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ABSTRACT 

Synthetic studies on oxidative dearomatization reactions and applications in synthesis 

the core structure of KB343, and investigation of bioactive thiazolidines 

Marian N. Aziz, Ph.D. 

The University of Texas at Arlington, 2022 

Supervising Professor: Carl J. Lovely 

Natural products have inspired researchers over the years due to their complexity and 

biological activity. Organic chemists have made great efforts to investigate new unambiguous 

methodologies toward the synthesis of these complex structures. Moreover, the synergy between 

total chemical synthesis and medicinal applications to evaluate the biological activity of the 

isolated compounds significantly raised the desire for discovery of novel synthetic approaches.   

The research described in this dissertation focuses on oxidative dearomatization reactions as a key 

reaction to construct natural products. The three specific aims are as follows: Aim 1: investigation 

of the applications of oxidative dearomatization reactions for different classes of molecules using 

environmentally benign hypervalent iodine reagents and electrochemical oxidation conditions. 

Aim 2: investigating an oxidative dearomatization reaction to construct the core scaffold of the tris 

guanidine natural product, KB343. Aim 3: studying the validation of our developed synthetic 

method towards thiazolidine and benzothiazole structures and investigating their biological 

activity as antiproliferative and GABA regulator agents, respectively.  

The dissertation contains two parts. The first part discusses the oxidative dearomatization reactions 

of urea, thiourea and guanidine derivatives, while the second part focuses on developing novel 

stable thiazolidines and their antiproliferative activity. Chapter one describes and summarizes the 

oxidative dearomatization literature. Chapter two focuses on the development of oxidative 
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spirocyclizations of N-aryl urea, N-aryl thiourea and guanidine derivatives, and includes a DFT 

investigation of the putative cyclization mechanisms. Oxidative dearomatization reactions of 

nonphenolic thiourea derivatives produce benzothiazole derivatives, which serve as a novel 

synthetic methodology for this intriguing ring system. Chapter three discusses how 

electrochemical oxidations are considered a realistic solution to solve issues observed by the 

conventional hypervalent iodine oxidations. In addition, it discusses an investigation of the 

stabilizing effect of N-alkoxy group on the nitrenium ion formation, which resulted in improving 

the isolated yields and the chemoselectivity of C-X bond transformations. In chapter four, we 

evaluate “oxidative dearomatization methods” to construct the KB343 core structure on vinyl 

guanidine candidates. The key Grignard reaction towards synthesis the targeted guanidine is still 

ongoing. Also, new synthetic methodology towards N-methoxy hydantoin construction is 

uncovered via three-component reaction. Chapter five discusses the biological activity of the 

synthesized benzothiazoles as a potential antiepileptic agent.  

The second part of the dissertation reports the development of novel thiazolidine 

derivatives and investigating their antiproliferative activity as presented in chapters six, seven, and 

eight. We further validated our previously reported solid support methodology with substituted 

propargyl amines and a series of aryl isothiocyanate derivatives to isolate chemically stable 

anticancer candidates. The progress of this portion discusses the synthesis of three thiazolidine 

libraries and the third group was the most chemically stable which is discussed in chapter eight. 

Three different carcinomic cells were utilized for testing the anti-proliferative activity including 

breast, colon, and esophageal cell lines. Investigation of the apoptotic mechanism revealed that the 

thiazolidines probably block the phosphorylation of extracellular signal-regulated kinases (ERK).  
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1.1 Oxidative dearomatization reaction is a versatile tool in natural product synthesis 

The oxidative dearomatization (OD) reactions are considered one of the most interesting 

of the classical biosynthetic transformations, which has now been translated into a chemical tool 

for biomimetic/bioinspired synthesis.1 As much as the concept of aromaticity has received a 

significant interest due to the corresponding stability of the aromatic compounds, disrupting this 

aromaticity has inspired chemists to discover their broad applications in synthetic chemistry. Thus, 

the dearomatization of phenols has received much attention mainly due to the synthetic value of 

the de-aromatized product, usually a cyclic ketone. Such frameworks are useful for further 

reaction(s) to provide a number of different and interesting chemical scaffolds that might be 

biological active molecules and/or useful in route to natural products. Interestingly, in biological 

systems the oxidative transformation of flavonoids to isoflavonoids occurs through the oxidation 

of a phenolic ring which is catalyzed by a cytochrome P-450 enzyme via the formation of a 

cyclohexadienone.2 

The oxidative dearomatization reaction turns electron rich phenols into an electron 

deficient system that can act as a dienophile or can be attacked readily by nucleophiles. The utility 

of this aromatic ring umpolung in the construction of complex and functionalized heterocycles 

comes from the resulting reactivity of the electrophilic unsaturation and carbonyl subunits, which 

permit further elaboration into a diverse array of derivatives.3 About 100 articles have been 

published in 2021 targeting and developing the OD reactions, and over 800 studies have been 

reported during the last decade.4 In the present review, we have filtered out these publications to 

discuss chronologically reported natural product total syntheses via oxidative dearomatization 

reactions during the last decade.  

Recently, Robins and Johnson have targeted the oxidative dearomatization reaction to 

synthesize a complex lactone 6 from a simple phenol derivative 1 in 16 steps (Scheme 1.1).5 
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However, they could not finalize the total synthesis of tetrodotoxin (8) through this targeted 

pathway due to issues associated to the final guanidinylation of the sterically hindered primary 

amine 6 and homologation of the neopentylic ketone steps. They presented an interesting route 

towards the total synthesis of tetrodotoxin including the OD reaction of a tetrasubstituted guaiacol 

3 using iodosobenzene diacetate (IBDA) as a hypervalent iodine reagent, delivering a 

dearomatized electron poor diene product 4 (Scheme 1.1). The latter was subjected to a Diels-

Alder reaction with an acyl nitroso species which generated in situ by the aerobic oxidation of acyl 

hydroxylamines mediated by a copper catalyst. Through this route, they were able to establish six 

of the seven contiguous stereocenters in tetrodamin intermediate to tetrodotoxin (7). Ito and co-

workers reported the first asymmetric total synthesis of two natural products from callilongisins 

family, callilongisin B (12) and C (13).6 Interestingly, callilongisin B has been achieved by 

converting non-aromatic alcohol 8 into a phenolic derivative 9, which was further subjected to the 

OD to deliver a dearomatized product 10. Synthesis of the tricyclic dearomatized intermediate 10 

is the key stage of the synthetic pathway towards ent-callilongisins. However, IBDA mediated 

oxidation did not work with the phenolic substrate 9, treatment with phenyliodine 

bis(trifluoroacetate) (PIFA) in nitromethane yielded the desired adduct 10 as single diastereomer 

which co-occurred with γ-lactonization. The cyclohexandienone product 10 was parlayed via 1,2-

addition reaction with isopropenyl lithium and a 1,4-reduction reaction which produced 

chemoselectivity the tri-cyclic product 11. Reduction of the isopropenyl group with Crabtree’s 

reduction produced callilongisin B (12). 
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Scheme 1.1. A promising pathway towards total synthesis of tetrodotoxin. Reagent and conditions: 

(a) RuCl3·2H2O, CeCl3·7H2O, NaIO4, MeCN/EtOAc/H2O, 0 °C; (b) I2 (10 mol %), acetone/2,2-

dimethoxypropane, 30 °C; (c) tBuNH2·BH3 (1.1 equiv), AcOH (1.1 equiv), DCM, rt; (d) Pd/C, H2, 

EtOH, rt; (e) KOtBu, t-amylOH, 45 °C. 

 

Seven total syntheses towards the triterpenoid daphenylline natural alkaloid (21) (Scheme 

1.3) have been reported in the literature, of which six targeted phenolic dearomatization to 

construct a key intermediate in their routes.7–13 The possible methodologies for intramolecular 

oxidative enolization are single electron transfer mechanism, Cu(I) mediated cyclization, and 

oxidative dearomatization approaches.14–18 The latter pathway is extensively utilized for total 

synthesis of indoline alkaloids,16,19–22 Lu and co-workers applied the same approach with ester-

tethered β-naphthol 15 using iodine as an oxidant and lithium cyclohexyl isopropyl amide as a 

strong base (Scheme 1.3).7 The dearomatized benzofused cyclohexanone 16 was then subjected to 

Mukaiyama−Michael reaction mediated by tris(pentafluorophenyl)borane and directed by the free 
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Scheme 1.2: Asymmetric total synthesis of callilongisin B (12) via OD reaction. 

acid of 17. The daphenylline natural product was isolated after few steps including 

thioesterification, Fukuyama reduction and a reductive amination/amidation that provides double 

cyclization, constructing the common motif of Daphniphyllum family, azapolycyclic cage-like 

structure 20.  
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Scheme 1.3: Total synthesis of (-)-daphenylline (21). 

ent-Kauranoids are a unique class of diterpenoid natural products, behaving oppositely to 

the kaurene diterpenoids because of their stereochemistry and negative optical rotation 

properties.23 A recent study has developed the OD reactions to construct the core motif of ent-

kauranoid (29), which is also a precursor for core structures for many other diterpenoids (Scheme 

1.4).24 The OD/1,2- shift cascade has been recognized under phenolic OD condition using lead 

acetate to effect oxidation to isolate dearomatized product 25. The driving force behind the 

observed 1,2- chemical shift is the stereoelectronic effect of the tertiary alcohol and a good choice 

for a designed migrated group. The dearomatized product was subjected to a few more steps to 

isolate an intermediate bearing same stereochemical relationship as ent-kauranoid 28.24    
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Scheme 1.4: OD approach towards synthesis core structure of ent-kauranoid natural product (29). 

Total syntheses of (−)-crinipellins A−F and (−)-dihydrocrinipellins A and B have been 

achieved with the help of an OD-[5+2] cycloaddition cascade to deliver a key intermediate in the 

reported approaches by the Ding group (Scheme 1.5).25 The OD approach promotes intramolecular 

[5+2] cycloaddition and pinacol rearrangement cascade. Subjecting a vinyl phenol 30 to the OD 

conditions using PIFA yielded the desired product 31 with an undesired dr ratio (1:2.5), meanwhile 

introducing a bromine group to the phenyl ring directed the cycloaddition step under the OD 

conditions in the desired pathway.25 (-)-Crinipellin F is isolated after eight steps from the 

polycyclic dearomatized product 33 which is an intermediate and a key step in synthesis the other 

six natural products within few steps toward each product.   

Oxidative dearomatization reactions offer a divergent approach among tetracyclic 

terpenoid families by inducing the oxidative Wanger-Meerwein rearrangement.  Micalizio and co-

workers subjected terpenoid 35 to OD conditions facilitating methyl group migration from  
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Scheme 1.5: Total synthesis (-)-crinipellin F via OD-[5+2] cycloaddition cascade reaction. 

C9 to C10, which is less likely to be achieved by semi-pinacol rearrangement.26–29 They have 

performed demethylation reaction with DIBAL hydride based on the previously developed 

methodology for dealkylation of complex sugar and cyclodextrin.30–32 The authors performed OD 

reactions for the free phenolic derivatives without mentioning any failures for direct oxidation of 

anisolic structure 35. The typical phenolic OD mechanisms generate a phenoxenium cation which 

is then attacked by a source of nucleophile or alkyl migration as shown in this example. The 

competition between alkyl group migrations is based on stability of the formed allylic cation, thus 

methyl group migration provides the more favorable and electronic stable cation. This kind of 
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transformation using OD approach will easy access variety of terpenoids as example converting 

cucurbitanes structures (37) into analogues belonging to pregnanes (38), androstanes (39), and 

cardenolides (40) frameworks (Scheme 1.6).28 

 

 

Scheme 1.6: Oxidative-dearomatization Wanger-Meerwein rearrangement. 

As Robins and Johnson targeted the OD reactions to perform Diels-Alder cyclization, here 

is another example presented by Zhang group, employing a similar concept of generating an 

electronic poor diene from a phenolic compound to construct the core structure of calyciphylline 

N (41).33 The initial proposed retrosynthetic scheme depended on intra- or intermolecular Diels-

Alder reaction after formation of dienone from the OD reactions (Scheme 1.7). Unexpectedly, 

Diels-Alder reactions are highly stereospecific to the unexpected abnormal electronic demand 

products (Scheme 1.8). Therefore, the initial phenolic substrate was manipulated by introducing a 

bromine group which was subjected to the late-stage radical cyclization to construct a seven-

member ring 57 (Scheme 1.8).33 
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Scheme 1.7: Retrosynthetic pathway toward synthesis the core structure of calyciphylline N (41). 

A biomimetic oxidative dearomatization reaction has been utilized in late-stage 

transformation of 3,3’-diaaptamine hydrochloride (59) and 3,6’-diaaptamine hydrochloride (60) 

into number of marine natural products belong to aaptaminoid alkaloids. Treating the 

benzo[de][1,6]-naphthyridines 59 and 60 with IBDA, resulting in partial and full oxidative 

dearomatization  accompanied by mono- and diketalization to provide number of suberitine 

alkaloids (Scheme 1.9 and 1.10).34  
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Scheme 1.8: Synthesis calyciphylline core structure via OD/Diels-Alder reactions as key steps. 
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Scheme 1.9: Synthesis of suberitine C and D from 3,3’-diaaptamine hydrochloride (59) via OD 

reactions. Reagent and conditions: (a) IBDA (3.0 equiv.), MeCN/MeOH (2:1), 0 °C, 3 h, (68%); 

(b) IBDA (1.5 equiv.), MeCN/H2O (2:1), 0 °C, 3 h; then IBDA (1.5 equiv.), HFIP/MeOH (2:1), 0 

°C, 3 h, (73%); (c) IBDA (3.0 equiv.), HFIP/H2O (2:1), 0 °C, 3 h, (73%). 
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Scheme 1.10: Synthesis of Suberitine A and B from 3,6’-Diaaptamine hydrochloride (60) via OD 

reactions. Reagent and conditions: (a) IBDA (3.0 equiv.), MeCN/MeOH (2:1), 0 °C, 3 h (58%); 

(b) IBDA (3.0 equiv.), HFIP/H2O (2:1), 0 °C, 3 h, (60%); (c) IBDA (1.5 equiv.), MeCN/MeOH 

(2:1), 0 °C, 3 h; then IBDA (1.0 equiv.), HFIP/H2O (2:1), 0 °C, 3 h, suberitine B (30%) and 

suberitine A (23%); (d) IBDA (1.5 equiv.), MeCN/H2O (2:1), 0 °C, 3 h; then IBDA (1.5 equiv.), 

HFIP/MeOH (2:1), 0 °C, 3 h, (52%). 

 

1.2 SUMMARY 

Oxidative dearomatization has a potential value as a synthetic methodology towards 

synthesis complex structures and natural products via formation of a reactive unsaturated ketones 

or dienes. Through this powerful synthetic method, several natural products have been synthesized 

annually. In this chapter, we have discussed the reported OD approaches and highlighted the 

important role of their dearomatized products in the total synthesis of natural products which were 

published in 2022. Analyzing the rest of these OD synthetic methods during the last decade is 

ongoing. 

  



 

14 

 

1.3 REFERENCES 

(1)  Mullapudi, V.; Bhogade, R. B.; Deshpande, M. V; Ramana, C. V. Phenol Oxidative 

Dearomatization of Modified Nucleoside Templates: A Simple Access to the C7-

Spiroannulated Octosyl Acid Framework. Synthesis (Stuttg). 2017, 49, 4221–4228. 

(2)  Ibrahim, R. K.; Anzellotti, D. Chapter One The Enzymatic Basis of Flavonoid Biodiversity. 

In Integrative Phytochemistry: from Ethnobotany to Molecular Ecology; Romeo, J. T., Ed.; 

Recent Advances in Phytochemistry; Elsevier, 2003; Vol. 37, pp 1–36. 

https://doi.org/https://doi.org/10.1016/S0079-9920(03)80016-3. 

(3)  Krische, M. J. Hypervalent Iodine Chemistry:  Modern Developments in Organic Synthesis. 

Topics in Current Chemistry, 224 Edited by T. Wirth (Cardiff University). Springer-

Verlag:  Berlin, Heidelberg, New York. 2003. x + 264 Pp. $189.00. ISBN 3-540-44107-7. 

J. Am. Chem. Soc. 2003, 125 (36), 11136. https://doi.org/10.1021/ja033530e. 

(4)  The Statistical Is Based on Sci Finder Search Engine Using “Oxidative Dearomatization” 

Keywords in the First Week of July 2022. 

(5)  Robins, J. G.; Johnson, J. S. An Oxidative Dearomatization Approach to Tetrodotoxin via 

a Masked Ortho-Benzoquinone. Org. Lett. 2022, 24 (2), 559–563. 

https://doi.org/10.1021/acs.orglett.1c03998. 

(6)  Kamiya, A.; Kawamoto, Y.; Kobayashi, T.; Ito, H. Asymmetric Syntheses of Ent-

Callilongisins B and C. Tetrahedron 2022, 111, 132712. 

https://doi.org/https://doi.org/10.1016/j.tet.2022.132712. 

(7)  Cao, M.-Y.; Ma, B.-J.; Gu, Q.-X.; Fu, B.; Lu, H.-H. Concise Enantioselective Total 

Synthesis of Daphenylline Enabled by an Intramolecular Oxidative Dearomatization. J. Am. 

Chem. Soc. 2022, 144 (13), 5750–5755. https://doi.org/10.1021/jacs.2c01674. 

(8)  Zhang, W.; Ding, M.; Li, J.; Guo, Z.; Lu, M.; Chen, Y.; Liu, L.; Shen, Y.-H.; Li, A. Total 

Synthesis of Hybridaphniphylline B. J. Am. Chem. Soc. 2018, 140 (12), 4227–4231. 

https://doi.org/10.1021/jacs.8b01681. 

(9)  Lu, Z.; Li, Y.; Deng, J.; Li, A. Total Synthesis of the Daphniphyllum Alkaloid 

Daphenylline. Nat. Chem. 2013, 5 (8), 679–684. https://doi.org/10.1038/nchem.1694. 

(10)  Yamada, R.; Adachi, Y.; Yokoshima, S.; Fukuyama, T. Total Synthesis of (−)-

Daphenylline. Angew. Chemie Int. Ed. 2016, 55 (20), 6067–6070. 

https://doi.org/https://doi.org/10.1002/anie.201601958. 

(11)  Chen, X.; Zhang, H.-J.; Yang, X.; Lv, H.; Shao, X.; Tao, C.; Wang, H.; Cheng, B.; Li, Y.; 

Guo, J.; Zhang, J.; Zhai, H. Divergent Total Syntheses of (−)-Daphnilongeranin B and (−)-

Daphenylline. Angew. Chemie Int. Ed. 2018, 57 (4), 947–951. 

https://doi.org/https://doi.org/10.1002/anie.201709762. 

(12)  Xu, B.; Wang, B.; Xun, W.; Qiu, F. G. Total Synthesis of (−)-Daphenylline. Angew. Chemie 

Int. Ed. 2019, 58 (17), 5754–5757. https://doi.org/https://doi.org/10.1002/anie.201902268. 

