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Abstract: NMR spectroscopic studies have been performed on the mixed complexes formed by the lithium
salt of acetonitrile (LICH,CN) and the chiral lithium amides Li—(S)-N-(2-methoxybenzyl)-1-amino-1-phenyl-
2-ethoxyethane (Li-1) and Li—(S)-N-isopropyl-2-amino-1-phenyl-3-methoxypropane (Li-2) in diethyl ether
and tetrahydrofuran solvent. In diethyl ether Li-1 and LiCH>CN form a mixed dimeric (1:1) complex, while
Li-2 and LiCH,CN form a mixed trimeric (2:1) complex. The dimer undergoes fast exchange between
ketenimine and bridged structures. Both *J(**N,Li) and 'J(*3C,°Li) couplings were observed for the
respectively isotopically labeled compounds. In the trimeric complex the CH.CN anion also undergoes fast
degenerate exchange between ketenimine and bridged structures, and the complex appears C-symmetric
on the NMR spectroscopy time scale. Both the dimer and trimer complexes have the bridged acetonitrile
anion in common, as indicated by the highly shielded o-carbon *C NMR shifts (0 —6.1 and —7.4,
respectively). In tetrahydrofuran only N-metalated mixed LiCH,CN dimers were observed for both Li-1
and Li-2 with the less shielded 3C NMR shifts of 6 —2.5 and —2.2 for the a-carbon of LICH,CN of the
complexes.

Introduction ligands. Such mixed chiral aggregates are potentially useful for
The development of chiral ligands for asymmetric synthesis the asymmetric addition of nitrile anions to aldehydes, yielding
has been of major interest for the organic chemists for many A-hydroxy nitriles, which constitute an important group of
years! There are numerous reports of chiral ligands for use in sSynthetic intermediates.
the asymmetric addition of organolithium reagents to carbonyl ~ The position of the metal cation has been the subject of
compounds resulting in optically active alcohdf&So far these ~ discussion in a number of studies of nitrile-stabilized car-
investigations have focused on simple alkyllithium compounds banions’=? In these reportd\-lithiated nitriles have been found
such asn-butyllithium (n-BuLi) and methyllithium (MeLi), to dominate although there is one known X-ray structure with
especially in the form of mixed complexes with chiral lithium @ bridged lithiated nitrilé€. There is a substantial number of
amides?—6 Only minor attention has been devoted to mixed reports on lithiophenylacetonitrile, but surprisingly little is

aggregates formed by nitrile-stabilized carbanions and chiral known about the more simple analogue lithioacetonitrile (LiCH
CN).

(1) (a) Noyori, R.Asymmetric Catalysis in Organic Synthesishn Wiley
& Sons: New York, 1994. (b)Comprehensie Asymmetric Catalysis (5) (a) Hilmersson, G.; Arvidsson, P. |.; Davidsson, O.; Hakanssord, Mm.
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Table 1. Selected 'H and 3C NMR Chemical Shifts for the “Et,O Solvated” Mixed Complex C at —87 °C

solvent nucleus CH,CN OCH;3 OCH,CH CH,CHs NCH NCH, CH,CHs
Et,O H 0.4 4.06 4.12,3.05 3.44 4.11 3.26, 3.49 1.2
13C —-6.1 56.7 59.1 67.2 72.6 81.0 15.1

We recently reported on the structure and selectivity of mixed
aggregates formed by LIGEN and lithium amides with a
chelating ether groupOne of these chiral ligands, developed
by Eleveld and Hogeveetinduced an enantiomeric excess (ee)
of 55% in the asymmetric addition of LiGEN to benzaldehyde N
in tetrahydrofuran (THF), while the same reaction carried out = T T
in diethyl ether (EO) resulted in 45% ee of the opposite 2 1 ppm
enantiomer. NMR spectroscopic studies indicated the formation Figure 1. 5Li NMR spectrum of the mixture of 0.2 M CG¥C[**N], 0.4 M
of the “EtO solvated” mixed complexe&, A’ and the “THF ~ "+Bul’Lil. and 0.2 M1 in Et,O-dy (C) at —87 °C.

solvated” mixed complexB. Although extensive structure
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Ho “CH, Figure 2. 15N NMR spectrum of the mixture of 0.2 M GJE[*N], 0.4 M

n-Bu[bLi], and 0.2 M1 in Et;O-d;o (C) at —87 °C.
A A B
The >N NMR spectrum (Figure 2) of the same solution shows
investigation of these complexes by multinuclear NMR spec- a resolved quintet})(*5N,5Li) = 2.8 Hz), indicating that the
troscopy was performed at low temperatures, no direct evidence,complex is arN-lithiated, mixed aggregate structure in which
such asJ(*3CSLi) or J(°Li,»*N) couplings, was observed, the nitrogen of acetonitrile coordinates to the two different
probably due to fast intermolecular exchange. lithiums.

