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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 Sfär Silica 

D - Duo 60 μm. 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. 1H and 13C{1H} NMR spectra in CDCl3 or acetone-d6 solution were recorded with 

Bruker AVANCE III HD 600 spectrometer. The 1H NMR (600 MHz) and 13C{1H} NMR (151 MHz) 

chemical shifts were reported in δ (ppm). 1H NMR and 13C{1H} NMR spectra were referenced to the 

residual solvent signals or tetramethylsilane. 1H 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 II 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 (1 mL/min), reduced by a GC 

splitter (50:1), was continuously introduced into the MS via a transfer capillary (UADTM-5M, 0.25 

mm i.d.×5 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. × 5 m long, Frontier Lab) coated with a 0.25-µm 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 Mw ~20800, average Mn ~10300, Cat. No. 456640. Film: thickness 0.025 mm, Cat. 

No. GF55060231), bis(4-phenoxyphenyl)methanone (Cat. No. APO455830793), pellet form of 

polypropylene (isotactic, average Mw ~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 Na2S on the depolymerization of PEEK 

 

Entry 1 solvent (M) 
temp 

(°C) 

time 

(h) 
 

4 

(%) 

4’ 

(%) 

5 

(%) 

A 

(%) 

1 powder NMP (0.5) 200 4  7 5 15 trace 

2 powder DMI (0.5) 150 17  44 ND 10 ND 

3 powder DMI (0.1) 150 19  12 trace 3 ND 

4a 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 

13b 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 Mw ~20800, 

average Mn ~10300), Na2S, 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%). bUse of Na2S (4 equiv.) and K2CO3 as an additive (10 

mol%). 
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Table S2 | Effect of n-C6H13-SH/NaOt-Bu on the depolymerization of PEEK 

 

Entry 1 
temp 

(°C) 

time 

(h) 
 

4 

(%) 

4’ 

(%) 

5 

(%) 

6 

(%) 

9 

(%) 

A 

(%) 

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 Mw ~20800, 

average Mn ~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 

 

Entry R 
temp 

(°C) 

time 

(h) 
 

4 

(%) 

4’ 

(%) 

5 

(%) 

A 

(%) 

1 PhCH2 150 1  7 38 33 ND 

2 PhCH2 150 5  37 ND 56 ND 

3 PhCH2 150 22  41 ND 58 1 

4 PhCH2 150 64  15 ND 75 3 

5 PhCH2 150 208  4 9 83 2 

6a PhCH2 100 20  ND 46 35 ND 

7a PhCH2 100 64  ND 37 43 ND 

8 PhCH2 160 24  35 ND 51 4 

9 PhCH2 170 64  trace ND 76 11 

10b PhCH2 150 1  ND 52 22 3 

11c PhCH2 150 1  39 20 38 ND 

12 p-TolylCH2 150 25  36 11 53 ND 

13 o-TolylCH2 150 16  ND 35 65 ND 

14 PhCH(Me) 150 16  52 ND 37 ND 

15 PhCH2CH2 150 24  trace 6 88 ND 

16 
 

150 15  2 ND ND ND 

17 

 

150 15  ND 9 trace ND 

18d HSCH2CH2 150 22  17 ND 28 trace 

19 HOCH2CH2 150 18  ND 6 7 ND 

Conditions: A mixture of 1 (0.1 mmol relative to the molecular weight of the monomer, average Mw ~20800, 

average Mn ~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. aAfter adding iodomethane, the mixture was stirred for 3 h. bUse of LiOt-Bu instead 

of NaOt-Bu. cUse of KOt-Bu instead of NaOt-Bu. d2 equiv. of HSCH2CH2SH and NaOt-Bu was used.  
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Table S4 | Effect of bases and solvents on the depolymerization of PEEK using PhCH2CH2SH 

 

Entry base (equiv) solvent 
time 

(h) 
 

4 

(%) 

4’ 

(%) 

11 

(%) 

8 

(%) 

5 

(%) 

Sulfide 

(%) 

1 NaOt-Bu (4) DMI 24  trace 6 ND ND 88 63 

2a NaOt-Bu (4) DMI 25  3 6 ND ND 86 76 

3 NaOt-Bu (3) DMI 1  3 7 trace (60) 25 49 

4 NaOt-Bu (3) DMI 3  ND 3 trace 42 55 68 

5 NaOt-Bu (3) DMI 6  trace 2 trace 32 64 74 

6 NaOt-Bu (3) DMI 20  ND trace trace trace 
93 

(84) 88 

7 NaOt-Bu (2) DMI 24  5 ND ND ND 73 54 

8 K3PO4 (3) DMI 20  ND ND ND 9 90 16 

9 Et3N (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 

12b NaOt-Bu (3) DMAc 20  ND ND ND 4 
96 

(93) 
94 

13 NaOt-Bu (3) PhCN 20  ND ND 44 6 ND 0.8 

14c NaOt-Bu (3) DMAc 20  ND ND ND ND ND ND 

Conditions: A mixture of 1 (0.3 mmol relative to the molecular weight of the monomer, average Mw ~20800, 

average Mn ~10300), PhCH2CH2SH (1.2 mmol), base (X equiv.), and solvent (0.6 mL) was stirred at 150 ºC. Then, 

iodomethane (X equiv.) was added to this mixture and the resultant solution was stirred at 100 ºC for 1 h. Yields 

were determined by GC and NMR. Numbers in parenthesis are isolated yields. aThe reaction was examined under 

air atmosphere. bStyrene was observed in 4% yield. c30 ºC at first step.  
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Experimental procedures 

 

 

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 HCl (2 M, 1 mL), 

water, and brine. At this time, the mixture was analyzed by 1H 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. 

 

 

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 ºC, 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. 

