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Abstract 

Azetidines and their derivatives are of major interest since they exhibit important biological activities besides 

their utility as synthetic intermediates. Herein we describe a mild and efficient method for the formation of 

functionalized N-alkyl-azetidines in moderate-to-good yields starting from 1,2-aminoalcohols. This azetidine 

synthesis proceeds through three steps involving O-methylation of the starting 1,2-amino alcohols, reduction 

of the ester group of the resulting 1,2-aminoethers, and subsequent mesylation/intracyclization of the 1,3-

amino alcohol intermediates. 
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Introduction 

 

Azetidines are an important class of four-membered ring systems in modern synthetic chemistry.1,2 They have 

received much attention as starting precursors in the synthesis of several nitrogen-containing compounds of 

synthetic3-6 and biological7-9 interest. Furthermore, these small heterocycles are of great interest since they 

represent the structural core of various natural products and pharmaceutical agents. For instance, they are 

potential nicotinic acetylcholine receptors (nAChRs),10 anticancer agents (CDK8 inhibitors),11 inhibitors of 

monoacylglycerol lipase (MAGL).12 They are also used as relaxants,13 antibiotics14 and for cardiovascular 

desease.15 Recently, Schreiber et al.16 reported the synthesis of an azetidine having antimalarial properties 

(BRD3914). Conversely, their inherent ring strain makes them excellent candidates for both nucleophilic ring 

opening and ring-expansion reactions.17-18 All of these reasons have enhanced the value of azetidine 

derivatives in the synthesis of nitrogen-containing compounds. Indeed, during the last few years, the 

chemistry of azetidines has gradually been developed, and a wide range of synthetic methods for the 

preparation of these compounds have been reported. Reduction of -lactams19-20 is considered to be one of 

the most convenient approaches for the synthesis of azetidines. The most common methods to obtain 

substituted azetidines involves the cyclization of allylamines,21 -amino alcohols,22-25 -halo amines,26-27 1,3-

diols,28 aldimines,29 trifluoroacetoacetate30, and through anionic C-alkylation.31 The synthesis of azetidines can 

also be accomplished by either the expansion of aziridines32 or oxiranes33 with a variety of nucleophiles or by 

the contraction34 of pyrrolydinones. Important progress has been recently made, and new methodologies 

based on organocatalysis have appeared for the preparation of these heterocycles in enantio-enriched form.35-

37 One of the most economic and easiest ways to obtain a racemic mixture of N-alkyl 2-substituted azetidines, 

however, is the use of 1,2-amino alcohols38-40 as starting materials.  

In our previous work, we reported on the transformation of erythro-1,2-amino alcohols 1 into a range of 

nitrogen heterocyclic compounds including 1,4-oxazin-2-ones, aziridine-2-carboxylates, 1,3-oxazolidin-2-ones, 

functionalized cyclic sulfamidates and oxazol-2-one-5-carboxylates.41 These successful results motivated us to 

further explore the potential of compounds 1 to yield other types of azaheterocycles. Amino alcohols 1 were 

prepared, through controlled ring opening of ethyl trans--phenylglycidate with amines, as described 

previously.42 

Compared to the widely explored chemistry of activated azetidines, the synthesis of their non-activated 

counterparts has received only limited interest in the literature. This prompted us to describe the synthesis of 

new diversely substituted non-activated azetidines 4 in this paper. This synthesis is carried out via a three-step 

sequence involving (a) O-methylation of 1,2-amino alcohols 1, (b) reduction of the ester group of 2 and (c) a 

one-pot mesylation/intracyclization of 3. This protocol yields the advantages of a general and efficient 

synthetic strategy involving simple procedure, mild reaction conditions, and metal-free conditions, from amino 

alcohols bearing an electron-donating group on the nitrogen atom. The synthetic route for the formation of 

the target compound 4 is shown in Scheme 1. 

 

 
 

Scheme 1. Synthetic transformation of 1,2-amino alcohols. 
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Results and Discussion 
 

The first step of this synthesis was the O-methylation of compounds 1 (see Table 1). To this end, our initial 

attempts were carried out using N-cyclopentyl-amino-alcohol 1c as a starting material. A first attempt using 

1.1 equiv of CH3I with 1.1 equiv of base (NaH) at room temperature resulted in the formation of a mixture of 

O-methyl-1,2-amino-alcohol 2c in 26% yield, N-methyl-1,2-amino alcohol 2c’ in 26% yield, and O,N-dimethyl-

1,2-amino alcohol 2c” in 4% yield, respectively (Scheme 2).  

 

 
 

Scheme 2. Synthesis of O-methyl 1,2-amino-alcohol derivatives 2c, 2c’ and 2c’’. 

 

We then thought that using a bulkier base and operating at a lower temperature could improve the 

efficiency of this reaction and its chemoselectivity. Therefore, when potassium bis(trimethylsilyl) (KHMDS) was 

used in anhydrous tetrahydrofuran (THF) at -78 °C, only compound 2c was obtained with a 75% yield with no 

competitive formation of the by-products 2c’ and 2c’’. Based on this promising result, our attention was 

turned to the generality of this O-methylation using a series of racemic 1,2-amino alcohols 1a-g. The results 

are presented in Table 1. 

