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Evidence for a Germanium-Carbon 
(p-p)7r Double Bond 

Sir: 

Once thought to be nonexistent,1 considerable evi
dence for the transient existence of compounds con
taining a silicon-carbon,2 silicon-silicon,3 or silicon-
oxygen4 (p-p)7r double bond has recently accrued. 
However, we are aware of only one case where (p-p)ir 
bonding between germanium and carbon has been in
voked (this in an attempt to explain the much greater 
acidity of pentaphenylgermole relative to triphenyl-
germane).5 A single report has appeared of an attempt 
to generate a "pure" germanium-carbon (p-p)7r double 
bond, and the route employed, pyrolysis of a germa-
cyclobutane, proved unsuccessful.6 We report here 
strong evidence for the intermediacy of a molecule con
taining a germanium-carbon (p-p)7r double bond. 

Germacyclohexadiene (I)7 reacted in a sealed tube 
(overnight at 25° and then 5 hr at 70-80°) with a two
fold excess of perfluoro-2-butyne to provide quantita
tive conversion (by nmr, 80-90% isolated) to the ex
pected Diels-Alder adduct 2:8 a colorless, viscous 
liquid [nmr (CCl4) 8 0.7 (s, 2 H, CH2), 0.9-1.2 (m, 10 H, 
GeEt2), 1.8-1.9 (overlapping Me singlet with Me 
quartet split by one CF3, J11 F = 2.6 Hz), 3.75 (s, 1 H, 
bridgehead CH)].9 

Complete pyrolysis of 2 was conducted in a nitrogen 
flow system (0.5 Torr, 450°) and the pyrolysate col
lected at —196°. Analysis of the pyrolysate by gas 
chromatography revealed only two components and a 
total absence of 2. Separation of the two products by 
preparative gas chromatography afforded pure samples 
of 3 [50%; nmr (CCl4) 5 2.45 (s) and 2.55 (d, / = 2.4 
Hz) (6 H), 7.48 (br s, 1 H); mass spectrum m/e calcd 
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isomeric structures, some of which could conceivably thermally extrude 
4. The likelihood that this combination took a course other than the 
2 + 4 addition is small in our opinion. A detailed discussion of this 
point will be included in the complete paper. 
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The formation of l,l,3,3-tetraethyl-l,3-digermacyclo-
butane (5) strongly argues for the intermediacy of 2-
ethyl-2-germabutene (4), a compound containing the 
germanium-carbon (p-p)-jr double bond. Formation 
of 1,3-disilacyclobutanes from various thermal pre
cursors has often been cited as evidence for silaalkene 
intermediates. Indeed the gas-phase thermal decom
position of the silabicyclo[2.2.2]octadiene system pro
ceeds in a fashion exactly analogous to that described 
here for 2.2f 

Although trapping of 4 with anything other than 
itself has proven much more difficult than in the case of 
silaalkenes, we have been successful in one case. The 
copyrolysis of 2 and an excess of 2,3-dimethylbutadiene 
(sealed tube, 230°, 20 min) cleanly afforded the Diels-
Alder adduct 68 [59%; nmr (DCCl3) 5 0.50-1.15 (m, 
12 H, CH2GeEt2), 1.36 (br s, 2 H, GeCH2), 1.73 (br s, 6 
H5CH3), 2.0-2.25 (br t, 2 H, CH2); mass spectrum m/e 
calcd for C11H22

74Ge 228.09334, found 228.09214]. 
This same product is formed, albeit in lower yield, in 
the flow gas-phase copyrolysis. 
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(10) The chemical shift of the ring-methylene protons of 5 is quite 
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T. K. Gar, and S. A. Mikhailyants, Dokl Akad. Nauk SSSR, 188 (1), 
120 (1969). 

T. J. Barton,* E. A. Kline, P. M. Garvey 
Department of Chemistry, Iowa State University 

Ames, Iowa 50010 
Received February 5, 1973 

A Mechanism for Electrophilic Nitration 

Sir: 
Although electrophilic aromatic nitration has re

ceived an overwhelming amount of attention, little 
agreement about its mechanistic details has thus far 
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been reached. This is in great part due to the variety 
of solvent systems in which the reaction has been 
studied, giving rise to a multitude of different product 
and rate data and unfortunately an almost equal 
number of varied interpretations.1 To rectify this 
dilemma, electrophilic nitration reactions could be 
(and have been) studied in the gas phase through mass 
spectrometric and ion cyclotron resonance (icr) tech
niques. These, however, suffer from the disadvantages 
that structural information is not easily derived and 
that detailed product analyses are nearly impossible to 
obtain because of the minute quantities of material in
volved. An alternative approach would be the use of 
theoretical molecular orbital methods; it is the results of 
such a study that we report in this communication. 

