988

c7 0.7265 (2) 0.50523 (7)  —0.08808 (14)  0.0473 (3)
Cs8 0.7248 (2) 045456 (6)  —0.18741 (13)  0.0415 (3)
c9 0.7567 (2) 038670 (7)  —0.15955 (14)  0.0490 (4)
C10 0.7451 (3) 034165 (7)  —0.25929(14)  0.0510 (4)
ci 0.7009 (2) 0.36315(6)  —0.38967 (13)  0.0426 (3)
c12 0.6767 (2) 043024 (7)  —0.41855(13)  0.0469 (3)
cI3 0.6896 (2) 047504 ()  —0.31701 (14)  0.0474 (4)
Cl4 0.6092 (3) 0.33325(9)  —0.6184 (2) 0.0638 (5)
oW 0.7643 (3) 067018 (7)  —0.04812(14)  0.0793 (5)
ow 0.9830 (3) 0.37037 (6) 018312 (14)  0.0723 (4)
Table 2. Selected bond lengths (A)
01—C6 1.224 (2) C2—C3 1.363 (3)
02—Cl1 1367 (2)  C4—CS 1.382 (2)
02—Cl4 1436 (2) C5—C6 1.496 (2)
N1—C3 1328 (2)  C7—C8 1.461 (2)
N1—C4 1338 (2)  C8—CI3 1.385 (2)
N2—C6 1.345 (2) C8—C9 1.396 (2)
N2—N3 1382 (2)  C9—Cl0 1.375 (2)
N3—C7 1273 ()  C10—Cl1 1.393 (2)
Ci—C2 1382 (2)  Cll—C12 1.378 (2)
C1—C5 1383 (2)  CI2—CI3 1.384 (2)

Table 3. Hydrogen-bonding geometry A °)

D—H---A D—H H-..A D--.A D—H-.-A
OlW—HIWI...02W 0.94 (3) 1.81 (3) 2.743 (3) 174 (2)
OlW-- H2w1- - -02" 088 (3) 2.05¢(3) 2917 (2) 169 (3)
O2W—HI1W2.. .01 0.89(3) 2314 3.002 (2) 135 (3)
O2W—HIW2.--N3 089 (3) 2293 3.079 (2) 148 (3)
O2W—H2W2- . -N1" 082 (3) 2033 2.847 (2) 177 (3)
N2—H2N-..01W 084 (2) 218 (2) 3.003 (2) 164 (2)
Cl—H1.--01W 094 (2) 2613 3.429 (2) 146 (2)
C2—H2. - -02w" 095 (2) 2.62(2) 3.444 (2) 145 (2}
C7—H7. - -01W 098 (2) 247 3.332 (2) 146 (2)
C9—H9. - -O2W 097 2) 263 (2) 3.531 (2) 156 (2)

Symmetry codes: (i) 2 — x, 1 —y,—z (i) § —x, { +y,~1 — i (iii)
2-xl=-y,l—-zv)3-—xi+yi-z

Data collection: XSCANS (Siemens, 1994). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure: SHELXTL/PC (Sheldrick, 1990). Program(s) used
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular
graphics: ORTEPII (Johnson, 1976) and SHELXTL/PC. Soft-
ware used to prepare material for publication: SHELXL93. Ge-
ometrical calculations: PARST (Nardelli, 1983).
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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: MU1230). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

References

Constable, E. C. & Holmes, J. M. (1987). Inorg. Chim. Acta, 126,
187-193.

Dutta, R. L. & Hossain, Md. M. (1985). J. Sci. Ind. Res. 44, 635-674.

Fun, H.-K., Sivakumar, K., Lu, Z.-L., Duan, C.-Y., Tian,-Y. P. & You,
X.-Z. (1996). Acta Cryst. In the press.

Girges, M. M., Hanna, M. A,, Berghot, M. & Rassala, D. (1992).
Chem. Pap. 46, 272-2717.

©1996 International Union of Crystallography
Printed in Great Britain — all rights reserved

C4H3N30,.2H,0

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory. Tennessee, USA.

Lu, Z-L., Duan, C.-Y., Tian, Y.-P., You, X.-Z., Fun, H.-K. &
Sivakumar, K. (1996). Acta Cryst. In the press.

Nardelli, M. (1983). Compur. Chem. 7, 95-98.

