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If the small number of mixed alkali metal organic formulations!
being increasingly utilized in proton abstraction applications?
are typical, then a group of such compounds would be of
considerable value to the synthetic chemist. Indeed, a new class
of mixed Li/Naand Li/K organic compounds could offer a range
of reactivities and selectivities even surpassing that of conventional
organolithium reagents. However, as yet, species of this type are
rare. We are therefore attempting to develop this area synthet-
ically and to elucidate the structural makeup of any new mixed
metal aggregate formed. The few mixed Li/Na structures so far
identified are based on four-membered rings, either remaining

—
discrete (e.g., (LiNNaN) in the monolithium monosodium
silylamide [LiNa{N(SiMe3),},:3THF])? or combining in a vertical

My
face-to-face manner to give clusters (“stacks”) (e.g., (LiNLiN)-

! ps . o
(NNaNNa)(LiNLiN) in the tetralithium disodium guanidino
triplestack [LisNa,jN==C(NMe;);}6]*). In this communication
we report an unprecedented structure, a heterobimetallic ladder,

arising from the ldateral combination of two (LiNNaN) rings in
the new dilithium disodium amide [{LiNa[N(CH,Ph),]»OEt2},]
(1). This novel arrangement, established in the crystal by an
X-ray diffraction study, appears toremain intact in arene solution
on the basis of NMR spectroscopic data.

In the preparation of compound 1, a chilled, stirred suspension
of an n-butyllithium/s-butylsodium (10 mmol:10 mmol) mixture
in hexane under a protective argon atmosphere was injected with
small aliquots of dibenzylamine (20 mmol in total). A pink solid
formed almost immediately. After 1 h, ether (5 mL) was
introduced, causing firstly partial dissolution of this solid and
secondly precipitation of a second (red) solid. Mild heating and
addition of toluene (15 mL) effected complete dissolution.
Standing the solution overnight afforded a large crop of deep-red
crystalline 1.5
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The ladder structure of the molecule in the solid state (Figure
1)6 has four M—-N rungs: M = Li in the inner rungs and M =
Nain the outer ones. In common with ladders having four Li-N
rungs, complexation occurs at outer M+ sites, not inner M* sites
due to steric factors.” Here, therefore, only the Na* cations are
complexed by ether molecules. Attachment of such additional
ligands is known to distort ladder frameworks from a planar
arrangement. The distortion is exaggerated in this case by the
different sizes of the Li* and Na* cations. The approximately

1
planar (rms deviation 0.084 A) NaN(1)LiN(2) ring forms an
envelope with the exactly planar (by crystallographic symmetry)

1
LiN(1)Li’N(1’) ring with a flap angle of 167.6°. The Li-N
rungs measure 2.067(5) A in length. Significantly, Li-N edges

1
inthe central [LiN(1)Li’N(1’)] ring are decidedly longer [2.126-
(5) A], but those belonging to outer [ILiN(Z)NallJ(l), ILi’N -

-

Na’N(1")] rings are decidedly shorter [2.021(5) A, c¢f. 2.024(6)
A for the Li-N ring bonds in [LiNa{N(SiMes)4},-3THF]3]. This
pattern fits the idea that the ladder results from the lateral

combination of two (LiNNaN) “dimeric” rings, with Li-N(1),
Li’-N(1) representing long “interdimer” bonds, Li-N(1), Li’-
N(1’) representing intermediate “intradimer” bonds, and Li-
N(2), Li’-N(2’) representing short “intradimer” bonds. Internal
bond angles at Li vary from 106.2(2)° in the central (LiN); ring

