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al. (1990)], where R,R-dach is (1R,2R)- 1,2-diaminocyclo- 
hexane. The mean Pt--O distances in these molecules 
are 2.029(9) {[Pt(NH3)2(cbdca)]} and 2.006(10) ,~, 
{ [Pt(R,R-dach)(cbdca)].H20}. The corresponding C(4)-- 
C(3)--C(6) and C(1)--C(3)--C(2) angles in the 1,1- 
cyclobutanedicarboxylato ligands are 89.2 (12) and 
107.4(8) ° in [Pt(NH3)2(cbdca)] and 86.3(11) and 
115.9 (12) ° in [Pt(R,R-dach)(cbdca)].HgO, respectively. 
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Abstract 

The coordination around platinum is conventional square 
planar. The cyclobutane ring and the platinum coordina- 
tion sphere are almost perpendicular to each other. The 
lattice contains water molecules though the crystals were 
grown from a cyclohexanol solution. Atom 0(5) of the 
water molecule forms hydrogen bonds with the carboxy- 
lato O atoms 0(4) and O(3~), respectively; the structure 
of the compound consists of one-dimensional polymeric 
chains. 

Comment 

The structure determination of the title compound (I) 
was undertaken in order to compare the structure with 
those of diammine analogues. Both the platinum coor- 
dination sphere and the cyclobutane ring are almost pla- 
nar, with maximum displacements out of the least-squares 
plane of 0.111 ,~, for O(1) and 0.09 ,~ for C(5). The di- 
hedral angle between the platinum coordination sphere 
and the cyclobutane ring is 88.66 °. The mean distance 
of Pt--P(1) and Pt--P(2) is 2.222 (2) ,~,. The P(1)-- 
Pt--P(2) angle is 95.13 (6) °. The mean distance of Pt-- 
O(1) and Pt~O(2) is 2.056(5) A. The O(1)~Pt--O(2) 
angle is 86.3 (2) °. The C(4)~C(3)--C(6) and C(1)-- 
C(3)--C(2) angles in the 1,1-cyclobutanedicarboxylate 
group are 88.5 (5) and 110.4 (5) °, respectively. The ob- 
served O(1)--Pt--O(2) angle of the title compound is 
smaller than those found in the diammine analogues 
[Pt(NH3)2(cbdca)] [89.9(4)°; Neidle, Ismail & Sadler 
(1980)], where H2cbdca is 1,1-cyclobutanedicarboxylic 
acid, and [Pt(R,R-dach)(cbdca)].H20 [89.2 (4)°; Bitha et 
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Fig. 1. A view of the unit cell. Hydrogen-bonding interactions between 
the water of crystallization and the carboxylato O atoms are shown as 
broken lines. Symmetry code: (ii) x, y, z -  1. 

"(9) A QC(4) / C ( 5 )  

(2) - ~ ~ , ~ 0 ( 3 )  

C(~10) 0(2) 0(4) 

Fig. 2. ORTEPII (Johnson, 1976) view of the molecule with atomic la- 
beling except for H atoms. The water of crystallization has been omit- 
ted for clarity. Thermal ellipsoids are drawn at the 30% probability 
level for non-H atoms. 
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E x p e r i m e n t a l  

Crystal data 

[Pt(C6H604)(C3H9P)2].H20 
Mr = 507.37 
Triclinic 
PT 
a = 9.752 (2) .~ 
b = 11.680 (2) A 
c = 9.203 (2) A 
a = 92.43 (2) ° 

= 115.30 (1) ° 
3' = 110.13 (1) ° 
V = 867.3  (3) ~ 3  
Z = 2  
Dx = 1.943 Mg m -3 
Dm= 1.93 Mg m -3 
Density measured by 

flotation in 1,2- 
d ib romoe thane /hexane  

Data collection 
Rigaku  A F C - 5 R  dif f rac tome-  

ter  
w120 scans 
Absorp t ion  correct ion:  

empir ical  us ing  DIFABS 
(Walker & Stuart,  1983) 
Tmia = 0.79, Tmax = 1.42 

6611 measu red  reflect ions 
6293 independen t  reflect ions 
5068 observed  reflect ions 

[F  > 3.0tr(F)] 

Refinement 

R e f i n e m e n t  on  F 
Final R = 0.041 
w R  = 0 . 0 4 4  

S - -  1.57 
5068  reflections 
182 parameters 
H-atom parameters not  re- 

fined 

M o  Kct radiation 
A = 0 .71069  A 
Cell  parameters from 25 

reflections 
0 = 1 9 . 9 - 2 0 . 0  ° 
# = 8 .367 m m  -1  
T = 296  K 
Block  
0.30 x 0.25 x 0.20 m m  
Color less  
Crystal  source:  the com-  

p o u n d  was  prepared  
as repor ted  e lsewhere  
(Miyamoto ,  Suzuki  & 
Ichida,  1992a,b) 

