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1. Introduction 

The isoxazolidine ring is an important structural fragment of 

natural compounds and biologically active substances.
1
 

Isoxazolidine derivatives exhibit a wide range of 

pharmacological properties, in particular antiviral,
2
 antibacterial

3
 

and antitumor
4
 activities. It should be noted that the formation of 

intramolecular hydrogen bonds has a pronounced effect on the 

binding ability of these compounds with enzymes or receptors 

and also their membrane permeability, water solubility, and 

lipophilicity.
5
 Isoxazolidines are valuable intermediates because 

the N-O bond can be easily cleaved under mild reducing 

conditions to afford 1,3-aminoalcohols, which themselves are 

highly valuable synthetic building blocks in the synthesis of 

analogues of natural compounds: e.g. alkaloids and β-lactam 

antibiotics.
6a

 One of the most convenient and widely studied 

methods for the synthesis of substituted isoxazolidines is the 1,3-

dipolar cycloaddition of nitrones to the C=C double bond.
6
 The 

undoubted advantage of this method is the possibility of 

selectively obtaining a molecule containing several stereocenters.  

In addition, indole and pyrrole derivatives can react with 

dipoles giving a wide range of products depending on the 

structures of the reagents and the reaction conditions. Indole and 

pyrrole fragments, due to their high nucleophilicity, directly react 

with 1,3-dipoles giving products of alkylation
7
 or cycloaddition

8
 

as well as activating conjugated multiple bonds for 1,3-dipolar 

cycloaddition. Recently, we investigated the reactions of N-

vinylpyrroles and indoles with 1,3-dipoles (nitrones, nitrile 

oxides, azomethine imines). It has been shown that in the absence 

of a catalyst, the reaction proceeds to give the corresponding 

(3+2)-cycloadducts in good yields via reaction of the vinyl 

double bond.
9
 However, in the case of nitrones and azomethine 

imines in the presence of Lewis acids, a change of reaction path 

was observed and polycyclic products of formal (3+3)-

cycloaddition were obtained instead of adducts of 1,3-dipolar 

cycloaddition.
10

 It should be noted that these reactions are not 

only an effective method for the construction of heterocyclic 

systems including the pyrrole ring, but they are also of interest 

for theoretical investigations of the details of the 1,3-dipolar 

cycloaddition mechanism.
11

 Previously, we investigated only N-

vinylpyrroles and indoles without any substituents on the vinyl 

double bond
9
 or N-propadienyl heterocycles.

12
 The only known 

example of the reaction of indolylacrylate with 1,3-dipoles is a 

catalytic reaction with an azomethine imine.
13 

 It is known that 

both steric and electronic factors are important to the regio-

selectivity of the 1,3-dipolar cycloaddition of unsymmetrical 

dipolarophiles. Aldonitrones add to variously substituted 

acrylates to give 4- or 5-isoxazolidinecarboxylates
14

. Also, the 

presence of an ethoxycarbonyl group raises the diversity of the 

synthesized products.  

The aim of this work is the detailed experimental study of the 

reactions of indolyl- and pyrrolylacrylates with nitrones as a 

highly efficient way to synthesise indolyl- and pyrrolyl-

substituted isoxazolidinecarboxylates. The study is supported by 
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theoretical investigations of the nature and energies of 

intramolecular hydrogen bonding (N–H···N and С–H···O) which 

is responsible for the conformation of the resulting compounds 

and the testing of their antiviral activity. 

2. Results and Discussion 

Our study began with an investigation of the reactions of 

indolyl- and pyrrolylacrylates 1-3 with highly reactive C-

carbamoylnitrones 4a-d. The reactions were carried out at 110 °C  

Inspection of the crystallographic data suggests the presence 

of intramolecular hydrogen bonding (N–H···N and С–H···O) 

which is responsible for the conformation of 5a in the solid state, 

viz. N(25)–H···N(2), С(17)–H···O(13), and С(31)–H···O(13). 

Indeed, the observed distances H···N (2.187 Å) and H···O (2.304 

and 2.621 Å) are shorter than the sum of Bondi’s
16

 vdW radii for 

the appropriate atoms (2.75 and 2.72 Å, respectively). Taking 

into account the significance of such weak contacts,
5
 additional 

structural analysis through a computational study was desirable. 

 

Table 1. Reactions of acrylates 1-3 with nitrones 4a-d. 

