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Graphical abstract

Insulin mimics (2a-3f) based on indolylkojic acid scaffold(B) were synthesized. In mechanistic

studies, biologically active compounds were found to enhance GLUT4 translocation to cell
surface via PI3K pathway.
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ABSTRACT. Insulin exerts its metabolic actions through theulin receptor (IR) and plays an
essential role in treatment of diabetes. The inearence of daily injections and the undesirable
side-effects associated with insulin injections dathnovel drugs for the disease. To search for
bioactive insulin mimetic, we synthesized a cheiribaary of small molecules2gé-3f) based on
the indolylkojic acid scaffold B). An In vitro screening assay was performed to stimulate
glucose transport in rat L6 skeletal muscle celdst treatment of the compoun@s-(3f) for the
time period incubation of 16h. Compourifs 2g, 2I, 3a, 3b, 3c and3d have shown significant
glucose uptake stimulation as compared to the aclsntat micromolar concentrations. In
mechanistic studies, we observed that these conggowxert their biological action by
enhancing GLUT4 translocation to cell surface viBKRPdependent signaling pathway in
agreement to the insulin mode of action. Henceseghmomising conjugates should be useful for

further drug development in diabetes treatment.

1.0. Introduction



Type 2 diabetes mellitus (T2DM) is a metabolic symde characterized by high blood glucose
levels due to either insulin resistance or relatinsulin deficiency [1]. The prevalence of
diabetes is increasing worldwide and it has beesdipted that the number of patient’s
worldwide suffering from T2DM will rise to over 3@@illion by 2030 [2,3]. Insulin resistance is
the major pathophysiological defect in T2DM whishcharacterized by the inability of insulin
sensitive cells to respond adequately to normagléewf insulin.  Insulin resistance occurs
primarily within the skeletal muscles, liver and fssue leading to alteration of whole body
glucose homeostasis [4]. Skeletal muscle has neajatribution in postprandial glucose disposal
which accounts for more than 80% of insulin-depandgucose disposal in human [5]. Glucose
uptake is the rate-limiting step in glucose uttiiaa in diabetic and non diabetic skeletal muscle
[6]. In skeletal muscle cells glucose uptake is thsult of the enhanced translocation and
redistribution of glucose transporter 4 (GLUT4)rfrantracellular vesicles to plasma membrane,
where it facilitates the entry of the glucose ieside cells [7].

The discovery of the small molecule insulin mimetiemethylasterriquinone Bl from
microbial sources such aAspergillus terreus, Pseudomassaria fungi represented a major
breakthrough in medicinal chemistry. This discoveismonstrated that a small, nonpeptidyl
natural molecule is capable of mimicking the biatad) function of a protein hormone by
interacting with the insulin receptor and causimgjvation of insulin receptor tyrosin kinase
(IRTK) [8]. Despite these promising early resUyfsl0], molecules of this family have not yet
entered in clinical trials. A possible major contes the safety of candidate pharmaceuticals that
contain the potentially problematic quinone suldtite. Recent developments on the
replacement of the quinone in demethylasterriquenBa (A) with kojic acid (Fig. 1) showed
that it is possible to design products which dopresent this safety issue but are equally active
biologically [11,12].

Fig. 1.

In continuation of our ongoing research programthia area of medicinal chemistry, we
decided to design small molecules based on thdyitkdfic acid scaffold and thereafter its role
in GLUT4 translocation. In this current approacle tave introduced a one carbon spacer in
between indole/substituted indole/aryl/heteroargiety and the naturally occurring kojic acid as
the modification site in indolylkojic acid scaffo[@8). Thereafter, we have studied their glucose

uptake stimulatory effect in skeletal muscle calsshown in figure 2. In skeletal muscle cells



glucose uptake stimulation by insulin is the residlincreased translocation of GLUT4 to cell
surface via activation of Phosphoinositide 3-kin@REBK) signaling pathway [13,14]. Hence to
confirm that the compounds under study have thalimsmimetic activity we have also
performed an inhibitor study of PI3K signaling pa#ly. Wortmannin (WRT) is a specific
inhibitor for PI3K. In the presence of WRT the PI@idthway is inhibited and translocation of
GLUT4 by insulin or insulin mimetic compounds aestricted to the basal level only.

Fig. 2.
2.0. Results and Discussion

2.1. Chemistry.

The earlier reported synthetic routes for indolyitkacid B) are based on a Claisen
rearrangement [12] and Stille coupling [11] as shawfigure 3. However, these routes require
multistep sequences making the processes lesstiattrafor quick access of a library of

molecules for SAR studies particularly with vareis in the indole portion.
Fig. 3.

We have isolated kojic acid from its natural soulspergillus flavus using literature method
[15] and utilized it as a raw material for the gextion of target structurgé. Reddyet al. [16]
developed one pot multi-component method for thehssis of this class of compounds using
InCl; in solvent free condition at 120°C. However, we@ied that method suffers from serious
drawbacks such as formation of diindolylmethand Hs’a side product, use of harsh condition
(220°C) which limit this methodology for gram scalgnthesis and subsequent bio-evaluation.
Further, the earlier reported method [16] has venyow substrate scope e.g. they have not taken
nucleophiles other than indole for this particulaaction. To overcome these above mentioned
drawbacks we developed a synthetic strategy wlickcalable, simple and flexible enough to
create diversity. We performed initial screeninghaf catalyst for the synthesis of compodad
as shown in table 1. For this purpose we treatgid keoid (1 mmol) with benzaldehyde (1.2
mmol) in the presence of various catalysts in di@xavater (1:1, 4 mL) at room temperature for
24h (Table 1). Compounth was obtained in excellent yield using DABCO (er8rylable 1). A
slight excess of aldehyde was found to be nece$sagchieving the complete consumption of

thea,B-unsaturated cyclohexenone.



Table 1.

To check the substrate scope of the reaction, waiddehydes including aromatia¢1h) and

aliphatic (i, 1j) were allowed to react under the optimized condiais shown in table 2.

Table 2.

In all cases productslg-1j, Table 2) were obtained in good to excellent yieldsgeneral
aromatic aldehydes with electron-withdrawing suhbstits gave slightly better yield than those
having electron donating grouph(vs 1e). With aliphatic aldehydes, reactions with sméakio
aldehydes like valeraldehyd& Y went to completion but long chain aldehydes hikaaldehyde
(1)) needed prolonged time period (2 days).

