
Accepted Manuscript

Design of fluorinated 5-HT4R antagonists: influence of the basicity and lipo‐

philicity toward the 5-HT4R binding affinities

Clement Q. Fontenelle, Zhong Wang, Christine Fossey, Thomas Cailly, Bruno

Linclau, Frederic Fabis

PII: S0968-0896(13)00764-5

DOI: http://dx.doi.org/10.1016/j.bmc.2013.08.061

Reference: BMC 11077

To appear in: Bioorganic & Medicinal Chemistry

Received Date: 25 July 2013

Revised Date: 27 August 2013

Accepted Date: 28 August 2013

Please cite this article as: Fontenelle, C.Q., Wang, Z., Fossey, C., Cailly, T., Linclau, B., Fabis, F., Design of

fluorinated 5-HT4R antagonists: influence of the basicity and lipophilicity toward the 5-HT4R binding affinities,

Bioorganic & Medicinal Chemistry (2013), doi: http://dx.doi.org/10.1016/j.bmc.2013.08.061

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.bmc.2013.08.061
http://dx.doi.org/http://dx.doi.org/10.1016/j.bmc.2013.08.061


  

Graphical Abstract 
To create your abstract, type over the instructions in the template box below. 
Fonts or abstract dimensions should not be changed or altered. 

Design of fluorinated 5-HT4R antagonists: 

influence of the basicity and lipophilicity 

toward the 5-HT4R binding affinities 

Clement Q. Fontenelle,
a
 Zhong Wang,

a
 Christine Fossey,

b,c
 Thomas Cailly,

b,c
 Bruno Linclau,

a,
* and Frederic 

Fabis
b,c,

* 

 
a
 Chemistry, University of Southampton, Highfield, Southampton SO17 1BJ, UK 

b
 Normandie Université, France 

c
 Université de Caen Basse-Normandie, CERMN (EA 4258 - FR CNRS 3038 INC3M - SF 4206 ICORE) UFR 

des Sciences Pharmaceutiques, Bd Becquerel, CS 14032 Caen cedex 5, France 
 

Leave this area blank for abstract info. 

http://ees.elsevier.com/bmc/viewRCResults.aspx?pdf=1&docID=17286&rev=1&fileID=533815&msid={74682A98-74BE-4DB4-B96E-4ADED24C5662}


  

 

 

Bioorganic & Medicinal Chemistry 
journal  homepage:  www.e lsevier .com  

 

Design of fluorinated 5-HT4R antagonists: influence of the basicity and 

lipophilicity toward the 5-HT4R binding affinities 

Clement Q. Fontenelle,
a,d

 Zhong Wang,
a,d

 Christine Fossey,
b,c

 Thomas Cailly,
b,c

 Bruno Linclau,
a,
* and 

Frederic Fabis
b,c,

* 

a Chemistry, University of Southampton, Highfield, Southampton SO17 1BJ, UK 
b Normandie Université, France 
c Université de Caen Basse-Normandie, CERMN (EA 4258 - FR CNRS 3038 INC3M - SF 4206 ICORE) UFR des Sciences Pharmaceutiques, Bd Becquerel, CS 

14032 Caen cedex 5, France 

 

email: bruno.linclau@soton.ac.uk; phone +44 23 8059 3816; fax +44 23 8059 7574 

email: Frederic.fabis@unicaen.fr; phone +33 23 1566 808; fax +33 23 1566 803 

——— 
d These authors contributed equally to this work. 

1. Introduction 

The serotonin 5-HT4 receptors (5-HT4R) constitute an 

important subtype of the seven serotonin (5-HT) receptors 

expressed in the central nervous system (CNS). Since its 

discovery in 1988,
1
 intense efforts from both academia and 

pharmaceutical industry have led to the discovery of ligands 

exhibiting high affinity and selectivity for 5-HT4Rs. These 

ligands, coupled with effective pharmacological evaluations, 

have led to a better knowledge of the anatomical distribution and 

functional roles of these receptors. Activation of the 5-HT4R in 

vivo causes the production of cyclic adenosine mono phosphate 

(cAMP) via a coupling with adenylate cyclase,
2
 thus promoting 

activation of Ca
2+

 channels,
3
 inhibition of K

+
 channels

4
 and 

activation of the rap1-rac pathway.
5
 The 5-HT4Rs can be found in 

the peripheral system where they have been shown to be 

implicated in gastrointestinal disorders
6
 and heart failures.

7
 

Brain 5-HT4Rs are mainly expressed in striatum, globus 

pallidus, nucleus accumbens and substantia nigra.
8
 

Pharmacological studies of central 5-HT4Rs using selective 

agonists and/or antagonists have shown that 5-HT4Rs are 

implicated in cognition,
9
 learning and memory processes,

10
 and 

more recently in neuropsychiatric disorders such as Alzheimer’s 

disease,
11,12

 food intake
13

 and depression.
14

 

Our group has been involved in the design of 5-HT4R 

antagonists as potential single photon emission computed 

tomography (SPECT) radiotracers.
15

 Indeed, as the discovery of 

active 5-HT4Rs agonists and antagonists remains of great interest 

in clinical research, molecular imaging techniques using positron 

emission tomography (PET) or SPECT have emerged as valuable 

tools in both clinical studies and drug discovery programs.
16,17,18

 

Despite these imaging techniques which have found applications 

in diagnosis, imaging of neurotransmitter receptors, in vivo 

binding studies of new ligands and establishing treatment 

strategies, research remains strongly hampered by the low 

availability of suitable radioligands. In CNS, one of the reasons 

for the difficulty to develop suitable radiotracers is the 

requirement to cross the blood brain barrier (BBB). BBB passage 

has been shown to be facilitated by low molecular weight (<500 

Da), small cross-sectional area (<80Å²), low hydrogen-bonding 

capacity, lack of formal charge and mainly a moderate 

lipophilicity (2.0<LogD7.4<3.5).
19

 Furthermore, CNS receptors 

(radio)ligands once they have passed through the BBB, must not 

be the substrate of brain efflux transporters such as the P-
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glycoprotein 1 (P-gp) in order to reach efficiently their target in 

vivo. Affinity for P-gp is known to be promoted by high 

lipophilicity, positive charge at pH 7.4 and multiple aromatic 

groups.
19a 

With the above in mind, our investigation related to 5-HT4R 

brain (radio)ligands was extended to investigate the influence of 

modification of basicity on affinity, selectivity and 

pharmacological profile of 5-HT4R antagonists 1–3 we have 

previously described (Figure 1), via fluorination of their n-propyl 

groups.
15

 Fluorination of alkyl chains nearby amine functional 

groups is a well-known approach to decrease its basicity,
20,21

 and 

is also expected to increase the ligand lipophilicity.
21

 This is 

confirmed by the calculated pKa(H) and logD values (see below). 

Moreover, there is significant precedence that shows how 

fluorination of related 5-HTR ligands, all containing basic 

nitrogen, improves pharmacokinetic parameters while 

maintaining activity.
22

 

Figure 1. Previously described 5-HT4R antagonists. Ki 5-HT4R (guinea 

pig): 1, 51.5 nM ; 2, 20.1 nM and 3, 2.2 nM. 

 

Hence, the evaluation of fluorinated analogues 4–6 was 

proposed (Scheme 1), incorporating the three aromatic groups 

shown above, each with an N-alkyl lateral chain (RF) containing a 

varying degree/relative position of the fluorination. The synthesis 

of 4–6 was envisioned by conventional nucleophilic aromatic 

substitution of 7 to the appropriate aromatic electrophile, with 7 

to be obtained from methyl isonipecotate 8. The introduction of 

the fluorinated substituent was investigated by either an acylation 

or alkylation strategy. 

Scheme 1. Fluorinated target molecules 4–6, with retrosynthetic analysis 

leading to methyl isonipecotate 8. 

 

2. Chemistry 

Acylation of methyl isonipecotate 8 to give the corresponding 

amide 9, followed by reduction, was deemed the most convenient 

way to introduce the fluorinated side chain. The reaction of 8 

with various commercially available anhydrides gave 9 in good 

to excellent yield. It was found that prior purification of 8 

facilitated the handling of the compound: reaction of 8 with 

carbon dioxide leads to a gummy solid. In addition, overnight 

reflux was required to achieve complete conversion. The lower 

yield of 9b (66%) was surprising, but trifluoromethylation of the 

isonipecotic acid with trifluoroacetic anhydride yielded the 

corresponding amide in 88% yield (not shown).
23

 In contrast, 

reaction of 8 with ethyl pentafluoroacetate as reagent, with 

DMAP as catalyst, only led to 9c in 42% yield.
24

 

 

 

Scheme 2. Synthesis of precursors 7 by acylation and reduction. 

 

NMR spectroscopic studies on 9a-c showed that all hydrogen 

and carbon atoms on the piperidine ring were inequivalent. 

Indeed, IR spectroscopic analysis indicated that the delocalisation 

of the nitrogen lone pair (leading to a resonance structure such as 

shown in Figure 2) is more extensive for the fluorinated amides 

compared to a non-fluorinated amide, as shown by the higher 

wavenumbers for the fluorinated amides 9a–c (9a,  = 1665 cm
-1

; 

9b,  = 1687 cm
-1

; 9c,  = 1677 cm
-1

) compared to a 

nonfluorinated propionamide derivative of isonipecotic ester
15

 ( 

= 1644 cm
-1

). Interestingly, one of the piperidine carbon atoms 

adjacent to nitrogen appeared as a multiplet (Figure 2), as a result 

of the long-range 
4
JC-F fluorine-carbon coupling. Furthermore, a 

1
H-

19
F HOESY experiment demonstrated that the fluorinated 

groups were close to only one of the two equatorial hydrogen 

atoms on the carbons adjacent to nitrogen atom (Figure 2). 

Correspondingly, 
1
H {

19
F} NMR showed a simplified peak for 

this hydrogen atom, indicating the long-range fluorine-hydrogen 

coupling. Similar couplings and assignments were reported for 

dimethyl monofluoro- and trifluoroacetamides.
25

 

Figure 2. Mesomeric form of 9b and HOESY coupling 

 

The reduction of 9a-c with BH3•THF led, to our surprise, 

directly to 7a-c, with both the amide and the ester groups 

converted to the amine and alcohol respectively (Scheme 2). 

Given ester groups are generally unreactive towards BH3, it was 

assumed that after amide reduction a reactive boron oxide 

intermediate was formed, which enabled reduction of the methyl 

ester. Alternatively, the borane reactivity may have been 

increased via coordination with the piperidine nitrogen, 

facilitating intramolecular hydride delivery. A similar double 

reduction was also reported by Jiang et al.
26

 

The required anhydrides for the synthesis of 7d,e were not 

commercially available, and the synthesis of 7d was first tried 

with the corresponding acid chloride, DMAP and triethylamine.
27

 

However, the reaction led to a complex mixture. A number of 

alkylation reactions were then investigated. Reaction of methyl 

isonipecotate 8 with triflate 12, synthesized in situ from 3,3,3-

trifluoropropan-1-ol and trifluoromethanesulfonic anhydride with 

pyridine,
28

 also led to a complex mixture. However, the reaction 

of two equivalents of freshly purified 8 with the mesylate 11 for 

nearly three days did give the product, but in low yield (27%). 

