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From the reaction of Nb, Cl,(THT),, THT = 
tetrahydrothiophene, with tolane, PhCCPh, the com- 
pound [NbCE, (THT)(PhCCPh)J z(u-Cl)2 , 1, has been 
isolated. Its structure, which has been determined by 
X-ray crystallography, is very similar to that of the 
corresponding tantalum compound containing CH, - 
CCBu in place of PhCCPh. It has been shown that 1 
reacts smoothly with pyridine to give a product, 2, 
that is isomorphous with the previously reported 
(pyH)[ TaCl,py(PhCCPh)J, 3. Thus, the precursor of 
3, previously suggested to be TaCIS (THT)z (PhCCPh), 
is likely to be the Ta analog of 1. The relationship of 
1 to the tetranuclear reaction product of NbCI, with 
tolane is discussed. The crystals of 1 belong to the 
triclinic system, space group Pi, and have unit cell 
dimensions a = 10.516(2) 8, b = 12.663(3) A, c = 
9.068(2) .& (Y = 100.63(2)“, /3 = 91.71(2/O, y = 
68.36(2)‘, V = 1102.1(6) A3, Z = I. 

previously characterized structurally, viz., [TaC12- 
(SC4Hs)(MeCXBut)]Z(~-C1)2, the molecule consists 
simply of two equivalent halves related by a center of 
symmetry and united by bridging Cl groups [5] The 
one mononuclear complex previously characterized 
[4] , viz., (pyH)[TaCl,py(PhCCPh)] , was not the 
primary product of the reaction between PhCCPh 
and Ta2C16(THT)3, but instead resulted from a reac- 
tion between the initial product (not heretofore iden- 
tified) and pyridine. 

The work reported in this paper provides further 
insight into this area of chemistry in three dif- 
ferent ways. (1) It establishes the (expected) homo- 
logy between the behavior of Nb and Ta compounds 
of similar structure and composition. (2) It allows us 
to identify the initial product from which (pyH)- 
[TaCl,py(PhCCPh)] was obtained. (3) It has an 
interesting chemical and structural relationship to a 
recently reported study of the reaction of PhCCPh 
with NbCls [6]. 

Introduction 

Previous work in this Laboratory has shown that 
complexes of Nb”’ and Ta”’ of the type MzC16- 
(THTL 111, where THT denotes tetrahydrothio- 
phene, react readily with alkynes. In some cases 
polymerization or cyclotrimerization of the acetyl- 
ene occurs [2] , while in others mono- or dinuclear 
complexes containing the alkynes as ligands are 
obtained [3-51. The alkyne can occupy either 
a bridging or a non-bridging position in dinuclear 
complexes. It appears that the non-bridging alkyne in 
a dinuclear complex is bonded in essentially the same 
way as it would be in a mononuclear complex. In 
the one binuclear complex with a non-bridging alkyne 

Experimental 

Preparations 
All manipulations were performed under an atmo- 

sphere of argon using standard inert atmosphere 
techniques. Nb2C16(THT)3 was prepared according to 
the literature method [l] . Tolane was purchased 
from Aldrich Chemical Company. 

Preparation of 1 

*Author to whom correspondence should be addressed. 

NbzC1,(THT)3 (0.75 g, 1.1 mmol) and tolane 
(0.45 g, 2.5 mmol) were dissolved in 60 ml of toluene. 
A small amount of some insoluble material was 
removed by filtration and the solution stored in a 
refrigerator at -5 to 0 “C. Orange crystalline solid, 
which deposited in the flask within about one month, 
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was isolated by filtration and washed with toluene. 
The filtrate was then kept at room temperature for 
about two weeks yielding an additional crop of 
crystals (combined yield of the isolated product 
was CU. 0.70 g, 0.68 mmol, 62%). X-ray crystallo- 
graphic analysis carried out on a selected crystal 
showed that composition of the product corres- 
ponded to the formula Nb2Cl,(THT)2(tolane)t. 
C6H5CHJ, I. When the initial mixture of reactants 
was not stored at lowered temperature the reaction 
was completed within several days but the product 
was microcrystalline. 

