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Synthesis of 2-Arylpropionaldehydes through Hydroformy}lation
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The rhodium—phospholes and rhodium-phosphanorbornadienes-catalyzed hydroformylation of the readily
available vinylarenes 1-3 gives rise to arylpropionaldehydes 4-6 in good yields.

Introduction

Now that 2-arylpropionic acids are commonly used as
antiinflammatory drugs,! there is much interest in their
simple and economic synthesis.2 Recently, Riley and
co-workers® reported an efficient method based on the
oxidation of the corresponding 2-arylpropionaldehydes
using manganese stearate as oxidizing agent and m-
chloroperoxybenzoic acid as catalyst initiator. The major
preparations reported for these aldehydes start from aryl
olefins? or aryl methyl ketones.? However, their drawbacks
include being multistep processes or requiring expensive
reagents.
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A nice and simple way to synthesize 2-arylpropion-
aldehydes (4-6) is the hydroformylation of the easily
available?4¢88b corresponding vinylarenes (1-3) (eq 1).

CHO
N COH, CHO ()
p catalysts p + p
R R R

R=H 1 4 7
R =p-iBu 2 5 8
R=mPhO 3 6 9

This reaction has been attempted by using ruthenium,*
cobalt,” rhodium,™® iridium,* and platinum® catalysts, but
high activities and selectivities to the branched aldehydes
4-6 were achieved with rhodium—phosphane systems only.
For example, the rhodium-triphenylphosphine-catalyzed
hydroformylation of styrene 1 proceeds under mild con-
ditions (25 °C, 1 bar), and hydratropaldehyde 4 selectivities
up to 94% can be achieved.!?

We previously reported that phospholes 10! and
phosphanorbornadienes 1112 are efficient ligands for the
rhodium-catalyzed hydroformylation of 1-hexene under
mild conditions.* We therefore attempted to synthesize
2-arylpropionaldehydes 4-6 (eq 1) by the use of these new
catalytic systems.

Results and Discussion
We first performed the hydroformylation of styrene (i)
to prepare hydratropaldehyde 4, an important starting
material for cosmetics, polymers, or pharmaceuticals,'* and
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1,2,5-tfriphenylphosphole, TPP
1-o-olyl-2,5-diphenylphosphole, o-TDPP
1-tert-butyl-3,4-dimethylphosphole, t-BDMP
1,2,3,4,5-pentaphenyl phosphole, PPP
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3,4-dimethyl-2,5 6-triphenyl-1-phosphanorbornadiene, DMTPPN
2,3,6,7,7 -pentaphenyl-1-phosphanorbornadiene, PPPN

(ii) to select the phospholes and the phosphanor-
bornadienes to be used for the hydroformylation of sub-
stituted styrenes, 2 and 3. The phospholes and the
phosphanorbornadienes were evaluated by comparison
with triphenylphosphine, which is the best ligand described
so far for the rhodium-catalyzed hydroformylation of vi-
nylarenes!®1 (Table I, entries 1-8).

As may be seen, the phosphanorbornadienes are as se-
lective as triphenylphosphine (entries 3 and 6 vs entry 2);
no hydrogenation of styrene occurs, but a good activity is
attained with PPPN only. Except for t-BDMP, which
gives rise to a catalytically inactive system,'® the phos-
pholes lead to hydratropaldehyde selectivies below 90%.
Furthermore, with o-TDPP, 16% of the styrene consumed
is hydrogenated (entry 4). As observed with 1-hexene,!?
the highest activity is obtained with TPP. However, since
the conversion reaches 100%, the catalytic activity, as
measured by TOF (Table I), could have been underesti-
mated. Runs performed in 3 h revealed that TPP is ac-
tually 2 times more active than triphenylphosphine (Table
I entry 9 vs entry 10).

