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Metal Acetylacetonates as Robust Catalysts for the
Synthesis of Oxazolidinone from CO; and Aziridine Under

Atmospheric Pressure

LI Bohan*, GONG Yujie*, LOU Huimin, WEI Yujuan, GUO Liping™*,

WANG Hongmei, ZHANG Zulei and LI Lei*

Metal
commercially available metal complex, were demonstrated to be

acetylacetonates, a type of readily synthesized or
robust catalysts for the synthesis of oxazolidinone from CO, and
aziridine under condition of atmospheric pressure and mild
temperature, exhibiting high chemo- and regio-selectivity.
Tetrabutylammonium halides were employed as cocatalysts in the
reaction, and it was believed that the reaction activity was
influenced by a balance of anions’ two abilities, namely their
nucleophilicity in ring-opening of aziridines and their leaving
capacity in ring-closing of intermediate carbamate salts to form
oxazolidinones. Notably, higher nucleophilicity of these anions
resulted in increased formation of dimers, which served as
by-products of the reaction. The study of mechanism suggested
that there should be an alternative pathway involving CO;

derivative acting as a nucleophile during the ring-opening process,

1 Introduction

With the combustion of fossil fuels, the amount of carbon
dioxide in the atmosphere has increased year by year. It was
about 280 ppm (ppm=parts per million)" at the beginning
of the Industrial Revolution (ca. Year 1750) and has risen to
423 ppm in June, 2023.21 CO: is considered one of the
primary gases responsible for the greenhouse effect.®l On the
other hand, CO: is an abundant, economical, non-toxic, and
renewable C1 feedstock for organic synthesis. Therefore,
CO2 has recently garnered significant attention as an
environmentally friendly raw material for synthesizing
chemical compounds and fuels.l*~8!

Oxazolidinone is an important heterocyclic motif found
in commercial pharmaceuticalsl®, and it is also a widely used
synthetic intermediate in organic synthesis.['”] Since its first
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and this pathway could not be ignored when conventional
nucleophiles, such as tetrabutylammonium halides are absent.
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synthesis in the 1950s, several routes have been developed
for synthesizing oxazolidinone, employing phosgene,'!]
carbonate salts,['l carbamate derivatives or isocyanate, '3l or
CO2 (serves as the carboxyl moiety in oxazolidinone)'4—18l as
raw material. Among them, the synthesis of oxazolidinone
from CO: and aziridine is expected to be a promising
approach for CO: utilization,™! since CO2 is used as C1
resource in this strategy, avoiding the use of phosgene and
reactive derivatives of carbonic acid, and the atom economy
of this reaction is 100%.

Up to now, some transition metal complexes,2°=24 metal
salts, [ organic salts (including simple organic salts, such as
quaternary ammonium/phosphonium salts and functional
salts),126-29]

MOFs, 3-8 have been proven effective in catalyzing

organic various organics,®-3 and some
oxazolidinone synthesis from CO: and aziridine. However,
given that CO:is a highly oxidized and stable molecule, high
pressure and/or high temperature are generally required for
its conversion.

As CO: utilization is not only a topic related to C1
resource, but also an environmental issue, it is important to
consider whether more CO: is emitted than converted

during its transformation process®). A harsh reaction
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condition is highly energy-consuming, resulting in high
secondary emissions of COz. Therefore, reducing secondary
CO2 emissions during the process of CO2 utilization should
be given attention. One approach is to developing syntheses
that (a) use simple catalytic systems and (b) take place under
mild
Fortunately, a few catalytic systems that work under mild

conditions (low temperature and pressure).*’]
conditions have been developed for this processi?+l.
However, there still remains ample room for further
development, such as exploring simple catalytic systems or
reducing catalyst usage.

Transition metal complexes, such as prophyrin2%21l and
salen metal complexes?>?’l showed relatively high catalytic
activity for the reaction. The reaction was activated by the
formation of the coordination bond between the nitrogen
atom of aziridine and the metal center of complexes.[?122l
In “CO: catalyzed” processes, it is believed that the
formation of a coordination bond between the metal center
and CO: plays a crucial role.® Metal pB-diketonate
complexes, which have similar coordination structures to
prophyrin and salen metal complexes have been studied
for more than a century and are widely used in fundamental
and applied chemistry and technology.“l In particular,
metal acetylacetonate [MOx(acac).], the simplest metal
p-diketonate
commercially available. However, despite their ready

complexes, are easily synthesized or
availability and good chemical stability, their application to
CO2 chemical fixation remains insufficiently explored. In
this work, we present the application of MOx(acac). to the
synthesis of oxazolidinone from CO: and aziridine under

atmospheric pressure.

