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Abstract. [Re4(/z-C1)E(/.t-PPh2)4(/z4-PPh)(CO)8] (I), 
M r =  1888"6, triclinic, P1, a =  12-973 (4), b =  
13.246 (3), c = 20.463 (4)/~, a = 101.67 (2), fl = 
96"01 (2), y =  112-48 (2) °, U = 3117"2/~3, Z = 2, 
Dx = 2-012 Mg m -3, A(Mo Ka) = 0.71073 A, 
/x(Mo Ka) = 8"11 mm -1, F(000) = 1780, T =  
298 (1) K, R = 0-043 for 6666 unique observed inten- 
sities. All four Re atoms in the 66-valence-electron 
(VE) complex are bridged by a common /z4-PPh 
group and situated in a plane. They are further 
edge-bridged by four diphenylphosphido groups on 
the periphery of the plane, alternatively oriented up- 
and downwards. The bridging of these Re atoms is 
completed with two chloro ligands in opposite posi- 
tions below the basal plane of the Re4(/z4-P) polyhe- 
dron. Of these Cl-bridged Re Re distances, one 
[3.382 (1)/~] is non-bonding and the other 
[3.192 (1) /~] is bonding. The other two Re--Re 
distances correspond to single bonds [av. Re Re 
2-942 (1) A]. [Re4(/z-n)E(/.t-PPh2)4(/x4-PPh)(CO)8]. 
0"5CH2C12 (II), Mr=1862.2, triclinic, PT, a = 
12.715 (2), b = 13-446 (2), c = 20.492 (2)/~, a = 
101"960), f l=94-53(1),  3/=114-44(1) °, U = 
3066-4 A 3, Z = 2, Dx = 2"016 Mg m -3, a(Mo Ka) 
= 0-71073 ,A,, /~(Mo Ka) = 8-17 mm -~, F(000) = 
1758, T = 298 (1) K, R = 0"036 for 6219 unique ob- 
served intensities. The coordination of the central 
molecular fragment is as above, the two chloro lig- 
ands being substituted by two hydrido ligands which 
could be located from a AF map and confirmed by 
6 1H NMR measurements. The planar arrangement 
of the four Re atoms in the 62-VE complex com- 
prises four Re Re bonds [2.969(1), 2.961 (1), 
2-928 (1) and 2-918 (1)/~] which indicates partial 
bonding. 

Introduction. Both title substances belong to the 
family of phosphido-bridged transition metal cluster 
compounds which are of interest as homogeneous 
catalysts (Haupt, Balsaa & F16rke, 1988a,b). The 
stereochemistry of their common /za-PPh bridge 

group favours a priori a planar arrangement of the 
four Re atoms. To fulfil the demand of the '18- 
electron' rule, or Effective Atomic Number rule 
(EAN) (Owen, 1988), in the case of a metal-metal 
single-bonded four-membered ring 64 valence 
electrons (VE) are needed. This was previously 
ascertained in substances like Ren(/z-H)(/z-X)- 
(/x-PPh2)4(/z4-PPh)(CO)8 (X=C1, Br, I) (Woycie- 
chowski, 1989). On the other hand, the electron 
count gives for (I) two VE in excess and for (II) two 
VE in deficit. On this basis, it can be proposed that 
two VE in excess causes an opening of the rhenium 
ring, whereas the lack of two VE makes possible the 
formation of a ~--type frontier orbital or of a trans- 
annular Re Re bond in the four-membered ring. To 
recognize the actual Rc Re bond pattern in each of 
these solids the X-ray structural determination was 
necessary. Such results might also be used to discuss 
t~ 31p NMR data of (I) and (II) in CDC13 solution, 
which allow a discrimination between bonded and 
non-bonded Re atoms since they surprisingly show 
for both compounds a lack of two Rc Re bonds. 

