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Environmental benign catalyst
developed by fruit waste for
synthesis of B-amino alcohol with
the optimum combination through
statistical analysis

Richa Tiwaril, Prashant Bhati!, Narendra Pal Lamba?, Jagdish Prasad?, Vijay Bahadur?,
Umesh Kumar Sharma*, Sonia Chahar Srivastava?** & Manmohan Singh Chauhan®**

An Eco-catalysis approach reported in this manuscript, is developed by the kinnow peel waste as
the green catalyst for the ring opening of epichlorohydrin with aromatic amines and its derivatives.
The prepared green catalyst is used in three different variants i.e. kinnow peel powder (KPP), Bare
component, and ash of KPP. Prepared catalyst characterized by TEM, SEM-EDX, FTIR, TGA, and
XRD. Statistical analysis is a full factorial analysis of variance technique to identify the optimum
combinations of types of catalyst, catalyst quantity, and derivative type.
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In synthetic organic chemistry and medicinal chemistry, epoxides are very important because they provide
multiple functional groups containing building blocks!2. The nucleophilic ring opening of epoxide with amines
is an important route to provide various functional groups containing chemical scaffolds, including p-amino
alcohols’.

Many bioactive compounds, chiral auxiliaries, unnatural amino acids, and organocatalysts are prepared
by B-Amino alcohols as intermediate*®. In pharmaceutical industries, f-amino alcohols are used as heart
medications (I), anti-asthma medications (II), antimalarial medications (III), hypertension medications (IV),
-blockers, antibacterial and hypoglycemic medications, etc!®!3, anti-fungal medications'* HIV protease
inhibitors'> and anti- Alzheimer agents'®!7, etc. A flexible synthesis strategy is required for the preparation of 3-
amino alcohols due to their high importance in chemical synthesis and pharmaceutical research. Ring-opening
reactions of epoxide have been reported with various types of catalysts including Bismuth (III) salts'8-%!,
Lewis’s acids???4, and metal-organic frameworks?. Additionally, polymerization reactions of epoxide?® and
3-glycidyloxypropyltrimethoxysilane (GPTS)?"?8 were also performed by different catalysts.

These techniques, which have unfavorable side effects and necessitate costly reagents and high catalyst
loadings that offer poor regioselectivity, were described for epoxide rearrangement to allyl alcohols under
extremely alkaline conditions or polymerization under strongly acidic conditions. These methods also require
toxic and hazardous reagents which are harmful to ecology and environment. Furthermore, the processing of
these chemicals is a major difficulty to remove the complications and recycling of these chemicals. To address
these problems, a straightforward, dynamic, and environmentally friendly synthetic approach must be developed.

Recently, many protocols have been developed for the ring-opening reaction of epoxides to produce amino
alcohols using green and easy methods. It is an important protocol in organic synthesis to construct vicinal
bifunctional groups by ring opening of epoxide with nucleophiles. Ultrasonic synthesis?, in situ spectroscopic
techniques®®?!, and microwave®*-** have been reported as green chemical methods and some topics in these
areas are directly relevant to green chemistry.

The primary objective of green chemistry is to decrease the usage of reagents and chemical processes that
result in the generation of hazardous or dangerous compounds®. In addition, the newly coined “Eco-catalysis”
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Kinnow Fruit

term provides the synthetic route for organic molecules which is based on sustainable and greener processes.
Grison introduced a new concept in catalysis termed “Eco-catalysis”*®-3. The biobased approach of Eco-
catalysts provides many benefits of homogeneous and heterogeneous catalysts, such as selectivity, activity, and
recyclability. By focusing on the ecological restoration of contaminated ecosystems, Eco-catalysis is laying the
groundwork for the catalytic chemistry tools of the future.