2 Experimental

2.1 General Information

The NMR spectra were recorded with a 400 MHz Varian
spectrometer and calibrated with tetramethylsilane (TMS)
as an internal reference. GC/MS analysis was performed
on an Agilent 7890A gas chromatograph with an Agilent
5975C mass-selective detector. GC analysis was performed
on an Agilent 6890 gas chromatograph with an HP-5 column
and a flame ionization detector (FID). Reagents and
starting materials were all used as received unless otherwise
stated.

2.2 Synthesis of Aziridine

Aziridines were synthesized according to the literature!l
(Scheme 1), and a few changes were made, such as the
synthesis of (2-bromo-1-phenylethyl)dimethylsulfonium
bromide (BPMDS) from dimethyl sulfide and Br: was
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Scheme 1 Synthesis of aziridine

operated in one-pot and thus the intermediate product
bromodimethylsulfonium  bromide(BDMS) was not
separated out.

The typical procedure is desceribed as below. Br:
(16.0 g, 0.1 mol) in 20 mL of CH3CN was added dropwise
over 30 min to a 20 mL of CHsCN solution of dimethyl
sulfide (6.2 g, 0.1 mol) in the ice-water bath. During the
addition, BDMS was formed as a light orange precipitate (in
preliminary experiments, this light orange solid was
separated out and characterized by '"H NMR and C NMR,
which confirmed that it was BDMS). After the mixture was
stirred in the ice-water bath for another 30 min, styrene
(11.4 g, 0.11 mol) was added to the mixture in the ice-water
bath. The light orange precipitate disappeated for a moment
and then the white precipitate of BPMDS started to be
formed. After the mixture was stirred in the ice-water bath
for 30 min, the product was filtered off, washed with
CHsCN and diethyl ether, respectively, and then dried under
vacuum overnight to yield 13.3 g (40%) of a white powder.
BDMS: 'H NMR (400 MHz, D20), 6: 2.40 (d, J=1.6 Hz, 6H);
13C NMR (101 MHz, D20), 6: 38.45. BPMDS: '"H NMR (400
MHz, D:20), 6: 7.52 (dd, J=27.0, 5.5 Hz, 5H), 5.19—5.07 (m,
1H), 4.24—4.10 (m, 2H), 2.87 (s, 3H), 2.59 (s, 3H); *C NMR
(101 MHz, D20), 6: 131.11, 129.69, 129.42, 128.73, 60.63, 28.11,
24.19, 22.15.

Then BPMDS (3.26 g, 10 mmol) was dissolved in 20 mL
of H20 at r.t. (ca. 27 °C), the solution of amine (40 mmol) in
20 mL of H2O was added dropwise to the above solution, and
then the mixture was stirred overnight. The mixture was
poured into 40 mL of saturated brine, extracted with diethyl
ether (3x30 mL), and dried with MgSOas. The solvent was
removed under reduced pressure, and the colorless liquid
was obtained.

1-Enthyl-2-phenylaziridine: colourless liquid, yield 96%.
'H NMR (400 MHz, CDCls), o: 7.35—6.97 (m, 5H), 2.41 (q,
J=7.0 Hz, 2H), 2.27 (dd, J=6.1, 3.1 Hz, 1H), 1.87 (d, J=2.7 Hz,
1H), 1.62 (d, J=6.5 Hz, 1H), 1.17 (t, J=7.1 Hz, 3H); *C NMR
(101 MHz, CDCls), 6: 140.43, 128.27, 126.80, 126.17, 55.89,
41.17, 37.59, 14.50.

1-Propyl-2-phenylaziridine: colourless liquid, yield 98%.
'H NMR (400 MHz, CDCls), 6: 7.35—7.00 (m, 5H), 2.49 (d,
J=11.4 Hz, 1H), 2.30 (dd, J=6.8, 4.2 Hz, 2H), 1.91 (d, ]=2.7 Hz,
1H), 1.66—1.68 (m, 3H), 0.97 (t, ]=7.4 Hz, 3H); 3*C NMR (101
MHz, CDCls), o: 140.53, 128.28, 126.78, 126.20, 63.62, 41.26,
37.74, 23.07, 12.02.
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1-Butyl-2-phenylaziridine: colourless liquid, yield 98%.
TH NMR (600 MHz, CDCls), 6: 7.18 (m, , 5H), 2.42 (d, J=11.5
Hz, 1H), 2.28—2.18 (m, 2H), 1.81 (d, J=3.0 Hz, 1H), 1.57 (d,
J=6.5 Hz, 1H), 1.56—1.48 (m, 2H), 1.32 (dd, J=15.0, 7.4 Hz, 2H),
0.84 (t, ]=7.4 Hz, 3H); C NMR (101 MHz, CDCls), 6: 140.56,
128.28, 126.77, 126.19, 61.59, 41.28, 37.81, 32.02, 20.64, 14.16.

