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ABSTRACT: A ruthenium-catalyzed hydrogen transfer ester metathesis (HTEM) is reported that allows for the 
isomerization of a linear polyester such as polycaprolactone (PCL) without the need for any stoichiometric reagent, 
forming a novel type of co-polyester containing additional hexylene adipate (HA) repeating units. Mechanistic 
investigations show that the formation of the chemically modified polyester relies on a two-fold catalytic reaction; a HTEM 
via a hydrogen borrowing process and a concomitant transesterification catalyzed by the base co-catalyst. Evidence is 
provided that the hydrogen transfer ester metathesis proceeds via a reversible aldehyde formation. The described HTEM 
represents an unprecedented catalyzed hydrogen borrowing process within polymers – and bears significant 
importance regarding a dynamic post-synthetic modification of polyesters. 

INTRODUCTION  
Metal-Ligand-Cooperativity has been a key concept for the development of homogeneous catalyst for novel atom 

economic and sustainable reactions with molecular substrates in the last two decades. Recent advancements of such 
metal-ligand-cooperative catalysis particularly involve hydrogenation, dehydrogenation and dehydrogenative coupling 
reactions as well as hydrogen borrowing-type reactions.1,2,11–13,3–10 These important developments were also applied for 
the synthesis of polyesters14–16 and -amides17–20 by dehydrogenative coupling, as well as for alternative strategies for the 
recycling of polyester,21–24 -amides25,26 and -urethanes26 by hydrogenation (Fig. 1 A), but the huge number of catalytic 
hydrogen borrowing type protocols in organic synthesis have never been applied to polymers (Fig. 1 B),27 although this 
can potentially provide access to new types of polymeric materials and can be also used to tune the chemo-physical 
properties of the material. 

Polyesters are of increasing importance as they can function as substitutes for other bulk – and commodity polymers, 
due to their high potential with respect to chemical recycling and biodegradability, but methodologies to achieve their 
recycling, degradation and valorization, as well as the optimization of their properties, still require significant improvement. 
Important milestones have been the introduction of covalent adaptive networks (CANs) and so-called vitrimers, which 
rely on a catalytic transesterification reaction at elevated temperature,28,29 as well as the discovery that aliphatic long-
chain polyester, which can be produced from renewable feedstocks and recycled by transesterification, exhibit properties 
similar to high-density polyethylene (HDPE).30,31 In this context, the  modification of polymers exhibits a great potential 
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and can produce unusual properties, such as enormous electro-32 and barocaloric effects,33 but methods for the post 
synthetic modification of polyesters, yielding functionalized polymers with tuned properties, are often limited to blending, 
curing, grafting or derivatization with reagents,32–39 whereas the modification of the main chain or back bone often involves 
specifically designed polymers.40,41 In particular for statistic co-polyesters, formed by random incorporation of a second 
minor monomer in polyesters, it has been demonstrated that biodegradation can be facilitated, while important properties 
of the original polyester are maintained.42 

In the current manuscript, we report a novel type of transesterification reaction for polyesters that relies on a hydrogen 
transfer ester metathesis (HTEM) sequence (Fig. 1 C), which represents the first example of a catalytic hydrogen 
borrowing reaction with polymers as substrates. The combination of the latter with a concurrent catalytic 
transesterification allows for a dual catalytic system, which gives rise to the efficient main chain modification and 
conversion of a homo-polyester into block - or randomly sequenced co-polyester in the presence of a suitable cooperative 
catalyst-system and in the absence of any reagent. It is demonstrated that with formation of constitutional isomers, the 
properties of the utilized polyester can be modified in an atom-economic reaction. 

 

 

Figure 1. Previously reported dehydrogenative polymer synthesis and hydrogenative depolymerization (A) and the novel 
introduced hydrogen borrowing reaction in this work (B). Concept of the hydrogen transfer ester metathesis of polyesters 
using the example of polycaprolactone (C) as well as potential pre-catalysts (D). 

