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efficient recyclable citrate grafted #-cyclodextrin@magnetite nano phase transfer catalyst in aqueous
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Green synthesis of 1,4-disubstituted-1,2,3-triszod@ click reaction using nano magnetic36g core
decorated with cyclodextrin-citric acid &@CD-CIT) acting as a phase transfer nanoreactdr hw
copper loading under ultrasonication at 40 °C,duoemus media is described. Anchoring the surface of
magnetite with cyclodextrin (CD) prevents its aggévation and at the same time, CD provides a
hydrophobic niche for lipophilic reactants whilg uter hydrophilic core makes the reaction feasiibl
water yielding almost quantitative yield of desifg@ducts. Magnetic separation using an externgineta
recyclability and reuse (7 times), without apprbbjaaffecting the % yield of the products are ithey

attractive attributes. Gram scale synthesis wasadhieved with 93% yield.

KEYWORDS
S-Cyclodextrin, 1,3-dipolar cycloaddition reactiomagnetic nano phase transfer catalyst;Oq@ CD-
CIT), Ultrasonication, 1,4-Disubstituted-1,2,3-itde, Aqueous media

1INTRODUCTION

Fluorescent triazoles, using sugar scaffold asra wath different fluorophores (as a chemical régQr
such as coumarin, anthracene, 1,8-naphthalimidgh (emission yield) are extensively used in various
fields like biosensing, biolabelling, bioimagingdaalso as chemosensors for the selective detectimms

[1], small molecules and biomolecules [2]. Myriaafsglycoprobes have shown potential to be usednrfor
vitro andin vivo (tracking of target species) applications [3,M¢tably, triazole ring generated in between
sugar and fluorescent molecule not only serves laskar but also can actively participate in hydeag
bonding to bind biomolecules or serve as an iorrdination site [5, 6]. These fluorophore can belgas
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obtained by simply introducing an azide and alkfurectionality in sugar or fluorophore scaffold thgh

well-known methods to obtain the intermediates Whiould be subsequently “clicked” togethea Cu
mediated azide alkyne 1,3-dipolar cycloadditionctiem (CuAAC). Traditionally, CUAAC reaction is
carried out in a mixture of water and water misgibtganic solvents such as DMSO, THF 1BwOH [7].

For biological applications, it is desirable tha¢se reactions to occur in water so that they angpatible
with living systems since water, being eco-friendiyon-toxic, cheap and abundant has become
undoubtedly an ideal choice as solvent to providarcmedium [8, 9]. In this context, many efforts/é
been made to modify CUAAC by using homogeneous @opatalyst, heterogeneous copper catalyst [10-
14], Cu-binding ligands such as polysaccharide-sttpd nanoparticles [15], N-heterocyclic carberidq,[
poly nitrogen ligands [17, 18], urea [19], andani(inoalkyl)amine [20], betaine [21] and other aides

like benedict solution [22]3-cyclodextrin [23] (as phase transfer catalyst)t Bwere is still a demand for
the development of new efficient, widely applicalfasible as well as environmentally sustainablee

for obtaining regioselective fluorescent 1,2,3zakes.

Cyclodextrins (CDs) as a phase transfer catalyst li@en engaged in many organic transformations [23
24]. They can act as a nanoreactor which involkeddrmation of reversible host guest complex lynig
up whole molecule, or some part of it into theidigphobic cavity [25-27]. Grafting of CDs onto the

surface of magnetic nanoparticles makes the catahgsly recoverable as well as recyclable [26].

In recent years, nanocatalysts have restructueeeral green protocols and emerged as an alteenttiv
conventional catalysts since they possess higlaseirfo volume ratio, which imparts them enhanced
activity, selectivity and high turnover frequend@yQF) [28, 29]. Although, nanocatalysts are sustamé&or
many reactions but their separation from the reaatnixture is a challenging task. To overcome i$ssie,
the employment of magnetic nanosupport providesbiés solution because it not only eliminates the
cumbersome process of separation of catalystafiittn and centrifugation) but also paves the pajhioa
establishment of ecofriendly methods by reducingrgy consumption, loss of catalyst and time [30-33]
Organic surface coating of nanoparticles impargsrtstability from agglomeration and provides sftas
functionalization with other groups, making themtale to act not only as potential multifunctional
nanocatalyst [34, 35] but also can be exploited wmide range of other applications, such as, ser{86t,

as MRI contrast agents [37], hyperthermal ageri$, [@dsorbents [39], drug carriers [40] and ceitiag

agents; to extract particular cells from biologisaimples and cultures.

Organic synthesis using ultrasound is another greeyute for performing quick reaction by providiag
alternative energy source. Ultrasound techniquedee competent and selective for refining the trawal

reactions that require longer reaction time, loeldé and high temperature [41-44].

In continuation to our research in the field of ebenvironmental friendly approaches in synthetic
chemistry [45-50], we report herein a green prokdor the synthesis of heterobioconjugate bas@¢B1,



traizoles through 1,3-dipolar cycloaddition reactizusing magnetically separable ;6@ CD-CIT
(MNPTC) as a phase transfer catalyst with low copgeding in water under ultrasonic irradiatiordat°C

temperature. Gram scale synthesis was also achveitle®3% vyield.

