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PREPARATION OF B-AMINOESTERS FROM KETENE SILYL ACETALS AND
N-(ALKYLAMINO)BENZOTRIAZOLES
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Abstract: A wide variety of p-aminoesters are prepared in good yields by the reaction of lithium
ester enolates derived from ketene silyl acetals with N-(alkylamino)benzotriazoles. The
secondary B-aminoesters readily cyclize to B-lactams (2-azetidinones) on deprotonation.

B-Aminoacids and their derivatives are an important class of compounds; for example, they are precursors to the
B-lactam moiety found in antibiotics.! Since the interest in B-lactams continues unabated,? refined methods for their
preparation, and those of the B-aminoester precursors, are still of considerable value. Several methods are known for
their preparation of simple B-aminoacids, such as B-alanine, usually involving hydrolysis of a suitable precursor.
Examples include the Arndt-Eistert homologation reaction of N-protected a-aminoacids and the Michael addition of
nitrogen nucleophiles to a,B-unsaturated acids, esters or nitriles.3 A recent report from our group on the synthesis of
B-amino esters involves the Reformatsky reaction of a-bromoesters on N-(dialkylamino)benzotriazoles giving various
tertiary p-aminoesters in good yields.# Other known procedures involve the treatment of N-(1-
methoxyalkyl)carbamates with lithium enolates yielding B-(methoxycarbonylamino)propanoates,5 the hydrolysis of
dihydroxyuracils in alkaline medium® to give B-amino acids, and the reduction of oximes, or N-acety! oximes, of B-keto
esters.” : _

Recently, Ojima et. al. found that ketene silyl acetals add to Schiff bases in the presence of titanium
tetrachloride to yield either secondary B-aminoesters or the cyclized B-lactams depending on the nature of the
substituents on the Schiff base employed.®

In continuation of our investigation® on the reaction of N-(alkylamino)benzotriazoles 1 with silyl enol ethers, we
wish to report herein their reaction with the readily available ketene silyl acetals 2 to furnish f-aminoesters 8 in good
yields. This method is applicable to either secondary or tertiary amino groups and a variety of substituents at the a
and P positions can be introduced. The secondary B-aminoesters 8 readily cyclize to give the highly substituted B-
lactams 4.

The procedure is straightforward; methyl lithium is added to a cold solution of the silyl ketene acetal 2 (derived
from the appropriate ethyl ester) in tetrahydrofuran to generate the lithium enolate in gitu. The N-
(alkylamino)benzotriazole 1 is then added to the solution at -30°C and stirring continued at room temperature
overnight. Simple evaporation of the solvent and removal of the benzotriazole by-product by alkaline extraction gives
the crude product (the benzotriazole can be recovered and reused). Purification of the B-aminoesters 8 can be achieved
by an acid-base workup.

Since the preparation of ketene silyl acetals and N-(alkylamino)benzotriazole 1 are both well established, a
number of variations in the substituents of the starting materials can be made. This method leads to a wide variety of
o and B substituted, secondary and tertiary B-amino-esters in good yields as shown in Table 1.
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Table 1. Preparation and !H NMR Data of the f-Aminoesters 3 and f-Lactams 4.

Product Yield m.p. Molecular !HB:NMR (CDCI3/TMS)
(%) (°C) Formula® §,J (Hz)

8a 70 oil  Cy;H1gNOy  1.10(t, 8H, J=7); 3.3 (dd, 1H, J=6,13); 3.8 (dd, 1H, J=9,13); 3.9 (dd, 1H, J=6,9); 4.05 (q,
2H, J=7); 6.52 (d, 2H, J=T7); 6.63 (t, 1H, J=T); 7.09 (t, 2H, J=T7); 7.8 (m, 5H)

sb 80 ol CygHoNO,  1.2(t, 8H, J=T); 2.2 (s, 3H); 3.4 (dd, 1H, J=6,9.3); 3.85 (dd, 1H, J=8.8,9.3); 3.95 (dd,
1H, J=6,9.3); 4.15 (q, 2H, J=7); 6.5 (d, 2H, J=7); 7.0 (d, 2H, J=7); 7.2-7.5 (m, 5H)

8¢ 78 oil CygHyNOg  1.1(t, 3H, J=7); 2.2-2.6 (m, 4H); 8.1 (m, 1H); 3.4 (m, 1H); 3.6 (t, 4H, J=4); 3.75 (44, 1H,
J=5,10.5); 4.1 (q, 2H, J=7); 7.2 (m, 5H)

sdb 75 8790 CqpyHopgNOg  0.8(t, 3/2H, J=7); 1.2 (t, 8/2H, J=7); 2.1-2.6 (m, 4H); 3.2-3.6 (m, 4H); 8.7 (m, 1H); 4.1
(m, 1H); 4.2 (m, 2H); 6.9-7.5 (m, 5H)

