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Abstract
Boswellic acids are genus specific to Boswellia; they are the principal biologically active compounds
holding exceptionally potent anti-inflammatory activity. A series of new 1H-1,2,3-triazole tethered of 3-O-
acetyl-β-boswellic acid (ABA, 1) and 3-O-acetyl-11-keto-β-boswellic acid (AKBA, 2) derivatives (10a-d and
11a-d) were synthesized and their carbonic anhydrase II (CA II) inhibitory activity was evaluated in vitro.
All compounds were characterized by 1H NMR, 13C NMR, 2D NMR (HMBC, HSQC, COSY and NOESY)
experiments, ESI-MS, and when applicable by 19F NMR spectroscopy (10b, 10c and 11b, 11c). This series
has displayed a moderate to strong inhibition against CA II with IC50 values of 13.2–60.1 µM. All the
active compounds were reported for the first time for their CA II inhibition potential. Kinetics studies on
the most active inhibitors (5 and 10b) were carried out to investigate their mode of inhibition and to
determine their inhibition constants Ki. Both compounds (5 and 10b) were found to be non-competitive
inhibitors with Ki values of 10.40 ± 0.013 and 14.25 ± 0.017 µM, respectively. Molecular docking studies
showed that all compounds were well accommodated in the allosteric site of CA II. The current study has
demonstrated the usefulness of incorporating a 1H-1,2,3-triazole moiety into the boswellic acids skeleton.

Introduction
Frankincense is the most precious resin religiously, socially, economically, and medicinally; no other resin
was so highly praised and economically valued as frankincense. Boswellia sacra is endemic to Oman,
and its oleogum resin (frankincense) is known for its superior anti-inflammatory activity [1–3]. This
sacred resin contains numerous mono-, sesqui-, di- and triterpenes. Among these, four boswellic acids
(BAs), viz. β-boswellic acid (BA), 3-O-acetyl-β-boswellic acid (ABA), 11-keto-β-boswellic acid (KBA) and 3-
O-acetyl-11-keto-β-boswellic acid (AKBA) are the most popular. Both ABA (1) and AKBA (2) (Fig. 1) have
demonstrated exceptional biological activities; hence were selected as precursors for this study [4, 5].

Furthermore, heterocycles containing 1,2,3-triazole scaffolds are known to have a large range of
biological activities including antimicrobial [6], anti-HIV [7, 8], antiviral [9], antiallergic [10], and antifungal
[11, 12] (Fig. 2).

We were interested to explore the potential and biological activity of the natural products having this
scaffold. Previously, several novel analogues of these molecules have been prepared in our laboratory as
well as by other groups (Fig. 3) [4, 13–18]. Furthermore, several 1H-1,2,3-triazole substituted compounds
were synthesized [19] and found to be excellent inhibitors against carbonic anhydrase II (CA II) enzyme
[20, 21]. Given the interesting biological activities of both triazole derivatives and boswellic acids, we
aimed to synthesize triazole tethered boswellic acids (Fig. 3).

In continuation of our research work on 1H-1,2,3-triazole derivatives [19, 22], and on boswellic acids [4,
13–18], we have synthesized novel analogues of ABA (1) and AKBA (2) (Fig. 2) containing a 1H-1,2,3-
triazole moiety. The choice of 1H-1,2,3-triazole was based on its known activities and its broad range of
applications in biochemical, pharmaceuticals, biomedicinal and material sciences [23, 24]. The chemistry
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of both boswellic acids and the 1H-1,2,3-triazole derivatives have underwent a substitutional growth over
the past decades [5, 25].

Carbonic anhydrases (CAs, EC 4.2.1.1) are class of metallo-enzymes using zinc as a cofactor for the
reversible inter-conversion of carbon dioxide and bicarbonate [26, 27]. Among the 16 CA isoforms
reported so far, only 12 isoforms are catalytically active and varies with respect to their location, kinetic
properties, and inhibitor profiles [28, 29]. CAs are involved in different physiological and pathological
processes [30–32], as a consequence, they seem to be interesting therapeutic targets to treat pathological
disorders [33–35]. CA II is mainly involved in the regulation of the bicarbonate concentration in the eyes.
CA II inhibitors can be used to reduce the intraocular pressure usually associated with glaucoma [36–38].
Other than that CA II is also expressed in malignant brain tumors [39], renal, gastritic and pancreatic
carcinomas [40–42]. These inhibitors have also been considered as an adjunct in the chemotherapy of
cancer. There are number of sulfonamides derivatives reported for CA II inhibitions [43–49].

Herein, we report for the first time the synthesis and in-vitro CA II inhibitory activity of a novel series of 1H-
1,2,3-triazole analogues of ABA and AKBA. Furthermore, some structure-activity relationships, molecular
docking, and kinetic studies of the active analogues were discussed.

Results And Discussion
Chemistry

Synthesis of 1H-1,2,3-triazole analogues of 3-O-acetyl-β-boswellic acid (10a-d) and 3-O-acetyl-11-keto-β-
boswellic acid (11a-d)

Compounds 1 and 2 were obtained as white crystals from the oleogum resin of Boswellia sacra using a
modification of Jauch’s procedure [50]. In pursuing our aim for synthesizing 1H-1,2,3-triazoles, we
designed and synthesized a series of novel analogues of ABA and AKBA containing this heterocyclic
moiety. The synthesis was performed in four steps (Scheme 1).

Thereby, in the initial step, compounds 1 and 2 were treated in DMF with 1-bromo propanol in the
presence of potassium carbonate at room temperature to afford the esters 3 (yield 76%) and 4 (yield
74%), respectively [51]. Compound 3 holds a free –OH group, which was converted into tosylated 5 (yield
80%) by its treatment with p-toluenesulfonyl chloride in the presence of triethylamine (Et3N) and 4-
dimethylaminopyridine (DMAP) in dry DCM [52]. Under similar conditions, the AKBA derivative 6 was
obtained from compound 4 in 83% yield. In the next step, compounds 5 and 6 were treated with sodium
azide (NaN3) in DMF at 70 °C to afford the corresponding azides 7 and 8 in good yields of 74% and 71%,
respectively [53]. The final step was carried out using “Click” chemistry. Thereby, a 1,3-dipolar
cycloaddition reaction between β-ABA-azide 7 and different alkyne derivatives 9a-d in the presence of
copper iodide (CuI) and Hünig’s base in MeCN furnished the desired products, 1H-1,2,3-triazole analogues
of β-ABA 10a-d in 68-75% yields [54, 55]. Under similar reaction conditions, the 1H-1,2,3-triazole
analogues of β-ABA 11a-d were obtained from azide 8 in 72-76% yields.
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In vitro carbonic anhydrase II inhibition

Different 1H-1,2,3-triazole derivatives of 1 and 2 were evaluated for their ability to act as inhibitor of CA II.
All the assays were carried out at micro molar level using acetazolamide as a standard inhibitor showing
an IC50 value of 18.2 ± 1.23 µM. After preliminary screening, the parent compounds 1 and 2 held weak
activity with IC50 values of 55.5 ± 1.32 and 95.5 ± 1.74 µM as compared to the reference compound
(Table 1). The addition of bulky groups on different position enhanced their inhibitory activity, and as a
result, all compounds (3-11d) showed significant CA II inhibition with IC50 values in the range of 13.2–
60.1 µM. Compounds 5 and 10b were found to be the best inhibitors in this series, while compounds 3, 7,
10a, 10c, 10d, 8 and 11c showed only moderate inhibition with respect to the standard. However,
compounds 6 and 11d were weak inhibitors of this series (Table 1).

