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Abstract

The title compound was prepared as part of a study of 3-
blocking adrenergic agents. X-ray crystal structure analy-
sis was used to determine the E configuration of the oxime
group and the chiralities of the C atoms at the junction
of the cyclopentene and cyclohexane rings (the chiral-
ities are opposite). Both enantiomers are present in the
crystal, the space group being centrosymmetric (P1). The
methoxy group and the H atom at the junction are cis.
There are two crystallographically independent molecules
in the asymmetric unit having different environments.
These results are relevant from the chemical point of view
and are quite reliable in spite of the poor quality of the
diffraction data; this was caused by thermal motion andfor
disorder which prevented the accurate determination of
the molecular geometry.

Comment

In order to obtain new (-adrenergic agents (Jamart-
Grégoire, Caubére, Blanc, Gnassounou & Advenier,
1989), oxime (1) was prepared according to the scheme
shown below.
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Transformation of the oxime (1) into the corresponding
oxyiminopropanolamine was performed in the usual man-
ner (Amlaiky, Leclerc, Decker & Schwartz, 1983). This
produced a series of new compounds which were then
tested as (3,-blocking agents. The main problem was to
establish the exact stereochemistry of (1) and in particu-
lar the E or Z conformation of the oxime group. As the
synthesis of oximes from the corresponding ketones can
lead to two isomers, Z and E, it was important to determine
the exact stereochemistry of the oxime obtained since the
pharmacological properties are strongly dependent on its
structure.

Although 'H and *C NMR spectra gave some indica-
tion of the stereochemistry, it was not possible to ascertain
its exact structure. It was therefore decided to use X-ray
analysis and this was successful in establishing the E na-
ture of this compound

The present paper reports the results of this study,
which is made more interesting by the fact that pharmaco-
logical results have established that compound (2) has the
highest known value (343) of the ratio (3, activity)/(5;
activity).
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From the ORTEP drawings showing the two indepen-
dent molecules of the asymmetric unit (Fig. 1) and the Ueq
values (Table 1), it appears that some of the atoms are af-
fected by rather high thermal motions and that some of
them exhibit exceptionally high anisotropies as indicated
by the ratios ryax/rmin Of the principal axes of the displace-
ment ellipsoids. These data suggest that static disorder is
probably more important than thermal motion; this is con-
sistent with the fact that the melting point is not particu-
larly low (393 K). This disordered situation is responsi-
ble for the poor quality of the diffraction data which pre-
vented an accurate refinement. The bond distances and an-
gles (Table 2) are therefore only suitable for describing

the molecular conformation. The conformation is how-

ever important from the chemical and pharmacological
point of view.

The molecule consists of a tricyclic system built up by
the fusion of a cyclohexane ring with an indanone oxime.
The least-squares planes through the three rings form
the dihedral angles ZAB 9.4(5) in molecule A, 6.4(6)°
in molecule B and ZBC 60.3(6) in molecule A4, 55.4(7)°
in molecule B. The puckering and conformation of the
rings, where Qr is the total puckering amplitude (Cre-
mer & Pople, 1975) and ADP is the minimum asymme-
try displacement parameter (Nardelli, 1983b) are: ring B,
molecule 4, Qr = 0.318(18), ADP = D,(C1) = 0.013(6),
molecule B, Qr = 0.162(19), ADP = 0.010(6) and ring

© 1992 International Union of Crystallography
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Molecule B

Fig. 1. ORTEP drawings of the two independent molecules of compound
(1) with ellipsoids at 50% probability.

C, molecule A, Qr = 0.510(19), ADP = D,(C3-C4)=
0.029(8), molecule B, Qr = 0.672(32), ADP = 0.048(12);
in all cases, the rings adopt a half-chair conformation.

