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Graphical Abstract

Synthesis and pharmacological properties of ndyuoaturring prenylated and pyranochalcones asnpatati-inflammatory

agents

Kongara Damoddt Jin-Kyung Kint, Jong-Gab Jin
“Department of Chemistry and Ingtitute of Natural Medicine, Hallym University, Chuncheon 200-702, Korea
® Department of Biomedical Science, College of Natural Science, Catholic University of Daegu, Gyeungsan-S 700-702, Korea

o) o)
1
O CLUTCO
HO OH OH HO OH o
R3 R? R? R1

R, R3=prenyl, R R*=H (kanzonol C)

R, R*=prenyl, R, R3=H (stipulin)

Rl =OMe, = prenyl, R, R*= H (crotaorixin)
RY, R?=H, R3 R*= prenyl (medicagenin)

R! =prenyl, R, R®, R*=H (licoagrochalcone A)
R! = prenyl, R =OMe, R, R*= H (abyssinone D)

7 Rl=H, R2= prenyl (paratocarpin C)
8 R!=prenyl, B=H (anthyllisone)
9 R'=0Me, R=H (3-O-methylabyssinone A)

o B W N P

A facile approach for the synthesis of naturallgwting prenylated and pyranochalcones is achiexgdioly Claisen-Schmidt
condensation as a key step. Subsequently, theimflaimmatory study revealed that the chalconearing the prenyl group at
3- and/or 5-position on ring A (acetophenone mojdtg., 1-4 and7 show weak, or no inhibition activity, whereas dusles
having the prenyl group only on ring B (aldehydetpa.e, 5 6 and 8 show significant activity on the production of
inflammatory mediated NO with no cytotoxicity.
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ARTICLE INFO ABSTRACT

Article history: An efficient approach has been developed for theh&gis of naturally occurringrenylate
Received 4 August 2015 chalconesiz. kanzonol C ), stipulin @), crotaorixin 8), medicagenin4), licoagrochalcone
Received in revised form 4 December 2015 (5) and abyssinone D6) along with the pyranochalcones paratocarpin/); gnthyllisone §)
Accepted 15 January 2016 and 30-methylabyssinone A9). The key step of the synthesis is a ClaiSehmid
Available online condensation. Subsequently, their anfiammatory effects were investigated

lipopolysaccharides (LPSs)-induced RAW-264.7 macages. Of the synthesizethalcone:
compounds (ICsp= 10.41 pmol/L)6 (ICso= 9.65 pmol/L) an®B (ICso= 15.34 pmol/L)shov

Keywords: remarkable activity with no cytotoxicity. Compoufd(ICso= 4.5 umol/L) exhibitsnaximun
Prenylated chalcone (83.6%) nitric oxide (NO) inhibition, but shows gtiit cytotoxicity. The results reveal that |
Pyr_anochalcor_w ) chalcones bearing the prenyl group at 3- and/ap$tipn on ring A (acetophenone moietiyg,,
Claisen-Schmidt condensation 1-4 and7 show weak, or no inhibition activity, whereas cales having the prenyl growply
Ann_-mﬂa}mmatory on ring B (aldehyde part).e, 5 6 and 8 show significantactivity on the production
Nitric oxide (NO) inflammatory mediated NO with no cytotoxicity.

1. Introduction

In multi-cellular organisms, inflammation is an lgaprotective, homeostatic response of a hostragi@ pathogenic challenge [1]
and is indicative of either acute or chronic inffaation. In normal conditions, this process is awtically regulated by the limiting
expression levels of pro-inflammatory cytokinest boder pathological conditions, macrophage stitiuialeads to an increase of
nitric oxide (NO) production. NO, short-lived freadical, can regulate various physiological funtsiéon the cardiovascular, nervous
and immune system [2}s Endogenous secretion fromrarginine is catalyzed by a family of nitric oxidgnthase (NOS) enzymes
viz. neuronal NOS (nNOS), endothelial NOS (eNOS) amftidéible NOS (iNOS). The first two are constitutivelxpressed and can
generate physiologically vital amounts of NO invadvchiefly in nerve function and blood regulatiohereas the later oneg, iNOS)
produces larger amounts (nano molar) in responsetious proinflammatory stimuli. Overproduction N causes cell damage
because of its highly reactive nature. Therefoffecgve control of NO accumulation by iNOS inhibit represents a beneficial
therapeutic strategy.

