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Abstract

The synthesis and utilization of C-C bonds formatame concerned about the key steps for the bgildinseveral
conducting molecular electronics involving manyrasyetric catalysts approached, which is an esseasélthat most
researchers would ignore in preparing these mégettaenhance the production yield of cross-cogplmaterials.
Despite the enormous progress, there still remaingreat demand for economic and practicable crosptling
processes involving ultra-low catalyst loadingshwlitigh turnover numbers due to the employment efveational
metal catalyst. Thus, there has been an excessimest to cultivate non-phosphine palladium catalyor excellent
achievement of activity, stability, and substraikettance which permit the coupling reactions tocbaducted under
mild reaction condition at ambient atmosphere. his tcontribution, N-(4-nitrophenylcarbamothioyl)-i-
methylbenzoyl) thioureaL{T1) and its metal complex &LT1 featuring Pd (ll) have been successfully charésedr
via typical spectroscopic methods namely; Infrafé®) spectroscopy, Ultraviolet-visible (UV-Vis) sgteoscopy,
CHNS elemental analysis, and Nuclear Magnetic Rasoe tH and*3C NMR). In turn, catalytic studies of palladium
catalyst MLT1) were tested for its homogenous catalytic actiuityHeck cross-coupling reaction. The reaction was
monitored by Gas Chromatography-Flame lonisatiote€ter (GC-FID). Results reveal thsti. T1 exhibits 100% of
conversion starting material into a cross-couppngduct, which was alkene-based compound.

Abstrak

Palladium-Tiourea Yang Efisien Sebagai Katalis Reasi Gandengan Silang Heck Untuk Molekul Elektronik.

Sintesis dan penggunaan pembentukan ikatan C-G gigrérhatikan sebagai langkah utama untuk menthéherapa
molekul elektronik terkonduksi yang melibatkan balkatalis-katalis asimetris, yang merupakan tugagy sering
diabaikan oleh kebanyakan peneliti dalam menyediddehan-bahan ini untuk meningkatkan pengeluarait bahan
gandengan silang. Meskipun telah banyak perkemimadgiam hal ini, masih ada permintaan yang tingdliki proses
gandengan silang yang lebih ekonomis dan praktigy y@anya melibatkan pembekalan katalis yang samgatah
dengan hasil perolehan yang tinggi dengan pengguikasalis logam biasa. Oleh karena itu, terdapaty&la
kepentingan untuk menghasilkan katalis paladiunpdafosfina untuk pencapaian yang cemerlang daiiadiyitas,

kestabilan dan toleransi substrat yang membenadaiksi gandengan silang yang dijalankan dalam daradeaksi
sederhana pada keadaan atmosfer tertentu. Dalaam kaj, N-(4-nitrofenilcarbamotionil)-N’-(4-metiknzoil) tiourea
(LT1) dan kompleks logamnya yaitdLT1 menampilkan Pd(Il) telah berhasil dicirikan meldtaidah spektroskopi
yang biasa yaitu spektroskopi sinar inframerah,(Bpektroskopi Ultra-Lembayung Sinar Nampak (UVjyenalisis

unsur CHNS dan Resonan Magnetik Nuklels dan'*C NMR). Selanjutnya, tindak balas ini dipantau ngngakan
Gas Chromatography-Flame lonisation Detector (GC-FID). Hasil penelitian menunjukkaiLT1 memberikan 100%
konversi bahan pemula menjadi produk gandengamgsilaitu senyawa berasaskan alkena.

Keywords: thiourea, catalyst, cross-coupling, Heck, alkene
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1. Introduction

The palladium-catalyzed cross-coupling reaction is
known to be as one of the most favorable reactions
between aryl and vinyl electrophiles. It has been
developed into a single operational method of aewid
scope for the construction of C-C bond forming pro-
cesses in the preparation of multifunctional deies
towards the synthesis of electron-deficient alkyiieg],
styrene [3-4], and stilbene derivatives [5] withmerous
technology applications, which include natural prod
bioactive compounds, and active pharmaceutical flrug
intermediate [6]. Recently, researchers are givirage
attention regarding cross-coupling reaction dueit¢o
ability in the formation of C-C bonds with excelten
yield. Since then, a large number of catalytic eyst
have been proposed to reduce the weaknesses &sgocia
with cross-coupling reaction, especially the ineshent

of phosphine as ligands in palladium catalyzed sros
coupling reactions [7-8].

