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Abstract. The incorporation of rhenium atoms within an extended helical 7t-conjugated N,N-type
(bipyridine or phenanthroline) system impacts the chiroptical and photophysical properties of the
resulting neutral or cationic complexes, leading to rhenium-based phosphorescent derivatives that
exhibit circularly polarized luminescence. In this short review, we describe key results that have been
obtained by our group in this field in the past decade.
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1. Introduction

Rhenium(I) tricarbonyl d® complexes are well-
known emissive complexes, notably for their effi-
cient visible-light and long-lived luminescence [1].
Owing to the strong spin-orbit coupling of the heavy
rhenium atom, these complexes exhibit efficient
room-temperature (rt) phosphorescence. They have
been investigated for diverse applications, including
photoredox chemistry [2,3], chemo- and electro-
chemiluminescence [4,5], chemical and biological
sensing [6,7], bioconjugation [8,9], and as dopants
in organic light-emitting diodes (OLEDs) [10]. They

*Corresponding author

ISSN (electronic): 1878-1543

can be easily synthesized by refluxing in toluene
a rhenium(I) source (commonly ReX(CO)s, where
X = Cl, Br) with a bidentate N,N or C,N ligand
(such as a 2,2'-bipyridine, terpyridine, or pyridyl-
N-substituted heterocyclic carbene), yielding com-
plexes of general formula ReL,X(CO)3, with L, rep-
resenting the bidentate ligand. An attractive re-
search direction involves the introduction of chiral-
ity into Ly, for instance helical chirality, and com-
bination with chirality at the rhenium center. He-
licenes are helically chiral molecules obtained from
the ortho-fusion of aromatic rings [11]. Over the past
two decades, our group has focused on synthesiz-
ing helicenic structures, incorporating coordinating
units to produce helically chiral ligands and a broad
range of chiral metal complexes upon subsequent
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coordination [12,13]. This approach enables the
combination of the chirality-driven properties of the
ligand with the intrinsic photophysical, chiroptical,
and magnetic characteristics of the chosen metal ion,
thereby generating unique functional molecular ma-
terials. In this short account, the main results on rhe-
nium complexes bearing helicenic ligands function-
alized with 2,2'-bipyridine or phenanthroline-type
coordinating units are reviewed. These complexes
exhibited intense electronic circular dichroism, and
circularly polarized long-lived phosphorescence,
appealing properties for the development of chiral
photoactive materials. The specific stereochemical
features that significantly influence the properties of
these chiral emitters are also highlighted.

2. Results and discussion

2.1. Synthesis and characterization of helicenic
N, N ligands

2,2'-Bipyridine (bipy) units are widely used ligands in
coordination chemistry, enabling access to a broad
range of luminescent metal-based molecular mate-
rials [14]. Our group was the first to prepare helical
bipy ligands, i.e., bipy units fused with a helicenic
moiety, actually consisting of 4-aza[n]helicenes 3-
substituted by a 2-pyridyl unit. As described in
Scheme 1, we developed in a systematic fashion
[4]helicene 3a [15,16], [6]helicene 3b [15,16], with
a single bipyridine unit at one end, along with
[6]helicene 3c [17] containing a bipyridine unit at
both termini. We started our two-step synthesis
from 2,2'-bipyridine-6-carboxaldehyde 1, by a Wit-
tig reaction with either 2-naphthyl phosphonium
bromide 2a, 2-methylbenzophenanthrene phos-
phonium bromide 2b, or naphtyl-2,7-dimethyl-di-
phosphonium bromide 2c, respectively, followed
by a Mallory reaction (photocyclization under ox-
idative conditions) [18]. Regarding [4]helicene-
pyrazino[2,3- f1[1,10]phenanthroline (6), incorpo-
rating a dppz unit (dppz = benzo[h]dipyrido[3,2-
a:2',3'-clphenazine) [19], it was obtained from con-
densation of a 1,2-[4]helicene-diamine 4 with 1,10-
phenanthroline-5,6-dione 6 (Scheme 1) using cat-
alytic para-toluene sulfonic acid [20]. A similar
strategy was recently utilized by others to gener-
ate pyrazino-phenanthryl-based helicenic systems
displaying high photoconductive properties [21].

