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ABSTRACT: The inherent skeletal and thermal features to forge polymers by step-growth 

polymerization are conflicting with any depolymerization strategies via cascade back-biting reactions 

that necessitate adequate ceiling temperature, spacers, and functionalities to create cyclic compounds. 

Here, we report the edition of step-growth poly(carbonate-urea)s and poly(carbonate-amide)s that are 

depolymerized on demand into their native precursor or added-value offspring oxazolidinones, 

together with a hemiacetal cyclic carbonate. The unprotected in-chain secondary amide or urea 

functionalities of the polymers trigger their degradation via cascade ring-closing events upon a thermal 

switch (from 25 to 80 °C) in the presence of an organic base as a catalyst. Although most studies are 

realized in solution for understanding the deconstruction process, the polymers are also fully degraded 

in 2 h in neat conditions without any catalyst at 150 °C. At 80 °C, the organic base is required to 

accelerate the process. On the road to sustainability and circularity, we validate the concept by 

exploiting monomers designed from waste CO2 and upcycled commodity plastics. Ultimately, these 

polymers are selectively depolymerized from plastic mixtures composed of commodity poly(ethylene 

terephthalate) and polycaprolactone, offering new options for recycling plastic waste mixtures while 

delivering high-value-added chemicals. 

Introduction 

 

Over the last century, commodities of engineered plastics have totally reshaped our modern 

life. Their ever-growing utilization coupled with the lack of viable end-of-life scenarios, finite 

fossil origin, and long-term persistence in marine ecosystems and nature are now causing a 

major environmental crisis. (1,2) This has pushed scientists to fundamentally reinvent the way 

to fabricate, use, and recycle, ideally on-demand, these materials in a circular, sustainable, and 

economic manner. (3−22) Circular economy of plastics is better achieved through chemical 

recycling, where the polymer chain is depolymerized into the pristine monomer or new value-

added chemicals. In this context, heteroatom-linked step-growth polymers such as polyesters, 

polyurethanes, and polycarbonates can play a pivotal role in tackling the plastic pollution 

problem. The presence of in-chain C–O or C–N labile bonds offers various chemical 

depolymerization opportunities via solvolysis, producing either the initial monomers that are 

re-employed in a closed-loop system or, new added-value chemicals via an open-loop 

upcycling approach. (8,10) Developing creative and energy-efficient deconstruction 

strategies, beyond solvolysis, to enlarge and diversify the scope of accessible chemicals from 

step-growth polymers represents an exciting but rather unexplored research area. 
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Ring-closing depolymerization is a powerful method to transform polymer backbones into 

cyclic products, yet is made virtually applicable to all polyesters and polycarbonates prepared 

by ring-opening (co)polymerization (RO(CO)P). (9,23−30) The almost ergoneutral 

polymerization energetics (ΔGp ≈ 0) of these RO(CO)P polymers enable chain growth below 

their ceiling temperature (Tc) and the (catalytic) reversion of the materials into the native 

three-, five-, or six-membered cyclic precursors by activated chain-end unzipping above Tc. 

(11,31−37) Mimicking this concept with step-growth polymers is far from trivial. 

Impediments to the construction of step-growth materials with ring-closing degradative ability 

lie in the inherent incompatibility between both chain growth and deconstruction manifolds. 

The inadequate microstructural polymer features also prevent the formation of well-defined 

cyclic molecules upon back-biting reactions in most cases. This is exemplified for 

polycarbonates (PCs). (38) The carbonylation of vicinal diols provides exclusively the 

corresponding five-membered cyclic carbonates while oligomers (minor product) coexist with 

six-membered trimethylene carbonates (major product) when 1,3-diols are used as templates. 

