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The crystal structures of tetrakis(pentafluorophenyl)tin, (C,F,),Sn, and tetrakis(pentafluorophenyl)germanium, (C6F5),- 
Ge, have been determined from threedimensional single-crystal X-ray data collected by the 0-20 scan technique on a com- 
puter automated diffractometer. Both compounds crystallize in the tetragonal space group 14,/a with a = 17.738 (1 1) A, 
c = 8.094 (5) A, 2 = 4 for (C6FS)$ and a = 17.277 (13) A, c = 8.122 (7) A, 2 = 4  for (C,F,),Ge. The structures were 
solved by Patterson and Fourier methods and have been refined by a full-matrix least-squares procedure to a conventional 
R factor of 0.089 for 1011 reflections in the case of (C,F,),sn and 0.077 for 1181 reflections for (C,F,),Ge. In each case 
the structures consist of discrete (C,F,),M units with exact 4 crystallographic symmetry. The Sn-C and Ge-C lengths and 
the C-Sn-C and C-Ge-C valency angles are 2.126 (8) A, 1.956 (4) A, 105.5 (4)", 105.0 (2)", respectively. The angle be- 
tween the pentafluorophenyl ring plane and the C-M-C valency angle plane is 53.2" and 5 l .9" for the tin and germanium 
compounds, respectively. The rotation of the entire molecule from the a axis is 41.9" in (C,F,),Sn and 42.0" in (C6F5),- 
Ge. The crystal packing differs from that in the correspznding phenyl derivatives, and the structures represent examples 
where close packing is not required for the retention of 4 symmetry. 

Introduction 
Recently there have been a number of reports on the struc- 

tures2-' of tetraphenyl compounds of the group IVa elements. 
These derivatives of the type MA4, where M is a group IVa 
element and A is an organic aryl group, form molecular lat- 
tices which allow study of their crystal packing using geo- 
metrical2 as well as nonbonded energy analysis? A study 
of the conformations and orientations of the MA4 molecu- 
lar units in the crystalline state" should be very useful in 
providing models for the structures of More complex deriv- 
atives. The crystal structure investigations of tetrakis(penta- 
fluoropheny1)tin and tetrakis(pentafluorophenyl)germanium'l 
were undertaken to compare the structure and packing with 
the corresponding tetraphenyl derivatives. 

Experimental Section 
Clear colorless needle crystals of the title compounds" were 

kindly provided by Dr. C. Tamborski of the Air Force Materials 
Laboratory, Wright-Patterson Air Force Base, Ohio. For each corn- 
pound a crystal which gave sharp optical extinction under crossed 

(1) Based in part on the M.S. thesis of R. H. P. T., Miami Univer- 

(2) A. Karipides and D. A. Haller, Acta Crystallogr., Sect. B, 28, 

(3) P. C. Chieh, J. Chem. SOC. A ,  3241 (1971). 
(4) C. Glidewell and G. M. Sheldrick, J. Chem. SOC. A ,  3127 

(5) P .  C. Chieh and J. Trotter,J. Chem. SOC. A ,  911 (1970). 
(6) N. A. Akmed and G. G .  Aleksandrov, J. Struct. Chem. 

(7) V. Busetti, M. Mammi, A. Signor, and A. Del Pra, Inorg. 

(8) P. C. Chieh, J. Chem. SOC., Dalton Trans., 1207 (1972). 
(9) N. A. Ahmed, A. I. Kitaigorodsky, and K. V. Miskaya, Acta 

(10) A. I .  Kitaigorodskii, "Organic Chemical Crystallography," 

( 1  1) A. Karipides and R. H. P. Thomas, Cryst. Struct. Commun., 

(12) C. Tamborski, E. J .  Soloski, and S. M. Dec, J. Organometal. 

sity, 1972. 

2889 (1972). 

(1971). 

(USSR), 11, 824 (1970);Zh. Strukt. Khim., 11, 5 (1970). 

Chim. Acta, 1 , 4 2 4  (1967). 

Crystallogr., Sect. B, 27, 867 (1971). 

Consultants Bureau, New York, N. Y., 1961, p 120. 

2, 275 (1973). 

