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Abstract: The crystal structure of N,N’-bis(trimethylsilyl)-p-phenylene dia- 
mine proves an almost planar, though heavily distorted SiHN-C6H4-NHSi 
skeleton, whereas in the sterically overcrowded N,N,N’,N’-tetra- 
kis(trimethylsilyl) derivative the p-type electron pairs of the flattened 
(R3Si)gN groups are twisted into the plane of the benzene ring and, there- 
fore, provide a rationale for its unexpectedly possible one-electron reduction 
to a Wurster’s Blue radical anion. 

Over a 100 years ago, the dark-blue radical cation salt of N,N,N’,N’-tetramethyI-p-phenylene- 

diamine, nowadays named Wurster’s Blue, was discovered. 3 Structural comparison of the 

neutral molecule4 and its radical cation perchlorate reveals that one-electron oxidation planari- 

zes the molecular skeleton including both (H3C)zN pyramids and shortens the NCRing bonds by 
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Numerous other neutral or cationic p-phenylenediamine derivatives, stretching from the rather 

bare parent compound7 to the sterically shielded monoclinic and triclinic modifications of the 

tetraisopropyl-substituted one, 8 have been structurally or ESR-spectroscopically characterized. 

For N,N,N’,N’-tetrakistrimethyl(silyl)-p-phenylenediamine, surprisingly, a one-electron reduction to 

a likewise dark-blue radical anion has been proven by analysis of its ESR signal pattern:9 
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This seemingly strange attempt to reduce an already electron-rich molecule has been stimulated 

by the assumption that - due to H/H repulsion between the bulky (H3C)3Si substituents, exhibiting 

a van der Waals radius of 380 pm (!)6 and the adjacent ortho ring hydrogens - the [(H3C)3Si]zN 

groups should be twisted around the NCring bond to an extent, which would prevent the electron 

donating nN/Tc-delocalization. Recently,* we succeeded in proving the validity of this argument 
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Figure 1. Molecular structures of N,N’-bis(trimethylsilyl)- and of N,N,N’,N’-tetrakis(trimethylsilyl)-p- 
phenylene diamines 10 in side and axial view (50 % thermal ellipsoids)with essential 
bond lengths as well as distances CHortho (in pm) and angles (ino). Significant diffe- 
rences: dihedral angles a(SiHNC6) = 1 lo and 190 for the two independent molecules 

in the monoclinic unit cell versus aS(Si2N-C6) = 830, bond angles C CNSi = 130° ver- 

sus C SiNSi = 1280 and bond lengths NCring = 141 pm versus 144 pm. Cf. text. 

Figure 2. 
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He(l) photoelectron spectra 6 eV - 13 eV of N,N’-bis(trimethylsilyl)- and N,N,N’,N’-tetra- 
kis(trimethylsilyl)-p-phenylenediaminesl t with Koopmans’ assignment, IEX = -E,J~~’ 
based on eigenvalues of geometry-optimized AM1 calculations and space-filling repre- 
sentations of the resulting structures.’ 
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both for the solid by single crystal structure determination ‘0 (Figure 1) as well as for the gas 

phase (and accordingly for solution in aprotic solvents) by quantum chemical analysis of the 

photoelectron-spectroscopic ionization pattern’ 1 (Figure 2). 

The structure-determining influence of the trimethylsilyl groups is clearly visible (Figure 1) In 

the N,N’-disubstituted p-phenylenediamine, the nitrogen lone pairs of the planar (R3Si)HN 

subunits are coaxial with the n-vector perpendicular to the six-membered ring. On the contrary, in 

the tetrasubstituted derivative, the p-type N electron pairs of the also planar (R3Si)2N subunits are 

twisted into the benzene plane due to the spatial overlap of the bulky (H3C)3Si groups with the 

ortho ring hydrogens and the cancelled nN/n-delocalization lengthens the NC bond from 141 to 

144 pm (Figure 1). As is demonstrated by the existence of both the monoclinic and triclinic poly- 

morphic modifications of the analogous tetraisopropyl-p_phenylenediamine,8 which exhibit dihe- 
dral angles m(C2N-C8) of 280 and 74O, respectively, and can be rationalized by energy hypersur- 

face calculations for the rotation of the sterically demanding ((H3C)2CH)2N groups around the 

NCrjng bond axes, the interplay of counteracting nN/rc-stabilization and H/H-repulsion determines 

their structures. This argument can be unanimously extended to the flattened conformations of 

N,N’-bis(trimethylsilyl)-p-phenylenediamine (Figure l), in which the overlap between two of the 

three Si methyl groups and the adjacent ring ortho hydrogen is reduced both by their gauche- 

arrangement and the astounding widening of the angle CNSi to 13Oo(!). 

The photoelectron spectra of both compounds (Figure 2), exhibiting nN/z-ionization bands 

splits of either smaller than 1 eV or larger than 3 eV, suggest that their gas phase structures as 

deduced from geometry-optimized AM1 calculations for the assignment of their ionization patterns 

must approximately resemble the ones in their crystals. Therefore, the sterically congested tetra- 

kis(trimethylsilyl)-p-phenylenediamine should be twisted also in solution and because of both the 

zero nN/z-donation and the considerable o-acceptor perturbation of the benzene ring due to the 

high effective nuclear charge of the adjacent nitrogen centres, the surprising electron insertion to 

the ‘Wurster’s Blue’ radical anion is achieved. 

Altogether, the molecular ground states of spatially overcrowded organosilicon 

compounds12 are subject to sterically enforced structural changes and hindered molecular 

dynamics. Both change the well-established and often synthesis-applied substituent effects of 

trimethylsilyl groups. Their further study, therefore, might reveal additional information of general 

interest.12 
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