(13)  Wang, B.; Xu, B.; Xun, W.; Guo, Y.; Zhang, J.; Qiu, F. G. A General Strategy for the 

Construction of Calyciphylline A-Type Alkaloids: Divergent Total Syntheses of (−)-



 

15 

 

Daphenylline and (−)-Himalensine A. Angew. Chemie Int. Ed. 2021, 60 (17), 9439–9443. 

https://doi.org/https://doi.org/10.1002/anie.202016212. 

(14)  Richter, J. M.; Whitefield, B. W.; Maimone, T. J.; Lin, D. W.; Castroviejo, M. P.; Baran, P. 

S. Scope and Mechanism of Direct Indole and Pyrrole Couplings Adjacent to Carbonyl 

Compounds: Total Synthesis of Acremoauxin A and Oxazinin 3. J. Am. Chem. Soc. 2007, 

129 42, 12857–12869. 

(15)  DeMartino, M. P.; Chen, K.; Baran, P. S. Intermolecular Enolate Heterocoupling: Scope, 

Mechanism, and Application. J. Am. Chem. Soc. 2008, 130 (34), 11546—11560. 

https://doi.org/10.1021/ja804159y. 

(16)  Opatz, T. J. Christoffers, A. Baro: Quaternary Stereocenters – Challenges and Solutions for 

Organic Synthesis. Adv. Synth. \& Catal. 2006, 348, 593. 

(17)  Zi, W.; Zuo, Z.; Ma, D. Intramolecular Dearomative Oxidative Coupling of Indoles: A 

Unified Strategy for the Total Synthesis of Indoline Alkaloids. Acc. Chem. Res. 2015, 48 

(3), 702–711. https://doi.org/10.1021/ar5004303. 

(18)  Rudolph, A.; Bos, P. H.; Meetsma, A.; Minnaard, A. J.; Feringa, B. L. Catalytic Asymmetric 

Conjugate Addition/Oxidative Dearomatization Towards Multifunctional Spirocyclic 

Compounds. Angew. Chemie Int. Ed. 2011, 50 (26), 5834–5838. 

https://doi.org/https://doi.org/10.1002/anie.201102069. 

(19)  Zhang, D.; Song, H.; Qin, Y. Total Synthesis of Indoline Alkaloids: A Cyclopropanation 

Strategy. Acc. Chem. Res. 2011, 44 (6), 447–457. https://doi.org/10.1021/ar200004w. 

(20)  Zhu, M.; Xu, H.; Zhang, X.; Zheng, C.; You, S.-L. Visible-Light-Induced Intramolecular 

Double Dearomative Cycloaddition of Arenes. Angew. Chemie Int. Ed. 2021, 60 (13), 

7036–7040. https://doi.org/https://doi.org/10.1002/anie.202016899. 

(21)  Lin, Z.; Xue, Y.; Liang, X.-W.; Wang, J.; Lin, S.; Tao, J.; You, S.-L.; Liu, W. Oxidative 

Indole Dearomatization for Asymmetric Furoindoline Synthesis by a Flavin-Dependent 

Monooxygenase Involved in the Biosynthesis of Bicyclic Thiopeptide Thiostrepton. Angew. 

Chemie Int. Ed. 2021, 60 (15), 8401–8405. 

https://doi.org/https://doi.org/10.1002/anie.202013174. 

(22)  Liu, X.; Yan, X.; Tang, Y.; Jiang, C.-S.; Yu, J.-H.; Wang, K.; Zhang, H. Direct Oxidative 

Dearomatization of Indoles: Access to Structurally Diverse 2{,}2-Disubstituted Indolin-3-

Ones. Chem. Commun. 2019, 55 (46), 6535–6538. https://doi.org/10.1039/C9CC02956G. 

(23)  Wu, Y.-C. New Research and Development on the Formosan Annonaceous Plants. In 

Studies in Natural Products Chemistry; Atta-ur-Rahman, Ed.; Studies in Natural Products 

Chemistry; Elsevier, 2006; Vol. 33, pp 957–1023. 

https://doi.org/https://doi.org/10.1016/S1572-5995(06)80044-X. 

(24)  Imamura, Y.; Mizutani, H.; Nakada, M. Construction of Successive Stereogenic Centers of 

Ent-Kauranoid through an Oxidative Dearomatization/1,2-Shift Cascade. Synlett 2022, No. 

EFirst. 

(25)  Zhao, Y.; Hu, J.; Chen, R.; Xiong, F.; Xie, H.; Ding, H. Divergent Total Syntheses of (−)-

Crinipellins Facilitated by a HAT-Initiated Dowd–Beckwith Rearrangement. J. Am. Chem. 



 

16 

 

Soc. 2022, 144 (6), 2495–2500. https://doi.org/10.1021/jacs.1c13370. 

(26)  Guérard, K. C.; Guérinot, A.; Bouchard-Aubin, C.; Menard, M.; Lepage, M. L.; Beaulieu, 

M. A.; Canesi, S. Oxidative 1,2- and 1,3-Alkyl Shift Processes: Developments and 

Applications in Synthesis. J. Org. Chem. 2012, 77 5, 2121–2133. 

(27)  Epstein, O. L.; Cha, J. K. Rapid Access to the “in,out”-Tetracyclic Core of Ingenol. Angew. 

Chemie 2004, 44 1, 121–123. 

(28)  Jørgensen, L.; McKerrall, S. J.; Kuttruff, C. A.; Ungeheuer, F.; Felding, J.; Baran, P. S. 14-

Step Synthesis of (+)-Ingenol from (+)-3-Carene. Science (80-. ). 2013, 341 (6148), 878–

882. https://doi.org/10.1126/science.1241606. 

(29)  Nicholson, J. M.; Millham, A. B.; Bucknam, A. R.; Markham, L. E.; Sailors, X. I.; 

Micalizio, G. C. General Enantioselective and Stereochemically Divergent Four-Stage 

Approach to Fused Tetracyclic Terpenoid Systems. J. Org. Chem. 2022, 87 (5), 3352–3362. 

https://doi.org/10.1021/acs.joc.1c02979. 

(30)  Xiao, S.; Yang, M.; Sinaÿ, P.; Blériot, Y.; Sollogoub, M.; Zhang, Y. Diisobutylaluminium 

Hydride (DIBAL-H) Promoted Secondary Rim Regioselective Demethylations of 

Permethylated β-Cyclodextrin: A Mechanistic Proposal. European J. Org. Chem. 2010, 

2010 (8), 1510–1516. https://doi.org/https://doi.org/10.1002/ejoc.200901230. 

(31)  Guieu, S.; Sollogoub, M. Multiple Homo- and Hetero-Functionalizations of α-Cyclodextrin 

through Oriented Deprotections. J. Org. Chem. 2008, 73 (7), 2819–2828. 

https://doi.org/10.1021/jo7027085. 

(32)  Lecourt, T.; Herault, A.; Pearce, A. J.; Sollogoub, M.; Sinaÿ, P. Triisobutylaluminium and 

Diisobutylaluminium Hydride as Molecular Scalpels: The Regioselective Stripping of 

Perbenzylated Sugars and Cyclodextrins. Chem. – A Eur. J. 2004, 10 (12), 2960–2971. 

https://doi.org/https://doi.org/10.1002/chem.200305683. 

(33)  Lv, Y.; Feng, Y.; Dai, J.; Zhang, Y.; Zhang, H.; Liu, Z.; Zheng, H. Synthesis of the [6.6.7.5] 

Tetracyclic Core of Calyciphylline N via a Boc-Mediated Oxidative 

Dearomatization/Diels–Alder Approach. Org. Lett. 2022, 24 (14), 2694–2698. 

https://doi.org/10.1021/acs.orglett.2c00797. 

(34)  Tang, S.; Wu, Z.; Gao, M.; Li, G.; Yao, Z.-J. Total Synthesis of Suberitines A–D Featuring 

Tunable Biomimetic Late-Stage Oxidative Dearomatization and Acetalization. Chem. – A 

Eur. J. 2022, 28 (24), e202200644. 

https://doi.org/https://doi.org/10.1002/chem.202200644. 

 

 

 

 



 

17 

 

CHAPTER TWO: DEAROMATIZING SPIROCYCLIZATION OF THIOUREAS, 

UREAS AND GUANIDINES 

Marian N. Aziz a,b, Ravi P. Singh a, Delphine Gout a, Carl J. Lovely a 

a. Department of Chemistry and Biochemistry, 700 Planetarium Place, University of Texas at 

Arlington, TX 76019, USA 

b. Department of Pesticide Chemistry, National Research Centre, Dokki, Giza 12622, Egypt 

Corresponding author 

Prof. Carl J. Lovely 

Professor, Chemistry and Biochemistry Department 

University of Texas at Arlington 

Address: 700 Planetarium Place, Box 19065, UT Arlington, TX 76019-0065 

Email: lovely@uta.edu 

Phone: +1 817 272 5446 

(Partially Published) 

 

 

 

 

 

 

 

 

 



 

18 

 

ABSTRACT  

An investigation of the dearomatization reactions of benzylic thioureas, ureas and 

guanidines using hypervalent iodine reagents is described.  Initial attempts to perform this reaction 

with methyl aryl ethers was compromised by electrophilic addition leading to the formation of 

benzo[d]thiazoles. However, inverting the direction of the process and oxidizing the corresponding 

phenol delivered the desired spiro fused heterocycles in moderate to good yield.  

2.1 INTRODUCTION  

Dearomatization has emerged as a powerful strategy for the construction of highly 

functionalized frameworks which are primed for further elaboration.1-4  In particular, oxidative 

methods to effect dearomatization have attracted significant attention; typically this involves the 

reaction of a phenol with a hypervalent iodine reagent followed by nucleophilic trapping thus 

generating a 4,4-disusbtituted cyclohexadienone.1-3  Most frequently, amides, carboxylic acids, 

and alcohols have served as the trap, although alkynes5 and alkenes6 can also be used (Figure 2.1a).  

When this reaction is conducted intramolecularly, it gives rise to spiro fused derivatives.  In 

connection with an approach to the Leucetta derived alkaloids,7 spirocalcaridines A (1) and B (2),8 

the Lovely group has reported a tandem oxidative amination dearomatizing spirocyclization 

(TOADS) reaction of propargyl guanidines that leads directly to the complete framework of the 

natural products.9-11  The use of alkynes had been reported previously in dearomatization reactions, 

but we were unaware of guanidines (or (thio)ureas)12 participating in simple dearomatization 

reactions when we commenced this investigation.13  Further, cyclic guanidines are prevalent 

structural motifs in marine derived natural products14 and there are numerous examples of spiro 

fused systems.15-17  One particularly attractive target, KB343 (3), contains two spiro fused 

guanidines that may be accessible by such a dearomatizing spirocyclization.18 
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Figure 2.1: Dearomatization reactions. 

The group previously employed propargyl guanidine and urea derivatives containing a p-

methoxybenzene moiety and proposed that a nitrenium equivalent triggered the cascade process.11  

In addition, it was found in this earlier investigation that propargyl thioureas were prone to 

hydrothiolation19-20 and did not participate in the TOADS chemistry11 and thus our proposed study 

would also permit us to establish the utility of thioureas in dearomatization processes. 
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2.2 RESULTS AND DISCUSSION 

The investigation was initiated by examining p-methoxybenzyl derivatives.  Accordingly, 

N-methyl p-methoxybenzylamine (4) was treated with phenylisothiocyanates (5) to afford the 

corresponding thioureas 6a-f (Scheme 2.1).  

Scheme 2.1: Synthesis of the desired thiourea derivatives 6a-f using N-methyl p-

methoxybenzylamine (4). 

The substrate was then treated with iodosobenzene diacetate (IBDA) under specific 

conditions (Cs2CO3, hexafluoroisopropanol, HFIP) previously utilized in TOADS chemistry. 

However, the desired dearomatized product was not obtained but rather benzothiazole 7a was 

formed via electrophilic aromatic substitution in 47% yield (Scheme 2.2).21-22  Increasing the 

oxidant equivalents did not increase the yield but resulted in the formation of acetoxylated product 

7b (X-ray) in addition to benzothiazole 7a (Scheme 2.2).  

2.2.1 Putative mechanism for benzothiazole and acetated benzothiazole isolation 

Presumably, this outcome is the result of activation of the sulfur of the thiourea via 8 which 

can then undergo electrophilic aromatic substitution to afford 7a or alternatively addition of acetate 

followed by rearomatization to afford 9 (Scheme 2.2a).23  The acetyloxylated derivative undergoes 

a second oxidation at sulfur to trigger the formation of the thiazole.  To circumvent this possibility, 

a thiourea derivative was prepared in which electrophilic substitution was less likely or not 

possible (Scheme 2.2b). In the case where a deactivated aromatic was employed, a spiro fused 

product was obtained, but interestingly it was the cyclic urea 13 (X-ray) rather than the expected 

thiourea or thiazole (Scheme 2.3a).  Presumably, oxidation of the thiourea 6e to the urea 14 
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proceeds oxidative dearomatization.  A control reaction with the corresponding urea derivative 14 

confirms that it is at least a competent substrate. In addition to the urea, two further products were 

obtained including the benzothiazole 11 and the isothio urea 12 (X-ray).  

 

Scheme 2.2: Preliminary dearomatization experiments (conditions (a) = IBDA (1 equiv), 

Cs2CO3 (1.2 equiv), HFIP; (b) = IBDA (2 equiv), Cs2CO3 (1.2 equiv), HFIP). 

Moreover, we have isolated a benzothiazole ring system as a major product using electron-

rich isothiocyanate derivatives or less deactivated derivatives as shown in Scheme 4a and Table 1, 

affording new methodology towards this biologically active scaffold. Interestingly, the reaction of 

3-(4-chlorophenyl)-1-(4-methoxybenzyl)-1-methylthiourea (6e) yielded three different products. 

Inversely to the reaction of thiourea 6f, the corresponding benzothiazole 18 as a major product, 

isothiourea derivative 19, and spiro cyclic thiourea spiro system 20 were isolated (assignment 

based on 13C NMR study compared to 13) (Scheme 2.4b). The biological activity of the isolated 

benzothiazoles has been discussed in chapter five.  
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Scheme 2.3: Dearomatization of deactivated thiourea (conditions (a) = IBDA (1 equiv), Cs2CO3 

(1.2 equiv), HFIP; (b) = IBDA (2 equiv), Cs2CO3 (1.2 equiv), HFIP). a)- Oxidative 

dearomatization reaction on deactivated thiourea 6f. b)- Putative mechanism for the formation of 

isothiourea 12.  

 

Scheme 2.4: The isolated benzothiazoles using hypervalent iodine chemistry. 
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2.2.2 Phenolic derivatives subjected to oxidative dearomatization (OD) reactions  

Given that oxidation to form nitrenium-like intermediates was compromised by addition to 

the N-aryl substituent we considered changing the role of the thiourea to serving as a nucleophilic 

trap and oxidizing the phenol, essentially employing an umpolung tactic. Accordingly, the 

corresponding phenol derivative 22a was constructed using 4-((methylamino)methyl) phenol (21) 

and phenyl isothiocyanate (5) in the presence of triethylamine as a base and tetrahydrofuran or 

methylene chloride as a solvent at room temperature. Scheme 2.5 shows all the targeted thioureas 

derived from phenolic amines. 1-(4-Hydroxybenzyl)-1-methyl-3-phenylthiourea (22a) was 

subjected to oxidation with IBDA and Cs2CO3 in HFIP (hexafluoro isopropanol) conditions used 

in our previous studies. It is important to indicate that the dearomatization occurred in moderate 

yield (entry 1, Table 2.2). The influence of reaction solvents was observed in TOADS chemistry, 

and reactions conducted in HFIP provided better yields than dichloromethane or acetonitrile 

(entries 2-3, Table 2.2). The identity of the solvent used is very important in this chemistry because 

the formation of a reactive phenoxonium cation is followed by nucleophilic attack. Therefore, the 

selected solvent must be non-nucleophilic.8b  

 

Scheme 2.5: Synthesis the targeted phenolic thioureas (22a-e). 
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Table 2.1: Benzothiazoles derived from oxidation of thiourea mediated by hypervalent iodine.  

 Thiourea 

derivative 

IBDA molar 

equivalents 

Benzothiazoles Yield 

(%)* Compound R R` R`` 

1 6a 2.0 7a H H H 11 

2 6a 1.0 7a H H H 47 

3 6a 2.0 7b OAc H H 27 

4 6b 2.0 15a OMe H H 23 

5 6b 2.0 15b OMe H OAc 14 

6 6b 1.0 15a OMe H H 65 

7 6c 2.0 16 Me H H 20 

8 6c 1.0 16 Me H H 19 

9 6d 1.0 17 Me Cl H 22 

10 6e 1.0 18 Cl H H 30 

*) Isolated yields by column chromatography.  

With the success of this preliminary reaction a screen of other reaction conditions was 

conducted using both inorganic bases (Cs2CO3, NaHCO3) or an organic base (N-

methylmorpholine = NMM) and different solvents (entries 1-9, Table 2.2).  Out of the three bases 

evaluated, Cs2CO3 delivered the best yields, but ultimately it was determined that base was not 

required (Table 2.2, entry 10). On isolating the product from this final set of conditions the desired 

spiro thiazoline 23a (X- ray) was obtained in 44% yield (Scheme 2.6 and 2.7) along with small 

amounts of the benzothiazole 24 (X-ray) and spiro imidazolidinone 25. 

 

Scheme 2.6: OD reactions of phenolic thiourea (22a) providing S and N spiro-cyclization. 

On increasing the equivalents of the oxidant to 1.5, 23a was now obtained in 55% yield 

(Scheme 2.7), along with small amounts of the 4-acetoxy adduct 26 (X-ray).  When the reaction 



 

25 

 

was conducted with 2.0 molar equivalents of IBDA, the spiro 4-acetoxylated product 26 was now 

isolated as the major product (31%).  

Table 2.2: Initial screening experiments 

 

Entry Oxidant Base Solvent Yield% 

1 IBDA Cs2CO3 HFIP 43b,c 

2 IBDA Cs2CO3 DCM 8b 

3 IBDA Cs2CO3 ACN 36b 

4 IBDA NMM HFIP 34b 

5 IBDA NMM DCM ND 

6 IBDA NMM ACN 6b 

7 IBDA NaHCO3 HFIP 34b 

8 IBDA NaHCO3 DCM 10b 

9 IBDA NaHCO3 ACN 11b 

10 IBDA No base HFIP 44c 

11 PIFA No base HFIP 10c 

12 PhI(OTs)OH No base HFIP ND 

a. 21a (0.1 mmol), IBDA for entries 1-10 (0.1 mmol), for entries 11-12 (0.15 mmol), HFIP (7 

mL), rt, 2 h. 

b. The yield of 22a compound was determined by 1H NMR spectroscopy using one equiv of 

dibromomethane as internal reference. 

c. Isolated yield after chromatography 
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Scheme 2.7: Acetylated S-spirocyclization reaction of phenolic thiourea (22a). 

