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ARTICLE INFO ABSTRACT

Two series, coumarin-linked to thiazolidinone via a pyrazole linker (6a-m, Series 1) and coumarin-linked 1,2,3-
triazoles (5a-j, Series 2) were synthesized and the synthesized compounds were subjected for evaluation against
the four physiologically and pharmacologically relevant hCA isoforms, hCA I, II, IX and XII. The results indicated
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Coumalrin selective inhibition of tumor-associated isoforms hCA IX and XII over the off-target isoforms, hCA I and II. The
?ﬁ:ﬁ&famme compounds of series 1 exhibited better hCA IX inhibition compared to hCA XII, with compounds 6i, 6h, 6a and

6Kk, exhibiting notable K; values of less than 100 nM. Among all the compounds, compound 6i showed the best
inhibition with a K; value of 61.5 nM. Among the compounds of series 2, compounds 5a, 5b, 5¢, 5d, 5f and 5j
exhibited notable hCA IX inhibition. Compound 5d showed the best inhibition with a K; value of 32.7 nM. In the
case of hCA XII, compound 5i showed the best inhibition with a K; value of 84.2 nM. Hence, compound 6i from
Series 1 and 5d from Series 2 could be taken as lead compounds for the further development of selective and
potent hCA IX inhibitors, whereas the compound 5i from Series 2 can be explored further for the design of

1, 2, 3-triazole

selective and potent hCA XII inhibitors.

1. Introduction

The living organisms on earth are broadly classified into two major
classes namely prokaryotes and eukaryotes. These two classes, in spite
of being distinct in their own ways, are still related to each other by the
presence of certain common molecules/ions like CO,, bicarbonate and
protons. Carbonic anhydrases (CAs, EC 4.2.1.1) are a superfamily of
enzymes which utilize these simple molecules/ions as substrates and
thereby aid in catalyzing the reversible conversion of CO, to bicarbo-
nate and proton as depicted in the equation below:-

[002 + H,0 HCO4 + H+]

The expression of these enzymes is widespread across various tis-
sues wherein they play a key role in many physiological processes such
as acid base balance, transport of ions and gases, respiration, ur-
eagenesis, gluconeogenesis and lipogenesis to name a few. These en-
zymes elicit their diverse activities with the help of various metals

present within their active sites. The metal ions which are typically
present are Zn(II), Fe(I), Co(I) and cadmium [1-4].

The carbonic anhydrases are divided into eight genetically distinct
classes namely a-, -, y-, 8-, {-, -, 6 and 1. All animals, including hu-
mans, mainly contain the a-CAs (denoted as human carbonic anhy-
drases, hCAs, in humans). The a-CA class is in turn comprised of 16
isoforms. These isoforms possess distinct catalytic activities as well as
physiological functions [5,6].

Amongst these 16 isoforms, hCA IX and hCA XII are transmembrane
isoforms which have been characterized as biomarkers for several types
of tumors. The hCA IX is expressed in healthy tissues. However, it is
overexpressed in tumor microenvironment on account of concurrent
conditions like hypoxia and acidity. This in turn promotes the survival
and growth of tumor cells, cancer cell migration, invasion and also
allows the cells to maintain stem-cell like properties. The hCA XII,
originally identified from human renal clear cell carcinoma, also assists
in maintenance of acid-base homoeostasis in normal as well as tumor
cells. The overexpression of both these isoforms in cancer results in the
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poor prognosis as well as chemoresistance to weakly basic anti-cancer
drugs [7-9].

This warrants the need for discovering selective hCA IX and XII
inhibitors. In recent years, several classes of compounds have been
identified as showing selective and potent inhibition against both of the
aforementioned isoforms. Amongst them, coumarins are a class of
naturally occurring compounds which have been shown to inhibit hCA
IX and XII via a non-classical mechanism, by occlusion of the active-site
entrance [10,11]. Taking a cue from this, several research groups, in-
cluding ours, have reported various derivatives of coumarin as selective
CA IX and XII inhibitors [12-15].

Pyrazole is one of the key privileged scaffolds in medicinal chem-
istry which has been shown to possess diverse pharmacological profiles
such as anticancer, anti-inflammatory, antipyretic, analgesic, anti-
psychotic, anti-anxiety and anti-obesity [16]. In addition to that, pyr-
azole has also been shown to possess potent carbonic anhydrase in-
hibition especially against tumor-associated isoforms hCA IX and XII
[17,18]. On the other hand, the 4-thiazolidinone pharmacophore is a
key motif possessing a wide array of pharmacological activities such as
anticancer, anti-diabetic, antimicrobial, cardiovascular, anti-hyperlipi-
demic and anticonvulsant. It’s effectiveness for CA inhibition has also
been explored by various research groups [19,20]. Similarly, the 1,2,3-
triazole scaffold represents another key scaffold which possesses a
broad range of pharmacological activities such as anticancer, anti-
microbial and anti-inflammatory. It also serves as an effective amide
surrogate in bioactive compounds due to its strong dipole moments.
Apart from that, it has been shown to elicit potent CA inhibitory activity
particularly against hCA IX and XII [21,22].

Hence, taking into consideration the potency of coumarin, pyrazole,
thiazolidinone and 1,2,3-triazole nuclei to inhibit the tumor-associated
isoforms CA IX and XII, it was decided to synthesize two different series
of compounds through amalgamation of the above said nuclei by ap-
plying molecular hybridization strategy. The first series encompassed
the synthesis of coumarin linked to 4-thiazolidinone hybrids via a
pyrazole linker (6a-m), whereas, the second series consisted of cou-
marin-linked 1,2,3-triazole hybrids (5a-j). The highly selective and
potent hCA IX and hCA XII moiety coumarin, was kept common in both
the series (Fig. 1).

2. Result and discussion
2.1. Chemistry

2.1.1. Synthesis of series 1 compounds

The synthesis of coumarin linked to 4-thiazolidinone via a pyrazole
linker (6a-m) was performed as per the general synthetic scheme as
illustrated in Scheme 1. Firstly, the intermediate 3 was synthesized by
the reaction of salicylaldehyde with ethylacetoacetate in the presence
of piperidine as a catalyst. Consequently, the intermediate 3 was further
reacted with phenylhydrazine using glacial acetic acid as a solvent to
afford intermediate 4 which upon subjection to Vilsmeier-Haack
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reaction afforded the intermediate 5 as per reported literature method
[23]. Finally, the Intermediate 5 was reacted with various anilines and
thioglycollic acid in the presence of silica gel (100-200 mesh) and DCM
as a solvent to afford the final compounds (6a-m) by following the
reported literature method [24].

2.1.2. Synthesis of series 1 compounds

The synthesis of coumarin-linked 1,2,3-riazoles (5a-j) was per-
formed as per the general synthetic scheme as illustrated in Scheme 2.
Initially, the intermediate 3 was synthesized by the reaction of re-
sorcinol (1) with ethyl-4-chloroacetoacetate (2) using sulphuric acid as
solvent under cold conditions through Pechmann condensation me-
chanism [25]. Thereafter, the intermediate 4 was synthesized by O-al-
kylation of intermediate 3 with propargyl bromide in the presence of
potassium carbonate as a base and acetone as a solvent. Finally, the
terminal alkyne of intermediate 4 was cyclized with various benzyl
azides furnishing the target compounds 5a-j through copper (I)-cata-
lyzed 1,3-dipolar cycloaddition reaction in moderate to good yields.