3e° 78 oil  CgHogNO,  0.69(d, SH, J=7); 0.98 (d, SH, J=T7); 1.2 (m, 6H); 1.24 (t, 83H, J=7); 1.64 (m, 1H); 2.42
(m, 4H); 3.2 (m, 1H); 3.9 (m, 1H); 4.1 (m, 2H); 7.2-7.3 (m, 3H); 7.4-7.56 (m, 2H)
0.86 (d, 3H, J=7); 0.98 (d, 3H, J=7); 1.25 (t, 3H, J=T7); 1.45 (m, 6H); 1.82 (m, 1H); 2.65
(m, 2H); 2.82 (m, 2H); 3.2 (m, 1H); 3.9 (m, 1H); 4.1 (m, 2H); 7.2-7.8 (m, 3H); 7.4-7.5 (m,
2H)

sf 70 oil  CysHyNO,  1.15(t, SH, J=T); 1.7 (m, 4H); 2.5 (m, 5H); 3.5 (m, 1H), 3.85 (dd, 1H, J=5,10); 4.1 (m,
2H); 7.25 (m, 5H)

g 72 70-72 CmH”NOS - 1.14 (t, 3H, J=7); 0.9-1.5 (m, 8H); 2.1 (m, 2H); 2.3 (m, 2H); 2.5 (m, 2H); 3.5 (s, 1H);
3.55 (m, 4H); 4.05 (q, 2H,J=T); 7.2 (m, 5H)

8h 78 oil Cy7HggNO,  1.15 (¢, SH, J=7); 1.1-1.6 (m, 8H); 2.1 (m, 2H); 2.15 (s, 3H); 3.1 (s, 2H); 4.05 (q, 2H,
J=T); 6.45 (d, 2H, J=8); 6.9 (d, 2H, J=8)

8i 78 oil  CygHpgNO, 0.8 (t, 3H, J=6); 1.16 (t, SH, J=7); 1.25 (m, 4H); 1.5 (m, 1H); 1.6 (m, 1H); 2.6 (m, 1H);
3.18 (dd, 1H, J=5,13); 3.3 (dd, 1H, J=8.6,13); 4.05 (g, 2H, J=7); 6.5 (m, 2H); 6.65 (m,
1H); 7.1 (m, 2H)

3j 75 ail C,gH,gNO, 0.8 (t, SH, J=7); 1.17 (t, 3H, J=T7); 1.26 (m, 4H); 1.5 (m, 1H); 1.6 (m, 1H); 2.15 (s, 3H);
2.6 (m, 1H); 3.15 (dd, 1H, J=5,13); 3.25 (dd, 1H, J=8.5,13); 4.05 (q, 2H, J=T); 6.45 (d,
2H, J=8); 6.9 (d, 2H, J=8)

4b 78 135-37 CygH;sNO  2.25(s, S8H); 3.57 (dd, 1H, J=3,6); 3.97 (m, 1H); 4.4 (dd, 1H, J=3,6); 7.08 (d, 2H, J=8);
7.25 (m, 7TH)

4h 65 oil CygH1gNO  1.8-1.85 (m, 10H); 2.25 (s, 3H); 8.3 (s, 2H); 7.03 (d, 2H, J=8); 7.17 (d, 2H, J=8)

4i 75 oil C;gH,NO 0.85 (t, 3H, J=7); 1.2-1.9 (m, 6H); 3.25 (m, 2H); 3.65 (m, 1H); 6.9-7.3 (m, 5H)

2 Satisfactory microanalyses were obtained for solids and correct accurate molecular masses were obtained for oils by MS.

b 14 NMR shows overlapping signals of two diasterecisomers.
¢ 1} NMR signals due to two diasterecisomers; signals can be interchanged.

The new products 3a-3i were characterized by elemental analysis and by their 1H (Table 1) and 13C NMR spectra
(Table 2). B-Aminoesters 3d and 3e containing two asymmetric carbon atoms were each obtained as a
diastereoisomeric mixture. IH and 13C NMR analysis clearly showed a diastereoisomeric ratio of about 1:1 for 3e,
whilst for3d an excess of one diastereoisomer was observed.

