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Re--P(I) 2.439 (6) C(24)--N(2) 1.15 (2) 
Re---CI(1) 2.472 (7) N(2)--C(25) 1.52 (2) 
Re--CI(3) 2.481 (6) 

C(24)--Re--C(17) 74.2(11) P(I )---Re--CI(3) 157.6(3) 
C(24)--Re--P(2) 109.7 (7) CI(I)--Re----CI(3) 87.8 (2) 
C(17)---Re--P(2) 71.2 (8) C(24)--Re--C1(2) 78.0 (8) 
C(24)--Re--P(I) 110.2 (6) C(17)---Re---CI(2) 130.1 (7) 
C( 17)---Re--P( 1 ) 72.8 (8) P(2)---Re--CI(2) 158.5 (2) 
P(2)---Re--P(1) 114.7 (3) P(1)---Re--CI(2) 79.4 (3) 
C(24)---Re---CI(I) 162.3 (8) CI(I)--Re---CI(2) 88.8 (3) 
C(17)--Re---CI(I) 123.5 (8) CI(3)---Re--CI(2) 83.0 (2) 
P(2)---Re--CI(I) 78.9 (2) N(I)---C(17)---Re 177 (2) 
P(I)--Re---CI(1) 78.2 (2) C(17)--N(1)---C(18) 160 (3) 
C(24)---Re---C1(3) 79.0 (7) N(2)---C(24)--Re 172 (3) 
C(17)--Re---CI(3) 129.5 (8) C(24)---N(2)----C(25) 160 (3) 
P(2)---Re--CI(3) 79.0 (2) 

Systematic absences: l = 2n +1 in hOl; h + k = 2n + 1 in 
hk0. Data were corrected for crystal decay and Lp effects. 
Since our sample suffered extremely fast decay (48% in I 
by the end of data collection) we collected data using the 
constant-precision method, prescanning all reflections and not 
remeasuring those which were found to be 'unobservable' 
[1 < cr(/) in prescan]; all reflections for which the counting 
statistics are obviously poor have therefore been omitted from 
the final cycles and refinement, in which only 1639 observed 
data were used. The structure was solved by direct methods 
(SIR92; Altomare, Cascarano, Giacovazzo, Guagliardi, Burla, 
Polidori & Camalli, 1994) and refined by full-matrix least 
squares with anisotropic displacement parameters for the Re, 
P and CI atoms. H atoms were included at calculated positions 
and given a common isotropic displacement parameter [refined 
UH = 0.12 (2),~2]. One of the cyclohexyl rings was found to 
be disordered; the two half-occupancy moieties were given a 
common displacement parameter and had their bond lengths 
constrained (C--C = 1.54A), and H atoms omitted. The 
1,2-dichlorobenzene solvent molecule was found to have full 
occupancy. 

Calculations were carried out on a Silicon Graphics Per- 
sonal Indigo computer, running IRIX 4.01 with SHELXL93 
(Sheldrick, 1993). Molecular graphics were produced using 
ORTEPII (Johnson, 1971). 
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Abstract  
The structural analysis  of the title compound 
[Re(CInH29NzS2)O].CHC13 was undertaken in order to 
determine whether  the high solubility of the complex 
in chloroform was due to disruption of the hydrogen 
bonding between complexes.  The N - - H - . . O  hydrogen- 
bonding scheme previously observed in the non-solvated 
material was found to persist in the chloroform solvate. 
The chloroform molecules occupy hydrophobic pockets 
created by the ethyl substituents and are involved in 
close contacts with the coordinated S atoms. 