 

Table 1. Preparation of O-methyl 1,2-amino alcohols 2 

 
 

Entry Product 2 Ar R Yielda (%) 

1 2a C6H5 i-C3H7 76 

2 2b C6H5 c-C3H5 68 

3 2c C6H5 c-C5H9 75 

4 2d p-ClC6H4 c-C5H9 40 

4 2e C6H5 c-C6H11 82 

6 2f C6H5 c-C7H13 84 

7 2g C6H5 c-C8H15 92 

a isolated yields 
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As shown in Table 1, the reactions of racemic 1,2-amino alcohols 1 with CH3I/KHMDS proceeded 

chemoselectively, and were complete within 2h to produce, in all cases, the corresponding compounds 2 in 

moderate-to-good yields as the sole reaction products. When the phenyl moiety was substituted with an 

electron-withdrawing group (entry 4, Ar = p-ClC6H4), the expected product 2d was formed in a moderate yield 

(40%). This may be due to the formation of undesired by-products (TLC). 

The second step of the synthesis was the reduction of compounds 2. Indeed, when the reaction was 

carried out in the presence of 0.8 equiv of lithium aluminium hydride (LAH), under the standard reaction 

conditions (i.e., anhydrous THF, low temperature), the starting O-methyl 1,2-amino alcohols 2 were cleanly 

converted in a few minutes into the corresponding O-methyl-1,3-amino-alcohols 3 (Table 2). 

 

Table 2. Preparation of O-methyl 1,3-amino alcohols 3 

 
 

Entry Product 3 Ar R Yielda (%) 

1 3a C6H5 i-C3H7 82 

2 3b C6H5 c-C3H5 58 

3 3c C6H5 c-C5H9 82 

4 3d p-ClC6H4 c-C5H9 92 

5 3e C6H5 c-C6H11 88 

6 3f C6H5 c-C7H13 75 

7 3g C6H5 c-C8H15 86 

a isolated yields 

 

In all cases in Table 2, the yields are good-to-excellent and appear to not depend on the N-substituent of 

the starting 2. 

Finally, the transformation of O-methyl-1,3-amino alcohols 3 into azetidines 4 was investigated. Inspired 

by the reported successful and efficient synthesis of azetidines,13 and assuming that the main key of this 

synthesis is the transformation of the alcohol group of 3 into a suitable leaving group, we envisaged that the 

mesylation of the amino alcohol 3c (MsCl 1.2 equiv,  Et3N 2.5 equiv, CH2Cl2, -50 °C), taken as a model reaction, 

would be amenable to the cyclization and generation of the  azetidine 4c. Disappointingly, however, the 

reaction did not afford the expected cyclic product under these conditions. Unlike the results reported by 

Couty et al.,31 it is proposed that this reaction resulted probably in the formation of the mesylate intermediate 

which was unstable, and therefore, not isolable. 

When this mesylation was conducted under the same reaction conditions, and the resulting mesylate was 

stirred for 12 h at room temperature, the azetidine 4c was isolated in good yield (79%) without any traces of 

the corresponding chloride30 (Scheme 3). The cyclic structure of 4c was confirmed by NMR spectroscopic 

analyses. The coupling constant of the H-2 and H-3 protons (~5 – 6 Hz) indicated their trans-orientation.43 
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Scheme 3. Synthesis of N-cyclopentyl azetidine 4c. 

 

With optimized reaction conditions in hand, the scope of the transformation reaction was investigated. 

The results are presented in Table 3. 

 

Table 3. Preparation of N-alkyl azetidines 4 

 
 

Entry Product 4 Ar R Yielda (%) 

1 4a C6H5 i-C3H7 75 

2 4b C6H5 c-C3H5 80 

3 4c C6H5 c-C5H9 79 

4 4d p-ClC6H4 c-C5H9 82 

5 4e C6H5 c-C6H11 - 

6 4f C6H5 c-C7H13 58 

7 4g C6H5 c-C8H15 65   

a Isolated yields 

 

As can be seen from Table 3, a good conversion of the starting 1,3-amino alcohols 3 to the corresponding 

azetidines 4 was observed. There is a slight difference, however, in the reactivity that essentially depended on 

the nucleophilic character of the amino alcohol, which was influenced by the nature of the N-substituent. 

Indeed, in entries 1-4, reactions proceeded smoothly, and compounds were isolated in good yields (75-82%). 

The reaction of 1,3-amino alcohols (entries 6 and 7) did take place and the cyclic compounds were isolated in 

moderate yields (58% and 65%, respectively). All attempts to transform N-cyclohexyl amino alcohol 3e into the 
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corresponding azetidine 4e were unsuccessful (entry 5), however, instead affording a complex mixture of 

products with no sign of the starting material. 

 

 

Conclusions 
 

1,2-amino alcohols proved to be useful starting materials for the production of four-membered 

azaheterocycles. A general and efficient three-step protocol for the synthesis of structurally diverse N-

cycloalkyl azetidines in moderate-to-good yields has been developed. Reactions were performed using simple 

chemistry, under mild conditions, from easily available starting materials. We believe that these azetidines 

could be very useful for constructing nitrogen-containing molecules such as 1,3-oxazinan-2-ones, which have 

diverse biological activities. Further work in this regard is under investigation in our laboratory. 

 

 

Experimental Section 
 

General. All reagents were purchased from Sigma-Aldrich. Reaction progress was monitored by TLC on silica 

gel plates (Fluka Kieselgel 60 F254). For column chromatography, Fluka Kieselgel 70-230 mesh was used. 1H and   
13C NMR spectra were recorded on a Bruker AV 300 spectrometer in CDCl3 as solvent and TMS as the internal 

standard. High-resolution mass spectra were obtained using an Autoflex III (Bruker) with electron impact (EI) 

ionization methods. 

