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Fig. I. Molecular structure and atom-numbering scheme. Thermal 
ellipsoids drawn at 30% probability level. 
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Fig. 2. A molecular dimer viewed along the c crystallographic axis 
('free' phenyl rings removed for clarity). 

dimethylbenzylamines (Barr, Dyke, Smith, Kennard 
& McKee, 1985). 

The phenyl rings A and B are planar and tilted by 
34.6 (2) and 47.4 (2) ° with respect to the Pd(1) and 
Pd(2) mean coordination planes, respectively. The 
H(12)---CI(1) and H(14)---C1(2) distances are normal. 

The crystal packing (Fig. 2) is characterized by 
discrete pairs of dimers which show weak inter- 
molecular association. The shortest metal-metal con- 
tact [Pd(1)--Pd(la;  - x ,  - y ,  - z  + 1), 3.620 (1) A] 
is greater than 3-2 A, the van der Waals radii sum 
(Pauling, 1960). There is a hydrogen bond with a 
solvate molecule [O(2)---O(3a; - x  + 1, - y  + 1, - z  
+ 1) = 2-60 (1), O(2)--H(30) = 0.91 (1) A; O(2)- -  
H(30)--O(3a) = 173 (1)°]. 

This work was supported by the Italian C N R  and 
Ministero dell'Universitfi e della Ricerca Scientifica e 
Tecnologica. We thank Johnson Matthey Research 
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Abstract. C37H47N4Rh, Mr = 650.72, triclinic, P1,  a 
= 10.973 (1), b = 11.875 (1), c = 14.211 (1)A,  a = 

* To whom correspondence should be addressed. 

0108-2701/91 / 122547-04503.00 

108.03 (1), /3 = 105.41 (1), 3, = 100.92(1) °, V =  
1616.0 (7) A 3, z = 2, Dx = 1.337 g cm -3, A(Mo Kal)  
= 0.7093 A, /z = 5.5 cm-  i, F(000) = 684, T = 295 K, 
final R = 0.044 for 4775 reflections [Fo > 3~r(Fo)]. The 
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present structure is different from the one reported 
earlier [Takenaka, Syal, Sasada, Omura, Ogoshi & 
Yoshida (1976). Acta Cryst. B32, 62-65]: the Rh--C 
distance is somewhat shorter [1.970 (4)/~]; all the 
ethyl groups, except for a disordered one, are 
oriented toward the methyl group attached to Rh; 
the two nearest neighbors form a 'dimer' in which 
the Rh-Rh distance is 4.67/~ and the mean plane 
separation is 3.35/~. 

Introduction. The rhodium-carbon bond is one of 
the strongest metal-carbon bonds (Farnos, Woods & 
Wayland, 1986). We are interested in the effect of 
axial ligands on Rh--C bond distances in a series of 
rhodium porphyrin complexes, Rh(porphyrin)- 
(CH3)(L) where L is an axial ligand. In an attempt to 
prepare octaethylporphyrinato(methyl)(1-methylim- 
idazole)rhodium we accidentally obtained crystals of 
Rh(oep)(CH3) (where oep = octaethylporphyrinato) 
whose structure turned out to be different from the 
one reported earlier (Takenaka, Syal, Sasada, 
Omura, Ogoshi & Yoshida, 1976). 

Experimental. Crystals of the title compound were 
formed when n-hexane was allowed to diffuse 
into a solution of Rh(oep)(CH3) (Ogoshi, Omura & 
Yoshida, 1973) in CH2C12 containing 1-methylimi- 
dazole (ca 10%). Dark red crystal, 0.35 × 0.50 × 
0.17 mm; Enraf-Nonius CAD-4 diffractometer; 
monochromated Mo Ka radiation; 25 reflections (11 
< 0 < 15 °) used for measuring lattice parameters; 
co/20 scan, co-scan width of (0.80 + 0.34tan0)°; max. 
sin 0/,t = 0.5958/~-1; _ 12 ___ h _< 12, - 14 _< k _< 13, 
0 < l_< 16; 5865 reflections measured, averaged to 
5367 unique data (agreement: 1.6% o n / ,  1.3% on 
F), 4775 observed [I > 3oo(1)]. The intensities of four 
standard reflections (2T74, 232, 471, 012), recorded 
after every 3 h of X-ray exposure, decayed by 11.4% 
on average by the end of the data collection. The 
data were corrected for crystal decay, Lorentz- 
polarization and absorption effect; empirical absorp- 
tion correction (relative transmission factor: 0.897- 
1.000) based on azimuthal (~) scans of six reflec- 
tions. Structure solved by Patterson and Fourier 
synthesis methods. One of the ethyl groups was 
disordered; its methyl C atom was disordered over 
two sites (C28 and C28') which were subsequently 
shown (by refinement) to have 0.52 and 0.48 
occupancies, respectively; however, attempts to 
resolve its methylene carbon (C27) into two different 
sites failed (see Fig. 1). Full-matrix least-squares 
refinement on F; function minimized, Xw([Fol- 
IF~I) 2, w = 4 F o 2 / 0 0 2 ( / )  with 0 0 ( / ) = [ 0 0 ( / ) 2 _ } _ ( p F o 2 ) 2 ] 1 / 2  

