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Abstract Palladium-catalysed Suzuki and Stille reactions of substituted 3-indolyltriflate afforded the
corresponding 3-substituted indoles. By contrast, the Heck reaction of allyl alcohol with such triflates
gave 2-allyloxy-3-oxoindole derivatives rather than the 3-substituted indole products as a result of a
nucleophilic attack on an acyliminium intermediate. © 1998 Elsevier Science Ltd. All rights reserved.
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In recent years the palladium(0)-catalysed cross-coupling reaction has evolved into a powerful synthetic
tool for the construction of new heterocyclic compounds.'” Especially, numerous reactions have been reported
in indole chemistry ** in which the indole moiety is usually introduced via indolylboronic acids, ’ N-protected
2- and 3-indolylzinc halides® or indolylstannanes;’ little work has been done with 2- or 3- halogenoindole."
Recently Gribble et al. have reported'' investigations on the Heck reaction of triflate 1; we have ajready
described the synthesis and the reactivity of 2-indolyltriflate 2.'?
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Dyker" has described the reactivity of 2-bromobenzaldehyde with allylic alcohols in domino-Heck aldol
condensation. In order to explore the reactivity of functionalized indolic triflates we have prepared compound
5 and 6. Non-indolic triflate esters' have been reported, for example in carbapenem chemistry,”* and show a
normal reactivity in Heck reactions. The 3-hydroxy esters'® 3 and 4 were treated with sodium hydride:at 0°C
followed by addition of N-phenyltriflimide to generate the triflate 5 and 6 respectively, in 89% and 95% yields
(Scheme 1).
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In a preliminary communication'” we have reported the unexpected reactivity of triflate 6 towards allylic

alcohols.
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Scheme 1
In order to test the reactivity of such functionalized triflates we have performed Stille and Suzuki
coupling reactions with triflate 6 only since triflate 5 gave degradation products. We have treated first the
triflate 6 with vinyltributylstannane 7a (1.15 eq) to generate the 3-vinylindole 8a in 89% yield or with 1-
ethoxy vinyltributylstannane 7b (1.15 eq) to obtain the 3-acetylindole 8b in 65% yield. The conditions used for
this Stille coupling reaction was palladium tetrakis(triphenylphosphine) (PA[P(CsHs)sls, 3%) as the catalyst
with added lithium chloride (3 eq) in DMF at 100°C (Scheme 2). Compound 8a can be used in Diels Alder

reactions.'®
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Scheme 2
Since 3-phenylindoles have interesting pharmacological structures (as endothelin antagonists), '* we have
treated triflate 6 with phenylboronic acids some of which being functionalized to give access, inter alia, to
lactonic derivatives. It is well known that an inorganic base is recommended® for the Suzuki reaction; in our
case however only an organic base” such as triethylamine gave satisfactory results. The following conditions
were used for the coupling reactions with boronic acids (1.3 eq): Pd[P(C¢Hs)3ls (3-5%), triethylamine (1-2 eq)
in DMF at 100°C.
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Compound 9 was obtained from thiophene-2-boronic acid and triflate 6 in 73% yield, and compound
10 from phenylboronic acid in 90 % yield. Compound 11 was obtained from 2-methoxyphenylboronic acid in
58% yield and was further demethoxylated with boron tribromide at 0°C to give directly lactone 13 in 83%
yield (Scheme 3). Compound 12 was obtained from triflate 6 and 2-formylphenylboronic acid in 30% yield;
reduction of the formyl group of 12 with sodium borohydride gave a mixture of alcohol 14 (80% yield) and
lactone 15 (19%). Heating 14 in refluxing ethano) afforded quantitatively compound 15.
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Compound 13 was also prepared by another route in order to establish its structure: an intramolecular
Heck reaction of the 2-bromophenyl ester 17, synthesized in three steps (52 %) from ethyl indole-2-
carboxylate 16, using PA[(P(CeHs)3)4 as the catalyst afforded compound 13 in 66% yield (Scheme 4).
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In order to enhance the versatility of the described reactions, we have also prepared the N-benzylindolic
triflate 20 (Scheme 5). Compound 3 was first protected as a silyloxy derivative 18 (84% yield) and N-
benzylated with benzyl bromide/NaH (65%). Removal of the silyl group using fluoride anion afforded 19
(60% yield) which was treated with N-phenyltriflimide in the presence of sodium hydride in THF at 0°C to
afford the triflate 20 in quantitative yield.
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Scheme 5

Suzuki reaction of 20 with phenylboronic acid in the presence of palladium acetate/triethylamine
afforded the corresponding 3-phenylindole in 62% yield; this compound was debenzylated in the presence of
aluminium chioride/toluene at room temperature to afford 21 in 73 % yield. The nitrogen atom of 21 could be
alkylated with an electrophile, such as iodomethane, to give compound 22 in 71% yield. We have also directly
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prepared the Boc indolic triflate 23 from compound § (Boc,O/ Et;N/DMAP) in 40% yield but compound 23
did not give satisfactory results in palladium-catalysed cross-coupling reactions.
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After numerous and unfruitful attempts'’ triflate 6 was reacted in a Heck-type reaction [Pd(OAc), 8%,
P(CgHs)s 3-10%, EtsN (1-3 eq)] with rert-butyl acrylate (1.3-3 eq) in DMF to afford in moderate yield (32%)
the ester 24.2 Acrylonitrile did not react under these experimental conditions. Since we could predict the
reactivity of triflate 6, we treated it with allyl alcohol®* in order to obtain a substituted allyl alcohol or an
aldehyde. Using the conditions herein reported, [Pd(OAc), 6%, P(CsHs)s 3%, EtsN, 2 eq, DMF 100°C, allyl
alcohol, 3 eq], the reaction in the presence of an organic base such as triethylamine did not afford the expected
Heck products® (28 or 29) but rather the 2-allyloxy derivative 25 (45% yield) accompanied with compound 26
(13% yield). After replacement of DMF with acetonitrile, the reaction afforded only compound 25 in 57%
yield. Compound 27 was obtained in DMF by increasing the amount of palladium acetate (20%); thus 27 was

obtained in 20% yield together with compound 25 (17%).
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The formation of compound 25 can be explained by a nucleophilic attack of the oxygen atom of the allyl
alcohol (NuH) on the C-2 carbon atom of an acyliminium species as depicted recently by Edstrom et al for
pyrido[3,4-b]pyrrolizidine triflate*® The formation of the acyliminium species apparently did not require the
presence of palladium but we observed that yields were higher and rates faster in the presence of palladium
acetate (Scheme 6).
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The formation of 27 may be the result of a Hofmann-type elimination on the intermediate resulting from
the nucleophilic attack of triethylamine on the acyliminium intermediate.
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The formation of 26 is the result of a rearrangement of the non-isolated 2-hydroxy compound 31; such
rearrangement has been described for the NH analogue;”’ the structure of 26 has been confirmed by the
synthesis of an authentic sample from N-methylaniline and diethyl ketomalonate;” the non-isolated product 31
may arise in part from the corresponding acetate. The use of but-2-en-1-ol and 3-methylbut-2-en-1-ol afforded,
under similar experimental conditions [Pd(OAc), 8%, P(CeHs)s 3%, Et:N 2eq, DMF 100°C], the
corresponding allyloxy derivatives 32 in 20% yield (accompanied with 26 {25%] and 27 [20%]) and 33 in 41%
yield (accompanied with 26 [19%]) respectively. Homoallylic alcohol also reacted with triflate 6 to afford 35
and 26 respectively in 19 % and 25% yields. Methanol was able to react with 6 in the absence of palladium to
afford the 2-methoxy derivative 34 in 42% yield.
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The synthesis of a normal Heck product, such as 28 or 29, using other experimental conditions has been
actively pursued; in particularly the use of sodium hydrogencarbonate and a phase transfer reagent® [Pd(OAc),
10%, Et;N*Bn CI', 1 eq, allyl alcohol, 1.45 eq, NaHCO5, 2.5 eq, DMF 100°C] gave compound 29 but the yield
was low (18%) and the major product was the 2-(3-oxopropyl) derivative 30 (26%-40% yield), again

accompanied with compound 26 (18%-6%).
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The formation of 30 can be explained by the initial formation of a palladium enolate (A) which added on
the allyl alcohol to afford the carbopalladiate intermediate (B); then a f-elimination between the CH and the
C-Pd bonds gave compound 30 (Scheme 7).
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The structure of compound 30 was confirmed by an alternative synthesis from 4. Compound 4 was C-
alkylated in DMF using benzyl 3-bromopropanoate in the presence of potassium carbonate to give compound
36 (87% yield); then hydrogenolysis of the benzyl ester (44% yield) followed by the chemoselective reduction
of the acid function using BH;.Me,S afforded the alcohol 37 (43% yield); this alcohol was identical to the
compound obtained by sodium borohydride reduction (65% yield) of compound 30 (Scheme 8).

