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Table 2. Selected gebmetric parameters (/i, °) for(2)

S1—01 1.423(2) C4—C5 1.380 3)
S1—02 1.439(2) C4—C9 1.392 (3)
SI—N2 1.637 (2) C5—C6 1.391 (3)
S1—C4 1.753(2) C6—C7 1.382 (3)
N1—N2 1.410(2) C1—C8 1.394 (3)
N1—C1 1.278 (3) Cc1—Cl10 1.500 (3)
c1—C2 1.499 (3) C8—C9 1.375(3)
C1—C3 1.488 (3)

01—S1—02 119.63 (9) S1—C4—C5 119.6 (2)
0O1—S1—N2 108.0(1) S1—C4—C9 119.6 (2)
01—-S1—C4 109.02 (9) C5—C4—C9 120.8 (2)
02—S1—N2 103.22 (9) C4—C5—C6 118.6(2)
02—S1—C4 108.33 (9) C5—C6—C7 121.8(2)
N2—S1—C4 108.01 (9) C6—C7—C8 118.4 (2)
N2—N1—C1 115.8 (2) C6—C7—C10 1209 (2)
S1—N2—N1 114.1(1) Cc8—C71—Cl10 120.8 (2)
Ni—Ci1—C2 125.6 (2) C1—C8—C9 1209 (2)
Ni—C1—C3 116.9 (2) C4—C9—C8 119.6(2)
C2—C1—C3 117.5(2)

S1—N2—NI1—C1 174.4 (2) 02—S51—C4—C9 35.5(2)
Ol—S1—N2—NI 53.3(2) N1—N2—S1—C4 —64.5(2)
O1—81—C4—C5 —14.2(2) N2—Si1—C4—CS 102.9 (2)
01—S1—C4—C9 167.2 (2) N2—S1—C4—C9 -75.7(2)
02—S1-—N2—NI1 —179.1 (1) N2—NI1—C1—C2 —1.4(3)
02—S1—C4—CS5 —1459(2) N2—N1—C1—C3 177.9(2)

For both compounds, data collection: CAD-4 Software (Enraf—
Nonius, 1989); cell refinement: CAD-4 Software; data re-
duction: TEXSAN (Molecular Structure Corporation, 1985);
program(s) used to solve structures: SHELXS86 (Sheldrick,
1985); program(s) used to refine structures: TEXSAN; molecu-
lar graphics: ORTEPI (Johnson, 1976); software used to pre-
pare material for publication: TEXSAN.

Support for SYP was provided by the Undergradu-
‘ate Summer Internship Program of the University of
Minnesota Supercomputer Institute. We are also grateful
to the Minnesota Medical Foundation and the Graduate
School of the University of Minnesota for partial sup-
port of this work. We thank Professor David Grant for
allowing us to use the Cerius® software in his laboratory.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: $X1030). Services for accessing these
data are described at the back of the journal.

References

Bamford, W. R. & Stevens, T. S. (1952). J. Chem. Soc. pp. 4735-
4740.

Bernstein, J. & Hagler, A. T. (1978). J. Am. Chem. Soc. 100, 673-681.

Borsche, W. & Frank, R. (1926). Justus Liebigs Ann. Chem. 450,
75-84.

Burger, A. & Ramburger, R. (1979). Mikrochim. Acta (Wien), 2, 259-
271.

Ellern, A., Bernstein, J., Becker, J. Y., Zamir, S. & Shahal, L. (1994).
Chem. Mater. 6, 1378-1385.

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Gavezzotti, A. (1994). Acc. Chem. Res. 27, 309-314.

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

Karfunkel, H. R. & Gdanitz, R. J. (1992). J. Comput. Chem. 13,
1171-1183.

Kitaigorodsky, A. (1973). In Molecular Crystals and Molecules, ch.
7. New York: Academic Press.

© 1998 International Union of Crystallography
Printed in Great Britain — all rights reserved

TWO POLYMORPHS OF C;oH;4N,0,S

Leusen, F. J. J., Docherty, R. & Payne, R. S. (1995). 16th Eur.
Crystallogr. Meet. Abstr. P12-04, p. 88.