(28,39,40) Only 1,x-diols (with x > 3) deliver polycarbonates with decent molar masses by 

step-growth copolymerization, generally at high temperature to tackle the low reactivity of the 

comonomers and/or to eliminate the condensate (in polycondensations). However, the 

enlargement of the alkylene spacer between both hydroxyl units of the diols is detrimental for 

deconstructing the PCs via activated chain-end back-biting as the formation of seven-

membered (if x = 4) or even larger rings is not favored. Their depolymerization into 

macrocyclic carbonates is now possible by transesterification (i.e., not by back-biting 

reaction) at elevated temperatures (235–280 °C) under vacuum distillation. (41) The chemical 

foundations to design PCs by step-growth polymerization with ring-closing degradative 

ability imposes the utilization of monomers with adequate ethylene or propylene spacers 

between the reactive groups but also processing conditions and adequate ceiling temperature 

that favor their enchainment into polymers instead of a cyclic scaffold formation. Self-

immolative polymers represent an elegant solution to this issue as they can be delivered by 

step-growth polymerization while being prone to spontaneous disassembly via a domino 

fashion upon removal of a triggering moiety by an appropriate stimulus. (42−54) While 

interesting but rarely illustrated with polycarbonates, this class of materials suffers from (1) 

the utilization of protected monomers, generally not easily accessible and not sustainable, 

and/or (2) the stabilization of the growing chains by fast trapping of the reactive terminus to 

prevent a reversion, thus limiting the molar mass to short chains, which is detrimental for the 

thermomechanical performances of the materials. (55) 

Herein, we report an original and facile methodology to fabricate polycarbonate-type 

polymers with cascade ring-closing depolymerization ability via an activated chain-end 

mechanism, delivering new cyclic scaffolds upon deconstruction. Capitalizing on our recent 

approach of furnishing regioregular polycarbonates by room-temperature step-growth 

copolymerization of exovinylene biscyclic carbonates and diols, (56−58) we envisioned that 

the smart skeletal editing of these PCs should solve the conflict between step-growth 

copolymerization and ring-closing depolymerization. Thus, we explore the introduction of 

additional unprotected in-chain secondary functionalities, which are nonreactive at room 

temperature but activated on demand upon catalytic thermal switching (Scheme 1). The 

concept was validated with monomers designed from CO2 and upcycled waste plastics, 

creating a sustainable and circular scenario that answers the requirements of our modern 

society. 

 



 
Scheme 1. Fabrication of Step-Growth Poly(carbonate-urea)s with Back-Biting Ring-Closing 

Depolymerization Ability 

Results and Discussion 

Design of Regioregular Poly(carbonate-amide) and Poly(carbonate-urea)s 
Forging step-growth polycarbonates with ring-closing degradative ability requires engineering and 

unifying monomers with dual functionalities that can be activated on demand to drive selectively 

divergent catalytic polymerization and depolymerization pathways. To be applicable and guarantee 

the success of our methodology, the fine control of the polymer microstructure is capital. Errors in 

the enchainment of the monomers could create termination nodes stopping the depolymerization, 

further providing a mixture of ill-defined products. To do so, a series of polycarbonate-type polymers 

are synthesized by the room-temperature DBU-catalyzed step-growth copolymerization of CO2-

sourced meso-4,4′-(ethane-1,2-diyl)bis(4-methyl-5-methylene-1,3-dioxolan-2-one) (bisαCC C1) with 

waste-plastic-sourced diols containing in-chain unprotected secondary amide or urea moieties (P1–3, 

Scheme 2 and Figures S1–S6). (59) After 24 h, polymers C1P1, C1P2, and C1P3 are obtained with a 

weight-average molar mass (Mw) of 27 500, 17 000, and 29 900 g/mol, respectively (Scheme 2, Tables 

S1–S3, and Figures S7–S9). The 1H and 13C nuclear magnetic resonance (NMR) characterizations of 

the three polymers (Figure S10) attest to the regioregular nature of the chains. Moreover, all 

resonances are in agreement with the expected copolymer microstructure with intact in-chain amide 

or urea linkages and pendant ketones, functionalities that are also crucial for the ring-closing 

deconstruction of PCs, as illustrated later, and no sign of degradation products. All polymers are 

isolated and display thermal stabilities with decomposition temperature at 10% weight loss (Tdeg10%) 

at up to 162, 170, and 164 °C for C1P1, C1P2, and C1P3, respectively (Scheme 2 and Figures S11–

