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Selective detection of choline in pseudo-physiological medium 
with a fluorescent cage receptor  
Nicolas Fantozzi,a Rémi Pétuya,b Alberto Insuasty,c Augustin Long,c Germain Salvato Vallverdu,b 
Emilie Genin,a Didier Bégué,b Alexandre Martinez,c Sandra Pinet*†a and Isabelle Gosse*†a  

A new fluorescent cage receptor for the detection of choline in 
pseudo-physiological medium is described. Not only does this 
capsule complex choline with an  association constant greater than 
9.9x104 M-1 but it is also highly selective towards acetylcholine. 

Choline (Ch), known as vitamin B4 is an essential nutrient. It is 
also the precursor and the metabolite of acetylcholine (ACh), 
one of the major neurotransmitters. Both play an important 
role in various physiological activities, including learning and 
memory processes,1 emotion or motor coordination.2 In 
addition, abnormal levels of these compounds are suspected to 
be involved in mood disorders3 as well as in neurodegenerative 
pathologies such as Alzheimer's and Parkinson's diseases.4, 5 
Consequently, a plethora of electrochemical sensors6-9 for ACh 
and Ch have emerged in the last two decades. Numerous optical 
sensors including chemiluminescent, electrochemiluminescent, 
colorimetric, fluorogenic and ratiometric sensors6, 10-14 have 
also been described. Nevertheless, an electrochemical 
oxidation or an enzymatic transformation of the analyte into 
hydrogen peroxide, betaine or hydroxyl radical is required with 
most of electrochemical and optical sensors which limits their 
use to the quantification of the analyte. To detect these species, 
fluorescent molecular probes15, 16 have been designed relying 
mostly on the fluorophore displacement concept.17-31 In this 
case, a non-emissive complex resulting from the interaction 
between a macrocyclic host and a fluorophore serves as a 
probe. If the affinity of the host for the target molecule is strong 
enough, the fluorophore is released in the presence of the 
target and an emission of fluorescence is observed. Although 

sensitive, such systems allow for the detection and the 
quantification of ACh and Ch, but not for their imaging. In order 
to perform a real-time monitoring of the species, it is preferable 
to use molecular probes whose fluorescence emission is 
modified when the analyte is recognized. 
Fluorescent cavitands able to recognized ACh in chloroform 
were reported by groups of Rebek32 and Dutasta.33 Sarmentero 
and Ballester developed a cavitand for the selective recognition 
of Ch in methanol (KCh/ACh=3.2).34 Moreover, our group, 
interested in the complexing properties of cyclotriveratrylenes 
(CTV), described fluorescent CTV based probes for ACh and Ch 
in buffered aqueous media.35-37 It is worth noting that some of 
these fluorescent hosts interact more strongly with either ACh36 
or Ch.37 Nevertheless, their association constants in these 
competitive media are too weak, especially for Ch (KCh <250 M-

1). So we turned our attention towards hemicryptophanes (HC), 
compounds known to complex, among other species, 
ammonium in solution.38 They are capsules made of a CTV unit 
linked to another C3-symmetrical moiety. Martinez’s group 
described the first water-soluble HC able to bind selectively Ch 
at basic pH.39 This HC is characterized by a tris(2-
aminoethyl)amine (TREN) group. These capsules can be made 
fluorescent by either introducing a fluorophore in the linker 
connecting both C3 symmetrical moieties40 or grafting a 
fluorescent entity onto the CTV unit. The main advantages of 
the second strategy are the possibility to introduce various 
fluorophores according to a methodology developed for the 
functionalization of CTV41 and modify the size and the structure 
of the capsule without being limited by the presence of the 
fluorophore. The first approach allowed us to access to 
fluorescent HC 1, 2 and 3; the second one to the HC 4 (Fig. 1).42-

44 All these hosts bind ACh in organic solvent (containing 2% of 
water) with association constant superior to 104 M-1. HC 4 was 
not able to discriminate between ACh and Ch in organic solvent 
but HC 1, 2 and 3, having a tripodal benzenic platform as second 
C3-symmetrical unit, were found to be selective for ACh 
(KACh/Ch=4.1, KACh/KCh=2.8 and KACh/KCh=4.4 respectively). Very 
recently, diastereoisomeric fluorescents cages with sucrose  
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were reported by Szyszka et al. for the recognition of Ch and 
ACh in acetonitrile.45 Despite one of these hosts is selective for 
ACh (KACh/KCh=3.1), the selectivity of the most efficient receptor 
for Ch is modest (KCh/KACh=1.7). Thus, although some hosts 
selective for ACh exist, those for Ch are very scarce and selective 
imaging of ACh or Ch with fluorescent supramolecular host 
remains very challenging, more particularly in aqueous 
medium. Here we report the synthesis of the water-soluble and 
fluorescent hemycriptophane 5. Interestingly, this fluorescent 
cage recognizes Ch in pseudo-physiological medium with a 
better selectivity over ACh than hosts working in organic 
solvents.  
 
