Synthesis of novel isoflavone/benzo-δ-sultam hybrids as potential antiinflammatory drugs
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Abstract
A small series of novel isoflavone/benzo-δ-sultam hybrids was synthesised and evaluated as potential antiinflammatory and neuroprotective drugs in LPS-activated BV2 microglia. The benzo-δ-sultam core was
constructed in a two-step reaction by coupling 2-halobenzenesulfonamide derivatives with terminal alkynes,
followed by a 6-endo-dig cyclisation. The synthesised compounds, including precursors and hybrids, were
tested for their ability to inhibit NO and TNF-α production in LPS-stimulated BV2 microglial cells, and the
results are promising. The most potent hybrid reduces the NO production to 41%, and the TNF-α to 34%
at 20 µM final concentration in the well.
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Neurodegenerative disorders are characterised by the progressive degeneration of the nervous system,
which leads to dysfunctional neurons, and ultimately to neuronal death. The high volume of research that
has been conducted in attempts to find a drug to delay or modify the course of neuronal degeneration has
led only to drugs that alleviate the symptoms.1-3 The same complexity leads to many potential targets to
treat these diseases, targets for which the underlying mechanisms are largely unknown. Thus, in an effort
to find a drug able to target multiple pathways of interest in treating these complex diseases, the synthesis
of hybrid compounds has garnered a considerable interest.4 Synthesising a hybrid that contains two or
more biologically active pharmacophores might lead to a potent multi-target-directed ligand, able to tackle
multiple targets of the underlying mechanism of the disease, with fewer side effects and increased
permeability through the blood brain barrier and bioavailability. Two pharmacophores that possess
interesting neuroprotective effects that might be able to treat the underlying disease are isoflavones and
benzo-δ-sultams.
Several synthetic and naturally occurring isoflavones (see Figure 1) have been shown to exhibit a wealth
of properties, including anti-inflammatory and neuroprotective properties. There are multiple ways through
which the isoflavones express their anti-inflammatory and neuroprotective activities, some of them involving

the inhibition of pro-inflammatory cytokines and mediators such as TNF-α and NO, inhibition of enzymes
such as AChE (acetylcholinesterase) and BuChE (butyrylcholinesterase), inhibition of β-amyloid
aggregation and antioxidant activity.5,

6

A common mechanism is the inhibition of pro-inflammatory

mediators which takes place through various signaling pathways such as NF-B and MAPKs.6, 7 One of the
most potent isoflavones is genistein (Figure 1). Genistein showed neuroprotection of the neurons affected
by radical damage via an antioxidant effect.8 Also, genistein prevented Aβ-induced neuroinflammation in
BV2 and C9 cells by inhibiting the generation of pro-inflammatory cytokines and mediators via the TLR4
and NF-B signaling pathway.9 In LPS-stimulated BV2 microglia, genistein suppressed the production of
pro-inflammatory cytokines by inhibiting the binding of LPS to toll-like receptor 4 (TLR4) and subsequent
activation of NF-κB.10

Figure 1. The chemical structures of some bioactive isoflavones.

Benzo-δ-sultams are well known nonsteroidal anti-inflammatory drugs (e.g. piroxicam, Figure 2), that
display a variety of biological activities such as anti-inflammatory, anticancer and antimicrobial, and help in
reducing pain and inflammation in the body.11-14 Piroxicam was reported to be neuroprotective in rotenone
and L-dopa-treated rats by protecting the nigral neurons, and enhancing the motor function.15 Meloxicam,
another benzosultam NSAID, also shown in Figure 2, was reported to inhibit the fipronil-induced apoptosis
in human neuroblastoma SH-SY5Y cells by suppressing the pro-inflammatory cytokines and ROS
generation,16 and was found to be neuroprotective in intranigral LPS rat model by reducing microglial
activation and dopaminergic neuron degeneration.17

Figure 2. The chemical structures of some bioactive benzosultam derivatives.

