00 ppm (indicating the presence of a strong intra-
molecular H-bond), the signals of C3-Z, C4-Z and C5-Z are
relatively upfield shifted to 12.90, 12.00, and 10.80 ppm,
respectively, indicating that the H-bond is steadily weakening
in this series. The trend is reversed in C6-Z, C7-Z, and C8-Z as
the N—H proton signal shifts to low-field (11.50, 12.86, and
12.85 ppm, respectively) indicating that the H-bond is getting
stronger again, but nonetheless not as strong as in 1.

An insight into this behavior comes from an analysis of the
X-ray crystal structures of the switches (Figure 1b and Figure
S118). The intramolecular H-bond is clearly evident in the

solid state structures, and more importantly the nature of the
bond is elucidated. In C3-Z and C4-Z the bifurcated bond is
between the N—H proton and the two alkoxy oxygens (N,—
H--0, 2.59 A, 132.2°; N,—H---0,, 2.56 A, 134.4° for C3-Z;
N,—H--0,, 2.65 A, 127.3%; N,—H---03, 2.66 A, 129.2° for C4-
Z). The longer bond lengths and smaller H-bond angle in C4-
Z can explain the upfield shift observed in the 'H NMR
spectrum. In CS-Z, the stator (blue phenyl ring) N—H:--O-
alkoxy H-bond strength (N,—H:--O,, 2.65 A, 129.3°) is
comparable to that in C4-Z; however, the N—H bond with the
rotor part (green/red groups) is now with the ester carbonyl
oxygen and is much weaker (N,—H-O,, 3.03 A, 118.5°). This
change in H-bonding partners explains why the N—H proton
in C5-Z is the most upfield shifted. As for C6-Z and C7-Z (we
could not get single crystals of C8-Z) the H-bond with the
ester carbonyl in the rotor part is more optimal (N,—H-+-O;,
2.71, 133.3 and 2.62 A, 129.1°, respectively) than in C5-Z,
while the one with the stator (N,—H:--O,, 2.68, 118.8 and 2.62
A, 129.7°, respectively) is weaker and stronger, respectively,
relative to C4-Z, contributing to the trend observed in the 'H
NMR spectrum.'® On the basis of the 'H NMR spectra and X-
ray data analysis, it can be concluded that the nature and
strength of the intramolecular H-bond in the hydrazones are
largely dependent on the ring size, and the conformation of the
ester groups, which is dictated by the conformation of the
macrocycle.

Next, we employed UV—vis spectroscopy to study the
photoisomerization of the hydrazones. An equilibrated aerated
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Figure 3. (a) Light induced Z/E isomerization of C3 in toluene (3.0 X 10~ M; aerated solution). (b) Switching cycles of C3 upon alternating
irradiation using 394 (ca. 2 min; 30 mW) and 340 (ca. 1 min; 20 mW) nm light sources. The absorbance change at 394 nm was monitored during

the switching cycles.

Table 1. Kinetic Data and Activation Parameters for the Thermal Isomerization of the Hydrazone Switches in p-Xylene at 298
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Hydrazones
hydrazone K (s7h) ‘L'm_b (year) E, (kcal'mol™) AH* (kcal-mol™") AS* (cal-mol™1-K™") AG* (kcal-mol™)
14 (41 +£0.1) x 1072 5357 + 101 32.7 £ 0.1 319 £ 0.1 —3.6 + 0.1 329 £ 0.1
c3 (1.5 £ 0.1) x 107 15.0 + 0.5 23.5 + 0.1 22.7 £ 02 —22.6 + 0.4 29.5+03
c4? (9.9 + 0.5) x 1071 223 + 10 28.8 + 0.1 28.1 £ 0.1 -102 + 0.2 31.1 £ 0.1
cs? (22 +0.1) x 1071 996 + 67 304 + 02 29.7 + 02 —-7.6 + 0.6 319 + 04
cé? (9.1 £ 0.7) x 107 242 + 0.19 28.8 + 0.2 28.1 + 0.2 -1.1 + 0.6 284 + 04
c7? (4.8 £ 0.4) X 1078 0.46 + 0.04 27.6 + 0.3 269 + 0.3 —1.6 + 0.8 274 + 0.5
cs? (47 £ 0.5) x 1077 0.047 + 0.005 23.5 + 04 22.8 + 0.4 —109 + 1.0 26.1 + 0.7
co7 (43 £02) x 107 5.1 + 028 28.3 + 0.1 27.6 + 0.1 —42+03 28.8 + 0.2

