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Abstract

Ring-closure of 1,3-azadienes to P-lactam rings is efficiently and

conditions in an open-vessel microwave svstem. The svnthesis of
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During recent years numerous studies have been reported on the venerable Staudinger
reaction [1] for the preparation of azetidinones which are valuable building blocks in the
construction of synthetlc B-lactam antibiotics [2] . Recently Bose reported the utilisation of a

ierawave_techniane (the MORE tachniaa) far tha nradiiation of ciich deriva tioag r2 A1
microwave-technique (the MORE technique) for the production of such derivatives [3,4]
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microwave-assisted organic reactions and the number of articles continues to grow quickly
[6-8] . The main advantages of microwave-assisted organic synthesis are shorter reaction
times, minimum waste and generally higher yields. A particularly attractive feature of the
microwave technique is the possibility of carrying out reactions in the absence of solvent
since "The day may be coming when drastic restrictions on solvent pollution will require the
adoption of no-solvent reactions" [6] . Following our recent work on the synthesis of
azetidin-2-ones through a two-step Staudinger reaction, we began a systematic study to
address the use of microwave techniques in the synthesis of B-lactam rings from 1,3-azadienes

in the absence of solvents. We wish to report here our preliminary resuits on a practical and
simple tcchmque using a normal domestic microwave oven, without alteration, as a safe and
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equipment. Furthermore, there is no need for sealed vessels, reflux condensers, stirrers o

an inert-gas atmosphere. The key to our solvent free organic reactions is the proper choice
of irradiation time and control of the energy input from the microwave oven into the reaction
mixture. In this way, the reaction temperature is kept below a critical value which may be
respon51ble for the decomposition of the starting azadiene and/or the target compound. Since
it is not easy to predict this value, which depends on the nature of the substrate and the
quantity of starting material, a set of experiments were performed to find out the best
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conaitions for oo uumug nign cyciization yieild. 1ne starting azadiene was generated irom a
silylimine, which was in turn prepared from an aldehyde and an acyl chloride [9-11]. In
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zetidinones, we have prepared the N-
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required N-tert—butvldlmethvlsﬂvl imine 4 was
butyldlmcthyl)trlmethylsﬂyl amide 3 and an aldehyde 2 according to the reported procedures
(Scheme 1) [12,13].

Scheme 1
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Azadienes 6 thus prepared are reasonably stable and were used as such or purified by flash
chromatography on a short silica gel-column depending on the purity of the crude reaction
mixture as evaluated by 'H NMR (Yields of isolated azadienes are reported in square brackets
in Table 1). Azadienes derived from rerz-butyldimethylsilylimines may be stored at -18°C
without appreciable decomposition® [14]. Irradiation of azadiene 6 in an open-vessel
microwave system, for the amount of time and with the energy reported in Table 1, gave the
azetidinones 1 in satisfactory to good yields. The reaction has been scaled-up to 100 mmol
scale without appreciable variations in the yields and diastereomeric ratio. It must be pomted
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Procedure f the syn heSls of azetidinone 6a on 1 00 mmol scale.

To a solution of N,N-(tert-butyldimethylsilyl)trimethylsilylamine (20.2 g, 100 mmol) in
heptane (80 ml) was added butyllithium (100 mmaol, 40 ml of a 2.5 M solution in hexane) at
0°C; O-triisopropylsilyllactaldehyde 2a (23.0 g, 100 mmol) in heptane (20 ml) was added
after 30 min., to the lithium N,N-(terr-butyldimethylsilyl)trimethylsilylamide 3 at -10°C.
The reaction mixture was stirred for 30 min. and TMSCI (13 ml, 100 mmol) was added in
one portion at 0°C. Stirring was continued at r.t. for lh. after which time the reaction
mixture was cooled to 0°C and TEA (27.8 ml, 200 mmol) was added. The phthaloylglycyl
chioride 5a (22.3 g, 100 mmol) in toluene (80 mi) was added dropwise. Stirring was
maintained for 1.5 h. during which time a large amount of precipitate appeared The

et ead - £ilenrad b Aintmmaanamiie an b and tho anlerant moimcrard .
plCLlplt te was Iiterea tui’(‘)ugu diatomaceous earth and the solvent removed in vacuo. The
crude azadiene 6a [15] thus obtained was purified by flash-chromatography on a short silica

gel column eluting with hexane-ethyl acetate 80/20 (45 g, 85% yield).
Solvent Free Microwave Organic Reaction.

The azadiene, prepared accordmg the procedure reported above, was placed in an
Erlenmeyer flask and irradiated for 3min$ at 650 W to give the azetidinone 1a (32.4 g, 72%).

&: In contrast azadienes prepared from trimethylsilylimines gave rlse on standing, to the corresponding
azetidinone.
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a: The reactions were performed, except for entry 1, on a 2 mmol scale.
b: A certain amount (5-10%) of the unprotected N-azetidinone may be present in the crude mixture.
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d: Yields of pure isolated products. All the products gave satisfactory IR, 'TH NMR, % NMR and MS analysis.
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Table 1 reports the results obtained in the synthesis of azetidinones from azadienes using
ol s emsmnnrdiiea Aaorel had alemeia Daotelinag D QO strnma oo ad e n grxrm snsmam] omala sxslel
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irradiation for 20min.

From norted in Tahle 1 it 1e evident that thic mathad of cvclizatinn haced an

A\FEkA WA A Wi WA T ll\ll Sl ARl A MU AW i ALV ALY W YV ANSWILL LILAGAL LI LIAWLARGW/WE IR vjvml-lull, L&AV NE AR
--.ic-gwav--aﬂ isted Qolvc- t-free organic reactions, is very e.fﬁcient. Yields are at least

condmons are excepnonally mild. The procedure avoids solvents and reactions are complete
in a very short time under safe conditions. Finally the possibility of isolating the final product
as its N-TBDMS derivative confers to our system an extra advantage. Extension of this work
to more challenging cases is currently in progress in our laboratories.
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