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ABSTRACT: We report here a method of making polyketones from the 0

coupling of diketones and diols using a manganese pincer complex. The o

methodology allows us to access various polyketones (polyarylalkylke- @

tone) containing aryl, alkyl, and ether functionalities, bridging the gap o ., “"h20 ° o
between the two classes of commercially available polyketones: aliphatic “~oH o

polyketones and polyaryletherketones. Using this methodology, 12 " HovA” gl Poly(Aryl Alkyl Ketone) (PAAK) n

polyketones have been synthesized and characterized using various
analytical techniques to understand their chemical, physical, morpho-
logical, and mechanical properties. Based on previous reports and our
studies, we suggest that the polymerization occurs via a hydrogen-
borrowing mechanism that involves the dehydrogenation of diols to
dialdehyde followed by aldol condensation of dialdehyde with diketones
to form chalcone derivatives and their subsequent hydrogenation to form
polyarylalkylketones.
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B INTRODUCTION

Polyketones are high-performance thermoplastics with a wide
range of applications in the automotive, electronics, electrical,
and medical industries."> Compared with the structure of
polyolefins, polyketones contain additional C=0 groups in the
polymer backbone chains which due to its polarity imparts
excellent mechanical properties, crystallinity, hydrophilicity, and
surface properties.” Compared with polyamides, polyketones

1980s and exhibit exceptional mechanical properties and
chemical resistance. Their performance is considered the highest
among all thermoplastics, and as a result, they are used in
demanding applications such as aerospace, oil and gas drilling,
and medical implants."”” Nevertheless, these polymers are
difficult to process, and there is an ongoing need to develop
new materials of this class bearing higher processability and
keeping similar levels of thermal and mechanical properties.
Additionally, in comparison to aliphatic polyketones (POK),

See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

lack the NH group in the polymer backbone chain, which makes
it much less hygroscopic and less sensitive to moisture. Despite
the excellent properties of polyketones, this class of polymer has
been relatively less studied. Aliphatic polyketones (POKs) are
made from the reaction of late transition-metal-catalyzed
coupling of ethene and/or propene with carbon monoxide
(Figure 1A)." Although the seminal reports on the synthesis of
aliphatic polyketones (POK) date back to the 1940s and 1950s
using nickel,>® and the 1980s using palladium,7 it was only in
1996 that POK was first commercialized by the Shell. However,
the product was discontinued in 2000 due to reasons such as low
demand and difficulty in polymer processing. Nevertheless, due
to the demand of the POK, the product was relaunched in 2015
by Hyosung (a company in South Korea). Another class of
polyketones is aromatic polyketones that also contain ether
linkages and is known as polyaryletherketone (PAEK).® The
most common types of polymers from this class are
polyetheretherketone (PEEK) and polyetherketoneketone
(PEKK). These polymers have been commercialized since the

© 2024 The Authors. Published by
American Chemical Society

7 ACS Publications

aromatic polyketones or polyaryletherketones (PAEK) are
around 10 times more expensive due to the use of more
expensive feedstock/reagents. For example, polyetheretherke-
tone (PEEK) is made from the nucleophilic substitution of 4,4'-
difluorobenzophenone by the disodium salt of hydroquinone in
the presence of a polar aprotic solvent such as diphenylsulfone at
300 °C (Figure 1B). Similarly, PEKK (polyetherketoneketone)
is made via electrophilic polycondensation of diphenyl ether
with mixtures of terephthaloyl chloride in the presence of AlCl,
catalyst (Figure 1C). Another drawback of these methodologies
is limited substrate scope due to the lack of commercial or
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Figure 1. Methods for the synthesis of previously reported polyketones: aliphatic polyketone (POK), polyetheretherketone (PEEK),
polyetherketoneketone (PEKK), and the polyketone reported herein: polyarylalkylketone (PAAK).

Scheme 1. Coupling of Acetophenone (A) or 1,4-Diacetylbenzene (B) with 1,4-Benzenedimethanol in the Presence of the

Precatalyst 1

A. Mn-catalysed synthesis of 3,3'-(1,4-phenylene)bis(1-phenylpropan-1-one)
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B. Mn-catalysed coupling of 1,4-benzenedimethanol and 1,4-diacetylbenzene in toluene

Complex 1 (2 mol%)

Cs,CO;3 (10 mol%)
Y©)\ \/©/\0H toluene, 140 °C, 18

saacy?

m
21% 38%

PAAK-1 (Yellow) PAAK-1-OH (Red)

inexpensive functional monomers of this type. It is noteworthy
that polyarylketones have been considered for several emerging
applications in the recent past such as in the containment vessel
for nuclear power plants,”'? cryogenic hydrogen storage,'' and
separators for batteries.'” Thus, there is a need to develop new
methods to access diverse polyarylketones that could offer
excellent thermal, physical, and mechanical properties and can
be produced and processed economically.

It has been suggested in the past that the presence of alkyl
chains in the aliphatic ketones provides the necessary flexibility

for desirable processing whereas the presence of aromatic
groups in polyaryletherketones (PAEK) provides the excep-
tional mechanical properties.'”” Therefore, a polyketone
containing both aryl and alkyl groups, polyarylalkylketone
(PAAK) could potentially fill the gap between the properties of
aliphatic and aromatic polyketones.

The concept of acceptorless dehydrogenative catalysis (where
H, gas is released as a byproduct) and borrowing hydrogen
catalysis (where the released H, is utilized to hydrogenate an
intermediate in the reaction) are atom-economic approaches for

https://doi.org/10.1021/acscatal.4c03019
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Figure 2. Charecterization of PAAK-1. (A) Infrared spectrum (ATR-FTIR). (B) *C CP MAS NMR spectrum. (C) Mass loss as a function of

temperature. (D) DSC plot. (E) Elasticity modulus and Vickers hardn
microphotograph.

ess number of commercial PEEK, polyketone PAAK-1, and HDPE. (F) SEM

the synthesis of organic compounds.'* The area has led to the
discovery of several green transformations to make prevalent
functional groups/compounds such as ketones,"*'°
18—20 . q.21 22,23
carboxylic acids,” carbamates,

29 . . 3031 32
acetals,” imines, and heterocycles.”™ These

amides, ureas,

amines,”’28
strategies have also been utilized for the synthesis of polymers
such as polyesters®>** and polyamides,** > and more recently
polyureas’ > and polyethylenimines® by us and others.
Directly relevant to this report is the C-alkylation of ketones
using alcohols that has been reported to undergo a borrowing
hydrogen pathway by a number of transition metal catalysts such
as ruthenium, manganese, and iron as recently reviewed by

41-47 . : :
several groups. Despite several reports on this chemical

transformation, the study has remained limited to the synthesis
of small molecules. We envisioned that this strategy might allow
us to make the hypothesized polyarylalkylketones (PAAK) from
the metal-catalyzed coupling of diacetylaryls and diols for the
first time. Since some diols can be prepared from renewable
feedstocks, this approach can also allow us to make semi-
renewable aromatic polyketones for the first time.

B RESULTS AND DISCUSSION

We started our investigation by studying a model reaction:
coupling of acetophenone (0.4 M) with 1,4-benzenedimethanol
(0.2 M) in the presence of 2 mol % complex 1 and 10 mol %
Cs,CO; in toluene (140 °C, 18 h). The choice of our initial

10626 https://doi.org/10.1021/acscatal.4c03019
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Table 1. Optimization of Catalytic Conditions for the Coupling of 1,4-Diacetylbenzene and 1,4-Benzenedimethanol”

Complexes 1-4

o Cs,C03 3-20%), 0
tAmOH
OH 110-140 °C, 1-18 h O O
n + 2 S-
HO\/©/\ :
o) O PAAK-1 n
entry complex conc. (M) Cs,CO; (mol %) time (h) yieldb (%) T4, (°C)
14 1 (2 mol %) 0.2 10 18 89 338
24 2 (2 mol %) 0.2 10 18 <5 n.d.
3¢ 3 (2 mol %) 0.2 10 18 51 353
49 4 (2 mol %) 0.2 10 18 17 319
5 1 (1 mol %) 0.2 10 18 87 356
6 1 (0.5 mol %) 0.2 10 18 70 348
7 1 (1 mol %) 0.1 10 18 85 373
8¢ 1 (1 mol %) 0.05 10 18 86 342
9 1 (1 mol %) 0.1 10 18 73 342
10 1 (1 mol %) 0.1 20 18 90 369
11 1 (1 mol %) 0.1 3 18 80 335
128 1 (1 mol %) 0.1 10 18 67 328
13 1 (1 mol %) 0.1 10 2 89 363
14 1 (1 mol %) 0.1 10 1 81 343
15 none 0.1 10 18 8 396
16 1 (1 mol %) 0.1 none 18 none n.d.
17" 1A (1 mol %) 0.1 1 18 none nd.
18" 1A (1 mol %) 0.1 2 18 <5 n.d.
19 Mn(CO);Br (1 mol %) 0.1 10 18 <5 n.d.
20 Mn(CO)¢Br (1 mol %)/PPh, (3 mol %) 0. 1 10 18 <5 n.d.
Ph PP
i % / r
H ,/-| -PiPr, H ,/-| -PPh, \,/-| -piPr, @— NG Mn' o
N /Mn coO N— Ru co <_N—Ir—H u, (7]
7
Cer'd Ceré ¢ @—P CI ﬂ pe §
Pr, O ph, O iPr, 2 2
2
1 2 3 4 1A

“General reaction conditions: 1,4-diacetylbenzene (0.5 mmol), 1,4-benzenedimethanol (0.5 mmol), 100 mL ampule with J-Young’s valve,

temperature 140 °C, tAmOH. PAll yields are isolated yields.

(thermogravimetric analysis) as a temperature of 10% weight loss. N.d. stands for not detected.

°T; stands for the decomposmon temperature calculated from TGA

41 mmol of 14- diacetylbenzene and 1,4-

benzenedimethanol was used. 10 mL of tAmOH was used. ’Reaction in 15 mL pressure ¥ vessel. $Reaction at 110 °C." The activated complex 1A

was prepared with 1 or 2 equivalents of KO'Bu. See SI (Page S27—S28) for details.

equivalents of KO'Bu. See SI (Page $27—S28) for details.

"The activated complex 1A was prepared with 1 or 2

catalytic conditions was inspired by the previous reports*' on
the transition-metal-catalyzed C-alkylation of ketones using
alcohols especially the one by Beller where reactions in toluene
were as effective as that in 1,4-dioxane and tert-amyl alcohol.**
Remarkably, this led to the formation of the expected diketone
in 83% isolated yield, which was characterized by NMR and IR
spectroscopy (Scheme 1A). Motivated by this initial result, we
studied the coupling of 1,4-diacetylbenzene (0.2 M) with 1,4-
benzenedimethanol (0.2 M) under identical reaction con-
ditions. The reaction led to the isolation of a mixture of yellow
(21% yield) and red (38% yield) solids that could be physically
separated (Scheme 1B). Both of these solids were found to be
insoluble in common solvents such as toluene, DCM, acetone,
chloroform, tetrahydrofuran (THF), chlorobenzene, water,
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), and
trifluoroacetic acid, because of which we could not employ
solution-state. NMR spectroscopy to analyze the chemical
structure of these materials. The IR spectrum of the yellow
solid (Figure 2A) showed signals at 3049 and 2922 cm™
corresponding to aromatic and aliphatic C—H stretching
frequencies. The presence of aromatic rings was further

confirmed by signals at 1601 and 1508 cm™" characteristic of
aromatic C=C stretches. A sharp signal at 1674 cm™'
characteristic of an aromatic C=0 (ketone) stretching
frequency was observed. A broad signal at 3470 cm™ can be
assigned to the O—H group, presumably the end group of the
polymer. These spectral assignments are suggestive of the
structure of the polymer to be PAAK-1 (Scheme 1B) and are
also in agreement with a reported polyketone made from the
reaction of styrene and CO that contained phenyl groups, CH,
linkages, and ketone groups.”” The IR spectrum of the red solid
(Figure SS, see SI) looked very similar to that of the yellow solid
except for the two distinctive signals at 1605 and 1373 cm™
which are attributed to olefinic C=C and C—O bonds,
respectively. Additionally, a much broader signal at 3348 cm™!
corresponding to the O—H stretch was also observed. Based on
these observations, we suggest that the red solid is a
polyarylalkylketone with some double bonds and O—H groups
characterized to be PAAK-1-OH (Scheme 1B).

