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Abstract: Direcled lithiation of 1-acylindole derivatives was investigated. It was discovered that a bulky
2,2~ diethylbutanoyl (DEB) group could promote unusual C-7 lithiation. Especially in the case of 3-

substituted 1-(DEB)indoles, seiective C-7 lithiation was achieved in a synthetically useful level. The
DEB group was readily removed by H,0/tert-BuOK/THF system after functionalization at C-7. This,

therefore «.I“OWS easy generation of 3, 7 disubstituted indole derivatives which are not readily avallable
by conventional methodologics. © 1999 Elsevier Science Ltd. All rights reserved.

mdole nucleus from approprxately substituted benzene precursors h
includes Leimgruber-Batcho,3 Sugasawa,4 Ito-Saegusa, Bartolif, and Kon
ring construction route from pyrrole precursors is also useful, especially for the synthesis of complex natural
products such as teleocidins.8 Compared to these ring annulation methods, 7-selective functionalization of the
preexisting indole nucleus is rather limited in spite of its inherent directness. Somei? and Iwao!? utilized 1-
protected indolines (2,3-dihydroindoles) as indole equivalents for 7-selective thallation and lithiation,
respectively. Rapoport devised general bromine-lithium exchange route to the benzenoid ring-substituted
indoles including 7-substituted ones.!! This approach, however, requires the synthesis of bromoindoles from
substituted benzenes. Nucleophilic additioni? and lithiation!3 routes via indole-Cr(CO)3 complexes have also
been reported Since we felt these procedures are lengthy and tedious for the synthesis of rather simple 7-

been utilized as a major approach. This
Kondo-Sakamoto’ nroced ures. Another

t
if the coordinating moiety in the directing group were fixed mward H-7, kinetic deprotonatio

feasible by complex-induced proximity effect (C‘IPE)15 (Scheme 1).
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1-Acylindoles are known to exist as equilibrium mixtures of planner E- and Z-conformers due to
restricted rotation around N-C amide bond.}6 In the case of bulky 1-acylindoles, this equilibrium may shift
toward the Z-conformer because there is repulsive interaction between bulky alkyl substituent and peri-
hydrogen in the E-conformer.!6 Since carbonyl oxygen of the major Z-conformer is directed toward
benzenoid ring, selective C-7 lithiation may be possible if this orientation could be kept in the transition state

of the deprotonation (Scheme 2).
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In order to test this idea, 1-pivaloylindole (1) and 1-(2,2-diethylbutanoyl)indole (2) [hereafter referred to
1-(DEB)indole] were synthesized. The differential NOE measurements of 1 and 2 clearly indicated that both
compounds exist in Z-form as we expected. Namely, irradiation of tert-butyl protons of 1 resulted in 18.9%

enhancement of H-2 absorption and only 1.1% of H-7. Furthermore, irradiation of methylene protons of 2
afforded single very large enhancement of H-2 absorption (30.8%) (Figure 1).
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Directed Lithiation of I-(DEB)indole. Deuteration Experiments
We first examined regioselective lithiation of 1-pivaloylindole (1) by tr
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deprotecied indole (3), which must
and the starting material 1in 79% and 14% yields, respectively (Scheme 3). 'H-NMR analysis of these
ucts indicated no deuterium incorporation at C-7 and C-2 positions. A!t.hol_lgh e tested a variety of

i o
nditions , we isolated 3 as a major product in every case, and could not achieve any ring lithiation.

1) BuLi (1.0 eq), TMEDA, ether, -78°C, 1 h m

2) MeQOD, -78°C, 0.5 h
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We next examined the selective C-7 lithiation of more bulky 1-(DEB)indole (2) to avoid undesirable
nucleophilic attack. The results of the lithiation-deuteration experiments were summarized in Table 1. When
2 was treated with sec-BuLi-TMEDA in ether at -78°C for 1 h followed by MeOD, the deuterated substrate 4
was recovered in good yields (Entries 1-4). 'H-NMR analyses of 4 indicated that the lithiation occurred at
both C-7 and C-2 positions. The best result with respect to both total deuterium incorporation and 7-
selectivity was achieved by using 1.5 eq of sec-BuLi (Entry 3). When larger amount of the base was used,
over lithiation occurred to gwe 2,7-dilithio spec1esl7 (Entry 4) In entries 1 4 indole (3) was not 1solatcd but
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lithiation of 2. Although we tested other bases (Entries 6, 7), solvents (Entries 8-10), and additives (Entries

11, 12), we could not eﬁtabllsh much better conditions for selective C-7 lithiation. Onlv in the case where

DME was used as a solvent, somewhat improved C-7 selectivity was observed, though the total deuterium
incorporation was rather low and considerable amount of indole (3) was formed as a by-product (Entry 10).
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Table 1. Deuteration of 1-(DEB)indole (2)
B Sol ddit BuLi 4 (9y® Deuterium Content in4(%)” 5?6 (D 3 (%)
ntry Solvent  Additive (eq) uLi(eq) 4 (%) 7 o 3 tonl (%)% 6 (%) (%)
1 ether TMEDA (1.5) sec(1.0) 80 26 35 0 61 5 0 0
2 ether TMEDA (1.9) sec(1.25) 78 41 50 0 91 6 0 0
3 ether TMEDA (2.3) sec(1.5) 81 52 49 0 101 2 0 0
4 ether  TMEDA (2.6) sec(1.75) 83 59 51 0 1109 2 0 0
5 ether none sec (1.5) 14 12 51 0 63 0 30 47
6 ether TMEDA (2.3) n(L.5) 52 0 0 0 0 0 0 40
7 ether TMEDA (2.3) tert(1.5) 88 13 80 0 93 3 4 0
8 THF TMEDA (2.3) sec(1.5) 73 39 44 i5 98 0 0 24
9 THF none sec (1.5) 56 i2 33 30 75 0 3 32
10 DME TMEDA (2.3) sec(1.5) 73 42 32 1 75 3 0 20
11 ether  sparteine (2.3) sec ( 1.5) 36 0 95 0 95 0 14 45
12 ether DABCO(2.3) sec(l.5) 64 0 0 0 0 0 14 19
a) Isolated yield.
b) Deuterium content was estimated by 'H-NMR (200 MHz) analysis.
c) Formation of 2,7-dilithio species was indicated by a methylation experiment; see: ref. 17.

