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1. Introduction

Indoline skeletons have been considered as characteristic
structures owing to their widespread use as key building blocks
and chiral auxiliaries in asymmetric synthesis [1]. They are also
widely present in alkaloids and other natural products with
diverse biological activities [2-9], such as pentopril, which is a
potent angiotensin enzyme inhibitor [3], strychnine, which is
used as a pesticide [2], and lundurine A, which is effective for
overcoming multidrug resistance in vincristine-resistant KB
cells (Fig. 1) [10-12]. Chiral cyclopropanes are important mo-

tifs for the diverse functionality and reactivity provided by do-
nor-acceptor substituents, which can be transformed into val-
uable synthetic intermediates via ring opening or ring expan-
sion [13-20]. A hexacyclic ring system that includes a unique
cyclopropyl ring fused to an indoline accompanied by three
quaternary carbon stereocenters such as lundurines are attrac-
tive targets. Traditional methods to construct cyclopro-
pane-fused indoline derivatives include transi-
tion-metal-mediated reactions [21-36], the classic Sim-
mons-Smith reaction and so on [34-41]. However, highly effi-
cient, environmentally friendly, and atom-economic methods

* Corresponding author. Tel: +86-411-84379089; E-mail: changjunbiao@zzu.edu.cn

# Corresponding author. Tel: +86-411-84379089; E-mail: xwli@dicp.ac.cn

This work was supported by the National Natural Science Foundation of China (21525208, 21472186) and the research fund from Henan Normal

University (5101034011009).

DOI: 10.1016/S1872-2067(18)63154-7 | http://www.sciencedirect.com/science/journal/18722067 | Chin. ]. Catal,, Vol. 39, No. 12, December 2018

CrossMark


http://crossmark.crossref.org/dialog/?doi=10.1016/S1872-2067(18)63154-7&domain=pdf

1882 Na Li et al. / Chinese Journal of Catalysis 39 (2018) 1881-1889

(o)
[ I S \
COOH N
N /Y
0]
COOEt éOOMe
Pentopril Strychnine Lundurine A

Fig. 1. Some examples of bioactive indolines.

for generating available carbenoids precursors in a catalytic
fashion continue to be highly limited [42]. The catalytic genera-
tion of M-furylcarbenes derived from carbonyl ene-yne com-
pounds and zinc salts were explored for its versatile character
[43-48]. Che et al. [21] reported cobalt(II) porphyrin-catalyzed
intramolecular cyclopropanation of N-alkyl indoles/pyrroles
with alkyldiazomethanes generated in situ from hydrazones
(Scheme 1(a)). Lopez et al. [47] reported the catalytic genera-
tion of zinc(Il) furylcarbenes derived from carbonyl ene-yne
compounds and zinc salts, as well as their reactivity in addition
and insertion processes with styrene (Scheme 1(b)). Recently,
while collating the data for the present article, Xu et al. [49]
explored the access to similar products via Znlz-catalyzed cy-
clopropanation of indole with enynone. Notwithstanding the
success, the investigation is limited to low functional group
tolerance; certain N-substituent of indole failed to generate the
desired product (Scheme 1(c)). As well-established and effi-
cient catalysts for various organic transformations, Cp*Co(III)
complexes have attracted increasing attention owing to their
earth-abundance, cost-effectiveness, low toxicity, and unique
catalytic reactivity [50-55]. However, the catalytic generation
of efficient cyclopropanating intermediates from ene-yne ke-
tone and Co(IlI)/Zn(II) remains largely underexplored. Herein,
we report the intramolecular cyclopropanation of indoles with
ene-yne ketones through zinc(Il)/Co(IlI) furylcarbenes. A se-
ries of indolines bearing three-dimensional cyclic structures
could be obtained with remarkable yields with high to very
high diastereoselectivities.
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Scheme 1. Cyclopropane reactions of olefins and indoles with metal
carbenes.

2. Experimental
2.1. General

All the chemicals were obtained from commercial sources
and were used as-received unless otherwise noted. All the re-
actions were carried out under N2 atmosphere using standard
Schlenk technique. The 'H NMR spectra were recorded on a
400-MHz or 600-MHz NMR spectrometer. The 13C NMR spectra
were recorded at 100 MHz or 150 MHz. The 19F NMR spectra
were recorded at 565 MHz. The chemical shifts were expressed
in parts per million (6) downfield from the internal standard
tetramethylsilane and were reported as s (singlet), d (doublet),
t (triplet), dd (doublet of doublet), dt (doublet of triplet), m
(multiplet), br s (broad singlet), etc. The residual solvent sig-
nals were used as references, and the chemical shifts were
converted to the TMS scale. High resolution mass spectra were
obtained on an Agilent Q-TOF 6540 spectrometer. Column
chromatography was performed on silica gel (300-400 mesh)
using ethyl acetate (EA)/petroleum ether (PE).

Substrate 1v was synthesized according to a literature re-
port [56]; the others were prepared following published pro-
cedures [57-59]. Compounds 2a-2m were prepared according
to a literature report [47].

2.2. General procedure for synthesizing compounds 3

N-pyrimidinylindole (0.2 mmol), ene-yne ketones (0.24
mmol), [Cp*Co(MeCN)s][SbFe]z (5 mol%), and Zn(OAc)z (30
mol%) were charged into a Schlenk tube; anhydrous CH2Cl2 (2
mL) was added to this mixture under N2 atmosphere. The reac-
tion mixture was stirred at 45 °Cfor 12 h. After being cooled to
room temperature, the solvent was removed under reduced
pressure, and the residue was purified by silica gel chromatog-
raphy using PE/EA to obtain the product.

2.3.  Spectral data for products

3aa was obtained according to the general procedure, with
94% yield, dr > 20:1; pale yellow solid. tH NMR (600 MHz,
CDCl3) 6 8.54 (d, ] = 4.7 Hz, 2H), 8.17 (d, ] = 8.2 Hz, 1H), 7.43 (d,
] = 7.3 Hz, 1H), 7.34 (m, 2H), 7.29-7.21 (m, 3H), 7.14 (t, ] = 7.8
Hz, 1H), 6.94 (t, ] = 7.4 Hz, 1H), 6.78 (t, ] = 4.7 Hz, 1H), 5.75 (s,
1H), 5.20 (d, ] = 6.5 Hz, 1H), 3.51 (d, ] = 6.5 Hz, 1H), 2.15 (s, 3H),
2.01 (s, 3H). 13C NMR (151 MHz, CDCl3) 6 194.0, 159.8, 157.7,
147.8, 143.8, 142.0, 130.6, 128.7, 127.6, 126.7, 126.6, 124.8,
121.5 121.3, 115.6, 112.7, 111.1, 51.9, 35.9, 28.8, 27.2, 14.0.
HRMS calculated for CzH22N302+ (M + H)*: 408.1707; ob-
served: 408.408.1709.

