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ABSTRACT
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An enantioselective one-pot synthesis of 2-amino-4-(indol-3-yl)-4H-chromenes via a Knoevenagel/Pinner/Friedel—Crafts reaction of
salicylaldehyde, malononitrile, and indole is presented. Moderate to good yields (up to 89%) and high enantioselectivities (up to 90% ee) were
obtained with an N,N-dioxide—Zn(ll) complex as the catalyst. This strategy provides an efficient and convenient method to access

enantiomerically enriched 2-amino-4H-chromene derivatives.

Chromenes are the structural motifs frequently
found in a number of natural products and biologically
active molecules.! Their syntheses have attracted wide
attention for their biological properties, such as anti-
cancer, diuretic, spasmolytic, anticoagulant, and anti-
anaphylactic activities.” Optically active 2-amino-4 H-
chromenes are particularly privileged pharmacological
scaffolds among the chromene family members.® As
such, the development of efficiently catalytic asym-
metric approaches toward this structural class is of
significant interest. One of the direct methods for the
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asymmetric synthesis of 2-amino-4 H-chromene derivatives
is through a Michael reaction of malononitrile to enones to
generate a chiral center, following the intramolecular cycli-
zation. Cinchona derivatives or thiourea were found to be
efficient catalysts.* Very recently, a chiral thiourea-cata-
lyzed Mannich/cyclization sequence was also applied to
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the synthesis of optically active 2-amino-4 H-chromene
derivatives.’

Scheme 1. Strategy for the Asymmetric Synthesis of 2-Amino-
4 H-chromene Derivatives
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It has been well-known that the iminochromene inter-
mediates A can be generated from the Knoevenagel con-
densation of salicylaldehydes with malononitrile, followed
by a Pinner reaction (Scheme 1).° InCl; has been proven to
be efficient for such a domino reaction to access 2-amino-
4H-chromenes.®® We envisioned that a suitable chiral
Lewis acid might promote the enantioselective nucleophi-
lic addition to this intermediate, thereby delivering a
variety of novel enantiomerically pure 2-amino-4 H-chro-
menes C. Herein, we report the successful application of
such an approach in the one-pot domino reaction involv-
ing Knoevenagel condensation, Pinner reaction, and
Friedel—Crafts alkylation processes. N,N'-Dioxide—
Zn(IT) complex’ was developed to access optically active
2-amino-4-(indol-3-yl)-4 H-chromene derivatives for the
first time, in which another privileged moiety of indole®
was combined.

Initially, the reaction of indole 1a, malononitrile 2, and
salicylaldehyde 3a was selected as the model substrates for
the catalyst screening study. The primary metal screening
was performed with N,N'-dioxide L1 derived from r-pro-
line, and the results are listed in Table 1. When Sc(OTf)s,
Mg(OTf),, and Ni(ClOy4),-6H,O were examined, only
very low enantioselectivities were obtained (Table 1,
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entries 1—3). Fortunately, Zn(OTf), showed potential
activity in this reaction, giving the product 4a in 36% yield
with 47% ee (Table 1, entry 4). Then the molar ratio of L1
to Zn(OTf), was investigated. When the molar ratio of L1/
Zn(OTY), was increased from 1:1 to 2:1, the enantiosele-
ctivity increased from 47 to 62% ee (Table 1, entries 4 and
5); further increasing the ratio to 3:1 was disfavorable for
the reaction (8% ee, Table 1, entry 6). Thus the molar ratio
of 2:1 (L1/Zn(OTfY),) was the most efficient.
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Figure 1. Chiral ligands used in this study.

Further optimization of the reaction conditions was
aimed at exploring effective ligands (Figure 1). Both the
chiral backbone and the steric hindrance of the amide
moiety exhibited their considerable influence on the en-
antioselectivity of the reaction. L-Proline-derived L1 was
superior to that derived from (S)-pipecolic acid and L-
ramipril (Table 1, entry 5 vs entries 7 and 8). If a less bulky
substitute was introduced at the ortho-position of the
aniline, the ee value decreased remarkably (Table 1, entry
5 vsentries 9 and 10). Thus, L1 was chosen as the optimal
ligand. The nature of the counterion of the central metal
was found to be another factor significantly influencing
the enantioselectivity and reactivity of the reaction. We
envisioned that the larger and noncoordinating coun-
terion might benefit the enantiocontrol of the reaction.’
To our delight, when 20 mol % of NaBArg was added,'”
the enantioselectivity of the reaction dramatically in-
creased to 82% ee with 78% yield (Table 1, entry 11). In
the presence of NaBArg, various Zn(Il) salts were also
studied. Zn(ClOy,), - 6H,O possessed more advantage over
ZnBr, and Zn(OTf), in enantioselectivity (Table 1, entry
13 vs entries 11 and 12). Further optimization for the
reaction system revealed that 3 A MS as an additive was
the optimal choice. Therefore, the optimal conditions were

