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1 General Information and Materials

1.1 CSHHPLC

Enantiomers of liganda were resolved by chiral stationary phase HPLC on an Agilent 1260
Infinity 1l apparatus (quaternary pump, auto sampler, column thermostat and diode array
detector) using a senpreparative CHIRALPAK® IG column (250 x 10 mm, 5 mic). Mixtures of
HPLC gradeHzCb and MeOH 99:1, with 0.1% diethanolaminas additive) were used as
mobile phase.

1.2 Optical properties

Optical properties were recorded in analytical grade solvent (acetonitrileVig\dbsorption
spectra were recorded on a JASC®50 spectrophotomter at 20 °C. Electronic circular
dichroism (ECD) spectra were recorded on a Ja8&6 3pectropolarimeter at 20 °Cina 1 cm
cuvette.

Fluorescence spectra were measured using a Varian Cary 50 Eclipse spectrophotometer. All
fluorescence spectra were cected for the wavelengtuependent sensitivity of the
RSGSOUA2Yy® Cft d2NBaOSYyOS ljdzr yidzy &ASftRa . s S
different concentrations for each sample) with an optical density lower than 0.1 using the
following equation:

o _ ¢ ©
> _ & ©O
GKSNB ! A& GKS 106a2Nblty0OS G GKS SEOAGIGAZY

AYGiSaANI GSR AyiSyarided aNE |yR aE¢ adlyR F2NJ
quantum yields were measurdd acetonitrile relative t®,10-diphenylanthracene . 93%
in cyclohexang Excitation of reference and sample was performed at the same wavelength.

Arcularly polarized luminescence (CPL) spectra were recorded with the -hwade
spectrofluoropolarimeterpreviously described The samples were excited wita 254 nm
fluorescent mercury lampusing a 90° geometry between excitation and detection.

Ba(Cl@):. and Tb(OT#)salts used for titration experiments were purchased from commercial
sources and used without purification.

Lifetimes were determined using the phosphorescence mode of a Fluorolog 3
spectrophotometer (Horiba Jobin Yvon) in which the lamp of the instrunierftashed.
Excitation was performed at 305 nm (1 nm slit) and detection with a visible photomultiplier
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tube (226850 nm, R928P, Hamamatsu) at 545 nm (3 nm slit) at 545 nm, with an initial time
gate of 50ms.

1.3 HNMR

The'H NMR spectra were recorded inuterated CDGlusing an Agilent Inova 608H; 600

MHz) 'H NMR chemical shifts are given in ppm relative taSl&ising solvent resonances as

internal standards (G0 b+ ' mMm®dpn LIIYOP 5FGF &SNBE NBLIZ2 NI !
ppm, multiplicity § = singulet, d = doublet, t = triplet, dd = doublet of doublet, g = quartet and

m = multiplet), coupling constant (Hz) and integration.



2 Synthesis and characterization of organic compounds

2.1 Synthesis afinsaturated ester macrocyck

Unsaturated ester macrocyciewas synthetized according to previously reported procedure

from the literature?:
Rh,(TCPTCC), ﬁo/\

MeO,C O (0.001 mol%) MeO,C o o
O el Y
O

N2 (@) 60 va 4 days (0] COZMG
_o

3, 140 mmol as solvent (0.6 M) 2, 72%

2.2 Synthesis of ligasd

Ligand1a,® 1b,® 1¢* 1d,2 S1° S2 and S? were synthesized according to the previously
reported procedureSee Figure S1:

Ar-NH, (3 equiv)

MeO,C t-BuOK (4 equiv) . HN_ o
I I 1o K g
CO,Me THF, -100 °C (1 min) o H H

then 25 °C (3 hours)

2, 0.25 mmol
N A
N\ 3 A N N A
| \ ) N | \ “| A
N | y / [H
(0] NH
} } } ’ ﬂoA
/ \ / / \ / / \ I / \ /
K/o\,/ K/O\,/ K/O\,/
1a, 52% 1b, 60% S$1, 50% S2,73%

oo 0 0
Lo jf }Mif

K/O\,/ K/o\,/ H

1c, 43% 1e, 60% 1d, 50%

Figure S1Synthesis of ligands.
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2.3 Resolution of ligantia®

Compoundla were resolved by chiral stationary phase HPLC using a-meparative
CHIRALPAK® IG column usimgixture of CECh-MeOH (99:1, with 0.1% diethanolamine as
addtive) as mobile phasat 20 °Clt is worth mentioning that it is necessary to remove traces

of diethanolamine present in the separated compounds. The residue was thus dissolved in
CHCB, the organic phase was washed three times witOHdried over anhgrous NaSQ,
filtered and concentrated under vacuum to afford the pure products.