Chem., 4, 446 (1965). 

polarizers was mounted along its needle axis. On thg basis of oscil- 
lation and indexed Weissenberg photographs both crystals were 
found to belong to  the tetragonal system and the observed absences 
h + k + I = 2n + 1, h ,  (k )  = 2n + 1 for hkO, 1 = 4n + 1 for 001 uniquely 
determine the space group13 as 14 ,  /a. The needle axis corresponds 
to the c axis. Accurate values of the unit cell parameters for each 
crystal were determined at ambient room temperature from a least- 
squares refinement of the angular settings of 12 carefully centered 
reflections on a Picker FACS-1 computer-controlled (PDP-8/L) dif- 
fractometer using Mo Kor radiation (A 0.71069 A). 

Crystal Data for (C,F,),Sn: tetragonal; space group 14 , /a ;  a = 
17.738 (11) A; c = 8.094 (5) A; V = 2547 A,;  Z = 4; d, = 2.0 g ~ r n - ~ ;  
d - 2.05 g cm-'; mol wt = 784.9;F(000) = 1496; p(Mo Ka)  = 11.9 
cm- * 

Crystal Data for (C,F,),Ge: tetragonal, space group 14, /a ;a  = 
17.277 (13)A;c=8.122 (7)A;  V=2424 A ' ; Z = 4 ; d , = 2 . O g ~ r n - ~ ;  
dc ~ ~ 2 . 0 3  g cm-'; mol wt = 740.8, F(000) = 1424, p(Mo Ka) = 15.3 
cm . The experimental densities, d,, were measured by flotation 
in an aqueous solution of potassium iodide. 

Collection and Reduction of the Intensity Data. For both crys- 
tals an independent set of threedimensional intensity data were col- 
lected on the diffractometer already mentioned; zirconium filtered 
Mo Kor radiation was used. The dimensions of the (C,F,),Sn crys- 
tal were 0.10 X 0.14 X 0.40 mm and for (C,F,),Ge 0.10 X 0.10 X 
0.28 mm. All reflections out to 52.5" in 20 for tetrakis(pentafluor0- 
pheny1)germanium and 52' for the tin derivative were collected 
using the 6-26 scan mode. For each crystal a symmetrical scan 
range in 26 was used from -1' to +lo of the Mo Kor peak with an 
allowance made for the Kor,-Kor, separation. The scan rate was 
l"/min. A stationary-counter, stationary-crystal background count 
was measured for 20 sec at each end of the scan. To minimize coin- 
cidence losses a brass attenuator was inserted automatically when- 
ever the count rate of the diffracted beam exceeded about 10,000 
countslsec. During the data collection for each crystal the inten- 
sities of three standard reflections in different regions of reciprocal 
space were monitored after every 100 reflections. Their intensities 
showed only statistical variation which indicated little counter or 
crystal instability throughout the data collection. 

factors ( L p )  but not for absorption to give the observed structure 

-1 

Each net intensity, I ,  was corrected for Lorentz and polarization 

(13) "International Tables of X-Ray Crystallography," Vol. I ,  
Kynoch Press, Birmingham, England, 1965, p 178. 
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Table 111. Positional‘ and Thermal Parametersb for (C,F,),Sn 

Karipides, Forman, Thomas, and Reed 

Atom X Y z 1O4p1 ,  104P,, 104P,, 1 0 4 ~ , ,  1 0 4 ~ , ,  104~ , ,  
Sn 0 0 0 34(1)  34 (1) 144 (2) 0 0 0 
C(1) 0.0709 (4) -0.0637 (5) 0.1590 (9) 40 (3) 39 (4) 140 (15) 0 (3) 11 (6) 10 (6) 
C(2) 0.0780 (5) -0.1422 (5) 0.1530 (11) 40 (4) 50 (4) 170 (16) -2 (3) -0 (7) 22 (7) 
C(3) 0.1237 (6) -0.1802 (6) 0.2647 (14) 58 (4) 48 (4) 242 (21) -2 (4) 25 (9) 37 (9) 
C(4) 0.1615 (5) -0.1424 (7) 0.3884 (12) 43 (4) 68 (6) 180 (18) 8 (4) 18 (7) 26 (9) 
C(5) 0.1560 (6) -0.0651 (7) 0.3956 (12) 44 (4) 74 (6) 171 (18) 3 (4) 1 ( 7 )  -5 (9) 
C(6) 0.1099 (5) -0.0278 (6) 0.2837 (11) 47 (4) 50 (4) 170 (18) 7 (3) 10 (7) -2(7)  
F(2) 0.0427 (3) -0.1819 (3) 0.0374 (7) 65 (2) 37 (2) 326 (14) -6 (2) -35 (5) 1 (4) 
F(3) 0.1294 (4) -0.2566 (3) 0.2546 (9) 81 (3) 51  (2) 455 (17) 4 (2) -20 (6) 68 (7) 
F(4) 0.2045 (3) -0.1795 (4) 0.4976 (8) 64 (3) 97 (4) 273 (12) 16 (2) -31 (5) 67 (6) 
F(5) 0.1927 (3) -0.0272 (4) 0.5152 (7) 74 (3) 101 (4) 224 (12) 13 (3) -45 (5) -33 (6) 
F(6) 0.1056 (3) 0.0482 (3) 0.2956 (6) 73 (3) 55 (3) 267 (12) 11 (2) -39 (4) 4 2  (4) 