Table 1. Carbonic anhydrase II inhibitory potential and molecular docking results of compounds (3-11d). 

Compounds IC50 ± S.E.M* (µM) Docking
Score

Binding Interaction
Ligand Atoms Receptor Atoms Interactions Bond Length (Å)

1 55.5 ± 1.32 -5.15 O78 ND2-ASN62 HBA 3.56
O80 ND2-ASN62 HBA 2.00
O81 ND2-ASN67 HBA 1.71

2 95.5 ± 1.74 -3.80 O76 NE2-HIS64 HBA 1.55
3 25.4 ± 0.71 -6.54 O77 OG1-THR200 HBA 2.61

O90 ND2-ASN67 HBA 1.84
O91 ND2-ASN62 HBA 1.87

4 N.A --- --- --- --- ---
5 13.2 ± 0.51 -10.47 O111         NE2-GLN92    HBA 2.49

O78 ND2-ASN67 HBA 1.92
O89 NE2-HIS64 HBA 1.93
O95 OG1-THR200 HBA 2.88

6-ring       OG1-THR199  π-H           3.44
6-ring       ring-TRP209 π-H           2.74

6 60.1 ± 0.65 -5.01 O110 NE2-GLN92 HBA 2.07
O94 NE2-HIS64 HBA 2.27

7 46.0 ± 0.41 -5.17 N88 N-THR199 HBA 1.77
8 35.4 ± 3. 31 -5.56 N96 N-THR199 HBA 2.54

O75 ND2-ASN67 HBA 3.14
10a 33.8 ± 1.55 -5.55 N90 N-THR200 HBA 2.97

O106 NE1-TRP5 HBA 1.81
10b 13.8 ± 0.58 -9.25 N90 N-THR200 HBA 2.09

O105 ND2-ASN67 HBA 2.75
O105 ND2-ASN62 HBA 3.45

10c 22.1 ± 1.77 -6.19 O77 ND2-ASN67 HBA 2.47
O77 ND2-ASN62 HBA 3.13
N90 OG1-THR200 HBA 3.27

10d 38.9 ± 1.93 -5.50 O95 N-THR199 HBA 2.82
O78 NE2-GLN92 HBA 3.67

11a N.A --- --- --- --- ---
11b N.A --- --- --- --- ---
11c 29.6 ± 1.16 -5.85 O105 ND2-ASN67 HBA 2.43

N87 NE2-GLN92 HBA 3.09
N88 NE2-GLN92 HBA 2.96

11d 57.4 ± 2.56 -5.05 N88 N-THR199 HBA 2.52
O101 NE2-GLN92 HBA 2.24

Acetazolamide* Standard 18.2 ± 1.23        
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*S.E.M = Standard error mean, Acetazolamide = reference compound, N.A = Not Active, HBA = Hydrogen bond acceptor

 

Kinetics studies

To investigate the mode of interaction and inhibition constant of these potent compounds, some kinetics
studies on the most active compounds (5 and 10b) were performed applying different concentrations of
the test compounds and the substrates. Compounds 5 and 10b were shown to inhibit CA II in a
concentration-dependent manner with Ki values of 10.40 ± 0.013 and 14.25 ± 0.017 µM, respectively.
From the kinetics studies, it was deduced that 5 and 10b are non-competitive inhibitors. The type of
inhibition was determined from Lineweaver-Burk plots. (Figures 4 and 5).

The Ki values were determined from secondary replots of the Lineweaver-Burk plots by plotting the slope
of each line in the Lineweaver-Burk plots against different concentrations of compounds 5 and 10b
(Figure 4B and 5B). The Ki values were confirmed from Dixon plots after plotting the reciprocal of the rate
of reaction against different concentrations of compounds 5 and 10b (Figure 4B and 5B).

Molecular docking and predicted structure-activity relationship

Derivatives of ABA and AKBA (3, 5-8, 10a-10d, 11c and 11d) were targeted at the allosteric site (AS) of
human CA II [56]. This revealed that these compounds are fitted neatly at the entrance of the active site
between AS1 and AS2. The entrance of the active site of CA II is lined with several hydrophobic residues.
The allosteric site 1 (AS1) is located 3-5Å away from the active site and mainly constituted by Val121,
Val143, Val207, Trp209, Leu198 and Thr199. AS2 is found near 5-7Å of active site and composed of Tyr7,
His64, Asn62, Asn67 and Thr200. Moreover, there is another site present behind the active site where
carbon dioxide can bind; this site was termed as AS3 in this study. This site is located 10-12Å far behind
the active site and mainly formed by hydrophobic residues like Trp97, Phe226, Val223, Gln222, Val218,
Leu157, Leu148, Ala116 and Phe95. All the binding sites are shown in Figure 6.

The most active compound, 5 (IC50 = 13.2 ± 0.51µM), demonstrated a 5-fold better activity than the
standard ‘acetazolamide’. The docked view of 5 revealed that the substituted toluene sulfonic acid fitted
deep inside AS1 and held hydrophobic interaction with Trp209, while sulfonic acid interacted with Thr200
of AS2 and Gln92 (lining the active site gorge) through H-bonding. The propyl ester and the acetate group
formed H-bonds with the side chain of Asn67 and His64 of AS2, respectively. The triterpene moiety of the
compound remained at the entrance of the active site, thus blocking the access to the active gorge. The
binding mode of 5 is shown in Figure 7. Both AS1 and AS2 stabilize the compound at the surface of the
enzyme where residues provided strong bonding to the compound and made the compound highest
active within this series if compounds. The docking results are tabulated in Table 1.

Among all the compounds, 10b, 10c, 3 and 11c exhibited significant anti-carbonic anhydrase activities,
while 10a, 8, 10d and 7 held moderate inhibitory activities, and 11d and 6 were the least potent inhibitors.
The acetate moiety of 10b mediated bidentate interactions with the side chains of Asn67 and Asn62,
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while the triazole ring interacted with the amino group of Thr200 via H-bonding. Additionally, Leu198,
Val121 and Val143 provided strong hydrophobic interaction to the triazole substituted trifluoromethyl-
phenyl ring of the compound. The triazole nitrogen of 10c interacted with the -OH of Thr200 through H-
bond, while carbonyl oxygen accepted H-bonds from the side chains of Asn67 and Asn62. Similarly, the
acetate and carbonyl moieties of compound 3 were stabilized by H-bonding with side chains of Asn62,
Asn67 and Thr200. The docked view of 11c shows that the acetate and the triazolyl groups were linked
with the side chains of Asn67 and Gln92 through H-bonding, respectively.

