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A few Hg(II) and Hg(I) derivatives of the formula
Xl-lgpz" (X = CI, N03) and (N03)Hg2Pz· respectively
(Hpz" = pyrazole or 3,5-dimethylpyrazole) have been
synthesized in. alc~holic or aqueous medium. No ring
C( 4 )-mercuraoon IS observed. With Zn(II), polymeric
pro~ucts of the c~mposition Zn(pz·h.H20 have been
~b.tamed. Cd(II) gives a product of undefined compo-
SIOon.The complexes have been characterized by ele-
mental analysis, infrared and mass spectra.

The chemistry of pyrazoles with non-transition
metals is ra~er limited 1 ~d more so with group
12 metals, WIth the exception of some conflicting
reports on the interaction of Hg(ll) with pyra-
zoles-", Th~s, ~)Ur interest in the chemistry of
pyr~ole .denvative.s of bo.ron~-8 has prompted us
to investigate the mteracnon of pyrazole and its
3,5-dimethyl derivative (structure J) with the
group 12 metals and the results of our investi-
gations are reported here.

Experimental
IR spectra were recorded on a Perkin-Elmer

Ff-IR 1600 (4000-400 cm t ") or on a Perkin-El-
mer 883 or 597 spectrophotometer (4000-
200 em -I) in KBr. Elemental analyses were per-
formed on a Perkin-Elmer 240 C elemental ana-
lyser. Mass spectral data were obtained on an
Electron Impact Mass Spectrometer Finnigan
4500 (70 eV).

Preparation of sodium pyrazolide and 3,5-dime-
thylpyrazolide

Sodium pyrazolide (Napz) and sodium 3,5-
dimethylpyrazolide (Napz") were prepared by
adding equimolar quantities of freshly cut sodium
in small pieces with stirring to solutions of pyra-
zole (Hpz) and 3,5-dimethylpyrazole (Hpz·)in
benzene, followed by refluxing the mixture for
3 h. On cooling to room temperature, the preci-
pitate was separated by filtration, washed with
benzene and dried in vacuo. These were pre-
served in well-stoppered flasks.

Preparation of the metal complexes of pyrazoles
Procedure for C3H3N2 CIHg (CIHgpz) (1) and
CSH7N2CIHg( CIHgpz *) (2)

A solution of sodium pyrazolide (0.45 g,
5 mmol) in absolute ethanol (20 mI) was added
dropwise with stirring to a solution of HgCI
(1.3~ g, 5 mmollin absolute ethanol (20 mI). 1m:
mediately a colourless solid precipitated. The re-
sultant mixture was stirred for 3 h and then fil-
tered.. T~e c~de solid product (essentially in
quantitative Yield) was washed successively with
di~till~ water, ethanol, and acetone and finally
dned. In vacuo. Thus the reaction products, re-
spectively, (1) and (2), were obtained. Two more
sets of reactions were carried out with each of the
two pyrazolides using metal and pyrazolide in
2 : 1 and 1: 2 molar ratios. The products were
identical with the products obtained from 1: 1
~olar ra~o reactions. These two compounds are
msoluble in all common organic solvents, such as
ethanol, chloroform, benzene, acetone, DMSO
andDMF.

Procedure for C3H3N3 03 Hg[( N03 )Hgpz] (3),
CSH7N303Hg[(N03)Hgpz *] (4),
C3H3N303Hg2[(N03)Hg2PZ] (5) and
CSH7N3 03Hg2 [(N03) Hg2Pz *] (6).

Pyrazole (0.34 g, 5 mmol) or 3,5-dimethylpyra-
zole (0.59 g, 5 mmol) was dissolved in water
(5.0 mI) in 'a round bottommed flask equipped
WIth a reflux condenser and a magnetic stirrer.
An aqueous solution of Hg(N03h (1.62 g,
5 ~ol) or. Hg2(N03h (2.62 g, 5 mmol) was
added dropwise with stirring whereby a colourless
solid precipitated. The mixture was stirred for 2 h
at room temperature for complete precipitation,
then filtered and the residue repeatedly washed
with distilled water, ethanol, acetone and finally
dried in vacuo. The reaction products were ob-
tained in essentially quantitative yields (Table 1).