S13). All polymers are found to be amorphous by differential scanning calorimetry (DSC) (Scheme 2 

and Figures S14–S16). C1P1 displays a glass transition temperature (Tg) of 43 °C while, the Tg value 

decreases to 17 °C (C1P2) by shifting from terephthalamide segment to less rigid urea. The low Tg 

value of 0 °C of C1P3 reflects its more flexible nature compared to C1P2 due to the extension of the 

ethylene (in P2) to a propylene spacer in the structure of P3. 
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Scheme 2. Synthesis and Macromolecular Characteristics of C1P1, C1P2, and C1P3a 

aReaction conditions: [C1]/[P1 or P2 or P3] = 1, [C1] = 0.78 M; Mn, Mw, and Mw/Mn were 

determined by SEC in DMF/LiBr. Conversion >99% in all cases. 

Ring-Closing Depolymerization of Poly(carbonate-amide) and Poly(carbonate-urea) 
C1P1 is then subjected to deconstruction using 10 mol % of DBU (compared to the polymer repeating 

unit). Unlike Hammond’s postulate (60) specifying that the optimal ring-closing depolymerization 

catalyst has to differ from the one that serves in the chain construction, we capitalized on the 

“master key” nature of DBU and postulated that this organobase should be also efficient for the 

depolymerization of our materials upon thermal switching. This hypothesis was inspired by some 

DBU-promoted side reactions that were observed when polycarbonates were prepared by 

copolymerizing C1 with unfunctional diols (e.g., 1,4-benzenedimethanol) at 80 °C. (56) Some 

unexpected cyclic carbonate linkages were formed, together with the decrease in the polymer molar 

mass. To verify our assumption, the depolymerization of C1P1 (containing amide linkages in the 

skeletal editing) is monitored by 1H NMR spectroscopy, using an internal standard, to identify and 

quantify the degradation products and to determine the content of decomposed polymer (Figures 1A 

and S17). These analyses correlate with the time evolution of the SEC of the polymer highlighting the 

degradation profile (Figures 1B and S18). At 80 °C, 20% of C1P1 was degraded after 1 h, with Mn that 

significantly dropped from 18 500 to 4000 g/mol (Figure 1B), suggesting that chain scission events 

rapidly split the polymer. After 24 h, ∼70% of the polymer is disassembled with some remaining 

oligomers of Mn = 1800 g/mol. Then, two main products are isolated and identified as the native 

N1,N4-bis(2-hydroxyethyl)terephthalamide P1 (yield of 40%) and an elusive bicyclic compound 1 

(yield 40%, white solid), consisting of a tetrasubstituted five-membered ethylene carbonate fused to 

an acetyl-substituted tetrahydropyran (Figures S19–S22). X-ray diffraction of the latter scaffold 

highlights the orientation of two methyl groups in an exclusive syn configuration, suggesting a 

stereoselective depolymerization process (Figures 1C and S23 and Table S4). To make the 

deconstruction of C1P1 more expeditious, the depolymerization is reproduced at a higher 

temperature (Figures 1D, S24, and S25). At 100 °C, 95% of C1P1 is depolymerized in 24 h and the 

remaining oligomers display an Mn of 1400 g/mol while at 150 °C, the total polymer degradation is 

observed within only 3 h. After 24 h, the yield of the bicyclic compound 1 significantly increases from 

40% at 80 °C to 53% at 100 °C and 83% at 150 °C, confirming the beneficial effect of the temperature 

on the depolymerization rate. However, increasing the temperature also provides a mixture of 

additional cyclic co-products identified by 1H NMR as N-acylated oxazolidinone and N-(2-

hydroxyethyl)benzamide fragments. It suggests that besides 1 and P1, other products like 3,3′-

terephthaloylbis(oxazolidin-2-one) P1a and N-(2-hydroxyethyl)-4-(2-oxoxazolidine-3-

carbonyl)benzamide P1b may be concomitantly formed after complete chain unzipping (Figure S24). 

