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Abstract: Reaction of alkyl isocyanides, phenyl vinyl sele-

none, and water in the presence of a catalytic amount of
Cs2CO3 afforded oxazolidin-2-ones in good yields. This un-

precedented heteroannulation process created four chem-
ical bonds in a single operation with the isocyano group

acting formally as a polarized double bond and phenyl

vinyl selenone as a latent 1,3-dipole. The phenylselenonyl
group played a triple role as an electron-withdrawing
group to activate the 1,4-addition, a leaving group, and
a latent oxidant in this transformation.

Oxazolidinones are of great importance as chiral auxiliaries in
organic chemistry[1] and as pharmacophores in medicinal
chemistry.[2] This 5-membered heterocycle, as illustrated by the

marketed antibiotic linezolid (1; Figure 1), is a key structural

unit of a new class of antibacterial agents active against vanco-
mycin-resistant enterococci (VRE).[2] In addition, converting a pri-

mary amine to N-substituted oxazolidin-2-one is a common
practice in drug development endeavors in order to improve
the activity profile of drug candidates; indeed, this structural

motif is found in many bioactive compounds, such as neuro-
leptic agent 2[3] and tyrosine kinase inhibitor 3 (Figure 1).[4]

Among many known synthetic methods,[5] the 5-exo-trig cycli-

zation of allylic carbamate and carbonylation of b-aminoalco-

hols are the most popular ones.
Numerous isonitrile-based organic transformations have

been developed in the past decades, most of them being trig-
gered by an a-addition of the divalent carbon to both nucleo-

philes and electrophiles.[6] As a consequence, the isocyano

group acts generally as a one-carbon synthon in cycloaddition
processes (Scheme 1 a).[7, 8] In connection with our ongoing re-

search program aimed at exploiting unconventional reactivity
of the isocyano group,[9] we uncovered serendipitously a base-

catalyzed heteroannulation reaction between isonitriles 4 and
phenyl vinyl selenone (5)[10] leading to N-alkylated oxazolidi-
nones 6 (Scheme 1 b). One C¢N, two C¢O, and one C=O bonds
were created in this unprecedented transformation with the
isocyano group acting formally as a polarized double bond (A)

and phenyl vinyl selenone as a latent 1,3-dipole (B).[11] The phe-
nylselenonyl group served as an electron-withdrawing group

to activate the 1,4-addition, a leaving group, and a latent oxi-
dant in this transformation.[12]

The reaction between benzyl isonitrile (4 a) and phenyl vinyl

selenone (5) was initially investigated. In the presence of a cata-
lytic amount of cesium hydroxide monohydrate, the reaction

between 4 a and 5 in tert-butanol at room temperature afford-
ed unexpectedly oxazolidinone 6 a in about 20 % yield (Table 1,
entry 1). Realizing the synthetic potential of this transforma-

tion, the reaction conditions were systematically surveyed. This
allowed us to conclude the following optimum conditions:

Cs2CO3 (0.1 equiv), CH2Cl2 (ca. 0.5 m), H2O (1.0 equiv), 40 8C.
Under these conditions, the reaction of 4 a (1.1 equiv) with 5
(1.0 equiv) and water furnished oxazolidinone 6 a in 73 % iso-
lated yield (entry 6). The yield is excellent considering that four

Figure 1. Bioactive molecules containing oxazolidin-2-one.

Scheme 1. Synthesis of oxazolidinones.
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chemical bonds are created in this domino process. The aver-
age yield per chemical bond formation is therefore over 92 %.

We noted that addition of Cu(OAc)2 to the reaction mixture is
detrimental to the synthetic efficiency of the reaction (entry 7).

The scope of this novel transformation was next examined.

Derivatives of benzyl isocyanide, regardless of the electronic
properties and the position of the substituents, participated in

this reaction (Scheme 2, 6 a–6 f). Even the 4-nitrobenzyl isocya-
nide containing acidic benzylic protons reacted with 5 to fur-

nish 6 d in 46 % yield. Alkyl isonitriles, including isopropyl and
functionalized ones (allyl and MeOOCCH2CH2), were converted

to the corresponding oxazolidinones (6 g–6 j) in good yields.

The presence of heterocycles, such as indole and furan, were
well tolerated. The reaction was successfully extended to a-iso-

cyanoacetamides leading to the corresponding oxazolidinones
in good yields (6 n–6 r). Dipeptide-derived oxazolidinone 6 s
was also accessible without erosion of the enantiopurity. The

successful synthesis of 6 n–6 r indicated that the nitrilium inter-
mediate, generally associated with isocyanide chemistry, is not

involved in this transformation. Had this been the case, oxa-
zoles would be inevitably produced from the isocyanoaceta-

mide.[13] Attempts to use a- or b-substituted phenyl vinyl sele-
nones were nevertheless unsuccessful.

Next, control experiments were carried out to gain mecha-
nistic insights (Scheme 3). The heteroannulation worked equal-
ly well under strictly inert atmosphere, indicating that oxygen

is not responsible for the oxidation. The reaction of N-butylfor-

mamide 7 with 5 under our standard conditions failed to pro-
duce even a trace amount of oxazolidinone 6 h, indicating

a significant mechanistic deviation from our previous oxazina-
none synthesis (Scheme 3 a).[12] Heating a solution of isocya-

nate 8 and 5 under standard conditions afforded only a trace
amount of oxazolidinone. However, slow addition (5 h) of an
excess of isocyanate 8 (10.0 equiv) to a CH2Cl2 solution of 5 in

the presence of Cs2CO3 (0.1 equiv) afforded 6 h in 60 % yield,
indicating that isocyanate could be an intermediate in the re-
action between isocyanide 4 and phenyl vinyl selenone (5 ;
Scheme 3 b). We next synthesized 13C-labeled n-butylisocyanide
(9). Under standard conditions, 9 was converted to 13C-labeled
oxazolidinone 13C-6 h, indicating that the carbonyl carbon in