Interestingly, a sulfonamide by-product 14 was isolated that 

originated from nucleophilic attack of the amine at the sulfur 

atom, illustrating the deactivating effect of a trifluoromethyl 

group towards SN2 reactions.
29

 

 

 



  

 

Scheme 3. Synthesis of 13d via alkylation with 3,3,3-trifluoropropyl sulfonates 

 

Scheme 4. Synthesis of 7d,e via an alkylation strategy 

 

Hence, the alkylation was attempted using the corresponding 

bromides (Scheme 4). 1-Bromo-3,3,3-trifluoropropane 15d was 

prepared via an Appel reaction from 10, while 1-bromo-4,4,4-

trifluorobutane 15e was commercially available. Reaction of 

either bromide with 8 proceeded in excellent yield, and ester 

reduction with LiAlH4
30

 then gave the remaining precursors 7d,e. 

Finally, reaction of the fluoroalkylpiperidines 7a-e with 

(aza)phenanthridinones 16–18 according to a known 

procedure,
15,31,32

 afforded phenanthridines 4 and 5, and 

benzonaphthyridines 6 (Table 1). Initially, a side reaction was 

observed during the SNAr reaction in which the strong base 

initiated HF elimination in the side chain, as evidenced by the 

appearance of characteristic peaks of an alkene function in both 
1
H and 

19
F NMR spectra. However, this process could be 

eliminated by reducing the concentration of the reaction. 

 
 

Table 1. Synthesis of substituted 6-(1-fluoroalkylpiperidin-4-yl)methyloxy(aza)phenanthridines 4-6 

 

Starting material Product Yield (%)a  Starting material Product Yield (%)a 

16 4a 80  17 5d 54 

16 4b 68  17 5e 41 

16 4c 50  18 6a 41 

17 5a 79  18 6d 44 

17 5b 69  18 6e 67 

17 5c 71     

aIsolated yield. 

 

3. Basicity and lipophilicity 

For all the synthesized compounds 4–6, as well as for the 

corresponding non-fluorinated compounds 1–3, the pKa(H) and log 

D values were calculated. The data are given in Table 2, and 

represented according to relative basicity. The reduction in pKa(H) 

with the position of the fluorination (and number of fluorine 

atoms) is as expected, except for the values of 4b and 5b, where 

the calculated values were lower than expected: measured 

literature values for closely related compounds show a similar 

influence of a trifluoromethyl and pentafluoroethyl group on 

amine basicity (pKa(H) of Me2NCH2CF3 and Me2NCH2CF2CF3 are 

4.75 and 5.0 respectively).
33

  



  

Table 2. Acidity and lipophilicity data 

 

R  pKa(H)
a    clogDb   Rf

c 

CH2CH2CH3 1 (9.70) 2 (9.70) 3 (9.68)  1 (2.65) 2 (2.79) 3 (1.98)   

CH2CH2CH2CF3 - 5e (8.74) 6e (8.72)  - 5e (4.34) 6e (3.53)  5e (0.13) 

CH2CH2CF3 - 5d (8.31) 6d (8.29)  - 5d (4.22) 6d (3.38)  5d (0.31) 

CH2CHF2 4a (6.06) 5a (6.06) 6a (6.04)  4a (4.49) 5a (4.63) 6a (3.80)  5a (0.36) 

CH2C2F5 4c (5.12) 5c (5.12) -  4c (5.70) 5c (5.84)   5c (0.63) 

CH2CF3 4b (3.34) 5b (3.22) -  4b (5.00) 5b (5.14)   5b (0.54) 

aCalculated pKa of the piperidine nitrogen using MarvinSketch 5.2.6. bCalculated LogD at pH = 7.4 using MarvinSketch 5.2.6. c Rf values determined on a SiO2 
plate with an ethyl acetate/hexane mixture (15:85) as eluent. 

 

The calculated logD values (pH 7.4) show that fluorination 

causes a large jump in lipophilicity, even for the 4,4,4-

trifluorobutyl group. It is interesting to note that compounds with 

a 3,3,3-trifluoropropyl substituent are somewhat less lipophilic 

than these having a 4,4,4-trifluorobutyl group, despite their lower 

pKa(H) value (compare 5e with 5d, and 6e with 6d). As expected, 

the pentafluoroethyl substituent leads to a larger lipophilicity 

than the trifluoromethyl group (compare 4c with 4b, and 5c with 

5b). 

Interestingly, the decrease in polarity and basicity due to the 

fluorination clearly manifested itself in their retention time on 

normal phase silica gel. With an aprotic eluent (ethyl acetate/ 

hexane), a significant difference in retention time was observed, 

with the Rf value reflecting the basicity of the compounds 

(reduced interaction of the less basic amine with silica gel), and a 

superposing influence of lipophilicity. With a protic eluent 

(isopropanol/hexane), the range in retention factors was much 

reduced (0.26–0.34), while the overall elution order was still 

maintained (see supporting information). 

4. 5-HT4R binding affinity, functional assays and 5-HTRs 
binding profile 

The compounds 4-6 were first screened for their relative 

inhibition toward 5-HT4R in Guinea Pig striatal membranes at 

10
-6

 and 10
-8 

M (Table 3, col A), and compared to their parent 

nonfluorinated compounds 1–3 (entries 1, 5, 11). Compared to 1 

(entry 1), compounds 4a–c (entries 2-4) show a significantly 

reduced affinity with 4a, which has the least electron 

withdrawing side chain, being the least affected. Evidently, this 

shows that the protonated form is crucial for binding, as 

fluorination close to the amine will result in a decrease of the pKa 

of the conjugate acid of the amine, and hence a decrease of the 

percentage of the protonated form at physiological pH. 

The correlation of declining affinity with electron 

withdrawing character of the side chain effect was also seen for 

the other compounds. Compared to 2 (entry 5), 5a–c, with 

fluorination at the -position, showed no binding at 10
-8 

M, but 

affinity was restored for 5d, and to a certain extent 5e. Compared 

to 3 (entry 11), all compounds 6a,d,e showed slightly reduced 

affinity (entries 12-14). 

Table 3: Binding affinities of new 5-HT4 ligands 

 
Entry Compd R % inha 

(10-6M/ 
10-8M) 

5-HT4
b 

Ki (nM) 

h5-HT4
c 

Ki (nM) 

1 1 CH2CH2CH3 100/11 51.5 n.m.d 

2 4a CH2CHF2 58/0 n.m. n.m. 

3 4b CH2CF3 1/0 n.m. n.m. 

4 4c CH2CF2CF3 1/0 n.m. n.m. 

5 2 CH2CH2CH3 100/63 20.1 3.1 

6 5a CH2CHF2 93/0 n.m. n.m. 

7 5b CH2CF3 3/0 n.m. n.m. 

8 5c CH2CF2CF3 4/0 n.m. n.m. 

9 5d CH2CH2CF3 100/61 22.0 n.m. 

10 5e CH2CH2CH2CF3 100/49 14.1 n.m. 

11 3 CH2CH2CH3 100/94 2.2 0.04 

12 6a CH2CHF2 100/26 91.4 n.m. 

13 6d CH2CH2CF3 100/80 9.0 0.11 

14 6e CH2CH2CH2CF3 100/80 4.2 0.20 

aInhibition percentages were determined using guinea pig striatal membrane 
5-HT4R. bGuinea pig striatal membrane 5-HT4R (n=3). cHuman 5-HT4R 
(n=3), Ki determinations performed at CEREP- France. dn.m. = not measured.  

 

Five compounds (5d, 5e, 6a, 6d, 6e) were selected for Ki 

determination in 5-HT4R Guinea Pig striatal membranes (Table 

3, col B). Interestingly, compound 5e (14.1 nM) showed a 

slightly better affinity compared to its parent 2 (20.1 nM; 

compare entries 10 with 5), and 6e (4.2 nM), with the same side 



  

chain, showed comparable affinity with 3 (2.2 nM; compare 

entries 14 with 11). 

Next, 6d and 6e were selected for human 5-HT4R Ki 

determination (Table 3, col C). Both showed significantly better 

affinity for h-5HT4R compared to Guinea Pig 5-HT4R (Ki values 

of 0.11 and 0.20 nM; entries 13,14). 

 

Table 4: Intrinsic activity
a
 and binding affinities

b
 of 6d and 

6e toward 5-HT receptors 

 
Entry  3c 6d 6e 

1 KB
 0.025 0.079 0.199 

2 h-5HT4 0.04 0.11 0.20 

3 h-5HT1A 4987 > 104 > 104 

4 h-5HT1B >104 > 104 > 104 

5 h-5HT1D >104 > 104 > 104 

6 h-5HT1E >104 n.m. n.m. 

7 h-5HT2A >104 > 104 8700 

8 h-5HT2B 136 230 190 

9 h-5HT2C 492 > 104 980 

10 h-5HT3 641 1200 2600 

11 h-5HT5A >104 > 104 > 104 

12 h-5HT6 >104 > 104 > 104 

13 h-5HT7 1945 > 104 > 104 

aFunctional assays performed at CEREP- France. bBinding affinities 
performed at CEREP and expressed as Ki (nM)- France. cResults reported in 
ref 15. 

 

Based on these results, the binding affinities of 6d and 6e on a 

panel of other 5-HT receptors and their pharmacological profile 

were then determined (Table 4). As for the parent compound 3, 

6d and 6e showed a full antagonist profile with KB values in the 

same order of magnitude as the Ki (entry 1). Interestingly, both 

compounds show a very good selectivity overall, and very 

comparable with the non-fluorinated parent 3. Pleasingly, the 

introduction of fluorine atoms on 6d and 6e, with the 

accompanying modification of the lipophilicity and the basicity 

of the piperidine’s nitrogen atom, maintained the affinity, 

selectivity and pharmacological profile compared to the parent 

compound 3. 

5. Conclusion 

Eleven analogues of 5-HT4R antagonists fluorinated on the 

alkyl lateral chain were synthesized. The results show a reduced 

affinity toward the 5-HT4 receptor due to the diminished basicity 

of the piperidine nitrogen atom, while the increased lipophilicity 

has a lesser impact. Among the synthesized compounds, 3,3,3-

trifluoropropyl and 4,4,4-trifluorobutyl derivatives 6d and 6e, 

which nitrogen basicities are the least affected, have kept their 

affinities toward the 5-HT4R compared to the non-fluorinated 

ligand 3. Moreover, their pharmacological profile and selectivity 

toward other 5-HTRs have also been maintained compared to 3. 

