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ABSTRACT

The reaction of adamantane (1) with CO (1 atm) in 1,2-dichloroethane at room temperature in the presence of GaCl 3 results in formylation to
give 1-adamantanecarboxaldehyde (2) in up to 84% yield.

The Koch-Haaf reaction is a well-known and useful method
for preparing carboxylic acids from olefins or alcohols,
carbon monoxide (CO), and H2O in the presence of a strong
acid.1 Saturated alkanes can also be used as substrates in
this carboxylation reaction.2 The carboxylation of saturated
alkanes can be achieved by using superacidic media such as
HF-SbF5, which abstracts a hydride from an alkane to give
a carbocation (Scheme 1). The resulting carbocation reacts
with CO to generate acylium cations, which then undergo
hydrolysis to give carboxylic acids. Acylium cations can also
be used to produce aldehydes by abstraction of a hydride
from an alkane or an EH, which is formed in the first step
(Scheme 1). There are, however, only a few examples of
the synthesis of aldehydes via the reaction pathway described
above, presumably because of the instability of aldehydes
compared to carboxylic acids under the strongly acidic

reaction conditions used.3 Other reasons would be the lack
of a hydride source to react with the acylium cation when
the reaction is carried out under strongly acidic conditions
or when a strong electrophile (E+) is used because no hydride
source exists or the EH cannot function as a hydride source,
respectively.

The first isolation of aldehydes by the superacid-mediated
carbonylation reaction of saturated alkanes was reported by
Olah.4 Thus, the carbonylation of adamantane (1) in super-
acidic media such as CF3SO3H, B(OSO2CF3)3-HSO3CF3 and
SbF5-HSO3CF3 was demonstrated to yield a small amount
(up to 21% yield) of 1-adamantanecarboxaldehyde (2) in
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Scheme 1. Carbonylation of Saturated Alkanes
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addition to the usual main product, 1-adamantanecarboxylic
acid (60-75%). Olah subsequently reported that AlCl3 can
also be used to mediate the formylation of1 in CH2Cl2 but
that the carboxylic acid was still the major product and the
yield of the aldehyde was low (maximum of 21%).5 More
recently, Akhrem reported that2 is formed in nearly
quantitative yield when CH2Br2/2AlBr3 is used as an elec-
trophile precursor (E+) to abstract a hydride from1 with
methylcyclopentane as the hydride source.6 In many of the
cases reported so far, more than equimolar amounts of acids
compared to the substrates are necessary for the reaction to
proceed effectively.

Meanwhile, GaCl3,7,8 a mild Lewis acid compared to
AlCl3, is also known to generate carbocations from tertiary
alkanes, similar to AlCl3. Yamaguchi reported on GaCl3-
catalyzed reactions of alkanes with aromatics and proposed
that the reaction is initiated by hydride abstraction from the
alkane by GaCl3.8 Accordingly, it would be expected that

GaCl3 would effectively promote the carbonylation of
adamantane. Herein, we report on the GaCl3-mediated
reaction of adamantane with CO leading to 1-adamantane-
carboxaldehyde. The reaction does not require excess GaCl3,
and a hydride source is not required for the reaction to
proceed.

It was interesting to discover that GaCl3 functions as a
promoter of the formylation of adamantane. Thus, the
reaction of adamantane (1, 1 mmol) and GaCl3 (1 mmol) in
1,2-dichloroethane (1 mL) under 10 atm of CO at 80°C for
12 h gave 1-adamantanecarboxaldehyde (2) in 47% GC yield
with the nearly complete consumption of adamantane (entry
1, Table 1 ). The report by Akhrem6 that the formylation of
adamantane could be achieved, even at room temperature
under 1 atm of CO, inspired us to carry out the reaction under
milder reaction conditions. However, when the CO pressure
was lowered to 1 atm at 80°C, 1 was completely consumed
with none of the desired aldehyde2 being detected (entry
2). On the other hand, a reaction at room temperature at 10
atm of CO resulted in the formation of the aldehyde in
moderate yield with 20% of unreacted1 being recovered
(entry 3). Moreover, we could successfully lower the CO
pressure to 1 atm when the reaction was conducted at room
temperature, although the conversion was not as high (entry
4). After a series of experiments, we found that the yield
could be improved by decreasing the amount of solvent used
to 0.5 mL and by shortening the reaction time to 40 min.
Thus, the conversion was increased by 85%, giving2 in 77%
(entry 5). Furthermore, when 1.5 mmol of GaCl3 was used,
1 was fully consumed and2 was produced in a yield of 84%
(entry 6).