Neuroinflammation plays an important role in neurodegenerative disease pathogenesis, and is considered
to be caused to some extent by activated microglia. Microglia, the resident macrophage cells of the CNS,
are activated by various noxious agents and release pro-inflammatory cytokines and other mediators,
causing inflammation. If at the beginning of Aβ plaque formation microglia contribute to Aβ plaque
phagocytosis and clearance, continuous activation causes microglia to surround the Aβ plaques and
contribute to Aβ plaque formation and subsequent neuronal damage. 18 It was noted that upon >95%
microglia depletion for >6 months in the 5xFAD mouse model of Alzheimer Disease (AD), Aβ plaque
formation was prevented. Thus, removing the activated and dysfunctional microglia may prevent Aβ plaque

formation. Therefore, anti-inflammatory drugs that prevent microglia activation and subsequent production
of pro-inflammatory cytokines and mediators may have a beneficial effect in reducing the inflammation and
neurodegeneration, and could be a potential treatment for neurodegenerative diseases as the healthy
microglia cells would be able to engage in phagocytosis and remove the harmful agents.
As discussed, isoflavones and benzo-δ-sultams have been shown by several studies to exhibit antiinflammatory activity and neuroprotective effects by inhibiting neuroinflammation in BV2 microglia, but there
was no clear relationship between the chemical structure of the compounds and neuroprotective activity.1921

Also, due to the complexity of the neurodegenerative diseases, the mechanism by which isoflavones and

benzo-δ-sultams gain their neuroprotective effects is not yet fully understood. In this work, we describe the
synthesis of a series of isoflavone/benzo-δ-sultam hybrids with potential anti-inflammatory and
neuroprotective activity. The products were tested for their ability to inhibit NO and TNF-α production in
LPS-stimulated BV2 microglial cells.
The synthesis of the hybrids was achieved through a cascade process involving cross-coupling and
regioselective 6-endo-dig cyclisation.12,

22, 23

First, the benzo-δ-sultam was built on the (B) ring of the

isoflavone (Scheme 1). Reacting amine 1 with 2-bromobenzenesulfonyl chloride 2 in pyridine gave the
previously unreported benzenesulfonamide 3. One-pot Sonogashira coupling of 3 with phenylacetylene 4
and subsequent 6-endo-dig cyclization through hydroamination,22 led to the synthesis of isoflavone/benzoδ-sultam hybrid 6 alongside its precursor 5, the Sonogashira coupling product (method (b): 6, 10%; 5, 20%),
both of which are new molecules. The slow addition of the alkyne 4 (to avoid potential homocoupling of the
alkyne), and a better degassing of the solvent and reaction mixture (to avoid potential oxidation of the
catalysts) led to compound 6 being obtained in greater yield (54%, method (c)). It can be noted that the
coupling step is the step that determines the course of the reaction, so that improving the coupling reaction
may lead to a better yield. When THF was used as the solvent instead of DMF, compound 6 was obtained
only in trace amount.

Scheme 1. Synthesis of isoflavone/benzo-δ-sultam hybrid 6. Reagents and conditions: (a) 1. pyridine, 0 °C; 2. 80 °C,
2 h, 78%; (b) 1. Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), Et3N:DMF (1:2), N2, RT, 15 min; 2. 4, 70 °C, overnight (6,
10%; 5, 20%); (c) 1. Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), Et3N:DMF (1:2), N2, RT, 30 min; 2. 4 (over 1 h, in
DMF), 70 °C, overnight (6, 54%; 5, traces).

The known amine 1 was synthesised starting with the selective protection of 2,4-dihydroxyacetophenone 7
at the 4-hydroxy group using iodomethane to give 8,24 as shown in Scheme 1. The protected compound 8
was treated with N,N-dimethylformamide dimethyl acetal (DMF-DMA) to furnish the enamino ketone 9,
which was subsequently cyclised using pyridine and iodine to give the desired 3-iodo-4H-chromen-4-one
10, a known compound.25, 26 Suzuki-Miyaura coupling of 3-iodochromone 10 with 4-nitrophenylboronic acid
11 in the presence of [Pd(dppf)Cl2] as catalyst and Na2CO3 as base, led to formation of the nitro-isoflavone
12. The nitro-isoflavone 12 was reduced to amine 1 in the presence of iron powder and NH 4Cl in ethanol
(Scheme 2).27

Scheme 2. Synthesis of amine 1. Reagents and conditions: (a) CH3I (1 equiv.), K2CO3 (2 equiv.), acetone, RT,
overnight; (b) (CH3)2NCH(OCH3)2 (1.5 equiv.), 95 °C, 3 h; (c) I2 (2 equiv.), pyridine (1.1 equiv.), CHCl3, RT, 12 h, 89%
(over 3 steps); (d) [Pd(dppf)Cl2] (5 mol %), Na2CO3 (4 equiv.), toluene/ EtOH/H2O (10:5:1), 70 °C, 19 h, 80%; (e) Fe
powder, NH4Cl (in H2O), EtOH, 90 °C, 4 h, 95%.