Herein we wish to report the NMR spectroscopic studies on  The 13C and *H NMR shifts of the mixed complex are
the mixed complexes formed by LiGBN and two different presented in Table 1. THEC NMR spectrum shows only one
chiral lithium amides with chelating ether groups;(5)-N- set of carbon signals at temperatures betweéid and—116
(2-methoxybenzyl)-1-amino-1-phenyl-2-ethoxyethanel)land °C. The!3C NMR signals have different chemical shifts from
Li —(9-N-isopropyl-2-amino-1-phenyl-3-methoxypropane (Li- those of the lithium amide and LiGIEN, respectively. The
2). The mixed complexes, formed between these lithium amides a-carbon signal of the complexed LiGEN appears ab —6.1
and LICHCN, have been studied in £ and THF solvents  in the 13C NMR spectrum but ndJ(*3CSLi) couplings are
using®Li, *3C, and™*N labeled compounds. observed at any temperature betweeé7 and—125 °C (in

Et,0:hexane mixtures). Since th&13C H) coupling is known

to relate to the amount of s-character of the carbon we also
obtained a coupletfC NMR spectrum. The:-carbon is a triplet
(YJ(*3C*H) = 148 Hz), indicating that the-carbon of LiCH-

E:(\H o >;N CN is sg- rather than shhybridized. The amount of s-character
Cﬁ j H 0 in the mixed complex was also estimated from a natural bond
1 2 orbital calculation on the PM3 geometry-optimized bridged
structure and the formufd(*3C,'H) = 500/@6 s-character). This
Results leads to an estimateld(3C,'H) coupling of 152 Hz, which is

very close to the experimentally observed value. It should
however be noted that the correlation HC—H coupling
constants with s-hybridization should be done with caution,
especially when dealing with anions.

¢ btained at100°C of th it h wo singlet To gain further information about this mixed complex, we
spectrum obtaine Orth€ MIXIUre Shows o Singiets employed'3C-labeled acetonitrile, which allowed us to acquire

ta; ‘gez%rzoﬁ]ng r?{i?(;a;esgri(;;gilgﬁgl:;??rsﬁr:ﬁ:as hac: ;SQZZ?:Sgte q a3C NMR spectrum at a significantly lower concentration (0.05
i 6] 1 —
chiral lithium amide ¢ 1.8 and 2.3) or from LIiCHCN (6 0.4). Minstead of 0.2 M). A doublet a 2.2 (J(LI, *C)= 3.5 Hz)

When 5N-labeled acetonitrile was used the two signals in the (10) (a) Kallman, N.: Collum, D. BJ. Am. Chem. Sod.987, 109, 7466. (b)

6] i i i Jackman, L. M.; Scarmoutzos, L. M.; Porter, W.Am. Chem. S0d.987,

Li NMR spectrum appegr as doublétsThe less shieldefLi 109 6772. (c) Galiano-Roth, A. S.; Michaelides, E. M.; Collum, D.JB.
NMR signal has a coupling constant of 2.6 Hz and the more Am. Chem. S0d.989 111, 6772. (d) Sato, D.; Kawasaki, H.; Shimada, I.;
; B ; Arata, Y.; Okamura, K.; Date, T.; Koga, K. Am. Chem. S0d.992 114,
sh_lelded S|gn_al has _a coupling constant of 3.1 Hz, due to scalar 761. (e) Lucht, B. L; Collum. D. BACG, Chem. Red999 32, 1035. (f)
6Li,'5N couplings (Figure 1). Arvidsson, P. |.; Davidsson, GAngew. Chem., Int. E®200Q 39, 1467.

Mixed Complex Formed by Li-1 and LICH,CN in Et,O
Solution (C and D). A mixture of 600uL of Et;O-d;o, 0.4 mmol
of n-Bu[bLi], 0.2 mmol of 1, and 0.2 mmol of acetonitrile was
carefully prepared in an NMR tube at78 °C. The®fLi NMR

J. AM. CHEM. SOC. = VOL. 126, NO. 21, 2004 6799
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a) ®Li -100 °C
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b) 1*C -100 °C
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Figure 3. (a) ®Li NMR spectrum of the mixture of 0.05 M{C]H3CN,
0.10 M n-Bu[fLi] and 0.05 M1 in Et;O-d;o (C) at —100 °C and (b) a
selected region of thEC NMR showing the carbanion signal of the same
mixture.

and a singlet ad 0.9 are observed in thi NMR spectrum
obtained at-100 °C of a solution of Li-f3C]JH,CN and Li-1.
The13C NMR spectrum of the same solution obtained-400
°C reveals a 1:1:1 tripletlJ(*3CSLi) = 3.5 Hz) of the CH

carbon signal, see Figure 3. The observed coupling between

the carbon of CLCN and the lithium unambiguously establishes
a C—Li contact.

