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General. All manipulations of oxygen- and moisture-sensitive materials were conducted in a dry box
under an argon atmosphere. Flash column chromatography was performed using Biotage Sfér Silica
D - Duo 60 um. Analytical TLC was performed on Merck Kieselgel 60 F254 (0.25 mm) plates.
Visualization was accomplished with UV light (254 nm). HPLC was performed by JAI
LC-9210NEXT. 'H and *C{'H} NMR spectra in CDCl3 or acetone-ds solution were recorded with
Bruker AVANCE 111 HD 600 spectrometer. The 'H NMR (600 MHz) and *C {!H} NMR (151 MHz)
chemical shifts were reported in & (ppm). 'H NMR and '3C{'H} NMR spectra were referenced to the
residual solvent signals or tetramethylsilane. 'H NMR data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept =
septet, br = broad, m = multiplet), coupling constants (Hz), and integration. Melting points were
measured by a MPA100 Optimelt Automated Melting Point System. High-resolution mass spectra
(HRMS) were measured on a Bruker micrOTOF Il mass spectrometer under positive electrospray
ionization (ESI") conditions. A temperature-programmable micro-furnace pyrolyzer (PY-2020D,
Frontier Lab, Japan) was directly coupled with a gas chromatography/mass spectrometry (GC/MS)
system (QP2020, Shimadzu, Japan). A sample size of approximately 0.1 mg was used for the evolved
gas analysis-mass spectroscopy (EGA-MS) measurements, a quantity small enough to achieve
instant thermodynamic equilibrium during programmed heating. A given sample was placed in a
deactivated stainless steel sample cup and heated in the pyrolyzer from 100 to 700 °C at a heating
rate of 10 °C/min in a helium atmosphere. A proportion of the flow (I mL/min), reduced by a GC
splitter (50:1), was continuously introduced into the MS via a transfer capillary (UADTM-5M, 0.25
mm 1.d.xX5 m long, Frontier Lab, Japan). The transfer capillary was maintained at 300 °C in the GC
oven to prevent condensation of less volatile products in the capillary. For the MS measurements,
electro-ionization (EI) was carried out with an operating mass range of m/z 29 - 500 and a scan rate
of 6 s/scan. The pyrolysis-gas chromatography/mass-spectrometry (Py-GC/MS) measurements were
performed to identify and quantify the individually evolved products. In this case, the capillary
transfer line for the EGA-MS system was replaced by a metal capillary separation column (Ultra
Alloy+-5, 0.25 mm i.d. x 5 m long, Frontier Lab) coated with a 0.25-pm film of immobilized 5%
diphenyl-95% dimethylpolysiloxane. The flash pyrolysis temperature was fixed at 600 °C throughout
the entire data acquisition. After finishing each heating period, the column temperature was quickly
raised to 40 “C (2 min hold) and then heated to 320 °C at the rate of 20 °C/min and held for 13 min.
The other conditions were basically the same as those for the EGA-MS measurements described
above. The S K-edge X-ray absorption near-edge structures (XANES) spectra were measured on the
Photon Factory BL-9A beamline.
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Chemicals. All reactions were carried out under an argon atmosphere except of gram-scale reaction
under reflux which was performed under nitrogen atmosphere. Unless otherwise noted,
commercially available reagents were used without further purification. Powder, pellet, and film
forms of polyetheretherketone (PEEK) (Powder: mean particle size 80micron, Cat. No. GF75065755.
Pellet: average My ~20800, average M, ~10300, Cat. No. 456640. Film: thickness 0.025 mm, Cat.
No. GF55060231), bis(4-phenoxyphenyl)methanone (Cat. No. AP0O455830793), pellet form of
polypropylene (isotactic, average Myw ~250,000, Cat. No. 182389), and pellet form of Nylon 6 (Cat.
No. 181110) were purchased from Sigma—Aldrich Japan. Dehydrated
1,3-dimethyl-2-imidazolidinone (Cat. No. 11208-00) was purchased from the Kanto Chemicals.
Dehydrated 1-methyl-2-pyrrolidone (Cat. No. 131-17615), N,N-dimethylacetamide (Cat. No.
042-32353), xylene (Cat. No. 240-00865), and pellet form of polystyrene (average of polymerization
degree: 2,000. Cat. No. 198-12805) used in the study were purchased from the FUJIFILM Wako
Chemicals. Carbon or glass fiber (30wt%)-enforced PEEK materials made from Ensinger
(TECAPEEK CF30 or TECAPEEK GF30) was used after roughly ground, which were purchased
from Monotaro (Cat. No. 3-3094-02 and 3-3095-01).
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Table S1 | Effect of Na.S on the depolymerization of PEEK

Na,S Me—I
(2 equiv.) (4 equiv.)

(o]
(o)
O O /©/ solvent 100°C, 1h
O n
1
[0} o
x’o + +
Me L .Me
.Me  Me _Me S S
O S S S
5

A

4 (X =H), 4 (X =Me)

Entry 1 solvent (M) tgr(r;;) t'(?)e (:/1'0 ) (32) ((Z) ) ((')2 )
1 powder NMP (0.5) 200 4 7 5 15 trace
2 powder ~ DMI(05) 150 17 44 ND 10 ND
3 powder DMI (0.1) 150 19 12 trace 3 ND
42 powder DMI (0.1) 150 19 16 trace 2 ND
5 powder DMI (0.5) 200 17 38 20 21 ND
6 pellet DMI (0.5) 150 88 17 32 16 trace
7 pellet DMI (0.5) 170 88 13 32 18 trace
8 pellet DMI (0.5) 200 16 21 24 17 trace
9 pellet NMP (0.5) 120 64 ND ND ND ND
10 pellet NMP (0.5) 150 88 33 25 20 trace
11 pellet NMP (0.5) 170 88 18 55 19 trace
12 pellet NMP (0.5) 200 17 61 ND 25 3
13° pellet NMP (0.05) 200 18 67 ND 25 trace

Conditions: A mixture of 1 (0.1 mmol relative to the molecular weight of the monomer, average My ~20800,
average M, ~10300), Na.S, and NMP (relative to monomer of 1) was stirred. Then, iodomethane (0.4 mmol) was
added to this mixture and the resultant solution was stirred. Yields were determined by GC and NMR.
aTetrabutylammonium bromide as an additive (20 mol%). PUse of Na,S (4 equiv.) and K,COs as an additive (10
mol%).
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Table S2 | Effect of n-CsH13-SH/NaOt-Bu on the depolymerization of PEEK

cae¥ss,

n-CgH13-SH / NaOt-Bu Me—lI
(4 equiv.) (4 equiv.)

DMI (0.5 mL) 100°C,1h

+

5 (X = X' = Me)
6 (X = Me, X' = n-CgHy3)
9 (X = X' = n-CgHys)

OO O O

4 (X = H), 4' (X = Me)

Entry 1 t(imp time 4 4 5 6 9 A
°C)  (h) ) (%) (%) () (%) (%)
1 powder 150 5 ND 4 26 67 3 ND
2 powder 150 17 trace  trace 51 38 1 ND
3 pellet 150 63 ND ND 36 48 2 trace
4 pellet 170 15 ND ND 35 43 3 3
5 pellet 170 64 ND ND 74 19 2 1
6 pellet 200 5 ND ND 61 12 2 1
7 pellet 200 90 ND ND 35 1 trace 55
8 film 200 16 ND ND 70 1 ND 29

Conditions: A mixture of 1 (0.1 mmol relative to the molecular weight of the monomer, average My ~20800,
average M, ~10300), n-hexanethiol (0.4 mmol), NaOt-Bu (0.4 mmol), and DMI (0.5 M relative to monomer of 1)
was stirred. Then, iodomethane (0.4 mmol) was added to this mixture and the resultant solution was stirred. Yields
were determined by GC and NMR.
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Table S3 | Effect of various thiols on the depolymerization of PEEK

R-SH / NaOt-Bu Me—I
(4 equiv.) (4 equiv.)

o
[0)
O O DMI (0.2 mL) 100°C, 1 h
(0] n

1 (powder)

4 (X =H), 4 (X=Me)

