
Copper-Catalyzed Enantioselective Friedel−Crafts Alkylation of
Pyrrole with Isatins
Chong Li,† Fengfeng Guo,† Kun Xu, Sheng Zhang, Yanbin Hu, Zhenggen Zha, and Zhiyong Wang*

Hefei National Laboratory for Physical Sciences at Microscale, CAS Key Laboratory of Soft Matter Chemistry & Collaborative
Innovation Center of Suzhou Nano Science and Technology, University of Science and Technology of China, Hefei, 230026, P. R.
China

*S Supporting Information

ABSTRACT: The highly enantioselective Friedel−Crafts alkyla-
tion of pyrrole with isatins catalyzed by the tridentate Schiff base/
Cu catalyst was developed. Hexafluoroisopropanol (HFIP) was
used as a crucial additive to improve the enantioselectivity. In the
case of N-unprotected isatins, an innovative substrate slow-
releasing strategy was applied by virtue of a Henry/retro-Henry
reaction.

Optically active 3-substituted 3-hydroxy-2-oxindole is an
important structural unit which exists in a vast array of

natural products and drug candidates, such as Dioxibrassinine,
Maremycin B, and SM-130686 (Figure 1).1 A number of

elegant synthetic strategies have been reported for the
construction of these useful structures,2 of which catalytic
asymmetric addition of isatins with various nucleophiles has
emerged as one of the most attractive methods since isatins are
readily available substrates in organic synthesis.3 Recent
publications indicated that asymmetric Friedel−Crafts alkyla-
tion of isatins with electron-rich aromatic compounds could
give biologically interesting chiral 3-aryl-3-hydroxy-2-oxindoles
efficiently with high ee values. However, successful catalysts are
limited to chiral metal−pybox complexes and cinchona alkaloid
derivatives, and the results were not always satisfactory.4 As far
as we know, only one successful example of asymmetric
Friedel−Crafts alkylation of isatins with pyrroles has been
reported by the Franz group.4d As a result, developing new
catalytic systems with a broad substrate scope and simple
manipulations is still highly required.
In our previous studies, we found that chiral tridentate Schiff

base/metal complexes could successfully catalyze the Friedel−
Crafts alkylation of indoles or pyrroles with nitroalkenes.5 To
further explore the catalytic potential of these complexes and

achieve the construction of chiral 3-substituted 3-hydroxy-2-
oxindoles, chiral tridentate Schiff base/metal complex catalyzed
Friedel−Crafts alkylation of pyrrole with isatins was inves-
tigated in our laboratory.
Initially, N-methylisatin 1a and pyrrole 2a were chosen as

reaction substrates (Table 1), with our previously established
Schiff base/Zn complex (catalyst A)5a or Schiff base/Cu
complex (catalyst B)5b as chiral catalysts. Different solvent
systems were tested for this reaction (Table 1, entries 1−5).
When catalyst A was used, THF was the best solvent to afford
product 3a in 90% yield with 70% ee, while, in the case of
catalyst B, dichloromethane was the best choice with a yield of
96% and an enantiomer excess of 77% respectively. To further
improve the enantioselectivity of this reaction, 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) was selected as an additive for
this reaction (Table 1, entries 6−8).6 When 20 μL of HFIP
were added to the reaction mixture and catalyst B was
employed, the ee value could be significantly enhanced to 99%
(Table 1, entry 6). Notably, this reaction proceeded at the C2-
position of pyrrole exclusively to give the corresponding
optically active 3-substituted 3-hydroxy-2-oxindoles.
With the optimal conditions in hand, the scope of this