3ba was obtained according to the general procedure, with
62% yield, dr = 15:1; pale yellow solid. 1H NMR (400 MHz,
CDCl3) & 8.54 (d, /] = 4.8 Hz, 2H), 7.80 (d, / = 8.2 Hz, 1H),
7.37-7.31 (m, 2H), 7.29-7.22 (m, 3H), 7.09 (t, ] = 8.2 Hz, 1H),
6.78 (t,J = 4.8 Hz, 1H), 6.52 (d, ] = 8.2 Hz, 1H), 5.80 (s, 1H), 5.14
(d,J = 6.6 Hz, 1H), 3.91 (s, 3H), 3.62 (d, ] = 6.6 Hz, 1H), 2.17 (s,
3H), 2.04 (s, 3H).13C NMR (151 MHz, CDCl3) & 194.0, 159.8,
157.7 (d, ] = 7.4 Hz), 156.6, 148.1, 145.2, 142.1, 128.8, 128.6,
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126.8,126.5,121.3,118.5,112.7,110.9, 108.9, 104.4, 55.8, 52.3,
32.9, 28.8, 26.8, 14.1. HRMS calculated for C27H24N303* (M +
H)*: 438.1812; observed: 438.1819.

3ca was obtained according to the general procedure, with
92% yield, dr = 7:1; pale yellow solid. 1H NMR (400 MHz,
CDCl3) 6 8.53 (d, ] = 4.8 Hz, 2H), 8.34 (d, ] = 8.0 Hz, 1H), 7.53 (d,
] =7.0 Hz, 1H), 7.47 (dd, ] = 8.1, 2.0 Hz, 2H), 7.31 (t,] = 7.6 Hz,
2H), 7.23-7.18 (m, 1H), 7.14 (t, ] = 8.0 Hz, 1H), 6.78 (t, ] = 4.8
Hz, 1H), 5.63 (s, 1H), 5.12 (d, ] = 6.4 Hz, 1H), 4.15 (d, ] = 6.4 Hz,
1H), 3.95 (s, 3H), 2.03 (s, 3H), 1.93 (s, 3H).13C NMR (151 MHz,
CDCls) 6 193.9, 167.1, 159.8, 157.6, 148.5, 144.9, 141.3, 132.9,
128.7, 128.2, 127.5, 127.0, 126.8, 122.8, 121.3, 119.5, 112.9,
110.2, 52.1, 51.8, 35.0, 28.8, 27.8, 14.0. HRMS calculated for
C28H24N304* (M + H)*: 466.1761; observed: 466.1767.

3da was obtained according to the general procedure, with
44% yield, dr = 5:1; pale yellow solid. tH NMR (600 MHz,
CDCl3) 6 8.56 (d, ] = 4.7 Hz, 2H), 8.00 (d, ] = 8.2 Hz, 1H), 7.36 (t,]
=7.6 Hz, 2H), 7.31 (d,] = 7.1 Hz, 2H), 7.29-7.24 (m, 1H), 7.04 (t,
J =79 Hz, 1H), 6.79 (t, ] = 4.7 Hz, 1H), 6.76 (d, ] = 7.5 Hz, 1H),
5.71 (s, 1H), 5.15 (d,] = 6.7 Hz, 1H), 3.47 (d, ] = 6.7 Hz, 1H), 2.51
(s, 3H), 2.16 (s, 3H), 2.02 (s, 3H).13C NMR (151 MHz, CDCl3) 6
193.9, 159.9, 157.7, 147.99 (s), 143.6, 142.1, 134.3, 1295,
128.7, 127.7, 127.3, 126.6, 122.5, 121.3, 113.1, 112.6, 110.6,
519, 34.3, 288, 27.2, 18.8, 14.0. HRMS calculated for
C27H24N302* (M + H)*: 422.1863; observed: 422.1866.

3ea was obtained according to the general procedure, with
80% yield, dr = 16:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.58 (d, J = 4.8 Hz, 2H), 8.07 (d, /] = 8.2 Hz, 1H),
7.44-7.33 (m, 4H), 7.31-7.25 (m, 1H), 7.07 (t, ] = 8.1 Hz, 1H),
6.94 (d, ] = 8.0, 1H), 6.85 (t,/ = 4.8 Hz, 1H), 5.81 (s, 1H), 5.20 (d,
J = 6.6 Hz, 1H), 3.66 (d, ] = 6.6 Hz, 1H), 2.16 (s, 3H), 2.05 (s, 3H).
13C NMR (151 MHz, CDCls) 6 193.9, 159.6, 157.9, 157.7, 147.9,
145.0, 141.3, 130.6, 129.2, 128.8, 128.7, 127.4, 126.9, 121.3,
113.8, 113, 110.7, 51.6, 33.9, 28.8, 27.2, 14.0. HRMS calculated
for C26H21CIN302* (M + H)*: 442.1317; observed: 442.1316.

3fa was obtained according to the general procedure, with
66% yield, dr = 11:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.51 (d, J = 4.8 Hz, 2H), 7.88 (d, /] = 8.2 Hz, 1H),
7.33-7.25 (m, 4H), 7.24-7.16 (m, 1H), 7.02 (td, / = 8.3, 5.9 Hz,
1H), 6.78 (t, ] = 4.8 Hz, 1H), 6.60 (t, ] = 8.5 Hz, 1H), 5.76 (s, 1H),
5.15 (d,J = 6.6 Hz, 1H), 3.58 (d, ] = 6.6 Hz, 1H), 2.10 (s, 3H), 1.97
(s, 3H).13C NMR (151 MHz, CDCls) 6 194.1, 160.6, 159.6, 158.9,
157.9 157.7, 147.8, 146.1 (d, ] = 7.9 Hz), 141.3,129.1 (d, ] = 8.1
Hz), 128.7, 127.2, 126.9, 121.3, 117.3 (d, J = 21.5 Hz), 113.1,
111.5,110.8,108.2 (d, J = 19.7 Hz), 52.1, 31.4, 28.8, 26.9, 14.0.
19F NMR (565 MHz, CDCl3) 6 -121.76 (1F). HRMS calculated for
C26H21FN302* (M + H)*: 426.1612; observed: 426.1613.

3ga was obtained according to the general procedure, with
94% yield, dr > 20:1; pale yellow solid. 1TH NMR (600 MHz,
CDCl3) 6 8.44 (d, ] = 4.7 Hz, 2H), 7.94 (dd, J = 8.2, 2.6 Hz, 1H),
7.24 (t,] = 7.7 Hz, 2H), 7.15 (dd, ] = 14.7, 7.3 Hz, 4H), 6.85 (d, ] =
8.2 Hz, 1H), 6.66 (t, ] = 4.7 Hz, 1H), 5.67 (s, 1H), 5.07 (d, / = 6.5
Hz, 1H), 3.37 (d,] = 6.5 Hz, 1H), 2.23 (s, 3H), 2.08 (s, 3H), 1.94
(s, 3H).13C NMR (151 MHz, CDCl3) 6 194.0, 159.8, 157.7 (d, ] =
10.3 Hz), 147.9, 142.1 141.6, 131.0, 130.6, 128.6, 128.0, 126.7,
126.5, 125.4, 121.3, 115.4, 112.3, 111.0, 52.1, 35.9, 28.8, 27.5,
209, 14.0. HRMS calculated for Cz7H2aN302* (M + H)":

422.1863; observed: 422.1866.

