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Summary: A 1:2 adduct of tin tetrachloride with substituted urea was reported. By
applying different techniques and conditions various coordination complexes of tin (1V)
have been obtained. A series of tin (IV) complexes were synthesized and identified by the
reaction of SnCl4 or the disubstituted tin (IV) tetrachloride, RZSnCIZ, with 1,3-disubsti-
tuted urea or thiourea. In all these complexes, the coordination number (4) of tin is thus
increased to (6). The complexes were characterized by elemental analysis as well as by physical
methods such asi.r., 'H-n.m.1. and mass spectroscopy.

Introduction

Aggarwal and Singh have reported the 1:2
adduct of SnCl, with I,3-dimethyl urea [1]. By mix-
ing the two reactants in CHCl, at low temperature
they obtained a viscous liguid which upon cooling
gave a white precipitate. Through recrystallization
from nitromethane they obtained the 1:2 adduct

Cl Cl
CHxz NHA . e R H-G
H3 2=0:—» <——-O=C\Il 3

(m.p = 195°C). The reaction has been repeated
in CCl, under reflux and under vacuum to afford
a four membered heterocyclic compound, in which
the carbonyl group of the disubstituted urea under-
goes chlorination {2].
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Upon variation of the reaction conditions such as
the reactant’s mole ratio, temperature, pressure,
different products {3] have been obtaiucd. The above
heterocyclic compound was prepared by the reaction
of 1,3-dimethyl carbomide chloride with SnCl, (tin
tetrachloride) [4].

However by using the substituted organo halides
of 8nCl,, different adducts have been prepared by
reaction with DMSO=dimethyl sulfoxide {5}, pyri-
dine [6], 1,10 phenanthroline [7], 2,2-bipyridyl
[8] and 8-hydroxyquinoline [9]. The new synthe-
sized complexes of diorgano—dihalides of tin—tetra-
chloride R,S8nX,. 2L., with different ligands (L),
have the common formulae R,SnX,.L,. or
R,SnX,.2L.

In 2ll these complexes, the ligand is attached to
the central atom of tin through the lone pair of
electrons, forming a coordination bond.

I R=R’ =CH3, L = 1,3-dimethyl urea

II: R=R’'=C_H

sHs, L= 1,3-dimethyl urea

III: R=R’ =X=Cl, L= 1,3-diphenyl urea

" IV:R=R'=C_H

cHs» L= 1,3-dimethyl thiourea

V:V=R’ =CH3, L - 1,3-dimethyl thiourea
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The ligands (L) generally considered as Lewis
base or as electron donors were disubstituted urea «r
thiourea such as 123-dimethyl urea, 1 3dipheny!
urea and 1,3-dimethyl thiourea whereas tin atom ¢
either SnCl, or R,SnCl, plays the role of Lewis
acid or the electron acceptor. In the formed com-
plexes, the coordination number (4) of tin is thus in-
creased to (6) in the octahedral configuration.

In all the complexes prepared and discussed in
this paper the ligands are monodentate, in which the
Sn atom is bonded either to the oxygen atom of the
disubstituted urea melecule or to the sulfur atom of
the thiourea molecule {10].

Experimental

1- Preparation of dichloro-dimethyl-bis(I-3-dime-
thyl urea) tinfIV), [( (CH,),Sn{CH NHC=ONH-
CH3}2CI2)] f1f:— 2.20 g (0.01 M) of dimethyl tin
dichloride (CH3)2SnC12 and 1.76 g (0.02 M) of
1,3-dimethyl urea were heated in 50 ml absolute
benzene solution until boiling under reflux. The re-
action suspension becomes turbid at the beginning.
At 50°C it becomes a clear solution. After 20-30
minutes of reflux the reaction is stopped and upon
cooling, glassy colorless crystals are obtained and
dried.

Yield =38 g=96% mp. = 6365°C from ben-
zene/ether Elemental analysis of (I)C 8H22N 4C1,0,5n
(M. Wt. = 395910): calc: C 24.26%, H 5.60%,
N 14.15%,C11791%, 51 29 97%, O 8.10%;
found: C24.46%, H 5.65%, N 13.80%, C1 17.98%
S5n29.0%.

