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Table 3. Hydrogen-bond geometry (A, °©)

Donor+Acceptor Donor—H:--Acceptor H--Acceptor
O1B8--024 2.631 (3) - -
Ol4--028 2.638 (3) - -
NA—HNA4-034' 2,952 (4) 154 2.17
NB—HNB--03B 3.034 (4) 163 2.19

Symmetry code: (i) x, y + 1, z.

Fig. 2. A stereo pair (Johnson, 1976) seen along the b axis
illustrating the molecular packing. The molecules are drawn as
in Fig. 1 and the hydrogen bonds are shown as thin lines.

two C—O bonds in the carboxylic acid for two of
the dimers where the H atoms were not located,
2,2-dibromo-1-methylcyclopropanecarboxylic  acid
(Remming & Sydnes, 1987) and trans-dichlorobis-
(trans,trans-dibenzylideneacetone)dioxouranium(IV)
acetic acid solvate (Alcock, de Meester & Kemp,
1979), providing evidence for a disordered carboxylic
acid dimer at low temperature in these two struc-
tures.

The CSD search showed that the present structure
represents one of the few exceptions from the general
observation that the hydrogen-bonded carboxylic
acid dimers tend to be ordered at low temperature.
This could indicate that disorder in (R)-N(1-phenyl-
ethyl)succinamic acid is of static origin.

Another interesting aspect of this molecule is that,
though the two independent molecules are involved

Acta Cryst. (1992). C48, 2185-2189
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in identical hydrogen-bond patterns, they adopt dif-
ferent conformations. The non-bonded interactions
between the chiral moieties will also influence the
crystal packing and may contribute to the conforma-
tional differences.

The authors wish to thank Flemming Hansen for
help with the experimental crystallographic work and
the referee for helpful comments. This research was
supported by the Danish Natural Science Research
Council and by the Danish Research Academy
(support to DK).
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Structures of 9-Ethyl-3-nitrocarbazole and
1-(9-Carbazolyl)-3-(3-nitro-9-carbazolyl)propane

By ZHENHUA CHEN, JOHN MASNOVI,* RONALD J. BAKER,* RANDOLPH B. KRAFCIK AND
ROBERT L. R. TowNs

Department of Chemistry, Cleveland State University, Cleveland, Ohio 44115, USA

(Received 10 September 1991; accepred 3 April 1992)

Abstract. 9-Ethyl-3-nitrocarbazole, C;;H;,N,O,, M,
= 240.26, triclinic, P1, a = 10.572 (4), b= 12.910 (5),

* Authors to whom correspondence should be addressed.

0108-2701/92/122185-05%06.00

c=9547 @A, a=9485(3), B=111.62(3), y=
75.40 (4°, V=1172(1) A3, Z=4, D,,=1.35, D, =
1.361 gem 3, A(Mo Ka) =0.71073 A, w=
0.869 cm ™!, F(000) = 504, T=302 K, R=0.061, wR

© 1992 International Union of Crystallography
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Table 1. Positional parameters and their e.s.d.’s for
the non-H atoms of (I)

B =(113)2.Z,B;a*a*a;.a;.

