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Abstract An improved method for the decarbonylation of aliphatic
aldehydes by using a commercially available Pd/C catalyst is described.
The reaction conditions are suitable for linear, cyclic, or sterically de-
manding substrates, as they afford the corresponding alkanes in yields
of up to 99%. In addition, this Pd/C-catalyzed method exhibits good
functional-group tolerance. A comparison of previously reported meth-
ods with the present one showed that the reaction conditions play a
crucial role in the outcome of the reaction. The method can also be
applied in a two-step reaction sequence for the synthesis of industrially
important compounds.
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The removal of functional groups from densely func-
tionalized molecules represents a valuable transformation
in synthetic organic chemistry and process research.!
Whereas carbonyl groups are often essential to the efficient
and convergent assembly of target structures, many final
products lack carbonyl groups, and consequently there is a
need for the development of decarbonylation processes. In
particular, the decarbonylation of aldehydes has been
shown to be an important step in syntheses of industrial
chemicals from biomass? or of complex intermediates;? it
can also provide an in situ source of carbon monoxide.* The
decarbonylation of aliphatic aldehydes is a step in the bio-
synthesis of linear carbohydrates, which are important for
the survival and reproduction of microorganisms,’ plants,’
and animals.”

The decarbonylation of aromatic compounds leads to
alkylated benzenes, which are a common substructure in
natural products (Figure 1).2 In addition, alkylated aromatic
compounds are valuable intermediates that are widely used
in the synthesis of industrially important compounds, such
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as pesticides, dyes, and surfactants that are key ingredients
of detergents (Figure 1).>1° Palladium and rhodium!! are
the most frequently used metals in the transition-metal-
catalyzed decarbonylation of aldehydes.!? Several methods
for the removal of aldehyde functional group employ a solid-
supported palladium catalyst.>'*> The palladium/carbon-
catalyzed decarbonylation of aromatic aldehydes has been
known since the1960s,'% but the Pd/C catalyzed decarbon-
ylation of aliphatic aldehydes had not been investigated in
detail' not even when it was reported for the first time by
Hawthorne and Wilt who used palladium/carbon at elevat-
ed temperatures.!?? Also, Tsuji and co-workers reported the
palladium-catalyzed decarbonylation of aliphatic aldehydes
in the gas phase by using palladium/carbon.?>12¢ Despite
their importance, these procedures had several drawbacks:
high temperatures were required (>180 °C), and complex
reaction mixtures were obtained that included products of
dehydrogenation, isomerization, and decarbonylation.
Recently, Monguchi and Sajiki and their co-workers accom-
plished a Pd/C-catalyzed decarbonylation of dihydrocin-
namaldehydes in isopropanol at 120 °C under an oxygen at-
mosphere.’> The addition of Na,CO; promoted the retro-
hydroformylation reaction, and the corresponding styrene
derivatives were obtained in good yields.
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Figure 1 Representative alkylated aromatic compounds

© Georg Thieme Verlag Stuttgart - New York — Synlett 2018, 29, A-E

Heruntergeladen von: University of Sussex. Urheberrechtlich geschiitzt.


http://orcid.org/0000-0003-4942-4042

Synlett V. Ajdaci¢ et al.

We recently developed a method for decarbonylation of
aromatic aldehydes by using a maghemite-supported palla-
dium catalyst.'® As a continuation of this research, we
examined the use of a Pd/C catalyst for the decarbonylation
of aliphatic aldehydes and the formation of the correspond-
ing alkanes.

As presented in Table 1, we found that palladium/carbon
afforded good to excellent yields of the corresponding de-
carbonylated products in cyclohexane at 130 °C. The decar-
bonylation of hydrocinnamaldehyde (1a) and phenylacetal-
dehyde (1d) resulted in good yields of the desired products,
ethylbenzene (2a) and toluene (2d), respectively (Table 1).

