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Abstract: We describe the preparation of helically chiral gold(I) 

complexes bearing a [5]helicenic-N-heterocyclic carbene ligand. They 

were successfully obtained as enantiopure compounds by semi-

preparative chiral HPLC and their structural, chiroptical and 

photophysical properties were subsequently investigated. Notably, 

strong electronic circular dichroism, dual emission from singlet and 

triplet states, with the timescale of the latter up to the millisecond 

range at room temperature, and moderate circularly phosphorescence 

were observed. The -donating and -accepting properties of the 

constituent helical ortho-fused -conjugated carbene were

investigated by classical quantitative analysis of the IR stretching 

frequencies and NMR characteristics of the corresponding Ir(CO)2Cl 

complex and selenourea. 

Introduction 

 For three decades since the isolation of the first free 

carbene by Arduengo et al.,[1] N-heterocyclic carbenes (NHCs) 

have become popular strongly -donating ligands in 

organometallic chemistry, thanks to their ability to form stable 

carbene-metal bonds.[2] The complexes obtained have been 

shown to offer applications in homogenous catalysis,[3] medicinal 

chemistry,[4] and materials science.[5] The highly versatile structure 

of NHCs enables access to complexes with a plethora of 

transition metal centers in different coordination modes. For 

instance, many classes of luminescent M-NHC complexes have 

been developed that have potential in photonic and optoelectronic 

devices, in bioimaging and cancer therapy, or as photosensitizers 

in photoredox catalysis.[6] Among the d10 coinage metals, gold(I) 

gives  chemically stable complexes[7] that have been applied as 

luminescent materials,[6d,e] catalysts,[8] and therapeutic agents.[9] 

Recently, organometallic complexes bearing chiral NHC 

ligands have been increasingly studied, mainly owing to interest in 

enantioselective catalysis,[10,11] but also for their chiroptical 

features, i.e. Electronic Circular Dichroism (ECD)[11]  and Circularly 

Polarized Luminescence (CPL),[6h,11b,d,e] that are appealing in the 

development of chiral molecular materials.[12] While several 

classes of chiral NHC-gold(I) complexes have been developed for 

asymmetric catalysis,[13] results displaying the use of CPL-active 

NHC-gold(I) complexes are still limited.[14] 

Helicenes are ortho-condensed polyaromatic molecules; they 

possess inherent chirality due to the steric repulsion of their 

skeleton termini.[15] They are known to display strong chiroptical 

properties such as huge optical rotation values, strong ECD 

responses and  substantial CPL activity.[15i,j] Our group has 

recently developed chiral versions of several different classes of 

organometallic compounds by incorporating helicenes within 

ligands.[16] Of particular interest are helicene-based NHC ligands 

which have yielded several types of complexes displaying strong 

ECD spectra[11a,c] and long-lived circularly polarized 

phosphorescence.[11b,d,e] Herein, we report the synthesis and the 

structural characterization of two-coordinate helically chiral 

[5]helicene-NHC gold(I) complexes with diverse ancillary ligands 

(chloride 1, acetylenide 2, carbazolide 3, Figure 1). They were 

prepared using N-(3,5-dimethylphenyl)-[5]helicenic-imidazolium 

salt 6▪H+ as NHC precursor. The intrinsic electronic properties of 

the carbenic system (-donating and -accepting) and the 

influence of the helicenic unit were determined using classical 

quantitative methods based on IR and NMR spectroscopies 

applied to appropriate derivatives (i.e. Ir(NHC)(CO)2Cl complexes 

and selenoureas).[17,18] Finally, the gold(I) complexes were 

obtained as enantiopure complexes by chiral HPLC (with the 

exception of 3 which was unstable during the separation) and 

their chiroptics (optical rotation OR and ECD), emission properties 

and CPL activity were analyzed. 

