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The controlled preparation of chiral emissive transition metal complexes is fundamental in the field of circularly polarized

luminescence (CPL) active molecular materials. For this purpose, enantiopure Zn(ll) complexes 1-2 based on a tetradentate

DOI: 10.1039/x0xx00000x

salen ligand surrounded by [4]helicene moieties, together with the racemic counterpart 3, have been herein synthesized.

Chirality is primarily brought by chiral 1,2-cyclohexane-diamines. Alternatively, the achiral complex 4 based on ortho-

phenylene-diamine has been prepared as well. Single crystal X-ray diffraction analyses have been performed on the helicenic

intermediates 8 and 9 and complexes 1 and 4. Complexes 1 and 4 display the typical tetradentate O,N,N,O coordination

around Zn(lIl) characteristic of salen ligands, and bearing two [4]helicene moieties. The zinc complexes are luminescent in

the visible range around 560 nm at room temperature in aerated solutions with QY reaching ca. 15% for a luminescence

lifetime of 5.5 ns. The optical activities of these complexes have been assessed by CD and CPL, and compared to DFT

calculations.

Introduction

Schiff base complexes derived from the salen ligand have been
thoroughly explored for their unique properties.’3 Usually
obtained by the condensation of a diamine with two
equivalents of a salicylaldehyde derivative, they yield a versatile
tetradentate ligand, that can be easily adapted in terms of steric
hindrance and electronic properties. They attracted a particular
deal of interest for their catalytic activity, in particular for
epoxidation reaction with the well-known Jacobsen’s catalyst
based on a Mn(lll)-salen complex, which was also successfully
adapted for chiral catalysis.*>

In addition to their use in catalysis, salen based complexes have
drawn attention both for their magnetic properties,®” especially
when containing lanthanide ions,®° or manganese (ll1),1-12 and
their emissive properties.’316 Noteworthy, Zn(ll) and Ni(ll)-
salen have been incorporated in LED devices.17-20

Our group has a long-lasting interest for chiral materials,2! and,
therefore, developed several compounds using the helicenic
scaffold, which is an ortho-fused polyaromatic moiety.22
Helicenes and heterohelicenes are renowned for their large
magnitude of chiroptical properties, such as optical rotation
(OR), electronic circular dichroism (ECD), vibrational circular
dichroism (VCD) and circularly polarized luminescence
(CPL).2324 Moreover, their combination with metal complexes
has been explored to yield phosphorescent compounds.25-27
Accordingly, we have designed electro- 22 and photo-active 29-31
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helicene and heterohelicene compounds and investigated their
properties.

Herein, we describe the first enantiopure Zn(ll)-salen-helicene
complexes together with their photophysical and chiroptical
properties, supported by TD-DFT calculations. Using Zn(salen)
complexes for their luminescence properties is also strongly
attractive due to the Zn(ll) earth abundancy and low price
compared to heavier metals.

Experimental
General procedures

All the solvents and precursors were commercially available and
used without further purification. Infrared (IR) spectra were
recorded in the solid state using a Bruker Vertex 70
spectrometer with Platinum ATR in the 400—-4000 cm™ range.
1H, 13C and 2D-NMR spectra were recorded on a Bruker Advance
DRX 300 spectrometer operating at 300/500 MHz for 'H and
75/125 MHz for 13C. Chemical shifts are given in ppm relative to
tetramethylsilane TMS and coupling constants J in Hz. Residual
non-deuterated solvent was used as an internal standard.
Mass spectra were obtained either by the MALDI-TOF or FAB
techniques by using a Bruker Biflex-1lITM apparatus, equipped
with a 337 nm N; laser, by electron impact methods using a
Thermo Electron Corporation TRACE-DSQ apparatus.