The configuration of the oxime is E, and it is pos-
sible that the following intramolecular attractive inter-
actions have some influence on it, C94A—H94 1.08(4),
C94-.-014 2.86(2), H94---O14 2.30(3) A, C9A—
H94---014 110 (2)°, C9B—H9B 1.08(4), C9B---O1B
2.95(2), H9B---O1B 2.41(3) A, C9B—HO9B..--0O1B
109(3)°. Note that in both molecules, the six-membered
O1, N1, C2, C1, C9, H9 ring is practically planar; the H9
atoms are 0.33(4) A (molecule A) and 0.21(3) A (molecule
B) out of the weighted-least-squares plane through the
non-H atoms which themselves show displacements from
this plane in the range 0.01(1)-0.11(2) A.

The methoxy group and the H atom at the junction of
the cyclopentene and cyclohexane rings are cis with a syn-
clinal conformation; the O2—C3—C4—H4 torsion an-
gles being 35(3) and 32(3)° for molecules A and B respec-
tively. Molecular-mechanics calculations show that a Z
configuration for the oxime should cause steric hindrance
between the O1 atom and the C10 methylene group.

The configuration at the two chiral centers, C3 and
C4, is opposite, being shown as R and S respectively
in Fig 1. The enantiomers are also present in the crys-
tal, the space group being centrosymmetric. The plane of
the methoxy group is nearly perpendicular to that of the
oxime, the value of the N1—C2—C3—Q2 torsion an-
gle being —95(2)° for both independent molecules. The

0

Fig. 2. PLUTO drawing of the molecular packing.

02—C14 bond is antiperiplanar to the C3—C4 bond and
when the methoxy group is rotated about the C3—02
bond in the free molecule, steric hindrance is encountered
between the C14 methyl atom and the C10 methylene, H4
and CS atoms. This hindrance, together with interactions
involving adjacent molecules packed in the crystal, are the
factors which determine the orientation of the methoxy
group.

The main interactions determining the packing of
the molecules in the crystal (Fig. 2) are the hydro-
gen bonds O14A—H104 0.94(4), Ol1A4.--N14' 2.82(2),
H10A4---N14! 2.08(4), O1A—HI10A.- ‘N14" 135(3)°
and O1B—HIOB 0.94(4), O1B---N1B' 2.78(2),
HIOB---N1B" 1.99(4), O1B—H10B---N1B" 140(4)°
wherei=2-x,-y,~zandii=-x-1,-y-1,-z- 1.

Experimental

Crystal data

C14H;7NO;, Dy = 1222 Mgm™>

M, = 231.29 Cu Ko radiation
Triclinic A = 1.540562 A

P1 Cell parameters from 27

a=13474 (2) A
b=12.540 (1) A
c=7632()A
a = 101.78 (1)°
B = 95.02 (1)°
v=8714(1)°
V=1256.8 (3) A®
Z=4

Data collection

Siemens-AED diffractometer

6-26 scans
4062 measured reflections

reflections
6 = 11-40°
4 = 06178 mm™!
T=293(2)K
Needles
0.60 x 0.27 x 0.21 mm
Colourless

—-13 - 13
12 — 12

T~ AN~
nmono
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1082 observed reflections
[I>30)]

Omax = 70

O

Refinement
Refinement on F

Final R =

0.0846

wR = 0.0976

S =2.672

8

1082 reflections
307 parameters
H-atom parameters not re-

fined

w = 0.9552/[02(F,)+
0.0005F,]
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1 standard reflection
monitored every 50

reflections

intensity variation: within
statistical fluctuation

(A/0)mex = 04

Apmax =020 e A3

Apmin = —022¢ A3

Atomic scattering factors
from International Tables
for X-ray Crystallogra-
phy (1974, Vol. 1V, Tables
2.2A,2.2C and 2.3.1)

Table 1. Fractional atomic coordinates and equivalent

O14

NI14
Cl4

Cd4
C54
C6A
Cl1A
C84
C94
C104
Cli4
C124
C134
Cl44
O1B
02B
N1B
C1B
C2B
C3B
C4B
C5B
C6B
C1B
C8B
C9B
C10B
Cl1B
Ci12B
C13B
Cl14B

O14—NI4
024—C34
024—Cl144
NiA—C24
Cl4—C24
Cl1A—C54
C1A—C94
C24—C34
C34—C44
C34—C104
C44—C54
C44—C134

isotropic thermal parameters (A?)

