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diniques 6tudi6s jusqu'5, pr6sent (Wetherington et al., 
1974; Chion & Lajz6rowicz, 1973; Chion & Thomas, 
1975). 

2. Structures 

Les Figs. 6 et 7 sont des projections des structures sur 
les plans ac. Dans les deux cas les mol6cules sont 
reli6es entre elles par des r6seaux de liaisons hydrog~ne, 
tr~s faibles dans le cas de l'amide O (voir Figs. 6, 7). 

En fait le moins grand nombre de liaisons hydrog~ne 
de l'amide O s'accompagne d'une compacit6 d'empile- 
ment plus grande comme le montre la comparaison des 
densit6s. Ces deux effets doivent se compl6ter, donnant 
des 6nergies libres voisines pour les deux structures. 

Les comparaisons entre structures de rac6mates et 
d'isom6res optiques qui ont d6jb. 6t6 men6es (Benedetti, 
Pedone & Sirigu, 1973; P6rucaud-Brianso, 1973; 
C6sario-Guilhem, 1973) montrent qu'en g6n6ral ces 
structures pr6sentent des chaines ou des plans analo- 
gues. Dans le compos6 ici 6tudi6, l'analogie de mailles 
signal6es au paragraphe I met en 6vidence dans les 
deux structures de plans de mol6cules analogues (trans- 
lations b0 et c0 pour l'amide O et bR, cR pour l'amide R) 
mais l'orientation des mol6cules par rapport au plan 
dans chacun des cas n'est pas tout 5. fait la m~me. De 
plus, comme nous l'avons signal6 pr6c6demment, les 
r6seaux de liaisons hydrog6ne sont tr6s diff6rents dans 
les deux cas. 

IV. Conclusion 

La cristallisation simultan6e d'un m61ange rac6mique 
sous forme d'un conglom6rat et d'un rac6mate (comme 
c'est le cas pour l'amide) est extr~mement rare. Nous 
envisageons d'6tudier les conditions de cristallisation 
et de stabilit6 de ces deux types de cristaux. Toujours 

dans le but d'obtenir des informations sur les condi- 
tions de formation des conglom6rats, c'est4t-dire sur 
la s6paration spontan6e d'6nantiom~res au moment 
de la cristallisation, nous travaillons 6galement sur 
d'autres syst~mes de mol6cules chirales ~t cycles pyrro- 
lidiniques (t6tram6thyl-2,2,5,5 hydroxy-3 pyrrolidine 
oxyle- 1 et t6tra m6thyl-2, 2, 5, 5 hydroxym6thyl-3 pyrroli- 
dine oxyle-1). 

R6f6renees 

ANDRI~, D., FOURME, R. & RENAUD, M. (1971). Acta Cryst. 
B27, 2371-2380. 

BENEDETTI, E., CIAJOLO, M. R. & MAISTO, A. (1974). Acta 
Cryst. B30, 1783-1788. 

BENEDETTI, E., PEDONE, C. • SIRIGU, A. (1973). Acta Cryst. 
B29, 730-733. 

BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1971). 
ORXFLS. Oak Ridge National Laboratory Report 
ORNL-TM-305. 

CAPIOMONT, A., CHION, B., LAJZEROWICZ, J. t~ LEMAIRE, H. 
(1974). J. Chem. Phys. 60, 2530-2535. 

CFSARIO-GUILHEM, X. X. (1973). Communication Congr6s 
Europ6en de Cristallographie, Bordeaux. 

CHIOS, B. & LAJZi~ROWICZ, J. (1973). Acta Cryst. B29, 
1149-1151. 