2RESULTSAND DISCUSSION

2.1 Characterization of the MNPTC

Fe;0,@CD-CIT was characterized by FT-IR, TGA, TEM, anBIX analysis. To validate the formation of
cyclodextrin-citric acid complex (CD-CIT complexha its effective coating on the surface of magaetit
nanoparticles infrared spectroscopic study was wcted(Figure 1). The major bands at 3400 ¢r2925
cm?, 1158 critin the IR spectrum of CBave been assigned to the —OH, ~GHC—C groups respectively,
present in CD. An absorption peak at 1650*dmattributed to the presence of water in the tgasi CD
(Figure 1c). A strong absorption peak at 1745tim the IR spectrum of citric acidFigure 1b) is assigned
to the stretching vibrational modes of >C=0 of caaic acid group which shifts to 1736 cruue to the
formation of an ester bond, substantiating the &irom of CD-CIT complex Kigure 1d). In the IR
spectrum of magnetité=igur e 1a) the peak at 578 cfrdue to the Fe-O stretching shifted to 587 cafter
grafting of CD-CIT on its surface. The peak at 1650" corresponding to the presences of water in the CD
cavity remains unchanged even in the coated naticparindicating that iron nanoparticles do notugzy
the cavity of CD rather they have been coated ByGIT complex on its surfacé-{gure 1€).
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Figure 1. FTIR of (a) FgO,, (b) Citric acid (CIT), (c)s-cyclodextrin (CD), (d) Citric acid-cyclodextrin

complex (CD-CIT) and (e) CD-CIT grafted §&»
TGA curve of MNPTC was recorded in the range of @®-"C in an inert atmospheréigure 2a). The
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thermogram exhibits a weight loss in two stepstlfi 2% weight loss was observed below 110 °C tvhic

might be due to the loss of residual water adhetinthe sample surface and also loss of water wisich
adsorbed in the CD cavities [51]. Second weighs lnfs12% in between 165-390 °C, is due to the thérm
decomposition of the CD@CIT moieties[26]. Thus,cdn be assumed that the CD-CIT has been
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successfully grafted on to the surface of magnmetitopatrticles.
Figure 2. (a) TGA curve and (b) XRD pattern of&r@CD-CIT

The Bragg reflections in XRD patterRi@ure 2b) of MNPTC show six characteristic peaks t=230.4°,
35.6° (most intense peak), 43.4°, 53.9°, 57.5° 6h@° corresponding to the 220, 311, 400, 422, 840,
planes which reveals that the MNPTC has a FCCtsimrelc
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Figure 3. (a) Low magnification TEM image of E@,@CD-CIT, (b) Histogram showing size distribution
of FeO,@CD-CIT, (c) HRTEM image and (d) SAED pattern of torresponding low magnification TEM
image

To study the surface morphology and particle simgridution of synthesized MNPTC, transmission
electron microscopy (TEM) was done. Low-resolufidtM image as illustrated infigure 3a reveals that
particles are almost spherical in shape with rangke 5-10 nmFKigure 3b). High resolution TEM image
as shown inKigure 3c) clearly reveals that the catalyst has metalliemcore with outer amorphous shell
made up of probably CD-CIT confirming coating of €T on the surface of magnetite. SAED pattern
explores the crystalline nature of MNPTEIdur e 3d).

40
40+
m —~—~
-~ 0720‘
g 204 =
= £
- 0 20
C -—
) c
-20-
= g-zo-
(o]
= .40 s
404
60+ |
20000 -10000 0 10000 20000  .20000  .10000 O 10000 20000
Magnetic Field (Oe) Magnetic field (Oe)

Figure 4. VSM magnetization curve of (a) ¥&, and (b) FeO,@CD-CIT

The magnetic properties of the samples were iny&stl by VSM in an applied magnetic field, with the
field sweeping from -20,000 to +20,000 Oe at roemperature as shown kigure 4. Lower saturation
magnetization (Ms) for uncoated and coated MNPs6&remu/d and 50 emu ¢ respectively which
clearly revealed magnetic nature of MNPTC. Someradesing of the value of Ms in compare to pure
magnetite is attributed to organic layer on thdam# of FeO,. However, the magnetization is still large

enough and offers separation of the catalyst freaction media.
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FTIR is a very useful tool to prove the existenéeboth guest and host molecules in their inclusion

complexes. The spectrum for the inclusion compléaek almost similar to the pugeCD which indicates
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the formation of the inclusion complex€Bigure 5). Decrease in intensity of characteristic peak of

reactants (EC, —C=C—H and —N) also confirms the strong interaction betweenahitompounds ang-
CD.

Figure 5. FTIR spectra (a)-cyclodextrin, (b) acetylated glucose alkyne, (olusion complex of

acetylated glucose terminal alkyne withfCD, (d) coumarin azide and (e) inclusion compléxaumarin
azide withp-CD

Comparison of PMR spectra gfCD, p-CD + Acetylated glucose terminal alkyne gD + coumarin
azide complex further corroborate the formationtlué inclusion complexes by depicting variation in
chemical shift position of host or guest moleculetpns Figure 6, Table 1). Insertion of guest molecule

in the cavity of5-CD results upfield shift of two H-3 and H-5 protowhich are directed toward the interior



of cavity and three protons (H-1, H-2, H-4) protoekatively unaffected which are directed on theeggr
side of thes-CD [23, 52]. Figure 6 shows the partial PMR spautiof 5-CD in the presence and absence of
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reactants which imparts existence of inclusion demgs by change in chemical shift, largely in H-5

protons, which is situated inside the cavity atriherow side.