2.2. Carbonic anhydrase inhibition

The compounds synthesized in series 1 (6a-m) and series 2 (5a-j)
were evaluated for their activity against the four physiologically and
pharmacologically relevant isoforms, namely, the cytosolic isoforms,
hCA I and hCA 1II and the trans-membrane tumor associated isoforms,
hCA IX and hCA XII, by a stopped flow CO, hydrase assay method.
Acetazolamide (AAZ) was taken as the standard drug. The following
inferences regarding the structure-activity relationship of the synthe-
sized compounds can be drawn for both the series:-

2.2.1. Series 1
The inferences derived for the compounds synthesized in series 1
(6a-m) (Table 1) are summarized below:-

i. The two cytosolic isoforms, hCA I and hCA II, were not at all in-
hibited by the synthesized compounds 6a-m (K; > 10000 nM).

ii. The tumor-associated isoform hCA IX, was inhibited by the com-
pounds, 6a-m, in a low to high nanomolar range, with the K; values
ranging from 61.5 to 788.4 nM. The best inhibition constant i.e.
61.5 nM was shown by compound 6i, possessing a methyl group at
the meta position of the phenyl ring located at the 3"%position of 4-
thiazolidinone ring. Apart from this, the other compounds found to
exhibit a low inhibition on this isoform were compounds 6 h
(K; = 71.1 nM),6a (K; = 72.1 nM), 6¢ (K; = 72.6 nM), and 6 k
(K; = 72.7 nM). Barring compounds 6b, 6e and 6j, all the remaining
compounds showed K; values below 100 nM.

iii. The compounds, 6a-m exhibited a comparatively weaker inhibitory
profile for the tumor-associated isoform hCA XII with K; values
ranging between 389.2 and 945.4 nM. The best inhibition constant
i.e. 389.2 nM was shown by compound 6 1, possessing a chloro
group at the meta position of the phenyl ring located at the 3rd
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Fig. 1. General structure of the designed compounds.
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Scheme 1. Synthesis of coumarin linked 4-thiazolidinones via pyrazole linker (6a-m)-Reagents and conditions: (i) Catalytic piperidine, neat, 90% (ii)
Phenylhydrazine, Glacial acetic acid, rt, 30 min, 95% (iii) DMF/POCl3, 0 °C-rt, 24 h, 73% (iv) Substituted anilines, thioglycolic acid, silica gel (100-200 mesh), DCM,

tt, 3-12 h, 42-64%.
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Scheme 2. Synthesis of coumarin-linked triazoles (5a-j)-Reagents and conditions: (i) H,SO,, ice bath, 15 min, 95% (ii) Propargyl bromide, K»COs3, acetone, rt, 3-4 h
90% (iii) Substituted benzyl azides, CuSO45H,0, sodium ascorbate, EtOH:H,0::1:1, rt, overnight, 72-90%.

position of 4-thiazolidinone ring.

2.2.2. Series 2
The inferences derived for the compounds of series 2 (5a-j) are
summarized below (Table 2):-

i. The two cytosolic isoforms, hCA I and hCA II were not at all in-
hibited by the synthesized compounds 5a-j (K; > 10000 nM).

ii. The tumor-associated isoform hCA IX was inhibited by the com-
pounds 5a-j in a low to high micromolar range with the K; values
ranging from 32.7 to 2152 nM. The best inhibition constant i.e.
32.7 nM was shown by compound 5d possessing a cyano group at
the para position of the benzyl ring located at the 1*position (N-1)
of 1,2,3-triazole ring. Apart from this, the other compounds found
to exhibit a low micromolar inhibition on this isoform were com-
pounds 5¢ (K; = 54.2 nM), 5j (K; = 60.7 nM), 5f (K; = 62.6 nM),
5a (K; = 75.3 nM) and 5b (K; = 92.6 nM).

iii. The compounds 5a-j exhibited a comparatively weaker inhibitory
profile for the tumor-associated isoform hCA XII with K; values
ranging from 84.2 to 717.1 nM. The best inhibition constant i.e.
84.2 nM was shown by compound 5i possessing a methoxy group at
the para position of the benzyl ring located at the 1st position (N-1)
of 1,2,3-triazole ring.

3. Conclusion

In conclusion, two series, coumarin linked 4-thiazolidinone via a
pyrazole linker (6a-m, Series 1) and coumarin-linked 1,2,3-triazoles
(5a-j, Series 2) were synthesized. The synthesized molecules were
screened against the four physiologically and pharmacologically re-
levant isoforms namely the cytosolic isoforms hCA I and II as well as the
transmembrane tumor-associated isoforms, hCA IX and XII. All the
compounds showed selective inhibition for hCA IX and XII over hCA I
and II. In the case of series 1, for hCA IX, the values of the inhibition
constants (K;s) ranged from 61.5 to 788.4 nM with the best inhibition
constant i.e. 61.5 nM shown by compound 6i. The other compounds of
this series showing notable hCA IX inhibition were compounds 6 h
(Ki = 71.1 nM), 6a (K; = 72.1 nM), 6¢ (K; = 72.6 nM), and 6 k
(K; = 72.7 nM). None of the compounds of this series were able to elicit
note worthy hCA XII inhibition. In the case of series 2 the inhibtion
data for hCA IX, the values of the inhibition constants (K;s) ranged from
32.7 to 2152 nM, with the best inhibition constant i.e. 32.7 uM shown
by compound 5d. The other compounds of this series showing notable
hCA IX inhibition were compounds 5c¢ (K; = 54.2 nM),5j
(K; = 60.7 nM), 5f (K; = 62.6 nM),5a(K; = 75.3 nM) and 5b
(K; = 92.6 nM). For hCA XII, the values of the inhibition constants (K;s)
ranged between 84.2 and 717.1 nM with the best inhibition constant
i.e. 84.2 nM was shown by compound 5i. Hence, compounds 6i from
Series 1 and 5d from Series 2 could be taken as lead compounds for the
further development of selective and potent hCA IX inhibitors, whereas
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Inhibition data of compounds (6a-m) for hCA I, II, IX and XII isoforms and acetazolamide (AAZ) as a standard drug.