Entry R teomp time 4 4 5 A
cc () %) (%) (%) (%)
1 PhCH; 150 1 7 38 33 ND
2 PhCH, 150 5 37 ND 56 ND
3 PhCH; 150 22 41 ND 58 1
4 PhCH 150 64 15 ND 75
5 PhCH; 150 208 4 9 83
6 PhCH; 100 20 ND 46 35 ND
72 PhCH 100 64 ND 37 43 ND
8 PhCH, 160 24 35 ND 51 4
9 PhCH, 170 64 trace  ND 76 11
10P PhCH. 150 1 ND 52 22 3
11° PhCH 150 1 39 20 38 ND
12 p-TolylCH; 150 25 36 11 53 ND
13 0-TolylCH; 150 16 ND 35 65 ND
14 PhCH(Me) 150 16 52 ND 37 ND
15 PhCH2CH> 150 24 trace 6 88 ND
16 Meo)ov y 150 15 2 ND ND ND

o)
17 /\/j/\o)K/\ﬁ 150 15 ND 9 trace ND

18¢ HSCH2CH: 150 22 17 ND 28 trace

19 HOCH2CH: 150 18 ND 6 7 ND

Conditions: A mixture of 1 (0.1 mmol relative to the molecular weight of the monomer, average My ~20800,
average M, ~10300), thiol (0.4 mmol), NaOt-Bu (0.4 mmol), and DMI (0.5 M relative to monomer of 1) was
stirred. Then, iodomethane (0.4 mmol) was added to this mixture and the resultant solution was stirred. Yields were
determined by GC and NMR. 2After adding iodomethane, the mixture was stirred for 3 h. PUse of LiOt-Bu instead
of NaOt-Bu. “Use of KOt-Bu instead of NaOt-Bu. 92 equiv. of HSCH,CH,SH and NaOt-Bu was used.
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Table S4 | Effect of bases and solvents on the depolymerization of PEEK using PhCH.CH>SH

PhCH,CH,-SH (4 equiv.) Me—I
base (X equiv.) (X equiv.)

O O O :|\ solvent (0.6 mL) 100 °C, 1 h

150 °C

1 (powder)

Selensin e

4(X = H), 4 (X = Me) 81(; iy CPQCHRZCH“ZA)S )
5(R =R = Me)
Entry  base (equiv) solvent time 4 & 1 8 > Sulfide
(h) %) ) (% () (%) (%)
1 NaOt-Bu (4) DMI 24 trace 6 ND ND 88 63
22 NaOt-Bu (4) DMI 25 3 6 ND ND 86 76
NaOt-Bu (3) DMI 1 3 7 trace  (60) 25 49
NaOt-Bu (3) DMI 3 ND 3 trace 42 55 68
NaOt-Bu (3) DMI 6 trace 2 trace 32 64 74
6 NaOt-Bu (3) DMI 20 ND trace trace trace (2431) 88
7 NaOt-Bu (2) DMI 24 5 ND ND ND 73 54
K3POs (3) DMI 20 ND ND ND 9 90 16
EtsN (3) DMI 20 ND trace ND ND ND 8
10 NaOH (3) DMI 20 ND ND ND ND 95 80
11 NaOt-Bu (3) Xylene 20 ND ND ND ND ND trace
12° NaOt-Bu (3) DMACc 20 ND ND ND 4 (gg) 94
13 NaOt-Bu (3) PhCN 20 ND ND 44 6 ND 0.8
14¢ NaOt-Bu (3) DMACc 20 ND ND ND ND ND ND

Conditions: A mixture of 1 (0.3 mmol relative to the molecular weight of the monomer, average M,, ~20800,
average M, ~10300), PhCH2CH2SH (1.2 mmol), base (X equiv.), and solvent (0.6 mL) was stirred at 150 °C. Then,
iodomethane (X equiv.) was added to this mixture and the resultant solution was stirred at 100 °C for 1 h. Yields
were determined by GC and NMR. Numbers in parenthesis are isolated yields. @The reaction was examined under
air atmosphere. ®Styrene was observed in 4% yield. ¢30 °C at first step.
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Experimental procedures

e} PhCH,CH,SH (4 equiv.) Me—I fo)
o NaOt-Bu (3 equiv.) (3 equiv.) /©/OH
+
O O /©/ DMAc (0.6 mL) 100°C,1h Me O O Me HO
o n 150 °C, 20 h S s”
1 (powder) 5,93% 7, >95% (NMR)

Depolymerization of PEEK powder by 2-phenylethanethiol and sodium tert-butoxide (Fig. 2b,
Entry 7; Table S4, Entry 12). A general procedure for the depolymerization of PEEK.
N,N-Dimethylacetamide (0.60 mL) and 2-phenylethanethiol (167 mg, 1.21 mmol) were added to a
mixture of PEEK powder (86.4 mg, 0.300 mmol relative to the molecular weight of the monomer)
and sodium tert-butoxide (86.5 mg, 0.900 mmol) in a 3 mL vial in an argon atmosphere. The vial
was closed with a screw cap, and the mixture was stirred at 150 °C for 20 h. After the liquid mixture
cooled to room temperature, iodomethane (128 mg, 0.900 mmol) was added and stirred at 100 °C for
1 h. After ethyl acetate (1.5 mL) was added, the mixture was washed with aqueous HCI (2 M, 1 mL),
water, and brine. At this time, the mixture was analyzed by *H NMR to determine the yields of
hydroquinone (7) (>95%) and styrene (4%). The extracted organic layer was dried over MgSO4 and
concentrated in vacuo. The crude product was purified by column chromatography on silica gel
(hexane/ethyl acetate, 96:4 to 7:3) to afford bis(4-(methylthio)phenyl)methanone (5) (93%, 75.9 mg).
The depolymerizations of PEEK followed by various functionalization on sulfer were examined
according to the above procedure.
Pha~g +  Nas W Pha~g PP

70°C,22h
20.0 mmol 10.0 mmol 68%

Preparation of di(phenylethyl)sulfide. Ethanol (40 mL) and 2-phenylbromoethane (3.70 g, 20.0
mmol) was added to sodium sulfide (781 mg, 10.0 mmol) in a 80 mL Schlenk flask at room
temperature under nitrogen atmosphere. After stirring for 22 h at 70 °C, the reaction mixture was
cooled down to room temperature followed by filtered through Celite. After concentration in vacuo,
the residue was purified by flash chromatography on silica gel using hexane as an eluent to give
desired chemical in 68% yield (1.65 g, 6.82 mmol).

Di(phenylethyl)sulfide. CAS registry number: 27846-24-8.

Me—I
Ph\/\s/\/Ph + Na,S _ —_ Ph\/\S,Me
DMI (0.5 M)
150°C,1h

Ph ~"sNa

conv. 66% 2 equiv. 14% (NMR)

Reaction of di(phenylethyl)sulfide with sodium sulfide. To a mixture of sodium sulfide (15.6 mg,
0.200 mmol) and 1,3-dimethyl-2-imidazolidinone (0.2 mL) was added di(phenylethyl)sulfide (24.3
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mg, 0.100 mmol) in a 3 mL vial under argon atmosphere. The vial was closed with a screw cap and
stirred at 150 °C for 1 h. After the reaction mixture was cooled down to room temperature,
iodomethane (57.0 mg, 0.402 mmol) was added to this mixture and stirred at 100 °C for 1 h. After
ethyl acetate (1.5 mL) was added, the reaction mixture was washed with agq. HCI (2 M, 1 mL), water,
and brine. The extracted organic layer was dried over Mg.SO4 and concentrated in vacuo. The crude
product was analyzed by *H NMR to determine the conversion of di(phenylethyl)sulfide (conv. 66%)
and the yield of the products, methyl phenethyl sulfide (14%).

[2-(Methylthio)ethyl]benzene. CAS registry number: 5925-63-3.

Na,S (2 equiv.)
PhCH,CH,SH (1 equiv.) Me—I
NaO¢-Bu (1 equiv.) (5 equiv.)