Hence we have demonstrated the possibility to modify both 

basicity and lipophilicity on a 5-HT4R antagonist without 

disturbing their affinity, selectivity and pharmacological profile, 

by introduction of fluorine atoms, which will be of interest for 

the development of compounds targeting the CNS. It is worth 
noting that, concerning the development of PET tracers 

targeting brain 5-HT4R, 
18

F introduction on the 
azaphenanthridine ring of 6d and 6e could be achieved 
using previously established methodology from suitable 
precursors.

18
 

6. Experimental 

6.1. General methods 

All chemical reagents and solvents were purchased from 

commercial sources and used without further purification except 

THF which was distilled on Na/benzophenone. Starting materials 

16, 17 and 18 were prepared from known literature 

procedures.
15,34

 Thin-layer chromatography (TLC) was 

performed on silica gel plates. Silica gel 0.06-0.2 mm, 60 Å was 

used for all column chromatography. Melting points were 

determined on a Kofler melting point apparatus. IR spectra were 

recorded as neat films on a Nicolet 380 FT-IR or on KBr discs 

using a PerkinElmer BX-FT-IR. 
1
H and 

13
C NMR spectra were 

recorded on a Bruker AV300 spectrometer or on a Jeol Lambda 

400 spectrometer with chemical shifts expressed in parts per 

million (in DMSO-d6 or CDCl3), with compound numbering 

given in the supporting information. High Resolution Mass 

Spectra (EI) were performed on a Jeol GC-Mate Spectrometer. 

High Resolution Mass Spectra (ESI) were performed on a Bruker 

APEX III FT-ICR-MS system. The purities of all tested 

compounds were analyzed by LC-MS, with the purity all being 

higher than 95% using a Waters alliance 2695 as separating 

module using the following gradient: A (95%)/B (5%) to A 

(5%)/B (95%) in 10 min. This ratio was hold during 3 min before 

return to initial conditions in 1 min. Initial conditions were then 

maintained for 5 min (A: H2O, B: MeCN; each containing 

HCOOH: 0.1 %; Column: C18 Xterra MSC118/2.1_50 mm). MS 

detection was performed with a Micromass ZMD 2000. 

6.2. General procedure A for the synthesis of compounds 9a-c 

To the piperidine derivative (4.0–16.0 mmol, 1 equiv.) was 

added the corresponding acid anhydride (3.6 equiv.). The mixture 

was heated at reflux for 3 h and then concentrated in vacuo. The 

residue was diluted in Et2O and washed with saturated Na2CO3 

solution. The aqueous layer was extracted with Et2O. The 

combined organic layers were washed twice with brine, dried 

over MgSO4, filtered and concentrated in vacuo. The product was  

purified by flash chromatography on silica gel to afford the 

desired N-acylpiperidine derivative. 

Methyl N-difluoroacetylisonipecotate 9a Following general 

procedure A, starting form methyl isonipecotate (1.14 g, 7.98 

mmol) and difluoroacetic anhydride, using petroleum 

ether/acetone 80/20 as the eluent for the flash chromatography to 

obtain 9a (1.71 g, 97%). IR (neat) 1729, 1665, 1136, 1037 cm
-1

. 

). 
1
H NMR (400 MHz, CDCl3) δ 6.09 (t, 1H, J 53.7 Hz, H-6), 

4.20 (dtd, 1H, J 13.4, 4.2, 1.3, H-4eq), 3.97–3.87 (m, 1H, H-

4’eq), [{
19

F} 3.92 (dtd, 1H, J 14.0, 4.3, 1.4 Hz, H-4’eq)], 3.68 (s, 

3H, H-7), 3.20 (ddd, 1H, J 14.1, 11.0, 3.0 Hz, H-4’ax), 3.03–2.94 

(m, 1H, H-4ax), 2.61 (tt, 1H, J 10.5, 4.0 Hz, H-2), 2.03–1.94 (m, 

2H, H-3eq and H-3’eq), 1.83–1.66 (m, 2H, H-3ax and H-3’ax). 
13

C NMR (100 MHz, CDCl3) δ 174.1 (CO2Me), 160.6 (t, J 25.3 

Hz, CHF2CON), 110.9 (t, J 254.6 Hz, CHF2), 51.9 (CH3), 43.9 (t, 

J 4.4, C-4’), 41.9 (C-4), 40.4 (CH), 28.3 (C-3’), 27.5 (C-3). 
19

F{
1
H} NMR (282 MHz, CDCl3) δ 121.4 (s, 2F, CHF2). MS 

(ES) m/z: 244 [M + Na]
+
. HRMS (ES) for C9H13F2NNaO3 [M + 

Na]
+
 calcd 244.0756, found 244.0755 (0.4 ppm error). 

Methyl N-trifluoroacetylisonipecotate 9b Following general 

procedure A, starting from methyl isonipecotate (2.98 g, 20.8 

mmol) and trifluoroacetic anhydride, using petroleum 

ether/acetone 90/10 as the eluent for the flash chromatography to 



  

obtain 9b (3.30 g, 66%). IR (neat) 2957, 1732, 1687, 1168, 1138 

cm
-1

. 
1
H NMR (400 MHz, CDCl3) δ 4.27 (dtd, 1H, J 13.5, 4.3, 

1.3, H-4eq), 3.95–3.87 (m, 1H, H-4’eq), [{
19

F} 3.91 (dtd, 1H, J 

14.0, 4.1, 1.4 Hz, H-4’eq)], 3.69 (s, 3H, H-7), 3.26 (ddd, 1H, J 

14.0, 10.9, 2.9 Hz, H-4’ax), 3.06 (ddd, 1H, J 13.6, 10.7, 3.3 Hz, 

H-4ax), 2.62 (tt, 1H, J 10.3, 4.2 Hz, H-2), 2.04–1.95 (m, 2H, H-

3eq + H-3’eq), 1.83–1.69 (m, 2H, H-3ax + H-3’ax);. 
13

C NMR 

(100 MHz, CDCl3) δ 173.9 (C1), 155.3 (q, J 35.9 Hz, CF3CO), 

116.4 (q, J 288.4 Hz, CF3), 51.9 (C7), 44.8 (q, J 3.9 Hz, C-4’), 

42.7 (C-4), 40.2 (CH), 28.2 (C-3’), 27.4 (C-3). 
19

F{
1
H} NMR 

(282 MHz, CDCl3) δ -69.18 (s, 3F, CF3). 

Methyl N-pentafluoropropionylisonipecotate 9c Following 

general procedure A, starting from methyl isonipecotate (2.12 g, 

14.8 mmol) and pentafluoropropionic anhydride, using petroleum 

ether/acetone 90/10 as the eluent for the flash chromatography to 

obtain 9c (3.73g, 87%). IR (neat) 1733, 1677, 1199, 1157, 1122 

cm
-1

. 
1
H NMR (300 MHz, CDCl3) δ 4.35-4.25 (m, 1H, H-4eq), 

4.10–3.98 (m, 1H, H-4’eq), 3.72 (s, 3H, H-8), 3.31 (ddd, 1H, J 

13.9, 11.0, 2.9 Hz, H-4’ax), 3.15–3.00 (m, 1H, H-4ax), 2.65 (tt, 

1H, J 10.2, 4.4 Hz, H-2), 2.10-1.95 (m, 2H, H-3eq and H-3’eq), 

1.90–1.70 (m, 2H, H-3ax and H-3’ax); 
13

C NMR (100 MHz, 

CDCl3) δ 173.9 (C1), 156.2 (t, J 25.3 Hz, C5), 118.0 (qt, J 285.7, 

34.0 Hz, C7), 108.5 (tq, J 270.2, 36.0 Hz, C6), 52.0 (CH3), 44.7 

(t, J 5.8, C-4’), 42.7 (C-4), 40.2 (CH), 28.3 (C-3’), 27.5 (C-3). 
19

F 

NMR (282 MHz, CDCl3) δ -82.39 (CF3), -115.07 (d, J 8.6 Hz, 

CF2). MS (ES) m/z: 312 [M + Na]
+
. HRMS (ES) for 

C10H12F5NNaO3 [M + Na]
+
 calcd 312.0630, found 312.0632 (0.6 

ppm error). 

6.3. General procedure B for the synthesis of compounds 7a-c 

To the obtained N-acylpiperidine derivative (1.3–14.0 mmol, 

1 equiv.) in dry THF (12.5 mL
/
mmol) under N2 was added the 

BH3•THF (1M) solution (7-10 equiv.) at 0 °C via syringe. The 

reaction mixture was stirred at room temperature overnight, 

heated at 55 °C for 3 h and then stirred again at room temperature 

for 12 h. After that was carefully added methanol (50 mL/mmol) 

at 0 °C and the reaction mixture was concentrated. To the residue 

was added methanol (70 mL
/
mmol) and the mixture heated to 

reflux overnight and then concentrated in vacuo. The product was 

purified by flash chromatography on silica gel to afford the 

desired N-alkylpiperidine derivatives. 

[1-(2,2-difluoroethyl)piperidin-4-yl]methanol 7a. Following 

general procedure B, methyl N-difluoroacetylisonipecotate 9a 

(295 mg, 1.33 mmol) was reduced with borane (8 equiv.), and n-

hexane/acetone 65/35 as the eluent for the chromatography, to 

afford 10c (186 mg, 78%) as a pale yellow oil. IR (neat) 3331 

(OH), 2920, 1123, 1037, 1013 cm
-1

. 
1
H NMR (400 MHz, CDCl3) 

δ 5.89 (tt, 1H, J 56.0, 4.4 Hz, H-6), 3.46 (d, 2H, J 6.5 Hz, H-1), 

3.02–2.88 (m, 2H, H-4eq), 2.73 (td, 2H, J 15.1, 4.5 Hz, H-5), 

2.19 (td, 2H, J 11.7, 2.2 Hz, H-4ax), 2.01 (br. s, 1H, OH), 1.78–

1.63 (m, 2H, H-3eq), 1.55–1.40 (m, 1H, H-2), 1.30 (dtd, 2H, J 

12.2, 12.2, 3.8 Hz, H-3ax); 
13

C NMR (100 MHz, CDCl3) δ 116 (t, 

J 241 Hz, C6), 67.9 (C1), 60.9 (t, J 24.8 Hz, C5), 54.7 (C4), 38.4 

(C2), 29.0 (C3). 
19

F NMR (282 MHz, CDCl3) δ -118.47 (dt, 2F, J 

57.0, 15.0 Hz, CHF2). HRMS/ESI calcd. for C8H16F2NO [M+H]
+
 

180.1200, found 180.1196. 