Lifetime measurements were performed on a modified
Olympus IX73 microscope with a standard epi-fluorescence
configuration. The chromophores (concentration 10> M) were
excited with a 375nm pulsed laser diode with a pulse duration
of 70ps. The laser beam was focused with a microscope
objective (Olympus UPLSAPO x20 0.75NA). Excitation light was
filtered via a dichroic beamsplitter (Semrock Di03-R405) and an
emission filter (Semrock BLPO1-405R-25). Single photons were
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detected with an Avalanche PhotoDiode (PDM Micro Photon
Devices) and the corresponding electrical pulses were sent to a
TCSPC (Time-Correlated Single Photon Counting) Device (SPC
130-EM B&H). Fluorescence decays were analyzed with a
homemade open-source software
(https://github.com/MLoum/pySPC).

CPL measurements were carried out with a home-made
spectrofluoropolarimeter.32 The samples concentration was
around 1-101 M in THF for 1-2 and DMSO for 10-11 respectively.
A 365 nm LED was used as the excitation source, employing a
90° geometry between excitation and detection. In the case of
Zn-salen model compound, the excitation beam was linearly
polarized on the detection plane, in order to avoid linear
artefacts due to photoselection. Luminescence dissymmetry
factors (gum) were calculated as 2(l.-Ir)/ (I.+Ir), where I and I
are left and right circularly polarized components of the
emission. The spectra are the average of 6 accumulations each.
The theoretical spectra resulted from TD-DFT calculations using
Gaussian with the PBEO functional and a def2SVP basis set. The
X-ray structure was used as a basis for atomic positions, which
were further optimized 333435 2-
naphthylmethyltriphenylphosphonium bromide,3¢ and 3-
bromo-4-((tert-butyldimethylsilyl)oxy)benzaldehyde 5 37 and
model complexes 10-12 3% were synthesized according to
reported literature procedures.

Synthesis

2-bromo-4-(2-(naphthalen-2-yl)vinyl)phenoxy)(tert-
butyl)dimethylsilane (6). 2-naphthyl-
methyltriphenylphosphonium bromide (1.26 g, 2.61 mmol, 1
equiv.) was dissolved in 15 mL of dry THF under argon
atmosphere. The mixture was cooled down to -78°C and then
nBuli (1.8 mL, 1.6M in hexane, 2.88 mmol, 1.1 equiv.) was
added dropwise. After 10 min at -78°C, it was warmed to room
temperature and stirred for 30 minutes. The mixture was cooled
down again to -78°C and aldehyde 5 was added (0.82 g, 2.61
mmol, 1 equiv.). The mixture was stirred 10 minutes at -78°C,
then warmed to room temperature and left at RT overnight.
After filtration on Celite and concentration under vacuum,
column chromatography (DCM : PE = 9:1) yielded 6 as a
translucent oil (0.9 g, 79% mixture of isomers). TH NMR (300
MHz, CDCl3): & (ppm) 0.20 (s, 6H) 1.0 (s, 9H) 6.49 (d, J =12.2 Hz,
1H) 6.66 (d, J = 12.2 Hz, 1H) 6.64 (d, J = 8.4 Hz, 1H) 7.05 — 7.00
(m, 1H) 7.47 — 7.29 (m, 4H) 7.77 — 7.60 (m, 4H). 13C NMR (125
MHz, CDCl3) 6 (ppm) 181.22, 152.22, 151.75, 134.62, 133.88,
133.49,132.62, 131.73,129.96, 128.85, 128.77, 128.00, 127.96,
127.66,127.60,127.23,126.82,126.53, 126.09, 125.97, 123.41,
120.31,119.79,115.06, 77.47,77.04, 76.62, 25.75, 18.39, -4.21.
HRMS (FAB) m/z = 438.1024, theor. calc. 438.1015 (M+).
3-bromo-2-OTBDMS-[4]helicene (7). 6 (1.46 g, 3.32 mmol, 1
equiv.), iodine (0.87 g, 3.42 mmol, 1.1 equiv.) and propylene
oxide (9.64 g, 166 mmol, 50 equiv.) were dissolved in toluene
(650 mL), degassed thoroughly and placed in a photoreactor
equipped with an immersion lamp (150 W). The mixture was
irradiated for one night. After evaporation of the solvent and
purification by column chromatography over SiO, (PE : EtOAc =
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9.9:0.1) compound 7 was obtained as a yellow oil (0.77 g, 53%).
1H NMR (300 MHz, CDCls): & (ppm) 7.78 — 7.64 (m, 4H) 7.82 (d,
J=8.5Hz, 1H) 7.92 (d, J = 8.5 Hz, 1H) 8.08 — 8.03 (m, 1H) 8.08 —
8.03 (m, 1H) 8.66 (s, 1H) 9.06 (d, J = 8.4 Hz, 1H). 13C NMR (75
MHz, CDCls): 6 (ppm) 150.97, 133.46, 132.61, 131.35, 130.50,
130.22,129.71,128.77,127.74,127.18, 126.98, 126.25, 126.16,
126.10, 125.96, 125.80, 116.66, 115.77, 77.51, 77.09, 76.66,
25.89, 18.58, -4.07. MS (MALDI-TOF) m/z = 437.1, theor. calc.
437.1 (M+H+).