 

General procedure for the synthesis of (Erythro)-O-methyl-1,2-amino alcohols 2(a-g). KHMDS (3.9 mmol) was 

slowly added to a stirred solution of 1,2-Amino alcohols 1 (1.95 mmol) and iodomethane (3.9 mmol) in 

anhydrous THF (10 mL) under nitrogen at -78 °C and the mixture was allowed to stir for 2 hours. After 

completion of the reaction (as indicated by TLC), the mixture was filtered and concentrated under reduced 

pressure, and the residue was purified by silica gel column chromatography using a mixture of 

dicholoromethane/EtOAc (7:3) as eluent to give 2 as colorless oils. 

Ethyl 3-isopropylamino-2-methoxy-3-phenylpropionate (2a). Yield (392 mg, 76%); NMR 1H (300 MHz CDCl3) 

δ: 0.98, 1.00 (2d, 6H, J 6.1 Hz, J 5.9 Hz),  1.15 (t, 3H, J 7.1 Hz), 1.86 (brs, 1H, NH), 2.58 (m, 1H), 3.39 (s, 3H), 4.01 

(d, 1H, J 5.3 Hz), 4.13 (q, 2H, J 7.1 Hz), 4.10 (d, 1H, J 5.3 Hz), 7.27 (m, 5H); NMR 13C (75 MHz CDCl3) δ: 14.2, 

21.6, 24.0, 45.0, 59.0, 60.7, 61.3, 84.6, 127.5, 128.1, 128.2, 139.9, 170.70; HRMS (ESI/APCI) calcd for (MH)+ 

C15H24NO3: 266.1750, found 266.1761. 

Ethyl 3-cyclopropylamino-2-methoxy-3-phenylpropionate (2b). Yield (349 mg, 68%); NMR 1H (300 MHz CDCl3) 

δ: 0.23- 0.37 (m, 4H), 1.07 (t, 3H, J 7.1 Hz), 1.81-1.88 (m, 1H), 2.32 (brs, 1H, NH), 3.32 (s, 3H), 3.99 (s, 2H), 4.01 

(q, 2H, J 7,1 Hz), 7.18 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 6.2, 6.7, 14.1, 28.1, 59.0, 60.7, 64.1, 83.9, 127.5, 

128.1, 128.2, 139.6, 171.0; HRMS (ESI/APCI) calcd for (MH)+ C15H22NO3: 264.1594, found 264.1604. 

Ethyl 3-cyclopentylamino-2-methoxy-3-phenylpropionate (2c). Yield (426 mg, 75%); IR (ν cm-1): 1749, 3335; 

NMR 1H (300 MHz CDCl3) δ: 1.16 (t, 3H, J 7.1 Hz), 1.28-1.50 (2m, 4H), 1.65 (m, 4H), 1.90 (brs, 1H, NH), 2.85 (m, 

1H), 3.35 (s, 3H), 3.99 (s, 2H), 4.09 (q, 2H, J 7.1 Hz), 7.25 (s, 5H); NMR 13C (300 MHz CDCl3) δ: 14.2, 24.0, 32.3, 

33.9, 56.4, 58.9, 60.7, 62.7, 84.7, 127.4, 128.1, 139.8, 171.0; HRMS (ESI/APCI) calcd for (MH)+ C17H26NO3: 

292.1907, found 292.1894. 

Ethyl 3-cyclopentylamino-2-methoxy-3-parachorophenylpropionate (2d). Yield ( 254 mg,  40%); NMR 1H (300 

MHz CDCl3) δ: 1.17 (t, 3H, J 7.1Hz), 1.2-1.68 (m , 8H), 2.00 (brs, 1H, NH), 2.78 (q , 1H , J 6.4 Hz), 3.39 (s, 3H), 
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3.99 (d,1H, J 5.3 Hz), 4.04 (q, 2H, J 7.1 Hz), 4.01 (d, 1H, J 5.3 Hz), 7.22 and 7.28 (A2B2, 4H, J 8.7 Hz); NMR 13C 

(300 MHz CDCl3) δ: 14.2, 23.9, 31.9, 32.2, 33.8, 56.3, 59.0, 60.9, 62.0, 84.2, 128.3, 129.4, 133.2, 138.1, 170.8; 

HRMS (ESI/APCI) calcd for (MH)+ C17H25ClNO3: 326.1517, found 326.1522. 

Ethyl 3-cyclohexylamino-2-methoxy-3-phenylpropionate (2e). Yield (487 mg, 82%); IR (ν cm-1): 1749, 3337; 

NMR 1H (300 MHz CDCl3) δ: 1.00-1.15 (m, 2H), 1.13 (t, 3H, J 7.1 Hz), 1.53 (brs, 1H, NH), 1.61-1,67 and 1.80-1.90 

(2m, 8H), 2.24 (m, 1H), 3.36 (s, 3H), 3.98 (d, 1H, J 5.6 Hz), 4.09 (q, 2H, J 7.1 Hz), 4.13 (d, 1H, J 5.6 Hz); 7.20-7.33 

(m, 5H); NMR 13C (300 MHz CDCl3) δ: 14.2, 24.5, 24.9, 26.1, 32.4, 34.4, 53.0, 58.9, 59.0, 60.7, 84.7, 127.4, 

128.0, 128.1, 139.8, 171,0. HRMS (ESI/APCI) calcd for (MH)+ C18H28NO3: 306.2064, found 306.2062. 

Ethyl 3-cycloheptylamino-2-methoxy-3-phenylpropionate (2f). Yield (523 mg, 84%); NMR 1H (300 MHz CDCl3) 

δ: 1.09 (t, 3H, J 7.2 Hz), 1.20- 1.75 (m, 13H), 2.30-2.40 (m, 1H), 3.29 (s, 3H), 3.92 (d, 1H, J 5.6 Hz), 3.98 (d, 1H, J 

5.6 Hz), 4.03 (q, 2H, J 7.2 Hz), 7.19 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 14.2, 23.8, 24.3, 25.6, 28.1, 28.5, 33.0, 

36.3, 54.9, 59.0, 60.7, 61.1, 84.7, 127.4, 128.0, 128.2, 139.6, 171.0; HRMS (ESI/APCI) calcd for (MH)+ C19H30NO3: 

320.2220, found 320.2232. 