O O /©/ }\ DMI, 150 °C, 18 h 100°C,1h
1 (powder)
o] o]
00"
+
w O SA®
e s o Me\S S,Me

4, 50% 5, 11%

Depolymerization of PEEK powder by sodium sulfide, 2-phenylethanethiol, and sodium
tert-butoxide. For isolation of comonomer 4. To a mixture of PEEK powder (28.9 mg, 0.10 mmol
relative to the molecular weight of the monomer), sodium sulfide (15.7 mg, 0.201 mmol), and
sodium tert-butoxide (9.8 mg, 0.102 mmol) was added 1,3-dimethyl-2-Imidazolidinone (0.20 mL)
and 2-phenylethanethiol (14.4 mg, 0.104 mmol) in a 3 mL vial under argon atmosphere. The vial was
closed with a screw cap and stirred at 150 °C for 18 h. After the reaction mixture was cooled down to
room temperature, iodomethane (73.0 mg, 0.514 mmol) was added and stirred at 100 °C for 1 h.
After ethyl acetate (1 mL) was added, the reaction mixture was washed with ag. HCI (2 M, 0.5 mL),
water, and brine. The extracted organic layer was dried over MgSQO4 and concentrated in vacuo. The
crude product was purified by column chromatography on silica-gel (hexane/ethyl acetate 9:1 to 7:3)
to give (4-(4-hydroxyphenoxy)phenyl)(4-(methylthio)phenyl)methanone (4) (50%, 15.1 mg).

PhCH,CH,SH (4 equiv.) Me—I
'J \' NaOt#-Bu (3 equiv.) (3 equiv.)
;A Y O O O DMAG (0.6 mL) 100°C,1h e, O O _Me HO/(j
150 °C, 20 h
1 (pellet) 5,94% (NMR) 7, 85% (NMR)

Depolymerization of PEEK pellets by 2-phenylethanethiol and sodium tert-butoxide (Fig. 2f).
To a mixture of PEEK pellets (86.7 mg, 0.302 mmol relative to the molecular weight of the
monomer), and sodium tert-butoxide (86.5 mg, 0.900 mmol) was added N,N-dimethylacetamide
(0.60 mL) and 2-phenylethanethiol (167 mg, 1.21 mmol) in a 3 mL vial under argon atmosphere. The
vial was closed with a screw cap and stirred at 150 °C for 20 h. After the liquid reaction mixture was
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cooled down to room temperature, iodomethane (128 mg, 0.900 mmol) was added and stirred at
100 °C for 1 h. This mixture was analyzed by 'H NMR to determine the yields of the products, 5 and
hydroquinone (7) (94% and 85%), respectively, by using acetone-ds and 1,4-dioxane as an internal
standard.

PEEK films was depolymerized and analyzed according to the same procedure.

PhCH,CH,SH (4 equiv.) Br/\)\/\)\

NaOt#-Bu (3 equiv.) (3 equiv.)

O O /©/ }\ DMAc (8.0 mL) 100 °C, 17 h
150 °C, 22 h

1 (powder)
1.15 g (3.99 mmol)

19, 81% 7,>95%

Gram scale depolymerization of PEEK (1) (Table 1). To a mixture of PEEK powder (1.15 g, 3.99
mmol relative to the molecular weight of the monomer), and sodium tert-butoxide (1.15 g, 12.0
mmol) was added N,N-dimethylacetamide (8.0 mL) and 2-phenylethanethiol (2.21 g, 16.0 mmol) in a
20 mL vial under argon atmosphere. The vial was closed with a screw cap and stirred at 150 °C for
22 h. After the liquid reaction mixture was cooled down to room temperature,
1-bromo-3,7-dimethyloctane (2.65 g, 12.0 mmol) was added and stirred at 100 °C for 17 h. The
liquid reaction mixture was analyzed by *H NMR using acetone-ds to determine yields of products.
After ethyl acetate (20 mL) was added, the reaction mixture was washed with ag. HCI (2 M, 10 mL),
water, and brine. The extracted organic layer was dried over MgSQO4 and concentrated in vacuo. The
crude product was purified by column chromatography on silica-gel (hexane/ethyl acetate 96:4 to
7:3) followed by removal of all volatiles under reduced pressure (ca. 0.5 Torr) at 170 °C to give
bis(4-(3,7-dimethyl-n-octylthio)phenyl)methanone (19) (81%, 1.70 g).

0]

PhCH,CH,SH (4 equiv.)  Cl
NaOt-Bu (3 equiv.) (3 equiv.)
O O O DMAc (0.6 mL) THF (0.6 mL)

150 °C, 20 h rt,5h
1 (powder)
ST
20, 87% (NMR) 7,79% (NMR)

81% (isolated)

Depolymerization of PEEK (1) as a powder followed by the treatment with acid chloride (Table
1). To a mixture of PEEK powder (86.1 mg, 0.299 mmol relative to the molecular weight of the

monomer), and sodium tert-butoxide (87.0 mg, 0.905 mmol) was added N,N-dimethylacetamide
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(0.60 mL) and 2-phenylethanethiol (167 mg, 1.21 mmol) in a 3 mL vial under argon atmosphere. The
vial was closed with a screw cap and stirred at 150 °C for 20 h. After the liquid reaction mixture was
cooled down to room temperature, tetrahydrofuran (0.6 mL) and 2-ethylhexanoyl chloride (147 mg,
0.908 mmol) was added and stirred at room temperature for 5 h. The progress of the reaction was
analyzed by *H NMR using acetone-ds and 1,4-dioxane as an internal standard to determine the yield
of 20 and hydroquinone (7). After ethyl acetate (1.5 mL) was added, the reaction mixture was
washed with ag. HCI (2 M, 1 mL), water, and brine. The extracted organic layer was dried over
Mg2SO4 and concentrated in vacuo. The crude product was purified by column chromatography on
silica-gel (hexane/ethyl acetate 100:0 to 7:3) followed by the treatment of HPLC to give
bis(4-(1-ethyl-n-penthylcarbonylthio)phenyl)methanone (20) (81%, 121 mg).

o PhCH,CH,SH (4 equiv.) o
o NaOt-Bu (3 equiv.) HCI
O O DMAc (0.6 mL) He O O H
o n 150 °C, 20 h s g
1 (powder) 21, 77% (NMR)
41% (isolated)

Depolymerization of PEEK (1) as a powder followed by the treatment with hydrogen chloride
(Table 1). To a mixture of PEEK powder (86.4 mg, 0.300 mmol relative to the molecular weight of
the monomer), and sodium tert-butoxide (86.6 mg, 0.901 mmol) was added N,N-dimethylacetamide
(0.60 mL) and 2-phenylethanethiol (167 mg, 1.21 mmol) in a 3 mL vial under argon atmosphere. The
vial was closed with a screw cap and stirred at 150 °C for 20 h. Then, aq. HCI (2 M, 2.0 mL) was
added and stirred for 1 h at room temperature. After dichloromethane was added, organic layer was
extracted, dried over Mg>SQ4, and concentrated in vacuo. This crude product was analyzed by *H
NMR to determine the yield of 4,4’-di(mercapto)benzophenone (21) (77%). The crude product was
purified by on silica-gel (hexane/ethyl acetate 96:4 to 7:3) followed by recrystallization from
dichloromethane/hexane to give 21 in 41% yield (31.8 mg).

PhCH,CH,SH (4 equiv.) Br/\/OH methacryloyl chloride (6 equiv.)
NaOt-Bu (3 equiv.) (3 equiv.) Et3N (12 equiv.)

(o]
O R
O O O DMAc (0.6 mL) 100°C,2h CH,Cly, rt, 64 h
O n 150 °C, 20 h
(0]
Oﬁ)k )kfo
O\/\S S/\/O

22, 49%

1 (powder)

Three step, one-pot sequential depolymerization/alkylation/esterification (Table 1). To a mixture
of PEEK powder (86.4 mg, 0.300 mmol relative to the molecular weight of the monomer), and
sodium tert-butoxide (86.5 mg, 0.900 mmol) was added N,N-dimethylacetamide (0.60 mL) and
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2-phenylethanethiol (167 mg, 1.21 mmol) in a 3 mL vial under argon atmosphere. The vial was
closed with a screw cap and stirred at 150 °C for 20 h. After the liquid reaction mixture was cooled
down to room temperature, ethylene bromohydrin (128 mg, 0.910 mmol) was added to this mixture
and stirred at 100 °C for 2 h. After the mixture was cooled down to room temperature,
4.,4-dimethylaminopyridine (2.3 mg), dichloromethane (0.9 mL), triethylamine (365 mg, 3.61 mmol),
and methacryloyl chloride (189 mg, 1.81 mmol) were added and stirred at room temperature for 64 h.
After ethyl acetate (1.5 mL) was added, the reaction mixture was washed with ag. HCI (2 M, 1 mL),
water, and brine. The extracted organic layer was dried over Mg.SO4 and concentrated in vacuo. The
crude product was purified by column chromatography on silica-gel (hexane/ethyl acetate 96:4 to
7:3) to give [{carbonylbis(4,1-phenylene) }bis(sulfanediyl)]bis(ethane-2,1-diyl) bis(2-methylacrylate)
(22) (49%, 69.6 mg).