As shown in Scheme 2.8, intramolecular oxidative cyclizations of N'-methyl- N'-(4-

hydroxybenzyl)-N-arylthioureas (22b-e) via C-S bond formation was examined with four 

additional thiourea derivatives using these optimized conditions (1.5 equivalents of IBDA) 

forming (Z)-2-((aryl)imino)-3-methyl-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-ones (23b-e) in 

moderate to good yields. 

An attempt to extend the spirocyclization was made to a thiourea lacking the N-methyl 

substituent (NH free) 28a-b which prepared by hydroxybenzyl amine with electron-deficient 

isothiocyanates 5 (Scheme 2.9a). The synthesized di-substituted thioureas 28a-b were subjected 

to oxidation conditions, resulting in multiple unidentified products. Therefore, we were unable to 

identify any specific product from the reaction with chlorinated thiourea 28. But we were able to 

isolate a new thiadiazole ring system (X-ray, Scheme 2.9b) from the reaction with the fluorinated 

thiourea 28b rather than the desired spiro derivative. 
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Scheme 2.8: Spirothiazolidines derived from OD of phenolic-thiourea derivatives (22b-e). 

 

Scheme 2.9: Additional products from dearomatizing spirocyclization of phenolic thioureas. 
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2.2.3 Spiro-oxazolidines/imidazolidines derived from OD of phenolic urea derivatives 

With this generally positive outcome, cyclohexadienone-spiro-oxazolidine derivatives 

were obtained using the same optimized conditions. The required substrates could not be assessed 

directly from the phenolic benzylamine rather through use of a protection and deprotection 

pathway which provided the targeted ureas 34a-d (Scheme 2.10). The initial attempts using p-

hydroxybenzyl amine resulted in formation of multiple and inseparable spots.  

 

Scheme 2.10: Synthesis of the targeted masked ureas (34a-d). 

The corresponding urea derivatives 21a-e were prepared by treating the protected phenolic 

urea derivatives 13a-d with TBAF in tetrahydrofuran overnight at rt (Scheme 2.11). 

 

Scheme 2.11: The deprotection of masked urea derivatives (34a-d). 

The oxidative dearomatization conditions were applied to the synthesized urea derivatives. 

In this case, however, the reactions proceeded better in the presence of Cs2CO3.  All five 

derivatives produced spiro fused cyclohexadienones (36a-c), (36d-e) but interestingly, they did 
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not all cyclize to form the same heterocycle.  Ureas 35a-c with electron-rich aryl groups provided 

the corresponding imidazolones 36a-c (Scheme 2.12a) via C-N bond formation whereas those with 

electron-poor aryl groups 35d-e cyclized via oxygen affording the oxazolines 36d-e via O- 

cyclization (Scheme 2.12b).  Connectivities were established either through X-ray crystallography 

36c and 36e or by comparison of the 13C NMR chemical shifts of the spiro carbon (δc = 59 

(imidazolone) vs δc = 75 (oxazole)). 

 

Scheme 2.12: Oxidative dearomatization of urea derivatives. 
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2.2.4 Attempts towards synthesis related phenolic carbamate derivatives  

Various unsuccessful experiments towards synthesis phenolic carbamate derivatives were 

carried out to subject it to oxidative dearomatization. Starting with protection of 4-hydroxy 

benzaldehyde using TBS group, then reduction of aldehydic group using NaBH4 to provide benzyl 

alcohol, which is further subjected to reaction with phenyl isocyanate, yielding the corresponding 

masked phenolic carbamate 38 (Scheme 2.13). Unfortunately, the carbamate decomposed during 

the deprotection of silyl group, and it could not be isolated. Therefore, a methyl group was inserted 

to the benzylic methylene position using MeMgBr, producing the corresponding secondary alcohol 

39 which was treated with phenyl isocyanate to produce carbamate 40 (Scheme 2.14). The same 

observation of decomposition of free phenolic carbamate was gained, losing the hope of 

dearomatizing these targeted carbamate derivatives.  

 

Scheme 2.13: Trials toward synthesis of phenolic carbamate derivative. 
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Scheme 2.14: Synthesis of carbamate (40) from secondary alcohol (39). 

2.2.5 Attempts to synthesis N,N'-disubstituted urea and thiourea derivatives derived from 

4-isopropylphenol 

Introducing two methyl groups at the benzylic methylene group was designed for synthesis 

tertiary amines and alcohols. Starting with urea and thiourea derivatives derived from tertiary 

phenolic amine which had been targeted to be synthesized a tertiary amine. Scheme 2.15 presents 

this approach through azidation of 4-isopropylphenol (41) using DDQ and TMSN3, then followed 

by reduction reaction of the corresponding azide 42 using Pd/BaSO4. Various unsuccessful 

reduction trails had been performed to improve the very low isolated yield of the targeted tertiary 

amine 43 using small- and large-scale reactions. Therefore, we have directed to apply the 

developed chemistry with guanidine derivatives.  

 

Scheme 2.15: Synthesis tertiary amine (43) via reduction of azido compound (42). 
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2.2.6 Developing OD for guanidine derivatives: 

   The primary motivation for this study was to apply the chemistry towards the total 

synthesis of spiroguanidines such KB343 (3) and initially the core structure, thus we examined the 

possibility of using guanidines in this chemistry.  Oxidative cyclization of guanidines has been 

achieved by preparing guanidine-containing phenol derivatives 45a-c using 1,3-diBOC-2-

methylisothiourea (44) with 4-[(methylamino)methyl]phenol (4), (1-methoxybenzyl) methyl 

amine (21) or hydroxybenzyl amine (27). The expected cyclized spiro product was not obtained 

using the synthesized guanidine derivative 45a. That might be due to decomposition to 

unidentifiable product mixtures. However, it was found that the N-methyl bis BOC guanidine 45b 

underwent dearomatization to afford the spirocyclic derivative 46b (Scheme 2.16) in modest yield 

(confirmed by X-ray crystallography).  

 

Scheme 2.16: Synthesis di-BOC guanidines (45a-c) and their oxidative dearomatization. 
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Interestingly, the corresponding NH derivative 45c also provided the desired spirocyclic derivative 

46c in low yield. The low isolated yields of the dearomatized spiro guanidines 46b-c drove us to 

synthesize new masked guanidine derivatives.  Therefore, methylisothiourea hemi sulfate 47 was 

treated with 2.5 equivalent of benzyl chloroformate (CBZ-Cl) in presence of NaOH in 

dichloromethane with stirring for 40 hours at rt. The monoprotected isothiourea 48b was isolated 

as a major product (Scheme 2.17a). However, the targeted di-cbz protected isothiourea 48a was 

isolated with very low yield, its amount was enough to be subjected to guanidination reaction with 

(1-methoxybenzyl) methyl amine (21), surprisingly yielding the mono protected guanidine 

derivative 49 (Scheme 2.17b), which is not further dearomatized under the developed oxidation 

conditions. 
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Scheme 2.17: Attempt towards synthesis of the CBZ-protected guanidine (49). 

   Three other derivatives were evaluated, the TEOC-protected congener 52 was isolated by 

similar previously applied chemistry using 1-[2-(trimethylsilyl)ethoxycarbonyloxy]pyrrolidin-

2,5-dione (50) (Scheme 2.18b).  The TEOC guanidine 53 afforded a spirocyclic product 54 under 

the oxidative dearomatization conditions, but it underwent mono deprotection (Scheme 2.18c) with 

very low isolated yield (9%), which direct our attention to a different type of protecting groups. 

The mono CBZ adduct 55 and the anisole precursor 56 (Figure 2.2) were subjected to 

dearomatization but these attempts were unsuccessful.   
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Scheme 2.18: Synthesis di-TEOC guanidine and its OD reaction. 

 

Figure 2.2: Unsuccessful oxidative dearomatization reactions toward guanidine substrates. 

2.2.7 A putative mechanism for the dearomatization reactions  

It is assumed mechanistically that these dearomatization reactions proceed via the accepted 

pathway involving reaction of the phenolic oxygen via substitution of one of the acetates 57→58 

on the I(III) center (Scheme 2.19).  There is some debate whether ionization to the phenoxonium 

ion followed by nucleophilic attack (shown 58→59) or a concerted process ensues.24-27 Whichever 
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sequence is followed, the spirocyclic derivative is formed by intramolecular nucleophilic attack 

and proton transfer.28  One observation that requires further comment is the divergent activity of 

ureas, which deliver different heterocycles depending on the electronic character of the urea 

nitrogen substituent.  Presumably, the nitrogen atom of the urea is rendered more electron rich 

with electron donating substituents on the aromatic moiety, whereas with the electron withdrawing 

groups deprotonation of the aniline nitrogen may occur prior to cyclization.  It is also conceivable 

that there is a mechanistic changeover such that with electron withdrawing substituents activation 

of the urea occurs, which is likely the pathway in this TOADS chemistry from our group, rather 

than the phenol. 

 

 

Scheme 2.19: Putative mechanism for the dearomatization reactions. 
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2.2.8 DFT Study: Oxygen spirocyclization for electro-deficient urea derivative (36e) 

DFT study of spirocyclization reaction mediated by hypervalent iodine reagents have been 

attempted. In 2018, Tang and Harned reported a study to understand the mechanistic steps 

underpinning this reaction by performing a Hammett analysis and DFT calculations.29 Their data 

suggest that the initial step involoved activation of the phenol which occurs via ligand exchange 

on the hypervalent iodine reagent, substituting an acetate group with the phenol moiety. Then 

based on Harned’s study, the mechanism involves a unimolecular redox decomposition pathway. 

Therefore, an SN1-like mechanism in which the initially formed phenoxonium ion is rapidly 

trapped by a nucleophile to obtain the corresponding dienone. Based on these reported studies, we 

were interested in applying DFT calculations to investigate the possible mechanisms behind urea 

cyclization that we have developed in our lab and published last year. As shown in scheme 12, N-

aryl urea derivatives cyclized under oxidative dearomatization conditions differently based on 

substituents attached to N-aryl group. Electron-deficient urea derivatives cyclized via oxygen, 

while the electron-rich ureas cyclized by nitrogen. Thus, we have started computing the transition 

state of phenoxenium cation for each transformation (O and N cyclization). The initial attempts 

were unsuccessful due to formation of the corresponding spiro cyclized products and producing 

the wrong imaginary frequency (the values are corresponding to bond rotations and not bond 

formations). One of the promising approaches was performing the optimization calculations by 

fixing bond distances between the involved atoms in the reaction, resulting in reasonable 

imaginary frequencies. Thus, considering the optimized structure as an input for TS calculations 

using DFT theory resulted in the same previously obtained results by producing wrong imaginary 

frequencies with forming the direct cyclized product. Thus, we concluded that these two steps 

might occur spontaneously. Interestingly, in 2019, Ganjia and Ariafard have reported DFT studies 
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for oxidative dearomatization reaction of simple phenol compound and they considered this 

structure (phenoxenium cation) as an intermediate and not a transition state.30  

 
Figure 2.3: C-O and C-N spirocyclization of the electron-deficient urea derivative 35e. 

Therefore, we have considered the phenoxenium cation as an intermediate, and computed 

their optimized energy. As a result, the energy of the optimized cation intermediate structure 

corresponding to oxygen cyclization (A) for the urea substituted with p-nitro phenyl was less than 

the nitrogen cyclization (B) with 2.63 kcal/mol which referring to favorable reaction path. It was 

interesting to check the frontier molecular orbitals of each intermediate, specifically the lowest 

occupied molecular orbital (LUMO) and the highest occupied molecular orbital (HOMO). LUMO 

energy of O-cyclization intermediate is much lower than LUMO energy for N-cyclization 

intermediate (Table 2.3, entry 3). Moreover, the energy gap between the HOMO and LUMO 

molecular orbitals of the oxygen cyclization is less than the energy required for nitrogen 

cyclization by 0.208 eV. In addition, other parameters have been computed and supported the 

oxygen cyclization for the electron deficient urea derivative including the electronegativity index 

of the structure of (A) intermediate shows higher electronegativity index compared to the nitrogen 

cyclization (Table 2.3). 
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Table 2.3: Frontier molecular orbital calculations for cyclization reaction of urea 36e. 

  Oxygen Cyclization Nitrogen Cyclization 

1 Optimized 

Structure (Int. 3) 

  

2 LUMO MO 

  

3 LUMO Energy 0.938 eV 1.261 eV 

4 HOMO MO 

  
5 HOMO Energy -5.135 eV -5.666 eV 

6 Optimized Energy -1272.053998 Hartree 

-798226.10567873 Kcal/mol 

-1272.049806 Hartree 

-798223.47515845 Kcal/mol 

7 HOMO-LUMO gap 4.197 eV 4.405 eV 

8 Hardness 3.0365 3.4635 

9 Softness 0.329327 0.288725 

10 Electronegativity 2.0985 2.2025 

11 Electronegativity 

Index 

0.725128 0.700304 

Energy gap = -HOMO – LUMO                                             Hardness = 0.5 * (LUMO – HOMO) 

Softness = 1/Hardness                                              Electronegativity = (-0.5* (LUMO + HOMO)) 

Electronegativity Index = (Electronegativity* Electronegativity/(2*Hardness))  

Functional and basis set: m062x/gen, 6-311G(d), LANL2DZ.  
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Figure 2.4. describes the proposed Gibbs free energy profile for oxidative dearomatization 

of urea 36e by IBDA. The mechanistic pathway is divided into three stages. The first is ligand – 

ligand exchange between the phenolic moiety and acetate group of hypervalent iodine reagent. 

The second stage is the isomerization of hypervalent iodine reagent from cis isomer to the trans 

adduct which is facilitated by the existence of the bidentate acetate ligand. This type of 

isomerization generates a vacant coordination site in the trans adduct which is subsequently 

occupied by a phenol π-bond stabilizing the following transition state and promoting the next 

transformation.30 Therefore, frontier molecular orbitals have been investigated for both 

intermediates 1 and 2. It was found that LUMO energy of intermediate 2 is – 3.277 eV which is 

much lower relative to the LUMO energy of intermediate 1 (-1.612 eV) (Figure 2.5), providing 

evidence for the importance of this isomerization in the mechanistic pathway. The third stage is 

the final C-X cyclization which depends on the geometry of intermediate 3 (Table 2.3, Entry 1). 

 Since the first and the second stages are the same in the mechanistic pathway for both C-

N and C-O cyclization, it is appropriate to focus initially on the third stage by optimizing their 

corresponding structures. As mentioned previously, the LUMO energy of intermediate 3 

corresponding to O-cyclization is much lower than LUMO energy of N-cyclization (Table 2.3, 

entry 3). Computing energy of the final products resulted in remarkably close values for both C-N 

and C-O cyclization, thus an intensive study of the associative and dissociative mechanisms will 

be performed to distinguish between these two different pathways. Interestingly, the optimized 

energy for the final products is higher than the energy for intermediate 3 which reflects the 

importance of computing the energy of the transition state (phenoxenium cation) and that was not 

mentioned in the Gibbs free energy profile developed by Ganjia and Ariafard.30 However, 

computing the transition states of our substrates is not an easy task due to failure of convergency 
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of the large, complicated structures compared to the reported ones. Thus, screening different basis 

sets and functions is currently ongoing.   

 

 

Figure 2.4: The proposed Gibbs free energy profile (kcal/mol) for the oxidative dearomatization 

reaction of urea 35e. 
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Figure 2.5: LUMO molecular orbitals for intermediate 1 and 2. 

2.3 SUMMARY: 

Oxidative dearomatization reactions with environmentally benign conditions have been 

targeted for carbon-nitrogen/oxygen/sulfur spiro-cyclization using hypervalent iodine reagent. 

Various types of phenolic and non-phenolic derivatives have been examined under oxidative 

dearomatizing reactions. The tandem oxidative amination dearomatizing spirocyclization of 

guanidine derivatives was successfully carried out via C-N bond formation for the corresponding 

spiro products. Oxidative dearomatization reactions of nonphenolic thiourea derivatives produces 

benzothiazole derivatives which serve as a novel synthetic methodology for this intriguing ring 

system.  

 

Int.1 LUMO E (-1.612 eV) 
Int.2 LUMO E (-3.277 eV) 
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ABSTRACT 

Oxidative dearomatization (OD) reactions using stabilized nitrenium ions have been 

studied extensively for urea and guanidine containing anisole moieties. Interestingly, di-

substituted urea derivatives do not follow the oxidative dearomatization pathways but undergo 

nucleophilic attack by the fluorinated alcohol solvent. Meanwhile, tri-substituted urea derivatives 

follow the expected spiro-cyclization pathway, resulting in formation of spiro imidazolinones in 

good to excellent yield. Subjecting a di-Boc guanidine derivative to OD reaction resulted in Boc 

deprotection of the starting material and formation of the dearomatized spiro product as a minor 

product. Simple electrochemical oxidation conditions have been found to largely circumvent all 

the encountered issues that we observed using regular oxidative dearomatization conditions via 

hypervalent iodine oxidations.         

3.1 INTRODUCTION  

Nitrenium ions are considered an important synthetic intermediate due to their diverse and 

unique reactivity that provide an entry to array of heterocyclic compounds. The first generation of 

nitrenium ion was detected by Haque’s group in 1965 using a silver salt with N-chloroamines or 

N-chloroamides.1 Currently, hypervalent iodine reagents are extensively used for generation of 

these very reactive species as they avoid the intermediacy of N-chloro derivatives.2 The secret 

behind utilizing these types of ions in several synthetic transformation is extending the stability of 

the positive charge on nitrogen atom due to the existence of a vacant p-orbital.3,4 Thus, most of the 

reported derivatives are aryl amines in which the aromatic ring will participate by localization of 

electron density via resonance structure to form carbenium ions or N-alkoxyamines/N-alkoxy 

acetamides leading to alkoxy nitrenium ions stabilized by the neighboring electron donating 

heteroatom (oxygen) (Figure 3.1).5–14 Thus these formed nitrenium ions can undergo two different 

processes, either electrophilic attack or radical reactions based on the corresponding electronic 
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structures. There are two possible electronic structures formed from the nitrogen atom with six 

valence electrons which are the singlet and triplet electronic forms.3,4 

 

 

Figure 3.1: Nitrenium ion stabilized by resonance of aryl group (a) and alkoxy group (b). 

The formation of these reactive acyl nitrenium intermediates has been utilized in total synthesis of 

complex structure including (+)-kishi lactam, (-)-dysibetaine, and (-)-swainsonine (Figure 3.2).14–

19  

 

Figure 3.2: Nitrenium ion formation as a key step in natural products’ syntheses. 

In this chapter, N-alkoxy-N-acetamido nitrenium ion formation is targeted for spiro 

azacyclization of specific urea and guanidine derivatives. The reactive iodine(III) reagents have 

been extensively used and the application of the electrochemical oxidation conditions for 

nitrenium ion formation has been tested to provide an alternative approach when conventional 

hypervalent iodine induced dearomatization fails.   
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3.2 RESULT AND DISCUSSION: 

3.2.1 IBDA mediated OD reactions  

One of the factors that has driven the idea of targeting nitrenium ion formation is improving 

the yield of the synthesized spiro products. The motivation behind this research is to evaluate 

guanidine derivatives in which the NHR group is substituted with an alkoxy group. Therefore, the 

nitrenium ion formed will be stabilized by a lone pair of the neighboring oxygen. Thus, initially 

we have started investigating this chemistry with urea derivatives due to ease of accessibility to 

such urea derivatives compared to thiourea and guanidine analogues. Formation of the targeted 

urea derivatives has been achieved by a carbonylation reaction of phenolic/anisolic amines and 

alkoxy hydroxy amines with 1, 1'-carbonyldiimidazole (9) (CDI) as a source of the carbonyl group. 

