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Graphical abstract

Design, synthesisand QSAR study of certain isatin-pyridine hybrids

as potential anti-proliferative agents

Wagdy M. Eldehna®, Ayman Altoukhy®, Hoda Mahrous’, Hatem A. Abdel-Aziz*%

Three different sets of isatin-pyridine hybrids were designed and synthesized to evaluate their
anti-proliferative activity against HepG2, A549 and MCF-7 cancer cell lines. Two structural

modifications for the first series were utilized to improve the activity.
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Highlights

- Isatin-pyridine hybrid$a-o, 8 and1la-d were designed and synthesized.

- Anti-proliferative activitywas assessed against HepG2, HT-29 and MCF-7 med.|i
- QSAR analysis was performed by means of the DisgoStudio 2.5 software.

- Compound was the most active hybrid against HepGZ{K2.5 uM)

- Compoundlic (ICso = 6.3)was equipotent as doxorubicin ¢ 6.1) in MCF-7.
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Abstract

A hybrid pharmacophore approach was adopted tagdemnd synthesize new series of isatin—
pyridine hybrids. All the newly prepared hybridsafo, 8 and11a-d) werein vitro evaluated for
their anti-proliferative activity against three hamcancer cell lines, namely HepG2 hepatocellular
carcinoma, A549 lung cancer and MCF-7 breast caf@@mpound emerged as the most active
member against HepG2 cell line 4= 2.5+0.39 uM), with 2.7-fold increased activityan the
reference drug, doxorubicin (§= 6.9£2.05 uM). Whilst, compountilc was found to be the
most potent counterpart against A549 and MCF-7 laa#ls with 1G, values of 10.8+1.15 and
6.31£0.79, respectively. The weightiness of theaatlon of non-cleavable linker, as the chalcone
linker, and simplification of the first group, wazploredvia the SAR study. Furthermore, a QSAR
model was built to explore the structural requirateecontrolling the cytotoxic activities. Notably,
the predicted activities by the QSAR model wereyvelpse to those experimentally observed,
hinting that this model could be safely applied poediction of more efficacious hits comprising
the same skeletal framework. Finally, a theoretldaktic study was established to predict the
ADME of the active hybrids.
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1. Introduction

Molecular hybridization is a valuable structural dification approach that comprises the
incorporation of two or more pharmacophores ingingle entity. It is based on the recognition of
pharmacophoric subunits in two or more biologicalttive molecules with subsequent fusion of
these subunits in the molecular architecture of ridyltompounds combining pre-selected
characteristics of the original templates [1]. Thdsologically active molecules could be acting
through the same mechanism of action or differeetimnisms of action [2]. Moreover, the
connection between the two molecular entities cdugdcarried out using cleavable or non-
cleavable linkages. Utilization of the non-cleawabhker is based on the ability of the different
molecules to retain their biological activity amksific affinity for their biological targets. Wi
the approach using cleavable bond is based oretease of the two parental molecular structures
under physiological or the enzymatic conditionst theevail at site of activity aiming to either
improve poor pharmacokinetic properties or imprthe activity and selectivity of the drugs and to
release the two substances directly in the tadgegsues [2]. Mostly, design of the hybrid drugs
aims to circumvent the drug resistance, minimizertbk of drug-drug interactions, counterbalance
the known side effects associated with the othéribdypart and amplify the activity through the
interaction with multiple targets as one single ecale [3, 4]. In the last few years, hybrid drug
design has emerged as a prime tool for the disgosemnovative anticancer therapies that can
potentially overcome most of the pharmacokineticawdracks encountered when using
conventional anticancer drugs.

Isatin (IH-indole-2,3-dione)| (Figure 1), is a privileged scaffold and one @& thost promising
class of heterocyclic systems that possesses maamgsting activity profiles and well-tolerated in
humans [5]. BIBF1120dl (Figure 1), an isatin-based triple angiokinasehitdr disclosed by
Boehringer, is currently in phase Il clinical t8an non-small cell lung cancer [6]. Sunitinil,
(Figure 1), trade name Sutent, is a multikinasendaased inhibitor targeting VEGFR-1, VEGFR-
2, PDGFR and c-Kit. Sunitinib was approved in 2006 by th@AFor the treatment of advanced
renal cell carcinoma (RCC) and gastrointestinairs&ll tumours (GIST) [7-9]. The FDA approval
of sunitinib paved the way to design and synthesigarious isatin-based molecules with diverse
activities against cancer. In this context, mamytisgtic isatin-based derivatives were developed to
inhibit diverse tyrosine and serine/threonine kasgago name just a few;Met kinase [10]c-Src
kinase [11], RET kinase [12], FLT3 kinase [13],cliy-dependent kinases (CDKs) [14], glycogen
synthase kinasep3(GSK-33) [15], Aurora B kinase [16], p3BMAP kinase [17], JNK3 MAP
kinase [18], p90 ribosomal S6 protein kinase 2 (RSK9] and Polo-like kinase 4 (PLK4) [20,
21].



Over the last decade, numerous studies pointedheuimportance of isatin based anticancer
hybrids as promising chemotherapeutic agents. Skevesearch groups adopted hybridization
approach for the design of isatin-thiazolidine/doldinone hybrid analogues as potent anti-
proliferative agents [22-26]. Lee and co-workengomted two studies about the design, synthesis
and cytotoxicity evaluation of two different seri@$ isatin—benzothiazole and isatin-linked
chalcones analogs against three human breast cegltdines. CompoundV (Figure 1), elicited
excellent activity with 1G values of 14.99, 5.26 and 4.23 uM against MDA-MB2B8I1DA-
MB468 and MCF7 cancer cells, respectively [27, 2850, A. T. Taheret al [29] explored the
anti-breast cancedctivity of isatin-thiazoline and isatin-benzimidée conjugates against breast
cancer cell line MCF7. Besides, the cytotoxic até&s of isatin-arylsulfoanilide [30], isatin-4-
piperazinylquinoline [31], isatin-benzoxazole [3atin-quinazoline-4(3)-one [33] and isatin-
pyrazoline [34] hybrids were reported. Moreover, iported the anticancer activity of two series
of isatin-based hydrazon¥sandVI (Figure 1) [35, 36].

On the other hand, non-fused pyridines constitntgteer important class of heterocycles, which
displayed interesting biological activities incladi anticancer activity [37-39]. Sorafenib,
Regorafenib,Vismodegib and Crizotinib are examples for the icifly approved pyridine-
containing anticancer drugs [40-42]. Interestinghg pyridine-based hydrazondl (Figure 1),
inhibited the growth of all tested cancer cell $ivéith nanomolar potency at the NCI, USA and did
not show animal toxicity. Moreover, it has beerestdd by the Biological Evaluation Committee
of NCI for testing in vivo Hollow Fiber Assay [43Recently, Zheng and co-workers developed a
novel series of pyridine-bridged analogues of catdstatin-A4 as potential anticancer agents.
Among these derivatives compouvt! (Figure 1), displayed modest activities againsd@%ing

cancer, MDA-MB-231 breast cancer and Hela cendealcer cell lines [44].

Figure 1

The present study is an extension of our ongoifgytsftowards developing potent isatin-based
anticancer agents [35, 36, 45-47], utilizing a hykwharmacophore approach. In view of the
previous findings, we decided to design and syitkdsree different set of isatin-pyridine hybrids
5a-0 8 and1la-d (Figure 1), with the prime aim of developing pdtemticancer agents. Our
strategy adopted by conjugating different 6-Aryldiyres with the isatin nucleusa a hydrazone
(=N-NH-C=0) linkage to obtain the first group ofetltarget compoundsa-o. Subsequently, the
non-cleavable chalcone (=C-C=0) linker was selettedeplace the cleavable one of the first
design, affording compourttl Also, simplification of the first series waslized in target hybrids
1la-d to carry out further elaboration of the isatinigyme hybrids scaffold and to explore a

valuable SAR. The latter synthesized hybrids wesguated for theiin vitro cytotoxic activity
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against three human tumor cell lines, namely, Hep&2atocellular carcinoma, A549 lung cancer

and MCF-7 breast cancer.

2. Results and Discussion

2.1. Chemistry

The synthetic pathways employed to prepare the taegeted derivatives are depicted in
schemes 1-3. In a one-pot three-component hetdomoywlensation process, ethyl 2-methyl-6-
arylnicotinate2a-f was obtainedsia the reaction of enaminonési-f with ethyl acetoacetate and
ammonium acetate in refluxing acetic acid. Nextdraginolysis of ester derivativeza-f was
carried out through heating with excess hydrazydrdte to furnish the hydrazide derivatiBzsf.
Preparation of the nicotinic acid hydrazoleso was achievedia the reaction of the appropriate
6-aryl-2-methylnicotinohydrazide derivativ8a-f with indoline-2,3-diones4a-d in refluxed
methanol in the presence of a catalytic amountladigl acetic acid with 70-88% vyield (Scheme
1).

Scheme 1

IR spectra othe latter products showed absorption bands duketdNH groups in the region
3150-3286 cr, in addition to a carbonyl band in the region 18892 cn'. The'H NMR spectra
of 5a-o showed two singlet fD-exchangeable signals attributable to NH protdinth@ isatin and
the hydrazine function (=N-NH-) in the regionl1.27-11.44 and 13.26-13.39m respectively,
while the methyl (-CH) protons appeared as singlet signals arouds7 ppm Furthermore'*C
NMR spectra oba-oshowed signals resonating in the range52.82-165.4ppmattributable for
the carbons of carbonyl groups, while the carbdnth® methyl groups appeared in the raage
23.13-25.52pm Furthermore, we confirmed in a previous studyZistructure of hydrazonédsa-

o under the basics of X-ray single crustal analysissimilar analogue [46].

On the other hand, the condensationg){3-(dimethylamino)-1-phenylprop-2-en-1-oha with
acetylacetone and ammonium acetate in refluxingjcaaeid yielded 1-(2-Methyl-6-phenylpyridin-
3-yl)ethan-1-oné. The later was heated with indoline-2,3-digkaan ethanol in the presence of a
catalytic amount of dimethylamine to give the imediate7 which subsequently dehydrateih
refluxing with concentrated hydrochloric acid itagjal acetic acid to afford the compouBd
(Scheme 2).

Scheme 2



The IR spectrum dB revealed the presence of two peaks at 3158 arl A9 assigned to the
NH and carbonyl groups, respectively. TheNMR spectrum oB showed the singlet signal of the
olefinic proton aroundd 7.50 ppm also, '"H NMR spectrum revealed the presence oD
exchangable indolic NH proton atd.0.80ppm Furthermore, th&C NMR spectrum o8 showed
two signals resonating dt23.58 and 193.22ppm attributable to the methyl (GHand carbonyl
(=C-C=0) carbons, respectively. The conformatiorthaf exocyclic double bond of compou&d
was assigned & conformation where the chemical shift of the atlghea-H proton appeared at
o 7.56ppmaccording to the reported similar structures [48].

Finally, indoline-2,3-dionegla-d were refluxed with 99% hydrazine hydrate in metiaio
obtain the corresponding hydrazoderivatives9a-d. The reaction of hydrazone8a-d with
nicotinaldehydelO in ethanol in the presence of a catalytic amodigiacial acetic acid furnished

the target derivative¥la-d.

Scheme 3

The IR spectra of 1a-d showed absorption bands around 3200 ¢on the indolic NHgroupin
addition to the absorption bands of carbonyl granphe regior730-1738 cril. *H NMR spectra
of these compounds revealed@exchangeable signal in the regidrl0.85-11.05ppm which
were assigned to NH isatin proton, in additionhte signal of the methine proton (-CH=N-) in the
regiond 8.65-8.73ppm Moreover, their*C NMR spectra showed signals resonating in theerdng
163.87-164.3@pmcharacteristic to C=0 carbons.

2.2. Biological Evaluation
2.2.1. In vitro cytotoxic activity.

Anti-proliferative activity of the newly synthesidasatin-pyridine hybrid$a-o, 8 and11lac
was examined in three human tumor cancer cell liHepG2 hepatocellular carcinoma, A549 lung
cancer and MCF-7 breast cancer using sulforhodaBi(®RB) colorimetric assay as described by
Skehanet al. [49]. Doxorubicin was included in the experimerats a reference cytotoxic
compound for the three cell lines. The results wegressed as growth inhibitory concentration
(ICs0) values which represent the compound concentstiequired to produce a 50% inhibition of
cell growth after 72 hours of incubation compam@dntreated controls (Table 1).

From the obtained results, it was obvious that isdvef the synthesized hybrids displayed
excellent to modest growth inhibitory activity agsti the tested cancer cell lines. Investigations of
the cytotoxic activity against HepG2 indicated tliatvas the most sensitive cell line to the
influence of the first series hybrids and compo@8n@ompound (ICsp = 2.5+0.39 uM) was found

to be the most potent derivative against HepG2waas 2.7 times more potent and efficacious than
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doxorubicin (IGo = 6.9+2.05 uM). Besides, compountisb and11c with ICso = 11.5+1.05 and
8.7+0.91 uM, respectively, showed good activityiagiaHepG2 cancer cell line. Also, compounds
5d, 5¢ 5f, 50 and 11d were moderately active with g values of 56.6+3.30, 28.5+2.03,
23.5+1.57, 59.9+2.47 and 59.1+3.73 uM, respectiwigilst, hybrids5h, 5i and5m possessed
weak anti-proliferative activity against HepG2 iangparison to doxorubicin (Kg = 192+6.91,
182+4.05, and 128+5.28 uM, respectively).

Concerning activity against A549, compounsis and 11c were the most active analogues
through this study with 165 values of 14.5+0.71 and 10.8£1.15, respectiveheylshowed 1.9-
and 1.4-fold decreased potency than doxorubicigy(¥C7.6+1.37 uM). Additionally, hybrid8,
1laand11b (ICso = 19.3£1.34, 16.8+1.92 and 19.7+2.59) displayeadgactivity against A549 in
comparison to the reference drug. On the other heytdtoxicity evaluation in MCF-7 cell line
revealed that the first series did not elicited stiderable anti-proliferative activity, whereas two
members only of this seriég and5f showed weak activity with l§g = 93+6.41 and 71+3.58 pM,
respectively. Compound8, 11a 11b and 11d displayed good activity with I§ of 11.6+0.93,
14.7+2.82, 10.4+1.47 and 14.9£1.04 puM, respectivElgally, compoundl1c (ICsp = 6.3%£0.79)
was almost equipotent as doxorubicin G 6.1+1.95) and emerged as the most potent

counterpart against MCF-7 in this study.

