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ABSTRACT

Novel polystyrene incorporated Palladium (lI) ¢ggd was developed and well
characterized. The efficiency of the supported IPdfatalytic material was checked for
double carbonylation reaction of° 2mines and aryl iodides to their corresponding

ketoamides under high pressure reaction conditidhs. reaction was carried out in 60 psi
carbon monoxide pressure. An extensive variety rgf mdides in combination with 22

amines in presence of carbon monoxide can prodecesspective-ketoamides with superb
chemoselectivity. Effect of solvents, bases, timé amount of catalyst for the production of

« -ketoamides were reported. This supported Pd(lljdermwas highly catalytically active

and recyclable. The developed catalytic materiad vegenerated by filtration. It could be

recycled further six times with no such profoungsiin its activity.
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1. Introduction

a -Ketoamides are essential building blocks in sytthedrugs, biologically active

molecules, and pharmaceutical compounds [1-6hdidition these compounds are used as
important fragments for the conversion of vary fiimtal group [7-14]o-Ketoamides can
also plays as an important role to formation of itiedlly active molecules for example
tetrasubstituted 2-oxazolidin-4-one and 2-oxind¢lés19]. Hence, establishing a common,

realistic, and efficient pathway to synthesisketoamides having different functional groups

is of meaningful.

For homogeneous catalytic reactions, there ar@wsinmethodologies have been invented to
overcome the problems like metal-contaminated crpdeducts, recycling and catalyst
recovery [20-21]. Metal supported heterogeneoualysts have several advantages such as
increasing the stability of the organic moietieasyeseparation process; catalyst recovery as
well as heterogeneous Pd catalysts improved theexf€y of carbonylation reactions [22].
Pd catalysts in different supported material areeresively used in double carbonylation
reaction of various aromatic halides with CO (carboonoxide) [23-29]. CO is used for
synthesis of different carbonyl substances like d@sy carboxylic acids, aldehydes and
ketones since it is easily available and low-costsGurce [30-40]Amidst diverse CO
insertion processes, Pd catalyzed double carbooiylaf aryl halides is a valuable strategy in

producing vital carbonyl substances [41-42].

In the literature numerous techniques have beerded to reach their synthesis [43-
48] from which the catalysis of transition metabsgaches have confirmed to the desired
compounds in great selectivity and very well yiel@#hough, a few number of examples
have been reported on the formationwofketoamides from aromatic halides and amines in

presence of pressurized carbon monoxide gas [49-55]
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For double carbonylation reaction there were nuoeroumber of catalytic system was
reported such as Pd/C/Pftatalyst system [56], silica-incorporated polytaae-palladium
(Ti-N—-Pd) compound [57] and mesoporous silica suepopalladium complexes [58].
However, some of the strategies in our excelleridenowledge have been reported for the
synthesis ofi-ketoamides. Uozumi and co-workers [59] used Pd{feBRtalyst in presence of
a base, DABCO (1,4-diazabicyclo[2.2.2]octane) ineparing a-ketoamides under
atmospheric COpressure.However, the procedure is only valid to those aodide
compounds without electron-withdrawing (EW) group®cently, Kondo and co-workers
developed an efficient Pd/PtBaatalyst system using DBU as base, for the proaluctf o-
ketoamides with tremendous chemo-selectivity [@@bwever, the using basic ligand is
frequently an issue when this ligand is used targe scale development. In addition this,
there has been numerous disadvantage for the @wsalmént pressure of CO for the synthesis

of a-ketoamides, likely due to poor reactivity of COddess chemoselectivity [61]. Thus,

the progress of a fresh process in prepasihk@toamides would be highly desirable. To get
rid from these serious issues heterogeneous pattadatalyst may be used. Heterogeneous
catalysts are commonly used in industrial procasthay, can be purified from the mixture

simple technique, have a excellent thermal streragtth can be often reused and regenerated.

Herein we report a new methodologies for the sysithef a polymer supported Pd(II)
catalyst that exhibits excellent activity for thgnthesis of o -Ketoamide type compounds

with superb yields and high selectivitigs: twice carbonylation reaction of aryl iodides and

amines with carbon monoxide.