The initial trials were carried out by formation of carbamate of (4-methoxyphenyl) methanamine 

(10) with CDI, then followed by addition of alkoxy hydroxy amine in one-pot reaction. 

Surprisingly, this pathway did not work out and carbamate 11 was isolated as a major product 

instead of targeted urea 12 (Scheme 3.1). Therefore, switching the order of reagent addition was 

performed by treating CDI first with methyl hydroxy amine in presence of TEA in DCM then 

followed by addition of 10 (PMBNH2), providing targeted urea derivative 12 in an excellent yield 

(Scheme 3.2).  
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Scheme 3.1: Carbonylation reactions toward synthesis urea 12. 

 

Scheme 3.2: Synthesis targeted 1-(alkyloxy)-3-(4-methoxybenzyl) urea 12 and 13. 

Subjecting the urea to oxidative dearomatizing reaction afforded the product from 

nucleophilic substitution reaction, urethane derivative 14 (supported by X-ray, Scheme 3.3) 

instead of the dearomatized spiro product.  
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Scheme 3.3: Nucleophilic attack of HFIP with N-alkyloxy urea derivatives. 

Application of the same conditions with urea 13 produced a similar urethane derivative 14. 

Therefore, screening different conditions were carried out using acetonitrile as a solvent instead of 

hexafluoroisopropanol (HFIP). Hypervalent iodine reagent was synthesized in-situ using 1.5 

equivalent of m-chloroperoxybenzoic acid (mCPBA), 5 mol% iodotoluene and in presence of TFA 

in DCM at rt. Unfortunately, all these experiments were unsuccessful (Scheme 3.3). Blocking that 

side of urea scaffold by substituting the nitrogen with another group might be a successful 

approach as this would increase the reactive rotamer population.  Thus, we prepared trisubstituted 

urea from secondary amines instead of using primary amines.  

Synthesis of secondary amines was performed by protecting (4-methoxyphenyl) 

methylamine (10) with benzyl chloride derivatives. The protection with deactivated benzyl 

chloride 15 was performed with isolating desired secondary amine 16 in an excellent yield. The 

use of benzyl chloride 17 afforded tertiary amine 19 as a major product and the desired secondary 

amine 18 was isolated with low yield (14%) but sufficient to establish the viability of the 
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cyclization (Scheme 3.4a). Protection with activated benzyl chloride did not work under the same 

conditions, so reductive amination conditions were performed using 4-methoxy benzaldehyde (20) 

followed by NaBH4 addition to yield secondary amine 21 in an excellent yield. The targeted tri-

substituted ureas 22-24 were synthesized using the previously described carbonylation chemistry 

using CDI (Scheme 3.5).  

 

 

Scheme 3.4: Synthesis targeted secondary amines 16, 18 and 21. 
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Scheme 3.5: Synthesis of trisubstituted urea derivatives 22-24. 

Ureas 22-24 underwent dearomatization reaction producing the desired spiro imidazolines in good 

to excellent yields. The structure was confirmed with X-ray for nitro derivative as an example 

(Scheme 3.6). The yield of the anisole analogue 26 improved by increasing the number of 

equivalents of IBDA from 1.5 to 2.0 molar equivalent.  
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Scheme 3.6: OD reactions of trisubstituted ureas mediated by N-methoxy nitrenium ion 

generation. 

 

Moving forward we wished to establish the viability of N-methoxy thioureas, however the 

synthesis of these analogues using the same chemistry with thiocarbodiimidazole 28 was not 

straightforward. Multiple attempts toward the synthesis of thiourea derivatives were unsuccessful. 

This lack of success might be attributed to the instability of the intermediates derived from di(1H-

imidazol-1-yl) methanethione (TCDI) (28) (Scheme 3.7). Treating TCDI (28) with methoxy amine 
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in presence of TEA in DCM at 50 ̊C following the developed methodology for urea derivatives 

resulted in isolating an insoluble TEA salt. Switching to benzyloxy amine in diethyl ether at rt did 

not yield the desired corresponding thiocarbamate, while changing the solvent to DCM for 3 hours 

at rt resulted in isolating desired thiocarbamate 29. The reaction of the latter with the previously 

synthesized secondary amine 21 produced multiple unidentified products. The reaction of primary 

amines with TCDI (28), which is the reverse addition of thiocarbonylation reaction, was performed 

to isolate the corresponding isothiocyanate 30 using chloroform as a solvent at 0 ̊C. This reaction 

delivered a low yield of the desired product 30. Reaction optimization conditions were not 

successful in improving the isolated yield. Therefore, the reaction was repeated using ethyl acetate 

as a solvent and heating the reaction mixture at 50 ̊C for 30 minutes, producing the isothiocyanate 

30 in an excellent yield. The reaction of 30 with alkoxy hydroxy amines was performed using 

different conditions but failed to produce the desired substrates. 
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Scheme 3.7: Attempts toward synthesis trisubstituted thioureas using TCD.
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Reaction of TCDI with secondary amine was performed and successfully afforded the 

desired thiocarbamate 31 which was not stable at rt nor at -10 ̊C. The freshly prepared 

thiocarbamate 31 was treated with an alkoxy amine and/or primary amine but no reaction took 

place using different reaction conditions as shown in Scheme 3.7.  The initial plan behind the 

synthesis of the urea and thiourea derivatives was to convert them into the corresponding guanidine 

derivatives due to easy synthesis of these derivatives, evaluation of nitrenium ion formation for 

OD reactions, and the corresponding yields. Since thiourea synthesis was not successful, a 

different synthetic pathway for guanidines bearing an N-alkoxy protected group was designed. 

Mitsunobu reaction of (4-methoxyphenyl)methanol (32) with 1,3-diBOC-2-methylisothiourea 

(33) was performed in presence of triphenylphosphine and diisopropyl azodicarboxylate (DIAD)  

to afford the corresponding isothiourea 34. The guanidine precursor 34 was treated with methoxy 

amine and benzyloxy amine in the presence of mercury(II) for desulfurization, producing the 

desired guanidine derivative 35 and 36 respectively (Scheme 3.8).  

 

Scheme 3.8: Synthesis of targeted guanidine derivatives (85) and (86) using Mitsunobu reaction. 
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Developing conditions for oxidative dearomatizing spirocyclization reaction of the 

synthesized guanidine 35 is an important step to test the applicability of such reaction conditions 

with our planned approach to the core structure of the natural product KB343. The initial result of 

OD produced the spiro targeted product 37 and the unprotected guanidine starting material 38 

(Scheme 3.9). Table 1 shows the corresponding yields for different conditions that changed 

including the solvent, temperature, and oxidizing agent to avoid the deprotection and enhance the 

yield. Interestingly, using acetonitrile (entry 8) as a solvent, 3.0 equiv of IBDA and heating the 

reaction mixture in a sealed tube at 100 ℃ afforded a different product 39 (35%, same Rf as 37) 

and the X-ray confirmed the structure as shown in Figure 3. 

 

Scheme 3.9: OD reactions of the synthesized guanidine 35. 

The bond length of C-N double bond is shorter than C-N single bond, therefore studying 

the C-N bond length has been confirmed the hydrogen attached to acetamide group not to alkoxy 

amine group (Figure 3.3). Presumably, the acetylated guanidine 39 formed due to a pathway 

involving the thermal BOC deprotection and IBDA serving as an acylating agent.   
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Figure 3.3: New guanidine derivatives 39 derived from thermal Boc deprotection of guanidine 35. 

Table 3.1: Optimization dearomatization spirocyclization reaction of guanidine 37. 

Entry Solvent 

 (0.1 M) 

No. of equiv 

(Oxidant) 

Additives  Temp. Time  37(%)a 38 (%) a 

1 HFIP 1.5 (IBDA) Cs2CO3 rt ON 30 60 

2 HFIP 2.0 (IBDA) Cs2CO3 rt 4 h 31 65 

3 HFIP 0.0 (IBDA) Cs2CO3 rt 5 days 0.0b 0.0b 

4 TFE 1.5 (IBDA) Cs2CO3 rt 4 h 20 52 

5 ACN 1.5 (IBDA) Cs2CO3 rt 2 days 0.0b 0.0b 

6 ACN 1.5 (IBDA) Cs2CO3 80 ℃ 3 days Tracesb 0.0b 

7 ACN 2.5 (IBDA) Cs2CO3 80 ℃ 3 days Tracesb 0.0b 

8 ACN 3.0 (IBDA) Cs2CO3 100 ℃  2 days 0.0 0.0  

9 HFIP/ACN 1.5 (IBDA) Cs2CO3 rt 2 days 14 44 

10 THF 1.5 (IBDA) Cs2CO3 rt – 60 ℃ 3 days 0.0b 0.0b 

11 HFIP 0.0 (IBDA) Cs2CO3 Rt ON 0.0b 0.0b 

12 HFIP 10% (IBDA) Cs2CO3 rt 2 days Tracesb Tracesb 

13 HFIP 1.5 (HTIP) Cs2CO3 rt ON 36 49 

14 HFIP 2.0 (IBDA) No Base rt ON 14 52 

17 HFIP 2.0 (IBDA) Cs2CO3 0 ℃ 5 h   32  69 

18 HFIP  

(0.05 M) 

2.0 (IBDA) Cs2CO3 rt ON 25 51 

aIsolated yields after flash column chromatography, breactions were monitored by TLC. 

A study has recently shown that photochemical conditions induce dearomatization of 

phenolic derivatives by irradiation of the reaction mixture with a 5 W blue LED and using 

acetoxybenziodoxole (BI-OAc) as an oxidant and in the presence of 2.0 mol% of 

39 (35%) 
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Ru(bpy)3Cl2·6H2O as a photocatalyst. Therefore, we had tried the same conditions with the 

guanidine substrate 35. Unfortunately, using the 5 W blue LED and laboratory photoreactor as a 

source for irradiation did not help to initiate the reaction (Table 3.2, Entry 2-4). In addition to that, 

using ruthenium catalyst as an additive with IBDA lowered the yield of the two isolated products 

(Table 3.2, Entry 5). Subjecting the reaction mixture without a photocatalyst to the blue light 

lowered the isolated yields (Table 3.2, Entry 6) compared to the standard conditions using HFIP 

as a solvent, BIDA as an oxidant, and Cs2CO3 as a base (Table 3.2, Entry 1). 

Table 3.2: Photochemical Oxidative Conditions. 

Entry Solvent No. of equiv 

(Oxidant) 

Additives  Temp. Time  87 (%)a 88 (%) a 

1 HFIP 

 (0.1 M) 

1.5 (IBDA) Cs2CO3 rt ON 30 60 

2 ACN 

(0.06M) 

1.1 (BI-

OAc) 

Ru-bpy/ Blue 

light 

rt 2 days 0.0 b 0.0 b 

3 ACN 

(0.06M) 

1.1 (BI-

OAc) 

Ru-bpy/ Blue 

light 

rt ON 0.0 b 0.0 b 

4 ACN 

(0.06M) 

1.1 (BI-

OAc) 

Ru-bpy/ 

photoreactor 

rt ON 0.0b 0.0b 

5 HFIP 

 (0.1 M) 

1.5 (IBDA) 1% Rubpyl rt ON 14 42 

6 HFIP  

(0.1 M) 

2.0 (IBDA) 1.2 Cs2CO3, 

Blue light  

rt 2 days  23 48 

a Isolated yields by flash column chromatography, b Based on TLC analysis. 
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3.2.2 Developing an anodic oxidative dearomatization reactions: 

Electroorganic synthesis offers a powerful approach for green synthetic methodologies, 

tackling many challenges associated with traditional synthetic chemistry. Various organic-

electrochemical reactions have been discovered to provide number of synthetic transformations 

including carbon-carbon and carbon-heteroatom bond formations.20 Especially after the great 

discovery of Kolbe electrolysis and reductive dimerization acrylonitrile, researchers have initiated 

electro-synthetic studies extensively to discover novel methods in synthetic chemistry.21 Phenolic 

electrooxidation reactions furnish various types of carbon-carbon/heteroatom transformations 

which are widely utilized to obtain functionalized molecules and complex natural products. Most 

anodic phenolic oxidation reactions are performed in an environmentally friendly and atom 

economical condition. Phenols undergo two different electron transfer processes including single 

electron transfer reactions, producing phenolic dimerization. The Waldvogel group has studied 

anodic oxidative phenolic coupling reactions extensively and developed an electrochemical 

method for phenolic derivative 40 coupling with electron rich arenes 41a-c (Scheme 3.10).22–24  
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Scheme 3.10: Electrochemical phenol-aryl cross coupling by the Waldvogel group. 
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The solvent and electrodes choices were crucial in this process and a combination of the 

mixed solvent was important. Addition of methanol to HFIP was considered as a base to form 

hydrogen bonding with phenol derivatives and thus lowering the corresponding oxidative 

potential.23 However, anodic oxidation of mono-halogenated phenols leads mainly to C-C coupled 

products (Scheme 3.11).25 The Nishiyama group has successfully isolated the C-O coupling biaryl 

products by subjecting 2,5-dihalo phenol derivatives to anodic oxidation followed by cathodic 

reduction by C-X cleavage bond as shown in scheme 3.12.  

 

 

Scheme 3.11: C-C biaryl coupling via electrochemical oxidation of mono-halogenated phenols. 
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Scheme 3.12: Electrooxidative dimerization of otho-dihalo phenols. 

The Nishiyama group utilized this electrochemical methodology to successfully synthesize 

O-methylthalibrine 56, verbenachalcone 57 and isodityrosine 58 (Figure 3.4).26–28  

 

Figure 3.4: Synthesis of O-methylthalibrine, verbenachalcone and isodityrosine via 

electrochemical reactions. 

In addition to phenolic cross-coupling mediated by single electron transfer mechanism, 

phenols undergo double electron transfer reactions, forming a phenonium cation which is attacked 

by surrounding nucleophiles for intra and/or intermolecular C-X bond formations. The two-

electron phenolic oxidation yields a highly reactive spirodienone product which has been used in 
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syntheses targeting several natural products as a key step reaction via intramolecular nucleophilic 

attack. For example, after electrochemical phenonium cation formation, the spirodienone 

intermediate 61 underwent ring expansion which ultimately furnishes heliannuol E natural product 

(Scheme 3.13).28,29 Moreover, electrochemically generated cyclohexanedienone cation species are 

strong electrophiles for intermolecular [3+2] cycloaddition reactions in presence of electron rich 

alkene derivatives (Scheme 3.14).30–32  

 

Scheme 3.13: Electrochemical synthesis of heliannuol E (62). 
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Scheme 3.14: [3+2] cycloaddition reactions mediated by electrooxidations of phenols and 

naphthols. 

 

3.2.3 Nitrenium ion formation via electrochemical oxidation reactions: 

 

Electrochemical nitrenium ion formation is an interesting area of research due to 

applications resulting in the easy construction of the corresponding cyclic scaffold found in 

number of natural products. Electrochemical oxidation has been utilized for the in-situ generation 

of hypervalent iodine reagents which are necessary for the nitrenium ion formation.22,33–36 Thus, 

the combination of electrochemical conditions and hypervalent iodine reagents facilitates the 

nitrenium ions formation with minimizing the formation of unfavorable and unidentified 

byproducts.37,38 Direct oxidation presumably yields number of different radical and radical cation 

intermediates which undergo (self) coupling reactions or reaction with the solvent, yielding 

multiple components.39,40 Reported studies showed that the incorporation of  NH(alkyl), 

NH(alkoxy) or NH(COR) substituents to amino derivatives would increase the stability of the 

formed positive charge and decrease the electrical potential required for oxidative 

cyclization/coupling reactions.38–40 For example, the synthesis of 
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tetrahydropyrroloimidinoquinone alkaloids (73 and 74) and glycozoline (77) had been achieved 

by electrochemical  C-N transformation of anisolic compounds containing N-methoxy amine and 

N-acetyl aryl derivatives mediated by electrochemical generation of hypervalent iodine (PIFA) 

reagent (scheme 3.15).34,36   

 

Scheme 3.15: PIFA electrochemical formation mediated the synthesis of 

tetrahydropyrroloiminoquinone alkaloids (73 and 74) and glycozoline (77). 

 

Nishiyama’s group has studied oxidative cyclization reactions of N-methoxy amide 

derivatives utilizing different oxidation conditions including direct anodic oxidation using carbon 

as an anode and platinum as a cathode under constant current electrolysis conditions (CCE), 
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traditional oxidation conditions with PIFA, and (in-situ) electrochemical pre-oxidation of PIFA 

conditions.35  It was found that using electrochemical pre-oxidized PIFA improves the yields 

dramatically compared to direct anodic oxidation and regular PIFA oxidations (Scheme 3.16). 

On the other hand, Zhang and Lei groups have developed iodine-free direct electrochemical 

oxidation conditions inducing spirocyclization of non-phenolic amines and carboxylic acid 

(Scheme 3.17).39  

 

Scheme 3.16: Oxidative cyclization reactions of methoxy amides 2 using different oxidative 

conditions. 

 

Scheme 3.17: Oxidative dearomatization reactions for nonphenolic carboxylic derivatives. 
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RESULT AND DISCUSSION: 

Failure to isolate good yield of the targeted spiro derivatives derived from the synthesized 

guanidine 35 has encouraged us to test the anodic oxidative conditions. However, all the reported 

anodic methods for arene oxidations containing amines or amides utilized electrochemically pre-

oxidized PIFA. Iodine free anodic conditions were of interest to be tested with the nitrogen rich 

compound 35. Therefore, an undivided electrochemical cell was used with Pt rods as cathode and 

anode. Tetrabutyl ammonium acetate was utilized as an electrolyte to facilitate electron motion in 

methanol as a solvent. Constant current and voltage were utilized to optimize the best conditions 

for iodine-free anodic oxidation reactions (Table 3.3). Interestingly, rather than the desired spiro 

cyclohexadienone 36, the dimethyl ketal 82 was detected as the major product in good yield. 

Different conditions were evaluated to isolate the targeted spiro guanidine product as a major 

product. Meanwhile, the ketal product could be converted into the corresponding spiro 

cyclohexadieneone product in the deuterated chloroform. As shown in table 3.3, most attempts 

were not successful compared to entries 1 and 2. Surprisingly, using a mixture of methanol and 

hydrochloric (10%) aqueous solution as a solvent resulted in isolation of a new product. This new 

product was identified as the chlorinated guanidine starting material 83 (Scheme 3.18) which was 

confirmed by mass spectrometry and 2D 1HNMR spectroscopy techniques.   A mixture of methanol 

and water resulted in formation of the desired cyclohexadienone product (10%) which might be 

isolated by further treating the ketal with acidic solutions. Interestingly, addition of IBDA to 

electrochemical conditions (entry 9) resulted in isolation of the desired spiro cyclohexadieneone 

36 in a moderate yield. Optimization of the number of molar equivalents of IBDA, electrolyte, and 

the solvent is planned to be studied to improve the yield of the targeted dearomatized products.  
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Scheme 3.18: Chlorinated guanidine 83. 