Experimental. Heating ReE(/a,-PPh2)2(CO)8 in xylene 
in the presence of indium(III) chloride at 493 K gave 
black crystals of (I). Violet crystals of (II) were 
obtained from the reactants Re2(CO)lo, HPPh2 and 
iodine at 523 K (Woyciechowski, 1989). 3 31p NMR 
data [Bruker FT-WH 250, CDCI3 solution at 298 K; 
HaPO4 (85%) as standard]: (I) 223.2 (t, 2P), -8-2  (t, 
1P), -109.7 (dt, 2P); (II) 206-7 (t, 2P), 50.6 (t, 1P), 
-52.8 (dt, 2P), and 8 1H NMR: -10-9 (s, hydrido 
2H) with TMS as standard. Cyclovoltammetric data 
of (I) in CHzClz/TBAPF6 solution (c = 0-36 mmol 
1- l) with platinum as working electrode (scan velo- 
city 20mVs-1):  E r (vs N H E ) = 5 5 3 m V ,  AEp= 
54 mV, Ep,re d - Ep,red/2 or Ep,ox - Ep,ox/2 = 42 mV 
and Ip,r~/Ip,ox = 1. 

Crystal size of (I)0.15 x 0.22 x 0.31 mm, Nicolet 
R3m/V diffractometer, graphite-monochromated 
Mo Ka radiation, A = 0-71073/~, lattice parameters 
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were refined from 25 reflections, 5 _< 20 _< 25°; oy--20 
scan, 9172 intensities were collected, 3 -< 20 <_ 46 °, 
0 -< h _< 14, - 14 _< k _< 14, - 22 _< l --- 22, three stand- 
ards were recorded every 400 reflections, only 
random deviations, Lp correction, empirical absorp- 
tion correction via ~p scans, min./max, transmission 
0.185/0.248, after merging (Rint=0.0464) 8717 
unique intensities, 6666 were considered observed, 
F >  4tr(F); structure was solved by Patterson and 
Fourier methods, full-matrix least-squares refinement 
based on F (282 parameters), Re, C1 and P refined 
anisotropically, phenyl groups were treated as rigid 
bodies (C---C = 1.395, C - - H  = 0 . 9 6 A ) ,  H atoms 
were fixed in calculated positions with Uiso = 0.09 A 2, 
max. (A/g)= 0.001, max. height in final AF map = 
1.3 e A -3 near Re position, refinement converged to 
R = 0.043, wR = 0.044, w = 1/[tr2(F) + 0"0005F2]. 

Crystal size of  (II) 0.11 x 0.20 x 0.43 mm, lattice 
parameters were refined from 23 reflections, 8-< 20 
_ 28°; to-20 scan, 8347 intensities, 3 <_ 20 < 45 °, 
- 13 ___ h <_ 13, - 14 _< k <__ 14, 0 _< l _< 22, three stand- 
ards every 400 reflections, only random deviations, 
corrections as above, min./max, transmission 0-353/ 
0.694, after merging (Rint = 0.016) 8072 unique inten- 
sities, 6219 were observed, F > 4o-(F); structure solu- 
tion with Re coordinates from above structure as 
starting parameters, subsequent AF maps, full-matrix 
least-squares refinement on F (268 parameters), Re 
and P refined anisotropically, phenyl groups and H 
atoms as above, positions of  H-bridging atoms 
located from AF map but not refined, max. (d/tr)= 
0"001, max. height in final AF map = 1.1 e A - 3  near 
Re position, refinement converged to R = 0.0357, wR 
= 0.0318, w = 1/[tr2(F) + 0"000IF2]. Scattering fac- 
tors, structure solution and refinement by 
SHELXTL-Plus (Sheldrick, 1988) for both struc- 
tures. 

Discussion. The structures of  the title compounds are 
shown in Figs. 1 and 2. Atomic positional param- 
eters are given in Tables 1 and 2, bond lengths and 
angles in Table 3.* 

The six non-metal ligand atoms of each Re coordi- 
nation sphere (3P, 2C, H or CI) are arranged in 
distorted octahedra. For these ligands, the stereo- 
chemical characteristics of  the p,n-PPh group favour 
planar-positioned Re atoms, additionally bridged by 
a sequence of up- and downwards oriented P atoms. 
The bridging is completed by one hydrido or C1 

* Lists of structure factors, anisotropic temperature factors and 
H-atom parameters, and a complete list of bond lengths and 
angles have been deposited with the British Library Document 
Supply Centre as Supplementary Publication No. SUP 53167  (58 

pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester 
C H 1  2 H U ,  England. 