The hemicryptophane 5 was synthetized from the CTV 6, in four 
steps, following the synthetic route described in Scheme 1. In 
DMF, nucleophilic substitution of the bromine atoms by the 
phenoxides of 4-hydroxybenzaldehyde afforded 7 in 88% yield. 
This compound reacted with methyl-4-ethynylbenzoate under 
Sonogashira coupling conditions to afford 8 with 62% yield. 
Reductive amination in the presence of tris(2-
aminoethyl)amine drove to a hemicryptophane intermediate 
that was immediately saponified in basic conditions. Removal of 
the solvent followed by acidification to pH 1 led to the 
precipitation of the desired water-soluble hemicryptophane 5. 
This one was recovered in 64% yield from 8 after filtration and 
was fully characterized by NMR in deuterated methanol. As 
shown in Fig. 2, the proton NMR spectrum is consistent with the 
C3-symmetrical structure of the HC 5. The two singlets at 7.6 and 
7.3 ppm, attributed to the aromatic protons Ha and Hb, as well 
as the two signals around 4.9 and 3.7 ppm, corresponding to the 
diastereoisomeric protons Hc and Hc’, are characteristic of a 

symmetrical disubstituted CTV. The diastereoisomeric protons 
of the tris(2-aminoethyl)amine group Hv, Hv’, Hw and Hw’ and the 
benzylic protons Hn and Hn’ appears as four multiplets between 
2.4 and 3.2 ppm and two doublets at 3.7 and 3.9 ppm 
respectively. The signals between 4.3 and 4.9 ppm were 
assigned to the methylene protons Hd, Hd’, He and He’. Finally, 
the doublets around 6.8 and 7.2 ppm correspond to the 
aromatic protons Hk and Hl and those around 7.3 and 7.8 ppm 
to the protons Hr and Hs.  
 

Fig. 2 1H NMR spectrum of hemicryptophane 5 in deuterated methanol (600 MHz, 25°C). 



Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

 

The absorption and emission properties of hemicryptophane 5 
were investigated in a 140 mM PBS buffer (pH 7.4) containing 
2% of DMSO. Under these conditions, HC 5 shows three 
absorption peaks at 282 ( = 3.5 x 104 M-1.cm-1), 
302 ( = 3.8 x 104 M-1.cm-1) and 330 ( = 3.5 x 104 M-1.cm-1) nm 
and exhibits a maximum emission wavelength at 413 nm when 
excited at 330 nm (Fig. S1 in ESI). DFT calculations were used to 
calculate the UV-visible electronic absorption spectrum 
involved in HC 5 (Fig. S4 and S6a in ESI) with Gaussian 09,46 using 
CAM-B3LYP/6-31g(d,p) as quantum method. The theorical 
absorption spectrum is consistent with the experimental one. 
Indeed, from the calculated electronic transitions in water, 
theorical absorption bands at 278-282, 319 and 333 nm are 
obtained (Fig. S7 in ESI).  
The fluorescent quantum yield  and the decay time were 
determined ( = 24 % using 9,10-diphenylanthracene as 
reference and  = 4.7 ns). Compared with the non-water-
soluble fluorescent HC 4, the spectroscopic characteristics are 
improved. Indeed, the excitation and emission wavelengths are 
red-shifted from 11 and 59 nm respectively. Moreover, both the 
quantum yield and the decay time are approximately doubled. 
This can be explained by the acceptor mesomeric effect of the 
carboxylate groups that increases the charge transfer from the 
oxygen atoms of the CTV skeleton.  
The binding properties of HC 5 toward Ch and ACh were 
investigated in this pseudo-physiological medium at 20°C. 
Increasing amounts of guest were added to a 2.5x10-5 M 
solution of HC 5; both absorption and emission spectra 
(ex = 330 nm) were recorded. While the addition of guest does 
not change the absorption spectrum (see Fig S7 in ESI), a drop 
in fluorescence emission is observed for both guests as seen in 
Fig. 3 for Ch. The plot of the fluorescence emission ratio versus 
the addition of titrating reagent shows a slope break after 
addition of one equivalent of guest which suggests the 
formation of 1:1 stoichiometry complexes (Fig. 4). Moreover, 
the emission intensity is much more affected by Ch and slopes 