In the FigureS2is shown theHPLC tracesf ligandla on analytical CHIRALPAK® IG column
(left, test run) and on semi preparative CHIRALPAK® IG column (right, run faioesalith
CHCb-MeOH (99:1, 0.1% diethanolamine) as mobile phase

analytical 1G column Semiprep IG column

2 Vial with 10 mg

DCM: MeOH: DEA=99:1:0.1
Inj 250>L

Flow 5 mL/min

DCM :MeOH: DEA=99:1:0.1
Inj10>L
Flow 1mL/min

Figure S2HPLC tracesf the racemic mixture on analytical CHIRALPAK® IG column (left) and semi
preparative (right).

In the FiguresS3is shown the HPLC traces of ligdrabn analytical CHIRALPAK® IG column of
the separated enantiomers:steluted enantiomer on the left and"? eluted enantiomer on
the right with CHCb-MeOH (99:1, 0.1% diethanolamine) as mobile phase



Analytical IG column Analytical IG column

15! eluted enantiomer (99%ee) 2nd eluted enantiomer (94% ee)

Sample Info IGanalytical - DCM:MeOH:Et2NH 99:1:0.1X - 1.0 mi/min - 20 ul Saaple Info TGanalytical - DCM:MeOH:EL2MH 99:1:0.1% - 1.0 mL/min - 20 ul

Additional Info : Peak(s) manually integrated sditi
ADT B, §ig=2004 Red=off (¢ CHEMIZTDATAFEOERICAMACROCY T -

DCM :MeOH: DEA =99 :10:1 Inj10>L FlamL/min

Figure S. HPLC traces of the separated enantioméssft: B eluted enantiomer. Right:"2 eluted
enantiomer.

2.4 Key chiroptical propertiesf ligandlaand complexes

ECD descriptiofor 1t eluted enantiomer ofLain acetonitrile,</nm (n ¥M-1cnrl): 27962.4),
240 (+1.0)

ECD descriptiorior 1 eluted enantiomer ofla complexed to Th(lll) in acetonitrile/nm
(n MM 1cm): 274 (+7.7), 2265@0). See section 5 for further precision.

ECD descriptiorfor 1% eluted enantiomer ofla complexed to Ba(ll) in acetonitrile/nm
(n M 1cmt): 274 (+4.9, 236 £28.1) See section 5 for further precision.



3 Qualitative est ofpotentialligands

For the qualitative test, three solutions in three different si@d mL)were preparedand their
emissionwascompared under UV irradiation (366 nm excitatiwavelength). In the first one
(reference 1)only the macrocycle of interest (<1 mg) is dissolved in acetonitrile. In the second
one (reference 2) only terbium triflate (tip of a spatulayasdissolved in acetonitrile. In the
third one, a mixture of thenacrocycle of interest (<1 mg) and terbium triflati ©f a spatula,
excessyvere dissolved in acetonitrile. In the reference F{dal), only the fluorescence of the
macrocycle can be observed when visible. In the reference 2, no emission of thenesait
wasobserved at this wavelengthut for the third vial (macrocycle/Tbh mixturegsulted inthe
characteristic greerterbium emission(see below) Combination of liganda and terbium
presensthe most efficient luminescence and were selectedthis study.

(0] NH

_HN -
e e - f“o/\ weak
\/ (0] emission / \ / O- .
H H H H emission
O
\/o\__/ H K/O\,J
1a + Tb3* 1° +Tb*
O
Y%
(0] NH HNL o
H //—?P/B weak H
o H H o emission H //_\\/O/B ver)ll(
0 wea
O H H H emission
1b + Tb3* K/O\_’J
N 1e + Tb*

l A N, |\ A\
/ E% /N @N
° NH/__\ HN_ o O NH N o
H / \ P/B weak H O/—\A
issi O- no
H H emission !
O

emission
3+ A
S1+Thb N| N Nl/\\N 1d + Tb3*
4 7
(@) NH\ CHN g
H) o0 0 0"
H N/ o weak
o " e} emission
K/O\__J H
S2 + Tb%*