Nonsteroidal anti-inflammatory drugs (NSAIDs) ardssical steroidal anti-inflammatory drugs (SAlRsg currently used to treat
acute inflammation. Treatment of chronic inflamroativith these SAIDs and NSAIDs is not absolutelgcassful due to unexpected
side effects associated with these developed congsolHence, there is a need for the identificagiod development of safe, effective
and novel anti-inflammatory agents.

Bacterial lipopolysaccharides (LPSs) are the majoter surface membrane components present in alalb&ram-negative
bacteria and can induce the production of inflanamamediators including iNOS in diverse eukaryaiecies ranging from insects to
humans [3]Therefore, reducing the expression levels of LRfible inflammatory mediators is a promising metho attenuate a
variety of disorders derived from inflammation gayed by activated macrophages. RAW 264.7 is amaumacrophage cell line
which has been established as an excellent modeléen anti-inflammatory activity of bioactive qoounds.

Chalcones, as members of the flavonoid family, amistinguished class of naturally occurring, bibeccompounds with 1,3-
diaryl-2-propen-1-one skeleton. They are abundaptBsent in edible plants and are important precarin the biosynthesis of
flavonoids and isoflavonoids [4]. Primitive theraie applications of these plant-related, secondaeyabolites can be associated with
the thousand-year old use of plants and herbshfoitreatment of different medical disorders. Thesall and non-chiral chemical
templates possess a conjugated double bond andtiaelye delocalizedr-electron system on both benzene rings which gikies
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compounds non-linear optical properties [Bgcently, chalcones have been a subject of greaest around the globe in view of their
availability in nature, effortless synthesis, astlde structural modifications and multifariouslbgical activities. Various natural and
non-natural chalcones have been investigated asnflatnmatory [6],antioxidant [7]anticancer [8]antiprotozoal [9]antimicrobial
[10], antiviral [11], antibacterial [12]antihyperglycemic [13]antiplatelet aggregation [14ntiangiogenic [15]antiulcerative [16],
antitubercular [17]and antiplasmodial [1&gents. They have also shown inhibitory effectsexreral enzymes [19].

Continuing our interest on the synthesis and bicklgevaluation of chalcones as anti-inflammataygrats [20], herein we describe
the synthesis of natural prenylated and pyranochas using a Claisen—Schmidt condensation as astagy and present the
assessment of their anti-inflammatory effects.

Natural prenylated chalcones under the currentystimkanzonol C ) [21], stipulin @) [22], crotaorixin 8) [23], medicagenind)
[24], licoagrochalcone A5) [25] and abyssinone D6) [26] were isolated fronGlycyrrhiza eurycarpa, Dalbergia stipulacea,
Crotalaria orixensis, Crotalaria medicaginea, Glycyrrhiza glabra, andErythrina abyssinica, respectively (Fig. 1). Pyranochalcones
include in this investigation are paratocarpin @ [27], anthyllisone §) [28] and 3O-methylabyssinone A9j [29] which were
isolated fromParatocarpus Venezosa Zoll, Anthyllis hermanniae and Lonchocarpus nicou, respectively (Fig. 1). Synthesis of these
interesting compounds was not yet been reportepexor compound4 [30] and5 [31].