3-cyano-2-hydroxy-[4]helicene (8). A microwave vial was
charged with 7 (0.77 g, 1.76 mmol, 1 equiv.) and CuCN (0.79 g,
8.8 mmol, 5 equiv.). The vial was capped with PTFE septa and
dry NMP (20 mL) was added. The reaction mixture was bubbled
with Argon for 10 min, and then placed in a microwave reactor
for 3 hours at 210 °C. After the reaction, an aqueous solution of
NH;OH was added and the product was extracted with EtOAc (3
x 100 mL). Organic phases were washed with brine and dried on
MgSQO,. Column chromatography (DCM: MeOH = 9:1) yielded 8
as a dark crystalline powder (0.56 g, 71%). 'H NMR (500 MHz,
CD30D): 6 (ppm) 7.68 — 7.56 (m, 3H), 7.79 — 7.74 (m, 2H), 7.91
(d,J=8.5Hz, 1H), 7.99 (dd, J = 7.9, 1.5 Hz, 1H), 8.25 (s, 1H), 8.57
(s, 1H), 8.97 (d, J = 9.3 Hz, 1H). 3C NMR (125 MHz, CDs0D): &
(ppm) 158.38, 144.48, 136.40, 135.71, 135.01, 134.47, 131.70,
130.28, 130.04, 128.26, 128.03, 127.93,127.79, 127.30, 126.69,
126.56, 117.69, 112.87, 101.95. HRMS (FAB) m/z = 269.0832,
theor. calc. 269.0841 (M+). IR: 3335-2718m, 2226m, 1654w,
1602m, 1534w, 1498w, 1450w, 1430 w, 1398 w, 1358 w, 1306
w, 1262 w, 1234 w, 1206 w, 1183 w, 1135 w, 1087 w, 1015 w,
891m, 827m, 795w, 775w, 747m, 699w, 643w, 619w, 583w,
539w, 499m, 451w, 404w. UV (MeOH, 10> M): Amax1 = 387nm,
Amax2 = 290nm.

3-aldehyde-2-hydroxy-[4]helicene (9). 8 (1.1 g, 4.08 mmol, 1
equiv.) was dissolved in 250 mL of toluene under and DIBAI-H
was added dropwise (1M/CHCl, 6.2 mL, 6.2 mmol, 1.5 equiv.).
The reaction mixture was stirred overnight and quenched with
100 mL H,0 at 0°C, 100 mL of 10% HCI solution and stirred 8h at
RT. After extraction with dichloromethane (3 x 150 mL), the
reunited organic phases were washed with water, dried on
MgS0O,4 and concentrated under vacuum. A yellow sticky solid 9
was obtained (0.59 g, 53%) after purification by column
chromatography with DCM as eluent. 'H NMR (300 MHz, CDCls):
6 (ppm) 7.82-7.68 (m, 3H), 7.96-7.93 (m, 1H), 8.1-8.01 (m, 2H),
8.15 (dd, J = 8.1, 1.3 Hz, 1H), 8.49 (s, 1H), 8.65 (s, 1H), 9.09 (d, J
= 8.5 Hz, 1H), 10.53 (s, 1H). 13C NMR (75 MHz, CDCl5): 196.46,
157.40, 136.64, 136.44, 133.70, 133.52, 130.75, 129.85, 128.86,
127.79,127.32,127.30,127.08, 126.78, 126.37, 126.07, 125.85,
120.75, 113.97. HRMS (FAB) m/z = 272.0839, theor. calc.
272.0837 (M+). TCSPC t1/2 = 2.9, 6.9 (weak) ns.

