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A new method for the stereoselective synthesis of five- and six-membered bicyclic N,N-acetals with trans
configuration was developed using N-acyliminium ion cyclization. The N-sulfonyl substituted com-
pounds were effectively cyclized to give the corresponding acetals in high yields and stereoselectivities,
suggesting that the intramolecular interaction between the iminium and the sulfonyl group plays a key
role in the cyclization.

� 2009 Published by Elsevier Ltd.
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Bicyclic N,N-acetal ring systems I and II are observed in a num-
ber of natural products1 and biologically active compounds,2 and,
therefore, various methods for the construction of these ring sys-
tems have been extensively explored. We, however, were inter-
ested in the synthesis of the N,N-acetal ring system III with a
bislactam framework as no method for the stereoselective synthe-
sis of this group of compounds has been established despite their
potential bioactivities.3
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The N-acyliminium ion4-mediated cyclization reaction is a use-
ful method for the construction of various ring systems. Although
the application of this cyclization method toward N,N-acetal for-
mation seems to be promising, there have been few examples of
its use apart from the tandem cyclization of certain peptides.2a,2b

We speculated that this methodology would be applicable to the
construction of ring system III compounds as outlined in Scheme
1. In this Letter, we report a new method for diastereoselective
cyclic N,N-acetal synthesis via the N-acyliminium ion, where the
N-sulfonyl substituent plays a key role in determining the yields
and stereoselectivities.

Substrates 1a–c and 2a–i were synthesized by the coupling of
3-(1-ethoxyethoxy)isoindolin-1-one5 and the corresponding
Elsevier Ltd.
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p-nitrophenylesters using n-BuLi followed by the deprotection of
the ethoxyethyl group and acetylation.6 Various acids were
employed for the generation of the N-acyliminium ions from com-
pound 1a.7 The results are summarized in Table 1. In the presence
of a catalytic amount of TfOH, the cyclization of 1a was undertaken
in CH2Cl2 at 0 �C to rt to give N,N-acetal 3a in 47% yield along with
a recovery of 31% of the substrate (entry 1); however, trifluoroace-
tic acid was found to be ineffective (entry 2). Lewis acids, such as
BF3OEt2, SnCl4 and TMSOTf, served as effective catalysts to afford
N,N-acetal 3a (entries 3–5). The reaction with 1.1 equiv of TMSOTf
for 5 h gave 3a without any reduction in the yield or selectivity
from those obtained under the conditions shown in entry 5 (entry
6).

2a: R1 = Ts
2b: R1 = Ms
2c: R1 = Ns
2d: R1 = Cbz
2e: R1 = Boc
2f: R1 = Ac
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Scheme 1.



Table 2
Face-selective cyclization of 2a–i

Entry Compd Yield of 4a (%) deb

1 2a 92 >99
2 2b 79 >99
3 2c 85 >99
4 2d 24 78
5 2e 0 —
6 2f 0 —
7 2g 86 >99
8 2h 84 >99
9 2i 73 >99

a Isolated yield.
b Determined by 1HNMR spectra.

Table 1
Face-selective cyclization of 1a–c

Entry Compd Time (h) LA or acid (equiv) Yield of 3a (%) drb

1 1a 15 TfOH (cat) 47 89:11
2 1a 15 CF3CO2H (cat) 0 —
3 1a 15 BF3OEt2 (2.0) 69 81:19
4 1a 15 SnCl4 (2.0) 79 91:9
5 1a 15 TMSOTf (2.0) 78 83:17
6 1a 5 TMSOTf (1.1) 78 90:10
7 1b 5 TMSOTf (1.1) 92 87:13
8 1c 5 TMSOTf (1.1) 64 99:1

a Isolated yield.
b Determined 1H NMR spectra.
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The cyclization of compound 1b having a benzyl group also
gave 3b in high yield under the same conditions (entry 7). The
replacement of the Ts group at the N-atom with the Ms group
afforded excellent stereoselectivity (entry 8). The structure of the
major product 3a was determined by X-ray crystallographic anal-
ysis.8 The relationship between the two methine hydrogens adja-
cent to the nitrogen atom was trans as shown in Figure 1. A
comparison of the 1H NMR spectra of 3b and 3c with that of 3a
indicated that they also had trans stereochemistry. It is interesting
to note that no cyclization with the aromatic ring was detected.9