Table 3.3: Anodic iodine-free oxidation reactions for guanidine cyclization 

 

Entry Solvent 

 (0.1 M) 

Current  

(I (mA))a 

Additives 

 (1.0 equiv) 

Time  37 (%)c 82 (%)c 

1 MeOH (Dry) 20.0 (CC) tBuNOAc 3h 0.0 60 

2 MeOH (Dry) 20.0 (CC) tBuNOAc 3h 0.0 60 

3 MeOH 20.0 (CC) tBuNOAc 3h 0.0 67 

4 MeOH/H2O 

(1.5:1) 

15-19  

(CV ~28.3v) 

tBuNOAc  8h 10 0.0 

5 MeOH  10 (CC),  

then 20 (CC) 

LiO4Cl 3h Traces Traces 

6 MeOH  10 (CC),  

then 20 (CC) 

tBuNOAcb& 

 LiO4Cl 

1h  Traces Traces 

7 5% 

NaOH/MeOH 

10 (CC), 

 then 20 (CC) 

tBuNOAc 5h Traces Traces 

8 MeOH/(10% 

aq.) HCl (4:1) 

20.0 (CC) 

 & 4.5 V 

tBuNOAc 2h 0.0 0.0 

9 MeOH 10 (cc) tBuNOAc & 

1.0 equiv IBDA  

1h 30 0.0 

a) CC is abbreviated for constant current and CV for constant voltage. For entry 6 and 7, 10 

mA current was used first then after 1 h the current increased to 20 mA.  

b) 0.2 equiv of tBuNOAc was used and 1.0 equiv of LiO4Cl. 

c) The traces detected yields are based on TLC observations while the 60%, 67% and 0.0% 

are based on chromatographical purification.  
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  With success of anodic guanidine cyclization, it was worthwhile to evaluate these 

developed conditions with the urea and thiourea derivatives which are previously subjected to 

IBDA direct oxidation conditions and resulted in isolating off-target products. Subjecting N-

methoxy urea derivative 12 to IBDA oxidations did not produce the desired dearomatized product 

but rather yielded the carbamate product 14. In addition to N-methoxy urea 12, anisolic thiourea 

derivatives (Chapter 2.6a-e) yielded benzo fused systems instead of dearomatized spiro 

cyclohexadieneones under IBDA direct oxidation reactions. Therefore, it was of interest to subject 

these derivatives to electrochemical conditions. The reaction of N-methoxy urea derivative 12 

under electrochemical conditions using tetrabutylammonium acetate as an electrolyte in methanol 

at room temperature resulted in a complex mixture of products. Therefore, the electrochemical 

generation of hypervalent iodine reagents was attempted using iodobenzene with fluorinated 

solvent and the application of a constant current. The first attempt involved adding the reaction 

components altogether at the same time resulting in long reaction time (5 h) and isolating the 

previously obtained carbamate 14 (62%) (Scheme 3.19). Based on literature data, electrochemical 

conditions are targeted for iodine pre-oxidation, thus iodobenzene was added in trifluoroethanol 

in presence of an electrolyte and subjected to a constant current electrolysis for 1h. Then N-

methoxy urea derivative 12 was added and after 15 minutes it was completely consumed and 

converted into a new product based on TLC analysis. 
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Scheme 3.19: Electrochemical oxidation attempts for N-methoxy urea 12. 

However, the product of this stepwise addition of the reaction components was not the 

desired product but rather the corresponding carbamate product 84 (Scheme 3.19). The idea of 

readymade hypervalent iodine addition has been applied to this substrate, resulting in a new 

product with same functional groups indicating no dearomatization of the anisolic ring and no loss 

of the NOMe. Similar observation was made with addition of NaI as a source for iodine. Moreover, 

anisolic thiourea derivatives were subjected to electrochemical conditions, resulting in the 

detection of a mixture of the two possible spiro systems (Scheme 3.20). The outcomes of these 

conditions are still under investigation, giving hope for tackling the issue associated to the 

conventional IBDA condition. 



 

72 

 

 

Scheme 3.20: Under optimization anodic oxidation conditions for the previously synthesized 

derivatives. 

3.3 SUMMARY: 

In conclusion, research described in the current chapter investigated the possibility of 

oxidative dearomatization reactions on non-phenolic urea and guanidine derivatives, targeting 

stabilized nitrenium ion formation. We found that alkoxy group stabilizes the formation of 

nitrenium ions more than the aryl stabilization based on our previous work (Chapter two). The 

scope and limitations of OD reactions of urea derivatives have been defined due to unsuccessful 

OD reactions on N,N'-disubstituted urea derivatives in fluorinated solvents. As a result, this is 

limiting OD reactions for this specific class of ureas (trisubstituted urea derivatives). The presence 

of BnNH free group stabilizes the carbonyl group and facilitates the removal of ammonium cation 

formed with NHOMe group. The rationale behind targeting nitrenium ion formation mediated the 

dearomatization spirocyclization mechanism is the low yield and weak selectivity of the previously 

studied N-aryl thio/urea derivatives and guanidines protected with carbonyl groups. Therefore, N-

alkoxy anisolic guanidine derivatives have been subjected to OD reactions and resulted in isolation 

of the targeted spiro cyclohexandienone products and the deprotected starting guanidine. Thus, 

anodic oxidation conditions have been developed to solve most of these issues associated to the 

conventional hypervalent iodine reagent including the limitation for trisubstituted urea derivatives 

and deprotection of Boc protected guanidines. The electrochemical oxidation of guanidines 

yielded the dearomatized product as a main target for developing this simple electrochemical 
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reaction. Moreover, we found that fresh electrochemical oxidation of iodine reagent to the 

corresponding hypervalent iodine derivatives did not afford the desired outcomes as it is reported 

in the literature. While the addition of readymade hypervalent iodine reagent has shown a different 

impact on the dearomatization of urea and thiourea derivatives which is required further 

investigations.  
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ABSTRACT 

An investigation of oxidative dearomatization approaches to construct frameworks related 

to KB343 has been performed. Applications of OD conditions for the synthesized tri-substituted 

ureas yielded hydantoin structures instead of the desired dearomatized product. Thus, a novel 

methodology of hydantoin ring system has been explored through one-pot three component 

reactions. Similar observations have been made for di-substituted ureas subjected to OD conditions 

by isolating the corresponding urethane products. Attempts towards synthesizing the core structure 

of KB343 have being performed using the commercially available p-phenyl glycine amino acid. 

The basicity effect of Grignard reagent derived from (2-bromoallyl)trimethylsilane results in 

reduction of the aldehyde rather the desired alkylation reactions. An alternative pathway towards 

synthesis the core structure of KB343 is ongoing.    

4.1 INTRODUCTION:  

4.1.1 CHEMISTRY AND BIOACTIVITY OF KB343 NATURAL PRODUCT  

Marine alkaloids have been isolated from various marine organisms such as zoantharians, which 

are considered a rich source for variety of cyclized guanidine natural products.1,2 KB343, a tris 

guanidine has been added to the count of cyclic guanidine natural products in 2018, after its 

isolation from Epizoanthus illoricatus by Sakai’s group.3 The intriguing chemical structure of the 

cyclic guanidine alkaloids and their broad range biological activities attract a plethora of organic 

chemists. KB343 structure is tris cyclic guanidine attached to a decalin ring system containing five 

contiguous chiral carbons (Figure 4.1). The Sakai lab had tested the aqueous extract of a Palauan 

zoantharian by direct injection into the cerebrospinal fluid of mice which resulted in convulsions 

and the death of the animals a few days after. Thus, the observed biological activity directed the 

group to the isolation of KB343.  Attempts to convert the isolated material into different derivatives 

were performed by treating KB343 with 2,4- pentanedione to isolate the mono, bis, and tris 
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pyrimidine derivatives. The group tested their anti-proliferative activity against neuronal (SH-

SY5Y), cervical (HeLa), and murine leukemia (L1210) cell lines. Interestingly, the tested 

compound showed moderate cytotoxicity against the cell lines. The mono-pyrimidine derivative 

(2) (IC50 = 0.38 µM) was more active than KB343 (IC50 = 1.96 µM) against L1210 cell line. 

Therefore, in addition to the unique chemical structure, the synthesis of KB343 natural product is 

highly considered as a medicinal target to discover new anti-proliferative compounds related to its 

interesting chemical structure.     

 

Figure 4.1: KB343 chemical structure. 

4.1.2 RETROSYNTHETIC SCHEME TOWARDS SYNTHESIS KB343 VIA TOADS AS A 

KEY STEP REACTION 

The motivation behind elaborating the oxidative dearomatization reactions is to construct 

a complicated natural product via carbon-heteroatom bond formation in which two or three ring 

systems will fuse together to form the targeted structure. The KB343 decalin core structure (5) is 

targeted to be synthesized via establishing rings B, C, and D (Figure 3.1) via oxidative 

dearomatization as a key step reaction. As shown in scheme 3.1, the designed retrosynthetic 

scheme towards KB343 (1) starts with commercially available chiral p-hydroxyphenyl glycine (7). 

Different methodologies toward the construction of the three cyclic guanidine (Figure 3.1 (rings 

A, D, and E)) will be employed. Therefore, we envisioned that the KB343 skeleton would be 

synthesized from bis-cyclic guanidine 3 by a guanidinyation of 1,2-diamine to construct guanidine 

ring A and global BOC deprotection. The guanidine 3 could be prepared by oxidative 
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guanidinyation of decline 4 to construct ring E. The di-guanidine decline 4 could be prepared by 

[3,3]-sigmatropic rearrangement of allylic cyanate derived from decline 5 after reduction of 

carbonyl group and reaction with cyanogen bromide. The decalin fused guanidine 5 might be 

synthesized via OD key reaction from guanidine intermediate 6 which may be isolated from the 

commercially available amino acid (7) after eight steps including Grignard and guanylation 

reactions. Attempts toward synthesis the KB343 core scaffold (5) and related analogues are 

discussed in the present chapter. 

 

Scheme 4.1: Retrosynthetic approach towards synthesis KB343 (1). 

4.2 RESULTS AND DISCUSSION  

4.2.1 Attempts towards synthesis urea derivatives 

Initially, we have started to synthesize urea and thiourea derivatives related to the KB343 

core structure before working on the designed guanidine 6. Therefore, 4-hydroxyphenyl glycine 

was subjected to benzoyl protection, methylation using dimethyl sulfate, then reduction with 

LiAlH4, and followed by protection of the resulting alcohol with benzyl group (Scheme 4.2).4 

Unfortunately, the protected benzoyl group was not successfully removed from benzamide 11 
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using different hydrolysis conditions (Table 4.1) and attempts to reduce the benzyl group did not 

work out with this substrate.  

 

Scheme 4.2: Synthesis of the protected amino alcohol (11). 

Therefore, we switched to the Boc protection approach and followed the same synthetic 

pathway as shown in Scheme 2 to isolate the protected amino alcohol 14 in good yield (Scheme 

4.3). The protection of alcohol 14 with benzyl group did not help in alkylation of N-Boc secondary 

amine using different conditions (Scheme 4.4).  
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Scheme 4.3. Synthesis N-Boc amino alcohol (14). 

 

 

Scheme 4.4: Unsuccessful N-alkylation attempts using benzyl protected alcohol (17). 
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Table 1: Attempts for reduction and hydrolysis of benzamide (11). 

 

 Reduction and hydrolysis Conditions for 

Benzamide (11) 

Result 

1 LiAlH4, THF NR* 

2 LiAlH4, TMSCl, THF, 0 ℃ - rt NR* 

3 i) Tf2O (1.05 equiv.), DCM, 2-FPyr (1.1 equiv.), -

78 ℃, 0 ℃ 

ii) Et3SiH (1.1 equiv.), 0 ℃, rt, 5 h  

iii) HEH (1.4 equiv.), rt, 12h                     

 

No SM remained but product 

was not identified by NMR 

spectroscopy 

4 20%KOH, reflux NR* 

5 HCl, reflux NR* 

*. No Reaction (NR) occurred based on the TLC analysis.  

Thus, silyl protection of the alcohol was successfully achieved to facilitate the alkylation 

of the secondary amine using benzylation conditions (Scheme 4.5). Removal of the Boc group 

under acidic conditions was targeted to synthesize the designed tri-substituted urea 21 via isolation 

of secondary amine 20. Since the t-butyl dimethyl silyl chloride (TBDMS) is a sensitive group to 

acidic conditions, it was removed also while subjecting the N-Boc protected amine 19 to Boc 

removal using TFA in dichloromethane. Based on the reactivity of the protecting silyl groups, the 

t-butyl diphenyl silyl group (TBDPS) is less reactive/sensitive under acidic conditions compared 

to TBDMS. Therefore, t-butyl diphenyl silyl chloride (TBDPSCl) was used instead of TBDMSCl 

for the protection step, but unfortunately it was resulting in a very low yield of silyl protected 

alcohol and thus was not pursued further.   
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Scheme 4.5: Unselective deprotection of TBDMS group while removing Boc group. 

Attempts toward synthesizing targeted tri-substituted urea derivatives from the protected amino 

alcohol were unsuccessful, thus N,N'-disubstituted urea derivatives were proposed to be synthesize 

from free amine 23. 1-(2-(Benzyloxy)-1-(4-methoxyphenyl)ethyl)-3-methoxyurea (24) was 

synthesized from carbonylation reaction of 1,1'-Carbonyldiimidazole (CDI) and methyl hydroxy 

amine hydrochloride, then it was subjected to oxidative dearomatization (OD) condition reaction 

using IBDA and in the presence of Ce2CO3. Similar observations were made by isolating the 

corresponding urethane product 25 resulting from nucleophilic attack of hexafluoroisopropanol 

(Scheme 4.6).   
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Scheme 4.6: OD conditions for the di-substituted urea (24) resulted in isolating the 

corresponding urethane product (25). 

 

4.2.2 Isolation of novel hydantoin derivatives instead of targeted urea derivatives 

Hydantoins are cyclized ureides of α-amino acids which are an important family of 

heterocyclic compounds. A five membered ring containing two nitrogen atoms and two carbonyl 

groups. The first discovery and synthesis of hydantoin derivatives was allantoin (26) by Adolf 

Bayer in 1861 (Figure 4.2), since that time researchers have investigated synthetic approaches to 

various derivatives of hydantoin.5–9 Therefore, this cyclic ureides have been found in number of 

natural products (Figure 4.2, (27)) with interesting synthetic pathways. For instance, the total 

synthesis of (±)-oxoaplysinopsin B (28) has been achieved recently via a cascade approach for 

synthesis of 5-(indol-3-yl)hydantoin (Scheme 4.7).10 Moreover, various privileged hydantoin 

structures exhibit different industrial applications. As an example, chiral 5-substituted hydantoins  

are broadly used as chiral auxiliaries, such as hydantoin (29) for enolate functionalization.11–14 

Also, a number of organic transformations are catalyzed by a hydantoin derivative, 1,3-dibromo-

5,5’-dimethylhydantoin (DBDMH) (30) (Figure 4.2), which is also utilized as a di-brominating 

reagent for α,β-unsaturated ketones or electron deficient alkenes.15,16 
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Figure 4.2: Important naturally and synthetic hydantoin derivatives (26-31). 

Aside from the chemical application of hydantoins, this class of molecules possesses interesting 

pharmaceutical potentials, treating various type of diseases due to their bioactivity. Phenytoin is 

an antiepileptic drug used for treating different types of seizures. The easy and short synthetic 

pathways to hydantoins makes the discovery of novel active derivatives still in high demanded by 

medicinal chemists.      
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Scheme 4.6: Short total synthesis of (±)-oxoaplysinopsin B (28) via cascade approach of 

hydantoin construction. 

  Classical hydantoin synthetic methods have been developed by Bucherer-Bergs, Biltz, 

Urech and Read research groups, involving carbonyl condensations followed by basic or acidic 

cyclization.17–20 All these classical conditions require harsh reaction conditions such as elevated 

high temperature or microwave conditions and toxic reagents such as commercially unavailable 

isocyanates, toxic cyanides and ammonium reagents.9 Thus, the demand for alternative approaches 

remains high. A recent study showed that hypervalent iodine reagents serve as nitrile group donor 

for functionalization of chiral amino acids in one step in the presence of dimethyl amino pyridine 

(DMAP) (Scheme 4.7a).5 In addition, amino amides and α-amino methyl ester derivatives, which 

are synthesized in several steps from amino acids, are utilized for hydantoin cyclization reactions 

(Scheme 4.7b and 4.7c).21–24 
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Scheme 4.7: Recent approaches toward constructions of hydantoin structures. 

4.2.3 Novel three component reactions for one-pot cascade hydantoin synthesis 

After unsuccessful attempts towards the synthesis of the targeted secondary amines using 

protected alcohols, our focus shifted to investigate the possibility of synthesizing secondary amines 

from amino ester derivatives. Thus, removal of Boc group from amino ester was followed by the 

protection of the primary amine using different conditions, but only one trial of many attempts of 

reductive amination reaction was successful. Then, the application of the carbonylation method 

using CDI and methyl hydroxy amine was performed with amino ester 41 in the presence of triethyl 

amine, but there is no success to isolate the desired urea derivative 43. Interestingly, discovery of 

novel three component reaction of hydantoin synthesis was achieved from the amino ester, 

resulting in isolation of hydantoin 42 (Scheme 4.8). To confirm the observed pathway, another 

amino ester was obtained by treating Boc amino acid 44 with iodomethane to switch benzyl 

protection with a simple methyl protection and to isolate less steric hindered amino ester. However, 

similar observations were made by isolating the corresponding hydantoin derivatives 47 (Scheme 
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4.9). This novel three component methodology might be a new route towards synthesis and 

discovery of novel hydantoin derivatives in which one of the two nitrogen atoms is substituted by 

alkoxy or hydroxy group. This developed method does not require harsh reaction conditions and 

various derivatives may be designed from this technique using two different amines with CDI in 

presence of triethyl amine at room temperature overnight.  

 

 

Scheme 4.8: Discovery of the three components cascade formation of hydantoin (42). 
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Scheme 4.9: Application of three components cascade formation of hydantoin (47) using 

different amino ester (46). 

 

 4.2.4 Attempts towards synthesis the core structure of KB343  

On the basis of previous success of Mitsunobu pathway for the previously synthesized 

guanidine (Chapter 2, Scheme 2.8), we have tried synthesizing a guanidine derivative related to 

the targeted KB343 guanidine precursor. Thus, synthesis of the styrene 50 was followed by a 

Sharpless asymmetric dihydroxylation to obtain the desired diol 51, then the protection of the 

primary alcohol with TBS group to generate the free secondary alcohol 53. Unfortunately, 

Mitsunobu reaction with the sterically hindered secondary alcohol did not work out under different 

conditions of using different solvent systems and different temperatures (Scheme 4.10).   
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Scheme 4.10: Unsuccessful attempts for Mitsunobu reaction with secondary alcohol (52). 