a The estimated standard deviations in the least significant figures are given in parentheses here and in other tables. The thermal parameters 
are in the form exp[-(hZPll + k’p,, + P P , ,  + 2hkp1, + 2hlp,, + 2kIp,,)]. 

Table IV. Positional and Thermal Parameters for (C,F,),Ge 

z 104p,, io4p,, io4p3, io4a1, 1 0 4 ~ , ,  1 O 4 P Z 3  Atom X Y 
0 
0.0668 (2) 
0.0766 (2) 
0.1230 (3) 
0.1600 (3) 
0.1523 (3) 
0.1061 (3) 
0.04 12 (2) 
0.1311 (2) 
0.2041 (2) 
0.1886 (2) 
0.0997 (2) 

0 
-0.0601 (2) 
-0.1394 (3) 
-0.1783 (3) 
-0.1387 (3) 
-0.0597 (3) 
-0.0220 (3) 
-0.1818 (2) 
-0.2559 (2) 
-0.1759 (2) 
-0.0199 (2) 

0.0563 (2) 

0.2524 (7) 40 (2) 
0.3752 (6) 40 (2) 
0.3854 (6) 38 (2) 
0.2723 (6) 37 (2) 
0.0249 (4) 59 (1) 
0.2412 (5) 70 (2) 
0.4860 (4) 61 (1) 
0.5048 (4) 61 (1) 
0.2846 (4) 61 (1) 

factor amplitudes, Fo, using I = C - ( t c / 2 t ~ ) ( E l  + B,) and Fo = (I/  
Lp) ’” .  The estimated standard deviation in I ,  a ( I ) ,  and inFo ,  u 
(Fo), was computed from u(Z) = [C + ( tc /2t~)’(B1 + B , )  + (p1)2]1’2 
and o(Fo) = (2F0)-’ (Lp) - ’  u( I ) .  In these expressions Cis  the total 
count accumulated during the scan in time t,, B ,  and B ,  are the 
background counts observed a t  each extreme of the scan each in a 
time tg, and p14 was taken to  be 0.04. For (C,F,),Sn a total of 
1011 reflections and for (C,F,),Ge a total of 1181 reflections have 
I > u ( I )  and were used in subsequent calculations. 

Structure Determination and Refinement.’ 
tion for both compounds proceeded in a similar manner. In both 
cases there are four M(C,F,), molecules per unit cell. The space 
group 14,/a has 16 general  position^'^ which requires that the four_ 
metal atoms per unit cell be constrained a t  special positions with 4 
symmetry. There is, therefore, only one pentafluorophenyl group in 
the asymmetric unit in each structure. Analysis of a three-dimensional 
Patterson synthesis was consistent with the placement of the heavy 
atoms at  the origin. The six independent carbon atoms and five in- 
dependent fluorine atoms were successfully found from a series of 
Fourier and difference Fourier maps which were phased by the atoms 
already located. The complete trial structure for each compound 
was refined assuming anisotropic thermal motion for all of the atoms 
by a full-matrix least-squares procedure. The function minimized was 
Zw( IFo I - IF, I ) ’  where the weight, w ,  applied to each observation 
was taken to  be l /02(Fo) .  A total of 102 parameters including one 
scale factor were varied in each case. The structure refinement con- 
verged to  a conventional R ’ index, IIF, I - IF, l l /Z IFo I ,  of 0.089 
and a weighted R ,  index,R, = (Zw(  IFo 1 - lF,I)z/zw IFo / 2 ) ’ ’ z ,  of 
0.064 for tetrakis(pentafluoropheny1)tin. For the germanium com- 
pound the final refined values of R , and R ,  were 0.077 and 0.063, 
respectively. For both compounds in the last cycle of least-squares 
refinement the largest shift in any positional and thermal parameter 

(14) W. R. Busing and H. A. Levy, J.  Chem. Phys., 26,  563 
(1957). 