6 h was derived from the divalent isocyano carbon rather than
from carbonate (Scheme 3 c).[14] While monitoring the reaction
between 9 and 5, we observed an induction period during

which isocyanate and oxazolidinone were not formed. Instead,
we observed a slow formation of a product at d = 41 ppm in

the 13C NMR spectra, which was tentatively attributed to an ox-
irane. Finally, the reaction of benzylisocyanide (4 a) with 5 in

dry CH2Cl2 with added H2
18O afforded the double and mono la-

beled 18O-oxazolidinone (Scheme 3 d). Diphenyl diselenide was
isolated as a by-product in all these transformations, indicating

that the phenyl vinyl selenone 5 acted as an oxidant.[15, 16]

Based on the results of the aforementioned control experi-

ments, a possible reaction pathway was proposed to account
for the formation of oxazolidinone 6 (Scheme 4). Under basic

Table 1. Optimization of the reaction conditions.

Entry Conditions Yield
[%][a]

1 tBuOH (0.1 M), CsOH (0.2 equiv), RT 20
2 tBuOH (0.1 M), Cs2CO3 (0.2 equiv), RT 22
3 acetonitrile (0.1 M), Cs2CO3 (0.2 equiv), 40 8C 51
4 CH2Cl2 (0.1 M), Cs2CO3 (0.2 equiv), 40 8C 61
5 CH2Cl2 (0.1 M), PhSeO2H (0.2 equiv), 40 8C 43
6[b] CH2Cl2 (0.5 M), Cs2CO3 (0.1 equiv), 40 8C 78 (73)[c]

7 CH2Cl2 (0.5 M), Cs2CO3 (0.1 equiv), 40 8C, CuOAc
(0.1 equiv)

49

[a] NMR yield using trimethoxybenzene as an internal standard. [b] Anhy-
drous conditions with H2O (1.0 equiv) added. [c] Isolated yield.

Scheme 2. Scope of the oxazolidinone synthesis.

Scheme 3. Mechanistic studies: results of the control experiments.
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conditions, water could add to phenyl vinyl selenone 5 to gen-

erate the 2-(phenylselenonyl)ethan-1-ol (10). A small amount
of 10 would undergo a cyclization to afford the oxirane[17] and

benzene seleninic acid 11.[18] The latter, in equilibrium with its
anhydride form (BSA, 14),[19] would act as an oxidant to trans-

form the isocyanide into the corresponding isocyanate 12.[20]

The generation of benzene seleninic acid 11, a species needed
for initiating the desired catalytic cycle, could correspond to

the incubation time observed in our NMR experiment. A nucle-
ophilic addition of the Michael adduct 10 to isocyanate 12
would generate carbamate 13, which could further cyclize to
afford oxazolidinone 6 with the concomitant regeneration of

benzene seleninic acid 11. In this catalytic process, two starting

materials 4 and 5 have to be converted to two reactive inter-
mediates 10 and 12, respectively, which would undergo subse-

quently a formal [2++3] heteroannulation to afford oxazolidi-
none 6. While the formation of mono 18O-labeled oxazolidi-

none is easily understandable, the formation of double 18O-la-
beled product could be accounted for by the equilibrium be-
tween benzene seleninic acid 11 and its anhydride 14 leading

to 18O-labeled BSA, hence 18O-labeled isocyanate.
In summary, we developed a novel synthesis of N-alkyl-oxa-

zolidin-2-one 6 from isonitriles 4 and phenyl vinyl selenone 5.
Four chemical bonds were created in this unprecedented het-

eroannulation process with the isocyano group acting formally
as a polarized double bond and phenyl vinyl selenone as

a latent 1,3-dipole. The oxidative coupling took place in the

absence of external oxidant thanks to the triple role of phenyl-
selenonyl group. Indeed, it acted in this transformation as an

electron-withdrawing group to activate the 1,4-addition, a leav-
ing group, and a latent oxidant.

Experimental Section

Typical procedure: To phenyl vinyl selenone (5 ; 21.5 mg, 0.1 mmol)
and cesium carbonate (3.3 mg, 0.01 mmol, 0.1 equiv) was added
a solution of benzyl isocyanide 4 a (12.9 mg, 0.11 mmol, 1.1 equiv)
in CH2Cl2 (0.2 mL, ca. 0.5 m) and water (1.8 mL, 1.0 equiv). The re-
sulting mixture was heated in a sealed tube at 40 8C for 24 h. Vola-
tiles were removed under vacuo and the residue was purified by

column chromatography (SiO2, petroleum ether/ethyl acetate, gra-
dient from 7:3 to 1:1) to afford 6 a as colourless oil (12.8 mg, 72 %).
1H NMR (400 MHz, CDCl3): d= 7.40–7.27 (m, 5 H), 4.43 (s, 2 H), 4.35–
4.26 (m, 2 H), 3.46–3.36 ppm (m, 2 H); 13C NMR (100 MHz, CDCl3):
d= 158.7, 135.9, 129.0, 128.3, 128.1, 61.9, 48.6, 44.1 ppm; IR (ATR):
ṽ = 2919 (w), 1744 (s), 1485 (w), 1427 (w), 1360 (w), 1260 (w), 1203
(w), 1064 (w), 1035 (w), 763 (w), 703 cm¢1 (m); HRMS (ESI): m/z
calcd for C10H12NO2

+ : 178.0863 [M + H]+ ; found 178.0862.
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