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Turning waste into valuable material is a remarkable phenomenon in sustainable chemistry. However, this re-
action is not easy to perform due to the simultaneous employment of two low-reaction raw materials. In this
study, we announce the employment of elemental sulfur and CO3 in a multi-element reaction to manufacture
valuable thiazolidin-2-ones in the participation of Au@Cellulose/DFNS as a catalyst. In this method, three bonds
in one reaction and functional groups with good tolerance were created. To generate the catalyst, DFNS was

amended with cellulose through the click reaction and employed as a support for Au nanoparticles. Cellulose
acted as both decreasing and consistency medium for Au NPs and removed the need for decreasing agent. The
generated catalyst was distinguished by various techniques like XPS, TEM, TGA, SEM, ICP, and XRD analyses.

1. Introduction

Due to the importance of environmental influences, huge endeavor
have been made to the expansion of sustainable chemistry. The pro-
duction of valuable chemicals with the help of CO5 as a source of C1 has
received much attention owing to the redundancy, accessibility, sus-
tainability, and nontoxicity of CO; [1-8]. Even though the thermody-
namic stability and kinetic inertia of COy pose challenges for its
employment in organic synthesis, different types of CO, alterations have
been used to produce important carbonyl-containing heterocycles
[9-14]. Lately, carbonylation of Hydrogen—Carbon bonds with CO; has
appeared as an extremely encouraging and impressive technique to
construct various types of carbonyl-containing heterocycles formulated
on the notion of “CO3 = [0] 4+ CO” [15-17]. Still, there is a strong desire
to expand other green techniques for the production of carbonyl con-
taining heterocycles through Hydrogen—Carbon functionalization.

Thiazolidin-2-ones play a significant role in loads of pharmaceuti-
cals, agrochemicals, and natural products [18-22]. Hence, the creation
of effective guideline for the eclectic synthesis of thiazolidin-2-one de-
rivatives is of great value. Lately, many groups have considerably
contributed to this domain by creating different techniques to produce
thiazolidin-2-ones with a variety of carbonyl sources. However, most of
the substrates are restricted to bifunctional arenes accommodate two
functional groups. As far as the researchers know, the mono-
functionalized substrates, like arylamines, have not been employed to
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generate thiazolidin-2-ones with CO2 and one sulfur source. Elemental
sulfur (S8) - that is stable, non-toxic, easy to work with, and cost-
effective, is considered industrial waste [23-25] and has been
employed in S-C bond development [26-32]. The researchers hypoth-
esized whether thiazolidin-2-one derivatives could be made deploying
three accessible substrates, namely, aryl amines, S8 and COs.

In the last decade, Gold catalysis has promptly become popular in
chemistry [33]. Gold species, both as heterogeneous or homogeneous
catalyst [34,35], present excellent results in a variety of reactions
[36,37]. Gold NPs have deployed as extremely effective catalyst to form
of C-N, C-C, C-P, C-F, C-O, and C-S bonds beginning with alkenes and
alkynes [38-40]. Through the lens of the reactivity, Au complexes
containing phosphorus ligands are one of the reaction categories of Au
catalysts. Recyclable support for these ligands is considered a significant
method to ameliorate their application in organic reactions. Recently,
the employment of gold NPs bonded to solid supports has been shown to
remarkably influence on blocking the aggregation of Au [41-43].

In view of the above, a new heterogeneous catalyst with immobili-
zation of gold nanoparticles on clicked cellulose-modified DFNS NPs was
generated and its catalytic charactristics in the practical triple-element
reaction to produce thiazolidin-2-ones from arylamines, Sg, and CO2
was investigated (Scheme 1).
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Scheme 1. Production of thiazolidin-2-ones.

2. Experimental
2.1. The global approach for the creation of DFNS nanoparticles

Urea (1.8 g) and CTAB (3 g) were released in distilled water and
mixed for 5 h to dissolve. It was then added to a blend of TEOS (7.5 g),
pentanol (3.5 mL), and cyclohexane (50 mL) and blended for 45 min at r.
t. It was then refluxed for 4 h at 140 °C while stirring in an oil bath. The
final product was then placed in an oven at 80 °C for 20 h. The silica was
isolated by centrifugation (45 min, 4000 rpm), washed with acetone as
well as distilled water, and vacuum-dried for 20 h. The synthesized
DFNS was then calcined at 400 °C in the air for 6 h.