The binding modes of 10a, 8, 10d and 7 revealed that the acetate and the triazolyl moiety of 10a formed
H-bonds with the side chain and amino group of Trp5 and Thr200, respectively. The amino group of
Thr199 mediated H-bonding with the azido group of compounds 7 and 8, while the propyl acetate group
of 8 also interacted with the side chains of Asn67. The acetate group of 10d accepted a H-bond from the
amino group of Thr199 whiles the side chain of Gln92 provided a H-bond to the propyl acetate oxygen of
the compound. Compounds 11d and 6 exhibited least inhibitory potential against CA II in vitro. The
triazolyl nitrogen of 11d also accepted a H-bond from the amino group of Thr199 while the acetate group
of the compound formed a H-bond with the side chain of Gln92. Likewise, the side chain of Gln92
mediated H-bonding with the sulphate group of 6 which is also H-bonded to the side chain of His64. The
docked orientation of 1 showed that both the acetate and the carboxylic groups were stabilized by the
side chains of Asn62 and Asn67 via H-bonding. However, the carboxylic group of 2 mediated H-bonding
with the side chain of His64, while the triterpene group mediated hydrophobic interactions with the
sidechains of hydrophobic residues like Phe131, Leu141, Val135, Leu204, and Pro202. We have observed
that Asn62, His64, Asn67, Thr200, Thr199, Gln92 played a crucial role in the binding of these compounds
at the allosteric site of CA II. The docking scores also correlated with the in vitro IC50 values. The docked
conformations of all the docked compounds are shown in Figure 7, while the bond distances are
tabularized in Table 1.

Additionally, we predicted the solubility potential of compounds through logP, logS, and TPSA values. The
partition coefficient (logP) of a drug is the ratio of its concentrations in a mixture of
two immiscible solvents at equilibrium. In medicinal chemistry, one of the solvents is water (which
represent blood serum) and the second is n-octanol which is hydrophobic (indicates lipid bilayer). Hence
logP measures hydrophilicity and hydrophobicity of a compound, therefore, estimates the distribution of
drugs within the body. Hydrophobic drugs with high octanol-water logP are distributed to hydrophobic
areas (lipid bilayers of cells) while hydrophilic drugs (low octanol/water logP) are circulated in aqueous
regions (blood serum). Low hydrophilicities and high logP values cause poor absorption or permeation. It
has been shown for compounds to have a reasonable propability of being well absorbt their logP value
must not be ≥ 5.0. The calculated logP of compounds depict that the compounds are highly lipophilic,
thus they can easily penetrate the lipid bilayer, however their absorption through the intestine is very low
due to their poor solubility or insolubility in the water.

The polar or topological polar surface area (PSA or TPSA) is also a commonly used metric in the
medicinal chemistry for the optimization of a compound or a drug's ability to permeate cells. TPSA is
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defined as the surface sum over all polar atoms (primarily oxygen and nitrogen with their attached
hydrogen atoms) of a compound. Molecules with a PSA of ≥140Å2 are usually have poor permeability in
the cell membranes, however, for molecules which act on CNS, PSA should be ≤90Å2 in order to
effectively penetrate the blood–brain barrier. The TPSA values of compounds 3, 5-8, 10a-10d, 11c and
11d were in range of 72.83 to 126.68 Å2, indicating that these molecules cannot pass blood brain barrier,
however, possess moderate permeability to the cell membrane. The results are shown in Table 2.

Table 2. The predicted solubility potential of compounds 3, 5-8, 10a-10d, 11c and 11d in the aqueous and lipid medium. 

Compounds TPSA (Å2) logP(o/w) logS GIA BBB Permeant
3 72.83 7.50 -4.514 Low No
5 95.97 8.98 -4 Low No
6 113.04 113.04 -4 Low No
7 77.32 6.74 -4.042 Low No
8 94.39 5.87 -4.042 Low No

10a 83.31 8.58 -3.87 Low No
10b 83.31 9.51 -4.243 Low No
10c 83.31 8.73 -4.118 Low No
10d 109.61 6.56 -3.544 Low No
11c 100.38 7.85 -4.118 Low No
11d 126.68 5.68 -3.544 Low No

TPSA= Topological polar surface are, logP(o/w) = Partition coefficient octanol/water, logS = Water solubility, GIA= Gastro-

intestinal absorption, BBB Permeant = blood brain barrier permeant

Conclusion
In summary, novel 1H-1,2,3-triazole analogues of 1 and 2 were synthesized (10a-d and 11a-d), and
evaluated for their CA II inhibitory potential in vitro. The C-4 acid group of ABA and AKBA was
transformed into an ester containing a hydroxyl group which was modified to an azide through
tosylation. The azide compounds were subsequently converted to 1H-1,2,3-triazoles having aromatic and
ester substituents. Except three compounds (4, 11a and 11b), all compounds exhibited good inhibitory
potential against this enzyme. Kinetic assays demonstrated that these derivatives are non-competitive
inhibitors. Additionally, molecular docking indicated that the active compounds have perfectly fitted into
the allosteric site of CA II.

Experimental Section
General

Reagents were obtained from Sigma-Aldrich, Germany. Silica gel for column chromatography were of
100-200 mesh. Solvents were purified by following standard procedures. Thin layer chromatography
(TLC) was carried using silica gel F254 pre-coated plates. UV-light and I2 stain were used to visualize the

spots. The 1H and 13C NMR spectra were recorded on NMR spectrometer (Bruker: 600 MHz for 1H, 150
MHz for 13C and 564 MHz for 19F) using CDCl3 as a solvent. The high-resolution electrospray ionization
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mass spectra (HR-ESI-MS) were recorded on Agilent 6530 LC Q-TOF instrument. Organic extracts and
solutions of pure compounds were dried over anhydrous MgSO4.

(3-Hydroxypropyl) 3b-acetyloxy-urs-12-en-24-oate (3)

To a solution of 1 (350 mg, 0.702 mmol) in DMF (10 mL), K2CO3 (97 mg, 0.702 mmol) and 3-bromo-1-
propanol (0.07 mL, 0.773 mmol) were added. After stirring the reaction mixture at room temperature for
18 h, the mixture was diluted with H2O (45 mL) and extracted with EtOAc (3 × 40 mL). The combined
organic layers were washed successively with H2O (2 × 20 mL), saturated aqueous sodium bicarbonate
(NaHCO3), brine (1 × 20 mL), dried over anhydrous magnesium sulfate (MgSO4), filtered, and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, n-
hexane/EtOAc, 85:15) to yield 3 (296 mg, 76%) as a white amorphous solid; 1H NMR (600 MHz,
chloroform-d): δ = 5.30 (d, J = 3.4 Hz, 1H), 5.12 (s, 1H), 4.26 (dt, J = 12.1, 6.3 Hz, 1H), 4.16 (dt, J = 11.7,
6.2 Hz, 1H), 3.70 (t, J = 6.2 Hz, 2H), 2.10 (dd, J = 12.0, 3.8 Hz, 1H), 2.07 (d, J = 5.0 Hz, 3H), 1.98 (dt, J =
13.2, 6.8 Hz, 1H), 1.91–1.87 (m, 3H), 1.87–1.66 (m, 6H), 1.66–1.44 (m, 5H), 1.39 (td, J = 13.8, 13.0, 6.9 Hz,
4H), 1.33–1.29 (m, 2H), 1.25 (d, J = 7.2 Hz, 1H), 1.17 (s, 5H), 1.10 (s, 2H), 1.01 (s, 2H), 0.98 (d, J = 6.1 Hz,
2H), 0.90 (d, J = 6.0 Hz, 2H), 0.86 (d, J = 11.4 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H), 0.78 (d, J = 7.2 Hz, 5H) ppm;
13C NMR (150 MHz, chloroform-d) δ 176.4, 170.3, 145.0, 139.5, 124.5, 121.7, 73.4, 61.3 , 59.3, 59.1, 50.5,
46.8, 46.7, 42.2, 41.9, 41.5, 40.0, 39.7, 39.6, 37.2, 34.5, 33.8, 33.0, 31.6, 31.2, 28.7, 28.1, 26.5, 23.7, 23.6,
23.3, 23.2, 21.3, 21.3, 19.7, 17.4, 16.8, 13.4 ppm; HRMS (ESI+): Found (M+Na+): 579.4056 C35H56O5Na
required 579.4054. 