 
RESULTS AND DISCUSSION  
Aliphatic linear polyesters of different chain lengths, such as semi-crystalline polycaprolactone (PCL), are ideal model 

substrates to transfer the reactivity from molecular esters43 to polyesters, as their morphology and the role of 
entanglements is well understood. Using the previously optimized conditions for molecular esters, we utilized 1 mol% of 
complex 1 with respect to the average number of ester groups (M) together with 5 mol% of KOtBu co-catalyst (B) in the 
reaction of PCL (Mn = 5 - 54 kDa) in toluene-d8 at different temperatures. We analyzed the resulting reaction mixture by 
gel permeation chromatography (GPC), as well as NMR spectroscopy (Table 1). 

The reaction of PCL (Mn = 5 kDa) at 80 °C yields a polyester with reduced molecular weight of Mn = 3 kDa (Entry 1) 
after 16 h. The 1H NMR spectrum of the reaction did not show any diagnostic changes, due to superimposed resonances. 
However, by comparison of the 13C{1H} NMR spectra of reference samples, including PCL + KOtBu, polyhexylene adipate 
(PHA) and PHA + KOtBu, we identified hexylene adipate (HA) as major new monomer in the formed polyester with a 
characteristic chemical shift of 173.42 ppm for the carbonyl carbon atom, which is the exact value, reported for HA 
segments in block copolymers.44 As the resonances of the -CH2COO-protons in CL- and HA-units exhibit similar 
relaxation times in the 13C{1H} NMR spectrum (Fig. S11/S12), we used the integrals of these resonances to estimate the 
overall fraction of CL and HA monomers in the formed copolymers and monitor the progress of the reaction. This analysis 
revealed that the low molecular weight PCL (Mn = 5 kDa) contains 67 % CL monomer units and 33 % HA monomer units 
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after the catalytic reaction (16 h) in the presence of 1 mol% of 1 and 5 mol% KOtBu (Entry 1, two CL units are converted 
to one PHA unit and are weighted accordingly). The catalyst system in this mixture remains active and continuous heating 
for overall 122h yields a co-polyester with 56 % CL and 44 % HA monomers. To evaluate the influence of the base we 
synthesized the new hydrido borohydrido pre-catalyst 2 (Fig. 1 B). This complex is isolable and was fully characterized.45 
Catalyst 2 does not require the presence of a base co-catalyst for pre-catalyst activation. Interestingly, complex 2 as pre-
catalyst in the absence of KOtBu as co-catalyst, exhibits significantly reduced activity and yields only 9 % of HA under 
otherwise identical conditions after 16 h (Entry 2). High molecular weight PCL (Mn = 54 kDa) displays a similar reactivity 
with 1 mol% complex 1 and 5 mol% KOtBu, yielding 30 % of HA monomers after 16 h at 80 °C, but with significantly 
reduced molecular weights (Mn = 4 kDa, Entry 3). Again, continuous heating yields a similar HA fraction of 44 % after 
130 h like with the low molecular weight PCL. The utilization of 0.5 mol% of complex 1 in combination with 2.5 mol% of 
KOtBu results in the formation of 21 % HA at 80 °C after 16 h (Entry 4). The catalytic HTEM of PCL takes place at ambient 
temperature as well (Entry 5). With complex 1 and KOtBu as co-catalyst the reaction is significantly slower after 4 h at 
ambient temperature, but shows the same conversions after 16 h and finally yields a similar fraction of 43 % HA after 
130 h, suggesting that catalyst deactivation is more facile at elevated temperatures. Overall, for different molecular weight 
and different reaction conditions the formation of 43 to 45 % of HA seems to be thermodynamically favorable (Figure 2), 
indicating that there is a thermodynamic minimum P(CL-HA)-composition, which is different from 50%. 

 

Figure 2. Conversion of CL- to HA-units for different starting materials and reaction conditions . 