Table 1. Atomic coordinates ( x  104) and equivalent 
isotropic displacement parameters (A 2 x 103) of (I) 

x y z U,~* 
Re(l) 359 (1) 2821 (I) 1710 (1) 28 (1) 
Re(3) 2918 (1) 6048 (I) 3017 (1) 30 (I) 
Re(2) 3210 (1) 4327 (1) 1993 (!) 30 (1) 
Re(4) 273 (1) 4509 (1) 2862 (1) 28 (I) 
CI(I) 1608 (3) 4329 (3) 1183 (2) 36 (2) 
C1(2) 1188 (3) 6000 (3) 2270 (2) 40 (2) 
P(1) 1958 (3) 2304 (3) 1497 (2) 31 (2) 
P(2) 4086 (3) 6328 (3) 2187 (2) 33 (2) 
P(3) 1661 (3) 5964 (3) 3841 (2) 31 (2) 
P(4) - 1142 (3) 3411 (3) 1866 (2) 31 (2) 
P(5) 1874 (3) 3906 (3) 2773 (2) 36 (2) 
C(I) -500 (13) 2001 (13) 798 (8) 44 (4) 
0(I)  - 1008 (11) 1501 (11) 249 (7) 72 (4) 
C(2) -450 (13) 1543 (13) 2008 (8) 42 (4) 
0(2) -967 (10) 727 (10) 2166 (6) 58 (3) 
C(3) 4389 (13) 4208 (13) 2536 (8) 44 (4) 
0(3) 5116 (9) 4100 (10) 2863 (6) 57 (3) 
C(4) 3963 (13) 4182 (13) 1231 (8) 44 (4) 
0(4) 4428 (12) 4122 (12) 781 (7) 84 (4) 
C(5) 4212 (13) 6228 (13) 3618 (8) 43 (4) 
0(5) 5023 (10) 6381 (10) 3994 (6) 56 (3) 
C(6) 3432 (14) 7650 (15) 3240 (8) 52 (4) 
0(6) 3735 (I 1) 8635 (12) 3398 (7) 77 (4) 
C(7) -720 (12) 5246 (13) 3031 (7) 41 (4) 
0(7) - 1321 (10) 5712 (t0) 3122 (6) 65 (3) 
C(8) -486 (12) 3447 (12) 3319 (7) 34 (3) 
0(8) -978 (9) 2755 (9) 3580 (6) 54 (3) 
C(I 1) 2168 (8) 1765 (9) 641 (4) 38 (4) 
C(12) 1673 1942 60 48 (4) 
C(13) 1963 1637 - 564 65 (5) 
C(14) 2748 I 155 - 609 68 (5) 
C(15) 3243 978 - 28 67 (5) 
C(I 6) 2953 1283 596 47 (4) 
C(21) 1980 (8) 1188 (8) 1882 (5) 36 (3) 
C(22) 2797 1366 2444 49 (4) 
C(23) 2741 469 2719 53 (4) 
C(24) 1868 - 606 2432 69 (5) 
C(25) 1050 - 784 1871 81 ~6) 
C(26) 1106 113 1596 60 (5) 
C(31) 5598 (8) 7208 (9) 2465 (6) 42 (4) 
C(32) 5959 8373 2557 67 (5) 
C(33) 7109 9094 2792 77 (6) 
C(34) 7900 8651 2934 100 (8) 
C(35) 7539 7486 2841 156 (12) 
C(36) 6388 6765 2606 95 (7) 
C(41) 3791 (9) 6933 (9) 1485 (5) 41 (4) 
C(42) 4318 6797 934 61 (5) 
C(43) 4143 7240 390 64 (5) 
C(44) 3442 7819 398 72 (5) 
C(45) 2915 7954 949 65 (5) 
C(46) 3089 7511 1493 53 (4) 
C(51) 2080 (8) 5592 (8) 4608 (4) 33 (3) 
C(52) 3167 6253 5006 52 (4) 
C(53) 3517 5979 5589 60 (5) 
C(54) 2780 5045 5773 75 (6) 
C(55) 1693 4385 5375 63 (5) 
C(56) 1343 4659 4792 46 (4) 
C(61) 1359 (9) 7196 (7) 4191 (5) 36 (3) 
C(62) 1107 7789 3752 55 (4) 
C(63) 894 8732 4010 78 (6) 
C(64) 933 9084 4706 74 (6) 
C(65) 1185 8491 5144 72 (5) 
C(66) 1398 7547 4886 55 (4) 
C(71) - 2521 (7) 2385 (8) 1931 (5) 34 (3) 
C(72) - 3036 2597 2477 54 (4) 
C(73) - 4111 1815 2498 68 (5) 
C(74) - 4671 822 1974 61 (5) 
C(75) -4156 610 1428 69 (5) 
C(76) - 3081 1392 1407 51 (4) 
C(81) - 1581 (9) 4169 (9) 1324 (5) 41 (4) 
C(82) - 2454 4506 1444 61 (5) 
C(83) - 2724 5163 1061 69 (5) 
C(84) - 2120 5483 558 74 (6) 
C(85) - 1246 5146 438 76 (6) 
C(86) - 976 4489 821 62 (5) 
C(91) 2123 (8) 3204 (8) 3424 (4) 34 (3) 
C(92) 3173 3657 3871 50 (4) 
C(93) 3333 3150 4386 59 (5) 
C(94) 2443 2191 4452 71 (5) 
C(95) 1394 i 739 4004 53 (4) 
C(96) 1234 2245 3490 46 (4) 

