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Abstract

This work represents an efficient and unique phivephiee approach for the polystyrene
embedded SchHbasepalladium catalyzed diaryl urea synthesis and Subklikaura cross
coupling reaction by reductive carbonylation prec&he careful instrumental investigations
with FE-SEM, EDAX, TGA, UV-Vis, FTIR, AAS, and eleental analysis precisely
characterized the developed heterogeneous catdigsiction parameters, like catalytic
natures, starting materials, reaction environmant solvent were examined sequentially.
The present work has been adequately addressedcccmurda for the generation and
characterization of a new polymer bound Pd-catadyst using it in the synthesis of diaryl

ureas and diaryl ketones, with no substantial de¢aptalytic activity.

Keywords. Suzuki-Miyaura cross-coupling; Diaryl urea; BiarWetone; Palladium;
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Introduction
The increasing worldwide demand for bulk chemicalsd materials required strong

investigation to discover novel manufacturing pohaes from unconventional resources. As
necessary raw materials for the chemical manufexgiyslant, the C1 compounds: CO and
CO, can be obtained on a huge scale including renewapecifically, CO is a most

versatile and cost-effective chemical building lland is easily produced from naturally

occurring gas, coal, biomass and so on [1].

Transition metal catalyzed carbonyl conversions have been a celfit@t@ction among
organic chemists for developing environmentallytawmsng protocols for synthesizing a
variety of medicinal and industrial compounds [2,B],N-diaryl ureas are one such
established biologically active molecules of enausosignificance predominantly in
medicinal fields [4]. In addition it has severalgatts on materials science [5] and catalytic
fields [6,7]. Simultaneously, urea has been use@ gsecursor for synthesizing amines,
isocyanates, carbamates and imides and so on [Eh8].diphenyl urea production from a
combination of aniline and nitrobenzene under pghgme attached Ru(ll) catalysis is one of
the established methods for oxidative >C=0 conwvessi[8]. At present, the commercial
synthesis of N,Ndiaryl urea involves the extremely lethal raw gahse phosgene, from
which corrosive HCI is liberated, as a by-productidentally, the N,Ndiaryl urea could be
prepared in an alternate process, involving thetieaof amine and nitrobenzene with CO in
presence of palladium catalyst [9]. Immobilizatmfrpalladium metal on the various polymer
supports has drawn great attention to the resesmamtists for its successful functions in
multiple and distinct carbonylation reactions [1Bfesent approach demonstrates how the
surface group of polymer support influences onstiadility and the catalytic function of PS-
Pd-Schiff base complex. It proved successful faublstituted urea synthesis from a wide

extent of substituted aryl amines and nitrobenzen®srational illustration on the



heterogeneous Pd-catalyzed synthesis of-di&yl urea by the use of CO is inadequate. The
designing of simple, generous and efficient sugggbitatalyst is the main target for many

researchers due to its great potential in catafyanganic transformations [11].

Palladium catalysts with varieties of ligands {114 attached onto polystyrene surface has
attracted huge concentration for makingCCbond in organic synthesis. Pd catalyzed
carbonylative SuzukMiyaura is one such type of-C coupling reaction and a momentous
system for the insertion of CO in both academia iaddstries. The Pd catalyst containing
phosphine-based ligands reported for S-M coupleagtion have adverse hazardous effects,
air-sensitivity and high economic resist their véideead applications in catalytic chemistry.
Currently multiple examples of phosphine free liggrsuch as, macromolecular polymers
[15,16], mesoporous molecular sieve [17,18], graphexide [19,20] are employed to assist

the palladium incorporated Schiff base catalyst.

Solid supported Pd complex (such as polymers, g@maphsilicate and zeolite) improves
facile isolation process alongside enormous catagfficiency in Suzuki cross-coupling for
synthesizing biaryl ketones [21]. Sufficient attémpave been reached for diaryl ketone
preparation concerning their huge involvement irsngetics [22], biological sensitive
compounds [23, 24], pharmaceuticals [25, 26, 274, im other functional materials [28-30].
The anti-inflammatory drug, S-ketoprofen was detifem diaryl ketone [28,29]. Another
derivative of diaryl ketone is fenofibric acid, egulating agent for lipid substance and is
utilized for the medication of high cholesteroladdition to blood triglyceride levels [31].
Evidently from earlier reports the designed polystye grafted Pd Schiff base complex has
not been employed as a catalyst for carbonylatiweuld-Miyaura cross-coupling reaction
along with diaryl urea synthesis. The current watlkicidates the efficient, innovative
synthetic routes for the production of diaryl ufe@n polymer supported heterogeneous Pd

catalyzed conversion of aryl amine and nitrobenzesieg economically cheaper reagents.



Experimental Section
Materials

5.5 % crosslinked polystyrene, conc. nitric acideveollected from Sigma-Alrich Co.; U.S.A
and used without purification. Predistillation wasrformed for the liquid substrates and
dried using specific process. Palladium acetatdicytadehyde, nitrobenzene, amine
derivatives, phenyl boronic acid and iodobenzenevaléves were purchased from Alfa-
Aesar. DMF, ferric chloride, anisole, potassiumbcaiate were acquired from Merck and
used without refinement.

Physical and spectroscopic instruments

FTIR spectra for the respective samples were obdalny placing KBr disc inside a Perkine
Elmer FTIR 783 spectrophotometer within range o 40 4000 crt. The Mettler Toledo
TGA/DTA 851e equipment was helpful to analyze thermogravimetry of the samples. The
UV-Vis band of solid samples were obtained by Shimadx(:2401PC doubled beam
spectrophotometer associated with an integratingre&pcounterpart. The surface morphology
of the samples was specifically observed with SE¥]SS EVO40, England instrument
having EDX advantage. The morphological analysiswfsynthesized Pd(PSAL) complex
catalyst was carried out by transmission electraoraacopy (TEM) (JEOL JEM 2100)
operated at 200 kV. Atomic absorption spectrophetem(Model Varian AA240) was used
to realize the % content of palladium in the pallad loaded material. High pressure
reactions were performed with the help of a highspure reactor containing a magnetic

stirrer attached with an autoclave (AmAr Equipmembdel no.SELTAP-II).