 

Figure 1. Chemical structures of [5]helicene-NHC-gold(I) complexes 1, 2 and 3 

and of [5]helicene-imidazolylidene  6, Ir(NHC)(CO)3Cl complex 9 and 

selenourea 13 examined herein. 

Results and Discussion 

Synthesis 

First, the imidazolium salt used as NHC proligand was 

prepared by functionalization of the already reported [5]helicene-

imidazole 4[11b]  (Scheme 1). Indeed, the Chan-Lam-Evans 

coupling of 4 with commercially available 3,5-dimethylphenyl-

boronic acid in the presence of copper(II) acetate, triethylamine 

and activated 4 Å molecular sieves in CH2Cl2 under aerobic 

conditions gave 5 in 83% yield. Then reaction with an excess of 

methyl iodide in acetonitrile at reflux afforded pentahelicenic 

imidazolium iodide [(rac)-6]▪HI in 89% yield. Finally, the chloride 

derivative [(rac)-6]▪HCl was obtained by anion-metathesis with a 

Dowex© Cl-exchange resin in 98% yield. The obtention of iodide 

and chloride imidazolium salts was confirmed by 1H NMR with the 

presence of a downfield signal in CD2Cl2 (10.77 and 11.86 ppm, 

respectively), diagnostic of the imidazolium protons.[19] In addition, 

two singlets were observed between 2.5 and 4 ppm 

corresponding to the two equivalent CH3 groups of the 3,5-

dimethylphenyl group and of the N-Me group. Characteristic 

signals of the helicenic unit were also observed; for example, the 

H13 proton appears as a multiplet at 8.34 ppm for (rac)-5 and as a 

doublet at 8.30 ppm for [(rac)-6]▪HI in CD2Cl2.  
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Scheme 1. Preparation of [5]helicene-imidazolium precursors. i) 1,3-

Dimethylphenylboronic acid, NEt3, Cu(OAc)2, CH2Cl2, 4 Å MS, under air, r.t., 65 

h; ii) MeI, MeCN, reflux, overnight; iii) Dowex Cl-exchange resin, MeOH/Acetone. 

Yields are indicated under parenthesis. 

 

Single crystals of [(rac)-6]▪HI were obtained by slow evaporation 

of pentane into a dichloromethane solution and were analysed by 

X-ray crystallography. It crystallizes in the C2/c centrosymmetric 

space group and displays a helicity (dihedral angle between the 

terminal rings) of 47.40°, a typical value for [5]helicenic 

derivatives.[15a,11b] Both (M) and (P) helices are present in the 

crystal and arranged in heterochiral columns along the b axis (see 

Supplementary Information (SI) for details). 

 Determination of the Tolmann electronic parameter[20,21] 

(TEP), based on the average IR-stretching frequency of the 

carbonyl ligands of [Ir(NHC)Cl(CO)2] complexes, enables the 

evaluation of the overall electron donation of an NHC ligand. 

Meanwhile, the measurement of the coupling constant 1J(C,H) at 

the precarbenic position of the imidazolium precursor gives the -

donating ability of the imidazolylidene, as it is inversely 

proportional to the sigma character of the C-H bond, according to 

Ganter and co-workers.[22] In addition, the 77Se NMR shift of the 

related selenium adduct provides clear information about the -

accepting properties of a carbene.[17,18] In order to ascertain the 

influence of the ortho-fused unit on the electronic properties of the 

NHC, a set of data was also obtained for a model carbene without 

the helicenic unit. Model salt [8]▪HI was thus prepared from 

already known benzimidazole 7[23] and its X-ray structure was also 

obtained (Scheme 1). 

