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The Lewis acid catalyzed conversion of homoadamantene-4-13C in CS:! yielded 20% of 2-methyladamantane 
with the majority of the label equally distributed between the CY position and the methyl group, indicating that 
only the olefinic carbons were involved in this rearrangement. The mechanism probably involves protonation of 
the olefinic bond by AlXpH20 to form the classical 4-homoadamantyl cation. This cation appears to  rearrange 
rapidly to an unsymmetrically bridged 2-adamantylcarbinyl cation which yields 2-methyladamantane by hydride 
abstraction. The degenerate homoadamantyl rearrangement is retarded in such a low polar solvent as CS:! pre- 
sumably by intimate ion pairing. 4-Hom0adamantanone-5-~~C was prepared in 46% overall yield by addition of 
(CH3)3Si13CN to adamantanone followed by LiAlHr reduction of the a-trimethylsilyloxy nitrile and Demjanow- 
Tiffeneau ring enlargement of the resulting u-aminomethyl alcohol [[CH&Sil3CN was obtained in 88% yield 
from (CH3)3SiCl and Ag13CN]. This synthetic procedure appears to be a convenient general method for the prep- 
aration of "C-labeled ketones and their derivatives. 

Lewis acid catalyzed rearrangements of polycyclic hydro- 
carbons are extremely useful methods for the preparation 
of adamantane and other diamonoid  molecule^.^*^ The cat- 
alyst reacts with a promoter present in the reaction mix- 
ture to form carbonium ions which initiate intermolecular 
hydride transfers involving the h y d r o ~ a r b o n , ~ ~ ~ ~  The result- 
ing carbonium ions then undergo a series of hydride trans- 
fers and 1,2-alkyl shifts leading to the thermodynamically 
most stable products, diamonoid  hydrocarbon^.^^^^ 

Although these processes have been known4 for some 
time to involve carbonium ion intermediates, the first stud- 

ies of these intermediates appeared in the literature only 
recently. Whitlock and Siefken constructed a rearrange- 
ment graph for tricyclodecane isomers showing the interre- 
lationships among the isomers.6 There are at least 2897 
pathways between tetrahydrodicyclopentadiene and ada- 
mantane but no studies have yet succeeded in isolation and 
identification of intermediates during this isomeri~at ion.~~ 
Most of the studies up to 1970 have only provided sugges- 
tive mechanistic i n f o r m a t i ~ n . ~ ~ ~ ~ ~ ~ ~ ~  Schleyer and co-work- 
er@ recently proposed a plausible pathway for the rear- 
rangement of tetrahydrodicyclopentadiene to adamantane 
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Scheme I 
I3CN 

on the basis of molecular mechanics calculations. The last 
part of this pathway was demonstrated experimentally. 
Thus, ero- 1,2-trimethylenenorbornane was shown to rear- 
range to adamantane in the presence of AlX3 through 2,6- 
trimethylenenorbornane and protoadamantane as it had 
been predicted.s Protoadamantane-4- 13C, under similar 
conditions, gave exclusively adamantane-l-13C.g 14C-La. 
beling techniques were used in mechanistic studies of the 
Lewis acid catalyzed isomerization of 1- and 2-methylada- 
mantanes.loa 2-Methyladamantane-2-14C yielded exclu- 
sively 1-methyladamantane-1- 14C. The methyl group thus 
remained attached to  the same ring carbon throughout the 
isomerization indicating a skeletal rearrangement involving 
2-adamantyl and 4-protoadamantyl cationic intermediates. 
An analogous mechanism was suggested for the degenerate 
isomerization of adamantane itself.lob 

Recently we reported1' the Lewis acid catalyzed conver- 
sion of homoadamantene to 2-methyladamantane. Ho- 
moadamantane, under similar conditions, yielded a 2:l 
mixture of 2- and 1-methyladamantane.ll Since no l-meth- 
yladamantane was formed from homoadamantene, 1- and 
2-methyladamantane presumably arise through different 
intermediates which interconvert very slowly, if a t  all. We 
now report mechanistic studies on the Lewis acid catalyzed 
conversion of liomoadamantene to 2-methyladamantane 
using 13C labeling techniques and homoadamantene-4-13C 
as the starting material. 

