
373. 350. 272. MS (El ) :  n i j z  1025 ( M  '-Cp*. 2%). 580 ( M ; 2 ' .  25). 135 (Cp*. 
100). Corrcct elemental analysis. 
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The physical and chemical properties of I described by Schnockel et al. are 
slightly different from those found by us. 
A single-crystal X-ray structure analysis at  - 120 Cconfirms theexistence 
of I Crystal data C4<,H,,"Al4. M, = 648.85. triclinic, space group PT. 
!I = 10.759(4). 17 = 10.913(3), c =18.027(S)A. 3 = 82.94. p = 81.82. 7 = 
66.88 . I . ' = 2 1 1 6 . 6 ( 1 2 ) ~ 3 , Z = 2  
J. Gciuss. U Schneider. R. Ahlrichs. C. Dohmeier. H. Schnockel. J .  A m ,  
Ciwm So<.. 1993. 115. 2402. 
The measurements were carried out at + 40. + 70. and + 78 C. 
If the NMR sample tube is left open for I h, and then the sample is 
remusui-ed at +70 C. two additional signals at  d = - 9.3 and - 148.2 
appeal- in the "A1 NMR spectrum. The latter signal is consistent with the 
values postulated for monomeric Cp*AI. 
Becauae of the poor solubility of 1. it is not possible to carry out a molar 
mash determination. 
N .  Bui-ford. B. W. Royan. R. E. v. H. Spence. R. D. Rogers. J. Cheii7. Sue. 
Dd/oi l  7i.urn 1990. 21 1 1  -21 17. 
I .  L. Atwood. S. K Seale. J .  Urgunonirt. Cl7em. 1976. 1 / 4 .  107.~118. 
R. Nesper. I Cui-da. 2. Nurirrfor.sc/i. B 1987. 42. 557. 
Crlstal data of2 .  C,,,H,,AISe. M, = 241.16. tetragonal. space group 14. 

1.51 I Mgm-.'. F(000) = 976. i = 0.71073 A, p(MoK,) = 0.397 mm-'. 
The data were collected o n  a Stoe-Siemens-Huber diffractometer. Intensi- 
ties o f  :I rapid11 cooled crystal with dimensions 0.6 x 0.5 x 0.4 mm in an oil 
drop [20] %'ere collected at  -120 C by the 2010 method in the range 
8 5 211s 50 . Oi'the 1403 reflectionscollected. 1367 were unique and these 
were corrected for absorption by using a semiempirical procedure; highest 
minimtiin and maximum of the final difference Fourier synthesis: 0.32 and 
-0 2X c k  '. respectively. R1 = 0 021. wR2 = 0.050 (all data). The  abso- 
lute slitvXure \ & a s  determined to 0.00(14) by a refinement of the Flack 
parmeter  (H.  D Flnck. A u o  Crnfuilagr. Seer. A 1983. 39. 876). Crystal 
data of 3 .  C,,,H,,AITe, M, = 289.80. tetragonal. space group /a, 
!I = h =11.430(2). V = 2247.4(7) A3, Z = 8. pLdlid = 

1.713 Mgin--'. F(000)=1120. i =  0.71073A. ;i(MoKJ =0.397mm- ' .  
The data were collected on a Stoe-Siemens-Huber diffractometer. Intensi- 
ties o f a  rapidly cooled crystal with the dimensions 0.5 x 0.4 x 0.4 mm in an 
oil drop (201 were collected at - 120 C by the 20.w method in the range 
8 5 20 S 55 . Of the 2370 reflections collected, 2178 were unique and these 
were corrected for absorption by using a semiempirical procedure, highest 
minimum and maximum of the final difference Fourier synthesis: 0 39 and 
-0.44 eff ~ '. respectively. R1 = 0.017. II R2 = 0.042 (all data). The abso- 
lute Ytructure was determined to 0.03(2) by a refinement of the Flack 
parameter (H. D. Flack. Acru Crytul logr.  Sccr. A 1983. 39, 876). The 
value\ of R1 and wR2 were defined as RI = ZIIFol -IFcIl/[ZlF,I]: 
11 R1 = I[~ii(F~-Fl)']![Zjl.(Fh)]:' '. The structures were solved by direct 
methods (SHELXS-90) 1211 and refined bv least-suuares Drocedures 