Biomass is a cheap carbon material, so, it is important and abundant in nature®. Biomass has great potential
because of its chemical, mechanical, and physical properties and it is derived from mesoporous carbon?®4!.
Hence, biomass has a wide range of applications including in the field of sensors**~44, catalysis**~%, gas
storage®'->2, energy storage®>%, and waste-water treatment®*®’. Recently Verma et al. reported the kinnow peel
powder for Schiff base reaction.®!

Biomass is a suitable catalytic support material because it has many oxygen functional groups and other
components at its surface. Many biomass-based catalysts have been reported which are obtained from fruit peels
but they were found inefficient for catalytic purposes®?~%4, for example as a fruit pulp-based catalyst created from
waste Citrus limetta (Mausambi)®>%®. Therefore, it is essential to create new biomass-based catalysts that are
more dependable and stable for a variety of applications.

Due to the significant value of environmentally friendly catalysis and the potential for cost-effectiveness,
the present study based on waste fruit peel, has been reported to examine its possible use as a catalyst for ring
opening of epoxide.

Herein, it is reported that the catalysis process of environmentally friendly and sustainable chemistry is based
on the well-known idea of eco-catalysis®”*%6768, Eco-catalysis sits at the nexus of sustainable chemistry and
scientific ecology. The reported catalytic route not require high temperature and pressure which provides an
alternate sustainable approach for low or negligible energy catalytic system®’.

Materials and methods

Materials

In this study, waste peels from Kinnow mandarin are chosen and employed as an Eco catalyst. Waste kinnow
Peel is collected from a neighborhood fruit market in Dausa, Rajasthan. Transmission emission spectroscopy
(TEM), X-ray diffraction (XRD), thermogravimetric analysis (TGA), energy dispersion Xray spectroscopy
(EDS), Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), and thin layer
chromatography (TLC) are some of the methods used to characterize kinnow peel powder. All chemicals and
solvents DCM, acetonitrile, hexane, toluene, CC14, acetonitrile, aniline, and its derivatives, epichlorohydrin are
used without any purification.

Preparation of the catalyst

Waste Kinnow peel are cleaned thoroughly and then rinsed with deionized water to remove any remaining dirt.
Next, the kinnow peel was cut into pieces. The peel is dried for 24 h at 60 °C in an oven to eliminate moisture
content. Alternatively, kinnow peel can be dried in sunlight to keep for 3-5 days. After completing the drying
process, the dried peel is converted into a powder by using the grinder for 15 min and sieved to obtain particles
of <155 pm size, which are then kept for use in further catalytic experiments. (Fig. 1). Such collected material is
kept in a vacuum desiccator and directly used as a catalyst without any chemical modification. It does not require
any specific reaction condition to prepare the catalytic system as reported in previous literature’’. Prepared
catalyst follows the greener route and sustainable methods. The reported method also not use any combustion
method to avoid NOx emission.”!

The catalytic reaction of Kinnow Peel powder in the ring opening of epoxide with amine

30 mg of kinnow peel powder (KPP) was taken in a 50 ml round bottom flask and given it high vacuum to
activate the KPP by removing moisture content. After that, 1 mmol of epichlorohydrin was added to it and
allowed to stir at room temperature for 10 min. After 10 min, 1 mmol of aniline was added to it and allowed
to stir at room temperature for 24 h. The progress of the reaction was checked by TLC. After completion of the
reaction, the desired product was obtained by column chromatography with hexane and ethyl acetate in an 8:2
ratio to purify the catalytic product. A similar procedure is applied to the reaction between epichlorohydrin and
amine derivatives.

Results and discussion
The optimization of the catalytic reaction is performed with different solvents, and different catalyst loading to
obtain the best yield of catalytic products (Fig. 2).

/

Kinnow Fruit Peel Dried Kinnow Fruit Peel Powder Kinnow fruit Peel

Fig. 1. Schematic representation of preparation of the catalyst.
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Fig. 2. Ring opening of epichlorohydrin with aniline.

