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Recent synthetic methods towards 3,6-dihydro-2H-1,2-oxazines are reviewed. This Focus covers selected 

examples on the synthesis of 3,6-dihydro-2H-1,2-oxazines that can be grouped in the following categories: 

(4+2) cycloadditions, tandem reactions, formal (3+3) cycloadditions, and ring-closing metathesis. 
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The title heterocycle can be obtained by Diels–Alder 

chemistry starting with nitroso compounds and conjugated 

dienes (or their equivalents) including dendralenes,4 

borodienes,5 sterically hindered dienes,6 AuCl3-activated 

allenes,7 and solid phase-supported substrates.8 Phosphory-

lated nitrosoalkenes were showed to react either as hetero-

diene or as dienophile.9 In 2015, Masson described a highly 

regio-, diastereo-, and enantioselective approach with chiral 

phosphoric acids as bifunctional catalysts used in the 

reaction of carbamate-dienes and nitrosoarenes.10 More 

recently, Cu(I)–DTBM–Segphos-catalyzed asymmetric 

synthesis of 1,2-oxazines from variously substituted cyclic 

1,3-dienes was reported by Maji and Yamamoto.11 For 

example, symmetrical dienes and pyrimidine- or pyridazine-

derived nitroso compounds provided products in high 

yields (>90%) and excellent enantioselectivities. 

Although the first synthesis of the parent heterocycle has 

been reported in 1947,1 the synthesis of functionalized analogs 

has attracted considerable attention in the last decade. The 

structure of the title compound opens several possibilities 

for further functionalization including (stereoselective) 

transformations of the C=C bond and the reductive N–O 

bond cleavage leading to tetrahydro-1,2-oxazines and 

1,4-amino alcohols,2 respectively. For this reason, 3,6-di-

hydro-2H-1,2-oxazines are considered as extremely useful 

building blocks for the preparation of more complex com-

pounds of biological importance.3 Here, more recent strate-

gies towards 3,6-dihydro-2H-1,2-oxazines are summarized. 

Introduction 

(4+2) Cycloaddition 

* Здесь и далее в номере фамилия автора, с которым следует вести переписку, отмечена звездочкой. 
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In a series of papers by Ley's group (S)-pyrrolidinyltetra-

zole was used for highly enantioselective -aminoxylation 

of achiral carbonyl compounds.12 Aminooxy carbonyl 

compounds generated in the first stage undergo base-

promoted aza-Michael addition to phosphonium salt, 

followed by cyclization of the respective ylide via 

intramolecular Wittig reaction to give 1,2-oxazine. 

Similar one-pot approach to trans-3,6-substituted 1,2-oxa-

zines was reported by Sun and Lin using L-proline and the 

Hayashi–Jørgensen's pyrrolidine as a dual organocatalytic 

system for highly asymmetric -aminoxylation / aza-

Michael / aldol condensation cascade reaction.13 In this 

case, the intermediate analogous to that generated by Ley's 

method (aminooxy carbonyl compound) undergoes aza-

Michael addition to -unsaturated aldehyde through 

iminium catalysis, followed by aldol-type cyclization via 

enamine catalysis. 

More recently, a general and efficient method for the 

preparation of 4,6-dioxo-1,2-oxazine ring through a tandem 

nucleophilic addition of organozinc reagents to a properly 

functionalized nitrones followed by transesterification was 

reported by Lei and coworkers.14 This procedure opened up 

an easy access to unique heterocyclic scaffold present in 

natural antibiotics alchivemycin A and B. 

A gold(I)-catalyzed (3+3) cyclization of 2-(1-alkynyl)-

2-alkenones with nitrones leading to highly substituted 

fused furo[3,4-d][1,2]oxazines has been reported in 2009.15 

The reaction proceeds via initially formed furanyl gold 

complex, which is trapped by the nitrone to afford products 

after subsequent cyclization. The latter could be easily 

converted into 4,5-diacylated 1,2-oxazines in a chemo-

selective manner using cerium(IV) ammonium nitrate (CAN). 

 

Another approach to bicyclic 3,6-dihydro-2H-1,2-oxazines 

was reported by Reissig and coworkers.16 Highly diastereo-

selective nucleophilic addition of lithiated alkoxyallene to 

enantiopure cyclic nitrones yields the corresponding allenyl 

hydroxylamines, which smoothly cyclize to N-bridged 

products in high yield. These compounds were used for the 

preparation of natural pyrrolizidine alkaloids australine and 

casuarine.17 

 

An easy access to enantiopure 3,6-dihydro-2H-1,2-oxazi-

nes by (3+3) annulation of aldonitrones and electrophilic 

vinylcarbenes derived from appropriate diazo precursors 

was developed by Doyle and coworkers.18 In more recent 

work, enoldiazoacetamides were demonstrated as a suitable 

source of carbenes, which were generated in the presence 

of copper(I) tetrafluoroborate / bisoxazoline complex as a 

catalyst.19 The reaction was performed under exceptionally 

mild conditions to afford title cycloadducts in excellent 

yield of >90% and highly enantioselective fashion. 

Tandem reactions 

Formal (3+3) cycloadditions 



 

145 

Chem. Heterocycl. Compd. 2016, 52(3), 143–145 [Химия гетероцикл. соединений 2016, 52(3), 143–145] 

Financial support by the Ministry of Science and Higher 

Education (Republic of Poland; grant Iuventus Plus no 

IP2014 017173) is gratefully acknowledged. 