2.2.2. Structure activity relationship SAR

Based on the aforementioned biological data, manctsire activity relationships could be
deduced. With respect to the type of the pendayitgaoup, it was found that the bioisosteric
replacement of the phenyl apefluorophenyl groups with 2-thienyl group led tocdease in the
activity, as compoun8él when compared witbd and5m. Furthermore, exploration of the impact
of the substitution on the 4-position of the peridatrenyl group suggested that, the order of anti-
proliferative activities of the first series membes widely varied in accordance to the type of the
substitution in the 5-position of isatin moiety.rRbe 5-fluoro substituted isatins counterparts in
the first seriesqd, 5h, 5m, 5n and50), the activities were decreased in the order 61 #-4-F > H
> 4-OCH; > CHg, hinting that grafting a lipophilic electron wittadving substituent like halogens
is more beneficial than an electron donating stumestic like methyl or methoxy for the activity.

On the other hand, replacing the cleavable hydmadorker of the first series by the non-
cleavable chalcone linker produced compo8naith highly improved anticancer efficacy @&
HepG2=2.5+0.39, A549=19.3+£1.34 and MCF-7=11.6+Q.98)s activity improvement suggested
that the prepared hybrids exert their biologicdlvity as a single entity, while the release of the
two parental pharmacophoric subunits under theiplogical or the enzymatic conditions sharply
decreases the activity. Additionally, this improwenh could be explainedia the increased

lipophilicity of the chalcone linker than the hydome linker.
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Interestingly, simplification of the first desighybrids 11a-d broadened and improved the
activity against the three cancer cell lines. Ipooation of unsubstituted isatin moiety led to
compoundllawith good activities against the A549 and MCF-T kiees only. Since fluorine has
a size and electronic properties similar to thaskydrogen, it is introduced as an isosteric to the
hydrogen atom. Compourid bbears fluorine substituent at the 5-position (Mef.631), showed
increase in the activity against the HepG2 and MCEell lines, hinting that halogens
incorporation may be advantageous. Moreover, inictdn of more lipophilic and bulky chlorine
atom, compoundLlc (AlogP=2.090), caused remarkable increase of activitynasgaall tested
tumor types. In contrast, introduction of bromirtera (more bulky than chlorine) decreased the
anti-proliferative activity. Thence, the order dftigities of the halogenated members in the third
series, were decreased in the order of Cl > F Xri8iicating that size of the incorporated halogen
is an important element for the anti-proliferatigetivity in this series, where, chlorine atom

represents the optimal size.

2.3. 2D QSAR study
2.3.1. Development of QSAR model

QSAR analysis for anti-proliferative activity byehsatin-pyridine hybrid¢5a-o 8 and11a-d)
was performed in order to correlate the biochemilzh with hybrids structures, and to identify
positive and negative structural features withia tiree hybrids designs. The analysis was run by
means of the DS 2.5 software (Discovery Studio 2cdgelrys, Co. Ltd).

A set of the newly synthesized hybrids{o 8 and11a-d) was used as a training set with their
measured pl§ (the negative logarithmic value of the concentratrequired to produce 50%
inhibition of the cancer cells) against A549 cancefll line for QSAR modeling. “Calculate
Molecular Properties” module was used for calcafatine 2D molecular properties as well as
energies of highest occupied and lowest unoccup@eécular orbitals (HOMO and LUMO) of the
training set compounds. Different 2D descriptorchsias AlogP, Finger prints, molecular
properties  (Molecular_Weight), molecular property ousts (Num_aromatic Rings,
Num_H_Acceptors, Num_H_Donors, Num_Rings and Numafble Bonds) and surface area
and volume (Molecular_Fractional Polar Surface Areeere utilized in our model. Notably,
ALogP is a measure of the hydrophobicity of the esale that it is calculated in Discovery Studio
as the Log of the octanol-water partition coefintiesing Ghose and Crippen's method [50], while
Molecular_Fractional Polar Surface Area is theorafi the polar surface area divided by the total
surface area of the molecule. Multiple linear regien (MLR) protocol was employed to search
for optimal QSAR models capable of correlating bibaty variation across the used training set

collection. QSAR model was validated employing kane-out cross-validation by setting the
7



folds to a number much larger than the number ofpdas , r2 (squared correlation coefficient
value) and r2 prediction (predictive squared catieh coefficient value), residuals between the

predicted and experimental activity of the testes®t training set.

2.3.2. QSAR study results

Equation 1 represents the best performing QSAR model;
-logICso = 352.79ALogP —53.84Molecular_Weight — 9.61Num_AromaticRings + 64.61
Num_H_Acceptors+ 3.64Num_H_Donors— 11.32Num_Rings + 9.81Molecular_Fractional
Polar Surface Area

According to Equation 1 QSAR model was represegteghically by scattering plots of the
experimental versus the predicted bioactivity valuéoglG, for the training set compounds as
shown in Figure 2. The method used to build the ehedhs Least-Squares, r2 = 0.911, r2 (ad))
1.007, r2 (pred) 0.320, Least-Squared error 0.080®berer2 (adj) is r2 adjusted for the number
of terms in the modek2 (pred) is the prediction r2, equivalent to g2 from a ledveut cross-
validation.

Figure 2

In conclusion, Equation 1 describes that the amtiferative activity of the synthesized hybrids
against the lung A549 cancer cell line is affectsd two molecular descriptors AlogP and
molecular fractional polar Surface. It was foundttithe anti-proliferative activity is positively
correlated with the increase in the hydrophobi¢®y.ogP) and the increase in the molecular
fractional polar surface area of the synthesizeshpmunds. This justifies the order of activity

within the first and third series that mentionedha SAR study.

2.3.3. QSAR validation

Robustness of the established QSAR model was eérifiy using; Leave-one-out (LOO)
internal validation or cross-validation (g2), whee(squared correlation coefficient value) which
is 0.911,r2 (pred) is the prediction r2, equivalent to g2 from a ledveut cross-validation which
is 0.30. In addition, validation was employed byaswring the residuals between the experimental
and the predicted activities of the training setlE 2). Interestingly, the predicted anti-
proliferative activities by our QSAR model were yearlose to those experimentally observed,
indicating that this model can be safely applied goediction of more effective hits having the

same skeletal framework.

Table 2



2.4. ADME study
The ADME of the biologically active hybrid&d-f, 5h, 5i, 5m, 50, &nd11la-d was predicted

via a theoretical kinetic study that performed by nseahDiscovery Studio software (Table 3).
Both, AlogP98 and PSA 2D descriptors were calcdldte evaluate the lipophilicity and polar
surface area. Also, solubility, absorption and C®PRhibition levels were predicted. Active
members of the first series and compouhdvere expected to have low solubility, while,
compoundd la-dshowed good solubility levels. Whilst, all the exaed derivatives were seemed
to possess good absorption levels and predictdus t&€YP2D non-inhibitors except compounds
5m, 8 and 11a which expected to inhibit CYP2D. Notably, all thgbrids passed the Lipinski's

rule of five.

Table 3

3. Conclusion

In an effort to develop potent anticancer agehtge different set of isatin-pyridine hybrids-
0, 8 and11la-d,were designed and synthesized. Anti-proliferasigtvity of the newly synthesized
hybrids was examined in three human tumor canckrlines, namely, HepG2 hepatocellular
carcinoma, A549 lung cancer and MCF-7 breast cang@ng sulforhodamine B (SRB)
colorimetric assay. Compoutdemerged as the most active member against HeplGihegICsg
= 2.5+0.39 uM), with 2.7-fold increased activityaththe reference drug, doxorubicin 4G
6.9£2.05 puM). Also, it showed good activity agaiA&i49 and MCF-7 cell lines with Kg values
of 19.3£1.34 and 11.6+0.93 puM, respectively. Inseérgly, the residual between the experimental
and the predicted activity of compou®dalmost equals zero in the established QSAR model.
Moreover, it passed the Lipinski's rule of five awds expected to have low solubility, good
absorption level and CYP2D inhibitory activity. VI&tji compoundL1cwas found to be the most
potent derivative against A549 cell line withs§Cvalue of 10.8+1.15 and 1.4-fold decreased
potency than doxorubicin (Kg= 7.6£1.37 uM). Also, compountilc emerged as the most potent
counterpart against MCF-7 in this study {§G 6.3+£0.79) and almost equipotent as doxorubicin
(ICs0 = 6.1+1.95). The preliminary SAR study confirmdutt utilization of non-cleavable linker
and simplification of the first design are cruaidgments for the anti-proliferative activity. QSAR
model was establisheda the Discovery Studio 2.5 software in order to tifgnpositive and
negative structural features within the three tddbidesigns. ALogP and the molecular fractional
polar surface area descriptors displayed positbreetations with the anti-proliferative activity of

the synthesized compounds.



4. Experimental
4.1. Chemistry

4.1.1. General

Melting points were measured with a Stuart melpogqt apparatus and were uncorrected. The
NMR spectra were recorded by Varian Gemini-300BB 300zMH-NMR spectrometers (Varian
Inc., Palo Alto, CA).lH and*’c spectra were run at 300 and 75 MHz, respectivelgeuterated
dimethylsulphoxide (DMSQ@J). Chemical shifts &) are reported relative to TMS as internal
standard. All coupling constand)(values are given in hertz. Chemical shiiig) (are reported
relative to DMSOdg as internal standards. The abbreviations usedar®llows: s, singlet; d,
doublet; m, multiplet. IR spectra were recordedhvetBruker FT-IR spectrophotometer. Reaction
courses and product mixtures were routinely moeaddpy thin layer chromatography (TLC) on
silica gel precoated ;5 Merck plates. Unless otherwise noted, all solvearid reagents were

commercially available and used without furtherifocation.

4.1.2. Ethyl 2-methyl-6-arylnicotinaga-f.

To a solution of the appropriate enamindraef (5 mmol) in glacial acetic acid (15 mL), ethyl
acetoacetate (5.5 mmol) and ammonium acetate (40lmwere added. The reaction mixture was
heated under reflux for 5 h. After cooling and pogrinto ice-water, the residue obtained was

filtered and washed with petroleum ether then wigtter and finally crystallized from ethanol [51].

4.1.3. 6-Aryl-2-methylnicotinohydrazi@a-f.

A mixture of the appropriate est@a-f (5 mmol) and 99% hydrazine hydrate (2 mL) was
refluxed for 6 h. The solid product obtained upowolmg was filtered off and recrystallized from
dioxan to afford the corresponding 6-aryl-2-metlgdtinohydrazideSa-f, respectively [46].

4.1.3.1. 6-(4-Fluorophenyl)-2-methylnicotinohydaez(3a). White crystals (yield 73%), m.p. 215-
218°C; IR (KBr,v cm™): 3197, 3310 (NH, Nb) and 1664 (C=0)'H NMR (DMSO-ds) J ppm
2.60 (s, 3H, ChH), 4.51 (s, 2H, NKH D,O exchangeable), 7.28 (t, 2H, H-3 and H-5 of 4HCJ =
9.0 Hz), 7.74 (d, 1H, H-4 pyridind,= 8.1 Hz), 7.81 (d, 1H, H-5 pyridind,= 8.1 Hz), 8.13 (t, 2H,
H-2 and H-6 of 4-FgH,, J = 9.0 Hz), 9.56 (s, 1H, NH, JO exchangeable).

4.1.3.2. 6-(4-methoxyphenyl)-2-methylnicotinohyml@3b). White crystals (yield 75%), m.p.

195-197°C; IR (KBr,v cmi'): 3215, 3348 (NH, Nb) and 1661 (C=0)!H NMR (DMSO-d) J

ppm 2.61 (s, 3H, Ch), 3.80 (s, 3H, OCHJ, 4.52 (s, 2H, NK D,O exchangeable), 7.02 (d, 2H, H-
10



3 and H-5 of 4-OCkCg¢H4, J = 9.0 Hz), 7.77 (d, 1H, H-4 pyridind,= 8.1 Hz), 7.84 (d, 1H, H-5
pyridine,J = 8.1 Hz), 7.95 (d, 2H, H-2 and H-6 of 4-O&4H,4, J = 9.0 Hz), 9.60 (s, 1H, NH, D
exchangeable).

4.1.3.3. 2-Methyl-6-(thiophen-2-yl)nicotinohydrazi(8c). White crystals (yield 70%), m.p. 173-
175°C; IR (KBr,v cm®): 3235, 3327 (NH, Nb) and 1658 (C=0)'H NMR (DMSO-dg) J ppm
2.53 (s, 3H, CH), 4.51 (s, 2H, NH D,O exchangeable), 7.15 (t, 1H, H-4 thiophehe, 5.1 Hz),
7.65 (d, 1H, H-5 thiophend,= 5.1 Hz), 7.69 (d, 1H, H-4 pyridind,= 8.1 Hz), 7.76 (d, 1H, H-5
pyridine, J = 8.1 Hz), 7.82 (d, 1H, H-3 thiophend, = 3.6 Hz), 9.58 (s, 1H, NH, &
exchangeable}’C NMR (DMSO+ds) dppm 22.76 (CH), 115.43, 125.86, 128.47, 128.67, 128.93,
136.30, 143.86, 151.64, 155.62, 166.92.

4.1.4. General procedure for preparation of 2-métdy(2-oxoindolin-5-substituted-3-ylidene)-6-
arylylnicotinohydrazidéa-a.

Indoline-2,3-dione derivativda-d (2 mmol) was added to a suspension of the apptepéia
aryl-2-methylnicotinohydrazidda-f (2 mmol) inmethanol (15 mL) and catalytic amount of glacial
acetic acid. The reaction mixture was refluxed3dn. The precipitate formed was collected by
filtration while hot, washed with hot ethanol, dfiand crystallized from ethanol/DMF to afford
compoundsba-owith 70-88% yield.