Figure S4Ligand tested with terbium(lll) and qualitative reswfgshe mixture(picture under 366 nm
irradiation).
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4 Absorbancend fluorescencsepectraand titrations

4.1 Procedure

In a typical experiment)\-Vis absorbance and fluorescence spectra of a solution of interest
compound (ca. 0.80% M) in acetonitrile were recorded in a 1 cm cell. For the complexation
experiments, an excess of Th(QTHr Ba(Cl®@2) or an aliquot of a Tb(OEffor Ba(Cl@)2)
solution in acetonitrile ¢a.2-10° M) was added to the solution and the WXk absorbance
and fluorescence spectra were recorded again.

4.2 Ligandlaand Tb(lll)

1 H
‘o\//o CH4CN o\__/o
30000
—— Absorbancela
——— Absorbancela+Tb
——— Emissionla
— Emissionla +Tb
—~ 20000
5 n
(&]
=3
w
10000 —
" &\ ) M

1 ® I 5 I > I ¥ 1 g I ¥ I > I » T J 1

——r
250 300 350 400 450 500 550 600 650 700 75
wavelength (nm)

Figure S5Absorbance (red and bllimes) and fluorescencépink and greetines) spectra of ligand
lawithout (red and pink lines) or with 3.0 equivalents of Th(lll) (blue and green lines).
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4.3 Titration ofligandlawith Tb(lII)

In a typical experiment, a known aliquot of a Th(@3fjution in acetonitrile (ca2-103 M)
was added to a solution of the ligand (ca.-@® M) in acetonitrile. Spectra were recorded
from 0 equivalent of Th(lll) to 4.0 equivalents.

60000 0,20
0 equiv 0,18
0.25 equiv rv y
0.50 equiv 0,16 4 Ve
0.75 equiv v vyYVYVYVYYY v v v
1.00 equiv 0,14
~ 40000 - 1.25 equiv &
S5 1.50 equiv o 0,12
£ 1.75 equiv S
o 2.00 equiv 2 0104 L A A A A A A A A A Iy
5y 2.25 equiv g g A AAS
2 —— 2,50 equiv 3 0084 = 320 nm
- 2,75 equiv < e 299 nm
20000 ~ —— 3.00 equiv 0,06 -
3.50 equiv A 274 nm
\ 4.00 equiv 0,04 - | v 236nm
- 0,02 - ©® %0000 o o @
S  aEEEEEEE = &= ]
0004 & @ =
0_ T T - T T T T T T T T T T T
200 250 300 350 00 05 10 15 20 25 30 35 40 45 50
wavelength (nm) Tb equivalents

Figure S6Titrations spectra in absorbanoéligandlawith Th(ll): O to 4.0 equivalents. Left:
absorbance spectra. Right: evolution of absorbance as function of the equivalents added at different
relevant wavelength.

1.0 —— 0.0 equiv
——0.25 equiv 14000000 -

s ey w8
o 084 <oxc=290nm 1.00 equiv 12000000 - a
8 1.25 equiv| —~
g 074 »¢=0.05 1.50 equiv : 10000000 - %
3 - 1.75 equiv = aaw W m .
o064 : - .
E =il Th = w
9 054 250 equiv| 9 * Bt
N 5 75equiy| © 6000000 - ] 586 nm|
® 04+ L9 9 15 . v 621 nm|
g Y ——3.00 equiv| S . J
5 03- ——350equiv| IL 4000000 - TR A
z ——— 4.00 equiv AAA

02+ 2000000 'A:vvvvvv' v v v

L4 v
0,1 [ ]
o4 % ¥ v
0,0 - JaN A. e St —
' T T T T T T T T T T
350 400 450 500 550 600 650 700 00 05 10 15 20 25 30 35 40 45 50
wavelength (nm) Equivalents Tb

Figure S7Titrations spectra in emission of ligahdwith Th(lll): 0 to 4.0 equivalents. Left
normalized fluorescence spectra. Right: evolution of fluorescence as function of the equivalents
added at different relevant wavelength.
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4.4 Titration of ligandlawith Ba(ll)

In a typical experiment, a known aliquot of a Ba@Zl€olution in acetonitrié¢ ca. 4103 M)
was added to a solution of the ligand (ca.-@® M) in acetonitrile. Spectra were recorded

from 0 equivalent of Ba(ll) to 4.0 equivalents.