  

Table 1. Electronic parameters of the studied NHCs 

NHC 
1J(C,H) 
(Hz)[a] 

(77Se)  
(ppm)[b] TEP [average, CO] 

(cm-1)[c] 
In 

CDCl3 
In d6-

acetone 

(rac)-6 222 106 133  2053 [2025.3] 

8 222 91 113 2054 [2027.3] 

IMes[21] 225 27 35 2051 
iPr-bimy[21] 218 — 67 2054 

BMes[21] — — — 2052 

[(rac)-15]+[20] 224 — 65, 49[d] 2055 
[a] Measured on the corresponding imidazolium precursor in CDCl3; 

[b] 

Measured on the corresponding selenoureas; [c] Measured on the 

corresponding [NHC-Ir(CO)2Cl] complex in CH2Cl2, TEP was 

calculated from the average value of the CO bands’ frequency (in 

brackets for the first two complexes) following Nolan et al. : TEP (cm-1) 

= 0.8475average, CO(cm-1) + 336.2 (cm-1).[21,22,26] ; [d] The two resonances 

arise from the presence of two atropoisomers.[14b
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Scheme 2. Preparation of the [5]helicene-imidazolylidene derivatives i) a) Ag2O, CH2Cl2, r.t., 2h under Ar in the dark then b) [IrCl(COD)]2, CH2Cl2, r.t., overnight 

under Ar in the dark; ii) CO (balloon), CH2Cl2, r.t., 15 min; iii) Method A: Se powder, NaHMDS (1.0 M in THF), THF, -78°C to r.t., overnight under Ar or Method B: a) 

Se powder, acetone, 40°C, 15 min under air, b) NEt3, acetone, 60°C, overnight, under air. Yields are indicated in parenthesis. 

 

 

 

 

 

 
 
 

Figure 2. X-ray structures of complexes (rac)-9 (two neighbouring molecules are shown to illustrate their relative disposition), 10 and 12. 

 

Complexes (rac)-9 and 10 depicted in Scheme 2 were 

prepared by a one-pot silver-iridium transmetalation method, 

using Ag2O then [IrCl(COD)]2 (COD = cycloctadiene) and obtained 

in 43% and 72% yield, respectively, from [(rac)-6]▪HI and [8]▪HI.[24] 

Interestingly, this synthetic method through transmetalation using 

silver enables to eliminate anion scrambling. The deshielded 

signal around 192 ppm in 13C NMR for (rac)-9 and 10 confirmed 

the presence of the carbenic carbon. These complexes were fully 

characterized by NMR, HRMS and X-ray analysis (see Figure 2 

and Supporting Information, SI). It should be noticed that (rac)-9 

was obtained as a mixture of conformers: (rac)-9 and (rac)-9’ with 

a ratio of 79:21 according to NMR (see Scheme 2 and SI for 

details). This is in accordance with our earlier work on 

cyclooctadienyl-iridium(I) complexes bearing a helicenic-NHC.[11c] 

Indeed, due to the asymmetric nature of the helicenic ligand, the 

COD ligand can adopt two distinct positions, resulting in the 

existence of two conformers that are in equilibrium in solution and 

non-separable by column chromatography. This was fully 

supported by X-ray crystallography, 2D NMR and theoretical 

analyses.[11a,c] Single crystals suitable for the analysis of the 

iridium complexes were obtained by slow evaporation of pentane 

into a  dichloromethane solution. (Rac)-9 and (rac)-10 crystallize 

in the P-1 and Pbca space groups, respectively (Figure 2). Both 

structures confirmed the presence of the COD and the chloride 

ligand coordinated to the pseudo-tetrahedral iridium(I) center with 

the NHC acting as a monodentate ligand. Regarding the bond 

lengths, the Ccarbene–Ir bond is slightly longer for the model 

complex 10 than for the helicenic complex (rac)-9 (2.028 and 

2.005 Å, respectively), while no significant difference is observed 

for the length of the Ir–Cl bond (2.379(2) and 2.361(6) Å, 

respectively). These values are falling within the range of already 

published NHC-iridium(I) complexes.[24,25] The helicity of (rac)-9 is 

43.52° in a similar range to its pentahelicenic analogues.[11b] It 

should be noted that the COD ligand is directed toward the 

helicenic backbone (P or M) and is the only conformer observed 

in the crystal, which is in accordance with the data obtained 

previously.[11c] The supramolecular packing consists of 

heterochiral columns formed by - interactions (3.881 Å) along 

the a axis (Figure 2). Finally, (rac)-11 and 12 were obtained in 

quantitative yields by using a balloon filled with carbon monoxide 

into a solution of (rac)-9 and 10 in CH2Cl2 at room temperature for 

15 min (Scheme 2).[32] The formation of the [Ir(NHC)Cl(CO)2] 

