
1362 [Rh(C 18 H25 P2 )2 (C7 H8 )] (BF4)3 

C19--P3--C25 104.7 (2) C41---C42--C43 100.5 (6) 
C19--P3---C31 105.1 (2) C39--C43---C42 94.4 (5) 
C25--P3---C31 I 01.4 (2) 

t MP1 and MP2 are the midpoints of the C37=C38 and C40=C41 
double bonds, respectively. 

Of the three tetrafluoroborate ions, one (that containing the B 1 
atom) was found to be well ordered, while the other two (those 
containing the B2 and B3 atoms) were found to be disordered 
in several orientations of three of the F atoms around the 
B--F bond to the fourth F atom. Ion 'B2' was modelled in 
three different orientations, A, B and C (with the sum of the 
occupation factors of these three being fixed as 100%), and ion 
'B3' in four orientations, A, B, C and D (again with the sum 
of the occupation factors of these four being fixed as 100%). 
The refinement of these two ions was restrained to keep the 
geometry of the four F atoms around the B atom similar to 
the geometry of the ordered 'B 1' ion. All the tetrafluoroborate 
atoms were refined with anisotropic displacement parameters; 
for disordered F atoms they were restrained by the commands 
DELU and SIMU of SHELXL93 (Sheldrick, 1993). 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: Xtal3.0 
(Hall & Stewart, 1990). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Molecular graphics: ORTEPII 
(Johnson, 1976). Software used to prepare material for publi- 
cation: SHELXL93. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: FG1107). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
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Abstract 
The monoclinic polymorph of the title compound, 
[Pt(C4H6N2)4](CIO4)2, is reported. The two main dif- 
ferences between this form and the triclinic form 
reported previously lie in the conformation of the 
[Pt(CaH6N2)4]  2+ cation and in the crystal packing. In 
both forms, the cation lies on an inversion center, but 
the orientations of the 1-methylimidazole (Melm) lig- 
ands are different. In the present study, two trans-Melm 
ligands are oriented perpendicular to the Pt coordination 
plane, while the other two are approximately coplanar 
with this plane. This is the first reported instance of 
coplanarity in an N-alkylimidazole-platinum(II) com- 
plex. The packing of the molecular cations in the mono- 
clinic form involves no n-stacking, in contrast to the 
packing observed in the triclinic form. 

Comment 
The anticancer properties of some platinum(H) com- 
plexes are well known (e.g. Pasini & Zunino, 1987, 
and references therein). We have begun a study 
of the synthesis and characterization of a number 
of ptU-amine complexes (Clement, 1995; Buncel & 
Clement, 1995; Roszak, Clement & Buncel, 1996; 
Clement, Roszak & Buncel, 1996a,b) in continua- 
tion of our study of metal ion-biomolecule inter- 
actions (Buncel, Joly & Jones, 1986; Buncel, Joly 
& Yee, 1989; Buncel, Clement, Fan, Joly, Jones & 
Onyido, 1991; Buncel, Clement & Onyido, 1994; Bun- 
cel, Fan, Moir & Onyido, 1995). In this regard, we 
have recently described the triclinic form of the ti- 
tle compound, tetrakis(1-methylimidazole)platinum(II) 
diperchlorate, [Pt(Melm)4](C104)2, (I), where Melm 
is the 1-methylimidazole ligand (Clement, Roszak & 
Buncel, 1996a). The complex was isolated as small 
colorless prisms from a methanolic solution of cis- 
[Pt(DMSO)2C12] and excess 1-methylimidazole, follow- 
ing the modified procedure of Reedijk and co-workers 
(Graves, Hodgson, van Kralingen & Reedijk, 1978). In 
the present study, a monoclinic form of (I) is described. 
In this work, the complex isolated from methanol was 
redissolved in water and allowed to crystallize slowly at 
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room temperature over a period of one week, whereupon 
large colorless diamond-shaped block crystals were ob- 
tained. 