Our next target was to remove the secondary hydirgiyup of the adductlé-1j) with
incoming nucleophiles to obtain prodia-2j (Table 3). Here we have investigated the role of
modified silica-HSO, for C-alkylation of indole due its low cost and recygligyp [18-20]. Thus,
compoundsla-1j (1 equiv.) in CHCN were stirred with indole (1.5 equiv) at°80for 2h using
silica-H,SO, (10 mol%) as catalyst to obtain kojic acid-indalenjugates2a-2j in excellent

yields as shown in table 3.
Table 3.

To expand the scope of the substitution reactiosiowa types of substituted indoles and other
nucleophiles such as thiophenol, phenol, pyrréimphene and benzthiophene were allowed to
react withla under the optimized conditions as shown in tablBréducts2k-3f were obtained
in excellent yields (Table 4). As anticipated, o=gilectivity was observed in the case of phenol
giving only thepara substituted product3€); C-alkylation with 2-methylthiophene occurred at
C-5 position 8d) and with pyrrole a€-2 position 8f).

Table 4.

2.2.Biological evaluation

2.2.1. Glucose uptake stimulatory effect of compounds in L6 skeletal muscle cells. All the
synthesized compounds were evaluated for glucosakeipstimulatory effect in L6 skeletal
muscle cells stably expressing rat GLUT4 withmg epitope inserted in the first exofacial loop

(L6-GLUT4myc) and results are depicted in figure 4. From th&etk compounds24-2)),



compounds synthesized using electron donating hdetagde i.e.2f and 2g [21] shows
significant stimulation of glucose uptake with resfive 1.21- and 1.25- fold stimulation
(p<0.05) over control. In case substituted indol@k-2p), compound 2 having 5-
methoxyindole was showing better activity than othgbstituted indoles and showed 1.25 fold
(p<0.05) increase in glucose uptake. Compaladubstituted with various nucleophile2a{3f)
other than indole2g) gives better activity. Among compoungis3f, Compounds3a, 3b, 3c and

3d showed significant stimulation of glucose uptakéhwespective 1.33 (p<0.01), 1.38
(p<0.01), 1.34 (p<0.01) and 1.21(p<0.05) fold s at 10uM concentration. Compol8id
was found to be most potent in the series of swithd insulin mimics. Insulin was taken as
positive control, which showed 1.65-fold (p<0.0Glimulation of glucose uptake at 100 nM
concentration. All other tested compounds showey Mss or no effect on glucose uptake in L6
myotubes. The apparent inhibitory effect of somengounds Za-2e, 2h-2k, 20 and 2p) on
glucose uptake might be possible due to many reabka adverse effect on cell viability or
antagonist effect on cellular components of biatafipathways. Analysis of statistical
significance of differences in measurements betwssenples was done by one-way ANOVA
with Dunnets post hoc test (Graph Pad Prism ver8jorp<0.05 was considered statistically

significant.
Fig. 4.

Furthermore the dose dependent effect of the actwepound=f, 2g, 21 and3a-3b on
glucose uptake at doses of 5 uM, 10 uM and 25 pubhawvn in figure 5, taking insulin as a
positive control for the experiment. Insulin at ancentration of 100 nM showed 1.6-fold
(p<0.001) stimulation of glucose uptake comparetidsal. All the compounds caused a dose-
dependent increase in glucose uptake in L6-GLidyAcells. Compound&l and 3b was found
to be equipotent to insulin among active compouanats showed comparable activity to insulin

at the concentration of 25 um

Fig. 5.
2.2.2. Effect of compounds on GLUT4 trandocation in L6-GLUT4myc myotubes. In
skeletal muscle, translocation and redistributibrth@ GLUT4 to the plasma membrane is a
characteristic feature for increased glucose up{aR¢. Hence the effect of compounds on

surface GLUT4 level in non-permeabilized L6-GLUTiye myotubes was measured by an



antibody-coupled colorimetric assay as previouglgatibed [23]. As shown in figure 6, similar
to glucose uptake data, compou2fis2g, 2, 3a, 3b, 3c and3d caused increase in surface level
of GLUT4myc with respect to the control in a dose dependemn@ain a concentration range of
5uM, 10uM and 25uM.

Fig. 6.
2.2.3. Inhibitor based study for insulin mimetic pathway detection. To investigate the
signaling pathway responsible for the observedogichl activity of2f, 2g, 2I, 3a, 3b, 3c and3d
and their effect on the PI3K-signaling pathway waserved. The PI3K-pathway is the major
signaling pathway in the insulin action leadinginareased translocation and distribution of
GLUT4 at the cell surface [24]. To confirm whettgy 2g, 2|, 3a, 3b, 3c and3d compounds
stimulated glucose uptake in skeletal muscle dellswing a pathway similar to insulin, the
involvement of PI3K was investigated using inhibigdudies. Wortmannin (WRT) is a specific
inhibitor for PI3K that blocks the insulin-signatimpathway [25]. Similar to the effect of insulin,
treatment of cells witl2f, 2g, 2, 3a, 3b, 3c and3d compounds at 10 uM for 16 hours with a
final one hour in the presence of wortmannin comgbye abolished the glucose uptake
stimulatory effect of these compounds (Figure Mede results indicate the involvement of
wortmannin-sensitive P13-kinase mediated signatiathway underlying the biological effect of
these compounds to stimulate glucose uptake irtlehuscle cells.

Fig. 7.

3.0. Conclusion

In conclusion, we have designed and synthesizedralfy active insulin mimics based on
indolylkojic acid scaffold. The synthetic strategged is concise, simple, high yielding and
flexible enough to create diversity. Our study diéss the glucose uptake stimulatory effect of
the compound&f, 2g, 2, 3a, 3b, 3c and3d. These compounds exert their biological activigy b
enhancing GLUT4 translocation to the cell surfaigeRi-3-Kinase-dependent signaling pathway
similar to the insulin’s mode of action. Resultgadbed during the study are indicative of future
application of these molecules as effective tharapeagents in the management of insulin
resistance and type 2 diabetes. Furthe#fivo study is required to establish the obsemedtro
results and to explore the effect on other insudensitive tissues involved in glucose
metabolism.



4.0. Experimental section

4.1.  Chemistry. General information. *H and**C NMR spectra were recorded on 400 and
500 MHz spectrometers with TMS as the internal daiath. Chemical shifts are expressed in
parts per million § ppm). Silica gel coated aluminium plates were used LC. Final products
were purified by column chromatography on silich @®-120/100-200 mesh) using petroleum
ether—ethyl acetate as the eluent to obtain the products. Exact Mass of all products were
analysed by using HRMS with QTOF analyser. Reagesexl were purchased from Sigma
Aldrich.