It has to be noted that since the 1H NMR signals fall in the same chemical shift, it is impossible to 

quantify the yield of each compound and the exact composition of the mixture (Figure S24). Every 

attempt to separate and isolate the various scaffolds was unsuccessful. 



 

Figure 1. (A) Degradation scheme for C1P1 and main degradation products. (B) Time 

evolution of the C1P1Mn upon deconstruction at 80 °C. (C) ORTEP representation of 5-

acetyl-3a,5,7a-trimethyltetrahydro-5H-[1,3]dioxolo[4,5-b]pyran-2-one. (D) Time evolution of 

the C1P1 degradation at 80, 100, and 150 °C. The reactions were in presence of DBU (10 mol 

% vs polymer repeating unit) using 1,3,5-trimethoxybenzene (TMB) as an internal standard. 

If the C1P1 case validates our concept and the methodology, it furnishes a mixture of cyclic and 

acyclic scaffolds. This suggests that the secondary amides are not the ideal candidates to build ring-

closing degradable step-growth polymers. Capitalizing on the lability of C–N linkages and the 

symmetry of the chemical group, we postulate that secondary ureas provide perfect substitutes to 

amides and totally decompose into oxazolidinones via a domino scenario (Scheme 3), pushing away 

the boundaries encountered with C1P1. 

 

Scheme 3. Effect of the Polymer Structure for Ring-Closure Depolymerization 

By applying analogous depolymerization protocol and characterization methodology as C1P1, 40% of 

the C1P2 is already degraded after 1 h at 80 °C with an Mn that strongly decreases from 10 300 to 

2100 g/mol and further reduces over time. After 24 h, ∼93% of the polymer is deconstructed (Figures 

2A,B and S26–S28) furnishing the expected bicyclic compound 1 and the five-membered 2-



oxazolidinone 2 (Figures S29 and S30) with respective yields of 63 and 59% (Figure 2C). In the 

absence of DBU, only 13% of the polymer is degraded at 80 °C after 24 h, with Mn that dropped from 

9800 to 2900 g/mol (Figures S31 and S32). This illustrates that DBU is needed for accelerating the 

polymer deconstruction at this temperature. 

 

Figure 2. (A) Degradation scheme for C1P2 and C1P3. (B) Evolution of polymer degradation 

and Mn of C1P2 with the reaction time at 80 °C. (C) Time evolution of the C1P2 products 

yields at 80 °C. (D) Time evolution of the C1P3Mn upon deconstruction at 80 °C. (E) Time 

evolution of the C1P3 degradation at 80, 100, and 150 °C. The reactions were conducted in 

the presence of DBU (10 mol % vs polymer repeating unit) using 1,3,5-trimethoxybenzene 

(TMB) as the internal standard. 

Then, we challenged our system with C1P3 (Figures 2A,D and S33). The presence of a propylene 

spacer within the polymer microstructure affects the ring-closure steps as the formation of the six-

membered 1,3-oxazinan-2-one 3 is kinetically less favorable than the 5-membered one 2 from C1P2. 

As expected, during the first hours at 80 °C, the significant drop in Mn from 20 900 to 3000–5000 

g/mol (Figures 2D and S34) coupled with the trace formation of the bicyclic scaffold 1 and the barely 

detectable 3 translates polymer fragmentation by chain scission events mainly. After 24 h, the C1P3 

degradation only reaches 27% and cyclic scaffolds 1 and 3 are produced with respective low yields of 

15 and 6% (Figures S35 and S36). Increasing the degradation temperature to 100 and 150 °C is 

beneficial and favors the formation of the cyclic scaffolds 1 and 3 by ring closure (Figures 2E and S37–

S39). The C1P3 degradation increases from 27% at 80 °C to 42% at 100 °C and 93% at 150 °C after 24 

h of reaction (Figures 2E and S37). Concomitantly, the evolution of the SEC chromatograms toward 

higher elution times after 24 h (Figure S38) suggests the formation of oligomers of Mn ∼2200 g/mol 



at 100 °C or a “residue” with an Mn that could not be determined (out of calibration) at 150 °C as 

C1P3 was almost completely deconstructed into the six-membered cyclic carbamate 3 (35% yield) 

and the bicyclic carbonate 1 (81% yield) (Figure S39). 