Entry | Solvents Catalyst (mg) Time (h) | Yield (%)

1 DCM 10 24 24

2 Toluene 10 24 35

3 Ccl, 10 24 22

4 Hexane 10 24 20

5 Acetonitrile | 10 24 38

6 THEF 10 24 26

7 Neat 10 24 32

8 Neat 20 24 40

9 Neat 30 24 53

10 Neat Without catalyst | 24 No reaction
11 Neat Bare component | 24 20

12 Neat Carbonized 24 No reaction

Table 1. The impact of various catalyst concentrations and solvents on the ring opening of epichlorohydrin
with aniline.

Entry | Amine (R) | Yield (%)

1 4-NO, 32
2 4-OCH, |58
3 4-Br 35

Table 2. Reaction of different derivatives of amines with epichlorohydrin.

The ring-opening reaction of epichlorohydrin with aniline was carried out with different solvents and the
observed yield of f-amino alcohol is mentioned in Table 1. DCM yields a relative product of 24% (Table 1, entry
1), but toluene yields only 35% (Table 1, entry 2). Additionally, we opened the ring of epichlorohydrin with
amine using CCl " hexane, acetonitrile, and THF; 22-26% of the related products were obtained, accordingly
(Table 1, entries 3-6). Additionally, we looked into the impact of catalyst loading and found that 10 mg of the
catalyst produced reasonable results (Table 1, entry 7), while 30 mg of the catalyst produced the highest yield of
B-amino alcohol but no product was formed in the absence of catalyst (Table 1, entry 10). A low yield (20%) of
relative product is likewise provided by the bare component (Table 1, entry 11).

As a result, Kinnow peel powder (KPP) is an extremely reliable and environmentally acceptable catalyst for
B-amino alcohol synthesis, giving the best results in mild reaction conditions.

We have also used different derivatives of aniline like 4-nitro, 4-methoxy, and 4-bromo with epichlorohydrin
to synthesize the -amino alcohol using optimized reaction conditions i.e.30 mg of KPP used as catalyst at room
temperature for 24 h. The observed results are shown in Table 2 and it is found that 4-methoxy aniline provides
a better yield i.e. 58% of relative B-amino alcohol (Table 2, entry 2) than 4-nitro and 4-bromo aniline which
provides 32% and 35% yield of relative f-amino alcohol (Table 2, entry 1 & 3) (Fig. 3).

Statistical analysis of catalytic reaction to find out optimum combination

Three factors are involved in the catalytic reaction i.e. type of catalyst (tcl), catalyst loading (cl), and derivative
type. In this study, three types of catalyst kinnow peel powder (KPP), ash of KPP: and bare part; three types of
catalyst loading 10 mg, 20 mg, 30 mg and four types of amines derivates i.e. Aniline, 4-nitroaniline, 4-methoxy
aniline, 4-bromoaniline. So there are three factors, the first factor, the second factor has three levels and the third
factor has four levels. Therefore, it is a (3*3*4) factorial experiment with 36 treatment combinations. These 36
treatment combinations are replicated three times. So, the total number of observations is taken 108. Taking a
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Fig. 3. Ring opening of epichlorohydrin with amine.

Tests of between-subjects effects

Dependent variable: Yield

Source Type III sum of squares | df | Mean square | F Sig.
Corrected model | 17652.250° 35 504.350 648.450 | 0.000
Intercept 287370.750 1 | 287370.750 369476.679 | 0.000
Amine 6544.694 3 2181.565 2804.869 | 0.000
CL 1987.722 2 993.861 1277.821 | 0.000
TCL 5454.056 2 2727.028 3506.179 | 0.000
Amine x CL 681.611 6 113.602 146.060 | 0.000
Amine x TCL 900.833 6 150.139 193.036 | 0.000
CLxTCL 637.556 4 159.389 204.929 | 0.000
Aminex CLxTCL | 1445.778 12 120.481 154.905 | 0.000
Error 56.000 72 0.778

Total 305079.000 108

Corrected total 17708.250 107

Table 3. Tests of between-subjects effects. °R Squared =0.997 (Adjusted R Squared =0.995).

single observation of the yield of each treatment combination does not provide a reliable inference. From these
108 observations, the following objectives will be archived through the analysis of variance (ANOVA) technique.
Objectives:

(1) To examine the distinct impacts on reaction yield of several catalyst types catalyst loading and amine’s de-
rivative.

