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Abstract

The reaction of perfluorotoluene and 2-mercaptoethanol in the presence of K;COs3 in DMF has been studied
and experimental procedures for selective introduction of one, two and three ethanolthiyl groups into
perfluorotoluene have been elaborated.
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Introduction

For the last few decades, intensive investigations have been devoted to materials that demonstrate non-linear
optical (NLO) properties and various strategies for the synthesis of dendrimer materials with NLO properties
have been described.’> Moreover, some results provide evidence that the correct choice of ‘a suitable
isolation group’ might have a strong influence on the macroscopic NLO properties in polymers.* For example,
the introduction of polyfluoroarenes as isolation groups improves the stability and enhances the second
harmonic coefficient ds3.>® It was also shown that tetrafluorophenylene-linkages compared to non-fluorinated
ones provided higher quantum yields of fluorescence, but with smaller two-photon absorptivity.” The use of
fluorinated species can also aid in the formation of non-covalent interactions that improve the organization of
the molecules in the crystal phase and thus the electrooptic properties.*® For these reasons, a notable number
of studies were devoted to the synthesis of polyfluorinated arylenes.®'? Recently, a versatile method for
construction of fluorinated poly(aryl thioethers) was developed based on organo-catalyzed nucleophilic
aromatic substitution of silyl-protected dithiols.3

The current work investigates the transformations of perfluorotoluene under the action of
2-mercaptoethanol and has been aimed at the synthesis of substituted derivatives of perfluorotoluene as
potential blocks for dendrimer construction. The study focused on the regioselectivity of the reaction and
elaboration of reliable synthetic procedures. 2-Mercaptoethanol was selected because its hydroxyl groups
enable the further functionalization of the products while the sulfur can be oxidized to either the sulfoxide or
sulfone state. Examples of the reactions of polyfluoroarenes with excess of S-nucleophiles are known.4-16

Results and Discussion

The reaction of perfluorotoluene (1) with an equimolar amount of 2-mercaptoethanol (2) in the presence of
potassium carbonate afforded 2-{[2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl]thio}ethan-1-ol (3). Potassium
carbonate was used to transform thiol 2 to an even more nucleophilic thiolate-anion. The direction of
aromatic nucleophilic fluorine substitution was typical for the reactions of subsituted pentafluorophenyls
(CeFsX) with various nucleophiles.'’” Recently, kinetics for the nucleophilic aromatic monosubstitution of para-
fluorine by the action of thiol 2 in ag. MeCN were measured for a series of polyfluoroarenes CeFsX, including
compound 1.* Compound 3 was also obtained by alkylation of 2,3,5,6-tetrafluoro-4-trifluoromethyl-
benzenethiol (4) by 2-chloroethanol (5) in aqueous alkali.

When arene 1 reacted with thiol 2 (2 equiv), a mixture of mono- (3), di- (6) and trisubstituted (7)
perfluorotoluenes in the ratio 43 : 17 : 40 (**F NMR) was formed, while the action of 3 equivalents of thiol 2 to
compound 1 afforded exclusively trisubstituted compound 7 (70%) in a one-pot procedure. On the one hand,
the nucleophilic substitution of fluorine at the C3 position of compound 3 was well known and the
regioselectivity was attributed to the directing effects of the electron-withdrawing trifluoromethyl and
electron-donating alkanethiyl groups. On the other hand, the introduction of one more alkanethiyl group
assists the subsequent nucleophilic substitution of fluorine in the para-position to it (6, °F) with formation of
compound 7.1 The analogous reaction pathway has been observed in reactions of other polyfluoroarenes. For
example, the reaction of 1,2,4,5-tetrafluorobenzene with sodium tert-butylthiolate gave 1,4-bis(tert-
butylthio)-2,5-difluorobenzene in 87% vyield.'® Transformations of hexafluorobenzene under the action of
sodium isopropylthiolate or cesium propylthiolate led to the formation of 1,4-bis(isopropylthio)-2,3,5,6-
tetrafluorobenzene and 1,4-bis(propylthio)-2,3,5,6-tetrafluorobenzene in 71 and 81% vyields, respectively.%:2°
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Furthermore, the reaction of a 1:1 ratio of hexafluorobenzene with 2-mercaptoethanol (2) or sodium 2-
hydroxyethanethiolate in liquid ammonia gave exclusively the 2,2'-(perfluoro-1,4-phenylene)bis(sulfanediyl)-
diethanol in ~100% yield?! which was consistent with our results. The observed results were attributed to the
greater polarizability of the sulfur than fluorine atom.?? A structure specific synthesis of the disubstituted
product 6 was achieved from compound 3 in 2 steps: arene 3 was reacted with potassium hydrosulfide to
afford thiol 8, which was subsequently treated with 2-chloroethanol (5) (Scheme 1).
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Scheme 1. Synthesis of mono- (3), di- (6) and trisubstituted (7) polylfluoroarenes from perfluorotoluene (1)
and 2-mercaptoethanol (2)