These results show that only TPP and PPPN are of
interest for the rhodium-catalyzed hydroformylation of
styrene (entries 3 and 9). Since one of the main goals in
fine chemical synthesis is to tend toward mild reaction
conditions, these two phosphanes were used at 25 °C for
the hydroformylation of styrene 1, p-isobutylstyrene 2, and
m-phenoxystyrene 3 (Table I, entries 11 to 19).

Decreasing the temperature influences the styrene hy-
droformylation rate, especially with the triphenyl-
phosphine system. At 25 °C, TPP is much more active
but less selective than triphenylphosphine (entry 11 vs
entry 13). Among the phosphanes studied, the most ef-
ficient ligand is PPPN which exhibits a good activity (4
times more active than triphenylphosphine) and a high
selectivity to hydratropaldehyde (91%) (entry 12). Under
these mild conditions neither hydrogenation of the sub-
strate nor side reactions of the aldehydes occur.

The hydroformylation of p-isobutylstyrene 2 (entries
14-16) leads to the same results as that of styrene. Com-
pared to triphenylphosphine, the Rh—TPP system exhibits
a high activity but a modest selectivity to the desired
branched aldehyde (entry 14 vs entry 16). PPPN is the
most efficient ligand for the synthesis of the aldehyde 5,
which is a direct precursor of 2-(p-isobutylphenyl)-
propanoic acid known as Ibuprofen.?® This system is 2
times more active than the triphenylphosphine-based one
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and yields only aldehydes and selectively the desired
branched isomer 5 (entry 15).

The m-phenoxy group dramatically influences the be-
havior of the Rh—TPP system. The activity is higher than
that observed with styrene and p-isobutylstyrene (entry
17 vs entries 11 and 14), and for the first time the branched
aldehyde selectivity reaches that obtained with tri-
phenylphosphine. The Rh-PPPN system is also conven-
ient for m-phenoxystyrene hydroformylation; it is as se-
lective and 7 times more active than the triphenyl-
phosphine-based one (entry 18).

Under these mild reaction conditions, the Rh-TPP
system is the most efficient for the synthesis of aldehyde
6, a precursor of 2-(m-phenoxyphenyl)propanocic acid
known as Phenoprofen. These results, together with the
property of the Rh—-TPP system to reach its optimum
activity and selectivity for a phosphorus to rhodium ratio
of 2,'8 show its high potential in hydroformylation reac-
tions.

In conclusion, the use of phospholes and phosphanor-
bornadienes as ligands in the rhodium-catalyzed hydro-
formylation of vinylarenes leads to very efficient catalytic
systems. Aldehydes 4-6, precursors of 2-arylpropionic
acids of pharmaceutical interest, can be easily prepared
from readily available starting materials®® thanks to Rh—
PPPN or Rh-TPP systems. No side reaction such as
hydrogenation of the substrate occurs, and it can be an-
ticipated that the desired branched aldehyde selectivity
may be increased by tailoring the reaction parameters,
especially the hydrogen/carbon monoxide ratio.!®

Experimental Section

General Procedures. 'H NMR spectra were recorded at 90
MHz on a Bruker WH 90 spectrometer in CDCl; using tetra-
methylsilane as internal standard. Infrared spectra were measured
with a Perkin-Elmer 597 spectrometer. GC analyses were per-
formed on an Intersmat IGC 120 flame ionization detector gas
chromatograph. All solvents were carefully dried, distilled, and
stored according to literature procedures.l” Similarly, all reagents
were stored under argon after distillation or recrystallization.

