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Rings and Clusters Containing Polyimido and
Imido/Oxo Anions of Group 13-15 Elements

TRISTRAM CHIVERS, JUSTIN K. BRASK and MARK KRAHN

Department of Chemistry, University of Calgary, Calgary, Alberta,
Canada T2N IN4

The dilithio boraamidinates {Li;[RB(N'Bu),]}, (R = Me, "Bu) are obtained by the reaction
of B[N(H)'Bu]; with 3 equivalents of LiR. The X-ray structures of the dimer (R = "Bu) and
trimer (R = Me) consist of distorted Li;N4 cubes or LigNg hexagonal prisms capped by two
or three BR groups, respectively. The lithiation of the dimers lM[N(H)'Bu];l% (M = Al Ga)
with LiR (R = 'Bu, Me) gives rise to complexes of the type {Li[AI(N'Bu)(NH Bu);]},-(LiR)
[R ='Bu, N(H)'Bu] in which monomeric Li'Bu or LiN(H)'Bu units are trapped by the dilithi-
ated M;Ng template. The centrosymmetric dimer { THF-Li3[Si(N'Pr);(NH'Pr)]},, formed by
trilithiation of Si{N(H)'Pr}swith Li"Bu, forms a bicapped hexagonal prism. The tetraazasili-
cate (Et;0-Li)4[Si(Nnaph)y) is prepared by the reaction of SiCly with 4 equiv. of Li;(Nnaph).
Treatment of OP[N(H)'Bu]:;wilh an excess of Li"Bu yields the dilithiated derivative
|(THF)LiZ[OP(N‘Bu)Z(Nll‘Bu)] }» with a box-shaped structure.

Keywords: Polyimido anions; Group 13-15 elements; lithium; rings; clusters
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INTRODUCTION

The imido (NR) and oxo (O) ligands are isoelectronic. This overview
will describe the synthesis and structures of imido analogues of the
common oxo-anions CO32~, BO;*~, AlO;*, SiOs* and PO~
Homoleptic polyimido and heteroleptic imido/oxo anions of the
p-block elements are potentially versatile multidentate ligands. The
lithium derivatives of these anions form aggregated polycyclic (cluster)
structures.

The trisimidocarbonate dianions [CNR);]*™ (R = Ph,"! 'Buf?l) have
been prepared by two different routes. Bailey and co-workers
described the synthesis of {Li,[C(NPh);](THF)3}; (1) by the

* dilithiation of N,N/N"ttriphenylguanidine with Li"Bu.!"! The THF-

solvated complex 1 has an open ladder structure. In an alternative
approach we generated {Li;[C(N'Bu);]}2 (2) by the reaction of the
carbodiimide '‘BuN=C=N'Bu with LiNH'Bu and, subsequently,
Li"Bu./ The unsolvated complex 2 has a distorted cyclic ladder

structure. Both 1 and 2 contain trigonal planar [C(NR);])*" dianions.

THF),Li
(THF), 1\

awp_ oy S /L'—}*l
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PhN/ (THF) y N,x
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BORAAMIDINATES

The hypothetical trisimidoborate trianion [B(NR);]" is isoelectronic
with [C(NR);]Z'. Our attempts to prepare this anion by the trilithiation
of the trisamidoborane B[N(H)'Bu]; with organolithium reagents LiR
(R ="Bu, Me) unexpectedly produced the boraamidinates 3, 4a and 4b
[Eq. (1))

3LiR + BIN(H)Bu), —> Y, (Li,{RB(N'Bu),]}, + LiN(H)Bu + 2RH (1)

3 (R="By,x=2)
4a (R =Me, x=2)
4b(R=Me,x=3)

The aryl boraamidinate {Li;[PhB(N'Bu),]}, has been prepared by
dilithiation of PhB[N(H)'Bu]z.["I This reagent was not structurally
characterized, but it has been used in metathetical reactions to generate
several main group derivatives, e.g. [PhB(x#-N'Bu);],Te!) and [PhB(z-
N'Bu);Pb),,**! and the transition-metal complex [PhB(x-N'Bu),],Ti.l¥
The [PhB(N'Bu),]*" dianion acts as an N,N“chelating ligand in all of
these complexes.