CroON, B. & THOMAS, M. (1975). Acta Cryst. B31,472-473. 
COLLET, A. (1973). Th6se de Doctorat d'Etat, Universit6 de 

Paris VI. 
CRUICKSHANK, D. W. J. (1969). Crystallographic Computing, 

p. 195. Copenhagen: Munksgaard. 
GERMAIN, G., MAIN, P. & WOOLFSON, M. M. (1971). Acta 

Cryst. A27, 368-376. 
JACQUES, J. t~ OUANNES, C. (1965). Bull. Soc. Chim. Fr. 

pp. 3601-3622. 
PI~RUCAUO-BRIANSO, M. C. (1973). Th6se d'Etat, Universit6 

de Paris VI. 
WETHERINGTON, J. B., AMENT, S. & MONCmEF, J. W. (1974). 

Acta Cryst. B30, 568-573. 

Acta Cryst. (1975). B31, 1435 

The Crystal and Molecular Structure of cis- and trans-Diehlorobis(ethyleneimine)platinum(II) 
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The structures of cis- and trans-dichlorobis(ethyleneimine)platinum(II) have been solved by Patterson 
methods and refined by block-diagonal least-squares calculations to R = 0.083 (cis) and R = 0.065 (trans) 
with data collected on a linear diffractometer. In both isomers there are no short intermolecular distances 
and the bond lengths and angles are normal. Cell parameters are: (cis) a= 16"16, b=9.54, c= 10-74 A, 
Z=8,  space group Pbca; (trans) a= 6-652, b=5.117, c=6-410 A, e= 105.4, fl=81.75, ~,=97-16 °, Z=  1, 
space group P]'. 

As part of a study of platinum halide complexes the 
structures of the cis (I) and trans (II) isomers of di- 
chlorobis(ethyleneimine)platinum(II), 
PtC12(CHzCH2NH)2, have been determined. The cis 

isomer was originally reported by Jackson & Edwards 
(1962); the trans compound has been described by 
Connors, Jones, Ross, Braddock, Khokhar & Tobe 
(1972). 
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Experimental 

Crystals of (I) were pale yellow and lath-shaped. They 
were elongated parallel to b, and were readily cleaved 
parallel to (010), the main face being (100). (II) was 
supplied as a yellow powder and was recrystallized 
from methanol as needles. 

Cell dimensions were obtained from Weissenberg 
photographs and refined on a Hilger linear diffrac- 
tometer. 

Crystal data 
(I): cis-Dichlorobis(ethyleneimine)platinum(ll), 

CaH10C12NzPt. M =  352.5, orthorhombic, a =  16.16 (2), 
b=9.54(1) ,  c=10.74(1)  A, U=1656 A 3, Dm=2"84 
(flotation), Dx=2"83 g cm -3, Z = 8 ,  F(000)=1280. 
Space group Pbca from systematic absences. 

(II): trans-Dichlorobis(ethyleneimine)platinum(II), 
C4HloCIzN2Pt. M=352-5,  triclinic, a=6-652 (5), b =  
5"117 (5), c=6.410 (5) A, ~=105.4 (1), fl=81"75 (5), 
7=97-16(5) ° , U=207 A 3, Dx=2-8 g cm -3, Z = I ,  
F(000) = 160. Space group PT. 

Intensities for both compounds were collected on a 
Hilger lineardiffractometer with Mo K~ radiation and 
balanced filters. Lorentz and polarization corrections 
were applied but absorption was not allowed for. For 
(I) two crystals were used and the following reciprocal 
lattice layers were measured: a axis, Okl to 9kl; b axis, 
hOl to h2l. 1592 independent reflexions were examined 
and 928 gave intensities above background. 

For (II) three crystals were used and the following 
data measured: a axis, Okl; b axis, hOl to h31; c axis, 
hkO to hk4. Of 1630 possible reflexions, 1022 were 
observed. 

Structure determination 

Scattering factors were taken from International Tables 
for X-ray Crystallography (1962). 