Rao. K. R. & Gopal. E. R. (1991). Acta Cienc. Indica Phys. 17,
341-346.

Sergienko, V. S., Abramenko, V. L., Minacheva, L. Lh., Porai-Koshits,
M. A. & Sakharova, V. G. (1993). Koord. Khim. 19, 28-37.

Sheldrick, G. M. (1990). SHELXTL/PC User's Manual. Siemens
Analytical X-ray Instruments Inc., Madison. Wisconsin, USA.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Gottingen, Germany.

Siemens (1994). XSCANS User's Manual. Version 2.1. Siemens
Analytical X-ray Instruments Inc.. Madison. Wisconsin, USA.

Acta Cryst. (1996). C52, 988-991

(2R,3R)-3-Ammonio-1-(1-methoxycarbonyl-
2-methyl-1-propenyl)-4-oxoazetidine-2-
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Abstract

The title compound, a novel monocyclic B-lactam,
was prepared and chemically characterized by IR and
'"H NMR spectroscopy and X-ray structure analysis.
CoHaN;O¢S.H,O exists as a zwitterion crystallized
with a water molecule. The four-membered lactam ring
is slightly puckered, the ammonio and sulfonate groups
are cis, and the aliphatic substituent is trans to these
polar groups. Hydrogen bonds link the zwitterions and
the water molecules into spirals parallel to the b axis,
forming a two-dimensional network with base vectors
along (100) and (010).

Comment

A foamy sample of 3-phenoxyacetamino-4-oxoazetid-
ine-2-sulfonic acid methyl ester, (1), prepared as de-
scribed earlier (Kovacevié¢ et al., 1992) changed colour
and form on standing at room temperature. The forma-
tion of three new compounds was detected by monitor-
ing the change by TLC over approximately two weeks.
The most polar product was precipitated out by ace-
tone and isolated by filtration. IR spectroscopy showed
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the absence of secondary amide bands at 1700 and
1520 cm~! (amide I and II) and aromatic bands at 1600,
1580, 1495 and 755cm™~', and '"H NMR spectroscopy
proved the absence of the corresponding protons of
the phenoxyacetamido group as well as the absence of
the methyl sulfonate protons. These data suggested the
formation of the 3-amino-4-oxoazetidine-2-sulfonic acid
(2). The structure of (2), a new chiral 8-lactam synthon,
was confirmed by X-ray structure analysis.

o -CHy-CONH N, s O‘Vle H3N+ : s—0-
);( ST e o
N 1
\H Me \%\Me
COOMe COOMe

(D

The bond lengths in (2) have standard values with
the exception of the short N1—C4 amide bond of
1.354 (6)A which is close to the length of a double
C=N bond [1.333(2) A] Short C—N bonds have also
been found in the simplest four-membered [-lactam,
[B-propiolactam (Yang, Seiler & Dunitz, 1987), and
where C and N are sp’ hybridized (Allen et al., 1987).
The lactam ring is slightly puckered, with maximum
deviations from the least-squares plane of the ring
of 0.045(14) A for N1 and 0.044 (15) A for C4. The
lactam ring in B-propiolactam (Yang, Seiler & Dunitz,
1987) is planar, while in strained (§-lactams (Pfaendler,
Gosteli, Woodward & Rihs, 1981) the N atom is highly
pyramidalized with a deviation of 0.54 A from the plane
of the three atoms to which it is bonded. In (2), N1
deviates by 0.091 (16) A from the C2—C4-C5 plane and
the bond angles at N1 sum to 359.4(3)°, indicating a
very small degree of pyramidalization. The carbonyl O
atom O4 deviates by 0.138 (17) A from the rmg least-
squares plane. The polar sulfonic and ammonio groups
attached to the chiral C atoms C2 and C3, respectively,
are syn with respect to the lactam ring and the aliphatic
substituent attached to N1 is anti [C5—N1—C4—
C3 —160.8(5)°]. The 1-methoxycarbonyl-2-methyl-1-
propenyl group is almost planar due to conjugation
along C6—C5—C9—O05 [deviations from the_ least-
squares plane of the group range from 0.02(2) A (C6)
to 0.40(2) A (05)].

