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Experimental

General procedures

All reagents were obtained from commercial sources and were used as received.
Solvents were laboratory grade, and anhydrous solvents were obtained from a Solvent
Purification System. Air sensitive and moisture sensitive reactions were conducted

under an inert atmosphere of nitrogen using Schlenk-line techniques.

TH NMR spectra were obtained using a 9.4 T Bruker Ultrashield 400 Plus NMR
spectrometer ("H NMR at 400 MHz; '3C NMR at 101 MHz) at 295 K. The 'H NMR
chemical shifts were referenced to the corresponding solvent peak (4.79 for D20).
Deuterated solvents were all commercially available. All chemical shifts are given in

ppm with coupling constants in Hz.

Optical techniques

UV/Vis absorbance spectra were recorded using an Agilent Technologies Cary 8454

UV-Vis spectrometer.

Emission spectra were recorded on a HORIBA Scientific Fluoromax-4 luminescence

spectrofluorometer.

Lifetime measurements were carried out using a HORIBA Fluorolog-3 spectrometer

under the stated conditions.

Temperature dependent measurements were carried out using Peltier-controlled

cuvette holder supplied with magnetic stirring using T-App software.

CPL spectra were recorded with a home-built (modular) spectrometer. The excitation
source was a broad band (200 — 1000 nm) laser- driven light source EQ 99 (Elliot
Scientific). The excitation wavelength was selected by feeding the broadband light into
an Acton SP-2155 monochromator (Princeton Instruments); the collimated light was
focused into the sample cell (1 cm quartz cuvette). Sample PL emission was collected
perpendicular to the excitation direction with a lens (f = 150 mm). The detection of the
CPL signal was achieved using the field modulation lock-in technique. The electronic
signal from the PMT was fed into a lock-in amplifier (Hinds Instruments Signaloc Model
2100). The reference signal for the lock-in detection was provided by the PEM control

unit. The monchromators, PEM control unit and lock-in amplifier were interfaced to a



desktop PC and controlled by a custom-written Labview graphic user interface.
Spectral calibration of the scanning monochromator was performed using a Hg-Ar
calibration lamp (Ocean Optics). The emission spectra were recorded with 0.5 nm step
size, and the slits of the detection monochromator were set to a slit width
corresponding to a spectral resolution of 0.25 nm. CPL spectra (as well as total
emission spectra) were obtained through an averaging procedure of several scans.
The CPL spectra were smoothed using a shape-preserving Savitzky-Golay smoothing
(polynomial order 5, window size 9 with reflection at the boundaries) to reduce the
influence of noise and enhance visual appearance; all calculations were carried out
using raw spectral data. Analysis of smoothed vs raw data was used to help to

estimate the uncertainty in the stated gem factors, which was typically +10%.



Supplementary Information Figures:

Quenching: [EuL?]?* with L-DOPA and S-Trolox
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Fig. S1 Variation of europium emission intensity at 615 nm for (SSS)-A-[EuL?]3* (blue
square) and (RRR)-A-[EuL?]**(red circle) following addition of S-DOPA (pH 7.4 0.1 M
HEPES, 5 uM complex, 298 K).
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Fig. S2 Variation of europium emission lifetime at 615 nm for (RRR)-A-[EuL?]®*
following addition of S-Trolox (pH 7.4 0.1 M HEPES, 5 uM complex, 298 K). Data fitting
to a 1:1 binding model gave a mean log K value of 6.09 (07), from 3 independent

measurements
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TH NMR Spectra of [YL?]Cl3
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Fig. S3 (Upper): '"HNMR COSY and (lower) 1D spectrum spectra of (RRR)-A-[YL?]**,
(5 mM complex, 296 K, 9.4 T, D20) highlighting the aromatic ring proton assignments
and the shifted resonances of the phenyl protons (3b, 3c) that resonate to lower
frequency of other aromatic ring protons, owing to the proximity to the ring current
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associated with the dipyridoquinoxaline chromophore.



5 mM RRR-Ph-Y
+ 3 mM S-Trolox
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Fig. S4 Expansion of the "TH NMR spectrum of (RRR)-A-[YL?]**, (5 mM complex, 296
K, 9.4 T, D20) highlighting the absence of change when S-Trolox is added to the
complex.

DFT Calculations of phenyl ring rotations

Transition state \%\g\—-v__\

Electronic energy 16.1 k) mol
Gibbs free energy 18.8 k) mol™

Rotation at (SSS)-A- Y. L]3+ A !
phenyl group
0.0 k) mol™! Electronic energy 5.5 k) mol™!
0.0 kJ mol Gibbs free energy 3.7 ki mol”

Fig. S5 Geometries and energies of the phenyl group rotations in the chromophore of
(SSS)-A-[YL2]*.