Fig. 1 High Pressure Reactor.
Preparation of catalyst [Pd(PS-SAL)]
The desired catalyst was prepared cautiously bpvihg two-step strategies. Initially the
preparatory method of@minopolystyrene was performed by means of theigusly reports
[32]. Secondly, 2 g of p-aminopolystyrene was takem 250 mL round bottom flux and
swirled for 5 min with 10 mL methanol to preparelymoer anchored salicylaldehyde
complex. Methanolic solution (10 mL) of salicylaldele (0.8 mL) was added immediately
after to it and kept for reflux for 24 h. The cotoaf the solution was changed from pale
yellow to green. Then greenish type solid solutiaas filtered and washed with methanol.
Freshly prepared polymer anchored Schiff base cexnfd00 mg) was taken in 100 mL rb
and settled it with refluxing condition after 10nmmnixing of 0.1 g of palladium acetate in 10
mL acetic acid. The reflux was continued for 10 he resultant mixture was filtered, washed
concomitantly with methanol for 8 to 10 times toneve impure component absolutely and
dried in vacuum. Preparation scheme of the polyswgported Schiff basgalladium

compound is outlined in Scheme 1.
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Scheme 1. Synthesis of polymer anchored Schiff base-palladiatalyst Pd(PS-SAL).

General procedurefor synthesisof diaryl ureas

Each of derivatives of amine (6 mmol) was introdleeth 6 mL DMF, 6 mL methanol and
2.5 mmol (0.405 g) of ferric chloride and followeg nitrobenzene 3 mmol in a 100 mL
glass-lined stainless steel autoclave fitted withagnetic stirrer (Fig. 1). Then 20 mg (0.013
mmol based on Pd active centre) of polystyrene @mechsalicylaldehyde palladium catalyst
was added by exerting 80 psi of carbon monoxide. fEaction temperature was fixed at 75
°C. The used catalyst was collected after 6 h cotiopleof reaction. Later, the rest of the
mixture was allowed to work up for 3 times usinbytacetate and organic part was dried
over sodium sulfate. The solid product was analybsd proton NMR spectroscopy

(supporting information).
Procedure of carbonylative Suzuki-Miyaura cross coupling catalysed by Pd(PS-SAL)

In a 100 mL, autoclave equipped with magnetic estirfFig. 1), phenyl boronic acid (1

mmol), iodobenzene (1 mmol), potassium carbonateg{dv.), anisole (5 mL) and Pd(PS-



SAL) catalyst (15 mg, 0.01 mmol based on Pd aatergre) were added. Then it was purged
three times with carbon monoxide (65 psi) and affesing the autoclave tightly, it was
heated at 96C. The reaction was continued for 8 h, cooled atréeemperature then Pd(PS-
SAL) catalyst was removed from the reaction sysémmh washed down with methanol. The
organic content was dried out absolutely with sodisulfate after work up it with ethyl
acetate (3x10 mL) followed by water. The unstaldmponents were allowed to evaporate
through a rotary evaporator. The solid product \maslyzed by'*H NMR spectroscopy

(supporting information).
Characterization of catalyst

In this context it is noteworthy to mention thae tprepared polystyrene embedded Pd
catalyst has some boundaries to investigate andchciesize only to their physicochemical
properties, SEM, TEM, EDX, TGA-DTA, FTIR, and UVis spectral data. The complete

integration of the organic substructure in the tare was established by elemental analysis.

Scanning electron micrographs (SEM) and ener gy dispersive X-ray analyses (EDX)

- "NiTh , - O e ) ooy
EHT = 20,00 kv Signal A= SE1 | EHT = 20.00 kV Signal A= SE1 w

WD = 14.0 mm Mag= 2.39KX l WD =12.0mm Mag= 869X

Fig. 2 SEM images of (A) polymer-supported Schiff basarid (PS-SAL) and (B) the fresh
palladium catalyst Pd(PS-SAL).

SEM pictures in Fig. 2 represent the polymer boBuhiff-base ligand (A) and the
coordinated Pd-complex on tailored polystyrene {B)e observed SEM images demonstrate
the morphological and characteristic distinct visloetween the metal free PS-SAL ligand
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and the metal loaded catalyst. The presence of &ed changes, demonstrated by
disappearing of the extent of porosity and rougbrasthe -OH functionalized polymeric

material surface.

A/ Jlc (B)

% Count
% Count

UO Pd
O Pd
01 23 456 789 01 23 456 7 829
Energy (KeV) Energy (KeV)
Fig. 3 EDX spectrum of (A) PSSAL and (B) Pd(PSSAL).

Moreover the EDX analysis supports the metal attemit on the polymer matrix (Fig. 3).
The interaction of the Pd metal onto the polystgranchored ligand causes a small extent of
smoothening on the surface layer, which probabk/tdumetal ion and ligand interaction and
orienting a specific geometry of the complex. Fronms spectroscopic analysis (EDX
analysis) of the metal complex confirms the met#échment along with C and O and
recommends the construction of the metal comple(P8¢EAL) containing polystyrene
anchored ligand. SEM and EDX analysis confirmed pladladium attachment onto the

polymer matrix.
Transmission electron microscopy (TEM)

Image 4(a) and 4(b) represents the TEM imagestad and amino polystyrene respectively.
These two images suggest that there is no disthenge in morphology when nitro
polystyrene converts to amino polystyrene. From THEhge 4(c) of PSSAL ligand, the

black spot strike the attachment of salicyladehyaé¢he surface of amino polystyrene. Image



4(d) and 4(e) are the TEM images of Pd®AL) complex catalyst in two different
magnification, where black spherical balls are agrever the whole specimen. These black

balls confirm coordination of Pd with polymer supieal ligand.