We hypothesized that the elimination of water from PAAK-1-
OH might be facilitated by the presence of a proton source in the
reaction mixture that would convert the hydroxy group into a

10627 https://doi.org/10.1021/acscatal.4c03019

ACS Catal. 2024, 14, 10624—10634


https://pubs.acs.org/doi/suppl/10.1021/acscatal.4c03019/suppl_file/cs4c03019_si_001.pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=&ref=pdf
https://pubs.acs.org/doi/suppl/10.1021/acscatal.4c03019/suppl_file/cs4c03019_si_001.pdf
https://pubs.acs.org/doi/10.1021/acscatal.4c03019?fig=tbl1&ref=pdf
pubs.acs.org/acscatalysis?ref=pdf
https://doi.org/10.1021/acscatal.4c03019?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Catalysis

pubs.acs.org/acscatalysis

Research Article

Table 2. Substrate Scope for the Synthesis of Polyketones from Diketones and Diols

o o 1 (1 mol%), LOL o
base (10-100 mol%)
A1\ + H,0
n +n
)J\RJ\ HO™ "R™ "OH = 181, 140 °C, tAmOH RJ\/\W f
) Yield! T4
E Dik Diol My e (kD P Morphol
ntry iketone io %) we (kDa) cO) orphology
Q O HO O 89 51.1 1.6 Spherical
a g
! ) ( > ( OH 95¢ 1.5 1.3 363, 397 (size ~1.5 um)
. O:S C 20: HO/\©/\OH 54.1 1.6 Spherical
2 7 1.2 1.2 351 (size ~0.5 um)
O:S C EO: HO < > 52.9 1.7 Spherical
ab 3
3 OH “ 1.6 1.3 369 (size ~3 um)
HO 51.1 1.7 Spherical agglomerates
a o o
4 J\Q/Q O on B 1.4 1.3 330 (0.2-2 pm)
HO' OH 53.7 1.6 Spherical agglomerates
a (o] (o)
> J\Q/g /\(jA o7 2.1 1.6 365 (0.1-2 pm)
HO Spherical agglomerates
ab (o] (o]
6 J\<j/g O, @ 596 16 380 Ot
o o o
93 58.5 1.8 Spherical
a g
7 )\@0 O)J\ O oo 24 14 20237 (size ~2 pm)
o o '
g HO/\©/\OH 79 53.9 1.4 165 Spherlcal
o 1.6 1.3 (size ~1 um)
o o o
Non-homogeneous
a,b
? )J\Q\OO)J\ L<:>_\0H n 334 17 383 agglomerates
o o
Spherical
o HO OH h h
10 )‘\@0 O)\ —O— 57 621.6 109 363 (size ~2 pm)
o o
Non-homogeneous
c 0. h h
11 )\@0 /@* Ho/{v \)?OH 64 899.1 149 375 agglomerates
o o H OH
126 <:li> 5 53.6 1.7 181 Non-homogeneous
: 3.0 1.3 agglomerates
(¢] Ho H

“Reaction conditions: diketone (0.5 mmol), diol (0.5 mmol), 1 (2.5 mg, 0.005 mmol), Cs,CO; (16.5 mg, 0.05 mmol) in a 100 mL J-Young’s flask,
temperature 140 °C, 2 h. All yields are isolated yields. ®18 h. “tBuOK (56 mg, 0.5 mmol), 18 h. A1l yields are isolated yields. “Polymer samples
were heated in CL,CHCOOH at 120 °C overnight, filtrated, diluted with CHCl;, and then GPC analysis was performed in CHCl;/CL,CHCOOH =
8/2 mixture at 35 °C. Ty corresponds to the temperature of 10% weight loss. #Reaction is conducted under H, atmosphere. "GPC showed

polymodal distribution.

better leaving group (water) or by using a polar protic solvent.
Indeed, performing the reaction in tert-amyl alcohol (tAmOH)
solvent resulted in the selective formation of PAAK-1 in 89%
yield (Table 1, entry 1). Performing the same reaction in the
presence of ruthenium®>®! and iridium®’ complexes, 2—4 that
have been previously reported for the catalytic dehydrogenative
transformations led to relatively lower yields of PAAK-1 (Table
1, entries 2—4). We then studied the effect of various catalytic
conditions, e.g., concentration of starting materials and base, and
size of the reaction vessel, on the yield of the reaction.

10628

Interestingly, using 1 mol % complex 1 also led to the isolation of
PAAK-1 in 87% yield (entry S). Further reducing the catalytic
loading to 0.5 mol % led to a lower but still very good, isolated
yield (70%) of PAAK-1 (entry 6). Conducting a reaction at 0.1
M concentration of 1,4-diacetylbenzene and 1,4-benzene-
dimethanol led to the formation of PAAK-1 in 85% vyield
which is similar to that conducted at 0.2 M concentration (entry
5) although a higher Ty (decomposition temperature, 373 °C,
entry 7) was observed in the case of 0.1 M concentration in
comparison to that of 0.2 M concentration (T, = 356 °C, entry

https://doi.org/10.1021/acscatal.4c03019
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S). Decreasing the concentration further to 0.05 M did not make
any significant difference in the yield or Ty of the isolated
polymer, in comparison to that of 0.1 M (entry 8). Changing the
size of the reaction vessel from 100 to 15 mL did not make any
significant difference in the yield and thermal stability of the
polymer (entry 9). Increasing the amount of Cs,COj to 20 mol
% (entry 10) led to a slight increment in yield (90%), whereas
decreasing the amount of Cs,COj; reduced the yield (80%, entry
11), suggesting the significance of base in the coupling process.
Lowering the temperature to 110 °C reduced the yield to 67%
(entry 12). Interestingly, studying the time profile of the
reaction suggested that the reaction reaches completion in 2 h
leading to 89% vyield of the PAAK-1, whereas 81% yield is
obtained in 1 h (entries 13, 14). Finally, when the reaction was
conducted in the absence of complex 1 and by using just Cs,CO;
(10 mol %), 8% of the solid was isolated (entry 15). Based on the
IR spectrum and thermal studies of the isolated material, we
suggest that the obtained product is a polymer resulting from the
self-condensation of 1,4-diacetylbenzene (see SI, Figures S44
and S$45). At the same time, no conversion of any starting
material was obtained when the reaction was conducted in the
presence of complex 1 without using any base (entry 16).
Another control experiment was carried out using the
preactivated catalyst 1A; however, although it resulted in the
transfer hydrogenation of diketone through the dehydrogen-
ation of diol, it did not result in the formation of the expected
polyketone suggesting the significance of the role of base in
polymer chain propagation (entries 17, 18). Additionally,
conducting the reaction in the presence of Mn(CO)Br (1
mol %) and the combination of Mn(CO)Br (1 mol %) + PPh,
(3 mol %) resulted in only less than 5% yield of the polyketone
material (entries 19 and 20) suggesting that the manganese-
MACHO pincer complex (1) is important in the catalytic
process. Thus, the optimized catalytic conditions are complex 1
(1 mol %), Cs,CO; (10 mol %), 1,4-diacetylbenzene (0.1 M),
1,4-benzenedimethanol (0.1 M), 140 °C, 2 h, tAmOH (entry
13).

The structure of PAAK-1 was further corroborated by a solid-
state *C{'H} CP MAS NMR spectrum that showed signals at &
29-50, 128—151, and 199 ppm characteristic of alkyl, aryl, and
ketone regions, respectively, confirming the structure of PAAK-1
(Figure 2B, corresponding to Table 1, entry 13). Additionally,
analysis of the mother liquor upon precipitation of polymer in
the case of Table 1, entry 6, by 'H and “C{'H} NMR
spectroscopy showed the presence of phenylcarbonyl, phenyl-
enemethanol, acetophenonyl, and 1-phenyl-ethanol end groups
and 1,3-diphenylpropanone fragments (see Section 1.4 in the
SI). Further analysis of mother liquor by electrospray-
ionization-mass spectrometry (ESI-MS) confirmed the presence
of oligomers containing ketone and alcohol components (see
section 1.13 in the SI). These intermediates support the
structure of PAAK but it is possible that the polymer is irregular
with randomly distributed keto and hydroxy groups and double
bonds along the polymer chain.

Thermal properties of the polymer were investigated by
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC), which revealed that the PAAK-1 is a
thermoset material with a decomposition temperature of 363 °C
(T4 10% weight loss) as no melting temperature could be
observed (Figure 2C,D). This was further confirmed by the
powder X-ray diffraction (XRD) study that revealed that the
polymer is amorphous in nature (Figure $39, SI). According to

DSC analysis, the newly synthesized PAAK-1 does not have glass
transition point (T,) (Figure $49, S1).>?

To get some understanding of the mechanical properties of
the synthesized polyketone (PAAK-1), we processed the
polymer using hot compression to prepare a film of 2 mm
thickness, which was used to study the load—displacement curve
using nanoindentation. The elasticity modulus and Vickers
hardness of the PAAK-1 were measured to be 2.7 GPa and 23.6
HV, respectively (Figure 2E). For comparison, the nano-
indentation study was conducted with a commercial sample of
PEEK and HDPE (high-density polyethylene) under identical
conditions. Remarkably, the elasticity modulus and Vickers
hardness number of the PAAK-1 were found to be comparable
with the commercial sample of PEEK (3 GPa, and 26.7 HV), and
higher than those measured for the HDPE (0.45 GPa and 7.4
HYV). These numbers are also consistent with previous reports in
the literature on the measurement of elasticity modulus and
Vickers hardness of commercial PEEK and HDPE.****

The morphology of polymers plays important roles in
polymer processing and their applications and spherical particles
are desirable for various processing techniques such as selective
laser sintering which is used for 3-D printing or additive
manufacturing which can also be used to process polyketones.>
Polyketones can also be used in engineered powder, as was
recently demonstrated by an electronics manufacturing
company, Jabil Inc., which has launched PKS000 for additive
manufacturing. This polyketone has desirable chemical and
mechanical properties such as high impact strength and high
abrasion resistance in comparison to nylons.’*>” A study of the
morphology of PAAK-1 (made using Table 1, entry 9) using
scanning electron microscopy (SEM) showed granular
structures composed of small spherical particles of size around
1.3—1.5 um (Figure 2F).

Having optimized the reaction conditions for the synthesis of
PAAK-1 (polyarylalkylketone), we studied the substrate scope
of our methodology to understand the structure—property
relationships. As described in Table 2 (entry 2), the coupling of
1,4-diacetylbenzene and 1,3-benzenedimethanol led to the
formation of the corresponding polyarylalkylketone in 77%
yield. However, a lower yield of polyketone (41%) was obtained
from the coupling of 1,4-diacetylbenzene and 1,4-cyclo-
hexanedimethanol (entry 3). Remarkably, excellent yields of
polyketones were obtained from the coupling of 1,3-
diacetylbenzene with various diols (entries 4—6). To introduce
ether functionality as in the case of polyaryletherketones
(PAEKs), we used 4-acetylphenyl ether as a diketone feedstock.
Remarkably, we were able to couple 4-acetylphenyl ether with
various aromatic and aliphatic diols to make polyketones in
moderate to excellent yields as described in Table 2, entries 7—
12. Of particular significance is the use of D-Isosorbide as a diol
(entry 12) that is a commercially available sugar derivative and
can also be made from cellulose making the corresponding
polyketone to be semirenewable.’® The polymers were
characterized by IR spectroscopy and *C CP/MAS solid-state
NMR spectroscopy that showed signals corresponding to C=
O, aromatic, and aliphatic groups (see SI, Section 1.5).
Polyketone reported in entry 7, Table 2 (PAAK-7) was
additionally analyzed with TGA-MS that showed the way this
material decomposes. It was found that PAAK-7 starts
decomposing at 320 °C with elimination of diketone-like
components (m/z = 239 and 254 g/mol, Figure S151, SI), and
xylene-derived components (m/z = 79, 91, 92, and 107 g/mol)
become the major components of ion current at temperatures
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Scheme 2. Synthesis of Polyketone PAAK-1 from 1,4-Benzenedimethanol Derived from the Waste Plastic Bottle
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higher than 400 °C (Figure S150, SI). It confirms that both
components of the reaction mixture are incorporated into the
final product.