[1-(2,2,2-trifluoroethyl)piperidin-4-yl]methanol 7b. 

Following general procedure B, methyl N-

trifluoroacetylisonipecotate 9b (359 mg, 1.50 mmol) was reduced 

with  BH3 (8 equiv.), and n-hexane/acetone 6/4 as the eluent for 

the chromatography, 7b was obtained as a pale yellow oil (211 

mg, 71 %). IR (neat) 3332 (OH), 2921, 1269, 1138, 1093 cm
-1

. 
1
H NMR (400 MHz, CDCl3) δ 3.49 (d, 2H, J 6.2 Hz, H-1), 3.07–

2.92 (m, 4H, H-4eq and H-5), 2.37 (td, 2H, J 11.3, 1.5 Hz, H-

4ax), 1.80–1.65 (m, 2H, H-3eq), 1.59–1.44 (m, 1H, H-2), 1.34 

(dtd, 2H, J 12.1, 12.1, 3.8 Hz, H-3ax); 
13

C NMR (100 MHz, 

CDCl3) δ 125.5 (q, J 280 Hz, C6), 67.6 (C1), 58.6 (q, J 31.0 Hz, 

C5), 54.0 (C4), 37.8 (C2), 28.7 (C3). 
19

F NMR (282 MHz, 

CDCl3) δ -69.18 (t, 3F, J 8.6 Hz, CF3). HRMS/ESI calcd. for 

C8H15F3NO [M+H]
+
 198.1106, found 198.1100. 

[1-(2,2,3,3,3-pentafluoropropyl)piperidin-4-yl]methanol 

7c. Following general procedure B, methyl N-

pentafluoropropionylisonipecotate 9c (1.6 g, 5.5 mmol) was 

reduced with borane (9 equiv.), and n-hexane/acetone 8/2 as the 

eluent for the column chromatography, to afford 7c (1.01 g, 74%) 

as a colourless oil. IR (neat) 3329 (OH), 2920, 1183, 1095, 1039 

cm
-1

. 
1
H NMR (400 MHz, CDCl3) δ 3.46 (d, 2H, J 6.2 Hz, H-1), 

3.05–2.85 (m, 4H, H-4eq and H-5), 2.32 (td, 2H, J 11.4, 1.9 Hz, 

H-4ax), 2.02 (br. s, 1H, OH), 1.77–1.61 (m, 2H, H-3eq), 1.56–

1.38 (m, 1H, H-2), 1.29 (dtd, 2H, J 12.1, 12.1, 3.9 Hz, H-3ax);. 
13

C NMR (100 MHz, CDCl3) δ 119.0 (qt, J 286, 35.4 Hz, C7), 

114.8 (tq, J 254, 35.4 Hz, C6), 67.5 (C1), 56.9 (t, J 22.1 Hz, C5), 

54.5 (C4), 37.8 (C2), 28.7 (C3). 
19

F NMR (282 MHz, CDCl3, 

{
1
H}) δ 84.32 (s, 3F, CF3), 119.46 (s, 2F, CF2). HRMS/ESI 

calcd. for C9H15F5NO [M+H]
+
 248.1074, found 248.1068. 

6.4. Synthesis of compounds 7d,e 

Synthesis of 3,3,3-trifluoro-1-bromopropane 15d. To a 

round-bottom flask with CBr4 (4.51 g, 13.61 mmol, 1.2 equiv.) 

were added Ph3P (3.57 g, 13.61 mmol, 1.2 equiv.) and 3,3,3-

trifluoropropanol 10 (1 mL, 11.34 mmol, 1 equiv.) at 0 
°
C. Short-

path condenser with pre-weighed receiver was immediately 

attached to the neck of the flask. The ice bath was removed and 

the mixture was warmed slowly to room temperature. The 

reaction mixture was then heated with vigorous stirring until 

liquid refluxed in the neck of flask then refluxed for 1 h. The 

temperature was increased to distill the product, with receiver 

cooled to 0 
o
C. The product was washed with aqueous saturated 

NaHCO3 solution and dried over MgSO4 to obtain the desired 

15d (0.969 g) and the crude was directly used for the further 

reaction. IR (neat) 2935, 2853, 1370, 1266, 1230, 1206, 1130, 

1078, 950, 604 cm
-1

. 
1
H NMR (300 MHz, CDCl3) δ 3.46 (t, 2H, J 

7.9 Hz, CH2Br), 2.59–2.82 (m, 2H, CF3CH2). 
13

C NMR (75 MHz, 

CDCl3) δ 125.3 (q, J 280.8 Hz, CF3), 37.5 (q, J 29.5 Hz, 

CF3CH2), 21.0 (q, J 4.4 Hz, CH2Br). 
19

F NMR (282 MHz, 

CDCl3) δ -66.4 (t, 3F, J 10.7 Hz, CF3). Data corresponded to 

literature.
35

 

Synthesis of Methyl N-3, 3, 3-trifluoropropylisonipecotate 

13d To a round-bottom flask, acetonitrile (5.0 mL), 8 (0.21 mL, 

1.54 mmol, 1 equiv.), 15d (820 mg, 4.63 mmol, 3 equiv.) and 

potassium carbonate (852 mg, 6.16 mmol, 4 equiv.) were added. 

The reaction mixture was stirred and heated to 60 
°
C for 16 h. 

The reaction mixture was cooled to room temperature and diluted 

with EtOAc (15 mL), washed with water (20 mL) and brine (2 × 

20 mL). Organic phase was dried over anhydrous Na2SO4, then 

filtered and concentrated. After flash chromatography using 

petroleum ether/acetone 65/35 as the eluent, the desired 

compound 13d (347 mg, 94%) was obtained as colorless oil. IR 

(neat) 2954, 1732, 1253, 1152, 1124 cm
-1

. 
1
H NMR (300 MHz, 

CDCl3)  3.69 (s, 3H, H-8), 2.90–2.80 (m, 2H, H-4eq), 2.63–2.55 

(m, 2H, H-5), 2.40–2.25 (m, 3H, H-2 and H-6), 2.08 (td, 2H, J 

11.6, 2.8 Hz, H-4ax), 1.96–1.86 (m, 2H, H-3eq), 1.84–1.68 (m, 

2H, H-3ax). 
13

C NMR (100 MHz, CDCl3) δ 175.2 (C1), 126.6 (q, 

J 276 Hz, C7), 52.7 (C4), 51.6 (C8), 50.9 (d, br, J 2.21 Hz, C5), 

40.7 (C2), 31.8 (q, J 27.6 Hz, C6), 28.1 (C3). 
19

F NMR (282 

MHz, CDCl3) δ -66.53 (t, 3F, J 8.5 Hz, CF3). MS (ES) m/z: 240 

[M + H]
+
. HRMS (ES) for C10H17F3NO2 [M + H]

+
 calcd 

240.1206, found 240.1210 (1.7 ppm error).  



  

Synthesis of Methyl N-4, 4, 4-trifluorobutylisonipecotate 

13e. To a round-bottom flask, acetonitrile (3.0 mL), 8 (0.127 mL, 

0.94 mmol, 1 equiv.), 15e (778 mg, 4.07 mmol, 4.3 equiv.) and 

potassium carbonate (650 mg, 4.70 mmol, 5 equiv.) were added. 

The reaction mixture was stirred and heated to 60 
o
C for 16 h. 

The reaction mixture was cooled to room temperature and diluted 

with EtOAc (15 mL) and washed with water (12.5 mL) and 

saturated brine (2×12.5 mL). Organic phase was dried over 

anhydrous Na2SO4, then filtered and concentrated. After flash 

chromatography using petroleum ether/acetone (85/15) as the 

eluent, the desired compound 13e (234 mg, 98%) was obtained as 

pale yellow oil. IR (neat) 2953, 1735, 1255, 1173, 1129 cm
-1

. 
1
H 

NMR (300 MHz, CDCl3)  3.67 (s, 3H, H-9), 2.90–2.75 (m, 2H, 

H-4eq), 2.35 (t, 2H, J 7.1 Hz, H-5), 2.30–2.24 (m, 1H, H-2), 

2.16-2.05 (m, 2H, H7), 2.04-1.96 (td, 2H, J 11.4, 2.5 Hz, H-4ax), 

1.94–1.84 (m, 2H, H-3eq), 1.80-1.67 (m, 4H, H6 + H-3ax). 
13

C 

NMR (100 MHz, CDCl3) δ 175.5 (C1), 127.1 (q, J 276 Hz, C8), 

57.0 (C5), 52.8 (C4), 51.6 (C9), 41.1 (C2), 31.6 (q, J 27.6 Hz, 

C7), 28.3 (C3), 19.5 (C6). 
19

F NMR (282 MHz, CDCl3) δ -66.5 

(t, 3F, J 10.7 Hz, CF3). MS (ES) m/z: 254.2 [M + H]
+
.  

[1-(3,3,3-trifluoropropyl)piperidin-4-yl]methanol 7d. The 

ester 13d (345 mg, 1.44 mmol, 1 equiv.) is dissolved in dry THF 

(17 mL) and then LiAlH4 (in THF, 1M) solution (4.33 mL, 4.33 

mmol, 3 equiv.) was added at 0 
o
C. The reaction mixture was 

warmed to room temperature and stirred for a further 4 h. Then 

water (0.2 mL) was added slowly, followed by 10% aqueous 

NaOH solution (0.25 mL) then water (0.42 mL). Then the 

mixture was stirred for one more hour then filtered and 

concentrated in vacuo and purified by flash chromatography to 

obtain the desired 7d (213 mg, 70%). IR (neat) 3330 (OH), 2921, 

1253, 1153, 1127 cm
-1

. 
1
H NMR (300 MHz, CDCl3) δ 3.50 (d, 

2H, J 6.4 Hz, H-1), 2.97–2.85 (m, 2H, H-4eq), 2.65–2.55 (m, 2H, 

H-5), 2.40–2.20 (m, 2H, H-6), 2.01 (td, 2H, J 11.6, 2.5 Hz, H-

4ax), 1.83–1.70 (m, 2H, H-3eq), 1.60–1.42 (m, 2H, H-2 and OH), 

1.35-1.20 (m, 2H, H-3ax). 
13

C NMR (100 MHz, CDCl3) δ 126.6 

(q, J 276 Hz, C7), 67.5 (C2), 53.3 (C4), 51.0 (d, br, J 3.32 Hz, 

C5), 38.3 (C2), 31.8 (q, J 27.6 Hz, C6), 28.7 (C3).
 19

F NMR (282 

MHz, CDCl3) δ 65.65 (t, 3F, J 8.5 Hz, CF3). HRMS/ESI calcd. 

for C9H17F3NO [M+H]
+
 212.1262, found 212.1257. 