(Y) The asymmetric unit contains one molecule with 
all atoms in general positions (Fig. 1). After location 

Table 1. Atomic coordinates and thermal parameters for 
cis-dichlorobis(ethyleneimine)platinum(II) 

x/a y/b z/c B 
Pt 0"1931 (2) 0"1368 (3) 0"1855 (2) 
CI(1) 0"0693 (17) 0"0244 (2) 0"2173 (20) 
CI(2) 0"2491 (15) 0"0256 (24) 0"3556 (19) 
N(1) 0'1510 (34) 0'2386 (62) 0'0327 (52) 2'6(1'1) 
N(2)  0"2888 (39) 0"2392 (65) 0"1610 (53) 3"1 (1"2) 
C(1) 0"0688 (54) 0"3007 (91) 0"0263 (73) 3"8 (1"6) 
C(2) 0"0032 (54) 0"1808 (80) 0"0542 (72) 3"3 (1"4) 
C(3) 0"3508 (67) 0"2335 (107) 0"0478 (93) 5"0 (2"1) 
C(4) 0"3920 (53) 0"1728 (86) 0"1662 (74) 4"4 (1"7) 

of the Pt atoms from a Patterson map, successive 
Fourier syntheses gave the positions of the C1 and N 
atoms (R=0.173). A difference map showed three of 
the C atoms and when these were included R was 
reduced to 0.137. Subsequent Fo and (Fo - Fc) syntheses 
revealed the remaining non-hydrogen atoms. The 
introduction of anisotropic thermal parameters for Pt 
and C1 with isotropic parameters for C and N atoms 
followed by block-diagonal least-squares refinement 
reduced R to 0.100. Two large low-angle structure 
factors which were affected by extinction were removed 
from the refinement as were some 117 very weak re- 

N2~ C131 N{21 b\ 

21 C1111 

0, -" \ ..o" \ 

Fig. 1. c/s-Bis(ethyleneimine)dichloroplatinum, bc projection. 

Fig. 2. trans-Bis(ethyleneimine)dichloroplatinum, 
ab projection. 

Pt 273 (10) 
CI(1) 364 (92) 
C1(2) 342 (101) 

Table 1 (cont.) 
Anisotropic thermal parameters x 105 

B,2 B,3 /~,, 
- 3  (51) 6 (36) 662 (21) 
244 (374) -21 (255) 929 (225) 

-287 (367) 95 (242) 1138 (264) 

fl23 ~3 
--164 (52) 586 (17) 

165 (347) 768 (178) 
--67 (356) 702 (205) 



J. C. BARNES,  J. IBALL AND T. J. R. W E A K L E Y  1437 

Table 2. Atomic coordinates and thermal parameters 
for trans-dichlorobis(ethyleneimine)platinum(II) 

x/a y/b z/c B 
Pt 0 0 0 
CI 0"2111 (14) 0"1696 (21) -0"2592 (13) 
N 0"1747 (44) 0"2029 (60) 0"2410 (49) 2"9 (5) 
C(1) 0.2438 (64) 0"4969 (86) 0"2862 (70) 3"8 (7) 
C(2) 0"3949 (60) 0"2890 (80) 0"2196 (66) 3-5 (7) 

other along the normal to the molecular plane as in 
dichloroethylenediamineplatinum(II) (Iball, MacDou- 
gall & Scrimgeour, 1975) and many other Pt ~ com- 
plexes. Both (I) and (II) have shortest Pt-Pt distances 
of 5-11 A, far longer than the values of about 3.4 A 
found in compounds where parallel stacking occurs. 
The packing of (I) and (II) is shown in Figs. 1 and 2. 

Table 2 (cont.) 
Anisotropic thermal parameters x 105 

T= exp [ - (h2flt 1 + k2f122 + 12f133 + hlf113 + klf123 + hkf112)l. 