Using single determinant ab initio molecular orbital 
theory,2 we have explored in some detail that section of 
the geometric potential surface corresponding to the 
interaction of ethylene with the nitronium ion NO2

+, as 
a model for the electrophilic nitration of benzene. We 
have located three local minima on this potential: an 
asymmetric NO bridge (I) and symmetric ONO bridge 
(II) structures of nearly equal energy and a bisected 
open form (III) some 60 kcal/mol less stable. The 
relative disfavor of the "classical" form (III) is sur-
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prising in light of the interpretation given to the proton 
and carbon-13 nuclear magnetic resonance spectra of 
nitronium adducts of hexamethyl and trifluorotri-
methylbenzene by Olah and coworkers.6 We believe 
this discrepancy to be due not only to a large differen
tial solvation and to our use of an ethylene substrate in
stead of benzene but also to the ability of methyl and 
fluoro substituents to stabilize such "classical" forms as 
III in preference to the bridged molecules.7 Sym
metric nitrogen-bridged forms (IV and V) and a per-
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pendicular open structure (VI) were also investigated 
but were found to be unstable with respect to at least 
one of the three local minima (I—III). 

The results of recent ion cyclotron resonance in
vestigations by Benezra, Hoffmann, and Bursey8 and 
Dunbar, Shen, and Olah9 indicate that the reaction of 
benzene with NO2

+ does not lead to the formation of a 
stable complex but rather to a radical ion of formula 
C6H6O-+ presumably accompanied by loss of NO-. 

+ C6H6O- + — J - C 6 H 6 + N O 2
+ -fit+- (C6H6---NO2I + NO-

This observation might be rationalized in terms of the 
formation of an asymmetric NO bridged ion (corre
sponding to I), followed by rapid loss of NO • to give the 
stable oxygen-bridged radical.10 The latter would 
presumably rearrange via 1,2-hydrogen shifts to a more 
favorable structure (Scheme I). 
Scheme I 
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Bursey and coworkers8 do observe, however, the for
mation of a stable nitronium-benzene complex when the 
aromatic is allowed to react with any of the ions, H2-
ONO2

+, CH2ONO2
+, and CH3CHONO2

+, formed in the 
icr chemistry of the alkyl nitrates.11 In each of these 
cases direct nitrogen attack is blocked and the forma
tion of the asymmetric NO complexes corresponding to 
I (or "classical" adducts as in III) is seemingly im
possible. Instead we suggest attack by oxygen and the 
formation of an INO bridged ion (corresponding to II) 
similar to the proposal made by Dunbar and coworkers9 

to account for an abnormal (nucleophilic rather than 
electrophilic) ordering of substituent effects in the icr 
nitration experiment. We further suggest, however, 
that such an ONO bridged ion is stable and may not 
easily rearrange to give a nitrogen bonded adduct as a 
final product (Scheme II). 
Scheme II 
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A Convenient and General Synthesis of Acetylenes 
via the Reaction of Iodine with Lithium 
1-Alkynyltriorganoborates 

Sir: 

Treatment of lithium 1-alkynyltriorganoborates with 
iodine under mild conditions produces the correspond
ing alkyne in essentially quantitative yields (eq 1-3). 

H C = C R + «-BuLi —•>- L i C = C R + «-BuH (1) 

R'3B + L i C = C R — > Li[R' aBC=CR] (2) 

Li[R' 3BC=CR] + I2 —•>- R 'C=CR + R2BI + LiI (3) 

The reaction is applicable to a wide variety of alkyl and 
aryl acetylenes and organoboranes. Consequently, 
unlike conventional methods for the preparation of 
acetylenes based on nucleophilic substitution reactions 
of the alkali metal acetylides, the present procedure 
readily permits the introduction of both primary and 
secondary alkyl groups and can even be extended to 
the introduction of aryl groups. This procedure, with 
its exceptionally broad range of applicability, provides 
a new simple, general synthesis of acetylenes. 

