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Double-Bond Isomers of Aromatic Compounds. 
1-Methylene- 1,2-dihydronaphthalene 
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For many years, "isotoluene" (1 )  and its benzologues (2 
and 3) were considered too unstable to isolate and charac- 
terize,l-3 although such compounds have been proposed as 
intermediates in the Diels-Alder reaction of  styrene^,^ the 
autoinitiated polymerization of styrene: and the all-carbon 
counterpart of the Claisen rearrangemenL6 Simple Huckel 
molecular orbital calculations7 predict a substantial ther- 
modynamic driving force for aromatization of 1,2, and 3 (AE, 
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= l.Olp, 0.82& and 0.75p, respectively). We describe herein 
a remarkable reaction which produces the previously unknown 
l-methylene-1,2-dihydronaphthalene (2) and report some 
spectral and chemical properties of this new compound. 

In the course of exploring synthetic routes to 1,5-meth- 
an~[lO]annulene,~ we prepared 7-iodobicyclo[5.3.1]undeca- 
1,3,5,9-tetraene (4)  and attempted to remove the elements of 
HI under various elimination conditions. To our surprise, 
treatment of iodotetraene 4 with the 18-crown-6 complex of 
potassium fluoride in hot benzene yielded hydrocarbon 2 
contaminated with a small amount of a-methylnaphthalene, 
a product of further rearrangement. 
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l-Methylene-1,2-dihydronaphthalene (2) survives even 
chromatography on silica gel; however, it does aromatize 
rapidly and quantitatively to a-methylnaphthalene in the 
presence of trifluoroacetic acid. Spectral characteristics of 2 
support the structural assignment: lH NMR (CC14) 6 7.5-6.7 
(m, 4 H, ArH), 6.29 (d o f t ,  J = 9 , 2  Hz, 1 H, CH=CHCHz), 
5.83 (d o f t ,  J = 9, 4 Hz, 1 H, CH=CHCHz), 5.24 (m, 1 H, 
C=CH2), 4.88 (m, 1 H, C=CHz), 3.16 (m, 2 H, CHzCH=CH); 
IR (neat) 888 (vs, C=CH2), 1472 (m), 1625 (m), 3015 cm-' (s); 
UV (hexane19 A,,, 238 and 281 nm; mass spectrum (20 eV) 
m / e  142 (M-), fragmentation pattern identical to that of N -  
methylnaphthalene. 

A plausible mechanism for the formation of hydrocarbon 
2 from iodotetraene 4 involves initial electrocyclization fol- 
lowed by ionization of the cyclobutyl iodide 5 to give a stabi- 
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lized homoallylic cation 6; expulsion of a proton then com- 
pletes the transformation. Related rearrangements of un- 
bridged cycloijctatriene derivatives to styrene derivatives are 
well documented.'O 

Aromatization of hydrocarbon 2 by a simple [ 1,3] sigma- 
tropic shift of hydrogen is disfavored electronically11 in the 
suprafacial mode and sterically in the antarafacial mode. Early 
predictions,' of course, predated the development of the 
principle of orbital symmetry conservation.l' Double bond 
isomers of aromatic compounds provide a dramatic illustra- 
tion of the distinction between kinetic and thermodynamic 
stabilities.12 

Experimental Section 
l-Methylene-1,2-dihydronaphthalene (2). 7-Iodobi- 

cyclo[5.3.l.]undeca-1,3,5,9-tetraenes (4: 100 mg, 0.33 mmol), 95 mg 
of 18-crown-6 (0.36 mmol), and 110 mg of anhydrous potassium flu- 
oride (1.9 mmol) were dissolved in 5 mL of dry benzene. The resultant 
orange solution was degassed and then heated to 80 "C with stirring 
under a nitrogen atmosphere for 5.5 h, The reaction mixture was di- 
luted with 20 mL of petroleum ether, washed three times with 5 mL 
of saturated sodium chloride solution, and concentrated to an orange 
oil (72 mg). Preparative thin-layer chromatography on silica gel with 
petroleum ether gave 19 mg of a 9:2 mixture of 2 and a-methylna- 
phthalene (40% yield). See text for spectral data. 

Registry N0.-2,68367-49-7; 4,68367-50-0; n-methylnaphthalene, 
90-12-0. 
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Reactions of iron carbonyls and a-halo ketones provide 
versatile routes for organic synthesis.l-" Several years ago, 
Alper and K e ~ n g " ~  found that a-halo ketones react with iron 
pentacarbonyl in refluxing 1,2-dimethoxyethane followed by 
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Table I. Reaction of a-Bromo Ketone and  I ron  
Pentacarbonyla in  Xylenes 

reactant reaistrv no. oroduct registry no. yield, % 

PhC(=O)- 70- 11-1 PhC(=O)- 98-86-2 
CHzBr CH3 

0 

13672-07-6 & 529-34-0 

CO Et & 1655-07-8 20132-23-1 
co Et 

57 

55 

56 

45 

I 3  

68 

54 

a Registry no. 13463-40-6. 

quenching with water to  give a mixture of l,li-diketones, 
monoketones, and/or @-epoxy ketones. They also reported 
that no  reduced monoketone was isolated if the reaction 
mixture was worked up  under strictly anhydrous conditions. 
In our laboratories, we carried out similar reactions in various 
solvents including 1,2-dimethoxyethane but obtained dif- 
ferent results. With the  use of slightly higher concentration 
of iron pentacarbonyl (twofold excess of iron pentacarbonyl), 
we found that a-bromo ketones can smoothly be reduced to  
the corresponding ketones without aqueous workup4 in good 
yields; the results are summarized in Table I. 

