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Reactions of 1-alkylsulfanyl- and 1-alkylsulfonyl-2,3,5,6-tetrafluorobenzenes
with nitromethane and DBU

Borislav V. Koshcheev, Alexander M. Maksimov and Rodion V. Andreev

General. The NMR spectra of reaction mixtures or individual compounds were recorded on Bruker AV-
300 [300.13 ('H) MHz, 282.4 (*°F) MHz], Bruker AV-400 [400.13 (‘H) MHz, 100.61 (**C) MHz], Bruker AV-
600 [150.95 (**C) MHz] or Bruker DRX-500 [125.76 (*C) MHz] spectrometers for solutions of samples in
CDCI3 or CDsCN. IR spectra were recorded on a Bruker Vector 22 spectrophotometer from pellets with KBr for
solids and from films for liquid samples. UV spectra were obtained on a Hewlett Packard 8453
spectrophotometer from solutions in ethanol. The molecular mass was determined from high resolution mass
spectra taken on a Thermo Electron Corporation DFS instrument (ionizing electrons energy 70 eV) or on vapor
pressure osmometer KNAUER K-7000. GC-MS spectra were measured on a Hewlett-Packard G1081A
instrument equipped with a gas chromatograph HP 5890 Series II and a mass-selective detector HP 5971 (EIL, 70
eV), capillary column HP-5 (5% of diphenyl-, 95% dimethylsiloxane) 30 m x 0.25 mm X 0.25 pm, carrier gas
helium, flow rate 1 mL/min. Injector temperature 280 °C, ion source temperature 173 °C. Scanning rate 1.2
scan/s in mass region 30—650 a.u.m. The melting points were measured on a Mettler Toledo Thermosystem FP-
90 apparatus. The elemental analyses were obtained on a Carlo Erba CHN-analyzer with a modified sample
combustion tube,3! after combustion, sulfur was determined by titration with BaNO; by the procedure
FR.1.31.2010.07509, and fluorine was determined by spectrophotometry.>?

Yields of products were determined by '°’F NMR spectroscopy using CsHsF or CF3CO2H as a quantitative
internal references.

Materials.

Starting compounds were commercially available products of reagent grade and, if necessary, were purified
in the usual manner before use.

Acetyl bromide and 100% HNOj3 were obtained according toS? and>* respectively.

Starting polyfluoroarenes were obtained by following literature methods: 1-(benzylsulfanyl)-2,3,5,6-
tetrafluoro-4-(trifluoromethyl)benzene ~ (1b),>  1-[(difluoromethyl)sulfanyl]-2,3,5,6-tetrafluoro-4-(trifluoro-
methyl)benzene (1¢) and 3-[(difluoromethyl)sulfanyl]-1,2,4,5-tetrafluorobenzene (1d),5¢ 1,2,4,5-tetrafluoro-3-
methanesulfonylbenzene (4a),%” 1,2,4,5-tetrafluoro-3-phenylmethanesulfonylbenzene (4b), 1,2,4,5-tetrafluoro-
3-phenylmethanesulfonyl-6-(trifluoromethyl)benzene (4d), 3-difluoromethanesulfonyl-1,2,4,5-

tetrafluorobenzene (4e), 1-difluoromethanesulfonyl-2,3,5,6-tetrafluoro-4-(trifluoromethyl)benzene (4f).5
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1,2,4,5-Tetrafluoro-3-(methylsulfanyl)-6-(trifluoromethyl)benzene (1a).

K
SH Me,s0, 5cO0, SMe
acetone, reflux
F,C F.C

3 3
la

2,3,5,6-Tetrafluoro-4-(trifluoromethyl)benzenethiol (124.92 g, 0.499 mol) was added to the mixture of
dimethyl sulfate (69.51 g, 0.551 mol) and KoCOs3 (75.41 g, 0.546 mol) in acetone (0.5 1) with stirring for 40
min. After completion of the addition, the resulting mixture was refluxed with stirring for 10.5 hours, the
progress of the reaction was monitored by '°’F NMR. When the reaction was finished, ~1/2 of resulting mixture
by volume was distilled off, residue was poured into water (1 1), organic layer was separated and washed with
water (2 % 1 1) and was steam distilled. 120.79 g (yield - 92 %) of sulfane 1a was obtained. Colorless liquid. IR
(neat, Vmax, cm™): 2943(w) (CH), 1647(s) (ArF), 1483(vs) (ArF), 1396(m) (CF), 1333(vs) (CF), 1182(s) (CF),
1147(s) (CF), 993(s) (CF), 972(s), 831(s), 715(s) (C-S). UV, Amax, nm (log €): 278 (3.97). 'H NMR [CDCl;,
400.13 MHz]: 81 2.60 (t, °Jur 1.3, 3H, CH3S) ppm; *C NMR [CDCls, 125.76 MHz]: 8¢ 16.8 (t, “Jcr 5.1, CH3S),
107.8 (qt, 2Jcr 34.9, 2Jcr 12.9, C-(6)), 122.5 (t, 2Jcr 19.0, C-(3)), 120.9 (q, 'Jcr 274.2, CF3), 144.1 (ddd, 'Jcr
260.8, 2Jcr 17.3, 3Jcr 1.4, C-(2,4) or C-(1,5)), 146.3 (ddt, 'Jcr ~247, 2Jcr ~14, **Jcr ~4, C-(2,4) or C-(1,5)),
ppm; F NMR [CDCls, 282.4 MHz]: 8F -141.9 (m, 2F, F-(1,5)), -135.0 (m, 2F, F-(2,4)), -57.5 (t, *Jrr 21.7, 3F,
CF3) ppm. Anal. caled for CsH3F7S, %: C 36.37; H 1.14; F 50.34; S 12.14; M" 263.9838. Found, %: C 36.48; H
1.45; F 50.33; S 12.22; M" 263.9842.
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IR spectrum of 1a.
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"H NMR spectrum of 1a.
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F NMR spectrum of 1a.
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1,2,4,5-Tetrafluoro-3-methanesulfonyl-6-(trifluoromethyl)benzene (4c).
OO0
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la 4c
Glacial AcOH (150 ml, ca 2.62 mol) was added to the water solution of H>O2 (33 %, 150 ml, ca 1.64 mol),

then sulfane 1a (45.36 g, 171.71 mmol) was added with stirring. Resulting mixture was stirred at 105 °C for 6 h,
progress of reaction was monitored by '’F NMR. After completion of the reaction, the mass was cooled to -
20°C, the resulting crystals were filtered and washed first with ice water (100 ml), then with an aqueous
solution of Na;COs (5 %, 2 x 100 ml), then with ice water until neutral, the resulting product was dried in air
stream, 47.94 g (yield - 94 %) of arene 4¢ was obtained. White crystals. Mp 112-113 °C. IR (KBr, Vmax, cm™):
3026(w) (CH), 3010(vw) (CH), 2928(vw) (CH), 1655(vw) (ArF), 1483(s) (ArF), 1338(s) (SO2), 1186(m) (CF),
1163(m) (CF), 1149(vs) (SO2), 978(s) (CF), 775(w) (C-S), 717(m) (C-S). UV, Amax, nm (log €): 289 (3.49). 'H
NMR [CDCls, 300.13 MHz]: 8u 3.37 (s, 3H, CH3SO:) ppm; *C NMR [CDCls, 125.76 MHz]: 8¢ 45.8
(CH3S0»), 114.6 (qd, 2Jcr 35.4, 2Jcr 12.5, C-(6)), 120.0 (q, 'Jcr ~276, CF3), 123.9 (t, 2Jcr 14.8, C-(3)), 143.1 —
145.9 (m, C-(1,2,4,5)) ppm; "’F NMR [CDCls, 282.40 MHz]: 8¢ -137.1 (m, 2F, F-(1,5)), -135.8 (m, 2F, F-(2,4)),
-58.0 (t, “Jrr 22.1, 3F, CF3) ppm. Anal. caled for CsH3F70,S, %: C 32.44; H 1.02; F 44.90; S 10.83; M*
295.9737. Found, %: C 32.30; H 1.36; F 45.22; S 10.70; M" 295.9736.
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IR spectrum of 4c.
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"H NMR spectrum of 4c.