We then evaluated the degradation of the most easily degradable polymer (i.e., C1P2) under various 

conditions to illustrate the robustness of the process. Dried DMSO was initially used as a solvent for 

our degradation studies as it is a good solvent of the polymers, and interference with water is 

avoided. However, in practical use, solvents always contain some water. To fit at best realistic 

scenarios, some water (5 wt %) is added to the reaction medium carried out at 80 °C in the presence 

of DBU. Similar to the reaction performed under anhydrous conditions, C1P2 was almost fully 

degraded (97% vs 93%) and produced the biscyclic compound 1 in a similar yield (64% vs 63%). The 

oxazolidinone 2 was also obtained, however, in a lower yield (25.3% vs 59%), together with some 

hydrolyzed product, monomer P2 (20.7% vs 0%) (Figure S40). P2 is the starting monomer that may be 

reused in a closed-loop scenario for preparing C1P2. The degradation is thus operative under 

nonanhydrous conditions but less selective for product 2. 

If removing a high-boiling-point solvent (here, DMSO) is not straightforward and renders the 

practicability of the recycling process difficult, the degradation can also be carried out in low-boiling-

point solvents (e.g., THF) that are easy to remove by distillation and to recycle. Although C1P2 is 

insoluble in THF, 90% of the polymer is deconstructed at 80 °C after 24 h in the presence of DBU. The 

selectivity is however affected with a yield in 1 of 51% (vs 63% in DMSO) and 10% in 2 (vs 59% in 

DMSO) and more unidentified side products (Figure S41). 

Lastly, we decided to evaluate the depolymerization of both C1P1 and C1P2 under neat (without 

solvent) and catalyst-free conditions. After 2 h at 150 °C, C1P1 is fully degraded into product 1 (with a 

yield of 63%) and a mixture of P1, P1a, and P1b (Figure S42); however, the composition of this 

mixture is impossible to assess as previously discussed. Under these operating conditions, C1P2 

totally depolymerized as well, leading to products 1 and 2 with a yield of 76 and 67%, respectively 

(Figure S43). At this temperature, the depolymerizations are thus fast under attractive solvent- and 

catalyst-free conditions. These experiments suggest that the low degradation temperature Tdeg10% 

noted for the polymers (Scheme 2) is due to their spontaneous depolymerization at this 

temperature. When the polymer degradation has to be realized at a rather low temperature (e.g., 80 

°C), the use of the catalyst (DBU) is however absolutely needed. 

Mechanistic Insights of the Poly(carbonate-urea) Formation and Depolymerization 
To shed light on the depolymerization mechanism (Scheme 4) and their energetics, DFT calculations 

have been realized at the M062X/6-311G(d,p) level of theory and correlated with in-depth NMR 

characterizations and titrations. To alleviate the computational simulations and facilitate the 

structural elucidation of the transition states, intermediates, and final products formed during the 

depolymerization, all calculations have been performed on model fragments of C1P2 mimicking the 

monomers, the repetitive units of the polymer, and/or the chain ends/intermediates formed upon 

chain scission and ring closure. A detailed discussion of the mechanisms involved for each of the 

DBU-catalyzed model reactions, their energy profile (in terms of Gibbs free energy), and schematic 

structures of the reactants, transition states, reaction intermediates, and products are given in the 