Directed Lithiation of 3-Substituted 1-(DEB)indoles. Synthesis of 3,7-Disubstituted Indole Derivatives
Since the feasibility of selective C-7 lithiation of 1-(DEB)indole derivatives was suggested by the

deuteration experiments of 2, we next examined the lithiation of 3-substituted 1-(DEB)indoles. The

substituents lacking the directing ability such as alkyl and triaikylsilyl groups exert steric hindrance against

the approach of a lithiating agent to the neighboring protons 19 Therefore, lmpruvemcm of C-7 selectivity
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The lithiation of 1-(DEB)-3-methylindole (7) under the conditions established above [sec-BuLi (1.5 eq),
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TMEDA (2.3 eq), ether. -78 °C, 1h] followed by MeOD quenching afforded C-7 and C-2 deuterated products
in a ratio of 6:1. Since a good regioselectivity was confirmed by this experiment, electrophilic substitution
with a range of common electrophiles were carried out. The results were summarized in Table 2. In general,
7-substituted products 8 were isolated in good yields. The minor 2-substituted products 9 were readily
removed from 8 by column chromatography or simple crystallization. Only when DMF was used as an
electrophile, the expected 7-formyl derivative 8c was isolated in a poor yield due to formation of some by-
products derived from a normal addition product (see experimental).

A~ 1) sec-BuLi (1.5 eq), TMEDA (2.3 eq), ether, 78 °C, Th (P4 2
(LY —— %‘) + (L)€
N 2) electrophile, -78 °C, 1 h |
7 DEB E DEB DEB
8a-i 9a-i
Table 2. Selective C-7 Functionalization of 7
Entry Electrophile E C-7 Product  Yield® C-2 Product Yield®
1 MeOD D 8a 74b) 9a 12b)
2 Mel Me 8b 62 9b 8
3 DMF CHO 8c 17 9¢ 0
4 CO, COsH 8d 65 9d 0
5 CICO;Et CO,Et 8e 77 9 6
6 Ci3CCCli3 Cl 8f 81 of il
7 BrF,CCBrF; Br 8g 67 9g i3
8 TMSCI TMS 8h 75 9h 7
9 PhSSPh SPh 8i 73 9 9
a) Isolated yield unless otherwise noted.

Yicld was determined by 'H-NMR (200 MHz) analysis.

The lithiations of other 3-substituted 1-(DEB)indoles 10 and 11 also went smoothly under the similar
conditions to give 3,7-disubstituted compounds 12 and 14, respectively, after quenching with ethyl
chloroformate. The C-7 vs. C-2 selectivities were essentially same as in the case of the lithiation of 3-methyl
compound 7 (Scheme 4).
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n=1 10 12:64 % 13:6 %
n=2 1 14:72% 15:7 %
Scheme 4

Deprotection of DEB group

In order to establish the practical utility of this C-7 functionalization reaction of the indole ring,
deprotection of DEB group was next investigated. Preliminarily we tested four different conditions by using
2 as a model substrate (Table 3). When 2 was allowed to react with K,CO3 in MeOH or with NaOEt in
EtOH, it took for 1 day to complete the reaction at room temperature (Entries 1, 2). By using 2M aqueous
NaOH in EtOH, longer reaction time was required (Entry 3). On the other hand, the deprotection using
H,O/tert-BuOK?20 in THF was found to be very efficient. The reaction was completed within 3 min at room
temperature (Entry 4). This procedure was successfully applied for deprotection of DEB group from more

[ TRV NN B IR TP DUNIPS RPNV DI « SRR (N « LIRS P SR, . PUpiy [ RSP PRI SRR S 4 Sy SVl Y A0
nmaerea /-sudsuica COIIIpOUIlu& O dilu 01, dallIOUEIl I LOUK HOIICWildAL I01ECL [Cal UV LG \LHUITS I, U).



I

T. Fukuda et al. / Tetrahedron 55 (1999) 9151-916.

O

h R
M Conditions m
™ 1 N/ o ) \/
g DEB g H
Table 3. Deprotection of DEB Group
Entry Conditions R E Time Product Yield (%)
1 KyCO3, MeOH H H 1 day 3 97
2 NaOEt, EtOH H H 1 day 3 87
3 NaOHagq, EtOH H H 1.7 day 3 90
4 tert-BuOK, H,O, THF H H 5 min 3 84
5 teri-BuOK, H»O, THF Me SPh 30 min 16 96
6 tert-BuOK, H)O, THF  Me Br 2h 17 85
In conclusion, we discovered the first example of the directed C-7 lithiation of indole ring which was
promoted solely by a directing group (DEB) on indole nitrogen. Good C-7 selectivity was achieved when 3-

substituted 1-(DEB)indoles were employed as the substrates. Since DEB group was readily removed by
HOftert+-BuOK in THF, this method allows easy generation of a variety of 3,7-disubstituted indole
derivatives which are not readily available by using conventional protocols.

Experimental

Melting points were determined with a Yanagimoto micro melting points apparatus and are uncorrected.
IR spectra were obtained with a Perkin Elmer System 2000 instrument. 'H-NMR spectra were recorded at
200 MHz on a Varian Gemini-200 instrument, at 300 MHz on a Varian Gemini-300 instrument. The
aiec e AT TAAQ Y AN
a

ifferential NOE measurements were carried out on a JEOL JMS GX-400 instrument. All signals were
expressed as ppm down field from tetramethylsilane used as an internal standard (3-value in CDCl3). High

mncndiitine mmacs oA . P LT, - .

resolution mass bpt:(..lrd were recorded on a JEOL JMS-DX303 instrument. Elemental analyses were
marfaemea >y o masareanmaloetian B N AaSach . oy w -~ e ,.ﬂ_.,.l [ |
performed at the microanalytical laboratory in Nagasaki University. Column chromatography was conducied
on Silica Gel 60, 70-230 mesh ASTM (E.Merck), unless otherwise mentioned. Flash chromatography was

conducted on Silica Gel 60, 230-400 mesh ASTM (E.Merck). Solvents were dried (Na-benzophenone ketyl
) and distilled shortly before use. Reactions were carried out under an
atmosphere of mtrogen or drgon if necessary. sec-BuLi was purchased from Kanto Chemical Co., Inc. n- and
tert-BuLi were purchased from Aldrich Chemical Co., Inc. All butyllithiums were used after titration with

2,5-dimethoxybenzyl alcohol. 1-Pivaloylindole (1) was synthesized according to the literature procedure.2!
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1-(2,2-Diethylbutanoyl)indole (2). Indole (1.07 g, 9.14 mmol) was added portionwise to a suspension
of NaH (60% dispersion in mineral oil, 549 mg, ca. 13.7 mmol, prewashed with pentane) in THF (18 mL) at O
°C. After stirring at the same temperature for 1 h, 2,2-diethylbutanoyl chlorideZ? (1.49g, 9.14 mmol) was
added dropwise at O °C and the whole mixture was gradually warmed to room temperature. After being

ATTY

stirred for 1 h, the mixture was quenched with saturated aqueous NH4Cl and extracted with ether. The extract

was washed successively with water and brine, dried over NasSOy, and concentrated in vacuo. Crude 2 was
purified by Kiigelrohr distillation (180 °C/ 2 mmHg) after column chromatography (SiOg, hexane-ethyl
acetate= 30:1), to give pure 2 (2.17 g, 98%) as colorless oil: IR (neat) 3182, 3051, 2970, 2880, 1694, 1584,
1538, 1471, 1448, 1382, 1344, 1306, 1284, 1223, 1208, 1184 1174, 1153, 1102, 1076, 1020, 935, 880, 823,

