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Abstract: [6]-Shogaol () was isolated fronZingiber officinale Twelve novel compounds have been synthesizedealdated
for their Brugia malayithymidylate kinase (BmTMK) inhibition activity, wblh plays important role for the DNA synthesis in
parasite. [6]-Shogaollj and shogaol with thymine head gro@p, G-bromouracil head groug)( adenine head groug)(and 2-
amino-3-methylpyridine head group)(showed potential inhibitory effect on BmTMK adtiw Further molecular docking
studies were carried out to explore the putativelipig mode of compoundsb.
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1. Introduction

Filariasis is a challenging problem for tropicalasubtropical countries, about 140 million peoplarld-wide are affected and
about 1.20 billion people are at risk of infectidj. Human lymphatic filariasis is mainly caused ttwe parasite$Vuchereria
bancrofti and Brugia malayi Lymphatic filariasis (LF) is a complex human ictien with a wide spectrum of clinical
manifestations. Although the most active antifaédidrugs diethylcarbamazine (DEC), ivermectin alietradazole are effective
against microfilariae (mf) stage, they are unallekill adult parasite which produces millions of ardfilariae and are
responsible for the chronic pathological lesions [Rdications of resistance have also been redofte albendazole and
ivermectin [3,4]. So there is an urgent need toettgy new antifilarial drugs having effectivenessiagt both the adult and
microfilariae stages of the parasite. Ginger suggethat enzyme inhibitors can be used as drugarggting selected enzyme
involved in essential metabolic pathways which nhey lethal to parasite [5Thymidylate kinase (EC 2.7.4.9, ATP:TMP
phosphotransferase, TMPK), has emerged as an tattratierapeutic target as it catalyzes the conwersf thymidine
monophosphate (dTMP) into thymidine diphosphateD(E) (Figure 1) in the presence of ATP as the prefephosphoryl
donor. This is an obligatory step in the synthes$ithymidine triphosphate (dTTP) either from thymiel via thymidine kinase
(salvage pathway) or from dUMP via thymidylate $waste in all living cells [6]. Therefore the inhibit of TMK function can
block DNA synthesis in the replicating organism§ [’MK phosphorylates thymidine monophosphate (dJNdthymidine
diphosphate (dTDP), using ATP as a phosphoryl dfgloin addition, TMK is the last specific enzyrirethe pathway for the
synthesis of thymidine triphosphate (dTTP), whiglan essential component in DNA synthesis [8].

Recently we cloned, expressed and characteBredia malayithymidylate kinase (BmTMK), which showed substrate
specificity and utilizes pyrimidine nucleosides ynin our studies nucleoside analogues selectivéiibited the BmTMK as
compared to human TMland the specificity of nucleoside analogues waglatdd by docking studies [9h continuation of
this program to develop BmTMK inhibitors, we scredrfew natural products available in our laboratang discovered the
activity in [6]-Shogaol isolated froringiber officinale Shogaols and gingerols have been identified as awine and pungent
constituents from the plant, Gingéet, officinale(Zingiberaceae). Shogaols are dehydrated proadigisgerols. Ginger is used
world-wide not only as a spice in culinary prepanag, but also in various folk medicines againffedent ailments. It has found
to have antioxidant, anticancer, antimicrobial, aamti-inflammatory properties [10]. Molecular tatgenvolved in their



therapeutic properties include matrix metallopmmases MMP-2 and MMP-9 [11], nuclear-factor-kB (NB}k [12],
cyclooxygenase (COX) and lipooxygenase (LOX) [18hd peroxisome proliferator-activated receptor (RPA[14]. In
addition, gingerols and shogaols have been repddeactivate the transient receptor potential ceénTRPV1 [15] and
TRPAL [16], which belong respectively to the TRRMilloid) and TRPA (ankyrin) subfamilies of theda transient receptor
potential (TRP) cation channel family [17].

Most of the reported TMK inhibitors are thymidinertved (Figure 2) [18-24]. Although, inhibitor dgai has been
enhanced by utilizing protein structures, compua@ted design, and quantitative structure-activigyationship (QSAR)
methods, the thymine head group of the inhibitbrsgs remains the same (Figure 2). We desiredttodace the thymine head
group into the natural products i.e. [6]-shogadhtprove their TMK inhibitory activity. We hereireport the synthesis, enzyme
inhibitory activity and molecular docking studymdvel derivatives of [6]-shogaol & malayiTMK inhibitors.

2. Chemistry
2.1. Isolation of [6]-Shogaol fromZ. officinale

The fresh ginger rhizomes were collected from laovakket of Lucknow (India). The rhizomes (5kg) werg and
powdered and placed in a glass percolator with @8#éanol and allowed to stand at room temperatur@4oh. The percolate
was collected and this process was repeated fortimes. The combined percolates were concentnaeer reduced pressure
using rotary evaporator at 4D to get brown residual mass. This residue wadifraated using chloroform to get chloroform
soluble fraction which was further subjected taucoh chromatography on silica gel using ethylacedatk n-hexane as solvent
system to obtain [6]-shogaol and [6]-gingerol (FigyB).

2.2. Synthesis of target compounds

Targeted [6]-shogaol derivatives were synthesizédgiScheme 1 and Scheme 2. We applied the azaablickaction
for synthesizing the target compounds. Two serfampounds have been synthesized. In the firg¢sécompound2-4, 2a-
2f) [6]-shogaol was transformed to aza-Michael praeslweith thymine and adenine which were further sfarmed to esters
(scheme 1 and scheme 2) using appropriate acididédoin the presence of triethylamine as base. Sdwnd series of
compounds-7 and6a) have been synthesized from 2-aminopicolines uiagsame procedures.

