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ABSTRACT: Highly enantioselective catalytic asymmetric intramolecular cascade imidization−nucleophilic addition−
lactamization of N1-alkylethane-1,2-diamine with methyl 2-formylbenzoate catalyzed by a chiral phosphoric acid represents
the first efficient method for the preparation of medicinally interesting chiral 2,3-dihydro-1H-imidazo[2,1-a]isoindol-5(9bH)-
ones with high yields and excellent enantioselectivities. This strategy has been shown to be quite general toward various methyl
2-formylbenzoates.

Nitrogen-containing cyclic compounds with chiral centers
have been in synthetic demand in recent years.1 In

particular, 2,3-dihydro-1H-imidazo[2,1-a]isoindol-5(9bH)-ones
possess a unique cyclic chiral center, and many compounds
containing this heterocyclic unit in their skeletons have attracted
considerable interest, as they consist of commonly used building
blocks in a wide range of naturally occurring and/or bioactive
substances.2 The biological activities of these compounds have
been well-studied and have shown several promising applica-
tions, including anti-inflammatory agents,3 analgesics,4 blood
pressure lowering agents,5 spasmolytic agents,6 antitussives,7

sedatives, antirheumatics,8 and anorectic agents.9

Although several methods for the synthesis of racemic 2,3-
dihydro-1H-imidazo[2,1-a]isoindol-5(9bH)-ones are available
currently,10 limited approaches to enantioselective synthesis of
the corresponding chiral compounds have been developed. The
first example for the synthesis of chiral 2,3-dihydro-1H-
imidazo[2,1-a]isoindol-5(9bH)-ones was successfully accom-
plished by Katritzky11 et al. via an intramolecular nucleophilic
addition−lactamization cascade between 2-formylbenzoic acid
and chiral 1,2-ethylenediamine under Dean−Stark conditions.
Afterward, Yamada and co-workers reported a chiral sulfonic

auxiliary assisted method for this target synthesis.12 To date,
catalytic asymmetric synthesis of 2,3-dihydro-1H-imidazo[2,1-
a]isoindol-5(9bH)-one still remains a grand challenge. To the
best of our knowledge, there has been no effective related
methodology reported so far. Herein, we disclose the first highly
enantioselective synthesis of 2,3-dihydro-1H-imidazo[2,1-a]-
isoindo l-5(9bH)-ones via asymmetric catalysis (Figure 1).
Chiral phosphoric acids have proven to be efficient catalysts

for many important asymmetric transformations.13 Antilla14

showed that many chiral N,N-aminals, N,O-acetals, N,S-acetals,
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Figure 1. Structure of 2,3-dihydro-1H-imidazo[2,1-a]isoindol-5(9bH)-
ones.
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and N,peroxide acetals can be prepared using chiral phosphoric
acids catalysts via nucleophilic addition of imines. The List
group15 and Rueping group16 independently developed
protocols for enantioselective synthesis of the drug molecules
2,3-dihydroquinazolinones bearing a cyclic N,N-aminals struc-
ture via intramolecular amidation between aldehydes and 2-
aminobenzamides. These cyclic aminal compounds were also
successfully synthesized with high enantioselectivities by Tian et
al. and Lin et al.17 Meanwhile, Toste18 and co-workers
established a methodology for the synthesis of similar cyclic
N,N-aminals via cross-dehydrogenative coupling catalyzed by
axially chiral PAs based on BINOL bearing 1,2,3-triazoles at the
3- and 3′-positions. Among the reactions using chiral phosphoric
acid catalysts, most of the nucleophiles were amides, the use of
nonsubstituted alkyl amines instead is rare.19 Inspired by these
pioneer works, attempted investigation of the asymmetric
synthesis of N,N-aminal using nonsubstituted alkylamines as
nucleophiles directly was made by employing chiral phosphoric
acids (Scheme 1).

