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1. General Information

Reactions were carried out under an atmosphere of argon in heat gun dry flask or an air
atmosphere, and room temperature unless stated otherwise. Reactions were monitored by TLC
on Merck silica gel 60 F2s4 plates visualized by UV lamp at 254 nm, immersed in a solution
of phosphomolybdic acid (PMA) in EtOH (20% wt) and visualized with heat. Column
chromatography was performed on Merck silica gel 60 (230-400 mesh). NMR spectra were
measured on a Bruker ADVANCE'" 500 NMR spectrometer (500 MHz for *H spectra and 125
MHz for 13C spectra), CDCls or TMS served as an internal standard. Chemical shifts (6 values)
were quoted in parts per million (ppm), the following abbreviations were used to describe
resonance signals splitting patterns when appropriate: s = singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublet doublets, dgd = doublet of doublet quartets, t = triplet, g =
quartet, qd = a quartet of doubles, quin = pentet, m = multiplet, brs = broad singlet, eq. =
equatorial, ax. = axial. Coupling constants (J values) were reported in hertz units (Hz). Infrared
spectra were measured on a Nicolet 8700 spectrophotometer (ATR or KBr). Low resolution
mass spectra (MS) and high resolution mass spectra (HRMS) were measured
on an AUTOSPEC (El+) and on an MALDI-MS (}**Ag-LGN) mass spectrometers. Melting
point were obtained on a Boetius hot plate microscope or MEL-TEMP® apparatus and are
uncorrected. In the description of the isolation of products and their purification using the silica
gel column chromatography technique, the mass of silica gel is given (g). All liquid physical
mixtures are given as mixtures by volume (%).
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Sometimes on *H NMR spectra resonance signal at 6 5.30 ppm is present(residue of DCM) also
resonance signal of water (humidity) are present at o ~1.54 ppm. In some situations, calibration
of the nmr spectra was done on CDClIs resonance signal (6 7.26 ppm).

The process efficiency was calculated based on the mass of tosylate used.

Single crystals suitable for X-ray diffraction measurements were grown from DCM by solvent
evaporation. One crystal was chosen under a polarizing microscope and mounted
on a Mitegen® loop with ParatoneN® oil. Diffraction data were collected at r.t. using graphite-
monochromated Mo Ka radiation on Rigaku Oxford Diffraction Gemini A Ultra four-circle k-
geometry diffractometer. CrysAlisPRC software was used for diffractometer control as well
as data reduction. Crystal structure was solved by intrinsic phasing using SHELXT.[1] Initial
independent-atom-model structural refinements were carried out using SHELXL and final
Hirshfeld-atom-model refinements were carried out using olex2.refine and NoSpherA2. [2-4]
All atoms were refined anisotropically. Sulfur atoms were refined anharmonically using 3™ and
4™ order Gram-Charlier coefficients, which significantly lowered residual electron density.
Crystal structure solution and refinement were carried out using olex2 GUI. [5] CCDC 2364133
contains the supplementary crystallographic data for this paper. The data can be obtained free
of charge from The Cambridge Crystallographic Data Centre [6].

2. Materials

Commercially available reagents were used without purification. The solvents used
in the reactions were dried according to the literature [7]. Boron trifluoride etherate (for
synthesis), hydroxyacetone (technical grade 90%) and ethane-1,2-dithiol was purchased from
Sigma-Aldrich. Propane-1,3-dithiol was purchased from TCI. Hydroxyacetone tosylate was
prepared in accordance with the literature description wherever [8].

The transformation diagrams show the order of products eluted from the chromatographic
column.

3. Experimental procedures
3.1 Dithioketalization of hydroxyacetone with ethane-1,2- or propane-1,3-dithiols

3.1.1 Reaction of hydroxyacetone with ethane-1,2-dithiol and catalyst boron trifluoride

etherate

o HS(CH,),SH

S\) s S AH
_— >
)K/OH 1.14 equiv; S (\s/ + ﬁf/\/ S K/

. . . S
hydroxyacetone BF3EL,0; CH,Cly; S S
argon; 0 °C

3 (7%) 2 (13%) 1 (63%)

Under an atmosphere of argon in heat gun dry a three-necked round-bottom flask (250 mL)
equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone (2.16 g; 2.0 mL; 29.2 mmol) in dry DCM (15 mL) was added. Reaction
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mixture was cooled to 0 °C in ice bath and ethane-1,2-dithiol (3.14 g, 2.8 mL, 33.3 mmol, 1.14
equiv) in dry DCM (20 mL) was added dropwise (Note 1.). Afterward, boron trifluoride
etherate (4.14 g, 3.6 mL, 29.2 mmol; 1.0 equiv) in dry DCM (10 mL) was added dropwise
(Note 2.) and the resulting mixture was stirred for 30 min. The progress of the reaction
was monitored by thin layer chromatography (TLC, n-hexane:ethyl acetate, 3:1). Next
the cooling bath was removed and the reaction mixture with stirring was left for overnight.
Then, a mixture of saturated aqueous solution of NaHCO3 (15 mL) and water (30 mL) were
added to the reaction mixture and the resulting mixture was stirred for 30 min. After separating
the layers, the aqueous phase was extracted with DCM (35 mL). The combined organic layers
were dried over anhydrous sodium sulfate. After filtering off the drying agent, volatiles were
removed under reduced pressure. The crude reaction mixture was obtained in the form of an oil

(5.7 9).
Note:

1. Ethane-1,2-dithiol was added over 35 min.
2. Boron trifluoride etherate was added over 40 min.

Crude mixture of products was isolated and purified by column chromatography. The flowsheet
3.1.1 shows the isolation of the main products.

post-reaction
mixture
(5.73 g)

Chromatograhic column
(150 g, petroleum ether:ethyl acetate, 30%)

' '

F1 F2 F3
(0.606 g) (0.961 g) (2.774 g)

Legend:

F1 — was purify with two chromatographic columns: I*' column with 90 g of gel, elution with n-
hexane:ethyl acetate 0.15%, and 2" column with 50 g of gel, elution with n-hexane:ethyl acetate 3%.
Chromatographically pure product 3 (0.46 g) was obtained in the form of a colorless oil.

F2 — after evaporation of the eluent, 610 mg of product 2 crystallized and additionally 90 mg was
"extracted" from the post-crystalline liquors by chromatography. Product 2 (0.70 g) was obtained in
the form of a colorless crystalline solid.

F3 — chromatographically pure product 1 (2.77 g) was obtained in the form of a colorless oil.

Flowsheet 3.1.1 Scheme illustrates the isolation of products 1, 2 and 3.
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Spectral data of 2,2'-[disulfanediylbis(ethane-2,1-diylsulfanediyl)|bis(2-methyl-1,4-
dithiane), 3 (0.46 g, yield 7%):

>(S IR (ATR) (cm™): #=2956; 2902; 2799; 2543; 1438; 1404; 1368;

S s) 1287; 1252; 1207; 1128; 1058; 933; 894; 840; 759; 699; 683; 663.
(\s/s "H-NMR (500 MHz, CDCls): §=3.20 (ddd, J 13.7, 9.1 and 2.6, 2H,

(:S)<S 2xSCHH.. CH2SCH»); 3.08 (d,J 13.9, 2H, 2xSCHH,» CCH3); 2.99 (d,

s J 13.9, 2H, 2xSCHH., CCH3); 2.94-2.90 (m, 4H, 2xSCH2CH>SCH>):

2.88-2.85 (m, 2H, 2xSCHH.,CH>SCH»); 2.83-2.75 (m, 8H,

(SCH:CH>S)2); 1.70 (2s, 6H, 2xCH3).