3. Results and Discussion
3.1. BmTMK Inhibitory activity

All of the synthesized compounds (twelve) with flegaol were screened for their inhibitory activagainst
recombinanB. malayithymidylate kinase (BmTMK). Since the standard loioir of the BmTMK is not known therefore the
Km value of BmTMK for its substrate dTMP can be sidered as a control. The calculated Km value fgmidine
monophosphate (dTMP) is 17.00uM. Thus, the compsirading Ki value lower than 17 pM will show moréiraty for the
enzyme hence should be considered as more actgeltR are shown in Table 1. Compoutigsand5 showed better activity
profile with Ki value 10.78+0.55uM, 6.57+0.42uM, 8.32+0.39uM, ¢@H0uM, 11.06+0.50 uM respectively. It is noteviagrt
to mention here that shogaol with thymine head gr@) showed the most potent activity (6.57 uM). Coomub3 with 5-
bromouracil head group, compouddvith adenine group and compoubdvith a 2-amino-3-methylpyridine group in place of
thymine head group also showed better inhibitofgatfon BmTMK activity. Compoundga, 2k 2d, 2e, 2f, 6, 6a, and7
showed poor activity withi 66.12+3.40 pM, 45.68+2.50 uM, 20.05+1.05 pM, 26802 uM, 44.41+2.43 uM, 21.57+1.35
MM, 30.45+1.75 uM, 40.60£1.86 puM, respectively ampared to the control (dTMKm=17.00 uM). From the above data the
structure activity relationship indicated that gaiton of phenolic hydroxyl group (as in compougds 2b, 2d, 2e, 2f, 6a and
7) results in poor activity. On the other hand, compds having free phenolic hydroxyl group with thgenor adenine or 2-
amino-3-methylpyridine group (as ir4 and5), showed better activity which suggests that freenolic group and head group
is crucial for activity.

3.2. Molecular docking studies



We investigated the possible binding pose of maetioinhibitors {-4 and5) in TMP binding site of BmTMK. Due to
lack of crystal structure of BmTMK, a homology mbees constructed using the crystal structure ofmaoTMK (HSTMK)
andPlasmodium falciparurfMK (PfTMK) [9]. Crystal structure of HSTMK witht$ substrate shows that, thymine ring of TMP
makesr-n stacking interaction with Phe72 (Fig.4a). Apadnfr this, one of carbonyl groups of thymine rindrigolved in H-
bonding with side chain of Arg76. Docking studiesng Autodock4.2 revealed that binding conformatidmparent compound
[6]-shogaoll and its derivatives (Fig.4b, 4c, 4d, 4e and 4B aonsistent with the experimentally derived TMPurtd
conformation [9,25]. We observed that, feruloyl @woof inhibitors occupied the narrow cavity and aged inn-n stacking
interaction with Phe73 residue. Besides the hydsbfhinteraction, H-bond between phenolic hydroggdup and His70 was
found to be important for activity. However Arg7&r§76 in HsTMK) was not involved in H-bonding wieimy of inhibitors, in
this case H—bond with His70 may have compensafiiegte We observed that protection of phenolic loygt group resulted in
loss of activity, which in turn validates the imgarce of H-bond with His70. Through computatiortably we did not establish
the effect of substitution @tposition to keto group of parent compound as dated binding affinities of all compounds were
almost similar. In the previous studies [9] fewidegs inside/near TMP binding of BmTMK were higliligd, which differs
from HSTMK. Interestingly thymine ring and adeniriag of compound2 and 4 respectively found to make H-bond with
Tyrl06, a residue which is substituted by Phe10BsmMK. Docking simulation was also carried outhwiisTMK, to reveal
any possible differences in binding pose of membimhibitors in the TMP binding site. In case THIK (see supporting
information), feruloyl group of all inhibitors werfeund to be involved im-x stacking interaction with Phe72, as also seen in
BmTMK. In addition, phenolic group of all inhibitemvere involved in H-bonding with Arg76. Also thedraction pattern di-
substituents of [6]-shogaol derivatives were défdrfrom those observed in the case of BmTMK. mdbrrent study we do not
see major differences in the binding modes of camgs when compared to TMP binding pocket of HSTMidwever
consideration of receptor flexibility might help jpointing the exact binding mode. The above doclshglies reveal the
putative binding pose of [6]-shogadl, and its derivatives, which may help in design apdimization of novel BmTMK
inhibitors.

4. Conclusion

In conclusion, we isolated [6]-shogaol frafn officinaleand discovered itB. malayithymidylate kinase (BmTMK)
inhibitory activity for the first time. Twelve noeompoundsZ, 2a-f, 3-6, 6aand 7) have been synthesized and evaluated for
their inhibitory effectagainstB. malayithymidylate kinase (BmTMK) activity. Compounds4 and 5 showed potential
inhibitory activity profile with Ki value 10.78+ 0.55 pM, 6.57+0.42 puM, 8.32+0.39 p90N1+0.50 pM, 11.06+0.54 M
respectively. A homology model was constructed gishe crystal structure of HumanTMK (HsTMK) aRd falciparumTMK
(PfTMK) and docking studies were carried out, whieliealed that binding conformation of parent coumub[6]-shogaoll
and its derivative®-5 (Fig. 4b, 4c, 4d, 4e and 4f) are consistent withexperimentally derived TMP bound conformatid}- [
Shogaol without a thymine head group),(and shogaol with thymine2), 5-bromouracil ), adenine 4 and 2-amino-3-
methylpyridine b) head groups also showed better activity thasutsstrate (dTMP) and compou@ds of further interest to
explore.

5. Experimental
5.1. Chemistry

5.1.1. General Information

All reagents were procured from commercial suppland were used without further purification. Chavography was
carried on silica gel (60-120 and 100-200 mesh)rédctions were monitored by TLC; silica gel ptatith fluorescence F254
were used*H NMR and**C NMR spectra were determined on 400 MHz and 10(Messpectively, using CDEand CROD
as solvents and TMS as internal standard. All chahshifts were given in (ppm). IR spectra wereorded on in the range of
500~400crit and multiplicity (s = singlet, brs = broad singleét= doublet, brd = broad doublet, dd = doublehdet, t = triplet,
g = quartet, m = multiplet).

