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Synthesis of Aromatic Esters Catalyzed by Palladium on Charcoal: An
Efficient Heter ogeneous Catalyst for Alkoxycarbonylation of Aryl lodides
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Abstract: Palladium on charcoal was found to catalyze the carbon-
ylation of aryl iodideswith various aliphatic alcohols aswell asless
reactive phenols to give the corresponding esters in high yield at
140 °C and in the presence of carbon monoxide (1.0 MPa). The car-
bonylation-polycondensation of 2,7-diiodo-9,10-dihydrophenan-
threne with bisphenol-A afforded high molecular weight
polyarylate, poly [oxy-1,4-phenylene (1-methylethylidene)-1,4-
phenyleneoxycarbony! (9,10-dihydro-2,7-phenanthrenediyl) carbo-
nyl].

Key words: palladium on charcoal, carbonylation, aryl iodide, aro-
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The synthesis of aromatic carbonyl compounds such as
esters, amides, anhydrides and carboxylic acids is of fun-
damental importance in organic chemistry. Transition
metal catalyzed carbonylation reactions such as acohol
carbonylation,* ester carbonylation,? oxidative carbonyla-
tion,® Reppe carbonylation of akenes, alkynes, and
dienes,* and carbonylation of aryl halides® provides an ef-
ficient gateway into such carbonyl compounds. The car-
bonylation of aryl halides with acohols and amines
catalyzed by palladium complexes is the convergent and
direct route to the synthesis of aromatic esters as well as
aromatic amides. Such a palladium-catalyzed carbonyla-
tion a'so finds an important application in the synthesis of
various aromatic carbonyl compounds, especially of key
intermediatesin organic synthesis™ and conductive poly-
mers viz polyesters and polyamides in polymer chemis-
try.89 In al the above carbonylation reactions, palladium
salts with triphenylphosphine ligand were employed as
the catalysts. Even though palladium catalysts with tri-
phenylphosphine as a ligand are widely employed as the
best catalytic system in the carbonylation of aryl halides,
those catalysts are difficult to separate and reuse for the
reaction without further processing. The major drawbacks
of palladium catalyst with triphenylphosphine ligand are,
oxidation of triphenyphosphine to phosphine oxide, re-
duction of palladium complex to metal and termination of
catalytic cycle.

Improvements in efficiency and recycling of the catalyst
are essential in view of practical and industrial applica
tions and environment concerns. To overcome these prob-
lems, recently a few research groups have reported the
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phosphine free and active palladium catalystsfor catalytic
C—C bond forming reactions.’® However, these catalysts
suffer from drawbacks such as (i) preparation involves
many steps and expensive ligands and (ii) recycling the
catalyst. Considering the importance and applications of
palladium catalyzed carbonylation reactions from indus-
trial aswell as academic point of view, it is essential and
challenging to focus on the quest to find efficient, inex-
pensive and recyclable catalysts.

Our interest has been in the development of novel and ef-
ficient palladium based catalytic system for the carbony-
lation of aryl halides with alcohols and amines. We
recently studied a palladacyle complex for phosphine free
palladium catalyst for the carbonylation.!' However, it
finds disadvantages such as recycling and activating aryl
bromides and chlorides. In the present work, we describe
palladium catalyst on charcoa or aluminafor the carbon-
ylation of aryl iodides with various aliphatic alcohols as
well as phenolsin high yields (Scheme 1).

| COOR?
Pd/C
+ RROH —8M8MM >
EtsN, CO, 140 °C
Benzene
R! Rl

R= H, CH3, OCHj3
R2= Et, Ph, CH,Ph

Scheme 1l Carbonylation of aryl iodides to aromatic esters

A brief study was carried out on the reaction parameters
such as base, temperature, pressure and solvent. The phe-
noxycarbonylation of 4-iodoanisole was studied in the
presence of various bases (Table 1). It was observed that
triethylamine is the best base under our condition. The
pressure of carbon monoxide was also an important pa-
rameter. The reactions proceeded well and gave high con-
version under 1.0 MPaof carbon monoxide. However, the
reactions under lower pressure lead to lower yields; the
carbonylations of 4-iodoanisole and of 4-iodotoluene with
benzyl alcohol under 0.5 M Paof carbon monoxide afford-
ed 57% and 54%, respectively. The phenoxycarbonyla-
tion of 4-iodoanisole was found to give the target esters at
the temperature range of 80150 °C, yield of the product
increased with temperature of up to 140 °C. It isto be not-
ed that the best reaction temperature is 140-150 °C.
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Tablel Effectsof Bases on the Phenoxycarbonylation of 4-l1o-

doanisole

Entry Base Yield (%)
1 Et.N 92

2 DBU 78

3 Pyridine 22

4 NaHCO, 28

5 K,CO, 75

It isakey point to note that amount of palladium catalyst
plays an important role in the product yields, the carbon-
ylation of 4-iodoanisole (2.5 mmol) with phenol was stud-
ied with amount of catalyst ranging from 20-300 mg. It
was found that lower catalyst level (below 50 mg) led to
incomplete reaction and higher catalyst level (above
50mg) resulted in the formation of unexpected product,
hence the yields were lowered.