The photophysical properties of ligands 3b, 3c,
and 6 were studied in detail. These three compounds
exhibited absorption spectra in the UV-visible (UV-
Vis) region between 270 and 500 nm. Furthermore,
helicene derivatives 3b and 3¢ were found to display
vibronically structured blue fluorescence with mod-
erate quantum yields. For instance, in CH»Cl, solu-
tion at rt, ligand 3b exhibited a structured blue flu-
orescence at 421 nm, with a vibronic progression of
1400 cm™! (quantum yield ® = 8.4%) (Table 1). Lig-
and 6 was found to emit redshifted fluorescence cen-
tered at 515 nm, which appeared broad and unre-
solved as a result of the presence of charge transfer
(CT), and with a higher quantum yield of 29%. Inter-
estingly, long-lived phosphorescence signals emerg-
ing around 530 nm were observed for 3b,c and at
560 nm for 6 when cooling down to low temperature
(77 K) (Figure 3d).

While benzophenanthryl system 3a was found to
be configurationally unstable, hexahelicenic enan-
tiopure (M)- and (P)-3b, and (M)- and (P)-3c could
successfully be obtained by HPLC over chiral station-
ary phases. Unfortunately, due to very poor solubil-
ity, attempts to separate the enantiomers of 6 proved
unsuccessful. (M) and (P) enantiomers of 3b and
3c displayed the typically strong electronic circular
dichroism (ECD) responses, which are very typical
of helicenic organic derivatives [22]. For instance,
enantiomer (P)-3b exhibited a very strong negative
band at 265 nm and a very strong positive band at
335 nm along with weaker positive bands between
380 and 430 nm (Figure 2a).

3. Coordination to rhenium(I)

3.1. Monometallic helicene-bipy-Re(I)
complexes

The coordination of 3a and 3b to rhenium() was
then performed under classical conditions, i.e., by re-
acting them with Re(CO)5Cl in refluxing toluene and
isolating the complexes by simple filtration thanks
to their low solubility in toluene (Scheme 2). Specif-
ically, the neutral Re(I) complexes 7a and 7b were
synthesized from 4-(2-pyridyl)-5-azal4]helicene 3a
and 4-(2-pyridyl)-5-aza[6]helicene 3b, respectively.
In contrast to the starting ligands, Re(I) complexes
7a and 7b displayed red phosphorescence at ~673—
678 nm in CH,Cl, at rt, but with very low quantum
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Scheme 1. Synthetic procedures used to prepare helicenic N, N ligands 3a-3c and 6 [15,17,20].
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Scheme 2. Synthesis of neutral and charged rhenium complexes 7a-9a and enantioenriched (M, Age)-
7b', (M, Cre)-7b? and (M, C Are)-8b'? from, respectively, [4]helicene-bipy 3a and [6]helicene-bipy (M)-
3b. X-ray crystallographic structures of racemic 7b?, 8a, and 9a (only (M, Cge) stereoisomers are shown).

Adapted with permission from Ref. [16].

yields (® = 0.11-0.13%, Table 1). In order to im-
prove efficiency, charged complexes 8a/8b'? and
9a, were readily prepared by direct substitution
of the chloride ligand with pyridine or isocyanide.
Satisfyingly, these were found to exhibit red phos-
phorescence with markedly higher quantum yields

(6-16%) (Table 1) and much longer lifetimes. From
the stereochemical viewpoint, ligand 3a is in av-
erage planar and achiral, while ligand 3b adopts
helical (P) or (M) chirality. Due to the dissymmet-
ric nature of the bipy ligands, the slightly distorted
octahedral rhenium center also becomes chiral,
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Table 1. Absorption data, emission maxima, quantum yields, lifetimes and emission dissymmetry factors
of the compounds described. In dichloromethane at 298 + 3 K, except otherwise indicated