Preparation of 2 
Nb2Cl~(THT)l(tolane)z*CgHgCH3 (0.3 g, 0.29 

mmol) was dissolved in 4 ml of degassed pyridine 
which had been stored over KOH but not distilled 
to ensure that it was not completely anhydrous. The 
resulting bright red solution was filtered into a 
Schlenk tube and layered with ca. 10 ml of hexane. 
Red crystals which formed upon interdiffusion of the 
solvents were found to have the following triclinic 
unit cell parameters: a = 11.282(6) 8, b = 12.359(4) 
& c = 9.323(4) A, (Y = 101.54(3)“, /3 = 105.97(7)“, 
y = 87.69(5)” and V = 1224(2) A3. These values are 
almost identical with the unit cell parameters of 
(pyH)[TaCl,(py)(tolane)] , viz., a = 11.345(8) 8, 
b = 12.335(4) & c = 9.352(4) A, cy = 101.12(3)“, 
/3 = 106.82(4)“, y = 87.07(4)‘, and Y = 1232(l) A3, 
indicating that the Nb complex has the same compo- 
sition and structure. 

X-ray Crystallography 
Single crystal X-ray analyses have been carried 

out by application of general procedures that have 
already been fully described elsewhere [7] . The 
crystal parameters and basic information about data 
collection and structure refinement for Nb2C16- 
(THT)Z(tolane)Z are summarized in Table I. Correc- 
tions for polarization, Lorentz factor, absorption and 
loss of intensity (10%) were applied to the intensity 
data. 

The position of the Nb atom was obtained from a 
three-dimensional Patterson function. The remain- 
ing non-hydrogen atoms were located by subsequent 
difference Fourier syntheses and least squares refine- 
ments. A molecule of the solvent, toluene, was found 
to be present in the crystal lattice. It was disordered 
two-fold around an inversion center. The two orienta- 
tions were coplanar and related to each other by a 
rotation of 180” around an axis passing through two 
ortho carbon atoms (the inversion center was located 
at the intersection of this axis and the line 
incorporating the C-CH3 bond). Consequently there 
were only five independent carbon atom positions in 
the asymmetric unit cell, three of them with a fraction- 
al occupancy VL Apart from this disorder the solvent 
molecule refined well giving reasonable bond 
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TABLE I. Summary of Crystallographic Data for NbzClb- 
(THT)z(tolane)z*CgHsCH3. 

Formula 
Formula weight 
Space group 

a, A 

b, A 
c, A 
01, degrees 
p, degrees 
y, degrees 
v, A3 
Z 

dcalc, g/cm3 
Crystal size, mm 
~(MoKor), cm-’ 
Data collection instrument 
Radiation 
Scan method 
Data collection range 
No. unique data, 
F,” > 30(Fo2) 
Number of parameters refined 
R= 

RUlb 
Quality-of-fit indicatorC 
Largest shift/esd, final cycle 

~Zc16sZc43&4 

1023.5 
pi 
10.516(2) 
12.663(3) 
9.068(2) 
100.63(2) 
91.71(2) 
68.36(2) 
1102.1(6) 
1 
1.542 
0.4 x 0.15 x 0.07 
9.851 
Enraf-Nonius CAD-4 
MO Ka (h = 0.71073 A) 
a-2e 
0 Q 28 4 50”. +h, +k, +l 
2793 
2321 
228 
0.058 
0.071 
1.881 
0.09 

“R = ZIIF,,l - IF~ll/~lFc,i. 
~wIFOi2]‘~; 

bRw = [~w(lFol - lF,I)*/ 
w = l/o2 (IFol). 

‘F,‘)‘l(N,bs - Nparameters)] lrz. 

CQuality of fit [ Ew( IF0 I - 

distances and angles. In the final cycles of refine- 
ment that produced the R values in Table I all 
atoms except those of toluene were treated 
anisotropically. No peaks of chemical significance 
were found in the final difference Fourier map. 

Results and Discussion 

Both molecules present in the crystal lattice of 
I, namely the complex and the disordered toluene 
reside on crystallographic inversion centers at YL, YL, 
‘YL and 0, l/i, 0, respectively. The former is represent- 
ed by its ORTEP drawing in Fig. 1. The atomic posi- 
tional parameters are given in Table II and the 
molecular dimensions are listed in Tables III and 
IV. 