Zn?*  coordination compounds with (1R,2R)-(-)-1,2-
diaminocyclohexane, (1S,2S)-(+)-1,2-diaminocyclohexane, ()-
trans-1,2-diaminocyclohexane and 1,2-phenylenediamine and
two [4]helicene fragments (1-4). Zinc acetate (1 mmol) and
diamine (1 mmol) were dissolved in 10 mL of methanol. The
reaction mixture was degassed for 20 min and [4]helicene
salicylaldehyde 9 (2 mmol) dissolved in 10 mL of methanol was
added dropwise. The mixture was refluxed 10 minutes and
stirred overnight at RT. Precipitated powders of 1-4 were
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filtered and the residue washed with methanol (yields 73-95%).
Protons and carbons were done by a combination of 1H, 13C,
NOESY, COSY, HSQC and HMBC.

1 (80%): 1H NMR (500 MHz, DMSO-ds): & (ppm) 1.53 (br, 4H), 2.01
(br, 2H), 2.65 (2H), 3.45 (2H), 7.48 (d, J = 8.4 Hz, 2H), 7.66 (dd, J = 7.4
Hz, 2H), 7.88 — 7.76 (m, 6H), 7.99 (d, J = 8.5 Hz, 2H), 8.10 (d, J = 7.8
Hz, 2H), 8.14 (s, 2H), 8.29 (s, 2H), 8.75 (s, 2H), 9.25 (d, J = 8.6 Hz, 2H).
13C NMR (125 MHz, DMSO-dg): 6 (ppm) 168.7, 166.1, 137.6, 135.8,
133.4, 133.1, 130.9, 129.2, 128.7, 128.6, 127.4, 126.9, 126.0, 124.4,
123.5, 122.2, 121.7, 117.1, 65.4. HRMS (FAB) m/z 684.1763, theor.
684.1755 (M+). TCSPC T1/2= 1.2, 5.42 ns. 2 (73%): H NMR (500 MHz,
DMSO-dg): & (ppm) 1.52 (br, 4H), 2.00 (br, 2H), 2.61 (br, 2H), 3.45 (br,
2H), 7.48 (d, ) = 8.6 Hz, 2H), 7.65 (dd, J = 7.2 Hz, 2H), 7.86 — 7.75z (m,
6H), 7.99 (d, J = 8.6 Hz, 2H), 8.09 (d, J = 7.8 Hz, 2H), 8.13 (s, 2H), 8.29
(s, 2H), 8.75 (s, 2H), 9.24 (d, J = 8.6 Hz, 2H). 13C NMR (125 MHz,
DMSO-dg): 6 (ppm) 168.4, 165.0, 137.1, 134.4, 132.8, 132.5, 130.5,
128.7,128.2, 127.9, 127.0, 126.4, 126.3, 125.4, 124.0, 123.0, 121.6,
121.2, 116.6, 64.9, 27.7, 23.8. HRMS (MALDI) m/z 685.1828, theor.
685.1833 (M+H+). TCSPC T1/2= 1.6, 6.1 ns. 3 (88%): 'H NMR (500 MHz,
DMSO-dg): & (ppm) 1.51 (br, 4H), 2.01 (br, 2H), 2.62 (2H), 3.45 (2H),
7.48 (d, ) = 8.5 Hz, 2H), 7.68 (dd, J = 7.4 Hz, 2H), 7.87 — 7.76 (m, 6H),
7.99 (d, J = 8.4 Hz, 2H), 8.12 (d, J = 10.1 Hz, 2H), 8.14 (s, 2H), 8.29 (s,
2H), 8.75 (s, 2H), 9.25 (d, J = 8.5 Hz, 2H). 13C NMR (125 MHz, DMSO-
de): & (ppm) 168.9, 165.6, 137.5, 134.8, 133.2, 132.9, 130.9, 129.2,
128.7, 128.5, 127.4, 127.0, 126.8, 125.8, 124.5, 123.4, 122.1, 121.6,
117.3, 65.3. HRMS (FAB) m/z 684.1748, theor. 684.1755 (M+). TCSPC
Ty2= 1.32, 5.42 ns. 4 (95%): 'H NMR (500 MHz, DMSO-de): & (ppm)
7.50 (d, J = 8.5 Hz, 2H), 7.55 (m, 2H), 7.68 (dd, ] = 7.4 Hz, 2H), 7.81 (d,
J=8.5Hz, 2H), 7.85 (m, 4H), 8.02 (d, J = 8.5 Hz, 2H), 8.16 — 8.09 (m,
4H), 8.30 (s, 2H), 8.35 (s, 2H), 9.25 (d, J = 8.5 Hz, 2H), 9.44 (s, 2H). 3C
NMR (125 MHz, DMSO-dg): 169.5, 163.9, 140.1, 138.6, 136, 133.3,
131.1, 130.9, 129.2, 128.8, 127.3, 127, 126.9, 126.1, 124.6, 123.8,
122.2, 117.6, 117.5. HRMS (FAB) m/z 678.1280, theor. 678.1286
(M+). TCSPC t1/,=1.09, 3.15 ns.