4.1.4.1. 6-(4-Fluorophenyl)-2-methyl-N'-(2-oxoinideB-ylidene)nicotinohydrazidg5a). Yellow
powder (yield 75%), m.p. 298-300°C; IR (KBrcm™): 3150 (NH), 1680 (C=0) and 1584 (C=N);
'H NMR (DMSO-dgs) dppm 2.68 (s, 3H, Ch), 6.93 (d, 1H, Ar-H,J = 8.4 Hz), 7.04 (t, 1H, Ar-H,
J=8.4Hz), 7.31 — 7.41 (m, 4H, Ar-H),7.95 (d, 1H4 pyridine,J = 7.8 Hz), 8.03 (d, 1H, H-5
pyridine,J = 7.8 Hz), 8.20 — 8.24 (m, 2H, Ar-H), 11.30 (s,, MHindoic, D20 exchangeable), 13.34
(s, 1H, NH, DO exchangeable)l,BC NMR (DMSO4s) J ppm 25.52 (CH), 111.09, 111.28,
115.46, 115.74, 115.92, 117.21, 119.64, 121.85,682226.95, 129.10, 129.21, 131.34, 131.92,
134.19, 137.15, 142.52, 161.58, 162.68, 164.86].ATecd. for GiH1sFN4Oy: C, 67.37; H, 4.04;
N, 14.97; Found C, 66.99; H, 4.22; N, 15.19.

4.1.4.2. N'-(5-Chloro-2-oxoindolin-3-ylidene)-6-{liorophenyl)-2-methylnicotinohydrazid®&b).
Orange powder (yield 79%), m.p. 327-329°C; IR (KBgm™): 3199 (NH), 1675 (C=0) and 1579
(C=N); *H NMR (DMSO-ds) dppm 2.68 (s, 3H, Ch), 6.95 (d, 1H, Ar-H,) = 8.4 Hz), 7.32 — 7.43
(m, 4H, Ar-H), 7.95 (d, 1H, H-4 pyridind,= 8.1 Hz), 8.04 (d, 1H, H-5 pyridind,= 8.1 Hz), 8.20
— 8.25 (m, 2H, Ar-H), 11.41 (s, 1H, Nkbi, DO exchangeable), 13.26 (s, 1H, NH (D
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exchangeable}?c NMR (DMSOds) dppm 24.72 (CH), 113.25, 116.06, 116.33, 116.51, 117.73,
121.97, 127.27, 127.40, 129.71, 129.82, 131.76,983134.72, 137.67, 141.78, 162.18, 163.06,
165.46. Anal. Calcd. for £H14CIFN4O,: C, 61.70; H, 3.45\, 13.70; Found C, 62.03; H, 3.88;
13.49.

4.1.4.3. N'-(5-Bromo-2-oxoindolin-3-ylidene)-6-(ddrophenyl)-2-methylnicotinohydrazidébc).
Yellow powder (yield 80%), m.p. 347-350°C; IR (KBrcmi?): 3207 (NH), 1679 (C=0) and 1581
(C=N); "H NMR (DMSO-ds) dppm 2.68 (s, 3H, Ch), 6.90 (d, 1H, Ar-H,) = 8.1 Hz), 7.31 — 7.37
(m, 3H, Ar-H), 7.53 (d, 1H, Ar-HJ = 8.1 Hz), 7.95 (d, 1H, H-4 pyridiné,= 7.8 Hz), 8.03 (d, 1H,
H-5 pyridine,J = 7.8 Hz), 8.19 — 8.24 (m, 2H, Ar-H), 11.43 (s,, MHiqiic, D-O exchangeable),
13.26 (s, 1H, NH, BO exchangeable}?C NMR (DMSO4ds) oppm 23.92 (CH), 113.13, 114.39,
115.47, 115.76, 11743, 121.79, 122.56, 126.69,1429.29.25, 131.62, 134.17, 136.18, 137.95,
141.58, 156.37, 161.45, 162.33, 164.93. Anal. Cdiad G1H14BrFN4O,: C, 55.65; H, 3.11; N,
12.36; Found C, 55.97; H, 3.46; N, 11.99.

4.1.4.4. N'-(5-Fluoro-2-oxoindolin-3-ylidene)-6-{dtorophenyl)-2-methylnicotinohydrazidéd).
Yellow powder (yield 83%), m.p. 345-348°C; IR (KBrcmi?): 3234 (NH), 1678 (C=0) and 1588
(C=N); *H NMR (DMSO-ds) dppm 2.68 (s, 3H, Ch), 6.91 — 6.96 (m, 1H, Ar-H), 7.19 — 7.37 (m,
4H, Ar-H), 7.95 (d, 1H, H-4 pyridine] = 8.1 Hz), 8.03 (d, 1H, H-5 pyridind,= 8.1 Hz), 8.19 —
8.24 (m, 2H, Ar-H), 11.43 (s, 1H, Nlhic, DO exchangeable), 13.26 (s, 1H, NH,MD
exchangeable)lf’c NMR (DMSOds) dppm 23.34 (CH), 107.87, 112.38, 115.53, 115.67, 115.94,
117.20, 118.50, 120.89, 121.01, 126.25, 126.75,172929.28, 134.21, 136.99, 138.82, 156.00,
156.79, 159.95, 161.64, 162.85, 164.92. Anal. Cdlod G1H14F2N4Oy: C, 64.28; H, 3.60; N,
14.28; Found C, 64.52; H, 3.45; N, 14.39.

4.1.4.5. 6-(4-Methoxyphenyl)-2-methyl-N'-(2-oxoilimd83-ylidene)nicotinohydrazidé5e). Yellow
powder (yield 76%), m.p. 255-257°C; IR (KBrcm™): 3241 (NH), 1672 (C=0) and 1578 (C=N);
'H NMR (DMSO-dg) dppm 2.67 (s, 3H, Ch), 3.84 (s, 3H, OCh), 6.93 (d, 1H, Ar-HJ = 7.8
Hz), 7.05 — 7.48 (m, 5H, Ar-H), 7.90 (d, 1H, H-4rpgyne, J = 7.8 Hz), 7.98 (d, 1H, H-5 pyridine,
J=7.8 Hz), 8.11 (d, 2H, Ar-H] = 8.4 Hz), 11.27 (s, 1H, NHoic, D-O exchangeable), 13.30 (s,
1H, NH, D;O exchangeable}?C NMR (DMSO4ds) dppm 23.67 (CH), 55.23 (-OCH), 111.11,
111.28, 114.10, 114.29, 116.21, 119.69, 120.52,6422122.80, 125.10, 126.05, 128.39, 130.10,
131.84, 136.37, 142.49, 156.74, 160.71, 162.72].Aalcd. for G,H1gN4Os: C, 68.38; H, 4.70;
N, 14.50; Found C, 68.66; H, 4.47; N, 14.69.
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4.1.4.6. N'-(5-Chloro-2-oxoindolin-3-ylidene)-6-(dethoxyphenyl)-2-methylnicotinohydrazide
(5f). Yellow powder (yield 78%), m.p. 315-317°C; IR (KBrcm): 3271 (NH), 1692 (C=0) and
1580 (C=N);'H NMR (DMSO-ds) dppm 2.67 (s, 3H, Ch), 3.83 (s, 3H, OCH), 6.94 (d, 1H, Ar-
H, J = 8.4 Hz), 7.05 (d, 2H, Ar-H]) = 9.0 Hz), 7.40 (d, 2H, Ar-H] = 8.4 Hz), 7.88 (d, 1H, H-4
pyridine,J = 8.4 Hz), 7.98 (d, 1H, H-5 pyridind,= 8.4 Hz), 8.11 (d, 2H, Ar-H] = 9.0 Hz), 11.42
(s, 1H, Nhhgoic, D20 exchangeable), 13.27 (s, 1H, NHMexchangeable}’C NMR (DMSO-dq)

o ppm 23.39 (CH), 55.24 (-OCH), 112.67, 112.80, 114.12, 114.26, 116.37, 120114,.42,
125.76, 126.70, 126.82, 128.41Cj2 130.05, 131.10, 131.28, 136.87, 141.15, 15618872,
162.51. Anal. Calcd. for £H:,CIN4O3: C, 62.79; H, 4.07; N, 13.31; Found C, 63.08; H54 N,
13.23.

4.1.4.7. N'-(5-Bromo-2-oxoindolin-3-ylidene)-6-(4tmoxyphenyl)-2-methylnicotinohydrazide
(59). Yellow powder (yield 84%), m.p. 299-301°C; IREK v cmi*): 3195 (NH), 1670 (C=0) and
1572 (C=N):"H NMR (DMSO-ds) dppm 2.67 (s, 3H, Ch), 3.83 (s, 3H, OCH), 6.90 (d, 1H, Ar-

H, J = 8.1 Hz), 7.05 (d, 2H, Ar-HJ = 8.7 Hz), 7.53 (d, 2H, Ar-H) = 8.1 Hz), 7.88 (d, 1H, H-4
pyridine,J = 8.1 Hz), 7.98 (d, 1H, H-5 pyridind,= 8.1 Hz), 8.11 (d, 2H, Ar-H] = 8.7 Hz), 11.43
(s, 1H, NHngoiic, D-O exchangeable), 13.28 (s, 1H, Nl-lz,OjexchangeabIe}?C NMR (DMSOds)

J ppm 23.13 (CH), 55.10 (-OCH), 112.96, 113.25, 113.94, 114.38, 116.57, 117154,.79,
123.83, 125.71, 127.96, 128.79, 130.03, 134.05,8734141.50, 156.07, 156.59, 160.71, 162.33.
Anal. Calcd. for GoH17BrN4O3: C, 56.79; H, 3.68; N, 12.04; Found C, 56.54; 343N, 11.89.

4.1.4.8. N'-(5-Fluoro-2-oxoindolin-3-ylidene)-6-(dethoxyphenyl)-2-methylnicotinohydrazide
(5h). Yellow powder (yield 82%), m.p. 306-308°C; IREK v cm*): 3267 (NH), 1690 (C=0) and
1578 (C=N);'H NMR (DMSO-ds) d ppm 2.68 (s, 3H, Ch), 3.83 (s, 3H, OCH), 6.93 — 6.97 (m,
1H, Ar-H), 7.05 (d, 2H, Ar-HJ = 8.7 Hz,), 7.18 — 7.29 (m, 2H, Ar-H), 7.87 (d,, 144 pyridine,J

= 7.8 Hz), 7.98 (d, 1H, H-5 pyridind,= 7.8 Hz), 8.11 (d, 2H, Ar-H) = 8.7 Hz), 11.30 (s, 1H,
NHingoiic, D-O exchangeable), 13.32 (s, 1H, NHMexchangeable}*C NMR (DMSO+4dg) dppm
23.77 (CH), 55.22 (-OCH), 107.93, 112.35, 114.10, 114.28, 116.39, 117150.90, 121.02,
125.81, 126.29, 128.40, 130.05, 137.30, 138.73,7856.59.91, 160.72, 162.84. Anal. Calcd. for
C22H17FN4Os: C, 65.34; H, 4.24; N, 13.85; Found C, 65.08; B34N, 13.78.

4.1.4.9. 2-Methyl-N'-(2-oxoindolin-3-ylidene)-64@phen-2-yl)nicotinohydrazide(5i). Yellow

powder (yield 70%), m.p. 285-287°C; IR (KBrcm™): 3171 (NH), 1678 (C=0) and 1577 (C=N);
'H NMR (DMSO-ds) dppm 2.62 (s, 3H, Ch), 6.93 (d, 1H, Ar-HJ = 7.8 Hz), 7.02 — 7.07 (m, 1H,
Ar-H), 7.19 (t, 1H, H4-thiopheneg] = 4.8 Hz), 7.36 (t, 1H, Ar-H) = 7.8 Hz), 7.71 (d, 1H, H5-
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thiopheneJ = 4.8 Hz), 7.87 — 7.92 (m, 3H, Ar-H), 7.99 (d, 15 pyridine,d = 8.1 Hz), 11.31 (s,
1H, NHngoic D2O exchangeable), 13.35 (s, 1H, NHMexchangeable}’C NMR (DMSO«ds) J
ppm 23.35 (CH), 111.12, 111.31, 112.53, 116.71, 119.68, 120192.86, 126.52, 128.54,
128.74, 129.71, 130.28, 131.82, 137.16, 142.53,.8643156.21, 162.73. Anal. Calcd. for
CiH14N4O5S: C, 62.97; H, 3.89; N, 15.46; Found C, 63.213197; N, 15.29.

4.1.4.10. N'-(5-Chloro-2-oxoindolin-3-ylidene)-2-timg-6-(thiophen-2-yl)nicotinohydrazid€5j).
Yellow powder (yield 73%), m.p. 352-354°C; IR (KBrcmi?): 3208 (NH), 1668 (C=0) and 1579
(C=N); *H NMR (DMSO-<ds) dppm 2.62 (s, 3H, Ch), 6.95 (d, 1H, Ar-H,) = 8.4 Hz), 7.19 (t, 1H,
H4-thiophene) = 5.1 Hz), 7.41 (d, 1H, Ar-H] = 8.4 Hz), 7.71 (d, 1H, H5-thiophenks 5.1 Hz),
7.86 — 7.93 (m, 3H, Ar-H), 7.99 (d, 1H, H-5 pyridind = 7.8 Hz), 11.44 (s, 1H, NKoic, D20
exchangeable), 13.30 (s, 1H, NH;exchangeable). Anal. Calcd. forgB8:3CIN4O,S: C, 57.51;
H, 3.30; N, 14.12; Found C, 57.67; H, 3.41; N, ¥3.9

4.1.4.11. N'-(5-Bromo-2-oxoindolin-3-ylidene)-2-mgt6-(thiophen-2-yl)nicotinohydrazid¢€sk).
Yellow powder (yield 75%), m.p. 349-351°C; IR (KBrem™): 3213 (NH), 1674 (C=0) and 1582
(C=N); "H NMR (DMSO-ds) dppm 2.62 (s, 3H, Ch), 6.90 (d, 1H, Ar-H,) = 8.4 Hz), 7.19 (t, 1H,
H4-thiophene) = 5.1 Hz), 7.53 (d, 1H, Ar-H] = 8.4 Hz), 7.71 (d, 1H, H5-thiophenks 5.1 Hz),
7.90 — 7.91 (m, 3H, Ar-H), 7.99 (d, 1H, H-5 pyridi = 8.1 Hz), 11.43 (s, 1H, NKoic, D20
exchangeable), 13.26 (s, 1H, NH,exchangeable}*C NMR (DMSOds) dppm 24.22 (CH),
113.11, 114.38, 115.79, 121.81, 122.51, 124.39,21261.26.82, 128.52, 128.76, 129.83, 131.05,
134.28, 137.09, 141.56, 143.51, 156.26, 162.34..Abalcd. for GgH13BrN4O,S: C, 51.71; H,
2.97: N, 12.70; Found C, 51.55; H, 3.12; N, 12.81.

