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Chapter 3 

3 Synthesis and in vitro evaluation of spirobenzovesamicols as 

potential 11C-PET tracers for vesicular acetylcholine 

transporter (VAChT) 
 

In this chapter, we present the synthesis and a structure-activity relationship study of a new family of 

spirobenzovesamicols as potential PET-tracers for vesicular acetylcholine transporter (VAChT). We 

identified a lead structure exhibiting good affinity for VAChT and good selectivity versus σ receptors. 

The radiolabelling of this lead compound was performed utilizing the cross-coupling of [11C]MeLi, 

affording an 11C-labelled tracer with potential for mapping the cholinergic function.  

 

 

 

This chapter will be submitted for publication as: 

H. Helbert, W. Deuther-Conrad, M. de Haan, B. Wenzel, G. Luurtsema, W. Szymanski, P. Brust, R. A. J. 
O. Dierckx, B. L. Feringa, P. H. Elsinga, Synthesis and in vitro evaluation of spirobenzovesamicols as 

potential 11C-PET tracers for vesicular acetylcholine transporter (VAChT).  
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3.1 Introduction 

Vesicular acethylcholine transporter (VAChT) is responsible for the transport of acetylcholine (ACh) 

from the cytoplasm into synaptic vesicles, which fuse with the presynaptic membrane under 

depolarization of the neuron and release acteylcholine into the synaptic cleft.1 By doing so, VAChT is 

essential to neuronal function and a decrease in VAChT has been correlated with several cholinergic 

dysfunctions, including Down’s syndrome, schizophrenia, Parkinson’s Disease (PD) and Alzheimer’s 

Disease (AD).2 Positron emission tomography (PET) exploits such disease-related biomarkers for 

diagnosis purposes by non-invasive molecular imaging and it has become a widespread technique for 

the diagnosis of brain diseases in particular.3 Over the recent years, VAChT-imaging received a lot of 

attention, especially evident in the search for suitable PET-tracers.4 This quest ultimately led to the 

establishment of [18F]FEOBV as a PET-tracer,5 with clinical application in the diagnosis of AD, PD and 

dementia, notably with Lewy bodies.6 The radiolabelled structure was inspired by earlier work, which 

identified vesamicol and its derivatives to possess high affinity with VAChT and acting as a non-

competitive inhibitor of ACh transport.7 The first requirement is to access a structure exhibiting high 

affinity and selectivity for VAChT, a particularly challenging task considering that most vesamicol 

derivatives also have affinity with σ receptors.8 Moreover, the molecular structure of a PET VAChT-

selective tracer must be accessible through late stage-incorporation of a short-lived β+ emitter, such 

as 11C or 18F, essential for PET-imaging. Due to the short half-life of such isotopes (109.8 min and 20.3 

min for 18F and 11C, respectively), radiolabelling procedures are restricted to ultra-fast reactions to 

introduce 18F or 11C. This restriction excludes many structures from the chemical space of accessible 

PET-tracers. In chapter 2 is reported the cross-coupling of [11C]methyllithium with aryl bromides for 

the synthesis of 11C-PET tracers.9 This labelling method was anticipated to offer new 11C-labelling 

opportunities for structures that were otherwise inaccessible or tedious to obtain. In this work, we 

looked at the structure-activity relationship of several methylated vesamicol derivatives, seeking for 

a potential PET tracer as an alternative to [18F]FEOBV for VAChT imaging. Although the importance of 

[18F]FEOBV is undeniable, the shorter half-life of 11C can be of particular interest to reduce the 

irradiation dose for the patient or in order to perform multiple experiments in a limited amount of 

time (c.q. in the same day), notably, a valued feature when using PET in the context of drug 

development.10 Moreover, previous kinetic studies, performed on vesamicol-derived structures 

targeting VAChT,11 suggest advantageous pharmacokinetic properties compatible with the half-life of 
11C. 

3.2 Synthesis of spirobenzovesamicols 

Inspired by the work of Efange et al. who reported spirovesamicol as being particularly selective for 

VAChT versus σ receptors,12 we focused on synthesizing and evaluating methylated-spirovesamicols 

(13 - 15), susceptible of being efficiently labelled with 11C, using cross-coupling of [11C]methyllithium 

with the corresponding aryl bromides (Scheme 3.1). First, the precursor bromo-spirobenzovesamicols 

10 - 12 were synthesized according to literature procedures, starting from the corresponding bromo-

indenes or bromo-indanone, depending on substrate availability. The aryl bromides 10 - 12 were then 
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reacted following standard conditions used for organolithium cross-coupling in presence of a free 

alcohol (5% of fully oxidized Pd(PtBu3)2, 2.5 eq of MeLi). Under these reaction conditions, the 

methylated spirobenzovesamicols 14 and 15 were obtained in good yields (72% and 59%, 

respectively). Unfortunately, when employing such reactions conditions, only traces (< 2%) of 

compound 13 were detected at the end of the reaction. The addition of a Lewis acid has proven to be 

helpful to promote certain organolithium cross-couplings,9a in particular in the presence Pd-

coordinating functionalities, therefore Lewis acid addition was also tried in the case of the conversion 

of 10. Gratefully, in the presence of 10% of Pd catalyst and 2 eq. of BF3
.Et2O as additive, compound 

10 readily undergoes cross-coupling reaction with MeLi to afford 13 in 72% yield. Finally, fluoro-

substituted spirobenzovesamicol 8 and 9 were also synthesized, as recent developments in aromatic 

fluorination chemistry suggests that their corresponding 18F-analogues would be accessible.13 

Scheme 3.1 Synthesis of spirobenzovesamicols and potential VAChT ligands tested in vitro 

 

a) NaBH4, MeOH, rt, 2 h. b) p-toluenesulfonic acid, toluene, reflux, 2h. c) LiHMDS, bis(2-chloroethyl)-Boc-amine, THF, 

4 oC to rt, 22 h. d) HCl, EtOH, rt, 2 h. e) Na, t-BuOH, Et2O, rt, 3 h. f) mCPBA, DCM, 0 oC to rt, 5 h. g) NEt3, EtOH, reflux, 

72 h. h) Starting from the corresponding bromide, 10 mol% ox. Pd(PtBu3)2, MeLi, toluene, rt, 5 min. i) 10 mol% ox. 

Pd(PtBu3)2, BF3
.Et2O as additive.  