1,2,4,5tetrafluoro-3-methanesulfonyl-6-(trifluoromethyl )benzene (1g)
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F NMR spectrum of 4c.
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Reactions of 1-alkylsulfanyl and alkylsulfonyl-4-X-2,3,5,6-tetrafluorobenzenes with nitromethane
(general procedure). To a certain volume of a solution containing DBU (concentration ~2M) and nitromethane
(concentration ~13M) in the selected solvent cooled to the reaction temperature, the same volume of ~1M arene
solution was added. The addition should be slow to avoid overheating of the reaction mass. The obtained
mixture was stirred for the definite time, progress of reaction was monitored by '°F NMR. At the end of the
reaction, the mixture was poured into a ~3% aqueous HCI solution containing a 2-fold molar excess relative to
DBU and cooled to 0 °C. The mixtures were then processed as shown below:

1) In case of sulfanes 1a-d and sulfones 4e-f the mixture was extracted with Et;O (2x150 ml in case of 1a-
b, d, 4e.,f, 2x20 ml in case of 1c¢), the combined organic layer was dried MgSQs, the solvent was evaporated, the
residue processed as shown in every individual example.

2) In case of sulfones 4a,b, the mixture consisting of precipitate and aqueous solution was washed with
hexane (3x250 ml) with stirring. The organic layer was separated, the residue was cooled to 3 °C, the
precipitate was filtered, washed with water and dried in air stream. The hexane solutions were combined, the
solvent was evaporated, the residue was analyzed by 'H, '°’F NMR and GC-MS.

3) In case of sulfones 4¢,d, the mixture was extracted with hexane (2x400 ml), the combined organic layer
was evaporated, the residue was steam distilled, thus, 1,2,4,5-tetrafluoro-3-(nitromethyl)-6-
(trifluoromethyl)benzene (6') was obtained. The residue after distillation was separated from water and

recrystallized from CHCls, thus, nitromethyl derivatives were obtained.
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1,2,4-Trifluoro-3-methylsulfanyl-5-nitromethyl-6-(trifluoromethyl)benzene (2a).
NO,
CF;  CH,NO,, bBU CF; ozN/j@)/CF3
: > +
MeS DMEF, 0°¢C MeS MeS

1a 2a 3a

From sulfane 1a (26.95 g, 102.02 mmol) in DMF (100 ml), nitromethane (82.36 g, 1.35 mol) and DBU
(34.45 g, 226.29 mmol) in DMF (100 ml) at 0 °C for 6.5 h, a 30.10 g of mixture was obtained containing
compounds 2a and 3a with ratio 93 : 7 according to "F NMR. A 27.60 g of mixture was obtained after
distillation under reduced pressure (86-96 °C, 0.17-0.12 mmHg) containing sulfane 2a according to '’F NMR
(PhF) (yield - 82 %). Pale yellow oil. IR (neat, Vmax, cm™): 3049(vw) (CH), 2997(vw) (CH), 2931(w) (CH),
1620(m) (ArF), 1568(vs) (NO2), 1473(vs) (ArF), 1441(s) (CF), 1371(vs) (NO2), 1323(s) (CF), 1298(s) (CF),
1176(s) (CF), 1140(s) (CF), 1117(s) (CF), 1001(s) (CF), 951(m) (C-NOz), 779(w) (C-S), 723(m) (C-S), 611(m)
(C-NO2). UV, Amax, nm (log €): 286 (3.88). 'H NMR [CDCl3, 300.13 MHz]: 8 2.61 (s, 3H, CH3S), 5.64 (s, 2H,
CH2NO») ppm; 3C NMR [CDCls, 150.91 MHz]: ¢ 16.7 (d, *Jcr ~5, CH3S), 67.8 (CH2NO3), 110.9 (dd, 2Jcr
19.7, 3Jcr 3.5, C-(5)), 117.1 (qdd, 2Jcr 33.5, 3Jcr 9.3, 3Jcr 2.3, C-(6)), 121.8 (dd, %Jcr 24.3, 2Jcr 17.3, C-(3)),
121.8 (q, 'Jcr 275.1, CF3), 145.7 (dd, 'Jer 261.3, 2Jcr 16.2, C-(1)), 151.7 (ddd, 'Jcr 254.3, 2Jcr 15.0, *Jcr 6.9, C-
(2)), 156.5 (dt, LJcr 247.4, 34 Jcr ~4, C-(4)) ppm; F NMR [CDCls, 282.4 MHz]: 8F -139.9 (qdd, “Jrr 26.3, 3Jrr
21.7, °Jer 13.2, 1F, F-(1)), -123.4 (dd, *Jer 21.7, “Jrr 6.2, 1F, F-(2)), -110.4 (dd, >Jrr 13.2, “Jrr 6.2, 1F, F-(4)), -
56.2 (d, *Jrr 26.3, 3F, CF3) ppm. Anal. calcd for CoHsFsNO,S, %: C 35.42; H 1.65; F 37.35; N 4.59; S 10.50;
M" 304.9940. Found, %: C 35.30; H 1.78; F 37.23; N 4.52; S 10.41; M" 304.9937.

The mixture also contained 1,2,4-trifluoro-6-methylsulfanyl-5-nitromethyl-3-(trifluoromethyl)benzene (3a)
(yield - 6 %, according to '’F NMR (PhF)). 'H NMR (mixture of isomers) [CDCls, 300.13 MHz]: 8u 2.54 (s,
3H, CHsS), 5.77 (d, *Jur 2.4, CH:NO,) ppm; '°F NMR (mixture of isomers) [CDCl3, 282.4 MHz]: & -132.0
(dd, *Jrr 21.7, 3Jrr 14.7, 1F, F-(1)), -130.6 (quint, **Jr 21.7, 1F, F-(2)), -116.8 (qdt, *Jrr 21.7, >Jrr 14.7, *Jrn
2.4, 1F, F-(4)), -57.6 (t, *Jrr 21.7, 3F, CF3) ppm. Anal. calcd for CoHsFeNO,S: M* 305. Found by GC-MS: M*
305, 18S.
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IR spectrum of 2a.
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"H NMR spectrum of 2a.
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F NMR spectrum of 2a.

1,2, 4-trifluoro-3-(methylsufanyl }-5-(nitromethyl )-6-(trifluoromethyl )benzene (2a)
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F NMR spectrum of 3a.

2 1,24-trifluoro-6-(methyisufanyl)-5-(nitromethyl )-3-(trifluoromethyl )benzene (3a)
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1-(Benzylsulfanyl)-2,3,6-trifluoro-5-nitromethyl-4-(trifluoromethyl)benzene (2b).
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an/@/ DME. 07C BnS BnS

1b 2b 3b

From sulfane 1b (34.76 g, 102.16 mmol) in DMF (100 ml), nitromethane (82.58 g, 1.35 mol) and DBU
(34.70 g, 227.93 mmol) in DMF (100 ml) at 0 °C for 7 h, a 37.78 g of mixture was obtained containing sulfane
2b (yield - 87 %, according to '°’F NMR (CF3CO;H)). Crystallization from hexane/benzene (v/v 6 : 1) gave
30.66 g of pure sulfane 2b. Pale-yellow solid. Mp 37-38 °C. IR (KBr, Vmax, cm™): 3064(vw) (CH), 3036(vw)
(CH), 2997(vw) (CH), 2928(w) (CH), 1903(vw), 1826(vw), 1780 (vw), 1620(w) (ArF), 1572(vs) (NO>),
1473(s) (ArF), 1454(s) (CF), 1437(s) (CF), 1375(s) (NOz), 1367(s) (CF), 1296(vs) (CF), 1188(s) (CF), 1163(s)
(CF), 1151(vs) (CF), 1113(s) (CF), 999(s) (CF), 930(w) (C-NO2), 777(w) (C-S), 710(m) (C-S), 667(w) (C-
NO). UV, Amax, nm (log €): 292 (3.86). 'H NMR [CDsCN, 300.13 MHz]: 8u 4.23 (s, 2H, PhCH-S), 5.77 (s, 2H,
CH2NO), 7.12-7.41 (m, 5H, Ph) ppm; *C NMR [CDCls, 125.76 MHz]: 8¢ 38.4 (t, “Jcr 3.4, PhACH»S), 67.9
(CH2NOy), 111.0 (dd, 2Jcr 20.1, 3Jcr 3.7, C-(5)), 118.2 (qdd, 2Jcr ~33, 2Jcr ~9, 3Jcr ~2, C-(4)), 119.3 (dd, *Jcr