Compound Absorption Emission ® (%) T (ns)? CPL
Amax (Mm) (€ (x103 M 1-cm™))  Apax (nm) Slum
3b 240 (35.0), 266 (55.8), 322 421, 445, 473sh 8.4 6.6 +3.4x1073
(27.0), 353 (14.4), 372 (10.2), [(P)-3b] [15]
393 (2.63), 417 (1.80)
3c 242 (35.1), 272 (60.3), 286 422, 448, 476, 8.6 5.1 +8.6x1073
(65.3), 344 (26.5), 366sh 513sh [(P)-3c] [15]
(20.2), 398 (3.50), 420 (2.75)
6 260 (85), 288 (67), 350 (33), 515 (CH,Cly) 29 58,28 n.d.
435 (13), 410 (16) 560 (77 K)
7a 243 (34.5), 273 (30.3), 318 678 0.11 25 n.d.
(30.3), 330 (43.2), 398 (12.7)
8a 251 (54.9), 273 (51.9), 326sh 585, 618 16 67000 n.d.
(35.9), 337 (46.6), 403 (14.6),
422 (15.2)
9a 248 (35.7), 280 (34.2), 327sh 595, 623 8.3 11500 n.d.
(27.3), 338 (37.7), 408 (13.5),
422 (13.9)
7b! 236 (45.9), 277 (49.9), 307 680 0.13 27 n.d.
(28.2), 339 (21.3), 420 (7.96),
444 (7.30)
7b? 237 (59.8), 278 (65.0), 305sh 673 0.16 33 +3.1x1073
(36.3), 344 (26.3), 418 (11.0), [(P, Age)-7b?] [16]
445 (10.2)
8b12 272 (48.0), 339 (17.6), 444 598 6 79 000 +1.3x1073
(5.6) [(P, ACRe)-8b"?] [16]
10-1 283 (46.5), 299 (51.4), 361 664 0.20 38 +3.4x1073
(15.5), 387 (15.4), 450 (6.08) [(P, Age, Age)-10-1] [17]
10-2 283 (33.7), 299 (37.9), 359 678 0.15 32 n.d.
(12.7), 389 (11.3), 450 (5.09)
11 267 (77), 304 (40), 353 (29), 518 (CH,Cly) 20 12,76 +23x10 3 atrt
460 (12) 560 (77 K) +29x1072at77K

(P, ACge)-11] [20]

4 Tn degassed solution. n.d. not determined.

with its configuration described as anticlockwise
(Age) or clockwise (Cge) [23,24]. Consequently,
complex 7a can exist as (Age)/(Cre) enantiomers,
whereas 7b forms two diastereomeric pairs of enan-
tiomers: (B, Age)/(M,Cgre) and (B, Cge)/ (M, Age). In
the charged complexes, the Re center readily iso-
merized, thus yielding inseparable racemic mixtures
(8a) or epimeric mixtures (8b"?). In contrast, enan-

tiomerically and diastereomerically pure samples
of 7a and 7b'? were successfully isolated by chi-
ral HPLC. Having these species in hand allowed a
detailed investigation of their chiroptical proper-
ties. For instance, Figure la represents the com-
parison of the ECD spectra of pure stereoisomers
of 3b with those of 7b! and 7b2, while Figure 1c
shows the comparison of the calculated ECD spectra
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Figure 1. (a) Experimental ECD spectra of enantiopure (M) and (P)-3b and their corresponding enan-
tiopure Rel complexes (M, ARe)-7b1, (P, CRe)-7bl, (M, CRe)-7b2, and (P, ARe)-7b2. Inset: ECD spectra of
7b! enantiomers between 450 and 550 nm. (b) CPL (upper curves within each panel) and total lumines-
cence (lower curves within each panel) spectra of (M)-3b, (P)-3b, (M, Cre)-7b2, (P, Ape)-7b?, (M, ACRe)-
8b12 (P, ACge)-8b'2in degassed CH,Cl, atrt. (c) Calculated ECD spectra of (P, Cre)-7b!, and (P, Age)-7b?
and Boltzmann-averaged spectrum for (P)-8b"? conformers. View of HOMO and LUMO of 7b! and 8b'.
First excitation energies indicated by dots on the abscissa. Adapted with permission from Ref. [16].

of 7b! and 7b? with the epimeric mixture of 8b'2,
and Figure 1b presents their CPL (circularly polar-
ized luminescence) responses. The ECD spectra of
7b'2 and 8b'? feature a new low-energy band which
was absent in 3b. The calculated ECD spectra re-
vealed that this transition mainly corresponded to
the HOMO—LUMO excitation and arose from the
mt-helical ligand system in the HOMO and the bipy—
rhenium fragment, with partial 7t-extension into the
helicenic core in the LUMO. Importantly, ligand 3b,
complex 7b?, and complex 8b'? were found CPL-
active, with emission dissymmetry factors (gjym) on
the order of 1073 (Table 1). Theoretical calculations
indicated that the emission process involves Re or-
bitals, enabling the formally spin-forbidden T; — Sy
phosphorescence transitions via spin-orbit cou-
pling. The reduced metal-orbital participation (lower
metal-to-ligand CT [MLCT] character) in the T, state
of 8b!2 compared with 7b'? explained the higher
emission efficiency of the charged complexes.