3.3 In vitro binding affinity evaluation 

The affinity of all the synthesized compounds for VAChT was evaluated in vitro in a competitive assay 

with 3H-vesamicol. Previously synthesized compounds 16 - 19,9a were also included in the in-vitro 

assay, as well as the reference compound (-)-FEOBV. The affinity for both σ1 and σ2 receptors was 

also evaluated and the binding affinities obtained are reported in table 3.1. 
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In accordance with previous reports, evaluation of the unsubstituted vesamicol revealed that it has 

good affinity for both VAChT and σ1 receptors, but exhibits very low selectivity. Bromo- and methyl- 

para-substitution of vesamicols (16 and 17) resulted in loss of affinity for VAChT, while retaining a 

high affinity for σ1. In recent years, benzovesamicols greatly replaced vesamicols as lead structures 

as they were found to greatly improve selectivity towards VAChT.4 The para-substitued 

benzovesamicols (18 and 19), synthesized here, didn’t exhibit such characteristic, showing high 

affinity for both σ1 and VAChT receptors.  

When evaluating the newly synthesized spirobenzovesamicols, clear trends are appearing. For 

instance, 5- and 6- substituted structures (compounds 8, 9, 11, 12, 14 and 15) showed high affinities 

simultaneously for VAChT and σ1. Therefore, regardless of the nature of the substitution (Br, Me, F) 

in these positions, none of the 5- or 6- substituted compounds were selective for one particular 

receptor. These results are surprisingly different from the previous evaluation reported of this class 

of compounds by Efange et al..8a This discrepancy can be attributed to the different sources of σ1 

receptors used in the assays, guinea pig σ1 for Efange’s values8a and human σ1 in this work. The 2-

subtituted spirobenzovesamicols (10 and 13) appear as a more promising option for the selective 

imaging of VAChT. Indeed, such substitution pattern seem to be detrimental for σ1 binding, that is 

reduce by, on average, 100 fold when compared with the 5- and 6- substituted structures. VAChT 

binding is also slightly diminished for the 2-substituted molecules, but only by about a 3-fold ratio. As 

a result, compounds 10 and 13 exhibit great selectivity for VAChT versus both σ1 and σ2 receptors. 

The identification of compound 13 as a selective compound for VAChT is a promising step towards 

the discovery of a 11C-PET tracer.  

According to previous binding assays,4 the (S,S)/(-)-enantiopure form of vesamicol-derived compound 

is a superior VAChT ligand compared to the (R,R)/(+)-enantiomer. This phenomenon is often 

accompanied with a decrease of affinity towards σ receptors which greatly improves the overall 

selectivity. Separation of the enantiomers by chiral HPLC allowed the evaluation of the enantiopure 

(-)-13 compound. Compared to the trans (±)-13, the affinity for VAChT of (-)-13 was 1.5-fold higher, 

and the affinities for both σ receptors were up to two times lower, thereby greatly improving 

selectivity. Overall, a 30-fold selectivity towards VAChT versus σ1 was obtained for (-)-13 and 

negligible binding (Ki > 4 μM) was observed towards σ2. The high affinity towards VAChT (Ki = 16 ± 4 

nM), combined with a good selectivity, clearly support the choice of (-)-13 as a potential 11C-PET tracer 

for VAChT imaging. 
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Table 3.1 Binding affinities (Ki) for VAChT, σ1 and σ2 obtained for the compound tested (mean of 2-5 independent 
experiments, each performed in triplicate). 

 Binding affinities (Ki, nM) Selectivity 

 VAChT-PC12 σ1 (HS1-HEK293) σ2 (rat liver) σ1 / VAChT σ2 / VAChT σ2 / σ1 

(±)-8 17.6 ± 6.48 22.6 ± 13.3 250 ± 137 1.3 14.3 11.1 

(±)-9 6.03 ± 0.41 4.18 ± 0.08 191 ± 51.3 0.7 31.8 45.5 

(±)-10 25.3 ± 16.5 496 ± 629 10.900 ± 212 19.6 118.6 6.0 

(±)-11 13.7 ± 1.16 1.68 ± 0.30 488 ± 345 0.1 35.6 287.1 

(±)-12 11.3 ± 1.46 3.50 ± 7.07 353 ± 33.4 0.3 31.2 100.9 

(±)-13 22.6 ± 14.9 362 ± 51.4 1650 ± 646 13.6 61.8 4.6 

(-)-13 15.9 ± 4.11 473 ± 227 4720 ± 951 29.7 297 9.98 

(±)-14 8.65 ± 0.04 2.14 ± 0.72 373 ± 147 0.2 42.9 177.6 

(±)-15 7.21 ± 1.22 5.33 ± 2.36 618 ± 257 0.7 85.8 116.6 

(±)-Vesamicol 28.4 ± 2.63 43.8 ± 19.8 239 ± 10.9 1.5 8.4 5.4 

(±)-16 266 ± 22.3 4.82 ± 2.18 13.4 ± 0.16 < 0.1 0.1 2.9 

(±)-17 517 ± 60.1 13.9 ± 3.86 61.6 ± 17.8 < 0.1 0.1 4.4 

(±)-18 4.68 ± 0.33 2.63 ± 1.13 20.9 ± 0.45 0.6 4.4 8.0 

(±)-19 5.29 ± 0.31 5.74 ± 2.59 58.7 ± 7.33 1.1 11.1 10.3 

(-)-FEOBV 5.89 ± 0.37 2275 ± 390 2118 ± 1058 386 359 0.93 
 

A surprising result in itself was the binding affinities obtained for (-)-FEOBV. Binding affinities obtained 

for σ1 were largely different to previously reported ones,4f,14 indeed, previous reports using rat σ1 

receptors describe a binding affinity for (-)-FEOBV of about 200 nM, suggesting a selectivity VAChT/σ1 

of 10.7. The re-evaluation of (-)-FEOBV in this work clearly indicates a much lower affinity of this 

compound for human-sourced σ1 receptor, raising its selectivity VAChT/σ1 above 300. This result 

confirms the relevance of (-)-[18F]FEOBV as a PET-tracer for VAChT mapping in the brain and raise 

awareness on the importance of the binding idiosyncrasy of human σ115 compared with other σ1-

sources. 