 
The utilization of 2 for the HTEM of high molecular weight PCL in the absence of KOtBu results in the formation of 

smaller amounts of HA at 80 °C (Entry 6), indicating that KOtBu is crucial to achieve high activity in this reaction. For this 
reason, control experiments were performed, in which PCL was heated in the absence (Entry 7) and in the presence of 
5 mol% KOtBu (Entry 8) for 16 h in toluene. In the absence of base, no conversion and no significant change in the 
molecular weight distribution is observed, whereas the presence of KOtBu reduced the average molecular weight from 
Mn = 54 kDa to Mn = 10 kDa. Notably, the employment of a non-nucleophilic base like 1,8-diazabicyclo[5.4.0]undec-7-en 
(DBU) did not result in any conversion and the 31P{1H} NMR spectrum of the reaction mixture confirmed that activation of 
pre-catalyst 1 does not take place with DBU. To verify the hypothesis of a thermodynamic minimum with a well-defined 
HA content, we utilized PHA with a different molecular weight of Mn = 8 kDa. With 1 mol% of complex 1 as pre-catalyst 
and 5 mol% KOtBu co-catalyst, however, only a small conversion of PHA is observed after 16 h, but further addition of 
complex 1 (1 mol%) along with additional 5 mol% of KOtBu resulted in the formation of an almost identical HA content of 
45 % after 32 h (Entry 9). These findings indicate that the reaction with PHA is significantly slower than with PCL, however 
strongly suggesting the presence of a thermodynamically favored constitution of approx. 45 % HA and 55 % CL. Recently, 
manganese pincer-type complexes have been demonstrated to exhibit comparable or even better catalytic activities in 
reactions involving dihydrogen than corresponding ruthenium complexes.46,47,56–62,48–55 For this reason, we tested [(iPr-
PNHP)MnBr(CO)2]63–69 (3) as a potentially more sustainable pre-catalyst under optimized conditions (Entry 10). To our 
surprise no formation of HA units was observed by NMR spectroscopy, although 1H and 31P{1H} NMR spectra clearly 
indicated activation of 3.  
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Table 1. Catalytic conversion of different polyesters using hydrogen transfer ester metathesis. 

Entry
b 

polyme
r 

Mn/Mwa [kDa] PDa C M/B/Cb T [°C] t [h] %PCLc %PHAc Mn/Mwa [kDa] PDa TON 

1 PCL 5 / 6 1.22 1 100/5/1 80 16 67 33 3 / 4 1.47 33 
2 PCL 5 / 6 1.22 2 100/0/1 80 168 91 9 3 / 6 1.98 9 
3 PCL 54 / 93 1.72 1 100/5/1 80 16 70 30 4 / 7 1.65 30 
4 PCL 54 / 93 1.72 1 200/5/1 80 16 79 21 9 / 15 1.77 42 
5 PCL 54 / 93 1.72 1 100/5/1 23 16 68 32 7 / 17 2.53 32 
6 PCL 49 / 83 1.69 2 100/5/1 80 168 85 15 4 / 15 4.29 15 
7 PCL 54 / 93 1.72  100/0/0 80 16 100 0 52 / 96 1.83 0 
8 PCL 54 / 93 1.72  100/5/0 80 16 100 0 10 / 23 2.84 0 
9 PHA 8 / 13 1.54 1 50/5/1 80 32 55 45 4 / 5 1.44 27 
10 PCL 49 / 83 1.69 3 100/5/1 80 16 100 0 - - 0 

a) based on GPC in THF. B) the utilized number of ester groups (M) to base (B) and pre-catalyst (C) ratios based 
on Mn. c) obtained by integration of selected resonances in the 13C{1H} NMR spectra, for which the relaxation times 
are determined by inversion recovery experiments to be similar. This approach was further validated by 13C NMR 
measurements with different relaxation delays, which gave almost identical integral ratios.  

