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Abstract. Hydridobis(r/5-pentamethylcyclopenta - 
dienyl)(phenylmethanecarbothialdehyde-xC, xS)tan- 
talum, C28H39STa, Mr = 588.63, monoclinic, P2~/c, a 
= 15.729 (5), b = 10.203 (2), c = 17.599 (5) A, /3 = 
116.18(2) °, V= 2535 (1) /~ 3, Z = 4 ,  Ox = 
1.54 g cm-3; ,t(Mo Ka)  = 0.71073 A, /x = 
46.6 cm-~, F(000) = 1184, room temperature 
(297 K), R = 0.068 for 2333 reflections with Fo 2 > O, 
R = 0.054 for 2179 with Fo 2 > 3o-(Fo2). The structure 
is disordered, with two enantiomeric molecules 
occupying the same crystallographic site. For the 
major component, the thioaldehyde ligand has an 
S--C bond length of 1.86(2) h.  The ligand is 
bonded to the Ta center with a Ta--S bond distance 
of 2.418 (9)A and a Ta- -C  bond distance of 
2.28 (2) A. 

Introduction. Transition-metal complexes with S- 
containing ligands are of interest owing to their 
possible involvement in hydrodesulfurization reac- 
tions. While several thioaldehyde transition-metal 
complexes have been reported (e.g. Mayr, McDer- 
mott, Dorries, Holder, Fultz & Rheingold, 1986; 
Hofman & Werner, 1985), examples involving early 
transition metals are rare [Zr: Buchwald, Nielsen & 
Dewan (1987); Ti: Park, Henling, Schaefer & Grubbs 
(1990)], and hitherto no Ta complexes have been 
reported. We have prepared the title complex from 
reaction of ('q5-CsMes)2Ta('q2-C6H4)H and phen- 
ethyl mercaptan (phenylethanethiol). In solution, 
(@-C5Mes)zTa(r/2-SCHCH2C6Hs)H is in rapid 
equilibrium with the Ta m thiolate complex, which 
undergoes subsequent rearrangement to a per- 
methyltantalocene sulfido alkyl species. The crys- 
tal structure of the thioaldehyde hydride complex 
was determined as part of the investigation of this 
rare example of S--C bond cleavage. 

Experimental. Peach-colored crystals were grown 
from a concentrated THF solution cooled to 215 K. 
Tabular crystal fragment 0.09 x 0.32 x 0.52 mm 
mounted in capillary with grease; space group P2Jc 
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from photographs; CAD-4 diffractometer; cell 
dimensions from 24 reflections with 29 < 20 < 33 °. 
Two quadrants of data collected for 1.5 _< 0 __ 20 °, 
(sin0/A)max = 0.48/~-1; o9 scan; h from - 15 to 13, k 
from - 9 to 9, l from - 16 to 16 for cell transformed 
after data collection. Peak broadening and substan- 
tial falloff in three standard reflections 310, 220 and 
132 led to rejection of final 763 of 4962 reflections 
measured (2345 independent). Correction for Lor- 
entz and polarization effects; absorption correction 
by Gaussian integration over 8 x 8 x 8 grid (/Xrma x = 

1.5, transmission range 0.26 to 0.69); goodness of fit 
for merging 3.32 (primarily as a result of peak 
broadening with time, but also residual absorption 
effects), Rmerge of 0.049 for 1310 reflections with 
exactly two observations; 12 reflections with back- 
ground inconsistencies rejected. Ta atomic coordi- 
nates found by visual inspection of diffractometer 
intensity listing, remainder of non-H atoms by suc- 
cessive structure factor-Fourier calculations, S atom 
disordered between two sites. H atoms placed by 
calculation 0.95 A from the bonded C atom with Biso 
= 1.2 times the value of Beq for the C atom; all 
methyl groups represented by six half-weight H posi- 
tions, HC(1) [the H atom on the thioaldehyde C 
atom C(1)] disordered in conjunction with the S 
atom, the H atom bound to Ta obscured by disorder 
and subsequently ignored. Full-matrix least-squares 
refinement using F 2 values; variances ~r2(/) of the 
individual data derived from counting statistics plus 
an additional term, (0.014/) 2 , variances of the 
merged data by propagation of error plus an addi- 
tional term, (0.0141) 2. H-atom parameters recalcu- 
lated several times during refinement of 186 
parameters including scale factor, coordinates of 
non-H atoms, anisotropic displacement parameters 
for Ta, S and methyl C atoms and isotropic for 
remainder, and a single population factor for the 
disordered pairs of atoms [refined value 0.68 (1) for S 
and HC(1), complementary 0.32(1) for S' and 
HC(1)']. Final R index 0.068 for 2179 reflections with 
Fo 2 > 0, 0.054 for 1751 reflections with Fo 2 > 3o-(Fo2), 
goodness of fit = 2.55; maximum shift/e.s.d. = 0.01 
in final least-squares cycle. Deviations in final 
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Table 1. Final refined parameters (x  104) for 
(r/S-CsMes)2Ta(r/2-SCHCH2C6Hs)H 

x, y, z and U~q x 104. Uc q = (1/3)XiY.;Uuai*affa,.a ;. Isotropic dis- 
placement parameters, B, are indicated by an 
Populations: S, 0.68 (1); S', 0.32 (1). 