4.1.4.12. N'-(5-Fluoro-2-oxoindolin-3-ylidene)-2-thg-6-(thiophen-2-yl)nicotinohydrazid€5l).
Yellow powder (yield 72%), m.p. 305-307°C; IR (KBremit): 3238 (NH), 1665 (C=0) and 1580
(C=N); *H NMR (DMSO-ds) dppm 2.62 (s, 3H, Ch), 6.92 — 6.97 (m, 1H, Ar-H), 7.18 — 7.26 (m,
2H, Ar-H), 7.72 (d, 1H, H5-thiophend,= 5.1 Hz), 7.90 — 7.94 (m, 3H, Ar-H), 8.00 (d, 1H5
pyridine, J = 8.7 Hz), 11.36 (s, 1H, NKoi, D-O exchangeable), 13.39 (s, 1H, NH,MD
exchangeableﬂf"c NMR (DMSO4ds) oppm 23.53 (CH),107.55, 112.50, 115.87, 117.72, 119.87,
126.30, 126.85, 128.60, 129.85, 136.35, 138.81,5843152.04, 156.80, 159.96, 162.89. Anal.
Calcd. for GoH13FN4O,S: C, 59.99; H, 3.44; N, 14.73; Found C, 60.11380; N, 14.82.

4.1.4.13. N'-(5-Fluoro-2-oxoindolin-3-ylidene)-2-thgl-6-phenylnicotinohydrazidésm). Yellow
powder (yield 84%), m.p. 309-311°C; IR (KBrcm™): 3185 (NH), 1676 (C=0) and 1581 (C=N);
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'H NMR (DMSO-ds) dppm 2.69 (s, 3H, Ch), 6.92 — 6.96 (m, 1H, Ar-H), 7.20 — 7.52 (m, 5H; A
H), 7.96 (d, 1H, H-4 pyridine] = 8.1 Hz), 8.04 (d, 1H, H-5 pyridind,= 8.1 Hz), 8.14 (d, 2H, Ar-
H,J=7.5Hz,), 11.34 (s, 1H, NHoic, DO exchangeable), 13.37 (s, 1H, NHexchangeable);
¥C NMR (DMSOds) & ppm 23.88 (CH), 108.13, 112.34, 117.34, 117.92, 118.25, 120.37,
120.61, 126.79, 126.92, 127.82, 128.73, 129.75,2637.37.66, 138.79, 156.75, 159.92, 162.82.
Anal. Calcd. for GiH15FN4O2: C, 67.37; H, 4.04; N, 14.97; Found C, 67.53; 224N, 15.09.

4.1.4.14. N'-(5-Fluoro-2-oxoindolin-3-ylidene)-2-thgl-6-(p-tolyl)nicotinohydrazid€¢5n). Orange
powder (yield 81%), m.p. 314-316°C; IR (KBrcm™): 3286 (NH), 1670 (C=0) and 1578 (C=N);
'H NMR (DMSO<ds) dppm 2.37 (s, 3H, 4-CkCsHy), 2.68 (s, 3H, Ch), 6.92 — 6.96 (m, 1H, Ar-
H), 7.18 (t, 2H, Ar-HJ = 9.0 Hz), 7.33 (d, 2H, Ar-H] = 7.8 Hz), 7.90 (d, 1H, H-4 pyridind,=

7.8 Hz), 8.00 — 8.07 (m, 3H, Ar-H), 11.30 (s, 1HiNoiic, D-O exchangeable), 13.34 (s, 1H, NH,
D,O exchangeable)*C NMR (DMSOds) J ppm 20.81 (4-CH-CgHa), 23.35 (CH),107.22,
112.49, 116.92, 117.58, 120.88, 121.01, 126.41,7B261.26.85, 129.32, 129.52, 134.89, 136.94,
138.76, 139.46, 156.98, 156.76, 159.92, 162.83].ATecd. for G,H17/FN4O,: C, 68.03; H, 4.41;
N, 14.43; Found C, 68.31; H, 4.27; N, 14.60.

4.1.4.15. 6-(4-Chlorophenyl)-N'-(5-fluoro-2-oxoide3-ylidene)-2-methylnicotinohydraziqgo).
Yellow powder (yield 88%), m.p. 364-366°C; IR (KBremt): 3233 (NH), 1678 (C=0) and 1584
(C=N); 'H NMR (DMSO-ds) J ppm 2.68 (s, 3H, Ch), 6.92 — 6.97 (m, 1H, Ar-H), 7. 20 (t, 2H,
Ar-H, J = 8.4 Hz), 7.57 (d, 2H, Ar-H] = 8.7 Hz), 7.98 (d, 1H, H-4 pyridind,= 8.4 Hz), 8.05 (d,
1H, H-5 pyridine,J = 8.4 Hz), 8.18 (d, 2H, Ar-HJ = 8.7 Hz,), 11.34 (s, 1H, NHoic, DO
exchangeable), 13.35 (s, 1H, NH;exchangeable). Anal. Calcd. fos;:814CIFN4O,: C, 61.70;
H, 3.45; N, 13.70; Found C, 61.52; H, 3.59; N, 83.4

4.1.5. 1-(2-Methyl-6-phenylpyridin-3-yl)ethan-1-ahe

To a solution of the enaminod& (5 mmol) in glacial acetic acid (15 mL), acetylme (5.5
mmol) and ammonium acetate (40 mmol) were added. rEaction mixture was heated under
reflux for 3 h. After cooling and pouring into iceater, the residue obtained was filtered and

washed with petroleum ether then with water andlliyjrcrystallized from ethanol. [52]

4.1.6. 3-(2-(2-Methyl-6-phenylpyridin-3-yl)-2-oxbglidene)indolin-2-on&.
A mixture of indoline-2,3-dionda (5 mmol), 1-(2-methyl-6-phenylpyridin-3-yl)etharehe 6
(5 mmol), dimethylamine (5 drops) and ethanol (1) was heated at 50°C for 3 h.The reaction

mixture was cooled to room temperature to give rediate 3-hydroxy-3-(2-(2-methyl-6-
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phenylpyridin-3-yl)-2-oxoethyl)indolin-2-oné, which separated as a precipitate. The intermediat
product 7 was then refluxed with a mixture of glacial aceticid (15 ml) and concentrated
hydrochloric acid (3 ml) for 1 h. The reaction mis¢ was cooled to room temperature. A solid
product separated out which was filtered and realyzed from ethanol/DMF to give red powder
of compound8 (overall yield 40%), m.p. 200-202°C; IR (KBv,cm™): 3158 (NH), 1690 (C=0)
and 1577 (C=N)!H NMR (DMSO-ds) d ppm 2.80 (s, 3H, Ch), 6.88 (d, 1H, H-7 isatin] = 7.5
Hz), 6.95 (t, 1H, H-5 isatin] = 7.5 Hz), 7.34 (t, 1H, H-6 isatid,= 7.5 Hz), 7.51 — 7.55 (m, 3H, 3
Ar-H), 7.56 (s, 1H, -CH=C), 7.97 (d, 1H, H-4 pynei,J = 8.1 Hz), 8.07 (d, 1H, H-5 pyridiné,=

8.1 Hz), 8.16 (d, 2H, Ar-HJ) = 8.1 Hz), 8.28 (d, 1H, H-4 isatid,= 7.5 Hz), 10.80 (s, 1H, NKoic,
D,O exchangeable}’C NMR (DMSO4ds) d ppm 23.58 (CH), 111.24, 117.44, 119.89, 121.53,
126.84, 127.08, 127.93, 128.80, 129.08, 131.09,0833.36.13, 137.47, 138.86, 145.03, 157.54,
157.68, 168.20, 193.22. Anal. Calcd. fopldieN2O,: C, 77.63; H, 4.74; N, 8.23; Found C, 77.50;
H, 4.89; N, 8.07.

4.1.7. (Z)-3-Hydrazonoindolin-2-on@&s-d.

To a stirred solution oda-d (10 mmol) in methanol (20 mLP9% hydrazine hydrate (2.5 mL,
50 mmol) was added. Stirring was continued at ¢flexing temperature for 1 h. The precipitate of
hydrazone was filtered, washed with methanol, daied recrystallized from the glacial acetic acid
to give compoundSa-d [36].

4.1.8. General procedure for the synthesis of hyoin@slla-d

To a mixture of hydrazon@a-d (2 mmol) and nicotinaldehydE0 (2 mmol) in ethanol (15 ml),
0.5 ml acetic acid was added. The reaction mixivas refluxed for 4 h, and then cooled to room
temperature. The precipitate was filtered, dried &nally crystallized from ethanol to afford

compoundd.0a-d

4.1.8.1. 3-((Pyridin-3-ylmethylene)hydrazono)indelt-one(11a). Red powder (yield 57%), m.p.
230-233°C; IR (KBry cm): 3165 (NH), 1730 (C=0) and 1608 (C=N}H NMR (DMSO-ds) &
ppm 6.89 (d, 1H, Ar-HJ = 7.5 Hz), 7.00 (t, 1H, Ar-H) = 7.5 Hz), 7.37 (t, 1H, Ar-HJ = 7.5 Hz),
7.57 (t, 1H, Ar-HJ = 7.5 Hz), 7.84 (d, 1H, Ar-H) = 7.5 Hz), 8.35 (d, 1H, H-4 pyriding,= 8.1
Hz), 8.65 (s, 1H, -CH=), 8.74 (d, 1H, H-6 pyridides 4.8 Hz), 9.08 (s, 1H, H-2 pyridine), 10.85
(s, 1H, Nhhgoic, DO exchangeable}C NMR (DMSOds) dppm 110.75, 116.20, 122.53, 124.22,
124.33, 128.84, 129.21, 135.17, 145.13, 150.12,385052.30, 157.40, 164.30. Anal. Calcd. for
C14H10N4O: C, 67.19; H, 4.03; N, 22.39; Found C, 67.323H3; N, 22.47.
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4.1.8.2. 5-Fluoro-3-((pyridin-3-ylmethylene)hydrapdindolin-2-one (11b). Red powder (yield
51%), m.p. 217-219°C; IR (KB cmi’): 3230 (NH), 1733 (C=0) and 1619 (C=N} NMR
(DMSO-dg) dppm 6.83 — 6.94 (m, 1H, Ar-H), 7.27 (t, 1H, Ar-B= 8.7 Hz), 7.62 (d, 2 H, Ar-H,
J=7.8 Hz), 8.39 (d, 1H, H-4 pyridind,= 7.8 Hz), 8.73 (s, 1H, -CH=), 8.76 (d, 1H, H-Gidine,

J =5.1 Hz), 9.10 (s, 1H, H-2 pyridine), 10.93 (8, NHinqiic, DO exchangeable). Anal. Calcd.
for C14HoFN4O: C, 62.69; H, 3.38; N, 20.89; Found C, 62.833131; N, 20.70.

4.1.8.3. 5-Chloro-3-((pyridin-3-ylmethylene)hydramgindolin-2-one (11¢). Red powder (yield
60%), m.p. 220-223°C; IR (KB cm’): 3169 (NH), 1732 (C=0) and 1617 (C=N} NMR
(DMSO-dg) dppm 6.92 (d, 1H, Ar-HJ = 8.4 Hz), 7.47 (d, 1H, Ar-H] = 8.4 Hz), 7.62 (t, 1H, Ar-
H, J=8.4 Hz), 7.81 (s, 1 H, Ar-H), 8.34 (d, 1H, H-gridine, J = 7.2 Hz), 8.72 (s, 1H, -CH=),
8.76 (d, 1H, H-6 pyridineJ = 4.5 Hz), 9.09 (s, 1H, H-2 pyridine), 11.05 (8, NHingoiic, D20
exchangeable). Anal. Calcd. for#8yCIN4O: C, 59.06; H, 3.19; N, 19.68; Found C, 59.21; H,
3.05; N, 19.62.

4.1.8.4. 5-Bromo-3-((pyridin-3-ylmethylene)hydraapndolin-2-one (11d). Red powder (yield
65%), m.p. 232-234°C; IR (KBiy cm™): 3206 (NH), 1738 (C=0) and 1613 (C=N}j4 NMR
(DMSO-ds) dppm 6.87 (d, 1H, Ar-H,) = 8.1 Hz), 7.33 (d, 1H, Ar-H] = 8.1 Hz), 7.58 (t, 1H, Ar-

H, J=8.1 Hz), 7.93 (s, 1 H, Ar-H), 8.32 (d, 1H, H-gridine, J = 7.2 Hz), 8.70 (s, 1H, -CH=),
8.76 (d, 1H, H-6 pyridine) = 4.5 Hz), 9.09 (s, 1H, H-2 pyridine), 11.03 ($J, NHingoic, D20
exchangeable)*C NMR (DMSO4ds) J ppm 112.75, 117.83, 123.46, 126.62, 129.05, 130.43,
134.84, 135.58, 138.47, 144.25, 150.16, 158.90,2B56263.87. Anal. Calcd. for,gH¢BrN4O: C,
51.09; H, 2.76; N, 17.02; Found C, 50.93; H, 2/18817.31.

4.2 Biological evaluation

4.2.1. In vitro cytotoxic activity

HepG2 liver cancer, A549 colon cancer and MCF-astreancer cell lines were obtained from
the National Cancer Institute (Cairo, Egypt). Heptglls were grown in DMEM while A549 and
MCF-7 were grown in RPMI-1640. Media were suppletadrwith 10% heat-inactivated FBS, 50
units/mL of penicillin and 50 g/mL of streptomycand maintained at 37°C in a humidified
atmosphere containing 5% GOThe cells were maintained as a “monolayer cultine serial
subculturing. Cytotoxicity was determined using tBBB method as previously described by
Skehanet al. [48]. Exponentially growing cells were collecteding 0.25% trypsin-EDTA and
seeded in 96-well plates at 1000-2000 cells/welsupplemented DMEM medium. After 24 h,

cells were incubated for 72 h with various concaidns of the tested compounds as well as
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doxorubicin as the reference compound. Followingh7@f treatment, the cells were fixed with
10% trichloroacetic acid for 1 h at 4°C. Wells wstained for 10 min at room temperature with
0.4% SRB dissolved in 1% acetic acid. The platesewar dried for 24 h, and the dye was
solubilized with Tris-HCI for 5 min on a shakerl&00 rpm. The optical density (OD) of each well
was measured spectrophotometrically at 564 nm waithELISA microplate reader (ChroMate-
4300, FL, USA). The Ig values were calculated according to the equatam Boltzmann
sigmoidal concentration—response curve using tmdimaar regression models (Graph Pad, Prism
Version 5). The results reported are means of aitl¢hree separate experiments. Significant
differences were analyzed by one-way ANOVA wheria differences were considered to be
significant atP<0.05.
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Captions page

Figure 1. Structures of compounds/Ill and the target hybrid$¢-o 8 and11a-d).