[1-(4,4,4-trifluorobutyl)piperidin-4-yl]methanol 7e. The 

obtained methyl N-alkylisonipecotate (145 mg, 0.57 mmol) was 

dissolved in dry THF (10 mL) and then LiAlH4 in THF (1M) 

(1.72 mL, 1.72 mmol) was added at 0 
o
C. The reaction mixture 

was then warm to room temperature and stirred for 4 h. Water (1 

mL) was added slowly, followed by 10% aqueous NaOH solution 

(1.5 mL) and then water (2.5 mL). The mixture was stirred for 

one hour, filtered and concentrated in vacuo to obtain the desired 

7e (135 mg) as a colorless oil used without further purification. 

(estimated yield: 88 %). IR (neat) 3353 (OH), 2941, 2926, 1372, 

1259, 1134, 1039, 903, 729 cm
-1

. 
1
H NMR (300 MHz, CDCl3)  

3.50 (d, 2H, J 6.4 Hz), 2.96-2.82 (m, 2H), 2.37 (t, 2H, J 7.3 Hz), 

2.16-2.03 (m, 2H), 1.94 (td, 2H, J 11.7 Hz, 2.4 Hz), 1.82-1.68 

(m, 4H), 1.60-1.44 (m, 2H), 1.35-1.18 (m, 2H). 
13

C NMR (100 

MHz, CDCl3) δ 127.2 (q, J 276 Hz), 67.9 (s), 57.2 (s), 53.4 (s), 

38.6 (s), 31.9 (q, J 27.6 Hz), 28.8 (s), 19.5 (s). 
19

F NMR (282 

MHz, CDCl3) δ -66.5 (t, J 8.5 Hz, CF3). HRMS/ESI calcd. for 

C10H19F3NO [M+H]
+
 226.1419, found 226.1413. 

Methyl N-methanesulfonylisonipecotate 14. IR (neat) 2954, 

1724, 1437, 1319, 1139 cm
-1

. 
1
H NMR (300 MHz, CDCl3)  

3.75–3.60 (m, 5H, H-4eq and H-6), 2.92–2.81 (m, 2H, H-4ax), 

2.78 (s, 3H, H-5), 2.52–2.40 (m, 1H, H-2), 2.08–1.97 (m, 2H, H-

3eq), 1.92–1.77 (m, 2H, H-3ax). 
13

C NMR (75 MHz, CDCl3) δ 

174.2 (CO2Me), 51.9 (OCH3), 45.1 (CH2CH2N), 39.9 (CH), 35.0 

(CH3SO2), 28.1 (CHCH2CH2N). MS (ES) m/z (%): 244 ((M + 

Na)
+
 100), 222 ((M + H)

+
 16). 

6.5. General procedure C for the synthesis of compounds 4-6 

The chosen (aza)phenanthridin-6(5H)-one (2a-c) and POCl3 (5 

mL/mmol) were heated to 90 °C overnight in a round bottom 

flask. After cooling, the mixture was poured carefully on cold 

water and crushed ice. The pH was then carefully adjusted to 12 

using a 28% ammonia solution. The product was then extracted 

using EtOAc (3 times). The organic phase was then dried with 

MgSO4, filtered and evaporated. The crude material was then 

added at 0 °C to a solution of 7a-e (1 equiv.) and NaH (4 equiv.) 

in anhydrous DMF (10 mL/mmol). The solution was allowed to 

reach room temperature, stirred overnight, hydrolyzed with 

water, and extracted with AcOEt (3 times). The combined 

organic phases were washed with water (3 times), dried over 

MgSO4, filtered, evaporated and purified by silica gel 

chromatography. 

6-[1-(2,2-difluoroethyl)piperidin-4-

yl]methyloxyphenanthridine 4a. Starting from 16 (51 mg, 0.26 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 4a was 

obtained as a yellow crystals (75 mg, 80 %). Mp 83–85 °C. IR 

(neat) 3074, 2940, 1315, 1124, 1086 cm
-1

. 
1
H NMR (300 MHz, 

CDCl3)  8.50 (d, 1H, J 8.4 Hz, HAr), 8.40 (dd, 2H, J 11.3, 8.0 

Hz, HAr), 7.90 (d, 1H, J 8.1 Hz, HAr), 7.85–7.76 (m, 1H, HAr), 

7.64 (t, 2H, J 7.7 Hz, HAr), 7.54–7.44 (m, 1H, HAr), 5.93 (tt,1H, J 

56.0, 4.4 Hz, H-6), 4.52 (d, 2H, J 5.9 Hz, H-2), 3.10–2.96 (m, 

2H, H-4eq), 2.78 (dt, 2H, J 15.1, 4.2 Hz, H-5), 2.35–2.20 (m, 2H, 

H-4ax), 2.07–1.88 (m, 3H, H-3eq + H-2), 1.69–1.51 (m, 2H, H-

3ax). 
13

C NMR (75 MHz, CDCl3)  158.7 (s, CNO), 143.3 (CAr), 

134.7 (CAr), 130.8 (CAr), 128.7 (CAr), 127.7 (CAr), 127.1 (CAr), 

124.9 (CAr), 124.3 (CAr), 122.4 (CAr), 122.0 (CAr), 121.8 (CAr), 

120.1 (CAr), 115.8 (t, J 241.0 Hz, CHF2), 70.1 (CH2O), 60.6 (t, J 

24.3 Hz, CH2CHF2), 54.3 (CH2N), 35.3 (CHCH2O), 29.2 

(CH2CH2N). 
19

F NMR (282 MHz, CDCl3)  118.3 (dt, 2F, J 

55.9, 17.2 Hz, CHF2). MS (ESI+) m/z (%) 357.2 ((M + H)
+
, 35), 

379.2 ((M + Na)
+
, 11). LC-MS (ESI): tR = 5.27 min; [M+H]

+
: 

357.29. HRMS/ESI calcd. for C21H23F2N2O [M+H]
+
 357.1773, 

found 357.1772. 

6-[(1-(2,2,2-trifluoroethyl)piperidin-4-

yl]methyloxyphenanthridine 4b. Starting from 16 (55 mg, 0.28 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 4b was 

obtained as a white crystals (72 mg, 68 %). Mp 94–96 °C. IR 

(neat) 3077, 2940, 1120, 1093 cm
-1

. 
1
H NMR (300 MHz, CDCl3) 

 8.51 (d, 1H, J 8.1 Hz, HAr), 8.41 (dd, 2H, J 14.3, 8.0 Hz, HAr), 

7.89 (d, 1H, J 8.1 Hz, HAr), 7.82 (t, 1H, J 7.3 Hz, HAr), 7.70–7.58 

(m, 2H, HAr), 7.49 (t, 1H, J 7.3 Hz, HAr), 4.52 (d, 2H, J 5.9 Hz, 

H-1), 3.12–2.96 (m, 4H, H-4eq + H-5), 2.51–2.39 (m, 2H, H-

4ax), 2.08–1.88 (m, 3H, H-3eq + H-2), 1.69–1.52 (m, 2H, H-

3ax). 
13

C NMR (75 MHz, CDCl3)  158.8 (CAr),143.3 (CAr), 

134.8 (CAr), 130.8 (CAr), 128.7 (CAr), 127.7 (CAr), 127.2 (CAr), 

125.6 (q, 
1
J 280.8 Hz, CF3), 124.9 (CAr), 124.3 (CAr), 122.4 (CAr), 

122.1 (CAr), 121.8 (CAr), 120.1 (CAr), 70.1 (CH2O), 58.8 (q, 
2
J 

29.9 Hz, CH2CF3), 54.0 (CH2N), 35.2 (CHCH2O), 29.3 

(CH2CH2N). 
19

F NMR (282 MHz, CDCl3)  –69.0 (t, 3F, 
3
JH-F = 

8.6 Hz, CF3). LC-MS (ESI): tR 8.50 min; [M+H]
+
: 375.27. 

HRMS/ESI calcd. for C21H21F3N2O [M+H]
+
 375.1679, found 

375.1674. 

6-[(1-(2,2,3,3,3-pentafluoropropyl)piperidin-4-

yl]methyloxyphenanthridine 4c. Starting from 16 (51 mg, 0.26 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 4c was 



  

obtained as a white crystals (56 mg, 50 %). Mp 75–77 °C. IR 

(neat) 3076, 2940, 1187, 1120, 1093 cm
-1

. 
1
H NMR (300 MHz, 

CDCl3)  8.52 (d, 1H, J 8.1 Hz, HAr), 8.41 (dd, 2H, J 15.7, 8.1 

Hz, HAr), 7.89 (d, 1H, J 8.1 Hz, HAr), 7.82 (t, 2H, J 7.7 Hz, HAr), 

7.71–7.59 (m, 2H, HAr), 7.54–7.45 (m, 1H, HAr), 4.52 (d, 2H, J 

6.2 Hz, H-1), 3.14–2.93 (m, 4H, H-5 + H-4eq), 2.43 (t, 2H, J 

11.0 Hz, H-4ax), 2.08–1.86 (m, 3H, H-3eq + H-2), 1.71–1.50 (m, 

2H, H-3ax). 
13

C NMR (100 MHz, CDCl3)  158.8 (CNO), 143.3 

(CAr), 134.8 (CAr), 130.8 (CAr), 128.7 (CAr), 127.8 (CAr), 127.2 

(CAr), 124.9 (CAr), 124.3 (CAr), 122.4 (CAr), 122.1 (CAr), 121.9 

(CAr), 120.1 (CAr), 119.1 (qt, J 286.7, 36.0 Hz, CF2CF3), 114.9 

(tq, J 254.6, 36.0 Hz, CF2CF3), 70.2 (CH2O), 57.0 (t, J 22.4 Hz, 

CH2CF2), 54.6 (CH2N), 35.2 (CHCH2O), 29.3 (CH2CH2N). 
19

F 

NMR (282 MHz, CDCl3)  84.1 (s, 3F, CF3), 119.3 (t, 2F, J 

17.2 Hz, CF2). LC-MS (ESI): tR 9.65 min; [M+H]
+
: 425.30. 

HRMS/ESI calcd. for C22H22F5N2O [M+H]
+
 425.1647, found 

425.1646. 