Table 2 shows the carbonylation of various aryl iodides
with ethanol, benzylalcohol, and phenol catalyzed by pal-
ladium on charcoa in the presence of triethylamine. Most
of the reactions proceeded well and led to expected carbo-
nylated product in high yields; especially the carbonyla-

Table2 The Carbonylation of Aryl lodides Catalyzed by Palladium on Charcoal

Entry Aryl iodide Alcohol Product Yield (%)
1 @ EtOH 80
[ @—cooa

2 PhOH 92
O O-coom

3 PhCH,OH 70

4 EtOH 75
mc@l ch@—cooa

5 PhOH 87
H3COI mc@—coom

6 PhCH,OH 73
H3COI H3COCOOCH2Ph

7 EtOH 7
chOOI mco@cooa

8 PhOH 92
H3000| H3COOCOOPh

9 PhCH,OH 76
HeCO— )1 HaCO— >—COOCH2Ph

10 I EtOH COOEt 74

11 I PhOH COOPh 97

12 I PhCH,OH COOCH,Ph 83

13 EtOH 81
I 0.0 I EtOOC 0.0 OOEt

14 PhOH 85
I Q.O I PhOOC 0.0 OOPh

15 EtOH 80
II EtOOC Q.Q OOEt

16 PhOH
~ )~

82
PhOOC 0.0 OOPh
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tion of aryl iodides using phenol gave higher yields than
aliphatic alcohols. However, the reaction of bromoaro-
maticsfailed to give the expected product. The carbonyla-
tion of 4-iodoanisole with phenol catalyzed by 5%
palladium on alumina under the same reaction also led
successfully to carbonylated product with yield of 96%.

To elucidate the active species, the carbonylation of iodo-
benzene was examined in the filtrate after the carbonyla-
tion of 4-iodobenzene with phenol. No further catalytic
activity was observed without palladium on charcoal un-
der our conditions. It is concluded that the active catalytic
species is palladium metal supported on charcoa and not
palladium species resolved under the reaction conditions.

The palladium on charcoal can be recovered and recycled
for the further reaction. The catalyst was recovered by the
filtration using membrane filter after the carbonylation of
4-iodoanisole with phenol. Recovered catalyst was used
for the reaction under the same condition; the yields of
phenyl 4-methoxybenzoate were 92% (1st time), 90%
(2nd time), and 84% (3rd time).

The carbonylation of 2,7-diiodo-9,10-dihydrophenan-
threne with ethanol and phenol was examined over palla-
dium on charcoa under the conditions described above.
Diethyl and diphenyl 9,10-dihydrophenanthrene-2,7-di-
carbonylates were obtained in excellent yield as shown in
Table 2.

We have carried out the carbonylation-polycondensation
of diiodide with diol and carbon monoxide over palladium
charcoal to yield polyesters in a one-pot synthesis using
chlorobenzene as a solvent and triethylamine as a base.
The combination of 2,7-diiodo-9,10-dihydrophenanthene
and bisphenol-A with carbon monoxide yielded high mo-
lecular weight polyarylate, poly [oxy-1,4-phenylene (1-
methylethylidene)-1,4-phenyleneoxycarbonyl  (9,10-di-
hydro-2,7-phenanthrenediyl)carbonyl] in excellent yield
(Scheme 2, Table3); the weight averaged molecular
weight (Mw) was in the range of 5,000—7,000, and Mw/
Mn in the range of 1.5-12.

® ;-
Me

Pd/C o . 0 Me
s OO OHOro
CO, EtzN Ve

n

Scheme2 Carbonylation-polycondensation of diiodide with diol

High temperature such as 150 °C gave lower molecular
weight polyarylate compared at lower temperatures. The
detailed study of the carbonylation-polycondensationisin
progress towards higher molecular weight polyarylate and
aramides catalyzed by palladium on charcoa and on alu-
mina.

Table3 The Carbonylation-Polycondensation Catalyzed by Pealla-
dium on Charcoal

Entry Temperature  Mw Mw/Mn
0

1 140 6866 1.578

2 145 7090 2114

3 150 2095 12.164

Thisisafirst report of such aheterogeneous catalytic sys-
tem for the carbonylation where the reaction occurs on
metal surface. The palladium on charcoa can be recov-
ered after the reaction, and reused for further reaction. We
believe that palladium on charcoal isan excellent and ver-
satile heterogeneous catalyst for the carbonylation of aro-
matic halides in organic synthesis.

