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   The high-mp isomer crystal of bis-(1,2-diethoxycarbonyl-ethyl)tin dibromide(mp 122-123℃)

is monoclinic:a=19.46, b=10.25, c=13.20 A,β=121.1°;space group C2/c;four molecules are

contained in a unit cell. The molecule has the C2 symmetry. The tin atom lies on the two-fold 

axis, and the coordination about the tin atom is nearly octahedral. Similar to the low-mp isomer, 

two bromine atoms attached to the tin atom are in cis-positions; also, two ligands, both 1,2-diethoxy-

carbonyl-ethyl groups, are bound to the tin atom by oxygen and carbon atoms, forming rather 

puckered five-membered rings. Both rings are in either the d- or l-form, instead of consisting 
of one d- and one 1-form, as in the low-mp isomer.

 Bis-(1,2-diethoxycarbonyl-ethyl) tin dibromide was 

prepared by a direct reaction between tin foil and 
diethyl bromosuccinate;1) the two isomers thus

isolated had mp's of 114-115℃ and 122-123℃.

  We undertook a three-dimensional structure 

analysis of these isomers by means of X-rays, and

have already reported on the structure of I, the 

low-mp isomer.2) In the present paper the mo-

lecular and crystal structure of II, the high-mp 

isomer, and the differences between the structure 

of these two isomers will be described.

Experimental

  The crystals were obtained by recrystallization from 
an ethanol solution. They were colorless needles 

developed along the c axis. In order to determine the 
lattice parameters, oscillation and Weissenberg photo-

graphs were taken around the b and c axes. Debye 
lines of aluminum were superposed on the Weissenberg 

photographs for calibration. 
  For the intensity data collection, the layers from 0 

through 7 around the b axis were recorded by the
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multi-film equi-inclination Weissenberg technique, using

nickel-filtered CuKα radiation. The reflections of the

layers from 0 through 2 around the c axis were also 
collected, mainly for the inter-layer scaling. 
 The intensities were estimated visually by using a 
calibrated standard scale. Lorentz and polarization 
corrections were carried out, but no absorption correction 
was made. In all, 1546 (1536 non-zero) reflections 
were obtained. The density was measured by the 
floatation method. 

  Crystal data are summarized in Table 1. For 
reference, those of the low-mp isomer are also shown 
in Table 1.

TABLE 1. CRYSTAL DATA OF THE TWO ISOMERS 
   OF BIs-(1,2-DIETHOXYCARBONYL-ETHYL)TIN 

         DIBROMIDE, Br2SnC16H26O8*

* This formula was printed , by the authors' mis-
   take, as Br2SnC16H22O8 in the Ref. 2, for which the 

   authors were very regret. Accordingly, the values 
   of the MW and Dx in the Ref. 2 should be corrected 

   as those in this table marked by dagger.

Determination and Refinement 

       of the Structure

  From the systematic absence of the reflections, 
the possible space group is either C2/c or Cc. If 
the space group is C2/c, the general positions in 
the unit cell are eight-fold. In this case, however, 
four molecules are present, and the molecules must 
occupy special positions. Therefore, the molecule 
has either Ci or C2 symmetry. In the case of Cc, 
the molecules lie on general positions. From 
these considerations, the following four possible 
cases may be considered: 

  1) the space group is C2/c, the molecule has the 
C2 symmetry, and the two bromine atoms are in the 
trans-position; 

 2) the space group is C2/c, the molecule has 
the C2 symmetry, and the two bromine atoms are 
in the cis-position; 

 3) the space group is C2/c, the molecule has the 
Ct symmetry, and the two bromine atoms are in the 
trans-position;

 4) the space group is Cc, and the molecule has 
no symmetry. 
  The three-dimensional Patterson function was 
interpreted successfully in the case of 2), and so the 
space group was determined to be C2/c. The tin 
atom lies on the two-fold axis. 
 The crystal structure was established by the heavy-

atom method. By starting with approximate 

parameters of tin and bromine atoms, the positions 
of all the light atoms except hydrogen were found 
in the three-dimensional Fourier maps. Successive 
block-diagonal least-squares refinement was carried 
out on a HITAC 5020E computer at the University 
of Tokyo, using a program written by Dr. T. Ashida. 
After two cycles of refinement for the heavy atoms,
Sn and Br, the discrepancy factor, R=Σ||F0|-

|Fc||/Σ |F0|,was reduced to 0.348. In this refine-

ment, the unit weight was assigned for all reflections. 