Synthesis of 4-Hom0adamantanone-5-'~C ( 5 )  a n d  
Homoadamantene-4-13 C (7). Homoadamantene can be 
obtained readily by the reaction of an alkyllithium with the 
tosylhydrazone of 4-homoadamantan~ne. '~ However, the 
reported procedures for the preparation of 4-homoadaman- 
tanone12-14 are not convenient for the introduction of 13C 
isotope into the homoadamantane nucleus. 

The key step in our synthesis of 4-homoadamantanone- 
5-13C (5) and h ~ m o a d a m a n t e n e - l - ~ ~ C  (7) was a modifica- 
tion of Evans-Sundermeyer's reaction. Evans15 and Sun- 
dermeyer l6 found recently that  ketones and aldehydes 
react readily with trimethylsilyl cyanide in the presence of 
a Lewis acid catalyst to  give a-trimethylsilyloxy nitriles 
which can be reduced readily to  the corresponding a-ami- 
nomethyl alcohols. No excess of either reactant was neces- 
sary. However, the reported preparation of trimethylsilyl 
cyanide required stirring of AgCN with a large excess of tri- 
methylsilyl chloride followed by fractional distillation of 
the resulting rriixture of trimethylsilyl cyanide and tri- 
methylsilyl chloride.15J7 This procedure is inconvenient for 
small-scale preparations of expensive trimethylsilyl cya- 
nide-13C (1). Wq found, however, that the separation of tri- 
methylsilyl cyanide and trimethylsilyl chloride was unnec- 
essary; the crude mixture can be used just as well. The 
complete synthetic sequence is outlined in Scheme I. The 
reaction of adamantanone (2) with an equimolar amount of 
trimethylsilyl cyanide-13C (I) ,  in trimethylsilyl chloride at 
25O in the preseince of zinc iodide as catalyst, gave 2-cyano- 
13C-2-trimethyl~iilyloxyadamantane (3) smoothly in 98% 
yield. Reduction of 3 by LiAlH4 followed by introduction of 
gaseous HC1 yielded 2-amin0rnethyl-~~C-2-hydroxyada- 
mantane hydrochloride (4). 4-Homoadamantanone-5J3C 
( 5 )  was obtained by Demjanow-Tiffeneau ring enlarge- 
ment13b of 4 in 46% yield based on 1. The ketone 5 was con- 
verted to  the corresponding tosylhydrazone which gave ho- 
moadarnantene-4-l3C (7) upon treatmentll with an excess 
of methyllithium in an overall yield of 56%. The described 
synthesis of 4-hom0adamantanone-5-~~C and homoada- 
mantene-4-I3C should be a convenient general method for 
the preparation of I3C-labeled ketones and olefins. 

The proton-decoupled 13C NMR spectrum of homoada- 
mantene shows ,signals at 138.1 (d), 37.2 (t), 34.1 (t), 32.5 

2 3 

l3CH2NH,.HCI 

4 5 

7 

(d), and 30.0 ppm (d) (the multiplicity, indicated in paren- 
theses, was determined by proton off-resonance decou- 
pling). The CH:! signals a t  37.2 and 34.1 ppm were assigned 
on the basis of their relative line intensities to  carbons e 
and c, respectively (Chart I, a). The assignment of the CH 

C h a r t  I 
b a  f 

a 
A 

b 

signals (32.5 and 30.0 ppm) was based on selective lH-de- 
coupling experiments. The lower field signal (32.5 ppm) 
was assigned to  carbons b which are coupled with the lower 
field protons. The chemical shift of olefinic carbons a is in 
good agreement with the value (135.8 ppm) of the chemical 
shift of the olefinic carbons in cycloheptene when corrected 
for substituents.ls 

Comparison of the 13C NMR spectra of labeled and unla- 
beled homoadamantene, recorded under identical operat- 
ing conditions, shows that no label scrambling occurred 
during the synthesis. The label was located exclusively a t  
the olefinic carbons. Mass spectrometric analysis indicated 
the 13C enrichment as 10 f 1%. 