If the Heck reaction with allyl alcohol gave unexpected results by contrast the use of propargylic alcohol
(3 eq) cleanly afforded, using a similar catalytic system [(Pd(OAc), 8%, P(Ce¢Hs)s, 2.5%, EtsN, 2 eq, DMF
100°C], the expected alcohol 38 in good yield (80%) (Scheme 8). By comparison, it is interesting to note that
ethyl 3-iodo-1H-2-indolecarboxylate or ethyl 3-iodo-1-(methylsulfony})-1H-2-indolecarboxylate failed to give
any detectable product on reaction with propargylic alcohol.”

OH
OTf Pd(OAc), P(CH,),
m + /‘ou _DMF, 100°C. EcN
N7 COoOCH, b, o
Y, CH,
38
Scheme 9

We wanted to know if it was either the presence of the ester group at position-2 of the indole or if it was
an intrinsic property of the indolic triflate which implied such a dualistic behavior. Gribble'! has described
numerous Heck reactions of triflate 1, which showed the usual reactivity; since the reaction of 1 has not been
described with allyl alcohol itself, we have reacted triflate 39 with allyl alcohol (3 eq) [(Pd(OAc); 7%,
P(CsHs)s 2.5%, Et;N 2 eq, DMF 100°C]. This led to the unexpected substituted allyl alcohol 40 in 28% yield
only; it should be noted that the alcohol 40 might explain the structure of the lactonic derivative formed in an

1.25

erratic manner from triflate 6 and allyl alcohol.” This result indicates that triflates 6 and 39 appear to have a
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Pd(OAc),, DMF
m PCHp: (CHN on
N N
/go /g o

39 40

different behavior.

But, continuing the comparison, we planned a carbopalladiation reaction® of triflate 39 with
methoxyallene and the dimethyl malonate anion; the postulated n—allyl complex was expected to react with the
dimethyl malonate anion in order to generate the substituted malonate 42; however we obtained only the ketone
41.
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This ketone 41 was also obtained by directly treating triflate 39 with dimethylmalonate anion; that means
that a carbon nucleophilic attack in position 2 is also possible with the unsubstituted triflate 39. This aspect of
reactivity is discussed in the following paper.
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EXPERIMENTAL

Melting points were determined on a Kofler hot stage and are uncorrected. IR spectra were recorded on Perkin Elmer
FT Paragon 1000 PC spectrometer. NMR spectra were obtained on a Bruker advance DPX 250 using TMS as internal
standard. Mass spectra were obtained on a Nermag R 10C instrument (chemical ionisation with ammonia) or on a
Perkin Elmer API 300 instrument.

Methyl 3-{[(Trifluoromethyl)sulfonyl]oxy}-1H-2-indolecarboxylate (5).

Under a blanket of argon, methyl 3-hydroxy-1H-2-indolecarboxylate 3 (200 mg, 1.05 mmol) in THF (2 mL) was added
at 0° C to a suspension of sodium hydride (80% weight) (40 mg, 1.33 mmol) in THF (10 mi). After 30 min, N-
phenylbis(trifluoromethanesulphonimide) (N-phenyitriflimide) (560 mg, 1.57 mmol) was added in portions and :the
mixture was stirred at room temperature for 1h. After evaporation, the residue was dissolved in water (10 mL); the
aqueous layer was neutralized to pH 7 with 10% HC and extracted with dichloromethane (3x10 mL). After drying over
MgSO, the solvent was evaporated and the residue was chromatographed on a silica gel column (eluent
dichloromethane/ petroleum ether 80/20) to give compound 5; m = 302 mg; yield 89 %; mp 168-170°C. IR (KBr) v =
3300 (NH), 1680 (CO) cm. "H NMR (CDCl3) & = 3.90 (s, 3H, OCHs); 7.18-7.23 (m, 2H, Harom); 7.35-7.65 (m, 1H,
Harom); 7.61 (d, 1H, Harom; J = 8.1 Hz); 9.15 (s, 1H, NH)."C NMR (CDCls) 8 = 51.9 (CHa); 111. 9 (CH); 117.3 (C);
118.3 (CH); 118.9 (C); 119.1 (q, Jcr = 320 Hz); 121.8 (CH); 126.4 (CH); 129.6 (C); 132.7 (C); 159.9 (CO). MS (IS):
m/z = 324 (M*+1). Anal. Calcd for C;;HsFsNOsS: C, 40.87; H, 2.49; N, 4.33. Found: C, 41.06; H, 2.63; N, 4.49.

Ethyl 3-{[(Trifluoromethyl)sulfonyl]oxy}-1-methyl-1H-2-indolecarboxylate (6).

Same procedure as for compound 5 starting from ethyl 3-hydroxy-1-methyl-1H-2-indolecarboxylate 4; elution
dichloromethane/petroleum ether 80/20; yield 95%; mp 82-84°C. IR (KBr) v = 1680 (CO) cm™.'"H NMR (CDClL); § =
1.45 (t, 3H, CH,, J= 7.3 Hz); 4.08 (s, 3H, NCH3); 4.47 (g, 2H, OCH,, J = 7.3 Hz); 7.23-7.27 (m, 1H, Harom); 7.41-7.43
(m, 2H, Harom); 7.63 (d, 1H, Harom, ] = 8.8 Hz).>C NMR (CDCl3) 8 = 14.1 (CHs); 32.0 (NCH3); 61,7 (OCHy); 110.6
(CH); 118.7 (q, Jc.r = 300Hz); 117.9 (C); 118.6 (C); 119.4 (CH); 122.0 (CH); 126.4 (CH); 130.8 (C); 135.7 (C); 160.3
(CO). MS (CI/NH>): vz = 352 (M*+1). Anal.Calcd for CsH,FaNOsS: C, 44.45; H, 3.44; N, 3.99.Found:C, 44.76; H,
3.50; N, 3.80.

General procedure for Stille reactions

Lithium chloride (70 mg, 1.65 mmol, 3 eq) and palladium tetrakis(triphenylphosphine) (20 mg, 0.017 mmol, 3%) were
introduced in a flask; triflate 6 (200 mg, 0.57 mmol) and the stannane derivative (0.66 mmol) in DMF (10 mL) were
added dropwise. The mixture was heated at 100°C till complete disappearance of triflate 6 (TLC). Water (10 mL) and
dichloromethane (10 mL) were added to the mixture which was extracted with ethyl acetate (3x10 mL); the organic
layers were dried over MgSO, and evaporated. The residue was chromatographed on a silica gel column (eluent
dichloromethane).

Ethyl 3-Vinyl-1-methyl-1H-2-indolecarboxylate (8a).

Starting from vinyltributylstannane (0.66 mmol); reaction time 1h30; yield 89%; oil. IR (film) v = 1670 (CO) cm’. 'H
NMR (CDCl;) & = 1.28 (t, 3H, CHs, J = 7.0 Hz); 3.83 (s, 3H, NCH3); 4.27 (g, 2H, OCH,, J = 7.0 Hz); 5.28 (dd, 1H,
CH=CH,, ] = 1.5 Hz, J = 11 Hz); 5.65 (dd, 1H, CH=CH,, J = 1.5 Hz, J = 17.0 Hz); 6.99-7.04 (m, 1H, Harom); 7.17-7.27
(m, 3H, Harom + CH=CH,); 7.82 (d, 1H, Harom, J = 8.1 Hz). MS (CI/NH;): m/z = 230 (M*+1). Anal. Calcd for
CiHisNO;: C, 73.34; H, 6.59; N, 6.11. Found: C, 73.71; H, 6.40; N, 6.22.

Ethyl 3-Acetyl-1-methyl-1H-2-indolecarboxylate (8b).

Starting from 1-ethoxyvinyltributylstannane (0.66mmol); reaction time 10 h; yield 65%; oil. IR (film) v = 1720 (CO);
1640 (CO) cm’. '"H NMR (CDCl;) 8 = 1.38 (t, 3H, CH;, J = 7.3 Hz); 2.54 (s, 3H, CH;); 3.81 (s, 3H, NCH3); 4.43 (g, 2H,
OCH,, ] = 7.3 Hz); 7.20-7.34 (m, 3H, Harom); 7.99 (d, 1H, Harom; J = 8.1 Hz). MS (CIUNH,): m/z = 246 (M*+1}. Anal.
Calcd for C4HsNOs: C, 68.56; H, 6.16; N, 5.71. Found: C, 68.79; H, 6.03; N, 5.85.
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General procedure for Suzuki reactions

To a stirred solution of triflate 6 (200 mg, 0.57 mmol) in DMF (3 mL), freshly prepared Pd(PPh;), (20 mg, 1.7.102
mmol, 3%), triethylamine (72 mg, 0.72 mmol, 1.3 eq) and phenylboronic acid (0.72 mmol, 1.3 eq) were added. The
mixture was heated at 100°C till the disappearance of triflate 6 (TLC). Water (10 mL) was added and the mixture
extracted with ethyl acetate (3x10 mL). After drying over MgSO,, evaporation of the organic layers gave a residue
which was chromatographed on a silica gel column (eluent dichloromethane/petroleum ether 50/50).

