
HAL Id: hal-03773322
https://hal.science/hal-03773322v1

Submitted on 17 Oct 2022

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Synthesis of Azocanes from Piperidines via an Azetidinium
Intermediate

Malte Leverenz, Guillaume Masson, Domingo Gomez Pardo, Janine Cossy

To cite this version:
Malte Leverenz, Guillaume Masson, Domingo Gomez Pardo, Janine Cossy. Synthesis of Azocanes from
Piperidines via an Azetidinium Intermediate. Chemistry - A European Journal, 2021, 27 (66), pp.16325-16328.
⟨10.1002/chem.202102739⟩. ⟨hal-03773322⟩

https://hal.science/hal-03773322v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


"This	is	the	peer	reviewed	version	of	the	following	article:	M.	Leverenz,	G.	Masson,	D.	
Gomez	 Pardo,	 J.	 Cossy,	 Synthesis	 of	 azocanes	 from	 piperidines	 via	 an	 azetidinium	
intermediate,	 Chem.	 Eur.	 J.	 2021,	 27,	 16325–16328,	 which	 has	 been	 published	 in	
final	 form	 at	 10.1002/chem.202102739.	 This	 article	 may	 be	 used	 for	 non-
commercial	purposes	in	accordance	with	Wiley	Terms	and	Conditions	for	Use	of	Self-
Archived	 Versions.	 This	 article	 may	 not	 be	 enhanced,	 enriched	 or	 otherwise	
transformed	 into	 a	 derivative	work,	without	 express	 permission	 from	Wiley	 or	 by	
statutory	 rights	 under	 applicable	 legislation.	 Copyright	 notices	 must	 not	 be	
removed,	 obscured	 or	 modified.	 The	 article	 must	 be	 linked	 to	 Wiley’s	 version	 of	
record	on	Wiley	Online	Library	and	any	embedding,	 framing	or	otherwise	making	
available	the	article	or	pages	thereof	by	third	parties	from	platforms,	services	and	
websites	other	than	Wiley	Online	Library	must	be	prohibited."	
	
	

Synthesis of Azocanes from Piperidines via an 
Azetidinium Intermediate 

 Malte Leverenz,‡[a] Guillaume Masson,‡[a] Domingo Gomez Pardo,[a] and 

Janine Cossy*[a]  

[a] Dr. M. Leverenz, Dr. G. Masson, Dr. D. Gomez Pardo, Prof. J. Cossy* Molecular, Macromolecular Chemistry 
and Materials, UMR 7167 ESPCI Paris, CNRS PSL University 10 rue Vauquelin 75231 Paris Cedex 05 
(France) E-mail: janine.cossy@espci.fr 

‡ equal participation  

Abstract: -Trifluoromethyl azocanes are accessible from 2-(trifluoropropan-2-ol) piperidines 
by metal-free ring-expansion involving a bicyclic azetidinium intermediate. The opening of the 
azetidinium intermediate was achieved by various nucleophiles (amines, alcoholates, 
carboxylates, phosphonates, halides and pseudo-halides) with an excellent regio- diastereo- 
and enantioselectivity and in good yields. The relative configuration of the piperidines and 
azocanes were assigned and the deprotected azocanes offer opportunities for further 
derivatization. 

	
Eight-membered N-heterocyclic ring systems, e.g. azocanes and derivatives can be found in 
natural products such as otonecine,[1] nakadomarin A,[2,3] (+)-balasubramide[4,5] or (±)-ε-
clausenamide[6] and in bioactive non-natural products such as trocimine, which can relieve 
chronic pain,[7] or guanethidine, an andrenergic neuroblocking agent used against 
hypertension and glaucoma[8] (Figure 1).  

	



 
 

Figure 1. Examples of natural products and bioactive compounds featuring an eight-membered N-heterocyclic 
ring system.  