The coordination geometry of the niobium atoms 
in 1 is virtually identical to that in Ta2C1,(THT)2- 
(But-CZC-Me)2 [5] There is a close match between 
corresponding bond distances and angles confirming 
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TABLE II. Positional and Isotropic Equivalent Thermal Para- 
meters for NbzQ(THT)2(tolane)z *C~H~CHJ.’ 

Atom x Y 2 B (A21 

Nb 0.40753(8) 

(xl) 0.3779(2) 

W2) 0.4776(2) 

CU3) 0.5683(2) 
S 0.2708(2) 

C(l) 0.2095(8) 

C(2) 0.2860(8) 

C(3) 0.0657(8) 

C(4) 0.0249(9) 

C(5) -0.1163(10) 

C(6) -0.2115(10) 

C(7) -0.1710(10) 

C(8) -0.0323(9) 

C(9) 0.2870(9) 

CUO) 0.3926(11) 

C(11) 0.3945(13) 

C(12) 0.2924(13) 

C(13) 0.1846(12) 

C(l4) 0.1795(11) 

CW) 0.3755(10) 

C(l6) 0.3041(14) 

C(17) 0.1781(17) 

C(18) 0.1518(10) 

W9) 0.091(l) 

C(20) 0.987(2) 

C(21) 0.856(2) 

C(22) 0.831(3) 

C(23) 0.038(3) 

0.67838(7) 0.5408(l) 
0.5080(Z) 0.6106(3) 
0.7814(2) 0.3900(3) 
0.6721(2) 0.7313(3) 
0.6311(2) 0.3064(3) 
0.7729(7) 0.619(l) 
0.8303(7) 0.673(l) 
0.7877(7) 0.616(l) 
0.6939(8) 0.603(l) 
0.7093(10) 0.591(2) 
0.8185(10) 0.585(l) 
0.9157(10) 0.600(l) 
0.9003(9) 0.616(l) 
0.9349(7) 0.776(l) 
0.9741(8) 0.767(l) 
1.0707(g) 0.871(2) 
1.1253(10) 0.983(l) 
1.0853(9) 0.990(l) 
0.9905(9) 0.884(l) 
0.5880(9) 0.131(l) 
0.6782(11) 0.036(l) 
0.7558(12) 0.094(l) 
0.7675(9) 0.260(l) 
0.462(l) O.OSS(2) 
0.525(2) 0.197(3) 
0.595(l) 0.179(2) 
0.591(2) 0.047(3) 
0.473(2) -0.065(3) 

2.28(2) 

2.76(5) 
3.78(6) 
3.70(6) 
2.94(6) 
2.5(2) 
2.7(2) 
2.8(2) 
4.1(3) 
5.7(3) 
5.5(3) 
5.2(3) 
3.913) 
3.0(2) 
4.7(3) 
6.5 (4) 
6.3(4) 
5.6(3) 
4.6(3) 
4.5(3) 
7.4(4) 

10.1(5) 
4.4(3) 
6.7(3)* 
5.6(6)* 
9.8(5)* 
8.1(8)* 
6.3(6)* 

‘Starred atoms were refined isotropically. Anisotropically 
refined atoms are given in the form of the isotropic equiv- 
alent thermal parameter defined as: 4/3[a2B11 + b2Bn + 

c2B33 + ab(cosr)Blz + ac(cosp)B13 + bc(coscx)B23]. 

the above stated exceptation that no significant 
difference would be observed between Nb and 
Ta systems. 

As before [4,5] the bond lengths and bond angles 
in the metal-alkyne unit signify to us that the 
effective oxidation state of the metal atom is V. 
We thus regard the reaction of the alkyne with the 
Nb”* as an oxidative addition, as shown schemati- 
cally in eqn. (l), where electron density in the 

M” 

Ml” + RCZCR - ,c’L$ (1) 
R ‘I3 

second C-C 71 bond may be partially donated to a 
metal d orbital, thus strengthening the metal-alkyne 
interaction and reducing the polarity of the grouping. 
This mode of bonding, to a metal atom in a high formal 

Fig. 1. ORTEP drawing of the Nb2Cl,j(THT)2PhC=CPh)2 
molecule. Atoms are represented by ellipsoids of thermal 
vibration corresponding to 40% probability. THT carbon 
atoms have been omitted for clarity. There is a crystallo- 
graphic inversion center relating the two halves of the 
molecule. 