As mentioned earlier, the isolated materials showed no
solubility in all of the attempted solvents (toluene, water,
methanol, THF, CHCL,, DCM, DMF, DMSO, TFA, and HFIP)
at room temperature or on heating (100 °C) which made
analysis of the polymers by gel permeation chromatography
(GPC) very challenging. However, we managed to partially
dissolve the material in dichloroacetic acid (upon heating
overnight at 120 °C) and the soluble part was analyzed by GPC
in dichloroacetic acid/CHCI; solvent mixture. Most of the
dissolved polymers showed bimodal distribution with a low-
molecular-weight component of 1.2—3.0kDa (D = 1.2—1.6) and
a high-molecular-weight component of 51.1-58.5 kDa (P =
1.6—1.8) (Table 2). Extremely broad polydispersities were
observed for polymers reported in cases of entries 10 and 11,
Table 2. Interestingly, monomodal distribution was obtained in
cases of entries 6 and 9 (Table 2) when 1,4-cyclohexyldimetha-
nol was utilized as a diol with M,, = 59.6 kDa (D = 1.6) and 53.4
kDa (P = 1.7), respectively. The same method was used to
analyze molecular masses of commercial polyketones (Table S3,
SI), POK and PEKK being completely soluble in dichloroacetic
acid and PEEK only partially soluble. GPC showed that all of
these polymers are monomodal (D =2.2—7.5) and have a higher
molecular weight (63.3—126.8 kDa) than PAAK polymers
reported herein.

The decomposition temperature (T,), calculated as a
temperature of 10% weight loss from TGA (thermogravimetric
analysis), was found to be in the range of 321-383 °C as
described in Table 2. This was lower than what was found for
commercial PEEK and PEKK samples (T = $81 and 557 °C,
respectively, see SI, Table S3) and close to the thermostability of
commercial POK (T, = 387 °C, see SI, Table S3). The powder
XRD studies showed that all of the polyketones reported herein
are amorphous in nature with some polymers containing an
unidentified component of crystallinity (see SI, Section 1.5 for
full details). This is consistent with the absence of any melting
temperature in DSC traces of these polyketones. Additionally,
DSC traces of PAAKs do not demonstrate any glass transition
temperature which could be a sign of cross-linking in the
material. It is known that a certain degree of cross-linking can
increase the glass transition temperature of the polymer above
the decomposition temperature.”” In support of this, the traces
of terephthalic aldehyde-derived cross-linking were observed in
the high-resolution mass spectrum of crude reaction mixture of
small-molecule model reaction shown in Scheme 1A (Figure S1,
SI). Presumably, since the glass transition temperature of
aromatic polyketones is usually higher than 100 °C, even one

cross-link between two polymer chains could be enough to
increase T, above the decomposition temperature. The
morphology of polyketones for most cases showed agglomerates
of spherical particles in the range of 0.2—3 um, as described in
Table 2. In some cases, the particle sizes were more uniform
(e.g., entry 1) than others (e.g, entry 4), whereas in some cases,
nonhomogeneous agglomerates were observed (see SI, Section
1.18).

We envisioned that since the product precipitates out from
the reaction medium whereas the catalyst is likely to remain
soluble, this presents an opportunity to test the recyclability of
the catalyst. After the reaction conducted as described in Table
2, entry 7 (coupling of 4-acetylphenyl ether (0.5 mmol) and 1,4-
benzenedimethanol (0.5 mmol) that led to the isolation of
polyketone in 89% yield), the mother liquor solution was
transferred to another Young’s flask containing 4-acetylphenyl
ether (0.5 mmol), 1,4-benzenedimethanol (0.5 mmol), and
Cs,CO; (10 mol %). The reaction mixture was then refluxed at
140 °C for 2 h, resulting in the isolation of PAAK-7 in 55% yield
showing an IR spectrum identical to that of the polymer isolated
in the first batch (see Section 1.9 in the SI). Interestingly, when
the recycling study was performed without adding base in the
second stage, no precipitate was observed, suggesting the
involvement of base in steps other than generating the active
species from the precatalyst 1.

In pursuit of methods to make (semi)renewable plastics, we
envisioned if a polyketone could be made from a diol sourced
from the depolymerization of waste plastic such as poly(ethylene
terephthalate) (PET). To achieve this, we carried out a two-step
process where PET waste (sourced from plastic bottle) was first
hydrogenatively depolymerized in a pressure reactor using the
Milstein’s ruthenium PNN catalyst (S, 2 mol %, and KOtBu, 10
mol %) in tAmOH solvent to form 1,4-benzenedimethanol and
ethylene glycol in approximately quantitative yields as confirmed
by the 'H NMR spectroscopy (see Section 1.11 in SI).
Analogous reaction on the hydrogenative depolymerization of
PET has been reported previously by Robertson® and
Klankermayer.(’o The mixture of 1,4-benzenedimethanol and
tAmOH was then separated from ethylene glycol by extraction
in DCM/water to which 1,4-diacetylbenzene, manganese
complex 1 (1 mol %), and Cs,CO; (10 mol %) were added
and the reaction mixture was heated for 2 h at 140 °C as
described in Table 2. This led to the isolation of PAAK-1 in 85%
yield (Scheme 2). The reaction in the case when 1,4
benzenedimethanol was not separated from ethylene glycol
led to the formation of a polyketone in only 21% yield that
contained hydroxyl groups and double bonds according to IR
spectroscopy.
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Scheme 3. Control Experiments (A, B) and Proposed Pathway for the Formation of Polyketones (C)
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Mechanisms for the coupling of ketone and alcohols to form
alkylated ketones using analogous pincer complexes have been
studied using both experiments and DFT computation.®”**
Based on the previous studies,” we hypothesize that the

reaction proceeds via a “hydrogen-borrowing” mechanism

10631

involving (i) metal-catalyzed dehydrogenation of the alcohol
to aldehyde, (ii) base-catalyzed aldol condensation of the
aldehyde with the ketone to form a chalcone-type derivative, and
(iii) metal-catalyzed hydrogenation of the C=C bond to form
an alkylated ketone (Scheme 3C). We conducted a few
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experiments to verify this proposal. First, performing a reaction
of terephthaldehyde with 1,4-diacetylbenzene in the presence of
10 mol % Cs,CO; led to the formation of polychalcone in 93%
yield (Scheme 3A). This suggests our proposal that Cs,CO; is
sufficient to catalyze the aldol condensation steps, whereas
manganese is needed for the catalytic (de)hydrogenation steps.
As described in the mechanism (Scheme 3C), a stoichiometric
evolution of hydrogen gas is not observed, as it gets consumed in
the subsequent hydrogenation step. In most cases, we observe
less than S mL of gas. Analysis of this gas by the GC (thermal
conductivity detector) confirmed it to be H, supporting our
mechanistic proposal (see Section 1.10 in the SI). Furthermore,
we also demonstrated that precatalyst 1 is capable of the
hydrogenation of C=C in chalcone by transfer hydrogenation
from diol under the optimized reaction conditions making
dihydrochalcone in 46% yield (Scheme 3B, Section 1.12 in the
SI).

We then hypothesized that conducting the catalytic reactions
in the presence of a hydrogen atmosphere (1 bar) might ensure
the hydrogenation of any remaining C=C bond in the
polyketone chain and improve the yield and thermal properties
of the polymers. Indeed, performing the synthesis of PAAK-1 in
the presence of a hydrogen atmosphere (1 bar) resulted in a
higher yield (95 vs 89%) and higher thermal stability (T = 397
vs 363 °C) as described in Table 2, entry 1 (Section 1.8, see the
SI). A similar trend was obtained for PAAK-7 (Table 2, entry 7,
and Section 1.8 in the SI).

Based on the control experiments described above and
mechanistic studies reported in the literature, " we have outlined
a mechanism for the formation of polyketone (PAAK, Scheme
3C). The reaction starts with the dehydrogenation of 14-
benzenedimethanol to a hydroxyaldehyde by the activated
manganese complex 1A that converts to the manganese hydride
complex 1C via an alkoxy complex 1B. Based on previous
studies,® it is likely that the dehydrogenation occurs through an
“outer-sphere” mechanism. The formed hydroxyaldehyde can
perform aldol condensation with 1,4-diacetylbenzene in the
presence of base to form an alkene C via intermediate B. Alkene
C can be hydrogenated by manganese hydride complex 1C to
form alkylated ketone. The continuation of this process would
lead to the formation of polyketone (PAAK).

B CONCLUSIONS

In conclusion, we have demonstrated the synthesis of a new class
of polyketones called polyarylalkylketones (PAAK) using a new
methodology based on the hydrogen-borrowing concept that
has not been used for the synthesis of polyketones before.
Among the studied catalysts, the manganese pincer complex 1
was found to be the best catalyst for this process, affording high
yields using 0.5—1.0 mol % catalytic loading and in the reaction
time as low as 2 h. Using this methodology, 12 new polyketones
were synthesized using various diketones and diols including a
renewable diol and a diol obtained from the depolymerization of
waste plastic bottles. The isolated polymers were characterized
by IR and solid-state NMR spectroscopy, GPC, powder XRD,
SEM, and TGA/DSC studies. The elasticity modulus and
Vickers hardness of PAAK-1 (a polyketone reported herein)
estimated using nanoindentation were found to be comparable
with a commercial sample of polyketone. Based on previous
studies and conducted experiments herein, we suggest that the
polymerization occurs via the hydrogen-borrowing mechanism,
as outlined in Scheme 3C.
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1. Experimental Details

1.1 General Considerations

All manipulations, unless otherwise stated, were performed under an argon atmosphere using standard
Schlenk line and glove-box techniques. Glassware was oven-dried and flamed under vacuum prior to use.
THF and toluene were dried using a Grubbs-type solvent purification system (Innovative Technologies
SPS) equipped with a degasser. Pre-catalyst 11! was prepared in accordance with the literature procedure.
Cs2COs (anhydrous) were stored at 80 °C and dried before use. Precatalysts 2—4, Mn(CO)sBr,
triphenylphosphine, NMR solvents and iPr-PN"P (10 wt% solution in THF) were purchased from Strem
Chemicals and used as received. Polyolefinketone (POK), polyetherketoneketone (PEKK) and
polyetheretherketone (PEEK) samples were purchased from Goodfellow Cambridge Limited and used as
received.

Solution state NMR spectra were recorded on a Bruker AVIII-HD 400 MHz NMR spectrometer at 298 K
unless otherwise specified. Residual protons of solvent were used as a reference for 'H NMR spectra in
deuterated solvent samples. All chemical shifts () are quoted in ppm and coupling constants (J) in Hz.

Solid-state 1*C NMR spectra were recorded using a Bruker Avance III spectrometer, equipped witha 9.4 T
wide-bore superconducting magnet (‘H and '*C Larmor frequencies of 400.1 and 100.6 MHz, respectively).
Some samples were submerged in liquid nitrogen and then ground to a powder. The remaining nitrogen and
any condensed water were allowed to evaporate. Samples were packed into 4 mm zirconia magic angle
spinning (MAS) rotors and rotated at a MAS rate of 12.5 kHz. 1*C NMR spectra were recorded with cross
polarisation (CP) from 'H using a contact pulse (ramped for 'H) of between 0.5 and 2 ms. Signal averaging
was carried out for 2048 transients (NM118(Il)) with a recycle interval of 2 s. High power (vl = 100 kHz)
TPPM-15 decoupling of 'H was applied during acquisition. Chemical shift is reported in ppm relative to
(CH3)4Si using the CH3 signal of L-alanine (8 = 20.5 ppm) as a secondary solid reference.

Solid state '"H MAS NMR spectra were recorded at 600.26 MHz using a Bruker Avance III spectrometer
equipped with a 14.1 T wide-bore superconducting magnet. Samples were packed into a 1.9 mm zirconia
rotors and rotated at the magic angle at a rate of 40 kHz. A rotor-synchronised spin echo pulse sequence (t
= 25 ps) was used to remove background signal. Signal averaging was carried out for 48 transients with a
recycle interval of 5 s. Chemical shifts are reported in ppm relative to (CH3)4Si using the NH3 signal of L-
alanine (6 = 8.5 ppm) as a secondary solid reference.

Infrared spectra (ATR-FTIR) were collected using a Shimadzu IR Affinity-1.

Thermogravimetric Analysis (TGA) was performed using Stanton Redcroft STA-780 Series Thermal
Analyser between 30-900 °C at a heating rate of 10 °C/min under a flow of nitrogen gas (25 mL/min).
Decomposition temperature (Tq4, °C) was estimated as the temperature of 10% weight loss.

Differential Scanning Calorimetry (DSC) analyses were performed using a Netzsch DSC204 or Queens
STA449 DSC217C between —80 or —10 to 250, 300 or 600 °C at a heating rate of 10 °C/min under a flow
of nitrogen gas (20 mL/min) after an initial heat/cool cycle (25-120 °C at 10 °C/min with a 20-minute
isothermal at 120 °C) to remove the thermal history of the sample.