(2) To examine the effects of pairwise interactions between catalyst type, catalyst loading, and amine’s deriva-
tive.

(3) To examine the effect of interaction among the three factors—catalyst type, catalyst loading, and amine’s
derivative.

(4) To determine the optimum combinations of these three factors’ interaction.

To archive the above objectives data were uploaded on SPSS version 26 and statistical analysis was done.

Levene’s test of equality of variances was applied to the data and obtained the nul hypothesis that the error
variance of the dependent variable (yield) is equal across groups and developed a statistical model.

Yield = intercept + CL + TCL + Amine + Amine * CL 4+ Amine * TCL + CL %« TCL 4+ Amine % Cl « TCL

The Table 3 shows that all the main effects, 2-factor interactions, and 3 factor interactions show a significant
difference. The above model gives the adjusted R?=0.995 i.e. factors and their interactions contribute to an
increase in the yield is 99.5% which is very high. This shows the validation of the model used in the analysis of
variance.

The above table shows that there is a significant difference among different types of catalyst, catalyst loading,
and amine derivatives with regards to yield. The pairwise interactions among the types of derivatives, catalyst
loading, and amines derivatives are also significant because the p values given in the last column of the table
which is less than 0.05. The three factors’ interaction among the types of derivatives, catalyst loading, and amines
derivative is also significant. Since the above analyses have significant differences therefore the Post Hoc Test is
applied.

Post hoc tests

As shown in Table 3, there is a significant difference among the various levels of types of catalyst, catalyst loading,
amines derivatives. From the post hoc test, it is observed that a catalyst loading of 30 mg produces the highest
reaction yield with a significant difference observed 10 mg and 20 mg of catalyst loading. Similarly, it is observed
that the level of amines derivatives 4-methoxy aniline provides the highest reaction yield and has a significant
difference with 4-nitroaniline, 4-bromoaniline, and aniline. Similarly, if we compare the three levels of types of
catalyst kinnow peel shows the highest reaction yield and it also shows a significant difference with a level of
bare and ash.
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Likewise, the Post hoc test (Table 4) is also used to examine different combinations of levels of two-factor
interactions. It is observed that the maximum reaction yield was achieved when the type of derivative was
4-methoxy aniline and the catalyst loading was 30 mg. This combination of levels of two-factor interactions was
found to differ significantly from the other eleven combinations. Therefore, the highest reaction yield is achieved
with a catalyst loading of 30 mg and an amine derivative of 4-methoxy aniline.

Subsequently, it is also observed that the two-factor levels of the type of derivative and catalyst maximized
the reaction yield when the type of catalyst was K-peel and the type of derivative was 4-methoxy aniline. These
combinations also demonstrated a noteworthy distinction from the other eleven combinations of the levels of
the two-factor interactions. The two levels of the interaction between the type of catalyst and catalyst loading.
It is observed that the maximum reaction yield was obtained when the type of catalyst was K-peel and the
catalyst loading was 30 mg. These combinations also demonstrated a significant difference from the other eight
combinations of the levels of the two-factor interactions. It was observed that the maximum reaction yield
was obtained when we used K-peel as the type of catalyst and 30 mg as the catalyst loading in the pairwise
interaction of catalyst type and catalyst loading. Similarly, the post hoc test was applied to compare the different
levels of different factors. The best combinations of three factors the type of catalyst, catalyst loading, and amine
derivatives give the maximum reaction yield when the type of catalyst is K-peel, the amount of catalyst is 30 mg,
and the type of derivative is 4-methoxy aniline, respectively. This combination shows a significant difference
from the other 35 combinations. The optimization result of K-peel, the amount of catalys 30, and the type of
derivative is 4-methoxy aniline provide the confidence interval of a lower limit of 78.318 and upper limit of
80.348.