The heteronuclear Overhauser effect experiméht, iH-
HOESY), introduced by Bauer et al., is one of the most powerful

NMR spectroscopic techniques available for structure elucidation
of organolithium compounds and has extensively been used by

our group in the studies of various chiral mixed organolithium
complexes:!! Lithium nuclei proximate to protons give rise to
cross-peaks, which provide information about the three-
dimensional structure of the complex, including coordinated
ligands. ThebLi,'H-HOESY spectrum of the mixed complex
in Et,O solution at—87 °C (Figure 4) shows strong NOE cross-
peaks between the lithium signal@®.2 and thex-protons of
the LICH,CN at¢ 0.4, the protons of LEt atd 3.05 (OCH,), o
3.26 (NtHy), 6 3.44 (H,CH3), andd 4.06-4.11 (OCH; and
NCH), and the aromatic protons in the region®f7—8. The
lithium signal até 0.9 shows strong NOE to the protons of the
lithium amide atdé 1.20 (OCHCHg), 6 3.44 ((H,CHs), andd
4.10 (NCH or OCH,CH) and weak NOE's to the aromatic
protons but very small, if any, NOE to the-protons of
acetonitrile aty) 0.4. The NOE between the LIGBN protons
and the more deshielded lithium signal, in addition to the
(8Li,>N) and®J(6Li, 13C) couplings, are consistent with a mixed
dimerC in fast exchange with the mixed dimBr(Scheme 1).

A 1H,'H NOESY experiment of the mixed dimer complex
also supports the conclusion ofGlithiated acetonitrile. NOE
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Figure 4. SLi,'H-HOESY experiment of the mixture of 0.3 M GEN,
0.6 M n-Bu[Li], and 0.3 M1 in Et0-tio (C) at —87 °C.
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Figure 5. Selected region of théH,"H NOESY experiment of the mixture
of 0.05 M CHCN, 0.1 Mn-Bu[bLi], and 0.05 M1 in Et;0-dio (C) at —87
°C.

Scheme 1 Fast Exchange of the 1:1 Mixed Dimer (C and D)

Formed from Li-1 and LiCH,CN
N- L|
Li-Nsgo
SCH

N,—Lr -N
(o] D

rate constant®¥ This method is especially advantageous, over,
for example, line-shape analysis, when there are simultaneous
exchange processes that may complicate the analysis. There is
a slow Li—Li exchange within the complex on the NMR
spectroscopy time scale. The cross-peaks in the 2D EXSY
spectra are a graphical display of the exchange processes. From

Ne
\ H

cross-peaks are observed between the lithioacetonitrile protonghe signal intensities in théLi,®Li-EXSY spectrum, the rate

and the proton signals at 3.26, (NCH,), 0 3.44 ((H,CHs),
and 6 4.06 (OMH3) and the aromatic protons &t 7.2, see
Figure 5.

Quantitative 2D NMR exchange spectroscopy (EXSY) is a
powerful method for the determination of site-to-site exchange

constants for direct two-site exchanges were determined using
the D2DNMR prograni?c The rate constant for the intra-
aggregate exchange was determined to be 0.35rem the
intensities of the cross-peaks between the two Li signals in the
6Li,5Li-EXSY spectrum ofC, corresponding to AG* of 12.6

kcal mol* at —62 °C.

(11) (a) Bauer, W.; Schleyer, P. v. Rlagn. Reson. Chem988 26, 827. (b)
Bauer, W.; Muler G.; Pi, R.; Schleyer, P. v. RAngew. Chem., Int. Ed.
Engl. 1986 25,1103. (c) Bauer W.; Winchester, W. R; Schleyer P.v.R.
Organometallics1987, 6, 2371.
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(12) (a) Jeener, J.; Meier, B. H.; Bachmann, P.; Ernst, RI1.R-Chem. Phys.
1979 71, 4546. (b) Meier, B. H.; Ernst, R. Rl. Am. Chem. Sod 979
101, 6441. (c) Abel, E. W.; Coston, T. P. J.; Orrel, K. G.; Sik, V;
Stephenson, DJ. Magn. Reson1986 70, 34.
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Table 2. Selected 'H and 13C NMR Chemical Shifts for the “THF Solvated” Mixed Complex D at —87 °C
solvent nucleus CH,CN OCH;3 OCH,CH CH,CHs NCH NCH, CH,CH,
THF H 0.3 3.9 3.3,4.0 3.6,3.9 4.1 34,31 11
13 -25 55.8 67.4 55.4 69.5 80.8 15.4
These results may also suggest that the mixed aggregate may Iy
be a tetrameric complex in which two bridging LIGEN
coordinated by two L& form an eight-membered ringd). An
—~0-. |_| \_ 6L. E%Pm)
HZ/C 7’/\] \/ 1 0.3
ff
—~ N SH, 0.44 7 ‘ . “ \
\‘ L| -0~ 0.5
L@ 0.6
—on] il
T 0.8
H 0 — —
) ) ) ) . ) 8 7 6 4 3 2 1 -0
experiment using 1 equiv of Li; 1 equiv ofn-BulLi, 0.5 equiv F1 (ppm)

of 15N-labeled acetonitrile, and 0.5 equiv BC-labeled aceto-
nitrile was performed in order to determine whether the complex
is tetrameric or dimeric. In the case of the tetramer, a multiplet
at o 2.2 resulting from three signals with 1:1:1 intensities is
expected, two doublets wifd(*3C SLi) = 3.5 Hz and-J(Li, *°N)