3.2. Bimetallic helicene-bis-bipy—Re(I)
complexes

Using the same strategy, the dinuclear Re(I) com-
plexes 10-1 and 10-2 were synthesized from 3,14-
bis(2-pyridyl)-4,13-diaza[6]helicene 3c incorporat-
ing two bipy units (Scheme 3). Similarly to mono-
Re complexes, each Re center in 10-1 and 10-2
adopts a distorted octahedral geometry with fac-
oriented carbonyl groups. In 10-1, both chlorides
point toward the helicene core, giving C, symme-
try with identical C or A configurations at the two
Re centers and a helical angle of 39.13°. In 10-2,
one chloride points inward (C) and the other out-
ward (A), breaking the symmetry (C;) and increas-
ing the helical angle to 46.39°. The isomer with
both chlorides pointing outward was not observed.
X-ray diffraction established the absolute config-
urations as (M, Cre, Cre)/ (P, Age, Age) for 10-1 and
(M, CRre, ARre) ! (P, Age, Cre) for 10-2, consistent with
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Re(CO)sCl
—_—
toluene
reflux, 5 hrs
quant. yield

(rac)-3c

(rac)-(M*,Cre",Cre")-10-1
10-1/10-2 = 84:16

(rac)-(M*,Cre*.Age *)-10-2

(M)-3¢

(M, Cre,Cre)-10-1

(M, CreAre)-10-2

Scheme 3. (a) Synthesis of dinuclear rhenium(I) complexes (rac)-10-1 and (rac)-10-2 from racemic diaza
[6]helicene-bis-bipyridine ligand 3c. (b) X-ray crystallographic molecular structures of 3¢, 10-1, and 10-2
(racemic structures, only one enantiomer shown). Adapted with permission from Ref. [17].

their respective C, and C; symmetry. Incorporation
of two Re centers into the helicenic ligand induced
a marked redshift of the lowest-energy bands and
increased molar absorptivity beyond 375 nm (Ta-
ble 1). The nature of these excitations in 10-1 and
10-2 was investigated in detail by TDDFT calcula-
tions. Bands around 299 nm are assigned to intrali-
gand 7-7t* transitions, while the lower-energy bands
corresponded to intra-ligand CT (ILCT) excitations
with MLCT contributions. In CH,Cl, at rt, 10-1 and
10-2 displayed weak, broad red phosphorescence
(Amax = 673 and 687 nm; ® = 0.20% and 0.15%;
T = 38 and 32 ns), typical of SMLCT emission in
Re(CO)3(N,N)CI complexes. At 77 K, the complexes
exhibited structured phosphorescence blueshifted
by over 100 nm relative to rt, with 7 over 40 us.
This low-temperature emission closely resembled
that of ligand 3c suggesting that a ligand-centered
37—mt* state lies below the SMLCT state under these

conditions, with metal coordination slightly stabi-
lizing the 7* orbitals and accelerating the T; — Sy
transition.

Enantiopure dinuclear Re(I) complexes were pre-
pared from enantiopure ligands. Interestingly, only
one diastereomer was formed from each ligand,
namely (M, Cge, Cre) and (B, Age, Are)-10-1 from (M)-
and (P)-3c, respectively, while enantiopure 10-2 was
not detected. This selectivity most likely originated
from the lower stability of enantiopure 10-2, which
under refluxing toluene isomerized to the thermo-
dynamically more stable 10-1. This interpretation
was supported by DFT calculations. Figure 2a com-
pares the experimental ECD spectra of the ligand
and its complexes. The enantiomers of 10-1 exhib-
ited mirror-image spectra featuring several bands be-
tween 272 and 459 nm. The MOs involved in the low-
energy intense excitations of 3¢ and 10-1 are shown
in Figure 2c. Transitions of the ligands are dominated
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Figure 2. (a) Experimental ECD spectra of (P)- and (M)-3cand (P)- and (M)-10-1in CH»Cl, atrt. (b) Sim-
ulated ECD spectra of (P)-3c, (P, Ape, Age)-10-1, and (B, Age, Cre)-10-2 with selected calculated excitation
energies and rotatory strengths indicated as “stick” spectra. (c) Isosurfaces of selected molecular orbitals
for 3¢, 10-1, and 10-2. Adapted with permission from Ref. [17].

