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Substrates. The synthesis of N-ethyl-2-azido-3-benzoyl en- 
amines has been described previously.2 o-Hydroxy-N-ethyl- 
benzimidoyl azide 6 was prepared by the procedure of Woodward 
and Kemp'* and had the following: ii, 2119 and 1610 cm-'; NMR 
(CCJ 6 1.2 (3 H, t), 3.5 (2 H, q), 6.6-7.6 (4 H, m) 9.9 (1 H, 8) .  

pKa Determination. The pK, of o-hydroxy-N-ethylbenz- 
imidoyl azide 6 was determined spectrophotometrically by using 

the method previously described2 for reactive azides. A bell- 
shaped pH-optical density curve resulted which was treated by 
adapting the basic empirical equation for a "bell-shaped pH-rate 
profile (see eq 3) and fitted to the observed data by using the 
method outlined in ref 9. 
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Reaction of 3-azidohomoadamantane with aromatic substrates catalyzed by aluminum chloride at 80 O C  gave 
the corresponding (1-adamantylcarbiny1)arene in >90% yield. The reaction proceeds exclusively with elimination 
of azide ion. Competitive reaction with toluene (TI-benzene (B) gave an average k T / k B  of -14/1. The results 
indicate that a straightforward primary cation is probably not the actual attacking electrophile. The possible 
intervention of a bridged ion is discussed. 

In a previous paper,2 we reported that the reaction of 
1-azidoadamantane (1) with aromatic substrates in the 
presence of aluminum chloride proceeded exclusively with 
the loss of nitrogen gas to give the rearranged product, 
3-aryl-4-azahomoadamantane (2; eq 1). The results were 

1 2 

consistent with those reported for the photolytic3 or sul- 
furic acid catalyzed4 decomposition of 1, in which a similar 
rearrangement was observed. In contrast, in the aluminum 
chloride catalyzed decomposition of primary and secondary 
alkyl azides in b e n ~ e n e , ~  both azide ion and nitrogen gas 
are eliminated to give alkylbenzenes and imines from re- 
arrangement. Hence, elimination of azide ion has been 
observed only with nonbridgehead alkyl azides. Aryl,6s 

sulfonyl,6 a-carbonyl,lo and alkoxycarbonyl"J2 
azides are all reported to react under similar conditions, 
primarily with evolution of nitrogen gas, to yield N-sub- 
stituted anilines. 

In the present study, we report the reaction of 3-azido- 
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homoadamantane (3) with aromatic compounds catalyzed 
by aluminum chloride, resulting in exclusive elimination 
of azide ion, followed by rearrangement and alkylation of 
the aromatic substrate. In addition, we discus the nature 
of the cation formed and present data on selectivity in the 
Friedel-Crafts alkylation. 

Results and Discussion 
Experimental Results. 3-Azidohomoadamantane (3) 

when exposed at 80 "C for 1.5 h to aluminum chloride and 
aromatic substrate gave the corresponding (1- 
adamantylcarbiny1)arene product (4) in >90% yield (eq 
2). In addition, aminated aromatic product 5 was isolated 

C H Z A r  
Y3 I 

A r N H 2  

5a, Ar = C,H, 

4a, Ar = C,H, b, Ar = C,H,CH, 
b, Ar = C,H,CH, 3 

in minor amounts. When the reaction of 3 is carried out 
in the absence of the Lewis acid catalyst (24 h at 80 OC), 
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Table I. Reactions of 9 or 12 with AlC1, and C,H, 
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Scheme I1 

compd, C,H.s, AICl,, 4a, 
mol x l o3  mol x l o 3  mol x l o 3  % C  

9 0.50 732 2.26 93” 

9 1.36 1.75 2.25 91 
12 1.08 58 5 1.50 95“ 

a Reaction procedure A. 
reaction procedure B. 

9 1.36 732 2.62 91; 

In 165 mL of n-hexane, 
Isolated yield of pure product. 

approximately 94% 3 is recovered with no 4 or 5 present. 
A t  room temperature (7.5 h) with the catalyst, three 
products, 1-benzyladamantane (4a), 3-homoadamantanol 
(6), and 1-adamantylcarbinol (7), were isolated (eq 3). 