(p = 0.04), all non-H atoms refined anisotropically; 
H atoms attached to C37 atom found from 
difference Fourier map; the other H atoms posi- 
tioned according to idealized geometry (C--H = 

Table 1. Fractional coordinates and equivalent iso- 
tropic thermal parameters for non-H atoms with 

e.s.d. 's in parentheses 

B~ = (413)~,~i,8o.a~.a, 

x y z B~q(A 2) 
Rh -0.20009 (3) 0.03034 (3) 0.01373 (3) 2.701 (7) 
NI -0.2849 (3) 0.1189 (3) -0.0763 (2) 2.91 (8) 
N2 -0 .2 t  12 (3) 0.1537 (3) 0.1438 (2) 3.01 (9) 
N3 -0.1110 (3) -0.0544 (3) 0.1044 (2) 2.94 (8) 
N4 -0.1857 (3) -0.0897 (3) -0.1155 (2) 2.81 (8) 
CI -0.3183 (4) 0.0831 (3) -0.1822 (3) 3.3 (1) 
C2 -0.3812 (4) 0.1685 (3) -0.2170 (3) 4.0 (1) 
C3 -0.3837 (4) 0.2526 (3) -0.1295 (3) 3.6 (1) 
C4 -0.3242 (4) 0.2235 (3) -0.0402 (3) 2.9 (1) 
C5 -0.3108 (4) 0.2848 (3) 0.0630 (3) 3.1 (I) 
C6 -0.2609 (4) 0.2546 (3) O. 1480 (3) 3.2 (1) 
C7 -0.2566 (4) 0.3164 (4) 0.2537 (3) 4.2 (1) 
C8 -0.2059 (4) 0.2547 (4) 0.3147 (3) 4.6 (I) 
C9 -0.1775 (4) 0.1538 (4) 0.2422 (3) 3.7 (1) 
CIO -0.1204 (4) 0.0688 (4) 0.2730 (3) 4.1 (1) 
CII  -0.0903 (4) -0.0270 (3) 0.2080 (3) 3.4 (1) 
C12 -0.0294 (4) -0.1139 (3) 0.2420 (3) 3.7 (I) 
C13 -0.0175 (4) -0.1928 (3) 0.1562 (3) 3.4 (1) 
C14 -0.0688 (4) -0.1564 (3) 0.0693 (3) 3.1 (1) 
C15 -0.0766 (4) -0.2152 (3) -0.0330 (3) 3.3 (1) 
C16 -0.1319 (4) -0.1874 (3) -0.1197 (3) 3.1 (1) 
C17 -0.1471 (4) -0.2567 (3) -0.2267 (3) 3.6 (I) 
C18 -0.2090 (4) -0.2015 (3) -0.2881 (3) 3.7 (1) 
C19 -0.2330 (4) -0.0985 (3) -0.2160 (3) 3.3 (1) 
C20 -0.2953 (4) -0.0175 (3) -0.2477 (3) 3.8 (1) 
C21 -0.4261 (5) 0.1622 (4) -0.3280 (4) 6.6 (2) 
C22 -0.5595 (6) 0.0790 (6) -0.3852 (5) 10.4 (2) 
C23 -0.4403 (4) 0.3630 (4) -0.1217 (4) 4.7 (1) 
C24 -0.5799 (4) 0.3334 (4) -0.1176 (4) 6.3 (2) 
C25 -0.3024 (4) 0.4322 (4) 0.2883 (4) 5.6 (1) 
C26 -0.4509 (5) 0.3982 (5) 0.2596 (4) 7.5 (2) 
C27 -0.1808 (5) 0.2841 (4) 0.4295 (4) 6.6 (2) 
C28' -0.0699 (9) 0.3653 (9) 0.5012 (7) 5.0 (3) 
C28 -0.262 (I) 0.229 (1) 0.4527 (7) 8.4 (4) 
C29 0.0114 (5) -0.1106 (4) 0.3522 (4) 5.3 (1) 
C30 -0.0983 (6) -0.1813 (5) 0.3763 (4) 8.5 (2) 
C31 0.0360 (4) -0.3032 (3) 0.1466 (4) 4.2 (1) 
C32 -0.0748 (5) -0.4245 (4) 0.1050 (4) 5.7 (2) 
C33 -0.1044 (4) -0.3728 (4) -0.2625 (3) 4.5 (1) 
C34 -0.2098 (5) -0.4886 (4) -0.2781 (4) 6.0 (2) 
C35 -0.2451 (5) -0.2365 (4) -0.4052 (3) 5.2 (1) 
C36 -0.3827 (6) -0.3181 (5) -0.4675 (4) 7.9 (2) 
C37 -0.3735 (4) -0.0819 (4) -0.0120 (3) 4.5 (1) 