2,134 \
H-NMR (300 MHz) & 8.51 (dd, J= 0.8 and 8.2 Hz, 1H), 7.78 (d, J= 3.8 Hz, 1H), 7.56

768, 750, 713 cm'l‘ I
(dd, J= 0.8 and 7.1 Hz, 1H), 7.34 (dt, J- 14and71Hz 1H), 7.26 (dt, /= 1.1 and 7.4 Hz, 1H), 6.61 (dd, J=

0.6 and 3.8 Hz, 1H), 1.90 (q, /= 7.4 Hz, 6H), 0.84 (t, J= 7.4 Hz, 9H). Anal. Calcd for Ci¢H2|NO: C, 78.97;
H, 8.70; N, 5.76%. Found: C, 79.27; H, 8.83; N, 5.74%.
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1-(2,2-Diethylbutanoyl)-3-methylindole (7). This compound was prepared from 3-methylindole
(skatole) as described above in 96% yield: Bp 160-170 °C/ 0.9 mmHg (Kiigelrohr); IR (neat) 3049, 2969,
2042, 2880, 1690, 1608, 1471, 1449, 1386, 1347, 1311, 1212, 1172, 1157, 1121, 1061, 1038, 1022, 922, 825,
770, 748 cm-1; 'H-NMR (300 MHz) & 8.50 (d, J= 7.7 Hz, 1H), 7.53 (br s, 1H), 7.49 (dd, J= 1.4 and 7.6 Hz,
1H), 7.37-7.26 (m, 2H), 2.30 (d, J= 1.1 Hz, 3H), 1.89 (q, J= 7.4 Hz, 6H), 0.83 (t, J= 7.4 Hz, 9H). Anal. Calcd
for C17H23NO: C, 79.33; H, 9.01; N, 5.44%. Found: C, 79.72; H, 9.19; N, 5.38%,

1-(2,2-Diethylbutanoyl)-3-triisopropyisiiyloxymethylindole (10). This compound was prepared in
three steps from indole-3- carboxaidc’nyde NaH (60% in mineral oil, 400 mg, ca. 10 mmol) was added

TIIE /20N T\ o N °Mm T .
1 {2V IHL} at -20 €. 1ne
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mixture was gradually warmed to room temperature After being stirred for
i
h

- g

2
60 ml) at -20 °C over 40

i1

dropwise to a solution of 2.2-diethvlbutan

aropwise to a sotuion oI 2, 2-dicthyiputanoy
r J J
na

min and the whole was stirred for additio

The mixture was quenched with water and extracted with
ethyl acetate. The extract was washed qucceimvelv with saturated aqueous NaHCO3 and brine, dried over
NayS0y4, and concentrated in vacuo. The residue was purified successively by silica gel (hexane-ethyl
acetate= 5:1) and aluminium oxide column chromatography (hexane-ethyl acetate= 10:1) to give 1-(2,2-
diethylbutanoyl)indole-3-carboxaldehyde (1.33 g, 49%) as a white solid: Mp 68.0-68.5 °C; IR (KBr) 3164,
2970, 2943, 2879, 2817, 1713, 1676, 1605, 1551, 1481, 1469, 1450, 1397, 1381, 1345, 1305, 1290, 1245,
1198, 1168, 1154, 1125, 1059, 1039, 1021, 933, 819, 784, 759, 716 cm-!; 1H-NMR (300 MHz) & 10.15 (s,
1H), 8.43-8.39 (m, 1H), 8.36 (s, 1H), 8.31-8.27 (m, 1H), 7.47-7.37 (m, 2H), 1.94 (q, J= 7.5 Hz, 6H), 0.87 (1,
J=17.5 Hz, 9H). Anal. Calcd for Cj7H2NO;: C, 75.25; H, 7.80; N, 5.16%. Found: C, 74.91; H, 7.76; N
5.07/%.

NaBH4 (404 mg, 10.7 mmol) was added portionwise to a solution of 1-(2,2-diethylbutanoyl)indole-3-
~ s esle A1 3 _1___ 1 ra} AL £ A P, b Y RA _NIT 7Yy ¥\ 3 TTYIET /7Y T\ . Y O Le B} P M - s ~o ’:"- g |
carboxaldehyde (1.45 g, 5.34 mmol) in MeOH (20 mlL) and THF (20 mL) at 0 °C. The mixiure was stirred
fme 1 h nerrd msvana had ssith ntae (YN T ) Tha sirhAala w1rno avirantad it athae nnd tha averant wwrae nchad
10U 1 i1 allu HUCIILIICU Wil walll (&V 11l j. 11 WIIUVIT Wwad CALLALLIOU WLl CULICL aliU LT CAlldaLl wdadd wadlivu
L‘II(‘f‘l‘LL‘I\IFI‘! \ll‘fh fnr' an(“ k"lnl‘ ";l"l'] nuar LIAQ“J )nf‘ OOANCoeT v’uh’:r‘ ¥ VI IMIIN T o TP(.I A wWac nmiirnnia f‘
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by column chromatography (SiO;, hexane-ethyl acetate= 3:1) to give 1-(2,2-diethylbutanoyl)indole-3-
methanol (1.40 g, 96%) as colorless oil: IR (neat) 3429, 3052, 2971, 2880, 1698, 1607, 1571, 1449, 1383,
1349, 1313, 1208, 1170, 1156, 1123, 1060, 1038, 1019, 922, 825, 798, 750 cm-!; 1H-NMR (300 MHz) § 8.50
(d, J=8.2 Hz, 1H), 7.76 (s, 1H), 7.63 (dd, J= 1.2 and 7.1 Hz, 1H), 7.36 (dt, J= 1.4 and 7.7 Hz, 1H), 7.29 (dt,
J=1.2 and 7.4 Hz, 1H), 4.88 (s, 2H), 1.89 (g, J= 7.5 Hz, 6H), 0.83 (t, J= 7.5 Hz, 9H). HREIMS m/z. Calcd.
for C{7H23NO2 (M*): 273.1729. Found 273.1719.

Triisopropylsilyl chloride (1.15 mL, 5.38 mmol) was added to a solution of 1-(2,2-
diethylbutanoyl)indole-3-methanol (1.40 g, 5.13 mmol) and imidazole (733 mg, 10.8 mmol) in N,N-
dimethylformamide (5.0 mL) at 0 °C. The mixture was stirred for 3 h at the same temperature and then water
(30 mL) and ethyl acetate (50 mL) were added to this mixture. Two phases were separated and the organic
layer was washed successively with water (twice) and brine, dried over Na3SQy4, and concentrated in vacuo.

