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ABSTRACT

Cyclic urethane compounds, known as oxazolidones (Oxas), have historically been synthesized
using toxic, phosgene-based isocyanates, prompting the pursuit for greener alternatives. However,
those alternatives face obstacles like the use of hazardous reagents and reliance on metal catalysts,
leading to scalability limitations. Flow chemistry provides an effective solution, enabling safer,
more efficient, and continuous production of Oxas, with enhanced catalyst recovery, reduced
reaction times and greater control over reaction conditions. Leveraging these advancements, a
novel flow-based method using the aminolysis of CO:-derived a-alkylidene cyclic carbonates
(aCCs) was developed, achieving yields of about 99% for aliphatic amines in just 1-5 minutes,
with a very high selectivity for Oxas over hydrolysis and uncyclized by-products. This process
was further optimized to synthesize oxazolidones in under 1 minute, without solvents and with
minimal side reactions. Furthermore, a process utilizing supported catalysts was developed, further

improving catalyst recovery and overall reaction efficiency.

INTRODUCTION
Recent advances have demonstrated the effective use of CO: as a C1 building block under

123456 including in the synthesis of ureas,’ and cyclic carbonates via

continuous-flow conditions,
COzx—epoxide cycloadditions.>>%>!1% In particular, significant progress has been made in the

catalytic conversion of CO: into exovinylene cyclic carbonates (aCCs), achieved either under



11,12,13,14,15

batch conditions or through gas—liquid reactions in flow systems.'® These aCCs can be

readily obtained via 100% atom economy the catalytic coupling of CO: with propargylic alcohols,
typically with high yield and selectivity, making them attractive and sustainable CO.-based
heterocycles. Unlike conventional 5-membered cyclic carbonates, these heterocycles show

remarkable reactivity with N-171819.2021 /9 22.23.24.25 55q S_nucleophiles®® allowing their facile post-

27,28 29,30,31

transformations into a large diversity of (sophisticated) chemicals, monomers, and

17,25 17,18,30,31,32,33,34,35,36 Of

polymers such as polycarbonates or non-isocyanate polyurethanes
particular interest is the reaction of these CO2-based heterocycles with primary amines, affording
oxazolidones of potential biological relevance — drug template’”%3%4041 (Figure 1)- and a special
class of high performance polyurethanes, i.e. poly(oxazolidone)s, usually only accessible from the
conversion of toxic epoxides and isocyanates.*?43444> However, the aminolysis of aCCs is highly
exothermic. While this exothermicity has been an asset in developing CO: self-blowing non-
isocyanate polyurethane foams from room temperature formulations,* it poses significant
challenges for large-scale synthesis of organic synthons. Flow chemistry is a highly promising tool
to mitigate risks associated with handling strongly exothermic reactions. Besides the continuous
and highly efficient production of synthons, it allows for better heat transfer, which minimizes
exothermic effects, thus preventing unwanted side reactions and simplifying the scaling up of such
organic transformations. The precise control over reaction parameters, such as temperature,
pressure, and reactant flow rates, further ensures results reproducibility and consistency,*” making
this technology a versatile and reliable method for oxazolidones synthesis.

Herein, we report a rapid and efficient continuous flow process for the synthesis of oxazolidone

scaffolds with a broad structural diversity and functional group tolerance through the aminolysis

of aCCs. The reactions were carried out at temperatures ranging from 40 to 120 °C with a



(supported) nitrogen superbase (i.e. 1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU)) as the catalyst,

achieving remarkable product yields up to 99% for aliphatic amines within 5 minutes. Further

optimization allowed the ultrafast and side-product-free preparation of selected compounds in just

1 minute, under solvent- and even catalyst-free conditions. Remarkably, Space-Time Yields

(STYs) and productivity were found ~ 20 to 200 folds superior to those reported for other

oxazolidones synthetic pathways using flow processes, although these previous reports were not

focused on optimizing productivity. They included the photocatalyzed cross-coupling of protected

a-amino ester with N-bromosuccinimide and the catalytic coupling of CO, with N-aryl epoxy

amines (Figure 1).*8 Additionally, we present a comprehensive mechanistic study that provides a

thorough understanding of the experimental results and offers valuable insights into the reaction

pathway.
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Figure 1. Earlier research on the continuous flow synthesis of Oxas, and the current strategy for a
continuous flow process for oxazolidones using a-alkylidene cyclic carbonates (aCCs) and

primary amines. Below: examples of oxazolidone-bearing drugs.*

EXPERIMENTAL SECTION.