o = / l = 1 2 . 1 4 4 ( l ) .  ( . = 1 4 . 3 7 3 ( 3 ) ~ ,  ~ = 2 1 1 9 7 ( 4 ) a 3 .  Z = X .  ',,, i d =  

c = 14.54613) A, 

, L 1  1~ 

(SHELXL-93) 1271. The hydrogen positions were refined accordmg to a 
riding model in which the CH, groups were allowed to rotate about their 
lociil khrcefold axis. Further derxils of the crystal structure investigations 
are ~ i \~ i i lab le  on request from the Director of the  Cambridge Crystallogra- 
phy L h t n  Centre. 12 Union Road. GB-Cambridge CB2 1EZ (UK), by 
quoting the full  journal citation. 
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A Molecular Heterometal Amide with High 
Molecular Dynamics: Does the Lithium Atom 
Orbit?"" 
By Michael Veilh,* Michael Zimmer, 
and Stej'an Muller-Becker 

Dedicated to Professor Ulrich Wannagat 
on the occasion of his 70th birthday 

Whilst the motion of lithium atoms in solids, such as, for 
example, in solid Li,N, has been thoroughly investigated 
and is generally accepted,"] many indications, but little con- 
crete evidence for such a motion in molecules exists, in spite 
of much effort (see e.g. ref. [2]). Here we report on our 
studies of the heterometal amide [Me,Si(NSiMe,),],InLi (l), 
an example of a class of molecular complexes that has still 
not been investigated in detail.L3] Compound 1 can easily be 
prepared according to Equation (a). 

2 Me,Si(NSiMe,),Li, + InC1, -+ 3LiCI + [Me,Si(NSiMe,),],InLi (a) 
1 

According to the X-ray crystal structure analysis,l4I 
(Fig. 1 )  the trivalent indium and the monovalent lithium 
atom in 1 are bound close together in a tricycle of four-mem- 
bered rings ( In . . .L i  = 2.748(9) A). The 'H, 13C, "N, and 
29Si NMR spectra of 1 at room temperature in toluene (see 
Experimental Procedure) are not consistent with the molecu- 
lar structure represented in Figure 1. Thus, only one reso- 

c I 1  

Ffg. 1. Molecular structure of I .  Some important distances [A] and angles [ 1: 
Nl-In 2.223(3), N2-In 2.055(3), Nl-Li 2.064(6). N1-Si1 1.720(3). Nl-Si3 
1.737(3), N2-Si2 1.714(3). N2-Si3 1.717(3). L i . . .Cl l  2.635(7): Nl-In-Nl '  
9541) .  N2-In-N2' 148.4(1). Nl-In-N2 76.2(1), Nl-In-N2' 127.3(1), Nl-Li-N1' 
105.4(3). 

nance signal is found for both the dimethylsilylene and 
trimethylsilyl groups in the I3C NMR spectrum, whereas a 
double set of signals would be expected because of the low C, 
symmetry of the molecule (the twofold axis passes through 
the two metal atoms). 

I f  a toluene solution of 1 is cooled, 'H, 3C, and *"Si 
NMR spectra are obtained at  Iower temperature (as an ex- 
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ample 13C N M R  spectra are reproduced in Fig. 2) with twice 
(or one and a half times) the number of signals as expected 
from the crystal structure. An activation energy of 
44.3 kJ mol- ’ can be determined from analysis of the coales- 
cence temperature and the signal splitting derived from het- 
eronuclear N M R  spectra.[5’ The signal of the trimethylsilyl 
groups shifted to high field shows unusual behavior: With 
decreasing temperature a selective broadening is found, a 
phenomenon that can be explained by a rotation barrier 
about the Si-N bond, which is also found for trimethylsilyl 
groups of other molecules.t61 On examination of the solid- 
state molecular structure (Fig. I ) ,  it becomes apparent that 
the reason for the rotational barrier of this one trimethylsilyl 
group is due to lithium methyl contacts (dotted lines); at the 
same time, this finding allows the assignment of the reso- 
nance signals. 

1 
i 

a) 
296 K , 

h 
223 K 

h 

213 K 

h h 

168 K 

8 6 4 
t 6  

Fig. 2. I3C N M R  spectra (50.3 MHz) of 1 a) in hexdne at three temperatures 
and b) in toluene between 243 and 168 K . 

