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Synthesis and Characterisation of N-Alkyl-2-
Mercaptoacetamide Complexes of Gallium (III)

AJAY KAUSHIK?, YASH PAL SINGHP and AUDHESH K. RAI®

2Department of Chemistry, MLV Textile Institute, Bhilwara — 311 001 (INDIA) and
l>Departmenl of Chemistry, University of Rajasthan, Jaipur — 302 004 (INDIA)

N-alkyl-2-mercaptoacetamides of gallium having general formula [RNHC(O)CH,S]5Ga,
where R = C;Hjs, n-C3Hy, i-C3H7, n-C4Hy, i-C4Ha, sec-CSHg have been prepared and charac-
terised by elemental analysis and spectral (IR, 'H & 13C NMR) studies. The complexes
appear to exist in two conformational isomeric forms in solution and the probable structure
for both the isomers have been proposed.

Keywords: Gallium isopropoxide; N-alkyl-2-mercaptoacetamides; conformational isomer-
ism; spectral studies; five membered chelatering

INTRODUCTION

N-alkyl-2-mercaptoacetamides are known to behave as bidentate ligand and due to the
presence of O, N and S atoms at suitable positions, these ligands are capable of showing
linkage isomerism'™>, These ligands also exist in two conformational isomeric forms, which
interact individually with metal jons and form two different isomers of metal complexcs"’.
The present paper deals with synthesis, characterisation and structure elucidation of some
gallium (1) complexes of N-alkyl-2-mercaptoacetamides.

RESULTS AND DISCUSSION
N-alkyl-2-mercaptoacetamides exist in the following two conformational isomeric forms*”.
R H H R
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These forms interact with gallium isopropoxide in 1:3 molar ratio in refluxing benzene
solution :

Ga(OPr'); + 3RNHC(O)CH;SH — P Ga[SCH;(O)CNHR]; + 3 Pr'(0H) 4
Where R = C;Hs, n-C3Hy, i-CsH;, n-CHy, i-C Hy, sec-CH,.
The resulting light yellow derivatives are found to be viscous, soluble in polar solvents like

alcohols and DMSO. Molecular weight determination in methanol solution indicates their
monomeric nature.
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IR SPECTRA

In lhe infrared spectra of these complexes, disappearance of v SH band (observed at ~ 2510
cm in the spectra of the ligands) suggests the deprotonation of the mcrcapto group. This
has been further supported by the appearance of a band at ~ 350 cm™ which may be
assn ed to v Ga-S'". A lower shift of 30-50 cm™ in the position of v NH band (2970-2040

m™) in companson to its position in parent ligands and the appearance of 2 new band at ~
590 em’! for v Ga - indicates the coordination of amide nitrogen with central gallium
atom.

A comparison of the absorption bands observed at ~ 1640, ~ 1545 and ~ 1270 cm™! in the
spectra of the ligands and assigned to v C=0, amide- If [u (CN)+ & (NH)] and amide-IIl
[v (CN)+ & (NH)] respectively, with their corresponding posmon in the spectra of their
gallium (IlI) derivatives show lower shift of 30-40 cm™. This shifting supports the
participation of NH group in bonding with gallium atom. ‘l‘he absence of any appreciable
shift in the position of amide-1 [u (C=0)] band confirms the non-participation of carbonyl
oxygen in the bonding. The appearance of v Ga-S and v Ga-N absorption bands in the
complexes and the absence of U Ga-O band confirms that out of the three donor atoms viz.
0, S and N present in ligands only N and S are involved in bonding with central gallium
atom.

'H NMR Spectra

The '"H NMR spectra of these derivatives have been recorded in DMSO-dg solution using
TMS as an internal reference (Table-1).

Table = 1 s "H NMR Specira (8 ppm) of gallium derivatives of N-alkyl-2- ap ide

No. Complex ~CHy >CH, 4CH_ -CHiS-  >NH

1| cicinHcOCH; SKGa 1270 | - |iue ;:g %
a b

2.| (CH,CH,CHNHCOCH;S),Ga 0890) g’) 1 g’;‘; - |rem]EB g}

3.| CcHXCHNHCOCH:SIGa N t:; - :gtg; 3439 ;jg g;
2 b ¢

4.| (CH,CH,CH,CHNHCOCH, $),Ga 089 () g;"“"‘;‘m':‘; - w33 E:;

3.1 [(CH,:CHCH,NHCOCH,S 1Gs b g; gi;::; 200(m) | 34209 :;; g;

) b
6.] (CH.CHCH(CH,NHCOCH;S)Ga g;‘l"l’: 8 152(m) | 397my | 33009 Z:‘; ((:;

