
1628 (TRIFLUOROMETHYLBENZENE)(p-XYLENE)CHROMIUM(0) 

Fig. 2. Packing diagram of (1) as viewed down the c axis. The 
closest intermolecular contact is 2.51 (5) A for 
H(10)...H(14B)(1--x, I--y, z-0.5). 

packing in Fig. 2. Principal computer programs are 
given by Gadol & Davis (1982); program for least- 
squares-planes calculations from Cordes (1983). 

Related fiterature. A (benzene)(napthalene)Cr 0-' com- 
plex has recently been reported (Kiindig, Perret, 
Spicahiger & BernardineUi, 1985). Jellinek (1963), 
Cotton, Dollase & Wood (1963), Ibers (1964) and 
Keulen & Jellinek (1966)have reported the structures 
of bisbenzeneCr °. Elschenbroich, Mockel, Massa, Birk- 
hahn & Zenneck (1982) reported a bisnaphthalene 
complex. Eyring, Zuerner & Radonovich (1981) and 

Larson, Seymour & Lagowski (1987) have reported 
trifluoromethylbenzene complexes of Cr °. 

CMS and JJL gratefully acknowledge the generous 
support of the Robert A. Welch Foundation and the 
Texas Advanced Technology Program. 
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Structure of Chloro(isothiocyanato)bis(triphenylphosphine oxide)manganese(ll) 
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Instituto de Qufmica de Araraquara, Caixa Postal  174, 14800 Araraquara, SP, Brazi l  

(Received 6 August 1986; accepted 10 March 1987) 

Abstract. [MnCI(NCS){OP(CnH5)3}2] , M r= 705.06, 
orthorhombic, Pbca, a = 10.992 (3), b = 22.331 (2), 
c = 2 7 . 7 2 2 ( 4 ) A ,  V = 6 8 0 5 ( 3 ) A  3, z = 8 ,  D m= 
1.37 (1), D x = 1.376 (5) g cm -3, 2(Mo Kct) = 
0-71069 A, # = 5.98 cm -~, F(000) = 2904, T =  ca 
293 K, R = 0.102 for 2486 observed reflections. Pairs 
of molecules of the complex link through Mn-CI ' (1  - 
x, 1 - y ,  1 - z) bonds to form dimeric units. Because of 
this dimerization, the Mn atom assumes a distorted 
trigonal-bipyramidal geometry. The Mn atom is 0.08 A 

0108-2701/87/081628-03501.50 

out of the equatorial plane formed by C1, O and N 
atoms. Pairs of these bipyramids share C1--CI' edges. 

Experimental. Synthesized and characterized by 
Davolos (1978), colourless plates, 0.2 x 0.2 x 0.4 mm, 
D m by flotation (CH3OH + CHBr3) , CAD-4 dif- 
fractometer, 09-20 scan mode, unit-cell dimensions 
from 25 reflections (10 < 0 < 17°), absorption ig- 
nored, 0 < 2 4  ° , 0 < h < 1 2 ,  0 < k < 2 5 ,  0 < l < 3 1 ,  
three standard reflections showed no appreciable 

© 1987 International Union of Crystallography 



KOYCHI TOMITA 1629 

intensity variation, 4141 independent reflections, 2486 
observed reflections [I > 3tr(I)], Lorentz and polariza- 
tion corrections. Structure solved partially by 
MULTAN78 (Main, Hull, Lessinger, Germain, De- 
clercq & Woolfson, 1978), subsequent difference 
Fourier maps showed all other atoms. Refinement by 
least squares using SHELX76 (Sheldrick, 1976), 
~w(  IF ol -- IF c I)2 minimized, atomic coordinates, 
anisotropic thermal parameters and scale factor refined, 
isotropic thermal parameters for H atoms located 
geometrically and not refined, final R = 0.102, wR 
= 0.079 (poor quality of crystal and hence of agree- 
ment indices), w=2.5795/aZ(Fo), maximum .,t/o in 
final refinement cycle O-05, maximum and minimum 

Table 1. Atomic coordinates and equivalent isotropic 
thermal parameters (Hamilton, 1959) with e.s.d.'s in 