(15) In  addition to local programs for the IBM 370/165 com- 
puter, the following programs or modifications were used: 
Zalkin’s FORDAP, a Fourier summation program (unpublished); 
W. R. Busing, K. 0. Martin, and H. A. Levy’s, “ORFLS a Fortran 
Crystallographic Least Squares Program,” Report ORNL-TM-305, 
Oak Ridge National Laboratory, 1962, and “ORFFE a Fortran 
Crystallographic Function and Error Program,” Report ORNL-TM- 
306, Oak Ridge National Laboratory, 1964; C. K. Johnson’s 
“ORTEP a Fortran Thermal-Ellipsoid Plot Program,” Report ORNL- 
3794 (Revised, 1970), Oak Ridge National Laboratory, 1965; D. L. 
Smith’s ‘‘PLANET a Least-Square Planes Program,” Ph.D. Thesis, 
University of Wisconsin, 1962. 

The structure solu- 

A. 

120 (2) 
136 (8) 
158 (9) 
216 (10) 
160 (9) 
128 (8) 
145 (8) 
254 (6) 
371 (9) 
234 (6) 
193 (6) 
219 (6) 

0 0 0 
3 (1) 3 (3) 7 (3) 

-1 (1) 6 (3) 4 (3) 
2 (2) 8 (4) 34 (4) 
8 (2) 4 (4) 30 (4) 
l ( 2 )  -6 (3) -4 (4) 
3 (2) 2 (3) -2 (3) 

-4 (1) -25 (2) 6 (2) 
4 (1) -23 (3) 4 3  (3) 

16 (1) -21 (3) 51  (3) 
5 (1) -35 (3) -23 (3) 
6 (1) -25 (2) -29 (2) 

was 0.03 times its own standard deviation. The standard deviation in 
an observationof unitweightwas 1.54 for (C,F,),Sn and 1.51 for (C6- 
F,),Ge. An analysis of w( IF, I- IFc 1 ) ’  as a function of IF, I or 
sin O/h showed no unusual trends. The neutral scattering factors 
for all atoms were taken from Cromer and Waber.’, The scattering 
factors of Sn and Ge were corrected for the real and imaginary anom- 
alous dispersion corrections given by Cromer.” 

density maximum greater than 1 electron/A’ for both the germanium 
and tin derivatives and in each case these electron density peaks oc- 
curred within 0.9 A of the respective heavy atom. The final observ- 
ed and calculated structure factors are listed as 10 IF, I and 10 IFc I 
electrons for (C,F,),Sn in Table I and for (C,F,),Ge in Table 11. 
(See paragraph at end of paper regarding supplementary material.) 
Final positional and thermal parameters for tetrakis(pentafluor0- 
pheny1)tin are presented in Table 111 and for the germanium com- 
pound in Table IV. 

A final difference Fourier synthesis revealed no  residual electron 

Description and Discussion of the Structure 
Tetrakis(pentafluoropheny1)tin and tetrakis(pentafluor0- 

pheny1)germanium each have exact 4 symmetry in the crys- 
talline state. Their structures consist of discrete (C6F5)4M 
molecular units linked together by  a network of van der 
Waals interactions. Two views of the molecular structure 
and the atom numbering scheme are presented in Figures 1 
and 2. The projection of the unit cell on the ab plane is 
shown in Figure 3.  Interatomic distances and angles for both 
structures are given in Tables V and VI. The observed Ge- 
C(l) bond length is l .957 (4) A which compares with l .957 
( 5 )  and 1.954 (1) A found in (C6H5)4Ge,2>3 1.956 (4) A in 
((C6~5)2Ge)2Fe2(C0),,18 1.945 (8) A in (C6H5),Ge(OCC- 
H3), and 1.967 (8) A in (C6H5)3GeCo3(CO),l .” For the 
corresponding tin compound the refined Sn-C(l) length is 
2.126 (8) A and this compares with 2.14 (1) A observed in 

(16) D. T. Cromer and J .  T. Waber, Acta Crystallogr., 18, 104 

(17) D. T. Cromer, Acta Crystallogr., 18, 17 (1965). 
(18) M. Elder, Znorg. Chem., 8 ,  2703 (1969). 
(19) R. W. Harrison and 5 .  Trotter, J.  Chem. Soc. A. ,  258 (1968). 
(20) R. Ball, M. J. Bennett, E. H. Brooks, W. A. G. Graham, 

J. Hoyano, and S. M. Illingworth, Chem. Commun., 592 (1970). 

(1965). 
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F3 
Figure 1. Labeling of atoms in (C,F,),Sn and (C,F,),Ge. Because 
the structures of the tin and germanium compounds are so similar 
only the (C,F,),Sn molecule is shown. This view is along the 
molecular 4 axis. 