Results and discussion

Synthesis of the helicene 9

The original key building block 9 (Scheme 1) which we
considered was a [4]helicene bearing an alcohol in the ortho
position of an aldehyde group, thus reminiscent of salicylic-

aldehyde, which is the proper configuration to assemble the
Br

TBOMSO.__~.
HO GHO -~ OTBDMS =
= i s ii | [ iii
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Scheme 1. Synthesis of the complexes 1, 2, 3 and 4. i) TBDMSCI, imidazole, DMAP, DCM,
RT, 70% ; i) C1oH7CH,PPh3Br, nBulLi, THF, -78°C to RT, 79% as a mixture of Z and E isomers;
i) hv, 1, propylene oxide, toluene, 53% ; iv) p-wave, CuCN, NMP, 95%; v) DIBAL-H,
toluene, 53% ; vi) Zn(OAc),, diamine, MeOH, 73-95%.
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Figure 1. X-ray structures of a) compound 8 and b) compound 9. (top : view perpendicular
to the helix and bottom : side view of the helix). (Carbon: black ; Nitrogen : blue ; Oxygen
:red ; Zinc : grey ; Hydrogen : white).

tetradentate Schiff base. This design requires a precise stepwise
construction of our precursor. For its synthesis, we have
adapted procedures of phenol protection, Wittig type
condensation, oxidative photocyclisation and aldehyde group
formation in a multi-step procedure (Scheme 1). The synthesis
consists of five steps, with good global yields.

First, 3-bromo-4-hydroxybenzaldehyde was protected with a
tert-butyldimethylsilyl group (TBDMS) to prevent side reactions
during the following step, affording 5 with 70% vyield. The
protected aldehyde 5 was further reacted with 2-naphthyl-
methyltriphenylphosphonium bromide following a classical
Wittig protocol to obtain the stilbene 6 as a mixture of Z/E
isomers with 79% yield. Photocyclisation in diluted conditions
using a stoichiometric amount of |, and propylene oxide as
proton scavenger afforded 7.

Although direct formylation reaction by lithium bromide
exchange and addition of DMF was attempted - varying the
solvents, temperature and reaction time - it yielded only the
debrominated helicene. Compound 7 was therefore further
reacted following a Rosenmund-von Braun reaction under
microwave activation in N-methyl-pyrrolidone3® to obtain the
cyanated [4]helicene 8. Satisfyingly, the TBDMS protecting
group was simultaneously removed, presumptively because of
the Lewis acid character of CuCN. The corresponding aldehyde
9 was obtained by reduction with DIBAI-H in THF.