BC-NMR (125 MHz, CDCl3): 6=52.1 (2C); 41.9 (2C); 33.7 (2C); 29.8 (2C); 28.8 (2C); 28.0

(20); 24.9 (20).

MS (EI+), m/z (%): 450 ([M]", 0.19); 135 (10); 134 (10); 133 (100); 132 (27); 105 (13); 62

(15); 60 (26); 46 (13).

HRMS for C14H26Ss caled: 449.9800; obsd: 449. 9812.

Spectral data of 2,2'-[ethane-1,2-diyldi(sulfanediyl)]bis(2-methyl-1,4-dithiane), 2 (0.70 g,
yield 13%):

s m.p.=68-69 °C (CH2Cl2)

. ?(JIR (ATR) (cm™): 9=2966; 2946; 2934; 2907; 2897; 1428; 1403; 1367;
(f/\/ ST 1290; 1196; 1061; 1045; 882; 826; 760; 708; 676.
s 'H-NMR (500 MHz, CDCls): 6=3.21 (ddd, J 14.2, 9.0 and 2.6, 2H,
2xSCHH,.CH,SCH»); 3.08 (d, J 13.9, 2H, 2xSCHH..CCHz3); 3.01 (d, J 13.9, 2H,
2xSCHH., CCH3); 2.97-290 (m, 4H, 2xSCH,CH>SCH:): 2.89-2.85 (m, 2H,
2xSCHH.; CH2SCH>); 2.84-2.75 (m, 4H, 2xSCSCH>); 1.71 (2s, 6H, 2xCH}3).
BC-NMR (125 MHz, CDCl3): §=52.1 (2C); 41.8 (2C); 29.78 (2C); 29.74 (2C); 28.84 (2C);
28.07 (20).
MS (EI+), m/z (%): 358 ((M]*, 0.7); 225 (46); 135 (12); 134 (11); 133 (100); 132 (19); 105 (16);
73 (11); 62 (14); 60 (20); 46 (11).
HRMS for C12H2,S6 caled: 358.0046; obsd: 358.0052.

Crystal Data for compound 2: C12H2,S6 (M =358.705 g/mol): triclinic, space group P1 (no. 2),
a= 59899(1)A, b= 7.7228(2) A, c= 9.8079(3) A, a= 93.666(2)°, = 92.363(2)°, y=
109.581(2)°, V'=425.640(19) A3, Z=1, T=297 K, w(Mo Ko) = 0.786 mm™!, p = 1.40 g/cm’,
29994 reflections measured (6.72° < 20 < 65.44°), 3011 unique (Rint = 0.033, Rsigma = 0.019)
which were used in all calculations. The final R; was 0.026 (I > 20([)), and wR> was 0.046 (all
data).

The spectral data of product 1 were reported by Afonso et al. in 1991 [9]. Our spectral data
upgrades the literature data.
Spectral data of (2-methyl-1,3-dithiolan-2-yl)methanol, 1 (2.77 g, yield 63%):
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on IR (ATR) (cm™): $=3400 (OH); 2961; 2921; 2857; 1438; 1423; 1373; 1276; 1152;
SAH 1100; 1071; 1026; 973; 936; 851; 732; 681.
{_s 'H-NMR(500 MHz, CDCl): 8=3.58 (d, J 7.1, 2H, CH,OH); 3.39-3.34 (m, 2H,
SCHH,); 3.32-3.27 (m, 2H, SCHH.,,); 2.29 (t,J 7.1, 1H, OH); 1.77 (s, 3H, CHs).
BC-NMR (125 MHz, CDCl;): §=71.0; 68.1; 39.6 (2C); 26.6.
MS (EI+), m/z (%): 150 ((M]%,11); 121 (9); 119 (100); 61 (10); 59 (39); 58 (7); 57 (3); 46 (7).
HRMS for CsH0OS> caled: 150.0173; obsd: 150.0171.

3.1.2 Reaction of hydroxyacetone with propane-1,3-dithiol

OH
o HS(CH,)3SH

)K/OH 1.14 equiv; < S

hydroxyacetone BF’EtZOOigHZCIZ;
rgon;
argon; 4 (66%)

Under an atmosphere of argon in heat gun dry a three-necked round-bottom flask (250 mL)
equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone (2.15 g, 2 mL, 29.0 mmol) in DCM (10 mL) was added. Reaction mixture
was cooled to 0 °C in ice bath and propane-1,3-dithiol (3.20 g, 3 mL, 29.6 mmol, 1.02 equiv)
was added (Note 1.). The reaction mixture was held and stirred for 30 min. Then it was heated
tor.t. and left for 20 h. The progress of the reaction was monitored by thin layer chromatography
(TLC, n-hexane:ethyl acetate, 3:1) (Note 2.). Again reaction mixture was cooled to 0 °C in ice
bath and boron trifluoride etherate (3.45 g, 3 mL, 24.3 mmol, 0.84 equiv) was added (Note
3.). The reaction was stirred for approximately 10 min. (substrate disappearance according
to TLC). Then, a mixture of saturated aqueous solution of NaHCO3 (15 mL) and water (30 mL)
were added to the reaction mixture and the resulting mixture was stirred for 25 min. After
separating the layers, the aqueous phase was extracted with DCM (70 mL). The combined
organic layers were dried over anhydrous sodium sulfate. After filtering off the drying agent,
volatiles were removed under reduced pressure. The crude reaction mixture was obtained
in the form of an oil (5.67 g). Flowsheet 3.1.2 illustrates the isolation and purification of main
product. Chromatographically pure product 4 was isolated as a pale yellow oil (3.16 g, yield
66%).

Note:

1. Propane-1,3-dithiol was added over 45 min.

2. After 1 hour of reaction at r.t., according to TLC, unreacted substrate is present
in the reaction mixture (R=0.25).

3. Boron trifluoride etherate was added over 40 min. (an exothermic effect occurs). After
the catalyst was added dropwise, the reaction mixture became cloudy and yellow.
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post-reaction
mixture

(5.67g)
1% chromatograghic column
(150 g, eluent: n-hexane:ethyl acetate,
5% and 10%)
Fl F2 F3
(93¢ (043 g) (051 g)

2™ chromatograghic column
(50 g, eluent: n-hexane:ethyl acetate, 11%)

34 chromatograghic column
(250 g, eluent: n-hexane:ethyl acetate,
12%) y
F3F1 F3F2
(0.045 g) (0.29 g)
FIF1 FIF2 FIF3 FIF4
(0.705 g) (L1sg) (1.456 ) (0.96 g)

4" chromatograghic column 5t chromatograghic column 6" chromatograghic column
(65 g, eluent: n-hexane:ethyl acetate,

(50 g, eluent: n-hexane:ethyl acetate, (50 g, eluent: n-hexane:ethyl acetate,

) 8% and 10%) 8%)
FIF1F1 FIF2F1 F1F2F2 FIF2F3 F1F4F1 FIF4F2 F1F4F3
(0.12g) (0.26 g) (0.18 g) (0.593 g) (0.682 g) (0.19g) (0.03 g)

Legend:

After column chromatography a ' H-NMR spectrum was done for each fraction and decisions were made
about disposal or re-chromatography. The 'H-NMR spectra of fractions F2, FIF3, FIF2F3
and FIF4F1(blue color) were the identical. These fractions were combined and selected
as chromatographically pure product 4.

Flowsheet 3.1.2 Isolation of product 4 from the reaction mixture.