The residue was purified by Kiigeirohr distiilation (240 °C/ 2 mmHg) to give 10 (1.66 g, 75%) as colorless
oil: IR (neat) 3051, 2965, 2943, 2866, 1695, 1608, 1464, 1449, 1381, 1351, 1309, 1207, 1169, 1156, 1126,

11N 1NLO INAL 107 0N TTIA TTAND L£OA -] 11 ATRAD . S O &1 71 7 Q" 1T, 1LIN 777 /le o 1LIY 77 &N
11UZ, 1U0B, 1U4), 883, 823, 774, 749, 684 cm*; ‘H-NMR: 0 8.51 (4, /=8.2 Hz, i), 7.7/ (or s, inj, 7.5V
fL. A T "I, 1TIN T 2A /e P11 1771 LY 1EIN 7L A T— 11 oandTE T 1IN ENT A T 1 AT
\ora,Jg= /7.7 Az, inj, /.54 (4L, = 1.1 alld /7.1 1<, iri1}, 7.20 (UL, J= 1.1 4l 7.0 11Z, 111), J.U1l (U, J= 1.9 114,
AL 1 Q0 7~ T T AW, AIIY 1 927_1 07 (m JTHY NR2A(t I—=T AHr O Angl Caled for Ca/H . ANOWSie O
£I1}, L.OT\Y, J= 1.9 X014, ULl ), L.LT71.UT (il £L111), V.OJ \Ly, J= /.7 114, 711}, 7Me4L. AIVUL LUL /DAL INT 201, Sy
72.67; H, 10.09; N, 3.26%. Found: C, 72.26; H, 9.98; N, 3.29%

1-(2,2-Diethylbutanoyl)-3-(2-triisopropylsilyloxyethyl)indole (11). This compound was prepared in
two steps from 2-(3-indole)ethanol. Triisopropylsilyl chloride (1.12 mL, 5.25 mmol) was added to a solution
of 2-(3-indole)ethanol (806 mg, 5.00 mmol) and imidazole (715 mg, 10.5 mmol) in N,N-dimethylformamide
(5.0 mL) at room temperature. The mixture was stirred overnight and then water (30 mL) and ethyl acetate
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(50 mL) were added to this mixture. Two phases were separated and the organic layer was washed
successively with water (three times) and brine, dried over NaySQy, and concentrated in vacuo. The residue
was purified by column chromatography (8iO2, hexane-ethyl acetate= 5:1) to give 3-(2-
tritsopropylsilyloxyethyl)indole (1.57 g, 99%) as colorless oil: IR (neat) 3420, 2943, 2892, 2866, 1620, 1457,
1421, 1383, 1351, 1338, 1249, 1226, 1100, 1069, 1012, 996, 919, 883, 826, 740, 682 cm-!; 'H-NMR (300
MHz) 8 7.93 (br s, IH),761 (d, J= 7.0 Hz, 1H), 7.34 (dt, J= 1.2 and 8.0 Hz, 1H), 7.18 (ddd J=12,7.0 and

j= (.8 and 7.5 Hz, ZH), 17-1.04 (m, 2111) Anal Lalcd for L19H31N()bl C, 71 87, H 9. 84 N 441%
Found: C, 71.65; H,9.75; N, 4.46%
A solution of 3-(2-triisopropylsilyloxyethyl)indole (1.55 g, 4.87 mmol) in THF (5 mlL) was added
dropwise to a uspension of NaH (60% dispersion in mineral oil, 292 mg, ca. 7.3 mmol, prewashed with
pentane) in THF (5 mL) at 0 °C. After stirring at the same temperature h. 2.2-diethvibutanov] chlorid

:]
or 1
entan 18] 1g at he€ same em perature Ior |

(872 mg, 5.36 mmol) was added dropwise at 0 °C and stirred for additional 1h at the . v
mixture was quenched with saturated agueous NH4Cl. The mixture was extracted thh ethvl acetate and the
extract was washed successively with water and brine, dried over Na;SOy, and concentrated in vacuo. Crude
13 was purified by Kiigelrohr distillation (240 °C/ 0.6 mmHg) after column chromatography (SiO3, hexane-
ethyl acetate= 30:1), to give pure 11 (1.88 g, 87%) as colorless oil: IR (neat) 3051, 2964, 2943, 2866, 1692,
1606, 1449, 1383, 1355, 1307, 1219, 1171, 1154, 1121, 1103, 1066, 1014, 920, 883, 825, 749, 682 cm-!; 1H-
NMR (300 MHz) 6 8.51 (br d, J= 7.4 Hz, 1H), 7.69 (br s, 1H), 7.51 (dd, J= 1.4 and 7.1 Hz, 1H), 7.33 (dt, J=
1.4 and 7.1 Hz, 1H), 7.26 (dt, J= 1.4 and 7.4 Hz, 1H), 4.01 (t, J= 6.3 Hz, 2H), 2.95 (dt, J= 0.5 and 6.3 Hz,
2H), 1.89 (q, J= 7.4 Hz, 6H), 1.17-0.99 (m, 21H), 0.83 (t, J= 7.4 Hz, 9H). Anal. Calcd. for Cp7H4sNO;Si: C,
73.08; H, 10.22; N, 3.16%. Found: C, 73.16; H, 10.35; N, 3.17%.

solution of 2 (96.6 m g 0.397 mmol) d an
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was added saturated aqueous NH4Cl at 78 °C and whole was warmed to room temperature The mixture was
extracted with ether and the extract was washed successively with water and brine, dried over NaySOy, and
concentrated in vacuo. The residue was subjected to flash chromatography (SiO7, hexane-ethyl acetate = 50:1
to 10:1) to give corresponding products. The deuterium content in 4 was determined by integration of the
signals H-7 and H-2 protons of the 1H-NMR spectra (200 MHz). The signals at 8 8.51 and & 7.78 were

assigned to be H-7 and H-2 protons, respectively. Spectroscopic data of by-products 5 and 6 were as follows.

7-(2,2-Diethylbutanoyl)indole (5): IR (neat) 2971, 2881, 1653, 1592, 1467, 1396, 1347, 1291, 1263,
1235, 1208, 1167, 1085, 844, 819, 791, 739, 709 cm-!; TH-NMR (300 MHz) & 10.62 (s, 1H), 7.72 (d, J= 4.0
Hz, tH), 7.19 (t, J= 7.7 Hz, 1H), 7.01 (dd, J= 1.1 and 7.7 Hz, 1H), 6.90 (dd, J= 1.1 and 7.7 Hz, 1H), 6.62 (d,
J=4.0 Hz, 1H), 1.91 (g, J="7.5 Hz, 6H), 0.87 (t, J= 7.5 Hz, 9H). HREIMS m/z. Calcd. for C;gH2|NO (M*):
243.1623. Found 243.1667.