Results a n d  Discussion 
H0moadamantene-4-'~C (7) was stirred with an excess of 

AlBr3 in carbon disulfide for 5 min at room temperature. 
Substantial amounts of tar (almost insoluble in CS2) were 
formed during the. reaction. The carbon disulfide solution 
was decanted from the tar, the solvent was evaporated, and 
the residue was sublimed to yield 20% of a crude product 
which was analyzed by GLC. The major product (8045%) 
was isolated by preparative GLC and identified as 2-meth- 
yladamantane (8) by I3C NMR, IH NMR, ir, and mass 
spectra, and GLC comparison with an authentic sample. 
Less than 0.5% of 1-methyladamantane was present.lg The 
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Table I 

2- Methyladamantane (8a) and 2.Methyladamantane- * 3C 
(8b) Obtained from Hom0adamantene-4-‘~C (7 )  

NMR Signal Intensities of Unlabeled 

Car - 
bono 

Chem- 
ical TI, 

shiftb secC 
Relative signal intensitiesd 

8ae 8bf 

39.2 19.5 
34.0 17.5 
39.6 10.5 
31.5 9.5 
28.7 16.5 
28.4 16.5 
38.8 11.5 
19.0 10.0 

1.10 f 0.05 
2.19 i: 0.01 
2.38 i 0.04 
2.25 f 0.02 
1.08 f 0.02 
1.06 i: 0.01 
1.11 i 0.03 
0.92 f 0.06 

5.27 i 0.05 
2.62 i 0.05 
2.72 f 0.16 
2.67 i 0.07 
1.08 i: 0.05 
1.07 i 0.04 
1.15 f 0.12 
5.52 i 0.06 

12 See Chart I, b. b Relative to Me,Si; solvent CDCl,. C Mea- 
sured in undegassed solutions. d Uncertainties are standard 
deviations. e The sum of the signal intensities was taken as 
12.1 (the number of carbons multiplied by the natural a- 
bundance of I3C); mean value of five measurements. f The 
sum of the signal intensities was taken as 22.1 f 1 (12.1 + 
10, the percentage of the enrichment); mean value of 
three measurements. 

proton-decoupled I3C NMR spectrum of 2-methyladaman- 
tane shows eight signals which were assigned according to 
Maciel et aLZ0 (see Table I and Chart I, b). The assignment 
of carbons e and f remains tentative. 

The signal intensities in routine 13C NMR spectra are 
generally not proportional to the number of equivalent car- 
bons owing to the saturation effect, different nuclear Ov- 
erhauser effect (NOE) enhancement for different carbons, 
the dependence of the digital spectrum signal intensities on 
their positions, and systematic errors of the spectrometer. 
To  eliminate the influence of the saturation effect a waiting 
time between successive pulses five times as long as the 
longest relaxation time was used. Dependence of signal in- 
tensities on their positions in the digital spectrum was 
avoided by using the narrowest possible sweep width (1250 
Hz) and a mathematical filteringz1 which enhanced the sig- 
nal to noise ratio and increased the signal width. By this 
procedure more than ten data points per signal were avail- 
able. The NOE enhancements were not eliminated, since 
the sample amounts were limited. The spectra of the la- 
beled and the unlabeled compounds were taken under pre- 
cisely the same operating conditions. Comparison of the 
corresponding relative signal intensities gave intensity en- 
hancements proportional to the amounts of the label a t  the 
particular positions. The results are shown in Table I. 

The relative signal intensities of all corresponding car- 
bons except for a and CH3 in labeled and unlabeled 2- 
methyladamantane are almost the same. There is a small 
increase in the signal intensities of carbon atoms b, c, and d 
in 2-methyladamantane obtained from homoadamantene- 
4-133c. However, the signal intensities of carbons a and CH3 
are significantly and equally enhanced. In other words, the 
majority of the label (-90%) in 2-methyladamantane ob- 
tained by AlBr3 catalyzed conversion of homoadamantene- 
4-92 is equally distributed between positions a and CH3. 