Conclusions

The selective introduction of one, two and three 2-hydroxyethylthio groups into perfluorotoluene has been
realized and the regioselectivity of the process has been revealed. The results add to the experimental data on
the aromatic nucleophilic substitution in polyfluoroarenes by the action of S-centered nucleophiles. The

approach will be useful for the synthesis of branched structures with 1,2,4-trisulfanyl substitution patterns in
polyfluorinated benzene cores.
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Experimental Section

General. Analytical measurements. The NMR spectra of reaction mixtures or individual compounds were
recorded on Bruker AVANCE 300 [300.13 (*H), 282.4 (**F) MHz], Bruker AV-400 [400.13 (*H), 100.6 (3C) MHz]
or Bruker DRX-500 [500.13 (*H), 125.76 (*3C) MHz] spectrometers for solutions of samples in CCls, (CD3)>CO, or
CDsCN [for H and °F], CDCls [for H, 13C and °F] or CDsCN [for *3C and '°F]. NMR coupling constants (J) were
measured in Hertz (Hz). IR spectra were recorded on a spectrophotometer Bruker Vector 22 from pellets with
KBr for solid and from films for liquid samples. UV spectra were obtained on a spectrophotometer Hewlett
Packard 8453 from solutions in ethanol. The molecular mass and elemental composition was determined from
the high resolution mass spectra taken on Thermo Electron Corporation DFS instrument (ionizing electrons
energy 70 eV). Elemental analysis was performed on an EURO EA 3000 automatic CHNS analyzer.?3 Fluorine
determination was performed spectrophotometrically using a Cary-50 spectrophotometer. GC-MS spectra
were measured on Hewlett-Packard G1081A instrument equipped with a gas chromatograph HP 5890 Series Il
and a mass-selective detector HP 5971 (El, 70 eV), capillary column HP-5 (5% of diphenyl-, 95%
dimethylsiloxane) 30 m x 0.25 mm x 0.25 pum, 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. Analytic GLC
was carried out on a chromatograph Hewlett Packard 5980, equipped with a quartz capillary column HP-5
(stationary phase dimethyl diphenyl polysiloxane block copolymer), 30 m x 0.52 mm x 2.6 um, and a thermal
conductivity detector (TCD). The melting points were measured on a Koeffler heating block and are
uncorrected.

All starting compounds are widely used commercially available products of reagent grade and purified in the
usual manner whenever necessary prior to use. Perfluorotoluene (1, 97%) was obtained from P&M Invest, and
2,3,5,6-tetrafluoro-4-(trifluoromethyl)benzenethiol (4) was obtained from compound 1 according to described
procedure.?*

2-{[2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl]thio}ethan-1-ol  (3). Procedure A. Reaction of
perfluorotoluene (1) and 2-mercaptoethanol (2) in ratio 1:1. Compound 2 (11.44 g, 145.96 mmol) was added
to the solution of arene 1 (33.82 g, 141.84 mmol) in DMF (290 mL) in the presence of K,COs (21.24 g, 152.14
mmol). After 4.5 h stirring at room temperature the resulted mixture was poured into 5% aq. HCI (500 mL), the
organic layer was washed with water (2 x 250 mL) and dried (MgSQ0a4). The crude product (35.28 g, 95% GLC,
80% yield) was purified by vacuum distillation.