General information. Conversion and selectivity were determined by "H NMR spectroscopy,
with detailed calculations provided in the ESI (Section 5). Structural identities were confirmed
by 'H and "*C NMR spectroscopy using a 400 MHz Bruker Avance spectrometer (see ESI, Section
6). All amines were either freshly purchased or purified by distillation prior to use. Dimethyl
sulfoxide (DMSO) and acetonitrile (ACN) were dried and stored over 3 A molecular sieves under

an inert atmosphere.

Microfluidic setup. The microfluidic setup was constructed using PFA tubing with an outer
diameter of 1.58 mm and an inner diameter of 762 um. Both the inlet and outlet lines used the
same tubing, connected with SuperFlangeless™ PEEK connectors and ferrules from
IDEX/Upchurch Scientific. Fluid delivery was controlled by Chemyx Fusion 4000X syringe
pumps equipped with stainless steel syringes or alternatively, by B. BRAUN Injekt™ 20 mL Luer
Lock syringes. Temperature was regulated using a Heidolph MR Hei-Tec system fitted with a
Pt1000 sensor, while downstream pressure was maintained via back pressure regulators from
IDEX/Upchurch Scientific (BPR 40 psi). To enhance mixing, the column containing the supported
DBU was immersed in a Branson 1510 ultrasonic bath operating at a frequency of 40 kHz and

maintained at 70 °C. A thermometer was placed in the bath to monitor the actual temperature of



the system. Comprehensive details and schematic representations are provided in the ESI (Section

2).

General Procedure for the synthesis of exovinylene cyclic carbonates (¢CC). In an 80 mL
high pressure reactor equipped with a stir bar was added the propargylic alcohol (87 mmol),
triphenylphosphine PPh; (0.46 g, 1.74 mmol, 2 mol%), silver carbonate Ag>COs (0.24 g, 0.87
mmol, 1 mol%) and 10 mL of chloroform. The reaction was realized during 16 h at 50 °C and 100
bar of CO». During the first hour of reaction, the pressure within the cell was regularly readjusted
to 100 bar to compensate the CO; consumption. After collection, the reaction mixture was purified
by vacuum distillation. If necessary, additional purification of the aCCs was performed by silica
gel chromatography using petroleum ether (95%) and ethyl acetate (5%) as the eluent. The

synthesis was performed following a procedure adapted from literature.*®

Continuous flow preparation of hydroxy-oxazolidones. A solution of aCC (1) in dried DMSO
(1.95 M, 5 mol% DBU) and the corresponding pure liquid primary amine were loaded into separate
20 mL syringes. The solutions were introduced into a PFA microreactor (0.9860 mL) via a T-
shaped mixer, with the aCC flow rate set at 0.200 mL-min~" and the amine flow adjusted to deliver
1.0 equivalent. Reactions were carried out at 40 °C. After 1.5 x 1, (residence time), the output was
sampled for 'H NMR analysis. Full experimental details are provided in ESI, section 2. For p-
anisidine, which is solid at room temperature, a modified protocol using DMSO stock solutions
was employed. The aCC (1a) (2.60 M) and p-anisidine (3.28 M) solutions were delivered at 0.150
and 0.119 mL-min~", respectively. Reaction conditions and analysis followed the general

procedure.