5.1.2. General procedure for the synthesis of compnods 2-7

Nitrogenous compounds (1eq. each) viz. thymine Zjois-bromouracil (for3), adenine (fod), were first dissolved in warm
DMSO. To this solution TEA and a solution of [6]<®faol (1eq.) in DMSO was added. Reaction mixture stared at room
temperature for 24 h. The crude product was extdaasing ethyl acetate (3x50 mL). The combined micgkayers were dried



over NaSQ, filtered, and concentrated under reduced pressuget crude product as a syrupy residue which fueker
purified by flash chromatography to afford the esponding pure product.

5.1.2.1. 1-(1-(4-Hydroxy-3-methoxyphenyl)-3-oxodeaas-yl)-5-methylpyrimidine-2,4-(1H,3H)-dione (2)

Yield: 67%; FT-IR (Neat, cf): 3416, 3022, 1673, 1216, 76® NMR (400 MHz, CDC}) & (ppm): 9.36 (s, 1H), 6.99 (S, 1H),
6.79 (d,J = 7.97 Hz, 1H), 6.65 (d, 1H), 6.60 @z 7.77 Hz, 1H), 5.92 (br s, 1H), 4.43 (m, 1H),43(8, 3H), 3.14 (dd, 1H), 2.78

(t, 2H), 2.71 (t, 2H), 2.67 (dd, 1H), 2.62 (s, 3R)16 (s, 2H), 1.90 (s, 3H), 1.60 (m, 1H), 1.25 @H), 0.86 (t, 3H)*C NMR
(100 MHz, CDC})) & (ppm): 207.66, 164.17, 150.81, 146.62, 144.10,1810132.32, 120.72, 114.58, 111.19, 110.12, 55.90,
46.04, 44.66, 40.83, 32.48, 31.21, 29.31, 25.8838213.91, 12.40; ESI-MS1(2: 403.1 [M+H]; HRMS m/2: calcd for
CoH30N,Os [M+H] " 403.2155 found:403.2238

5.1.2.2. 5-Bromo-1-(1-(4-hydroxy-3-methoxyphenyl)-8xodecan-5-yl)-pyrimidine-2,4-(1H,3H)-dione (3)

Yield: 43%; FT-IR (Neat, ci): 3401, 2927, 1692, 1216, 758 NMR (400 MHz, CDCJ) & (ppm): 9.06 (s, 1H), 7.55 (s, 1H),
6.82 (d,J = 7.92 Hz, 1H), 6.68-6.62 (m, 3H), 5.50 (br s, TH), 4.44 (m, 1H), 3.87 (s, 3H), 3.15 (dd, IHB2(t, 2H), 2.74-
2.68 (M, 4H), 1.91 (m, 2H), 1.60 (m, 2H), 1.27 (tBH), 0.86 (t, 3H)**C NMR (100 MHz, CDG)) & (ppm): 207.56, 159.40,
149.98, 146.55, 144.06, 143.97, 132.21, 120.74,58B14111.16, 95.92, 55.95, 45.70, 44.57, 32.34173129.68, 29.38, 25.90,
22.36, 13.91; ESI-MSn{/2: 467.2 [M+H] 469.2 [M+2]; HRMS (m/2: calcd for G;H,/BrN,Os [M+H]" 467.1103 found:
467.118gM+H] " 469.1167M+2] ™.

5.1.2.3. 5-(6-Amino-9H-purin-9-yl)-1-(4-hydroxy-3-nethoxyphenyl)decan-3-one (4)

Yield: 38%; FT-IR (Neat, cif): 3412, 3021, 1632, 1215, 761, 678; NMR (400 MHz, CDCJ) & (ppm): 8.28 (s, 1H), 7.77 (s,
1H), 6.74 (dJ) = 8.14 Hz, 1H), 6.54 (s, 1H),6.51 (@l= 8.41 Hz, 1H), 5.86 (s, H, OH), 4.80 (m, 1H), B(8, 3H), 3.49 (dd, 1H),
2.90 (dd, 1H), 2.70 (t, 2H), 2.64 (t, 2H), 2.19 (th), 1.80 (m, 1H), 1.21 (br m, 8H), 0.82 (t, 3*HC NMR (100 MHz, CDG))

§ (ppm): 207.29, 155.52, 152.33, 149.46, 146.68,1014141.09, 132.13, 120.55, 114.67, 111.13, 558316, 46.46, 44.80,
40.90, 33.40, 31.03, 29.17, 25.84, 22.31, 13.84:NES (m/2): 412.3 [M+H]; HRMS (m/2: calcd for GH,gN:Oz [M+H]*
412.2270 found:412.2348

5.1.2.4. 1-(4-Hydroxy-3-methoxyphenyl)-5-(3-methylridin-2-ylamino)decan-3-one (5)

Yield: 57%; FT-IR (Neat, ci): 3431, 3019, 1628, 1215, 75 NMR (400 MHz, CDCJ) 5 (ppm): 7.32 (ddJ = 8.40 Hz, 1H),
6.80 (d,J = 8.26 Hz, 1H), 6.66 (dl = 1.92 Hz, 1H), 6.63 (dd, = 7.92 Hz, 2.01 Hz, 1H), 6.42 (d= 7.18 Hz, 1H), 6.21 (dl =
8.34 Hz, 1H), 4.79 (br s, 1H,), 4.09 (m, 1H), 3(853H), 2.80 (t, 2H), 2.73 (t, 2H), 2.65 (d, 18)58 (d, 1H), 2.35 (s, 3H), 1.51
(m, 2H), 1.27 (br m, 6H), 0.87 (t, 3HC NMR (100 MHz, CDG)) 5 (ppm): 209.38, 157.55, 146.42, 143.92, 138.22,8@2
120.78, 114.34, 112.04, 111.05, 103.36, 55.85,04818.09, 45.50, 35.44, 31.66, 29.32, 25.79, 2322452, 13.99; ESI-MS
(m/2: 385.1 [M+H]; HRMS (m/32): calcd for GsH3,N,05 [M+H] ™ 385.2413 found:385.2492