The participation of palladium-phosphine compleass

a catalytic system for cross coupling reactionsvél
published. This is because palladium containingsphime
complexes are known to have an excellent catalytic
activity for giving high yields, turnover number@N),

and turnover frequency (TOF) for various cross-
coupling reactions [9-10]. However, most of these
reactions have been carried out involving high cost
metal catalyst, very reactive to air and moistard
consequently, involving highly inert atmosphere
conditions which are required to operate the cateftyr

an efficient reaction work-up [11-12]. In additiothe
oxidation of the phosphine to phosphine oxide dral t
cleavage of the P-C bond exhibit ligand dissocrgtio
metal reduction, and termination of the catalytycle.

In fact, most of the phosphorus ligands used irsghe
reactions face the drawback of difficulty of syritbe
work-up, very poor thermal, and air stability which
become the key reasons for the growing interest in
phosphine-free catalytic systems in every crospiaug
reaction. In the past few years, many attempts baea
made to solve the existing problems, including ulse

of naturally occurring or semi-synthetic novel g/
catalysts with the combination of low-toxic solvesitich

as N,N’-dimethylformamide (DMF), tetrahydrofuran
(THF), and dichloromethane (DCM) [13-14].

Therefore, in this study, thiourea derivatives euteo-
duced to be used as ligand in palladium complexes
because thiourea individually is known to be a atilies
ligand which is widely used in organic synthesisiolirea
acts as an ambidentate ligand that consists of two-
toothed binds to the metal in which only one caacdt

to the metal. Thus, it should be able to do congtiex

with numerous metals. Inspired by the unique priger

of thiourea derivatives in wide advanced material
applications as well as previous reported strusture
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thiourea on several metal complexations [15-17]report
herein the design and synthesis of N-(4-nitrophenyl
carbamothioyl)-N’-(4-methylbenzoyl) thiourehT1) and
their palladium complexationMLT1) as homogenous
catalyst cross coupling reaction (i.e. Heck crasgpting
reaction). The role and behavior of this catalysthe
catalytic studies of Sonogashira cross-couplingtrea
were further investigated. In this research, théaur
derivative and palladium (ll) thiourea complexesreve
synthesized and fully characterized via severacset
spectroscopic methods namely FTIR, UV-Vs| and
¥C NMR, and CHNS elemental analysis. In turn, the
catalytic study was carried out to study the penfamce

of palladium complex as a homogenous catalyst én th
Heck reactions involving iodobenzene and 4-bromo-
acetophenone.

2. Experiment

Materials and instrumentation All chemicals and sol-
vents used in the experimental work-up were commer-
cially purchased from standard suppliers namelyngig
Aldrich, Merck, Fisher Scientific and R&M Chemical.
They were used as received without further putiiica
and the reactions were carried out under an ambient
atmosphere, and no special attention was takerx-to e
clude air or moisture during experimental work-Tipe
infrared (IR) spectra were recorded on Perkin Elmer
Spectrum 100 Fourier Transform Infrared Spectromete
by using potassium bromide (KBr) pellets or fronaihe
liquids in the spectral range of 4000-400trithe UV-

Vis spectroscopy was recorded in Spectrophotometer
Shimadzu UV-1601PC in 1 cm path length quartz cell
in methanolic solution with concentration 1XM\ for
absorbance analysis. NMR spectra were recorded on
Bruker Avance Ill 400 Spectromet&d (400.11MHz)
and °C (100.61MHz) using deuterated chloroform
(CDCly) acting as the solvent and TMS an internal stan-
dard within the ranges betwe&n0-15 ppm tH) andsc
0-200 ppm C). In turn, Gas Chromatography Flame
lonization Detector (GC-FID) was used to verify the
conversion starting material during catalytic aititss.

The percentage conversion of the products from the
starting material was approximately calculated gishre
equation below.

