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The use of penicillins as a cheap, natural source of optically
active synthons for assembling new $-lactam antibiotics strongly
relies on the sulfoxide-sulfenic acid thermal equilibration.!
Ring-opening reactions at the sulfide level are comparatively few,
and those entailing retention of the sulfur atom, i.e., the base-
promoted S-alkylation and S-acylation, are severely limited in
scope. Thus the former (Nayler reaction?) succeeds only on few
substrates and with certain of the more reactive alkylating agents.
The latter is embodied in the anhydropenicillin rearrangement,’
and its intermolecular version has only a single, unattractive
literature precedent.*

Since silver 2-oxoazetidine 4-mercaptides are stable compounds
amenable to alkylation® and acylation,® we were intrigued by the
potential feasibility of a direct conversion of penicillins 1 into salts
2. Itis known that the thiazolidine ring of penicillins is cleaved
by mercuric acetate in hot acetic acid,” but the postulated sul-
fonium salt intermediate undergoes 1,5-fission, and an external
nucleophile enters at Cs. We argued that such heavy-metal
sulfonium intermediates could be led by a strong nonnucleophilic
base to preferential 1,2-bond fission.

Treatment of the 6,6-dibromopenicillanate 1a with AgNO, and
DBN (MeCN, 3 h room temperature) resulted in the formation
of a new, polar compound; 6a, [«]p +68.4° (CHCI,), was obtained
(82%) upon addition of acetyl chloride to the crude reaction
mixture (Scheme I). The primary product 2a, [«]p +36°, could
be isolated by aqueous workup and chromatography and proved
identical with a sample obtained by silver-assisted methanolysis®
of thio ester 6a. An electron-withdrawing carboxylate was essential
for a reasonably fast and clean ring-opening reaction, the observed
reactivity order on varying R being trichloroethyl > p-nitrobenzyl
> methyl > rert-butyl; i.e., 1a — 2a, approximate percent con-
version, hours: TCE, 85%, 3; pNB, 45%, 3; Me, 20%, 3; t-Bu,
15%, 48.

Substitution of methyl iodide for acetyl chloride led to thioether
3a, [a]p +54° (56%), this new penicillin cleavage can duplicate
Nayler’s results; however, comparison with the latter reveals
important differences. First, the silver-mediated reaction appears
to be wider in scope, allowing a variety of substrates and alkylating
agents to be combined. In fact, in addition to 1a, the differently
substituted penicillanates 1b~f were successfully’ cleaved (AgNO,,
DBN, MeCN) and the resulting products 2b—f assessed after their
in situ conversion (AcCl, 30 min) into thio esters 6 (diastereo-
merically pure by NMR spectroscopy; [«]p 1% in CHC; reported
when enantiomers are possible): 6b, [a]p +79°, 60 h, 0 °C, 52%;
6¢, [a]p +57°, 60 h, 0 °C, 86%; 6d, 6 h, 20 °C, 88%; 6e, 3 h,
20 °C, 85%; 6f, 48 h, 0 °C, 55%. Alkylating agents reactive
toward silver thiolate 2a (MeCN, 20 °C) included trityl chloride
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and bromoacetophenone:! 4a, [a]p ~25°, 62%; 5a, [a]p +49°,
48%.

Still, in view of the crucial role played by the azetidinone C,
configuration upon antibacterial activity, the most relevant dif-
ference with Nayler reaction is that while the latter, as recently
reported,'!!2 proceeds with loss of stereochemical integrity at this
center, the new penicillin cleavage apparently does not. To better
check this point, a 6-unsubstituted and a 68-substituted substrate
were closely examined. Starting from 1b, 6b was obtained as above
indicated and its N-appendage conventionally removed; the optical
activity observed on product 8a well matched with the value
reported by Woodward for an enantiomerically pure sample.!?
Full retention of configuration was observed even starting from
the 5,6-cis arranged penicillin 1g, wherefrom the 3,4-cis azeti-
dinone 6g was selectively obtained (60 h, 0 °C, 50%). Either a
ring-opening-ring-closing process'! or a trigonal thioaldehyde
intermediate arising from a [3 + 2] cycloreversion'? has been
invoked to account for the loss of optical activity observed in
Nayler’s products; the stereoselectivity of the new reaction is
suggestive of a different mechanism, presumably a S-eliminative
pathway operating on a first-formed sulfonium salt which does
not undergo reversible 1,5-dissociation.