Continuous flow preparation of hydroxy-oxazolidones using supported DBU. A stainless-steel
column (Waters, 4.6 x 250 mm) with integrated filters was packed with 234.5 mg of polymer-
supported DBU (loading: 1.5-2.5 mmol-g™), corresponding to (3.52—5.86) x 10~ mol of base.
The remaining internal volume was 0.332 mL, representing the solvent-accessible space. Ata 1.95
M concentration of 1a in dry acetonitrile, this corresponds to 0.7—1.2 equivalents of supported
DBU relative to the substrate. A solution of aCC (1a) in dried ACN (1.95 M) and n-heptylamine
(A1) were loaded into separate 20 mL stainless steel syringes. The solutions were introduced into

the stainless-steel column via a T-shaped mixer, with the aCC flow rate set at 0.0173 mL-min™"

and the amine flow adjusted to deliver 1.0 equivalent. Reactions were carried out at 70 °C under

ultrasound. After 1.5 x 1, the output was sampled for '"H NMR analysis.

Continuous flow preparation of hydroxy-oxazolidones using solvent-free conditions. Liquid
aCC (1c or 1d) and amine (A1 or A9) solutions were loaded into separate syringes and injected
via a T-mixer, with aCC at 0.16 mL-min~" and the amine at an equimolar flow rate. The reaction

proceeded in a 0.2773 mL PFA reactor at 120 °C with a residence time of 47-55 seconds. After

1.5 minutes, samples were collected for "H NMR analysis.

RESULTS AND DISCUSSION.

Process optimization. The aminolysis of aCC is highly exothermic in nature. This is exemplified
by the DBU-catalyzed reaction in batch conditions of 4,4-dimethyl-5-methylene-1,3-dioxolan-2-
one (1a) by n-heptylamine (A1) forming the corresponding oxazolidone. At a high concentration

of 3.5 mol-L™! in dimethyl sulfoxide (DMSO) or acetonitrile (ACN), 5 mol% of DBU and an initial



temperature set to 80 °C, the exotherm reaches up to 140 °C in just 15 sec in DMSO despite the
small reaction scale (Figure S1). Using diluted conditions (1.95 mol-L'") and a lower bath
temperature of 40 °C still induces a temperature overshoot of 35 °C within 30 sec (Figure S1). The
rapid temperature rise causes the evaporation of reactants/solvents (ACN) and represents a major
challenge for scaling up the reaction. Additionally, high temperatures favor the hydrolysis of aCC
by residual water leading to the formation of hydroxyketone side-products. This is supported by
the fast hydrolysis of 1a exposed to 1 equiv. of water at 80 and 140 °C, forming respectively 8 and
35% of hydroxyketone in just 30 seconds (Figure S2). Note that the formed hydroxyketone can in
turn act as a nucleophile toward 1a leading to an additional side-product especially at 140 °C
(Figure S2). The oxazolidone can also be thermally dehydrated releasing additional water. In
contrast to batch experiments, flow systems offer a significant advantage by effectively managing
the exothermicity of the reaction. The continuous flow of reagents allows for a better control of
the temperature and the reaction environment creating optimal conditions for selective aCC
aminolysis by minimizing the formation of hydrolysis byproducts.

The synthesis of oxazolidones has therefore been transposed and optimized from a batch reactor
to a lab-scale continuous flow system using the same model compounds, namely, neat n-
heptylamine (A1) and 4,4-dimethyl-5-methylene-1,3-dioxolan-2-one (1a) in solution in dry
DMSO. The reaction has been initially performed using a 1a concentration of 1.95 mol-L! at 40
°C, adapting conditions from previously reported batch reactions using 5 mol% of DBU (vs 1a).18
Under these conditions, 83% conversion of 1a was achieved within 1.3 minutes, with 92%
selectivity for the desired product 3a and 8% selectivity for the oxo-urethane intermediate 2a

(Table 1, entry 1). Notably, no hydrolysis was observed. To explore the effect of temperature, the



reaction temperature was raised from 40 °C to 80 °C, which did not significantly alter the

conversion of 1a, but led to the formation of 5% of hydroxyketone 4 (Table 1, entry 11).

Table 1. Optimization of the continuous flow synthesis of oxazolidone 3a by aminolysis of aCC

1a and n-heptylamine Al.