(9) (a) Liu, B.; Zhu, S.-F.; Zhang, W.; Chen, C.; Zhou, Q.-L. J. Am.
Chem. Soc. 2007, 129, 5834. (b) Zhu, S.-F.; Chen, C.; Cai, Y.; Zhou,
Q.-L. Angew. Chem., Int. Ed. 2008, 47, 932.
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as follows: malononitrile (0.10 mmol), indole (0.11 mmol),
salicylaldehyde (0.10 mmol), L1-Zn(ClOy),-6H>O (L1/
Zn(ClQ4)2-6HzO = 2:1, 10 mol %), NaBArg (20 mol %),
and 3 A MS (20 mg) in CH,Cl, (0.5 mL) at 35 °C.

Table 1. Evaluation of Reaction Parameters”

©U < @[CHO R
+ + —_—
N CN CH,Cl,, 35 °C
H

OH
1a 2 3a
entry ligand metal L/metal yield (%) ee (%)
1 L1 Mg(OTf), 1:1 51 3
2 L1 Sc(OTf)3 1:1 trace
4 L1 Zn(OTo)y 1:1 36 47
5 L1 Zn(OTf), 2:1 84 62
6 L1 Zn(0OTf), 3:1 87 8
7 L2 Zn(0Tf), 2:1 50 44
8 L3 Zn(OTf), 2:1 56 54
9 L4 Zn(OTo), 2:1 91 30
10 L5 Zn(0Tf), 2:1 96 5
11 L1 Zn(OTf), 2:1 78 82
129 L1  ZnBr, 2:1 94 74
134 L1 Zn(ClOy),-6H0 2:1 76 84
14 L1 Zn(Cl10y4),-6H,0 2:1 87 87

“Unless otherwise noted, reactions were carried out with 10 mol % of
catalyst in CH>Cl, (0.5 mL) at 35 °C for 26 h. ’Isolated yield.
“Determined by HPLC using chiral IB column. 920 mol % of NaBArg
was added. ‘3 A MS (20 mg) was used.

To investigate the scope of the reaction, we first exam-
ined a range of indoles with malononitrile 2 and salicylal-
dehyde 3a under the optimized conditions, and good
results were obtained (Table 2, entries 1—9). The enantios-
electivity and reactivity of the reaction were found to be
sensitive to the electronic property of the indole. Generally,
indoles containing electron-withdrawing groups on the
aromatic ring gave higher enantioselectivities than those
with electron-donating groups (Table 2, entries 1—-5 vs
6—9). The 5-bromoindole 1d gave the highest enantios-
electivity (90% ee) among the indoles (Table 2, entry 4).
Then, various salicylaldehydes were also examined, and
good enantioselectivity were obtained. When 4-methoxyl-
substituted salicylaldehyde was used, only 37% yield was
obtained with 81% ee (Table 2, entry 10). 3,5-Di-tert-
butyl-substituted salicylaldehyde gave lower yield with
higher ee as a result of steric hindrance (41% yield, 90%
ee, Table 2, entry 11). The 2-hydroxy-1-naphthaldehyde
was found to be suitable in the reaction, delivering the
corresponding product in 70% yield and 87% ee (Table 2,
entry 12). Other salicylaldehyde derivatives proceeded well

(11) Salicylaldehydes with electron-withdrawing groups on the aro-
matic ring were also tested, only giving disappointing results.
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with 1a to give the products 4m, 4n, and 40 with 90%, 90%,
and 84% ee, respectively'' (Table 2, entries 13—15). Sev-
eral substituted indoles and substituted salicylaldehydes
were also tested, with good results obtained (88% and 87%
ee, Table 2, entries 16 and 17). The oppositely configured

Table 2. Substrate Scope for the Domino Knoevenagel/Pinner/
Friedel—Crafts Alkylation”