1-Cyclohexyl-2-phenylaziridine: colourless liquid, yield
83%. '"H NMR (400 MHz, CDCl), 6: 7.35—7.08 (m, 5H), 2.36
(dd, J=6.3, 3.1 Hz, 1H), 1.85—1.10 (m, 13H); *C NMR (101
MHz, CDCls), 6: 140.70, 128.21, 126.68, 126.46, 69.72, 40.15,
35.94, 33.00, 32.33, 26.18, 24.89.

1-Ethyl-2-(p-tolyl)aziridine: colourless liquid, yield 97%.
TH NMR (400 MHz, CDCl), 6: 7.14 (dd, J=16.7, 7.6 Hz, 4H),
2.44 (dd, J=11.3, 7.1 Hz, 2H), 2.39—2.23 (m, 4H), 1.89 (s, 1H),
1.63 (d, J=6.5 Hz, 1H), 1.21 (t, J=6.8 Hz, 3H); 3C NMR (101
MHz, CDCl), 6: 137.41, 136.34, 128.97, 126.06, 55.91, 41.02,
37.45,21.10, 14.51.

2.3 General Procedure for the Reaction of CO:
with Aziridine

A typical procedure for the reaction of CO2 with aziridine
was carried out in a 5 mL glass vial with a magnetic stir bar.
For a typical run, aziridine (2 mmol) and catalyst
(appropriate amount) were introduced into the vial and the
vial was vacuum-sealed and then purged with CO2 3 times.
The vial, which was connected to a balloon filled with CO2
was then placed in a preheated metal heating module and
allowed to stir (400 r/min) for a designated time frame. The
product yields and selectivity were determined by GC
analysis. Some typical crude products were analyzed by
GC/MS and 'H NMR to confirm the composition of the
product.

3-Ethyl-5-phenyloxazolidin-2-one: "H NMR (400 MHz,
CDCly), 6: 7.22—7.08 (m, 5H), 5.37 (t, ]=8.0 Hz, 1H), 3.80 (t,
J=8.6 Hz, 1H), 3.47—-3.18 (m, 3H), 1.09 (t, ]=7.4 Hz, 3H).
13C NMR (101 MHz, CDCls), o: 157.74, 138.99, 128.97, 128.83,
125.60, 74.39, 51.69, 39.02, 12.62.

3-Ethyl-4-phenyloxazolidin-2-one: "H NMR (400 MHz,
CDCl), 6: 7.34—7.23(m, 5H), 4.70 (t, ]=7.2 Hz, 1H), 4.49 (¢,
J=8.6 Hz J= 1H), 3.98 (t, ]=8.0 Hz 1H), 3.44—3.34 (m, 1H),
2.69—2.28 (m, 1H), 0.95 (t, J=7.1 Hz, 3H). ®*C NMR (101 MHz,
CDCl), 0: 158.24, 138.04, 129.40, 129.19, 127.15, 69.95, 59.52,
37.01, 12.25.

3-Propyl-5-phenyloxazolidin-2-one: '"H NMR (400 MHz,
CDCl), 6: 7.39—7.08 (m, 5H), 5.40 (t, ]=8.0 Hz, 1H), 3.82 (t,
J=8.7 Hz, 1H), 3.34 (t, ]=8.1 Hz, 1H), 3.29—3.12 (m, 2H), 1.63 —
1.49 (m, 2H), 0.88 (t, ]=7.6 Hz, 3H). SC NMR (101 MHz,
CDCls), 0: 157.84, 138.91, 128.74, 128.60, 125.40, 74.19, 51.98,
25.68, 20.42, 10.95.

3-Butyl-5-phenyloxazolidin-2-one: '"H NMR (400 MHz,
CDCly), 6: 7.35—7.20 (m, 5H), 5.42 (t, ]=8.0 Hz, 1H), 3.84 (t,

J=8.6 Hz, 1H), 3.36 (t, ]=7.8 Hz, 1H), 3.32—3.15 (m, 2H), 1.50—
1.43 (m, 2H), 1.33—1.23 (m, 2H), 0.89 (t, ]=7.2 Hz, 3H).
13C NMR (101 MHz, CDCls), 6: 157.43, 138.43, 128.74, 128.63,
125.40, 74.26, 52.01, 43.81, 29.25, 19.71, 13.60.

3-Cyclohexyl-5-phenyloxazolidin-2-one: 'H NMR (400
MHz, CDCls), 6: 7.33—7.30 (m, 5H), 5.40 (t, ]=8.4 Hz, 1H),
3.83(t, J=8.4 Hz, 1H), 3.68 —3.64(m, 1H), 3.34 (t, ]=8.0 Hz, 1H),
0.94—1.80 (m, 10H). 3C NMR (101 MHz, CDCls), 6: 157.18,
139.15, 128.85, 128.68, 125.47, 74.40, 52.60, 48.34, 30.53, 30.08,
25.30.