* Equivalent isotropic U is 
orthogonalized U,j tensor. 

defined as one third of the trace of the 
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R e ( l )  

Re(2) 
Re(3) 
R e ( 4 )  

P(I) 
P(2) 
P(3) 
P(4) 
P(5) 
C(I) 
o( i )  
C(2) 
0(2) 
c(3) 
0(3) 
C(4) 
0(4) 
C(5) 
O(5) 
c(6) 
0(6) 
C(7) 
0(7) 
C(8) 
0(8) 
C(II) 
C(12) 
C(13) 
C(14) 
c(15) 
c(16) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(31) 
C(32) 
C(33) 
C(34) 
c(35) 

Table 2. Atomic coordinates (x 10 4) and equivalent isotropic displacement parameters (A x 10 3) of (II) 
X y z U~* x y z U~q* 

488 (1) 2954 (1) 1763 (1) 23 (1) C(36) 2684 7129 1483 49 (3) 
3081 (1) 4290 (1) 1992 (1) 24 (1) C(41) 5580 (5) 7115 (6) 2359 (4) 42 (3) 
2925 (1) 6014 (1) 3054 (1) 24 (1) C(42) 6004 8275 2650 59 (4) 

368 (1) 4597 (1) 2905 (1) 23 (1) C(43) 7212 8967 2820 89 (5) 
1938 (2) 2270 (2) 1510 (1) 26 (1) C(44) 7997 8499 2698 88 (5) 
3994 (2) 6282 (2) 2164 (1) 28 (1) C(45) 7572 7339 2406 77 (4) 
1720 (3) 5975 (2) 3919 (I) 28 (I) C(46) 6364 6648 2237 60 (4) 

- 1003 (2) 3563 (2) 1893 (1) 25 (1) C(51) 1495 (6) 7230 (5) 4271 (3) 33 (3) 
1897 (2) 3920 (2) 2883 (1) 26 (1) C(52) t229 7798 3835 43 (3) 

-515 (10) 1604 (9) 1986 (6) 38 (3) C(53) 1016 8727 4095 53 (3) 
- 1102 (7) 778 (7) 2t 19"(4) 53 (2) C(54) 1069 9089 4791 57 (4) 

-258 (9) 2402 (9) 829 (6) 36 (3) C(55) 1335 8520 5227 56 (4) 
-733 (7) 2058 (7) 267 (5) 61 (2) C(56) 1548 7591 4967 45 (3) 
3701 (10) 4310 (9) 1170 (6) 38 (3) C(61) 2080 (6) 5558 (6) 4668 (3) 29 (3) 
4134 (8) 4333 (7) 688 (5) 67 (3) C(62) 3200 6203 5066 40 (3) 
4399 (10) 4269 (9) 2470 (6) 37 (3) C(63) 3512 5914 5642 48 (3) 
5205 (7) 4229 (7) 2769 (4) 56 (2) C(64) 2704 4979 5820 49 (3) 
4343 (10) 6350 (9) 3620 (6) 36 (3) C(65) 1585 4335 5421 49 (3) 
5215 (7) 6566 (7) 3971 (4) 58 (2) C(66) 1273 4624 4845 39 (3) 
3331 (10) 7587 (10) M80 (6) 41 (3) C(71) - 1335 (7) 4322 (6) 1332 (3) 34 (3) 
3563 (8) 8540 (7) 3260 (4) 65 (3) C(72) -454 4957 1018 58 (4) 