Figure 6. Partial'H NMR spectra (400 MHz, £D) showings-CD protons (a-CD only, (b)4-CD with

glucose alkyne and (¢}CD with coumarin azide

Table 1 *H NMR chemical shifts fop-cyclodextrin (CD) in the absence and the presesfcglucose

alkyne(1a) or coumarin azid€?a).

p-CD proton | 6 (freeCD) | & (CD with 1a) Ad 6 (CD with 2a) Ad
H-1 4.930 4.923 -0.007 4.927 -0.003
H-2 3.508 3.497 -0.011 3.502 -0.006
H-3 3.826 3.802 -0.024 3.799 -0.027| 22
H-4 3.444 3.434 -0.010 3.437 -0.007| Cat
H-5 3.715 3.692 -0.023 3.690 -0.025| alys
H-6 3.739 3.721 -0.018 3.734 -0.005 t

per

formance
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Catalyst performance of g@,@CD-CIT was assessed for 1,3-dipolar cycloadditeaction by taking 3-

azidocoumarin and peracetylated sugar terminalnalkgs a model substrate. To optimize the reaction
conditions for FgO,@CD-CIT mediated triazole synthesis, the effectddferent parameters such as
catalyst loading, temperature, time, type of saiveas been studied. In this communication, 1,34dipo
cycloaddition reaction in aqueous medium using MBP3s a reusable supramolecular catalyst under
ultrasonication was reported for the first time.

Traditionally CUAAC reaction carried out in waterdawater-miscible organic solvents. To minimize the
use of toxic, flammable, not recyclable organicveats in organic process, water is becoming a safe
alternative chemical medium. Thus the usefulnesgatér as a medium promoted us to attempt 1,3-alipol
cycloaddition reaction in between terminal alkynel azide using water as reaction media.

A model reaction was performed using 1mmol of coumazide (2a), 1.1 mmol of acetylated sugar
terminal alkyne(1a) as a model substrate by following the additiorColSQ.5H,0O and Na Ascorbate to
obtain the corresponding triazole. It was obsemyed there was no product formation even after 2 h

room temperature, TLC monitoring shows only initampounds are preseMABLE 2, entryl).

Table 2 Formation of 1,4-disubstituted triazq@a) using different catalyst in aqueous medium

OAc o CuS0,.5H,0, Na Ascorbate, H,0 OAc

o 0 N,
Ao ZAC o = | @JNQ MNPTC, 45 min. )n): A%%m’co/\&””m
1a 2a 33 070
S. No. Additive (mol%) Reaction time Yield® (%)
(min)
1* No PT catalyst 60 -
2 a-Cyclodextrin(10) 60 40
- Cyclodextrin(10) 60 62
4 y-Cyclodextrin(10) 60 35
5 Cetyltrimethylammonium bromide (CTAB) 60 50
6* FeO, 60 -
7 Fes0,@CD@CIT(5) 60 65
8 Fes0,@CD@CIT(8) 60 80
9 FesO,@CD@CIT(10) 45 96
10 Fe&O,@CD@CIT(15) 60 96 Reagents

and conditions peracetylated glucose alkyne (14)rfimol), coumarin azide (2a) (1 mmol) and Cu(DQ1



ppm) was ultrasonicated in open air at 40 °C fond. PIsolated yield after column chromatography. * No

product formed only starting materials were found.

Further, when the reaction was carried out at keghperature, only 20% yield was obtained, which imay
due to low interaction between the lipophilic sugdikyne and coumarin azide in water. A perusal of
literature shows that the incorporation of watduble macrocycles such as CD as PTC can encloss-wat
insoluble organic compounds into their cavity erdiag dissolution property in water since they cenef

a hydrophilic outer surface and a hydrophobic @rdavity thus leading to the increased rate ottiea
[53]. Keeping this view, we have synthesized a cktye phase transfer catalyst with a magnetic tmre
carry out the reaction in agueous media.

To the best of our knowledge, synthesis of triazoéel, 3-dipolar cycloaddition reaction by recyclable
PTC has not been reported to so far validate tleeafoprepared MNPTC, a model reaction was perfarme
with different cyclodextrin «-, -, y- cyclodextrin) and other phase transfer catalyshqueous medium
(Table 2, entries 2-5). Low conversions were observed with bathandy-cyclodextrin. It may be due to
the small size of the-cyclodextrin cavity to grasp initial compounds d@hd too big size of-cyclodextrin.
Therefore,f-CD was preferred as a catalyst for this transfoionain 60 min with 62% yield at 40 °C.
Fe;04was also checked for model reaction under identgoatlitions, no product formation was observed
even after 2 h. After that, the model reaction wasied out using bagCD andp-CD grafted magnetite
nanoparticles, for comparing the results under game conditionsT@ble 2). It was observed that
FeO,@CD-CIT (10 mol%) gave 96% isolated yield after #in at 40 °C. Elevation in yield with
Fe;0,@CD-CIT complex may be attributed to more encapsuiaand the formation of inclusion complex
due to probably more ordered CD cavities igdz&@ CD-CIT nanopatrticles.

Catalyst concentration is a substantial factor éxatusively affects the reaction time, rate, dmelyield of
the desired products. So the model reaction wdsneed using different mol% of MNPTC, i.e., 5, &,1
15 mol% which yielded the product in 65%, 80%, 9@%% respectivelyTable 2). Thus it is clear that
the %yield of the product increases with incredgdPTC loading up to 10 mol% and then remains static
with further enhancement the catalyst loadingable 2, entries 5-6). Thus 10 mol% of MNPTC was
selected as an optimum amount for carrying outehetion.

