INTRODUCTION

The isolation of mono-substituted aluminum compounds with the aluminum atom in the oxidation state +1 — so called aluminylenes — is challenging \@/

and typically requires bulky substituents for kinetic stabilization and/or donor-type ligands to compensate the inherent electron deficiency.l!!l In /A'\
1991, Schndckel reported the isolation and structural characterization of (pentamethylcyclopentadienyl)aluminum(l), highlighting the ability of -Al—]—AlI- Al
cyclopentadienyl ligands to stabilize an aluminum(l) center.l2l However, this compound does not exhibit the general formula “R-Al", but exists in \AI/ <5
tetrameric form in the solid-state and in solution at room temperature, although Schnockel demonstrated in a follow-up work that monomeric <5
cyclopentadienyl aluminylenes can be obtained at room temperature, with more bulky substitution patterns on the Cp moiety.l8! The first isolation of
a monomeric cyclopentadienyl aluminylene was achieved by Braunschweig only recently, complementing some other aluminylenes reported by Schnéckel 1991 Braunschweig 2019  Roesky 2000 Power 2020 Liu / Hinz 2021
Roesky, Power, Liu and Hinz in recent years.[4
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(Pentaisopropylcyclopentadienyl)aluminylene  (PCpAl) 1 was
synthsized by treatment of the pentamethylcyclopentadienyl
aluminum(l)  tetramerl?  {Cp*Al}, with (pentaisopropyl- N N
cyclopentadienyl)lithium diethyletherate (°Cp*Li-OEt,). 1 was i Bn 2‘) Bn
fully characterized by multinuclear NMR spectroscopy in solution ﬁ i.jw Bn't?‘Bn HOMO
and in the solid-state, and its structure was determined by single N ) e oo
crystal X-ray diffraction. -AI< 7AI- 52'Al(60°C) =-150 ppm  §27Al(rt) = -155 ppm
Al oo .o Kohn-Sham molecular frontier orbital contours of 1 (M06-2X/
i&é\ <ll«l> i SiMes def2-TZVPP//M06-2X/def2-SVP; isodensity = 0.05 a.u)
\ry : Me3Si'Q‘SiMe3 Me:;SiQ‘SiMeg,
= 827 Al(rt) = -80 ppm T ) ' : :
\/ 527 Al(rt) = -168 ppm S2TAI(T) = -165 ppm he Kohn Sham molecular orbitals of 1 consist of a lone pair at
=g N the aluminum atom (HOMO) and two degenerated 3p orbitals
\f N i Al (LUMO), which is the typical situation for aluminylenes.
f!/ g Me3Si©SiMe3 &)
4%\ MesSi " SiMe;
° 7 527 Al(rt) = -159 8%7Al(rt) = -161 ppm - -
; \ __|—AalI- =-159 ppm
Bond distances in 1 in [pm]: S Al—|—Al The Natural Popula_tlon Analysis
(NPA) and Atoms in Molecules

(AIM) show that the aluminum

Pl NP .
5CpAl {CP*Al}, {@&Q Yj&//\\ Me;Si '@’1‘;}‘ SiMes i
X:/\o

Al1-Cpeent 196.7(6) 199.82)to | o Me3Si SiMe; . "
203.2(3) ‘& b atom is positively charged.
P 8%7Al(<-50°C) = -106 ppm
Al1-Ccp 226.9(7) to 229(1) to . . 8°"Al(CgDg) = -154 ppm
235.7(8) 237(1) \( 8%’ Al(CP/MAS) = -154 ppm

Molecular structure of 1 in the crystal (displacement ellipsoids at 30% probability level, H atoms omitted)

and overview of selected bond lenghts. tetrameric monomeric
{(CsR5)Al}, (CsRp)AI
The molecular structure of 1 shows well-seperated monomeric ) | | -. .- | g:ﬁ:;NPA:J'g';g
. . . . . . 1 1 1 1 | = +(.
(pentaisopropylcyclopentadienylaluminum moieties with an n° S 27A| 0 -50 -100 -150 -200 AIM
coordination of the °Cp ligand towards aluminum, resulting in a Laplacian distribution of the electron
pentagonal pyramida| structure, or rather a nido cluster. Overview of 2’Al NMR chemical shifts of cyclopentadienyl aluminum(l) compounds. density V2p(r) of 1.

METAL COMPLEXES

Bond distances in 4 in [pm]:
AlBr, \é/ OFL, - .
Al AlBr ! /A'\ éi Li . “pA— P
—|= 3 Al 1, -AI—‘—AI- . e I i Al1-Li1 258.1(6)
== N % CprLi Al All-Cpeent | 191.0(2);
Al - Et,0 —Is 191.7(2)
é\ |_ cent
11-Cp 172(1) to
1 2 173(1)
: . : 4 _
Treatment of 1 with AIBr, at room temperature in toluene gives adduct | | | Al1-C 22;3;((5:9[);0
2 with a Al1-AI2 bond length of 255.5(1) pm, which is similar to that ~ Molecular structure of 2 in the crystal Reaction of (pentamethylcyclopentadienyl)aluminum(l) tetramer
' : displ t ellipsoid t 50% : : : : :
found in Braunschweig's _(tritert-butylcyclopentadienyl) aluminylene prosasiy level i oms omesy,  With 8 equivalents of °CpLi-OEt, results in the formation of
aluminum tribromide complex (255.4(1)).[4a] dimetallocene 4.
= Dimetallocene 4 is the first main-group and
W(CO)s % ' neterobimetallic dimetallocene with an Al1-Lil
Al hv o . . pond of 258.1(6) pm.
s W(EO)s Al > . The orbital interaction is dominated by the
== donation of the lone pair of the aluminum
atom of the >CpAl fragment into the formally
1 3 vacant orbital of the lithium atom of the >CpLi

Reaction of 1 with W(CO), in thf under UV irradiation (365nm) yields
the corresponding tungsten pentacarbonyl complex 3.

fragment. The dispersion interactions between
the >Cp ligands are the key factor to stabilizing
the Al-Li bonding interaction in 4

Molecular structure of 3 in the crystal Molecular structure of 4 in the crystal (displacement ellipsoids at
(displacement ellipsoids at 50% 50% probability level, H atoms omitted).

Bond distances in 2 and 3in [pm]: probability level, H atoms omitted).

SCpAI—=AIBr; | >CpAl=W(CO).
Al1-[M] 255.5(1) 258.5(6)

(IM] = AlBr;) | ([M] = W(CO)s)
Al1-Cpeent 178.3(9) 183.5(6) In both complexes, 2 and 3, the Al1-Cpc" distance
CeP—CC 142.9(4) to 142.8(1) to decreases in comparison to 1, due to the electron Hi: 0188

| 143.9(4) 143.60) deficiency at the aluminum(l) center, the electron-
M=CO® : Zggfg&;" withdrawal power of the coordinated metal fragment Al: 1.793
ot ) 199.7(3) respectlvely_, and the corresponding compensation
v 113.73) o by the >Cp ligand.
115.0(3) :

C—Qtrans - 114.4(4) Left: Intrinsic Bond Orbitals (IBO: M06-2X/def2-SVP); center. Molecular Orbital diagram for the Al-Li bond in dimetallocene 4; right: dispersion interaction

density (DID) plot (LMP2/cc-pVTZ(C,H,AD)&cc-pCVTZ(Li)).
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