complexes was confirmed by IR spectroscopy (ATR) showing the 

presence of two distinct bands around 2000 cm-1, characteristic of 

the stretching modes of the two carbonyl ligands. Complex 12 

was also characterized by X-ray diffraction, revealing the square 

planar geometry around the Ir(I) center and the two CO ligands, 

one of them being trans to the NHC monodentate ligand (Figure 

2).  

 Next, deprotonation of [(rac)-6]▪HI and [8]▪HI with sodium 

bis(trimethylsilyl)amide (NaHMDS, as a 1.0 M solution in THF) 

at -78°C in distilled THF under argon and subsequent trapping of 

the free carbene with selenium powder afforded selenoureas 

(rac)-13 and 14 (Scheme 2). Compound 14 was obtained in 81% 

yield after filtration while (rac)-13 was isolated in 32% yield after 

column chromatography. Very recently, Nolan and co-workers 

presented a milder approach to access selenoureas and thioureas 

by reaction of the imidazolium salt with selenium powder and NEt3 

under air in acetone at 40°C then 60°C overnight.[26] The use of 

these conditions enabled (rac)-13 to be prepared in 63% yield 

without any purification. The deshielded signal around 169 ppm in 
13C NMR and the observation of one signal in 77Se NMR in d6-

acetone confirmed the presence of the C=Se moiety and the 

nature of (rac)-13 and 14.  

 

Determination of the electronic properties of the 

[5]helicenic carbene and comparative study with known 

NHCs 

 

The TEP, 1J(C,H) and 77Se NMR values (in CDCl3 and in d6-

acetone) for (rac)-6 and 8 are gathered in Erreur ! Source du 

renvoi introuvable.. Data of already described NHCs (including 

the well-known IMes) were also added for comparison (see 

structures in Scheme 2).[17] Concerning the donating properties, 

Figure 1 

3.881 Å

a

c

b

(rac)-9 10 12

N

N C

Cl

Ir

N

N C

Cl

Ir

N

N
C

Cl

Ir O

10.1002/ejoc.202100722

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

1



COMMUNICATION          

5 

 

the coupling constants are similar for (rac)-6 and 8 (222 Hz) 