The access to medium-size rings is challenging due to unfavorable enthalpic and entropic 
barriers and transannular interactions during the formation of these medium size rings. [9,10] 

The methods to access eight-membered N-heterocyclic systems are rare and most of the 
methods that have been developed are utilizing metals, such as transition metals which are 
expensive.[11-19] Thus, free-metal methods to access eight- membered rings are attractive, [20-

25] particularly rearrangements as these processes are atom economic and efficient and do 
not involve expensive and scarce metals. Azocanes can be obtained from azetidines by 
using a [3,3]-sigmatropic rearrangement, [26,27] or from various benzyl alcohol-tethered 
ynamides involving a stereoselective [1,3]-rearrangement.[28] A ring-expansion of piperidine 
was used but the reaction is very limited and, in addition, the azocane was the minor 
compound, the major being the piperidine.[29] As part of our program on diastereo- and 
enantioselective ring-expansion of N-heterocycles,[30-37] we would like to report that 
piperidines A can be transformed to azocanes C, via an azetidinium intermediate B, with 
high regio- and diastereoselectivity. Functionalization of the azocanes at the C4 position 
provides opportunities to further alteration towards compounds of interest featuring an eight-
membered N-heterocyclic ring system. In addition, due to the importance of a trifluoromethyl 
group on the bioactivity of molecules,[38] we focused on the synthesis of substituted -
trifluoromethyl azocanes, that can be considered as good bioisosters of eight membered-ring 
lactams (Scheme 1).  

	

 
	
Scheme 1. Ring-expansion of piperidines A via bicyclic intermediates B to produce azocanes C.  

The racemic piperidines A were synthesized from the commercially available piperidine-
ethanol 1. The N-Boc-protection of the nitrogen and Swern oxidation of alcohol 2 gave 
aldehyde 3 in excellent yields and these two reactions were easily scalable. Applying the 
reaction conditions described by Prakash[39,40] (TMSCF3, TBAF, THF) produced a mixture of 
the two diastereomers 4 and 5 in a 1:1 ratio, which were separated by column 
chromatography. Both diastereomers were obtained in 46% yield (92% overall). However, to 



access the bicyclic azetidinium intermediate B, the presence of a nucleophilic nitrogen is 
necessary. Thus, the carbamate of 4 and 5 was cleaved using trifluoroacetic acid (TFA) and 
the resulting amines were heated in the presence of benzyl bromide (TBAI, K2CO3, CH3CN) 
to produce the corresponding N-benzyl piperidines 6 and 7 (Scheme 2).  

	

 
Scheme 2. Synthesis of benzyl-protected piperidines 6 and 7.  

In order to assign the relative stereochemistry of both diastereomers 4 and 5 and 
consequently 6 and 7, the cleavage of the carbamate was achieved and the resulting amino-
alcohols were cyclized with carbonyldiimidazole (CDI) to yield the cyclic carbamates 8 and 9, 
which could be analyzed by NOESY NMR spectroscopy (Scheme 3).  

	

 
	
Scheme 3. Synthesis of carbamates 8 and 9 and assignment of the relative configurations by NMR (NOESY) 
experiments.  

Treatment of 6 with trifluoromethanesulfonic anhydride (Tf2O) in the presence of 1,8-
bis(dimethylamino)naphthalene (proton sponge) converted the alcohol to the triflate as a 
suitable leaving group (rt, CH2Cl2) and heating the reaction (60 °C) allowed the formation of 
the azetidinium intermediate. Fortunately, in almost all cases the azetidinium intermediate 
could be formed in the presence of the nucleophile enabling a prompt ring-opening of the 
azetidinium intermediate by producing directly the azocanes 10 (Scheme 4).  

	



 
	
Scheme 4. Ring-expansion of 6 to azocanes 10 induced by various nucleophiles. [a] Pre-formation of the 
azetidinium intermediate (60 °C, 4 h), then addition of n-Bu4NCl, heating (60 °C, 3 h). [b] Reaction achieved in 
toluene at 120 °C. [c] 1.25 equiv n-Bu4NOMe. Ad = adamantyl.  

