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ABSTRACT: We report a series of azobenzene boronic acids that
reversibly control the extent of diol binding via photochemical
isomerization. When the boronic acid is ortho to the azo group, the
thermodynamically-favored £ isomer binds weakly with diols to
form boronic esters. Isomerization of the £ azobenzene to its Z iso-
mer enhances diol binding, and the magnitude of this enhancement
is affected by the azobenzene structure. 2,6-Dimethoxy azobenzene
boronic acids show over 20-fold enhancement in binding upon E—
Z isomerization, which can be triggered with red light. Competition
experiments and computational studies suggest that the changes in
binding affinity originate from stabilization of the £ boronic acids
and destabilization of the E boronic esters. We demonstrate a cor-
relation between diol binding and photostationary state: different
wavelengths of irradiation yield different quantities of bound diol.
Higher binding constants for the Z isomer relative to the £ isomer
was observed with all diols investigated, including cyclic diols, ni-
trocatechol, biologically relevant compounds, and polyols. This
photoswitch was employed to “catch and release” a fluorescently
tagged diol in buffered water. By tethering this photoswitch to a
poly(ethylene glycol) star polymer, we can tune the stiffness of co-
valent adaptable hydrogels using different wavelengths of visible
light. This work establishes photoswitchable equilibria as a tool for
the reversible ligation of molecular and macromolecular species.

INTRODUCTION

Dynamic covalent chemistry (DCC) enables thermodynami-
cally-driven reorganization of molecular and macromolecular sys-
tems.! In the last 20 years, dynamic covalent chemistry has ex-
panded both in utility and scope, with the most popular reactions
including transesterification, transimination, Diels-Alder cycload-
dition, conjugate addition—elimination, disulfide exchange, metath-
esis, and boronic ester exchange.>” The reversibility of these reac-
tions enables applications in combinatorial library development,
molecular recognition, self-healing polymers, 2- and 3-D covalent
organic frameworks, and matrices for 3D cell-culture.?*° With in-
sight into the reaction mechanism, DCC equilibria can be adjusted
by structural modification of exchange partners, providing materi-
als with a wide range of properties. In stimuli-responsive materials,
these equilibria are influenced by stimuli such as light, temperature,
pH, and concentration.'? Light represents an ideal stimulus because

it can be applied at readily tuned wavelengths and fluxes with spa-
tiotemporal precision. In applications where sample penetration
depth and biocompatibility are of concern, irradiation in the red and
near-infrared range is advantageous.'!

To influence DCC with light, a photoresponsive substrate must
be coupled to the exchange reaction.'>'* Photoswitches are a class
of compounds that undergo bidirectional switching in response to
light, resulting in a physical change in shape, charge, conjugation,
dipole, or pK,.'*2* When a photoswitch is coupled to DCC, the state
of the switch may influence the dynamic reaction.* In 2006,
Branda and coworkers realized the first example of photoswitcha-
ble DCC, demonstrating that the Diels-Alder cycloaddition be-
tween a diarylethene photoswitch and a dienophile could be turned
on or off (gated) depending upon the isomerization of the pho-
toswitch (Figure 1a).2° In the open isomer, the diarylethene can un-
dergo a [4+2] cycloaddition with a dienophile. The product could
be photoswitched via a 6m electrocyclization to yield a closed
“locked” isomer, which is unable to participate in the Diels-Alder
equilibrium. This work was further developed by Hecht, who ap-
plied this reactivity in photoactivatable maleimide prodrugs and
self-healing polymer networks.?¢>°In these reports, the DCC is ei-
ther on or off.

We envisioned an alternative approach that modulates the over-
all equilibrium of a dynamic covalent bond using different wave-
lengths of light (Figure 1b). In this case, the equilibrium can operate
in both states of the photoswitch, but to different extents. This sys-
tem will enable bidirectional tuning of the reversible bond between
small molecules and polymers to our photoswitch. In a complemen-
tary study, Hecht and coworkers investigated the effect of pho-
toswitches on the rate of formation of imine dynamic covalent
bonds, but did not study the photoswitches’ influence on the bond
equilibrium.>® We identified boronic esters as an ideal dynamic co-
valent bond for this purpose because the exchange occurs at room
temperature with many different diol structures and is compatible
with aqueous environments (Figure 1c). These attributes have
found utility in molecular sensors, stress-relaxing hydrogels, and
recyclable thermosets.>'* Previous work has shown that the bo-
ronic acid-ester equilibrium is highly sensitive to the boronic acid
structure.**#4 We anticipated that photoswitch isomerization could
provide the reversible structural change capable of influencing this
equilibrium.
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Figure 1. (a) The [4+2] cycloaddition between a diarylethene and dieneophile can be turned on or off via a 67 electrocylization. (b) In this
work, different wavelengths of irradiation tune the extent of an equilibrium. (c) The reversible reaction of boronic acids and diols forms
boronic esters.
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Figure 2. (a) The equilibrium between ortho-substituted azobenzene boronic acids and diols is influenced by the isomerization of the pho-
toswitch, with the Z isomer displaying a higher binding affinity with diols than the E isomer. When the diol is pinacol, the Z binding constant
is 4 times greater than the £ binding constant. (b) Reversible sol-gel transitions of poly(ethylene glycol) hydrogels crosslinked with azobenzene
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boronic esters mediated by green and blue light (10 w/v%, 0.1 M PBS, pH 7.5).

Towards this goal, we synthesized ortho-substituted azobenzene
boronic acids (Figure 2a).*-4% As azobenzenes undergo substantial
changes in structure upon E->Z isomerization, we hypothesized
that the boronic acid—ester equilibrium could be affected by the
photoswitch state. Accordingly, we discovered that these com-
pounds have isomerism-dependent equilibria with diols, wherein
the Z isomer has a higher binding affinity than the £ isomer (Keq(z)
> Keqer), Figure 2a).*” When incorporated into poly(ethylene glycol)
networks, this preferential binding translated to reversible sol-gel
transitions upon E->Z photoisomerization (Figure 2b). Interest-
ingly, this dramatic physical change arose from a relatively modest
difference in binding affinity to diols (~4:1 for pinacol). We thus
sought structural modifications of the azobenzene boronic acid that
could increase the difference in binding affinity between the £ and
Z isomers, allowing us to expand the tunability of this photocon-
trolled dynamic covalent bond and its potential applications.

In this report, we demonstrate that simple modifications of the
azobenzene boronic acid allow us to tune the relative binding af-
finity of Z vs. E azobenzene boronic acids to diols, K1 =
Keqz/Keq), from 2.4 to over 20. Experimental results and com-
puted structures suggest that the differences in K. between a series
of azobenzene boronic acids are due to both the stabilization of the
E boronic acids and the destabilization of the E boronic esters,

which can be tuned by azobenzene substitution. Our optimized az-
obenzene boronic acid can be photoswitched with red light and the
Z isomer has a long thermal half-life. Using the azobenzene boronic
acid with the largest Ki|, the equilibrium between boronic acid and
boronic ester can be tuned with different wavelengths of light. We
demonstrate that this azobenzene boronic acid can “catch and re-
lease” a fluorescently tagged polyol in aqueous buffer. Lastly, we
reversibly tune the stiffness of a covalent adaptable hydrogel with
several wavelengths of visible light, including red light.

RESULTS AND DISCUSSION

Ortho substitution increases the difference in binding
affinity between E and Z isomers

The equilibrium between boronic acids and diols strongly de-
pends on the concentration of water and diol. Therefore, we de-
signed 'H and '°F NMR equilibrium competition binding experi-
ments to compare the relative binding affinity between E and Z iso-
mers in the same NMR tube, ensuring that the concentration of wa-
ter and diol are the same for both isomers (Figure 3a; see Support-
ing Information (SI), section IV for details and derivation). Our in-
vestigations commenced with compound 1, a para-tolyl azoben-
zene boronic acid (Figure 3b). The para-methyl substituent was
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Figure 3. (a) Equilibrium competition binding experiment to compare the relative equilibrium binding constants of £ and Z azobenzene
boronic acids with diol. (b) Library of photoswitches synthesized and subjected to the above competition binding experiment. (c) Competition
binding experiment results in DMSO-dsat 25 °C, thermal half-lives (days) and photostationary states (%Z) of azobenzene boronic-acids.

used in place of the phenyl analog, which exhibits overlapping 'H
NMR signals for the £ and Z isomers. When a mixture of (E)-1 and
(£)-1 was treated with excess ethylene glycol (EG) and D,O in
DMSO-ds and allowed to equilibrate for 12 hours, we observed that
(2)-1 binds EG approximately 2.4 times better than (£)-1 (Krel =
2.4) (Figure S8).

For our design of photoswitchable equilibria, the ideal pho-
toswitch should feature visible-light bidirectional photoswitching,
high photostationary states, and a long thermal half-life for the Z
isomer. Unfortunately, in addition to a modest difference between
E and Z binding affinities, compound 1 only reached an appreciable
photostationary state (PSS, 48% Z) with ultraviolet (UV) irradia-
tion at 365 nm (Figure 3c). By measuring the rate of thermal relax-
ation of (Z)-1 to (E)-1 at different temperatures and fitting to an
Arrhenius plot (Figures S4), we could extrapolate the room-tem-
perature (25 °C) half-life to be 3.5 days. Previous work has estab-
lished that electronic and steric modifications of the azobenzene
can alter key photochemical properties, which has been summa-
rized well by Bandara and Burdette.'® We anticipated that these
modifications could simultaneously alter the equilibrium of the dy-
namic covalent bond. First, we sought to optimize the photochem-
ical properties to achieve bidirectional visible-light photoswitch-
ing. Secondly, we aimed to increase the thermal stability of the Z
isomers.

A common strategy to enable azobenzene isomerization with
visible light is substituting the aryl rings with resonance electron-
donating and -withdrawing groups, creating “push-pull” azoben-
zenes. These substitution patterns red-shift the m>7* of the E iso-
mer through a charge-transfer mechanism. Unfortunately, the Z
isomers tend to undergo rapid thermal isomerization (< seconds),
due to a low activation barrier in the ground state,*® which would
occur much faster than the dynamic covalent reaction. Hecht,
Woolley, and others have installed halides or methyl ethers at the
ortho positions, which separates the n>7* absorption bands of the
E and Z isomers and enables visible-light E->Z photoisomerization
with enhanced Z thermal stability.*-3% Inspired by this work, we
synthesized ortho-difluoro-substituted azobenzene 2 and di-
methoxy analog 3 to access visible-light photoswitching (Figure
3b). 2 exhibited a higher PSS (67% Z) with green light (525 nm)
irradiation and a dramatically enhanced thermal half-life relative to
1 (v, = 70 days, Figure S5). The relative binding affinity, as deter-
mined by the equilibrium competition binding experiment with EG,
increased by a factor of 1.8 relative to 1, to Kl = 4.2 (Figure 3c,
Figure S9). When the fluorine atoms were replaced with methyl
ethers in compound 3, photoswitching with red LEDs at 626 nm
yielded PSS up to 54%, albeit with a modest decrease in thermal
half-life (1, = 24 days, Figure S6). The competition experiment for
compound 3 also revealed a dramatic increase in relative binding,

where the Z isomer binds EG with over an order of magnitude
higher affinity than the £ isomer (K; =21.5, Figure S10). Figure
4 shows the 'H NMR spectrum for the competition experiment of
compound 3 with EG, in which (Z)-3 is predominantly bound,
while (£)-3 is mainly unbound.

As a control, we synthesized an azobenzene derivative with the
boronic acid at the 4 (para) position (compound 4). This com-
pound exhibited little difference in binding affinities between the £
and Z isomers (K= 1.1, Figure S12). Thus, the proximity of the
boronic acid to the phenylazo group is essential for the isomerism-
dependent changes in binding affinity.

Ortho substitution influences the esterification equilibrium
of the E isomers

We next set out to understand the origin of the dramatic increase
in Ko for compound 3 compared to compounds 1 and 2. As K is
defined as the ratio of Keqz) to Keqr), this trend could originate in
an increase in Keq(z), a decrease in Keqr), or a combination of both
effects. We performed an equilibrium competition binding experi-
ment to compare (E)-1 and (£)-2, and a separate experiment com-
paring (E)-2 and (E)-3 (Figure S13). The E isomers for 1-3 dis-
played significantly different binding affinities for EG, following
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Figure 4. "H NMR of 3 and EG subjected to equilibrium compe-
tition binding conditions in DMSO-ds.



the Keq trend (E£)-3 << (E)- 2 < (E)-1, consistent with the overall
changes in K. In contrast, equilibrium competition experiments
for the Z isomers of 1-3 revealed similar binding affinities to EG
(Figure S14). Therefore, we concluded that the changes in Keq),
and not Keq(z), lead to the observed differences in K. between com-
pounds 1-3.

Calculated structures and control experiments suggest a
combination of reactant stabilization and product
destabilization disfavors E esterification

Why do E isomers of azobenzene boronic acids consistently dis-
play lower binding affinities for diols than their corresponding Z
isomers? Why does (£)-3 bind EG significantly worse than (£)-2
and (E)-1? Structural changes that result in the stabilization of the
(E)-acid, destabilization of destabilization of the (E)-ester, or a
combination will correspond to less negative AG and decreased
diol binding affinity (Figure 5a-b). We hypothesized that there are
two main structural parameters influencing the degree of conjuga-
tion through the system and therefore the energy of the azobenzene
boronic acid and ester. The first is the planarity of the azobenzene,
which is described by the dihedral angle between the aryl rings and
diazo (CCNN, @) (Figure 5¢). For unsubstituted azobenzene, the
energy is lowest when this angle is 0° and highest at 90° (Figure
S29). The second parameter is the coplanarity of the azobenzene
and the boronic acid or ester, which can be described by the CCBO
dihedral angle y . This parameter correlates with the degree of con-
jugation between the boronic acid or ester with the adjacent aryl
group (Figure 5c¢). Previous reports suggest that arylboronic acids
and esters are stabilized when the non-bonding oxygen lone pairs
and vacant p orbital are in conjugation with the n-system of the aryl
group, with a CCBO dihedral angle of 0°. We performed geometry
scans of phenylboronic acid and the corresponding ester, confirm-
ing an energetic maximum at 90° and a minimum at 0°, when con-
jugation is enhanced. (Figure S29).

To understand which scenario might be responsible for the de-
crease in Ke(E) from 1>2>>3, we calculated the optimized struc-
tures of (£)-1, 2, and 3 in their bound and unbound forms with the
B3LYP/6-31+G** level of theory and performed frequency calcu-
lations to determine the lowest-energy rotamers. We modeled the
boronic acids and esters in their trigonal planar form based on ''B
NMR studies (Figure S11). We first examined the geometry-opti-
mized structures of (E)-1 through (E)-3 in their unbound forms
(Figure 6a). Each azobenzene is nearly planar, and the two CCNN
dihedrals angles @ (Ar') and @ (Ar?) are between 11° and 17° for

a) Calculated structures of unbound azobenzene boronic acids (E)-1 through (E)

c) Calculated structures of bound azobenzene boronic esters (E)-1 through (E)-3
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(E)-1 and between 0° and 2° for (E)-2 and (£)-3. The CCBO dihe-
dral angles  are close to 0° for 1-3, and an intramolecular hydro-
gen bond is present between the boronic acid proton and the prox-
imal azobenzene nitrogen.

The boronic acid protons in the calculated structures of (£)-2 and
(E)-3 also engage in H-bonding with one of the ortho-heteroatom
substituents (fluorine or methoxy, respectively). This additional H-
bonding interaction was confirmed in the single-crystal X-ray
structures of (£)-2 and (£)-3 (Figure 6b). We hypothesize that the
additional hydrogen bonds stabilize the boronic acid and lead to a
less negative AG for esterification. While the O-H--F-C interaction
in 2 is expected to be much weaker than with the methoxy group in
3, the H-F distance of 2.27 A is consistent with previously reported
H-bonding interactions involving a C-F acceptor.>¢-> In both 2 and
3, these additional hydrogen bonds assist in keeping the azoben-
zene nearly planar, whereas (E)-1, which lacks H-bond acceptors
at the ortho positions, is slightly more twisted. Again, these fea-
tures were corroborated by the single-crystal X-ray structure of (£)-
1, in which @ (Ar') is 19.8°.

Binding of EG to the (E)-azobenzene boronic acids is accompa-
nied by varying degrees of twisting of the aryl rings and deviation
of the CCNN dihedral angles from 0°. In the calculated structures,
ortho-unsubstituted (E)-1 remains slightly twisted after binding EG
(11.6°), while (£)-2 and (£)-3 display more significant twisting, ex-
emplified by @ (Ar') angles of 24.6° and 40.4°, respectively (Fig-
ure 6¢, see Figure S31 for full list of angles). This twisting likely
arises from repulsive steric interactions between the halide or meth-
oxy ortho substituents and the boronic ester. For all compounds,
we observe that the boronic ester is nearly perpendicular to the aryl
ring (75° < y < 84°), which avoids Van der Waals repulsion be-
tween the ester oxygen and distal nitrogen. We hypothesize that the
large conformational changes engendered by diol binding reduce
the degree of conjugation in the azobenzene and raise the energy of
the boronic ester relative to the boronic acid. Since these confor-
mational changes become more significant across the series 1 <2
<3, AG becomes correspondingly less negative across this series,
and the esterification becomes less favorable for 3 compared to 1
and 2. Alternative rotamers for the esters of (E)-1 through (£)-3
(Figure S31) are less than 3 kcal/mol higher in energy but follow
similar trends to those shown here, with the smallest conforma-
tional changes upon binding occurring for (E£)-1 and the largest
changes occurring for (E£)-3.

The optimized structures for the Z isomers place the boronic ac-
ids away from the ortho substituents. Each boronic acid still dis-
plays an intramolecular hydrogen bond with the proximal nitrogen;
however, there are no additional H-bonds with the ortho-fluoro or
methoxy substituents in (Z)-2 and 3. The absence of steric interac-
tions between the boronic esters and ortho substituents in the Z iso-
mers allows diol binding to occur with minimal structural rear-
rangement for compounds (Z2)-1 through (2)-3, as exemplified by
small changes in ®(Ar'), ®(Ar?), and v upon diol binding (Fig-
ure 7 for 3;see Figure S32 for compounds 1-2). These small
changes are consistent with the similar diol binding affinities ex-
hibited by the Z isomers of 1-3 in equilibrium competition binding
experiments. Additionally, the boronic esters maintain conjugation
with the aryl ring (0.6° <y < 20°) after binding EG. This favorable
conformation, combined with the absence of repulsive interactions
with the ortho groups, likely underlies the improved binding of Z
azobenzene boronic acids compared to their £ isomers.

BY;
@° (Ar') 62.7° 68.3°
@° (Ar?) 44.4° 55.2°
v 105° 06°

Figure 7. Calculated structure of (2)-3 before and after binding EG.

Based on the calculated structures, we designed control com-
pounds to experimentally demonstrate that the high K. for 3 arises
from a combination of (i) H-bonding to the azo group, which sta-
bilizes the (E)-boronic acid; (ii) additional H-bonding to one of the
ortho-methoxy groups, providing further stabilization; and (iii) ste-
ric destabilization of the (E)-boronic ester. First, we synthesized
compound 5, in which one of the methoxy substituents was moved
from the ortho position to the para position. When 5 was subjected
to the competition experiment, Ky was determined to be 2.4, al-
most an order of magnitude lower than that of 3 (see Figure S15 for
"H NMR). The calculated structures of 5 show that the boronic acid
and ester both adopt planar conformations. (Figure S33-34). This
control experiment suggests that stabilization of the boronic acid
by double H-bonding only partially disfavors esterification; steric
interactions that destabilize the ester are also required to achieve
high K.

Next, we synthesized di-ortho-ethyl azobenzene 6, which is ste-
rically comparable to compound 3, but lacks the ability to partici-
pate in additional hydrogen bonding with the ortho positions.
When subjected to the competition experiment, K. was determined
to be only 1.3 (Figure S16). Calculated structure of 6 show signifi-
cant twisting in both the boronic acid (@ (Ar') = 43°, Figure S35)
and boronic ester (@ (Ar') = 42°). This control experiment demon-
strates that steric interactions alone cannot explain the K. trend for
1-3; H-bonding to stabilize the boronic acid and planarize the (E)-
azobenzene are essential.

