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Highly Efficient Methanolysis of Bicyclic -Lactams to 8-Amino Ester Using Silica Chloride
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Silica chloride is used as an effective heterogeneous catalyst
for the methanolysis of highly constrained cyclic B-lactam to
afford B-amino ester under mild acidic conditions with quantita-
tive yields.

B-Amino acids and their derivatives, such as amino esters,
amides, or 1,3-amino alcohols, can serve as potential precursors
for the synthesis of wide range of saturated heterocycles.'™
Several methods are reported in the literature® for the synthesis
of B-amino esters but the most common method is the ring-open-
ing reaction of B-lactam followed by methanolysis.*® Most of
these methods require harsh acidic conditions, and under such
conditions number of compounds containing constrained ring
system like (4)-3-carene, decomposes and results in the forma-
tion of mixture of decomposed products.’ Recently, the use of
reagents and catalyst supported on solid supports have received
maximum attention.® Silica gel is one of such extensively used
surface materials for different chemical transformations in
organic chemistry.” Modified silica such as silica chloride
(SiO,—Cl), has been reported to be an efficient reagent for the
synthesis of many organic compounds.® The efficiency of silica
chloride under operationally simple conditions has prompted us
to explore its use for the synthesis of S-amino esters and other
organic transformations. During our recent work on the develop-
ment of novel synthetic methodologies, we have observed that
silica chloride also serves as an efficient catalyst for methanoly-
sis of highly constrained cyclic B-lactams. Herein, we report a
rapid, and easy to scale-up method for the synthesis of -amino
esters using silica chloride as heterogeneous catalyst Scheme 1.

Silica chloride can be prepared very easily and has been
rarely applied in synthetic organic chemistry. The room temper-
ature (20-25°C) reaction of B-lactam with various alcohols
in the presence of silica chloride afforded the corresponding
ﬂ-amino ester in 20 min with excellent yields, Table 1.

The reactions were carried out by taking 1:1:4 molar ratio of
B-lactam, silica chloride and alcohol; dry alcohol was added to
the mixture drop wise at 0°C and the derived B-amino ester
hydrochloride was further basified with cold saturated sodium
bicarbonate solution followed by the extraction with diethyl
ether to afford B-amino ester in excellent yields.® However,
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Scheme 1.
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spectroscopy. PIsolated yield.

when the reaction was carried out with cyclic amide (Entry 10,
Table 1), reaction did not occur at all. This may be essentially
because cyclic amides have less ring strain in comparison to that
of cyclic B-lactam, which makes f-lactam more susceptible to
ring-cleavage reactions. Hence, this method can be used specif-
ically for the methanolysis of cyclic S-lactams to afford S-amino
ester. The ring-opening mechanism goes by the cleavage of the
amide bond by nucleophilic attack at N(1)-C(2) bond. The prod-
ucts were confirmed on the basis of their spectral data ('H NMR,
and MS).!% The synthetic procedure for the B-lactams has been
extensively documented in the literature'! and can be applied to
a large range of olefinic or diene-containing framework and was
therefore ideal for our purposes. Advantage of using silica chlo-
ride was that it can be prepared by the readily available materi-
als'? and can also be removed easily from the reaction mixture
by simple filtration. The recovered catalyst, however when ap-
plied again under the present experimental conditions has been
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found to decrease the yields of esters (20-30% only). In conclu-
sion, an efficient and simple method for the synthesis of S-amino
esters from highly constrained S-lactams has been described us-
ing silica chloride as a heterogeneous catalyst. The main advant-
age of this method is that it requires mild reaction conditions,
less reaction time and operational simplicity with excellent
yields.
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by flash chromatography on a silica-gel column (toluene:
ethanol 9:1) to afford B-aminoester in excellent yield.
Analytical data for selected compounds have been reported
here. 1b: Viscous oil, IR vy 3344, 3223, 1730, 1260
cm™!; 'THNMR (CDCl3, 400MHz) & 1.27-1.35 (m, 2H),
1.70-1.86 (m, 4H), 1.88-2.0 (m, 2H), 2.65 (dd, 1H, J =
4.1, 6.4Hz), 3.16 (m, 1H), 3.67 (s, 3H); *CNMR (CDCl;,
100MHz) § 18.5, 20.3, 31.5, 47.2, 47.6, 50.8, 176. ESI-
MS 144 (M + H); HRMS calcd for C;H;3NO, 143.0946,
found 143.0941. 3b: Viscous oil, IR vy, 3324, 3323,
1737, 1260cm™!; '"HNMR (CDCl;, 400 MHz) & 1.30-1.85
(m, 8H), 1.89-2.2 (m, 2H), 2.17 (dd, 1H, J =4.66,
6.04Hz), 3.17 (m, 1H), 3.68 (s, 3H); *CNMR (CDCl;,
100MHz) § 21.8, 22.2, 24.3, 33.1, 45.1, 45.5, 50.7, 176;
ESI-MS 158 (M + H); HRMS caled for CgH;5sNO,
157.1103, found 157.1100. 5b: Viscous oil, IR vy, 3327,
3353, 1747, 1260 cm™': '"HNMR (CDCl;, 400MHz) &
1.26-1.29 (m, 8H), 1.50-1.64 (m, 4H), 1.88-2.0 (m, 2H),
2.18 (dd, 1H, J = 4.1, 6.6 Hz), 3.25 (m, 1H), 3.68 (s, 3H);
BCNMR (CDCl;, 100MHz) & 24.7, 28.3, 29.9, 30.12,
30.2, 36.2, 43.42, 48.54, 50.7, 176; ESI-MS 186 (M + H);
HRMS calcd for CjoH;9NO, 185.1416, found 185.1410.
6b: Viscous oil, IR vV 3234, 3326, 1736, 1260cm™';
'THNMR (CDCls, 400 MHz) § 1.24-1.28 (m, 8H), 1.41—
1.56 (m, 4H), 2.18 (dd, 1H, J = 4.5, 6.8 Hz), 3.17 (m, 1H),
3.67 (s, 3H), 406 (d, J =154Hz, 1H), 442 d, J =
15.4Hz, 1H), 6.17 (brs, 1H, NH), 7.23-7.28 (m, 5H);
BCNMR (CDCl;, 100MHz) § 25.2, 25.7, 27.2, 30.1, 30.6,
33.8, 46.5, 51.4, 52.3, 52.8, 127.6, 128.1, 128.7, 130.3,
131.1, 137.2, 176; ESI-MS 276 (M + H); HRMS calcd for
C7H,5NO, 275.1885 found 275.1881.
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Typical procedure for the preparation of silica chloride. To a
well-stirred silica gel (20 g) in CH,Cl, (50 mL) was added
drop wise SOCI, (20 g) at room temperature. Evolution of
copious amounts of HCI and SO, occurred instantaneously.
After stirring for another 1h, the solvent was removed to
dryness under reduced pressure (1torr) to get the silica
chloride (SiO,—Cl).

Published on the web (Advance View) July 29, 2006; doi:10.1246/c1.2006.1004