1-(2,2-Diethyi-i-hydroxybutyljindoie (6): IR (neat) 3525, 2
1296 1214 1199 1155, 1126, 1096, 1059, 1017, 908, 884,819
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Directed Lithiation of 7 and Subsequent Reaction with Electrophiles. General Procedure. To a

solution of 7 (102 mg, 0.397 mmol) in ether (5 mL) was added TMEDA (135 uL, 0.893 mmol) and cooled to
-78 °C. Fresh sec-BuLi (650 pL, 0.953 M in hexane-cyclohexane, 0.596 mmol) was added dropwise to the
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solution over 5 min at the same temperature. After stirring at the same temperature for 1 h, an appropriate
electrophile was added and the mixture was stirred for additional 1 h. The whole was gradually warmed to
room temperature and quenched with saturated aqueous NH4Cl. The mixture was extracted with ether, and
the extract was washed successively with water and brine, dried over NaySQOy, and concentrated in vacuo.
The residue was subjected to flash chromatography (SiO2, hexane-ethyl acetate = 50:1) to give 8 and 9. The
results of the reactions with each electrophile were as follows.

eaciion with lodomethane. Iodomethane (111 pL, 1.78 mmol) was added as a neat liquid to give 8b

(67 mg, 62%) as colorless oil and 9b (9 mg, 8%) as colorless oil.
1-(2,2-Diethylbutanoyl)-3,7-dimethylindole (8b): IR (neat) 2970, 2941, 2881, 1699, 1608, 1456,
1405, 1384, 1347, 1305, 1234, 1205, 1171, 1158, 1115, 1075, 1036, 1010, 941, 899, 822, 785, 764, 743, 723
cm!; 'H-NMR (300 MHz) 8 7.35 (d, J= 6.9 Hz, 1H), 7.34 (s, 1H), 7.20 (t, J= 7.5 Hz, 1H), 7.12(d, J= 7.2
Hz, 1H), 2.36 (s, 3H), 2.28 (d, J= 1.2 Hz, 3H), 1.90 (g, J= 7.5 Hz, 6H), 0.89 (1, J= 7.5 Hz, 9H). HREIMS

m/z. Caled. for CigH2sNO (M*): 271.1936. Found 271.1925.

1-(2,2-Diethylbutanoyl)-2,3-dimethylindole (9b): IR (neat) 2971, 2941, 2882, 1698, 1457, 1387,
1345, 1289, 1202, 1127, 1093, 1055, 1022, 839, 739, 667 cm-!; TH-NMR (300 MHz) & 7.46-7.35 (m, 2H),
7.17-7.11 (m, 2H), 2.33 (s, 3H), 2.20 (s, 3H), 1.84 (q, J=7.5 Hz, 6H), 0.86 (t, /= 7.5 Hz, 9H). HREIMS m/z.
Calcd. for C1gHysNO (Mt): 271.1936. Found 271.1946.

Reaction with N, N-Dimethylformamide. This reaction was carried out according to the general
procedure except for quenching and purification procedures. After addition of N,N-dimethylformamide (131
uL, 1.79 mmol), the reaction mixture was stirred for 1 h at -78 °C and then quenched with saturated aqueous

NH4Cl1 at the same temperature. The mixture was warmed to room temperature and extracted with ether. The
extract was washed successively with water and brine, dried over Na3;SQy, and concentrated in vacuo. The
.
I

1rdiia ao g arntad ta flach Ahencnatageamlae: FQIM. havara adlocl onenen o SN o0 TATY e 2o Q. /10 —n s
residue was subjected to flash chror atograpny (91U7, nexane-etnyl acetaie = 5Uti to 1U:1) io glvc ol (1Y mg,
< o ] : " . .

17%) as colorless oil, 8¢’ (9 mg, 14%) as a white solid, and 8¢" (20 mg, 23%) as a white solid. The products
derived from the C-2 lithio species could not be isolated.

1-(2,2-Diethylbutanoyl)-3-methylindole-7-carboxaldehyde (8¢): IR (neat) 3157, 2970, 2880, 1697,
1595, 1575, 1459, 1419, 1396, 1345, 1304, 1252, 1231, 1203, 1173, 1158, 1111, 1005, 970, 947, 902, 821,
797,757, 724 cor'!; 'H-NMR (300 MHz) § 10.26 (s, 1H), 7.72 (d, J= 7.7 Hz, 1H), 7.69 (d, J= 7.7 Hz, 1H),
7.54 (s, 1H), 7.39 (t, J= 7.7 Hz, 1H), 2.32 (s, 3H), 1.93 (q, J= 7.5 Hz, 6H), 0.88 (t, J= 7.5 Hz, 9H). HREIMS
m/z. Calcd. for C1gH23NO2 (M*): 285.1729. Found 285.1708.

3-Methylindole-7-carboxaldehyde (8¢c'): Mp 79.0-81.0 °C; IR (KBr) 3384, 2933, 2861, 1661, 1608,
1586, 1553, 1455, 1407, 1383, 1351, 1216, 1181, 1132, 1062, 997, 833, 808, 790, 748, 713, 691 cm'!; !H-
NMR (300 MHz) § 10.11 (s, 1H), 9.84 (br s, 1H), 7.88 (d, J= 7.6 Hz, 1H), 7.64 (d, J= 7.6 Hz, 1H), 7.25 (t, J=
7.6 Hz, 1H), 7.10 (s, 1H), 2.37 (s, 3H). HREIMS m/z. Calcd. for C{gH9yNO (Mt): 159.0684. Found
159.0690.

N,N-Dimethyl[1-(2,2-diethylbutanoyl)-3-methyl-7-indolyl](3-methyl-7-indolyl)methylamine (8c"):
Mp 153.5-154.0 °C; IR (KBr) 3386, 2971, 2949, 2880, 2862, 2822, 2776, 1688, 1612, 1457, 1435, 1413,
1385, 13406, 1336, 1290, 1223, 1200, 1186, 1154, 1109, 1061, 1038, 1001, 936, 862, 820, 808, 798, 757, 747
cm-1; 1H- NMR (300 MHz) 610.07 (br S, IH) 7.47-7.39 (m 4H) 7. 32 (dd, J= 1.2 and 7.6 Hz, 1H), 7.13 (t,
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Reaction with CO;. This reaction was carried out according to the general procedure except for
quenching and purification procedures. After addition of excess amount of dry ice as an electrophile, the
reaction mixture was stirred for 1 h at -78 °C and then warmed to room temperature. The mixture was
quenched with ZM aqueous HCI and extracted with ether. The extract was washed with brine, dried over
Na;SQy4, and concentrated in vacuo. The residual solid was collected by filiration and washed with a small
amount of ether, and dried in vacuo to give 8d (77 mg, 65%) as a white powder. The product derived from
the C-2 lithio species could not be isolated.