X Yy z Beq(Az)
[o)] —0.2953 (3) 0.3598 (2) 0.1100 (3) 173 (9)
02 ~02162 (3) 03954 (3) 0.3474 (3) 8.93 (9)
N3 —0.2035 (3) 0.3795 (3) 0.2243 (4) 6.34 (9)
N9 0.2888 (3) 0.3996 (2) 0.1634 (3) 4.99 (8)
Cl 0.1541 (4) 0.4205 (3) 0.3350 (4) 54(1)
IS 0.0300 (4) 04129 (3) 0.3399 (4) 54(1)
c3 —0.0731 (4) 0.3868 (3) 0.2112 (4) 4.80 (9)
C4 —0.0554 (3) 0.3660 (3) 0.0754 (4) 4.43 (8)
C44 0.0701 (3) 0.3729 (2) 0.0677 (3) 4.20 (8)
C4B 0.1269 (3) 0.3540 (3) —0.0493 (4) 4.29 (8)
Cs 0.0776 (4) 0.3229 (3) —0.1993 (4) 5.06 (9)
C6 0.1624 (4) 0.3099 (3) —0.2827 (4) 5.8(1)
(o) 0.2932 (4) 0.3302 3) —0.2194 (4) 6.3(1)
C8 0.3476 (4) 0.3608 (3) —0.0706 (4) 5.6(1)
C84 0.2620 (3) 0.3719 (3) 0.0134 (4) 4.81 (9)
94 0.1741 (3) 0.4000 (3) 0.1980 (4) 4.60 (9)
Cl10 0.4201 (4) 0.4207 (3) 0.2689 (4) 6.0 (1)
cl 04157 (4) 0.5383 (4) 0.2824 (5) 76 (1)
or’ —0.0123 (3) 0.1142 (2) 0.1666 (3) 6.99 (8)
oY 0.0457 (2) 0.1330 (2) 0.4064 (3) 6.98 (8)
N3’ 0.0734 (3) 0.1242 (2) 0.2917 (3) 5.38 (8)
N9’ 0.6107 (3) 0.1359 (2) 0.3597 (3) 491 (7)
Ccl’ 0.3736 (3) 0.1241 (3) 0.1804 (4) 4.77 (9)
c2 0.2437 (3) 0.1213 (3) 0.1732 (4) 4.79 (9)
¥ 02139 (3) 0.1267 (3) 0.3041 (4) 427 (8)
4 0.3106 (3) 0.1347 (3) 0.4445 (3) 4.15(8)
(27 0.4423 (3) 0.1382 (2) 0.4552 (3) 4.13 8)
CAB 0.5691 (3) 0.1448 (3) 0.5789 (3) 4.16 (8)
cs 0.6060 (3) 0.1503 (3) 0.7344 (4) 4.78 (9)
Cce6’ 0.7413 (4) 0.1524 (3) 0.8234 (4) 56(1)
Ccr 0.8396 (4) 0.1488 (3) 0.7580 (4) 59(1)
cs 0.8078 (4) 0.1435 (3) 0.6045 (4) 54(1)
(-7 ¢ 0.6706 (3) 0.1425 (3) 0.5161 (4) 4.44 (9)
4’ 04744 (3) 0.1325 (3) 0.3221 (4) 432 (8)
C10’ 0.6842 (4) 0.1243 (3) 0.2547 (4) 5.6(1)
C1r 0.7403 (4) 0.0087 (4) 0.2239 (4) 7.1(1)

=0.077 for 2316 independent reflections with 7=
30(I) and 326 variables. 1-(9-Carbazolyl)-3-(3-nitro-
9-carbazolyl)propane, C,7H,N;0,, M, =419.49, tri-
clinicc P1, a=13.1193(3), b=28.8488(2), c=
9.3648 (4) A, a=10035(3), B=103.16(2), y=
92.61(2)°, ¥=1037 (1) A}, Z=2, D,,=1.34, D, =
1.343 gcm ™3, A(Mo Ka) =0.71073 A, w=
0.805 cm !, F(000) = 440, T = 302 K, R=0.052, wR
=(0.073 for 2668 independent reflections with 7=
30(I) and 290 variables. Bond distances and angles
are consistent with those in related structures. Dis-
tortions introduced by the presence of the nitro
substituents are slight. The nitrated carbazole rings
of both structures associate intimately in pairs, prob-
ably owing to intermolecular dipole—dipole interac-
tions which are stronger between nitrocarbazole
rings than between their unsubstituted counterparts.

Introduction. Our interest in the mechanism of elec-
trophilic aromatic substitution has prompted us to
examine several reactions which can be shown to
proceed with an initial electron-transfer step. The
photochemical nitration of aromatic compounds by
tetranitromethane is one example of such a process
(Masnovi, Krafcik, Baker & Towns, 1990). As part
of the product analysis, we have undertaken single-
crystal X-ray structure determinations of two
products formed by this type of reaction: 9-ethyl-3-

C14H12N202 AND C27H21N302

Table 2. Bond distances (A) and bond angles (°) for (1)