Ethyl 3-cyclooctylamino-2-methoxy-3-phenylpropionate (2g). Yield (597 mg, 92%); NMR 1H (300 MHz CDCl3) 

δ:1.06 (t, 3H, J 7.1 Hz); 1.20-1.70 (m, 15H), 2.45 (m, 1H), 3.33 (s, 1H), 3.95 (d, 1H, J 5.8 Hz), 4.10 (q, 2H, J 7.1 

Hz), 4.06 (d, 1H, J 5.8 Hz), 7.26 (s, 5H); NMR 13C (300 MHz CDCl3) δ: 14.2, 23.6, 23.8, 25.6, 27.2, 27.7, 34.0, 

53.7, 58.8, 60.6, 61.2, 84.8, 127.4, 128.0, 128.1, 139.9, 171.0; HRMS (ESI/APCI) calcd for (MH)+ C20H32NO3: 

334.2377, found 334.2364. 

General procedure for the synthesis of (Erythro)-O-methyl-1,3-amino alcohols 3(a-f). Lithium aluminum 

hydride (1.55 mmol) was slowly added to a stirred solution of O-methyl-1,3-Amino Alcohols 2 (1.94 mmol) in 

anhydrous THF (10 mL) under nitrogen at -20 °C and then the mixture was allowed to stir for 30 min at room 

temperature. After completion of the reaction, the mixture was quenched with aqueous solution of 

ammonium chloride and extracted with CH2Cl2. The mixture was evaporated under reduced pressure and the 

residue was purified by silica gel column chromatography using a mixture of n-hexane/EtOAc (6:4) as eluent to 

give 3 as colorless oils. 

3-Isopropylamino-2-methoxy-3-phenylpropanol (3a). Yield (355 mg, 82%); NMR 1H (300 MHz CDCl3) δ: 1.01, 

1.03 (2d, 6H, J 6.1 Hz, J 6.4 Hz), 2.69 (hept, 1H, J 6.3 Hz), 3.28 (s, 3H), 3.31 (m, 1H), 3.50 (brs, 2H, NH, OH), 3.62-

3.79 (AB, 2H, J1 11.6 Hz, J2 5.7 Hz, J3 3.6 Hz), 4.04 (d, 1H, J 6.5 Hz), 7.31 (s, 5H); NMR 13C (300 MHz CDCl3) δ: 

21.1, 24.2, 45.5, 57.7, 62.6, 63.4, 83.0, 127.5, 127.6, 128.5, 140.3; HRMS (ESI/APCI) calcd for (MH)+ C13H22NO2: 

224.1645, found 224.1639. 

3-Cycloproylamino-2-methoxy-3-phenylpropanol (3b). Yield (249 mg, 58%); NMR 1H (300 MHz CDCl3) δ: 0.24-

0.38 (m, 4H), 1.89 (m, 1H), 2.90 (brs, 2H, NH, OH), 3.18 (s, 3H), 3.20-3.27 (m, 1H), 3.50- 3.70 (AB, 2H, J1 11.5 Hz, 

J2 6.1 Hz, J3 4.2 Hz), 3.85 (d, 1H, J 7.1 Hz), 7.24 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 5.9, 7.1, 29.0, 58.0, 63.0, 

66.7, 82.7, 127.4, 127.6, 128.5, 140.8; HRMS (ESI/APCI) calcd for (MH)+ C13H20NO2: 222.1488, found 222.1492. 

3-Cyclopentylamino-2-methoxy-3-phenylpropanol (3c). Yield (396 mg, 82%); NMR 1H (300 MHz CDCl3) δ: 1.26-

1.38 and 1.39-1.52 (2m, 4H), 1.62-1.76 (m, 4H), 2.93 (quint, 1H, J 6.6 Hz), 3.27 (s, 4H), 3.25-3.36 (m, 3H, NH, 

OH), 3.62-3.78 (AB, 2H, J1 11.6 Hz, J2 5.8 Hz, J3 3.7 Hz), 3.96 (d, 1H, J 6.8 Hz), 7.25-7.39 (m, 5H); NMR 13C (300 

MHz CDCl3) δ: 23.6, 31.9, 34.1, 56.7, 57.7, 62.8, 64.9, 83.1, 127.6, 127.8, 128.5, 140.6; HRMS (ESI/APCI) calcd 

for (MH)+ C15H24NO2: 250.1801, found 250.1810. 

3-Cyclopentylamino-2-methoxy-3-parachorophenylpropanol (3d). Yield (506 mg, 92%); NMR 1H (300 MHz 

CDCl3) δ: 1.16-1.45 (m, 4H), 1.52-1.70 (m, 4H), 2.82 (quint, 1H, J 6.7 Hz), 3.21 (s, 4H), 3.17-3.22 (m, 3H, NH, 

OH), 3.52-3.70 (AB, 2H, J1 11.6 Hz, J2 5.8 Hz, J3 3.7 Hz), 3.88 (d, 1H, J 6.7 Hz), 7.21 and 7.25 (A2B2, 4H, J 8.4); 

NMR 13C (300 MHz CDCl3) δ: 23.6, 23.7, 31.8, 33.9, 56.7, 57.7, 62.4, 64.1, 82.9, 128.6, 129.1, 133.1, 138.9; 