-602 (9) 3527 (9) 3330 (5) 33 (3) C(73) -685 5560 595 90 (5) 
- 1192 (7) 2828 (7) 3570 (4) 52 (2) C(74) - 1797 5529 485 80 (5) 

-553 (9) 5436 (9) 2981 (5) 34 (3) C(75) -2677 4894 799 72 (4) 
- 1135 (7) 5906 (7) 2992 (4) 56 (2) C(76) - 2446 4291 1222 53 (3) 

2133 (6) 1733 (6) 649 (3) 33 (3) C(81) -2483 (5) 2521 (5) 1920 (4) 34 (3) 
1764 2028 90 46 (3) C(82) -3025 1519 1400 51 (3) 
2049 1705 -538 62 (4) C(83) -4150 712 1405 66 (4) 
2703 1087 -606 68 (4) C(84) -4732 907 1930 65 (4) 
3072 792 -48  64 (4) C(85) -4191 1909 2450 63 (4) 
2787 1115 580 48 (3) C(86) -3066 2716 2445 45 (3) 
1910 (6) 1172 (5) 1899 (3) 32 (3) C(91) 2122 (6) 3211 (5) 3512 (3) 28 (2) 
1007 85 1614 49 (3) C(92) 1191 2229 3566 35 (3) 
919 -798 1898 65 (4) C(93) 1335 1702 4062 44 (3) 

1734 -595 2466 62 (4) C(94) 2410 2157 4504 52 (3) 
2637 492 2750 56 (4) C(95) 3341 3139 4450 51 (3) 
2725 1375 2467 41 (3) C(96) 3197 3667 3954 36 (3) 
3641 (6) 6873 (6) 1498 (3) 36 (3) H(I) 1774 4402 1328 90 
4341 7072 1004 52 (3) H(2) 1683 5733 2308 90 
4084 7527 495 62 (4) CI(I) 5586 (10) -696 (9) 4825 (6) 186 (5)t 
3127 7783 480 58 (4) C1(2) 5742 (15) 834 (13) 4000 (9) 222 (9)'t" 
2427 7584 974 69 (4) C(100) 5093 (22) 454 (21) 4812 (15) 101 (8)'t" 

* Equivalent  isotropic U is defined a s  

t Occupat ion  factor 0.5. 
one third of  the trace of  the orthogonalized U. tensor. 

atom (Figs. 1 and 2). Because of the well known fact 
that a strong rr-electron-acceptor CO group prefers 
trans-positioned ligands without or with less 

rr-electron-acceptor ability, the carbonyls are 
pseudo-trans coordinated to the H or C1 and/~4-PPh 
ligands. This leads to an eclipsed conformation of 
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o m i t t e d ,  o m i t t e d .  
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the CO ligands in (I) and (II), viewed along the 
directions Re(1)...Re(2) and Re(3).--Re(4). 

Striking differences appear in the Re Re bonding 
pattern. In (I) (66 VE) with an excess of one valence- 
electron pair, one Re Re bond is lacking as 
expected, although the related proof is difficult on 
the basis of Re--Re bond lengths. Hence three 
Rc Re bond lengths [Re(1)--Re(4) and 
Re(2)--Re(3) av. =2.941 (1) and Re(3)--Re(4) = 
3.192(1)A] are equivalent to those of analogous 
Re Re single bonds in the 64 VE cluster 
Rea(/z-Br)(/z-H)(p,-PPhz)4(/za-PPh)(CO)8 (Haupt, 
Woyciechowski & Fl6rke, 1990) [av. 2.940 (2) and 
3.152 (2) A], but the remaining Re---Re contact 
[Re(1)...Re(2) = 3.382 (1)A] with the same bridging 
atoms as the single bonded Re(3)--Re(4) atoms is 
only 0.190 (1)A longer. The present threefold non- 
metallic bridging generates a shorter Re...Re contact 
in (I) than is the case in dirhenium compounds 
having two instead of three bridging groups, for 
example, Re...Re = 3.928 (1) A in Rea(#-PPh2)2- 
(CO)8 (F16rke, Woyciechowski & Haupt, 1988). The 
Re(1)...Re(2) contact length is accompanied by an 
enlargement of the angles at P(3) and C1(2) vs those 
at P(1) and CI(1) [by 5.2(1)°], and at P(5) [by 
7-2 (1)°]. The related bond angles at the bridging 
atoms CI(1), P(1) and P(5) of the Re(1).-.Re(2) dis- 
tance do not obey the well known rule that such 
bond angles are obtuse if no metal-metal bond is 
present. 

