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A novel highly stereoselctive synthesis of  B-indolyl- a,f-unsaturated ( E)-enones by the hydroindolylation of the ~ f,-C=C bond of 1,2-allenic
ketones in the presence of 5 mol % Sc(OTf) 3 was developed. p,f-Bisindolyl ketones were prepared by using 2.5 equiv of indoles. A stepwise
protocol for introducing different indoles was also established.

Indoles are key structural units in many natural products and highly stereoselectived)-hydroindolylation of the relatively
important pharmaceuticalsRecently much attention has electron-rich carbon—carbon bond of 1,2-allenic ketones,
been paid to the synthesis of bisindole derivatives due to which may be followed by the second addition of indole to
potent antitumor bioactivity® Thus, development of efficient ~ afford bis-indolyl derivatives with a very broad structural
methodology for the synthesis of new indole derivatives has diversity.

been attracting the interest of many synthetic chemists. Our initial investigation focused on the use of triflate Salts
this paper, we wish to report our recent results by applying as the catalyst to catalyze the conjugate addition of indole
1,2-allenic ketonés as the receptor, providing an efficient (4) For some of the most recent papers, see: (a) Dyker, G..; Hildebrandt,

method for the synthesis of mono-indole derivatives via the D.; Liu, J. Merz, K.Angew. Chem., Int. E®003,42, 4399. (b) Yadav, J.

S.; Reddy, B. V. S.; Padmavani, B.; Gupta, M. Ketrahedron Lett2004,

45, 7577 and references therein. (c) Sharma, G. V. M.; Reddy, J. J.; Lakshmi,
(1) Sundberg, R. JThe Chemistry of IndolesAcademic Press: New P. S.; Krishna, P. RTetrahedron Lett2004,45, 7729.

York, 1970. (b) Sexton, J. Bindoles (The Chemistry of Heterocyclic (5) (@) Szmuszkovicz, . Am. Chem. So0d.957,79, 2819. (b) Igbal,
Compounds V. 25); Wiley: New York, 1983. (c) Sundberg, Rndoles; Z.; Jackson, A. H.; Rao, K. NTetrahedron Lett.1988, 29, 2577. (c)
Academic Press: New York, 1996. Dujardin, G.; Poirier, J. MBull. Soc. Chim. Fr.1994, 131, 900. (d)
(2) Kam, T. S. InAlkaloids, Chemical and Biological Perspegs; Harrington, P. E.; Kerr. M. ASynlett1996, 1047. (e) Manabe, K.; Aoyama,
Pelletier, S. W., Ed.; Pergamon: Amsterdam, 1999; Vol. 4. N.; Kobayashi, SAdv. Synth. Catal2001, 343, 174. (f) Yadava, J. S;

(3) (a) Irie, T.; Kubushirs, K.; Suzuki, K.; Tsukazaki, K.; Umezawa, K.; Reddy, B. V. S.; Abraham, S.; Sabitha, &nthesi®001, 2165. (g) Bandini,
Nozawa, SAnticancer Res1999,31, 3061. (b) Garbe, T. R.; Kobayashi,  M.; Cozzi, P. G.; Giacomini, M.; Melchiorre, P.; Selva, S.; Ronchi, A. U.

M.; Shimizu, N.; Takesue, N.; Ozawa, M.; Yukawa, HNat. Prod.2000, J. Org. Chem2002,67, 3700. (h) Reddy, A. V.; Ravinder, K.; Goud, T.
63, 596. (c) Hong, C.; Firestone, G. L.; Bjeldanes, L. Biochem. V.; Krishnaiah, P.; Raju, T. V.; Venkateswarlu, Yetrahedron Lett2003,
Pharmacol.2002,63, 1085. 44, 6257.
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(1a) with undeca-1,2-dien-4-on2d) in acetonitrile. The data

collected in Table 1 indicated that although in the presence t e 2. Sc(OTf-Catalyzed Synthesis of

Table 1. Optimization of Reaction ConditioAs

n-C7Hys
O, -
Ny o+ n-C7H1s 5 mol % catalyst
m :J mol % catalys {
H CH4CN, rt ﬁ
1a 2a 3aa
3aa
entry catalyst time (h) yield (%) E/zb
1 Mg(OTf)s 12 NR
2 Yb(OTf)s 12 NR
3 Sn(OTDs 12 27 >99/1
4 Cu(OTf), 1.5 68 91/9%
5¢ Sc(OTo)3 1.5 73 >99/1

aThe reaction was conducted by stirring a mixture of indole (0.2 mmol),
1,2-allenic ketone (0.3 mmol), and 5 mol % of Sc(QTif) CHsCN (2 mL)
at room temperature for the time specified in the tablEhe E/Z ratio of
3aawas determined byH NMR analysis.® The ratio oflato 2ais 1 to 3.