.min-1
__________ ©0200mb-min” o
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e 2 (Hydrolysis)
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(5 mol%, 0.05 eq) «CC In dry DMSO
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U (1.95M,1eq)
TN~ | 22 O on
A1 (neat, 1eq)
© 0.058 mL-min"!
Entry T(°C) [c] (mol-L)  Tr(min) Mixer  Conv. 1a (%)° 2a (%)° 3a (%)t 4 (%)’
1 40 1.95 1.3 T 83 8 92 0
2 40 1.95 1.9 T 89 6 94 0
3 40 1.95 3.8 T 98 trace 99 trace
4° 40 1.95 3.8 T 98 15 85 0
5 40 0.67 3.8 T 82 1 99 0
6 40 0.67 3.8 Y 82 3 97 0
7 25 1.95 3.8 T 96 4 96 0
8 25 1.95 3.8 T 87 34 66 0
9 25 0.67 3.8 T 81 5 95 0
10 80 1.95 3.8 T 95 2 95 3
11 80 1.95 1.3 T 83 3 92 5
124 40 1.95 3.8 T 73 6 94 0
134 80 3.5 6.3 T 99 trace 99 trace

Conditions: PFA tubing, internal diameter of 762 pum, internal volume of 0.9860 mL. For C1a = 1.95 mol-L-! (in dry DMSO), 01a
= 0.2 mL-min"! ®n-heptylamine (neary = 0.058 mL-min"!, DBU (5 mol%), mixed with n-heptylamine. The methodology to calculate
flows at other 1a concentrations is reported in the ESI section. * Conversion determined by '"H NMR. ® Composition of product
mixture, determined by "H NMR. ¢No catalyst.4 Carried out in ACN.

Despite the temperature increase, the overall reaction efficiency did not improve, prompting a

shift in focus to the residence time. Extending the residence time from 1.3 to 1.9 and 3.8 minutes

at 40 °C improved the conversion of 1a to 89 and 98% respectively, with a 94-99% selective



formation of 3a (Table 1, entries 2 and 3). Lowering the temperature to 25°C still allowed for
quasi-quantitative conversion of 1a (96%) at a residence time of 3.8 min, with 3a being the major
product (96% vs 4% of intermediate 2a) (Table 1, entry 7). Further optimizations of the reaction
are reported in Table 1. As a trend, in the absence of DBU, the conversions of 1a were 87% (at 25
°C) or 98% (at 40 °C), but the cyclization of intermediate 2a was significantly slowed down as
attested by its high content of 34 to 15% (Table 1, entries 4 and 8). As reported for low 1a
concentration at 40 °C, the T- or Y-shape of the mixer had no impact on the reaction features, as
attested by identical conversion of the aCC (82%) and selective formation of 3a (97-99%) (Table
1, entries 5 and 6). From this study, we defined the optimal conditions as being a residence time
of 3.8 minutes, a concentration of 1a of 1.95 mol-L™! in dry DMSO, using 5 mol% of DBU (vs 1a),
and a reaction temperature of 40 °C. These conditions provided a Space Time Yield (STY) of 5.6
kg'L'l'h'1 and a daily production of 3a of 133 g. As shown in Table 1 (entries 12 and 13), the
reaction was slightly slower in ACN, giving 73% conversion of 1a. However, optimized conditions
were developed to allow the use of this solvent — it is employed to facilitate the purification of the
scope of products in the next section. Under these conditions (80 °C, 3.5 mol-L™, 6.3 min residence
time), full conversion of 1a and 99 % selectivity for 3a were achieved, demonstrating the
efficiency of the reaction in ACN. Importantly, while the reaction inherently achieved 100 % Atom
Economy (AE), this optimization in ACN enabled further improvements in other green metrics,
such as Process Mass Intensity (PMI) and E-factor, which decreased from around 290 to an average
of 50, and in some cases even lower than 10. All values were calculated and are summarized in
Table S1, highlighting the substantial environmental benefit of this process. Lower metrics might
also be obtained by optimizing the purification step, i.e. the solvent volumes used for column