0rex = 32.6 ° 
h = 0 ---, 14 
k = - 1 7  ~ 16 
l = - 1 3  ~ 12 
3 s tandard reflections 

mon i to red  every  147 
reflections 

intensity variation: 
19.40% 

w = 1/or2(Fo) 
(A/~)m~ =0.01 
Apm~ = 2.84 e A -3 
Apmin = -2 .27 e A -3 
Atomic scattering factors 

from International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2) 

Ueq = l ~i~jU~ia. a;ai.aj. 
x y z u ~  

Pt 0.07786 (3) 0.20086 (2) 0.04675 (3) 0.02349 (9) 
P(1) -0.1070 (2) 0.2251 (1) -0.1835 (2) 0.0317 (5) 
P(2) -0.0812 (2) 0.1613 (2) 0.1686 (2) 0.0319 (5) 
O(1) 0.2380 (6) 0.2243 (5) -0.0501 (6) 0.042 (1) 
0(2) 0.2608 (5) 0.1887 (4) 0.2583 (6) 0.038 (1) 
0(3) 0.4927 (6) 0.2755 (5) -0.0129 (7) 0.051 (3) 
0(4) 0.5207 (6) 0.2579 (5) 0.4497 (6) 0.052 (3) 
0(5) 0.3778 (8) 0.1232 (6) 0.6673 (8) 0.066 (3) 
C(1) 0.3971 (8) 0.2790 (6) 0.0394 (8) 0.032 (3) 
C(2) 0.4154 (7) 0.2606 (5) 0.3171 (8) 0.030 (3) 
C(3) 0.4639 (7) 0.3504 (5) 0.2134 (8) 0.029 (3) 
C(4) 0.415 (1) 0.4646 (6) 0.222 (1) 0.041 (3) 
C(5) 0.598 (1) 0.5482 (7) 0.332 (1) 0.058 (4) 
C(6) 0.6477 (8) 0.4433 (6) 0.301 (1) 0.044 (3) 
C(7) -0.1987 (9) 0.3297 (6) -0.1558 (9) 0.042 (3) 
C(8) -0.277 (1) 0.0866 (7) -0.329 (1) 0.058 (3) 

C(9) -0.009 (1) 0.299 (1) -0.301 (1) 0.080 (5) 
C(10) -0.020 (1) 0.0759 (8) 0.326 (1) 0.048 (3) 
C(ll) -0.2993 (9) 0.0681 (9) 0.048 (1) 0.061 (4) 
C(12)  -0.066 (1) 0.303 (1) 0.275 (1) 0.065 (4) 

Table 2. Geometric parameters (lk, o) 
Pt--P(1) 2.227 (2) 
Pt--P(2) 2.216 (2) 
Pt--O(1) 2.056 (5) 
Pt--O(2) 2.055 (4) 
P(1)--C(7) 1.810 (7) 
P(1)--C(8) 1.798 (7) 
P(1)--C(9) 1.798 (9) 
P(2)--C(10) 1.801 (7) 
P(2)--C(11) 1.797 (8) 
P(2)--C(12) 1.813 (9) 
O(1)--C(1) 1.294 (8) 

P( 1 )--Pt--P(2) 95.13 (6) 
Pt--O(1)--C(1) 122.5 (4) 
P(1)--Pt--O(1) 90.9 (1) 
Pt--O(2)--C(2) 123.2 (4) 
P(1)--Pt--O(2) 176.1 (1) 
O(1)--C(1)--O(3) 122.1 (6) 
P(2)--Pt--O(1) 173.1 (I) 
0(I)--C(I)--C(3) 117.7 (5) 
P(2)--Pt--O(2) 87.9 (1) 
0(3)--C(I)--C(3) 120.3 (6) 
O(1)--Pt--O(2) 86.3 (2) 
0(2)--C(2)--0(4) 121.9 (6) 
Pt--P(1)--C(7) 115.8 (2) 
0(2)--C(2)--C(3) 117.3 (5) 
Pt--P(1)--C(8) 117.7 (3) 
O(4)--C(2)--C(3) 120.7 (6) 
Pt--P(1)--C(9) 110.0 (3) 
C(1)--C(3)--C(2) 110.4 (5) 