3ha was obtained according to the general procedure, with
84% yield, dr = 4:1; pale yellow solid. 1H NMR (400 MHz,
CDCls) 6 8.53 (d, J = 4.8 Hz, 2H), 8.07 (d, / = 8.9 Hz, 1H), 7.35 (m,
2H), 7.29-7.22 (m, 4H), 7.04 (d, ] = 2.7 Hz, 1H), 6.76 (t, ] = 4.8
Hz, 1H), 6.70 (dd, J = 8.9, 2.7 Hz, 1H), 5.79 (s, 1H), 5.19 (d,/ = 6.5
Hz, 1H), 3.80 (s, 3H), 3.49 (d, J = 6.5 Hz, 1H), 2.18 (s, 3H), 2.05
(s, 3H).13C NMR (151 MHz, CDCls) 6 194.4, 158.0, 157.9, 157.4,
155.4, 140.2, 130.9, 130.2, 1289, 128.7, 127.1, 125.2, 122.1,
120.4, 117.3, 115.8, 112.5, 108.3, 102.2, 55.7, 44.8, 29.2, 14.6.
HRMS calculated for Cz7H24N303+ (M + H)*: 438.1812; ob-
served: 438.1813.

3ia was obtained according to the general procedure, with
77% yield, dr = 9:1; pale yellow solid. 1H NMR (600 MHz,
CDCls) 6 8.48 (d, ] = 3.4 Hz, 2H), 8.11 (d, J = 5.1 Hz, 1H), 8.01 (s,
1H), 7.77 (d, ] = 1.5 Hz, 1H), 7.34-7.02 (m, 5H), 6.76 (s, 1H),
5.68 (s, 1H), 5.11 (d,/ = 6.5 Hz, 1H), 3.79 (s, 3H), 3.41 (d,/ = 6.5
Hz, 1H), 2.04 (s, 3H), 1.91 (s, 3H).13C NMR (151 MHz, CDCls) &
193.8, 167.0, 159.5, 157.8, 147.6, 141.32 (s), 130.7, 130.1,
128.7, 127.1, 126.9, 126.2, 123.0, 121.3, 114.8, 113.6, 111.0,
52.1, 519, 35.0, 28.8, 27.1, 14.1. HRMS calculated for
C28H24N304* (M + H)*: 466.1761; observed: 466.1763.

3ja was obtained according to the general procedure, with
62% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.47 (d, ] = 4.8 Hz, 2H), 8.06 (dd, J = 9.0, 4.8 Hz, 1H),
7.30-7.25 (m, 2H), 7.26-7.15 (m, 3H), 7.08 (dd, / = 8.1, 2.7 Hz,
1H), 6.76 (ddd, J = 9.6, 8.2, 3.7 Hz, 2H), 5.72 (s, 1H), 5.15 (d, / =
6.5 Hz, 1H), 3.42 (d, ] = 6.5 Hz, 1H), 2.11 (s, 3H), 1.98 (s, 3H).13C
NMR (151 MHz, CDCls) § 193.9, 159.6, 158.9, 157.9, 157.7,
157.3,147.6,141.6,139.9,132.1 (d, / = 8.8 Hz), 128.7, 126.8 (d,
J =29 Hz), 121.3,116.3 (d, J = 8.0 Hz), 113.8 (d, J = 22.7 Hz),
112.7,111.9 (d, ] = 24.3 Hz), 111.0, 52.3, 35.5, 28.8, 27.4, 14.0.
19F NMR (376 MHz, CDCl3) 6 -122.30 (1F). HRMS calculated for
C26H21FN302* (M + H)*: 426.1612; observed: 426.1618.

3ka was obtained according to the general procedure, with
64% yield, dr = 16:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.48 (d, ] = 4.8 Hz, 2H), 7.99 (d, ] = 8.7 Hz, 1H), 7.47 (d,
J = 2.1 Hz, 1H), 7.38-7.23 (m, 2H), 7.22-7.13 (m, 4H), 6.75 (s,
1H), 5.72 (s, 1H), 5.12 (d, J = 6.5 Hz, 1H), 3.40 (d, / = 6.5 Hz, 1H),
2.11 (s, 3H), 1.98 (s, 3H).13C NMR (151 MHz, CDCls) § 193.9,
159.6, 157.9 157.7, 147.5, 142.8, 141.4, 132.8, 130.3, 128.7,
127.7,126.8,126.8,121.3,117.0,113.7,113.0,111.1, 52.0, 35.1,
28.8, 27.2, 14.0. HRMS calculated for C26H21BrNzO2* (M + H)*:
486.0812; observed: 486.0810.

3la was obtained according to the general procedure, with
66% yield, dr = 16:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) § 8.52 (d, / = 4.8 Hz, 2H), 8.18 (d, / = 8.6 Hz, 1H), 7.61 (d,
J=1.3 Hz, 1H), 7.35-7.26 (m, 3H), 7.24-7.16 (m, 3H), 6.81 (t,] =
4.8 Hz, 1H), 5.69 (s, 1H), 5.19 (d, ] = 6.5 Hz, 1H), 3.48 (d, ] = 6.5
Hz, 1H), 2.07 (s, 3H), 1.94 (s, 3H).13C NMR (151 MHz, CDCls) &
193.8, 159.5, 157.9, 157.8, 147.4, 146.2, 141.2, 131.2, 12838,
126.9 (d, ] = 4.1 Hz), 125.0 (d, / = 3.8 Hz), 121.8 (d, / = 3.7 Hz),
121.3,115.2, 113.6, 111.3, 52.0, 35.0, 28.7, 26.9, 13.9.19F NMR
(376 MHz, CDCl3) & -61.24 (3F). HRMS -calculated for
C27H21F3N302* (M + H)*: 476.1580; observed: 476.1583.

3ma was obtained according to the general procedure, with
58% yield, dr = 7:1; pale yellow solid. 1H NMR (400 MHz,
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CDCl3) 6 8.52 (d, ] = 4.8 Hz, 2H), 8.07 (d, ] = 8.9 Hz, 1H), 7.43 (m,
2H), 7.34 (m, 5H), 7.24 (m, 3H), 7.10 (d, ] = 2.6 Hz, 1H), 6.76 (dt,
J=8.1, 3.7 Hz, 2H), 5.77 (s, 1H), 5.17 (d, J = 6.5 Hz, 1H), 5.06 (s,
2H), 3.47 (d, ] = 6.5 Hz, 1H), 2.17 (s, 3H), 2.03 (s, 3H).13C NMR
(151 MHz, CDCls) 6 194.0, 159.7, 157.7, 154.0, 147.8, 141.9,
138.0, 137.3, 131.8 128.7, 128.6, 127.9, 127.4, 126.7, 126.6,
121.3, 116.2, 113.8, 112.2, 110.9, 70.7, 52.3, 36.0, 28.9, 27.7,
14.1. HRMS calculated for CszHz6N303* (M + H)*: 500.1969;
observed: 500.1974.