(44%) (26%) 
6 7 

Alkyl azides are generally considered to be thermally stable 
a t  room temperature, but above 100 “C nitrogen gas is 
eliminated in a first-order, homogeneous process.13J4 
When the reaction described in eq 2 is carried out with a 
1:l molar ratio of 3-benzene in n-hexane solvent, 90% of 
1-benzyladamantane (4a) is obtained, but no aniline (5a). 
These results indicate that the Lewis acid catalyst is 
necessary for azide ion elimination, that the higher tem- 
peratures are required for the aromatic substitution pro- 
cess, and that reaction can proceed in a nonpolar medium. 

Mechanism. Mechanistically, two routes can be used 
to rationalize the products formed in the reaction described 
in eq 2. One involves coordination of the Lewis acid 
catalyst to the terminal nitrogen of the azido group (ll), 
followed by elimination of azide ion, to give the 3-homo- 
adamantyl cation (8) (Scheme I). Formation of 8 should 
be a facile process, since a relative rate of 0.41 in solvolysis 
of 3-chlorohomoadamantane (9) vs. tert-butyl chloride 
illustrates a comparative lack of bridgehead strain in 
Rearrangement of 8 to the 1-adamantylcarbinyl cation (10) 
accompanied by electrophilic attack on the aromatic sub- 
strate yields 4. Further support for this mechanism comes 
from studies with 9 or 1-adamantylcarbinyl chloride (12). 
Both chlorides give product 4a in >90% yield (Table I) 
under conditions identical with those for reaction of 3 
(Scheme 11). 

Alternatively, the mechanism may involve initial coor- 
dination of the Lewis acid catalyst with the a-nitrogen 
atom (13) followed by nitrogen gas elimination and elec- 
trophilic attack on the aromatic substrate to give the 
corresponding N-aryl-3-aminohomoadamantane (15, 
Scheme 111). The process may either be concerted or may 
entail participation of a nitrene complexed (nitrenium 
species) with the Lewis acid catalyst (14). Similarly, 
acid-catalyzed hydrolysis of azides displays second-order 
kinetics which also point to a nitrenium ion, rather than 
a discrete nitrene intermediate.16 Degradation of 15 in 
the presence of aluminum chloride would give rise to 5 via 
16 and 4 via 8 and 10. 

(13) Leermakers, J. A. J. Am. Chem. SOC. 1933,55, 2719. 
(14) Leermakers, J. A. J.  Am. Chem. SOC. 1933,55, 3098. 
(15) Fort, R. C., Jr. “Adamantane”; Marcel Dekker: New York, 1976. 
(16) Lewis, F. D.; Saunders, W. H., Jr. In “Nitrenes”; Lwowski, W., 

Ed.; Interscience: New York, 1970; pp 47 ff. 
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It is reasonable, based on prior work, to consider both 
mechanistic routes. E.g., reaction of cyclohexyl azide (17) 
with benzene-aluminum chloride at  50 “C gave cyclo- 
hexylbenzene (30701, as well as rearrangement products, 
namely, the corresponding ring-expanded imine (30-40%) 
and iminocyclohexanone (15%;5 eq 4). Presumably, cy- 
clohexylbenzene and the imine products arose from in- 
termediates similar to 11 and 13, respectively. 

c6 H5 NH 

17 

Formation of aromatic amine 5 can be rationalized by 
the reaction of hydrazoic acid (generated in situ from 
eliminated azide ion) with the aromatic substrate, cata- 
lyzed by aluminum chloride. Friedel-Crafts amination of 
aromatic substrates by either hydrazoic acid or organic 
azides also has literature precedent. Kovacic and co- 
workers” have demonstrated that toluene, and to a lesser 
extent benzene and chlorobenzene, can be aminated in 
modest yield by hydrazoic acid and aluminum chloride. 
Toluene forms N-methyltoluidine in low yield with methyl 
azide under these conditions. Similarly, Borsche and 
Hahns found that various aromatic substrates are similarly 
transformed by aromatic azides. 

Although there is sufficient precedent to support both 
of the mechanistic routes discussed, examination of the 
data provides strong evidence for preference of Scheme 
I. Scheme I11 requires that 15 be formed as a common 
precursor to both products 4 and 5. As a result, the two 
should be formed in approximately a 1:l molar ratio. 
However, although aminated product is formed in all runs 

(17) Kovacic, P.; Russell, R. L.; Bennett, R. P. J. Am. Chem. Soc. 1964, 
86, 1588. 



