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Abstract

We have found that fibrous nanosilica (KCC-1) carduss a excellent support for the synthesis of higiparse
nanoparticlesKCC-1 has high surface area that was functionahzill 1,3-bis(dimethylthiocarbamoyloxy)benzene greup
acting as the strong performers so that the Pavl§ complex without aggregation on the fibershef KCC-1 microspheres
(KCC-1/BTB/Pd). For synthesis of 3-sulfenylindolesnfraryl iodide, indoles, and thiourea used fromKi@&C-1/BTB/Pd
NPs as a catalyst that showed excellent catalgtigites under green conditions. Compared with ttditional substrate,
KCC-1/BTB/Pd substantially increases protection ardattcessibility of the nanoparticle sites dueddtitee dimensional
hierarchical structure.

Keywords: KCC-1, Nano catalyst, One-pot synthesis, Green @dtgm

Introduction

The metal complex have strong catalytic activitileat for this property has been a topic of resefteB] Among the
reported metal used in catalysis, palladium is st stable catalyst, and have been widely stubdmzhuse of their
catalysis related properties, which can be levetagearious usage. Among the reported metal usestalysis, palladium
is the most stable catalyst, and have been widetied because of their catalysis related propertidaich can be leveraged
in various usage such as Sonogashira [6-8], Sudiyaura [9-11], Heck [12-14], Hiyama [15-17], Latobeteroannulation
[18-21], degradation of pollutants,[22] hydrogenat[23] and fuel cells. [24] In recent years, isteen proved that the use
of complex functional groups either grafted or smadaon the solid supports played an important ielpreventing the
aggregation of metal catalysts.[25-34] Fibrous nsifica (KCC-1), which possibilities a high surfacgea and easy
availability through its fibers is reported by Rustiwar et al. .[35] This would be an ideal cashlgupport troth for the
making of noble metal based catalysts that reptdsgh availability of active sites and excelleatalytic activity. [36-44]
Sulfenylated indoles consist of an important cla&édole derivatives and have been discoveredcaffadds possessing
versatile biological relevance. According to knowesults, The development of general protocol fauBenylindoles
formation has received significant attention beeaas their therapeutic value in the treatment afces,[45] HIV,[46]
allergies,[47] heart disease,[48] and bacteriabdtibn.[49] Various sulfenylating agents such alosium salts,[50]
quinone mono-0O,S-acetals,[51] sulfonyl hydrazided,[ sulfinates,[53] disulfides,[54] sulfenyl halglgs5] N-
thioimides,[56] thiols[57] and arylsulfonyl chloed[58] were smoothly coupled with indoles. Thesecesses, though
efficient, have several drawbacks including unstabhd expensive reagents, lower reaction yieldpleasant odors,
uncommon solvents, requirement of inert atmosphackexcess reagent loadings as well as long reatitiees. Moreover,
most of these methods need preparation steps dhilating agent. Therefore, there is still a gimgvdemand to develop
an efficient method for the synthesis of 3-sulfémybles from suitable and readily available preotssHerein, we report
the synthesis of KCC-1 supported 1,3-bis(dimethgltarbamoyloxy)benzene-Pd(ll) complex (KCC-1/BTB/Pdy ars
application for investigate the one-pot synthe$i3-sulfenylindoles from aryl iodide, indoles, atidourea. We enthusiasm
to report cross-couplings between aryl iodide, iegpand thiourea for first time (Scheme 1).
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Scheme 1Synthesis of 3-Sulfenylindoles from aryl iodidedates, and thiourea in the presence of KCC-1/BTBYPS.
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Experimental
Materials and Methods

Chemical materials were purchased from Fluka ancciMier high purity. Melting points were determineddpen capillaries
using an Electrothermal 9100 apparatus and arerrguted. FTIR spectra were recorded on a VERTEX p&ttsometer
(Bruker) in the transmission modein spectroscopilgrkKBr pellets for all the powders. The particleesand structure of
nano particle was observed by using a Philips CMafsmission electron microscope operating at 100Rdvder X-ray
diffraction data were obtained using Bruker D8 Adv@model with Cu ka radition. The thermogravimetmalysis (TGA)
was carried out on a NETZSCH STA449F3 at a heatiy of 10 °C mift under nitrogertH and**C NMR spectra were
recorded on a BRUKER DRX-300 AVANCE spectrometer at BBGand 75.46 MHz, BRUKER DRX-400 AVANCE
spectrometer at 400.22 and 100.63 MHz, respecti#gmental analyses for C, H, and N were perforosdg a Heraeus
CHN-O-Rapid analyzer. The purity determination of piheducts and reaction monitoring were accomplisedLC on
silica gel polygram SILG/UV 254 plates. Mass spegtere recorded on Shimadzu GCMS-QP5050 Mass Spexten