3pa was obtained according to the general procedure, with
72% yield, dr = 18:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.48 (d, ] = 4.8 Hz, 2H), 7.93 (s, 1H), 7.30-7.21 (m, 3H),
7.17 (dd, ] = 6.4, 2.0 Hz, 3H), 6.74-6.66 (m, 2H), 5.68 (s, 1H),
5.10 (d,/ = 6.6 Hz, 1H), 3.39 (d, ] = 6.6 Hz, 1H), 2.25 (s, 3H), 2.10
(s, 3H), 1.96 (s, 3H).13C NMR (151 MHz, CDCl3) § 194.2, 159.8,
157.7, 157.6, 148.0, 144.0, 142.2, 137.4, 128.6, 127.8, 126.7,
126.5,124.4,122.3,121.3, 116.2, 112.5, 111.1, 52.3, 35.7, 28.8,
274, 21.9, 14.1. HRMS calculated for C27H24N302* (M + H)*:
422.1863; observed: 422.1861.

3qga was obtained according to the general procedure, with
40% yield, dr = 5:1; pale yellow solid. tH NMR (400 MHz,
CDCl3) & 8.56 (d, / = 4.8 Hz, 2H), 7.88 (d, / = 2.4 Hz, 1H),
7.37-7.28 (m, 3H), 7.26 (s, 2H), 7.24 (s, 1H), 6.81 (t, ] = 4.8 Hz,
1H), 6.50 (dd,J = 8.2, 2.4 Hz, 1H), 5.77 (s, 1H), 5.18 (d,/ = 6.7 Hz,
1H), 3.79 (s, 3H), 3.46 (d, J = 6.7 Hz, 1H), 2.18 (s, 3H), 2.05 (s,
3H). 13C NMR (151 MHz, CDCl3) 6§ 194.1, 159.7, 157.7, 148.0,
145.1, 142.1, 128.6, 126.6, 124.9, 123.1, 121.3, 112, 111.0,
106.8, 102.6, 55.5, 52.6, 35.3, 28.8, 27.5, 14.1. HRMS calculated
for C27H24N303* (M + H)*: 438.1812; observed: 438.1813.

3ra was obtained according to the general procedure, with
77% yield, dr = 9:1; pale yellow solid. 1H NMR (400 MHz,
CDCl3) 6 8.74 (s, 1H), 8.55 (d, ] = 4.8 Hz, 2H), 7.62 (dd, ] = 7.8,
1.5 Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 7.33-7.26 (m, 2H),
7.24-7.20 (m, 3H), 6.79 (t, ] = 4.8 Hz, 1H), 5.72 (s, 1H), 5.20 (d, ]
= 6.4 Hz, 1H), 3.84 (s, 3H), 3.49 (d, J = 6.4 Hz, 1H), 2.09 (s, 3H),
1.96 (s, 3H).13C NMR (151 MHz, CDCl3) é 193.8, 167.0, 159.5,
157.8, 147.6, 141.3, 130.7, 130.1, 128.7, 127.1, 126.9, 126.2,
123.0, 121.3, 114.8, 113.6, 111.0, 52.1, 51.9, 35.0, 28.8, 27.1,
14.0. HRMS calculated for CzsH24N304* (M + H)*: 466.1761;
observed: 466.1764.

3sa was obtained according to the general procedure, with
62% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.50 (d, ] = 4.8 Hz, 2H), 8.32 (d, ] = 1.7 Hz, 1H), 7.27 (m,
2H), 7.18 (m, 4H), 7.00 (dd, ] = 7.9, 1.8 Hz, 1H), 6.77 (t, ] = 4.8
Hz, 1H), 5.70 (s, 1H), 5.12 (d, J = 6.6 Hz, 1H), 3.39 (d, ] = 6.6 Hz,
1H), 2.11 (s, 3H), 1.99 (s, 3H). 13C NMR (151 MHz, CDCl3) 6
193.9, 159.5, 157.9, 157.7, 147.6, 144.9, 141.6, 129.7, 128.7,
126.8,125.8,124.3,121.4,121.1,118.7,113.2,111.1, 52.2, 35.3,
28.9, 27.09, 14.1. HRMS calculated for C26H21BrN3O2* (M + H)*:
486.0812; observed: 486.0819.

3ta was obtained according to the general procedure, with
84% yield, dr =16:1; pale yellow solid. 'H NMR (400 MHz,
CDCl3) & 8.48 (d, ] = 4.8 Hz, 2H), 7.90 (dd, J = 11.2, 2.4 Hz, 1H),
7.26 (m, 3H), 7.21-7.11 (m, 3H), 6.75 (t, ] = 4.8 Hz, 1H), 6.55 (td,
J=8.7,2.5Hz,1H),5.70 (s, 1H), 5.13 (d, / = 6.6 Hz, 1H), 3.39 (d,J
= 6.6 Hz, 1H), 2.10 (s, 3H), 1.97 (s, 3H). 13C NMR (151 MHz,
CDCls) 6 193.9, 163.4, 161.8, 159.5, 157.8, 147.7, 144.9, 141.7,

128.7 , 126.7, 126.2, 125.1, 121.4, 113.2, 111.1, 107.9, 107.8,
103.9, 103.8, 52.6, 35.1, 28.8, 27.1, 14.1. 19F NMR (376 MHz,
CDCl3) § -113.52 (1F). HRMS calculated for C26H21FN302+ (M +
H)*: 426.1612; observed: 426.1615.

3ua was obtained according to the general procedure, with
88% yield, dr > 20:1; pale yellow solid. 1TH NMR (600 MHz,
CDCl3) & 8.54 (s, 2H), 7.35 (t, ] = 7.2 Hz, 2H), 7.27 (t, ] = 7.7 Hz,
3H), 7.14 (d,] = 7.2 Hz, 1H), 6.99 (t, ] = 7.6 Hz, 1H), 6.87 (s, 1H),
6.79 (d,J = 8.0 Hz, 1H), 6.16 (s, 1H), 5.12 (d, / = 6.5 Hz, 1H), 3.68
(s, 3H), 3.57 (d, J = 6.5 Hz, 1H), 2.26 (s, 3H), 2.17 (s, 3H).13C
NMR (151 MHz, CDCls) § 193.9, 159.5, 157.9, 157.7, 147.6,
144.9, 141.6, 129.7, 129.7, 126.8, 125.8, 124.3, 1214, 121.1,
118.7,113.2,111.1,52.2, 35.3, 28.9, 27.0, 14.1. HRMS calculated
for C27H24N303* (M + H)*: 438.1812; observed: 438.1819.

