
948 J. Am. Chem. Soc. 1987, 109, 948-949 

This chemistry affords a convenient route to iV-acylquinone 
imine ketals from the readily available aromatic amides. Although 
oxygen nucleophiles effect deacylation of 3a,b, organolithium 
reagents and malonate anion react to give good yields of the 1,2-
and 1,4-addition products (see Scheme I). Furthermore, hy­
drolysis followed by reduction allows either replacement of the 
original amino group with an alkyl or aryl residue (7a,b —>• 8a,b) 
or preparation of a 4,4-disubstituted cyclohexanone (10 —* 11). 
Thus iV-acylquinone imine ketals offer opportunities for func-
tionalization of certain aniline derivatives in the same manner that 
quinone monoketals serve as intermediates for oxygenated aromatic 
systems.11 Future publications will deal with synthetic applications 
of this chemistry.13 
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(13) Anodic oxidations were conducted on 0.3-1.0 g of compound in 
100-200 mL of reagent grade methanol by using a cylindrical platinum gauze 
anode and a platinum sheet cathode. Typically twice the amount of finely 
divided sodium bicarbonate relative to the compound or 1 equiv of 2,6-lutidine 
was employed as indicated. Compounds not previously reported showed exact 
mass or combustion analysis in agreement with the assigned structures. The 
products obtained as solids had the following melting points: 2a, 113-114 0C; 
6a, 89-90 0C; 6b, 151-154 0C; 7a, 178-180 0C; 7b, 180-182 "C; 10, 155-157 
°C; 11, 136-138 0C. 
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An amide group provides a small but useful activation for 
ortho-lithiation on the cubane nucleus. For example, reaction of 
the /V,/V-diisopropylcubanecarboxamide 1 with 8 equiv of lithium 
tetramethylpiperidide (LiTMP) under equilibrating conditions 
in THF at 0 0C gives about 3% of the lithium derivative 2 (eq 
I).1 The low conversion and the large excess of base make it 
difficult to use 2 directly.2 However, if its generation is carried 
out in the presence of mercury salts, transmetalation occurs easily 
(eq 2), and the equilibrium of eq 1 is drawn effectively to the right. 
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Seyferth and others have shown that tetraorganostannanes and 
organolithiums undergo equilibrium transmetalation.3,4 There 
are a few reports of similar exchanges between diorganomercuries 
and organolithiums or Grignards.5 We expected that an equi­
librium among various cubyl and alkyl metallics would favor cubyl 
attached to the more electropositive metal. The higher s character 
in an exocyclic cubane carbon orbital6 over that of a typical alkane 
carbon would better accommodate the more polar C-metal bond. 
Additionally, in the amide-substituted cubanes dealt with here, 
intramolecular amide-metal interactions would shift the equi­
librium in the same direction. Indeed, we find that when pure 
3 (X = Cl) in THF at -20 0C is reacted with CH3Li (2 equiv; 
1.7 M in diethyl ether) the cubyllithium 2 is formed in high yield 
by lithium-for-mercury exchange (eq 3).7 As 3 was originally 

JEt, 
.A 

•HgX 
C H 3 ^ S l . . + 2 C H 3 L i CHrMiJ , . 

(CH3J2Hg + LiX (3) 

3 - p H g X 

made by mercury-for-lithium transmetalation on 2, we call the 
process "reverse transmetalation". It is very efficient. If after 
5 min at -20 0C the reaction is quenched with CH3OD, less than 
5% of starting 3 can be found, but 1 is regenerated (>95%) with 
at least 95% monodeuterium incorporation. 

The ortholithiated cubane amide 2 prepared by reverse 
transmetalation is very useful. For example, it has been suc­
cessfully carbonylated (CO2), phenylselenenylated (PhSeCl), and 
oxygenated. Interestingly, although cubane amides like 1 are 
attacked readily by alkyllithiums, 2 is stable, at least for 30 min 
at 0 0C, to itself and to excess CH3Li. Apparently, the interaction 
between the amide and the ortho metal stabilizes both. 

We demonstrated previously that reaction of cubanediamide 
4 with LiTMP/HgCl2 gives by sequential lithiation/transmeta-
lation the dimercury compound 5 (chloride workup).1 There is 
evidence against the intermediacy of the dilithiated cubane 6 in 
this process, but such a dilithiated cubane can be formed in high 
yield by double-reverse transmetalation (Scheme I). Treatment 
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Nearly complete conversion of 1 to the organomercury 3 occurs. 
Such cubyl mercuries are readily isolable pure as their chlorides 
and are excellent progenitors for cubyl halides,1 but they do not 
have the broad reactivity spectrum of organolithiums and Grig­
nards. We report now on the successful implementation of an 
idea for obtaining these more reactive metallocubanes at sub­
stantial concentrations, in good yields, and free of interfering 
reagents. 
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of 5 with CH3Li in THF at -78 0C gives 6 cleanly, as demon­
strated by high-yield formation of dideuteriated 4 on quenching 
the reaction mixture with CH3OD. Following a similar path (eq 
4), and particularly usefully, conversion of 4 to 5 (not isolated), 
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its reaction with CH3MgBr in THF at -20 0C to form the di-
Grignard 7, and subsequent carboxylation gives the cubane tet-
raacid derivative 8 in 60% yield overall. 