chromatography.
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Substrate scope. Building on the previous outcomes, the reaction's versatility was evaluated
across a wide range of aCCs and (cyclo)aliphatic amines using the optimized conditions (1 = 3.8
min, Cocc = 1.95 mol-L! in dry DMSO, 40 °C). The conversion and selectivity for each aminolysis
reaction were monitored by '"H-NMR of the crude mixtures, taking into consideration all the
detected products and side-products (Figure S3), while the corresponding isolated yields are
reported in ESI (Table S1). Similarly to A1, the reaction of 1a with propylamine A2 was quasi
quantitative (conv. of 1a 98-96%) and furnished 3b with a selectivity of 99%. As expected,
introducing the sterically congested amine A3 or the cycloaliphatic amine A4 hindered the
nucleophilic attack of the carbonate ring. This resulted in a decrease of aCC conversion to 82-62%
yielding respectively products 3¢ and 3d. Moreover, the product selectivities toward 3¢ and 3d
dropped to 70% and 49% with A3 and A4, respectively. Such moderate selectivities arose from
the slow cyclization rate of the corresponding 2¢-d intermediates which were the sole observed
co-products of the reaction. Replacing 1a by other aCCs displaying cycloaliphatic (1b), isopropyl
(1¢), allylic (1d) or aromatic (1e) substituents had no impact on the reaction, except in the case of
1c. For this substrate, when combined with n-heptylamine (A1), the conversion decreased to 89%,
with a selectivity of 93% toward 3f, while the other oxazolidones 3e, 3g and 3h were quantitatively
produced with a selectivity of 99%. Interestingly, our synthetic approach allowed synthesizing
oxazolidones with STYs of 1.3-7.8 kg-L!-h"! and daily production of 31-185 g, which was much
higher than the values reported in the literature for other synthetic pathways (Table S1). To assess
the reaction’s functional group tolerance, amines bearing different functional groups were tested
(Figure 2, products 3i-p). With allylamine (A5) and propargylamine (A6), 1a was converted at 92-

93%, affording both 3i and 3j with 99% selectivity. The use of long-chain amine A7 bearing an

11



internal olefin led to a conversion of 1a comparable to the shorter-chain analog A5 (93-92%),).
However, despite a similar conversion, the selectivity for 3k was lowered at 91%, possibly due to
increased steric hindrance that hampered the intramolecular cyclization of the oxo-urethane
intermediate 2Kk. Functional amines with groups such as ether (A8), tertiary amine (A9), alcohol
(A10), furan (A11) or imidazole (A12) also led from good to high aCC conversions (63-99%).
With the exception of 3-amino-1-propanol (A10), the functional amines furnished the
oxazolidones 31, 3m, 30, and 3p with selectivities exceeding 98%. With A10, the presence of the
alcohol promoted an alternative reaction pathway with the aCC, forming side-products (Figure
S4).% Indeed, in addition to the desired product 3n—which constituted 65% of the final crude
mixture—a competing ring-closure pathway led to the formation of a six-membered cyclic
carbamate, specifically a 1,3-oxazine-2-one (3°n) at 32%.°%°! Furthermore, the hydroxyl group
present in the oxazolidone could also react with another aCC, yielding an oxazolidone/oxo-
carbonate side product (3°’n) at 3%. 'H and '*C NMR characterisations of 3”n are given in the
ESI section 5. These results confirmed the high versatility of this synthetic method, demonstrating
its efficiency across a wide range of amines with functional groups relevant for click chemistry
(e.g., furan for Diels—Alder reactions®2%3, alkenes for thiol-ene reactions®*, alkynes for alkyne-
azide cycloaddition®-%).