A second approach to isoflavone/benzo-δ-sultam hybrids was also used. For this, the alkyne 13 was crosscoupled with various 2-halobenzenesulfonamide derivatives 14-18. Cyclisation of intermediates 19-21 in
the presence of Cu(I) or Ag(I) allowed us to obtain the isoflavone/benzo-δ-sultam hybrids 22-24 (See Table
1). The synthesis of intermediates 19-21, and hybrids 22-24, as can be seen in Table 1, was influenced by
several factors such as solvent, catalyst, halide, the degassing process and the method of addition of alkyne
13. An optimization reaction between 13 and 14/16 to obtain 22 was initially attempted (Table 1, methods
a-e). As catalyst, Pd(PPh3)2Cl2 worked best, and as solvent, DMF. Also, the slow addition of 13 (dissolved
in DMF) facilitated the cross-coupling. Method (c) gave the best yield of the desired product 22 (44% yield).
When method (c) was applied to the synthesis of compound 23, only starting material 15 was recovered.
Changing the solvent to THF, and the halide to the iodide 17 furnished 23 in 27% yield (method f). Changing
the catalyst to 10% Pd/C, adding PPh3 as ligand, and using 2-iodobenzenesulfonamide derivatives 16-18
(method g),28 led to the synthesis of both intermediates 19-21, and hybrids 22-24 in different ratios. The
separation of the intermediates from the hybrids was possible for compounds 19 and 22, but not for 20/23,
and 21/24, these being obtained as mixtures. Treating the intermediate 19 and the mixtures 20/23, 21/24
with AgNO3 and Et3N in EtOH,23 afforded the cyclised compounds 22, 23, 24 in excellent yields (for the C–
N bond forming reaction).29

Table 1. Synthesis of some hybrids of isoflavone with benzo-δ-sultam

Step i, reagents and conditions
(a) 1. Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), vacuum/N2 (x3); 2.
DMF, N2, 10 min; 3. 14, 13, Et3N, N2, 70 °C, 7 h
(b) 1. Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), vacuum/N2 (x3), THF,
N2, 5 min; 2. 14, 13, RT; 3. Et3N, 0 °C; 4. N2, 70 °C, 7 h
(c) 1. 14 or 15, vacuum/N2 (x3); 2. DMF/Et3N (2:1), N2, 10 min; 3.
Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), 20 min; 4. 13 (in DMF, over 2
h), 70 °C; 5. 70 °C, 15 h
(d) 1. 14, vacuum/N2 (x3); 2. DMF/Et3N (2:1), N2, 10 min; 3.
Pd(dppf)Cl2 (5 mol %), CuI (12 mol %), 20 min; 4. 13 (in DMF, over 1
h), 70 °C; 5. 70 °C, 15 h
(e) 1. 16, Pd(PPh3)2Cl2 (5 mol %), CuI (12 mol %), vacuum/N2 (x3); 2.
DMF/Et3N (2:1), N2, 30 min; 3. 13 (in DMF, over 1 h), 70 °C; 4. 70 °C,
14 h
(f) 1. 17, Pd(PPh3)2Cl2 (2 mol %), CuI (3 mol %), vacuum/N2 (x3); 2.
THF/Et3N (5:1), N2, 15 min; 3. 13 (in THF, over 15 min), RT, 1 h; 4. 60
°C, 40 h

Sulfonamide
14: X =Br, R = Ph
14: X =Br, R = Ph
14: X =Br, R = Ph
15: X =Br, R = Me
14: X =Br, R = Ph

Step ii, reagents
and conditions

Compound
(yield, %)

-

-

-

-

-

-

-

-

-

-

16: X =I, R = Ph

19 (23%)
16 (50%)

-

-

17: X =I, R = Me

23 (27%)