A short, conservative route to FCE 22101 (11) and related
penems'® ensued from these findings. The protected 6-hydroxy-
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ethyl penicillanate 1f was added to a MeCN solution of AgNO,
and DBN (1 mol equiv of each, 48 h, 0 °C in the dark, N;)
followed by [(zert-butyldiphenylsilyl)oxy]acetyl chloride (1 h, 20
°C), to yield thio ester 7f (55%). Ozonolysis (CH,Cl,, ~70 °C)
and reductive workup (Me,S) afforded the oxoamide 9 (92%);
penem 10 was thence obtained by plain heating with triethyl
phosphite (2 mol equiv, 9 h refluxing toluene, 80%),!* thus com-
pleting a straightforward, three-step penam-penem conversion.
Further manipulation of this key intermediate toward the target
compound conformed to a well-established pattern.!6!7

Supplementary Material Available: A listing of physical
properties of new compounds 1-7, 9, and 10 (6 pages). Ordering
information is given on any current masthead page.
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Organic molten salts have found limited use as solvents and
reactants for organic reactions.”* One should expect enhanced
nucleophilicity in such media when the anionic portion is also a
nucleophile?*® although the nature of the fused salts themselves
could have a significant effect on relative reactivities.” A second
potential advantage lies in the salts’ apparent ability to stabilize
charged intermediates or transition states by ion—on interactions.?
We report herein on studies of nucleophilic aromatic substitution
reactions.

Table I (entries 1-4) contains rate constants measured for the
reaction in eq 1.° The salts 2 were prepared from the com-

G-Ph-OTs + n-dodecyl(n- Bu)P*X‘ —— G-Ph-X (1)
1a, G = NO, 22, X = Cl 3
1b, G = COzEt 2b, X =
1c, G = 2c, X = I
14, G = OCH3
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Figure 1. Projection of a three-dimensional potential energy surface for
nucleophilic aromatic substitution. Limiting reaction pathways are in-
dicated. The crosshatched rectangle represents the location of the
transition state from this work.

mercially available tributyl phosphine and alkyl halides and were
chosen simply because all of them melt below 40 °C.1° Hammett
plots give reasonable fits to straight lines and yield p values of
+1.5 and 1.1 for ¢ and o7, respectively. Alternatively, one can
postulate that the data represent a curved plot. Nonetheless, the
small effects of the para groups G are substantially lower than
those in the literature for reactions proceeding through the SyAr
mechanism.!! These generally range from +3 to +5 with a few
as high as +8 and are cases in which Meisenheimer complexes
have been invoked. Our data suggest a transition state that is
much earlier with respect to carbon-nucleophile bond formation
in which only a small portion of the anionic charge can be in-
teracting with the G group. If we assume a limiting p value of
~+4, our data suggest a transition state with about one-third C-X
bond formation.

Table I (entries 1, 5, 6) represent data from the reaction in eq
2 in which a substituent effect on the leaving group is probed.’

NO;~Ph-0SO,-Ph-Y + 2¢ ———+ NO,-Ph-1  (2)

la, Y = p-Me
5'Y = p-Br
6, Y = m-NO,

The p value is +0.22 and thus implies that there is some sensitivity
of the transition state to the substituent Y on the leaving group.
We interpret it as the development of a partial negative charge
on the leaving group that arises from some C-O bond breaking.
The small magnitude of the p value makes its absolute certainty
somewhat debatable because of the question of scatter in the rates,
even though there is a good linear fit. Likewise, it is difficult to
get unequivocal values for the limiting cases of p. We suggest
p =~ +1 for the Sy1 equivalent (complete C-O bond scission) and
p = 0 for the case of the addition complex in which we postulate
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was accomplished by absorption at 254 nm and converted to concentration
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samples at successive times.
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