4.2. General procedure for preparation of compounds (1a-1j): A mixture of kojic acid (1
mmol) and aldehyde (1.2 mmol) was stirred in thespnce of DABCO(1.2 mmol) in
dioxane:HO (1:1, 4mL) at room temperature for 24 h. Aftempbetion of the reaction, the
product was extracted with ethyl acetate (3x15 fithe combined organic layer was dried with
anhydrous sodium sulphate, concentrated in vacod, parified by column chromatography
(methanol: dichloromethane =0.5:9.5) to afford pliee product.

Kojic Acid: CgHgO, obtained as a colourless solid. M.pt: 195-203HNMR (400MHz,
CDsOD): & 4.30 (s, 2H), 6.40 (s, 1H), 7.86 (s, IHJCNMR (125MHz, CROD): 177.56,
171.13, 148.05, 141.72, 111.41, 61.84. HRMS (-E&lcd 142.0266 and found 142.0264.

3-hydroxy-2-(hydroxy(phenyl)methyl)-6-(hydr oxymethyl)-4H-pyran-4-one (1a): C;3H1,05
obtained in 94% yield as a colourless solid. Mipt0-150°C.*"HNMR (400 MHz, CROD): &
4.38 (ddJ = 15.7 Hz, 32.8 Hz, 2H), 6.19 (s, 1H), 6.46 (s),1H29 (t,J = 7.3 Hz, 1H), 7.36 (]
= 7.4 Hz, 2H) 7.49 (dJ = 7.4 Hz, 2H)*CNMR (125 MHz, DMSOs): 173.85, 167.54, 150.34,
141.22, 140.84, 128.24, 127.40, 125.99, 108.788%9.39. HRMS (-ESI): calcd 247.0606;
found 247.0610.

2-((4-fluor ophenyl)(hydr oxy)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-one (1b):
CisH1:FOs obtained in 98% vyield as an orange solid. M.pt5-205°C.*HNMR (400 MHz,
CD30D): s 4.27 (dd,J = 15.7 Hz, 30.0Hz, 2H), 6.05 (s, 1H), 6.34 (s, 16198 (t,J = 8.7 Hz,
2H), 7.39 (ddJ = 8.4, 5.5 Hz, 2H)**CNMR (125 MHz, CROD): 176.9, 169.6, 165.0, 162.6,
142.9, 137.7,129.3, 116.3, 110.9, 68.0, 61.2. HRMESI): calcd 265.0512; found 265.0514.

2-((4-chlor ophenyl)(hydr oxy)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-one (1c):
C13H11ClOs obtained in 97% yield as a red solid. M.pt: 130°14HNMR (400 MHz, CQOD):
§ 4.27 (dd,J = 15.7 Hz, 30.0 Hz, 2H), 6.05 (s, 1H), 6.34 (s)1H25 (d,J = 8.4 Hz, 2H), 7.35



(d, J = 8.4 Hz, 2H);"*CNMR (125 MHz, CROD+DMSO-d): 176.61, 169.81, 151.77, 142.81,
140.95, 134.55, 129.76, 129.16, 110.09, 67.78, B1HRMS (-ESI): calcd 281.0217; found
281.0219
2-((4-bromophenyl)(hydr oxy)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-one
(1d): Ci3H11BrOs obtained in 94% vyield as a red solid. M.pt: 95°TD5'"HNMR (400 MHz,
CDsOD): 6 4.33 — 4.16 (ddJ = 15.7 Hz, 27.2 Hz, 2H), 6.04 (s, 1H), 6.34 (s),1H.29 (dJ =
7.5 Hz, 2H), 7.40 (dJ = 7.0 Hz, 2H);"*CNMR (125 MHz, CROD): 176.73, 169.82, 151.61,
142.84, 141.13, 132.61, 129.20, 122.68, 109.8865/61.10. HRMS (+ESI): calcd 328.9848;
found 328.9840.
3-hydroxy-2-(hydroxy(4-methoxyphenyl)methyl)-6-(hydr oxymethyl)-4H-pyr an-4-one
(1e): C14H1406 obtained in 91% vyield as a red solid. M.pt: 21022 *HNMR (400 MHz,
DMSO-ds+D,0): 6 3.70 (s, 3H), 4.26 (dd} = 15.7 Hz, 26.8 Hz 2H), 5.91 (s, 1H), 6.31 (s, ,1H)
6.88 (d,J = 8.4 Hz, 2H), 7.30 (d] = 8.4, 2H);"*CNMR (125 MHz, DMSOds): 173.89, 167.43,
158.57, 150.62, 140.52, 133.14, 127.7, 113.61,720&5.60, 59.41, 55.00. HRMS (-ESI): calcd
277.0712 ; found 277.0714.
2-((2,5-dimethoxypheny!)(hydr oxy)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-
one (1f): C1sH1607 obtained in 89% yield as a red solid. M.pt: 240°Z50'HNMR (400 MHz,
CDs0D): & 3.61 (s, 3H), 3.73 (s, 3H), 4.24 (dbs 15.7 Hz, 32.6 Hz, 2H), 6.33 (s, 1H), 6.34 (s,
1H), 6.87 (dJ = 8 Hz, 1H), 7.00 (tJ = 8 Hz, 1H), 7.13 (d] = 7.6 Hz, 1H)*CNMR (125 MHz
CDs;OD): 176.97, 169.54, 155.23, 151.93, 142.99, 130M14.85, 114.42, 112.95, 109.63,
64.02, 61.10, 56.72, 56.13. HRMS (-ESI): calcd 8818; found 307.0820.
2-((2,3-dimethoxypheny!)(hydr oxy)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-
one (1g): CisH1607 obtained in 89% vyield as a red solid. M.pt: 240Z50HNMR (400MHz,
CDsOD): 6 3.61 (s, 3H), 3.73 (s, 3H), 4.24 (= 15.7 Hz, 2H), 6.33 (s, 1H), 6.34 (s, 1H), 6.87
(d, J = 8 Hz, 1H), 7.00 () = 8 Hz, 1H), 7.13 (dJ = 7.6 Hz, 1H)®*CNMR (125MHz, DMSO-
de): 173.95, 167.32, 151.90, 150.05, 145.36, 134128.60, 119.55, 111.92, 108.62, 61.02,
59.89, 59.29, 55.54. HRMS (-ESI): calcd 307.081@ fmund 307.0820.
3-hydroxy-2-(hydroxy(naphthalen-2-yl)methyl)-6-(hydr oxymethyl)-4H-pyran-4-one (1h):
Ci17H1405 obtained in 89% yield as a dark red solid. M.pt0-260°C. *"HNMR (400MHz,
CDs;OD): 6 4.25 (ddJ = 15.7 Hz, 35.7 Hz, 2H), 6.24 (s, 1H), 6.35 (s),1H37 (s, 2H), 7.47 (d,
J = 7.9 Hz, 1H), 7.74 (s, 3H), 7.86 (s, 1HJ{CNMR (125MHz, CROD): 176.76, 169.83,



152.09, 142.87, 139.18, 134.74, 134.56, 129.27,002928.68, 127.31, 127.15, 126.00, 125.20,
109.82, 68.64, 61.13. HRMS (+ESI): calcd 299.091@ faund 299.0916.