Differential Scanning Calorimetry with Mass Spectroscopy (DSC-MS) analyses were performed using a
Netzsch STA 449F5 30-600 °C at a heating rate of 10 °C/min under a flow of argon gas (20 mL/min).

Gel permeation chromatography (GPC) was performed on an Agilent 1260 InfinityLab II GPC fitted with
a refractive index (RI) detector (35 °C). Two plus guard column Agilent PLgel-M 10 pym MIXED-B
columns setup was contained within an oven (35 °C). Mixture of chloroform (80%) and dichloroacetic acid
(20%) was used as the eluent at a flow rate of 1.0 mL min'. The samples (30 mg) were heated in 4 mL of
dichloroacetic acid at 120 °C overnight. Next, the samples were diluted to the required concentration of
0.2% (w/v) with chloroform and injected into a system running at temperature after filtration to remove
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undissolved material. The calibration was conducted using a series of polystyrene (M, = 1,000 — 243,000 g
mol ') standards obtained from Agilent Technologies.

Scanning electron microscopy (SEM) was performed on an FEI Scios dualbeam instrument operated at 3
kV, samples were prepared by dispersion onto adhesive carbon tape (Labtech International Ltd.) and sputter
coated with a thin layer of gold to dissipate the charge.

Powder X-ray diffraction data was collecteds using Bruker AXS D8 Advance diffractometer with a Vantec
detector, using Cu Ka radiation. The data from powder samples were collected in the range of 2° <260 <70
or 90°. Some samples were measured on a PTFE pad which led to appearance of additional peaks
(originated from PTFE) at high 26. Broad peak at 26 =26° in several samples originates from the polyester
film that was used to cover the powder.

GC-MS data were collected as solutions in HPLC grade DCM using an Agilent 8860 GC system coupled
to an Agilent 5977B El instrument. EI spectra were collected as solutions in acetonitrile using a Micromass
LCT spectrometer.

Headspace analysis was performed using an Agilent GC8860 with TCD. Gas separation is performed using
dual columns (Agilent porous Polymer and Agilent Mol sieve). Gas sample (2.5 mL) is introduced to the
columns using a gas tight syringe through a sample loop (0.25 mL).
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1.2 Synthesis of 3,3'-(1,4-phenylene)bis(1-phenylpropan-1-one) as a model substrate.

A 15 mL pressure vessel was charged with pre-catalyst 1 (10 mg, 0.02 mmol, 2 mol%), 1,4-
benzenedimethanol (138 mg, 1.0 mmol), acetophenone (240 mg, 2.0 mmol) and Cs,CO; (33 mg, 0.10
mmol, 10 mol%). fert-Amyl alcohol (5 mL) was added, and the flask was sealed under a nitrogen
atmosphere in a glove box before heating to 140 °C for 18 hours with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. Next, the crude was directly purified by flash
chromatography on silica gel to afford, after concentration and high-vacuum drying, 284 mg (83%) of the
product as a white solid. 'H NMR (400 MHz, CDCl5): § 7.96 (m, 4H), 7.56 (m, 2H), 7.47 (m, 4H), 7.20 (s,
4H), 3.30 (m, 4H), 3.05 (m, 4H). 1*C NMR (100 MHz, CDCI5): § 199.2, 139.0, 136.8, 133.0, 128.6, 128.0,
40.4, 29.9. IR (ATR-FTIR, cm™): v 2920w (C-H), 1680s (C=0), 1593w, 1516w, 1447m, 1204m, 972m,
745s, 691s, 548m. [M+Na]* Calcd for C24H22NaO»", 365.1512; found: 365.1510.

365.1510

100+ C24H220223Na
90|
8o SNa  exp:707.3132
© B PPN _
S 704
5
S 60
2 .
0 50
2 366.1546
5 40 |
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4 147.0502 261'0886‘ 264.1103 / 518.3053 6432373 707.3134
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Figure S1. High Resolution Mass Spectrum (HRMS, ESI, MeCN) of crude reaction mixture after synthesis of 3,3'-
(1,4-phenylene)bis(1-phenylpropan-1-one).
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Figure S2. '"H NMR (CDCl;, 298 K) spectrum of 3,3'-(1,4-phenylene)bis(1-phenylpropan-1-one).
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Figure S3. 3C{'H} NMR (CDCls, 298 K) spectrum of 3,3'-(1,4-phenylene)bis(1-phenylpropan-1-one).

Transmittance, a.u.

o0, 7t

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm®

Figure S4. Infrared spectrum (ATR-FTIR) of 3,3'-(1,4-phenylene)bis(1-phenylpropan-1-one).
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1.3 Coupling of 1,4-diacetylbenzene and 1,4-benzenedimethanol.

A 100 mL ampoule equipped with a J-Young’s valve or a 15 mL pressure vessel was charged with pre-
catalyst (e.g. 1; 10 mg, 0.02 mmol, 2 mol%), 1,4-benzenedimethanol (138 mg, 1.0 mmol), 1,4-
diacetylketone (162 mg, 1.0 mmol) and Cs2CO;s (e.g. 33 mg, 0.10 mmol, 10 mol%). Tert-amyl alcohol or
toluene (e.g. 5 mL) was added and the flask was sealed under an argon atmosphere before heating to the
desired temperature (e.g. 140 °C) for the desired length of time (e.g. 18 hours) with stirring. After this
period, the reaction vessel was allowed to cool to room temperature and any gas evolved (presumably H»)
during the reaction measured using inverted cylinder in water method. To the resulting mixture, 5 mL of 1
M HCI was added and the flask had been heated at 90 °C for 1 h. The yellow precipitate was filtered and
dried under reduced pressure at 120 °C.

Table S1. Polyketone synthesis from 1.4-diacetylbenzene and 1,4-benzenedimethanol.”

(e} oH (0]
cat., Cs,COg3,
n +n solvent, temperature O O
o Ho o} A |
Entry Complex mol% Conc. Base (mol%) Time (h) Isolated Yield (%) T4 (°C)
1°¢ 1 2 02M 10% 18 584 325/266
20 1 2 02M 10% 18 89 338
3v 2 2 02M 10% 18 <5 n.d.
4° 3 2 02M 10% 18 51 353
5° 4 2 02M 10% 18 17 319
6° 1 1 02M 10% 18 87 356
7° 1 0.5 02M 10% 18 70 348
8 1 1 0.1 M 10% 18 85 373
9¢ 1 1 0.1 M 10% 18 73 342
10 1 1 0.1 M 20% 18 90 369
11 1 1 0.1 M 3% 18 80 335
12f 1 1 0.1 M 10% 18 67 328
13¢ 1 1 025M 10% 18 94 352
14" 1 1 0.05M 10% 18 86 342
15 1 1 0.1 M 10% 2 89 363
16 1 1 0.1 M 10% 1 81 343
17 1 1 0.1 M 3% 2 81 344
18 none none 0.1 M 10% 18 8 396
19 1 1 0.1 M none 18 none —
20! 1 1 0.1 M 1% 18 none —
21 1 1 0.1 M 2% 18 <5 —
22 5 1 0.1 M 10% 18 <5 n.d.
23 6 1 0.1 M 10% 18 <5 n.d.
Br Cl H Ph, =
H‘N/ -~ H‘N/ - H‘N/‘ﬂ . ©_p\ (Izl - | Mn(CO)sBr
\Mn/ PiPr, <_ \RU/Pth \Ir/PIPrg ll:e /R|u< Mn(CO)sBr +
PP PR PPN N 3 eq. PPh3
7 Yo 7 | Neo PN <=—* o
CcO H (¢]] 2
1 2 3 4 5 (]

2General reaction conditions: 1,4-diacetylbenzene (0.5 mmol), 1,4-benzenedimethanol (0.5 mmol), Cs2CO3, metal-complex,
and 5 mL of tfAmOH were placed into 100 mL ampule with J-Young’s valve under an argon atmosphere and heated at 140 °C
for 18 h. ®1 mmol of diol and diketone were used. “Toluene was used instead of tAmOH. “The reaction mixture consisted of
two kinds of solid material: red chunk in the bottom (38%) and yellow brittle film on the edge of solution (20%) which were
separated mechanically. *Reaction was carried out in 15 mL pressure vessel. ‘Reaction at 110°C. £2 ml of tfAmOH were used.
"10 mL of tAmOH were used. 'KOBu was used for catalyst activation. iTemperature of degradation. Calculated from TGA as
a temperature of 10% weight loss.
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Table S1, Entry 1

Yellow solid (21%):

IR (ATR-FTIR, cm™): v 3470w (O-H), 3049w (C-H), 2922w (C-H), 1674s (C=0), 1601m (C=C), 1506w,
1406m, 1265s, 1213s, 982s, 818s, 731s, 544m.

TGA: Tq =325 °C.

Red solid (38%):

3348m (O-H), 2924w (C-H), 1674s (C=0), 1605m (C-H), 1510w, 1373m, 1217m, 1213m, 1011m, 816s,
517s.

TGA: Tq= 266 °C.

yellow red

3470 2922

Transmittance
Transmittence

1265 818 731

1674

4000 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber, cm? Wavenumber, cm?

Figure S5. Infrared spectrum (ATR-FTIR) of the samples corresponding to Entry 1 in Table S1.
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Figure S6. Mass loss as a function of temperature for samples corresponding to Entry 1 in Table S1.
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Figure S7. DSC trace corresponding to Entry 1 in Table S1, yellow solid.

Table S1. Entry 2
3C CP MAS NMR (100.6 MHz): § 199.5, 151.6, 139.9, 128.4, 75.7, 70.2, 64.4, 42.2, 29.3.
IR (ATR-FTIR, cm™): v 3460w (O-H), 2926w (C-H), 1674s (C=0), 1603m (C=C), 1508w, 1406m,

1225s, 1211s, 982s, 818s, 546m.

TGA: Ta=338°C
3460 2926

982
1211

Transmittance, a.u.
D
o
w

818

1674

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm-1

Figure S8. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 2 in Table S1.
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Figure S9. Mass loss as a function of temperature for sample corresponding to Entry 2 in Table S1.
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Figure S10. DSC trace corresponding to Entry 2 in Table S1.
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Figure S11. 3C CP MAS NMR spectrum of the polymer corresponding to Entry 2 in Table S1.

Table S1, Entry 3
The isolated amount was not enough to perform analysis.

Table S1, Entry 4

IR (ATR-FTIR, cm™): v 3368w (O-H), 2920w (C-H), 1690w, 1672s (C=0), 1607w (C=C), 1510w,
1400m, 1267s, 978m, 814s.

TGA: Tq=353 °C

DSC: Ti=215 °C

Transmittance, a.u.

1267
814

1672

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S12. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 4 in Table S1.
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Figure S13. Mass loss as a function of temperature for sample corresponding to Entry 4 in Table S1.
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Figure S14. DSC trace corresponding to Entry 4 in Table S1.
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Table S1, Entry 5

IR (ATR-FTIR, cm™): v 3416w (O-H), 2911w (C-H), 1676s (C=0), 1605m (C=C), 1506s, 1402m, 1265s,
1213s, 988s, 820s.

TGA: T¢=319 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm?

Figure S15. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 5 in Table S1.
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Figure S16. Mass loss as a function of temperature for sample corresponding to Entry 5 in Table S1.
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Table S1, Entry 6

IR (ATR-FTIR, cm™): v 3424w (O-H), 2924w (C-H), 1676s (C=0), 1605m (C=C), 1510s, 1402m,
1225m, 1213s, 984m, 818s, 542m.

TGA: Tq¢=356 °C

3424 2924

Transmittance, a.u.

167

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S17. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 6 in Table S1.
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Figure S18. Mass loss as a function of temperature for sample corresponding to Entry 6 in Table S1.
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Table S1, Entry 7
IR (ATR-FTIR, cm™): v 3420w (O-H), 2918w (C-H), 1674s (C=0), 1603m (C=C), 1422w, 1402m,
1265m, 1211s, 982s, 818s, 550m.

TGA: Tq=348 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm?

Figure S19. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 7 in Table S1.
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Figure S20. Mass loss as a function of temperature for sample corresponding to Entry 7 in Table S1.
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Table S1, Entry 8

IR (ATR-FTIR, cm™): v 3402w (O-H), 2914w (C-H), 1674s (C=0), 1603m (C=C), 1510w, 1402m,
1225m, 1211s, 982m, 818s, 550m.