Pt--O(1)--C(1)--O(3) 168.3 (5) 
O(2)--Pt--P(1)--C(7) -89  (2) 
Pt--O(1)--C(1)--C(3) - 12.5 (7) 
O(2)--Pt--P(1)--C(8) 144 (2) 
Pt--O(2)--C(2)--O(4) 174.5 (5) 
O(2)--Pt--P(1)--C(9) 26 (2) 
Pt--O(2)--C(2)--C(3) -5.9 (8) 
O(2)--Pt--P(2)--C(10) -25.3 (3) 
P(1)--Pt--P(2)--C(10) 157.2 (3) 

O(2)--C(2) 1.290 (7) 
O(3)--C(1) 1.229 (8) 
O(4)--C(2) 1.224 (7) 
C(1)--C(3) 1.518 (9) 
C(2)--C(3) 1.537 (9) 
C(3)--C(4) 1.573 (8) 
C(3)--C(6) 1.547 (9) 
C(4)--C(5) 1.53 (1) 
C(5)--C(6) 1.52 (1) 
0(3)-..0(5 i) 2.907 (8) 
0(4)-..0(5) 3.093 (9) 

C(7)--P(1)--C(8) 105.6 (3) 
C(1)--C(3)--C(4) 114.0 (5) 
C(7)--P(1)--C(9) 102.3 (5) 
C(1)--C(3)--C(6) 116.5 (5) 
C(8)--P(1)--C(9) 103.6 (5) 
C(2)--C(3)--C(4) 111.8 (5) 
Pt--P(2)--C(10) 111.6 (3) 
C(2)--C(3)--C(6) 114.1 (5) 
Pt--P(2)--C(11) 119.2 (3) 
C(4)--C(3)--C(6) 88.5 (5) 
Pt--P(2)--C(12) 112.2 (3) 
C(3)--C(4)--C(5) 88.9 (5) 
C(10)--P(2)--C(11) 102.1 (4) 
C(4)--C(5)--C(6) 91.0 (5) 
C(10)--P(2)--C(12) 104.9 (4) 
C(3)--C(6)--C(5) 90.2 (5) 
C(11)--P(2)--C(12) 105.4 (5) 

P(2)--Pt--O(1)--C(1) -64  (1) 
O(3)--C(1)--C(3)--C(6) 15.3 (8) 
P(2)--Pt--O(2)--C(2) -141.9 (5) 
O(4)--C(2)--C(3)--C(1) 126.7 (6) 
O(1)--Pt--P(1)--C(7) -133.5 (3) 
O(4)--C(2)--C(3)--C(4) - 105.3 (7) 
O(I)--Pt--P(1)--C(8) 100.2 (4) 
O(4)--C(2)--C(3)--C(6) -6.8 (9) 
O(1)--Pt--P(1)--C(9) -18.1 (5) 

O(2)--Pt--P(2)--C(ll) -- 144.1 (4) 
P(1)--Pt--P(2)--C(11) 38.4 (4) 
O(2)--Pt--P(2)--C(12) 92.1 (4) 
P(1)--Pt--P(2)--C(12) -85.4 (4) 
O(2)--Pt--O(1)--C(1) -31.6 (5) 
P(1)--Pt--O(1)--C(1) 145.6 (5) 
O(2)--C(2)--C(3)--C(1) -53.0 (7) 
P(1)--Pt--O(2)--C(2) - 2  (3) 
O(2)--C(2)--C(3)--C(4) 75.0 (7) 
P(2)--Pt--P(1)--C(7) 49.9 (3) 
O(2)--C(2)--C(3)--C(6) 173.6 (5) 
P(2)--Pt--P(1)--C(8) -76.4 (4) 
O(3)--C(1)--C(3)--C(2) - 116.9 (6) 
P(2)--Pt--P(1)--C(9) 165.2 (5) 
O(3)--C(1)--C(3)--C(4) 116.3 (7) 

C(1)--C(3)--C(4)--C(5) - 127.3 (5) 
O(1)--Pt--P(2)--C(10) 6 (1) 
C(I)--C(3)--C(6)--C(5) 125.1 (6) 
O(1)--Pt--P(2)--C(ll) -- 112 (1) 
C(2)--C(3)--C(4)--C(5) 106.7 (6) 
O(1)--Pt--P(2)--C(12) 124 (1) 
C(2)--C(3)--C(6)--C(5) - 104.4 (6) 
O(1)--Pt--O(2)--C(2) 41.7 (5) 
C(3)--C(4)--C(5)--C(6) 8.9 (6) 
O(1)--C(1)--C(3)--C(2) 63.8 (7) 
C(3)--C(6)--C(5)--C(4) -9.1 (6) 
O(1)--C(1)--C(3)--C(4) --63.0 (7) 
C(4)--C(3)--C(6)--C(5) 8.8 (6) 
O(1)--C(1)--C(3)--C(6) - 164.0 (6) 
C(5)--C(4)--C(3)--C(6) --8.8 (6) 

Symmetry code: (i) x, y, z - 1. 

