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In cyclotridecanone 2,4-dinitrophenylhydrazone, C;oH»sN4Oy,
the 13-membered carbocycle exists in the triangular [337]
conformation. The 2.4-dinitrophenylhydrazone group is
almost perpendicular to the 13-membered ring, with a
dihedral angle of 82.66 (2)° between the mean planes. The
dinitrophenylhydrazone rings are packed parallel to each
other and separated by 3.28 (1) A. The NH group forms an
intramolecular hydrogen bond to a nitro O atom, and there is
a weaker C—H- - -O interaction between a cyclotridecane CH
group and a symmetry-related 4-nitro O atom, with a C.--O
distance of 3.436 (2) A and a 150° angle about the H atom.
The structure, in combination with additional evidence,
indicates that [337] is the preferred conformation of cyclo-
tridecane and other simple 13-membered rings.

Comment

The conformations of larger odd-numbered carbocycles, such
as cyclotridecane, are less well characterized than those with
an even number of ring atoms. Semiquantitative calculations
for eight conformations of cyclotridecane predicted a lowest-
energy quinquangular [12433] conformation (Dale, 1973).
Subsequently, MOLBUILD force-field calculations on five
likely conformations and on 1,1-dimethylcyclotridecane
suggested a [13333] conformational minimum (Anet &
Rawdah, 1978). A communication by Gotd & Osawa (1989)
reported a conformational search for cyclotridecane and other
cycloalkanes by a corner flapping method and using Allinger’s
MM?2 force field. The number of hours required and the
number of conformations generated were reported, but the
description of the conformations was limited to a list of
coordinates for carbon and steric energies (see supplementary
material). From the coordinates, we have generated the lowest
energy conformation and found that the dihedral angles
correspond to the [337] conformation. From experimental
studies, low-temperature 'H (127 K) and C (123 K) NMR

spectra for cyclotridecane show some broadening of reso-
nances, and no information on likely conformers could be
extracted (Cheng, 1973). The linewidth for the 'H signal at
127 K was 10 Hz. Several broadened resonances were found in
the >C NMR spectrum at 88 K (Gill et al., 2008).

The X-ray structure of o,w-bis(methyldodeca-1,12-diyl-
ammonio)hexane dibromide showed a quinquangular [13333]
conformation for an ordered model and a similar [13333] and a
[346] conformation for a disordered model (Rubin et al,
1984). An X-ray study of dimethyl 1-hydroxycyclotridecyl-
phosphonate revealed two conformations, one of which was
the [13333] conformation (Samuel & Weiss, 1969). Two other
solid derivatives studied by X-ray crystallography include
cyclotridecanone oxime, (II), at 113 K (Groth, 1979) and
cyclotridecanone phenylsemicarbazone, (I1II), at 123K
(Groth, 1980). Both of these crystal structures showed the
triangular [337] conformation.

The present study reports an X-ray analysis of the crystal
structure of the title compound, (I), at 90 K.

As found in (IT) and (IIT), the 13-membered ring is present
in a [337] conformation (Fig. 1). In Dale’s (1973) system of
nomenclature, corner positions are defined as those ring atoms
having gauche torsion angles of the same sign on either side.
The numbers of bonds between the corners are given in
sequence within brackets. The torsion angles for the C;5 ring in
(I) are summarized in Table 1, where C3, C6 and C9 are
corners. In (I) and (II), the ring substituent is located on atom
C1 (Fig. 1); in (III), the substituent is at an adjacent position
(C13). The angle between the mean plane of the 13-membered
ring and the benzene ring in (I) is 82.66 (2)°. The dinitro-
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Figure 1
A displacement ellipsoid plot (at the 50% probability level) of (I).
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Figure 2
The unit cell of (I).

phenylhydrazone rings pack parallel to each other around
centers at (1, 1,3) and are separated by 3.28 (1) A (Fig. 2). The
NH group forms an intramolecular hydrogen bond with nitro
atom Ol, forming a six-membered ring of graph set S(6)
(Etter, 1990). Additionally, there is a weaker C—H---O
interaction between atoms C7 and O3', with a C- - -O distance
of 3.436 (2) A [symmetry code: (i) —x + 2, —y + 2, —z + 1].