The hydrogen bonds N2—H22--.-07 [N2—H22
1.009 (6), O7---H22 2.689 (6)A N2—H22...07
169.1(4)°] and O7—H27-- -Ol' [07—H27 0.98(10),
Oli.--H27 2.692 (6) A, O7—H27---0O1' 109 (7)°; sym-
metry code: (i) x, 1 +y, z] form a chain along the b
axis (Fig. 2). Two parallel chains are cross-linked by
N2—H23---02" hydrogen bonds [N2—H23 1.009 (5),
O2...H23 2.774(5) A, N2—H23...02" 145.1 (4)°;
symmetry code: (ii) —x, % +y, —z] into spirals run-
ning along the b axis. N2—H2I is involved in a
bifurcated hydrogen bond which is intramolecular to
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Ol [N2—H21 1.009 (6), O1---H21 2.803 (6) A, N2—
H21---01 126.0(4)°] and intermolecular to a water
molecule [N2—H21 1.009 (6), O7"...H21 2.927 (5) A,
N2—H21---07" 113.0(3)°; symmetry code: (iii) 1 —x,
y— % —z], completing the two-dimensional network.

P
8

(]

Fig. 1. ORTEP (Johnson, 1965) drawing of the molecular structure
with the labelling of the non-H atoms. Displacement ellipsoids are
shown at the 30% probability level for non-H atoms; H atoms
are drawn as small circles of arbitrary radii. The intramolecular and
intermolecular hydrogen bonds N2—H21. - -Ol and N2—H22. . -07
are also shown.

Fig. 2. A view of the molecular packing showing hydrogen-bonded he-
lices along the & axis separated by hydrophobic regions containing
methyl groups. The intermolecular hydrogen bonds N2—H22. - .07,

07—H27---01', N2—H23---02" and N2—H21---O7", and the
intramolecular hydrogen bond N2—H21- - -Ol are shown {symme-
try codes: (i) x. | +y, z (i) —x, %+y. —z; (i) 1 —x, y— %
—z]. The atoms O5 and O6 protrude into the hydrophobic region;
a C10—H102- - -O5 contact with a C---O distance of 3.231 (7) A
is found.

Experimental

2.1 g (4.9 mmol) of (2R,3R)-3-phenoxyacetamido-1-(1-methyl-
oxycarbonyl-2-methylprop- 1-enyl)-4-oxoazetidine-2-sulfonic
acid methyl ester (Kovalevic et al., 1992), (1), was kept at
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room temperature for two weeks. 0.66 g of (2) precipitated
as crystals on adding acetone (48.5% yield); an additional
0.12g (8.8%) of (2) was obtained from the mother liquor
residue upon separation by silica-gel column chromatography
using methylene chloride-methanol (4:1) as eluant: m.p. (un-
corrected, Fisher-Johns apparatus) 508-509 K (decomposed);
Ry = 0.25 in CH,C1,-MeOH (4:1). The compound was char-
acterized by chemical and spectroscopic methods. Thermo-
gravimetric analysis showed a 6% loss in mass in the region
367—420 K. A single crystal of (2) suitable for X-ray structure

analysis was obtained from a mixture of acetone and ether.

Crystal data

CoH,4N,06S.H,0
M, = 296.28
Monoclinic

P2,

a=6.097(7) A
b=6.804(5) A
c=1692(2) A
B = 97.66 (6)°
V=696 (1) A®
Z=2

D, = 1414 Mg m~?

Data collection

Enraf-Nonius CAD-4
diffractometer

w scans

Absorption correction:
none

2023 measured reflections

1520 independent reflections

1382 observed reflections
[F > 20(F)]

Rine = 0.0112

Refinement

Refinement on F

R = 0.0408

wR = 0.0431

S=046

1379 reflections

188 parameters

H-atom parameters not
refined for H21, H22
and H23, all H-atom
parameters refined for
H17, H27, H2 and H3,
and only U’s refined for
all other H atoms

w = 1.7539/[c*(F,)

+ 0.0004(FH)]

Mo Ko radiation

A =0.71073 A

Cell parameters from 25
reflections

6 =7-18°

g = 0.250 mm ™!
T=2953)K
Plate

0.40 x 0.29 x 0.15 mm
Colourless

gmax=200

h=-1—35
k=—-1—6
l=-16 — 16

3 standard reflections
monitored every 87
reflections
frequency: 180 min
intensity decay: 0.1%

(A/0)max = 0.21

Apmax = 028 e AT

Apmin = —023e A7

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V, Table
23.1)

Absolute configuration:
assigned to agree with the
known chiralities at C2
and C3 of its precursor,
natural phenoxymethyl-
penicillin