Lastly, we synthesized stilbene 7, which is sterically comparable
to 2 and capable of E->Z isomerization but is unable to engage in
intramolecular hydrogen bonding (Figure S36). For compound 7,
Kt was determined to be only 1.8 (Figure S17). This modest Kl
value likely arises from steric effects alone. Stilbene 7 also allowed
us to experimentally probe the relative effect of intramolecular H-
bonding on the thermodynamics of boronic acid esterification for
E vs. Zisomers. We performed an equilibrium competition binding
experiment between 2 and 7 and observed that the stilbenes have
higher binding affinities for diols compared to their azobenzene an-
alogs. Specifically, E stilbene bound EG 6-fold more than the £
azobenzene, whereas the Z stilbene bound EG 2.6-fold more than
the Z azobenzene. While the O—H-N H-bond is present in both £
and Z azobenzene isomers, its stabilizing influence is more signif-
icant in the E isomer; furthermore, the E isomer presents multiple
H-bond acceptors.

In summary, calculated structures, supported by experimental re-
sults with control compounds 5-7, lead us to the following conclu-
sions:

1) Stabilization of boronic acids by adjacent H-bond accep-
tors can disfavor esterification. This effect is further ex-
acerbated by the presence of multiple H-bond acceptors,
as in the case of 3 and, to a lesser extent, 2, in which both
the proximal azo N and the ortho groups of the distal
arene act as H-bond acceptors.



2) In E azobenzenes, the degree of twisting away from the
planar conformation imposed by steric interactions offers
an additional synthetic handle to tune the stability of dy-
namic covalent bonds. Previous approaches have consid-
ered the effect of photoswitch conjugation on its propen-
sity to form a dynamic bond;*° our work suggests a com-
plementary design principle, in which the structure of the
dynamic bond can also affect the stabilization of the pho-
toswitch by conjugation.

3) The twisted structure of Z azobenzenes requires fewer
conformational changes to accommodate boronic acid
esterification, and also precludes additional H-bonding
interactions. Thus, esterification is more favorable for the
Z isomer than for the £ isomer.

While previous studies have probed the structural features that
affect the thermodynamics of the boronic acid—ester dynamic bond
in detail, they have generally focused on parameters such as the
electronics of the boronic acid, the presence of proximal basic
amines, or the diol structure.’®- 44244, 58 The insights gained from
our studies provide a framework for future designs of boronic acids
where proximal functional groups can enhance or disrupt the sta-
bility of the dynamic bond.

Diol binding can be tuned through irradiation with
different wavelengths of light

We selected 3 as the optimal photoswitch to tune diol binding
because of its large K and favorable photochemical properties.
We envisioned that the ratio of the £ and Z isomers should dictate
the overall boronic acid—ester equilibrium, wherein the amount of
bound diol should increase as the ratio of (2)-3 to (E)-3 increases.
As the PSS (%Z) is wavelength dependent, the ratio of Z to E can
be tuned by irradiation with different wavelengths of light. We pre-
pared a solution of (E£)-3 and EG (1:1) in DMSO-ds, in which the
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Figure 8. (a) Percent diol binding as a function of PSS, which is
achieved thermally (gray) or with blue, red, or green light. Error
bars represent integration error, and the line is the least squares
fit. (b) UV-Vis profile of 3 in acetonitrile before (black) and after
(green) irradiation with green LEDs for 10 minutes.

azobenzene bound 30% of the available EG prior to irradiation
(Figure 8a, see Figure S19 for 'H NMR spectrum). Irradiating the
sample with blue, red, or green irradiation yielded different photo-
stationary states, and higher photostationary states correlated line-
arly with increased diol binding. Up to 70% of the diol could be
bound with green light. The high barrier for Z- E thermal isomer-
ization ensures that the resulting equilibrium is maintained for the
duration of the experiment (24 hours), such that continuous irradi-
ation is not required. By irradiating with a wavelength of light cor-
responding to a lower PSS, the equilibrium can be shifted to favor
boronic acid and enables release of diol into solution. Figure 8b
shows the UV-Vis absorbance spectrum of 3 before and after irra-
diation with green light. The ability to achieve high PSS for both
E->Z and Z-F isomerization arises from the separation of the n-
m* transitions of the £ and Z isomers (Figure 8b, inset).

Photoswitching modulates boronic ester equilibria with
different diols

Next, we investigated the generality of photoswitchable binding
to boronic acid 3 with different diols. Using 3, we observed K
values between 6 and 20 for a variety of diols, including a 1,3-diol
(8), simple cyclic diols (9-10), nitro-catechol (11), and a variety of
complex and biologically relevant diols, including glucose (14),
adenosine (15), and the chemotherapeutic drug capecitabine (16)
(Figure 9). Phenylboronic acid-containing polycarbonates have
previously been used for the pH-dependent release of diols includ-
ing capecitabine.’® We envision 3 could provide a complementary
light-driven strategy. Diols of interest could first be bound in the Z
state, where release could be controlled by isomerization to the £
isomer.

We qualitatively observed that some diols bound 3 poorly in the
standard NMR assay conditions (<1% D,O in DMSO-ds); when
exogenous water was added to the 4-nitrocatechol (9) equilibrium
competition binding experiment, we exclusively observed only bo-
ronic acid for both isomers. In contrast, some cyclic diols and pol-
yols (such as cis-1,2-cylcopentanediol (9) and gluconolactone de-
rivative (13)) have higher binding constants, and additional exoge-
nous water (6% in DMSO-ds) was needed in the competition ex-
periment to observe any unbound acid, consistent with previous
studies using simple arylboronic acids.*! These results demonstrate
that while the relative binding affinities between Z and E are
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Figure 9. K. (reported in parentheses) between (2)-3 and (E)-3
with various diols (20 mM in DMSO-de with 2 pL. D,O). Standard
deviations were between 0.1 and 2.4 and are reported in Figures
S20 through S28. “Excess D>O was necessary due to high binding
affinity. "No additional D,O was used due to low binding affinity.
‘Lower concentration (8 mM) was used due to sample require-
ments.



similar across a range of diols, the absolute equilibrium constants
are highly dependent on diol structure. For applications of 3 in an
aqueous environment, cyclic diols such as 9 or polyols such as 13
will be optimal.

Azobenzene boronic acids reversibly bind diols in fully
aqueous environments

To overcome the low aqueous solubility of small molecule 3, we
designed and synthesized a carboxylate analog of 3, SI-11, and cou-
pled it to amine-terminated 4-arm poly(ethylene glycol) (PEG, My
5 kg/mol) (polymer P1, Figure 10a; see SI for details). While in-
stalling the electron-withdrawing ester shortens the thermal half-
life of the Z azobenzene to 2.2 days by creating push-pull character
(Figure S7), it increases the PSS (%Z). SI-10, the methyl ester of
compound SI-11, reaches 76% Z after red light irradiation, and re-
turns to 29% Z after blue light irradiation (Table S4).

We also synthesized a coumarin-tagged gluconolactone deriva-
tive (compound 17) to provide a fluorescent output for reversible
binding. The gluconolactone tag was chosen based on the perfor-
mance of 13 in the presence of excess water, suggesting esterifica-
tion would be favorable in an aqueous environment. The ratio of
bound 17 should be increased after irradiation to predominantly Z
isomer with red light and decreased after irradiation to predomi-
nantly E isomer with blue light. We mixed the boronic acid poly-
mer P1 and compound 17 in a 1:4 molar ratio (1:1 boronic acid:17)
in a phosphate buffered saline (PBS) solution at pH 7.5. To analyze
the amount of unbound 17, we filtered the mixture with a 3.0 kDa
molecular weight cut-off (MWCO) centrifugal filter such that only
free fluorophore (MW 383 g/mol) can pass through the membrane.
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Figure 10. (a) Structures of P1 and gluconolactone-tagged coumarin
17. (b) Illustration of experimental setup and fluorescence spectra of
eluents after irradiating and spin filtering each solution.

We next performed UV-vis and fluorescence spectroscopy of the
resulting dialysate. Without any irradiation, we observed strong
fluorescence in the dialysate indicating that unbound 17 had passed
through the filter (Figure 10b). When the solution was irradiated
with red light for 60 minutes before spin filtering, we observed de-
creased emission, indicating more fluorophore was bound to P1
and unable to pass through the filter. In an analogous experiment,
we first irradiated the mixture with red light for 60 minutes, then
with blue light for 10 minutes, before centrifugal filtration. In this
case, the fluorescence of the dialysate increased to nearly the same
level as the no-irradiation control, demonstrating that the fluoro-
phore bound to red-irradiated P1 was released by blue light.

Reversible changes in binding affinity lead to reversible
stiffening of hydrogels

Lastly, we sought to translate the reversible changes in binding
affinity to control crosslink density in a hydrogel network. Previ-
ously, we demonstrated that reversible changes in binding affinity
could lead to sol-gel transitions in a boronic ester crosslinked
poly(ethylene glycol) hydrogel, with stiffening occurring with UV
or green light and softening occurring with blue light. Based on the
photochemical properties of compound 3, we reasoned that its in-
corporation as a crosslink into hydrogels would enable stiffening
with red light. We prepared diol-terminated polymer P2 by ring-
opening glucono-d-lactone with amine- terminated 4-arm poly(eth-
ylene glycol) (M= 5 kDa), according to a previous literature pro-
cedure.’? . When P1 and P2 were mixed in a 1:1 ratio in 0.1 M
phosphate-buffered saline at pH 7.5 (10 w/v%), a sol was observed,
according to the flow-inversion method. Irradiation with red LEDs
(626 nm) for 3 hours promotes the E->Z isomerization of the ter-
minal azobenzene boronic acids and leads to the gelation of the
mixture. Irradiating this gel for 5 minutes with blue LEDs promotes
Z->E isomerization and returns the mixture to the sol state (Figure
11a). By alternating irradiation with red and blue light, we could
continue to cycle the gel between sol and gel states. Addition of
excess free diol 13 leads to the dissolution of the network, presum-
ably by outcompeting P2 and disrupting the boronic ester cross-
links.

Toward our lab’s effort to design photoreversible matrices for
3D cell culture, we prepared a hydrogel with P1 and P2 (10 w/v%)
in Dulbecco’s Modified Eagle Medium (DMEM), a common
growth medium for a variety of cell types. While the glucose,
amino acids, or vitamins in DMEM could interfere with the boronic
ester dynamic bond, we were gratified to observe that gelation can
still occur in this medium. Bulk mechanical characterization of this
hydrogel was performed by oscillatory photorheology at constant
strain in the linear viscoelastic region. We first investigated the fre-
quency-dependent properties of this hydrogel from 100 to 0.1 rad/s,
which yields information on the dynamics of the crosslinks. The
storage modulus (G’) represents the material’s ability to store en-
ergy elastically like a solid, while the loss modulus (G”) represents
the material’s able to dissipate energy into the surrounding envi-
ronment like a liquid. In materials that behave as elastic solids, such
as permanently crosslinked hydrogels, G’ and G” are frequency in-
dependent. Viscoelastic materials display both solid- and liquid-
like behaviors, which depend upon the frequency of the defor-
mation. At high frequencies (> 1 rad/s), where deformation is faster
than the dynamic bond exchange, the P1/P2 gel has solid-like be-
havior, wherein G’ > G”’. The crossover point (where G* = G”)
occurs at 0.5 rad/s, and below this frequency the gel flows like a
liquid due to the reversible hydrolysis of boronic ester crosslinks
(Figure 11b). Interestingly, this hydrogel does not undergo sol-gel
transitions by the flow inversion method, which are observed when
PBS is the solvent. We hypothesize that the additives in DMEM
reduce the rate of exchange of the dynamic crosslinks, shifting the
crossover point to lower frequencies. The relationship between mo-
lecular kinetics and the crossover frequency is the subject of ongo-
ing studies in our laboratory.
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Figure 11. (a) Structure of P2 and reversible gelation of P1 and P2 with red and blue light (10 w/v%, PBS pH 7.5). (b) Frequency sweep of
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The hydrogel in DMEM also demonstrates photodependent
changes in stiffness (Figure 11c). The gel was stiffened for three
hours with red light, yielding a G’ of 60 Pa. Irradiation for 10
minutes with blue light led to a softer gel, decreasing G’ by 33%.
The gel could be stiffened again with yellow light irradiation, in-
creasing G’ to 54 Pa after 3 hours. We propose that the photo-de-
pendent changes in stiffness arise from changes in the hydrogel
crosslink density. We hypothesize that the softness of these gels,
compared to those previously reported in the literature,3!-3%47-60 ig
due to the unusually low binding of the £ azobenzene. While these
hydrogels may be practical as tools for studying soft tissue mechan-
ics, we envision that increasing the binding constant of the Z isomer
while maintaining high K..; will enable larger ranges of photocon-
trolled stiffness.

CONCLUSIONS

We have shown how multiple wavelengths of light can be used
to tune the equilibrium of a dynamic covalent bond by harnessing
the photostationary state of a photoswitch. While previous reports
of photocontrolled dynamic covalent chemistry turn equilibria on
or off, our approach offers the ability to modulate the boronic
acid/ester equilibrium depending upon the isomerism of an azoben-
zene photoswitch. The binding equilibrium becomes more favora-
ble as the percentage of Z isomer is increased. Moreover, we show
that the range of equilibrium binding constants achieved by a single
photoswitch is highly dependent upon ortho,ortho-substitution of
the distal ring. In addition to increasing the difference in £ and Z
binding constants, these ortho substituents impart improved photo-
chemical properties including longer thermal half-lives, increased
photostationary states, and visible light photoswitching, making
them promising for biomedical applications. The optimized azo-
benzene identified in these studies can reversibly bind a range of
biologically relevant diols. We further demonstrated the applica-
tion of photoswitchable equilibria to a dynamic covalent hydrogel
that can be stiffened with red light. Tuning equilibria with pho-
toswitches represents a powerful approach to noninvasively control
the interaction between molecular and macromolecular species.
While this work applies this concept to boronic acid—ester ex-
change, the underlying principles may be used to impart photocon-
trol on other dynamic reactions, such as imine exchange or thia-
Michael addition.
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I. General information

General procedures. Unless otherwise noted, reactions were performed under N, atmosphere in
oven-dried (150 °C) glassware. Reaction progress was monitored by thin layer chromatography (Merck
silica gel 60 Fasy plates), visualizing with fluorescence quenching, KMnO, or ninhydrin stains.
Automated column chromatography was performed using SiliCycle SiliaFlash F60 (40-63 um, 60 A)
in SNAP cartridges on a Biotage Isolera One. Organic solvents were removed 7 vacuo using a rotary
evaporator (Bichi Rotovapor R-100, ~20-300 torr) and residual solvent was removed under high
vacuum (<200 mtorr). Water-soluble polymers were purified by dialysis using
SnakeSkin Dialysis Tubing (3.5 kDa cutoff, 16 mm diameter) purchased from Fisher Scientific.

Materials. Commercial reagents were purchased from Sigma-Aldrich, Acros, Alfa Aesar, TCI, or
Oakwood and used as received. 4-Arm PEG-NH, HCI salt (M, 5 kDa) was purchased from JenKem,
and was melted under high vacuum (<100 mtorr) prior to functionalization.

Instrumentation. Proton nuclear magnetic resonance ('"H NMR) spectra and carbon nuclear
magnetic resonance ("C NMR) spectra were recorded on Bruker AVANCE-500 spectrometers at 500
MHz and 125 MHz, and referenced to the solvent residual peaks. ’F NMR spectra wete recorded on
Bruker AVANCE-500 spectrometers at 470 MHz. Boron nuclear magnetic resonance ("'B NMR)
spectra were recorded on Bruker AVANCE-400 spectrometers at 128 MHz in Wilmad Precision
NMR tubes (CFQ, 500 MHz, OD: 5 mm, wall thickness: 0.38 mm). NMR data are represented as
follows: chemical shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet), coupling constant in Hertz (Hz) and integration. UV-Vis spectra were collected on a Cary
5000 UV-vis-NIR spectrophotometer with an Hg lamp; cuvettes were 10-mm path length quartz cells
(Starna 23-Q-10). Blue LED strip lights (wavelength = 470 nm, power = 6.6 W) green LED strip
lights (wavelength = 525 nm, low power = 5.7 W, high power = 16 W), yellow LED strip lights
(wavelength= 590 nm), red LED strip lights (wavelength = 626 nm, power = 6.6W), were purchased
from superbrightleds.com.Size exclusion chromatography (SEC) measurements were performed in
stabilized, HPLC-grade tetrahydrofuran using an Agilent 1260 Infinity II system with variable-
wavelength diode array (254, 450, and 530 nm) and refractive index detectors, guard column (Agilent
PLgel; 5um; 50 x 7.5 mm), and three analytical columns (Agilent PLgel; 5pum; 300 x 7.5 mm; 10°, 10%,
and 10° A pore sizes). The instrument was calibrated with narrow-dispersity polystyrene standards
between 640 Da and 2300 kDa (Polymer Standards Service GmbH). All runs were performed at 1.0
mL/min flow rate and 40 °C. Molecular weight values are calculated based on the refractive index
signal.



I1. Synthesis

Nitroso compounds were prepared by the oxidation of the aniline precursor using the Oxone method
developed by Riick-Braun.'

1-bromo-2-nitrosobenzene (SI-1)
Ny
L"
Br

2-bromoaniline (1.00g, 1 Eq, 5.81 mmol) was added to a 100 mL RBF equipped with a stir bar and
dissolved in 17 mL of DCM. Oxone (7.15g, 2 Eq, 11.6 mmol) was dissolved into 20 mL of deionized
water and added to the reaction, which was left to stir vigorously for 3 hours at ambient temperature.
The reaction was diluted with DCM and washed with 1M NaOH (2x) and 1M HCI. The organic layer
was collected, dried with sodium sulfate and concentrated. The crude solid was carried on to the
following reaction.

(E)-1-(2-bromophenyl)-2-(p-tolyl)diazene (SI-2)

N¢/©/
L
Br

SI-1 (400 mg, 1 Eq, 2.15 mmol) and p-toluidine (242 mg, 1.05 Eq, 2.26 mmol) were added to a 100
mL round-bottom flask (RBF) equipped with a stir bar. 28 mL. of DCM and 7 mL of acetic acid were
added and the reaction was stirred at ambient temperature for 4 hours. The reaction mixture was
concentrated and dissolved into EtOAc and washed with 1M NaOH to remove acetic acid. The
organic fraction was collected, dried with sodium sulfate, and concentrated 7 vacuo. The crude residue
was purified by column chromatography (5% EtOAc in hexane) to yield (E)-1-(2-bromophenyl)-2-(p-
tolyl)diazene (367 mg, 1.33 mmol, 62%) as a red solid.

"H NMR (500 MHz, CDCly) 8 7.90 (d, ] = 8.5 Hz, 2H), 7.75 (dd, ] = 8.0, 1.4 Hz, 1H), 7.67 (dd, ] =
8.0, 1.7 Hz, 1H), 7.42 — 7.36 (m, 1H), 7.36 — 7.28 (m, 3H), 2.45 (s, 3H).°C NMR (125 MHz, CDCl;)
5 150.84, 149.75, 142.29, 133.69, 131.57, 129.84, 127.96, 125.46, 123.44, 117.81, 21.60. HRMS: m /7
expected for CisHpBeN2 [M+H]" 275.01, measured 275.02.

(E)-(2-(p-tolyldiazenyl)phenyl)boronic acid (1)



Bis(pinacolato)diboron (299 mg, 1.1 Eq, 1.18 mmol), potassium acetate (316 mg, 3 Eq, 3.22 mmol),
and Pd(dppf)Cl*dem (88 mg, 0.1 Eq, 0.107 mmol) were added to a 25-mL Schlenk flask equipped
with a stir bar. The reaction was backfilled with nitrogen (3x) and then SI-2 (295 mg, 1 Eq, 1.07
mmol) was added in 10 mL of dry toluene. The reaction was stirred for 12 hours at 80 °C and then
filtered through a Celite plug, concentrated, and re-dissolved into EtOAc. The organic layer was
washed with aq. NH4Cl followed by DI water. The organic layer was collected, dried over sodium
sulfate, concentrated and then dissolved in 10 mL of THF and 2 mL of DI water. Sodium periodate
(459 mg, 2 Eq, 2.14 mmol) and 1 mL of 1M HCI were added and the reaction was left to stir
overnight. The THF was removed 7 vacuo and the crude was re-dissolved in EtOAc. The boronic acid
was extracted into water with 1M NaOH. The organic layer was discarded and the aqueous layer was
neutralized with 1M HCl leading to boronic acid precipitation. It was further re-extracted with EtOAc
and concentrated to give a brown-yellow oil. 25 mL of hexane was added to the oil which was
sonicated for 30 minutes leading to the precipitation of a yellow solid. This was collected on a filter to
yield (E)-(2-(p-tolyldiazenyl)phenyl)boronic acid (70 mg, 0.29 mmol, 27%) as a yellow solid.