The IR spectrum of fresh Kinnow Peel powder”?

The IR spectra of KPP shown in Fig. 4, which demonstrate the presence of hydroxyl groups in KPP by the
presence of a notable peak at 3328 cm™! in the high-frequency region related to the -OH bonds stretching mode.
At 2915 cm™!, the -CH atom is observed to be stretched. The peak at 1609 cm™! is caused by the -C = C aromatic
rings. The peak at 1018 cm™!, however, represents the vibrational mode of the -C-O group. IR study confirms the
presence of various functional groups in kinnow peel powder. Furthermore, the IR spectra of recovered kinnow
peel powder (KPP) were also observed and shown in Fig. 5, which is similar to Fig. 4 and demonstrates the peaks
for the presence of -OH bond, -C=C, and -C-O- group.

TEM (Transmission Electron Microscopy)

The morphology of kinnow peel powder is studied using TEM. According to TEM scans, the particles are mostly
agglomerate at 200 nm and are spherical with a diameter of > 100 nm and rod-shaped with a length of > 50 nm
(Fig. 6). The larger and more varied sizes of KPP’s particles are visible in the TEM images. The size of the particle
also affects the ring opening of epichlorohydrin. The surface chemistry and structure of a catalyst particle, which
ultimately affects catalytic performance, are closely connected to these size and shape-dependent factors.”® This
is because of surface adsorption, which is an essential elemental step, causes a catalytic event on a catalytic site
of the catalyst surface at a solid—gas or solid-liquid interface.

SEM-EDX analysis

The morphology of the Kinnow peel powder particles was investigated using SEM. Figure 7 displays the particle
core spectra that were acquired in the SEM using EDX. Various morphologies of irregular particles are seen by
the SEM spectra. Image J yielded a diameter measurement of 0.95 m for the particle. Shape and surface structure
can affect the catalytic reactivity and selectivity.”® Similar particle sizes and shapes were observed in SEM images
of the recovered KPP catalyst which is shown in Fig. 8. Figure 9 displays the results of the EDX analysis for the
KPP particle’s fractured surface following autoclaving. The catalyst is made up of three elements in total: carbon
(C), calcium (Ca), and oxygen (O), which together account for its major (93.9%) and minor (6.1%) components.

95% confidence interval
TukeyHSD
Type of derivative of Amine | (I)Amine | (J)Amine | Mean difference (I-J) | Std. error | Sig. | Lower bound | Upper bound
2.00 0.00 18.3333" 0.24003 0.000 | 17.7020 18.9646
1.00 14.0000" 0.24003 0.000 | 13.3687 14.6313
3.00 1.9259" 0.24003 0.000 | 1.2946 2.5572
95% 95%
Tukey HSD confidence confidence
Catalyst loading interval interval
cl Dl )l Mean difference (I-J) | Std. error | Sig. | Lower bound | Upper bound
2.00 0.00 9.6389" 0.20787 0.000 | 9.1414 10.1363
1.00 1.1944 0.20787 0.000 | 0.6970 1.6919
95% 95%
Tukey HSD confidence | confidence
Type of catalyst interval interval
loadind(TCL) (I)TCL (J)TCL Mean difference (I-J) | Std. error | Sig. | Lower bound | Upper bound
0.00 1.00 17.3056" 0.20787 0.000 | 16.8081 17.8030
2.00 10.2778" 0.20787 0.000 | 9.7803 10.7752
Table 4. Multiple comparison dependent variable yield.
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Fig. 4. IR spectrum of Kinnow peel powder (KPP).