GC-FID analysis conversion:
% Convertion = (A — Asinar)/ Aint X 100

Ai : Peak area of reactant before reaction
Asina. Peak area of reactant after reaction

1)

Synthesis of N-(4-nitrophenylcarbamothioyl)-N’-(4-
methylbenzoyl) thiourea (LT1) The experimental
details with regard to the synthesislofl have been
reported previously in literatures [18]. Howeveon®e
maodifications in synthetic work and further chaesizta-
tion on the spectroscopic and analytical tasks wamged
out and are discussed further in this report. Atswh of

August 2017 NVol. 21 0 No. 2



60 Khairul, et al.

4-methylbenzoyl chloride (1 mmol), ammonium thio-
cyanate (1 mmol), and 4-nitroaniline (1 mmol) inra0
acetone was put at reflux with constant and vigerou
stirring for ca. 6 hours. Once the reaction was adjudged
completion via a thin layer chromatography techaiqu
(TLC), the solution mixture was poured into a beake
containing ice blocks. The obtained yellow preecifst
was filtered and purified via the recrystallizatiprocess
from methanol to yield the title compoundlakl (77%
yield). General synthetic pathway to affokdl is as
shown in Figure 1.

Complexation of N-(4-nitrophenylcarbamo thioyl) -
N’-(4-methylbenzoyl) thiourea with palladium (I1)
chloride (MLT1) The reaction of palladium complexa-
tion was carried out under an inert condition with
continuous nitrogen flow. A solution bT1 (1 mmol) with
palladium (II) chloride (1 mmol) in 30 ml acetorligr
was put at reflux with constant stirring foa. 2 hours.
The resulting grey precipitate obtained was thieréd

: 0]
+
Cl

4-methylbenzoyl chloride

NH,SCN

ammonium thiocyanate

and washed with cold acetonitrile to yield theetitl
compound adLT1 .

Catalytic testing on cross-coupling reaction (Heck
system) lodobenzene (1 mmol), methyl acrylate (2
mmol), triethylamine (2.5 mmol), and palladium cata
lyst of designatedMLT1 (1 mmol %) were mixed into
Radley’s 12-placed reaction carousel with the flofv
nitrogen consistently under reflux condition (120)°
for 24 hours. The progress of reaction was moruttdne
GC-FID as illustrated in Figure 2. lodobenzene bithi
100% of conversion.

In a similar manner as described above, 4-bromoa
cetophenol (1 mmol, 0.2 g), methyl acrylate (2 mmol
0.17 g), triethylamine (2.4 mmol, 2.42 g), and adilim
catalyst of designateMLT1 (1 mmol %) were mixed
together in Radley's 12-placed reaction carouselstvh
purged with nitrogen and heated to £20for 24 hours.
The reaction was monitored by GC-FID as shown in
Figure 3. Conversion 4-bromoa-cetophenone: 83.88%.

Acetone O
—_—
Reflux NCS

4-methylbenzoyl thiocyanate

+
S
HN% Acetone
HN NO, =——— N NO;
0O Reflux
4-nitroaniline
N-(4-nitrophenylcarbamothioyl)-N'-(4-methylbenzoyl)thiourea
(LT1)
Figure 1. The Synthetic Pathway for the Synthesis dfT1
0]
MLT1, EtN X0
;
Q' COOMe

Reflux

methyl (E)-3-phenylprop-2-enoat

Figure 2. Heck cross-coupling Reaction between loenzene and Methyl Acrylate Catalyzed by MLT1

0]

catalyst X, Et3N

+ 7 TCO,Me
Br

4-bromoacetophenone methyl acrylate

_— =

120°C

> Co,Me

(E)-methyl 3-(4-acetylphenyl)acrylate

Figure 3. Heck cross-coupling Reaction between 4-bmoacetophenone and Methyl Acrylate Catalyzed by MLT1
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3. Results and Discussion