TGA: T¢=373 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S21. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 8 in Table S1.
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Figure S22. Mass loss as a function of temperature for sample corresponding to Entry 8 in Table S1.
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Figure S23. DSC trace corresponding to Entry 8 in Table S1.

Table S1. Entry 9

IR (ATR-FTIR, cm™): v 3449w (O-H), 2911w (C-H), 1676s (C=0), 1605m (C=C), 1510w, 1402m,
1221m, 1211s, 982s, 818s.

TGA: Tq=342 °C

DSC: T, =247 °C

Transmittance, a.u.

3800 3400 3000 2600 2200 1800 1400 1000 600
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Figure S24. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 9 in Table S1.
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Figure S25. Mass loss as a function of temperature for sample corresponding to Entry 9 in Table S1.
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Figure S26. DSC trace corresponding to Table S1; Entry 9.
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Table S1, Entry 10

IR (ATR-FTIR, cm™): v 3464w (O-H), 2922w (C-H), 1676s (C=0), 1605m (C=C), 1418w, 1404m,
1220m, 1213s, 984m, 818s.

TGA: Tq¢=369 °C

Transmittance, a.u.

1676

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm®

Figure S27. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 10 in Table S1.
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Figure S28. Mass loss as a function of temperature for sample corresponding to Entry 10 in Table S1.

Table S1, Entry 11

IR (ATR-FTIR, cm™): v 3400w (O-H), 2924w (C-H), 1676s (C=0), 1604m (C=C), 1510w, 1402m,
1222m, 1213s, 983m, 818s.

TGA: Tq=335°C
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Figure S29. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 11 in Table S1.
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Figure S30. Mass loss as a function of temperature for sample corresponding to Entry 11 in Table S1.

Table S1. Entry 12

IR (ATR-FTIR, cm™): v 3389w (O-H), 2907w (C-H), 1676s (C=0), 1604m (C=C), 1508w, 1402m,
1225m, 1211s, 983m, 818s.

TGA: Tq=328 °C
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Figure S31. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 12 in Table S1.
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Figure S32. Mass loss as a function of temperature for sample corresponding to Entry 12 in Table S1.
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Table S1, Entry 13

IR (ATR-FTIR, cm™): v 3401w (O-H), 2926w (C-H), 1676s (C=0), 1605m (C=C), 1510w, 1404m,
1225m, 1213s, 982s, 818s, 555w.

TGA: T¢=352°C

1605

Transmittance, a.u.

1676

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S33. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 13 in Table S1.
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Figure S34. Mass loss as a function of temperature for sample corresponding to Entry 13 in Table S1.
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Table S1, Entry 14

IR (ATR-FTIR, cm™): v 3427w (O-H), 2918w (C-H), 1676s (C=0), 1601m (C=C), 1506w, 1404m,
1228s, 12115, 982m, 820s, 542m.

TGA: Tq¢=342 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm®

Figure S35. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 14 in Table S1.
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Figure S36. Mass loss as a function of temperature for sample corresponding to Entry 14 in Table S1.
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Table S1, Entry 15

IR (ATR-FTIR, cm™): v 3445w (O-H), 2918w (C-H), 1678s (C=0), 1605m (C=C), 1510w, 1402m,
1263m, 1213s, 981s, 818s, 550m.

TGA: T¢=363 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S37. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 15 in Table S1.
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Figure S38. Mass loss as a function of temperature for sample corresponding to Entry 15 in Table S1.
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Figure S39. Experimental powder XRD patterns of the sample corresponding to Entry 15 in Table S1. Crystalline
peaks are from Teflon substrate.

Table S1, Entry 16

IR (ATR-FTIR, cm™): v 3404w (O-H), 2911w (C-H), 1676s (C=0), 1603m (C=C), 1508w, 1402m,
1267s, 12115, 984m, 818s, 555m.

TGA: T¢=343 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm?

Figure S40. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 16 in Table S1.
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Figure S41. Mass loss as a function of temperature for sample corresponding to Entry 16 in Table S1.

Table S1, Entry 17

IR (ATR-FTIR, cm™): v 3449w (O-H), 2914w (C-H), 1676s (C=0), 1604m (C=C), 1510w, 1402m,
1267s, 12135, 983m, 818s, 548m.

TGA: Tq= 344 °C

Transmittance, a.u.

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S42. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 17 in Table S1.
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Figure S43. Mass loss as a function of temperature for sample corresponding to Entry 17 in Table S1.

Table S1. Entry 18

IR (ATR-FTIR, cm™): v 3424w (O-H), 2924w (C-H), 1672s (C=0), 1599s (C=C), 1287m, 1267s, 1015m,
824s.

TGA: Tq=396 °C

Transmittance, a.u.

1599

1672 1267

3800 3400 3000 2600 2200 1800 1400 1000 600

Wavenumber, cm?

Figure S44. Infrared spectrum (ATR-FTIR) of the sample corresponding to Entry 18 in Table S1.
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Figure S45. Mass loss as a function of temperature for sample corresponding to Entry 18 in Table S1.
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Figure S46. DSC trace corresponding to Entry 18 in Table S1.

Table S1, Entry 19

A 100 mL ampoule equipped with a J-Young’s valve was refilled wit argon, charged with pre-catalyst 1 (2.5
mg, 0.005 mmol, 1 mol%), 5 mL of dry THF and solution of KO#Bu (0.5 mL of 0.01 M in THF, 1 mol%).
The mixture was stirred at room temperature for 1 h and then the volatiles were evaporated. To the resulting
mixture 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 1,4-diacetylketone (81 mg, 0.5 mmol) were added.
tert-Amyl alcohol was added and the flask was sealed under an argon atmosphere before heating to 140 °C

for 18 hours. To the resulting mixture, 5 mL of 1 M HCI was added and the flask had been heated at 90 °C
for 1 h.

The isolated amount was not enough to perform analysis.

Table S1. Entry 20

A 100 mL ampoule equipped with a J-Young’s valve was refilled wit argon, charged with pre-catalyst 1 (2.5
mg, 0.005 mmol, 1 mol%), 5 mL of dry THF and solution of KO#Bu (1.0 mL of 0.01 M in THF, 2 mol%).
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The mixture was stirred at room temperature for 1 h and then the volatiles were evaporated. To the resulting
mixture 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 1,4-diacetylketone (81 mg, 0.5 mmol) were added.
tert-Amyl alcohol was added and the flask was sealed under an argon atmosphere before heating to 140 °C
for 18 hours. To the resulting mixture, 5 mL of 1 M HCI was added and the flask had been heated at 90 °C
for 1 h.

The isolated amount was not enough to perform analysis.

Table S1, Entry 21
The isolated amount was not enough to perform analysis.

Table S1, Entry 22
The isolated amount was not enough to perform analysis.
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1.4 NMR spectra of mother liquor from coupling reaction of 1,4-diacetylbenzene and 1,4-

benzenedimethanol as described in Table S1.
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Figure S47. 'H NMR spectrum of mother liquor after polymer precipitation from the reaction Table S1; Entry 7 in

CDCIs/CD30D = 3/1 at room temperature.
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Figure S48. 3C{'H} NMR spectrum of mother liquor after polymer precipitation from the reaction Entry 7 in Table

S1 in CDCI3/CD3;OD = 3/1 at room temperature.
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1.5 Synthesis of polyketones from diketones and diols.

General method for the coupling of diketones and 1,4-benzenedimethanol, 1,3-benzenedimethanol and
1,4-cyclohexanedimethanol.:

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%) and Cs>COs (16.5 mg, 0.05 mmol, 10 mol%) or KO7Bu (56 mg, 0.5 mmol, 100 mol%), diol (0.5
mmol) and diketone (0.5 mmol). The flask was sealed under an argon atmosphere and fer#-amyl alcohol (5
mL) was added before heating to 140 °C for 2 or 18 h with stirring. After this period, the reaction vessel
was allowed to cool to room temperature and any gas evolved (presumably H,) during the reaction was
measured when possible. To the resulting mixture 5 mL of 1 M HCI were added and the flask had been
heated at 90 °C for 1 h. The precipitate was filtered and dried under reduced pressure at 120 °C.

PAAK-1 (corresponds to Table S1, entry 15)

OH
(0] (0]
1% 1, 10% Cs,CO3,
tAmOH, 140 °C, 2 h
n +n
o (0]
HO

PAAK-1 n

1,4-Dimethanolbenzene (69 mg, 0.5 mmol) and 1,4-diacetylbenzene (81 mg, 0.5 mmol) were used. The
polymer was obtained in 89% yield (117 mg) as a yellow solid.
IR (ATR-FTIR, cm™): v 3445w (O-H), 2918w (C-H), 1678s (C=0), 1605m (C=C), 1510w, 1402m,
1263m, 1213s, 981s, 818s, 550m.
TGA: Ta=363 °C
GPC: bimodal: MW(1) = 1.5 kDa, PDI = 1.3; MW(2) =51.1 kDa, PDI = 1.6.

DSC /(mW/mg)

+ exo
1.0 1

0.5

oof
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-1.04
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Figure S49. DSC trace corresponding to PAAK-1.
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Figure S50. GPC chromatograph corresponding to PAAK-1.
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PAAK-2

OH 19 1, 10% Cs,CO3,
n K©) _tAmOH, 140 °C. 2h O O

PAAK-2

1,3—benznenedimethanol (69 mg, 0.5 mmol) and l,4—d1acetylbenzene (81 mg, 0.5 mmol) were used. The
polymer was obtained with 77% yield (101 mg) as a yellow solid.

BC CP MAS NMR (100.6 MHz): 8 199.4, 151.3, 141.1, 128.2, 70.8, 64.5, 41.1, 36.2, 28.8.

IR (ATR-FTIR, cm™): v 3422w (O-H), 2918w (C-H), 1678s (C=0), 1605m (C=C), 1449w, 1402m,
1265m, 1211s, 984s, 793m, 704s.

TGA: Ta=351°C

GPC: bimodal: MW(1) = 1.2 kDa, PDI = 1.2; MW(2) = 54.1 kDa, PDI = 1.6.

1605

Transmittance, a.u.

1676

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Figure S51. Infrared spectrum (ATR-FTIR) of polyketone PAAK-2.
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Figure S52. Mass loss as a function of temperature for polyketone PAAK-2.
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Figure S53. DSC trace corresponding to PAAK-2.
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Figure S54. Experimental powder XRD patterns of PAAK-2. Crystalline peaks were indexed in the small-volume

unit cell which remains unidentified.
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Figure S55. °C CP MAS NMR spectrum of PAAK-2.
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Figure S56. GPC chromatograph corresponding to PAAK-2.

S34

8
— @
T o
L i
e
|/ |

- U S

\‘-'——'
T T
40 20 0



PAAK-3

o

o OH
1% 1, 10% Cs,COs3,

. ﬁ ‘n gg tAmOH, 140 °C, 18 h
o) o 0

1,4-Cyclohexanedimethanol (72 mg, 0.5 mmol) and 1,4-diacetylbenzene (81 mg, 0.5 mmol) were used.

The polymer was obtained in 41% yield (55 mg) as a yellow solid.

BC CP MAS NMR (100.6 MHz): § 199.9, 148.1, 140.2, 128.4, 75.8, 68.4, 48.5, 36.7, 41.1, 30.7.

IR (ATR-FTIR, cm™): v 3482w (O-H), 2918m (C-H), 2853m (C-H), 1676s (C=0), 1605m (C=C),

1402m, 1269m, 1217m, 1011m, 829m, 503m.

TGA: Tq=369 °C

GPC: bimodal: MW(1) = 1.6 kDa, PDI = 1.3; MW(2) = 52.9 kDa, PDI = 1.7.

PAAK-3 n

Transmittance, a.u.
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Figure S57. Infrared spectrum (ATR-FTIR) of polyketone PAAK-3.
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Figure S58. Mass loss as a function of temperature for polyketone PAAK-3.
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Figure S59. DSC trace corresponding to PAAK-3.
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Figure S60. Experimental powder XRD patterns of PAAK-3. Unidentifiable crystalline phases are present.
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Figure S61. C CP MAS NMR spectrum of PAAK-3.
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Figure S62. GPC chromatograph corresponding to PAAK-3.
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PAAK-4

9 o 1% 1, 10% Cs,CO3,

O (@)
n +n OH tAmOH, 140 °C, 2 h
HO
n

PAAK-4

1,4-Benzenedimethanol (69 mg, 0.5 mmol) and 1,3-diacetylbenzene (81 mg, 0.5 mmol) were used. The
polymer was obtained in 98 % yield (129 mg) as a yellow solid.

