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Deprotonated nitriles have proven to be useful reagents in
organic synthesis;! However, in contrast to the enolates of
ketones, esters, and amides, little information is available on
the solution structures of the corresponding nitrile anions.!® Two
central issues remain unresolved: the position of metalation and
the degree of aggregation (Chart 1). In the solid state, both
N-metalation and C-metalation have been observed.>? Ab initio
calculations indicate that a bridged structure 3 is favored for
unsolvated lithioacetonitrile.*> Solution state studies have been
less conclusive.5 On the basis of 13C NMR spectroscopy,
Bradamante and Pagani concluded that sodiated nitriles exist
as solvent-separated or free ion pairs in DMSO, in which the
negative charge is essentially localized on the o-carbon.”
Therefore, in solvents of lower polarity/donicity, (a-cyanoalkyl)-
metals such as 4 remain as another possibility. Aggregation
state determinations have been attempted on the basis of
colligative measurements, but varying results have been ob-
tained.®® In this communication we demonstrate the use of 5Li/
15N NMR spectroscopy !¢ to unambiguously determine both the

t Hong Kong University of Science and Technology.

# Cornell University.

(1) (a) Rychnovsky, S. D.; Griesgraber, G.; Kim, J. J. Am. Chem. Soc.
1994, 116, 2621. (b) Carlier, P. R.; Lo, K.-M. J. Org. Chem. 1994, 59,
4053. (c) Koenig, T. M.; Mitchell, D. Tetrahedron Lett. 1994, 35, 1339.
(d) Bailey, P. D.; Collier, I. D.; Hollinshead, S. P.; Moore, M. H.; Morgan,
K. M.; Smith, D. I.; Vemon, J. M. J. Chem. Soc., Chem. Commun. 1994,
1559. (e) Arseniyadis, S.; Kyler, K. S.; Watt, D. S. Org. React. 1984, 31,
1

(2) Boche, G. Angew. Chem., Int. Ed. Engl. 1989, 28, 277,

(3) Interestingly, the observed bond lengths in the N-metalated nitriles
do not support the expected ketenimine structure 1; instead the structure is
best formulated as the partially delocalized metalated nitrile 2. (a) {[Ph-
CHCNLi(tmeda)];*CsHs}: Boche, G.; Marsch, M.; Harms. K. Angew.
Chem., Int. Ed. Engl. 1986, 25, 373. (b) {[PhCHCNLi(tmeda)}
[Li(tmeda)N(i-Pr);]}: Zarges, W.; Marsch, M.; Harms, K.; Boche, G.
Angew. Chem., Int. Ed. Engl. 1989, 28, 1392. (c) Barker, J.; Barnett, N. D,
R.; Barr, D.; Clegg, W.; Mulvey, R. E.; O'Neil, P. A. Angew. Chem., Int.
Ed. Engl. 1993, 32, 1366. (d) Hiller, W.; Frey, S.; Strihle, J.; Boche, G.;
Zarges, W.; Harms, K.; Marsch, M.; Wollert, R.; Dehnicke, K. Chem. Ber.
1992, 125, 87. (e) Lambert, C.; Schieyer, P. v. R.; Pieper, U.; Stalke, D
Angew. Chem., Int. Ed. Engl. 1992, 31, 71.

(4) Kaneti, J.; Schleyer, P. v. R.; Clark, T.; Kos, A. I.; Spitznagel, G.
W.; Andrade, J. G.; Moffat, J. B. J. Am. Chem. Soc. 1986, 108, 1481.

(5) Two metalated nitriles displaying intermolecular bndgmg have also
been characterized by X-ray crystallography: (a) [CpzLa(5?-CH,CN)]a:
Heeres, H. J.; Meetsma, A.; Teuben, J. H. Angew. Chem., Int. Ed. Engl.
1990, 29, 420. (b) A lithiated cyclopropylnitrile: Boche, G.; Harms, K;
Marsch, M. J. Am. Chem. Soc. 1988, 110, 6925.

(6) Croisat, D.; Seyden-Penne, JI.; Strzalko, T.; Wartski, L.; Corset, J.;
Froment, F. J. Org. Chem. 1992, 57, 6435.

(7) Abboto, A.; Bradamante, S.; Pagani, G. A. J. Org. Chem. 1993, 58,
449.

(8) (a)Bauer, W.; Seebach, D. Helv. Chim. Acta 1984, 67, 1972. (b) Das,
R.; Wilkie, C. A. J. Am. Chem. Soc. 1972, 94, 4555.

(9) Moreover, the accuracy of colligative measurements is vulnerable
to unseen impurities, and by their nature these methods can offer no direct
information on the identity and population of the discrete aggregation states
present. (a) Gregory, K.; Schleyer, P. v. R.; Snaith, R. Adv. Inorg. Chem.
1991, 37, 47. (b) Galiano-Roth, A. S.; Collum, D. B. J. Am. Chem. Soc.
1989, 111, 6772.

(10) (a) Collum, D. B. Acc. Chem. Res. 1993, 26, 227. (b) Jackman, L.
M.; Scarmoutzos, L. M. J. Am. Chem. Soc. 1987, 109, 5348,

0002-7863/94/1516-11602$04.50/0

1994, 116, 11602—11603

Chart 1
H H
n)\\ n’g.\
\N -}_N
| |
ML, M
1 2 b
M ML,
H7~e2N ”+Cs
H N
3 4
§: PhCHCNLI
Chart 2
EOE""‘ M..N‘L,wu,
”’-.—...ﬁw s --c:" P:".e.-.oa—gN: ,N.s.-m-c:“
Li
¢ 'y,
toey), Mo NY  “NMe,
8 7
”""‘Lf Myle,  Shiey
=N \ E =N
MeN® L, Sk, Nie, Sidte,
8 9

position of metalation and the aggregation state of Et,O- and
TMEDA-solvated lithiophenylacetonitrile (§) in solution and to
demonstrate the existence of a TMEDA-solvated 5/lithium
hexamethyldisilazide (LiHMDS) mixed aggregate.