Ethyl 1-Methyl-3-(2-thienyl)-1H-2-indolecarboxylate (9).

Thiophene-2-boronic acid (0.72 mmol); reaction time 1h30; yield 73%; oil. IR (film) v = 1703 (CO) cm™. "H NMR
(CDCly) 8 = 1.16 (t, 3H, CH;, J = 7.0 Hz); 4.03 (s, 3H, NCH3); 4.22 (q, 2H, OCH,, J = 7.0 Hz); 7.10-7.16 (m, 1H,
Harom); 7.19-7.23 (m, 1H, Harom); 7.33-7.39 (m, 4H, Harom); 7.62 (d, 1H, Harom, J = 8.2 Hz).”C NMR (CDCl;) § =
13.8 (CHs); 31.9 (CHs); 60.6 (CH,); 110.0 (CH); 118.9 (C); 120.6 (CH); 121.9 (CH); 123.9 (CH); 124.8 (CH); 125.1
(C); 125.3 (CH); 126.7 (C); 130.2 (CH); 134.2 (C); 138.4 (C); 162.5 (CO). MS (CUNH;) 286 (M’+1). Anal. Calcd for
CsHsNO,S: C, 67.34; H, 5.30; N, 4.91. Found: C, 67.08; H, 5.24; N, 4.83.

Ethyl 1-Methy!-3-phenyl-1H-2-indolecarboxylate (10).

Phenylboronic acid (0.72 mmol); reaction time 4h; yield 90%; oil. IR (film) v = 1790 (CO) cm™’. 'H NMR (CDCl;) & =
1.01 (t, 3H, CH;, J = 7.3 Hz); 4.05 (s, 3H, NCHj3); 4.16 (q, 2H, OCH,, J = 7.3 Hz); 7.12 (m, 1H, Harom); 7.31-7,44 (m,
7H, Harom); 7.54 (d, 1H, Harom, J = 8.1 Hz). Anal. Calcd for CisH;NO,: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.06;
H,5.96; N, 4.89.

Ethyl 3-(2-Methoxyphenyl)-1-methyl-1H-2-indolecarboxylate (11).

2-Methoxyphenylboronic acid (0.72 mmol); reaction time 5h; yield 58%; oil. IR (film) v = 1713 (CO) em’'. "H NMR
(CDCI3) & = 1.00 (t, 3H, CH;, J = 7.1Hz); 3.72 (s, 3H, OCHs3); 4.08 (s, 3H, NCHs); 4.12 (q, 2H, OCH,, J = 7.1 Hz);
6.85-7.04 (m, 3H, Harom); 7.31-7,39 (m, 4H, Harom); 7.47 (d, 1H, Harom, J = 8.2 Hz). °C NMR (CDCly) : § = 12.9
(CH3); 31.1 (NCH3); 54.7 (OCH3); 59.6 (OCH,); 109.4 (CH); 109.8 (CH); 118.6 (C); 119.3 (CH); 119.4 (CH); 119.7
(CH); 120.7 (C); 123.3 (CH); 124.1 (C); 125.1 (C); 127.6 (CH); 130.8 (CH); 149.3 (C); 156.4 (C); 162.2 (CO). MS (IS):
m/z = 310 (M*+1). Anal. Calcd for CisH;sNOs: C, 73.77; H, 6.19; N, 4.53. Found: C, 74.02; H, 6.01; N, 4.67.

Ethyl 3-(2-Formylphenyl)-1-methyl-1H-2-indolecarboxylate (12).

2-Formylphenylboronic acid (0.72 mmol); reaction time 1h; yield 30%; oil. IR (film) v = 1680 (CO) em’'. '"H NMR
(CDCl3) 8 = 0.84 (t, 3H, CH;, J = 7.3 Hz); 4,01 (q, 2H, OCH,, ] = 7.3 Hz); 4.09 (s, 3H, NCH3); 7.28-7.63 (m, 7H,
Harom); 8.00 (d, 1H, Harom, J = 7.3 Hz); 9.78 (s, 1H, CHO). Anal. Calcd for C,sH;;NOs: C, 74.25; H, 5.58; N, 4.56.
Found: C, 74.48; H, 5.46; N, 4.69.

7-Methyl-6,7-dihydrochromeno(3,4-b]indol-6-one (13).

To a solution of compound 11 (150 mg, 0.48 mmol) in dichloromethane (5 mL), boron tribromide (0.7 mL, 1M
solution, 0.70 mmol) was added at 0°C; the mixture was stirred for 2h at room temperature and then hydrolyzed at 0°C
with water (SmL). Neutralization with 10% NaOH was followed by extraction with dichloromethane (2x10 mL) and
drying of the organic layers over MgSO,. Evaporation of the solvent afforded a residue which was chromatographed on
a silica gel column (eluent dichloromethane/petroleum ether 50/50) to give 13; m = 100 mg; yield : 83%.