BC CP MAS NMR (100.6 MHz): & 199.5, 141.0, 137.9, 128.6, 75.1, 71.0, 64.5, 41.2, 37.2, 29.1.

IR (ATR-FTIR, cm™): v 3472w (O-H), 3059w, 2920w (C-H), 1680s (C=0), 1597m, 1171m, 999w,
795m, 704m.

TGA: Tq=350°C

GPC: bimodal: MW(1) = 1.4 kDa, PDI = 1.3; MW(2) =51.1 kDa, PDI = 1.7.
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Figure S63. Infrared spectrum (ATR-FTIR) of polyketone PAAK-4.
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Figure S64. Mass loss as a function of temperature for polyketone PAAK-4.
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Figure S65. DSC trace corresponding to PAAK-4.
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Figure S66. Experimental powder XRD patterns of PAAK-4. Unidentifiable crystalline phase present.
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Figure S67. 3C CP MAS NMR spectrum of PAAK-4.
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Figure S68. 'H CP MAS NMR spectrum of PAAK-4.
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Figure S69. GPC chromatograph corresponding to PAAK-4.
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PAAK-5

o o 1% 1, 10% Cs,COs,

o o
n )KQ/LK £n HO/\©/\OH tAmOH, 140 °C, 2 h O O
n

PAAK-5

1,3-Benzenedimethanol (69 mg, 0.5 mmol) and 1,3-diacetylbenzene (81 mg, 0.5 mmol) were used. The
polymer was obtained in 97 % yield (128 mg) as a yellow solid.

3C CP MAS NMR (100.6 MHz): & 199.5, 138.3, 128.9, 75.1, 70.9, 64.2, 41.4, 29.0.

IR (ATR-FTIR, cm™): v 3422w (O-H), 3049w, 2914w (C-H), 1678s (C=0), 1597m, 1171m, 1016w,
804m, 696w, 554m.

TGA: Tq =365 °C

GPC: bimodal: MW(1) = 2.1 kDa, PDI = 1.6; MW(2) = 53.7 kDa, PDI = 1.6.
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Figure S70. Infrared spectrum (ATR-FTIR) of polyketone PAAK-5.
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Figure S71. Mass loss as a function of temperature for polyketone PAAK-5.

S42



DSC /(mW/mg)

1 exo
1.0
0.5 - i
18
0.0
051
1.0
0 50 100 150 200 250

Temperature /°C

Figure S72. DSC trace corresponding to PAAK-S5.
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Figure S73. Experimental powder XRD patterns of PAAK-S. Crystalline peaks were indexed in the small-volume
unit cell which remains unidentified. Tall thin amorphous halo is from polyester films used for measurements of
small amount of sample.
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Figure S74. 3C CP MAS NMR spectrum of PAAK-5.
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Figure S75. 'H CP MAS NMR spectrum of PAAK-5.
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Figure S76. GPC chromatograph corresponding to PAAK-S.
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PAAK-6

o Q 1% 1, 10% Cs,COs,
n + p HO tAmOH, 140 °C, 18 h
OH
PAAK-6 n

1,4-Cyclohexanedimethanol (72 mg, 0.5 mmol) and 1,3-diacetylbenzene (81 mg, 0.5 mmol) were used.
The polymer was obtained in 99 % yield (134 mg) as a yellowish solid.

BC CP MAS NMR (100.6 MHz): 8 199.9, 146.9, 137.5, 128.8, 74.4, 71.0, 47.9, 36.4, 34.0, 29.3.

IR (ATR-FTIR, cm™): v 3485w (O-H), 2926s (C-H), 2851m (C-H), 1678s (C=0), 1597m, 1449m,
1269m, 1167s, 799m, 696s.

TGA: Tq =380 °C

GPC: monomodal: MW(1) = 59.6 kDa, PDI = 1.6.
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Figure S77. Infrared spectrum (ATR-FTIR) of polyketone PAAK-6.
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Figure S78. Mass loss as a function of temperature for polyketone PAAK-6.
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Figure S79. DSC trace corresponding to PAAK-6.
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Figure S80. Experimental powder XRD patterns of PAAK-6. Crystalline peaks were indexed in the small-volume

unit cell which remains unidentified. Tall thin amorphous halo is from polyester films used for measurements of
small amount of sample.
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Figure S81. 3C CP MAS NMR spectrum of PAAK-6.
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Figure S82. 'H CP MAS NMR spectrum of PAAK-6.
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Figure S83. GPC chromatograph corresponding to PAAK-6.
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PAAK-7

o 0 1% 1, 10% Cs,COs,
n +n OH _tAmOH, 140 °C,2h O O
HO
o)

PAAK-7
1,4-Dimethanolbenzene (69 mg, 0.5 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used. The
polymer was obtained in 93% yield (165 mg) as a white solid.

BC CP MAS NMR (100.6 MHz): 8 198.1, 160.1, 140.3, 130.8, 121.0, 75.3, 64.4, 42.7.

IR (ATR-FTIR, cm™): v 3466w (O-H), 3055w, 2922w (C-H), 1672s (C=0), 1587s (C=C), 1497s, 1411w,
1233s (C-0), 1163s, 983m, 833s, 554m.

TGA: Ta=362 °C

GPC: bimodal: MW(1) =2.4 kDa, PDI = 1.4, MW(2) = 58.5 kDa, PDI = 1.8.

Transmittance, a.u.
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Figure S84. Infrared spectrum (ATR-FTIR) of polyketone PAAK-7.
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Figure S85. Mass loss as a function of temperature for polyketone PAAK-7.
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Figure S86. DSC trace corresponding to PAAK-7.
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Figure S87. Experimental powder XRD patterns of PAAK-7. Unidentifiable crystalline phase presents. Peaks at
high angles are from crystalline Teflon substrate.
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Figure S89. 'H CP MAS NMR spectrum of PAAK-7.
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Figure S90. GPC chromatograph corresponding to PAAK-7.
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PAAK-8
o o

OH OH 1% 1, 10% Cs,COs, 1%
n )K@\ /@)k . L : J tAmOH, 140 °C,2 h O O
n
o o

PAAK-8 n
1,3-Dimethanolbenzene (69 mg, 0.5 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used. The
polymer was obtained in 79% yield (140 mg) as a white solid.

BC CP MAS NMR (100.6 MHz): & 198.0, 162.1, 158.9, 142.2, 131.0, 121.6, 75.3, 64.5, 41.7.

IR (ATR-FTIR, cm™): v 3066w (C-H), 2904w (C-H) 1674m (C=0), 1587s (C=C), 1499s, 1410w, 1234s,
1163s, 984w, 835m, 704w, 501w.

TGA: Tq =365 °C

GPC: bimodal: MW(1) = 1.6 kDa, PDI = 1.3, MW(2) = 53.9 kDa, PDI = 1.4.

1672
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Figure S91. Infrared spectrum (ATR-FTIR) of polyketone PAAK-8.
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Figure S92. Mass loss as a function of temperature for polyketone PAAK-8.
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Figure S93. DSC trace corresponding to PAAK-8.
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Figure S94. Experimental powder XRD patterns of PAAK-8. Unidentifiable crystalline phase present.
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Figure S96. GPC chromatograph corresponding to PAAK-8.
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PAAK-9

o o 1% 1, 10% Cs,CO3,
N tn OH _tAmOH, 140 °C, 18 h_
HO
o)

PAAK-9
1,4-cyclohexanedimethanol (72 mg, 0.5 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used.
The polymer was obtained in 71% yield (128 mg) as a white solid.
3C CP MAS NMR (100.6 MHz): § 198.6, 161.7, 159.1, 153.9, 131.6, 120.5, 76.4, 68.4, 48.4, 36.5, 32.3,
30.8.

IR (ATR-FTIR, cm™): v 2916w (C-H), 2851w (C-H), 1674s (C=0), 1589s (C=C), 1499s, 1412w, 1236s
(C-0), 1163s, 1011w, 835m, 567w.

TGA: Ta=383 °C

GPC: monomodal: MW = 53.4 kDa, PDI =1.7.

Transmittance, a.u.
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Figure S97. Infrared spectrum (ATR-FTIR) of polyketone PAAK-9.
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Figure S98. Mass loss as a function of temperature for polyketone PAAK-9.
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Figure S99. DSC trace corresponding to PAAK-9 .

Figure S100. Experimental powder XRD patterns of PAAK-9. Unidentifiable crystalline phase present.
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Figure S101. *C CP MAS NMR spectrum of PAAK-9.
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Figure S102. GPC chromatograph corresponding to PAAK-9.
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PAAK-10

o) o
o] o oH 1%1,1eq. KOBu,
/O/ tAmOH, 140 °C, 18 h
n + n
HO o
o)

PAAK-10 n
Cyclohexane-1,4-diol (58 mg, 0.5 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used. The
polymer was obtained in 57% yield (95 mg) as a yellow solid.
3C CP MAS NMR (100.6 MHz): § 197.9, 157.6, 154.7, 129.8, 121.7, 71.5, 35.6, 28.7.
IR (ATR-FTIR, cm™): v 3346w (O-H), 2918w (C-H), 1676w (C=0), 1591m (C=C), 1497s, 1231s (C-0),
1161s, 1013m, 826m, 509m.
TGA: Ta=363 °C
GPC: broad dispersity, outside calibration curve: MW = 621.6 kDa, PDI = 108.6.
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Figure S103. Infrared spectrum (ATR-FTIR) of polyketone PAAK-10.
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Figure S104. Mass loss as a function of temperature for polyketone PAAK-10.
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Figure S105. DSC trace corresponding to PAAK-10.
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Figure S106. Experimental powder XRD patterns of PAAK-10. Crystalline peaks were indexed in the small-volume
unit cell which remains unidentified.
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Figure S108. GPC chromatograph corresponding to PAAK-10.
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PAAK-11

0 o)
Q 2 1% 1, 1 eq. KOtBu, o
n +n HO\/%\ /%/OH tAmOH, 140 °C, 18 h
05 3
0O (©)
n

PAAK-11
Tetraethylene glycol (115 mg, 0.6 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used. The
polymer was obtained in 64 % yield (131 mg) as an orange solid.
BC CP MAS NMR (100.6 MHz): §196.8, 162.8, 157.9, 130.8, 116.0, 70.3, 67.8, 39.4.
IR (ATR-FTIR, cm™): v 2922w (C-H), 2868w (C-H), 1655w (C=0), 1595s, 1501s, 1233s (C-O), 1096s,
827s, 507m.
TGA: Ta=375°C
GPC: broad dispersity, outside calibration curve: MW = 899.1 kDa, PDI = 148.8.
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Figure S109. Infrared spectrum (ATR-FTIR) of polyketone PAAK-11.
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Figure S110. Mass loss as a function of temperature for polyketone PAAK-11.
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Figure S111. DSC trace corresponding to PAAK-11.
5000
4500 4
4000 4
3500 -
3000
z
£ 2500
£
2000 -
1500 A
1000 A
500 A .
0 T T T T T T
2 12 22 32 42 52 62

26, degree

Figure S112. Experimental powder XRD patterns of PAAK-11. Some small crystalline peaks are from Teflon
substrate, other were indexed in the small-volume unit cell which remains unidentified.
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Figure S113. 3C CP MAS NMR spectrum of PAAK-11 coupling product.
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Figure S114. GPC chromatograph corresponding to PAAK-11.
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PAAK-12

(0] (0] o)
o o H 9" 491, 1eq kOB, H
9 tAmOH, 140 °C, 18 h
n + n H
el ¢ o ©
o HO H n

PAAK-12
D-isosorbide (73 mg, 0.5 mmol) and 4-acetylphenylether (127 mg, 0.5 mmol) were used. The polymer
was obtained in 52% yield (94 mg) as an orange solid.
3C CP MAS NMR (100.6 MHz): & 196.4, 158.1, 130.3, 120.5, 75.8, 39.9, 27.0.
IR (ATR-FTIR, cm™): v 2963w (C-H), 1676w (C=0), 1591m (C=C), 1497s, 1231s (C-O), 1161s, 1013m,
827m, 527m.
TGA: Tqa=381 °C
GPC: bimodal: MW(1) = 3.0 kDa, PDI = 1.3, MW(2) = 53.6 kDa, PDI = 1.7.
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Figure S115. Infrared spectrum (ATR-FTIR) of polyketone PAAK-12.
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Figure S116. Mass loss as a function of temperature for polyketone PAAK-12.
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Figure S117. DSC trace corresponding to PAAK-12.