= 2.6 Hz and a singlet. The proposed dintein fast exchange
with D would result in a multiplet ab 2.2 formed by two
doublets {J(*3CfLi) = 3.5 Hz andJ(5Li,’>N) = 2.6 Hz) and

a singletin 1:1:2 intensity. Unfortunately, the experiment yielded
a multiplet atd 2.2 in theLi NMR spectrum, too poorly
resolved to exclude any of these aggregates.

Mixed Complex Formed by Li-1 and LiCH,CN in THF
Solution (D). A mixture of 600uL of THF-ds, 0.4 mmol of
n-Bu[®Li], 0.2 mmol of 1, and 0.2 mmol of CHC[**N] was
carefully prepared in a sealed NMR tube-af8 °C. At —87
°C the®fLi NMR spectrum of the mixture shows two signals at
0 0.45 and 0.8 in a 1:1 intensity ratio, which we propose to be
from a mixed dimeric complex consisting of [Liand LiCHy-
CN. In the3C NMR spectrum only one set of carbon signals
is observed, with different chemical shifts than those of the
homoaggregates of Li- and LICHCN. In the 'H NMR
spectrum, the proton signal of the complexed LCN is
observed ab 0.3, i.e., at a lower shift than in #. In thel3C
NMR spectrum, thex-carbon signal appears at—2.5 with a
1J(*3C H) coupling constant of 160 HzAccording to semiem-
pirical PM3 calculations of the amount of s-character of the
ketenimine structure, we estimate tA&(*3C,!H) coupling
constant of then-carbon to around 160 Hz. On the basis of
these observations, we propose that the mixed complex
dominates in THF solution. Selectéd and3C NMR shifts
of “THF solvated”D are presented in Table 2.

Figure 6. SLi,'H-HOESY experiment of the mixture of 0.3 M GEN,
0.6 M n-Bu[®Li], and 0.3 M1 in THF-ds at —87 °C.

Neither1J(*3C SLi) nor 1J(5Li,5N) couplings were observed
in the mixture of Li1 and 1°N-labeled LICHCN at any
temperature down te-117 °C (in THF:E(O mixtures). The
15N NMR spectra only displayed a broad unresolved signal at
all temperatures. A similar loss of scalar coupling in THF
solution has been observed earfier.

From the observed cross-peaks in thigbLi-EXSY spectrum
of the above solution obtained af78 °C, the rate constant of
the intra-aggregate exchange was determined to be 028 s
which corresponds to AG* of 11.7 kcal mott.12 Compared
to the “E{O solvated” complex, the lithium cations of this
complex are in fast exchange.

Further structural information was obtained fron§La, 1H-
HOESY experiment at-87 °C. The spectrum shows strong
NOE'’s between the lithiums and the lithium amide protons at
0 3.3 and 4.0 (O€l,), see Figure 6. There also appears to be a
weak NOE cross-peak between the £ON protons atd 0.3
and the lithium signal at) 0.5. Interestingly, there is no
observable NOE cross-peak@B.9 (H), which may indicate
that the methoxy group is not coordinated to any of the lithiums.

Trimeric Mixed Complex Formation by LiCH ,CN and
Li-2 in Et ,0 Solution (E, F, and E). ThebLi NMR spectrum
of a mixture of 0.27 mmol oh-BuLi, 0.09 mmol of CHCN,
and 0.18 mmol of the chiral amino eth2in 650 «L of Et,O-
dip at —87 °C displays two signals ai 1.1 and 2.8 in a 2:1
intensity ratio. The signal intensity ratio is temperature inde-
pendent betweer67 and—117 °C, indicating the formation
of a trimeric complex E) with three lithiums of which two are
magnetically equivalent. Only one set’'S€ NMR resonances
is observed from the lithium amide and LiQEN, significantly
different from their respective homoaggregates. @hearbon
resonance of LICKCN in E is observed at —7.4, with a
1J(13CH) coupling of 152 Hz. No'J(*3CfLi) couplings are
observed for thex-carbon of LICHCN at any temperature
between—60 and—125 °C. This indicates that the 2:1 mixed
complex consists of two molecules of the lithium amide and
one molecule of LICHCN. Unfortunately, experiments with

J. AM. CHEM. SOC. = VOL. 126, NO. 21, 2004 6801
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Table 3. Selected 'H and 13C NMR Shifts of “Et,O Solvated” Rapidly Exchanging E, F, and E' at —87 °C

solvent nucleus CH,CN OCH; OCH, CH,Ph NCH CH(CHy), CH(CHy),
Et,O H 0.3 3.23 3.17,3.30 3.44,1.74 3.43 3.70 1.1,1.2
13C —7.4 59.0 80.6 39.9 63.0 48.3 24.0, 29.0
}L '
[ 1.5 1.0 6L {'B )

Figure 7. SLi NMR spectrum of the mixture of 0.13 M CGI€[**N], 0.26
M n-Bu[bLi], and 0.13 M [15N]2 in Et,O-do at —87 °C.