We started our investigations on the Brønsted acid catalyzed
reaction of methyl 2-formylbenzoate (1.0 equiv) with N1-
benzylethane-1,2-diamine (1.0 equiv). The reaction was carried
out at ambient temperature using a chiral phosphoric acid
derived from 3,3′-phenyl-substituted BINOL ((R)-4a, 10 mol %,
Scheme 2) as the catalyst, toluene as the solvent, and 4 ÅMS as a

desiccant. The intramolecular imidization−nucleophilic addi-
tion−lactamization proceeded smoothly, and the desired
product 1-benzyl-2,3-dihydro-1H-imidazo[2,1-a]isoindol-5-
(9bH)-one was obtained in high yield (89%). However, almost
no enantioselectivity (2% ee) was found in the initial experiment.
Encouraged by the reactivity, we further examined a number of
axially chiral phosphoric acids for the model reaction (Scheme
2). Although most of the tested catalysts aff-orded poor
enantioselectivities, phosphoric acid (R)-4i having a 2,4,6-

triisopropylphenyl moiety provided the desired product 3a in
91% yield with 59% ee.
In the optimization of the reaction (Table 1), various solvents

were screened. Nonpolar solvents (entries 1 and 2) allowed the

transformation process proceeded with moderate enantioselec-
tivities, while the polar solvents (entries 3−7) resulted in lower
enantioselectivities. The best solvent was toluene for the reaction
system, providing 3a in 59% ee in the trial run (entry 1). It should
be noted that steric hindrance of substrates is an important factor
in the asymmetric catalysis. Substituents R1 onN1-R1-ethane-1,2-
diamine were also explored. The methyl group gave a poor
enantioselectivity with high yield (94% yield, 19% ee) while
introducing a more bulky group such as diphenylmethyl group
was found to be beneficial to the enantioselectivity yet reduced
the product yield (entry 10, 55% yield, 77% ee). The benzyl
group (entries 11−13) provided a high yield (from 86 to 91%),
and the ee value was increased when a more bulky substituent
existed in the ortho-position. The 2,6-diisopropylbenzyl group
was found to be the optimal group for the transformation with
respect to enantioselectivity (entry 13, ee up to 90%). Lower
catalyst loading (5 mol %) showed a slight decrease in
enantioinduction (entry 14, 88% ee). In the absence of acid
catalyst, poor yield for the target product was afforded (entry 15,
45% yield). It is interesting to note that reaction temperature
played a key role in rendering the cascade transformation highly
enantioselective. When the reaction was conducted at 0 °C,
excellent enantioselectivity was observed (entry 16, 96% ee).
Both the yield and ee dropped dramatically when the reaction
was carried out at −10 °C (entry 17, 88% yield, 86% ee) or −20

Scheme 1. Proposed Pathway for the Preparation of Chiral
2,3-Dihydro-1H-imidazo[2,1-a]isoindol-5(9bH)-ones

Scheme 2. Survey of the Catalystsa

aAll reactions were run on a 0.1 mmol scale in 1.0 mL of toluene; yield
refers to isolated yield; % ee was determined by chiral HPLC. See the
Supporting Information for details.

Table 1. Optimization of the Reaction Conditionsa

entry solvent R1 product yieldb (%) eec (%)

1 PhCH3 Bn 3a 91 59
2 C6H6 Bn 3a 88 55
3 CH2Cl2 Bn 3a 87 40
4 CHCl3 Bn 3a 90 9
5 Et2O Bn 3a 87 37
6 THF Bn 3a 86 47
7 CH3CN Bn 3a 90 0
8 PhCH3 Me 3b 94 19
9 PhCH3

iPr 3c 40 29

10 PhCH3 Ph2CH 3d 55 77
11 PhCH3 4-iPrBn 3e 88 64
12 PhCH3 2-iPrBn 3f 86 72
13 PhCH3 2,6-di(iPr)Bn 3g 91 90
14d PhCH3 2,6-di(iPr)Bn 3g 82 88
15e PhCH3 2,6-di(iPr)Bn 3g 45 0
16f PhCH3 2,6-di(iPr)Bn 3g 90 96
17g PhCH3 2,6-di(iPr)Bn 3g 88 86
18h PhCH3 2,6-di(iPr)Bn 3g 80 70

aUnless otherwise noted, all reactions were run on a 0.1 mmol scale in
1.0 mL of solvent with 10 mol % catalyst loading at 25 °C. bIsolated
yield. cThe ee was determined by Chiral HPLC; see the Supporting
Information for details. dReaction was run with 5 mol % catalyst
loading. eIn the absence of chiral catalyst added. fReaction was run at 0
°C. gReaction was run at −10 °C. hReaction was run at −20 °C.
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°C (entry 18, 80% yield, 70% ee). Therefore, 0 °Cwas selected as
the optimal temperature for the balance between the catalyst
activity and product enantioselectivity (entry 16, 90% yield, 96%
ee).
After the optimal conditions were optimized, reaction scope

with regard to variation of the aryl substituent of methyl 2-
formylbenzoate was investigated (Scheme 3). A variety of

