
In solution, the 13C NMR shifts of the ring atoms 
(O= 120.56, 113.76, 99.29, and 84.36) of 3 indicate the pres­
ence of 11 5

- and TJ 1-coordinated pyrroles. The hydrogen 
bonds are so stable that the TJ 1-pyrrole ligands cannot be 
exchanged at room temperature by addition of tetrameth­
ylpyrrole in excess. 

The anti positions of the ring heteroatoms in 3 contrast 
to the structures of known 1,1 '-diphospha- and 1,1 '-diarsa­
ferrocenes.11t>. 71 Apparently, the reduction of the charge 
density at the nitrogen atoms that accompanies formation 
of the hydrogen bonds contributes appreciably to the sta­
bility of the 1,1 '-diazaferrocene system in 3 181 and points to 
a possible approach for the stabilization of nitrogen-richer 
metallocenes. 

Experimental Procedure 

1 : Anhydrous FeCI 2 ( 1.57 g, 12.4 mmol) and C4Me4 NLi (2.58 g, 20 mmol), 
prepared from C-4Me4NH and nBuLi, were stirred in 30 mL of THF for 
10 min. The residue remaining after removal of the solvent under vacuum 
was extracted at -40°C with 20 mL of toluene. Afteraddition of 20 mL of 
n-pentane, 1 crystallized at -78°C as an ocher-colored solid. Yield: 2.13 g 
(48%).-'H NMR (60 MHz, (08)toluene, -40°C, TMS int.): ö-3.50(m, 8 H; 
OCHz), 1.97 (s, 12H; C(2,5)-CH 3), 1.93 (s, 12H; C(3,4)-CH3), 1.43 (m, 8H; 
CCHz).- 13Cf 1H} NMR (75.43 MHz, (08)toluene, -40°C, TMS int.): 
ö = I I 9.8 I (C2,5), 113.05 (C3,4), 68.42 (OCHz), 26.26 (CCH2), 11.33 (C2,5-
CH3), 9.73 (C3,4-CH1).-MS (70 eV): m/z 300 ({M•-2C4H80], fragment of 
highest mass). 

3: 1 (2.50 g, 5.60 mmol) was dissolved in dichloromethane (30 mL) and 
treated with 0.2 mL of water. Complex 3 precipitated from the filtrate after 
10 min and was crystallized from dichloromethane at -78°C as an orange­
yellow, stable solid. Yield: 9.09 mg (59.4% based on C4Me4 NH).- 1H NMR 
(60 MHz, (DM)toluene, TMS int.): ß_,2.05 (s, 12H; C2,5-CH3), 1.95 (br. s, 
24H; Cl 1,12,13,14-CHJ). 1.57 (s, l2H; C3,4-CH3), NH not observed.­
I)C{1HI NMR (75.43 MHz, (D8)toluene, TMS int.): Ö= 120.56 (Cl 1,14), 
113.76 (CI2,!3), 99.29 (C2,5), 84.36 (C3,4), 12.62 (C11,14-CH3), 10.98 (C2,5-
CHJ), 9.21 (C3,4-CH.l), 8.77 (C12,13-CH3).-MS (70 eV): m/z 300 
([M•- 2C.Me4 NH], fragment of highest mass). 
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Tricyclo(3.t.0.02.6)hexanedione 
(the Valene of o-Benzoquinone), 
Bicyclo(2.1.1]hexane-2,3-dione, and Valenes of a 
Quinoxaline, of Phenazine, and of a 
Benzophenazine** 

By Manfred Christi* and Arno Kraft 

a.-Diketones are of interest to photochemistsPl and, 
along with triketones, to spectroscopists and theoretica1 
chemistsf21 as welL Further, their importance as precursors 
of heteroJ31 and carbocyclic141 compounds is growing. The 
starting materials for the preparation of a.-diketones in­
clude 1 ,2-diols, which can be oxidized by various rea­
gents.l51 However, each case usually requires a search for a 
suitable oxidizing agent and the optimal conditions- Re­
cently, the oxidations described by Corey and Kim,l61 

Pfitzner and Moffatt,l'l and Swernl111 have been employed 
for this purpose. 

Some time ago we prepared the cis-diol 1 from benz­
valene and converted it into the cyclobutyl thioether 2. 19•1 

The desulfurization of 2 to give bicyclo[2.1.1]hexane­
cis-2,3-diol 3 has now been achieved in 70% yield.f9
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The successful application of the Corey-Kim oxidation 
to a substrate161 structurally related to 1 encouraged us to 
subject 1 to these conditions. Although the desired prod­
uct, tricyclo[3.1.0.02

•6]hexanedione 4 (16%)1111 was indeed 
obtained, 4-(methylthiomethoxy)tricyclo[3.1.0.02

•
6]hexan-3-

one1111 was also formed. Swern oxidation gave pure 4 in 
only 41% yield (see Experimental Procedure). Similarly, bi­
cyclo[2_ L l]hexane-2,3-dione 6 (45%)11 21 and its 5-phenyl­
thio derivative 5 (59%)11 n were obtained from 3 and 2, re­
spectively. 
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As expected,l31 treatment of 4 with the primary 1,2-di­
amines diaminomaleodinitrile, o-phenylenediamine, and 
2,3~diaminonaphthalene gave the valenes 7 (SO%, m.p. 
209-2l0°C),I11J 8 (95%, m.p. 122-125°C),I11 • 13l and 9 (24%, 
m.p. 209-211 °C)1''1 of quinoxaline-2,3-dicarbonitrile, 
phenazine, and benzo[b]phenazine, respectively. We 
also prepared analogues of 8 from S and 6. 