2. Preparation of dichloro-diphenyl-bis (1,3-dime-
thyl urea tin} (IV} [(C.H),Sn{CH;—NH-CO-NH-
CH,),ClL [ (H):— 3.44 g (0.01 M) of diphenyl tin
dichloride (C6f15)2811C12 were refluxed with 1.76 g
(0.02 M) of 1,3dimethyl urea in 50 ml of either
absolute CCl, or benzene. After 10 m a white preci-
pitate separates. After 4 h the reaction is finished and
the product is filtered off, washed withe benzene and
petroleum ether and dried. Yield: 4.85 g=93%, m.p. =
128/130°C from benzene, 128°C from 1 2-dichloro
ethane, and 130/131°C from methylene chloride.
Elemental analysic of (II) C,gH, N, Cl1,0,5n
(M. Wt. = 520.054),

cale. C 41.57%, H 5.04%, N 10.78%, Cl 13.64%,

Sn 22.83%, O 6.15%; found: C 4147%, H 5.00%,
N 1034%,Cl1 13.34%, Sn 22 .36%.

3. Preparation of tetra-chloro-bis {1,3-diphenyl
urea) tin (IV} [ Sn(C.H NHC=ONHC H ), C1,[ (I}
A 0.5M(10.6 g) of 1,3diphenyl urea C6H5NCHO-
NHCGHS was suspended in hot absolute benzene in
a 100 ml two necked round bottom flask provided
with a Liebig’s condenser and a dropping funnel.
A 0.5 Mole of water free tin tetrachloride SnCl,
(13.0 g) was added dropwise to the boiling suspension
of the 1,3<diphenyl urea under magnetic stirring and
reflux. As soon as SnCl, is dropped, the thick white
suspension of 1,3-diphenyl urea is dissolved and gra-
dually becomes a clear solution and changes to
brown. The reaction mixture was cooled and filtered
under water pump vacuum after completion of the
reaction ca. 2-3 h, The end product is washed then
with petroleum ether (60-70°C) and dried under
vacuum. m.p. = 45-50°C, Yield=50% (1:2) ratio
and 75% (1:1) ratio. Elemental analysis of (III):
C26H24CI4N4OZSn (M. Wt. = 685,004):

calc. C 45.59%, H 3.53%, C! 20.70%, Sn 17.33 %,
N 8.17%, O 467%;, found C 4561%, H 3.72%.
C12090%, Sn 16.5%, N 6.54.

4. Preparation of dichloro-diphenyl-bis (1,3-dime-
thyl thiourea) tin (IV) [{C.H},Sn{CH ,NHC=
SNHCH ;)2CL,[ (1V]

To a cold or a hot suspension of 2.08 g (0.02 M)
of 1,3dimethy] thicurea, 3.43 g (0.01 M) of diphenyl
tin dichloride (Ct,)H5)28nCo2 are added under re-
flux. At the beginning a yellowish gel turbid subs-
tance is formed, then a white substance is precipi-
tated. After 60 min the reaction mixture is filtered and
washed with petroleum ether and dried in vacuum.
The yield is 5.4 g = 98.2%, m.p. = 112/115°C (crude
product), 122/125°C after twice recrystallization
from 1,2<ichloroethane. Elemental analysis of
(IV), €, gH, (N,C1,8nS, (M. Wt.=552.186).—
calc. C 39.16%, H 4.75%, N 10.14%, Cl 12.85%,
S 11.61%, Sn 2135%; found C 39.04%, H 4.99%,
N 9.84%, C112.87%, S11.51%, Sn 20.9%.

5. Preparation of dichloro-dimethylbis (1,3-dime-
thyl thiourea)tin (IV), [(CH,)2Sn{CH 3 NHC=SN-
HCH3)2CIZ] (V)-

To an absolute suspension of 1.04 g (0.01 M) of
1,3-dimethyl thiourea either on cold or hot unde:
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reflux and stirring, 1.10 g (0.005 M) dimethy! tin
dichloride (Ch,),SnCl, are added. A white precipi-
tate is formed which upon recrystallization from 1,2-
dichloroethane gives white needles. Yield= 2.1
g=98.1%, m.p.=105-108°C (crude product), =115-
118°C (after 3 recrystallization from 1,2-dichloro-
ethane). Elemental analysis of (V) CgH, ,N,CL,S,5n
M. Wi= 428042); cale. C 2245%, H 5.18%
N 13.09%, ClI 16;57%, S 1498% Sn 27.73%;
found C 22.45%, H 5.09%, N 12.95% C} 16.60%,