HRMS (ESI/APCI) calcd for (MH)+ C15H23ClNO2: 284.1411, found 284.1401. 
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3-Cyclohexylamino-2-methoxy-3-phenylpropanol (3e). Yield (510 mg, 88%); IR (ν cm-1): NMR 1H (300 MHz 

CDCl3) δ: 1.08-1.26 (m, 6H), 1.53-2.03 (m, 4H), 2.38 (m, 1H), 3.26 (s, 3H), 3.38 (m, 1H), 3.61-3.82 (AB, 2H, J1 

11.7 Hz, J2 5.7 Hz, J3 3.5 Hz), 4.17 (d, 1H, J 6.7 Hz), 4.38 (brs, 2H, NH, OH), 7.28-7.40 (m, 5H); NMR 13C (300 MHz 

CDCl3) δ: 24.5, 25.0, 25.8, 31.4, 34.1, 53.4, 57.8, 62.3, 62.4, 82.3, 127.6, 127.7, 128.6, 139.6; HRMS (ESI/APCI) 

calcd for (MH)+ C16H26NO2: 264.1958, found 264.1962. 

3-Cycloheptylamino-2-methoxy-3-phenylpropanol (3f). Yield (403 mg, 75%); NMR 1H (300 MHz CDCl3) δ: 1.20- 

1.90 (m, 13H), 2.48-2.58 (m, 1H), 3.25 (s, 3H), 3.23-3.29 (m, 3H, NH, OH), 3.60-3.80 (AB, 2H, J1 11.6 Hz, J2 8.0 

Hz, J3 3.6 Hz); 4.12 (d, 1H, J 7.0 Hz); 7.25-7.39 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 23.6, 24.2, 28.3, 28.6, 32.5, 

36.7, 54.8, 57.7, 62.8, 63.4, 83.0, 127.4, 128.2, 129.4, 140.7; HRMS (ESI/APCI) calcd for (MH)+ C17H28NO2: 

278.2114, found 278.2119. 

3-Cyclooctylamino-2-methoxy-3-phenylpropanol (3g). Yield (486 mg, 86%); NMR 1H (300 MHz CDCl3) δ: 1.22-

1.80 (m, 14H), 2.55 (m, 1H), 3.19-3.32 (m, 3H, NH,OH), 3.26 (s, 1H), 3.62-3.78 (AB, 2H, J1 11.6 Hz, J2 5.8 Hz, J3 

3.4 Hz), 4.04 (d, 1H, J 6.7 Hz), 7.27-7.39 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 23.5, 23.7, 25.6, 27.3, 27.7, 29.4, 

29.7, 34.1, 53.8, 57.7, 62.9, 63.5, 83.1, 127.4, 127.5, 128.5, 140.8; HRMS (ESI/APCI) calcd for (MH)+ C18H30NO2: 

292.2271, found 292.2274. 

General procedure for the synthesis of N-alkylazetidines 4(a-d, f, g). To a stirred solution of amino alcohols 3 

(0.76 mmol) and triethylamine (1.9 mmol) in CH2Cl2 (10 mL), cooled at -50 °C, methanesulfonyl chloride was 

slowly added (0.91 mmol). The solution was allowed to warm to room temperature and stirred for 12 h. The 

reaction mixture was concentrated in vacuo and the residue was purified by silica gel column chromatography 

using a mixture of n-hexane/EtOAc (8:2) as eluent to give 4 as colorless oils. 

3-Methoxy-2-phenyl-N-isopropylazetidine (4a). Yield (117 mg, 75%); NMR 1H (300 MHz CDCl3) δ: 0.71, 0.98 

(2d, 6H, J 6.3 Hz, J 6.2  Hz), 2.47-2.51 (m, 1H), 2.68-2.71 (m, 1H), 3.22 (s, 3H), 3.67-3.73 (m, 2H), 3.81 (d, 1H, J 

5.1 Hz), 7.23-7.48 (m, 5H); NMR 13C (300 MHz CDCl3) δ: 20.2, 20.9, 56.5, 56.7, 59.4, 76.3, 77.6, 127.0, 127.2, 

128.3, 143.3; HRMS (ESI/APCI) calcd for (MH)+ C13H20NO: 206.1540, found 206.1539. 

3-Methoxy-2-phenyl-N-cyclopropylazetidine (4b). Yield (123 mg, 80%); NMR 1H (300 MHz CDCl3) δ: 0.11- 0.30 

(m, 4H), 1.85 (m, 1H), 2.87 (m, 1H), 3.17 (s, 3H), 3.59- 3.69 (m, 2H), 3.97 (d, 1H, J 5.1 Hz), 7.18-7.36 (m, 5H); 13C 

(300 MHz CDCl3) δ: 3.8, 5.1, 37.7, 56.6, 57.6, 76.9, 77.8, 127.1, 127.4, 128.3, 141.7; HRMS (ESI/APCI) calcd for 

(MH)+ C13H18NO: 204.1383, found 204.1389. 

3-Methoxy-2-phenyl-N-cyclopentylazetidine (4c). Yield ( 139 mg, 79%); NMR 1H (300 MHz CDCl3) δ:1.10-1.68 

(m, 8H), 2.67-2.74 (m, 1H), 2.82-2.86 (m, 1H), 3.21 (s, 3H), 3.67-3.73 (m, 2H), 3.80 (d, 1H, J 5.0 Hz), 7.22-7.47 

(m, 5H); 13C (300 MHz CDCl3) δ: 23.8, 24.1, 30.3, 30.5, 56.5, 56.9, 70.2, 78.1, 127.1, 127.3, 128.3, 142.9; HRMS 

(ESI/APCI) calcd for (MH)+ C15H22NO: 232.1696, found 232.1687. 