2. Experimental

All chemicals were obtained from commercial supgliand were used without further purification uslemted otherwise. All
solvents used for reactions were freshly distiliedm proper dehydrating agents under nitrogen dek.solvents used for
chromatography were purchased and directly useubwitfurther purification. Th&H NMR spectra were recorded at Varian Mercury-
300 MHz FT-NMR and 75 MHz fo’C NMR, with the chemical shifts} reported in parts per million (ppm) downfieldatve to
TMS and the coupling constantd) Quoted in Hz. CDGICD;OD/CD;COCD; was used as solvent and an internal standard. Mass
spectra were recorded using Agilent-5977E specttemélelting points were measured on a MEL-TEMPapparatus and were
uncorrected. Thin-layer chromatography (TLC) wagfggened on DC-Plastikfolien 60,,&(Merck, layer thickness 0.2 mm) plastic-
backedsilica gel plates and visualized by UV light (254 nm)staining with p-anisaldehyde. Chromatographic purification was
carried out using Kieselgel 60 (60-120 mesh, Merck)

2.1 General procedure for Claisen-Schmidt condensation reaction

To a stirred solution of acetophenone (0.25 mmuot) aromatic aldehyde (0.3 mmol, 1.2 equiv.) in Me@HnL) and HO (1 mL)
was added KOH (0.309 g, 5.5 mmol, 22 equiv.) amrthixture was stirred at room temperature for 72After completion of the
reaction, HO (25 mL) was added and extracted with EtOAc (Hx1.). The combined organic layer was washed witheb(2 x 40
mL), dried over anhydrous B8O, and concentrated in vacuo. The crude was purifiedolumn chromatography (EtOAc/hexane =
1/20 to 1/5) to obtain the allyl protected chalcone

2.2 General procedure for allyl group deprotection

To a stirred solution of di- or tri-allyloxy chalee (0.15 mmol) in anhydrous MeOH (2.5 mL) were allggCO; (0.124 g, 0.9
mmol, 6 equiv.) and Pd(PRh(2 mmol%) at room temperature and degassed fom2 Tiie reaction mixture was stirred af 60for 1-
1.5 h. After completion of the reaction, solventswamovedn vacuo. H,O (15 mL) was added to the crude, neutralized wiithv
addition of 1 mol/L HCI (1.5 mL) at 8C and then extracted with EtOAc (3 x 30 mL). Thenbined organic layer was washed with
brine (2 x 40 mL), dried over anhydrous 88, and concentrateth vacuo. The crude was purified by column chromatography
(EtOAc/hexane = 1/5 to 1/1, v/v) to obtain the pcinalcone.

Physical and spectroscopic characterization datlaeofompounds described in this article were gimeBupporting information.

3. Results and discussion
3.1 Chemistry

Our approach for the synthesis of the chalcdh@ss outlined in Schemes 1-4. The synthesis comntenéth the prenylation of
2,4-dihydroxyacetophenon#Q) following the literature procedure [31fcheme 1).

Treatment of compounti0 with BF;.EtLO followed by 2-methyl-but-3-en-2-ol addition atoro temperature afforded compounds
11-13. Subsequently, allyl protection 4D along with the prenylated acetophenot#&sl3 was accomplished with g@30s/Nal and
allyl bromide in DMF at 60C and the resulting productd-17 were each obtained in high yields.

Next, 4-hydroxybenzaldehydég) and vanillin (9) were transformed to their prenyl derivatives @uk 2). Treatment df8 and
19 with 3,3-dimethylallyl bromide using 1 mol/L NaG&fforded the aldehydeZ) and 21, respectively. Later, aldehyd&8-21 were
reacted with allyl bromide in the presence of@3;/Nal to generate the allyl protected aldehy2225 in high yields, respectively.
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Aldehyde part of pyranochalcongs was obtained from aldehyd#&8, 20 and 19 respectively (Scheme 3). Reaction of aldehydes
18-20 with 3-chloro-3-methyl-1-butyne using,&Os/KI and catalytic Cul in acetone under reflux gaeenpound<6-28 which were
subsequently converted to compoug€s31, respectively.