“The first-order rate constants at 298 K calculated using the Arrhenius equation. YHalf life. “The thermodynamic parameters of activation
calculated using the Eyring equation. “Thermal relaxation occurs from E — Z. “The inset is a graphical depiction of the contributions of AH* and

AS* to the energy barrier.

toluene solution of C3-Z, for example, shows a maximum
absorbance (/,,,,,) at 381 nm (molar attenuation coefficient (&)
of 25300 M~'.cm™), which shifts hypsochromically to 327
nm upon irradiation with 394 nm light and isomerization to
the E form. Switch C3-E (A, = 327 nm, £ = 18900 M™%
cm™") could be converted back to its Z form upon irradiation
with 340 nm light (Figure 3a). The photoisomerization
efficiency of C3 was studied using '"H NMR spectroscopy.
Irradiation with 394 nm light yields a photostationary state
(PSS) consisting of >99% C3-E, which then yields a PSS;4,
consisting of 90% C3-Z upon 340 nm light irradiation. The
photoisomerization quantum yields of the Z - E and E — Z
processes were determined to be 3.4 + 0.3 and 9.2 + 0.5%,
respectively (Figure S48—S61, Table $3)." Similarly, macro-
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cycles C4-Z, C5-Z, C6-Z, C7-Z and C8-Z could be switched to
their E isomers nearly quantitatively with 394 nm light
irradiation (Figure S35—S40,Table S2). Noticeably, the A,
for C3-E, C4-E, CS-E, C6-E, C7-E and C8-E at PSS does not
differ significantly. This suggests that all of the E isomers in this
series possess a similar 7-conjugation. The resilience of these
macrocyclic hydrazones was also studied, and no significant
signs of fatigue were observed up to 10 isomerization cycles
(Figure 3B and Figure S42—S47). These results confirm the
robustness of all these novel photochromic cyclic structures.
Thermal Half-Lives. One of the most important features of
this newly developed family of photochromic switches'” is
their extremely long thermal half-lives. As mentioned earlier,
the aim of incorporating the switch into a macrocyclic
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Figure 4. X-ray structures of (a) C3-E, (b) CS-E, (c) C6-E, (d) C7-E (all the structures are drawn in ORTEP at 50% probability). (e) Scheme
depicting the key atoms that will be used in discussing the X-ray and NMR data of the E hydrazones. Only one of the structures in the unit cell
(crystal structure 1 (CS1)) of C3-E, C6-E, and C7-E is shown. There is disorder in the aliphatic section of C5-E and so only one of the structures is

shown. The other structures (CS2) can be found in Figure S119.

structure was to take advantage of ring-size dependent strain in
tuning/accelerating the thermal isomerization rate. To test this
premises, we measured the isomerization rates of all the E
macrocyclic hydrazones in p-xylene at various temperatures.”’
The extrapolation of the obtained Arrhenius plot yielded the
thermal half-lives of the switches at room temperature. The
activation parameters for the thermal isomerization process
were obtained using Eyring plots (Table 1, Figure S62—S117
in Supporting Information).

We will start with the acyclic hydrazone 1, which has the
largest energy barrier measured thus far for these systems, and
a subsequent thermal half-life of 5357 + 101 years (Table 1),
which is almost double the value reported for the original
system (2700 years)."” Although there is a minor entropic
contribution to the energy barrier (ASi = =36 + 0.1 cal-
mol™-K™'), the lion share of the effect is enthalpic (AH* =
31.9 + 0.1 kcal'mol ™), which is attributed to the presence of
an additional intramolecular H-bond with the stator phenyl
group (ie., blue ring). In the original system this bond was
with a quinolinyl subunit and formed a five membered ring,
here the intramolecular H-bond forms a six-membered ring
and hence is stronger leading to the larger barrier. We
hypothesize that the intramolecular H-bond hampers access to
the linear transition state required in the inversion mechanism
(vide infra) leading to the larger activation barrier. This
assumption is validated by our previous result that shows a
much faster isomerization rate (10-fold decrease of half-life) in
the absence of the additional intramolecular H-bond."

