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A one-pot and highly diastereoselective method for the reductive dehydroxylation of three classes of
heterocyclic N,O-acetals with general structure 4 is reported. The method features a ‘two in one’ concept,
namely, by synergetic action of two complementary Lewis acids (BF$OEt2 and TiCl4), the bicyclic or
tricyclic oxazololactams 5 were formed in situ and reductively cleaved to give the corresponding lactams
6 in a high-yielding and highly diastereoselective manner.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

The concept of cooperative Lewis acid/base/transition metal
catalysis and multi-catalyst systems has been developed to achieve
some challenging transformations such as asymmetric synthesis1

and one-pot reactions.2–4 In the context of stereocontrolled syn-
thesis of N-containing heterocycles, Meyers’ chiral bicyclic lactam
(1)-based synthetic methodology is gaining popular.5–8 In this
methodology, the cyclocondensation between d-oxo acids and en-
antiomeric pure b-aminoalcohols5–7 (Scheme 1) has been employed
almost as the sole entry to the chiral bicyclic/tricyclic oxazolo-
lactams (1).8,9 An alternative and more flexible method to access the
chiral bicyclic/tricyclic oxazololactams resides in the Grignard ad-
dition to cyclic imides 2.9a,10 To the best of our knowledge, this
advantageous approach was not pursuit until the works reported
from these laboratories.11,12
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In our previous work on the stereoselective synthesis of 3-
alkylindolidin-3-ones13 6-I from N,O-acetals 4-I,11 it was found that
the stepwise bicyclic oxazololactams (5-I) formation-reductive
ring-opening reaction (Method B, Scheme 2) afforded a better
diastereoselectivity than the direct reductive dehydroxylation of
4-I did (Method A). Similar results were obtained in the synthesis
of methyl 5-alkyltetramate derivatives 6-II.12 The modest diaster-
eoselectivity of method A and the overall inefficiency of the two-step
procedure (Method B) made it worthwhile to develop an improved
method to achieve both high efficiency and high diastereoselectivity.
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Table 2
Comparison of the two methods for the synthesis of methyl 5-alkyltetramates 6-II
from N,O-acetals 4-II

2) TiCl4, Et3SiH, CH2Cl2
1) BF3•OEt , −78 °C, 2 h

−78 °C-rt, 48 h
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Entry Starting
compound (R)

Method B12 6-II:7-II
(% overall yield)a

Method C 6-II:7-II
(% yield)a

1 4-IIa (Me) 91:9 (71) 91:9 (88)b

2 4-IIb (Et) 91:9 (65) 91:9 (95)c

b
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With this aim in mind, we set to explore a bis-Lewis acids-catalyzed
one-pot cyclization-reductive ring-opening reaction variant on
three ring systems I–III (Scheme 2, Method C), and the results are
reported herein.

2. Results and discussion

Our basic consideration was to take advantages of both the
brevity of method A and the high diastereoselectivity offered by
method B, and develop an efficient and highly diastereoselective
one-pot reductive dehydroxylation method. In view of the excellent
capacity of boron trifluoride etherate in the dehydroxylation,10c,f,11

and that of titanium tetrachloride in the cleavage of oxazolidine
rings,11 they were selected as complementary Lewis acids4 for the
one-pot reductive dehydroxylation of three classes of heterocyclic
N,O-acetals 4.

The synthesis of the series of 3-alkylindolin-1-one derivatives13

6-I was first investigated (Scheme 3). Thus the known N,O-acetal 4-
Ia11 was treated with 1.0 molar equiv of BF3$OEt2 at �78 �C, and
stirred for 2 h, which was followed by successive addition of TiCl4
and triethylsilane.14 From this one-pot reaction, 3-methylisoindolin-
1-ones 6-Ia and 7-Ia were obtained in 94:6 diastereoselectivity with
96% combined yield (Table 1, entry 1). The reaction was presumed to
proceed via the N-acyliminium intermediate A.15 The one-pot re-
action of other N,O-acetals 4-Ib–e11 afforded the corresponding (S)-
3-alkylisoindolin-1-ones 6-Ib–e11 with similar high efficiency and
excellent diastereoselectivities (Table 1, entries 2–5).
Table 1
Comparison of method B and method C for the synthesis of 3-substituted iso-
indolin-1-ones 6-I from N,O-acetals 4-I