slop is steeper in case of this guest, suggesting a higher affinity 
of HC 5 for Ch.  ACh and Ch titration experiments were 
repeated, using, each time, fresh solutions of host and guest. Ch 
titration experiments were done by two experimenters. Results 
are reproducible (Fig. S3 in ESI).  
Complexes of stoichiometry 1:1 were confirmed using Hypsep®.  
The binding constants KACh and KCh of such complexes 
(KACh=2.91x104 M-1, KCh=9.92x104 M-1) confirm the selectivity of 
the hemicryptophane 5 for Ch (KCh/KACh=3.4). To our knowledge, 
this is the best selectivity for Ch over ACh in pseudo 
physiological environment observed to date. Such a selectivity 
may be surprising since no discrimination between ACh and Ch 
was observed with HC 4. The response in emission is also 
different. In organic medium, an increase of fluorescence was 
observed with HC 4 while an extinction of fluorescence is 
observed with HC 5 in aqueous medium. To better understand 
the interactions involved in Ch@HC 5 and ACh@HC 5 
complexes and rationalize the quench of the fluorescence 
emission observed, host-guest interactions were modelled via 
time dependent density functional theory (TD-CAM-B3LYP) 
calculations (see ESI for details). Stable (1:1) complexes were 
obtained with both guests (Fig. S6b and S6c in ESI). Various 
guest’s orientations inside the HC were studied and their 
stabilization energy (SE) calculated from the electronic energies 
of complexes, guests and host (SE=EGuest@HC 5 - (EHC 5 + EGuest), 
Table S2). For both guest, the most stable complex is always the 
one in which the quaternary ammonium of the guest points to 
the TREN moiety (namely BOTTOM in the ESI in opposition to 
the other forms named TOP). In particular, a difference in 
stabilization energy of 13.6 kcal/mol was found for both 
BOTTOM and TOP ACh@HC 5 complexes studied. For Ch@HC 5 
complexes this difference in the stabilization energy is of the 
same order of magnitude i.e. 7.0 kcal/mol. Calculations finally 
show that the Ch@HC 5_BOTTOM complex is globally the most 
stable conformation by about 4.5 kcal/mol in comparison to the 
BOTTOM form in the ACh@HC 5 situation. This energy 
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difference corresponds to the equivalent of a moderate 
hydrogen bond contribution. More specifically for the BOTTOM 
forms complexes, ionic interactions were found between the 
ammonium of the guest and the lone pair of one of the nitrogen 
atoms of the TREN as well as hydrogen bonds between the 
methyl groups of the guests and the carboxylates or 
ethylenedioxy chains of the cage (Fig. S6b and S6c of the ESI). 
Specific interactions into the ACh@HC 5 complex were also 
detected i.e. weak Me(RNMe3+) – ethylenedioxy chain 
interactions and cation- interactions between aromatics of 
alkynylaryl groups of the host and the trimethylammonium of 
ACh (Fig. S6b). The situation is different for the Ch@HC 5 
complex where the hydroxyl group of Ch interacts with one 
benzoate via 1) π-hydrogen bond with the benzoate’s aromatic 
ring and 2) weak hydrogen bonds with oxygen atoms of the 
carboxylate (Fig. 5). These interactions seems to stabilize the 
Ch@HC 5 complex (see ESI – paragraph 7.2) and may partly 
explain the high selectivity observed for Ch.  
 
The analysis of the theoretical data reported in ESI (paragraph 
7) allows to obtain another kind of information. The comparison 
of the distances between aromatic rings in the host and in the 
complexes shows that a swelling of the capsule occurred upon 
complexation and that some distances between benzoic acid 
and phenoxy groups are shorter in the complexes. These - 
interactions, more important in the Ch@HC 5 complex, may be 
responsible for the observed quench of fluorescence emission. 
An entry of water in the host, favoured by the most hydrophilic 
guest, may also contribute to this phenomenon. In the case of 
the free HC 4, these - interactions were much stronger in 
organic solvent, compared to those observed for the free HC 5 
in aqueous medium, and they decreased in the presence of 
guest. If the initial interactions within the cage are not the same 
depending on the solvent, it is likely that the solvent also affects 
the interactions in the presence of guest and thus the 
selectivity. 
 