 

 

 

 

 

 

No Acrylate Nitrone R1 R2 R3 R4 R5 Product Time (h) Isolated yield (%) 

1 1 4a -(CH)4- H Ph H 5a 30 98 

2 1 4b -(CH)4- H p-Tol H 5b 20 92 

4 1 4c -(CH)4- H p-Tol OMe 5c 60 76 

3 1 4d -(CH)4- H Me H 5d 100 62 

5 2 4a -(CH)4- Me Ph H 5e 30 86 

6 2 4b -(CH)4- Me p-Tol H 5f 30 67 

7 2 4c -(CH)4- Me p-Tol OMe 5g 60 78 

8 3 4a p-Cl-C6H4 H H Ph H 5h 30 60 

9 3 4b p-Cl-C6H4 H H p-Tol H 5i 30 75 

 

in toluene for 20-100 hours. The reactions proceeded regio- and 

diastereoselectively resulting in good to excellent yields of 5-

indolyl- or pyrrolyl-substituted isoxazolidinecarboxylates as 

single diastereomers in all cases (Table 1). The 
1
H NMR spectra 

of the crude reaction mixtures did not contain signals of any 

other regio- or diastereoisomers. The structure of all adducts 

were established on the basis of spectroscopic data, and the 

relative configuration of adduct 5a was confirmed using single 

crystal X-ray diffraction analysis (Fig. 1).
15  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. X-ray crystal structure of 5a. 

In order to confirm or deny the existence of these weak contacts 

and quantify their energies from a theoretical point of view, we 

carried out DFT calculations and performed a topological 

analysis of the electron density distribution within the framework 

of Bader's theory (QTAIM method)
17

 for model structure 5a (see 

ESI for details; this methodology has already been successfully 

used by us previously).
18

  

The QTAIM analysis demonstrates the presence of 

appropriate bond critical points (BCP’s) (3, –1) for 

intramolecular hydrogen bonding N–H···N and С–H···O in the 

optimized equilibrium structure of 5a (Table S1, Fig. S1, ESI). 

The energies for these contacts were defined according to the 

procedures proposed by Espinosa and co-workers
19

 and Vener 

and co-workers
20

 (Table S1, ESI), and one can state that these 

non-covalent interactions can be classified as weak (С–H···O, 

2.2–4.1 kcal/mol) and moderate (N–H···N, 5.6–5.7 kcal/mol) 

strength hydrogen bonding mainly due to electrostatics following 

the classification of Jeffrey
21

 (“weak”: <4 kcal/mol, “moderate”: 

15–4 kcal/mol, “strong”: 40–15 kcal/mol).  

Next, we investigated the reaction of acrylate 1 with other 

aldonitrones – C,N-diarylnitrones 6a-c. These nitrones were less 

reactive towards indolylacrylate 1 (Table 2). The reaction 

required prolonged heating and gave only moderate yields of the 

5-indolyl-substituted isoxazolidine carboxylates. In the case of 

nitrone 6a, 3% of the minor diastereomer 7a' was isolated from 

the reaction mixture as well as the main product 7a. The relative 

configuration of adducts 7a and 7a' were additionally confirmed 
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Table 2. Reactions of acrylate 1 with nitrones 6a-c. 

 

 

 

 

 

Entry Nitrone R Products Time (h) Isolated yield (%) 

1 6a H 7a, 7a' 100 30 (7a), 3 (7a') 

2 6b Cl 7b 100 50 

3 6c OMe 7c 80 25 

 

using their
 1
Н–

1
Н NOESY spectra in which a cross-peak for the 

protons in the C
3
- and C

5
-positions of the isoxazolidine ring in 

structure 7a  was observed.  

An alteration of the reaction path in the presence of Lewis 

acids had been shown in our previous work for the reaction of 

C,N-diarylnitrones and N-vinylpyrroles.
10

 An attempt was made 

to use nickel(II) perchlorate in the reaction of pyrrolylacrylate 3 

with nitrone 6c. However, in this case, only decomposition of the 

starting nitrone occurred and the formation of any type of 

cycloadducts was not observed. 

Cleavage of the N–O bond of isoxazolidines using a variety of 

reducing agents is a powerful tool in organic synthesis.  

Depending on the structure of the isoxazolidine these methods 

allow a wide range of both cyclic and open-chain products to be 

obtained.
9a, 23

 To investigate the synthetic utility of the obtained 

adducts, two of them were subjected to treatment with Zn/AcOH. 