7 8 
* I 13c 

The mechanism of this reaction almost certainly involves 
protonation of the olefinic bond in the initial step to  form a 

carbonium ion. An analogous mechanism has been suggest- 
ed and is generally accepted for the Lewis acid catalyzed 
alkylations of alkenes by alkanes.22 Lewis acids readily 
react with moisture (e.g., from air) to form a strongly acidic 
c o m p l e ~ . ~ ~ ~ ~ ~  Such an acid can easily protonate olefinic 
bonds. Protonation of homoadamantene (7) presumably 
leads first to the classical 4-homoadamantyl cation (9) 
(Scheme 11). Homoadamantene does not have the required 

Scheme I1 
A- 

7 9 

6 10 

geometry for a concerted one-step transformation to a 
bridged ion, since the olefinic and two adjacent bridgehead 
carbons lie in the same plane and, therefore, the incipient 
empty p orbital a t  carbon Cq is perpendicular to  the Cs-CG 
bond. However, the classical cation 9 cannot give 2-meth- 
yladamantane (8) directly and probably rearranges rapidly 
to another intermediate which yields 8 by hydride abstrac- 
tion. The classical primary 2-adamantylcarbinyl cation 
may be ruled out as the intermediate because such carboni- 
um ions appear to be energetically inaccessible under nor- 
mal reaction conditions.z6 Since the majority of the label in 
2-methyladamantane-13C (8b) is equally distributed be- 
tween carbons a and CH3, only the olefinic carbons of ho- 
moadamantene-4-13C (7) are involved in the rearrange- 
ment. Any rearrangement involving other carbons would 
lead to extensive label scrambling. The unsymmetrically 
bridged 2-adamantylcarbinyl (4-homoadamantyl) cationz7 
(10) appears to be the most plausible intermediate to ac- 
count for the experimental results. This structure is a hy- 
brid between the primary 2-adamantylcarbinyl cation 
(loa) and the more strained but secondary I-homoada- 
mantyl cation (lob). 

10 10a 10b 

Protonation of homoadamantene in a nonpolar solvent 
like carbon disulfide presumably leads to intimate ion 
pairs. Stability differences between secondary and primary 
intimate ion pairs should be significantly reduced relative 
to those between the corresponding free ions. In addition, 
the adamantane skeleton is about 10 kcal/mol less strained 
than the homoadamantane skeleton.29 Consequently, the 
contribution of structure 10a should be predominant and 
hydride abstraction by the “primary” center leading to 2- 
methyladamantane (8) is highly favored. 

The small amount of label scrambling over carbons b, c, 
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and d indicates a limited extent of the degenerate homoad- 
amantyl rearrangement (Scheme 11). This leakage provides 
additional evidence for the intermediacy of the 4-homoada- 
mantyl cation. !Since degeneracy is generally limited by ion 
~ a i r i n g , l ~ ~ , ~ O  the small extent of degenerate homoada- 
mantyl rearrangement observed in CS2 is consistent with 
the formation of intimate ion pairs in this nonpolar solvent. 
In other media the degenerate homoadamantyl rearrange- 
ment is well known to occur to a large extent. For example, 
the 4-homoadamantyl cation formed in acetolysis and for- 
molysis of the specifically deuterated 4-homoadamantyl 
tosylate was reported to undergo extensive label scram- 
bling and degenerate ~ e a r r a n g e m e n t . ~ ~ a J ~ ~  In concentrated 
sulfuric acid the degenerate rearrangement of the 4-ho- 
moadamantyl cation is essentially complete.31 