Spectral data of (2-methyl-1,3-dithian-2-yl)methanol, 4 (3.16 g, 66%):

ou IR (ATR) (cm™): #=3419 (OH); 2921; 2907; 2867; 2828; 1423; 1367; 1277; 1239;
s\ 1213; 1147; 1029; 908; 866; 817; 746; 677; 659.
(_» 'H-NMR (500 MHz, CDCLy): 8=3.70 (d, J 6.65, 2H, CH>OH); 2.96-2.90 (m, 2H,
2xSCHH,.); 2.62-2.58 (m, 2H, 2xSCHH,, ); 2.14-2.08 (m, 1H, SCHCHH,. ); 2.04
(t,J 6.65, 1H, OH); 1.88-1.79 (m, 1H, SCH,CHH.,); 1.45 (s, 3H, CHz).

6
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13C-NMR (125 MHz, CDCls): §=65.5; 49.8 (Cv); 26.2 (2C); 25.6; 24.5.
MS (EI+), m/z (%): 164 (IMT", 11); 135 (9); 133 (100); 73 (5); 61 (6); 59 (45); 46 (7); 42 (9).
HRMS for CH1,0S; caled:164.0330; obsd: 164.0327.

3.2 Dithioketalization of hydroxyacetone tosylate with ethane-1,2-dithiol at room temperature
in an atmosphere of argon or air

3.2.1 Dithioketalization of hydroxyacetone tosylate with ethane-1,2-dithiol at room
temperature in an atmosphere of argon

s/\’ o
0 HS(CH,),SH '/L ﬂ>< - j/

S
T elem - = S
)k/OTs 7.0 equiv; CH,Cly, S v S\/\s + P<S s
argon; r.t. S\)

hydroxyacetone

tosylate 5 (25%) 2 (57%) 6 (16%)

Under an atmosphere of argon in heat gun dry a two-necked round-bottom flask (250 mL)
equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone tosylate in dry DCM (1.23 g, 5.39 mmol, in 10 mL DCM) was added.
Then, ethane-1,2-dithiol (0.51 g, 0.5 mL, 5.41 mmol, 1.0 equiv) in dry DCM (5 mL) was added
dropwise to the reaction mixture (Note 1.). The progress of the reaction was monitored by thin
layer chromatography (TLC, n-hexane:ethyl acetate, 3:1). After adding dithiol, the reaction
mixture was left to stir for 24 hours. Then, the crystalline precipitate (0.87 g) was filtered
off and washed with DCM (10 mL). The filtrate was concentrated to 1/2 volume. Then,
a mixture of saturated aqueous solution of NaHCOs3sa:. (10 mL) and water (20 mL) were added
to the reaction mixture and the resulting mixture was stirred for 30 min. After separating
the layers, the aqueous phase was extracted with DCM (30 mL). The combined organic layers
were dried over anhydrous sodium sulfate. After filtering off the drying agent, volatiles were
removed under reduced pressure. The crude reaction mixture was obtained in the form of an oil
(1.24 g). Flowsheet 3.2.1 shows isolation and purification of three main products. A '"H-NMR
spectrum was done for each fraction after column chromatography. Chromatographically pure
product 5 (0.18 g, yield 25%) was obtained as an oil, also product 2 (0.54 g, yield 57%)
as a crystalline precipitate, and product 6 (0.12 g, yield 16%) as an oil.

Note 1.

Ethane-1,2-dithiol was added over 30 min. During the dropwise addition of dithiol
a precipitate of PTSA occurred.
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Post-reaction
mixture

filtration

evaporation

solid crude reaction
mixture
(0.87 g) (o4g

chromatographic column
(185 g, n-hexane:ethyl acetate
from 2.5 % through 5% and 10%)

F1 F2 F3
0.18 g) (0.540 g) 0.12 g)

Legend:

Fractions was identified: F1 as a product 5; F2 as a product 2 and F'3 as a product 6.
Flowsheet 3.2.1 Scheme of isolation of products 5, 2 and 6.

Spectral data of S-methyl-2,3-dihydro-1,4-dithiine, 5 (0.18 g, yield 25%):

Spectral data are consistent with the literature.[9, 10]
~" $TH-NMR (500 MHz, CDCls): 8=5.83 (s, 1H, =CH); 3.22-3.20 (m, 2H, 2xSCHH,);
S 3.10-3.08 (m, 2H, 2xSCHH.,.); 1.92 (d, J 1.0, 3H, CH>).
13C-NMR (125 MHz, CDCls): §=124.1; 108.1; 27.89; 25.30; 25.04.

Spectral data of 2,2'-[ethane-1,2-diyldi(sulfanediyl)]bis(2-methyl-1,4-dithiane), 2 (0.54 g,
yield 57%) are consistent with the spectral data for product obtained in experiment 3.1.1.

Spectral data of 1-({2-[(2-methyl-1,4-dithian-2-yl)sulfanyl]ethyl}sulfanyl)propan-2-one, 6
(0.12 g, yield 16%):

o~ IR (ATR) (cm™): 9=2957; 2905; 2854; 1700 (C=0); 1406; 1354; 1275; 1235;
si~g~ 1202;1178; 1139; 1060; 999; 933; 894; 840; 758; 683; 663.
?< $ "H-NMR (500 MHz, CDCls): §=3.26 (s, 2H, CH>C(0)); 3.16 (ddd, J 13.6, 9.0
and 2.6, 1H, SCH.,. HCH2SCH>); 3.05 (d, J 13.9, 1H, SCH.. HCCH3); 2.96 (d,

J 13.9, 1H, SCH., HCCH3); 2.88-2.71 (m, 7H, CH>CH>SC(CH3)SCHH., CH>); 2.28 (s, 3H,
C(O)CH»); 1.67 (s, 3H, CCH?»).
BC-NMR (125 MHz, CDCls): §=203.6; 52.2; 41.78; 41.73; 32.1; 29.8; 29.0; 28.8; 28.0; 27.8.
MS (El+), m/z (%): 282 ([M]*, 7); 135 (12); 134 (11); 133 (100); 132(18); 119 (15); 117 (9);
105 (17); 73 (16); 62 (15) 60 (18); 46 (12); 44 (20).
HRMS for C10H180S4 calcd: 282.0241; obsd: 282.0250.
3.2.2 Dithioketalization of hydroxyacetone tosylate with ethane-1,2-dithiol at room
temperature in an air atmosphere

S
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0 HS(CH,),SH ‘><S
S
B S R—
)K/OTS 1.4 equiv; S\/\S
air; CH,Cly;
hydroxyacetone t:24h S
tosylate 2 (62%)

To a two-necked round-bottom flask (100 mL) equipped with a magnetic stirrer and a dropping
funnel with a pressure equalizer the hydroxyacetone tosylate (0.85 g; 0.7 mL; 3.7 mmol)
in DCM (15 mL) was added. Ethane-1,2-dithiol (0.48 g, 0.57 mL, 5.1 mmol, 1.4 equiv)
in DCM (10 mL) was added dropwise to the reaction mixture (Note 1.). The progress
of the reaction was monitored by thin layer chromatography (TLC, n-hexane:ethyl acetate, 3:1).
The reaction mixture was left overnight. The crystalline precipitate of PTSA (0.73 g) was
filtered off and washed with additional DCM (10 mL). An aqueous solution of NaHCO3 satur.
was added to the filtrate in portions (30 mL, 1:2) and the resulting mixture was stirred
for 20 min. After separating the layers, the aqueous phase was extracted with DCM (30 mL).
The combined organic layers were dried over anhydrous sodium sulfate. After filtering
off the drying agent, volatiles were removed under reduced pressure. The crude reaction
mixture was obtained in the form of an oil (0.989 g). Main product was isolated and purified
by two column chromatography (1%t column: 100 g, n-hexane (0.71 g), 2" column: 100 g, n-
hexane:ethyl acetate, 0.25% up to 1.0%) yielding 2 as solid (0.41 g, 62%). Spectral data of 2
are consistent with the spectral data (*H-NMR) for product obtained in experiment 3.1.1.