K (nM)* (ICs0)

Compound Structure hCA 1 hCAIl hCA IX hCA X1I

6a > 10000 > 10000 72.1 = 2.1 (84.6) 945.4 = 23.4(599.7)
6b > 10000 > 10000 788.4 = 24.5 (915.0) 863.1 = 25.8 (547.6)
6c > 10000 > 10000 72.6 = 3.7 (85.2) 891.0 = 16.9 (565.3)
6d > 10000 > 10000 84.8 = 2.7 (99.3) 906.3 * 22.3 (575.0)
6e > 10000 > 10000 672.7 = 25.8 (780.9) 728.0 = 27.3 (462.0)
6f > 10000 > 10000 90.6 = 3.1 (106.0) 850.6 * 13.5(539.7)
68 > 10000 > 10000 94.3 = 1.5(110.3) 674.8 = 18.3(428.4)
6h > 10000 > 10000 71.1 = 1.3(83.4) 722.3 * 15.3 (458.4)

(continued on next page)
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K (nM)* (ICs0)

Compound Structure hCA 1 hCAII hCA IX hCA XII

6i > 10000 > 10000 61.5 = 2.0 (72.3) 586.8 = 17.8

6j > 10000 > 10000 404.0 = 9.5 (469.4) 502.7 = 7.2(372.6)

6k > 10000 > 10000 72.7 = 1.1 (85.3) 618.8 *+ 11.8 (392.9)

61 > 10000 > 10000 91.1 + 3.0 (106.6) 389.2 + 84

6m > 10000 > 10000 90.9 = 2.7 (106.4) 623.4 * 8.8 (247.5)
o "o

AAZ 250 12.1 25.8 5.7

* Mean from 3 different assays, by a stopped flow technique (errors were in the range of + 5-10% of the reported values).

compound 5i from Series 2 can be explored further for the design of
selective and potent hCA XII inhibitors.

4. Experimental section
4.1. General

All the chemicals and solvents were procured and utilized as such
from the suppliers. Wherever necessary, anhydrous solvents were used.
Thin Layer Chromatography (TLC) analysis was done by utilizing Merck
silica gel 60 F,s4 aluminum plates. Stuart Digital Melting Point
Apparatus (SMP 30) was used in determining the melting points of the
compounds, which are uncorrected. 'H and '*C NMR spectra were re-
corded using Bruker Avance 500 MHz and 125 MHz respectively using
DMSO-dg as the solvent. Chemical Shift values are recorded in ppm
using TMS as the internal standard. HRMS were determined by Agilent
QTOF mass spectrometer 6540 series instrument and were performed
using ESI techniques at 70 eV.

4.2. General procedures for the synthesis of series 1 compounds

4.2.1. Synthesis of 3-acetylcoumarin (3)

To an equimolar mixture of salicylaldehyde (lequiv.) and ethyla-
cetoacetate (lequiv.) were added few (5-6) drops of piperidine. The
mixture was stirred for 30 min at rt. resulting in the formation of a
yellowish solid. On completion of the reaction as indicated by the dis-
appearance of staring materials on TLC, crushed ice was added and the
solid was filtered off. The crude product was purified via column
chromatograpy using EtOAc:Hexane (1:5) as eluent to afford 3-acet-
ylcoumarin (3) as a yellow solid in 90% yield.

4.2.2. Synthesis of 3-(1-(2-phenylhydrazono)ethyl)-2H-chromen-2-one (4)
To a stirred solution of 3-acetylcoumarin 3 (1 equiv.) in acetic acid
was added phenylhydrazine (1 equiv.). The solution was allowed to stir
at rt. for half an hour. Thereafter, the resultant suspension was added in
ice-water and filtered off to afford the crude product 4 in 95% yield.

4.2.3. Synthesis of 1,3-disubstituted-4-formylpyrazole (5)
To a stirred solution of DMF (25 mL) and POCI; (5 mL) cooled to
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Table 2
Inhibition data of compounds 5a-j against hCA isoforms I, II, IX and XII and acetazolamide (AAZ) as a standard drug.
Ky (nM)*
Compound Structure hCAI hCAIl hCA IX hCA X1I
5a > 10000 > 10000 75.3 + 1.6 (88.3) 466.6 = 10.3 (296.7)
/Y\ /@
5b > 10000 > 10000 92.6 = 2.2(108.4) 597.8 = 9.3 (379.6)
/%,/\ /©\)€\L
Cf -
Sc > 10000 > 10000 54.2 + 1.9 (63.8) 717.1 * 14.8 (455.1)
/Y\ /@&L
d\ i
5d > 10000 > 10000 32.7 = 2.4 (38.9) 623.5 * 16.3 (395.9)
/Y\ m
ﬁ\ -
5e > 10000 > 10000 787.7 * 19.6 (914.2) 632.5 *= 8.4 (401.6)
/Y\ /(:&L
Q\ N=N
5f > 10000 > 10000 62.6 = 1.9 (73.6) 590.9 * 6.9 (375.2)
/Y\ /(:&L
§ff "
> 10000 2152 *= 20.0 571.7 + 15.3 (363.0)

5g > 10000

o,
Sl

(continued on next page)
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K (nM)*
Compound Structure hCAI hCAIl hCA IX hCA XII
5h cl > 10000 > 10000 558.7 + 13.5(648.7) 333.0 = 7.7 (211.9)
X
N/Y\O (0) (6]
o "
5i Cl > 10000 > 10000 268.5 + 1.5(312.3) 84.2 + 2.0 (54.3)
X
N/Y\O 07 N0
\N:N
(o}
\
5j cl > 10000 > 10000 60.7 + 2.0 (71.4) 437.0 = 6.0 (277.8)
X
= O o” "0
cl N~
AAZ 250.0 12.1 25.8 5.7

* Mean from 3 different assays, by a stopped flow technique (errors were in the range of + 5-10% of the reported values).

0-5 °C was added compound 4 (5 mmol) portion wise. The resulting
solution was allowed to stir at rt. for 24 h and the progress of the re-
action was monitored by TLC. On the completion of the reaction as
indicated by TLC using 100% chloroform as mobile phase, the reaction
mixture was poured onto crushed ice and neutralized with conc. NaOH
to pH 7. The resulting solid was filtered off and dried to afford a crude
yellowish solid which was subjected to column chromatography using
silica gel 60-120 mesh as the stationary phase and 100% chloroform as
the mobile phase to afford a crystalline whitish solid 5 in 73% yield.

4.2.4. Synthesis of 1,3-disubstituted-4-thiazolidinonepyrazole (6)

To a stirred solution of aldehyde 5 (1equiv.) in DCM at rt was added
aniline (1 equiv.) and the mixture was stirred for 5 min. Thioglycolic
acid (2 equiv.) was then added to the above reaction mixture and
stirring was continued for another 5 min followed by addition of silica
gel 100-200 mesh (0.5 g for 1 mmol aldehyde). On completion of the
reaction as indicated by TLC the solvent was removed under reduced
pressure. The obtained crude product were subjected to column chro-
matography using silica gel 60-120 mesh as the stationary phase and
Hexane: EtOAc : 5:1 as mobile phase to afford the final compound 5 as a
white solid.

