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Abstract. The structure of the dark red title salt shows a distorted planar
quinone ring with CC bonds of 133, 147 and 153 pm length and. distorted pyri-
dine rings twisted by 56° or 63° with ipso angles of 116°; it can be largely
rationalized both by structure comparison with other p-benzoquinone derivatives
or pyridinium salts and by MNDO calculations,: which suggest that an extensive
delocalization of the four positive charges may contribute to its stability.

Only a few organic molecules M are sufficiently electron-rich to yield on fourfold oxidation their
respective tetracations M®®®® 2-5 Frequently, the alternative acid/base reaction route via protonation,
alkylation, amination, etc., provides easier access to tetracation salts [MR,*®®®) [X°]4.2’6’7 Despite
their positive charges, however, the molecular polycations [M(R),,]’n are seemingly not as electron-
deficient as the M®" ones and, therefore, structural differences between them provide interesting
information.

Stimulated by a literature report,7 that fourfold dimethylaminopyridinio substitution of p-benzo-
quinone - readily accomplished by allowing tetrachloro-p-benzoquinone to react with 4-dimethyl-
aminopyridine and (H3C)38i-OSO,CF3 - lowers its first half-wave reduction potential from -0.40 V by
+1.13 V(!) to 0.73 V, we have grown single crystals of the dark red compound and determined its
structure® (Figure 1).

In crystalline tetrakis(4-dimethylaminopyridinium)-p-benzoquinone tetrakis(triflate), layers of the
bulky tetracations are interspersed with two independent and disordered triflate anions and two with
rather short contact distances of about 280 pm to the (O)CC bonds of 153 pm length (Figure 1). The
intramolecular distances O--N are shorter by 12 or 17 pm than the sum of the frequently used van
der Waals radii (Y9W = 150 pm; VW = 140 pm).2
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Figure 1. Preparation7 and structure of tetrakis(dimethylaminopyridinio)-p-benzoquinone tetra-
kis(triflate): Stereoscopic view of the monoclinic (C 2/c) unit ceil containing four formula
units and the tetracation structure (i = center of inversion, @: O; @: N; cf. text).
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Figure 2. Structures of (A) tetrakis(dimethylamino)-p-benzoquinone M and (B) its dication salt
M®®(SbClg®),, prepared by oxidation with SbCIt-,/HZCCIz.9
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The following structural differences between the quinone tetracation (Figure 1) prepared by
acid/base reaction and the related compounds, the sterically overcrowded tetrakis(dimethylamino)-p-
benzoquinone and its twisted dication generated by twofold oxidation,9 (Figure 2) are emphasized: in
fourfold dimethylaminopyridinio-substituted p-benzoquinone tetracation the skeleton remains planar.
For its chain-subunits O=C =(N%®)C=C =N5® two different prototype cyanine-like distortions-8 are
feasible: either analogous to the neutral O=C=C=C=N chains (Figure 2: A) or to the positively
charged subunits (N=C=C(0)=C=N)® (Figure 2: B). Obviously, the structure parameters determined
(Figure 1: (O)C-C 147 pm and 153 pm; C-N%® 141 pm) more closely resemble the former, This obser--
vation suggests that the positive charges are largely delocalized within the dimethylaminopyridine
rings twisted by 56° or 63° out of the benzoquinone plane, and thus the substituents do not exert a
considerable (N®) perturbation. MNDO charge distributions, calculated based on the crystal structure
coordinates,support this interpretation (cf.8):

(Figure 1) ‘ (Figure 2: A) (Figure 2: B)

-Whereas in the twisted dication with stretched C-C bonds (Figure 2: B), the two positive charges
reduce the negative ones at the N centers and appear predominantly in the peripheral hydrogens, in
both the neutral tetrakis(dimethylamino) derivative (Figure 2: A) and the tetra-
kis(dimethylaminopyridinio)-substituted p-benzoquinone (Figure 1) substantial negative charge is pre-
dicted for all N centers. The MNDO charge distributions calculated for the dimethylaminopyridinio
substituents also help to rationalize their structural parameters (Figure 1): the dimethylamino groups
are fully planarized and connected by rather short NC bonds to the 4-positions of the pyridine rings,
which due to the remaining RN donor effect close their ipso angleszv down to 116°. The very same
features are exhibited by the structures of other dimethylamino-substituted pyridinium sats' such as
4-<:limethylaminopyridinium-triﬂate:1 1
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In summary, the structures of organic polycations prepared by acid/base instead of redox

reachonszaduetomeusuallysmallerd!fferoncesmtotalenergymvo!vedzoftenexrubnlessswere
distortions relative to the neutral molecule. As demonstrated, however, mgwngprMamiescanbe
found and, therefore, they are well worth further exploration. 11
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