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The synthesis and solid-state and solution structures of an
unprecedented mixed chiral a-amino lithium alkoxide–lithium
alkoxide aggregate
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Lithium N,N,N@-trimethylethylenediamide, reacts with 1 equiv. ofLiN(Me)(CH2)2NMe2 ,
2-triÑuoromethylbenzaldehyde, to a†ord a surprising tetranuclear mixed aggregate containing2-F3CC6H4CHO,
three chiral a-amino lithium alkoxide molecules which associate in a highly unusual fashion, the fourth
molecule, the benzyl alkoxide reduction product, forming by an inter-molecular LiH transfer.

Extensive use is made of chiral organolithium reagents in
organic synthesis.1 In particular, chiral a-amino lithium alk-
oxides have been shown to be of use in the regiospeciÐc metal-
lation of arylaldehydes.2 Typically, the reaction of a lithium
dialkylamide with heterocyclic arylaldehydes3 and variously
substituted benzaldehydes2,4 has been employed to a†ord
species which contain not only a good aldehyde protecting
group, but also one capable of directing a second equivalent
of lithium to the ortho-ring position. In spite of their proven
utility, the nature of such chiral lithiated intermediates has
gone largely unexplored, with only a handful of solid-state,5
solution5,6 and calculational studies7 being published prior to
our recent report of the Ðrst X-ray structural characterisation
of a chiral a-amino lithium alkoxide.8 In light of the novel
structure displayed by this species, we have studied ring-
substituent e†ects extensively, in order to establish whether
metal stabilisation by the amino moiety N-centres varies with
the choice of ring-substituents.

We report here the solid-state and solution structures of an
unusual mixed tetranuclear species, a†orded in high yield by
the 1 : 1 reaction of lithium N,N,N@-trimethylethylenediamide,
1-Li, with 2-triÑuoromethylbenzaldehyde in non-donor media
(Scheme 1). X-ray crystallography¤ shows that the resulting
compound contains chiral a-amino lithium alk-2 É 0.5C6H14oxide and alkoxide reduction product in a 3 : 1 ratio, the unit
cell containing two tetranuclear aggregates which, since they
are inversion related, are each enantiomerically pure (Fig. 1).
Stabilisation of the metal centres by the N,N,N@-tri-
methylethylenediamino moieties9 is not of a nature previously
recorded in a-amino lithium alkoxides, where both a-N-
mono- and concomitant a- and d-N-bis-coordination modes
have been reported, their occurrence depending on ligand
chirality.8 Instead, the solid-state structure of 2 É 0.5C6H14

¤ Crystal data for M \ 1071.9,2 É 0.5C6H14 . C50H67F12Li4N6O4 ;
monoclinic, space group a \ 10.8462(8), b \ 46.836(4),P21/c,c\ 11.5254(8) b \ 110.311(2)¡, U \ 5490.8(7) Z\ 4,Ó, Ó3, Dc\g cm~3 ; Mo-Ka, j \ 0.71073 k \ 0.11 mm~1, T \ 160 K.1.297 Ó,
33443 reÑections (12849 unique, h \ 29.0¡, data wereRint \ 0.0805),
collected on a Bruker AXS SMART CCD. ReÐnement on F2 values
of all data (G. M. Sheldrick, SHELXTL version 5.1, Bruker AXS,
Madison WI, USA, 1998) gave wR2 \ M&[w(Fo2conventional R\ 0.0792 for F[ Fc2)2]/&[w(Fo2)2]N1@2\ 0.1588,
values of 6127 reÑections with F2[ 2p(F2), S \ 1.026 for 735 param-
eters including disordered hexane. Residual electron density extrema
are 0.37 and [0.24 e CCDC reference number 440/070.Ó~3.