Procedure B. Alkylation of 2,3,5,6-tetrafluoro-4-(trifluoromethyl)benzenethiol (4) by 2-chloroethanol (5).
Arenethiol 4 (4.54 g, 18.2 mmol) was dissolved in 1 M NaOH (20 mL), then compound 5 (3.54 g, 44.0 mmol)
was added. After stirring overnight at room temperature, the mixture was extracted with CHCl; (2 x 10 mL),
washed with water (2 x 50 mL), dried (MgS0a4) and the solvent was evaporated to give compound 3 (4.69 g,
88%) as a colorless oil, mp 16-17 °C. bp 83-85 °C (2 Torr). IR (neat, Vmax, cm™) 3360(w), 2945(w), 2884(w),
1647(m), 1479(s), 1398(w), 1329(s), 1182(m), 1148(s), 1063(w), 980(s), 831(m), 716(m). UV, Amax, nm (log €):
209 (3.87), 279 (3.81). *H NMR (CDCls, 500.13 MHz): 6y 2.66 (br.s, 1H, OH), 3.18 (t, 3Juu 5.9, 2H, CH2S), 3.75 (t,
3Jun 5.9, 2H, CH,0). 3C NMR (CDCls, 125.76 MHz), 6c 37.2 (t, “Jcr 3.2, SCH3), 61.4 (OCH>), 109.2 (qt, %Jcr 35.1,
2Jer 12.9, CarCF3), 119.8 (t, Ucr 19.9, CarS), 121.0 (q, Ycr 228.9, CF3), 143.0-145.4 (m, CarF), 146.0-148.2 (m, CarF).
19 NMR [CDCls, 282.4 MHz]: & -141.5 - -141.1 [m, 2F, F-(2,6)], -133.5 - -133.3 [m, 2F, F-(3,5)], -57.7 (t, “Js
21.7, 3F, CF3). Anal. calcd for CoHsF;0S, %: C 36.75; H 1.71; F 45.21; S 10.90; m/z 293.9944. Found, %: C 36.76;
H 1.83; F 45.24; S 10.85; m/z 293.9937.
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2,2'-{[2,4,5-Trifluoro-6-(trifluoromethyl)-1,3-phenylene]bis(sulfanediyl) }diethanol (6). Reaction of
perfluorotoluene (1) and 2-mercaptoethanol (2) in ratio 1:2. Compound 2 (0.88 g, 11.3 mmol) was added to
the solution of arene 1 (1.32 g, 5.59 mmol) in DMF (5 mL) in the presence of K,COs (1.54 g, 11.2 mmol). After
24 h stirring at 20-25 °C the resulted mixture was acidified with aq. HCl and subjected to analysis by means of
19F NMR, which revealed compounds 3, 6 and 7 in ratio 43 : 17 : 40 (*°*F NMR).
2-{[2,3,6-Trifluoro-5-mercapto-4-(trifluoromethyl)phenyl]thio}ethanol (8). A solution of potassium
hydrosulfide in 1,2-ethanediol (4 M, 41 mL, ca. 164 mmol) was prepared according to a previously described
procedure?* and was added dropwise to a solution of compound 3 (25.7 g, 98%, 85.61 mmol) in DMF (155 mL)
for 35 min at 24-28 °C and the reaction mixture was stirred for 2 h at 28-23 °C, poured into 15% aq. HCI (300
mL) and extracted with CH,Cl, (2 x 20 mL). The extract was washed with water (3 x 50 mL) and dried (MgSOQa).
The solvent was distilled off, and the residue was crystallized to give thiol 8 (16.64 g, 63%) as a colorless solid,