Use of the reverse-transmetalation procedure is not limited to 
the cubane system. It should in principle pertain to other systems 
of relatively high C-H acidity. We have not yet pursued this 
extensively, but we can give two examples now, one using cy­
clopropane C-H and the other, aromatic C-H. On treatment with 
LiTMP/HgCl2 the cyclopropyl amide 9 is converted, by way of 
ortho-lithiated amide 10, to the ortho-mercuriated derivative l l , 8 

isolable pure as its chloride in 85% yield (Scheme II). Upon 
reverse transmetalation with a stoichiometric amount (2 equiv) 
of CH3Li, conversion to 10 is essentially quantitative, as shown 
by high-yield formation of monodeuteriated 9 on quenching with 
CH3OD. In this particular case, the amide group is susceptible 
to attack by excess CH3Li, and it is better to use CH3MgBr 
instead. This modification of reverse-transmetalation methodology 
gives the corresponding cyclopropyl Grignard, which upon car­
boxylation yields the cw-l,2-dicarboxycyclopropane 12 in 90% 
isolated yield from 11. 

2,6-Dilithio-7V,./V-diethylbenzamide is also readily available by 
the double transmetalation approach.9 Treatment of yV,yV-di-
ethylbenzamide with LiTMP/HgCl2 gives in 60% isolated yield 
the o,o'-dimercuriated compound by iterative lithiation/mercu-
riation. Reverse transmetalation with H-BuLi followed by addition 
of CH3OD produces the o,o'-dideuteriated benzamide. If CH3I 
is added, 2,6-dimethyl-AyV-diethylbenzamide is formed in good 
yield. 

We are extending this work to include the preparation of yet 
more highly metalated cubanes, to the use of these compounds 
in synthesis, and to application of these techniques to other sat­
urated, strained systems. 
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Recently we have shown that Penning ionization electron 
spectroscopy, which utilizes metastable rare gas atoms as the 
excitation source, is a unique technique to provide direct infor­
mation on the outer spatial electron distribution of individual 
molecular orbitals.1 In this paper, we demonstrate that the local 
distribution of TT, <r, and 3d x-like MO's of iron phthalocyanine 
(FePc) at different parts of the molecule can be probed by applying 
this technique to a monolayer film and a crystalline one. 

When Penning spectroscopy is applied to a gas-phase sample, 
in which molecules are randomly oriented, it is its "averaged" 
orbital distribution that is reflected in the Penning ionization 
electron spectrum (PIES). If we wish to probe the "local" dis­
tribution of an MO at a definite part of a molecule, we should 
control the orientation of target molecules with respect to the 
metastable beam. Experimentally, this can be effectuated by 
introducing the beam onto ordered molecules in solid phase. 
Unlike photons or electrons used for photoelectron, Auger electron, 
or electron impact spectroscopy, metastables do not penetrate into 
the solid and hence interact with the outermost surface layer 
selectively.2,3 If we expose various parts of molecules to meta­
stables, controlling their arrangement on a substrate, we can probe 
the distribution of MO's from various directions. Thus, the whole 
picture or the "shape" of each MO can be obtained. As the first 
approach from this standpoint, the local distribution of MO's of 
FePc is investigated here by PIES. 

We prepared two kinds of vapor-deposited FePc films. Film 
I was prepared on a graphite substrate (cleavage plane) held at 
213 K and was a monolayer, in which molecules lie flat on the 
substrate.3 Film II was formed on a stainless steel substrate at 
room temperature and was crystalline with tilted molecular 
orientation.4 Since FePc molecules are held together by weak 
van der Waals forces, the electronic structure of molecules in each 
film is essentially unchanged from that in gas phase. When surface 
molecules lie flat on the substrate (see the bottom of Figure la), 
7r-type MO's spreading normal to the molecular plane {xy plane) 
exclusively interact with metastables, whereas a MO's distributed 
within the plane and shielded by 7r-type MO's are hardly attacked 
by metastables. Among 7r-type MO's, those mainly originated 
from the iron 3dxz, Sd^, or 3d72 AO (the 3dx-like MO) should 
interact with metastables more effectively than those derived from 
the carbon and nitrogen 2pz AO's because the former orbitals 
protrude outside the molecular (van der Waals) surface more 
prominently than the latter ones. On the other hand, in the tilted 
molecular orientation (see the top of Figure la), the a MO's as 
well as the it are effectively attacked by metastables, but the 
3d±-like MO's with little distribution outside the film surface can 
be scarcely attacked. 
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