reaction was investigated (Table 2). N-Methylisatins with
different substituents at the 5-, 6-, or 7-positions could react
with pyrrole smoothly to give the corresponding products in
over 90% ee’s with almost quantitative yields (Table 2, entries
1−9). In a previous report, shifting the substituent group to the
4-position of N-methyl isatin had an unfavorable effect on the
reactivity, even to the extent no reaction occurred.4d Now
under our catalytic system, 3k could be isolated in 94% yield
with 82% ee after 24 h (Table 2, entry 11). When N-benzyl
isatin was used instead of N-methyl isatin, it reacted readily
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Figure 1. 3-hydroxy-2-oxindole structural motif in natural products
and drug candidates.
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with pyrrole to give the product 3l in excellent yield with
excellent enantioselectivity (Table 2, entry 12).
However, when unprotected isatins were used as substrates

under the optimal reaction conditions, the reactions were
completed within 3 h, only giving moderate enantioselectivity
(Table 2, entries 13−15). The poor enantioselectivity was
probably due to the severe background reactions with
unprotected isatins.7 The conventional strategy of lowering
the temperature led to a diminished enantioselectivity under
our catalytic system (Scheme 1). This is perhaps due to the

lower temperature making the dimer catalyst more difficult to
dissociate into an active monomeric catalyst. To avoid the
racemic background reaction, we decided to employ a substrate
slow-releasing strategy, in which isatin can first react with a
reagent to afford an intermediate, and then the intermediate
can release isatin slowly to give a low concentration of isatin.
How to realize this strategy and control the concentration of
isatin in situ? With this question in mind, the Henry reaction
entered into our consideration.8 Under acidic or basic
conditions, aldehydes or ketones can react with nitromethane
to form the corresponding nitroalcohols. On the other hand,
several studies disclosed that this process was reversible under
appropriate conditions. As a result, aldehydes or ketones could
also be released from the corresponding nitroalcohols.6d

By virtue of this Henry/retro-Henry process, we elaborated a
retro-Henry reaction to modulate the concentration of the
isatin in the reaction. In our experiment, we added a catalytic
amount of diethylamine to a solution of isatin in nitromethane.
The corresponding nitroalcohol was obtained in a quantitative
yield in less than 5 min. Diethylamine and excess nitromethane
were removed under reduced pressure. The nitroalcohol was
further dissolved in toluene, and then catalyst B, HFIP, and
pyrrole were added into the nitroalcohol solution subsequently.
As expected, a retro-Henry reaction proceeded smoothly to
release isatin slowly, which was used as the substrate for the
consequent enantioselective Friedel−Crafts alkylation with
pyrrole. To our delight, by using this strategy, the ee values
of 3m−3o could be enhanced to 93%−99% after 36 h (Scheme
2). It was worth mentioning that these processes were carried
out in one pot starting from isatins.
To further investigate the substrate scope and the reaction

mechanism, a few other electron-rich heteroaryls were tested
(Scheme 3). The reaction of N-methylisatin with indole could
gave the adduct 3p in 96% yield with 45% ee. 3,4-Disubstituted
pyrrole 2q was also an applicable substrate for this
enantioselective alkylation, which could give 5-alkylated

Table 1. Optimization of Reaction Conditions for the
Friedel−Crafts Alkylation of Pyrrole with N-Methylisatina

catalyst Ab catalyst Bc

entry solvent yield (%)d ee (%)e yield (%)d ee (%)e

1 toluene 80 56 85 60
2 CH2Cl2 93 34 96 77
3 THF 90 70 90 25
4 CH3CN 98 39 97 58
5 i-PrOH 96 60 98 −7
6f toluene 99 18 96 99
7f CH2Cl2 97 5 99 78
8f THF 98 10 99 33

aThe reactions were carried out with 1a (0.3 mmol) and 2a (0.45
mmol) in 1.0 mL of solvent at room temperature for 12 h. bCatalyst A:
in situ generated from Zn(OTf)2 (0.03 mmol), ligand (0.03 mmol),
and piperidine (0.09 mmol). cCatalyst B: preformed catalyst from
CuBr2 (0.015 mmol), ligand (0.015 mmol), and piperidine (0.03
mmol). dIsolated yield. eDetected by chiral HPLC analysis on chiral
stationary phase. fPerformed with HFIP (20 μL).