5.1.2.5. 1-(4Hydroxy-3-methoxyphenyl)-5-(4-methylpyridin-2-ylamino)decan-3-one (6)

Yield: 54%; FT-IR (Neat, cif): 3409, 3019, 2931, 1615, 1514, 1216, 7#9NMR (400 MHz, CDC}) & (ppm): 7.90 (s, 1H),
6.80 (d,J = 7.78 Hz, 1H), 6.66 (s, 1H), 6.63 (M= 8.60 Hz, 1H), 6.40 (dl = 5.40 Hz, 1H), 6.22 (s, 1H), 4.69 (d, 1H, NH)1Z.
(m, 1H), 3.85 (s, 3H), 2.79 (t, 2H), 2.72 (m, 2B)64 (t, 2H), 2.23 (s, 3H), 1.52 (m, 2H), 1.27 flr6H), 0.87 (t, 3H)**C NMR
(100 MHz, CDC}) & (ppm): 209.64, 158.17, 148.78, 147.15, 146.53,044132.81, 120.77, 114.44, 111.12, 107.59, 55.84,
48.19, 47.79, 45.47, 35.30, 31.68, 29.30, 25.8%3221.21, 13.99; ESI-MS(2: 385.1 [M+H]; HRMS m/2: calcd for
Cu3H3N,05 [M+H] * 385.2413 found:385.2492

5.1.2.6. 1-(4-Hydroxy-3-methoxyphenyl)-5-(5-methylridin-2-ylamino)decan-3-one (7)

Yield: 50%; FT-IR (Neat, ci): 3426, 3021, 1622, 1215, 760, 676;NMR (300 MHz, CDCJ) & (ppm): 7.85 (s, 1H), 7.25 (d,
= 8.64 Hz, 1H), 6.80 (d] = 7.97 Hz, 1H), 6.66 (s, 1H), 6.63 (Hl= 8.64 Hz, 1H), 6.35 (d] = 8.64 Hz, 1H), 4.66 (d, 1H), 4.13
(m, 1H), 3.88 (m, 1H), 3.85 (s, 3H), 3.59 (t, 1B}1 (t, 1H), 2.78-2.69 (m, 4H), 2.63 (t, 2H), 2, 2H), 2.17 (s, 3H), 1.50 (t,
2H), 1.27 (m, 11H), 0.86 (t, 3H}’C NMR (100 MHz, CDGJ) 5 (ppm): 209.64, 160.79, 156.15, 146.72, 146.63,AA4438.92,



132.75, 121.47, 120.75, 114.55, 111.20, 107.178%55.35, 54.19, 48.46, 47.84, 46.07, 45.44, 38BBRB4, 31.67, 29.29,
25.83, 22.52, 17.31, 13.99; ESI-M®/@): 385.2 [M+H]; HRMS (m/2: calcd for GaHaN,0; [M+H]* 385.2413 found:385.2482

5.1.3. General procedure for the synthesis of compnds 2a-2f and 6a

Compound3 (1eq) was dissolved in dry DCM and cooled the timtuat #C. To this solution added triethylamine followed by
the addition of a solution of appropriate acid citle (1.1eq) in dry DCM. Reaction mixture was gtififor 2h at RT. After the
reaction was completed, the crude product was @rtlain DCM (3x50 mL). The combined organic layesmsre dried over
N&SQ,, filtered, and concentrated under reduced pressurget crude product which was further purified dglumn
chromatography to afford pure products with goagldsi Compound was used as substrate for compoGad

5.1.3.1. 2-Methoxy-4-(5-(5-methyl-2,4-dioxo-3,4-djldropyrimidin-1(2H)-yl)-3-oxodecyl)phenyl methanesifonate (2a)

Yield: 82%; FT-IR (Neat, cif): 3443, 3019, 1637, 1215, 75 NMR (400 MHz, CDCJ) 5 (ppm): 8.79 (s, 1H, NH), 7.19 (d,
=8.02 Hz, 1H), 7.01 (s, 1H), 6.82 (s, 1H), 6.7d, = 8.19 Hz, 1.86 Hz, 1H), 4.48 (m, 1H), 3.88 (s),38120 (s, 3H), 3.05 (dd,
1H), 2.87 (t, 2H), 2.80-2.69 (m, 3H), 1.90 (s, 3HR7 (br m, 6H), 0.88 (t, 3H}C NMR (100 MHz, CDGJ) § (ppm): 206.92,
164.03, 151.25, 150.76, 141.29, 139.92, 136.71,382420.68, 113.26, 110.26, 55.98, 46.11, 44.85@ 32.60, 31.21, 29.30,
25.85, 22.38, 13.91; ESI- MS48:,N,0;S, m/z481.2 [M+1], 503.2 [M+Na]

5.1.3.2. 2-Methoxy-4-(5-(5-methyl-2,4-dioxo-3,4-dyldropyrimidin-1(2H)-yl)-3-oxodecyl)phenyl 4-
methylbenzenesulfonate (2b)