Pd/C was obtained from Wako Pure Chem. Ind. Ltd., Tokyo, Japan.

Carbonylation; General Procedure

In a typica procedure, aryl iodide (2.5 mmoal), alcohol (2.5-3.0
mmol), Et;N (3 mmol) and 5% Pd/C (50 mg) in freshly distilled
benzene (5 mL) were taken in autoclave (50 mL), flushed with ni-
trogen (3 times) and pressurized with carbon monoxide (1 MPa).
The autoclave was placed in oil bath pre-heated at 140 °C, and the
reaction mixture was stirred for 6 h. After stopping the reaction, the
autoclave was cooled, excess carbon monoxide was purged, and
benzene was evaporated. The product wasisolated by silicagel col-
umn chromatography (hexane-benzene). All the products were
characterized by IR and *H NMR. IR and *H NMR data of represen-
tative examples are given.

7
IR: 2981, 1730 cm™.

IH NMR: &=8.02 (d, 2 H, J = 18 Hz, Ar-H), 6.90 (d, 2 H, J= 18
Hz, Ar-H), 4.2 (q, 2 H, J = 8.2 Hz, OCH,), 3.84 (s, 3 H, OCH,), 1.3
(t, 3H, J=8.2 Hz, CHy).

11
IR: 1730 cm™.

HNMR: 5=9.02(d, 1H, J=84 Hz, Ar-H), 844 (d, 1H, J=8.0
Hz, Ar-H),8.1(d, 1H, J=8.0Hz, Ar-H), 792 (d, 1 H, J= 8.0 Hz,
Ar-H), 7.66-7.62 (m,1 H, Ar-H), 7.60-7.54 (m, 2 H, Ar-H), 7.32—
7.25(m, 2 H, Ar-H), 7.48-7.44 (m, 2 H, Ar-H), 7.32-7.25 (m,3 H,
Ar-H).

12
IR: 2989, 1730 cm™.

IH NMR: 8 = 8.7 (d, J= 8 Hz, 1 H), 8.02-7.97 (m, 1 H), 7.8 (d,
J=9.4Hz, 1H) 7.65-7.62 (m, 1 H), 7.42-7.10 (m, 7 H), 7.01 (d,
J=8Hz, 1H), 5.22 (s, 2 H).

13
IR: 2991, 1730 cm™.

IH NMR: = 7.8-7.5 (M, 4 H, Ar-H), 7.20-7.0 (m, 2 H, Ar-H), 4.2

(q,4H,J =80Hz OCH,), 2.6 (s, 4H, Ar-CH,), 1.21 (t, 6 H,J = 8.0
Hz, CH,).
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15
IR: 2991, 1730 cm.

IHNMR: =8.16(d, 4H, J= 17.2Hz, Ar-H), 7.71(d, 4H, J = 17.2
Hz, Ar-H), 4.2 (g, 4 H, J= 8.2 Hz, OCH,), 1.3 (t, 6 H, J = 8.2 Hz,
CH3).

16
IR: 1730 cm™.

IHNMR: 5=8.33(d, 4H, J = 18 Hz, Ar-H), 7.8 (d, 4 H, J = 18 Hz,
Ar-H), 7.48-7.42 (m, 4 H), 7.32-7.20 (M, 6 H).

Carbonylation-Polycondensation; General Procedure

In a typical procedure, 2,7-diiodo-9,10-dihydrophenanthene (2.5
mmol), bisphenol-A (2.5 mmol), Et;N (5.5 mmol) and 5% Pd/C (50
mg) in chlorobenzene (5 mL) were taken in autoclave (50 mL),
flushed 3 times with nitrogen, and pressurized with carbon monox-
ide (1.0 MPa). The autoclave was placed in oil bath pre-heated at
140-150 °C, and the whole reaction mixture was stirred for 6 h. Af-
ter the reaction, the autoclave was cooled, excess carbon monoxide
was purged, and the reaction mixture was filtered. The filtrate was
poured into MeOH (200 mL). Pale-yellow solid was filtered and
dried to afford poly [oxy-1,4-phenylene (1-methylethylidene)-1,4-
phenyleneoxycarbony! (9,10-dihydro-2,7-phenanthrenediyl) carbo-
nyl]. All the products were characterized by IR and NMR. Molecu-
lar weight was determined by gel permeation chromatography using
polystyrene as a standard. Typical results are shownin Table 3.

IH NMR: & = 8.17-8.05 (M, 4 H, Ar-H), 7.94-7.82 (m, 2 H, Ar-H),
7.20-7.0 (M, 8 H, Ar-H), 3.0 (s, 4 H, CH,), 1.73 (s, 6 H, CH,).
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