References 

1. Wichterle, O. Collect. Czech. Chem. Commun. 1947, 12, 292. 

2. (a) Vogt, P. F.; Miller, M. J. Tetrahedron 1998, 54, 1317. 

(b) Heuchel, J.-M.; Albrecht, S.; Strehler, C.; Defoin, A.; 

Tarnus, C. Tetrahedron: Asymmetry 2012, 23, 1467. 

(c) Jasiński, M.; Watanabe, T.; Reissig, H.-U. Eur. J. Org. 

Chem. 2013, 605. For nonreductive cleavage of 3,6-dihydro-

2H-1,2-oxazines, see: (d) Galvani, G.; Lett, R.; Kouklovsky, C. 

Synlett 2015, 26, 1340. 

3. (a) Zimmer, R.; Reissig, H.-U. Chem. Soc. Rev. 2014, 43, 

2888. For more recent applications, see: (b) Kandziora, M.; 

Reissig, H.-U. Eur. J. Org. Chem. 2015, 370. (c) Jasiński, M; 

Utecht, G.; Fruziński, A.; Reissig, H.-U. Synthesis 2016, 

48, 893. 

4. Wang, R.; Bojase, G.; Willis, A. C.; Paddon-Row, M. N.; 

Sherburn, M. S. Org. Lett. 2012, 14, 5652. 

5. Eberlin, L.; Carboni, B.; Whiting, A. J. Org. Chem. 2015, 80, 

6574. 

6. Jasiński, M.; Mlostoń, G.; Stolarski, M.; Costa, W.; 

Domínguez, M.; Reissig, H.-U. Chem. Asian J. 2014, 9, 2641. 

7. Chen, J.-M.; Chang, C.-J.; Ke, Y.-J.; Liu, R.-S. J. Org. Chem. 

2014, 79, 4306. 

8. Harrison, A.; Melchionna, M.; Franco, P.; Hlavac, J. New J. 

Chem. 2014, 38, 5491. 

9. de los Santos, J. M.; Ignacio, R.; Rubiales, G.; Aparicio, D.; 

Palacios, F. J. Org. Chem. 2011, 76, 6715. 

10. Pous, J.; Courant, T.; Bernadat, G.; Iorga, B. I.; Blanchard, F.; 

Masson, G. J. Am. Chem. Soc. 2015, 137, 11950. 

11. Maji, B.; Yamamoto, H. J. Am. Chem. Soc. 2015, 137, 15957. 

12. (a) Kumarn, S.; Shaw, D. M.; Longbottom, D. A.; Ley, S. V. Org. 

Lett. 2005, 7, 4189. (b) Kumarn, S.; Shaw, D. M.; Ley, S. V. 

Chem. Commun. 2006, 3211. (c) Kumarn, S.; Oelke, A. J.; 

Shaw, D. M.; Longbottom, D. A.; Ley, S. V. Org. Biomol. 

Chem. 2007, 5, 2678. 

13. Lin, H.; Tan, Y.; Sun, X.-W.; Lin, G.-Q. Org. Lett. 2012, 

14, 3818. 

14. Yang, S.; Liao, D.; Tian, X.; Lei, X. Org. Lett. 2016, 18, 376. 

15. Liu, F.; Yu, Y.; Zhang, J. Angew. Chem., Int. Ed. 2009, 48, 

5505. [Angew. Chem. 2009, 121, 5613.] 

16. (a) Pulz, R.; Cicchi, S.; Brandi, A.; Reissig, H.-U. Eur. J. 

Org. Chem. 2003, 1153. (b) Jasiński, M.; Moreno-Clavijo, E.; 

Reissig, H.-U. Eur. J. Org. Chem. 2014, 442. For the 

synthesis of monocyclic 1,2-oxazines with lithiated 

alkoxyallenes, see: (c) Helms, M.; Schade, W.; Pulz, R.; 

Watanabe, T.; Al-Harrasi, A.; Fišera, L.; Hlobilová, I.; Zahn, G.; 

Reissig, H.-U. Eur. J. Org. Chem. 2005, 1003. 

17. Parmeggiani, C.; Cardona, F.; Giusti, L.; Reissig, H.-U.; Goti, A. 

Chem.–Eur. J. 2013, 19, 10595. 

18. (a) Wang, X.; Xu, X.; Zavalij, P. J.; Doyle, M. P. J. Am. 

Chem. Soc. 2011, 133, 16402. (b) Xu, X.; Zavalij, P. J.; 

Doyle, M. P. Chem. Commun. 2013, 49, 10287. 

19. Cheng, Q.-Q.; Yedoyan, J.; Arman, H.; Doyle, M. P. J. Am. 

Chem. Soc. 2016, 138, 44. 

20. Reddy, V. K.; Miyabe, H.; Yamaguchi, M.; Takemoto, Y. 

Tetrahedron 2008, 64, 1040. 

21. Le Flohic, A.; Meyer, C.; Cossy, J.; Desmurs, J.-R. 

Tetrahedron Lett. 2003, 44, 8577. 

Ring-closing metathesis  

A series of enantiopure 1,2-oxazines have been prepared 

by ring-closing metathesis (RCM) reactions in high yields 

and excellent enantioselectivity.20 Key chiral precursors 

were synthesized by asymmetric Pybox/iridium-catalyzed 

allylic substitution followed by reduction and acylation 

with acryloyl chloride. Similarly to previous report,21 the 

RCM proceeded smoothly with second generation Grubbs' 

catalyst. 