6000
5000 -
4000 4

3000 1

Intensity

2000 A

1000 4

206, degree

Figure S118. Experimental powder XRD patterns of PAAK-12. Crystalline peaks are either from Teflon substrate or
were indexed in the small-volume unit cell which remains unidentified.

S67



@© i T o
& =] [ s i
w o o o ™~
& ) @ W i
- - - - ™~
[ |
|
1
|
|
||
|
[ |
| [
ar
[y
[ 1]
[ |
[
| Iul |
|
| |
|
f |
| |
|
| |
|
|
|
|
|III |
1 .lrx\
—r, \\\_ _.n’ﬂ'/u I"H_,_\_/"

280 260 240 220 200 180 160 140 120 100 80 60
ppm
Figure S119. 3C CP MAS NMR spectrum of PAAK-12.
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Figure S120. GPC chromatograph corresponding to PAAK-12.
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1.6 Syntheses of polychalcones from diketones and dialdehydes
A 100 mL ampoule equipped with a J-Young’s valve was charged with Cs>CO;3 (16.5 mg, 0.05 mmol, 10

mol%), dialdehyde (0.5 mmol) and diketone (0.5 mmol). The flask was sealed under an argon atmosphere
and fert-amyl alcohol (5 mL) was added before heating to 140 °C for 18 h with stirring. After this period,
the reaction vessel was allowed to cool to room temperature. To the resulting mixture, 5 mL of water was
added and the flask was heated at 90 °C for 1 h. The precipitate was filtered and dried under reduced

pressure at 120 °C.
o}
10% Cs,CO3, tAmOH —
_ 140°C,18h O O
o}

PCH-1
PCH-1

Terephthaldehyde (68 mg, 0.5 mmol) and 1,4-diacetylbenzene (81 mg, 0.5 mmol) were used. The polymer
was obtained with 93% yield (121 mg) as a yellow solid.

IR (ATR-FTIR, cm™): v 3472w (C-H), 3036w, 2834w, 1657m (C=0), 1599s (C=C), 1566m, 1501w,
1402w, 1327m, 1211s, 980m, 810s.

TGA: Td =365 °C

Transmittance, a.u.
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Figure S121. Infrared spectrum (ATR-FTIR) for polychalcone PCH-1.
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Figure S122. Mass loss as a function of temperature for polychalcone PCH-1.
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Figure S123. Experimental powder XRD patterns of polychalcone PCH-1.

PCH-7
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PCH-7
Terephthaldehyde (68 mg, 0.5 mmol) and 4-acetylphenyl ether (127 mg, 0.5 mmol) were used. The

polymer was obtained in 91% yield (161 mg) as a yellow solid.
IR (ATR-FTIR, cm™): v 3460w (C-H), 3044w, 1657m (C=0), 1589s (C=C), 1499m, 1418w, 1333m,
1215s, 1163s, 978w, 818s, S00m.

TGA: Tq=393 °C
DSC: Trn =248 °C
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Figure S124. Infrared spectrum (ATR-FTIR) of polychalcone PCH-7.
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Figure S125. Mass loss as a function of temperature for polychalcone PCH-7.
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Figure S126. DSC trace corresponding to PCH-7.
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Figure S127. Experimental powder XRD patterns of polychalcone PCH-7.
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1.7 Reaction 4-acetylphenyl ether and potassium ferz-butoxide.

A 50 mL ampoule equipped with a J-Young’s valve was charged with KO7Bu (56 mg, 0.5 mmol, 1 eq.
mol%), 4-acylaryl ether (127 mg, 0.5 mmol). The flask was sealed under an argon atmosphere and fert-
amyl alcohol (5 mL) was added before heating to 140 °C for 18 h with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. To the resulting mixture, 5 mL of 1 M solution of HCI was
added and the flask was heated at 90 °C for 1 h. The precipitate was filtered, washed with water, acetone
and dichloromethane and dried under reduced pressure at 120 °C giving the product (55 mg, 50% yield) as
a white solid.

IR (ATR-FTIR, cm™): v 1680w, 1591w, 1495s, 1233s, 1163m, 826m, 507w.

TGA: Tq=455°C

DSC: T, =230 °C

1591 507
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Figure S128. Infrared spectrum (ATR-FTIR) of the reaction product of 4-acetylphenyl ether and potassium tert-

butoxide.
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Figure S129. Mass loss as a function of temperature for the reaction product of 4-acetylphenyl ether and potassium
tert-butoxide.
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Figure S130. DSC trace corresponding to the reaction product of 4-acetylphenyl ether and potassium zerz-butoxide.
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1.8 Syntheses of polyketones in the presence of hydrogen atmosphere.

Synthesis of PAAK-1 in the presence of hydrogen atmosphere.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol), 1,4-diacetylketone (81 mg, 0.5 mmol) and Cs,CO3
(16.5 mg, 0.05 mmol, 10 mol%). tert-Amyl alcohol (5 mL) was added and the flask was sealed under a
hydrogen atmosphere before heating to 140 °C for 18 h with stirring. After this period, the reaction vessel
was allowed to cool to room temperature. To the resulting mixture, 5 mL of 1 M HCI was added and the
flask had been heated at 90 °C for 1 h. The yellow precipitate (126 mg, 95% yield) was filtered and dried
under reduced pressure at 120 °C.

IR (ATR-FTIR, cm™): v 3476w (O-H), 2920w (C-H), 1676s (C=0), 1605m (C=C), 1510w, 1402m, 1267m,
1211s, 982m, 818s, 550m.

TGA: Td =397 °C
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Figure S131. Infrared spectrum (ATR-FTIR) of polyketone PAAK-1 obtained in the atmosphere of hydrogen.
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Figure S132. Mass loss as a function of temperature for polyketone PAAK-1 obtained in the atmosphere of
hydrogen.

S75



DSC, mW/mg

-0.1 I

-0.2 I TR S T

Figure S133. DSC trace corresponding to polyketone PAAK-1 obtained in the atmosphere of hydrogen.

Synthesis of PAAK-7 in the presence of hydrogen atmosphere.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol), 4-acetylphenyl ether (127 mg, 0.5 mmol) and Cs,CO3
(16.5 mg, 0.05 mmol, 10 mol%). tert~-Amyl alcohol (5 mL) was added and the flask was sealed under a
hydrogen atmosphere before heating to 140 °C for 18 h with stirring. After this period, the reaction vessel
was allowed to cool to room temperature. To the resulting mixture, 5 mL of 1 M HCI was added and the
flask had been heated at 90 °C for 1 h. The white precipitate (177 mg, 99% yield) was filtered and dried
under reduced pressure at 120 °C.

IR (ATR-FTIR, cm™): v 2914w (C-H), 1674m (C=0), 1585s (C=C), 1497m, 1233s, 1163s, 822m, 548m.
TGA: Td=371°C
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Figure S134. Infrared spectrum (ATR-FTIR) of polyketone PAAK-7 obtained in the atmosphere of hydrogen.
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Figure S135. Mass loss as a function of temperature for polyketone PAAK-7 obtained in the atmosphere of
hydrogen.
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Figure S136. DSC trace corresponding to PAAK-7 obtained in the atmosphere of hydrogen.

Synthesis of PAAK-9 in the presence of hydrogen atmosphere.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%), 1,4-cyclohexanedimethanol (72 mg, 0.5 mmol), 4-acetylphenyl ether (127 mg, 0.5 mmol) and
Cs2COs (16.5 mg, 0.05 mmol, 10 mol%). fert-Amyl alcohol (5 mL) was added and the flask was sealed
under a hydrogen atmosphere before heating to 140 °C for 18 h with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. To the resulting mixture, 5 mL of 1 M HCI was added and
the flask had been heated at 90 °C for 1 h. The white precipitate (178 mg, 98% yield) was filtered and dried
under reduced pressure at 120 °C.

IR (ATR-FTIR, cm™): v 2916w (C-H), 2853w (C-H), 1674m (C=0), 1587m (C=C), 1497m, 1234s, 1163s,
835m.

TGA: Td =384 °C
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Figure S137. Infrared spectrum (ATR-FTIR) of polyketone PAAK-9 obtained in the atmosphere of hydrogen.

100
g0 [

60 [

Weight, %

a0 |

0 [

25 225 425 625
T,°C

Figure S138. Mass loss as a function of temperature for polyketone PAAK-9 obtained in the atmosphere of
hydrogen.
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Figure S139. DSC trace corresponding to PAAK-9 obtained in the atmosphere of hydrogen.
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1.9 Catalyst reuse experiments.

Catalyst reuse after synthesis of PAAK-7.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%) and Cs,COs (16.5 mg, 0.05 mmol, 10 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 4-
acetylphenyl ether (127 mg, 0.5 mmol). The flask was sealed under an argon atmosphere and tert-amyl
alcohol (5 mL) was added before heating to 140 °C for 2 h with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. The reaction mixture consisted of a white precipitate (175
mg, 89%) and a yellowish solution. The ampule was connected to the Schlenk line and the yellowish
solution was transferred to another 100 mL ampule charged with fresh portion of 1,4-benzenedimethanol
(69 mg, 0.5 mmol) and 4-acetylphenyl ether (127 mg, 0.5 mmol) under argon. The freshly charged ampule
was sealed and heating to 140 °C for 2 h with stirring. After this period, the reaction vessel was allowed to
cool to room temperature. No precipitate was observed after the second iteration.

Catalyst reuse after synthesis of PAAK-7 with addition of base.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%) and Cs,CO; (16.5 mg, 0.05 mmol, 10 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 4-
acetylphenyl ether (127 mg, 0.5 mmol). The flask was sealed under an argon atmosphere and tert-amyl
alcohol (5 mL) was added before heating to 140 °C for 2 h with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. The reaction mixture consisted of a white precipitate (161
mg, 90%) and a yellowish solution. The ampule was connected to the Schlenk line and the yellowish
solution was transferred to another 100 mL ampule charged with fresh portion of Cs,COs (16.5 mg, 0.05
mmol, 10 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 4-acetylphenyl ether (127 mg, 0.5 mmol)
under argon. The freshly charged ampule was sealed and heating to 140 °C for 2 h with stirring. After this
period, the reaction vessel was allowed to cool to room temperature. To the resulting mixture, 5 mL of 1 M
HCI was added and the flask had been heated at 90 °C for 1 h. The precipitate was filtered and dried under
reduced pressure at 120 °C giving the product (98 mg, 55% yield) as a white solid.
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Figure S140. Infrared spectrum (ATR-FTIR) of PAAK-7 obtained by fresh catalyst (black) and reused reaction
solution with addition of 10% base (orange).
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1.10 Headspace gas analysis from the synthesis of polyketone PAAK-7.

A 100 mL ampoule equipped with a J-Young’s valve was charged with pre-catalyst 1 (2.5 mg, 0.005 mmol,
1 mol%) and Cs>CO;3 (16.5 mg, 0.05 mmol, 10 mol%), 1,4-benzenedimethanol (69 mg, 0.5 mmol) and 4-
acetylphenyl ether (127 mg, 0.5 mmol). The flask was sealed under an argon atmosphere and tert-amyl
alcohol (5 mL) was added before heating to 140 °C for 2 h with stirring. After this period, the reaction
vessel was allowed to cool to room temperature. A sample of the headspace was extracted using a gas tight
syringe and analysed using GC-TCD. It was demonstrated that the injected gas consisted mainly from
Hydrogen (from the reaction itself) and Nitrogen (from the reaction inert atmosphere) with some Oxygen
originated from the atmosphere during sample preparation and injection (see Figure below).
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Figure S141. GC-TCD chromatograph of the reaction headspace from synthesis of PAAK-7.
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1.11 Hydrogenative depolymerization of polyethyleneterephtalate (PET).
Table S2. Tested conditions for hydrogenative depolymerization of PET.*

Amount of Amount of C VRO
Entry Catalyst Base Conversion benzene-
catalyst base . .
dimethanol
H
N
1 1% iPrzP\,Vln/ PiPra KOBu 10% 0% 0%
N
0oC o
H
N
2 3% PrP— ) PP KOBu 30% 0% 0%
OC/ | \BI’
CcOo

X
P
3 2% LN KOBu 10% quant. 97%

|
N—/Ru\—PtBuz
vl el
co

“ Polyethylene terephthalate (192.2 mg, 1 mmol, 1 eq., taken from a plastic bottle), a catalyst (1-3%) and KOtBu (10—
30%), were weighed under air, placed into an 8 mL glass ampoule, a stir bar was added, and the ampule was sealed with
a cap, containing a septum. The ampule was backfilled with argon and 5 mL of anhydrous tert-amyl alcohol was added
via syringe. The ampules were placed inside a 150 mL autoclave with some metal beans to ensure thermocunductivity.
The autoclave was purged with argon, then sealed, purged with H,, pressurized with 50 bar of H,, and placed in an oil
bath. The reaction was stirred at 140 °C for 88 hours. After that, the autoclave was cooled down to room temperature in
an ice bath and carefully vented to atmosphere. * Conversion was calculated as 100% minus amount of unreacted PET
flakes. ¢ Yield was calculated via 'H NMR employing mesitylene as internal standard. Hence, 200-300 mg of the reaction
solution and 10 mg mesitylene were weighed in a NMR tube followed by the addition of methanol-d* (0.3 mL).

f
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Figure S142. '"H NMR spectrum of reaction mixture from Entry 3 in Table S2 in methanol-d* at room temperature.