parentheses 

x y z Beq(A 2) 
Mn 0.4302 (2) 0.4777 (1) 0.4394 (1) 3.20 (7) 
CI 0.4980 (4) 0.5702 (l) 0.4800 (1) 4.1 (l) 
S 0.7063 (5) 0.3423 (2) 0.3597 (1) 6.0 (2) 
P(A) 0.1625 (4) 0.3951 (I) 0.4293 (1) 3.6 (1) 
P(B) 0.3514 (4) 0.5770 (1) 0.3450 (1) 3.6 (1) 
O(A) 0.2772 (8) 0.4279 (3) 0-4438 (3) 3.8 (3) 
O(B) 0.3530 (9) 0.5293 (3) 0.3835 (3) 4.7 (4) 
N 0.553 (1) 0-4309 (5) 0.3963 (4) 4.6 (5) 
C 0.614 (1) 0.3926 (6) 0.3807 (5) 4.0 (6) 
C(IA) 0.146 (1) 0.3252 (5) 0.4631 (4) 3.1 (5) 
C(2A) 0-066 (2) 0.2815 (5) 0.4471 (5) 4.7 (6) 
C(3A) 0.056 (2) 0.2289 (6) 0.4719 (5) 5.7 (7) 
C(4A) 0.127 (2) 0.2202 (6) 0.51.31 (6) 4-7 (7) 
C(5A) 0.212 (2) 0.2639 (61 ,~? 0.529,2 (5) 5.9 (8) 
C(6A) 0.222 (2) 0.3181 (6) 0.5035 (5) 4.8 (7) 
C(7A) 0.032 (1) 0.4388 (5) 0.4379..(4) 3.4 (6) 
C(8A) 0-031 (2) 0.5008 (5) 0.4271 (4) 4.2 (6) 
C(9A) -0.066 (2) 0.5365 (6) 0.4319 (6) 6.0 (8) 
C(10A) -0.172 (2) 0.513i (7) 0.4487 (5) 5.7 (8) 
C(I IA) -0.182 (2) 0.4532 (7) 0.4595 (5) 5.0 (7) 
C(12A) -0.081 (2) 0.4175 (6) 0.4541 (5) 4.1 (6) 
C(13A) 0.165 (2) 0.3734 (6) 0.3659 (5) 5.0 (7) 
C(14A) 0.059 (2) 0-3782 (6) 0.3376 (5) 5-0 (7) 
C(15A) 0.063 (3) 0.3577 (8) 0.2909 (7) 9 (1) 
C(16A) 0.171 (3) 0.3331 (9) 0.2739(8) 11 (1) 
C(17A) 0.276 (3) 0.3276 (9) 0.3024 (7) 11 (11 
C(18A) 0.270 (2) 0-3473 (7) 0.3486 (6) 7-4 (9) 
C(1B) 0-486 (2) 0.6226 (6) 0.3442 (4) 3.9 (6) 
C(2B) 0.487 (2) 0.6822 (6) 0.3292 (5) 5.6 (7) 
C(3B) 0.589 (2) 0.7150 (6) 0.3264 (6) 6.1 (8) 
C(4B) 0.695 (2) 0.6903 (7) 0.3385 (5) 5.5 (8) 
C(5B) 0.698 (2) 0.6312 (6) 0.3540 (6) 6.0 (8) 
C(6B) 0.597 (2) 0.5988 (6) 0-3558 (5) 4.5 (7) 
C(TB) 0-227 (11 0.6279 (6) 0.3547 (5) 3.2 (5) 
C(8B) 0.203 (2) 0.6471 (6) 0-4014 (5) 5.3 (7) 
C(9B) 0.114 (2) 0.6866 (7) 0.4103 (6) 5.2 (7) 
C(10B) 0.037 (2) 0-7081 (6) 0.3747 (7) 6.7 (9) 
C(I IB) 0.061 (2) 0.6898 (7) 0.3279 (6) 6.4 (8) 
C(12B) 0.153 (1) 0.6492 (6) 0.3176 (5) 4.5 (7) 
C(13B) 0.334 (2) 0-5453 (5) 0-2849 (4) 4.2 (6) 
C(14B) 0.244 (2) 0.5060 (6) 0.2761 (5) 5.5 (7) 
C(15B) 0.232 (2) 0.4792 (6) 0,2315 (6) 6.2 (8) 
C(16B) 0.313 (2) 0.4926 (7) 0.1963 (6) 6.1 (9) 
C(17B) 0.404 (2) 0.5309 (8) 0.2042 (6) 8 (1) 
C(18B) 0.420 (2) 0.5580 (6) 0.2497 (6) 5.4 (7) 

Table 2. Selected bond angles (o) 

CI-Mn-O(A) 
C I - M n - N  
O(A)--Mn--N 
CI-Mn-O(B) 
O(A)-Mn-O(B) 

133.2 (3) O(B)-Mn-N 
119.1 (3) C1-Mn-CI'  
107-3 (4) CI'--Mn-O(A) 
90.0 (2) CI ' -Mn-N 
90.6 (3) CI ' -Mn-O(B) 

96.5 (4) 
82.0 (11 
88.5 (2) 
95.2 (3) 

168.0 (2) 

height in final difference Fourier map 1.1 and 
- 1 . l e a  -3. Scattering factors from International 
Tables for X-ray Crystallography (1974). Calculations 
performed on the VAX 11/780 computer. 

Positional and equivalent isotropic thermal param- 
eters are listed in Table 1" and selected bond angles are 
presented in Table 2. The atom-numbering scheme and 
bond lengths are shown in Fig. 1 and a stereoview of 
the molecule is shown in Fig. 2 (Johnson, 1965). 