3-Methoxy-2-parachlorophenyl-N-cyclopentylazetidine (4d). Yield ( 166 mg, 82%); NMR 1H (300 MHz CDCl3) 

δ:1.19-1.65 (m, 8H), 2.60-2.67 (m, 1H), 2.72-2.82 (m, 1H), 3.13 (s, 3H), 3.56-3.65 (m, 2H), 3.72 (d, 1H, J 5.0 Hz), 

7.22 and 7.33 (m, 4H, J 8.4 Hz); 13C (300 MHz CDCl3) δ: 23.7, 24.0, 30.2, 30.4, 56.5, 56.9, 70.2, 76.0, 78.0, 128.4, 

133.0, 141.2; HRMS (ESI/APCI) calcd for (MH)+ C15H21ClNO: 266.1306, found 266.1315. 

3-Methoxy-2-phenyl-N-cycloheptylazetidine (4f). Yield ( 114 mg, 58%); NMR 1H (300 MHz CDCl3) δ: 0.88-1.73 

(m, 12H), 2.27-2.35 (m, 1H), 2.58-2.62 (m, 1H), 3.13 (s, 3H), 3.54-3.67 (m, 2H), 3.73 (d, 1H, J 5.5 Hz), 7.1-7.4 

(2m, 5H). 13C (300 MHz CDCl3) δ: 24.0, 28.1, 28.6, 56.4, 57.0, 70.3, 76.3, 77.7, 127.0, 127.1, 128.3, 143.5; HRMS 

(ESI/APCI) calcd for (MH)+ C17H26NO: 260.2009, found 260.2006. 

3-Methoxy-2-phenyl-N-cyclooctylazetidine (4g). Yield ( 135 mg, 65%); NMR 1H (300 MHz CDCl3) δj: 1.07-1.29 

(m, 2H), 1.26-1.51 (m, 10H), 1.61-1.74 (m, 2H), 2.36-2.43 (m, 1H), 2.64-2.69 (m, 1H), 3.20 (s, 3H), 3.62-3.75 (m, 

2H), 3.79 (d, 1H, J 5.5 Hz); d: 7.20- 7.46 (m, 5H); 13C (300 MHz CDCl3) δ: 23.2, 24.00, 25.3, 27.2, 27.8, 28.3, 29.2, 
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56.4, 57.00, 69.4, 76.3, 77.8, 127.0, 127.1, 128.2, 143.6; HRMS (ESI/APCI) calcd for (MH)+ C18H28NO: 274.2165, 

found 274.2160. 

 

 

Acknowledgements 
 

The authors are grateful to the Tunisian Ministry of Higher Education and Scientific Research for financial 

support of this research (LR99ES15) and to Dr. M. A. Sanhoury, MRSC of the Department of Chemistry, Faculty 

of Sciences of Tunis, for helpful discussions. 

 

 

Supplementary Material 
 

Copies of 1H and 13C NMR spectra of compounds 2, 3 and 4 are given in the Supplementary Material file 

associated with this manuscript. 

 

 

References 
 

1. Couty, F. ; Evano, G. Synlett 2009, 19, 3053-3064. 

https://doi.org/10.1055/s-0029-1218299 

2. Mehra, V.; Lumb, I.; Anand, A.; Kumar, V. RSC Adv. 2017, 7, 45763-45783. 

https://doi.org/10.1039/C7RA08884A 

3. Pertschi, R. ; Miaskiewicz, S. ; Weibel, J. M.; Pale, P.; Blanc, A. Synthesis 2017, 49, 4151-4162. 

https://doi.org/10.1055/s-0036-1589017 

4. Zhou, X. ; XU, X. ; Li, Y.; Zhang, Z.; Zheng, Z.-b. Tetrahedron Lett. 2016, 57, 1236-1238. 

https://doi.org/10.1016/j.tetlet.2016.02.011 

5. Dwivedi, S. K.; Gandhi, S.; Rastogi, N.; Singh, V. K. Tetrahedron Lett. 2007, 48, 5375-5377. 

https://doi.org/10.1016/j.tetlet.2007.06.033 

6. Bertolini, F.; Crotti, S.; Di Bussolo, V.; Macchia, F.; Pineschi, M. J. Org. Chem. 2008, 73, 8998-9007. 

https://doi.org/10.1021/jo801568a 

7. Lawande, P. P. ; Sontakke, V. A. ; Nair, R. J. ; Khan, A. ; Sabharwal, G. ; Shinde, V. Tetrahedron, 2015, 71, 

5085-5090. 

https://doi.org/10.1016/j.tet.2015.05.057 

8. Murphy, S. T.; Case, H. L.; Ellsworth, E.; Hagen, S.; Huband, M.; Joannides, T.;  Limberakis, C.; Marotti, K. R.; 

Ottolini, A. M.; Rauckhorst, M.; Starr, J.; Stier, M.; Taylor, C.; Zhu, T.; Blaser, A.; Denny, W. A.; Lu, G.-L.; 

Smaillc, J. B.;  Rivaultd, F. Bioorg. Med. Chem. Lett. 2007, 17, 2150–2155. 

https://doi.org/10.1016/j.bmcl.2007.01.090  

9. Faust, M.; Höfner, G.; Pabel, J.; Wanner, K. T. Eur. J. Med. Chem. 2010, 45, 2453-2466. 

https://doi.org/10.1016/j.ejmech.2010.02.029 

10. Degennaro, L.; Zenzola, M.; Laurino, A.; Cavalluzzi, M. M.; Franchini, C.; Habtemariam, S.; Matucci, R.; Luisi, 

R.; Lentini, G. Chem. Heterocycl. Compd. 2017, 53, 329-334. 

https://doi.org/10.1007/s10593-017-2061-5 

https://doi.org/10.1039/C7RA08884A
https://doi.org/10.1016/j.tetlet.2016.02.011
https://doi.org/10.1016/j.tetlet.2007.06.033
https://doi.org/10.1021/jo801568a
https://doi.org/10.1016/j.tet.2015.05.057
https://doi.org/10.1016/j.bmcl.2007.01.090
http://doi.org/10.1016/j.ejmech.2010.02.029


Arkivoc 2022, v, 0-0   Kaabi,  A. et al. 