1348 J. Org. Chem., Vol. 46, No. 7, 1981 Margosian, Speier, and Kovacic 

Table 11. Competitive Reactions of 3 with AIC1, 

3 
and C,H,CH3-C,H6a~b 

C6H5CH3> C6H69 
mol x mol/ mol x mol x product ratio, 

103 L x 103 103 103 4b/4a 
1.57 6.58 1223 1223 14 .6 / lC 
1.57 6.58 1223 1223 13.6/1C 
1.57 6.58 1223 1223 14.1/1 

a A1C13 = 3.68 x mol, homogeneous, 67 "C. Gen- 
eral procedure C. 
(yield >97% for all runs). 

Relative yields from GLC analysis 

Table 111. Competitive Reactions of 3 with AlC1, 
and C6H,CH3-C,H6a~b 

Scheme IV 
X 
I 

C H Z X  
I 

18, X = OTs 
19, X = Br 
20, x = OAc 

21, X = OTs 
22, X = Br 
23, X = OAc 

involving toluene, the yields, which are quite low, are far 
from the requisite 1:l molar ratio. Also, little or no 5 is 
obtained from benzene. In addition, when the reaction is 
carried out in n-hexane (without excess benzene), 90% 4a 
but no aniline (5a) is isolated. In conclusion, the evidence 
strongly indicates that elimination of azide ion (Scheme 
I), rather than nitrogen gas (Scheme 111), is preferred. 

The question of the possible participation of triazene 
intermediates should be addressed. Recently,l8 it was 
demonstrated in the reaction of azides with benzene and 
aluminum chloride that triazene intermediates are not 
involved to any appreciable extent. A similar result was 
also observed in the case of 1 (eq 1). Analogously, for the 
reaction of 3, we conclude that it is not reasonable to 
invoke participation of triazene intermediates. 

The mechanism presented in Scheme I includes the 
rearrangement of tertiary cation 8 to primary cation 10. 
A tertiary cation is generally more stable than a primary 
one. Rationalization is based on the appreciable net de- 
crease in strain (homoadamantane is estimated to be ap- 
proximately 12 kcal/mol more strained than adaman- 
tanel9). The conflicting involvement of cation stability 
(tertiary vs. primary) and ring-strain energy reflects the 
operation of either kinetic or thermodynamic control in 
product formation (Scheme IV). For example, acetolysis 
of tosylate 21 in the absence of a buffer yields unrear- 
ranged acetate 23; in the presence of sodium acetate the 
product is mainly 3-homoadamantyl acetate (20).20 Sim- 
ilar effects are involved in the reaction of 3-homo- 
adamantanol(6) with hydrogen bromide in acetic acid at 
25 "C, 3-homoadamantyl bromide (19) is formed; a t  125 
"C, the product is 1-bromomethyladamantane (22).21 
Analogy can be drawn between these results and those 
presented in eq 2 and 3. A t  the higher temperature (80 
"C) or in n less polar medium (ArH or hexane vs. acetic 
acid-sodium acetate), the thermodynamic product (4) 
results. A t  the lower temperature (18 "C), the kinetic 
pathway leading to 6 predominates. 

Based on prior observations,20v22 the suggestion20 has 
been advanced that 8 and 10 exist in equilibrium or that 
a nonclassical carbonium ion (24) exists. Intervention of 

8 -  10 

24 

the bridged ion 24 has also been invoked to rationalize 
results from acetolysis of a chiral deuterated tosylate, 

(18) Kreher, R.; Goth, K. Z. Naturforsch., B 1976,31, 217. 
(19) Gleicher, G. J.; Schleyer, P. v. R. J. Am. Chem. SOC. 1967,89,582. 
(20) Nordlander, J. E.; Jindal, S. P.; Schleyer, P. v. R.; Fort, R. C., Jr.; 

Harper, J. J.; Nicholas, R. D. J.  Am. Chem. SOC. 1966,88, 4475. 
(21) Stetter, H.; Goebel, P. Chem. Ber. 1963, 96, 550. 
(22) Liggero, S. H.; Sustmann, R.; Schleyer, P. v. R. J.  Am. Chem. SOC. 

1969, 91, 4571. 