The similar macrocyclic ring conformations found for (I),
(IT) and (III) suggests that the [337] conformation may be
preferred. This agrees with the MM2 study of Goto & Osawa
(1989) and the results (Gill et al., 2008) of a stochastic search
of cyclotridecane conformational space by Allinger’s MM4
program. Geminal disubstitution in the dibromide salt and
hydroxy phosphonate derivatives described previously may
influence their adopted conformations.

Experimental

Compound (I) was synthesized by treatment of cyclotridecanone
(0.2 g) with 24-dinitrophenylhydrazine solution (3 ml) prepared
from 24-dinitrophenylhydrazine (1 g), concentrated sulfuric acid
(5 ml), water (8 ml) and ethanol (25 ml). The dinitrophenylhydrazone
derivative precipitated immediately from the solution and was
isolated by filtration, washed with water and recrystallized from
ethanol [m.p. 377-378 K;; literature m.p. 386.7-387.7 K (Zakharkin et
al., 1962)]. Yellow blade-shaped crystals were grown by slow
evaporation from ethanol.

Crystal data

CyoHosN,O, y = 80.234 (3)°
M, = 37645 V =9487 (2) A?
Triclinic, P1 Z=2

a=7.7859 (10) A
b =17.8937 (10) A
c=16.130 (2) A
o = 81.979 (7)°

B =77.608 (8)°

Mo Ko radiation
=009 mm™!
T=90K

0.40 x 0.08 x 0.03 mm

Table 1

Selected torsion angles (°).

Cl—N1—N2—Cl4 ~17727 (11)  C5—C6—CT7—C8 —73.64 (15)
N2—N1-C1—-C13 1.98 (17) C6—-C7—C8—C9 165.98 (11)
Cl13—-C1—-C2—-C3 161.03 (11) C7—C8—C9—-C10 —59.54 (15)
C2—-C1—-C13—-C12 —106.70 (12) C8—C9—-C10—-C11 —42.72 (16)
Cl—-C2—-C3—-C4 —67.14 (15) C9—-C10—-C11—-C12 —176.67 (11)
C2—C3—C4—C5 —7404 (14)  Cl0—Cl11—CI2—C13 —164.47 (10)
C3—-C4—-C5—-Co 174.27 (11) Cl1-C12—C13-C1 61.91 (14)
C4—C5—C6—C7 ~76.56 (15)

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H A D---A D—H---A
N2 —H2N---01 0.899 (15) 2.6302 (14) 129.9 (12)

_ 1.961 (15)
C7—H7A- --03' 0.99 2.54 3.4363 (18) 150

Symmetry code: (i) —x +2, —y +2, —z + 1.

Data collection

Nonius KappaCCD diffractometer
(with an Oxford Cryosystems
Cryostream cooler)

26226 measured reflections

5518 independent reflections
3974 reflections with I > 20(1)
Rine = 0.029

Refinement

R[F? > 20(F?%)] = 0.046
wR(F?) = 0.099
§=1.01

5518 reflections

248 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Apmax = 034 ¢ A3

APmin = =026 ¢ A3

H atoms on C atoms were placed in calculated positions, guided by
difference maps, with C—H bond distances in the range 0.95-0.99 A
and thereafter treated as riding atoms using the SHELXL97 (Shel-
drick, 2008) defaults. The N-bound H-atom coordinates were refined.
All H-atom displacement parameters were assigned as 1.2U.q(C,N).

Data collection: COLLECT (Nonius, 2000); cell refinement:
SCALEPACK (Otwinowski & Minor, 1997); data reduction:
DENZO (Otwinowski & Minor, 1997) and SCALEPACK; structure
solution: SIR97 (Altomare et al, 1999); structure refinement:
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3
(Farrugia, 1997); preparation of publication material: SHELXL97.

The synthesis was performed at Jackson State University,
and support from NSF-CREST (grant No. HRD-0318519) is
acknowledged. X-ray data were collected at Louisiana State
University. The purchase of the diffractometer was made
possible by grant No. LEQSF (1999-2000)-ENH-TR-13,
administered by the Louisiana Board of Regents.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GG3158). Services for accessing these data are
described at the back of the journal.
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