To affirm the fact that copper is necessary fordumting the regioselective synthesis of 1,4-digtuisd
triazole, two sets of the model reactions werdopered, with and without MNPTC in the absence of
copper catalyst under ultrasonication at 40 °CAmin [Table 3, entry 1-2). No product formation was
detected (in both cases) as revealed by thin-l@yeomatography (TLC) monitoring (only starting
materials were found). Furthermore, to optimize #meount of Cu catalyst for catalyzing the CuAAC
reaction, different concentration of aqueous CyuSIO were tried (500, 200, 100, 50, 25 ppm) for model
reaction Table 3, entries 3-8). When the reaction was performed with 500, 200 460 ppm of Cu,
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conversion after 55 min was 100% and the desiredymt was obtained in 97% yield@igble 3, entries

3-6). When the copper concentration was further reduoces0 ppm and 25 ppm, the yield was decreased
(Table 3, entries 7-8). So 100 ppm copper loading selected for theaktite experiment.

Table 3 Effect of amount of Cu catalyst on the model rieaét

Entry Cu(l) MNPTC Time Conversion/ TON TOF (min™)
opm (mol%) isolated yield"%

1* - - 24 h <1 - -
2* - 10 24 h <1 3 -
3 500 - 45 min 10 200 4.44
4 500 10 45 min 100/97 1940 43.11
5 200 10 45 min 100/ 97 4850 107.77
6 100 10 45 min 100/97 9700 215.55
7 50 10 45 min 100/89 17800 395.55
8 25 10 45 min 100/78 31200 693.33

# Reagents and conditions peracetylated glucosaaliya) (1.1 mmol), coumarin azide (2a) (1 mmot} an
Fe;0,@CD-CIT (10 mol%) was ultrasonicated in open ad@eC for 45 min°Isolated yield after column

chromatography. * No product formed only startingtemials were found.

Moreover, the effect of temperature and ultrasowad also studied. Ultrasound has interestingly been
used in organic synthesis since it is more efficend selective for improving the traditional reaws that
involve longer reaction time and high temperat@ensidering the utility of the ultrasonication tedjue

in synthetic chemistry, we performed the model tieacusing MNPTC under ultrasonication at a différe
temperature; it was observed that product was médain 97% vyield in 45 min at 40 °C under

ultrasonicationfigure 7).
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Figure 7. Optimization of time and temperature for synthe$i,4-disubstituted triazoles

To find out the most effective solvent for the CuBAeaction using MNPTC catalyst, the model reaction
was carried out in different solvent systerRgy(re 8) viz., EtOH, MeOH, DMF, toluene, acetonitrile, and
water. Among all the solvents, water was found n&ffective in this transformation. Therefore, waters

chosen as a medium for carrying out the reaction.
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Figure 8. Optimization of solvents for synthesis of 1,4wdtistituted triazoles

These positive results inspired us to investigagestope of 1,3-dipolar cycloadditions reactiorher. We
performed the reactions with different derivatives 3-azidocoumarin(2a-€) (electron donating and
withdrawing group) and various alkynéka-c) under the optimized reaction conditiorga-0, Table 4).
Analysis of the results showed that all of the s&uabes produced the expected triazole products with
excellent conversion, indicating remarkable catalgfficacy of MNPTC. Attractive attributes of the
present methodology are that the click reactiopeidormed using water as a versatile solvent atiemhb
temperature, devoid of unwanted products, easyragpa of the magnetic catalyst by using an externa

magnet and recycling for seven consecutive runsouttappreciable loss in its catalytic performance.
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Table 4 Preparation of triazole derivatives by using 10%hoif MNPTC

g™
OJ@JNO
\“S 4/]\4%

CuS04.5H,0, Na Ascorbate, H,O

S

>
))))), 45-55 min, 91-97%
2a-e 3a-0
Entry Azides Alkynes Triazoles Time  Yied  Product
(min)  (%)° code
1 OAc o.__0O OAc
AcO 0 N, 4 7 "
Acmo\ ©/\/;/[N3 Ao O/\<\4NP S 9 3a
Ohc OAc r\/@
la 2a o™ o
2 OAc HO (o) o] OAc
Acoﬁ 0 N, *
TS mm A°,§’Cmo/\<\—$ 50 92 3b
la 2b 5P o
Ohc o.__0O OAc
3 Ai\%mo’\\ /@/j Aco/&, Non 55 94 3c*
OAc = Br N3 AcO v 0/\<\—J N P Br
la 2c Om
QAc o O OAc
A O R ° Ne 55 91 3d
e OAc s O = N3 C.Lg«)co o] N N{ ‘
1a OAc = O
o (8]
2d
5 OAc OCH;z OAc
m o~ ﬁ s 50 97 3
C ™ N e
la N,
o] O
2e

OCH;
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AcO OAc
0
AcO O /\\‘Q\

OAc

1c

AcO OAc

AcO OAc

AcO OAc

OCHs

45

50

55

55

50

40

45

50

95

92

93

92

94

97

95

94

3f

39

3h

3i

3

3k

3l
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@{ ‘O Ny 55 92 3n

15 OCHs
@E 0.0 52 96 30
A, —
N\\N,N
o
1c 26 0% ™o

OCH;

2 All reactions were carried out using coumarin agifle mmol), peracetylated sugar terminal alkynes (1
mmol), MNPTC (10 mol%), Cu(l) (100 ppm) at room feerature under ultrasonicatidhlsolated yields.