-

-

16: X =I, R = Ph
(g) 1. 16-18, 10% Pd/C (3 mol %), PPh3 (12 mol %), CuI (5 mol %), 13,
vacuum/N2 (x3); 2. MeCN, 10 min, N2, 0 °C; 3. Et3N, N2, 0 °C, 5 min;
4. 80 °C, overnight

Compound (yield or
recovery, %)
22 (18%)
14 (72%)
22 (5%)
14 (64%)
22 (44%)
14 (51%)
15 (86%)
19 (18%)
14 (67%)
13 (6%)

17: X =I, R = Me
18: X =I, R = PMB

22 (32%)
19 (17%)
16 (32%)
20/23 (1:1)
17 (36%)
21/24 (10:1)
18 (11%)

(h) AgNO3 (20 mol
%), Et3N, EtOH,
N2, 80 °C, 10 min

22 (92%, from
19)
23 (41%, over 2
steps)
24 (31%, over 2
steps)

The known alkyne 13 was synthesised by a modified literature method which involved coupling of
(trimethylsilyl)acetylene 25 or (triethylsilyl)acetylene 26 with 3-iodo-7-methoxy-4H-chromen-4-one 10 to
give the protected derivatives 27 and 28 (Scheme 3). Subsequent deprotection of 27 and 28 by using
TBAF and D-camphor-10-sulfonic acid (CSA) in THF provided a high yield of the desired 3-ethynyl-7methoxy-4H-chromen-4-one 13.30 When TBAF was used without CSA, and a mixture of methanol and
THF (1:1) was used as solvent, the desired product was not obtained. It was reported in the literature
that the deprotected derivative 13 undergoes hydrolysis and acetal formation in the presence of
alcohols.31 Also when only TBAF in THF was used, literature reported that the deprotected alkyne was
obtained in 27% yield.32 D-camphor-10-sulfonic acid (CSA) was synthesised as previously reported. 33

Scheme 3. Synthesis of 3-ethynyl-7-methoxy-4H-chromen-4-one 13. Reagents and conditions: (a) 1.
[Pd(PPh3)2Cl2] (3 mol %), CuI (20 mol %), THF, TEA, N2, 0 °C; 2. 3 h, RT, N2, 82-88%; (b) 1. TBAF, CSA, THF, 0
°C; 2. RT, 3 h, 85-94%.

The required known sulfonamides 14-17 were readily obtained from 2-halobenzenesulfonyl chloride 2
or 29 and the corresponding amines 30 and 31 (Scheme 4). With the hope of obtaining a benzo-δsultam with an NH, the previously unreported sulfonamide 18, with PMB as a protecting group, was
also synthesised.

Scheme 4. Synthesis of 2-bromo or 2-iodobenzenesulfonamide derivatives. Reagents and conditions: (a) 14: X =
Br, R = Ph; pyridine, 80 °C, 1 h, 96 %; (b) 15: X = Br, R = Me; 1. MeNH2 (40% in H2O), THF, 0 °C, 10 min; 2. RT,
3 h, 90%; (c) 16: X = I, R = Ph; 1. pyridine, DCM, 0 °C; 2. RT, overnight, 97%; (d) 17: X = I, R = Me; 1. MeNH2
(40% in H2O), THF, 0 °C, 5 min; 2. RT, 3 h, 95%; (e) 18: X = I, R = PMB; Et3N, DCM, 0 °C; 2. RT, overnight,
97%.

A mechanism for the Cu- or Ag-mediated cyclization of the alkynes 5, and 19-21 to give the benzo-δsultam 6, and 22-24, can be proposed based upon work by Barange et al., and starts with the
coordination of the alkyne to M(I) and formation of a π-complex A-1 (Scheme 5).28 The base, Et3N,
activates the N atom of the sulfonamide group, resulting in a regioselective 6-endo-dig nucleophilic
attack onto the π-complex A-1, and the formation of a M(I)-vinyl species A-2. Subsequent in situ

protonation furnishes the desired benzo-δ-sultams 6, 22-24. It has been reported that the M(I)-vinyl
species may undergo allylation instead of protonation if some allyl halides are present in the reaction
mixture.28

Scheme 5. Proposed mechanism for the formation of benzo-δ-sultam.28

The 6-endo-dig ring closure was confirmed by 2D NOESY and HMBC, the endo-dig cyclisation being
favoured possibly due to less geometric constraint.28 The 6-endo-dig ring closure was also confirmed
by the single crystal X-ray analysis of 22 (Figure 3).34

Figure 3. X-ray structure of isoflavone/benzo-δ-sultam hybrid 22.