To support our interpretation of the Re Re 
bonding pattern in (I) solutions of the substance 
were examined by means of cyclovoltammetric and 

31p NMR analyses. The results ascertain that (I), in 
solution, undergoes a reversible two-electron transfer 
step as suggested by Nicholson & Shain (1964). The 
oxidative redox process generates the 64 VE cation 
[Rea(/z-CI)2(/z-PPh2)4(~a-PPh)(CO)8] 2+ equivalent to 
Rea(/z-Br)(/z-H)(/z-PPh2)a(/X 4-PPh)(CO)8 with a 
four-membered ring of single-bonded Re atoms. This 
underlines the lack of one Rc Re bond in the 
starting material. For ring closure, the two electrons 
were removed from an antibonding orbital of the 
cluster compound (Owen, 1988). Besides, the 
negative 6 3~ p values of (I) in CDC13 agree with 

31p NMR data in similar bridged rhenium clusters 
confirming the lack of two Rc Re bonds. This 
indicates that in the time scale of the NMR analysis 
both equally bridged atom pairs Re(I), Re(2) and 
Re(3), Re(4) should display a fluctuant behaviour. 
Regrettably, this assumption could not be proved by 
temperature-dependent NMR mesurements, since 
the substance is sparingly soluble below 243 K. 

The bonding pattern of (II) with 62 VE consists of 
four Re Re bonds. Both hydrido bridged Re--Re 
bonds are longer than those without such a brid/~ing 
atom. Their average bond length of 2-965 (1)A is 

Table 3. Selected bond lengths (t~,) and bond angles (°) 

[Re,(/z-Cl)2(/z-PPh2),(/z,-PPh)(CO)8] (I) 
Re( I )--Re(4) 2.947 (1) Re( I )----(21( 1 ) 2.557 (3) 
Re(I )--P(I ) 2.473 (2) Re(I )---P(4) 2.386 (2) 
Re( I )--P(5) 2.519 (4) Re(3)--Re(2) 2.937 (I) 
Re(3)---Re(4) 3.192 (1) Re(3)--CI(2) 2-551 (3) 
Re(3)--P(2) 2.384 (3) Re(3)---P(3) 2.455 (3) 
Re(3)--P(5) 2.547 (3) Re(2)--CI(I) 2.519 (3) 
Re(2)--P(I) 2.466 (3) Re(2)--P(2) 2.376 (3) 
Re(2)--P(5) 2.463 (3) Re(3)--CI(2) 2.499 (3) 
Re(4)--P(3) 2.450 (3) Re(4)--P(4) 2.370 (3) 
Re(4)---P(5) 2.505 (2) Re( I )...Re(2) 3.382 ( I ) 

CI(I)--Re(I)--C(2) 169-6 (3) P(1)---Re(I)--P(4) 175.9 (1) 
P(5)--Re(I}--C(1) 166.5 (3) CI(1)--Re(2)--C(3) 174.8 (4) 
P(I}---Re(2)--P(2) 162.7 (I) P(5)--Re(2}--C(4) 162-4 (4) 
C1(2)--Re(3}--~(5) 174.2 (4) P(2)--Re(3)~P(3) 172.6 (I) 
P(5)--Re(3)---C(6) 169-0 (3) C1(2)--Re(4)--C(8) 175.7 (3) 
P(3)--Re(4)--P(4) 168.4 (1) P(5)--Re(4)--C(7) 168.8 (4) 
Re(I}--CI(1}---Re(2) 83.6 (I) Re(3)--CI(2)---Re(4) 78.4 (1) 
Re(1)--P(I)---Re(2) 86-4 (I) Re(3)--P(2)--Re(2) 76.2 (I) 
Re(3)--P(3)--Re(4) 81.2 (I) Re(I)---P(4)--Re(4) 76.6 (I) 
Re(I)--P(5)--Re(2) 85.5 (I) Re(I)--P(5)---Re(4) 71.8 (I) 
Re(3)--P(5)--Re(2) 71.8 (I) Re(3)--P(5)--Re(4) 78-4 (I) 