substitutions were proven to be successful under this catalytic
system. For instance, substrates bearing halogen at the 4 or 5
position (1b−d,h−j) allowed for excellent enantioselectivities
(92% to 96% ee, 3h−j,n−p). The substrates with an electron-
donating group (methoxyl) at the 4, 5, or 6 position (1f,m,p)
were all excellent for the reaction, giving the corresponding
products with 90−94% ee’s (3l,s,v). Substrates possessing an
electron-withdrawing substituent 5-nitro (1g) or 4-trifluoro-
methyl (1k) provided products 3m and 3q in excellent yields and
enantioselectivities (90% and 91% yields 90% and 91% ees,

respectively). Substrates containing a 4-methyl substituent (1l)
proved viable and gave product 3rwith 92% ee. Substrates having
a 4, 5-dimethoxyl substituent (1n) gave product 3t with 88% ee.
An exceptional situation was observed in the reaction of substrate
1q. The poor enantioselectivity (30% ee) is presumably due to
detrimental steric interaction between 3-methoxy and the R1

group.
The absolute stereochemistry of the chiral 2,3-dihydro-1H-

imidazo[2,1-a]isoindol-5(9bH)-one was determined by the
single-crystal X-ray diffraction of 3p (Figure 2). This result
unambiguously shows that the absolute configuration of product
3p to be the (S)-form.

In conclusion, we have successfully developed the first catalytic
asymmetric synthesis of 2,3-dihydro-1H-imidazo[2,1-a]isoindol-
5(9bH)-ones via an intramolecular cascade imidization−
nucleophilic addition−lactamization. This one-pot sequence
using a chiral phosphoric acid as the catalyst provides a simple
and efficient approach to the preparation of various medicinally
important chiral 2,3-dihydro-1H-imidazo[2,1-a]isoindol-5-
(9bH)-ones in high yields with excellent enantiomeric excesses
under mild reaction conditions (up to 94% yield and 96% ee).
Further work will be directed toward the extension of substrate
scope, mechanistic studies, and synthetic application.

■ ASSOCIATED CONTENT
*S Supporting Information

Experimental details, characterization data, and NMR spectra of
all new products. This material is available free of charge via the
Internet at http://pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author

* E-mail: qiuliqin@mail.sysu.edu.cn.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We are grateful for financial support from Special Financial Fund
of Innovative Development of Marine Economic Demonstration

Scheme 3. Scope of Substrates 1a

aAll reactions were run on a 0.1 mmol scale in 1.0 mL of toluene; yield
refers to isolated yield; % ee was determined by Chiral HPLC. See the
Supporting Information for details.

Figure 2. Single-crystal X-ray structure of product 3p.

Organic Letters Letter

dx.doi.org/10.1021/ol5031603 | Org. Lett. 2014, 16, 6366−63696368



Project (GD2012-D01-001) and Student Innovation Training
Program of Sun Yat-sen University (201401148).

