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Ruthenium-catalyzed enantioselective propargylation of indoles with propargylic alcohols affords the corresponding p-propargylated indoles
in good yields with a high enantioselectivity (up to 95% ee). A remarkable effect of the nature of the N-substituent of indoles is observed for
the enantioselectivity of the propargylated indoles. The preparative method described in this paper may provide a novel protocol for asymmetric

Friedel —Crafts alkylation of indoles using propargylic alcohols as a new type of electrophiles.

The indole unit is the most universal heterocycle in nature.  Quite recently, we have developed the enantioselective
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by chiral thiolate-bridged diruthenium complexes to give the || N
c_orrespondmg prope}rgylated products m_good yleldS.WIth a Taple 1. Ruthenium-Catalyzed Enantioselective Propargylation
high enantioselectivity (up to 94% eeJthis was the first  of |ndoles with Propargylic Alcohollg)?

example of asymmetric FriedeCrafts propargylation of

aromatic compounds. As an extension of our study, we have R of indole . _ - .

now found the ruthenium-catalyzed enantioselective prop- —n__equiviola) TCO tmeh) yield () eer %)
argylation of indole derivatives with propargylic alcohéls. 1 H10) 60 3 3a, 71 35

A remarkable effect of the nature Nfsubstituent of indoles 2 Me(10) 60 3 3b, 77 61

was observed on the enantioselectivity of the produced 2 gﬁ?ﬁ;")(m) 28 g gfl f;i i(l)
propargylated mdoles,_ althoug_h tNesub;ntuent is relatively 5  SiMes (10) 60 3 3 a: _ 37d
apart from the reactivgg-position of indoles. Thus, the 6  SiMesBu(10) 60 3 3e, 63 73
introduction of a bulky group such &srt-butyldimethylsilyl 7  SiiPrs (10) 60 3 3f, 74 75

or triisopropylsilyl group at the nitrogen atom of indole 8  SiiPr3(10) 40 7 3f, 70 82
dramatically increased the enantioselectivity of the propar- 9  SiPrs(3) 40 7 3f, 77 78
gylated indoles. A preliminary result of enantioselective  aajl reactions of1a (0.20 mmol) with indole were carried out in the
propargylation of indoles is described here. presence of a ruthenium complex (0.010 mmol, generated in situ from

S [Cp*RuCl]s and 2a) and NHBF4 (0.020 mmol) in CICHCH.CI (5 mL).
Treatment of 1-phenyl-2-propyn-1-d4) with indole (10 b |solated yield of3. ¢ Determined by HPLC (see the Supporting Information

equiv to1a) in CICH,CH.CI in the presence of a catalytic  for experimental detailsy The ee value o8a.
amount of a chiral thiolate-bridged diruthenium complex,
which was prepared in situ from the tetranuclear ruthenium- ]
(1) complex [Cp*RuCl}, and a chiral disulfide2a)” in THF butoxycarbonyl (Boc) group was used Bssubstituent of
(tetrahydrofuran) at room temperature for 12 h, andsNH mdole.. The use oN-(trlmethylsﬂyl)mdole resultgd in the
BF, at 60°C for 3 h afforded 3-(1-phenyl-2-propynyl)indole formation of only3awith 37% ee (Table 1, run 5), indicating

(3a) in 71% isolated yield with 35% ee (Scheme 1; Table 1, that the deprotection of the trimethylsilyl group easily
proceeded before the propargylation Mf(trimethylsilyl)-

indole. The introduction of a bulky silyl group such as a
tert-butyldimethylsilyl or triisopropylsilyl moiety gave the