Molecular Simulations (1996). Cerius? Program. Molecular Simula-
tions, 9685 Scranton Road, San Diego, CA 92121-3752, USA, and
240/250 The Quorum, Barnwell Road, Cambridge CBS5 8RE, Eng-
land.

Molecular Structure Corporation (1985). TEXSAN. TEXRAY Structure
Analysis Package. MSC, 3200 Research Forest Drive, The Wood-
lands, TX 77381, USA.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst.
A24, 351-359.

Ojala, W. H,, Lu, L. K., Albers, K. E,, Gleason, W. B., Richardson,
T. L, Lovrien, R. E. & Sudbeck, E. A. (1994). Acta Cryst. B50,
684-694.

Ojala, C. R., Ojala, W. H. & Gleason, W. B. (1998). Acta Cryst. C54,
60-63.

Ojala, W. H., Sudbeck, E. A,, Lu, L. K., Richardson, T. ., Lovrien,
R. E. & Gleason, W. B. (1996). J. Am. Chem. Soc. 118, 2131-2142.

Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of
Crystal Structures. University of Gottingen, Germany.

Zachariasen, W. H. (1963). Acta Cryst. 16, 1139-1144.

Acta Cryst. (1998). C54, 60-63

By-products from the Preparation of
Acetone Tosylhydrazone: 4,5-Dihydro-3,5,5-
trimethyl-1-[(4-methylphenyl)sulfonyl]-1H-
pyrazole and 1,2-Bis(p-toluenesulfono)-
hydrazide
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Abstract

The title compounds, 4,5-dihydro-3,5,5-trimethyl-1-
[(4-methylphenyl)sulfonyl]-1H-pyrazole, C,3H;3N,0,S,
and 1,2-bis(p-toluenesulfono)hydrazide, C,,H;6N,04S;,
are both obtained as by-products in the preparation
of acetone tosylhydrazone from acetone and toluene-
sulfonohydrazide. In the pyrazole, one of the S—O
bonds is nearly eclipsed with the aryl ring [torsion
angle 7.2(2)°]. In the hydrazide, hydrogen bonding
between the N—H groups and the S—O groups of
the neighboring glide-related molecule [N- - -O distances
of 2.921(5) and 2.847 (5) A] links the molecules into
chains extending along the c axis.
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Comment

The title pyrazole compound, (1), was obtained dur-
ing an attempt to prepare acetone tosylhydrazone by
prolonged refluxing of toluenesulfonohydrazide in ace-
tone. Another compound isolated in attempts to prepare
this same tosylhydrazone, 1,2-bis(p-toluenesulfono)-
hydrazide, (2), is reported to be a by-product in the
preparation of toluenesulfonohydrazide itself (Bamford
& Stevens, 1952). The ostensibly straightforward prepa-
ration of one of the simplest tosylhydrazones thus leads
to at least four crystalline products. In the previous com-
munication (Ojala et al., 1998), we describe the crys-
tal structures of the two polymorphs of acetone tosyl-
hydrazone we have obtained thus far.

/N\

CH,

HsC

HaC
(1

H3COSOZ—NHNH—SOZQCH3

@

ORTEPII (Johnson, 1976) views showing the molec-
ular conformations and atom-numbering schemes of the
two by-products described here are given in Fig. 1 for
(1) and in Fig. 2 for (2). In (1), one of the S—O bonds
is nearly eclipsed with the aryl ring [01—S1—C7—C8
7.2(2)°]. There are no additional eclipsing interactions
involving the S—O bonds and either the aryl or the
heterocyclic ring. In (2), there are no eclipsing interac-
tions involving the S—O bonds and either of the two
aryl rings. Views of the crystal packing are shown in
Fig. 3 for (1) and in Fig. 4 for (2). In contrast to (1),
where aryl ring stacking appears to be the major factor
in determining the packing, the dominant intermolecu-
lar interaction in (2) is a hydrogen bond from each of

Fig. 1. ORTEPII (Johnson, 1976) view of (l) showing the atom
numbering. Non-H atoms are represented as 50% probability
ellipsoids.