Note 1.

Ethane-1,2-dithiol was added over 20 min. During the dropwise addition of dithiol reagent,
a precipitate of PTSA occurred.

3.3 Dithioketalization of hydroxyacetone tosylate with propane-1,3-dithiol in an atmosphere
of air

SH
S
HS(CH,);SH //// S 5 O( /><
2)3 N +
i) 1.5 equiv; air; s )<S/\/\S>& S S/\/\S s S
CH,Cly; rt., 24h L S S \\)
S

7 (1.6%) 8 (34%) 9 (28%)
o)

)K/OTS ]

hydroxyacetone
tosylate

SH
//// S S S
HS(CH,)3SH /§<
I Al 7 <L I
ii) 2.0 equiv; air; s S - S/\/\S * s S/\/\s s S
CH,Cly; rt., 24h L S S \\)
S

7 (50%) 8 (4%) 9 (3%)
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Reactor load:

Mode i) 1.5 equiv dithiol reagent Mode ii) 2.0 equiv dithiol reagent
Hydroxyacetone tosylate: 1.10 g; 0.85 mL; | Hydroxyacetone tosylate: 1.10 g; 0.85 mL,
4.8 mmol. 4.8 mmol.

Propane-1,3-dithiol: 0.78 g; 0.72 mL; 7.2 Propane-1,3-dithiol: 1.04 g; 1.1 mL, 9.6
mmol. mmol.

Dry DCM: 30 mL. Dry DCM: 30 mL.

General procedure

To a two-necked round-bottom flask (100 mL) equipped with a magnetic stirrer and a dropping
funnel with a pressure equalizer the hydroxyacetone tosylate in dry DCM (15 mL) was added.
Then, propane-1,2-dithiol in dry DCM (10 mL) was added dropwise to the reaction mixture
(Note). The progress of the reaction was monitored by thin layer chromatography (TLC, n-
hexane:ethyl acetate, 3:1). The reaction mixture was left overnight. The crystalline precipitate
of TsOH was filtered off and washed with additional DCM (10 mL). An aqueous solution
of saturated NaHCO3z was added to the filtrate in portions (30 mL, 1:2) and the resulting mixture
was stirred for 15 min. After separating the layers, the aqueous phase was extracted with DCM
(30 mL). The combined organic layers were dried over anhydrous sodium sulfate. After filtering
off the drying agent, volatiles were removed under reduced pressure. The crude reaction
mixture were obtained in the form of an oil. Products was isolated and purified by column
chromatography. Flowsheet 3.3.1 shows isolation and purification of three main products.

Note:Propane-1,2-dithiol was added over 20 min. During the dropwise addition of dithiol
reagent a precipitate of PTSA occurred.

Post-reaction
mixture

filtration

evaporation

solid crude reaction

mixture
(1.13 g) (0914 g)

chromatographic column
(115 g, n-pentane:diethyl ether
from 0.0 % through 2% and 3%)

Fl F2 F3
(0.02 g) 033 g) 0.27 g)

Legend:
Fractions was identified: F1 as a product 7; F2 as a product 8 and F3 as a product 9.
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Flowsheet 3.3.1 Scheme of isolation of products 7, 8 and 9 in mode i) 1.5 equiv dithiol
reagent.

Isolation of the main products in mode ii) (2.0 equiv dithiol reagent) was carried out
analogously such as mode i) and delivered product 7 (0.61 g) as a oil; product 8 (0.049)
and product 9 (0.03 g) as a oil.

Spectral data of 3-[(2-methyl-1,4-dithiepan-2-yl)sulfanyl]propane-1-thiol, 7, (mode i) 0.02g,
1.6% yield; mode ii) 0.61 g, 50% yield).

st IR (ATR) (cm™): 71=2955; 2916; 2843; 2537 (S-H); 1439; 1408; 1367; 1342;
1305; 1253; 1218; 1060; 907; 844; 730; 686.

;Ss IH NMR (500 MHz, CDCls): §=3.29-3.22 (m, 1H, SCSCHHax); 3.04 (s, 2H,
Q/ CHsCCHy); 3.02-297 (m, 1H, SCSCHHe); 2.95-2.89 (m, 1H,
s CH3CCH>SCHHayx); 2.83-2.77 (2m, 3H, CH2SCCH>SCHHeq); 2.68-2.64 (m,

2H, CH2SH); 2.13-1.99 (m, 2H, CH3CCH>SCH2CHy); 1.93 (p, J 7.0, 2H,
CH2CH2SH); 1.66 (s, 3H, CHa); 1.41 (t, J 8.1, 1H, SH) ppm.
13C NMR (125 MHz, CDCls): 6=60.8; 52.0; 34.1; 33.1; 31.7; 29.1 (2C); 27.6; 23.7 ppm.
MS (El+), m/z (%): 254 ([M]*, 5); 149 (12); 148 (14); 147 (100); 133 (5); 106 (49); 74 (10); 73
(21); 60 (13); 46 (11); 42 (17).
HRMS for Cy9H1s8S4 calcd: 254.0291; obsd: 254.0292.

Spectral data of 2,2'-[propane-1,3-diyldi(sulfanediyl)]bis(2-methyl-1,4-dithiepan), 8 (mode
1) 0.33 g, 34% yield; mode ii) 0.04 g, yield 4%).

1217; 1059; 889; 844; 731, 686.

'H NMR (500 MHz, CDCl3): $=3.28-3.22 (m, 2H, 2xSCSCHHax);
3.03 (s, 4H, 2xCH3CCHy); 3.02-2.96 (m, 2H, 2XSCSCHHey); 2.94-2.89 (m, 2H,
2XCH3CCH2SCHHayx); 2.83-2.75 (m, 6H, 2xCH>SCCH2SCHHeq); 2.13-1.99 (m, 4H,
2XCH3CCH2SCH2CH_); 1.95 (p, J 7.3, 2H, CH2(CH2SCCHBa)z2); 1.65 (s, 6H, 2xCHs) ppm.
13C NMR (125 MHz, CDCls): $=60.9 (2C); 52.1 (2C); 34.3 (2C); 31.9 (4C); 29.3 (2C); 29.3
(2C); 28.9 ppm.
HRMS for C1sH28SeAg calcd: 508.9562; obsd: 508.9522.

s s IR (ATR) (cm™): $=2953; 2914; 2851; 1438; 1408; 1366; 1305; 1253;
(K )

Spectral data of 2-methyl-2-[(3-{[(2-methyl-1,3-dithian-2-yl)methyl]sulfanyl}propyl)
sulfanyl]-1,4-dithiepane, 9 (mode i) 0.27 g, 28% yield; mode ii) 0.03 g, yield 3%).

s IR (ATR) (cm™): $=2950; 2908; 2853; 1438; 1423; 1409; 1366; 1305;
(){ /74 1275; 1252; 1217; 1140; 1060; 906; 884; 728; 674.
s/ T TS IHNMR (500 MHz, CDCl3): 6=3.28-3.22 (m, 1H, C(CH3)SCHHax. (7-
membered ring)); 3.18 (s, 2H, CH3C(6-membered ring)CHy); 3.03 (s,
2H, C(CH3)CHo>, (7-membered ring); 3.02-2.89 (m, 4H, C(CH3)SCHHeq. (7-membered ring)
and 2xSCHHax. (6-membered ring) and CH2SCHHay. (7-membered ring)); 2.83-2.73 (m, 7H,
CH2SCHHeq (7-membered ring) and 2XSCHHeq, (6-membered ring)
and CH3CSCH>CH2CH>SCH2CCH3); 2.13-1.86 (m, 6H, 3xSCH2CH>); 1.67 (s, 3H, C(6-
membered ring)CH3); 1.66 (s, 3H, C(7-membered ring)CHs) ppm.

