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The development of fluorine-18 (p+, half life = 110 min) 
labeled radiopharmaceuticals for positron emission to- 
mographic (PET) imaging requires rapid synthetic meth- 
ods for the incorporation of the label directly onto the 
pharmaceutical skeleton or suitable precursors from 
which the desired radiotracer can be derived. There are 
several known methods for the incorporation of [l8F1- 
fluoride ion onto activated aromatic rings, the most 
widely utilized being the fluoro-for-nitro exchange on 
ortho- or para-nitro-substituted benzaldehydes and ac- 
etophenones.' Recently, we discovered the ability to 
incorporate [18Flfluoride ion into nitro-substituted aro- 
matic ketones having the nitro group meta-disposed to 
the ring-activating carbonyl.2 In order to explore the 
applicability of this labeling scheme to pharmaceutically 
useful fused ring systems, we synthesized a series of 
m-nitro-a,a-dimethylbenzocyclo[nlones lb-4b (Chart 1) 
via standard alkylation and nitration methodology. We 
now report an  unexpected gem-dimethyl-carbonyl rear- 
rangement which occurred during the nitration reaction 
of 6,6-dimethyl-6,7,8,9-tetrahydro-5H-benzocyclohepten- 
&one (6,6-dimethylbenzosuberone) (3a). 

The general synthetic route followed for the production 
of the five-, six-, and eight-membered ring m-nitro-a,a- 
dimethylbenzocyclo[n]ones lb,  2b, and 4b, respectively, 
is shown in Scheme 1. The gem-dimethyl derivatives 
were obtained in 74-94% yield by treatment of the 
readily available benzocyclo[n]ones 5-73 with potassium 
tert-butoxide in ether, followed by quenching of the 
enolate with excess i ~ d o m e t h a n e . ~  The dimethylated 
compounds were then dissolved in concentrated sulfuric 
acid, treated with a concentrated sulfuric-nitric acid 
mixture (1.5/1.0, v/v) at 0 "C, allowed to warm to room 
temperature, and then quenched. The nitro compounds 
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were extracted and purified by flash chromatography 
affording lbS , 2b, and 4b in 61-72% yield. However, 
similar treatment of the seven-membered ring gem- 
dimethyl ketone 3a (Scheme 2)) produced from benzo- 
suberone (8),3,6 yielded the unexpected rearranged prod- 
uct 9, in which the gem-dimethyl and carbonyl groups 
interchanged positions, in 72% yie1d.I The structure of 
9 was confirmed by X-ray crystallography. The unrear- 
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ranged nitro ketone 3b was isolated only upon quenching 
the nitration reaction at 0 "C instead of room tempera- 
ture. 

While acid-promoted rearrangements of oxime (Beck- 
mann) and Wittig derivatives of various benzosuberones 
are known,l0 this appears to be the first example of a 
gem-dimethyl-carbonyl rearrangement of the parent 
ketone. The presence of the nitro moiety is essential for 
rearrangement to occurll as evidenced by the fact that  
3b rearranges to 9 in 84% yield upon dissolution and 
stirring in concentrated sulfuric acid at room tempera- 
ture (Scheme 21, while unsubstituted dimethyl ketone 3a 
remains unaffected under these same conditions. Like- 
wise, acid media must be present, as the thermally 
induced rearrangement does not occur when nitro ketone 
3b is heated to reflux in toluene for 24 h in the absence 
of sulfuric acid. 

A possible mechanism for the acid-promoted rear- 
rangement of 3b to 9 is given in Scheme 3. Protonation 
of the carbonyl group (under extremely acidic conditions) 
is followed by migration of the C(gem-dimethyl)-C(CHz) 
bond to produce the ring contracted stabilized tertiary 
carbocation 11. Ring expansion12 by pseudopinacol mi- 
gration of the nitrophenyl ring affords the rearranged 
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carbocation 111. Finally, proton abstraction from I11 
yields the gem-dimethyl ketone 9.13 On the basis of this 
mechanism, the purpose of the strongly electron-with- 
drawing nitro moiety may be to facilitate phenyl migra- 
tion (11-111) through inductive stabilization of the de- 
veloping negative charge on the phenyl ring. However, 
as to why the ring contraction-expansion would be 
achievable only by the seven-membered ring nitro- 
substituted benzocyclo[nlone 3b and not by the five-, six-, 
and eight-membered ring ketones lb, 2b, and 4b (even 
upon heating in acid) is unclear and warrants further 
inve~tigati0n.l~ 

In summary, classical nitration of 6,6-Dimethyl-6,7,8,9- 
tetrahydro-5H-benzocyclohepten-5-one (3a) a t  0-25 "C 
affords an unexpected rearranged product 9 instead of 
3b. Of the four nitro-substituted benzocyclo[n]ones lb- 
4b, only the seven-membered ring ketone 3b undergoes 
this rearrangement in concentrated sulfuric acid medium. 
Both the nitro group and room temperature are necessary 
for this rearrangement to occur. Further studies will be 
necessary to confirm the rearrangement mechanism. We 
expect that  this rearrangement reaction will be useful 
in a number of applications in medicinal and radiophar- 
maceutical chemistry. 