Whereas the 13C NMR chemical shift of the bicyclobu­
tane bridgehead carbon atoms (o= 10.0) of 4 is found in 
the normal region, the annelation of the pyrazine ring in 7, 
a quinoxaline unit in 8, and a benzoquinoxaline system in 
9 to the tricyclo[3.1.0.02

•
6]hexane framework Ieads, as ex­

pected,1141 to considerable deshielding. The chemical shift 
values written above the formulas of 7-9 show an interest­
ing tendency-namely, the deshielding decreases with in­
creasing size of the aromatic system; on going from 7 to 9, 
Llo= 12.9 ppm. 

Experimental Procedure 

4: Dirnethyl sulfoxide (91 0 mg, 11.7 mmol) was added und er N2 over 3 min 
to a mixture of oxalyl chloride (1.27 g, 10.0 mmol) and dichloromethane 
(36 m L) cooled to -70°C. The resulting, stirred solution was treated within 
5 min with 1 (500 mg, 4.46 mmol) in dichloromethane (9 mL) and then 
stirred for 40 min at -70°C. Subsequently, triethylamine (2.70 g, 26.7 mmol) 
was added to the milky mixture at this temperature. The mixture was stirred 
for an additional 5 min and then allowed to warm to 20°C, affording a col­
orless precipitate in a yellow to dirty green solution. Silica gel (3.0 g, 0.063-
0.2 mm) was added, the resulting suspension was stirred for 5 min, and the 
dichloromethane was then carefully removed at 20 torr. The brown residue 
was p!aced on a column already containing 5.0 g of silica gel. After e!ution 
with rert-butyl methy! ether (ca. 180 mL) unti! the column and the eluate 
were nearly colorless, the eluate was concentrated at 20 torr and dissolved in 
3 mL of dry dichloromethane. Compound 4 was precipitated by addition of 
4 mL of petroleuro ether. Yield 179 mg (41%) yellow crystals, dec. 145-155°C 
(in a sealed tube). IR (KBr): ii=3140, 3125,3080, 1755 cm- 1• UV (CH3CN): 
Ama.(E)=431 nm (28). 1H NMR (CDCi)): Ö=3.13 (t, lt_2 =2.2 Hz; 2-H}, 
3.83 (I; 1-H), the assignments were made by means of the 13C satellites: 
Jc.u-H=240, 11.6=4.5, lc.·.2.z.H==l8l, Jz.5 -3.7 Hz. 13C NMR (CDCI3): 

ö-10.0 (dd, Jc.I.6·H=3 Hz; C-1), 43.3 (dd, lc.z.s-H"""7 Hz; C-2), 198.5 
(t,ic.3.J.H = 5 Hz; C-3). 

S: The oxidation of 2 was effected according to the procedure described for 
4 but with tetrahydrofuran instead of dichloromethane as solvent. The work­
up was not carried out by adsorption on silica gel but rather by hydrolysis 
with 2 N HCI and subsequent extraction with ether. Yield after dissolution in 
dichloromethane and precipitation with petroleum ether: 59%, m.p. 98-
IOI0C. 

6: The oxidation of 3 was effected according to the procedure described for 
4. The workup was not carried out by adsorption on silica gel but rather by 
concentration of the reaction mixture in vacuo followed by treatment of the 
residue with ether, filtration of the ether suspension to remove the precipitate 
(HEt3N•CJ 9 ), concentration ofthe filtratein vacuo until the onset of crystal­
lization, and driving the crystallization to completion by addition of petro­
leuro ether. Strict exc!usion of moisture is necessary. Yield: 45%. For physi­
cal data, see (12). 
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A Monomeric Diboryldilithiomethane with a 
1,3-DiborataaJJene Structure** 

By Monika Pilz, Jürgen Allwohn, Ralf Hunold, 
Werner Massa, and Armin Berndt* 

Dedicated to Professor Heinrich Nöth on the occasion of his 
60th birthday 

Boryllithioalkenes111 are boron-stabilized121 carbanions 
having the borataalkene structure t.C3J We have now pre­
pared the first diboryldilithiomethane 2b and present here 
data establishing its 1 ,3-diborataallene structure 2.141 
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When we attempted to prepare the 1,3-diborataallene 2a 
by addition of tert-butyllithium to 3,151 we obtained instead 
the 1 ,3-diborataallene 2b, which contains a second tert-bu­
tyl group in place of the CH(SiMe3h group. The dilithium 
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