2. Experimental
2.2 Preparation of catalyst

The preparation technique followed to get the Bad@mplex is shown in Scheme 1.
The polymer complex was synthesised in three stgmgegs. At first in 5 ml toluene
imidazole (6.8 gm) and potassium iodide (0.1 gmiendissolved in Blatmosphere after that
the reaction mixture was heated t®@0Then CHONa (5.4 gm) in methanol (10 ml) was
added drop by drop with continuous stirring for @80 min to form imidazole salt. The
chloromethylated polystyrene (1.8 gm) in 15 ml anétile was mixed to sodium imidazole
solution. Then the solution was continuously stira¢ 65C for a time period of 48 hrs. The

imidazole functionalised polystyrene beads was eadly ethanol and dried at%@

In CH3;CN (ACN) solvent, the imidazole salt of chloromd#tgd polystyrene (0.5
gm) and cyanuric chloride (0.184 gm, 1 mmol) weeathd for 2.5 hrs at 190.The solid
product was obtained, washed by ACN and metharsgecatively. Then the solid dried at

40°C under vacuum.

This Polymer supported PImdCC-ligand (0.5 gm) #BuwDNa(2.2mmol)in THF (15
mL) was treated with 9 wt. % palladium acetate40rmin under continuous stirring. After
that solution was heated to reflux at?80for 1 day. Thus, the palladium (lI) catalyst
(PImdCC@Pd) was formed, filtered followed by washeith CH;OH and dried at a

temperature of & under vacuum.
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Scheme 1 Preparation of polymer incorporated palladium ¢Hjalyst.

2.3 General procedure for double carbonylation of aryliodides with amine

In a high-pressure reactor, aryl iodides (0.5 mpmbrpholine (0.5 mmol), ¥CO; (1 mmol),

PImdCC@Pd catalyst (50 mg) were mixed in 10 miobi¢ne and then mixture was purged

with CO (60 Psi) before heating at®85for 5 h. After that the reactor was cool to Rffe t

excess carbon monoxide was release from the highspre chamber. Then the reaction

mixture was extracted with aqueous sodium chlofidemL) and ethyl acetate (45 mL). The

organic compounds were mixed with EtOAc, and thlvest was removed by a rotary

evaporator. The desired compound was isolated. @ynmn chromatography the crude

product was purified and yield was identified #and**C NMR.
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3. Results and Discussion

3.1 Characterization of the PImdCC@Pd Catalyst

Because of insoluble nature of supported palladiatalyst in all the commercially
available organic solvents, its study of structeahmination was limited to its chemical
analysis, SEM-EDX,TGA, physicochemical properti#s,and UV-vis spectroscopic data.
The elemental data analysis of polymer supportthadPd bind catalyst was shown in Table
1. By AAS, Pd content in the polymeric catalyst veaimated which suggests that 4.56 wt%
of Pd present in the catalyst.

Table 1 Chemical composition of polymeric ligand and pogymmncorporated catalyst.

Compound colour C% H% N% metal%
PImdCC Off white ~ 72.75 5.16 9.44 -
PImdCC@ Light 69.47 4.67 8.55 4.56

Pd yellow

The attachment modes of palladium metal onto thppated complex were
established by assessment of the Fourier-transiuinared spectroscopic data (fig. 1) of the
palladium incorporated catalyst on the polymer clexpn several steps of its preparation

method. For PImdCC@Pd catalyst, the charactepsiiks of the €H stretching vibration of
aromatic ring, symmetric and asymmetric of methglen 3023 cnt and 2852 cni and
2922cm’ [62], respectively. In polymeric complex, the barad ~ 1094 and ~3415 &nhave

been shown to the frequency of C-N and N-H stretghespectively which is slightly differ
from ligand. The spectra of the PImdCC@Pd showsawseage to intense band around at
~1658 cnt, that may be assigned to the vibration of stregtof C=0 attached with the

polymer. The distinct bands observed at 1560‘amd 1447 cii due to presence of triazine



ring in the PImdCC complex. Therefore, it is ratdéficult to making accurate assignments

to stretching frequency-Pd in far IR region.

— PImdCC

C-N (1083)

N-H (3413)

—— PImdCC@Pd
%T
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Fig.1. FT-IR Spectral data of polymer ancrtl:‘c')rric;ld ligandlandCC , (b) PImdCC@Pd
complex
In the diffuse reflectance method, the electromiectrum of the polymer supported
PImdCC ligand and the immobilized PImdCC@Pd catdigs been shown in fig.2. Diffuse
reflectance ultraviolet--visible spectral data bé tPImdCC and PImdCC@Pd catalyst was
taken from 200 to 800 nm range. The Pd(ll)metal glemshowed the two absorption due to

the transition of nz andz —* at 235 nm and 252 nm respectively [63]. The dadgitions

were seen due to the absorption bands around 516 assigned respectively [64].
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Fig. 2. DRS-UV-visible spectral data of the PImdCC anchCC@Pd catalyst

The SEM image of PImdCC (Fig. 3A) and supported dOG@Pd catalyst (Fig. 3B)

definitely show changes in morphology which happgem® the polymer surface after
complexation on it. The EDX analysis of X-rays dpaladata for PImdCC and PImdCC @Pd
catalyst are shown in Fig. 4A and B. The Energypelisive spectroscopy analysis confirmed

that the palladium metal is attached over the pelyorsurface.