 

 Page 10  ©AUTHOR(S) 

11. Czodrowski, P.; Mallinger, A.; Wienke, D.; Esdar, C.; Pöschke, O.; Busch, M.; Rohdich,F.; Eccles, S. A.; Ortiz-

Ruiz, M.-J.; Schneider, R.; Raynaud, F. L.; Clarke, P. A.; Musil, D.; Schwarz, D.; Dale, T.; Urbahns, K.; Blagg, J.; 

Schiemann, K. J. Med. Chem. 2016, 59, 9337-9349.  

https://doi.org/10.1021/acs.jmedchem.6b00597 

12. Butler, C. R.; Beck, E. M.;  Harris, A.;  Huang, Z.;  McAllister, L. A.; Ende, C. W. am; Fennell, K.;  Timothy L. 

Foley, T. L.;  Fonseca, K.;  Hawrylik, S. J.; Johnson, D. S.; Knafels, J. D.;  Mente, S.;  Noell, G. S.;  Pandit, J.; 

Phillips, T. B.;  Piro, J. R.;  Rogers, B. N.;  Samad, T. A.; Wang, J.;  Shuangyi Wan, S.; Brodney, M. A. J. Med. 

Chem. 2017, 60, 9860−9873. 

https://doi.org/10.1021/acs.jmedchem.7b01531 

13. López, F. I.; de la Cruz, F. N.; López, J.; Martínez, J. M.; Alcaraz, Y.; Delgado, F.; Sánchez-Recillas, A.; Estrada-

Soto, S.; Vázquez, M. A. Med. Chem. Res. 2017, 26, 1325-1335. 

https://doi.org/10.1007/s00044-017-1853-6 

14. Barnes, D. M.; Christesen, A. C.; Engstrom, K. M.; Haight, A. R.; Hsu, M. C.; Lee, E. C.; Peterson, M. J.; Plata, 

D. J.; Raje, P. S.; Stoner, E. J.; Tedrow, J. S.; Wagaw, S. Org. Process Res. Dev. 2006, 10, 803-807. 

https://doi.org/10.1021/op0600557 

15. Oizumi, K.; Nishino, H.; Koike, H.; Sada, T.; Miyamoto, M.; Kimura, T. Jpn. J. Pharmacol. 1989, 51, 57-64. 

https://doi.org/10.1254/jjp.51.57 

16. Maetani, M.; Zoller, J.; Melillo, B.; Verho, O.; Kato, N.; Pu, J.; Comer, E.; Schreiber, S. L. J. Am. Chem. Soc. 

2017, 139, 11300-11306. 

https://doi.org/10.1021/jacs.7b06994 

17. Couty, F.; Drouillat, B.; Lemée, F. Eur. J. Org. Chem. 2011, 794-801. 

https://doi.org/10.1002/ejoc.201001375 

18. Schmid, S. C. ; Guzei, I. A, Schpmaker, J. Angew. Chem. Int. Ed. 2017, 56, 12229-12233. 

https://doi.org/10.1002/anie.201705202 

19. Bornschein, C.; Lennox, A. J. J.; Werkmeister, S.; Junge, K.; Beller, M. Eur. J. Org. Chem. 2015, 1915-1919. 

https://doi.org/10.1002/ejoc.201403655 

20. Kværnø, L.; Werder, M.; Hauser, H.; Carreira. E. M. J. Med. Chem. 2005, 48, 6035-6053. 

https://doi.org/10.1021/jm050422p 

21. Prasad, B. A. B.; Bisai, A.; Singh, V. K. Org. Lett. 2004, 6, 4829-4831. 

https://doi.org/10.1021/ol048161l 

22. Fernandez-Megia, E.; Montaos, M. A. ; Sardina, F. J. J. Org. Chem. 2000, 65, 6780-6783. 

https://doi.org/10.1021/jo000732+ 

23. Ghorai, M. K. ; Das, K. ; Kumar, A. Tetrahedron Lett. 2007, 48, 2471-2475. 

https://doi.org/10.1016/j.tetlet.2007.02.033 

24. Amongero, M.; Kaufman, T. S. Tetrahedron Lett. 2013, 54, 1924-1927. 

http://dx.doi.org/10.1016/j.tetlet.2013.01.090 

25. Ding, F.; William, R.; Kock, S. M.; Leow, M. L.; Liu, X. W. Chem. Commun. 2015, 51, 4639-4642. 

https://doi.org/10.1039/C4CC09904D 

26. Sulmon, P.; De Kimpe, N.;  Schamp, N. J. Chem. Soc., Chem. Commun.1985, 715-716. 

https://doi.org/10.1039/C39850000714 

27. De Kimpe, N. ; Boeykens, M. Tetrahedron, 1998, 54, 2619-2630. 

https://doi.org/10.1016/S0040-4020(98)00024-6 

28. Hillier, M.C.; Chen, C.-Y. J. Org. Chem. 2006, 71, 7885-7887. 

https://doi.org/10.1021/jo061147x  

http://dx.doi.org/10.1021/acs.jmedchem.6b00597
https://doi.org/10.1021/acs.jmedchem.7b01531
https://doi.org/10.1021/op0600557
https://doi.org/10.1254/jjp.51.57
https://doi.org/10.1021/jacs.7b06994
https://doi.org/10.1002/ejoc.201001375
https://doi.org/10.1002/anie.201705202
https://doi.org/10.1002/ejoc.201403655
https://doi.org/10.1021/jm050422p
https://doi.org/10.1021/ol048161l
https://doi.org/10.1021/jo000732+
https://doi.org/10.1039/C4CC09904D
https://doi.org/10.1039/C39850000714
https://doi.org/10.1016/S0040-4020(98)00024-6
https://dx.doi.org/10.1021/jo061147x


Arkivoc 2022, v, 0-0   Kaabi,  A. et al. 