The PMB-protected hybrid 24 was deprotected using trifluoroacetic acid35 to furnish δ-sultam 33 in fair
yield (53%, Scheme 6).

Scheme 6. Deprotection of PMB. Reagents and conditions: CF3COOH, N2, RT, 6 h, 53%.

A rapid screening of the synthesised compounds was performed on LPS-activated BV2 mouse
microglial cells to determine compound potential as anti-inflammatory drugs.36 Comparisons were made
to the known37-39 anti-inflammatory isoflavone natural products daidzein and biochanin A, the structures
of which are shown in Figure 1. Cell viability and NO inhibitory activity were evaluated at 20 µM
compound concentration for the synthesised compounds, and compared to those of daidzein and
biochanin A, as shown in Figures 4 and 5 (daidzein is compound 34, and biochanin A is compound 35).
We also determined TNF-α inhibitory activity for the most active compounds, based upon comparisons
to the controls daidzein 34 and biochanin A 35, as described below. Daidzein37 and biochanin A38, 39
were chosen as they have good cell viability and are known to inhibit the production of NO and TNF-α
in LPS-activated BV2 cells. The screening results revealed that most of the synthesised compounds
may have anti-inflammatory activity, and therefore be neuroprotective by inhibiting the pro-inflammatory
mediators that damage neurons. This way, it is expected that the synthesised compounds may be able
to inhibit the microglia activation or shift the potential neurodegenerative role of activated microglia back
to its neuroprotective role.
Cell viability was evaluated using the XTT assay after incubating the cells for 24 h in the presence or
absence of synthesised compounds.40 The assay was performed to show that the tested compounds
(20 µM compound concentration) are not cytotoxic to the BV2 cells, and to demonstrate that the
reduction of NO and TNF-α production is not due to cytotoxicity of the compounds. In most cases the
compounds were non-toxic as there was no significant difference between control cells and the cells
treated with the synthesised compounds (Figure 4). Intermediates 5 and 19, and hybrids 6 and 33
slightly affected the viability of the cells, while precursor 13 (49% cell viability) affected significantly the
viability of the cells. With the control compound biochanin A having a cell viability of ~76% ± 6% (Figure
4), we selected ≥80% as the threshold for an acceptable cell viability (as seen in Figure 4, daidzein
showed a cell viability much higher than 80%). Other studies37-39 have also shown that daidzein and
biochanin A show low cell toxicity to BV2 cells at these concentrations.
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Figure 4. Cell viability of BV2 microglia cells treated with the synthesised compounds. LPS-activated BV2
microglia cells were treated or not with the synthesised compounds (20 µM) for 24 h, then with XTT solution for 2
h. Values are expressed as mean ± SEM for three experiments. Statistical analysis was performed using oneway ANOVA with post-hoc Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01, ***p < 0.001 in comparison
with to negative control cells that contained the amount of DMSO used to add the compound solutions in the cell
medium (- D, 100%).

