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Synthesis of Tetrachloro [N,N'-Dimethyl Oxamide]Tin (IV)

Raja Hussein Abu-Samn

Chemistry Department, Faculty of Science,
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ABSTRACT. By the reaction of N.N'-dimethyl oxamide with water-free tin tetrachloride
in the molar ratio (1:1). in hot pure 1,2-dichloroethane as a solvent, a white powdery
complex is obtained, where the bidentate ligand (V. N'-dimethyl oxamide) is bound to
the central atom (Sn) of the prepared octahedral complex through the oxygen donors.

The synthesized complex is of the type SnCl; LL. in which the coordination
number of tin (4) in SnCl, is increased 1o (6) in the complex.

The paper describes the preparation and properties ol the complex and also
includes its IR, 'H-NMR spectra, and the fragments of its mass spectrum.

Previous papers have reported the synthesis of hetrocyclic (four-membered) tin
compounds with urea derivatives (Abu-Samn 1977) and with 1,3-dimethyl car-
bamide chloride (Abu-Samn 1979a). Also the synthesis of complexes of the type
R, SnCl,. 2L was given, where L is a monodental ligand such as 1, 3-dimethyl urea
(Abu-Samn and Latscha 1972) and 1,3-dimethyl thio urea (Abu-Samn 1973) using
the dialkyl and diaryl tin dihalides. In these complexes, the ligands are coordinated
to the tin atom through their oxygen or sulphur atoms as electron donors or Lewis
bases in 1:2 ratio, where the coordination number of tin (4) in R, SnCl, is increased
to (6) by complexing two molecules of the monodentate ligands in the octahedral
complex.
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By studying the reaction of amides, urea and thiourea derivatives with the
reactive tin tetrachloride, mostly complexes of the type SnCl,.L, were obtained
(Abu-Samn 1973, Abu-Samn 1979b). In this paper, the author presents the syn-
thesis of a new complex of the type SnCl,.LL, where LL is a bidental ligand:
N,N'-dimethyl oxamide, which is bound to the tin atom through the oxygen donors
of both carbonyl groups as in the given structure (I).

Complexes of the same type SnCly.LL have been prepared and characterized
as tetrachloro oxamide tin I'V (Jain and Rivest 1969) and tetrachloro fumaric acid
tin IV (Yeats et al. 1970).

By the reaction of tin (IV) tetrachloride (water-free) with N, N'-dimethyl
oxamide in molar ratio (1:1) in hot pure 1,2-dichloroethane. a white powdery
substance was formed, which after purifying by sublimitation and elemental
analysis indicates the formula C,HgN,Cl,0,Sn, which is in agreement with the
above shown structure (I).

Experimental

In a 250 ml two neck round bottom flask equipped with Liebig condenser and
a dropping funnel, a 5.8 g (0.05 M) N,N'-dimethyl oxamide is dissolved with
stirring in a hot solution of pure 1,2-dichloroethane. To this solution, we add
dropwise 13.0 g (0.05 M) water-free tin tetrachloride in molar ratio (1:1). As soon
as SnCl, is added a white precipitate is formed. After all the SnCl, is added, stirring
should continue further for 5-10 min. The reaction temperature is maintained at
80-90°C. The reaction mixture is then cooled and filtered. The product is washed
with benzene and petroleum ether and dried in vacuum.

During the reaction no hydrogen chloride evolves. The yield is 18.5 g = 98.4%.
The product does not melt below 360°C. The sublimate has mp 275/278°C in closed
capillary tube. Elemental analysis of tetrachloro [N,N'-dimethyl oxamide]|tin (IV)
C4HgN,C1,0,Sn (M.Wt. = 376.652):

C% H% N% Cl% Sn% 0%

calc. 12.76 2.13 7.43 37.66  31.52 8.50
found 13.04 229 7.43 37.52  30.90 =

Results and Discussions

Figures 1-3 give the IR of complex I and its 'HNMR Spectra. The propertjes
of the prepared complex and the following discussion are given below. The major
fragments of the mass spectrum of Complex I are also given.
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Properties of Complex (1)

The complex is a white powder and is not hygroscopic. It does not dissolve in
CHCl;, CCl,, 1,2-dichloroethane, methylene chloride, benzene and petroleum
ether. It is relatively soluble in cold acetone, dimethyl sulfoxide, acetonitrile, and
ethyl acetate. The substance is sublimable. No melting point for the product could
be detected below 300°C. It was purified by sublimation and the pure product has
a mp of 275/278°C in closed mp tube.

Identification of C,HgN,Cl,0,5n and Discussion

Complex (1) is a 1:1 adduct, in which the tin atom functions as an acceptor or
Lewis acid and the N,N’-dimethyl oxamide as a bidentate donor ligand or Lewis
base.

The N,N’-dimethyl oxamide molecule is bound to the tin atom in the octahed-
ral complex (I) through the oxygen atoms of the two carbonyl groups.

The stereochemistry is ambiguous in contrast to the previously synthesized
complexes of the type R,SnCl,, 2L or SnCl,.2L, as the two carbonyl groups of the
bidentate ligand are bonded to the same tin atom in a cis-configuration, so that a
C,,-symmetry is applicable for the complex (Jain and Rivest 1969).