4-Fluoro-6-[1-(2,2-difluoroethyl)piperidin-4-

yl]methyloxyphenanthridine 5a. Starting from 17 (57 mg, 0.27 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 5a was 

obtained as yellow crystals (79 mg, 79 %). Mp 128-130 °C. IR 

(neat) 2940, 1590, 1314, 1128, 1049 cm
-1

. 
1
H NMR (300 MHz, 

CDCl3)  8.47 (d, 1H, J 8.0 Hz, HAr), 8.39 (d, 1H, J 8.1 Hz, HAr), 

8.18 (dd, 1H, J 7.0, 1.5 Hz, HAr), 7.87–7.78 (m, 1H, HAr), 7.72–

7.63 (m, 1H, HAr), 7.45–7.30 (m, 2H, HAr), 5.93 (tt, 1H, J 56.0, 

4.4 Hz, H-6), 4.56 (d, 2H, J 5.9 Hz, H-1), 3.09–2.98 (m, 2H, H-

4eq), 2.78 (td, 2H, J 15.0, 4.4 Hz, H-5), 2.36–2.22 (m, 2H,H-

4ax), 2.08–1.87 (m, 3H, H-3eq + H-2), 1.69–1.51 (m, 2H, H-

3ax). 
13

C NMR (75 MHz, CDCl3)  158.9 (CNO), 157.4 (d, 
1
J 

252.1 Hz, CArF), 134.3 (d, J 3.3 Hz, CAr), 132.7 (d, J 10.0 Hz, 

CAr), 131.2 (CAr), 127.7 (CAr), 125.1 (CAr), 124.5 (d, J 2.2 Hz, 

CAr), 123.9 (d, J 7.7 Hz, CAr), 122.2 (CAr), 120.2 (CAr), 117.6 (d, J 

4.4 Hz, CAr), 115.8 (t, 
1
J 241.0 Hz, CHF2), 114.0 (d, J 18.8 Hz, 

CAr), 70.5 (CH2O), 60.6 (t, 
2
J 25.4 Hz, CH2CHF2), 54.3 (CH2N), 

35.3 (CHCH2O), 29.2 (CH2CH2N). 
19

F NMR (282 MHz, CDCl3) 

 118.3 (dt, 2F, J 55.9, 17.2 Hz, CHF2), 126.7 (br. s, 1F, 

CArF). LC-MS (ESI): tR 5.41 min; [M+H]
+
: 375.46. HRMS/ESI 

calcd. for C21H21F3N2ONa [M+Na]
+
 397.1498, found 397.1493. 

4-Fluoro-6-[1-(2,2,2-trifluoroethyl)piperidin-4-

yl]methyloxyphenanthridine 5b. Starting from 17 (60 mg, 0.28 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 5b was 

obtained as white crystals (77 mg, 69 %). Mp 144–146 °C. IR 

(neat) 3078, 2940, 1125, 1094 cm
-1

. 
1
H NMR (300 MHz, CDCl3) 

 8.47 (d, 1H, J 8.1 Hz, HAr), 8.39 (d, 1H, J 8.0 Hz, HAr), 8.18 (d, 

1H, J 7.0 Hz, HAr), 7.83 (td, 1H, J 8.1, 0.7 Hz, HAr), 7.68 (t, 1H, J 

7.7 Hz, HAr), 7.45–7.31 (m, 2H, HAr), 4.56 (d, 2H, J 6.2 Hz, H-1) 

3.12–2.96 (m, 4H, H-4eq + H-5), 2.51–2.39 (m, 2H, H-4ax), 

2.08–1.88 (m, 3H, H-3eq + H-2), 1.69–1.52 (m, 2H, H-3ax). 
13

C 

NMR (75 MHz, CDCl3)  158.9 (s, CNO), 157.4 (d, J 251.0 Hz, 

CArF), 134.3 (d, J 3.3 Hz, CAr), 132.7 (d, J 11.1 Hz, CAr), 131.2 

(CAr), 127.8 (CAr), 125.6 (q, J 280.9 Hz, CF3), 125.1 (CAr), 124.5 

(d, J 2.2 Hz, CAr), 123.9 (d, J 7.7 Hz, CAr), 122.2 (CAr), 120.2 

(CAr), 117.6 (d, J 4.4 Hz, CAr), 114.0 (d, J 18.8 Hz, CAr), 70.4 

(CH2O), 58.8 (q, J 31.0 Hz, CH2CF3), 54.0 (CH2N), 35.2 

(CHCH2O), 29.3 (CH2CH2N). 
19

F NMR (282 MHz, CDCl3)  

69.0 (t, 3F, J 8.6 Hz, CF3), 126.7 (br. s, 1F, CArF). LC-MS 

(ESI): tR 8.41 min; [M+H]
+
: 393.29. HRMS/ESI calcd. for 

C21H21F4N2O [M+H]
+
 393.1585, found 393.1591. 

4-Fluoro-6-[1-(2,2,3,3,3-pentafluoropropyl)piperidin-4-

yl]methyloxyphenanthridine 5c. Starting from 17 (128 mg, 0.6 

mmol), following general procedure C and using n-hexane/ethyl 

acetate 9/1 as the eluent for the column chromatography, 5c was 

obtained as white crystals (190 mg, 71 %). Mp 100–104 °C. IR 

(neat) 2940, 1315, 1189, 1154, 1098 cm
-1

. 
1
H NMR (300 MHz, 

CDCl3)  8.47 (d, 1H, J 8.1 Hz, HAr), 8.39 (d, 1H, J 8.1 Hz, HAr), 

8.18 (d, 1H, J 7.7 Hz, HAr), 7.88–7.79 (m, 1H, HAr), 7.73–7.64 

(m, 1H, HAr), 7.45–7.31 (m, 2H, HAr), 4.56 (d, 2H, J 6.2 Hz, H-

1), 3.12–2.94 (m, 4H, H-5 + H-4eq), 2.50–2.36 (m, 2H, H-4ax), 

2.07–1.86 (m, 3H, H-3eq + H-2), 1.70–1.52 (m, 2H, H-3ax). 
13

C 

NMR (100 MHz, CDCl3)  158.9 (CNO), 157.5 (d, J 251.7 Hz, 

CArF), 134.2 (d, J 2.9 Hz, CAr), 132.7 (d, J 10.7 Hz, CAr), 131.1 

(CAr), 127.7 (CAr), 125.1 (CAr), 124.5 (d, J 1.9 Hz, CAr), 123.9 (d, 

J 7.8 Hz, CAr), 122.2 (CAr), 120.2 (CAr), 119.1 (qt, J 286.7, 35.0 

Hz, CF2CF3), 117.5 (d, J 3.9 Hz, CAr), 114.9 (tq, J 254.6, 36.0 

Hz, CF2CF3), 113.9 (d, J 19.4 Hz, CAr), 70.4 (CH2O), 57.0 (t, J 

22.4 Hz, CH2CF2), 54.6 (CH2N), 35.2 (CHCH2O), 29.3 

(CH2CH2N). 
19

F NMR (282 MHz, CDCl3)  84.2 (s, 3F, CF3), 

119.3 (t, 2F, J 17.2 Hz, CF2), 126.8 - 126.6 (m, 1F, CArF). 

LC-MS (ESI): tR 9.55 min; [M+H]
+
: 443.31. HRMS/ESI calcd. 

for C22H21F6N2O [M+H]
+
 443.1553, found 443.1555. 

4-Fluoro-6-[1-(3,3,3-trifluoropropyl)piperidin-4-

yl]methyloxyphenanthridine 5d. Starting from 17 (66 mg, 0.31 

mmol), following general procedure C and using n-

hexane/acetone 85/15 as the eluent for the column 

chromatography, 5d was obtained as yellow crystals (68 mg, 54 

%). Mp 178–181 °C. IR (neat) 2937, 2784, 2745, 1662, 1591, 

1317, 1223, 1153 cm
-1

. 
1
H NMR (300 MHz, CDCl3)  8.44 (d, 

1H, J 3.0 Hz, HAr), 8.40-8.36 (m, 1H, HAr), 8.20-8.10 (m, 1H, 

HAr), 7.81 (ddd, 1H, J 8.3, 7.1, 1.4 Hz, HAr), 7.66 (ddd, 1H, J 8.1, 

7.1, 1.1 Hz, HAr), 7.41-7.30 (m, 2H, HAr), 4.55 (d, 2H, J 6.1 Hz, 

H1), 3.04-2.86 (m, 2H, H-4eq), 2.70-2.60 (m, 2H, H5), 2.48-2.27 

(m, 2H, H6), 2.09 (td, 2H, J 11.7, 2.2 Hz, H4-ax), 2.04-1.88 (m, 

3H, H2 + H-3eq), 1.70-1.50 (m ,2H, H-3ax).
 13

C NMR (100 

MHz, CDCl3) δ 158.9 (CNO), 157.5 (d, J 246 Hz, CArF), 134.3 

(d, J 3 Hz, CAr), 132.7 (d, J 10 Hz, CAr), 131.2 (CAr), 127.7 (CAr), 

126.7 (q, J 275 Hz, CF3), 125.2 (CAr), 124.5 (CAr), 123.9 (d, J 7 

Hz, CAr), 122.2 (CAr), 120.2 (CAr), 117.6 (d, J 3 Hz, CAr), 114.0 

(d, J 19 Hz, CAr), 70.5 (C1), 53.5 (C4), 51.1 (d, J 3 Hz, C5), 35.7 

(C2), 31.9 (q, J 28 Hz, C6), 29.2 (C3). 
19

F NMR (282 MHz, 

CDCl3) δ -65.6 (t, J 8.5 Hz, CF3), -126.7 (m, CArF). LC-MS 

(ESI): tR 5.54 min; [M+H]
+
: 407.34. HRMS/ESI calcd. for 

C22H23F4N2O [M+H]
+
 407.1747, found 407.1741. 

4-Fluoro-6-[1-(4,4,4-trifluorobutyl)piperidin-4-

yl]methyloxyphenanthridine 5e. Starting from 17 (55 mg, 0.26 

mmol), following general procedure C and using n-

hexane/acetone 3/1 as the eluent for the column chromatography, 

5e was obtained as a yellow oil (45 mg, 41 %). IR (neat) 2939, 

2820, 2771, 2359, 1591, 1318, 1247, 1108 cm
-1

. 
1
H NMR (300 

MHz, CDCl3)  8.46 (d, 1H, J 8.3 Hz, HAr), 8.40 (dd, 1H, J 8.1, 

1.0 Hz, HAr), 8.17 (d, 1H, J 7.3 Hz, HAr), 7.82 (ddd, 1H, J 8.3, 

7.1, 1.3 Hz, HAr), 7.72-7.65 (m, 1H, HAr), 7.46-7.32 (m, 2H, HAr), 

4.55 (d, 2H, J 6.1 Hz, H1), 3.03-2.92 (m ,2H, H-4eq), 2.45-2.35 

(m, 2H, H5), 2.25-2.08 (m, 2H, H7), 2.06-1.90 (m, 5H, H4-ax + 

H2 + H-3eq), 1.85-1.72 (m, 2H, H6), 1.65-1.50 (m ,2H, H-3ax).
 

