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Communications to the Editor

STRUCTURE DETERMINATION OF
THE PRIMARY RENAL METABOLITE

OF THE PENEM FCE 22101

Sir:
The penem FCE 22101, sodium (5R,6S)-

6 - [( l i?) -hydroxyethyl] - 2 - carbamoyloxymethyl - 2-
penem-3-carboxylate (1), is a new synthetic i8-
lactam antibiotic currently undergoing clinical
evaluation. Promises of therapeutic usefulness
are supported by its broad antimicrobial spec-
trum, the bactericidal mode of action and its
resistance to a wide range of bacterial /3-lac-
tamases0.

It has been reported that penem and car-
bapenemantibiotics are extensively metaboliz-
ed^ "in vivo" by a /3-lactamase activity associated
with the renal dipeptidase, dehydropeptidase I,
located in the brush border membrane of mam-
malian kidneys2~4). Although after administra-
tion in mammalsthe urinary recovery of FCE
22101 was found to be higher1»5) than that re-

ported for the prototypic carbapenem imipenem
(iV-formimidoylthienamycin) and related car-
bapenems3), it was mandatory to assess the
stability of FCE 22101 to the renal dehydropep-
tidase and to elucidate the structure of the main
product (2) resulting upon enzymic and hydro-
lytic cleavage.

"In Vitro" Interaction Studies with Porcine
Renal Dehydropeptidase I (DHP-I)

The enzyme DHP-I (E.C. 3.4.13.ll)2-3) was

isolated from the cortex of fresh porcine kidney
following the procedure described by Campbell
et al.c. The specific activity of purified DHP-I,
homogeneous on sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis4), was found to
be about 50 ^mol/minute/mg protein, using the
standard 50 tuM glycyldehydrophenylalanine assay

at 37°C in 0.02m Tris-HCl buffer at pH 8.06).
HPLCanalyses were performed using a Hewlett-
Packard 1090 A liquid chromatograph equipped
with a Novapak C-18 column (4^m, 150x

3.9 mmi.d., Waters). Two mobile phases were
utilized: A) 0.02m KH2PQ4, pH 2.5 (H3PO4)
and B) phase A-CH3CN (60:40). Gradient

analyses were carried out at 1 ml/minute and
40°C, starting at 100% phase A and adding
phase B at 2% B/minute from 0 up to 5 minutes
and at 5% B/minute from 5up to 12 minutes.
FCE 22101 and compound 2 were eluted at

about 8.7 and 7.3 minutes, respectively. Com-
ponent identity and purity were confirmed by
UVspectra obtained during the elution. Isoc-

ratic elution at 72:28 ratio phase A-phase B
was adopted for kinetic studies to reduce the

analysis time, FCE 22101 and compound 2 being
eluted at 2.1 and 1.7 minutes, respectively. The
DHP-I catalyzed hydrolysis of FCE 22101 was

investigated at eight different initial substrate
concentrations, over the range 0.1~27 mM, in
aqueous 0.25 m 3-(A^morpholino)propanesulfonic

Table 1. Chemical stability of FCE 22101 over the
1.7~9.0 pH range*.

pH Half life (hours)__ __

2.7 24.5

3.7 91.4

4.4 163.0

5.5 172.0

6.4 131.0

7.0 105.0

8.0 30.8

8.5 16.8

9.0 5.85

a At 0.64him concentration in aqueous 0.1m

phosphate buffers at 37°C.



Table 2. Spectral data of the hydrolysis product of FCE 22101 and its derivatives.

(A) IR, UV and field desorptioirmass spectra^(FD-MS).~ IR(cm-1)9-UV(nm)bFD-MS(m/z).

2b 1550- 1620 (br) 298 -
3 1735, 1700 - 273
4 1735 (sh), 1715 245 273

a In CHC13except 2b, which was taken in KBr.
b In95%EtOH.

(B) *H NMR (200MHz, d ppm).
2'-H2 2-CH3 3'-OCH3 5-H 6-H 7-OCH3 8-H 9-H3

2a (D2O, 45°C) 5.57, 5.61 - - 6.04 2.75 - 4.12 1.26
(two dd,/-1.5, (ddd, /=1.5, 1.5, (dd,/=7.5, (dq,/=8.5, (d, /=6.3 Hz)

1.5Hz) 7.5 Hz) 8.5 Hz) 6.3 Hz)
2b (DMSO-</6, 45°C) 5.29, 5.64 - - 5.78 2.36 - 3.84 1.07

(two s) (d, /=8.6Hz) (dd,/=7.0, (dq,/=6.0, (d, /=6.0Hz)
8.6Hz) 7.0Hz)