61

the N—H groups to a different O atom of the neighbor-
ing glide-related molecule, the hydrogen-bonded groups
of atoms forming a ten-membered ring (Table 3). Par-
ticipation in this hydrogen-bonding motif requires that
both N—H bonds (as well as the S—O bonds involv-
ing the acceptor O atoms) be directed approximately
in the ¢ direction, which gives the molecules a less
than fully extended conformation [S1—N1—N14—S14
—121.9(3)°] and approximate twofold symmetry. The
hydrogen bonds link the molecules into chains extend-
ing along the ¢ axis.

Fig. 2. ORTEPII (Johnson, 1976) view of (2) showing the atom
numbering. Non-H atoms are represented as 50% probability
ellipsoids.

Fig. 4. The molecular packing in (2) viewed along the b axis. Hydro-

gen bonds are indicated by narrow lines.



62

Experimental

C13H;3N202S AND C4H6N2048S;

The pyrazole derivative (1) was crystallized from acetone.
The melting point (Fisher-Johns melting-point apparatus,
uncorrected) was found to be 437-445 K, consistent with the
literature value of 435-439 K (Engel et al., 1978). Fine needles

of the hydrazide (2) were obtained in addition to crystals of

acetone tosylhydrazone during an attempt to prepare acetone
tosylhydrazone by slow evaporation of a solution of toluene-
sulfonohydrazide in acetone at room temperature. The melting
point of (2) was found to be 495-503 K (dec.), consistent with
the literature value of 493495 K (Bamford & Stevens, 1952).

Compound (1)
Crystal data
CI3H18NZOZS
M, = 266.36
Monoclinic

P21 /C
a=18544(2) A
b=9.308(1) A

c=16.603(2) A
B =9821(1)°
V =1306.9 (3) A®
Z=4

D; = 1354 Mgm™
D, not measured

Data collection

AFC-6S diffractometer
w/20 scans
Absorption correction:

% scans (North, Phillips

& Mathews, 1968)

Tmin = 0.654, Trax = 0.880
3612 measured reflections
2626 independent reflections
2466 reflections with

I>0

Refinement

Refinement on F?

R(F) = 0.052

wR(F?) = 0.073

S=162

2466 reflections

218 parameters

Only coordinates of H atoms
refined

w = 4F2/c*(F3)

(A/0)max = 0.006

Cu Ko radiagion

A=15418 A

Cell parameters from 25
reflections

6 = 46.4-49.6°

=213 mm™!

T=1732) K

Prism

0.36 x 0.18 x 0.06 mm

Colorless

Rin = 0.020

Bmax = 70.07°

h=0-10; -8 -0

k=0—-11;-7—-0

1=-20-20; -10 — 13

3 standard reflections
every 150 reflections
intensity decay: none

Apmax =039%e A_B
Apmin =—-03%¢ ;\_3
Extinction correction:
Zachariasen (1963) type
2 Gaussian isotropic
Extinction coefficient:
0.279 x 1073
Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. IV)

Table 1. Selected geometric parameters (A, °) for (1)

$1—01 1433 (1)
S1—02 1.436 (1)
“S1—NI 1,650 (1)
S1—C7 1.766 (2)
N1—N2 1.423 (2)
N1—C3 1.521 (2)
N2—Cl1 1.280 (2)
c1—C2 1.494 (3)
. C1—C4 1.489 3)
C2—C3 1.536 (2)

C3—C5 1.523 (3)
C3—Co6 1.521(3)
C7—C8 1.393 (2)
C1—C12 1.387 (2)
C8—C9 1.388 (3)
C9—C10 1.388 (3)
C10—Cl11 1.398 (3)
C10—C13 1.503 (3)
Cli—Ci12 1.386 (3)

01—-S1—-02 11992 (8)
O1—S1—NI1 105.04 (8)
01—-S1—-C7 108.59 (8)
02—S1—NI1 106.46 (8)
02—S1—-C7 106.77 (8)
NI—S1—C7 109.82 (8)
S1—NI1—N2 113.4 (1)
S1—-N1—-C3 1255 (1)
N2—N1—C3 1.2
NI1—N2—C1 107.3(2)
N2—C1—C2 114.5 (2)
N2—C1—C4 122.4 (2)
C2—C1—C4 1229 (2)
c1—C2—C3 103.9 (1)
NI1—C3—C2 98.9 (1)
Compound (2)