Figure 2. Predicted versus experimental pJGf the tested compounds against A549 human
cancer cell line according to Equatibn(r* = 0.911).

Scheme 1Reagents and conditions: i, DBAc / AcOH / reflux 5 h; ii, NHNH2.H,O/ reflux 6 h;
iii, MeOH/AcOH (catalytic)/reflux 3 h.

Scheme 2.Reagents and conditions: i, NBIAc / AcOH / reflux 3 h; ii, compoundia /
dimethylamine / EtOH / heating at 50°C 3 h; iii, & / conc. HCI /reflux 1 h.

Scheme 3Reagents and conditions: i, MeOH / reflux 1 hEiQH/AcOH (catalytic) / reflux 4 h.

Table 1.In vitro anti-proliferative activities of the newly synthesd hybrids against HepG-2,
A549 and MCF-7 cell lines.

Table 2. Experimental activity of the synthesized hybridaiagt the predicted activity according
to Equation 1.

Table 3 Computer aided ADME study of the active hybrids.
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Table 1.In vitro anti-proliferative activities of the newly synthe=d hybrids against HepG-2, A549
and MCF-7 cell lines.

X
(@]
N\MJ\ H 0 N”(‘//
o) o)
N
5a-o 8 11a-c H
Compound X Ar IC 50 (UM)®
HepG?2 A549 MCF-7

5a H 4-FGH4 NAP NAP NAP

5b Cl 4-FGsHa NAP NAP NAP

5¢c Br 4-FGsHa NAP NAP NAP

5d F 4-FGH, 56.6+3.30 66.6+4.76 NA

5e H 4-MeOGH. 28.5+2.03 33.6+2.94 93+6.41

5f Cl 4-MeOGH,4 23.5+1.57 27.6+1.86 71+3.58
5 Br 4-MeOGH, NAP NAP NA®

5h F 4-MeOGH,4 192+6.91 200+12.37 NA

5i H thiopher-2-yl 182+4.0¢ NAP NAP

5j Cl thiopher-2-yl NAP NAP NAP

5k Br thiopher-2-yl NAP NAP NAP

5| F thiophen-2-yl NA NA® NA®

5m F CsHs 12845.28 NA NA®°

5n F 4-MeCgH4 NAP® NAP NAP

50 F 4-CICgH4 59.6+2.47 14.5+0.71 NAP

8 - N\ 2.5+0.3¢ 19.5+1.34 11.6+0.97
11a H - NAP 16.8+1.92 14.7+2.82
11b F p 11.5+1.05 19.7+2.59 10.4+1.47
11c Cl - 8.7+0.91 10.6+1.1F 6.3+0.7¢
11d Br - 59.1+3.77 85+5.24 14.9+1.04
Dox. 6.0+2.0¢F 7.6+£1.37 6.1+1.9¢

#1Cso values are the mean + S.D. of three separate iexgats.
® NA: Compounds having g value > 20QuM.



Table 2.Experimental activity of the synthesized hybridaiagt the predicted activity according to

Equation 1.

Compound Experimental Activity Predicted Activity Residual
(-lOg |C50) (-lOg |C50)

5a -2.5809:. -2.58009: 0
5b -3 -2.67477 -0.325226
5¢c -2.89982 -3.22505 0.325226
5d -1.8234 -1.8234° 0
5e -1.52634 -1.52634 0
5f -1.44091 -1.96442 0.523507
59 -3 -2.5146¢ -0.48531.
5h -2.30535 -2.26715 -0.038195
5i -2.7168:« -2.7168:¢ 0
5j -3 -2.69383 -0.306171
5k -2.91487 -3.27354 0.358671
51 -3 -2.947¢ -0.052500
5m -3 -3 0
5n -2.82347 -2.82347 0
50 -1.1613 -1.1613° 0
8 -1.28556 -1.28556 0
1la -1.22531 -1.22531 0
11b -1.2944 -1.3851° 0.090695
1ic -1.03342 -1.14131 0.107889
11d -1.92942 -1.73083 -0.198585




Table 3.Computer aided ADME study of the active hybrids.

compound AlogP98 PSA 2D Solubility® Solubility Absorption CYP2D6 CYP2D6

level levef probability’
5d 3.254 82.806 -5.208 2 0 0 0.435
5e 2.827 91.73¢ -4.50: 2 0 0 0.39¢
5f 3.491 91.736 -5.268 2 0 0 0.386
5h 3.032 91.736 -4.868 2 0 0 0.396
5i 2.56¢ 82.80¢ -4.41¢ 2 0 0 0.40¢
5m 3.048 82.806 -4.851 2 0 1 0.564
50 3.713 82.806 -5.608 2 0 0 0.386
8 3.69¢ 58.67: -5.157 2 0 1 0.52¢
11a 1.425 64.018 -2.899 3 0 1 0.564
11b 1.631 64.01¢ -3.24¢ 3 0 0 0.49¢
11c 2.090 64.018 -3.645 3 0 0 0.465
11d 2.174 64.018 -3.718 3 0 0 0.495

& Lipophilicity descriptor.

® Polar surface area.

¢ Solubility parameter.(0 : - 2 = optimal, -2 : -4eod, -4 : -6 = low, -6 : -8 = very low)

4 Solubility level. (0 = extremely low, 1 = very lobut possible, 2 = low, 3 = good, 4 = optimal).
¢ Absorption level. (0 = good, 1 = moderate, 2 =,|8w very low)

"CYP2D inhibition. (0 = non inhibitor, 1 = inhibitpr



o}
Isatin | BIBF1120 1

Figure 1. Structures of compoundsVIIl and the target hybridé4-o, 8 and11a-d).



y =0.911x +0.196

R-sgquare = 0,911

Predicted pI Cq

-3 -2 -1

Experimental plCs

Figure 2. Predicted versus experimental pJ©f the tested compounds against A549 human cancer
cell line according to Equatiah ( = 0.911).
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k | thiophen-2-yl gy
| |thiophen-2-yl F 5a-0
m| CeHs F
n 4-MeCGH4 F
[o) 4-C|CGH4 F

Scheme 1. Reagents and conditions: i, NBAc / AcOH / reflux 5 h; ii, NHNH2.H,O/ reflux 6 h; iii,
MeOH/AcOH (catalytic)/reflux 3 h.



1a 6 7

Scheme 2. Reagents and conditions: i, MBAc / AcOH / reflux 3 h; ii, compounda / dimethylamine
/ EtOH / heating at 50°C 3 h; iii, AcOH / conc. H@flux 1 h.
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X X 10 X /
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498&11;a=H,b=F,¢=Cl, d=Br

Scheme 3. Reagents and conditions: i, MeOH / reflux 1 hEdOH/AcOH (catalytic) / reflux 4 h.



ACCEPTED MANUSCRIPT

Dr.WagdyMohamed-4~F .HYD-H1-DMSO~-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO

Temp. 25.0 C 7 298.1 K

File: Dr.WagdyMohamed-4-F.HYD-H1-DMSO-Main.Defence.Chemical.Laboratory ()
GEMINI-300BB '"NMR"

Relax. delay 1.000 sec /NH2
Pulse 45.0 degrees

Acq. time 3.127 sec

Width 6000.2 Hz

16 repetitions
OBSERVE H1, 300.0117460 MHz

DATA PROCESSING

FT size 65536
Total time 5 min, 5 sec 3a

s

~
6o TR
L S R
RRRC I8
® W@ 50 p ~ R
el J © /J o~
© 0 o r~ ~
I L | J <«
~ o, -
= N S )
wn »
. <
o
e o
S S R AT 0 g

3.283

3.179%

2o FUSHA

__2.600

2 897
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ACCEPTED MANUSCRIPT

Dr .WwagdyMohamed-4~F .HYD-H1-DMS0~-D20-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO
Temp. 25.0 C / 288.1 K
GEMINI~300BB "NMR"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acg. time 3.127 sec

Width 6000.2 Hz

32 repetitions

OBSERVE H1, 300.0117460 MHz
DATA PROCESSING

FT size 65536
Total time 5 min, 5 sec

A/

3a

3.734

2.504

2.561

w
-
™~
™~
< Ps @
R.5 | 28k
w3 R
e g
1 |
|
|
o7 1 (e Wi o
I
T ’ T T T T I T T T T
9 8 7
I sl
212 21.00



Dr.WAgdyMohamed-Thio.hyd-Hl-DMSU-Ma1n.Defence.Chemica1.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO
Temp. 25.0 C / 298.1 K
GEMINI-300BB "NMR"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 3.127 sec

Width 6000.2 Hz

60 repetitions
OBSERVE H1, 300.0117460 MHz
DATA PROCESSING
FT size 65536
Total time 5 min, 5 sec

ACCEPTED MANUSCRIPT

9.582

el

3c

—2.532
/—2.506

o~
<
>
! e
0 | =
o in
™~ '
. N
~ @
h @ >
© <
SN &~ e ? o o o~
‘W | 2B TN w
© NN~ -
P vt Il g S oo T . ;
Lin 8w none 5
»\l\L§L§ ~ l s J j
H
e T FANISA
[
AU ~ Lh
T T T el T T T | T T T T T T |
e [ S —J [
9.00 27.34



ACCEPTED MANUSCRIPT

Dr .wagdyMohamed~-Thio.hyd-H1-DMSO-Main.De
fence.Chemical.Laboratory

expl stdih

SAMPLE DEC. & VT
date Aug 5 2014 dfrg 300.013
solvent DMSO dn H1
file sexport/home/~ dpwr 30
vnmrl/MohamedSamee~ dof 0
h/Dr .WagdyMohamed=~-~ dm nnn
Thio.hyd~H1-DMSO-M~ dmm c ()
ain.Defence.Chemic~ dmf 200
al.Laboratory.fid temp 25.0

ACQUISITION PROCESSING /,hdkiz

sfrq 300.014 wtfile N
tn H1 proc i ]
at 8,127 Th not used
np 37524 ST —
sw 6000.2 werr -
b 3400 wexp R DN N
bs 4 wbs wft aph NN~
tpwr 58 wnt NNTN \
pw 8.8
dl 1.000 J ’J/ 1 3c
tof 940.7
nt 64
ct 60
alock
gain not used
1 FLAGS 2o /
1 n m
in n ©3 o ) o
1 D A 4 “[& 8 : i 55 4

ISPLAY i ~
sp 1795.9 -l )] el
wp 913.8 g i iy
vs 229 ( gl
sc 0 e J
we 270
hzmm 3.38
is 12343.26
(5 554.3
rfp 0
th 7d
ins 100.000
nm cdc ph

y

l|||l||)III|lIVI|IIII||I7Tr|lI!lllll||lll'l"l'll!|lIll[llll]l!lllI|Il|IlII|Illl’]||l||]l‘!]}llIIIIIl]lIlllllll||III]lIlI[IlIlllII!]IIIIIIIII]IIII|IIII
8.8 8.6 8.4 8.2 8.0 758 756 7.4 152 7210 6.8 6.6 6.4 6122

f M WS LS SR | L J

80.05
19.95



ACCEPTED MANUSCRIPT

Dr .WagdyMohamed-Thio.hyd-H1-DMS0-D20~-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul
Solvent: DMSO

Temp., 25,0 C , 288.1 K

GEMINI-300BB '"NMR" (J
Relax. delay 1.000 sec

Pulse 45.0 degrees b /NH2
Acq. time 3.127 sec

Width 6000.2 Hz

20 repetitions
gB?ER:EO Egé,Ngoo.o117aso MHZz o7

A C I

FT size 65536 Tha N
Total time 5 min, 5 sec \\

3c

)
o
™~
S~
~
© ~ ~ >
© ©
~Rgl pddxs "
~ M~ ®© e ™
ot . PR
| =y '\NJ'\I\F'
\\\i§n /J v
=
] )
P S S | T T T T | T T T T | T T T I T T T T l T T T T ] T T T T I T T T T | T T T T I T T T T ‘ T T T T I
14 13 12 11 10 9 8 7 6 5 4
L*fﬁf"—‘ L._.r—‘l
80.27

19.78

2.543




ACCEPTED MANUSCRIPT

Dr.WagdyMohamed-Thio.hyd-c13-DMSU-Ma1n.D
efence.Chemical.Laboratory

expl stdi3c
SAMPLE DEC. & VT
date Aug 5 2014 dfrg 300.013 RS ’NH2
solvent DMSO dn H1 N
file exp dpwr 37 el s
r ACQUISITION dof 0 — AL
sfrq 75.446 dm yyy -4
tn c13  dmm W ~ N il B
at 1.815 dmf 12640
np 68106 temp 25.0 \
sw 18761.7 PROCESSING 3c -
fh 10400 1b 1.00 e
bs 16 wtfile i
tpwr 51 proc ft - @
pw 4.0 fn not used e
d1 0 z a4
tof 0 werr -
nt 5400 wexp [ |
ef 3392  whs wft aph ~
alock n wnt ‘
gain not used
FLAGS |
il n
in n ‘
d y
DISPLAY
sp ~1875.4 l
wp 18761.7 |
Vs | a
sC 0 | n
we 270 > I =
hzmm 69.49 o | ot
is 500,00 o
rfl 1875.4 & : |
rfp 0 w i i
th 4 RN |
ins 100.000 FORL - I‘
nm no p A AT sl g l
o 0 oW Wn o |
- no NN NN o0 ‘.:1
8 g  877R83m% 8 |
.. % o Sith, SYERE RS e l
2 e oS : . 25 I 2
- " A j' ~
) o w © | o
| ] | ] | S
\ I |
il
1
| |
|
f1||||g||1l|||||\1|\r|||||||||x‘|\||||lr|||\\|[\\\T‘rlxl[:\r1||Trl;\|||TTI\T||||r[\ll||\vl|||l||||||||v||||l|l||||\|1|»

2210 200 180 160 140 120 100 80 60 40 20 0



ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-C5-H1-DMSO-Main.Defence.