2.2. The global method for the synthesis of N3/DFNS

3-chloropropyltriethoxysilane (5 mL) was released and the blend was
refluxed for 20 h. The acquired Cl/DFNS was detached from the blen-
demploying a magnet and rinsed frequently with ethanol for 8 h, then
dried at 100 °C for 8 h. Then, 1.5 g of Cl/DFNS was ultrasonically
dispersed in a solution of 2.5 g of NaN3 in 60 mL of dimethylformamide
and the blend was mixed at 90 °C for 15 h. The acquired precipitate was
magnetically collected, washed with dimethylformamide, and dried at
90 °C for 10 h to produce N3/DFNS.

2.3. Generation of alkyne-functionalized cellulose

Cellulose (1.5 g) was suspended in 80 mL of basic aqueous solution
(1.1 wt% NaOH) at r.t. for 60 min to provide it with sufficient time to
inflate enough and enhance the availability of -OH groups to chemical
reagents. The agent was gradually warmed to 70 °C for 60 min and the
necessary amount of propargyl bromide was quickly released. Following
mixing at 70 °C for 20 h, the blend was purified and rinsed with water
and ethanol. Alkyne-functionalized cellulose was acquired after drying
at 60 °C, and detected by FT-IR spectroscopy.

2.4. The global method for the synthesis of Cellulose/DFNS

A blend of alkyne-functionalized cellulose (2.5 g), N3/DFNS (1.5 g),
and sodium ascorbate (2.5 g) in dimethylformamide (40 mL) was mixed
at 60 °C for 20 h. When the reaction blend had cooled to r.t., the
outcome was detached. Then it was washed with deionized water and
dimethylformamide vacuum dried at 70 °C for 10 h.

2.5. The global method for the synthesis of Au@Cellulose/DFNS

HAuCl4-3H20 (10 mM, 2.67 mL) was released in a blend of Cellu-
lose/DFNS (1.5 g) in ethanol (60 mL) and ultrasonicated for 40 min.
After mixing for 20 h at ambient temperature, the product was sepa-
rated, washed with methanol, and dried at 100 °C for 10 h to create
Au@Cellulose/DFNS.

2.6. The global method for synthesis of thiazolidin-2-one

Aniline (1.5 mmol), Sg (1.5 mmol), Au@Cellulose/DFNS NPs (8 mg),
CH3CN (10 mL) and tBuOK (4 eq.) were added to a 150 mL autoclave.
The closed autoclave was sanitized twice with CO» gas, pressurized with
CO5 (1.5 MPa), and warmed below 70 °C for 8 h. In the next step, the
reaction mixture was unheated to ambient temperature, the remaining
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Scheme 2. Synthetic route for the preparation of Au@Cellulose/DFNS.

CO, gas was removed, and the reactor was opened. The reaction was
controlled by TLC. After completion, ethanol was added to the reaction
mixture and it was filtered to separate the catalyst. Next, the solvent was
removed from the solution under dropped pressure and the outcome was
cleansed by recrystallization deploying ethyl acetate/n-hexane.

2.7. Characterization data

2.7.1. Naphtho[2,1-d]thiazol-2(3H)-one

'H NMR (DMSO, 400 MHz) § 12.14 (s, 1H), 7.91 (d, J = 8.2 Hz, 1H),
7.88 (d, J = 8.6 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.59 (t, J = 8.1 Hz,
1H), 7.43 (t, J = 8.1 Hz, 1H), 7.38 (d, J = 8.7 Hz, 1H) ppm. 1°C NMR
(DMSO, 400 MHz) § 170.50, 133.91, 129.62, 129.54, 128.00, 127.74,
127.45, 125.07, 122.99, 117.46, 112.82 ppm.

2.7.2. 7-methylnaphtho[2,1-d]thiazol-2(3H)-one

'H NMR (DMSO, 400 MHz) § 12.02 (s, 1H), 7.76 — 7.61 (m, 2H), 7.49
(d, J = 8.4 Hz, 1H), 7.32 (dd, J = 8.4, 1.6 Hz, 1H), 7.30 (d, J = 8.7 Hz,
1H), 2.39 (s, 3H) ppm. 13C NMR (DMSO, 400 MHz) § 170.39, 134.24,
133.26, 129.98, 129.86, 128.33, 126.72, 126.01, 122.91, 117.48,
112.79, 21.45 ppm.