3-Ethyl-5-p-tolyloxazolidin-2-one: "H NMR (400 MHz,
CDCl), 6: 7.23—7.15 (m, 4H), 5.35 (t, ]=7.3 Hz, 1H), 3.84 (t,
J=8.0 Hz, 1H), 3.36—3.24 (m, 3H), 2.31 (s, 2H), 1.15(t, ]=8.0 Hz,
3H). ®C NMR (101 MHz, CDCls), 0: 157.87, 138.79, 136.05,
129.71, 125.77, 74.49, 51.79, 39.05, 21.28, 12.69.

3 Results and Discussion

Initial reactions were performed with a series of
MOx(acac): 1-ethyl-2-

phenylaziridine as the substrate and tetrabutylammonium

commercially available using
bromide (TBAB) as cocatalyst. The reaction was carried out
under the conditions of 1 atm of CO:z and 40 °C for 24 h, and
the catalyst loading was 2% (molar fraction, Table 1).

In general, the oxazolidinones obtained in the reaction
consisted of two isomers, 5-substituted and 4-substituted
oxazolidinones (Fig. 1). 5-Substituted oxazolidinone 2
accounted for the vast majority, rather than 4-substituted
product 3, the formation of which underwent the ring-
opening of aziridine at the less substituted position. When
the conversion of the substrate increased to a certain extent,
the formation of dimers 4 and 5 of the substrate can be
observed (Fig. 1).

When TBAB was used alone, only 11% yield of
oxazolidinone was obtained, with 95:5 regioselectivity of
5-substituted to 4-substituted oxazolidinone (Table 1, entry
1). The addition of Co(acac): had little effect on the reaction,
resulting in an oxazolidinone yield of only 12% (Table 1,
entry 2). Regarding the analogous synthesis of cyclic
carbonate from CO: and epoxide,*%] the addition of
Co(acac)2 could greatly improve catalytic activity, as the
yield of cyclic carbonate increased dramatically from 13%
[catalyzed by 0.5% (molar fraction) TBAB alone] to 95%
[catalyzed by 0.5% (molar fraction) Co(acac)+TBAB]. It was
partially proved that the conversion of CO: with aziridine
into oxazolidinone was more difficult than that with epoxide
into cyclic carbonate. Co(acac)s and Al(acac)s had no
apparent effect on promoting the reaction of CO: and
aziridine either, and the yield of oxazolidinone remained at
13% and 11%, respectively (Table 1, entries 3 and 4). Fe(acac)z,
Fe(acac)s, and Ni(acac)2 could boost the reaction slightly,
as the yields of oxazolidinone were 17%, 20%, and 24%,
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Table 1 MOx(acac), as catalyst for the synthesis of
oxozolidnone from CO: and aziridine under atmospheric
pressure?

o o}
OKNJ LN)LO

©)—/ + ©)_/Oxazolidinones

5-Substituted 4-Substituted

MO.(acac),+
i TBAB (2%,
N molar fraction)

©/Q+COQ

1 atm, 40 °C 2 3
1 ( Nf |
©\[ + [N Dimers
j“j\© 0
4 5
b i b .
Entry  MOx(acac), CEX Yieldo();Z)ZOIszgzselﬁ yi«Dellg’e(r"Z)
1 / 11 11 95:5 0
2 Co(acac), 12 12 95:5 0
3 Co(acac); 13 13 95:5 0
4 Al(acac); 11 11 95:5 0
5 Fe(acac), 17 17 95:5 0
6 Fe(acac); 20 19 95:5 1
7 Ni(acac), 24 23 95:5 1
8 Zn(acac), 0 0 / 0
9 Cd(acac), 0 0 / 0
10 La(acac); 90 82 96:4 7
11 MoO,(acac), 88 74 98:2 14
12 VO(acac), 91 78 98:2 12
13 V(acac)s 95 86 97:3 9
14¢  V(acac), 35 27 98:2 7
a. Reaction condition: 1-ethyl-2-phenyl-aziridine (2 mmol),

MOx(acac), (0.04 mmol, 2%, molar fraction), TBAB (0.04 mmol, 2%,
molar fraction), 1 atm (101325 Pa) of CO,, 40 °C, 24 h; b. determined
by GC; c. molar ratio of 5-substituted oxazolininone to 4-substituted
oxazolidinone; d. V(acac); for the reaction alone, without TBAB.