Yield: 78%; FT-IR (Neat, ci): 3444, 1654, 1215, 7584 NMR (400 MHz, CDC)) & (ppm): 8.83 (s, 1H), 7.77 (d,= 7.77 Hz,
2H), 7.32 (d,J = 7.77 Hz, 2H), 7.01 (dd, 2H), 6.67-6.65 (m, 281%7 (m, 1H), 3.56 (s, 3H), 3.16 (dd, 1H), 2.82), 2.72 (m,
3H), 2.46 (s, 3H), 1.93 (s, 3H), 1.27 (br m, 6HBA(t, 3H);**C NMR (100 MHz, CDGJ) & (ppm): 206.92, 163.97, 151.67,
150.79, 144.95, 140.95, 139.97, 136.76, 133.41,362928.55, 123.85, 120.16, 112.94, 110.29, 5665%5, 46.05, 44.14,
32.55, 31.22, 29.31, 25.87, 22.39, 21.66, 13.91:NES (m/2): 557.2 [M+H]; HRMS m/2: calcd for GgHzeN,0;S [M+H]*
557.2243 found:557.2308

5.1.3.3. 2-Methoxy-4-(5-(5-methyl-2,4-dioxo-3,4-djldropyrimidin-1(2H)-yl)-3-oxodecyl)phenyl 6-chloronicotinate (2c)

Yield: 74%:; FT-IR (Neat, ci): 3446, 1656, 758H NMR (400 MHz, CDCJ) 5 (ppm): 9.03 (s, 1H, NH), 8.58 (dd= 4.80 Hz,
1.9 Hz, 1H), 8.42 (dd] = 7.75 Hz, 1.97 Hz, 1H), 7.40 (ddi= 7.75 Hz, 1.90 Hz, 1H), 7.06 (d= 7.99 Hz, 1H), 7.01 (s, 1H),
6.83 (d,J = 1.92 Hz, 1H), 6.77 (dd, = 7.99 Hz, 1.90 Hz, 1H), 4.48 (m, 1H), 3.82 (s):3B116 (dd, 1H), 2.89 (t, 2H), 2.80-2.69
(m, 3H), 1.92 (s, 3H), 1.91 (m, 1H), 1.64 (m, 1826 (br m, 6H), 0.87 (t, 3H}’C NMR (100 MHz, CDG)) 5 (ppm): 207.09,
164.03, 162.52, 152.31, 150.83, 150.77, 150.64,9640140.21, 139.98, 137.73, 126.16, 122.52, 122179.44, 112.90,
110.25, 55.93, 46.13, 44.26, 32.56, 31.21, 29.538& 22.39, 14.03, 13.91; ESI-M8/): 542.2 [M+H], 564.2 [M+Na];
HRMS (M/2): calcd for GgH3,CIN3Og [M+H]* 542.1980 found:542.2047

5.1.3.4. 2-Methoxy-4-(5-(5-methyl-2,4-dioxo-3,4-dyldropyrimidin-1(2H)-yl)-3-oxodecyl)-phenyl 4-methox/benzoate (2d)

Yield: 76%; FT-IR (Neat, cify: 3431, 3019, 1654, 1215, 75 NMR (400 MHz, CDC}) & (ppm): 8.16 (dJ) = 8.89 Hz, 2H),
7.87 (d,J = 8.68 Hz, 2H), 7.12 (s, 1H), 7.03 (= 8.05 Hz, 1H), 6.98 (dl = 8.89 Hz, 2H), 6.94 (d] = 8.68 Hz, 2H), 6.79 (d]

= 1.95 Hz, 1H), 6.75 (dd] = 8.05 Hz, 1.86 Hz, 1H), 4.50 (br s, 1H), 3.903), 3.85 (s, 3H), 3.77 (s, 3H), 2.87 (t, 2H), 2.7
2.73 (m, 3H), 1.98 (s, 3H), 1.29 (br s, 6H), 0.8BH); *°C NMR (100 MHz, CDGJ) & (ppm): 207.26, 167.87, 165.11, 164.60,
163.83, 162.75, 151.31, 149.92, 139.43, 138.45,9532132.38, 124.37, 122.95, 121.75, 120.32, 114138.79, 112.77,
110.43, 55.92, 55.64, 55.50, 46.12, 44.47, 32.4%8& 31.20, 29.54, 25.95, 22.65, 22.43, 14.11:NSICsHzN,07, m/z671.2
[M+H]*, 693.3 [M+Na] 716.1 [M+2Na]

5.1.3.5. 4-(5-(3-(Furan-2-carbonyl)-5-methyl-2,4-dixo-3,4-dihydropyrimidin-1(2H)-yl)-3-oxodecyl)-2-me&hoxyphenyl
furan-2-carboxylate (2e)

Yield: 72%; FT-IR (Neat, cif): 3444, 1647, 1215, 7564 NMR (400 MHz, CDCJ) 5 (ppm): 7.68 (dd, 1H), 7.58 (br s, 1H),
7.09 (s, 1H), 7.04 (d] = 8.12 Hz, 1H), 6.81 (d] = 1.90 Hz, 1H), 6.76 (dd} = 8.12 Hz, 2.09 Hz, 1H), 6.60 (m, 2H), 4.49 (m,
1H), 3.80 (s, 3H), 3.17 (dd, 1H), 2.88 (t, 2H), 2871 (m, 3H), 1.97 (s, 3H), 1.29 (br m, 6H), 0893H); *C NMR (100
MHz, CDCk) 8 (ppm): 207.20, 162.47, 157.57, 156.60, 151.16,68919148.54, 147.44, 147.03, 143.89, 139.88, 137.28.82,



122.48, 120.33, 119.45, 113.48, 112.79, 112.15,401®%5.92, 46.02, 44.43, 32.44, 31.18, 29.47,228.41, 13.91; ESI-MS
(m/2: 591.2 [M+HT, 613.2 [M+Na], 636.1 [M+2Na]; HRMS m/2: calcd for G;H3,N,0; [M+H] " 591.2264 found:591.2335