shows only d-N-mono-coordination of the metals, a†ording
seven-membered chelates, demonstrating anti-isomerism
about the a-NÈC bond. In either pseudo-cube three chelating
alkoxide ligands are arranged such that, unusually, the aggre-
gate cannot be regarded as a dimerÈ(mixed-dimer) stack. Two
of the seven-membered rings [which incorporate the signiÐ-
cantly di†erent Li(1)ÈN(1)\ 2.215(6) and Li(3)ÈÓ
N(5)\ 2.155(6) bonds] adopt the orientations expected of aÓ
conventional staggered double dimer stack, i.e., ring O(1)È
Li(2)ÈO(3)ÈLi(3) on top of ring Li(1)ÈO(2)ÈLi(4)ÈO(4).
However, the remaining chelate [incorporating Li(2)È
N(3)\ 2.198(6) is orientated perpendicularly, straddlingÓ]
what would be the two stacking planes. This unusual ligand
orientation presumably minimises ligand interactions between
the three alkoxide moieties, and results from the inclusion in
the structure of the reduced alkoxide ligand. The remaining
tri-coordinate metal centre [Li(4)] is, however, isolated from

Scheme 1
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Fig. 1 Structure of the (S)-2 mixed aggregate core with key atoms
labelled ; lattice hexane and hydrogen atoms (except the protected
aldehyde hydrogens) have been omitted for clarity and only the ipso-
carbon atoms of the aromatic rings are shown. Selected bond lengths

Li(1)ÈN(1)\ 2.215(6), Li(1)ÈO(1) 1.999(5), Li(1)ÈO(2) 1.900(5),(Ó) :
Li(1)ÈO(4) 2.215(6), Li(2)ÈN(3)\ 2.198(6), Li(2)ÈO(1) 1.937(5), Li(2)È
O(2) 2.113(5), Li(2)ÈO(3) 1.945(5), Li(3)ÈN(5) 2.155(6), Li(3)ÈO(1)
1.954(5), Li(3)ÈO(3) 2.044(5), Li(3)ÈO(4) 1.935(5), Li(4)ÈO(2) 1.883(6),
Li(4)ÈO(3) 1.916(5), Li(4)ÈO(4) 1.911(5)

this ligand, the O-centre of which [O(1)] is located at the
opposite vertex of the pseudo-cube.

The presence of the reduced alkoxide unit, 2-
implies that LiH transfer is a†ordedF3CC6H4CH2OLi,

during the reaction of the aldehyde with the lithium di-
alkylamide. In this context, it has been noted10 that a-amino
lithium alkoxides partially dissociate at low concentrations in
non-donor media, a†ording equilibrium mixtures of the alde-
hyde and lithium dialkylamide (1-Li in this case) precursors,
as well as intact a-amino lithium alkoxide (in this2 É 0.5C6H14behaviour is observable by 1H NMR spectroscopy at ca. 1.0
mg ml~1). Logically, the (2-triÑuoromethyl)benzyl lithium alk-
oxide (and organic amide by-product) must result from the
reaction of trace aldehyde with undissociated a-amino lithium
alkoxide (Scheme 2).

Multinuclear NMR spectroscopy indicates the solution
behaviour of to be very complex. While 1H NMR2 É 0.5C6H14spectroscopy indicates the presence of many species in non-
donor solution, the relative proportions of the four dominant
ones (excluding those which result from a-amino lithium alk-
oxide dissociation) showing no concentration dependence in

over a 1.0È30.0 mg ml~1 range, the solution[2H6]benzene
complexity prevents integrals from being easily interpreted.
The protected aldehyde resonance is observed in the 1H NMR
spectrum as a complex multiplet in its characteristic8 position
at d 6.05È5.51. Surprisingly, however, overlapping with the
protected aldehyde resonances is that of the alkoxide CH2unit. The complexity of the 1H NMR spectrum can be over-
come by the employment of nuclear Overhauser spectroscopy.
NOESY11 allows not only the assignment of the reduced
lithium alkoxide signals but also indicates the solution struc-
tural motifs displayed by the a-amino lithium alkoxide mol-
ecules, for which it appears that d-NÈLi bonded anti-isomers
are retained, with the seven-membered rings adopting three
geometries in solution. The observation of NOE cross-peaks
between the protected aldehyde and the a-NMe group for all
three of these species in the NOESY spectrum at ambient tem-
perature (Fig. 2) indicates that the latter adopts an endo-