R e l a t e d  l i t e r a t u r e .  The author is studying the structure 
of a series of manganese(II) complexes (Tomita, 1985). 
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* Lists  o f  s t ruc tu re  f ac to r s ,  an i so t rop ic  t h e r m a l  p a r a m e t e r s  and  
b o n d  angles  h a v e  been  depos i t ed  with  the  Brit ish L i b r a r y  D o c u -  
m e n t  Supp ly  C e n t r e  as S u p p l e m e n t a r y  Pub l i ca t ion  No .  S U P  43868  
(15 pp.).  Cop ie s  m a y  be o b t a i n e d  t h r o u g h  T h e  Execu t ive  S e c r e t a r y ,  
I n t e rna t iona l  U n i o n  o f  C r y s t a l l o g r a p h y ,  5 A b b e y  Square ,  C h e s t e r  
C H 1  2 H U ,  Eng land .  

.'ci,: 
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~ 1.75111 1 82111 1.40121\ . ~ _  . . . .  p~'l) ~ 1.42121 ~ " IOB 

1.37(2) 15e (,,,_.~16B 
M../" 115,4 1.3512) 
! .38(4 

Fig.  1. N u m b e r i n g  s c h e m e  and  b o n d  lengths  (A)  with e .s .d . ' s  in 
pa ren theses .  N u m b e r s  refer  to  C a t o m s  unless  o the rwi se  
indica ted ,  

Fig.  2. S t e reov iew o f  the  molecu le .  
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A b s t r a c t .  [U(BH4)4(C4HsO)2], Mr=441 .6 ,  ortho- 
rhombic, Pnma, a = 10:439 (3), b = 7'~f20"(2), c = 
1t: 315 (3) A, .... V =  841.0 (7) A3, " Z=:2:, i. Dx= 
1.;74 Mg m-3, 2(Mo Ka) = 0.71073 A, a = 9.-13 mm-!, 
F (000)=416 ,  T =  295K, R ='0.037 for ~216 unique 
observed data. The fia61ecular geometry is .in essential 
agreement with: that reported b y  Ri'etZ, Edelstein, 
Ruben,' Templeton & Zalkin [lnorg. Cheih. (1978), 17, 
658-660],~the major difference being~'~elatively high 
accepted thermal para~neters :at r0bm'"tdmperature for 
the C and B atoms • ihstead of disoi'dei" in both the C 
atoms of tetrahydrofuran (THF) and the B atoms. The 
complex is comSrmed a s  a monomer  with an oeta- 
hedral arrangement around the U~itom of four BH;  
and two trans THF molecules~ The ~g'ation of BH~ to the 
U atom is through br idging:H atoms, the four 
equivalent BH~ acting as-q~riderltate ligands [U-B 
2.53(6)A].  However, the b e n ~ g  of the line U -  
B-HB(4)  [164 (4) °] makgs tlib' t~ee  bridging H atoms 
unequivalent, one being as close:r~ 2.16 ,/k to the U 

: . ?  v .  

atom. 

Experiment~,,Tetrahydrofuran added to a solution of 
U(BH4)4 in ~ deuterated ~ toluene; after recording the 
NMR spe~Lru/n of the adduct at 213 K the solution is 
stored at 243 K andenaerald-green crystals obtained; 
crystal 0.40"× o. 30 x~0:25 mm; Enraf-Nonius CAD-4 
~ffraetometer controH~ .by a P D P  11/23 Plus com- 
R,uter, graphite-ni0nochromatized M o K a  radiation; 
cb'/20 scab technique; cell parameters obtained from 
least-squares procedure on 25 reflections (8 < 0 <  
12°); decay o f  11.8% (in '1.0 h) in intensifies of three 
standard reflections monitored every- 100 measure- 

0108,.2.701/87/081630-02501.50 

ments, linearly corrected; Lorentz and polarization 
corrections; max. and rain. transmission factors for an 
empirical absorption correction 1.21 and 0.75 (Walker 
& Stuart, 1983); total of 921 reflections measured in 
range 1 < 8 < 2 0 ° ;  0 , < h < 1 0 ,  0 < k < 6 , - 1 0 < l <  
10; 355 unique reflections, 216 with I > 2a(/). Struc- 
ture solved by Patterson method for U; remaining 
a t0ms located by difference Fourier techniques; full- 
matrix least-squares refinement based on F; anisotropie 
thermal parameters for U; scattering factors including 
anom~ous-dispersion terms frpm International Tables 
for X-ray CrystallograPhY (1974). H atoms of the THF 

• . 

Fig. 1. ORTEP (Johnson, 1976) representation of the eoordinatio.n 
sphere of the U atom, giving bond lengths !A) and ato/p.ic 
numbering (synCmetry of the U site 2~m). . . . . . . . . . .  " 
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