23

Journal of Organometallic Chemistry, 420 (1991) 23-34
Elsevier Sequoia S.A., Lausanne

JOM 21972

Preparation and ">"Sn Mdssbauer studies

of diorganotin(IV) derivatives of nicotinic acid
and nicotinic acid N-oxide

G.K. Sandhu * and N.S. Boparoy
Chemistry Department, Guru Nanak Dev University, Amritsar-143005 (India)

(Received April 23rd, 1991)

Abstract

Sixteen complexes of nicotinic acid and nicotinic acid N-oxide have been prepared with
diorganotin(IV) oxides in 1:1 and 2:1 (ligand : metal) molar ratio. Formulae of diorganotin nicotinates
are (i) R,Sn(Nic), [2:1] and (i) [R,SnNic),0 [1:1] and of diorganotin nicotinate N-oxides are (iii)
R,Sn(NicO), [2:1] and (iv) [R;SnNicO],0 [1:1] (R = CH,, "C(H,, "CgH,;, C¢HsCH,; Nic = anion of
nicotinic acid, NicO = anion of nicotinic acid N-oxide). All the butyl- and octyltin derivatives are
monomeric and are more soluble whereas dimethyl- and dibenzyltin derivatives are polymers and are less
soluble or insoluble in common solvents. Mssbauer, 'H NMR and IR spectral studies have been used to
assign structures. All the 2: 1 complexes possess distorted trans octahedral and all the 1:1 complexes of
nicotinic acid have five coordinate distorted trans trigonal bipyramidal structures. However, the 1:1
dinuclear complexes of nicotinic acid N-oxide contain a six coordinated and a five coordinated tin(IV) in
the same molecule. A Sn—O-Sn bridged structure is present in all the 1:1 complexes. Unlike analogous
picolinic acid complexes there is no coordination from ring nitrogen to tin(IV). The carboxylate group is
bidentate in all the nicotinic acid complexes whereas it is unidentate in all the picolinic acid complexes as
we showed in J. Organomet. Chem., 411 (1991) 89.

Introduction

Only few triorgano- and diorganotin(IV) nicotinates have been reported [2,3].
Our interest in this communication is to report preparation and structure elucida-
tion studies of diorganotin(IV) complexes with nicotinic acid and nicotinic acid
N-oxide.

Experimental section

All the diorganotin oxides were procured from Alfa Inorganics and used as such.
Nicotinic acid and nicotinic acid N-oxide were obtained from Aldrich Chemicals
and also used as such.

Physical measurements
Elemental analyses were carried out by Microanalytical Service, Calcutta Univer-
sity, Calcutta. Tin was estimated as SnO,. Molecular weight determinations were
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done by the Rast method (175° C). Cryoscopic molecular weight determations could
not be carried out due to low solubility of the compounds at low temperature.
Infrared spectra were recorded on Pye Unicam Spectrophotometer Sp;_jp in
200-4000 cm ! range. 'H NMR spectra were recorded on Tesla-BS-487C, 80 MHz
using tetramethylsilane as the internal standard. Méssbauer spectra were recorded
with a Harwell 6000 series spectrometer with samples cooled to 80 K and source
(Pd-Sn) at room temperature. isomer shifts are relative to SnO, measured at room
temperature.

Preparation of the complexes

The 1:1 and 2:1 diorganotin(IV) complexes of nicotinic acid and nicotinic acid
N-oxide were prepared by dissolving nicotinic acid/nicotinic acid N-oxide, 0.001
mole and 0.002 mole, for 1:1 and 2: 1 complexes respectively in dry thiophene free
benzene (60 cm’) and adding to this solution diorganotin oxides (0.001 mole) in
each case. The reaction mixture was refluxed on a water bath for about 4-5 h to
give a clear solution in case of dibutyl- and dioctyltin complexes and a white solid in
case of dimethyl- and dibenzyltin complexes. The soluble complexes were isolated
by removing excess of benzene by distillation under reduced pressure and the
insoluble complexes by filtration. Dibutyl- and dioctyltin complexes were recrystal-
lized from dry methanol and dimethyl- and dibenzyltin complexes were crystallized
or washed with a 1:1 mixture of methanol and ethanol.