The half-lives for C3-E, C4-E and CS-E are somewhat
shorter than in 1, but are still in the 10—1000 years range
(Table 1). The data show that the acceleration in thermal
isomerization rate (1—3 orders of magnitude going from CS-
C3) are governed by both enthalpy and entropy. The large
negative AS* value (—22.6 + 0.4 cal'mol™K™") in C3 may
suggest a more ordered structure and less conformational
freedom in the transition state because of the rigidity of the
smaller ring. As the size of the ring increases in C4-E and CS-
E, the AS* value also increases to —10.2 + 0.2 and —7.6 + 0.6
cal'mol "K', respectively. This may indicate an increased
disorder in the transition state because of the flexibility of the
larger rings. Simultaneously, the AH* value increases going
from C3-E (22.7 + 0.2 kcal-mol™) to C5-E (29.7 + 0.2 kcal-
mol™"), suggesting that there is less strain in the larger system
and a more stabilized ground state. These two effects together
lead to a decrease in the half-life of these macrocycles as a
function of ring size relative to 1, which has no strain and less
geometrical constraints leading to higher AH* and AS* values.

To our surprise, switches C6-E, C7-E and CS8-E have
strikingly short half-lives of 2.42 + 0.19, 0.46 + 0.04 and 0.047
+ 0.005 years, respectively. That is, the isomerization rate is

increasing with ring size, which is counterintuitive. Analysis of
the thermodynamic data (Table 1) shows a decrease in both
the AS* and AH* values going from C6-E to C8-E implying
that enthalpy and entropy are again playing a role in the overall
rate control. The decrease in AH* value indicates that there is
destabilization in the switches as we go to larger rings, whereas
the relative decrease in AS* values in C8-E vs C6-E and C7-E
means that there is more disorder in the transition state of the
latter two than the former. These two trends explain in general
the acceleration of isomerization rate in these three systems vs
1-E and C3-E—CS-E. When comparing the macrocycles
themselves the effect of entropy becomes evident. For example,
C3-E and C8-E have the same AH* value; however the AS*
value is almost half leading to a two-order magnitude increase
in isomerization rate. Again, what is strange here is the fact that
the systems with smaller rings, and hence more apparent strain,
and larger ones, which should be less strained, have the same
ground state stabilization energy.

X-ray Analysis. To interpret the above-mentioned ring
size/thermal half-life relationship, we analyzed the crystal
structures of C3-E, C5-E, C6-E and C7-E (we could not grow
crystals of C4-E and C8-E that were suitable for X-ray
crystallography analysis; Figure 4).

For C3-E and CS-E we first investigated the effect of
macrocyclization on the C=N-—N hydrazone unit, which is
responsible for the isomerization process. The 2C,—N;—N,
and «N;—N,—C, angles in C3-E were measured to be 124.8°
and 115.5°, respectively, in one of the structures in the unit cell
(crystal structure 1 (CS1)), and 124.1° and 116.0°,
respectively, in the second structure (crystal structure 2
(CS2)), while in CS-E the values are 118.4° and 118.3°,
respectively. On the basis of this data it could be inferred that
the C,—N;—N, bond in C3-E is bent/pulled toward the center
of the ring as a result of the strain generated by the small ring.
This bending of the bond brings it closer to the linear
transition state required in the inversion mechanism (vide
infra) and might explain why the overall energy barrier in C3-E
is smaller than in C4-E and CS-E. As for the aliphatic ring both
C3-E (dihedral angle of —34.9° (CS1) and 33.2° (CS2) for
H,—C,—C;—H,) and CS-E (dihedral angle of —34.7° for
H,—C,,—C,;—H,) have some torsional strain, while CS-E also
has Prelog (transannular) strain (distance of 2.10 A and 2.35 A
between H, and H, in CS1 and CS2, respectively; Figure 4b
and Figure S119b in Supporting Information). This analysis
indicates that the acceleration in rate in C3-E is mainly coming
from the angle strain mentioned above.

Next, we analyzed the crystal structures of C6-E and C7-E.
Both compounds have similar #C;—N;—N, and «N,;—N,—-C,
angles (116.9°, 118.7° in CS1 and 117.8°, 117.7° in CS2 for
C6-E; 118.0°,118.3° in CS1 and 117.1°, 118.3° in CS2 for C7-
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Figure S. Superposition of the crystallographic (orange) and DFT calculated (green) structures of (from left to right) C3-E, CS-E and C7-E.