13
C NMR (100 MHz, CDCl3) δ 159.0 (CNO), 157.5 (d, J 251 Hz, 

CArF), 134.3 (d, J 3 Hz, CAr), 132.7 (d, J 10 Hz, CAr), 131.2 (CAr), 

127.8 (CAr), 127.4 (q, J 275 Hz, CF3), 125.2 (CAr), 124.5 (CAr), 

123.9 (d, J 8 Hz, CAr), 122.3 (CAr), 120.3 (CAr), 117.6 (d, J 5 Hz, 

CAr), 114.0 (d, J 19 Hz, CAr), 70.7 (C1), 57.4 (C5), 53.5 (C4), 

35.9 (C2), 31.8 (q, J 29 Hz, C7), 29.3 (C3), 19.7 (C6). 
19

F NMR 

(282 MHz, CDCl3) δ -66.5 (t, J 11.3 Hz, CF3), -126.7 (m, CArF). 
LC-MS (ESI): tR 5.65 min; [M+H]

+
: 421.42. HRMS/ESI calcd. 

for C23H25F4N2O [M+H]
+
 421.1903, found 421.1898. 

7-Fluoro-5-[1-(2,2-difluoroethyl)piperidin-4-

yl]methyloxybenzo[h]-1,6-naphthyridine 6a. Starting from 18 

(99 mg, 0.46 mmol), following general procedure C and using n-



  

hexane/ethyl acetate 7/3 as the eluent for the column 

chromatography, 6a was obtained as a yellow crystals (71 mg, 41 

%). Mp 167–170 °C. IR (neat) 2941, 2790, 1613, 1312, 1234, 

1052 cm
-1

. 
1
H NMR (300 MHz, CDCl3)  9.10 (dd, 1H, J 4.5, 1.8 

Hz, HAr), 8.75-8.68 (m, 1H, HAr), 8.59 (dd, 1H, J 8.1, 1.8 Hz, 

HAr), 7.58 (dd, 1H, J 8.1, 4.5 Hz, HAr), 7.50-7.40 (m, 2H, HAr), 

5.92 (tt, 1H, J 12.0, 3.0 Hz, H6), 4.55 (d, 2H, J 6.2 Hz, H1), 3.08-

2.97 (m , 2H, H-4eq), 2.77 (td, 2H, J 15.1, 4.4 Hz, H5), 2.35-2.22 

(m, 2H, H-4ax), 2.06-1.85 (m, 3H, H2 + H-3eq), 1.68-1.51 (m 

,2H, H-3ax).
 13

C NMR (100 MHz, CDCl3) δ 158.5 (CNO), 157.0 

(d, J 250 Hz, CArF), 153.3 (CAr), 150.3 (d, J 3 Hz, CAr), 134.1 (d, 

J 10 Hz, CAr), 133.0 (CAr), 125.6 (CAr), 124.4 (d, J 7 Hz, CAr), 

122.8 (CAr), 119.3 (d, J 5 Hz, CAr), 115.8 (t, J 240 Hz, CHF2), 

115.6 (d, J 19 Hz, CAr), 115.5 (s, CAr),70.9 (C1), 60.6 (t, J 24 Hz, 

C5), 54.3 (C4), 35.3 (C2), 29.2 (C3). 
19

F NMR (282 MHz, 

CDCl3) δ -118.4 (dt, J 56.4, 12.7 Hz, CHF2), -127.5 (m, CArF). 

LC-MS (ESI): tR 4.97 min; [M+H]
+
: 376.29. HRMS/ESI calcd. 

for C20H21F3N3O [M+H]
+
 376.1637, found 376.1637. 

7-Fluoro-5-[1-(3,3,3-trifluoropropyl)piperidin-4-

yl]methyloxybenzo[h]-1,6-naphthyridine 6d. Starting from 18 

(100 mg, 0.46 mmol), following general procedure C and using 

n-hexane/acetone 8/2 as the eluent for the column 

chromatography, 6d was obtained as a yellow crystals (84 mg, 44 

%). Mp 138–140 °C. IR (neat) 2935, 2782, 2360, 1592, 1330, 

1148, 1107 cm
-1

. 
1
H NMR (300 MHz, CDCl3)  9.09 (dd, 1H, J 

4.4 Hz, 1.8 Hz, HAr), 8.73-8.67 (m, 1H, HAr), 8.58 (dd, 1H, J 8.1 

Hz, 1.8 Hz, HAr), 7.56 (dd, 1H, J 8.1 Hz, 4.5 Hz, HAr), 7.48-7.38 

(m, 2H, HAr), 4.54 (d, 2H, J 6.1 Hz, H1), 3.00-2.92 (m ,2H, H-

4eq), 2.68-2.60 (m, 2H, H5), 2.40-2.28 (m, 2H, H6), 2.08 (td, 2H, 

J 11.7 Hz, 2.1 Hz, H4-ax), 2.03-1.88 (m, 3H, H2 + H-3eq), 1.62-

1.50 (m ,2H, H-3ax).
 13

C NMR (100 MHz, CDCl3) δ 158.5 

(CNO), 157.0 (d, J 250 Hz, CArF), 153.3 (CAr), 150.3 (d, J 5 Hz, 

CAr), 134.1 (d, J 11 Hz, CAr), 133.0 (CAr), 126.7 (q, J 275 Hz, 

CF3), 125.5 (CAr), 124.4 (d, J 9 Hz, CAr), 122.8 (CAr), 119.3 (d, J 

3 Hz, CAr), 115.6 (d, J 19 Hz, CAr),115.5 (s, CAr), 70.9 (C1), 53.4 

(C4), 51.1 (C5), 35.6 (C2), 31.9 (q, J 25 Hz, C6), 29.2 (C3). 
19

F 

NMR (282 MHz, CDCl3) δ -65.6 (t, J 11.3 Hz, CF3), -127.4 (m, 

CArF). LC-MS (ESI): tR 5.12 min; [M+H]
+
: 408.52. HRMS/ESI 

calcd. for C21H22F4N3O [M+H]
+
 408.1699, found 408.1694. 

7-Fluoro-5-[1-(4,4,4-trifluorobutyl)piperidin-4-

yl]methyloxybenzo[h]-1,6-naphthyridine 6e. Starting from 18 

(52 mg, 0.24 mmol), following general procedure C and using n-

hexane/acetone 7/3 as the eluent for the column chromatography, 

6e was obtained as a yellow crystals (68 mg, 67 %). Mp 129–131 

°C. IR (neat) 2940, 2890, 2762, 1694, 1608, 1331, 1150 cm
-1

. 
1
H 

NMR (300 MHz, CDCl3)  9.13 (dd, 1H, J 4.4, 1.7 Hz, HAr), 8.74 

(dd, 1H, J 6.2, 2.5 Hz, HAr), 8.65 (dd, 1H, J 8.2, 1.7 Hz, HAr), 

7.61 (dd, 1H, J 8.1, 4.5 Hz, HAr), 7.50-7.42 (m, 2H, HAr), 4.58 (d, 

2H, J 6.0 Hz, H1), 3.04-2.92 (m ,2H, H-4eq), 2.47-2.36 (m, 2H, 

H5), 2.25-2.10 (m, 2H, H7), 2.09-1.87 (m, 5H, H4-ax + H2 + H-

3eq), 1.85-1.72 (m, 2H, H6), 1.65-1.48 (m, 2H, H-3ax). 
13

C NMR 

(100 MHz, CDCl3) δ 158.6 (CNO), 157.1 (d, J 250 Hz, CArF), 

153.3 (CAr), 150.4 (d, J 3 Hz, CAr), 134.2 (d, J 10 Hz, CAr), 133.2 

(CAr), 125.6 (CAr), 124.7 (q, J 274 Hz, CF3), 124.5 (d, J 6 Hz, 

CAr), 122.8 (CAr), 119.3 (d, J 4 Hz, CAr), 115.7 (d, J 19 Hz, CAr), 

115.7 (s, CAr),71.0 (C1), 57.3(C5), 53.4 (C4), 35.9 (C2), 31.8 (q, 

J 29 Hz, C7), 29.3 (C3), 19.6 (C6). 
19

F NMR (282 MHz, CDCl3) 

δ -66.5 (t, J 11.3 Hz, CF3), -127.4 (m, CArF). LC-MS (ESI): tR 

5.33 min; [M+H]
+
: 422.48. HRMS/ESI calcd. for C22H24F4N3O 

[M+H]
+
 422.1856, found 422.1850. 

6.6. Pharmacological Assay and Screen 

Binding of compounds 4a-c, 5a-e and 6a,d,e to native 5-HT4R 

from guinea pig was determined using the method of Grossman.
36

 

For membrane preparations male guinea pigs (300-350 g, Charles 

River) were subjected to euthanasia by cervical dislocation and 

decapitated. Brains were rapidly removed at 4 °C and striatal 

regions carefully dissected and pooled. The tissues were then 

suspended in 10 volumes of HEPES buffer 50 mM pH 7.4 at 4 

°C. After homogenization at 4 °C (Ultra-Turrax, maximal speed, 

15 sec), and ultracentrifugation (23,000 x g, 60 min, 4 °C), the 

pellet was resuspended in 10 volumes of HEPES buffer 50 mM 

pH 7.4 at 4 °C in order to obtain a tissue concentration of about 

100 mg protein/mL. The protein concentration was determined 

by the method of Lowry
37

 using bovine serum albumin as 

standard. For radioligand binding studies, 600 µg of membrane 

were incubated in duplicate at 37 °C for 30 min with [
3
H]GR 

113808 (Perkin Elmer), fixed concentration of compound and 

HEPES buffer 50 mM pH 7.4 at 37 °C. Incubation was 

terminated by rapid vacuum filtration through 0.5% 

polyethylenimine-presoaked Whatman GF/B filters (Alpha 

Biotech) using a Brandel Cell Harvester. Filters were 

subsequently washed three times with 4 ml of HEPES buffer 50 

mM pH 7.4 at 4 °C. The method was validated from saturation 

studies: 6 concentrations of [
3
H]GR 113808 were used to give 

final concentrations of 0.02-0.8 nM, non-specific binding of 

[
3
H]GR 113808 was defined in the presence of 30 µM serotonin 

to determine the Kd and the Bmax. For competition studies, 

[
3
H]GR 113808 was used to give a final concentration of 0.1 nM. 

Percentages of inhibition of the binding of [
3
H]GR 113808 were 

obtained for concentrations of 10
-6

 and 10
-8

 M of the ligands 

tested. For some of these compounds, affinity constants were 

calculated from 5-point inhibition curves using the EBDA-

Ligand software, and expressed as Ki ± SD. 

Ligands 6d and 6e were evaluated for binding to human 5-

HT4 and other serotonin receptors (5-HT1A-E, 5-HT2A-C, 5-HT3, 5-

HT5A, 5-HT6, 5-HT7) as well as for intrinsic activity at CEREP. 

Detailed assay protocols are available at the CEREP website 

(http://www.cerep.com). 

Acknowledgements 

The European Community (INTERREG IVa channel 

programme, IS:CE-Chem, project 4061) is thanked for financial 

support. 

