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Abstract

A transition metal- and solvent-free procedure ftire reaction of aryl diazonium
tetrafluoroborates and thiols or selenols over aansurface under ball-milling at ambient
temperature, has been developed for the synthésissgmmetrical diaryl or aryl-alkyl sulfides
and selenides. A wide range of functionalized diaryaryl-alkyl sulfides and selenides were
obtained in high yields and high purity within agtreaction time (5-8 min.) by this protocol.

Keywords: aryl diazonium tetrafluoroborates, thiols, selespnansymmetrical diaryl sulfides and
selenides, ball-milling

Introduction

The aryl-chalcogen bond forming reactions leadmghe formation of aryl chalcogenides have
received considerable attention because of thegmnpial biological, pharmaceutical and material
importance:* Moreover organic chalcogenides have useful apjidies in organic synthesis as
intermediateand catalyst&. Hence there has been an obvious interest towaeddevelopment
of synthetic methodologies for the synthesis o§¢heompounds.

The majority of the reported protocols involvednsition metals like P&® Cu®*? Ni,***°
and F&°*8in the reaction of aryl halides or aryl boroniddscto form chalcogenides. But few
transition metal-free procedures were also repdedhe reaction of aryl diazonium salts and
lithium, sodium and potassium salt of arene thelatselenolate/ tellurolaté€?* But these
methods are associated with the use of hazardgasicrsolvents and toxic arene selenolate and
tellurolate. Recently, S. Kumaat al. have developed a better alternative for the swighef
unsymmetrical diaryl chalcogenides by transitiontak&ee reaction of arenes and diaryl
dichalcogenides under oxidative condition using#sin TFA at room temperature or 8G.%2
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Recently, ball-milling (intense mechanical gring)irhas received considerable attention as a
green tool for effecting solvent-free chemical teac®® For last few years we are actively
engaged in exploring reactions under ball mififflf and lately we have reportéda solvent,
metal- and ligand-free synthesis of unsymmetricaiyll chalcogenides by the reaction of aryl
tetrafluoroborates and diaryl dichalcogenides urmdkmilling. We report here an alternative
method for the synthesis of unsymmetrical diaryfides and selenides by the reaction of aryl
tetrafluoroborate with thiol and selenol on alummaface in presence of a base under ball
milling (Scheme 1).

2
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Scheme 1Synthesis of unsymmetrical sulfides and selenisheter ball-milling.

Results and Discussion

To optimize the reaction conditions, a series giegdnents were carried out with variation of
grinding auxiliary, base and time- for a represtwgareaction of 4-methoxybenzene diazonium
tetrafluoroborate and 4-bromothiophenol. The resate summarized in Table 1. A variety of
bases including NaOH, KOH, )K0O;, CsCO; were studied in presence of various grinding
auxiliary such as neutral, acidic and basic alumamal silica gel. But the best result in terms of
yield and time was obtained by carrying out therespntative reaction in neutral alumina in
presence of BCO; under ball-milling at 600 rpm (Table 1, entry ®)was also observed that
when the reaction was carried out in basic alumuitaout using any base, the yield of the
corresponding product was substantially reducedl€Td, entry 14). Significantly, when the
reaction was carried out under identical reactiond@tions in a conventional way without ball
milling for 30 minutes, the 4-bromodiphenyl disdéi was formed as sole product due to
homocoupling of 4-bromothiophenol. This demonssathe vital role of ball milling for this
reaction.

Thus, in a typical reaction procedure, aryl diaaonfluoroborate (1 mmol) and thiophenol
(1.2 mmol) were adsorbed onto the surface of nkalwanina and then the mixture was milled in
a planetary ball-mill at 600 rpm for a requiredipdrof time. Several diversely substituted aryl
diazonium fluoroborates underwent reactions withioes aryl, heteroaryl and alkyl thiols by
this procedure to produce a library of unsymmetrargl-aryl, aryl-heteroaryl and aryl-alkyl
sulfides. The results are reported in Table 2. Bxd¢letron donating (4-OMe) (Table 2, entries 1
and 8) and electron withdrawing (4-CN, 4-CHO, 4;CFNG,, 3-COCH) (Table 2, entries 2, 4-
7) group substituted aryl diazonium fluoroborateacted smoothly with a variety of thiols and
the functional groups remained inert under the treacconditions. Moreover, diversely
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substituted thiophenols also underwent reactioiBout any difficulty. Significantly, sterically
hindered thiophenol, 2,6-dimethylthiophenol reactddanly with 4-cyanobenzene and 2-
bromobenzene diazonium tetrafluoroborate to prodhee corresponding products (Table 2,
entries 2-3). 2-Mercaptopyridine also participaitedhis reaction to produce the corresponding
aryl heteroaryl sulfide (Table 2, entry 4). Alipitathiols, benzyl mercaptan and octadecanethiol
were successfully converted to the correspondiyigadikyl sulfides (Table 2, entries 6 and 8).