Due to the unsuccessful attempts to synthesize the targeted urea and guanidine derivatives, we 

have focused on the synthesis of the KB343 core structure. By revisiting Scheme 1, which 

represents our rational retrosynthetic scheme towards the core structure, we have transformed the 

commercial glycine amino acid (7) into Boc-protected amino alcohol 14 which is further oxidized 

into the corresponding aldehyde 54 using hypervalent iodine reagent (DMP or IBX). The freshly 

prepared (2-bromoallyl)trimethylsilane (55) in our lab, was treated with Mg tunings to generate 

the desired Grignard reagent, then reacted with the obtained aldehyde 54 to synthesize the desired 

alcohol 56 (Scheme 4.11). Unfortunately, until now we have not isolated alcohol 56 using different 

conditions ranging from room temperature reaction, heating to 70 ̊C and performing the reaction 

at low temperature -78 ̊C. Upon obtaining the alcohol 56, it will be treated with TBSCl then 

subjected to guanidinylation followed by cyclization using our chemistry. The ultimate step will 

be the key reaction in the total synthesis of KB343 which is OD-Sakurai cascade reaction utilizing 

allyl silyl group to stabilize β-cation formed in situ, then constructing the exo-cyclic alkene. Since 

the targeted Grignard reaction did not work, we had to test both the synthesized Grignard reagent 
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and aldehyde. Treating the generated Grignard reagent with benzaldehyde was performed as a 

control reaction and worked efficiently, confirming that the generation of the Grignard reagent 

was performed successfully. The synthesized aldehyde was treated with the commercially 

available vinyl magnesium bromide (58) which resulted in isolating the desired corresponding 

alcohol in 3:1 dr (Figures 4.3 and 4.4 explain the stereoselectivity behind the observed dr ratio 

based on Felkin-Anh and Cram chelate models). The resulting alcohol 59 was treated with TFA 

then with guanidine precursor (Chapter 2.33) to generate the targeted guanidine derivative 60 in a 

good yield. Then the plan is to protect the resulting alcohol with TBS group and subject the 

guanidine 61 to OD reaction.  

 

 

Scheme 4.11: Grignard reaction attempts with aldehyde (54) and proposed next steps towards 

the core structure KB343. 
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Scheme 4.12: Attempts toward synthesis the core structure of KB343 related structure (62). 
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Figure 4.3: Cram-chelate model explaining the transition state of nucleophilic addition of 

Grignard reagent. 

 



 

95 

 

 

Figure 4.4: Felkin-Anh model transition state for Grignard reaction corresponding to the major 

1,2-anti product. 

Based on the previous results, we have investigated the addition of cerium(III) to Grignard 

reagent to improve the addition of the (2-bromoallyl)trimethylsilane (55) to aldehyde 54. 

Interestingly, the addition of dry CeCl3 to the aldehyde 54 followed by Grignard reagent, derived 

from (2-bromoallyl)trimethylsilane 55, results in isolation of an undesired product. Based on the 

1H NMR spectroscopy, the loss of TMS and methylene groups was obvious, and the mass 

spectrometry showed a negative ion peak corresponding to M:M+2:M+4 with intensity 9:6:1 

which suggests two chlorine atoms in the product. Thus, the product may be similar to alcohol 63 
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and further investigations will be performed to confirm the exact structure. The reaction was 

repeated with adding CeCl3 to the Grignard reagent, and this mixture was introduced to the 

aldehyde, surprisingly resulting in reduction of the aldehyde to the corresponding alcohol (Scheme 

13). That confirms the strong basicity of the Grignard reagent derived from (2-

bromoallyl)trimethylsilane 55 which related to our previous unsuccessful attempts to synthesize 

the desired alcohol 56. That is presumably derived from the negative hyperconjugation effect of 

silyl group which stabilizes the corresponding six-membered transition state of hydrogen transfer 

reaction (Figure 5). Scheme 14 shows an alternative pathway to synthesize different aldehyde 66. 

In the current ongoing approach, we will utilize organolithium chemistry instead of Grignard 

chemistry for alkylating aldehyde 54 or 64. Also, we have an alternative plan to perform the OD 

reaction on guanidine 64 first then following the proposed scheme towards synthesis the core 

structure. 

 

Scheme 4.13: Cerium chloride mediated the addition of Grignard reagent to aldehyde 54. 
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Figure 4.5: Hyperconjugation and negative hyperconjugation patterns. 

 

Scheme 4.14: New approach towards synthesis the KB343 core structure. 
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4.3 SUMMARY: 

Attempts towards synthesizing the core framework of the KB343 natural product are 

described. The high basicity of the Grignard reagent leads to a negative hyperconjugation effect 

which stabilizes the transition state of reduction of aldehyde rather the alkylation process. New 

approaches are ongoing by constructing rings C and D of KB343 structure firstly via oxidative 

dearomatization reaction then it will be followed by Grignard reaction and Michael-type 

cyclization. Novel synthetic methodology for N-methoxy hydantoin construction is discovered 

using α-amino ester and 1,1’-carbonyldiimidazole. Application of oxidative dearomatization 

reaction for N,N'-disubstituted urea related to KB343 structure was performed and resulted in 

isolation of urethane products.  
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ABSTRACT 

Drug discovery is considered one of the most intriguing stages in the treatment process of 

any disease which usually consumes time, effort, and expense. Thus, there are significant efforts 

from scientists to explore novel molecules as candidate drugs for various diseases. In this study, 

novel benzothiazole derivatives have been synthesized and their possible biological applications 

were investigated. Cell culture studies were performed using a C2C12 skeletal muscle cell line to 

test the cytotoxicity of the synthesized benzothiazoles and their effects on GABA regulation. Cell 

proliferation and differentiation, real time PCR analysis, and omics studies were performed. The 

cytotoxicity results indicated that the tested benzothiazoles are safe at low concentration of 5 to 10 

µM. The differentiation study revealed that one of the synthesized agents has potential myogenic 

effects. Omics and PCR analysis for GABA indicated that 2-((4-

methoxybenzyl)(methyl)amino)benzo[d]thiazol-6-yl acetate (7b) induces more than 2-folds 

downregulation of Gabrg2, Grm7, Gria1, Grin2a, and Slc17a7, while 5-chloro-N-(4-

methoxybenzyl)-N,6-dimethylbenzo[d]thiazol-2-amine (7g) induces more than 2-folds 

upregulation of Gabrg1, Gabrg3, Slc7a11, Slc1a6, and downregulation of Slc7a7. Since the 

Gabrg2 gene is considered as epilepsy gene and is a potential molecular target for the discovery of 

novel therapeutic strategies, the synthesized benzothiazoles could have a potential application for 

diseases associated with mutation in GABAergic synapses.   

5.1 INTRODUCTION 

Since 1958, gama-aminobutyric acid (GABA) has been classified as a major 

neurotransmitter inhibitor and GABA aminotransferase was identified as a therapeutic target for 

number of neurological diseases.1–3 This small natural activator, GABA, mediates synaptic 

inhibition via binding to GABA receptors (A and B)  which are known as receptor-gated chloride 

channels.4 GABA regulated-chloride gates allow chloride ions to pass through neurons resulting 
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in hyperpolarization of these negative charges thus reducing the probability of changes in neuron 

action potentials.5 GABA-A receptor is an ionotropic and heteropentameric channel consisting of 

five subunits (two α1, two β2, one γ2). This subunit composition (α1, β2, γ2) represents the most 

common GABA isoform in the mammalian central nervous system (CNS) and encoded by Gabra1, 

Gabrb2, and Gabrg2 genes, respectively.5–8 Tremendous attention is focused (particularly) on the 

GABA-A receptor due to the presence of at least three allosteric binding sites, making it a 

pharmacological rich receptor for the treatment of three different diseases of the central nervous 

system. These include the benzodiazepine site for reducing epileptic seizures, the sedative site for 

anxiety treatment, and the site of the depressant barbiturates.8 The γ2 subunits of GABA type A 

gene play a chief role in maintenance of GABA-A receptors at mature synapses and its deletion 

resulted in the absence of benzodiazepine binding site.9 Over half of the known epilepsy-associated 

mutations has been identified in the GABAG2.10,11 Therefore, Gabrg2 gene is considered as the 

epilepsy gene and is potential molecular target for discovery of novel therapeutic strategies for 

genetic and non-genetic epilepsy and other diseases associated with mutation in GABAergic 

synapses.12  On the other hand, solute carrier family 7 member 11 (SLC7α11, system Xc-, 

glutamate transporter) is one of the important plasma membrane transporter systems in humans, 

regulating the intracellular glutathione level.13,14 SLC7α11 gene is a Na-independent 

antiporter/exchanger up taking and reducing extracellular L-cystine (dimer structure of cysteine) 

into cysteine, a key intermediate in intracellular L-glutathione synthesis, thus it protects the cells 

from reactive oxygen species (ROS) and converts toxic lipids into healthy lipids.13 Furthermore, 

the neurotransmitter glutamate plays a significant role in the functioning of the central nervous 

system and its dysfunction is associated with number of CNS disorders.15–17 
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Benzothiazoles are class of heterocyclic molecules as a classical definition which contain 

a substituted phenyl ring fused with a five-member ring containing sulfur and nitrogen atoms 

called thiazole moiety.18 Benzothiazoles are core structures in many numbers of bioactive and drug 

molecules with different pharmacological activities. Riluzole (1) is the most common and best 

known benzothiazole categorized under CNS medicines for amyotrophic lateral sclerosis (ALS) 

treatment (Figure 5.1).19 Thus, numerous benzothiazole based analogues have been developed for 

improving their corresponding activity against ALS.19 In addition, the benzothiazole motif serves 

as the core structure in number of approved drugs such as probenzole (2) (agrochemical drug),20 

ethoxazolamide (3) (carbonic anhydrase inhibitor for glaucoma treatment),21 and zopolrestat (4) 

(aldose reductase inhibitor for treating diabetic complications).22 Thus, there is great interest in 

developing and investigating biologically active benzothiazole derivatives, as a result there are 

numerous articles, and patents describing various derivatives based on the benzothiazole 

scaffold.18 To name a few, benzothiazoles serve as anti-convulsants,23–27 anti-inflammatories,28–30 

anti-proliferative agents,31–36 anti-microbials,32,37,38 anti-analgesics,39–41 and antioxidant agents.42–

44 Due to the broad potential bioactivity of benzothiazoles, organic and medicinal chemists have 

an ongoing interest in discovering alternative synthetic methodologies and investigating 

bioactivity. 

 

Figure 5.1: Marketed benzothiazole drugs (1-4). 

Oxidative intermolecular/intramolecular S-cyclization of N-aryl urea derivatives deliver 2-

aminobenzothiazoles which is one of the most potent benzothiazole families. Many approaches 
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have been studied for this direct transformation using metal catalyzed oxidative cyclization such 

as ruthenium chloride,45 palladium acetate,45 and nickel salts.46 2-Aminobenzothiazoles can also 

be synthesized using aniline derivatives with different type of amines and thiocarbonyl sources via 

various oxidative conditions. These conditions include iodine or bromine oxidations,46 copper 

catalyzed Ullmann-type reactions,47 thiocarbamoyl as a source for thioamide group,48–50 and three 

component reaction using potassium sulfide and mediated by copper chloride.51 In the present 

study, new synthetic methodology towards synthesis of functionalized benzothiazoles has been 

developed, and investigation of the possible biological activity of these benzothiazole derivatives 

is reported.   

5.2 RESULT AND DISCUSSION  

5.2.1 Chemistry 

Most of the reported methods toward constructions of benzothiazole derivatives require 

harsh reaction conditions at elevated temperature, metal catalyzed transformations and long 

completion time. In this chapter, we report a fast and easy access to the benzothiazole scaffold 

through an environmentally benign condition developed in the Lovely lab for thioureas 

chemoselective cyclization. Selective oxidation reaction of the synthesized thiourea containing 

two aryl groups (6a-e) presumably through activation of sulfur followed by electrophilic aromatic 

substitution of the N-aryl group rather the N-benzyl group. However, the present methodology 

requires further optimization to discover its limitations, it offers a straightforward approach for 

construction of benzothiazole derivatives from simple thioureas to deliver the substituted core 

structure of benzothiazole scaffold. Subjecting the synthesized thioureas (6a-e) to iodosobenzene 

diacetate (IBDA) in the presence of Cs2CO3 in hexafluoroisopropanol as a solvent yielded the 

corresponding benzothiazoles as shown in scheme 5.1. Interestingly, the chemoselectivity of 

formation of acetylated benzothiazole depends mainly on molar equivalents of IBDA (Table 5.1). 
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Therefore, two acetated benzothiazoles (7b and 7d) were isolated when 2.0 equiv of IBDA was 

used. The X-ray crystal structure of 7b confirmed the chemical structures and other spectroscopic 

techniques as well. Initial optimization study was performed by lowering the equivalent of IBDA 

to one molar equivalent resulted in isolation of good to moderate yields for benzothiazoles 7a and 

7c.   

Table 5.1: Benzothiazoles derived from oxidation of thiourea mediated by hypervalent iodine.  

 Thiourea 
derivative 

IBDA molar 
equivalents  

Benzothiazoles  Yield (%)* 

Code R R` R`` 

1 6a 2.0 7a H H H 11 

2 6a 1.0  7a H H H 47 

3 6a 2.0 7b OAc H H 27 

4 6b 2.0 15a OMe H H 23 

5 6b 2.0 15b OMe H OAc 14 

6 6b 1.0 15a OMe H H 65 

7 6c 2.0 16 Me H H 20 

8 6c 1.0 16 Me H H 19 

9 6d 1.0 17 Me Cl H 22 

10 6e 1.0 18 Cl H H 30 
        *) Isolated yields by column chromatography.  

 

  

Scheme 5.1: Synthesis of the benzothiazoles 7a-g via oxidation of thioureas 6a-e. 
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5.2.2 Biological studies of benzothiazoles  

5.2.2.1 Antitumor Activity of benzothiazoles 

Initial attempts toward studying the possible bioactivity of the isolated benzothiazoles were 

testing their antitumor activity. Thus, the anti-proliferative activity of benzothiazole 7a was 

investigated by the National Cancer Institute against 60 human cell line panel. The results showed 

that 7a is probably a good inducer for cell growth and did not show any inhibition. Thus, we shifted 

our focus to investigate another possible bioactivity for the synthesized benzothiazoles. In line 

with riluzole drug, the simplest marketed benzothiazole drug, we decided to test the possible 

activity of the synthesized benzothiazole on the central nervous system (CNS), selectively one of 

the most common and contributed receptors to CNS which is GABA receptor. 

5.2.2.2 Cytotoxicity of benzothiazoles        

To assist in establishing the cytotoxicity of benzothiazoles, C2C12 skeletal muscle cells 

were cultured, and the cells’ viability was performed using MTS cell viability assay. C2C12 cell 

viability was measured after 24 hours of proliferation after treatment with various concentrations 

of each tested benzothiazole agent (5, 10, 50, 75, and 100 µM). All results are normalized to the 

dimethyl sulfoxide (DMSO) which was used as vehicle and compared to a positive control (normal 

growth medium) as shown in Figure 5.2. All tested compounds presented no cytotoxic effect at 

lower concentrations (5 and 10 µM), while significant decrease in C2C12 cell viability was 

observed at higher concentrations (50, 75, and 100 µM) for all tested compounds. Furthermore, 

low concentrations of agents 7b, 7c, 7e, and 7g showed a significant increase in the cell’s viability 

after 24 hours of C2C12 cells’ proliferation. Thus, and based on the cytotoxicity results, low doses 

of benzothiazoles (5 and 10 µM) were considered as nontoxic and safe doses and will be used for 

the myogenic and differentiation studies.   
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5.2.2.3 Myogenic effect of benzothiazoles                 

To study the myogenic effects of benzothiazoles, C2C12 skeletal muscle cells were 

cultured and allowed to differentiate for 5 days with 5 μM and 10 μM concentration of each 

benzothiazole agent as shown in Figure 5.3. Figure 3-A shows the differentiated C2C12 cells 

(myotubes) stained with Myosin Heavy Chain (MHC-green) antibodies and 4′,6-diamidino-2-

phenylindole dihydrochloride hydrate (DAPI-blue) stained the nuclei. Figure 3-B indicates 

quantitative analysis of the differentiation study. Bar graphs with data points distribution are used 

to compare the mean values of fusion index (FI) of all agents compared to the control and the 

vehicle (DMSO, 5-10 µM). FI is considered a standard method to measure the muscle cell 

myotubule formation and quantify the differentiation phase as it measures the ratio of number of 

nuclei being fused and formed myotubes divided by the total number of nuclei. Thus, FI indicates 

the ability of mononucleated single cells to fuse and form multinucleated myotubes. Analysis 

indicated that DMSO groups have no significant effect on the FI compared to the positive control, 

while DMSO (10 µM) slightly increased the FI. Low dose of benzothiazoles agents did not show 

any significant changes on the FI compared to the control except for 7b (5 µM) that induced a 

significant decrease in the FI compared to the positive control. While the high concentration 10 

µM of all benzothiazoles agents presented a significant decrease in the FI compared to the control 

except agent 7g that indicated FI ratio similar to the positive control at both doses of 5 and 10 µM.  
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Figure 5.2: Cytotoxicity of benzothiazoles. Six different compounds of benzothiazoles derivatives 

were screened at different concentrations to test their cytotoxicity effect on C2C12 cells. Low 

concentrations of 5 µM to 10 µM showed no cytotoxicity while higher doses indicated significant 

decrease in cell’s viability as shown *p<0.05, **p<0.01, ***p<0.001. Compounds 7b, 7c, 7e, and 7g 

indicated significant increase in cells viability at low dose of 5µM as shown # p<0.05, ## p<0.01, 

###p<0.001. The test was performed by Dr. Marco Brotto and Dr. Venu Varanasi laboratories.    
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Figure 5.3: Myogenic effects of benzothiazoles. Six different compounds of benzothiazoles derivatives were studied 

at two concentrations to test their myogenic effect on C2C12 cells. A) Differentiated C2C12 cells (Myotubes) stained 

with Myosin Heavy Chain and DAPI. B) Calculated fusion index of tested benzothiazoles compared to positive control 

and DMSO, statistical analysis based on One-Way ANOVA with Tukey Post Hoc test; # p<0.05, ## p<0.01, 

###p<0.001. The test was performed by Dr. Marco Brotto and Dr. Venu Varanasi laboratories.       
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It is important to note that only agent 7b presented a significant decrease in FI at both 

concentrations, while agent 7g did not present a significant difference even at the high 

concentration. Thus, benzothiazoles 7b and 7g were selected for further omics and RT-PCR 

analysis. 