Next, the intramolecular cyclizations of 2a–i, having a longer
chain, were conducted under the same reaction conditions as those
described above and the results are listed in Table 2. The cycliza-
tion of 2a and 2b having a Ts and Ms group, respectively, gave
the corresponding six-membered N,N-acetals with excellent dia-
stereoselectivities (entries 1 and 2).10 The X-ray structural analysis
of the product 4a11,12 confirmed a trans stereochemistry similar to
that of 3a. The Ns group is also available in this reaction, which
provides a synthetic merit due to the easy deprotection of the Ns
group (entry 3).13 However, when the N-protective group was a
Cbz group, the product yield was significantly decreased (entry
4). Moreover, no cyclized products were obtained from the reac-
tions of 2e and 2f possessing a Boc and acetyl group, respectively.
Figure 1. X-ray structure of 3a.
The cyclization of the other substrates 2g–i with various alkyl sub-
stituents afforded 4g–i in good yields and high stereoselectivities.

The significant differences in the product yields and stereose-
lectivities according to whether or not the N-substituent is a sulfo-
nyl group can be explained by differences in the optimized
geometries of the intermediate iminium ions. Figure 2 shows the
optimized geometries of A and B produced from 2b and 2f, respec-
tively, which were predicted by DFT calculations at the B3LYP/6-
31G* level after the conformation search and the AM1 optimiza-
tion.14 The S@O group of A is on the plane of the iminium moiety
with an O� � �C1 distance of 2.759 Å, whereas the N-acetyl moiety of
the iminium ion B is on the side of the iminium plane with an
O� � �C1 distance of 3.320 Å. Both distances are much shorter than
the sum of the atomic radii of C and O atoms, suggesting the exis-
tence of intramolecular interactions between them.

The N2� � �C1 distance of 3.712 Å for the intermediate A is much
shorter than that for B (5.149 Å). The lone pair of the N-Ms moiety
is antiperiplanar to the S–C bond due to the hyperconjugation of
the r*s–c and the lone pair orbital,15 which enables the attack of
the lone pair on the iminium. On the other hand, the nitrogen lone
pair of B is perpendicular to the iminium plane. These geometrical
differences are thought to cause the significant differences in yields
and stereoselectivities between the N-sufonyl and N-acyl deriva-
tives described above. It has been reported that various types of
double bonds, such as C@C, C@O and C@S bonds, serve as p-com-
ponents for cation-p interactions.16,17 Although the origin of the
interactions observed in A is still not clear, the interaction between
the S@O and the iminium ion may also be a cation-p interaction as
no intramolecular HOMO–LUMO interaction was observed in the
intermediate A.

The all conformers for 2b obtained by the conformation search
and the AM1 optimization showed that the all N-Ms moieties are
located on the same side of the iminium plane as that shown in
Scheme 2. This enables intramolecular cyclization at the same side
of the iminium plane to give trans products, which can explain the
high diastereoselectivity described in Table 2.

Table 3 lists the energies of 3a, 3c, 4a and 4b predicted by DFT
calculations at the B3LYP/6-31G* level together with their differ-
ences DE.14 As can be seen from Table 3, the cis isomers are much
more stable than the trans isomers, suggesting that the cyclization
reaction is controlled under a non-thermodynamic process.

In summary, we described a new method for the synthesis of
N,N-acetals with a bislactam framework via the intramolecular



Figure 2. Most stable conformers A and B for the iminium ions of (a) 2b and (b) 2f, respectively.

Table 3
Energies for cis and trans isomers for 3a, 3c, 4a and 4b, and their differencesa
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Compd Ecis Etrans DE

3a �1064149.82 �1064146.91 2.91
3c �919163.26 �919157.97 5.29
4a �1088818.29 �1088815.75 2.54
4b �943831.49 �943830.53 0.96

a Energy in kcal/mol.

Scheme 2.
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cyclization of N-acyliminium ion intermediates. The key feature in
this reaction is that the product yields and stereoselectivities were
significantly dependent on the N-protective groups. DFT calcula-
tions for the intermediate iminium ion suggest that an intramolec-
ular interaction between the S@O and the iminium ion plays a key
role in determining the yields and stereoselectivities. Taking the
related interaction systems into consideration, a cation-p interac-
tion may make a major contribution to this interaction.
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