'H NMR (500 MHz, DMSO-d) & 7.86 (d, | = 8.0 Hz, 1H), 7.79 (d, ] = 8.3 Hz, 2H), 7.57 — 7.46 (m,
3H), 7.42 (d, ] = 8.1 Hz, 2H), 2.42 (s, 3H). *C NMR (125 MHz, DMSO-4,) § 155.21, 149.47,
142.29, 133.15, 130.99, 130.42, 129.62, 122.94, 122.74, 21.53. HRMS m/z expected for
Ci:H1:BN:O:, [M+H]+ 24111, measured 241.11.

1,3-difluoro-2-nitrosobenzene (SI-3)

2,6-difluoroaniline (560 mg, 500 pul, 1 Eq, 4.34 mmol) was added to a 100 mL. RBF equipped with a
stir bar and dissolved in 14 mL of DCM. Oxone (5.33 g, 2 Eq, 8.67 mmol) was dissolved into 16 mL
of DI water, and added to the reaction. The reaction was stirred vigorously for 24 hours at ambient
temperature. The reaction was diluted with DCM and washed with 1M NaOH (2x) and 1M HCL The
organic layer was collected, dried with sodium sulfate and concentrated. The crude was carried on to
the following reaction.

(E)-(2-((2,6-difluorophenyl)diazenyl)phenyl)boronic acid (2)
F
Ns
L
B(OH), |
SI-3 (350 mg, 1 Eq, 2.45 mmol) and 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (536 mg, 1
Eq, 2.45 mmol) were added to a 25 mL. RBF equipped with a stir bar. Acetic acid (10 mL) was added
and the reaction was stirred at ambient temperature for 24 hours. The reaction was then diluted with

DCM and washed with sodium bicarbonate (2x) to remove AcOH. The organic layers were dried with
sodium sulfate and concentrated and carried through to the deprotection step without any further



purification. The crude residue was dissolved into 60 mL of THF into a 250 mL RBF, to which
sodium periodate (1.57 g, 3 Eq, 7.34 mmol) and 2 mL of 1M HCI were added. The reaction was stirred
overnight. The solvent was then removed, and the product was dissolved into EtOAc and washed
with water. The organic layer was collected and dried over sodium sulfate. It was then passed through
a small silica plug, first with 40:60 EtOAc in hexane to remove the byproduct and then with 5%
MeOH in DCM. The MeOH-DCM fractions were collected and concentrated 2 vacuo. The crude
boronic acid was further purified with 1M NaOH basic extraction against EtOAc (1x). The basic
aqueous layer was then neutralized with 1M HCI and the boronic acid was re-extracted with EtOAc.
Finally, the organic layers were collected and concentrated and washed with cold ACN to yield (E)-
(2-((2,6-difluorophenyl)diazenyl)phenyl)boronic acid (75 mg, 0.29 mmol, 12%) as an orange solid.

"H NMR (500 MHz, DMSO-d) & 8.01 (s, 2H), 7.84 — 7.78 (m, 1H), 7.78 — 7.72 (m, 1H), 7.65 — 7.57
(m, 3H), 7.42 — 7.32 (m, 2H).”C NMR (125 MHz, DMSO) & 156.69, 156.24, 154.65, 134.58, 132.80,
130.44, 119.28, 113.72, 113.56. HRMS: m/z expected for Ci,H10BF2NO» [M+H]" 263.07, measured
263.08.

(E)-1-(2-bromophenyl)-2-(2,6-dimethoxyphenyl)diazene (SI-4)

MeO

N2 I;
’
M
[IBr OMe

SI-1 (885 mg, 1 Eq, 4.67 mmol) was added to a flask charged with a stir bar and dissolved in 36 mL
of DCM. 2,6-dimethoxyaniline (729 mg, 1 Eq, 4.76 mmol) and acetic acid (5.7 mL, 21 Eq, 100 mmol)
were added to the flask which was allowed to stir open to air overnight at ambient temperature. The
reaction mixture was then concentrated 7 vacuo, re-dissolved in EtOAc (40 mL) and washed with 40
mL 1 M HCI (3x). The organic layers were collected, dried over sodium sulfate and concentrated 7
vacuo. The resulting crude was purified zza flash column chromatography (20% EtOAc in hexane) to
yield (E)-1-(2-bromophenyl)-2-(2,6-dimethoxyphenyl)diazene (835 mg, 55%) as a red powder.

"H NMR (500 MHz, CDCly 8 7.73 (dd, ] = 7.9, 1.3 Hz, 1H), 7.57 (dd, ] = 7.9, 1.7 Hz, 1H), 7.43 —
7.34 (m, 1H), 7.33 — 7.27 (m, 2H), 6.70 (d, ] = 8.4 Hz, 2H), 3.89 (s, 6H)."C NMR (126 MHz, CDCI;)
& 153.26, 151.43, 135.62, 131.32, 130.70, 127.99, 125.28, 123.84, 118.13, 106.54, 56.70. HRMS: m/z
expected for CiuH1iBrNO, [M+H]" 321.02, measured 321.02.

(E)-(2-((2,6-dimethoxyphenyl)diazenyl)phenyl)boronic acid (3)
MeO
Ns
L ‘
BOH), ~"°
SI-4 (2.50 g, 1 Eq, 7.78 mmol), bis(pinacolato)diboron (2.17 g, 1.1 Eq, 8.56 mmol), potassium acetate

(2.29 g, 3 Eq, 23.4 mmol), and Pd(dppf)Clx*dcm (636 mg, 0.1 Eq, 0.778 mmol) were added to a flask
equipped with stir bar and degassed and back-filled with nitrogen (3x). Toluene (85 mL) was added



via cannula and the reaction was stirred under nitrogen at 80°C overnight. The solution was filtered
through a celite plug, using EtOAc to elute additional product. The product was concentrated 7 vacuo,
and diluted with 150 mL of THF and 39 mL of DI water. Sodium periodate (3.33 g, 2 Eq, 15.6 mmol)
was added and allowed to stir for 30 minutes before adding 1 M HCI (7.7 mL). The reaction was
stirred overnight at ambient temperature. The organic solvent was removed 7 vacuo and the product
was washed with EtOAc. The resulting organic layer was extracted with 1 M NaOH. The aqueous
layer was neutralized with 1 M HClI and extracted with EtOAc. The resulting organic layer was dried
over sodium sulfate and concentrated to yield a crude product that was washed with DCM on a fritted
funnel to yield (E)-(2-((2,6-dimethoxyphenyl)diazenyl)phenyl)boronic acid (672 mg, 30%) as a free-
flowing dark orange powder.

"H NMR (500 MHz, DMSO-d;) 8 8.52 (s, 2H), 8.00 (dd, ] = 7.4, 1.7 Hz, 1H), 7.73 (dd, ] = 8.1, 1.2
Hz, 1H), 7.61 — 7.45 (m, 3H), 6.90 (d, ] = 8.5 Hz, 2H), 3.90 (s, 6H).°C NMR (126 MHz, DMSO-d)
& 158.08, 157.71, 154.61, 136.51, 133.64, 131.74, 131.14, 130.52, 114.11, 105.79, 56.62. HRMS: m/z
expected for CiuHisBNO4 [M+H]" 287.11, measured 287.12

1-bromo-4-nitrosobenzene (SI-5)

Ny
/@/ \O
Br

4-bromoaniline (500 mg, 1 Eq, 2.91 mmol) was added to a 100 mLL RBF equipped with a stir bar and
dissolved in 7 mL. of DCM. Oxone (3.57 g, 2 Eq, 5.81 mmol) was dissolved into 28 mL of deionized
water and added to the reaction, which was left to stir vigorously for 3 hours at ambient temperature.
The reaction was diluted with DCM and washed with 1M NaOH (2x) and 1M HCI. The organic layer
was collected, dried with sodium sulfate and concentrated. The crude was carried on to the following
reaction.

(E)-1-(4-bromophenyl)-2-(2,6-dimethoxyphenyl)diazene (SI-6)

MeO
N
Br

OMe

SI-5 (910 mg, 1.1 Eq, 4.89 mmol) was added to a flask equipped with a stir bar and dissolved in 40
mL of DCM. 2,6-dimethoxy aniline (681 mg, 1.0 Eq, 4.45 mmol) and acetic acid (5.34 mL, 21 Eq, 93.4
mmol) were added and the reaction was left to stir at ambient temperature overnight. The reaction
mixture was then concentrated z vacuo and diluted with 100 mL. EtOAc and washed with 1 M HCL
The aqueous layer was washed with 75 mL EtOAc (3x) and the combined organic layers were dried
over sodium sulfate and concentrated 7z vacuno. The resulting crude red oil was purified by column
chromatography  (30%  EtOAc in  hexane) to yield (E)-1-(4-bromophenyl)-2-(2,6-
dimethoxyphenyl)diazene (719.4 mg, 51%) as a red powder.



"H NMR (500 MHz, CDCI5) 8 7.77 — 7.71 (m, 2H), 7.64 — 7.58 (m, 2H), 7.28 — 7.21 (m, 1H), 6.66 (d,
J = 8.4 Hz, 2H), 3.82 (s, 6H).”C NMR (125 MHz, CDCl) & 152.52, 152.19, 133.47, 132.19, 130.00,
125.18, 124.13, 105.12, 56.48 LRMS: m/z expected for CisH1sBtNO, [M+H]" 321.02, measured
321.0

(E)-(4-((2,6-dimethoxyphenyl)diazenyl)phenyl)boronic acid (4)

MeO

N&
o ;
(HO),B OMe

SI-6 (670 mg, 1 Eq, 2.09 mmol), bis(pinacolato)diboron (583 mg, 1.1 Eq, 2.29 mmol), potassium
acetate (614 mg, 3 Eq, 6.26 mmol), and Pd(dppf)Cl2*decm (170 mg, 0.1 Eq, 0.209 mmol) were added
to a flask charged with stir bar and degassed and back-filled with nitrogen (3x). Toluene (20 mL) was
added zia cannula and the reaction was stirred under nitrogen at 80 °C overnight. It was then filtered
through celite, using EtOAc to elute additional product. The filtrate was then concentrated and re-
dissolved in THF (27 mL) followed by addition of sodium periodate (892 mg, 2 Eq, 4.17 mmol) in 7
mL of DI water. After 30 minutes of stirring, 1.3 mL of 1 M HCl was added to the reaction mixture
and further stirred overnight at room temperature. The organic layer was removed 7 vacuo and the
resulting aqueous solution was extracted with EtOAc. The crude was then purified by column
chromatography (10% MeOH in DCM), followed by a base extraction and a plug column first with
50% EtOAc in Hexanes then 10% MeOH in DCM to yield (E)-(4-((2,6-
dimethoxyphenyl)diazenyl)phenyl)boronic acid (39 mg, 7%) as a dark red powder.

"H NMR (500 MHz, DMSO-d;) & 8.23 (s, 2H), 7.97 (d, ] = 8.3 Hz, 2H), 7.70 (d, ] = 8.3 Hz, 2H), 7.31
(t, ] = 8.4 Hz, 1H), 6.81 (d, ] = 8.5 Hz, 1H), 3.75 (s, 611).°C NMR (125 MHz, DMSO-d;) & 153.67,
151.53, 135.10, 129.66, 121.08, 116.63, 105.27, 104.42, 56.22. HRMS: m/z expected for C14;H1sBN,Oy
[M+H]" 287.11, measured 287.12

(E)-1-(2-bromophenyl)-2-(2,4-dimethoxyphenyl)diazene (SI-7)
MeO\@OMe Br
N d

To a flask equipped with a stir bar, SI-1 (500 mg, 1.2 Eq, 2.69 mmol) in 20 mL of DCM was added
followed by 2,4 dimethoxy aniline (343 mg, 1 Eq, 2.24 mmol) and acetic acid (2.69 mL, 21 Eq, 47
mmol). The reaction was left to stir overnight at ambient temperature. The reaction mixture was
washed with 75 mL of sodium bicarbonate (3x), followed by 75 mL of 1 M HCl (2x). The combined
organic layers were dried over sodium sulfate and concentrated 7 vacuo. The resulting product was
purified 7z column chromatography (25% EtOAc in hexane) to yield (E)-1-(2-bromophenyl)-2-(2,4-
dimethoxyphenyl)diazene (624 mg, 87%) as a red powder.



'H NMR (500 MHz, CDCl5) & 7.85 (d, ] = 8.9 Hz, 1H), 7.75 — 7.68 (m, 1H), 7.63 (dd, ] = 8.0, 1.7
Hz, 1H), 7.35 (ddd, ] = 8.1, 7.3, 1.4 Hz, 1H), 7.28 — 7.20 (m, 2H), 6.59 — 6.42 (m, 1H), 4.02 (s, 3H)
3.89 (d, J = 1.3 Hz, 3H).*C NMR (125 MHz, CDCL) & 164.34, 159.77, 150.85, 137.44, 134.83,
131.56, 128.91, 124.75, 118.89, 118.33, 106.56, 99.79, 56.41, 55.72. HRMS: m/z expected for
C14sH 14BN O, [M+I—1]+ 32102, measured 321.02

bl

(E)-(2-((2,4-dimethoxyphenyl)diazenyl)phenyl)boronic acid (5)
MeO\@OMe B(OH),
"0
N d

SI-7 (600 mg, 1 Eq, 1.87 mmol), bis(pinacolato)diboron (522 mg, 1.1 Eq, 2.05 mmol), potassium
acetate (550 mg, 3 Eq, 5.60 mmol), and Pd(dppf)Cl2*decm (137 mg, 0.1 Eq, 0.187 mmol) were added
to a flask charged with stir bar and degassed and back-filled with nitrogen (3x). Toluene (20 mL) was
added »zz cannula and the reaction was stirred under nitrogen at 80 °C overnight. The reaction mixture
was then filtered through celite, using EtOAc to elute additional product. The filtrate was concentrated
and re-dissolved in THF (36 mL). To it sodium periodate (799 mg, 2 Eq, 3.74 mmol) in 9 mL of DI
water was added and after 30 minutes of stirring, 0.9 mL of 1 M HCl was added to the reaction mixture
which was then left to stir overnight at room temperature. The organic layer was removed 7 vacuo and
the resulting aqueous solution was extracted with EtOAc and dried over sodium sulfate. The organic
layer was concentrated and purified #iz column chromatography (10% MeOH in DCM). The resulting
product was concentrated and re-dissolved in EtOAc, extracted with 1 M NaOH. The basic layer was
neutralized with 1 M HCI and extracted with EtOAc, dried over sodium sulfate, and concentrated to
yield (E)-(2-((2,4-dimethoxyphenyl)diazenyl)phenyl)boronic acid (181 mg, 34%) as a red powder.

"H NMR (500 MHz, DMSO-dg) 8 8.27 (s, 2H), 7.79 (dd, ] = 7.3, 1.6 Hz, 1H), 7.71 (dd, ] = 8.1, 1.2
Hz, 1H), 7.67 (d, ] = 8.9 Hz, 1H), 7.52 (td, ] = 7.7, 1.6 Hz, 1H), 7.46 (td, ] = 7.2, 1.2 Hz, 1H), 6.79 (d,
J =2.6 Hz, 1H), 6.73 (dd, ] = 8.9, 2.5 Hz, 1H), 3.96 (s, 3H), 3.89 (s, 3H). ®C NMR (125 MHz, DMSO-
do) & 164.13, 157.22, 156.67, 135.88, 135.07, 130.73, 130.29, 129.76, 124.02, 122.69, 116.32, 106.89,
99.84, 56.48, 56.30. HRMS: m/z expected for C14H;BN,O, [M+H]* 287.11, measured 287.12

methyl 3-bromo-4-nitrosobenzoate (SI-8)

0]
BrD)LOMe
Oy
N
Methyl 4-amino-3-bromobenzoate (230 mg, 1 Eq, 1.00 mmol) was dissolved into 6 mL of DCM into
a 50 mL RBF equipped with a stir bar. Oxone (1.84 g, 3 Eq, 3.00 mmol) was dissolved into 24 mL of
water, and was added into the RBF. The reaction was left to stir for 36 hours at ambient temperature.

The reaction was diluted with DCM and washed with 1M NaOH (2x) and 1M HCI. The organic layer
was collected, dried with sodium sulfate and concentrated. The crude was purified by flash



chromatography (10% EtOAc in hexane) to yield the product as a yellow solid, which was carried on
to the following reaction.

methyl (E)-3-bromo-4-((2,6-dimethoxyphenyl)diazenyl)benzoate (SI-9)

MeO

N< j@
SN
MeO\n/©i OMe
Br

0]

In a 250-mL RBF equipped with a stir bar, SI-8 (560 mg, 1 Eq, 2.29 mmol) and 2,6-dimethoxyaniline
(352 mg, 1 Eq, 2.29 mmol) were dissolved into DCM. To it 10 mL of AcOH was added and the
reaction was capped and let stir for 24 hours at ambient temperature. Initially the reaction solution
was a dark green color, which quickly became darker and the green color faded away. After 24 hours,
the reaction was a deep red/black solution. The reaction was then diluted with DCM and washed with
1M NaOH and then with 1M HCI. The organic layer was collected, dried over sodium sulfate, and
concentrated. The crude was purified with flash chromatography (20% EtOAc in hexane) to yield
methyl (E)-3-bromo-4-((2,6-dimethoxyphenyl)diazenyl)benzoate (301 mg, 35%) as red solid.

"H NMR (500 MHz, CDCL) 8 8.38 (s, 1H), 8.01 (d, ] = 8.0 Hz, 1H), 7.54 (d, ] = 8.3 Hz, 1H), 7.31 (t,
T =84 Hz, 1H), 6.68 (d, ] = 8.4 Hz, 2H), 3.93 (s, 3H), 3.89 (s, 6H).*C NMR (125 MHz, CDCIy) &
165.54, 154.20, 153.72, 134.78, 133.00, 132.16, 131.84, 129.35, 123.58, 117.99, 105.12, 56.66, 52.52.
HRMS: m/z expected for CicHisBtN,O4 [M+H]" 379.02, measured 379.03

(E)-(2-((2,6-dimethoxyphenyl)diazenyl)-5-(methoxycarbonyl)phenyl)boronic acid (SI-10)

MeO
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SN
MeO OM
© B(OH), ~ "¢
o

Bis(pinacolato)diboron (222 mg, 1.1 Eq, 873 umol), potassium acetate (234 mg, 3 Eq, 2.38 mmol) and
Pd(dppf)Cl*dem (64.8 mg, 0.1 Eq, 79.4 umol) were added to a 50 mL schlenk flask equipped with a
stir rod. The reaction was backfilled (3x) with nitrogen and then SI-9 (301 mg, 1 Eq, 794 pmol) was
added in 35 mL of dry toluene. The reaction was stirred for 18 hours at 80 °C. Upon completion, the
reaction was cooled to room temperature and filtered through a celite plug. The filtrate was then
concentrated and re-dissolved in EtOAc. The organic layer was washed with saturated NH4Cl
followed by DI water. Combined organic layers were collected, dried over sodium sulfate,
concentrated and then re-dissolved in 10 mL of THF into a 25 mLL RBF equipped with a stir bar. 2
mL of DI water and sodium periodate (340 mg, 1.59 mmol) were added to it and stirred overnight.
Upon completion, the organic solvent was removed 7 vacuo. The crude was dissolved in EtOAc and
washed with saturated NH4Cl. The organic layer was collected, dried over sodium sulfate and
concentrated to yield (E)-(2-((2,6-dimethoxyphenyl)diazenyl)-5-(methoxycarbonyl)phenyl)boronic
acid (154 mg, 448 umol, 56%) as a red solid.