asterisk. 

x y z U~qor B 
Ta 7377.0 (4) -2109.0 (7) 7423.0 (4) 405 (2) 
S 6338 (6) -3641 (7) 7648 (6) 826 (25) 
S' 8867 (11) -3137 (15) 8521 (I0) 6.1 (5)* 
C(1) 7625 (14) -3754 (19) 8374 (12) 6.3 (5)* 
C(2) 7992 (18) -5108 (26) 8377 (16) 10.6 (8)* 
C(3) 7968 (15) -6115 (19) 8987 (13) 6.3 (5)* 
C(4) 8803 (18) -6268 (24) 9750 (17) 10.5 (7)* 
C(5) 8687 (20) -7260 (25) 10333 (16) 10.7 (7)* 
C(6) 7881 (21) -7773 (25) 10008 (17) 10.4 (7)* 
C(7) 7152 (22) -7713 (29) 9324 (21) 12.7 (9)* 
C(8) 7184 (19) -6751 (26) 8789 (17) 10.9 (7)* 
Cp(1) 7042 (12) -3777 (18) 6266 (10) 4.5 (4)* 
Cp(2) 8017 (11) -3385 (16) 6590 (10) 3.9 (4)* 
Cp(3) 8045 (11) -2066 (18) 6420 (9) 4.2 (3)* 
Cp(4) 7098 (12) - 1639 (16) 5952 (11) 4.7 (4)* 
Cp(5) 6500 (11) -2594 (14) 5925 (9) 3.8 (4)* 
Me(I) '6637 (16) -5103 (20) 6199 (13) 1078 (80) 
Me(2) 8860 (15) -4339 (20) 6931 (13) 1051 (71) 
Me(3) 8963 (14) -1385 (21) 6541 (13) 1011 (71) 
Me(4) 6824 (15) - 388 (19) 5411 (11) 954 (74) 
Me(5) 5422 (12) -2618 (21) 5423 (12) 1093 (88) 
Cp(6) 7482 (16) 190 (19) 7565 (14) 6.9 (5)* 
Cp(7) 8120 (15) -223 (18) 8394 (13) 6.3 (5)* 
Cp(8) 7545 (13) -928 (17) 8708 (12) 5.5 (4)* 
Cp(9) 6651 (14) -789 (18) 8151 (13) 6.3 (5)* 
Cp(10) 6576 (14) - 100 (18) 7433 (12) 6.1 (5)* 
Me(6) 7745 (32) 1279 (22) 7153 (21) 2345 (208) 
Me(7) 9155 (17) 65 (27) 8816 (19) 1952 (152) 
Me(8) 7997 (25) - 1400 (24) 9589 (14) 1963 (170) 
Me(9) 5875 (30) - 1236 (30) 8363 (32) 3028 (186) 
Me(10) 5651 (22) 423 (34) 6728 (17) 2851 (189) 

Table 2. Selected distances (A) and angles (o)for 
(r/S-CsMes)2Ta(r/2-SCHCH2C6Hs)H 

Ta---C(1) 2.28 (2) S'---C(1) 1.96 (3) 
Ta--S 2.418 (9) Ta---CpA* 2.156 
S---C(I) 1.86 (2) Ta---CpB* 2.132 
Ta--S'  2.517 (17) 

C(I)---Ta--S 46.6 (5) S'---C(1)--C(2) 86.3 (15) 
Ta--S---42( 1 ) 62.8 (7) CpA*--Ta--S 104.5 
S---C(1)---Ta 70.6 (7) CpB*--Ta--S 104.0 
C(I)---Ta--S' 47.9 (6) CpA*--Ta--S'  104.4 
Ta--S'---C(t) 59.7 (7) CpB*--Ta--S'  101.9 
S'---C( 1 )---Ta 72.4 (8) CpA *--Ta---C( 1 ) 115.7 
Ta---C(1)--C(2) 128.5 (16) CpB*--Ta--C(I) 105.1 
S--C(1)--C(2) 111.2 (16) CpB*--Ta---CpA* 139.2 

* Ring centroids. 

difference map from -1 .7  to 2 . 6 c A  -3 near Ta; 
atomic scattering factors and dispersion corrections 
taken from Cromer & Waber (1974); programs used 
were those of CRYM (Duchamp, 1964) and 
ORTEPII (Johnson, 1976). 

Discussion. Table 1 gives the final refined parameters 
and Table 2 gives selected distances and angles.* 
Figs. 1 and 2 show the molecule and the packing in 
the unit cell. The Ta(r/s-CsMes)2 geometry is unex- 

*Lists of anisotropic displacement parameters, assigned 
H-atom parameters, complete distances and angles, and observed 
and calculated structure factors have been deposited with the 
British Library Document Supply Centre as Supplementary Publi- 
cation No. SUP 54772 (19 pp.). Copies may be obtained through 
The Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH1 2HU, England. 

ceptional, with a ring centroid--Ta--ring centroid 
angle of 139.2 °. An H atom and the thioaldehyde 
ligand are coordinated in the wedge between the 
rings. The S atom is in the exo position, with the C 
atom next to the hydride ligand in the wedge. Dis- 
order results from the superposition of two enantio- 
mers, with the thioaldehyde C atom C(1) being the 
asymmetric atom. The two configurations are related 
by the approximate interchange of the S and H 
positions in the wedge. The major component at 
each site has a population of 0.68 (1). The centro- 
symmetric space group produces a racemic crystal. 