3.4 Radiolabelling 

From the binding data collected, the methyl-substituted structure 13, synthesized by late-stage cross-

coupling, has the potential to become a suitable 11C-PET tracer. The choice of the cross-coupling with 

[11C]MeLi to afford [11C]-13 gives the opportunity to use the corresponding aryl bromide 10 as 

precursor (Scheme 3.2). This is a major advantage when compared to other well-established cross-

coupling methodologies, which would require the transformation of the aryl bromide 10 into its 

corresponding stannane to allow Stille coupling with [11C]MeI, or boronic ester required for Suzuki 

coupling with [11C]MeI. It needs to be emphasized that such transformations of 10 were attempted, 

but under standard Miyaura borylation16 and stannylation conditions,17 we obtained no or low 

amounts of the expected product. This example illustrates the benefit of directly using aryl bromides 

as precursors instead of aryl stannanes or aryl boronic esters, the preparation of which requires an 

additional, not always trivial, synthetic step. 
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Scheme 3.2 Radiolabelling of [11C]13 

 

The labelling by cross coupling of precursor 10 with [11C]MeLi, generated in situ by lithium-halogen 

exchange between n-BuLi and [11C]MeI, was performed following the protocol described in the 

experimental section and radiotracer 10 was successfully radiolabelled, yielding [11C]13 in 32 - 37 % 

RCYs (n = 2) after HPLC purification. Similarly to the synthesis of the non-radioactive equivalent 13, 

the labelling protocol required the use of 2 eq. of BF3
.Et2O prior to [11C]MeLi addition. The key cross-

coupling step was performed in 5 min, allowing for a short overall labelling procedure of 30 min, from 

the end of the bombardment until the final product [11C]13 was isolated. 

3.5 Conclusions 

The SAR studies of spirobenzovesamicols performed in this work led to the identification of 

compound 13 as a selective compound for VAChT imaging, that was successfully labelled by [11C]MeLi 

cross-coupling reaction, affording a potential 11C-PET tracer for VAChT imaging. The in-vitro binding 

affinities obtained on previously reported compounds brought our attention to the large discrepancy 

depending on the receptor type used. Such differences were expected when comparing our data with 

early investigation of vesamicol derivatives performed on guinea pigs σ1. Nonetheless, important 

variations were found with recent data based on rat σ1 receptors, notably resulting in a considerably 

lower binding of the clinically used (-)-FEOBV towards human σ1 compared to its rat equivalent. These 

results consolidate the relevance of (-)-FEOBV as a highly selective tracer for VAChT but also raise 

questions about pre-clinical data, collected on σ1 binding, using rat models and their translation to 

human studies. 
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3.8 Experimental section 

General methods 

Column chromatography: Grace-Reveleris purification system with Büchi silica cartridges. TLC: Merck silica gel 

60, 0.25 mm. Components were visualized by UV (254 nm, 365 nm) and potassium permanganate staining. Mass 

spectra were recorded on an LTQ Orbitrap XL (ESI+, ESI-, APCI+). 1H-, 13C- and 19F- NMR were recorded on Bruker 

600 MHz (600 MHz, 151 MHz, and 565 MHz respectively)  or a Varian AMX400 (400 and 101 MHz respectively) 

using CDCl3 as solvent. Chemical shift values are reported in ppm with the solvent resonance as the internal 

standard (CHCl3: δ 7.26 for 1H, δ 77.16 for 13C). Data are reported as follows: chemical shifts, multiplicity (s = 

singlet, bs = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), and 

integration. All reactions were carried out under a dry air atmosphere using dried glassware and using standard 

Schlenk techniques unless noted otherwise. Toluene was dried by a MRBAUN solvent purification system (SPS). 

Pd(PtBu3)2 was purchased from Sigma Aldrich or Strem, n-BuLi (1.6 M solution in hexanes) and MeLi (1.6 M 

solution in Et2O) was purchased from Acros. (-)-FEOBV was purchased from ABX advanced biochemical 

compounds (CAS : 153215-70-4). [11C]CH4 was produced by nuclear reaction 14N(p,α)11C on an IBA Cyclone 18/18 

cyclotron and subsequently converted into [11C]CH3I by ‘’gas phase’’ method. 

 

In vitro binding studies 

The binding assays have been performed in principle according to the procedure published in Roslin et al.,4g 

Synthesis and in vitro evaluation of 5-substituted benzovesamicol analogs containing N-substituted amides as 

potential positron emission tomography tracers for the vesicular acetylcholine transporter. Bioorganic & 

Medicinal Chemistry 25 (2017) 19, 5095-5106. 

In brief, radioligand displacement experiments to assess the affinity for VAChT assay were performed using 

membrane homogenates obtained from PC-12 cells stably transfected with the rat VAChT gene (obtained from 

Ali Roghani, Texas Tech University, Lubbock, TX, USA).  The membrane preparation was incubated with the 

VAChT-specific radioligand [3H]vesamicol at a single concentration (~ 2 nM) without or with a serial dilution of 

the respective test compound (100 µM – 0.1 nM) in binding buffer (50 mM TRIS, pH 7.4, 120 mM NaCl, 5 mM 

KCl, 2 mM CaCl2, 1 mM MgCl2) for 60 min at 22°C. Nonspecific binding of [3H]vesamicol was determined with 10 

µM vesamicol.  

The σ1 assay was performed using membrane homogenates obtained from HEK-293 cells stably transfected with 

the human σ1 receptor gene (obtained from Olivier Soriani, University of Nizza, France) and the σ1 receptor-

specific radioligand [3H]-(+)-pentazocine. The incubation was performed as above, and the nonspecific binding 

of the radioligand was determined with 100 µM haloperidol.  

The σ2 assay was performed using membrane homogenates obtained from rat liver (SPRD, female, 10-12 weeks) 

and the σ1/2 receptor-specific radioligand [3H]DTG and 1 µM dextrallorphan (obtained from Roche, Basel, 

Switzerland), to mask σ1 receptors. The incubation was performed as above, and the nonspecific binding of the 

radioligand was determined with 100 µM haloperidol.  