"H NMR (500 MHz, DMSO-d;) & 8.67 (s, 2H), 8.60 (s, 1H), 8.14 (d, ] = 8.5 Hz, 1H), 7.81 (d, ] = 8.6
Hz, 1H), 7.55 (t, ] = 8.5 Hz, 1H), 6.93 (d, ] = 8.5 Hz, 2H), 3.93 (s, GH), 3.91 (s, 3H). *C NMR (125
MHz, DMSO-dy) 8 166.38, 160.05, 155.04, 137.73, 134.91, 132.54, 131.04, 130.55, 114.60, 105.82,
56.72, 52.78. HRMS: m/z expected for C1oH-BN,Og [M+H]" 345.12 , measured 345.12.

(E)-3-borono-4-((2,6-dimethoxyphenyl)diazenyl)benzoic acid (SI-11)

MeO

Ns
>N

HO OMe
0

To a 100 mL RBF equipped with a stir bar, compound SI-10 (200 mg, 1 Eq, 581 umol) in methanol
(21 mL) was added followed by LiOH (41.8 mg, 3 Eq, 1.74 mmol) in 8 mL of water. It was then
stirred for 48 hours at ambient temperature, then diluted with EtOAc and DI water (1:1). The product
remained in the aqueous layer, so the organic layer was discarded. The aqueous layer was then
neutralized with 1M HCI and extracted back into EtOAc. The organic layer was collected, dried over
sodium sulfate and concentrated. The product was washed extensively with acetonitrile to yield (E)-
3-borono-4-((2,6-dimethoxyphenyl)diazenyl)benzoic acid (153 mg, 80%) as an orange solid.

"H NMR (500 MHz, DMSO-d;) & 8.67 (s, 2H), 8.58 (s, 1H), 8.11 (dd, ] = 8.5, 2.1 Hz, 1H), 7.78 (d, ]
= 8.4 Hz, 1H), 7.54 (t, ] = 8.5 Hz, 1H), 6.92 (d, ] = 8.5 Hz, 2H), 3.92 (s, 6H).C NMR (125 MHy,
DMSO-d) & 167.47, 159.89, 155.00, 137.93, 134.84, 132.72, 132.22, 130.43, 114.38, 105.77, 56.69.
LRMS: m/z expected for CisHisBN.Ogs [M+H]" 331.1 , measured 331.1

7-(2-aminoethoxy)-2H-chromen-2-one hydrochloride (SI-12)

0s_O 0
NSNHstCr
X

7-Hydroxy-2H-chromen-2-one (635 mg, 1 Eq, 3.92 mmol) and potassium carbonate (388 mg, 1 Eq,
3.92 mmol) were dissolved in acetonitrile (10 mL) into a 25 mL 3-neck RBF equipped with a stir bar
and condenser. To it, tert-butyl (2-bromoethyl)carbamate (878 mg, 1 Eq, 3.92 mmol) in 10 mL of dry
acetonitrile was added and stirred at refluxing conditions for 20 hours, leading to the formation of
bright yellow solid precipitates. Upon completion, the reaction was concentrated and dissolved into
EtOAc and washed with saturated NaHCO;. The organic layer was dried and concentrated to about
20 mL, to which 25 drops of concentrated HCl was added. This led to the precipitation of a white
solid over two hours which was collected by filtration and characterized as the HCI salt. The salt was
then free based by dissolving 50 mg into 10 mL of MeOH followed by addition of 10 eq of solid
NaHCO:s; and letting stir for 3 hours. After the solvent was removed and the crude was dissolved in
DCM and washed with water. The organic layer was dried over sodium sulfate and concentrated. The
amino compound was unstable at room temperature, so was immediately carried towards next reaction
without any further purification.



Data for compound SI-9 : "H NMR (500 MHz, DMSO-4;) & 8.11 (s, 3H), 8.03 (d, ] = 9.5 Hz, 1H),
7.69 (d, ] = 8.6 Hz, 1H), 7.06 (d, ] = 2.4 Hz, 1H), 7.01 (dd, ] = 8.6, 2.4 Hz, 1H), 6.34 (d, ] = 9.5 Hz,
1H), 4.29 (¢, ] = 5.1 Hz, 2H), 3.25 (p, ] = 5.4 Hz, 2H). *C NMR (125 MHz, DMSO-4;) § 161.33,
160.65, 155.73, 144.74, 130.10, 113.40, 113.31, 113.21, 101.97, 65.53, 38.62. HRMS: m/z expected
for C11H.NOs [M+H]" 206.07 , measured 206.08.

2,3,4,5,6-pentahydroxy-N-(2-((2-oxo-2H-chromen-7-yl)oxy)ethyl)hexanamide (17)

O OH OH
@) 0] @) ~ OH
NS OH OH

7-(2-Aminoethoxy)-2H-chromen-2-one (30.0 mg, 1 Eq, 146 umol, free base of SI-12) was dissolved
into acetonitrile (10 mL) in a 20 mL scintillation vial equipped with a stir bar, and 3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-one (24.7 mg, 0.95 Eq, 139 umol) was added. The reaction
was heated to 70 °C overnight. The reaction was then filtered over Celite and the filtrate was
concentrated and washed with MeOH to yield 2,3,4,5,6-pentahydroxy-N-(2-((2-oxo-2H-chromen-7-
yl)oxy)ethyl)hexanamide (25 mg, 65 pmol, 45%) as a white solid.

"H NMR (500 MHz, DMSO-4;) § 8.06 (d, ] = 9.5 Hz, 1H), 7.70 (d, ] = 8.6 Hz, 1H), 7.09 (s, 1H), 7.03
(dd, ] = 8.6, 2.4 Hz, 1H), 6.36 (d, ] = 9.5 Hz, 1H), 4.19 (t, ] = 6.1 Hz, 2H), 4.10 (d, ] = 3.8 Hz, 1H),
3.99 (s, 1H), 3.66 — 3.49 (m, 6H).”C NMR (125 MHz, DMSO-ds) & 173.39, 161.96, 160.80, 155.82,
144.81, 130.01, 113.22, 113.01, 112.93, 101.71, 73.81, 72.57, 71.80, 70.43, 67.21, 63.63, 37.81. LRMS:
m/z expected for Ci7HaNOy [M-H] 382.12 , measured 382.0.

(E)-1-(2-bromophenyl)-2-(2,6-diethylphenyl)diazene (SI-13)

To a 250 mL flask equipped with a stir bar, SI-1 (872 mg, 1 Eq, 4.69 mmol) and 2,6-diethylaniline (735
mg, 811 uL, 1.05 Eq, 4.92 mmol) were dissolved into 60 mL of DCM, to which 15 mL of AcOH was
added to. The reaction was left to run for 7 days at ambient temperature, which was then diluted with
DCM and washed with 1M NaOH (2x). The organic fraction was collected, dried with sodium sulfate,
and concentrated. The crude was dissolved into hexane and passed through a silica plug with hexane.
The eluent was collected, concentrated, and then passed through an alumina plug with hexane. The
hexane was concentrated to approximately 10 mL and cooled to —20 °C, which led to the
crystallization of an impurity. The product was collected as a dark red oil, (E)-1-(2-bromophenyl)-2-
(2,6-diethylphenyl)diazene (187 mg, 0.53 mmol, 11%, >90% "H NMR putity), and carried on to the
next reaction without further purification. 'H NMR (500 MHz, CDCl;) & 7.70 (dd, ] = 7.9, 1.3 Hz,
1H), 7.53 (dd, ] = 8.0, 1.7 Hz, 1H), 7.34 (ddd, ] = 8.0, 7.2, 1.4 Hz, 1H), 7.26 (ddd, ] = 7.8, 7.2, 1.7 Hz,
1H), 7.20 — 7.16 (m, 1H), 7.11 (d, ] = 7.6 Hz, 2H).



(E)-1-(2,6-diethylphenyl)-2-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl)diazene
(©)

Bis(pinacolato)diboron (165 mg, 1.1 Eq, 648 umol), potassium acetate (174 mg, 3 Eq, 1.77 mmol) and
Pd(dppf)Cl*dem (48.1 mg, 0.1 Eq, 58.9 umol) were added to a 25 mL schlenk flask equipped with a
stir rod. The reaction was backfilled (3x) with nitrogen and then SI-13 (187 mg, 1 Eq, 589 pmol) was
added in 8 mL of dry toluene. The reaction was stirred for 18 hours at 80 °C. Upon completion, the
reaction was cooled to room temperature and filtered through a celite plug. The solvent was removed,
the crude was diluted in DCM and washed with water. The organic layer was dried with sodium sulfate,
and concentrated. The crude was dissolved into 9 mL of THF into a 100 mL RBF equipped with a
stir bar, to which 2.25 mL of water and sodium periodate (379 mg, 3 Eq, 1.77 pmol) were added to.
0.5 mL of 1M HCI was added and the reaction was left to react overnight at ambient temperature.
After the reaction was diluted with EtOAc and washed with water. The organic layer was collected,
dried with sodium sulfate, and concentrated. The crude was purified by flash chromatography (20%
EtOAc in hexane) to yield , (E)-(2-((2,6-diethylphenyl)diazenyl)phenyl)boronic acid (99 mg, 350 pmol,
59%) as a red oil.

'H NMR (500 MHz, DMSO-dy)  7.94 — 7.87 (m, 1H), 7.69 — 7.57 (m, 3H), 7.33 (dd, ] = 8.4, 6.6 Hz,
1H), 7.30 — 7.23 (m, 2H), 2.69 (q, ] = 7.5 Hz, 4H), 1.14 (t, ] = 7.5 Hz, 6H). ®C NMR (125 MHz,
DMSO) 8 155.14, 150.96, 136.36, 133.08, 131.20, 129.57, 128.70, 127.71, 122.24, 24.72, 16.23. LRMS:
m/z expected for CisHisBN.O, [M+H]" 283.15 , measured 283.1

(E)-2-(2-bromostyryl)-1,3-difluorobenzene (SI-14)

A 25 mL schlenk flask equipped with a stir rod was charged with dimethyl (2,6-
difluorobenzyl)phosphonate (150 mg, 1.00 Eq, 635 umol), to which 33 mg of NaH powder (57%
NaH) was added to slowly on ice, leading to a cloudy yellow reaction. After 30 minutes, 2-
bromobenzaldehyde (118 mg, 74.1 uL, 1.00 Eq, 635 umol) was added to the reaction, which was
allowed to warm to room temperature. After 15 hours the reaction appeared as a clear yellow solution.
The THF was removed 7 vacuo and the solution was diluted with EtOAc and washed with DI water
2x. The organic layer was collected and dried with sodium sulfate and concentrated to yield a light
yellow oil, ((E)-2-(2-bromostyryl)-1,3-difluorobenzene (114 mg, 386 umol, 61%) and carried through
to the next reaction.

Crude 'H NMR (500 MHz, CDCy)  7.80 (d, ] = 16.6 Hz, 1H), 7.69 (dd, ] = 7.9, 1.7 Hz, 1H), 7.60
(dd, J = 8.0, 1.3 Hz, 1H), 7.34 (tdd, ] = 7.9, 1.3, 0.7 Hz, 1H), 7.22 — 7.12 (m, 2H), 7.06 (d, ] = 16.6
Hz, 1H), 6.98 — 6.90 (m, 2H).



(E)-(2-(2,6-difluorostyryl)phenyl)boronic acid (7)

(SI-14) (136 mg, 1 Eq, 461 pmol) was dissolved into 3 mL of dry THF and transferred into a 25 mL
schlenk flask equipped with a stir rod. The solution was cooled to -78 °C for 15 minutes and n-
butyllithium (44.3 mg, 278 uL, 1.5 Eq, 691 umol) was added dropwise. This was allowed to stir for 30
minutes, to which triisopropyl borate (130 mg, 0.16 mL, 1.5 Eq, 691 pmol) was added. The reaction
was allowed to warm to room temperature and run for 12 hours. The reaction was quenched with 1M
HCl and allowed to run for an hour. The organic solvent was removed and the product was diluted in
EtOAc and washed with 1M HCI and DI water (2x). The organic layer was dried with sodium sulfate
and concentrated. The product was dissolved in DCM in a RBF layered with hexane and purified by
slow evaporation of the DCM i vacuo to yield the product as a white powder: (E)-(2-(2,6-
difluorostyryl)phenyl)boronic acid (33 mg, 0.13 mmol, 28%).

"H NMR (500 MHz, DMSO) 8 7.87 (dd, ] = 16.8, 2.4 Hz, 1H), 7.74 (d, ] = 7.9 Hz, 1H), 7.51 (dd, J
=74,15Hz, 1H), 7.42 - 7.31 (m, 2H), 7.31 — 7.25 (m, 1H), 7.19 — 7.11 (m, 2H), 6.99 (d, ] = 16.8 Hz,
1H).”C NMR (125 MHz, DMSO) § 161.54, 159.62, 140.52, 137.39, 133.87, 129.55, 129.36, 127.69,
124.74,114.92, 112.61. LRMS: m/z expected for CiuHyBF,O, [M+FA] 305.06, measured 305.1

P1
R=
R,H H Q MeQ
R
nr/\omo/\)f” y Q Y
0 o B(OH)
2
R AR MaG
H H
P1

125 mg of 4-arm PEG amine hydrochloride salt (MW = 5000) was added to a Schlenk flask (25 mL)
and melted under high vaccum (2x) to remove excess water. 2-methoxyethan-1-aminium (0.125 g, 1
Eq, 23.6 pmol), HOBt (36.1 mg, 10 Eq, 236 umol), and (E)-3-borono-4-((2,6-
dimethoxyphenyl)diazenyl)benzoic acid (77.9 mg, 10 Eq, 236 pmol) were then added as solids along
with a stir bar, the vessel was sealed and backfilled with nitrogen (3x). 2 mL of DCM and 2 mL of
DMEF were then added to solubilize the reagents leading to a clear red solution. TEA (23.9 mg, 33 uL,
10 Eq, 236 pmol) was then added to the solution, which was stirred at room temperature for 24 hours.
Upon completion, the reaction was diluted with DCM and filtered through a glass-fritted filter. The
filtrate was concentrated 7 vacuo and then diluted with EtOAc and water (1:1). The EtOAc layer was
separated and further washed with DI water (3x). Combined aqueous layers were concentrated i vacuo
to ~30 mL and dialyzed for 3 days against DI water MWCO = 3.5 kDa) while the water being changed
daily. The sample was then lyophilized for 48 hours to yield 88 mg of the polymer product.

NOTE: Addition of NaCl was useful for clearing the emulsion at the organic/water interface.
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P2 was prepared following a literature procedure.2
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I11. Photochemical characterization

Determination of Photostationary state (PSS): PSS were determined by irradiating the respective
azobenzene with either the UV (390 nm) blue (470 nm), green (535 nm), or red (626 nm) LEDs for
at least 30 minutes and then immediately subject to 'H or ’F NMR. The percentage of Z isomer was
recorded.

Wavelength % Z isomer Wavelength % Z isomer

626 nm (red) <2 6260 nm (red) <6
525 nm (green) 26 525 nm (green) 67
450 nm (blue) 26 450 nm (blue) 50
365 nm (UV) 43 365 nm (UV) 59

Table S1 (left) and Table S2 (right): Photostationary states (%0 Z) of 1 and 2 after 30 minutes
irradiation with various wavelengths of light.

Wavelength % Z isomer ‘ Wavelength % Z isomer

626 nm (red) 56 626 nm (red) 76
590 nm (yellow) 72 525 nm (green) 61
525 nm (green) 67 450 nm (blue) 29
450 nm (blue) 36 390 nm (UV) 51
390 nm (UV) 44

Table S3 (left) and Table S4 (right): Photostationary states (% Z) of 3 and SI-7 after 30 minutes
irradiation with various wavelengths of light.



UV-Vis Spectrum of compound 1-3 and controls before (black) and (green) after irradiation

with green LEDs.
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Figure S1. Left: Normalized UV-Vis absorbance spectra of (E)-1 (33 uM in acetonitrile) before
(black) and after (green) ten minutes of irradiation. Right: Normalized UV-Vis of (E)-2 (15 uM in
acetonitrile) before (black) and after (green) ten minutes of irradiation.
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Figure S2. Left: Normalized UV-Vis absorbance spectra of (E)-3 (21 pM in acetonitrile) before
(black) and after (green) ten minutes of irradiation. Right: Normalized UV-Vis absorbance spectra of
(E)-4 (12 pM in acetonitrile) before (black) and after (green) ten minutes of irradiation.
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Figure S3. Left: Normalized UV-Vis absorbance spectra of (E)-4 (14 pM in acetonitrile) before
(black) and after (green) ten minutes of irradiation. Right: Normalized UV-Vis absorbance spectra of
(E)-5 (35 pM in acetonitrile) before (black) and after (green) ten minutes of irradiation.

Determination of thermal half-lives: The respective azobenzene (at a concentration of between 1-
4 mg/mlL) was irradiated with green or red LEDs for at least 30 minutes to reach the PSS and placed
into the NMR which was set to a given temperature (typically between 40-80 °C).'"H or "F NMR
spectrum were recorded every five minutes at variable temperatures between 30 and 80 °C to monitor
the thermal conversion of azobenzene from the Z to E isomer. Rate constants for the first order
thermal isomerization were determined from exponential fits and Arrhenius plots were constructed
for the rate of isomerization versus temperature. Thermal half-lives at room temperatures (25 °C)
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were determined by extrapolation of these graphs, where 1, = In(2)/k .
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Figure S4. Left: Thermal isomerization of (Z)-1 to (F)-1 as determined by "H NMR at 50 °C, 60 °C,
70 °C, and 75 °C. Right: Arrhenius plot of thermal isomerization of (Z)-1 to (E)-1. The half-life was

determined to 3.5 days at 25 °C.
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Figure S5. Left: Thermal isomerization of (£)-2 to (E)-2 as determined by '"H NMR at 40 °C, 50 °C,
60 °C, and 70 °C. Right: Arrhenius plot of thermal isomerization of (Z)-2 to (E)-2. The half-life was
determined to 70 days at 25 °C.
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Figure S6. Left: Thermal isomerization of (£)-3 to (E)-3 as determined by '"H NMR at 40 °C, 50 °C,
60 °C, and 70 °C. Right: Arrhenius plot of thermal isomerization of (Z)-3 to (E)-3. The half-life was
determined to 24 days at 25 °C.
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IV. Competition experiments

General procedure for competition experiment: 10 umol of the given azobenzene boronic acid
was dissolved into 500 uL. of DMSO-ds and irradiated with green or red LEDs for 30 minutes to
produce a mixture of the E and Z isomers. 2 equivalence of diol was added to the solution, and 2 uL.
of D,O was added. If an internal standard was necessary, cyclooctenediol was added, which is noted
in those specific experiments. The solution was left to equilibrate for at least 12 hours and then 'H or
YF (if applicable) NMR spectrum wete recorded. The amount of bound and unbound boronic acid
for both the E and Z isomer were determined by integration and the relative Keq (Kri) was determined
from below formula. Protons that could be accurately assigned have been included.

Keo(E) is expressed by equation 1 and Keq(Z) is expressed by equation 2. Because both equilibria are
present in the same NMR tube, the concentration of water and diol are the same, and the K.ican be
simplified as in equation 3.

[(E)-ester][H20]? (1)

KGQ(E) [(E)-acid][dio]]

[(Z)-ester][HoO]? (2)

KGQ(Z) [(Z)-acid][diol]

_ Keq(Z) _ [(Z)-ester][H20]? (E)-acid][diol] __ [Z-ester][E-acid
Krel = Keo(E) [[(Z)—aci(]i][[d?ol]] * [([E)—ester]][hg()]]2 o %Z—acid]][[E—ester} (3)
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Figure S8. Competition experiments to determine K of compound 3 with EG.
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Figure S11. "B NMR spectrum of competition experiment between (F)-3 and (£)-3 with EG in
DMSO-d;.
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Figure S12. Competition experiment between (E)-4 and (£)-4 with EG.
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Figure S13. (top) Competition experiment between (E)-1 and (E)-2 with EG. (bottom) Competition
experiment between (E)-2 and (E)-3 with EG.