3 
C 6 H 5 C H 3 ,  C 6 H 6 >  

mol x mol/ mol x mol x product 
103 L x 103 103 IO3 ratio, 4b/4a 

~ ~~ 

1.57 4.28 1880 1880 14.8 
1.57 4.51 350 3500 1.39 

a AlCl, = 2.25 x mol, homogeneous, 67 "C. Gen- 
eral procedure B. 
(yield > 99% for all runs). 

Relative yields from GLC analysis 

namely, complete retention of configuration.22 
A related system (25,26, and 27) has also been studied. 

25 26 27 

A relative solvolysis rate of 2.5-4:1.7 X lo4 for the neo- 
pentyl precursors (21:26) in producing bridgehead carbo- 
nium ions was observed.23 By analogy to 24, bridged ion 
27 may be involved. Also in the adamantane-proto- 
adamantane series, attention has been given to 28,29, and 
30. The result from solvolysis of optically active 28,90% 
retention of configuration, is reported to be consistent with 
participation of a weakly bridged ion 30 and the modest 
magnitude of rate enhancement produced by the methyl 
s ~ b s t i t u e n t . ~ ~  

28 29 30 
Additional insight concerning the nature of the alkyla- 

ting entity in our system can be gained from relative rate 
data (kT/kB) which are presented in Tables I1 and 111. 
Product ratios were determined by either GLC analysis 
or direct isolation. Consistent results were obtained within 
and between the two procedures used. An average kT/kB 
value of 14.3 was obtained for a 1:l molar ratio. When the 
competitive reaction was carried out with a 1:lO (TB)  
ratio, the result was kT/kB = 13.9 (adjusted) which is 
within experimental error of the figure from the 1:l run. 

Difficulties arise in attempts to correlate our relative rate 
data with pertinent literature reports,2628 due to differ- 

(23) Fort, R. C. Carbonium Ions 1973,4, 1811. 
(24) Schleyer, P. v. R. In "The Nonclaesical Ion Problem": Brown, H. 

C., Ed.; P l e n k  Prese: New York, 1977; pp 280-281. Lenoir, D.; Raber, 
D. J.; Schleyer, P. v. R. J. Am. Chem. SOC. 1974,96, 2149. 

(25) Brown, H. C.; Jungk J.  Am. Chem. SOC. 1956, 78,2182. Brown, 
H. C.; Smoot, C. R. Zbid. 1956, 78,6255. 
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ences in conditions and the nature of the precursor for the 
cation, as well as lack of knowledge concerning catalyst- 
cocatalyst effects and the  rate-determining step. Our 
kT/kB of - 14/1 is greater than those reported for either 
a primary (ethyl) or secondary (isopropyl) bromide. This 
factor indicates that in our system a straightforward pri- 
mary cation would not satisfactorily rationalize the results. 
In contrast, there is close correspondence from comparison 
with data reported for tert-butylation: isobutylene-alu- 
minum chloride (or ferric chloride) ( k T / k g  = -15.3/1)28 
or tert-butyl bromidestannic chloride ( k T / k B  = 16.6/1).% 
Although there are also examples of tert-butylation 
characterized by different results ( k T / k B  = 1.17-1.90),26~28 
the figures indicate that a more active electrophile is in- 
volved in these cases. It is pertinent that ,  as presented 
in Scheme 11,4 can be experimentally approached from 
either the tertiary 9 or primary 12 chloride. Both chlorides 
9 and 12 must involve a common intermediate (24). As 
in the case for optically active 28, a weakly bridged ion may 
be involved. 

Finally, the reaction described in eq 3 will be treated. 
The hydroxyl products 6 and 7 may arise from the  pres- 
ence of adventitious moisture in the system or during 
aqueous workup. This result is similar t o  that obtained 
from the  reaction of 1 with benzene-aluminum chloride 
at 18 "C. In  that case only 3-hydroxy-4-azahomo- 
adamantane (31; 94%), with no  2a, was obtained.2 Al- 
though either moisture in the system or from the workup 
could also explain the result, 31 was believed to arise from 
workup since direct addition of water gave l-phenyl- 
adamantane (50%) and 2a (28%) but no  31. 

Experimental Section 
Materials and Analytical Procedures. Melting points are 

uncorrected. Spectral data were obtained with the indicated 
instruments. infrared, Beckman IR8, Perkin-Elmer 735B, 710A, 
and 137; 'H NMR, Varian T60; mass, Hitachi Perkin-Elmer 
RMU-6E. GLC analyses were done on a Varian Aerograph 90-P 
or 1800 instrument (20 ft X 0.25 in., 15% Carbowax 20M). 