Fig. 4 TEM images of (a) {mitro polystyrene; (b) yamino polystyrene; (c) polymer-
supported Schiff base ligand (FB&\L); (d) and (e) polymer anchored Schiff baseguhilim
complex catalyst Pd(RSAL) in two different magnification.

Thermogravimetric analysis

Thermogravimetric analysis (TGA) was carried outpredict the thermal stability of-p
nitropolystyrene, gaminopolystyrene, polymer surrounded Schiff bagand and the Rd
complex (Fig. 5) respectively. Thermal stabilityalyses of the synthesized materials were
conducted in Matmosphere with 18C/minute heating rate at the temperature measuoeu f
30-600°C. p-Nitropolystyrene starts to decompose in the rang@98-300°C, where p
aminopolystyrene starts to decompose from X13(Fig. 5A). The weight reduction of
polymeric ligand varies from 328C to 450°C, where the maximum weight loss of metal
loaded polymeric catalyst arises from 3@to 458°C (Fig. 5B). The loss of weight in this

region comes out due to the disintegration of th@monent in the polymeric matrix. Hence



the prepared polymeric supported catalyst is captibexecute its catalytic activities up to

340°C without any loss of weight.

p-nitropolystyrene
100 p-aminopolystyrene 100+ P PS'S{‘L‘
—— Pd(PS-SAL)
2 75 L 75
= E
= =
%]
X 254 i 25+
0- 0
100 200 300 400 500 600 0 100 200 300 400 500 600
Temperature ('C) Temperature ('C)
(A) (B)

Fig. 5 TGA plot of (A) p-nitropolystyrene and p-aminopdiyene, (B) PS-SAL and Pd(PS-
SAL).

FTIR spectroscopy

The attachment of salicylaldehyde and palladiumaimento the amino functionalized

polymeric support was confirmed by IR spectral [safkdg. 6).

Pd(PS-SAL)

PS-SAL 1454

% Transmittance

1459

S 1 L ) L ) S 1 S I o I U L]
4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber (cm )
Fig. 6 FTIR spectra of PS-SAL and Pd(PS-SAL).
The formation of mitro polystyrene and-pmino polystyrene were recognised by FTIR

spectroscopy (supporting information). Usually ®ehiff base type ligands and its metal
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coordinated complexes are fundamentally recognimethe FTIR analysis due to different
stretching vibrations of PS-SAL appeared at theeetqdl positions. The range of 1600-1500
cm * corresponds to thec.c) andvc=y) stretch of aromatic rings.-O stretching furnishes its
characteristic vibrations at 1319 ¢nFormation of the PSAL is indicated from strong IR
band appeared at 1604 ¢ndue to the C=N azomethyne nitrogen stretching. THE
stretching frequencies for the polymer supportee figand was appeared around 1504'cm
accordingly [33,34]. The stretching vibration at284cm' has been assigned to the
corresponding hydrogen bonded phenolic -OH growgsemt in the polymer bound Schiff

base ligand.

The C=N and C=C stretching frequencies for the pelysupported Pd-Schiff base complex
were observed at 1600 ¢nand 1502 cr respectively. The Pd(PSAL) complex shows
asymmetric and symmetric stretching vibrations afresponding COO for bridging
bidentate acetate groups at 1597'camd 1454 ci respectively. The band appeared near
647 cm' is assigned for the stretching vibration of Pd+esent in the metal incorporated
polymeric complex. Pd-O stretching was also irdérpy the observed weak absorption peak
at 539 cnit. The polymer bound palladium-Schiff base complei¥S-SAL) exhibits a broad
band at 3412 cthcorrespond to the stretching vibrations of deprated phenolic -OH group
coordinated with palladium. In the polymer-anchord-complex, bothya—o-c and ve=y

experience a small shift highlighting the Pd islatexl with the nitrogen and oxygen atom.
Chemical analysis

After metal ion incorporation the resulting matenasolution phase was analyzed with AAS
instrument which offered a view about the complexaof palladium metal onto the polymer
anchored Schiff base. Present of metal in the petyamchored Schiff-base Pd catalyst was
ascertained quantitatively with AAS expressing %00Bd loading in the polymer matrix.

However, the elemental composition of P{®AL) revealed Schiff base complex formation.
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The elemental analysis of the polymer embeddedffSbhse ligand and its palladium
complex (Table 1) substantiate to the predictiorthef complex as proposed. This implies
that polystyrene was embedded on the surface dPdh8chiff base complex. The ICP-AES
was also performed to analyze the entire palladiomtent of the synthesized Pd{B3L)
catalyst. Elemental analysis of catalyst by ICRcspscopy provided a palladium loading of
7.03 wt% (Table 1). Table 1 presents the C, H areldshental analysis data of PS-SAL and
Pd(PS-SAL) catalyst. The comparative analyticabhdaovided from elemental experiment
(C, H, N), ICRAES and EDX analysis facilitates to determine thmposition of ligand and

Pd supported material consistent with the propssedture.

Table 1. Elemental analysis of the polymer anchored ligamdl @olymer anchored palladium

catalyst
Compound C% H% N% Pd %
PS-SAL 79.78 5.11 7.15 -
Pd(PS-SAL) 72.12 4.8 5.6 795
7.02

%determined by AAS determined by ICRAES
Results and discussion
Activity of catalyst

Activity of polymer supported palladium Schiff-basatalyst has a vital role in various
industrial applications. The possible activity dfet synthesized palladium catalyst was
investigated by altering different experimental dibions like temperature, pressure, solvent,

amount of co-solvent and catalyst used.

NO, NH; - catalyst
co-catalyst H H
temperature) N N
+CO+ pressure \ﬂ/
co-solvent O

solvent

Scheme 2. Carbonylation reaction of nitrobenzene and phentfiar@gamine in the presence of
Catalyst.
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Effect of solvent in the presence of methanol

100

751

50

Yield (%)

Acetonitrile DMSO  Toluene DMF Hexane

Fig. 7 Effect of solvent on polymer anchored Schiff baalgaium catalyzed 1-benzyl-3-
phenylurea productiorReaction condition: nitrobenzene (3 mmol), benzyiree (6 mmol),
Catalyst (20 mg, 0.013 mmol based on Pd activeregrieC} (2.5 mmol), MeOH (6 mL),

temperature (78C), time (6 h), R=80 psi.