K1 and Kegry 3 were determined from the left 'H NMR spectra and and Kegay 2 nd Kegzy 2 was
determined by the right “F NMR spectra. The difference in binding for (E)-3 and (E)-2 was
determined to be between 4.2 and 6.9 (due to integration error), so the average of 5.6 was taken to be
the change in binding affinity.
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Figure S14. (top) Competition experiment between (Z)-1 and (£)-2 with EG. (bottom) Competition

experiment between (Z)-2 and (£)-3 with EG.
Keqz1and Kegy3  were determined from the left "H NMR spectra Kegz) 2 was determined by the right

"“F NMR spectra.
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Figure S15. Competition experiment between (E)-5 and (£)-5 with EG.
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Figure $16. Competition experiment between (E)-6 and (£)-6 with EG.
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Figure S17. Competition experiment between (E)-7 and (£)-7 with EG. The Z isomer was accessed
by irradiation of the solution with 305 nm light for 20 minutes.
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Figure S18. Competition experiment between 2 and 7 with EG.



Wavelength-dependent diol binding with compound 3 and ethylene glycol

10 umol of compound 3 was dissolved into 500 uL. of DMSO-d to which 1 Eq of ethylene glycol was
added. After equilibrating for 12 hours a 'H NMR spectrum was recorded to determine how much of
the ethylene glycol was bound, relative to total amount of ethylene glycol in solution. This was repeated
after the sample was irradiated with blue, green, and red LEDs to determine the amount of diol bound
as a function of irradiation wavelength.
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L J__ al Jy i _,_,l_,f““.‘ | None (A) 0 30
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Figure S19 (left): 'H Spectrum highlighting bound and unbound (E)- and (Z£)-3 with EG after
irradiation with no light (black trace), blue light (blue trace), red light (red trace), and green light (green
trace). Right: Table of PSS of 3 with different wavelengths of irradiation and the % diol bound.



Binding experiments with compound 3 and various diols

H, H. Hy Hy
T & T8
[*3 7] [T}
© @ © o
w w N N

= IV
X=oMe 0N HO/><\OH

Hy
X HO. OH ~ X ((\0 me
XY % HO  OH B \R
N‘N’(P _— N—,N\@ \N/@
2H,0 ! |
HO™ " OH U

| j //J L Trial 1 Trial 2 Trial 3 Average  St.Dev

L;

7514
qae_
400,

13.9 13.5 14.1 13.8 0.3

d
3
=0 <

6.9 68 6.7 66 65 64 63 62 61 6.0 59 58 57 56 55 54 5.:

f1 (ppm)

Figure S20. Competition experiment between (E)-3 and (Z)-3 with neopentyl glycol (6).
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Figure S21. Competition experiment between (E)-3 and (£)-3 with ¢is-1,2-cyclopentanediol (7).
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Figure S22. Competition experiment between (E)-3 and (Z)-3 with ¢is-1,2-cyclohexanediol (8).
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Figure S23. Competition experiment between (E)-3 and (Z)-3 with 4-nitrocatechol (9).
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Figure S24. Competition experiment between (E)-3 and (Z)-3 with L-ascorbic acid (10).
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Figure S25. Competition experiment between (E)-3 and (Z)-3 with gluconolactone derivative (11).



X
B

X
L

°
w N
Hq OH
X=OMe H(Q)H - “"_Cg
HO' H
@[x HOL.OH HO " X o 0 x@*x
NN/CE ©[ \© N
\ HO” ~OH U
L J h N ol 4} o ) \\_ Trial 1 Trial 2 Trial 3 Average  St.Dev
: 5.9 55 9.8 7.0 2.4

7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9
f1 (ppm)

Figure $26. Competition experiment between (E)-3 and (Z)-3 with glucose (12).

NOTE: Competition experiments with glucose were complicated to analyze due to multiple binding
modes of glucose which was evident by "H NMR. To account for these, we let the experiments
equilibrate and determined the amount of unbound boronic acid relative to a cyclooctadiene internal
standard. Afterwards, excess D>O was added to the experiment to hydrolyze all the boronic ester. We
then compared the integration of the boronic acids to the internal standard to determine how much
boronic acid was consumed prior to hydrolysis. The "H NMR shows the peaks that were used in the
integration as the unbound E or Z azobenzene boronic acid and the COD internal standard.
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Figure S27. Competition experiment between (E)-3 and (Z)-3 with adenosine (13).
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Figure S28. Competition experiment between (E)-3 and (Z)-3 with capecitabine (14).



V. Computational calculation details

Calculations were performed on the Northwestern University’s ‘Quest’ computational cluster.
Preliminary optimizations were performed using the restricted Hartree-Fock theory with the def2-
SVP basis set, the input files were generated by Avogadro, and were then further optimized using
B3LYP hybrid functional and the 6-31+G** basis set as implemented in Orca.” Frequency scans,
which were employed to compute the relative energy of the rotamers, were performed with a 6-
31+G** basis set and B3LYP method. Geometry scans were performed with a 6-31+G** basis set
and B3LYP method from 0-180° in 9.5° intervals.
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Figure S29. (top left) Geometry scan of azobenzene dihedral angle @ from 0 to 180° in 9.5° intervals.
(top right) Geometry scans of phenyl boronic acid ethylene glycol ester. Dihedral angle y (bottom
right) from 0 to 180° in 9.5° intervals. (bottom left) Geometry scan of phenyl boronic acid from

dihedral angle y (bottom right) from 0 to 180° in 9.5° intervals. The optimized structures are depicted
for the compounds at 0° and 85°.
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Figure S30. Geometry-optimized structures of (E)-1 through (FE)-3 unbound.
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Figure S31. Geometry-optimized rotamers of (E)-1 through (E)-3 bound with EG. The most stable
rotamers (rotamers 1) are the left structures in each box, and the differences in energy between the

rotamers are reported below (AG). The less stable isomers (“rotamer 2”7, shown on the right side of
each box) follow a similar trend to Figure 6, with the smaller conformation changes upon binding
occurring for compound 1 and the largest changes for compound 3.
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Figure S32. Geometry-optimized rotamers and relative energies of (£)-1 through (Z£)-3.
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Figure S33. Geometry-optimized rotamers and relative energies of unbound (E)-5.
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Figure S34. Geometry-optimized rotamers and relative energies of bound (E)-5.
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Figure S35. Geometry optimized structures of (F)-6 and (Z£)-6.
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Figure $36. Geometry optimized rotamers of (E)-7 showing the absence of any intramolecular
hydrogen bond.
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(E)-1 bound rotamer 2
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.8117990000 -0.1510820000
.5013210000 -0.5413260000
1.3609850000 0.2842150000

H 1.3278780000 11.0988820000 0.4574320000
H -1.4946360000 1.2538770000 -0.2986570000
H -3.7213500000 2.3354710000 -0.4342410000
H 0.3437100000 5.1273360000 0.1223900000

H 0.5504710000 2.6506980000 -0.0169690000

(E)-2 bound rotamer 1

F -1.5375010000 6.1672990000 -0.9959340000
F 2.5814160000 5.6473970000 1.3159090000
O 2.8536640000 2.2782150000 0.9738530000
0 2.5395460000 2.7333520000 -1.2584030000



2

N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
B
H
H
H
H
H
H
H
H
H
H
H

0.4631370000 4.3948600000 0.2283150000
-0.6748990000 3.8661240000 0.1178100000
3.8677650000 3.1995780000 -0.9606360000
4.1280570000 2.7516160000 0.5014530000
1.6308480000 6.4288880000 0.7559110000
1.8205520000 7.8029070000 0.7704940000
0.8477870000 8.6169220000 0.1850770000
-0.2870740000 8.0525550000 -0.4023400000
-0.4495900000 6.6726690000 -0.3850990000
0.4960850000 5.8027210000 0.2029910000
-0.8755760000 -0.3220150000 0.0656650000
0.3852210000 0.2896520000 0.0130130000
0.5300050000 1.6825100000 0.0144200000
-0.6562420000 2.4512430000 0.0859410000
-1.9221760000 1.8481360000 0.1303280000
-2.0333620000 0.4583170000 0.1224230000
.9651980000 2.3196890000 -0.0752720000
.8918500000 4.2896990000 -1.0703110000
.5673740000 2.7560460000 -1.6759520000
.4622020000 3.5732930000 1.1414180000
.8508260000 1.9299880000 0.5685410000
.2716620000 -0.3386660000 -0.0337190000
-3.0121010000 -0.0117810000 0.1606740000
-0.9494710000 -1.4067420000 0.0583000000
-2.7977800000 2.4887500000 0.1754380000
0.9764350000 9.6951390000 0.1820800000
-1.0486760000 8.6613530000 -0.8779400000
2.7131180000 8.2111960000 1.2316820000

Ll S~ G R

(E)-2 bound rotamer 2

F
F

InDnonoDnDDDIoDoDTonwaoaoaoonaaonnnnnNn0nNnz2z200

WNOWKF W

0.1406860000 6.5857480000 1.4009430000

4.0166070000 6.5267000000 -1.3457530000
-2.5553140000 2.3458680000 0.1612250000
-1.6587660000 4.0514420000 -1.0840490000
2.1519540000 5.0505640000 -0.1028120000
1.0720880000 4.4236760000 0.0603130000

-3.6848960000 3.0725420000 -0.3599650000
-3.0671780000 4.3361820000 -1.0053780000

3.0758570000 7.1975320000 -0.6485380000
3.1482650000 8.5828670000 -0.6114730000
2.1779720000 9.2830860000 0.1097160000
1.1598940000 8.5984570000 0.7784090000
1.1112360000 7.2114990000 0.7065780000
2.0599390000 6.4539720000 -0.0146300000
1.1979940000 3.0083810000 0.0361790000
2.4309800000 2.3535000000 0.2050900000
2.4784610000 0.9630190000 0.2389730000
1.2981390000 0.2178100000 0.1167990000
0.0755710000 0.8730750000 -0.0436620000
-0.0055660000 2.2771140000 -0.0945110000
-1.4072900000 2.9337020000 -0.3292130000
-4.3718700000 3.3007340000 0.4600010000
-4.2016030000 2.4375170000 -1.0894170000
-3.2061490000 5.2318510000 -0.3892540000
-3.4487270000 4.5346900000 -2.0109560000
-0.8375360000 0.2905410000 -0.1284580000

.4311140000 0.4576300000 0.3749810000
.3319510000 -0.8680000000 0.1562880000
.3301230000 2.9488430000 0.3208470000
.4058770000 9.1196150000 1.3587510000
.2176990000 10.3673810000 0.1556100000
.9509490000 9.0874640000 -1.1379040000



(E)-3 unbound

O 0.7843370000 -0.7060310000 7.4753550000
0 1.2757030000 -0.5036100000 5.1758660000
0 -2.7922900000 -0.2821800000 0.1865920000
O 1.4481050000 -0.2727760000 2.3057910000
N -0.9065950000 -0.4772510000 3.5383660000
N -1.4630670000 -0.4106150000 2.4060810000
C 2.8757410000 -0.2144850000 2.2666820000
C -3.6110840000 -0.2255180000 -0.9767480000
C -1.2089920000 -0.6867090000 5.9234990000
C -1.8025020000 -0.6135180000 4.6383300000
C -3.1997580000 -0.6749080000 4.4771290000
C -4.0192160000 -0.8096860000 5.5924480000
C -3.4562660000 -0.8830300000 6.8750300000
C -2.0711520000 -0.8213570000 7.0284670000
C 1.3552200000 -0.0846830000 -0.0991620000
C 0.5750980000 -0.0258910000 -1.2525660000
C -0.8164130000 -0.0888820000 -1.1972560000
C -1.4465970000 -0.2146790000 0.0465480000
C -0.6841680000 -0.2804200000 1.2564280000
C 0.7397870000 -0.2108830000 1.1544340000
B 0.3527310000 -0.6265680000 6.1698530000
H 1.0646600000 0.0724040000 -2.2177110000
H 3.2874940000 -1.0535400000 1.6933630000
H 3.2185960000 0.7350270000 1.8385670000
H 3.1888880000 -0.2867070000 3.3081040000
H -3.4802030000 0.7226190000 -1.5138530000
H -3.4043660000 -1.0642700000 -1.6533360000
H -4.6373940000 -0.2968890000 -0.6135270000
H 1.7476100000 -0.6592170000 7.5316930000
H 0.8234980000 -0.4566290000 4.3020940000
H -3.6136520000 -0.6153220000 3.4767250000
H -5.0984100000 -0.8584270000 5.4671260000
H -4.0973000000 -0.9882750000 7.7464210000
H -1.6346640000 -0.8787110000 8.0212660000
H 2.4335240000 -0.0316640000 -0.1800980000
H -1.3934130000 -0.0396760000 -2.1116290000

wwwrroo

(E)-3 bound rotamer 1

O -4.7042730000 6.4312870000 0.7476270000
0 -0.5689780000 6.7021490000 -1.5002980000
O -1.1243980000 4.0190110000 1.8908390000
O 0.3453870000 3.5258740000 0.1912320000

N -2.4555830000 5.1938560000 -0.4668000000
N -3.4759530000 4.4887110000 -0.6783730000
C 1.1193570000 4.2117810000 1.1899560000

C 0.0716430000 4.7565530000 2.1884550000

C 0.5176920000 7.4287610000 -2.0606190000
-5.7306280000 7.0113170000 1.5441450000
-1.6314430000 8.7838540000 -0.8221370000
-1.5853410000 7.3871460000 -0.9123690000
-2.7262190000 9.3872460000 -0.2013310000
-3.7705590000 8.6311590000 0.3287280000
-3.7429120000 7.2309410000 0.2250910000
-2.6438210000 6.5892180000 -0.4062240000
-3.2156260000 3.0945770000 -0.6252070000
-2.0402960000 2.5529870000 -0.0554780000
-1.8834090000 1.1616230000 -0.1116420000
-2.8593840000 0.3335180000 -0.6825590000
-4.0258000000 0.8904280000 -1.2157570000

cNoNoNoNoNoNoNo NP O NN
COFHNWO N W



jacjiaciiyaciite viitac e s e s it o Jita vl a e e s« s Jta it = s s sl L v O N @ |

-4.2057790000 2.2734300000 -1.1819210000
-0.9570910000 3.4511900000 0.6406240000
-0.8361590000 9.3958460000 -1.2287050000
-2.7658120000 10.4709810000 -0.1287740000
-4.6008050000 9.1298420000 0.8129870000
-2.7101210000 -0.7431830000 -0.7031760000
-4.7880070000 0.2522180000 -1.6543660000
-0.9863850000 0.7096280000 0.3052680000
-5.0964220000 2.7408430000 -1.5916220000
1.7047470000 5.0036710000 0.7125320000
1.8067870000 3.4939910000 1.6544850000
-0.1253610000 5.8253510000 2.0370040000
0.3454370000 4.5906140000 3.2351720000
1.0418040000 8.0216080000 -1.2995070000
1.1946460000 6.6744850000 -2.4648040000
0.1813180000 8.0893030000 -2.8701150000
-6.3685240000 7.6784420000 0.9506190000
-6.3254100000 6.1719910000 1.9072030000
-5.3140000000 7.5615940000 2.3975490000

(E)-3 bound rotamer 2

0
0
0
0
N
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
B
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3.3450510000 4.6932760000 -0.3472940000
2.1595190000 5.0002000000 -2.2890320000
-2.5904870000 8.8715540000 -0.6259900000
1.8544050000 8.3363410000 0.8704960000
-0.7045710000 7.2589630000 0.2314730000
0.1955020000 6.4236750000 -0.0430970000
4.3208120000 5.0685830000 -1.3386890000
3.4830310000 5.4897160000 -2.5697540000
-3.7109100000 9.6745010000 -0.9760700000
3.0386790000 8.8707380000 1.4500060000
0.8895790000 9.1877930000 0.4370230000
1.0705040000 10.5785330000 0.3781870000
0.0218280000 11.3975190000 -0.0379090000
-1.2226940000 10.8683340000 -0.3820660000
-1.4194210000 9.4835980000 -0.3074560000
-0.3654160000 8.6184270000 0.0881400000
-0.1548780000 5.0634940000 0.1880800000
0.8125840000 4.1350740000 -0.2453510000
0.5655900000 2.7705910000 -0.0248530000
-0.6106190000 2.3450560000 0.5983810000
-1.5620480000 3.2854430000 1.0196000000
-1.3378180000 4.6447600000 0.8211160000

2.1130360000 4.6460770000 -0.9609130000
4.9622370000 4.2028230000 -1.5420250000
4.9395980000 5.8801800000 -0.9437650000
3.8391690000 5.0458730000 -3.5037650000
3.4328230000 6.5781110000 -2.6884960000

-2.0530270000 5.3915410000 1.1480920000
-3.5248020000 10.2420820000 -1.8969520000
-4.5316180000 8.9751210000 -1.1426660000
-3.9778540000 10.3662570000 -0.1664700000
2.8098670000 9.5317280000 2.2959730000
3.6037910000 8.0065990000 1.8028300000
3.6358500000 9.4186420000 0.7094930000
0.1776590000 12.4715280000 -0.0955560000
-2.0184250000 11.5282310000 -0.7031730000
2.0204100000 11.0219370000 0.6492480000
-2.4733960000 2.9524610000 1.5097440000
1.2971510000 2.0313070000 -0.3418550000
-0.7847030000 1.2846910000 0.7630540000



(£)-1 unbound
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H 0.2601820000 -

-8
-6
-3
-4

0.1439220000 -
-0.
-0.

-2

-3.

-1

-5.
-6.
-7.

-7

-6.
-5.

-2

-7.
-6.
-8.
0.3359260000 -
1.1008500000 -
-0.
-6.
-8.
-8.
-4.
-3.

-2
-1

.2581260000
.7910390000
.6652450000
.9143330000

6672250000
8897670000
.0858790000
0499540000
.6003540000
3888530000
2451170000
3983660000
.6971120000
8766860000
6923640000
.8183530000
3090890000
1063250000
5692720000

1794040000
0139190000
0694530000
6211750000
4955710000
9632310000
.2681300000
.4066480000

(£)-1 bound

DmIDIonDwoQOaoNN0n0nNnNNOnN=z2z200

-8.
-6.
-3.
-5.
-6.
-8.
-0.
-0.

-1
-2

-3.
-1.
-5.
-6.

-7

-7.
-6.
-5.

-2
-7

-6.
-6.
-9.
-8.

4177770000
2683320000
7833710000
0241640000
9127260000
3669280000
0617650000
7900100000
.0692230000
.2971060000
2364250000
7018220000
5170920000
3570240000
.4459350000
6898020000
8683190000
7617030000
.9498330000
.1821300000
8637470000
3698690000
1116900000
6192580000

NOONRK

-2
-2
-1

-0.
-0.
-0.
.1940250000
.1657370000
.5152950000
.7140290000
.3313580000

-1.
-0.

-2

1
2
0
0.
3
2

-2

-1.

-1
-1

-0.
-0.
-1.

-2
-2

-1.
-0.
-0.
-0.

1
4
3.
3

2

H 0.1702390000 -3.
H 0.8831060000 -1.

.3404190000
.3456200000
.7699940000
.7018580000
.8485870000
-1.
-1.
-1.
-0.
-0.
-1.

3318510000
9311470000
6312870000
7961620000
4607430000
7093450000
.7881100000
.6233730000
.3669510000
2431390000
4567930000
2200020000

.2223460000
.7534850000
.4609550000
.2585910000
8295880000
5786950000
.0580420000

.3218840000
.0340970000
.6527090000
5404330000
.1363350000
.6544340000

1.3224050000
-0.1614520000
-1.2647260000
-1.2918190000
1.0894230000

-0.

7725670000

0.4791840000
1.1496080000
0.5848260000

-1.
-1.
-1.
-0.

3288620000
5029440000
2930070000
5194050000

0.0125220000

-0.
-0.
-0.

1982060000
9461650000
6736460000

0.3391330000
-0.8329360000
1.7072560000
0.4439960000
1.2284790000
2.0647110000

-1.
-0.

7343560000
3508760000

0.5773570000

-2.