In the IR spectrum of complex (I) in KBr, we recognize two bands which are
characteristics for Sn-O at 510 cm™' and 540 cm™' (m). Also we see in the Nujol
IR spectrum of the complex four characteristic bands of the Sn-Cl at 372 cm™ (m),
345 em™' (m), 330 cm™! (vs) and at 280 cm™' (w). The number of bands (2) for
SnO and (4) for Sn-Cl is in agreement with the calculated number of bands for the
molecule (I) (Jain and Rivest 1969). (m = medium, w = week, s = strong, vs =
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Fig. 1. IR spectrum of complex (I) SnCl; (CONHCH3), in KBr (4000-250 cm™)
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Fig. 2. IR spectrum of complex (I) in NujoUpolythylene (140-350 cm™')

very strong). No band at 500 cm ™' is observed in IR spectra, which supports the
absence of Sn(N), vibration (Abu-Samn and Latscha 1973).

In addition, the following characteristic NH-vibrations are observed in the IR
spectra:

1650 cm™! (vs) Amide | ve=0
1572 cm™ (s) Amide II ve — N
1275 cm™ (m) Amide 11 on—H

700, 780 and 790 cm™' skeletal deformation vibration, i.e.

HN—ICI—ﬁ—HN +7-NH. (Miyazawa ef al. 1956)

In the 'H-NMR spectrum of complex (I) in dg-acetone there is at & = 3.15
ppm a doublet for the methyl protons equivalent to 5.95 H, also at § = 7.17 —
7.52 ppm(m), we recognize the NH-protons equiv. to 2.05 H. Thus, the ratio of
the NH protons to the — CHj; protons is 1:3.

The following fragments are seen from the M.S, of the complex (I).
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fragment
m/e assignment
116 O=C-NH-CH;4
I
O=C-NH-CH;4
260 SnCl;
225 SnCl,
190 S$nCl,
155 SnCl
,./__,{ X
(m

8 7 6 5 4 3 2 1 O ppm
Fig. 3. 'H-NMR spectrum of C,;HgN,Cl,0,Sn in D¢-Acetone.

Acknowledgement
The author wishes to thank the German Academic Exchange Service, Bonn-
Bad Godesberg, F.R.G.

References

Abu-Samn, R.H. (1977) Synthesis and spectroscopic identification of tin (IV) heterocyclic
compounds. Part 1, Proc. of the 6th International Congress of Heterocyclic Chemistry,
Tehran-Iran, 9-13 July.

Abu-Samn, R.H. (1979a) Synthesis and spectroscopic identification of tin (IV) heterocyclic
compounds. Part I, Proc. of the 7th International Congress of Heterocyclic Chemistry,
Tampa - FA - U.S.A| 12-17 August.

Abu-Samn, R.H. (1979b) Synthesis of hexacoordinated tin IV Complexs, Proc. of XXth
International Conference of Coordination Chemistry, Calcutta, India, 10-14 De-
cember.

Abu-Samn, R.H. and Latscha, H.P. (1972) Darstellung von zinn IV komplexen der koor-
dinationzahl 6, J. Chemiker-Zeitung. 96: 222-223.




508 Raja Hussein Abu-Samn

Abu-Samn, R.H. (1973) Darstellung und untersuchung von zinn IV heterocyclen und
komplex verbinduungen — Ein beitrag zur chemie des vierwertigen Zinns, Ph.D. Disser-
tation, Univ. of Heidelberg, (unpublished).

Abu-Samn, R.H. and Latscha, H.P. (1973) Synthesis of dichloro-diphenyl-bis (1,3 dimethyl
thiourea) tin [V and dichloro-dimethyl-bis (1,3-dimethyl thiourea) tin IV. Egypt. J.
Chem. 16: 373-379.

Jain, S.C. and Rivest, R. (1969) Coordination complexes of group (1V) halides, J. inorg.
nucl. Chem. 31: 399-405.

Miyazawa, T., Shimanouchi, T. and Muzushima, S.1. (1956) Characteristic infrared bands
of monosubstituted amides, J. chem. Phys. 24: 408-418.

Yeats, P.S., Sams, J.R. and Aubke, F. (1970) Tin tetrachloride complexes with bidentate
ligands, J. inorg. Chem. 9: 740-744.

(Received 18/04/1984,;
in revised form 22/08/1984)




Synthesis of Tetrachloro[N.N'-Dimethyl Oxamide|Tin (IV)

J.;.o%;u—u cO)j)'g-\S&;"LuJy.é-;
FU N il (AoluS 5

—L}_AL_;III—.E}MJLU/‘ZM[;- ¢pfw,wctl:-o:ﬂlr’-~;
ct—._:.)j&..” @jxﬂ YN

doslS by me bSOV e S - O O Jelas
=Y OV (VY At ey el e JUT el
Iyl (Sl (ydaS Ll 2l Ol Yl i8S
L 5alll 206 oty o el (B g ST in e
PEWTIEIER (AaluS 51 Jite S - O 0 Ssy
OeeeSYl Oy dauly  elddt ST A &S

 Adaall

Ol & SNCLLLL ¢ 5l s s i ST AN O
N A el ) 1S il 3 peadld (8) BV S,
SAG () d

sl el o Calll dadl endn &l (S caad
.4

509