Protein binding behaviour for [LnL"']3*

(SSS)-A-[LnL'J3*
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Fig. S6 (Upper) Variation of lanthanide emission intensity at 613 nm for (SSS)-A-
[EuL']** and (lower) at 541 nm for (SSS)-A-[TbL']3*, following incremental addition of
human serum albumin (pH 7.4 10 mM HEPES, 5 uM complex, 298 K). Fitting to a 1:1
binding model gave mean log K values of 5.25 (02) and 5.47(06), respectively.
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Fig. S7 Comparison of the Eu emission spectra before (black) and after (red) HSA addition:
(left): (SSS)-A-[EuL'*; (right): (RRR)-A-[EuL']**. Small but distinct changes in the relative
intensity and energy of transitions around the AJ = 1 and AJ = 4 manifolds in particular are
apparent with the A isomer that are not evident with the A isomer, where a consistent
percentage reduction in intensity can be observed in each transition.
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Fig. S8 (Upper) Variation of lanthanide emission intensity at 613 nm for (RRR)-A-[EuL']** and
(lower) at 541 nm for (RRR)-A-[TbL']**, following incremental addition of human serum
albumin (pH 7.4 10 mM HEPES, 5 uM complex, 298 K). Fitting to a 1:1 binding model gave
mean log K values of 4.67 (02) and 4.72(02), respectively.



DFT analysis: yttrium complexes

Many conformers of geometries of (SSS)-A-[YL?]**, (SSS)-A-[YL2.S-Trolox]** and
(SSS)-A-[YL2-R-Trolox]?* were fully optimised without symmetry constraints using the
hybrid-DFT B3LYP functionall’?l and 3-21G* basis set for all atoms with the Gaussian
16 package.P! Frequency calculations confirmed all geometries to be true minima. The
Gaussian16 default polarisation continuum solvent model (IEFPCM)® was applied to
these initial calculations with water as solvent. The Grimme dispersion model (GD3BJ)
Bl was employed in every case to simulate correctly weak intra- and inter-molecular
interactions. B3LYP/3-21G* has been shown elsewhere ¢ to be an appropriate
functional/basis set method for diamagnetic Y3* complexes.

The optimised geometries in Figures 4, 5 and S5 were generated using GaussView
software.l’l The binding energy for each Trolox dication, (SSS)-A-[YL2-S-Trolox]** or
(SSS)-A-[YL2-R-Trolox]?* was obtained as the difference between the sum of the
energies of the isolated (SSS)-A-[YL?J?* trication and Trolox anion and the energy of
the Trolox pair (Table S3). The high binding energies reflect the favourable charge
attractions between the two isolated ions. The transition state geometry of the phenyl
rotations of the chromophore was obtained with the OPT=TS3 command in
Gaussian16.

(SSS)-A-(5560)-[Y.L]*

Fig. S9 Molecular geometry of TSAP (SSS)-A-[YL?]*.



Fig. S10 (Upper): Molecular TSAP geometries of (SSS)-A-(8885)-[YL2-S-Trolox]?* (left) and
(SSS)-A-(5588)-[YL2-R-Trolox]?* (right); (lower): views showing the slightly different n-r overlap
between the chromophore pyrazine ring and the electron rich aryl ring, with shortest distances
of 3.26 and 3.39 A respectively.

(SSS)-A-(8668)-[YL2-S-Trolox]?*  (SSS)-A-(5680)-[YL2-R-Trolox]**

Fig. S11 (Left): Molecular SAP and TSAP (SSS)-A- [YL2-S-Trolox]?* geometries, (right): SAP
and TSAP (SSS)-A- [YL2-R-Trolox]** geometries with views of different 12-Ns ring
conformations.

10



Table S1 Relative energies in kJ mol' of the two lowest energy conformers of
(SSS)-A-[YL2-S-Trolox]?* and (SSS)-A-[YL?-R-Trolox]?*.

Electronic Gibbs free
(SSS)-A-[YL2-S-Trolox]?* 0 0
(SSS)-A-[YL2-R-Trolox]** 14.2 10.0

Table S2  Trolox binding energies in kJ mol' of (SSS)-A-[YL?-S-Trolox]** and
(SSS)-A-[YL?-R-Trolox]?*.

Electronic Gibbs free
(SSS)-A-[YL2S-Trolox]?* 287.3 192.6
(SSS)-A-[YL?-R-Trolox]?* 273.1 182.6

Table S3  Relative energies in kJ mol' of (SSS)-A-[YL?]** with different phenyl
group orientations at the chromophore.