1068600000

1.1281860000
2.1327150000
0.0362020000 -2.2749320000
1.5298430000 -1.3053920000

0.7807870000
0.4042060000
-1.6952210000
-1.7613570000
1.0684970000
1.3234950000
.4827280000 1.3946290000

2922020000 -0.7228110000

.6863110000 0.5973640000
.2988450000 1.1540350000

5742460000 0.4183120000

5362510000 -1.4552480000
8534300000 -1.7928850000
.9213570000 -1.4774610000
.7316220000 -0.6204960000
4619200000 -0.0931300000
3600360000 -0.3978210000
5828170000 -1.2490820000
2070970000 -0.9041750000
.0206040000 0.2502040000
.0150300000 0.4174450000
3533580000 1.9939310000
.2703900000 0.8097460000
.6116650000 2.3880490000
4350990000 0.9031400000
9361760000 1.5010310000



jaejite vy ite viie s ita e il a s}

-0.
-6.
-8.
-8.
-4.

-4
-2

4340640000
1609950000
1023840000
5396230000
6801750000

.1730910000
.5247270000
-1.
H 0.1628110000 -

4679970000

(£)-2 unbound

DImoDoDEoDEoDoDIonowaoQaaoonn oo nNNzz00MHM

-3.
-1.
-8.
-6.
-3.
-4.
-0.
-0.
.9847560000
.9285500000
-1.
-5.
-6.
.3477800000
-7.
-6.
-5.
.8369830000
.3630820000
-0.
-6.
-8.
-5.
-8.
-8.
-4.

-1
-2

-7

-2
-7

-2

9705770000
5800800000
3268870000
8782220000
6562640000
9022810000
7484380000
8934970000

7055920000
3280070000
1682960000

6914120000
8887470000
6778450000

1500410000
1650500000
6039690000
9063700000
0073130000
6349060000
4264630000

.1135060000
H 0.0887240000 -

(2)-2 bound

oo z2z200MHM4

-4
-1

-4
-7

-2
-2

=7
=7

-2

.0766560000
.4001260000
-8.
-6.
-3.
.7637790000
.2957530000
-8.
-0.
-0.
.1256020000
.9945540000
-1.
-5.
-5.
.1187170000
.4953290000
-6.
-5.
.7915570000

4440440000
5322570000
5396800000

6546640000
7419340000
9952860000

6303970000
1351240000
9398260000

7202040000
5150650000

-2.7064820000
-3.9010200000
-3.5615890000
-1.3079300000
-1.9933790000
-0.2770340000
-1.5685300000 2.1825050000
-0.1976120000 -2.4603250000
1.5624190000 -1.1727540000

2.3983200000
-1.9051840000
-0.3749070000
0.5667760000
-2.4702970000
0.8753210000

-0.2881050000 1.4562180000
-0.1908280000 -2.6142720000
1.2663470000 1.3230200000
2.3569770000 -0.1160860000
0.8240810000 -1.1472660000
0.7629300000 -1.1955260000
-1.4965430000 -0.8288690000

-1.9519080000 0.4855420000
-1.5497320000 1.2599960000
-0.7009350000 0.6972000000
-0.6336520000 -1.3426080000
-1.6448690000 -1.5096940000
-2.7457590000 -1.3491620000
-2.6177820000 -0.6110340000
-1.3786300000 -0.0632980000
-0.2360760000 -0.2223200000
-0.4125850000 -0.9366210000
-0.2281050000 -0.6201870000

1.1769080000 0.3493430000
-2.6199460000 0.9088710000
2.2224710000 -0.7651580000
0.4242330000 1.6968150000

-3.6955900000 -1.8062870000
-3.4714830000 -0.4821100000
-1.3014410000 0.4730840000

-1.7313720000 -2.1063100000
-1.8766660000 2.2858530000
1.7930790000 -1.4513130000

0.1518420000 1.3942640000

-0.2622920000 -2.4735280000
1.1214270000 0.8466760000

2.2655640000 0.2965570000

0.9768760000 -1.2846350000
0.8867610000 -1.4913920000
3.1749710000 1.1101650000

2.4621440000 1.3282220000

-1.3820080000 -0.4984810000
-1.6871670000 0.8427840000
-1.1742310000 1.4834740000
-0.3634140000 0.7634680000
-0.5551590000 -1.1706810000
-1.4995790000 -1.8625570000
-2.6338010000 -1.7466640000
-2.5813190000 -0.9980200000
-1.3832750000 -0.3863390000
-0.2146460000 -0.4985800000
-0.3053650000 -1.2317880000
-0.0368790000 -0.5834710000



-7.2182260000 1.0823090000 0.2133980000
-0.3085420000 -2.3257220000 1.3895160000
-7.3918050000 4.1282630000 0.5824530000
-6.7528110000 3.3422070000 2.0467580000
-9.4653140000 2.9171690000 0.7484320000
-8.9526700000 2.4204980000 2.3799940000
-5.6459030000 -3.5535900000 -2.2448920000
-7.7468290000 -3.4628040000 -0.9036560000
-8.4164980000 -1.3394400000 0.1874900000
-4.2340620000 -1.5262300000 -2.4670840000
-2.3436060000 -1.3888400000 2.5239490000
H 0.1247590000 -1.7692180000 -1.0229340000

jaciitaciiyac e vie siita it e s Jt = e e sl V)

(£)-3 unbound

O -6.8887400000 2.2203960000 -0.4012660000
O -8.6084770000 0.9824400000 0.6313070000

O -4.0110670000 -0.0988600000 1.4034910000
O -1.4955610000 -0.1316830000 -2.5452520000
N -3.5546510000 0.8324230000 -1.1582870000
N -4.7905240000 0.7130500000 -1.3012110000
C -4.2214470000 -0.4062130000 2.7786450000
C -0.3084330000 -0.3822190000 -3.2914490000
C -0.5874900000 -1.3488470000 -0.6276540000
C -0.7809380000 -1.7380940000 0.6997720000
C -1.9152240000 -1.3515260000 1.4141580000
C -2.8898840000 -0.5615200000 0.7875660000
C -1.5558330000 -0.5518210000 -1.2504970000
C -5.0631490000 -1.7293040000 -1.5889260000
C -5.8592400000 -2.8673870000 -1.4623930000
C -7.1075930000 -2.7843800000 -0.8363670000
C -7.5715030000 -1.5496650000 -0.3755650000
C -6.8120990000 -0.3752880000 -0.5172740000
C -5.5260360000 -0.4999150000 -1.0952730000
C -2.7233620000 -0.1700000000 -0.5586520000
B -7.4319360000 1.0116210000 -0.0808170000
H -8.9303710000 1.8746200000 0.8164630000

H -6.0576730000 2.1019100000 -0.9051170000
H -5.1613400000 0.0778350000 3.0462080000

H -4.3114240000 -1.4882600000 2.9335900000
H -3.4122100000 -0.0074510000 3.4024150000
H -0.1477270000 -1.4580290000 -3.4358050000
H -0.4647650000 0.0936700000 -4.2603290000
H 0.5689250000 0.0599460000 -2.8039180000

H -0.0310910000 -2.3549070000 1.1872790000
H -5.5059830000 -3.8164760000 -1.8564340000
H -7.7241240000 -3.6729950000 -0.7301600000
H -8.5515100000 -1.4793790000 0.0867340000
H -4.1038460000 -1.7869210000 -2.0903760000
H -2.0343400000 -1.6607400000 2.4450080000

H 0.2999050000 -1.6672110000 -1.1608420000

(2)-3 bound

O -8.4641650000 1.1119220000 0.8742860000

O -6.6140190000 2.3279190000 0.2747760000

0 -3.9713780000 0.2036220000 1.4618630000

0O -1.5669090000 -0.2730560000 -2.5280890000
N -3.4828950000 0.9744570000 -1.1607000000
N -4.7090680000 0.9149450000 -1.3675920000
C -4.1748060000 -0.0263670000 2.8501190000
C -0.4254780000 -0.6696610000 -3.2797960000
C -7.4237460000 3.2287300000 1.0486520000



-8.

7441430000 2.4572080000 1.2989830000

-0.7285020000 -1.4672750000 -0.5643860000
-0.9240340000 -1.7685420000 0.7853800000
-2.0002380000 -1.2394690000 1.4977320000
-2.9074940000 -0.3877730000 0.8486860000
-1.6324080000 -0.6127810000 -1.2075610000
-5.0985900000 -1.4615020000 -1.8025760000
-5.9162820000 -2.5895570000 -1.7284880000
-7.1136670000 -2.5408710000 -1.0084820000
-7.4954540000 -1.3493580000 -0.3880880000
-6.7061150000 -0.1856230000 -0.4598280000
-5.4792000000 -0.2748350000 -1.1579250000
-2.7356060000 -0.0773190000 -0.5148260000
-7.2395140000 1.1085520000 0.2292990000

-5.0575880000 0.5557170000 3.1188170000

-4.3630700000 -1.0877060000 3.0561450000
-3.3174640000 0.3182200000 3.4421910000

-0.3651660000 -1.7619570000 -3.3703030000
-0.5580290000 -0.2314210000 -4.2699560000

0.4995050000 -0.2863690000 -2.8315050000

jaejite viiyaciita s e s ita e vl s b a s e s e s e v 2 i s e s O HO N o No N N No N N N O e

-0.2255950000 -2.4302050000 1.2902340000
-7.5693800000 4.1530740000 0.4817470000
-6.8922470000 3.4676970000 1.9769010000
-9.5766900000 2.8467060000 0.7023000000
-9.0420030000 2.4458960000 2.3519900000
-5.6181150000 -3.5034890000 -2.2355690000
-7.7522990000 -3.4179130000 -0.9465060000
-8.4344340000 -1.3052150000 0.1561590000
-4.1803680000 -1.4845010000 -2.3800630000
-2.1275230000 -1.4897210000 2.5435930000

H 0.1100070000 -1.8966780000 -1.0989840000

(E)-5 unbound

1.2718100000 0.0362650000 -2.3682450000
0.8265380000 -1.0191130000 7.4987750000
1.3060960000 -0.7810440000 5.2017320000
1.4968560000 -0.4325140000 2.3435570000
-0.8971430000 -0.5109600000 3.6017720000
-1.4524690000 -0.3792500000 2.4748160000
2.9242120000 -0.4562840000 2.2735700000
0.5549360000 0.1665420000 -3.5938670000

-1.1772260000 -0.7592420000 5.9841650000
-1.7837180000 -0.5932060000 4.7135470000
-3.1829110000 -0.5129400000 4.5822050000
-3.9915560000 -0.5986530000 5.7105450000
-3.4152590000 -0.7640890000 6.9781240000
-2.0280650000 -0.8422520000 7.1028650000
1.3581310000 -0.1926610000 -0.0497730000

0.5716970000 -0.0627350000 -1.2065610000
-0.8275940000 -0.0423450000 -1.1168850000
-1.4063680000 -0.1536220000 0.1430830000
-0.6586600000 -0.2863960000 1.3259550000
0.7705250000 -0.3050990000 1.2099240000
0.3870830000 -0.8537930000 6.2039820000
3.3119990000 0.4794440000 1.8535470000
3.2556230000 -0.5665720000 3.3059740000
3.2735140000 -1.3069850000 1.6761800000
-2.4867210000 -0.1400830000 0.2517610000
0.8554590000 -0.6631210000 4.3351210000
1.7905650000 -1.0675900000 7.5395660000
-0.0905920000 -0.7027660000 -3.7702120000
-0.0478390000 1.0828250000 -3.6053910000
1.3142400000 0.2206680000 -4.3748570000

IODODoDoDDODODIoDomoaaaNN 0NN 0NN z220000



H -3.6122350000 -0.3833420000 3.5953360000
H -5.0722000000 -0.5356330000 5.6064700000
H -4.0470180000 -0.8305810000 7.8600120000
H -1.5805670000 -0.9703340000 8.0839870000
H 2.4336190000 -0.2027910000 -0.1752060000
H -1.4545550000 0.0579230000 -1.9936970000

(E)-5 bound (most stable rotamer)

0.1221370000 12.6606530000 -0.3143930000
3.3403580000 3.6250170000 -0.6607050000
2.8760620000 5.8696090000 -0.6435740000
-2.9606840000 8.9356780000 0.1746330000
-0.9392610000 7.1909520000 -0.0811040000
0.0602980000 6.4300390000 -0.2107870000
-0.9131130000 13.6287830000 -0.1968780000
4.6181250000 4.2753620000 -0.7434720000
4.2742840000 5.7651890000 -0.9679390000
-4.0789480000 9.8013050000 0.3155530000
0.6541660000 9.0832170000 -0.3218040000
0.8874570000 10.4454950000 -0.3757540000
-0.1936820000 11.3366470000 -0.2455180000
-1.4961310000 10.8559230000 -0.0594850000
-1.7255990000 9.4700680000 -0.0039630000
-0.6437830000 8.5634330000 -0.1377660000
-0.2265840000 5.0422100000 -0.1580210000
0.8742330000 4.1626580000 -0.3103900000
0.6145560000 2.7770860000 -0.2572660000
-0.6727940000 2.2770300000 -0.0642530000
-1.7463490000 3.1663750000 0.0833380000
-1.5272550000 4.5386730000 0.0377410000
2.3607650000 4.5973950000 -0.5376170000
-1.6560080000 13.5191170000 -0.9976730000
-1.4114330000 13.5652080000 0.7791380000
-0.4234060000 14.5993460000 -0.2887630000
1.4671220000 8.3714070000 -0.4219530000
5.1937360000 3.8370460000 -1.5645620000
5.1597290000 4.1071140000 0.1955910000
4.4140840000 6.0742700000 -2.0105940000
4.8431450000 6.4397260000 -0.3214360000
-2.3436060000 5.2429870000 0.1513690000
-4.2258560000 10.4190570000 -0.5804470000
-4.9418010000 9.1466850000 0.4466160000
-3.9779190000 10.4488990000 1.1962850000
-2.3228030000 11.5439550000 0.0409490000
1.8846870000 10.8486530000 -0.5190740000
-2.7531260000 2.7848260000 0.2357550000
1.4458710000 2.0877920000 -0.3708530000
-0.8417710000 1.2037340000 -0.0281710000

IONODoDoDDODODoDoDoDIODODODoDoDiImwmaoaoooonnn 0NN z220000

(E)-6 unbound

O 0.7036140000 0.9542870000 5.1037820000
O 0.6855200000 0.7880970000 7.4578200000
N -1.1582950000 -0.6022750000 3.8276320000
N -1.8614050000 -0.8426970000 2.8122880000
C 2.1385310000 -2.0454340000 1.2950460000

C -4.7908910000 0.6197880000 0.0635200000
C -1.0304120000 -0.6131590000 6.2436180000
C -1.6642230000 -1.0915580000 5.0701850000
C -2.7210350000 -2.0167310000 5.1344080000
C -3.1705780000 -2.4666210000 6.3717850000
C -2.5694090000 -1.9993500000 7.5483000000



a0 0NN AZZO 0NN IIIINIINNINIININDNINNDIODDDNEDWOQOQOOQOOO0O0NAN

-1.5154670000 -1.0876000000 7.4765240000

0.3589840000 -0.
-0.
-1.
-3.

-2

-1.
.0114730000
.0585690000
.1684900000
.2333840000
.7997870000
.7685650000
.6957120000
-5.7970710000 O.
-4.6039060000 1.

HFNNOOKFO

5790150000
9138840000
7693520000
.3257740000
3456680000

1528810000 -0.1183180000
4118970000 -0.9801820000
5335870000 -0.5873500000
0.2325410000 1.1386130000
0.1061550000 0.6764580000
-0.4189920000 1.5643350000
-0.5814800000 1.1714230000
-1.2541160000 2.0505840000
0.4211200000 6.2390230000
0.5851490000 4.3268060000
-1.4002570000 0.7072980000
-2.5827830000 2.0121020000
-2.7826920000 0.6156240000
6285540000 0.4957740000
6195970000 -0.3442190000

0.
0.

-4.7936740000 -0.0906860000 -0.7712830000

1.4107440000 1.4193950000 7.

-3
-3
-2
-1

1.3820660000 -

-0
-2
-3
-4

1.5501320000 -
0.5590190000 -

-2
-4

-1.

-2

-5.
-3.
1.8257480000 -
-4.
-3.
-1.
-1.

-1

-3.
-3.
0.1232800000 -
-0.

-2

-3.

-2

-1.
-0.

.1674850000
.9854240000
.9189170000
.0481420000

.2726150000
.6348950000
.8158830000
.0636890000

.9585220000
.9277770000
3215780000
.0840550000
1833630000
7888190000

8337560000
0407290000
9181380000
3310090000
.8871600000
0196910000
5833130000

7414900000
.0210060000
8295870000
.4532350000
5478000000
2464060000

(E)-6 bound

C 0.7027610000 -
-3.
-5.
-5.
-3.
-3.
-3.

B

jaeiite viiyac e vie s ifa

H 1.1425490000 -0.2398360000
H 0.1171040000 -1.6367360000
-0.4188470000 0.2193470000

H

-4

6229760000
6736590000
8569030000
3807490000
7775890000
7065860000
.2510730000

3610720000

2126060000
4227990000
5147200000
3885980000
4590370000

-2.3720090000 4.
-3.1842860000 6.
-2.3521770000 8.
-0.7295390000 8.
0.2700730000 -0.
0.7441900000 -1.9682900000
0.9593300000 -1.2762780000
0.9656680000 1.9553010000
-0.7174440000 1.6001800000
0.5004190000 2.6792480000
1.9273980000 2.7533720000
-2.7882630000 3.6474900000
-1.6020410000 3.7156810000
0.2255070000 3.8378330000
-0.0699540000 2.8824740000
-2.7390380000 2.8686470000
-3.3571760000 2.6199510000
1.9263370000 1.6875190000
1.2573240000 -0.1048880000
-0.7990160000 5.3101350000
0.0375430000 5.1138800000
0.7402720000 6.1738110000
0.6601750000 7.4512110000

-0.1317330000 7.6634080000
-0.8516670000 6.6014770000
0.3569430000 -0.1212200000
0.1594890000 -1.0862510000
0.5885740000 -0.7297100000
0.9975700000 1.0247480000
0.5109950000 0.5973360000
0.0130340000 1.5726710000
-0.4419370000 1.2285500000

1.0464170000 2.2539310000
-1.6880800000 4.1561710000
-2.4028090000 1.9503290000
-3.4238040000 3.3984840000
-3.0775530000 1.6411330000
-4.4474570000 2.7121610000
1.9198850000 1.6100450000
0.2770070000 1.7347340000
2.8516270000
2.9674830000
-2.1226310000



H 1.4336180000 -2.7339660000 1.0585020000

H 2.5459760000 -1.3543450000 1.0923670000

H 2.3808310000 -2.3848630000 2.5126840000

H -4.5180090000 2.0734380000 -0.7645180000
H -4.9885450000 0.3654030000 -0.7241300000
H -5.8026490000 1.5391980000 0.3199060000

H -0.4578530000 1.3541280000 5.9727730000

H -1.4422660000 1.2120600000 8.2742700000

H -3.4592730000 -0.1986550000 8.6550610000
H -4.4545790000 -1.4747760000 6.7888400000
H 1.1026640000 -0.7060310000 -0.4283210000
H -2.6833000000 0.9825040000 -1.4929200000
(£)-6 unbound

O -7.1655830000 2.0332840000 -0.8147220000
0 -9.0235890000 0.7851470000 -0.0691680000
N -3.7162850000 0.7164310000 -1.0558730000
N -4.9331400000 0.5430000000 -1.2835240000
C -3.8880050000 -0.2368890000 3.2518570000
C -0.3566830000 -0.4613160000 -3.4776000000
C -4.0703130000 -0.0901730000 1.7361100000
C -1.6598070000 -0.1620110000 -2.7288960000
C -0.7848400000 -1.5113590000 -0.7309890000
C -0.8904450000 -1.9218570000 0.5998940000
C -1.9459950000 -1.4693310000 1.3920240000
C -2.9396720000 -0.6281800000 0.8725520000
C -1.7384600000 -0.6574220000 -1.2946990000
C -5.0997530000 -1.9463840000 -1.4779890000
C -5.8955750000 -3.0893210000 -1.4157140000
C -7.2315730000 -2.9944870000 -1.0118860000
C -7.7784980000 -1.7455280000 -0.7095300000
C -7.0191980000 -0.5655290000 -0.7988420000
C -5.6505420000 -0.6953410000 -1.1501490000
C -2.8336920000 -0.2681880000 -0.4903620000
B -7.7367410000 0.8254970000 -0.5492700000
H -1.8391490000 0.9214840000 -2.7198050000
H -2.5008470000 -0.5806210000 -3.3014570000
H -4.2111850000 0.9722460000 1.5002960000

H -5.0095940000 -0.5801380000 1.4481930000
H -9.3949960000 1.6720040000 0.0274830000

H -6.2556400000 1.9034170000 -1.1549830000
H -4.7232930000 0.2432970000 3.7717900000

H -3.8702470000 -1.2861720000 3.5660490000
H -2.9621440000 0.2364390000 3.5970570000

H -0.1879370000 -1.5373100000 -3.5978860000
H -0.3935090000 -0.0216790000 -4.4792070000
H 0.5114770000 -0.0383080000 -2.9603250000
H -0.1368130000 -2.5788310000 1.0260250000
H -5.4698180000 -4.0532070000 -1.6807560000
H -7.8464710000 -3.8883530000 -0.9509000000
H -8.8209470000 -1.6682760000 -0.4165440000
H -4.0677210000 -2.0267300000 -1.7945480000
H -1.9922930000 -1.7703180000 2.4332750000

H 0.0554780000 -

(2)-6 bound

0O -6.
0 -8.
N -3.
N -4.
Cc -3.

