
Tetrahedron Letters 48 (2007) 7942–7945
Synthesis of 4-allenyl and 4-proparyl-2-azetidinone via
Zn-mediated Barbier-type reaction and Pt-catalyzed
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Abstract—4-Propargyl-2-azetidinone and 4-allenyl-2-azetidinone derivatives can be facilely obtained from 4-acetoxy-2-azetidinone
and propargyl bromides via zinc-mediated Barbier-type reaction. A new method has been developed to construct the carbapenem
bicyclic nucleus by cyclization of 4-propargyl-2-azetidinone and 4-allenyl-2-azetidinone derivatives catalyzed by PtCl2.
� 2007 Elsevier Ltd. All rights reserved.
Since the discovery of thienamycin and related carbape-
nem antibiotics,1 carbon–carbon bond formation at C4-
position of 2-azetidione has attracted much attention in
the field of organic synthesis.2 In addition, the use of 2-
azetidione as a chiral building block in organic synthesis
is well documented.3 Among the various C4-position
functionlized products of 2-azetidione, the allenyl and
propargyl derivatives are particularly attractive due to
their high reactivity and the three-carbon unit for the
elaboration to carbapenem framework.4 They have been
prepared by the addition of propargyl or allenyl organo-
metallic reagents of magnesium,5 silicon,6 tin,7 and zinc8

to 4-acetoxy-2-azetidinone or 4-sulfonyl-2-azetidinone
derivatives, assuming imine equivalents.9 The other
methods involve nucleophilic addition of alkynylmetal
reagents to the aldehyde, ketone, or Weinreb amide.
Nevertheless, the rigorous conditions for most of the
organometallic reagents limit their utilities.

Very recently, Lee and co-workers10 discovered the
selective introduction of allenyl and propargyl groups
at the C4-position of 2-azetidinones with propargyl bro-
mide via indium-mediated reaction. Although this meth-
odology is advantageous in yield, it suffers many
limitations such as moderate selectivity of synthesizing
versatile terminal alkyne product, a lot of colloid in
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the work-up procedure, and the availability of indium.
The development of cheap organometallic reagents
and practical methods with discrepant selectivities is still
highly desirable. Herein, we report a general strategy
utilizing Zinc-mediated Barbier-type reaction of propar-
gyl bromides with 4-acetoxy-2-azetidinone, to afford
4-allenyl-2-azetidinone and 4-propargyl-2-azetidinone
derivatives in good to excellent yield. The applications
in the synthesis of carbapenem skeletons are discussed.

The experiments were carried out in THF with
[3R(1 0R,4R)]-(+)-4-acetoxy-3-[1 0-(t-butyldimethylsilyl-
oxy)ethyl]-2-azetidin-one (1) and three equivalents of
3-bromoprop-1-yne (2a), in the presence of zinc powder.
Initially, no reaction occurred at room temperature.
When the temperature was elevated to 40 �C, the reac-
tion was completed in 1.5 h, affording 4-propargyl-2-
azetidinone (3a) in 65% yield. A high yield (81%) of 3a
was achieved at refluxing temperature;11 however, a
trace amount of the allenyl isomer 4a was also formed
(Fig. 1).6a

To our surprise, 4-allenyl-2-azetidinone (4b)6a was
obtained exclusively in 83% yield when 1 reacted with
1-bromobut-2-yne (2b) under optimized conditions.
Thus, we further investigated the methodology with a
series of propargyl bromides to demonstrate the scope
and utility of this type of reaction. For the alkyl propar-
gyl bromides with less bulky substituents at c-position
(Table 1, entries 3, 4 and 5), 4 was obtained in good
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Figure 1. Introduction of propargyl group to the C4-position of 2-azetidinone.

Table 1. Reactions of 1 with propargyl bromides via zinc-mediated reaction
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Entry R1 R2 Time (min) Yielda (%) 3:4b

1 H (a) H 10 81 97:3
2 Me (b) H 30 83 0:100
3 n-Bu (c) H 30 90 9:91
4 PhCH2CH2 (d) H 30 92 5:95
5 CpCH2 (e) H 30 89 0:100
6 Cyclopropyl (f) H 30 80 58:42c

7 t-Bu (g) H 30 92 50:50
8 Ph (h) H 25 82 33:67
9 EtO2C (i) H 30 92 100:0d

10 BnOCH2 (j) H 30 81 61:39
11 AcOCH2 (k) H 30 70 67:33
12 Ph (l) Me 20 97 100:0e

13 BnOCH2 (m) Me 10 89 100:0f

14 EtO2C (n) Me 10 100 100:0d,g

a Isolated yield.
b Separated by column chromatography, d.r. were determined by 1H NMR.
c Some unseparated compounds was included in 3f.
d 45 �C.
e d.r. (1a:1b) = 3:2.
f d.r. (1a:1b) = 2:1.
g d.r. (1a:1b) = 4:1.