PhCH,CH,SH (4 equiv.)

NaOt-Bu (3 equiv.) Me—I
glass fiber (40 wt%) (3 equiv.) [ jOH
O O /©/ DMAc (0.6 mL) 100 °C, 1 h ‘ O
150 °C, 20 h
1 (powder) 5, 94% (NMR) 7,92% (NMR)

Depolymerization of PEEK (1) in the presence of glass fibers under the optimized conditions
(Table 2, Entry 1). To a mixture of PEEK powder (87.2 mg, 0.302 mmol relative to the molecular
weight of the monomer), glass fiber (34.2 mg, 40 wt%), and sodium tert-butoxide (86.4 mg, 0.899
mmol) was added N,N-dimethylacetamide (0.60 mL) and 2-phenylethanethiol (167 mg, 1.21 mmol)
in a 3 mL vial under argon atmosphere. The vial was closed with a screw cap and stirred at 150 °C
for 20 h. After the liquid reaction mixture was cooled down to room temperature, iodomethane (128
mg, 0.900 mmol) was added to this mixture and stirred at 100 °C for 1 h. This mixture was analyzed
by *H NMR to determine the yields of the products, 5 and hydroquinone (7) in 94% and 92% vyields,
respectively, by using acetone-de and 1,4-dioxane as an internal standard.

PEEK pellets in the presence of other polymers were depolymerized and analyzed according to the

same procedure.

PhCH,CH,SH (4 equiv.) Me—I
NaO¢-Bu (3 equiv.) (3 equiv.)

3 o
v O O /©/ DMAc (0.2 mL) 100°C, 1h
; (@) n 150 °C,20 h
{ 30 wt% Carbon fiber reinforced PEEK

OO T ol oL

5, 65% 7,71% (NMR) 8, 19%
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Depolymerization of 30 wt% carbon fiber reinforced PEEK (roughly ground) by
2-phenylethanethiol and sodium tert-butoxide (Table 2, Entry 5). N,N-Dimethylacetamide (0.20
mL) and 2-phenylethanethiol (55.2 mg, 0.400 mmol) were added to a mixture of roughly ground 30
wt% Carbon fiber-reinforced PEEK (41.8 mg, 0.101 mmol relative to the molecular weight of the
monomer) and sodium zert-butoxide (29.0 mg, 0.302 mmol) in a 3 mL vial in an argon atmosphere.
The vial was closed with a screw cap, and the mixture was stirred at 150 °C for 20 h. After the liquid
mixture cooled to room temperature, iodomethane (43.3 mg, 0.305 mmol) was added and stirred at
100 °C for 1 h. After ethyl acetate (1.0 mL) was added, the mixture was washed with aqueous HCI (2
M, 0.5 mL), water, and brine. At this time, the mixture was analyzed by *H NMR to determine the
yields of hydroquinone (7) (71%) and styrene (7%). The extracted organic layer was dried over
MgSOs4 and concentrated in vacuo. The crude product was purified by column chromatography on
silica gel (hexane/ethyl acetate, 95:5 to 55:45) to afford bis(4-(methylthio)phenyl)methanone (5)
(65%, 18.0 mg), 4-methylthiophenyl-4’-phenethylthiophenyl-methanone (8) (19%, 6.9 mg), and
di(2-phenylethyl)sulfide (61%, 29.5 mg).

The same depolymerization was examined using 30 wt% glass fiber reinforced PEEK (roughly
ground) (Table 2, Entry 6) and 5, 8, and di(2-phenylethyl)sulfide were isolated in 53%, 20%, and
62% yields, respectively.

lo) PhCH,CH,SH (2 equiv.) Me—I

NaOt#-Bu (2 equiv.) (2 equiv.)
O O 150 °C, 1h 100°C, 1h
PhO OPh
23, 0.5 mmol
(o}
+
Me _Me Me
S S S S
5

in DMI (1.0 mL) 25% (NMR) 67% (NMR)
in DMAc (1.0 mL) 19% (NMR) 75% (NMR

Reaction of 4,4’-diphenoxy-benzophenone (23) with 2-phenylethanethiol and sodium
tert-butoxide (Table 3, Entry 3). To a mixture of 23 (186 mg, 0.509 mmol), and sodium
tert-butoxide (97.4 mg, 1.01 mmol) was added 1,3-dimethyl-2-imidazolidinone (1.0 mL) and
2-phenylethanethiol (139 mg, 1.01 mmol) in a 3 mL vial under argon atmosphere. The vial was
closed with a screw cap and stirred at 150 °C for 1 h. Then, iodomethane (144 mg, 1.01 mmol) was
added to this mixture and stirred at 100 °C for 1 h. After HCI in diethyl ether (1.0 M, 1 mL) was
added, the reaction mixture was concentrated in vacuo. The crude product was analyzed by *H NMR
to determine the yields of products: 5 (26%), 4-methylthio-4’-phenethylthiobenzophenone (8) (67%),
styrene (37%), phenol (70%), and anisole (25%), respectively.
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The same reaction was examined in N,N,-dimethylformamide (1.0 mL) and produced 5 (19%), 8
(75%), styrene (24%), phenol (64%), and anisole (18%), respectively.

Experiments in Table 3, Entries 1 and 2 were performed according to above procedure.

60 °C, 18 h

i MeOTf (2 equiv.) i _|20Tfe
- s/ \f%ﬂ?/

5 24,97%
Reaction of bis(4-(methylthio)phenyl)methanone (5) with methyl trifluoromthanesulfonate (Fig.
5).5! To a mixture of 5 (1.00 g, 3.64 mmol) in 1,2-dichloroethane (3.65 mL) was added methyl
trifluoromethanesulfonate (1.17 g, 7.28 mmol) in a 15 mL vial under argon atmosphere. The vial was
closed with a screw cap and stirred at 60 °C for 18 h. After volatiles were removed under reduced
pressure, the crude product was dissolved into acetone (4.2 mL) followed by precipitation into
dichloroethane (42 mL) to give (carbonylbis(4,1-phenylene))bis(dimethylsulfonium) bistriflate (24)
in 97% (2.14 g, 3.60 mmol) yield.

NiBr,(glyme) (10 mol%)

o _| 20T Neocuproine (24 mol%)
Zn (6 equiv.) o)
DMA, rt
Me * +_Me >
S S then
Me Me I, (5 equiv.) I I
24 25, 25%

lodination of (carbonylbis(4,1-phenylene))bis(dimethylsulfonium) bistriflate (24) (Fig. 5).5 To a
mixture of 24 (181 mg, 0.300 mmol), diglyme nickel dibromide (10.7 mg, 0.030 mmol), and
neocuproine (2,9-dimethyl-1,10-phenanthroline) (15.1 mg, 0.073 mmol) was added zinc powder (118
mg, 1.80 mmol) and N,N-dimethylformamide (1.5 mL) in a 3 mL vial under argon atmosphere. The
vial was closed with a screw cap and stirred at room temperature for 16 h. Then, iodine (381 mg,
1.50 mmol) was added to this mixture and stirred at room temperature for 1 h. After ethyl acetate (10
mL) was added, the reaction mixture was washed with water, and brine. The extracted organic layer
was dried over Na;SO4 and concentrated in vacuo. The crude product was purified by HPLC to give
bis(4-iodophenyl)methanone (25) in 25% yield (32.5 mg).
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Spectrum data of the products.