S13



25.7, 2Jcr 18.7, C-(1)), 121.8 (qd, 'Jcr 275.6, *Jcr 1.4, CF3), 128.0 (C-(4"), 128.7 (C-(2',6") or C-(3',5"), 128.8
(C-(2',6" or C~(3',5"), 135.7 (C~(1"), 145.7 (ddd, "Jcr 261.8, 2Jcr 16.8, “Jcr 1.5, C-(3)), 152.5 (ddd, 'Jcr 254.8,
2Jcr 14.6, *Jcr 6.7, C-(2)), 157.5 (dt, 'Jcr 248.1, 3*Jcr 3.5, C-(6)) ppm; F NMR [CDCls, 282.4 MHz]: &F -
139.6 (qdd, “Jer 26.3, 3Jrr 22.5, SJrr 13.9, 1F, F-(3)), -120.9 (dd, 3Jer 22.5, “Jrr 5.4, 1F, F-(6)), -108.8 (dd, >Jrr
13.9, “Jrr 5.4, 1F, F-(2)), -56.3 (d, “Jrr 26.3, 3F, CE3) ppm. Anal. calcd for C1sHoFsNO2S, %: C 47.25; H 2.38;
F 29.90; N 3.67; S 8.41; M" 381.0253. Found, %: C 47.25; H 2.31; F 30.25; N 3.45; S 8.22; M* 381.0260.

The mixture before crystallization also contained of 1-(benzylsulfanyl)-2,3,5-trifluoro-6-(nitromethyl)-4-
(trifluoromethyl)benzene (3b) (yield - 6 %). From mixture of isomers were found: 'H NMR [CDs;CN, 300.13
MHz]: 8u 4.18 (s, 2H, PhCH>S), 5.63 (d, *Jur 2.3, CH2NO), 7.12-7.41 (m, 5H, Ph) ppm; "’F NMR [CDCl;,
282.4 MHz]: &r -130.7 (dq, >Jrr 22.5, “Jrr 22.5, 1F, F-(3)), -130.0 (dd, *Jrr 22.5, *Jrr 15.5, 1F, F-(2)), -116.2
(qdt, *Jrr 22.5, SJrr 14.7, *Jpu 2.3, 1F, F-(5)), -57.7 (t, *Jrr 22.5, 3F, CF3) ppm. Anal. caled for C1sHoFsNO,S:
M* 381. Found by GC-MS: M" 381, 18.

1-(benzylsulfanyl)-2,3,6-trifluoro-5-(nitromethyl)-4-
-(trifluoromethyl)benzene (2b) IR specrum (KBr)
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UV spectrum of 2b.

1-(benzylsulfanyl)-2,3 6-trifluoro-5-(nitromethyl)-4-
(trifluoromethyl)benzene (2b) UV spectrum
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1-(benzylsulfanyl)-2,3,6-trifluoro-5-(nitromethyl )-4-(trifluoromethyl )benzene (2b)

13C NMR spectrum of 2b.
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"H NMR spectrum of 3b.

1-(benzylsulfanyl )-2,3,5-trifluoro-6-(nitromethyl )-4-(trifluoromethyl )benzene (3b)

1H spectrum in CD3CN (in mixture with 2b)
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Reaction of 1c¢ with nitromethane.

BU

D
CF CF CF
THF, -20 °C
HF,CS HF,CS HF,CS

1c 2¢ 3c

From sulfane (1¢) (0.94 g, 3.13 mmol) in THF (3 ml), nitromethane (2.29 g, 37.52 mol) and DBU (0.95 g,
6.24 mmol) in THF (3 ml) at -20 °C for 5 h, a 1.07 g of mixture of sulfanes 2¢ and 3¢ was obtained with ratio 51
: 49 respectively according to '°F NMR. Sublimation (0.83-0.63 mmHg, 90-86 °C) gave 0.99 g of mixture
contained sulfane 2c (yield - 47 %) and of sulfane 3¢ (yield - 45 %) according to "F NMR (PhF). '*C NMR
[CDCls, 150.91 MHz] (mixture of isomers): 8c 67.9 (CH2NO»), 69.4 (CH,NO»), 110.0 (dd, 2Jcr 23.1, 2Jcr 19.7,
Car), 112.0 (dd, %Jcr 19.7, Jcr 5.8, Car), 112.0 (qdd, 2Jcr 34.7, 2Jcr 17.3, 2Jcr 11.6, C-(4)), 118.1 (t, 'Jcr 280.9,
CF,H), 118.3 (t, 'Jcr 280.9, “Jcr 2.3, CF2H), 120.1 (dd, 2Jcr 22.0, Jcr 4.6, Car), 120.5 (q, Jcr 275.1, CF3), 121.7
(q, "Jcr 276.3, CF3), 121.9 (qd, 2Jcr 33.5, 2Jcr 8.1, C-(4)), 122.6 (d, 2Jcr 12.7, Car), 146.1 (dd, 'Jcr 262.4, *Jcr
16.2, Crar), 149.5 (ddd, 'Jcr 250.9, 2Jcr 13.3, Jor 3.0, Crar), 149.6 (ddd, Jcr 270.5, 2Jcr 18.5, Jcr 5.8, Crar),
153.7 (ddd, 'Jcr 258.9, 2Jcr 14.5, Jor 5.2, Crar), 154.5 (d, 'Jcr 262.4, Crar), 158.4 (d, 'Jcr 252.0, Crar) ppm;
Anal. calcd for CoH3FsNO»S, %: C 31.68; H 0.89; F 44.55; N 4.11; S 9.40; M" 340.9751, (M-F)" 321.9761.
Found, %: C 31.60; H 1.03; F 44.82; N 4.37; S 9.19; (M-F)" 321.9767, M 342 (KNAUER K-7000).

1-[(Difluoromethyl)sulfanyl]-2,3,6-trifluoro-5-nitromethyl-4-(trifluoromethyl)benzene (2¢) (from
mixture of isomers). '"H NMR [CDCls, 300.13 MHz]: 8u 5.69 (s, 2H, CH2NOz), 6.97 (t, 2Jur 55.8, 1H, SCF,H)
ppm; °F NMR [CDCls, 282.4 MHz]: & -137.6 (qdd, “Jer 26.3, *Jrr 22.5, >Jer 14.7, 1F, F-(3)), -116.9 (dtd, *Jrr
22.5, 5Jrr 5.4, “J¥r 4.6, 1F, F-(2)), -106.2 (m, 1F, F~(6)), -91.6 (dt, >Jru 55.8, *Jer 5.4, 2F, CE2H), -56.7 (d, “Jrr
26.3, 3F, CF3) ppm.

