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Biradicals are thought to play a crucial role in bond breaking Scheme 1
and formatiort Typical organic biradicals such as trimethylene- &
methyl (), cyclobutane-1,3-diyll{), and cyclopetane-1,3-diyl( ) ArGoGoAr + 2Messg IS Mo _Nie)q_sms s o,
are short-lived species. Upon modification of the substituents at '
the central atoms, a few biradicals can be observed spectropically. Ar‘/
However, in 1995 Niecke and co-workers reported the 1,3- 1 3
diphosphacyclobutane-2,4-diyl MesiRCCI),PMes* (Mes* = A= 2,6:D1pPaCofty Dipp = 2,6-PrCefl
2,4,64-BusCgH>) (IV), which is a stable compound with carbon-
centered singlet biradical charactdfollowing this finding, several  The Ge-Ge separation (2.755 A) is about 0.3 A longer than a

further biradicals with P, framework were also reportédMore normal Ge-Ge single bond (average 2.44 R)put it is comparable
recently, Bertrand and co-workers have described a different classtg those found in the cyclic dimers {8eNR’), (R' = 2,4,6-

of boron-centered singlet biradicaloids, for examiply,P («-BBu- MesCeH,, R’ = NCCy,Hg: R'> = MeNCH,CH,NMe, R’ = NSi-
1),PiPr (V), and have examined some of their reactidns. (t-Bu)s) and (GeNR) (R = Mes*, 2,4,6-(CR):CsHy) (2.66-2.86
A) in which there is no GeGe bonding! The long Ge-Ge

found in other dimeric germanium imide species (£1088 A)11

Cl Bu-t ) separation is consistent with the biradical characte3. donethe-
)]\ <> l:> Mes“—P)xP—Mes* ’:'Prﬁg? Pr"' less,3 displays no EPR signal at #7800 K. It has normatH and
_ . \( -Prop™® Prei 13C NMR signals which also indicate that it has a singlet ground
Cl Bu-t state.
1 I n v ' DFT calculations performed on the model compound MeGe(

NSiH;),GeMe, where the ligand Amwas replaced with a smaller
For heavier Group 14 elements, Sita and Kinoshita have reportedmethyl group and SiMgwith SiHs, predict geometrical features

the pentastanna[l.l.1]propellanes@&hgHs-2,6-Et)s and related
derivatives, which possess singlet biradical charddteaddition,
the germanium moiety in the Zintl phase & has biradical

that are similar to those found in the X-ray structure ¥
Inspection of the frontier KohaSham orbitals (Figure 2) shows
that the HOMO corresponds mainly to a nonbonding combination

characteristics. We have recently reported the synthesis and centered on germanium atoms with a minor component at the

structures of the germanium and tin alkyne analoguésI®Ar’
(M = Ge, 1; M = Sn, 2)8 and are currently investigating their

nitrogen centers. This HOMO orbital also has a weak—Ge
component. The HOMO-1 and HOMO-2 orbitals correspond to out

reaction chemistry with a variety of unsaturated small molecules of phase and in phase combinations of nitrogen p orbitals with minor

including CO, H, alkynes, isonitriles, nitriles, and azides and so

on. We now report that the reaction dfwith the azide MgSiN3

ligand components. The calculated energy differences between the
orbitals are HOMG-LUMO, AE =57.97; HOMO-HOMO-1,AE

leads to the formation of the new singlet biradicaloid, the = 30.44; HOMO-1-HOMO-2AE = 16.53 kcal/mol. The energy

germanium-centered ABe(-NSiMes),GeAr (Ar' = 2,6-DippCsHs,
Dlpp = 2,6-i-Pr2C6H3).

difference between the optimized singlet and triplet state of MeGe-
(u-NSiHz),GeMe with use of the spin-corrected energy gap method

The reaction ofl with an excess of MgSiN; in n-hexane at ca.

25 °C yielded, after workup, dark violet, almost black crystals of
Ar'Geu-NSiMes),GeAr (3, Scheme 13.Compound3 is extremely

air and moisture sensitive and rapidly changes to a white powder
once exposed to the atmosphere. The dark violet color disappears
when it is heated to 14%C in a sealed capillary tube. Crystals of

3 could be stored under an inert atmosphere, but its solutions in
benzene, toluene, and cyclohexane become pale yellow after 2 days.
The isolation of products of these reactions are currently under
investigation. Compouna@ has been characterized By and3C

NMR, IR, UV spectroscopy, and single-crystal X-ray analysis.

The structure o has a crystallographically required center of
symmetry with a perfectly planar @4, core (Figure 1}° The
geometry at nitrogen is trigonal-planar (sum of interligand angles Figure 1. Thermal ellipsoid of3 with 30% probability. Hydrogen atoms
= 359.97(8j) and that of germanium is pyramidal (sum of gi"s‘:aﬁg; rznAg)]Sa(r’]eé(C:r?ﬁzg C(zrebo)”fgﬁogz)l _a’r\lel”f%%g%"("l”é)sgee‘;tﬁ‘i*bond
!nterligand angle; 322.10(79). The two Af rings are arranged 1.8741(16), Ge:C1 290413(18%, Ge1Gel* 2'75'50(4); NLGelN1*
in a trans fashion across the four-membereeNzeng. The Ge-N

85.00(7), GexN1—Gel* 95.00(7), N+Gel-C1 123.28(7), N1*-Get
bond lengths (1.8626(16) and 1.8741(16) A) are within the range C1 113.82(7), Si+N1—-Gel 135.35(9), SitN1-Gel* 129.62(9).
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proposed by Yamaguchi and co-workéiis 17.51 kcal/mol, which
is very similar to the 17.2 kcal/mol calculated fgr52

10.1021/ja0492182 CCC: $27.50 © 2004 American Chemical Society
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Figure 2. Representations of the frontier KohSham orbitals of the
MeGef-NSiHz),GeMe from DFT calculation¥®

HOMO-2

The UV-vis spectrum of3 in n-hexane shows a strong
absorption maximum at = 521 nm € = 5600), which is red-
shifted compared to those Bf (478 nm¥ andV (446 nm)32This
corresponds to an energy difference of 54.88 kcal/mol, which is
close to the calculated HOM&.UMO gap (57.97 kcal/mol) for
MeGeﬁt-NSng)gGeMe.

In summary, the reaction df with the azide MgSiN; afforded
a new non-Kekulemolecule,3. Compound3 has Ge-centered
biradical character as indicated by the intense color, the @e
separation, and its high reactivity toward solvefitdhe DFT
calculations support no bonding interaction between the two

germanium atoms as well as a singlet ground state. The extent of (13)

the biradical character &, as judged by occupancy numbers for
bonding and nonbonding orbitals associated with the two radical
sites, is not currently available, but the similarities of the calculated
singlet-triplet energies forV and 3 suggest their similar oc-
cupancy®
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