Scheme 2

orientation with respect to the seven-membered ring in each
of the solution motifs, thus presumably minimising steric
interactions with the aromatic ring. However, the behaviour
of the group is more variable. In the dominantd-NMe2species it adopts an endo-orientation with respect to the seven-
membered ring, a†ording a boat conformation [Fig. 2(a) and
Scheme resulting in the observation of an NOE cross-3(d1)],
peak with the main protected aldehyde signal (d 5.62). Other
salient through-space interactions observed for this conformer
involve the four methylene protons in the seven-membered
ring. One of these protons, for reasons as yet not fully under-
stood, is anomalously deshielded and can be seen at d 3.93.
However, the signal is probably attributable to the axial c-H
(the question of how closely it approaches the protected alde-
hyde proton will be considered below). Finally for this con-
former, the equatorial c-H (it and the two b-H protons a†ord
a multiplet in the range d 2.43È2.11) also demonstrates an
NOE with the main protected aldehyde proton. The second
solution conformer demonstrates through-space interactions

Fig. 2 Part of the room temperature 1H NMR spectrum of
in (top) with selected columns from the2 É 0.5C6H14 [2H6]benzene

room temperature NOESY spectrum s). (a) Column through(qm \ 1.5
the diagonal at d 5.62 ; (b) column through the diagonal at d 5.65 ; (c)
column through the diagonal at d 5.74
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Scheme 3

akin to those seen for the boat notwithstanding the(d1)
absence of a NOESY cross-peak between the protected alde-
hyde proton (d 5.65) and the moiety [Fig. 2(b)].d-NMe2Plainly this suggests the re-orientation of the latter group,
a†ording a chair conformer in which the methylene groups
remain essentially unchanged [Scheme relative to their3(d2)]
orientations in the boat. The ratio of boat (d1) : chair (d2)
can be calculated to be 4 : 1 in non-donor solution based on
the observation of the deshielded axial c-H resonance for the
latter species at d 3.74. The remaining conformer shows
NOESY cross-peaks between a small protected aldehyde
signal (d 5.74) and at least one methylene proton and the
a-NMe group [Fig. 2(c)]. The group again adopts and-NMe2exo-orientation, making this species [Scheme another3(d3)]
chair conformer. Probably it is achieved by a re-orientation of
the two methylene groups in the seven-membered ring such
that the observable NOESY correlation is due to the two b-
methylene protons. Also worth mentioning is the observation
that Fig. 2(b) and (c) show signiÐcant chemical exchange
cross-peaks between the two chair conformers in non-donor
solution, indicating that at ambient temperature they are
capable of inter-converting with relative facility. The second
chair conformer is, in fact, that observed in the solid-(d3)
state structure of allowing the likelihood of2 É 0.5C6H14 ,
through-space interactions between the protected aldehyde
and methylene protons to be gauged. An analysis of the dis-
tances between axial and equatorial b-methylene protons and
the protected aldehyde proton in each of the six a-amino
lithium alkoxide molecules in the unit cell a†ords average
through-space distances of 2.515 and 2.735 respectively.Ó
Both of these values fall easily within the range of through-
space distances which have previously been reported to a†ord
NOEs.12 Finally, models suggest that the c-methylene protons
can adopt similar proximities to the protected aldehyde func-
tion in the boat conformer.