[Re4(~-H)2(/z-PPh2h(/z4-PPh)(CO)8] (II) 
Re( 1 )--Re(2) 2-970 ( 1 ) Re( I )--Re(4) 2.928 ( I ) 
Re( I )--P( 1 ) 2.423 (2) Re( 1 )--P(4) 2.369 (2) 
Re( I )--P(5) 2.520 (2) Re(2}--- Re(3) 2.918 ( I ) 
Re(2)--P(1) 2.420 (2) Re(2)--P(2) 2.370 (2) 
Re(2)--P(5) 2.458 (2) Re(3)--Re(4) 2.961 (1) 
Re(3)--P(2) 2.359 (2) Re(3)--P(3) 2.427 (2) 
Re(3)---P(5) 2.497 (2) Re(4)--P(3) 2.431 (3) 
Re(4)--P(4) 2.346 (2) Re(4)---P(5) 2.464 (2) 

P(I)---Re(I)--P(4) 174-3 (I) P(5)--Re(I)--C(2) 166.4 (2) 
P(I)--Re(2)--P(2) 164.1 (I) P(5)--Re(2)--C(3) 167.4 (3) 
C(3)--Re(2}--C(4) 93-0 (4) P(2)--Re(3)--P(3) 170-1 (I) 
P(5)--Re(3)--C(6) 165-9 (2) C(5)--Re(3)--C(6) 91.7 (3) 
P(3)--Re(4)--P(4) 168.9 (1) P(5)--Re(4}--C(8) 168.0 (2) 
C(7)--Re(4)--C(8) 93.6 (3) Re( I )--P( I )--Re(2) 75-6 ( I ) 
Re(2)--P(2)--Re(3) 76-2 (I) Re(3)--P(3)--Re(4) 75.1 (1) 
Re(I)--P(4)--Re(4) 76.8 (I) Re(1)--P(5)--Re(2) 73.2 (1) 
Re(I)--P(5)--Re(3) 111.4 (1) Re(1)--P(5)--Re(4) 71-9 (I) 
Re(2)---P(5)---Re(3) 72.2 (1) Re(2)--P(5)---Re(4) 116.2 (I) 
Re(3)--P(5)--Re(4) 73.3 (1) 

however significantly shorter than that of 3.051 (1) A 
in Re20x-H)(/x-PPh2)(CO)TPPh3 and of 3.194 (1) A 
in Re2(/z-H)(/x-PPh2)(CO)6(PPh3)2 (Haupt, Balsaa & 
F16rke, 1987). The average value of the non-hydrido 
bridged Re Re bond length is 2.923 (1)A, some- 
what shorter than the 2-940 (1) A of the correspond- 
ing bond in Re4(/z-H)(#-Br)(/x-PPh2)4(/z4-PPh) 
(CO)8. It is therefore reasonable to postulate, for 
the hydrido bridged and the other two Re--Re 
bonds, a contribution of a frontier orbital with 
partial 7r-bond property. The other way mentioned 
to become a 62 VE compound, by the for- 
mation of a transannular Re--Re bond (see 
Introduction), seems to be hindered by the rigid 
stereochemistry of the /xa-PPh group. Regrettably, 
these findings have not been reflected in the ~ 31p 
NMR spectrum of (II) in CDC13 since two Re--Re 
bonds are lacking. The localized/z-H positions in the 
AF map could be ascertained by 6 IH NMR data 
( -  10.9, s, 2H). 

Intermolecular distances in both substances do not 
indicate interactions greater than van der Waals 
forces. 



2100 [Re4C12(PPh2)4PPh(CO)8] AND [Re4H2(PPh2)4PPh(CO)s].0-5CH2C12 

References 

FL6Rr~, U., WoYCmCnowsrd, M. & HAUPT, H.-J. (1988). Acta 
Cryst. CA4, 2101-2104. 