■ REFERENCES
(1) (a) Agranat, I.; Caner, H.; Caldwell, J. Nat. Rev. Drug Discovery
2002, 1, 753. (b) Agranat, I.; Wainschtein, S. R. Drug Discovery Today
2010, 15, 163. (c) Kasprzyk-Hordern, B. Chem. Soc. Rev. 2010, 39, 4466.
(2) (a) Pinza, M.; Farina, C.; Cerri, A.; Pfeiffer, U.; Riccaboni, M. T.;
Banfi, S.; Biagetti, R.; Pozzi, O.; Magnani, M.; Dorigotti, L. J. Med. Chem.
1993, 36, 4214. (b) Hadfield, J. A.; Pavlidis, V. H.; Roffey, J. R. A. Synth.
Commun. 1995, 25, 1319. (c) Botero Cid, H. M.; Traenkle, C.;
Baumann, K.; Pick, R.; Mies-Klomfass, E.; Kostenis, E.; Mohr, K.;
Holzgrabe, U. J. Med. Chem. 2000, 43, 2155.
(3) Geigy, J.; Neth, R. Appl. 6,613,264, 1967; Chem. Abstr., 1967, 67,
82204q.
(4) Graf, W. Swiss 481,123, 1969; Chem. Abstr. 1970, 72, 100709t.
(5) Graf, W. Swiss 481,124, 1969; Chem. Abstr. 1970, 72, 100710m.
(6) Graf, W. Swiss 482,697, 1970; Chem. Abstr. 1970, 73, 25474c.
(7) Sulkowski, T. S. US 3,663,532, 1972; Chem. Abstr. 1972, 77,
88559n.
(8) Sulkowski, T. S. US 3,994,920, 1976; Chem. Abstr. 1977, 86,
106681p.
(9) Aeberli, P.; Eden, P.; Gogerty, J. H.; Houlihan, W. J.; Penberthy, C.
J. Med. Chem. 1975, 18, 177.
(10) For selected references for the synthesis of racemates, see:
(a) Metlesicst, W.; Antonm, T.; Chaykovskvy, M.; Toome, V.;
Sternbach, L. H. J. Org. Chem. 1968, 33, 2874−2877. (b) Sulkowski,
T. S.; Wille, M. A.; Mascitti, A.; Diebold, J. L. J. Org. Chem. 1967, 32,
2180. (c) Nakamura, A.; Kamiya, S. Chem. Pharm. Bull. 1974, 22, 2142.
(d) Cho, C. S.; Jiang, L. H.; Shim, S. C. Synth. Commun. 1998, 28, 849.
(e) Medimagh, R.; Marque, S.; Prim, D.; Marrot, J.; Chatti, S. Org. Lett.
2009, 11, 1817.
(11) (a) Katritzky, A. R.; Xu, Y.-J.; He, H.-Y.; Steel, P. J. J. Chem. Soc.,
Perkin Trans. 1 2001, 1767. (b) Katritzky, A. R.; He, H.-Y.; Verma, A. K.
Tetrahedron: Asymmetry 2002, 13, 933.
(12) Yamada, S.; Takahashi, Y. Tetrahedron Lett. 2009, 50, 5395.
(13) For reviews, see: (a) Terada, M. Curr. Org. Chem. 2011, 15, 2227.
(b) Kampen, D.; Reisinger, C. M.; List, B. Top. Curr. Chem. 2010, 291,
395. (c) Rueping, M.; Kuenkel, A.; Atodiresei, I. Chem. Soc. Rev. 2011,
40, 4539. (d) Yu, J.; Shi, F.; Gong, L.-Z. Acc. Chem. Res. 2011, 44, 1156.
(e) Terada, M. Synthesis 2010, 12, 1929. (f) Akiyama, T. Chem. Rev.
2007, 107, 5744. (g) Parmar, D.; Sugiono, E.; Raja, S.; Rueping, M.
Chem. Rev. 2014, 114, 9047.
(14) (a) Rowland, G. B.; Zhang, H.; Rowland, E. B.;
Chennamadhavuni, S.; Wang, Y.; Antilla, J. C. J. Am. Chem. Soc. 2005,
127, 15696. (b) Liang, Y.; Rowland, E. B.; Rowland, G. B.; Perman, J. A.;
Antilla, J. C. Chem. Commun. 2007, 4477. (c) Li, G.; Fronczek, F. R.;
Antilla, J. C. J. Am. Chem. Soc. 2008, 130, 12216. (d) Ingle, G. K.;
Mormino, M. G.; Wojtas, L.; Antilla, J. C. Org. Lett. 2011, 13, 1817.
4822. (e) Zheng, W.; Wojtas, L.; Antilla, J. C. Angew. Chem., Int. Ed.
2010, 49, 6589.
(15) Cheng, X.; Vellalath, S.; Goddard, R.; List, B. J. Am. Chem. Soc.
2008, 130, 15786.
(16) Rueping, M.; Antonchick, A. P.; Sugiono, E.; Grenader, K. Angew.
Chem., Int. Ed. 2009, 48, 908.
(17) (a) Cheng, D.-J.; Tian, Y.; Tian, S.-K. Adv. Synth. Catal. 2012, 354,
995. (b) Huang, D.; Li, X.; Xu, F.; Li, L.; Lin, X. ACS Catal. 2013, 3,
2244.
(18) Neel, A. J.; Hehn, J. P.; Tripet, P. F.; Toste, F. D. J. Am. Chem. Soc.
2013, 135, 14044.
(19) (a) Terada, M.; Machioka, K.; Sorimachi, K. J. Am. Chem. Soc.
2007, 129, 10336. (b) Cai, Q.; Liu, C.; Liang, X.-W.; You, S.-L.Org. Lett.
2012, 14, 4588. (c) Shi, F.; Zhu, R.-Y.; Dai, W.; Wang, C.-S.; Tu, S.-J.
Chem.Eur. J. 2014, 20, 2597.

Organic Letters Letter

dx.doi.org/10.1021/ol5031603 | Org. Lett. 2014, 16, 6366−63696369