Figure 2. A view perpendicular to the molecular Taxis of (C,F,),Sn. 

(C6H5)4Sn,596 2.1 3 A in (C6H5)3SnFe(C0)2 nC5H5 ,21 and 
2.15 (1) A in (C6H5)3SnMn(CO)5?2 For Sn-abyl bond 
lengths electron diffraction studies have yielded results of 
2.134 (7) A in (CH3)4Sn,23 2.150 (3) A in (CH3)2SnH2,x 
2.147 (4) A in (CH3)3SnH:4 2.106 (6) A in (CH3)3SnC1,x 
and 2.108 (7) Ain (CH3)2SnC12?3 The only reported X-ray 
crystal structure of a compound containing a tin-alkyl linkage 
and involving four-coordinate tin is the cyclohexyl derivative, 
(C6H11)3Sn(02CCH3),?5 where a mean Sn-C distance of 2.19 

(21) R. F. Bryan, J. Chem. SOC. A ,  I92 (1967). 
(22) H. P. Weber and R. F. Bryan, Acta Crystallogr., 22, 822 

(23) H. Fujii and M. Kimura, Bull. Chem. SOC. Jap., 44, 2643 

(24) K. McAloon, quoted in ref 23 as a private commllnication. 
(25) N. W. Alcock and R. E. Timms, J. Chem. SOC. A ,  1876 

(1967). 

(1971). 

(1 96 8). 

Figure 3. A projection on the ab plane of the (C,F,),Ge unit cell. 
The (C,F,),Sn unit cell is similar. 