Chemical.Laboratory el
expl stdih o
SAMPLE DEC. & VT
date Jun 15 2014 dfrg 300.013
solvent DMSO dn H1
file sexport/home/~ dpwr 30
vnmr1/bb5Probe/Dr.~ dof 0 Br
AymanE 1toghy-C5-H1l~ dm nnn
-DMS0-Main.Defence~ dmm 15 (0]
.Chemical.Laborato~ dmf 200
ry.fid temp 25 N
ACQUISITION PROCESSING N = -
sfrg 300.014 wtfile N o=
tn H1 proc it @
at 3.127 fn not used H A PN
np 37524 (@) N C
sw 6000.2 werr b
b 3400 wexp 5c o
bs 4 whbs wft aph \
tpwr 53 wnt i
pw 6.5
di 1.000
tof 940.7
nt 64
ci‘: 64 wogn e
alock = in =
gain not used AR=RRE "
ot S s ~ o
w0 ‘e~ r~ -
n e Rt | ™
in n sista iy l" - &
dp Yy Wt e 1
DISPLAY R ]
sp -316.2 AR | aNe
wp 4823.9 - : \ ~e s
vs 151 | | © o ®
sC 0 A | p
we 270 - > J S8
hzmm 17.87 3 i -
is 14669.89 f | =
£f] 554.3 . |
rfp <« v
th it
ins 100.800 -
nm cdc ph N
(2]
-
T T T ! T T T T T T T T T } T T T f I T T | T T T T T T T 1 T T T T T T T T I
14 12 10 8 =0
et — . L L . [S— [S—
4.59 27 .28 8.58 4.96
5.25 27.57 21.78



Dr.AymanE 1toghy-C5-H1-DMSO-Main.Defence.

Chemical.Laboratory

ACCEPTED MANUSCRIPT

18,52

exp3 stdlh

SAMPLE DEC. & VT
date Jun 15 2014 dfrg 300.013
solvent DMSO  dn H1 Br
file sexport/home/~ dpwr 30
vnmrl/bbSProbe/Dr .~ dof 0 (e}
AymanE 1toghy-C5-H1~ dm nnn
-DMSO-Main.Defence~ dmm c N
.Chemical.Laborato~ dmf 200 N =

ry.fid temp 5.0 H
ACQUISITION PROCESSING l

sfrq 300.014 wtfile H X
tn H1 proc ft (©) N
at 3.427 - fn not used
np 37524 5¢c
sw 6000.2 werr
fb 3400 wexp F
bs 4 wbs wft aph
tpwr 53 wnt
pw 8.5
dl 1.000
tof 940.7
nt 64
ct 64
alock n .
gain not used <

FLAGS ™
il n o ~
in n -
dp y b

DISPLAY © o
sp 1598.8 R R
wp 1212.8 S NS
vs 151 - - *o
sc 0 f =
we 270 17 @
hzmm 4.49
is 14669.89
rfl 5 |
rfp 0 \
th |
ins 100.000
nm cdc ph \
R ST
T T T I T T T T I T | T T T T l T T T T [ T | |
gic 8.5 8.0 715 7.0 6.5 6.0



Dr .AymanE 1toghy~-C5-C13-DMSO-Main.Defence
.Chemical.Laboratory

ACCEPTED MANUSCRIPT

Br
expl stdl3c
SAMPLE DEC. & VT O
date Jun 15 2014 dfrg 300.013 N
solvent DMSO  dn H1 N = - oo
file sexport/home/~ dpwr 37 N @ f ™
voamri/bbSProbe/Dr.~ dof 0 o
AymanE 1toghy=-C5-Ci~ dm yyy H N ode
3-DMS0-Main.Defency dmm W O N il
e.Chemical.Laborat~ dmf 12640 J
ory.fid temp 25.0 5¢c ©
ACQUISITION PROCESSING F 2
sfrg 75.446 1b 1.00 . ©
tn c13 wtfile = wn
at 1.815 proc £t ‘ ™
np 68106 fn not used g
swW 18761.7 2
fb 10400 werr | ‘
bs 16 wexp i
tpwr 51 wbs wft aph 1
pw 4.0 wnt i
dl 0 (1
tof 1] M
nt 5400 I
ct 5400 |
alock
gain not used
il n
in n wn
dp y bd
DISPLAY o i3
sp =42. & w
wp 15921.8 i ©
Vs 162 L]
sC 0 |
we 270 i &
hzmm 58.97 C it
is 500.00 R N I
rfil 4854.0 N @ m |
rfp 2980.6 s RS 6
i 100.000 @ ~ e o Suse |
ns . - | - - I
nm no p ] o T A | T '
) :, s o = |
- i - B = ; 4
1 - |
i il
T T | T T ) | T T T T | T Y L ! T T | T T | I T 1 T ] T T T T | L T | T 7T T | T | 1T } T T i
200 180 160 140 120 100 80 60 40 20



ACCEPTED MANUSCRIPT

Dr.AymanE1toghy-DS-H1-DHSD—MuIn.Defence.Chemlcai.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO
Temp. 25.0 C / 298.1 K F
GEMINI-300BB "NMR"

3.338
3.330

Relax. delay 1.000 sec O
Pulse 45.0 degrees N
Acq. time 3.127 sec N
Width 6000.2 Hz N
28 repetitions
OBSERVE  H1, 300.0117460 MHz H
DATA PROCESSING (@)
FT size 65536
Total time 5 min, 5 sec 5d
-
A
- . ]
r;'*l ~
oo
NS Min bk
N N o R e
- ‘@ oM o
P i B »
&~ | I ©wo * r~
el [ 0
ml ~_ ‘ 1

13.363

11.344

=
/
/

—2.681

2.609
2.501

2.435

/

\__2.489




pr.AymanE 1toghy-D5-H 1-DMS0-Main.Defence.

Chemical.Laboratory

ACCEPTED MANUSCRIPT

exp3 stdilh E
SAMPLE DEC. & VT
date Jun 1 2014 dfrq 300.013 (@)
solvent DMSO dn H1
file sexport/home/~ dpwr 30 N
ynmr1/bb5Probe/Dr.~ dof 0 3 =
AymanE 1toghy-D5-H1~ dm nnn N l
-DMS0-Main.Defence~ dmm c H
.Chemical.Laborato~ dmf 200 A
ry.fid temp 25.0 0] N
ACQUISITION PROCESSING 5d
sfrq 300.014 wtfile
tn H1 proc 2 E
at 8,122 n not used
np 37524
sw 6000.2 werr
fb 3400 wexp
bs wbs wft aph
tpwr 53 wnt <
pw 6.5 o
dl 1.000 &
tof 940.7
nt 64
ct 28
alock o~
gain not used L]
i i3 REEE -
1 n “eoa el
in n S| |~ 5 et
dp y © N|® © s
DISPLAY 1 e e
sp 1762.3 | :
wp 1058.6 s oo
vs 151 - -
sC 0 G = Cowe
we 270 e 7 ~ o B
hzmm 3.92 8 % AR b
is 7457.26 S ~ w e | lee
rl 554.3 > s i)
rfp e Y
th
ins 100.000
nm cdc ph
T T T I T T T T l T T T T | T T T T | T T T T l T T |
9.0 8.5 8.0 755 7.0 6.5
e ! L r i) L T T
21.66 42 .25
24.07 12.02



Dr .AumanE 1toghy-D5-H1-DMS0-D20-Main.Defence.Chemical.Laboratory

ACCEPTED MANUSCRIPT

Pulse Sequence: s2pul E e
Solvent: DMSO & i
Temp. 25.0 C 298.1 K 0 . o
GEMINI-300BB "NMR" “i““g:
N w o,
Relax. delay 1.000 sec N = . w““
Pulse 45.0 degrees l @ :
Acq. time 3.127 sec H \ ®
Width 6000.2 Hz N o
20 repetitions O
OBSERVE H1, 300.0117460 MHz 5d
DATA PROCESSING
FT size 65536 F
Total time 5 min, 5 sec
|
-
5 28 B
s SO
m:—lgf\(\lh!\ :,g
- o ;w J"{ { I
> -] -
AT
gl s L ;
A |
\
2 8o~
- ®» < o
. L]
~ -
‘ [ | [a8 o
‘ r a | ‘ o
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| y
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//
— — .Jl —
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it BB (]
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ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-D5-C13~-DMSO-Main.Defence
.Chemical.Laboratory
expl stdl3c K
SAMPLE DEC. & VT 0]
date Jun 1 2014 dfrq 300.013
solvent DMSO  dn H1 N ~dm
ile exp dpwr 37 N Zz bl B
> ACQUISITION | dof 0 ] I
sfrq 75.446 dm Yyy
tn C13  dmm W H 0 \N kit ""
at 1.815 dmf 12640 |
np 68106 temp 25.0
sw 18761.7 PROCESSING 5d 2
fb 10400 1b 1.00 F © @
hs 16 wtfile =1 ©
tpwr 51 proc Tt = ®
pw 4.0 fn not used <
di 0 |
tof 0 werr L
nt 5400 wexp
ct 4432 whs wft aph
alock n wnt
gain not used
FLAGS
1 n
in n
dp Y
DISPLAY
sp -38.9
wp 15890.6
vs 162
sC 0 m 2
we ng v . i ~
hzmm 58.8 o o« ©
is 500.00 NER@es5SZ s @
rfl 4850.5 g -N*_:“!m,N - J
rfp 2980.6 HNNS SN e @ -
th > : o ‘ e N~ ﬁ = - " 2
ins 100.000 e LL"' T eeed,
nm no  ph a8 0 K N ~Lllgoceg
N W ™ ® @ LB T
(- -, 0 o . -
e P n oo
TSec®;p l I o e = o o
B T i - < ©
- Lm_ - ‘ & o ®no o =
- il e 5
() o
(G «

= ~134.210
——— §6.299

IIl|llll|llll[1llI|rr|a||||||\|I||II\1|I:II|I\|1[II1
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ACCEPTED MANUSCRIPT

Dr.AymanE1toghy~-ES-H1-DMSO-Main.Defence.Chemical.lLaboratory

Pulse Sequence: s2pul

T nibRas
Solvent: DMSO
Temp. 25.0 C / 298.1 K 0) il Splieiliding
File: Dr.AymanEltoghy-E5-H1-DMSO-Main.Defence.Chemical.Laboratory il Bt
GEMINI-300BB 'NMR" N. S
e IS
Relax. delay 1.000 sec = l ;
Pulse 45.0 degrees H
Acq. time 3.127 sec 0 N
Width 6000.2 Hz 5 B
24 repetitions € ~ il
OBSERVE H1, 300.0117460 MHz : 3
DATA PROCESSING i b
FT size 65536 o
Total time 5 min, 5 sec
<
o,
<
o~
-
o ©
@ m
-]
mu; |
1
I |
A
\
o
= |
~ =
~ ~ @ |
o _; ‘ |
it - . i
m!
-t |
I
1
i e |
JL it _A L N .‘LM LJLLL i
LS SO S (9 7 L S O O ) ) TN TR O PR O [ S N0 P LI T O T S 7Y (NI O o L0 D Pt/ e i T | 7 T
16 14 12 10 8 4 =0
— ot B - L i . i a0 ] S
4.66 22.93 22.27 17.52
5.07 10.50 17.05



Dr.Aymank1l toghy-E5-H1-DMS0-Main.Defence.

Chemical.lLaboratory

ACCEPTED MANUSCRIPT

©;
exp3 stdlh N
N
SAMPLE DEC. & VT H 7=
date May 27 2014 dfrq 300.013
solvent DMSO dn H1 H ¢
file sexport/home/~ dpwr 30 0] N
vnmr1/bb5Probe/Dr.~ dof 0
AymanE 1toghy-E5-H1~ dm nnn 5e
-DMSO-Main.Defence~ dmm € -
.Chemical.Laborato~ dmf 200
ry.fid temp .0
ACQUISITION PROCESSING
sfrq 300.014 wtfile
tn H1 proc %
at 8.127 . Tn not used
np 37524
sw 6000.2 werr
fb 3400 wexp
bs 4 wbs wft aph e
tpwr 53 wnt e
pw 6.5 e
dl 1.000 e
tof 940.7
nt 64
ct 24 w
alock n b,
gain not used g
S -
i1 n © |
in n ‘
dp y
DISPLAY <
sp 1609.4 =3
wp 1225.8 e
Vs 153 = e e,
scC 0 -4 o ©
we 270 . Cw
hzmm 4.54 © ™~ 0 P
s 6771.06 b ey
rfl 554.3 Yol
rfp il
th [l
ins 100.000
nm cdc  ph
T T | | T T T T I T I T T T ] ) T [ T I |
9.0 8.5 8.0 7R 7.0 6.5 6.0
41.16 39.98



ACCEPTED MANUSCRIPT

Dr .Aymank 1toghy-E5-H1-DMS0-D20-Main.Defence.Chemical.Lahoratory

Pulse Sequence: s2pul

Solvent: DMSO

Temp. 25.0 C / 298.1

File: Dr. MohamadE1sady ~-E5-H1-DMS0-D20-Main.Defence.Chemical.Laboratory
GEMINI-300BB "NMR"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 3.127 sec

Width 6000.2 Hz

20 repetitions

OBSERVE H1, 300.0117460 MHz
DATA PROCESSING

FT size 65536
Total time 5 min, 5 sec

(0]
N
3 =
H N \,
o) N
5e
()//

—8.036
7.938
7.814

7.787
—:290

—8.065
/—7.9866

3.873

.789

-

\_2.493

i LT T L T L i e o (R AR R P e ]

