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Abstract 

3-(.2-(1,10-Phenanthrolyl))-5,6-diphenyl-l,2,4-triazine-chloroaquotriphenyl- 
tin(IV) (1 : 1) crystallizes in the orthorhombic system: a = 19.195, b = 9.144, 
c = 21.642 A, Z = 4, space group Pca21 (No. 29). The structure was deter- 
mined using the procedure for difference structures (DIRDIF) with Cu Kc~ 
diffractometer data, and refined by block-diagonal least squares to R = 0.031 
for 3287 observed reflections. The tin atom is 5-coordinate with the three 
phenyl groups forming the equatorial plane. A chlorine atom and a water 
molecule complete the coordination. The triazine moiety does not coordinate 
directly to the metal atom. The only interaction is due to two N. �9 �9 H - O  
hydrogen bonds formed between two nitrogen atoms from the ligand and the 
water molecule. 

Introduct ion 

Complex formation between neutral, planar, tridentate chelating agents 
and mono- and diorganotin(IV) halides and pseudo-halides is well known 
(Ferguson et al., 1965; Einstein and Penfold, 1968; May and Curran, 1972; 
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Pelizzi and Pelizzi, 1976). Seven-coordination at the tin(IV) atom has been 
proposed in several instances (May and Curran, 1972; Pelizzi and Pelizzi, 
1976) and confirmed by crystal structure analysis for the 1 : 1 complex formed 
between dimethyltin diisothiocyanate and 2,2':6,2"-terpyridyl (Naik and 
Scheidt, 1973). 

In contrast, the formation of stable 1:1 complexes between neutral 
planar tridentates and triorganotin halides or pseudo-halides is very unusual, 
and it appears that only one such series of complexes has been reported (Smith 
and Liengme, 1975). In this instance, the triazines (I) and (II), both of which 
bear a close structural relationship to terpyridyl, are reported to form stable 
1 : 1 complexes with triphenyltin chloride and triphenyltin isothiocyanate. 

N N 

I , R :  - C e l l  s 

Tt', R : - C H  3 

Since no seven-coordinate tin(IV) complexes containing three tin- 
carbon bonds have yet been confirmed, it was considered worthwhile to 
undertake a crystal structure analysis of the 1 : 1 complex formed between 
triphenyltin chloride and triazine (I). 

Experimental 

The triazine (1) was prepared from 1,10-phenanthroline-2-hydrazidine 
and benzil according to the general method of Case (1965). The compound 
was obtained from ethanol as yellow crystals. The complex between (I) and 
triphenyltin chloride was obtained in good yield by mixing hot ethanolic 
solutions containing stoichiometric quantities of the triazine and triphenyltin 
chloride. The complex was recrystallized from ethanol as buff polyhedra, m.p. 
140~ Elemental microanalysis was carried out by the Australian Micro- 
analytical Service, CSIRO, Melbourne, Australia. 

C45H32C1NsSn, H20 
C H N Sn 

Found (%) 66.54 4.23 8.66 14.4 
Calculated (%) 66.32 4.21 8.59 14.6 
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Unit-cell and space-group data were obtained f rom Weissenberg and 
precession photographs .  Accurate  unit-cell dimensions were obtained by a 
weighted (w -- t an0)  least-squares fit to the 0 values of  13 reflections with 
resolved OflO~2 doublets, 0 > 55 ~ (26 measurements) on a Siemens single- 
crystal diffractometer (AED).  Crystal  data are listed in Table 1. 

A crystal of  dimensions 0.2, 0.2, 0.4 mm parallel to a, b, and c, 
respectively, was selected for the intensity measurements.  The intensities of  
3476 symmetry- independent  reflections with (sin 0 ) / ~  ~ 0.60 were measured 
on the diffractometer,  using the 5-value measurement  technique (Hoppe,  
1965). A reference reflection was moni tored  after every 20 data  reflections, 
and showed no significant change with time. 

Each net intensity was assigned a variance, o2(I), based upon  the 
count ing statistics. A total of  189 reflections was classified as "unobserved,"  
using as a criterion I/o(I) ~ 3.0. The intensities were corrected for Lorentz  
and polarization effects but not for absorption.  