(4-(4-Hydroxyphenoxy)phenyl)(4-(methylthio)phenyl)methanone (4). A colorless solid. Rf = 0.55
(hexane:AcOEt = 1:1 (v/v)). mp = 141 — 144 °C. *H NMR (600 MHz, CDCls) § 2.53 (s, 3H, SCHs),
5.55 (br, 1H, OH), 6.87 (AA’BB’, 2H, aromatic), 6.96-6.98 (m, 4H, aromatic), 7.29 (AA’'BB’, 2H,
aromatic), 7.72 (AA’BB’, 2H, aromatic), 7.76 (AA’BB’, 2H, aromatic). *C NMR (151 MHz, CDCls)
0 14.9, 116.3, 116.6, 121.8, 124.9, 130.5, 131.5, 132.3, 134.0, 145.0, 148.5, 152.9, 162.6, 195.0. IR
(neat) 1640, 1592, 1508, 1470, 1396, 1312, 1290, 1273, 1234, 1167, 1151, 1087, 930, 839, 770, 755,
675, 626 cm™. HRMS calcd for C20H1603SNa (M + Na) 359.0718, found 359.0712.

Bis(4-(methylthio)phenyl)methanone (5).5354%55¢ This compound is known (CAS registry number:
63084-99-1). *H NMR (600 MHz, CDCl3) 5 2.54 (s, 6H, SCHs), 7.28 (d, J = 8.0 Hz, 4H, aromatic),
7.71 (d, J = 8.0 Hz, 4H, aromatic). **C NMR (151 MHz, CDCls) § 14.9, 124.8, 130.5, 133.7, 145.0,
195.0.

4-Methylthiophenyl-4’-phenethylthiophenyl-methanone (8). A colorless solid. Rf = 0.35
(hexane:AcOEt = 10:1 (v/v)). mp = 75 — 87 °C. 'H NMR (600 MHz, CDCls) & 2.54 (s, 3H, SCH3),
3.00 (t, J = 8.1 Hz, 2H, CH»), 3.26 (t, J = 8.1 Hz, 2H, CH>), 7.23-7.26 (m, 3H, aromatic), 7.29
(AA’BB’, 2H, aromatic), 7.32 (AA’BB’, 2H, aromatic), 7.35 (AA’BB’, 2H, aromatic), 7.70-7.73 (m,
4H, aromatic). 3C NMR (151 MHz, CDCls) § 14.9, 33.6, 35.2, 124.8, 126.5, 126.7, 128.6, 128.7,
130.5, 130.6, 133.8, 134.4, 139.8, 143.3, 145.1, 195.0. IR (neat) 3026, 2922, 1642, 1589, 1397, 1313,
1291, 1184, 1087, 1014, 963, 930, 845, 819, 750, 723, 698, 671 cm™. HRMS calcd for C2,H200S;Na
(M + Na) 387.0853, found 387.0848.

OO

Bis(4-(n-hexylthio)phenyl)methanone (9).5” This compound is known (CAS registry number:
854021-34-4). A colorless solid. Rf = 0.17 (hexane:AcOEt = 98:2 (v/v)). 'H NMR (600 MHz,
CDCIl3) 6 0.88 (t, J = 6.7 Hz, 6H, methyl), 1.28-1.32 (m, 8H, methylene), 1.44 (tt, 4H, J = 7.5 Hz,

methylene), 1.69 (tt, J = 7.5 Hz, 4H, methylene), 2.98 (t, J = 7.5 Hz, 4H, SCH>), 7.30 (d, 8.3 Hz, 4H,
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aromatic), 7.68 (d, J = 8.3 Hz, 4H, aromatic). >*C NMR (151 MHz, CDCl;) § 14.1, 22.6, 28.6, 28.8,
31.4,32.0,126.1, 130.5, 134.1, 144.1, 194.9.

T gy

Bis(4-(phenylmethylthio)phenyl)methanone (10). This compound is known (CAS registry number:
939909-10-1). A colorless solid. '"H NMR (600 MHz, CDCls) & 4.23 (s, 4H, methylene), 7.47 (t, J =
7.4 Hz, 2H, aromatic), 7.31-7.34 (m, 8H, aromatic), 7.37 (d, 7.5 Hz, 4H, aromatic), 7.66 (d, J = 8.2
Hz, 4H, aromatic). °C NMR (151 MHz, CDCl3) § 37.5, 127.0, 127.7, 128.8, 128.9, 130.6, 134.7,
136.5, 143.5, 195.0.

AL 0

Bis(4-(2-phenylethylthio)phenyl)methanone (11). A light-brown solid. Rf = 0.35 (hexane:AcOEt =
10:1 (v/v)). mp = 100 — 103 °C. *H NMR (600 MHz, CDCl3) & 3.00 (t, J = 7.5 Hz, 4H, CH>), 3.27 (t,
J =8.1 Hz, 4H, CHy), 7.23-7.27 (m, 6H, aromatic), 7.33 (AA’'BB’C, 4H, aromatic), 7.36 (AA'BB’,
4H, aromatic), 7.72 (AA’BB’, 4H, aromatic). 3C NMR (151 MHz, CDCls) § 33.6, 35.2, 126.5, 126.7,
128.6, 128.7, 130.6, 134.3, 139.8, 143.4, 195.0. IR (neat) 3029, 2925, 1731, 1642, 1588, 1496, 1454,
1398, 1316, 1291, 1184, 1087, 960, 931, 847, 749, 717, 698, 670 cm™. HRMS calcd for
Ca9H260S:Na (M + Na) 477.1323, found 477.1317.

0
oo B
Bis(4-(2-(n-decyl)-n-tetradecylthio)phenyl)methanone (12). This chemical was isolated by column
chromatography on silica-gel (hexane/ethyl acetate 96:4 to 7:3) followed by HPLC. A pale brown oil.
Rf = 0.65 (hexane:AcOEt = 10:1 (v/v)). "H NMR (600 MHz, CDCls) & 0.87 (t, J = 6.9 Hz, 12H,
methyl), 1.22-1.33 (m, 72H, methylene), 1.36-1.45 (m, 8H, methylene), 1.66-1.71 (m, 2H,
methylene), 2.97 (d, J = 6.4 Hz, 4H, SCH), 7.32 (AA'BB’, 4H, aromatic), 7.69 (AA'BB’, 4H,
aromatic). >*C NMR (151 MHz, CDCls) § 14.1, 22.7, 26.6, 29.36, 29.38, 29.62, 29.65, 29.68, 29.69,
29.7,29.9, 31.93, 31.94, 33.3, 37.0, 37.4, 126.3, 130.4, 134.1, 144.7, 194.9 (Several signals derived
from alkyl carbons are overlapping with other signals.). IR (neat) 2923, 2853, 1653, 1590, 1458,
1398, 1313, 1287, 1179, 1088, 926, 845, 756, 734 cm™. HRMS calcd for Ce1H1060S2Na (M + Na)
941.7583, found 941.7577.
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Bis(4-(4-chlorobutylthio)phenyl)methanone (13). This chemical was isolated by HPLC. A brown
solid. Rf = 0.25 (hexane:AcOEt = 10:1 (v/v)). mp = 53 — 56 °C. '"H NMR (600 MHz, CDCl;) §
1.86-1.91 (m, 4H, methylene), 1.93-1.98 (m, 4H, methylene), 3.04 (t, J = 7.1 Hz, 4H, SCH>), 3.57 (d,
J =6.4 Hz, 4H, CICH>), 7.33 (AA’BB’, 4H, aromatic), 7.71 (AA’BB’, 4H, aromatic). '>*C NMR (151
MHz, CDCl3) 8 26.1, 31.4, 31.5, 44.3, 126.6, 130.5, 134.4, 143.3, 194.8. IR (neat) 2954, 2868, 1642,
1588, 1399, 1321, 1289, 1180, 1090, 1013, 928, 846, 752, 718, 671, 651 cm™. HRMS calcd for
C21H24Cl1,0S;2Na (M + Na) 449.0543, found 449.0538.

<o s U

Bis(4-(3-butenylthio)phenyl)methanone (14). A pale yellow solid. Rf = 0.35 (hexane:AcOEt =
10:1 (v/v)). mp = 51 — 53 °C. *H NMR (600 MHz, CDCl3) & 2.44-2.48 (m, 4H, CH,), 3.07 (t, J = 7.6
Hz, 4H, SCH>), 5.09 (dqg, J = 1.4, 10.1 Hz, 2H, ethenyl), 5.13 (dg, J = 1.6, 17.1 Hz, 2H, ethenyl),
5.13 (ddt, J = 6.7, 10.4, 17.1 Hz, 2H, ethenyl), 7.33 (AA’BB’C, 4H, aromatic), 7.71 (AA’'BB’, 4H,
aromatic). *C NMR (151 MHz, CDCls) & 31.4, 33.0, 116.8, 126.4, 130.6, 134.3, 135.9, 143.5, 195.0.
IR (neat) 3081, 3980, 2931, 1638, 1588, 1429, 1398, 1316, 1292, 1183, 1087, 991, 922, 852, 818,
751, 675, 635 cm™. HRMS calcd for C21H220S2Na (M + Na) 377.1010, found 377.1004.