3va was obtained according to the general procedure, with
90% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 7.97 (d, ] = 8.2 Hz, 1H), 7.30 (m, 4H), 7.19 (d,] = 3.2 Hz,
1H), 7.05 (td, J = 8.0, 1.4 Hz, 1H), 7.00 (dd, J = 5.3, 3.4 Hz, 2H),
6.94 (td, ] = 7.4, 1.0 Hz, 1H), 5.77 (s, 1H), 4.77 (d,] = 6.8 Hz, 1H),
3.56 (d,J = 6.8 Hz, 1H), 2.30 (s, 3H), 2.05 (s, 3H), 1.39 (s, 9H). 13C
NMR (151 MHz, CDCl3) 6 193.9, 177.2, 157.8, 146.7, 1454,
141.1, 130.1, 129.2, 128.8, 128.1, 128.0, 126.8, 125.4, 124.4,
123.5,121.4,117.9,112.2,52.6,40.7,37.8, 28.9, 28.1, 27.8, 14.2.
HRMS calculated for Cz7H24N303+ (M + H)*: 438.1812; ob-
served: 438.1819.

3ab was obtained according to the general procedure, with
66% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.53 (d, ] = 4.7 Hz, 2H), 8.10 (d,J = 8.0 Hz, 1H), 7.78 (td,
] =17.6,1.8 Hz, 1H), 7.44 (dd, ] = 7.3, 0.8 Hz, 1H), 7.24-7.17 (m,
1H), 7.15-7.06 (m, 2H), 7.00 (ddd, /= 10.1, 8.2, 1.2 Hz, 1H), 6.90
(td, ] = 7.4, 1.0 Hz, 1H), 6.75 (t,] = 4.8 Hz, 1H), 5.64 (s, 1H), 5.19
(d,J = 6.7 Hz, 1H), 3.47 (d, ] = 6.7 Hz, 1H), 2.02 (s, 3H), 1.93 (s,
3H). 13C NMR (151 MHz, CDCls) 6 194.06 (s), 162.9, 161.3,
160.0, 157.6, 157.3, 147.9, 143.9, 132.2 (d, J = 3.4 Hz), 130.0,
129.4 (d, /= 8.3 Hz), 127.8 (d,/ = 13.2 Hz), 127.7, 125.1, 124.4
(d,/=3.6 Hz), 121.6,121.2,116.1 (d,/ = 21.2 Hz), 115.6, 112.6,
110.0, 50.1, 33.1, 28.8, 23.7, 13.9.19F NMR (376 MHz, CDCl3) 6
-114.19 (1F). HRMS calculated for HRMS calculated for
C26H21FN302* (M + H)*: 426.1612; observed: 426.1612.

3ac was obtained according to the general procedure, with
74% yield, dr > 20:1; pale yellow solid. 1TH NMR (600 MHz,
CDCl3) 6 8.55 (d, ] = 4.7 Hz, 2H), 8.17 (t,] = 7.0 Hz, 1H), 7.43 (d,]
= 7.3 Hz, 1H), 7.30-7.19 (m, 1H), 7.14 (t, J = 7.8 Hz, 1H),
7.10-7.03 (m, 3H), 6.94 (t, ] = 7.4 Hz, 1H), 6.78 (t, ] = 4.7 Hz,
1H), 5.74 (d, ] = 5.7 Hz, 1H), 5.20 (d, J = 6.5 Hz, 1H), 3.50 (d, / =
6.5 Hz, 1H), 2.36 (s, 3H), 2.16 (s, 3H), 2.02 (s, 3H).13C NMR (151
MHz, CDCl3) § 194.1, 159.9, 157.7 147.9, 143.7, 141.9, 138.3,
130.7, 128.6, 127.5, 127.4, 127.3, 124.8, 123.8, 121.5, 121.3,
115.6,112.6,111.1, 51.9, 35.9, 28.8, 27.1, 21.6, 14.0. HRMS cal-
culated for Cz7H2aN302+ (M + H)*: 422.1863; observed:
422.1869;.

3ad was obtained according to the general procedure, with
90% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.56 (d, ] = 4.7 Hz, 2H), 8.17 (d, ] = 8.2 Hz, 1H), 7.44 (d,
J =73 Hz, 1H), 7.31 (d, / = 8.5 Hz, 2H), 7.21 (d, ] = 8.5 Hz, 2H),
7.15 (t,] = 7.8 Hz, 1H), 6.95 (t,] = 7.4 Hz, 1H), 6.81 (t, ] = 4.7 Hz,
1H), 5.73 (s, 1H), 5.16 (d, = 6.6 Hz, 1H), 3.49 (d, ] = 6.6 Hz, 1H),
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2.16 (s, 3H), 2.02 (s, 3H). 13C NMR (151 MHz, CDCl3) 6 193.9 9,
159.79, 157.89, 157.7, 147.4, 143.7, 140.5, 132.5, 130.2, 128.7,
128.2,127.7,124.9,121.6,121.3,115.6,112.8,111.2,51.9, 35.9,
28.8, 26.7, 14.0. HRMS calculated for calculated for
C26H21CIN302* (M + H)*: 442.1317; observed: 442.1319.

3ae was obtained according to the general procedure, with
91% yield, dr = 15:1; pale yellow solid. 1TH NMR (600 MHz,
CDCl3) 6 8.54 (d, ] = 4.7 Hz, 2H), 8.16 (d, ] = 8.2 Hz, 1H), 7.42 (d,
] =73 Hz, 1H), 7.18 (d, ] = 8.2 Hz, 2H), 7.17-7.11 (m, 3H), 6.93
(td,J=7.5,0.8 Hz, 1H), 6.78 (t,] = 4.7 Hz, 1H), 5.72 (d,] = 2.4 Hz,
1H), 5.17 (d,] = 6.5 Hz, 1H), 3.48 (d, ] = 6.5 Hz, 1H), 2.33 (s, 3H),
2.15 (s, 3H), 2.01(s, 3H).13C NMR (151 MHz, CDCl3) 6 194.0,
159.9, 157.6 (d, J = 2.3 Hz), 148.2, 143.8, 138.9, 136.3, 130.6,
129.4, 127.5, 126.8, 124.8, 121.5, 121.2, 115.6, 112.6, 110.8,
51.8, 35.6, 28.8, 26.9, 21.0, 14.0. HRMS: calculated for
C27H24N302* (M + H)*: 422.1863; observed: 422.1865.