(3-Hydroxypropyl) 3b-acetyloxy-11-oxo-urs-12-en-24 oate (4)

Following the same procedure as described for the synthesis of 3, from 2 (350 mg, 0.683 mmol) in DMF
(10 mL), K2CO3 (94 mg, 0.683 mmol) and 3-bromo-1-propanol (0.07 mL, 0.756 mmol) followed by flash
column chromatography (silica gel, n-hexane/EtOAc, 85:15) compound 4 (287 mg, 74%) was obtained as
a white amorphous solid; 1H NMR (600 MHz, chloroform-d): δ = 5.53 (s, 1H), 5.30 (s, 1H), 4.26 (dd, J =
11.4, 6.0 Hz, 1H), 4.17 (dd, J = 11.4, 5.9 Hz, 1H), 3.70 (t, J = 6.1 Hz, 2H), 2.51 (dt, J = 13.5, 3.5 Hz, 1H), 2.39
(s, 1H), 2.21–2.15 (m, 1H), 2.07 (s, 4H), 1.89 (q, J = 6.3 Hz, 3H), 1.84–1.81 (m, 1H), 1.66 (dd, J = 12.9, 3.7
Hz, 1H), 1.61–1.58 (m, 1H), 1.52 (d, J = 11.1 Hz, 1H), 1.47 – 1.41 (m, 3H), 1.39–1.36 (m, 2H), 1.33 (s, 3H),
1.30–1.20 (m, 6H), 1.16 (d, J = 5.8 Hz, 6H), 1.04 (s, 3H), 0.93 (s, 3H), 0.87 (q, J = 6.3, 5.9 Hz, 1H), 0.81–
0.77 (m, 6H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 199.2, 175.9, 170.2, 164.9, 130.4, 73.2, 61.4,
60.2, 59.2, 59.0, 50.4, 46.7, 45.0, 43.7, 40.9, 39.3, 39.2, 37.2, 34.6, 33.9, 32.8, 31.5, 30.9, 28.8, 27.5, 27.2,
24.0, 23.6, 21.3, 21.1, 20.5, 18.7, 18.3, 17.4, 13.3 ppm; HRMS (ESI+): Found (M+H+): 571.3751 C35H55O6

required 571.3753.

(3-(Tosyloxy)propyl) 3b-acetyloxy-urs-12-en-24-oate (5)

To a solution of compound 3 (270 mg, 0.485 mmol) in dry DCM (25.0 mL), Et3N (0.14 mL, 0.970 mmol)
was added at 0 °C. Then tosyl chloride (102 mg, 0.534 mmol) and a catalytic amount of DMAP (6 mg,
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0.0485 mmol) were added. The resulting mixture was allowed to warm to room temperature and stirred
for 5 h. The reaction mixture was treated with aqueous 1 N HCl (10 mL), stirred for 10 min and extracted
with DCM (3 × 40 mL). The organic layer was washed with saturated NaHCO3 (20 mL) and H2O (25 mL).
The combined organic phases were dried over anhydrous MgSO4 and concentrated under reduced
pressure. Flash column chromatography (silica gel, n-hexane/EtOAc, 90:10) of the crude product afforded
5 (275 mg, 80%) as a white gummy solid; 1H NMR (600 MHz, chloroform-d): δ = 7.77 (d, J = 7.9 Hz, 2H),
7.33 (d, J = 7.9 Hz, 2H), 5.23 (q, J = 2.7 Hz, 1H), 5.17 (d, J = 3.8 Hz, 1H), 4.12 (dt, J = 12.0, 5.7 Hz, 3H), 4.04
(dt, J = 11.7, 6.1 Hz, 1H), 2.43 (s, 3H), 2.06 (d, J = 5.0 Hz, 3H), 2.00 (p, J = 6.0 Hz, 4H), 1.91–1.83 (m, 2H),
1.67–1.58 (m, 7H), 1.43–1.35 (m, 5H), 1.33–1.26 (m, 4H), 1.23 (s, 3H), 1.09 (s, 5H), 0.98 (s, 3H), 0.94 (s,
1H), 0.90 (d, J = 6.0 Hz, 2H), 0.86 (d, J = 4.1 Hz, 3H), 0.82 (s, 1H), 0.79–0.76 (m, 4H), 0.72 (d, J = 9.4 Hz,
2H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 175.7, 170.1, 144.8, 139.5, 132.9, 129.9, 127.8, 124.4,
121.7, 73.3, 66.8, 60.2, 59.1, 50.5, 46.8, 46.7, 42.2, 41.5, 40.0, 39.7, 39.6, 37.2, 34.5, 33.8, 33.0, 31.2, 29.6,
28.7, 28.2, 28.1, 26.5, 23.6, 23.6, 23.5, 23.3, 23.2, 21.6, 21.3, 21.2, 19.7, 17.4, 16.8, 13.3 ppm; HRMS (ESI+):
Found (M+Na+): 733.4103 C42H62O7SNa required 733.4101.

(3-(Tosyloxy)propyl) 3b-acetyloxy-11-oxo-urs-12-en-24 oate (6)

Following the same procedure as described for the synthesis of compound 5, from 4 (260 mg, 0.456
mmol) in dry DCM (25.0 mL), Et3N (0.13 mL, 0.912 mmol), TsCl (95 mg, 0.501 mmol) and cat. amount of
DMAP (6 mg, 0.0456 mmol), followed by flash column chromatography (silica gel, n-hexane/EtOAc,
90:10) 6 (273 mg, 83%) was obtained as a white amorphous solid; 1H NMR (600 MHz, chloroform-d): δ =
7.76 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 7.9 Hz, 2H), 5.52 (s, 1H), 5.22 (s, 1H), 4.11 (td, J = 13.9, 12.8, 5.9 Hz,
3H), 4.07–4.03 (m, 1H), 2.47 (dt, J = 13.4, 3.6 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 1H), 2.05 (s, 4H), 1.99 (p, J =
6.1 Hz, 3H), 1.89–1.85 (m, 1H), 1.54–1.50 (m, 2H), 1.48–1.41 (m, 3H), 1.39–1.34 (m, 2H), 1.31 (s, 3H),
1.28 (d, J = 13.9 Hz, 2H), 1.23 (s, 3H), 1.18 (d, J = 4.1 Hz, 1H), 1.13 (s, 3H), 1.09 (s, 3H), 1.00 (dd, J = 14.9,
4.1 Hz, 1H), 0.96 (s, 3H), 0.92 (s, 4H), 0.85 (dd, J = 10.0, 4.4 Hz, 2H), 0.80 (s, 3H), 0.78 (d, J = 6.4 Hz, 2H)
ppm; 13C NMR (150 MHz, chloroform-d): δ = 199.1, 175.3, 170.0, 164.9, 144.9, 132.8, 130.47, 129.9, 127.8,
73.0, 66.8, 60.4, 60.2, 59.0, 50.3, 46.6, 45.0, 43.7, 40.9, 39.3, 39.2, 37.1, 34.5, 33.9, 32.8, 30.9, 29.6, 28.8,
28.2, 27.5, 27.2, 23.7, 23.5, 21.6, 21.3, 21.1, 20.5, 18.8, 18.3, 17.4, 13.3 ppm; HRMS (ESI+): Found (M+H+):
725.4007 C42H61O8S required 725.4009.