A systematic examination of the solvents used revealed
that dichloromethane is also appropriate for the reaction,
while the use of cyclohexane gave a lower yield (entries 7
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Table 1. GaCl3-Mediated Formylation of Adamantane (1)

yields (%)a

entry reaction conditions 2 1

1 GaCl3 1 mmol, 1,2-DCE 1 mL, CO 10 atm, 80 °C, 12 h 47 1
2 GaCl3 1 mmol, 1,2-DCE 1 mL, CO 1 atm, 80 °C, 12 h 0 0
3 GaCl3 1 mmol, 1,2-DCE 1 mL, CO 10 atm, rt, 12 h 63 20
4 GaCl3 1 mmol, 1,2-DCE 1 mL, CO 1 atm, rt, 1 h 55 40
5 GaCl3 1 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 77 15
6 GaCl3 1.5 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 84 1
7 GaCl3 1 mmol, CH2Cl2 0.5 mL, CO 1 atm, rt, 40 min 76 15
8 GaCl3 1 mmol, cyclohexane 0.5 mL, CO 1 atm, rt, 40 min 34 55

9b GaCl3 1 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 19 68
10 AlCl3 1 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 75 25
11 GaBr3 1 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 58 6
12 AlBr3 1 mmol, 1,2-DCE 0.5 mL, CO 1 atm, rt, 40 min 60 22

a GC yield. b Methylcyclopentane (2 mmol) was added.
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and 8). We also examined the effect of methylcyclopentane,
which was used as a hydride source by Akhrem.6 However,
the addition of methylcyclopentane led to a significant
deterioration in the yield of the desired product (entry 9).
We next investigated the effect of Lewis acids other than
GaCl3. Although Olah reported the AlCl3-mediated formy-
lation of adamantane at CO pressures as high as 70 atm, our
optimal reaction conditions, requiring room temperature and
1 atm of CO afforded the desired aldehyde2 in much higher
yields than that reported by Olah (entry 10). Among some
other Lewis acids examined, GaBr3 and AlBr3 gave lower
yields than the analogous chloride Lewis acids (entries 11
and 12). InCl3 and ZrCl4 did not promote the formylation at
all. In an attempt to use methylcyclohexane as a starting
material, no formylation product was observed.

In a possible reaction mechanism, GaCl3 initially abstracts
a hydride from adamantane to generate the 1-adamantyl
cation3 (Scheme 2). The cation3 reacts with CO, and the
resulting acylium cation4 abstracts a hydride from the
gallium hydride species, formed in the first step, to give
1-adamantanecarboxaldehyde. The rate-determining step is
assumed to be the first hydride abstraction to form the
1-adamantyl cation3. This is supported by the fact that the
effects of CO pressure on the efficiency of the reaction are
negligible. We hypothesize that the hydride source in the
final step is the gallium hydride species, and not adamantane.

On the other hand, in the Akhrem reaction system, methyl-
cyclopentane was used as a hydride source. This difference
in hydride source might be attributed to differences in the
reactivity of the hydride abstraction reagents used. Akhrem’s
reagent is so reactive and highly electrophilic that hydride
abstraction occurs irreversibly. In contrast, GaCl3 is less
electrophilic, and consequently the generated gallium hydride
species (HGaCl3

-) can easily release hydride to4. It is also
noteworthy that the formylation of adamantane proceeded
only in the presence of a normal Lewis acid, such as GaCl3,
although superacidic conditions have frequently been em-
ployed for this transformation.

In conclusion, we describe the GaCl3-mediated carbony-
lation of adamantane to 1-adamantane-carbaldehyde under
mild reaction conditions such as room temperature and an
atmospheric pressure of CO of 1.9 The reaction requires only
1 equiv of GaCl3 and does not require a hydride source.
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(9) Typical Procedure. A 8 mL screw-cap vial with a rubber septum
was charged with GaCl3 (1.0 M in methylcyclohexane, 1 mmol, 1 mL) by
means of a syringe, and the methylcyclohexane was removed in vacuo.
The residue was dissolved in 1,2-dichloroethane (0.5 mL), and adamantane
(1) (1 mmol, 136 mg) was added. A syringe needle was introduced through
the rubber septum, and the vial was placed in a 50 mL stainless autoclave.
The system was flushed with 10 atm of CO three times and finally was
pressurized to 1 atm. After 40 min, the vial was removed from the autoclave
and the reaction mixture was treated with a saturated aqueous Na2CO3.
The solution was extracted with Et2O three times. The combined organic
layer was then washed with H2O, dried over MgSO4, and evaporated to
dryness under reduced pressure. The column chromatography of the residue
on SiO2 (hexane/Et2O ) 10/1) gave 1-adamantanecarboxaldehyde (2) as a
white solid (116 mg, 70% yield):1H NMR (CDCl3) δ 1.60-1.83 (c, 12H),
2.02-2.15 (c, 3H), 9.31 (s, 1H); MS,m/z(relative intensity, %) 164 (M+,
2.9), 135 (100), 107 (12), 93 (29), 79 (41), 67 (21), 55 (14).

Scheme 2. Possible Reaction Mechanism

Org. Lett., Vol. 6, No. 23, 2004 4325