1o pm EHT=20.00kV WD=S8.0mm Signal A=SEl CGL

topm EHT = 2000 LV WD=80mm Signal A-SE1 CGL

Fig. 3. SEM images of polymer supported ligand (A) (PImdQ8) PImdCC @Pd complex
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Fig. 4. Energy Dispersive Spectroscopy data of polyméganid (PImdCC) (A) and
PImdCC @Pd complex (B)

Thermal strength of the supported complex was exathiusing TGA over a
temperature between 30—600 at a rate of heating I&/min in N, atmosphere. A TGA-
plot of the polymer incorporated PImdCC and PImd®@@d catalyst is shown in Fig. 5. The
thermal stability of the PImdCC@Pd catalyst is leiglas compares to PImdCC ligand
obviously shown that the palladium metal loadinghte surface of the polymeric complex.
The catalyst is stable upto 380 temperature. Thermo gravimetric analysis prdkas the
polymer supported PImdC@Pd catalyst decomposelghtlg higher temperature than the

polymeric ligand (PImdCC). This catalyst and igaid are rapidly decomposed after 460

temperature.
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Fig.5. TGA plots of the PImdCC and PImdCC @Pd complex.
3.2. Catalytic Activity of the PImdCC @PCatalyst

Since palladium supported catalysts show supetddytia reactivity in a variety
of the important industrial processes and have beéaly considered for C-C coupling [65],
therefore we determined to examine the reactivitthe PImdCC @Pd in the field of double

carbonylation of aryl iodides tax-Ketoamides.Preliminary studies paying attention on

probing the practicability of the catalytic reactsoand to optimize the reaction conditions, it

0 0
o PImdCC@Pd Il
— , C N
N PPh;(30 mg)/ CO (60 psi) = ~c”
\. /" .
/ N Base / Solvent,Low temp /\ 9)
R H R

Scheme 2: Pd(Il) catalyzed carbonylation reaction of aryiaes.

could be applicable to a various aryl halides.

In order to verify the action of the PImdCC @Pde ttlouble carbonylation of
aromatic iodides and morpholine in carbon monoxitheosphere described in Scheme 2 was

performed. In this conversion aryl iodides werenges toa-Ketoamides under the reaction
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conditions. Quantitative transformation of aryl il to a-Ketoamides was performed by
utilizing Pd supported polymeric catalyst (PImdC®d@.The double carbonylation reaction
of aryl iodide and morpholine was done in the tokisolvent medium using,KO; as the
base. The reaction was done in a 50-ml high presautoclave at 58C under 60 psi of

carbon monoxide pressure for 5h reaction time.

Preliminary analysis was carried out with iodobmre as model substrate (scheme 3)
for the identification of the optimization conditis. The activity of palladium-catalyst
towards carbonylation reaction is monitored by aber of reaction parameters. Various
bases and solvents were checked to discover ttebkuconditions of reaction (Table 2). So
as to recognize valuable reaction conditions fergfomotion of Pd catalyzed carbonylation,

the transformation was checked under different imerval and temperatures (Table 3).

. 0 (\o
N PImdCC@Pd N\)
PPh3(30 mg)
Base / Solvent, Temp 0

(0]

Scheme 3 Pd(ll) supported polymer catalyzed carbonylatbof iodobenzene

Table 2 Effect of solvent and base on carbonylation oblmehzene

Entry Base Solvent GC
Yield
(%)
1 EtONa Dimethylformamide 72
2 NaCOs Dimethylformamide 52
3 KoCOs Dimethylformamide 59
4 EtONa dioxane 62
5 Na,COs dioxane 73
6 KoCOs Toluene 94
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7 EtONa Toluene 44

8 Na,COs PEG-600 57
9 Ko,COs PEG-600 78
10° K,CO; Toluene trace

Reaction conditions: Phl (0.5 mmol), morpholine(ththol), Base (1.0 mmol), CO (60 psi),
PImdCC @Pd (50 mg), PRBO mg), solvent (3.0 mL), 5%, 5 h.%absence of PRh