(3-Azidopropy) 3b-acetyloxy-urs-12-en-24-oate (7)

A stirred mixture of 5 (260 mg, 0.366 mmol) and NaN3 (72 mg, 1.098 mmol) in DMF (10 mL) was heated
for 3 h at 70 °C, cooled and then treated with ice-water (200 mL). The reaction mixture was extracted with
diethyl ether (2 × 150 mL), and the combined extracts were washed successively with water (2×40 mL)
and brine (1×30 mL), dried over anhydrous MgSO4, and concentrated in vacuo. The crude product was
purified by flash column chromatography (silica gel, n-hexane/EtOAc, 92:8) to yield 7 (156 mg, 74%) as a
white gummy solid; 1H NMR (600 MHz, chloroform-d): δ = 5.29 (q, J = 2.5, 2.0 Hz, 1H), 5.15 (dt, J = 32.6,
3.7 Hz, 1H), 4.18 (dt, J = 12.0, 6.2 Hz, 1H), 4.10 (dt, J = 11.6, 6.2 Hz, 1H), 3.41 (t, J = 6.7 Hz, 2H), 2.07 (d, J
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= 5.0 Hz, 4H), 2.00 (dt, J = 13.2, 6.5 Hz, 1H), 1.92 (p, J = 6.0, 5.3 Hz, 3H), 1.86–1.82 (m, 1H), 1.70 (d, J =
4.0 Hz, 2H), 1.67–1.50 (m, 6H), 1.47 (dt, J = 13.4, 3.6 Hz, 1H), 1.39 (ddd, J = 24.4, 11.1, 4.2 Hz, 4H), 1.31
(d, J = 2.9 Hz, 2H), 1.28–1.22 (m, 4H), 1.20 (d, J = 4.4 Hz, 1H), 1.17 (s, 3H), 1.10 (s, 2H), 1.04–0.99 (m,
3H), 0.95–0.87 (m, 3H), 0.85 (s, 2H), 0.79 (q, J = 8.3, 7.1 Hz, 7H) ppm; 13C NMR (150 MHz, chloroform-d) δ
175.9, 170.2, 139.5, 124.4, 121.7, 73.3, 61.3, 59.1, 50.5, 48.3, 46.8, 46.7, 42.2, 41.5, 40.0, 39.7, 39.6, 37.2,
34.5, 33.8, 33.0, 31.2, 28.7, 28.1, 28.0, 26.5, 23.6, 23.3, 23.2, 21.3, 19.7, 17.4, 16.8, 13.3 ppm; HRMS (ESI+):
Found (M+Na+): 604.4102 C35H55N3O4Na required 604.4105.

(3-Azidopropyl) 3b-acetyloxy-11-oxo-urs-12-en-24-oate (8)

Following the same procedure as described for the synthesis of 7, from 6 (250 mg, 0.345 mmol) in DMF
(10 mL) and NaN3 (68 mg, 1.035 mmol), followed by flash column chromatography (silica gel, n-

hexane/EtOAc, 92:8) 8 (145 mg, 71%) was obtained as a white gummy solid; 1H NMR (600 MHz,
chloroform-d): δ = 5.53 (s, 1H), 5.29 (d, J = 2.9 Hz, 1H), 4.19 (dt, J = 12.1, 6.2 Hz, 1H), 4.10 (dd, J = 11.5,
6.0 Hz, 1H), 3.40 (t, J = 6.7 Hz, 2H), 2.51 (dt, J = 13.5, 3.5 Hz, 1H), 2.39 (s, 1H), 2.16 (ddd, J = 14.1, 11.2,
3.2 Hz, 1H), 2.06 (s, 4H), 1.92 (t, J = 6.5 Hz, 2H), 1.86 (dd, J = 13.7, 5.2 Hz, 1H), 1.82–1.77 (m, 1H), 1.74 (d,
J = 3.3 Hz, 1H), 1.66 (s, 3H), 1.60–1.57 (m, 1H), 1.52 (d, J = 11.0 Hz, 1H), 1.48–1.42 (m, 3H), 1.39–1.36
(m, 2H), 1.32 (s, 3H), 1.30–1.25 (m, 2H), 1.21 (s, 1H), 1.16 (d, J = 2.8 Hz, 6H), 1.03 (s, 3H), 0.92 (s, 3H),
0.87 (t, J = 7.3 Hz, 1H), 0.81–0.77 (m, 6H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 199.1, 175.4,
170.1, 164.9, 130.4, 73.1, 61.5, 60.2, 59.0, 50.4, 48.3, 46.7, 45.0, 43.7, 40.9, 39.3, 39.2, 37.2, 34.5, 33.9,
32.8, 30.9, 28.8, 27.9, 27.5, 27.2, 23.9, 23.6, 21.3, 21.1, 20.5, 18.8, 18.3, 17.4, 13.3 ppm; HRMS (ESI+):
Found (M+H+): 596.3653 C35H54N3O5 required 596.3651.

General procedure for synthesis of 1H-1,2,3-triazolyl analogues of 3-O-acetyl-β-boswellic acid (10a-d) and
3-acetyl-11-keto-β-boswellic acid (11a-d)

To a solution of 7 (30 mg, 0.052 mmol) or 8 (30 mg, 0.051 mmol) and alkyne 9a-d (0.062 mmol, 1.2 eq) in
acetonitrile (10 mL) were added CuI (20 mg, 0.104 mmol) and Et3N (0.022 mL, 0.156 mmol) at room
temperature, and the mixture was stirred for 3 h. The reaction mixture was diluted with EtOAc (30 mL), 20
mL of aqueous NH4Cl was added, and the aqueous layer was extracted with EtOAc (3×30 mL), and the
combined organic layer was washed with brine (1×20 mL), dried over anhydrous MgSO4, filtered, and the
filtrate was concentrated in vacuo. The crude residue was purified by flash column chromatography
(silica gel, n-hexane/EtOAc, 85:15) to yield 10a-d (68-75%) or 11a-d (72-76%), respectively.