Starting Materials. All the gases were high quality gases
(argon U, carbon monoxide N20, and hydrogen U) from L’Air
Liquide. Triphenylphosphine (Janssen Chimica, 98%) was re-
crystallized from methanol. Phospholes and phosphanor-
bornadienes were kindly supplied by Dr. F. Mathey and syn-
thesized according to published procedures.!!? Triethylamine
(Janssen Chimica, 39%) was distilled from potassium hydroxide
just before use. The catalyst precursor [Rh(CO),Cl], was prepared
according to the procedure of Mc Cleverty and Wilkinson.!8

The starting vinylarenes (1-3) and authentic samples of the
aldehydes (4—6) were either commercially available (styrene 1 and
hydratropaldehyde 4 from Fluka) or prepared as follows.

p-Isobutylstyrene (2). A mixture of 1-(p-isobutylphenyl)-
1-chloroethane (18.0 g, 91.5 mmol), tetrabutylammonium bromide
(2.95 g, 9.15 mmol), potassium hydroxide (5.13 g, 91.6 mmol), and
3-tert-butyl catechol (0.2 g) was heated at 120 °C for 1 h. Dis-
tillation of the reaction mixture afforded 7.94 g (54%) of p-iso-
butylstyrene, bp 45 °C (0.5 Torr), whose spectral data *H NMR,
IR) are in agreement with reported values.?

2-(p-Isobutylphenyl)propanol. A solution of Ibuprofen (2.28
g, 11 mmo)) in diethyl ether (30 mL) was slowly added to a stirred
solution of LiAlH, (0.720 g, 19 mmol) in diethyl ether (30 mL)
at 10 °C. After the mixture was stirred for 4 h, water (100 mL)
was added dropwise to decompose excess hydride; 10% sulfuric
acid (30 mL) was then added, affording a clear solution. The
mixture was extracted with diethyl ether, washed successively
with 10% sulfuric acid, 5% aqueous sodium hydrogen carbonate,
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Table I. Hydroformylation of Vinylarenes 1-3 Catalyzed by Rhodium-Phosphole and Rhodium-Phosphanorbornadiene

Systems®
branched
aldehyde®
entry R phosphane temp, °C time, h conversion, %  aldehyde® (%) (%) TOF 3 h!

1 H TPP 40 6.0 100 (90)¢ 4 + 7 (100) 4 (84) 40

2 H PPh, 40 6.0 87 4+ 17(99) 4 (94) 32

3 H PPPN 40 6.0 82 4+ 799 4 (91) 30

4 H o-TDPP 40 6.0 75 4+ 7 (84) 4 (80) 29

5 H PPP 40 6.0 49 4 + 7 (100) 4 (87) 19

6 H DMTPPN 40 6.0 32 4 + 7 (100) 4 (94) 13

7 H t-BDMP 40 6.0 0 4+7(0) 4 (0) 0

8 H none 40 6.0 0 4+7(0) 4 (0) 0

9 H TPP 40 3.0 87 4 + 7 (100) 4 (83) 67
10 H PPh, 40 3.0 35 4 + 7 (100) 4 (93) 28
11 H TPP 25 6.0 64 4 + 7 (100) 4 (85) 24
12 H PPPN 25 6.0 46 4 + 7 (100) 4 (91) 17
13 H PPh, 25 6.0 10 4 + 7 (100) 4 (95) 4
14 p-iBu TPP 25 6.0 79 5 + 8 (100) 5 (83) 27
15 p-iBu PPPN 25 6.0 58 5 + 8 (100) 5 (90) 22
16 p-iBu PPh, 25 6.0 29 5+ 8 (100) 5 (94) 10
17 m-PhO TPP 25 6.0 95 6 + 9 (100) 6 (91) 35
18 m-PhO PPPN 25 6.0 64 6 + 9 (100) 6 (93) 24
19 m-PhO PPh, 25 6.0 9 6 + 9 (100) 6 (93) 3.3

¢[Rh(C0),Cl]; = 0.02 mmol, vinylarene/Rh = 220-240, phosphorus/Rh = 5, 20 bar, CO/H, = 1/1, Et;N/Rh = 10, toluene 8 mL.
4 Defined as moles of linear and branched aldehydes formed per mole of vinylarene consumed, as determined by GC. ©As determined by GC
and 'H NMR (integration of the aldehydic protons). ¢Turnover frequency defined as moles of substrate hydroformylated per mole of

catalyst per hour. ¢Isolated yield (see Experimental Section).

