
Via this reaction, we surprisingly directly obtained not 
only 1 but, in addition, two isomers, which we assign[*] to 
the unexpectedly stable syn,syn,anti- and syn,anti,anti-con- 
formations 9 and lo"] (Fig. 1)  on the basis of their 'H- 
NMR spectra and their thermal rearrangement to give 1. 
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As expected, the optical stability of the new molecular 
propeller 1 ,  which is important for practical applica- 
tions"", is considerable; it is even higher than that of the 
helicenes. 1 even sustains heating at 310°C for several 
minutes-conditions that lead to the racemization of the 
helicenes as well as of 2.  This is plausible since the inver- 
sion of a phenylene group in the anti-position is coupled 
with that of each of the other five, in contrast to the inde- 
pendent ring inversion in 2.  

By analogous synthetic strategy, other helices, with high 
optical rotation and stability, might be accessible"'! The 
dehydrogenation product of 1, a diphenanthroovalene, is 
also of interest due to its polycyclic aromatic structure. 
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Fig. I .  anfi- and syn-Arrangements (selected) in I ,  9, and 10. 

Upon heating of the products of the phenyllithium cycli- 
zation to 350 "C, a syn-anti rearrangement takes place, 
which is at first apparent by change in the crystal structure 
under the hot-stage microscope, but also in the completely 
changed 'H-NMR spectrum (Fig. 2). Whereas the syn con- 
formers 9 and 10 exhibit arene signals at 6-5.15, 5.22, 
and 5.45 as well as CH, signals centered at 6=2.1 and 3.2, 
the 'H-NMR spectrum of 1 proves its structure on the ba- 
sis of the strong high-field shifts of the inner protons 
[6(Hi)=5.4]. The inner protons of the comparison com- 
pound 2 absorb at the same field strength (6 = 5.44). 

Racemic 1 (all-anti) is almost colorless; above 380°C, it 
turns brown['l. A base-line separation of the racemic mix- 
ture of 1 was achieved by HPLC on (+)-poly(tripheny1- 
methylmethacrylate) [( +)-PTrMA]"']. As expected, the op- 
tical rotations are high: M &  = + 523519]. 

Fig. 2.  ' H - N M R  spectra of the synthetically obtained mixture of 9, 10, and 1 
(below) and of pure 1 (above): 400 MHz, in CDCI?. 
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"Stereochemical Activity" of 
a Lone Pair of Electrons on 
Low Valent Elements of the 4th Main Group: 
(GeNrBu),.2 AICIJ and (SnNtBu),.2 A1C13** 
By Michael Veith* and Walter Frank 
Dedicated to Professor Gerhard Fritz on the occasion of 
his 65th birthday 

The "stereochemical activity" of a lone pair of electrons 
on heavy main group elements has often been discussed 
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with resort to bond theory and structural and chemical as- 
pects for evidence of the existence or non-existence of 
such an activity. In the case of molecular compounds of 
divalent elements of the fourth main group (especially of 
Gel' and Sn"), primarily the existence of transition-metal 
complexes of the type X,M-EIY2[" or [X,M-EIY,]oL2] 
(El=Ge,  Sn) has been taken as supporting evidence for 
these elements being able to function as bases by virtue of 
the lone pair of electrons: however, the particular elec- 
tronic structure of the transition metal was ignored (back- 
bonding etc., cf. also carbene complexes'"). Even though a 
whole series of acid-base adducts such as (Cp),Sn. AIXliZ1 
(Cp= cyclopentadienyl, X = halogen) and X2Sn I BFll21 
have been reported, neither the exact structures are known, 
nor is the formulation of the compounds as adducts con- 
firmed. According to most recent structure investigations 
even the species ( V ~ - C ~ H ~ ) ~ S ~ - B F ~  designated as adduct 
must be described as [(BF,)'((~-VS-C5HS)ZSn(~-~i- 
C5Hs))@. thfl,[41. By reaction of the cubane-like compounds 
(GeNtBu)L5* and ( S ~ N I B U ) , ~ ~ '  with aluminum trichloride 
we have now succeeded in preparing adducts which con- 
tain Ge-AI and Sn-AI bonds, respectively. By varying the 
molar ratio of the reaction partners, we have tried to pre- 
pare the adducts (tBuNEl), . (AIC13)* with x = 1-4; howev- 
er, on crystallization only those adducts with x = 2 could 
be isolated. 