The formation of carbonylative product 1-benzyl{3epylurea was developed with the
catalyst Pd(PS-SAL) and co-solvent methanol. Ogimgi the reaction condition with
various solvent the most suitable one was chosef-fienzyl-3-phenylurea formation. The
polar aprotic solvent dimethyl formamide (DMF) is@vent of highest priority with respect
to the yield of 1-benzyl-3-phenylurea productiorrasonalized from above Fig. 7. The polar
aprotic solvent like DMSO and acetonitrile wereoadsfective but provided low yield for 1-
benzyl-3-phenylurea production. Non polar solvelike hexane, toluene contribute an
insignificant yield to the product formation. Th&% vyield was observed for using DMF
solvent. So, aprotic solvent with polar nature basn found more appropriate than only

aprotic one for 1-benzyl-3-phenylurea formations.
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Effect of temperature and pressure on 1-benzyl-3-phenylurea production

100 100
e ) x %X
80 _— 80+ *
S S
< 1 o -
= =
< 60 / < 60
- -~
40 ./ 404 T

40 50 60 70 80 90 30 45 60 75 90
Temperature ("C) Pressure (psi)
(A) (B)

Fig. 8 Effect of (A) temperature and (B) pressure for hdyd-3-phenylurea production
catalysed by Pd(PS-SALReaction condition: nitrobenzene (3 mmol), benzytem(6
mmol), Catalyst (20 mg), Fe£(2.5 mmol), DMF (6 mL), methanol (6 mL), time ( h

The yield of 1-benzyl-3-phenylurea was varies va#inbon monoxide pressure and also with
temperature on the carbonylation of nitrobenzen& denzylamine. Moreover the
optimization of temperature and pressure on 1-He3xphenylurea production was studied.
The temperature of reaction medium was increasadugily from 40°C to 70°C and at final
temperature 1-benzyl-3-phenylurea yield was 83%didition the present reaction was set to
undergo at 75C and the significant yield obtained 95% (Fig. 8EByen in the presence of
methanol no yield of product isolated although ris&ction proceed in room temperature. At
low carbon monoxide pressure (< 30 psi) no tracprofluct was found since the amount of
reactants remains unchanged. Whereas an outstapeiifagmance was present at 80 psi of
CO pressure providing 95% vyield (Fig. 8B). As thaation pressure was boosted from 30 psi
to 85 psi progressively increases of % yield ofebdyl-3-phenylurea from 40% to 95%. At
comparatively low temperature and CO pressure n@ldpment of product detected but

highest (95%) yield was obtained at°@5and 80 psi pressure.

Table 2. Optimization of amount of catalyst for 1-benzyl-Bgmylurea productidn

Entry Time (h) Amount of catalyst (mg)  Yield (%)°

14



1 2 20 24
2 35 20 45
3 5 20 72
4 6 20 95

5. 6.5 20 91
6. 6 15 76
7. 6 25 95

®Reaction condition: nitrobenzene (3 mmol), phenytraeamine (6 mmol), Fegl(2.5
mmol), DMF (6 mL), MeOH (6 mL), temperature (%), P=o (80 psi). "Isolated yield.

The amount of catalyst also performs as cruciattion in current reaction for carbonylative

diaryl urea production (Table 2). In above tablee yield of carbonylation reaction was
moderate when reaction was simulated in presend& ahg of catalyst for 6 h. Increasing
catalyst amount from 15 mg to 20 mg for 6 h reacpercent production of product increase
but enhancement of time with same amount of c&té@ mg) reduce the yield percentage.
No yield of product was obtained without additioh Rd(PS-SAL) catalyst. The sample
carbonylative reaction was elaborated for 2 to &hen the reaction was progress for 5 h
provide moderate yield 72% whereas 2 h reactioardflowest yield of product. A rise in

the catalyst amount (25 mg) showed no advancemetitei model reaction. A preeminent

result was found when the model reaction was opgchiwith 20 mg of catalyst and 6 h.

Table 3. Optimization of co-catalyst for 1-benzyl-3-phengarsynthesfs

Entry Co-catalyst Yield (%)°
1. - -
2. SnCj 91
3. KOH 30

15



4. E&N 25

5. Pyridine 23
6. FeCl; 95
7. p-toluene sulphonic acid 92

®Reaction condition: nitrobenzene (3 mmol), phenyhmeamine (6 mmol), DMF (6 mL),
MeOH (6 mL), temperature (7&), P=o (80 psi).PIsolated yield.

Exploration of optimized condition for co-catalysiving acidic and basic nature was done.
The acidic catalyst like SnglFeCh, p-toluene sulphonic acid (PTSA) was improved the
yield of the product maintaining the other optindzeondition fixed (Table 3). The mixture
of nitrobenzene and benzylamine may undergo catatoy in the presence of Lewis acidic
co-catalyst FeGlto afford the corresponding phenyl urea, with atrquantitative yield. But
the basic co-catalyst like £, pyridine provide worst yield of product. Withoct-catalyst
no existence of product established even at 80C&ipressure, 6 mL MeOH and other
necessary controlled conditions. The percent yoéldroduct in model reaction will decrease
if moisture is in the reaction system. Finally, ecellent yield (95%) was observed. The %
yield of product for the reaction between nitrobsmz and benzylamine with co-catalyst was
highest for FeGl Iron cacatalysis in the above system offers a satisfadialy yield due to

development of the catalytic cycles associated aativation of the CO molecule [35].
Synthesis of diaryl urea production using different derivatives

The carbonylation of nitrobenzene together withuaber of different substituted amines
underwent spontaneously under gentle conditiorfeycihg the carbonylative products i.e.