3af was obtained according to the general procedure, with
76% yield, dr = 15:1; pale yellow solid. 1TH NMR (600 MHz,
CDCl3) 6 8.46 (d, ] = 4.7 Hz, 2H), 8.08 (d, ] = 7.9 Hz, 1H), 7.34 (d,
] = 7.3 Hz, 1H), 7.13-7.08 (m, 4H), 7.05 (t, ] = 7.8 Hz, 1H), 6.85
(t,J = 7.4 Hz, 1H), 6.69 (t,] = 4.7 Hz, 1H), 5.65 (d, ] = 1.9 Hz, 1H),
5.09 (d,J = 6.5 Hz, 1H), 3.40 (d, / = 6.5 Hz, 1H), 2.55 (q,/ = 7.6
Hz, 2H), 2.07 (s, 3H), 1.93 (s, 3H), 1.14 (t, / = 7.6 Hz, 3H).13C
NMR (151 MHz, CDCl3) 6 194.0, 159.9, 157.77, 148.1, 143.8,
142.7, 139.2, 130.7, 128.2, 127.5, 126.8, 124.8, 121.5, 121.2,
115.6,112.6,110.9,51.8,37.2, 28.8, 28.5, 26.9, 15.7, 14.0. HRMS
calculated for CzsH26N302* (M + H)*: 436.2020; observed:
436.2025.

3ag was obtained according to the general procedure, with
67% yield, dr = 18:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.47 (d,] = 4.8 Hz, 2H), 8.10 (d, ] = 8.2 Hz, 1H), 7.50 (d,
J =83 Hz, 2H), 7.36 (dd, ] = 7.6, 0.8 Hz, 1H), 7.21 (d, ] = 8.2 Hz,
2H), 7.08 (td, J = 8.1, 1.3 Hz, 1H), 6.87 (td, ] = 7.4, 1.0 Hz, 1H),
6.73 (t,] = 4.8 Hz, 1H), 5.69 (s, 1H), 5.12 (d, ] = 6.6 Hz, 1H), 3.46
(d,J = 6.6 Hz, 1H), 2.08 (s, 3H), 1.95 (s, 3H).13C NMR (151 MHz,
CDCls) 6 193.8, 1597, 158.0, 157.7, 146.8, 146.4, 143.7, 130.1,
128.7, 128.5, 127.8, 126.7, 125.5 (d, ] = 3.7 Hz), 124.9, 121.7,
121.3,115.7,112.9, 111.8, 52.5, 36.7, 28.8, 26.9, 14.0. 19F NMR
(565 MHz, CDCls) 6 -62.39 (s, 1F). HRMS calculated for
C27H21F3N302+ (M + H)*: 476.1580; observed: 476.1584.

3ah was obtained according to the general procedure, with
68% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) 6 8.48 (d, ] = 4.7 Hz, 2H), 8.09 (d, ] = 8.2 Hz, 1H), 7.36 (d,
] = 7.4 Hz, 1H), 7.25-7.19 (m, 2H), 7.07 (t, ] = 7.8 Hz, 1H), 6.96
(t,] = 8.7 Hz, 2H), 6.87 (t,] = 7.0 Hz, 1H), 6.73 (t, ] = 4.0 Hz, 1H),
5.64 (d, J = 1.0 Hz, 1H), 5.07 (d, / = 6.6 Hz, 1H), 3.40 (d, ] = 6.6
Hz, 1H), 2.08 (s, 3H), 1.94 (s, 3H).13C NMR (151 MHz, CDCls) &
193.9, 162.6, 160.9, 159.8, 157.7 (d, ] = 9.3 Hz), 147.9, 143.8,
137.5, 130.3, 128.8 (d, J = 8.0 Hz), 127.6, 124.9, 121.6, 121.3,
115.6 (d, ] = 6.7 Hz), 115.5, 112.7, 110.8, 51.7 35.4, 28.8, 26.8,
14.0.19F NMR (376 MHz, CDCl3) 6 ~115.97 (1F). HRMS calcu-
lated for Cz6H21FN302+ (M + H)*: 426.1612; observed:
426.1613.

3ai was obtained according to the general procedure, with
67% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) & 847 (d, /] = 4.8 Hz, 2H), 8.09 (d, / = 8.2 Hz, 1H),
7.42-7.28 (m, 1H), 7.23 (dd, ] = 4.9, 3.1 Hz, 1H), 7.06 (s, 1H),

6.89-6.82 (m, 1H), 6.72 (t,] = 4.8 Hz, 3H), 5.69 (s, 1H), 5.09 (d,]
= 6.5 Hz, 1H), 3.41 (d, / = 6.5 Hz, 1H), 2.11 (s, 3H), 1.96 (s, 3H).
13C NMR (151 MHz, CDCl3) 6 194.0, 159.7, 157.7, 147.8, 143.5,
143.2, 130.2, 127.6, 126.0, 125.9, 124.8, 121.6, 121.2, 119.2,
115.6,112.7,110.9, 52.0, 36.3, 28.8, 24.3, 14.0. HRMS calculated
for C24H20N3025+ (M + H)*: 414.1271; observed: 414.1273.

3aj was obtained according to the general procedure, with
85% yield, dr > 20:1; pale yellow solid. 1TH NMR (400 MHz,
CDCl3) § 8.41 (d, ] = 4.7 Hz, 2H), 7.97 (d, ] = 8.2 Hz, 1H), 7.13 (s,
1H), 6.94 (s, 1H), 6.76 (d, ] = 7.4 Hz, 1H), 6.64 (s, 1H), 5.28 (s,
1H), 4.73 (d, ] = 6.0 Hz, 1H), 3.03 (d, J = 6.0 Hz, 1H), 1.99 (s, 3H),
1.87 (s, 3H), -0.00 (s, 9H). 13C NMR (151 MHz, CDCl3) § 194.2,
160.0, 157.5, 156.7, 149.3, 142.7, 130.7, 126.9, 124.6, 121.3,
121.2, 115.5, 112.25, 108.7, 47.3, 29.2, 28.8, 14.4, 13.9, -2.9.
HRMS calculated for Cz23H26N302Si* (M + H)*: 404.1789; ob-
served: 404.1784.

3ak was obtained according to the general procedure, with
38% yield, dr = 10:1; pale yellow solid. 1TH NMR (400 MHz,
CDCls) 6 8.46 (d, ] = 4.8 Hz, 2H), 8.05 (d, ] = 8.2 Hz, 1H), 7.27 (d,
] = 7.4 Hz, 1H), 7.02 (t, ] = 7.8 Hz, 1H), 6.82 (t, ] = 7.4 Hz, 1H),
6.69 (t,] = 4.8 Hz, 1H), 5.46 (s, 1H), 4.62 (d, ] = 6.5 Hz, 1H), 2.90
(d,J = 6.5 Hz, 1H), 2.13 (s, 3H), 1.94 (s, 3H), 1.76-1.62 (m, 1H),
1.59-1.49 (m, 1H), 1.34 (m, 4H), 0.83 (M, 3H). 13C NMR (151
MHz, CDCls) 6 194.2, 159.9, 157.6, 157.1, 148.9, 143.7, 130.6,
127.1,124.5,121.3,121.1, 115.5, 112.3, 109.8, 49.5, 35.8, 32.2,
289, 28.8, 239, 22.6, 14.1, 14.0. HRMS calculated for
C24H26N302* (M + H)*: 388.2020; observed: 388.2021.