40000

30000 ~

20000 { |

£ (M-1 cm-1)

10000 ~

—— 0.0 equiv
—— 0.25 equiv
0.50 equiv
0.75 equiv
1.0 equiv
1.5 equiv
——— 2.0 equiv
—— 3.0 equiv
—— 4.0 equiv

3(')0
Wavelength (nm)

Absorbance

0,06 4
- - - ™ ® [ ] [ ] L '
n

0,054 = 275nm

L]
0,04 4

-
T T T T T T
0,0 0,5 1,0 1,5 2,0 25 3,0

# equivalents

Figure S8Titrations spectra in absorbance of ligakawith Ba(l): 0 to 4.0 equivalents. Left:
absorbance spectra. Right: evolution of absorbance as function of the equivalents added at 274 nm.

4.5 Titration of ligandlb with Th(llI)

80000

60000

40000

€ (M-1 cm-1)

20000

0

——0 equiv
—— 0.25 equiv
- 0.50 equiv
0.75 equiv
1.00 equiv
1.25 equiv
—— 1.50 equiv
—— 1.75 equiv
———2.00 equiv
—— 2.25 equiv
—— 2.50 equiv
—— 2.75 equiv
—— 3.00 equiv
—— 3.50 equiv
——4.00 equiv

T
200 250

T T
300 350

wavelenght (nm)

1
400

Normalized fluorescence

1,04

0,8

0,6 1

0,4

0,2

Sexc=285nm
. ¢=0.07

—0eq
——0.25eq
0.50 eq
0.75eq
1.00 eq
1.25eq
—1.50 eq
1.75eq
§ 2.00eq
-2.25eq
——2.50 eq
—275€eq
——3.00 eq
——3.50 eq
——4.00 eq

NN

0,0

=

T
300

T T T
350 400 450

T T T T 1
500 550 600 650 700

wavelength (nm)

Figure S9Titrations spectra of ligantb with Th(lll): 0 to 4.0 equivalents. Leftbsorbance spectra.
Right: normalized fluorescence spectra.
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€ (M-1 cm-1)

4.6 Titration of ligand.cwith Tb(lll)

150000 1,04 - 0.00 equiv
—— 0.00 equiv 0.25 equiv
0.25 equiv Sexc=320Nm 0.50 equiv
0.50 equiv 0.75 equiv
0.75 equiv o 087 1.00 equiv
1.00 equiv . 1.25 equiv
100000 - 1.25 equ?v 9 1.50 equ?v
1.50 equiv o 064 1.75 equiv
1.75 equiv g : o 2.00 equiv|
200equiv] T / N\ 2.25 equiv
2.25 equiv - / —— 2.50 equiv
2.50 equiv 2 0.4 4 —— 2.75 equiv
—— 2.75 equiv ﬁ ! 3.00 equiv|
50000 - 3.00 equiv £ 3.50 equiv|
—— 3.50 equiv 2 / 4.00 equiv
4.00 equiv 024 \ 5.00 equiv|
5.00 equiv. / \
0- = 0,0 s
T T 1 T T T T T T 1
200 250 300 350 350 400 450 500 550 600 650

wavelength (nm) wavelength (nm)

Figure S10Titrations spectra of ligantcwith Th(lll): 0 to 5.0 equivalents. Left: absorbance spectra.

Right: normalized fluorescence spectra.

4.7 Titration of ligand.d with Th(llI)

160000

109 ——0.00 equiv
—— 0.25 equiv
140000 —— 0.00 equiv —— 0.50 equiv
=02y equy o 08- 0.75 equiv
120000 =0 e 1.00 equiv
0.75 equiv 8 1.25 equiv
— 1.00 equiv @ 1'50eq : =300nm
< 100000 125 equiv S 06 b
£ —— 1.50 equiv e} e
c | - 1.75 equiv = -~ 2.00 equiv
: [ :
i 80000 —— 2.00 equiv o 2.25 equiv
=3 —— 2.25 equiv e 0,4+ —— 2.50 equiv
“ 60000 —— 2.50 equiv T ——2.75 equiv
——2.75 equiv £ — 3.00 equiv
— 3.00 equiv ] ¥/ — 3.50 equiv
40000 350 equiv z 027 ——— 4.00 equiv
—— 4,00 equiv
20000
0,0
0 T T 1 T T T T T T T T 1
200 250 300 350 400 350 400 450 500 550 600 650 700 750

wavelength (nm)

wavelength (nm)