indicating that they have comparable -donating properties. On 

the other hand, the substitution pattern of the NHC appears to 

play a more important role, since the iPr-bimy (without aryl 

groups) and the IMes have a lower and a higher coupling 

constant (218 and 225 Hz respectively). Interestingly, [(rac)-15]+ 

possesses a higher coupling constant (224 Hz) than (rac)-6 owing 

to the cationic nature of the [4]helicenium arm and its -

withdrawing properties. Additionally, TEP values for (rac)-6 and 8 

were found to fall in the same range as IMes, iPr-bimy, BMes 

and [(rac)-15]+, thus reinforcing the point that the helicenic 

backbone has no pronounced influence on the donor character of 

the NHC. The absence of any clear backbone effect on the TEP 

was already highlighted by Huynh.[17] The influence of the 

aromatic backbone on the accepting properties was shown by the 

disparities in the 77Se NMR shifts in d6-acetone. A clear trend can 

be established within the values: the IMes without backbone has 

the lower value (35 ppm) followed by helicenium [(rac)-15]+ (65, 

49 ppm) and finally the iPr-bimy (67 ppm). Hence, it seems to 

indicate that a conjugated backbone has a more pronounced 

influence on the -accepting properties than the peripheral aryl 

groups. Indeed, this is supported by the model carbene 8, which 

combines both structural aspects, and has an even higher 77Se 

shift (113 ppm). Finally, it is confirmed with the [5]helicenic-NHC 

(rac)-6, which possesses the highest value (133 ppm) of the 

series. Including [(rac)-15]+ in the study highlighted the importance 

of the position of the helicene with respect to the carbene: higher 

-accepting character has been obtained with a fully ortho-fused 

helicenic NHC in comparison with an N-substituted helicenyl NHC. 

In the end, due to an easier delocalization of the electron density 

over the helicenic unit, it can be easily understood that the ortho-

fused helicenic carbene is a better -acceptor than the other 

carbenes. 

 

 

Preparation and characterization of the enantiopure 

[5]helicene-imidazolylidene-gold(I) complexes 

 

 It should be noted that the helical chirality (P/M) is not stable 

in the [5]helicene-imidazole derivatives 4 and 5 as previously 

demonstrated.[11b] After the quaternarization, the N-Me group 

inside the helical groove hampers the inversion of the helix thus 

resulting in a configurationally stable helicene [(rac)-6]▪HX (X = I, 

Cl). However, due to their cationic nature, the enantiomeric 

resolution using chiral HPLC is not straightforward under 

conventional methods. The salts were therefore subjected to 

gold(I) metalation in their racemic forms. The metalation was 

conducted using [(rac)-6]▪HCl following a convenient procedure 

that requires neither inert atmosphere nor strong base.[27] [(Rac)-

6]▪HCl was stirred with 1 equivalent of [AuCl(Me2S)] and a base 

(K2CO3) in acetone at 60°C for one hour in the dark and under air. 

After filtration over silica gel and precipitation, the desired NHC-

Au-Cl complex (rac)-1 was isolated as a stable white solid in 94% 

yield. Then, (rac)-1 was used as a common precursor to prepare 

the phenyl-acetylide and the carbazolide derivatives, (rac)-2 and 

(rac)-3, respectively. (Rac)-2 was prepared by a ligand-exchange 

reaction by mixing the gold chloride (rac)-1, phenylacetylene and 

K2CO3 in methanol at 70°C for 2h under air and was obtained in 

81% yield after filtration over basic alumina and precipitation.[28] 

(Rac)-3 was prepared by mixing (rac)-1, 9H-carbazole and 

NaOtBu in distilled THF under argon at 70°C overnight and was 

obtained in 69% yield after filtration over basic alumina and 

precipitation (Scheme 3). 

 

 
 

Scheme 3. Preparation of the helicenic-gold(I) complexes 1-3. i) [AuCl(Me2S)], 
K2CO3, Acetone, 60°C, 1h, in the dark under air, 94%; ii) phenylacetylene, 
K2CO3, MeOH, 70°C, 2h, under air, 81%; iii) 9H-carbazole, NaOtBu, distilled 
THF, 70°C, overnight under argon, 69%. X-ray structures of (rac)-1, (rac)-2 and 
(rac)-3. CCDC numbers and crystallographic details are in the SI. Hydrogens 
have been omitted for clarity. Only one enantiomer is shown. 

All the complexes were fully characterized using 1D and 2D NMR. 
13C NMR signals for the expected carbenic carbons were 