Crystals of compound 8 suitable for X-ray analysis were
obtained by slow evaporation of a CHCl5/CH3OH solution (Fig.
1). The compound crystallized in the monoclinic space group
P21/n, with one helicene and a MeOH molecule in the
asymmetric unit connected by a H-bond between the two
alcohol functions (do.o = 2.658(1) A). Due to the symmetry
operations, both P and M enantiomers are observed in the
structure. The dihedral angle in the helicene moiety is equal to

7N

—N_ _N=
]
o] O

10: R = (R,R)-cyclohexyl-diamine
11: R = (§,S)-cyclohexyl-diamine
12: R = (rac)-cyclohexyl-diamine

Zr‘I(OAC)z
HO. + -

HiN  NH,

MeOH

Scheme 2. Synthesis of the complexes 10, 11, and 12.
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Figure 2. X-ray structure of complex 1 showing the two independent molecules from a
view perpendicular to the helix axis a) for 1-R,R/P,P and b) 1-R,R/M,M. A view from the
side of the helix is displayed c) for 1-R,R/P,P and d) 1-R,R/M,M (Carbon: light grey ;
Nitrogen : blue ; Oxygen : red ; Zinc : grey ; Hydrogen : white).

22.5°. Compound 9, for which single crystals have been
obtained by slow diffusion of CH30H in a CH,Cl; solution of the
compound, crystallized as well in the monoclinic space group
P2:/n. Again, both P and M enantiomers are present in the
structure. The dihedral angle between terminal benzene rings is
equal to 27.1°. n—n stacking occurs between helicenes, creating
enantiopure columnar stacks separated by 3.35 A between the
functionalized benzene rings. An intramolecular H-bond is
observed between the alcohol hydrogen and the oxygen of the
aldehyde moiety, with an O-H-O angle of 148(3)° and a O-O
distance of 2.674(2) A.

Synthesis of the complexes 1-4

Finally, the target salen complexes 1-4 were synthesized by a
one-pot reaction with diamine, Zn(OAc), and 9 in MeOH in good
yields (Scheme 1). Model salen complexes 10-12, with benzene
instead of [4]helicene, were synthesized for comparison
reasons according to reported literature procedures by
condensation of salicyladehyde, diamine and Zn(OAc), in MeOH
(Scheme 2).38 As assessed by single crystal X-Ray diffraction,
complexes 1 and 4, bearing two [4]helicene moieties, display
the typical tetradentate O,N,N,O coordination around Zn(ll)
characteristic of salen ligands. Single crystals of complexes 1
and 4 were obtained by vapour diffusion of MeOH in a solution
of the compound in THF at room temperature. The dataset for
1 stands below the iUCr standards despite numerous
crystallization trials and an extended X-Ray irradiation time, and
therefore the precise bond lengths and bond angles values will

b)

Figure 3. X-ray structure of complex 4. a) Asymmetric unit and b) H-bonded dimer
observed in the solid state (M,M complex : red ; P,P complex : blue).
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not be discussed here. Complex 1 crystallized in the non-
centrosymmetric monoclinic space group P2. In the solid state,
the Zn atom is pentacoordinated by the tetradentate O,N,N,O
Schiff base and one apical water molecule in a square pyramidal
conformation. Two molecules are observed in the asymmetric
unit, both having two asymmetric R,R carbons in the cyclohexyl-
diamine moiety. The first molecule displays P,P configuration
for the helicene moiety, while the second molecule displays a
M, M configuration (Fig. 2). They tend to associate into dyads
through H-bonding interactions of the apical water molecule
with their symmetrical counterparts (see the ESI). Complex 4
crystallizes in the centrosymmetric monoclinic space group
P2,/c (Fig. 3). As for 1 the Zn ion is surrounded by the square
defined by the tetradentate Schiff base, and bears a water
molecule in its apical position. The Zn atom lies slightly above
the plane formed by the four O,N,N,O atoms, thus adopting a
distorted square pyramidal conformation. One molecule
contains two helicene moieties with a similar configuration:
either P,P or M,M. A THF molecule completes the structure. P,P
and M,M molecules are connected by four hydrogen bonds
between the hydrogens of the apical water molecule and the
oxygens of the salen moiety, with O---O distances in the 2.6-2.7
A range, and O-H-O angles of 129° and 152°.