Structure determinat ion and ref inement  

The solution of this structure proved to be extremely difficult. The two 
possible choices for  the space group,  based upon  systematic absences (Pca21, 
No. 29; Pcam, No. 57), was resolved by a considerat ion of  the ]E I-statistics, 
and the noncent rosymmetr ic  space group was chosen. A three-dimensional  
I E 1 z _ 1 Pat terson synthesis indicated that  the x coordinate  o f  the tin a tom 
was very close to zero, leading to pseudo-B centering in respect of  this atom. 
The z coordina te  of  tin was fixedlat i in order  to define the origin in that  
direction. A structure factor  calculation, including an overall isotropic 
temperature  factor  and a scale factor  derived f rom the calculation of  
normal ized structure factors, gave a convent ional  R-factor  of  0.38 and this 
followed by a Fourier  synthesis revealed a fairly heavy peak within bonding 

Table 1. Crystal data 

Molecular formula 
M, 
Crystal system 
Space group 
a 

b 
r 

vc 
z 
Dx 
F(000) 
#(Cu Ka) 

C45H~2ClNsSn, H20 
814.94 
Orthorhombic 
Pea21 (No. 29) 
19.195(1) A 
9.144(0) 

21.642(1) 
3799(1) A 3 
4 
1.425(1) gcm -3 
1656 
64.5 cm -I 
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distance of the tin atom, which was considered to be the chlorine atom, 
together with a considerable number of other peaks. Several cycles of 
structure-factor and Fourier calculations enabled a substantial part of the 
triazine to be assembled with reasonable geometry. Positional and isotropic 
least-squares refinement of the model reduced R to 0.18, hut a subsequent 
electron density map failed to give any indication of the positions of the three 
phenyl rings which were present. Considerable time was spent attempting to 
produce a different model. There was every indication that both the tin and 
chlorine atoms were correct but no further progress was made, the three 
pheny[ groups never being revealed. 

Direct methods, using MULTAN 80 (Ma in  et al., 1980), were tried, but the 
results were not impressive. The position of the tin atom was revealed on 
nearly every occasion, with its smaller pseudo-related counterpart, together 
with a collection of peaks which could be assembled into part of the triazine, 
but never was there any direct indication of the phenyl groups, nor were they 
revealed in subsequent electron density maps phased on models obtained 
from the direct methods procedures. 

Next the DIRDIF procedure (Beurskens et al., 1980) was utilized. A 
preliminary run of the program used the proposed position of the tin atom as a 
starting model together with the position of the pseudo-center of symmetry 
(0, 0, �88 

The resulting DIRDIF-Fourier map revealed the triazine minus one phenyl 
ring, three phenyl rings with poor geometry coordinated to the tin atom, the 
chlorine atom, and an indication of a pseudo-related tin atom. The model was 
developed by utilizing a Sire-weighted difference Fourier synthesis (available 
within the DIRDIF system); the resulting map revealed the complete structure. 

Positional and isotropic thermal parameters and an overall scale factor, 
all refined by full-matrix least squares, reduced R to 0.14, the quantity 
minimized being s  I - ]FcI) 2 with w = I. 

Four further cycles of block-diagonal least squares, now with anisotropic 
thermal parameters, gave R = 0.054. 

A three-dimensional difference Fourier map revealed the positions of 
some of the hydrogen atoms, the remainder, except the water hydrogens, 
being calculated by geometry. At this point, a weighting scheme (w -- 1 if 
A < I fol; otherwise, w = (A/] Fo] )2 with A = 45) was applied to the data and 
considered to be satisfactory by the usual criteria. 

A further four cycles of block-diagonal least-squares refinement was 
carried out, including the hydrogen atoms and with dispersion factors for the 
atoms; at the same time the polarity of the structure was checked. Coordinate 
set 1 gave RI = 0.031 and Riw = 0.040, and coordinate set 2 gave R2 = 0.045 
and R2w = 0.048. Set 1 is significantly better than set 2 at the 0.01 level 
(Hamilton, 1965), and the results listed correspond to set i. 
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Scattering factors were taken from International Tables for  X-Ray 
Crystallography (1974). Computations were performed by local programs 
and the X-RAY 72 system (Stewart et al., 1972). The final atomic parameters are 
listed in Table 2, and the atom numbering scheme is shown in Fig. 1. 

Discussion 

The structure shown in Figs. 2 and 3 was most unexpected. The triazine 
moiety is not directly coordinated to the tin atom but is hydrogen-bonded to 
the coordinated water molecule. Thus, the tin atom is only five-coordinate, 
and essentially trigonal bipyramidal, with the three phenyl groups occupying 
the equatorial positions. The axial positions are taken up by the chlorine atom 
and the oxygen atom of the water molecule. The triazine moiety is held in the 
complex by hydrogen bonds between the water molecule and two nitrogen 
atoms, one from the phenanthroline ring system, N(1), and the other from the 
triazine ring system, N(3). Bond lengths and bond angles are listed in Table 3. 