observed around 180-190 ppm in line with the literature.[8,29] The 

absence of any signal around 11-12 ppm in the 1H NMR spectra 

confirmed the consumption of the imidazolium precursor, while  

the protons from the [5]helicenic unit were observed, notably H13 

(see numbering in Scheme 1) which appears as a doublet at 8.32 

ppm for (rac)-1, as a multiplet at 8.36 ppm for (rac)-2 and as a 

doublet at 8.43 ppm for (rac)-3 (see SI for further details). Single 

crystals suitable for X-ray characterization of the complexes 1-3 

were obtained which confirmed their monomeric nature (Scheme 

3). They all crystallized in centrosymmetric space groups, i.e. C2/c, 

P-1 and P21/c for (rac)-1, (rac)-2 and (rac)-3, respectively, with 

helicities close to 50° in accordance with other [5]helicenic 

derivatives (see Table S1 for details).[11b,15a] Regardless of the 

ancillary ligand, the geometry around the gold(I) center is nearly 

linear (dihedral angles Ccarbene-Au-Y between 173.24-178.30° 

where Y = Cl, C or N) in accordance with already reported two-

coordinate NHC-Au(I) complexes.[6d,29] It should be mentioned that 

none of the complexes exhibit metallophilic interactions in the 

solid state due to the distance between two neighboring gold 

centers being too long (3.893 Å for (rac)-1 and 4.026 Å for (rac)-3, 

with respect to the van der Waals radius of the gold atom 

established at 1.66 Å), except for (rac)-2 which has a shortest 

gold-gold distance of 3.567 Å, sufficiently short to infer weak 

aurophilic interactions.[6d,30] The absence of strong metallophilic 

interactions is probably related to the bulkiness of the helical 

ortho-fused unit in addition to the presence of a moderately bulky 

aryl substituent attached to the NHC ring.[30b] 

The chiral HPLC separation of the enantiomers of 1, 2 and 3 

was then examined. Complexes 1 and 2 were eluted on a 

Chiralpak IH column and a Chiralpak IB column respectively to 

afford isolated (P) and (M) enantiomers with excellent 

enantiomeric excesses (ee values > 97.5 %, see SI for details). 

The carbazolide complex 3 was eluted on a Chiralpak IA column 

but the compound decomposed during the separation, forming an 

impurity visible on the chromatograms (see SI). It suggests that 

the Au-Ncarbazolide bond in NHC-gold-carbazolide complexes is only 

moderately stable over stationary phases (silica gel or basic 

alumina). Thus, only the photophysical and chiroptical properties 

of complexes 1 and 2 were investigated. 
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Photophysical properties 

 

The UV/Vis absorption spectra of (rac)-1 and (rac)-2 were 

recorded in CH2Cl2 at concentrations around 10-4 M (Figure 3a). 

Both complexes exhibit intense and highly structured bands < 330 

nm attributable to the extended -helical unit. For example, 1 

exhibits  well-resolved bands at  = 265 ( = 36 100), 290 (41 700), 

298 (4000) and 316 nm (33 700 M–1 cm–1). At lower energies, 

there is a shoulder at 352 nm (2400 M–1 cm–1) and a pair of 

weaker bands at 370 (2500 M–1 cm–1) and 388 nm (2200 M–1 cm–

1). The spectrum of the acetylenide derivative 2 is essentially 

identical to that of 1 in this region, whilst it has slightly augmented 

absorption at higher energies, i.e. around 280 nm, owing to the 

presence of the phenylacetylene -* transitions which usually 

occur at  < 340 nm.  

Both complexes are luminescent in CH2Cl2 solution at room 

temperature (Figure 4 and Table S3).  In deoxygenated solution, 

they display two well-separated sets of vibrationally structured 

bands, with the 0,0 vibrational components at 393 and about 515 

nm.  In air-equilibrated solution, only the higher-energy set is 

observed.  This behaviour is suggestive of dual emission from 

singlet and triplet states, with the latter being quenched efficiently 

by dissolved molecular oxygen.  Such an assignment is reinforced 

by time-resolved measurements that reveal a lifetime of the lower-

energy band of around 1 ms (0.8 ms for 1 and 1.5 ms for 2); 

lifetimes of this order are typical of triplet states.  With such a long 

triplet lifetime, considerable vibrational quenching would be 

anticipated, and indeed, at 77 K, the intensity of the 

phosphorescence band drastically increases, dwarfing the 

fluorescence.  The phosphorescence lifetimes under these 

conditions are increased by more than an order of magnitude to 

52 and 19 ms for 1 and 2 respectively.  The vibronic progression 

of both the fluorescence and phosphorescence bands at room 

temperature is around 1350 cm–1 for both complexes, no doubt 

corresponding to C=C stretching modes of the helicene and 

indicative of an excited state of primarily ligand-centred character. 

