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A Facile Conversion of the Phenylthio Group to Acetoxy by Copper Reagents for a
Practical Synthesis of 4-Acetoxyazetidin-2-one Derivatives from (R)-Butane-1,3-diol

Takashi Nakatsuka, Hiromitsu lwata, Rie Tanaka, Seiichi Imajo and Masaji Ishiguro*
Suntory Institute for Biomedical Research, Shimamoto, Osaka 618 Japan

(3S,4R,1' R)-4-Acetoxy-3-(1'-tert-butyldimethylsilyloxyethyl)-azetidin-2-one 8, an important intermediate for the
synthesis of penem and carbapenem antibiotics, was synthesized from (R)-butane-1,3-diol 1, using chlorosulphonyl
isocyanate for the formation of -lactam ring in which a significant solvent effect on the ratio of diastereoisomers 6a
and 6b was observed; copper(i) acetate rather than the poisonous mercury(i) acetate was used to convert the

phenylthio group of compound 6a to acetoxy.

In view of the focus on penems and carbapenems as a new
generation of potent antibiotics,! (35,4R,1’'R)-4-acetoxy-3-
(1'-tert-butyldimethylsilyloxyethyl)azetidin-2-one 8 or its
equivalents have become key intermediates for the synthesis
of these (-lactams. Although there are many methods for
synthesizing such intermediates using optically active natural
sources such as L-threonine,? L-aspartic acid,? 6-aminopenicil-
lanic acid,* (S)-ethyl lactate5 and (R)-methyl 3-hydroxy-
butyrate, %9 simple and practical methods are still required.
(35,4R,1’'R)-4-Phenylthio-3-(1'-tert-butyldimethylsilyloxy-
ethyl)azetidin-2-one 6a is readily accessible starting from
several optically active materials such as (R)-methyl
3-hydroxybutyrate,!0 6-aminopenicillanic acid!! or (R)-4-
phenylthioazetidine-2-one.12 However, the conversion of the
rather inactive phenylthio group to nucleophilic substitutions
at C-4 via the active acetoxy substituent requires the use of the
poisonous mercury(il) acetate!! and an alternative oxidative
conversion gives the phenylsulphonyl group which is less
reactive than acetoxy towards nucleophiles.!1 Here we report
a simple method for this conversion using a copper reagent,
together with a practical route for production of 4-acetoxy-
azetidinone 8 starting from (R)-butane-1,3-diol, which is now
available in large quantity by microbial transformation. We

also describe significant solvent effects which govern the
chemo- and stereo-selectivity of the chlorosulphonyl iso-
cyanate coupling reaction with E- and Z-vinyl sulphides 5a and
5b, which will be essential for a further optimization of this
reaction.

4-Phenylthioazetidinone was synthesized from (R)-butane-
1,3-diol 1 in 6 steps. Conversion of (R)-butane-1,3-diol 1 to
the mono-p-toluenesulphonate 2 by reaction with toluene-p-
sulphonyl chloride in 2,6-lutidine followed by treatment of the
p-toluenesulphonate 2 with sodium benzenethiolate, followed
by protection of the hydroxy group of 3 by the tert-butyl-
dimethylsilyl group gave 4 in about 90% yield. This protected
phenyl sulphide 4 was then converted to a 2.5 : 1 mixture of E-
and Z-vinyl sulphides 5a and 5b in 85% yield by a two-step
procedure: chlorination with N-chlorosuccinimide and subse-
quent dchydrochlorination using lithium carbonate in
dimethylformamide at 80 °C. Since the E- and Z-vinyl
sulphides afford 6a as the major product in diisopropyl ether
as shown in Table 1, this mixture was treated in this solvent at
25 °C with chlorosulphonyl isocyanate (1.1 equiv.) to give a
2:1 mixture of phenylthioazetidinones 6a and 6b after
removal of the N-chlorosulphonyl group of the adduct by
treatment with thioacetic S-acid and then pyridine in ethyl
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acetate. A reaction temperature lower than 25 °C for this
coupling reaction decreased the yield without any appreciable
improvement of stereoselectivity. This crude mixture was
cleanly separated by washing with n-hexane in only one
operation to give crystalline 6a which was thus obtained in
40% yield from the vinyl sulphides Sa and 5b.