(3-(4-Phenyl-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-urs-12-en-24-oate (10a)

Pale yellow gummy solid; yield = 72%; 1H NMR (600 MHz, chloroform-d): δ = 7.81 (d, J = 7.6 Hz, 2H), 7.76
(s, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.31 (d, J = 7.5 Hz, 1H), 5.32 (d, J = 3.9 Hz, 1H), 5.21–5.09 (m, 1H), 4.49 (t,
J = 6.9 Hz, 2H), 4.17 (dq, J = 9.8, 4.9, 3.7 Hz, 1H), 4.13–4.05 (m, 2H), 2.33 (q, J = 6.6 Hz, 2H), 2.08 (d, J =
5.0 Hz, 4H), 2.02 (s, 1H), 1.98 (dt, J = 13.2, 7.1 Hz, 1H), 1.93–1.81 (m, 3H), 1.77–1.72 (m, 2H), 1.62 (d, J =
8.9 Hz, 1H), 1.59–1.46 (m, 3H), 1.45–1.38 (m, 4H), 1.31 (s, 2H), 1.24 (q, J = 6.4 Hz, 4H), 1.19 (s, 3H), 1.17
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(s, 1H), 1.10 (s, 2H), 1.04–1.00 (m, 3H), 0.98 (s, 1H), 0.90 (d, J = 6.0 Hz, 2H), 0.85 (s, 3H), 0.81 (s, 3H), 0.79
(d, J = 8.4 Hz, 3H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 175.8, 170.3, 147.9, 139.5, 130.4, 128.8,
128.2, 125.7, 124.4, 119.7, 73.2, 60.9, 60.3, 59.1, 50.5, 47.2, 46.9, 46.7, 42.2, 41.5, 40.0, 39.7, 39.5, 37.2,
34.5, 33.8, 33.0, 32.5, 31.2, 31.0, 29.4, 28.7, 28.1, 26.5, 23.7, 23.3, 23.2, 21.3, 19.8, 17.4, 16.9, 14.1, 13.4
ppm; HRMS (ESI+): Found (M+H+): 684.4752 C43H62N3O4 required 684.4754.

(3-(4-(4-(Trifluoromethyl)phenyl)-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-urs-12-en-24-oate (10b)

White gummy solid; yield = 75%; 1H NMR (600 MHz, chloroform-d): δ = 7.93 (d, J = 8.0 Hz, 2H), 7.86 (s,
1H), 7.67 (d, J = 8.0 Hz, 2H), 5.32 (d, J = 4.7 Hz, 1H), 5.12 (d, J = 3.7 Hz, 1H), 4.51 (q, J = 4.9, 2.8 Hz, 2H),
4.19 (dt, J = 11.8, 6.0 Hz, 1H), 4.12-4.08 (m, 1H), 2.36–2.33 (m, 2H), 2.08 (d, J = 4.6 Hz, 5H), 1.99 (q, J =
8.2, 7.8 Hz, 1H), 1.93–1.86 (m, 2H), 1.84–1.78 (m, 1H), 1.65 (d, J = 13.8 Hz, 2H), 1.61–1.58 (m, 1H), 1.50–
1.47 (m, 1H), 1.41 (dt, J = 12.6, 5.8 Hz, 3H), 1.31 (s, 2H), 1.24 (d, J = 6.9 Hz, 3H), 1.19 (s, 3H), 1.10 (s, 3H),
1.00 (d, J = 24.5 Hz, 6H), 0.90 (d, J = 6.0 Hz, 2H), 0.85 (s, 3H), 0.81 (s, 3H), 0.79 (d, J = 8.6 Hz, 6H) ppm;
13C NMR (150 MHz, chloroform-d): δ = 175.8, 170.2, 146.5, 145.0, 139.5, 133.9, 128.8, 125.8, 125.7, 124.4,
120.5, 73.2, 60.8, 59.1, 50.6, 47.4, 46.9, 46.7, 42.2, 41.5, 40.0, 39.7, 39.6, 37.2, 34.5, 33.8, 33.0, 31.2, 29.4,
28.7, 28.1, 26.5, 23.7, 23.3, 23.2, 21.3, 19.8, 17.4, 16.9, 13.5 ppm; 19F NMR (564 MHz, chloroform-d): δ =
-62.61ppm; HRMS (ESI+): Found (M+H+): 752.4488 C44H61F3N3O4 required 752.4486.

(3-(4-(4-Fluorophenyl)-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-urs-12-en-24-oate (10c)

White amorphous solid; yield = 73%; 1H NMR (600 MHz, chloroform-d): δ = .78 (dd, J = 8.4, 5.4 Hz, 2H),
7.73 (s, 1H), 7.10 (t, J = 8.5 Hz, 2H), 5.32 (d, J = 3.8 Hz, 1H), 5.13 (s, 1H), 4.49 (t, J = 6.9 Hz, 2H), 4.18 (dt, J
= 12.0, 6.1 Hz, 1H), 4.09 (dt, J = 11.8, 6.1 Hz, 1H), 2.35–2.31 (m, 2H), 2.08 (d, J = 4.9 Hz, 4H), 1.99 (q, J =
8.1, 7.4 Hz, 1H), 1.93–1.86 (m, 2H), 1.73 (t, J = 8.8 Hz, 2H), 1.67–1.60 (m, 5H), 1.54–1.47 (m, 2H), 1.41
(ddd, J = 14.0, 10.9, 5.9 Hz, 4H), 1.31 (s, 2H), 1.24 (d, J = 5.6 Hz, 5H), 1.19 (s, 4H), 1.10 (s, 2H), 1.02 (s, 3H),
0.90 (d, J = 6.0 Hz, 2H), 0.87–0.85 (m, 3H), 0.81 (s, 3H), 0.79 (d, J = 6.9 Hz, 3H) ppm; 13C NMR (150 MHz,
chloroform-d) δ 175.8, 170.2, 163.5, 161.8, 147.0, 139.5, 127.5, 127.4, 124.4, 119.4, 115.8, 115.7, 73.2,
60.8, 59.1, 50.6, 47.2, 46.9, 46.7, 42.2, 41.5, 40.0, 39.7, 39.6, 37.2, 34.5, 33.8, 33.0, 31.2, 29.6, 29.4, 28.7,
28.1, 26.5, 23.6, 23.3, 23.2, 21.3, 21.2, 19.8, 17.4, 16.9, 13.5 ppm; 19F NMR (564 MHz, chloroform-d): δ =
-113.49 ppm; HRMS (ESI+): Found (M+H+): 702.4751 C43H61FN3O4 required 702.4753.

Methyl 1-(3-((3b-acetyloxy-urs-12-en-24carbonyl)oxy)propyl)-1H-1,2,3-triazole-4-carboxylate (10d)

White gummy solid; yield = 68%; 1H NMR (600 MHz, chloroform-d): δ = 8.10 (s, 1H), 5.30 (d, J = 3.5 Hz,
1H), 5.15 (dt, J = 32.5, 3.7 Hz, 1H), 4.50 (t, J = 7.0 Hz, 2H), 4.14 (dt, J = 12.1, 6.1 Hz, 1H), 4.08–4.04 (m,
1H), 3.94 (s, 3H), 2.33–2.30 (m, 2H), 2.08 (d, J = 5.0 Hz, 4H), 1.99 (dt, J = 12.9, 6.3 Hz, 1H), 1.90 (dt, J =
10.2, 4.7 Hz, 2H), 1.85–1.81 (m, 1H), 1.66 (s, 2H), 1.75–1.70 (m, 2H), 1.62 (d, J = 6.0 Hz, 1H), 1.49 (s, 1H),
1.41 (d, J = 10.5 Hz, 2H), 1.38 (s, 1H), 1.31 (s, 2H), 1.24 (d, J = 15.2 Hz, 6H), 1.18 (s, 3H), 1.10 (s, 3H), 1.02
(s, 3H), 0.90 (d, J = 5.9 Hz, 2H), 0.85 (d, J = 4.2 Hz, 3H), 0.80 (s, 3H), 0.78 (d, J = 6.1 Hz, 5H) ppm; 13C NMR
(150 MHz, chloroform-d): δ = 175.8, 170.2, 161.0, 140.1, 139.5, 127.5, 124.4, 73.2, 60.5, 59.1, 52.2, 50.5,
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47.6, 46.9, 46.7, 42.2, 41.5, 40.0, 39.7, 39.6, 37.2, 34.5, 33.8, 33.0, 31.2, 29.6, 29.3, 28.7, 28.1, 26.5, 23.6,
23.3, 23.2, 21.3, 21.2, 19.8, 17.4, 16.9, 13.5 ppm; HRMS (ESI+): Found (M+H+): 666.4444 C39H60N3O6

required 666.4442.

