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2 H), 4.21 (d, 1 H, J = 8.4 Hz), 5.97 (dd, 1 H, J = 5.7, 2.9 Hz), 
6.15 (dd. 1 H. J = 5.7.3.0 Hz): 13C NMR (125 MHz) 6 28.19.42.24. 
43.09,44.23,'49.45, 64.72,64.85, 108.50,' 132.43, i37.61. ' 

endo-2-(Bicyclo[2~.2]oct-5en-2-yl)-2-methyldioxolane (8a): 
bp 81-83 "C (15 mm); IR (neat) 3044,1149,1038,866,716 cm-'; 
'H NMR (500 MHz) 6 1.11-1.16 (m, 1 H), 1.13 (9, 3 H), 1.17-1.25 
(m, 2 H), 1.39-1.46 (m, 1 H), 1.48-1.57 (m, 1 H), 1.72 (ddd, 1 H, 
J = 13.0, 10.0, 3.0 Hz), 1.94 (m, 1 H), 2.52 (br s, 1 H), 2.63 (br 
s, 1 H), 3.87-3.92 (m, 4 H), 6.16 (t, 1 H, J = 6.8 Hz), 6.21 (t, 1 
H, J = 6.8 Hz); 13C NMR (125 MHz) 6 21.93, 27.90, 28.61, 29.94, 
30.55, 31.06,45.68,63.67,64.54, 112.20,132.92,133.11. Anal. Calcd 
for CI2Hl8O2: C, 74.19; H, 9.34. Found: C, 74.26; H, 9.38. 

end0-24 Bicyclo[2.2.2]oct-5-en-2-yl)-2-ethyldioxolane (8b): 
bp 86-88 "C (15 mm); IR (neat) 3044,1156,1042,810,712 cm-'; 
'H NMR (500 MHz) 6 0.85 (t, 3 H, J = 7.4 Hz), 1.16 (ddt, 1 H, 
J = 12.3, 7.4, 2.4 Hz), 1.19-1.26 (m, 2 H), 1.45-1.46 (n~, 1 H), 
1.47-1.56 (m, 3 H), 1.68 (ddd, 1 H, J = 12.3,9.5,3.3 Hz), 2.00 (t, 
1 H, J = 8.8 Hz), 2.52 (br s, 1 H), 2.62 (br s, 1 H), 3.89-3.99 (m, 
4 H), 6.16 (t, 1 H, J = 6.5 Hz), 6.21 (t, 1 H, J = 6.5 Hz); I3C NMR 
(125 MHz) 6 7.68, 23.43, 28.01, 28.41, 29.94, 30.18, 30.93, 43.67, 
64.99, 65.44, 113.86, 132.88, 133.03. Anal. Calcd for C13H2002: 
C, 74.96; H, 9.68. Found: C, 74.67; H, 9.82. 

trans -endo-2-(3-Methylbicyclo[2.2.l]hept-5-en-2-y1)-2- 
methyldioxolane (3d): bp 76-78 "C (15 mm); IR (neat) 3066, 
1152,1040,948,801 cm-'; 'H NMR (500 MHz) 6 1.16 (d, 3 H, J 
= 7.0 Hz), 1.23 (s, 3 H), 1.36 (dq, 1 H, J = 8.3, 2.7 Hz), 1.43 (m, 
1 H), 1.50 (d, 1 H, J = 8.3 Hz), 1.86 (dd, 1 H, J = 5.3, 3.0 Hz), 
2.34 (br s, 1 H), 2.85 (br s, 1 H), 3.84-3.95 (m, 4 H), 5.92 (dd, 1 
H, J = 5.0, 3.0 Hz), 6.16 (dd, 1 H, J = 5.0, 3.0 Hz); NMR (125 
MHz) 6 21.85, 23.85, 36.19, 44.93, 47.24, 49.26, 56.15, 64.07, 64.91, 
111.46, 133.67, 136.25. Anal. Calcd for CI2Hl8O2: C, 74.19; H, 
9.34. Found: C, 74.12; H, 9.44. 

