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Reactions of Tantalum(III) with Alkynes and Nitriles
Sir:

There has lately been an upsurge of interest in the chemistry
of the early transition elements, especially with respect to or-
ganometallic reactions and possible catalytic applications
thereof. Most of the work reported so far, however, deals with
cyclopentadienyl derivatives, and the noncyclopentadienyl
chemistry of tantalum and niobium in their intermediate oxi-
dation states, e.g., 111, is still practically unknown. This is
particularly true of reactions with unsaturated organic mole-
cules and the main reason appears to be a lack of convenient
reactants. We report here that the compound Ta,Clg(SC4Hzs)s,
1,! serves as a convenient source of Ta(1Il) and we describe
several interesting reactions that adumbrate a large and in-
teresting chemistry of Ta (and, presumably, also Nb) with
unsaturated organic compounds.

Compound 1 reacts with acetonitrile to form 2a, the struc-
ture of which has been inferred from a crystallography study.
The only previous synthesis of 2a was by an indirect route
which gave a poor yield. We have found that direct synthesis

Cl S Cl
a2l 1 /.
w2 a”

VAN
s/ \?<Cl S
1
R
/

Cl{CH,CN),Ta==N—C

\

C———N=Ta( NCCH;}_}CI»

R
2a, R = CH,
b, R = C,H,
from 1 proceeds quickly and in high yield and report a method
that is applicable to alkyl cyanides in general. We have also
found that 1 reacts with alkynes to give products of unusual
properties.

Reaction of 1 with acetonitrile, propionitrile, or isobutyro-
nitrile, gives a green product within a few minutes.? The in-
frared spectrum of the MeCN product is identical with that
of 2a. IR, analysis, and chemical properties show that the
compounds from EtCN (2b) and PriCN are of the same type.
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Figure 1. A computer-generated drawing of the [TaCls(py)(PhCCPh)]~
anion.

Neither {CH3)3CCN nor C¢HsCH,CN reacts with 1 to give
reductively treented neadez,

The tantalum(V)-nitrene complexes formed in these reac-
tions are relatively resistent to protic attack. When an
HCI/Et,0 solution was added to 2a, no reaction was observed
even after several hours. However, if, instead, acetone was
added to 2a, TaOCl3(MeCN); was formed on standing over-
night. We are attempting to learn what happens to the organic
fragments. This sort of exchange of oxygen for nitrogen was
suggested in the reaction of [(CHj3);N};Ta=NBu’ and
benzaldehyde.?

Compound 2b reacts with the diethy! dithiocarbamate anion
producing an air-stable crystalline compound shown by X-ray
crystallography to be 3, in which the Ta atoms are seven

Et
/S

N\

C—N=Ta(S,CNEt;),

(Et,NCS;) Ta=N—C

Et

3
coordinate. The details of this structure will be reported else-
where, since they are not pertinent to the main thrust of this
communication.

To our knowledge, this type of facile reductive coupling of
nitriles (accompanied by oxidation of the metal atoms) is un-
precedented. The closest related reactions we know of are eq
1 and 2, recently described by DeBoer and Teuben® and by
Bercaw.®

R R
2Cp. TiI(RUNCR’) — Cpy(R)Ti—N=C—C—N—Ti(R)Cp, (1)
Cp=1"CH; R=CH; R =CH;CH,
Ph
SSe
{Me;Cs).Zr + 2PhCN —>  (MesC:) Zr | 2)

NFOp,

When a toluene or CH,Cl; solution of 1 is mixed with 3-
hexyne, hexaethylbenzene is formed in a rapid, exothermic
reaction that is clearly catalytic at 25 °C. Such catalytic ac-
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tivity by a group 5 metal is unprecedented and further study
of this and related reactions is underway.

