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Antibiotics of the carbapenem series (Meropenem, Ertapenem, 
Biapenem, Orapenem, Tebipenem, etc.) belong to much-in-demand 
antimicrobial agents.1,2 Properly functionalized key azetidinone 
blocks, such as compounds 1 and 2, are widely used in the 
synthesis of carbapenem antibiotics.3 

Within the approaches to carbapenems that we are developing, 
we planned to obtain similar new azetidinones 3–5 from l-threonine 
using a version of intramolecular ‘epoxide-enolate’ cyclization.4 
Threonine contains 3R-chiral center with b-oriented hydroxy group 

whose stereochemistry matches that of the side hydroxyethyl 
moieties in azetidinones 1 and 2 (cf. ref. 5).

The syntheses of compounds 3–5, we reasoned, can be started 
from bromo hydroxy acid 66 (Scheme 1). It was first converted 
into amide 7 and then into epoxide 8. Attempts to N-alkylate 
epoxy amide 10 with active bromides 97 or 108 were unsuccessful. 
At the same time, the reaction of bromo hydroxy amide 7 with 
compound 9 smoothly occurred under phase transfer conditions 
to afford product 11. Its 1H NMR spectrum contained a double 
1 : 1 set of rotamer signals (cf. ref. 9).

At the next stage, a-keto ester 12, a precursor for intra
molecular cyclization, was obtained by ozonolytic cleavage of the 
double bond in compound 11 (Scheme 2). The intramolecular 
cyclization of compound 12 was carried out in THF at –30 °C by 
treatment with 1.5 equiv. LiHMDS to afford azetidinone 3 whose 
subsequent Baeyer–Villiger oxidation gave the target derivative 4. 
The 1H NMR spectrum of 3 demonstrates characteristic coupling 
constants of H(2) and H(3) of the azetidinone ring whose small 
values of 2.2 Hz indicate trans-orientation of the substituents.9

The approaches to compound 5 included an attempt to generate 
a carbaninon from 11 by treatment with bases (LDA, NaHMDS 
or LiHMDS). However, in all cases epoxy amide 8 was obtained 
as the fragmentation product (Scheme 3) in 49–60% yields. Note 
that a similar ‘deallylation’ of molecule 11 to give 8 was observed 
upon Ru-catalyzed oxidation (RuCl3–K2OsO4–NaIO4).
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(2R,3R)-N-(3-Methoxy-2,3-dioxopropyl)-N-(4-methoxy
phenyl)-2,3-epoxybutanamide on treatment with strong bases 
(LDA, LHMDS) gives 3-[(1R)-1-hydroxyethyl]azetidin-2-one 
derivative, while the N-(3-methoxy-2-methylidene-3-oxo
propyl) analogue undergoes fragmentation.
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Scheme  1  Reagents and conditions: i, 4-MeOC6H4NH2, DMAP, DCC, 
CH2Cl2, 0 °C; ii, 50% NaOH, Bu4NI (cat.), CH2Cl2, ~20 °C.
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Scheme  2  Reagents and conditions: i, O3, CH2Cl2, –78 °C, then Me2S; 
ii, LiHMDS, THF, –40 to –10 °C; iii, mCPBA, CH2Cl2.
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A tentative mechanism of this fragmentation (see Scheme 3) 
involves a ‘conjugate addition–b-elimination’ passing through a 
low-temperature metallation with generation of Li(Na)-deriva
tive A. Though allylamine 13, the second product, was not isolated, 
TLC monitoring of the reaction mixture revealed formation of 
some new product along with traces of 5 (presumably, non-
protonated 13), which is lost during column chromatography on 
SiO2. As one can see, the carbaninon centre a-positioned to the 
N atom in 11 necessary to drive reaction towards 5 is not formed. 
This fragmentation can be formally considered as removal of the 
allyl-containing group by the N-deallylation protocol. In litera
ture, Pd-catalyzed N-deallylation of imides10 and amines,11 Ru-
catalyzed isomerizations of N-allylamides followed by oxidation,12 
use of 2-arylallyl moieties at an N atom as readily removable 
protective groups13 were reported.