Entry Starting
compound (R)

Method B11b 6-I:7-Ia

(% overall yield)b
Method C 6-I:7-Ia

(% yield)c

1 4-Ia (Me) 95:5 (83) 94:6 (96)
2 4-Ib (i-Bu) 100:0 (33) 97:3 (91)
3 4-Ic (n-C7H15) 91:9 (60) 93:7 (83)
4 4-Id (Ph) 96:4 (75) 95:5 (96)
5 4-Ie (Bn) 92:8 (39) 90:10 (75)

a Ratio determined by column chromatographic separation.
b Overall yield from 4-I.
c Isolated yield.

3 4-IIc (n-C5H11) 93:7 (66) 92:8 (85)
4 4-IId (n-C6H13) 92:8 (69) 90:10 (83)b

5 4-IIe (n-C7H15) 88:12 (60) 90:10 (93)b

6 4-IIf (i-Bu) 99:1 (66) 96:4 (72)c

7 4-IIg (Bn) 88:12 (41) 90:10 (56)b

a Isolated yield.
b Ratio determined by 1H NMR.
c Ratio determined by column chromatographic separation.
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It is worth notice that the low overall yields (33%; 39%) in the
synthesis of 3-iso-butyl and benzyl (3S)-isoindolin-1-one de-
rivatives 6-Ib,e by method B (Table 1, col. 3, entries 2, 5)11 were
greatly improved (91%; 75%), which indicated that the reaction
conditions used in method C are quite mild, and the dehydration
side reaction was efficiently avoided.

The success in the bis-Lewis acids-mediated highly diastereo-
selective one-pot reductive dehydroxylation of (S)-3-hydroxy-3-
alkylisoindolin-1-one derivatives (4-I) led us to consider an ex-
tension of this concept to the tetramate series 4-II.11 5-Alkylte-
tramates and 5-alkyltetramic acids are frameworks found in
a number of bioactive natural products.16,17 Treatment of the N,O-
acetal 4-IIa12 with 1.0 molar equiv of BF3$OEt2 at �78 �C for 2 h,
followed by TiCl4-mediated reduction with triethylsilane led to 5-
methyltetramate 6-IIa in a 91:9 diastereoselectivity and 88% com-
bined yield (Table 2, entry 1). Extension of this method to other
N,O-acetals 4-IIb–g yielded the corresponding 5-alkyltetramates 6-
IIb–g and the results are displayed in Table 2. As can be seen from
Table 2, comparing with method B, the one-pot reaction (Method
C) gave, in all cases, significantly improved chemical yields while
remaining about the same diastereoselectivities.
To probe the intermediate of the reaction, the N,O-acetal 4-IIa
was treated with 1.0 molar equiv of BF3$OEt2 at �78 �C for 2 h. The
isolated product turned out to be the bicyclic oxazololactam 5-IIa.
The stereochemistry of 5-IIa was determined to be (R,S) by NOESY
experiments.12

The method was further extended to another ring system. Thus,
the one-pot cyclization–reduction of the N,O-acetals 4-IIIa8c,18 and
4-IIIb, derived from (R)-imide 3-III18 by Grignard addition, afforded
the diastereomeric lactams 6-IIIa and 6-IIIb in 95:5 and 90:10 ratio,
respectively (Scheme 4).
The oily property of both diastereomers 6-IIIa and 6-IIIb pre-
vented a determination of the stereochemistry of the newly formed
chiral center by single crystal X-ray diffraction analysis, which was
deduced as follows. The lactams 6-IIIa and 6-IIIb were presumed to
be formed via the corresponding cyclic intermediates 5-IIIa/b.
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Indeed when N,O-acetal 4-IIIa was treated with BF3$OEt2, tricyclic
lactam 5-IIIa was formed in 70% yield as a sole diastereomer. The
NOESY experiments showed that the methyl and phenyl groups are
in the same face (Fig. 1). In light of the well documented fact that
the reductive ring-opening reaction of the similar cyclic lactams
with Lewis acid/Et3SiH system generally undergoes with retention
of configuration,5–9,11 the C-3 stereochemistry of 6-IIIa and 6-IIIb
was assigned as R.
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Figure 1. The observed NOEs for 5-IIIa (in part).
3. Conclusion

