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a b s t r a c t 

In this current work, 7-azaindole based 1,3,4-oxadiazoles have been successfully prepared by treatment 

of 3-(hydrazonomethyl)-7-azaindole with the different acyl chlorides or acetic anhydrides to give the cor- 

responding carbohydrazides, followed by iodine mediated synthetic protocol in order to afford the corre- 

sponding 2,5-disubstituted 1,3,4-oxadiazoles. The full characterization data of the novel compounds were 

obtained by utilizing 1 H NMR, 13 C NMR, FT-IR, high-resolution mass spectrometry and single crystal X- 

ray diffraction techniques. The antioxidant activity and α-glucosidase inhibition potential of the prepared 

compounds are examined by in vitro assays. The targeted hydrazide linked 7-azaindoles and their corre- 

sponding cyclized form 1,3,4-oxadiazoles exhibited inhibitory potential with IC 50 values ranges between 

0.46 and 24.92 mM. Plausible binding mode and interaction of ligands with α-glucosidase enzyme have 

been studied by molecular docking, supporting the experimental results. 

© 2021 Elsevier B.V. All rights reserved. 

1

c

p

A

e

f

t

u

c

e

f

4

t  

7

f

b

l

(

u

b

1

i

h

i

(

t

s

s

t

b

m

c

o

i

t

h

0

. Introduction 

The design and synthesis of nitrogen containing heterocyclic 

ompounds for biological studies is an active area of research es- 

ecially in the fields of organic and medicinal chemistry [1–4] . 

mong the various nitrogen containing heterocycles, indole moi- 

ties have been attractive targets within drug discovery due to the 

act that naturally occurring indoles often display diverse and in- 

eresting biological activities [5–9] . Being a good bioisostere of nat- 

rally occurring indole alkaloids, azaindoles are a class of hetero- 

ycles consisting of a fused electron-deficient pyridine ring with 

lectron-rich pyrrole ring [10] . It is well established that there are 

our different structural isomers of azaindoles which are known as 

-, 5-, 6- and 7-azaindoles resulting from the position of the ni- 

rogen atom within the pyridine ring [ 11 , 12 ]. Of these isomers, the

-azaindole is undoubtedly one of the more common and popular 

rameworks [ 13 , 14 ]. Structures containing 7-azaindole units have 

een the target of extensive studies due to their remarkable bio- 

ogical activities [ 14–16 ]. For example, 7-azaindole derivative nat- 
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ral product the variolin B, isolated from Antarctic sponge, has 

een used as an antiviral agent. Additionally, the 7-azaindole based 

,3,4-oxadiazoles showed promising CDC7 cell activity and selectiv- 

ty profiles against CDK1, CDK2 and CDK9 inhibitors [ 17 , 18 ]. 

Apart from biological properties, 7-azaindole based molecules 

ave been shown to possess a range of application including chem- 

cal sensor, field-effect transistors, organic light-emitting diodes 

OLEDs) [ 19–21 ]. From the synthetic point of view, the most reac- 

ive position on 7-azaindole with respect to electrophilic aromatic 

ubstitution reaction is C3 [22] . The active sides of 7-azaindole ring 

ystem provides an opportunity for functionalization and deriva- 

ization. Consequently, design and synthesis of novel 7-azaindole 

ased platforms is still desirable in both synthetic organic and 

edicinal chemistry. 

On the other hand, the 1,3,4-oxadiazoles are unique hetero- 

yclic systems and rapid development in the chemistry of 1,3,4- 

xadiazole has been observed in the last few decades due to their 

mportant biological properties [ 23 , 24 ]. These five-membered ni- 

rogen containing heterocycles play a vital role especially in medic- 

nal chemistry [ 23 , 24 ]. Among biologically active 1,3,4-oxadiazoles, 

,5-disubstituted derivatives have gained special attention due 

o a wide range of pharmacological activities namely, antiviral, 

ntibacterial, anti-fungal, anti-inflammatory and antihypertensive 
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Scheme 1. Reagents and Conditions: ( a) HMTA, CH 3 COOH, H 2 O; ( b) excess NH 2 NH 2 .H 2 O, EtOH, reflux, 3 h; (c) excess NH 2 NH 2 .H 2 O, THF, r.t., 24 h; (d) RCOCl or acetic 

anhydride, Et 3 N CH 3 CN, r.t. 
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Scheme 2. Reagents and Conditions: DMSO, I 2, K 2 CO 3 , 110 °C, 24 h. 
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 25–29 ]. Antioxidant and acetylcholinestrase inhibition properties 

f indole based 1,3,4-oxadiazoles have been recently reported by 

s [30] . Furthermore, 1,3,4-oxadiazole-containing compounds have 

een used as the α-glucosidase inhibitors [31] . The compounds 

ontaining −NH–NH–C = O − moiety are known as hydrazide link- 

rs which are employed as key intermediate building blocks in the 

reparation of 2,5-substituted-1,3,4-oxadiazole compounds [32] . It 

s worth noting here that hydrazide linkers are also important 

argets due to their potential biological activities. For example, a 

eries of hydrazide intermediates and their corresponding 1,3,4- 

xadiazoles were developed with displaying the best DPPH scav- 

nging activity [32] . 

Considering the importance of 7-azaindole and 1,3,4-oxadiazole 

ucleus and encouraged by our recently reported indole based 

,3,4-oxadiazoles study, it is worthwhile to design and synthesis 

 new skeleton of both 7-azaindole and 1,3,4-oxadiazole motifs, 

hich was expected to possess good antioxidant activity along 

ith α-glucosidase inhibitor potentials. Furthermore, molecular 

ocking study was performed in order to obtain structural insight 

nto the inhibitory mechanisms for the α-glucosidase inhibitors. 

his is the first report about the preparation of targeted systems 

nd the designated biological properties. 