Two more sets of reactions were carried out us-
ing 2 : 1 and 1 : 2 metal to ligand ratios with each
of the two ligands and - the products (yields ca.
95%) were found to be the same as those ob-
tained from the 1 : 1 molar ratios of the reactants.
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Table I-Characterization data on the pyrazole derivatives of Group 12 metals

Compd. Compound Yield m.pt. Found (Calcd), %
No. (%) (0C)

C H N

C3H3N2CIHg 96 > 300 11.73 1.07 9.21
(11.89) (0.99) (9.23)

2 CsH7N2CIHg 90 > 300 18.37 2.11 8.40
(18.13) (2.11) (8.45)

3 C3H3N303Hg 90 265 (d) 10.64 1.05 12.65
(10.93) (0.91) (12.74)

4 CSH7N303Hg 95 > 300 16.80 1.96 11.83
(16.79) (1.95) (11.74)

5, C3H3N303Hg2 98 > 300 6.17 0.76 7.64
(6.79) (0.57) (7.92)

6 CSH7N 303Hg2 96 > 300 10.70 1.34 7.34
(1O.76~ (1.25) (7.53)

7 C6H8N4OZn 96 295(d) 33.23 3.80 26.71
(33.74) (3.77) (26.23)

8 C.oH.6N40Zn 98 295(d} 45.49 5.58 20.78
(43.89) (5.89) (20.47)

All the four compounds are insoluble in all com-
mon organic solvents such as chloroform, ben-
zene, acetone, ethanol, DMSO and DMF.
Mass spectral data for C3H3N303Hg (3): mJz 270
(pzl-lg" + 1, 40%), 202 (Hg", 60%), 68 (pz " + 1,
100%).

Procedure for C6n;N4 OZn (Znpz2 .H20) (7) and
ClOH16N40Zn (Znpz2 ·.H2 0) (8)

A solution of sodium pyrazolide (0.9 g,
10 mmol) or 3,5-dime$ylpyrazolide (1.18 g,
10 mmol) in absolute ethanol (30 ml) was added
dropwise with stirring to a solution of ZnCl2

(0.68 g, 5 mmol) in absolute ethanol (20 ml). Im-
mediately a colourless solid precipitated. The re-
sultant mixture was stirred for 3 h and then fil-
tered. The crude solid product (essentially in
quantitative yield) was washed with ethanol and
acetone and finally dried in vacuo. The reaction
products were (7) and (8) respectively. Two more
sets of reactions were carried out with each pyr-
azolide using metal and pyrazolide in 1: 1 and
2: 1 molar ratios. The products (yields ca. 45%)
were identical with the products obtained from
1 : 2 molar ratio reactions (yields 96% and 98%
respectively) (Table 1).
Mass spectral data for C6HSN40Zn (7): mJz 218
(M+ + 2, 13%), '200 (218-H20, 5%), 84 (218-
2pz, 48%), 69 (pz" + 2, 100%), 68 (pz" + 1,
85%),67 (pz ", 40%).
Mass spectral data ror CloH16N40Zn (8): mJz

548 [2{M+ +2), 11.5%], 274 (M+ +2, 21%),
244 {274-2Me, 43%),177 (100%), 95 (pz*+, 20%),
65 (95-2Me, 13%).