mp 32-33 °C. IR (KBr, Vmax, cm1): 3288(m), 2956(w), 2939(w), 2877(w), 2611(w), 1616(w), 1568(w), 1454(s),
1412(m), 1356(s), 1279(s), 1194(m), 1173(s), 1142(s), 1128(s), 1068(s), 1014(m), 964(w), 947(m), 866(s),
773(m), 742(w), 723(m), 696(m), 665(w), 644(w). UV, Amax, nm (log €): 210 (4.25), 240 (3.97), 274 (3.98), 353
(3.18). 'H NMR (CDCls, 500.13 MHz): &1 1.78 (br.s, 1H, OH), 3.14 (t, 3Jun 6.0, 2H, CH,S), 3.71 (t, 3Ju 6.0, 2H,
CH20), 4.08 (qd, °Jur 8.0, “Jur 8.0, 1H, SH). 3C NMR (100.6 MHz, CDCl3): 6c 37.3 (t, 3Jcr 2.8, CH)S), 61.2 (CH,0),
116.6 (qdd, %Jcr 33.2, %Jcr 10.6, 3Jcr 2.0, CCF3), 117.2 [dd, 2Jcr 26.4, 3Jcr 4.4, C-(5)S), 117.8 [dd, %Jcr 27.5, %Jce 19.0,
C-(1)S], 122.2 (qd, Yer 276.0, 3Jcr 1.3, CF3), 146.2 [ddq, Yer 261.2, e 16.9, 3Jcr 1.8, C-(3)F], 148.5 [ddd, Ucr
247.8, 2Jcr 14.9, 3Jcr 5.7, C-(2)F], 152.9 [ddd, YUer 237.9, 3Jcr 3.5, 4cr 3.5, C-(6)F]. 1°F NMR (CDCls, 282.4 MHz), &¢
-139.9 [qdd, s 26.4, “sr 21.9, 5Jir 13.6, F-(3)], -131.6 [dd, 3Jrr 21.9, 4k 2.0, F-(2)], -102.6 [dddq, Jer 13.6, “ex
8.0, “Jrr 2.0, °Jr 2.0, F-(6)], -57.6 (ddd, %Jr 26.4, °Jen 8.5, °Je 2.0, 3F, CF3). Anal. calcd. for CoHgFs0S;: C 35.07; H
1.96; F 36.98; S 20.80; m/z 307.9759. Found: C 35.38; H 2.08; F 37.01; S 21.03; m/z 307.9755.
2,2'-{[2,4,5-Trifluoro-6-(trifluoromethyl)-1,3-phenylene]bis(sulfanediyl)}diethanol (6). Alkylation of thiol 8
by 2-chloroethanol (5). Compound 5 (2.05 g, 25.5 mmol) was dissolved in H,0 (35 mL) and added dropwise to
a solution of thiol 8 (7.71 g, 25.0 mmol) and Na>COs3 (1.98 g, 18.5 mmol) in H,0 (35 mL) for a period of 15 min
at 44-39 °C. The resulting solution was stirred at 39-50 °C for 9 h, then cooled, extracted with CH,Cl, (2 x 10
mL) and dried (MgS0a). The solvent was distilled off and the residue was crystallized to give product 6 (5.94 g,
59% yield) as colorless solid, mp (CH2Cly) 56-57 °C. IR (KBr, Vmax, cm™): 3373(m), 2943(w), 2912(w), 2887(w),
1603(w), 1450(s), 1412(m), 1350(s), 1302(w), 1271(m), 1248(w), 1182(s), 1146(s), 1082(m), 1063(s), 1020(m),
1005(w), 955(m), 876(m), 729(w), 702(m), 683(w), 661(w), 650(w). UV, Amax, nm (log €): 219 (4.08), 284 (3.82).
'H NMR [(CD3),CO, 300.13 MHz], &4 3.06 (t, 3Jun 6.5, 2H, CH,S), 3.22 (t, 3Jun 6.2, 2H, CH2S), 3.63-3.83 (m, 4H,
2CH,0), 3.93 (t, 3un 5.6, 1H, OH), 4.05 (t, 3Jun 5.6, 1H, OH). 23C NMR (CDsCN, 100.6 MHz): ¢ 37.4 [t, “Jcr 3.0,
CHS-(3)], 39.0 [d, “Jcr 4.6, CH2S-(1)], 61.8 (CH20), 62.0 (CH20), 119.1 [dd, %Jcr 25.1, 3Jcr 4.0, C-(1)], 120.1 [dd,
