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The article reports the first transition metal complex of methanesulfonylhydrazine, a molecule
known for important pharmacological and chemical applications. The complex [ZnCl2(MSH)2],
MSH = CH3SO2NHNH2, has been synthesized and its structure characterized by means of X-
ray analysis. The coordination geometry is pseudo-tetrahedral and the ligand MSH adopts a
conformation that was found by previous ab initio calculations to be a transition state and not
a stationary point for the free ligand.

Introduction

There is growing pharmaceutical and chemical
interest in compounds containing the sulfonylhy-
drazine moiety. On one side, numerous compounds
containing a sulfonamide group or a hydrazine
residue, or their combination in one molecule, show
cytostatic and antibacterial activity [1]. On the other
side, resins with anchored RSO2NHNH2 groups,
have been fruitfully employed as carbonyl scav-
engers [2] or in solid state reactions for an efficient
capturing of keto groups [3].

(1)

Recently, we have become interested in the chem-
istry of the methanesulfonyl hydrazine molecule (1),
of which we have studied the structure in the crystal
as well as the vibrational spectroscopy. Moreover,
we have carried out ab initio calculations for a de-
tailed analysis of all of the conformational isomers
and of the potential energy surface through which
their interconversion may occur [4].

In spite of the evident interest for this type
of molecules, their coordination chemistry toward
metal centers has been scarcely investigated. This is
somewhat surprising as it is reasonable to hypothe-
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size that the functionality of the sulfonyl hydrazine
moiety can be heightened through the interaction
with metal centers. To the best of our knowledge,
there is only one structural report on the reactivity
of the molecule p-tolylsulfonyl hydrazine toward a
Ru3 cluster. The single H atom linked to one of the
nitrogen atoms is extracted and ends up bridging be-
tween two Ru metals, whereas the N-N linkage oc-
cupies the capping position of the Ru3 triangle [5].

Now, we have started a systematic exploration of
the coordination properties of 1 toward transition
metals. We present here the preparation and crystal
structure of [ZnCl2(MSH)2] (2), which is the first
metal complex of MSH described until now.

Results and Discussion

The structure, presented in Fig. 1, possesses a
crystallographic plane of symmetry (point group
Cs) defined by the Zn and Cl atoms. Crystal data are
presented in Table 1 and selected bond distances
and angles are reported in Table 2. The two symme-
try mirrored M-N bonds measure 2.075(4) Å, while
a significant asymmetry of the Zn-Cl distances is
observed (2.252(2) Å and 2.192(3) Å for the Zn-
Cl(1) and Zn-Cl(2) bonds, respectively). The lat-
ter feature is evidently to be ascribed to the rela-
tively short H(4)!!!Cl(2) contacts (ca. 2.98 Å) that
involve the hydrogens of the non-coordinated nitro-
gen atoms. This asymmetry is also mirrored by the
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Table 1. Crystal data and structure refinement for 2.

Empirical formula C2H12Cl2N4O4S2Zn
Formula weight 356.54
Temperature 293(2) K
Wavelength 0.71069 Å
Crystal system Orthorhombic
Space group Pmn21
Unit cell dimensions a = 14.239(5) Å; ! = 90.000(5)!

b = 4.846(5) Å; " = 90.000(5)!

c = 8.850(5) Å; # = 90.000(5)!

Volume 610.7(7) Å3

Z, calculated density 2, 1.939 Mg/m3

Absorption coeff. 2.790 mm"1

F(000) 360
Crystal size 0.4!0.3!0.2 mm
% Range for data coll. 2.71 to 24.94 !

Limiting indices 0"h"16, –5"k"0, 0"l"10
Refls collected/unique 597 / 597 [R(int) = 0.0000]
Compl. to % = 24.94 100.0 %
Absorption corr. Empirical (DIFABS)
Max. / min. transm. 0.5724 / 0.2539
Refinement method Full-matrix least-squares on F 2

Data/restraints/params 597 / 1 / 93
Goodness-of-fit on F!2 1.131
Final R indices R1 = 0.0240, wR2 = 0.0670
[I > 2'(I)]
R Indices (all data) R1 = 0.0253, wR2 = 0.0676
Abs. struc. parameter 0.04(2)
Largest diff. peak 0.377 and –0.296 e Å"3

and hole

Fig. 1. ORTEP drawing of the molecular structure of 2
(thermal ellipsoids represent a 50% probability).

two unique N-Zn-Cl angles which measure 95.7(1)!

and 106.7(1)! for the Cl(1) and Cl(2) atoms, respec-
tively. Another unique feature of the complex is the
large Cl(1)-Zn-Cl(2) angle of 134.6! which, from a
search in the CSD database [6], appears to be the
largest amongst the ca. 100 tetrahedral compounds
of the type ZnCl2(NRn)2 (where NRn is a ligand
containing a nitrogen atom as donor).

Finally it is worth comparing some struc-
tural features of the free [4] and coordinated

Table 2. Bond lengths [A] and angles [!] for complex 2.