. Results and discussion 

.1. Synthesis and characterization 

For this current study, 7-azaindole was selected as the par- 

nt pharmacophore since nitrogen containing heterocycles have 

een frequently used in the area of organic and medicinal chem- 

stry. The targeted 7-azaindole based carbohydrazide intermedi- 

tes and 1,3,4-oxadiazoles were synthesized following the sequen- 

ial reactions mentioned in Schemes 1 and 2 . Aldehyde is an im- 

ortant functional groups to introduce functionality to the or- 

anic molecules and the synthetic strategy began with formyla- 

ion of 7-azaindole. For this purpose, 7-azaindole-3-carbaldehyde 

 was synthesized in high yield by the one pot reaction of 

he commercially available 7-azaindole 1 with hexamethylenete- 

ramine in acetic acid according to reported procedure [22] . 7- 

zaindole possesses the aldehyde group is particularly suited to 

chiff base reactions by employing hydrazine hydrates. The syn- 

hesis of (3-(hydrazonomethyl)-7-azaindole 3 was subsequently ex- 
2 
mined since they could serve as key intermediate building blocks 

n the preparation of unsymmetrical hydrazide linkages. When ex- 

ess amount of hydrazine hydrate was added to 7-azaindole-3- 

arbaldehyde 2 in ethanol at reflux for 1 h, unexpected dimeric 

-azaindole 3 was obtained. It was found from the literature that 

he dimeric compound 3 was previously reported with the lack 

f 13 C NMR and mass spectroscopy data [33] . The detailed 

1 H 

MR, 13 C NMR and mass spectra are given in SI. When the reac- 

ion conditions were slightly modified, the monomeric compound 

 was afforded as the only product. At the beginning, the reaction 

f carbaldehyde 2 with excess hydrazine hydrate was carried out 

t room temperature and the product was formed in 80% yield, 

owever, seven days reaction time was non-objectionable. There- 

ore, different solvents such as CH 3 CN, DMF and THF were used 

o shorten the reaction time. The reaction with CH 3 CN lasted in 2 

ays with acceptable yield. The reaction was completed in DMF in 

 day but the yield was very poor. To this end, the reaction of 7-

zaindole-3-carbaldehyde 2 with excess amount of hydrazine hy- 

rate in THF at room temperature afforded the monomeric com- 

ound 4 in 80% yield. The next step was performed immediately 

ue to the low stability of 7-azaindole 4 . 

For the synthesis of unsymmetrically hydrazide bridged com- 

ounds, the compound 4 was reacted with acetic anhydride in 

cetonitrile in the presence of triethylamine, hydrazide linked 7- 

zaindole 5a was generated as a single product in 95% yield. The 

ompound 4 was subsequently reacted with m- and p- substituted 
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Fig. 1. The X-ray crystal structure of the compound 6b . 

b

o

c

t

w

t

h

t

a

N

d

a

p

a

T

b

c

t

2

p

N

a

a

z
1

a

t

b

t

a

c

i

o

a

5

m

T

b

p

w

Table 1 

Cyclization of 5b under various reaction conditions. 

Conditions Temp. ( °C) Time (h) Yield (%) 

DMSO/DIB r.t. 72 ∗

DMSO/DIB 110 48 45 

DCM/DIB r.t. 48 ∗

CHCl 3 /DIB r.t. 72 ∗

DMF/I 2 , K 2 CO 3 110 48 18 

DMSO/I 2, K 2 CO 3 85 48 ∗

DMSO/I 2, K 2 CO 3 110 24 51 

∗ No reaction 
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enzoyl chloride derivatives under the same reaction conditions in 

rder to produce the corresponding 5b–e . It was revealed that the 

ompounds 5d and 5e were obtained as single products. However, 

wo products were obtained when the compound 4 was reacted 

ith benzoyl chloride and tosyl chloride. The major products, ob- 

ained in 80% and 85% yields, were identified as the desired carbo- 

ydrazides 5b and 5c , while the minor products were identified as 

he di-reacted compound 6b and 6c in 21% and 19% yields. It was 

ssumed that the presence of electron withdrawing groups such as 

O 2 or CF 3 on the benzene ring may not allow to the formation of 

ouble attachments. 

The 1 H NMR and 

13 C NMR spectra of compound 5c were char- 

cteristic for compounds 5a–e . The 1 H NMR spectrum of the com- 

ound 5c showed the characteristic amide NH peaks at 12.24 ppm 

s a singlet along with 7-azaindole NH resonated at 11.56 ppm. 

he 13 C NMR spectrum of the compound 5c showed amide car- 

onyl peak at 162.9 ppm. Additionally, the molecular weight of the 

ompounds 5a-e were determined by high resolution mass spec- 

rometry, which revealed the anticipated molecular ion peaks at 

03, 265, 279, 309, 333 (M + 1), respectively. 

On the other hand, the 1 H NMR and 

13 C NMR spectra of com- 

ound 6b were characteristic for compounds 6b and 6c . The 1 H 

MR spectrum of compound 6b showed the presence of a singlet 

t 12.00 ppm corresponding to the amide proton. The disappear- 

nce of the 7-azaindole NH proton indicated that addition of ben- 

oyl chloride to pyrrole ring of 7-azaindole had taken place. The 
3 C NMR spectra showed two carbonyl peaks of the compound 6b 

t 163.5 and 167.5 ppm. The structure of compound 6b was fur- 

her confirmed through X-ray crystallography which showed that 

oth 7-azaindole NH and hydrazonomethyl NH had been substi- 

uted with the benzoyl chlorides ( Fig. 1 ). The detailed structure 

nd crystal parameters are present in Fig. S2 and Table S1. 

Having these successful results in hand, the corresponding ring 

losure of 7-azaindole carbohydrazides 5a–e into the correspond- 

ng 2,5-disubstituted-1,3,4-oxadiazoles was investigated. A variety 

f methods was therefore investigated for the synthesis of 7- 

zaindole based 1,3,4-oxadiazoles. The 7-azaindolecarbohydrazide 

b was employed as a compound in order to investigate the opti- 

ize reaction conditions. 

Application of any of the reaction conditions described in 

able 1 . The highest yield of the target product 7b was achieved 

y refluxing 5b in dimethyl sulfoxide in the presence of iodine and 

otassium carbonate for 24h. Similarly, the synthesis of 7c and 7e 

as achieved in 51 and 48 % yields, respectively, employing the 
i

3 
ame reaction conditions. However, application of any of the reac- 

ion conditions described in Table 1 to the 1,3,4-oxadiazoles 7a and 

d was not successful. 

The structures of compounds 7b,c and 7e were supported by 
 H NMR and 

13 C NMR spectroscopic data. The 1 H NMR spectrum of 

he compound 7b in DMSO, as a typical example of the 7-azaindole 

ased 1,3,4-oxadiaozles, showed the disappearance of the amide 

H and imine CH protons of the starting material at 12.66 and 

.52 ppm which clearly confirmed that the cyclization had taken 

lace. The high resolution mass spectrum further confirmed that 

andem cyclization had occurred by showing a molecular ion at 

63 ( M + 1). 