Comment  
Rhenium complexes involving radioactive 186Re and 
188Re have potential as tumour-targetting radiotherapeu- 
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tic agents. The chemical similarities between technetium 
and rhenium have prompted us to investigate the Re 
complexes of ligands that have been used successfully 
in diagnostic imaging using 99mTc (Jackson, Kojima & 
Lambrecht, 1993). Substantial differences have emerged 
between the properties of the Re and Tc complexes, 
the most frustrating of which has been the lower wa- 
ter solubility and lipophilicity of the Re complexes. 
The crystal structure determination of the title com- 
plex, [ReO(tedadt)], in the unsolvated form obtained 
from acetone, revealed that one of the amine groups 
was deprotonated and that pairs of complexes form 
strongly hydrogen-bonded dimers (Jackson, Kojima & 
Lambrecht, 1993). The hydrogen bonding involves the 
oxo ligand and the remaining amine H atom and prob- 
ably accounts for the low solubility of the Re complex. 
The complex was found to have a particularly high sol- 
ubility in chloroform and crystallization from chloro- 
form gave crystals that shattered on prolonged expo- 
sure to air, evidently due to loss of the chloroform sol- 
vent. The structure determination of this putative sol- 
vate, (I), was undertaken to establish whether the high 
solubility in chloroform was associated with disruption 
of the hydrogen-bonded dimers and/or protonation of 
both amines. 

0 

\ / ' a  

(I) 

.CHCI;  

The solvated form of the structure crystallizes with 
the two halves of the dimer related by a centre of 

I 1 symmetry at 0 , i , i .  The chloroform molecules occupy 
pockets surrounded primarily by the ethyl substituents 
of the ligands (Fig. 2). The H atom of the chloroform 
molecule is disposed directly towards the two S atoms 
of one complex with H. . .S  contacts of 2.91 and 2.93 A. 
These contacts do not qualify as strong hydrogen bonds 
but are likely to be energetically favourable. Thus, the 
high solubility of the complex in chloroform probably 
arises from a combination of hydrophobic contacts 
between the solvent and the ethyl groups and weak 
hydrogen bonds between the chloroform and the S donor 
atoms. 

A view of the title complex in the chloroform solvate 
form with the atom-numbering scheme is given in Fig. 
1. The presence of a chloroform solvate was confirmed 
by the structure determination, but the geometry about 
Re, the deprotonation of one amine and the formation of 
an N--H. -  .O hydrogen-bonded dimer IN.--O 2.82 (2), 
H-.-O 1.96A] were found to be similar to those 
reported for the solvent-free form of the structure. 
Accordingly, the structural details of the complex are 
not discussed further. 

O1 

Fig. 1. A view of the title complex in the chloroform solvate form 
with the atom-numbering scheme. Non-H atoms are shown at the 
30% probability level. 

Fig. 2. ORTEP (Johnson, 1965) plot of the unit cell showing the 
chloroform molecules occupying hydrophobic pockets in the lattice, 
viewed down the a axis with the b axis vertical and the c axis 
horizontal. 

Experimental 
Crystals were grown by evaporation from chloroform solution. 
The crystals were coated with epoxy resin to minimize solvent 
loss but substantial decomposition still occurred during data 
collection. 
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Crystal data 

[Re(CI4H29N2S2)O] .CHCI3 
Mr -" 611 .10  
M o n o c l i n i c  
P21/n 
a = 7 .058 (7) A 
b = 18.962 (7) ,~, 
c = 17.05 (2) A 
/3 = 90 .92  (9) ° 
V = 2281 (2) .~3 

Z = 4  
Dx = 1.779 M g  m -3  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r ac tome te r  
w - 0  scans  
A b s o r p t i o n  correc t ion:  

analyt ica l  

Train = 0 .252,  Tmax = 
0.521 

4301 m e a s u r e d  ref lec t ions  
4031 independen t  ref lec t ions  

Refinement 

R e f i n e m e n t  on F 
R = 0 .0500  
wR = 0 .0540  
S = 3 .530  
3307  ref lect ions  
218 pa ramete r s  

Weigh t ing  s c h e m e  based  
on m e a s u r e d  e .s .d . ' s  

(A/or)max = 0.011 
Apmax = 3.35 e ~ - 3  
Apmin = - 3 . 7 9  e ik -3  

C(13) -0.119 (2) 0.4734 (8) 
C(14) -0.340 (2) 0.4760 (7) 