2.7.3. 7-bromonaphtho[2,1-d]thiazol-2(3H)-one

'H NMR (DMSO, 400 MHz) § 12.25 (s, 1H), 8.23 (d, J = 1.9 Hz, 1H),
7.86 (d, J = 8.7 Hz, 1H), 7.67 (dd, J = 8.8, 2.0 Hz, 1H), 7.58 (d, J = 8.8
Hz, 1H), 7.39 (d, J = 8.7 Hz, 1H) ppm. '3C NMR (DMSO, 400 MHz) 5
170.23, 134.46, 131.29, 130.85, 130.74, 126.69, 126.30, 125.24,
117.81, 117.76, 113.91 ppm.

2.7.4. 7-methoxynaphtho[2,1-d]thiazol-2(3H)-one

'H NMR (DMSO, 400 MHz) § 12.04 (s, 1H), 7.79 (d, J = 8.6 Hz, 1H),
7.60 (d, J = 9.0 Hz, 1H), 7.39 (d, J = 2.5 Hz, 1H), 7.34 (d, J = 8.7 Hz,
1H), 7.25 (dd, J = 9.0, 2.6 Hz, 1H), 3.89 (s, 3H) ppm. 13C NMR (DMSO,
400 MHz) 6 170.30, 156.69, 132.18, 131.00, 126.25, 124.51, 123.01,
120.27,117.91, 113.15, 108.09, 55.71 ppm.



X. Wei and X. Wang Inorganic Chemistry Communications 128 (2021) 108590

Fig. 1. TEM schemas of DFNS (a), Cellulose/DFNS (b), Au@Cellulose/DFNS (c), and SEM schemas of DFNS (d), Cellulose/DFNS (e), Au@Cellulose/DFNS (f).



X. Wei and X. Wang

Inorganic Chemistry Communications 128 (2021) 108590

50 55 60 65 70 75 80 85 90 95 100

2 Theta (degree)

Fig. 2. XRD analysis of (a) DFNS, and (b) Au@Cellulose/DFNS.
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Fig. 3. TGA diagram of (a) DFNS, (b) Cellulose/DFNS, and (c) Au@Cellulose/
DFNS NPs.

3. Results and discussion

The catalyst was generated following the model explained in Scheme
2. DFNS was functionalized organically by the condensation reaction of
3-CPTES and hydroxyl groups on the exterior layer of DENS, followed by
the alternative reaction of chloro groups with azide ions to generate N3/
DFNS. The produced N3/DFNS was then reacted with pre-synthesized
alkyne-functionalized cellulose to obtain Cellulose/DFNS through click
reaction. Eventually, treatment of Cellulose/DFNS with HAuCls-3H20 in
absolute ethanol prepared the intended catalyst (Au@Cellulose/DFNS).

The anatomies and morphologies of the Au@Cellulose/DFNS, Cel-
lulose/DFNS, and DFNS NPs were identified employing TEM and SEM.
The TEM photo of DFNS (Fig. 1a) specimens showed the wavy radial
anatomies of unvarying spheres (300 nm in diameter) and their excel-
lent textures. The thicknesses of wrinkled fibers was about 9 nm. The
fibers were organized in 3D dimensions from the center after growth. In
addition, open pores were constructed conically employing radial
anatomies. The SEM photo depicts the solid fiber essence of the whole
sphere (Fig. 1d). Moreover, advanced access to active outer layers and
massive displacement of the reactants via the open passage of the hi-
erarchical fiber anatomies was made easy. The SEM and TEM photos of
Cellulose/DFNS showed that the morphology of DFNS did not altered
after amendment (Fig. 1b and e). Fig. 1c and f depict that TEM and SEM

pictures of the gold nanoparticles. It was observed that the as-generated
metal nanoparticles were spherical and free of remarkable aggregation.
The gold diameter nanoparticles was 15-25 nm. Here, gold nano-
particles were fixed to the fibers of DFNS.