5.1.3.6. (E)-2-Methoxy-4-(5-(5-methyl-2,4-dioxo-3;dihydropyrimidin-1(2H)-yl)-3-oxodecyl)phenyl  3-(4-fluorophenyl)-
acrylate (2f)

Yield: 70%; FT-IR (Neat, ci): 3441, 3019, 1638, 1215, 75H NMR (400 MHz, CDCY)) & (ppm): 8.89 (s, 1H), 7.85 (d,=
8.46 Hz, 1H), 7.60 (d] = 8.77 Hz, 1H), 7.58 (d| = 7.57 Hz, 1H), 7.12 (t, 2H), 7.01 (s, 1H), 7.60J = 9.37 Hz, 1H), 6.81 (s,
1H), 6.75 (dd,J = 8.12 Hz, 1H), 6.60 (d] = 15.82 Hz, 1H), 4.50 (m, 1H), 3.83 (s, 3H), 3(ilfl, 1H), 2.89 (t, 2H), 2.81-2.69
(m, 3H), 1.94 (s, 3H), 1.60 (m, 2H), 1.28 (br s)6BI89 (t, 3H);"*C NMR (100 MHz, CDGJ) & (ppm): 207.20, 165.36, 165.07,
164.13, 162.86, 151.06, 150.72, 145.27, 145.06,0440139.58, 138.08, 130.54, 130.27, 130.18, 1221720.38, 117.37,
116.78, 116.24, 116.02, 112.81, 110.24, 56.54,15%16.15, 44.31, 32.58, 31.22, 29.69, 29.44, 228740, 13.92, 12.43; ESI-
MS CyH3sFN,O6, m/z551.3 [M+H], 573.3[M+Nal.

5.1.3.7. 2-Methoxy-4-(5-(4-methylpyridin-2-ylaminoj3-oxodecyl)phenyl-6-chloro nicotinate (6a)

Yield: 78%; FT-IR (Neat, ci): 3433, 3019, 1627, 1215, 75H NMR (400 MHz, CDC}) & (ppm): 8.59 (dd)) = 4.81 Hz, 1.98
Hz, 1H), 8.41 (ddJ = 7.77 Hz, 1.98 Hz, 1H), 8.17 (d, 1H), 7.41Jd¢ 8.03 Hz, 1H), 7.40 (dl = 8.03 Hz, 1H), 7.09 (dl=7.71
Hz, 1H), 7.02 (m, 2H), 6.90-6.84 (m, 3H), 5.06 (h), 3.84 (s, 3H), 3.18 (dd, 1H), 2.96-2.79 (m, 5BIR3 (s, 3H), 1.80 (m,
1H), 1.28 (m, 7H), 0.87 (t, 3H}*C NMR (100 MHz, CDG)) 5 (ppm): 207.76, 162.48, 152.28, 150.79, 150.63,63{9149.38,
148.40, 147.10, 140.88, 140.80, 137.90, 137.64,2626.23.88, 123.67, 122.45, 122.15, 121.67, 120.52.92, 55.95, 46.52,
44.44 32.92, 31.49, 29.68, 29.57, 26.22, 22.482013.99; HRMSr/2: calcd for GoHz,CIN3O, [M+H] ™ 524.2238 found:
524.2308

5.2. Pharmacology
5.2.1. BmTMK Inhibition Assay

Compounds were screened against recombinant BmTBIKgua coupled assay with pyruvate kinase and tiacta
dehydrogenase [26]. The reaction mixture (1.0) rohtained 50 mM Tris/HCI (pH 7.4), 50 mM KCI, 1.0 mM
phosphoenolpyruvate, 1.0 mM MgCD.05 mM NADH, 2 U pyruvate kinase, 2 U lactatéyldrogenase 0.05 mM dTMP and
0.5 mM ATP whereas the concentrations of analogaeied between 0.005 and 0.25 mM. The reaction inieiated by the
addition of the BmTMK. Activity was measured speginotometrically by following the change in absaptat 340 nm due to
the oxidation of NADH. The assay was carried oungsiITMP as substrate (Km = 1iM). Control spectrophotometric assays
were performed to verify that the compounds wetgbitors of BmTMK and not of the coupling enzymégy, using ADP as
substrate and the two coupling enzymes pyruvataskirand lactate dehydrogenase, but no BmTMK or TABP For each
inhibitor, at least three independent experimeritls duplicate reactions were performed.

Percentage inhibition was determined at differeahcentrations of inhibitors against BmTMK and petege
inhibition data were fit to the standardsj@quation to calculate kg Ki's were calculated from the Cheng—Prusoff relatignsh
for competitive inhibitors (Ki = IG/(1 + ([S]/ Km)) where [S] and Km are the dTMP centration and Michaelis constant for
dTMP, respectively. Mode of inhibition of all comjads were also tested by measuring the initialorglaf the reaction at a
fixed saturating concentration of ATP and differeahcentrations of dTMP, both in the absence aadgnce of inhibitors [27]

5.2.2. Molecular Docking studies of BmTMK inhibitors

All docking studies were carried out using Autod®@k[28]. Optimized 3D conformations of compoundsrevgenerated using
Marvin sketch [29]. We used homology model of BmMTM® and crystal structure of HSTMK (PDB-ID: 1E2D) [3@F
receptors. During docking, compounds were tredidble and grid was constructed, enclosing the TiitRling pocket [30].
Lamarckian genetic algorithm [31] was used to gateeB0 conformations of each compound. For visatiim and image
generation UCSFChimeral.6 [32] was used.
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Captions to illustrations:

Scheme 1Synthesis of aza-Michael derivatives of [6]-Shdgao

Scheme 2Synthesiof 2-aminopicoline based [6]-shogaol derivatives
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Table 1: Inhibitory activity of compounds against recombinBmTMK
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Figure 1: Conversion of dTMP into dTDP