Table V. Interatomic Distances and Angles for (C,F,),Sn 
~~~ 

Distances, A 
C(l)-C(2) 1.398 (11) C(2)-F(2) 1.328 (9) 
C(2)-C(3) 1.389 (12) C(3)-F(3) 1.362 (10) 
C(3)-C(4) 1.379 (12) C(4)-F(4) 1.340 (10) 
C(4)-C(5) 1.376 (12) C(5)-F(5) 1.347 (10) 
C(5)-C(6) 1.388 (12) C(6)-F(6) 1.355 (10) 
C(6)-C(1) 1.379 (11) Sn-C(1) 2.126 (8) 

Angles, deg 
C(l)-C(2)-C(3) 120.8 (9) F(2)-C(2)-C(l) 
C(2)-C(3)-C(4) 121.5 (9) 
C(3)-C(4)-C(5) 118.7 (9) 
C(4)-C(5)-C(6) 119.3 (10) 
C(5)-C(6)-C(l) 123.6 (9) 
C(6)-C(l)-C(2) 116.1 (8) 
SnC(l)-C(2) 124.1 (4) 
Sn-C(1)-C(6) _ _  119.6 (4) 
C(l)-Sn-C(l)(_xyyz_) 105.5 (4) 
C(1)-Sn-C(l)(yxz) 111.5 (2) 

F(2)-C(2)-C(3) 
F(3)-C(3)-C(2) 
F(3)-C(3)-C(4) 
F(4)-C(4)-C(3) 
F(4)-C(4)-C(5) 
F(5)-C(5)-C(4) 
F(5)-C(5)- C(6) 
F (6)-C(6)-C(S) 
F(6)-C(6)-C(1) 

120.7 (8) 
118.5 (9) 
119.2 (10) 
119.3 (10) 
121.2 (10) 
120.1 (11) 
119.6 (10) 
121.1 (10) 
117.4 (9) 
119.0 (8) 

Table Vi. Interatomic Distances and Angles for (C6FS)4Ge 

Distances, A 

C(l)-C(2) 1.382 (6) C(2)-F(2) 1.344 (5) 
C(2)-C(3) 1.380 (6) C(3)-F(3) 1.352 (6) 
C(3)-C(4) 1.367 (7) C(4)-F(4) 1.343 (5) 
C(4)-C(5) 1.374 (7) C(5)-F(5) 1.345 (6) 
C(5)-C(6) 1.380 (6) C(6)-F(6) 1.360 (6) 
C(6)-C(1) 1.392 (6) Ge-C(l) 1.957 (4) 

120.4 (4) 
117.4 (4) 
119.9 ( 5 )  
119.8 (5) 
121.0 (5) 
119.3 (5) 
120.4 (5) 
120.6 (5) 
117.9 (4) 
119.0 (4) 

(3) A was found. NO structural results for Ge-alkyl bonded 
compounds seem to have been reported. For the analogous 
silicon derivatives the Si-C lengths are: 1.872 (7) A in (C6- 
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H,),Si; 1.89 (2) a in (CH3)4Si,26 and 1.876 in (CH3)10- 
Si4Nz?7 At the usually accepted level of significance of 30 
there appears to be little difference between M-aryl and M- 
alkyl bond lengths for the main group elements silicon, ger- 
manium, and tin, although a small decrease (ea. 0.04 A) 
might be expected due to the difference between carbon sp2 
and sp3 radii. Any further shortening due to pn-d, bond- 
ing appears negligible. The opposite situation with transition 
metal aryl and alkyl bond lengths has been thoroughly dis- 
cussed by Chur chill ?', 29 

The pentafluorophenyl rings in both the germanium and 
tin derivatives are planar within experimental error but de- 
viate substantially from idealD6h symmetry. Thus, the sum 
of the six interior C-C-C angles is 720.0" in both com- 
pounds, although the individual C-C-C angles vary from 
116.1 (8)' to 123.6 (9)" in (C6F,),Sn and 115.6 (4)" to 
123.1 (5)" in (C6Fj)4Ge. For both compounds the C-C-C 
angle at the metal bonded carbon is substantially the smaller 
angle. This spread has been generally the case for previously 
determined structures containing C6F5 The 
least-squares planes of the rings and deviations of the indi- 
vidual atoms from the planes are given in Table VII. In each 
case the 11 ring atoms define a plane from which the atoms 
deviate only slightly. The tin and germanium atoms lie 0.09 
and 0.08 8 from their respective pentafluorophenyl ring 
plane. 

The mean carbon-carbon and carbon-fluorine lengths in 
(C6F,),Sn are 1.385 1 0.008 and 1.346 1 0.013 8. The cor- 
responding average distances in (C6F5)4Ge are 1.379 ? 0.008 
and 1.349 f 0.007 A. The variation in individual lengths 
(Tables V and VI) as well as the mean bond lengths compare 
quite favorably with those reported previously for pentaflu- 
orophenyl g r o ~ p s . ~ ~ , ~ ~  However, it is worth noting that the 
mean C-C bond distances are significantly less than the C-C 
length, 1.394 (7) 8, reported in hexafluoroben~ene;~~ how- 
ever, the mean C-F bond distances in the pentafluorophenyl 
derivatives are greater than the 1.327 (7) a found in C6F6?' 

Because of the rigid nature of the aryl group these struc- 
tures may be conveniently described in terms of three angular 
parameters, which specify the orientation and conformation 
of the (C6F5)4M molecule in the unit cell. These angles 
follow. Q, is the angle between the projection of the M-C( 1) 
bond on the ab plane and the a axis. This angle defines the 
rotation of the molecule about the c axis. a is the angle be- 
tween the pentafluorophenyl ring plane and the C( l)(%;~)- 
M-C(l) plane. The latter plane is fixed in these structures 
since the molecular Taxis of the (C6FjI4M coincides with 
the crystal c axis. A clockwise rotation is taken as positive 
looking from the pentafluorophenyl ring to the central atom. 