3-hydr oxy-6-(hydr oxymethyl)-2-(1-hydr oxypentyl)-4H-pyran-4-one (Li): C11H1605
obtained in 78% yield as a brown semisolidNMR (400MHz, DMSO¢k): 5 0.83 (t,J = 6.8
Hz, 3H), 1.21-1.28 (m, 4H), 1.58-1.71 (m, 2H), 4(80J = 5.6 Hz, 2H), 5.77 (t] = 5.6 Hz, 1H),
6.32 (s, 1H);13CNMR (125MHz, DMSOsdg): 173.88, 167.36, 151.12, 140.78, 108.61, 64.23,
59.46, 33.54, 27.14, 21.80, 13.83. HRMS (-ESl)ca@27.0919 and found 227.0921.

3-hydroxy-6-(hydr oxymethyl)-2-(1-hydr oxynonyl)-4H-pyr an-4-one (2): Ci15H2405
obtained in 72% yield as a brown semisoltdNMR (400MHz, CQOD): § 0.77-0.79 (m, 3H),
1.18-1.19 (m, 12H), 1.67-1.73 (m, 2H), 4.33 (s, 2B)39 (s, 1H), 6.36 (s, 1H}*CNMR
(125MHz, CQYOD): 176.67, 169.59, 152.84, 142.83, 109.75, 6668925, 35.25, 33.41, 30.60,
30.42, 30.36, 26.47, 23.74, 14.46. HRMS (+ESI)ca&85.1702 and found 285.1698.
4.3. General procedure for preparation of compounds 2a-2j: compoundla-1j (1 equiv.),
silica-H,SOy (10 mol%) and indole (1.5 equiv) taken in £ as solvent was stirred at 80
for 2 hr. After completion of the reaction, theoguct was extracted with ethyl acetate (3x15
ml). The combined organic layer was dried with arbys sodium sulphate, concentrated in
vacuo, and purified by column chromatography (medhadichloromethane =0.25:9.75) to
afford the pure product.

2-((1H-indol-3-yl)(phenyl)methyl)-3-hydr oxy-6-(hydroxymethyl)-4H-pyran-4-one  (2a):
C,1H17NO, obtained in 96% yield as a colourless solid. MZ#0-220°C.*HNMR (400MHz,
CDsOD): § 4.20 (s, 2H), 5.96 (s, 1H), 6.35 (s, 1H), 6.83 &,7.5 Hz, 1H), 6.95 (s, 1H), 6.98 (t,
J = 7.6 Hz, 1H), 7.14 (&) = 7.1 Hz, 1H), 7.20 (t) = 7.5 Hz, 3H), 7.26 (t) = 8.2 Hz, 3H);
BCNMR (125MHz, DMSO+dg): 173.63, 167.22, 151.05, 140.78, 140.34, 136128,43, 128.13,
126.85, 126.26, 123.86, 121.29, 118.77, 118.37,7612111.61, 108.94, 59.55. 41.07. HRMS
(+ESI): calcd 348.1236 and found 348.1235.

2-((4-fluor ophenyl)(1H-indol-3-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-one
(2b): Co1H16FNO; obtained in 98% vyield as a brown solid. M.pt: 23@2C.*"HNMR (400MHz,
CDsOD): 6 4.30 (s, 2H), 6.11 (s, 1H), 6.49 (s, 1H), 6.9337(®, 3H), 7.06-7.07 (m, 2H), 7.30-
7.37(m, 4H);13CNMR (125MHz, CROD): 176.62, 169.44, 164.24, 162.30, 153.94, 142.73
138.22, 137.43, 131.42, 127.91, 125.00, 122.84,122016.22, 114.41, 112.59, 109.98, 61.25,
41.40. HRMS (+ESI): calcd 366.1142 and found 364411