0.95 A) and given isotropic B's of 1.2 times B of 
attached atom (H atoms attached to disordered ethyl 
group not included); final cycle of refinement on F 
including 389 variables converged to R = 0.045, wR 
= 0.033, S = 3.23; final (A/00)max = 0.21; the highest 
and lowest peaks in the final difference map were 
1.23 (near Rh atom) and -0.95 e A -3, respectively; 
atomic scattering factors and anomalous-dispersion 
corrections from International Tables for X-ray Crys- 
tallography (1974, Vol. IV) for the non-H atoms and 
from Stewart, Davidson & Simpson (1965) for H; all 
the calculations were carried out with the Enraf- 
Nonius (1980) Structure Determination Package. 
Table 1" gives atomic coordinates and equivalent 
isotropic thermal parameters of the non-H atoms 

* Lists of structure factors, anisotropic thermal parameters, 
bond distances and angles for all non-H atoms, and H-atom 
parameters have been deposited with the British Library Docu- 
ment Supply Centre as Supplementary Publication No. SUP 
54428 (32 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH 1 2HU, England. 
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Table 2. Selected bond distances (A) and angles (°) 

Rh--N1 2.043 (3) C1 I---C12 1.463 (6) 
Rh--N2 2.021 (3) C13--CI4 1.442 (6) 
Rh--N3 2.032 (3) C16---CI7 1.434 (6) 
Rh--N4 2.012 (3) C18--CI9 1.450 (6) 
Rh--C37 1.970 (4) C2--C3 1.342 (6) 
N1--CI 1.353 (5) C7--C8 1.374 (7) 
NI--C4 1.385 (5) C12--CI3 1.343 (6) 
N2--C6 1.399 (5) CI7---CI8 1.363 (6) 
N2---C9 1.347 (6) C4--C5 1.373 (6) 
N3---CII 1.351 (5) C5--C6 1.370 (6) 
N3--CI4 1.376 (5) C9---CI0 1.403 (7) 
N4---CI6 1.391 (5) CI0---CI 1 1.382 (6) 
N4--C19 1.346 (5) CI4--C15 1.375 (6) 
CI--C2 1.464 (6) CI5--C16 1.387 (6) 
C3--C4 1.440 (6) CI9---C20 1.395 (6) 
C6--C7 1.437 (6) C1--C20 1.381 (6) 
C8--C9 1.464 (6) 