The spectra exhibit, two distinct NH signals with a downfield shift of 5 0.5 to 8 2.0 ppm in
comparison to their position in the corresponding ligands. This indicates the existence of
these derivatives in two isomeric forms and participation of nitrogen atom in bonding.
Absence of SH proton signal at ~ § 3.5 ppm., confirm the deprotonation of mercapto group
and supports the formation of Ga-S bond.
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The signals for alkyl protons show a downfield shift in comparison to their position in the
ligands. The spectrum of the derivative where R = i-C3H; exhibits two doublets and two
septets for gem dimethyl and methine protons respectively. Whereas, in the spectrum of the
complex where R = i-CiHy, two sets of doublts have been observed each for (CH,); and
CH; proton but a clear resolution of CH proton signal could not be observed. The splitting
of alkyl and NH proton signals provide further support to the existence of these derivatives
in two conformational isomeric forms in the solution.

*C NMR Spectra

The ""C NMR spectra of the complexes have been recorded in methanol solution (Table-2),
Table - 2 : C NMR Spectra data (5 ppm) of gailium derivatives of N-atkyl-2-mercaptoacetamides

5 No. Complex -CH, >CH, SCH  CHS- C-0
1.] (CH.CHNHCOCH,S).Ga 1235, 14.48 3w 3047 | - | BTN
2. (CH)Cl.i;C:’l;NHCOCH,S),GI 1200, 1248 g; ::::g;g - ::gg :;“;_gg
3.| [CH,LCHNHCOCH,S]:Ga 402273 - g;ﬁ ::‘1’: ::’,2:;

s b ¢ ®) 2060,2092 st | 1ion
4.| (CH,CH,CH,CH;NHCOCH,S)Ga usquer| o we0.280 |~ | 303 | e
(<) 30.43,3298 - -

2691 | 4693 116998

5. | KCRYCHCHNHCOCH;S],Ga 1998,2000]  as32209 | 3831 | 493 [ eno
2 b
9 9 R 7, 70.
o| cucnorcmmncoonsias | 8 RN mrose | G40 00 (190

The existence of two conformational isomers in these complexes have been further
confirmed by the appearance of two signals for each carbonyl and alkyl carbons (R) in their
YC NMR spectra. A downfield shift of about 5 0.5 ppm to & 2.0 ppm in the position of the -
CH,S- carbon signals indicates the involvement of sulphur atom in complexation. A
downfield shift in the position of the alkyl carbons attached to nitrogen further supports the
involvement of nitrogen in bond formation.

The presence of v Ga-N and v Ga-S absorption bands along with the shift of amide- Il and
amide-I11 absorption bands to lower wave number and no shift in the position of amide-I [v
(C=0)] band supports the chelation of the ligand with central gallium atom through
nitrogen and sulphur. Since both the isomeric forms of the ligand individually interact with
central gallium atom and form the corresponding complexes and therefore they may be
assigned the following structures :
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EXPERIMENTAL

All the operations were carried out under strictly anhydrous condition and the chemical
used were of reagent grade. Gallium trichloride was distilled before use.Gallium
lsopropoxlde and N-alkyl-2-mercaptoacetamides” were prepared by the literature method.
Sulphur and Gallium were estimated gravimetrically whereas nitrogen was determined by

Kjeldahl's mcthodm Molecular weights were determined by Knaur vapour pressure
osmometer in methanol solution at 45° C. Thc IR spectra were recorded on a carl zeiss Jena

specord M-80 instrument as nujol mull and "4 and Pc NMR spectra on a JEOL FX90Q

spectrometer.All the derivatives were synthesised by the reactions of Ga(OPr)3 with the
ligands in 1 : 3 molar ratio in benzene solution and the preparation of only one
representative complex is being discussed below.

Preparation of [i-C3H7NHC(O)CH2S]/3Ga : A mixture of Gallium triisopropoxide (0.53
gm. 2.14 mM) and the ligand N-(isopropyl)-2-mercaptoacetamide (0.96 gm. 6.42 gmM) in
~ 50 ml benzene was refluxed under fractionating column. The isopropanol liberated during
the course of the reaction was fractionated off azeotropically with benzene. The progress of
the reaction was monitored by estimating the isopropanol in the azeotrope. After the
completion of reaction, the precipitated product was filtered off, washed with benzene and
dried under reduced pressure. A compound, thus obtained was purified by washing with
benzene. Repeated washing with benzene purified the light yellow coloured viscous mass
(yield 97 %). Analysis : found % Ga, 14.91; §,20.55; N, 8.85; Cal.% for CysH;S;N;0,Ga;
Ga, 14.97; 5,20.61; N,9.01.
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