Results and discussion

Complexes of nicotinic acid and nicotinic acid N-oxide have been prepared with
diorganotin(IV) oxides in 1:1 and 2:1 molar ratio (ligand : metal). All 1:1 com-
plexes are dinuclear with a Sn—O-Sn bridge. Dimethyl- and dibenzyltin compounds
are less soluble in organic solvents and are polymeric in nature, whereas dibutyl-
and dioctyltin derivatives are very soluble and are monomeric in nature. Physical
and analytical data are given in Table 1. Molar conductance measurements in
nitrobenzene show. them to be non-electrolytes. The diorganotin(IV) nicotinates
have decreased solubility than the analogous picolinates [1]. The structure elucida-
tion studies have been carried out by infrared (Table 2, '"H NMR (Table 3) and
Maissbauer spectral data studies (Table 4).

Infrared data

Infrared spectra have been recorded in KBr in the solid state, and within the
range 4000-200 cm™!. Important bands for structure assignment are Vasym(COO0)
Yyym(COO), »(N — O), »(Sn—C). In the nicotinic acid and nicotinic acid N-oxide,
the »(OH) of the COOH appear as broad bands in the range 2600-2200 cm ™! and
2600-2400 cm™' respectively which disappear after complex formation thereby
showing deprotonation of COOH group and reaction with diorganotin(IV). The
mode of coordination of the carboxylate group is estimated from the difference (4»)
in the »,,,,,(COO) and »,,,,(COO) values and its comparison with that of respective
sodium salts of the acids. In both types of nicotinic acid complexes v,,,,(COO) falls
and »,,,,,(COO) rises as compared to the »(COO) values in the nicotinic acid and is
in the range of sodium nicotinate »(COO) values. The A» values, 200-215 cm™! in
case of the nicotinate complexes are also very closely comparable with that of the
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Table 4
Médssbauer data at 80 K (mm s~ 1)
Compound IS Qs Line widths Expected
'1—2— structure
) ("C4Hg),Sn(Nic), 1.60 3.93 0.90 0.95 trans 6-coord.
6) [("C,H,),Sn(Nic)],O 1.37 3.64 0.86 0.95 trans 5-coord.
) [("CgH;7),Sn(Nic)],0 1.30 335 0.94 1.00 trans 5-coord.
&) (CH,),Sn(NicO), 1.31 4.11 0.78 0.84 trans 6-coord.
(10) ("C4Hy),Sn(NicO), 1.46 417 0.97 0.92 trans 6-coord.
(11) ("CgH,;)Sn(NicO), 1.42 4.04 0.93 0.85 trans 6-coord.
(13) [(CH;),Sn(Nic0)],0 1.30 419 0.79 0.81 trans 6-coord.
0.94 215 0.87 0.86 trans 5-coord.
(14) [("C,H,),Sn(Nic0)],0 1.40 426 0.72 0.86 trans 6-coord.
1.15 2.66 0.87 1.00 trans S-coord.
15) (" CsH,7),Sn(Nic0)},0 1.49 4.03 093 0.62 trans 6-coord.
1.23 2.64 0.67 1.29 trans S-coord.

sodium nicotinate (240 cm™'). An intramolecular chelation of the carboxylate group
to tin(IV) is present in the butyl- and octyltin nicotinic acid complexes whereas an
intermolecular chelation is present in methyl- and benzyltin complexes. Thus the
carboxylate group is bonded to tin(IV) in a bidentate mannerin all the 1:1and 2:1
complexes of nicotinic acid [4,5].

In the case of all the 1:1 and 2:1 complexes of nicotinic acid N-oxide the
V,5ym(COO) falls and v, ,(COO) rises as compared to the values in the case of the
free acid and the Av values are also lower in the case of the complexes. However,
these values are higher than in the case of the sodium salt of nicotinic acid N-oxide
and the difference in the »,,,,,(COO) and »,,,(COO) values (4» = 280-300 cm™Y)
in the case of the complexes is higher than that of the sodium salt of nicotinic acid
N-oxide. Therefore, in the present series of nicotinic acid N-oxide complexes, the
carboxylate group is bonded to tin(V) in a unidentate manner [1].