.2. Biological Study 

Two widely used antioxidant activity measurement assays 

amely DPPH (2,2-diphenyl-1-picryl-hydrazylhydrate) and ABTS 

2,2 ′ -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) were used 

n the current study in order to investigate the antioxidant ac- 

ivity of the targeted compounds. Table 2 shows both the DPPH 

adical scavenging and cationic ABTS radical activities of the all 

ewly synthesized compounds. Ascorbic acid was employed as a 

ositive control and gave almost similar results in the both as- 

ays. According to the results, the methyl substituted compound 5a 

as found to be the most potent compound with the IC 50 value of 

0.12 ± 2.13 mM among the tested compounds in DPPH assay. The 

est of the compounds show no activity for DPPH radical scaveng- 

ng assay. On the hand, the cationic radical scavenging activities of 

he targeted compounds and control ascorbic acid are illustrated 

n Table 2 with IC 50 concentration values. It is noteworthy that 

he cationic radical scavenging activities of the synthesized com- 

ounds were found to be more potent than DPPH radical scaveng- 

ng activity. In the case of 6c , with two p -methylbenzoyl groups 
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Table 2 

The in vitro antioxidant activity of the compounds by DPPH and ABTS assays. 

Compounds 

IC 50 (mM) ±SD 

DPPH ABTS 

3 ND ND 

5a 10.12 ± 2.13 55.71 ± 9.83 

5b ND 47.14 ± 1.55 

5c ND 0.78 ± 0.26 

5d ND ND 

5e ND 1.49 ±0.19 

6b ND 4.65 ± 0.62 

6c ND 0.39 ± 0.02 

7b ND 11.24 ± 0.99 

7c ND 16.21 ± 2.06 

7e ND ND 

A.A 0.08 ± 0.00 0.09 ± 0.01 

ND; not detected, AA; ascorbic acid, SD; standard deviation. 
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ttached to the 1,3,4-oxadiazole moiety, the highest inhibition was 

btained with a IC 50 value of 0.39 ± 0.02 mM. The compound 5c 

ossesses one p-methylbenzoyl group attached to hydrazide linker 

xhibited the second best scavenging activity with the value of 

.78 ± 0.26 mM. Apart from the compounds 5c and 6c , the com- 

ounds were found to be less effective for the cationic radical scav- 

nging activity assay. IC 50 results of the targeted compounds illus- 

rated that novel derivatives 5c and 6c have good potential for an- 

ioxidant study. In this context, the compounds 5c and its cyclized 

orm 6c having the highest activity are promising compounds and 

eed further investigation. The compound 5d , with nitrobenzene 

inked to 1,3,4-oxadiazole scaffold, has shown no inhibition activity 

hen compare to the antioxidant capacities of 5a –5e . This result 

s in accordance with the previous study reporting the weaker an- 

ioxidant activity of compounds with nitro substituent [34] . It was 

evealed that the antioxidant activities of the designated molecules 

as found to be competitive with standard ascorbic acid. 

Acarbose is α-glucosidase inhibitor decreases intestinal absorp- 

ion of carbohydrates. It has been used as a standard drug for 

upporting therapy in the management of type 2 diabetes. Exist- 

ng α-glucosidase inhibitors are confirmed to be safe and effec- 

ive but their side effects such as abdominal bloating, abdomi- 

al cramps and diarrhea give trouble to the users so it is essen- 

ial to look for novel and effective α-glucosidase inhibitors [ 35 , 36 ].

ince carbohydrazide linkers and 1,3,4-oxadiazoles were reported 

s α-glucosidase inhibitors, it was of interest to investigate α- 

lucosidase inhibition potential of the targeted 7-azaindole based 

arbohydrazides and 1,3,4-oxadiazoles. All the numerical IC 50 val- 

es obtained from the experimental studies are represented in 
able 3 

he α-glucosidase inhibitory potential and docking scores of the compounds. 

Compounds 

Experimental Results 

IC 50 (mM) ±SD �G(kcal/mol) 

3 0.65 ± 0.09 -8.7 

5a ND ND 

5b ND ND 

5c 4.53 ± 0.62 -7.9 

5d ND ND 

5e ND ND 

6b 0.40 ± 0.17 -8.3 

6c 24.92 ± 8.86 -6.4 

7b ND ND 

7c ND ND 

7e 0.46 ± 0.15 -8.5 

Acarbose 1.75 ± 0.39 × 10 −3 -10.7 

Acarbose-derived trisaccharide NA NA 

D; not detected, NA; not available, SD; standard deviation. �G values were calculated �

4 
able 3 . Acarbose was employed as a positive control in this cur- 

ent work. Targeted compounds demonstrated varying degrees of 

-glucosidase inhibitory potential with IC 50 values ranging be- 

ween 0.40 ± 0.17 and 24.92 ± 8.86 mM ( Table 3 ). It was revealed

hat compounds 3, 6b and 7e showed much greater activities when 

ompared to the rest of the compounds tested. Compounds 5c and 

c showed good to moderate activity, while compounds 5a, 5b, 5d, 

e, 7b and 7c showed no significant α-glucosidase inhibitory ac- 

ivity ( Table 3 ). More specifically, the compound comprising ben- 

oylchloride group on 7-azaindole NH and carbohydrazide NH 6b 

as found to be most potent inhibitor among the series with an 

C 50 value of 0.40 ± 0.17 mM. The activity of compound 7e with 

n IC 50 value of 0.46 ± 0.15 mM on GAA inhibition was similar 

o that of 6b and it is the second most promising inhibitor candi- 

ate among tested. Furthermore, dimeric 7-azaindole analog 3 was 

lso demonstrated high α-glucosidase inhibitory activity with IC 50 

alue of 0.65 mM. 

.3. Computational analysis 

The crystal structure of GAA complexed with AC1 and AC2 

hows two distinct inhibitor binding pockets ( Fig. 2 also interac- 

ion of ligands given Fig. S2). Among these, the first pocket corre- 

ponds to the active site of the GAA enzyme. Therefore, we have 

erformed docking studies targeting these two pockets. Since the 

-ray 3D structure of GAA-AC1-AC2 is known, we carried out self- 

ocking studies to establish a good docking protocol. Fig. 2 shows 

he top ranked poses of self-docking of AC1 and AC2 on GAA us- 

ng two different software. Both algorithms almost perfectly repro- 

uced the experimental displacement of ligands. The Glide dock- 

ng scores showed that the binding affinity of GAA to AC1 and 

C2 is very strong (-16.7 and -10.5 kcal/mol, respectively) whereas 

he scores of Vina were somewhat lower ( Table 3 ). The Glide and

utoDock vina scores are relatively in agreement with experimen- 

al IC 50 values. 