General procedure for the preparation of comound 1

To 10 mL flask containing 5-Aminobenzene-1,3-digtitochloride (1 mmol) was added 5 mL dry acetoleitand mixture
was stirred at room temperature. Then triethoxg(&yanatopropyl)silane (1.5 mmol) was added undgmaprotection and
solution was stirred under argon atmosphere fdr 48room temperature.

General procedure for the preparation of comound 2

Comound 1 (40 mmal)N,N-dimethylthiocarbamoy! chloride (4.94 g, 40.0 mmahd KCO; (5.53 g, 40.0 mmol) were
stirred in acetone (200 mL) and were refluxed fata®s under a nitrogen atmosphere. After the ssépemad cooled, the
solvent was removed in vacuo. The resulting solidemial was dissolved in chloroform, and exces€® was quenched
with 2 M HCI. The organic phase was then separateghed with water, 5% KOH, and saturated NaCl, aietl cover
anhydrous Nz50;.

General procedure for the preparation of comound 3
Comound 3 structures were prepared by reaction flGpmound 2 with 1 mmol of Pd(OAcere mixed with 20 mL of
CH,CI, at room temperature for 24 h. This mixture waefédd and washed with acetonitrile to obtain BTB/Pdpmplex.

General procedure for the preparation of KCC-1/BTB/Pd NPs

KCC-1 (2 mmol) and THF (20 mL) were mixed togetherai beaker, and then NaH (20 mmol) was dispersdd the
mixture by ultrasonication. Comound 3 (22 mmol) wdsled drop-wise at room temperature and stirredrother 16 h at
60°C. The resultant products were collected and waslitbdethanol and deionized water in sequence, hed dried under
vacuum at 66C for 2 h for further use.

General procedure for synthesis of 3-sulfenylindole

A mixture of aryl iodide (1 mmol), indole (1 mmoBnd thiourea (1 mmol), &O; (1 mmol), and KCC-1/BTB/Pd NPs (1
mg) was stirred heating under reflux in TFA (3 nitj 15 min. The mixture was stirred at room tempeefor 10 min
under N atmosphere, and then heated under reflux for 6-Bhk catalyst was separated by filtration. Evagianaof the
solvent of the filtrate under reduced pressure ghgecrude products. The pure products were isblayechromatography
on silica gel eluted with petroleum ether:EtOACL{3:

Results and discussion

The synthesis of KCC-1/BTB/Pd NPs involved severgist&he fibers of KCC-1 has many Si—-OH groups osutfaces;
thus, it was expected that the KCC-1 could be géasilctionalized with 1,3-bis(dimethylthiocarbamoyl)benzene to form
KCC-1/BTB. Furthermore, 1,3-bis(dimethylthiocarbamoylibenzene groups on the KCC-1/BTB could supported
palladium(ll) complex (Scheme 2).
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Scheme 2Schematic illustration of the synthesis for KCG&TB/Pd NPs.

The structures of the synthesized KCC-1/BTB/Pd NP wealyzed by TEM and SEM. The as prepared KCC-1/BdB/P
NPs microspheres with fibrous structure were unifoaand monodispersed (Figure 1). The average diantdtehe
microspheres was about 150-180 nm. TEM and SEMeénshgwn in figure 1 further clarifies that the diste between the
two fibers was about 5-10 nm.
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Wiewfleld: 1 445 um  Det inBeam
SEM MAG 10000 hx

Figure 1 TEM (a), and SEM (b) images of nano KCC-1/BTB/FeisN

To confirm the thermal stability of the KCC-1/BTB/Ptie thermogravimetric analysis of this material wasformed at
temperatures ranging (Figure 2). Two weight losgiet were observed in flow air. The weight los®we250°C was
ascribed to the elimination of the physisorbed elnémisorbed solvent on the surface of the silicterra. In the second
stage (250-400C), weight loss is about 11 wt%, which can be aitel to the organic group derivatives, presumably d
to BTB decomposition.