Then, the refinement was made for all atoms except 

hydrogen. The following weighting scheme was

applied:ω=(23.1/|F0|)2 for |F0|>23.1, ω=1.0 for

23.1≧|F0|≧1.0, and ω=0.2 for |F0|<1.0, After

three cycles, anisotropic temperature factors for 

the heavy atoms were introduced. Six cycles of 

refinement gave the R value of 0.167 for all reflec-

tions. 

  The atomic and thermal parameters are listed 

in Table 2, while the observed and calculated struc-

ture factors are listed in Table 3. The atomic 

scattering factors used in the structure-factor calcu-

lation were those of Hanson et al.3)

TABLE 2. THE FINAL ATOMIC AND THERMAL 
              PARAMETERS

  The anisotropic thermal parameters for heavy atoms

are Ｘ 104 and are of the form:

Thermal parameters for light atoms are isotropic B in

A2. The estimated standard deviations, σ(r)for Sn is

0.0028 A and for Br is 0.0043A.

3)H.P. Hanson, F. Herman, J. D. Lea and S. S.
Skilman, Acta Cryst.,17,1040(1964).
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TABLE 3. THE OBSERVED AND CALCULATED STRUCTURE FACTORS
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TABLE 3. THE OBSERVED AND CALCULATED STRUCTURE FACTORS (continued)
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Description of the Molecular Structure 

           and Discussion

 The molecular structure is shown in Fig. 1. The 
geometry around the tin atom is shown in Fig. 2,*3 
while the bond lengths and angles in the environment 
of the tin atom are listed in Table 4. Such as in 
the low-mp isomer, the two bromine atoms attached 
to the tin atom are in cis-positions. The two ligands, 
both 1,2-diethoxycarbonyl-ethyl groups, are bound 
to the tin atom by carbon and oxygen atoms, and 
form rather puckered five-membered rings. The 
coordination about the tin atom is a six-coordinated, 
distorted octahedron. In the (CH3)2Sn(C9H6NO)2 
compound, it was found that, though the tin atom 
seems to be six-coordinated, the C-Sn-C angle is
nearly tetrahedral(110.7°);Schlemper postulated

a theory that the bonding involves sp3 hybrid orbit-
als on the tin atom participating in two normal 
covalent bonds to the methyl groups and in two 
three-center bonds to the oxinate groups.4) In the

high-mp isomer, however, the C-Sn-C angle

(147.4°)and the other angles around the tin atom

take values different from those in the oxinate 

chelate.

Fig. 1. The molecular structure of the high mp 
 isomer of bis-(1,2-diethoxycarbonyl-ethyl) tin di-

 bromide.

Fig. 2. The geometry around the tin atom.

TABLE 4. BOND LENGTHS AND ANGLES IN THE 

     ENVIRONMENT OF THE TIN ATOM

 The estimated standard deviations of the bond 
lengths in Sn-Br is 0.005 A, in Sn-C 0.03 A, and in
Sn-O 0.02 A. Those for angles are all less than 2.5°.

 The Sn-Br distance, 2.504 A, is slightly shorter 
than the sum of the covalent radii of Sn and Br, 
2.540 A, and is also shorter than those in the low-mp 
isomer, 2.52 A and 2.58 A.2) The Sn-Br distance 
of 2.507 A observed in (4-bromo-1,2,3,4-tetraphenyl-
cis,cis-1,3-butadienyl)dimethyltin bromide5) is, how-
ever, close to this value. The Sn-C distance, 2.24 A, 
is not much different from that in the low-rap 
isomer,2) 2.26 A, nor from that in (4-bromo-1,2,3,4-
tetraphenyl-cis-1,3-butadienyl)dimethyltin bromide,5) 
2.24 A. All these values are slightly longer than 
the sum of the covalent radii (2.17 A) and also 
longer than those in (CH3)3SnMn(CO)56) (2.16 A) 
and those in (CH3)2Sn(C9H6NO)24) (2.17 A). 
The Sn-O bond distance, 2.49 A, is considerably 
longer than the sum of the covalent radii 
(2.06 A) and also longer than those in (CH,),Sn-
(C9H6NO)24)(2.10 A)and those in[π-C5H5Fe-

