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Abstract 

X-Ray structure investigation of trimethyltin a-phenyl-a-oxoacetate Me,SnOC(O)CH(OH)Ph was carried out. The unit cell 
contains two independent molecules with practically identical conformation. Molecules are associated in the chains due to 
coordination bonds between the oxo-group and the tin atom of the neighbouring molecule. The chains in the crystal are connected 
with one another by hydrogen bonds between oxo-group protons and carboxyl oxygen atoms. 

1. Introduction 

Molecules of trialkyl(aryl)tin carboxylates have a 
tendency to form polymeric chains with bridging car- 
boxylate groups. However if the acid molecule contains 
another electron-donating centre apart from carboxyl, 
then chain structure formation can take place with its 
participation. To determine the type of molecular asso- 
ciation in the structure of the organotin derivative of 
o-phenyl-cY-oxoacetic (mandelic) acid, X-ray investiga- 
tion of Me,SnOC(O)CH(OH)Ph was carried out. 

2. Experimental section 

2.1. Synthesis and crystal preparation 
Me,SnOH was prepared according to standard 

methods. DL-mandelic acid and solvents were com- 
mercial products. The solvents were dried before use. 
Me,SnOC(O)CH(OH)Ph was obtained in 80% yield by 
refluxing l/l Me,SnOH/HOOCCH(OH)Ph mixture 
(10 mmol) in benzene (80 ml> and MeOH (20 ml> and 
removing the water of neutralization by azeotropic 
distillation. After 6 h the solvent was evaporated in 
uacuo giving a white residue. The Me,Sn OC(0) 
CH(OH)Ph was recrystallized from CHCl,/ heptane. 
M.p. 124-125°C. Analytical data for Me,SnOC- 
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(O)CH(OH)Ph: Calcd. for C,,H,,O,Sn: C, 41.9: H, 
5.1. Found: C, 42.0; H, 5.1%. IR spectra were recorded 
on a Carl Zeiss spectrometer UR-20. 

2.2. Crystal data 
C,rH,,SnOs, M = 314.9, monoclinic, space gtoup 

P2,/c, a = 7.887(2), b = 22.002(4), c = 15.592(3) A, /3 
= 100.11(2)“, U = 2664 A’“, Z = 8, L), = 1.571 g/cm3, 

I_L = 19.1 cm-’ (MO Ka radiation). 

2.3. Data collection and structure determination 
A crystal of approximate dimensions 0.1 X 0.25 X 

0.35 mm was used with a CAD-4 diffractometer (w- 
scanning, 19~~~ = 30”). The calculations were performed 
by SDP programs [ll on a MicroVAX-II computer. Of 
the total 7731 recorded reflections, 4861 reflections 
with I > 2.5a(Z) were used for the structure determi- 
nation and refinement. Empirical absorbtion correc- 
tion using $-scanning curves of 10 reflections was 
applied. Approximate coordinates of the tin atom were 
determined by the Patterson method. The remaining 
atoms were located from a difference Fourier map. All 
atoms (except hydrogens) were given anisotropic tem- 
perature factors. Hydrogens in phenyl, HO- and HC- 
groups of ligand were refined isotropically. As deter- 
mined from the difference Fourier map, all hydrogens 
attached to tin atom methyl groups are fully disor- 
dered, and for these atoms the following procedure 
was used [2]: 3 methyl hydrogens were assumed to be 
uniformly distributed on the circle border, and the 
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Atom Molecule A 

Sn 
O( 1) 
O(2) 
O(3) 
C( I ) 
(‘(1) 
C(3) 
C(4) 
cxri) 
C(6) 
C(7) 
C(X) 
C(Y) 
C(10) 
C(11) 
II(l) 
H(5) 
H(7) 
H(8) 
H(Y) 
HUO) 
H(t1) 
H(2) ,’ 
H(3) :’ 
H(4) :l 

Motccute Ii 

--_ 
33507(2) 

2Y63(2) 
7626(7) 

YY7(2) 
45OY(J) 
4W,(4) 
1107(.3) 
23X1(3) 
100X3) 
I ?YO(3~ 
103X5) 
iS2?(6) 
714X(S) 
2X8(5) 
21 lb(J) 

lli(3) 
1?3(3,) 
l-11(3) 
17.R.s) 
2?6(5) 
‘5t0) 
72x4) 
-w(4) 
13X4) 
4%(J) 

“ Coordinates for these atoms correspond to centres of circles of disordered methyl hydrogen> (see Experimental section). Values for radii of 
these atoms differ bv 0.85 to 0.90 A. 