Spectroscopic properties

UV-visible spectra of the complexes were measured in THF
solutions at 10> M and were compared with the theoretical
spectra resulted from TD-DFT calculations using Gaussian with
the PBE1PBE functional and a def2SVP basis set. The X-ray
structure was used as a basis for atomic positions, which were
further optimized. Experimentally, for complexes 1-3 wide
absorption band are observed with maxima at 273 nm (e =
60000 L-mol1-cm™),322 nm (¢ = 78000 L-mol-1-cm) and 350 nm
(e = 38000 L-molt-cm) which can be attributed to n—n*
transitions in the aromatic moieties. Both the position and the
overall € values are in good agreement with the calculations. A
further broad absorption band is observed for complexes 1-3 at
454 nm (¢ = 6500 L-mol-1-cm1), which can be attributed to an
ILCT character. The UV spectrum of complex 4 is much less
structured, owing to the presence of the extra phenyl rings of
the diamine and in this case the most red-shifted absorption is
found at 483 nm (¢ = 3700 L-moll-cm'1). HOMO and LUMO
orbitals, calculated for 1 in the R,R/M, M configuration, involved
in this low energy transition, are represented in Fig. 4f. It is
worth noting that for both R,R/M,M and R,R/P,P configurations
HOMO-1/HOMO and LUMO/LUMO+1 are degenerated and
participate in both the S1 and S2 transitions (ESI). The electron
density difference maps (Fig. 4f) between S1-S0 and S2-SO are
helpful here to understand the transitions, which are mostly
consisting of a transfer of electronic density involving the salen
and the helicene units. The difference in stability between the
two diastereomers is not big enough to hypothesize that a
helicene configuration would be favored in solution.

For all complexes 1-4 the excitation spectrum is very similar to
the absorption one, whereas the emission for 1-3 has a
maximum at 550 nm and for 4 at 620 nm (Fig. 4b and ESI).

This journal is © The Royal Society of Chemistry 20xx
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Figure 4. UV-visible spectra of the a) complexes 1-4 (THF, 10> M), b) normalized emission and excitation spectra (Aem = 350 NmM ; Aexc = 530 nm) of complex 3 (THF, 10> M range,
blue: absorption ; red: excitation ; black : emission), c) ECD spectra of complexes 1 and 2 (THF, 1-1.5-10°° M range), d) ECD spectra of model complexes 10-12 (DMSO, 2-3.10°M
range), e) calculated UV-visible spectra for complex 1, f) frontier molecular orbitals of 1 and representation of the Electron Density Difference (S1-SO - left) and (S2-SO - right),
calculated circular dichroism spectra for complex 1 with helicene moieties in the g) P,P and h) M,M conformations.

Complexes 1-3 have moderate quantum yields in the 10-16%
range, while the phenyl derivative 4 displays only a 2.5%
quantum vyield (using quinine sulfate in 0.1M H,SO; as a
reference). Two lifetimes are displayed for each complex: a first
one in the 1-1.6 ns range, and a second one of 3.1 ns (complex
4) and around 5.4-6.0 ns for complexes 1-3 (Table S1 in the ESI),
all properly fitted to the experimental time correlated single
photon counter (TCSPC) values using a bi-exponential function.
The obtained values are in accordance with previously reported
data, and could be explained by the competition between a *-
n and a CT transition.#%41 The excitation spectra present a
perfect match with the absorption spectra for the four
complexes (Fig. 4b and ESI).

Chiroptical properties

Thanks to the chiral diamine moiety, the complexes 1 and 2 are
active in circular dichroism (Fig. 4c). For the sake of comparison,
in order to disclose between a possible participation of the
[4]helicene moieties and that of the chiral salen complex to the
CD spectra, chiroptical properties of complexes 10 and 11 have
been measured as well. They display a relatively strong
response in CD (Fig. 4d). Interestingly, the charge transfer band
involving the aromatics in the helicene moiety around 450-500
nm is CD active, with Ae of -5 L-mol-t-cm1for 1 and 5 L-mol-t-cm-
1for 2 at 480 nm, very likely resulting from an exciton coupling
between the two helicene chromophores. Based on the
structure of (R,R)-diaminocyclohexane, one can predict a
negative couplet, with a crossover point at about 454 nm, a
negative band at longer wavelengths and a positive one at
shorter ones.?? This is indeed found in the experiment, where
the positive component of the couplet is cancelled by the
negative tail of the 330-360 nm system of CD bands. In the
calculations (Fig. 4g and 4h and ESI) this couplet is much more
evident. The ECD bands around 450-500 nm are absent in the
model complexes 10 and 11, which supports the active part