Experimental Section 
The labeled K.13CN was purchased from Merck Sharp and 

Dohme, Canada Ltd. and contained 90% of I3C. AlBr3 (Fluka) was 
kept in a tightly closed flask; no special protection from air mois- 
ture was used during its handling. Other chemicals were analytical 
grade. All melting points were taken on a Kofler hot stage and are 
uncorrected. The 13C NMR spectra were taken at 22.628 MHz on a 
Bruker-Spectrospin HFX-90 spectrometer equipped with a B-SC- 
FFT-12 Fourier transform unit. Samples (40-50 mg) in deuter- 
iochloroform solutions (ca. 160 PI) were measured using a 5-mm 
cylindrical microcell. The deuterium signal of the solvent was used 
as the internal lock. The free induction decay signals were accumu- 
lated in 8192 data points. Chemical shifts are given in parts per 
million relative to internal MerSi. The 'H NMR spectra were re- 
corded on a Varian A-60A spectrometer using CDC13 as solvent, ir 
spectra were taken on a Perkin-Elmer M-257 spectrophotometer, 
and mass spectra on a Varian CH-7 mass spectrometer. GLC anal- 
yses were carried out on a Varian Aerograph M-1800 gas chroma- 
tograph with a M-480 integrator. All new compounds gave satisfac- 
tory elemental ansilyses. 

Silver cyanide-13C was obtained in quantitative yield by mix- 
ing aqueous solutions of KI3CN (KI3CN/KCN = 1:9) and AgN03 
in equimolar amounts. The product was collected by filtration, 
washed with water, alcohol, and ether, and dried in vacuo. 

Trimethylsilyl Cyanide-I3C (1). A modification of the re- 
ported15J7 procedures was used. A suspension of dry Ag13CN (7.5 
g, 56 mmol) in trimethylsilyl chloride (18.5 g, 170.5 mmol) was 
stirred vigorously for 3 days at room temperature in a tightly 
closed flask protected from light. The volatile liquid was then care- 
fully filtered from AgCl and unreacted Ag'3CN. A fresh amount of 
trimethylsilyl chloride (21.0 g, 193.5 mmol) was added to the mix- 
ture of silver salts, the suspension was stirred for 3 more days, and 
the liquid was filtered off. The combined filtrates (37.5 g), which 
contained 13% of 1 and 87% of trimethylsilyl chloride, were used 
directly in the following reaction step. The content of 1 was deter- 
mined by GLC (SE-30,55') or by integration of the methyl signals 
in the 'H NMR spectrum [6 1 0.73 ppm, (CH3)3SiCl: 0.85 ppm]. 
The overall yield of 1 was 88% (based on AgI3CN). 

2-Cyano-13C-2- trimethylsilyloxyadamantane (3) was pre- 
pared by a modification of Evans-Sundermeyer's synthesis15J6 for 
trimethylsilyl cyanohydrin ethers. To a mixture of 5.0 g (33.3 
mmol) of adamanitanone (2) and a catalytic amount of dry ZnIz, 
stirred in a flask closed with a rubber serum cap, 34.2 mmol of 1 
(26.0 g of a 13% solution of 1 in trimethylsilyl chloride) was added 
via syringe. The flask was previously flushed with dry nitrogen. 
The reaction is exothermic, byt external cooling is unnecessary for 
small scale preparations. The resulting clear solution was stirred 
for 2 hr at room temperature and filtered. The flask and the filter 
were rinsed with dry ether and combined filtrates were evaporated 
in vacuo without heating to give 8.15 g (98%) of 3: mp 92-95O; ir 
(KBr) 2900 s, 2850 w, 2230 w, 1450 s, 1250 s, 1115 s, 1080 s, 887 s, 
835 s, 755 cm-' s; 'H NMR 6 0.22 (9 H, s), 1.3-2.7 (14 H, m, maxi- 
mums at 2.0 and 1.7 ppm); mass spectrum mle (re1 intensity) 249 
(M+. 2.13). 234 (lOl0). 207 (11.7). 
2-Amin0methyl-*~C-2-hydroxyadamantane Hydrochloride 