 

Ph
S

Ph Na2S Ph
SNa

Me I
Ph

S
Me

DMI (0.5 M)
150 °C, 1 h

+

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

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 aq. HCl (2 M, 1 mL), water, 

and brine. The extracted organic layer was dried over Mg2SO4 and concentrated in vacuo. The crude 

product was analyzed by 1H 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. 

 

 
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 aq. HCl (2 M, 0.5 mL), 

water, and brine. 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 9:1 to 7:3) 

to give (4-(4-hydroxyphenoxy)phenyl)(4-(methylthio)phenyl)methanone (4) (50%, 15.1 mg). 

 

 

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 1H NMR to determine the yields of the products, 5 and 

hydroquinone (7) (94% and 85%), respectively, by using acetone-d6 and 1,4-dioxane as an internal 

standard. 

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

 

 

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 1H NMR using acetone-d6 to determine yields of products. 

After ethyl acetate (20 mL) was added, the reaction mixture was washed with aq. HCl (2 M, 10 mL), 

water, and brine. 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) 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). 

 

 

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 1H NMR using acetone-d6 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 aq. HCl (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). 

 

 

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. HCl (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 Mg2SO4, and concentrated in vacuo. This crude product was analyzed by 1H 

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). 

 

 

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 aq. HCl (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 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). 

 

 

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 1H NMR to determine the yields of the products, 5 and hydroquinone (7) in 94% and 92% yields, 

respectively, by using acetone-d6 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. 
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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 tert-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 HCl (2 

M, 0.5 mL), water, and brine. At this time, the mixture was analyzed by 1H NMR to determine the 

yields of hydroquinone (7) (71%) and styrene (7%). 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, 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. 

 

 

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 HCl in diethyl ether (1.0 M, 1 mL) was 

added, the reaction mixture was concentrated in vacuo. The crude product was analyzed by 1H 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. 

 

 

Reaction of bis(4-(methylthio)phenyl)methanone (5) with methyl trifluoromthanesulfonate (Fig. 

5).S1 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.  

 

 

Iodination of (carbonylbis(4,1-phenylene))bis(dimethylsulfonium) bistriflate (24) (Fig. 5).S2 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 Na2SO4 and concentrated in vacuo. The crude product was purified by HPLC to give 

bis(4-iodophenyl)methanone (25) in 25% yield (32.5 mg). 

 

 



 

S16 

 

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. 1H NMR (600 MHz, CDCl3) δ 2.53 (s, 3H, SCH3), 

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). 13C NMR (151 MHz, CDCl3) 

δ 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-1. HRMS calcd for C20H16O3SNa (M + Na) 359.0718, found 359.0712. 

 

 
Bis(4-(methylthio)phenyl)methanone (5).S3,S4,S5,S6 This compound is known (CAS registry number: 

63084-99-1). 1H NMR (600 MHz, CDCl3) δ 2.54 (s, 6H, SCH3), 7.28 (d, J = 8.0 Hz, 4H, aromatic), 

7.71 (d, J = 8.0 Hz, 4H, aromatic). 13C NMR (151 MHz, CDCl3) δ 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. 1H NMR (600 MHz, CDCl3) δ 2.54 (s, 3H, SCH3), 

3.00 (t, J = 8.1 Hz, 2H, CH2), 3.26 (t, J = 8.1 Hz, 2H, CH2), 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). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C22H20OS2Na 

(M + Na) 387.0853, found 387.0848. 

 

 

Bis(4-(n-hexylthio)phenyl)methanone (9).S7 This compound is known (CAS registry number: 

854021-34-4). A colorless solid. Rf = 0.17 (hexane:AcOEt = 98:2 (v/v)). 1H NMR (600 MHz, 

CDCl3) δ 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, SCH2), 7.30 (d, 8.3 Hz, 4H, 
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aromatic), 7.68 (d, J = 8.3 Hz, 4H, aromatic). 13C NMR (151 MHz, CDCl3) δ 14.1, 22.6, 28.6, 28.8, 

31.4, 32.0, 126.1, 130.5, 134.1, 144.1, 194.9. 

 

 

Bis(4-(phenylmethylthio)phenyl)methanone (10). This compound is known (CAS registry number: 

939909-10-1). A colorless solid. 1H NMR (600 MHz, CDCl3) δ 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). 13C NMR (151 MHz, CDCl3) δ 37.5, 127.0, 127.7, 128.8, 128.9, 130.6, 134.7, 

136.5, 143.5, 195.0.  

 

 

Bis(4-(2-phenylethylthio)phenyl)methanone (11). A light-brown solid. Rf = 0.35 (hexane:AcOEt = 

10:1 (v/v)). mp = 100 – 103 °C. 1H NMR (600 MHz, CDCl3) δ 3.00 (t, J = 7.5 Hz, 4H, CH2), 3.27 (t, 

J = 8.1 Hz, 4H, CH2), 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). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for 

C29H26OS2Na (M + Na) 477.1323, found 477.1317. 

 

 

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)). 1H NMR (600 MHz, CDCl3) δ 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, SCH2), 7.32 (AA’BB’, 4H, aromatic), 7.69 (AA’BB’, 4H, 

aromatic). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C61H106OS2Na (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. 1H NMR (600 MHz, CDCl3) δ 

1.86-1.91 (m, 4H, methylene), 1.93-1.98 (m, 4H, methylene), 3.04 (t, J = 7.1 Hz, 4H, SCH2), 3.57 (d, 

J = 6.4 Hz, 4H, ClCH2), 7.33 (AA’BB’, 4H, aromatic), 7.71 (AA’BB’, 4H, aromatic). 13C NMR (151 

MHz, CDCl3) δ 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-1. HRMS calcd for 

C21H24Cl2OS2Na (M + Na) 449.0543, found 449.0538. 