5.2.2.4 Effect of benzothiazoles on GABA  

To investigate the effect of benzothiazoles on the levels of GABA and its isomers generated 

in C2C12 cells and conditioned media after the treatment of different concentrations of 

benzothiazole agents, a LC-MS/MS based analytical method were used. GABA, α-aminobutyric 

acid (AABA, L- and D-), β-aminobutyric acid (BABA, L-), and β-aminoisobutyric acid (BAIBA, 

L- and D-) were measured and quantified in cells and conditioned media (CM). GABA was 

determined in C2C12 cells of the vehicles (DMSO), control cells, and cells treated with 10 µM 

benzothiazole agents 7b and 7g, while L-BAIBA was detected only in cells treated with 

benzothiazoles as shown in Figure 4-A and B. Treating cells with benzothiazoles decreased the 

GABA concentration compared to the positive control as well as DMSO vehicle. Benzothiazole 

7b significantly decreased the GABA concentration (p = 0.04919) while agent 7g did not show 

any significant difference. On the other hand, only cells treated with agents 7b presented a 

significant increase in the L-BAIBA concentration compared to the control and DMSO vehicle (p 

= 0.03055). Furthermore, GABA, L-BAIBA and D-BAIBA were determined in the CM of C2C12 

cells at the 5th day post-treated with 10 µM benzothiazole agents 7b, 7g, and vehicle (DMSO) 

(Figure 5.4C-E). GABA was generated by C2C12 and released into CM (Figure 5.4C). After 

treatment with 7b or 7g (10 µM), GABA concentration in CM was significantly lower than that 

from control and DMSO-5 µM groups, but this reduction was not significant (p>0.05) when 

compared with DMSO-10 µM group (Figure 5.4C). 
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Figure 5.4: Concentrations of aminobutyric acids in conditioned media (CM) and C2C12 cells at the 5
th

 day post-treatment 

with 10 µM benzothiazole agents 7b and 7g. (A) GABA in cells, (B) L-BAIBA in cells, (C) GABA in CM, (D) L-BAIBA in CM, 

and (C) D-BAIBA in CM. Mean ± SD (n=3). One-way ANOVA with Tukey’s post-hoc test (α=0.05) was performed for multiple 

comparisons between groups. The test was performed by Dr. Marco Brotto laboratories.    
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 While significantly higher L-BAIBA level was observed in CM at the 5th day when C2C12 

was treated with 10 µM of 7b compared to all other groups of control, DMSO vehicle, and agent 

7g (Figure 5.4D). No significant alteration was observed in the D-BAIBA concentrations in CM 

(Figure 4E). These omics data indicated that benzothiazole agent 7b significantly decrease the 

GABA and increase the L-BAIBA concentrations and secretions in C2C12 cells and media, 

respectively. Also, benzothiazole 7g slightly decreased the GABA concentration in cells and did 

not significantly alter the L-, and D-BAIBA concentrations. Statistical analysis using One-way 

ANOVA with Tukey’s post-hoc test (α = 0.05) was performed for multiple comparisons between 

groups in this study. 

Based on the omics results, GABA RT² Profiler PCR Gene Array was performed to gain 

more insights on the effect of benzothiazoles on GABA genes regulations. For the GABA gene 

array experiments, differentiated C2C12 cells were treated with 10 µM of benzothiazole agents 7b 

and 7g compared to control and 10 µM DMSO. Then, mouse GABA and Glutamate RT² Profiler 

PCR Array was performed. This mouse GABA and glutamate profiler PCR array profiles 84 key 

genes of the GABA and glutamate neurotransmitter system. This array presents genes essential for 

the synthesis and transport of GABA and glutamate and the downstream signaling. The gene list 

of this array includes 17 GABAergic Synapse “Neurotransmitter Receptors”, 9 Signaling 

Downstream of GABAergic Synapse, 20 Glutamatergic Synapse, 15 Signaling Downstream of 

Glutamatergic Synapse, 16 Transporters & Trafficking Proteins, and 7 metabolism genes. The 

results of this array indicated that benzothiazole 7b significantly decreased the expression of 

GABA receptor Gabrg2 (Fold change is -2.25, p=0.016) compared to DMSO 10 µM. Furthermore, 

agent 7b decreased the expression of the neurotransmitter receptors Gria1, Grin2a, and Grm7 

(Fold change are -2.26, -2.33, -2.79, respectively) as well as the transporter and trafficking protein 



 

114 

 

Slc17a7 (Fold change is -2.39), without significant differences compared to the DMSO-10 µM. 

After treatment with benzothiazole 7g, compared to DMSO-10 µM, the expression of Slc7a11 was 

significantly increased (Fold change is 4.39, p=0.0036). It is important to note that Slc7a11 

encodes a member of a heteromeric, sodium-independent, anionic amino acid transport system that 

is highly specific for cysteine and glutamate. Also, agent 7g increased the expression of GABA 

receptors Gabrg1 and Gabrg3 and the transporter and trafficking protein Slc1a6 by more than 2-

fold while no significant difference was observed compared to the control group. Benzothiazole 

7g also decreased the trafficking protein Slc17a7 by more than 2-fold without significant 

differences compared to the DMSO-10 µM. Thus, the results of this RT² Profiler PCR Array 

suggests that agent 7b resulted in significant regulation of GABA receptor Gabrg2 while agent 7g 

can be a potential target for the regulation of Slc7a11. Considering that, these synthesized 

benzothiazoles could be potential targets for discovery of novel therapeutic strategies for genetic 

and non-genetic epilepsy and other diseases associated with mutation in GABAergic synapses and 

CNS disorders associated with glutamate dysfunction. 

5.2.2.5.  Lipidomic analysis for the synthesized benzothiazoles 7b and 7g 

 

The upregulation of Slc7a11 via treatment with benzothiazole 7g guided us to check the effect of 

the synthesized benzothiazoles on lipid profiling using an interesting analytical technique based 

on liquid chromatography/mass spectrometry (LC/MS) techniques. Totally 158 lipid mediator-

related components can be analyzed simultaneously using 16 internal standard samples. The study 

showed that benzothiazole 7g upregulated most of the detected lipid including arachidonic acid, 

eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and Linoleic acid (LA). While 

benzothizole 7b decreased the expression of the detected lipids as shown in Table 5.2. 
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Figure 5.5: Detection of GABA receptors by Mouse GABA & Glutamate RT² Profiler PCR Array. A) GABA array for benzothiazole agent 

7b indicated more than 2-folds downregulation of Gabrg2, Grm7, Gria1, Grin2a, and Slc17a7. B) GABA array for benzothiazole agent 7g indicated 

more than 2-folds upregulation of Gabrg1, Gabrg3, Slc7a11, Slc1a6, and downregulation of Slc7a7. The test was performed by Dr. Marco Brotto 
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Table 5.2: Lipidomic analysis of the synthesized benzothiazoles 7b and 7g.  

Quantified Analysis ID LM 
Benzothiazole 

7b 
Benzothiazole 

7g DMSO TCP 

Arachidonic acid (AA), n-6 polyunsaturated fatty acid 
(PUFA)  

12 6-keto-PGF1a 572.11 2031.65 1002.12 1226.84 
38 PGF2a 5.93 11.62 8.17 14.20 
43 PGE2 4.02 10.48 8.06 8.45 
51 PGD2 2.63 6.94 6.60 6.52 
97 12-HHT 276.20 1000.85 432.11 581.19 

174 AA 21.57 101.36 48.88 100.90 
  TOTAL 882.46 3162.90 1505.95 1938.09 

Linoleic acid (LA), n-6 PUFA 

91 12,13-DiHOME 4.98 4.54 4.33 4.57 

92 9,10-DiHOME 0.00 0.00 0.00 0.00 
120 13-HODE 3135.45 2760.36 1985.19 2535.38 
121 9-HODE 6059.07 6252.32 3691.36 4583.22 

  TOTAL 9199.50 9017.22 5680.88 7123.17 
Docosahexaenoic acid (DHA), n-3 PUFA 172 DHA 634.29 1296.26 650.12 885.83 

Endocannabinoids and congeners  

162 AEA 0.00 0.00 0.00 0.00 
168 OEA 29.69 43.80 38.07 62.98 
177 PEA 58.30 74.72 53.00 86.99 
178 2-AG 65.95 112.12 110.42 209.62 

  TOTAL 153.94 230.63 201.49 359.58 
Eicosapentaenoic acid  170 EPA 316.15 1021.14 565.11 835.02 

  AA/EPA 0.07 0.10 0.09 0.12 
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5.3 SUMMARY  

In this chapter, the biological activity of a novel class of benzothiazole has been 

investigated. Six benzothiazole derivatives have been tested with C2C12 skeletal muscle cell 

line to test their cytotoxicity, their effect on cell proliferation and differentiation, and the 

GABA regulation. The results recommended the choice of acetylated derivative 7b and 

benzothiazole 7g for further investigation including omics and PCR analysis. Interestingly, 

benzothiazole 7b decreased GABA expression and increased the expression of L-BAIBA in 

both cells and condition cell culture media. PCR gene array analysis showed that the acetylated 

benzothiazole downregulated Gabrg2 gene which is associated to genetic and non-genetic 

epileptic disorders. While benzothiazole 7g upregulated Scl7a11 gene which regulates the 

glutathione pathway in our biological system. Therefore, the investigation of the possibility of 

antioxidant activity for the synthesized benzothiazoles is ongoing to test their ability as a 

scavenger for the free radical species and protect the cells from the oxidative stress/damage. In 

conclusion, the current work provides a start point for investigating a new biological activity 

for benzothiazole parent-based scaffolds.   
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PART-II: NOVEL THIAZOLIDINES AS ANTI-APOPTOTIC AGENTS FOR 

CANCER DRUG DISCOVERY 

In this part, we discuss the design and synthesis of novel thiazolidines-based small 

molecules. The bioactivity of the synthesized thiazolidines was investigated as anti-

proliferative agents. Two new thiazolidine libraries were synthesized and are discussed in 

chapters seven and eight based on the previous study described in chapter six. Utilization of 

the chemistry discovered in the Lovely lab was targeted to construct these new classes of 

thiazolidines and to improve their chemical stability and biological activity. The validation of 

the solid support synthetic method has been successfully performed. Computer-Assisted Drug 

Design (CADD, computational technique) approaches have been utilized to design new 

bioactive candidates and validate their observed activity, which include qualitative structure 

activity relationship (QSAR) and molecular docking. The biological activity of the first library 

(Chapter six) was investigated by our Egyptian colleagues from the national research center, 

while the second library was investigated by the Mandal lab (Department of Chemistry and 

Biochemistry, UTA). By synthesizing the third group of thiazolidines (Chapter eight), we 

isolated the most chemically stable derivatives, and their anticancer activity was performed by 

the Pan lab (Department of Graduate Nursing and Bone and Muscle Research Center, UTA). 
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ABSTRACT: 

 A series of (Z)-2-imino-(5Z)-ylidene-N-substituted thiazolidines/thiazolidin-4-ones were 

synthesized and their anti-tumor activities against colon (HCT-116) and breast (MCF 7) cancer 

cell lines were evaluated utilizing an MTT growth assay. A qualitative structure activity 

relationship (2D-QSAR) investigation was conducted to probe and validate the obtained anti-

tumor properties for the new synthesized thiazolidine derivatives. The majority of the 

thiazolidines exhibit higher potency against colon cancer relative to the standard reference. 

Compounds 16a and 17a exhibit the highest anti-proliferative activity against HCT116 relative 

to control (IC50 = 8.9 and 9.8 μM respectively compared to 20.4 μM observed for 5-fluorouracil 

as positive control). An X-ray study confirmed the Z, Z`-configurations for the synthesized 

compounds. 

6.1 INTRODUCTION 

Cancer and cardiovascular diseases are the major contributors to mortality rates 

globally; out of these two, cancer is predicted to be the single controlling factor for life 

expectancy worldwide in the 21st century. Globally, approximately 18.1 million new cancer 

cases were predicted to be diagnosed in 2018 in addition to 9.6 million deaths.1 Among these 

statistical data, the estimated diagnosed cancer cases in the United States are 4700 per day 

which is approximately equivalent to 1.7 million cases, leading to 609,640 cancer deaths in 

2018. Lung, prostate, colorectal, and breast cancers are the four most common cancers leading 

to death, accounting for 45% of the total number of cancer deaths.2  Based on the GLOBOCAN 

database published in September 2018, colorectal cancer (CRC) is the third most common 

malignancy and the second leading cause of death from cancer. It was estimated that more than 

1.8 million new CRC cases will occur in 2018 that relates to 881,000 deaths.  

  In the United States, CRC exhibits the fourth highest incidence rate in adults, and it was 

expected to affect more than 140,000 American lives in 2018.3  The incidence and the mortality 
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rates of CRC in developed countries are 3-fold higher than developing countries.1  These trends 

are related to the so-called “Western lifestyle” which is responsible for the major risk factors 

for increasing CRC incidence rates.3 The International Classification of Diseases for Oncology 

classifies CRC as either colon or rectal cancer due to the misclassification of rectal cancer as 

colon in the mortality rates, therefore both of them are combined together in all the published 

statistical analyses.4 

Colon cancer is a malignancy of the large intestine that starts by the formation of benign 

adenomatous polyps cells which transform into cancerous tumors by various genetic 

alternations including ras-gene mutation and allelic loss of chromosome 5, 17 and 18 

sequences.5  Surgery, chemotherapy, and radiation approaches are typically used in the CRC 

treatment modalities. 5-Fluorouracil is used as anticancer CRC drug along with others 

including irinotecan, oxaliplatin, trifluridine, and tipiracil.6  Some of these combined drug 

regimens have achieved high efficacy in controlling tumor growth before surgical intervention 

for metastatic disease.7 However, the unacceptable cytotoxicity and cytopenia with diarrhea 

are considered the major side effects which limit the drug dosages with the advanced CRC.8  

Moreover, metastatic colon and breast cancer cells are considered a lesion that causes 

secondary liver cancer.9 

  Therefore, the discovery of novel small molecules as antitumor drugs against colon and 

breast cancer remains the focus of several research groups worldwide. Candidate structures 

containing a thiazolidine framework have attracted the attention of many researchers due to the 

diversity of their biological activities, the generally short synthetic sequences required for their 

construction and the potential for rapid acquisition of diverse substitution patterns.10  

Specifically, for example, diverse biological/pharmacological activities including antibacterial 

and antifungal,11 antihypertensive,12 antidiabetic,13 antidepressant, anticonvulsant,14 anti-
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inflammatory, analgesic, and antitumor properties have been described for synthetic 2-imino-

5-arylidine-thiazolidin-4-ones.15 

Special interest was recently directed towards 2-imino-5-arylidine-thiazolidines due to 

the antimitotic activity revealed against various cancer cells.10b Teraishi et al. have explored 

the apoptotic activity of a series of 2-imino(amino)-5-ylidene-4-thiazolidinones against various 

drug resistant human cancer cell lines.15d, 15e  Among these compounds, MMPT (1) and DBPT 

(2) induce cell death in drug resistant colon and lung cancer cells (Figure 6.1). These two 

thiazolidinones induce apoptosis by causing G2/M-phase arrest in p53-deficient H1299 (lung 

cancer) and HCT116 (colon cancer) cells.15d Ottanà et al. have demonstrated that 2-

phenylimino-5-(3-methoxyphenyl-methylidene)-3-propyl-4-thiazolidindione (3) (Figure 6.1) 

inhibits the growth of HT-29 colon cancer cell lines with high COX-2 expression.15b Also, 2-

{[4-(4-chlorophenyl)-1,3-thiazol-2-yl]imino}-5-(4-methoxybenzylidene)-1,3-thiazolidin-4-

one (4)  (Figure 6.1) was reported to exhibit antimitotic activity against colon and breast 

cancers.15c  Peroxisome proliferator activated receptors (PPARs) are overexpressed in various 

tumors including colon, breast, prostate, lung, pituitary, and thyroid cancers. HL005 (5) (Fig. 

1) is reported as a PPARγ antagonist especially for breast cancer. Specifically, it antagonizes 

the rosiglitazone stimulated PPARγ/CBP interaction with 7.97 µM (IC50), and also inhibits the 

proliferation of MCF-7 by inducing apoptosis at G2/M phase (IC50 = 108 µM).15a  It is 

interesting to notice that most of the reported active 2-imino-5-arylidene-thiazolidines belong 

to a thiazolidinone scaffold; this may be a consequence of the paucity of available synthetic 

approaches for 2-imino-5-arylidene-thiazolidine compounds. 
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Figure 6.1: Structures of some anti-tumor thiazolidinones. 

In this present chapter, we describe new 2-imino-5-ylidine-thiazolidines and derived 

thiazolidinones through application of a new synthetic method developed by our research 

group, and an investigation of their antiproliferative properties against HCT-116 (colon) and 

MCF7 (breast) cancer cell lines using an MTT growth assay. 

6.2 RESULTS AND DISCUSSION 

6.2.1 Chemistry 

Synthetic methods for the construction of thiazolidinones abound in the literature, but the 

synthesis of the corresponding thiazolidines has received significantly less attention.  Several 

synthetic protocols for the preparation of substituted thiazolidin-2-imines have been reported 

recently.16  For example, Dethe and co-workers have described a method to synthesize 

thiazolidin-2-ylideneamine derivatives via thiol–yne coupling of propargylamine with 

isothiocyanate under metal- and solvent-free conditions, although there are some limitations in 

terms of substrate scope.17 Herein, we report the formation of a variety of thiazolidines in good 

to excellent yields via the tandem thioacylation-hydrosulfenylation of propargylamines and 

thiocyanates promoted by silica gel.18 
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The two terminal alkynes 10c and 10d (R1 = H, R2 = Me; R1 = R2 = H) used in this study were 

commercially available whereas the internal alkynes required synthesis.  The primary 

propargylamine 10a (R1 = Ph, R2 = H) was synthesized from the corresponding bromide via 

Gabriel chemistry using previously described procedures.9b  The secondary propargylamine 

substrate 10b (R1 = 4-MeOC6H4, R2 = Me) was synthesized using chemistry previously 

described by Looper and coworkers (Scheme 6.1).19   Specifically, a copper-mediated, three-

component coupling reaction of 4-ethynylanisole 8 with formaldehyde and the N-allyl amine 

was carried out to produce tertiary amine 9.  Pd-Catalyzed deallylation was employed to yield 

the requisite amine 10b. 

 

 

Scheme 6.1: Synthesis of 3-(substituted)-prop-2-yn-1-amines 10a-b. 

The (Z)-2-imino-5-(Z)-alkylidenethiazolidines 11a-18a, 19b, 20c-21c, 20d were readily 

synthesized by application of a recently described method utilizing silica gel-mediated tandem 

thio-acylation and subsequent anti-hydrosulfenylation of the alkyne. Propargyl amines 10a-d 

were reacted on silica gel with several different isothiocyanates to afford the corresponding 

targeted thiazolidines in good yields (Scheme 6.2 and Table 6.1) via the intermediacy of the 

corresponding thiourea. The spectroscopic data (IR, 1H NMR, 13C NMR, and mass 

spectrometry) and X-ray crystallography corroborate the structures of 11a-18a, 19b, 20c-21c, 

and 20d.  
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Scheme 6.2: Synthesis of (Z)-2-imino-5-(Z)ylidene-N-substituted thiazolidines 11a-18a, 19b, 

20c-21c, and 20d. 