TABLE 111. Interatomic Distances (A) in the Molecule of 
Nb~Cl~(THT)~(tolane)2.~ 

Nb-Nb’ 4.137(1)b C(4)-C(5) 1.427(10) 

Nb-Q(1)’ 2.483(2) (X5)-C(6) 1.386(12) 

Nb-Cl(l) 2.758(2) C(6)-C(7) 1.427(13) 

NL-Q(2) 2.354(2) C(7)-C(8) 1.405(10) 

Nb-Cl(3) 2.372(2) C(9)-C(10) 1.382(10) 

Nb-S 2.632(2) C(9)-C(14) 1.403(10) 

Nb-C(1) 2.052(6) C(lO)-C(11) 1.407(11) 

Nb-C(2) 2.047(6) C(ll)-C(12) 1.388(14) 

s-C(15) 1.839(7) C(12)-C(13) 1.409(13) 

S-C(18) 1.836(7) C(13)-C(14) 1.410(11) 

C(l)-C(2) 1.301(9) C(15)-C(16) 1.519(12) 

C(l)-C(3) 1.453(9) C(16)-C(17) 1.375(13) 

C(2)-C(9) 1.476(9) C(17)-C(10) 1.506(13) 

C(3)-C(4) 1.389(10) 

C(3)-C(8) 1.419(9) 

aNumbers in parentheses are estimated standard deviations 

in the least significant digits. bNonbonding contact. 

oxidation state, is quite different from that found 
[8] in compounds such as CpNbCO(PhCCPh)2 and 
[ CpNbCO(PhCCPh)] 2. In these compounds the 
Nl-C bond lengths are 2.2 8, and greater and the 
mode of bonding is presumably similar to that found 
in the classical metal-alkene and metal-alkyne com- 
plexes formed by elements in group VIII. 

From the similarity of unit cell parameters of 2 
and (pyH)[TaCl,py(PhCCPh)] , there seems to be no 
doubt that 2 is (pyH)[NbCl,py(PhCCPh)] . By 
further analogy between the two systems, it seems 
highly probable that the reaction of Ta2C16(THT)3 
with tolane first produces the tantalum analog of 
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TABLE IV. Bond Angles (deg.) for NbzClh (THT)z (tolane) .a 

Nb’-Nb-Cl(l)’ 
Nb’-Nb-Cl(l) 
Nb’-Nb-Cl(2) 
Nb’-Nb-Cl(3) 
Nb’-Nb-S 
Nb’-Nb-C(1) 
Nb’-Nb-C(2) 
Cl(l)‘-Nl-Cl(l) 
cl(l)‘-M-Cl(2) 
Cl(l)‘-Nt-Cl(3) 
Cl(l)‘-Nl-s 
Cl(l)‘-NL-C(1) 
Cl(l)‘-Nt-C(2) 
Cl(l)-Nt-Cl(2) 
Cl(l)-Nl-Cl(3) 
Cl(l)-Nh-s 
Cl(l)-Nb-C(1) 
Cl(l)-Nt-C(2) 
Cl(2)-NbCl(3) 
C1(2)-Nb-s 
Cl(Z)-Nl-C(1) 
Cl(2)-Nb-C(2) 
Cl(3)-Nl-s 
Cl(3)-Nb-C(1) 
Cl(3)-m-C(2) 
s-Nb-C(1) 
s-M-C(2) 
C(l)-NbC(2) 
Nb’-Cl(l)-Nb 

40.30(4) 
35.61(4) 

118.24(S) 
84.97(S) 
81.09(4) 

126.0(2) 
150.8(2) 
75.90(6) 

156.73(6) 
89.19(7) 
82.63(6) 
87.5(2) 

112.1(2) 
83.25(6) 
83.18(6) 
83.29(S) 

