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Summary: We describe an extension of the Morin rearrangement 1n which 3-norcephalosporins
bearing sulfur substituents at C(3) are obtained directly from an allenic intermediate, which fs
efficriently prepared from penicillin 'V sulfoxide.

One of the key reactions in cephalosporin chemistry is the Morin ring expansion of
penams into cephems (Scheme 1) 1 This rearrangement, in 1its several modifications, 2 has
allowed the preparation of many semisynthetic cephalosporin antibiotics from very cheap
starting materials, the penicillins.
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While the Morin rearrangement is 1deal for the preparation of 3-methyl cephems, we have
become interested in the efficient preparation of 3-substituted cephems bearing heteroatomic 3 or
carbon-based 4 residues at C(3)
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A strategy based on the above rearrangement that would ideally serve this purpose would
entail an intramolecular sulfenylation of an allene, as opposed to the alkene moiety in 2. Such a
strategy is identified in Scheme 2 Allenyl ester 4 would undergo cyclization to yield directly 3-
substituted cephem 5 via path A Addition of an exogenous nucleophile could lead, in
conjunction with a "dummy" (non-nucleophilic) substituent at sulfenyl sulfur, to its
incorporation at C(3) to yield 6 (path B)

We report in this Letter the preparation of allenes such as 4 and the reduction to practice of
both strategies shown in Scheme 2.

Our route (Scheme 3) uses penicilin V sulfoxide p-nitrobenzyl ester, which upon
fragmentation and trapping with 2-mercaptobenzothiazole gave 8 in high yield; ozonolytic
cleavage 5 then afforded enol 9. This was converted in high yield to triflate 10 (single isomer,
geometry unknown), which underwent elimination under mild conditions, in analogy with the
literature, 6 to afford allene 11 as an amorphous solid. Especially diagnostic were the NMR
absorptions of the allenic protons (85.65 and 5.38, ] = 155 Hz) 7 and the IR spectrum (doublet at
1950 and 1910 cm -1, typical of terminal allenes 8 ). Although fairly stable, allene 11 was used in
situ: it was found that addition of lithium chloride in THF at low temperature brought about
smooth cyclization to cephem 12, 9
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PhO H O- PhO N
_O>_N S'-» Me @ _O>'N'H S"S“«SD (b)
FEX judi]

Y e
Me Me

COOPNB (_JOOPNB
7 8

PhO H NQ PHO N
‘ _s—{ H
_0>_N o s\ o }_“ S‘S‘«SD
e d
OIN\I/LQH _9 );,\‘,/j?LOﬂ (@

o]
o COOPNB COOPNB
10

N
_>" s S ‘>—N' s
o e}

—————

N
[ " © 'f@
5 N?%H —_— 5 N2 S/LS
COOPNB GOOPNB
11 12

Eeaction conditions (a) 1 eq. 2-Mercaptobenzothiazole, toluene, reflux, 85%. (b) 03, MeQAc, -78°C, the MenS, 95%. (¢)
Tf20, 1PrpNEt, CH2Clp, -78°C, 87% (d) NEts, 1 eq, THF, 1h, RT, 100% (e) LiCl, 2 eq, -40°C to 0°C, 2h, 65%. PNB=p-
mitrobenzyl.
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The value of this novel ring closure would be, of course, much greater if exogenous
nucleophiles could be directly incorporated at C(3) in an intermolecular fashion. In order to
demonstrate this strategy (Scheme 2, path B), we selected as "dummy" substituent at sulfur the
rather pootly nucleophilic (but excellent leaving group) sulfinate This leaving group has been
used recently by Torii in his elegant approach to 3-hydroxycephems 10

Our synthetic approach 11 is shown in Scheme 4 The known azetidinone 13 5 was
smoothly ozonized and converted to allene 14 via the corresponding enol triflate as before.
Somewhat unexpectedly, allene 14 was also capable of undergoing the formally intramolecular
cyclization In this case it was found advantageous to isolate the allene by simple aqueous work-
up. Treatment with lithium bromide in a more polar solvent (NMP) at room temperature was
required to induce reaction. Under these modified conditions, sulfone 16 was obtained in good
yield ( yellow solid, m p. 192-3°C, with decomp ; IR 1325, 1150 cm -1). If the allene was not
isolated, the yields were lower (10-20%), the major side-products apparently resulting from attack
of the sulfinate on the allene without subsequent ring closure (NMR and mass spectroscopy
evidence). The effect of external nucleophiles was investigated by adding sodium I1-methyl-2-
mercapto tetrazolate.

Scheme 4
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Reaction conditions: O3, MeOAc, -78°C, then MepS, 91%. (b) 1PrpNEt, TH20, CH2Cl, -78°C, 86%. (c) NEt3, CH2Cl»,
RT, 1h,100%. ( d} LiBr, 2 eq., THF, sodium 1-methyl-2-mercaptotetrazolate, 15 eq, 0°C, 31% (e) LiBr, 3.8 eq., NMP,
RT, 16h, 61%.
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In this case, only traces of 16 were detected: the major product, 15, features incorporation

of the thiolate at C(3) of the cephem. Even though the above yields are not fully optimized, it is

obvious that this novel ring expansion holds considerable synthetic potential

The current approach to 3-substituted cephems bears resemblance to the Woodward

synthesis of 3-alkoxycephems 12 and related methodologies, 13 but 1t is clearly milder and more

efficient. The cyclization proceeds essentially under neutral conditions, and the typical problem

that afflicts the other methods, i.e. base-induced formation of A2 cephems, is not observed here.

In continuation of this work, we have been able to introduce carbon-based nucleophiles

directly at C(3) of the cephem nucleus by using allenes 4 in conjunction with organocuprates

Our results in this area form the subject of the next Letter in this issue.14
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