Fig. 2 depicts the XRD pattern of Au@Cellulose/DFNS and DFNS. The
wide apex in the range of 20-30° is belonged to amorphous silica as
compared to the XRD pattern of DFNS (Fig. 2a). Moreover, Fig. 2b de-
picts the peaks of 20 = 38.1°, 44.3°, 64.5°, and 77.7° that mirrorthe
participation of Au NPs in the anatomy of Au@Cellulose/DFNS catalyst
(JCPDS 04-0784). This proves the development of Au particles on the
outer layer of Cellulose/DFNS. The broad apex of 20-30° is related to
amorphous silica. XRD analysis might be indexed for the cubic phase of
Au nanoparticles. Fig. 2b illustrates the participation of Au NPs [sharp
peaks of (111), (200), (220), (311), and (222)].

Thermogravimetric analysis was performed at various temperatures
(from ambient temperature to 700 °C) to affirm the temperature con-
sistency of DFNS, Cellulose/DFNS, and Au@Cellulose/DFNS nano-
particles (see Fig. 3). The weight drop at 180 °C was owing to the
elimination of both physisorbed and chemisorbed solvents on the outer
layer of the silica material. Organic weight losses (in range of 200-410
°C) of Au@Cellulose/DFNS and Cellulose/DFNS NPs were 18.3% and
17.9%, respectively. The findings affirmed the organic anatomies sup-
ported on the DFNS outer layer.

XPS analysis was employed for examining the chemical parts on the
Au@Cellulose/DFNS NPs level (Fig. 4). Peaks of Si, C, O, N, and Au and
the participation of N 1s additional confirmed that DFNS were func-
tionalized by deploying the Cellulose. Moreover, the participation of
nanoparticles of Au was determined deploying a sharp peak proved the
presence of gold in the catalyst.

The reaction was examined deploying aniline as the standard sub-
strate with Sg as the sulfur source under 2 MPa of CO5 (Table 1). The
intended outcome was acquired with 96% efficiency with tBuOK as base
and CH3CN as solvent at 80 °C for 8 h (Table 1, entry 16). A variety of
bases, such as CsF, NayCO3, EtsN, NaOAc, KOH, CsyCO3, KoCO3, and
K3PO4, were examined for yields lower than tBuOK (Table 1, rows
16-24). The screening of the quantity of tBuOK depicted that 4.0 was the
premier option (Table 1, entries 25 and 26). Poor results of other sol-
vents, such as THF, DMSO, CHCl3, EtOAc, CH3CN, and CH,Cl, (Table 1,
rows 1-16) highlighted the unique role of CH3CN in this reaction. The
progression of the reaction was controlled by GC for the shortest time in
the participation of 10 mg of Au@Cellulose/DFNS. In optimal circum-
stances, the supreme synthesis efficiency of thiazolidin-2-one could be
acquired in 8.0 h (Table 1, entry 27).

The effect of temperature on the reaction is shown in Fig. 5. As
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Fig. 4. XPS spectra of Au@Cellulose/DFNS NPs.

Table 1
Synthesis of thiazolidin-2-oneby Au@Cellulose/DFNS NPs with a variety of
solvents, bases, and times."

Entry Solvent Base Base (eq.) Time (h) Yield (%)”
1 solvent-free tBuOK 5 10.0 -
2 EtOH tBuOK 5 10.0 -
3 MeOH tBuOK 5 10.0 -
4 i-PrOH tBuOK 5 10.0 -
5 Toluene tBuOK 5 10.0 -
6 n-Hexane tBuOK 5 10.0 -
7 Dioxane tBuOK 5 10.0 -
8 CH,Cl, tBuOK 5 10.0 51
9 CHCl3 tBuOK 5 10.0 49
10 EtOAc tBuOK 5 10.0 60
11 DMSO tBuOK 5 10.0 47
12 H,0 tBuOK 5 10.0 -
13 THF tBuOK 5 10.0 56
14 Anisole tBuOK 5 10.0 74
15 DMF tBuOK 5 10.0 93
16 CH3CN tBuOK 5 10.0 96
17 CH3CN - 5 10.0 -
18 CH3CN CsF 5 10.0 33
19 CH3CN NayCO3 5 10.0 52
20 CH3CN EtzN 5 10.0 8
21 CH3CN NaOAc 5 10.0 17
22 CH3CN KOH 5 10.0 31
23 CH3CN Cs2CO3 5 10.0 32
24 CH3CN K»CO3 5 10.0 44
25 CH3CN tBuOK 4 10.0 96
26 CH3CN tBuOK 3 10.0 87
27 CH3CN tBuOK 4 8.0 96
28 CH3CN tBuOK 4 7.0 90