of 5 mol % Mg(OTfy or 5 mol % Yb(OTf} the mono-
indolylation reaction did not occur to significant extents
within 12 h (Table 1, entries 1 and 2), 5 mol % of Sn(QTf)
gave the producdaain low yield (Table 1, entry 3). Further
screening led to the observation that 5 mol % Cu(@Tf)
afforded3aain 65% yield within 1.5 h. However, thE/Z
ratio is poor (Table 1, entry 4). Further screening demon-
strated that 5 mol % Sc(OTf) afforded3aain 75% yield
with an E/Z ratio as high as~99/1 (Table 1, entry 5). The
stereoselectivity was determined #y—'H NOESY spectra
analysis. Thus, in the following cases the highly stereo-
selective monoindolylation reaction was conducted at room
temperature in acetonitrile using 5 mol % Sc(QTds the
catalyst.

Similarly, various indoles such as 7-methyIndole,
2-methyl-1Hindole, and 1,2-dimethyl1-indole reacted with
different 1,2-allenic ketones to afford the desired adducts in

good yields (Table 2). In all cases, the reactions proceeded

smoothly at ambient temperature with excellent (E)-stereo-
selectivity (>99/1).

(6) For some of the most recent reviews on the chemistry of allenes,
see: (a)Modern Allene ChemistnyKrause, N., Hashmi, A. S. K., Eds.;
Wiley-VCH: Weinheim, 2004; Vols. £2. (b) Ma, S.Chem. Re»2005,
105, 2829. (c) Ma, S. in Tsuji, Jopics in Organometallic Chemistry-
Palladium in Organic SynthesiSpringer-Verlag: Berlin, Heidelberg, 2005.

For some of the most recent typical reactions of allenes, see: (d) Trost, B.

M.; Jakel, C.; Plietker, BJ. Am. Chem. So003,125, 4438. (e) Franzen,
J.; Backvall, J.-EJ. Am. Chem. So2003 125 6056. (f) Huang, J.; Hsung,
R. P.J. Am. Chem. So@005,127, 50. (g) Chang, K.-J.; Rayabarapu, D.
K.; Yang, F.-Y.; Cheng, C.-HJ. Am. Chem. So@005,127, 126. (h) Ng,
S.-S.; Jamison, T. K. Am. Chem. So2005,127, 7320.

(7) For recent reviews on the lanthanide complexes, see: (a) Mikami,
K.; Terada, M.; Matsuzawa, HAngew. Chem., Int. E2002,41, 3554. (b)
Aspinall, H. C.Chem. Re. 2002,102, 1807. (c) Shibasaki, M.; Yoshikawa,
N. Chem. Re»2002,102, 2187. (d) Inanaga, J.; Furuno, H.; Hayano, T.
Chem. Re12002,102, 2211. Hong, S.; Marks, T.Acc. Chem. Re2004,

37, 673.

(8) For Sc(OTf)-catalyzed reactions in organic synthesis, see: (a)
Kobayashi, SSynlett1994, 689. (b) Kobayashi, $ur. J. Org. Chem.
1950,15, 5.
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1~2h k2
1 2 3
1,2-allenic
indole ketone 3
entry R! R? R? time (h) yield (%) E/Z?
1 7-Me H(1b) n-C7Hi5(2a) 1 81 (3ba) >99/1
2 2-Me H(1le) n-C;His(2a) 1 76 (3ca) >99/1
3 2-Me H(1e) n-CgHi7 (2b) 2 82 (3cb) >99/1
4 2-Me H(1e) n-CgHis(2¢) 2 77 (3ce) >99/1
5 2-Me H(le) n-CsHo(2d) 2 74 (3ed) >99/1
6 2-Me H(le) Bn(2e) 2 80 (3ce) >99/1
7 2-Me Me (1d) n-C;Hj5(2a) 1.5 73 (3da) >99/1

2 The reaction was conducted by stirring a mixture of indole (0.5 mmol),
1,2-allenic ketone (0.75 mmol), and 5 mol % of Sc(QTif) CHzCN (2
mL) at room temperature for the time specified in the tabEhe E/Z ratio
of 3 was determined byH NMR analysis.