To examine the importance of base for this catalyéinsformation, a variety of bases
were screened (Table 2). Experimental results éxtiibt inorganic bases are highly active
for the reaction. In a short time period, in pregenf K,CO; the reaction gives high yield.
We established that utilizing KO; as base in toluene medium at 85 gave 94%
conversion. The other bases like ,86; and EtONa were less effective compared 1G &,
and only afforded medium to moderate yield. To exanthe effect of solvent and different
organic solvents were also checked for the carladioyl reaction of iodobenzene. The
reaction carried out in less polar aprotic solvéoityene gives a maximum yield and shows
the most efficient solvent. With the utilization ather polar solvents like, dioxane and DMF
gave lesser yield. Therefore, toluene was takethe@solvent medium for this carbonylation
reaction.

Table 3 Effect of time and reaction temperature on doghldonylation

Entry Temperature Time(h) Yield

{®) (%)
1 45 5 84
2 55 5 94
3 65 5 94
4 85 2 65
5 85 7 90
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Reaction conditions: Phl (0.5 mmol), morpholine(thmol), K,COs (1.0 mmol), CO (60
psi), PImdCC @Pd (50 mg), P#80 mg), Toluene (3.0 mL).

It has been found that this carbonylation reactias very sensitive to temperature of
the reaction medium. At temperature rang&4t 85°C was applied for this reaction but it
has also been found that the temperature olG%vas the ideal temperature for the novel
reaction (Table 3). The catalytic transformationswedso done for various time interval ,
ranging from 2h to 7h and it showed that at 5h ¢beversion was 94% under the given

reaction condition.(Table 3)

wd @ ImdCC@Pd o

60
50 =

Yield (%)

i T T T
10 20 30 40 50 60

Amount of catalyst (mg)

Fig.6. Effect of catalyst loading on carbonylation of ab&nzene
The effect of quantity of the PImdCC@Pd catalysthon production of yield for this
reaction was also examined (Fig 6). The catalysitarhwas increased from 10 mg to 60 mg
in the reaction settled under optimization. Thedya the reaction increases as the amount of
active sites increases and maximum yield of 94% atdained for 50 mg palladium catalyst.
Beyond 50 mg of catalyst loading to the reactionsnoh further conversion was observed.
Therefore, 50 mg of catalyst loading is the optimammount of catalyst for the conversion of

the desired product.

13



With help of this optimization, different derivaéig of aryl iodide were transformed to their
correspondingu-ketoamides. In Table 4 the various substrate weseed and results are
summarized. To explore the substrate scope witterdiiit aryl iodides and amines these
protocol is very much important. As shown in schenelouble carbonylation of various
substituents aryl iodides and amines were carrigdrothe optimized condition and all the
reactant delivers well to excellent yields. Thefed#nt position of reactants slightly
influences the double carbonylation reaction: miotlene (table 4, entries 2-3, 7-8).
Comparatively lower yields for 1-bromo-4-iodobengewere found due to mixture of
products due to formation small amount amide sidedyct (Table 4, entry 6, 10). The
substitutions on the aromatic ring of aryl iodideich may either electron rich or electron
deficient moiety shows significant effect on theul of the catalytic reaction. Aryl halides
contain electron-withdrawing and electron-donatisgbstituents, transformed to the
respectiven-ketoamides with superb yields. Aryl iodides conitag strong electron-releasing
moiety such as methyl and methoxy, produced indrighelds than 1-bromo-4-iodobenzene
due to presence of reactive bromide attached patlaetiodide of the phenyl ring (Table 4,
entries 2-5 and 7-9). Reaction pathway may be amtd previous literatures report (55, 66-
67). Palladium metal is very stabilized by nitrogemwich PImdCC support. These supported
Pd material is contain of active sites which argpomsible for the double carbonylation
reactions. It is usually found that by oxidativedain of an aryl halide to the Pd(0) complex
gives an organopalladium halide species .After thatprocess will give an acylpalladium
halide, involves migratory insertion of a coordedtCO. It is observed that in presence of
CO (60 Psi) pressure the acylpalladium halide cempéacts with an amine (nucleophile)

and a base to to giveketoamides.
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Table 4 Polymer supported palladium (1) catalyzed carbdatign of aryl iodides.

Entry Aryl halides Product GC
Yield (%)
I 0 (\o
1 U \ 94/97
\C/
|
0
0 (\o
I i1
2 \ﬁ/ 90/8¢
0
PO
85/84
c
3 |
0
1 I O 84/8%
4 C N
/©/ \C/
H3CO L'
HsCO
1 OCH; O 0
ocr 1 80/77
5 ? C\C/N\)
I
0
64/62
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Reaction conditions: Phl (0.5 mmol), morpholines(hmol), base (1.0 mmol), CO (60 psi),
PImdCC @Pd (50 mg), PRBO mg), Toluene (3.0 mL), 5%, 5 h.? Isolated Yield (%).