13C-, and®Li-, or “Li-labeled LiCHCN also result in a broad
resonance without resolved couplings for teearbon in the
13C NMR spectrum. SelectetH and 13C NMR shifts of the
“Et,0 solvated’E are presented in Table 3.

To gain more information about the mixed complex, we
employed'>N-labeled acetonitrile. The larger peak @tl.1 et
became a doublet with a surprisingly small coupling constant 7 1 (ppm) B

of 2.1 Hz due to coupling to on€N. In addition, an experiment
using both 15N-labeled acetonitrile and>N-labeled 2 was M
performed. With this doubly®N-labeled complex, the lithium Trace at 8 1.2 v M A omiene

signal ato 2.8 is a triplet {J(6Li,’>N) = 5.4 Hz), while the
signal atd 1.1 is a doublet of a doublet&J(6Li,*°N) = 2.1, 4.5
Hz), see Figure 7. Trace at 2.8 -\

Two signals in a 2:1 intensity ratio were observed infi 7 6 5 4 3 2 1 -0oppm
NMR spectrum of théLi- and 15N-labeled complex. The amide  Figure 8. 6Li,"H-HOESY spectrum of the mixture of 0.3 M GH[!N],
nitrogen signal is a quintefJ(*>N,6Li) = 4.5 Hz), while the 0.6 M n-Bu[°Li], and 0.3 M2 in Et;0-do at —97 °C.
more shielded signal from the nitrile anion is broad and g.peme 2 Fast Exchange of the 2:1 Mixed Dimers (E, F, and E')
unresolved at temperatures down-t87 °C. The corresponding  Formed from Two Li-2 and One LiCH,CN

.

w N NN B B O
.
N © B O O N ®

Li-labeled compounds were also prepared, as i—"Li Ph Ph

couplings should be larger by a factor of 2.6, due to its greater - -~ L'

magnetogyric ratio. Unfortunately, only a broad unresof#t Ph I_.i-:/l\l.‘u_‘o\ . ph\\(NL' N!_l__o\ ____ \(,_, W .

NMR signal was detected for the corresponding mixed complex. [ Ni_i C,ng E Li-N, [ i y'

However, the observefli,’>N-scalar coupling supports the 0 N ? Qsz C

proposed symmetry of the trim& made from one\-lithiated

acetonitrile and two lithium amides. The two lithium signals E F E'

also show cross-peaks in the EXSY spectrum, corresponding

to an intramolecular rate constant for the-Lii exchange of The H,'H NOESY spectrum recorded at87 °C of the

0.38 s, or aAG¥ of 13.8 kcal mof?! at —42 °C 12 mixed complexE shows a cross-peak between the LyCM
The®Li,*H-HOESY spectrum of the mixed trimer a97 °C protons and the methoxy protons @t3.2; no other intermo-

shows strong NOE cross-peaks betweencthgroton signal of lecular homonuclear NOE's are observed. The NMR spectro-
LICH2CN ato 0.3 and the lithium signal ai 1.1 (Figure 8). scopic results of the amide A-complexed with LICHCN are
The observed strong NOE shows that they must be proximateonly consistent with a 2:1 mixed complex that undergoes a rapid
while these lithiums also show coupling to the nitrogen of exchange, i.e., rapidly exchangiig F, andE'.

LICH,CN. This surprising observation is only consistent with Mixed Complex Formation by LiCH ,CN and Li-2 in THF

a mixedCz-symmetric trimer structure with the GBN anion Solution (G). In a 1:1 mixture of the lithium amide and LiGH

undergoing a fast degenerate intramolecular exchange, i.e., 8N in THF-ds, only signals fromG are observed in thé&C,
fast 180 flip betweenE andE' as shown in Scheme 2.