24 Methylbicyc10[2.2.1]hept-5-en-2-yl)-2-methyldioxolane 
(3e): bp 73-75 "C (15 mm); IR (neat) 3064,1371,1174,1044,951, 
710 cm-'; 'H NMR (500 MHz) 6 1.26 (s, 1 H), 1.29 (d, 1 H, J = 
3.7 Hz), 1.31 (d, 1 H J = 3.7 Hz), 1.33 (s, 3 H), 1.40 (dd, 1 H, J 
= 11.6, 2.5 Hz), 1.68 (d, 1 H, J = 8.2 Hz), 2.49 (br s, 1 H), 2.74 
(br s, 1 H), 3.80-4.02 (m, 4 H), 6.03 (dd, 1 H, J = 5.4, 2.9 Hz), 
6.06 (dd, 1 H, J = 5.4, 2.9 Hz); '3c NMR (125 MHz) 6 21.45,26.48, 
36.32, 36.17,42.68,48.42,51.28,63.26,65.13, 113.52, 135.39, 135.69. 
Anal. Calcd for C12H1802: C, 74.19; H, 9.34. Found: C, 74.19; 
H, 9.34. 

endo-5-( l,l-Diethoxymethyl)bicyclo[2.2.1]hept-2-ene (9): 
bp 66-68 "C (15 mm); IR (neat) 3062,1118,1058,932,721 cm-'; 
'H NMR (500 MHz) 6 0.80 (ddd, 1 H, J = 11.8,4.5,3.0 Hz), 1.16 
(t, 3 H, J = 7.5 Hz), 1.23 (4, 3 H, J = 7.5 Hz), 1.32 (d, 1 H, J = 
8.0 Hz), 1.39 (d, 1 H, J = 8.0 Hz), 1.83 (ddd, 1 H, J = 11.8, 9.4, 
3.8 Hz), 2.42 (ddd, 1 H, J = 9.4, 9.3, 4.5 Hz), 2.78 (br s, 1 H), 2.88 
(br s, 1 H), 3.44-3.74 (m, 4 H), 3.87 (d, 1 H, J = 9.3 Hz), 5.96 (dd, 
1 H, J = 5.6, 3.0 Hz), 6.15 (dd, 1 H, J = 5.6, 3.0 Hz); 13C NMR 
(125 MHz) b 15.38, 15.46, 28.60, 42.22,42.26, 44.02, 49.37, 60.42, 
60.85, 106.31, 132.71, 137.59. Anal. Calcd for C12Ha02: C, 73.43; 
H, 10.27. Found: C, 73.48; H, 10.11. 

endo -24 Bicycle[ 2.2.1]hept-5-yl)-5,5-dimet hyl- 1,3-dioxane 
(10): mp 71-73 "C; IR (KBr) 3064,1396,1112, 1023,721 cm-'; 
'H NMR (500 MHz) 6 0.66 (s,3 H), 0.84 (ddd, 1 H, J = 11.5, 5.6, 
2.5 Hz), 1.16 (9, 3 H), 1.20 (d, 1 H, J = 8.0 Hz), 1.36 (d, 1 H J 
= 8.0 Hz), 1.81 (ddd, 1 H, J = 11.5, 9.0, 4.0 Hz), 2.30 (ddd, 1 H, 
J = 9.0, 5.5, 3.2 Hz), 2.77 (br s, 1 H), 2.93 (br s, 1 H), 3.26-3.62 
(m, 4 H), 3.71 (d, 1 H, J = 9.0 Hz), 5.90 (dd, 1 H, J = 5.6,3.0 Hz), 
6.11 (dd, 1 H, J = 5.6, 3.0 Hz); '3c NMR (125 MHz) 6 21.86, 23.05, 
28.39, 30.10,42.18, 43.60, 43.62, 49.21, 77.10, 77.28, 106.35, 132.69, 
137.51. Anal. Calcd for C13H2002: C, 74.96; H, 9.68. Found: C, 
75.15; H, 9.45. 