The bonding of the ligand to the metal center is of 
interest in thioaldehyde complexes. Two resonance 
forms have been proposed,  a T a  m ~'-thioaldehyde 
and a Ta v thiometalacyclopropane. In this structure, 
the disorder affects the accuracy o f  the bond lengths 
and angles, those involving S' (the minor site) being 
particularly unreliable. Nonetheless, the S--C(1) 
bond lengths of 1.86 (2) and 1.96 (3) A for the major 
and minor components are strongly suggestive of a 
single bond [1.819(19)/k for C(sp3)--S; double 
bond, 1.671 (24) A for ( X ) 2 ~ S  , X "~- C,N,O,S 
(Allen, Kennard, Watson, Brammer, Orpen & 
Taylor, 1987)]. The Ta--C(1) distance of 2.28 (2)A 

cp(2) 

Me(10~ Ta 

M e ( 7 )  ~ Me(8) 

Fig. I. An ORTEPII (Johnson, 1976) view of the major com- 
ponent with 30% probability thermal ellipsoids. The H atom 
bound to the Ta is at a calculated position; the remaining H 
atoms are not shown. 

Fig. 2. A stereo ORTEPII (Johnson, 1976) drawing of the unit cell 
perpendicular to the a c  plane. The unit cell is outlined; atoms 
are shown at the 30% probability level with all H atoms except 
the hydride omitted. 
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is consistent with a single bond [2.22 (4) A for termi- 
nal Ta- -CH3 (Orpen, Brammer, Allen, Kennard, 
Watson & Taylor, 1989)] as are the Ta- -S  and 
Ta- -S '  distances of 2.418(9) and 2.517(17) A 
[compared to 2.529 (3) and 2.520 (3) A for Zr - -S  in 
a zirconocene thioaldehyde complex (Buchwald, 
Nielsen & Dewan, 1987) and 2.452 (1) A for Ti- -S  in 
an analogous titanocene (Park, Henling, Schaefer & 
Grubbs, 1990)]. Although the disorder precludes a 
definitive conclusion, these results suggest that the 
complex is primarily thiotantalacyclopropane in 
nature. 
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Abstract. [V(C6H6NO6)(H20)3] .4H20,  Mr = 365.17, 
triclinic, P1, a = 7 . 9 2 9  (2), b=8 .716 (3 ) ,  c =  
10.914 (3) A, a =98.77 (2), /3 = 90.30 (2), 3 '= 
105.79 (2) °, V = 716.4 (8) ,&3, Z =  2, Ox = 
1.693 g cm -3, A(Mo Ka) = 0.71073/k, tz = 7.3 cm-  ~, 
F(000) = 380, room temperature. R = 0.060 for 3829 
independent reflections [Fo > 3~r(Fo)]. The V atom is 
surrounded by three O atoms of the water molecules, 
and one N and three O donor atoms of the title 
ligand (nta). The geometry is described as a capped 
octahedral seven-coordinate structure. Two tri- 
angular faces consist of three O atoms of the nta 
ligand and three water molecules respectively, and 
they are almost parallel. The N donor atom is placed 
on the triangular face formed by three O atoms of 
the nta ligand. 

Introduction. Recently vanadium(III) chemistry has 
attracted much attention, especially in relation to the 
status of vanadium in ascidians (Michibata & 
Sakurai, 1990). A V m complex with a nitrilo- 
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triacetate (nta) ligand was first prepared by Podlaha 
& Petras (1970), and formulated as [V(nta): 
(H20)2].5H20. They reported that the complex is 
fairly resistant to air oxidation, though V m com- 
plexes, in general, are quite air sensitive. In order to 
establish the geometry of the air-stable Vm-nta  com- 
plex, we have determined its crystal structure. 

Experimental. All procedures in the sample prepara- 
tion were carried out under an argon atmosphere by 
using a standard syringe and vacuum-line techniques. 
The title complex was prepared as follows: V2(SO4)3 
(3.9 g) (Claunch & Jones, 1963) was suspended in 
50 cm 3 of water. The suspension was stirred at 333 K 
for 2 d to give a brownish green solution. The mix- 
ture of H3nta (3.8 g) and BaCO3 (5.3 g) in 50 cm 3 of 
water was added to the above V m solution. By 
stirring at 313 K for l d, a green solution with a 
white precipitate of BaSO4 was obtained. The precip- 
itate was filtered off and the filtrate reduced to half 
the volume. The solution was allowed to stand in an 
ice bath for several hours. The green crystals which 
appeared were collected by filtration, washed with a 
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