Crystal data

CisHi1sN2048;

M, = 34041

Monoclinic

P21/C

a=15785 (1) A_
b=10.7397 9) A
c=9492(2) A

B =90.168 (10)°
V=1609.3 (3) A®
Z=4

D, = 1.405 Mg m™3
D,, not measured

Data collection

AFC-6S diffractometer
w/26 scans
Absorption correction:

¥ scans (North, Phillips

& Mathews, 1968)

Tmin = 0.776, Trax = 0.881
6696 measured reflections
2970 independent reflections
2970 reflections with

I1>0

Refinement

Refinement on F2
R(F) = 0.082
wR(F?) = 0.121

S =206

2970 reflections
199 parameters

H atoms: see below
w = 4F2 1o (F2)

NI1—C3—C5 111.8 (1)
NI—C3—C6 110.7 (1)
C2—C3—C5 110.8(2)
C2—C3—C6 1116 (2)
C5—C3—C6 112.3(2)
$1—C7—C8 119.6 (1)
S1—C7—C12 120.1 (1)
c8—C7—C12 120.3(2)
C7—C8—C9 119.2(2)
C8—C9—C10 121.4(2)
C9—Cl10—C11 118.4(2)
C9—C10—C13 120.5(2)
Cl11—C10—C13 121.1(2)
Cl10—C11—C12 120.9(2)
C1—C12—C11 119.7(2)

Cu Ko radiation

A=15418 A

Cell parameters from 18
reflections

6 = 22.5-52.1°
=317 mm™
T=296K
Needle

048 x 0.06 x 0.04 mm
Colorless

Rine = 0.05
Omax = 70.09°
h=-19 - 19; —19 — 19
k=-13-0,0— 13
I1=0—-11;,-11 -0
3 standard reflections
every 150 reflections
intensity decay: —2.52%
(correction applied)

(A/0)max = 0.0260

Apmasx = 0.63 € A7°

Apmin = —050e A3

Extinction correction: none

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. IV)

Table 2. Selected geometric parameters (fi, °)for(2)

S1A—01A 1.428 (3)
SIA—02A 1.420 (4)
SIA—NI1A 1.646 (4)
S1IA—CIA 1.762 (4)
S1—01 1.436 (3)
S1—02 1.430 (4)
SI—NI 1.667 (4)
S1—CI 1.744 (4)
NI—NIA 1.413(5)
Cc1—C2 1.390 (7)
C1—Cé6 1.375 (6)
ClA—C2A 1.350 (7)

C1A—C6A 1.361(7)
C2A—C3A 1.372(7)
C2—C3 1.386 (6)
c3—C4 1.393(7)
C3A—C44A 1.345 (8)
C4A—C5A 1.342 (8)
C4A—CIA 1.493(7)
C4—C5 1.379(7)
C4—C7 1.522(7)
C5—Co6 1.414 (6)
C5A—C6A 1.391 (8)
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OlA—S1A—024 121.0(2) S1A—CI1A—C24 120.6 (4)
OlA—SIA—NIA 107.3(2) S1A—C1A—C6A 119.3(4)
Ol1A—SI1A—CI1A 107.2(2) C2A—C1A—C6A 120.1 (5)
02A—S1A—NIA 104.5 (2) C1A—C2A—C3A 118.6 (5)
02A—S1A—Cl1A 108.9 (2) Ci—C2—C3 119.7 (5)
NIA—SIA—CIlA 107.1 (2) C2—C3—C4 122.0(5)
01—S1—-02 120.3(2) C2A—C3A—C4A 122.9(6)
Ol—SI—NI1 105.7 (2) C3A—C4A—C5A 118.0(5)
O1—S1—Cl1 108.0 (2) C3A—C4A—C7A 121.8(6) ~
02—S1—NI1 103.0(2) C5A—C4A—CT7A 120.2 (6)
02—S1—C1 110.8 (2) C3—Ca—C5 116.8 (5)
N1—-S1—C1 108.3(2) C3—Ca—C7 120.6 (5)
SI—NI—NI1A4 112.8(3) C5—Ca—C7 122.6 (5)
S1A—NIA—NI 114.4 (3) C4—C5—C6 122.8 (5)
S1—C1—C2 119.5 (4) C4A—C5A—C6A 121.0(6)
S1—C1—C6 120.0 (4) CIA—C6A—C5A 119.3 (6)
C2—C1—C6 120.4 (4) C1—C6—C5 118.3(5)