 

 

Figure 3. a) UV-Vis absorption and b) ECD spectra of enantiopure complexes 

(P) and (M)-1 (blue lines) and 2 (red lines) recorded in CH2Cl2 at around 10-4 M. 

 

 

The main difference between 1 and 2 is the higher overall 

quantum yield of the latter: the values are 0.50 and 1.6 % 

respectively in deoxygenated solution.  Moreover, the relative 

intensity of the phosphorescence (P) compared to the 

fluorescence (F) is higher in the acetylide derivative 2: the ratio of 

the integrated intensities P/F is approximately 1.9 and 4.5 for 1 

and 2 respectively (compare Figure 4 and Figure S32).  Coupled 

with the phosphorescence lifetime of 2 being around double that 

of 1, it thus appears that the augmented quantum yield of 2 is 

associated with less severe non-radiative decay of the triplet state.  

Chloride to acetylide metathesis has previously been found to 

have such an effect in other gold complexes, often attributed to 

the higher ligand field strength of the acetylide helping to ensure 

that potentially deactivating d-d states are kept at bay, to high 

energy.[31] 

It is informative to compare the behaviour of 1 and 2 with 

other Au(I) NHC complexes.  Non-helicenic NHC complexes that 

do not have extended conjugation in their ligands exhibit only 

phosphorescence,[28] whilst the recently reported helicenic 

complex [(rac)-15]AuICl.PF6 (Scheme 2) – featuring a highly 

extended conjugated system – shows only fluorescence in the red 

region, reminiscent of the N-[4]helicenium-imidazolium ligand.[14b]  

The dual emission – phosphorescence and fluorescence – of 1 

and 2 places them between these two extremes.  Observation of 

phosphorescence requires spin-orbit coupling to be sufficiently 

efficient not only to promote the formally forbidden T1→S0 

radiative process, but also to facilitate the S1→T1 intersystem 
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crossing. It has been found in other systems {e.g. with Os(II), 

Pt(II) and Ir(III)} that, as the conjugated ligand system becomes 

more extended, the associated  orbitals increase in energy and 

mix less efficiently with metal orbitals, leading to more purely 

ligand-centred character to the excited state and thus to less 

efficient spin-orbit coupling.[32]  Fluorescence then becomes more 

likely to be able to compete with intersystem crossing.  Such an 

effect may be at work in the present case, though it must be 

acknowledged that spin-orbit coupling pathways are complex and 

may also be heavily influenced by, for instance, the relative 

energies of higher-lying singlet states relative to T1.[33]         

 

 

 

 

Figure 4. Emission spectra of 1 and 2 (left and centre panels respectively) in deoxygenated and air-equilibrated CH2Cl2 at 295 K (red and green lines respectively, 

plotted on the same intensity scale, ex = 350 nm) and in EPA at 77 K (blue lines, maximum intensity normalised to that of the deoxygenated 295 K spectrum).  EPA 

= diethyl ether / isopentane / ethanol (2:2:1 v/v).  Right panel: CPL spectra of (M) and (P)-2 measured at 298 K in degassed CH2Cl2, exc = 345 nm (15 and 30 scans 

respectively). 