2-((4-chlor ophenyl)(1H-indol-3-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-
one (2¢): C,1H16CINO, obtained in 96% yield as a brown solid. M.pt: 18®IC. 'HNMR
(400MHz, CROD): § 4.20 (s, 2H), 5.98 (s, 1H), 6.34 (s, 1H), 6.84 &,7.5 Hz, 1H), 6.95-7.00
(m, 2H), 7.17-7.27 (m, 6H)**CNMR (125MHz, CROD): 173.04, 169.49, 153.51, 142.83,
140.37, 138.22, 133.80, 131.23, 129.57, 127.87,0029.22.80, 120.08, 119.82, 114.01, 112.51,
109.91, 61.21, 41.46. HRMS (+ESI): calcd 382.084@ faund 382.0848.
2-((4-bromophenyl)(1H-indol-3-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-
one (2d): C,1H1¢BrNO, obtained in 94% yield as a brown solid. M.pt: 18DIC. *HNMR
(400MHz, CROD): § 4.33 (s, 2H), 6.09 (s, 1H), 6.48 (s, 1H), 6.96 &,7.4 Hz, 1H), 7.00-7.15
(m, 2H), 7.30 (dJ = 8.0 Hz, 3H), 7.38 (dJ = 8.1 Hz, 1H), 7.47 (d] = 8.2 Hz, 2H);"*CNMR
(125MHz, CROD): 173.04, 169.49, 153.51, 142.83, 140.84, 1381&2.58, 131.56, 127.85,
125.02, 122.80, 121.78, 120.09, 119.78, 113.90,5012109.95, 61.23, 41.54. HRMS (+ESI):
calcd 426.0341 and found 426.0333.
2-((1H-indol-3-yl)(4-methoxyphenyl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-
one (2e): CyH:1gNOs obtained in 91% yield as a brown solid. M.pt: 23®ZC. 'HNMR
(400MHz, CXOD): § 3.78 (s, 3H), 4.31 (s, 2H), 6.05 (s, 1H), 6.481¢3), 6.87 (d,J = 8.3 Hz,
2H), 6.94 (t,J = 7.4 Hz, 1H), 7.05 (s, 1H), 7.09 &= 7.5 Hz, 1H), 7.33 (dd] = 25.2, 8.2 Hz,
4H); BCNMR (125MHz, CROD): 176.75,169.32, 160.02, 154.80, 142.51, 138138.17,
133.43, 130.70, 127.96, 125.03, 122.80, 119.97,95]1414.82, 112.57, 109.98, 61.24, 55.99,
41.33. HRMS (+ESI): calcd 378.1341 and found 374313
2-((2,5-dimethoxypheny!)(1H-indol-3-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-
pyran-4-one (2f): C,3H»1NOg obtained in 89% yield as a brown solid. M.pt: 23M2C.*HNMR
(400MHz, CXOD): § 3.64 (s, 3H), 3.74 (s, 3H), 4.22 M= 8.0 Hz, 2H), 6.24 (s, 1H), 6.34 (s,
1H), 6.82-6.88 (m, 3H), 6.98 (@,= 7.5 Hz, 1H), 7.06 (s, 1H), 7.10 — 7.19(m, 1HR47(d,J =
8.1 Hz, 1H), 7.35 (dJ = 7.9 Hz, 1H);*CNMR (125MHz, CROD): 176.63, 169.56, 153.06,
144.37, 142.17, 138.08,127.72, 127.62, 126.99,6229.24.49, 122.77, 120.08, 119.74, 114.68,
112.45, 109.79, 61.18, 56.42, 56.11, 37.43. HRMS5(}: calcd 408.1447 and found 408.1449.
2-((2,3-dimethoxypheny!)(1H-indol-3-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-
pyran-4-one (2g): Cx3H21NOg obtained in 89% yield as a brown solid. M.pt: 23DZC.
HNMR (400MHz, CROD): § 3.65 (s, 3H), 3.75 (s, 3H), 4.20 (s, 2H), 6.36L(4), 6.39 (s, 1H),
6.80-6.89 (m, 5H), 6.97 (1) = 7.7 Hz, 1H), 7.22 (tJ = 7.7 Hz, 2H);**CNMR (125MHz,
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CDsOD): 176.57, 169.31, 154.23, 154.10, 148.09, 142¥3B.16, 134.95, 128.02, 124.96,
122.86, 119.93, 119.62, 114.85, 112.65, 112.40,81M9%61.25,56.34, 56.24, 35.54. HRMS
(+ESI): calcd408.1447 and found 408.1449.

2-((1H-indol-3-yl)(naphthalen-2-yl)methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyr an-4-
one (2h): CysH1gNO, obtained in 91% vyield as a brown solid. M.pt: 23@2ZC. 'HNMR
(400MHz, CROD): 6 4.21 (s, 2H), 6.18 (s, 1H), 6.37 (s, 1H), 6.83 &,7.5 Hz, 1H), 6.93 -7.06
(m, 2H), 7.22 (dJ = 8.0 Hz, 1H), 7.27 (d] = 8.2 Hz, 1H), 7.33 (dd] = 6.1, 3.2 Hz, 2H), 7.42
(d,J = 8.4 Hz, 1H), 7.63-7.72 (m, 4HYCNMR (125MHz, CROD+DMSOd): 176.17, 169.49,
153.43, 142.85, 139.59, 138.13, 134.96, 134.03,572929.31, 129.01, 128.39, 128.27, 128.23,
127.73, 127.40, 125.56, 123.12, 120.51, 120.17,6B14113.11, 110.45, 61.37, 42.13. HRMS
(+ESI): calcd 398.1392 and found 398.1389.

2-(1-(1H-indol-3-yl)pentyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-one (2i):
CigH2:NO, obtained in 87% vyield as a brown solid. M.pt: 13®IC. '"HNMR (400MHz,
CDs0OD): 6 0.91 (t,J = 6.9 Hz, 3H), 1.21 — 1.53 (m, 4H), 2.03 — 2.33 2M), 3.37 (s, 1H), 4.36
(g,J = 15.5 Hz, 2H), 6.42 (s, 1H), 6.99 Jt= 7.4 Hz, 1H), 7.08 (t) = 7.4 Hz, 1H), 7.23 (s, 1H),
7.33 (d,J = 8.1 Hz, 1H), 7.66 (d] = 7.9 Hz, 1H)®*CNMR (125MHz, CROD): 176.41, 169.21,
155.66, 142.53, 137.96, 128.09, 123.39, 122.51,801919.72, 115.61, 112.29, 109.49, 61.25,
36.12, 33.14, 28.75, 23.74, 14.46. HRMS (+ESl)cd&28.1549 and found 328.1551.

2-(1-(1H-indol-3-yl)nonyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-one (2)):
Co3H2oNO, obtained in 86% yield as a brown solid. M.pt: 18DIC. *HNMR (400MHz,
CDs0D): 4 0.90 (t,J = 6.6 Hz, 3H), 1.46 — 1.19 (m, 12H), 2.29 — 2.6% 2H), 3.33 (s, 1H), 4.36
(9,J = 15.5 Hz, 2H), 6.41 (s, 1H), 6.99 Jt= 7.4 Hz, 1H), 7.09 (1) = 7.5 Hz, 1H), 7.23 (s, 1H),
7.34 (d,J = 8.1 Hz, 1H), 7.65 (d] = 7.9 Hz, 1H)®*CNMR (125MHz, CROD): 176.41, 169.21,
155.66, 142.53, 137.96, 128.09, 123.39, 122.51,801919.72, 115.61, 112.29, 109.52, 61.25,
36.12, 33.14, 33.01, 30.58,30.42, 30.37, 28.75,423.4.46. HRMS (+ESI): calcd 384.2175 and
found 384.2171.
4.4. General procedure for preparation of compounds 2k-2p and 3a-3f: Compoundla (1
equiv.), silica-HSO, (10 mol%), substituted indoles and other nuclelegh{1.5 equiv) was
stirred in CHCN at 80°C for 2 hr. After completion of the reaction, theduct was extracted

with ethyl acetate (3x15 ml). The combined orgdaiger was dried with anhydrous sodium
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sulphate, concentrated in vacuo, and purified byumma chromatography (methanol:
dichloromethane =0.25:9.75) to afford the pure pobdd

3-hydr oxy-6-(hydr oxymethyl)-2-(phenyl (2-phenyl-1H-indol-3-yl)methyl)-4H-pyran-4-one
(2k): Co7H21NO, obtained in 89% yield as a grey solid. M.pt: 19020 'HNMR (400MHz,
CDs;0OD): 6 4.11 (ddJ = 56.8, 15.8 Hz, 2H), 6.15 (s, 1H), 6.36 (s, 161Y,7 (t,J = 7.6 Hz, 1H),
6.98 (dd,J = 15.5, 7.7 Hz, 3H), 7.20 — 7.03 (m, 4H), 7.20®% 7.2 Hz, 2H), 7.35 (1) = 7.5 Hz,
2H), 7.48 (dJ = 7.5 Hz, 2H)*CNMR (125MHz, DMSOs): 173.73, 167.51, 150.71, 141.49,
140.14, 136.88, 136.32, 132.17, 128.79, 128.68,382 127.96, 127.34, 126.41, 121.38, 121.17,
118.76, 11.32, 108.98, 59.35, 41.8. HRMS (+ESlcdd24.1549 and found 424.1552.