2-(3-(2-Oxo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-(p-tolyD)
thiazolidin-4-one (6a): Yield: 64%; Color: Pale brown solid; mp:
190-192 °C ; 'H NMR (500 MHz, DMSO-d) & 8.87 (s, 1H), 7.95 (d,
J = 11.6 Hz, 1H), 7.91 (d, J = 8.2 Hz, 2H), 7.80 (d, J = 7.5 Hz, 1H),
7.69 (t, J = 7.4 Hz, 1H), 7.56 — 7.48 (m, 3H), 7.42 (t, J = 7.5 Hz, 1H),
7.36 (t,J = 7.3 Hz, 1H), 7.12 (d, J = 8.2 Hz, 2H), 6.95 (d, J = 8.2 Hz,
2H), 6.45 (s, 1H), 4.09 (d, J = 12.1 Hz, 1H), 3.80 (d, J = 15.6 Hz, 1H),
2.01 (s, 3H); '*C NMR (125 MHz, DMSO-ds) § 170.3, 160.0, 153.7,
145.8, 143.1, 139.4, 136.8, 135.3, 132.8, 130.0, 129.6, 129.3, 129.0,
127.3, 126.8, 125.2, 124.1, 120.2, 119.4, 118.8, 116.5, 56.8, 32.7,
20.8; FT-IR (cm ™ 1): 3098, 3048, 1715, 1668, 1289, 1212, 760; HR-MS
(ESI-QTOF): m/z calculated for CygH5N303S; 480.1382; found