E) to that measured in CS-E indicating that the difference in
rate is not emanating from angle strain in the hydrazone
moiety. Hence, our focus turned to the aliphatic chain.
Compounds C6-E has one partially eclipsed bonds (dihedral
angle of 33.7° for H,—C;,—C,;—H,) in one of its structures
(Figure 4c), while C7-E has two such eclipsed bonds (dihedral
angle of 17.1° and —32.9° for H,—C,,—C;3—H, and H,—C ,—
Cis—H,) in one of its structures indicating the presence or
Pitzer strain in the system. As for Prelog strain C6-E has one
short contact between hydrogens H, and H, (2.14 A) (Figure
4¢) while C7-E has two such contacts (a distance of 2.26 A was
measured for the H, and H, hydrogens in CS1; 2.16 A between
H, and H, and 2.37 A between H, and H; in CS2) (Figure 4d
and Figure S119d in the Supporting Information). Lastly both
compounds have Baeyer strain with angles as large as 122.0°
(£C;,—C;3—Cy4 in CS2, Figure S119c¢ in Supporting
Information) and 120.1° (£C;4;—C;s—C, in CS1, Figure
4d) for C6-E and C7-E, respectively. This analysis shows a
buildup in transannular, torsional and large angle strain when
going from CS-E to C7-E, which can explain the unusual
acceleration in isomerization rate upon increase in macrocycle
size. Moreover, it seems that the large angle strain in addition
to the accumulation of torsional strain is responsible for the
disparity in thermal half-lives between the smaller and larger
macrocycles.

On the basis of this analysis, it could be hypothesized that
suppression of the factors leading to strain in the macrocyclic
ring will increase the thermal half-life of the switches. To test
this hypothesis, we synthesized the control compound CO7 in
which the central methylene group of a C7 aliphatic chain is
replaced with an oxygen atom (see Scheme S2). We presumed
that this structural alteration will relieve the torsional,
transannular and large angle strain in the system, and yield a
longer thermal half-life than in C7. Indeed, the kinetic data
show that CO7-E has a thermal half-life of ca. S years vs 0.5
years in C7-E (Table 1). Analysis of the crystal structure of
CO7-E (Figure S119e in Supporting Information) shows that
the main culprit in the 10-fold increase in thermal half-life is
the fact that there is no large angle strain or Pitzer strain in the
system. Only Prelog strain (distance of 2.26 A between
hydrogens H, and H,) can be found in the system. This result
unambiguously demonstrates that buildup of torsional, trans-
annular and angle strain in the larger macrocycles results in
isomerization rate acceleration.

One point of consideration when dealing with crystal
structure analysis is whether it represents the structure in
solution. We used "H and *C NMR spectroscopies to gain

insight into this point. The N—H proton signal of C3-E
resonates at 7.92 ppm and shifts upfield throughout the series
until it reaches 7.71 ppm in C7-E. This trend in upfield shift
correlates well with the increase observed in the C,,—C;;—
C,—N; dihedral angle (Figure 4e), which changes from 41.4°
to 73.6° in CS1 (—39.9° to 59.8° in CS2) going from C3-E to
C7-E, respectively. This angle is a measure of the coplanarity of
the phenyl group in the rotor part with the rest of the
molecule. The larger the angle the more shielding effect the
phenyl group will exert on the fjord region (Figure 4e). This is
indeed what we are seeing in solution as the N—H proton
signal is shifting upfield. Another probe that can be used in
detecting conformational changes in the macrocyclic structures
is the C,—C;—C,—O, dihedral angle. This angle decreases
going from C3-E to C7-E (59.7° to 50.9° in CS1; —62.2° to
52.4° in CS2) indicating that the carbonyl group is becoming
more coplanar with the stator phenyl group, which should lead
to more deshielding of the phenyl group. This effect is
observed in the '*C NMR chemical shifts of the lower benzene
moiety (Figure 4e, table S1). For example, the chemical shifts
of carbon C6 shifts downfield going from C3-E to C7-E
(115.78 and 119.71 ppm, respectively) as the dihedral angle
decreases. The same trend is also observed for carbons C7 and
C9. The fairly good agreement between the crystal and
solution NMR data in the above analysis lends credence to our
ability to use the solid-state crystal structure analyses in
interpreting the solution thermal half-lives.