@ © Br
NBF,  SH /O/
S

base

grinding auxiliary o
6 balls, 600 rpm,

o\ Br time (min.)
O
Scheme laRepresentative reaction for optimization.
Table 1. Optimization of reaction conditions
Entry Grinding auxiliary Base (equiv.) Time (min.) Yield® (%)
1 Neutral AbO3 NaOH (3) 5 49
2 Neutral AbO3 NaOH (1) 5 58
3 Neutral AbO3 NaOH (0.5) 5 61
4 Neutral AbO3 KOH (0.5) 5 63
5 Neutral ApOs3 K2CO;(3) 5 97
6 Neutral AbO3 K2COs(1) 5 96
7 Neutral Al,O3 K,CO3(0.5) 5 97
8 Neutral AbO3 CsCGO; (0.5) 5 95
9 Neutral ApOs3 K>CO3(0.25) 5 81
10 Neutral A}O3 K.CO;(0) 5 42
11 Neutral A}O3 K,CO;3(0.5) 3 79
12 Acidic A|203 KoCOs (05) 5 48
13 Basic A}O3 K2,CO;(0.5) 5 97
14 Basic A}O3 K>CO;(0) 5 37
15 Silica KCGO;(0.5) 5 44

2Yields refer to those of isolated pure (by NMR)gwots."Best Condition.
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Scheme 2Synthesis of unsymmetrical sulfides.

Table 2. Synthesis of unsymmetrical diaryl or aryl-alkylfgies by ball-milling

Entry R R? Yield® (%)  Time (min.) Ref
1 4-OCH 4-Br-CgHa 97 5 28
2 4-CN 2,6-di-Me-GHs 83 8 -
3 2-Br 2,6-di-Me-GHs 80 8 28
4 4-CHO 2-GHN 93 5 30
5 4-CF; 4-NO,-CgHa 95 5 28
6 4-NGy CeHs-CH; 92 5 28
7 3-COCH 4-Br-CgHy 94 5 -
8 4-OCH CHs-(CHy)17- 92 5 28

2vields refer to those of isolated pure (By and**C NMR) products®This denotes the earlier
reference of corresponding products.

To make this procedure more convenient we atteinaten situ diazotization of anilines
usingt-BUuONO and subsequent reaction with 4-bromothiophedowever, the reaction was
successful only in case pfanisidine (Scheme 2a).

K,CO3, 5 min.

O

/©/NH2 tBUONO . /@/NZ BU
~0 Silica, 3min.  |~O

Scheme 2a.0ne pot procedure for the synthesis of unsymnatsalfides starting fronp-
anisidine under ball-milling.

A wide variety of diversely substituted aryldiaaom fluoroborates underwent reactions with
phenylselenol under similar reaction conditionpttoduce the corresponding unsymmetrical aryl
phenyl selenides. The results are summarized iteTalBoth electron donating (4-OMe, 4-Me)
(Table 3, entries 1 and 2) and electron withdrawB¢l, 4-CQCHs, 4-Br, 4-CF, 4-CN) (Table
3, entries 3-7) group substituted aryl diazoniumofbborates reacted efficiently. The base
sensitive functionalities like COOGHCN, remain unaffected under the reaction conattio
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In general, the reactions are clean and high iyigldMost significantly the reactions are
complete within a very short period (5-8 min.). éftthe reaction was over, the product was
purified by simple work-up and column chromatognaphhe grinding auxiliary, alumina, was
washed with ethanol and dried in the oven at °or two hours to make it ready for the next
run.

® 0o
N,BF,
| X PhSeH, K,CO5 | X8
// neutral alumina Kz
R 6 balls, 600 rpm, R

5-8 mins
Scheme 3Synthesis of unsymmetrical selenides.

Table 3.Synthesis of unsymmetrical diaryl selenides by-balling

Entry R Yield (%) Time (min.) Ref
1 4-OCH 92 5 31
2 4-Me 94 5 32
3 3-Cl, 4-Me 87 5 28
4 4-CQCHs 81 5 28
5 4-Br 89 5 28
6 4-CR 87 8 28
7 4-CN 83 8 28

2vields refer to those of isolated pure (Y and**C NMR) products®This denotes the earlier
reference of the corresponding product.

Conclusion

In conclusion we have developed an improved andiefit methodology for the synthesis of

unsymmetrical diaryl, aryl-heteroaryl and aryl-dlkylfides and diaryl selenides starting from
aryl diazonium fluoroborate and thiol or selenobanball-milling. The notable advantages of
this procedure are high yield and high purity obdarcts, short reaction time (5-8 min.),

recyclability of grinding auxiliary, no use of trsition metal, catalyst and solvent. We believe
that this will make a useful addition to the exigtimethods for the synthesis of sulfides and
selenides.
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Experimental Section