 

 Page 11  ©AUTHOR(S) 

29. Berger, G. ; Fusaro, L.; Luhmer, M. ; der Lee, A. ; Crousse, B. ; Meyer, F. Tetrahedron Lett. 2014, 55, 6339-

6342. 

https://doi.org/10.1016/j.tetlet.2014.09.105 

30. Kenis, S.; D’hooghe, M.; Verniest, G.; Thi, T. A. D.;The, C. P.; Nguyen,T. V.; De Kimpe, N. J. Org. Chem. 

2012, 77, 5982–5992. 

https://doi.org/10.1021/jo300694y 

31. Quinodaz, P.; Drouillat, B.; Wright, K.; Marrot, J.; Couty, F. J. Org. Chem. 2016, 81, 2899-2910. 

https://doi.org/10.1021/acs.joc.6b00169 

32. Stankovic, S.; D’hooghe, M.; Dewulf, J.; Bogaert, P.; Jolie, R.; De Kimpe, N. Terahedron Lett. 2011, 52, 4529-

4532. 

https://doi.org/10.1016/j.tetlet.2011.06.062 

33. Medjahdi, M.; Gonzalez-Gomez, J. C.; Foubelo, F.; Yus, M. J. Org. Chem. 2009, 74, 7859-786523. 

https://doi.org/10.1021/jo9016666 

34. Kern, N. ; Felten, A.-S. ; Weibel, J.-M. ; Pale, P. ; Blanc, A. Org. Lett. 2014, 16, 6104-6107. 

https://doi.org/10.1021/ol5029496 

35. Denis, J. B. ; Masson, G.; Retailleau, P.; Zhu, J. Angew. Chem. Int. Ed. 2011, 50, 5356-5360. 

https://doi.org/10.1002/anie.201100706 

36. Senter, T. J.; O’Reilly, M. C.; Chong, K. M.; Sulikowski, G. A.; Lindsley, C. W. Tetrahedron Lett. 2015, 56, 

1276-1279. 

https://doi.org/10.1016/j.tetlet.2015.01.140  

37. Guo, S.; Xie, Y.; Hu, X.; Xia, C.; Huang, H. Angew. Chem. Int. Ed. 2010, 49, 2728 -2731. 

https://doi.org/10.1002/anie.200907320 

38. Agami, C. ; Couty, F.; Evano, G. Tetrahedron: Asymmetry 2002, 13, 297-302. 

https://doi.org/10.1016/S0957-4166(02)00076-9 

39. Couty, F.; Drouillat, B.; Evano, G.; David, O. Eur. J. Org. Chem. 2013, 2045-2056. 

https://doi.org/10.1002/ejoc.201201685 

40. Braüner-Osborne, H.; Bunch, L.; Chopin, N.; Couty, F.; Evano, G. Jensen, A. A.; Kusk, M.; Nielsen, B.; 

Rabasso, N. Org. Biomol. Chem., 2005, 3, 3926-3936. 

https://doi.org/10.1039/B509514J 

41. Sahtel, S.; Tabarki, M. A.; Campagne, J-M·; Vrancken, E. ; Besbes, R. Chemistry Africa, 2021, 4, 15–22 and 

references cited therein. 

https://doi.org/10.1007/s42250-020-00196-7 

42. Besbes, R. ; Ennigrou, M. R. Synth. Commun, 2004, 34, 2185-2194. 

https://doi.org/10.1081/SCC-120038499 

43. Driessche, B. V.; Brabandt, W. V.; D’hooghe, M.; Dejaegher, Y.; De Kimpe, N. Tetrahedron 2006, 62, 6882–

6892. 

https://doi.org/10.1016/j.tet.2006.04.104 

 

 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/) 

https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://www.sciencedirect.com/science/article/pii/S0040403914016323#!
https://doi.org/10.1016/j.tetlet.2014.09.105
https://doi.org/10.1021/jo300694y
https://dx.doi.org/10.1021/acs.joc.6b00169
https://doi.org/10.1016/j.tetlet.2011.06.062
https://doi.org/10.1021/jo9016666
https://doi.org/10.1021/ol5029496
https://doi.org/10.1002/anie.201100706
http://doi.org/10.1016/j.tetlet.2015.01.140
https://doi.org/10.1002/anie.200907320
https://www.sciencedirect.com/science/article/pii/S0957416602000769#!
https://www.sciencedirect.com/science/article/pii/S0957416602000769#!
https://www.sciencedirect.com/science/article/pii/S0957416602000769#!
https://doi.org/10.1016/S0957-4166(02)00076-9
https://doi.org/10.1039/B509514J
http://dx.doi.org/10.1007/s42250-020-00196-7
https://doi.org/10.1081/SCC-120038499
https://doi.org/10.1016/j.tet.2006.04.104
http://creativecommons.org/licenses/by/4.0/