In summary, we have developed a synthesis of novel azetidinone 
blocks 3 and 4 and indicated an unexpected deallylation of com
pound 11 proceeding under the action of strong bases (NaHMDS) 
or oxidizing systems. The 11 ® 8 transformation can be regarded 
as  a demonstration that N-‘methyleneacrylated’ amines can be 
selectively deprotected by treatment with LDA or similar bases 
at low temperatures. 

This study was supported by the Russian Science Foundation 
(project no. 15-13-00039).

Online Supplementary Materials
Supplementary data associated with this article (synthetic 

procedures and characteristics of products) can be found in the 
online version at doi: 10.1016/j.mencom.2018.03.005.

References
  1	 G. G. Zhanel, R. Wiebe, L. Dilay, K. Thomson, E. Rubinstein, D. J. Hoban, 

A. M. Noreddin and J. A. Karlowsky, Drugs, 2007, 67, 1027.
  2	 R. J. Worthington and C. Melander, J. Org. Chem., 2013, 78, 4207.
  3	 (a) A. H. Berks, Tetrahedron, 1996, 52, 331; (b) T. Nagahara and 

T. Kametani, Heterocycles, 1987, 25, 729; (c) G. Cainelli, P. Galletti 
and D. Giacomini, Tetrahedron Lett., 1998, 39, 7779.

  4	 M. Shiozaki, N. Ishida, T. Hiraoka and H. Yanagisawa, Tetrahedron Lett., 
1981, 22, 5205.

  5	 (a) M. Kugelman, D. Gala, R. S. Jaret, P. L. Nyce and A. T. McPhail, 
Synlett, 1990, 431; (b) C. S. Niu and M. J. Miller, Tetrahedron Lett., 1995, 
36, 497; (c) A. K. Bose, M. S. Manhas, J. M. van der Veen, S. S. Bari, 
D. R. Wagle, V. R. Hegde and L. Krishnan, Tetrahedron Lett., 1985, 26, 
33; (d) S. Hanessian, A. Bedeschi, C. Battistini and N. Mongelli, J. Am. 
Chem. Soc., 1985, 107, 1438; (e) M. Shiozaki, N. Ishida, H. Maruyama 
and T. Hiraoka, Tetrahedron, 1983, 39, 2399; (f) M. Shiozaki, N. Ishida, 
T. Hiraoka and H. Maruyama, Tetrahedron, 1984, 40, 1795; (g) H. Maruyama, 
M. Shiozaki and T. Hiraoka, Bull. Chem. Soc. Jpn., 1985, 58, 3264.

  6	 Y. Shimohigashi, M. Waki and N. Izumiya, Bull. Chem. Soc. Jpn., 1979, 
52, 949.

  7	 A. B. Baylis and M. E. D. Hillman, German Patent 2155113, 1972 
(Chem. Abstr., 1973, 77, 34174q).

  8	 P. F. Kruse, Jr., N. Geurkink and K. L. Grist, J. Am. Chem. Soc., 1954, 
76, 5796.

  9	 M. Laurent, M. Cérésiat and J. Marchand-Brynaert, Eur. J. Org. Chem., 
2006, 3756.

10	 T. Koch and M. Hesse, Synthesis, 1992, 931.
11	 S. G. Davies, R. Huckvale, G. A. Lee, T. J. A. Lorkin, P. M. Roberts and 

J. E. Thomson, Tetrahedron, 2012, 68, 3263.
12	 K. Kajihara, M. Arisawa and S. Shuto, J. Org. Chem., 2008, 73, 9494.
13	 J. Barluenga, F. J. Fañanás, R. Sanz, C. Marcos and J. M. Ignacio, Chem. 

Commun., 2005, 68, 3263.

Received: 2nd June 2017; Com. 17/5266

Na+

N(SiMe3)2

CO2Me

11
–40 °C to room

temperature

+

 NaHMDS, THF

13

O
Me

NO

Ar CO2Me

N(SiMe3)2

A

O
Me

NHArO
8

Scheme  3