by m-mt* ones, with extended conjugation through
the whole system. In complex 10-1, the strong
ECD bands mainly arise from metal and halogen to
helicene-bis-bipyridine charge transfers (MLCT and
halogen-to-ligand CT [XLCT]), with additional he-
licene ILCT and 7—7t* transitions. Finally, nearly
mirror-image CPL spectra were recorded in degassed
CH,Cl, solutions at rt, with gy, values of +8.6 x 1073
at ~450 nm for (P)-3c and +3.4 x 10~3 at ~630 nm
for (B, Age, Are)-10-1. The latter value is similar to the
one of complex 7b? (see Table 1). It is worth men-
tioning that complex 10-1 displayed a CPL sign which
was opposite to that of the lowest-energy ECD band
(gabs = —3.4 x 1073 for (P, Ape, Age)-10-1), suggest-
ing that absorption and emission involve different
electronic states and/or the transition is not Franck-
Condon-allowed [25].

3.3. Monometallic helicene-DPPZ—-Re(I)
complexes

Coordination of Re(I) to helical DPPZ-type ligand 6,
using Re(CO)5Cl in refluxing toluene, yielded com-
plex11. Contrary to ligand 6, it was possible to obtain
enantiomerically enriched samples of 11 on an ana-
lytical scale using the chiral HPLC separation tech-
nique [20]. The (P) and (M) helical configurations
were confirmed by (TD)DFT calculations. However,
these systems may exist in two octahedral diastere-
omeric forms differing in rhenium-centered chiral-
ity ((B, Cre)-11-1 and (B, Age)-11-2 and their mirror
images), but they could not be clearly distinguished
in this particular case. This outcome suggested ei-
ther a weak differentiation between both diastere-
omers, a potential dynamic equilibrium in solution,
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Figure 3. (a) Optimized structures of (P)-6, (P, Cre)-11-1, and (P, Age)-11-2 with relative electronic energy
AE values (in kcal/mol) and respective Boltzmann populations at 298 K. (b) FMOs of (P)-6 and (B, Cge)-11
obtained based on LC-PBE0*/def2-TZVP/PCM(CH,Cl,) calculations. Values listed are the corresponding
orbital energies (in eV). (c) Experimental ECD spectra of 11 enantiomers in CHCl, at rt, along with the
corresponding simulated (TDDFT-LC-PBE0*/def2-TZVP/PCM(CH,Cl,)) spectral envelopes obtained for
(P,Cre)-11-1 and (P, Age)-11-2. Selected numbered excitation energies and the corresponding rotatory
strengths obtained for (B, Cge)-11-1 indicated as “stick”. (d) Experimental photoluminescence spectra of
11 in CH,Cl, at rt and in 2-MeTHF at 77 K. Inset: Enlarged spectra. Adapted with permission from

Ref. [20].

or a preferential formation of one stereoisomer un-
der the synthetic conditions, as already seen in the
complexes described above. Complex 11 exhibited
very similar UV-Vis absorption in the higher-energy
region as for the ligand (Figure 3 and Table 1) but
with an additional tail of absorption going down to
575 nm due to the presence of the rhenium atom.
TDDFT calculations and MO analysis of 6 highlighted
the presence of strong charge-transfer transitions
([4]helicene—pyrazino-phenanthroline) in addition
to the classical —mt* transitions (Figure 3b), while
for 11 they revealed similar electronic characteristics
corresponding to almost pure HOMO—LUMO ILCT
transition with some helicene-centered -7t* signa-
ture but with additional Metal-to-Ligand CT (MLCT)
component due to the involvement of the metal or-
bital. The emission spectra of 11 recorded in CH,Cl,
at rt and in 2-MeTHF at 77 K (Figure 3d) were nev-
ertheless found to be mainly influenced by the ligand