Nitric oxide (•N=O) production was measured indirectly through NO2ˉ production, a stable NO
breakdown product, by using the Griess Assay.41 NO is a multifunctional mediator found in most cells
of the body.42 NO is generated from L-arginine by NO synthase, and is a powerful neurotransmitter, an
immune defence molecule, and endothelium-derived relaxing factor. In inflammation, NO is produced
in higher quantities and acts as a cytotoxic effector molecule to remove noxious agents. However,
overproduction damages the healthy tissues and NO becomes an inflammatory mediator leading
sometimes to cell death. It can be seen in Figure 5 that NO is produced in small amounts in normal
cells (20% NO production), but when the cells are LPS-activated, NO production increases significantly
(100% NO production). There is a great interest in compounds that inhibit NO production, since they
may have beneficial effects in various diseases including neurodegenerative diseases.
Synthesised compounds (20 µM) were tested for their ability to inhibit NO production in LPS-activated
BV2 microglial cells and were again compared to the isoflavone natural products daidzein and biochanin
A (Figure 5), chosen because of their known37-39 ability to inhibit the production of NO in LPS-activated
BV2 cells. Activating the cells with LPS led to a significant increase in NO production compared to
control cells. Treating the LPS-activated cells with the synthesised compounds resulted in a significant
inhibition of NO production, with 10 (21% NO production) and 27 (21%) being the most active, followed
by hybrids 33 (24%) and 24 (41%), and isoflavones 3 (26%) and 1 (42%). The benzo-δsultam/isoflavone hybrids 6, 22-24, and 33 were active, significantly decreasing the NO production.
In general, the sulfonamides 3, 5, and 19 showed reasonable NO inhibition but showed some level of
cell toxicity. The N-aryl substituted sultams 22 and 24 were active as NO inhibitors and showed good
cell viability. Replacement of the N-aryl group with an NH (33) improved NO inhibition, but decreased
cell viability, whereas replacement with N-methyl (23) significantly decreased NO inhibition activity. Nmethyl sulfonamides (15, 17, 23) in general showed poor NO inhibition. The p-nitro-substituted

isoflavone 12 was not toxic to cells, but did not inhibit NO, whereas the corresponding p-amino
compound 1 showed good inhibitory activity and is perhaps the compound that is most similar to the
natural isoflavones. The simple alkynyl compound 21 was very active, but also cytotoxic, whereas the
corresponding trimethylsilyl alkyne 27 was just as active but less toxic. The simple iodo compound 10
was one of the least cytotoxic and most potent NO inhibitors tested, revealing that simple substituted
chromones still offer interest.
The biochanin A and daidzein control compounds in Figure 5 inhibit NO production at levels of 41% ±
4% and 35% ± 2%, respectively. In order to select isoflavone/chromone compounds for further study,
we used the ≥80% cell-viability figure from above together with the NO control data for biochanin A and
daidzein, which led us to use ≤45% NO production as the NO selection criteria.
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Figure 5. NO production in LPS-activated BV2 microglia cells. LPS-activated BV2 microglia cells were treated or
not with the synthesised compounds (20 µM) for 24 h. The supernatants were collected, and NO was assessed
using Griess assay. Values are expressed as mean ± SEM for three experiments. Statistical analysis was
performed using one-way ANOVA with post-hoc Tukey’s multiple comparisons test. **p < 0.01, ***p < 0.001 in
comparison with LPS control.

An important pro-inflammatory cytokine in activated microglia and subsequently in neuroinflammation
is tumour necrosis factor α (TNF-α). TNF-α, in low concentrations, may protect the brain and act as a
defence mechanism.43 However,

in higher concentrations TNF-α may promote neuronal

degeneration.44
TNF-α production was assessed using the enzyme-linked immunosorbent assay (ELISA) on
supernatants collected from LPS-activated BV2 microglia cells treated or not with the corresponding
compounds.45 On the basis of the rapid screening results discussed above, just three
isoflavone/chromone compounds showing good cell viability (≥ 80%) with high inhibition of NO
production (≤ 45% production of NO) were assessed. The results are presented in Figure 6. The
negative control presented a small TNF-α production of 12%, while the activation of the cells with LPS
(100 ng/mL) led to a significant increase in TNF-α production and acted as the positive control. Treating
the LPS-activated cells with simple isoflavone 1, TNF-α production was reduced to 55%, 1 showing
only moderate inhibitory activity of TNF-α. The 3-iodochromenone 10 and the only benzosultam
screened, compound 24, showed good inhibitory activity, significantly reducing the TNF-α production

to 26% and 34% respectively. At the same concentration, biochanin A was assessed as bringing about
a similarly significant reduction (to ~33%) in the production of LPS-induced inflammatory TNF-α in BV2
cells,39 and also showed significant activity at lower concentrations.38 Daidzein37 is less active.
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Figure 6. TNF-α production in LPS-activated BV2 microglia cells. LPS-activated BV2 microglia cells were treated
or not with compounds 1, 10 or 24 (20 µM) for 24 h. The supernatants were collected and TNF-α was assessed
using ELISA. Data are expressed as mean ± SEM for three experiments. Statistical analysis was performed
using one-way ANOVA with post-hoc Tukey’s multiple comparisons test. **p < 0.01, ***p < 0.001 in comparison
with LPS control.

