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Abstract—6-Aminopenicillanates, or the sulfoxides or the sulfones thereof, were N-acylated in a three-component reaction with an
aldehyde and Ph3PCCO to give the corresponding 6-(E-2 0-alkenoyl)amides. This domino addition–Wittig alkenation sequence was
extended by an additional Claisen rearrangement step in the side-chain in the case of 5g.
� 2004 Elsevier Ltd. All rights reserved.
A recent trend1 in the chemistry and medicinal refine-
ment of penicillins, complementing the quest for lacta-
mase resistant 6-acylamino derivatives, are covalent
conjugates of penams with other prominent drug targets
or biochemical shuttle systems such as peptides,2 or sid-
erophoric catechols.3 Hence new methods for the attach-
ment of functionalized side-arms to the 6-amino group
under conditions milder and more flexible than the
conventional treatment with acyl halides/auxiliary base
are still of interest. We have recently demonstrated the
domino reaction of ketenylidenetriphenylphosphorane,
Ph3P@C@C@O 1, with amines and aldehydes to give
a,b-unsaturated amides in good yields.4 In this letter
we evaluate the applicability of this one-pot approach
to the N-acylation of esters5 of 6-amino-penicillanic acid
(6-APA) 2.6,7

When a three-component mixture of the optically pure
methyl ester (3S,5R,6R)-35a of 2, ylide 1 and an alde-
hyde was stirred at room temperature for 12–16 h, the
corresponding E-a,b-unsaturated 6-acylaminopenicilla-
nates 5 were obtained in yields ranging from 60% to
80% via the intermediate acyl ylides 4, which are isolable
in the absence of an aldehyde (Scheme 1). The sulfoxide
65b and sulfone 85c reacted analogously, albeit more
slowly, furnishing the corresponding E-a,b-unsaturated
6-acylamino-1-oxo-penicillanates 7/9.8 Epimerization at
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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C-3, C-5 or C-6, leading to new diastereoisomers was
not detectable in any case by high resolution 1H and
13C NMR.

Compound 5 was alternatively prepared in two steps
and similar yields from the ammonium salt of 39 and 1
via the phosphonium salt 10.10 This was deprotonated
with DBU at �30 �C to give the corresponding ylide
4 (n = 0), which was immediately treated with the
respective aldehyde (Scheme 2). While an analogous
phosphonium salt could be obtained from methyl 7-
ammoniocephalosporanate, its deprotonation with a
range of bases including DBU, NaHCO3 and alumina
(Al2O3), even in the presence of an aldehyde, led to con-
comitant partial isomerization11 of the endocyclic C@C
bond and gave mixtures of the corresponding D2 and D3

6-aminoacylcephalosporanates (at best 1:7 in the case of
Al2O3/THF).

The above domino reactions can be extended by
further pericyclic steps. For example, the catecholic
penam derivative 5h can be directly synthesized12 from
1, 3 and 2-(2 0,4 0-hexadienyloxy)-3-methoxy-benz-
aldehyde13 by a domino acylylidation–Wittig alkena-
tion–Claisen rearrangement reaction as shown in
Scheme 3.

As a rule, antibiotic activity of penam derivatives re-
quires a free 3-carboxylic acid functionality, which is
best liberated in the last step by cleavage of esters
such as benzhydryl,14 benzyl15 or t-butyl.16 For in-
stance, 6-amidopenicillanic acid 1317 was available in
two steps and 40–50% overall yield by acidolysis of
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Scheme 1. Reagents and conditions: (i) CH2N2, CH2Cl2, rt, 95%; (ii) MeCN, m-CPBA, 0 �C, 30 min, 85%; (iii) MeCN, KMnO4/H2SO4, �10 �C,
75%; (iv) THF, rt, 12–16 h.
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Scheme 2. Reagents and conditions: (i) C6H6/THF, rt, 8 h, 85%; (ii)

CH2Cl2 + DBU, �30 �C; (iii) + RCHO, �30 �C rt, 8 h; 80–85%.
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t-butyl ester 12c18 with formic acid or of benzhydryl
ester 12b18 with trifluoroacetic acid/anisole.19 12b, like
the benzyl ester 12a,18 can alternatively be deprotected
with H2/PdO(OH2) with concomitant hydrogenation
of the olefinic double bond in the newly attached side
chain to yield 6-amidopenicillanic acid 1420 (Scheme
4).

The necessity of protecting groups can be done away
with altogether by employing soluble carboxylates of
6-APA 2 in the three-component reaction with 1 and
aldehydes. The crown-ether complex 1521 of potassium
6-aminopenicillanate for one was reacted with 1 and
piperonal in THF/dioxane solution at room temperature
to furnish 13 in 50% yield after acidic hydrolysis22

(Scheme 5).
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Scheme 3. Reagents and conditions: (i) THF, 35 �C, 12 h; (ii) MeCN, 65 �C, 72 h; (iii) THF, 65 �C, 60 h.
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21. Compound 15: colourless solid of mp 138 �C; mmax/cm
�1

3454, 2896, 1758, 1630, 1614, 1473, 1350; 1H NMR
(300 MHz, CDCl3): d 1.63 (6H, s, 2Me), 2.25 (2H, br,
NH2), 3.62 (24H, s, crown ether), 4.23 (1H, s, 3-H), 4.38
(1H, d, 3J 6.1 Hz, 5-H), 5.59 (1H, d, 3J 6.1 Hz, 6-H); 13C
NMR (75 MHz, CDCl3): d 27.9, 33.2, 62.0, 64.3, 69.3,
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v/v, Rf 0.45) and dissolved in sat. aqueous NaHCO3. The
free acid 13 was precipitated by addition of diluted
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