24 lf-Dimethyl-l-cyclohexen-4-yl)-2-methyldioxolane (1 1): 
bp 77-79 "C (15 mm); IR (neat) 2984,2880,1377,1151,1044,948 
cm-'; 'H NMR (500 MHz) 6 1.23-1.33 (m, 2 H), 1.26 (s, 1 H), 1.59 
(s, 3 H), 1.61 (s, 3 H), 1.75-2.00 (m, 4 H), 3.87-3.96 (m, 4 H); 13C 
NMR (125 MHz) 6 18.76, 19.15, 20.90, 24.19,32.17, 32.98,43.31, 
64.68, 64.72, 111.69, 124.82, 125.34. Anal. Calcd for C12HZ002: 
C, 73.43; H, 10.27. Found: C, 73.57; H, 9.98. 
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It is a widely accepted generalization in chemistry that 
low selectivity in a reaction implies high reactivity. We 
were therefore intrigued by the apparent inertness of 
benzenes with meta-directing substituents, especially the 
nitro group, toward Friedel-Crafts alkylations, in which 
the attacking electrophile is R+.1-3 Friedel-Crafts al- 
kylations exhibit the lowest selectivity among electrophi!.ic 
aromatic  substitution^,^ implying an extremely early 
transition state, and reflecting the power of the alkyl cation 
as an electrophile. Why then, we wondered, is it possible 
to, say, nitrate a similarly substituted compound with the 
weaker electrophile NOz+, but not to alkylate it? The 
mystery is further complicated in light of u+ values, which 
provide a relative measure of the susceptibility of the 
substrate to electrophilic attack. The higher the u+ value, 
obviously, the lower its reactivity with respect to an at- 
tacking electrophile. Yet, some of the polyhalobenzenes, 
such as pentachlorobenzene, have been alkylated through 
the Friedel-Crafts reaction, in spite of the fact that their 
a+ values are higher than those of benzenes bearing 
meta-directing substituents, such as n i t r~benzene .~  The 
apparent deactivation toward Friedel-Crafts alkylations 
observed in benzenes with meta-directing substituents 
therefore stands in direct conflict with expectations based 
on both the selectivityfreactivity relationship, and o+ 
values. By all indications, these compounds should be 
inherently reactive toward Friedel-Crafts alkylations. 

In fact, a few examples of the Friedel-Crafts alkylation 
of benzenes with meta-directing groups, including aceto- 
phenone, benzonitrile, and benzoic acid and its 
have appeared in the literature, albeit with reportedly very 
low reactivity. In all of these cases, a large excess of alu- 
minum chloride, rather than the catalytic amount tradi- 
tionally used, was added. Furthermore, the products ob- 
tained were composed almost exclusively of the meta iso- 
mer, in stark contrast to the typical selectivity observed 
in other Friedel-Crafts alkylations. To our knowledge, 
there are no examples of successful Friedel-Crafts alkyl- 
ations of benzenes with meta-directing substituents in 
which only a catalytic amount of AlCl, was used. We 
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Table I .  Ethylation Products of Nitrobenzene with Ethanol 
in Sulfuric Acid at 110 OC for 6 h 

position content, position content, 
of ethyl t a ,  min % of ethyl ta .  min 70 

none 
2- 
3- 
4- 
2,6- 
2,3- 
2,5- 
2,4- 
3.5- 

7.910 
11.473 
13.076 
14.398 
14.669 
16.916 
17.408 
17.664 
19.215 

51.87 
9.51 

28.17 
4.62 
0.15 
0.67 
1.82 
0.27 
1.05 

3,4- 
2,3,6- 
2,3,5- 
2,3,4- 
2,4,5- 
3,4,5- 
2,3,5,6- 
2,3,4,5- 
2,3,4,5,6- 

20.433 
20.712 
23.025 
23.869 
24.326 
26.880 
26.555 
30.004 
32.114 

1.24 
0.15 
0.19 
0.08 
0.09 
0.07 
0.03 
0.02 
0.01 

believe that both the (limited) success of the reaction in 
the presence of an excess of the catalyst, as well as the 
unexpectedly high regioselectivity observed under these 
conditions, can be explained in light of a mechanism in 
which the reaction takes place on a coordinated rather than 
free substrate. 