Table 2. Reaction Scope of the Enantioselective Friedel−
Crafts Alkylation of Isatins with Pyrrolea

entry R1 R2 product yield (%)b ee (%)c

1 H CH3 3a 96 99
2 5-F CH3 3b 97 98
3 5-Cl CH3 3c 99 99
4 5-Br CH3 3d 95 98
5 5-I CH3 3e 97 91
6 5-NO2 CH3 3f 98 94
7 5-CH3 CH3 3g 98 99
8 6-Br CH3 3h 97 99
9 7-Br CH3 3i 96 99
10 7-CF3 CH3 3j 96 88
11d 4,7-dichloro CH3 3k 94 82
12e H Bn 3l 97 95
13f H H 3m 99 69
14f 5-CH3 H 3n 91 63
15f 5-Br H 3o 95 56

aThe reactions were carried out with 1 (0.3 mmol), 2a (0.45 mmol),
HFIP (20 μL) in 1.0 mL of toluene at room temperature for 12 h.
bIsolated yield. cDetected by HPLC analysis on chiral stationary phase.
dThe reaction time is 24 h. eThe reaction time is 1 h. fThe reaction
time is 3 h.

Scheme 1. Asymmetric Friedel−Crafts Alkylation of Isatin
with Pyrrole at Different Temperaturesa

aThe reactions were carried out with isatin (0.3 mmol), pyrrole (0.45
mmol), catalyst B (5 mol %), and HFIP (20 μL) in 1.0 mL of toluene
at room temperature for 12 h. The yields were isolated yields, and the
ee values were detected by HPLC analysis on chiral stationary phase.
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product exclusively with 72% ee and 81% yield. It should be
noted that the heteroaryls without the NH group, such as furan
and thiophene, did not work in the reaction. This meant that
the NH group perhaps formed a hydrogen bond with the
catalyst B. The addition of HFIP favored this reaction. Perhaps
HFIP can favor the hydrogen bond of NH of isatin with the
catalyst B because of the weak Brønsted acidity of HFIP.6c Also,
the influence of HFIP on the reaction was investigated in
detail.9 Based on these results and our previous mechanism
study,5 a hypothetical bifunctional mode of action in the
transition state was proposed (Figure 2). The isatin was
activated by chelating with a metal center in the catalyst
complex, while the NH in pyrrole served as a hydrogen bond
donating group to direct the alkylation at the Si face of isatin.
In summary, we developed a mild and highly efficient

catalytic system for the asymmetric Friedel−Crafts alkylation of

pyrrole with isatins. A variety of 3-substituted 3-hydroxy-2-
oxindoles were synthesized in high yields and excellent
enantioselectivities under mild conditions. For N-unprotected
isatins, a novel and efficient substrate slow-releasing strategy
was employed to achieve high enantioselectivities. Applications
of this catalytic system as well as the substrate slow-releasing
strategy to other asymmetric reactions are ongoing in our
group.

■ ASSOCIATED CONTENT
*S Supporting Information

Details of experimental procedures, spectroscopic data, and
physical properties of new compounds can be found in this
material. This material is available free of charge via the Internet
at http://pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author

*E-mail: zwang3@ustc.edu.cn.
Author Contributions
†These authors contributed equally.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors are grateful to the National Nature Science
Foundation of China (2127222, 91213303, 21172205,
J1030412).