A
600 — Aziridine
'
< 400k |
£
200
0 1 1 1 |
4 6 8 10 12 14
t/min
B 300 - -
— Reaction mixture
c RJ
200 - N S
e o 1% s o
= 100 | - ©\[ ’EN]:
PRAGBAS
0 ] ] ] ]
4 6 8 10 12 14
t/min

Fig.1 Typical GC spectra of aziridine (A) and the reaction
mixture (B)

The substances corresponding to each peak were determined by
GC-MS.
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respectively, and 1% yield of dimers were formed in the
latter two (Table 1, entries 5—7). Curiously, the addition of
Zn(acac)2and Cd(acac)2 did not improve the catalytic activity
but inhibited the reaction as no product was generated
(Table 1, entries 8 and 9). La(acac)s and MoOz(acac)2 showed
high catalytic activities, with 90% and 88% of the substrates
converted, respectively (Table 1, entries 10 and 11), and the
regioselectivity increased, as the ratios of 5-substituted to
4-substituted oxazolidinone were 96:4 and 98:2, respectively.
Meanwhile, with the large-scale conversion of substrate, the
formation of by-product dimers also became glaringly
obvious, the yields of which were 7% and 14%, respectively.
The activities of V(acac)s and VO(acac): were also examined,
and both exhibited excellent performance (Table 1 entries 12
and 13). V(acac)s proved to be the optimal catalyst in this
reaction condition, achieving 95% substrate conversion and
97:3 regioselectivity, with 9% dimers yield. When V(acac)s
was employed for the reaction alone, 35% substrate
conversion and 27% oxazolidinone yield were obtained, and
compared to the catalytic activity of TBAB alone and
V(acac)s-TBAB, it can be concluded that V(acac)s and TBAB
catalyzed the reaction synergistically.

The influences of tetrabutylammonium halide (TBAX)
then studied. The combination of
tetrabutylammonium  chloride (TBAC), TBAB, or
tetrabutylammonium iodide (TBAI), with one of the

anions were

better-performing complexes, V(acac)s, VO(acac)z, La(acac)s,
or MoOz(acac),, was applied to the reaction, respectively
(Table 2, entries 1—12). For comparison, their combination
with the less active Al(acac)s and TBAX for the reaction alone
has also been investigated (Table 2, entries 13—18). As we
know, the anion of TBAX acts as a nucleophile in the ring-
opening of aziridine and its nucleophilicity would affect its
performance (Scheme 2). In most cases of the synthesis of
cyclic carbonates from CO: and epoxides, the order of
catalytic activity coincides with that of the nucleophilicity of
anions, in the order of I>Br>Cl-.44 However, this was not
the case here. In general, with the better-performing
MOx(acac)-TBAX, the aziridine conversions were not
significantly altered and were all in the range of 85%—98%.
Different combinations resulted in different activity orders.
When combined with V(acac)s or VO(acac)z, the conversions
of aziridine varied in the order of ClI>Br> I, and while
combined with La(acac)s or MoOz2(acac):, the lowest
conversion appeared with TBAB. When Al(acac)>-TBAX or
TBAX alone catalyzed the reaction, the aziridine conversions
varied in the order of I> CI-> Br.

As shown in the proposed mechanism (Scheme 2), in the
ring-opening step (Step a), X~ acted as a nucleophile to attack
the C atom on the ternary ring, thereby causing the break of
the C—N bond. So the order of reactivity in this step should
be consistent with that of the nucleophilicity as I->Br>Cl-.
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Table 2 Changing the anion of TBAX for the the synthesis of oxozolidnone from CO: and aziridine?

Oxazolidone®

Entry MOx(acac), Cocat. Conv.? (%) Dimers yield® (%)
Yield (%) Regiosel.

1 V(acac)s TBAC 98 96 92:8

2 V(acac)s TBAB 95 86 97:3

3 V(acac)s TBAI 85 62 98:2 23
4 VO(acac), TBAC 97 93 92:8 4
5 VO(acac), TBAB 91 78 98:2 12
6 VO(acac), TBAI 88 64 98:2 24
7 La(acac); TBAC 91 88 92:8

8 La(acac); TBAB 90 82 96:4

9 La(acac); TBAI 92 62 97:3 30
10 MoOy(acac), TBAC 99 96 91:9 2
1 MoO,(acac), TBAB 88 74 98:2 14
12 MoOy(acac), TBAI 96 54 98:2 42
13 Al(acac)s TBAC 15 15 95:5 0
14 Al(acac)s TBAB 11 1 95:5 0
15 Al(acac)s TBAI 26 22 97:3 4
16 / TBAC 16 16 94:6 0
17 / TBAB 1 1 95:5 0
18 / TBAI 30 28 98:2 2

a. Reaction condition: 1-ethyl-2-phenyl-aziridine (2 mmol), MOx(acac), (0.04 mmol, 2%, molar fraction), TBAX (0.04 mmol, 2%, molar fraction),

1 atm (101325 Pa) of CO,, 40 °C, 24 h; b. determined by GC.