 

 

Bis(4-(3-butenylthio)phenyl)methanone (14). A pale yellow solid. Rf = 0.35 (hexane:AcOEt = 

10:1 (v/v)). mp = 51 – 53 °C. 1H NMR (600 MHz, CDCl3) δ 2.44-2.48 (m, 4H, CH2), 3.07 (t, J = 7.6 

Hz, 4H, SCH2), 5.09 (dq, J = 1.4, 10.1 Hz, 2H, ethenyl), 5.13 (dq, 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). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C21H22OS2Na (M + Na) 377.1010, found 377.1004. 

 

 

Bis(4-(3-ethoxycarbonylpropylthio)phenyl)methanone (15). A yellow oil. Rf = 0.25 

(hexane:AcOEt = 10:1 (v/v)). 1H NMR (600 MHz, CDCl3) δ 1.26 (t, J = 7.2 Hz, 6H, CH3), 2.03 

(quint, J = 7.2 Hz, 4H, CH2), 2.49 (t, J = 7.4 Hz, 4H, CH2), 3.06 (t, J = 7.0 Hz, 4H, SCH2), 4.14 (q, J 

= 7.2 Hz, 4H, OCH2), 7.35 (AA’BB’, 4H, aromatic), 7.70 (AA’BB’, 4H, aromatic). 13C NMR (151 

MHz, CDCl3) δ 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-1. HRMS 

calcd for C25H30O5S2Na (M + Na) 497.1432, found 497.1427. 

 

 

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. 1H NMR (600 MHz, CDCl3) δ 0.30-0.33 (m, 4H, cCH2), 0.62-0.65 

(m, 4H, cCH2), 1.08-1.14 (m, 2H, cCH), 2.96 (d, J = 7.0 Hz, 4H, SCH2), 7.34 (AA’BB’, 4H, 

aromatic), 7.69 (AA’BB’, 4H, aromatic). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C21H22OS2Na (M + Na) 377.1010, found 377.1007. 

 

 

Bis(4-(2-hydroxyethylthio)phenyl)methanone (17).S8,S9 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)). 

1H 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. 1H NMR (600 MHz, CDCl3) 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). 13C 

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-1. HRMS calcd for C19H19O3S2 (M + H) 

359.0776, found 359.0770. 

 

 

Bis(4-(3,7-dimethyl-n-octylthio)phenyl)methanone (19). A brown oil. Rf = 0.40 (hexane:AcOEt = 

10:1 (v/v)). 1H NMR (600 MHz, CDCl3) δ 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, 

SCH2), 3.05 (ddd, J = 6.3, 9.6, 12.5 Hz, 2H, SCH2), 7.32 (AA’BB’, 4H, aromatic), 7.70 (AA’BB’, 4H, 
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aromatic). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C33H50OS2Na (M + Na) 549.3201, found 

549.3196. 

 

 

Bis(4-(1-ethyl-n-penthylcarbonylthio)phenyl)methanone (20). A colorless oil. Rf = 0.60 

(hexane:AcOEt = 10:1 (v/v)). 1H NMR (600 MHz, CDCl3) δ 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). 13C NMR (151 MHz, CDCl3) δ 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-1. HRMS calcd for C29H38O3S2Na (M + Na) 521.2160, 

found 521.2155. 

 

 

Di(4-mercaptophenyl)methanone (21). This compound is known (CAS registry number: 

37089-83-1). 1H NMR (600 MHz, CDCl3) δ 3.63 (s, 2H, mercapto), 7.32 (AA’BB’, 4H, aromatic), 

7.65 (AA’BB’, 4H, aromatic). 13C NMR (151 MHz, CDCl3) δ 128.1, 130.8, 134.5, 138.0, 194.7. 

 

 

[{Carbonylbis(4,1-phenylene)}bis(sulfanediyl)]bis(ethane-2,1-diyl) bis(2-methylacrylate) 

(22).S8,S9 This compound is known (CAS registry number: 104583-82-6). 1H NMR (600 MHz, 

CDCl3) δ 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). 13C NMR (151 MHz, CDCl3) δ 18.3, 30.8, 62.8, 126.2, 

127.0, 130.7, 134.8, 135.9, 142.1, 167.2, 194.7.  
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(Carbonylbis(4,1-phenylene))bis(dimethylsulfonium) bistriflate (24). A colorless solid. mp = 152 

– 160 °C. 1H NMR (600 MHz, acetone-d6) δ 3.60 (s, 12H, SCH3), 8.13 (AA’BB’, 4H, aromatic), 8.41 

(AA’BB’, 4H, aromatic). 13C NMR (151 MHz, acetone-d6) δ 29.0, 122.3 (q, 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-1. HRMS 

calcd for C18H20O4F3S
+ [M  ̶ OTf]+: 453.0470, found 453.0471. 

 

 

Bis(4-iodophenyl)methanone (25).S10 This compound is known (CAS registry number: 5630-56-8). 

1H NMR (600 MHz, CDCl3) δ 7.49 (AA’BB’, 4H, aromatic), 7.86 (AA’BB’, 4H, aromatic). 13C 

NMR (151 MHz, acetone-d6) δ 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-P4 catalytic aminationS11 and 

nickel-catalyzed protocolS12 (Fig. S1). However, no amination products were observed in both cases.  

 

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

 

The reaction of 23 with 2 equiv. of 2-phenylethanethiol and sodium tert-butoxide at 150 ºC 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 ºC for 16 h, followed by the quench at room 

temperature to give 11 and anisole in both 95% yields, respectively (Fig. S3).  

 

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

for 16 h. 