 

 

 

Preparation of [11C]MeI 

[11C]CH4 was generated in an IBA Cyclone 18/18 cyclotron by irradiation of a N2/H2 (95/5 ratio) gas mixture. The 

radioactive gas was trapped in a Carboxen® 1000, 60/80 mesh (Sigma Aldrich) at -196 oC, released by warming 

up to room temperature and allowed to react with iodine at 720 oC to form [11C]CH3I in a gas circulating process 
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(circulating for 260 sec). [11C]CH3I was selectively retained in a PoraPak™ N 100/120 (Waters Co.) at room 

temperature, while unreacted [11C]CH4 was recirculated. At the end of the process, the PoraPak™ trap was 

heated at 200 oC and [11C]CH3I was distilled under continuous helium flow (20 mL/min). The gas stream was 

passed through a trap containing phosphorous pentoxide and Ascarite II® (20-30 mesh) before being bubbled 

into the trapping vial. Typically, the formation [11C]CH3I from [11C]CH4 proceeds in 30 to 50% RCY. The labelling 

procedure was performed starting with 3 - 10 GBq of [11C]CH3I. 

 

Radiolabelling procedure 

[11C]MeLi was formed by bubbling [11C]MeI into an oven dried, argon-purged, conical vial, containing a solution 

of n-BuLi (0.2 mmol, 1.6 M in hexanes) in 0.87 mL of dry toluene for 4 min with a flow rate of 20 mL/min. This 

solution was then taken up into a syringe and added at room temperature over 3 min via syringe pump into a 

second vial containing a prepared mixture of the precursor 1 (0.2 mmol) in 0.5 mL of dry toluene, 2 eq. of BF3
.Et2O, 

and 10 mol% of fully pre-oxidized Pd(PtBu3)2 in toluene (1 mL, 10 mg/mL, 0.02 mmol). At the end of the [11C]MeLi 

addition, the reaction mixture stirred for an additional 2 min before the reaction was quenched by addition of 

0.5 mL of MeOH. A sample was taken from the reaction mixture and the solvent was evaporated at 50 °C under 

argon flow. The residue was dissolved in 1 mL of eluent and injected on HPLC (Column: BondapakTM C18 10 µm 

125 Å 7.8 x 330 mm; eluent: 50/50 of MeCN/H2O containing 1% of formic acid; flow: 5 mL/min; tR = 4.0 min). The 

product [11C]13 was collected and its activity measured to access the radiochemical yields. 

 

Compound characterisation 

6-fluoro-1H-indene (1) 

Sodium borohydride (66 mmol, 2.0 eq) was added in portions over half an hour to a solution 

of 6-fluoro-indanone (5.0 g, 33 mmol, 1.0 eq) in 50 mL of MeOH at 0 °C. The reaction mixture 

was stirred at room temperature for 2 h. The solvent was removed under reduced pressure, 100 mL of H2O was 

added and the residue extracted with 3 x 50 mL of DCM. The combined organic layers were dried over MgSO4, 

filtered and the solvent evaporated in vacuo to yield 6-fluoroindan-1-ol (4.9 g, 98 % yield). The product was used 

without further purification. 1H NMR (400 MHz, Chloroform-d) δ 7.34 (dd, J = 8.9, 5.3 Hz, 1H), 6.96 – 6.88 (m, 

2H), 5.19 (t, J = 5.9 Hz, 1H), 3.04 (ddd, J = 16.2, 8.6, 5.1 Hz, 1H), 2.80 (dt, J = 15.8, 7.3 Hz, 1H), 2.50 (dddd, J = 13.4, 

8.4, 6.8, 5.1 Hz, 1H), 1.97 (dddd, J = 13.4, 8.5, 6.4, 5.0 Hz, 1H), 1.80 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 

165.91 (d, J = 245.1 Hz), 148.42 (d, J = 8.4 Hz), 143.28 (d, J = 2.4 Hz), 128.10 (d, J = 9.2 Hz), 116.46 (d, J = 22.9 Hz), 

114.37 (d, J = 22.0 Hz), 78.28, 38.99, 32.50 (d, J = 2.2 Hz). A solution of 6-fluoroindan-1-ol (4.9 g, 33 mmol, 1.0 

eq) and p-toluenesulfonic acid (ca. 150 mg) in toluene (300 mL) equipped with a Dean-Stark trap was heated at 

reflux for 2 h. The solution was cooled to rt and washed with 2 x 50 mL of H2O. The combines organic layers were 

dried over MgSO4, filtered, and the solvent was evaporated in vacuo. The residue was purified by column 

chromatography to yield the title compound 1 (4.9 g, 98 % yield). 1H NMR (400 MHz, Chloroform-d) δ 7.31 (dd, J 

= 8.3, 5.1 Hz, 1H), 7.18 (dd, J = 8.8, 2.5 Hz, 1H), 7.03 – 6.94 (m, 1H), 6.84 (d, J = 5.5 Hz, 1H), 6.52 (d, J = 5.6 Hz, 

1H), 3.39 (s, 2H). 13C NMR (101 MHz, Chloroform-d) δ 161.50 (d, J = 242.1 Hz), 145.86 (d, J = 8.6 Hz), 140.86, 

133.91 (d, J = 4.0 Hz), 131.44, 121.43 (d, J = 8.7 Hz), 113.25 (d, J = 22.7 Hz), 111.49 (d, J = 23.1 Hz), 39.39 (d, J = 

2.5 Hz). 

 

6-bromo-1H-indene (2) 

Sodium borohydride (50 mmol, 2.0 eq) was added in portions over half an hour to a solution 

of 6-bromo-indanone (25 mmol, 1.0 eq) in 50 mL of MeOH at 0 °C. The reaction mixture was 

stirred at room temperature for 2 h. The solvent was removed under reduced pressure, 100 

mL of H2O was added and the residue extracted with 3 x 50 mL of DCM. The combined organic layers were dried 

over MgSO4, filtered and the solvent evaporated in vacuo to yield 6-bromoindan-1-ol a brown crystalline solid in 

98% yield. The product was used without further purification. 1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.24 

(m, 3H), 5.19 (q, 1H), 3.04 (m, 1H), 2.81 (m, 1H), 2.54 – 2.43 (m, 1H), 2.02 – 1.89 (m, 1H), 1.72 (d, 1H). A solution 
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of 6-bromoindan-1-ol (20 mmol, 1.0 eq) and p-toluenesulfonic acid (ca. 75 mg) in toluene (150 mL) equipped 

with a Dean-Stark trap was heated at reflux for 2 h. The solution was cooled to rt and washed with 2 x 50 mL of 