Benzylic and related amines A13 and A14, compared to aliphatic amines Al, led to slightly
reduced 1a conversion of 81% and 95%, respectively. It afforded oxazolidones 3q and 3r being
produced quasi selectively (96% with A13, 97% with A14). In contrast, aromatic amines such as
aniline (A15), exhibited a very low conversion of 5%, with the remaining 95% corresponding to
unreacted starting material, without detectable side-products. The introduction in aniline of an

ether electron-donating group at the para position (A16) slightly improved reactivity, increasing

12



conversion of 1a to 24%. For both (substituted) aromatic amines, the oxazolidones 3s and 3t were
formed with a selectivity >93-99%; in the case of aniline (A15) leading to 3s, no uncyclized
intermediate was detected, whereas for p-methoxyaniline (A16) affording 3t, 7% of the
corresponding intermediate 2t was observed. Switching from mild conditions in DMSO to harsher
conditions in ACN significantly improved the conversion, as evidenced by an increase to 14%
with A15 and 29% with A16. However, this enhancement came at the expense of selectivity for p-
methoxyaniline, which decreased to 74%, with the remaining 26% corresponding to intermediate
2t (Table S1). Extending the residence time in ACN from 6.3 min to 28.3 min at 80 °C did not
significantly increase the conversion (31% vs 29%), but it substantially improved selectivity for 3t

from 74% to 87%, with the remaining 13% being accounted for intermediate 2t.

13
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Figure 2. Scope of continuous flow synthesized oxazolidones 3 using a-alkylidene cyclic
carbonates (aCCs) 1 and primary amines A. General reaction conditions: DMSO, 1.95M, 40 °C,

T = 3.0 — 4.3 min, aCC flow rate: 0.2 mL/min. The conversion of 1 and the selectivity were
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determined by 'H NMR by using calculus detailed in ESI. Their space time yield (STY),
productivity, isolated yield, process mass intensity (PMI), and E-factor are mentioned in Table S1.

Full characterization of the isolated products is found in ESI section 5.

Mechanism study by DFT. To further understand these experimental trends, a detailed DFT
investigation was conducted to elucidate the mechanism of DBU-catalyzed aminolysis of aCC and
to explain the reactivity differences among various amines. Propylamine (A2), cyclohexylamine
(A4), and aniline (A15) were selected as model amines. Calculations were performed using the
range-separated hybrid functional ®B97X-D combined with the triple-C basis set (6-311++G(d,p))
in acetonitrile, modeled using the conductor-like polarizable continuum model (CPCM). Energy
corrections were applied using the GoodVibes module, considering a concentration of 3.5 mol-L"
'at 353.15 K (Figure 3). Further details on the calculation methods, transitional steps, and kinetic
studies are provided in the ESI (Table S2-3, Figures S5-7). Through DFT calculations, multiple
transition states (TS0-TS6) and their corresponding intermediates (int0—int6) were identified,
providing valuable insights into the reaction mechanism. The overall mechanism proceeds in two
main stages: (a) Ring opening, initiated by the nucleophilic attack of the amine to form a linear
oxo-urethane, and (b) Ring closure, leading to the formation of the oxazolidone. The mechanisms
for the three amines are generally similar, except for aniline (A15). For the latter, a distinct TS0
corresponding to the initial approach of the amine was not identified. Instead, the intrinsic reaction
coordinate for TS1, which represents bond formation between the amine nitrogen and the carbonyl
carbon, showed a loss of inflection, indicating a direct bond formation (Figure S8). For aliphatic
amines (propylamine and cyclohexylamine), TS0 is the rate-determining step, with activation free
energies of 17.4—18.6 kcal-mol ™. In contrast, for aniline, the rate-determining step corresponds to

TS1, with a higher Gibbs free energy barrier of 22.8 kcal-mol™. These findings align with

15



experimental observations (Figure 2 and Figure S9a-c) where propylamine reacts the fastest,
followed by cyclohexylamine, while aniline reacts much more slowly. However, by extending the
reaction time (from 4 h to 72 h) and the concentration (from 0.5 to 3.5 M) at 25 °C, aCC and
aniline were almost fully and selectively converted into the desired oxazolidone (Figure S9d). This
experiment suggested that the full transformation of alCC into the desired oxazolidone might be
achieved in flow under these conditions, provided that a long residency time could be achieved,
which is however not possible with our set-up.