480.1392 [M + H]*.
3-(4-Bromophenyl)-2-(3-(2-oxo-2H-chromen-3-yD)-1-phenyl-1H-pyr-
azol-4-yDthiazolidin-4-one (6b): Yield: 51%; Color: Off white solid; mp:
188-190 °C; 'H NMR (500 MHz, DMSO-d,) § 8.86 (s, 1H), 8.12 (s, 1H),
7.89 (d,J = 7.9 Hz, 2H), 7.83 (d, J = 7.6 Hz, 1H), 7.69 (dd, J = 11.4,
4.2 Hz, 1H), 7.54 — 7.49 (m, 3H), 7.44 — 7.40 (m, 3H), 7.35 (dd,
J = 15.7, 8.1 Hz, 3H), 6.50 (s, 1H), 4.08 (d, J = 15.6 Hz, 1H), 3.81 (d,
J = 15.7 Hz, 1H); 13CNMR (125 MHz, DMSO-dg) § 170.5, 160.0, 153.8,
145.6, 143.4, 139.4, 137.4, 132.9, 132.0, 130.0, 129.5, 128.8, 128.4,
127.3,125.3,123.9, 120.3, 119.8, 119.4, 118.9, 116.5, 56.6, 32.6; FT-
IR (Cm_l): 2924, 1709, 1670, 1342, 1213, 758; HR-MS (ESI-QTOF): m/
z calculated for C,,H;gBrN3O3S; 546.0310, found 546.0309
[M + 2H]™*.
3-(3,4-Dimethoxyphenyl)-2-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-
pyrazol-4-yDthiazolidin-4-one (6¢): Yield: 64%; Color: Off white solid,
mp: 232-234 °C; 'H NMR (500 MHz, DMSO-dg) 6 8.91 (s, 1H), 7.92 (d,
J = 5.4 Hz, 3H), 7.75 (d, J = 7.4 Hz, 1H), 7.68 (t, J = 7.5 Hz, 1H),
7.53 (t,J = 7.8 Hz, 2H), 7.47 (d, J = 8.2 Hz, 1H), 7.40 (t, J = 7.5 Hz,
1H), 7.36 (t, J = 7.3 Hz, 1H), 6.87 (s, 1H), 6.70 (q, J = 8.6 Hz, 2H),
6.42 (s, 1H), 4.05 (d, J = 15.5 Hz, 1H), 3.81 (d, J = 15.5 Hz, 1H), 3.54
(s, 3H), 3.52 (s, 3H); '*C NMR (125 MHz, DMSO-dg) § 170.2, 160.0,
153.8, 149.0, 148.0, 146.1, 143.1, 139.5, 132.7, 130.5, 130.0, 129.2,
129.1, 127.3, 125.2, 124.0, 120.1, 119.8, 119.2, 118.9, 116.4, 111.5,
111.3, 56.9, 55.8, 55.6, 32.7; FT-IR (Cmfl): 2971, 2935, 1686, 1600,
1506, 1238, 765; HR-MS (ESI-QTOF): m/z calculated for Co9H3N305S;
526.1437; found 526.1436 [M + H]*.
2-(3-(2-Oxo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-phe-
nylthiazolidin-4-one (6d): Yield: 50%; Color: Off white solid;
mp:209-211 °C; '"H NMR (500 MHz, DMSO-dg) & 8.86 (s, 1H), 8.05 (s,
1H), 7.89 (d, J = 8.6, 1.0 Hz, 2H), 7.80 (d, J = 7.7, 1.4 Hz, 1H), 7.69
(t, J = 8.6, 7.4, 1.6 Hz, 1H), 7.54 — 7.49 (m, 3H), 7.42 (t, J = 7.6,
1.0 Hz, 1H), 7.37 - 7.33 (m, J = 11.1, 3.9 Hz, 3H), 7.22 (t, J = 10.8,
5.1 Hz, 2H), 7.06 (t, 1H), 6.50 (s, 1H), 4.08 (d, 1H), 3.80 (d,
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J = 15.6 Hz, 1H); *C NMR (125 MHz, DMSO-d,) § 170.4, 160.0, 153.9,
145.6, 143.4, 139.4, 138.1, 132.8, 130.0, 129.4, 129.1, 128.8, 127.3,
127.0, 126.5, 125.2, 124.2, 120.4, 119.4, 118.9, 116.5, 56.8, 32.7; FT-
IR (cm™1): 3132, 3062, 1714, 1675, 1389, 1225, 749, 686; HR-MS (ESI-
QTOF): m/z calculated for Cy,H;9N303S; 466.1225; found 466.1223
[M + H]".
2-(3-(2-Ox0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-(4-phe-
noxyphenyDthiazolidin-4-one (6e): Yield: 47%; Color: Off white solid;
mp: 168-170 °C; H NMR (500 MHz, DMSO-dg) & 8.88 (s, 1H), 8.08 (s,
1H), 7.91 (d, J = 7.9 Hz, 2H), 7.82 (d, J = 7.3 Hz, 1H), 7.69 (t,
J = 7.3 Hz, 1H), 7.55 - 7.48 (m, 3H), 7.43 (t,J = 7.4 Hz, 1H), 7.36 (dd,
J =9.4,6.2 Hz, 3H), 7.28 (d, J = 8.8 Hz, 2H), 7.14 (t, J = 7.4 Hz, 1H),
6.90 (d, J = 7.9 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 6.44 (s, 1H), 4.08 (d,
J = 15.6 Hz, 1H), 3.80 (d, J = 15.6 Hz, 1H); '*C NMR (125 MHz,
DMSO-dg) § 170.4, 160.0, 156.3, 155.8, 153.8, 145.7, 143.4, 139.4,
133.0, 132.8, 130.5, 130.0, 129.4, 128.9, 128.5, 127.3, 125.3, 124.3,
124.1, 120.3, 119.6, 119.3, 118.9, 118.4, 116.5, 56.8, 32.6; FT-IR
(ecm™1): 2970, 1720, 1680, 1229, 754; HR-MS (ESI-QTOF): m/z calcu-
lated for C33H,3N304S 558.1488; found 558.1488 [M + H] ™.
3-(4-Chlorophenyl)-2-(3-(2-0xo0-2H-chromen-3-yl)-1-phenyl-1H-pyr-
azol-4-yDthiazolidin-4-one (6£): Yield: 58%; Color: Off white solid; mp:
180-182 °C; 'H NMR (500 MHz, DMSO-dg) § 8.86 (s, 1H), 8.09 (d,
J = 19.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 2H), 7.82 (d, J = 7.3 Hz, 1H),
7.69 (t, J = 7.5 Hz, 1H), 7.51 (dd, J = 13.7, 7.8 Hz, 3H), 7.42 (t,
J = 7.5 Hz, 1H), 7.38 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 7.2 Hz, 1H),
7.27 (d, J = 8.6 Hz, 2H), 6.50 (s, 1H), 4.08 (d, J = 15.7 Hz, 1H), 3.81
(d, J = 15.7 Hz, 1H); 13C NMR (125 MHz, DMSO-dg) 6§ 170.6, 160.1,
153.8, 145.7, 143.4, 139.4, 137.0, 132.9, 131.4, 130.0, 129.4, 129.1,
128.8, 128.2, 127.3, 125.3, 123.9, 120.3, 119.4, 118.9, 116.5, 56.6,
32.6; FT-IR (cm™1): 3098, 3055, 1710, 1672, 1213, 759, 698; HR-MS
(ESI-QTOF): m/z calculated for C,,H;gCIN303S 500.0836; found
500.0836 [M + H]™".
3-(4-Isopropylphenyl)-2-(3-(2-oxo-2H-chromen-3-yD-1-phenyl-1H-pyr-
azol-4-yl) thiazolidin-4-one (6 g): Yield: 53%; Color: Off white solid; mp:
207-209 °C; 'H NMR (500 MHz, DMSO-ds) & 8.88 (s, 1H), 8.04 (s, 1H),
7.92 (d, J = 7.8 Hz, 2H), 7.79 (d, J = 7.7, 1.2 Hz, 1H), 7.69 (t, 1H),
7.55 -7.48 (m, 3H), 7.41 (t,J = 7.5 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H),
7.21 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 6.47 (s, 1H), 4.09 (d,
J = 13.4 Hz, 1H), 3.80 (d, J = 15.6 Hz, 1H), 2.71 - 2.61 (m, 1H), 1.07
(d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.9 Hz, 3H); °C NMR (125 MHz,
DMSO-dg) § 170.4, 160.0, 153.8, 147.2, 145.5, 143.3, 139.4, 135.6,
132.8, 130.0, 129.3, 128.8, 127.3, 127.0, 126.5, 125.2, 124.4, 120.4,
119.3, 118.9, 116.5, 56.8, 33.1, 32.6, 23.9, 23.9.; FT-IR (cm ™ !): 2957,
1688, 1606, 1326, 756; HR-MS (ESI-QTOF): m/z calculated for
C30H25N3035 5081695, found 508.1692 [M + H]+.
2-(3-(2-0x0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-(3-(tri-
fluoromethyl)phenyl) thiazolidin-4-one (6 h): Yield: 51%; Color: Off white
solid; mp: 142-144 °C; 'H NMR (500 MHz, DMSO-ds) § 8.92 (s, 1H),
8.09 (s, 1H), 7.86 (d, J = 7.4 Hz, 3H), 7.80 (d, J = 7.5 Hz, 1H), 7.73 -
7.64 (m, 2H), 7.54 — 7.47 (m, 4H), 7.43 (dd, J = 14.2, 7.1 Hz, 2H), 7.35
(t, J = 7.3 Hz, 1H), 6.61 (s, 1H), 4.08 (d, J = 15.7 Hz, 1H), 3.85 (d,
J = 15.7 Hz, 1H); '*C NMR (125 MHz, DMSO-d,) § 170.8, 160.1, 153.9,
145.7, 143.4, 139.3, 138.9, 132.9, 130.2, 130.1, 130.0, 129.7, 129.4,
129.0, 127.3, 125.3, 123.7, 123.5, 123.0, 123.0, 120.3, 119.3, 118.8,
116.6, 56.5, 32.7; FT-IR (cm™'): 2924, 1709, 1690, 1326, 1116, 750;
HR-MS (ESI-QTOF): m/z calculated for CogH;gF3N303S 534.1099;
found 534.1110 [M + H]*.
2-(3-(2-Oxo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-(m-tolyD)
thiazolidin-4-one (6i): Yield: 43%; Color: Off white solid; mp:
165-167 °C; '"H NMR (500 MHz, DMSO-ds) & 8.86 (s, 1H), 7.91 (d, 2H),
7.80 (d, 1H), 7.70 (t, 1H), 7.52 (dd, J = 6.8 Hz, 3H), 7.40 (dt,
J = 33.3 Hz, 3H), 7.15 - 7.01 (m, 3H), 6.82 (d, 1H), 6.46 (s, 1H), 4.09
(d, J = 14.8 Hz, 1H), 3.81 (d, J = 14.6 Hz, 1H), 2.06 (s, 3H); 1°C NMR
(125 MHz, DMSO-dg) § 170.3, 160.0, 153.8, 145.8, 143.3, 139.4, 138.5,
137.9, 132.8, 130.0, 129.3, 128.9, 128.9, 127.9, 127.3, 127.0, 125.3,
124.1, 123.8, 120.3, 119.4, 118.9, 116.5, 56.7, 32.8, 21.1; FT-IR
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(em™Y): 1717, 1677, 1225, 752; HR-MS (ESI-QTOF): m/z calculated for
CagH21N303S 480.1382; found 480.1385 [M + H]™.
2-(3-(2-Oxo0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)-3-(3,4,5-tri-
methoxyphenyl) thiazolidin-4-one (6j): Yield: 56%; Color: Off white solid;
mp: 228-230 °C; 'H NMR (500 MHz, DMSO-dg) § 9.31 (s, 1H), 8.28 (s,
1H), 7.96 (s, 1H), 7.82 (d, J = 7.8 Hz, 2H), 7.67 — 7.59 (m, 2H), 7.53 (t,
J = 7.9 Hz, 2H), 7.42 - 7.30 (m, J = 18.3, 9.1, 5.7 Hz, 3H), 6.21 (s,
1H), 5.72 (s, 1H), 3.82 (s, 3H), 3.47 (d, J = 1.6 Hz, 6H), 3.23 (d,
J = 12.3 Hz, 1H), 2.74 (d, J = 12.1 Hz, 1H).'*C NMR (125 MHz,
DMSO-dg) 6 169.6, 159.4, 153.6, 153.1, 150.8, 145.6, 142.4, 139.8,
139.5, 134.4, 132.4, 130.0, 129.0, 128.7, 126.8, 125.7, 125.1, 121.5,
119.5, 119.1, 118.8, 116.5, 104.6, 79.6, 61.7, 60.4, 55.8, 32.4; FT-IR
(em™1): 2926, 1728, 1667, 1101, 749; HR-MS (ESI-QTOF): m/z calcu-
lated for C3oHo5N3506S 556.1542; found 556.1539 [M + H]*.
3-(4-MethoxyphenylD)-2-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyr-
azol-4-yl) thiazolidin-4-one (6 k): Yield: 52%; Color: Off white solid; mp:
184-186 °C; 'H NMR (500 MHz, DMSO-dg) 8 8.89 (s, 1H), 7.95 — 7.90
(m, 3H), 7.77 (d, J = 7.3 Hz, 1H), 7.69 (t, J = 7.5 Hz, 1H), 7.53 (t,
J = 7.5 Hz, 2H), 7.48 (d, J = 8.2 Hz, 1H), 7.41 (t, J = 7.3 Hz, 1H),
7.37 (t,J = 7.2 Hz, 1H), 7.11 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz,
2H), 6.38 (s, 1H), 4.07 (d, J = 15.5 Hz, 2H), 3.80 (d, J = 15.5 Hz, 1H),
3.49 (s, 3H); '*C NMR (125 MHz, DMSO-dg) § 170.3, 160.0, 158.3,
153.7, 145.9, 143.1, 139.4, 132.7, 130.4, 130.0, 129.3, 129.1, 128.6,
127.3, 125.2, 124.0, 120.1, 119.3, 118.9, 116.4, 114.3, 56.9, 55.3,
32.6; FT-IR (cm ™ 1): 2923, 1719, 1683, 1224, 756; HR-MS (ESI-QTOF):
m/z calculated for CogH21N30,4S 496.1331; found 496.1327 [M + H] ™.
3-(3-Chlorophenyl)-2-(3-(2-0xo0-2H-chromen-3-yl)-1-phenyl-1H-pyr-
azol-4-yDthiazolidin-4-one (6 1): Yield: 42%; Color: Off white solid; mp:
152-154 °C; 'H NMR (500 MHz, DMSO-d,) & 8.88 (s, 1H), 8.12 (s, 1H),
7.88 (d, J = 8.1 Hz, 2H), 7.83 (d, J = 7.7 Hz, 1H), 7.70 (t, 1H), 7.56 (t,
1H), 7.52 (t, J = 8.1 Hz, 3H), 7.43 (t,J = 7.5 Hz, 1H), 7.38 - 7.32 (m,
J = 13.5, 7.2 Hz, 2H), 7.27 (t, J = 8.0 Hz, 1H), 7.14 (d, J = 7.2 Hgz,
1H), 6.54 (s, 1H), 4.07 (d, J = 15.7 Hz, 1H), 3.82 (d, J = 15.7 Hz, 1H);
13C NMR (125 MHz, DMSO-dg) 8 170.6, 160.1, 153.9, 145.7, 143.5,
139.5, 139.4, 133.3, 132.9, 130.6, 130.0, 129.4, 128.8, 127.3, 126.8,
126.0, 125.3, 124.7, 123.8, 120.4, 119.4, 118.9, 116.6, 56.5, 32.7; FT-
IR (cm™1): 1717, 1682, 753, 683; HR-MS (ESI-QTOF): m/z calculated
for C,7H;5CIN503S 500.0836; found 500.0828 [M + H]*.
3-(3-Bromophenyl)-2-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyr-
azol-4-yl) thiazolidin-4-one (6 m): Yield: 47%; Color: Off white solid;
mp: 145-147 °C; 'H NMR (500 MHz, DMSO-ds) & 8.88 (s, 1H), 8.11 (s,
1H), 7.88 (d, J = 7.9 Hz, 2H), 7.83 (d, J = 7.4 Hz, 1H), 7.72 - 7.67 (m,
2H), 7.52 (t, J = 8.0 Hz, 3H), 7.43 (t, J = 7.5 Hz, 1H), 7.36 (d,
J = 7.6 Hz, 2H), 7.27 (d, J = 8.0 Hz, 1H), 7.20 (t, J = 8.0 Hz, 1H),
6.53 (s, 1H), 4.06 (d, J = 15.7 Hz, 1H), 3.82 (d, J = 15.7 Hz, 1H); *3C
NMR (125 MHz, DMSO-dg) § 170.6, 160.1, 153.8, 145.9, 143.5, 139.6,
139.4, 132.9, 130.9, 130.0, 129.7, 129.4, 128.9, 127.3, 125.3, 125.1,
123.8, 121.6, 120.4, 119.4, 118.9, 116.6, 56.5, 32.7; FT-IR (cm ™ 1):
1717, 1683, 753, 893; HR-MS (ESI-QTOF): m/z calculated for
Co7H;gBrN303S 546.0310; found 546.0349 [M + 2H]*.

