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Abstract: Brønsted base (Et3N or DBU) catalyzed Michael addition of α-substituted α-isocyanoacetates to 
phenyl vinyl selenones followed by a Brønsted acid (PTSA) catalyzed domino oxidative cyclization afforded 
1,3-oxazinan-2-ones in good to excellent yields. Enantio-enriched 1,3-oxazinan-2-ones were accessible using a 
Cinchona alkaloid-derived bifunctional catalyst for the first step. In this integrated one-pot process, the phenyl 
selenonyl group acted consecutively as an activator, a leaving group and a latent oxidant.
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Introduction

1,3-Oxazinan-2-one (1) is a scaffold 
of great interest in many ways. Firstly, 
this unit is frequently found in compounds 
displaying antibacterial,[1] antiinflamma-
tory,[2] antidiabetes,[3] and anti-HIV activi-
ties.[4] Secondly, this heterocycle is a use-
ful intermediate in the synthesis of phar-
maceuticals such as Prozac®,[5] or natural 
products such as (+)-nagamycin[6] and 
l-ristosamine,[7] a structural unit of risto-
mycin belonging to the vancomycin fam-
ily of antibiotics.[8] Finally, this structural 
motif is also found in natural substances 
such as maytansinoids that display potent 
antitumor activities.[9] From the viewpoint 
of synthesis, functionalization of homoal-
lylamine (propargylamine) or homoal-
lylic alcohol via halonium-mediated[10] 
or metal-catalyzed[11] 6-exo-cyclization, 
intramolecular 6-exo-Michael addition,[12] 
intramolecular allylic C-H amination,[13] 
and tethered aminohydroxylation of ole-
fin[14] are among the most popular meth-
ods. We detail herein an operationally sim-

ple one-pot synthesis of 4,4-disubstituted 
1,3-oxazinan-2-ones 1 from α-substituted 
α-isocyanoacetates 2, phenyl vinyl sele-
nones 3[15,16] and water (Scheme 1).[17] In 
this integrated one-pot process, the phenyl 
selenonyl group acted consecutively as an 
activator, a leaving group and a latent oxi-
dant.

Integrated One-Pot Synthesis of 
1,3-Oxazinan-2-ones

In connection with our continued in-
terest in the chemistry of isocyanoacetate 
and its derivatives,[18,19] we have recently 
described an enantioselective synthesis 
of α,α-disubstituted α-isocyanoacetates 
4.[20] When a methanol solution of 4a was 
treated with PTSA, a mixture of 1,3-oxa-
zinan-2-one (1a) and 2-methoxy-5,6-di-
hydro-4H-1,3-oxazine (5a) was produced 
in a ratio of 4 to 1. To drive the reaction to-
wards the formation of a single compound 
1a, conditions were surveyed by varying 

the solvents (MeOH, toluene, tBuOH, 
tBuOH-THF, DMF), the catalysts (Lewis 
and Brønsted acids), and temperatures (rt, 
35 °C, 60 °C). Under optimized conditions 
(PTSA (0.1 equiv) in tBuOH at 35 °C), 
compound 4a (e.r. 98.1:1.9) was converted 
into 1a (e.r. 96.8:3.2) in 86% yield with 
only a little erosion of the enantiomeric 
excess.

The scope of this transformation is 
shown in Scheme 2. The reaction was not 
affected by the electronic properties of the 
aromatic ring and heteroarenes such as 
furan were also tolerated. A single crystal 
X-ray analysis allowed the confirmation 
of both the structure and the absolute con-
figuration of compound 1d.

Since PPTS (pyridinium p-toluenesul-
fonate, Scheme 2) is an equally efficient 
catalyst for the domino oxidative cycliza-
tion and the acidity of PTSA (pKa = 4.8 in 
H

2
O) is strong enough to protonate most of 

the Brønsted bases needed to catalyze the 
Michael addition, we envisioned the direct 
synthesis of 1 from 2 and 3 by integrating 
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Scheme 1. Synthesis of 1,3-oxazinan-2-ones by an integrated one-pot process.
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Mechanistic Investigations

The following control experiments 
were performed to gain mechanistic in-
sights: a) conversion of 4a to 1a proceeded 
smoothly under strictly inert atmosphere 
indicating that an adventitious air oxidation 
of isonitrile into isocyanate is not respon-
sible for the transformation; b) the reaction 
was completely inhibited when performed 
under strictly anhydrous conditions (an-
hydrous tBuOH and anhydrous PTSA); 
c) adding H

2
18O (18O content 97.7%) into 

the anhydrous reaction media afforded the 
cyclic carbamate with predominantly dou-

the two steps into a one-pot process.[21,22] 
The racemic version was firstly examined 
using methyl α-phenyl-α-isocyanoacetate 
2a (R1 = H) and 3a (R2 = H) as model sub-
strates (Scheme 3). Indeed, we were able to 
obtain directly (±)-1a in 75% yield from 2a 
and 3a under optimized conditions (Et

3
N 

(0.1 equiv), tBuOH (c 0.25 M), rt then 
PTSA•H

2
O (0.2 equiv) in tBuOH, final c 

0.05 M, 35 °C). Two equivalents of water 
were needed to complete the transforma-
tion. However, the presence of an excess 
of water (5, 10, 100 equiv) was not harmful 
to the reaction. 