0 M=metal complex 0
X “halce an e
_R? X"=halide anion R2 g
O N +M | N 0O +m
>—/ o N e /\
R' X A X R'
N P M
b, @)J\ ol CN R? \Nlj RZ\NJ\Og
g T R A b
v S .
X © S}
X X
a N R’
k N ) R? < M )
0=C=0y, R ;
YR R ON-M—— R R*—N® 9
R' ON--M | P M 0=C=0
X N R’ R’ X Rz_N’@_)
CO2 FTI R CO, R'" X
R2
Major Minor

Scheme 2 Proposed mechanism of reaction catalyzed by MOx(acac),~-TBAX

However, after the insertion of COy, it should undergo the
ring-closing step of intermediate carbamate salt to form
oxazolidinone (Step c). In this step, X~ departed from the
intermediate, and thus the reactivity depended on the
leaving capacity of X-, which was in the order of CI>Br> I-.
Taking the above two factors into account, we believe that
the overall reactivity was affected by two aspects of the
properties of X nucleophilicity and leaving capacity.
Therefore, when TBAX was used alone, the catalytic activity

5

of Br- with moderate nucleophilicity and moderate leaving
capacity was lower than that of I- and ClI-. The addition of
better-performing MOx(acac)n might amplify the influence of
leaving capacity for the reaction, and as observed, almost
TBAC showed the best catalytic activity among the three
TBAXs (Table 2, entries 1, 4, 7, 10).

It is worth mentioning that the yields of dimers 4 and 5
gradually increased following the sequence of Cl<Br<I,,
resulting in a gradual decline in reaction selectivity (Table 2,
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entries 1—3, 4—6, 7—9, 10—12), and this phenomenon had
rarely been adequately described in previous literature.?>?]
Take V(acac)s as an example, when TBAC, TBAB, or TBAI
was employed as the cocatalyst for the reaction, the yields of
dimers were 2%, 9%, and 23%, respectively (Table 2, entries
1—3). This value even rose to 42% when MoOz(acac)-TBAI
was employed as the catalyst, and while using MoOx(acac)2-
TBAG, it was only 2%. It indicated that after the ring-opening
of aziridine, two competitive reactions occurred: one being
the insertion of CO: (Step b), and the other one being the
formation of dimers (Step d). The generation of large
amounts of dimers might be attributed to the rate gap
between the ring-opening of aziridines and the insertion of
CO2, which was widened gradually following the order of
nucleophilicity as in CI<Br<I". When using TBAI, the rapid
ring-opening reaction might lead to the accumulation of
excess ring-opening products, and thus it was likely to form
more dimers (Step d).

As to the regioselectivity of oxazolidinones in the
product, the ratio of 5-substituted to 4-substituted
oxazolidinone in the presence of TBAC was generally
slightly lower than that in the presence of TBAB or TBAL
With the better-performing MOx(acac),, the regioselectivity
values were almost 92:8 and 98:2 in the presence of TBAC
and TBAI, respectively, while the value obtained with TBAB
was somewhere in between.

Due to its high substrate conversion and good
selectivity, TBAC was selected as the cocatalyst for the
following study. The Influences of reaction parameters, such
as catalyst loading, reaction time and reaction temperature
were then studied (Table 3).

As expected, with the reduction of catalyst loading, the
substrate conversion decreased, but the reaction selectivity
and oxazolidinone regioselectivity remained basically
unchanged (Table 3, entries 1—3). When the proportion of
catalyst was reduced to 0.5% (mass fraction), the conversion
of substrate still reached 46% (Table 3, entry 3), indicating the
high activity of this catalyst system.

The investigation of reaction performance with different
time periods was conducted at 40 °C with 1% (molar fraction)
catalyst loading (Table 3, entries 2, 4—6). With the extension
of time, the conversion of substrate increased, accompanied
by an increase in the amount of dimers, but the
regioselectivity of oxazolidinones also remained unchanged.

The influence of reaction temperature was then studied
(Table 3, entries 7—13). The aziridine can also be smoothly
converted into oxazolidinones at 20 and 30 °C (Table 3,
entries 7 and 8). The substrate conversion could still achieve
63%, when the reaction was carried out at 30 °C for 24 h with
2% (molar fraction) catalyst loading. Then the reaction
temperature was gradually increased from 40 °C to 90 °C
with 1% (molar fraction) catalyst loading and 8 h reaction
time (Table 3, entries 4, 9—13). Higher temperatures led to
higher substrate conversion, which were 92%, 96%, and 98%
at 70, 80, and 90 °C, respectively. The temperature of 80 °C is
believed to be already high enough under the current
reaction condition, while the incremental benefits of further
heating remain inconspicuous. The increase in reaction
temperature had no effect on the formation of by-product
dimers, but the regioselectivity of 5-oxazolidinone to 4-
oxazolidinone decreased slightly, which was decreased
gradually from 95:5 at 20 °C to 89:11 at 90 °C.

Table 3 Effect of reaction parameters for the synthesis of oxozolidnone from CO2 and aziridine?

Ratio of Cat.