In addition to self-docking studies of AC1 and AC2 to GAA, we 

lso docked all the synthesized of compounds to the same bind- 

ng regions. Summary of best poses are present in Table 3. In the 

rst pocket (the active site of the enzyme), although the absolute 

alues produced by AutoDock vina are better fit with the exper- 

mental values, both algorithms perfectly predict the experimen- 

al trend among the synthesized compounds. Experimentally sug- 

ested candidate of 6b and 7e have the greatest docking scores in 

oth algorithms among tested. It should be noted that even though 

b and 7e are the greatest among synthesized ligands, they all still 

ave lower scores than AC1. This has been also confirmed by the 

xperiments. 
Schrodinger Best Pose (kcal/mol) AutoDock vina Best Pose (kcal/mol) 

First Pocket Second Pocket First Pocket Second Pocket 

-3.4 -3.3 -7.2 -7.6 

-3.4 -4.1 -6.2 -6.7 

-4.0 -3.8 -7.2 -8.0 

-3.2 -2.7 -7.4 -7.9 

-3.5 -3.7 -6.9 -8.3 

-2.8 -4.6 -7.9 -8.2 

-4.9 -3.4 -8.6 -8.0 

-3.0 -1.6 -8.2 -8.8 

-3.0 -3.5 -7.8 -7.5 

-2.9 -3.0 -7.5 -7.4 

-4.0 -3.2 -8.7 -8.1 

-16.7 NA -6.5 NA 

NA -10.5 NA -7.5 

G = -RTln(IC 50 ) at 298 K. 
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Fig. 2. Lysosomal alpha-glucosidase enzyme (GAA) complexed with alpha-acarbose (AC1, yellow sticks in the first pocket) and acorbose-derived trisaccharide (AC2, yellow 

sticks in the second pocket) inhibitors along with top ranked Glide (blue sticks) and AutoDock vina (purple sticks) poses. 

Fig. 3. Interaction map of top solution of 6b compound performed by (A) Glide and (B) AutoDock vina. 
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In accordance with AC1 and AC2, the top solutions of synthe- 

ized of compounds have almost identical positions for both Glide 

nd AutoDock vina (comparison of top solutions for both programs 

re given on Fig. S3). Fig. 3 shows interaction map of top solu- 

ion of 6b with GAA using Glide and AutoDock vina. Both programs 

redict the binding mode to be the same in which Arg600 makes 

trong hydrogen bonds with carbonyl oxygen of 6b . Additionally, 

rp376 and Phe649 make π-stacking interactions with phenyl ring 

f 6b (interaction of 7e given Fig. S4). 

It is also possible for these compounds to bind in the second 

ocket. Upon binding to the second pocket, they may or may not 

ave allosteric inhibition mechanism. Our docking results suggest 

hat 5b–e and 6c compounds have strong affinity to the second 

ocket. In particular, 6c has the greatest affinity which was exper- 

mentally determined to show a moderate inhibition activity. This 
w

5 
ay indicate the compound is binding to the second pocket but 

aving partial allosteric inhibition. 

Overall docking analysis showed that AC1 affinity is the greatest 

n the first binding pocket (the active site of the enzyme). Among 

he synthesized compounds, 6b and 7e are the most promising 

andidates for GAA inhibition. Both Glide and AutoDock vina find 

ery similar binding modes for AC1 and synthesized compounds in 

he first pocket. Some of the other compounds might be attaching 

rom the second pocket, causing partial or no inhibition. 

. Conclusion 

This study resulted in synthesis of novel 7-azindole based car- 

ohydrazides and their corresponding oxadiazole derivatives which 

ere tested for antioxidant activity and α-glucosidase inhibitory 



S. Izgi, I.F. Sengul, E. Ş ahin et al. Journal of Molecular Structure 1247 (2022) 131343 

p

t

b

N

c

t

s

t

o

i

s

a

A

g

r

4

4

s

s

s

w

S

r

t

a

q

c

(  

e

o

4

h

o

a

t

l

3

1

(  

1  

4

1  

(  

2

4

7

s

(

t

t

t

o

4

(

(

a

t

2

δ  

8  

A  

(

1

(  

f

4

(

(

z

t

2

D  

8  

3  

D

1

C  

(

4

4

(

m

t

ʋ
N

8  

J  

J  

δ  

(

1

C

4

4

(

n

g

ʋ
7

(  

(  

J  

A  

1

C  

(  

f

otential. DPPH assay seemed to be not an applicable method 

o detect antioxidant activity for these compounds. Compound 6c 

earing two p -methylbenzoyl gruops attached to the 7-azaindole 

H and carbohydrazide NH was found to be the best antioxidant 

ompound for ABTS assay. The obtained data demonstrated that 

he 7azaindole-carbohydrazide intermediates could be promising 

tructures than 7-azaindole-1,3,4-oxadiazole systems for the inves- 

igation of novel potent antioxidant scaffolds. In addition, 5 out 

f 11 compounds showed α-glucosidase inhibition activity. Dock- 

ng studies are in relatively good agreement with experiments and 

howed 6b and 7e (among the synthesized) to have the greatest 

ffinity for binding to GAA, which is still too low to compete with 

C1. It was important to mention here that antioxidant and α- 

lucosidase inhibition studies on such 7-azaindole systems are not 

eported before. 

. Experimental section 

.1. Materials and methods 

All reagents and solvents were obtained from commercial 

ources and appropriately purified, if necessary. The deuterated 

olvent (deutero dimethyl sulfoxide, (CD 3 ) 2 SO, DMSO-d 6 ) for NMR 

pectroscopy was obtained from Merck. Measurements IR spectra 

ere recorded between 40 0 0 and 650 cm 

−1 using a Perkin Elmer 

pectrum 100 FT-IR spectrometer. 1 H and 

13 C NMR spectra were 

ecorded in DMSO-d 6 solution at 298 K on a Varian 500 MHz spec- 

rophotometer. Residual dimethyl sulfoxide ((CH 3 ) 2 SO in (CD 3 ) 2 SO) 

nd the central line of the deutero dimethyl sulfoxide (DMSO-d 5 ) 

uintet ( δ = 2.50 ppm) was used for 1 H NMR spectra and the 

entral line of the deutero dimethyl sulfoxide (DMSO-d 6 ) septet 

 δ = 39.5 ppm) was used for 13 C NMR spectra as an internal refer-

nce. Mass spectra reported to four decimal places were recorded 

n an Agilent 1260 Infinity Series 6230 LC/ TOF-MS. 