H2O. The combines organic layers were dried over MgSO4, filtered, and the solvent was evaporated in vacuo. The 

residue was purified by column chromatography (Pentane/EtOAc : 0 to 5%) to yield the title compound 2 as an 

orange oil in 95% yield (3.7 g). 1H NMR (400 MHz, Chloroform-d) δ 7.60 (s, 1H), 7.40 (d, J = 8.1, 1H), 7.26 (d, J = 

8.0 Hz, 1H), 6.93 – 6.76 (m, 1H), 6.55 (dt, J = 2.0 Hz, 1H), 3.39 (d, J = 2.0 Hz, 2H). 

 

5-fluorospiro[indene-1,4'-piperidine] and 6-fluorospiro[indene-1,4'-piperidine] (3) 

In a dry Schlenk flask under N2, a solution of 1 M LiHMDS (8.2 mL, 8.2 mmol, 2.2 eq.) in dry 

THF was added dropwise to a solution of 6-fluoro-1H-indene (1) (0.5 g, 3.7 mmol, 1.0 eq.) in 

THF (15 mL) at 0 °C over 20 min. After the addition was complete, the solution was stirred 

for an additional 45 min at 4 °C. The solution was then transferred via cannula to a solution 

of bis(2-chloroethyl)-Boc-amine (0.9 g, 3.7 mmol, 1.0 eq.) in dry THF (15 mL) at 4 °C. The 

mixture was stirred at 4 °C for 2 h and then at rt for an additional 18 h. The reaction mixture was concentrated 

in vacuo. The crude mixture was purified by column chromatography (Pentane/EtOAc : 98/2) to afford a mixture 

of tert-butyl 5-fluorospiro[indene-1,4'-piperidine]-1'-carboxylate and tert-butyl 6-fluorospiro[indene-1,4'-

piperidine]-1'-carboxylate in 75% yield (0.85 g). The two regioisomers were not separated and used as a mixture 

in the subsequent step. 1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.18 (m, 1H), 7.01 (d, J = 8.8 Hz, 1H), 6.98 – 

6.79 (m, 2H), 6.74 (d, J = 5.7 Hz, 1H), 4.18 (s, 2H), 3.10 (t, J = 13.2 Hz, 2H), 2.06 – 1.89 (m, 2H), 1.57 – 1.46 (m, 9H), 

1.33 (d, J = 13.5 Hz, 2H). A round bottom flask was charged with the mixture of tert-butyl 5-fluorospiro[indene-

1,4'-piperidine]-1'-carboxylate and tert-butyl 6-fluorospiro[indene-1,4'-piperidine]-1'-carboxylate (0.85 g, 2.8 

mmol, 1 eq.) in EtOH (15 mL), to which was added 15 mL of conc. aq. HCl and stirred at rt for 2 h. The solvent 

was then evaporated and the solid was washed with EtOAc. The solid was dissolved in water and the solution 

made basic with 1 M aq. sol. NaOH to recover the free amine. The product was extracted with 3 x 50 ml of DCM 

and washed with water. The combined organic layer was dried over MgSO4, filtered, and the solvent evaporated 

in vacuo to obtain the mixture of products (3) as a dark oil in 71% yield (0.40 g). The two regioisomers were not 

separated and used as a mixture in the subsequent step. 13C NMR (101 MHz, Chloroform-d) δ 145.22 (d, J = 232.3 

Hz), 131.44 (d, J = 18.5 Hz), 125.05 (d, J = 9.2 Hz), 124.49 (d, J = 8.7 Hz), 116.09 (d, J = 22.8 Hz), 114.24 (d, J = 22.9 

Hz), 112.35 (d, J = 23.4 Hz), 111.04 (d, J = 22.9 Hz), 47.66, 47.52, 37.23. 

 

5-bromospiro[indene-1,4'-piperidine] and 6-bromospiro[indene-1,4'-piperidine] (4) 

In a dry Schlenk flask under N2, a solution of 1 M LiHMDS (38 mL, 38 mmol, 2.5 eq.) in dry 

THF was added dropwise to a solution of 6-bromo-1H-indene (2) (2.9 g, 15 mmol, 1.0 eq.)  

in THF (50 mL) at 0 °C over 20 min. After the addition was complete, the solution was stirred 

for an additional 45 min at 4 °C. The solution was then transferred via cannula to a solution 

of bis(2-chloroethyl)-Boc-amine (3.6 g, 15 mmol, 1.0 eq.) in dry THF (50 mL) at 4 °C. The 

mixture was stirred at 4 °C for 2 h and then at rt for an additional 18 h. The reaction mixture was concentrated 

in vacuo The crude mixture was purified by column chromatography (Pentane/EtOAc : 98/2) to afford a mixture 

of tert-butyl 5-fluorospiro[indene-1,4'-piperidine]-1'-carboxylate and tert-butyl 6-fluorospiro[indene-1,4'-

piperidine]-1'-carboxylate in 82% yield (4.5 g). The two regioisomers were not separated and used as a mixture 

in the subsequent step. 1H NMR (400 MHz, Chloroform-d) δ 7.47 – 7.43 (m, 1H), 7.35 (ddd, J = 19.0, 8.0, 1.7 Hz, 

1H), 7.18 (dd, J = 8.0, 2.9 Hz, 1H), 6.86 (dd, J = 19.0, 5.7 Hz, 1H), 6.73 (dd, J = 5.7, 2.0 Hz, 1H), 4.18 (s, 2H), 3.10 (t, 

J = 12.9 Hz, 2H), 1.97 (t, J = 12.9 Hz, 2H), 1.50 (d, J = 1.7 Hz, 9H), 1.33 (d, J = 14.0 Hz, 2H). 

A round bottom flask was charged with the mixture of tert-butyl 5-bromospiro[indene-1,4'-piperidine]-1'-

carboxylate and tert-butyl 6-bromospiro[indene-1,4'-piperidine]-1'-carboxylate (8.1 g, 22.3 mmol, 1 eq.) in EtOH 

(50 mL), to which was added 25 mL of conc. aq. HCl and left to stir for 2 h at rt. The solvent was then evaporated 

and the solid was washed with EtOAc. The solid was dissolved in water and the solution made basic with 1 M aq. 

sol. NaOH to recover the free amine. The product was extracted with 3 x 50 ml of DCM and washed with water. 
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The combined organic layer was dried over MgSO4, filtered, and the solvent evaporated in vacuo to obtain the 

mixture of products (4) as a black oil with 81% (4.8 g) yield. The two regioisomers were not separated and used 

as a mixture in the subsequent step. 1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.40 (m, 1H), 7.34 (m,  1H), 7.25 

– 7.15 (m, 1H), 6.91 (m, 1H), 6.75 – 6.65 (m, 1H), 3.21 (d, 2H), 2.98 (t, J = 12.2 Hz, 2H), 2.02 (td, J = 12.2, 2H), 1.33 

(d, 2H). 