LT i g PR P ] e T e P e e e et
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ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-E5-C13-DMS0-Main.Defence
.Chemical.Laboratory

expl stdl3c

SAMPLE DEC. & VT
date May 27 2014 dfrq 300.013
solvent DMSO  dn H1
e exp dpwr 37
ACQUISITION dof 0 (@)
sfrg 75.446 dm yyy
tn C13 dmm % N_
at 1.815 dmf 12640 =
np 68106 temp 250 l
sW 18761.7 PROCESSING H N
fb 10400 1b 1.00
bs 16 wtfile (0] N
tpwr 51 proc Tt 5e
pw 4.0 fn not used
di 0
tof 0 werr
nt 5400 wexp
et 4640 wbs wft aph
alock n wnt
gain not used
FLAGS
1 n
in n
dp y
DISPLAY
sp -10.8
wp 15875.1
Vs 162
scC 0
we 270
hzmm 58.80
is 500.00
rfl 4853.4 e
gfp 2980.6 0o
h 3 5
ins 100.000 o Te®
nm  no h Mg o N
. © > l ‘wg S3 s
gc - - e 9o 304
NS 7 2| bag==daT
an g a =z | )1
-3 b ‘ | | =
& \ -l P
| ‘ ‘

~—38.791
29 514
\__88.237

40.072
38.8960

\__38.679

—40.349

/

55.324
55.233

67.813
—_67.585



Dr.AymanEltoghy-F5~-H1-DMSO-Main.Defence.Chemical.lLaboratory

Pulse Sequence: s2pul

ACCEPTED MANUSCRIPT

‘I o
Solvent: DMSO C %
Temp. 25.0 C 7 288.1 K .
GEMINI-300BB "NMR" (@) ]’
Relax. delay 1.000 sec N\ =
Pulse 45.0 degrees N
Acq. time 3.127 sec l
Width 6000.2 Hz H .
64 repetitions 0] N
OBSERVE H1, 300.0117460 MHz
DATA PROCESSING 5f >
FT size 65536 ~ ~3
Total time 5 min, 5 sec O <C|°'
o™
L
s
S
o
0 elodo v
JBy. B Sm28 J
o oo J v S e ‘ -
-t TN G TN @
1 Ry e | 'IJ | <
T th"L / T L",// o
\\\ ,/"‘I
; ®
~
o
-
© o o
Je .
e | o
&
< ©
e o 2
. A 2 o
o J a
] I 3 ™
- N 5
-
|, —
) | Jrtal RN |
T T T T T T T T T [ T T T T T T T T 1 r T 3 T T T T T T T J T T T T T [ T T T T T T T T T I T 71 T T [ T T T T I T T T T 7T LA T | T T | T T T T I T T T I_T T T T I
16 14 12 10 8 6 4 2 =0
| S T (=== SR e = {S— b L
4.87 23.10 18.98 17 .64 1.28
5.36 10.41 17.82 0.54



Dr .AymanE 1toghy-F5-H 1-DMSO-Main.Defence.

ACCEPTED MANUSCRIPT

Chemical.Laboratory Cl
exp3 stdlh O
SAMPLE DEC. & VT N
date Jun 1 2014 dfrq 300.013 & =
solvent DMSO dn H1 N l
file /export/home/~ dpwr 30 H
ynmr1/bb5Probe/Dr .~ dof 0 A
AymanE 1toghy-F5-H1~ dm nnn (@) N
~DMSO-Main.Defence~ dmm c 5f
.Chemical.Laborato~ dmf 200
ry.fid temp 25.0 O/
ACQUISITION PROCESSING
sfrq 300.014 wtfile
tn H1 proc 1
at 8,127 fn not used
np 37524
sw 6000.2 werr
fb 3400 wexp
bs 4 wbs wft aph
tpwr 53 wnt
pw 6.5
dl 1.000 ~
tof 940.7 © o
nt 64 0 o
ct 64 < L0
alock g
gain not used oka
-]
13 n
in n
dp y »
DISPLAY ~
sp 1584.7 L
wp 1310.2 ©S
vs 151 b4 = .
scC 0 o 2 Sx b
we 270 ~e Rk ‘
hzmm 4.85 ~ .
is 11489.99
rfi 55
rfp 0 st (IR
th
ins 100.000
nm cdc ph
| T T T T I T T T | T T | T 1 | T | T T T T l T T T T | ( |
9.5 9.0 8.5 8.0 ZhesO) 7.0 65 6.0 5555




Dr.AumanE 1toghy-F5-H1-DMS0O-D20-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO
Temp. 25.0 C s 298.1 K
GEMINI-300BB "NMR"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 3.127 sec
Width 6000.2 Hz

16 repetitions

OBSERVE H1, 300.0117460 MHz

DATA PROCESSING
FT size 65536
Total time 5 min, 5 sec

ACCEPTED MANUSCRIPT

@
—~
©
)
=
°3
“wn
o
()//’ |\i
| o
oo
S0
o
ol
o <
@ o .
;"”r\g J/N
e
SR
P~ ~~ "_,,
EyE :
A
™
TR
~ hv
o
g ™ m
@ ‘ ‘
@ w
| © o
] =
AT ®
== |
-
<
o o
~
@ m
© ~ .
4 .
L) o o
-
j/’k ~l- S ~ -
-
[
|
jl . A==
. ‘JL{J\ Mol

6 4 2 -0
L [ P (O [ I
21.08 19.61 1.338
87 20.18 0.53



ACCEPTED MANUSCRIPT

Dr .AymanE 1toghy-F5-C13-DMSO-Main.Defence
.Chemical.Laboratory
expl stdl3c Cl
SAMPLE DEC. & VT O
date Jun 1 2014 dfrqg 300.013
solvent DMSO  dn H1 N_ ~a e
1e exp dpwr 37 N = b B
ACOUISITIDg = gof 0 l . .
sfrq 75.4486 m yyy Ludlh.
tn C13  dmm W H \N a1
at 1.815 dmf 12640 (@) L)
np 68106 temp 25.0 5f -
swW 18761.7 PROCESSING Z 0
fb 10400 1b 1.00 O - L]
bs 16 wtfile @ ©
tpwr 51 proc £1 ~ «a
pw 4.0 fn not used )
d1 0 1 >
tof 0 werr
nt 5400 wexp
ct 5400 wbs wft aph
alock n wnt
gain not used
1 n
in n
dp Yy
DISPLAY
sp =2
wp 15875.1
Vs 162 Y
sC 0 = ot ~e
we 270 S35l an 0 P
hzmm 58.80 X I At B - -
is 500.00 @ dne  Tde8Y< o o
rfl 4853.7 LR Ee =N ST TS 2 J
rfp 2980.6 BSam8 [T7 { i ‘
th 2 . - M AN NN |
ins 100.000 m apHOe g
nm no ph s A ‘ .
e | LN ~ =l ®
g - S o 2 o M o o
1 ] ‘ o o RE® ww b
o | = A e o w
g | =0 ggk - 8
" ‘ oL 8 : i
' ~ l S .
el | ] | % ™
| o o~
L




Dr.AymanE 1toghy-G5-H1-DMSO-Main.Defence.Chemical.Laboratory

ACCEPTED MANUSCRIPT

Pulse Sequence: s2pul Br
Solvent: DMSO
Temp. 25.0 C / 298.1 K (@)
File: Dr.AymanEltoghy-G5-H1-DMSO-Main.Defence.Chemical.Laboratory
GEMINI-300BB "NMR" N\ = m
(3]
Relax. delay 1.000 sec N »
Pulse 39.4 degrees H S @
Acqg. time 1.998 sec o) N
Width 8000.0 Hz
64 repetitions 59
OBSERVE Hi, 300.0117449 MHz e
DATA PROCESSING =
FT size 32768 ]
Total time 3 min, 37 sec i
(]
~
~
-
el 3
VR0 B[O
25gsan 88 E
0 .
AUF P T "
= =S
9’-1@
© g
. #
o L
‘\f Ll
™ -
-
| Ui I T L e T AR e AR AR T e e S e A e e e L T i T == e e st = I
14 12 10 8 4 =)
i R T S et SIS M L el S
4.10 16.25 13.80 12 .86
4.36 8.99



pr.AymanE 1toghy-G5-H1-DMSO-Main.Defence.

Chemical.Laboratory

ACCEPTED MANUSCRIPT

exp3 stdih Br
SAMPLE DEC. & VT 0]
date Apr 30 2014 dfrg 300.0183
solvent DMSO  dn H1 N wn
file sexport/home/~ dpwr 30 * N = e
vnmr1/M.AF1£15/Dr .~ dof 0 2 N "8
AymanE 1toghy-G5-H1~ dm nnn B l L g
-DMS0-Main.Defence~ dmm [ g® H X o
.Chemical.Laborato~ dmf 200 ' o) N
ry.fid temp 25.0 -
ACQUISITION PROCESSING | 59
sfrq 300.013 wtfile -
tn H1 proc ft ‘ (@)
at 1,998 fn not used
np 31968 \
sW 8000.0 werr 1
fb 4400 wexp
bs 6 wbs wft aph
tpwr 52 wnt
pw 7.
di 1.000 o ~
tof 0 " o b
nt 64 L] Y o
ct 64 & ~ P b =
alock & | ~ .
gain not used Pl g ©
FL
il n
in n -
dp y - ®
DISPLAY : B
sp 1711.8 ® ~
wp 1046.0 ]
vs 284
= : |
we 270
hzmm 3.87
is 12307.10 |
rfil 2493.8
rfp 0
th 7
ins 100.000
nm ph
r/
/
/
T ! T T T T ‘ T | T T T T | T T T T | I ]
Bleey 8.5 8.0 P.d 7.0 6.5 6.0
: T —_— — T
11.63 85.36



ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-G5-H1-DMS0-D20-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO
Temp. 25.0 C / 288.1 K
GEMINI-300BB "NMR"

Relax. delay 1.000 sec

Pulse 39.4 degrees

Acq. time 1.998 sec

Width 8000.0 Hz

64 repetitions

OBSERVE H1, 300.0117449 MHz
DATA PROCESSING

FT size 32768

Total time 3 min, 37 sec

—3.885

Br

3.792

2.507

2.638

7.022

8.034
— 6.921
\__6.896

\__7.940

\_7.808
_7.049

——8:058

. 7.526

3.20 9.35 8.93
8.77 65.75



L]

ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-H5-H1-DMSO~-Main.Defence.Chemical.lLaboratory

Pulse Sequence: s2pul

@
Solvent: DMSO @
Temp. 25.0 C / 298.1 K H /
File: Dr.AymanEltoghy-H5-H1-DMSO-Main.Defence.Chemical.lLaboratory o
GEMINI-300BB '"NMR" o) |
Relax. delay 1.000 sec N ;
Pulse 45.0 degrees \N 7z @
Acq. time 3.127 sec l ~
Width 6000.2 Hz H N
28 repetitions o) N
OBSERVE H1, 300.0117460 MHz
DATA PROCESSING 5h
FT size 65536 -
Total time 5 min, 5 sec O ®
-
o
-
~
o
”!
<
Ll
s g -
& ® ”
3 =

ot
J\L J\ J J wl«. i

Lt e i [ M 0 it ) . L () 572 ., L A /L 7 L. 5P [ A 1 LS ) . A (L e 2 ) L LAY |
16 14 12 10 8 6 4 2 -0
i e . ) K
3.74 18.35 34.31



Dr.AymanE1toghy-H5-H1-DMSD-Hﬂin.Defence.

Chemical.lLaboratory

exp3 stdlh

SAMPLE
date May 27 2014
solvent DMSO

file sexport/home/~
ynmr1/bb5Prohe/Dr .~
AymanEItoghy-HS-N1~
-DMS0-Main.Defence~
.Chemical.Laborato~

ry.fid
ACQUISITION
sfrg 300.014
tn H1
at 8,127
np 37524
sW 6000.2
fb 3400
bs 4
tpwr 58
pw 6.5
di 1.000
tof 940.7
nt 64
ct 28
alock
gain not used
il n
in n
dp ¥
DISPLAY

sp 1549.9
wp 1334.9
Vs 81%
sC 0
we 270
hzmm 4.94
is 7154.47
rfl 554.3
rfp 0
th 4q
ins 100.000

nm cdc ph

DEC. & VT
dfrg 300.013
dn H1
dpwr 30
dof 0
dm nnn
dmm c
dmf 200

temp 25
PROCESSING
wtfile

proc ft
fn not used
werr
wexp
whs wft aph
wnt

~—8.142

8.114

B0

. 7.985
7.879

—7.903

ACCEPTED MANUSCRIPT

SLEN

7.219

7.296
—1.250

e T 1L

_7.086
—/__7.057
S 6872

/—8.999

6.93%
\—6.931




ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-H5-H1-DMS0-D20~-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pul

Solvent: DMSO

Temp. 25.0 C / 298.1 K

File: Dr.MohamedEl1sady-H5-H1-DMS0-D20-Main.Defence.Chemical.lLaboratory R
GEMINI-300BB '"NMR"

(0]
Relax. delay 1.000 sec
Pulse 45.0 degrees N_
Acq. time 3.127 sec N Z
Width 6000.2 Hz l
32 repetitions H N
OBSERVE Hi, 300.0117460 MHZz o) N
DATA PROCESSING
FT size 65536 5h
Total time 5 min, 5 sec -
(@)
[} @
= ~om VSow
3R §~
e®n o R S e
© ‘_‘ 7 g™ { Sl
LK $
J }
L
| Qev—l
W . =t b
G g
/]
|
[
[

B

3.794

B lTE

2.642

2.499




Dr.AymanE 1toghy-N5-H1-DMS0-Main.Defence.

ACCEPTED MANUSCRIPT

Chemical.Laboratory 0o et
|_ 8 - g - < < ;
expl stdlh g:qﬁé&a}d
SAMPLE DEC. & VT O Ujoeg i)
date Jun B8 2014 dfrg 300.013 N \\Q —~
solvent DMSO dn H1 N = S
file sexport/home/~ dpwr 30 N W
vnmri/bb5Probe/Dr.~ dof 0
AymanE 1toghy-NS-H1~ dm nnn H N
-DMSO-Main.Defence~ dmm c (0} N
.Chemical.Laborato~ dmf 200
ry.fid temp 5.0 5n
ACQUISITION PROCESSING
sfrg 300.014 wtfile
tn H1 proc ft w
at 8.127 fn not used To 23@
np 37524 SNANn=R
swW 6000.2 werr iy
gb 3400 wexp < rI,_' L] '~IN
s 4 whs wft aph .
tpwr 53 wnt NN
pw 6.5
dl 1.000
tof 940.7
nt 64 7
ct 28 ~
alock n o
gain not used h o
FLAGS 5
il n m {
in n | | =
dp Y > S
DISPLAY =
sp =8. =
wp 4814.0
Vs 151 2 b
sc 0 = L.
wC 270 ‘ ©
hzmm 17.83 / J
is 3311.81 -
44 554.3 " AT
rfp o
th 2 & @8
ins 100.000 ) e | oo
nm cdc ph 5 - | 19
cv; ’_/;,
] :
f
|
|
_f f_— -y A
ot Jk J v L.
L e =TI F "o " T N | T (== = v === P e T T (P == = ===
14 12 10 8 6 2
L. ] i S | —— Vel (e Y
5.09 23.91 6 18.58
5.36 23 17.04



Dr .AymankE 'Itoghy-NS-Hi-DMSO-Mai n.Defence.