Oxazolidone®

Entry MOx(acac), (%, mass fraction) Temp/'C Timefh Conv.” (%) Yield (%) Regiosel. Dimers yield" (%)
1 V(acac)s 2 40 24 98 96 92:8 2
2 V(acac)s 1 40 24 75 72 92:8 3
3 V(acac)s 0.5 40 24 46 44 92:8 2
4 V(acac)s 1 40 8 18 18 92:8 0
5 V(acac)s 1 40 12 31 31 93:7 0
6 V(acac)s 1 40 18 51 50 92:8 1
7 V(acac)s 2 20 24 23 22 95:5 1
8 V(acac)s 2 30 24 63 61 937 2
9 V(acac)s 1 50 8 52 52 91:9 0
10 V(acac)s 1 60 8 65 64 90:10 1
1 V(acac)s 1 70 8 92 90 90:10 2
12 V(acac)s 1 80 8 96 93 90:10 2
13 V(acac)s 1 90 8 98 96 89:11 2
14 VO(acac), 1 80 8 99 98 91:9 1
15 MoO,(acac), 1 80 8 95 90 91:9 5

a. Reaction condition: 1-ethyl-2-phenyl-aziridine (2 mmol), 1 atm of CO,, catslyst system: MOx(acac),+TBAC; b. determined by GC.
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The catalytic of VO(acac)-TBAC and
MoO2(acac)2-TBAC at 80 °C were also investigated under the
same reaction condition mentioned above. VO(acac)>-TBAC

activities

showed excellent performance here, with 99% aziridine
98% 91:9
oxazolidinone regioselectivity (Table 3, entry 14). With
MoOz(acac)-TBAC, 95% 90%
yield, oxazolidinone

conversion, oxazolidinones  yield, and
aziridine
91:9

regioselectivity were obtained (Table 3, entry 15).

conversion,
oxazolidinones and

The effects of substituents on the nitrogen atom and 2-
carbon atom of aziridine have been systematically described
in some literature.?2?334 Here we implemented a small
range of substrate extensions. As shown in Table 4, the
reactivity decreased with the increase in alkyl chain length
from two to four on the nitrogen atom (Table 4, entries 1—3).

Table 4 Conversion of CO2 with various aziridines?

Oxazolidone®

Dimers
Entry Substrate Conv.? (% .
i ) Vield (%) Regiosel. Yield® (%)
i’
1 ©/M 69 67 92:8 2
2 @/A 57 56 93.7 1
3 NH/ 42 41 98:2 <1
4 N 96 95 100:0 1
;
5 /O/M 95 94 97:3 <1

a. Reaction condition: aziridine (2 mmol), VO(acac), (0.02 mmol, 1%,
molar fraction), TBAC (0.02mmol, 1%, molar fraction), 1 atm
(101325 Pa) of CO,, 40 °C, 24 h; b. determined by GC.

Table 5 Reactions for mechanism study?

The steric hindrance caused by substituents on the nitrogen
atom led to higher regioselectivity (Table 4, entries 1—4),
as 100:0 oxazolidinone regioselectivity was obtained by
replacing the linear alkyl groups with cyclohexyl group
(Table 4, entry 4). Also, in this case, the conversion of
aziridine was as high as 96% with 95% yield of oxazolidinone
(Table 4, entry 4). When the phenyl group at the 2-position of
the aziridine was replaced by p-tolyl group, the conversion
of aziridine was enhanced from 69% to 95% (Table 4, entries
1 and 5), and it might contribute to the electron-donating
effect of methyl on the p-position of the aryl ring, which
the
Hammett correlation of reaction rates for aziridine substrate

had been discussed comprehensively through
with electron-donating and -withdrawing groups at the
p-position of the aryl ring.1?%l

Although the presence of TBAIL leading to more dimers,

was not beneficial to the reaction, it gave us the chance to

investigate the ring-opening step of aziridine by
demonstrating its existence. Therefore, reactions in the
presence of TBAI under various conditions were

investigated and the results are shown in Table 5. The
reactions were firstly carried out at 40 °C for 24 h with 2%
(mass fraction) catalyst loading (Table 5, entries 1—4). As
mentioned above, dimers appeared in the product mixture
catalyzed by V(acac)-TBAI and TBAI alone, for which the
yields of dimers were 23% with 62% oxazolidinones yield,
and 2% with 28% oxazolidinone yield, respectively (Table 5,
entries 1 and 2). We assumed that if the reaction was carried
out without CO2, only dimers would be produced, without
any oxazolidinones, since, after the ring-opening of the
ternary ring (Scheme 2, Step a), the insertion of CO:
(Scheme 2, Step b) could not occur without COz, thus the
formation of dimers (Scheme 2, Step d) would be the unique
route. Therefore, CO2 was replaced by N2 with TBAI as
catalyst alone, and as expected only dimers were generated
(Table 5, entry 3).