The methoxy-lithium interaction is indicated by the cross-
peaks between the proton signaba®.2 and the lithium signal
at 6 1.1. Heteronuclear Overhauser effects are also observed A\
between the lithium signal & 2.8 and the protons & 3.1, 0

N -0

3.3 (OMHy), ando 3.7 (CHCHs) of 2. Both lithiums showed
NOE'’s to the proton signals &t 1.2 (CHOH3) and 3.4 (G-

Ph). These results are also consistent with the trimeric structure HoC

in which the lithiums atd 1.1 are not only proximate to the G

acetonitrile protons but also coordinated by the methoxy groups

of the amide. 6Li, and'H NMR spectra. Thet-carbon signal ofs appears at

6802 J. AM. CHEM. SOC. = VOL. 126, NO. 21, 2004
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Table 4. Selected 'H and 13C NMR Chemical Shifts for the “THF Solvated” Mixed Complexes G at —87 °C

solvent nucleus CH,CN OCH; OCH, CH,Ph NCH CH(CHa), CH(CHg),
THF H 0.3 3.2 3.1,32 3.3 3.3 3.4 1.0
13C —2.2 58.8 78.7 40.2 64.5 49.6 25.1,28.3

0 —2.2 with no coupling t$Li but with a 1J(*3CH) coupling the result of a fast exchange betwe@a and N-lithiated

of 162 Hz. NolJ(**N 5Li) coupling is observed usingN-labeled complexes, i.e.C andD. Such averaging of scalar coupling
acetonitrile. In pure THF solution, the lithium signals appear at constants has been observed eatfieflso the well-known

0 0.7 and 0.5 at-87 °C. The®Li,IH-HOESY spectrum of the  1J(13CSLi) coupling constants for fluxional and static aggregates
mixed aggregate at97 °C shows two major NOE cross-peaks of, for example, alkyllithium tetramers are considered to be
between the lithium signals, the methoxy group protons, and the result of analogous dynami¥sThe magnitudes of the
the protons ath 1.0 (CHH3). The lack of NOE between the  1J(*3C SLi) coupling constants are given by the approximation
LiICH.CN protons and any of the lithium signals further supports 1J(*3C 5Li) = (17 & 2)/n, wheren refers to the number dLi

the formation of arN-lithiated mixed ketenimine dimer in THF.  attached td°C, a relation that holds for both static and fluxional
Table 4 shows théH and!3C NMR chemical shifts of selected  aggregates. It should be emphasized that the transfer of coupling

signals for the “THF solvated” mixed compléx at —87 °C. information requires fast intramolecular exchange. There are
Unfortunately, the diagonal peaks and the cross-peaks of thehowever reports oftJ(*3CSLi) coupling constants that fall
6Li,5Li-EXSY spectrum overlapped. The rate constag} for outside this empirical rul& Such small coupling constants have

the intramolecular exchange of the tkld NMR signals was been suggested to arise if there is a small but detectabla C
therefore determined at the coalescence temperature using theovalency.
following equation: Thus the observed coupling constant of 3.5 Hz indicates that
the mixed complex is present as struct@éor about 50% of
k= 7% Ovalv/2 the time. Interestingly, thé3C NMR spectra of the more
concentrated solution used for the natural abundance studies
The coalescence temperature-§7 °C, corresponding to a  showed no resolvetfC—5Li coupling. The observation of the

rate constant of 37.6$ and an activation energyG* of 10.9 13C—6Lj coupling only at the lower concentration indicates that
kcal mol™. The intramolecular exchange rate is similar to that there is fast intermolecular exchange at higher concentration.
of D, which is fast compared to that of the %X solvated"C Such intermolecular exchange is much slower in the 0.05 M

and E. Similar relationships were observed in our previous solution compared to the 0.2 M solution.
studies of mixed LICHCN complexes, which indicate a
significant structural difference between the@®&tand “THF
solvated” mixed complexes.

Some of the experimental data of the mixed complex formed
by Li-1 and LICH,CN in ELO may also suggest the formation
of the tetrameH. Despite the failure to distinguish the tetramer
Discussion H from the dimerC by a single experiment, it appears as if
most of the NMR spectroscopic data of this complex are
characteristic for a dimeric aggregate. The relatively small
coupling constantstj(*3C fLi) and 1J(**N,5Li)) indicate a fast
exchange betwee@- and N-lithiated nitrile anions, which is
inconsistent with the formation dfi. In addition, the'*C and
IH chemical shifts of the CKCN anion are similar to those of

Et,O Solutions of Mixed Complexes Formed by the Chiral
Lithium Amides (Li-1 and Li-2) and LiCH ,CN. The NMR
spectroscopy results indicate that the chiral lithium amidé Li-
and LICH,CN form mixed aggregates, which exist as two
rapidly exchanging dimers, one with the LIGEN as a
kgtenimine D) and one Wit,h a bridged !_inﬂ:N ©). These. our previously studied mixed dimer aggregates.
mixed complexes are rapidly exchanging on the NMR time The novel 2:1 mixed complei is formed from one molecule

scale. The observet)(*5N,6Li) couplings to both lithiums in . o . .
addition to the strong hetero NOE cross-peak between the more! LICHZCN and two molecuiles of the chiral lithium amide 2-

i i 15N] 6] § i
deshielded lithium and the lithioacetonitrile protons strongly in ELO. As indicated by theJ(N.’Li) couplings, the less

indicate the formation of a mixed complex with bridged Li&H tSvC:)elcidelil(t:gl?me Iiiiﬁﬁfﬂ?ﬁﬁh?ﬁé@ii?ﬁﬁ ?ét(;cigiﬂz [\:\i'tr:ge et:g
CN and lithium amides. Interestingly tlecarbon of CHCN Y €d P 9