(3-(4-Phenyl-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-11-oxo-urs-12-en-24-oate (11a)

White amorphous solid; yield = 72%; 1H NMR (600 MHz, chloroform-d): δ = 7.81 (d, J = 7.7 Hz, 2H), 7.77
(s, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.32 (d, J = 7.5 Hz, 1H), 5.53 (s, 1H), 5.33 (s, 1H), 4.49 (t, J = 6.8 Hz, 2H),
4.20 (dt, J = 12.1, 6.1 Hz, 1H), 4.09 (dd, J = 11.5, 5.7 Hz, 1H), 2.53 (dt, J = 13.4, 3.4 Hz, 1H), 2.40 (s, 1H),
2.34 (t, J = 6.5 Hz, 2H), 2.21–2.15 (m, 1H), 2.07 (s, 4H), 1.90–1.79 (m, 3H), 1.62 (dd, J = 15.4, 3.6 Hz, 2H),
1.52 (d, J = 11.1 Hz, 1H), 1.48–1.42 (m, 3H), 1.40–1.37 (m, 2H), 1.32 (s, 3H), 1.29 (s, 1H), 1.23 (d, J = 3.1
Hz, 3H), 1.19 (s, 3H), 1.16 (s, 3H), 1.05 (s, 3H), 1.01 (d, J = 5.7 Hz, 1H), 0.92 (s, 3H), 0.89–0.85 (m, 1H),
0.81–0.76 (m, 6H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 199.1, 175.4, 170.2, 165.0, 130.4, 128.8,
128.2, 125.7, 119.8, 73.0, 61.1, 60.2, 59.0, 50.4, 47.3, 46.7, 45.0, 43.7, 40.8, 39.3, 39.2, 37.2, 34.5, 33.9,
32.7, 30.9, 29.6, 29.4, 28.8, 27.5, 27.2, 23.9, 23.6, 21.3, 21.1, 20.5, 18.8, 18.3, 17.4, 13.4 ppm; HRMS (ESI+):
Found (M+H+): 698.4556 C43H60N3O5 required 698.4558.

(3-(4-(4-(Trifluoromethyl)phenyl)-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-11-oxo-urs-12-en-24-oate (11b)

White amorphous solid; yield = 76%; 1H NMR (600 MHz, chloroform-d): δ = 7.92 (d, J = 8.0 Hz, 2H), 7.87
(s, 1H), 7.65 (d, J = 8.1 Hz, 2H), 5.51 (d, J = 2.6 Hz, 1H), 5.30 (dt, J = 17.7, 2.8 Hz, 1H), 4.50 (td, J = 6.9, 4.0
Hz, 2H), 4.19 (dt, J = 12.0, 6.1 Hz, 1H), 4.09 (q, J = 3.9, 2.9 Hz, 1H), 2.52 (dt, J = 13.2, 3.5 Hz, 1H), 2.38 (d, J
= 6.1 Hz, 1H), 2.35 (q, J = 6.6 Hz, 2H), 2.16 (td, J = 11.4, 5.9 Hz, 1H), 2.06 (d, J = 8.0 Hz, 4H), 1.89–1.75 (m,
6H), 1.68–1.58 (m, 3H), 1.51 (d, J = 11.1 Hz, 1H), 1.46–1.36 (m, 6H), 1.31 (s, 3H), 1.17 (s, 3H), 1.14 (s, 3H),
1.03 (s, 3H), 1.00 (d, J = 4.7 Hz, 1H), 0.91 (s, 3H), 0.79–0.76 (m, 6H) ppm; 13C NMR (150 MHz, chloroform-
d): δ = 199.1, 175.4, 170.2, 165.1, 146.5, 133.8, 130.4, 125.8, 120.6, 72.9, 61.0, 60.1, 59.0, 50.4, 47.4, 46.7,
45.0, 43.7, 40.8, 39.3, 39.2, 37.2, 34.5, 33.9, 32.7, 30.8, 29.3, 28.8, 27.4, 27.2, 23.9, 23.7, 21.3, 21.1, 20.5,
18.8, 18.3, 17.4, 14.1, 13.4 ppm; 19F NMR (564 MHz, chloroform-d): δ = -62.59 ppm; HRMS (ESI+): Found
(M+H+): 766.0004 C44H59F3N3O5 required 766.0002.

(3-(4-(4-Fluorophenyl)-1H-1,2,3-triazol-1-yl)propyl) 3b-acetyloxy-11-oxo-urs-12-en-24-oate (11c)

White gummy solid; yield = 74%; 1H NMR (600 MHz, chloroform-d): δ = 7.78 (dd, J = 8.5, 5.2 Hz, 2H), 7.74
(s, 1H), 7.10 (t, J = 8.3 Hz, 2H), 5.53 (s, 1H), 5.32 (d, J = 2.8 Hz, 1H), 4.49 (s, 2H), 4.20 (dt, J = 11.4, 5.8 Hz,
1H), 4.10 (q, J = 6.2 Hz, 1H), 2.56–2.50 (m, 1H), 2.40 (s, 1H), 2.34 (s, 2H), 2.17 (t, J = 14.5 Hz, 1H), 2.07 (s,
5H), 1.87 (dd, J = 13.4, 5.2 Hz, 1H), 1.83 (d, J = 11.2 Hz, 1H), 1.63 (d, J = 3.4 Hz, 2H), 1.52 (d, J = 11.1 Hz,
1H), 1.48–1.43 (m, 3H), 1.40–1.37 (m, 2H), 1.32 (s, 3H), 1.29 (s, 1H), 1.23 (d, J = 3.1 Hz, 3H), 1.18 (s, 3H),
1.15 (s, 3H), 1.04 (s, 3H), 1.01 (d, J = 3.8 Hz, 1H), 0.92 (s, 3H), 0.87 (d, J = 8.7 Hz, 1H), 0.80 (s, 3H), 0.78 (d,
J = 6.5 Hz, 3H) ppm; 13C NMR (150 MHz, chloroform-d): δ = 199.0, 175.4, 170.1, 164.9, 163.5, 147.0,
130.4, 127.5, 127.4, 126.6, 119.5, 115.8, 115.7, 72.9, 61.1, 60.2, 59.0, 50.4, 47.3, 46.8, 45.0, 43.7, 40.8,
39.3, 39.2, 37.2, 34.5, 33.9, 32.8, 30.8, 29.3, 28.8, 27.5, 27.2, 23.9, 23.7, 21.3, 20.5, 18.8, 18.3, 17.4, 13.4
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ppm; 19F NMR (564 MHz, chloroform-d): δ = -113.50 ppm; HRMS (ESI+): Found (M+H+): 716.4799
C43H59FN3O5 required 716.4801.