Scheme 1 corresponding propargylated indoles with much higher
%[CP*R“C']H(R*'S'); THE enantioselectivity (Table 1, runs 6 and 7). The reaction of
2 " i 2n l N-(triisopropylsilyl)indole proceeded similarly even at 4D
_ 5mol % [CP*RUCI( SR,  Ph.+ 2 (Taple 1 run 8). Even the use of 3 equiv Mg(triisopro-
Ph\|//+ @ 10mol % NHBFy ho pylsilyl)indole to 1a worked well (Table 1, run 9). As
OH N CICH2CH,CI TN 2 reported in our previous papes similar enantioselectivity
1a \R N of propargylation of aromatic compounds such as 2-meth-
3 R ylfuran andN,N-dimethylaniline withla has been observed
(R*S), (2a): up to 82% ee using2a as a chiral ligand.
s _)_ The catalytic propargylation df-(triisopropylsilyl)indole
2 (3 equiv to 1) with other propargylic alcoholsl] was
Ph Ph investigated at 40C by using2aas a chiral ligand. Typical
results are shown in Table 2. The presence of a substituent
Ph

in the benzene ring of the propargylic alcohols had some
effect on the enantioselectivity. The introduction of a methyl
group at the para position of the benzene rind aslightly

run 1). The introduction of a methyl group Blssubstituent decreased the enantioselectivity (Table 2, run 2), while the
of indole much improved the enantioselectivity (Table 1, run introduction of a phenyl group at the para or ortho position
2), in contrast to the presence of a bulky group such as aof the benzene ring ofa increased the enantioselectivity
benzyl or phenyl moiety as thé-substituent of indole (Table  (Table 2, runs 4 and 5). When 1-(1-naphthyl)-2-propyn-1-

1, runs 3 and 4). No reaction occurred at all wheter ol (1g) was used as a substrate, the highest enantioselectivity
was achieved (Table 2, run 7).
Ed(sz)ol\(;lgtzslgzgzvgé H.; Miyake, Y.; Nishibayashi, ¥Angew. Chem., Int. The propargylation of otheN-(triisopropylsilyl)indoles
(6) Recently, propargylation of indoles catalyzed by iod8¢(OTf), bearing a substituent at 5-position of the indole ring wiith

InCl3,°c Amberlyst-153¥ and FeGi*ehas been reported, but enantioselective  under similar reaction conditions afforded a good yield of

gﬁ’aﬂ‘}’ggé"?t\',‘\’,ﬂ r??c”f’wae;gbegrf éi%?]"%d_}fgg'aﬂg‘g’r‘ofqa)LL;t't“z'ogé 'i';' 2+ products with a high enantioselectivity, irrespective of the

3963. (b) Yadav, J. S.; Reddy, B. V. S.; Rao, K. V. R.; Kumar, G. G. K. hature of the substituent (Table 3). On the other hand, the

S. N. Tetrahedron Lett2007 48, 5573. (c) Liu, Z; Liu, L; Shafiq, Z; — jntroduction of a substituent at 2-position of the indole rin
Wu, Y.-C.; Wang, D.; Chen, Y.-Bynthesi2007, 1961. (d) Yadav, J. S.; . p . 9
Reddy, B. V. S.; Kumar, G. G. K. S. N.; Rao, K. V. Rhem. Lett2007, dramatically decreased the enantioselectivity of the product.
??,6 842- (e) Jana, U.; Maiti, S.; Biswas, Setrahedron Lett2007, 48, To obtain more information about the enantioselective
(7) Inada, Y..: Nishibayashi, Y.; Uemura, Sagew. Chem., Int. EQ005 propargylation of aromatic compounds, the stereochemistry

44, 7715. of the propargylated produst was determined. The reaction
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Table 2. Ruthenium-Catalyzed Enantioselective Propargylation Scheme 2
of N-(Triisopropyl)indole with Propargylic Alcoholslj2
_ 5 mol % [Cp*RuCl(u-SR*)], Ar* // "BuNF
Ar\|// A 10 mol % NH4BF, T
* > + H,0 THF
OH N CICH,CH,CI S O 0%, 1h
1 \ 40°C N N 84%
Sl‘Pr3 s \Siipr 31 SiPr,
3
| % PdCIy(PPh:
run Arof1 time (h) yield? (%) ee’ (%) ! T ol % Zc(ul "
1 Ph (1 ) 7 3£ 77 78 1-chloro-4-iodobenzene
a s ) Pr,NH
2 p-MeCgH, (1b) 10 3g, 70 71 8 TH
3 p-ClCsH4 (1) 7 3h, 72 79 60°C, 15h
4 p-PhCgHy (1d) 10 3i, 76 90 63%
5 0-PhCgHy4 (1e) 30 3j, 63 83
6 3,5-PhoCsHs (1f) 7 3k, 98 80
7 1-naphthyl (1g) 23 31, 81 92 . . . .
8 9-naphthyl (1h) 7 3m. 82 84 enantioselectivity as shown in Scheme 3. Here, indole should