9406260000
9405560000
6169030000
8113970000
0299750000

1.8506280000 -1.3279010000

1.6781840000 -0.3268860000
0.6249520000 -0.7185880000
0.4983340000 -1.4902400000
0.2862780000 -1.7777750000
-0.5241920000 0.7039920000



C -9.2864890000 1.9277920000 -0.2115100000
C -7.9461910000 2.6996220000 -0.1860660000
C -4.1042020000 0.3914830000 2.8723000000

C 0.0076290000 -0.8761750000 -3.3254470000
-4.2521210000 0.0821500000 1.3753610000

-1.3827760000 -0.5414140000 -2.7752730000
-0.7030070000 -1.5595480000 -0.5248060000
-0.9372950000 -1.7721190000 0.8362140000
-2.0775860000 -1.2447960000 1.4400360000
-1.6101270000 -0.8325400000 -1.3008920000
-4.9579820000 -2.1821650000 -1.8179620000
-5.7292260000 -3.3398430000 -1.7103840000
-7.0530270000 -3.2634100000 -1.2683240000
-7.6030510000 -2.0182640000 -0.9549980000
-6.8586580000 -0.8296600000 -1.0676700000
-5.5093890000 -0.9349880000 -1.4853840000
-2.7945410000 -0.3649230000 -0.6810160000
-7.5644910000 0.5174240000 -0.7137510000

“HoNoNoNoNoNo NN NN NN XS]

(E)-7 rotamer 1

F 1.2135790000 8.9596490000 1.3139750000

F -3.1737780000 9.0386390000 -0.5003450000
0 2.1629150000 4.6731470000 -0.2864440000
O 0.8931760000 6.0202980000 -1.8460440000
C 0.1016440000 9.6327210000 0.9057360000

C 0.1184450000 11.0156850000 1.0078990000
-1.0081170000 11.7289920000 0.5906610000
-2.1158700000 11.0462520000 0.0818550000
-2.0741910000 9.6615400000 0.0015530000
-0.9777610000 8.8746530000 0.4058930000
-0.8758930000 7.4165260000 0.3539340000
-1.7843430000 6.5268960000 -0.1023630000
-1.5957440000 5.0659400000 -0.0982510000
-2.7375240000 4.2827150000 0.1645520000
-2.6564040000 2.8981260000 0.3021670000
-1.4179790000 2.2634620000 0.1773280000
-0.2844130000 3.0251590000 -0.1171660000
-0.3431990000 4.4214370000 -0.2920630000
B 0.9699210000 5.1064290000 -0.8230410000
H 0.0586750000 7.0337570000 0.7519680000

H -2.7552730000 6.8719840000 -0.4415060000
H 2.9646590000 5.0320900000 -0.6851460000
H 1.7262020000 6.4095810000 -2.1366440000

cNoNo NN NN NoNo NN Ne!

(E)-7 rotamer 2

F 1.1937670000 8.6768220000 1.3792800000

F -2.9235480000 9.1330900000 -0.9412290000
O -4.7289050000 6.0621960000 0.2770270000
0 -5.4702870000 3.7948730000 -0.0749730000
C 0.2109490000 9.4430170000 0.8312750000

C 0.3535030000 10.8201810000 0.9130370000
-0.6411730000 11.6279040000 0.3565710000
-1.7463200000 11.0422500000 -0.2661710000
-1.8355900000 9.6581430000 -0.3180860000
-0.8755880000 8.7800770000 0.2229180000
-0.9028350000 7.3169310000 0.1872520000
-1.9087000000 6.5154590000 -0.2349760000
-1.8279800000 5.0428700000 -0.2702630000
-0.5713720000 4.4223210000 -0.4330120000
-0.4387460000 3.0370070000 -0.4742550000
-1.5726810000 2.2262350000 -0.3698720000

cNoNoNoNo NN NP NP Ne!
N W U oy o
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-2.8249560000 2.8232190000 -0.2298490000
-2.9921590000 4.2230190000 -0.1767660000
-4.4651260000 4.7366240000 0.0160080000
0.0008830000 6.8598670000 0.5776390000
-2.8459160000 6.9525960000 -0.5476420000
-0.5558320000 12.7090600000 0.4072800000
-5.6579840000 6.3049980000 0.3665040000
-6.3665910000 4.1112800000 0.0842070000
-2.5354760000 11.6370450000 -0.7134360000
1.2269050000 11.2361260000 1.4034010000
-1.4826900000 1.1436470000 -0.4079570000
-3.7072570000 2.1948630000 -0.1572470000
0.3121580000 5.0402680000 -0.5605510000
0.5448560000 2.5926040000 -0.6045510000



VI. Reversible binding of fluorophore

A stock solution (A) of 17 was prepared by dissolving 4.0 mg into 5 mL of 0.1 M PBS buffered at pH
7.5 in a 5 mL volumetric flask. Another stock solution (B) of P1 was prepared by dissolving 44 mg
into 440 uL of 0.1 M PBS buffered at pH 7.5. 306 uL of stock solution A and 10 uL of stock solution
B (such that ratio of boronic acid to diol was 1:1) were added to a scintillation vial which was diluted
to 3 mL with the PBS buffer. Three of these solutions were prepared. Solution one was placed in the
dark for one hour, solution two was irradiated with red LEDs were one hour, and solution three was
irradiated with red LEDs for one hour, followed by blue LEDs for 10 minutes. After, the 3 mL of
each sample was loaded into a 15 mL. Amicon ultra-15 centrifugal filter (MWCO= 3 kDa) and spin
filtered for 20 minutes at 5000 RPM. The eluents were characterized by UV-Vis (Figure S24) and
fluorescence (Figure 8b).
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Figure S37. Results of reversible binding of fluorescence diol. Fluorescence spectrum of solution 1
eluents (no irradiation, black trace), solution 2 (60 min red light, red trace) and solution 3 (60 min red
light, 10 min blue light, blue trace) in 0.1 M PBS pH 7.5.
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Figure S38. Normalized GPC traces of P1 (1 mg/mL) in THF measured by 365 nm absotbance
and RI trace.



VII. Hydrogel fabrication and rheological characterization

Gels were prepated by mixing 200 uL of P1 (10 w/v%) with P2 (10 w/v%) in either DMEM or 0.1
M PBS pH 7.5. Hydrogels prepared in PBS were too sticky and difficult to transfer from vials to the
rheometer, as such were only characterized by the flow inversion method. Hydrogels in DMEM could
easy be removed from the vial, and as such were characterized by photorheology. Mechanical
characterization of the prepared hydrogels was performed using an Anton Paar MCR 302 Rheometer
with a 25 mm, 5° cone-plate attachment. 10% strain was established to be within the linear viscoelastic
regime for all time points tested (Figure SXX). Unless noted otherwise, oscillatory strain amplitude
sweeps were conducted using a frequency of 25 rad/s and oscillatory frequencies were conducted
using 10% strain. Gelation profiles were conducted with 10% strain and a frequency of 25 rad/s.
Frequency sweeps wete performed at 10% strain, with a frequency range of 100 to 0.1 rad/s. Data
were collected at 25 °C.
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Figure S39. Amplitude sweep (25 rad/s) of hydrogel (1:1 P1/P2, 10 w/v% in DMEM) after three
hours of irradiation with red light.



VIII. X-ray crystallographic data
(B)-1

Single crystals of (E)-1 were grown by cooling a concentrated solution in acetonitrile.

Jc

JH

(E)-(2-(p-tolyldiazenyl)phenyl)boronic acid

Table 1 Crystal data and structure refinement for (E)-1.

Identification code CCDC# 2022207
Emplrlcal forrnula C26H26B2N4O4
Formula weight 480.13

Temperature/K 102(3)



Crystal system

Space group
a/A

b/A

c/A

o/°

B/°

v/°
Volume/A®
Z

Qautcg/cm’
u/mm”

F(000)

Crystal size/mm’

Radiation

monoclinic

P2,/c

10.7395(3)
11.9528(2)
19.6161(5)

90

101.882(2)

90

2464.11(10)

4

1.294

0.705

1008.0

0.14 x 0.07 x 0.02
CuKa (A = 1.54184)

20 range for data collection/°8.414 to 157.658
12<h<13,-14<k<14,-22<1<24

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=20 (I)]

Final R indexes [all data]
Largest diff. peak/hole / e A30.27/-0.21

20929

5174 [Riae = 0.0384, Rgigma = 0.0331]

5174/0/331

1.062

R: = 0.0462, wR, = 0.1175
Ri = 0.0569, wR, = 0.1235

Table 2 Fractional Atomic Coordinates (X10*) and Equivalent Isotropic Displacement
Parameters (A*X10°) for cx1429xprep. U, is defined as 1/3 of of the trace of the

Atom
0001

0002
0003
0004
NO005
NO006
NO007
NO008
C009

CO0A
C00B
C00C

X
6233.4(10)
5912.1(10)
4132.4(10)
4512.1(10)
2625.4(11)
7854.3(12)
1584.0(12)
8955.2(12)
5975.9(14)
4505.4(14)
7077.3(14)
3416.9(14)

orthogonalised Uy tensor.

y
4991.6(8)

3015.5(9)
2798.6(3)
4715.009)
1032.7(10)
6650.2(10)
521.7(10)
7059.1(10)
6311.8(11)
1360.7(11)
6954.3(11)
705.6(11)

z
4579.8(5)
5262.4(5)
4338.4(5)
3634.7(5)
4453.0(6)
4400.2(6)
4294.8(7)
4518.0(7)
3513.0(7)
5345.2(7)
3744.0(7)
5102.6(7)

U(eq)
28.3(2)
29.3(2)
28.8(2)
30.02)
25.3(3)
25.7(3)
28.103)
28.3(3)
24.7(3)
24.103)
24.5(3)
24.003)



C00D
COOE
COOF
C00G
COOH
CO0I
Co0J
COOK
COOL
COOM
COON
C000
CO0P
C00Q
COOR
C00S
CO0T
CO0U
CO0V
COOW
C00X
CO0Y
Bl
B2

5300.8(14)
9707.3(14)
826.3(14)
5216.7(14)
5524.6(15)
7379.7(15)
3947.1(15)
5033.2(15)
11000.3(15)
6602.5(15)
3137.4(14)
11345.4(15)
-833.8(15)
-1267.5(15)
9226.5(15)
1279.8(15)
10044.8(16)
11806.0(15)
-447.6(15)
453.6(16)
-1702.2(17)
12223.5(17)
5558.1(16)
4865.6(16)

1040.9(12)
6795.7(12)
801.2(12)
6593.9(12)
7478.3(12)
7862.9(12)
-514.9(12)
114.7(12)
7031.5(13)
8117.4(12)
-230.5(12)
6384.8(12)
1220.4(13)
714.9(14)
6368.3(13)
1308.6(13)
6173.3(13)
6816.6(13)
496.4(13)
1506.5(14)
1441.7(16)
6162.7(15)
5298.2(13)
2440.3(13)

5972.6(8)
5183.7(8)
3634.6(3)
2867.7(7)
2474.8(8)
3356.9(8)
6090.3(8)
6343.9(8)
5274.0(8)
2724.1(8)
5474.7(8)
6465.1(8)
2357.0(8)
2903.1(9)
5740.2(8)
3092.7(8)
6371.5(9)
5906.6(8)
3532.8(8)
2465.2(8)
1662.1(9)
7156.1(9)
3937.8(8)
4956.7(8)

26.3(3)
27.5(3)
27.2(3)
26.8(3)
29.2(3)
27.3(3)
29.003)
28.7(3)
31.2(3)
29.5(3)
27.7(3)
32.1(3)
31.303)
33.2(3)
32.2(3)
32.003)
34.3(3)
32.3(3)
31.93)
35.0(4)
39.7(4)
40.6(4)
25.103)
24.6(3)

Table 3 Anisotropic Displacement Parameters (A>x10%) for cx1429xprep. The Anisotropic

Atom
0001

0002
0003
0004
NO005
NO006
NO007
NO008
C009

CO0A
C00B
C00C
CO0D
COOE
COOF

Ull
29.1(6)
31.1(6)
31.3(6)
36.0(6)
26.0(6)
26.4(6)
28.0(6)
28.4(7)
27.5(7)
27.0(7)
26.9(7)
26.0(7)
28.0(7)
28.8(8)
29.1(8)

UZZ
25.3(5)
26.4(5)
24.9(5)
26.2(5)
23.0(6)
23.0(6)
26.8(6)
27.0(6)
20.9(6)
21.6(6)
23.5(6)
22.9(6)
25.0(7)
24.3(7)
24.6(7)

U33
28.2(5)
27.8(5)
27.2(5)
25.4(5)
26.3(6)
26.8(6)
28.7(6)
28.6(6)
26.0(7)
23.5(7)
22.9(7)
23.4(7)
25.6(7)
28.2(7)
26.6(7)

U23
2.2(4)
4.1(4)
2.3(4)
2.2(4)
-2.4(4)
1.6(5)
1.9(5)
1.3(5)
-3.0(5)
-3.0(5)
2.1(5)
2.5(5)
-2.6(5)
-2.6(5)
-4.6(5)

U13
0.7(4)
0.1(4)
-0.7(4)
0.4(4)
3.8(5)
3.5(5)
3.7(5)
4.0(5)
6.3(6)
5.2(5)
4.8(5)
5.7(6)
4.9(6)
2.8(6)
2.6(6)

displacement factor exponent takes the form: -2n*[h’a**Uy+2hka*b*U,+...].

U12
-4.4(4)
-5.4(4)
-6.6(4)
-6.0(4)
2.3(5)
-0.6(5)
3.3(5)
2.1(5)
1.7(5)
0.5(5)
2.4(5)
0.9(5)
-0.8(5)
-0.7(6)
-2.8(6)



Co0G 28.1(7) 25.9(7) 25.4(7)
COOH 33.8(8) 28.8(7) 23.6(7)
CO0I 29.1(7) 24.0(7) 29.3(7)
CO0J 36.7(8) 24.1(7) 27.4(7)
COOK 34.3(8) 29.0(7) 22.1(7)
COOL 30.2(8) 31.5(8) 31.2(8)
COOM 35.8(8) 24.7(7) 29.4(8)
COON 30.5(8) 24.9(7) 28.2(7)
C00O 33.5(8) 25.5(7) 33.2(8)
Ccoopr 31.3(8) 30.7(8) 30.6(8)
C00Q 24.4(7) 36.4(8) 36.9(8)
COOR 27.3(8) 33.7(8) 33.9(8)
C00S 25.6(8) 38.1(8) 31.2(8)
Co0T 36.4(9) 34.1(8) 30.8(8)
COooU 26.0(8) 32.4(8) 36.2(8)
CooV 31.0(8) 31.5(8) 32.7(8)
COOW  33.7(8) 41.7(9) 28.6(8)
CO0X 35.7(9) 46.6(10) 33.1(9)
Co0Y 38.8(9) 40.3(9) 37.009)
B1 26.8(8) 22.7(7) 25.3(8)
B2 25.9(8) 23.7(7) 23.9(8)
Table 4 Bond Lengths for cx1429xprep.
AtomAtom Length/A Atom Atom
0001 B1  1.3675(19) COOE COOL
0002 B2  1.3483(19) COOE COOR
0003 B2  1.3716(19) COOF CO00S
0004 B1  1.3514(19) COOF COOV
NO005 N007  1.2559(17) CO00G COOH
NO005 CO0C  1.4329(19) COOH COOM
NO006 N0O08  1.2561(17) CO0I COOM
NO006 CO0B  1.4294(19) C00J COOK
NO007 COOF  1.420(2) C00J COON
NO008 COOE  1.422(2) COOL CO0U
C009 CO0B  1.405(2) CO00O CO0T
C009 CO0G  1.399(2) CO00O CO0U
C009 B1 1.587(2) C000O C00Y
COOA CO0C  1.406(2) CO0P C00Q
COOA COOD  1.399(2) CO0P COOW
CO0OA B2 1.586(2) CO0P CO0X
CO0OB C00I  1.401(2) C00Q COOV
COOC COON  1.402(2) COOR COOT
COOD COOK  1.387(2) CO0S COOW

-3.8(5)
-0.8(6)
2.1(5)
2.7(5)
0.6(5)
-5.5(6)
3.2(6)
-2.5(6)
-4.8(6)
-5.5(6)
-3.8(6)
2.7(6)
-2.3(6)
4.9(6)
-7.6(6)
-0.5(6)
1.1(6)
-2.5(7)
1.4(7)
-3.4(6)
-3.5(6)

Length/A
1.392(2)
1.397(2)
1.396(2)
1.390(2)
1.388(2)
1.389(2)
1.380(2)
1.391(2)
1.378(2)
1.383(2)
1.394(2)
1.391(2)
1.507(2)
1.391(2)
1.397(2)
1.508(2)
1.386(2)
1.383(2)
1.382(2)

3.2(6)
2.7(6)
7.2(6)
9.3(6)
3.7(6)
5.1(6)
9.9(6)
7.1(6)
-2.6(6)
3.0(6)
2.0(6)
2.7(6)
3.1(6)
3.1(7)
1.3(6)
5.7(6)
4.0(6)
1.6(7)
-5.3(7)
4.5(6)
4.6(6)

-0.8(6)
3.8(6)
-0.8(6)
-1.6(6)
2.1(6)
-5.8(6)
0.6(6)
-3.5(6)
2.4(6)
-0.2(6)
-6.1(6)
-1.9(6)
-7.5(6)
-0.7(7)
-2.5(6)
-6.7(6)
-5.5(7)
1.3(7)
4.0(7)
0.9(6)
-0.6(6)



Table 5 Bond Angles for cx1429xprep.

Atom Atom Atom Angle/’ Atom Atom Atom Angle/’
NO007 N005 C00C 114.96(12) COOM CO00I C00B 119.58(14)
NO008 N006 C00B 114.81(12) COON C00J COOK 120.76(13)
NO005 N007 COOF 115.14(12) CO0D CO0K C00J 119.53(14)
NO006 N008 COOE 114.71(12) CO0U CO0L COOE 120.00(15)
C00B C009 B1 123.94(13) C00I COOM COOH 120.10(14)
C00G €009 Co0B 117.09(13) C00J] COON C00C 119.29(14)
C00G C009 B1 118.97(13) CO0T CO0O CO0Y 120.74(16)
C00C CO0A B2 123.94(13) CO0U C00O COo0T 118.21(15)
CO0D CO0A C00C 117.39(13) CO0U C00O C00Y 121.04(15)
CO00D CO0A B2 118.66(13) C00Q CO0P COOW 117.85(15)
C009 CO0B N006 116.62(12) C00Q C00P CO0X 121.96(15)
CO00I CO0B NO006 121.85(13) CO0W COOP CO0X 120.18(15)
C00I C00B C009 121.51(13) CO0V C00Q CooP 121.06(15)
COOA CO0C N005 116.66(12) C00T COOR COOE 119.51(15)
COON C00C N005 121.97(13) CO0W C00S COOF 119.49(14)
COON C00C CO0A 121.37(13) COOR CO0T CO0O 121.48(15)
COOK CO0D CO0A 121.66(14) CO0L C00U C000 121.16(15)
COOL COOE N008 115.80(13) C00Q CO0V COOF 120.31(15)
COOL COOE COOR 119.61(14) C00S COOW CooP 121.82(15)
COOR COOE N008 124.54(14) 0001 B1 C009 122.32(13)
C00S COOF N007 124.92(14) 0004 B1 O001 120.14(13)
CO0V COOF N007 115.58(13) 0004 B1 C009 117.53(13)
CO0V COOF C00S 119.46(14) 0002 B2 0003 120.55(13)
COOH C00G €009 121.68(14) 0002 B2 CO0A 117.68(13)
C00G CO0OH COOM 120.00(14) 0003 B2 CO0A 121.76(13)

Table 6 Hydrogen Atom Coordinates (AX10%) and Isotropic Displacement Parameters
(A*x10°) for cx1429xprep.