.2. (1Z,2Z)-1,2-bis((1H-pyrrolo[2,3-b]pyridin-3-yl)methylene) 

ydrazine ( 3 ) 

Hydrazine hydrate (1 mL, 3 mmol) was added to a suspension 

f 7-azaindole-3-carbaldehyde (1.5 g, 1 mmol) in ethanol (20 mL) 

nd the mixture was refluxed for an hour. The temperature was 

urned off to reach room temperature and the white solid was col- 

ected by filtration and dried to yield the title compound 3 (1,25 g, 

8%). En: 289–292 °C. IR (KBr): ʋmax 3085, 2929, 1655, 1413, 1393, 

281, 770,764. 1 H NMR (500 MHz, DMSO) δ 12.24 ( s, 1H, NH), 8.88 

 s, 1H, Ar H), 8.62 (dd, J = 7.8, 1.1 Hz, 1H, Ar H), 8.34 (dd, J = 4.6,

.3 Hz, 1H, Ar H), 8.07 ( d, J = 1.8 Hz, 1H, Ar H), 7.25 (dd, J = 7.8,

.7 Hz, 1H, Ar H). 13 C NMR (126 MHz, DMSO) δ 155.87 (Ar C), 

50.01 (C = N), 144.55 (Ar C), 132.69 (Ar C), 130.66 (Ar C), 117.52

Ar C), 111.23 (Ar C), 56.49 (Ar C), 19.03 (Ar C). [ M + H] + : calculated

89,1202; found: 289,1175. 

.3. General procedure for the preparation of hydrazide linked 

-azaindoles ( 5a–e ) 

Triethylamine (1 mmol) and acyl chloride (1 mmol) were added 

equentially to the suspension of indole (1 mmol) in CH 3 CN 

20 mL) solvent and the mixture was rotated at room tempera- 

ure for two hours. The solvent was evaporated without heating, 

he methyl acetyl hydrazines collected by filtration with the addi- 

ion of water and dried. Column chromatography was also carried 

ut to obtain products. 
6 
.4. (Z)- N 

′ -{(1H-pyrrolo[2,3-b]pyridin-3-yl)methylene}acetohydrazide 

 5a ) 

The acetohydrazide 5a was prepared from hydrazonomethyl 4 

0.15 g, 0.94 mmol), triethylamine (0.13 mL, 1.00 mmol) and asetic 

nhydrite (0.09 mL, 1.00 mmol) according to GP-1 to give the ti- 

le compound as white solid (0.18 g, 95%). IR (KBr): ʋmax 3085, 

929, 1655, 1413, 1393, 1281, 770, 764. 1 H NMR (500 MHz, DMSO) 

11.16 (s, 1H, NH), 10.96 (s, 1H, NH), 8.43 – 8.38 ( m , 1H, Ar H),

.30-8.26 ( m, 1H, Ar H), 8.14 ( s, 2H, H2), 7.85 ( d, J = 12.8 Hz, 1H,

r H), 7.20 (dd, J = 7.7, 4.7 Hz, 1H, Ar H), 2.23 ( s, 3H, Me). 13 C NMR

126 MHz, DMSO) δ 172.13 (C = O), 165.86 (Ar C), 149.62 (C = N), 

44.41 (Ar C), 143.05 (Ar C), 140.24 (Ar C), 130.46 (Ar C), 117.42 

Ar C), 110.85 (Ar C), 20.80 (Me). [ M + H ] + : calculated 203,0933;

ound: 203,0945. 

.5. (Z)- N 

′ -{(1H-pyrrolo[2,3-b]pyridin-3-yl)methylene}benzohydrazide 

 5b ) 

The benzohydrazide 5b was prepared from hydrazonomethyl 4 

0.4 g, 2.49 mmol), triethylamine (0.35 mL, 1.00 mmol) and ben- 

oyl chloride (0.29 mL, 1.00 mmol) according to GP-1 to give the 

itle compound as white solid (0.53 g, 80%). IR (KBr): ʋmax 3032, 

898, 1614, 1575, 1300, 1281, 1124, 770, 694. 1 H NMR (500 MHz, 

MSO) δ 12.11 ( s, 1H, NH), 11.63 ( s, 1H, NH), 8.60 ( s, 2H, Ar H),

.32 ( d, J = 3.5 Hz, 1H, H2), 7.92–7.98 ( m, 3H, Ar H), 7.62-7.49 ( m,

H, Ar H), 7.24 (dd, J = 7.8, 4.8 Hz, 1H, Ar H). 13 C NMR (126 MHz,

MSO) δ 163.12 (C = O), 149.83(C = N), 144.87 (Ar C), 144.50 (Ar C), 

34.41 (Ar C), 131.87 (Ar C), 130.91 (Ar C), 130.62 (Ar C), 129.72 (Ar 

), 128.88 (Ar C), 127.96 (Ar C), 117.26 (Ar C), 117.18 (Ar C), 111.12

Me). [ M + H ] + : calculated 265,1089; found: 265,1125. 