Infrared (IR) Spectroscopy AnalysisInfrared spectra
of ligand LT1 and metal complex MLT1 revealed akt
expected bands of interest nameiN-H), v(C=0),
V(C-N), andv(C=S) as shown in Figure 4 and 5. Two
absorption bands of(N-H) for LT1 in the secondary
thioamide group can be observed at 3288 ¢en3007
cm*while for MLT1 bothv(N;-H,) andv(N,-H.) bands
shifted to lower frequencies, 3117 ¢rand 3011cnl
which corresponded to symmetric and asymmetric
stretching vibrations and have been examined tthée
existence of C=0...H-N intramolecular hydrogen bond
[19-20]. The stretching vibration for(C=0) for LT1
was assigned at 1672 ¢mwhile for MLT1 the
vibration signal has shifted to higher frequencg71
cm® suggesting formation of complexation of metal-
thiourea between the ligand and the metal center at
oxygen and attributed ta-back donation that occur
between the thiocarbonyls and the metal center. [21]
The v(C-N) band of LT1 can be observed at 1268¢cm
while MLT1 was slightly shifted to higher frequeesi
1263cm', as moderately strong bands which indicate
the weakening of the C-N bond on coordination.
Meanwhile, a strong band was observed at 748 fom
free ligand LTU which attributed to(C=S) stretching
vibration, whereas for MLT1, the(C=S) bands show
slightly low frequency at 735 cmthat is in close
agreement with a previously studied system [22]e Th
downshift frequency attributes to the formationtbé
Sulphur (S)-Metal (M) bond which leads to electron
transfer from lone pair of Sulphur to the metal (i23].

100.0_,
95
90
85

80 1973.1:

191591
75 222525
2594.95

70| 244371

65

604 3006.74

55

50 328873
%T

45

40

35

v(N-H)

v(C=0)

304

251
204
154
10]

5

0.0

167254

Therefore, this has reduced the double bond clearatt

the C=S bond. In addition, the empty orbital of the
metal has been occupied and the interaction between
(Pd-C-S) becomes stronger. Thus, the FTIR result
shows the possible coordination of Pd@ith LT1 via
oxygen atom in (C=0) and Sulphur atom in (C=S).

UV-Visible Spectroscopic Analysis. The UV-Vis
spectrum of LT1 shows three important bands for the
expected chromophores, namely phenyl, carbonyl
(C=0) and thione (C=S) which exhibit—=* and
n—7n* transitions as depicted in Figure 6. The strong
absorption band observed at 258 nm can be suggested
phenyl and carbonyl group which is believed to ugde
n—n* and norn* transitions which involved the
excitation of an electron in a nonbonding atomiuitat.
Besides, broad and weak intensity of absorptiondban
can be observed at 359 nm which was assigned to the
transition involving thione portion (C=S) which is
believed to exhibitt—n* and n—-n* transitions. The
broad absorption band observed in the region wasalu
n-conjugation of this compound with the phenyl rirfgs

- * transition) and orbitals overlapping between C=0
and C=S.

'H and *C Nuclear Magnetic Resonance (NMR)
Analysis The™H NMR spectrum for LT1 shows methyl
resonance aiy 2.44 ppm because the hydrogen on the
carbon attached to the phenyl ring were deshiethiled

to the contribution of electronegativity of the aratic
ring in the molecule as depicted in Figure 7. Mdatey
the aromatic protons can be clearly observed tiaatise

8yl
499.80
490.36

603.97
1413.74

#0568
107649
846,13
| 82536
119054

118119
127.2.
1113.10

1156.89
1608}26 ‘

674.62

746.22

1260.23

v(C=S)

1566.70
1506.21

1524.32 1326.12

v(C-N)

4000.0 3600 3200 2800 2400 2000 1800

1600 1400 1200 1000 800 0 60 4000

cm-1

Figure 4. Infrared Spectrum of Ligand LT1
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100.0,
951

90 ]

472.95
85

80
598.91

75| 858(78

70 841.56

65 3117.07 01.59
10124.0

60 | 15p7\30 1108

1072.99 ‘

3011.11 1410.2 ‘
%0

55 ‘
735.67

50 1608.41 f
%T 1676.73 118%/94

4 V(N-H)

40 |

Zz: V(C:O) 134492 V(C:S)

I
1168.70

1310.48

25
1263.13
20

15 1§14.51

10 1535.09 V(C-N)

0.0

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 0 60 400.0
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Figure 5. Infrared Spectrum of Metal Complex MLT1
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0.800- Bl

0,600 B
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Figure 6. UV-Vis Spectrum of LT1
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pseudo-doublet resonances at arotind.42-8.49 ppm.
These characteristics were strongly influenced &ap
substitution of the aromatic rings in the molecwlgch
were in agreement with the previous reports [Z4lo
singlet resonances can be observed&.26 ppm and

dy 13.47 ppm which attributed to NH group of NHC=0
and NHC=S moiety respectively. The resonance for
proton NHC=S, which bonded to thiocarbonyl and
phenyl group, can be noticed at higher chemicdt shi
compared to proton NHC=0 that bonded to carbonyl
and thiocarbonyl. These signals were differenteinmis

of chemical shift due to the influences of the antr
molecular hydrogen bond in the molecule [25].

