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SYNTHESIS OF 1-(PHENYLSULFONYL)INDOL-3-YL
TRIFLUOROMETHANESULFONATE*

Samuel C. Conway and Gordon W, Gribble*
Department of Chemistry, Dartmouth College, Hanover, New Hampshire 03755, USA

Abstract - The synthesis of the potentially useful intermediate 1-{phenylsulfonyl)indol-3-yl
triflnoromethanesulfonate (triflate) (1), via several approaches to the corresponding indoxyl
6, is described. Of these, the direct oxidation of 1-(phenylsutfonybindele (2) with magnesivm
monoperphthalate (MMPP) in refluxing acetic acid is the most concise route to 6.

Wel and others? have shown that 3-haloindoles are useful intermediates in the synthesis of indoles and
indole alkaloids via halogen-metal exchange or palladium-catalyzed cross-coupling technologies. Inan
effart Lo improve upon and extend the Jatter methodology, in particular, we sought to prepare an N-
protected 3-indolyl triflate. In the present paper we describe the synthests of E-(phenylsulfonybjindol-3-yl

tifluoromethanesulfonate {teiflate) (1) via the corresponding indoxy! derivative.
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A logical precursor to riflate 1 is the N-protected indoxyl 6.3 Initial attempts to synthesize 6 involved the
oxidation procedures indicated in Scheme 1. Thus, treatment of the readily available 3-5romo-1-(pheny]-
sulfonyl)indole (3) with +-BuLi generates 3-lithie-1-(phenylsulfonyl)indole (4).] Quenching this species
with chlorotritmethylsilane followed by oxidation of silane 5 according to the procedure of Kuwajima and
Urabe? produced the target 1-(phenylsulfonyDindoxyt (6} albeit in only 22% yield. No better was a
sequence involving the preparation and oxidation of 1-{phenylsulfonyl)indol-3-ylboronic acid (7),
following the method of Hawthorne,5 which afforded 6 in low yield. The structure of 6 is supported by
elemental analysis and spectral data. In particular, the ir spectrum of & exhibits an aryl ketone carbonyl
stretch at 1726 el and the LH nmr spectrum displays a singlet at § 4.14 for the methylene group. '

$We dedicate this paper to the memery of Dr. Tetsuji Kametani.
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A superjor synthesis of indoxyl 6 was realized in a procedure starting with 2-aminoacetophenone (8)
(Scheme 2). Thus, phenylsulfonylations of § to give 9, followed by bromination of the ketone group with

* cupric bromide? gave the bromide 10 in good yield. Although H could be isolated and characterized, we
. found that simply exposing the reaction mixture fo triethylamine afforded 6 i in 70% overail yield from 9.

This synthesis of 6 suffers from the fact that 2-aminoacetophenone (8) is an expensive starting material
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We then considered that a direct oxidation {epoxidation, rearrangement) of 1-{phenyisulfonyl)indole (2)
might provide a feasible route to indoxyl 6. Indeed, treatment of 2 with magnesinm monoperphthatate
(MMPP) in refluxing acetic acid for two hours gave 6 in 60% yield. The reaction time is crucial since

. other products begin to form after two hours. In related chemistry, the oxidation of 1-tosylindole to the

corresponding indoxyl with MoOs*HMPA has been reported but the yield is onky 38%.8
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After some experimentation, we found that the desired trifiate 1 could be prepared in high yield from
indoxyt 6 by treatment with triflic anhydride in the presence of 2,6-di-tert-butyl-4-methylpyridine.?
Pyridine could not be used in this regard, The indole triffate 1 i3 a stable crystalline solid whose structure
is fully supported by analytical and spectral data. Our studies of the chemistry of L are underway and will

be described in due course.

EXPERIMENTAL
The general techniques and procedures used in this research have been recently deseribed.10

1-(Phenylsnlfonylindole (2). The procedure of lli was used.1! To an ice-cold mixture of powdered
sodium hydro'xidc (50.0 g, 125 mol) and tetra-n-butylammonium hydrogen sulfate (3.50 g, 10.3 mmol)
in methylene chioride (500 ml} under argon was added solid indole (46.75 g, 0.40 mol) in one portion,
followed by a solution of benzenesulfonyl chloride (63.8 mt, 0.59 mol) in methylene chloride (300 ml} at
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such a rate as to keep the intemnal temperature below 20 *C. The mixture was then vigorously sticred at

room temperature for 2 h, filtered, and evaporated in vacuo to produce a thick orange oil. Trituration
with 100 m of boiling methanel fotlowed by slow cooling yielded 92.79 g of white crystals, mp 77-79 °C
(lit.\ mp 78-79 *C ). Concentration of the supernatant followed by slow caoling produced an additionat
4.18 g of crystals. Total yield: 96.97 g (94%).