\/ofoﬁs S oy

Bis(4-(3-ethoxycarbonylpropylthio)phenyl)methanone  (15). A vyellow oil. Rf = 0.25
(hexane:AcOEt = 10:1 (v/v)). *H NMR (600 MHz, CDCls) § 1.26 (t, J = 7.2 Hz, 6H, CH3), 2.03
(quint, J = 7.2 Hz, 4H, CH>), 2.49 (t, J = 7.4 Hz, 4H, CH>), 3.06 (t, J = 7.0 Hz, 4H, SCH>), 4.14 (q, J
= 7.2 Hz, 4H, OCH_), 7.35 (AA’BB’, 4H, aromatic), 7.70 (AA’BB’, 4H, aromatic). *C NMR (151
MHz, CDClz) 6 14.3, 24.1, 31.4, 32.9, 60.6, 126.6, 130.6, 134.4, 143.1, 172.8, 194.9. IR (neat) 2979,
1731, 1650, 1589, 1398, 1374, 1314, 1288, 1180, 1142, 1088, 1037, 927, 848, 756, 674 cm™. HRMS
calcd for CosH300s5S2Na (M + Na) 497.1432, found 497.1427.

v SS/W

Bis(4-(cyclopropylmethylthio)phenyl)methanone (16). A colorless solid. Rf = 35 (hexane:AcOEt
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=10:1 (v/v)). mp = 110 — 112 °C. *H NMR (600 MHz, CDCls) § 0.30-0.33 (m, 4H, cCH), 0.62-0.65
(m, 4H, cCHy), 1.08-1.14 (m, 2H, cCH), 2.96 (d, J = 7.0 Hz, 4H, SCHy), 7.34 (AA'BB’, 4H,
aromatic), 7.69 (AA’'BB’, 4H, aromatic). *3C NMR (151 MHz, CDClz) & 5.83, 10.1, 38.0, 126.4,
130.5, 134.2, 144.2, 195.0. IR (neat) 2979, 1737, 1642, 1587, 1316, 1290, 1088, 1013, 925, 835, 751
cm™. HRMS calcd for C2:H2,0S2Na (M + Na) 377.1010, found 377.1007.

o
HO\/\SS/\/OH

Bis(4-(2-hydroxyethylthio)phenyl)methanone (17).585° This product was isolated from the column
chromatography followed by recrystallization from ethyl acetate/hexane. This compound is known
(CAS registry number: 345290-68-8). A pale brown powder. Rf = 0.36 (hexane:AcOEt = 1:1 (v/v)).
"H NMR (600 MHz, CDCl3/MeOD(1/9, v/v)) 3.18 (t, J = 6.7 Hz, 4H, methylene), 3.77 (t, J = 6.7 Hz,
4H, methylene), 7.42 (dd, J = 1.7, 8.5 Hz, 4H, aromatic), 7.68 (dd, J = 1.4, 8.5 Hz, 4H, aromatic).
13C NMR (151 MHz, CDCl3/MeOD(1/9, v/v)) 33.8, 60.0, 126.1, 130.2, 134.0, 143.9, 195.4.

Bis[4-(oxiranylmethylthio)phenyl]methanone (18). This chemical was isolated by column
chromatography on silica-gel (hexane/ethyl acetate 9:1 to 6:4) followed by HPLC. A colorless solid.
Rf = 0.45 (hexane:AcOEt = 1:1 (v/v)). mp = 78 — 84 °C. 'TH NMR (600 MHz, CDCI3) 2.65 (dd, J =
2.6, 4.8 Hz, 2H, methylene), 2.83-2.85 (m, 2H, methylene), 3.14 (dd, J = 6.8, 15.8 Hz, 2H,
methylene), 3.22-3.25 (m, 4H), 7.43 (AA'BB’, 4H, aromatic), 7.71 (AA'BB’, 4H, aromatic). '*C
NMR (151 MHz, CDCl3) 35.0, 47.3, 50.7, 127.4, 130.6, 134.9, 142.3, 194.8. IR (neat) 1639, 1589,
1398, 1316, 1293, 1186, 1085, 931, 847, 814, 748, 670 cm™. HRMS calcd for C19H1903S, (M + H)
359.0776, found 359.0770.

Wssw

Bis(4-(3,7-dimethyl-n-octylthio)phenyl)methanone (19). A brown oil. Rf = 0.40 (hexane:AcOEt =
10:1 (v/v)). 'TH NMR (600 MHz, CDCls) § 0.86 (d, J = 6.6 Hz, 12H, methyl), 0.94 (d, J = 6.6 Hz, 6H,
methyl), 1.12-1.16 (m, 6H, methylene), 1.22-1.34 (m, 6H, methylene), 1.50-1.56 (m, 4H, methylene),
1.58-1.63 (m, 2H, methylene), 1.69-1.75 (m, 2H, methylene), 2.97 (ddd, J = 6.3, 9.6, 12.5 Hz, 2H,
SCHb), 3.05 (ddd, J = 6.3, 9.6, 12.5 Hz, 2H, SCH>), 7.32 (AA’BB’, 4H, aromatic), 7.70 (AA'BB’, 4H,
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aromatic). '*C NMR (151 MHz, CDCl3) § 19.4, 22.6, 22.7, 24.7, 28.0, 30.0, 32.4, 35.9, 36.9, 39.2,
126.2, 130.5, 134.2, 144.1, 194.9. IR (neat) 2954, 2925, 1651, 1589, 1464, 1399, 1312, 1287, 1179,
1088, 926, 845, 823, 755, 673, 640 cm™. HRMS calcd for CasHs00S2Na (M + Na) 549.3201, found
549.3196.

o
Bis(4-(1-ethyl-n-penthylcarbonylthio)phenyl)methanone (20). A colorless oil. Rf = 0.60
(hexane:AcOEt = 10:1 (v/v)). 'TH NMR (600 MHz, CDCl3) 6 0.92 (t, J = 7.1 Hz, 6H, methyl), 1.00 (t,
J =7.4 Hz, 6H, methyl), 1.32-1.38 (m, 8H, methylene), 1.51-1.65 (m, 4H, methylene), 1.72-1.81 (m,
4H, methylene), 2.59-2.63 (m, 2H, methyne), 7.54 (AA’BB’, 4H, aromatic), 7.83 (AA’'BB’, 4H,
aromatic). >*C NMR (151 MHz, CDCl3) § 11.8, 13.9, 22.7, 26.0, 29.5, 32.2, 56.3, 130.4, 133.7, 133.9,
137.5, 195.1, 200.3. IR (neat) 2960, 2931, 2873, 1707, 1663, 1591, 1459, 1396, 1307, 1282, 1178,
1148, 976, 926, 853, 820, 758, 710, 675 cm™. HRMS calcd for C29H3s03S2Na (M + Na) 521.2160,
found 521.2155.

Di(4-mercaptophenyl)methanone (21). This compound is known (CAS registry number:
37089-83-1). 'H NMR (600 MHz, CDCls) & 3.63 (s, 2H, mercapto), 7.32 (AA’BB’, 4H, aromatic),
7.65 (AA’BB’, 4H, aromatic). '*C NMR (151 MHz, CDCl3) § 128.1, 130.8, 134.5, 138.0, 194.7.

Ao, SNOYg

o o
[{Carbonylbis(4,1-phenylene)}bis(sulfanediyl)]bis(ethane-2,1-diyl) bis(2-methylacrylate)
(22).%85% This compound is known (CAS registry number: 104583-82-6). 'H NMR (600 MHz,
CDCls) § 1.93 (dd, J = 0.9, 1.5 Hz, 6H, methyl), 3.30 (t, J = 7.0 Hz, 4H, methylene), 4.39 (t, J = 7.0
Hz, 4H, methylene), 5.58-5.59 (m, 2H, methylene), 6.09-6.10 (m, 2H, methylene), 7.43 (AA’'BB’, 4H,
aromatic), 7.72 (AA’BB’, 4H, aromatic). '*C NMR (151 MHz, CDCls) & 18.3, 30.8, 62.8, 126.2,
127.0, 130.7, 134.8, 135.9, 142.1, 167.2, 194.7.