 

2-bromospiro[indene-1,4'-piperidine] (5) 

Synthesized adapting the procedure used for the synthesis of 4, starting from 2-bromo-1H-

indene (3.0 g, 15 mmol) and isolated as the 5.HCl salt (2.61 g, 58% yield over 2 steps). A 

sample was washed with 1 M aq. sol. NaOH to afford the free amine 5. 1H NMR (400 MHz, 

Chloroform-d) δ 7.84 (d, J = 7.6 Hz, 1H), 7.31 – 7.24 (m, 1H), 7.17 (dt, J = 7.8, 2.2 Hz, 1H), 6.84 

(s, 1H), 3.34 (dt, J = 12.6, 2.6 Hz, 2H), 3.27 – 3.13 (m, 2H), 2.06 (dd, J = 13.2, 4.0 Hz, 2H), 1.27 

(dd, J = 13.1, 2.1 Hz, 2H). 13C NMR (101 MHz, cdcl3) δ 152.78, 144.40, 142.05, 132.94, 129.68, 127.08, 126.41, 

123.53, 55.96, 44.78, 34.60. 

 

1,4-dihydronaphthalene (6) 

To a round-bottom flask charged with naphthalene (10 g, 78 mmol, 1 eq.) in dry ether (80 mL) metallic 

Na (0.20 mol, 2.5 eq) was added portion-wise in 10-20 min. Then a solution of tert-BuOH (0.20 mol, 

2.5 eq) in dry Et2O (10 mL) was added dropwise. (Note: Exothermic addition, when necessary the flask 

was cooled with an ice-bath) The mixture was stirred at rt for 3 h. Then the unreacted sodium and solid tert-

BuOH were removed by filtration and washed with Et2O (25 mL). The combined organic layer was washed with 

H2O (2 x 30 mL), dried over MgSO4, filtered and the solvent evaporated in vacuo to obtain the product 6 as a 

white solid in 84% yield (8.5 g). 1H NMR (400 MHz, Chloroform-d) δ 7.19 – 7.08 (m, 4H), 5.94 (t, J = 1.4 Hz, 2H), 

3.41 (d, J = 1.4 Hz, 4H). 

 

1,4-tetrahydronaphthalene-epoxide (7) 

A solution of 1,4-tetrahydronaphthalene (6) (1.0 g, 7.7 mmol, 1.0 eq.) in DCM (20 mL) was cooled with 

an ice-bath at 0 oC and mCPBA (2.65 g, 11.5 mmol, 1.5 eq.) in DCM (20 mL) was added dropwise, after 

which the mixture was stirred at rt for 5 h. The solvent was then removed in vacuo and the crude 

mixture was purified by column chromatography (Pentane/EtOAc : 0 to 10%) to afford 7 as a colorless 

solid in 72% yield (0.81 g). 1H NMR (400 MHz, Chloroform-d) δ 7.14 (dd, J = 5.6, 3.5 Hz, 2H), 7.05 (dd, J = 5.6, 3.5 

Hz, 2H), 3.48 (t, 2H), 3.36 – 3.16 (m, 4H). 

 

3-(5-fluorospiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (8) and 3-(6-

fluorospiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (9) 

Starting from a mixture of 5- and 6-fluorospiro[indene-1,4'-piperidine] (3) (0.40 g, 2.0 mmol, 1.0 eq.) and 

triethylamine (0.28 mL, 2.0 mmol, 1.0 eq.) in EtOH (10 mL). This mixture was cooled to 0 oC and 1,4-

tetrahydronaphthalene-epoxide (7) (0.32 g, 2.2 mmol, 1.1 eq.) in EtOH (5 mL) was added dropwise. The mixture 

was heated at reflux and stirred for 72 h. The solvent was removed in vacuo and the crude mixture was purified 

by column chromatography (Pentane/EtOAc : 92/8) to afford 8 and 9 in 36% (0.25 g) and 22% (0.15 g) yield 

respectively, as an off-white solids. 
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 8: 1H NMR (400 MHz, CDCl3) δ 7.32 (dd, J = 8.2, 5.0 Hz, 1H), 7.15 (d, J = 2.0 Hz, 4H), 

7.01 (dd, J = 8.9, 2.4 Hz, 1H), 6.97 (d, J = 5.7 Hz, 1H), 6.91 (td, J = 8.8, 2.4 Hz, 1H), 6.73 

(d, J = 5.6 Hz, 1H), 4.37 (s, 1H), 3.93 (td, J = 10.0, 5.8 Hz, 1H), 3.35 (dd, J = 16.0, 5.9 

Hz, 1H), 3.13 – 2.78 (m, 7H), 2.64 (td, J = 11.6, 2.5 Hz, 1H), 2.22 (td, J = 12.4, 4.1 Hz, 

1H), 2.11 (td, J = 12.5, 3.9 Hz, 1H), 1.44 (d, J = 13.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) 

δ 162.59 (d, J = 242.5 Hz), 147.51, 144.67 (d, J = 8.8 Hz), 143.34, 134.85, 134.13, 

129.47, 129.32, 129.28 (d, J = 3.2 Hz), 126.38, 126.24, 122.60 (d, J = 9.1 Hz), 111.85 

(d, J = 22.8 Hz), 108.64 (d, J = 23.0 Hz), 66.84, 65.86, 52.02, 43.88, 38.04, 34.76, 34.52, 

26.36. 19F NMR (376 MHz, CDCl3) δ -116.57. HRMS (ESI+, m/z): calculated for 

C23H25FNO [M+H]+: 350.1915; found: 350.1939. 