Table 1 Scope of Pd/C-Catalyzed Decarbonylation of Aliphatic
Aldehydes

Pd/C (5 mol%)
cyclohexane, MS
argon, 130 °C, 24 h
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1e,n=5 2f, n =6 (50%)*
1f,n=6 2g,n=7 (54%)*
1g,n=7 2h, n=8(99%)*
1h,n=8

Table 1 (continued)
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2 Yields by GC/MS with naphthalene as an internal standard.

bYield by NMR spectroscopy. (The reaction was performed in C¢Dg, and
methyl benzoate was used as an internal standard.)

¢Isolated yield.

9 Yield by NMR spectroscopy. (The reaction was performed in C¢Dg, and
naphthalene was used as an internal standard.)

€10 mol% Pd/C.

fThe reaction time was 48 h.

Furthermore, 3,3-diphenylpropanal (1b) gave 1,1-
diphenylethane (2b) as the major product, along with 1,1-
diphenylethylene (3b) as the minor product (Table 1 and
Scheme 1).
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Scheme 1 Comparative study of the decarbonylation of hydro-
cinnamaldehyde and 3,3-diphenylpropanal

A comparison of these experimental results with those
obtained by Monguchi, Sajiki, and co-workers!> suggested
that the outcome of the decarbonylation reaction is strong-
ly dependent on the reaction conditions (Scheme 1). The
presence of Na,CO; and an oxygen atmosphere promote the
retro-hydroformylation reaction and the formation of the
corresponding styrene.
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The decarbonylation was also applicable to long-chain
aliphatic aldehydes (Table 1). Nonanal (1f) was completely
consumed to give octane (2f) in 50% yield. Notably, oct-1-
ene was not detected by GC-MS. The lower yield is presum-
ably due to co-evaporation of the desired product during
the reaction. In addition, undecanal (1h) was converted
completely into decane (2h). For octanal (1e) and decanal
(1g), the corresponding alkanes 2e and 2g were obtained as
the major products, along with mixtures of alkenes in 14%
and 13% yield, respectively. The decarbonylation of the ster-
ically demanding adamantanes 1-adamantylacetaldehyde
(1j) and adamantane-1-carbaldehyde (1k) gave the desired
products 1-methyladamantane (2j) and adamantane (2k)
in 78% and 54% isolated yield, respectively. For the adaman-
tane aldehydes, we observed that the reaction was not
completed with 5 mol% of Pd/C; instead the use of a 10
mol% loading of Pd/C and an extension of the reaction time
to 48 hours were required to attain full conversion of the
starting materials. Moreover, alkenyl aldehyde 11 gave the
desired decarbonylated product 21 in good yield. Notably,
the decarbonylation could also be extended to aryl chlo-
rides. The decarbonylation of 3-(3-chlorophenyl)propanal
(1m) afforded 1-chloro-3-ethylbenzene (2m) in 51% yield,
along with a 15% yield of 1-chloro-3-ethenylbenzene.

To gain a better insight into the outcome of the decarbo-
nylation reaction, we performed the decarbonylation of
hydrocinnamaldehyde (1a) and cyclohexanecarbaldehyde
(1i) in CgDg, at 130 °C for 24 hours, and analyzed the spectra
of the reaction mixtures (Table 1 and Supporting Informa-
tion). As expected, the starting material was consumed and
the corresponding decarbonylated products, ethylbenzene
(2a) and cyclohexane (2i) were obtained in good yields as
the only products. Notably, the formation of styrene and
cyclohexene was not detected.