TGA analysis

Through a temperature range of 25 °C to 800 °C, the thermogravimetric analysis (TGA) verified the thermal
stability of kinnow peel powder. The weight loss below 200 °C was most likely caused by the solvents being
chemisorbed and physisorbed off the surface of the Kinnow peel powder. The organic content of KPP getting
significant weight loss from a temperature range of 250 °C up to 500 °C (Fig. 10). The initial weight loss of
KPP due to the moisture and bonding water evaporation observed in the region of 25 -210 °C. The dehydrated
biomass begins to decompose in the temperature range of 210 -520 °C and is attributed to the degradation of
hemicellulose, cellulose, and lignin.”?

XRD pattern of the catalyst

Figure 11 depicts the XRD of kinnow peel powder. Structure, phase, and other information are all available by
XRD. The powder quality of the component can be identified by three peaks at 2 values of 15.4, 19.5, and 21
(Figure 11) which corresponds to the crystalline structure of cellulose.

GC-MS analysis of catalytic product

The catalytic products have been characterized by the GC-MS study. After completion of the catalytic reaction,
a crude reaction mixture is used for GC-MS study. GC MS of 1-chloro-2-(phenylamino)ethan-1-ol in shown
in Fig. 12 (a) which is similar of previously reported literature.”* As shown in Fig. 12(a), m/z=185 denoted for
parental ion peak, m/z=106.1 represented for [C,H N]* while m/z=77.1 is observed for [C,H.]*. Figure 12 (b)
represents the GC-MS spectra for 1-chloro-3-((4-nitrophenyl)amino)propan-2-ol in which molecular ion peak
observed at m/z=230.1 while m/z=228.1 is observed for [C;H,CIN,O,]". Unreacted amine and epichlorohydrin
is observed at m/s=136 and m/z 92.1 respectively.

GC-MS spectra of 1-chloro-3-((4-methoxyphenyl)amino)propan-2-ol is shown in Fig. 12 (c) which is similar
to previously reported literature”>. Molecular ion peak observed at m/z=214 [M-1] while a highly intense peak
was observed at m/z=150.2 for [C;H,NO,]".

Figure 12 (d) shows the GC-MS spectra of 1-((4-bromophenyl)amino)-3-chloropropan-2-ol in which
molecular ion peak was observed at m/z=264 with less intensity. The characteristic isotope peak of bromine
(Br”® and Br®!) is observed at m/z=253 and 251. A highly intense peak observed at m/z=92.1 is dedicated for
unreacted epichlorohydrin.

Scientific Reports |

(2025) 15:17148 | https://doi.org/10.1038/s41598-025-95935-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

100 —

90 - ﬂ

80 —

& L0
70 -

60 - L
50 —
2 -CH,-
40 - OH

30 -

20 Al '
4000 3500

% Transmittance

T T T

T T T

T T T T 1
2500 2000 1500 1000 500

Wavenumber (CM ™)

T
3000

Fig. 5. IR spectrum of recovered Kinnow peel powder (KPP) after catalytic reaction.

Fig. 6. TEM analysis of KPP catalyst.
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Fig. 8. SEM images of the recovered KPP catalyst after catalytic reaction.

As shown in Fig. 12, different peaks of fragmentations for the catalytic product of aniline and derivatives with
epichlorohydrin are represented. The GC-MS spectra of catalytic product 3a is represented in Fig. 12a, while
Fig. 12b-d represented the catalytic products 3b-d respectively.

We have also compared the catalytic activity of KPP with the previously reported sustainable catalyst for the
synthesis of f-amino alcohol by ring opening of epoxide with amines (Table 5). The comparative study table
reveals that our catalyst has high sustainability for the ring opening of the epoxide reaction.
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Fig. 9. EDX spectrum of KPP catalyst.

