COMMUNICATIONS

The First Structural Characterization of an
Azoaromatic Radical Anion Stabilized by
Dicopper(I) Coordination™**

Natasa Doslik, Torsten Sixt, and Wolfgang Kaim*

Dedicated to Professor Hans Bock
on the occasion of his 70th birthday

In contrast to the hyperoxide (superoxide) radical anion
O35, which has long been isolated in various forms and
structurally characterized (do, o =1.26—-1.36 A),l! the related
(O & NR) radical anions RNNR:~ of azo compounds have so
far been detected only by EPR and other spectroscopic
techniques.”?! This absence of structural information is all the
more conspicuous as the occupation of the low-lying m*
orbital of azo compounds by one electron is also invoked in
the excited-state formulation of the numerous azo-containing
dyes.?

In the course of developing new bis-bidentate bridging
ligands for molecule-mediated metal—-metal communica-
tion,” we have recently synthesized the new compound 2,2'-
azobis(5-chloropyrimidine) (abcp)P?l and prepared its dinu-
clear bis(triphenylphosphane)copper complex by reaction
with [(Phs;P),Cu](PF;). Surprisingly, the main fraction of the
isolated reaction mixture was the singly reduced compound
[ (u-abep){Cu(PPhy),},](PFs) (1-PF),® which could be char-
acterized by EPR and UV/Vis spectroscopy and X-ray crystal
structure analysis.[®]

L. Gy

abep abpy

The cation 1" exhibits a familiar pattern of “S-frame”
dimetal coordination (dc, ¢, =4.866(1) A) as was similarly
observed for [(u-abpy){Cu(PPh,),},](PF,), (abpy=2,2'-azo-
bispyridine).” However, whereas the dicopper(i complex
dication in the latter compound exhibits an N=N bond length
of 1.248(11) A corresponding to a nonreduced azoaromatic
ligand,®! the monocation 1* displays a longer N—N bond
length of 1.345(7) A and shorter C—N(—N) bond lengths of
1.360(5) A (Figure 1). On the other hand, the bonding
parameters within the 5-chloropyrimidine rings are fairly
normal (Figure 1), suggesting only minor participation of
these m systems in the accommodation of the additional
electron. The structural results strongly support the formula-
tion of a bond order of 1.5 for the N—N bond, with the length
of 1.345 A lying between the values for HN=NH (calculated
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Figure 1. Molecular structure of 1-PF; in the crystal. Selected bond lengths
[A] and angles []: Cul-N2' 2.045(3), Cul-N1 2.098(3), Cul-P2
2.2462(13), Cul -P1 2.2636(12), N1-C2 1.337(5), N1-C1 1.360(5), N2—
N2’ 1.345(7), N2-C1 1.363(5), N3-C4 1.322(6), N3-C1 1.344(5), C2-C3
1.379(6), C3—C4 1.402(6), C3-Cl1 1.720(4), Cul - Cul’ 4.866(1); N2'-Cul-
N1 76.58(14), N2'-Cul-P2 113.05(10), N1-Cul-P2 108.09(10), N2'-Cul-P1
118.54(10), N1-Cul-P1 103.40(10), P2-Cul-P1 124.10(5), C1-N1-Cul
112.2(3), N2'-N2-C1 113.6(4), N2-N2'-Cul 117.8(4), N1-C1-N2 119.2(4).

as 1.21 A) and H,N—NH, (1.45 A).1" Furthermore, this value
coincides with the O — O bond distances found for MO, (M =
Na, K).["

EPR and UV/Vis spectroelectrochemical results support
the formulation of a dicopper(l) complex containing an
azaaromatic anion radical ligand: An EPR signal at g=
2.0077 with only insufficiently resolved hyperfine structure
at 298 K (anisotropic line broadeningP*¢) and a single
feature at 110 K rule out any significant contribution from a
formulation with copper-centered spin.'¥l The long-wave-
length absorptions at 700 and 560 nm for the radical species
and at 930 nm for the electrogenerated dication 1** are
characteristic of metal-to-ligand charge-transfer transitions
d(Cu) —m*(N=N).[19

We attribute the unexpected formation and high stability of
1" mainly to the anodically shifted reduction potential of abcp
(=1.01 V versus ferrocenium/ferrocene (Fc*/Fc®) in CH;CN/
0.1m Bu,NPFy); the lowering of the st* level in comparison to
abpy (E..q= —1.46 V versus Fct/Fc” in CH;CN/0.1m Bu,NPFy)
arises as a consequence of the introduction of chlorine
substituents and of additional nitrogen functionalities. Fur-
thermore, the twofold metal coordination"! clearly facilitates
the reduction of abcp; relative to the ligand, the reduction
potential of the dicopper complex (+0.06 V versus Fct/Fc in
CH,Cl,/0.1m Bu,NPF) is shifted by more than 1 V to positive
values. Finally, the metal complex fragments effectively
protect the reduced azo functionality from attack by electro-
philes such as H*.[?]
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Highly Enantioselective Catalytic Hetero-
Diels — Alder Reaction with Inverse Electron
Demand**

Jacob Thorhauge, Mogens Johannsen, and
Karl Anker Jgrgensen*

The hetero-Diels— Alder reaction of a,f-unsaturated car-
bonyl compounds with electron-rich alkenes gives excellent
access to substituted 3,4-dihydro-2H-pyrans that are very
useful precursors for the synthesis of carbohydrates and
natural products.l'l The reaction is controlled by the LUMO of
the a.f-unsaturated carbonyl compound and the HOMO of
the dienophile; electron-withdrawing substituents on the
former greatly enhances the reactivity.!:?!

Although the reaction usually is highly regioselective,
Lewis acids can improve both regioselectivity and reaction
rate.l'd A variety of different achiral Lewis acids, such as
EtAICL, Pl Me,AICLP! ZnCl,,Bl TiCl,,B! Eu(fod);,™ Yb-
(fod);,PTLIC10,,1) Mg(ClO,), .1 and SnCl,[ have been shown
to catalyze inverse hetero-Diels—Alder reactions (fod=
6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octadiene).

Although much work has been devoted to the diastereo-
selective hetero-Diels— Alder reaction with inverse electron
demand,P* 81 the enantioselective addition of electron-rich
alkenes to a.fB-unsaturated carbonyl compounds with chiral
Lewis acids as catalysts is still a relatively unexplored field and
only very few reactions have been reported. Examples include
the intramolecular cycloaddition of an oxadiene with a
diisopropylideneglucose — titanium complex as catalyst (33—
88 % ee for the tetracyclic product),””) and a reaction catalyz-
ed by trans-(4,5-dihydro-4,5-diphenyloxazole) - Mg(ClO,),
which yields both ene and hetero-Diels— Alder products in a
89:11 ratio (89 % ee for the ene product).l' Kanemasa has
reported an intermolecular hetero-Diels— Alder reaction with
inverse electron demand in which the enantioselective
addition of (E)-oxo-phenylsulfonyl-3-alkenes to enol ethers
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