3-Bromo-1-(phenylsulfonyliindgle (3). This procedure represents an improvement over that described
_earlier.lc 1-(Phenylsulfonylindele (2) (15.4 £, 60.0 minol) was dissolved in dry carbon tetrachloride
{120 ml), and a solution of bromine (10.1 g, 63.0 mmol) in dry carbon tetrachloride (50 ml) was added at
room temperature over 15 min. The red solution was stirred for 4 h, and then poured into safurated
aqueous NaHCO3 (150 ml). The layers were separated, and the organic phase was washed successively
with 10% agueous NazS203 (100 ml), water (100 ml), brine (100 mi), and dried {NagS0y) with
decolorizing carbon added. Evaporation in vacuo yielded £9.7 g (98%) of 3 as pale yellow crystals: mp
119-120 °C (lit.fc mp 122-123 *C).

1-(Phenylsulfonyl)-3-{trimethylsilyDindote (5). A solution of 3 (3.4 g, 10 mmel) in dry THF (100 mi}
nder argon was cooled to -100 °C. r-Batyllithium (13,2 ml of a 1.55 M solution in pentane, 20.5 mmol)
was rapidly introduced via syringe, with liquid nitrogen being added to the cooling bath to maintain a
temperature less than -90 "C. The mixture was stirred for 5 min, and neat chloratrimethybsilane (1.52 ml

2 mmol) was quickly added. After warming 1o room temperature ovemight, the solution was poured
Into sarurated agueons NaHCO3 (150 ml) and methylene chloride (100 ml). The aqueous layer was
extracted with methylene chloride (50 ml), and the combined organic phases were washed with water (100
ml), brine (150 ml), dried (NazCO03), and evaporated in vacuo to yield an orange oil (3.76 g). Flash
chromatography over silica gel with 2:1 methylene chioride/hexane yielded 2.43 £ (74%) of pure 1-
(phem\rlsulfonyl)~3-(trimethy[sily])indole (3 as colorless crystals, identified by the comparison with a
known sample.12 ‘
i s . A 32% solution of peracetic acid in acetic
acid (1.75 ml, 7.36 mmol) and sodium acetate (0.23 8, 28.0 mmol) were stirred in methylene chloride (6
mi) under argon at 0 °C, and a solution of 5 (0.60 g, 1.82 mmol} in 6 m] of methylene chloride was added
dropwise via sytinge. The reaction mixture was stirred for 4 h at 0 °C, then for 3 days at room
temperatize. Anadditional 1.75 ml of peracid selution followed by stirring for two days failed to
complete the reaction. Methylene chloride (25 ml) was then added, and the mixture was poured into 10%
aqueous NazSy04 (50 ml). The layers were separated, and the organic layer was washed successively with
saturated aqueous NaHCQ4 (50 ml), water (50 ml), brine (70 ml), dried (Na3S04), and evaporated in
vacuo o yield a dark oil. Flash ctuomatography over silica gel with 2:1 hexane/ethyl acetate yielded 0,11
£ (22%) of indoxyl 6; mp 128-130 "C decs ir (KBr) 1726, 1609, 1477, 1463, 1455, 1366, 1205, 1169,
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1153, 964, 762, 606, 569 cm-l; uv (BOH) Aypgx 218 non; ms mfz 273 (M) 132 (100), 77; 1H ninr

(CDCly) 8 8.04 (d, 11, T = 8.4 Hz), 7.89-7.80 (m, 2H), 7.71-7.56 (m, 3H), 7.53-7.44 (m, 2H), 7.21-7.14