3 (CDC13) 5.60, 5.96 - 3.91 6.26 3.00 3.71 4.30 1.30

(two dd,/=1.8, (ddd, /=1.8, 1.8, (dd,/=6.5, (dq,/=6.5, (d, /=6.5Hz)
1.8 Hz) 6.5 Hz) 6.5 Hz) 6.5 Hz)

4 (CDCI3) - 2.76 3.91 - 4.18 3.74 4.52 1.23
(d,/=4.4Hz) (dq,/=4.4, (d,/=6.3Hz)

6.3Hz)

(C) 13CNMR(50.3 MHz, 8 ppm).
C2 C2' C3 C3' C5 C6 C7 C8 C9

2b (D20, 25°C) 146. 37 107.09 ns ns 67^85 81.24 ns 63. 34 21.08

ns: Notseen.
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acid (MOPS) - NaOH buffer, pH 7.1, at 37°C in
the presence of 2 mg/liter DHP-I.
For each run decreasing FCE 22101 concent-

rations were measured by HPLC injecting
aliquots of the same solution every 3.8 minutes.
From three to ten data points were acquired to
define the early stage of each reaction. The
initial degradation velocity was calculated ex-
trapolating the slope of the plot of FCE 22101
concentrations against time to the "zero time".
Fitting initial velocities and substrate concentra-
tions to the Michaelis-Menten equation the fol-
lowing kinetic parameters were obtained:

Km=2.1 mMand Vmax=0.15 mM/minute/mg.

Chemical Stability Studies
The data reported in Table 1 indicate that

FCE 22101 displays a good stability over a wide
range of pH values in different buffered media
including those selected for the "in vitro" in-
teraction studies with porcine renal dehydro-
peptidase.
In neutral or alkaline aqueous media one major

degradation product was formed; on the basis
of the HPLCretention time and UVspectrum
it proved to be identical to product 2 resulting
from the DHP-I inactivation of FCE 22101.

Structural Elucidation of the Hydrolysis Pro-
duct 2

Early attempts to isolate compound 2 after
enzymic hydrolysis failed, mainly owing to its
chemical lability. Therefore, FCE 22101 was
hydrolyzed in D2Oand the mixture analyzed by
XH NMRspectroscopy. Typically, 5.4mg of
substrate in 50 ml D2O was treated with purified
DHP-I (0.076 mg as total protein content) at
37°C while keeping the pD of the solution at
about 7.4 by the addition of 0.01 m NaODin
D2O. After 4 hours an almost complete trans-
formation to compound2a was confirmed by
HPLCanalysis and the solution was concentrated
up to 0.4 ml. The recorded XH NMRspectrum
(Table 2), in particular the signals at 5.57 and
5.61 ppm coupled (/=1.5 Hz) with the signal at
6.04ppm, was strongly suggestive of an ex-
omethylenethiazoline structure. Eventually, a
sample of the diammoniumsalt 2b was isolated
upon chemical hydrolysis of FCE 22101 (1 g) in
0.05 m aqueous NaOH (250 ml) at 5°C overnight.
The reaction mixture was brought to pH 8 by
adding carboxylic exchange resin (Amberlite
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CG-50, H+ form) and the filtrate was chromato-
graphed on a Sephadex DEAE-A25 column
(HCO3~ form). After elution with aqueous
2% (w/v) NH4HCO3, selected fractions were

concentrated and 2b (260 mg) was precipitated
with acetone. The UV, IR, JH and 13C NMR
spectra of this sample are reported in Table 2.
The superimposition of the *H NMRspectra in
D2O of 2a and 2b, taken either separately or
in admixture, confirmed their commonstructure.
The exomethylenethiazoline structural assign-
ment was corroborated by the conversion of 2a
and 2b into the methylthiazole 4, via esterifica-
tion to 3 (CH3I, DMSO- H2O, 15 minutes, 25°C)
followed by base-induced aromatization (NEt3).

In conclusion, the present work demonstrates
that one major product, the exomethylenethi-
azoline 2, is formed either by chemical or in vitro
enzymic hydrolysis of the penem FCE 22101.
This result is reinforced by the observation that
compound 2 was also found identical (HPLC,
UV) to the major metabolite of FCE 22101
detected in the urine of different mammalian
species, man included. Most likely, and in
close analogy with the exomethylenedihydro-
thiazine or -oxazine resulting from the hydrolysis
of cephalosporins70 and oxacephems8) carrying
3'-leaving groups, compound 2 also portrays the
structure of the acyl portion of the acyl-enzyme
intermediate resulting from the interaction of
FCE 22101 and related penems with their bacteri-
al targets (penicillin-binding proteins).
Compound2 is structurally different from the

carbapenem9) and penem10) hydrolysis products
reported hitherto. Studies are in progress to
define the possible biological implications of this
finding.
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