(CO)2]2Sn(ONO)2 (2.14 A).7) This suggests that the 
Sn-O bond is a weak coordination bond similar 
to that of the low-rap isomer (Sn-O, 2.45 A). The 
bond angles shown in Table 4 are similar to those 
observed in the low-mp isomer. 
  The largest deviations from the least-squares 

planes, Br(1)-O(1)-O(11)-Br(11), Br(1)-C(1)-O-
(11)-C(11), and O(1)-C(1)-C(11)-Br(11), all cen-
tered by the tin, are 0.20 A, 0.28 A, and 0.24 A 
respectively. These three planes make dihedral
angles,88°,87°, and 87°, with each other.

  The bond lengths and angles in the ligand, the

*3 The Br(11)
, C(11),…, C(18)and O(11),…,

and O(14) stand for the equivalent positions related 
by the two-fold axis at the(0,y,1/4)of Br(1), C(1),…,

C(8)and O(1),…,O(4)respectively.

 4) E. P. Schlemper, J. Inorg. Chem., 6, 2012 (1967). 
  5) F. P. Boer, J. J. Flynn, H. H. Freedman, S. V. 
Mckinley and V. R. Sandel, J. Am. Chem. Soc., 89, 
5068 (1967). 
 6) R. E. Bryan, Chem. Commun., 1967, 355. 
  7) B. P. Bir'yukov, Yu. T. Struchkov, K. N. 

Anisimov, N. E. Koloeova, O. P. Osipova and M. Ya.
Zakharov, ibid.,1967,750.
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1,2-diethoxycarbonyl-ethyl group, are listed in 

Table 5.

TABLE 5. THE BOND LENGTHS AND ANGLES 

        OF THE LIGAND GROUP

  The estimated standard deviations for bond lengths

are 0.02-0.08 A, and for angles are 2.0-3.7°.

 Each of the two ligands, both 1,2-diethoxycar-
bonyl-ethyl groups, has an asymmetric carbon atom, 
C (1) and C(11) respectively. In the low-mp 
isomer,2) one of the two asymmetric carbons is in 
the d-form and the other, in the l-form. In the 
high-mp isomer, however, since the molecule has C2 
symmetry, both of them are in either the d-form or 
the l-form. The molecule must possess optical 
activity. Since there are glide planes in the unit 
cell (space group: C2/c), there are equal numbers 
of molecules of two optical antipodes (Fig. 3) in the 
crystal. The crystal exhibits no optical activity 
as a whole.

Fig. 3. Two optical antipodes.

 Figure 4 shows the crystal structure of the high-
mp isomer projected onto the (010) plane. Inter-
molecular atomic contacts of less than 4.0 A are 
listed in Table 6. The shortest distances are 0(4)-
C(15)11, 3.15A, O(4)-C(17)iv, 3.16A, and C(7)-
0(14),iv 3.16 A. These values are similar to those 
found in the low-mp isomer. However, the number 
of close intermolecular contacts in the high-mp 
isomer exceeds those in the low-mp isomer. There-
fore, it seems that the molecules are packed more 
densely in the high-mp isomer than in the low-mp 
isomer. This is supported by the fact that the 
density of the high-mp isomer (Dm=1.82, Dx= 1.83
g・cm-3)is larger than that of low-mp isomer(Dm=

1.80,Dx=1.80 g・cm-3). The difference in the

melting points of the two isomers,8℃, may be

Fig. 4. The crystal structure of the high-mp isomer of bis-(1,2-diethoxycarbonyl-ethyl) tin dibromide.
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TABLE 6. INTERMOLECULAR ATOMIC CONTACTS LESS THAN 4.0 A) OF THE HIGH-mp ISOMER

attributed to the above-mentioned difference be-

tween the intermolecular contacts of the two isomers. 
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