(m, 1H), 4.14 (s, ZH); 13C nmr (CDCL3) § 194.5, 153.4, 1373, 136.4, 134.0, 129.5, 127.0, 1230, 1244,
124.2, 115.8, 56.0. Anal. Caled for Cy4Hy1NO5S: €, 61.53; H,4.06; N, 5.12; 8, 1173, Found: C,
61.49% H, 4.09; N, 5.09; 8, 11.70.
dro-1- nyD)-3}1.i
THF (100 ml) under argon was coeled to -100 °C., t-Butyllithium (20 mi of a 1,25 M solution in pentane,
25 mmol) was rapidly introduced via syringe, with liquid nitrogen being added to the cooling bath to
maintain an internal temperature below -90 °C. The mixture was stirred for 5 min, and neat
trimethylborate (1.70 ml, 15 mimol) was guickly added. After warming to room temperature ovemight,
the orange selution was treated with 3M HCL (25 ml) and extracted with methylene chloride (2x50 mt),
The cambined organic Jayers were washed with water (3x50 ml), brine (50 m), dried (Mg304) with '
decolorizing carbon added, and evaporated in vacuo to produce a brown oil. Trituration with chloreform
caused the precipitation of the boronic actd 7 as a white powder (1.68 g, 47%), which was collected anid
suspended in ether (35 ml). To this was added 15% HyO and the two-phase mixture was vigorously

stirred until the boronie acid was dissolved, The ether layer was removed, evaporated in vacus, and the

-3-one . A solution of 3 (4.0 g, 12 mmel} in dry

residue was taken up in methylene chloride and eluted through a short silica gel column with methylene
chtoride. Bvaporation of the eluent yiclded 0,15 g (13%) of crude 6, identified by tle comparisen with a
known sample: myp 122-127 °C dec.

1-[(2-Phenylsulfonamido)phenyl]ethancne (3). o-Aminoacetophenone (8) (20.3 g, 150 mmol) was

dissolved in anhydrous ether (125 ml) under argon, and pyridine (18 ml, 224 mmol) was added. The
solution was cooled to 0 °C, and benzenesulfonyl chloride (20.0 ml, 157 mmol) was added dropwise. The

' mixture was stirred at this temperature for 1 h, after which the resulting precipitate was collected and

washed with cold methanol, producing 7.11 g of analytically pure product. Concentration of the filtrate in
vacuo and treatment with cold methanol yielded further product, Total yicld 39.4 g (95%): mp 179-181
¢ ir (KBr) 1654, 1582, 1498, 1456, 1447, 1397, 1361, 1334, 1310, 1298, 1253, 1184, 1168, 1160, 927,
773, 762, 721, 689, 633 crirl; ms miz 275 (M), 134 €100), 106, 92,91, 77; IH nmw (CDCl3) 87.91-7.76
(m, 3H), 7.73-7.67 (m, tH), 7.56-7.39 (m, 4H), 7.11-7.03 {m, 1H), 2.55 (s, 3H); E3C nmr (CDCly) &
202.4, 130.9, 1395, 134.9, 133.0, 131.9, 1290, 127.2, 122.8, 122.5, 119.3, 284. Anal. Calcd for
C14H13N038: C, 61.07; H, 476, N, 5.00; S, 11.64, Found: C,61.01; H, 4.76; N, 5.03; 5, 11.57.
2-Bromg-1-[(2-phenylsulfonamidophenyllethanone (30). Freshly-ground cupric bromide (2.12 g, 9.5
mrmol) was added to a solution of 9 (1.38 g, 5.0 mmol) in 131 chloroformyethyl acetate (15 ml). The dark-
green mixture was refluxed for 12 h, slowly tarning yellow when the reaction was completed; a small
amount of decolorizing carbon was added, and the mixture was filtered to remove copper(l) sakts., The
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filtrate was evaporated in vacuo to yield an extremely hygroscopic yellow solid, Recrystallization from
cold methano} under nitrogen yielded 0.883 g (53%.) of 10 as pale yellow crystals: mp 98-101 °Cy ir
(KBr) 1649, 1578, 1495, 1456, 1449, 1389, 1343, 1263, 1161, 929, 751, 694, 630, 587 cm-}: ms m/z 355,
353 (M, 273, 260 (100), 196, 195, 133; 1H nmr (CDCl3) § 7.88-7.76 {m, 3H), 7.73-7.68 (m, 1H), 7.56-
7.38 (m, 4H), 7.13-7.05 (m, 1H), 4.36 (5, 2ID); 13C nmr (CDCl3) 8 195.0, 140.6, 135.7, 133.2, 131.6,
129.1,127., 1270, 1230, 1197, 119.6, 31.3. Anal. Calcd for C14H2BINO4S: €, 4747 H, 341; N,
3.95,'5,9.05; Br, 22.56. Found: C,47.74; H, 3.40; N, 3.88; §, 8.96; Br, 22.41.