.6. (Z)- N 

′ -{(1H-pyrrolo[2,3-b]pyridin-3-yl)methylene}- 

-methylbenzohydrazide ( 5c ) 

The benzohydrazide 5c was prepared from hydrazonomethyl 4 

0.4 g, 2.49 mmol), triethylamine (0.49 mL, 1.00 mmol) and 4- 

ethyl benzoyl chloride (0.46 mL, 1.00 mmol)) according to GP-1 

o give the title compound as yellow solid (0.83 g, 85%). IR (KBr): 

max 3031, 2892, 1614, 1582, 1415, 1303, 1281, 1126, 770, 763. 1 H 

MR (500 MHz, DMSO) δ 12.09 ( s, 1H, NH), 11.55 ( s, 1H, NH), 

.59 ( s, 2H, Ar H), 8.32 ( s, 1H, Ar H), 7.97 ( s, 1H, Ar H), 7.84 ( d,

 = 7.3 Hz, 2H, Ar H), 7.32 (dd, J = 15.2, 7.7 Hz, 2H, Ar H), 7.23 ( d,

 = 4.9 Hz, 1H, H2), 2.39 ( s, 3H, Me). 13 C NMR (126 MHz, DMSO)

162.95 (C = O), 155.88 (Ar C), 150.00 (C = N), 144.55 (Ar C), 141.84

Ar C), 132.69 (Ar C), 131.49 (Ar C), 130.77 (Ar C), 130.68 (Ar C), 

29.40 (Ar C), 127.98 (Ar C), 117.53 (Ar C), 117.25 (Ar C), 111.20 (Ar 

), 21.48 (Me). [ M + H ] + : calculated 279,1246; found: 279,1255. 

.7. (Z)- N 

′ -{(1H-pyrrolo[2,3-b]pyridin-3-yl)methylene}- 

-nitrobenzohydrazide ( 5d ) 

The benzohydrazide 5d was prepared from hydrazonomethyl 4 

0.51 g, 3.18 mmol), triethylamine (0.44 mL, 1.00 mmol) and 4- 

itro benzoyl chloride (0.59 g, 1.00 mmol) according to GP-1 to 

ive the title compound as orange solid (0.79 g, 80%). IR (KBr): 

max 3160, 2929, 1646, 1522, 1416, 1330, 1280, 1125, 1105, 862, 

72, 713. 1 H NMR (500 MHz, DMSO) δ 12.17 ( s, 1H, NH), 11.94 

 s, 1H, NH), 8.63 ( s, 1H, H2), 8.59 ( d, J = 7.7 Hz, 1H, Ar H), 8.38

 d, J = 8.6 Hz, 2H, Ar H), 8.33 ( d, J = 3.1 Hz, 1H, Ar H), 8.17 ( d,

 = 8.6 Hz, 2H, Ar H), 8.03 ( s, 1H, Ar H), 7.25 (dd, J = 7.7, 4.7 Hz, 1H,

r H). 13 C NMR (126 MHz, DMSO) δ 161.41 (C = O), 149.86 (C = N),

49.56 (Ar C), 146.00 (Ar C), 144.58 (Ar C), 140.10 (Ar C), 131.50 (Ar 

), 131.14 (Ar C), 130.59 (Ar C), 129.51 (Ar C), 124.08 (Ar C), 117.46

Ar C), 117.15 (Ar C), 110.90 (Ar C). [ M + H ] + : calculated 309,279;

ound: 309,453. 
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.8. (Z)- N 

′ -{(1H-pyrrolo[2,3-b]pyridin-3-yl)methylene}- 

-(trifluoromethyl)benzohydrazide ( 5e ) 

The benzohydrazide 5e was prepared from hydrazonomethyl 4 

0.3 g, 3.18 mmol), triethylamine (0.26 mL, 1.20 mmol) and 4- 

trifloromethyl)benzoyl chloride (0.24 mL, 1.00 mmol) according to 

P-1 to give the title compound as yellow solid (0.38 g, 61%). IR 

KBr): ʋmax 3134, 3033, 2894, 1646, 1455, 1398, 1320, 1281, 1117, 

93, 693. 1 H NMR (500 MHz, DMSO) δ 12.15 ( s, 1H, NH), 11.84 

 s, 1H, NH), 8.62 ( s, 1H, CH), 8.34-8.32 ( m, 1H, Ar H), 8.28-8.23

 m, 3H, Ar H), 8.02 ( s, 1H, Ar H), 7.96 ( d, J = 7.4 Hz, 1H, Ar H),

.79 ( t, J = 7.8 Hz, 1H, Ar H), 7.25 (dd, J = 7.8, 4.7 Hz, 1H, Ar H).
3 C NMR (126 MHz, DMSO) δ 161.61 (C = O), 155.87 (Ar C), 149.86 

C = N), 145.64 (Ar C), 144.56 (Ar C), 135.28 (Ar C), 132.16 (Ar C),

31.30 (Ar C), 130.58 (Ar C), 130.24 (Ar C), 128.45 (Ar C), 124.50 

CF 3 ), 117.42 (Ar C), 117.16 (Ar C), 110.95 (Ar C). [ M + H ] + : calcu-

ated 333,0963; found: 333,0947. 

.9. (Z)- N 

′ -{(1-benzoyl-1H-pyrrolo[2,3-b]pyridin- 

-yl)methylene}benzohydrazide ( 6b ) 

The benzohydrazide 6b was prepared from hydrazonomethyl 4 

0.40 g, 1,00 mmol), triethylamine (0.55 mL, 1.50 mmol) and ben- 

oyl chloride (0.45 mL, 1.50 mmol) according to GP-1 to give the 

itle compound as white solid (0.18 g, 21%). IR (KBr): ʋmax 3330, 

048, 1665, 1550, 1402, 1265, 1175, 695, 681. 1 H NMR (500 MHz, 

MSO) δ 12.00 ( s, 1H, NH), 8.78 ( d, J = 7.0 Hz, 1H, Ar H), 8.66 ( s,

H, Ar H), 8.44 ( s, 1H, Ar H), 8.29 ( d, J = 3.6 Hz, 1H, Ar H), 7.96

 d, J = 7.4 Hz, 2H, Ar H), 7.82 ( d, J = 7.5 Hz, 2H, Ar H), 7.72 ( t,

 = 7.4 Hz, 1H, Ar H), 7.64-7.53 ( m, 6H, Ar H), 7.44 (dd, J = 7.8,

.8 Hz, 1H, Ar H). 13 C NMR (126 MHz, DMSO) δ 167.51 (C = O),

63.52 (C = N), 148.79 (Ar C), 145.52 (Ar C), 142.94 (Ar C), 133.99

Ar C), 133.52 (Ar C), 132.19 (Ar C), 131.92 (Ar C), 131.19 (Ar C), 

30.59 (Ar C), 128.95 (Ar C), 128.74 (Ar C), 128.12 (Ar C), 120.44 

Ar C), 120.17 (Ar C), 115.78 (Ar C). [ M + H ] + : calculated 369,1352;

ound: 369,1367. 