In summary, by the synergetic action of two different Lewis
acids we were able to achieve both the efficiency and high dia-
stereoselectivity in the one-pot transformation of three classes of
N,O-acetals (4-I–III) into the corresponding lactams (6-I–III). Thus,
in combination with our previous results,11,12 a versatile two-step
entrance to three classes of cyclic lactams (6-I–III) from imide 3-I–
III was established. The lactams obtained are useful synthetic in-
termediates for N-containing bioactive compounds and natural
products, and may serve as valuable chiral ligands. It was believed
that the ‘two in one’ concept will find application in organic
synthesis.

4. Experimental section

4.1. General procedure for the one-pot cyclization-reductive
ring-opening of compounds 4

To a cooled (�78 �C) dichloromethane (9 mL) solution of a di-
astereomeric mixture of N,O-acetal (0.324 mmol) 4 was added
dropwise boron trifluoride etherate (0.324 mmol) under nitrogen
atmosphere. After stirring at�78 �C for 2 h, TiCl4 (0.486 mmol) and
triethylsilane (3.24 mmol) were added successively. After stirring at
�78 �C for an additional 2 h, the mixture was allowed to warm up
and was stirred for about 48 h. The reaction was quenched with
a saturated NaHCO3 solution. The organic layer was separated and
the aqueous phase was extracted with CH2Cl2 (3�15 mL). The
combined organic layers were washed with brine, dried over an-
hydrous Na2SO4, filtered, and concentrated under reduced pres-
sure. The residue was purified by flash chromatography eluting
with (EtOAc/PE, v/v) to give lactam 6 and its diastereomer 7.

4.1.1. (3S,10S)-2-(2-Hydroxyl-1-phenylethyl)-3-methylisoindolin-1-
one (3S,10S)-6-Ia. dr¼94:6, combined yield 96%. Colorless oil. [a]D

20

�88.2 (c 1.3, CHCl3) {lit.11b [a]D
20þ87.9 (c 0.99, CHCl3) for the

antipode}.

4.1.2. (3S,10S)-2-(2-Hydroxyl-1-phenylethyl)-3-isobutylisoindolin-1-
one (3S,10S)-6-Ib. dr¼97:3, combined yield 91%. White solid, mp
54.5–56.5 �C (EtOAc/PE); [a]D

20 �53.1 (c 1.04, CHCl3) {lit.11b mp 54–
56 �C; [a]D

20 þ44.7 (c 0.95, CHCl3) for the antipode}.

4.1.3. (3S,10S)-3-n-Heptyl-2-(2-hydroxyl-1-phenylethyl) isoindolin-
1-one (3S,10S)-6-Ic. dr¼93:7, combined yield 83%. Colorless oil.
[a]D

20 �41.0 (c 0.95, CHCl3) {lit.11b [a]D
20 þ41.1 (c 0.68, CHCl3)}.

4.1.4. (3S,10S)-2-(2-Hydroxyl-1-phenylethyl)-3-phenylisoindolin-1-
one (3S,10S)-6-Id. dr¼95:5, combined yield 96%. White solid, mp
149–150.5 �C (EtOAc/PE); [a]D
20þ67.3 (c 1.00, CHCl3) {lit.11b mp 134–

135 �C; [a]D
20 �56.6 (c 1.07, CHCl3) for the antipode}.