Under comparable conditions diphenylacetylene (tolane)
reacts stoichiometrically to give mononuclear complexes of
composition TaCl;Ls(tolane), where L represents a neutral
donor such as tetrahydrothiophene (THT), tetrahydrofuran
(THF), CH;CN, or pyridine. When TaCl3(THT)2(tolane)
was dissolved in acetone containing some water, hydrous Ta;Os
precipitated within minutes and cis-stilbene was detected in
the acetone. This suggests that the attachment of the tolane
to the Ta is in the nature of an oxidative addition. In this re-
spect the product would be similar to some isoelectronic
Mo(IV) species obtained by addition of alkynes to
(R3NCS5),Mo00, some of which have been compared to the
active site in nitrogenase.”*

We have obtained crystals of a derived compound, 4, with
the formula (pyH){TaCls(py)(tolane)}® and determined its
structure by X-ray crystallography.!© The anion is shown in
Figure |. The binding of the tolane to the tantalum is very
strong and symmetrical. The Ta-C distances are 2.066 (8) and
2.069 (8) A, the C-C distance is 1.325 (12) A, and the two
C(phenyl)CC angles are 138.24 (80) and 141.16 (82)°. The
Ta-C distances are only slightly longer than the average for
the C==Ta double bonds found in several tantalum alkylidene
compounds,'! namely, 2.04 A, and thus a simple u-bond rep-
resentation, 5, or one with two single bonds, 6, does not seem

_h _Ph __Ph
C C C
~ 4
THC ”l Ta\" Ta\
C C C
~
ph Ph ph
5 6 7

adequately to account for the structure. We therefore suggest
7 which has C=Ta double bonds and is a kind of dialkylidene.
Perhaps, in resonance terms, a mixture of 6 and 7, with an
appreciable contribution from 7 would best accommodate all
of the chemical and structural evidence. The bond lengths and
angles that occur in a compound!? with arrangement 8 make

Ph Ph
N4

C /\

/\Mo

8

a useful comparison. Here each acetylenic carbon atom is
forming two single bonds to metal atoms. Thus, we might ex-
pect the C-C distance to be similar to that in the present case,
and it is, 1.329 (6) A. On the other hand, the C-Mo distances
should be much longer than our C-Ta distances, and they are,
averaging 2.18 + 0.02 A, The Ta-C distances here are similar
to those in the benzyne complex Ta(n*-CsMes)(CH3)a-
(CgH4)!? but very much shorter than those in [#3-CsHs)--
Nb(O,CCH3s)(tolane).!*

Comparison with the recently reported work of Weiss et al.!®
1s especially pertinent. They find a W(HCCH) unit with W-C
distances of 2.03 A and a C-C distance of 1.29 A and on the
basis of these facts and other reasoning propose that the
acetylene is acting as a four-electron donor. In their case this,
allows the metal to achieve an 18-electron configuration,
whereas for our compound Ta reaches only a 16-electron
configuration. However, this is not unusual for group 3
metals.!®

Mo

Supplementary Material Available: Tables of atomic positional and
thermal parameters for (pyH)[TaCla(py)(tolane)] (2 pages). Ordering
information is given on any current masthead page.
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The Importance of Hyperconjugation in
Nucleophilic Vinylic Substitution
Sir:

Nucleophilic vinylic substitution via addition-elimination'+?
{eq 1: LG = leaving group, Nu = nucleophile, Y,Y’ = acti-
vating groups) proceeds via an intermediate carbanion as in-
dicated by the “element effect ”!~> and by base catalysis found
in several substitutions by amines.* The substitution of a good
leaving group, e.g., Cl, Br, proceeds in most cases exclusively
or predominantly with retention.!'? “Convergence”,2i.e., ap-
proach to a similar product composition starting from either
of the two isomers, is sometimes found when LG = F,° but
mostly results from postisomerization of retained products.!2
Two mechanisms were proposed to explain the observed re-
tention: (a) a concerted bond formation and cleavage,® which
was recently criticized for neglecting the other evidence above;2
(b) formation of a planar carbanion where LG expulsion (F
excluded) is faster than internal rotation, and a 60° rotation
which gives retention is preferred over 120° rotation which
gives inversion.! A related explanation was given for tetrahe-
dral carbanions.? The source of the rotational barrier and the
reason for the preference of a 60° rotation are not fully un-

R Y R Y
Neee” o+ v — nu—e—c”
SN SN
LG Y LG Y’
1
R Y
-G~ AN /
—_— /C= N (1)
Nu Y’
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