Heck reaction of compound 17. To a stirred solution of compound 17 (100 mg, 0.30 mmol) in DMF (5 mL)
palladium acetate (8 mg, 0.036 mmol), triphenylphosphine (2 mg, 0.008 mmol), triethylamine (36 mg, 0.36 mmol) were
added. The mixture was heated for 26 h at 100°C. Water (10mL) was added and the mixture was neutralized and
extracted with ethyl acetate (3x 10 mL). Organic layers were dried over MgSO, and evaporated. The residue was
chromatographed on a silica gel column (eluent ethyl acetate/petroleum ether 1/9); m = 50 mg; yield 66%; mp 184-
186°C. IR (KBr) v = 1725 (CO) cm™."H NMR (CDCL;) 8 = 4.16 (s, 3H, NCHs); 7.30-7.44 (m, 6H, Harom); 8.14-8.17
(m, 2H, Harom); *C NMR (CDCls) & = 29.3 (CH,); 108.7 (2xCH); 114.9 (CH); 116.7 (C); 118.7 (C); 118.9 (C); 119.0
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(CH); 119.6 (CH); 120.4 (CH); 122.3 (CH); 125.1 (C); 125.2 (CH); 138.9 (C); 148.9 (C); 154.0 (CO). MS (CUNHs) :
m/z = 250 (M* + 1). Anal. Calcd for C¢H,NO,: C, 77.10; H, 4.45; N, 5.62. Found: C, 76.89; H, 4.62; N, 5.46.
Ethyl [2-(Hydroxymethyl)phenyl]-1-methyl-1H-2-indolecarboxylate (14).
Compound 12 (100 mg, 0.326 mmol) was dissolved in ethanol (0.65 mL)/chloroform (2 mL) containing SiO; (160 mg);
sodium borohydride (31 mg, 0.81 mmol) was added at 0°C and the mixture was stirred for one day at room temperature;
evaporation of the solvent, addition of water (10 mL), filtration, extraction with ethyl acetate (3x10 mL), drying over
MgSO, and evaporation leave a residue which was chromatographed on a silica gel column (eluent ethyl
acetate/petroleum ether 1/9); m = 80 mg; yield: 80%; mp 108-110°C. IR (KBr) v = 3476 (OH), 1702 (CO) cm™'H
NMR (CDCls) § = 0.92 (t, 3H, CH;, J = 7.2 Hz); 2.03 (br s, 1H, OH); 4.04-4.17 (m, 5H, NCH;, OCH,); 4.42 (m, 2H,
OCH,); 7.05-7.13 (m, H, Harom); 7.17-7.44 (m, 6H, Harom); 7.58 (d, 1H, Harom, ] = 8.2 Hz). ’C NMR (CDCl;) § =
19.9 (CH3); 38.4 (NCHsy); 67.1 (OCH,); 70.1 (CH,0); 116.6 (CH); 127.2 (CH); 127.8 (CH); 129.4 (C); 131.9 (C); 132.3
(CH); 133.5 (CH); 133.6 (CH); 134.3 (CH); 134.6 (C); 137.3 (CH); 140.2 (C); 144.8 (C); 146.4 (C); 168.6 (CO). MS
(CIUNH,;): m/z = 310 (M*+1). Anal. Calcd for C;oH;sNO;: C, 73.77; H, 6.19; N, 4.53. Found: C, 74.01; H, 6.30; N, 4.45.
8-Methyl-7,8-dihydro-5H-benzo[5,6]oxapino[3,4-b}indol-7-one (15).
This product was obtained during the reduction of compound 12. Elution ethyl acetate/petroleum ether 1/9; yield 19%;
oil. IR (film) v = 1707 (CO) cm"."H NMR (CDCl3) & = 4.04 (s, 3H, NCH3); 5.06 (s, 2H, OCHy); 7.27-7.64 (m, 7H,
Harom); 8.00 (d, 1H, Harom; ] = 7.3 Hz). MS (CV/NH;): m/z = 264 (M*+1). Anal. Calcd for C,;H,;sNO,: C, 77.55; H,
498; N, 5.32. Found: C, 77.24; H, 5.15; N, 5.21.
2-Bromophenyl 1-Methyl-1H-2-indolecarboxylate (17).
To a 0°C solution of 1-methyl-1H-2-indolecarboxylic acid**(100 mg, 0.57 mmol) in dichloromethane (5 mL)/ DMF (8
drops) were added EDCI (120 mg, 0.63 mmol), dimethylaminopyridine (115 mg, 0.94 mmol) and 2-bromophenol (108
mg, 0.63 mmol). The mixture was stirred for 24 h at room temperature; the organic layer was washed with 5% NaOH
(3x5 mL), water (2x5 mL) and dried over MgSO,. Evaporation leave a residue which was chromatographed on a silica
gel column (eluent dichloromethane/petroleum ether 50/50); m = 165 mg; yield 88%; mp 116-118°C. IR (KBr) v =
1738 (CO) ecm’’. "H NMR (CDCls) & = 4.11 (s, 3H, NCH}); 7.13-7.45 (m, 6H, Harom); 7.65-7.68 (m, 2H, Harom); 7.77
(d, 1H, Harom, J = 8.2 Hz). *C NMR (CDCl;) § = 30.6 (NCHs); 109.3 (CH); 111.3 (CH); 115.5 (C); 119.8 (CH); 121.9
(CH); 123.1 (CH); 124.7 (CH); 124.8 (C); 125.1 (CH); 126.3 (CH); 127.4 (CH); 127.5 (C); 139.2 (C); 146.9 (C); 158.6
(CO). MS (CIUNH;): m/z = 330 (M*+1), 332 (M" +3). Anal. Calcd for C;¢H;,BrNO,: C, 58.20; H, 3.66; N, 4.24. Found:
C, 58.47, H,3.74; N, 4.33.
Methyl 3-(tert-Butyldimethylsilyloxy)-1H-2-indolecarboxylate (18).
To a solution of methyl 3-hydroxy-1H-2-indolecarboxylate 3 (200 mg, 1.04 mmol) in THF (10 mL) were added
imidazole (142 mg, 2.08 mmol) and fert-butyldimetylsilyl chloride (312 mg, 2.08 mmol) which was refluxed for 24h
under an argon atmosphere; after cooling, the mixture was evaporated and water (10mL) was added to the residue;
extraction with ethyl acetate (3x20 mlL), drying over MgSO,, and evaporation leave a residue which: was
chromatographed on a silica gel column (eluent ethyl acetate/petroleum ether 1/9) to give 18; m = 270 mg; yield 84%;
mp 140-142°C. IR (KBr) v = 3334 (NH), 1672 (CO) cm™. "H NMR (CDCly) § = 0.23 (s, 6H, Si(CH,),); 1.11 (s; 9H,
C(CHa)s); 3.95 (s, 3H, OCH3); 7.04-7.11 (m, 1H, Harom); 7.29-7.31 (m, 2H, Harom); 7.64 (d, 1H, Harom, J = 8.2/Hz);
8.69 (br s, 1H, NH). *C NMR (CDCly) 8 = -4.90 (Si(CH;),); 17.3 (C); 24.7 (C(CH,)3); 50.2 (OCHL); 110.9 (CH); 112.7
(C); 118.4 (CH); 119.3 (CH); 120.6 (C); 124.8 (CH); 133.6 (C); 139.1 (C); 161.5 (CO). MS (IS): m/z = 306 (M"+1).
Anal. Calcd for CgHp;NOsSi: C, 62.92; H, 7.59; N, 4.59. Found: C, 63.13; H, 7.45; N, 4.41.
Methyl 1-Benzyl-3-hydroxy-1H-2-indolecarboxylate (19).

Methyl 1-Benzyl-3-(tert-butyldimethylsilyloxy)- 1 H-2-indolecarboxylate:
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To a suspension of sodium hydride (60%, 34 mg, 0.85 mmol) in THF (10 mL) compound 18 (200 mg, 0.65 mmol) was
portionwise added at 0°C; the mixture was stirred for 30 mn and benzyl bromide (144 mg, 0.84 mmol) was dropwise
added; the mixture was stirred for 16h at room temperature; the solvent was evaporated and water (10mL) and ethy!
acetate (10 mL) were added to the residue; the aqueous layer was neutralized to pH 7 with 10% HCI; extraction with
ethyl acetate (2x20 mL), drying over MgSQO,, and evaporation leave a residue which was chromatographed on a silica
gel column (eluent ethyl acetate/petroleum ether 1/9); m = 170 mg; yield: 65%; oil. IR (film) v = 1703 (CO) cm™.'H
NMR (CDCl3) § = 0.22 (s, 6H, Si(CHs),); 1.13 (s, 9H, C(CH;)s); 3.85 (s, 3H, OCH3); 5.76 (s, 2H, CH,); 7.01 (d, 1H,
Harom, J = 8.0 Hz); 7.07-7.14 (m, 2H, Harom); 7.17-7.30 (m, 5H, Harom); 7.68 (d, 1H, Harom, J = 8.0 Hz). *C NMR
(CDCL,) 6 = -4.8 (Si(CH3),); 17.4 (C); 24.8 ( C(CHs)3); 46.7 (CHz); 49.9 (OCHa); 109.4 (CH); 113,9 (C); 118,5 (CH);
119.4 (CH); 125.1 (CH); 125.9 (CH); 127.4 (CH); 127.6 (C); 113.1 (C); 137.6 (C); 140.5 (C); 161.3 (CO).

Methyl 1-Benzyl-3-hydroxy-1H-2-indolecarboxylate (19).
To a 0°C solution of methyl 1-benzyl-3-(terr-butyldimethylsilyloxy)-1H-2-indolecarboxylate (320 mg, 0.81 mmol) in
THF (20 mL) was added tetrabutylammonium fluoride (1M solution in THF, 1.60 mmol, 1.6 mL). The mixture was
stirred for 2 h at room temperature. Dichloromethane (2 mL) was added and after addition of isopropanol a solid was
obtained; this solid was dissolved in ethyl acetate (10 mL) and the organic layer was washed with water (2x5 mL) and
dried over MgSQ,. After evaporation, the desilylated compound 19 was obtained; m = 134 mg; yield 60%; mp 122-
124°C. IR (KBr) v = 3436 (OH), 1706 (CO) cm.'H NMR (CDCl3) & = 3.89 (s, 3H, OCH;); 5.58 (s, 2H, CH,); 6.98-
7.01 (m, 2H, Harom); 7.01-7.06 (m, 1H, Harom); 7.19-7.28 (m, 4H, Harom); 7.31-7.38 (m, 1H, Harom); 7.78 (d, 1H,
Harom, ] = 8.2 Hz); 8.66 (br s, 1H, OH). *C NMR (CDCls) 8§ = 48.0 (CH,); 51.5 (CHa); 108.8 (C); 110.3 (CH); 116.8
(C); 119.5 (CH); 120.4 (CH); 126.1 (CH); 127.1 (CH); 127.6 (CH); 128.6 (CH); 137.7 (C); 138.5 (C); 149.1 (C); 164.3
(CO). ). Anal. Calcd for C7H;sNO;: C, 72.58; H, 5.37; N, 4.98. Found: C, 72.77; H, 5.50; N, 4.89.
Methyl 1-Benzyl-3-{[(trifluoromethyl)sulfonyljoxy-1H-2-indolecarboxylate (20).
Same procedure as for compound 6 starting from compound 19; elution ethyl acetate/petroleum ether 1/9; yield 97%;
mp 92-94°C. IR (KBr) v = 1721 (CO) cm™. '"H NMR (CDCl;) § = 3.93 (s, 3H, OCH5); 5.83 (s, 2H, CH,); 7.02-7.05 (m,
2H, Harom); 7.24-7.31 (m, 5H, Harom); 7.37-7.42 (m, 1H, Harom); 7.68 (d, 1H, Harom, J = 8.0 Hz).*C NMR (CDCl;)
8 =48.0 (CHy); 51.9 (CH3); 111.1 (CH); 118.2 (C); 118.6 (q, Jc.r = 321 Hz); 118.8 (CH); 121.9 (C); 122.3 (CH); 126.1
(2xCH); 126.7 (CH); 127.4 (CH); 128.7 (2xCH); 129.9 (C); 135.7 (C); 137.0 (C); 160.2 (CO). MS (CI/NH;): m/z = 414
(M*+1). Anal. Calcd for C;5H,4F3NOsS: C, 52.30; H, 3.41; N, 3.39. Found: C, 52.70; H, 3.56; N, 3.45.
Methyl 3-Phenyl-1H-2-indolecarboxylate (21).