Methyl 1-(3-((3b-acetyloxy-11-oxo-urs-12-en-24carbonyl)oxy)propyl)-1H-1,2,3-triazole-4-carboxylate (11d)

White gummy solid; yield = 72%; 1H NMR (600 MHz, chloroform-d): δ = 8.10 (s, 1H), 5.53 (s, 1H), 5.30 (d, J
= 2.8 Hz, 1H), 4.50 (td, J = 6.9, 3.8 Hz, 2H), 4.17 (dd, J = 11.7, 5.9 Hz, 1H), 4.09–4.04 (m, 1H), 3.94 (s, 3H),
2.53 (dt, J = 13.4, 3.5 Hz, 1H), 2.40 (s, 1H), 2.32 (t, J = 6.5 Hz, 2H), 2.15 (t, J = 14.4 Hz, 1H), 2.08 (s, 4H),
1.89 (dd, J = 13.7, 5.1 Hz, 1H), 1.78 (dd, J = 24.9, 13.3 Hz, 3H), 1.67 (d, J = 17.0 Hz, 2H), 1.54 (s, 1H),
1.49–1.41 (m, 3H), 1.42–1.36 (m, 2H), 1.33 (s, 3H), 1.23 (s, 3H), 1.17 (d, J = 10.8 Hz, 6H), 1.04 (s, 3H),
0.93 (s, 3H), 0.87–0.84 (m, 2H), 0.80 (s, 3H), 0.78 (d, J = 6.4 Hz, 3H) ppm; 13C NMR (150 MHz, chloroform-
d): δ = 199.0, 175.4, 170.1, 164.9, 161.0, 130.4, 127.5, 72.9, 60.8, 60.2, 59.0, 52.2. 50.4, 47.6, 46.8, 45.0,
43.7, 40.9, 39.3, 39.2, 37.2, 34.5, 33.9, 32.8, 30.9, 29.6, 29.3, 28.8, 27.5, 27.2, 23.9, 23.6, 21.3, 21.1, 20.5,
18.8, 18.3, 17.4, 13.4 ppm; HRMS (ESI+): Found (M+Na+): 702.3879 C39H57N3O7Na required 702.3877.

In-vitro assay for CA II

In this assay, colorless 4-nitrophenyl acetate (4-NPA) is hydrolyzed to yellow 4-nitrophenol[27]. The assay
was carried out at 25 °C in 20 mM HEPES-Tris buffer of pH 7.4 in 96-well plate. Each well of 96-well plate
comprised 140 µL of HEPES-Tris buffer solution, 20 µL of fresh enzyme solution (0.1 mg/mL in buffer) of
purified bovine erythrocyte CA II and 20 µL of test compound in DMSO (10% final concentration). The
mixture of enzyme and inhibitor was pre-incubated for 15 min at room temperature to allow the formation
of the EI complex. After incubation, the reaction was initiated by adding of 20 µL substrate 4-NPA (0.7
mM). For kinetics studies 0.8, 0.4, 0.2 and 0.1 mM of substrate were used. It was followed by continuous
measurement of amount of product formed at l = 400 nm for 30 min at 1 min intervals in 96-well flat
bottom plates, using ELISA Reader xMARK Microplate spectrophotometer, BIORAD (USA). The activity of
control (in the absence of inhibitor) was taken as 100%. The measurements were taken in triplicates at
each used concentration [26,28].

The % inhibition was calculated by using the following formula:

% Inhibition = 100-(OD test well/OD control) ×100

Molecular Docking

The X-ray crystallographic structure of CA II in complex with carbon dioxide and bicarbonate ion (PDB
code: 2VVB, resolution: 1.66Å) was used in docking. The structures of all the compounds were prepared
on ChemDraw software and saved in mol format, then imported into MOE database where each molecule
was minimized with MMFF94x force field until an RMSD gradient of 0.1 kcal∙mol−1Å−1 was achieved,
and the partial charges were automatically applied on each molecule during the minimization process.
Hydrogen atoms and partial charges were added on the enzyme structure with the default settings of the
Protonate 3D protocol in MOE. The binding site was defined by selecting the residues of the allosteric
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site. Triangle Matcher placement method and London dG scoring function were used for docking. Later,
thirty docked conformations of each compound were saved for conformational sampling. The best
docked pose of each compound with respect to the docking score and binding interactions, was selected
for SAR analysis.

The logP, logS, and TPSA values of active compounds were calculated by MOE using the 3D-structures of
compounds, while gastro-intestinal absorption and blood brain barrier permeability was calculated
through SwissADME webserver (http://www.swissadme.ch/index.php).
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Figure 1
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Structures of ABA (1) and AKBA (2)

Figure 2

Chemical structures of some clinically used 1H-1,2,3-triazole derivatives.



Page 21/25

Figure 3

Selective previous work on 1H-1,2,3-triazole analogues, boswellic acids and current work on triazole
tethered boswellic acids.
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Figure 4

Carbonic anhydrase-II inhibition by compound 5, (A) Lineweaver-Burk plot of reciprocal rate of
reaction1/v against reciprocal of substrate 1/s (P-nitrophenyl acetate) in the absence (∆) and in the
presence of 6 µM (■), 9µM (□), 12 µM (●) 15 µM (○) of compound 5. (B) Secondary replot of
Lineweaver-Burk plot is between slopes of each line on the Line-weaver Burk vs different concentrations
of compound 5, and (C) Dixon plot reciprocal of rate of reaction vs different concentrations of compound
5.
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Figure 5

Carbonic anhydrase-II inhibition by compound 10b, (A) Lineweaver-Burk plot of reciprocal rate of
reaction1/v against reciprocal of substrate 1/s (P-nitrophenyl acetate) in the absence (∆) and in the
presence of 16 µM (■), 13 µM (□), 10 µM (●) 7 µM (○) of compound 10b. (B) Secondary replot of Line-
weaver Burk plot is between slopes of each line on Line-weaver Burk vs different concentrations of
compound 10b, and (C) Dixon plot reciprocal of rate of reaction vs different concentrations of compound
10b.
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Figure 6

3D-structure of human CA II is illustrated in purple in a surface model. The active site, allosteric sites (AS)
1, 2 and 3 are shown in red, green, yellow and coral surface, respectively. The active site residues are
presented in purple sticks, while the residues of AS1, AS2 and AS3 are shown in green, yellow and coral
stick models, respectively.

Figure 7

(A) The docked conformations of compounds 3, 5-8, 10a-10d, 11c and 11d are presented at the allosteric
site of human CA II. The binding mode of most active compound 5 is highlighted in box at the non-
competitive site of CA II. The binding residues of AS1 and AS2 are shown in green and yellow sticks,
respectively, ligand is presented in light grey stick model, H-bonds are shown in black lines and the bond
length is labelled in white color.
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