Temperature-dependent measurements of the spin-lattice 
relaxation T, of the 7Li isotope give the expected curve shape 
on plotting the graph with a minimum at  203 K. Analysis of 
the Arrhenius plot gives a value of 13.8 kJmol-’ for the 
high-temperature end; this value is typical for methyl and 
trimethylsilyl rotations about threefold axes.[71 It implies 
several coupled migrations in the molecule and suggests that 
the lithium atom is involved in these. 

The series of temperature-dependent I3C N M R  spectra 
shown in Figure 2 were also repeated for significantly higher 
and lower concentrations of 1 in toluene (about five- and 
tenfold), without any observable changes occurring in the 

comparable spectra. We conclude from this that an inter- 
molecular process is unlikely to  be the reason for the ob- 
served spectra a t  room temperature. Clearly all findings are 
consistent with a higher “average” point symmetry of the 
molecule at room temperature. Instead of the C,(2) symme- 
try in the crystal lattice, in which the molecules are exclusive- 
ly bound by van der Waals contacts, D,,(42m) symmetry 
must be ascribed to the whole molecular unit in solution. The 
increase in symmetry is clearly determined by dynamic phe- 
nomena in which lithium, as the lightest of the atoms (if one 
neglects the covalently bonded hydrogen atoms), plays a 
special role. 

After exclusion of an intermolecular process only an in- 
tramolecular and a dissociative mechanism remain. We con- 
sider the formation of an ion pair of the type 
Li+[jMe,Si(NSiMe,),),In]- in solution, which would in- 
volve an anion with D,, symmetry, to be unlikely in toluene 
due to the large amount of energy required to break the 
Li-N bond and to the relatively low expected solvation 
energy. Furthermore, analogous ‘H and I3C NMR spectra 
with few signals are obtained when 1 is dissolved in nonpolar 
hexane (Fig. 2a). Here too, a splitting of the Me,Si signal is 
observed at  lower temperatures. Thus, identical activation 
energies (44.3 kJmol- ’) to those in toluene are determined. 
In contrast to the spectra in toluene (dipole moment: 
0.36 D), in hexane the signal for the dimethylsilyl group does 
not split up to the freezing point of the solvent. The molecule 
must therefore retain a residual mobility in nonpolar sol- 
vents, which is suppressed in polar toluene, because the static 
molecule itself is strongly dipolar. 

We believe that the observed spectra can best be explained 
by an intramolecular dynamic process. In this context, two 
processes can be discussed: One possibility is an essentially 
oscillating motion of the lithium atom in an orbit around the 
center of the molecule, which can be described as a indium- 
centered N,-bisphenoid (Fig. 3). A conceivable alternative 

Fig. 3. Top: An intramolecular model for the “lithium migration”. Bottom: 
The two structures of 1 found in the crystal (view orthogonal to the upper 
drawing). Their interconversion could explain the “residual mobility” of 1 in  
hexane. 

would be that the Me,Si(NSiMe,), ligands move disrotatory 
around a pseudo Si3-Si3’ axis (see Fig. 1); thus, the two 
metal atoms remain in their positions. Molecular dynamic 
model calculationsts1 and the consideration of group vibra- 
tions show, however, that both processes are basically the 
same and that only a different reference point has been cho- 
sen. Moreover, this model explains the nature of the above- 
mentioned residual mobility in hexane below 220 K. In this 
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case the lithium atom is now only in contact with two nitro- 
gen atoms at  which inversions take place. In the extreme case 
this leads to the two molecules represented in the lower half 
of Figure 3. These are enantiomers and both crystallize to- 
gether (in the crystal structure they are connected by inver- 
sion centers). 

Solid-state N M R  spectra were also obtained for 1. The 
central line of the Magic Angle Spinning (MAS) 'Li N M R  
spectrum (77.7 MHz) of 1 at room temperature consists of 
two components: a broad resonance signal showing the typ- 
ical quadrupolar splitting obtained in MAS experiments for 
quadrupolar nuclei[91 (586 Hz), as well as a quasi-superim- 
posed relatively sharp resonance with a half-width of about 
120 Hz. I f  a second spectrum of the same sample is recorded 
at  116.5 MHz. the peak separation of the outer peaks is 
reduced, which is consistent with a quadrupolar effect. The 
sharp resonance signal a t  296 K combines about 8 %  of the 
total intensity including the side bands and should be due to  
"readily mobile'' lithium atoms.[l0' Whether the signal is due 
to a partial "lithium dynamic" as a result of lattice vibrations 
in 1 or  whether it is caused by a small amount of some 
impurity still needs to be clarified by further investigations. 