In addition, it was shown that the conversion of the
substrate with CO: (the conversion of the substrate was 30%)
was significantly higher than that with N2 (the conversion of
the substrate was 1%), which indicated that CO2 might

. H b .
Entry Cat. Gas R:l?;;rg;ti'c):f’ Temp./°C  Time/h  Conv.” (%) Yiel d(?:;m“d;:iosa yizllcrp’e(r;;)
1 V(acac)s+TBAI CO; 2 40 24 85 62 98:2 23
2 TBAI CO; 2 40 24 30 28 98:2 2
3 TBAI N2 2 40 24 1 0 / 1
4 / CO; / 40 24 3 3 94:6 0
5 TBAI CO; 1 80 6 40 16 98:2 24
6 TBAI A 1 80 6 14 0 / 14
7 / CO; / 80 6 5 4 97:3 1
a. Reaction Conditions: 1-ethyl-2-phenyl-aziridine (2 mmol), 1 atm (101325 Pa) of CO;; b. determined by GC.
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promote the ring-opening of aziridine. So we continued to
investigate the reaction performance without any auxiliary
catalysts, only CO2 and aziridine were added to the vial, and
3% of the aziridine was converted to oxazolidinones (Table 5,
entry 4). Since 1% and 3% were small data, in order to rule
out the possibility of experimental accidents or errors, the
reaction condition was set to 80 °C, 6 h, and 1% (molar
fraction) catalyst loading to expand the progress of the
reaction (Table 5, entries 5—7). Similar trends were observed.
When the reaction was carried out with TBAI and COz, 40%
conversion of aziridine with 16% yield of oxazolidinones
was obtained, and while CO: was replaced by N2, 14%
aziridine was converted and all the products were dimers. In
the absence of any catalysts, COz itself could promote the
reaction, producing 4% yield of oxazolidinones and 1% yield
of dimers. Catalyst-free reactions had been reported in some
literature,*—41 and Dou et al.l*"] suggested that COz-derived
nucleophiles in the form of the zwitterionic adduct from
CO2 and aziridine induced the ring-opening of aziridine.
And as we know, CO: played a similar role in reactions
catalyzed by the CO: adduct of carbenes.[??3 Metal
complexes could also assist CO: in the ring-opening
process,? and a derivative from CO2, metal complex and
aziridine was thought to be formed to facilitate the ring-
opening of aziridine. In our reaction, V(acac)s alone could
also facilitate the formation of oxazolidinones (Table 1, entry
14), possibly because CO2 derivative acted as a nucleophile.

Therefore, the proposed mechanism of the MOx(acac):-
TBAX-catalyzed reaction was shown in Scheme 2. Based
on the above results and relevant descriptions in the
literature, 21223233471 we believed that besides this pathway of
using X~ as a nucleophile, there should be another pathway
using CO2  in derived form as a nucleophile. Since the
nucleophilicity of X- was obviously stronger than that of CO:
derivative, ~when X- was present, the ring-opening of
aziridine was mainly promoted by X-, and while X- was
absent, the nucleophilic ring-opening caused by CO2
derivative could not be ignored.

4 Conclusions

In summary, MOx(acac)» was demonstrated to be highly
effective with TBAX for the synthesis of oxazolidinone from
CO2 and aziridine under conditions of atmospheric pressure
and mild temperature. The produced oxazolidines consisted
of two isomers, 5-substituted (major) and 4-substituted
(minor) oxazolidinone, and dimers of aziridine as by-
products were formed in some cases. The anion X~ of TBAX
affected the reaction performance, especially the formation
of dimers. It was believed that overall reaction activity was
influenced by a balance of two abilities of anions: the

nucleophilicity of X~ in the ring-opening of aziridine as in

Chem. Res. Chinese Universities
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the order of I'>Br> Cl-, and their leaving capacity in the
ring-closing of intermediate carbamate salt as in the order of
ClI>Br>I~. Meanwhile, the higher the nucleophilicity of
anions, the more the dimers of aziridines formed. This might
be contributed to the rate gap between the ring-opening of
aziridines and the insertion of CO2, which was widened
gradually following the order of nucleophilicity as in
ClI<Br<I". Reaction parameters, such as catalyst loading,
reaction time, and temperature were studied. When the
reaction was carried out at 80 °C with 1% (molar fraction)
VO(acac)-TBAC for 8 h, 99% conversion of aziridine and
98% yield of oxazolidinones with 91:9 5-substituted to
4-substituted oxazolidinone were obtained.

The formation of dimers was a competitive reaction
for the synthesis of oxazolidinone, and when CO: was
replaced by N2, the products were all dimers without
any oxazolidinone. At the same time, it was observed that
the reactivity in N2 atmosphere was lower than that in
CO2 atmosphere, indicating that CO2 could promote the
reaction. Thus the reaction was further carried out without
any catalyst, and the oxazolidinones were still obtained
from CO: and aziridine. This suggested that there should
be an alternative pathway, in which CO: derivative acted as
a nucleophile in the ring-opening step of aziridine, and the
reaction caused by this pathway could not be ignored when
conventional nucleophiles, such as TBAX were absent. More

dynamic details are being studied.
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