scaffold with rather minimal impact of the metal cen-
ter on the photophysical properties but with a quan-
tum yield (® = 2%) which was found one order of
magnitude higher than for the previously reported
neutral mononuclear rhenium-bipyridine-helicene
complexes (0.1-0.3%, see above) although lower than
for the charged systems (8.3-16%, see above) and the
rhenium-NHC-helicene complexes also described
by our group (5-13%) [26,27]. Similarly to 6, emis-
sion decay of 11 was found bi-exponential, with a
faster lifetime component at 1.2 ns (87%) and a more
extended lifetime component of 7.6 ns (13%). The
observed lifetime was much shorter than that re-
ported for rhenium-bipyridine-helicene complexes
(25-38 ns) (Table 1) indicating again that the emis-
sion predominantly originated from the ligand itself
with small contribution of the rhenium. Regard-
ing the chiroptical properties, complex 11 exhibited
mirror-image ECD and CPL spectra (Figures 3c, d).
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In ECD, (P)-11 enantiomer exhibited mainly four
bands, a negative one around 240 nm, and three pos-
itive ones between 311 and 540 nm. The (P) and (M)
assignments were based on theoretical calculations.
However, calculations showed similar ECD spectra
for (P, Cre)-11-1 and (P, Age)-11-2 preventing any fur-
ther assignment about the rhenium stereochemistry.
CPL signals of 11 were examined both at rt in CH»Cl,
and at 77 K in 2-MeTHE At rt, the CPL signal cor-
related with the ECD signals, and (P)-11 showed a
positive CPL signal and a g, value of +2.3 x 1073
at 507 nm. Notably, the CPL signal was significantly
increased at 77 K, with a gy, value of +2.9 x 1072
at 560 nm and displayed a clear vibrational progres-
sion. Noteworthy, the gj,, was found to be stable
throughout the band suggesting that the emission at
77 K originated from a single excited state, which was
not the case at rt, as also indicated by the presence of
bi-exponential decay.

4. Conclusion

In this review, we have described helicenic organic
bipy- or phen-type fluorophores and their use as
efficient N, N ligands for coordination to rhenium(I)
heavy transition metal centers. This strategy en-
abled us to generate enantiopure or enantioenriched
fac-ReX(bpy)(CO)3-type complexes for which the
structure and stereochemical features were carefully
analyzed. Furthermore, this gave access to helically
chiral absorbers and phosphorescent derivatives
with strong experimental ECD responses, substan-
tial CPL activity, and long-lived emission. Their
photophysics and chiroptics were studied in de-
tail by theoretical calculations, allowing character-
ization of CT/m-mt* transitions in the ligands, and
additional MLCT, XLCT, and ligand-to-ligand CT
(LLCT) in the complexes. Further molecular engi-
neering enabled access to optimized chiral phos-
phorescent compounds. Indeed, going from neu-
tral to charged complexes led to significantly im-
proved photophysical characteristics, especially
improved quantum yields and much longer-lived
emission, while lowering the temperature signifi-
cantly improved the CPL response, with emission
dissymmetry factors increasing by one order of mag-
nitude (from ~1073 to ~1072). Overall, we think
that such specific features in these unique helically
shaped heavy-metal complexes provide potentially

important future applications, notably in the do-
main of photoactive catalysts such as in the use of
rhenium tricarbonyl bipy complexes for CO2-to-CO
reduction [28-30]. This work is currently ongoing in
our group.

Acknowledgements

All collaborators and students involved in this work
reviewed in this article are warmly thanked for their
precious contributions.

Declaration of interests

The authors do not work for, advise, own shares in, or
receive funds from any organization that could bene-
fit from this article, and have declared no affiliations
other than their research organizations.

Funding

We acknowledge the Ministere de 'Education Na-
tionale, de la Recherche et de la Technologie,
the Centre National de la Recherche Scientifique
(CNRS), Rennes Métropole and the French Na-
tional Agency (ANR, LumoMat-E project, 18-EURE-
0012). The European Commission Research Exec-
utive Agency (Grant Agreement number: 859752
— HEL4CHIROLED - H2020-MSCA-ITN-2019) is
thanked for financial support.