Cycloadduct 5b underwent isoxazolidine ring opening giving 

aminoalcohol 10 (Scheme 1). 

 

 

Table 3. Reactions of acrylate 1 with nitrones 8a-c. 

 

 

 

 

 

 

Entry Nitrone R Product Time (h) Isolated yield (%) 

1 8a H 9a 40 68 

2 8b Cl 9b 40 82 

3 8c Me 9c 40 77 

 

It is known that the selectivity of cycloaddition with 

ketonitrones may differ from aldonitrones due to increased steric 

hindrance.
12, 22

 We investigated the cycloaddition of acrylate 1 

with N-aryl-C,C-bis(methoxycarbonyl)nitrones 8a-c. The 

reaction proceeded well, giving good yields of 5-indolyl-

substituted isoxazolidinecarboxylates 9a-c. 

Thereby, it has been established that the cycloaddition 

reactions of indolyl- and pyrrolylacrylates with different types of 

nitrones proceeds regioselectively giving 5-indolyl- or pyrrolyl-

substituted isoxazolidinecarboxylates. To achieve complete 

conversion of the starting nitrone, much longer heating was 

required than for reactions with N-vinylindoles and pyrroles. In 

the case of aldonitrones, the reaction proceeds 

stereoselectively.
9a-c

 Moreover, when using nitrones containing 

electron-withdrawing substituents at the carbon atom, the 

reaction proceeds faster, giving higher yields of cycloadducts. 

 

 

 

 

 

 

 

Scheme 1. Reduction of isoxazolidine 5b. 

The structure of aminoalcohol 10 was confirmed using single 

crystal X-ray diffraction analysis (Fig. 2).
24

 

Under the action of Zn/AcOH at room temperature, product 

9b containing two ester groups at the C
3
-atom of the 

isoxazolidine ring underwent isoxazolidine ring opening to form 

diastereomeric lactones 11 and 11' (Scheme 2). 
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Figure 

2. X-ray crystal structure of 10. 

 

 

 

 

 

 

 

 

 

Scheme 2. Reduction of isoxazolidine 9b. 

The relative configurations of lactones 11 and 11' were 

determined by 
1
Н–

1
Н NOESY spectra. The spectrum of 

compound 11' contains a cross-peak for the proton of the amino 

group and the proton at the C
5
-atom of the lactone (see ESI). 

Compounds 5a-c and 5e-g were tested for their cytotoxicity 

with respect to the MDCK cell line and their inhibition activity 

against influenza virus A/Puerto Rico/8/34 (H1N1) (Table 4). 

Table 4. Cytotoxicity and virus-inhibiting properties of indolyl- 

and pyrrolyl-substituted isoxazolidine carboxylates against the 

influenza virus A/Puerto Rico/8/34 (H1N1) in MDCK cells. 

Substance CC50 (µM) a IC50 (µM) b SI c 

5a 658±31 20±3 32 

5b >638 83±9 8 

5c 600±51 600±69 1 

5e 638±35 183±21 3 

5f 620±42 620±71 1 

5g 584±39 49±6 12 

Rimantadine 264±21 39±6 7 

a 50% Cytotoxicity Concentration (μM). 
b 50% Inhibiting Concentration (μM). 
c Selectivity Index (CC50/IC50) 

All compounds tested displayed comparatively low toxicity; 

their CC50 values were in the range of hundreds of micromoles or 

higher. Their virus-inhibiting activity varied from completely 

inactive (5c, 5e, 5f) to moderately high (5a, IC50=20 µM, SI=32). 

Thus, two of the six compounds tested demonstrated SI higher 

than 10, indicating that they could undergo further optimization 

and development as potential anti-influenza drugs. 

It should be also noted that the virus A/Puerto Rico/8/34 

(H1N1) used for screening is resistant to adamantane-based 

antivirals, amantadine and rimantadine. These compounds block 

viral replication by inhibiting the activity of virus-specific proton 

channel M2 thus preventing dissociation of a viral genome within 

the cytoplasm. The reference drug rimantadine was inactive 

against this virus (Table 4) while compound 5a demonstrated 

high anti-viral potential. This suggests that it utilizes a target 

other than M2 and therefore may represent a novel class of anti-

viral compounds with alternative target(s) and mode of action. 

