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The Conversion of 3-exo-Methylenecephalosporin to
3-Halomethylcephems; a Convenient Synthesis of
3'-Substituted Cephalosporins from Penicillins

Sir:

Recently, Kukolja and co-workers reported a novel con-
version of penicillin sulfoxide (1) to 3-exo-methylenecephem
sulfoxide (2).! The unusual functionality at Cj (i.e., exo-olefin)
presented a potential route to 3-halomethylcephems (3 —
5).

Surprisingly, the 3-exo-methylene olefin does not add
halogens under usual conditions.2 We have found, however,
a new method to convert the 3-exo-methylenecephems to the
3-halomethyl system. This process depends on the activation
of the 3-exo-methylene by conversion to an allylic anion, A.
This anion is subsequently trapped with an electrophile to give
a halomethylcephem, 5.3

The observation that led us to this new process was that
treatment of 3a with lithium methoxide and 2 equiv of zert-
butyl hypochlorite in tetrahydrofuran (THF) at 80 °C af-
forded 5a in 40% yield: IR (CHCI;) 1786, 1745, 1705 ecm™};
NMR (CDCls) 6 3.38 (bs, 2, C5-H), 3.46 (s, 3, C3-OCH3),
3.82 (s, 2, side chain CH»), 4.34 (s, 2, C3-CH-»CI), 5.04 (s, 1,
Cq-H),and 6.8-7.6 (ArH).45

This reaction of the usually inert 3-exo-methylene func-
tionality can be explained if we presume that the double bond
was activated by conversion to the allylic anion, A (R3; =H or
OCH3), which was subsequently intercepted with chlorine at
the y-carbon.® We theorized that if a base-electrophile com-
bination could be found that would be specific for the C4 hy-
drogen-Cj-exo-methylene, then a conversion of the 3-exo-
methylene to the 3-halomethylcephem could be carried out
without concomitant oxidation at C;. When cephem 3b was
treated with 1,5-diazabicyclo[5.4.0Jundec-5-ene (DBU) and
bromine in tetrahydrofuran over a temperature range of —80
to 0 °C, there was obtained upon workup 5b in 80% yield: IR
(CHCl3) 1785, 1745, 1705 cm~!; NMR (CDCl3) 6 3.6 (bs, 2,
C,-H), 4.46 (bs, 2, C3-CH>Br), 4.38 (s, 2, side chain CH»),
5.05(d, 1,J = 5 Hz, C¢-H), 5.40 (s, 2, ester CH3), 5.95 (q, !
J =5and 9 Hz, C;-H), and 6.8-8.3 (ArH).”

This reaction obviously supports our suppositions. Further
support was obtained from modifications of this reaction.

When cephem 3a was treated as above with DBU-bromine
followed by quenching with trimethyl phosphite at 0 °C, there
was obtained upon workup 5¢ in 63% yield: IR (CHCl3) 1785,
1745, 1705 cm~!; NMR (CDCl3) 6 3.50 (bs, 2, C,-H), 3.84
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(s, 2, side chain CH>), 4.30 (s, 2, C5-CH;,Br),4.98 (d, 1,J =
4.5 Hz, C¢-H), 5.86 (q, 1,J = 4.5and 9 Hz, C;-H), 6.84 (d,
1,J = 9 Hz, side chain NH), and 7.0-7.6 (ArH).%

The general versatility of this method was further demon-
strated by the reaction of cephem 3b with DBU-1, in THF
from —80 to 0 °C to give the 3-iodomethylcephem 5d, IR
(CHCl3) 1785, 1745, 1703 cm™'; NMR (CDCl3) 6 3.44 and
3.82 (ABq, 2,J = 18 Hz, C»-H), 4.40 (s, 2, C3-CH;I), 4.54
(s, 2, side chain CH;),4.98 (d, 1,J = 5 Hz, C¢-H), 5.34 (s, 2.
ester CH»), 5.82 (q, 1,J = 5 and 9 Hz, C;-H), and 6.8-8.4
(ArH).®

Since we had the halomethylcephems in hand, we treated
them with appropriate 3’-nucleophilic reagents to form 3’-
substituted cephems. These reactions provide a conversion of
penicillin to biologically important cephems. Treatment of 5b
with silver acetate in acetic acid afforded Se in 30% yield.!©
Similarly, the reaction of 5b with 1.2 equiv of N-methyl-
thiotetrazole in dimethylformamide afforded cephem 5f in 97%
yield: IR (CHCIl3) 1785, 1745,1705 cm~!; NMR (CDCl3) 6
6.0(d,1,J =5Hz C;-H), 5.5(s, 2, ester CH,), 5.1 (d, 1, J
= 5 Hz, C¢-H), 4.0 (s, 3 H, N-CH3).!!

These are examples of the utilization of the 3-exo-meth-
ylenecephem in the synthesis of biologically important ce-
phems.
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A New Synthesis of 8-Lactams
Sir:

We recently reported the regiospecific addition of het-
eroatomic nucleophiles to a number of Fp(olefin) cations' (Fp
= »°-CsH;sFe(CO),). Furthermore, it has been shown that
oxidatively induced ligand transfer in FpR complexes (R-
Fe-CO — FeCOR) leads to carboxylation of R with retention
of configuration at the migrating carbon center.2 We now show
that an appropriate combination of these processes provides
a facile and stereospecific synthesis of mono- and bicyclic 8-
lactams from olefins.