Recycling performance of KPP

The recycling of KPP was also performed for ring opening reaction of epichlorohydrin with aniline (Fig. 13)
up to 5 cycles as shown in Table 6. It is observed that in the first two cycles, there is no loss in yield of catalytic
product but in 3rd cycle, a 48% yield of 1-chloro-2-(phenylamino)ethan-1-ol is found. In the 4th and 5th cycles,
43% yield was found of relative product. We have also characterized the recycled catalyst by FTIR and SEM,
demonstrating that the surface of the KPP changed after the catalytic reaction. Hence, KPP’s catalytic activity
decreases with the catalytic cycle’s increase.

Conclusion

Kinnow peel powder developed as the green catalyst for the synthesis of 1-chloro-2-(phenylamino)ethan-1-ol
and their derivatives by the reaction of ring opening of epichlorohydrin with amine and its derivatives. Moreover,
the KPP recovered and reused for up to five cycles without suffering a sizable loss in $-amino alcohol production.
Additionally, comparisons of the three derivatives’ yields have been made. Through statistical analysis, it is found
that the optimum combinations of three parameters that is the type of catalyst, catalyst loading, and amine
derivatives give the maximum reaction yield when the type of catalyst is K-peel, the amount of catalyst is 30 mg,
and the type of derivative is 4-MA, respectively.
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Fig. 10. TGA graph of KPP catalyst.

Scientific Reports|  (2025) 15:17148 | https://doi.org/10.1038/s41598-025-95935-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

21
6000 - 19.51

15.43

5000 -

4000 —

Intensity

3000 -

2000

1000 —

10 20 30 40 50 60 70
2 Theta (degree)

Fig. 11. XRD data of KPP catalyst.
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Fig. 12. GC-MS spectra of product 3a-d.
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%Yield

of B

amino
Catalyst Reaction condition Sustainability alcohol | Refs.
1 M HCl in ether 0.5 mol % 1 M HCl in ether, toluene, rt, 3 h. Metal free catalyst used 96-91 76
[Fe(BTC)] epoxy (2.8 mmol), aniline (2.8 mmol), acetonitrile (4 mL), [Fe (BTC)] (50 mg), 40 °C, 16 h. | Recyclable Heterogenous catalyst | 93-49 | 2
MCM type silica materials g/éCoé/[ type mesoporous silica materials, epoxide (10 mmol), nucleophile (10 mmol), 6 h at Recyclable Heterogenous catalyst | 99-43 | 77
Bi(PO,) Bi(PO,) (10 mol%), epoxide (1.0 mmol), amine (1.0 mmol), microwave irradiation (900 W) | microwave irradiation 88-24 |78
T1ONs(0.00249 mmol of Fe,
2.493 10-4 mol% of Fe) RT, Neat, 5 h Recyclable catalyst 90 79
Mesoporous Zr-Beta Epoxide (5 mmol), amine (5 mmol), 25 mg catalyst, 308 K, 0.5 h Mesoporous recyclable catalyst 80 80
CoFe@rGO epoxide (1 mmol), Amine (1 mmol), Catalyst 20%, 12 h, 80 °C Magnetic recyclable catalyst 87 81
nano Fe,0, RT, Neat, 20 h Magnetic and neat condition 83 82
mesoporous TiO, -Fe,0, | Epoxide (1 mmol), amine (1 mmol), catalyst (20 mg), neat, 3 h, RT Recyclable Porous nanomaterials | 96 83

. . . Metal Free and fruit waste as This

KPP Epoxide (1 mmol), Amine (1 mmol), catalyst 30 mg, neat, 24 h, RT recyclable catalyst 53 work

C“\V/‘<?

Table 5. Comparative study table for the synthesis methods of f-amino alcohols using various catalysts.

OH
H

3a

NH,
4 30mg, KPP

RT, 24 hrs

2a

Fig. 13. Recycling performance of KPP for Ring opening of epichlorohydrin with aniline.

Entry | Cycle | %Yield
1 0 52
2 1 52
3 2 48
4 3 43
5 4 43

Table 6. Recycling performance of KPP for ring opening of epichlorohydrin with aniline.
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