This journal is © The Royal Society of Chemistry 20xx

taken by the extended aromatic moieties of 1 and 2 in the CD
spectra. In the calculated CD spectra for 1-R,R/P,P and 1-
R,R/M,M, the sign of the transitions above 400 nm does not
change with the helicity of the aromatic part, i.e. it is mostly
dictated by the chirality of the stereogenic centers of the
cyclohexyl-diamine moiety. Furthermore, stronger signals with
maxima at 353 and 330 nm are observed for 1 and 2, with
Ae absolute values of 39 and 63 L-mol-t-cm respectively.

CPL associated to Zn-salen helicene compounds 1-2 was easily
recorded thanks to a strong total luminescence and the absence
of any significant photoselection. Complexes 1 and 2 display
clear mirror image CPL signals with a maximum around 535 nm,
retracing the fluorescence spectrum (Fig. 5). Dissymmetry
factors gium around +1.3-10-3 and -1.6-10-3 were obtained at 535
nm for the 5,5 and R,R enantiomers, respectively. The sign is
consistent with that observed for low energy ECD transitions
(below 320 nm). The magnitude of the gium factors is in the usual
range for transition metal complexes containing helicene units.
Similarly, Zn-salen models 10 and 11 compounds show mirror
image CPL signals with a maximum around 440 nm, retracing
the fluorescence spectrum. Dissymmetry factors around
+1.1-103 and -1.3-103, thus only slightly lower than the
helicenic complexes, were obtained at 440 nm for the S,S and
R,R enantiomers, respectively. Again, the sign is consistent with
the one of the most red-shifted ECD transitions.

—10RA)
—1ss)

A '
0.001 4 4 \
0.0005 5
PR PR vt

450 500
Mom

150 0 600
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Figure 5. CPL spectra of (left) compounds 1-2 (~1:10" M in THF, Aexc = 365 nm) and (right)
model compounds 10-11 (~¥1-101 M in DMSO, Aeyc = 365 nm).
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The dissymmetry factors obtained in both cases are in line with
previous reports on Zn-salen CPL.2% The CPL brightness defined
by Equation 1 was calculated 43:

X P X |gum|

Equation1: Bcp, = >

Complexes 1, 2, 10 and 11 have Bcp. of 1.2, 0.8, 1.8 and 1.3
L'-mol-t-cm-1respectively. This places 1 and 2 below the average
organic helicene values of 18.7 L'mol-t:cm-! for CPL brightness,
but on the high side of the range of the reported average values
for d-Metal based compounds, which are 0.14, 0.79 and 1.0
L'-mol-t-.cm- for Re(l), Ir(lll) and Pt(ll) complexes respectively.*3

Conclusions

In summary, we reported here the first synthesis and
characterization of Schiff base Zn(ll) complexes incorporating a
helicenic scaffold. They exhibit excellent optical properties as
fluorescent materials and display chiroptical activity.

The stereochemistry imposed by the chiral diamine is partially
transferred to the helicene scaffold in solution and observed in
electronic circular dichroism. Bi-exponential decrease of the
luminescence lifetime is observed with two lifetimes in the
range of 1-2 and 5-6 ns, respectively along with a QY in the 15%
range. CPL is in the expected range for the emission wavelength
and intensity for the complexes as attested by the Bcp. values.
The sign of the CPL signal is determined by the chirality of the
diamine employed in the synthesis. Theoretical calculations
support the observed optical properties. These Zn(salen)
could be for  their
electroluminescence properties in the visible.38 Extending the
size of the helicene moiety to block its configuration is the most
important development, which is underway in our groups.

complexes explored chiral
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