diaryl urea in moderate to high yields is outlined able 4.
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Table 4. Reductive carbonylation of nitrobenzene with difetr derivative of amines by
polymer anchored Schiff bapalladium complek

gt
0 »
©: (8%, %) oo
C "o S
+ co + | — \[r
(80 psi) R DMF, MeOH, FeCls O

75°C, 6 h

Z

Conv. Yield TOF
(%)° (%)° (h

H H
N\n/N 98 95 37.69

: NH,
NO,
NH, H H
' @[ N\n/N 17 Trace  6.53
NO, a
H H
3 N N
' ©—an \n’ 96 90  36.92
(0]
NH, 1{} g
O/ \n’ 99 96  38.07
0O
Ne N
5. - \n’ 95 91 3653
H3C_NH2
(0]
NH, 1{} Q
6. ‘ 98 97 37.69
O oY 0

H H
N _N
7.  H3;C—NH, -~ \n/ N 40 32 1538

(9]
NH NN
8. /©/ /©/ g \© 100 98  38.46
MeO (0]
MeO

Entry Amines Product

A

1
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H H
N

N\ \n/'\\/\ 96 94 36.92
I
NF

9. A,

NH; Nal N 16 Tracé
10. \ﬂ/ ~ rac 6.15
I
N\~
®Reaction condition: nitrobenzene (3 mmol), aminen@ol), FeC} (2.5 mmol), DMF (6
mL), MeOH (6 mL), Catalyst (20 mg, 0.013 mmol basedPd active centre), temperature

(75°C), time (6 h), 80 psi CO pressuP&C conversion‘lsolated yield “nitromethane used
instead of nitrobenzen8vithout Pd(PS-SAL) catalyst but FeQiresent.

\ /

Under optimized reaction system, the reaction ttbhenzene and the derivatives of aniline
were observed as represented in Table 4. The iwHeelss of catalyst was examined with
cyclohexylamine, p-toluidine, aniline, benzylamidemethoxyaniline etc. and among their
corresponding products-(#-methoxyphenyh3-phenylurea grant for the highest yield and
better conversion (Table 4, Entry 8). Disappoingng-nitroaniline provides a negligible
yield of urea and lower conversion of amine signifythat-NO,, an electron withdrawing
group strictly weaken theNH, group activity (Table 4, Entry 2). When aliphatidro
compound are used instead of aromatic nitro comgbalie yield is too low with respect to
other derivatives (Table 4, Entry 7). But when plemine treated with nitrobenzene the
yield is interestingly high than that of methylamiproduct (Table 4, Entry 5,9). This is due
to more inductive effect of propylamine. Urea otlohexylamine, goluidine, and aniline
led to 96%, 97%, 90% yield respectively with a Satitory conversion (Table 4, Entries
3,4,6). Hence the group that has electron donatapgbility give better yield than others.
Benzylamine also provide a better result than otdgrhatic amines (Table 4, Entry 1).
However, without Pd(PSAL) catalyst and presence of ferric chloride affartrace amount

of reaction product. Fegprovides the definite work in the reaction of whitlkenhances the
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yield of the reaction but sufficient amount of PE{®AL) catalyst ensure better yield of the

product.

Mechanism of diphenyl urea synthesisin presence of Pd(PS-SAL) catalyst

.l {l'J‘\?‘(l (8)
(P, 25
NG |

[Pd(PS-SAL)|

NH2
@/‘{?’ﬂhml
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@
coO =
2 L o :
- A NO2 -
0" o
= (“ . (’) co 3
0 !
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N 0
|
D | S
H H

Scheme 3. Plausible mechanistic pathway for polymer supporpadladium catalysed
diphenyl urea synthesis.

The possible mechanism is suggested on the basiasion that a REONHAr complex is
formed during carbonylation (Path A, Scheme 3).rétage lot of literature examples which
proposed the same intermediate [36,37]. Nitrobemasgaged itself in the mechanism as an
oxidant. Nitrobenzene undergoes react with CO ouddeand itself reduced to aniline. In
this way the carboxylation cycle commences as tiephim Scheme 3. The reaction forwards
with involving the catalyst proceeding through @arpation of anilinePd intermediate to
generate Pdarbamoyl complex followed by withdrawal of oxygatom from PhN@by CO
molecule. The simultaneous reduction process ofhd PhNH wasexperienced by the

uptake of the Fatom released from aniline molecule [38]. Seveuthars reported a nitrene
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mechanism followed for rationalizing the producteair[39,40]. Path A, describes a
carbamoyl intermediate is generated during theasaylation reaction between Phitdnd
CO. Next it is proficient to reacts with aniline camitrobenzene with the subsequent
formation of diphenyl urea. Nitrobenzene in thisaton treats as an oxidant through

drawing H atom from the carbamoyl complex [36,41].

Likewise additional mechanistic pathway can be m®red in Scheme 3 based on the
Pd-nitrene intermediate as explored Rath B. First, from aniline as the substrate, the
feasible Pd-nitrene species is formed simultangouih the release of CQOvhere aniline is
also formed in the reaction system from nitrobeezeaduction. The nitrobenzene reduction
by the CO in the presence of Pd{BAL) catalyst occurs at a faster rate. The inseribCO
is next into Pd-nitrene species took place to pcedad-coordinated isocyanate. Ultimately,
amine attacks as a nucleophile to the isocyanatalated by the palladium complex
consequences to the yield of expected unsymmetuiczds alongside regeneration of Pd
catalyst [42]. As represented in Scheme 3, PhNC¢Brhplex is known to be formed by
carbonylation of PhN[Pd] (a nitrene complex), whibls been generated by stepwise
deoxygenation of nitrobenzene with GRath B). The phenyl isocyanate complex is able to
react with aniline and gives rise to the targetedN'iphenyl urea [36,43]. The
transformation to isocyanate is very rapid sinagatson of this intermediate is beyond

feasibility [38].