M o  Kc~ radia t ion c(15) 0.702 (2) 0.1930 (8) 
A = 0 .7109  
Cell  pa ramete r s  f rom 25 

ref lec t ions  Re( 1 )--S( 1 ) 2.260 (4) 
0 = 9 . 0 - 1 2 . 0  ° Re(I)---S(2) 2.278 (4) 
It = 5 .867 m m  - I  Re(l)---O(l) 1.737 (8) 

Re(1)--N(I) 2.17 (1) 
T = 273 .2  K Re(1)---N(2) 1.93 (1) 
N e e d l e  Cl( 1 )--c(15) 1.76 (1) 
0.45 × 0.18 × 0.15 m m  c1(2)----c(15) 1.77(2) 
Purple  c1(3)---c(15) 1.72 (2) 

S(I)--C(I) 1.87 (1) 
s(2)--c(8) 1.85 (1) 
N( 1 )--C(6) 1.45 ( ! ) 
N( 1 )---C(7) i .51 (2) 
N(2)----C(13) 1.46 (2) 

3307  o b s e r v e d  ref lec t ions  
s( 1 )---Re( 1 )--S(2) 87.8 ( 1 ) 

[I > 2.5or(D] S(l)--Re(1)--O(l) 118.5 (3) 
Rmt = 0 .039  S(I)--Re(1)--N(1) 83.3 (3) 
0max = 25 ° S(1)--Re(i)--N(2) 124.9 (3) 
h = - 8  ~ 8 S(2)---Re(I)---O(1) 109.1 (3) 

S(2)--Re(I )---N(i) 150.6 (3) 
k = 0 ~ 22 S(2}----Re(I)--N(2) 82.8 (3) 
l = 0 ~ 20 O(l)---Re(l )---N(1) 99.8 (4) 
3 s tandard  ref lec t ions  0(1 )--Re(l )---N(2) ! 15.9 (4) 

f r equency :  60  min  N(1)---Re(I)---N(2) 79.5 (4) 
Re(l )---S(I)----C(I) 102.4 (4) 

in tensi ty  decay :  - 3 3 . 3 7 %  Re(I}----S(2)---C(8) 99.3 (4) 
Re(1)---N(1)--C(6) 113.7 (8) 
Re(I)--N(1)---C(7) 108.5 (7) 
C(6)---N(1)---C(7) 114.3 (9) 

Ext inc t ion  correc t ion:  Re(I)---N(2)---C(13) 124.5 (8) 
Zacha r i a sen  (1967)  type  Re(I)---N(2)----C(14) 120.9(8) 
2, Gaus s i an  isot ropic  C(13)---N(2)---C(14) 112 (1) 

Ext inc t ion  coeff ic ient :  s( I)----c(1 )----c(2) 108.5 (9) 
S(I)--C(1)--C(4) 108.4 (9) 

0 .04708  S(l )----c(!)---c(6) 105.4(9) 
A t o m i c  scat ter ing factors  

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

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( ~ 2 )  

Ueq = (1 /3 )E iE jUi j a~  af ai.aj. 