2322300 3PN U ASVLART

1-(2,2-Diethy lb anoyl)-3-methylindole-7-carboxylic Acid (8
IR (KBr): 2965, 2879, 1698, 1608, 1595, 1583, 1466, 1454, 1421, 1382, 1347, 1311, 1255, 1202, 1165, 1150,
1101, 1067, 1044, 1016, 941, 926, 896, 822, 811, 766, 748, 731 cm-!. 'H-NMR (300 MHz) §7.71 (d, J=17.5
Hz, 1H), 7.66 (dd, J= 1.2 and 8.0 Hz, 1H), 7.53 (s, 1H), 7.34 (t, J= 7.5 Hz, 1H), 2.32 (s, 3H), 1.90 (q, J= 7.5
Hz, 6H), 0.86 (t, /= 7.5 Hz, 9H). Anal. Calcd. for CigH23NO3: C, 71.73; H, 7.69; N, 4.65%. Found: C,
7148, H, 7.62; N, 4.53%.

(8d): 1 Mp 211.0-213.0 °C (hexane-ether);

.......... (59,92 05 Y

Reaction with Ethyl Chloroformate. The scale of this reaction was doubled in comparison with that
of the general procedure. Ethyl chloroformate (125 pL, 1.31 mmol) was added as a neat liquid to give 8e
(193 mg, 77%) as a white solid, and 9e (16 mg, 6%) as colorless oil.

PR Y1 2 V]

Ethyl 1-(2,2-Diethylbutanoyi)-3-methylindole-7-carboxylate (8¢): Mp 119.5-120.0 °C; IR (KBr)
1135,

3157, 2965, 2879, 1724, 1699, 1610, 1579, 1467, 1412, 1372, 1346, 1313, 1282, 1208, 1184, 1169,

1098, 1064, 1039, 1019, 946, 928, 864, 824, 764, 746 c'!; 'H-NMR (300 MHz) & 7.60 (d, J= 7.6 Hz, 1H),

7.54 (d, J= 7.6 Hz, 1H), 7.53 (s, 1H), 7.29 (t, J= 7.6 Hz, 1H), 4.39 (g, /= 7.2 Hz, 2H), 2.30 (s, 3H), 1.90 (q, J=
5 Hz, 6H), 1.38 (t, J=7.2 Hz, 3H), 0.87 (t, J="7.5 Hz, 9H). Anal. Calcd. for C;gHz7NO3: C, 72.92; H, 8.26;

7 2

N, 4.25%. Found: 2.87; H, 8.25; N, 4.24%.
Ethyl 1-(2,2- Dze-!-y-bu!an y1)-3-m i : (neat) 297

1548, 1447, 1413, 1384, 1324, 1297, 1248, 1219 1135 1051 1035 83 743 cml; lH NMR (300 MHZ)
0 7.63 (d, J= 8.0 Hz, 1H), 7.40 (t, J= 8.4 Hz, 1H), 7.33 (d, J= 8.4 Hz, 1H), 7.]9 (t,J=7.4 Hz, 1H), 4.39 (q, J=
7.1 Hz, 2H), 2.56 (s, 3H), 1.68 (q, J= 7.4 Hz, 6H), 1.40 (t, J= 7.1 Hz, 3H), 0.79 (t, J= 7.4 Hz, 9H). HREIMS
m/z. Caled. for CooHo7NO3 (M*): 329.1991. Found 329.2009.

Reaction with Hexachloroethane. A solution of hexachloroethane (155 mg, 0.655 mmol) in ether (1
mL) was added to give 8f (94 mg, 81%) as colarless oil and 9f (13 mg, 11%) as colorless oil.

7-Chloro-1-(2,2-diethylbutanoyl)-3-methylindole (8f): IR (neat) 3060, 2969, 2941, 2881, 1714, 1606,
1464, 1415, 1385, 1346, 1307, 1251, 1206, 1196, 1163, 1150, 1085, 1070, 1039, 930, 861, 829, 821, 786,
762, 735, 721 cm-i; 1H-NMR (300 MHz) 8 7.42 (d, J= 7.7 Hz, 1H), 7.33 (s, 1H), 7.32 (d, J= 7.7 Hz, 1H),
7.19 (1, J= 7.7 Hz, 1H), 2.28 (s, 3H), 1.90 (q, J= 7.4 Hz, 6H), 0.91 (t, J= 7.4 Hz, 9H). Anal. Calcd. for

C17H22CINO: C, 69.97; H, 7.60; N, 4.80%. Found: C, 69.96; H, 7.61; N, 4.78%
ALY 1y B AL IR e I Y R A B M. T e} 2NEN NYOVTA INA2 NIQCND 1772 177172
A'Lﬂlurﬂ 1={4,2-QICINYIDULANOYI)-J-MEINYIINAQOIE (F1)] 1N (NCAL) JUD L, LY /4, LI4D, L00L, 1734, 1110,
1447, 1385, 1345, 1275, 1221, 1197, 1159, 1125, 1052, 1033, 924, 834, 741 em!; 'H-NMR (300 MHz)
7.47-7.43 (m, 1H), 7.38-7.33 (in, 1H), 7.25-7.14 (m, 2H), 2.26 (s, 3H), 1.85 (g, J= 7.4 Hz, 6H), 0.86 (1, J=7.4
Hz, 9H). HREIMS mvz. Caled. for Cj7H22CINO (M*): 291.1390. Found 291.1393

"
n

O



O

o))
=]
=3

Reaction with 1,2-Dibromo-1,1,2,2-tetrafluoroethane. The scale of this reaction was doubled in
comparison with that of the general procedure. 1,2-Dibromo-1,1,2,2-tetrafluoroethane (157 pL, 1.31 mmol)
was added as a neat liquid to give 8g (178 mg, 67%) as colorless oil and 9g (34 mg, 13%) as colorless oil.

7-Bromo-1-(2,2-diethylbutanoyl)-3-methylindole (8g): IR (neat) 3057, 2970, 2942, 2881, 1713,
1605, 1552, 1471, 1410, 1385, 1347, 1305, 1250, 1162, 1150, 1066, 1038, 929, 840, 819, 785, 762, 736, 720

cm-l; TH-NMR (300 MHz) & 7.53 (dd, /= 0.8 and 7.7 Hz, 1H), 7.46 (dd, J= 0.8 and 7.7 Hz, 1H), 7.35 (d, J=
1.0 Hz, 1H), 7.12 (t, J=7.7 Hz, 1H), 2.28 (d, J= 1.0 Hz, 3H), 1.91 (q, /= 7.4 Hz, 6H), 0.92 (t, J= 7.4 Hz, 9H).