 All reaci 1(0.20 D withN- (i indole (0.60 ) attack the alkynyl complexB) having a cationig/-carbon
reactions o . mmol) wi -(trisopropyl)indaole (0. mmo . .

were carried out in the presence of a ruthenium complex (0.010 mmol, from S.' face, whereB is a resonance structure of t_he
generated in situ from [Cp*RuGjjand 2a) and NH,BF, (0.020 mmol) in allenylidene complex A) prepared from a propargylic

b i i . .
CICH2CHCI (5 mL). " Isolated yield of3. ¢ Determined by HPLC (see the alcohol and the diruthenium complex.
Supporting Information for experimental details).

Table 3. Ruthenium-Catalyzed Enantioselective Propargylation
of N-(Triisopropyl)indoles withlg?

‘ « 5 mol % [Cp*RuCI(11p-SR*)], Z
m 10 mol % NH4BF,
= * >
Z N CICH,CH,CI R
\. 40°C N
OH 1g Si'Prs

\
3 SiPr;

run R’ of indole time (h) yield® (%) eet (%)

1 H 23 31, 81 92 ¢ —> (R)-3f
2 Me 20 3n, 82 95
3 Cl 20 30,78 91 . /Cp attac
4 OMe 20 3p, 71 87 SCE\_RU
AW AN
a All reactions of 1-(1-naphthyl)-2-propyn-1-olg) (0.20 mmol) with g RU é'H A

N-(triisopropyl)indoles (0.60 mmol) were carried out in the presence of a
ruthenium complex (0.010 mmol, generated in situ from [Cp*Ru@fd
2a) and NHBF,4 (0.020 mmol) in CICHCH,CI (5 mL). ° Isolated yield of
3. ¢ Determined by HPLC (see the Supporting Information for experimental

- |
details). Y
B (/D
N

iPrySi

of 3I', which was obtained by deprotection 8f, with
1-chloro-4-iodobenzene in the presence of a catalytic amount
of palladium complex at 60C for 15 h gave4 in 63%
isolated yield (Scheme 2)The X-ray analysis of a major
enantioisomer ofl indicates that the absolute configuration
of 3l should beR® This result supports our previously
proposed reaction pathwa¥in the propargylation of aro-

matic compounds, where the- interaction of phenyl rings A remarkable effect of the nature Nfsubstituent of indoles
between the chiral ligand and allenylidene moieties was was observed on the enantioselectivity of the produced

considered to play an important role to achieve the high propargylated indoles. The preparative method described in
this paper may provide a novel protocol for asymmetric

(8) (a) Blum, J.; Baidossi, W.; Badreih, Y.: Hoffman, R. E.; Schumann, Friedel-Crafts alkylation of indoles by using propargylic

th. Ozrgbgqimgggé 60, 4738. (b) Ohta, K.; Goto, T.; Endo, Ynorg. alcohols as a new type of electrophiles. Further work is
em. . . . . . . e
(9) An ORTEP drawing of major enantioisomer 4fs included in the Curremly In progress to broaden its synthetlc appllcablllty

Supporting Information as Figure S1. to natural products and pharmaceuticals.

In summary, we have found the ruthenium-catalyzed
enantioselective propargylation of indoles with propargylic
alcohols to give the correspondigpropargylated indoles
in good yields with a high enantioselectivity (up to 95% ee).
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