 

 

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

 

    It is known that the combination between elemental sulfur and base generate S‧- radical 

anion.S13,S14 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 tert-butoxide was examined (Fig. S4).S15 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 Na2S 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. 

 

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

 

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 Na2S 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 Na2S 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 Na2S than aliphatic thiol but requires a long time to generate 

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

 

 

Fig. S6 | Reaction of PEEK powder with 4 equiv. of sodium sulfide. 
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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 Na2S 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 13C 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. 

 

 

Fig. S8 | Reaction of PEEK powder with 0.1 equiv. of sodium sulfide. 

 

 

Fig. S9 | S K-edge XANES spectra of PEEK resin, colorless powder from the reaction with Na2S 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 DMAc solution including 23, 2-ethylhexanethiol, and sodium tert-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 tert-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.S16-S19 

Similarly, surface of colorless PEEK film was turned to yellow by adding 2-ethylhexanethiol, 

sodium tert-butoxide, and DMAc (Fig. S11c), whose color was different from the cases without 

sodium tert-butoxide or the thiol (Fig. S11a and S11b). Moreover, the combination employing 

2-pheneyethane thiol instead of 2-ethylhexanethiol with sodium tert-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. 

 

  

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).  

 

a   b   c  

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). 

  

   

Fig. S12 | Combination of PEEK film, 2-phenylethanethiol (0.1 mmol), and sodium tert-butoxide 

(0.1 mmol) in DMAc (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.S20 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.  

 

 

Figure S13 | Relative free energies (G, kcal mol-1) from DFT calculation (RB3LYP/6-31G*) in DMF 

under model reactions. 

 

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 -OC6H4OH to alkylthio group was 

thermodynamically favored in a manner similar to the above case. However, the substitution of 

anionic aryloxy group (-OC6H4ONa) 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-NaSC6H4)2CO (3) is finally formed during 

the depolymerization of PEEK. 

 

 

Figure S14 | Relative free energies (G, kcal mol-1) 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 ºC 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-1) from DFT calculation (RB3LYP/6-31G*) in under 

anion exchange reactions. 
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Table S5 | Computed absolute electronic energies (Hartrees) and relative free Gibbs energies 

(kcal/mol) for all structures. 

 

 E (B3LYP) 
Correction 

to G (B3LYP) 
G (B3LYP) 

 
-691.20305434 0.183228 -691.019826 

Na2S -722.88388525 -0.027115 -722.911001 

 

-1136.62319613 0.137893 -1136.485304 

MeONa -277.45762652 0.012445 -277.445182 

MeSNa -600.45416455 0.009108 -600.445057 

 
-1014.17871740 0.178497 -1014.000220 

 
-1189.23158017 0.302239 -1188.929341 

 
-775.52228855 0.132323 -775.389965 

 

-1679.88080205 0.198574 -1679.682228 

 

-1696.57327319 0.122075 -1696.451198 

 
-706.20410462 0.048387 -706.155718 

 
-1557.43666892 0.239530 -1557.197139 

 
-1451.68518455 0.202947 -1451.482237 

 
-1395.68440681 0.255384 -1395.429023 

 
-544.46377772 0.060716 -544.403062 

 
-1574.12934302 0.161354 -1573.967989 

 

-1518.12873355 0.215522 -1517.913212 

Me2S -478.02299857 0.049099 -477.973899 

MeSH -438.70661030 0.022006 -438.684604 
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Optimized Molecular Geometries 

 
C 1.71455 2.2034 1.21258 

C 2.98562 2.79351 1.20419 

C 3.56611 3.18995 -0.00815 

C 2.87554 2.99627 -1.21211 

C 1.60447 2.40615 -1.20373 

C 1.02397 2.00972 0.00862 

H 1.27132 1.90071 2.13823 

H 3.51288 2.94139 2.12344 

H 4.5366 3.64051 -0.01456 

H 3.31876 3.29896 -2.13777 

H 1.0772 2.25828 -2.12298 

C -1.01071 0.92559 1.35008 

C -2.28178 0.33547 1.35847 

C -0.32014 1.11928 2.55404 

C -2.86228 -0.06096 2.57082 

H -2.80904 0.18759 0.43922 

C -0.90064 0.72285 3.76639 

H 0.65035 1.56985 2.54764 

C -2.17171 0.13273 3.77478 

H -3.83277 -0.51153 2.57722 

H -0.37337 0.87073 4.68564 

C -0.3728 1.36124 0.01783 

O -0.99291 1.18732 -1.06327 

C -3.52598 0.81103 5.55211 

H -4.29547 1.08537 4.86108 

H -3.96921 0.50835 6.47777 

H -2.88338 1.6496 5.72173 

O -2.76406 -0.27179 5.01187 

 
Na2S 

S 0 0 0.69216 

Na 0 2.12774 -0.50339 

Na 0 -2.12774 -0.50339 

 