100
98
96

94

Weight Loss (%)

92

920

88
0 100 200 300 400 500 600 700

T/°C

Figure 2 TGA diagram of KCC-1/BTB/Pd NPs.

XPS was used to investigate the chemical elementhesurface of KCC-1/BTB/Pd NPs. A full-scan XPScépan for the
asprepared catalyst is illustrated in Figure 3kBearresponding to Si, O, C, S, N, Cl and Pd caolésly observed, and
the presence of N 1s, S 2s, and S 2p further enefirthat KCC-1 had been successfully functionaltagthe BTB. Also,
XPS Pd 3d spectrum displays a doublet indicativeetallic Pd.
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Figure 3 XPS spectra of KCC-1/BTB/Pd NPs.

The parameters of pore structure and specific seirdsea of the samples were calculated and sunedarzTable 1. The
precursor KCC-1 had a BET specific surface area 8fmfg with pore volume of 1.49 city and pore size of 14.78 nm.
After grafting with BTB/Pd, KCC-1/BTB/Pd showed decregispecific surface area of 313/gwith pore volume of 1.02
cm’/g and pore size of 12.19 nm. This normally happfemsthe organic functionalization of BTB, which shid be
attributed to partial blocking of the pore channgjsthe introduced organic species. This could s®ilded to increased
loading with the sensing probe, which occupieggelaolume inside the silica spheres (Table 1).

Table 1 Structural parameters of KCC-1 and KCC-1/BTB/Pdemals determined from nitrogen sorption experitaen

Catalysts Sr(mgl)  Vi(eng?h) Dy (nm)
KCC-1 439 1.49 14.78
KCC-1/BTB/Pd 312 1.02 12.19

The activity of described catalyst was investigati@eugh a reaction of aryl iodide, indoles, antbdhea. Initially, we
examined the synthesis of 3-sulfenylindole in déf& solvents, bases, time, temperature, and \&gatalytic amounts of
KCC-1/BTB/Pd (Table 2). Five bases were tested anit teaction yields were recorded as follows; CsBA4H NaCOs
(54%), EtN (41%), NaOAc (35%), KOH (29%), RO, (42%), CsCO; (55%),tBUOK (14%) and KCO; (97%). We opted
for K,CO; because it gave high product yield and it is l@stand available. we studied very short reaciioes i.e., from
1 to 7 min and we recorded reaction yields as ¥gdlo5 min (42%), 10 min (89%), 15 min (97%), and rAl (97%).
Increasing reaction time gradually gave higher povgield, reaching the highest value in 15 minngier reaction time did
not much contribute to yield. Therefore, we deteedi optimum reaction time as 15 min. On the otlzrdh low amount
catalyst is also responsible for producing highdyi®@ mg of catalyst gave the best result. Applylngng of KCC-1/BTB/Pd
and 1 mmol of KCO; as base in 5 mL TFA, is the best conditions far baction. Also, it was found that conventional
heating under reflux in 15 min is more efficientfle 2).

Table 2 Optimization of the reaction conditions for syntisesf 3-sulfenylindole in terms of temperature, amtocatalyst, time, base, and
product yield.

Entry Solvent Temp.C) Base Amount catalyst (mg) Time (min) Yield (%)

1 Solvent-Free 100 K0, 1 20 -

2 TFA Reflux KCOs 1 20 97

3 EtOH Reflux KCO; 1 20 29

4 i-PrOH Reflux KCO; 1 20 23

5 MeOH Reflux KCO; 1 20 26

6 CH,CN Reflux KCO; 1 20 11

7 CH,Cl, Reflux K.COs 1 20 18

8 EtOAc Reflux KCO; 1 20 15

9 CHCE Reflux K.COs 1 20 22
10 DMSO Reflux KCO; 1 20 21
11 Dioxane Reflux KCO; 1 20 -
12 Cyclohexane Reflux K0, 1 20 -
13 n-Hexane Reflux KCO; 1 20 -
14 CCl, Reflux K.CO;5 1 20 -
15 TFA Reflux - 1 20 -
16 TFA Reflux CsF 1 15 68
17 TFA Reflux NaCGO; 1 15 54