Figure S11Titrations spectra of ligantd with Th(lll): O to 4.0 equivalents. Left: absorbance spectra.
Right: normalized fluorescence spectra.
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5 ECD and CPL spectra

5.1 Procedure

ForECD

In a typical experimenthe ECD spectrum of a solution of enantiopure ligand (cal®%3V)

in acetonitrile was recorded in a 1 cm call20 °C For the complexation experiments, 3.0
equivalents of Th(OTEfpr Ba(ClG): (ca.2-10° M stock solutions in acetonitrile) were added
to the ligand solution and the ECD spectrum was recorded again.

¢KS OKIFIy3aS Ay AyiuSyarade Ay 9/5 Aa ljdzr yGATFTASF
ECDntensity in presence and absencgtested meal ions:

13R 3RAAOQETREOET (BD)

ForCPL

TheCPL spectrum of a soluticontaining theenantiopure ligand (ca.-20° M) in acetonitrile
and 3.0 equivalents of Tob(OFffrom a ca. 1§ M stock solution in acetonitrilejas recorded
in a 1cm cell.

The circular polarization degree of the emission is quantifying using the luminescence
dissymmetry factogum defined by equation S2 wherednd k correspond to left and right
circularly polarized component of the emission respectively:

Q ¢ — (82

Sl4



5.2 Ligandlaand Tb(lll} ECD

2 . —— laEnl
15 4 Y —— laEnl +Tb
. ; - laEn2
% ---- laEn2+Tb
é : /I\ﬂ———&
o b o o,
w
<
L n#20
'25 T T T T T T T T
200 220 240 260 280 300 320 340 360
Wavelength (nm)
0,6 4
0,4
i — 1a
3 —— la+Tb
g 0'2_.
w
0,04
T T T
200 250 300 350

Wavelength (nm)

Figure S12ECD (top) and absorbance (bottom) spectra ligea@ted) and La-ThP* complex (green).
Enl and En2 corresponds to th#and 2 eluted enantiomers on CHIRALPAK® IG column and a
mixture of CHCb-MeOH (99:1, 0.1% diethanolamine) as mobile phase.
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5.3 Ligandlaand Ba(ll} ECD

—— 1laEnl
S —— laEnl +Ba
4 N ---- laEn2
|---- laEn2+Ba

Ae (M-1 cm-1)

-30 L n¥29

T T T T T T T T
200 220 240 260 280 300 320 340 360
Wavelength (nm)

0,6 4

0,4
— 1la

—— la+Ba

€ (M-1 cm-1)

0,24

0,04

T T T
200 250 300 350
Wavelength (nm)

Figure S13ECD (top) and absorbance (bottom) spectra ligeam@ted) and La-Baf* complex (blue).
Enl and En2 corresponds to th#and 2 eluted enantiomers on CHIRALPAK® IG column and a
mixture of CHCb-MeOH (99:1, 0.1% diethanolamine) as mobile phase.
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5.4 Ligandla Tb(lll) and Ba(HPabs

—— laEnl

—— JlaEnl Ba

0,003 + —— laEnl +Tb
. - - - laEn2

- - - laEn2+Ba

‘‘‘‘‘ - - - laEn2+Tb

-0,001 4
-0,002 \

-0,003 ~

-0,004 T T T T T T T 1
200 225 250 275 300
Wavelength (nm)

Figure S14gansspectra of ligand a(red), [la- TH®* (green) and Ja-Baf* (blue)complexes Enl and
En2 corresponds to thetland 2 eluted enantiomers on CHIRALPAK® IG column and a mixture of
CHCbK-MeOH (99:1, 0.1% diethanolamine) as mobile phase.
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6 1H-NMR titrations

6.1 Procedure

To an NMR tube, LuGhas added (0, 0.5, &nd 2 equivalents) as a solid. Just before the
measurement 0.5 mL of a 15 mM solutionlafwas added and the tube was shakand the
'H spectrum was recorded.

6.2 'H-NMR spectra

Figure S15'H NMR titration oflawith Lud (0, 0.5, 1, 2 equivalents) ¢ = 15 mM, 600 MHz
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