Methyl 1-Benzyl-3-phenyl-1H-2-indolecarboxylate:
Same procedure as for compound 10 starting from compound 20 and phenylboronic acid; reaction time 2h30; elution
dichloromethane/petroleum ether 3/7; m = 45 mg; yield: 62%; oil. IR (film) v = 1703 (CO) em’. 'TH NMR (CDCL) § =
3.62 (s, 3H, OCHy); 5.82 (s, 2H, CH,); 7.09-7.13 (m, 3H, Harom); 7.21-7.28 (m, 4H, Harom); 7.33-7.42 (m, 3H,
Harom); 7.45-7.49 (m, 3H, Harom); 7.61 (d, 1H, Harom, J = 7.5 Hz). MS (CUNH;): m/z = 342 (M*+1).

Methyl 3-Phenyl-1H-2-indolecarboxylate 21
Methyl 1-Benzyl-3-phenyl-1H-2-indolecarboxylate (30 mg, 0.088 mmol) was added to a suspension of aluminium
chloride (25 mg, 0.19 mmol) in toluene (2 mL). The solution was stirred for 1 h, under a nitrogen atmosphere, at room
temperature. After evaporation of toluene, ethyl acetate (10 mL) was added and the mixture was treated with a solution
of 5% NaOH (5 mL). The organic layer was dried over MgSO, and evaporated; the residue was chromatographed on
silica gel column (eluent dichloromethane/petroleum ether 1/1); m = 16 mg; yield 73%; oil. IR (film) v = 3338 (NH),
1676 (CO) cm™ 'H NMR (CDCly) § = 3.82 (s, 3H, OCHy); 7.12-7.18 (m, 2H, Harom); 7.33-7.50 (m, 4H, Harom); 7.54-
7.58 (m, 2H, Harom); 7.64 (d, 1H, Harom, J = 8.2 Hz); 8.01 (br s, 1H, NH). *C NMR (CDCls) 8 = 50.9 (OCH3); 110.8
(CH); 120.1 (CH); 120.9 (CH); 121.5 (C); 123.6 (C); 125.1 (CH); 126.4 (CH); 126.8 (CH); 127.9 (C); 135.2 (CH);
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135.4 (CH); 133.7 (©); 134.9 (C); 161.6 (CO). Anal. Calcd for CgH;3NO,: C, 76.48; H, 5.21; N, 5.57. Found: C, 76.81;
H, 5.16; N, 5.69.

Methyl 1-Methyl-3-phenyl-1H-2-indolecarboxylate (22).

Compound 21 (16 mg, 0.063 mmol) was added to a suspension of sodium hydride (60% weight, 3 mg, 0.078 mmol) in
THF (3 mL). The mixture was stirred for 30 min at 0°C and iodomethane (23 mg, 0.16 mmol) was added. After stirring
for 16 h at room temperature the solvent was evaporated; water (SmL) and ethyl acetate (SmL) were added to the
residue; the mixture was extracted with ethyl acetate (3x3 mL); drying over MgSO, and evaporation leave a residue
which was chromatographed on a silica gel column (eluent : dichloromethane/petroleum ether 50/50); m = 12 mg; yield
71%; oil. IR (film) v = 1705 (CO) cm’'. "H NMR (CDCls) § = 3.69 (s, 3H, OCHs); 4.14 (s, 3H, NCH3); 7.13-7.17 (m,
2H, Harom); 7.35-7.44 (m, 6H, Harom); 7.57 (d, 1H, Harom, J = 8.2 Hz). *C NMR (CDCly) 8 = 30.3 (NCH»); 31.4
(OCHa;); 109.5 (CH); 120.1 (CH); 121.0 (CH); 124.0 (C); 124.7 (CH); 125.9 (C); 126.2 (CH); 127.2 (CH); 127.3 (CH);
128.3 (C); 129.7 (CH); 129.8 (CH); 134.0 (C); 137.9 (C); 162.5 (CO). MS (CI/NH;) m/z = 266 (M*+1).Anal. Calcd for
C7H;5NO,: C, 76.96; H, 5.70; N, 5.28. Found: C, 76.72; H, 5.63; N, 5.32.

1-(tert-Butyl) and 2-Methyl 3-[(Trifluoromethylsulfonyl)oxy]-1H-1,2-indoledicarboxylate (23).

To a solution of triflate 5 (600 mg, 1.85 mmol) in DMF (10 mL) were added triethylamine (185 mg, 1.85 mmol),
dimethylaminopyridine (226 mg, 1.85 mmol) and di-fert-butyldicarbonate (600 mg, 2.77 mmol); the mixture was stirred
for 24h at room temperature. Water (20 mL) was added and the mixture was extracted with ethyl acetate (3x15 ml).
Organic layers were washed with water (3x10mL), dried over MgSO, and evaporated. The residue was purified by
column chromatography on silica gel (eluent dichloromethane/petroleum ether 80/20) to give compound 23; m = 313
mg; yield 40%; oil. IR (film) v = 1747 (CO), 1640 (NCO) cm"."H NMR (CDCl) 8 = 1.66 (s, 9H, C(CHj)s); 4.00 (s, 3H,
OCH,); 7.40 (t, 1H, Harom, J = 8.0 Hz); 7.55 (t, 1H, Harom, J = 8.0 Hz); 7.64 (d, 1H, Harom, J = 8.0 Hz); 8.18 (d, 1H,
Harom, J = 8.0 Hz). MS (CI/NH,) m/z = 424 (M*+1). Anal. Calcd for C;¢H;cFaNO,S: C, 45.39; H, 3.81; N, 3.31. Found:
C,45.24; H, 4.00; N, 3.44.

Ethyl 1-Methyl 3-[(E)-3-(tert-butoxy)-3-0xo0-1-propenyl]-1H-2-indolecarboxylate (24).

Compound 6 (200mg, 0.57 mmol), triethylamine (58mg, 0.57 mmol, 1 eq), tert-butyl acrylate (96mg, 0.75 mmol, 1.3
eq), palladium acetate (10mg, 0.045 mmol, 8%) triphenylphosphine (15mg, 0.057 mmol, 10%) were added to DMF
(6mL) and the mixture was heated for 20h at 100°C. Water (SmL) was added, then 10% HCI till pH 7; the mixture was
extracted with ethyl acetate (3x10 mL); the organic layers were washed with water (10 mL) and dried over Mg$O,.
Evaporation leave a residue which was chromatographed on a silica gel column (eluent dichloromethane/petroleum
ether 75/25; m = 60 mg; yield 32%; mp 114°C. IR (film) v = 1680 large (CO) cm'. "H NMR (CDCl), § = 1.50 (t, 3H,
CH;, J = 7.0 Hz); 1.56 (s, 9H, CHa); 4.02 (s, 3H, NCHa); 4.47 (q, 2H, OCHy, J = 7.0 Hz); 6.51 (d, 1H, =CH, ] = 16.0
Hz); 7.23-7.26 (m, 1H, Harom); 7.39-7.42 (m, 2H, Harom); 8.02 (m, 1H, Harom, J = 8.2 Hz); 838 (d, 1H, =CH, ] =
16.0 Hz). ’C NMR (CDC); : 8 = 14.4 (CH;); 28.3 (3xCHy); 32.1 (CHa); 61.5 (CHy); 80.0 (C); 110.6 (CH); 117.3:(C);
120.6 (CH); 122.0, (CH); 122.2 (CH); 125.2 (CH); 128.5 (C); 135.5 (C); 137.0 (CH); 139.0 (C); 162.1 (CO); 167.0
(CO). MS (IS) m/z = 330 (M*+1). Anal. Calcd for CoH;3NO,: C, 69.28; H, 7.04; N, 4.25. Found: C, 69.39; H, 7.12; N,
443,

2-(Allyloxy)-1-methyl-3-oxo-2-indolinecarboxylate (25).