5 was obtained with 96% yield, pale yellow solid. 1H NMR
(400 MHz, CDCI3) 6 8.58 (d, J = 4.7 Hz, 2H), 8.21 (d, ] = 8.5 Hz,
1H), 7.70 (d, ] = 1.8 Hz, 1H), 7.59 (d, ] = 7.3 Hz, 2H), 7.43 (t, ] =
7.7 Hz, 2H), 7.41-7.33 (m, 4H), 7.32-7.26 (m, 3H), 6.83 (t, ] =
4.7 Hz, 1H), 5.79 (s, 1H), 5.25 (d, ] = 6.5 Hz, 1H), 3.59 (d, ] = 6.5
Hz, 1H), 2.15 (s, 3H), 2.01 (s, 3H).13C NMR (151 MHz, CDCl3) §
194.0, 159.8, 157.8, 157.7, 147.8, 143.1, 141.9, 141.2, 134.8,
131.3, 128.8, 128.7, 126.8, 126.7, 126.7, 126.5, 121.3, 115.7,
112.8,111.2, 52.1, 35.8, 29.7, 29.3, 27.5, 14.0. HRMS calculated
for C32H26N302+ (M + H)*: 484.2020; observed: 484.2027.

3. Results and discussion

We initiated our investigation by screening the reaction
conditions of the coupling of N-pyrimidinylindole (1a) with
ene-yne ketone (2a) under Co(Ill)/Zn(II) catalysis (Table 1).
The preliminary experimentation highlighted the effectiveness
of the combined Co(III)/Zn(Il) catalysis. The control experi-
ments revealed that both Co(IlI) and Zn(II) were important for
this transformation. The omission of Co(III) resulted in trace
formation of the desired product (entries 1 and 3), whereas the
exclusion of Zn(II) resulted in a lower yield (entries 2 and 4).
Note that the transformation proceeded in a highly regioselec-
tive manner. Neither Co(III) nor Zn(Il) is effective against de-
pression when applied alone (entries 1-4). The solvent was
observed to exert a dramatic impact on the efficiency. Notably,
dichloromethane was identified as the optimal solvent in terms
of both the yield and diastereoselectivity, for the formation of
3aa (entries 5-9). Lowering the reaction temperature further
resulted in low efficiency (entry 10), and extending the reaction



1886 Na Li et al. / Chinese Journal of Catalysis 39 (2018) 1881-1889

Table 1
Optimization studies.

Oy 83

N |

catalyst, additive

PN

solvent, T°C, 12 h

N~ °N =
e
1a 2a 3aa

Entry Catalyst (mol%) Solvent (mL) T/°C t/h Yield ® (%) dre
1 Zn(0Ac)2(30) TFE (2) 45 12 trace —
2 [Cp*Co(MeCN)3][SbFe]2 (5) TFE (2) 45 12 13 15:1
3 Zn(0Ac)2 (30) DCM (2) 45 12 6 12:1
4 [Cp*Co(MeCN)s3][SbFe]2 (5) DCM (2) 45 12 34% 10:1
5 [Cp*Co(MeCN)s][SbFe]2 (5) / Zn(0Ac)2(30) TFE (2) 45 12 81 14:1
6 Cp*Co(MeCN)s][SbFs]z (5) / Zn(0Ac)z (30) THF (2) 45 12 12 15:1
7 Cp*Co(MeCN)s3][SbFs]2 (5) / Zn(0Ac)2 (30) MecCN (2) 45 12 16 12:1
8 Cp*Co(MeCN)s][SbFs]2 (5) / Zn(0Ac)2 (30) 1,4-dioxane (2) 45 12 trace —
9 Cp*Co(MeCN)s][SbFs]z (5) / Zn(0Ac)z (30) DCM (2) 45 12 94 >20:1
10 Cp*Co(MeCN)3][SbF¢]2 (5) / Zn(0Ac)2 (30) DCM (2) 30 12 86 >20:1
11 Cp*Co(MeCN)s3][SbFs]2 (5) / Zn(0Ac)2 (30) DCM (2) 45 24 95 >20:1

aThe reaction was carried out using 1a (0.2 mmol), 2a (0.24 mmol), [Cp*Co(MeCN)s][SbFs]2 (5 mol%), and Zn(OAc)2 (30 mol%) in DCM (2 mL) at

30-45 °C for 12-24 h. [solated yield. c Determined by H NMR.

time resulted in a yield (entry 11) approximately equal to that
under the optimized reaction conditions (entry 9).

After obtaining the optimized reaction conditions, we inves-
tigated the scope of N-pyrimidinyl indoles in the coupling with
2a (Scheme 2). The introduction of substituents with different

I N o o
Nl ) [CP*Co(MeNC)3][SbFgl (5 mol%)
N B —
% + | Zn(OAc); (30 mol%)
NZN = DCM, 45°C, 12 h
Ny Ph
1 2a

N\

3aa: 94%,dr>20:1 3ba:R=OMe 62%,dr=15:1 3ga: R=Me
3ca: R=COOMe 92%, dr=7:1  3ha: R=0OMe

94%, dr > 20:1
84%, dr =4:1

3da:R=Me  44%,dr=51 3ia: R=COOMe 77%,dr=9:1

3ea:R=Cl 80%, dr=161 g3ja: R=F 62%, dr > 20:1

3fa: R=F 66%, dr=111" 3xa: R=Br 64%, dr = 16:1
3la: R=CFs  66%,dr=16:1
3ma: R =0Bn 58%, dr=7:1

3na: R=NO, N.R.
30a: R=CN N.R.

3pa: R = Me 72%,dr=18:1  3ua: 88%, dr >20:1 3va: 90%, dr > 20:1
3qa: R = OMe 40%, dr = 5:1

3ra: R=COOMe 77%, dr = 9:1

3sa: R=Br 62%, dr > 20:1

3ta: R=F 84%, dr = 16:1

Scheme 2. Scope of indoles. Reaction conditions: 1a (0.2 mmol), 2 (0.24
mmol), [Cp*Co(MeCN)z][SbFs]z (5 mol%), and Zn(0OAc)z (30 mol%) in
DCM (2 mL) at45°Cfor 12 h.

electronic  effects, to different positions of the
N-pyrimidinylindole is completely tolerated. With elec-
tron-donating groups (Me, OMe, and OBn), elec-
tron-withdrawing groups (CFsand CO:Me), and halogen (F, Cl,
Br) group at the C4-, C5-, or C6-positions of the indole ring, the
coupling resulted in the corresponding products at moderate to
high yields (3ba-3fa, 3ga-3ma, and 3pa-3ta). The 5-NO:z and
5-CN indoles failed to yield the desired products. Moreover, a
C7-substituted indole is tolerated in the isolation of the prod-
ucts 3ua with 88% yield. The indole substrates are not limited
to N-pyrimidinyl indoles; N-acyl also proceeded smoothly, and
the desired product was obtained with 90% yield.