X-ray structure analysis of 3 revealed a 10-atom (LisB;N4) cluster
core isostructural with the LisSi;Ny framework in
{Li;[Me;Si(N'Bu),]} 211 The replacement of the "Bu group attached to
boron by Me results in the formation of a less soluble product 4b, in
addition to the dimer 4a. An X-ray structural determination of 4b
disclosed a novel trimeric arrangement based on a distorted hexagonal

prism, for which alternate Li,N> rings are N,N “capped by a BMe unit.
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The geometry at the three-coordinate boron atoms in 3 and 4b is

planar,
"Bu '
u
—N Li._ ¢t
tBuN/ \N'Bu MeB / \Li—\hgu/BMe
~
/l/\ XL' LiZ 'B\uN ,\
1l ' N \/u
i~ U 'BuN\—Li
‘auNV\\N‘Bu NLi—nBe
\B /
"Bu B
Me
3 4b

The formation of 3, 4a and 4b involves cleavage of a B-N bond in
favour of a B-C bond. In effect the reagent Li"Bu functions both as a
base to deprotonate two N(H)'Bu groups of the BN(H)'Bu]; molecule
and as a nucleophile to displace the third N(H)'Bu group as LiN(H)'Bu.
Unlike the lithiation of bisamidoboranes RB[N(H)R]2,"" this new
route to boraamidinates does not require the preparation of RBCl,

reagents.

LITHIATION OF {M[N(H)'Bu];}; (M = Al, Ga)

'Bu(H)N 'Bu(g) N(H)'Bu
1/ \M
VAN

t N t t
Bu(H)N (HBu  N(H)Bu

5a (M = Al); 5b (M = Ga)
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The dimeric trisamidoalane {AIIN(H)'Bu);}, (5a) is obtained as a
1:2 mixture of cis and trans isomers from the reaction of aluminum
trichloride with six equivalents of LIN(H)'Bu.l®! The lithiation of this
mixture by an excess of Li'Bu in n-hexane produced the complex
{Li[AI(N'Bu)(NH'Bu),]}»(RLi) (6a, R = 'Bu) in which a monomeric
Li'Bu unit is trapped by a dilithiated derivative of 5a." A structurally
analogous complex {Li[AI(N'Bu}(NH'Bu),]}»*(RLi) [6b, R ="'BuN(H)]
is obtained when 5a is treated with six equivalents of LiMe in diethyl
ether. Thus it appears that LiMe acts both as a lithiating agent to
produce the dilithiated derivative {Li[AIIN'Bu)(NH'Bu):]}2 (8) and as
a nucleophile to produce a monomeric LiN(H)'Bu unit, which is
trapped by 8. NMR evidence indicates that lithiation of 5a occurs
preferentially at the N(H)'Bu groups to give the monolithiated dimer 7
followed by 8. Interestingly, the gallium analogue of 6b is obtained in
47% yield from the reaction of $b with three equivalents of Li'Bu.!”!

./ \
Bu(mN/ NS

\/‘B\
ANt

N'Bu
‘Bu(th)N N(H)'Bu
\Li /
6a (R ='Bu)

6b [R=N(H)Bu]
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AN

Li . :
lBu(H)N/ I \N(H)'Bu Bu(H)T Ba T(H) Bu
N
B N
1 (H/)'B N(H)'B . l NlBu |
Bu(H)N u u Bu(H)N N(H)‘Bu
~i
7 8

The trapping of Li'Bu and LiN(H)'Bu monomers by the dilithiated
Al;Ng template is in distinct contrast to the behaviour of Li"Bu. The
reaction of 5a with excess Li"Bu produces the complex
Li3{AL;(N'Bu);[N(H)'Bu);}+(Li"Bu); in which an n-butyllithium dimer

is trapped by a trilithiated derivative of 5a.1®]