*See reference [7]

The most prominent feature of the cyclodextrin (G®)heir ability to form inclusion complexes with
organic compounds. CD has a hydrophilic outer serfand hydrophobic inner surface, so it can athas
host for hydrophobic reactants by forming host-¢jumsnplex. Thus, solubility can boost in water by
forming host-guest complex. To account for the olegresult, a plausible reaction mechanism [54f66]
the synthesis of 1,4-disubstituted 1,2,3-triazaleeig MNPTC has been proposdegure 9). Initially,
Cu(l) coordinated acetylide complex A and B areegatedvia the interaction of terminal alkyne with two
Cu(l) species in the first step and second step-duosst complex C is formed wifhCD of MNPTC. The
complex thus formed reacts with coumarin azide todpce complex D which gets transformed into
intermediate E. This complex E intermediate givetetocyclic complex F which then undergoes
protonolysis, providing the desired 1,4-disubséitlitiriazole and regenerating the Cu(l) a@D of
MNPTC.
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Figure 9. Mechanism for the synthesis of 1,4-disubstitutezbles using MNPTC

Catalyst recycling test
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The significant feature of the MNPTC is its reusipand recyclability, which was assessed usirgy th

model reaction between coumarin azi@a) and peracetylated glucose terminal alkyi@). It is
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o0 el oy s sy

No. of Runs
noteworthy that even though a small amount of MNR3 @sed, it could be easily and simply recovered

almost quantitatively with the aid of an externaagnet. After each run, the MNPTC was washed with
ethanol and oven dried at 60 °C for 3h and usedh®mext cycle. The recycled MNPTC could be used
successfully up to 7 times, with 80% vyield of prodirigure 10). SEM analysis of the reused catalyst after
the seventh runHjgure S1, supporting information) showed no significanffeliénce in the SEM images of
the fresh and the reused catalyst which providedeece for the good structural stability of MNPTGder

the employed reaction conditions. TEM images ef ¢htalyst Figure S2, supporting information) after
7" runs showed the preserve of catalyst structure svitall aggregation of nanoparticles. Decreaséeid y

may be due to the detachment of CD-CIT complex ftoensurface of magnetite

Figure 10. Reusability of MNPTC (10 mol%) for model reaction

Comparison with theliterature precedents

The efficiency of the cyclodextrin-based magneljcakparable catalyst (f@,@CD-CIT) was compared
with the previously reported catalytic system fbe tsynthesis of 1,4-disubstituted triazole deresti
FromTable S1, it is evident that fabricated MNPTC is far morefient in terms of product yield, time,
temperature, copper loading, and cost. BesidesF&@,@CD-CIT can be easily recovered through the
simple magnet and reused for seven consecutivesydgthout any significant loss in its activity, kg it

an interesting alternative path for click promotetzole synthesis. It is clearly revealed from the



comparativeT able S1 that a higher amount of catalyst and co-catalaiyents other than water, higher

temperature and longer reaction time is requirembtain corresponding triazoles.

3 CONCLUSIONS

In conclusion, we have demonstrated a simple afitlezft approach for the synthesis of a varietyl gf-
disubstituted triazoles from various derivativescolumarin azide (electron donating and withdrawing
group)(2a-e) and alkynegla-c) by using a low cost and magnetically separabltgyalable MNPTC with
low copper loading at 40 °C in agueous media unttessonication. This reaction is associated wirieg
reaction media, operational simplicity, ambient pemature, and reusable phase transfer catalyshés)
that makes the reaction important and valuableofwaining biologically significant fluorescent 132,
triazoles. Further, it is observed that CD is eBakffor the reaction success in aqueous mediaesinc
encapsulates lipophilic reactants into its hydrdpbocavity and no reaction occurs in its absence.
Sustainability of PTC increases by its attachmenmhagnetite core, which prevents its loss duriragtien

work-up and makes the MNPTC effectively recyclalith more than 80% yield.
4 EXPERIMENTAL
4.1 Materialsand method

All chemicals were purchased from commercial saiared were used as received. The purity of all the
compounds was checked by TLC using silica gel asra@nt and solvents of increasing polarity as feobi
phase Melting points were determined in open glass capés and are reported uncorrectdd. NMR
(400 MHz) and™*C (100 MHz) NMR were recorded on a Jeol ECS 400 MHectrophotometer using
CDCl; as a solvent. TMS waskken as an internal standard, and chemical stwéisreported ird ppm.
FTIR spectra were recorded on a Perkin Elmer Spec spectrophotometer using pressed KBr discs in
the region of 4000-400 ¢l Mass spectra were recorded on a Xevo G2-S Q-iefteometer (Waters,
USA), capable of recording high-resolution masscspen (HRMS) in the ESI (Electrospray lonization)
mode. The visualization of surface morphologiesmaignetic nano phase transfer catalyst@z@ CD-
CIT) was done by using a field emission scannimgtebn microscope (FESEM) Nova Nano FE-SEM 450
(FEI) operating at 20 kV. High-resolution transmnoss electron microscope (HRTEM) images were
measured using a Tecnaf @0 (FEI) S-Twin transmission electron microscop@@0 kV and equipped
with an energy-dispersive X-ray detector (EDX). $tarpreparation was done by grinding a small amount
of sample which was then dispersed in isopropaalkitisn using an ultrasonic bath. Some drops of the
sample were dropped onto the copper grid, and opgmol was evaporated at room temperature.
Magnetization measurement were performed on vitlgasample magnetometer (VSM) (quantum design
MPMS) at 300 K. Thermogravimetric analysis (TGA)sa@one on a Mettler thermal analyzer in an inert
atmosphere at a heating rate of 10 °C /min in dmge of 10 to 800 °C to determine the loading ghaic
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molecules on the surface of magnetite. Powder Xdiffyaction (XRD) pattern of the sample was

obtained withX-ray Diffractometer (Panalytical X Pert Pro) usi@g Ko radiation. Ultrasonication (Elma
S 70 H) with 37 KHz output frequency was used fog synthesis of desired products. Acetylation of
glucose and fructose was carried out by adoptiegtieviously reported procedure[@-Glycosylation of
acetylated sugar derivatives with propargyl alcoholthe presence of Lewis acid (BEt,O) gives
corresponding acetylat€dglycosideq1a-b).