The use of the aldehyde functional group as a protective
group!” or as a transient directing group'® makes the decar-
bonylation reaction very appealing for the synthesis of di-
verse organic compounds, including several natural prod-
ucts.'® The utility of the decarbonylation reaction was fur-
ther demonstrated in the syntheses of alkylated aromatic
compounds (Scheme 2). The a-aryl carbonyl compounds 1n
and 1o were synthesized by a previously reported meth-
0d,2%?! involving the Pd-catalyzed a-arylation of octanal
with the corresponding bromoarenes. The a-aryl carbonyl

1) Pd/C (5 mol%)
cyclohexane, MS
argon, 130 °C, 24 h

2) Hp, Pd/C, EtOH, r.t.

compounds 1n and 10 were successfully decarbonylated to
give the corresponding products 2n and 20 in good to ex-
cellent yields (Scheme 2).

o-Arylation/decarbonylation

Pd(OAc), L
Br Cs,C03

o dioxane, 80°C R
_ >
+ HM
CHO

for 1n L = XantPhos
for 10 L = rac-BINAP

1n, R = OCHg, 65%
10, R = COCH3, 34%

Pd/C (5 mol%)
cyclohexane, MS
argon, 130 °C, 24 h

RO\/O
2n, R = OCHj, 95%

20, R = COCHg, 76%

Scheme 2 The scope of the method

We further demonstrated, in one example, that the de-
carbonylation reaction can be employed on the densely
functionalized inexpensive natural product 4 (Scheme 3).

Unfortunately, besides the desired alkane 5, significant
amounts of alkene products were also obtained (al-
kane/alkene ratio <55:45). This drawback was overcome by
adding H, gas, and after hydrogenation, the corresponding
saturated decarbonylated derivative was obtained in a good
yield. Despite the low selectivity, with this substrate we
demonstrated that the corresponding saturated product
could be obtained in good yield by a two-step procedure.

When (t)-citronellal (6) was subjected to the decarbon-
ylation reaction, the decarbonylated product 7 and p-cy-
mene (9) were obtained in 36% and 23% yield, respectively,
along with 2,6-dimethylheptane (8) and a mixture of
dienes and other compounds (Scheme 4). The formation of
p-cymene might occur through an intramolecular alkene
hydroacylation reaction (Scheme 4).

To gain a better insight into the mechanism of the de-
carbonylation reaction, we performed a deuterium-labeling
experiment. (Scheme 5). The decarbonylation of [a-D;]-1-
adamantylacetaldehyde (d-1j) gave [1D,]-1-methylada-

4

Scheme 3 Decarbonylation of natural product 4

85% .
AcO
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Pd/C (5 mol%)
cyclohexane MS
argon 130°C, 24 h
) ° '

6 7,36% 8,8% 9, 23%

PdO

T

Scheme 4 Decarbonylation of ()-citronellal (6). The GC-MS yield,
with naphthalene as an internal standard is reported

mantane (d-2j; Scheme 5). The partial loss of the deuteri-
um label suggested that the decarbonylation of d-1j is slow-
er than that of 1-adamantylacetaldehyde (1j).12"

Pd/C (10 mol%)
cyclohexane, MS
argon, 130 °C, 48 h D(s6%)
—_—

61%
d-2j

Scheme 5 Deuterium labeling experiment

On the basis of the above observed results and previous
reports,'2" we propose the plausible mechanism for the de-
carbonylation of aliphatic aldehydes shown in Scheme 6.

Hz co
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Scheme 6 Proposed mechanism for the decarbonylation of aliphatic
aldehydes

Oxidative addition of the C(O)-H bond of the aldehyde
to palladium provides an acylpalladium hydride complex.
Subsequent migratory extrusion of carbon monoxide and
reductive elimination gives the alkane product, while de-
sorption of CO regenerates the catalyst.

In conclusion, we have reassessed the reaction condi-
tions for the decarbonylation of aliphatic aldehydes and the
formation of the corresponding alkanes.?? The reaction con-

ditions that we report are milder than those previously re-
ported, and there are few or no byproducts.'?2< The conver-
sion of all substrates resulted in good to excellent yields of
the desired products. The reaction conditions could also be
applied to sterically demanding substrates. In addition, a
variety of functional groups, including alkenyl, ketone,
ether, and ester, were well tolerated in this process. The
level of functional-group compatibility extends even to re-
active aryl halides. The method is also applicable in a two-
step procedure for the synthesis of alkylated aromatic com-
pounds that have a variety of uses in industry.
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