A broad strong band due to »(N — O) appears at 1225 cm ™" in the nicotinic acid
N-oxide and as a split band in the form of two strong peaks at 1240 and 1225 cm ™!
in the case of sodium salt of nicotinic acid N-oxide. In all the complexes two bands
(one strong around 1215 and a medium band 1185 + 5 cm™! with a difference of
20 + 5 cm™!) have been observed which are clearly due to two types of N-oxide
oxygen bonding to tin(IV) to different extents [1]. In the case of monomeric 2:1
and 1:1 butyl- and octyltin nicotinate N-oxides the N-oxide oxygen is intramolecu-
larly coordinated to form a part of a distorted octahedral or a distorted trigonal
bipyramidal structure whereas in the case of dimethyl- and dibenzyltin nicotinate
N-oxide the N-oxide oxygen exhibits intermolecular coordination. The presence of
two »(Sn—C) bands in the spectra of some complexes of both the acids in the region
600—500 cm ™! and 455-430 cm ™! regions indicates a cis position of the alkyl or
aryl or a non-linear arrangement of R groups in a trans position. Presence of a
single #»(Sn—C) band in some complexes points towards a linear or trans position of
the R groups [6]. The identification of the »(Sn-O) in the specified range (570-391
cm ™! for nicotinic acid complexes and 465-300 cm ™ for the nicotinic acid N-oxide
complexes) confirms coordination to tin(IV) from carboxylates of both the acids [6].
In case of the dinuclear 1:1 complexes of nicotinic acid and nicotinic acid N-oxide



31

a strong band in 690-600 cm™' and 605-670 cm™' region is assigned to the
bridging Sn—O-Sn band respectively [5].

'H NMR spectra
The 'H NMR spectra of nicotinic acid and nicotinic acid N-oxide have been
recorded in trifluoroacetic acid and of the soluble complexes in CDCl, (Table 3).

H* H*
H® CN) H2 H“/I\LN) H?
|
(o}

The integrated area agrees with the total number of protons calculated from the
expected molecular formula of the complexes of both the acids. The complex
multiplet signals for alkyl and aryl Sn—R groups point to a non-linear position of
the alkyl or aryl group in the five- or six-coordinate complexes. The signals due to
all the four protons H?, H*, H>, H® of the aromatic rings of the two acids experience
an upfield shift after complex formation and the maximum upfield effect is on
proton H>.

Mossbauer spectra (mm s ')

Maossbauer parameters are helpful in determining the coordination number and
the structure of the tin compounds. The isomer shift (IS) and quadrupole (QS)
splitting values in the 2:1 complexes 2, 9, 10, 11 (IS, 1.31-1.61, QS 3.93-4.17) fall
in the range of those noted for the trans octahedral complexes [8,4] since the cis
arrangement of the R groups around tin(IV) leads to IS value below 1.0 [7]. In the
case of 1:1 complexes of nicotinic acid 6 and 7, the IS and QS values (1.30, 1.37;
3.35, 3.64) fall in the range of five coordinated complexes [6] since the QS /IS ratio
is greater than 2.0 which is generally associated with coordination number greater
than four {8]. The 1:1 complexes of nicotinic acid N-oxide 13—15 show two types of
environments for tin(IV) corresponding to a five coordinate and a six-coordinate
geometry for tin(IV) since two sets of values of IS and QS have been observed.

~
o\ R R Sn\\R
AN A e TN o
@C\o//sn TN /C@ \
/ MR
(o)

Fig. 1. R ="C,H,, "CgHj.
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Fig. 2. R = CH,, C;H,CH,.

These 1:1 complexes are dinuclear with Sn—~O-Sn bridged structure in which
six-coordinated tin is joined to a five-coordinated tin through an oxygen atom in the
same molecule.

R
Q) O
AN TN
¢, _sn_ 2C O)—¢
@\0/\;0/ ON T \0
/ _R
0—;5:15—0
Ry

Fig. 3. R ="C,H,, "CgH,.
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Fig. 4. R = CH,, C,;H,CH,.

Conclusion

The 1:1 complexes of nicotinic acid have five coordinate trigonal bipyramidal
structures (Figs. 1 and 2) with a Sn—O-Sn bridge and a bidentate carboxylate
group. However, the 1:1 dinuclear complexes of nicotinic acid N-oxide have a
six-coordinated and a five-coordinate tin(IV) joined by a oxygen atom present in the
same molecule (Fig. 2) [5]. These complexes are not mixtures of 1:1 or 2:1
complexes since elemental analysis does not tally with that. The spectral data
support a non-linear configuration of the R-Sn-R moiety and distorted trans
octahedral structures (Figs. 3 and 4) for all the 2:1 complexes.
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