The angle a defines the rotation of the aryl ring about the 
M-C(l) bond. 0 is the C(l)(c%z)-M-C(l) valency angle. 

For (C6F5)4Sn the 4, a ,  and 0 angles are 41.9,53.2, and 
105.5", respectively, while the corresponding angles in (C6- 
Fj)4Ge are 42.0,51.9, and 105.0", respectively. The tetra- 
phenyl derivatives of tin and germanium may be described 
in a completely anaologous manner? The comparison of 

(26) W. F. Sheehan, Jr . ,  and V. Schomaker,J. Amev. Chem. Soc., 

(27) P. J. Wheatley, J. Chem. Soc., 1721 (1962). 
(28) M. R. Churchill, Pevspect. Struct. Chem., 3, 91 (1970). 
(29) M. R. Churchill, K. L. Kalra, and M. V. Veidis, Inorg. Chem., 

(30) M.  R. Churchill and M. V. Veidis, J .  Chem. SOC. A ,  3463 

(31) M. R. Churchill and M. V. Veidis, J. Chem. Soc., Dalton 

74, 3956 (1952). 

12, 1656 (1973). 

(1971). 

Karipides, Forman, Thomas, a.nd Reed 

Table YII. Molecular Planesa in (C,F,),Sn and (C,F,),Ge 

Trans., 670 (1972). 

Acta Chem. Scand., 18,2115 (1964). 
(32) A. Almeningen, 0. Bastiansen, R. Seip, and H. M. Seip, 

Deviation from Deviation from 
plane, A Atom plane, A Atom 

Pentafluorophenyl Ring in (C,F,),Sn 
Plane: 0.7861X t 0.0982Y - 0.61022 = 0.0932 
(31) -0.000 F(2) +o.ooo 
C(2) -0.009 F(3) t0.007 
C(3) to .010 F(4) -0.011 
C(4) -0.007 F(5) +0.002 
C(5) t0 .015  F(6) +0.003 
C(6) -0.011 Sn -0.093 

Pentafluorophenyl Ring in (C,F,),Ge 
Plane: 0.79188 + 0.1174Y - 0.59942 = 0.0829 
C(1) -0.005 F(2) -0.009 
C(2) -0.006 F(3) t0.017 
(33) +0.010 F(4) -0.013 

-0.001 (34) -0.003 

C(6) -0.001 Geb -0.083 
F(5) t O . O 1 O  C(5) t0 .002 F(6) 

a The planes are defined in Cartesian coordinates where X = xu, 
Y =yb,  2 = zc. 
lation of the least-squares plane. All other atoms were given unit 
weight. 

the tetraphenyl and tetrakis(pentafluoropheny1) compounds 
is presented in Table VIII. The C(l)(gy,z)-M-C(l) valency 
angle (0 angle) is smaller by about 4" in the pentafluoro- 
phenyl derivatives. This observed distortion indicates a 
significant elongation along the 5 axis of the "tetrahedral" 
molecular units and is not generally anticipated for such 
tetracoordinate group IVa compounds. 

angle) is surprisingly similar in both series of compounds con- 
sidering the range of possible conformations. This fact in- 
dicates that the intramolecular interactions between the aryl 
rings are quite comparable in both the phenyl and pentaflu- 
orophenyl derivatives. The difference in the crystal struc- 
tures and packing must then involve the variation of the in- 
termolecular contacts as a function of the particular aryl 
group. This conclusion is supported by noting that the q5 
angles which are largely determined by the intermolecular 
contactsg are completely different (see Table VIII) in the 
two series of compounds. 

The value of a in tetraphenylsilicon and tetraphenyllead 
is 52.4 and 58.9', respectively. The rather small observed 
range (52 to 59") of the angle a in all the group IVa tetra- 
phenyl derivatives and in the pentafluorophenyl compounds 
suggests the relative insensitivity of the conformation angle 
with respect to central atom size or type of aryl group. 
While more work is needed to support this contention, this 
idea has been used successfully in the determination of the 
structure of other similar corn pound^.^^ 

A study" by Kitaigorodskii on the packing of MA4 type 
compounds has been done. Kitaigorodskii proposed on the 
basis of symmetry arguments that those molecules which re- 
tain Tsymmetry in the solid state will crystallize in space 
groups 14, P4,ln, or P42,c.  These three space groups al- 
low close packing of the MA4 molecules and Kitaigorodskii 
has discussed the unsuitability" of other tetragonal space 
groups. 

Kitaigorodskii's ideas" are supported with the phenyl and 
other derivatives of the group IVa elements. Thus, tetra- 
phenylgermanium and tetraphenyltin crystallize in the non- 
centrosymmetric space group P42,c and the germanium and 
tin atoms are at Tsites. The same is true for the other group 

These atoms were given zero weight in the calcu- 

The rotation of the aryl ring about the M-C(1) bond (a 

(33) A. Karipides, unpublished results. For example, tetra(2- 
thieny1)silicon crystallizes in P42,c  with CY = 57' and @ = 7', ap- 
proximately. 



Bis(6-mercapt o-9-benzylpurine)palladium(II) 

Table VIII. Rigid Group Angular Parameters 