For 3C NMR, LT1 shows a resonance of methyl group
at 8¢ 21.72ppm due to the deshielding effect in the
presence of aromatic rings that withdrew certaioam

of electron density from the alkyl chain. This résu
reveals a good agreement with the previous remorts
the similar systems [26]. Meanwhile, the resonarioes
both aromatic ring carbons were observed in thgean
of 8¢ 125.20 to 145.04 ppm which corresponded to the
phenyl rings in these compounds. Two individual
resonances can be detecteds@t166.31ppm andc

the presence of triethylamine at reflux temperattiree
reaction was carried out in a Radleys 12-placedusat
reactor vessel, whilst continuously flushed wittragen

gas. The reactor vessel was then heated at optimum
temperature (120C) for ca.24 hours. The temperature
was carefully controlled by a contact thermometelr (
°C). In Heck cross-coupling reaction, the high tenap
ture—usually more than 100 °C—is needed to adsist t
activation of substrate such as iodobenzene. Taetioa

then was repeated between bromo acetophenone and
methyl acrylate at the same time and conditional@tt
loading was kept to 1.0 mol%, so as to give areetqul
turnover number of 100 if 100% conversion was
achieved. The reaction was monitored by percentage
(%) conversion of the aryl iodide and aryl bromiae
starting materials by Gas Chromatography Flame
lonization Detector (GC-FID).

The data indicate thaMLTl may be utlized as a
homogenous catalyst in the Heck cross-couplingtimac

as it gave a promising result around 80-100% ccaiver

of starting materials into the desired Heck prodofct

methyl cinnamate for iodobenzene and acid methgres
for bromo acetophenone summarized in Tabl&He

179.78 ppm which represented as C=0O and C=S carbonsreaction usingLT1 as a homogeneous catalyst exhibited

respectively. These signals were slightly deshitidige
to the formation of intramolecular hydrogen bonding
the molecule and increasing electronegativity ofgen
and Sulphur atoms. Figure 8 showsi@NMR for LT1.

Catalytic Studies of Homogeneous Heck Reaction
The palladium complex MLT1 prepared in this study

83.88% conversion for bromoacetophenone, while
iodobenzene gave 100% conversion of starting nadseri
into the desired Heck product. This is due to the
selectivity and reactivity factors contributed biglhrer
electronegativity of iodo than bromo as substituent
Thus, these preliminary results show the suitabihit
benzoyl thiourea as ligand in palladium catalyzesti

was tested as a homogenous catalyst in Heck cross-cross coupling reaction.

coupling reaction between iodobenzene with methyl
acrylate and bromoacetophenone and methyl acriylate

s
HN—
O
)

]

200 180 160 140 120

100

80 80 40 20 0

Figure 8.%%C NMR Spectrum for LT1
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Table 1. The Catalytic Activity and Performance of MLT1

Complex Without Synthesized

P catalyst MLT1
Catalyst loading 0.00mmi%  1.00 mmol%
Retention time 24 hours 24 hours
Temperature 120°C 120°C
Conversion of 44.11% 100%
lodobenzene
Convertion of 16.95% 83.88%

bromo acetophenone

4. Conclusions

In conclusion, benzoylthiourea ligand namdi/(4-
nitrophenylcarbamothioylN'-(4-methylbenzoyl) thiourea
(LT1) has been successfully synthesized and cleaizet

via spectroscopic techniques and was undergone com-
plexation to obtain palladium (ll) thiourea complex
(MLT1) which has been applied as a homogenousysatal

The assessment on performance of benzoylthiourea as

ligand in palladium catalyzed cross coupling reacti
has afforded good to excellent results in catalytic
activities which converted 80-100% of the starting
materials into the coupled product.
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