E.sprirncwtal Procedure 
Indium chloride (0.7 g. 3.2 mmol) in diethyl ether ( 5  mL) was added to two 
molar equivalents of Me,Si(NSiMe,),Li, [1 I ]  in n-hexane (25 mL) and stirred 
for 6 h  at room temperature. The suspension was filtered and the solution 
concentrated: during this process crystals of the ether adduct of 1 formed. The 
ether was eliminated from the compound in the subsequent sublimation (70- 
80 C bath temperature/lO-'Torr) and 1.37g (73%) of 1 were obtained as 
colorless crystals (m.p. 142 C). Correct analyses and mass spectra. Chemical 
shifts of 1 in solution (200 MHz [DJtoluene. 296 K, TMS): 'H  NMR: 6 = 0.18 
(s. 36H. SiMe,). 0 33 (s, 1ZH. SiMe,): "C NMR ([De]toluene): d = 4.2 ( s .  12C. 
SiMe,). 6.6 (s. 4C. SiMe,), "C NMR (hexam): 6 = 3.9 (s. SiMe,). 6.4 (s. 
SiMe,). '*Si N M R -  6 = - 0.55 (s.  SiMe,), -5.80 ( s .  SiMe,); "N NMR 
(CH,NO, ext.). 6 = - 308.5 (s. h,  , =10 Hz); 'Li NMR (ext. standard. LiCI/ 
D,Oj: d = 3.0 (s. h ,  = 5.7 Hz). Chemical shifts of I in the solid state 
(200 MHr. 296 K. see. standard: adamantane, TMS = 0). '-'C NMR: 6 = 5.8 
( h ,  = X5 Hz). 'Li NMR (ext. standard: LiCI): 6 = 1.0 [12]. 

[lo] A selective representation of the two components can be obtained by 
inversion - recovery experiments because of the very different relaxation 
behavior. 

[ l t ]  W. Fink. Cham. Bcw. 1963. 96, 1071. 
[i2] The 'H. 'Li. I3C. "N.and "Si NMR spectra were recorded with a Bruker 

200 MHz spectrometer, the solid-state NMR spectra were recorded on a 
MSL 200 (Bruker). Airtight Kel-F inserts were used in 7-mm-MAS rotors 
for the sample preparation. The T,  measurements were carried out accord- 
ing to standard inversion-recovery methods. 

[I  31 G. M. Sheldrick, Progrum,/ur Cr:i..s~ulSrrrr~ri~rr~ Drrcrminulion, Universitiit 
Gottingen. 1986. 

[14] E. Keller, SCHAKAL-RN. Furrrun Progrum fur the Gruphicul Reyrrwnru- 
tion of Mulei.ulur und Crsatullogruphic Mode,/.\. Freiburg. 1988. 

Palladium-Catalyzed Arylation of Tetrasubstituted 
Double Bonds: A Simple Synthesis of Annelated 
Propellanes** 
By Gerald Dyker,* Juttu KGrning, Peter G. Jones, 
and Peter Bubenitschek 

As a result of their special topology propellanes have stim- 
ulated a multitude of syntheses and investigations into their 
chemical and physical properties.['' The benzoannelated 
[4.4.4]propellane lLZ1 is of particular interest in this respect, 
as in this compound a h e ~ a a r y l e t h a n e l ~ ~  structure is stabi- 
lized by triple clamping. However. the increased ring strain 
caused by reducing the size of the propellane rings can cause 
destabilization of the central single bond to  reoccur. The 
highly strained dehydrotriptycene 2-a [2.2.2]propellane--- 
represents an extreme example and so far all attempts a t  its 
synthesis have been u n s ~ c c e s s f u l . ~ ~ ~  We report here on a ra- 
tional entry to aryl-annelated [3.3.n]propellanes with n = 2, 
3, and 4. 
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The hexacyclic hydrocarbon 7 is the key compound in the 
synthesis of the desired propellanes and can be prepared in 
one step from acenaphthylene and 1 &diiodonaphthalene by 
a palladium-catalyzed annelation.[" Formation of the 
[3.3.3]propellane 3, which contains a threefold symmetry 
axis, was achieved in a single step by way of a second palla- 
dium-catalyzed annelation, this time with monoiodonaph- 
thalene 5 (Scheme The use of 1,s-diiodonaphthalene in 
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