Table 1 Cryoscopic data for in benzene in the concen-2 É 0.5C6H14tration range 2.3È40.4 mg ml~1

Conc./mg ml~1 Av. mol. mass na

2.3 361^ 40 1.5 ^ 0.2
4.2 423^ 32 1.8 ^ 0.2
8.1 460^ 20 1.9 ^ 0.1

12.2 453^ 13 1.9 ^ 0.1
20.3 523^ 11 2.2 ^ 0.1
30.4 535^ 8 2.2 ^ 0.1
40.4 540^ 7 2.3 ^ 0.1

a Average formula mass for the monomer, based on 6[2-
] 2[2-F3CC6H4C(H)(OLi)N(Me)(CH2)2NMe2] F3CC6H4CH2OLi]

] hexane\ 238.

The observation that, contrary to solid-state structural evi-
dence, the boat conformer represents the preferred stereoche-
mical form of the a-amino lithium alkoxide molecules in
non-donor solution is rather surprising and presumably has
its origins in the more e†ective stabilisation of the lithium
centre by the boat conformer. While at ambient temperature
in only one signal is observed for the[2H6]benzene d-NMe2group (d 2.43) in the boat conformer, suggesting rapid inter-
change of the two methyl groups and, therefore, fast
dissociationÈreformation of the d-NÈLi interaction, at [50 ¡C
in this process is observed in the slow exchange[2H8]toluene
limit, the dominant signal having decoalesced intod-NMe2two resonances (d 2.74 and 2.04) both of which show NOESY
correlations with the dominant protected aldehyde signal.
This last observation indicates either that chemical exchange
of the two methyl groups is still rapid relative to the NOE
build-up time and 0.4 s at ambient temperature and(qm\ 1.5
[50 ¡C respectively) or alternatively that exchange is slow
and that the NOE is being relayed (the fact that the NOEs
and chemical exchange peaks are in phase at [50 ¡C makes it
impossible to discriminate). At low temperature the two d-

methyl groups show distinct cross-peaks betweenNMe2themselves, the observation that these cross-peaks are out of
phase with NOEs in the ROESY13 s) spectrum at(qm\ 0.2
[50 ¡C in demonstrating clearly that they result[2H8]toluene
from chemical exchange and, therefore, that NOE build-up
time is slow relative to NOESY mixing-time.

While the a-amino lithium alkoxide molecules demonstrate
clear intra-molecular variations it is clear from cryoscopy in
benzene (Table 1) and 7Li NMR spectroscopy in

(at ambient temperature) and (at[2H6]benzene [2H8]toluene
low temperature) that extensive variable aggregation state
behaviour is also manifest, though the complexity of this
system largely precludes a conÐdent discussion of its nature. It
is possible to suggest tentatively that at low concentrations
(ca. 2.3 mg ml~1) the tetranuclear aggregate almost totally dis-
sociates to give a 1 : 1 mixture of dimers and mixed-dimers,
a†ording an average formula mass in solution of 361 ^ 40
Man average formula mass of 238 would result from complete
dissociation [to 2(dimer) ] 2(mixed-dimer)] hexane]N.
However, at higher concentrations the dimers and mixed-
dimers associate. Hence, at 30.4 mg ml~1 an average formula
mass of 535 ^ 8 is observed (the majority of NMR spectros-
copy using ca. 30.0 mg ml~1 samples). While this is in close
agreement with the value of 531 expected for a complex
[dimer] mixed-dimer] 3(3 : 1 tetranuclear aggregate)]
2(hexane)] mixture, it must be emphasised that this Ðgure is
arrived at assuming that the reassociation of dimer and mixed
dimer a†ords a 3 : 1 tetranuclear aggregate of the type
observed for in the solid state. However, it is pos-2 É 0.5C6H14sible that the association of two dimers or of two mixed-dimers
might a†ord the purely a-amino lithium alkoxide tetramer or
a 2 : 2 tetranuclear aggregate respectively.