T omomls A

HREIMS m/z. Caicd. for C17H29BrNO (M*): 335.0885. Found 335.0891
o JIN > S 1 /% 312 _4b _ B0 __ 4 B\ D ___ _ 4L _ B __ B_D_ san__\._ TN s A Ya V- | LYW ANA A0~ 1™AQ
Z-promo-1-(2,2-diethylbutanoyl)-3-methyiindole (9g): IR (neat) 3051, 2974, 2941, 2882, 1728,
1712, 1446, 1385, 1340, 1272, 1211, 1158, 1123, 1049, 1028, 932, 837, 740 cm'!; 'H-NMR (300 MHz)
8 7.50-7.45 (m, 1H), 7.33 (dd, J= 1.6 and 6.9 Hz, 1H), 7.23-7.12 (m, 2H), 2.27 (s, 3H), 1.85 (q, J= 7.4 Hz,
6H), 0.88 (1, /= 7.4 Hz, OH). HREIMS m/z. Calcd. for Ci7HoBrNO (M+): 335.0885. Found 335.0890.
Reaction with Chlorotrimethylsilane. Chlorotrimethylsilane (83 pL, 0.655 mmol) was added as a

neat liquid to give 8h (99 mg, 75%) as a white solid and 9h (9 mg, 7%) as a white solid.
1-(2,2-Diethylbutanoyl)-3-methyl-7-trimethylsilylindole (8h): Mp 74.0-74.5 °C; IR (KBr) 3160,
3060, 2971, 1912, 1854, 1797, 1688, 1618, 1555, 1473, 1389, 1348, 1326, 1303, 1242, 1220, 1166, 1130,
1088, 1040, 1013, 931, 870, 839, 813, 762, 747, 695, 666, 640, 617 cm-1; TH-NMR (300 MHz) § 7.67 (dd,
J= 1.1 and 7.1 Hz, 1H), 7.54 (d, J= 0.8 Hz, 1H), 7.49 (dd, J= 1.1 and 7.4 Hz, 1H), 7.27 (t, J= 7.4 Hz, 1H),
2.27 (d, J= 0.8 Hz, 3H), 1.90 (q, J= 7.4 Hz, 6H), 0.84 (t, /= 7.4 Hz, 9H), 0.35 (s, 9H). Anal. Calcd. for
CooH31NOSi: C, 72.89; H, 9.48; N, 4.25%. Found: C, 72.68; H, 9.44; N, 4.27%.
1-(2,2-Diethylbutaneyl)-3-methyl-2-trimethylsilylindole (9h): IR (KBr) 2971, 1672, 1583, 1529,
1448, 1377, 1348, 1296, 1274, 1245, 1201, 1152, 1107, 1035, 951, 841, 797, 759, 741, 680, 637, 624 cm!;

1H-NMR (300 MHz) 6 7.75 (d, J= 8.0 Hz, 1H), 7.52 (d J=7.1 Hz, 1H), 7.29-7.16 (m, 2H), 2.38 (s, 3H), 2.02
(q, J= 7.4 Hz, 6H), 0.83 (t, J= 7.4 Hz, 9H), 0.36 (s, 9H). HREIMS m/z. Calcd. for CogH3;NOSi (M+):
329.2175. Found 329.2186

Reaction with Diphenyldisulfide. The scale of this reaction was doubled in comparison with that of
the general procedure. A solution of diphenyldisulfide (286 mg, 1.31 mmol) in ether (2 mL) was added to
give 8i (212 mg, 73%) as colorless crystals and 9i (26 mg, 9%) as colorless oil.

1-(2,2-diethylbutanoyl)-3-methyl-7-(phenylthio)indole (8i): Mp 143.5-144.0 °C (hexane-CH>Cly);
IR (KBr) 3143, 3053, 2962, 2876, 1687, 1604, 1554, 1460, 1440, 1406, 1384, 1347, 1311, 1251, 1215, 1198,
1170, 1155, 1084, 1071, 1024, 932, 920, 853, 821, 785, 765, 752, 741, 722, 694 cm'!; TH-NMR (300 MHz)
6 7.41-7.24 (m, TH), 7.11 (t, J= 7.7 Hz, 1H), 7.00 (dd, J= 1.1 and 7.7 Hz, 1H), 2.30 (d, J= 1.4 Hz, 3H), 1.94
(q, J= 7.4 Hz, 6H), 0.93 (t, J= 7.4 Hz, 9H). Anal. Calcd. for Co3H77NOS: C, 75.57; H, 7.45; N, 3.83%.
Found: C, 75.58; H, 7.41; N, 3.98%.

1-(2,2-diethylbutanoyl)-3-methyl-2-(phenylthio)indole (9i): IR (neat) 3059, 2974, 2940, 2881, 1726,
1706, 1582, 1479, 1442, 1383, 1351, 1275, 1200, 1160, 1126, 1080, 1053, 1026, 933, 834, 738, 689 cm"!;
IH-NMR (300 MHz) 6 7.57 (d, J= 7.9 Hz, 1H), 7.40 (d, J= 8.2 Hz, 1H), 7.33-7.00 (m, 5H), 6.91 (d, J= 7.4
Hz, 2H), 2.35 (s, 3H), 1.83 (q, J= 7.5 Hz, 6H), 0.79 (t, J= 7.5 Hz, 9H). Anal. Calcd. for C33H27NOS: C,
75.57; H, 7.45; N, 3.83%. Found: C, 75.90; H, 7.78; N, 3.61%.

Directed Lithiation of 10 Followed by a Reaction with Ethyl Chloroformate. This reaction
£, ithas =~

carried out in a similar manner as described for the hﬂ"ua{iﬁﬂ of 7. Compound 10 (171 mg, 0.397 mmol) and
ethyl chloroformate (63 pL, 0.655 mmol) was used to give 12 (128 mg, 64%) as a white solid and 13 (11 mg,
6%) as colorless oil.

°C; IR (KBr) 2 43, 2866, 1716, 1703, 1608, 1582, 1471, 1415, 1383, 1366, 1344, 1307, 1277 1254 120()



1159, 1137, 1103, 1059, 946, 881, 837, 824, 792, 746, 683, 660 cm'!; TH-NMR (300 MHz) & 7.74 (s, 1H),
7.62 (dd, /= 1.2 and 7.5 Hz, 1H), 7.54 (dd, J= 1.2 and 7.5 Hz, 1H), 7.28 (t, J= 7.5 Hz, 1H), 4.99 (d, J= 1.2 Hz,
2H), 4.39 (q, J=7.1 Hz, 2H), 1.90 (q, J= 7.5 Hz, 6H), 1.38 (t, J= 7.1 Hz, 3H), 1.31-1.06 (m, 21H), 0.87 (t,J=
7.5 Hz, 9H). Anal. Calcd. for Co9H47NO4Si: C, 69.42; H, 9.44; N, 2.79%. Found: C, 69.39; H, 9.40; N,
2.73%.