O1—N3 1222 (@) OI'—N¥ 1.224 (3)
02—N3 1.226 (5) 02—N¥ 1.224 (5)
N3—C3 1.456 (6) N3'—C¥ 1.454 (5)
N9—C84 1.387 (4) N9'—C84" 1.396 (4)
N9—C94 1.369 (5) NY'—C94" 1.361 (4)
N9—Cl10 1.459 (4) N9'—CI10° 1456 (5)
c1—2 1.358 (6) cr—Cz 1.359 (5)
Cl—C94 1.394 (5) Cr—CoA’ 1.396 (4)
C2—C3 1.392 (4) c2—Cy 1.389 (5)
C3—C4 1372 (5 Cy—C4 1.369 (4)
C4—Ch4 1381 (5) C4—Cad’ 1371 (5)
C44—C4B 1.429 (5) C44'—C4B 1.440 (4)
C44—C94 1.411 (4) CA4'—C94’ 1.423 (5)
C4B—C5 1.393 (4) C4B'—C5" 1.390 (5)
C4B—C84 1.402 (5) C4B—C84' 1.403 (6)
C5—C6 1376 (6) C5—C6’ 1.374 (5
C6—C7 1.374 (6) C6—CT 1.387 (7)
Cc7—C8 1386 (5) Cc7T—C¥’ 1377 (6)
C8—C84 1390 (6) C8'—C84’ 1386 (4)
Clo—Cl1 1.503 (6) c1—C1v’ 1.508 (6)
01—N3—02 1239 (4) OlI'—N3¥—02’ 1228 (3)
01—N3—C3 117.5 (3) Ol'—N¥—C3" 118.5 (3)
02—N3—C3 118.6 (3) 02—N3¥—C3’ 1186 (3)
C8A—N9—C94 108.9 (3) C84'—N9'—C94’ 108.6 (3)
C84—N9—Cl10 125.6 (3) C84'—N9'—C10’ 1259 (3)
C94—N9—C10 1254 (3) C94'—NY—C10’ 1253 (3)
C2—C1—C94 117.5 (3) C2—CI'—O94' 118.1 (4)
C1—C2—C3 120.6 (4) CcI'—C2—C3 1202 (3)
N3—C3—C2 117.8 (4) N3'—C3'—C2’ 118.6 (3)
N3—C3—C4 119.4 (3) N3'—C3'—C4' 1183 (3)
C2—C3—C4 1229 (4) C2—Cy—C# 123.1 (3)
C3—C4—Cdd 117.7 3) C¥—C4'—CaA’ 118.0 (3)
C4—C44—CaB 133.5 (3) C4—C44'—CAB’ 134.1 (3)
C4—C44—C94 1193 (3) C4'—Ca4'—CoA’ 119.6 (3)
C4B—C4A—C94 107.1 (3) C4B—Ca4'—C94’ 1063 (3)
C44—C4B—CS5 134.3 (3) C44'—C4B'—CS' 1342 (4)
C44—C4B—C84 106.5 (3) C44’'—C4B'—C84’ 106.6 (3)
C5—C4B—C8A 119.2 (4) C5—C4B'—C84’ 119.2 3)
C4B—C5—C6 119.5 (3) C4B'—C5'—C6' 119.4 (4)
C5—C6—C7 120.1 (3) C5'—C6'—CT’ 120.0 (4)
C6—C7—C8 1227 (4) C6'—C7—C8"’ 122.6 (3)
C7—C8—C84 116.7 (4) CT—C8—C8.4’ 116.7 (4)
N9—C84—C4B 108.8 (3) N9'—C84'—C4B’ 109.1 (3)
N9—C84—C8 129.4 (3) NY'—C84'—C8¥’ 128.8 (4)
C4B—C84—C8 1218 (3) C4B'—C84'—C8’ 122.1 (3)
N9—C94—Cl 129.4 (3) N9'—C94'—CI" 129.6 (4)
N9—C94—C4A 108.5 (3) NY'—C94'—C4A’ 109.4 (3)
C1—C94—CaA 122.0 (4) CI'—C94'—C4A’ 121.1 3)
N9—C10—CI1 1121 (3) NY'—C10'—C11’ 112.5 (4)

nitrocarbazole (I), derived from nitration of a mono-
chromophoric species, and 1-(9-carbazolyl)-3-(3-
nitro-9-carbazolyl)propane (II), derived from a
bichromophoric system.