The measured bond lengths are all within the ranges expected for the 
structure described. The average Sn-C distance between the tin atom and the 
three phenyl groups is 2.15 A, which is, as would be expected, longer than that 
found (2.09 A) in the tetrahedral compound triphenyltin isothiocyanate 
(Domingos and Sheldrick, 1974) and between those values reported for the 
five-coordinate trigonal bipyramidal complexes triphenyltin isocyanate (2.12 
~)  and dichlorotriphenylstannate(IV) (2119 ,&) (Harrison et al., 1978). 

2 3 

1 9~87 

//10 11 
/ N3-'~13 

N4 N5 
15~---~14 

30 2g~; 33 H20 

CI 

3",8---'-~37 

Fig. 1. Diphenyltriazinephenanthrolineandtriphenyltin moieties, showingtheatom numbering. 
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Fig. 2. Diphenyltriazine phenanthroline moiety and its linkage to tin. 

Fig. 3. Chloroaquotriphenyltin moiety. 
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Table 3. Bond lengths/A and bond angles/deg, with esd's in parentheses 

c(1)-c(2) 
c(3)-c(4) 
C(5)-N(1) 
C(4)-C(6) 
C(7)-C(8) 
C(9)-C(5) 
N(2)-C(10) 
C(I 1)-C(12) 

C(10)-C(13) 

C(13)-N(5) 
C(14)-C(15) 
N(4)-N(3) 

C(15)-C(16) 
C(16)-C(17) 
C(17)-C(18) 
C(18)-C(19) 
C(19)-C(20) 
C(20)-C(21) 
C(21)-C(16) 

C(28)-C(29) 
C(29)-C(30) 
C(30)-C(31) 
C(31)-C(32) 
C(32)-C(33) 
C(33)-C(28) 
C(40)-C(41 ) 
C(41)-C(42) 
C(42)-C(43) 
C(43)-C(44) 
C(44)-C(45) 
C(45)-C(40) 

C(1)-C(2)-C(3) 
C(3)-C(4)-C(5) 
C(5)-N(1)-C(I) 
C(3)-C(4)-C(6) 
C(4)-C(6)-C(7) 
C(7)-C(8)-C(9) 
C(7)-C(8)-C(12) 
C(9)-C(5)-C(4) 
C(8)-C(9)-N(2) 
N(2)-C(10)-C(I 1) 
C(11)-C(12)-C(8) 
N(2)-C(10)-C(13) 
C(10)-C(I 3)-N(3) 

N(3)-C(I 3)-N(5) 
N(5)-C(14)-C(15) 
C(15)-N(4)-N(3) 
N(4)-C(15)-C(16) 
C(15)-C(14)-C(22) 

1.420(9) C(2)-C(3) 
1.405(8) C(4)-C(5) 
1.358(7) N(I)-C(1) 
1.443(9) C(6)-C(7) 
1.445(10) C(8)-C(9) 
1,440(8) C(9)-N(2) 
1,340(7) C(10)-C(I 1) 
1.383(9) C(12)-C(8) 

1.487(8) 

1.336(7) N(5)-C(14) 
1.411(9) C(15)-N(4) 
1.339(7) N(3)-C(13) 

1.475(9) C(14)-C(22) 
1,385(8) C(22)-C(23) 
1.374(10) C(23)-C(24) 
1.370(12) C(24)-C(25) 
1.396(12) C(25)-C(26) 
1.381(11) C(26)-C(27) 
1.415(10) C(27)-C(22) 

1.379(8) C(34)-C(35) 
1.396(9) C(35)-C(36) 
1.371(10) C(36)-C(37) 
1,375(9) C(37)-C(38) 
1.386(8) C(38)-C(39) 
1.410(7) C(39)-C(34) 
1.387(9) Sn-C(28) 
1.370(11) Sn-C(34) 
1,333(I 3) Sn-C(40) 
1.344(13) Sn-CI 
1.411(12) Sn-O(l) 
1.372(10) 

119 .3 (6 )  C(2)-C(3)-C(4) 
118 .4 (6 )  C(4)-C(5)-N(1) 
118 .2 (5 )  N(1)-C(1)-C(2) 
122 .4 (6 )  C(5)-C(4)-C(6) 
121.1 (6) C(6)-C(7)-C(8) 
118 .9 (5 )  C(8)-C(9)-C(5) 
123 .7 (6 )  C(5)-C(9)-N(2) 
119.7(5) N( 1 )-C(5)-C(9) 
123 .0 (5 )  C(9)-N(2)-C(10) 
123.8(5) C( 10)-C( 11 )-C(12) 
120.0(6) C(I 2)-C(8)-C(9) 
116.0(5) C(I t)-C(10)-C(13) 
117 .3 (5 )  C(10)-C(13)-N(5) 