Experimental Section 

General. The general experimental methods used in this 
work have been previously reported.5 geem-Dimethyl ketones 
la-4a were produced in 74-94% yield from ketones 6-8 
following a known procedure.4b 

Nitration of geem-Dimethylbenzocyclo[n]ones la-4a. 
The known benzocyclo[nlones la,4b 2a,15 3a,6 or 4a,3 were 
nitrated according to a published procedure16 to afford, after 
flash chromatography (CHZC12 as eluent) or recrystallization, 
nitroketones lb5-4b in 61-85% yields. The same products were 
obtained by quenching the reaction a h r  2 h stirring at rt except 
for benzocyclo[nlone 3a which gave rearranged ketone 9 (72%). 

Rearrangement of 6,6-Dimethyl-3-nitro-6,7,8,9-tetrahy- 
dro-SH-benzocyclohepten-S-one (3b) in Sulfuric Acid. Ni- 
tro ketone 3b (5.1 g, 22 mmol) was dissolved in concentrated 
sulfuric acid (28 mL) at rt and stirred for 2 h. The reaction 
mixture was then poured onto ice. After neutralization with a 
10% sodium bicarbonate solution, the mixture was extracted 
with dichloromethane. The combined organic layers were 
washed with water and brine, dried over magnesium sulfate, 
filtered, and concentrated to a dark amber residue. Flash 
chromatography (CHzClz) and recrystallization afforded the 
rearranged ketone 9 (4.3 g, 84%) as a transparent solid. 

Attempted Rearrangement of Nitro Ketones lb, 2b, and 
4b in Sulfuric Acid. The nitro ketones lb, 2b, and 4b (22 
mmol) were each dissolved in concentrated sulfuric acid (28 mL) 
and allowed to stir for 2 h at each of the following tempera- 
tures: 25, 45, 85, 105, and 120 "C. Workup of the reaction 
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(t, 2H, J = 7.1 Hz), 2.48 (t, 2H, J = 7.1 Hz), 2.03 (quint, 2H, J 
= 7.1 Hz), 1.47 (s, 6H); 1%-NMR: 215.1, 147.4, 146.0, 145.1, 
130.9, 122.5, 120.8, 53.3, 36.0, 31.5, 26.3, 25.7; IR 1712 cm-'. 
Anal. Calcd for C13H16N03: C, 66.94; H, 6.62; N, 6.00. Found 
C, 66.99; H, 6.62; N, 5.88. 

mixtures as above afforded either the starting material or 
decomposition products. 
2,2-Dimethyl~7~nitro-1,2,3,4-tetrahydronaphthalen-l- 

one (2b): mp 101-102 "C; 'H-NMR 6 8.84 (d, lH, J = 2.4 Hz), 
8.24 (d, lH, J = 8.4 Hz), 7.40 (d, lH, J = 8.4 Hz), 3.07 (t, 2H, J 
= 6.3 Hz), 2.01 (t, 2H, J = 6.3 Hz), 1.22 (9, 6H); "C-NMR 6 
200.55, 149.97, 147.05, 132.24, 130.15, 126.68, 123.16, 41.53, 
35.70, 25.80, 23.95; IR 1688 cm-l. Anal. Calcd for ClzH13N03: 
C, 65.74; H, 5.98; N, 6.39. Found: C, 65.40; H, 5.85; N, 6.36. 
6,6.Dimethyl-3-nitro-6,7,8,9-tetrahydro-6~-be~ocyclo- 

hepten-6-one (3b): lH NMR 6 8.18 (dd, lH, J = 8.2, 2.4 Hz), 
8.11 (d, lH, J = 2.4 Hz), 7.29 (d, lH, J = 8.2 Hz), 2.86 (t, 2H, J 
= 6.8 Hz), 1.95 (quint, 2H, J = 6.8 Hz), 1.69 (t, 2H, J = 6.8 Hz), 

122.4, 46.2, 37.4, 33.1, 25.6, 22.7; IR 1689 cm-l; HRMS mlz 
233.1030 (calcd for C13H1~N03 233.1059); LRMS mlz 233 (M+), 
215 (16), 69 (base), 41 (28). 
6,6-Dimethyl-3-nitro-7,8,9,lO-tetrahydro-6~-benzoc~ 

cloocten-6-one (4b): lH-NMR 6 8.12 (d, lH, J = 8.4 Hz), 7.86 
(9, iH), 7.32 (d, lH, J = 8.4 Hz), 2.89 (m, 2H), 1.75 (m, 2H), 
1.67 (m, 4H), 1.22 (9, 6H); 1%-NMR 6 214.06, 146.58, 140.29, 
130.58,130.04, 123.18,122.09,48.46,37.26,33.72,26.47,25.02, 
24.39; IR 1693 cm-l; HRMS mlz 247.1235 (calcd for C1fi17N03 
247.1200); LRMS mlz 247 (M+), 229 (581,165 (56),69 (base), 55 
(47). 
5,6-Dimethyl-3-nitro-6,7,8,9-tetrahydro~~-benzocyclo- 

hepten-6-one (9): mp 135-136 "C; IH NMR 6 8.26 (d, lH, J = 

1.19 ( s , ~ H ) ;  W-NMR 6 212.2, 146.9,144.7,142.3, 129.8, 125.3, 

2.8 Hz), 8.08 (dd, lH, J =  8.0,2.8 Hz), 7.29 (d, lH, 8.0 Hz), 2.81- 
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