Experimental. Compound (I) was prepared by photo-
chemical nitration of 9-ethylcarbazole with tetra-
nitromethane (Iles & Ledwith, 1969). Purification
was accomplished by column chromatography on
silica gel, eluting fractionally with petroleum ether
and dichloromethane. Compound (II) (Masnovi,
Krafcik, Baker & Towns, 1990) was prepared under
identical conditions from 1,3-di(9-carbazolyl)pro-
pane (Johnson, 1974).

An Enraf-Nonius CAD-4 X-ray diffractometer
equipped with a graphite monochromator was used
for data collection. Cell parameters were determined
from accurately measured goniometer settings for 25
reflections, 5.4 < 8 < 11.7° for (I) and 8.1 < § < 13.7°
for (II). No conditions were observed for limiting
possible reflections. Three intensity controls were
measured at 1 h intervals and showed no decay over
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42 h exposure for (I) and 37 h exposure for (II). The
structures were solved in PT by direct methods. The
H atoms were located or generated in chemically
reasonable positions. F,,, were corrected for Lorentz
and polarization effects, and empirical absorption
corrections were applied. Atomic scattering factors
were taken from International Tables for X-ray Crys-
tallography (1974, Vol. 1V). Full-matrix least-squares
refinements were performed with Enraf-Nonius
(1983) SDP-Plus on a PDP-11 minicomputer; func-
tion minimized Yw(|F,| — |F|)? with w = 1.0/0(F,)>.
9-Ethyl-3-nitrocarbazole. Crystals of (I) suitable
for X-ray diffraction were grown by slow evapora-
tion from a concentrated solution in dichloro-
methane/hexane (crystal dimensions 0.42 x (.48 x
0.49 mm); 2.0 < 6 < 25.0°. Of 4139 unique reflections
collected with w26 scans over index ranges — 12
<h<12, —15=sk<15 0</<1l, 2316 reflections
were considered observed [/ > 3o(/)]. An empirical
absorption correction ranging from 0.974 to 1.000
was applied on the basis of ¢ scans for 12 reflections
with y near 90°, measured at 10° intervals from 0 to
360°. The final refinement parameters for 326 vari-
ables are R=0.061, wR=0.077; w=1/0%F,), S=

(b)

Fig. 1. (a) ORTEP drawing of 9-ethyl-3-nitrocarbazole (I) (ther-
mal ellipsoids are drawn at the 20% probability level). (b)
ORTEP drawing of 1-(9-carbazolyl)-3-(3-nitro-9-carbazolyl)-
propane (II) (thermal ellipsoids are drawn at the 50% prob-
ability level).
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1.72; (A/0)max < 0.01. The largest peak in the result-
ing difference Fourier map was 0.16¢ A2 and the
deepest hole was —0.32 ¢ £'3.

Final positional parameters and equivalent iso-
tropic displacement parameters are listed in Table
1.* Important bond lengths and angles are given in
Table 2. The conformation of the molecule is illus-
trated by the ORTEP (Johnson, 1976) drawing in
Fig. 1(a), which also defines the atom-labeling
scheme. The intermolecular interactions between
carbazole rings are shown in Fig. 2(a).

1-(9-Carbazolyl)-3-(3-nitro-9-carbazolyl)propane.
Crystals of (II) suitable for X-ray diffraction were
grown by slow evaporation from a concentrated
solution in chloroform/cyclohexane (crystal dimen-
sions 0.39 x 0.31 x 0.51 mm); 2.0<6<25.0° Of
3647 unique reflections collected with 28 scans
over index ranges —15<h<15, —10=k=<10,0<
I< 11, 2668 reflections were considered observed
fI>30(l)]. An empirical absorption correction
ranging from 0.940 to 1.000 was applied on the basis

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and bond lengths and angles have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 55356 (30 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
[CIF reference: HH0584]

(b}
Fig. 2. Packing diagrams of (a) (I) and (b) (II).
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Table 3. Positional parameters and their e.s.d.’s for
the non-H atoms of (1I)

B, = (113)Z;Z;Bya;* a*a,.a;.