18 TFA Reflux EiN 1 15 41

19 TFA Reflux NaOAc 1 15 35
20 TFA Reflux KOH 1 15 29
21 TFA Reflux KPO, 1 15 42
22 TFA Reflux CsCO; 1 15 55
23 TFA Reflux tBuOK 1 15 14
24 TFA 60 KCO; 1 20 83
25 TFA 40 KCOs 1 20 57
26 TFA Reflux KCO; 0.8 20 91
27 TFA Reflux KCOs 0.6 20 66
28 TFA Reflux KCOs 1 15 97
29 TFA Reflux KCO; 1 10 89
30 TFA Reflux KCOs 1 5 42

#lsolated yields.

For further investigation the efficiency of the algst, different control experiments were performat the obtained
information is shown in Table 3. Initially, a stamd reaction was carried out using KCC-1 showed ahgtamount of the
desired product was not formed after 15 min oftieacime (Table 3, entries 1). Also, when KCC-1/BTBswsed as the
catalyst, a reaction was not observed (Table 3jesn2). The BTB could not give the satisfactoryabdic activity under
mild reactions. Based on these disappointing reswiscontinued the studies to improve the yieldhef product by added
the Pd (Il). Notably, there was not much differenigethe reaction yields when reaction was carriedl wusing KCC-
1/BTB/Pd NPs and Pd(OAgctatalyst (Table 3, entries 3 and 5), however, Ra@is not recoverable and reusable for the
next runs. These observations show that the remactiole is mainly catalyzed by Pd (Il) species ctaxed on the KCC-
1/BTB nanostructure. The nano-sized particles iner¢he exposed surface area of the active siteeotd#ltalyst, thereby
enhancing the contact between reactants and dataatically and mimicking the homogeneous catalyAs a result,
KCC-1/BTB/Pd was used in the subsequent investigabenause of its high reactivity, high selectivihdaasy separation.
Also, the activity and selectivity of nano-catalgsin be manipulated by tailoring chemical and plalgproperties like size,
shape, composition and morphology. To assess thet émpact of the presence of KCC-1 in the catalifst, KCC-
1/BTB/Pd NPs compared with SiBTB/Pd NPs. To check this, we looked at gEIB/Pd and KCC-1/BTB/Pd NPs,
which have the same compositions and differentcgires. When Si@BTB/Pd was used as the catalyst, the yield of the
desired product was fair to average, but the yieldKCC-1/BTB/Pd was good (Table 3, entries 3 andT4je loading
amount of Pd (ll) in KCC-1/BTB/Pd and SiBTB/Pd NPs as determined by inductively coupledmbasnass spectrometry
(ICP-MS). The amount of Pd (Il) in KCC-1/BTB/Pd was aebknthan double the amount of Pd (Il) in SBYB/Pd NPs
(Table 5, entries 1 and 2).

Table 3Influence of different catalysts for synthesis3esulfenylindole?

Entry Catalyst Yield (98)
1 KCC-1 -
2 KCC-1/BTB -
3 KCC-1/BTB/Pd 97
4 SiO/BTB/Pd 59
5 Pd(OAC) 98

@ Reaction conditions: aryl iodide (1 mmol), ind¢femmol), and thiourea (1 mmol), KCC-1/BTB/Pd NRsnfg), KCOs; (1 mmol), and
catalyst (1 mg) was stirred heating under refluXfA (3 mL) for 15 min.
Plsolated yield.