1
Ueq = 32,-21-U,~,-a;‘a;a,-.aj.

X
0.9161 (T)
0.7675 ()
0.9196 (8)
0.7757 (10)
0.8557 (10)
0.8440 (11)
0.7947 (13)
0.7366 (11)
0.6554 (13)
0.6186 (13)
0.6561 (14)
0.7387 (12)
0.9393 (13)
1.0081 (12)
0.9550 (14)
0.8692 (14)
0.7884 (12)

—0.4083 (7)

~0.2824 (10)
—0.4221 9)

—0.2662 (11)
—0.3553 (11)
—0.3576 (15)
—0.2898 (13)
—0.2289 (12)
—0.1413 (12)
—0.0938 (13)
—0.1334 (14)
—0.2193 (13)
—0.4389 (21)
—0.5044 (17)
—0.4446 (26)
—0.3457 (18)
—0.3134 21)

Table 2. Geometric parameters (A, °)

y z
00664 (8)  —0.1069 (1)
0.1067 (10) 0.3842 (14)
0.0797 (10) 0.0777 (19)
0.2171 (13) 0.0741 (22)
0.1492 (12) 0.1557 (22)
0.1697 (13) 0.3528 (22)
0.2883 (16) 0.3842 (22)
0.2891 (14) 02116 (25)
0.3651 (14) 0.1764 (27)
0.3485(16)  —0.0063 (32)
02779(17)  —0.1423 (28)
0.2020(15)  —0.1084 (23)
0.1593 (16) 0.4716 (23)
0.2506 (20) 0.5009 (26)
0.3637 (19) 0.5680 (25)
0.3767 (16) 0.4249 (27)

—0.0099 (15) 0.3564 (25)

—0.5184(9)  —0.3584(15)

—0.2603(14)  —0.5666 (27)

—04178(12)  —0.4182(18)

—0.3496(16)  —0.2220(21)

—03511(15)  —0.3507 (22)

—02343(15)  —0.4043 (28)

—0.1692 (16)  —0.2724(28)

—0.2507(16)  —0.1854 (20)

—0.2256(14)  —0.0666 (25)

—0.3221(21)  —0.0093 (28)

—04172(19)  —0.0472(28)

—04436(13)  —0.1566(25)

—0.2056 (26)  —0.5088 (44)

—0.1360(30)  —0.3225 (42)

—0.0370 (24)  —0.2287 (42)

—0.0865(21)  —0.1248 (29)

—03243(25)  —0.7321(33)

138 (1)
1.40 (2)
145 (2)
129 (1)
1.51(2)
1.36 (2
142 (2
1.49 2)
1.58 2)
1.52(2)
147 2)
1.50 2)

O1B—NIB
02B—C3B
02B—C14B
N1B—C2B
C1B—C2B
C1B—CSB
C1B—C9B
C2B—C3B
C3B—C4B
C38—C10B
C4B—C5B
C4B—CI13B

Ueq
0.0730 (53)
0.0684 (55)
0.0582 (60)
0.0540 (78)
0.0504 (71)
0.0512 (78)
0.0594 (81)
0.0652 (84)
0.087 (11)
0.082 (12)
0.082 (11)
0.0811 (95)
0.0673 (92)
0.087 (10)
0.103 (11)
0.0855 (98)
0.090 (10)
0.0875 (59)
0.1457 (99)
0.0601 (69)
0.0502 (71)
0.0546 (83)
0.079 (10)
0.0693 (97)
0.0475 (76)
0.0710 (93)
0.083 (12)
0.089 (12)
0.0723 (88)
0.194 (20)
0.185 (23)
0.186 (21)
0.137 (15)
0.178 (18)

