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Organotin(IV) Complexes of Some 2-Pyrazoline Derivatives,
Part I: R;SnCl and R,SnCl, Complexes

TALAL A.K. AL-ALLAF*, REDHA L.H. AL-BAYATIT and ASIM S.A. AL-BOTANY
Department of Chemistry
College of Science, University of Mosul, Mosul, Iraq

Triorganotin(IV) and diorganotin(IV) compounds react with
3-aryl-S-mcthy|-2-pyrazolinc, 3-aryl-4,5-dimethyl-2-pyrazoline and
3-aryl-5,5-dimethyl-2-pyrazoline deivatives (L) in 1:1 molar ratio
to give complexes of the general formula R3;SnCIL and
R,SnCly-L (R = Me, Bu", Ph) respectively. The complexes obtained
have been characterised physnco—chemlcally and spectroscopically.
As revealed from the IR and 'H NMR spectral data, the 2-pyrazoline
derivative coordinates with tin of R3SnCl as a monodentate ligand
via one of the active donor sites, either N or OH, to give penta-
coordinate tin species, whereas it coordinates with tin of RaSnCl,
in a bidentate fashion via both sites (N and OH) to give six member
chelate ring with tin of hexa- coordination number. All the com-
plexes prepared showed no conductivity in ‘both solvents,
acetonitrile and DMF, indicating the non-ionic species,
[R3Sn(L)CI] and [R,Sn(L)Ch].

INTRODUCTION

In the past few years, we have been interested in the study of the coordination
behaviour of organotin(IV) compounds with several ligands containing oxygen,
sulphur and nitrogen as donor sites'™. Some of the complexes obtained were
found to have S|gmﬁcant biological activities against certain types of bacteria and
tumour cells*

As a continuation of our comprehensive investigation in this field of coordina-
tion chemistry, we have chosen, in the present work, the 2-pyrazoline derivative
ligands as containing more than one donating site. We have already shown in a
separate work®, that some of these ligands coordinate with platinum metal in a
bidentate fashion to give complexes structurally analogous to cis-platin, the
anti-tumour agent’. However, we carried out here the reaction of these 2-pyra-
zolines, Ila—j (Scheme-1) with the organotin(IV) compounds R;SnCl and
R,SnCl, (R =Me, Bu", Ph) in order to examine the type of interaction between
these ligands and the tin metal, which to our best of knowledge have not been
previously attempted.

tUniversity of Al-Mustansirya, Baghdad, Iraq.



490 Al-Allaf et al. Asian J. Chem.

R2 /013 @ PPA @E"jfc;kb N2H4 @
Hooc” “R1R3 R3H l N_NH
(I (H)
R; R» R3
[orll lorll I I
(a): H H 57- or 4 6'-(CHs)>
(b): H H 6.7- or 4'5'-(CHs),
(c): H H 6.7- or 4',5"-(OCH3),
(d): H CH3; 6,7- or 4',5'—(CH3);
(o): H CH; 68- o 3.5-(CHa)
(f): H CH3 7.8- or 3’ 4'-(CHs),
(g): H CH; 7- or 4-OCH3 -
(h): H CH3 5.7- or 4',6’-(OCH3),
@i): H CH; 5.6,7- or 4’5" ,6’-(OCH3)3
Q) CH; H — H
SCHEME 1

The preparation route of the chroman-4-one intermediates (la-j) and their corresponding
pyrazolines (I1a~j); used in coordination with organotin(IV) compounds

EXPERIMENTAL

General

The 'H NMR spectra were recorded at Basrah University, Basrah, Irag, on a
Jeol, INM-Ex-90 FT NMR using CDCl; as a solvent, unless otherwise stated,
with TMS as an internal standard. IR spectra were recorded on a Perkin-Elmer
580B infrared spectrophotometer in the range 4000-200 cm™ using Nujol Mull
and Csl discs. Analyses of the complexes were carried out at the College of
Science, University of Mosul, Mosul, Iraq, using a CHN Analyser, Type 1106
(Carlo Erba). Electronic spectra were recorded on a UV/vis. spectrophotometer
model 160 Shimadzu Kyoto (Japan), using DMF as a solvent and quartz cell of
1 cm width. Conductivity measurements were done for 10~ M solutions of the
complexes in DMF and CH;CN at room temperature (25°C), using a conductivity
meter, model 4070 (Jenway).
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Preparation of starting materials

The compounds Ph;SnCl, Bu;SnCl and Bu,SnCl, were commercial products
(Fluka). The compounds Me;SnCl, Me,SnCl, and Ph,SnCl, were prepared by
* standard methods'® "',

The ligands, 2-pyrazoline derivatives (Ila—j) were prepared in our laboratories
by a standard method'?, by the successive conversions of B-B-acrylic acid or
techlic acid or crotonic acid and phenol derivatives into the chroman-4-one
intermediates (Ia—j), then into the 2-pyrazoline derivatives (Ila—j) (Scheme 1).
The structure of the chromon-4-ones (la—j) together with the corresponding
2-pyrazolines (Ila—j) were determined by physico-chemical methods. The yield
of the 2-pyrazoline ligands obtained was varied from 65 to 85%.