 

9: 1H NMR (400 MHz, CDCl3) δ 7.27 – 7.20 (m, 1H), 7.19 – 7.08 (m, 5H), 6.95 (ddd, J 

= 9.1, 8.1, 2.4 Hz, 1H), 6.85 (d, J = 5.7 Hz, 1H), 6.73 (d, J = 5.6 Hz, 1H), 4.36 (s, 1H), 

3.94 (td, J = 9.9, 5.8 Hz, 1H), 3.35 (dd, J = 16.0, 5.8 Hz, 1H), 3.13 – 2.79 (m, 7H), 2.65 

(d, J = 11.5 Hz, 1H), 2.20 (t, J = 12.3 Hz, 1H), 2.09 (t, J = 12.5 Hz, 1H), 1.46 (d, J = 13.1 

Hz, 2H). 13C NMR (151 MHz, CDCl3) δ 161.71 (d, J = 244.1 Hz), 154.33 (d, J = 7.7 Hz), 

140.94, 138.55 (d, J = 2.2 Hz), 134.71, 134.01, 129.35, 129.19, 129.01, 126.26, 

126.12, 121.95 (d, J = 8.6 Hz), 113.64 (d, J = 22.8 Hz), 109.80 (d, J = 23.2 Hz), 66.72, 

65.73, 52.69 (d, J = 2.2 Hz), 50.75, 43.62, 37.92, 34.61, 34.37, 26.24. 19F NMR (565 

MHz, CDCl3) δ -116.93. HRMS (ESI+, m/z): calculated for C23H25FNO+ [M+H]+: 

350.1915; found: 350.1940.   

 

3-(2-bromospiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (10) 

Starting from a 2-bromospiro[indene-1,4'-piperidine] (5) (1.56 g, 5.9 mmol, 1.0 eq.) and 

triethylamine (0.82 mL, 5.9 mmol, 1.0 eq.) in EtOH (25 mL). This mixture was cooled to 

0 oC and 1,4-tetrahydronaphthalene-epoxide (7) (0.95 g, 6.5 mmol, 1.1 eq.) in EtOH (25 

mL) was added dropwise. The mixture was heated at reflux and stirred for 72 h. The 

solvent was removed in vacuo and the crude mixture was purified by column 

chromatography (Pentane/EtOAc/NEt3 : 91/8/1) to afford 10 in 68% (1.65 g) yield as an 

off-white solid. 
1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.5 Hz, 1H), 7.37 – 7.27 (m, 2H), 7.24 – 7.10 (m, 

5H), 6.87 (s, 1H), 4.40 (s, 1H), 3.96 (td, J = 10.2, 5.9 Hz, 1H), 3.52 – 3.31 (m, 2H), 3.17 – 2.99 (m, 4H), 2.97 – 2.81 

(m, 3H), 2.31 (td, J = 12.7, 4.7 Hz, 1H), 2.25 – 2.13 (m, 1H), 1.40 (d, J = 13.2 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 

150.11, 141.98, 139.08, 134.82, 134.19, 130.80, 129.48, 129.33, 127.29, 126.40, 126.25, 124.54, 123.85, 121.13, 

66.86, 65.83, 53.24, 48.09, 41.21, 38.08, 32.39, 32.29, 26.44. HRMS (ESI+, m/z): calculated for C23H25BrNO+ [M+H] 

+: 410.1114; found: 410.1129. 

 

3-([5]-bromospiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (11) and 3-([6]-

bromospiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (12) 

Starting from a mixture of 5- and 6-bromospiro[indene-1,4'-piperidine] (4) (2.56 g, 9.7 mmol, 1.0 eq.) and 

trimethylamine (1.4 mL, 9.7 mmol, 1.0 eq.) in EtOH (25 mL). This mixture was cooled to 0 oC and 1,4-

tetrahydronaphthalene-epoxide (7) (11.6 mmol, 1.2 eq.) in EtOH (25 mL) was added dropwise. The mixture was 

heated at reflux and stirred for 72 h. The solvent was removed in vacuo and the crude mixture was purified by 

column chromatography (Pentane/EtOAc/NEt3 : 91/8/1) providing in 22% (0.87 g) and 15% (0.60 g) yield, 

respectively, 11 and 12 as off-white solids. 
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11:  1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 1.8 Hz, 1H), 7.38 (dd, J = 1.8 Hz, 1H), 

7.26 (s, 1H), 7.21 – 7.11 (m, 4H), 6.88 (d, J = 5.6 Hz, 1H), 6.73 (d, J = 5.6 Hz, 1H), 

4.35 (s, 1H), 3.94 (td, 5.9 Hz, 1H), 3.35 (dd, J = 5.9 Hz, 1H), 3.18 – 2.79 (m, 7H), 2.72 

– 2.59 (m, 1H), 2.31 – 2.07 (m, 2H), 1.45 (d,  2H). 13C NMR (151 MHz, CDCl3) δ 

154.15, 141.68, 141.51, 134.67, 134.00, 130.01, 129.35, 129.18, 129.16, 126.27, 

126.12, 125.38, 122.66, 119.55, 66.71, 65.73, 52.80, 50.92, 43.55, 37.91, 34.44, 

34.20, 26.25. HRMS (ESI+, m/z): calculated for C23H25BrNO+ [M+H] +: 410.1114; 

found: 410.1113. 

 

 

 

12: 1H NMR (400 MHz, Chloroform-d): 1H NMR (400 MHz, CDCl3) δ 7.51 (m,  1H), 

7.41 (td, J =  6.0, 2.6 Hz, 1H), 7.33 (m,  1H), 7.20 (m, J =  2.6 Hz, 4H), 6.99 (d, 1H), 

6.78 (d, 1H), 4.00 (m, 1H), 3.41 (dd, J =  6.0 Hz, 1H), 3.15 – 2.85 (m, 7H), 2.70 (t, 

1H), 2.22 (d, 2H), 1.50 (d, 2H). 13C NMR (151 MHz, CDCl3) δ 150.72, 144.86, 133.97, 

129.34, 129.17, 128.96, 128.04, 127.89, 126.29, 126.14, 125.83, 124.54, 123.19, 

120.72, 66.72, 65.77, 52.21, 50.81, 43.70, 37.91, 34.32, 34.09, 26.29. HRMS (ESI+, 

m/z): calculated for C23H25BrNO+ [M+H] +: 410.1114; found: 410.1111.  