 

    

 

 

 

Chiroptical properties 

 

The chiroptical properties (OR, ECD, and CPL) of 1 and 2 

were investigated in CH2Cl2. The molar rotation values at 25°C 

were similar for both complexes, around 5-6 × 103 which is quite 

typical for [5]helicenic complexes.[11b] The combination of the 

polarimetry (sign of the optical rotations) with ECD spectroscopy 

(alternation of bands with opposite signs, characteristic of a 

helicenic system, Figure 3b) helped to assign the (P)-(+) / (M)-(-) 

absolute stereochemistry of each enantiomer, by analogy with 

other complexes. The structured profile observed in UV-vis 

spectroscopy is evident also in ECD, confirming the strong 

involvement of the helically chiral ortho-fused unit in the observed 

polarized and unpolarized excitations of the complexes. For 

example, (P)-1 exhibits a first positive band at 247 nm (D = +21 

M-1cm-1) followed by a negative one at 268 nm (-54). Next, the 

complex displays a series of positive and structured bands at 298 

(+75), 315 (+98) and 328 (+60). Finally, two bands of lowest 

energies can be found at 369 (+4) and 388 nm (+2). The 

spectrum of (P)-2 is identical in terms of the alternation of bands 

with the exception of the band at 266 nm which appears slightly 

red-shifted (about 10 nm) and more intense (D = -75 M-1cm-1). 

For comparison, the gold(III) complex [(P)-15]AuIIIL.(PF6)2 (L = 

2,6-diphenylpyridine) recently described[14b] displays ECD bands 

in acetonitrile in the UV region diagnostic of helicenic derivatives 

—237 nm (D = +23 M-1cm-1), 287 nm (+52), 320 nm (+21)— in 

addition to observable bands in the red region of somewhat lower 

intensity —600 nm (D = + 8 M-1cm-1). The lower intensities of [(P)-

15]AuIIIL.(PF6)2 with respect to (P)-1 can be explained by the 

smaller length of the helical unit. It proved possible to measure 

weak CPL signals for the phosphorescence of enantiopure 

complexes of 2 in deoxygenated solution (glum ~ +1 × 10-3 and -1 × 

10-3 for (M)-2 and (P)-2, respectively, at em = 550 nm, see Figure 

4). The weakness of the detected signal arises in part from the 

low quantum yields and from inefficient interaction between the 

helicenic and the metallic part. Furthermore, it can be seen from 

the higher-energy region of the CPL spectra that the fluorescence 

displays no CPL activity, at least within the sensitivity of our 

apparatus. 

 

Conclusion 

 

In conclusion, we have reported helically chiral [5]helicenic-

imidazolylidene gold(I) complexes bearing various ancillary 

ligands. Using a straightforward synthetic approach, the targeted 

complexes were obtained in good yields and were fully 

characterized, notably using X-ray diffraction. Additionally, en 

route to the complexes, the electronic properties of the constituent 

carbene with an ortho-fused -conjugated system as backbone 

were highlighted. These quantitative analyses revealed that the 

presence of the helicenic backbone impacts only the accepting 

properties of the NHC, with no clear effect on the donating 

properties. Except for the carbazolide derivative, the NHC-gold(I) 

complexes exhibit high chemical stability on chiral stationary 

phases and were separated into their enantiomers by semi-

preparative chiral HPLC. Their chiroptical and photophysical 
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properties revealed their strong ECD activity due to the presence 

of the [5]helicenic unit as well as dual luminescence from singlet 

and triplet states at room temperature together with long lifetimes 

for the triplet phosphorescence. Finally, CPL activity could be 

clearly detected for complexes (P) and (M)-2. Considering the 

good chemical and configurational stability of these chiral NHC-

gold(I), this work paves the way to further developments of gold 

complexes or assemblies.[34] 
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The golden twist: Monodentate [5]helicene-imidazolylidene gold(I) complexes were prepared in good yields and structurally 

characterized. Benefiting from the presence of the configurationally stable [5]helicenic unit, they exhibit appealing chiroptical features, 

such as strong circular dichroism, moderate circularly polarized phosphorescence and dual emission with phosphorescence lifetimes 

up to the millisecond range.  
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