Comparison with other reported catalytic system
The activity of the PImdCC@Pd(Il) catalyst was shosutstanding performance in case of
carbonylation of iodobenzene and its derivativeselative study is shown in Table 5. This

polymer-anchored complex plays a significant raléhis superb activity.

Table5

Comparison of catalyst activity of the PImdCC@Pdalyat in the formation ofa-

ketoamides with various reported systems
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Entry Catalyst Reaction Yield (%) Ref.

Conditions
1. Pd(OAc) NaCO;,PEG- 94 61
400,CO(ballon),
RT
2. Pd-NHC K,CO;s,Dioxane, 99 66
complex Il P(CO 2.0 MPa);
90 °C; 5 h.
3. PImdCC@Pd  KCOs Toluene, 94 This Study
CO (60 psi),
PPh, 55°C, 5 h.
4 mPMF-P8 KsPQ,, CO (20 98 67

Catalyst atm), DMF (5.0
mL) at 90C,12
h.

Heter ogeneity test
Hot-filtration test

To examine whether the catalytic reaction go thhoug a homogeneous or a
heterogeneous mode, hot-filtration method was egpin the double carbonylation of aryl
iodide. By simple filtration, the solid catalyst svaeparated after proceed the reaction
mixture (Scheme 3) for 2h, and the observed yiedd 85%. The liquid reaction mixture part
was heating for another 3h it has been found tbdtansformation occurs. This ensures that
the reaction was not proceeding without the sddighlyst. Moreover, no proof for significant
leaching of Pd metal or decomposition of the sufgabcatalyst was shown during the phase
of the reaction and no Pd was found by AAS datdnefliquid phase of the reaction mixture
after elimination of the catalyst. Through the ghas carbonylation, the above study clearly

suggests that the Pd was not being leached outthrerneterogeneous catalyst.
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Catalyst reusability

Separation process and reusability of the heteemen catalyst are very much
important in the carbonylation reactions. We checkiee recyclability of the palladium
supported heterogeneous complex in the carbon nd@dxsertion reaction of iodobenzene
(Fig. 7). Herein, aryl iodides (0.5 mmol), morpmai (0.5 mmol), KCO; (1 mmol),
PImdCC@Pd catalyst (50 mg) were mixed in 10 miobdéne and then mixture was purged
with CO (60 Psi). The PImdCC@Pd catalyst was séparérom reaction mixture by
centrifuged method after the reaction was complefideen the catalyst was thoroughly
washed with distilled water and subsequently witieo solvent like, acetone. The catalyst
dried in air at 40C. After that, the recovered catalyst was usedaibanylation reaction
under optimal conditions for the next run. The hegeneous PImdCC@Pd catalyst was
efficiently recycled up to six times with no loss desired product yield under the same

reaction conditions.

Fig.7. Reusability test of PImdCC@Pd catalyst.

Conclusions
In conclusion, this work demonstrated that synthesid characterization of polymer

incorporated Pd(Il) complex and its successful i@ppbn towards the synthesis of

18



ketoamide. Electron-donating and electron withdrgwcontaining aryl iodide derivatives
can check and also various crucial factors suctemperature, bases and the nature of the
solvents are responsible for the transformatiore féaction system is extremely moisture
and air stable and the supported PImdCC@Pd complag prepared easily from
commercially obtainable and low-priced materialstasting. However, with no efficient loss
in its catalytic activity the catalyst was reuseddix more times. Moreover, this work is used

as a strategy to expand the possibility of otheious organic conversions.
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Research Highlights

Polymer supported Triazine based Palladium complex catalyzed double
carbonylation reaction of Halo aryl compounds for the synthesis of a-

ketoamides

Sk Safikul 1slam,?Rostam Ali Molla,” Sabyasachi Ta,” Nasima Y asmin*?, Debasis Das*,’, Sk.
Manirul I1slam*
®Department of Chemistry, Aliah University, Kolkata-700156,W.B, India.
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“Department of Chemistry,University of Kalyani, Kalyani, Nadia 741235, W.B., India.

* Polystyrene supported Pd complex was synthesize
* The catalyst was characterized by FT-IR, Uv, SEM and TGA
» The catalyst was tested for double carbonylation reaction

» Supported catalyst is reusable upto 6 times