4.2 Preparation of the magnetic nano phase transfer catalyst (MNPTC) (FesO,@CD-CIT) (Figure
11)

It was accomplished in three steps as follows:-
First step: Preparation of magnetite core

Magnetite nanoparticles (MNPs) were prepared byeaipusly reported co-precipitation method [57]. In
brief, 2 mmol of FeGl6H,O (0.54 g) and 1 mmol of FeAH,O (0.198 g) were added into 20 ml of
deionized (DI) water taken in a 250 ml round bottlask and ultrasonicated for 20 minutes at room
temperature. After that slowly the temperature wased to 60 °C and then 1M solution of NaOH was
added dropwise under,Nitmosphere till the pH of the solution became 10-he mixture was further
sonicated for 30 min whereby the MNPs were formadi\aere then separated by using an external magnet
and washed with DI water.

Second step: Preparation of CD-CIT complex

The CD-CIT complex was prepared by the esterificatbetween the —COOH group of citric acid and
primary —OH group of CD according to the previousported procedure [58]. The citric acid (1 g) And
cyclodextrin (3 g) were dissolved in 10 ml of waterd stirred for 3 h at 8GC. The solution became
transparent and was then treated with isopropdroin(), which gave a white precipitate. Then th&tare

was filtered and washed 2-3 times thoroughly witkitex (3x10 ml) to remove unreacted components and
was then dried at 6@ in a hot air oven for 24 hours to furnish a whiblid CD-CIT complex.

Third step: Functionalization of Magnetite with CI3T complex



The FgO, core was redispersed in 100 ml distilled wated ansolution of 2 g of CD-CIT complex in
water was added dropwise into it. The mixture wasesl for 4 hours at 80C whereby a black dispersion

of the desired nanocatalyst was obtained which tas separated by means of an external magnet and
washed thoroughly with DI water (3x10 ml). It wadsem dried at 70 °C for 24 h to obtain the desired

magnetic nano phase transfer catalyst.
e Q-0
cIT CD .
DI water, Er)\:auvoaTér
007G Synthetic procedure ») '

of
Fe.0,@CD@CIT

DI water, 80 °C,
), 4h

__r\ Q
CD@CIT

Figure 11. Sequential preparation of £@CD-CIT

4.3 General procedurefor synthesis of 1,4-disubstituted triazoles (3a-0)

Coumarin azides (0.75 mmol) and acetyla@djlycosides (1.05 equiv.) were sequentially addedat
mixture of 100 ppm aqueous solution of copper gli)fate pentahydrate (2ml), sodium ascorbate (0.15
equiv.) and F€O,@CD-CIT (10 mol%) in water (10 ml) at 40 °C unddtrasonication and further
sonicated for the time mention in TABLE 2. Afternapletion of the reaction (indicated by TLC), the
MNPTC was separated by means of an external magmetemaining mixture was extracted with EtOAc
(10x3 ml), washed thoroughly with brine and thenhw,O (3x50 ml). Combined organic layers were
collected and dried over anhydrous sodium sulfaté @ncentrated under reduced pressure. The residue
was purified by short column chromatography ovécaigel (80-200 mesh) and eluted with hexane/ethyl

acetate (3:1) to afford a pure white solid of tlesiced compound.

4.4 Gram scale synthesis of 1,4-disubstituted triazoles (3a)
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In a round bottom flask, to a mixture of 3-azidaicwrin (6 mmol, 1.134 g) and peracetylated sugar

terminal alkyne (7.2 mmol) was added;Gg@CD-CIT (60 mol%), sodium ascorbate (0.15 equing a
Copper (I) sulfate pentahydrate in water (600 pphije reaction mixture was ultrasonicated until TLC
show completion of reaction at 40 °C. After comialetof the reaction, MNPTC was separated by means
of an external magnet and remaining mixture wasaeteéd with EtOAc (10 x 3 ml), washed thoroughly
with brine and then with $#D (3x50 ml). Combined organic layers were colle@ed dried over anhydrous
sodium sulfate and concentrated under reduced yes3he residue was purified by short column
chromatography over silica gel (80-200 mesh) andedl with hexane/ethyl acetate (3:1). Product was

obtained with 93% isolated yields as a white solid.

'H NMR data of 1,4-disubsituted trizoles (3a-30)

(3a) (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(2-oxo-2H-chromen-3-yl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate’ White solid m.p. 120-123 °C, yield 97%H
NMR (400 MHz, CDC}) 4 8.64 (d, 2H), 7.65-7.72 (m, 2H), 7.41-7.48 (m, 26{1 (m, 1H, sugar H-3),
5.09 (m, 1H, sugar H-4), 4.96 (m, 1H, sugar H-2274and 4,17 (m, split AB system, sugar )64.83
(m, CHO), 4.69 (d, 1H, sugar H-1), 3.73-3.77 (m, 1H, subb5), 2.01-2.12 (4S, 12H, COGH
HRMS(ESI),m/z [M+H] " 574.1669 vz calculated for [M+H] : CyeH27/N3012573.1675)