3. Conclusion 

The reaction of indolyl- and pyrrolylacrylates with various 

nitrones proceeds regio- and stereoselectively via 1,3-dipolar 

cycloaddition, and represents an efficient way to synthesise 5-

indolyl- or pyrrolyl-substituted isoxazolidinecarboxylates 

exhibiting promising in vitro anti-influenza activity. The 

resulting cycloadducts are stabilized by weak (С–H···O) and 

moderate (N–H···N) strength intramolecular hydrogen bonding 

and can be reduced using Zn/AcOH to give 1,3-aminoalcohols or 

lactones containing amino- and carboxyl functionality. 

Acknowledgments 

We gratefully acknowledge the financial support from the 

Russian Foundation for Basic Research (projects No 16-33-

00614 and 16-33-60063). NMR, HRMS and XRD studies were 

performed at the Saint Petersburg State University Center for 

Magnetic Resonance, Center for Chemical analysis and materials 

research and X-Ray Diffraction Center, respectively. 

References and notes 

1.  Berthet M, Cheviet T, Dujardin, G, Parrot I, Martinez J. Chem. Rev. 

2016;116:15235. 

2.  (a) Loh B, Vozzolo L, Mok BJ, Lee CC, Fitzmaurice RJ, Caddick S, 
Fassati A. Chem. Biol. Drug Des. 2010;75:461; (b) Lynch CL, Gentry 

AL, Hale JJ, Mills SG, MacCoss M, Malkowitz L, Springer MS, Gould 
SL, DeMartino JA, Siciliano SJ,  Cascieri MA, Doss G, Carella A., 

Carver G, Holmes K, Schleif WA, Danzeisen R, Hazuda D, Kessler J, 

Lineberger J, Miller M, Emini E. Bioorg. Med. Chem. Lett. 2002;12:677; 
(c) Sirotkina EV, Efremova MM, Novikov AS, Zarubaev VV, 

Orshanskaya IR, Starova GL, Kostikov RR, Molchanov AP. Tetrahedron 

2017;73:3025. 
3.  (a) Raunak, Kumar V, Mukherjee S. Pooman, Prasad AK, Olsen CE, 

Schäffer SJC, Sharma SK, Watterson AC, Errington W, Parmar VS. 

Tetrahedron 2005;61:5687; (b) Sadashiva MP, Malleshha H, Hitesh NA, 
Rangappa KS. Bioorg. Med. Chem. 2004;12:6389; (c) Nora GP, Miller 

  ,   llmann U. Bioorg. Mmed. Chem. Lett. 2006;16:3966. 

4.  (a) Bortolini O, De Nino A, Eliseo T, Gavioli R, Maiuolo L, Russo B, 
Sforza F. Bioorg. Med. Chem. 2010;18:6970; (b) Piotrowska DG, 

Cieślak  , Królewska K, Wróblewski AE. Arch. Pharm. Chem. Life Sci. 

2011;11:301; (c) Rescifina A, Varrica MG, Carnovale C, Romeo G, 
Chiacchio U. Eur. J. Med. Chem. 2012;51:163; (d) Rescifina A, 

Chiacchio U, Corsaro A, Piperno A, Romeo R. Eur. J. Med. Chem. 

2011;46:129. 
5.  (a) Kuhn B, Mohr P, Stahl M. J. Med. Chem. 2010;53:2601; (b) 

Giordanetto F, Tyrchan C, Ulander J. ACS Med. Chem. Lett. 2017;8:139. 

6.  (a) Jones RCF, Martin JN. In Synthetic Application of 1,3-Dipolar 
Cycloaddition Chemistry Toward Heterocycles and Natural Products; 

Padwa, A., Pearson, W. H., Eds.; Wiley: New York, 2002; (b) Grigor’ev 

I.A. Nitrile oxides, nitrones, and nitronates in organic synthesis; Novel 
Strategies in Synthesis; Editor H. Feier; Wiley: New York, 2008, p. 129; 

(с) Gothelf KV,  ørgensen KA. Chem. Rev. 1998;98:863; (d) Hashimoto 

T, Maruoka K. Chem. Rev. 2015;115:5366; (e) Singh MS, Chowdhury S, 
Koley S. Tetrahedron 2016;72:1603. 

7.  (a) Chalaye-Mauger H, Denis J-N, Averbuch-Pouchot M-T, Vallée Y. 