TABLE 2. Selected interatomic distance (A) and angles (“) in molecules A and R 

A B .A B 

Sn-O(t) 
Sn-O(3)’ 
%-C(I) 
Sn-C(2) 
Sn-C(3) 
O( 1)-C(4) 

O(lEnO(3) 
O(l)SnC(l) 
O(lXSnC12) 
O(lEnC(3) 
0(3)‘SnC( 1) 
0(3)‘SnC(2) 
0(3)‘SnC(3) 
C(lEnC(2) 
C(l)SnCU) 
C(2)SnC0) 
SnO(1 K(4) 

0(1)C(4Kx5)0(3) - 
O( 1 )c(4KGKx6) 
0(2)C(4KX5)0(3) 
0(2)C(4)C(5#‘(6) 

X149(3) 
X66(33 
2.119(7) 
2.101(h) 
2.119(7) 
I .?hY(6) 

173.1(l) 
90.7(Z) 
Y3.5(2) 

103.5(2) 
X4.6(2) 
84.6(2) 
X3.2(2) 

12O.Y(3) 
117.7(3) 
118.40) 
120.2(3) 

162.0 _ 

73.4 
22. I 

102.5 _ 

2.1400) 
Z..i.?i(3) 
Z.llY(h) 
3,0’~1(7) 

3. I lO(61 
1.386(h) 

172.X( I J 
94X3) 

lOO.Y(2) 
8Y.7(2) 
K-x(2) 
113,4(Z) 
X3,6(2) 

1 lY.9C.1) 
I lt;.l(?) 
I lc).h(.I) 
122.2(3) 

16Y.5 
65.5 
12.x 

112.2 

0(2)-C(4) 
0(3)-C(5) 
O(3)-H( 1) 

<'(‘I-wi) 

(‘(5)-C‘(h) 

Sn (-X1! 1 

Sn0~3KxS~ 

Sn0(3)H( I) 
C’tS)0(3)H(l) 
(I( 1 )C(4)0(2) 
O(lK(3K(5) 
OWC(4)CY5) 
0(3KX5K(4) 
0(3K(5K(6) 
C(4KI5)<‘(6) 
C’WC(6,CC7, 
CW1(6)C( 1 I ) 

U4KVi)(‘(h)C(7) 
C(4K(5K(6)C( 11) 
0(3KUK’(6)C(7) 
0(3K‘(5)C(6K( 11) 

I .223(h) 1.21X6) 
1.-122(i) I .42Y(6) 
1 .iW! 0.86~5) 

I .53X(7) 1.53517) 

l.i17(7) 1.511(7) 
1.219(J) 3.2X-1(5) 

120.7(1) 
113.(3) 
11o.c.3t 
125.3(J) 
1 I -‘..3(.%) 
172.3(1) 
I lO.i(4) 
Il?.7N) 
lOY.i((i) 
121).X(S) 
I ?O..Wi 

In phenyt groups bond lengths are I .34X I I)- 1.424(1 I ) .& and angles I1 X.2(5)- 122.3(7P. (‘oordinates of atoms O(3)’ are produced hy operation 
x- I, y. z for molecule A and x. tj2 -y. l/2 + z tar molecule B. 
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TABLE 3. Hydrogen bonds in Me,Sn(OOCCH(Ph)OH) 

Fragment H.‘.O O..‘O O-H...0 

0(3)A-H(l)A . O(2)B 1.78(5) 2.757(5) 160(5) 
O(S)B-H(l)B . O(2)A 1.86(5) 2.705(4) 171(5) 

Coordinates of atoms O(2)A and O(2)B are produced by symmetry 
operations l-x, y -l/2, l/2- z (O(2)A) and 1 -x, l/2+ y, l/2 
- z (O(2)B). 

parameters refined were radius, coordinates of the 
centre of the circle and isotropic temperature parame- 
ter. This model decreases the number of refined pa- 
rameters per Me-group from 12 to 5. Additional sub- 
routines were written and included in the SDP package 
by Dr. V.V. Chernyshev. The refinement led to final 
error indices R = 0.034 and R, = 0.035. The scattering 
factors used were those for neutral atoms. Final frac- 
tional atomic coordinates, bond distances and angles 
and some nonvalent contacts in the structure are given 
in Tables l-3. 