1-[(Difluoromethyl)sulfanyl]-2,3,5-trifluoro-6-nitromethyl-4-(trifluoromethyl)benzene  (3c) (from
aixture of isomers) '"H NMR [CDCls, 300.13 MHz]: 8u 5.81 (d, “Jur 2.3, 2H, CH2NOy), 6.93 (t, 2Jur 55.8, 1H,
SCF,H) ppm; °F NMR [CDCls, 282.4 MHz]: & -128.0 (qvint, **Jgr 22.5, 1F, F-(3)), -125.8 (ddt, *Jrr 22.5, Jrr
15.5, 5Jrr 6.2, 1F, F-(2)), -114.3 (qdt, “Jrr 22.5, >Jrr 15.5, “Jen 2.3, 1F, F-(5)), -91.7 (dt, *Jru 55.8, *Jer 6.2, 2F,
CE;H), -57.9 (t, *Jrr 22.5, 3F, CF3) ppm.
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1-[(difluoromethyl )sulfanyl]-2,3,6-trifluoro-5-(nitromethyl )-4-(trifluoromethyl )benzene (2c) +
180 9153710 Ntk

1-{(difluoromethyl )sulfanyl]-2,3,5-trifluoro-6-(nitromethyl )-4-(trifluoromethyl )benzene (3c)

13C spectrum in CDCI3

13C NMR spectrum of 2¢+3c.
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F NMR spectrum of 2¢+3c.

1-[(difluoromethyl ysulfanyl]-2, 3,6-trifluoro-5-(nitromethyl }-4-(trifluoromethyl benzene (2c) + & &5
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3-[(Difluoromethyl)sulfanyl]-1,2,5-trifluoro-4-(nitromethyl)benzene (3d).

H DBU
/@/ CH;NO,, OZN/j@j/
HF,CS DMF, 30 °C HF,CS

1d 3d

From sulfane 1d (23.60 g, 101.66 mmol) in DMF (100 ml), nitromethane (82.64 g, 1.35 mol) and DBU
(34.21 g, 224.71 mmol) in DMF (100 ml) at 30 °C for 16 h, a 26.11 g of crude product was obtained.
Distillation (0.20-0.24 mmHg, 99-101 °C) gave 23.69 g of pure sulfane 3d (yield - 85 %). IR (KBTI, Vimax, cm™):
3109(vw) (CH), 3091(vw) (CH), 3070(vw) (CH), 3041(vw) (CH), 3024(vw) (CH), 2982(vw) (CH), 2926(vw)
(CH), 1622(m) (ArF), 1564(vs) (NO2), 1487(vs) (ArF), 1373(m) (NO2), 1352(s) (CF), 1315(m) (CF), 1228(m)
(CF), 1113(m) (CF), 1068(s) (CF), 1041(s) (CF), 904(w) (C-NO), 795(w) (C-S), 702(w) (C-S), 652(vw) (C-
NO2). UV, Amax, nm (log €): 252 (3.30), 278 (3.51). 'H NMR [CD;CN, 400.13 MHz]: 8u 5.88 (d, “Jur 1.9, 2H,
CH2NO»), 7.05 (t, 2Jur 55.2, 1H, CFHS), 7.50 (td, *Jur 9.7, “Jur 6.7, 1H, H-(6)) ppm; *C NMR [CDCls,
150.91 MHz]: 8¢ 69.8 (CH2NO»), 108.9 (dd, 2Jcr 27.7, 2Jcr 22.0, C-(6)), 118.1 (dq, 2Jcr 18.5, *Jcr 3.5, C-(3)),
118.5 (td, 'Jcr 279.7, “Jcr 2.3, CF2H), 118.9 (dd, %Jcr 16.2, 3Jcr 3.5, C-(4)), 149.2 (ddd, 'Jcr 248.5, 2Jcr 12.7,
4Jcr 3.5, C-(2)), 151.8 (ddd, 'Jcr 260.1, 2Jcr 16.2, *Jcr 13.9, C-(1)), 157.3 (ddd, 'Jcr 253.2, 3Jcr 10.4, Jcr 3.5,
C-(5)) ppm; '°F NMR [CD;CN, 376.4 MHz]: &r -128.6 (m, 1F, F-(2)), -127.8 (ddd, *J&r 22.9, 3Ju 9.7, “Jer 5.2,
1F, F-(1)), -111.8 (m, 1F, F-(5)), -91.2 (dd, 2Jru 55.2, >Jrr 5.7, 2F, SCF,H) ppm. Anal. caled for CsH4FsNO»S,
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%: C 35.17; H 1.48; F 34.77; N 4.86; S 11.74; M" 272.9877, (M-NO2)" 226.9950. Found, %: C 35.51; H 1.24; F

34.81; N 4.86; S 12.09; (M-NO)" 226.9948, M 269 (KNAUER K-7000).
IR spectrum of 3d.

3-{(difluoromethyl)sulfanyl}-1,2,5-trifluoro-4-(nitromethyl)-
benzene (3d) IR specrum (KBr)
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"H NMR spectrum of 3d.

3 9 o 3 (difluoromethyl)sulfanyl]-1,2,5-trifluoro-4-(nitromethyl )benzene (3d)
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13C NMR spectrum of 3d.

3 (difluoromethiyl )sulfanyl]-1,2, 5-trifluoro-4-(nitromethyl )benzene (3d)
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F NMR spectrum of 3d.
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3B (difluoromethyl)sulfanyl]-1,2,5-trifluoro-4-(nitromethyl )benzene (3d)
19F spectrum in CD3CN (CBF6) 376. 4977830 Nk
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1,2,5-Trifluoro-3-methanesulfonyl-4-(nitromethyl)benzene (5a).

H
/@/ H CH;NO,, DBU \/®/ H
+
Me DMF,0°C ~ Me~ O,N

7\ 7\
o

NO,
4a Sa 6

a) From sulfone 4a (0.100 g, 0.438 mmol) in THF (0.5 ml), nitromethane (0.358 g, 5.865 mmol) and DBU
(0.137 g, 0.900 mmol) in THF (0.5 ml) at 0 °C for 4 h, a mixture of 5a and 6 was obtained with ratio 91 : 9
respectively according to '°F NMR.

b) From sulfone 4a (29.25 g, 128.20 mmol) in DMF (130 ml), nitromethane (102.88 g, 1.69 mol) and DBU
(42.96 g, 282.19 mmol) in DMF (130 ml) at 0 °C for 3 h, a mixture of 5a and 6 was obtained with ratio 93 : 7
respectively according to '’F NMR. 29.74 g (yield - 86 %) of nitromethyl derivative Sa obtained after treatment.
White solid. Mp 108-109 °C. IR (KBr, Vmax, cm™): 3091(w) (CH), 3070(w) (CH), 3039(w) (CH), 3010(w) (CH),
2935(w) (CH), 1620(m) (ArF), 1558(vs) (NO2), 1491(vs) (ArF), 1381(s) (NO2), 1348(m) (CF), 1323(vs) (SOz),
1282(m) (CF), 1236(m) (CF), 1219(m) (CF), 1147(vs) (SO2), 1113(m) (CF), 910(w) (C-NO), 768(m) (C-S),
704(m) (C-S), 661(w) (C-NO2). UV, Amax, nm (log €): 281 (3.61), 315 (2.34), 330 (2.30). '"H NMR [CDCls,

300.13 MHz]: 8 3.29 (d, >Jur 0.7, 3H, CH3S02), 6.06 (d, “Jur 1.5, CH2NO»), 7.36 (td, *Jur 8.6, “Jur 6.7, 1H, H-
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(6)) ppm; '3C NMR [CDCls, 125.76 MHz]: 8¢ 44.5 (d, *Jcr 2.3, CH3S0»), 66.2 (d, 3Jcr 4.9, CHoNO»), 111.0
(dd, 2Jcr 29.4, 2Jcr 20.8, C~(6)), 113.1 (dd, 2Jcr 17.1, *Jcr 4.4, C-(4)), 130.6 (d, “Jcr 12.5, C-(3)), 146.6 (dd, 'Jcr
255.0, 2Jcr 14.8, C-(2)), 151.9 (dt, 'Jcr 262.2, >3 Jcr 14.6, C-(1)), 156.7 (dd, 'Jer 253.2, *Jcr 7.6, C-(5)) ppm; '°F
NMR [CDCls, 282.4 MHz]: 8F -134.0 (ddd, *Jrr 23.2, >Jrr 13.9, 3Jur 6.7, 1F, F-(2)), -125.5 (ddd, *Jrr 23.2, *Jur
8.6, “Jrr 6.2, 1F, F-(1)), -113.4 (m, 1F, F-(5)) ppm. Anal. calcd for CsH¢F3NO4S, %: C 35.69; H 2.25; F 21.17;
N 5.20; S 11.91; M* 223.0035. Found, %: C 35.70; H 2.60; F 21.27; N 4.98; S 11.80; M* 223.0033.

