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It is well known that the addition of small quantities (~4 
equiv/cation) of certain cosolvents of high Lewis basicity, such 
as hexamethylphosphoric triamide (HMPT)1'2 and N,N'-Ai-
methyl-iV,./V/-propylene urea,2 to solutions of alkali metal salts of 
carbon acids in weakly polar solvents (e.g., ethers) can dramatically 
enhance the nucleophilicity of the anion as well as changing its 
regiochemistry. In the absence of the cosolvent, lithium salts of 
very weak organic acids are usually aggregated contact ion pairs, 
and the role of the cosolvent is presumably concerned with inducing 
some degree of dissociation of the aggregates. For example, 13C 
chemical shift data3,4 for lithium enolates in HMPT/ether solvents 
strongly indicate such a dissociative process although the nature 
of the resulting species is unknown. We now show that the 
addition of 2-4 equiv of HMPT to lithium iV-isopropylanilide (a 
model for lithium enamides) in diethyl ether results in the con­
version of a dimer to a mixture of a monomer and a triple ion 
salt(ate complex5). 

Lithium iV-isopropylanilide in diethyl ether exists as a dimer 
characterized by its 13C chemical shifts (5c(4), 110.4 ppm at -100 
0C).6 The addition of 4.1 equiv of HMPT completely converts 
the dimer to a mixture of two new species, 1 (5c(4), 101.9 ppm) 
and 2 (<5c(4), 103.1 ppm) in a 6:1 ratio. The same system, however, 
exhibits three 6Li and 7Li resonances (Figure 1). The identities 
of the two new species are established by the low-temperature 15N 
and 6Li spectra (Figures 2 and 3)7 of the fully labeled 15N5

6Li 
isotopomer. The 15N and 6Li resonances of 2 are a 1:1:1 triplet 
and a 1:1 doublet, respectively, proving that it is the monomeric 
ion pair. /6u,i5N a n d ^ISN a r e similar to those (7.5 Hz and 152.5 
ppm, respectively) observed for the same salt in THF at -100 0C.5 

The 15N resonance of the major species is also a 1:1:1 triplet 
showing that each nitrogen is attached to only one lithium atom. 
The corresponding 6Li resonance, however, is a 1:2:1 triplet thus 
establishing the presence of the structural element, (-NLiN-)". 
The remaining peak (5 2.3 ppm) in the 6Li spectrum is a singlet 
with the same area of the triplet and is assigned to the Li-
(HMPT)4

+ counterion. The line widths of the corresponding 7Li 
resonances (Figure 1) are in accord with these assignments. Thus, 
that of the 8 2.3 ppm peak is very narrow (~7 Hz) as expected 
for 7Li in a tetrahedral environment. The other two peaks are 
broad (~51 and ~25 Hz for 5 4.6 and 3.7 ppm, respectively).8 
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Figure 1. (A) 6Li spectra (52.99 MHz) of [6Li]-lithium AMsopropyl-
anilide (0.4 M) with HMPT (1.6 M) in diethyl ether. (B) 7Li spectra 
(139.95 MHz) of lithium N-isopropylanilide in diethyl ether at -60 0C. 
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Figure 2. 15N spectrum (20.2 MHz) of [6Li,15N]-lithium AMsopropyl-
anilide (0.5 M) with HMPT (2.0 M) in diethyl ether at -85 0C. 