4.1.5. (3S,10S)-3-Benzyl-2-(2-hydroxyl-1-phenylethyl)isoindolin-1-
one (3S,10S)-6-Ie. dr¼90:10, combined yield 75%. White solid, mp
149–150.5 �C (EtOAc/PE); [a]D

20 þ67.3 (c 1.0, CHCl3) {lit.11b mp 134–
135 �C}; [a]D

20 �56.6 (c 1.07, CHCl3) for the antipode}.

4.2. (5S,10S)-2-Hydroxyl-1-phenylethyl-4-methoxy-5-alkyl-
1H-pyrrol-2(5H)-ones

(5S,10S)-6-IIa–g were prepared according to the general pro-
cedure. The yields and diastereomeric ratios are indicated in Table
2, and the physical and spectroscopic data are in agreement with
those reported in Ref. 12.

4.2.1. 3-Methyl-2-[(1 0R)-1 0-phenyl-2 0-hydroxyethyl]-hexahy-
droisoindolin-1-one (6-IIIa). dr¼95:5, combined yield 92%. Major
diastereomer (6-IIIa): colorless oil. [a]D

20 þ45.7 (c 3.3, CHCl3). IR
(film): 3357, 2921, 2847, 1640, 1424, 1347, 1253, 1205, 1088 cm�1. 1H
NMR (400 MHz, CDCl3) d 1.19 (d, J¼6.87 Hz, 3H, CH3), 1.62–1.82 (m,
4H), 2.04–2.27 (m, 4H), 3.66 (m, 1H), 4.01 (ddd, J¼12.32, 6.65,
3.26 Hz, 1H), 4.31 (td, J¼12.34, 7.71 Hz, 1H), 4.61 (dd, J¼7.69,
3.20 Hz, 1H), 5.20 (dd, J¼7.37, 3.82 Hz, 1H), 7.25–7.40 (m, 5H, Ar-H)
ppm; 13C NMR (100 MHz, CDCl3) d 16.1, 20.0, 21.8, 22.0, 22.9, 59.2,
61.9, 64.8, 127.1, 127.7, 128.7, 130.8, 138.6, 156.1, 172.6 ppm; MS (ESI,
m/z): 272 (MþHþ, 100). Anal. Calcd for C17H21NO2: C, 75.25; H, 7.80;
N, 5.16. Found: C, 75.04; H, 7.48; N, 4.81.

4.2.2. 3-Ethyl-2-[(1 0R)-1 0-phenyl-2 0-hydroxyethyl]-hexahy-
droisoindolin-1-one (6-IIIb). dr¼90:10, combined yield 89%. Major
diastereomer (6-IIIb): colorless oil. [a]D

20 �63.5 (c 0.3, CHCl3). IR
(film): 3377, 2925, 2853, 1656, 1420, 1068 cm�1. 1H NMR (400 MHz,
CDCl3) d 0.87 (t, J¼7.01 Hz, 3H), 0.87(m, 1H), 1.09 (m, 1H), 1.15–1.24
(m, 4H), 1.56 (m, 1H), 1.66–1.80 (m, 5H), 2.10 (m, 2H), 2.18–2.34 (m,
2H), 3.73 (dd, J¼4.62, 2.16 Hz, 1H), 4.01 (ddd, J¼12.34, 6.71, 3.21 Hz,
1H), 4.30 (td, J¼12.34, 7.70 Hz, 1H), 4.49 (dd, J¼7.64, 3.22 Hz, 1H),
5.24 (dd, J¼7.73, 6.75 Hz, 1H), 7.17–7.36 (m, 5H) ppm; 13C NMR
(100 MHz, CDCl3) d 14.0, 20.1, 20.9, 21.9, 22.1, 22.5, 23.3, 27.7, 31.7,
62.2, 62.7, 64.8, 127.1, 127.7, 128.7, 132.1, 138.7, 154.3, 173.3 ppm; MS
(ESI, m/z): 328 (MþHþ, 100). HRESIMS Calcd for [C21H27NO3þH]þ:
328.2277; found: 328.2288.
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