Catalytic Activity of Carbonylative S-M cross coupling reaction

0
B(OH), Base, Solvent
4 [j/ Temperature >
Z Cco

Scheme 4. Carbonylative SuzukMiyaura cross coupling reaction of iodobenzene and
phenylboronic acid.
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Effect of pressurefor diphenyl ketone synthesis

100+

Yield (%)
%
T

=)
=

30 45 60 75 90 105
Pressure (psi)

Fig. 9 Pressure effect for diphenyl ketone formation byygtyrene supported Pd catalyst.
Reaction condition: lodobenzene (1 mmol), phenybbi acid (1 mmol), KCOs (3 equiv.),
anisole (5 mL), temperature (9C), time (8 h), catalyst (15 mg, 0.01 mmol basedPah

active centre).
Effect of carbon monoxide pressure on carbonylafueuki-Miyaura cross coupling

reaction of iodobenzene and phenylboronic acid (aleh reaction) illustrated in Fig. 9.

Increase of CO pressure from 65 psi, promotionrofipct yield was not observed which
might cause that rising of CO concentration perfanpetite role in the cross-coupling
reaction. Investigation of pressure over the cayladive S-M cross-coupling reaction was
done from 29 to 98 psi. However, enhance of COsmresfrom 29 to 65 psi a continuous
increasing of product yield in the model reactioon 41% to 96% respectively. Moreover,

maintaining all the optimized condition we find 969eld at 65 psi carbon monoxide
pressure.

Effect of amount of catalyst on cross-coupling product diphenyl ketone synthesis

100+

0 5 10 15 20 25
Catalyst amount (mg)
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Fig. 10 Effect of amount of catalyst on diphenyl ketonenfation by Pd catalysReaction
condition: lodobenzene (1 mmol), phenylboronic ga&ignmol), KCO; (3 equiv.), anisole (5
mL), Pco=65 psi, temperature (9C), time (8h).

The amount of catalyst is another essential parhadel reaction for carbonylative cross-
couping reaction present in Fig..Hlaboration of optimized condition with the quaytdf
catalyst was done from 1 mg to 25 mg. The low yadldarbonylative product was observed
in the model reaction containing low amount of batia The captivating outcome was
achieved (96% vyield) when 15 mg of catalyst wasdus#®ithout catalyst no product was
obtained. Increase of catalyst amount in the samp&etion, no reasonable yield of

carbonylative product.

Table 5. Benzophenone synthesis using different solventmsé

Entry Base Solvent Yield (%)°
1. KoCOs EtOH 0
2. KoCGOs DMSO 37
3. K2COs Anisole 9%
4. KoCOs - 0
5. CsCOs Anisole 65
6. - Anisole 0
7. EgN Anisole trace
8. KOH Anisole 42
9. KsPOy Anisole 51

10. K:COs Toluene 69
11. KoCOs H.O 0
12. KoCOs DMF 62
13. KoCOs Anisole 72
14. K:COs Anisole 8¢
15. NaCO; Anisole 93
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®Reaction condition: lodobenzene (1 mmol), phenybar acid (1 mmol), P~=65 psi,
temperature =96C, ‘temperature =86C, %temperature =108C, time (8 h), catalyst (15 mg,
0.01 mmol based on Pd active centPsplated yield.

Maintaining the other optimized condition unaltefed the reaction between phenylboronic
acid and iodobenzenes in the presence of polystysaepported palladium catalyst was also
selected for optimization with various base andvesal. The impact of different
organic/inorganic bases and protic/aprotic solvanésrepresented in Table 5, Entries 1-14.
According to the observation it is proved that p@alprotic solvent is more reliable for better
yield formation than polar protic solvent. When timedel Suzuki-Miyaura cross coupling
reaction was optimized with ethanol, water (poleotig) (Table 5, Entries 1,11) no desired
product was found. But for nonpolar protic solvésiuene product contribution was 69%
(Table 5, Entry 10). However, the percentage ydldross-coupling reaction product was
moderately good for DMF, DMSO, anisole (polar amot(Table 5, Entries 2,12,13).
Afterwards a satisfactory result was obtained whamesole was used as a solvent. The
maximum yield 96% (Table 5, Entry 3) was obtairfed polar aprotic solvent anisole

keeping the other optimized parameter same.

As base also acts a reasonable role in the moaeioa has endured a variety of organic and
inorganic bases (Table 5, Entries 1-14). The reduptimizing base parameter indicates that
bases of inorganic origin like KO;, CsCO;, K3PO, provide a better result than organic
bases like BN. The excellent report was inferred fop®0O; base while the reaction was
executed under 15 mg of Pd catalyst and 65 psipf@ssure. But temperature has an effect
on reaction condition when other conditions areimed. When sample reaction
temperature was reached to its upper limif@@xcellent yield of product (Table 5, Entry 3)
but extending this temperature to 1 lower the yield of carbonylative product. Sojsit

concluded that to achieve a marvelous result imseof % of yield a base KOs, solvent

23



anisole and heating under 90 temperature is necessary with other optimizedrpater.

Effect of time on diphenyl ketone synthesis

100

80 o
60- rd

40 |
/
20

Yield (%)

Time (h)
Fig. 11 Effect of time on carbonylative Suzuki-Miyaura cgan catalysed by polystyrene
supported Pd catalysReaction condition: lodobenzene (1 mmol), phenybar acid (1
mmol), K,CO; (3 equiv.), anisole (5 mL),d3=65 psi, temperature (9C), catalyst (15 mg,
0.01 mmol based on Pd active centre).
After accomplishment of optimized CO pressure antbunt of catalyst now investigate
about the effect of time in the model reaction (Hity). The elevation in reaction period from
3 h to 8 h results constant increase of yield obaaylative product from 36% to 96%. A
moderate yield 73% obtained when the reaction tirag 6 h. Maximum yield obtained when
the same was performed with 15 mg of catalyst, §00p CO pressure, 9% temperature
and surely 8 h certain reaction time.
Synthesis of diaryl ketone by carbonylative Suzuki-Miyaura reaction