As representative procedures, the secondary B_-aminoesters 38b, 8h, and 8i were cyclized to the respective -
lactams 4b, 4h and 4i in good yields by treatment with ethylmagnesium bromide in tetrahydrofuran.1° The 1H and
13C NMR of the B-lactams are recorded in Tables 1 and 2.
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Table 2. 13C-NMR Chemical Shifts (5) for B-Amino-Esters 3 and -Lactams 4 (CDClg).
Product NRIR2 RS R4 RS Ca Cf$ C=0 OEt
Sa 117.7, 1279, 129.3, 141.2 - 113.0, 127.6, 128.8, 136.8 50.8 468 1728 14.0,60.9
sb 202, 126.5,127.9,129.7, 144.8 — 1132,127.5,128.7,1362  50.7 47.1 1725 139,609
3c 53.5, 55.1, 66.9, 67.1 - 127.3,127.8,128.4,137.2 496 619 173.0 14.1,605
34 48.1,66.9, 127.0,127.6,128.3,185.5 127.3, 127.9,128.8,132.9 584 709 1718 186,604
49.3,67.3 127.2,127.8,128.7,137.3 1275, 128.1, 129.1,135.2 532 718 1729 143,605
Set 26.8, 24.8, 51.9 192% 20.7% 28.8%  126.8,127.7,129.1,1874 542 714 173.7 189,603
272, 25.0, 52.1 200%,21.2% 319 12711282, 129.4,1386 542 7.9 1737 14.2,60.4
st 28.5, 54.1 _— 127.3,127.8,128.6,1877 515 542 1733 14.0,59.6
3g 52.6,67.4 127.3, 127.6, 130.8, 135.8 23.4,23.6,25.5,31.4,340 532 788 1768 14.1,60.1
Sh  20.3,112.9,126.3, 129.6, 146.1 - 23.0,26.0, 32.3 478 529 1757 14.1,60.1
8i 112.8, 1174, 129.1, 147.8 - 13.8, 22.5, 29.3, 29.7 452 456 1751 14.2,60.4
8§  20.3,113.0,126.7, 129.1, 147.8 - 139, 22.6, 20.4, 29.7 452 456 1751 14.2,60.4
4b  209,116.8,128.9, 183.6, 135.8 - 1274,127.6,129.6,1854 467 585 1650 -
4h 20.8, 116, 129, 133, 136 — 282, 26.1, 81.1 5186 551 1708 —
4 116.1,128.6, 129, 188.6 - 13.9, 22.5, 28.6, 20.2 445 490 16738 -

SMixture of dissterecisomers, assignments were based on the relative intensities of the peaks.

¥ Assignments can be in



Experimental

Melting points were determined on a hot stage apparatus and are uncorrected. 'H and 13C NMR spectra were
recorded on a Varian VXR 300MHz spectrometer. CDCl; was used as the solvent and TMS as the internal standard.
(abbreviations used: s=singlet; d=doublet; t=triplet; q=quartet; m=multiplet and dd= doublet of doublets).
Tetrahydrofuran and diethyl ether were predried and distilled from sodium.

The benzotriazole derivatives 1a, and 1¢-1f were prepared as reported previously.11,12 Novel benzotriazole
derivative 1b was prepared in 85% yield by refluxing equimolar amounts of hydroxymethylbenzotriazole and p-
toluidine in benzene in a Dean-Stark apparatus for 4hrs : m.p. 130-134°C (CgHg:EtOH). H NMR (DMSO-dg): 2.12 (s,
3H, CHy); 6.15 (d, 2H, -CH,- , J=THz); 6.74-6.94 (4, 4H, Ar, J = 8.5 Hz); 7.1 - 7.2(t, 1H, NH, J= THz); 7.36 - 7.4 (t, Ar,
1H,J = 8 Hz); 7.5 - 7.6 (t, 1H, Ar, J = 7.5 Hz); 8.0 - 8.15 (m, 2H, Ar). The ketene silyl acetals of ethy! phenylacetate,
ethyl caproate and ethyl cyclohexanecarboxylate were prepared by the known procedures, 18,14

B-Aminoesters 3 : A General Procedure:

The silyl ketene acetal 2 (450mg, 1.9 mmol) was dissolved in tetrahydrofuran (20ml) and methy] lithium (1.35
ml, 1.9 mmol) was slowly added with stirring at -30°C. After stirring for 90 min at room temperature, the solution was
recooled to -30°C and the N-(alkylamino)benzotriazole 1 (1.5 mmol) dissolved in tetrahydrofuran (156ml) was added.
After the addition the solution was allowed to warm to room temperature and left stirring overnight. The solvent was
removed and the residue dissolved in ether and washed with dilute sodium hydroxide solution to remove the by-
product benzotriazole. The ether was evaporated and the crude product taken in the minimum amount of ether and
extracted with dilute hydrochloric acid. After neutralization with dilute sodium hydroxide solution, the precipitate
formed was extracted with ether and evaporation (except in the case of 8d in which case the precipitate was filtered
off) gave the pure B-amino ester. The yields and properties are given in Table 1.

The secondary B-amino esters 8b, 3h and 3i were cyclized to the B-lactams 4b, 4h and 41 by treatment with
ethylmagnesium bromide in THF at 0°C, as described by Shono.1® The yields and properties are given in Table 1.
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