4.3. General procedures for the synthesis of series 2 compounds

4.3.1. Synthesis of 4-(chloromethyl)-7-hydroxy-2H-chromen-2-one (3)

A solution of resorcinol (1) (9.08 mmol) in ethyl-4-chlor-
oacetoacetate (2) (1.3 mL) was added drop wise to externally cooled
conc. H,SO, (10 mL) at 10 °C and the reaction mixture was then stirred
at room temperature for 15 min. The mixture was poured into a beaker
containing ice water. The precipitated compound was collected by
suction filtration, washed with cold water and dried. It was re-
crystallized from ethanol. Yield 91%; Color: white solid; mp 186-188
°C; 'H NMR (500 MHz, DMSO-dg) 8 10.66 (s, 1H), 7.68 (d, J = 7.8 Hz,
1H), 6.90 — 6.71 (m, 2H), 6.42 (s, 1H), 4.96 (s, 2H);'>*C NMR (125 MHz,
DMSO-de) & 161.94, 160.61, 155.78, 151.45, 127.01, 113.55, 111.54,
109.83, 103.00, 41.83; HR-MS (ESI-QTOF): m/z caled for
[M + H] + C;0H,ClO3, 210.0084; found 211.0157.
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4.3.2. 4-(chloromethyl)-7-(prop-2-yn-1-yloxy)-2H-chromen-2-one (4)

To the solution of compound 3 (1 mmol) in freshly distilled acetone
(10 mL), was added anhydrous K,CO5 (2.5 mmol) as a base and pro-
pargyl bromide (1 mmol) drop wise. The resulting reaction mixture was
stirred under reflux for 2-3 hrs. On completion of the reaction as in-
dicated by TLC, the solvent was evaporated completely and the ob-
tained residue was extracted with ethyl acetate (3x20 mL) and dried
over Na,SO4. The combined organic layer was concentrated in vacuo
and the residue was purified by column chromatography on silica gel.
Yield 85%; Color: Pale yellow solid; mp 123-125 °C; 'H NMR
(500 MHz, CDCl3) § 7.78 (d, J = 8.8 Hz, 1H), 6.99-6.87 (m, 2H), 6.40
(s, 1H), 4.77 (d, J = 2.3 Hz, 2H), 3.60 (s, 2H), 2.58 (t, J = 2.3 Hz, 1H),
2.55;'3C NMR (125 MHz, CDCls) § 161.19, 160.34, 155.42, 151.53,
125.97, 113.05, 112.74, 112.47, 102.12, 78.42, 76.53, 59.51, 54.21;
HR-MS (ESI-QTOF): m/z caled for [M + H] + C;3HoClO3; 248.0204,
found 249.0324