Typical procedure reaction between the indolic triflate 6 and allylic alcohol: to Pd(OAc), (8 mg, 0.035 mmol, 6%) and
triphenylphosphine (4-5 mg, 0.015-0.018 mmol, 3%) were added under a nitrogen atmosphere a solution of the triflate 6
(200 mg, 0.57 mmol), allylic alcohol (3 eq) and triethylamine (2 eq) in DMF (10 mL). The solution was stirred at 100°C
and the reaction was monitored by TLC. When all the starting material has disappeared (Sh), water (20 mL) was added
and the aqueous layer was neutralized with 10% HCI and twice extracted with ethyl acetate (2x10 mL). The organic
layers were washed with water, brine and dried (MgSO,). After filtration and evaporation the residue was purified on a
silica gel column using ethyl acetate/petroleum ether (2/8) as eluent; m = 75 mg; yield 45%; oil. IR (film) v=1760, 1715
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cm’’. '"H NMR (CDCls) 8=1.14 (¢, 3H, CH;, J=7.3Hz); 2.85 (s, 3H, NMe); 3.78-3.92 (m, 2H, OCH,); 4.10-4.19 (m, 2H,
OCH,); 5.05-5.19 (m, 2H, =CH,); 5.79-5.92 (m, 1H, CH=); 6.69-6.76 (m, 2H, Harom); 7.43-7.49 (m, 2H, Harom); *C
NMR (CDCly) 6=14.1 (CHs); 28.0 (CHy); 62.4 (CHy); 65.6 (CHy); 95.3 (C-2); 108.6 (CH=); 117.9 (C); 118.1 (CH)
118.8 (=CH,); 118.9 (C); 125.1 (CH); 113.4 (CH); 138.6 (CH); 161.1 (C); 165.1 (CO); 194.7 (CO). MS (CUNH;) m/z =
276 (M*+1). Anal. Calcd for C;sH;7NO;: C, 65.44; H, 6.22; N, 5.09. Found: C, 65.57; H, 6.30; N, 4.93.

Ethyl 3-Hydroxy-1-methyl-2-oxo-3-indolinecarboxylate (26).

Compound obtained during the reaction of allyl alcohol with triflate 6; m = 17 mg; yield 13%; mp=136-138°C (litt.”®
mp=130°C). IR (KBr) v=3302, 1756, 1708 cm™. '"H NMR (CDCl;) 8=1.10 (t, 3H, CH;, J=7.3 Hz); 3.18 (s, 3H, NMe);
4.10-4.20 (m, 3H, OCH,CHj,, OH); 6.81 (d, 1H, Harom, J=8.1 Hz); 7.03 (t, 1H, Harom, J=7.3 Hz); 7.21 (d, 1H, Harom,
J=8.1 Hz); 7.32 (1, 1H, Harom, J=7.3 Hz); °C NMR (DMSO-d6) 8=15.2 (CH,); 27.5 (CHa); 62.7 (CH,); 78.6 (C-3);
110.5 (CH); 124.1 (CH); 124.8 (CH); 129.7 (C); 131.7 (CH); 145.5 (C); 170.4 (CO); 174.4 (CO). MS (CUNH;) m/z =
236 (M*+1). Anal. Calcd for C,sH;3sNO,: C, 61.27; H, 5.57; N, 5.95. Found: C, 61.52; H, 5.38; N, 5.90.

Ethyl 2-(Diethylamino)-1-methyl-3-oxo-2-indolinecarboxylate (27).

Compound obtained during the reaction of allyl alcohol (3 eq) with palladium acetate (20% mole), triphenylphosphine
(10% mole), triethylamine (2 eq) and triflate 6 (0.57 mmol, 1 eq) in DMF at 100°C; m = 33 mg; yield 20%; oil. IR
(film) v = 1745 (CO), 1713 (CO) cm™. "H NMR (CDCly) & = 1.10 (6H, CH;, J = 7,3 Hz); 1.24 (t, 3H, CH,, J = 7.1 Hz);
2,69-2.84 (m, 4H, NCH,); 3.01 (s, 3H, NCH3); 4.23 (q, 2H, OCH,, J = 7.1 Hz); 6.70-6.84 (m, 2H, Harom); 7.45-7.56 (m,
2H, Harom). “C NMR (CDCl5) 8 = 14.1 (CH,); 15.3 (2xCHs); 28.6 (CHa); 43.6 (2xNCH,); 61.9 (OCH,); 88.5 (C-2);
108.1 (CH); 117.7 (CH); 119.2 (C); 124.5 (CH); 137.9 (CH); 160.0 (C); 167.0 (CO); 198.8 (CO). MS (CI/NH;) mv/z =
291 (M*+1). Anal. Calcd for C;sH»N,0s: C, 66.19; H, 7.64; N, 9.65. Found: C, 66.26; H, 7.73; N, 9.54.
1-Methyl-3-(2-oxoethyl)-1H-2-indolecarboxylate (29).

To a solution of triflate 6 (500 mg, 1.42 mmol) in DMF (10mL), palladium acetate (32 mg, 0.142 mmol, 10%) sodium
hydrogencarbonate (298 mg, 3.55 mmol), benzyltriethylammonium chloride (323 mg, 1.42 mmol, 1 eq) allyl alcohol
(120mg, 2.05 mmol, 1.45 eq) were successively added. The mixture was heated for 4h at 100°C. After cooling, water
(10mL) was added and the mixture extracted with ethyl acetate (3x10 mL); organic layers were washed with water
(3x10 mL), dried over MgSO,, and evaporated; the residue was chromatographed on a silica gel column
(eluent/dichloromethane). Compound 29 (m = 66 mg; yield 18%), was first eluted, then compound 30 (m = 101 mg;
yield 26%) and finally compound 26 (m = 60 mg, yield 18%); oil. IR (film) v = 1742 (CO), 1704 (CO) cm”. '"H NMR
(CDCl3) & = 1.46 (t, 3H, CH;, J = 7.3 Hz); 2.83 (t, 2H, CH,, J = 7.3 Hz); 3.43 (t, 2H, CH,, J = 7.3 Hz); 4.03 (s, 3H,
NCH;); 4.42 (q, 2H, OCH,, J = 7.3 Hz); 7.04-7.12 (m, 1H, Harom); 7.29-7.33 (m, 2H, Harom); 7.68-7.72 (d, 1H,
Harom, J = 8.0 Hz); 9.88 (s, 1H, CHO). '*C NMR (CDCly) § = 13.3 (CH,); 17.2 (CH,); 31.1 (CH,); 44.1 (CHp); 59.6
(CH,); 109.2 (CH); 119.1 (CH); 119.3 (CH); 121.8 (C); 123.8 (C); 124.4 (CH); 125.1 (C); 137.6 (C); 161.4 (CO); 201.2
(CHO). MS (CI/ NH3) m/z = 260 (M*+1). Anal. Calcd for CisH;;NO;s: C, 69.48; H, 6.61; N, 5.40. Found: C, 69.23; H,
6.49; N, 5.50.

Ethyl 1-Methyl-3-0x0-2-(3-0xopropyl)-2-indolinecarboxylate (30).

Compound 30 has been isolated during the synthesis of 29; yield 26%; oil. IR (film) v = 1745 (CO), 1705 (CO), 1694
(CO) em™. '"H NMR (CDCl;) 8 = 1.22 (t, 3H, CHs, J = 7.1 Hz); 2.21-2.31 (m, 2H, CH,CHO); 2.49-2.53 (m, 1H, CH,);
2.62-2.68 (m, 1H, CH,); 2.95 (s, 3H, NCH;); 4.13-4.25 (m, 2H, OCH,); 6.79-6.87 (m, 2H, Harom); 7.54 (t, 1H, Harom,
J = 7.8 Hz); 7.62 (d, 1H, Harom, J = 7.8Hz). C NMR (CDCl3) § = 13.0 (CH,); 22.8 (CH,); 28.3 (NCH;); 36.3 (CHy);
61.3 (CHy); 75.5 (C-2): 107.9 (CH); 117.3 (CH); 118.6 (C); 124.1 (CH); 137.2 (CH); 161.1 (C); 165.7 (CO); 1994
(CHO). MS (CUNH;): m/z = 276 (M"+1). Anal. Calcd for C;sH;NO4: C, 65.44; H, 6.22; N, 5.09. Found: C, 65.26; H,
6.34; N, 5.00.