References

[1] M. Wrighton and D. L. Morse, “Nature of the lowest excited
state in tricarbonylchloro-1,10-phenanthrolinerhenium
(I) and related complexes”, J. Am. Chem. Soc. 96 (1974),
pp. 998-1003.

[2] H. Tsubaki, A. Sekine, Y. Ohashi, K. Koike, H. Takeda
and O. Ishitani, “Control of photochemical, photophysi-
cal, electrochemical, and photocatalytic properties of rhe-
nium(I) complexes using intramolecular weak interactions
between ligands”, J. Am. Chem. Soc. 127 (2005), pp. 15544—
15555.

[3] D. Beck, J. Brewer, J. Lee, D. McGraw, B. A. DeGraff and
J. N. Demas, “Localizing molecular probes: Inclusion of
Re(I) complexes in 3-cyclodextrin”, Coord. Chem. Rev. 251
(2007), pp. 546-553.

[4] M. M. Richter, “Electrochemiluminescence (ECL)”, Chem.
Rev. 104 (2004), pp. 3003-3036.

[5] S.Y.Reece, M. R. Seyedsayamdost, J. Stubbe and D. G. No-
cera, “Electron transfer reactions of fluorotyrosyl radicals”,
J. Am. Chem. Soc. 128 (2006), pp. 13654-13655.



910

[6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

(15]

[16]

[17]

Debsouri Kundu and Jeanne Crassous

K. K.-W. Lo, W.-K. Hui, C.-K. Chung, K. H.-K. Tsang,
D. C.-M.Ng, N. Zhu and K.-K. Cheung, “Biological labelling
reagents and probes derived from luminescent transition
metal polypyridine complexes”, Coord. Chem. Rev. 249
(2005), pp. 1434-1450.

V. Ferndndez-Moreira, E L. Thorp-Greenwood and M. P.
Coogan, “Application of d® transition metal complexes in
fluorescence cell imaging”, Chem. Commun. 46 (2010),
pp. 186-202.

K. K.-W. Lo, K. H.-K. Tsang and N. Zhu, “Lumines-
cent tricarbonylrhenium(l) polypyridine estradiol con-
jugates: synthesis, crystal structure, and photophysi-
cal, electrochemical, and protein-binding properties”,
Organometallics 25 (2006), pp. 3220-3227.

K. K.-W. Lo, W.-K. Hui, C.-K. Chung, K. H.-K. Tsang, T. K.-M.
Lee, C.-K. Li, J. S.-Y. Lau and D. C.-M. Ng, “Luminescent
transition metal complex biotin conjugates”, Coord. Chem.
Rev. 250 (2006), pp. 1724-1736.

N. J. Lundin, A. G. Blackman, K. C. Gordon and D. L. Offi-
cer, “Synthesis and characterization of a multicomponent
rhenium(I) complex for application as an OLED dopant”,
Angew. Chem. Int. Ed. 45 (2006), pp. 2582-2584.

J. Crassous, I. G. Stard and 1. Stary (eds.), Helicenes—
Synthesis, Properties and Applications, Wiley-VCH: Wein-
heim, 2022.

J.-K. Ou-Yang and J. Crassous, “Chiral multifunctional
molecules based on organometallic helicenes: recent ad-
vances”, Coord. Chem. Rev. 376 (2018), pp. 533-547.

E. S. Gauthier, R. Rodriguez and J. Crassous, “Metal-based
multihelicenic architectures”, Angew. Chem. Int. Ed. 59
(2020), pp. 22840-22856.

H.-L. Kwong, H.-L. Yeung, C.-T. Yeung, W.-S. Lee, C.-S.
Lee and W.-L. Wong, “Chiral pyridine-containing ligands
in asymmetric catalysis”, Coord. Chem. Rev. 251 (2007),
pp. 2188-2222.

N. Saleh, B. Moore II, M. Srebro, et al., “Acid-base trig-
gered switching of circularly polarized luminescence and
electronic circular dichroism in organic and organometal-
lic helicenes”, Chem. Eur. J. 21 (2015), pp. 1673-1681.

N. Saleh, M. Srebro, T. Reynaldo, et al., “Enantio-
enriched CPL-active helicene-bipyridine-rhenium com-
plexes”, Chem. Commun. 51 (2015), pp. 3754-3757.