Residue (1.69 g) from hexane solutions contained 82% of 1,2,4,5-tetrafluoro-3-(nitromethyl)benzene (6)
(yield - 5 %) according to NMR (PhF). '"H NMR [CDCls, 300.13 MHz]: 8y 5.60 (s, 2H, CHoNO»), 7.23 (tt, *Jur
9.4, “Jur 7.5, 1H, H-(6)), ppm. '°F NMR [CDCl;, 282.4 MHz]: & -142.4 (m, 2F, F-(2,4)), -138.5 (m, 2F, F-
(1,5)) ppm. Anal. caled for CsH3FsNO2: M* 209.0094. Found: M* 209.0092.

IR spectrum of 5a.

1,2,5-trifluoro-3-methanesulfonyl-4-(nitromethyl)benzene (2e)
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UV spectrum of Sa.

1,2,5-trifluoro-3-methanesulfonyl-4-(nitromethyl)benzene (2e)
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13C NMR spectrum of 5a.

§ § % ‘S % S1,2,5—tﬁﬂuoro—3—n‘ethar&sulfa1yl—4—(nitruTeﬂ1yl)benzere (’?’Dg ©
© @ 0 0 S o13C spectrumin CDCI325 7577980 Nk © 3
© - ©o o o« o . 4
e e 3 e SRS & 3
N~ — — 0 < N~ © < 0
@& ) o ey ) S N~ o® oo
[fo)-e] ol o © © N~ @ N = N o -~
8 8 &3 3 818 ﬁ S 3 o3 ox
a2 £ a2 2 e 2 [ 88 &8
S NI It | | ‘ﬁ' T;"
T
T T T T T
(1:’?)‘5 113.1
PP (ppm)
R S S S e e r
158 156 154 152 150 148 146 8%
NO
g oy (pPm) 8% 22
(=] = SE
g 23 23 N
¢ 83 TT I
VAV -
— T
111.2 110.8
(ppm) T —— T T T T
66.2 44.6 44 .4
‘ ‘ (ppm) (ppm) \‘W kM
" e - o Wl Nt Mt " my " A TP AT A
VIR o i Wi Py Wl v WLl U M W ot # ) W
L A A e B B B I B I A B B o
155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45
(ppm)
19
F NMR spectrum of Sa.
§ § § 1,2 5trifl uro-3-naetharesd fayl -4-(ni traethyl ) barzere (22)
: :} g AGF spectrumin AT 3 (GF5) 232 4047010 Nak
-~ N @
' ' ' 5= 8 8 888
289 5 S B3g
g3z 2 g R2EE
L e s e R
-125.40 -125.50 -133.90 -134.00
I (ppm) (ppm)
-113.40
(ppm)
T b " " " " " "
©
: ﬁ ﬁ Fg’j
£ IS) = N
£ Q e =
-7+ 77T T T T T T
-112 -116 -120 -124 -128 -132 -136 -140 -144 -148 -152 -156 160 164
(ppm)

S26



"H NMR spectrum of 6.
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1,2,5-Trifluoro-4-(nitromethyl)-3-phenylmethanesulfonylbenzene (Sb).

H
"' cHyN0,, DBU H
+
Bn g DMF,0°C  Bnsg O,N

77\ 7\
o

NO,
4b 5b 6

From sulfone 4b (32.14 g, 105.63 mmol) in DMF (105 ml), nitromethane (86.07 g, 1.41 mol) and DBU
(35.55 g, 233.51 mmol) in DMF (105 ml) at 0 °C for 6.5 h, a mixture of Sb and 6 was obtained with ratio 93 : 7
respectively according to '’F NMR. 32.52 g (yield - 89 %) of nitromethyl derivative 5b obtained after treatment.
White solid. Mp 147-149 °C. IR (KBr, Vmax, cm™): 3064(w) (CH), 3047(w) (CH), 3010(vw) (CH), 2978(vw)
(CH), 2953(w) (CH), 2926(vw) (CH), 1967(vw), 1898(vw), 1824(vw), 1740(vw), 1620(m) (ArF), 1562(vs)
(NO2), 1491(s) (ArF), 1375(m) (NOz), 1342(m) (CF), 1315(s) (SOz), 1288(m) (CF), 1236(m) (CF), 1215(m)
(CF), 1138(vs) (SO2), 1119(m) (CF), 908(w) (C-NO2), 779(m) (C-S), 702(m) (C-S), 661(w) (C-NO2). UV, Amax,
nm (log €): 281 (3.61), 313 (2.45), 343 (2.34). '"H NMR [CDsCN, 300.13 MHz]: 8y 4.67 (s, 2H, CH2Bn), 5.54
(d, “Jur 1.7, 2H, CH2NOy), 7.27 (m, 2H, H-(2',6")), 7.33-7.46 (m, 3H, H-(3'-5")), 7.64 (td, *Jur 9.5, *Jur 6.7, 1H,
H-(6)) ppm; *C NMR [CD;CN, 100.61 MHz]: 8¢ 63.4 (d, “Jcr 1.8, CH2Bn), 67.9 (d, *Jcr 5.3, CHaNO,), 111.0
(dd, %Jcr 30.1, 2Jcr 21.3, C-(6)), 112.7 (dd, 2Jcr 17.6, *Jcr 4.8, C-(4)), 127.4 (C-(1"), 129.3 (dd, *Jcr 12.1, *Jcr
1.8, C-(3)), 129.9 (C-(2',6") or C~(3',5"), 130.5 (C-(4"), 132.3 (C-(2',6") or C-(3',5"), 147.7 (ddd, "Jcr 254.7, *Jcr
14.7, “Jcr 3.9, C-(2)), 153.1 (ddd, 'Jcr 258.2, 2Jcr 15.4, 3Jcr 13.8, C-(1)), 158.1 (ddd, 'Jcr 252.0, 3Jcr 10.1, *Jcr
2.8, C-(5)) ppm; °F NMR [CDCls, 282.4 MHz]: 8F -133.0 (ddd, *Jr 23.2, >Jer 13.9, “Jur 6.2, 1F, F-(2)), -125.9
(ddd, 3Jr 23.2, *Jur 8.5, “Jrr 7.0, 1F, F=(1)), -112.8 (m, 1F, F~(5)) ppm. Anal. calcd for C14H0F3NO4S, %: C
48.70; H 2.92; F 16.51; N 4.06; S 9.28; M" 345.0277. Found, %: C 48.40; H 3.30; F 16.78; N 3.94; S 9.25; M"
345.0276.

Residue (1.65 g) from hexane solutions contained 87% of arene 6 (yield - 6 %) according to NMR (PhF).
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IR spectrum of Sh.

1,2,5-trifluoro-4-(nitromethyl)-3-phenylmethanesulfonylbenzene
(2f) IR spectrum (KBr)
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UV spectrum of Sh.

1,2,5-trifluoro-4-(nitromethyl)-3-phenylmethanesulfonylbenzene
(2f) UV spectrum
Ihal7s252.tsv

281

AR AR LR LR R LA A A LA
230 240 250 260 270 280 290 300 310

LA UL LSRR R R LA R LA L L L L L LN R LA LA AR AR LR LARA) LR
320 330 340 350 360 370 380 390 400 410 420 430 440 450

T
460 470 480
Wavelength (nm)

T
490

No nm A | Intensity
1| 281.00 | 0.203 W
2 | 313.00 | 0.014 | wvw
3 | 343.00 | 0.011 | WW

S29



"H NMR spectrum of 5b.
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F NMR spectrum of 5b.
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1,2,4-Trifluoro-6-methanesulfonyl-5-nitromethyl-3-(trifluoromethyl)benzene (5c).