Finally, these calculations are consistent with the fact that 
complexation has virtually no impact on the absorption 
wavelengths (Fig. S7 in ESI).  
 

Conclusions 
In conclusion, the fluorescent hemicryptophane 5 was found to 
be an effective cage for strongly and selectively recognize Ch. 
To our knowledge, such selectivity for Ch over ACh has never 
been achieved before with supramolecular fluorescent host in 
pseudo-physiological environment. These results, supported by 
DFT calculations, confirm the crucial role of hydrogen bond to 
discriminate these species in water. 

Conflicts of interest 
There are no conflicts to declare.  

Acknowledgements 
This work was supported by the ANR Evidence project, grant 
ANR 15 CE18-0018-01 of the “Agence Nationale de la 
Recherche”.   

Notes and references 
1. J. Micheau and A. Marighetto, Behav. Brain Res., 2011, 221, 

424-429. 
2. L. M. Jordan, J. R. McVagh, B. R. Noga, A. M. Cabaj, H. 

Majczyński, U. Sławińska, J. Provencher, H. Leblond and S. 
Rossignol, Front. Neural Circuits, 2014, 8:132. doi: 
10.3389/fncir.2014.00132. 

3. S. C. Dulawa and D. S. Janowsky, Mol. Psychiatry, 2019, 24, 
694-709. 

4. D. J. Selkoe, Science, 2002, 298, 789-791. 
5. G. Rizzi and K. R. Tan, Front. Neural Circuits, 2017, 11:110. doi: 

10.3389/fncir.2017.00110. 
6. P. Rahimi and Y. Joseph, Trends Anal. Chem., 2019, 110, 367-

374. 
7. A. Shadlaghani, M. Farzaneh, D. Kinser and R. C. Reid, Sensors, 

2019, 19, 447-462. 
8. J.-M. Moon, N. Thapliyal, K. K. Hussain, R. N. Goyal and Y.-B. 

Shim, Biosens. Bioelectron., 2018, 102, 540-552. 
9. M. Hasanzadeh, N. Shadjou and M. d. l. Guardia, Trends Anal. 

Chem., 2017, 86, 107-121. 
10. X.-m. Chen, B.-y. Su, X.-h. Song, Q.-a. Chen, X. Chen and X.-r. 

Wang, Trends Anal. Chem., 2011, 30, 665-676. 
11. X. Bu, Y. Fu, H. Jin and R. Gui, New J. Chem., 2018, 42, 17323-

17330. 
12. H. Yuan, H. Zhao, K. Peng, F. Lv, L. Liu, J. Bao and S. Wang, ACS 

Appl. Bio Mater., 2019, 2, 5528-5534. 

Fig. 5 DFT structure of the most stable Ch@HC 5 complex. For clarity purpose only the 
specific interactions implying the hydroxyl group of the guest are shown (one -
hydrogen bond (3.5 Å, yellow bond) and two hydrogen bonds with one carboxylate 
(3.4 and 3.9 Å) 



Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5  

Please do not adjust margins 

Please do not adjust margins 

13. J. Guo, S. Wu, Y. Wang and M. Zhao, Sens. Actuator B-Chem., 
2020, 312, 128021-128032. 

14. C.-I. Wang, W.-T. Chen and H.-T. Chang, Anal. Chem., 2012, 84, 
9706-9712. 

15. B. Bibal, Supramol. Chem., 2018, 30, 243-254. 
16. A. Schena and K. Johnsson, Angew. Chem. Int. Ed., 2014, 53, 

1302-1305. 
17. M. Inouye, K.-i. Hashimoto and K. Isagawa, J. Am. Chem. Soc., 

1994, 116, 5517-5518. 
18. H. Bakirci and W. M. Nau, Adv. Funct. Mater., 2006, 16, 237-

242. 
19. N. Korbakov, P. Timmerman, N. Lidich, B. Urbach, A. Sa'ar and 

S. Yitzchaik, Langmuir, 2008, 24, 2580-2587. 
20. G. Ghale and W. M. Nau, Acc. Chem. Res., 2014, 47, 2150-

2159. 
21. K. N. Koh, K. Araki, A. Ikeda, H. Otsuka and S. Shinkai, J. Am. 

Chem. Soc., 1996, 118, 755-758. 
22. D.-S. Guo, V. D. Uzunova, X. Su, Y. Liu and W. M. Nau, Chem. 