Organoiron halide complexes have been proposed as the 
intermediates for these reactions.3a In order t o  establish the  
mechanism for the  reduction and to  determine the  origin of 
the hydrogen atom, we have studied the reaction in deuterated 
solvent. A mixture of 2-bromoindanone and iron pentacar- 
bonyl in toluene-ds was refluxed and 2-deuterioindanone was 
obtained in 57% yield. In addition, if the  reaction was carried 
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out in xylene, or toluene. or 1,2-dimethoxyethane followed by 
using DzO for reaction workup, no deuterium incorporation 
in the product (monoketone) was observed. The results of this 
study and related work3h suggest that  the hydrogen source for 
these reactions could only arise from the  solvent. It is well- 
known that the benzylic hydrogen is the good hydrogen donor 
for t he  radical abstraction reactions. These results tend to  
favor a free-radical mechanism. 

In conclusion, this method provides a convenient procedure 
for reductive debromination of a-bromo ketones, in particular 
for preparation of a a-deuterio ketones. Furthermore, water 
may not  be involved in these reactions. 

Experimental Section5 
General Procedure for the Reaction of Iron Pentacarbonyl 

with a-Bromo Ketones. A mixture of a-bromo ketone and a twofold 
excess of iron pentacarbonyl in xylene was refluxed for 4-6 h. The 
reaction mixture was cooled and filtered and the filter cake was 
washed with chloroform. The filtrate was evaporated in vacuo and 
the residue was chromatographed on neutral alumina using benzene 
or benzene-chloroform (1:1) as eluent. 

Reaction with 2-Bromoacetophenone. A mixture of 2-bromoa- 
cetophenone (3.5 g, 17.6 mmol) and iron pentacarbonyl (6.9 g, 35.2 
mmol) in xylene (100 mL) was refluxed for 4 h and the mixture was 
worked up according to general procedure to afford acetophenone (1.2 
g, 57%) and 1,4-diphenylbutane-l,4-dione (0.02 g, 2%) identical in 
every respect with authentic samples. 

Reaction with 2-Bromoindanone. 2-Bromoindanone (0.6 g, 2.8 
mmol) and iron pentacarbonyl (1.1 g, 5.6 mmol) in xylene (75 mL) 
were refluxed for 4 h and then worked up according to  general pro- 
cedure to yield indanone (0.31 g, 55%), mp 40-41 " C  (lit.6 mp 40-41 
"C). 

Reaction with 2-Bromotetralone. A mixture of 2-bromotetralone 
(1.68 g, 7.5 mmol) and iron pentacarbonyl(2.9 g, 15 mmol) in xylene 
(50 mL) was transformed according to general procedure into te- 
tralone (0.61 g, 56%), which gave identical spectroscopic properties 
with an authentic sample. 

Reaction with 2,4-Dibromoindanone. A mixture of 2,4-dihro- 
moindanone (0.3 g, 1 mmol) and iron pentacarbonyl treated in similar 
manner as described in the general procedure afforded 4-bro- 
moindanone (96 mg, 450/6), mp 93-94 " C  (pentane) (lit.7 mp 94-5 
"C). 

Reaction with Ethyl 5-Bromocyclopentanone-2-carboxylate. 
Ethyl 5-bromocyclopentanone-2-carboxylate (1.0 g, 4.3 mmol) was 
placed in xylene (30 mL), iron pentacarbonyl (1.5 g, 7.2 mmol) was 
added, and the reaction mixture was refluxed under nitrogen atmo- 
sphere for 6 h. The mixture was worked up as described previously 
to give ethyl cyclopentanone-2-carboxylate (0.49 g, i3%), which shows 
identical spectroscopic properties with authentic material. 

Reaction with Ethyl 6-Bromocyclohexanone-2-carboxylate. 
A mixture of ethyl 6-bromocyclohexanone-2-carboxylate (3.25 g, 13 
mmol) and iron pentacarbonyl (5.11 g. 26 mmol) in xylene (50 mL) 
was refluxed under nitrogen atmosphere for 6 h. The mixture was 
worked up according to general procedure to afford ethyl cyclo- 
hexanone-2-carboxylate (1.5 g 68%), identical in every respect with 
an authentic sample. 

Reaction with Ethyl 7-Bromocycloheptanone-2-carboxylate. 
Ethyl 7-bromocycloheptanone-2-carboxylate (1 g, 3.8 mmol) was 
placed in xylene (30 mL), iron pentacarbonyl (1.,5 g. 7.2 mmol) was 
added, and the reaction mixture was refluxed under nitrogen atmo- 
sphere for 6 h. The reaction mixture was worked up in the same 
manner as described previously to give ethyl cycloheptanone-2-car- 
boxylate (0.38 g, 54%), identical in every respect with authentic 
compound. 

Reaction of 2-Bromoindanone and Iron Pentacarbonyl in 
Toluene-ds. 2-Bromoindanone (0.21 g, 1 mmol) and iron pentacar- 
bonyl (0.4 g, 2 mmol) in toluenedB (10 mL) were refluxed for 5 h. The 
mixture was worked up as usual to give monodeuterioindanone ((3.075 
g, 57%): NMR (CDC13) 6 2.65 (1 H, m), 3.15 (2  H. m) ,  7.2-7.8 (4 H, m); 
mass spectrum, m / e  133. 

Registry No.-1,4-Diphenylbutane-1,4-dione. 493-71-6; mono- 
deuterioindanone, 68475-32-1. 
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