A 0.1 M solution of [°Li,!5N]5 was prepared from [*N]phen-
ylacetonitrile!! and 1.0 equiv of [SLi]JLiHMDS!? in 2:1 toluene:
diethyl ether at —78 °C. The 6Li and 1N NMR spectra recorded
at —90 °C (Li triplet, 15N quintet, Jii—n = 3.4 Hz) are
consistent with a cyclic oligomer, characteristic of related
N-lithiated species.!? Inverse-detected SN homonuclear zero-
quantum NMR spectroscopy!# demonstrates that ether-solvated
5 has a cyclic dimer structure 6 (Chart 2) rather than that of a
higher cyclic oligomer. Similarly, TMEDA-solvated 5 was
demonstrated to be a dimer 7 in neat toluene, paralleling the
structure observed in the solid state.32

The observed °Li—15N coupling constants of 3.4 and 3.5 Hz
in 6 and 7 are characteristic of dimeric N-lithiated species,
suggesting little or no contribution from a C-lithiated tautomer
such as 4. Furthermore, given the Li;N; core established by
NMR spectroscopy, C—Li contact should be geometrically
unfavorable. However, to further investigate this possibility,
the 13C NMR spectrum of [6Li,!*N]7 was examined, and no
Li—13C coupling was observed at the a-cyano carbon (32.7
ppm) down to —90 °C. Fluxional behavior of the TMEDA
ligands was also evident, exibiting two methyl resonances and-
one methylene resonance at —90 °C.. Coalescence of the
methyls occurred at —70 °C, indicating AG¥yp3x = 9.0 & 0.3
kcal mol~! (Av = 471 Hz).15:16
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Table 1. NMR Spectroscopic Data of 6—9¢

compound  SLid (m, Jy-u) N6 (m, Jy-p) solvent
['*N]phenyl- 247.07 1:1 toluene:Et,0
acetonitrile
[°Li,'*N16 —0.28 (t,3.4) 222.08(q,3.4) 2:1 toluene:Et,O
{°Li,!*N17 0.26 (t, 3.5) 218.47 (q,3.5) toluene
[°Li,“N,'°N18 —0.09 (d,3.1) 223.54(q,3.1) toluene
[Li,N,5N18  —0.09(t,3.1)  223.54(q,3.1) toluene
43.56 (q,3.1)
{SLi,'5N19 0.75(d, 6.1) 47.49 (t,6.1) toluene

“Spectra were recorded at [Liliw = 0.1 M at —90 °C in the
designated solvent. The chemical shifts are reported relative to 0.3 M
SLiC/MeOH (0.0 ppm) and ['*N]dimethylethylamine (25.7 ppm), both
at —90 °C (external reference). All J values are reported in Hz: d,
doublet; t, triplet; q, quintet.

Li/'SN NMR spectroscopy has been an effective tool for
uncovering the stereochemical diversity present in lithium
amides.!%17 Interestingly, the anti and syn diastereomers of 6
and 7 cannot be resolved under these conditions, although we
cannot rigorously exclude formation of a single isomer. Also
of note is the complete loss of SLi—!5N scalar coupling in
[6Li,!SN]5 in THF—pentane or THF—toluene solvent mixtures
at temperatures down to —110 °C.18 13C NMR spectroscopy
in toluene-ds-THF-ds mixtures at temperatures down to —125
°C failed to demonstrate SLi—!3C coupling. Apparently THF
facilitates rapid chemical exchange, and we are thus unable to
confirm the monomeric aggregation state of 5 at low concentra-
tions in THF proposed by Bauer and Seebach®® and Streit-
wieser.!® The possibility that 5 exists as a solvent-separated
ion pair in THF also cannot be ruled out.

Finally, addition of 0.5 equiv of ['*N]phenylacetonitrile to
0.1 M [SLi]LiHMDS in toluene containing 1 equiv of TMEDA
gave a 1:2:2 mixture of 7, mixed aggregate [6Li,!“N,!5N]8, and
TMEDA-solvated LiHMDS 920 SLi—15N HMQC?! of
[6Li,!SN,15N]8 prepared from [SLi,!’N]LiHMDS confirmed the
structural assignment (Figure 1). Mixed aggregates of lithiated
nitriles with alkyllithiums have been proposed as intermediates
in solution,®?2 and a mixed aggregate of 5 and lithium
diisopropylamide has been characterized in the solid state.3® In
contrast to a previous 13C NMR study,?? we find no evidence
for mixed aggregation of 5§ and LiHMDS in THF.?
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Figure 1. SLi—!"N HMQC spectrum of solution of 0.1 M [SLi,'*N]-
LiHMDS containing 0.5 equiv of ['*N]phenylacetonitrile and 1.0 equiv
of [“N2]JTMEDA. The left and upper traces are the corresponding one-
dimensional SLi and 'SN{'H,SLi} spectra, respectively. The spectrum
was recorded on a Varian Unity 500 spectrometer equipped with a
custom-built three-channel probe designed to accommodate lithium and
nitrogen pulses with concurrent proton decoupling, The spectrometer
operates at 73.56 and 50.65 MHz for °Li and '*N, respectively. Data
were processed in the phase sensitive mode. Digital resolution in fi
prior to zero-filling is 188 Hz.
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