CF
CFs cH,NO,, DBU 3 \/®/CF3
+
Me. THF,-60 °C ~ Me~g O,N
\
0
NO,
Sc

72\ /7N

o

4c 6
From sulfone 4¢ (30.04 g, 101.43 mmol) in THF (100 ml), nitromethane (83.71 g, 1.37 mol) and DBU
(34.32 g, 225.43 mmol) in THF (100 ml) at -60 °C for 8.5 h, the mixture of 5S¢ and 6' with ratio 65 : 35 was
obtained according to '’F NMR. 18.52 g (55 %) of sulfone 5¢ obtained after recrystallization. White solid. Mp
109-111 °C. IR (KBr, Vmax, cm™): 3041(w) (CH), 3016(vw) (CH), 2980(vw) (CH), 2933(vw) (CH), 1633(w)
(ArF), 1591(m) (NO2), 1487(s) (ArF), 1389(m) (NO2), 1331(vs) (SO2), 1317(s) (CF), 1205(m) (CF), 1184(m)
(CF), 1149(vs) (SO2), 1124(m) (CF), 999(vs) (CF), 935(w) (C-NO2), 789(w) (C-S), 714(w) (C-S), 633(w) (C-
NO>). UV, Amax, nm (log €): 288 (3.60). '"H NMR [CDCls, 300.13 MHz]: &u 3.33 (d, >Jur 1.2, 3H, CH3S0>),
6.10 (d, *Jur 2.1, CH2NO2) ppm; *C NMR [CDsCN, 150.92 MHz]: &¢ 45.5 (d, *Jcr 3.5, CH3S02), 67.6 (d, *Jcr
6.9, CH2NO»), 114.0 (qdd, 2Jcr 34.7, 2Jcr 18.5, 2Jcr 11.6, C-(3)), 115.8 (dd, 2Jcr 17.9, *Jcr 5.2, C-(5)), 121.6 (q,
Ucr 274.0, CF3), 134.4 (d, 2Jcr 12.7, C-(6)), 148.0 (ddd, 'Jcr 254.3, 2Jcr 15.0, “Jcr 4.6, C-(1)), 151.2 (ddd, 'Jcr
269.3, 2Jcr 11.6, 3Jcr 2.3, C-(2)), 155.3 (dd, 'Jcr 260.1, 3Jcr 2.3, C-(4)) ppm; '°F NMR [CDCls, 282.4 MHz]: 8¢
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-131.2 (dd, 3Jrr 22.5, Jrr 14.7, 1F, F~(1)), -125.6 (dq, *Jrr ~23, “Jer ~23, 1F, F-(2)), -114.7 (qd, *Jrr 21.7, *Jrr
14.7, 1F, F-(4)), -58.2 (dd, *Jrr 23.2, “Jrr 21.7, 3F, CF3) ppm. Anal. caled for CoHsFeNO4S, %: C 32.06; H 1.49;
F 33.81; N 4.15; S 9.51; M" 336.9838, (M-F)" 317.9854. Found, %: C 32.04; H 1.49; F 33.83; N 4.01; S 9.84;
(M-F)" 317.9858, M 335 (KNAUER K-7000).

9.09 g (yield - 33 %) of 1,2,4,5-tetrafluoro-3-nitromethyl-6-(trifluoromethyl)benzene (6') were obtained
after steam distillation. '"H NMR [CDCls, 300.13 MHz]: 8u 5.65 (s, 2H, CH2NO») ppm;>° F NMR [CDCl;,

282.4 MHz]: 8¢ -139.9 (m, 2F, F-(2,4)), -139.7 (m, 2F, F-(1,5)), -57.7 (t, *Jr 22.5, 3F, CF3) ppm. %° Anal. calcd
for C7H3F4sNO,: M" 277. Found by GC-MS: M" 277.

IR spectrum of Sc.

1,2,4-trifl Y yl-5-(nitromethyl)-3-
~(trifluoromethyl)benzene (2g) IR spectrum (KBr)
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UV spectrum of Sc.

1,2,4-trifl Y 5-(nitromethyl)-3-
(trifluoromethyl)benzene (2g) UV spectrum
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13C NMR spectrum of Sc.
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1,2,4-Trifluoro-5-nitromethyl-6-phenylmethanesulfonyl-3-(trifluoromethyl)benzene (5d).

CF
/®/CF3 CH;3;NO,, DBU 3 \/®/CF3
+
Bng THF,-60°C ~ Bi~g O,N

72\ AN
o

NO,
4d 5d 6'

From sulfone 4d (38.83 g, 101.84 mmol) in THF (100 ml), nitromethane (83.11 g, 1.36 mol) and DBU
(33.93 g, 222.87 mmol) in THF (100 ml) at -60 °C for 12 h, a mixture of 4d and 6' with ratio 36 : 64 was
obtained according to '°F NMR. 11.85 g (yield - 29 %) of sulfone 4d was obtained after recrystallization. White
solid. Mp 154-155 °C. IR (KB, Vmax, cm™): 3063(vw) (CH), 3037(vw) (CH), 2997(vw) (CH), 2949(vw) (CH),
1975(vw), 1902(vw), 1832(vw), 1778(vw), 1564(s) (NOz), 1485(vs) (ArF), 1379(m) (NO2), 1333(vs) (SO2),
1309(s) (CF), 1221(m) (CF), 1201(m) (CF), 1188(m) (CF), 1144(vs) (SOz), 1124(m) (CF), 941(w) (C-NO>),
779(m) (C-S), 702(m) (C-S), 633(s) (C-NO2). UV, hmax, nm (log €): 289 (3.59). 'H NMR [CDsCN, 300.13
MHz]: 8 4.72 (s, PACH>S0>), 5.60 (d, “Jur 2.2, 2H, CH2NO3), 7.31 (m, 2H, H-(2',6")), 7.36-7.48 (m, 3H, H-(3"-
5") ppm; *C NMR [CDsCN, 100.60 MHz]: 8¢ 63.4 (d, *Jcr 2.0, PhCH>S05), 67.5 (d, *Jcr 6.4, CHNO»), 114.4
(qdd, 2Jcr 34.8, 2Jcr 18.7, 2Jcr 11.2, C-(3)), 116.5 (dd, %Jcr 18.0, *Jcr 5.3, C-(5)), 121.5 (q, 'Jcr 274.2, CF3),
126.8 (C-(1")), 130.0 (C-(3",5"), 130.7 (C-(4")), 132.5 (C-(2',6"), 132.6 (d, %Jcr 13.2, C~(6)), 148.0 (ddd, 'Jcr
256.6, 2Jcr 14.9, “Jcr 4.4, C-(1)), 151.2 (ddd, 'Jcr 267.8, 2Jcr 17.8, *Jcr 5.0, C-(2)), 155.3 (d, 'Jcr 261.9, C-(4))
ppm; F NMR [CDsCN, 282.4 MHz]: 8 -129.4 (dd, *Jer 21.7, SJer 13.9, 1F, F-(1)), -125.9 (dq, *Jrr ~23, *Jrr
~23, 1F, F-(2)), -113.3 (qd, *Jer 21.7, °Jrr 13.9, 1F, F-(4)), -56.6 (d, *Jrr 24.0, *Jrr 21.7, 3F, CF3) ppm. Anal.
caled for CisHoFsNO4S, %: C 43.59; H 2.20; F 27.58; N 3.39; S 7.76; M" 413.0151. Found, %: C 43.89; H 2.45;
F 27.84; N 3.12; S 8.08; M" 413.0159.

16.75 g (yield - 59 %) of arene 6' were obtained after steam distillation.
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IR spectrum of 5d.
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F NMR spectrum of 5d.

1,2, 4-trifluoro-5-(nitromethyl )-6-phenylmethanesulfonyl-3-(trifluoromethyl )oenzene (2h)
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3-Difluoromethanesulfonyl-1,2,5-trifluoro-4-(nitromethyl)benzene (Se).