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A’)

Ueq = (1/3)2121'(]0(1:0;3,’.3/.

x ¥ < Uegq
Sl 0.1124 (2) 0.0 0.11020(10)  0.0425 (3)
o1 0.3295 (5) —0.0226 (6) 0.0855 (2) 0.0525 (10)
02 —0.0493 (6) 0.0695 (6) 0.0458 (2) 0.0618 (11)

CyoH4N»06S.H,0

03 0.0441 (6) —0.1667 (6) 0.1525(2) 0.0596 (11)
04 0.6511 (5) 0.3488 (6) 0.2408 (2) 0.0569 (13)
oS 0.1044 (8) 0.0509 (10) 0.4205(2) 0.119(3)
06 0.1298 (7) 0.3309 (8) 0.3556 (2) 0.0775(18)
N1 0.3233(5) 0.1690 (6) 0.2441(2) 0.0375 (10)
N2 0.3407 (6) 0.3876 (6) 0.0716(2) 0.0451 (1)
C2 0.1423 (1) 0.2019 (8) 0.1780(2) 0.0395 (14)
C3 0.2819 (7) 0.3749 (7) 0.1530(2) 0.0405 (14)
Ca 0.4612 (7) 0.3039(7) 0.2186 (2) 0.0398 (14)
Cs 0.3306 (7) 0.0654 (8) 0.3178(2) 0.0430 (14)
Cc6 04775 (9) -0.0783 (9) 0.3361 (3) 0.0583 (16)
c? 0.6319 (10) —0.1426 (10 0.2791 (3) 0.070 (2)
C8 0.5068 (13) —0.1848 (13) 0.4144(3) 0.096 (3)
C9Y 0.1773 (9) 0.1437 (1) 0.3704 (3 0.064 (2)
C10 —=0.0175 (1) 0.4276 (16) 0.4019(3) 0.120 (4)
o7 0.6287 (6) 0.6885 (7) 0.0799 (2) 0.0655 (14)

Table 2. Selected geometric parameters (/i, °)

$1—01 1448(3)  NI—Ca 1.354.(6)
$1—02 1448(4)  NI—CS 1.428 (5)
S1—03 1432(4)  N2—C3 1471 (5)
s1—C2 1783(5)  C2—C3 1544 (7)
04—C4 1208(5)  C3—C4 1.529(5)
05—CY 1190(8)  C5—C6 1334 (8)
06—C9 13239  C5—C9 1474 (7)
06—C10 14299 C6—C7 1500 (8)
NI—C2 1480(5)  C6—C8 1500 (8)
01—51—02 120 N2—C3-—C4 117.3(3)
01—S1—03 N34  C2—C3—C4 85.8(3)
01—51—C2 1044(2)  O4—C4—NI 133.1 (4)
02—51—03 1149(2)  04—C4—C3 135.1 (4)
02—S§1—C2 1035()  N1—C4—C3 91.8(3)
03—S1—C2 1075 NI—C5—C6 1204 (4)
C9—06—C10 1185(5)  NI—C5—C9 113.6 (4)
C2—N1—Ca 95.1()  C6—C5—CY 125.8 (4)
C2—N1—C5 131.9(3)  C5—C6—C7 121.6(5)
C4—NI—C5 131.7(3)  C5—C6—C8 123.8(5)
S1—C2—NI 8@  C7—C6—C8 114.6/(5)
SI—C2—C3 151 05—C9—06 123.6 (6)
N1—C2—C3 865(3)  05—C9—C5 124.5(7)
N2—C3—C2 1209(3)  06—C9—CS 112.0(5)
01—S1—C2—NI ~556(3  NI—C2—C3—C4 6.0(3)
€10—06—CY—05 -02(8)  C2—C3—C4—04 174.1 (5)
C4—N1—C2—S1 1089(3)  C2—C3—C4—NI —6.6(3)
C4—N1—C2—C3 ~68(3)  N2—C3—C4—NI ~1293(4)
C2—N1—C4—C3 69(3)  C9—C5—C6—C7 -1778(5)
C5—NI—C4—C3 —1608(5)  C9—C5—C6—C8 0710
C2—N1—C5—Cé 1239(5)  C6—C5—C9—O05 ~29.5(9)
C2—N1—C5—C9 —60.6 (7)