% j 
Pt .2C10 4 

/ N ~ 'N N '~  

H3c"N~ ~'~N"cH 3 

(I) 

In both polymorphic forms of (I), the molecular cation 
has a center of symmetry. In the monoclinic form 
(Fig. 1), the cation has exact square-planar ° Pt coordi- 
nation, with Pt--N distances of 2.009 (5)A and N - -  
Pt- -N angles of 90.2 (2) and 89.8 (2) °. In the triclinic 
form, the Pt--N distances were comparable [2.003 (6) 
and 2.006 (6) ,~,], while the N - - P t - - N  angles were more 
differentiated [91.6(2) and 88.4(2)°]. Previously, in 
the crystal structure of tetrakis(1,2-dimethylimidazole)- 
platinum(II) bis(triiodide) (Korte, Krebs, van Kralin- 
gen, Marcelis & Reedijk, 1981), the Pt--N distances 
were found to be 2.014(5) and 2.009(8)A, and the 
N - - P t - - N  angles 91.4(3) and 88.6(3) °, while those 
in tetrakis(1-methylimidazole)platinum(II) hexachloro- 
platinate(IV) (Cingi, Lanfredi, Tiripicchio, van Kralin- 
gen & Reedijk, 1980) were 1.986 (14) and 2.012 (14),~, 
and 92.6 (6) and 87.4 (6) ° , respectively; in both com- 
plexes the tetrakis(imidazole)platinum(II) cation is cen- 
trosymmetric. 

The major differences between the structures of 
the two polymorphic forms of (I) are the different 

C ~ N l l ~  t ~ 1 5 N ~  [ e ~ ~ ~  

N1 '~ "~..,,~C 14 

(~C16 
Fig. 1. The molecular structure of the title cation showing the atom- 

numbering scheme. The primed atoms are related to the unprimed 
atoms by the transformation - x ,  - y ,  - z .  Displacement ellipsoids 
are shown at the 50% probability level and H atoms are drawn as 
unlabeled spheres of arbitrary size. 

conformations of the cation and the different crystal 
packing. In the triclinic form, one pair of Melm ligands 
is approximately perpendicular to the Pt coordination 
plane [with a dihedral angle between the imidazole and 
Pt coordination planes of 83.7 (3)°], while the other 
pair of ligands is twisted out of this plane by 56.2 (4) ° 
(Clement, Roszak & Buncel, 1996a). These angles are in 
the range of dihedral angles (40-90 ° ) observed for 16 
other platinum-coordinated N-alkylimidazoles obtained 
from the Cambridge Structural Database (Allen et al., 
1991). In the monoclinic form of (I), however, one 
pair of Melm ligands (Nll ,  C12, N13, C14, C15) is 
similarly perpendicular to the Pt coordination plane 
[dihedral angle 89.9 (2)°], while the other MeIm pair 
(N21, C22, N23, C24, C25) is almost coplanar with 
the PtN4 plane [dihedral angle 5.8 (5)°]. The coplanar 
orientation of the MeIm ligand in the monoclinic 
form is therefore quite unique. The geometries of 
'perpendicular' and 'coplanar' MeIm ligands differ 
significantly from each other in some bond distances 
and bond angles. The most striking is the shortening 
of the N13--C14 single-bond length to 1.324(10)A 
[versus 1.381 (9)A for the N23---C24 bond], which is 
associated with significant changes in other bond lengths 
and angles in the ring. A comparison of bond lengths 
and angles for both imidazole moieties of (I) with 
those in the crystal structure of uncoordinated imidazole 
(McMullan, Epstein, Ruble & Craven, 1979) reveals that 
the imidazole moiety perpendicular to the plane of metal 
coordination is clearly affected by the coordinated Pt II 
ion, whereas that in the coplanar orientation is not. The 
analogous N- -C bond in uncoordinated imidazole, for 
example, is 1.381 ,~, which is the same as the N23- -  
C24 bond in the 'coplanar-oriented' imidazole moiety 
(see above). It is of note, however, that the geometries of 
the two crystallographically independent ligands in the 
triclinic form, which are both far from being coplanar 
with the Pt coordination plane, were found to be 
equal within two standard deviations and similar to the 
geometry of uncoordinated imidazole. The N13---C14 
and N23--C23 bond lengths in the triclinic form were 
found to be 1.367(11) and 1.383(11),~,, respectively 
(Clement, Roszak & Buncel, 1996a). It is therefore 
uncertain if the orientation of ligands is responsible for 
the observed differences in the monoclinic form. 