H CH;NO,, DBU H
HFzC\S THF, -25 °C HFzC\S

77\ 7\

NO,
4e Se

From sulfone 4e (26.50 g, 100.33 mmol) in THF (100 ml), nitromethane (81.35 g, 1.33 mol) and DBU
(33.55 g, 220.38 mmol) in THF (100 ml) at -25 °C for 3 h, a 26.86 g (88 %) of sulfone 5e was obtained after
recrystallization from CHCI;. Pale-yellow solid. Mp 76-78 °C. IR (KBr, vmax, cm™): 3090(vw) (CH), 3072(w)
(CH), 3053(vw) (CH), 3007(vw) (CH), 2993(w) (CH), 2926(vw) (CH), 1618(w) (ArF), 1564(vs) (NO»),
1489(vs) (ArF), 1373(s) (NOz), 1350(m) (CF), 1304(m) (SO2), 1294(m) (CF), 1240(m) (CF), 1165(m) (SO»),
1117(s) (CF), 1103(s) (CF), 912(w) (C-NOz), 781(w) (C-S), 704(w) (C-S), 663(vw) (C-NO2). UV, Amax, nm (log
£): 222 (3.87), 288 (3.53). '"H NMR [CDCls, 300.13 MHz]: 8u 5.96 (d, “Jur 2.0, 1H, CH2NO»), 6.39 (dt, 2Jur
53.5, %Jur 1.2, 1H, CHF2S80»), 7.50 (td, *Jur 8.7, “Jur 6.6, 1H, H-(6)) ppm; *C NMR [CDsCN, 150.91 MHz]: ¢
68.3 (d, “Jcr 5.8, CH2aNO»), 115.1 (dd, 2Jcr 30.1, 2Jcr 20.8, C-(6)), 115.9 (t, 'Jcr 285.5, CHF2S0), 116.6 (dd,
2Jcr 17.3, 3Jcr 4.6, C-(4)), 123.8 (d, 2Jcr 11.6, C-(3)), 149.1 (ddd, 'Jcr 258.9, 2Jcr 15.0, “Jcr 3.5, C-(2)), 153.3
(dt, "Jcr 260.1, 23 Jcr 13.9, C-(1)), 158.7 (ddd, Jcr 253.2, *Jcr 10.4, “Jcr 2.3, C-(5)) ppm; F NMR [CDCls,
282.4 MHz]: 8F -129.7 (m, 1F, F-(2)), -124.1 (ddd, *Jgr 23.2, *Jur 8.5, “Jrr 7.0, 1F, F-(1)), -122.4 (dd, 2Jru 53.5,
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SJer 10.8, 2F, SO.CF.H), -111.0 (m, IF, F-(5)) ppm. Anal. calcd for CsHaFsNO4S, %: C 31.49; H 1.32; F

31.13; N 4.59; S 10.51; M" 304.9776, (M-NO>)" 258.9845. Found, %: C 31.85; H 1.08; F 31.09; N 4.61; S
10.27; m/z 258.9847, M 302 (KNAUER K-7000).

IR spectrum of Se.

3-difluoromethanesulfonyl-1,2,5-trifluoro-4-(nitromethylbenzene
(2) IR spectrum (KBr)
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F NMR spectrum of Se.

§ § E E 3-difluoromethanesulfonyl-1,2,5-trifluoro-4-(nitromethyl Joenzene (2i)
2 IV & 19F spectrum in CDCI3 (C6F6) 280 4046970 NiE
— N N N
| s 3z 528 =
nwN™m @
2 2g 228 2
@ @ PRR
“““““““““““““““ |
-111.0
(ppm)
: . : . — e . . .
-122.4 -124.05 -124.20 -129.6
(ppm) (ppm) (ppm)
g
g (e R (8 o
- w - o (523
= ) > |5 S
S ~| |~ -
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
-112 116 120 124 128 132 136 140 144 148 152 156 160 164

1-Difluoromethylsulfonyl-2,3,5-trifluoro-6-nitromethyl-4-(trifluoromethyl)benzene (5f).

CF3 CH;NO,, DBU CFs
HFzC\S THF, -60 °C HFzC\S

7\ /7 \

NO,
4f st

From sulfonylbenzene (4f) (33.44 g, 100.68 mmol) in THF (100 ml), nitromethane (81.69 g, 1.34 mol) and
DBU (35.55 g, 220.97 mmol) in THF (100 ml) at -60 °C for 0.5 h a 30.17 g (80 %) of sulfone 5f was obtained
after recrystallization from CHCl;. Pale-yellow crystals. Mp 82-84 °C. IR (KBr, Vmax, cm™): 3053(w) (CH),
2997(w) (CH), 2945(vw) (CH), 1634(m) (ArF), 1595(s) (NOz), 1489(vs) (ArF), 1389(s) (NO.), 1371(s) (CF),
1329(vs) (SO»), 1311(vs) (CF), 1302(s) (CF), 1221(s) (CF), 1200(s) (CF), 1151(vs) (SO2), 1126(s) (CF),
1105(vs) (CF), 941(s), 903(w) (C-NO2), 790(m) (C-S), 714(m) (C-S), 683(m) (C-NO2z). UV, Amax, nm (log €):
295 (3.65). '"H NMR [CDCls, 300.13 MHz]: 8u 6.00 (d, “Jur 2.5, 2H, CH2NO»), 6.43 (dt, 2Jur 53.4, °Jur 1.3, 1H,
SO,CF:H) ppm; *C NMR [CD;CN, 100.61 MHz]: 8¢ 68.0 (d, *Jcr 6.6, CH:NO,), 116.1 (td, 'Jcr 286.8, “Jcr
2.4, SO,CF;H), 116.2 (qddd, %Jcr 34.9, %Jcr 18.9, 2Jcr 10.7, 3 Jcr 1.2, C-(4)), 117.8 (dd, %Jcr 18.3, 3Jcr 5.7, C-
(6)), 121.3 (qdt, 'Jcr 274.9, 3Jcr 2.8, 3*Jcr 1.7, CF3), 127.3 (dd, 2Jcr 12.3, 3Jcr 2.2, C-(1)), 149.3 (ddd, 'Jer
261.0, 2Jcr 15.3, “Jcr 4.5, C-(2)), 151.5 (ddq, 'Jcr 270.3, 2Jcr 17.6, 3Jcr 1.7, C-(3)), 155.8 (dm, 'Jcr 261.7, C-
(5)) ppm; '°F NMR [CDCls, 282.40 MHz]: 8f -126.7 (m, 1F, F-(2)), -124.2 (broad dq, *Jrr ~23, “J&r ~23, 1F, F-
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(3)), -121.6 (dd, 2Ju 53.4, *Jer 10.8, 2F, CE2H), -112.5 (m, 1F, F-(5)), -58.3 (dd, *Jrr 23.2, “Jrr 22.5, 3F, CF5)
ppm. Anal. caled for CoH3FsNO4S, %: C 28.97; H 0.81; F 40.73; N 3.75; S 8.59; M" 372.9650, (M-F)"

353.9666. Found, %: C 28.60; H 0.90; F 40.37; N 3.61; S 8.59; (M-F)" 353.9663, M 369 (KNAUER K-7000).
IR spectrum of 5f.
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"H NMR spectrum of 5f.

1-difluoromethanesulfonyl-2,3, 5-trifluoro-6-(nitromethyl )-4-(trifluoromethyl )benzene (2j)
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13C NMR spectrum of 5f,

1-difluoromethanesulfonyl-2,3, 5-trifluoro-6-(nitromethyl )-4-(trifluoromethyl )benzene (2)j)
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F NMR spectrum of 5f.