Keeping the allyl protected acetophenorigs17) and aromatic aldehyde®8X25 and29-31) in hand, next we executed the Claisen-
Schmidt condensation (Scheme 4). Treatment ofuhialde acetophenone with 1.2 equiv. of aromatitelyde using excess KOH in
MeOH:H,O (2:1) at room temperature produced the allyl gotetd chalcones32-40) in good to high yields. Finally, allyl group
deprotection was achieved usingdQO; and catalytic PA(PRJ (2 mol%) in anhydrous MeOH at B0 to furnish the desired natural
prenylated and pyranochalcori8. All the productsl-9 were structurally confirmed by their spectral NMR & **C NMR and MS)
data.

3.2. Pharmacology

To examine the anti-inflammatory effect of the $yedized chalconek9, we selected am vitro model with murine RAW 264.7
macrophage cell line, which is an established mémtednti-inflammatory drug screening. We assayedability of compounds-9 to
decrease NO release after LPS stimulation. The R&W?7 cells were incubated with LPS and 1 pmol/L@&pmol/L concentrations
of compoundd-9 for 24 h. Later, culture media were harvested aedamount of NO was measured. Compoundsand? exhibited
weak, or nosuppression oNO production at 10 pmol/L level (Table 1). On thtber hand, chalconés 6, 8 and9 were shown to
exhibit a moderate to good level of activity.

Next, cell viability was analyzed to check whethiee inhibitory effect was due to cytotoxicity. Aif the prepared chalcones
displayed no toxic effects, except compo@dvhich showed a slight cytotoxicity at 10 pumolkveél (Table 1). The I§values of
these natural chalconds9 were evaluated by using GraphPad Prism 4.0 sadtwad the values were 56.75, 35.40, 41.39, 29.09,
10.41, 9.65, 52.71, 15.34 and 4.50 umol/L, respelsti Based upon the results, it can be conclubdatidhalcones bearing the prenyl
group only on ring B (aldehyde parik., 5, 6 and8 are fruitful to show good anti-inflammatory activiby effective inhibition of NO
production with no cytotoxicity.

4. Conclusion

We have developed a simple and efficiapproachfor the synthesis ofnaturally occurring prenylated and pyranochalcoh&s
using the Claisen-Schmidt condensation as a kqy &tter, theiranti-inflammatory effects were evaluated in lipopolydaarides
(LPSs)-stimulated RAW-264.7 macrophages. Of thdcomes prepared in this study, compourkls$s and 8 showed remarkable
activities with no cytotoxicity. Compour@(ICso= 4.5 pmol/L) exhibited maximum (83.6%) nitric ogidNO) inhibition, but showed
a slight cytotoxicity. The results revealed that the chaghearing the prenyl group at 3- and/or 5-positioming A (acetophenone
part),i.e.,, 1-4 and7 showed weak or no inhibition activities, wherehalcones holding prenyl group only on ring B (algdd part),
i.e.,, 5, 6 and8 showed significant activities on the productionrdfammatory mediated NO with no cytotoxicity.
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Fig. 1. Structures of naturally occurring prenylated agchpochalconesl(9).
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Scheme 1. Synthesis of prenyl substituted acetophenones.dagnd conditions: (a) 2-methyl-but-3-en-2-ol3.BEO, 1,4-dioxane, r.t., 1 h. (b) allyl
bromide, CsCOy/Nal, DMF, 60°C, 5 h.
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18 R=H
19 R=0OMe

R! CHO
R
18 R,R'=H
19 R=0Me,R'=H

20 R=H,R'=prenyl
21 R =0OMe, R' = prenyl

20 R =H (24%)
21 R =OMe (18%)

R CHO
b
\/\Oji;/
R

22 R,R'=H(98%)

23 R=0Me, R'=H (98%)

24 R=H, R'= prenyl (97%)

25 R =0OMe, R'= prenyl (96%)

Scheme 2. Synthesis of prenyl substituted benzaldehydesg&ea and conditions: (a) 3,3-dimethylallyl bromi@enol/L NaOH, 0C —r.t., 2 h. (b) allyl
bromide, CsCO4y/Nal, DMF, 60C, 2 h.