In the triclinic form, the [Pt(MeIm)4] 2÷ cations are 
all packed in a parallel fashion and the dominant in- 
termolecular interactions are the 7r-stacking interactions 
between the imidazole rings of adjacent molecules lo- 
cated at the four comers of the ac face of the unit 
cell (Clement, Roszak & Buncel, 1996a). In the mono- 
clinic form described here (Fig. 2), the cation located 
at the center of the unit cell is not parallel to those 
located in the comers and the relative orientations of 
adjacent cations and their imidazole ligands is such 
that 7r-stacking effects are not present. Interestingly, the 
Nl l  MeIm ligands (i.e. containing atoms Nl l ,  C12, 
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N13, C14, C15) of  all cations are parallel to the (103) 
lattice plane, with the result that the 103 reflection 
is the strongest reflection in this structure. The per- 
chlorate ions fill the space between the cations and, 
similar to the situation observed in the triclinic form, 
some short contacts between the perchlorate O atoms 
and imidazole C - - H  groups are, present in this struc- 
ture [e.g. C 2 2 . . . O l ( x - ~ , l  ~1 y ½+z)  3.162(11) and 
C 1 6 . . . O 4 ( 1  - x ,  - y ,  - z )  3.141 (15) A]. 

Fig. 2. The crystal packing of (I) projected along the a axis. H atoms 
are omitted for clarity. 

E x p e r i m e n t a l  

The title complex was obtained from a methanolic solu- 
tion of cis-[Pt(DMSO)2CI2] and excess l-methylimidazole in 
methanol (Graves, Hodgson, van Kralingen & Reedijk, 1978; 
Clement, Roszak & Buncel, 1996a), and was recrystallized 
from water. 

Crystal data 

[ P t ( C 4 H 6 N 2 ) 4 ] ( C 1 0 4 ) 2  
Mr = 722.42 
Monoclinic 
P211n 
a = 8.031 (2) ~, 
b = 10.583 (2) ,4, 
c = 14.655 (4) ,4, 
/3 = 96.25 (3) ° 
V = 1238.2 (5) ,~3 
Z = 2  
Dx = 1.938 Mg m -3 
/9,, not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

refined from A F  
(DIFABS; Walker & 
Stuart, 1983) 
Tmi, - 0.62, Tmax = 1.00 

2685 measured reflections 
2685 independent reflections 

Mo Ka radiation 
A = 0.71069,4, 
Cell parameters from 25 

reflections 
0 = 15.1-18.8 ° 
# = 5.94 mm -1 
T = 293 (2) K 
Diamond-shaped block 
0.40 x 0.35 × 0.30 mm 
Colorless 

1731 observed reflections 
[I > 2~r(/)l 

0max = 26.98 ° 
h = - 1 0  ~ 10 
k = 0 --* 13 
l = 0 ---~ 18 
3 standard reflections 

frequency: 60 min 
intensity variation: 5% 

Refinement 
Refinement on F 2 
R(F) = 0.0313 
wR(F 2) = 0.0995 
S = 1.052 
2685 reflections 
162 parameters 
H atoms ridinfi with C- -H 

0.93--0.96 A 
w = 1/[tr2(Fo 2) + (0.0615P) 2 

+ 1.9360P] 
where P = (Fo 2 + 2Fc2)/3 

( A / o ' ) m a x  = 0 .001  

Apmax = 1.035 e .~-3 
mpmin = -0.743 e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) 

Ueq = (1/3)~i~jUija~ a~ ai.aj. 

x y z Ueq 
Pt 0 0 0 0.03235 (12) 
Ni l  0.1397(6) -0 .1286(5)  -0 .0579(3)  0.0346(11) 
C12 0.2792 (8) -0.1067 (6) -0 .0953 (4) 0.0412 (14) 
NI3 0.3425 (7) -0.2181 (6) -0.1192 (4) 0.0465 (15) 
C14 0.2437 (11) -0.3102 (7) -0 .0960 (5) 0.056 (2) 
C15 0.1133 (9) -0 .2574 (6) -0 .0564 (4) 0.0435 (15) 
C16 0.5019 (11) -0 .2310 (10) -0.1623 (6) 0.077 (3) 
N21 0.1443(7) --0.0215 (5) 0.1198(4) 0.0396(13) 
C22 0.1229 (9) 0.0305 (7) 0.2000 (5) 0.043 (2) 
N23 0.2453 (8) -0 .0040 (5) 0.2653 (4) 0.0444 (12) 
C24 0.3545 (10) -0.0819 (7) 0.2251 (5) 0.057 (2) 
C25 0.2889 (9) -0 .0919 (7) 0.1366 (5) 0.056 (2) 
C26 0.2639 (13) 0.0386 (9) 0.3600 (5) 0.066 (2) 
C1 0.2947 (3) 0.3032 (2) -0.11157 (14) 0.0597 (5) 
O1 0.3411 (15) 0.3694(13) -0.1835 (6) 0.194(6) 
02 0.1572 (14) 0.3506 (12) -0 .0826 (10) 0.206 (7) 
03 0.266(3) 0.1933(11) -0 .1446(14)  0.327(11) 
04  0.4104 (17) 0.299 (4) -0 .0460 (8) 0.43 (2) 