x y z Ueq 
Re(l) 0.02523 (6) 0.54556 (3) 0.35493 (3) 0.0288 
CI(1) 0.9208 (6) 0.1569 (3) 0.3060 (3) 0.0840 
C!(2) 0.6621 (7) 0.1754 (3) 0.4324 (3) 0.0896 
C1(3) 0.6935 (7) 0.2822 (3) 0.3151 (3) 0.0921 
S(I ) 0.0110 (5) 0.6643 (2) 0.3646 (2) 0.0414 
S(2) 0.1736 (4) 0.5603 (2) 0.2384 (2) 0.0383 
O(1) 0.175 (1) 0.5000 (5) 0.4190 (5) 0.0420 
N(I) -0.228 (!) 0.5500 (5) 0.4250 (5) 0.0315 
N(2) -0.144 (1) 0.4885 (5) 0.2921 (6) 0.0338 
C(I) -0.179 (2) 0.6775 (7) 0.4383 (8) 0.0381 
C(2) -0.089 (2) 0.6741 (7) 0.5208 (8) 0.0474 
C(3) -0.224 (2) 0.6858 (9) 0.5869 (9) 0.0701 
C(4) -0.278 (2) 0.7480 (8) 0.4210 (8) 0.0535 
C(5) -0.158 (3) 0.8137 (8) 0.434 (1) 0.0757 
C(6) -0.322 (2) 0.6180 (7) 0.4232 (8) 0.0394 
C(7) -0.354 (2) 0.4886 (7) 0.4024 (8) 0.0395 
C(8) 0.088 (2) 0.4802 (7) 0.1871 (7) 0.0357 
C(9) 0.208 (2) 0.4174 (7) 0.2165 (8) 0.0418 
C(10) 0.152 (2) 0.3467 (9) 0.1831 (9) 0.0690 
C(I 1) 0.106 (2) 0.4911 (8) 0.0981 (8) 0.0599 
C(12) 0.310 (2) 0.4983 (10) 0.0682 (9) 0.0755 

0.2090 (8) 0.0435 
0.3162 (8) 0.0429 
0.3321 (9) 0.0583 

T a b l e  2. Selected geometric parameters (~, ,  o) 

N(2)--C(14) 1.46 (l) 
C( 1 )--C(2) 1.54 (2) 
C( 1 )--C(4) 1.53 (2) 
C( 1 )--C(6) 1.53 (2) 
C(2)----C(3) 1.51 (2) 
C(4)--C(5) 1.52 (2) 
C(7)--C(14) 1.49 (2) 
C(8)--C(9) 1.54 (2) 
C(8)----C(! i) 1.54 (2) 
C(8)----C(13) 1.52 (2) 
C(9)--C(10) 1.51 (2) 
C( 11 )---C(12) 1.54 (2) 

C(2)---C( 1 )---C(4) I 13 ( l ) 
C(2)---C(1)--C(6) ll3 (i) 
C(4)--C(1)--C(6) 108 (1) 
C(1)---C(2)---C(3) 115 (i) 
C(1)--C(4)----C(5) 116 (1) 
N(1)--C(6)---C(I) 111 (1) 
N(1)---C(7)---C(14) 109 (1) 
S(2)---C(8)----C(9) 108.0 (9) 
S(2)---C(8)---C(1 l) 109 (1) 
S(2)--C(8)---C(13) 105.1 (9) 
C(9)---C(8)---C( i I ) l ! 2 ( i ) 
C(9)---C(8)---C(I 3) 112 (1) 
C(1 l)--C(8)--C(13) l l0( I )  
C(8)--C(9)---C(10) ll5 (l) 
C(8)--C(I 1)--C(l 2) ll5 (I) 
N(2)---42(I 3)----C(8) Ill (1) 
N(2)---C(14)---C(7) 109 (1) 
Cl(l)--C(15)--Ci(2) 109.0 (9) 
Ci(l)---C(15)--Ci(3) 111.6 (8) 
Cl(2)----C(15)---C!(3) ll0.1 (9) 

H a toms  were  ref ined r iding on their  a s soc ia ted  C or  
with  C - - H  and N - - H  d is tances  o f  0.95 ~,. 

N a toms  

Data  col lec t ion:  C A D - 4  Software ( E n r a f - N o n i u s ,  1989).  
Cell  ref inement :  C A D - 4  Software. Data  reduct ion:  TEXSAN 
( M o l e c u l a r  S t ruc ture  Corpora t ion ,  1993).  P rog ram(s )  used  to 
so lve  structure:  SHELXS86 (Sheldr ick ,  1985).  P rog ram(s )  used  
to refine structure:  TEXSAN. M o l e c u l a r  graphics :  ORTEP 
( Johnson ,  1965).  S o f t w a r e  used  to p repare  mater ia l  for  publ i -  
cat ion:  TEXSAN. 

Lists of  structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: FGI012).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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