The second stage of the mechanism——cyclization of the oxo-urethane to form the oxazolidone—
proceeds through several transition states (TS4-TS6). The rate-determining step for cyclization
across all amines corresponds to TS4, where DBU deprotonates the nitrogen of the urethane
intermediate. Aniline shows the lowest Gibbs free energy (12.3 kcal-mol™') due to a less stable
oxo-urethane intermediate. Propylamine has a slightly higher barrier to overcome (13.9 kcal-mol
1y while the more sterically hindered cyclohexylamine exhibits the highest Gibbs free energy of
16.8 kcal'-mol'. As predicted, for aniline, oxo-urethane intermediates are undetectable
experimentally even at the earliest stages of the reaction while for propylamine, the intermediate
is present at early stage of the reaction and quickly decreases to stay at very low concentrations,
whereas for cyclohexylamine, it is more persistent due to a slower cyclization step, making it

readily detectable by NMR (Figure S9, a-d).
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Figure 3. Gibbs-Free Energy Profiles of the aminolysis of aCC with different amines. The

chemical structures of all transition states and intermediates are depicted in ESI in Figure S6-S7.

Heterogeneous catalysis. Heterogeneous catalysis has been shown to be an effective approach
for the synthesis of oxazolidones, facilitating product isolation and process efficiency.’ Building
on this strategy, DBU immobilized onto a resin was tested to further improve the process and
streamline purification from the catalyst in the crude reaction product (Figure 4). This is important
as this nitrogen superbase typically interacts with the oxazolidones via H-bonding making the
product isolation rather difficult. For this test, the experimental set-up was changed. A total of
234.5 mg of polymer-supported DBU (loading: 1.5-2.5 mmol-g™), corresponding to 3.52-5.86 x

10~* mol of base, was packed into a packed-bed reactor with a fixed internal volume of 0.332 mL,
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corresponding to 0.7—1.2 equivalents of supported DBU relative to the substrate. For the reaction
of 1a with A1, the reaction was run at 70 °C to favor the complete cyclization of intermediate 2
into 3a. The 1a and A1 flow rates were adapted to respect stoichiometry, which corresponded to a

contact time of 14.9 min. Finally, to facilitate the recovery of 3a, DMSO was replaced by ACN.

©0.0173 mL-min™

O
oyO 1a

ultrasound, 70 °C

in dry ACN (1.5 M)

o
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2.8 bar . /U\N/M

14.9 min % 3a
SIS OH
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Figure 4. Continuous flow synthesis of oxazolidone 3a by reacting 1a and n-heptylamine A1 using

supported DBU. Stability study of the heterogeneous catalyst by monitoring 1a conversion (%)

over time.

Rather than pushing for complete 1a consumption, the reaction was deliberately run at the
threshold of ~ 95% to validate process stability and better identify a possible catalyst degradation.
Overall, the continuous heterogeneous catalytic flow set-up demonstrated remarkable stability and

efficiency for at least Sh30. The system maintained consistently high 1a conversions between 91%
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and 96%, with an exclusive formation of 3a with a selectivity of 98-99%, confirming its
robustness. In addition, the productivity of the catalyst was calculated to be in the range of 3.21—
5.35 mmol-h™'*mmol "¢, further underlining the efficiency of the process. Notably, no leaching
of the supported catalyst (DBU) was detected by 'H-NMR, which is ascribed to the covalent

linkage between the DBU and the polystyrene resin.

Solvent-free process. To further enhance the productivity of the synthesis and target reaction
times below 1 min, solvent-free trials at a higher temperature of 120 °C were carried out (Table
2). Under these conditions, running the reaction of 1a with A1 in batch was very challenging as
illustrated by an exotherm reaching 210 °C in just 10 sec even under catalyst-free conditions
(Figure S10). This rapid temperature rise made the process too hazardous for batch synthesis,
requiring careful consideration of heat management and control to ensure safe operation on a larger
scale. To adapt these operative conditions in flow, 1a that is solid at r.T, was replaced by liquid 1¢
and 1d to allow continuous injection of aCCs in the set-up. At 120 °C, both aCCs were rapidly
transformed into the corresponding oxazolidones 3f and 3g using A1 as model amine. 1¢ and 1d
conversions reached up to 90% and 87%, respectively, in 51 and 47 sec (Table 2, entries 1 and 2).
However, when using l¢, some oxo-urethane intermediate 2 was still detected in the crude
composition. Hydroxyketone appeared as traces in the crude mixture. When A9 was combined
with 1¢, without the use of solvent or a catalyst, a conversion of 91% was achieved, with an STY
of 52.1 kg:L'-h™' (Table 2, entries 3). Under the same conditions, the reaction involving 1d
reached 99% conversion in just 52 seconds. Notably, 96% of the product was the desired