3-hydroxy-6-(hydr oxymethyl)-2-((5-methoxy-1H-indol-3-yl)(phenyl)methyl)-4H-pyr an-4-
one (21): CyHigNOs obtained in 92% vyield as a brown solid. M.pt: 13®IC *HNMR
(400MHz, CROD): 6 3.21 (s, 3H), 4.21 (s, 2H), 5.95 (s, 1H), 6.361(d), 6.57 — 6.72 (m, 2H),
6.91 (s, 1H), 7.15 (dd] = 8.1, 5.6 Hz, 2H), 7.21 (8 = 7.4 Hz, 2H), 7.21 () = 7.4 Hz, 2H),
7.29 (d,J = 7.3 Hz, 2H);"*CNMR (125MHz, DMSOd): 173.96, 167.17, 153.01, 151.51,
140.62, 139.95, 130.89, 128.49, 128.11, 126.92,5820.24.37, 112.48, 112.34, 111.16, 108.94,
100.37, 59.34, 55.23, 41.8. HRMS (+ESI): calcd 3381 and found 378.1345.

3-((3-hydr oxy-6-(hydr oxymethyl)-4-oxo-4H-pyran-2-yl)(phenyl)methyl)-1H-indole-5-
carbonitrile (2m): C,;H16N2O4 obtained in 94% vyield as a colourless solid. M3#0-250°C
"HNMR (400MHz, CROD): § 4.21 (d,J = 3.1 Hz, 2H), 6.02 (s, 1H), 6.36 (s, 1H), 7.1857(m,
7H), 7.40 (d,J = 8.5 Hz, 1H), 7.58 (s, 1H)**CNMR (125MHz, CROD): 176.56, 169.42,
153.24, 142.88, 140.80, 140.05, 129.74, 129.5,3R8.27.88, 127.83, 125.75, 125.50, 121.75,
115.81, 113.81, 110.10, 102.65, 61.26, 41.81. HRMESI): calcd 373.1188 and found
373.1191.

5-hydr oxy-2-(hydroxymethyl)-3-((1-methyl-1H-indol-3-yl)(phenyl)methyl)-4H-pyran-4-
one (2n): C,,H1gNO, obtained in 91% vyield as a dark red solid. M.pt0-180°C. *HNMR
(400MHz, CBOD): 6 3.64 (s, 3H, NMe), 4.20 (s, 2H), 5.98 (s, 1H)46(8, 1H), 6.82 — 6.88 (m,
2H), 7.04 (t,J= 7.2Hz, 1H), 7.12-7.27(m, 7H)*CNMR (125MHz, DMSOds; +CD;OD):
173.68, 166.76, 151.02, 139.97, 138.86, 135.95,8P28.25.86, 125.47, 120.22, 117.48, 111.20,
107.94, 58.53, 39.2, 30.30. HRMS (+ESI): calcd 3822 and found 362.1389.

5-hydroxy-2-(hydroxymethyl)-3-((1-pentyl-1H-indol-3-yl)(phenyl)methyl)-4H-pyr an-4-
one (20): Cy¢H27NO, obtained in 89% vyield as a dark brown solid. M3#0-160°C.*HNMR
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(400MHz, CRXOD): 6 0.90 (t,J = 7.1 Hz, 3H), 1.23 — 1.40 (m, 8H), 1.73 — 1.91 2id), 4.32 (s,
2H), 6.11 (s, 1H), 6.48 (s, 1H), 6.97 {t= 7.4 Hz, 1H), 7.06 (s, 1H), 7.15 &= 7.6 Hz, 1H),
7.23-7.39 (m, 7H);**CNMR (125MHz, CROD): 137.91, 129.55, 128.52, 128.05, 122.69,
122.04, 120.21, 119.98, 110.68, 61.23, 47.06, 3B043, 30.16, 23.36, 14.39. HRMS (+ESI):
calcd 418.2018 and found 418.2015.

3-((1-benzyl-1H-indol-3-yl)(phenyl)methyl)-5-hydr oxy-2-(hydr oxymethyl)-4H-pyran-4-
one (2p): CygH23aNO, obtained in 89% yield as a colourless solid. M¥80-170°C.*H NMR
(400 MHz,CBOD) 6 4.19 (s, 2H), 5.25 (s, 2H), 6.03 (s, 1H), 6.391¢d), 6.85 (t,J=6.8 Hz
1H), 6.97-7.02 (m, 4H), 7.12-7.28 (m, 10HJCNMR (125MHz, DMSOds): 173.73, 167.51,
150.71, 141.49, 140.14, 136.88, 136.32, 132.1B.782 128.68, 128.36, 127.96, 127.34, 126.41,
121.38, 121.17, 118.76, 111.32, 108.98, 59.35,%48.12. HRMS (+ESI): calcd 437.1627 and
found 437.1625.

3-hydroxy-6-(hydr oxymethyl)-2-(phenyl (phenylthio)methyl)-4H-pyr an-4-one (3a):
CigH1604S obtained in 94% yield as a red solid. M.pt: 80-90%€ NMR (400 MHz,CROD) §
4.32 (q,d = 15.7 Hz, 2H), 5.86 (s, 1H), 6.26 (s, 1H), 7(d4J = 3.9 Hz, 3H), 7.21 (dJ = 7.0
Hz, 1H), 7.25 (tJ = 7.3 Hz, 2H), 7.28 — 7.34 (m, 2H), 7.46 (M= 7.3 Hz, 2H),*CNMR
(125MHz, DMSO0#g):173.32, 167.50, 146.85, 141.68, 136.91, 133.80,3D, 129.08, 128.78,
128.24, 128.09, 127.66, 108.85, 59.42, 48.56. HRMESI): calcd 341.0848 and found
341.0846.