Q 207®

Hegeh
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(Carbonylbis(4,1-phenylene))bis(dimethylsulfonium) bistriflate (24). A colorless solid. mp = 152
— 160 °C. *H NMR (600 MHz, acetone-ds) & 3.60 (s, 12H, SCHs), 8.13 (AA'BB’, 4H, aromatic), 8.41
(AA’BB’, 4H, aromatic). *C NMR (151 MHz, acetone-ds) & 29.0, 122.3 (g, J = 322 Hz, triflate),
131.3,131.8, 132.3, 141.9, 194.2. IR (neat) 1673, 1259, 1165, 1027, 932, 859, 756, 633 cm™. HRMS
calcd for C1gH2004FsS™ [M — OTf]*: 453.0470, found 453.0471.

oo

Bis(4-iodophenyl)methanone (25).51° This compound is known (CAS registry number: 5630-56-8).
'H NMR (600 MHz, CDCls) § 7.49 (AA'BB’, 4H, aromatic), 7.86 (AA’BB’, 4H, aromatic). *C
NMR (151 MHz, acetone-de) 6 100.5, 131.3, 136.4, 137.8, 1951.
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Additional experiments

Reaction of PEEK powder (1) with N-methylaniline was attempted based on the reported
methodologies via aryl carbon-oxygen bond cleavages; t-Bu-Ps catalytic amination®** and
nickel-catalyzed protocol®*? (Fig. S1). However, no amination products were observed in both cases.

o)
o Ph  tBu- P4 (20 mol%)
Wea
\ DMAc (o 6 mL)
(e} n 150 °C, 64 h PhMeN NMePh
1 (powder) 2 equiv. 0%

(0.3 mmol)

Ni(cod), (5 mol%)
Cy,PCH,CH,PCy,

(5 mol%)
Ph LiIHMDS (2 equiv.)

o 0
ON & N @——— %
\ DMI (0.4 mL)
o n 200°C,250h  PhMeN NMePh

1 (powder) 2 equiv. <5%
(0.1 mmol)

Fig. S1 | Examining Reaction of PEEK with N-methylaniline.

The reaction of 23 with 2 equiv. of 2-phenylethanethiol and sodium zerz-butoxide at 150 °C was
examined for longer reaction time (16 h). As a result, the yield of final product 5 was increased to
70% (Fig. S2). In addition, styrene was generated in 45% yield. On the other hand, this reaction of
23 with 2-phenylethanethiol was attempted at 28 °C for 16 h, followed by the quench at room
temperature to give 11 and anisole in both 95% yields, respectively (Fig. S3).

lo) PhCH,CH,SH (2 equiv.) Me—I o o)
NaOtBu (2 equiv.) (2 equiv.)
+
‘ ‘ DMI, 150 °C, 16 h 100°C, 1h ‘ ‘ ‘ ‘
PhO oPh Me~g s-Me Phas s-Me

5,70% (NMR) 8, 29% (NMR)

Fig. S2 | Reaction of 4,4’-diphenoxy-benzophenone with 2 equiv. of 2-phenylethanethiol at 150 °C

for 16 h.
o PhCH,CH,SH (2 equiv.) Me—I
NaOt-Bu (2 equiv.) (2 equiv.)
. > + MeO-Ph
DMAc, 28 °C, 16 h rt,2h
PhO OPh Ph\/\S S/\/Ph
23 11, 95% (NMR) 95% (NMR)

Fig. S3 | Reaction of 4,4’-diphenoxy-benzophenone with 2 equiv. of 2-phenylethanethiol at 28 °C.

It is known that the combination between elemental sulfur and base generate S~ radical
anion.5t35 To verify the possibility that the sulfur radical anion react with PEEK, the reaction of
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PEEK with elemental sulfur and sodium zerz-butoxide was examined (Fig. S4).5%° In this case, ketone
type comonomer 4° was afforded in low yield whereas carbonyl-reduced comonomers B were
observed mainly. Especially, final depolymerization product 5 and its reduced A were hardly
generated. Also, the reaction of PEEK with Na;S and TEMPO was attempted. But no monomer
products were detected (Fig. S5). These results suggest that the sulfur radical anion methodology is
not suitable for the depolymerization of PEEK, demonstrating that sulfur radical anion species is not
generated during the depolymerization of PEEK by a thiol and a base.

(0] Sg (2 equiv. S) Me—I
o NaOt¢-Bu (4 equiv.) (4 equiv.)
O O /©/ DMI (0.6 mL) 100°C,1h
O n 150 °C, 17 h

1 (powder)

T e O T OO

4' 20% trace B, 40%

Fig. S4 | Reaction of PEEK with sulfur and sodium tert-butoxide.

o) Na,S (2 equiv.) Me—I
o TEMPO (4 equiv.) (4 equiv.)
4 + 5
O O /©/ DMI (0.5 M) 100°C,1h
o n 150 °C, 4 h

ND ND
1 (powder)

Fig. S5 | Reaction of PEEK with sodium sulfide in the presence of TEMPO.
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To observe the early stage of this depolymerization, we attempted the reaction of PEEK powder
with 2 equiv. of NaS at higher temperature, 200 °C for 1 and 2 h followed by the quench with
iodomethane (Fig. S6). At least, monomers and comonomers were hardly observed. But, obtained
crude solid samples as well as PEEK powder were analyzed by EGA-MS and Py-GC/MS. Fig. S7a
shows the evolution profiles of pyrolysis products from the original PEEK and crude samples from
the reaction of PEEK with NazS for 1 or 2 h observed by EGA-MS in total ion chromatogram (TIC)
mode. The TIC curve of the original PEEK clearly shows single-stage degradation between
550-650 °C. For the crude samples for both 1 h and 2 h, the gas components were detected in low
temperature region at 100-600 °C. The generation of gas components from the treated samples can
be due to the degradation of PEEK to afford low-weight molecules generated by random scission of
the main chains. To identify and quantify the thermal degradation products of the PEEK samples, the
Py-GC/MS analysis were performed. Fig. S7b shows pyrogram of the pyrolysis products for the
PEEK samples. As a result, crude samples did not contain main pyrolysis products from PEEK such
as phenol, 4-hydroxyphenyl phenyl ether, and 4-hydroxybenzophenone whereas comonomer 4 was
detected (Fig. S7). Thus, these results suggests that the degradation of PEEK itself starts at the early
stage even using less-reactive Na»S than aliphatic thiol but requires a long time to generate

observable products, monomers and comonomers, even at higher temperature.

Na,S Me—I o}
(0.4 mmol) (0.8 mmol
O O /©/ NMP (0.2 mL) 100 °C, 1 h Me 0 O /©/ Me\ O O ~Me
200 °C S
1 (powder) 5
(0.1 mmol relative to the molecular weight of the monomer) 1h ND ND
2.5% ND

Fig. S6 | Reaction of PEEK powder with 4 equiv. of sodium sulfide.

2100 ——— Pyrolysis products 110 - | - | : T - |
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Fig. S7 | a. Evolution profiles. b. Pyrograms of the pyrolysis products from the original PEEK and
two crude samples shown in Fig. S6 in TIC mode.
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Next, we attempted the reaction of PEEK powder with 0.1 equiv. of Na,S at 10 min or 1 h at
150 °C followed by the quench with iodomethane, and obtained colorless powder materials
insoluble toward various solvents (Fig. S8). These powder samples were analyzed by S K-edge
X-ray absorption near-edge structures (XANES) at the Photon Factory BL-9A beamline. As a
result, the peak derived from sulfides (~2470 eV) was observed from obtained colorless powders
(with identified peaks (~2480 eV) in all cases) (Fig. S9). In the case of PEEK resin, the former
signal (~2470 eV) was not observed. At least, these results suggest that the depolymerization of
PEEK was initiated on the surface moiety of PEEK. In addition, in solid-state 3C NMR analysis of
the obtained powders, no signal derived from the methyl carbon on sulfur was detected probably
due to small amount of the methylthio group.