Compd @, deg a, deg 0,  deg 
(C,H 5)4Sna*f 7.1 56.5 109.1 
(C,H,),Snbif 7.7 58.6 110.8 

(C,H,),Ged*f 7.2 54.2 109.0 
(C6F,),SnCpg 41.9 53.2 105.5 

(C6F,),Gee.g 42.0 51.9 105 .O 

a See ref 5. See ref 6. This work. See ref 2. e Se_e ref 3; 
the value of a is incorrectly given in ref 8 .  
g Space group 14,la. 

IVa tetraphenyl compounds. In t e t r a ( p - t ~ l y l ) t i n ~ ~ ? ~  and 
tetra(pmetho~ypheny1)tin~~ the space group is1Zand in 
each case the molecular symmetry is 4. On the other hand, 
in the pentafluorophenyl structures the tin and germanium 
atoms retain Tsymmetry in the crystal, but the space group 
is the centrosymmetric 141/a. In this space group close 
packing of molecules is not favored because adjacent mole- 
cules are related by mirror planes." It is apparent that 
close packing is not a sufficient criterjon for the retention 
of the highest molecular symmetry (4)  possible in the solid 
state. 

The shortest intermolecular F. .F and F. *C nonbonded 
distances in (C6F5)4Sn are F(4). * .F(4)6,  - l / 2  f x ,  '/4 4- 
z ) ,  2.919 A, and F(3). *C(3)(y,-l/2 + x ,  l /4  + z ) ,  3.123 A. 

Space group P42 ,  c. 

(34) I. G. Ismailzade and G. S. Zdanov, Zh. Fiz. Khim., 27, 

(35) I. G. Ismailzade, Kristallografiya, 3 ,  155 (1958). 
550 (1953). 
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For (C6F,)4Ge the corresponding distances are 2.943 and 
3.089 A for the same atom-atom contacts. The shortest 
intramolecular nonbonded distances are 3.018 i% in (c6- 

F5J4Sn and 2.899 A in (C6F5)4Ge for the F(2). . .F(6)@, 
Fz) contact. From these distances a value of 1.46 A is ob- 
tained for the van der Waals radius of fluorine which is con- 
sistent with that tabulated (I .47 A) by B ~ n d i . ~ ~  The use 
of 1.46 A for the fluorine van der Waals radius and the above 
C. .F contact distances leads to a van der Waals radius of 
1.65 A for carbon. This is about 0.1 i% less than the values 
given by B ~ n d i ~ ~  for an aromatic carbon. 
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The compound bis(6-mercapto-9-benzylpurine)palladium(II~-dimethylacetamide, C,,H,,N,OS,Pd, was synthesized by 
allowing palladium(I1) chloride to react with 6-mercapto-9-benzylpurine in dimethylacetamide, followed by the diffusion of 
1-propanol vapors into the reaction solution. The crystals formed are monoclinic and belong to the space group C2/c with 
eight molecules per unit cell of dimensions a = 24.80 (1) A, b = 11.95 (1) A, c = 22.03 (1) A, and p = 114.73 (5)". The 
structure was solved by conventional heavy-atom methods using data collected on an automated four-circle diffractometer. 
The structure was refined on F to R ,  = 0.076 and R ,  = 0.069. The two phenyl groups were refiied as rigid bodies. Both 
purine ligands are coordinated to palladium through the sulfur and N(7) atoms to form a five-membered chelate ring. The 
coordination geometry is a slightly distorted square with angles Sl-Pd-S2 = 85.8 (1)' and N7A-Pd-N7B = 98.3 (4)". The 
dimethylacetamide molecule is not Coordinated. The presence of the metal atom does not influence the general tendency 
for purine rings to stack in a solid lattice, and stacking of this kind is a major intermolecular feature of the structure. 

Introduction 

purine antimetabolite, with possible carcinostatic activity. A 
number of transition metal complexes3 of this compound 
have been investigated as possible antitumor agents? The 
reported complexes are amorphous, hydrated materials and 

(1) National Science Foundation Predoctoral Fellow, 1968- 

are insoluble in organic solvents. The chief means of charac- 
terization of these complexes has been chemical analysis. 

Grinberg3b proposed two types of metal attachment to the 
6-mercaptopurine anion in these complexes. In the first 
type of attachment, the metal forms a four-membered 
chelate ring with atoms N3 and N9 (see 1). Coordination 

6-Mercaptopurine was first synthesized by Hitchings2 as a 

H 
1971. \R %s' 
SOC., 74,411 (1952). 

J. Inorg. Chem., 13,1230 (1969); (b) A. A. Grinberg, Yu. A. 
Varshavsgii, M. I. Gelfman, and D. B. Smolenskaya, ibid., 13, 
422 (1969). 

(4) S. Kirschner, Y. Wei, D. Francis, and J.  G .  Bergman, J. 

(2) G. B. Elion, E. Burgi, and G. H. Hitchings, J.  Amev. Chem. 

(3) (a) A. A. Grinberg, N. A. Kustova, and M. I. Gelfman Russ. '4, 4 N9 

h' 
Med. Chem., 9, 369 (1966). 1 