11
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13C NMR (125 MHz, CDCls): §=60.8; 52.0; 49.3; 44.0; 34.1; 33.4; 31.8; 29.4; 29.1 (2C); 28.2;
27.5; 26.8 (2C); 24.8 ppm.

MS (El+), m/z (%): 400 ([M]", 0.3), 253 (37), 149 (15), 148 (14), 147 (100), 133 (63), 107 (8),
106 (10), 105 (5), 73 (21), 60 (13), 46 (9), 42 (13).

HRMS for C15H28Ss calcd: 400.0515; obsd: 400.0521.

3.4 Dithioketalization of hydroxyacetone tosylate with propane-1,3-dithiol in an atmosphere
of argon

3.4.1 Dithioketalization of hydroxyacetone tosylate with catalyst and 1.1 equiv dithiol reagent
and argon atmosphere

o HS(CH,),SH m
—_— T =
)J\/OTS 1.1 equiv; S><S

BF4Et,0;
32 10 (14%)

hydroxyacetone
v Y argon; 0 °C

tosylate

Under an atmosphere of argon in heat gun dry a two-necked round-bottom flask (250 mL)
equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone tosylate in dry DCM (0.91 g; 3.99 mmol; in 10 mL of DCM) was added.
Reaction mixture was cooled to 0 °C in ice bath and boron trifluoride etherate (0.62 g;
0.54 mL; 4.4 mmol; 1.1 eqiuv) was added dropwise followed by the dropwise addition
of propane-1,3-dithiol (0.47 g; 0.44 mL; 4.34 mmol; 1.1 equiv) in DCM (20 mL) (Note 1.).
The progress of the reaction was monitored by thin layer chromatography (TLC, n-hexane:ethyl
acetate, 4:1). The reaction mixture was kept at a 0 °C for 20 min., then water bath was removed
(Note 2.). The reaction mixture was left to stir for 24 hours. Then, a mixture of saturated
solution of NaHCO;3 (10 mL) and water (20 mL) were added to the reaction mixture and the
resulting mixture was stirred for 20 min. After separating the layers, the aqueous phase was
extracted with DCM (30 mL). The combined organic layers were dried over anhydrous sodium
sulfate. After filtering off the drying agent, volatiles were removed under reduced pressure. The
crude reaction mixture was obtained in the form of an oil (0.89 g) (Note 3.). Flowsheet 3.4.1
shows isolation and purification of main product. Product 10 was obtained as an oil (0.08 g,
14%).

Note:

1. Propane-1,2-dithiol was added over 45 min.

2. After warming the reaction mixture to room temperature, the reaction changes color from
colorless to yellow.

3. After standard work-up a precipitate of PTSA occurred.

12
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Post-reaction
mixture

filtration
evaporation
solid crude reaction
0.4 g) mixture (0.5 g)
18t Chromatographic column
(22 g, eluent n-hexane)
F1 F2
(0.141 g) (0.083 g)
2™ Chromatographic column 3 Chromatographic column
(25 g, eluent n-hexane) (10 g, eluent n-hexane)

* * % %

FIF1 F1F2 FIF3 F2F1 F2F2 F2F3

4 Chromatographic column
(20 g, eluent petroleum ether)
kosksk

F1F3, F2F1

* - The 'H-NMR spectra of fractions F1F3 and F2F1 showed the presence of product 10,
** - The 'H-NMR spectrum of the F2F2 fraction showed chromatographically pure product 10,
*** . The 1H-NMR spectrum of the F1F3, F2F1 fractions showed chromatographically pure product 10.

Fractions F2F2 and F1F3, F2F1 were combined and labeled as product 10.
Flowsheet 3.4.1 Scheme isolation and purification of product 10.
Spectral data of 2,2-dimethyl-1,3-dithiane, 10 (0.08 g, yield 14%):

"H-NMR spectral data for 10 are consistent with the literature [11].

'H-NMR (500 MHz, CDCls): 6=2.89 (tpseudos J 5.7, 4H, 2xSCH>); 1.99-1.95 (m, 2H,
.8 SCHaCH); 1.70 (s, 6H, 2xCH).
13C-NMR (125 MHz, CDCls): §=45.3; 30.8 (2C); 27.1 (2C); 25.2.

13
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3.4.2 Dithioketalization of hydroxyacetone tosylate with out catalyst and 1.1 equiv dithiol
reagent and argon atmosphere

S S ) S )
{ ><7 s o{ s
\ \
0 S s S
HS(CH,)SH . . TeOH
)J\/OTS 1.1 equiv; s
hydroxyacetone argon; rt.

S
tosylate :> :>
S S
)

1 (17% 12 (7%) 13

Under an atmosphere of argon in heat gun dry a two-necked round-bottom flask (50 mL)
equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone tosylate in dry DCM (0.92 g; 4.03 mmol in 10 mL) was added. Then,
it was added dropwise to the reaction mixture propane-1,3-dithiol (0.49 g; 0.45 mL; 4.53
mmol; 1.1 equiv) in dry DCM (5 mL) (Note). The progress of the reaction was monitored
by thin layer chromatography (TLC, n-hexane:ethyl acetate, 3:1). The reaction mixture was left
overnight. The crystalline precipitate of TSOH (0.59 g) was filtered off and washed with
additional DCM (10 mL). Then, a mixture of saturated solution of NaHCO3 (10 mL) and water
(20 mL) were added to the filtrate, and the resulting mixture was stirred for 20 min.. After
separating the layers, the aqueous phase was extracted with methylene chloride (30 mL). The
combined organic layers were dried over anhydrous sodium sulfate. After filtering off the
drying agent, volatiles were removed under reduced pressure. The crude reaction mixture were
obtained in the form of an oil (0.78 g).

Flowsheet 3.4.2. illustrates the isolation of the main products. Chromatographically pure
product 11 (0.17 g; 17%) and product 12 (0.06 g; 7%) was obtained as an oil.

Note:
After approximately 5 min., during the dropwise addition of propane-1,3-dithiol, a precipitate
of PTSA occured.

14
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Post-reaction
mixture

filtration
evaporation
solid crude reaction
mixture
(0-59 g) 0.78 g)
1! chromatographic column
(80 g, eluent: n-hexane:ethyl acetate, 7% and 10%)
F1 F2 F3
(0.184 g) (0.033 g) (0.083 g)
2" chromatographic column
. . o
(8 g, eluent: n-hexane:ethyl acetate, 3%) nd chromatographic column
(3 g, eluent:

n-hexane:ethyl acetate, 3%)

FIFO FIF1 F1F2 FIF3 F1F4 F3F3
(0.02 g) (0.023 g) (0.085 g) (0.039 g) (0.045 g) (0.057 g)

Legend:

The 'H-NMR spectra of the FIF2, FIF3 and FIF4 fractions were the same. These fractions were
combined and labeled as product 11. F3F3 fraction, chromatographically homogeneous
in the confirmed eluent system (TLC, n-hexane:ethyl acetate, 3:1), was labeled as product 12.