3. Results and discussion 

The structure contains two independent molecules 
(type A and type B) of Me,SnOC(O)CH(OH)Ph with 
practically identical conformation. Tin atoms have a 
distorted trigonal-bipyramidal environment; in apical 
positions there are atoms O(1) of carboxylate group 
and O(3) of hydroxy group from the neighbouring 
molecule 06 the same type. The Sn-O(3) bonds are 
0.42-0.39 A longer than Sn-O(l). Tin atoms are dis- 
placed from the 3 methyl carbon atoms plane on 0.22 
A (A) and 0.18 A (B). Bonds C(4)-O(1) in the carbox- 
ylate group are on average 0.06 A longer than C(4)- 
O(2); this difference is smaller than that in the struc- 
ture of pure mandelic acid, 0.10 A [3]. Molecules are 
bonded in the infinite chains by Sn-O(3) interactions. 
The chains of type A translationally equivalent 
molecules are oriented along the a axis, and the chains 
of molecules of type B are oriented along the c axis. 
The chains of each type form alternate layers perpen- 
dicular to the b axis, forming plywood-like packing. On 
the other hand, at the crossing points molecules A and 
B form dimers due to hydrogen bonds H(l)A . . . O(2)B 
and H(l)B . . . O(2)A (see Table 3). The structure of 
the dimer is represented in Fig. 1. Such dimers also 
exist in the structure of mandelic acid [3]. As a result of 
dimerisation layers perpendicular to the b axis are 
corrugated along the c axis: the neighbouring A-chains 
are on the different altitude, and the B-chains have 
zigzag form. The coordination of OH group to tin and 
the formation of H-bonds are also reflected in the IR 
spectra: after the transition from solution in CH,Cl,, 
THF or DMSO to the solid state, the OH stretching 

Fig. 1. Structure of the compound showing the hvo independent 
molecules. 

frequency decreases from 3460-3500 cm-’ (3400 cm-’ 
in free mandelic acid) to 3200 cm-‘. On the other 
hand the decrease of v,,(CO,) frequency observed for 
solid-state Me,SnOC(O)CH(OH)Ph compared with its 
value in solution (see Table 4) could be explained by 
the formation of H-bonds between the carbonyl and 
the OH-group of the neighbouring molecule [4]. The 
presence of very weak v,(Sn-C) stretching in the solid 
state spectrum of Me,SnOC(O)CH(OH)Ph indicates 
that 3 methyl carbon atoms form the plane of the 
distorted trigonal-bipyramidal environment of the tin 
atom. The low solubility of Me,SnOC(O)CH(OH)Ph in 
non-polar solvents has made it impossible for us to 
investigate by IR or NMR spectroscopy what kind of 
association - chain formation due to Sn-0 interac- 
tions or dimerisation due to H-bonding - is predomi- 
nant at the moment of crystal formation. 

Chain-polymerisation of triorganotin carboxylates is 
usually due to bridging carboxylate groups, but if the 
acid residue has an additional nucleophilic centre, a 
chain structure can be formed with its participation. 
The general geometrical parameters in such structures 

TABLE 4. Characteristic IR data for MesSnOC(O)CH(OH)Ph (v, 
cm-‘) 

KBr CH,CI, THF DMSO 

v,,(CO,) 1632 1660 1640 1645 
v,&Sn-0 550 550 550 555 

v,(Sn-C) 515vw 515 515w _ 

u(OH) 3200 3500 3460 3460 



are listed in Table 5. In the c;iscs of triphenyltin 
o-.p-amino- and o-methoxybenzoates [5.6] amino and 
methoxy groups do not play ;I part in tin atom coordi- 
nation because of their low nucleoptrility. in the strut- 
ture of triphenyltin 3-hyciroxo-5-~i~erh~lphe~iyl~~z~l- 
benzoate [7]. potential donor centrc\ ~-- hydroxo and 
azo groups - :lrc blocked 134 intramolecul~~r H-bonds. 
Similarly in triphcnyltin 3-benzo)lpropiorl~~t~ IS] the 
bcnzoylic kctogroup do not participate tit her in intcl’- 
actions with the tin ~lom, and Ihc 2twIciation of 
molecules here is clue to bridging carb~>xylate groups. 
The structure of triphenyltin o-hycir!,xohen~o~ltc (ccc 
Table 5) represents the tt-an\ition st,~tz lwthcc’n 
monomeric and polymeric structures. In ihc 41I-ucturc 
of monosubstituteci rrimethyltin glutamin:ilc the acid 
residue HGlu exists in the zwittcrionic lorm (with 
proton transfer from carhoxylic to amino group) and 

coordination of tin atom i\ by two rnonoticnlate car- 

boxylate groups, Icading to regularization oi’ the Irigo- 
nal bipyramitlal environment of rhc tin ,rttm. 71‘l~c 

structures of glycinatotrimethyltin and ILpyridylcarho- 
xylatotriphenyltin are similai to the c~II/), h~wx itruc- 
turc of the triorg;lnotinuarb(~x~l~~te aciduct with ;I neu- 
tral donor molecule: ?-pyricfylcarhoxylatoll-i~~h~ii~;ltin 
monohydrate (tetramcr). ‘l‘hc coordination trigon;ri 
bipyramid is distorted here: the tin atom is ciisplacccl 
From the equatorial plane towards t hc carboxylic oxy- 
gen atom. and apical bond lengths ;trc c\wtliially tlif- 
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