x y z B (A?)
0Ol —0.3165 (2) —-0.1974 (2) 0.2088 (2) 7.90 (6)
02 ~0.2677 2) ~02122 3) 0.0016 (2) 937 ()
N3 ~0.2600 (2) ~0.1548 2) 0.1325 2) 6.39 (6)
N9 0.0579 (1) 0.3067 2) 0.4190 (2) 477 (4)
Cl —0.0354 (2) 0.1354 (3) 0.1783 (3) 5.46 (6)
1) ~0.1164 2) 0.0217 (3) 0.1153 (3) 563 (6)
C3 -0.1776 (2) -0.0292 (3) 0.2031 (3) 4.96 (6)
c4 —0.1628 (2) 0.0306 (2) 0.3529 (3) 448 (5)
Cda —-0.0817 (2) 0.1456 (2) 04183 (2) 4.15 (5)
Cab ~0.0408 (2) 02313 2) 0.5686 (2) 4.33 (5)
C5 —0.0693 (2) 0.2338 (3) 0.7030 (3) 522 (6)
C6 —0.0099 (2) 0.3313 3) 0.8287 (3) 6.28 (7)
I 0.0757 2) 0.4253 (3) 08235 (3) 662 (7)
c8 0.1055 (2) 0.4257 3) 0.6916 (3) 5.73 (6)
Cta 0.0456 (2) 0.3282 () 0.5650 (3) 4565 (5)
C9a -0.0179 (2) 0.1956 (2) 0.3306 (2) 4.46 (5)
Ny’ 0.3568 (1) 0.5277 (2) 04295 (2) 461 (4)
Ccr 0.3126 (2) 0.6256 (3) 0.1901 (3) 5.29 (6)
e 0.3068 (2) 0.7614 (3) 0.1336 (3) 590 (6)
C3 0.3318 (2) 0.9048 (3) 0.2263 (3) 5.96 (6)
C4 0.3633 (2) 0.9203 (3) 0.3793 (3) 5.15 (6)
Caa’ 0.3686 (2) 0.7870 2) 04403 (2) 422 (5)
cav’ 0.3974 (2) 0.7597 2) 0.5901 (3) 436 (5)
Cs 0.4303 (2) 0.8559 (3) 0.7306 (3) 5.29 (6)
C6’ 0.4546 (2) 0.7906 (3) 0.8547 (3) 6.36 (7)
Ccr 0.4459 (2) 0.6311 (3) 0.8416 (3) 6.58 (7)
Cc8’ 0.4146 (2) 0.5323 (3) 0.7061 (3) 5.61 (6)
Cta’ 0.3891 (2) 0.5984 (2) 0.5785 (3) 4.47 (5)
C9a’ 0.3437 (2) 0.6411 (2) 0.3440 (2) 4.28 (5)
C10 0.1446 (2) 0.3763 (3) 0.3746 (3) 5.33 (6)
Cl11 0.2417 (2) 0.2903 (2) 04103 (3) 491 (5)
C12 0.3373 (2) 0.3616 (2) 0.3726 (3) 5.12 (6)

of ¢ scans for eight reflections with y near 90°,
measured at 10° intervals from 0 to 360°. The final
refinement parameters for 290 variables are R=
0.052, wR=0.073; w=1/0%(E,)), S=2.52; (4/0)max
< 0.01. The largest peak in the resulting difference
Fourier map was 0.17e A~3 and the deepest hole
was —0.26e A3

Final positional parameters and equivalent iso-
tropic displacement parameters are listed in Table 3.
Important bond lengths and angles are given in
Table 4. The conformation of the molecule is illus-
trated by the ORTEP (Johnson, 1976) drawing in
Fig. 1(b), which also defines the atom-labeling
scheme. The intermolecular interactions are shown in
Fig. 2(d).