Na,S Me—I
(0.1 mmol) (0.2 mmol)

- » colorless powder
DMAc (2.0 mL) 100°C,1h

150 °C, 10m|nor1 h

powder)
(1.0 mmol relative to the molecular weight of the monomer)

Fig. S8 | Reaction of PEEK powder with 0.1 equiv. of sodium sulfide.
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Fig. S9 | S K-edge XANES spectra of PEEK resin, colorless powder from the reaction with NaS at
10 minutes, and 1 h. Spectrum of an empty tape used for binding the specimens is also shown to
confirm negligible contribution from the experimental environment.
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A DMACc solution including 23, 2-ethylhexanethiol, and sodium ferz-butoxide was visibly
yellow, which is more colorful than other solutions without 23, the thiol, or sodium tert-butoxide
(Fig. S10). This observation indicates that this yellow color of the solution containing 23,
2-ethylhexanethiol, and sodium zert-butoxide is assumed to result from the formation of an electron
donor—acceptor (EDA) complex formed by the association of the thiolate anion and 23.516-519
Similarly, surface of colorless PEEK film was turned to yellow by adding 2-ethylhexanethiol,
sodium fert-butoxide, and DMAc (Fig. S11c), whose color was different from the cases without
sodium tert-butoxide or the thiol (Fig. S1la and S11b). Moreover, the combination employing
2-pheneyethane thiol instead of 2-ethylhexanethiol with sodium zert-butoxide and DMAC turned the
surface color of PEEK film to yellow (Fig. S12). These results also indicate that the EDA complex is
formed on the PEEK surface.

w
23 23 23

thiol
thiol NaOt-Bu NaOt-Bu thiol
J -3 25 NaOt-Bu
‘_‘._—‘ .-,._..a .2 . =] [ ...: 1‘

= = B &
Fig. S10 | Various combinations of 23 (0.05 mmol), 2-ethylhexanethiol (0.05 mmol), and sodium
tert-butoxide (0.05 mmol) in DMAc (0.50 mL).

PEEK film PEEK film PEEK film
thiol NaOt-Bu thiol
| NaOt-Bu
~ . H =
g === b o =k C b .

Fig. S11 | a. Combination of PEEK film, 2-ethylhexanethiol (0.1 mmol), and DMAc (0.25 mL). b.
Combination of PEEK film, sodium tert-butoxide (0.15 mmol), and DMAc (0.50 mL). c.
Combination of PEEK film, 2-ethylhexanethiol (0.1 mmol), sodium tert-butoxide (0.1 mmol), and
DMAC (0.25 mL).
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Fig. S12 | Combination of PEEK film, 2-phenylethanethiol (0.1 mmol), and sodium tert-butoxide
(0.1 mmol) in DMACc (0.25 mL).
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Relative free energies of proposed intermediates analyzed by DFT calculations

We investigated thermodynamic factors of the key carbon—oxygen bond and carbon—sulfur
bond cleaving reactions employing model substrates by DFT calculations (Fig. S13, S14, and S15,
Table S5). All DFT calculations were performed in Gaussian 09.52° All structures were optimized in
and characterized by a opt + freq calculation with solvation treatment (SMD) using DMF which is
similar to the DMI, at the B3LYP/6-31G(d)* level of theory.

We checked the carbon-oxygen bond-cleaving reaction of 4-methoxybenzophenone with
sodium sulfide or sodium methylthiolate (Fig. S13). DFT calculations suggested that these processes
are thermodynamically disfavored. On the contrary, when 4-(4-phenoxyphenoxy)benzophenone was
used instead of 4-methoxybenzophenone, these substitution reactions were favored due to the

stability of the eliminated sodium arylate.

0]

+  NaS —
_Me
o

0.90 kJ/mol

+ NaOMe

0]

+

Na,S —

<aelens Sens

-91.7 kJ/mol

(0]
- 0
_Me NaO

Figure S13 | Relative free energies (G, kcal mol™t) from DFT calculation (RB3LYP/6-31G*) in DMF
under model reactions.

saelone Rl

-41.4 kJ/mol

Next, we checked the possibility of the depolymerization of PEEK by sulfur nucleophiles and
analyzed the carbon-oxygen bond cleaving reaction and the generation of thiolates using key
monomer substrates (Fig. S14). The substitution reaction of -OCsH4sOH to alkylthio group was
thermodynamically favored in a manner similar to the above case. However, the substitution of
anionic aryloxy group (-OCe¢HsONa) was disfavored process, supporting that the plausible
comonomer showed the tolerance to the substitution to form benzophenone monomers. In this
process, opposite sulfur groups hardly affect this substitution. Transformation from methylthio group

to sodium arylthiolates by using sodium methyl thiolate reagent was thermodynamically favored,
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demonstrating that disodium benzophenone dithiolate, (4-NaSCe¢H4)CO (3) is finally formed during
the depolymerization of PEEK.
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Figure S14 | Relative free energies (G, kcal mol™) of proposed intermediates and the products from
DFT calculation (RB3LYP/6-31G*) in DMF.

Anion exchange reactions from sodium arylate to sodium methylthiolate were checked (Fig.
S15). In cases employing co-monomer-type sodium arylates as activating reagent for thiols, these
processes were estimated to be disadvantageous thermodynamically. However, it seems that the
depolymerization conditions at 150 °C overcomes these barriers. On the other hand, the conversion
employing hydroquinone disodium salt is thermodynamically favorable.
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Figure S15 | Relative free energies (G, kcal mol™) from DFT calculation (RB3LYP/6-31G*) in under
anion exchange reactions.
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(kcal/mol) for all structures.

Table S5 | Computed absolute electronic energies (Hartrees) and relative

free Gibbs energies

Correction
E (B3LYP) 0 G (B3LYP) G (B3LYP)
(0]
) -691.20305434 0.183228 -691.019826
o e
Na,S -722.88388525 -0.027115 -722.911001
(o)
-1136.62319613 0.137893 -1136.485304
SNa
MeONa -277.45762652 0.012445 -277.445182
MeSNa -600.45416455 0.009108 -600.445057
(o)
) -1014.17871740 0.178497 -1014.000220
= S
OOO -1189.23158017 0.302239 -1188.929341
O
O.
OO0 77552228855 |  0.132323 -775.389965
(o)
O -1679.88080205 0.198574 -1679.682228
NaS = O
-1696.57327319 0.122075 -1696.451198
NaS SNa
ONa
. @r -706.20410462 0.048387 -706.155718
(o)
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-1557.43666892 0.239530 -1557.197139
WegsVes
(o]
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(o)
OH
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WeasVe]
(0]
yeg 54446377772 | 0060716 | -544.403062
(@]
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NaS O S
OOH -1518.12873355 0.215522 -1517.913212
NaS (0]
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Optimized Molecular Geometries
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NMR charts of new chemicals.
"H NMR (600 MHz) and '*C NMR (151 MHz) spectra of 4 (CDCl;)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 8 (CDCls)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 10 (CDCls)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 11 (CDCls)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 12 (CDCls)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 13 (CDCl)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 14 (CDCl)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 15 (CDCls)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 16 (CDCls)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 18 (CDCls)

LF9"
059"
§G9°
859"
€eg”
SE8”
0rg-
or8”
8%8"
0ctT”
8z1”
TeT”
9€T"
TrT”
9% T
6FT"
LST™
Ste”
6Te”
oge”
£ce”
Lee:
6C¢”
£eC”
€€’
9ge”
ave”
Fse”

STF”
6TF"
cen”
0€ER”
£EP”
9€w "
669"
coL”
90L”
€IL”
LTL”
ogL”

e e i Sl el ol i

ppm

796"
096"

890°
0L6"

M

610" ¥
000" ¥

C66 " VE

L9C LY
LTL™0S

ZSETLeT
69G6°0¢ET
£88°FET

BIE ¥

0GL P61

0 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

S47



'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 19 (CDCls)
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'H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 20 (CDCl)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 21 (CDCls)
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'"H NMR (600 MHz) and 3C NMR (151 MHz) spectra of 22 (CDCls)
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'H NMR (600 MHz) and '*C NMR (151 MHz) spectra of 24 (acetone-ds)
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