 
As the change in molecular weight of the starting material PCL and the obtained polyester was the smallest for the low 

molecular weight PCL (Mn = 5 kDa), we focused on analyzing the exact identity of these samples. Mass spectrometric 
investigations using matrix-assisted laser desorption ionization (MALDI) confirmed the findings observed by NMR 
spectroscopy and GPC. As the molecular mass of a HA units is the same as two CL units and both, tandem mass 
spectrometry experiments were performed using MALDI TOF-TOF MS to investigate the composition after the catalytic 
reaction. By comparison of the fragmentation mass spectrum (Fig. S2) of the PCL starting material and the formed P(CL-
HA)-copolymer for selected mass peaks (e.g. 1513 m/z)  several additional ion peaks were identified in the P(CL-HA)-
copolymer (e.g. [C6H8O3+H]+ at 129 m/z or [C12H18O4+H]+ at 227 m/z), which clearly indicate the presence of adipic acid 
ester units together with CL units.  

In line with the reduced molecular weight and the changed polymer distribution of PCL after the catalytic reaction a 
lower melting temperature (Tm) is observed by differential scanning calorimetry (DSC) in the 2nd heating run with respect 
to the starting material (Fig. 3 and Table 2). The melting curve of PCL is basically reproduced after the catalytic reaction 
but with broader curves, indicating a wider melting temperature range. Isodimorphic co-crystallisation is often observed 
for related statistical co-polyesters,42,70 but with PCL as starting polyester an additional crystallisation peak (Tc) is 
observed from the 1st cooling run after hydrogen transfer catalysis with respect to the unmodified PCL. This is in contrasts 
to an isodimorphic semi-crystalline structure, resulting from co-crystallisation, and rather suggests phase separation of a 
second component. The chemical modification of ester groups in polycaprolactone (PCL) in line with the formation of HA 
units is expected to have a general impact on chemical properties such as the crystallisation behaviour or -kinetics. Such 
a thermal behaviour of the formed co-polyester is usually not observed for PCL samples and might be an indication of 
ester-layer disorder of the crystalline stems.71 

 
Table 2. Differential scanning calorimetry parameters for PCL before and after the catalytic hydrogen transfer 
ester metathesis. 

PCL Mn/Mw [kDa] PD Tm / °C Tc / °C 
before HTEM 5 / 6 1.22 43.4 / 47.7  25.1  
after HTEM 3 / 4 1.47 34.8 / 40.6  14.5 / 5.4  
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Figure 3. Differential Scanning Calorimetry (DSC) diagram of the PCL (Mn = 5 kDa starting material) sample before and after 
the catalytic reaction. 

 
1H static and 13C MAS solid-state NMR spectroscopy were used to further investigate the impact of the hydrogen 

transfer ester metathesis (HTEM) in PCL. Samples of PCL before and after the catalytic reaction in toluene were carefully 
dried in vacuo and isothermally crystallized at 30 °C (27 °C) for 24 h, prior to solid-state NMR measurements. 1H FID 
NMR measurements enable a direct estimation of the mass crystallinity by 3-component fitting (adding an amorphous 
yet immobilized interphase), based on the dependence of the 1H transverse (T2) relaxation behaviour on molecular 
mobility (the crystalline phase has a short-T2 Gaussian decay reflecting its rigidity). They show that the crystalline fraction 
in both cases is decreasing with increasing temperature, whereas the product from HTEM results in an overall decrease 
of the crystalline fraction by only 10-15 % (e.g. from 60.3 to 45.1 at 20 °C) with concomitant increase of an amorphous 
fraction, but with a decrease of the interphase fractions. In addition to the overall increase of the amorphous fraction, the 
decreasing interphase fraction indicates the presence of thicker amorphous and crystalline domains after the catalytic 
reaction. 