2Jer 27.7, ek 18.7, C-(3)], 121.2 [qd, %Jcr 30.6, 2Jcr 5.9, C-(6)], 123.2 (qd, Ycr 274.8, 3Jcr 2.7, CF3), 146.5 [ddd, Ycr
259.9, 2r 16.9, Y 2.7, C-(5)], 152.3 [ddd, Ycr 248.0, 2Jcr 15.4, 3Jcr 6.0, C-(4)], 160.2 [dt, Yer 239.9, 3Jcr 3.3, C-
(2)]. *°*F NMR (CDCl3, 282.4 MHz): &¢ -149.0 [qdd, “Jrr 34.6, 3Jer 21.9, >Je 13.6, F-(5)], -124.5 [dd, 3Jr 21.9, “Jre
5.1, F-(4)], -97.5 [dd, 3J&r 13.6, “Jee 5.1, F-(2)], -55.7 (d, “Jrr 34.6, 3F, CF3). Anal. cacld. for C11H10F60,S2: C 37.50;
H 2.86; F32.36; S 18.20; m/z 352.0021. Found: C37.24; H 2.70; F 32.31; S 18.22; m/z 352.0018.
2,2',2"-{[3,6-Difluoro-5-(trifluoromethyl)benzene-1,2,4-triyl]tris(sulfanediyl) }triethanol (7). Reaction of
perfluorotoluene (1) and 2-mercaptoethanol (2) in ratio 1:3. Compound 2 (1.19 g, 15.1 mmol) was added to
the solution of arene 1 (1.17 g, 4.91 mmol) in DMF (12 mL) in the presence of K,COs (1.61 g, 11.5 mmol). After
8.5 h stirring at 20-25 °C the resulting mixture was poured into 5% ag. HCI (50 mL). The precipitate was filtered
off, dried over P,0s and recrystallized to give compound 7 (1.42 g, 70% vyield). Colorless powder, mp 58-60 °C
(CH2Cl2). IR (KBr, Vmax, cm™): 3522(s), 3361(s), 2941(m), 2922(m), 2883(m), 2870(m), 1610(w), 1568(m),
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1525(m), 1454(m), 1431(m), 1400(s), 1385(s), 1294(s), 1257(s), 1203(m), 1184(s), 1140(s), 1128(s), 1055(s),
1014(s), 945(w), 926(w), 860(s), 690(w), 660(m), 631(m). UV, Amax, Nm (log €): 234 (4.15), 273 (3.97), 325
(3.91). *H NMR [(CD3),CO, 400.13 MHz]: 61 3.11 (t, 3Jun 6.4, 2H, CH,S), 3.14 (t, 3Jun 6.3, 2H, CH,S), 3.26 (t, 3/un
6.1, 2H, CH,S), 3.66-3.76 (m, 6H, 3CH20), 3.99 (t, 3/un 5.4, 1H, OH), 4.04 (t, 3Jun 5.7, 1H, OH), 4.11 (t, 3/un 5.6,
1H, OH). 3C NMR (CD3CN, 100.6 MHz): &¢ 38.3 (d, *Jcr 8.1, CH2S), 38.7 (d, *Jcr 5.3, CH,S), 38.8 (d, *Jcr 5.9, CH,S),
61.7 (CH20), 61.8 (CH20), 61.9 (CH,0), 119.9 [qd, %Jcr 30.8, 2Jcr 13.6, C-(5)], 123.5 (qdd, Yer 275.1, 3Jcr 2.7, Ycr
2.7, CF3), 124.6 (d, 2Jcr 26.6, Ca:S), 129.9 (dd, 2Jcr 22.4, 3Jcr 1.3, CarS), 135.1, (d, Zcr 22.6, CarS), 157.0 (d, Ycr
254.2, CarF), 160.1 (dd, Ycr 240.3, “Jce 2.6, CarF). °F NMR (CDsCN, 282.4 MHz): 8¢ -105.2 [qd, *Jer 35.5, °Jgr 15.1,
F-(3)], -95.2 [d, °Jr 15.1, F-(6)], -53.0 (d, “Jrr 35.5, 3F, CF3). Anal. cacld for Ci13H1sFs03Ss: C 38.04; H 3.44; F
23.14; S 23.43; m/z 410.0098. Found: C 38.07; H 3.44; F 23.11; S 23.58; m/z 410.0100.
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