X-Ray diffraction of 10j identified the relative stereochemistry of the substituents and 
confirmed the presumed trans-configuration of the azocanes synthesized from piperidine6 
(Figure 2). Comparison of the relative stereo-information at C2 and C4 of azocane 10j with 
that of C2 and C2’ of piperidine 6 confirmed the two consecutive and highly selective SN2-
type reactions during the formation and the opening of the azetidinium intermediates.  

	
	



 
	
Figure 2. Relative configuration of azocane 10j determined by single-crystal X-ray diffraction (CCDC 2094970).  

	
The diastereomeric piperidine 7 was also treated under the same conditions as 6 with 
primary amines, secondary amines and different n-tetrabutylammonium salts as 
nucleophiles. The corresponding azocanes 11 were obtained in excellent diastereoselectivity 
(dr > 98:2) albeit in some cases with lower yields than to the ones obtained for azocanes 10 
(Scheme 5).  

	

 
	



Scheme 5. Ring-expansion of 7 to azocanes 11 with various nucleophiles. [a] Reaction run in toluene at 120 °C. 
[b] Pre-formation of the azetidinium intermediate (120 °C, 2 h), then addition of n-Bu4NOMe, heating (60 °C, 3 h). 
[c] 1.25 equiv n-Bu4NOMe. Ad = adamantyl.  

In an attempt to open up possibilities for post-functionalization at the nitrogen atom, we were 
able to perform a hydrogenolysis (H2, Pd/C, MeOH) of the diastereomers 10i and 11g, which 
led to the deprotected azocanes 12 and 13 respectively with excellent yields and without any 
epimerization of the stereogenic center at the C2 position (Scheme 6).  

	

 
	
Scheme 6. Synthesis of nonprotected azocanes 12 and 13 by debenzylation.  

As the biological activity of a compound is essentially linked to only one of the two 
enantiomers, we developed a strategy to access optically active -trifluoromethyl azocanes. 
Following an enzymatic kinetic resolution procedure,[42,43] we prepared enantiomerically 
enriched piperidine (R)-14 (see Supplementary Information), which was converted to the 
trifluoromethyl ketone (R)-15 by the use of TMSCF3 (Toluene, cat. CsF, TBAF). Reduction 
with LiAl(Ot-Bu)3H proved to be moderately diastereoselective and yielded (R,R)-4 in 63% 
and (R,S)-5 in 20% yield. Following the same procedures as previously for the protecting 
group interconversion to (R,R)-6, and the ring- expansion involving tetrabutylammonium 
benzoate as for the racemic material, we were able to obtain azocane (S,S)-10j in an 
optically active form (er = 97:3) (Scheme 7).  

 

 
Scheme 7. Enantioselective synthesis of optically active azocane (S,S)-10j  

In order to elucidate the importance of the trifluoromethyl group on the regioselectivity of the 
ring-expansion, the trifluoromethyl group was replaced by a methyl group in piperidine 6 and 
this latter was subjected to our standard reaction conditions using benzylamine as the 
nucleophile. However, the corresponding azocane could not be isolated but instead the 
piperidine where the hydroxy group has been displaced by the benzylamine, was obtained 
(see Supplementary Information). This proves that the trifluoromethyl group could not only 
have an effect on bioactivity but, in our case, is also necessary for a regioselective ring-
expansion of a piperidine.[30]  

In conclusion, substituted piperidines can be a good source of azocanes, if a bicyclic 



azetidinium intermediate can be formed. This latter can be opened by a diversity of 
nucleophiles regio- and stereospecific when enantiomerically enriched piperidines are 
involved in the ring-expansion process, optically active azocanes can be obtained creating 
new possibilities for medicinal chemists to further explore the chemical space.  

Acknowledgements  

E. Brohan, C. Prevost, S. Sablé from Sanofi are thanked for their help in the determination of 
the enantiomeric excess of (S,S)-10j.  