General. A PM 100 Retsch GmbH, Germany, ball-milling appasavas used for all reactions.
General Procedure for the Synthesis of Diaryl/ArylHeteroaryl Sulfides. Representative
Experimental Procedure for the Synthesis of (4-bromphenyl)(4-methoxyphenyl)sulfane
(Table 2, Entry 1). A mixture of 4-methoxy diazonium tetrafluorobord8y2 mg, 1 mmol), 4-
bromobenzenethiol (206 mg, 1.1 mmol), andCR; (69 mg, 0. 5 mmol/ 0.5 equivalent)
adsorbed on neutral alumina (3 g) was ball-milled 25 mL stainless steel beaker with six balls
(d = 10 mm) of the same material at 600 rpm forib (@aution: The diazonium salts are, in
general, susceptible to explosion on heating/gnigdalthough we did not encounter any such
incidence during our investigation. However thectigas should be performed in a closed fume
cupboard.). The ball-milling operation was perfodussing inverted rotation directions, with an
interval of 2 minutes and taking an interval bredl30 s. Extraction of the reaction residue by
simple elution with ethanol or ethyl acetate folemlvby evaporation of the solvent gave the
crude product, which was purified by a short coluohmomatography over silica gel (60-120
mesh) using a 9:1 hexane/diethyl ether mixed solesneluant to givé4-bromophenyl)(4-
methoxyphenyl)sulfaneas a white solid (284 mg, 97%); mp-&8 °C; ‘H NMR (400 MHz,
CDCl) 6 3.83 (s, 3H), 6.90 (d] = 7.2 Hz, 2H), 7.00 (d] = 7.2 Hz, 2H), 7.33 (d] = 7.2 Hz,
2H), 7.40 (d,J = 6.8 Hz, 2H);"*C NMR (100 MHz, CDGCJ) & 55.5, 115.3 (2C), 116.3, 119.5,
129.6 (2C), 132.0 (2C), 135.7 (2C), 138.3, 160I8sk data are in good agreement with those of
an authentic sample reported earlier. This proeedias followed for all of the reactions listed in
Tables 2 and 3. Almost all of these products a@Mncompounds (see the references in Tables
2, 3) and were easily identified by comparisonhdit spectroscopic data with those previously
reported. The unknown compounds (Table 2, entri@sd27) were characterized by their IR and
'H and**C NMR spectroscopic data and elemental analysies@ltlata are given below in the
order of their entries in Table 2.

4-(2,6-Dimethylphenylthio)benzonitrile (Table 2, Enry 2). Colorless oil (198 mg, 83%); IR
(neat) 3060, 2970, 2248, 1579, 1476, 1460, 1439%ciH NMR (500 MHz, CDC}) & 2.39 (s,
6H), 6.94 (dJ = 8 Hz, 2H), 7.22 (dJ = 7.5 Hz, 2H), 7.287 (d} = 7 Hz, 1H), 7.42 (d]) = 8.5 Hz,
2H); *C NMR (125 MHz, CDGJ) § 21.7 (2C), 107.8, 111.6, 119.1, 125.4 (2C), 12828.9
(2C), 130.3, 132.5 (2C), 144.0, 145.6. Anal. Cafod.CysH13NS: C, 75.28; H, 5.47; N, 5.85.
Found: C, 75.24; H, 5.44; N, 5.86.

1-(3-(4-Bromophenylthio)phenyl)ethanone (Table 2, &ry 7). Yellow oil (287 mg, 94%); IR
(neat) 3010, 2850, 1650, 1600, 1280 tmH NMR (500 MHz, CDCJ) & 2.57 (s, 3H), 7.30 (s,
4H), 7.40 (tJ = 8 Hz, 1H), 7.47 (dJ = 7.5 Hz, 1H), 7.82 (d] = 7.5 Hz, 1H), 7.91 (s, 1H}*C
NMR (125 MHz, CDCJ) 6 26.7, 116.3, 127.1, 129.6, 129.7 (2C), 130.4, @33C), 133.4,
135.0, 137.0, 138.2, 197.4. Anal. Calcd. fqiH3;BrOS: C, 54.74; H, 3.61. Found: C, 54.71; H,
3.59.
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Experimental Procedure for One-pot Diazotization aal Coupling for the Synthesis of (4-
bromophenyl)(4-methoxyphenyl)sulfane from 4-methoxsniline (Scheme 2a)A mixture of
4-methoxyaniline (123 mg, 1 mmol) aBUONO (113 mg, 1.1 mmol,) adsorbed on silica gel (3
g) was ball-milled in a 25 mL stainless steel beakih six balls (d = 10 mm) of the same
material at 600 rpm for 3 min. The ball-milling spgon was performed using inverted rotation
directions, with an interval of 2 minutes and takam interval break of 30 s. Then on the same
pot 4-bromobenzenethiol (189 mg, 1 mmol) angC&; (69 mg, 0. 5 mmol) were added
simultaneously and the reaction mixture was balleghifor 5 min. at 600 rpm. Extraction of the
reaction residue by simple elution with ethanokthyl acetate followed by evaporation of the
solvent gave the crude product, which was purifigda short column chromatography over
silica gel (60—120 mesh) using a 9:1 hexane/diegtlyer mixed solvent as eluant to gie
bromophenyl)(4-methoxyphenyl)sulfaneas a white solid (263 mg, 90%).
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