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SUMMARY: The reaction of 4—iodomethylazetidin-2-one (2) with the t-butyl ester of propiolic
acid (4) in the presence both of equimolar amounts of copper(I) and oxygen results unexpected-
ly in the formation of the B-lactam ynamide 5. Its structure was suggested by spectroscopic

data and confirmed by single-crystal X-ray analystis.

In a program aimed at developing new methods to build up bicyclic 8-
lactam systems, we were looking for a novel and more suitable route to the
known acetylenic esters of type 1.1 An attractive way to these compounds ap-
peared to be the displacement of the iodine of 4-iodomethylazetidin-2-one (2),
which can easily be obtained from allyl iodide and chlorosulphonyl isocianate,
with the proper alkynyl substituent. The iodine of type 2 derivatives is

reactive and can be substituted under appropriate conditions.z’3

CHC=C-CO,-t-Bu CH,J Cull)C=C-CO,-t-Bu
_r 3
Ny 7N, HC=C-CO,-¢t-Bu
1 2 4

o

In this connection we were attempting to make compound 2 react with the

copper (I)~-acetylenide (3)4 of the t-butyl ester of propiolic acid (4). When a
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solution of 2 in hexamethylphosphoramide (HMPA) was treated with the copper (I)-
acetylenide (3) at room temperature for 40 minutes, a crude product was obtained,
which by flash chromatography afforded a 10% yield of a solid compound 5§, m.p.
78-80° C (CHCl3—hexane). No trace of the desired product of type 1 was found.
Compound 5 was also obtained when the reaction of 2 in HMPA was carried out
with the propiolic ester 4, followed by an equimolar addition of CuCl. The
yields of 5 were improved by up to 40% both when the reactions were carried out
at a lower temperature (0° C), and when oxygen was bubbled into the reaction
mixture. The nature of the solvent was found not to be essential; compound 5
was also obtained when the reactions were carried out in dimethylformamide
(DMF) or MeCN. The use of less than equimolar amounts of Cu(I) derivatives
reduced the yields of § proportionally. However when the reactions were per-
formed either without Cu(I) derivatives or under nitrogen, no trace of § was
found. Attempts to make azetidin-2-ones different from 2 (i.e. 4-acetoxy-,
4-phenylsulphonyl-, and 4-allyl-azetidin-2-one) react with the propiolic ester
4, under the conditions used to obtain & from 2, did not afford any trace of

ynamides of type 5.

H,l CH,|

= (:ll(:l;()z
+ HC=C-CO,-t- > I
(,/ \*i 2 Bu S()IV“Bflt 'f-JEE;:Q
2 4 C,
5 COZ- t" Bu

Elemental analysis, IR data,5 and 1H—6 and 13C—NMR7

gested for 5 the structure shown. However, because of the unusual type of
structure hypothesized for 5, we thought it worth while to confirm it un-

equivocally by X-ray crystallographic analysis of a single crystal of 5.8 A
12

spectra sug-

projection of the molecule along the (010) axis is shown in Figure.
Ynamines are a well-known class of organic compounds.”’18 On the
contrary ynamides, which may be considered to be somewhat structurally related
to ynamines, to the best of our knowledge have not been reported so far. Among
17,18 one implies the reaction of terminal alkynes

the syntheses of ynamines,
18 .
This

with secondary amines in the presence of copper (II} acetate and oxygen.
synthesis could appear to be analogous to the reaction under investigation
leading to 5. It may be pointed out, however, that the synthesis which gives
ynamines can be accomplished using just catalytic amounts of copper (II) salt,
and yields are improved when the reactions are carried out in the presence of
a reducing agent (e.g. hydrazine). On the contrary, our reaction needed

stoichiometric amounts of copper (I) derivatives. The use of less than equimolar
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amounts of Cu(I) derivatives, also in the presence of a reducing agent such as
hydrazine, reduces the yield of § proportionally. The formation of 5§ does not

occur at all when copper (II) salts (either acetate or chloride) are used.

H41

H3

H22

H103

H101

€8 H113

01

02 Ha3 H112

The formation of the ynamide 5§ is somewhat surprising. Undoubtedly the
reaction of the 4-iodomethylazetidin-2-one (2) with CuCl and the propiolic
ester (4) which affords 5 can not be ascribed to any kind of simple substitu-
tion. It can be formally considered as an oxidation reaction. However this
reaction is difficult to visualize., It is worth pointing out however that the
presence either of a free-radical inhibitor (hydroquinone) other than oxygen
or a free-radical source {(azobisisobutyronitrile) in the reaction mixtures does

not affect in any way the reaction of 2 and 4 which gives 5.
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