HAUPT, H.-J., BALSAA, P. & FLORKE, U. (1987). Z. Anorg. Allg. 
Chem. 548, 151-160. 

HAUPT, H.-J., BALSAA, P. & FL~SRKE, U. (1988a). Angew. Chem. 
100, 280-281. 

HAUPT, H.-J., BALSAA, P. & FL6RKE, U. (1988b). Inorg. Chem. 27, 
280-286. 

HAUPT, H.-J., WOYCmCHOWSKI, M. & FLORKE, U. (1990). Z. 
Anorg. Allg. Chem. Submitted. 

NICHOLSON, R. S. & SHArN, I. (1964). Anal. Chem. 36, 706- 
723. 

OWEN, S. M. (1988). Polyhedron, 7, 253-283. 
SHELDRICK, G. M. (1988). SHELXTL-Plus Structure Determina- 

tion Software Programs. Nicolet Instrument Corporation, 
Madison, Wisconsin, USA. 

WOYCtECHOWSKI, M. 0989). Dissertation, Univ. of Paderborn, 
Federal Republic of Germany. 

Acta Cryst. (1990). C46, 2100-2102 

Structure of Tetrakis(diisopropyldithiocarbamato)teHurium(IV) 
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Abstract. [Te(CTH14NS2)4] , M r = 832.86, ortho- 
rhombic, P2,2121, a = 13.946 (1), b = 14.833 (1), c = 
20.213 (3) A, V = 4181-54 A 3, Z =  4, On = 1.35, Ox 
= 1-32 Mg m -3, A(Mo Ka) = 0.71069 ,/k, /z = 
1.119 mm-a,  F(000) = 1728, T = 293 K, final R(F) = 
0-037, S = 0.83 for 2920 unique reflections. The cen, 
tral Te atom is eight coordinated so that the S atoms 
form a slightly distorted dodecahedral arrangement 
around the metal. The lone pair of electrons on Te TM 
is found to be stereochemically inert. Interligand 
S--.S short contacts of 3-097 (3) and 3.246 (2)/~ are 
observed. 

Introduction. Dithiocarbamates are known to 
undergo redox complexation reactions with metal 
ions such as Se TM and Te TM, forming divalent sele- 
nium and tellurium complexes and the corresponding 
thiuram disulfides as the oxidation products 
(Fabiani, Spagna, Vaciago & Zambonelli, 1971; 
Schnabel, Deuten & Klar, 1980; Kumar, 
Aravamudan & Seshasayee, 1990). The general reac- 
tion between tellurium(IV) and dithiocarbamates (L) 
can be given as: TeIV+ 4 L -  ~ TeIVL 4 ~__ TelIL2 + 
L-L, where L-L is the thiuram disulfide. In various 
solutions such as dichloromethane, carbon tetrachlo- 
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ride, benzene and acetonitrile, TeIVL4 is found to 
undergo an autoredox reaction leading to the for- 
mation of the corresponding TenL2 species and the 
thiuram disulfide, L-L. 

The structure determination of the title compound 
was carried out to study whether any structural 
feature in the solid state can account for its facile 
autoredox reaction in solutions, to examine whether 
the lone pair of electrons on tellurium has any 
stereochemical significance, and also to study the 
effect of the bulkiness of the ligand on the stereo- 
chemistry. Other structures of TeL4 complexes which 
have been reported are those of tetrakis(diethyl- 
dithiocarbamato)tellurium(IV) (Husebye & Svaeren, 
1973); tefrakis(4-morpholinecarbodithioato)tellu- 
rium(IV) (Esperas & Husebye, 1975); tetrakis[N-(2- 
hydroxyethyl)-N-methyldithiocarbamato]tellurium- 
(IV) (Husebye, 1979) and tetrakis[bis(2-hydroxy- 
ethyl)dithiocarbamato]tellurium(IV) (Rout, Sesha- 
sayee, Aravamudan & Radha, 1984). 

Experimental. The title compound was prepared as a 
yellow solid on addition of 50 ml of 2M acetic acid 
to 30 ml of 2M sodium hydroxide containing 4 mmol 
of sodium tellurite and 100 mmol of the sodium salt 
of diisopropyldithiocarbamic acid. The precipitate 
was washed with water and air dried: 1 mmol 
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