S 15.26%, Sn 26.6%,

Results and Discussion

Complex (1) is colourless crystalline and sensitive
to moisture. It is soluble in benzene and all chlori-
nated hydrocarbon solvents, but it is insoluble in
ether or petroleum ether,

Complex (1) like (I} is colourless crystalline, but
is not sensitive to moisture. It dissolves in most of
normally used organic solvents except carbon tetra-
chloride. The molecular weight determination of (T)
(395. 910) and (II) (520.054) by different methods
ie. cryoscopic in benzene or acetone, osmometric
in acetone or 12-dichloroethane and over vapor
pressure in CHCL, gave always about half the value of
the theoretical (200) for (F) and 250 for (II).

The ligands i.e. 1,3-dimethyl urea molecule in
(I) and (W) are attached through their carbonyl
groups to the tin atom. This is proved from the mag-
netic equivalence of their methyl groups in 'Hamr
spectra as well as from their i.r. spectra which show
the absorption bands at 1650 e (I) and 1640 el
(II), which is characteristic for similar Co-donor
complexes [11-12].

The important bands in i.r. spectra of () and (II)
are summarized in Table 1:

The !'Hnm.r. spectrum of (I) in D-acetone
against TMS (tetramethylsilane)} as an internal stan-
dard shows a signal at § = 1.15 ppm in the region of
Sn-CH, with 2 satellites (JngSn-CH = 58 cps).

which is in agreement with the literatute [13,14].

The "Hanmr. spectra of (I) and (IT) in D,-
acetone shows the following signals corresponding to
protons: (I) at § = 1.15 ppm, 6H of Sn(CH,)2;
2,73 ppm, 12H of 4(-N-CH3) and four protons of
the 4(-NH) at 5.95 ppm. (I} at § = 2.62 ppm, 12 H
of 4(-N-CH,); 5.35 ppm, 4H of 4(-NH) and 10 H
at 7.65 ppm of Sn(CH,),.

Table 1 The assignment of the ir. spectra of
Complexes (I) & (IT) in KBr (cm'l)

Complex (1) Complex (II) Assignment

3390 (s) 3325 (s) vNH

— 3065, 3045 (s) »CH-aromatic
1650, 1605 (s) 1640, 1615 (s) »C=0 (amide I)

— 735, 698 (vs) ¥ mono substituted

benzene
564 (m) 567 (s) ¥SnC asym,
327 (sh) 513 (s) ¥SanC sym.
523 (m) 500 {m) rSn-0

The mass spectra of (I) and (II) gave nearly the
most possible fragments, however the molecular
ions do not appear [15].

The exact arrangement of ligands is still open
{10,15], although the trans-configuration of 1,3-
dimethyl urea molecule and the cis-chlorine atoms
is suggested [16].

Complex (IH) is a crystalline, colourless and
hygroscopic substance which dissolves in most of
the organic solvents, However when complex (IH)
is dissolved either in acetone or in hot ethyl alcohol,
the 1,3diphenyl urea is formed in fine crystalline
needles. The mass spectrum and fragments of (III)
support its structure: mfe= 260 = SnCl, 225=8nCl,,
212=C HyNH-C-NHC H,, 190=8nCl, 119=C H,-
NCO, 93=C.H,NH,, 91=C/H.N, 78=C.H

676
77=C_H,; the most important bands in ir. absorp-

tion gpectroscopy of complex (IIT} which help in
its characterization are:— (in cm'l): 3310 s (¥NH),
3040 w (vCH-aromatic), 1650 sh NH), 1550
s (¢ C=0), 1490 s. 1445 , (*N=C=0; amide T+II),
1400 m, 1360m (8 CH-aromatic), 750 vs, 695s
{mono substituted benzene) 540 m (¥Sn-O); the
lHnmr spectrum of (IH) in d.-benzene gave
signals 8 = 7.15 ppm (pheny! protons) and § = 7.78
ppm for the (NH protons) in a ratio of 5:1 [17].

Also the 'Hnm.r. spectrum of (III) in D6-
acetone shows the multiplet of phenyl groups at §5.7
ppm and the NH protons at §=6.3 ppm in a ratio of
ca. 5:1 [17].