Pt 1529 (30) -716  (73) - 1310 (49) 2314 (57) 431 (70) 808 (29) 
Cl 2234 (190) -2250 (490) -1320 (290) 5257 (422) 1964 (425) 1193 (157) 

Table 3. Bond lengths (A) and angles (°) in dichlorobis(ethyleneimine)platinum(II) 

cis (I) 
Pt---Cl(1) 2.30 (2) 
Pt--Cl(2) 2-30 (2) 
Pt--N(1) 2"03 (6) 
Pt--N(2) 1.85 (6) 
N(1)-C(I) 1.46 (11) 
N(2)-C(3) 1.58 (12) 
N(1)-C(2) 1.54 (10) 
N(2)-C(4) 1.78 (1 l) 
C(1)-C(2) 1.45 (11) 
C(3)-C(4) 1.55 (13) 

trans (II) c/s (I) trans (II) 
2"20 (1) N(1) -P t - -CI(1)  93"0 (1"5)'1, 92.53 

N(Z)-Pt- -CI(2)  91"6 (1"7) / 
2.04 (3) N(1 ) -P t - -N(2 )  84"9 (2"5) (180) 

CI(1)-Pt--CI(2) 90"5 (0"75) (180) 
1"48 (5) C(1)-N(1)-C(2) 57.9 (4.9) 60.8 (2-5) 

C(3)-N(2)-C(4) 54.4 (4.9) 
1.47 (5) C(1)-C(2)-N(1) 58.1 (4.9) 59.8 (2.5) 

C(3)-C(4)-N(2) 55.9 (4.8) 
1.49 (6) C(2)-C(1)-N(1) 64.0 (5.2) 59.3 (2.5) 

C(4)-C(3)-N(2) 69-6 (5"6) 

flexions. The five H atoms of one ethyleneimine ligand, 
on N(I), C(1) and C(2), were located in a difference 
map; these were included in the Fc calculation, but not 
refined. The final R was 0.083. In the later stages of 
refinement the weighting scheme was I /w=l  for 
IFol < 140, I/w= 140/Igol for IFol >- 140. 

(II) Space-group symmetry placed the Pt atom at the 
origin. A Fourier map phased on this requirement 
showed the positions of all the remaining non- 
hydrogen atoms (Fig. 2). Block-diagonal least-squares 
refinement with isotropic C and N and anisotropic Pt 
and C1 reduced R to 0.070. At this stage 12 reflexions 
which appeared to show extinction were removed. 
After three more cycles R=0.065. The introduction of 
H atoms at calculated positions did not alter R. The 
weighting scheme was: I/w= 1/{1 +[(IFol-F*)/G*] 2} 
with F* = 35, G* = 30.'[" 

Discussion 

The coordinates and thermal parameters for (I) and 
(II) are given in Tables 1 and 2. Bond lengths and 
angles are compared in Table 3. All the values are close 
to those expected with no significant differences be- 
tween the two isomers. In neither (I) nor (II) are the 
PtC12N2 molecular planes stacked parallel to each 

t A list of structure factors is available from the authors 
and has also been deposited with the British Library Lending 
Division as Supplementary Publication No. SUP 30888 (13 pp., 
1 microfiche). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 13 White 
Friars. Chester CH1 1NZ, England. 

In the orthorhombic c& isomer neighbouring mole- 
cules are related by glide and screw operations. Each 
molecule is tilted with respect to all the cell edges. The 
shortest distances between non-hydrogen atoms are 
3.34 A (N-C1) and 3-42 A (C-C1). In the trans isomer 
the closest intermolecular distances involve H - H  
contacts between an H atom of C(1) and the H atom 
of N of an adjacent molecule (2.51 A) and between an 
H atom of C(2) with the corresponding H atom of C(2) 
of another adjacent molecule (2.55 .h). The angle be- 
tween the mean plane of the NC2 ring and that of the 
PtN2CI2 group is 95-2 ° in the trans compound. In the 
cis compound the mean plane of the ring involving 
N(1) makes an angle of 94.0 ° to the PtN2CI2 mean 
plane but the second NC2 ring is in a different orienta- 
tion with an interplanar angle of 45"2 °. The mean 
planes of the two NC2 rings make an angle of 60.7 °. 

We thank the S.R.C. and the Cancer Research 
Campaign for financial support, and Professor M. L. 
Tobe for supplying the compounds. 
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