(3b) (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(7-hydr oxy-2-oxo-2H-chr omen-3-yl)-1H-1,2,3-
triazol-4-yl)methoxy)tetr ahydr o-2H-pyran-3,4,5-triyl triacetate’ White solid m.p. 130-133 °C, yield
92%,'H NMR (400 MHz, DMSO-g) 84 8.58 (s, 1H), 8.49(s, 1H), 7.54(d, 2H), 6.93 (H),5.25 (m, 1H,
sugar H-3), 5.06-4.91(m, 1H, sugar H-4), 5.02-5®3 1H, sugar H-2), 4.69, 4.17 (m, split AB system,
sugar H-y), 4.58 (d, 1H, sugar H-1), 4.75 (m, &€B), 3.76-3.79 (m, 1H Sugar H-5), 2.13-2.01 (4S, 12H
COCH); HRMS(ESI),m/z [M+H] " 590.1612 1fvVz calculated for gsHo7N3O13 [M+H] " : 590.1624)

(3c) (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(6-br omo-2-oxo-2H-chr omen-3-yl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate’ White solid m.p. 180-183 °C, yield 94%'H
NMR (400 MHz, CDC}) 84 8.66 (s, 1H), 8.55 (s, 1H), 7.73-7.83(m, 1H), 771485 (m, 2H), 5.45-5.51 (t,
1H, sugar H-3), 4.91 (t, 1H, sugar H-4), 5.03 H, $ugar H-2), 4.77 and 4.38 (m, split AB systengas
H-6,1), 4.75 (d, sugar H-1), 5.22 (m, @Bl), 3.75 (m, 1H, sugar H-5), 2.10-2,03 (4S, 12H,CGEH);
HRMS(ESI),m/z [M+H] " 652.070 vz calculated for [M+H] : C;eH26BrNsO1, 652.0780)

(3d) (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(3-oxo-3H-benzo[f]chromen-2-yl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 138-140 °C, vyield 91%'H
NMR (400 MHz, CDCY) &y 7.51 (d, 1H), 7.64 (t, 1H), 7.78 (t, 1H), 7.97 {d{), 8.10 (d, 1H), 8.38 (d,
1H), 9.39 (s, 1H), 1.87-2.09 (12H, COgH3.85 (m, 1H sugar 5-H), 4.11-4.14 (m, 1H, suBt,), 4.23-
4.27(m, 1H, sugar 64 5.19-5.24(m, 2H, OC}), 5.05-5.15 (m, sugar H-4), 4.96(m, sugar H-2J54d,
sugar H-1); HRMS(ES Iz [M+H] " 623.18551fVz calculated for [M+H] : CzoH2oN3012 624.1831 )



(3e) (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(8-methoxy-2-oxo-2H-chromen-3-yl)-1H-1,2,3-triazol-
4-yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 190-193 °C, yield 97%*H
NMR (400 MHz, DMSO-d6Yy 8.64 (s, 1H triazole C-H), 8.60 (s, 1H), 7.23 (k) 32.16 (s, coumarin
OCHg), 3.73(m, 1H, sugar H-5), 1.98-2.10 (12 H, sug&CEtL), 4.68-4.66 (d, 1H, sugar H-1), 4.25-4.29
(m, 1H, sugar 6-b), 4.14-4.18 (m, 1H, sugar 65515.16-5.21(m, 2H, OC}), 5.07-5.12 (m, 1H, sugar H-
4), 5.45 (m, 1H, sugar H-3), 4.99-5.02 (m, 1H, suga2); HRMS(ESI), 'z [M+H]" 604.1778 1fvz
calculated for [M+H] : C,7H29N3013603.1780)

(3f (2R,3S,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(2-oxo-2H-chromen-3-yl)-1H-1,2,3-triazol -4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 130-133 °C, vield 95%H
NMR (400 MHz, CDC})) 84 8.54 (d, 2H), 7.65-7.72 (m, 2H), 7.45-7.48 (m, 26i%1 (m, 1H, sugar H-3),
5.17 (m, 1H, sugar H-4), 5.05(m, H-2), 4.84 (m,,OH 4.65 (d, 1H, sugar H-1), 4.14, 4.21 (m, spB A
system, sugar 6-HHy), 3.66 (m, 1H sugar H-5), 2.12-2,03 (4S, 12H, CQCHRMS(ESI),m/z [M+H]"
574.1593 vz calculated for [M+H] : CyeH27N301,574.1675)

(39) (2R,3S,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(7-hydroxy-2-oxo-2H-chromen-3-yl)-1H-1,2,3-triazol-
4-yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 195-198 °C, yield 92%H
NMR (400 MHz, CDC}) 61 8.56 (s, 1H), 8.49 (s, 1H), 7.51 (d, 2H), 6.98 RH), 5.25 (m, 1H, sugar H-3),
5.06-4.95(m, 1H, sugar H-4), 5.02-5.03 (m, 1H, sud®), 4.19 (m, split AB system, sugar Hnf 4.56
(d, 1H, sugar H-1), 4.75 (m, GB), 3.66 (m, 1H sugar 5-H), 2.10-1.97 (4S, 12H, ERCHRMS(ESI),
m/z [M+H]"* 590.1531 1tz calculated for gsH27N3013 [M+H] ™ : 590.1624).