The two species exchange rapidly on the 6Li N M R time scale at 
room temperature (Figure l a ) . The addition of H M P T causes 

OOO2-7863/87/1509-6524S01.50/0 © 1987 American Chemical Society 



J. Am. Chem. Soc. 1987, 109, 6525-6527 6525 

S . 3 fspri 

**• . & p p n 
C«J — B. O H a ) 

3 . 7 p p n 
CJ — 6 . 6 H = ) 

I \ I w \ / \ 

Figure 3. 6Li spectrum (52.99 MHz) of [6Li1
15N]-lithium AMsopropyl-

anilide (0.5 M) with HMPT (2.0 M) in diethyl ether at -90 0C. 

conversion of the dimer to the monomer which, in turn is converted 
to the triple ion salt with increasing HMPT concentrations (Figure 
lb). The 31P spectra of all solutions exhibit only single sharp 
resonances indicating that exchange between free and bound 
HMPT is rapid on the 31P NMR time scale. The structure of 
the triple ion salt is formulated as 1. The degree of solvation of 
the triple ion is probably n = 1 since the line width of its 7Li 
resonance is twice that of the monomer, suggesting a trigonal 
arrangement of ligands. The very narrow line width for 7Li in 
genenion shows that it is in a tetrahedral environment. 

[(PhPr-!-N)2Li(HMPT)„]--[Li(HMPT)4]+ 

PhPr-;-NLi(THF3-„)(HMPT)„ 
2 

[Li5(N:CPh2)6(HMPT)3]--[Li(HMPT)4J + 

Fraenkel and co-workers9 have used 7Li NMR to show that 
the addition of THF as a cosolvent to solutions of peralkyl-
cyclohexadienyllithium in cyclopentane induces triple ion for­
mation. They also observe two resonances for the triple ion salt 
and one for a monomeric ion pair, although in this case all line 
widths appear similar presumably because the ion pairs are w-
rather than c-types. 7Li NMR has also been used to show that 
cryptand complexes of ethyl lithioacetoacetate form triple ions.10 

Barr, Clegg, Mulvey, and Snaith11 have published a number of 
X-ray structures of HMPT-solvated lithamides. Although none 
of these corresponds to the type of structure we have found in 
solution, they do describe a more highly aggregated, polyhedral 
ate complex1 lb 3 derived from the much less sterically hindered 
anion of diphenyl ketimine. 

In view of the above findings, it appears likely that, in the 
reactions of lithium enolates, triple ions or more complex ate ions 
may be better candidates for the reactive species in the presence 
of HMPT as cosolvent than are tetramers in which the positions 
of cosolvent and anion are juxtaposed.12 
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Many transition metals are known to catalyze the cyclo-
trimerization of alkynes1,2 and thereby provide an elegant strategy 
for assembling complex organic molecules.3 The intermediates 
most often implicated in these cyclizations are metallacyclo-
pentadienes4,5 (1, Scheme I). Arene formation by the addition 
of a third alkyne is proposed to occur either through an inter­
mediate (a) metallacycloheptatriene (3), or (b) Diels-Alder adduct 
"7-metallanorbornadiene" (4). Since d"-2 metal centers are re­
quired for the oxidative coupling of alkynes, and since certain 
niobium and tantalum complexes polymerize6 and cyclize6c'7 

alkynes, we have begun to investigate mid-valent tantalum 
chemistry with a view to understanding the details of these re­
actions in the early transition metals. 

Yellow Ta(DIPP)2Cl3 (DIPP = 2,6-diisopropylphenoxide),8 

upon reduction with 2 equiv of Na/Hg in the presence of RC=CR 
(R = Me, Et; 3 equiv in Et2O, -30 0C), provides blue solutions 
containing the complex (C6R6)Ta(DIPP)2Cl (R = Me (5), R = 
Et (6)) (eq 1). The removal of all volatiles from the reaction 
Ta(DIPP)2Cl3 + 2Na/Hg + 3RC=CR — 

(^-C6R6)Ta(DIPP)2Cl (1) 
5, R = Me 
6, R = Et 

filtrate provides the blue, thermally sensitive, microcrystalline 
product in 65% yield. This reaction also produces a quantity of 
insoluble alkyne polymer and, in the presence of excess alkyne, 
free hexaalkylbenzene. The 1H NMR spectrum of the C6Me6 

compound (5, C6D6, 30 0C) displays diisopropylphenoxide reso­
nances9 in addition to a singlet at 5 2.02 (18 H, C6Me6); in 
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