4.3.3. General procedure for the preparation of the compounds (5a-j)
A 50 mL round bottom flask was charged with compound 4
(1 mmol), various benzyl azides (0.9 mmol), sodium ascorbate
(0.3 mmol), 2 mL of ethanol and 2 mL of distilled water. Then,
CuS0O45H,0 (0.15 mmol) was added. The reaction mixture was stirred
at rt for overnight. After completion of the reaction by TLC analysis, the
mixture was filtered and extracted with ethyl acetate (3x20 mL) and
dried over Na,SO4. The combined organic layer was concentrated in
vacuo and the residue was purified by column chromatography on silica
gel to afford the final target compounds 5a-j in moderate to good yields.
7-((1-Benzyl-1H-1,2, 3-Triazol-4-yl) Methoxy)-4-(Chloromethyl)-2H-
Chromen-2-one (5a): Yield: 66.2%; Color: Creamy white solid; mp:
96-124 °C; 'H NMR (500 MHz, DMSO-dg) § 8.35 (s, 1H), 7.79 (dd,
J = 14.2, 8.9 Hz, 1H), 7.41 - 7.31 (m, 5H), 7.18 (d, J = 18.3 Hz, 1H),
7.09 (d, J = 11.6 Hz, 1H), 6.53 (d, J = 8.7 Hz, 1H), 5.63 (s, 2H), 5.29
(s, 2H), 5.00 (d, J = 8.6 Hz, 2H); °C NMR (125 MHz, DMSO-dg) §
161.6, 160.4, 155.5, 151.2, 133.8, 131.8, 129.6, 127.2, 126.8, 126.6,
125.7,123.7,113.3,111.1, 102.4, 62.1, 51.3, 41.7; HR-MS (ESI-QTOF):
m/z cale. for (M + H)* CyoH;6CIN303 382.0958; found 382.09609.
4-(Chloromethyl)-7-((1-(4-Nitrobenzyl)-1H-1,2,3-Triazol-4-yl)
Methoxy)-2H-Chromen-2-one (5b): 60.2%. Yield; Color: Greenish white
solid; mp: 98-117 °C; 1H NMR (500 MHz, DMSO-dg) 6 8.42 (s, 1H), 8.25
(d, J = 8.6 Hz, 2H), 7.78 (d, J = 8.9 Hz, 1H), 7.55 (d, J = 8.6 Hz, 2H),
7.21 (d, J = 2.3 Hz, 1H), 7.09 (dd, J = 8.9, 2.4 Hz, 1H), 6.53 (s, 1H),
5.82 (s, 2H), 5.32 (s, 2H), 5.01 (s, 2H); '*C NMR (125 MHz, DMSO-de) §
161.7, 160.4, 155.5, 151.2, 138.0, 133.3, 129.7, 128.5, 126.8, 125.4,
113.3,112.6,111.1,102.4,102.1, 62.1, 53.1, 41.7; HR-MS (ESI-QTOF):
m/z calc. for (M + H)* Cy0H;5CIN,4O5 427.0809; found 427.0816.
4-(Chloromethyl)-7-((1-(2,5-Dichlorobenzyl)-1H-1,2, 3-Triazol-4-yl)
Methoxy)-2H-Chromen-2-one (5c): Yield: 65.2%; Color: Pale yellow
solid; mp:138-148 °C; H NMR (500 MHz, DMSO-dg) 6 8.33 (s, 1H),
7.83 -7.78 (m, 1H), 7.71 (s, 1H), 7.49 (d, J = 8.1 Hz, 1H), 7.31 (d,
J = 6.3 Hz, 1H), 7.20 (s, 1H), 7.10 - 7.07 (m, 1H), 6.53 (d, J = 7.1 Hz,
1H), 5.73 (s, 2H), 5.30 (s, 2H), 4.97 (s, 2H); 3C NMR (125 MHz,
DMSO-dg) & 161.6, 160.4, 155.5, 151.2, 147.7, 143.7, 129.7, 129.5,
126.9, 125.9, 124.3, 124.2, 113.3, 112.6, 111.2, 102.4, 79.4, 62.1,
52.4, 41.7; HR-MS (ESI-QTOF): m/z cale. for(M + H)*
C20H14C13N303450.0179; found 451.0653.
4-((4-(((4-(Chloromethyl)-2-Oxo-2H-Chromen-7-yl) Oxy) MethyD-
1H-1,2,3-Triazol-1-yl) Methyl)Benzonitrile (5d): Yield: 63.7%; Color:
Pale yellow solid; mp: 113-140 °C; "H NMR (500 MHz, DMSO-de) &
8.41 (s, 1H), 7.87 (d, J = 7.2 Hz, 2H), 7.48 (d, J = 6.9 Hz, 2H), 7.22 —
7.07 (m, 3H), 6.53 (d, J = 5.8 Hz, 1H), 5.76 (s, 2H), 5.31 (s, 2H), 4.99
(d, J = 20.1 Hz, 2H); 13C NMR (125 MHz, DMSO-dg) 6§ 161.6, 160.4,
155.5, 151.2, 138.7, 133.7, 131.2, 128.6, 127.1, 125.7, 113.3, 111.1,
102.4, 62.1, 52.5, 41.8, 40.5, 40.3; HR-MS (ESI-QTOF): m/z calc. for
(M + H)* Cy;H;5CIN405407.0911; found 407.0923.
7-((1-(4-Bromobenzyl)-1H-1,2, 3-Triazol-4-yl) Methoxy)-4-
(Chloromethyl)-2H-Chromen-2-one (5e): Yield: 84.5%; Color: Creamy
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green solid; mp: 119-138 °C; 'H NMR (500 MHz, DMSO-d) & 8.26 (s,
1H), 7.70 (t, J = 11.2 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.20 (d,
J = 8.1 Hz, 2H), 7.12 (t,J = 10.2 Hz, 1H), 7.02 - 6.95 (m, 1H), 6.44 (d,
J = 7.7 Hz, 1H), 5.53 (s, 2H), 5.20 (s, 2H), 4.96 — 4.87 (s, 2H); '*C NMR
(125 MHz, DMSO-dg) § 161.9, 155.8, 151.5, 148.0, 144.0, 130.0, 129.8,
127.1, 126.2, 124.6, 124.5, 113.6, 112.9, 111.4, 102.7, 62.4, 52.7,
42.0; HR-MS (ESI-QTOF): m/z calc. for (M + 2)" Cy0H;5BrCIN;O
460.0064; found 462.0046.
4-(Chloromethyl)-7-((1-(4-Methylbenzy))-1H-1,2, 3-Triazol-4-yl)
Methoxy)-2H-Chromen — 2-one (5f): Yield: 77.3%; Color: Creamy green
solid; mp: 124-130 °C; 'H NMR (500 MHz, DMSO-ds) § 8.31 (d,
J = 5.6 Hz, 1H), 7.78 (t, J = 7.9 Hz, 1H), 7.20 (dd, J = 13.2, 10.5 Hz,
5H), 7.11 - 7.05 (m, 1H), 6.53 (d, J = 9.1 Hz, 1H), 5.57 (s, 2H), 5.28 (s,
2H), 5.00 (s, 2H), 2.29 (s, 3H); °C NMR (125 MHz, DMSO-d;) & 161.7,
160.4, 155.5, 151.2, 138.0, 133.4, 129.7, 128.5, 126.9, 125.4, 113.3,
112.6, 111.1, 102.4, 62.2, 53.1, 41.8, 21.1; HR-MS (ESI-QTOF): m/z
calc. for (M + H)* Cy1H;5CIN303 396.1115;found 396.1124.
4-(Chloromethyl)-7-((1-(3-Methoxybenzyl)-1H-1,2,3-Triazol-4-yl)
Methoxy)-2H-Chromen-2-one (5 g): Yield: 74.8%; Color: Yellowish
white solid; mp: 89-117 °C; H NMR (500 MHz, DMSO-dg) 6 8.29 (s,
1H), 7.79 (dd, J = 16.2, 8.9 Hz, 1H), 7.31 (d, J = 8.6 Hz, 2H), 7.10 —
7.06 (m, 2H), 6.93 (d, J = 8.7 Hz, 2H), 6.53 (d, J = 9.6 Hz, 1H), 5.54
(s, 2H), 5.27 (s, 2H), 5.00 - 4.96 (s, 2H), 3.75 (d, J = 4.3 Hz, 3H); '°C
NMR (125 MHz, DMSO-dg) § 161.6, 160.8, 160.4, 155.5, 151.2, 141.8,
133.2, 129.2, 126.9, 125.9, 118.9, 113.3, 112.6, 111.4, 111.2, 102.6,
102.4, 79.4, 62.1, 52.7, 41.7; HR-MS (ESI-QTOF): m/z calc. for
(M + H)" Cy;H;5CIN5O4 412.1064; found 412.1066.
4-(ChloromethyD)-7-((1-(Naphthalen-2-yl-Methyl)-1H-1,2, 3-Triazol-4-
ylMethoxy)-2H-Chromen-2-one (5 h): Yield: 86.8%; Color: Creamy pink
solid; mp: 153185 °C; 'H NMR (500 MHz, DMSO-dg) § 8.31 — 8.18 (m,
2H), 8.01 - 7.95 (m, 2H), 7.76 (d, J = 8.9 Hz, 1H), 7.62 - 7.53 (m, 3H),
7.46 (d,J = 6.8 Hz, 1H), 7.17 (d, J = 1.9 Hz, 1H), 7.06 (d, J = 8.8 Hz,
1H), 6.51 (s, 1H), 6.13 (s, 2H), 5.26 (s, 2H), 4.98 (d, J = 13.1 Hz,
2H);13C NMR (125 MHz, DMSO-dg) 6 160.1, 159.0, 154.0, 149.8, 132.3,
130.3, 128.1, 125.8, 125.3, 125.2, 124.2, 122.2, 111.8, 109.7, 100.9,
60.6, 49.8, 40.3; HR-MS (ESI-QTOF): m/z calc. for M + H)*
Cy4H15CIN3O3 432.1115; found 432.1358.
4-(Chloromethyl)-7-((1-(4-Methoxybenzyl)-1H-1,2,3-Triazol-4-yl)
Methoxy)-2H-Chromen-2-one (5i): Yield: 79.9%; Color: Greenish white
solid; mp: 151-157 °C; 'H NMR (500 MHz, CDCls) & 8.33 (s, 1H), 7.86
(d, J = 8.9 Hz, 1H), 7.43 - 7.37 (m, 2H), 7.23 - 7.13 (m, 3H), 7.01 (d,
J = 8.8 Hz, 1H), 6.33 (s, 1H), 5.61 (s, 2H), 5.26 (s, 2H), 3.65 (s, 2H),
3.58 (s, 3H); >C NMR (125 MHz, DMSO-dg) § 160.80, 159.93, 159.59,
154.71, 150.41, 140.97, 132.35, 128.34, 126.04, 125.07, 118.11,
112.48, 111.83, 110.59, 101.80, 78.56, 61.27, 51.86, 40.92; HR-MS
(ESI-QTOF): m/z calc. for (M + 2)* Cy1H;5CIN;04 412.1064; found
413.2665.
7-((1-(3-Chlorobenzyl)-1H-1,2,3-Triazol-4-yl) Methoxy)-4-
(Chloromethyl) —2H-Chromen-2-one (5j): Yield:84.4%; Color: Pale pink
solid; mp: 97-142 °C;'H NMR (500 MHz, DMSO-dg) & 8.32 (d,
J = 8.7 Hz, 1H), 7.70 (d, J = 8.9 Hz, 1H), 7.34 (dd, J = 6.8, 3.4 Hz,
3H), 7.21 (t, J = 2.9 Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 7.01 (dd,
J = 8.9, 2.5 Hz, 1H), 6.44 (s, 1H), 5.58 (s, 2H), 5.22 (d, J = 6.6 Hz,
2H), 4.92 (s, 2H);'*C NMR (125 MHz, DMSO-de) § 160.7, 159.5, 154.6,
150.3, 137.8, 132.8, 130.2, 127.7, 126.2, 126.1, 126.0, 125.9, 124.8,
112.4,110.2, 101.4, 61.2, 51.6, 40.8; HR-MS (ESI-QTOF): m/z calc. for
(M + H)+ C20H15C12N303 416.0569; found 417.0564.

