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A Convenient Synthesis of 2-exo-Methylene Penam,
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Abstract: A convenient synthesis of 2-exo-methylene penams I was performed by iransformation of thiazoling-azetidinones,
derived from pericillin G, through intramolecular Michae! addition.  Manipulation of the exo-methylene motely of 1 opened new
aniries o 2-oxopenam and 2 —hiomethyl substituted penams, respectively.

2-exo-Methylene penam framework 1 represents a structural hybrid of those of penicillin 2 and clavulanic
acid 3. Recently, Baldwin and his group have reported the first synthesis of 1 (R! = PROCH2) through
decarboxylative Pummerer-type reaction of penicillin-2-carboxylale elaborated from penicillin 2 and its
preliminary bicassay results indicating that 2-exe-methylenc penam 1 {R! = PhOCH»; R2 = H) has comparable
antibacterial activity to natural penicillin V.1 However, no further investigation on modification of the 2-exo-
methylene penam framework leading to potent new B-lactam antibiotics has not appeared yet presumably because
of the lahorious multi-step operation (8 steps) and the low overall yield (< 6% from 2).  Although several 2-
exo-alkylidene penams have been prepared through different pathways,? so far explored procedures can not be
applied to prepare the parent system 1. We therefore investigated an aliernative short-cut route to 1 [rom
penicillin 2 as illustrated in Scheme 1. Herein, we describe a straight forward synthesis of 1 as well as

preliminary experiments 1o demonstrate potentialily of Tin new B-lactam antibiotics synthesis.
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The key swategy of the consiruction of 2-exa-methylene penam framework 1 involves 1,2-elimination of

OH

sullgnates 6 (R* = Me, CF1) to ailene carboxylates 7 followed by hydrolysis of the thiazoline ring affording
thicls 8 which, in turn, lead to 2-exo-methylene penam 1 by intramolecular Michael addition of the thiol moicty
10 the ullens carboxylate group (Scheme 1).  The sulfonates 6 {R? = Me or CF3) were prepared by ozonolysis

of thiazoline-azetidiones 4, derived from penicillins 2 by Cooper’s procedure,? and subsequent reaction of enols
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3 with rrifluoromethanesulfonic anhydride (or methanesulfonyl chioride) and riethylamine in THF at -40 oC
for 1 h. The 1,2-elimination of the sulfonates 6 into allene carboxylates 7 was attempted hy treatment with
methylamine 2 equiv.} in DME at -20°C for 0.2-0.5h.  Then, the reaction was quenched with aquoous
10% hydrochloric acid {or 6{0% perchloric acid) and the usual workup gave the exo-methvlene penams 14 in
35-80% yields without isolation o any detectable smounts of 72 (Table 1), The direct transformation of 6 to
1 by the one-pot process can be reasonably understood by assuming that during the reaction and/or the workup
process, the sulfonates 6 successively undergo 1,2 elimination (6—7), hydrolysis of thiazoline moiety (7—8)
and intramolecular Michael addition (8—1).
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i) O3 /CH,CL-MeQH (2:1), - 78 °C; i) MeSO,Clor (GFySQ,),0/ELN/THF, - 40 °C, 1h;
iil) EtsN/DMF, - 20 °C; H,0O'
Scheme I
Table 1. Cne-Pot Transformation of Sulfonates 6 into 2-¢xo-Methylene Penams 1%

Entry Sulfonate 6 Time/M HyO* ™ Yieid/26®
1 Ga 05 10% HCI 80
2 6b 02 60% HCIO, 75
3 6¢c 0.2 " 86
4 6d 0.2 . 55

a) Carried out in the manngr as described in the text.
b) The reaction was quenched with acids (10 vol/vol %) at -20 °C.
¢) Based on HLPC: YMC-PACK AM-312 ODS (64 x 130 mm); McCN/H,0 (70/30).
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Thus far obtained 2-exo-methylene penams 1 are potent intermediates for new B-lactam antibiotics
synthesis,  [In fact, ozonolysis of 1 (R! = PhCHz, R2 = BH) in CHaCla-methanol (2:1) at -78 °C afforded 2-
oxopenam 9 (60%),¢ while oxidation of 1 (R! = PhCHz: R? = PMB) with m-chloroperbenzoic acid (mCPBA)
(1.1 equiv.) in CH2Cl2 at 5 °C for 0.5 h afforded the corresponding sulloxide 11 (84%:) and excess mCPBA (5
equiv.) provided sulfone 12 {44%). The 2-oxopenam 9 is a promising precursor of 2-substituted penems
10.6 On the other hand, the sulfoxide 11 carries vinvisulfoxide moiety which can be expected to work as a
powerful Michael acceptor. Indeed, elongation of the C(2)-side chain of 11 was performed successfully by
Michael addition of thiols (R4SH) 1o 11 in THF in the presence of sodium hydride (0.2 equiv.) ar -50 °C for 1
h. The reaction proceeded in a stereospecific manner to afford 2p-thiomethyl substituted penams 137,
exclusively (Table 23 Subsequent reduction of the sulfoxides 13 with phosphorus wibromide in DMF at -30
oC for 1 h afforded the corresponding 28-thiomethylpenams 14 (74-85%).F a new class of p-lactam antibiotics ?
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Table 2. Synthesis of 23-Thiomethyl Substituted Penams
R*-8H 13 Yieldiee® 14 vieldee™ AICONH
- S
A v“L\| R
HS 75 a N
COLM .
s ™R 95 85 ) COLPMB
OH 14
Hs” 91
NHAC
s 55
COQMS
Scheme 2

a) Carried out in the manner as described in the text,
b) Isolated yields after column chromatography (SiQ,).
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