Ethyl 2-[2-Butenyloxy]-1-methyl-3-oxo-2-indolinecarboxylate (32).
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Same procedure as for compound 25 starting from triflate 6, palladium acetate (8%) and 2-buten-1-ol; elution ethyl
acetate/petroleum ether 1/9; yield 20%; oil. IR (film) v = 1760 (CO); 1715 (CO) em’. '"H NMR (CDCl3) 8 = 1.24 (1, 3H,
CH;, J = 7.2 Hz); 1.64 (d, 3H, CH;, J = 3.9 Hz); 2.96 (s, 3H, NCH;); 3.88 (m, 2H, OCH,); 4.18-4.29 (m, 2H, OCH,);
5.62-5.65 (m, 2H, CH=CH); 6.78-6.85 (m, 2H, Harom); 7.51-7.59 (m, 2H, Harom). MS (CI/NH;): m/z = 307 (M*+18).
Anal. Calcd for C,6H,sNO,: C, 66.42; H, 6.62; N, 4.84. Found: C, 66.56; H, 6.50; N, 4.71.

Ethyl 2-[(3-Methyl-2-butenyl)oxy]-3-oxo0-2-indolinecarboxylate (33).

Same procedure as for compound 28 starting from triflate 6, palladium acetate (8%) and 3-methyl-2-buten-1-ol; elution:
ethyl acetate/petroleum ether 1/9; yield 41%; oil. IR (film) v = 1756 (CO); 1712 (CO) em™. '"H NMR (CDCl;) § = 1.18
(t, 3H, CH3, J = 7.2 Hz); 145 (s, 3H, CHa); 1.62 (s, 3H, CH,); 2.92 (s, 3H, NCH;); 3.89-3.93 (m, 2H, OCH,); 4.15-4,21
(m, 2H, OCH,CH3); 5.27-5.41 (m, 1H, CH=); 6.73-6.80 (m, 2H, Harom); 7.45-7.53 (m, 2H, Harom). *C NMR (CDCl;)
: 8 = 12.1 (CHy); 15.8 (CHj); 23.6 (CHs); 26.0 (CHs); 57.3 (C); 59.4 (CH,); 60.4 (CH,); 91.2 (C); 106.5 (CH); 116.6
(CH); 118.3 (CH); 121.6 (C); 122.8 (CH); 136.3 (CH); 158.8 (C); 163.2 (CO); 193.2 (CO). Anal. Calcd for C7H;;NOy:
C, 67.31; H, 6.98; N, 4.62. Found: C, 67.55; H, 7.05; N, 4.68.

Ethyl 2-Methoxy-1-methyl-3-oxo-2-indolinecarboxylate (34).

To a stirred solution of triflate 6 (200 mg, 0.57 mamol) in DMF (3 mL) methanol (27 mg, 0.85 mmol) was added and the
mixture was heated for 6 h at 80°C. After cooling water (SmL) was added and the solution was extracted with ethyl
acetate (2x5 mL). The organic layers were washed with water and dried over MgSO,; evaporation leave a residue which
was chromatographed on a silica gel column (eluent dichloromethane); m = 60 mg; yield 42%; oil. IR (film) v = 1760
(CO); 1715 (CO) cm™. 'H NMR (CDCls) & = 1.17 (t, 3H, CHs, J = 7.3 Hz); 2.86 (s, 3H, NCH;); 3.17 (s, 3H, OCH);
4.10-4.21 (m, 2H, CH,); 6.71-6.76 (m, 2H, Harom); 7.43-7.50 (m, 2H, Harom). >*C NMR (CDCl;) 8 = 13.1 (CHj); 26.9
(CHs); 50.6 (CH3); 61.5 (CH,); 92.7 (C-2); 107.5 (CH); 117.7 (CH); 117.8 (C); 124.0 (CH); 137.7 (CH); 160.3 (C),
164.0 (CO); 193.7 (CO). MS(CI/NHa): m/z = 250 (M*+1). Caled for C;3H;sNOy: C, 62.64; H, 6.07; N, 5.62. Found: C,
62.33; H, 6.15; N, 5.48.

Ethyl 2-(3-Butenyloxy)-1-methyl-3-0xo-2-indolinecarboxylate (35).

Same procedure as for compound 25 starting from triflate 6 and 3-buten-1-ol; elution ethyl acetate/petroleum ether '1/9.
yield 19%; oil. IR (film) v = 1760 (CO); 1715 (CO) cm™’. 'H NMR (CDCl3) 8§ = 1.24 (t, 3H, CH3, J = 7.1 Hz); 2.43:(m,
2H, CHy); 3.01 (s, 3H, NCHas); 3.33-3.51 (m, 2H, OCHy); 4.18-4.31 (m, 2H, OCH,); 5.03-5.15 (m, 2H, CH=CH,); 5.73-
5.89 (m, 1H, CH=CH,); 6.78-6.86 (m, 2H, Harom); 7.52-7.59 (m, 2H, Harom). >C NMR (CDCl3) & = 13.1 (CHs); 27.0
(NCHs;); 32.9 (CH,); 61.4 (OCH,); 62.7 (OCHy); 92.4 (C-2); 107.5 (CH=); 1159 (=CH,); 117.6 (CH); 117.8 (CH);
124.1 (CH); 133.3 (C); 137.6 (CH); 160.2 (C); 164.1 (CQ); 193.8 (CO). MS(CINH;) : m/z = 290 (M*+1). Caled for
CisHyoNO,: C, 66.42; H, 6.62; N, 4.84. Found: C, 66.12; H, 6.80; N, 4.79.

Ethyl 2-[3-(Benzyloxy)-3-oxopropyl]-1-methyl-3-oxo-2-indolinecarboxylate (36).

To a solution of ethyl 3-hydroxy-1-methyl-1H-2-indolecarboxylate 4 (438mg, 2 mmol) in DMF (10 mL) were added
benzyl 3-bromopropanoate (632 mg, 2.6 mmol) and potassium carbonate (360 mg, 2.6 mmol); the mixture was heated
for 3h at 90°C and then evaporated under reduced pressure. Water (10 mL) was added and the mixture was neutralized
with 10% HCI; extraction with ethyl acetate (3x10 mL), drying over MgSO, and evaporation leave a residue which was
chromatographed on a silica gel colum (elution dichloromethane); m = 662 mg; yield 87%; oil. IR (film). v = 1720 large
(CO) cm*. 'H NMR (CDCl5) 8 = 1.20 (t, 3H, CH,, J = 6.6 Hz); 2.01-2.25 (m, 2H, CHy); 2.42-2.52 (m, 1H, CH,); 2.66-
2.76 (m, 1H, CH,); 2.90 (s, 3H, NCH3); 4.11-4.19 (m, 2H, OCH,); 5.03 (s, 2H, CHy); 6.76 (t, 1H, Harom, J = 8.1 Hz);
7.26-7.33 (m, 6 H, Harom); 7.47 (m, 1H, Harom); 7.56 (d, 1H, Harom, ] = 7.3 Hz). *C NMR (CDCl;) § = 14.1 (CH,);
26.3 (CH,); 28.0 (CHy); 29.2 (NCH;); 62.2 (CH,); 66.4 (CHy); 78.9 (C-2); 108.8 (CH); 118.1 (CH); 119.6 (C); 125.1
(CH); 126.9 (CH); 128.0 (CH); 135.6 (C); 138.1 (CH); 162.2 (C); 166.7 (CO); 172.3 (CO); 195.4 (CO). Anal. Calcd for
C»nHyNOs: C, 69.28; H, 6.08; N, 3.67. Found: C, 69.32; H, 6.12; N, 3.74.

Ethyl 2-(3-Hydroxypropyl)-1-methyl-3-oxo-2-indolinecarboxylate (37).



11092 B. Malapel-Andrieu, J.-Y. Mérour / Tetrahedron 54 (1998) 11079-11094

3-[2-(ethoxycarbonyl)- 1-methyl-3-o0x0-2,3-dihydro-1H-2-indolyl} propanoic acid :
A solution of compound 36 (300 mg, 0.79 mmol) in methanol (10 mL) was stirred for 45 mn under one atmosphere of
hydrogen in presence of palladium on carbon 10% (30 mg). The catalyst was filtered and the solvent evaporated. Water
(10 mL) was added to the mixture and then an aqueous solution of sodium hydroxide till pH 10-11. The aqueous layer
was extracted with dichloromethane (10mL), acidified till pH 1 with 10% HCI; extraction with ethyl acetate (2x20 mL),
drying over MgSO; and evaporation gave the acid; m = 100 mg; yield 44%; oil. IR (film) v = 3420 (OH), 1740 (CO),
1710 (CO), 1680 (CO) cm™."H NMR (DMSO-d6) & = 1.07 (t, 3H, CHs, J = 6.3 Hz); 1.79-1.88 (m, 2H, CH,); 2.32-2.37
(m, 2H, CH,COOH); 2.89 (s, 3H, NCH,); 3.97-4.17 (m, 2H, OCH,); 6.74 (t, 1H, Harom, J = 7.8 Hz); 7.01 (d, 1H,
Harom, J = 7.8 Hz); 7.43 (d, 1H, Harom, J = 7.8 Hz); 7.53-7.58 (t, 1H, Harom, J = 7.8 Hz). C NMR (DMSO0-d6) § =
16.5 (CHas); 28.5 (CHy); 30.2 (CHa); 31.6 (CH3); 64.6 (CHy); 79.2 (C-2); 111.2 (CH); 120.7 (CH); 121.9 (C); 127.5
(CH); 140.6 (CH); 164.6 (C); 169.1 (CO); 180.7 (CO); 197.8 (CO).