Trialkylboranes, readily prepared via hydrobora-
tion,1 react with alkali metal acetylides to produce the 
corresponding alkali metal l-alkynyltrialkylborates 
(eq 2).2 Such compounds react with a variety of elec-
trophiles, such as acids and acid halides, to induce 
transfer of an alkyl group from boron to carbon.2cd '3 

Treatment of similar complexes of vinylorganoboranes 
with iodine results in an alkyl migration from boron to 
carbon, followed by a spontaneous deiodoboronation 
of the intermediate, to provide a highly convenient syn
thesis of olefins.4 We undertook to explore the possi
bility of utilizing the reaction of iodine with alkali 
metal 1-alkynyltriorganoborates as a possible route 
to the corresponding alkynes. 

Addition of a solution of iodine in tetrahydrofuran 
(THF) to a solution of the complex from tri-n-butyl-
borane and phenylethyne in THF at 0° resulted in the 
immediate disappearance of the iodine color. After 
stirring the reaction mixture for 0.5 hr, glpc analysis 
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revealed a 67% yield of 1-phenyl-1-hexyne. At - 7 8 ° 
the reaction of the iodine was much slower. How
ever, stirring for 1 hr, followed by gradual warming to 
room temperature, brought the reaction to completion. 
A 98 % yield of the desired alkyne was produced (eq 4). 

Li n - B u j B C s C - f ~ \ -~ H-BuCs=C-(~J (4) 

There appears to be no difficulty in introducing second
ary alkyl groups, such as sec-butyl, cyclopentyl, or 
cyclohexyl (eq 5). Finally, even aryl groups are readily 

Li [O- )3BCs=C(CH2)3CH3 

I,, - 7 8 ° 

Q — CSsC(CrL)3CH3 (5) 

100% 

introduced (eq 6). 

Li | / ~ \ - ) 3 B C s C C ( C H a ) 3 

I2, - 7 8 ° 

o°- CC(CH3),, (6) 

94% 

The results of representative reactions are summarized 
in Table I. 

Table I. The Synthesis of Acetylenes via the Reaction of 
Iodine with Lithium 1-Alkynyltriorganoborates 

Acetylene0 

1-Hexyne 

Phenylethyne 

3,3-Dimethyl-
1-butyne 

Organoborane," 
R3B, R = 

n-Butyl 
Isobutyl 
•sec-Butyl 
Cyclopentyl 
Cyclohexyl 
Phenyl 
n-Butyl 
Isobutyl 

sec-Butyl 

Phenyl 
n-Butyl 
Isobutyl 

Phenyl 

Product 

5-Decyne 
2-Methyl-4-nonyne 
3-Methyl-4-nonyne 
1 -Cyclopentyl-1 -hexyne 
1 -Cyclohexyl-1 -hexyne 
1-Phenyl-l-hexyne 
1-Phenyl-l-hexyne 
1 -Phenyl-4-methyl-1 -

pentyne 
l-Phenyl-3-methyl-l-

pentyne 
Diphenylacetylene 
2,2-Dimethyl-3-octyne 
2,2,6-Trimethyl-3-

heptyne 
l-Phenyl-3,3-dimethyl-

1-butyne 

Yield,1 

% 
96 
98 
98 

100 
99 
98 
98 
96 

95 

95 
91 
93 

94 

" 10 mmol in 10 ml of THF. b By glpc based on acetylene. 

The following procedure for the preparation of 1-
phenyl-3,3-dimethyl-l-butyne is representative. A dry 
500-ml flask equipped with a magnetic stirring bar, 
septum inlet, and dropping funnel was flushed with 
nitrogen. The flask was charged under nitrogen with 
7.47 g (30.8 mmol) of triphenylborane and 25 ml of 
dry THF, then cooled to 0°. In another dry nitrogen-
flushed flask equipped with a magnetic stirring bar and 
septum inlet was placed 50 ml of THF and 2.54 g (31 
mmol) of 3,3-dimethyl-l-butyne. The flask was cooled 
in an ice bath and 16.4 ml (30.8 mmol) of a 1.88 M 
solution of fl-butyllithium in hexane was added to form 
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