Electronic Gibbs free
Conformer 1 0.0 0.0
Transition state 16.1 18.8
Conformer 2 5.5 3.7
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Cartesian Coordinates

(SSS)-A-[Y.L23

149 atoms
B3LYP/3-21G*//IEFPCM-water//GD3BJ
NIMAG=0

Electronic Energy = -6646.562174 a.u.
Gibbs Free Energy = -6645.395142 a.u.
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o 1 H

o 3 H

o 2 H

N 3 H

N 2 Y

N 4 C

N 5.069665 -1.186796 0.406578 C -1.628715 0.954248 0.019504
N 0.575763 -1.898645 0.748303 C 0.894492 1.991354 -0.322803
C 3.108332 -4.479825 -0.089867 C -1.493187 2.294373 -0.377234
C 1.980911 -4.413006 -1.103460 C -0.222775 2.811984 -0.544908
C 3.146535 -3.216172 -2.905944 H 1.892214 2.385005 -0.405822
C 3.562689 -1.866714 -3.475960 H -2.386128 2.886623 -0.517804
C 5.513964 -1.359846 -2.053874 H -0.060118 3.841850 -0.820661
C 5.996528 -0.788516 -0.721713 N 0.779854 0.694165 0.005142
C 5.415339 -2.598287 0.832227 C -2.921383 0.377038 0.316032
C 4.319750 -3.257322 1.660553 C -3.023446 -0.963567 0.729871
C 1.891032 -3.602236 1.852475 C -5.225088 0.621536 0.511693
C 0.725384 -2.888683 -2.546985 C -5.341741 -0.783499 0.751708
C 0.475160 -1.405400 -2.717688 N -4.020701 1.154823 0.258830
C 4.038155 0.461764 -2.857173 N -4.234406 -1.524516 0.922906
C 4.147829 1.367355 -1.652056 N 4.008606 0.184205 3.657923
C 5.229576 -0.230037 1.559146 N 4.816115 2.508296 -1.741761
C 3.970115 -0.256759 2.408749 N -0.622426 -1.037337 -3.366709
C 0.556643 -3.084804 1.381343 C -1.099963 0.369870 -3.402998
C -0.655107 -3.699636 1.736637 C 4.984192 3.402777 -0.563192
C -1.849844 -3.049123 1.467199 C 2.821293 0.079542 4.560214
C -1.824369 -1.752399 0.924860 C 3.158861 0.796485 5.878951
C -0.575829 -1.196660 0.598723 H 4.049499 0.360898 6.343883
H 3.061733 -5.432593 0.451818 H 3.329316 1.860395 5.689265
H 4.075900 -4.430021 -0.587627 H 2.316788 0.692910 6.567145
H 2.039983 -5.266776 -1.788708 C 6.147900 4.367158 -0.847767
H 1.018628 -4.451814 -0.592632 H 7.066186 3.810538 -1.058392
H 2.820051 -3.872985 -3.721500 H 5.901861 5.007572 -1.700630
H 4.003033 -3.686315 -2.424386 H 6.307729 5.001415 0.027230
H 4.331960 -2.023724 -4.241264 C -0.654687 1.020595 -4.725084
H 2.719074 -1.364884 -3.943124 H 0.431164 0.929199 -4.818603
H 6.187430 -1.031397 -2.855356 H -1.135877 0.524272 -5.572073
H 5.547108 -2.448458 -2.018503 H -0.912366 2.081987 -4.737574
H 7.010727 -1.156664 -0.526471 H 4.885263 0.507201 4.062268
H 6.052137 0.296806 -0.761861 H -1.173945 -1.731411 -3.869127
H 6.350650 -2.590688 1.405558 H 5.277708 2.766498 -2.611796
H 5.590033 -3.174101 -0.076664 C -2.612765 0.387798 -3.180354
H 4.648098 -4.264738 1.943955 C -3.361862 1.518393 -3.532032
H 4.137395 -2.698792 2.575304 C -3.275863 -0.703461 -2.600610
H 2.111685 -3.037511 2.763243 C -4.745742 1.539159 -3.348012
H 1.838805 -4.666814 2.102431 H -2.872577 2.384435 -3.958066
H -0.066036 -3.280727 -1.901770 C -4.662039 -0.689777 -2.432242
H 0.668419 -3.412987 -3.508312 H -2.714520 -1.568858 -2.274340
H 3.043425 0.620995 -3.283683 C -5.402364 0.428767 -2.813573
H 4.804338 0.668798 -3.610091 H -5.310971 2.418608 -3.632530
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.102110
.572681
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.872568
.489548
.6212006
.788720
.693400
.675338
.430380
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.606547
.053913
.127114
.345409
.429811
.700271
.790841
.787599
.967040
.686433
.973337
.929580
.066588
.804779
.042898
.986973
.502104
.470471
.597803
.546480
.586126
.661550
.617596
.649468
.520893
.502809
.487561
.161971
.312893
.463416
.396945
.628594

O P W w N NDMNDDNDE NN

[
w N w

.331935
.646468
.994086
.833301
.319442
.861600
.822208
.063178
.468989
.570863
.771192
.752025
.371515
.213694
.737332
.973939
.430221
.534737
.055925
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.446383
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.708619
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.333466
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.077925
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.250472
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. 744407
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.824822
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.743224
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