Ethyl 2-(3-Hydroxypropyl)- I-methyl-3-oxo-2-indolinecarboxylate (37).
To a solution of 3-[2-(ethoxycarbonyl)-1-methyl-3-0x0-2,3-dihydro-1H-2-indolyl] propanoic acid (170 mg, 0.58 mmol)
in THF (10 mL) was added BHs;.Me,S (2M solution in THF, 0.6 mL, 1.2 mmol). The mixture was refluxed for 2h30,
then water (10 mL) was added. Extraction with ethyl acetate (3x10 mL), drying over MgSOy, and evaporation leave a
residue which was chromatographed on silica gel column (eluent dichloromethane/methanol 99/1); m = 70 mg; yield
43%.

From compound 30. To a solution of compound 30 (20 mg, 0.073 mmol) in chloroform (1 mL) and ethanol (0.2
mL) were added at 0°C SiO, (40 mg) and sodium borohydride (8 mg, 0.2 mmol). The mixture was stirred overnight at
room temperature and then evaporated. Water (SmL) and ethyl acetate (10 mL) were added; the organic layer was
washed with water (SmL), brine (SmL), and dried over MgSO,. Evaporation leave a residue which was
chromatographed on a silica gel column (eluent dichloromethane/methanol 99/1) to give the alcohol 35; m = 13 mg;
yield 65%; oil. IR (film) v = 3462 (OH), 1739 (CO), 1694 (CO) cm”. '"H NMR (CDCls) 8 = 1.22 (t, 3H, CH3, ] = 7.1
Hz); 1.26-1.37 (m, 2H, CHy); 1.66 (br s, 1H, OH); 2.18-2.24 (m,1H, CHy); 2.41-2.51 (m, 1H, CH,); 3.01 (s, 3H, NCHj3);
3.53-3.63 (m, 2H, CH,0),; 4.13-4.24 (m, 2H, OCH,); 6.74 (t, 1H, Harom, J = 8.0 Hz); 6.83 (d, 1H, Harom, J = 8.0 Hz);
7.51 (t, 1H, Harom, J = 8.0 Hz); 7.58 (d, 1H, Harom, J = 8.0 Hz). 13.6 (CH3); 25.5 (CHy); 27.3 (CH>); 28.3 (CH;); 61.6
(CHy); 61.7 (CH,); 77.0 (C-2); 107.8 (CH); 117.1 (CH); 118.7 (C); 124.5 (CH); 137.5 (CH); 161.4 (C); 166.8 (CO);
195.4 (CO). MS (CV NH3) : m/z = 278 (M*+1). Anal. Calcd for C;sHisNO4: C, 64.97; H, 6.91; N, 5.05. Found: C,
65.11; H, 7.07; N, 4.95.
Ethyl 3-(3-Hydroxy-1-propynyl)-1-methyl-1H-2-indolinecarboxylate (38).
Under an argon atmosphere triflate 6 (200 mg, 0.57 mmol), propargyl alcohol! (95 mg, 1.7 mmol, 3 eq), triethylamine
(115 mg, 1.14 mmol, 2 eq) in DMF (6 mlL) were added to a suspension of palladium acetate (10 mg, 0.045 mmol, 10%)
and triphenylphosphine (4 mg, 0.015 mmol). The mixture was stirred for 6h at 100°C. After cooling, water (10mL) was
added, then 10% HCI till pH 7; extraction with ethyl acetate (3x15 mL), drying over MgSO, evaporation afforded an
oil. This oil was chromatographed on a silica gel column (eluent dichloromethane) to give 36; m = 117 mg; yield 80%;
oil. IR (film) v = 3500 (OH), 2300 (triple bond), 1694 (CO) cm™. '"H NMR (CDCls) 8 = 1.49 (t, 3H, CHs, J = 7.2 Hz);
1.86 (m, 1H, OH, exchangeable with D,0); 4.15 (s, 3H, CH,); 4.87 (g, 2H, OCH,, J = 7.2 Hz); 4.64 (s, 2H, CH,OH);
7.24-7.28 (m, 2H, Harom); 7.40-7.42 (m, 1H, Harom); 7.82 (d, 1H, Harom, ] = 8.2 Hz). MS (Cl/ NH;) : m/z = 258
(M*+1). Anal. Calcd for C;sH;sNOs: C, 70.02; H, 5.88; N, 5.44. Found: C, 69.83; H, 5.69; N, 5.36.
Acetyl-1H-3-indolyle trifluoromethanesulfonate (39).
To a -78°C solution of 1-acetyl-1H-indol-3(2H)-one (130 mg, 0.74 mmol) in THF (10 mL) was added, under an argon
atmosphere, lithium diisopropylamide (2M solution in THF, 0.75 mL, 1.5 mmol). The mixture was stirred for 20min at -
78°C and N-phenyltriflimide (800 mg, 2.23 mmol) in THF (5 mL) was added. The mixture was stirred for 16 h at room
temperature. The solvent was evaporated, water (5 mL), and ethyl acetate (10 mL) were added. After neutralization with
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10% HCI the aqueous layer was extracted with ethyl acetate (3x10 mL); the organic layers were washed with brine and
dried over MgSO,. Evaporation leave an oil which was chromatographed on a silica gel column (eluent ethyl
acetate/petroleum ether 1/9). A solidl was obtained; m = 175 mg; yield 76%; mp 68-70°C. IR (KBr) v = 1710 (CO) cm’
' 'H NMR (CDCly) & = 2.65 (s, 3H, CHy); 7.34-7.43 (m, 2H, Harom); 7.46 (s, 1H, H-2); 7.48-7.59 (m, 1H, Harom); 8.44
(d, 1H, Harom, J = 8.2 Hz)."C NMR (CDCl;) 8§ = 23.8 (CHa); 115.2 (CH); 116.8 (CH); 117.1 (CH); 118.7 (q, Jcs =
321Hz);122.2 (C); 124.6 (CH); 127.1 (CH); 133.1 (C); 133.3 (C); 168.2 (CO). MS (IS) : m/z = 307 (M*+1) Anal. Caicd
for C; | HgFsNQO,S: C, 43.00; H, 2.62; N, 4.56. Found: C, 42.81; H, 2.83; N, 4.69.
1-{3-[1-Hydroxymethyl)vinyl]-1H-1-indolyl}-1-ethanone (40).

Under an argon atmosphere, triflate 39 (200 mg, 0.65 mmol), allyl alcohol (110 mg, 1.90 mmol), triethylamine (130 mg,
1.30 mmol) dissolved in DMF (5 mL) were added to a suspension of palladium acetate (10 mg, 0.045 mmol, 7% mole)
and triphenylphosphine (5 mg, 0.019 mmo!). The mixture was stirred for 18h at 100°C. After cooling, water (10mL)
was added and 10% HCI till pH 7. Extraction with ethyl acetate (3x15 mL), drying over MgSO, and evaporation
afforded an oil. This oil was chromatographed on a silica gel column (eluent ethyl acetate/petroleum ether 4/6) to give
40; m = 40 mg; yield 28%; oil. IR (film) v = 3453 (OH), 1703 (CO) cm’'. '"H NMR (CDCly) & = 1.85 (br s, 1H, OH);
2.63 (s, 3H, CHj;); 4.49 (br s, 2H, OCH,); 5.54 (br d, 1H, =CH, J= 1.2 Hz); 5.66 (br s, 1H, =CH); 7.30-7.37 (m, 2H,
Harom); 7.53 (s, 1H, H-2); 7.77 (d, 1H, Harom, J=7.6 Hz); 8.44 (d, 1H, Harom, J=7.6 Hz). *C NMR (CDCL) § = 23.0
(CHs); 65.3 (OCHy); 113.3 (CHy); 115.7 (CH); 119.5 (CH); 119.6 (C); 121.7 (CH); 122.9 (CH); 124.8 (CH); 127.8 (C);
135.1 (C); 139.0 (C),; 167.6 (CO). MS (Cl/ NH;): m/z = 216 (M*+1). Anal. Caled for C3H;3NO,: C, 72.54; H, 6.09; N,
6.51. Found: C, 72.80; H, 6.17; N, 6.68.
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