(tBuNEl), + Al2CI, ( ~ B u - N E ~ ) ~ . ~ A I C I ~  
1 ,  EI=Ge;  2,  EI=Sn 

The 'H-NMR spectra of the reaction solutions surprisingly 
contain (see molecular structure in Fig. 1 )  only one singlet, 
whose chemical shift depends upon the ratio of the reac- 
tion partners (when x = 2 ,  1 :  6= 1.30 (s); 2 :  6=1.32 (s), 60 
MHz, 2 8 T ,  t ~ l u e n e ) ~ " ~ .  This finding could be explained in 
terms of the presence of various adducts and a rapid ex- 
change of the AIC13 groups in solution. An X-ray structure 
analysis on single crystals of 2 confirmed the adduct struc- 
ture. 1 and 2 are relatively unstable: they decompose into 
the starting components, slowly in solution and rapidly un- 
der reduced pressure (in the mass spectrometer). 

Fig. I. Structure of 2 in the crystal. The unnamed atoms are carbon atoms; 
the hydrogen atoms of the methyl groups are not shown. The Sn,N, skeleton 
is retained on adduct formation, the point symmetry of 2 is almost C2\ 
(mm2). Cell dimensions: a =  1032.5(5), h=2311.2(9), c =  1981.4(8) pm, 
p= 124.3(1)". Space group: P2,/c: Z = 4 .  Four-ciicle diffractometer, 
R = 0.074 with a reflection-parameter ratio of 14.07 : I. Some selected (aver- 
aged) bond lengths: Sn-AI 278(1), AI-CI 212.4(8), Sn-N 219(2), N-C 
150( I) pm. Further details of the crystal structure investigation are available 
on request from the Fachinformationsrentrum Energie Physik Mathematik, 
D-7514 Eggenstein-Leopoldshafen 2, on quoting the depository number 
CSD 5 I 183, the names of the authors, and the full citation of the journal. 

The structure analysis of 2 (Fig. 1) proves for the first 
time that low-valency elements such as Sn" can function as 
donors in Lewis acid-base adducts. The Sn-A1 bond 
length corresponds exactly to that expected from the 
atomic radii"]: the aluminum atoms coordinate in a dis- 
torted tetrahedral fashion, with the CI-AI-CI angle of 
113.9" (mean) lying in the range typical for AICI3 ad- 
ducts[81. On comparing the structure of 2 with the structure 
of the uncoordinated ( S ~ N I B U ) , ~ ~ ]  the following differ- 
ences emerge: a) the distance between the fourfold coordi- 
nated tin atoms in 2 is reduced (Sn 1 . . . Sn2 = 323.6(2) pm, 
in (SnNtBu),: 333 pm'']), while the other intramolecular 
distances all remain, within the standard deviations, the 
same. b) As a direct consequence of this closing-up, the 
N-Sn-N angles in the four membered ring 
N2-Snl-N3-Sn2 (84" in 2 compared to 80" in 
(SnNtBu),) are widened and the Sn-N-Sn angles com- 
pressed. A very superficial interpretation of this effect 
could lead to the conclusion that the distance between the 
respective tin atoms becomes smaller by withdrawal of the 
electron density of the lone electron pairs. The adducts 1 
and 2 support the hypothesis that the (tBuNEl), molecules 
(El=Ge,  Sn) may better be described as cage molecules 
with oriented bonding[''. But it is still unclear why only the 
adducts with two AICI, moieties crystallize and not also 
those with another Al : Sn ratio. 

Experimental: 
Newly sublimed aluminum trichloride (0.152 g, 1.14 mmol) was treated with 
a solution of (tBuNGe)?"' or (tBuNSn),"' (0.58 mmol) i n  toluene (30 mL) in 
the strict absence of moisture. On heating the mixture to boiling the AICI, 
dissolved. The resulting solution was concentrated by evaporation and al- 
lowed to stand. After a few hours, rhombus-shaped crystals separated out. 
Yields: 1 ,  0.36 g (75.6A); 2, 0.38 g (65%). The crystals gave correct elemental 
analyses. 
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Mechanism of Purpurogallin Formation : 
An Adduct from 3-Hydroxy-o-benzoquinone and 
4,5-Dimethyl-o-benzoquinone 
By Walter Diirckheimer* and Erich F. Pauliis 
Dedicated to Professor Rolf Sammet on the occasion of 
his 65th birthday 

Purpurogallin 1, found in nature as a glycoside, is 
formed upon oxidation of pyrogallol in water. The mecha- 
nism of this reaction is still largely speculative. Salfeldl'] 
and Horner et al.[21 postulated an intermediate 3 formed 
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