3-hydr oxy-6-(hydr oxymethyl)-2-(((4-methoxyphenyl)thio)(phenyl)methyl)-4H-pyr an-4-
one (3b): CooH150sS obtained in 89% yield as a light brown solid. M.p10-120°C.*HNMR
(400MHz, COD): 6 6 3.64 (s, 3H), 4.34 (q] = 15.6 Hz, 2H), 5.70 (s, 1H), 6.27 (s, 1H), 6.70
(d,J = 8.7 Hz, 2H), 6.77 (d) = 8.8 Hz, 1H), 7.14 — 7.30 (m, 5H), 7.43 (d= 7.1 Hz, 2H);
3CNMR (125MHz, CROD): 176.08, 169.60, 161.83, 150.15, 143.16, 138183.26, 129.77,
129.75, 129.17, 124.90, 115.56, 109.69, 61.23,%%6.43. HRMS (+ESI): calcd 371.0953 and
found 371.0943.

3-hydr oxy-6-(hydr oxymethyl)-2-((4-hydr oxyphenyl)(phenyl)methyl)-4H-pyran-4-one
(3c): CioH1¢0s5 obtained in 92% yield as a orange solid. M.pt: 180°C; 'HNMR (400MHz,
CDs0D): 4 4.19-4.22 (m, 2H), 5.69 (s, 1H), 6.36 (s, 1H)36(6,J = 8.4 Hz, 2H), 6.95 (d] =8.4
Hz, 2H), 7.10 — 7.19 (m, 5H}*CNMR (125MHz, DMSOsdg): 173.55, 170.37, 167.25, 156.20,
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150.41, 141.55, 140.63, 130.10, 129.73, 128.46,7126115.23, 108.91, 59.77, 46.96. HRMS
(+ESI): calcd 325.1076 and found 325.1077.

3-hydr oxy-6-(hydr oxymethyl)-2-((5-methylthiophen-2-yl)(phenyl)methyl)-4H-pyran-4-
one (3d): CigH1604S obtained in 87% vyield as a light brown solid. M.p8-90°C.*HNMR
(400MHz, CROD): 6 2.31 (s, 3H), 4.26 (s, 2H), 5.89 (s, 1H), 6.361(8), 6.52 (dJ = 3.24 Hz,
1H), 6.58 (d,J = 3.24 Hz, 1H) 7.14 — 7.23 (m, 5HYCNMR (125MHz, DMSOs): 173.59,
167.37, 149.09, 141.24, 139.97, 139.57, 138.94,582828.01, 127.20, 126.40, 124.90, 109.01,
59.45, 43.32, 14.86. HRMS (+ESI): calcd 329.084@ fanind 329.0850.

2-(benzo[ b]thiophen-3-yl(phenyl) methyl)-3-hydr oxy-6-(hydr oxymethyl)-4H-pyran-4-one
(3e): C,1H1704S obtained in 87% vyield as a colourless solid. M.p#0-150°C. *HNMR
(400MHz, CXOD): 6 4.23-4.25 (m, 2H), 6.11 (s, 1H), 6.33 (s, 1H),667250 (m, 7H), 7.50 (s,
1H) 7.65 (d,J = 8Hz 2H) 8.00 (d, J=7.2 Hz, 1H*CNMR (125MHz, DMSOd,): 173.64,
167.44, 149.25, 141.42, 139.55, 138.69, 137.83,873328.68, 128.44, 127.24, 125.12, 124.55,
124.31, 123.04, 121.64, 109.05, 59.44, 42.21. HRMESI): calcd 365.0848 and found
365.0843.

3-hydroxy-6-(hydroxymethyl)-2-(phenyl (1H-pyrrol-2-yl)methyl)-4H-pyran-4-one  (3f):
C1/H1sNO, obtained in 85% vyield as a black solid. M.pt: 13BIC. '"HNMR (400MHz,
CDs0OD): 4 4.26 (q,J = 15.6 Hz, 2H), 5.77 (s, 1H), 5.89 -5.95 (m, 261B85 (s, 1H), 6.59 (s, 1H),
7.12-7.20 (m, 5H)CNMR (125MHz, DMSOds): 173.64, 167.28, 149.93, 140.91, 140.38,
128.37, 127.89, 116.79, 117.41, 108.90, 107.43,970659.47, 48.57, 41.37. HRMS (-ESI):
calcd 296.0923 and found 296.0924.
45. Glucose Uptake Assay All the synthesized compounds were evaluated facage
uptake stimulatory effect in L6 skeletal musclelstably expressing rat GLUT4 with a myc
epitope inserted in the first exofacial loop (L64GL4myc), a kind gift of Dr Amira Klip,
Program in Cell Biology, The Hospital for Sick QGirén, Toronto, Canada. Cells were
maintained in DMEM supplemented with 10% FBS and aPtibiotic/antimycotic solution
(20,000 U/ml penicillin G, 10 mg/ml streptomycirf 2g/ml amphotericin B) in a humidified
atmosphere of air and 5% G@t 37C [26,27]. Differentiation was induced by switching
confluent cells to medium supplemented with 2% FHSRperiments were performed in
differentiated myotubes 6—7 days after seedingdifi¢rentiated myotubes stage the cells were

treated with test compounds 16 hours and glucoskepvas measured by incubating cells for 5
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min in HEPES-buffered saline containing 10 pM 2-0G5 pCi/ml 2-fH] DG) at room
temperature, followed by cell lysis and measuremeht radioactivity incorporated by
scintillation counting, as described previously][290onspecific uptake was determined in the
presence of cytochalasin B (25 uM) during the assalthese values were subtracted from all
other values. Glucose uptake measured in duplicates normalized to total protein, was
expressed as percent stimulation activity with eespo control cells.

4.6. GLUT4translocation assay. GLUT4 translocation to cell surface was determiimed6-
GLUT4myc myotubes by measuring the cell surface level o®B4myc by an antibody-coupled
colorimetric assay as previously described [23fdRsally, cells grown in 24-well plates and
treated as indicated were fixed in 3% paraformajdehfor 30 min and quenched in 100 mM
glycine for 10 min. Following blocking with 5% skimred milk for 10 min, cells were incubated
with antimyc antibody solution (1.0 pg/ml in PBS with 3% skininmilk) for 1 h. After
labeling, excess antibodies were removed by extensashing in ice-cold PBS. Cell surface
GLUT4-bound antibodies were probed by HRP-conjujatecondary antibodies followed by
detection of bound HRP by O-phenylenediamine dibgdioride reagent. The reaction was
stopped by addition of 3N HCI and the supernataad wollected to read optical density at 492
nm. The fraction of GLUTihyc at the cell surface, measured in triplicate, wazessed as fold
induction with respect to unstimulated cells.