.10. (Z)-4-methyl- N 

′ -{(1-(4-methylbenzoyl)-1H-pyrrolo 

2,3-b]pyridin-3-yl)methylene}benzohydrazide ( 6c ) 

The benzohydrazide 6c was prepared from hydrazonomethyl 4 

0.40 g, 1.00 mmol), triethylamine (0.53 mL, 1.50 mmol) and tosyl 

hloride (0.50 mL, 1.50 mmol) according to GP-1 to give the title 

ompound as brown solid (0.18 g, 19%). IR (KBr): ʋmax 3206, 1678, 

651, 1399, 1268, 1167, 760, 745. 1 H NMR (500 MHz, DMSO) δ 11.91 

 s, 1H, NH), 8.78 ( d, J = 7.7 Hz, 1H, Ar H), 8.64 ( s, 1H, Ar H), 8.41

 s, 1H, Ar H), 8.30 ( d, J = 3.9 Hz, 1H, Ar H), 7.87 ( d, J = 7.9 Hz,

H, Ar H), 7.72 ( d, J = 7.9 Hz, 2H, Ar H), 7.47-7.26 ( m, 7H, Ar H),

.42 ( s, 3H, Me), 2.40 (s, 3H, Me). 13 C NMR (126 MHz, DMSO) δ
67.38 (C = O), 163.32 (C = N), 148.79 (Ar C), 145.48 (Ar C), 144.15 (Ar

), 142.70 (Ar C), 142.23 (Ar C), 131.89 (Ar C), 131.41 – 130.83 (Ar 

), 129.79 (Ar C), 129.69 - 129.24 (Ar C), 128.13 (Ar C), 120.32 (Ar 

), 120.07 (Ar C), 115.58 (Ar C), 21.76 (Me), 21.52 (Me). [ M + H ] + :
alculated 397,1665; found: 397,1702. 

.11. General procedure for the preparation of 7-azaindole based 

,3,4-oxadiazoles ( 7b-c, e ) 

I 2 (1.5 mmol) and K 2 CO 3 (4.7 mmol) were added sequentially 

o the suspension of methyl acetyl hydrazines (1 mmol) in DMSO 

3 mL) solvent, and the mixture was rotated at 110 °C for 48 h. Af-

er the reaction temperature was turned off and cooled, 5% Na 2 SO 3 

olution was added until the color turned white, 1,3,4 oxadiazoles 

ere extracted with DCM and dried. 
7 
.12. 2-phenyl-5-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1,3,4-oxadiazole ( 7b ) 

Oxadiazole 7b was prepared from benzohydrazide 5b (0.34 g, 

,02 mmol), iodide (0.4 g, 1,58 mmol) and potassium carbonate 

0.65 g, 4.70 mmol) according to GP-2 to give the title compound 

s yellow solid (0,12 g, 53%). IR (KBr): ʋmax 3088, 2924, 1577, 1414, 

277, 1024, 772, 726, 687. 1 H NMR (500 MHz, DMSO) δ 12.66 ( s , 

H, NH), 8.51 ( d, J = 7.9 Hz, 1H, Ar H), 8.47 ( s, 1H, H2), 8.43-8.40

 m, 1H Ar H), 8.15 (dd, J = 6.5, 2.8 Hz, 2H, Ar H), 7.66-7.62 ( m,

H, Ar H), 7.34 (dd, J = 7.9, 4.7 Hz, 1H, Ar H). 13 C NMR (126 MHz,

MSO) δ 162.38 (Ar C), 161.52 (Ar C), 148.92 (Ar C), 144.74 (Ar C), 

31.93 (Ar C), 129.63 (Ar C), 129.21 (Ar C), 128.93 (Ar C), 126.68 (Ar 

), 123.79 (Ar C), 116.75 (Ar C), 98.55 (Ar C). [ M + H ] + : calculated

63,0933; found: 263,0920. 

.13. 2-(1H-pyrrolo[2,3-b]pyridin-3-yl)-5-(p-tolyl)-1,3,4-oxadiazole 

 7c ) 

Oxadiazole 7c was prepared from benzohydrazide 5c (0.34 g, 

,02 mmol), iodide (0.4 g, 1,58 mmol) and potassium carbonate 

0.65 g, 4.70 mmol) according to GP-2 to give the title compound 

s yellow solid (0,1 g, 51%). IR (KBr): ʋmax 3082, 2852, 1576, 1497, 

411, 1278, 1018, 820, 793, 771, 732. 1 H NMR (500 MHz, DMSO) δ
2.64 ( s, 1H, NH), 8.50 ( d, J = 7.7 Hz, 1H, Ar H), 8.45 ( d, J = 2.5 Hz,

H, H2), 8.41 ( d, J = 4.5 Hz, 1H, Ar H), 8.03 ( d, J = 8.0 Hz, 2H, Ar

), 7.45 ( d, J = 8.0 Hz, 2H, Ar H), 7.34 (dd, J = 7.9, 4.7 Hz, 1H, Ar

), 2.42 ( s, 3H, Me). 13 C NMR (126 MHz, DMSO) δ 162.70 (Ar C), 

61.52 (Ar C), 149.19 (Ar C), 144.96 (s), 142.26 (Ar C), 130.41 (Ar 

), 129.34 (Ar C), 129.17 (Ar C), 126.89 (Ar C), 121.33 (Ar C), 118.06 

Ar C), 117.00 (Ar C), 98.87 (Ar C), 21.62 (Me). [ M + H ] + : calculated

77,1089; found: 277,1042. 

2-(1H-pyrrolo[2,3-b]pyridin-3-yl)-5-(3- 

trifluoromethyl)phenyl)-1,3,4-oxadiazole (7e) Oxadiazole 7e 

as prepared from benzohydrazide 5e (0.34 g, 1,02 mmol), iodide 

0.4 g, 1,58 mmol) and potassium carbonate (0.65 g, 4.70 mmol) 

ccording to GP-2 to give the title compound as yellow solid 

0,2 g, 48%). IR (KBr): ʋmax 3095, 2920, 2850, 1575, 1324, 1176, 

120, 899, 770, 692. 1 H NMR (500 MHz, DMSO) δ 12.71 ( s, 1H, 

H), 8.56 ( s, 1H, Ar H), 8.52 (dd, J = 7.9, 1.5 Hz, 1H, Ar H), 8.47

 d, J = 12.3 Hz, 1H, Ar H), 8.45-8.43 ( m, 1H, Ar H), 8.40 ( s, 1H,

2), 8.02 ( d, J = 7.8 Hz, 1H, Ar H), 7.90 ( t, J = 7.8 Hz, 1H, Ar H),

.36 (dd, J = 7.9, 4.7 Hz, 1H, Ar H). 13 C NMR (126 MHz, DMSO)

185.85 (Ar C), 174.24 (Ar C), 162.18 (Ar C), 161.50 (Ar C), 149.18 

Ar C), 144.97 (Ar C), 131.20 (Ar C), 130.80 (Ar C), 129.94 (Ar C), 

29.13 (Ar C), 128.51 ( d, J = 3.5 Hz, CF 3 ), 125.13 (Ar C), 118.84 (Ar

), 118.10 (Ar C), 116.95 (Ar C), 98.58 (Ar C). [ M + H ] + : calculated

31,0807; found: 331,0797. 