 
C 2.66239 -0.96795 -0.5626 

C 3.80563 -1.76986 -0.48413 

C 4.93973 -1.31675 0.19621 

C 4.93286 -0.04432 0.78352 

C 3.79756 0.7589 0.6949 

C 2.63862 0.30255 0.03866 

H 1.8116 -1.33119 -1.1309 

H 3.80775 -2.7453 -0.96256 

H 5.82535 -1.94287 0.2602 

H 5.81332 0.3209 1.30512 

H 3.7899 1.7476 1.14365 

C 0.08458 0.66903 -0.18848 

C -0.91787 1.46757 -0.77982 

C -0.29912 -0.5925 0.30744 

C -2.22653 1.0191 -0.9002 

H -0.64872 2.45022 -1.15764 

C -1.61604 -1.03691 0.20283 

H 0.41295 -1.22957 0.82341 

C -2.61822 -0.25375 -0.4146 

H -2.96839 1.65597 -1.37414 

H -1.87838 -2.00965 0.60931 

C 1.45537 1.22446 -0.05148 

O 1.63856 2.44857 -0.08028 

S -4.28841 -0.84324 -0.59164 

Na -5.72291 0.32902 0.94982 

 
MeONa 

O 0 0.29425 0 

Na -0.00092 -1.69255 0 

C 0.00095 1.65132 0 

H -1.01798 2.11965 0 

H 0.51122 2.11826 0.88362 

H 0.51122 2.11826 -0.88362 

 
MeSNa 

C -1.56931 0.65191 0 

H -2.54786 0.21909 -0.0002 

H -1.44728 1.25737 0.87375 

H -1.44704 1.2576 -0.87355 

S -0.34784 -0.64285 0 

Na 1.85668 0.33091 0 

 

 
C 1.76389 2.20457 1.15206 

C 3.03146 2.80221 1.15334 

C 3.61136 3.21792 -0.05282 

C 2.92368 3.03598 -1.26027 

C 1.65611 2.43834 -1.26155 

C 1.07621 2.02263 -0.05538 

H 1.32113 1.88717 2.07299 

H 3.55652 2.94112 2.07525 

H 4.57918 3.67423 -0.05185 

H 3.36645 3.35338 -2.1812 

H 1.13105 2.29942 -2.18346 

C -0.95397 0.90905 1.26867 

C -2.22154 0.3114 1.26738 

C -0.26629 1.09099 2.47611 

C -2.80144 -0.1043 2.47355 

H -2.7466 0.17249 0.34548 

C -0.84619 0.67528 3.68227 

H 0.70153 1.5473 2.47709 

C -2.11376 0.07763 3.68099 

H -3.76926 -0.56062 2.47257 

H -0.32113 0.81419 4.60418 

C -0.31672 1.36587 -0.05679 

O -0.93423 1.2025 -1.14102 

S -2.85032 -0.45038 5.21301 

C -3.80764 0.88293 5.90165 

H -4.57774 1.16178 5.21311 

H -4.2504 0.56553 6.82259 

H -3.17024 1.72296 6.08322 
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C -3.28639 -1.03286 0 

C -1.89123 -1.03286 0 

C -1.19369 0.17489 0 

C -1.89134 1.3834 -0.0012 

C -3.28617 1.38332 -0.00168 

C -3.98377 0.17511 -0.00068 

H -3.83614 -1.98518 0.00045 

H -1.34172 -1.98538 0.00132 

H -1.34114 2.33554 -0.00126 

H -3.83629 2.3356 -0.00263 

H -5.08337 0.1753 -0.00086 

C 0.34631 0.175 0.00089 

C 1.11377 -1.16015 0.00177 

C 0.41382 -2.36702 0.00177 

C 2.50859 -1.16291 0.00247 

C 1.10863 -3.57635 0.00315 

H -0.68583 -2.3645 0.002 

C 3.20376 -2.37252 0.00285 

H 3.06042 -0.2118 0.00229 

C 2.50406 -3.57914 0.00332 

H 0.557 -4.52766 0.00378 

H 4.30352 -2.37439 0.00298 

O 0.97975 1.26235 0.00089 

O 3.21616 -4.81923 0.00466 

C 3.96014 -4.94376 -1.21021 

C 5.29497 -4.54041 -1.25515 

C 3.35143 -5.46855 -2.35021 

C 6.02065 -4.66123 -2.44006 

H 5.77435 -4.12599 -0.35643 

C 4.07748 -5.5904 -3.53529 

H 2.29944 -5.78667 -2.31491 

C 5.41185 -5.18672 -3.58043 

H 7.07259 -4.34275 -2.47574 

H 3.59739 -6.00459 -4.43387 

O 6.15617 -5.31055 -4.79515 

C 6.87446 -6.54706 -4.79092 

C 8.17538 -6.59631 -4.28928 

C 6.2745 -7.70393 -5.28816 

C 8.87636 -7.80206 -4.28555 

H 8.64837 -5.68392 -3.89803 

C 6.9752 -8.91033 -5.2836 

H 5.24911 -7.66533 -5.68341 

C 8.27599 -8.95955 -4.78253 

H 9.902 -7.84082 -3.89074 

H 6.50176 -9.8224 -5.67534 

H 8.82887 -9.91013 -4.77943 

 

 
C 1.66322 0.2686 0 

C 3.05838 0.2686 0 

C 3.75592 1.47635 0 

C 3.05827 2.68486 -0.0012 

C 1.66344 2.68478 -0.00168 

C 0.96584 1.47657 -0.00068 

H 1.11346 -0.68372 0.00045 

H 3.60789 -0.68392 0.00132 

H 4.8556 1.47643 0.00063 

H 3.60847 3.637 -0.00126 

H 1.11332 3.63706 -0.00263 

O -0.46416 1.47681 -0.00092 

C -0.94217 1.47412 1.34682 

C -1.17714 0.26453 2.00117 

C -1.17342 2.6807 2.00729 

C -1.64389 0.26163 3.31545 

H -0.99546 -0.68654 1.47993 

C -1.63938 2.67797 3.32231 

H -0.98811 3.63414 1.49178 

C -1.87476 1.46872 3.9764 

H -1.82972 -0.69174 3.83107 

H -1.82123 3.62947 3.84295 

O -2.35325 1.46542 5.32397 

Na -4.41325 1.47121 5.32223 

 