Experimental
Preparation of 2 Æ 0.5C

6
H

14
n-Butyllithium (3.76 ml, 1.6 M in hexanes, 6.0 mmol) was
added to N,N,N@-trimethylethylenediamine (1-H, 0.76 ml,
6.0 mmol) in hexaneÈtoluene (1.0 ml : 0.5 ml) at [78 ¡C
under nitrogen. After stirring for 10 min, 2-triÑuoromethyl-
benzaldehyde (0.79 ml, 6.0 mmol) was added and the resul-
tant yellow suspension was stirred for a further 10 min at
[78 ¡C. Warming to room temperature gave a white sus-
pension, which a†orded a yellow solution on gentle heating.
After storage at room temperature for three days colour-
less, rectangular crystals of were deposited, mp,2 É 0.5C6H14110È112 ¡C, yield, 62% (given the stoichiometry of the
product this is based on 20% dissociation in Scheme 2).
Found: C, 54.85 ; H, 6.23 ; N, 7.60. Calc. for
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56.02 ; H, 6.26 ; N, 7.84%. 1HC100H134F24Li8N12O8 : C,
NMR spectroscopy (500.133 MHz, d 8.45 [d,[2H6]benzene),
0.2H, Hz), 8.30 [d, 0.2H, 6-ArC(H)(O)6-ArCH2 , 3JHH \ 7.80

Hz], 7.99 [d, 0.2H, 6-ArC(H)(O)Nd3, 3JHH \ 8.02 Nd2,
Hz], 7.77 [d, 0.6H, 6-ArC(H)(O)3JHH \ 7.29 Nd1, 3JHH \

Hz], 7.62 (d, 0.2H, Hz], 7.57 [d,7.79 3-ArCH2 , 3JHH \ 7.34
0.2H, 3-ArC(H)(O) 7.55 [d, 0.2H, 3-ArC(H)(O)Nd2], Nd3],
7.54 [d, 0.6H, 3-ArC(H)(O) Hz], 7.40 (dd,Nd1, 3JHH \ 7.57
0.2H, Hz), 7.34 [dd, 0.2H, 5-ArC(H)(O)5-ArCH2 , 3JHH \ 7.48

Hz], 7.06 (dd, 0.2H,Nd3, 3JHH \ 7.47 4-ArCH2 , 3JHH \ 7.30
Hz), 7.01 [d, 0.2H, 3-ArC(H)(O) 6.99 [dd, 0.2H, 4-Nd2],
ArC(H)(O) Hz], 6.88 [dd, 0.2H, 5-ArC(H)Nd3, 3JHH \ 7.29
(O) Hz], 6.81 [dd, 0.6H, 4-ArC(H)(O)Nd2, 3JHH \ 7.14 Nd1,

Hz], 6.53 [dd, 0.6H, 5-ArC(H)(O)3JHH \ 7.60 Nd1, 3JHH \
Hz], 6.05È5.51 [m, 1.2H, ArC(H)(O)N, 3.93 (t,7.45 ArCH2],0.8H, 3.74 (t, 0.2H, 2.43, 2.23È2.11 [m, 9H,NCH2), NCH2),1.97È1.89 (m, 3H, 1.71È0.92 (m,N(CH3)2 , NCH2], NCH3),2.3H, hexane). 7Li NMR spectroscopy (155.508 MHz,

0 ppm\ PhLi in at 25 ¡C) d[2H6]benzene, [2H6]benzene
[0.93 (s, 1Li), [1.24 (s, 5Li), [0.27 (sh, 2.5Li).

Acknowledgements
thank Drs. Nick Bampos and James Keeler for useful dis-We

cussions and the UK EPSRC (W.C., A.E.H.W.) for Ðnancial
support.

References
1 For reviews see : P. J. Cox and N. S. Simpkins, T etrahedron :

Asymmetry, 1991, 2, 1 ; K. Koga, Pure Appl. Chem., 1994, 66, 1487 ;
N. S. Simpkins, Pure Appl. Chem., 1996, 68, 691 ; N. S. Simpkins, in
Adv. Asymmetric Synth., ed. G. R. Stephenson, Chapman & Hall,
London, 1996, pp. 111È125 ; P. Beak, A. Basu, D. J. Gallagher, Y.
S. Park and S. Thayumanavan, Acc. Chem. Res., 1996, 29, 552.