(3h) (2R,3S,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(6-br omo-2-oxo-2H-chr omen-3-yl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 141-143 °C, vyield 93%H
NMR (400 MHz, CDC}) 64 8.66 (s,1H), 8.55 (s, 1H), 7.5 (m, 1H), 7.15 (m)26126 (m, 1H, H-3), 5.11
(m, sugar 4-H), 5.02 (m, sugar H-2), 4.76 (d, lkgas H-1), 3.77-3.88 (m, 1H sugar H-5), 4.11-4.4% (
1H, sugar 6-B), 4.23-4.27(m, 1H, sugar 6g}] 4.4 (m, 2H, OCH), 2.14-1.90 (4S, 12H, COGMH
HRMS(ESI),m/z [M+H] " 652.07821fVz calculated for [M+H]: CoeH26BrN3zO12 652.0780)

(3i)) (2R,35,4S,5R,6R)-2-(acetoxymethyl)-6-((1-(3-o0xo0-3H-benzo[f]chromen-2-yl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 150-153 °C, vyield 92 %H
NMR (400 MHz, CDCYTMS) &4 9.4 (s, 1H), 8.77 (s, 1H), 7.51 (d, 1H), 7.61)17.786 (t,1H), 7.91 (d,
1H), 8.10 (d,1H), 8.38 (d,1H), 9.36 (s, 1H), 1.97£(12H, COCH), 5.12 (m, 1H, H-3), 5.05-5.15 (m,
sugar 4-H), 4.96 (m, sugar H-2), 4.75 (d, 1H, sugdr), 3.77-3.88 (m, 1H sugar H-5), 4.11-4.14 (i, 1
sugar 6-H), 4.23-4.27(m, 1H, sugar 65 4.49 (m, 2H, OCH; HRMS(ESI),mVz [M+H]" 624.1832 1fVz
calculated for [M+H] : CagH29N301, 624.1831 )

(3)) (2R,3S4S,5R,6R)-2-(acetoxymethyl)-6-((1-(8-methoxy-2-oxo-2H-chr omen-3-yl)-1H-1,2 3-triazol-
4-yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate White solid m.p. 192-195 °C, yield 94%H
NMR (400 MHz, CDCY)) o4 8.64 (s, 1H triazole C-H), 8.60 (s, 1H), 7.23 (nH)32.16 (s, coumarin
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OCHg), 3.73 (m, 1H, sugar H-5), 1.98-2.10 (12 H, sug&CH), 4.67-4.65 (d, 1H, sugar 1-H), 4.25-

4.27 (m, 1H, sugar 64 4.15-4.17 (m, 1H, sugar 635 5.16-5.19 (m, 2H, OCHl, 5.09-5.12 (m, 1H,
sugar H-4), 4.99-5.01 (m, 1H, sugar H-BRMS(ESI),m/z [M+H]"* 604.1778 1tVz calculated for [M+H] :
Co7/H29N30,3604.1773).

(3k) 3-(4-phenyl-1H-1,2,3-triazol-1-yl)-2H-chromen-2-one m.p. 200-202 °C, vyield 97%'H NMR
(CDCls, 400 MHZz)8y 7.3 - 7.8 (m, 9 H), 8.8 (s, 1 H), 9.2 (s, 1 H); MR(ESI), Wz [M+H]" 290.0930
((m/z calculated for [M+H] : C;7H11N30, 290.0981).

(31) 7-hydroxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl)-2H-chromen-2-one m.p. 253-255°C, yield 95%, ‘H
NMR (CDCk, 400 MHz)6y 6.87 (m, 6.89, 2H), 7.38 (m, 1H), 7.44 (t, 2 HpZ (d, 1H), 8.63 (s, 1H), 8.98
(s, 1H); HRMS (ESI)m/z [M+H]" 306.11131fVz calculated for [M+H]: C;7H11N303 306.0880).

(3m) 6-bromo-3-(4-phenyl-1H-1,2,3-triazol-1-yl)-2H-chromen-2-one m.p. 240-243°C, yield 94%,H
NMR (CDCl, 400 MHz) 8y 7.35 (m, 5H), 7.73 (d, 2H), 7.83 (d, 1H), 8.6 1#), 8.9 (s, 1 H);
HRMS(ESI),m/z [M+H] " 368.0092 ifvz calculated for [M+H]: Cy7H10BrN:O, 368.0036).

(3n) 2-(4-phenyl-1H-1,2,3-triazol-1-yl)-3H-benzo[f]chromen-3-one m.p. 233-238C, vield 92%, H
NMR (CDCl, 400 MHz) 64 9.5 (s, 1H), 10.8 (s, 1H), 7.13 (d, 1H), 7.34 @H), 7.42 (t, 2H), 7.61(t, 2H),
7.79 (d, 1H), 7.88 (d, 1H), 7.97 (d, 1H), 8.34(¢) °C NMR (100 MHz, DMSQOds) 164.51, 149.11,
138.95, 130.75, 130.27, 129.84, 129.45, 129.35,002928.91, 128.81, 128.63, 128.45, 128.08, 127.80
123.70, 123.24, 120.14, 119.25, 116.08. HRMS(E8I}, [M+H]" 340.1164 vz calculated for [M+H]:
C21H13N30, 340.1087).

(30) 5-methoxy-3-(4-phenyl-1H-1,2,3-triazol-1-yl)-2H-chr omen-2-one m.p. 237-240C, vyield 96%, ‘H
NMR (CDChk, 400 MHz)&y 9.08(s, 1H), 8.72 (s, 1H), 7.39 (m, 6H), 7.97 ZH), **C NMR (100 MHz,
DMSO-ds) 156.14, 147.14, 146.94, 142.28, 135.88, 130.48.58, 128.88, 125.99, 123.91, 123.70,
123.22, 122.57, 121.06, 120.51, 119.32, 115.68FBEHRMS(ESI), m/z [M+H] 320.1123 1fvz calculated
for [M+H]": C1gH13N303320.1030.
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Highlights

Ultrasound assisted synthesis of 1, 4-disubstituted-1,2,3-triazoles at ambient temperature.
Aqueous media

Low copper loading (100 ppm).

Reusability of MNPTC (Fe;O,@CD-CIT) up to 7 cycles.

High product yield (up to 97%) in lesser time.

Host-guest complex

Gram scale synthesis