 
C 1.13705 0.85656 0.14374 

C -0.25046 0.86083 0.28894 

C -1.00759 2.0221 0.06076 

C -0.32501 3.19817 -0.31125 

C 1.05061 3.20393 -0.48092 

C 1.7918 2.03023 -0.2541 

H 1.7084 -0.04383 0.33995 

H -0.74084 -0.05132 0.61583 

H -0.90105 4.10532 -0.46695 

H 1.57934 4.10306 -0.78372 

C -2.48139 2.09348 0.26944 

C -3.33203 0.8671 0.11488 

C -3.0404 -0.16622 -0.79292 

C -4.52351 0.78549 0.85068 

C -3.90662 -1.24391 -0.95122 

H -2.14533 -0.11483 -1.40526 

C -5.38529 -0.30127 0.71672 

H -4.76819 1.59288 1.53458 

C -5.08577 -1.33135 -0.18991 

H -3.67109 -2.02147 -1.67396 

H -6.28772 -0.33364 1.31782 

O -3.01767 3.1625 0.56692 

O 3.13925 2.13134 -0.44066 

C 3.95843 1.00477 -0.24753 

C 4.24419 0.16268 -1.32189 

C 4.55156 0.78415 0.99518 

C 5.11664 -0.91163 -1.14923 

H 3.7863 0.35575 -2.28928 

C 5.42421 -0.29018 1.1675 

H 4.33133 1.45786 1.81998 

H 5.34424 -1.56973 -1.98508 

H 5.89059 -0.46488 2.13462 

S -6.10068 -2.76771 -0.4574 

C 5.73766 -1.17598 0.10141 

O 6.56373 -2.18442 0.26221 

Na 7.89667 -3.64454 0.44985 

Na -8.02238 -2.38466 0.94563 

 

 
S -6.10068 -2.76771 -0.4574 

Na -8.02029 -2.38678 0.94905 
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C -5.08519 -1.33051 -0.18976 

C -4.13002 -1.3309 0.82717 

C -5.24423 -0.20398 -0.99671 

C -3.33459 -0.20471 1.03745 

H -4.00541 -2.21891 1.46368 

C -4.44796 0.92227 -0.78713 

H -5.99688 -0.20358 -1.79837 

C -3.49333 0.92213 0.22983 

H -2.58213 -0.20471 1.83939 

H -4.5733 1.81019 -1.4238 

C -2.61483 2.16544 0.46223 

C -1.56231 2.16208 1.58642 

C -1.40598 1.03392 2.39221 

C -0.76522 3.2868 1.79901 

C -0.45322 1.03083 3.41076 

H -2.03507 0.14765 2.22485 

C 0.18856 3.28351 2.8172 

H -0.88817 4.17599 1.1639 

C 0.34458 2.15583 3.62314 

H -0.33037 0.14187 4.04634 

H 0.81717 4.1703 2.98431 

O -2.75407 3.18414 -0.26333 

S 1.56049 2.15147 4.92311 

Na 3.59139 3.17722 4.1285 

 

 
C 1.36742 0.28356 0.53462 

C 0.66098 -0.91753 0.2552 

C -0.66027 -0.91832 -0.25475 

C -1.36762 0.28192 -0.53536 

C -0.64681 1.48785 -0.25304 

C 0.6456 1.48863 0.25136 

H 1.1298 -1.86845 0.52886 

H -1.12849 -1.86987 -0.52722 

H -1.15479 2.42905 -0.45873 

H 1.1528 2.43044 0.45619 

O -2.62555 0.29231 -0.95274 

O 2.62541 0.29527 0.9517 

Na -3.19089 -0.7291 0.78444 

Na 3.19143 -0.73076 -0.78253 

 

 
C 1.13705 -0.85656 -0.14374 

C -0.25046 -0.86083 -0.28894 

C -1.00759 -2.0221 -0.06076 

C -0.32501 -3.19817 0.31125 

C 1.05061 -3.20393 0.48092 

C 1.7918 -2.03023 0.2541 

H 1.7084 0.04383 -0.33995 

H -0.74084 0.05132 -0.61583 

H -0.90105 -4.10532 0.46695 

H 1.57934 -4.10306 0.78372 

C -2.48139 -2.09348 -0.26944 

C -3.33203 -0.8671 -0.11488 

C -3.0404 0.16622 0.79292 

C -4.52351 -0.78549 -0.85068 

C -3.90662 1.24391 0.95122 

H -2.14533 0.11483 1.40526 

C -5.38529 0.30127 -0.71672 

H -4.76819 -1.59288 -1.53458 

C -5.08577 1.33135 0.18991 

H -3.67109 2.02147 1.67396 

H -6.28772 0.33364 -1.31782 

O -3.01767 -3.1625 -0.56692 

O 3.13925 -2.13134 0.44066 

C 3.95843 -1.00477 0.24753 

C 4.24419 -0.16268 1.32189 

C 4.55156 -0.78415 -0.99518 

C 5.11664 0.91163 1.14923 

H 3.7863 -0.35575 2.28928 

C 5.42421 0.29018 -1.1675 

H 4.33133 -1.45786 -1.81998 

H 5.34424 1.56973 1.98508 

H 5.89059 0.46488 -2.13462 

S -6.10068 2.76771 0.4574 

C -7.55407 2.47801 -0.60372 

H -8.08612 1.56625 -0.31733 

H -8.21142 3.33618 -0.43952 

H -7.28342 2.44049 -1.66284 

C 5.73766 1.17598 -0.10141 

O 6.56373 2.18442 -0.26221 

Na 7.89667 3.64454 -0.44985 

 