2 D. L. Comins and J. D. Brown, J. Org. Chem., 1984, 49, 1078.
3 D. L. Comins and M. O. Killpack, J. Org. Chem., 1987, 52, 104.

4 D. L. Comins and J. D. Brown, T etrahedron L ett., 1981, 22, 4213 ;
D. L. Comins, J. D. Brown and N. B. Mantlo, ibid., 1982, 23, 3979 ;
D. L. Comins and J. D. Brown, J. Org. Chem., 1989, 54, 3730.

5. E. M. Arnett, M. A. Nichols and A. T. McPhail, J. Am. Chem. Soc.,
1990, 112, 7059 ; M. A. Nichols, A. T. McPhail and E. M. Arnett,
ibid., 1991, 113, 6222.

6 G. Hilmersson and Davidsson, J. Organomet. Chem., 1995, 489,O� .
175 ; G. Hilmersson and Davidsson, Organometallics, 1995, 14,O� .
912 ; G. Hilmersson and Davidsson, J. Org. Chem., 1995, 60,O� .
7660 ; H. J. Reich and K. J. Kulicke, J. Am. Chem. Soc., 1995, 117,
6621 ; J. M. Saa� , G. Martorelli and A. Frontera, J. Org. Chem.,
1996, 61, 5194 ; K. Sugasawa, M. Shindo, H. Noguchi and K.
Koga, T etrahedron L ett., 1996, 37, 7377.

7 A. Tatsukawa, K. Kawatake, S. Kanemasa and J. M. Rudzinski,
J. Chem. Soc., Perkin T rans. 2, 1994, 2525 ; R. K. Dress, T. Ro� lle
and R. W. Ho†mann, Chem. Ber., 1995, 128, 673 ; L. M. Pratt and
I. M. Khan, T etrahedron L ett., 1995, 6, 2165 ; G. Fraenkel, S.
Subramanian and A. Chow, J. Am. Chem. Soc., 1995, 117, 6300.

8 J. E. Davies, P. R. Raithby, R. Snaith and A. E. H. Wheatley,
Chem. Commun., 1997, 1721.

9 For other N-stabilised pseudo-cubanes see : O. Graalmann,(LiO)4U. Klingebiel, W. Clegg, M. Haase and G. M. Sheldrick, Angew.
Chem., 1984, 96, 904, Angew. Chem., Int. Ed. Engl., 1984, 23, 891 ; J.
T. B. H. Jastrzebski, G. van Koten, M. J. N. Christophersen and
C. H. Stam, J. Organomet. Chem., 1985, 292, 319 ; G. W. Klumpp,
Rec. T rav. Chim. Pays-Bas, 1986, 105, 1. ; T. Maetzke and D.
Seebach, Organometallics, 1990, 9, 3032 ; S. C. Ball, I. Cragg-Hine,
M. G. Davidson, R. P. Davies, M. I. Lopez-Solera, P. R. Raithby,
D. Reed, R. Snaith and E. M. Vogl, J. Chem. Soc., Chem. Commun.,
1995, 2147.

10 A. E. H. Wheatley, Ph.D. thesis, Cambridge, 1998.
11 J. Jeener, B. H. Meier, P. Bachmann and R. R. Ernst, J. Chem.

Phys., 1979, 69, 4546.
12 D. Neuhaus and M. Williams, T he Nuclear Overhauser E†ect in

Structural and Coformational Analysis, VCH Publishers (UK),
Cambridge, 1989 ; ch. 10 and references cited therein.

13 A. Bax and D. G. Davis, J. Magn. Reson., 1985, 63, 207.

Received 13th July 1998 ; L etter 8/07593J

1326 New J. Chem., 1998, Pages 1323È1326