Chemical.Laboratory

ACCEPTED MANUSCRIPT

exp3 stdlh F
SAMPLE DEC. & VT O
date Jun 8 2014 dfrq 300.013
solvent DMSO dn H1 N
file sexport/home/~ dpwr 30 N 7
vnmr1/bb5Probe/Dr .~ dof 0 N
AymanE 1toghy-N5-H1~ dm nnn l
-DMSO-Main.Defence~ dmm c H S
.Chemical.Laborato~ dmf 200 O N
ry.fid temp 25.0
ACQUISITION PROCESSING 5n
sfrq 300.014 wtfile
in H1 proc 1
at 2,127 ~Tn not used
np 37524 ™
sw 6000.2 werr o]
fb 3400 wexp .
bs 4 wbs wft aph i n
tpwr 53 wnt ~ gg
pw 6.5 = - m
dl 1.000 © ™
tof 940.7
nt 64
ct 28
alock
gain not used
GS
1Y n
in n
dp y
DISPLAY =
sp 799.2 T
wp 971.4 e .=
vs 151 T
sC 0
wC 270 2
hzmm 3.60 @
is 4467.75 %
rfl 554.8
rfp
th
ins 100.000
nm cdc  ph
e e
jasssiiciean LS e s 292 )
T l T T T T | T T | T T T l T T T T | T T l
9.0 8.5 8.0 75 7o+l 6.5
L. DRSS e ————— ._*._._—._‘_.ﬁ-L_A._—-—.,____Y—,_.______._—J
44,33 12.380



ACCEPTED MANUSCRIPT

Dr.AymanE 1toghy-N5-C13-DMS0-Main.Defence
.Chemical.Laboratory
expl stdi3c
SAMPLE DEC. & VT
date Jun 8 2014 dfrg 300.013 =
solvent DMSO  dn H1 - m
file sexport/home/~ dpwr 37 Ll
vnmr1/bh5Probe/Dr.~ dof 0 (@) .
Aymank 1toghy-N5-C1l~ dm yyy il g
3-DMSO-Main.Defenc~ dmm w N i
e.Chemical.Laborat~ dmf 12640 N = y v|
ory.fid temp 25.0 N i
ACQUISITION PROCESSING ~ ]
sfrq 75.446 1b 1 H © CH
tn C13 wtfile (0] N 8 o
at 1.815 proc 1t 5 = ]
np 68106 fn not used n g i
sw 18761.7
fb 10400 werr §
bs 16  wexp
tpwr 51 wbs wft aph
pw 4.0 wnt
di 0
tof
nt 5400
ct 3984
alock n
gain not used
] n
in n o
dp Y 0 ~
DISPLAY - < .
sp . w i ©
wp 15844.2 2 o i
Vs 162 © it
sc 0 So -
WG 270 e | ® ll—
hzmm 58.68 © iy el l
is 500.00 eRea - BT 1
rfl 4853.7 ool HTao [ ‘ e
rf 2980.6 - y o T o ™~ =
th 2 > 588371 (838 53 2 S | e
ins 100.000 2w 2 [Tt ey Y8 % w ~eed = | Neg
nm no ph s Ll l ,J.-....g i e Y o
© \ i { ‘ H g el ok b -g L,J
“g 8 . 5 %) |
n - | I
- ‘ - - =l |
i . |
1 i
! | |
. |
]
|
| (8]
:
|!
[
(U
|
llllllll}llll’lllV[lll!'l lllTIf]i’T[l]'l'l_Tr[TT_ll]TvIVJII |I\ T ‘ Ilvlllrl r‘r|
200 180 160 140 120 100 30 60 40 20



ACCEPTED MANUSCRIPT

Dr.AymanEltoghy-8-H1-DMSO-Main.Defence.C
hemical.Laboratory ~ a <
o« L] w
expl stdlh & SN
SAMPLE DEC. & VT l l {
date Jun 1 2014 dfrg 300.013
solvent DMSO dn H1
file sexport/home/~ dpwr 30
vnmrl/bb5Probe/Dr .~ dof 0
AymanE1toghy=-8-H1-~ dm nnn
DMSO-Main.Defence.~ dmm G
Chemical.Laborator~ dmf 200
y.fid temp 25.0
ACQUISITION PROCESSING
sfrg 300.014 wtfile (o)
tn H1 proc ft
at 3.127 fn not used H
np 37524
sw 6000.2 werr =
b 3400 wexp l
bs 4 wbs wft aph NS
tpwr 53 wnt 8 N Ph
pw 6.5
di 1.000
tgf 940‘;;
n «©
ct 40 g§ Pl
alock n S =T e
gain not used ,.,"l’ o NJg
s | "
i1 n - | J )
in n “I‘
dp V' et |
DISPLAY cRe5e o
sp =296, Ss® B n -
wp 4784.1 L
vs 458 =2 J J
sC 0 =) J,-
we 270
hzmm 1722
is . 5666.67
rfl 554.3 %o
rfp 0 @ o
?h 100 0030 : ¢
ns & 4
nm cdc  ph b [ &
L} ~ J
= .
-
L~
I g 1 e
T T T | T T T T l T T T L = I T T T T | T F | T T T T | T T T T | T T T T T T T | T T T T l '_'7
14 13 12 11 10 9 8 7 3 2 =0
A | — e
4.25 3 22.10
28.16 12.80 2.06



ACCEPTED MANUSCRIPT

Dr.AumanE1toghy-8-H1-DMSO-D20-Main.Defen
ce.Chemical.lLaboratory

expl stdih

SAMPLE
date Jun 1 2014
solvent DMSO

file sexport/home/~
vnmrl/bbSProbe/Dr.~
AumanE 1toghy-8-H1-~

DMS0-D20-Main.Defe~
nce.Chemical.lLabor~

atory.fid

ACQUISITION
sfrq 300.014
tn H1
at 38.127
np 37524
SW 6000.2
fb 3400
bs 4
tpwr 53
pw 6.5
di 1.000
tof 940.7
nt 64
ct 28
alock
gain not used
FLAGS
n
in n
dp y
DISPLAY

sp -296.3
wp 4784.1
vs 9
SC
weC 270
hzmm 17.72
is 5666.67
(i) ‘ 554.3
rfp 0
th 3
ins 100.000

nm cdc ph

DEC. & VT

dfrq 300.013
dn H1
dpwr 30
dof 0
dm nnn
dmm C
dmf 200
tem 2

p 5.0
PROCESSING
wtfile

proc ft
fn not used
werr

wexp

whs wft aph
wnt

=

_/

Ph

3.721

=
<
o
o
o
o~
wn
i
[+
o~ <
| 3
) o~
iy e
o]

3 2
L | e
2.02



Dr .AymanE 1toghy-8-C13-DMSO-Main.Defence.

Chemical.Laboratory

expl stdl3c

ACCEPTED MANUSCRIPT

SAMPLE DEC. & VT
date Jun 1 2014 dfrq 300.013
solvent DMSO  dn H1 -a m
file sexport/home/~ dpwr 37 L ]
vnmri/bb5Probe/Dr.~ dof 0 oty
AymanE 1toghy-8-C13~ dm yyy o s
-DMS0-Main.Defence~ dmm H e
.Chemical.Laborato~ dmf 12640 Zz L
ry.fid temp 25 .8 5
' ACQUISITION : PROCESSING - . © »
sfrq 75.446 b 1. =
tn C13 wtfile 8 N™ "Ph < 5
at 1.815 proc 04 7 s ©
np 68106 fn not used ”
sw 18761.7 J
b 10400 werr ~ll_-
bs 16 wexp
tpwr 51 wbs wft aph
pw 4.0 wnt
dl 0
tof 0
nt 7000
ct 7000
alock n
gain not used
FLAGS
il n
in n
dp Y w
DISPLAY ~
sp -26.0 .
wp 15906.3 @©
vs 162 i
sc J
we 270 <
hzmm 58.91 o
s 500.00 = ©
rf 853.1 i ;
rfp 2980.6 @ ©55 282
‘:.h o 2 © w0 oD SRgw
ns .000 - s NDMm® o |w©
nm no phyy S E i § "i' SRR \2 o
. . 7 : L
o g LJ s L i
- ..‘1 e :
| |
g pesatipopminegormsbmimronprobo — i L‘ml‘-‘-‘lm‘wj‘ R S o W onabpin
T T T | T T 1 T T T T T T I T T T T T T T LI I T L T T I T T T T T 7 T T T | T T =) T T T I T T T I T T ] L | I T T T | T T T
200 180 160 140 120 100 80 60 40 20



ACCEPTED MANUSCRIPT

Dr.WagdyMohamed-11A-H1-DMSO-Main.Defence.Chemical.Laboratory

Pulse Sequence: s2pu

Solvent: DMSD
Temp. 25.0 C , 298,
GEMINI-300BB "NMR"

Relax. delay 1.000
Pulse 45.0 degrees
Acq. time 3.127 sec
Width 6000.2 Hz

1

1K ==

LD {

24 repetitions /
OBSERVE H1, 300.0117460 MHz c)
DATA PROCESSING
FT size 65536 N
Total time 5 min, 5 sec H
11a
‘ b=
= | - w
® 3 b A
™~ .
- | ~ o
a@
,/ e e
|8 s 2
m' “; ﬂ; -
1 | =
] = T
) .;.J\ g b a
T T T I T T T T ‘ T T T T | T T T L I T ! 1 T | T T T T | T T T I T T T |l | T T T | T T T T 1 T T T T ] T T T T I T T T T '
14 13 12 11 10 ) 8 7 6 5 4 3 sk
e — Bt
9.80 18.33 9.19 21.23
8.24 10.65 21.20 0.87



Dr.wagdyMohamed-11A-H1-DMSO-Main.Defence
.Chemical.Laboratory

expl stdih
SAMPLE DEC. & VT
date Aug 13 2014 dfrg 300.013
solvent DMSO dn Hi
file exp dpwr 30
ACQUISITION dof 0
sfrg 300.014 dm nnn
tn H1  dmm e
at 3.127 dmf 200
np 37524 temp 25.0
sw 6000.2 PROCESSING
fb 3400 wtfile
bs 4 proc 1
tpwr 53 fn not used
pw 6.5
di 1.000 werr
tof 940.7 wexp
nt 64 whs wft aph
ct 24 wnt
alock
gain not used
i1 n -
in n ]
dp y by
DISPLAY @
sp ,1619.7
wp 1388.8
vs 75
$C
we 270
hzmm 5.14
is 4950.25
rfl 554.8
rfp 0
th 8
ins 100.000

nm cdc ph

8.653

—B8.756
- 8.740

—8.386
~8.359

ACCEPTED MANUSCRIPT

~—17.874

7.849

7.578

—7.621
—7..605
-7.431

- 7.585

\ L

7.405

7,878

—7 053

—6.919

— )~ 7.8Z8
. 6.894

-~ 7.002




ACCEPTED MANUSCRIPT

Dr .WagdyMohamed=-11A-C13-DMSO-Main.Defenc
e.Chemical.Laboratory

expl stdi3c

SAMPLE DEC. & VT
date Aug 13 2014 dfrq 300.013
solvent DMSO dn H1
file exp dpwr 37
ACQUISITION dof (1]
sfrg 75.446 dm yyy B
tn C13 dmm w
at 1.815 dmf 12640 N\ Kl -
np 68106 temp 25.0 <
sw 18761.7 PROCESSING 1)) .
b 10400 1b 1.00 N 4
bs 16 wtfile /i w | S
tpwr 451 groc ft @ | o
pw .0 fn not used A I
d1 0 0] g |2
tof 0 werr N " |
nt 5400 wexp =,
ct 2000 wbs wft aph H '
aT?ck n wnt
gain not used
FLAGS R 11a
n Mwoe o g;
in n % o 2 N ®
dp o PouSan O
DISPLAY “%898 3 =
sp -991, l |- l-—c o~ 0 »
wp 166821 L s :
vs 78 = @
sC ] - |
we 270 > | A
hzmm 61.79 5 0 N | E ’
s 500.00 eo NN |
rfl 1875.4 sTeBmnNsn
rfp g S Sr "eRag B Lo
th M a2 - = a1 w
ins 100.000 e 8RBT J | e NSTE S
p e -ph A cal T S
| ™ NANmpg o9
| ‘ el g -
( W
L Lo e 00 ™
sinbona Vo i g

|||4|1|||[||||||||1|||xl|q|||yrlll[;un|||1r||||r||||||[r||||;|||||\rr;||l=||||r|x|||||»|¢||xyy||||||l<1x|lr
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Pulse Sequence: s2pul

ACCEPTED MANUSCRIPT

Solvent: DMSO g E
Temp. 25.0 C , 298.1 K b H
GEMINI-300BB "NMR" o “;
Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 3.127 sec
Width 6000.2 Hz \ K]
48 repetitions
OBSERVE H1, 300.0117460 MHz 0
DATA PROCESSING N
FT size 65536 F. |
Total time 5 min, 5 sec
(0]
N
H
11b
o
o
e
0 %o
— ~ o~
;D
a et tE
- "‘h."r-.r_'*ﬂu;
s o l t [ L [ 1
@ 5 4 - e
ke 1 I ¥
o I e Lk
. — ~ o o o™
|2 S &
™ 9 - Ly
4 | = N
o g o
o -
s |
|
- , N Tt
T T T T I T L] T T | T T T | | T T | T l % L T T | T T T T | T 1 T T T T T T T l T T T
14 13 12 11 10 g 8 7 3 2
i) e n et R S e
10.29 .28 12.26
2.83 19.46 .23 14.47