Next, the scope of the ene-yne ketones was examined in the
coupling with N-pyrimidinylindole (Scheme 3). Both the elec-
tron-rich and electron-poor ene-yne ketones at the para posi-
tion could react with 1a to yield the target products 3ad-3ah
with reasonable to remarkable yields. Notably, ene-yne ketones
bearing methyl (3ab) and fluorine (3ac) at both the ortho and
meta positions were established to be viable coupling partners
(66% and 74% yield, respectively). Heterocycle-based (3ai),
TMS (3aj), and alkanes (3ak) substituted substrates coupled
smoothly with 1a to produce the desired products with rea-
sonable yields and remarkable diastereoselectivity.

The scale-up (5 mmol) synthesis of 3aa has also been per-
formed, which was isolated with 90% yield. The derivatization
reaction was also examined to demonstrate the utility of this
reaction (Scheme 4). The Suzuki cross-coupling reaction of 3sa
(0.25 mmol) with benzeneboronic acid 4 (0.25 mmol) in the
presence of Pd(PPhs)4 produced product 5 at the C5 position of
the indoline with 96% yield.

On the basis of our experimental results presented above
and literature precedents [21,45,51,54,55], a proposed catalytic
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[Cp*Co(MeNC)3][SbFgl, (5 mol%)

Zn(OAc); (30 mol%)
DCM, 45°C, 12 h

3ab: 66%, dr>20:1

3ac: 74%, dr>20:1

3ad: R=Cl 90%, dr > 20:1
3ae:R=Me 91%, dr=15:1
3af: R=Et 76%,dr=15:1
3ag: R=CF3 67%, dr=18:1
3ah:R=F  68%, dr> 20:1

3ai: 67%, dr > 20:1

3aj: 85%, dr > 20:1

3ak: 38%, dr=10:1

Scheme 3. Scope of ene-yne ketones. Reaction conditions: 1a (0.2 mmol), 2 (0.24 mmol), [Cp*Co(MeCN)3][SbFs]2 (5 mol%), and Zn(OAc)2 (30

mol%) in DCM (2 mL) at 45 °C for 12 h.

3sa 4

Pd(PPh3)4, koCO3
EtOH,100°C,15 h

Scheme 4. Derivatization reaction.

cycle is shown in Scheme 5. The electrophilic M-carbene inter-
mediate I is produced by cyclometalation of carbonyl ene-yne
with zinc/cobalt salt; then, Zn(II)/Co(IIl) furylcarbenes is ob-
tained through an intramolecular 5-exo-dig cyclization by the

M = Zn(ll)/Co(Ill)

o
e
O
©¥H
/N
N\\ ™ o O
3 )\i
J 2a
o Ph
0
N

I

N\:) | Ph

I
N

JN hPh

- Y

1a

Scheme 5. Proposed mechanism.

nucleophilic attack of the carbonyl oxygen atom on the C4 car-
bon atom of complex I. Subsequent coordinates to indole 1a to
give intermediate II, which undergoes cyclization and elimina-
tion to form the desired product 3. Further interaction regen-
erates the active Zn(II)/Co(IIl) catalyst for the subsequent cat-
alytic cycle.

4. Conclusions

We have realized Co(Ill)/Zn(1I)-catalyzed dearomatization
of indoles. The reactions are highly efficient and showed dia-
stereoselectivities under mild reaction conditions to produce a
series of highly functionalized cyclopropane fused indolines;
these indolines are effective for the synthesis of indoline alka-
loids. The scope of the protocols was investigated. Considering
the mild conditions, broad scope, diastereoselectivities, and
high catalytic efficiency, this method is likely to find applica-
tions in the synthesis of functionalized-cyclopropane-fused
indolines derivatives.
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Co(II1)/Zn(ID &L MR EY 57 FRIA AR

O, HRARY, ALAES TRE, IR B &, FXAN
SRR A S FRTER, THE AN AT REWUHERERE, T 2453007
¥ 4 EF I B, 7 T 2453003
"o R 2 IR S AR, 31T A 116023

W AWM 2R FVEA X FR A B (1 OGR4 W SR e AT VR B AR, ) 2 AETE T B 2 R0 AR 3 Y 1 AR s A
HARTRSR =W . Forp2 307 B B 5| MWk AT A2 470 B8 LA AE (0 732 M A AR i 1 R AT #8432 0%, IR e s R 3
Y RBEACAE M ER A PR, MR KR PP Lundurines A AL & = AN 2R 3L A4 PO 1) — S0 W 9 3R 19 Je 45 44
FARAW ] J100 B A5, A5Gk s A A W0 J7 v 48 1 4 R AL AN 28 L (1) Simmons-Smith & M55, KT, AR, H
BRI AR 1 2 1 ) A iR R RTAR A T VBRI SR AE R A . B BT B BRI S WA B Eh A0 & B 2 D RE M -k
R M FL TR T AT GVE. MiCp*Co(I) T HMBRF AL . A  REE AR (48 A v M 5 SRk 22 1
R, ACp*Co(INE it 5 Wi Al 11 Ak S S IR TEATY SR 320>

ASCARIE 1 5] e 5 4 HL B 38 ik Zn(11)/Co(1ID) PR - T2 7] LASEEL Ay F W R e db, 13 31— RAIEA Z4EMORE M 1 —
I S, B FE M Co(IIT)/Zn(IL) f#E A4 N- 185 WE 15| e 5 0 ok B A B0 S R TF 4, 2% AR 07 10k SIRER B6HIE. 1 Co(TITY/ Zn(IN) AL BR &
By KT RE. RBAR R A IICo(IID) T8 H AR =R R K, M HERRZn(I) 2R FEAK. ARSI 5E R T30 AR
H At BB H) = A5 W IR T e B B G K G, AR USRS B R, SR ik 94%. N B 1 id
P, IS AN R BR T N-IEmE, N-BE 3 S B AT 1S IR IR, 1B 2190% MR, AT IR M RN s M, BATIT T
KSEEG. A5HRRM, eI EH0.2 35 KES mmolit, [SATIEE LA IIUCR(90%) 15 2 H A5 =4, 1Ak, Bhrr=4
] DLt — B AT A A A HA 22 A R &4, WTEPA(PPhy) /E ] R & A Suzuki B 6 I R

M, BATHECO(I)/Zn(IN) fEAL N BRI SEIL T 5| 73 F NI fidl, G 1 — REVE A =ANZE0RSLAR A0 &0
WRIEIR B GH, AR KRB E T 2l AR R BRI AN, JEYIE VG, JEXT B Bk, AR
.
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