157.0(2) 
165.9(2) 
98.59(7) 
84.81(7) 

109.2(2) 
90.5(2) 

165.56(6) 
112.7(2) 

85.3(2) 
78.9(2) 

108.8(2) 
37.0(3) 

104.10(6) 

Nb-S-C(15) 
Nb-S-C(18) 
C(lS)-S-X(18) 
Nb-C(l)-C(2) 
Nb-C(l)-C(3) 
C(2)-C(l)-C(3) 
Nb-C(2)-C(1) 
Nb-C(2)-C(9) 
C(l)-C(2)-C(9) 
C(l)-C(3)-C(4) 
C(l)-C(3)-C(8) 
C(4)-C(3)-C(8) 
C(3)-C(4)-C(5) 
C(4)-C(S)-C(6) 
C(5)-C(6)-C(7) 
C(6)-C(7)-C(8) 
C(3)-C(8)-C(7) 
C(2)-C(P)-C(10) 
C(2)-C(P)-C(14) 
c(1o)-c(9)-c(14) 
c(9)-c(1o)-c(11) 
c(lo)-c(ll)-c(12) 
C(ll)-C(12)-C(13) 
C(12)-C(13)-C(14) 
C(P)-C(14)-C(13) 
S-C(lS)-C(16) 
C(lS)-C(16)-C(17) 
C(16)-C(17)-C(18) 
S-C(18)-C(17) 

111.6(3) 
108.8(3) 
94.7(4) 
71.3(4) 

149.0(S) 
139.4(6) 

71.7(4) 
144.0(S) 
144.0(6) 
121.5(6) 
117.9(6) 
120.4(7) 
120.7(7) 
118.9(8) 
120.9(8) 
119.7(8) 
119.3(8) 
120.7(7) 
117.7(7) 
121.6(7) 
119.7(P) 

120(l) 

119.7(P) 
120.6(P) 

118.2(8) 
106.2(S) 
114.1(8) 
116.1(P) 
104.5(6) 

aNumbers in parentheses are estimated standard deviations in the least significant digits. 

1, namely [TaCl,(THT)(PhCCPh)]&Cl), . Our 
previous speculation [4] that the initial product may 
have been TaCla(THT),(PhCCPh) is one we would 
now retract. It is then reasonable to suppose that the 
Cl-bridged dimer reacts with pyridine to split the 
bridges, giving, perhaps, TaCla(THT)py(PhCCPh) or 
TaClapy,(PhCCPh) which can then react with (pyH)- 
Cl, present adventitiously, to afford crystals of (pyH)- 
[TaCl,py(PhCCPh)] . 

An attempt to intercept and identify the second 
postulated intermediate was made using the niobium 
system. When 1 was dissolved in CH2C12-pyridine 
9:l) a compound with a monoclinic unit cell having 
dimensions a = 7.575(2) A, b = 31.688(9) & c = 
10.156(3) A, 0 = 109.13(2)’ and T/ = 2303(2) A3 
was obtained. Its structure was not refined satisfacto- 
rily because of poor crystal quality and rapid 
decomposition of the crystal. The partially solved 
structure indicated that the compound is very 
probably TaC13py,(PhCCPh) or TaCl,py(THT)(Ph- 
CCPh). 

It has recently been reported [6] that the reaction 
of NbCls with tolane follows eqn. (2) so that one 
mole of tolane serves 

NbCl, + 2PhCCPh - 

% [NbC13(PhCCPh)]‘, + PhClCCClPh (2) 

as a dechlorinating agent while the second one adds 
to the niobium atom. The authors of this work 
appear to prefer an oxidation state assignment of 
III in their product, but, as already noted, we would 
consider V to be more apt. In any event, we reco- 
gnize their tetranuclear product to be closely related 
to the compounds we have been studying, as shown 
in Scheme I. In the absence of any other donor mole- 
cules (e.g., THT or py), ‘NbCl,(PhCCPh)’ tetra- 
merizes so as to allow each metal atom to achieve 
its preferred coordination number of 6. Reaction 
with THT, in a molar ratio of THT to Nb of 1 should 
lead to the formation of our compound 1. 
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