to 117.6(2)° in the larger, more distorted (LiNNaN) ring. The
Na-N rung is substantially shorter than the Na—-N edge [2.398-
(3) and 2.539(3) A, respectively, cf. 2.509(4) A for the Na-N
ring bonds in [LiNa{N(SiMe;),};*3THF] ], while the bond angle
in between [N(1)NaN(2)] is very small [90.14(8)°]. Both Li
(with respect to N) and Na (with respect to N and O) are three-
coordinate. Hitherto,dibenzylamidoanionshave always assumed
uz-bonding roles in alkali metal structures.® This again isevident
in the outer rungs [NaN(2)Li internal bridge angle 77.38(14)°];
N(2) is therefore four-coordinate. However, those positioned in
the inner rungs are u3-bonded [NaN(1)Li, Li’N(1)Li, internal
bridge angles 73.4(2)° and 73.9(2)°, respectively]; N(1) is
therefore five-coordinate. This novel bonding mode is facilitated
by the long length of the Na—-N ladder edges [Na-N(1), Na’-
N(1%)], which provides the attached benzyl rings with enough
room to avoid proximate ether molecules. The stereochemistry
of these p3-bonding anions also brings their benzylic carbon atoms
within bonding distance of a Li* cation [Li’-C(12), 2.701(5) A;
Li'-C(11),2.826(5) A]. A plethora of contacts, similar to these,
was noted in the crystal structure of trimeric dibenzylamidolithium

(6) Crystal data for 1: Cg4H75Li:N4Na,0,, M = 993.2, monoclinic, P2, /c,
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conventional R [on F values for 2580 reflections with 7 > 2¢(/)] = 0.0551,
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synthesis were within %0.36 eA-3. Program systems: SHELXTL/PC,
SHELXL-92 (G.M. Sheldrick, University of Gdttingen, Germany). Key
dimensions: Li-N(1) 2.067(5), Li-N(1") 2,.126(5), Li~N{2) 2.021(5), Na—
N(1) 2.539(3), Na~N(2) 2.398(3), and Na-0 2.299(3) A; N(1)-Li~-N(1")
106.2(2), N(1)-Li-N(2) 117.6(2), N(2)-Li~N(1") 132.1(2), Li-N(1)-Na
73.4(2), L¥-N(1)-Na 145.9(2), Li-N(2)-Na 77.38(14), N(1)-Na-N(2)
90.14(8), N(1)-Na-0 128.51(11), and N(2)-Na-O 130.68(10)°.
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Figure 1. Thermal ellipsoid plot (30% probability) of the ladder structure
of 1. Hydrogen atoms are omitted for clarity.

(Li—C bond lengths: mean, 2.81 A; shortest, 2.69 A), as well as
additional contacts to ipso- and o-C atoms of the phenyl rings
and to nearby H atoms, all of which supplement the formally low
coordination number (2 ¢f. 3 in 1) of its Li+ centers.?

NMR spectroscopic studies!? suggest that the ladder structure
is retained in arene solution. Most significantly, even at room
temperature, two distinct (1:1) benzylic-CH, resonances are
clearly visible in the !H spectrum of a benzene-dg solution,
consistent with the two different types of dibenzylamido bridges
(u2- or us-bonded) within the solid-state ladder. Only one such
resonance would be expected if the ladder were broken up into

(9) Barr, D,; Clegg, W.; Mulvey, R. E.; Snaith, R. J. Chem. Soc., Chem.
Commun. 1984, 287,

(10) NMR spectra: 'H (400 MHz; benzene-ds solution; 298 K) Et,0-
(CH,), 6H, t, 1.12 ppm; Et;0(CH,), 4H, quart, 3.26 ppm; CH,, 4H, s, 3.56
ppm; CHy, 4H, s, 3.57 ppm; Ph, 20H, m, 7.20 ppm (relative to TMS, 0.00
ppm); "Li (139 MHz; toluene-dg; 298 K) s, —0.28 ppm (relative to PhL4i, 0.00
ppm (E value, 38.863 882 MHz)).
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its constituent dimeric rings. The 7Li spectrum of a toluene-dj
solution supports the 'H data in showing only one sharp, single
resonance, which can be assigned to the sole lithium environment
in the ladder.10

In a developing théme in the literature, rings have been
identified as the fundamental units from which the structures of
organolithium and other lithium compounds are constructed.
Structures can be categorized as discrete rings, stacked rings,
and laddered rings, on this basis.!! With the discovery of 1, all
of these options have now been demonstrated in mixed Li/Na
organonitrogen aggregates.34

Further studies are in progress to test the reactivity of the new
mixed metal amide in relation to that of its homometallic lithium
and sodium analogues.
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