125.6(5) C(I 3)-N(5)-C(14) 
119.9(5) C(I 4)-C(15)-N(4) 
120 .2 (5 )  N(4)-N(3)-C(13) 
114 .3 (5 )  C(14)-C(15)-C(16) 
124 .5 (5 )  N(5)-C(14)-C(22) 

1.348(10) 
1.420(8) 
1.338(7) 
1.321(lO) 
1.420(8) 
1.351(7) 
1.396(8) 
1.397(9) 

1.338(8) 
1.35o(8) 
1.33o(8) 

1.491(8) 
1.373(lO) 
1.39o(12) 
1.413(14) 
1.355(15) 
1.39o(12) 
1.386(9) 

1.4o6(9) 
1.418(12) 
1.387(9) 
1.361(13) 
1.381(11) 
1.383(9) 
2.133(5) 
2.163(6) 
2.161(6) 
2.503(2) 
2.359(4) 

119.6(6) 
121.7(5) 
122.7(6) 
119.2(5) 
122.o(6) 
119.1(5) 
118.0(5) 
118.6(5) 
117.5(5) 
118.3(6) 
117.4(5) 
i20.2(5) 
117.1(5) 

116.6(5) 
119.1(5) 
117.9(5) 
126.5(5) 
115.6(5) 
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Table 3. Continued 

C(15)-C(16)-C(17) 123.3(6) C(14)-C(22)-C(23) 120.1(6) 
C(15)-C(16)-C(21) 118.4(5) C(14)-C(22)-C(27) 119.5(6) 
C(17)-C(16)-C(21) 118.2(6) C(23)-C(22)-C(27) 120.3(6) 
C(16)-C(17)-C(18) 121.1(7) C(22)-C(23)-C(24) 121.0(7) 
C(17)-C(18)-C(19) 120.4(6) C(23)-C(24)-C(25) 117.7(9) 
C(18)-C(19)-C(20) 120.5(8) C(24)-C(25)-C(26) 121.2(9) 
C(19)-C(20)-C(2t) 119.1(8) C(25)-C(26)-C(27) 120.3(8) 
C(20)-C(21)-C(16) 120.7(6) C(26)-C(27)-C(22) 119.4(7) 

C(28)-C(29)-C(30) 120.2(6) C(34)-C(35)-C(36) 120.2(7) 
C(29)-C(30)-C(31) 120.5(6) C(35)-C(36)-C(37) 119.5(7) 
C(30)-C(31)-C(32) 120.1(6) C(36)-C(37)-C(38) 120.1(8) 
C(31)-C(32)-C(33) 120.2(6) C(37)-C(38)-C(39) 120.6(7) 
C(32)-C(33)-C(28) 120. t (5)  C(38)-C(39)-C(34) 122.0(6) 
C(33)-C(28)-C(29) 118.9(5) C(39)-C(34)-C(35) 117.6(6) 

C(40)-C(41)-C(42) 121.2(7) 
C(41)-C(42)-C(43) 120.7(7) 
C(42)-C(43)-C(44) 120.5(8) 
C(43)-C(44)-C(45) 120.2(8) 
C(44)-C(45)-C(40) 119.8(7) 
C(45)-C(40)-C(41) 117.6(6) 

C(28)-Sn-C(34) 116.4(2) C(28)-Sn-CI 94.8(1) 
C(34)-Sn-C(40) 127.7(2) C934)-Sn-C1 92.9(1) 
C(40)-Sn-C(28) 114.5(2) C(40)-Sn-CI 94. l(1) 

C(28)-Sn-O(1) 83.4(2) C1-Sn-O(1) 178.2(I) 
C(34)-Sn-O(1) 87.6(2) 
C(40)-Sn-O(1) 86.9(2) 

The length of the tin-chlorine bond is 2.48 A, which also fits into the 
range reported by Harrison (1974) for the tin-chlorine bond in a series of 
complexes similar to the one here considered. 

One of the most interesting features of the structure is the hydrogen 
bonding scheme mentioned above. The N-O distances [N(1)-O(1), 2.85 A; 
N(3)-O(1), 2.83 A] are well within the range predicted for this type of 
O - H .  �9 . N hydrogen bond and there may also be some interaction via N(2)- 
O(1), 3.04 A (Sutton, 1958). The hydrogen bonding described here between 
the coordinated water molecule and the triazine moiety is similar to that 
displayed by 1,10-phenanthroline monohydrate (Donnay et  al. 1965). 
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