Tetrahedron 2000;56:791; (b) Berini C, Minassian F, Pelloux-Léґon N, 
Vallée Y. Tetrahedron Lett. 2005;46:8653; (c) Denis J-N, Mauger H, 

Vallée Y. Tetrahedron Lett. 1997;38:8515; (d) Burchak ON, Le Pihive E, 

Maigre L, Guinchard X, Bouhours P, Jolivalt C, Schneider D, Maurin M, 
Giglione C, Meinnel T, Paris J-M, Denis J-N. Bioorg. Med. Chem. 

2011;19:3204; (e) Berini C, Minassian F, Pelloux-Léґon N, Denis J-N, 

Vallée Y., Philouze C. Org. Biomol. Chem. 2008;6:2574; (f) Murat-



  

 5 
Onana ML, Berini C, Minassian F, Pelloux-Léґon N, Denis J-N. Org. 

Biomol. Chem. 2010;8:2204.  
8.  (a) Lee S, Diab S, Queval P, Sebban M, Chataigner I, Piettre SR. Chem. 

Eur. J. 2013, 19, 7181; (b) Liu X, Yang D, Wang K, Zhang J, Wang R. 

Green Chem., 2017, 19, 82; (c) Muthusamy S, Gunanathan C, Suresh E. 
Tetrahedron 2004;60:7885; (d) Shimada N, Oohara T, Krishnamurthi J, 

Nambu H, Hashimoto S. Org. Lett. 2011;13:6284; (e) Bruche L, Zecchi, 

G. J. Org. Chem. 1983;48:2773; (f) Caramella P, Coda Corsico A, 
Corsaro A, Del Monte D, Albini FM. Tetrahedron 1982;38:173; (g) 

Benincori T, Sannicolo F, Trimarco L, Bonati L, Grandi S, Pitea D, Gatti 

C. J. Phys. Org. Chem. 1998;11:455; (h) Liu H, Zheng C, You S-L. J. 
Org. Chem. 2014;79:1047; (i) Awata A, Arai T. Angew. Chem. Int. Ed. 

2014;53:10462; (j) Gerten AL, Stanley LM. Org. Chem. Front. 

2016;3:339. 
9.  (a) Molchanov AP, Savinkov RS, Stepakov AV, Starova GL, Kostikov 

RR, Barnakova VS, Ivanov AV. Synthesis 2014;46:771; (b) Molchanov 

AP, Sirotkina EV, Efremova MM, Kostikov RR, Ivanov AV, 
Shcherbakova VS. Russ. J. Org. Chem. 2015;51:640; (c) Efremova MM, 

Kostikov RR, Larina AG, Molchanov AP. Russ. J. Org. Chem. 

2017;53:246; (d) Efremova MM, Molchanov AP, Stepakov AV, 

Kostikov RR, Shcherbakova VS, Ivanov AV. Tetrahedron 2015;71:2071;  

10. Efremova MM, Kostikov RR, Stepakov AV, Panikorovsky, TL, 

Shcherbakova VS, Ivanov AV, Molchanov AP. Tetrahedron 
2017;73:671. 

11. (a) Domingo LR, Emamian S, Salami M, Rios-Gutiérrez J. Phys. Org. 
Chem. 2016;29:368; (b) Ríos-Gutiérrez M, Chafaa F, Nacereddine AK, 

Djerourou A, Domingo LR. J. Mol. Graphics and Modelling 

2016;70:296; (c) Modanlou F, Hamzehloueian M. J. Struct. Chem. 
2018;29:9. 

12.  Efremova MM, Novikov AS, Kostikov RR, Panikorovsky TL, Ivanov 

AV, Molchanov AP. Tetrahedron, 2018;74:174. 
13.  Yang Q-L, Xie M-S, Xia C, Sun H-L, Zhang D-J, Huang K-X, Guo Z, 

Qu G-R, Guo H-M. Chem. Commun. 2014;50:14809. 

14. (a) Huisgen, R. Angew. Chem. Intern. Ed. 1963; 2: 565; (b) Iannazzo D, 
Piperno A, Romeo G, Romeo R, Chiacchio U, Rescifina A, Balestrieri E, 

Macchi B, Mastino A, Cortese R. Bioorg. Med. Chem. 2008; 16: 9610; 

(c) Kashima C, Tsuzuki A, Tajima T. J. Heterocycl. Chem. 1984, 21:201; 

(d) Delpierre GR, Lamchen M. J. Chem. Soc., 1963; 4693. 