The readily available propylene complex (1b)? adds ben-
zylamine at —25 °C to give the ammonium salt (2b)! in high
yield. This on oxidation at =78 °C in methylene chloride so-
lution with Cl», followed by addition of triethylamine gives the
B-lactam (3b)43 in 47% yield: IR (neat) 1750 cm~!; NMR
(CDCl3)6 7.3 (s, 5, Ph), 4.65,4.06 (2d, 2,J = 15 H, PhCH3>),
3.56 (m, 1, CHN), 3.05 (dd, 1, J = 4.9, 14.5 Hz, CH,CO),
2.48 (dd, 1,J = 2.5,14.5 Hz, CH,CO), 1.17 (d, 3, J = 6 Hz,
CH3).

This sequence, which proceeds through the 8-amino acid
chloride,?® is particularly well suited for the conversion of
unstable Fp(olefin)-amine adducts, derived from disubstituted
olefins. These also provide useful substrates for examining the
stereochemistry and stereospecificity of the sequence. Thus,
the addition of an equivalent of benzylamine to a solution of
the cis-2-butene complex (1d) in nitromethane-chloroform
(3:1) at —24 °C affords a mixture of the adduct (2d, 45%),
displacement product (FpNH,CH,Ph) (BF4) (40%), and
unreacted olefin complex. Oxidation of this solution at —78
°C with chlorine gave trans-3,4-dimethylazetidinone (3d)°
as the single isomer (GLC analysis) in 34% yield based on 2d;
IR (neat) 1745 cm™1; NMR 6 7.28 (s, 5, Ph), 4.62, 4.05 (2d,
2,J = 15Hz, CH,Ph), 3.16 (dq, 1,J = 6,2 Hz NCH), 2.74
(dq, 1, J = 6,2 Hz, CHCO), 1.25, 1.17 (2d, 6, J = 6 Hz,
CHy).

Similar experiments with the trans-2-butene complex (1¢),
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gave only the cis-3,4-dimethylazetidinone (3¢) in approxi-
mately 10% yield: NMR 6 (CDCl3) 7.23 (m, 5, Ph), 4.52,4.0
(d, 2, J = 15.5 Hz, CH;,Ph), 3.51 (m, 1, J = 6.3, 6.0 Hz,
CHN), 3.13(m, 1,J = 7.5,6.0 Hz, CHCO), 1.11 (d, 3, J =
7.5 Hz, CH3), 1.01 (d, 3, J = 6.3 Hz, CH3).

These results are in accord with a stereochemical sequence
involving trans addition to the olefin complex,® followed by
carboxamidation with retention of configuration at the C-Fe
bond.?

Milder oxidizing reagents such as Cu®* and Ag* are without
effect on the benzylammonium salts, but the free amine, (4b)
obtained from 2b by treatment at 0 °C with 1 N NaOH solu-
tion, was smoothly transformed to the B-lactam (69%) by
freshly prepared lead dioxide” or by silver oxide in THF solu-
tion (25 °C, 16 h). Similarly, oxidation of the free amine de-
rived by deprotonation of 2a, gave the 8-lactam (3a)># in 30%
yield:? IR (neat) 1745 cm™'; NMR (CDCl3) 6 7.30 (s, 5, Ph),
4.36 (s, 2, CH3), 3.25-2.75 (m, 4, CH,CH>).

These changes may be depicted in terms of a mechanism
involving initial oxidation at the metal atom.?210 Alkyl ligand
transfer in the resulting radical cation (5) is apparently rapid
and is probably promoted by decreased electron density at the
metal and hence also at the carbonyl carbon.!! Ligand transfer
in the uncharged alkylamino complex 4, which affords the
stable chelate 6'2 (vco(THF) 1920, 1620 cm™!), is by contrast
relatively slow. Hence 6 cannot be an intermediate in the oxi-
dative conversion of the alkylamino complexes to 8-lactam.
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Nevertheless, these chelate complexes constitute alternative
and advantageous intermediates since their conversion to -
lactams, on exposure to PbO; or Ag,0, is even more facile than
the corresponding 8-aminoalkyl complexes. This sequence is
particularly advantageous with heat sensitive 3-lactams. Thus,
rearrangement of 2a to 6a (CH;CN, 70 °C, 20 h) in the
presence of 10% PBus, followed by oxidation with Ag>O (70
°C, 1 h) gave B-lactam (3a) in 59% yield.

Similarly 2b is converted to 6b by heating in THF solution
(70 °C, 5 h, 10% Bu;P), and then by the addition of Ag,O to
the 5-lactam in 82% yield.

The synthetic sequence may readily be extended to the
construction of fused ring 3-lactams starting with amino ole-
fins. Complex 7b is obtained in 80% yield from the exchange
reaction involving 1-hexenylammonium tetrafluoroborate and
Fp(isobutene) tetrafluoroborate. Successive deprotonation
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