Data collection and cell refinement were carried out using
CAD-4 Software (Enraf-Nonius, 1988) and the data were
corrected for Lorentz and polarization effects using the Enraf-
Nonius SDP/VAX package (B. A. Frenz & Associates Inc.,
1982). The structure was solved by the Patterson method
using SHELXS86 (Sheldrick, 1990). Refinement was carried
out by full-matrix least squares on F minimizing Xw(F, —
F.)* (SHELX76; Sheldrick, 1976). All methyl H atoms were
placed in geometrically calculated positions, while water and
ammonio H atoms and those on C2 and C3 were located from
successive difference Fourier syntheses. All H atoms except
those in the water molecule and on C2 and C3 were refined
riding on their respective atoms. The displacement parameters
of the ammonio H atoms were kept fixed at 0.1 A*, while those
of the methyl H atoms were refined as a common free variable.
The ¥ coordinate of S1 was held fixed in order to fix the origin
in the polar space group P2,. All non-H atoms were refined
anisotropically. Three reflections for which the difference in
the observed and calculated structure factors was large (131,
102 and 303) were omitted. The molecular geometry was
calculated using the program PLATON (Spek. 1990). Fig. 1
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‘was prepared using ORTEP (Johnson, 1965) incorporated in
PLATON and Fig. 2 was prepared using PLUTON (Spek,
1991). Material was prepared for publication using PLATON.

Lists of structure factors. anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: KA1146). Copies may be obtained through The
Managing Editor. International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU. England.
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Abstract

The structure of the title compound, 9,10-diiodo-9,10-
dihydro-9,10-diboranthracene, C,;HgB:I,, has been de-
termined. The nearly planar skeleton of the molecule
suggests that the central six-membered boron-containing
ring is conjugated with the outer two benzene rings. The
molecules stack along the ¢ axis and the B atoms of one
molecule lie just above the I atoms of the next molecule.
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Printed in Great Britain — all rights reserved

991

Comment

As part of our study of organic donor-acceptor
molecular complexes, the title compound was inter-
esting because it was possible that it possessed an
electron-accepting property. Only four kinds of 5,10-
disubstituted-5, 10-dihydroboranthrene compound have
been synthesized, namely, the diiodo derivative (Siebert,
Schaper & Asgarouladi, 1974), the dibromo deriva-
tive (Asgarouladi, Full, Schaper & Siebert, 1974), the
dichloro derivative (Clement, 1965) and the dimethyl
derivative (Schacht & Kaufmann, 1987). However, none
of these compounds has so far been structurally ana-
lyzed. This report is concerned with the diiodo deriva-
tive, (I).

—~
— — =

Since there are two molecules of (I) in the unit cell of
space group C2/m, a quarter of the molecule corresponds
to an asymmetric unit. The symmetry of the molecule
is Cy;, and is very close to D;,. The mirror plane passes
through the I—B-..B—I atoms perpendicular to the
molecular plane and a twofold axis, perpendicular to the
mirror, is present on the molecular plane. All the atoms
of the molecule lie on a plane, within experimental error,
except for the I atoms. The angle between the least-
squares molecular plane and the I—B bond is 175.6°.
Though the concentrated electron density at the I atoms
(about 54% in the whole molecule) results in an average
bond-length e.s.d. as large as 0.01 A, the C(1)—C(2),
C(2)—C(3) and C(3)—C(3") (symmetry codes are in
Table 2) bond lengths are in the conjugated C,,,—C,,-
range. A slightly large value for the C(1)—C(1') bond
length, however, suggests that the w-bond character of
this bond is weakened. In addition, the B—C(1) bond
length of 1.52(1) A is significantly shorter than the
distance of 1.578 (1) A found in B(CH3); (Bartell &
Carroll, 1965) and the distances 1.571 (3)-1.589(5) A
found in B(Ph)s (Zettler, Hausen & Hess, 1974). These
facts imply that the 7w electrons of the outer benzene
rings are partly donated to the empty 2p orbitals of the
B atoms and that the conjugated system is enlarged to
include the whole molecule. The I—B bond length of
2.18 (1) A is in the range of ordinary covalent bonds
(Cotton & Wilkinson, 1980), suggesting that electron
donation does not occur from the I to the B atom.

All the molecules stack along the ¢ axis, with their
molecular planes parallel to each other, as shown in Fig.
2, and at an angle of 58.5° to the ¢ axis. The interplanar
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