NI- -Rh--N2 90.5 (I) NI - -CI - -C2  109.6 (3) 
N I - -Rh--N4 89.2 ( 1 ) N 1--C4--C3 108.0 (3) 
N2--Rh--N3 89.3 ( I ) N2--C6---C7 109.0 (4) 
N3--Rh--N4 91.0 (I) N2--C9--C8 112.1 (4) 
NI- -Rh--N3 178.5 (I) N3---CI I--C12 109.6 (3) 
N2--Rh--N4 178.8 (I) N3--C14--C13 109.2 (3) 
NI--Rh--C37 92.5 (2) N4--C16---C17 109.8 (4) 
N2--Rh--C37 90.8 (2) N4--CI9--CI8 111.8 (4) 
N3--Rh--C37 89.0 (2) CI--C2--C3 105.9 (4) 
N4--Rh--C37 90.4 (2) C2--C3--C4 108.9 (4) 
Rh--N 1--C I 126.4 (3) C6--C7---C8 108.7 (4) 
Rh--NI--C4 125.8 (3) C7--C8--C9 104.2 (4) 
Rh--N2--C6 126.1 (3) CI 1--C12--C13 106.5 (4) 
Rh--N2--C9 127.8 (3) C12---C13---C14 107.6 (4) 
Rh--N3--CI 1 126.8 (3) C16---C17---C18 107.5 (4) 
Rh--N3--CI4 125.9 (3) C17--C18--C19 105.3 (4) 
Rh--N4---CI6 126.2 (3) C2--CI--C20 124.9 (4) 
Rh--N4--C 19 128.2 (3) C3--C4--C5 127.1 (4) 
CI - -NI - -C4  107.7 (3) C5--C6--C7 126.3 (4) 
C6--N2--C9 106.1 (3) C8--C9--CI0 123.3 (4) 
CI 1--N3--CI4 107.1 (4) CI0---CI 1---CI2 124.8 (4) 
CI6--N4--C19 105.5 (3) C13--CI4---C15 125.7 (4) 
NI- -CI- -C20 125.6 (4) C15--CI6--CI7 125.7 (4) 
NI--C4--C5 124.9 (4) C18--CI9--C20 123.6 (4) 
N2--C6---C5 124.7 (4) C4---C5--C6 127.9 (4) 
N2--C9---C10 124.6 (4) C9--CI0--CI I 125.6 (4) 
N3---CI I--CI0 125.7 (4) C14----C15--CI6 127.4 (4) 
N3--CI4--C15 125.1 (4) C19--C20--C1 125.9 (4) 
N4--C 16---C15 124.4 (4) 
N4--CI9--C20 124.6 (4) 

and Table 2 selected bond distances and angles. Fig. 
1 shows an ORTEP (Johnson, 1976) drawing of  the 
title compound with adopted numbering. 

Discussion. A structure (a form) of  Rh(oep)(CH3) 
has been reported (Takenaka, Syal, Sasada, Omura, 
Ogoshi & Yoshida, 1976). The present structure (fl 
form) reveals several noticeable differences from the 
earlier one: (a) the Rh- -C  distance is significantly 
shorter [1.970 (4)A] in the /3 form than in the a 
form [2.013 (6) A], (b) all the ethyl groups except for 
the disordered one in the/3 form are oriented toward 
the methyl group attached to Rh whereas four of  the 
ethyl groups are disordered in the a form, (c) the 
Rh- -Rh  distance between the nearest neighbors is 
4.67 ,~ in the /3 form compared to 7.22 A in the a 
form. In this structure the two nearest neighbors, 
which are related to each other by inversion symme- 
try, form a 'dimer' where the mean-plane separation 
is 3.35 A and the lateral shift of  the rings is 3.28 A 
(Fig. 2). Strong 7r-Tr interaction between the por- 
phyrin rings appears to be responsible for the 
dimeric structure (Scheidt & Lee, 1987). 

Although the average bond parameters of  the 
porphyrin core are close to the typical values of  
metalloporphyrins (Scheidt, 1978; Hoard, 1975) a 
careful inspection reveals large variations in bond 
distances, especially those of  R h - - N  (2.012-2.043 A) 
and N---Ca (1.346-1.399 A). Two quite distinct sets 
of N--Ca,  Ca--Cb and Cb--Cb bonds are observed: 
(N--C~,)long = 1.388, (N--Cu)short = 1.349; (Ca-- 
C b ) l o n g  = 1.460, ( C a - - - - C b ) s h o r  t = 1.438; (Cb--Cb)~ong = 

1.369, (Cb--Cb)short = 1.343 A (nomenclature from 
Hoard, 1975). The longer and shorter bonds are 
arranged in such a way that the porphyrin core has 

C 3 2 0  ~ ) C 3 4  ~ C 3 6  

C 2 9 ~  C22 

~ (25 Q,~C23 

Fig. 1. ORTEP (Johnson, 1976) diagram of octaethylporphyrin- 
ato(methyl)rhodium(III) (/3 form) with atom labeling (50% 
probability thermal ellipsoids). H atoms are omitted for clarity. 

r ~ 

c 
> 

(a) 

(b) 

Fig. 2. PLUTO (Motherwell & Clegg, 1978) drawings of the two 
Rh(oep)(CH3) related by an inversion center showing the over- 
lap of the two cores: (a) top view (the heavy lined core is closer 
to the viewer), (b) side view. 
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approximate D2h symmetry. The origin of such a 
variation in bond distances is not understood. The 
porphyrin core is essentially planar and the dis- 
placement of Rh is only 0.024 A from the mean 
four-nitrogen plane toward the methyl group. 