142(1)
1.64 (2)
1.39(2)
126 (2)
148 2)
133 (2)
147 2)
1.60 (2)
145 2)
1.38(3)
1.50 2)
1.58 (2)

C5A—C6A 1.46 (2) C5B—C6B 143 (2)
C64—C7A 142(3) C6B—CTB 147 (3)
CTA—C84 1.34(2) C7B—C8B 1.30 (3)
CBA—C94 147 (2) C8B—C9B 1.38 (2)
C104—Cl114 148 (2) C10B—Cl1B 1.79 (4)
Cl14—CI124 1.57(3) C11B—CI12B 1.53 (4)
Cl124—C134 1.54(2) C12B—C13B 1.65 (4)
C34—024—Cl44 116 (1) C3B—02B—C14B 120 2)
O14A—N1A—C24 116(1) 01B—N1B—C2B 113 (1)
C5A—C14—C94 125(1) C5B—C1B—C9B 124 2)
C24—C14—C94 127(1) C2B—C1B—C9B 126 (1)
C24—C14—C54 107 (1) C2B—C1B—C5B 109 (2)
N14A—C24—Cl1A 129 (1) N1B—C2B—C1B 136 2)
Cl4—C24—C34 107 (1) C1B—C2B—C3B 104 (1)
N14—C24—C34 123 (1) N1B—C2B—C3B 120 (1)
024—C34A—C24 109 (1) 02B—C3B—C2B 100 (1)
C24—C34—C104 116 (1) C2B—C3B—C10B 118 (2)
C24—C34—C44 101 (1) C2B—C3B—C4B 106 (2)
024—C34—C104 113 (1) 02B—C3B—C10B 95 (2)
024—C34—C44 103 (1) 02B—C3B—C4B 97 (1)
C44—C34—C104 114 (1) C4B—C3B—C10B 132 (2)
C34—C44—C134 113 (1) C3B—C4B—CI13B 113 (2)
C34A—C44—C54 102 (1) C3B—C4B—C5B 105 (2)
C5A—C4A—C134 111 (1) C5B—C4B—CI13B 109 2)
C1A—C54A—C44 112(1) C1B—C5B—C4B 114 (2)
C44—CSA—C64 127(2) C4B—C5B—C6B 124 2)
C14—C54—C6A 121 (2) C1B—C5B—C6B 122 (2)
C5A—C6A—CTA 113 (2) C5B—C6B—CT7B 113 (2)
C64—CTA—C8A 126 (2) C6B—C7B—C8B 123 (2)
CTA—C8A—C94 121 (2) C7B—C8B—C9B 126 (2)
Cl4—C94—C84 114(2) C1B—C9B—C8B 112 (2)
C34—C10A—Cl14 116 2) C3B—C10B—C11B 95 (2)
CI0A—C114—C124  113(1) C10B—C11B—C12B 108 (2)
Cl14—CI24—CI34  107(2) Cl1IB—CI2B—CI3B  106(2)
C4A—C134—CI124 116 2) C4B—C13B—C12B 107 2)

The integrated intensities were obtained using a modified ver-
sion (Belletti, Ugozzoli, Cantoni & Pasquinelli, 1979) of the
Lehmann & Larsen (1974) peak-profile analysis procedure. All
reflections were corrected for Lorentz and polarization effects.
Correction for extinction was carried out according to Zachari-
asen (1963) [g = 8.9(6) x107%).

The structure was determined by direct methods using MUL-
TAN80 (Main, Fiske, Hull, Lessinger, Germain, Declercq &
Woolfson, 1980) and refined by full-matrix least squares on
F, using SHELX76 (Sheldrick, 1976). The poor quality of the
diffraction data, caused by the high thermal motion or disorder
in the structure, made structure solution and refinement difficult
and prevented a good final R value from being obtained.

The H atoms were placed in calculated positions and not re-
fined while the position of the oxime H atom was found by
first assuming a tetrahedral distribution around the O atom and
then disregarding the positions giving unacceptably short con-
tacts. PARST (Nardelli, 1983a) was used for these and all other
molecular-geometry calculations.