 

 

 

3-(2-methylspiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (13) 

In a dry Schlenk flask under N2, was dissolved 3-(2-bromospiro[indene-1,4'-piperidin]-

1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (10) (127 mg, 0.31 mmol, 1.0 eq) in 1 mL of dry 

toluene follow by the addition of BF3.Et2O (75 µL, 0.62 mmol, 2.0 eq). The reaction 

mixture was stirred for 5 min at rt before a solution of fully oxidized Pd(PtBu3)2 (10 mol%, 

31 µmol, 16 mg) in 1 mL of toluene was added. A 1.6 M solution of MeLi (0.6 mL, 0.93 

mmol, 3.0 eq) in Et2O was diluted with toluene to give a 1 mL solution and was added at 

rt over 5 min by the use of a syringe pump. After the addition was completed, the 

reaction was quenched with 20 mL of H2O, followed by addition of 1 M HCl aq. sol. to 

reach pH = 4. The aqueous phase was extracted with 3 x 30 mL of DCM. The combined organic layers were washed 

with 100 mL of H2O, dried over Na2SO4, filtered and loaded on silica for purification by column chromatography 

(Pentane/EtOAc : 80/20) to afford 13 (78 mg, 72% yield) as an off-white solid. 1H NMR (400 MHz, CDCl3) δ 7.80 

(d, J = 7.5 Hz, 1H), 7.26 (d, J = 3.6 Hz, 2H), 7.23 – 7.11 (m, 5H), 6.42 (d, J = 1.8 Hz, 1H), 4.05 (bs, 1H), 3.96 (td, J = 

10.2, 5.8 Hz, 1H), 3.48 (td, J = 11.9, 2.8 Hz, 1H), 3.36 (dd, J = 16.0, 5.8 Hz, 1H), 3.17 – 2.98 (m, 3H), 2.98 – 2.76 (m, 

4H), 2.16 (td, J = 12.6, 4.8 Hz, 1H), 2.10 – 1.97 (m, 4H), 1.33 (dt, J = 13.4, 2.6 Hz, 2H). 13C NMR (151 MHz, CDCl3) 

δ 153.63, 151.66, 143.53, 134.50, 134.07, 129.32, 129.20, 126.81, 126.33, 126.17, 125.72, 123.96, 123.22, 

120.53, 66.75, 65.87, 51.69, 48.76, 41.57, 38.04, 31.85, 31.74, 26.54, 13.46. HRMS (ESI+, m/z): calculated for 

C24H28NO+ [M+H]+: 346.2165; found: 346.2166. 
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3-(5-methylspiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol 

(14) 

In a dry Schlenk flask under N2, was dissolved 3-([5]-bromospiro[indene-1,4'-

piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol (11) (82 mg, 0.20 mmol, 1.0 eq) 

in 1 mL of dry toluene. A solution of fully oxidized Pd(PtBu3)2 (5 mol%, 10 µmol, 5.6 

mg) in 0.5 mL of toluene was added. A 1.6 M solution of MeLi (0.31 mL, 0.5 mmol, 

2.5 eq) in Et2O was diluted with toluene to give a 1 mL solution and was added at rt 

over 5 min by the use of a syringe pump. After the addition was completed, the 

reaction was quenched with 0.5 mL of MeOH, and Celite was added to the reaction 

mixture. The solvent was evaporated under reduced pressure to afford the crude 

product on Celite which was purified by column chromatography (Pentane/EtOAc : 80/20) to afford 14 (50 mg, 

72% yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 7.26 (s, 1H), 7.23 (s, 1H), 7.15 (s, 4H), 7.07 (d, 1H), 6.83 

(d, J = 5.7 Hz, 1H), 6.75 (d, J = 5.7 Hz, 1H), 4.45 (s, 1H), 3.94 (m, 1H), 3.35 (dd, 1H), 3.14 – 2.81 (m, 7H), 2.65 (t, 

1H), 2.42 (s, 3H), 2.21 (d, 2H), 1.43 (d, 2H). 13C NMR (101 MHz, CDCl3) δ 142.79, 142.79, 137.73, 136.65, 132.25, 

131.96, 131.82, 130.28, 128.86, 128.73, 125.34, 123.67, 79.98, 79.66, 79.34, 69.37, 68.38, 53.86, 40.56, 28.88, 

24.28. HRMS (ESI+, m/z): calculated for C24H28NO+ [M+H]+: 346.2165; found: 346.2164. 

 

3-(6-methylspiro[indene-1,4'-piperidin]-1'-yl)-1,2,3,4-tetrahydronaphthalen-2-ol 

(15) 

Using the adapted procedure described for the synthesis of 14, starting from 

compound 12 (82 mg, 0.20 mmol, 1.0 eq) to afford 15 as a white solid (41 mg, 59% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 7.6 Hz, 1H), 7.19 (d, 1H), 7.17 (s, 4H), 

7.06 (d, J = 7.6 Hz, 1H), 6.87 (d, J = 5.6 Hz, 1H), 6.74 (d, J = 5.6 Hz, 1H), 3.94 (td, J = 

10.0, 5.9 Hz, 1H), 3.36 (dd, J = 5.9 Hz, 1H), 3.10 – 2.84 (m, 7H), 2.64 (td, J = 11.8Hz, 

1H), 2.39 (s, 3H), 2.18 (dtd, J = 11.8 Hz, 2H), 1.46 (d, 2H), 1.27 (s, 1H). 13C NMR (151 

MHz, CDCl3) δ 149.23, 143.09, 136.64, 134.83, 134.04, 129.68, 129.34, 129.21, 

126.21, 126.08, 125.98, 122.16, 121.52, 66.71, 65.70, 51.99, 37.92, 34.76, 34.52, 26.20, 21.40. HRMS (ESI+, m/z): 

calculated for C24H28NO+ [M+H]+: 346.2165; found: 346.2166. 

 

The analytical separation of the enantiomers of compound (±)-4 was performed by chiral HPLC on a CHIRALPAK 

IA column (250 × 4.6 mm, Chiral Technologies Europe, France) with 95% MeOH/ aq. 20 mM NH4OAc/0.04% 

diethyl amine as eluent and a flow of 1.0 mL/min. Under these conditions the (-) enantiomer eluted in front of 

the (+) enantiomer at retention times of 8.84 and 10.48 min, respectively. The polarimetric identification of the 

enantiomers was performed by using the Chiral Detector OR-2090 (JASCO Deutschland GmbH, Germany). For 

semi-preparative separation of (+)-4 and (-)-4, the same eluent composition and column type (250 × 10 mm) 

were used at a flow of 3.5 mL/min. 
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