Reaction of cadmium chloride and
sodium pyrazolide

A solution of sodium pyrazolide (0.45 g,
5 mmol) in absolute ethanol (20 ml) was added
dropwise with stirring to a solution of
CdCI2.2H20 (1.1 g, 5 mmol) in absolute ethanol
(20 ml). Immediately a colourless solid precipitat-
ed. The resultant mixture was stirred for 3 h and
then filtered. The residue was washed successively
with distilled water, ethanol and acetone, and fi-
nally dried in vacuo. Two more sets of reactions
were carried out using metal and pyrazolide in
1 : 2 and 2: 1 molar ratios. In all the cases, the
products were same as evident from the IR spect-
ra and analytical data which did not correspond
to any rational formulation. A typical analysis of
the product: [Found: C, 2.66, H, 0.62, N, 1.86,
Calcd. for C3H3N2CICd. C, 14.35, H, 2.81, N,
11.16%]. IR (cm ", KBr) 3480 br v{OH), 3105 w
v{C - H) (pz).

Results and discussion
The reactions between HgCl2 and azoles, pyra-

zole and 3,5-dimethylpyrazole, in aqueous medi-
um were reported to give N{1)-mercurated and
both N{I)- and C(4)-mercurated products respec-
tively/, even when N (2) was free. There was also
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a report! on the. isolation of adducts,
MX2Lz.nH20 where M=Zn, Cd, Hg; X=CI,
N03, C104, BF4, SCN, CH3COO, 1I2(S04) and
L= 3,5-dimethylpyrazole. This claim for Hg(II)
was later refuted by another group". Since with
the same ligandts), different products were report-
ed, we carried out the reactions of HgCI2 with the
anions of the ligands, viz., pyrazolide (pz -) and
3,5-dimethylpyrazolide (pz*-) as their Na salts so
that both N(I) and N(2) were free to make bonds
as well as C(4). These reactions were carried out
in three different molar ratios of metal to pyrazo-
lide ions, viz., 1 : 1, 2: 1 and 1 : 2. The reactions
were carried out in absolute alcohol. However,
with all the three molar ratios, the same com-
pounds were obtained for both the ligands in -
95% yield. The compounds were precipitated
from the solvent and are insoluble in all common
organic solvents and do not melt below 300°C.

Although, the reaction between HgCI2 and 3,5-
dimethylpyrazole was reported to give both N-
and C-mercurated products" or an adduct
HgCI2(Hpz*}z.2H20 (ref. 3), we found that the
reactions between Hg02 and pyrazolide, and 3,5-
dimethylpyrazolide (as their sodium salts) in abso-
lute alcohol afforded only the N-mercurated pro-
ducts ClHgpz (1) and ClHgpz* (2) respectively,
presumably reacting through N(1) only. Similarly,
reactions of Hg(N03}z with pyrazole and 3,5-
dimethylpyrazole yielded the products of the
compositions (N03)Hgpz (3) and (N03)Hgpz* (4)
respectively. With Hg2(N03h similar products,
viz., (N03)Hg2Pz (5) and (N03)Hg2Pz* (6) re-
spectively were obtained. In the cases of Hg(I)
and Hg(II) nitrates, the reactions were carried out
in aqueous medium as mercury salts are not solu-
ble in absolute alcohol. The reactions are shown
in Eqs (1-3).

ethanol
HgCI +Napz* •2 room temperature

C1Hgpz~ + NaO · .. (1)

HO
Hg(NO h+ Hpz* 2 •

3 room temperature

(N03)Hgpz* + HN03

HO
Hg (NO) +Hpz" 2 •

2 3 2 room temperature

· .. (2)

· .. (3)

In all the above cases, the reactions were carri-
ed out in the metal to ligand ratios of 1 : 1, 1 : 2

and 2: 1, so that at least in the latter cases there
could be a possibility of insertion of a second me-
tal in the pyrazole ring or the formation of. metal
bispyrazolides. As the Hg{I) and Hg{II) nitrates
are insoluble in absolute alcohol, pyrazole and
3,5-dimethylpyrazole were taken instead of the
corresponding sodium pyrazolides, because pyraz-
olides hydrolise in water producing alkali. The
latter reacts with the mercury salts precipitating
basic mercuric salts along with the mercury pyraz-
olides. However, in all the above cases, whether
the reactions were carried out in ethanol or water
no insertion 01 a second metal in the pyrazole
ring, either by C(4) and N(2)-mercuration (as
pz" - Hg) took place.