Figure 2: Known TMK inhibitors

Figure 3: Flow chart for the isolation of [6]-Shogaol and-{Bingerol

Figure 4: Co-crystallized conformation of TMP (orange) boutmd Human Thymidylate kinase (a),
Predicted binding pose of [6]-shogdo(b), 2 (c), 3 (d), 4 (e), and5 (f) in TMP binding site oBrugia

malayi thymidylate kinase. Hydrogen bonds are shown aclbldotted line. Protein is shown in mixed

representation (ribbon and stick). Only importasidues involved in interaction are shown.
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Scheme 1: Synthesis of aza-Michael derivatives @]{Shogaol

0
0 R R
fLNH | i
0 |N 0 Py °
a 0 b /Oj@/\)w
——
R,O

=Me 2a-f

2: R
_0 Z 3:R=Br 2a: R=Me: R,=H; R,=Ms
HN 2b: R=Me; R=H; R,=Ts
HO 2 2¢: R=Me; R,=H; R,=2-chloronicotinoyl

=N
L6 N 2d: R=Me; R;=4-methoxybenzoyl;
1:[6]-Shogaol 1§ \ N/) R,=4-methoxybenzoyl

— o & 2e: R=Me; R;=2-furoyl; Ry=2-furoyl
/Oj@/\)‘\m 2f: R=Me; R;=H; R,=4-fluorocinnamoyl
HO

Reagents and conditions(a) thymine (foi2), 5-bromouracil (foB), adenine (fod), TEA, DMSO, rt,
12hr; (b) Appropriate acid chloride, dry DCM, TE&C-rt, 2hr
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Scheme 2: Synthesis of 2-aminopicoline based [6]egjaol derivatives

R, R,
R R
1 | X 3 RI N R3
O HN N/ | P
O
O HN™ N

O
/OD/\)‘\/\/\/\ a ~ :@A)M b /Oj@/\)J\/K/\/\
HO HO R,O
[6]-Shogaol: 1
5:R;=Me; Ry=H; Ry=H 6a: Ri=H; R,=Me; R;=H;

6: R;=H; Ry=Me; R;=H R4=2-chloronicotinoy]
7: R=H; Ry=H; R3;=Me

Reagents and conditions(a) appropriate 2-aminopicoline, TEA, DMSO, rtht:2(b) Acid chloride, dry
DCM, TEA, 0°C-rt, 2hr

15



Table 1: Inhibitory activity of compounds against recombinant BmTMK

Ki value Ki value
Entr Compound Entr Compound
Y P (M) Y P (M)

_o ~ 8 @/\AW 44.41+2.43
1 o 10.78+ 0.55 v -

1: [6]-Shogaol

2f
(o] o]
RSy RS
o NAO (0] N/go
2 /OW 6.57+0.42 9 /OW 8.32+0.39
HO HO
2 3
o H,N
=N
s W
o N o o LA
3 /OW 66.12+3.40 10 o K)/\)\)W\ 9.01+0.50
MsO HO
2a 4

o "N"o o 11.06+
4 /OW 45684250 11 @/\)‘\/\/\A 05
HO
TsO

2b >
(o]
\“\)\NH N’l
[¢] N/go O HN =
5 0 QA*/W No inhibition 12 /OJQA/K)\/\A 21.57+1.35
N (0]
; 6

C
\ﬁ(l i U\
N
{ J\©\ 0 oINS
o N/go OMe

6 g /@(\*/W 20.05:1.03 13 § Q\)M 30.45+1.72
o A (8)
Mc()/©)‘\ N (‘/@2‘\ O~
6a

2d
0 o
N o N7
|
o\f:’:;w 0 HNTY
7 o Q/\)\/K/\/\ 20.30+1.02 14 /OW 40.60+1.86
\OI 0 HO
0\
7
2e

*Km value for dTMP
Ki values £ SEM given are representative of threegeddent experiments.
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Figure 4: Co-crystallized conformation of TMP (orange) boutmd Human Thymidylate kinase (a),
Predicted binding pose of [6]-shogdolb), 2 (c), 3 (d), 4 (e), and5 (f) in TMP binding site ofBrugia
malayi thymidylate kinase. Hydrogen bonds are shown aclbldotted line. Protein is shown in mixed
representation (ribbon and stick). Only importasidues involved in interaction are shown.
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Research Highlights

» Twelve novel derivatives of [6]-shogaol have been synthesized
» 5 compounds showed potential Brugia malayi thymidylatekinase inhibition activity

» Binding conformation of parent compound and its derivatives were consistent with the
TMP bound conformation.
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General Methods:

All reagents were procured from commercial suppliers and were used without further purification.
Chromatography was carried on silica gel (60-120 and 100-200 mesh). All reactions were monitored
by TLC; silicagel plates with fluorescence F254 were used. The *H NMR and **C NMR spectra were
determined on 400MHz and 100MHz, respectively, using CDCl; and CD;OD as solvents and TMS as
internal standard. All chemical shifts were given in ppm. Multiplicity (s = singlet, brs = broad singlet,
d = doublet, brd = broad doublet, dd = double doublet, t = triplet, q = quartet, m = multiplet).
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Figure 2. ®*C NMR spectrum of 1 (100 MHz, CDCl5)
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S22



KSAIF,CSIR- CDRI, LUCKNOW

Original Data Path: IN-VKS-361-8.RAW
Current Data Path: CADATA2013\26NOV 134
Sample 1D: TN-VKS-361

Acquisition Date: 11/26/2013 11:46:06 AM
Vial: AR

TN-VKS-361-8 #31-70 RT: 0.40-0.89 AV: 40 SB: 2 0.01,0.01 NL: 7.06E6
T: + ¢ ESI Full ms [ 80.00-750.00]