Table 2. PtCl2 catalyzed cyclization of 4-allenyl-2-azetidinone deriv-
atives
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Entry R1 Temp (�C) Time (h) Yielda (%)

1 H (a) 40 25 69
2 Me (b) 40 24 89
3 n-Bu (c) 40 24 76
4 PhCH2CH2 (d) 40 48 74
5 CpCH2 (e) 40 48 68
6 Cyclopropyl (f) 40 30 74
7 t-Bu (g) 40 48 78
8 Ph (h) 60 24 60
9 EtO2C (i) 60 24 15 (64)

10 BnOCH2 (j) 60 32 24 (49)
11 AcOCH2 (k) 60 32 15 (57)

a Isolated yield; recovered starting materials in the bracket.
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yield with high selectivity. Otherwise, the 4-propargyl-2-
azetidinone products increased significantly for propar-
gyl bromide, bearing cyclopropyl, t-butyl or phenyl10

groups at the c-position (Table 1, entries 6, 7 and 8).
The results implied that the steric hindrance might play
an important role in achieving selectivity for this reac-
tion. Likewise, the hetero atom (oxygen) at d-position
on the propargyl bromide had an adverse effect on the
selectivity, 3j and 3k were obtained as the major prod-
ucts (Table 1, entries 10 and 11). 4-Propiolic ester deriv-
ative, having been converted to carbapenem,12 was also
successfully synthesized from the corresponding propar-
gyl bromide in 92% yield (Table 1, entry 9), in contrast
to the formation of allenyl product exclusively in 85%
yield in an indium-mediated reaction.10 For 3-bromo-
but-1-yne derivatives, all the screened substrates (with
phenyl,10 BOM or ester substituted) gave the 4-propar-
gyl-2-azetidinones in excellent yields and 1a-methyl iso-
mers were the primary products (Table 1, entries 12, 13
and 14).13

There are several notable reports on the construction of
carbapenam skeletons with palladium,4 silver6 or gold10

catalyzed intramolecular C–N bond forming reaction
between amide N–H and allene. We found that
treatment of 4-(1 0-substituted allenyl)-2-azetidinone
derivatives with 5 mol % PtCl2 produced the corre-
sponding bicyclic b-lactams in good yields.14 Exposure
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Figure 2. Cyclization of 4-propargyl-2-azetidinone derivatives pro-
moted by PtCl2.
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of 4-allenyl-2-azetidinone 4a to 5 mol% PtCl2 in toluene
produced the bicyclic b-lactam product 5a in 69% yield
(Table 2, entry 1), while 4-(1 0-methylallenyl)-2-azetidi-
none 4b gave the desired product 5b in 89% yield (Table
2, entry 2).6a When the reaction was carried out with
other azetidinones, the allene part bearing alkyl or aryl
group10 gave good yields of cyclization products (Table
2, entries 3–8). However, the 2-azetidinones allene with
CO2Et, BnOCH2, and AcOCH2 substituents gave poor
yields and most of the starting materials were recovered
(entries 9–11).

When 4-propargyl-2-azetidinone (3a) was treated with
5 mol% of PtCl2 at 80 �C, the cyclization product 6a
with the unsaturated bond shifted to C1–C2 position
was obtained in 13% yield (Fig. 2). The phenyl analog
3h gave 6h in slightly better yield under the same condi-
tion. Substrate 3i also gave 6i in 9% yield, which was
close to the carbapenem. Unfortunately, screening vari-
ous platinum compounds and additives did not improve
the yield.

In summary, a convenient synthetic method for 4-alle-
nyl-2-azetidinone and 4-propargyl-2-azetidinone deriva-
tives has been established via Zn-mediated reactions. We
have also demonstrated that PtCl2 catalyzes intramole-
cular amidation of those products to afford carbapenem
skeletons.
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