The scope of this transformation proved 
to be general (Scheme 3). α-Arylated 
α-isocyanoacetates participated efficiently 
in this reaction delivering the correspond-
ing 4,4-disubstituted 1,3-oxazinan-2-ones 
(1a–1j) in good yields regardless of the 
electronic properties of the aryl substitu-
ents. The yields are excellent considering 
that four chemical bonds are formed in 
this one-pot transformation. The integrated 
one-pot process was extended to α-alkyl 
substituted α-isocyanoacetates by using 
a stronger base (DBU) for the first step 
(1k–1n, Scheme 3). The synthetic poten-
tial of this methodology was illustrated by 
converting oxazinanone 1m into spiropi-
peridinone (6), the core structure of NK1 
antagonists (Scheme 4).[23]

The reaction of Z-(prop-1-en-1-
ylselenonyl)benzene (Z-3b) with 2a de-
livered 4,4,5-trisubstituted oxazinanone 
1o in 75% yield (d.r. 1:1). A similar re-
action between Z-3b and α-benzyl-α-
isocyanoacetate afforded 1p in 58% yield 
(d.r. 2:1). Interestingly, no reaction oc-
curred between E-3b and 2a under standard 
conditions, probably for steric reasons.

Finally, we demonstrated the feasibility 
of performing this integrated one-pot se-
quence enantioselectively (Scheme 5). The 
reaction of 2e with 3a in the presence of 
a catalytic amount of Cinchona alkaloid-
based bifunctional organocatalyst 7 fol-
lowed by addition of a solution of PTSA 
in tBuOH furnished (R)-1e in 80% yield 
with an e.r. of 96.4 to 3.6.
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Scheme 2. Oxidative 
domino cyclization 
of α,α-disubstituted 
α-isocyanoacetates 
to 1,3-oxazinan-
2-ones.
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(final c 0.05 M), 35 
°C. Conditions B for 
R1 = alkyl: DBU (0.05 
equiv), tBuOH (c 0.25 
M), rt then PTSA•H2O 
(0.1 equiv), tBuOH 
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ble 18O incorporation (ratio double:mono 
= 89:7, Scheme 6). Therefore, two mol-
ecules of water were participating in the 
reaction. A shielding effect, in agreement 
with literature precedents,[24] was observed 
on the 13C NMR signals of both carbamate 
carbonyl (C2) and C6 in 1a-18O

2
 relative to 

1a [∆δ
(C=O)

18
O–

16
O
 = –3.5 Hz, ∆δ

(C6)
18

O–
16

O
 = 

–3.3 Hz]. 
The results of these control experi-

ments allowed us to propose a mechanistic 
pathway as shown in Scheme 7. Hydration 
of isonitrile under acid catalysis afforded 
N-alkylformimidic acid 8 that is in equilib-
rium with the corresponding N-formamide 
9. Intramolecular nucleophilic displace-
ment of phenylselenonyl group by am-
ide oxygen[25] would provide 10 with the 
concomitant generation of benzenesele-
ninic acid that is in equilibrium with ben-
zeneseleninic anhydride (BSA). Acid-
catalyzed hydration of 10 followed by its 
oxidation by BSA would finally deliver 
1,3-oxazinan-2-one 1. The oxidation by 
BSA could proceed either via intermedi-
ate 12[26] or through the phenylselenation 
of the nitrogen atom.[27] When methanol 
was used as solvent, it can compete with 
water to trap the intermediate 10 leading to 
13 which, upon oxidation by BSA, would 
deliver 2-methoxy-5,6-dihydro-4H-1,3-
oxazine 5.[27] The role of benzeneseleninic 
acid as oxidant was highlighted by the iso-
lation of diphenyldiselenide, its reduced 
form, from the reaction mixture. Overall, 
the integrated one-pot process is an oxida-

tive multicomponent reaction[28] with an 
internal redox process.[29]

Conclusion

To sum up, we developed an unprec-
edented and high yielding one-pot synthe-
sis of 1,3-oxazinan-2-ones from readily 
available starting materials. The combina-
tion of a Brønsted base catalyzed 1,4-addi-
tion of α-isocyanoacetates to phenyl vinyl 
selenones followed by a Brønsted acid 
catalyzed domino oxidative cyclization of 
the resulting Michael adducts provided the 
heterocycles with concurrent creation of 
four chemical bonds. This operationally 
simple formal four-component (ABC

2
) 

reaction[28c,30] exploits the ability of phe-
nylselenonyl group to act as an activator 
for Michael addition, a leaving group and 
a latent oxidant. To the best of our knowl-
edge, such a triple role of phenylselenonyl 
group is unprecedented in a one-pot trans-
formation.
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