In the case of 1,3-dimethyl thioruea as a ligand,
complexes (IV) and (V) were formed, with diorgano
tin dihalides, in which the thiourea molecules are
attached to the central atom of tin through sulfur
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atoms forming Sn-S band. Since no X-ray structure
had been performed for (IV) and (V), it is difficult
to decide whether the thiourea molecules are cis or
trans to each other [18,19]. Complex (IV) is color-
less crytalline and is not sensitive to air moisture.
The crude product is slightly yellow. Complex (IV)
dissclves in benzene, nitrobenzene, nitromethane and
1,2-dichloroethane but does not dissolve in cyclo-
hexane, ether, petroleum ether, carbon tetrachloride
or chloroform. Complex (V) is obtained as needles,
insoluble in benzene, ether, petroleum ether, carbon
tetrachloride, methylene chloride and cyclohexane;
but soluble in chloroform and recrystallizes from hot
1 2dichloroethane. Table-2 gives the assignment of

ir. spectra for (IV) and (V) compared to the ligand
1 3-dimethyl thiourea [20].

From the ir. spectra of (fV) & (V) and from
Table 2, we notice that in the region between 800-
400 cm'l, there are no bands at 500 cm'l,whjch in-
dicates the absence of the N-Sn-N band [21].

A positive shift in the frequency of the NH stre-
tching vibration and a negative shift in the frequency
of the C=8 band in both complexes (IV) and (V)
has been observed as compared to the thiourea
molecule which indicates that bonding is taking place
between Sn-S and not through Sn-N.

The !Ham.r. spectrum of complex (V) in
CDCly shows one signal at & = 1.28 ppm in the area

Table 2 The assignment of the i.r.spectra in KBr(cm'l) of complexes (IV) and (V)
compared to the Ligand I 3-dimethyl thiourea (1,3-DMTU).

1,3-DMTU Compiex (IV) Complex (V) Assignment
3220 s.br. 3255 3260's vNH
3025 w. 3048 w 3048 VCH3 asym. and
sym.
2940 w.. 2945 w 2925
2832w 2848
- 2050 - 1800 w - Benzene print
1560 s 1590 s 15355 6NH
1570 sh
1520 m 1533 m 1530 s VN-C-N
1475 m
1448 m 1435 m 1435 m ¥N-C=8
1425 sh
1420 m
1369 m 1370 m ) CH3 sym,
1350 s 1295 s 12955 v(C=8) + 8(NCS)
1280 sh
— 1058 w — SCH-aromatic
1200 - 1100
{4m bands)
1035 s 1030 s 1030 s »WC-N) + 5(NCN)
1010 m 1010 m 1010 m Ligand vibration
— 985w, 840 w — mono substituted
benzene
720 m 695 s 678 m »(C-S) + 8(NCS)
642 m 642 m 626s
590 s. br. 573 mbr. Ligand vibration.
543 m 547 s v8n-C asym.

Abbreviations: s=strong, m=medijum, w=weak, br=broad, sh=shoulder, vs=very strong
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of Sn-CH3 with two satellites for which the coupiing

constant Jngs = 58 c.p:s, {13], and a signal

n‘CH3

(singlet} at & = 3.04 ppm for the CH; protons of the
1,3-dimethyl! thiourea and a broad signal of the NH
protons between 5.5 — 6.5 ppm in a ratio of 3:6:2
of Sn-CH; with two satellites for which the coupling

constant J119 = 58 c.ps. [13], and a signal
Sn-CH

(singlet) at & = 3.043 ppm for the CH, protons of the
1,3-dimethyl thiourea and a broad signal of the NH
protons between 5.5 — 6.5 ppm in a ratio of 3:6:2
respectively. On the other hand the ratio of protons
from 'Hnm.. of complex (IV), phenyl:NH:CH; is
5:2:6. The mass spectra of (IV) and (V) shew the
important fragments: (IV): 338=(C6H5)3SnClZS=C,
344=(C¢H,),SnCl,, 309=(C.H,),SnCl, 267=C H,
SnCly, 232=C H,SnCl, 197=C,H,Sn, 154=(C H),,
120=8n, 104=(CH;NH),C=S, 77=CH,. 74=CH;-
NH-C=8, 30=CH,-NH.

(V):249=CH3SnC12C=S, 220=(CH3)ZSnC12, 205=
CH,8nCl,, 185=(CH,4),SnCl, 155=8nCl, 135=8nCl,
135=8nCH,, 120=8n, IO4=(CH3—NH)2 C=8, 74=
CH3NHC=S.
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