This work was supported by the Korea Science 
and Engineering Foundation. 

References 

Enraf-Nonius (1980). Structure Determination Package. Enraf- 
Nonius, Delft, The Netherlands. 

FARNos, M. D., WOODS, B. A. & WAYLAND, B. B. (1986). J. Am. 
Chem. Soc. 108, 3659-3663. 

HOARD, J. L. (1975). In Porphyrins and Metalloporphyrins, edited 
by K. M. SMITH, pp. 317--380. Amsterdam: Elsevier. 

JOHNSON, C. K. (1976). ORTEP. Report ORNL-5138. Oak Ridge 
National Laboratory, Tennessee, USA. 

MOTHERWELL, W. D. S. & CLEGG, W. (1978). PLUTO. Program 
for plotting molecular and crystal structures. Univ. of Cam- 
bridge, England. 

OGOSHI, H., OMURA, T. & YOSHIDA, Z. (1973). J. Am. Chem. Soc. 
95, 1666-1668. 

SCHEIDT, W. R. (1978). In Porphyrins, Vol. III, edited by D. 
DOLPHIN, pp. 463-512. New York: Academic Press. 

SCHEIDT, W. R. & LEE, Y. J. (1987). Struct. Bonding (Berlin), 67, 
1-70. 

STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). J. 
Chem. Phys. 42, 3175-3187. 

TAKENAKA, A., SYAL, S. K., SASADA, Y., OMURA, T., OGOSm, H. 
& YOSHIDA, Z. (1976). Acta Cryst. B32, 62--65. 

Acta Cryst. (1991). C47, 2550-2553 

Complexation d'un Agent Trichomonacide (T6nonitrozole) par l'Ac6tate de Rhodium: 
Structure Cristalline du T6trakis(/z-ac6tato)-bislS-nitro-2-(2-th6noylamino)-l,3- 

thiazoleldirhodium(II) Diehlorom6thane 

PAR B. VIOSSAT 

Laboratoire de Chimie Gdndrale, UFR de Mddecine et de Pharmacie, 34 rue du Jardin des Plantes, 
86034 Poitiers CEDEX, France 

NGUYEN-HUY DUNG 

Laboratoire de Physique (URA 200), Facultd de Pharmacie, 4 avenue de l'Observatoire, 
75270 Paris CEDEX 06, France 

F. ROBERT 

Laboratoire de Chimie des Mdtaux de Transition (URA 419), Universitd Pierre et Marie Curie, 
4 place Jussieu, 75230 Paris CEDEX 05, France 

ET J. C. LANCELOT ET M. ROBBA 

Laboratoire de Chimie Thdrapeutique, UFR de Pharmacie, 1 rue Vaubdnard, 14032 Caen CEDEX, France 

(Refu le 8 mars 1991, acceptd le 28 juin 1991) 

Abstract. [Rh(CH3CO2)2(CsHsN303S2)]2.CH2C12, Mr 
=1037.5, monoclinic, P21/n, a = 8 . 0 7 4 ( 2 ) ,  b = 
19.088 (4), c = 12.007 (2) A, /~ = 95.39 (2) °, V =  
1842.3 (1) A 3, Z = 2, D,,, = 1.82 (3), Dx = 
1.86 Mg m -3, A(Mo Kce) = 0.7107 A, /x  = 1.3 mm-~,  
F(000) = 1032, T =  294 (1) K, R = 0.028 for 2323 
independent reflections. The unit-ceU contains two 
discrete molecules, which present an inversion centre. 
In the adduct, the R h - - N  bond length of 2.242 (8) A 
is slightly shorter than that observed in a complex 
formed from rhodium acetate and diphenyltriazene. 
The R h m R h  distance [2.383 (1) A.] and other param- 
eters for the rhodium acetate cage show no major 

deviations from those reported in the complex with 
diphenyltriazene. In the title complex, the atoms 
0(27) and S(21) of the thenoyl group are in an E 
conformation relative to the C(22)--C(26) bond, 
while in the free ligand and its dimethylformamide 
solvate the corresponding conformation is Z. 

Introduction. Les carboxylates de rhodium(II) sus- 
citent un intrr& soutenu depuis quelques ann&s, 
tant pour leurs proprirtrs catalytiques en synthrse 
organique, que pour leur action comme agents anti- 
tumoraux potentiels, par inhibition de la synthrse de 
I 'ADN (Howard, Kimball & Bear, 1979; Erck, 

0108-2701/91/122550-04503.00 © 1991 International Union of Crystallography 