2-Dihydro-1-(phenylsuifon . A mixture of 9 (5,51 g, 20 mmel) and
cupric bromide (8.71 g, 39 mmol) in 1:1 chloroform/ethy] acetate (60 ml) was refluxed for 12 h. A small
amount of decb!orizing carbon was added, and the mixture was filtered, The yellow filtrate was cooled to
0°C and stirred under argon while triethylamine (2.85 ml, 20.5 mmol) was slowly added. The mixture
was s.tirred at 0 °C for 2 h and filtered to remove the ammonium sait formed, The filter cake was
extracted with ethyl acetate, and the filtrate was washed successively with 1M HC1 (50 ml), water (50 m}),
brine (50 ml), dried (Na2SC4), and evaporated in vacue to yield bright red crystals. These were rinsed
with cold ether to remove the bulk of the red color, and then recrystallized from cther to yield 3.70 g
(70%) of 6.

1.2-Dihydro-1-(phenylsulf -3H-indo}-3-om from _direct oxi . The protecied indole 2
(2.57 g, 10.0 mmol) and 80% magnesium monoperphthalate (5.18 £, 10.0 mmol) were dissolved in glacial
acetic acid (50 mi), and the solution was refluxed for 2 h {bath temp. 125 *C}. After cooling, the bulk of
the solvent was removed by vacuum distillation, and methylene chloride (25 ml) and water (75 mb) were
added. The resulting suspension was then treated with solid sodium bicarbonate until gas evolution ceased.
The layers wete: filtered, separated, and the aqueous layer was extracted with methylene chloride (2x35
ml). The combined organic layers were washed with satorated aqueous NaHCQ3 (50 ml), water (50 mI},
brine (70 ml), dried (ﬁazSOq}, and evaporated in vacuo to yield a dark ofl (3,71 g). Flash
chromatography over_sific'é; gel with 5:1 methylene chloride/hexane yielded 1.64 g (60%) of 6,
1-(Phenylsulfonybindol-3-v] triflugromethanesulfonate (1) Freshly-recrystallized 6 (1.26 g, 4.61
tnanol} was dissolved in methylene chloride (20 ml), land solid 2,6-di-rers-butyl-4-methylpyridine (0.977
£, 4.66 mmol) was added. The solution was cooled to 0 °C and stirred under argon while
trifluoromethanesutfonic anhydride (0.84 mt, 4.99 mmol) was-slowly added. After stirring for 1 h at this
temperature and then for 3 h at room femperature, the mixture was evaporated in vacue and the residue
was triturated with pentane (25 ml). The resulting precipitate was collected and washed with pentane, and
the combined supernatant Hquids were washed successively with cold 1M HC1 (25 mi}, water (25 ml),
brine (30 mb), dried (N22S04), and evaporated in vacuo 10 yield 2 yellow oil. Flash chromatography over
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sitica gel with methylene chloride yielded 157 g (84%) of analytically pure triflate 1 as a colorless oil

which slowly crystallized upon standing at room temperature: mp 56-58 *C: ir (KBr) 1449, 1432, 1413),
1577, 1273, 1247, 1210, 1176, 1109 (broad), 869, 848, 740, 729, 681, 599, 574 cm-k; ms miz 405 (M*),

" 272, 141 (100), 103, 77, 76, 69; 1H nmr (CDCl3) §8.07 (4, 1H, ] = 8.4 Hz), 7.95-7.89 (m, 2H), 7.77 (s,

1H), 7.59-740 {m, 5H), 730 4, 1H,T = 7.3 Hz); 13C nir (CDCly) §137.1, 1344, 133.4, 132.6,12%.4,
126.8, 126.5, 124.4, 122.6, 118.6 (g, J = 322 Hz), 117.7, 1166, 113.8. Anal. Calcd for C15'H10F3N05S2:
C, 44.44; H, 2.49; N, 3.46; 8, 15.82. Found: C, 44.50; M, 2.49 N, 3.41; 5, 15.87.
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