In the cases of reactions of ZnCl2 with pyra-
zoles, their sodium salts were used and ethanol
was used as the solvent. Colourless solids were
precipitated, which decompose at 295°C. The
compounds analysed as Znpz2* .H20 (where
pz" = pyrazolide and or 3,5-dimethylpyrazolide
ions). The reactions were .carried out in the me-
tal: ligand ratio of 1: 1, 1: 2 and 2: 1, but the
same product was obtained in all the cases with
each ligand, although in lesser yield when the ra-
tio was 1 : 1. For cadmium the reactions were car-
ried out both in water and ethanol taking
CdCI2.2H20 and either pyrazolide or pyrazole
depending on the solvent. In both the cases, no
pure products corresponding to any rational for-
mulation could be isolated presumably due to hy-
drolysis of cadmium salts? (vide supra),
Thus the experiments with cadmium were not
pursued further. The physical and analytical data
of the compounds (1)-( 8) are given in Table 1.

In the infrared spectra, zinc compounds show
the presence of v(°-H} bands at 3440-
3275 cm-1 owing to water. The v(C- H) (pz*)
bands arising from pyrazolyl and 3,5-dimethylpyr-
azolyl groups are found to occur at 3150-
3040 em - I, while for 3,5-dimethylpyrazolyl li-
gand, additional v(C - H) stretching owing to CH3
group occur at 2980-2840 cm-I. The appearance
of the 3120 em - 1 band in (2) indicates that C(4)-
mercuration has not taken place. The Hg-CI
stretchings in HgCI2 itself occur at 405 and
348 cm - 1 (ref. 10). The terminal Hg-O stretch-
ings in some organomercury compounds were ob-
served at 334 and 325 cm -1 (ref. 11). Thus the
absorption bands which occur at 303 and
304 cm - 1 in (1) and (2) respectively may be as-
signed to v(Hg-O) (bridging). The presence of
N03 group is indicated by the occurrence of ab-
sorption bands at 1430 and 1298 for (3), 1460
and 1285 for (4), 1422 and 1297 for (5), and



R-H for Hpz;Me for Hpz
(II)

1530 and 1218 for (6) in consonance with the ab-
sorptions owing to monodentate N03 group
found in the literature'". In the zinc compounds
no characteristic low energy bands ale found ex-
cepting those arising from the ligands. The 1H
NMR spectra of the compounds could not be re-
corded as the compounds are insoluble in most
common organic solvents including DMSO. Elec-
tron impact mass spectra of one mercury com-
pound (3) and two zinc compounds (7) and (8)
could be recorded. Mercury has seven isotopes
and zinc has five. The molecular and other metal
containing ions listed are based on 202Hg and
64Zn isotopes. Compound (3) which analysed as
(N03)Hgpz shows major peaks at 270 and 202 as
clusters having the same isotope distribution pat-
tern as that of mercury itself. The peaks corre-
spond to pzl-lg " + 1 and Hg" respectively. The
zinc compounds show the highest peaks at 218
for (7) and 548 for (8). While the former peaks
corresponds to M+ + 2 peak for Znpz2.H20, the
latter corresponds to 2(M + + 2) peak for
(Znpz2*·H20). Thus the mass spectral data indic-
ate that the compound (8) is polymeric in nature
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through coordination of pyrazole nitrogens and
one water molecule to zinc giving pentacoordinat-
ed structure, which is especially common with
zinc(II)13, having a unit composition as
Znpz" .H201 (A). Water bands are also found in
the infrared spectra. Compound (7) appears to be
monomeric from the mass spectral data but under
the high temperature and high vacuum conditions,
the polymer might have dissociated fully to mon-
omeric Znpz2.H20. The polymeric nature is also
suggested by the fact that they are insoluble in
common organic solvents and are high melting.
The Hg(II) chIoro complexes may also be polym-
eric through both halogen and pyrazole ring
bridging (structure II).
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