Keywords: Azocanes • Heterocycles • Ring expansion • Fluorine • Azetidinium  

. [1]  H. Niwa, T. Sakata, K. Yamada, Bull. Chem. Soc. Jpn. 1994, 67, 2345– 2347. � 

. [2]  S. Bonazzi, B. Cheng, J. S. Wzorek, D. A. Evans, J. Am. Chem. Soc. 2013, 135, 9338–9341. � 

. [3]  J. Kobayashi, M. Tsuda, M. Ishibashi, Pure Appl. Chem. 1999, 71, 1123–1126. � 

. [4]  J. Li, J. Li, Y. Xu, Y. Wang, L. Zhang, L. Ding, Y. Xuan, T. Pang, H. Lin, Nat. Prod. Res. 2016, 30, 800–
805. � 

. [5]  M. B. Johansen, A. B. Leduc, M. A. Kerr, Synlett 2007, 2593–2595. � 

. [6]  N. Ma, K. Wu, L. Huang, Eur. J. Med. Chem. 2008, 43, 893–896. � 

. [7]  E. Palosi, L. Szporny, K. Nádor, J. Pharm. Sci. 1968, 57, 709–710. � 

. [8]  J. K. Aronson, Ed. , in Meylers Side Eff. Drugs Sixt. Ed., Elsevier, �Oxford, 2016, p. 633. � 

. [9]  C. Galli, L. Mandolini, Eur. J. Org. Chem. 2000, 3117–3125. � 

. [10]  E. Burevschi, I. Peña, M. E. Sanz, Phys. Chem. Chem. Phys. 2019, 21, �4331–4338. � 

. [11]  S.-J. Han, M. A. Cavitt, B. M. Stoltz, Org. Lett. 2021, 23, 3300–3303. � 

. [12]  K. N. Betz, N. D. Chiappini, J. Du Bois, Org. Lett. 2020, 22, 1687–1691. � 

. [13]  A. Wu, Q. Feng, H. H. Y. Sung, I. D. Williams, J. Sun, Angew. Chem. �Int. Ed. 2019, 58, 6776–6780. 
Angew. Chem. 2019, 131, 6848-6852 � 

. [14]  B. Zhou, L. Li, X.-Q. Zhu, J.-Z. Yan, Y.-L. Guo, L.-W. Ye, Angew. Chem. �Int. Ed. 2017, 56, 4015–4019. 
Angew. Chem. 2017, 129, 4073-4077. � 

. [15]  M. H. Shaw, R. A. Croft, W. G. Whittingham, J. F. Bower, J. Am. Chem. �Soc. 2015, 137, 8054–8057. � 

. [16]  R. T. Yu, R. K. Friedman, T. Rovis, J. Am. Chem. Soc. 2009, 131, �13250–13251. � 

. [17]  E. S. Sattely, G. A. Cortez, D. C. Moebius, R. R. Schrock, A. H. �Hoveyda, J. Am. Chem. Soc. 2005, 127, 
8526–8533. � 

. [18]  C. J. Creighton, A. B. Reitz, Org. Lett. 2001, 3, 893–895. � 

. [19]  A. Thakur, M. E. Facer, J. Louie, Angew. Chem. Int. Ed. 2013, 52, �12161–12165. Angew. Chem. 2013, 
125, 12383-12387. � 



. [20]  X. Li, C. Jandl, T. Bach, Synthesis 2021, 53, 723–730. � 

. [21]  Y. Zhou, Y.-L. Wei, J. Rodriguez, Y. Coquerel, Angew. Chem. Int. Ed. �2019, 58, 456–460. Angew. Chem. 
2019, 131, 466-470. � 

. [22]  G. Kang, M. Yamagami, S. Vellalath, D. Romo, Angew. Chem. Int. Ed. �2018, 57, 6527–6531. Angew. 
Chem. 2018, 130, 6637-6641. � 