.14. α-glucosidase inhibitory assay 

The α-glucosidase inhibition activity was performed according 

o method given by Taha et al. [37] . The reaction mixture contained 

0 μL of 50 mM phosphate buffer (pH 6.8), 10 μL (0.5 mM in 

ethanol) of the test compound, and an additional 10 μL (0.057 

nit, Sigma Inc.) of the α-glucosidase solution in the buffer. Af- 

er mixing all the contents, reaction mixture was incubated for 

0 min at 37 °C and preread at 400 nm. The reaction was initiated 

y the addition of 10 μL of 0.5 mM substrate (p-nitrophenyl glu- 

opyranoside, Sigma Inc.). Following 30 min of incubation at 37 °C, 

he absorbance of p-nitrophenol was measured at 400 nm using 

he 96-well plate reader (Thermo Scientific). Acarbose was used as 

ositive control. All assays were performed in triplicate (mean ±
EM, n = 3). Percent inhibition was calculated by the following 

quation: 

Inhibition(%) = ((Absorbance of control- Absorbance of test)/ 

bsorbance of control)) 
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IC 50 concentrations were calculated using concentration vs. per- 

ent inhibition values. 

.15. Antioxidant assays 

.15.1. 2,2-diphenyl-2-picryl-hydrazyl (DPPH) assay 

The DPPH antioxidant activity assay was performed by the 

ethod given by Gu et al. with slight modifications [38] . Briefly, 

.1 mM DPPH solution was prepared in methanol. The reaction 

ixture contained 260 μL of the DPPH solution and 40 μL of test 

ompound. The mixture was incubated for 30 min at room temper- 

ture. Then the absorbance was measured at 517 nm using the 96- 

ell plate reader (Thermo Scientific). All assays were performed in 

riplicate (mean ± SEM, n = 3). Percent inhibition was calculated 

y the following equation: 

Inhibition(%) = ((Absorbance of control- Absorbance of test)/ 

bsorbance of control)) 

IC50 concentrations were calculated using concentration vs. 

ercent inhibition values. 

.16. 2,2 ′ -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) 

ssay 

The ABTS antioxidant activity assay was performed by the 

ethod given by Gu et al. with slight modifications [38] . Briefly, 

 mL of 7 mM ABTS solution and 88 μL of 140 mM potassium

ersulfate solution were mixed and incubated at room temperature 

or 16 h at dark. Following the incubation, 0.5 mL of the reaction 

ixture was diluted with 45 mL of ethanol and the absorbance 

as adjusted to 0.7. Later, 10 μL of test compound (10 0 0, 50 0, 250,

25, 62.5, 31.25, 15.60, 7.80 μg/mL) and 290 μL of reaction mixture 

ere mixed. The absorbance was measured at 734 nm using the 

6-well plate reader (Thermo Scientific) after 6 min incubation. All 

ssays were performed in triplicate (mean ± SEM, n = 3). Percent 

nhibition was calculated by the following equation: 

Inhibition(%) = ((Absorbance of control- Absorbance of test)/ 

bsorbance of control)) 

IC50 concentrations were calculated using concentration vs. 

ercent inhibition values. 

.17. Computational methods 

In order to get insights into the plausible binding mode of 

ynthesis compounds to the target protein, Lysosomal alpha- 

lucosidase (GAA), Glide by Schrodinger Inc. and AutoDock vina 

39] docking software were used with previously reported proto- 

ols [ 40–44 ]. Crystallography studies of GAA-inhibitor complexes 

howed that glycans can attach to the protein from various posi- 

ions on the surface. However, alpha-acarbose was co-crystallized 

ith GAA in two distinct positions one of which is the active side. 

hus, we have used these locations as the docking grids. 

.18. Protein preparation 

Lysosomal alpha-glucosidase (GAA) protein complexed with 

lpha-acarbose (AC1) and acorbose-derived trisaccharide inhibitors 

PDB id = 5NN8 and 5KZW) was used in computational studies. 

reliminary to docking, homology modeling was carried out using 

WISS-MODEL [45] . The template sequence named 5 kzw.1.A pro- 

ided 99.7% similarity. Protein-ligand complex was preprocessed 

o add hydrogens, assign bond orders and remove other contam- 

nants using the Schrodinger Suite. The pKa of each residue at 

H = 6.8 was calculated using the PROPKA tool included in the pro- 

ein preparation wizard module in the suite. The minimization pro- 

ess was performed using the OPLS_2005 force field by constrain- 

ng heavy atoms to 0.30 Å deviation. Corresponding pdbqt file for 

utoDock vina was generated. 
8 
.19. Ligand preparation 

The sdf files with 3D structures of 11 synthesized molecules 

ere generated with Gaussview 6 [46] . LigPrep module in 

chrodinger Suite was used to generate all possible conformers 

ith OPLS_2005 force field and pH = 6.8. Ligands built for AutoDock 

ina were converted to pdbqt format with OpenBabel tool [47] . 

.20. Grid generation 

In Glide, the Receptor Grid Generation module was used to gen- 

rate two different grids for both alpha-acarbose (AC1) and acar- 

ose derived trisaccharide (AC2) inhibitors. Due to the large size of 

C1 and AC2 ligands, 20 × 20 × 20 Å 

3 grid box was generated for 

oth regions. In vina, the same grids were generated. 

.21. Docking protocol 

Default parameters in Glide Ligand Docking module were used. 

he precision was adjusted to Extra Precision (XP) for producing a 

aximum of 40 poses. The ligand and protein were described as a 

exible. Default parameters in vina was used except exhaustiveness 

0 was selected and produced 20 poses. 
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