Zn(1)-N(2) 2.075(4) Zn(1)-N(2)' 2.075(4)
Zn(1)-Cl(2) 2.192(3) Zn(1)-Cl(1) 2.252(2)
S(1)-O(1) 1.428(4) S(1)-O(2) 1.427(4)
S(1)-N(1) 1.642(5) S(1)-C(1) 1.745(6)
N(1)-N(2) 1.424(6) N(1)-H(4) 0.86(9)

N(2)-Zn(1)-N(2)' 118.3(3) N(2)-Zn(1)-Cl(2) 106.71(13)
N(2)'-Zn(1)-Cl(2) 106.71(13) N(2)-Zn(1)-Cl(1) 95.75(13)
N(2)'-Zn(1)-Cl(1) 95.75(13) Cl(2)-Zn(1)-Cl(1) 134.64(10)
O(1)-S(1)-O(2) 118.3(2) O(1)-S(1)-N(1) 105.5(3)
O(2)-S(1)-N(1) 105.9(3) O(1)-S(1)-C(1) 109.9(3)
O(2)-S(1)-C(1) 108.1(3) N(1)-N(2)-Zn(1) 117.4(3)
N(1)-S(1)-C(1) 108.7(3) N(2)-N(1)-S(1) 118.2(3)
N(2)-N(1)-H(4) 121(8) S(1)-N(1)-H(4) 121(8)

Symmetry transformations used to generate equivalent atoms
(primed): –x +1, y, z.

CH3SO2NHNH2 molecule. Essentially, the varia-
tions of bond distances and angles are minimal,
while it is worth pointing out that the molecu-
lar conformation in the complex does not corre-
spond to a stationary point of the free molecule. In
fact, a previous theoretical analysis [4] has shown
that the stable conformers have all staggered ge-
ometries with respect to the torsion about the S-N
bond. In this case we observe that the H(4) and
O(1) atom are eclipsed and that the N(1) atom is
planarly coordinated (sum of bond angles 360.0!).
Such a geometry corresponds to that of a transi-
tion state (TS), between two alternative conformers
of the free molecule 1. The latter TS structure lies
about 3 kcal mol"1 higher than the absolute mini-
mum at the HF/6-311++G(d,p)//HF/6-311++G(d,p)
level of theory. The stabilization in the complex 2
of such unfavourable conformation of the ligand is
again to be ascribed to the H(4)!!!Cl(2) interactions
which may compensate the loss of conformational
energy. Moreover, the crystal structure and the ab
initio calculations showed that 1 dimerizes through
the formation of head-to-tail hydrogen bond net-
work between two NH-NH2 groups. Evidently, in
the complex such a structural feature is out of reach.
A systematic study of the bonding capabilities of
MSH toward transition metals is in progress.

Experimental Section

Synthesis of [ZnCl2(MSH)2] (2)

Methanesulfonylhydrazine (1, MSH) was prepared us-
ing the method of Powell and Whiting [7] with some
modification [4]. Anhydrous zinc chloride and the re-
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maining reagents and solvents were commercial products
(purum or pro analysi). For the preparation of 2 0.35 g
(2.57 mmol) of ZnCl2 was dissolved in 5 ml of hot ace-
tonitrile and a solution of 0.70 g (6.36 mmol) of 1 in
2 ml of acetonitrile was added. The reaction mixture was
heated at 40 - 50 !C for 1 - 2 min and left in an ice-bath
for 2 h. The solvent was then decanted from the crys-
tals deposited. The crystals were dissolved in 5 ml of
hot acetonitrile. The solution was filtered, 3 ml of diethyl
ether was added, and the solution was left in a freezer
(–30 !C) for two days. The large (up to 1 mm) colorless
crystals obtained were filtered, washed successively with
a mixture of acetonitrile – diethyl ether (1:3, 5 ml), di-
ethyl ether and petroleum ether, and dried in vacuo over
P2O5. Yield: 0.47 g (51%). The complex is stable in air
and is soluble in water, methanol, ethanol, acetonitrile,
tetrahydrofuran, dioxane. Specimens suitable for X-ray
diffraction were selected from the crystalline mass thus
obtained. – M. p. 138 - 140 !C, dec. (uncorrected, Boetius
heating-plate microscope). – Molar electric conductivity
40 Ω"1 mol"1 cm2 (1.07!10"3 M solution in methanol,
25 !C, Hydromat conductivity meter). – IR (CsI disk,
Bruker IFS 113 spectrophotometer): 3344 m, 3263 m,
3214 sh (&(NH2), &(NH)), 1617 m ($(NH2)), 1319 s,
1156 s (&(SO2)), 849 m (&(SN)), 769 m (&(CS)), 527 m
($(SO2)), 291 m, 278 m (&(ZnCl2)) cm"1. – Elemental
analysis for C2H12Cl2N4O4S2Zn (356.54): calcd. C 6.74,
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H 3.39, N 15.71, O 17.95, S 17.98, Zn 18.34; found C
7.36, H 3.41, N 16.08, O 17.70, S 18.50, Zn 18.16.

Crystal data

A well-formed crystal of 2 was selected for X-ray data
collection. A summary of crystal and intensity data, col-
lected on an Enraf-Nonius CAD4 diffractometer, is pre-
sented in Table 1 [8]. The cell constants were determined
by using 25 reflections in the range 9.90! < % < 15.50!.
Intensity data were corrected for Lorentz and polariza-
tion effects. An empirical absorption correction was ap-
plied [9]. The structure was solved using the package
SIR98 [10] that gave all non-hydrogen positions. The
refinement was carried out with SHELXL-97 [11]. The
hydrogen atom bonded to the N(1) atom was located from
the difference maps at advanced stages of the refinement
and it was refined with an individual isotropic tempera-
ture factor. The other hydrogen atoms were placed at their
geometrically calculated positions (N-H = 0.90 Å. C-H =
0.96 Å) and refined as “riding” on the corresponding
bonded atoms. All the computational work was carried
out with the help of the WINGX suite of programs [12].
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