@ Reaction circumstances: aniline (1.0 mmol), Sg (1.0 mmol), Au@Cellulose/
DFNS (10 mg), solvent (10 mL), with CO, (2 MPa) and warmed under reflux.
b Isolated efficiencies.

observed, thiazolidin-2-one production enhanced to around 96% at the
temperature of 70 °C under 2.0 MPa CO pressure after 8.0 h. In addi-
tion, dropping reaction temperature did not lead to better results, which
may be due to the inadequate carbonylation and sulfuration with
unreactive CO and Sg. Thus, for the parallel reactions of aniline, CO,
and Sg, the optimum temperature is around 70 °C.

As Fig. 6 depicts, the efficiency was not high in the absence of
catalyst. Deploying 2-8 mg of Au@Cellulose/DFNS led to superb yields
of synthesis of thiazolidin-2-one. The greatest outcome was acquired in
the participation of 8 mg of Au@Cellulose/DFNS. Enhancing the quan-
tity of catalyst did not improved the results, and no product was man-
ufactured in the absence of the catalyst. The effects of CO; pressure in
the participation of aniline, Sg, and Au@Cellulose/DFNS for 8 h are
pictured in Fig. 7. Catalyst mixture reached a yield of 96% at a pressure
of 1.5 MPa. In all experiments, no apparent by-products were acquired
by GC and the efficiency of thiazolidin-2-one was 96%.

Under best reaction circumstances, the substrate realm and triple-
component reaction were investigated (Table 2). It was discovered
that a variety of naphthalen-2-amines experience this alteration to
manufacture the intended outcomes with supreme efficiency. Particu-
larly, a successful gram-scale reaction of 2-naphthylamine, CO, and Sg
resulted in a yield of 91% (Scheme 3). A variety of substituents,
including electron-withdrawing groups (EWGs), electron-neutral
groups, and electron-donating groups (EDGs) did not influence the re-
action. Different functional groups were well tolerated.

For a deeper evaluation of the catalyst’s efficiency, a series of control
experiments were conducted and the results are depicted in Table 3. The
reaction performed with DFNS showed that no amount of the
thiazolidin-2-one was formed after 8 h (Table 3, row 1). Moreover, no
reaction was perceived when Cellulose/DFNS was employed as catalyst
(Table 3, row 2). Cellulose was not able to show good catalytic activity
under standard reactions. The results were compared with many other
similar catalysts. Due to these unfavorable findings, we continued
research to increase the yield by releasing Au (Table 3, Part 3). The
outcomes demonstrated that the synthesis of thiazolidin-2-one is pri-
marily catalyzed using Au complexes in the Cellulose/DFNS nano-
structure. Nanoparticles improved catalyst activity owing to the
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Fig. 6. Effects of the quantity of Au@Cellulose/DFNS NPs on the synthesis of thiazolidin-2-one.

enhancement of outer layer; therefore, they remarkably enhance the
susceptibility between the reactants and the catalyst and function as a
homogeneous catalyst (Table 3, rows 3 and 4).

The leaching of gold NPs was examined by inductively coupled
plasma mass spectrometry (ICP-MS) following 10 runs. Loading quantity
of gold NPs was discovered to be 2.2 wt%, indicating the slight leaching
of gold NPs. These outcomes affirmed the excellent reusability of gold
nanocatalyst (Table 4). Moreover, the loading quantity of gold NPs in
Au/DFNS NPs was identified by ICP-MS. The quantity of gold NPs in
Au@Cellulose/DFNS was approximately equal to Au/DFNS. The amount
of gold NPs in Au@Cellulose/DFNS was about double the Au/DFNS NPs.
This outstanding capability of the Au@Cellulose/DFNS mesostructure
may be due to the presence of Cellulose units that efficiently block the
accumulation of Au and the recovery of gold during the reaction process
(Table 4).

In sustainable chemistry, the catalyst reuse mode is a significant
charactristic. Hence, the reuse of the Au@Cellulose/DFNS NPs was
examined in consonance with the ideal circumstance of thiazolidin-2-
one production. Au@Cellulose/DFNS NPs were easily detached after a
few seconds. The solvent was capable to be utilized quickly after rinsing.