As crystalline segments in the polymer give rise to long 13C spin-lattice relaxation times (T1,C > 10 s) in solid-state NMR 
spectra (13C MAS NMR), and amorphous segments are rather characterized by short 13C spin-lattice relaxation times, 
13C MAS NMR spectroscopy with spin–lattice relaxation filtering can be used to detect and distinguish resonances of the 
crystalline, intermediate, and highly mobile amorphous phases of the utilized PCL before and after the catalytic reaction. 
This approach is non-quantitative, but enables the identification of certain chemical motifs present in the different phases. 
The 13C cross polarization MAS NMR spectrum with 2 ms contact time of the PCL after the catalytic reaction displays 
additional resonances and shoulders with respect to the untreated PCL, which arise from ester groups of amorphous, 
crystalline and interphase regions. In particular, the resonances assigned to the carbonyl carbon atoms of the polyester 
are diagnostic for the progress of the investigated HTEM reaction. In line with the observations by solution NMR, a 
resonance at 174.7 ppm of medium intensity is observed in addition to the original resonance of the homo-polymer at 
173.8 ppm with a shoulder at 173.2 ppm (Fig. 4). In addition, a new resonance of comparably low intensity is observed 
at 181.1 ppm. 

The 13C CP MAS NMR spectrum with a short contact time of 0.2 ms displays mostly resonances of crystalline segments, 
which in case of the investigated PCL results in the appearance of two resonances in the carbonyl region. The resonance 
at 173.8 ppm is observed in the starting material as well, whereas the additional resonance at 174.7 ppm was newly 
observed after the catalytic reaction. Notably, we conclude that the newly formed HA units become part of the (co)crystal. 
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Figure 4. Diagnostic regions of MAS 13C NMR spectra of PCL, PHA and PCL after hydrogen transfer ester metathesis, 
showing resonances of amorphous segments (blue), crystalline segments (red) and the combination of both (black).  

 
Direct polarization (DP) excitation with a short recycle delay of 1 s was used to detect resonances of the highly mobile, 

amorphous components in the 13C MAS NMR spectrum, which displays only one resonance at 173.2 ppm that appeared 
as a shoulder in the 13C CP NMR spectrum with 2 ms contact time. Assuming that the small resonances close to the 
major carbonyl resonance at 172.21 ppm in the solution 13C NMR spectrum are not resolved in the solid-state 13C NMR 
spectra, we assigned the new additional resonance at 174.7 ppm after catalysis to the newly formed HA units, which are 
thus found to represents the second major species in crystalline segments. 

Wide-angle X-Ray diffraction (WAXD) of isothermally crystallized samples was performed to receive further insights on 
the composition of the crystalline phase (Fig. 5). Characteristic peaks were observed at angles 2θ = 21.4° and 23.8° for 
the PCL starting material, which were assigned to the (110) and (200) planes, respectively.72 However, crystalline PHA 
gives rise to very similar characteristic reflexes at 21.3° and 23.9°, which were assigned to the 220 and 040 plane.73 In 
addition to the similar diffraction patterns of PCL and PHA, it has been demonstrated that blends of both polymers do not 
give rise to new reflections,74 indicating the absence of new crystalline domains. The disappearance of the reflections at 
the higher temperature (110 °C) is in line with the melting temperature observed in DSC. 

 

Figure 5. Wide-angle X-Ray diffractogram of PCL before (top) and after the catalytic reaction (middle) at ambient temperature, 
as well as at 110 °C, above the melting temperature of PCL. 
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Further evidence for the identity of the modified PCL is provided by IR spectroscopy (Fig. 6). In agreement with the 
frequency analysis of dimers, trimers and tetramers by quantum chemical methods, the bands associated with the C=O 
stretching vibration of the ester groups in the IR spectrum of the dried samples are not indicative for the analysis of the 
reaction and showed only a small shift of a comparably broad band from 1720 to 1722 cm-1. However, previous reports 
identified bands in the IR spectra, which are unique for crystalline PHA74,75 and for PCL.74 The IR spectrum of PCL after 
the catalytic reaction shows bands that are unique to crystalline PHA. The observation of these bands may be explained 
by the formation of larger PHA sequences or just HA inclusion in the crystalline domains in addition to sequences detected 
by tandem mass spectrometry. 

 

Figure 6. Diagnostic region of the IR spectrum of PCL before and after hydrogen transfer ester metathesis (HTEM). 