Preparation of the complexes R3SnCl-L and R;SnCl, L

The complexes were prepared according to the following standard method
which is oulined in general format. '

The ligand (0.5 mmol) was dissolved in an organic solvent; CHCI; or EtOH
or acetone (according to its solubility). To this was added a solution of the
organotin(IV) compounds (0.5 mmol) in the corresponding solvent (5 mL) with
vigorous stirring under moderate heating for ca..30 min. The resulting solution
was evaporated to ca. 1/2 its original volume, then petroleum spirit (40-60°C)
was added until turbidness and the total mixture was kept in the refrigerator for
several hours. The resulting crystalline product was filtered, washed several times
with pet. spirit and dried under vacuum for several hours. When the product was
an oil, it was separated from the mother liquor by decantation, washed with light
petroleum, and dried. The oil could be solidified when stirred with light petroleum
overnight, and then could be treated as for the solids above. The yield of the
complexes R3SnCl-L and R,SnCl,-L ranged between 60 to 90%.

RESULTS AND DISCUSSION

The physical properties of triorganotin(IV) and diorganotin(IV) complexes are
listed in Table-1 and the 'H NMR spectral data of some selected complexes are
listed in Table-2. The elemental composition of the complexes prepared is clearly
assigned to a 1:1 molar ratio of organotin compound to ligand, i.e., R;SnCI-L
and R,SnCl,-L.

Spectral data and structure

The triorganotin(IV) and diorganotin(IV) complexes were subjected to IR and
'H NMR spectral studies for structural elucidation and establishing the mode of
bonding.

We have previously reported that tin of R;SnCl forms as high as five
coordination number, while tin of R,SnCl, forms as high as six coordination
number, when reacted with various donating ligands'™. Since 2-pyrazoline
ligands (Scheme 1) possess more than one donor site, hence R3SnCl compounds
form penta-coordinate tin species, regioselectively, with one of the donor sites,
while RSnCl, compounds form hexa-coordinate tin species, most likely, via.
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N,—OH linkage. These facts were mainly demonstrated by IR and 'H NMR
spectral data (vide infra). ' ‘

IR spectra

The routine IR spectral measurements showed that coordination of tin with
these ligands had taken place. The IR bands appearing in the region 430-350
cm™' and 450400 cm™ are tentatively assigned to v(Sn—O) and v(Sn—N)
respectively, which serve as a good indicator of coordination via O and N
sites* 4. It is more likely that N, site rather than N, site of the 2-pyrazoline
derivatives would be involved in the coordination with organotin(IV) compounds.
This was supported by the drastic decrease (Av = 13-50 cm™) of the V(C=N)
value on going from the free ligand to its complex®”. It is, therefore, concluded
that R;SnCl compounds coordinate with 2-pyrazoline derivatives via either N, or
OH site of the ligand, whereas R,SnCl, compounds coordinate with these ligands
in a bidentate fashion via N,—OH linkage to form six-membered chelate ring.
This was confirmed by the 'H NMR spectral data of Me,SnCl,-L complexes (vide
infra).

Furthermore, the IR spectra of the complexes showed also other bands: a band
in the region 325-225 cm™' which is attributed to v(Sn—Cl) modes and a band
in the region 275-220 cm™! and 560-520 cm™ (usually as a weak band) which
is attributed to v(Sn—C) modes for both Sn—Ph and Sn—Me (or Bu")
respectively2' 13 The bands due to v(OH) and V(NH) usually interfered with
each other and appeared in the region 3380-3150 cm™ as broad bands and could
not be distinguished.

NMR spectra

The NMR spectral data of the free ligands (L) (Scheme 1) were extensively
discussed in our previous articles'2. The '"H NMR spectra of some selected
R;SnCI-L and R,SnCl, L complexes were recorded in CDCl;. In the case of the
complexes, where R = Bu" or Ph, the 'H NMR spectral data showed no significant
differences than those of the free ligands, apart from the presence of some new
signals related to the Bu" and Ph protons. We have shown in many articles that
""Sn—CH coupling constant serves as a very good indicator to evaluate the
coordination number of tin in its methyl complexes' 2. It is very clear from the
2J(""®(Sn—CH) values of Me;SnCI-L eomplexes (ca. 70 Hz) (Table-2), that
2-pyrazoline derivatives coordinate with tin in a monodentate fashion via the most
reactive donor site to give penta- coordinate tin species* '*. In the contrary, the
21(""*Sn—CH) values of Me,SnCl,-L complexes which ranged between 80 to 92
Hz, assign that these ligands coordinate with tin in a bidentate mode via the
N,—OH linkage to give hexa-coordinate species' ™. This is a good support to the
idea suggested by the IR studies, in which 2-pyrazoline derivatives coordinate with
R;3SnCl and R,SnCl, compounds in a mono- and bidentate forms respectively.

Electronic spectra

U V/vis spectral data for the complexes (Table-1) showed absorption bands
attributed to the ligand in its complexes'®. The absorption band appearing in the
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region 229-237 nm is attributed to 1t — 7* electronic transitions in the aryl ring,
the band appearing in the region 268-282 nm is attributed to © — ©* electronic
transitions in the C=N group, and the band appearing in the region 332-382 nm
is due to n = T* electronic transitions in the C=N group too. Bands due to d-d
transitions in the d-orbitals of the tin atom were too weak to be observed.

Conductivity measurements

The conductivity measurements for 10~ molar solutions of both complexes
R;SnCIL and R,SnCl, L at room temperature in both solvents DMF and
acetonitrile fall in the range 3-29 and 2-38 ohm™ cm? mol™', respectively. It was
reported that 1 : 1 conductivity compounds in these solvents usually fall in the range
65-90 and 120-160 ohm™' cm? mol™*, respectively'®. Therefore, the conductivity
figures obtained, in both solvents, for the complexes studied are for non-conductive
species, i.e., nonionic complexes, [R3Sn(L)CI] and [R,Sn(L)Cl,], respectively.
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