As Fig. 8 depicts, the catalyst was recycled for ten continous runs. The
92% efficiency of the product showed merely a 4% drop.

Additionally, the heterogeneity of the catalyst was detaildly studied.
Initially, hot filtration test for the production of thiazolidin-2-one under
best circumstances showed the removal of the catalyst at a yield of 48%
after 4.0 h. After removal of the heterogeneous catalyst, it was found
that the free catalyst residues were relatively active, and the conversion
of 50% was achieved after 8.0 h of synthesis of thiazolidin-2-one. This
depicted the heterogeneity of catalyst during the reaction, with partial
leaching. Eventually, a Mercury-poisoning test was performed to
confirm the heterogeneous nature of the catalyst. Mercury (0) signifi-
cantly attenuates the metal catalyst on the active outer layer and calms
its activity, confirming the heterogeneity of catalyst. This test was
accomplished on the mentioned reaction model at optimal situations.
After 4.0 h, about 300 M mercury was released to the blend and stirred.
After 8.0 h, no alteration was perceived in the poisoned catalyst. Fig. 9
depicts the kinetics of the reaction at the attendance of Hg (0). Negative
experimental outcomes illustrated that the Au@Cellulose/DFNS was
heterogeneous and no significant gold leaching took place during the
production of thiazolidin-2-one.
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Table 2
Substrate scope of naphthalen-2-amines.

Entry naphthalen-2-amines Products Yield (%)
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Scheme 3. Production of thiazolidin-2-ones from naphthalen-2-amines, elemental sulfur and CO,.




X. Wei and X. Wang

Table 3
Effect of various catalysts for the production of thiazolidin-2-one.”

Entry Catalyst Yield (%)”
1 DFNS -

2 Cellulose/DFNS -

3 Au@Cellulose/DFNS 96

4 Au@Cellulose 97

# Reaction conditions: aniline (1.0 mmol), Sg (1.0 mmol), tBuOK (4.0 eq.), CO,
(1.5 MPa), CH3CN (5 mL), 8 h, 70 °C.
b Isolated yield.

Table 4

The loading quantity of Au NPs.
Entry Catalyst wt%
1 Au/DFNS 2.5
2 Au@Cellulose/DFNS 2.3
3 Au/DENS after ten reuses 1.1
4 Au@Cellulose/DFNS after ten reuses 2.2

To better comprehend the main reason for the remarkable contrast in
recyclability, XPS was utilized to specify the fresh and reused
Au@Cellulose/DFNS NPs. The XPS spectra are depicted in Fig. 10. For
the fresh Au@Cellulose/DFNS, the Au 4f5,, and Au 4f;/5 binding en-
ergies were specified to be 89.4 and 85.7 eV, respectively. Following ten
reuses, the 89.4 eV (4fs5,2) and 85.7 eV (4f;,2) binding energies did not
altered and corresponded to Au NPs binding energy.

4. Conclusions

Deploying an uncomplicated and sustainable technique free of any
reducing medium, Au nanoparticles were supported on DFNS func-
tionalized by cellulose to produce a new separable Au catalyst. We have
done the three-component reaction to produce valuable thiazolidin-2-
ones from arylamines, Sg, and CO; via C(spz)—H bond functionaliza-
tion. The outer layer analysis studies of BET, FTIR, TEM, XPS, SEM, TGA,
ICP-MS and EDX showed the functionalization of cellulose and Au in the
mesopores silica surface. This technique presents easy accessibility of
raw materials, wide substrate range, and good tolerance of functional
group, which allows access to a variety of functionalized thiazolidin-2-
one derivatives. The preliminary mechanistic studies indicate that iso-
cyanate might be the key intermediate. This rational design in the case
of single-site catalysts having full utilization of each Au@Cellulose
active site and appropriate recyclability and lower catalyst leaching can
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occur together with the concepts of green chemistry. The Au@Cellulose/
DFNS compared with Au/DFNS for assessing the exact influence of the
attendance of Cellulose in the catalyst. The motionless nano gold
amount existing in Au@Cellulose/DFNS is around twice Au/DFNS after
ten reuses. Form comparing these data, the Cellulose efficiency is
proved. Accordingly, by following the method proposed in this study,
other NPs with high reusability and efficiency can be developed.
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