 
As the ester groups in PCL, PHA and the polyesters formed by HTEM are very similar, it can be assumed that the main 

driving force for the observed catalytic reaction is entropy and possibly the preferential stability of certain PHA-PCL 
sequences. To gain further insights on the possible driving force for the reported HTEM, we performed quantum chemical 
investigations of small oligomers with three to five lactone repeating units to identify potentially more stable sequences. 
Following a protocol that involves conformational pre-optimization using the materials studio program package, we 
performed density functional theory (DFT) calculations of the pre-optimized structures on B97D3/def2-TZVP level of 
theory with a solvent correction, using the Polarizable Continuum Model (PCM) for toluene, for all 2n possible 
constitutional isomers that can be formed by the hydrogen transfer ester metathesis, where n is the number of linking 
ester groups (n = 2 - 4). It turns out that the calculated difference in Gibbs energy of certain sequences with respect to 
PCL varies over a range of -11 to + 33 kJ/mol, indicating that a number of sequences are of comparable stability as the 
sequence in PCL, whereas the formation of several sequences seems thermodynamically less favorable. As the catalytic 
reactions with PCL and PHA result in almost identical PCL/PHA ratios after long reaction times, the existence of a 
thermodynamically favorable composition is likely, although the difference in Gibbs energy might be small. As hydrogen 
liberation needs to be avoided for the reaction to proceed, the HTEM has to be conducted in closed vessels, which in 
case of polyesters means that the utilized catalysts (1 and 2) will simply equilibrate the PCL or PHA on a quite flat potential 
energy surface. 
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Figure 7. Observed catalytic reactions for molecular esters (A). Selected regions of the 1H NMR spectra of the catalytic 
reaction with PCL after 16 h reaction at 80 °C in toluene-d8 under optimized conditions (top) and with reduced pressure for the 
last hour of the reaction (bottom) (B). 

 
As the KOtBu co-catalyst seems to have a crucial role for the observed catalytic activity, we investigated the underlying 

catalytic reaction with molecular ester in more detail. Applying optimized reaction conditions (toluene, 80 °C, 16h, closed 
vessel) the reaction with hexyl benzoate (I) is in principle expected to result in the formation of four esters (I-IV, Fig. 7 A). 
Benzyl hexanoate (II) is directly formed by HTEM, whereas the esters III and IV are formed by a regular transesterification 
of a mixture of I and II. It is demonstrated that neither complex 1 in the absence of KOtBu nor pure KOtBu are catalytically 
active in the hydrogen transfer ester metathesis reaction. As bases such as KOtBu are known to catalyze 
transesterification reactions without hydrogen transfer,76 a mixture of the symmetric esters III and IV was used as 
substrate to investigate the influence of base catalyzed transesterification in the investigated reaction. It turns out, that in 
the presence of 1/KOtBu the formation of equimolar amounts of I-IV is observed at ambient temperature in less than one 
hour. An identical observation is made with KOtBu as catalyst, suggesting that with the utilized combination of pre-catalyst 
and base co-catalyst two catalytic reactions are involved: a comparably slow HTEM and a rapid, base catalyzed 
transesterification. With respect to the reported polyester reaction the KOtBu catalyzes a rapid regular transesterification 
of polyester chains, which might be responsible for the formation sequences of blocks after the actual hydrogen transfer 
step(s). 

 