1-Adamantanecarboxylic acid (32, 99%, Aldrich), 1- 
adamantanemethanol (7; 99%, Aldrich), thionyl chloride (97%, 
Aldrich), lithium tetrahydroaluminate (95%, Alfa), and sodium 
azide (99%, Aldrich) were used directly. Anhydrous aluminum 
chloride was taken from a freshly opened bottle (Fischer Certified 
or Aldrich) or sublimed. n-Hexane was stirred over concentrated 
sulfuric acid, then washed successively with water, aqueous 10% 
sodium carbonate, and water (twice), dried, and distilled from 
sodium hydride. Nitromethane was dried over calcium chloride, 
then distilled, stored over calcium sulfate, and redistilled prior 
to use. All other solvents were distilled. 

Aromatic substrates were purified according to Perrin:29 
benzeneBa was washed with concentrated sulfuric acid, then 
aqueous 5% sodium bicarbonate, and water, followed by drying 
with Davidson 4A molecular sieves, and then distilled; tolueneBb 
was stirred twice with cold concentrated sulfuric acid, once with 
water, and once with aqueous 5% sodium bicarbonate and then 
dried successively with calcium sulfate and phosphorus pentoxide, 
with final distillation from phosphorus pentoxide. 

Ether solutions were dried over magnesium sulfate, all others 
over sodium sulfate. Microanalyses were performed by Galbraith 
Laboratories, Knoxville, TN, and by Mr. F. Laib, University of 
Wisconsin-Milwaukee. 

3-Homoadamantanol (6). The procedure of Nordlander et 
aL20 was used to prepare 6 from 32 (three steps) or 7 (two steps): 

(26) Brown, H. C.; Neyens, A. H. J. Am. Chem. SOC. 1962,84, 1233. 
(27) Olah, G. A,; Flood, S. H.; Kuhn, S. J.; Moffatt, M. E.; Overchuck, 

N. A. J .  Am. Chem. SOC. 1964,86, 1046. 
(28) O M ,  G. A.; Flood, S. H.; Moffatt, M. E. J. Am. Chem. SOC. 1964, 

86, 1060. 
(29) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. "Purification of 

Laboratory Chemicals"; Pergamon Press: New York, 1966, (a) p 79; (b) 
p 267. 

88% yield; mp 274-276 "C (lit. mp 274-276 OC,m 274-275.5 OCZ1); 
IR (KBr) 3280,2910,2855,1440,1360,1170,1150,1070,1040 cm-'; 
'H NMR (CDC13) broad peaks at  6 2.0, 1.85, and 1.55 (relative 
intensities -1:31), sharp singlet at 6 1.35 (OH, one proton); mass 
spectrum, m / e  (relative intensity) 166 (17), 141 (lo), 135 (4), 124 
(12), 123 (E) ,  110 (23), 109 (58), 108 (23), 107 (lo), 106 (12), 97 
(121, 96 (251, 95 (loo), 94 (201, 93 (16), 91 (15), 82 (14), 81 (21), 
74 (25), 71 (17), 67 (22). 

Anal. Calcd for CllHI80: C, 79.46; H, 10.92. Found: C, 79.57; 
H, 10.90. 

3-Azidohomoadamantane (3). The method of Sasaki et ala4 
was used with a modification in the workup stage. The crude 
product was recrystallized by dissolving it in methanol and then 
cooling in a dry ice-acetone bath. Sublimation afforded pure 3 
72% yield; mp 97-98 "C (lit! mp 97-98 "C); IR (KBr) 2910,2855, 
2095,1450,1250,1150,1070,1045,985,960,690; 'H NMR (CDC13) 
broad peaks at 6 2.0, 1.85, and 1.55. 

Anal. Calcd for CllH17N3: C, 69.08; H, 8.96; N, 21.96. Found 
C, 68.89; H, 9.01; N, 22.01. 