4.7. Inhibitor study for PI3K. Experiments were performed in differentiated myesil6—7
days after seeding. At differentiated myotubesestihg cells were treated with test compounds
16 hours with final one hour in presence of wortmar{1pum) and glucose uptake was measured
by incubating cells for 5 min in HEPES-bufferedirsalcontaining 10 pM 2-DG (0.5 puCi/ml 2-
[*H] DG) at room temperature, followed by cell lysimd measurement of radioactivity
incorporated by scintillation counting, as desali@eviously [25]. Nonspecific uptake was
determined in the presence of cytochalasin B (295 diing the assay and these values were
subtracted from all other values. Glucose uptakasmed in duplicates and normalized to total

protein, was expressed as percent stimulationigctith respect to control cells.
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Table 1. Reaction of kojic acid with benzaldehyde in thegence of various catalysts in dioxan&Hat room

temperature
0
HO a HO © OH
||+ @—CHO—> ||
0 OH
OH

O
Kojic acid 1a

Entry Catalyst Time (d) yieltl (%) of 1a
1 Imidazole 1 72%

2 DMAP 1 60%

3 DABCO 1 94%

4 DBU 1 47%

5 Pyridine 1 54%

6 EtN 1 30%

%oijic acid (1 mmol) with benzaldehyde (1.2 mmol)tive presence of various catalysts (entry 1-6,mm3ol) in

dioxane:HO (1:1, 4 mL) at room temperature for 24lsolated yield after column chromatography.



Table 2. Products of reaction between kojic acid with aijdyl aldehydes.

o OH
HO a HO © R
| ]+ oHC, — ||
o) OH
OH o)
Kojic acid R= aryl/alkyl R= aryl/alkyl
1a-1j
OH OH OH
"o HOW ”Om
OH OH F OH Cl
o © 1O 97%
C 0
0 ]
1a, 94% 1b,98%
OH OH OH OMe
HO | ° | HO | 0 | HO | 0 |
OH Br OH OMe
(0] (0]
1d, 94% 1e, 91%
OH OMe OH
HO | O | OMe HO | O | H
OH OH ‘ ‘
o o)
19, 89% 1h, 89%

1i, n= 3, 85% and
1j, n=7, 83%

@ Reagents and conditions: (a) Kojic acid (1 mmolGHD (1.2 mmol), DABCO (1.2mmol), dioxane® (1:1),
room temp., 24 fReaction took 2 days for complete conversion.



Table 3. Nucleophilic substituion of indole on various dlddducts.

OH OH
o]
R @)
Ir LD e
OH N
H
o]
R= aryl/glkyl Indole
1a-1j 2a-2j

0
2a, 98% 2b, 98%
- JNH - JNH
OH A OH N
o o
| ||
OH Br OH OMe

0 0
2d, 94%

2g, 89% 2h, 91% 2i,n=3, 87% and
2j, n=7 86%
@Reagents and conditions: (& -1j (1equiv.), indole (1.5 equiv), silica,80, (10 mol %), CHCN, 80°C, 2h.




Table 4. Nucleophilic substitution afa by variously substituted indoles and differentleaphiles.

OH OH OH Nu
°© (@ ©
| | + Nu — | |
OH OH
(6] (6]
1a 2k-3f

2n, 91%

S

o) 0
3c, 92%

% Reagents and conditions: (8 (1equiv.), Nu (substituted indoles and other nojtéles 1.5 equiv), silica4$Q,
(20 mol %), CHCN, 80°C, 2h.
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Fig. 1. Orally active insulin mimic natural product demgthterriquinone BX) and its kojic acid derived analogug) (vhich

retains insulin mimic activity.



0 IR activation
A\ PH {Aryl/alkyl moeities]

(b) PI3K activation

Aryl and heteroaryl OH :> ﬂ

moeities Insulin Mimic  GLUT4 translocation

\ 0 activity ﬂ

Enhance glucose uptake
by L6 skeletal muscle cells
Fig. 2. Objective of current work (a) synthesis of tangetlecule based on indolylkojic acid scaffold witheocarbon spacer (b)
Glucose uptake stimulatory effect in L6 skeletalsaie cells via insulin like mode of action of tergtructure.

indoles,

kojic acid-derived analogue (B) Target Structure (1)



I THPO
@ o, (X -
o\ﬁﬁ\ NHBoc O_ (0]
M) (1)PdCly(PhP), o 17
Cul, Et;N A 779,
I o™y CHEWN YN 4, T,

OTHP N Ve
(2 steps) (2)BugNF, THF Boc (2 s %, _/\%@0 o
(2 steps) Obs,afofo ” n e OH
Vi ;% HO

N
%, N\
430;' 0
ALY AN
??Y\’b
(b) OTBS SnBuj (\\?(\\(\6‘9000 ”
0\\)6 \r\? X
= \ N e Syl (B)
o) 0 BN 00
_ + N @
TBSO  Br ~ P o
(2 steps)

Fig. 3. Literature methods for synthesis of indolylkojizid B): (a) Sonogashira coupling and heteroaromatic s€tai

rearrangement,of a protected iodoaniline with prgplakojate (b) Stille coupling between stannylidative of indole and halide

derivative of kojic acid.



176  ***

*%K

1.501 .

5
1.254
1.004

0.75

0.50

2-DG Uptake (fold vs. control)

0.25

0.00—-
Cins 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2] 2m 2n 20 2p 3a 3b 3c 3d 3Je 3If

Test compound (uM)
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Highlights

* A library of novel small moleculesinsulin mimics based on indolylkojic acid scaffold
» The synthetic strategy used is scalable, broad,and flexible enough to create diversity
*  Glucose uptake stimulatory effect of the compoundsin rat L6 skeletal muscle cells

» Exert biological action by enhancing GLUT4 translocation to cell surface via PI3K-
dependent signaling pathway



Supporting Information
Synthesis of heteroaryl/aryl kojic acid conjugates as stimulator s of

glucose uptake by GLUT4 translocation
Deepak K. Sharma,® Jyotsana Pandey,® Akhilesh K. Tamrakar, *¢ Debaraj Mukherjee®™

1. 'HNMR and *CNMR 2-34
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