100 385.1
90

N

70 O HN" N

60
HO

50

40

Relative Abundance

30 386.1

20 4131

4412
10 367.2 691.5

100 150 200 250 300 350 400 450 500 550 600 650 700
miz

Figure39. MS(ESI) of 5

DAINTERNALS\2015\an\TNVKS-361 1/7/2015 10:01:56 AM Dr. T. NARENDER/HARSH
TNVKS-361 #21 RT: 020 AV: 1 NL: 1.07E7
T: FTMS + ¢ ESI Full ms [100.00-2000.00]

- 385.2492

95 '

‘ e
| X

85 0 HNTON

80| _ | _O

75— |

70ii ‘ HO

ssj:’ |
60 ! |

| 385.4697
55

50 |
|

40— |
35°
30°

Relative Abundance

386.2527

[
i

3 387.256
{ 381.2189 3832346 384.2422 | 2981 1582590 3895633 3912844 3922379
O “‘rTi‘_-r_ { TT T t'ir‘ri‘l o S ir e g S = et | T 1_|\J-_\'-I- . S O O e L | 'l— T 1 1 W T T R U ’_Triii |
380 381 382 383 384 385 386 387 388 389 390 391 392 393
m/z

Figure40. HRM Sof 5

523



VKS-360

1H CDC13
i DR S
AN DOV VO FITNTDDHHDOODREEEEFEFOODONNOIOMMAMNMIMNMNNNOOD®O®NO ;J:PM\B 61(‘)
PRV YOVYYWOVOYUSTTITITTIMOIMNONNNNNANNNNNN NN A A A AAAAAAAAAAODOD OO O e T T T i 7=
V N}/ry/ \‘ﬁx\%:%\»\// / N Wfﬂ}/ Bata_ T 20130926
Tina a
Tnorae i
PROBHD 5 mm PAEBO Ba/
PULPROG 2g30
™ E5536
SOLVENT 13
bl B
be H
EWH 9615 388 Ex
FIDRES Q.146719 Ha
A 3.4078730 sec
- B
N ~ o 52.000 usec
ox e
= 30070 K
~ I = 1.00000030 sac
™
O HN S e
SFO1 400.1629712 ME=
O ne 32,35 uaee
7 FLEL 1400000000 W
¥1 - Processing parameters
= 5535
SF 4001605000 MEx
HO e
as8 o
B 0.30 Ez
GB o
Pc 1.00
T T T T T T T T T T
7 6 5 4 3 2 i 0 Ppm
o olw[m]o =~ [ o)) [ ol [o
(=1 —N|O O (=} o~ MmN oy N Njo o
P - | [ e | L]
H 1
Figure41. "H NMR spectrum of 6 (400 MHz, CDCly)
VKS-360
13C CDCl1l3
< rOn e ~ oo
© HEdIND @ ~ < in o mn TN ORO MM
. R . R mor- DHEH-LMWOMONNN Currant Data Pacanetecs
o Do~ oT o o e s w
o nNSFFFF ™M N -H~-O ~r~-w NOFONEAINN M EXFND 620
~ HEA A - i S R ~~~ NS LLTMMNNN N PRoCHD 1
¥2 = Acguisition Parmmet
NV N R \/ VA NS
Time
TusTR
PROBHD 5 mm PAEBO BB/
PULPROG =gpgI0
™ 65536
SOLVENT D13
N8 513
b :
SWH 24038 . 461 B
FIDRES 0.366T98 B
N - AR 1.3631488 »
RG 201.48
I oW 20.800 u
oE &_50
NS = 300.0 K
Bl 2.00000000
O HN D1l 0.03000000 :
5 0 1
= CHANMEL f1 =====
/ “ 100.6304993 »
13¢
Pl B.20 v
PLML T0_89999847 %
HO - CHAMNEL £2 mm==s
400.1621006 ¥
"
o
90.00 u
14 00000000 *
0.26361990 w
0.21353000 %
| | | 1
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 PPm

Figure 42. *C NMR spectrum of 6 (100 MHz, CDCl5)
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Figure 46. *C NMR spectrum of 6a (100 MHz, CDCl5)
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Sample Name  Dr. T. NARENDER/HARS Position Vial 10 Instrument Name Instrument 1 User Name
Inj Vol 1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  TNVKS-364-052.d ACQ Method 1S0-DEC.m Comment Acquired Time 1/7/270175710:39:11 AM
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Figure47. HRM S of 6a
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Figure 48. *H NMR spectrum of 7 (300 MHz, CDCl,)
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Figure 49. “C NMR spectrum of 7 (100 MHz, CDCl5)
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Original Data Path: 13JAN1510801150701_131554 RAW
Current Data Path: CADATA2013UANI3\
Sample ID: VKS-232
Acquisition Date: 1/15/2013 1:35:48 PM
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Figure50. MS (ESI) of 7
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ACCEPTED MANUSCRIPT
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Figure51. HRMSof 7
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Figure52: Predicted binding pose of inhibitorsin TMP binding site of HSTMK

A B
~ L R\
rg76 rg76
<
72 A e72 A
05 945 / Argig
N 3 Aspi5
157
Tyr151 Tyr151 GIn157
u149 u149
C . D
rg76 | R\
rg76,
e7 Q A
4 ' e72 A
995 At 05 a5y 05
157
Tyr151 GIn157 Tyris1
uil49 u149 ‘_J
E
LN
rg76
e72 Ar ]
945 05
Tyr151 GIn157

u149

—

Figure 42: Predicted binding pose of [6]-shogaol 1 (A); 2 (B); 3 (C); 4 (D), and 5 (E) in TMP binding
site of HSTMK. Hydrogen bonds are shown in black dotted line. Protein is shown in mixed
representation (ribbon and stick). Only important residues involved in interaction are shown.
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