4.4. CA inhibition

An SX.18 V-R Applied Photophysics (Oxford, UK) stopped flow in-
strument has been used to assay the CA catalyzed CO, hydration ac-
tivity. [26]. Phenol Red (at a concentration of 0.2 mM) has been used as
an indicator, working at an absorbance maximum of 557 nm, with
10 mM Hepes (pH 7.4) as a buffer, 0.1 M Na,SO,4 or NaClO, (for
maintaining constant the ionic strength; these anions are not inhibitory
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in the used concentration), following the CA-catalyzed CO, hydration
reaction for a period of 5-10 s. Saturated CO,, solutions in water at 25°C
were used as substrate. Stock solutions of inhibitors were prepared at a
concentration of 10 mM (in DMSO-water 1:1, v/v) and dilutions up to
0.01 nM done with the assay buffer mentioned above. The enzyme
solution was prepared at a concentration of 0.1 uM. At least 7 different
inhibitor concentrations have been used for measuring the inhibition
constant. Inhibitor and enzyme solutions were pre-incubated together
for 6 hr at 24 °C prior to assay, in order to allow for the formation of the
E-I complex. In the case of coumarins the incubation is done for 6 h to
allow the hydrolysis to occur. Triplicate experiments were done for
each inhibitor concentration and the values reported throughout the
paper are the mean of such results. The inhibition constants were ob-
tained by non-linear least squares methods using the Cheng-Prusoff
equation, as reported earlier, and represent the mean from at least three
different determinations. All CA isozymes used here were recombinant
proteins obtained as reported earlier by our group [27-30].
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