. [23]  H. Ni, X. Tang, W. Zheng, W. Yao, N. Ullah, Y. Lu, Angew. Chem. Int. �Ed. 2017, 56, 14222–14226. 
Angew. Chem. 2017, 129, 14410-14414. � 

. [24]  T. Kan, A. Fujiwara, H. Kobayashi, T. Fukuyama, Tetrahedron 2002, 58, �6267–6276. � 

. [25]  T. Kan, A. Fujiwara, H. Kobayashi, T. Fukuyama, Tetrahedron 2002, 58, �6267–6276. � 

. [26]  B. Drouillat, F. Couty, V. Razafimahaléo, Synlett 2009, 2009, 3182– �3186. � 

. [27]  T. Aoki, S. Koya, R. Yamasaki, S. Saito, Org. Lett. 2012, 14, 4506– �4509. � 

. [27]  B. Drouillat, F. Couty, V. Razafimahaléo, Synlett 2009, 3182–3186. � 

. [28]  B. Zhou, Y.-Q. Zhang, K. Zhang, M.-Y. Yang, Y.-B. Chen, Y. Li, Q. �Peng, S.-F. Zhu, Q.-L. Zhou, L.-W. Ye, 
Nat. Commun. 2019, 10, 3234. � 

. [29]  S. Sakanoue, S. Harasawa, N. Yamazaki, R. Yoneda, T. Kurihara, �Chem. Pharm. Bull. 1990, 38, 2981–
2985. � 

. [30]  G. Masson, D. Gomez Pardo, J. Cossy, Eur. J. Org. Chem. 2020, �7103–7118. � 

. [31]  G. Masson, S. Rioton, D. Gomez Pardo, J. Cossy, Eur. J. Org. Chem. �2019, 5497–5507. � 

. [32]  G. Masson, S. Rioton, D. Gomez Pardo, J. Cossy, Org. Lett. 2018, 20, �5019–5022. � 

. [33]  S. Rioton, A. Orliac, Z. Antoun, R. Bidault, D. Gomez Pardo, J. Cossy, �Org. Lett. 2015, 17, 2916–2919. � 

. [34]  D. Gomez Pardo, J. Cossy, Chem. Eur. J. 2014, 20, 4516–4525. � 

. [35]  J. Cossy, D. Gomez Pardo, C. Dumas, O. Mirguet, I. Déchamps, T.-X. �Métro, B. Burger, R. Roudeau, J. 
Appenzeller, A. Cochi, Chirality 2009, �21, 850–856. � 

. [36]  I. Déchamps, D. Gomez Pardo, J. Cossy, Synlett 2007, 263–267. � 

. [37]  J. Cossy, C. Dumas, D. Gomez Pardo, Synlett, 1997, 905-906. � 

. [38]  W. K. Hagmann, J. Med. Chem. 2008, 51, 4359–4369. � 

. [39]  G. K. S. Prakash, R. Krishnamurti, G. A. Olah, J. Am. Chem. Soc. 1989, �111, 393–395. � 

. [40]  G. K. S. Prakash, A. K. Yudin, Chem. Rev. 1997, 97, 757–786. � 

. [41]  S. Kenis, M. D’Hooghe, G. Verniest, T. A. D. Thi, C. P. The, T. V. Nguyen, N. De Kimpe, J. Org. Chem. 
2016, 81, 1100-1105. According to the authors “the regioselectivity could be explained by steric 
hindrance and the electrophilic effect exerted by the trifluoromethylgroup rendering the less electrophilic 
C4 position (of the azetidinium) more accessible toward nucleophilic attack” � 



. [42]  J. D. Firth, S. J. Canipa, L. Ferris, P. O’Brien, Angew. Chem. Int. Ed. 2018, 57, 223–226. � 

. [43]  C. Pousset, R. Callens, M. Haddad, M. Larchevêque, Tetrahedron Asymmetry 2004, 15, 3407–341 � 

 

 