 
C -3.86973 -0.60702 -0.12384 

C -2.75091 -1.2063 0.50017 

C -3.65893 0.64941 -0.74497 

C -1.50016 -0.59296 0.50211 

H -2.87267 -2.16527 0.99747 

C -2.41734 1.27371 -0.71721 

H -4.48457 1.13623 -1.26045 

C -1.30442 0.66361 -0.1043 

H -0.67737 -1.08586 1.01206 

H -2.29269 2.24376 -1.19102 

C -0.01208 1.40274 -0.05637 

C 1.28127 0.66789 0.0132 

C 1.48225 -0.6025 -0.56211 

C 2.3898 1.29336 0.61851 

C 2.73347 -1.21396 -0.53763 

H 0.66329 -1.10812 -1.06583 

C 3.63139 0.67091 0.66986 

H 2.26141 2.27461 1.06772 

C 3.84748 -0.60038 0.08186 

H 2.85929 -2.18424 -1.01148 

H 4.45132 1.17165 1.18104 

O -0.01348 2.6443 -0.07307 

S -5.45313 -1.41999 -0.14206 

S 5.42831 -1.41722 0.12793 

C -6.62979 -0.44978 0.77584 

H -6.8495 0.44806 0.23685 

H -7.52899 -1.01377 0.91095 

H -6.2182 -0.2004 1.73151 

C 6.61979 -0.45744 -0.7818 

H 6.83563 0.44352 -0.24645 

H 7.51874 -1.02531 -0.90141 

H 6.22122 -0.21357 -1.74439 
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C 1.13705 -0.85656 -0.14374 

C -0.25046 -0.86083 -0.28894 

C -1.00759 -2.0221 -0.06076 

C -0.32501 -3.19817 0.31125 

C 1.05061 -3.20393 0.48092 

C 1.7918 -2.03023 0.2541 

H 1.7084 0.04383 -0.33995 

H -0.74084 0.05132 -0.61583 

H -0.90105 -4.10532 0.46695 

H 1.57934 -4.10306 0.78372 

C -2.48139 -2.09348 -0.26944 

C -3.33203 -0.8671 -0.11488 

C -3.0404 0.16622 0.79292 

C -4.52351 -0.78549 -0.85068 

C -3.90662 1.24391 0.95122 

H -2.14533 0.11483 1.40526 

C -5.38529 0.30127 -0.71672 

H -4.76819 -1.59288 -1.53458 

C -5.08577 1.33135 0.18991 

H -3.67109 2.02147 1.67396 

H -6.28772 0.33364 -1.31782 

O -3.01767 -3.1625 -0.56692 

O 3.13925 -2.13134 0.44066 

C 3.95843 -1.00477 0.24753 

C 4.24419 -0.16268 1.32189 

C 4.55156 -0.78415 -0.99518 

C 5.11664 0.91163 1.14923 

H 3.7863 -0.35575 2.28928 

C 5.42421 0.29018 -1.1675 

H 4.33133 -1.45786 -1.81998 

H 5.34424 1.56973 1.98508 

H 5.89059 0.46488 -2.13462 

S -6.10068 2.76771 0.4574 

C -7.55407 2.47801 -0.60372 

H -8.08612 1.56625 -0.31733 

H -8.21142 3.33618 -0.43952 

H -7.28342 2.44049 -1.66284 

C 5.73766 1.17598 -0.10141 

O 6.55608 2.17508 -0.26072 

H 7.45714 1.87755 -0.11521 

 

 
C 0.06132 2.13839 0 

C -1.1583 1.45295 0 

C -1.18764 0.05851 0 

C 0 -0.7301 0 

C 1.21991 0.0039 0 

C 1.24932 1.40064 0 

H -2.08465 2.02398 0 

H -2.1452 -0.46009 0 

H 2.15511 -0.55369 0 

H 2.20688 1.92213 0 

O -0.02958 -2.03457 0 

Na -0.20292 -4.05514 0 

O 0.03451 3.52068 0 

H 0.95294 3.83955 0 

 
C -2.6707 -1.18677 -0.12918 

C -1.45415 -0.495 -0.05573 

C -1.44428 0.90635 -0.04842 

C -2.65094 1.61592 -0.11457 

C -3.86749 0.92415 -0.18802 

C -3.87737 -0.47719 -0.19532 

H -2.67824 -2.25673 -0.13475 

H -0.53284 -1.03678 -0.00522 

H -2.6434 2.68588 -0.109 

H -4.78881 1.46593 -0.23853 

C -0.10741 1.66653 0.03229 

C 1.21859 0.88678 0.10497 

C 1.20872 -0.51457 0.09767 

C 2.43514 1.57855 0.17842 

C 2.41539 -1.22415 0.16381 

H 0.27986 -1.04275 0.04159 

C 3.64181 0.86897 0.24456 

H 2.44268 2.64851 0.184 

C 3.63193 -0.53238 0.23726 

H 2.40784 -2.2941 0.15823 

H 4.57067 1.39715 0.30064 

O -0.09854 2.92488 0.03885 

S 5.16459 -1.43365 0.32126 

S -5.42257 -1.35585 -0.28862 

C -6.70252 -0.38883 0.48275 

H -6.79463 0.54943 -0.02329 

H -7.63138 -0.91701 0.42667 

H -6.45095 -0.21761 1.50857 

Na 6.9159 -0.13811 -0.70955 

 

 
C 1.73051 0.50775 0.39313 

C 0.34178 0.65384 0.34424 

C -0.25264 1.8606 -0.06569 

C 0.59235 2.93109 -0.42206 

C 1.97296 2.80316 -0.38042 

C 2.54239 1.58574 0.02772 

H 2.15944 -0.4351 0.71886 

H -0.27448 -0.17974 0.67047 

H 0.15007 3.86983 -0.74555 

H 2.61664 3.61746 -0.6983 

C -1.71859 2.10575 -0.03319 

C -2.68148 0.96369 -0.08774 

C -2.41806 -0.24382 -0.77103 

C -3.9572 1.12586 0.48213 

C -3.38617 -1.23919 -0.86094 

H -1.45947 -0.4158 -1.24505 

C -4.90111 0.10925 0.43524 

H -4.18801 2.03898 1.02483 

C -4.64722 -1.10575 -0.23476 

H -3.15479 -2.15791 -1.39562 

H -5.84383 0.29707 0.94916 

O -2.14804 3.2925 0.0152 

O 3.90898 1.53037 -0.03451 

C 4.56109 0.30259 0.05005 
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C 4.68826 -0.45076 -1.12168 