Ethyi 1-(2,2-diethyibutanoyi)-3-triisopropyisiiyioxymethyiindoie-2-carboxyiate (13): IR (neat)
2943, 2867, 1719, 1548, 1461, 1409, 1384, 1330, 1222, 1138, 1128, 1086, 1065, 883, 838, 817, 744, 688, 667
el 1ET ANTRAD 7730w R ALY, na o Ty ¥ s y_ O &£ YY. 1I¥ T ~ 1 0cg
cm*; ‘H-NMR ( K (d,/=8.5Hz 1 . 7 and 8.5
1T, 11T "7 10 7 1.1 T N £ .-10 ¥ ITN £ 730N 72 ALIN A 2Q 7 T_ " 1 IX- ALIN 1 £77 7 A VNS § P § AN
nz, iri}, /.16 (0ad, /= 1.2, 6.7 ana o nj,3.32(8,4n),4.56(q,J= /.1 Nz, Z2in1), 1.07 (q, J= /.4 niz, 6n),
1.39(t, J=7.1 Hz, 3H), 1.26-1.04 (m, 21H), 0.79 (t, J= 7.4 Hz, 9H). HREIMS my/z. Calcd. for CyyH47NO4Si
(M™*): 501.3275. Found 501.3246.

Directed Lithiation of 11 Followed by a Reaction with Ethyl Chloroformate. This reaction was
carried out in a similar manner as described for the lithiation of 11 to give 14 (147 mg, 72%) as a white solid
and 15 (14 mg, 7%) as colorless oil.

Ethyl 1-(2,2-diethylbutanoyl)-3-(2-triisopropylsilyloxyethyl)indole-7-carboxylate (14): Mp 71.5-
72.0 °C; IR (KBr) 2962, 2943, 2865, 1723, 1697, 1583, 1460, 1421, 1389, 1365, 1351, 1299, 1274, 1260,
1198, 1185, 1162, 1143, 1104, 1083, 1054, 1017, 997, 930, 903, 881, 825, 800, 744, 734, 680, 661 cm!; 'H-
NMR (300 MHz) 6 7.68 (s, 1H), 7.62 (dd, J= 1.2 and 7.5 Hz, 1H), 7.53 (dd, J= 1.2 and 7.5 Hz, 1H), 7.28 (1,
J="1.5 Hz, 1H), 4.39 (q, J= 7.1 Hz, 2H), 3.99 (t, J= 6.4 Hz, 2H), 2.94 (t, J= 6.4 Hz, 2H), 1.90 (q, J= 7.5 Hz,
6H), 1.38 (t, J= 7.1 Hz, 3H), 1.14-0.99 (m, 21H), 0.87 (t, J= 7.5 Hz, 9H). Anal. Calcd. for C30H49NO4Si: C,

86; H, 9.58; N, 2.72%. Found: C, 69.86; H, 9.41; N, 2.87%.

:
2042 DQE7 1712 1841 1460 1417 1284 11790 1704 1951 1910 1170 1107 1040 1014 Q21 Q10 741
27943, 20017, 1713, 1349, 140U, 1415, 1504, 1347, 1270, 1201, 1£17, 1147, 11U4, 1UQY, 1U14, 003, 037, /45,
LR Al T NMD MNN MU ASTTINA T—QN - 1Y 72074 T— Q&> 1IN 722 /74Ad T—- 19 £ Q and
UOL CII % "H-INMVIN QJUU INZ) O 7./U\G, y= 0. U 1Z, i11), /.07 (G, vy= 0. nZ, 1i1), /.55 Q0G, v= 1.2, 0.0 and
RQEL> 1IN 71Q2/A4d J—- 127 AQand QN1 1IN A2Q (A J=71 1> 271N 2022/t J=—"7 7 H> YN T 2N {t
0. 1L, 111), /.10 \MUU, = 1.4, V.0 alil O.V 114, 111}, *+.07 \l.l, J= J.1 11Ly Lllfy, J. 7D \L U= [.& 13L&y &AR]y, J.TUT N\,
J=17.2 Hz, 2H), 1.68 (q, J= 7.4 Hz, 6H), 1.39 (t, J= 7.1 Hz, 3H), 1.09-0.95 (m, 21H), 0.79 (t, J= 7.4 Hz, 9H)
HREIMS m/z. Caled. for C3oH4gNO4Si (M*): 515.3431. Found 515.3432

Deprotection of DEB group. The following procedures are representative.

3-Methyl-7-(phenylthio)indole (16). To a solution of 8i (95.3 mg, 0.26 mmol) in THF (5.0 mL) was
added rert-BuOK (234 mg, 2.1 mmol) and deionized water (9.4 puL, 0.52 mmol) at room temperature. After
being stirred for 30 min at the same temperature, the reaction mixture was concentrated and the residue was
dissolved in water. The mixture was extracted with ether and the extract was washed successively with water
and brine, dried over NaSOy, and concentrated in vacuo. The residue was subjected to column

chromatography (Si02, hexane-ethyl acetate = 10:1) to give 16 (58.6 mg, 96%) as a colorless needles: Mp
QY E QA N 8 /e IT M N\, T /7. A20KL 1£10 1£072 1A7Q 14277 1247 13979 17974 1INL 1N77
0L.2-023.U LU (HEXdnc-Lriguly ), 1K {([MDI). 3300, 1010, 1302, 14/0, 19437, 15940, 1044, 1iaq, 14VD, 1V,
1047, 1024, 895, 811, 786, 735, 688, 623 cm"!; 1H-NMR (300 MHz) & 8.12 (br s, 1H), 7.65 (d, J= 8.0 Hz,
1IN 7T A2 710 T_NO .17 1 XY, 1LY\ "7 9 7 N&L /o LI £ 0A e A T 1 1 0> 1LY D) 24 /A I— 1 1 LI» 211
inj, /.45 (44, J= V.0 and 7.1 Nz, 1), /.2z-/.00 {11, or), 6.54 (OI 4, J= 1.1 N1Z, 111}, £.54 0, J= 1.1 NZ, J1ij.
Awnal Caled for(C, NS 78 27-H S47-N S Q3% TFound:- C 7543-H 5 50-N § 8Ra,

AN, catlCG. I0D s 3iNnS. Sy 70,47, 11, J.597, 1%, J.OJ70. TUUL. oy 1J.5T0, 1k, J.J7, 1N, 4.0070.

7-Bromo-3-methylindole (17). This compound was prepared from 8g in a similar manner as described
above except for the reaction time (2 h) (92 mg, 85%): IR (necat) 3428, 3061, 2917, 2888, 2862, 1618, 1568,
1551, 1488, 1435, 1401, 1383, 1343, 1326, 1231, 1200, 1145, 1076, 1047, 878, 826, 801, 775, 734, 571, 544
cm-l; TH-NMR (300 MHz) 6 8.03 (br s, 1H), 7.51 (d, J= 7.5 Hz, 1H), 7.33 (d, J=7.5 Hz, 1H), 6.99 (t, J=7.5
Hz, 2H), 2.31 (d, J= 0.8 Hz, 3H). HREIMS m/z. Calcd. for CgHgBrN (M*): 208.9840. Found 208.9852.
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