Thef-indolyl-a,5-unsaturatedg)-enone products may be
formed either by isomerization of initially formegtindolyl-
B,y-unsaturateds)-enones or by the direct hydroindolylation
of the terminal 5,y-C=C bond of allenic ketones. To
elucidate the mechanism, the following deuterium labeling
experiments were conducted (Scheme 1). When the reaction

Scheme 1
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of indole 1awith undeca-1,2-diene-4-or&a was carried out

in the presence of DOAc, only nondeuterated prodBaz
was formed, which hints that the transferring of proton from
indole is very fast. However, when deuterium-labeled indole
1a’' (92% deuteration at 3-position based'shNMR spectra)
andl1a" (85% deuteration at 3-position based thNMR
spectra)were used, the monodeuterated prod@ae-A (90%
deuteration based ofH NMR spectra) and3aa-B (85%
deuteration based oftd NMR spectra) were formed sepa-
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rately when the reaction was conducted in CR®hich
indicates that, instead of a carbecarbon double bond
migration mechanisrf, uniquely the product8 may be
formed by the hydroindolylation of the terminal carben
carbon double bond of allenic ketones, at least in GDCI
although the real mechanism remains to be investigated.
Next we examined the double indolylation of 1,2-allenic
ketones using the previous catalytic system simply by varying
the ratio from 1:1.5 to 2.5:1 and with prolonged reaction
time. As shown in Table 3, a variety of differently substituted

Table 3. Sc(OTf)-Catalyzed Synthesis ¢f,5-Bis(indolyl)
Ketone$

5 mol % Sc(OTf)3 RZ-N

{ O CHACN, 1t SNR?
R? R® o
RS
1 2 4
1,2-allenic

indole ketone time yield of

entry R? R2 R3 (h) 4 (%)
1 H H(1a) n-C7His5 (2a) 2 60 (4aa)
2 5-MeO H(1le) n-C7Hjs (2a) 1.5 53 (4dea)
3 5-Br H (1) n-C7His (2a) 2 56 (4fa)
4 5-BnO0  H(1g) n-C7His5 (2a) 2 51 (4ga)
5 H Me (1h) n-C7H;5 (2a) 2 61 (4ha)
6 H H(1a) n-C¢His (2¢) 2 63 (4ac)
7 H H (1a) Bn (2e) 12 78 (4ae)

aThe reaction was conducted by stirring a mixture of indole (1.25 mmol),
1,2-allenic ketone (0.5 mmol), and 5 mol % of Sc(QTif) CHzCN (2 mL)
at room temperature for the time specified in the table.

indoles1 underwent smooth double indolylations with 1,2-
allenic ketones2 to afford f,5-bisindolyl ketones4 in
moderate yields.

(9) Ibaceta-Lizana, Juana S. L.; Jackson, A. H.; Prasitpan, N.; Shannon,
P. V. R.J. Chem. Soc., Perkin Trang.1987, 1221.

(10) For examples of the formation of,3-unsaturated enones via the
nucleophilic addition of 1,2-allenic ketones and the subsequent carbon—
carbon double bond migration, see: (a) Gras, J. L.; Gallédow, Buf.

Soc. Chim. Fr.1983, 11-89. (b) Bertrand, M.; Gras, J. C. R. Acad. Sc.
Paris 1965,260, 6926. (c) Cristau, H. J.; Viala, J.; Chritol, Fetrahedron
Lett. 1982,23, 1569.
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Furthermore, we have also demonstrated the stepwise
double addition of indoles with 1,2-allenic ketone leading
to the mixeds,5-bisindolyl ketones (Scheme 2). Thus, when

HN

n-CsH1s 1h
5 mol % Sc(OTf);

H:CN
1, 3h
64%

5 mol % Sc(OTf)3 O

CH,CN
i, 3h
78%

N

{E)-3aa

(E)-3aawas subjected to 5 mol % of Sc(O3,fand 1-methyl-
1H-indole 1h or 5-methyl-H-indole 1i separately, 64% and
78% of the mixed3,S-bisindolyl ketoneglka and4la were
isolated, respectively.

In summary, we have developed a simple and efficient
procedure for the highly stereoselective preparation of mono-
indole derivatives, i.ef-indolyl o, 5-unsaturateds)-enones,
through the highly stereoselectivéE)thydroindolylation
reactions of thgs,y-C=C bond of 1,2-allenic ketones in the
presence of 5 mol % Sc(OTEf)Double indolylation of 1,2-
allenic ketones affordef,-bisindolyl ketones. A stepwise
protocol for introducing different indoles was also estab-
lished. Because of the potentials of these compounds, this
methodology will be useful in indole-related science. Further
study in this area is being carried out in our laboratory.
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