and water, and dried over magnesium sulfate. Removal of the
solvent gave 1.98 g (94% yield) of 2-(p-isobutylphenyl)propanol
whose spectral data *H NMR, IR) are in agreement with reported
values.1®

2-(p-Isobutylphenyl)propanal (5). A solution of dry di-
methyl sulfoxide (0.9 mL, 12.7 mmol) in CH,Cl, (15 mL) was
added dropwise to a cold (~78 °C) solution of oxalyl chloride (0.5
mL, 5.8 mmol) in CH,Cl, (5 mL) over 6 min. After 10 min, a
solution of 2-(p-isobutylphenyl)propanol (1.01 g, 5.25 mmol) in
CH,Cl, (56 mL) was added dropwise. After 1 h, triethylamine (3.7
mL, 26.4 mmol) was added, and the reaction mixture was allowed
to warm to room temperature. After addition of water (20 mL)
the mixture was extracted with dichloromethane. The solvent
was removed, and ether was added to the residue to separate
triethylamine hydrochloride, which was removed by filtration.
The filtrate was dried over magnesium sulfate and evaporated
to give an oil, which was purified by column chromatography on
silica gel, eluting with 10% diethyl ether in hexane, to give 5 (0.451
g, 54%) as a colorless oil, which presented spectral data in
agreement with published values.‘

p-Phenoxystyrene (3) and 2-(m-phenoxyphenyl)propanal (6)
were prepared by the same procedures starting from 1-(m-
phenoxyphenyl)-1-chloroethane and Phenoprofen, respectively.

Hydroformylation Experiments. The hydroformylation of
vinylarenes was performed in an home-made 100-mL Teflon-
coated stainless steel autoclave magnetically stirred and equipped
with a safety valve, a ball valve for the introduction of liquids,
a manometer, and an argon/gas inlet-outlet valve. In a typical
run, [Rh(CO),Cl}, and a phosphane was weighed and introduced
in the autoclave, which then was closed. The atmosphere was
replaced by argon, and a toluene solution containing the required
quantity of substrate and triethylamine was introduced through
the ball valve. This valve was closed, and the autoclave was
pressurized with CO and H, and heated to the desired temperature
in about 5 min. After the reaction times quoted in the table, the
autoclave was cooled to —40 °C and vented in ca. 1 h in a well-

(19) Takano, S.; Ogasawara, K.; Nagayama, I.; Kutsuma, T. Synth.
Commun. 1976, 349.

ventilated hood. The reaction products were collected under argon
into a Schlenk tube with toluene and analyzed by GC [Styrene:
3 m X !/gin. column 10% carbowax 20M on chromosorb 80-100
mesh working at 180 °C and N; as carrier gas (flow rate 1.8 L h™1)
with hexadecane as internal standard for the aldehyde analysis,
working at 80 °C, 0.8 L h™! flow rate of N, for the ethylbenzene
analyses. p-Isobutylstyrene: 2 m X /4 in. column 10% SE 30
on gas chrom Q 80-100 mesh working at 140 °C, 0.7 L h™! flow
rate of N, with ethyl hydrocinnamate as internal standard.
m-Phenoxystyrene: 2m X !/ in. column 10% SE 30 on gas chrom
Q 80-100 mesh working at 160 °C, 0.7 L h™! flow rate of N, with
ethyl hydrocinnamate as internal standard]. The toluene and
excess triethylamine were removed under reduced pressure, and
an aliquot was analyzed by 'H NMR spectroscopy.

A preparative run was performed under conditions of entry
1 by starting from 9.8 g (94 mmol) of styrene and 78 mg (0.2 mmol)
of [Rh(CO),Cl], in toluene (80 mL) and treated as mentioned
above until no toluene remained. Trap-to-trap distillation (0.02
Torr) afforded 11.4 g (90%) of a mixture of aldehydes 4 + 7.
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