The scope of S-M cross-coupling reaction was ingattd by using aryl boronic acids and

an extensive class of aryl iodides as starting nase

Table 6. Carbonylative SM cross-coupling reaction of aryl iodide with atybronic acid
catalyzed by polymer anchored Schiff basdladium cataly$t

0
D B(OH), Pd Catalyst 0 g
+ ( )/ K,CO;, CO, 90°C | ’
S 8 h, Anisole > X
R'
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Conv. Yidd | TOF
©%)°  (©%)° | (h™

Aryl boronic

acid Product

Entry Aryliodide

B(OH),

98 96 |12.25

-

B(OH),

93 87 11.62

)(j\©
| |
CN
(0]
)J\© 95 94 11.87
)7\©
i@

O

CN

B(OH),

-

B(OH),

96 93 12

-

B(OH),

75 73 9.38

-

®Reaction condition: aryl iodide (1 mmol), aryl boio acid (1 mmol), KCOs (3 equiv.),
anisole (5 mL), B=65 psi ,temperature (RC), time (8 h), catalyst (15 mg, 0.01 mmol
based on Pd active centr&xC conversiontlsolated yield.

With established optimization conditions we expdhe cross-coupling with various aryl
boronic acid and aryl iodide (Table 6) in the preseof CO have been expanded. Both aryl
boronic acids and aryl iodides containing electr@heasing and attracting groups are
efficiently employed for carbonylative cross-comglireaction with polystyrene supported Pd
catalyst having moderate to excellent yield 73-9@henyl boronic acid without any
substituted group is finely tolerated and provideresponding carbonylative product as

maximum vyield with 96% and the % conversion is atscellent. Likewise, 4-chloro
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substituted iodide provide almost 93% vyield effittlg with polymer supported palladium
catalyst. lodide containing para substitution hgwatectron releasing -GHyroup in phenyl
ring affording corresponding product yield 94% wdaes ortho substituted product give only
73% of yield with relatively low conversion. Thisw yield happen due to bulky nature of -
CHs group which may creat steric hinderance. Relatilel yield (87%) of isolated product
was obtained for the corresponding reaction of heshzene and 3-cyanophenylboronic acid

with palladium catalyst.

Mechanism of carbonylative S-M cross-coupling reaction in presence of heter ogeneous
palladium catalyst

IS

|
N 070 o

(o5 O

()'\_r;() |

[PA(PS-SAL)]

Solvent

z co
KI + IB(OH), R— | I
AL N
\|/ (OH); + K,CO; oc [ O

RI

Scheme 5. Plausible mechanism for the carbonylative S-M craamspling reaction catalyzed
by polymer anchored Schiff base-palladium complex.

The possible mechanistic pathway for cross couginggests the catalytically active Pd(PS-
SAL) species coordinates to titesystem in the electrophile, followed by the migratof Pd
metal to an initially possible species (I). The thstep in the carbonylation reaction is the

coordination of CO to palladium leading to an imediate (Il) (Scheme 5) followed by the
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migration of organyl group to the CO carbon thatates an acylpalladium complex (lll)
[44].

The aryl iodide undergoes oxidative addition to Bek center to form the aryl palladium
intermediate (I). The inserted CO molecule coorigavith the aryl palladium species and
later an internal migration process leads to thven&dion of acyl palladium species. The
arylboronic acid undergoes transmetallation with Bd center in the existence ofGO; to
give PhCOPd-Ph species. The subsequent transmetallation bet®ReB(OH) and PhCO
PdL offering the PhC@Pd-Ph molecule, which immediately experiences an elton to
generate the diaryl ketone exclusively accompabiedhe release of Pd(PS-SAL) catalyst

[45,46].

The step following insertion in carbonylative crassipling is defined as transmetallation
(Scheme 5) and transports the organonucleophilthdéoPd center. Attack of base (here
K,CQ;) to aryl boronic acid followed by -Ph group migoat delivers the intermediate (l11)
which undergoes the reductive elimination, to praedthe ultimate unsymmetrical diaryl
ketones by regenerating the Pd-catalyst (Scherf¥7539].

Heter ogeneity test

Heterogeneity test was performed to prove whetdéP8-SAL) truly act as heterogeneous or
not in carbonylation reaction of nitrobenzene amszylamine as a model reaction. The
reaction was conceded for 4 h firstly then thelgatavas removed. The yield of 1-benzyl-3-
phenylurea was 57%. The reaction was performeavriother 2 h in absence of catalyst but

there was no satisfactory enhancement in the gigtloduct (Fig. 12).

27



100
With catalyst

80- Without catalyst

60 __

40
/n H

O T v T ¥
2 3

Fig. 12 Heterogeneity test of polymer supported schiff Hadecatalyst.
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The yield of product remains same. The reactiontunéxwas passed through a filter which
upon AAS analyses of the liquid phase confirmedatibgence of Pd. These inferred that Pd is
not being leached out from the Pd(PS-SAL) catdlystughout the reaction. Moreover, when
a blank reaction (absent of catalyst) was performedjield of corresponding 1-benzyl-3-
phenylurea observed. This outcome suggested thbwatcharacter of Pd is midpoint in this
carbonylation reaction and was heterogeneous uréat

Recyclability of catalyst

Heterogeneous catalyst has an important charatiawvrs through its recyclability and
stability. It is pertinent to remove the separation problemd disadvantages through the
immobilization via covalent bond with the suppast make it heterogeneous. The system
becomes more convenient, lucrative over the comynasid incorporation process in terms
of diminishing catalyst leaching and next to enl@gstability of Pd-catalyst. The leaching
of Pd metal in each run has been given in thevielig Table 7 indicating that very small

amount (almost negligible) of palladium metal weadhed out even after 5 times reaction.
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Table 7. Leaching studies of the recycled catalyst in eaae

Entry No. of Palladium leaching (ppm)
cycles Diaryl urea synthesis Diaryl ketone synthesis
1. 1 - -
2. Pd(PSSAL) 2 0.001 0.002
3. Catalyst 3 0.002 0.003
4. 4 0.006 0.013
5. 5 0.011 0.021

The catalyst Pd(RSAL) retains its activity almost intact after relyand can be easily
separated by washing with methanol and dried atG®@or 4 h. In accordance with the
optimized reaction conditions both carbonylativeeaurpreparations and cross-coupling
reactions were investigated with the recycled gatalThe heterogeneous catalyst was reused
up to 5 times to detect catalyst stability in thetimized reaction condition (Fig. 13). There
was no considerable change in yield of 1-benzyh8nylurea which indicated the catalytic
activity of catalyst remained constant and steamlyrépetitive use. The catalyst remains
intact after five times recycling which evidenceg BEM, TEM and FTIR analysis

(supporting information).