1-difluoromethanesulfonyl-2, 3, 5-trifluoro-6-(nitromethyl )-4-(trifluoromethyl )oenzene (2j)
19F spectrum in CDCI3 (C6F6) 282 4046980 N

-58.3282
112.4696
—-121.6056
—-124.1700
—-126.7345

=

16472.16
-16472.93
—-16495.39

—— —-35066.19
——-35089.43

—-34310.22
——-34321.07
——-34374.51

=
N
IN
N
o

T T T
-58.35 -124.20
(ppm) (ppm)

) JMM
o
<

-121.5

EEEEE——
-126.75
(ppm)

2.9848
11.0000~/=———
—

1.8422 ~;

Y —— | e
60 65 -70 -75 -80 -85 90 95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160
(ppm)

Synthesis of 1,2,5-trifluoro-6-methanesulfinyl-4-nitromethyl-3-(trifluoromethyl)benzene (7).
NO,

NO,
CF
CFs  oN 3100 % HNO; CF3 N CF3
* + Me
MeS MeS 1t Me\§ ~
o 7

i
2a 3a o 7

100 % HNOs (3.22 g, 51.10 mmol) was added to the mixture of sulfanes 2a u 3a (2.77 g, 9.08 mmol)
obtained earlier, with such rate that the temperature of the mixture was not risen above 30 °C. Resulting
solution was stirred at room temperature for 0.5 h, progress of reaction was monitored by '°F NMR. When
reaction was completed, the obtaining solution was poured into mixture of CHCl3 (20 ml) and water (20 ml),
then NaHCO3 was added until pH was become 8. Organic layer was separated, water layer was washed with
CHCI3 (20 ml), combined organic solutions dried MgSQOs, then CHCI3 was evaporated. Obtaining solid (2.60 g)
contained according to GC-MS and 'H, ’F NMR 81 % of 7 and 6 % of 7'. Recrystallization from mixture of
PhH - hexane (3 : 1 v/v) gave 2.00 g (yield - 69 %) of individual sulfoxide 7. Pale-yellow solid. Mp 70-72 °C.
IR (KBr, Vmax, cm™): 3024(w) (CH), 2978(w) (CH), 2926(w) (CH), 2895(vw) (CH), 1628(w) (ArF), 1560(vs)
(NO2), 1477(vs) (ArF), 1367(s) (NOz2), 1329(m) (CF), 1296(vs) (CF), 1186(s) (CF), 1153(s) (CF), 1122(s) (CF),
1070(s) (SO), 1005(m) (CF), 924(m) (C-NO»), 777(w) (C-S), 710(m) (C-S), 669(w) (C-NOz). UV, Amax, nm
(log €): 286 (3.76). 'H NMR [CDCls, 300.13 MHz]: 8u 3.18 (s, 3H, CH3S0), 5.67 (s, 2H, CHoNO») ppm; 1*C
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NMR [CDCls, 100.61 MHz]: 8¢ 40.5 (SOCH3), 67.3 (CH2NO»), 112.9 (dd, 2Jcr 18.7, 3Jcr 4.4, C-(4)), 121.3 (q,
'Jcr 276.8, CF3), 122.6 (qdd, 2Jcr ~33, 2Jcr ~9, *Jcr ~2, C-(3)), 127.4 (dd, %Jcr 22.4, 2Jcr 15.2, C-(6)), 145.9
(ddd, 'Jcr 265.7, 2Jcr 15.5, “Jcr 1.7, C-(2)), 150.5 (ddd, 'Jcr 264.2, 2Jcr 15.6, *Jcr 8.2, C-(1)), 154.9 (dd, 'Jcr
255.3, 3Jcr 4.6, C-(5)) ppm; '°F NMR [CDCls, 282.4 MHz]: &f -136.8 (qdd, *Jrr 26.3, *Jer 20.9, >Jrr 15.5, 1F,
F-(2)), -127.1 (dd, 3Jkr 20.9, “Jrr 3.1, 1F, F=(1)), -115.3 (d, >Jer 15.5, 1F, F-(5)), -56.8 (d, “J¥r 26.3, 3F, CF3)
ppm. Anal. calcd for CoHsFsNOs3S, %: C 33.66; H 1.57; F 35.49; N 4.36; S 9.98; M" 320.9889. Found, %: C
33.62; H 1.62; F 35.25; N 4.33; S 10.15; M" 320.9887.
1,2,4-Trifluoro-6-methanesulfinyl-5-nitromethyl-3-(trifluoromethyl)benzene (7'). (from mixture of
isomers) '"H NMR [CDCls, 400.13 MHz]: 8u 3.11 (d, 3H, *Jur 0.7, CH3SO»), 5.81 (dd, *Juu 15.5, “Jur 1.3,
CH2NO), 6.55 (dd, 2Juu 15.5, “Jur 3.0, 1H, CH2NO2) ppm; '°F NMR [CDCl3, 376.5 MHz]: 8 -138.6 (dd, *Jrr
22.5,5Jvr 14.8, 1F, F-(1)), -128.8 (dq, *Jrr ~23, *Jr ~23, 1F, F-(2)), -116.7 (qd, *Jrr 21.7, 3Jrr 14.8, 1F, F-(5)), -

57.9 (t, “Jrr ~22, 3F, CF3) ppm. Anal. calcd for CoHsFsNO3S: M* by GL-MS 321. Found: M by GL-MS 321,
1S.

IR spectrum of 7.

1,2, 5-trifluoro-6-methanesulfinyl-4-(nitromethyl)-3-
(trifluoromethyl)benzene (6a) IR spectrum (KBr)
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UV spectrum of 7.

1,2,5-trifluoro-6-methanesulfinyl-4-(nitromethyl)-3-
(trifluoromethyl)benzene (6a) UV spectrum
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13C NMR spectrum of 7.

1,2, 5-trifluoro-6-methanesulfinyl-4-(nitromethiyl )-3-(trifluoromethyl )benzene (6a)
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"H NMR spectrum of 7".

1,2,4-trifluoro-6-methanesulfinyl-5-(nitromethyl )-3-(trifluoromethyl )benzene (6b)
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Reduction of 7 by using AcBr.
N02 NO2

CF3  AcBr, PhH CF3

It
Me \ﬁ MeS

o 7 2a

Acetyl bromide (1.418 g, 11.533 mmol) was added to the solution of sulfoxide 7 (1.506 g, 4.689 mmol) in
PhH (9 ml). Resulting solution was stirred at room temperature for 0.5 h, progress of reaction was controlled by
F NMR. After interaction was completed the reaction mass was diluted with water (20 ml) and EtO (20 ml),
then Na>SO3 was added until bromine color disappeared. Organic layer was separated, water layer washed with
Et,0 (20 ml). Combined organic layers was washed with 5 % NaHCO3 (40 ml), then 5 % HCI (40 ml), after
was dried MgSOs, then solvent was evaporated. Crude product was sublimated (0.64 - 0.69 Torr, 120 - 130 °C),
1.174 g (yield - 82 %) of sulfane 2a was obtained.
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Details of quantum chemical calculations

Calculations of all structures were performed at the DFT level using the functional B3LYP with the basis
set 6-31G(d). All calculations were performed with default parameters using the GAMESS program.5!* The
solvent influence was taken into account by the polarizable continuum model (PCM), its reparameterized
version SMD.5!! In each case we use the built-in parameters for DMF, THF. Images of calculated structures
were built by the MOLDEN program.5!? Frequency calculations were carried out for all the TS-species to

establish their nature as transition states.

2aTS

Figure S1. Calculated transition states for the reaction of substrate 1a.
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Figure S2. Calculated transition states for substrate 1¢
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Figure S3. Calculated transition states for substrate 1d

SlI-1. Cartesian coordinates of the stationary structures of transition states by B3LYP/6-31G(d)/PCM-SMD

(DMF), GAMESS.
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.8584201414
.2066126703
.2039775298
.3274664634
.0170911649
.9344907817
.0784142197
.1185992062
.6583289472
.0119359416
.8140514128
.3412027891
.9701520191
.7440475253

6033004648



H -3.8917131382  0.3344797351 -2.3396569625
H -3.8683125762  1.8541638576 -3.2019860534
H -3.5923032161  3.1037410992 -1.0504373242
H -2.2915253135  1.9745160567 -1.3818751647
H -6.1209942125 -1.7428148175 -1.0857478756
H -6.0372633011 -1.7498896849  1.9856914900
H -3.8208413562 -2.7683784187  1.8328418316
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