Re T M
~ < L1-Zn(ClOy),-6H,0
N CN (2:1, 10 mol %)
1 2 NaBAr (20 mol %)
* 3 AMS (20 mg)
Ay CHO CHyCly, 35 °C
Re 3 24-48 h
OH
4
entry R, R, prod. time yield (%)° ee (%)
(h)
1 H H 4a 26 87 87(S)7
2 5-F H 4b 48 81 83
3 5-Cl H 4c 48 85 88
4 5-Br H 4d 48 75 90
5 6-Cl H 4e 48 82 85
6 5-Me H 4f 40 83 83
7 5-MeO H 4g 26 89 80
8 6-MeO H 4h 26 78 80
9 4-MeO H 4i 30 81 80
10 H 4-MeO 4j 48 37 81
11 H 3,5-Buy 4k 48 41 90
12 H ° w448 70 87
13 H 5-MeO 4m 48 85 90
14 H 5-Me 4n 48 81 90
15 H 3-Me 40 48 78 84
16 6-Cl 5-MeO 4p 60 68 88
17 5-Br 5-Me 4q 60 67 87
18¢ H H 4r 26 88 86(R)
19¢ 5-Cl H 4s 48 86 88
20¢ 5-Br H 4t 48 79 89
21¢ H 5-MeO 4u 48 82 89

“Unless otherwise noted, reactions were carried out with L1
(20mol %), Zn(ClOy), - 6H>0 (10 mol %), NaBArg (20 mol %), 20 mg of
3 A MS in CH,Cl, (0.5 mL) at 35 °C. *Isolated yield. ¢ Determined by
HPLC using chiral IB or IC column. ¢ The absolute configuration was
determined to be S by X-ray crystallographic analysis. ‘L6 was em-
ployed as the ligand instead of L1.

products were obtained in good enantioselectivities and
yields by the use of L6 derived from p-proline (Table 2,
enrties 18—21).

To show the potentially practical synthesis of the chiral
chromene derivatives through the current method, a
scaled-up version was performed. By treatment of 5 mmol
of indole 1a under the optimal reaction conditions, the
desired product was produced without obvious loss of
reactivity or enantioselectivity (Scheme 2a). The enantio-
pure product could be obtained by a simple recrystalliza-
tion using petroleum ether and ethyl acetate. The absolute

(12) CCDC833191 (4a) contains the supplementary crystallographic
date for this paper. These data can be obtained free from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/
cif.
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configuration of 4a was determined to be S configuration
by single-crystal X-ray analysis (Scheme 2b).'?

Scheme 2. (a) Scale-up Version of the Reaction and (b) Absolute
Configuration of 4a Determined by X-ray Crystallographic
Analysis

NewR

1a (5 mmol) 2 (5 mmol)

L1-Zn(ClO4)26H:0
(2:1, 10 mol %)
NaBArg (20 mol %), 3 A MS

CH2Cla (20 mL), 35 °C

CHO 72h
@:U 3a (5 mmol)
H

(b)

1.204g, 84% yield, 85% ee
(72% yield, > 99% ee, after a
simple recrystallization)

For the purpose of illustrating the process of the reaction,
some control experiments were carried out (Scheme 3).
Under the optimized conditions, iminochromene Aa pro-
ceeds smoothly with indole 1a, delivering the product 4a in
87% yield with 80% ee (Scheme 3a). It indicated that Aa
was probably the intermediate of the reaction. Additionally,
the function of the catalyst in the formation of intermediate
Aa was also investigated. Only trace amounts of Aa were
detected from salicylaldehyde and malononitrile without
the catalyst, while a 79% yield of Aa was obtained in the
presence of the catalyst (Scheme 3¢ vs Scheme 3b). Thus, the
catalyst was favorable for both the formation of the inter-
mediate Aa and the enantioselective Friedel—Crafts alkyla-
tion process.

In summary, an efficient synthesis of enantioenriched
2-amino-4-(indol-3-yl)-4 H-chromenes was presented by
the use of 10 mol % of an N,N'-dioxide—Zn(II) complex

Org. Lett,, Vol. 13, No. 18, 2011

Scheme 3. Control Experiments
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79% yield

as the catalyst. Various indoles and salicylaldehydes were
tested, giving the corresponding products in good yields
with high enantioselectivities (up to 90% ee) under mild
conditions. The reaction could be amplified to gram scales,
which showed the potential value of the catalyst system.
Further studies will be focused on cataytic asymmetric
synthesis of other optically active chromenes.
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