To examine the scope of the catalytic propertighefcatalyst for synthesis of 3-sulfenylindolesioas types of aryl iodides
were reactedvith indole, and thiourea in the presence of algtitaamount of KCC-1/BTB/Pd NPs. Furthermore, &lec rich and
electron poor aryl iodides react smoothly with ilda@and thiourea in similar reaction conditionsglhist 3-sulfenylindole
yield was obtained from the reactions of indoleg aémourea with iodobenzene or 1-fluoro-4-iodoberezed7 and 99%,
respectively. Electron-withdrawing groups suchM®; or -Cl gave high product yield. For example, aodide withpara-
substituted -N@ had high product yield; 96%. Aryl iodide witheta, ortho or para-substituted -Cl gave product yield of
91%, 93% and 96%, respectively. The catalyst warergdly more effective in reactions witiara-substituted substrates
than withortho- andmeta-substituent of aryl halides for electron-withdragigroups. We observed relatively good product
yield in reactions with electron-donor groups. Eeample,para-substituted -Chl aryl iodides andneta, ortho, or para-
substituted -OCklproduced 3-sulfenylindole yield of 90%, 92%, 89%@ 1%, respectively. The catalyst was generally
more effective in reactions witmeta-substituted substrates than wihttho- and para-substituent of aryl halides for
electron-donor groups. (Table 4)

Table 4 Synthesis of 3-sulfenylindoles in the presenck®@€-1/BTB/Pd NP
Entry Allylarene Yield (%% | Entry Allylarene Yield (94’

1 @I 97 6 HgCO@I 91



2 CIOI 9 7 QI 92
H;CO
3 QI 91 8 QI 89
Cl OCHgs
4 QI 93 9 H3C@I 90
Cl
5 F@I 98 10 OZN@I 96

[a] Reaction conditions: aryl iodides (1 mmol), afel (1 mmol), and thiourea (1 mmol),®O; (1 mmol), and KCC-1/BTB/Pd NPs (1 mg)
was stirred heating under reflux in TFA (3 mL) i min.
[b] Isolated yields (%).

In an effort to make the synthesis more applicatbie reusability of the catalyst was also examifeedhe standard reaction
of aryl iodide, indole, and thiourea. After compdet of the reaction, the mixture was filtered, tadalyst was washed with
distilled water and methanol, and dried under redymressure. The KCC-1/BTB/Pd NPs was found to betefédy reused
in up to ten consecutive cycles while maintaininghhactivity and selectivity. The catalytic activitlid not reduction
extremely after ten catalytic cycles, it shows ttit catalyst is stable and can be regeneratectf@ated use (Figure 4).
Pd(ll) leaching was studied by the ICP-MS analydishe catalyst, after ten cycles of reactions. Tdaling amount of
Pd(Il) was found to be 2.8 wt %, which shows nefleyPd(ll) leaching. These results confirmed tightrecyclability of
Pd(ll) nanocatalyst (Table 5).

80 -
75 A
70 A
65
60 A
55 A
50 -

Yield (%)

Reuse
Figure 4 The reusability of catalysts for synthesis of Heswlindoles.
Table 5 The loading amount of Pd(ll) in KCC-1/BTB.
Entry Catalyst wt %
1 SiO,/BTB/Pd 1.8
2 KCC-1/BTB/Pd 2.9

3 KCC-1/BTB/Pd after ten reuses 2.8

Conclusions

In summary, a novel «class of short-fior KCC-1 mesope silica functionalized with 1,3-
bis(dimethylthiocarbamoyloxy)benzene groups ligamdss synthesized for selective capturing of paliadiions, that
exhibited excellent catalytic activity for synthesif 3-sulfenylindoles from aryl iodide, indolesdathiourea in good yields.
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TEM, SEM, TGA, ICP-MS, XPS, and BET surface area ysialstudies suggested the functionalization ofIP@{ the
surface of the mesopores silica. In addition, thglgst was easily recoverable and reusable. Suetianal design for
single-site catalysts with full utilization of eaBh active site, as well as excellent recyclabdityl negligible metal leaching
could coincide with the concepts of green chemistiyus, the study of KCC-1/BTB/Pd nanocatalyst mayvige® a
potential platform for the fabrication of other cplex metal with easy accessibility, which would tighly efficient in
various complex metal based catalytic reactionss Pplocess may be used in the future to develoftiaddl nanocatalysts
that possess favorable properties, such as effigiand ease of reuse.
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Highlights
1- Pd (I1) complex modified fibrous nano-silicamaterial KCC-1 for the first time.
2- It wasused as arecyclable catalyst for synthesis of 3-sulfenylindoles.

3- High catalytic activity and ease of recovery from the reaction mixture by
filtration.