THE [Si(NR),]"” TETRAANION

The tetrakisimido anions [S(N'Bu)s)?” and [P(Nnaph)s)*~ have been
structurally characterized as highly solvated, spirocyclic monomers
[Li(THF)s ' k[(THF)2Li(&-NR);E(#-NR),Li(THF);]* (E=S,x=Q,R
=By;and E=P,x=1,R= naph).“o'"] Attempts to generate the
isoelectronic [Si(NR).;]"' tetraanion by lithiation of Si[N(H)iPr]4 with
an excess of Li"Bu produced the dimeric trilithiated derivative
{(THF)Li;[Si(N'Pr);(NH'Pr)]} (9) with a bicapped hexagonal
prismatic structure. The tetraanion [Si(Nnaph)s]*~ can, however, be

generated by treatment of SiCly with Li;(Nnaph) in diethy! ether.!'?
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The product (Et20-Li)s[Si(Nnaph)s] was characterized by the formation

of tetraprotonated and tetramethylated derivatives.!'}

l-PI'N - H

I
iPry / \/ NiPr

N\ _
Ll/;ﬁ‘ | Li—THF

THF—Li- |'Pr

N\

ipr N /\E&Ll; iPr

LITHIATION OF OP|N(H)'Bu),

The lithiation of OP[N(H)'Bu]; with Li"Bu yields the trimeric
monolithiated derivative {Li[OP(N'Bu}(NH'Bu);]}sthf (10) and the
dimeric dilithiated derivative {(thf)Li,JOP(N'Bu),(NH'Bu)]} (11).

t Bu Bu
Bu $¥{ TH ‘Bu Nld fhf
HN—. . —NH P ?
P—O-—Li—0—P NN
'B 1!:—1! \o ll, I!l'B l E“l LN
TR TR 'BuN——I Li— [N |
N—P._'gy thf NN BN
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10 1



12: 49 28 January 2011

Downl oaded At:

30 TRISTRAM CHIVERS et al.

Acknowledgements

We thank Dr. G.P.A. Yap (University of Ottawa), Dr. R. MacDonald
(University of Alberta) and Drs. M. Parvez and G. Schatte (University
of Calgary) for assistance with the X-ray structural determinations and
the NSERC (Canada) for financial support.

References

[1} PJ. Bailey, A.J. Blake, M. Kryszczuk, S. Parsons and D. Reed, Chem. Commun., 1647
(1995).
[2] T.Chivers, M. Parvez and G. Schatte, J. Organomet. Chem., 550, 213 (1998).
{3] J.K.Brask, T. Chivers and G. Schatte, Chen. Commun., submitted for publication.
[4] D. Fest, C.D, Habben, A. Meller, G.M. Sheldrick, D. Stalke and F. Pauer, Chem. Ber.,
123,703 (1990).
[5]1 H.-1. Koch, H.W. Roesky, S. Besser and R, Herbst-Irmer, Chem. Ber., 126, 571 (1993).
[6] A. Heine, D. Fest, D, Stalke, C.D. Habben, A. Meller and G.M. Sheldrick, J. Chem.
Soc., Chem. Commun., 742 (1990).
{71 D.J. Brauer, H. Biirger and G.R. Liewald, J. Organomet. Chem., 308, 119 (1986).
[8} JK. Brask, T. Chivers and G.P.A. Yap, Chem. Commun., 2543 (1998).
[9] LK. Brask, T. Chivers, G. Schatte and G.P.A. Yap, Organometallics, submitted for
publication. ’
{10] R. Fleischer, A. Rothenberger and D. Stalke, Angew. Chem., Int. Ed. Engl., 36, 1105
(1997). .
[11] PR. Raithby, C.A. Russell, A. Steiner and D.S. Wright, Angew. Chem., Int, Ed. Engl.,
36, 649 (1997).
[12] J.K. Brask, T. Chivers and M. Parvez, Inorg. Chem., 39, 2505 (2000).