Supporting Information. The C1P2 formation follows a three-step mechanism from which the 

tautomerization of the enol, created upon ring-opening of the exovinylidene carbonate by the 

alcohol moiety of P2, into the corresponding ketone represents the rate-determining step with an 

energetic penalty of 26.6 kcal·mol–1 (Figure S44). This value is only 1.5 kcal·mol–1 lower in energy than 

the chain scission event (Scheme 4, step 1), underlying the facile fragmentation of the polymer 

correlating with the rapid experimental decrease of the C1P2 molar mass upon deconstruction. This 



is reflected in the barrier energy of the intramolecular nucleophilic addition of the urea NH onto the 

adjacent carbonate linkage (ΔG = 28.1 kcal·mol–1) (Scheme 4, step 1, and Figure S45) that furnishes 

two polymeric fragments, one terminated by N-carbamoyl-oxazolidinone and the second by a 

hydroxyketone. Both the DFT modeling and NMR titration confirm the role of DBU in the activation 

of the NH groups to make them sufficiently reactive (Figures S45 and S46 and related discussion). The 

suggested chain termini created upon scission were further detected by 1H- and 1H-1H-COSY NMR 

spectroscopy of the crude reaction mixture (Figures S47–S49) with the two correlated methylene 

protons at δ = 3.89 and 4.37 ppm (triplets) of the five-membered N-acylated moiety and the methyl 

signal at δ = 2.19 ppm (singlet) of the terminal hydroxyketone. This latest, whose terminal OH moiety 

is also activated by the organobase, initiates a double cascade cyclization furnishing the bicyclic 

compound 1 (Figures S50 and S51). This reaction proceeds via the creation of a 6-membered cyclic 

hemiacetal-type intermediate formed by the attack of the activated tertiary −OH moiety onto a 

neighboring ketone of the polymer skeleton that is further fused into an ethylene carbonate via a 

second ring-closure reaction with the adjacent carbonate linkage (Scheme 4, step 2). This double 

cyclization is accompanied by the concomitant release of a new polymer fragment end-capped with 

primary alcohol. This correlates with the presence of two NMR signals at δ = 3.05 ppm and a 3.35 

ppm analogue to the signals of the 2-hydroxyethyl spacer in P2 (Figures S47–S49). The reaction is low 

in energy, illustrating the ease of formation of the bicyclic structure 1, with a rate-determining step 

associated with an energy barrier of only 8.6 kcal·mol–1 corresponding to the release of a hydroxyl-

terminated PC. Finally, the polymer chain deconstruction delivers two 2-oxazolidinones 2 in a domino 

fashion (Figure S52). The back-biting reaction of the primary alcohol (activated by DBU) onto the 

carbonyl moiety of the urea linkage creates a first cyclic carbamate scaffold (Scheme 4, step 3). The 

vicinal off-cycle nitrogen atom is then involved in a second 2-oxazolidinone formation by a rather 

facile cyclization with the adjacent carbonate unit of the polymer skeleton (Scheme 4, step 3). 

Concomitantly, cyclization is accompanied by the release of a hydroxyketone end-capped chain that 

re-enters the ring-closing depolymerization loop. Due to the higher bond dissociation energy of the 

C–N linkages compared to the C–O ones, the oxazolidinone ring formation faces the most elevated 

energy barrier of 33.8 kcal·mol–1 and represents the rate-limiting step of the overall ring-closing 

depolymerization process. Such a difficulty is reflected by the experimental yields in 1 and 2 that 

slightly deviate from the expected theoretical value of 1/2. Ultimately, the N-carbamoyl-

oxazolidinone chain terminus derived from the initial chain scission event is decomposed to release a 

last 2-oxazolidinone ring, further ensuring the total polymer deconstruction. 



 

Scheme 4. General Ring-Closing Depolymerization Mechanism of C1P2 Initiated by Chain Scission and 

Unzipping Events 

Selective Depolymerization of Plastic Mixtures 
The (de)polymerization chemistry we have engineered offers the opportunity to program the 

selective degradation of mixed plastics of different nature. (16,22) To validate this rarely addressed 

concept, C1P2 is mixed with two polyesters selected for their cleavable C–O bonds, i.e., either 

polycaprolactone (PCL), an ROP polymer prone to ring-closing depolymerization into macrocycles, 

solvolysis, or biodegradation in living environment, or waste polyethylene terephthalate (PET) from 

water bottles, a polycondensation polymer degradable by solvolysis. (11,59,61,62) Both C1P2/PCL 

and C1P2/PET mixed polymer formulations are then subjected to depolymerization applying the 

previous protocol for deconstructing pure C1P2 (10 mol % of DBU vs polymer repeating unit, 80 °C, in 