R
18 R=H
19 R=0Me
20 R =prenyl

17+22
14+24 )
14+ 25 33

34
35
36
37

CHO Il CHO
_¢c o
HO o
R

26 R=H (82%)
27 R=OMe (97%)
28 R =prenyl (88%)

R, R® = prenyl, R? R'= H

R, R*=prenyl, B, R®=

Rl, = OMe, B = prenyl, RZ, R'=H
RL R2=H, R3 R*=prenyl
Rl=prenyl, R R}, R*=H

R, =OMe, R = prenyl, B, R*= H

= CHO
(¢]

R

29 R=H(92%)
30 R =OMe (93%)

31 R = prenyl (79%)
Scheme 3. Synthesis of substituted 2,2-dimethyl-2H-chromérearbaldehydes. Reagents and conditions: (a)@aBF-methyl-1-butyne, )CO;/KI, acetone,

reflux, 4.5 h. (b)N, N-diethylaniline, sealed tube, 210, 1.5 h.

16+24
LI
6+28 — = N o™ HO OH

O O b
14+31—»\/\O
14+30

38 R'=H, RZ: prenyl
39 R=prenyl, R=H
40 R'=0OMe, R=H

o
CLTCO
HO OH O
R? R

Scheme 4. Synthesis of naturally occurring prenylated anchpgchalcones.Reagents and conditions: (a) KOH, Mei@D (2:1), r.t., 72 h, 58%-90%. (b)
K2COs, Pd(PPH4, MeOH, 60°C, 1-1.5 h, 51%-89%.

Tablel.

Anti-inflammatory activities of naturally occurrimgrenylated and pyranochalcorie8.

Compd NO Production (% inhibitiorff Proliferatior 1Cso(1mol/L)
1 pmol/L 10 pmol/L | umol/L 10 pmol/L
Medium 1.13 +0.87 (98.87)** 1.13 + 0.87 (98.87)** 99.#74.23 99.77 £ 4.23
1 131.54 + 2.6 (-31.54) *=* 124.48 +10.29 (-24.48y* 112.35+15.75 93.56 +5.91 56.75
2 124.14 + 1.43 (-24.14) *** 103.13 +5.1 (-3.13) 108 +11.72 157.63 + 8.06* 35.40
3 124.98 + 6.49 (-24.98) *** 99.72 +11.36 (0.28) 132+ 15.75 113.36 + 8.80 41.39
4 116.27 + 2.95 (-16.27) *** 82.26 + 0.8 (17.74)** 08.03 +9.41 99.25+2.71 29.09
5 125.30 + 4.79 (-25.3)*** 53.58 + 2.41 (46.42)** 9 + 0.63 111.37 £11.13 10.41
6 120.10 + 2.03 (-20.1)*** 39.59 + 4.31 (60.41)** 986 + 3.26 103.85+2.0 9.65
7 124.2 £ 2.91 (-24.2)** 129.9 + 2.52 (-29.9)** 10%5 + 6.96 97.43 £2.22 52.71
8 119.20 + 0.64 (-19.2)** 58.09 + 0.94 (41.91)** B047 +2.86 98.24 +10.12 15.34
9 107.21 + 3.51 (-7.21)* 16.45 + 0.89 (83.55)** 166 + 5.82 92.74 + 1.40* 4.50
LPS 99.99 + 3.76 (0.01) 99.99 + 3.76 (0.01)
2The results are reported as mean value + SEM foBnStatistical significance is based on theediffice when compared with LPS-treated groupR €*
0.01, **P < 0.001).

® Inhibition is based on LPS as shown in parenthesis
°The results are reported as mean value + SEM foBnStatistical significance is based on the diffee when compared with Medium groupB € 0.05).
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