15. Suitable crystals were obtained from hexane/diethyl ether. 

Crystallographic data for compound 5a have been deposited at the 
Cambridge Crystallographic Data Centre (Deposition No. CCDC 

1819729) and can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_request/cif. 
16.  (a) Bondi A. J. Phys. Chem. 1966;70:3006; (b) Bondi A. J. Phys. Chem. 

1964;68:441. 

17.  Bader RFW. Chem. Rev. 1991;91:893. 
18. (a) Serebryanskaya TV, Novikov AS, Gushchin PV, Haukka M, Asfin 

RE, Tolstoy PM, Kukushkin VYu. Phys. Chem. Chem. Phys. 

2016;18:14104; (b) Anisimova TB, Kinzhalov MA, Kuznetsov ML, 
Guedes da Silva MFC, Zolotarev AA, Kukushkin VYu, Pombeiro AJL, 

Luzyanin KV. Organometallics 2016; 35:3612; (c) Mikhaylov VN, 

Sorokoumov VN, Korvinson KA, Novikov AS, Balova IA. 
Organometallics 2016;35:1684; (d) Bolotin DS, Il'in MV, Novikov AS, 

Bokach NA, Suslonov VV, Kukushkin VYu. New J. Chem. 

2017;41:1940; (e) Kulish KI, Novikov AS, Tolstoy PM, Bolotin DS, 
Bokach NA, Zolotarev AA, Kukushkin VYu. J. Mol. Struct. 

2016;1111:142; (f) Kinzhalov MA, Novikov AS, Chernyshev AN, 

Suslonov VV. Z. Kristallogr. Cryst. Mater. 2017;232:299; (g) 
Afanasenko AA, Avdontceva MS, Novikov AS, Chulkova TG. Z. 

Kristallogr. Cryst. Mater. 2016;231:435; (h) Melekhova AA, Novikov 

AS, Luzyanin KV, Bokach NA, Starova GL, Gurzhiy VV, Kukushkin 
VYu. Inorg. Chim. Acta. 2015;434:31; (i) Ivanov DM, Novikov AS, 

Starova GL, Haukka M, Kukushkin VYu. CrystEngComm 2016;18:5278. 

19.  Espinosa E, Molins E, Lecomte C. Chem. Phys. Lett. 1998;285:170. 
20.  Vener MV, Egorova AN, Churakov AV, Tsirelson VG. J. Comput. 

Chem. 2012;33:2303. 

21. Steiner T. Angew. Chem. Int. Ed. 2002;41:48. 
22.  Malinina J, Tran TQ, Stepakov AV, Gurzhiy VV, Starova GL, Kostikov 

RR, Molchanov AP. Tetrahedron Lett. 2014;55:3663. 

23.  (a) Tran TQ, Diev VV, Molchanov AP. Tetrahedron. 2011;67:2391; (b) 
Aouadi K, Msaddek M, Praly J-P. Tetrahedron 2012; 68: 1762; (c) 

Chakraborty C, Vyavahare VP, Dhavale, DD. Tetrahedron 

2007;63:11984; (d) Aschwanden P, Geisser RW, Kleinbeck F, Carreira 
EM. Org. Lett. 2005;7:5741; (e) Lahiri R, Palanivel A, Kulkarni SA, 

Vankar YD, J. Org. Chem. 2014;79:10786; (f) Molander GA, Cavalcanti 

LN. Org. Lett. 2013;15:3166. 
24. Suitable crystals were obtained from ethanol. Crystallographic data for 

compound 10 have been deposited at the Cambridge Crystallographic 

Data Centre (Deposition No. CCDC 1585812) and can be obtained free 

of charge via www.ccdc.cam.ac.uk/data_request/cif. 

Supplementary Material 

Experimental procedures, characterization data, 
1
H, 

13
C NMR 

spectra of new compounds; results of QTAIM analysis (Table 

S1); Cartesian atomic coordinates for the optimized equilibrium 

geometry of 5a (Table S2). Supplementary data associated with 

this article can be found in the online version, at doi: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif


  

Tetrahedron 6 
 

 

 

 Aldo- and ketonitrones add to indolyl- and 

pyrrolylacrylates with high regioselectivity 

 In case of aldonitrones the addition 

proceeds with high diastereoselectivity 

 1,3-cycloaddition is an efficient method  

synthesise isoxazolidinecarboxylates 

 Isoxazolidinecarboxylates reduce by 

Zn/AcOH to 1,3-aminoalcohols or lactones 

 

 

 

 