N. Saleh, D. Kundu, N. Vanthuyne, et al., “Dinuclear rhe-
nium complexes with a bridging helicene-bis-bipyridine
ligand: synthesis, structure, and photophysical and chi-
roptical properties”, ChemPlusChem 85 (2020), pp. 2446—
2454.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

E B. Mallory and C. W. Mallory, “Photocyclization of stil-
benes and related molecules”, Org. React. 30 (1984), pp. 1-
456.

J. A. Smith, M. W. George and J. M. Kelly, “Tran-
sient spectroscopy of dipyridophenazine metal complexes
which undergo photo-induced electron transfer with
DNA”, Coord. Chem. Rev. 255 (2011), pp. 2666-2675.

D. Kundu, D. Jelonek, N. Del Rio, N. Vanthuyne, M. Srebro-
Hooper and J. Crassous, “Photophysical and chiroptical
properties of pyrazino-phenanthroline-helicene deriva-
tive and its rhenium(I) complex”, Chem. Asian J. 20 (2025),
article no. e202401735.

Z. Zhang, W. Hu, Z. Liu, Y. Tsutsui, Y. Murata, S. Seki and
T. Hirose, “Face-to-face helical columns with permanent
polarity consisting of homochiral end-functionalized he-
licenes”, J. Am. Chem. Soc. 147 (2025), pp. 25978-25989.

K. Dhbaibi, L. Favereau and J. Crassous, “Enantioenriched
helicenes and helicenoids containing main-group ele-
ments (B,Si,N,P)”, Chem. Rev. 119 (2019), pp. 8846-8953.
A. von Zelewsky, Stereochemistry of Coordination Com-
pounds, . Wiley & Sons: Chichester, 1996.

H. Amouri and M. Gruselle, Chirality in Transition Metal
Chemistry. Molecules, Supramolecular Assemblies and Ma-
terials, John Wiley & Sons: Hoboken, 2008.

Y. Liu, J. Cerezo, G. Mazzeo, N. Lin, X. Zhao, G. Longhi, S.
Abbate and E Santoro, “Vibronic coupling explains the dif-
ferent shape of electronic circular dichroism and of circu-
larly polarized luminescence spectra of hexahelicenes”, J.
Chem. Theory Comput. 12 (2016), pp. 2799-2819.

E. S. Gauthier, L. Abella, N. Hellou, et al., “Long-lived
circularly-polarized phosphorescence in helicene-NHC-
rhenium(I) complexes: the influence of helicene, halo-
gen and stereochemistry on emission properties”, Angew.
Chem. Int. Ed. 59 (2020), pp. 8394-8400.

E. S. Gauthier, L. Abella, E. Caytan, et al, “N-
(aza[6]helicenyl)-NHC-rhenium(I) complexes: modu-
lation of chiroptical and photophysical properties in
helicenic rhenium(I) systems”, Chem. Eur. J. 29 (2023),
article no. e202203477.

N. Elgrishi, M. B. Chambers, X. Wang and M. Fontecave,
“Molecular polypyridine-based metal complexes as cata-
lysts for the reduction of CO2”, Chem. Soc. Rev. 46 (2017),
pp. 761-796.

N. W. Kinzel, C. Werlé and W. Leitner, “Transition metal
complexes as catalysts for the electroconversion of CO»:
an organometallic perspective”, Angew. Chem. Int. Ed. 60
(2021), pp. 11628-11686.

A. M.-H. Yip and K. K.-W. Lo, “Luminescent rhenium(I),
ruthenium(Il), and iridium(III) polypyridine complexes
containing a poly(ethylene glycol) pendant or bioorthogo-
nal reaction group as biological probes and photocytotoxic
agents”, Coord. Chem. Rev. 361 (2018), pp. 138-163.



	1. Introduction
	2. Results and discussion
	2.1. Synthesis and characterization of helicenic N,N ligands

	3. Coordination to rhenium(I)
	3.1. Monometallic helicene–bipy–Re(I)complexes
	3.2. Bimetallic helicene–bis-bipy–Re(I)complexes
	3.3. Monometallic helicene–DPPZ–Re(I)complexes

	4. Conclusion
	Acknowledgements
	Declaration of interests
	Funding
	References