DFT Calculations. In an attempt to shed some further light
on the isomerization mechanism and unusual effect of ring size
on the thermal E — Z isomerization rate, DFT calculations
were carried out on the macrocycles using the M06 functional
and the 6-311G**++ basis set. A continuum Poisson—
Boltzmann solvent model (benzene) was used during the
calculations. Full details are provided in the Supporting
Information). The DFT calculations do a good job of
matching metrics and conformational properties with those
determined crystallographically; overlays of the calculated C3-
E, CS-E and C7-E structures with their crystallographic
versions are shown in Figure 5.

Two pathways were considered for the E — Z isomerization
process in the switches.”' A direct isomerization by rotation
about the C=N double bond was quickly discounted, since
the activation free energies for this process in all systems were
35—45 kcal/mol above the corresponding measured energy of
the systems. The other option considered is an inversion at the
N-N bond, via a linear CNN transition state, to give the E
isomer invertomer shown in Scheme 1, subsequent N—N
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Scheme 1. N—N Inversion and Rotation Pathways for the E — Z Isomerization Process”

Ph COOR Ph COOR Fh COOR Ph COOR
IHo N — = _— N( R B — M. .H
v ! : ;
R H’N"’R H R
£ E-inversion” E-invertomer £

“Acyclic structures are drawn for clarity, but in the real systems the R groups are linked to form the cyclic structures.

rotation affords the Z-isomer. All N—N rotational barriers were
found to be small (ca. 7—10 kcal/mol) compared to the
inversion barrier; the latter would clearly be rate limiting.
Regardless of any mechanistic pathway prediction, the DFT
results do not compare well with the experimentally obtained
AG?* values (Table 1 and Table $S20 in Supporting
Information) as the calculated values are significantly lower
than those observed experimentally, except for in C7-E. These
results highlight the difficulty in calculating the properties of
macrocyclic systems having large degrees of conformational
freedom, especially when coupled to isomerization mecha-
nisms that do not necessarily need to be pure rotation or
inversion. At this stage our conclusion is that the isomerization
mechanism is not rotation, and might be mainly inversion with
a rotational component. Further studies are necessary to
pinpoint the exact isomerization mechanism in these systems.
We also performed isodesmic reaction calculations™”
(Scheme S3) to estimate the strain energy that is stored in
the macrocycles. The difference (Q) in heats of formation
(AH;°) between the reactants and products represents the
energetic penalty (strain energy) that needs to be paid to form
the cyclic structure (Table S21). The calculations showed that
C3-E was destabilized (Q < 0) by 0.2 kcal-mol™ relative to its
acyclic form. However, C4-E and CS-E were stabilized (Q > 0)
by 2.2, and 4.0 kcal-mol ™', respectively, relative to their acyclic
form. This calculated stability trend among C3-E, C4-E and
CS-E is consistent with their thermal half-life changes. As for
C6-E, its Q value drops to 0.4 kcal'mol™ which is much
smaller than in CS-E reflecting a significant decrease in thermal
stability. The Q value for C7-E and C8-E are similar to that
found in C4-E suggesting a similar strain which is contra-
dictory to the experimental results. This unusual result may be
attributed to the conformational freedom in the larger rings
(C6-E, C7-E and C8-E), which as discussed earlier are difficult
to properly predict computationally as illustrated in the
comparison between X-ray and computational structures in
Figure 5. However, our calculations still predict that the
thermal half-life changes in C3-E, C4-E, CS-E and C6-E, C7-E,
C8-E follow different scenarios. Again further studies and more
in-depth calculations will be necessary to elaborate on these
discrepancies particularly for C6-E, C7-E and C8-E.

B CONCLUSIONS

Here we present a systematic study on the effect of ring size on
the thermal isomerization rate of a bistable hydrazone-based
photochromic compound. The thermal half-life of the
hydrazone changes as a function of ring size. When going
from a C3 linker to a C$ linker the rate follows the expected
trend based on angle strain, that is it becomes slower as there is
less strain in the system. However, a more substantial rate
acceleration occurs with the larger (C6—C8) linkers. We
attribute this to a combination of Prelog, Pitzer and Baeyer
strain that increases the energy of the system relative to the

acyclic system, and without the counterbalance of entropic
penalty that is found in the smaller linkers, leads to the
observed phenomenon. These findings are informative as they
open the way for using larger rings in mechanochemistry.®
Currently there is a focus on utilizing the strain in smaller rings
for such applications, and these results show that substantial
strain can also be induced with larger ones.
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