Supplementary Material 

Copies of 
1
H, 

13
C, 

19
F NMR spectra, and photographs of the 

Thin Layer Chromatography experiments. 

.

 
 

                                                 
1  Dumuis, A.; Bouhelal, R.; Sebben, M.; Bockaert, J. Eur. J. 

Pharmacol. 1988, 146, 187–188. 

2  Dumuis, A., Bouhelal, R., Sebben, M., Cory, R., Bockaert, J. Mol. 
Pharmacol. 1988, 34, 880–887.  

3  Ouadid, H.; Seguin, J.; Dumuis, A.; Bockaert, J.; Nargeot, J. Mol. 

Pharmacol. 1992, 41, 346–51. 

                                                                                     
4  Torres, G. E.; Holt, I. L.; Andrade, R. J. Pharmacol. Exp. Ther. 

1994, 271, 255–61. 

5  Maillet, M.; Robert, S. J.; Cacquevel, M.; Gastineau, M.; Vivien, 

D.; Bertoglio, J.; Zugaza, J. L.; Fischmeister, R.; Lezoualc’h, F. 
Nature Cell Biol. 2003, 5, 633–9. 

6  (a) Camilleri, M. Curr. Opin. Endocrinol. Diabetes Obes. 2009, 

16, 53–59. (b) De Ponti, F.; Tonini, M. Drugs 2001, 61, 317–32. 

http://www.cerep.com


  

                                                                                     
7  (a) Qvigstad, E.; Brattelid, T.; Sjaastad, I.; Andressen, K. W.; 

Krobert, K. A.; Birkeland, J. A.; Sejersted, O. M.; Kaumann, A. J.; 

Skomedal, T.; Osnes, J.-B.; Levy, F. O. Cardiovascular research 

2005, 65, 869–78. (b) Leftheriotis, D. I.; Theodorakis, G. N.; 
Poulis, D.; Flevari, P. G.; Livanis, E. G.; Iliodromitis, E. K.; 

Papalois, A.; Kremastinos, D. T. Europace  2005, 7, 560–8. 

8  Eglen, R. M.; Wong, E. H. F.; Dumuis, A.; Bockaert, J. TRENDS 
PHARMACOL. SCI. 1995, 16, 391–398.  

9  Matsumoto, M.; Togashi, H.; Mori, K.; Hueno, K.; Ohashi, S.; 

Kogima, T.; Yoshioka, M. J. Pharmacol. Exp. Ther. 2001, 296, 
676–682. 

10  Meneses, A.; Hong, E. Pharmacol., Biochem. Behav. 1997, 56, 

347–351.  
11  Lezoualc’h, F. Exp. Neurol. 2007, 205, 325–329. 

12  Cho, S.; Hu, Y. Exp. Neurol. 2007, 203, 274–278. 

13  Jean, A.; Conductier, G.; Manrique, C.; Bouras, C. ; Berta, P.; 
Hen, R.; Charnay, Y.; Bockaert, J.; Compan, V. Proc. Natl. Acad. 

Sci. USA 2007, 104, 16335–16340. 

14  Lucas, G.; Rymar, W.; Du, J.; Mnie-Filali, O.; Bisgaard, C.; 
Manta, S.; Lambas-Senas, L.; Wiborg, O.; Haddjeri, N.; Pineyro, 

G.; Sadikot, A. F.; Debonnel, G. Neuron 2007, 55, 712–725. 

15  Dubost, E.; Dumas, N.; Fossey, C.; Magnelli, R.; Butt-Gueulle, S.; 
Ballandonne, C.; Caignard, D. H.; Dulin, F.; Sopkova de-Oliveira 

Santos, J.; Millet, P.; Charnay, Y.; Rault, S.; Cailly, T.; Fabis, F. J. 

Med. Chem. 2012, 55, 9693–9707. 
16  Wong, D. F.; Gründer, G.; Brasić, J. R. Int. Rev. Psychiatry 2007, 

19, 541–558.  
17  Gibson, R. E.; Burns, H. D.; Hamill, T. G.; Eng, W. S.; Francis, B. 

E.; Ryan, C. Curr. Radiopharm. Des. 2000, 6, 973–989. 
18 Reviews: (a) Adam, M. J.; Wilbur, D. S. Chem. Soc. Rev. 2005, 34, 153–
163. (b) Le Bars, D. J. Fluorine Chem. 2006, 127, 1488–1493; (c) Miller, P. 

W.; Long, N. J.; Vilar, R.; Gee, A. D. Angew. Chem. Int. Ed. 2008, 47, 8998–

9033; (d) Pimlott, S. L. ; Sutherland, A. Chem. Soc. Rev, 2011, 40, 149–162; 
(e) Tredwell, M.; Gouverneur, V. Angew. Chem. Int. Ed. 2012, 51, 11426–

11437 

19  (a) Pike, V. W. Trends Pharmacol. Sci. 2009, 30, 431–440. (b) 
Pardridge, W. M. NeuroTherapeutics 2005, 2, 3–14. (c) Banks, W. 

A. BMC neurol. 2009, 9 Suppl 1, S3. 

20  Morgenthaler, M.; Schweizer, E.; Hoffmann-Röder, A.; Benini, F.; 
Martin, R. E.; Jaeschke, G.; Wagner, B.; Fischer, H.; Bendels, S.; 

Zimmerli, D.; Schneider, J.; Diederich, F.; Kansy, M.; Müller, K. 

ChemMedChem 2007, 2, 1100–1115. 
21  Böhm, H.-J.; Banner, D.; Bendels, S.; Kansy, M.; Kuhn, B.; 

Müller, K.; Obst-Sander, U.; Stahl, M. ChemBioChem 2004, 5, 

637–643. 
22  (a) van Niel, M. B.; Collins, I.; Beer, M. S.; Broughton, H. B.; 

Cheng, S. K. F.; Goodacre, S. C.; Heald, A.; Locker, K. L.; 

MacLeod, A. M.; Morrison, D.; Moyes, C. R.; O’Connor, D.; Pike, 
A.; Rowley, M.; Russell, M. G. N.; Sohal, B.; Stanton, J. A.; 

Thomas, S.; Verrier, H.; Watt, A. P.; Castro, J. L. J. Med. Chem. 

1999, 42, 2087–2104; (b) Rowley, M.; Hallett, D. J.; Goodacre, S.; 
Moyes, C.; Crawforth, J.; Sparey, T. J.; Patel, S.; Marwood, R.; 

Patel, S.; Thomas, S.; Hitzel, L.; O’Connor, D.; Szeto, N.; Castro, 

J. L.; Hutson, P. H.; MacLeod, A. M. J. Med. Chem. 2001, 44, 
1603–1614; (c) Fish, L. R.; Gilligan, M. T.; Humphries, A. C.; 

Ivarsson, M.; Ladduwahetty, T.; Merchant, K. J.; O’Connor, D.; 

Patel, S.; Philipps, E.; Vargas, H. M.; Hutson, P. H.; MacLeod, A. 
M. Bioorg. Med. Chem. Lett. 2005, 15, 3665–3669. 

23  Ismaiel, A. M.; De Los Angeles, J.; Teitler, M.; Ingher, S.; 

Glennon, R. A. J. Med. Chem. 1993, 36, 2519–2525. 
24  See Xu, D.; Prasad, K.; Repic, O.; Blacklock, T. J. Tetrahedron 

Lett. 1995, 36, 7357–7360. 

25  Tormena, C. F.; Rittner, R.; Abraham, R. J.; Basso, E. A.; Pontes, 
R. M. J. Chem. Soc., Perkin Trans. 2 2000, 2054-2059. 

26  Jiang, X.-P.; Cheng, Y.; Shi, G.-F.; Kang, Z.-M. J. Org. Chem. 

2007, 72, 2212–2215. 
27  Li, X. L., Schenkel, L. B., Kozlowski, M. C., Org. Lett., 2000, 2, 

875–878. 

28  See , J., 

Synlett, 2001, 5, 685–687. 

29  (a) Miller, S. C. J. Org. Chem. 2010, 75, 4632–; (b) Wong, C.; 

Griffin, R. J.; Hardcastle, I. R.; Northen, J. S.; Wang, L.-Z.; 
Golding, B. T. Org. Biomol. Chem. 2010, 8, 2457–2464. (c) 

Murata, J.; Tamura, M.; Sekiya, A. J. Fluorine Chem. 2002, 113, 

97–100. 
30  Tietze, L. F., Major, F. Eur. J. Org. Chem., 2006, 2314–2321. 

                                                                                     
31  Hinschberger, A.; Butt, S.; Lelong, V.; Boulouard, M.; Dumuis, 

A.; Dauphin, F.; Bureau, R.; Pfeiffer, B.; Renard, P.; Rault, S. J. 

Med. Chem. 2002, 46, 138–147.  

32  Lemaître, S.; Lepailleur, A.; Bureau, R.; Butt-Gueulle, S.; Lelong-
Boulouard, V.; Duchatelle, P.; Boulouard, M.; Dumuis, A.; Daveu, 

C.; Lezoualc’h, F.; Pfeiffer, B.; Dauphin, F.; Rault, S. Bioorg. 

Med. Chem. 2009, 17, 2607–2622. 
33  Podol’skii, A. V.; German, L. S.; Knunyants, I. L. Russ. Chem. 

Bull. 1967, 5, 1092–1093. 

34  Dubost, E.; Magnelli, R.; Cailly, T.; Legay, R.; Fabis, F.; Rault, S. 
Tetrahedron 2010, 66, 5008–5016. 

35  Feiring, A. E. J. Fluorine Chem. 1978, 12, 471–479. 

36  Grossman, C. J.; Kilpatrick, G.J.; Bunc, K. T. Br. J. Pharmacol, 
1993, 109, 618–624. 

37  Lowry, O. H.; Rosebrough, N. J.; Farr, A. L. J. Biol. Chem. 1951, 

193, 265–275.  



  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533788&guid=84d527bf-4d50-460e-b90e-e43bda56da5a&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533789&guid=74b57d24-d694-4d84-98b4-458373fec987&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533790&guid=913f757f-ed47-4fb5-ad19-62780f2be319&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533791&guid=38b07b04-7050-4338-b7fd-1e31b5217097&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533806&guid=b29c2be3-6a00-4855-977d-2891e83359fa&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533792&guid=4d9fea39-1f1c-4958-a7eb-42264c551fad&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533793&guid=43ad29f9-211b-47e7-afb5-8c7e3448c606&scheme=1


  

Figure(s)

http://ees.elsevier.com/bmc/download.aspx?id=533795&guid=0c2b09bf-2bf5-4ad8-8525-e80f9ef696a7&scheme=1


  

http://ees.elsevier.com/bmc/download.aspx?id=533794&guid=64e72067-d4aa-49bd-914c-4aaa5c5a42ac&scheme=1