Discussion. Both (I) and (II) crystallize in the space
group PI and the asymmetric units for each contain
two substituted carbazole rings. The two molecules
in the asymmetric unit of (I) are not equivalent
owing to differences in packing. For example, the
closest intermolecular contacts between methyl
groups are 3.97 A for C11--Cl11 and 5.34A for
Cl11--C11’. The conformation of the propylene
chain of (II) is gauche,anti and resembles the confor-
mation of the parent 1,3-di(9-carbazolyl)propane
(Baker, Chen, Krafcik & Masnovi, 1991). However,
the nitro group slightly distorts the ring to which it is
attached. The interior angles about the C atoms
bearing the nitro groups [C3 and C3’ of (I) and C3 of

CisH2N;0, AND CxH; N;0,

Table 4. Bond distances (A) and bond angles (°)

Jor (II)
N9—C8a 1.395 (3) NY'—C8a’ 1.385 (3)
No—C9a 1.375 2) NY'—C9a’ 1.388 (3)
N9—C10 1.448 (3) Ny—Cl12 1.464 (3)
c1—C2 1.377 3) cr—Cc 1.399 (4)
Cl1—C9a 1393 (3) Cr'—C9a’ 1387 (3)
Cc2—C3 1.390 (4) cr—C¥ 1.383 3)
C3—C4 1.375 (3) cy—C# 1.379 (4)
C4—Cda 1.39 (3) C4'—Cda’ 1.401 (3)
C4a—Cab 1.444 (3) Cda’—C4b’ 1437 (3)
C4a—C9a 1.410 (3) Cda'—C9a’ 1.416 (3)
C4b—C5 1.391 (4) C4b'—C5’ 1.398 (3)
C4b—C8a 1.403 (3) C4b—C8a’ 1413 3)
C5—C6 1.378 3) C5—C6' 1372 (4)
C6—C7 1.385 (4) c6—C7 1.395 (4)
Cc7—C8 1.379 (4) Ccr—C8’ 1371 (3)
C8—C8a 1.386 (3) C8'—C8a’ 1.405 (4)
01—N3 1232 (3) cl0—Cl1 1.520 (3)
02—N3 1.221 3) cli—i2 1.521 (4)
N3—C3 1.465 (3)
C8a—N9—C9a 108.5 (2) C8a'—NY—C%’ 1084 (2)
C8a—N9—C10 124.7 2) C8a'—NY—Cl12 125.6 (2)
C9a—N9—C10 126.3 (2) C92'—N9'—CI2 126.0 (2)
C2—C1—C9%a 1179 (2) C2—C1'—C9a’ 1169 (2)
Ccl1—C2—C3 1200 (2) CI'—C2—C3¥ 1218 (2)
C2—C3—C4 123.0 2) C2—C¥—C# 1214 ()
C3—C4—Cla 117.8 (2) C3¥—C4'—Cda’ 118.5 (2)
C4—C4a—Cib 1339 (2) C4'—Cda'—C4b’ 1337 2)
C4—Cda—C9a 119.5 (2) C4—Cda'—C9a’ 1194 (2)
C4b—Cda—C9% 106.6 (2) C4b'—Cda'—C9a’ 106.8 (2)
C4a—C4b—C5 1339 (2) C4a'—Cab'—C5’ 133.7 (2)
C4a—C4b—C8a 106.6 (2) Cda’'—Cab'—C8a’ 106.5 (2)
C5—C4b—C8a 1194 (2) C5'—C4b'—Csa’ 119.7 2)
C4b—C5—C6 118.1 (2) C4b—C5'—C6’ 1188 2)
C5—C6—C7 121.7 3) C5—C6'—CT’ 120.8 (2)
C6—C7—C8 1214 2) C6—CT—C8’ 122.4 (3)
C7—C8—C8a 117.0 2) C7'—C8'—C8a’ 117.1 )
N9—C8a—Cdb 108.9 (2) N9'—C8a’'—C4b’ 1093 (2)
N9—C8a—C8 1287 (2) N9'—C8a’'—C8’ 129.5 (2)
C4b—C8a—C8 1224 (2) C4b'—C8a'—C8’ 121.1 2)
N9—C9a—Cl 129.0 (2) NY'—C92'—C1’ 129.2 (2)
No—C9a—Cda 109.2 (2) N9Y'—C9a’'—Cda’ 108.9 (2)
C1—C9%a—Cda 121.8 2) Cl'—C9’'—Cda’ 1219 ()
01—N3—02 1239 (2) N9'—C12—Cl1 113.1 )
O1—N3—C3 118.3 2) N9—C10—ClI1 1109 (2)
02—N3—C3 117.8 2) C10—C11—CI12 1137 )
N3—C3—C2 118.1 (2)
N3—C3—C4 119.0 2)