Figure 8. Illustration of hydrogen transfer ester metathesis with subsequent transesterification (A) as well as the anticipated, 
simplified mechanism for the hydrogen transfer ester metathesis (B).
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Pre-catalyst 1 is known for its high catalytic activity in the hydrogenation of esters and the acceptorless 
dehydrogenation of primary alcohols. For these reactions, the two active species fac-[(SNS)Ru(H)2(PPh3)] 
and mer-[(SNS)Ru(H)(OEt)(PPh3)]×EtOH that are involved in the catalytic cycle could be isolated and partially 
characterized (SNS = {EtSCH2CH2}NH).77 As the reported HTEM is conducted in a close system, whereas 
acceptorless dehydrogenations are typically conducted in an open system or a stream of inert gas and 
hydrogenations under hydrogen pressure, 1H and 31P{1H} NMR spectra of the reaction mixture were acquired 
to identify decomposition products as well as potential resting states or active species (Fig. 7 B). The 1H NMR 
spectra of the reaction mixtures with PCL of different lengths in toluene-d8 after 16 h displays two doublet 
resonances of similar intensity at -21.97 ppm (2JPH = 23.5 Hz) and -23.19 ppm (2JPH = 25.6 Hz) as well as 
three small resonances for the diastereomers of mer-[(SNS)Ru(H)Cl(PPh3)]×(6).78 In addition, a broadened 
resonance at 10.23 ppm with an integral associated with one proton with respect to one of the hydride 
resonances indicates the presence of an aldehyde or a coordinated aldehyde. The utilized SNS-ligand usually 
gives rise to different diastereomers in meridional coordination mode, differing in the orientation of the 
thioether groups.77,78 The observed hydride species may therefore either originate from two diastereomeric 
hydrido aldehyde complexes or from two species with similar chemical environment (Fig. 7 B), such as a 
hydrido aldehyde complex (4) and a hydrido alkoxide complex (5). Notably, when the reaction conditions after 
15 h at 80 °C of the HTEM are changed to a closed system with reduced pressure, which are conditions that 
typically favor acceptorless dehydrogenation, the resonance corresponding to an aldehyde disappeared and 
three new hydride isomers are formed. These findings provide further support for our hypothesis that the ester 
groups are partially reduced to aldehydes, which are reconnected by the catalyst. 

Overall, these findings indicate that two catalytic reactions are involved in the formation of the novel type 
of polyesters reported herein (Fig. 8 A): (i) the ruthenium-catalyzed hydrogen transfer ester metathesis that 
results in chemically modified ester groups, and (ii) the base-catalyzed transesterification that facilitates a 
rapid chain exchange and equilibrates the system towards the most stable sequence(s). Both reaction involve 
an initial cleavage of an ester group and lead in case of (i) to a cleaved (aldehyde) resting state, which results 
in overall reduced molecular weights. 

Based on our mechanistic investigations, as well as the previously reported mechanistic work for molecular 
systems,79–83 a possible mechanism involves a number of hydrogenation and dehydrogenation steps resulting 
in a temporary cleavage of the ester group linkage via hemiacetal formation and its subsequent dissociation 
(Fig. 8 B). Dehydrogenation of the resulting alcohol group followed by hydrogenation of the initial aldehyde 
yields a new hemi-acetal, whose dehydrogenation finalizes the HTEM sequence. 

 
CONCLUSION 
In conclusion, we reported a catalytic reaction that allows to transfer a linear polyester such as 

polycaprolactone (PCL) into a novel co-polyester, consisting of an additional repeating unit without the need 
for any reagent. For different polyesters as starting materials, i.e. pure PCL and PHA, the reaction was found 
to yield polyesters of almost identical HA/CL ratios (45/55) after long reaction times, indicating the presence 
of a thermodynamic minimum ratio between the two polyesters. Our mechanistic investigations show that two 
catalytic reactions are operative under the employed conditions, a hydrogen transfer ester metathesis, 
resulting in truly chemically modified ester groups via hydrogen transfer reaction, and a (common) base-
catalyzed transesterification. We further provide evidence that the hydrogen transfer ester metathesis (HTEM) 
proceeds via a reversible aldehyde formation. Notably, the crystallinity of the modified materials is only slightly 
reduced which suggests that mechanically attractive materials are formed. Of course, the reported polyester 
modification and the correspondingly reduced crystallinity are expected to have a significant impact on the 
physical and mechanical properties of the polyesters. Therefore, we are currently focusing our efforts on the 
application of the reported post-synthetic modification to tune properties and facilitate chemical recycling. 
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