BDA — 1,4-benzenedimethanol, EG — ethylene glycol, Mes — mesitylene. The remaining signals correspond to terz-
amyl alcohol and methanol-d*.
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1.12 Hydrogenation of trans-Chalcone by transfer hydrogenation.

A 100 mL ampoule equipped with a J-Young’s valve was charged with 1 (2.5 mg, 0.005 mmol, 1 mol%),
1,4-benzenedimethanol (69 mg, 0.5 mmol), trans-chalcone (104 mg, 0.5 mmol) and Cs>COs (16.5 mg, 0.10
mmol, 10 mol%). The flask was refiled with argon and ferf-amyl alcohol (5 mL) was added. The flask was
sealed and heated 140 °C for 2 h with stirring. After this period, the reaction vessel was allowed to cool to
room temperature and the resulting mixture was analysed with GC-MS and NMR (with CDCl; as a solvent)
using mesitylene as an internal standard. The yield was estimated to be 46%. The NMR spectrum of 1,3-
diphenylpropan-1-one corresponds to the literature data [2].
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Figure S143. GC chromatograph of the products of transfer hydrogenation of trans-chalcone (above) and mass
spectrum (EI) of 1,3-diphenylpropan-1-one extracted from the chromatogram.
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Figure S144. Fragment of 'H NMR (400 MHz, CDCls) of the reaction mixture of transfer hydrogenation of trans-
chalcone in the presence of 1,4-benzenedimethanol.
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1.13 Mass spectroscopy investigation of mother liquor from reaction mixtures.
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Figure S145. HRMS (EI, MeCN) spectrum for mother liquor from reaction mixture after synthesis of PAAK-1. The
peak assignment is illustrative and might not represent the precise structure.
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Figure S146. HRMS (EI, MeCN) spectrum for mother liquor from reaction mixture after synthesis of PAAK-1
corresponding to Entry 10, Table S1. The peak assignment is illustrative and might not represent the precise
structure.
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Figure S147. HRMS (EI, MeCN) spectrum for mother liquor from reaction mixture after synthesis of PAAK-1
corresponding to Entry 18, Table S1. The peak assignment is illustrative and might not represent the precise
structure.
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Figure S148. HRMS (EI, MeCN) spectrum for mother liquor from reaction mixture after synthesis of PAAK-3. The
peak assignment is illustrative and might not represent the precise structure.
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Figure S149. HRMS (EI, MeCN) spectrum for mother liquor from reaction mixture after synthesis of PAAK-9. The
peak assignment is illustrative and might not represent the precise structure.
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1.14 TGA and DSC analysis combined with mass-spectrometry.
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Figure S150. TGA curve (green), DSC trace (blue) and ion current (black) at temperatures 30—600 °C corresponding
to PAAK-7. Ion current for m=79; 91; 92 and 107 g/mol is shown which corresponds to 1,4-benzenedimethanol-
derived fragments in the polymer.
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Figure S151. TGA curve (green), DSC trace (blue) and ion current (black) at temperatures 30—600 °C corresponding
to PAAK-7. lon current for m=239 and 254 g/mol is shown which corresponds to 4-acetylphenyl ether-derived
fragments in the polymer.

S85



1.15 Infrared spectra of starting materials and commercially available compounds.
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Figure S152. Infrared spectrum (ATR-FTIR) of 1,4-benzenedimethanol.
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Figure S153. Infrared spectrum (ATR-FTIR) of 1,4-diacetylbenzene.
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Figure S154. Infrared spectrum (ATR-FTIR) of 1,3-diacetylbenzene.
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Figure S155. Infrared spectrum (ATR-FTIR) of 4-acetlphenyl ether.
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Figure S156. Infrared spectrum (ATR-FTIR) of trans-chalcone.
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Figure S157. Infrared spectrum (ATR-FTIR) of (E)-1,3-diphenylprop-2-en-1-ol.
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Figure S158. Infrared spectrum (ATR-FTIR) of 1,4-cyclohexanediol.

Transmittance, a.u.

1036

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber, cm?

Figure S159. Infrared spectrum (ATR-FTIR) of D-isosorbide.
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Figure S160. Infrared spectrum (ATR-FTIR) of tetraethylene glycol.
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Figure S161. Infrared spectrum (ATR-FTIR) of 1,3-benzenedimethanol.
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Figure S162. Infrared spectrum (ATR-FTIR) of 1,4-cyclohexanedimethanol.
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Figure S163. Infrared spectrum (ATR-FTIR) of commercial polymer PEEK.
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1.16 Thermal properties and GPC analysis of commercial polyketones.
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Figure S164. Mass loss as a function of temperature for commercial PEEK.
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Figure S165. DSC trace corresponding to commercial PEEK.
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Figure S166. GPC chromatogram corresponding to commercial PEEK.
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Figure S167. Mass loss as a function of temperature for commercial PEKK.
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Figure S168. DSC trace corresponding to commercial PEKK.

S91



0.8

0.6

Rl Response

0.4

0.2

0 .
3.55 4.55 5.55

LogMW

Figure S169. GPC chromatogram corresponding to commercial PEKK.
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Figure S170. Mass loss as a function of temperature for commercial aliphatic polyketone POK.
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Figure S172. GPC chromatogram corresponding to commercial POK.

Entry

Table S3. Thermal properties and molecular weight of the commercial polyketones.

Polymer T4, °C T, °C T., °C T,, °C Mw, kDa b

POK 387 225 169 n.d. 66.2 7.5
PEEK 557 343 276 156 63.3 22
PEKK 581 356 n.d. 168 126.8 3.4
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1.17 Powder XRD patterns of starting materials.
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Figure S173. Experimental powder XRD patterns of 1,4-diacetylbenzene.
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Figure S174. Experimental powder XRD patterns of 1,3-diacetylbenzene.
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Figure S175. Experimental powder XRD patterns of 4-acetylphenyl ether.
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Figure S176. Experimental powder XRD patterns of 1,4-benzenedimethanol.
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Figure S177. Experimental powder XRD patterns of 1,4-cycloheanedimethanol.
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1.18 Scanning Electron Microscopy
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Fgure S 180. SEM mlcrographs of polyketone PAAK-3.
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1gure S183. SEM micrographs of polyketone PAAK-6.
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Figure S185. SEM micrographs of polyketone PAAK-8.
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Figure S188. SEM micrographs of polyketone PAAK-11.
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Flgure S189. SEM micrographs of polyketone PAAK-12.
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Figure S191. SEM micrographs of polychalcone PCH-7.
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Figure S192. SEM micrographs of polyketone PAAK-1 obtalned in atmosphere of hydrogen.
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1.19 Powder XRD and Scanning Electron Microscopy analysis

Table S4. Comments on the analysis of the obtained polymers with SEM and pXRD
Powder XRD

Entry

10

11

12

13

14

Polymer

PAAK-1

PAAK-2

PAAK-3

PAAK-4

PAAK-5

PAAK-6

PAAK-7

PAAK-8

PAAK-9

PAAK-10

PAAK-11

PAAK-12

PCH-1

PAAK-1
obtained in
H>

SEM
Spherical agglomerates
(size ~1.5 pm)

Spherical agglomerates
(size ~0.5 pm)

Inhomogeneous agglomerates with spherical
particles (size ~3 pum)

Spherical agglomerates
(0.2-2 pm)

Spherical agglomerates
(0.1-2 um)

Inhomogeneous agglomerates with spherical
particles (0.1-1 pm)

Spherical agglomerates
(size ~2 um)

Spherical agglomerates
(size ~1 um)

Inhomogeneous agglomerates with spherical
particles

Complex inhomogeneous agglomerates
With incorporated spherical agglomerates
(size ~2 pum)

Complex inhomogeneous agglomerates

Complex inhomogeneous agglomerates

Flakes-like crystallites

Spherical agglomerates
(size ~0.7-2.1 um)
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Crystalline state

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Amorphous phase
clearly formed; size <
2 nm

Semicrystalline
material with large
unit cell. Peaks are
very broad so not
possible to index.
Amorphous phase
clearly formed; size <
2 nm

d-spacing of the

largest amorphous

bump

4.94 A

4.90 A

519A

451 A

4.90 A

5.02 A

4.88 A

518 A

501 A

452 A

452 A

497 A

4.84 A



2. Mechanical properties

PAAK-1 was prepared according to the method described in Table 2, entry 1 (main paper). The commercial
sample of PEEK (450g rod, 300 mm length and 6mm diameter) studied here was purchased from the RS
(https://uk.rs-online.com/web/). The commercial HDPE sample (granule, 2-4 mm particle, density: 0.930
g/cm?) studied here was purchased from the Goodfellow (https:/www.goodfellow.com/).

Processing of PAAK-1: The polymer sample was immersed in liquid nitrogen for 30 minutes and
pulverised. The polymer was then immersed in THF solvent overnight. Subsequently, the polymer was
subjected to vacuum oven drying at 60°C for one hour to achieve complete solvent removal. The dried
polymer powder was carefully sandwiched between the bottom and top plates of the mould, ensuring proper
alignment. The assembled mould was then transferred to the heated surface of the Specac constant film
maker (set to 300 °C). A constant pressure of 1900 N was applied to the mould for a minimum of one minute
to induce the film formation. Upon completion of the film formation process, the mould was removed from
the heating surface and allowed to cool completely. Once the mould had cooled, the film was carefully
peeled off from the plates. The mould was specifically designed to create a cavity between the top and
bottom plates, enabling the formation of a 2 mm film of uniform thickness.

Similarly, HDPE granules and PEEK samples were employed to fabricate 2 mm thick films through
compression at the respective temperatures.

Measurement of mechanical properties: The mechanical properties were estimated using
nanoindentation method. Nanoindentation techniques are widely employed to assess the mechanical
properties of both materials and thin films. It enables the direct measurement of load applied to a sharp
indenter and its displacement as a function of indentation depth. The values of hardness and elastic modulus
can be extracted from the load-displacement curves obtained during loading and unloading cycles. All three
films were individually mounted on a flat magnetic surface of the Nanoindenter. All measurements were
conducted using a Nanoindenter Optics11 Chiaro instrument, employing a continuous stiffness method at
a frequency of 25 Hz and a suitable displacement amplitude. A spherical indenter with a diameter of 18 pm
and a stiffness of 39.53 N/m was utilised. Prior to the measurements, the equipment was calibrated using
spherical indenter. Load-displacement curves were analysed using the Oliver and Pharr method [2] to
extract mechanical properties. The elastic modulus was calculated based to the following relation. Further
changes in equations are used as discussed in [3].

S—ZEA
_5;

where A, E, and S represent the contact area, elastic modulus, and contact stiffness, respectively. The
geometric correction factor b was assumed to be unity [4]. Given the direct proportionality between the
contact area and the square of the contact depth, its value was estimated through calibration using known
polymer properties. The proportionality constant provided both the contact area and contact depth values
in accordance with the methodology proposed in [5]. The contact stiffness value was determined by
measuring the initial slope of the unloading curve, as depicted in Figure S193 and Figure S194. The
computed elastic moduli for each polymer are depicted in Figure S195. Additionally, the Vickers hardness
(HV) values for each polymer were measured using a Mitutoyo series 810 HM 210/220 instrument and
reported in Figure S196. The obtained values are consistent with previously reported values [6—9].
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Figure S193. Loading and unloading curves for [a] PEEK and [b] HDPE.
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Figure S194. Loading and unloading curves for Polyketone PAAK-1.
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Figure S195. Elastisity modulus of polymers PEEK, PAAK-1 and HDPE.
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Figure S196. Vickers hardness number of polymers PEEK, PAAK-1 and HDPE.
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