oxazolidone. The remaining 4% were attributed to the dehydration of 3g into 5, a well-known
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thermally induced side reaction. Despite the formation of this side product, the process still

delivered an outstanding STY of 63.9 kg-L'-h™! (Table 2, entries 4).

Table 2. Catalyst- and solvent-free synthesis of oxazolidone under continuous flow conditions.

© 0.160 mL-min!

120 °C o

____________

@)

H . .
Cyclisat
RZ’N TO% yclisation
R

PN

o” N Dehydration
R 3 -Hzo ﬂ 5
1

......... 2 O 1
! : OH Ry
 HN-Re (O Time < 1 min
LA + Hydrolysis (4)
© X mL-min""!
o o}
- )~
d 9 O %
e
H2N/\/\/\/ HZN/\/\T
A1 A9 1c 1d
Entry aCC A Tr(sec)  Conv.aCC(%)* 2(%) 3(%)* 4(%) 5(%)>  STY(kg-L'*h?)
1 lc Al 51 90 8 91 1 0 49.2
2 id A1 47 87 0 >99 trace 0 60.4
3 lc A9 55 91 0 >99 trace 0 52.1
4 1id A9 52 >99 0 96 0 4 63.9

Conditions: 1a is injected in a PFA tubing at 120 °C at a flow rate of 0.160 mL-min™' and the flow rate of the amine is adapted to
have equimolar amount vs aCC. * Conversion determined by 'H NMR. ® Product composition determined by 'H NMR.

This study highlights the adaptability of the methodology and its scalability for industrial
application, offering a sustainable and highly efficient pathway to produce oxazolidones in a

continuous way. The ability to achieve high conversion in less than one minute, without the need
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for solvents nor catalyst, not only makes the process more environmentally sustainable but also

enhances efficiency and cost-effectiveness.

CONCLUSIONS

This work presents a robust and efficient flow chemistry approach that integrates both
homogeneous and heterogeneous catalysis for the synthesis of oxazolidones from CO»-derived
exovinylene cyclic carbonates and amines. Achieving up to 99% yield, this method demonstrates
the reaction’s efficiency under mild conditions using DMSO at 40 °C for 3.0—4.3 minutes, while
also showcasing its high level of intensification when carried out solvent-free at 120 °C in under
1 minute. The continuous flow setup ensured optimal product yields and high conversion rates,
with STY values ranging from 0.25 to 63.9 kg-L'-h™! and daily outputs spanning from 6 g to 426
g. In the heterogeneous catalysis system using acetonitrile, yields of 95% were achieved, with
minimal impurity formation. DFT calculations provided key insights into the reaction mechanism,
identifying multiple transition states and intermediates, and revealing amine-specific variations in
Gibbs free energy and reaction rates. The process exhibited high versatility, with amine
nucleophilicity and steric factors playing pivotal roles in the reaction efficiency. The technology
demonstrated to be fast, scalable, and solvent-free, positioning it as a promising solution for the

industrial production of oxazolidones.

ASSOCIATED CONTENT
Supporting information is available free of charge on the ACS Publications website. Material
and methods, 'H, *C-NMR, FT-IR spectra, determination of aCC conversion, determination of
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DFT-optimized geometries of all molecules, intermediates, and transition states discussed in this

study are provided in the accompanying Excel files.
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The aminolysis of alkylidene cyclic carbonates in flow rapidly and selectively produces

oxazolidones with a high productivity, while minimizing hazardous reagents and wastes.
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