3-Chlorohomoadamantane (9) was prepared according to a 
previously published methodz1 except that the reflux time was 
increased from 3 h to 4 h 90.5% yield; mp 157.5-158.5 "C (lit.*l 
mp 160-161 "C). 
1-(Chloromethy1)adamantane (12) was prepared by a 

modification of the method used to prepare 9. Thionyl chloride 
(20 mL) was added to 7 (0.80 g, 4.80 X mol) in a 25-mL flask 
with cooling in an ice bath. After 1 h of reflux, 10 mL of solution 
was distilled and then both the residue and distillate were worked 
up separately as follows. Each was poured over a 1:l mixture of 
100 mL of ice-methylene chloride solution. After basification 
in the cold with a saturated solution of NaOH, the phases were 
promptly separated. The aqueous phase was then extracted with 
three 45-mL portions of methylene chloride and the organic 
portions were combined. Solvent was removed from the dried 
solution at reduced pressure with no heating. Sublimation [18 
"C (60 mmHg)] afforded pure product 76% yield; mp 29-30 OC 
(M2* mp 27 "C). 

Reaction of 3 with ArH-AICla. General Procedure A. 
Anhydrous aluminum chloride (0.32 g, 2.4 X mol) was quickly 
added to a solution of 3 (0.40 g, 2.09 X mol) dissolved in ArH 
(ca. 180 mL), in a flask protected by a drying tube, at 40 "C. The 
temperature was quickly raised to 80 "C and maintained there 
for 1.25 h. Reactions run with slight variations in the quantities 
mentioned or under nitrogen gave identical results. 

General Procedure B. Anhydrous aluminum chloride (0.22 
g, 1.75 X mol) was quickly added to a solution of 3 (0.30 g, 
1.57 X 
mol) and 165 mL of n-hexane at 40 "C in a flask protected by 
a drying tube. The temperature was quickly raised to 68 "C and 
maintained there for 6 h (heterogeneous system). 

General Isolation Procedure. The cooled reaction mixture 
was poured over 100 mL of 18% hydrochloric acid. The reaction 
vessel was then washed with 45 mL of additional acid solution, 
45 mL of water, and 70 mL of n-pentane. The washes were 
combined and added to the reaction mixture-acid solution (I). 

The aqueous layer (Ia) from separation was extractid with three 
60-mL portions of n-pentane and combined with the organic layer 
(Ib). Basification of the remaining aqueous layer with 50% sodium 
hydroxide (final pH - 11, temperature controlled by cooling) 
produced a slightly cloudly solution which was extracted with five 
70-mL portions of methylene chloride. Evaporation of the com- 
bined dried methylene chloride extracts under reduced pressure 
yielded a brown liquid (IIa), crude yield 0-17%. 

The combined organic portion (Ib) was washed with 5% sodium 
bicarbonate and water (each 175 mL) and then dried. Removal 
of solvent under reduced pressure afforded a yellow-brown oil 
(IIb), crude yield 96-99'70. 

Column chromatography (alumina adsorption, Fisher, column 
packed dry) was carried out on the separate crude products (IIa, 
IIb); e.g., IIb was dissolved in a minimal amount of methylene 
chloride and added to the column. Elution was carried out with 
the following solvents in the indicated order: 260 mL of n-pentane; 
140 mL each of a 31,1:1, and 1:3 mixture of n-pentanemethylene 
chloride solution; 100 mL of methylene chloride; 140 mL each 
of a 41, 2:1, and 1:2 mixture of methylene chloride-methanol 
solution; 260 mL of methanol (all ratios for eluant mixtures are 

mol) dissolved in benzene (0.16 mL, 0.14 g, 1.80 X 
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by volume and smaller proportionate quantities were used for 
crude product IIa). Products were obtained only from the n- 
pentane (first) and methanol (last) eluants. Final yields: aromatic 
adamantanecarbinyl products (4a,b), IIa, 0%, IIb, 96-97%; 
aminated aromatic products (5a,b), IIa, 0-9%, IIb, 0-3%. Aniline 
and p-toluidine were identified by comparison to authentic ma- 
terials. 

Characterization of 4a: mp 42-43 "C (lit. mp 43-44°C,30 mp 
42-44 "CS1); IR (melt) 3050,2920,2850,1600,1500,1455,1355, 
1350,1320,1310,1235,780,705,615; NMR (CDC13) 6 7.3-7.0 (m, 
5), 2.4 (s, 2), 2.0-1.6 (m, 15); mass spectrum, m l e  (relative in- 
tensity) 226 (a), 211 (3), 167 (4), 155 (6), 141 (6), 135 (loo), 115 
(6), 107 (a), 93 (16), 91 (20), 79 (19), 67 (lo), 55 (a), 44 (141, 41 
(17). 