■ REFERENCES
(1) For selected examples and reviews, see: (a) Monde, K.; Sasaki, K.;
Shirata, A.; Takasugi, M. Phytochemistry. 1991, 30, 2915−2917.
(b) Hibino, S.; Choshi, T. Nat. Prod. Rep. 2001, 18, 66−87.
(c) Tang, Y. Q.; Sattler, I.; Thiericke, R.; Grabley, S.; Feng, X. Z.
Eur. J. Org. Chem. 2001, 261−267. (d) Peddibhotla, S. Curr. Bioact.
Compd. 2009, 5, 20−38.
(2) For selected examples about the cyclization of α-ketoamides by
means of an intramolecular Friedel−Crafts reaction to construct 3-
substituted 3-hydroxy-2-oxindoles, see: (a) Jia, Y. X.; Katayev, D.;
Kündig, E. P. Chem. Commun. 2010, 46, 130−132. (b) Gorokhovik, I.;
Neuville, L.; Zhu, J. P. Org. Lett. 2011, 13, 5536−5539. (c) Hu, J. X.;
Wu, H.; Li, C. Y.; Sheng, W. J.; Jia, Y. X.; Gao, J. R. Chem.Eur. J.
2011, 17, 5234−5237. For selected examples about the oxidation of 3-
substituted-2-oxindoles to construct 3-substituted 3-hydroxyoxindoles,
see: (d) Ishimaru, T.; Shibata, N.; Nagai, J.; Nakamura, S.; Toru, T.;
Kanemasa, S. J. Am. Chem. Soc. 2006, 128, 16488−16489. (e) Sano,
D.; Nagata, K.; Itoh, T. Org. Lett. 2008, 10, 1593−1595. (f) Bui, T.;
Candeias, N. R.; Barbas, C. F., III. J. Am. Chem. Soc. 2010, 132, 5574−
5575. (g) Yang, Y. Y.; Moinodeen, F.; Chin, W.; Ma, T.; Jiang, Z. Y.;
Tan, C. H. Org. Lett. 2012, 14, 4762−4765.

Scheme 2. Slow Release of Isatin by Using Henry/retro-
Henry Strategya

aThe reactions were carried out with 5-substituted isatins (0.3 mmol),
diethylamine (25 μL) in nitromethane (3 mL) for 5 min. Then the
reactions were performed with the corresponding nitroalcohols,
catalyst B (5 mol %), and HFIP (20 μL) in 1.0 mL of toluene at
room temperature for 36 h.

Scheme 3. Scope of the Asymmetric Friedel−Crafts
Alkylation of N-Methylisatin with Other Heteroaryls

aThe reaction was carried out with 1a (0.3 mmol), indole (0.45
mmol), catalyst B (5 mol %), and HFIP (20 μL) in 1.0 mL of toluene
at room temperature for 8 h. The yield was isolated yield, and the ee
value was detected by HPLC analysis on chiral stationary phase. b The
reactions were carried out with 1a (0.3 mmol), 2b or 2c (0.45 mmol),
catalyst B (5 mol %), and HFIP (20 μL) in 1.0 mL of toluene at room
temperature for 8 h. The yields were isolated yields, and the ee values
were detected by HPLC analysis on chiral stationary phase.

Figure 2. A hypothetical action mode of the transition state of the
asymmetric Friedel−Crafts alkylation of N-methylisatin with pyrrole.