. of both CHCN and the amide. The observed heteronuclear
only inserts close to the methoxy group and not on the other 6Li 14 NOE bet th field lithi ignal and the €H
side of the asymmetric dimer. h etween the uplield Tithium signal and the 4

i iti 15N] 6] i
We have previously reported, based on GIAO-DFT calcula- CN protons, N addltl_on to t_he ob_servéﬂ;_( N, L'.) c_oupl_lng,
tions, that &3C NMR chemical shift of approximatety —5 or are only consistent with a mixed trimer with a bridging lithioac-

more shielded for the-carbon indicates bridging of the nitrile

(13) (a) Ahlberg, P.; Karlsson, A.; Davidsson,; ®Bliimersson, G.; Lavendahl,

anion? Thus, the strongly shielded-carbon of LICHCN (o J.-M.J. Am. Chem. S0a997, 119 1751. (6) Rumpel, H.; Limbach, H.-H.

—6.1) indicates the presence of the bridged mixed com@lex J. Am. Chem. S0d 989 111, 5429. (c) Reich, H. J.; Goldenberg, W. S ;
o Sanders, A. W.; Jantzi, K. L.; Tzschucke, C. @.Am. Chem. So2003

Furthermore, the observed splitting of thecarbon resonance 125, 3500.

i - i i i (14) (a) Fraenkel, G.; Henrichs, M.; Hewitt, J. M.; Su, B. M.; Geckle, M1.J.

!mo a l'l'.l triplet shows that there is SUbStantla{chonthCt Am. Chem. Sod 980 102, 3345. (b) Fraenkel, G.; Henrichs, M.; Hewitt,

in the mixed complex. However, the observéd{*3C °Li) J. M.; Su, B. M.J. Am. Chem. Sod 984 106, 255. (c) Thomas, R. D.;

H i i H Clarke, M. T.; Jensen, R. M.; Young, ©rganometallics1986 5, 1851.
coupling constant is only 3.5 Hz, i.e., considerably smaller than (d) Balier, W' Griesinger. Gi. Am. Chem 04993 115 10871,

the “normal” values of #8 Hz, generally observed for (15) (a) Davidsson, © Léwendahl, J.-M.; Ahlberg, PJ. Chem. Soc., Chem.

i ; ; indi i izati Commun.1992 1004. (b) Fraenkel, G.; Martin, KJ. Am. Chem. Soc
alkyllithium <_JI|mers. This may |nd|caFe_a pos_5|ble dglocallzqtlon 1995 117 10336, (c) Fraenkel, G.. Duncan. J. H.: Martin, K. Wangl.J.
of the negative charge of the acetonitrile anion but is more likely Am. Chem. Sod999 121, 10538.
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etonitrile in rapid exchange. This process appears to be fast atThe distance between Li and the protons of,CN is too large
all temperatures as no characteristic line-broadening is observedo explain the observed NOE, which may indicate the presence

at lower temperatures.

No resolved-J(*3C fLi) coupling was observed, even at low
concentration employinéfC isotopically enriched lithioaceto-
nitrile. This may indicate that complek is slightly more
fluxional than complexC, whereas the simultaneously observed
15N,8Li scalar coupling indicates slow intermolecular exchange.
Hence, the mixed complex must be mainly a ketenimine type
complex F). However, the mixed trimer must exist as a bridged
complex at least to a significant fraction in order to explain the

of a minor fraction ofC also in THF solution. The rate constants
for the intramolecular exchange of the “THF solvate®’dnd
G) are higher than those of the “Ex solvated” C andE), a
relationship generally observed for lithium amides.

Conclusion

We have shown, using multinuclear NMR spectroscopy, that
both Li-1 and Li-2 form mixed complexes with LICKCN in
Et,O and THF solvent. In EO the mixed dimer complex

observed hetero NOE cross-peaks between lithium and theformed by Lil and LICH.CN rapidly exchanges between

LiICH2CN protons in théLi,'H-HOESY spectrum. In addition,
the observedJ(*3C,H) coupling constant of 152 Hz suggests
that thea-carbon anion in the mixed trimer is more3sghan
sp>-hybridized. Although metalation at nitrogen is generally
preferred, the charge delocalization makes it favorable to
coordinate the lithium to the-carbon as well.

Interestingly, the intramolecular lithiurdithium exchange
is faster inC than in E as determined byLi,6Li EXSY
experiments. The activation barriers&*) of C andE are 12.6
and 13.8 kcal moi! at —62 and—42 °C, respectively. The
difference inAG* betweenC and E illustrates the structural

bridged C) and ketenimineld) structures, while LICHCN and
Li-2 form a trimeric aggregate in which the acetonitrile anion
undergoes fast exchange between complexe§, and E’,
making the complexC,-symmetric on the NMR spectroscopy
time scale.