Anal. Calcd for Cl7HZ2: C, 90.20; H, 9.80. Found: C, 89.90; 
H, 10.10. 

The NMR spectrum was essentially identical with that of 
authentic materiaLS2 

Characterization of 4b NMR (CDC13) 6 7.2-6.8 (4), 2.3-2.1 
(5), 2.1-0.8 (15); mass spectrum, m l e  (relative intensity) 240 (a), 
225 (6), 181 (6), 169 (7), 135 (100),115 (6), 107 (9),93 (9),90 (14, 
81 (a), 79 (8), 77 (12), 69 (8) ,  67 (ll), 57 (9), 55 (13), 44 (22), 41 
(23). 

Anal. Calcd for Cl8HU: C, 89.92; H, 10.08. Found: C, 89.93; 
H, 10.05. 

(30) Oeawa, E.: Maierski, Z.; Schleyer, P. v. R. J.  Org. Chem. 1971, 36, 
205. 

USSR (Engl. Transl.) 1966, 2,640. 
(31) Stepanov, F. N.; Dikolenko, E. I.; Danilenko, G. I. J .  Org. Chem. 

(32) Majerski, Z., personal communication. 

Competitive Alkylations of Aromatic Substrates by 3- 
A1C18. Anhydrous aluminum chloride (0.49 g, 3.68 X mol) 
was quickly added to a solution of 3 (0.30 g, 1.57 X mol) 
dissolved in a 1:l mixture of toluene-benzene, 1.233 mol each) 
preheated to 45 "C with exclusion of moisture. The temperature 
was quickly raised to 80 "C and maintained there for 1.5 h. The 
general isolation procedure was followed. Yield ratios were de- 
termined by GLC analysis (Table 11). 

Alternatively, 3 dissolved in an appropriate mixture of tolu- 
ene-benzene (for 1:1, 0.513 mol each; for l:lO, 0.101.00 mol, 
respectively) was added during 1.5 h to a homogeneous solution 
of anhydrous aluminum chloride (0.72 g, 2.25 X mol) in a 
mixture of toluene-benzene (for 1:1, 1.37 mol each; for l:lO, 
0.252.50 mol, respectively) preheated to 67 "C. Moisture was 
excluded. The temperature was quickly raised to 80 "C and then 
maintained there for 1.5 h. The general isolation procedure was 
followed. Yield ratios were determined by GLC analysis (Table 
111). 

Reactions similar to those described for 3 were also run with 
either 9 or 12. The appropriate procedure and data are presented 
in Table I. 
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The recently developed method of deuterium-induced perturbation of 13C NMR chemical shifts, which allows 
distinction between classical and nonclassical cations, has been applied to a pyramidal dication (1). The results 
obtained are in agreement with a symmetrical structure for this species. 

We recently reported the synthesis and chemical be- 
havior of (CCH3)$+ (1)' as well as of some derivatives of 
this class of ions with general formulas [(CCH3)&RI2+ (2, 
3) and [(CCH3)4C2Rz]2+ (4, 5h2t3 

- _ _  I - CHI  

3 R = c H ~ . R ' =  ,-c~H, 

L R = R ' = C ~ H ~  R '  
1- i 5 R = R ' X . C  3 7  H 

There are several indications that dication 1 has a 
nonclassical structure (a single energy minimum), and 

(1) (a) Hogeveen, H.; Kwant, P. W. Tetrahedron Lett. 1973,1665; (b) 
J. Am. Chem. SOC. 1974, 96, 2208; (c) Acc. Chem. Res. 1975, 8, 413. 

(2) (a) Giordano, C.; Heldeweg, R. F.; Hogeveen, H. J. Am. Chem. SOC. 
1977,99,5181. (b) Heldeweg, R. F. Ph.D. Thesis, University of Gronin- 
gen, 1977. 

(3) For reasons of simplicity we have used a representation of the 
pyramidal dications in the way indicated (the similarity with organo- 
metallic chemistry is clear). The positions of the substituents may be 
indicated as basal (at the five-membered ring) and apical (at the top). 
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Scheme I 

these include the inconsistency of the values of the 13C 
NMR chemical shifts calculated by using Olah's rule45 with 
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