The  X-ray diffract ion intensi t ies  were  col lected on a R igaku  
A F C - 5 R  dif f rac tometer  at the Research  Center  for  Spec t rochem-  
istry, Facul ty  o f  Science,  The  Univers i ty  o f  Tokyo.  The  data  
were  col lec ted  wi th  a scan speed  o f  8.0 ° m i n - 1  (in to). Decay  
correct ion was  applied.  The  s t ructure  was  so lved  us ing  the Pat-  
terson heavy -a tom m e t h o d  wh ich  revea led  the  pos i t ion  o f  the  Pt  
a tom. The  remain ing  non -H  a toms  were  subsequent ly  located in 
success ive  di f ference Fourier  maps .  All  n o n - H  a toms  were  re- 
f ined anisotropically.  The  posi t ions  o f  H a toms  were  ca lcula ted  

wi th  fixed b o n d  length  ( C - - H  = 0.95 A). Al l  ca lcula t ions  were  
pe r fo rmed  us ing  the  TEXSAN crysta l lographic  sof tware  pack-  
age o f  the Molecu la r  Structure  Corpora t ion  (1985) and  c a r d e d  
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out on a DEC MicroVAX II at the Research Center for Spec- 
trochemistry. Molecular graphics were prepared using ORTEPII 
(Johnson, 1976) and PLUTO (Motherwell & Clegg, 1978). 

This work  was supported in part by a Grant- in-Aid for 
Scientific Research (No. 04453043) f rom the Ministry of  
Education,  Science and Culture of  Japan, to which our 
thanks are due. 

Lists of structure factors, anisotropic thermal parameters, H-atom co- 
ordinates, complete geometry and least-squares-planes data have been 
deposited with the British Library Document Supply Cen~e as Supple- 
mentary Publication No. SUP 55987 (43 pp.). Copies may be obtained 
through The Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. [CIF reference: AS 1035] 
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Abstract 
The coordination around plat inum is conventional square- 
planar. The mean distance of  P t - - O ( 1 )  and P t - - O ( 2 )  is 
2.065 (6) A. The mean distance of  P t - - P ( 1 )  and P t - - P ( 2 )  
is 2.216 (2) A.. The O ( 1 ) - - P t - - O ( 2 )  angle is 81.4 (3) °. 
The P ( 1 ) - - P t - - P ( 2 )  angle is 97.27 (9) °. 
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O(3) 

C(23) C(2)~0..~(4) 

C 

Fig. 1. A view of the unit cell with atomic numbering. H atoms have 
been omitted for clarity. 

Comment 
The structure determination of  the title compound (I) 
was  undertaken in order to compare  the structure with 
that of  the diammine analogue. The compound was pre- 
pared as reported elsewhere (Miyamoto,  Suzuki & Ichida, 
1992a,b). The O ( 1 ) - - P t - - O ( 2 )  angle is small as a result 
of  the chelating oxalate group. The mean distance of  P t - -  
O ( I )  and P t - - O ( 2 )  is larger than that of  d iammine ana- 
logues, due to the strong trans influence of  the phosphorus 
donor ligand. The O - - P t - - O  angle of  the title compound 
is similar to those found in the diammine analogue and a 
series of  P t -oxala te  complexes (Kobayashi  et al., 1982). 
In the crystal of  [Pt(NH3)2(OCO)2] (Rochon, Melanson,  
Macquet ,  B~langer-Gari~py & Beauchamp,  1985), the 
O - - P t - - O  angle is 82.0 (5) ° and the mean P t - - O  distance 

is 2.01(1) A. 

(I) 

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

[Pt(C204)(C3H9P)2] 
Mr = 435.27 
Orthorhombic 
Pbca 
a = 16.662 (2)/k 
b = 12.990 (2) A. 
c = 12.226 (2) 
V = 2646 (1) A, 3 
Z = 8  
Dx -- 2.185 Mg m -3 
Dm= 2.18 Mg m -3 

Mo Ka radiation 
A = 0.71069 A 
Cell parameters from 25 

reflections 
0 = 19.8- 20.0 ° 
# --- 10.945 mm -1 
T = 297 K 
Block 
0.38 x 0.35 x 0.35 mm 
Colorless 
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