Organic Letters Letter

dx.doi.org/10.1021/ol501086q | Org. Lett. 2014, 16, 3192−31953194



(3) For the catalytic asymmetric addition of nucleophiles to isatins,
see: (a) Toullec, P. Y.; Jagt, R. B. C.; de Vries, J. G.; Feringa, B. L.;
Minnaard, A. J. Org. Lett. 2006, 8, 2715−2718. (b) Shintani, R.; Inoue,
M.; Hayashi, T. Angew. Chem., Int. Ed. 2006, 45, 3353−3356. (c) Itoh,
T.; Ishikawa, H.; Hayashi, Y. Org. Lett. 2009, 11, 3854−3857. (d) Itoh,
J.; Han, S. B.; Krische, M. J. Angew. Chem., Int. Ed. 2009, 48, 6313−
6316. (e) Zhou, F.; Liu, Y. L.; Zhou, J. Adv. Synth. Catal. 2010, 352,
1381−1407. (f) Liu, Y. L.; Wang, B. L.; Cao, J. J.; Chen, L.; Zhang, Y.
X.; Wang, C.; Zhou, J. J. Am. Chem. Soc. 2010, 132, 15176−15178.
(g) Liu, L.; Zhang, S. L.; Xue, F.; Lou, G. S.; Zhang, H. Y.; Ma, S. C.;
Duan, W. H.; Wang, W. Chem.Eur. J. 2011, 17, 7791−7795.
(h) Zheng, K.; Yin, C. K.; Liu, X. H.; Lin, L. L.; Feng, X. M. Angew.
Chem., Int. Ed. 2011, 50, 2573−2577. (i) Zhong, F. R.; Yao, W. J.;
Dou, X. W.; Lu, Y. X. Org. Lett. 2012, 14, 4018−4021. (j) Cassani, C.;
Melchiorre, P. Org. Lett. 2012, 14, 5590−5593.
(4) (a) Hanhan, N. V.; Sahin, A. H.; Chang, T. W.; Fettinger, J. C.;
Franz, A. K. Angew. Chem., Int. Ed. 2010, 49, 744−747. (b) Chauhan,
P.; Chimni, S. S. Chem.Eur. J. 2010, 16, 7709−7713. (c) Deng, J.;
Zhang, S. L.; Ding, P.; Jiang, H. L.; Wang, W.; Li, J. Adv. Synth. Catal.
2010, 352, 833−838. (d) Gutierrez, E. G.; Wong, C. J.; Sahin, A. H.;
Franz, A. K. Org. Lett. 2011, 13, 5754−5757.
(5) (a) Guo, F. F.; Lai, G. Y.; Xiong, S. S.; Wang, S. J.; Wang, Z. Y.
Chem.Eur. J. 2010, 16, 6438−6441. (b) Guo, F. F.; Chang, D. L.;
Lai, G. Y.; Zhu, T.; Xiong, S. S.; Wang, S. J.; Wang, Z. Y. Chem.Eur.
J. 2011, 17, 11127−11130.
(6) For selected examples on HFIP promoted reactions, see:
(a) Evans, D. A.; Rovis, T.; Kozlowski, M. C.; Downey, C. W.;
Tedrow, J. S. J. Am. Chem. Soc. 2000, 122, 9134−9142. (b) Evans, D.
A.; Scheidt, K. A.; Johnston, J. N.; Willis, M. C. J. Am. Chem. Soc. 2001,
123, 4480−4491. (c) Chen, X. C.; Chen, J. C.; Paolis, M. D.; Zhu, J. P.
J. Org. Chem. 2005, 70, 4397−4408. (d) Arai, T.; Yokoyama, N. Angew.
Chem., Int. Ed. 2008, 47, 4989−4992. (e) Yokoyama, N.; Arai, T.
Chem. Commun. 2009, 3285−3287. (f) Willot, M.; Chen, J. C.; Zhu, J.
P. Synlett. 2009, 0577−0580. (g) Liu, Y. L.; Shi, T. D.; Zhou, F.; Zhao,
X. L.; Wang, X.; Zhou, J. Org. Lett. 2011, 13, 3826−3829.
(7) For specifics about the background reactions of unprotected
isatin and N-methylisatin, see section 1.6 in the Supporting
Information.
(8) For selected examples on Henry reactions, see: (a) Sasai, H.;
Suzuki, T.; Arai, S.; Arai, T.; Shibasaki, M. J. Am. Chem. Soc. 1992, 114,
4418−4420. (b) Uraguchi, D.; Sakaki, S.; Ooi, T. J. Am. Chem. Soc.
2007, 129, 12392−12393. (c) Xu, K.; Lai, G. Y.; Zha, Z. G.; Pan, S. S.;
Chen, H. W.; Wang, Z. Y. Chem.Eur. J. 2012, 18, 12357−12362.
(9) For details about the role of HFIP in this reaction, see section 1.8
in the Supporting Information.

Organic Letters Letter

dx.doi.org/10.1021/ol501086q | Org. Lett. 2014, 16, 3192−31953195


