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Ring Expansion of Penams to Cephams: a Possible Biomimetic Process

Jack E. Baldwin,* Robert M. Adlington, Tae Won Kang, Eun Lee,t and Christopher J. Schofield
The Dyson Perrins Laboratory, University of Oxford, South Parks Road, Oxford OX1 3QY, U.K.

Homolytic reductive debromination of a 2-bromomethyl penam by triphenyltin hydride provides, via ring
expansion of the derived 2B-methyl radical, the corresponding cepham system; a similar process may explain the
biosynthetic ring expansion of penicillins to cephalosporins.

The biosynthetic conversion of penicillin N to deacetoxy- 0 OH OH

cephalosporin C is the first step in the biosynthesis of the Vi I || ] I |
cephalosporin group of antibiotics.! This conversion is —fe + H_(I:— - [_Fe‘c_ “"‘Te' ?_} -> /5—?—
mediated by an iron-dependent desaturase, which utilises !

a-ketoglutarate and oxygen as cosubstrates,? and effects the Scheme 2

oxidative ring expansion by conversion of the 3-methyl group
of penicillin N into the methylene group (C-2) of the product.3
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Table 1.
Entry Starting material Reaction conditions Product (%)

1

28-Bromomethylpenam (1)

Ph;SnH (2 equiv.), AIBN (cat.)
benzene, reflux,2h

Ph;Sn allyl (2equiv.), AIBN (cat.),

Ph;Sn allyl (2 equiv.), benzoquinone

2 38-Bromocepham (2) Ph;SnH (2 equiv.), AIBN (cat.)
benzene, reflux,2h

3 2f-Bromomethylpenam (1)  Ph;SnH (2 equiv.), benzoquinone
(1 equiv.), benzene, reflux2h

4 3B-Bromocepham (2) Ph;SnH (2 equiv.), benzoquinone
(1equiv.), benzene, reflux,2h

5 2f-Bromomethylpenam(1)
benzene, reflux, 3 h

6 3p-Bromocepham (3) Ph;Sn allyl (2 equiv.), AIBN (cat.)
benzene, reflux, 3 h

7 Disulphide (5) Ph;SnH (2 equiv.), AIBN (cat.),
benzene, reflux, 24 h

8 Disulphide (5) Ph;Sn allyl (2 equiv.), AIBN (cat.)
benzene, reflux, 16 h

9 Disulphide (5)
(1equiv.), benzene, reflux, 16 h

10 Disulphide (5)

Ph,Sn allyl (2 equiv.), hydroquinone

(0.2 equiv.), benzene, reflux, 16 h

a-Methylcepham (3a) (40%);
{ B-methylcepham (3b) (35%)
a-Methylcepham (3a) (49%);
{ B-methyicepham (3b) (39%)
Unchanged (2) (>95%);

{ no (3a), (3b)

Unchanged (2) (>95%);

{ no (3a),(3b)
S-Allylazetidinone (4) (94%)

S-Allylazetidinone (4) (92%)
B-methylcepham (3b) (35%);

(5) (10%)
S-Allylazetidinone (4) (85%)

{ «-Methylcepham (3a) (35%);

Unchanged (5) (>95%);
{ no (4)

Unchanged (5) (>95%);
{ no (4)

methyl to methylene conversion occurs with complete loss of
stereochemistry, Scheme 1. From our work on the enzyme
isopenicillin N synthase from C. acremonium, which is
responsible for the synthesis of the penicillin nucleus and is
also an iron-dependent desaturase of similar molecular size,
we have suggested that the crucial C-S bond forming step
exhibits the characteristics of a free radical process or its
equivalent, i.e. a very weak iron—carbon bond, derived by
insertion of an iron-oxo species into the unactivated valine
B-CH bond, Scheme 2.5 It seemed reasonable that a similar
process, involving an insertion of an iron—oxo species, derived

from the ring-expansion enzyme and its cosubstrates oxygen
and o-ketoglutarate, into the penicillin §-methyl group would
explain the above stereochemical result through dissociation
of the iron—carbon bond to form a freely rotating methylene
radical, which could rearrange to the corresponding cepham
radical, Scheme 3.4

In order to test the chemical feasibility of such a scheme we
have generated a penicillin derived B-methyl radical with the
following results. First the 2f3-bromomethyl penicillin (1) and
the 3B-bromocepham (2)¢ with triphenylstannane (2 equiv.)
under radical chain conditions”? [azobisisobutyronitrile
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(AIBN) (cat.), benzene, 80°C, 2 h] were each cleanly
converted into the same mixture of cephams, (3a),(3b),8in an
approximately equal ratio. Under the same conditions, but in
the absence of stannane, (1) was more slowly converted
(approx. 30% of rate) into the more stable cepham (2) (which
itself was stable to such conditions), proving that the
conversion of (1) into (3a),(3b) does not require the interme-
diacy of (2). When triphenyl(allyl)stannane was used [tri-
phenyl(allyl)stannane (2 equiv.), AIBN (cat.), benzene,
80°C, 3 h] both (1) and (2) gave cleanly the S-allylazetidinone
(4),% via trapping on sulphur. The same manifold of intercon-
verting radicals could be entered from the monocyclic
disulphide (5), which with the allylstannane gave (4) and with
triphenylstannane the same mixture of (3a),(3b), although in
this case both reactions were slower than those derived from
the bromides (1) and (2). These results are summarised in
Table 1. In all these cases the substitution of AIBN by
benzoquinone or hydroquinone completely inhibited the
reaction as assayed by n.m.r. spectroscopy (300 MHz).