(II)] are all 123°, compared with 120.0-121.7° for the
related unnitrated C atoms [C6 and C6” of (I); C6,
C3’ and C6’ of (II)]. Bond distances are also slightly
affected. For example, the N9—C94, N9"—C94’
and N9—C9a distances (1.361-1.375 A) are about
0.025 A shorter than the N9—C84, N9'—C84’ and
N9—C8a distances (1.387-1.396 A); the correspond-
ing lengths in the unnitrated ring of (II) (N9'—C8a’
and N9—C9a’) are intermediate (about 1.386 A).
The O atoms of the nitro groups and the methyl C
atoms of the ethyl groups have somewhat higher
temperature factors than the other atoms, probably
owing to the greater thermal motion of these termi-
nal atoms.

Inspection of the packing diagrams (Fig. 2) reveals
that each carbazole ring in the structures of (I) and
(II) associates in a shifted parallel planar orientation
with a centrosymmetrically related carbazole ring of
a neighboring molecule. The dipoles of each such
centrosymmetrically related pair are thus anti-
parallel. For (I), the distances between the centers of
gravity of the unprimed and primed pairs of nitro-
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carbazole rings are 3.83 and 3.86 A, respectively. The
nitrocarbazole ring of (II) also associates closely with
the nitrocarbazole ring of a neighboring molecule
(4.00 A between centers). Interactions which occur
between the 7 systems of two neighboring unnitrated
carbazole rings of (II) are much less extensive
(5.13 A between centers). This can be ascribed to
dipolar effects which will be stronger for nitro-
carbazole than for carbazole moieties.
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Abstract. C,sHisN,O, .17, M, =554.47, ortho-
rhombic, Pbca, a=13.331(3), b=13.797(5), c=
28.179 (6) A, V=5183(2) A3 Z=8, D,=
142 gem ™3, A(Mo Ka) = 0.71069 A, uw=
12.51 em ™!, F(000) = 2272, T =298 K, R = 0.065 for
1734 unique observed reflections. A comparison of
the title compound with other compounds belonging
to the same homologous series is offered. It appears
that van der Waals interactions are responsible for
the differences in conformation found in the solid
state of this series of compounds.

Introduction. Compounds of the series {2-[p-(o-
alkyloxybenzamido)benzoyloxylethyl}diethylmethyl-
ammonium halide (1) show smooth-muscle relaxant
activity which is strongly influenced by the length of
the alkyloxy side chain and its position on the
aromatic ring (Ghelardoni, Pestellini, Pisanti &
Volterra, 1973; Maggi, Grimaldi, Volterra & Meli,
1983; Maggi, Manzini & Meli, 1983). This pharma-
cological effect increases when the alkyloxy chain is
ortho to the amide group and reaches a maximum
with the octyloxy (n = 8) derivative. This octyloxy
derivative is almost completely devoid of central,
ocular and cardiovascular atropine-like side effects
when administered in doses that produce spasmolytic

0108-2701/92/122189-04506.00

effects comparable with those of N-butylscopolam-
monium bromide.

CnH2n+ I

CH,
\ Cl’{:& ~CH,
o H 0-CHyCH,-N*
\ / \
\ 0
0 n=2-12

(1)

The solid-state conformations of the propoxy (n
= 3), octyloxy and decyloxy (n = 10) derivatives, as
previously determined by X-ray structural analysis,
show differences which may explain their different
biological behaviour (Dapporto & Sega, 1986, 1987).
To obtain information on the conformational
features of these compounds in polar solution, NMR
investigations have been carried out in dimethyl sul-
foxide (DMSOQO) (Sega, Ghelardoni, Pestellini,
Pogliani & Valensin, 1984; Valensin, Pogliani,
Ghelardoni, Pestellini & Sega, 1984; Sega, Gaggelli
& Valensin, 1985; Valensin, Gaggelli, Lepri & Sega,
1986). These studies have shown that the conforma-
tional freedom of the alkyloxy side chain changes
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