(4). A solution of 8.1 g (32.3 mmol) of crude 3 in 10 ml of dry ether 
was added dropwise within 20 min to a stirred mixture of 1.4 g 
(37.0 mmol) of LiAIH4 in 30 ml of dry ether. The reaction mixture 
was stirred under gentle reflux for an additional 2 hr, cooled to 
room temperature, and diluted with 30 ml of ether. Water (20 ml) 
and 15% NaOH ( 2 !  ml) were added dropwise, followed by more 
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water until two layers separated. The aqueous layer was extracted 
five times with 50 ml of ether. (2-Methylamino-2-hydroxyadaman- 
tane32 is only moderately soluble in ether). The combined ether ex- 
tracts were dried overnight and filtered. Dry gaseous HC1 was in- 
troduced until no more solid precipitated (2-3 hr). The product 
was collected by filtration and air dried to yield 4.6 g (65%) of 4, 
mp 287-290' dec (lit.13b mp 288-290" dec.). 
4-Homoadarnantan0ne-5-~~C ( 5 )  was prepared in 71% yield 

starting from 4.5 g (20.7 mmol) of 4 following Schlatmann's proce- 
d ~ r e , ' ~ ~  except that the precipitate formed in the reaction was not 
collected by filtration but extracted five times with 20-ml portions 
of ether. The combined extracts were washed three times with sat- 
urated NaHC03 solution, dried, and evaporated. The crude prod- 
uct was sublimed to give 2.4 g (71%) of 5 (-95% pure by GLC). If 
necessary, 5 can be purified by column chromatography on A1203 
(neutral, activity 11) using ether as the eluent. 
4-H0moadamantanone-5-'~C Tosylhydrazone (6). To a solu- 

tion of 2.7 g (14.5 mmol) of p-toluenesulfonylhydrazide in 7 ml of 
warm methanol was added 2.3 g (14 mmol) of 5 in small portions. 
The reaction mixture was allowed to stand overnight in a refrigera- 
tor and the crystallized product (4.1 g) was collected. Additional 
0.3 g of the product was obtained from the mother liquor. The 
overall yield was 4.4 g (95%), mp 169-172O. 

Homoadamantene-4-13C (7). Methyllithium (20 ml of a 2 M 
solution in ether) was added dropwise over 30 min to a suspension 
of 3 g (9.0 mmol) of 6 in 15 ml of dry ether stirred at Oo in a nitro- 
gen atmosphere. The stirring was continued for 2-3 hr at OD and 
overnight at room temperature. The reaction mixture was diluted 
with 10 ml of ether and water was added dropwise until two layers 
separated. (The color of the reaction mixture changed gradually 
during the addition of water from brown-red through yellow to 
white.) The reaction mixture was neutralized with dilute HCl and 
the aqueous layer was extracted four times with ether. The com- 
bined extracts were dried, the solvent was removed through a Vi- 
greux column, and the residue was sublimed in vacuo tu give 0.8 g 
(60%) of 7 (99% pure by GLC), mp 236-238'. 

Reaction of H0moadamantene-4-'~C (7) with AlBr3. A solu- 
tion of 250 mg (1.7 mmol) of 7 and 750 mg (2.8 mmol) of AlBr3 in 5 
ml of CS2 was stirred for 5 min at room temperature. A substantial 
amount of tar was formed during the reaction. The reaction mix- 
ture was diluted with 5 ml of CS2 and 100 ml of ice-water was 
added. The layers were separated, and the carbon disulfide solu- 
tion was washed with water and dried. The solvent was carefully 
removed through a Vigreux column to give 51.4 mg (20.3%) of 
crude product. GLC analysis (SE-30, 80') indicated a single major 
product and four minor products (15-20% in total) with considera- 
bly longer retention times. The major product was isolated by pre- 
parative GLC (30% SE-30, 120') and identified as 2-methylada- 
mantan,e by 13C NMR, 'H NMR, ir, and mass spectra and GLC 
comparison with an authentic sample. 

A partly reacted sample of 7 was isolated from the reaction mix- 
ture as described for the product. The I3C NMR spectrum indicat- 
ed no label scrambling. 
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