Our findings are in accord with the existence of a rapidly
interconverting set of radicals (6a—d), Scheme 4, which can
be generated from the three possible precursors (1), (2), and
(5), and can be intercepted on carbon to give (3a),(3b) or,
alternatively, in the allyl transfer case on sulphur, to give (4).°
Thus in regard to the original question of cephalosporin
biosynthesis it follows that the hypothetical interaction of a
B-methyl penam radical on the biosynthetic path to the
cephalosporins has at least chemical validity. In this connec-
tion, it is interesting to note that the involvment of free radical
intermediates has been suggested for other o-ketoglutarate

t For (4): 8y (300 MHz, CDCls) 1.93 (3H, s, vinyl Me), 3.0—3.15
(2H, AB part of ABX, SCH,) 3.80 (3H, s, CO,Me), 4.58 (2H, s,
PhOCH,), 4.83,5.01, and 5.16 (3H, 3 x s, NCHC=CH,), 5.08—5.17
(2H, 2 X d, obscured, SCH,CH=CH,), 5.25 (1H, d, J 5 Hz,
NHCHCHS), 5.565 (1H, dd, J 5, 9 Hz, NHCHCHS), 5.6—5.75 (1H,
m, X part of ABX, SCH,CH), and 6.95—7.46 (6H, m, aryl H, NH);
m/z (NH; desorption chemical ionisation) 405 (MH*, 100%); Vmax.
(CHCY,) 3415m, 1770s, 1745s, 1690s, and 990w cm—1; [«]20 —135° (¢
1.4, CHCL,).
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dependent oxygenases, e.g. prolyl hydroxylasel® and y-
butyrobetaine hydroxylase.!!

Received, 15th September 1986; Com. 1318

References

1 J. E. Baldwin, P. D. Singh, M. Yoshida, Y. Sawada, and A. L.
Demain, Biochem. J., 1980, 186, 889.

2 D. J. Hook, L. T. Chang, R. P. Elander, and R. B. Morin,
Biochem. Biophys. Res. Commun., 1979, 87, 258; Y. Sawada,
N. A. Hunt, and A. L. Demain, J. Antibiot., 1979, 32, 1303; H. R.
Felix, H. H. Peter, and H. J. Treichler, J. Antibiot., 1981, 34, 567.

3 J. E. Baldwin, N. Neuss, C. H. Nash, P. A. Lemke, and J. B.
Grutzner, J. Am. Chem. Soc., 1973, 95, 3797.

4 C. A. Townsend, A. B. Theis, A. S. Neese, E. B. Barrabee, and
D. Poland, J. Am. Chem. Soc., 1985, 107, 4760; C.-P. Pang,
R. L. White, E. P. Abraham, D. H. G. Crout, M. Lutstorf, P. J.
Morgan, and A. E. Derome, Biochem. J., 1984, 222, 777; C. A.
Townsend, J. Nat. Prod., 1985, 48, 708.

5 J. E. Baldwin, R. M. Adlington, S. L. Flitsch, H.-H. Ting, and
N. J. Turner, J. Chem. Soc., Chem. Commun., 1985, 1305; J. E.
Baldwin, Proceedings of the 3rd International Symposium on
Recent Advances in the Chemistry of B-Lactam Antibiotics, eds.
A.G.Brown and S. M. Roberts, The Royal Society of Chemistry,
1985, p. 62.

6 T. Kamiya, T. Teraji, Y. Saito, M. Hashimoto, O. Nakaguchi, and
T. Oku, Tetrahedron Lett., 1973, 3001.

7 L. W. Menapace, and H. G. Kuivila, J. Am. Chem. Soc., 1964, 86,
3047.

8 Identical to authentic standards, see J. E. Baldwin, R. M.
Adlington, and R. Bohlmann, J. Chem. Soc., Chem. Commun.,
1985, 357; D. O. Spry, Tetrahedron Lett., 1973, 165. We thank Eli
Lilly and Company, Indianapolis, Indiana 46206, U.S.A. for a
generous gift of authentic (3a), (3b).

9 The sulphur-bridged radical species (6b) may be an energy
minimum in the equilibrating manifold (6a—d), as has been
suggested for other heavy elements, cf. P. S. Skell and K. J. Shea
in ‘Free Radicals’ vol. II, ed. J. K. Kochi, Wiley, New York, 1973,
p. 809.

10 B. Siegel, Bio-org. Chem., 1979, 8, 219; H. M. Hanauske-Abel
and V. Gunzler, J. Theor. Biol., 1982, 94, 421.

11 J. S. Blanchard and S. England, Biochem., 1983, 22, 5922.



http://dx.doi.org/10.1039/c39870000104