Table 2. Selected geometric parameters (A, °) 
Pt--N21 2.009 (5) C l 4 - - C l 5  1.370 (10) 
Pt--N tl 2.009 (5) N21--C22 1.325 (9) 
N I I - - C I 2  1.320(7) N21--C25 1.379(8) 
NI 1--C15 1.381 (8) C22--N23 1.345 (9) 
C12--N13 1.345 (8) N23--C24 1.381 (9) 
N 13---C14 1.324 (10) N23---C26 1.452 (9) 
NI 3--C16 1.494 (9) C24--C25 1.349 (10) 

N21- -P t - -NI  1 89.8 (2) C14---C15--N11 105.7 (6) 
N21--Pt- -NI1 i 90.2(2) C22--N21--Pt  127.6(5) 
C I 2 - - N I  l - -P t  126.5 (4) C25--N21--Pt  127.7 (5) 
C I 5 - - N !  I - -P t  124.7 (4) C22--N21--.C25 104.7 (6) 
C12--NI  I---CI5 108.5(5) N21--C22--N23 111.2(6) 
N 1 I---C12--N13 108.5 (6) C22--N23---C24 107.9 (6) 
C I 2 - - N  13--4214 108.9 (6) C22--N23--C26 125.9 (7) 
C12--N13--C16 123.7 (7) C24---N23---C26 126.1 (7) 
CI4---N13---C16 127.4 (7) N23---C24---C25 104.9 (6) 
N 13--C14---C!5 108.4 (6) C24---C25--N21 1 ! 1.2 (6) 

N21--Pt - -N I I---CI 2 -86 .4  (5) NI I - -P t - -N21- -C22  - 175.0 (6) 
N21- -P t - -NI  1- -CI5  86.6 (5) NI I - -P t - -N21- -C25  6.1 (6) 

S y m m e t r y  code: (i) - x ,  - y ,  - z .  

Systematic absences observed were those for the P21/n space 
group but additionally the h+k+l odd reflections were mostly 
weak due to the special position of the Pt atom and hence 
the relatively large number of unobserved data [I < 2or(/)]. 
The perchlorate O atoms show large anisotropy consistent 
with some slight disorder, but their average positions show 
a tetrahedral arrangement around the C1 atom. 
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Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: Xtal3.0 
(Hall & Stewart, 1990). Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1985). Program(s) used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: OR- 
TEPII (Johnson, 1976) and PLUTON92 (Spek, 1992). Soft- 
ware used to prepare material for publication: SHELXL93. 

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 
Crystal Structures. University of G6ttingen, Germany. 

Spek, A. L. (1992). PLUTON92. Molecular Graphics Program. 
University of Utrecht, The Netherlands. 
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Abstract 
The Sn atom in the 1/1 2-triphenylstannyl-l,2-benziso- 
thiazol-3(2H)-one 1,1-dioxide-triphenylphosphine ox- 
ide complex, triphenyl (1,1,3-trioxo-2,3-dihydro- 1,2- 
benzothiazol-2-yl)(triphenylphosphine oxide-O)tin, [Sn- 
(C6Hs)3 (C7H4NO3S){PO(CI8HIs )} ] ,  shows  trans-C3Sn- 
N O  tr igonal  b i p y r a m i d a l  coord ina t ion .  

Comment 
2-Triphenylstannyl-1,2-benzisothiazol-3(2H)-one 1,1- 
dioxide forms 1/1 complexes with carbonyl (Ng, 
Kuthubutheen, Zainudin, Chen, Kumar Das, Schulze, 
Molloy, Yip & Mak, 1991), amine oxide (Ng, 1994) 
and sulfoxide (Ng, Chen & Kumar Das, 1992) donor lig- 
ands. The present phosphine oxide complex, (I), adopts 

°'~ 02 
f l) 

a similar structure with the Sn atom displaying t r a n s -  

C3SnNO trigonal bipyramidal coordination. The Sn--O 
bond in this complex is somewhat shorter than those 
found in the complexes mentioned above, reflecting 
the greater Lewis basicity Of otriphenylphosphine ox- 
ide. This distance [2.341 (3)A] compares well with 
that [2.391 (4),4,] found in chlorotriphenyltin triphenyl- 
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