The correctness of the space group was checked using
TRACER (Lawton & Jacobson, 1965), NEWLAT (Mugnoli,
1985), LEPAGE (Spek, 1988) and MISSYM (Le Page, 1987).
CAVITY (Mugnoli, 1990) was then used to make a further check
for incorrect holes.

The calculations were carried out on the ENCORE-GOULD-
POWERNODE 6040 and ENCORE 91 computers of the
‘Centro di Studio per la Strutturistica Diffrattometrica del
CNR (Parma)’. In addition to the quoted programs, LQPARM
(Nardelli & Mangia, 1984), ORTEP (Johnson, 1965) and
PLUTO (Motherwell & Clegg, 1978) were also used.

Following a referee’s remark concerning the unfavourable ra-
tio of the number of refined parameters to the number of observa-
tions, a new refinement was carried out on F2 using SHELXL92.
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The results of this refinement are: number of refined parame-
ters p = 315, number of reflections used in the LS refinement
n = 4035, wR, = 0.2711 for 4035 reflections, S = [Sw(F,” -
FAOI@ - m]"/? = 0.746, w = 1/[c*(F,?) + (0.1658 P)*] where
P = 1/3[max.(F,2,0) + 2F.%], wR, = 0.2796 for all 4062 reflec-
tions (27 reflections with Af/o > 4 omitted in the refinement),
Ry = 0.0924 for 1267 F, > 40(F,), R = 0.2011 for all data,
S = [Ew(F, - Fo)Y/(p - m]'/* = 0.827 where wR; = [Ew(F,”
- F2V[Ew(F5)M'/?, Ry = £ |F, - F| /ZF,. A comparison of
the structural parameters (coordinates, displacement parameters,
bond distances, angles, etc.) from the two refinements shows
that, as a result of the increased number of observations, the
e.s.d.’s are much lower (~1/3) for the F,? refinement but that
differences between bond distances and angles are not signifi-
cant, which supports the view that the quality of intensity data
is much more important than the amount of data. Half-normal
probability glots and a table of the distances and angles obtained
from the F,“ refinement have been deposited.

The authors gratefully acknowledge financial support
from the European Economic Community under grant
N.SC1000657. They are also particularly grateful to Pro-
fessor G. M. Sheldrick of the University of Gottingen who
kindly made the SHELXL92 program available to them at
the BETA-TEST checking stage.

Lists of structure factors, anisotropic thermal parameters, H-atom coor-
dinates and complete geometry, together with principal axes of thermal
ellipsoids, half-normal probability plots and distances and angles from
the F2 refinement, have been deposited with the British Library Docu-
ment Supply Centre as Supplementary Publication No. SUP 55192 (20
pp.). Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: KA1012]
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Structure of a Novel Carbapenem Anti-
biotic, Meropenem
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Abstract

The absolute configuration of the title compound,
(4R,55,65)-3-[(3S,55)-5-dimethylaminocarbonylpyrroli-
din-3-ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid trihydrate,
is confirmed. Meropenem crystallized as a zwitterion with
the three molecules of water. The sum of the three bond
angles about the N atom of the (-lactam ring is 329.1°
and the deviation of the N atom from the plane defined by
the three adjacent atoms is 0.457 A. Short intramolecular
contacts are observed between the 13-methyl group and
the -lactam ring.

Comment

Thienamycin and the related naturally occurring com-
pounds are (-lactam antibiotics possessing potent an-
tibacterial activity (Albers-Schonberg et al., 1978). They
are also chemically unstable and easily metabolized by re-
nal dehydropeptidase-1 (DHP-I). Meropenem (1) is a new
13-methylcarbapenem antibiotic possessing excellent an-
tibacterial activity and chemical stability with high stabil-
ity to DHP-I (Sunagawa, Matsumura, Inoue, Fukasawa &
Kato, 1990).
~u
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