Ketenimines have been shown to dominate both in solution
and in the solid state in all previous studies of lithiated nitriles.
The amides Lit and Li-2 are no exceptions as they both form
N-metalated mixed LICBCN dimers in THF.

So far, our studies on mixed complexes of LifCHN and
lithium amides have shown a large diversity of structures. This

difference between these complexes. The mechanism for themay reflect the complex nature of the nitrile anion, but these

lithium exchange oE involves three lithiums while ifC only
two lithiums exchange and these aggregates have differeht N
bond angles and EiLi distances, which influence the tLi

structures also represent a new family of potential reagents for
asymmetric synthesis, which motivate structural and dynamic
investigations. Our intention is to utilize these complexes in

exchange rate. The difference in mixed complex between the nucleophilic addition reactions, resulting in optically active

amides Li1 and Li-2 and LICHCN in ELO manifests the large
structural diversity that is often encountered among lithium
amides and their mixed complexes.

THF Solutions of Mixed Complexes Formed by the Chiral
Lithium Amides and LiCH ,CN (D and G). In THF solution
both amides Lit and Li-2 form 1:1 mixed dimers with LiCk+

B-hydroxynitriles.
Experimental Section

Glassware and syringes were dried af60n a vacuum oven before
transfer into a glovebox (Braun equipped with a gas purification system
that removes oxygen and moisture) containing a nitrogen atmosphere.

CN. In these complexes the ketenimine structures of the Typical moisture content was less than 1.5 ppm. All manipulations

acetonitrile anion dominate, which our previous studies of mixed

dimers with other amides also have shown. Unfortunately, there

are no resolvedJ(®Li,>N) or 1J(*3C,'H) couplings from the
mixed complexes formed byN- and*3C-labeled Li-CH,CN

and Li-1 and Li-2, respectively. The absence of sudtfLi,15N)
couplings in THF solutions has previously been reported for
the lithiophenylacetonitrile and LIHMDS mixed aggregate by
Carlier et al’® They suggested that THF facilitates rapid

concerning the addition reactions were carried out using gastight
syringes. Ethereal solvents, distilled under nitrogen from sodium and
benzophenone, were kept oveA molecular sieves in septum-sealed
flasks inside the glovebox. Acetonitrile was distilled from Gadthd
further dried over molecular sieves.

Preparation of Amines 1, 2, and [°N]2. The chiral amined and
2 were prepared according to published methi§dEhe 1°N-labeled
amine2 was prepared frontfN]phenylalanine following the procedure
for the preparation og.

chemical interaggregate exchange. We also recently reported NMR Spectroscopy Instrumental.All NMR spectra were recorded

on the absence 38(*3C*H) coupling between the nitrile anion
and lithium in THF solutior?. To the best of our knowledge,
there has not been any report of observg(fLi,15N) or
1J(*3C'H) couplings using>N- or 13C- and®Li-labeled o-lithi-
ated nitriles in THFX"™ The less shielded-carbon of LiCH-
CN from the mixed complexeB andG in THF appear, ab
—2.5 and—2.2 respectively, in thé3C NMR spectra. This
indicates N-lithiated CHCN anions in agreement with our
previous study. The 1J(*3C,H) coupling constants of 160 and
162 Hz are also significantly larger than those of the,(Et
solvated” mixed complexes, i.e., 148 and 152 Hz, respectively.
This also indicates more 3pharacter for the complexes in THF
than in E§O, consistent withN-lithiated, ketenimine dimer
structures.

The 6Li,’'H-HOESY spectrum ofD shows weak NOE
interactions between lithium and tleprotons of LICHCN.

6804 J. AM. CHEM. SOC. = VOL. 126, NO. 21, 2004

using a Varian Unity 500 spectrometer equipped with three channels
using eithe a 5 mm*CSLi, H triple-resonance probe head ofH,

13C, 8Li and >N quadruple resonance probe head, both built by the
Nalorac Company. Measuring frequencies were 500 M), (125
MHz (*°C), and 73 MHz {Li). The H and*3C NMR spectra were
referenced to the solvent &-dyo signals atd 1.06 ¢H -CHsz) and o

65.5 (5C -CH,), and the THFds signals atd 1.72 ¢H -CH,) and o

67.6 (°C -CH,), respectively. Probe temperatures were measured after
more tha 1 h of temperature equilibrium with both a calibrated
methanot-freon NMR spectroscopy thermometer and the standard
methanol thermometer supplied by Varian instruméhsi, 'H-HOESY
experiments were performed witly = 1.0 s in both THF and &D.

For further data of thé’Li,'H-HOESY experiments, see previous
studies! ThéfLi,5Li-EXSY spectra were recorded witly = 2 s in THF
andty = 2 s in EtO.

(16) Granander, J.; Sott, R.; Hilmersson, Tetrahedron2002 58, 4717.
(17) Engdahl, C.; Ahlberg, RI. Am. Chem. Sod.979 101, 3940
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