Flowsheet 3.4.2 Scheme of isolation of main products 11 and 12 from the reaction mixture.

Spectral data of 2,2'-[disulfanediylbis(propane-3,1-diylsulfanediyl)]bis(2-methyl-1,3-
dithiane), 11 (0.17 g; yield 17%):
IR (ATR) (cm™): 9=2904; 2850; 2826; 1436; 1421; 1365; 1276; 1238;
<:S><7$/_S> 1140; 1065; 998; 906; 867; 852; 815; 728; 704; 673; 658.
s s "H-NMR (500 MHz, CDCls): §=3.18 (s, 4H, 2xCH3CCH>); 2.96-2.90 (m,
4H, 4xSCHH.,); 2.81-2.74 (m, 12H, 4xSCHH., and (SCH>CH2CH:S)»);
SS 2.08-1.99 (m+p, 2H+4H, J 7.1, 2xSCH2CHH,.. and (SCH2CH>)2); 1.95-
§< 1.86 (m, 2H, 2xSCH2CHH...); 1.67 (s, 6H, 2xCH;).
s— BC-NMR (125 MHz, CDCl:): 8=49.4 (2C); 44.1 (2C); 37.2 (2C); 32.7
(2C); 29.0 (20); 27.6 (2C), 26.8 (4C); 24.8 (20).
MS (EI+); m/z (%): 506 ((M]", 0.4); 253 (19); 149 (7); 148 (7); 147 (76); 135 (10); 134 (8), 133
(100); 107 (8); 106 (11); 105 (5); 73 (16); 60 (12); 46 (8); 42 (13).
HRMS for Ci3H34Ss: calcd: 506.0426; obsd: 506.0411.
15
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Spectral data of 1-({3-[(3-{[(2-methyl-1,3-dithian-2-yl)methyl]sulfanyl}propyl)disulfanyl]
propyl}sulfanyl)propan-2-one, 12 (0.06 g; yield 7%):

IR (ATR) (cm’ D: 9=2915; 2850; 2829; 1702 (C=0); 1421; 1354; 1294; 1277,
O:<’S/_S> 1236; 1147; 1065; 999; 906; 729; 705; 673.

\ 1H-NMR (500 MHz, CDCl3): 6=3.23 (s, 2H, C(O)CHz); 3.18 (s, 2H,
CH;CCH:); 2.96-2.90 (m, 2H, 2xSCHH..); 2.81-2.74 (m, 8H,
(SCH>CH2CH:S)2); 2.61 (tpseudo, 2H, J 7.1, 2xSCHH,,); 2.30 (s, 3H
C(0)CH3); 2.08-1.86 (m, 6H, 3xSCH2CH>); 1.67 (s, 3H, CHs).

BC-NMR (125 MHz, CDCls): 8=203.7 (C=0); 49.4; 44.1; 41.8; 37.2; 37.1;
32.7;30.5;29.0; 28.1; 27.8; 27.6; 26.8 (2C); 24.8.
MS (EI+); m/z (%): 416 (IM]", 0.4); 253 (21); 163 (12); 149 (6); 148 (6);147 (69); 135 (11);
134 (8); 133 (100); 107 (7); 106 (15); 105 (6); 73 (19); 60 (9); 46 (8); 42 (12).
HRMS for C15H230Ss: calcd: 416.0464; obsd: 416.0463.

3.4.3 Dithioketalization of hydroxyacetone tosylate without catalyst and 1.5 equiv dithiol
reagent and argon atmosphere

(e} m
HS(CH,)3;SH
M ore hstCHash @( N v
1 5 equiv; \\)

hydroxyacetone argon; CH,Cly; r.t.
tosylate 10 (2"/) 9 (10%) 13

To a two-necked round-bottom flask (100 mL) heated in a stream of argon then cooled to room
temperature, equipped with a magnetic stirrer and a dropping funnel with a pressure equalizer
the hydroxyacetone tosylate (1.10 g; 0.85 mL; 4.8 mmol) in dry DCM (10 mL) was added.
Propane-1,3-dithiol (0.77 g, 0.72 mL, 7.12 mmol, 1.5 equiv) in DCM (15 mL) was added
dropwise to the reaction mixture. The progress of the reaction was monitored by thin layer
chromatography (TLC, n-pentane:ethyl acetate, 9:1). The reaction mixture was left overnight.
The crystalline precipitate of TSOH (1.16 g) was filtered off and washed with additional DCM
(10 mL). Then, a mixture of saturated solution of NaHCO3 (10 mL) and water (20 mL) were
added to the filtrate and the resulting mixture was stirred for 25 min.. After separating the layers,
the aqueous phase was extracted with methylene chloride (2x15 mL). The combined organic
layers were dried over anhydrous sodium sulfate. After filtering off the drying agent, volatiles
were removed under reduced pressure. The crude reaction mixture were obtained in the form
of an oil (0.875 g). The oil was colorless in the beginning, during workup and storage it has
changed color from colorless to almost black. Mixture of product was isolated and purified by
column chromatography. The flowsheet 3.4.3 shows the isolation of the main products 9 and
10 and trace of 13.
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Post-reaction
mixture

filtration

evaporation

solid crude reaction
(1.16 g) mixture (0.875g)

chromatographic column
(100 g, n-pentane:diethyl ether
0% and 2%)

l

Fl F2 F3
(0.013 g) (0.096 g) (0.008 g)

Legend:
Fractions was identified: F1 as a product 10; F2 as a product 9 and F3 as a TsSOH, 13.

Flowsheet 3.4.3 Scheme shows the isolation of the main products 9 and 10.

Q Spectral data of 2,2-dimethyl-1,3-dithiane, 10 (0.01 g; 2% yield) are consistent with
the compound 10 obtained above (pkt 3.4.1.).

s yl)methyl)thio)propyl)thio)-1,4-dithiepane, 9 (0.10 g; 10% yield)
are consistent with the compound 9 obtained above. (pkt 3.3.)

S
(\)(S/\/\S/%S Spectral data of 2-methyl-2-((3-(((2-methyl-1,3-dithian-2-
S\\)

O on Spectral data of 4-methylbenzenesulfonic acid are consistent with literature

s [12]:
/@f "0 IH NMR: (500 MHz, acetone-de): §=7.79 and 7.42 (2d, J 8.2, 4H, 4xArH);
2.44 (s, 3H, CH).
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5. Spectra 'H-, BC-NMR, MS, HRMS and IR of obtained compounds
WF-22F1F1F1 1H_CDC13 + 0.03% TMS, 25 st. C
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WF-22F1F1F1 13C_CDCL13 + 0.03% TMS, 25 st. C
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G. Groszek AUTOSPEC 22-Febh-2024 14:12:49
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Elemental Composition Report > Page 1
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Single Mass Analysis . (s

Tolerance = 20.0 PPM / DBE: min =-1.5, max = 150.0 (f

Selected filters: None S 3

Monoisotopic Mass, Odd and Even Electron lons

50 formula(e) evaluated with 3 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-200 5:0-11