C 5.14275 -0.11334 1.25361 

C 5.48166 -1.6032 -1.10004 

H 4.2214 -0.10881 -2.04093 

C 5.86188 -1.3173 1.26757 

H 5.00518 0.46005 2.16881 

H 5.67029 -2.16577 -2.01063 

H 6.31482 -1.67477 2.18925 

S -5.7978 -2.4378 -0.30839 

C 6.0645 -2.04372 0.0908 

O 6.85215 -3.17237 0.02443 

H 7.06933 -3.54948 0.8992 

Na -7.68477 -1.3444 0.80065 

 
Me2S 

S 0 0 0.66411 

C 0 1.39417 -0.51554 

H -0.89508 1.38144 -1.14669 

H 0 2.31572 0.07375 

H 0.89507 1.38144 -1.14669 

C 0 -1.39417 -0.51554 

H 0 -2.31572 0.07375 

H -0.89507 -1.38144 -1.14669 

H 0.89508 -1.38144 -1.14669 

 
MeSH 

C -1.56924 0.65186 -0.00001 

H -2.54784 0.21914 -0.00016 

H -1.44711 1.2573 0.87373 

H -1.44696 1.25754 -0.87357 

S -0.34791 -0.64302 -0.00008 

H 0.85019 -0.11324 0.00009 

 



 

S36 

 

References 

 

S1) Minami, H., Otsuka, S., Nogi, K. & Yorimitsu, H. Palladium-Catalyzed Borylation of Aryl 

Sulfoniums with Diborons. ACS Catal. 8, 579-583 (2018). 

S2) Yamada, K., Yanagi, T. & Yorimitsu, H. Generation of organozinc reagents from arylsulfonium 

salts using a nickel catalyst and zinc dust. Org. Lett. 22, 9712–9718 (2020). 

S3) Lucas, P., El Mehdi, N., Ho, H. A., Belanger, D. & Breau, L. Expedient Synthesis of Symmetric 

Aryl Ketones and of Ambient-Temperature Molten Salts of Imidazole. Synthesis 1253-1258 

(2000). 

S4) Gawel, P., Dengiz, C., Finke, A. D., Trapp, N., Boudon, C., Gisselbrecht, J.-P. & Diederich, F. 

Synthesis of Cyano-Substituted Diaryltetracenes from Tetraaryl[3]cumulenes. Angew. Chem. Int. 

Ed. 53, 4341-4345 (2014). 

S5) Rérat, A., Michon, C., Agbossou-Niedercorn, F. & Gosmini, C. Synthesis of Symmetrical Diaryl 

Ketones by Cobalt-Catalyzed Reaction of Arylzinc Reagents with Ethyl Chloroformate. Eur. J. 

Org. Chem. 4554-4560 (2016).  

S6) Delcaillau, T., Boehm, P. & Morandi, B. Nickel-Catalyzed Reversible Functional Group 

Metathesis between Aryl Nitriles and Aryl Thioethers. J. Am. Chem. Soc. 143, 3723-3728 (2021). 

S7) Improvements in or relating to the manufacture of thio- or sulphonyl-substituted basic 

benzhydryl-ethers and thio-ethers. United Kingdom Patent GB729619 (1955). 

S8) Tamura, Y. & Hayakawa, S. Method For Producing Sulfur-containing Acrylic Compound. 

Japanese Patent JP2001172253 (2001). 

S9) Tamura, Y. & Hayakawa, S. Method For Producing Sulfur-containing Acrylic Compound. 

Japanese Patent JP2001172255 (2001). 

S10) Li, Z., Siklos, M., Pucher, N., Cicha, K., Ajami, A., Husinsky, W., Rosspeintner, A., Vauthey, E., 

Gescheidt, G., Stampfl, J. & Liska, R. Synthesis and Structure-Activity Relationship of Several 

Aromatic Ketone-Based Two-Photon Initiators. J. Polym. Sci. Part A 49, 3688-3699 (2011). 

S11) Shigeno, M., Hayashi, K., Nozawa-Kumada, K. & Kondo, Y. Organic Superbase t‑Bu-P4 

Catalyzes Amination of Methoxy(hetero)arenes. Org. Lett. 21, 5505-5508 (2019). 

S12) Tobisu, M., Takahira, T., Morioka, T. & Chatani, N. Nickel-Catalyzed Alkylative 

Cross-Coupling of Anisoles with Grignard Reagents via C−O Bond Activation. J. Am. Chem. Soc. 

138, 6711-6714 (2016). 

S13) Chivers, T. & Elder, P. Ubiquitous trisulfur radical anion: fundamentals and applications in 

materials science, electrochemistry, analytical chemistry and geochemistry. Chem. Soc. Rev. 42, 

5996-6005 (2013). 



 

S37 
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NMR charts of new chemicals.  

1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 4 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 8 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 10 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 11 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 12 (CDCl3) 

 

 

 



 

S43 

 

1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 13 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 14 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 15 (CDCl3) 

 

 

 



 

S46 

 

1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 16 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 18 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 19 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 20 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 21 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 22 (CDCl3) 
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1H NMR (600 MHz) and 13C NMR (151 MHz) spectra of 24 (acetone-d6) 

 

 