In order to provide us with some further information into the potential of these compounds, we used the
predicted pharmacokinetic properties presented in Table 2. Whilst actual pharmacokinetic experiments
were beyond the scope of this study, these in silico predictions offer some useful insights. Thus, most
of the synthesised compounds are predicted to permeate the blood-brain barrier (BBB), an important
factor for CNS drugs.46 Also, most of the compounds present good predicted human intestinal
absorption, and low to good aqueous solubility. These factors indicate that the compound might be
administered orally, in relatively small concentrations, and are predicted to be in solution at the place
of absorption, with good predicted absorption.47
We find it of interest that compounds 1, 3, 10, 24, 27 and 33, all of which showed significant antiinflammatory activity, also exhibit promising predicted BBB permeability (medium level) and good
solubility and absorption, making them good candidates for further development of neuroprotective
drugs. Compounds 10 and 24, our most promising compounds, show acceptable predicted
pharmacokinetic data, and also show non-experimental molecular descriptors (MW ≤ 1000, HBA ≤ 16,
HBD ≤ 6, RB ≤ 20, PSA ≤ 250) that are within recently assessed sensible ranges for potential drug
candidates and leads.48, 49

Table 2. In silico prediction of some pharmacokinetic properties for synthesised compounds

Compound
No
1
3
5

MW

HBD

HBA

RB

AlogP98

PSA 2D

267.28
486.34
507.56

1
1
1

4
5
5

2
5
7

2.10
4.09
5.45

61.70
82.57
82.57

BBB
Level
2
2
4

SL

AL

3
2
1

0
0
1

6
10
12
13
14
15
16
17
18
19
22
23
24
27
33

507.56
302.07
297.26
200.19
312.18
250.11
359.18
297.11
403.24
431.46
431.46
369.39
475.51
272.37
355.37

0
0
0
0
1
1
1
1
1
1
0
0
0
0
1

5
3
5
3
2
2
2
2
3
5
5
5
6
3
5

4
1
3
1
3
2
3
2
5
6
3
2
5
3
2

4.98
1.65
2.74
2.46
3.07
1.49
2.90
1.32
2.89
3.93
3.46
1.89
3.45
3.30
1.68

73.12
35.16
77.98
35.16
47.41
47.41
47.41
47.41
56.34
82.57
73.12
73.12
82.05
35.16
82.57

1
2
3
1
1
2
2
2
2
2
2
3
2
1
3

1
3
2
3
2
3
3
3
3
2
2
3
2
2
3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MW: molecular weight; HBD: H-bond donors; HBA: H-bond acceptors; RB: rotatable bonds; AlogP98: lipophilicity
(logarithm of the partition coefficient between octanol and water, atom-type value); PSA-2D: two-dimensional polar
surface area; BBB level: blood-brain barrier permeation level (0 = very high; 1 = high; 2 = medium; 3 = low; 4 =
undefined); SL: solubility level, predicted level of aqueous solubility in water at 25 °C (1 = very low; 2 = low; 3 =
good; 4 = optimal; 5 = very soluble); AL: absorption level, predicted level of human intestinal absorption (0 = good;
1 = moderate; 2 = low; 3 = very low).

To conclude, the synthesis of five novel benzo-δ-sultam/isoflavone hybrids 6, 22-24 and 33 was
achieved using a two-step reaction by coupling 2-halobenzenesulfonamide derivatives with terminal
alkynes, followed by a 6-endo-dig cyclisation. The anti-inflammatory activity of the benzo-δsultam/isoflavone hybrids and some of their precursors was assessed using LPS-stimulated BV2 cells.
Cell viability, and NO inhibition assays results showed that several compounds are active and not
cytotoxic at the concentrations investigated. Three of the most active, non-cytotoxic compounds
performed better than the daidzein and biochanin A controls, and so were evaluated for their inhibitory
activity towards TNF-α production, revealing precursor 10 and benzo-δ-sultam/isoflavone hybrid 24 as
the most active, with activity levels comparable to those reported for biochanin A: these compounds will
be taken forward for further pharmacological evaluation.
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