Table 3. Hydrogen-bonding geometry (A °) Jor (2)

D—H---A D—H H.A D.A D-H.A
NI—HIN-..014' 0.95 2.03(1) 2.921 (5) 155 (1)
NIA—HINA- . .01 0.95 1.95 (1) 2.847 (5) 156 (1)

Symmetry code: (i) x, 3 —y, § + 2.

In (1), the positional parameters of the H atoms were refined
[C—H range: 0.91 (2)-1.02 (2) A]. In (2), all H atoms were
placed in calculated positions. In light of the near twofold
symmetry of the molecules in (2), a precautionary check for
higher symmetry was conducted using the program MISSYM
(Le Page, 1987); none was found.

For both compounds, data collection: MSC/AFC Diffrac-
tometer Control Software (Molecular Structure Corporation,
1988); cell refinement: MSC/AFC Diffractometer Control Soft-
ware; data reduction: TEXSAN (Molecular Structure Corpora-
tion, 1985); program(s) used to solve structures: SHELXS86
(Sheldrick, 1985); program(s) used to refine structures:
TEXSAN; software used to prepare material for publication:
TEXSAN.

We thank the Minnesota Medical Foundation and the
Graduate School of the University of Minnesota for
partial support of this work.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SX1031). Services for accessing these
data are described at the back of the journal.
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Cyclopentanone Tosylhydrazone and
Cyclohexanone Tosylhydrazone
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Abstract

The crystal structures of 2-cyclopentylidene-1-(p-
toluenesulfono)hydrazide [cyclopentanone tosylhydra-
zone, CpH;¢N;0,S, (1)] and 2-cyclohexylidene -
1 - (p-toluenesulfono)hydrazide [cyclohexanone tosyl-
hydrazone, C,3H;sN,0,S, (2)] are described. In both
structures, the conformation of the N—N—S—O link-
age is anti, with torsion angles of —173.5(1)° in (1)
and 174.9 (1)° in (2), giving the molecules as a whole
a folded appearance. In the cyclopentyl structure, the
phenyl ring is twisted away from any eclipsing interac-
tion with either S—O bond, but in the cyclohexyl struc-
ture, it is eclipsed with the S—O bond [torsion angle
1.4 (2)°]. In both structures, the packing arrangement
features centrosymmetrically hydrogen-bonded pairs of
molecules, with the anti O atom as the acceptor atom
[N---O distance of 2.986 (2) A in (1) and 2.969(2) A in
@]

Comment

As part of our ongoing study of the interactions be-
tween proteins and sulfated carbohydrates, we have pre-
viously determined the crystal structures of several sugar
derivatives prepared by the reaction of monosaccharides
with phenylhydrazine or toluenesulfonhydrazide (Ojala
& Gleason, 1996; Ojala, Ojala & Gleason, 1997). De-
pending on the monosaccharide, such a derivative can
assume a cyclic form and exist as an N-glycoside or
assume an acyclic form and exist as a hydrazone. In an
effort to identify bands in the infrared spectra of these
derivatives which would be readily diagnostic for a par-
ticular form, we have also prepared and examined the
tosylhydrazones of non-carbohydrate compounds which
must yield hydrazones rather than cyclic structures. Our
aim is to be able use their infrared spectra for compari-
son purposes. In a previous report we have described the
crystal structures of two polymorphs of one of these true
hydrazones, acetone tosylhydrazone (Ojala, Ojala, Pen-
namon & Gleason, 1998). We describe here the crystal
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