Atom X y z U(eq)
HO001 6880 5400 4689 42
H002 5965 3605 5036 44
HO003 3539 2341 4205 43
H004 4408 4176 3892 45
HO00D 6043 1469 6149 32
HO00G 4471 6169 2694 32
HOOH 4998 7647 2035 35
HOO0I 8115 8301 3529 33
HO0J 3762 -1148 6345 35
HOOK 5588 -88 6768 34

HOOL 11329 7340 4901 37



FOOM
HOON
F00Q
FOOR
F100S
HOOT
HOOU
HOOV
HOOW
HOOE
HOOF
H000
FI00A
FO00B
H00C

6805
2397
-2140
8344
2150
9713
12690
-758
769
-2543
-1346
-1782
11719
12769
12753

8731
-664
516
6213
1516
5889
6967
137
1846
1122
1096
2250
6019
6816
5509

2458
5304
2843
5685
3155
6750
5961
3896
2097
1660
1291
1583
7510
7292
7115

35
33
40
39
38
41
39
38
42
60
60
60
61
61
61



(F)-2

Single crystals of (E)-2 were grown by cooling a concentrated solution in DCM.

(E)-(2-((2,6-difluorophenyl)diazenyl)phenyl)boronic acid

Table 1 Crystal data and structure refinement for (E)-2.

Identification code CCDC # 2020825
Empirical formula Ci2HoBFN2O;
Formula weight 262.02
Temperature/K 200.00(10)
Crystal system triclinic

Space group P-1

a/A 3.81460(10)
b/A 11.3358(2)
c/A 14.5651(3)

a/° 112.536(2)

B/° 93.972(2)

v/° 92.375(2)

Volume/A’ 578.74(2)



Z

Qautcg/cm’
w/mm”

F(000)

Crystal size/mm’
Radiation

2

1.504

1.063

268.0

0.342 X 0.096 x 0.031
CuKa (A = 1.54184)

20 range for data collection/®6.598 to 152.982

Index ranges
Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A30.30/-0.20

Table 2 Fractional Atomic Coordinates (X10*) and Equivalent Isotropic Displacement

4<h=<4-14<k=14,-18<1=18
17174

2389 [Rine = 0.0454, Riigma = 0.0241]
2389/0/174

1.088

Ri = 0.0355, wR, = 0.1035

Ri = 0.0382, wR, = 0.1066

Parameters (A*X10°) for cx1948. U, is defined as 1/3 of of the trace of the orthogonalised

Uy tensor.
Atom X
F18
F19
017
016
N8
N7
c9
C14
C1
C2
Co
C10
C13
C12
C3
C11
C5
C4
B15

6269(2)
2662(2)
7265(3)
5085(3)
5851(3)
5770(3)
7120(3)
7543(3)
4608(3)
4937(3)
3203(3)
7905(3)
8839(3)
9618(3)
4026(3)
9139(3)
2297(3)
2717(3)
6598(4)

Y z

2483.5(7)

5826.2(7)
10269.1(8)

8407.9(8)

6172.1(9)

4982.2(9)
6890.3(10)
8225.8(10)
4216.8(10)
2900.1(11)
4583.3(11)
6302.7(11)
8932.8(11)
8357.8(12)
2016.8(11)
7034.2(12)
3726.7(12)
2437.0(12)
8985.7(12)

6190.5(5)
9001.0(5)
8971.4(6)
9152.3(6)
7523.4(7)
7060.4(7)
6978.1(8)
7490.2(3)
7565.9(8)
7083.3(9)
8492.3(9)
5985.1(3)
6962.4(9)
5982.1(9)

7475.5(10)
5490.6(9)
8911.4(9)

8400.1(10)

8594.0(10)

U(eq)

4710)
474(2)
435(2)
415Q2)
31.1(2)
33.4(2)
289(2)
29.8(2)
31.5(3)
353(3)
34.1(3)
33.903)
34.3(3)
372(3)
39.7(3)
37.3(3)
38.7(3)
40.8(3)
33.4(3)



Table 3 Anisotropic Displacement Parameters (A%x10%) for cx1948. The Anisotropic

displacement factor exponent takes the form: -2n*[h’a**Uy+2hka*b*U,+...].

Atom
F18
F19
017
016
N8
N7
C9
C14
C1
C2
C6
C10
C13
C12
C3
C11
C5
C4
B15

Ull

64.6(5)
70.8(5)
62.8(6)
61.9(6)
34.2(5)
38.6(5)
27.3(5)
28.4(5)
31.2(6)
35.9(6)
35.8(6)
37.9(6)
35.9(6)
38.2(6)
39.3(7)
40.9(7)
39.4(6)
39.0(6)
36.7(7)

UZZ

32.3(4)
30.8(4)
27.5(4)
26.7(4)
27.1(4)
27.5(5)
29.3(5)
29.1(5)
29.2(5)
31.8(6)
30.0(5)
30.0(5)
29.5(5)
38.7(6)
28.7(6)
40.4(6)
40.5(6)
38.4(6)
28.3(6)

Table 4 Bond Lengths for cx1948.
AtomAtom Length/A AtomAtom Length/A
1.3466(14) C14 B15
1.349713) C1  C2
1.3492(15) C1  C6
1.3658(15) C2  C3
1.2536(13) C6  C5
1.4298(13) C10 C11
1.4121(14) C13 C12
1.4043(15) C12 C11
1.4011(15) C3  C4
1.4033(15) C5  C4

F18
F19
017
016
N8
N8
N7
C9
C9
C14

C2
Co
B15
B15
N7
c9
C1
C14
C10
C13

Table 5 Bond Angles for cx1948.

U33

41.8(4)
40.0(4)
36.5(5)
32.4(4)
30.2(5)
322(5)
29.0(5)
30.8(5)
32.8(6)
35.3(6)
33.9(6)
30.7(5)
36.7(6)
39.3(6)
50.5(7)
29.7(5)
37.8(6)
51.1(7)
32.5(6)

1.5815(16)
1.4004(16)
1.4034(16)
1.3736(17)
1.3750(16)
1.3786(16)
1.3834(16)
1.3903(17)
1.3823(19)
1.3853(18)

U23

8.903)
10.0(3)
6.6(3)
6.003)
8.9(4)
9.5(4)
10.0(4)
10.3(4)
11.2(4)
10.0(5)
10.0(4)
7.9(4)
11.5(5)
19.2(5)
15.1(5)
11.4(5)
16.7(5)
24.5(6)
8.6(5)

U13

20.1(4)
23.5(4)
18.2(4)
17.5(4)
5.6(4)
6.2(4)
4.8(4)
47(4)
2.0(4)
5.4(5)
3.8(5)
7.0(4)
7.2(5)
10.3(5)
4.9(5)
10.6(5)
6.7(5)
5105
6.2(5)

U12

3.8(3)
3.503)
2.8(4)
3.1(4)
-0.6(4)
1.0(4)
0.6(4)
0.2(4)
23(4)
1.4(4)
1.3(4)
1.5(4)
1.3(4)
0.0(5)
1.4(5)
3.3(5)
23(5)
4.5(5)
0.0(5)



Atom Atom Atom Angle/’ Atom Atom Atom

N7 N8 C9 113.9909) F19 C6 Cl
N8 N7 Cl 116.83(9) F19 C6 C5
Cl4 C9 N8 1164509) C5 C6 Cl
Cl0 C9 N8 12222(10) C11  C10 C9
Cl0 C9 Cl4 121.32(10) C12 C13 Cl4
C9 Cl4 BI5 125.30(10) C13 C12 Cl1
C13 Cl4 C9 116.63(10) C2  C3  C4
C13 Cl4 BI15 118.05(10) C10 C11 C12
c2 Cl N7 115.73(10) C6  C5 C4
c2 Cl C6 114.82(10) C3 C4 C5
C6 Cl1 N7 129.45(10) O17 B15 O16
F18 C2 Cl 117.87(10) O17 B15 Cl4
F18 C2 C3 118.38(10) O16 B15 Cl4
C3 C2 Ci1 123.74(11)

Table 6 Hydrogen Bonds for cx1948.
D H A dD-H)/A dH-A)/A dD-A)/A

O17H17 016! 0.84 1.97 2.7982(11)
O16H16F19 0.84 2.27 2.9531(11)
O16 H16N8 0.84 2.05 2.7724(12)
11-X,2-Y 2-7Z

Table 7 Torsion Angles for cx1948.

A B C D Angle) A B C D  Angle/

F18C2 C3 C4 178.80(11) C9 C10C11C12 0.
F19C6 C5 C4 178.18(11) C14C9 C10C11 0.
N8 N7 C1 C2 172.67(10) C14C13C12C11 0.
N8 N7 C1 C6 6.46(18) C1 C2 C3 C4

N8 C9 C14C13 179.08(9) C1 C6 C5 C4 1.
N8 C9 C14B15 243(17) C2 C1 C6 F19 177
N8 C9 C10C11  -179.69(10) C2 C1 C6 C5 1.
N7 N8 C9 Cl4  -17493(10) C2 C3 C4 C5

N7 N8 C9 C10 514(16) C6 C1 C2 F18 179
N7 C1 C2 F18 0.72(16) C6 C1 C2 C3 0.
N7 C1 C2 C3 178.30(11) C6 C5 C4 C3

N7 C1 C6 F19 3.22(19) C10C9 C14C13 0.
N7 C1 C6 C5 177.52(11) C10C9 C14B15 177.

51(11)

Angle/’
119.43(10)
117.61(10)
122.96(11)
120.18(10)
122.28(10)
119.81(10)
118.86(11)
119.76(10)
119.41(11)
120.19(11)
119.91(10)
116.90(10)
123.17(10)

D-H-A/°

169.3

138.9

1441
30(19)
38(18)
35(19)
02(2)
10(19)
65(10)
62(18)
0.8(2)
98(10)
96(18)
02(2)
99(16)



C9 N8 N7 C1

C9 C14C13C12
C9 C14B15017
C9 C14B15016

Table 8 Hydrogen Atom Coordinates (AX10*) and Isotropic Displacement Parameters

(A?x10%) for cx1948.
Atom X
H17

H16

H10

H13

H12

H3

H11

H5

H4

178.75(9) C13C14B15017
0.98(17) C13C14B15016
178.46(11) C13C12C11C10
1332(19) B15C14C13C12

6621.28
4921.82
7585.68
9191.99
10479.26
4291.04
9659.72
1391.12
2103.61

10582
7610.25
5397.8
9837.77
8865.9
113221
6635.36
4016.68
1839.6

-3.07(17)
175.15(11)
-0.31(19)
177.63(11)

z

9551.21
88306.64
5651.68
7289.76
5645.74
7117.49
4816.29
9545.98

8685.6

65
62
41
41
45
48
45
46
49



Single crystals of (E)-3 were grown by slow evaporation of a solution of ACN.

(F)-3

(E)-(2-((2,6-dimethoxyphenyl)diazenyl)phenyl)boronic acid

Table 1 Crystal data and structure refinement for (E)-3

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

B/°

v/°

Volume/A’

Z

CCDC #2008419
Ci1sHisBNO4
286.09
200.01(10)
monoclinic
P2,/n
17.8347(3)
4.10813(10)
19.0734(4)

90

101.795(2)

90

1367.95(5)

4




Qautcg/ cm’
w/mm”

F(000)

Crystal size/mm’
Radiation

1.389
0.840

600.0

0.228 % 0.104 x 0.048
CuKo (A = 1.54184)

20 range for data collection/®6.184 to 154.312

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on I*
Final R indexes [I>=20 (I)]
Final R indexes [all data]

17<h<21,4<k<5 24<1<24
8314

2755 [Rine = 0.0349, Ryjgma = 0.0361]
2755/0/194

1.060

R = 0.0419, wR, = 0.1185

R, = 0.0471, wR, = 0.1227

Largest diff. peak/hole / e A30.18/-0.21

Table 2 Fractional Atomic Coordinates (X10*) and Equivalent Isotropic Displacement

Parameters (A*X10°) for cx1670. U, is defined as 1/3 of of the trace of the 62rthogonalized

Uy tensor.

Atom X y z
N2 2422.0(0) 1268(3)
N1 3136.7(6) 1030(3)
02 2264.0(5) -2697(3)
O1 4584.0(5) 1789(3)
O3 957.8(5) 19(3)
O4 24.4(5) 1800(4)
C2 1384.9(0) 3012(4)
C3 2181.2(0) 2865(3)
C4 2694.5(7) 4297(4)
C7 3428.6(7) -420(3)
C5 2429.3(7) 5873(4)
C8 3026.3(7) -2225(4)
C12 4229.5(7) 42(4)
C9 3408.5(9) -3453(4)
Co 1645.1(8) 6030(4)
C1 1138.1(7) 4610(4)
C11 4599.7(8) -1186(4)
B1 768.6(8) 1518(5)
C10 4188.0(9) -2907(4)
C13 5392.2(7) 2254(5)

9953.9(6)
10151.5(6)
11002.0(5)
10622.5(5)
10055.4(5)
9076.7(6)
9010.7(6)
9281.2(6)
8910.7(7)
10818.3(7)
8272.9(7)
11255.5(7)
11063.8(7)
11909.7(8)
7991.8(7)
8359.0(7)
11719.8(8)
9407.0(8)
12136.2(8)
10829.7(9)

U(eq)

32.3(3)
32.8(3)
38.03)
44.103)
46.5(3)
57.6(4)
32.6(3)
29.2(3)
34.6(3)
32.2(3)
37.2(3)
34.1(3)
37.003)
43.3(4)
38.4(3)
37.9(3)
44.2(4)
39.3(4)
48.4(4)
49.1(4)



C14 1853.1(9) ~4674(4) 11412.8(8) 44.0(4)

Table 3 Anisotropic Displacement Parameters (A%x10%) for cx1670. The Anisotropic
displacement factor exponent takes the form: -2n*[h’a**Uy+2hka*b*U,+...].

Atom Un Uz, Us; Uz U Uz

N2 20.0(5) 45.4(7) 30.6(5) 1.6(5) 3.3(4) 0.7(4)
N1 20.8(5) 44.3(7) 32.1(5) -3.5(5) 2.7(4) 0.2(4)
02 30.1(5) 45.7(6) 38.5(5) 4.6(4) 7.6(4) 1.6(4)
01 20.8(4) 66.9(7) 42.6(5) 2.5(5) 1.5(4) 3.0(4)
03 19.0(4) 81.6(8) 39.1(5) 14.6(5) 6.0(4) 3.3(5)
04 19.7(5) 106.6(11) 46.1(6) 26.6(6) 5.4(4) 2.3(5)
C2 20.5(6) 47.6(8) 29.6(6) 2.2(6) 4.7(4) 0.2(5)
C3 21.4(5) 38.3(7) 28.1(6) 23.6(5) 5.2(4) -0.8(5)
C4 21.0(5) 46.1(8) 37.1(7) 22.3(6) 7.1(5) 3.7(5)
C7 24.9(6) 40.0(7) 30.5(6) -6.0(5) 2.8(5) 3.5(5)
C5 30.4(6) 46.1(8) 37.7(7) 0.8(6) 12.9(5) -5.0(6)
C8 31.3(6) 37.3(7) 33.0(6) -5.7(5) 47(5) 4.5(5)
C12 26.9(6) 44.8(8) 37.4(7) -8.9(6) 2.2(5) 42(5)
C9 48.5(8) 44.6(8) 34.7(7) 0.4(6) 3.9(6) 4.9(6)
C6 34.0(7) 50.0(8) 30.9(6) 4.4(6) 6.0(5) 1.4(6)
1 24.0(6) 55.5(9) 33.3(6) 2.4(6) 3.9(5) 1.2(6)
Cl11 32.1(7) 54.6(9) 40.5(7) -8.3(7) -5.5(6) 6.9(6)
Bl 21.3(6) 61.2(10) 35.3(7) 3.9(7) 5.4(5) 1.4(7)
C10 48.4(8) 55.2(10) 35.0(7) 1.3(7) 7.2(6) 12.1(7)
C13 21.9(6) 66.8(11) 55.6(9) 112.2(8) 0.6(6) -2.4(6)
Cl4 45.2(8) 43.9(8) 46.5(8) 3.6(7) 17.6(6) 2.4(6)

Table 4 Bond Lengths for cx1670.

AtomAtom Length/A AtomAtom Length/A

N2 NI 1.2569(14) C2 Bl 1.580(2)
N2 C3 1.4270(17) C3 C4 1.3957(18)
N1 C7 1.4046(17) C4 G5 1.3738(19)
02 C8 1.3605(15) C7 C8 1.416(2)
02 Cl14 1.4303(17) C7 C12 1.4221(17)
01 C12 1.3565(19) C5 Co 1.3932(18)
01 C13 1.4275(15) c8 C9 1.3886(19)
03 Bl 1.3608(19) C12 C11 1.385(2)
04 BI 1.3528(17) co C10 1.387(2)

c2 C3 1.4096(15) co C1 1.381(2)



cz2 C 1.3950(19) C11 C10 1.381(2)

Table 5 Bond Angles for cx1670.

Atom Atom Atom Angle/’ Atom Atom Atom Angle/’

N1 N2 C3 113.93(10) 02 C8 C7 117.07(11)
N2 NI C7 118.03(11) 02 C8 (9 122.61(13)
c8 02 Cl4 118.22(11) co C8 C7 120.31(12)
C12 O1 C13 118.11(11) o1 C12 C7 115.50(12)
Cc3 C2 Bl 123.76(12) o1 C12 C11 123.83(12)
Cl C2 C3 117.20(11) Cl1 C12 C7 120.66(14)
Cl C2 Bl 119.04(11) C10 C9 C8 119.85(15)
C2 C3 N2 116.38(11) Cl Co C5 119.68(12)
C4 C3 N2 122.76(11) Co C1 C2 122.04(12)
C4 C3 C2 120.84(12) C10 C11 C12 119.65(13)
C5 C4 C3 120.28(11) 03 Bl C2 122.89(11)
N1 C7 C8 128.08(11) 04 Bl O3 119.96(12)
N1 C7 Ci2 113.76(12) 04 Bl C2 117.15(13)
cs8 C7 C12 118.16(12) C11 C10 C9 121.36(13)
C4 C5 C6 119.96(12)

Table 6 Hydrogen Bonds for cx1670.
D H A dD-H)/A dMH-A)/A dD-A)/A  D-H-A/°

O3H3N2 0.82 1.99 2.7067(13) 145.7
O3H302 0.82 2.22 2.8657(14) 136.3
0O4H4 03! 0.82 1.93 2.7483(14) 171.9
X, Y22

Table 7 Hydrogen Atom Coordinates (AX10*) and Isotropic Displacement Parameters
(A*x10°) for cx1670.

Atom X y z U(eq)
H3 1425 -32 10185
H4 -248 1078 9338
H4A 3218 4185 9096
H5 2773 6834 8029
H9 3142 -4639 12195
Ho6 1464 7085 7559

H1

616

4722

8166

70
86
41
45
52
46
45



H11

H10

H13A
H13B
H13C
H14A
H14B
H14C

5123
4439
5568
5644
5508
1331
1867
2086

-854
-3716
3518
176
3380
-4889
-3673
-6788

11879
12577
10472
10877
11280
11162
11870
11482

53
58
74
74
74
66
66
66



IX. NMR data
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