Sci., 2011, 2, 1722-1734. 
23. B. Hua, L. Shao, Z. Zhang, J. Sun and J. Yang, Sens. Actuator B-

Chem., 2018, 255, 1430-1435. 
24. C. Jia, W. Zuo, D. Yang, Y. Chen, L. Cao, R. Custelcean, J. Hostaš, 

P. Hobza, R. Glaser, Y.-Y. Wang, X.-J. Yang and B. Wu, Nat. 
Commun., 2017, 8, 938-946. 

25. T. Jin, J. Incl. Phenom. Macrocycl. Chem., 2003, 45, 195-201. 
26. A. Norouzy, Z. Azizi and W. M. Nau, Angew. Chem. Int. Ed., 

2015, 54, 792-795. 
27. S.-D. Tan, W.-H. Chen, A. Satake, B. Wang, Z.-L. Xu and Y. 

Kobuke, Org. Biomol. Chem., 2004, 2, 2719-2721. 
28. Y.-J. Zhang, W.-X. Cao and J. Xu, Chinese J. Chem., 2002, 20, 

322-326. 
29. T. Jin, Sensors, 2010, 10, 2438-2449. 
30. T. Jin, F. Fujii and Y. Ooi, Sensors, 2008, 8, 6777-6790. 
31. M. Sayed, K. Shinde, R. Shah and H. Pal, ChemistrySelect, 2016, 

1, 989-999. 
32. O. B. Berryman, A. C. Sather and J. Rebek, Org. Lett., 2011, 13, 

5232-5235. 
33. B. Mettra, Y. Bretonnière, J.-C. Mulatier, B. Bibal, B. Tinant, C. 

Aronica and J.-P. Dutasta, Supramol. Chem., 2013, 25, 672-
681. 

34. P. Ballester and M. A. Sarmentero, Org. Lett., 2006, 8,   3477-
3480. 
35. M.-L. Dumartin, C. Givelet, P. Meyrand, B. Bibal and I. Gosse, 

Org. Biomol. Chem., 2009, 7, 2725-2728. 
36. L. Erieau-Peyrard, C. Coiffier, P. Bordat, D. Bégué, S. Chierici, 

S. Pinet, I. Gosse, I. Baraille and R. Brown, Phys. Chem. Chem. 
Phys., 2015, 17, 4168-4174. 

37. L. Peyrard, S. Chierici, S. Pinet, P. Batat, G. Jonusauskas, N. 
Pinaud, P. Meyrand and I. Gosse, Org. Biomol. Chem., 2011, 9, 
8489-8494. 

38. D. Zhang, A. Martinez and J.-P. Dutasta, Chem. Rev., 2017, 
117, 4900-4942. 

39. A. Schmitt, V. Robert, J.-P. Dutasta and A. Martinez, Org.Lett., 
2014, 16, 2374-2377. 

40. D. Zhang, G. Gao, L. Guy, V. Robert, J.-P. Dutasta and A. 
Martinez, Chem. Commun., 2015, 51, 2679-2682. 

41. L. Peyrard, M.-L. Dumartin, S. Chierici, S. Pinet, G. 
Jonusauskas, P. Meyrand and I. Gosse, J. Org. Chem., 2012, 77, 
7023-7027. 

42. A. Long, N. Fantozzi, S. Pinet, E. Genin, R. Pétuya, D. Bégué, V. 
Robert, J.-P. Dutasta, I. Gosse and A. Martinez, Org. Biomol. 
Chem., 2019, 17, 5253-5257. 

43. A. Long, E. Antonetti, A. Insuasty, S. Pinet, I. Gosse, V. Robert, 
J.-P. Dutasta and A. Martinez, J. Org. Chem., 2020, 85, 6400-
6407. 

44. N. Fantozzi, R. Pétuya, A. Insuasty, A. Long, S. Lefevre, A. 
Schmitt, V. Robert, J.-P. Dutasta, I. Baraille, L. Guy, E. Genin, 
D. Bégué, A. Martinez, S. Pinet and I. Gosse, New J. Chem., 
2020, 44, 11853-11860. 

45. Ł. Szyszka, M. Górecki, P. Cmoch and S. Jarosz, J. Org. Chem., 
2021, 86, 5129-5141. 

46. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; 
Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; 
Mennucci, B.; Petersson, G. A. et al. Gaussian 09, Revision A.2; 
Gaussian. Inc.: Wallingford. CT, 2009. 

 