&
=]

—HB— Diaryl urea
—@— Diaryl ketone

o
(=)
*]

/]
/

Yield (%)
NS
L *]
7,

o
=)
()

88

1 2 3 4 5
No. of cycles

Fig. 13 Recycling efficiency of polystyrene anchored pallaad catalyst for both
carbonylative diaryl urea and S-M coupling reactifidiaryl Urea=1-benzyl-3-phenylurea;
Diaryl ketone = benzophenone]
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Evaluation of catalytic efficiency of polymer attached palladium catalyst with the

former reported systems

Table 8 corresponds to an evaluation of efficiefurythe synthesized catalyst with the other

established catalyst performed in the presentimactThe following table exhibits that the

current developed polymer anchored Pd-catalystagerfascinating and well competent one

than the previous well-known catalyst for the abmeactions.

Table 8. Comparision with different catalyst for both diarytea and diphenyl ketone

synthesis

Reaction Reported
catalyst

Reaction condition Yied
(%)

PdCb or Aniline (54 mM), ethanol (20 mL), 74

PACL(Py)/Felb

Diaryl [Ru(PSimd)(CO)
urea Cly]
synthesis

PdCh/Fe/b/Py

Pd(PS-SAL)

catalyst = 0.056/1,2/0,04 mmol, 16C,
3.6 MPa CO, 0.6 MPa£60 min.

Nitrobenzene (10 mM), amines (20 mM), 92
catalyst =1.0x10° mmol, CO (60 atm),
FeCk (20 mM), methanol (20 mL), 120
°C,5h.

Aniline (53 mM), P(CO) =40 bar, Nb (27 42
mM), catalyst =1/52/2.3/37 molar ratio,
chlorobenzene (20 mL), 18C, 60 min.

Nitrobenzene (3 mM), aniline (6 mM), 90
catalyst = 20 mg, FeCl; (2.5 mM), DMF

(6 mL), MeOH (6 mL), 75 °C, 6 h, 80 psi

CO pressure

Ref.

[50]

[51]

[52]

This
Study

PS-Pd-NHC

Diphenyl Pd/C
ketone
synthesis

P(DVB-NDIIL)-
Pd

Phenyl iodide (1 mM), phenyl boronic 94
acid (1.2 mM), catalyst = 14.5 pmol
K2COs (3 mM), toluene (10 mL), temp.=
100°C, P(CO) = 100 psi, time = 10 h.

Phenyl iodide (1 mM), phenyl boronic 90
acid (1.2 mM), 10% Pd/C (2 mol %), CO
(200 psi), KCO; (3 mM), anisole (10
mL), temp.= 100C, time =8 h

Phenyl iodide (1 mM), phenyl boronic 85
acid (1.4 mM), catalyst = 1.0 mol%,
K>COs (3 mM), toluene (10 mL), 126C,

12 h, 30 bar CO

[53]

[54]

[55]
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Pd(PS-SAL) Phenyl iodide (1L mM), K,COs (3equiv.), 96  This

phenyl boronic acid (1 mM), catalyst = Study
15 mg, anisole (5 mL), Pco = 65 psi, 90
°C,8h.

Conclusions
In summary, the present system offers the highficieht Pd(PS-SAL)catalyzed

carbonylative diaryl urea and Suzuki-Miyaura crassipling reaction by using CO to
synthesize diaryl urea and biaryl ketones, respelgti The synthetic chemists are concerned
about the development of innovative production roéshfrom alternative and versatile
resources having C1 chemical building block suc@s Selective coupling of CO still have
been throwing a serious challenge to the resean@mtssts. The catalyst Pd(FSRL) has
been found efficient and successful candidate imnytdurea and biaryl ketone synthesis with
extensive conversion and higher yield. It is reraht& to discuss that Pd(FS3\L) could be
used for five reaction cycles without any reduction the catalytic efficiency. The
carbonylated products were achieved in adequatdsyie all cycles without too much alter
in morphology of catalyst. The-B® carbonylation reaction procedure using CO toksat
different substituent on both coupling partnerse firesent methodology contributes mild
conditions: 80 psi CO pressure and °Cotemperature with a tolerance of different type of
substituted groups in the starting amines for diamga synthesis. Production of biaryl
ketones form iodobenzenes and phenyl boronic aaid85 psi CO pressure and 80
temperature enhances the universal acceptances afathlytic system. Simultaneously, this
work will propagate the researchers to develop siategies for conversion to C1 chemicals

or even higher chemicals.
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Resear ch Highlights

Synthesis and ar chitecture of polystyrene-supported Schiff base-Palladium
complex: Catalytic features and functions in diaryl urea preparation in
conjunction with Suzuki-Miyaura cross-coupling reaction by reductive

carbonylation
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+ Polymer anchored Pd(PS-SAL) catalyst uniquely synthesized for impending
functioning in carbonylation.

+ Pd(PS-SAL) catayzes diaryl urea and diaryl ketone synthesis without stringent
conditions.

+ Diaryl urea compounds have miscellaneous bioactivities and medicinal applications.

+ Diaryl ketones widely used as natural products, cosmetics, pharmaceuticals and
biosynthetic precursors.

+ Polymer embedded heterogeneous catalyst is reusable up to five reaction cycles.