G. Groszek AUTOSPEC 23-Feb-2024 14:22:59
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finimum: -1.5
faximum: 3 2 150
253 Talc Ja=s= mDa EEM LEE i-FIT Formula
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WEF_1B8.1_FZ K 1H CDCcl3, 25 st.
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

derivative - mechanistic considerations

WE-18.1F2K 13C_CDC13 + 0.03% TMS, 25 st. C

™ O o — 0o o0 - o0~
— - o o N
r— - r- u’} =3 e I Bt |
%3 \l/ | V
S S/\/S SA)
s 2 R “ =
N;‘J | ol
| ‘ |
|| || | I
Y R N 4 oo
L e s
30.0  29.5 29.0  28.5 28.0 ppm
J |
| | | I | | | I | | | I | | | I | | | I |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

a WF22F2K @

i /]2
©
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(o]
—
i (9] o
80 - q =
i @ L bl 3
g) - ':_ =
f of el | ©
75 - i b =
e | @ @& ES
8 H =) &
= 70 - o ol 3 &
@ . @© AR e
= N o~ | o I
® o | 9g|ly i @
B : © ~ N = ™
& 65 - - Q G| fw
i S - = ||E= S
& il I
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@
H 2] R
601 & g2
< @ =1
2 212 g
i ~N = o
1 $ e B
o s 8
- o & =
504 T N o
1 P =
| £ 3 5
457 8 N
1 T I N
— - 73]
i
o
40 - r
.' . " . . 1 . . . L 1 il T T 1 1 ' T 1 al 1 v 0 0 T 1 0 . . il 1 2] . T
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

G. Groszek AUTOSPEC 22-Feb-2024 13:05:02
WF22 F2K Operator: Klara Nestorowicz
pr_gg0642 51 (4.156) Cm (47:62) Magnet El+
100+ 133.2 5Gde3

P
[

S 2

%

2250
coc 1322
15 105.3
455 || T34 2 227.0
585 02043 192 || _
. |I.‘ ||| .WII..I. .||||.. s IMMI |.‘. W, 1851 1839 1931 ( 358.0

40 60 80 100 120

T T T T T T T T T T T T T T T T T T T T T T ranZ
140 160 180 200 220 240 260 280 300 320 340 360 380 400
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

Elemental Composition Report >@ Page 1

Single Mass Analysis s
Tolerance = 20.0 PPM / DBE: min=-1.5, max = 150.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

33 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-200 S:0-8

G. Groszek AUTOSPEC 23-Feb-2024 13:50:10
WF22 F2K Operator: Klara Mestorowicz
pr_ggl642n 270 (10.298) Cm (268:281) Voltage El+
358.0052 643
100+
0 —
i 360.0009
330.93894 380.9671
I 3429843 361.0031 3869792 5
- (1331 872 [ 243,000 354.9792 o0 378.9728 381.9657 326.9504
0 |"||'|||J|'|i'_||||||||||||_'|'J|"T|'|||||T||||‘|||||||||||||||||i||| |||||||||="|_i'|_|'|‘|||||‘||‘|‘|i'?|'f|i'|'l| IR EEENAREENENEE N RANEE RRREE miz

'
3300 3350 34000 3450 350.0 355.0 360.0 365.0 3700 ars.0 380.0 3850 3590.0

Minimums: -1.5

Maximum: 3.0 20.0 150.C

Mass Calo., Mass mDa EEM LEE i-FIT Formula
= (= 250 AL c a - T
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WF_22F1powt 1H CDC13 + 0.03% TM3, 25 st. C
=
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R T T Sy vy IlI AL g A S
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L e
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S
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WE-22F3 13C_cDCl3 + 0,03% TMS, 25 st.C
= =R

- [~ W 3‘-
SA(/ ol ol =
W [/

[

-0.0

39,6

—26.8

RSN SUURSO.  | R N ISV

| | | T | | | | | | | | | | T T | | | | | | T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

a WF22F3 27.05.2023 @

95 -

904 SAH

85 -

2960,63

80 -

340017
285747

75-

704

2921 47

1151,58
681,16

65+

1423,18
973,48

60 -

55 -
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254

20-
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

G. Groszek AUTOSPEC 22-May-2023 12:09:47

WF22F3 Operator: Marian Olejnik

rz_gg1434 28 (2. 282) Cm (28:38) Magnet El+

o 2

100 o 119.2 241e3
S

(s

1

59.4
614 150.1
£3.4 1211
455
575
396 }4?.5 W 69.4 91.2 122 1 1351 152 1
II II L III | | T S?g‘ I| |8|4|..|4 |I L : TBISTTS IQD-S...I] | IIE'2I2 105290?-2I T T l/ T 1?’;‘"1 Il/. T T T } r/ T T rn:'rz
40 50 60 70 80 90 100 110 120 130 140 150 160
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

derivative - mechanistic considerations

Elemental Composition Report

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min=-1.5 max = 150.0

Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons
1 formulale) evaluated with 1 results within limits {up to 50 best isotopic matches for each mass)

Elements Used:
C:0-100 H:0-200 O: 11

124 goag135.8862
f i

/52_:,.?9 155.c:|:|:3}5?_“4? o 155.9943.]153.9?35

147.0044. 140 003

Page 1

23-May-2023 14:47:44
O perator: Marian Olejnik
Violtage El+

1.02=3

168.0916

170.0045
e L

G, Groszek
WF22F3
rz_gg1434h1t 43 (1.641) Cm (37:44)
100+ 130.2220
35—
1 1207011 |'31.9859
I:!'I""|---|--.
127.5 130.0 1325

A 1
167.5 170.0

Z



Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

derivative - mechanistic considerations

Dawid T. LEJA, et al.

C

25 st.

r

1H CDC13 + 0.03% TMS
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WE-11_F2 13C_CDC13 + 0.03% TMsS, 25 st.cC

o O 0 o oo 4 WO O
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WD uf T WOy =g o

SA(/ = o 01 o 1
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WF-11_F2 13C_CDC13 + 0.03% TMS, 25 st.C

M oo ) o0 o] D o
OH o i o WO uy = o
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° |
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

i WF 11F2 )

95 -
90 -

85
§ S

80 -

2828,03

(m\
3419,27
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2866,81
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704
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65
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60 -

2920,96 2907 30
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

G. Groszek AUTOSPEC 22-May-2023 12:25:16
WF11F2 Operator: Marian Olejnik
rz_gg1435 60 (4.890) Cm (53:64) OH Magnet El+
’ .
100~ s\ J 1332 242e3
P
4
==
59.4
164.1
1352
416 455 614
396 585 734 75.4
714 : 147 1 165.1
WI 11 T | ‘ |55-5-T1 H I| 64;'-4 I\\] ||Ir T Blg-aglfll-ler T gqla 1055"%1'(]?-2 T |.123'|2 T T (136;2 T | r|149|1 T + II/; T T erZ
40 50 60 70 80 90 100 110 120 130 140 150 160 170
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

Elemental Composition Report

Single Mass Analysis
Tolerance =200 PPM / DBE: min=-1.5 max = 150.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons
2 formulale) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-200 Oc1-1 S5:2-2

Page 1

. Groszek AUTOSPEC 23-May-2023 15:16:23
WF11F2 Operator: Marian Olejnik
rz_gg 1435h 57 (2.174) Cm (56:68) Voltage El+
. 120.0017 2.11e3
1 1680888
%_
| 161.9008 164.0327 180,084
1 1 182.8977
| 142.9920 ; 154.9820 ; B8.87ag 181.0015
, " 1a3.0oms 140.9912.050.9985 00 pon [ gssgosy (010848 o 1898840 4750013 180.9402. " 188.0012 457 no78 192 2205, |.193.0178 )
LI L L L L L L B L L L LA B L IR NI BN IR L L L B L L B ¥ e e e iz
140.0 45.0 150.0 155.0 160.0 165.0 170.0 175.0 180.0 185.0 160.0 105.0
-1.5
= 20 150.4
fassg Calc. Mass mDa FEL DEE i-FIT Formula
184.0327  1&4.0330 —0.3 -1.8 1.4 3.z e ELZ 0 a2
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