The solvolytic conversion of the phenylthio group of 6a to
acetoxy is facilitated by mercury(11) acetate as a consequence
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Fig. 1 Major conformers for E-vinyl sulphide I and Z-vinyl sulphide II
obtained by a conformational search using MM2 energy calculations.
Thick arrows indicate the direction of the attack of the reagent
whereas dotted arrows indicate the direction of coordination of the
oxygen lone pair.

Table 1 Solvent effect on ratio (6a/6b) and yield of B-lactams 6a and 6b

E-Isomer Z-Isomer
Solvent 6a/6b Yield (% )« 6a/6b Yield (%)@
CH,Cl, 2.46 17 0.33 46
CHCl; — 0 0.69 38
Et,O 2.17 61 1.00 65
Pri,O 2.55 65 1.27 46
Hexane 4.33 39 2.06 35
Toluene 2.74 37 1.00 53

@ Isolated yield of 6a and 6b after removal of chlorosulphonyl group.

of its high affinity towards sulphur. Since the affinity of copper
reagents for sulphur is also well documented, for example, in
the hydrolysis of a thioketal to a keto group using a
combination of copper(11) oxide and copper(u) chloride at
high temperatures,!> copper reagents were expected to
accelerate the conversion of 6a to 8. Thus, copper(11) acetate
or its hydrate (0.5 equiv.) was found to facilitate the
conversion in acetic acid at 100 °C for 45 min to afford
4-acetoxyazetidinone 8 in almost quantitative yield. A cata-
lytic amount of trifluoroacetic acid enhanced this reaction and
lowered the reaction temperature (80 °C). Copper-(1) or -(11)
oxide were also effective for this solvolytic conversion while
copper(1) iodide or copper(u1) chloride did not give the desired
product under the same conditions. 4-Methylthioazetidinone
6a (X = SMe) was also converted to compound 8 in 64% yield
while the penam derivative 9 was unreactive under these
conditions. This suggests an important role of the hydrogen
atom at N-1 for this reaction.

Although a high stereoselectivity” has been observed in the
reaction of E-vinyl silyl ether 5¢ at low temperature (—50 °C)
to give 6¢, the chemoselectivity and stereoselectivity of the
electrophilic addition of chlorosulphonyl isocyanate to acyclic
allylic alcohol isomers such as 5a and 5b have not been widely
investigated in spite of the extensive studies of reactions of
chlorosulphonyl isocyanate with various alkene groups.14-17
The E- and Z-isomers 5a or Sb could be easily separated by
silica gel column chromatography and were treated at 25 °C
with chlorosulphonyl isocyanate in the various solvents
indicated in Table 1.

The failure to form the 3,4-cis-product from the Z-isomer 5b
indicated a stepwise f§-lactam ring formation in this coupling
reaction (Scheme 2, path a). Reaction of chlorosulphonyl
isocyanate with the E-isomer in chloroform gave the N-silyl-
ated carbamate derivative 7 in high yield. This provided direct
evidence for the interaction of chlorosulphonyl isocyanate
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with the allylic oxygen in halogenated solvents (Scheme 2,
path b). This chemoselectivity in halogenated solvents for the
E-isomer can be accounted for in terms of the participation of
the oxygen lone pair of the predominant conformer la
(>99% ). On the other hand, a significant proportion (20% ) of
the conformer II for the Z-isomer in addition to the conformer
1b may contribute to the different chemo- and stereo-selectiv-
ity (Fig. 1). The preference of 6a for the E-isomer 5a can be
interpreted by means of the staggered conformation model in
transition states proposed by Houk et al.1? Thus, the reaction
of the E-isomer 5a in less polar solvents gave better selectivity
for the preparation of the desired B-lactam compound 6a. The
alternative stereoselective preparation of the optically active
E-isomer 5a will be reported in due course.
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