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(+)-Dinorpenicillin-2-spirocycloalkane

By JacQues LecLERcCQ,* ERiIC CosSEMENT, ROLAND BovDENS, Lubovic A. M. RopriGUEz, LEON BROUWERS, t
FRraNCOISE DE LAVELEYE,t and WALBURGIS LIBERT?

(Department of Chemistry and tDepartment of Microbiology, U.C.B., Pharmaceutical Division, 68, vue Bevkendael,
B-1060 Brussels, Belgium)

Summary (4 )-Dinorpenicillin-2-spirocycloalkanes  have
been synthesized, and no change in inhibitory activity of
Staphylococcus aureus transpeptidase has been observed;
decrease in antibacterial activity occurring with larger
spirocycles is interpreted in terms of unsuitable lipophili-
city, impairing penetrability through the bacterial cell
wall.

RECENT reports have described the synthesis of nuclear
analogues of cephalosporins and penicillins;! the (4-)-dinor-
penicillin-2-spirocyclopentane skeleton, substituted at C-6 by
an azido-function, has also been reported,? and Vanderhaeghe
et al.® have independently reported the synthesis of (4)-
dinor-2-spirocyclobutane and -2-spirocyclopentaneanalogues
of penicillanic acid. These reports prompt us to report the
first synthesis of the (-4 )-dinorpenicillin-2-spirocycloalkane
nucleus substituted at C-6 by a free amino group and by
acylamino side chains,? e.g., compounds (IIIa—e).

The size of the spirocycloalkane was varied in order to
check the effects of variation in strain within the penicillin
on bactericidal activity. It was also expected that more
information would be obtained on the steric requirements
at the C-2 position for biological activity.

The classical Sheehan synthesis® was used, starting with
the modified (4-) penicillamines (I), readily available by the
thiazoline synthesis of Schollkopf ef al.,® and subsequent
hydrolysis in boiling 4N-hydrochloric acid (Scheme). The
penicillin analogues so obtained consist of racemic mixtures
{(3S,56R,6R) + (3R,55,6S)], only the biologically active
(3S,6R,6R)-enantiomer being shown in formulae (III).
Enantiomeric mixtures of benzylpenicillins have also been

1 Structural assignments are supported by analytical and spectroscopic data.
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ScHEME. Reagents: i, NaH-tetrahydrofuran; P,S,,~C¢H,; ii,
4n-HCl, reflux; iii, AcONa-EtOH-H,0; epimerisation; iv,

PhCH,Br-NEt;-dimethylformamide; NH,NH,-dimethylforma-
mide; HCl gas-MeNO,; Ph,CCI-Et,;N-CH,Cl,; dicyclohexyl-
carbodi-imide-MeNOy; p-MeC,4H,SO,H-Me,CO; H,~Pd/C-NEt,;
R’'COCI-NEt;.

E.g.,compound (I1Ib; n = 3) shows ygax (KBr) 1762

cm-1 (B-lactam); 8 (D,0; Me,Si[CH,];.S0,~Na+) 423 (s, 3-H), 5:36 (d, J 4-0 Hz, 5-H), and 5-48 (d, J 4-0 Hz, 6-H).
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synthesized in order to prove the expected lack of activity
of the (3R,55,6S)-enantiomer in the biological tests men-
tioned below.

Specific activity at the level of bacterial cell wall biosyn-
thesis was maintained, as shown by typical morphological
changes of the cell wall and by inhibition of Staphylococcus
aurveus transpeptidase. A bulky spirocyclohexane sub-
stituent at C-2 does not impair transpeptidase inhibition,
which is also unaffected by decreasing the size of the spiro-
cycle.

However, whereas compound (IIIb; # = 3) is half as
active (based on natural enantiomer) as benzylpenicillin
against Staphylococcus Aureus, the analogues (I1Ib; n =1
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or 2) with smaller rings are twice as active. The same holds
true for the derivatives (IIIa; n = 2 or 3) which are twice
as active as 6-aminopenicillanic acid on a strain of Staphy-
lococcus aureus.

Consequently, the lower activity of the penicillin ana-
logues (I11Ib; » = 3) is interpreted in terms of the unsuitable
lipophilicity of the whole molecule, causing a lower penetr-
ability of the bacterial cell wall. This assumption is sub-
tantiated by the improved potency of (4 )-dinorpenicillin-2-
spirocycloalkanes in which the spirocycle has been made
more hydrophilic,” which we are currently investigating.
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