DMSO) (Figure 3). With the C1P2/PCL mix, 88% of C1P2 was degraded in 24 h, furnishing 1 and 2 with 

respective yields of 85 and 63%, while 85% of the PCL is recovered with no visible sign of degradation 

(Figures 3 and S53–S56). The missing 15% were lost during the purification procedure (combined 

dialysis and precipitation). Remarkably, PCL does not interfere in the depolymerization of C1P2, while 

the multiple intermediates with reactive −OH and −NH2 termini created upon C1P2 degradation do 

not induce transesterification or amidation of PCL. 

 



Figure 3. Selective depolymerization of C1P2 in the presence of PCL pellets Capa 6800 or 

PET flakes from water bottles. *Determined by 1H NMR spectroscopy on the crude product 

after 24 h. #Determined by weight after purification. Reactions conditions were as follows: 

0.25 g of C1P2, 1.25 mL of DMSO, and DBU (10 mol % compared to repeating unit of 

polymer), and 1,3,5-trimethoxybenzene (TMB). The reactions were realized at 80 °C. 

Extension to the C1P2/PET case provides the same trend under the same conditions. Ninety-five 

percent of C1P2 was deconstructed yielding 1 and 2 in 89 and 83%, respectively, without any 

degradation of PET that is quantitatively recovered after the separation and purification process 

(Figures 3 and S57). 

Although unknown, building block 1 is obtained in a fully diastereoselective manner and possesses 

various handles for postfunctionalization. For instance, its hydroxylated tetrahydropyran core closely 

resembles natural products such as merulinol A. (63) Moreover, recent patents introduced the use of 

such type of cyclic compound with a hemiacetal cyclic carbonate template as novel electrolytes for 

Li-ion batteries. (64−66) Oxazolidinone 2 is of interest for drug fabrication. (67−74) 

Conclusions 

We have described how step-growth plastics can be edited to be easily depolymerized by cascade 

ring-closing approaches, offering them an attractive end-of-life scenario. Regioregular 

poly(carbonate-amide) and poly(carbonate-urea)s were prepared by the DBU-catalyzed step-growth 

copolymerization of bis-exovinylene cyclic carbonates (made from CO2) with diols bearing 

unprotected secondary amide or urea linkages (made from upcycled commodity plastics) at room 

temperature. Upon activation by thermal switching (from 25 to 80 °C) in the presence of DBU, these 

groups initiated the polymer disassembly via a chain scission, followed by domino ring-closing events 

in DMSO. The degradation of poly(carbonate-amide) provided the native diol P1 and a hemiacetal 

cyclic carbonate 1. The depolymerization was slow at 80 °C, whereas fast and complete in a few 

hours at 150 °C. Substituting amide with urea was found to be beneficial, with the quasi-total 

depolymerization into high yields heterocycles, i.e., product 1 and oxazolidinones 2 or 3, even at 80 

°C. The process is tolerant to water and can be performed in low-boiling-point solvents that are easy 

to recycle (e.g., THF). Remarkably, fast and complete depolymerizations were achieved in solvent- 

and catalyst-free conditions at 150 °C. Lastly, poly(carbonate-urea) mixed with a common polyester 

(PCL or PET) was totally and selectively depolymerized, leaving intact the polyesters, further 

suppressing the plastics from sorting prior to recycling. Computational modeling aligns with the 

experimental observations and supports the fact that the polymerization occurred without 

competitive depolymerization and that the polymer deconstruction proceeded by chain scission first, 

followed by unzipping via an activated chain-end mechanism. 

As the polymers present a low degradation temperature (160–170 °C), they can be processed and 

used below this temperature. However, many products fulfill these requirements, e.g., coatings and 

foams. Our polymers might thus be utilized as polyols in polyurethane formulations to impart 

attractive degradation abilities to PU materials. 
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