WEF-18_1F1 1H CDC13 + 0.03% TMS, 25 st. C
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o L — OO T 0~ L
N oo NN”\]NHDGDGGmmJj =
2\3 . L .‘_,.,-_.,__,., o PR =)
S\) Ty 'I__\I_::*I\I.I ¥ I""‘l—JI-_AIrI—I.—cn—! |
5 _%P% i//
Th = T N OO o R =
— — OO 3 oy 0D 00 [~
[ ot B | o O o O O
3 00 ) 0 ) o) 07 07 )
|
INYY/ N
| ﬂ
"F| |‘ || |fl| lq
f
it i
lI|1LI| || ‘||J|
1 AN
|| |I || ||
_ e N
[ T I T ]
3.20 3.15 3.10 pPpm
e . — PE— — e
""""" I IR AL N N N D D R B
11 10 9 8 7 5 4 3 2 1 0 ppm

40



Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

derivative - mechanistic considerations

WE-18.1F1 13C_CDC13, 25 st.cC
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WF18.1 _F3F1 1H_CDC13,

Lo = s T n B - T s u [l
fom R O O S w [
e A o = [=}
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| |'u| l'ul |I | “
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

WF-18.1F3 13C_cCDCl3 + 0.03% TMS, 25 st.C
- 01— oo o O~ 00 O W O W =
o ~ [~ 0 6l o] o0 o o
o o = [~ N = o e 09 o1 o O I
oo | - so aa N/ | NN\ |
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o o e 0101 o o
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

awmsn F3

TR P—————_

92

so-f Oj/
w7
841 s
821

804

784

% Transmitancji
=]
1

2853,62

2956,75

2904 86

2 - - - :
2000
Liczby falowe (cm-1)

1274 50\ e

1353,94

1367,89

933,41

998,60

1138,13

1177,89

1058,59

1201,63

1234 85

893,88

839,90

758,31

662,72

682,79

719,87
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

G. Groszek AUTOSPEC 22-Feh-2024 12:41:29
WF18.1 F3F1 Operator: Klara Nestorowicz
pr_gg0641 33 (2.689) Cm (33:42) Magnet El+
|

100+ 133.2 552e3

Oj/
?<S\/\S
S
s ]
6
==
436
285 734 105.3 11912322
455 ’ 135.2
013 |13 2820
465 .
714|744 923 W ‘
137.1 2840
280.0
; ||'L'”| .I|||| "l"nl ﬁ...l | I|||||| ||| i , ‘|I|| Al 1!?;1':1r"166'1| 19?.'1 , , | | , \i||/ | Mz
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

(0]
Elemental Composition Report %8\/\;(
S

Single Mass Analysis )

Page 1

Tolerance = 20.0 PPM / DBE: min = -1 5 max = 150.0

Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

50 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-100 H:0-200 ©O:0-2 5S:04

. Groszek AUTOSPEC 23-Feb-2024 131313
WF18.1 F3F1 Cperator: Klara Nestorowicz
pr_gg0641h 241 (9.192) Cm (240:254) Voltage El+
2820250 1.07e3
100
%_
] 2803824 2840218
- 2929824
1 254.9808260.9996 266 9835 268.9809774 gggg 2800096 285.0230 293 1796 304.9832307 p11g
. . . - e | =
G |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|mIZ
2500 25560 260.0 2650 270.0 2750 2800 2850 2900 2950 300.0 3050 310.0
Minimum -1.5
Maximum 3 2 150
Mass alc ASS mla PEM DEBE i-FIT Formula
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

EE-6_F1F2 14_CDC13, 25 st. C

3 2 1 0 -1 ppm

i

47



Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

derivative - mechanistic considerations

EE- 6F1F2 lH_CDIZ":I.j + ':I D3% TMS 25 St. C

R SR

|
N"| ’I

Jllhl-lh ﬂ FU‘JJ'MJ-__ J’iﬂ"‘ Lll N |1 | |||‘ -,-u'~|1"r"'lllill'1""'||-’lv'.,~+_ J'-J \ ‘L__ - B _zl llk_ __,Il'm_ .I.U \.AL.___

| | | | | | | | | | | | | | |
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R 1:0:00 G- 6 TECW W W
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

EE6G-F1FZ 13C_CDC1l3 + 0.03% TMs, 25 st c
™ O W o0 o — - o
[~ D = o = = ™ -
W Ty} I T O o [
|/
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

a EEGF1+F2

@

| ////SH

| s
’l C/
80 - 7
754

70-

% Transmitancji

es-i
60
55-:
50-:

451

291555

T
2000
Liczby falowe (cm-1)
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

G. Groszek SH AUTOSPEC 13-Nov-2023 13:52:39
EE-6F2 //// Operator: Klara Nestorowicz
pr_gg2991 108 (8.802) Cm (92:108) d Magnet El+
100, SK 147 1 3.26e3
L
7
= 106.2
734
4156 - 148.1
55 ’ 744
107 .2
615 ?5-48? 3“01-3 133.2 2540
58.4 ( ( : W ‘ ‘ 11531192 ‘1461 150 1 256.0
n ||| ! ||\ | 1 || |“II |I|||I | III N 'R N | ' I/ ' ' ; ' ; ; I ; ; mJ'Z
4{] 80 100 120 140 160 180 200 220 240 260 280
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Dawid T. LEJA, et al.
derivative - mechanistic considerations

Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

Elemental Composition Report

Single Mass Analysis S><
Tolerance = 20.0 PPM [/ DBE: min=-1.5 max =150.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

16 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-200 S:0-4

Page 1

. Groszek AUTOSPEC 15-Mov-2023 12:52:17
EE-6F2 Operator: Klara Nestorowicz
pr_gg2991h 136 (5.187) Cm (124:137) Yoltage El+
254.0282 a36
100
%_
] 2309807 254 0165 256.0207
K ;
N | 2359802 2428856 249.9868 | 256.0418 200.9743 268.9824  271.9952 )75 997y
IIIIIIIIIIIIIIIIIIIIIIrllIIIIIIIIIII‘iIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIiIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIITIImz
2300 2350 240.0 2450 2500 2550 260.0 265.0 2700 2750 2800
Minimum: -1.5
Maximum: 5.C 20.0 150
Mass Calz., Mass mDa EEM LEE i-FIT Formula

1
L
[
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1
1
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v
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I
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OOl
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
derivative - mechanistic considerations

EE_19F2 1H cpcl3 + 0.03% TMS 25 st. C

(Kmnd)

DCM

| Vi

11 10 9 8 7 6 5 2 1 0 -1 ppm
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Dawid T. LEJA, et al. Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate
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Supporting Information: “New organosulfur compounds derived from dithioketalization of hydroxyacetone and its tosylate

EE6G-F3F1 13C_cDC13 + 0.03% TM3, 25 st. C
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EE6-F4F1 1H_CDCl3 + 0.03% TMS, 25 st.
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EE6-F4F1 1H_CDC13 + 0.03% TMS, 25 st. C
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WF-8F2F2 13C_CDC13 + 0.03% TMS, 25 st.C
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WE-8F2F2 13C_CDC13 + 0.03% TMS, 2
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Elemental Composition Report

Single Mass Analysis

Tolerance = 100.0 PPM
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