I t  is well known that AlC1, coordinates strongly with the 
meta-directing groups of the substrate. Thus, when only 
a small amount of AlCl, is added, its catalytic activity is 
lost as it coordinates preferentially with the substrate 
rather than the reagent, usually an alkyl halide. On the 
other hand, when a t  least a 2 molar excess of the catalyst 
is used, the first mole coordinates with the substrate, 
leaving the second to react with the reagent, thus gener- 
ating the carbocation. The positive charge incurred in the 
coordinated substrate is concentrated a t  the ortho and para 
positions, which explains why only the meta isomer is 
obtained under these conditions. The fact that the reac- 
tion proceeds with only very limited reactivity is under- 
stood in light of the fact that the coordinated substrate 
is more positively charged than the free. Similar results 
were found for the alkylation performed in super acid.6 

In view of the above findings, we ventured to formulate 
a plan for reactivating these substrates with respect to 
alkylation, based on the following considerations: (a) The 
inert nature of benzenes with meta-directing substituents 
toward Friedel-Crafts alkylation is a direct result of the 
preferential coordination of the AlCl, catalyst to the sub- 
strate rather than the alkyl halide reagent. (b) The alkyl 
cation must be an extraordinarily active electrophile, since 
it can react with the coordinated and, therefore, further 
deactivated substrate. (c) If an alternative catalyst is used, 
which will react preferentially with the reagent rather than 
the substrate, a change in mechanism may be observed, 
in which reaction takes place on the free, rather than co- 
ordinated, substrate. One would then expect to see greater 
reactivity, as well as lower selectivity for the reaction, much 
as is observed in other Friedel-Crafts alkylations. 

We now report that the foregoing ideas have been con- 
firmed, as evidenced by our successful ethylation of ni- 
trobenzene in sulfuric acid,g using ethanol as the reagent. 
The latter is well known to be a much stronger base than 
the nitro group; hence, its success in competing with the 
substrate for the acid “catalyst”. As shown in Table I, 17 
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of the 19 possible products were detected. The 0-, m-, and 
p-nitroethylbenzenes were formed in a ratio of 19:70:11, 
respectively (mean of three runs). This distribution rep- 
resents much lower selectivity than that observed in the 
nitration of nitrobenzene and is consistent with the poor 
selectivity found in Friedel-Crafts alkylations involving 
benzenes with ortho- and para-directing  substituent^.^ 
These results constitute both the first example of Frie- 
del-Crafts alkylation successfully applied to nitrobenzene, 
as well as the first example of Friedel-Crafts alkylation 
of an uncoordinated substrate bearing a meta-directing 
group. 

The assignment of the isomers was based on mass 
spectral data, the GC retention times with linearly pro- 
grammed temperature (assuming that the increment due 
to an ethyl group ortho, meta, or para to the nitro group 
remains constant), and comparison with the results ob- 
tained upon ethylation of 0- and p-nitrobenzenes under 
similar conditions.1° 

Based on these promising early results, work has already 
been initiated involving the alkylations of various benzenes 
with meta-directing substituents using alcohols as the 
source of R+, in a variety of protonic acids. Preliminary 
results are encouraging, and we hope to uncover a general 
synthetic strategy to the class of compounds bearing an 
alkyl group in the position meta to a meta-directing sub- 
stituent, which thus far have not easily been prepared. 

Experimental Section 
Nitrobenzene (2.46 g, 20 mmol), ethanol (1.84 g, 40 mmol), and 

sulfuric acid (20 m L )  were mixed and heated with stirring at 110 
“C for 6 h. T h e  mixture  was then poured into water ,  extracted 
with chloroform, a n d  subjected to analysis by GC-MS (HP- 
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In the synthesis of six-membered carbocycles, which are 
widely found in natural products, numerous methods have 
been developed for efficient and stereospecific carbocyclic 
annulation2 Recently, we reported a novel method for 
annulation of ketones through a,P-epoxy sulfoxides by the 
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