For example, the 1H NMR spectrum of compound 15a shows the diagnostic vinylic and 

methylene protons at δH = 6.46 (triplet) and δH = 4.40 (doublet) ppm respectively, with a small 

long-range coupling of J = 1.9 Hz. An X-ray crystal structure study of compound 15a (for more 

details, see below) confirms the geometry of the two exocyclic double bonds at C2 and C5 as 

possessing Z, Z`-configurations (Figure 6.2). 4-Thiazolidinones, have been known for a long 

time to possess a wide range of biological activities. Out of all types of thiazolidinones, 4-

thiazolidinones and 2-imino-4-thiazolidinones are highly dominant.20  There are several 

methods known for the synthesis of 2-imino-4-thiazolidinones from the corresponding 

thioureas.21  However, in this context, we observed the formation of thiazolidinones from the 

corresponding thiazolidines via auto-oxidation. Interestingly, only the thiazolidine compounds 

which contained a 4-methoxybenzylidine moiety underwent air oxidation to the corresponding 

(Z)-2-imino substituted-5-((Z)-alkylidene)-thiazolidin-4-ones 28-38 upon standing at room 

temperature and open to the atmosphere for few days either neat or in solution (Scheme 6.3). 

The NMR spectra readily confirm the thiazolidin-4-one structures by, for example, 

disappearance of the methylene protons in the 1H NMR spectrum in addition to the 13C NMR 

data, which now exhibit an absorption due to the C4 carbonyl; for example, compound 22 

exhibits a resonance at δC=O = 167.1 ppm. Also, IR spectra show a carbonyl stretching vibration 
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band for each member of the thiazolidinone family, Furthermore, a single crystal X-ray study 

confirms the structure of 31 (an example of the synthesized thiazolidinones) as shown in Fig. 

2. 

Table 6.1: Synthesis of (Z)-2-imino-(5Z)-ylidene-N-substituted thiazolidines 11a-18a, 19b, 

20c-21c, and 20d.a 

Entry Cpd. R1 R2 R3 Yield (%)
b
 

1 11a 4-MeOC6H4 Me 4-MeC6H4 97 

2 12a 4-MeOC6H4 Me 4-FC6H4 99 

3 13a 4-MeOC6H4 Me 4-NO2C6H4 93 

4 14a 4-MeOC6H4 Me 4-CF3C6H4 94 

5 15a 4-MeOC6H4 Me 4-CH3OC6H4 99 

6 16a 4-MeOC6H4 Me 4-BrC6H4 99 

7 17a 4-MeOC6H4 Me 4-ClC6H4 99 

8 18a 4-MeOC6H4 Me 4-t-BuC6H4 95 

9 19b C6H5 H 3,5-(CF3)2C6H3  75 

10 20c H H C6H5 80 

11 21c H H Allyl 67 

12 20d H Me C6H5 78 

13 22 C6H5 PhNHC=S C6H5 9
c
 

a Reaction was performed with 200 mg of 10a-d in CH2Cl2 (0.2 mL/mmol) and isothiocyanate 

(1 equiv) on silica gel (1.75 g/mmol) for 2 h.  

b Isolated yields after purification by column chromatography.  

c Isolated as a minor byproduct. 

6.2.2 Single crystal X-ray studies 

Analysis of compounds 15a and 31 has been undertaken by single crystal X-ray diffraction to 

confirm the connectivity of these analogs.  Thiazolidine 15a crystallizes in a monoclinic space 

group P21/c with one molecule per asymmetric unit cell and 4 molecules per unit cell whereas 

compound 31 crystallizes in a triclinic space group P-1 with one molecule per asymmetric unit 
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cell and 2 molecules per unit cell. Molecules of compound 15a are arranged in a zig-zag 

orientation and connected to each  

 

Scheme 6.3: Synthesis of (Z)-2-substituted imino -5-((Z)-ylidene)-thiazolidin-4-ones 28-38. 

other through weak H-bonding stabilizing the crystallographic structure and forming a three-

dimensional supramolecular arrangement. Similarly, molecules of compound 31 are arranged 

in a zig-zag shape linked with weak H bonds as well as Br...H bonds stabilizing the extended 

arrangement of the crystal structure. For molecule 31, the bromophenyl group is found to have 

two statistically different orientations. Therefore, the atoms sites (C10/C13), (C11/C14), 

(C15/C17) and (C16/C18) are all half occupied. Fig. 2 illustrates the independent molecules of 

compounds 15a and 31 as refined. 
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Figure 6.2: ORTEP views of compounds 15a (top) and 31 (bottom) showing the atom-

numbering scheme. Displacement ellipsoids are drawn at the 50% probability level and H 

atoms are shown as small spheres of arbitrary radii. Blue, red, yellow, purple and brown spheres 

refer to carbon, oxygen, sulfur, nitrogen and bromide atoms, respectively. 

 6.2.3 Anti-proliferative properties 

An MTT growth assay22 was utilized for evaluation of the antitumor activities of the 

synthetic 2-imino-5-alkylidine-thiazolidines/thiazolidinones (Table 6.1 and 6.2) against HCT-

116 (colon), and MCF7 (breast) carcinoma cell lines using 5-fluorouracil as a positive control 

(approved drug against colon, breast and skin cancers).23 It is observed from the data shown in 

Table 3 that several of the synthetic thiazolidine derivatives exhibit higher potency against 

colon cancer relative to the standard reference. Eleven analogs (11a-13a, 15a-17a, 19b, 29, 31, 

32, and 34) out of the synthesized compounds are potentially promising antitumor hits, 

especially against colon cancer. All 11 of these compounds have higher antitumor activity than 

5-fluorouracil with variable potency (IC50 values). It is noteworthy that most of these 

compounds belong to the thiazolidine library, while only four thiazolidinone-containing 

compounds display higher activity than standard reference. Compounds 16a, 17a, 12a, 13a, 

and 32 exhibit the highest anti-proliferative activity among this library against HCT116 relative 

to 5-fluorouracil (IC50 = 8.9, 9.8, 10.0, 10.2, and 10.4 μM respectively in comparison to the 

corresponding 20.4 μM observed for 5-fluorouracil). Compounds 11a, 29, 34, 15a, 19b, and 

31 display higher activities with mild potencies than that of 5-fluorouracil (IC50 = 11.1, 13.3, 

14.1, 15.9, 16.1, 17.0 μM, respectively, and 20.4 μM corresponding to 5-fluorouracil).  
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Table 6.2: Synthesis of (Z)-2-substituted imino-5-((Z)-ylidene)-thiazolidin-4-ones 28-38a via 

air oxidation. 

Entry Cpd. R1 R2 R3 Yield (%)b 

1 28 4-MeOC6H4 Me 4-CH3C6H4 23 

2 29 4-MeOC6H4 Me 4-FC6H4 26 

3 30 4-MeOC6H4 Me 4-MeOC6H4 22 

4 31 4-MeOC6H4 Me 4-BrC6H4 17 

5 32 4-MeOC6H4 Me 4-ClC6H4 16 

6 33 4-MeOC6H4 Me 4-tBuC6H4  18 

7 34 4-MeOC6H4 Me 3-Cl-4-MeC6H3  22 

8 35 4-MeOC6H4 Me 2,6-Me2C6H3 20 

9 36 4-MeOC6H4 Me 3,5-(CF3)2C6H3 17 

10 37 4-MeOC6H4 Me C6H5 17 

11 38 4-MeOC6H4 Me Allyl 14 

a Reaction was done with 100 mg of corresponding thiazolidine in CDCl3 (1 mL) open to the 

atmosphere for 1-3 days.  

b Isolated yields after purification by column chromatography (40-50% of the starting 

thiazolidine was also recovered). 

In comparison, the antitumor activities of the synthesized compounds against MCF7 

cell line (breast cancer) did not exhibit improved cytotoxicities over the standard reference 

used; however, they were still in low micromolar range. For example, the IC50 values of 11a-

13a and 15a-17a are 7.4-9.8 μM, whereas the 5-fluorouracil reference value is 3.15 μM. An 

analysis of the structure activity relationship (SAR) shows the substituent attached to the 

exocyclic 2-imino group of thiazolidines and thiazolidin-4-ones (mostly aryl groups) seems to 

be a controlling factor governing the antitumor properties. Antitumor activities of the synthetic 

thiazolidine derivatives against HCT116 are enhanced by the presence of an electron-deficient 

aryl system attached to the exocyclic amine rather than an electron-rich aryl group. Therefore, 
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it was observed that the activity of compound 19b possessing a (3,5-bis(trifluoromethyl)phenyl 

moiety exhibits twice the activity of compound 7 (4-trifluoromethylphenyl) against HCT116 

(IC50 = 16.1, 34.3 μM for 19b and 14a, respectively). Of particular note is that thiazolidines 

containing phenyl rings substituted with halogens display the highest potency among all the 

synthesized compounds, exhibiting 8.9, 9.8, and 10.0 μM for 16a, 17a, and 12a, respectively. 

Although, when experimental error is considered, these values for 12a, 16a and 17a are almost 

identical.  

A comparable SAR analysis for the synthetic thiazolidinones against HCT116 reveals 

similar observations. Derivatives in which the exocyclic amine contains an electron deficient 

aryl moiety are much more active than those with electron rich systems. The effect of electron 

withdrawing groups is exemplified in compounds 32 (4-chloro) and 29 (4-fluoro) which exhibit 

higher activities than 5-fluorouracil (IC50 = 10.4 and 13.3 μM, respectively), while the impact 

of electron donating is shown in compounds 28 (p-tolyl) and 33 (4-(t-butyl)phenyl), 

significantly reducing the activity to >100 μM for both analogs. Additionally, an N-allyl amine 

group attached at C2 and methylene at C5 of thiazolidines and thiazolidinones attenuates the 

activity significantly such as observed for 38 and (20c, 21c, and 20d) (IC50 = 79.3 and >100 

μM, respectively). 

Broadly similar SAR correlations for these derivatives in their antitumor activities 

against MCF7 cell line can be observed. The thiazolidines derivatives are more active than the 

corresponding thiazolidinone analogues but both groups exhibit attenuated activity in 

comparison to the positive control (IC50 = 3.15 μM for 5-fluorouracil). Also, a similar overall 

impact of electronegative substituents was noted along with within group trends. Bromine 

substitution on the iminophenyl ring results in the highest activity among the electronegative 

groups (IC50 = 7.4, 8.0 and 28.7 μM for 16a, 12a, and 18a respectively). 
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All of the synthesized thiazolidines/thiazolidinones were tested against a normal (non-cancer) 

cell line (RPE1, retinal pigment epithelial). The observed data can explain and support the 

safety profile against normal cells. From the results observed, it has been noticed that most of 

the effective antitumor agents synthesized reveal safe cytotoxicity profile against normal cell 

line tested (high IC50 values relative to that of the cancer cell lines tested). 

6.2.4 2D-QSAR study 

Application of 2D-QSAR (quantitative structure-activity relationship) permits the 

expression of biological properties in mathematical equations in terms of descriptor values 

(physico-chemical parameters). This analysis provides some insight into the parameters 

controlling activity and simultaneously validating the observed data.24  

Thiazolidines/thiazolidinones (14 compounds) revealing variable anti-proliferative properties 

against HCT116 (colon) carcinoma cell line (11a-18a, 19b, 29, 31, 32, 34, and 38) were 

subjected to 2D-QSAR modeling by CODESSA-Pro software obeying the standard technique 

[42]. A robust two-descriptor QSAR model was obtained [R2 (correlation coefficient) = 0.941]. 

HA dependent HDCA-1/TMSA (MOPAC PC) (all) is a molecular type descriptor with 

t (criterion value) = 5.204. The high coefficient value (2556.82) of the descriptor is an 

indication for the potency of the tested compound(s) with high value and vice versa as exhibited 

in compounds 17a and 37 that reveals IC50(estimated) values = 7.1, 76.6 due to descriptor 

values = 0.01923, 0.02354, respectively (Supplementary Tables S2,S3). Fractional hydrogen 

bonding donor ability of the molecule (FDCA-1) can be calculated from equations 1 and 2.25 

FHDCA-1 = (HDCA-1)/TMSA …………… Equation (1) 

Where, HDCA-1 stands for hydrogen bonding donor ability of atoms selected by 

threshold charge. TMSA is the total molecular surface area. 

HDCA-1 = ∑D SD    D∈ H (H-donor) ………… Equation (2) 

Where, SD is the solvent accessible surface area of H-bonding donor H atoms selected by 

threshold charge
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Table 6.3: Anti-proliferative properties of the synthesized thiazoline-containing compounds 

and 5-fluorouracil (standard reference). 
 

Entry Cpd R1 R2 R3 IC50,a (μM) 

HCT116 MCF7 RPE1 

1 11a 4-CH3OC6H4 Me 4-CH3C6H4  11.1 7.6 65.7 

2 12a 4-CH3OC6H4 Me 4-FC6H4  10.0 8.0 42.8 

3 13a 4-CH3OC6H4 Me 4-NO2C6H4 10.2 9.8 >100.0 

4 14a 4-CH3OC6H4 Me 4-CF3C6H4 34.3 24.1 72.0 

5 15a 4-CH3OC6H4 Me 4-CH3OC6H4 15.9 8.7 65.9 

6 16a 4-CH3OC6H4 Me 4-BrC6H4 8.9 7.4 61.3 

7 17a 4-CH3OC6H4 Me 4-ClC6H4 9.8 7.6 39.6 

8 18a 4-CH3OC6H4 Me 4-ButC6H4 25.9 28.7 23.5 

9 19b C6H5 H 3, 5-

(CF3)2C6H3 

16.1 13.5 32.8 

10 20c H H C6H5 >100.0 >100.0 >100.0 

11 21c H H Allyl >100.0 >100.0 >100.0 

12 20d H Me C6H5 >100.0 >100.0 >100.0 

13 22 C6H5 Ph-NH-

C=S 

C6H5 >100.0 >100.0 >100.0 

14 28 4-CH3OC6H4 Me 4-CH3C6H4 >100.0 >100.0 >100.0 

15 29 4-CH3OC6H4 Me 4-FC6H4 13.3 66.5 >100.0 

16 30 4-CH3OC6H4 Me 4-CH3OC6H4 >100.0 >100.0 >100.0 

17 31 4-CH3OC6H4 Me 4-BrC6H4 17.0 >100.0 >100.0 

18 32 4-CH3OC6H4 Me 4-ClC6H4 10.4 39.3 >100.0 

19 33 4-CH3OC6H4 Me 4-ButC6H4 >100.0 >100.0 46.7 

20 34 4-CH3OC6H4 Me 3-Cl,4-

CH3C6H3 

14.1 >100.0 23.0 

21 35 4-CH3OC6H4 Me 2,6-

(CH3)2C6H3 

>100.0 >100.0 >100.0 

22 36 4-CH3OC6H4 Me 3,5-

(CF3)2C6H3 

>100.0 77.8 >100.0 

23 37 4-CH3OC6H4 Me C6H5 >100.0 >100.0 >100.0 

24 38 4-CH3OC6H4 Me Allyl 79.3 >100.0 >100.0 

25 5-

Fluorouracil 

- - - 20.4 3.2 - 

a IC50 is the concentration required to produce 50% inhibition of cell growth compared to the 

control. The test was performed by the Egyptian colleagues. 

The relative number of aromatic bonds is a constitutional descriptor indicating the global 

aromatic properties of the compound. This descriptor substantially enhances the activity of 

these analogs according to the QSAR model (coefficient = -473.528) contributing a high 

descriptor value (as a result of the high aromaticity of the molecule) and the ensuining high 
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antitumor potency as exhibited for example in compounds 17a and 38 that reveals descriptor 

values = 0.28571, 0.16216, respectively. This is due to the presence of p-chlorophenylimino 

and allylimino residue in compounds 17a and 38, respectively. The appearance of this 

descriptor as a controlling physico-chemical factor governing the attained QSAR model is 

consistent with the reported SAR observations described above. The goodness of the 2D-QSAR 

model is supported by the statistical parameters revealed including leave one-out and leave 

many-out correlations relative to the main correlation coefficient of the model (R2 = 0.941, 

R2cvOO = 0.890, R2cvMO = 0.865) in addition to the Fisher and standard deviation values (F 

= 87.712, s2 = 24.015). Estimated properties are also correlated to the experimental values. 
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6.3 SUMMARY 

 In summary, anti-proliferative thiazolidine derivatives are readily synthesized in good to excellent 

yields (67–99%) through a one-pot thio-acylation/anti-hydrosulfenylation of propargylamines and 

isothiocyanates on silica gel.  The reaction is tolerant of the amine and the isothiocyanate thus 

offering a facile method for the construction of diversely substituted examples of this important 

heterocycle.  In addition, these 4-methoxybenzylidene-substituted analogs undergo slow auto-

oxidation at room temperature yielding the corresponding 4-thiazolidinones 28-38. An X-ray study 

confirmed both the constitution and the Z, Z`-configurations for the synthesized compounds, 

considering compound 15a and 31 as examples.  Some of the synthetic derivatives reveal 

promising antitumor properties through in vitro growth inhibition against HCT-116 (colon) and 

MCF7 (breast) cancer cell lines exhibiting higher potency higher than 5-fluorouracil (positive 

control) in an MTT assay but were non-toxic in a normal cell line. The thiazolidines exhibited 

higher activity than the corresponding thiazolidinone analogues against colon cancer.  Statistically 

significant 2D-QSAR using a two-descriptor model describes the antitumor properties against 

HCT-116. 2D-QSAR results show that the estimated properties are also correlated to the 

experimental values.  We are continuing to explore this framework both in synthetic and medicinal 

chemistry contexts and will publish these data elsewhere. 
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ABSTRACT: 

An efficient surface-mediated synthetic method to facilitate access to a novel class of thiazolidines 

is described. The rationale behind the design of the targeted thiazolidines was to prepare stable 

thiazolidine analogues and evaluate their anti-proliferative activity against a breast cancer cell line 

(MCF7). Most of the synthesized analogues exhibit increased potency ranging from 2-15 fold 

higher compared to the standard reference, cisplatin. The most active thiazolidines contain a 

halogenated or electron withdrawing group attached to the N-phenyl ring of exocyclic 2-imino 

group. However, combination of the two substituents did not enhance the activity. The anti-

proliferative activity was measured in terms of IC50 values using an MTT assay. 

7.1 INTRODUCTION: 

Thiazolidines, five membered nitrogen and sulfur containing ring compounds, are among the most 

eminent heterocyclic classes due to their broad applications. Intriguing chemical applications of 

thiazolidine derivatives include site-specific peptide and protein modification and chemical protein 

synthesis.1–3 Also, thiazolidines have been reported as potent agents against a number of ailments 

and these include diabetes, epilepsy, viral and bacterial diseases, and cancer, to name a few.4 

Cancer is considered the second death causing disease with a high mortality rate, exceeding more 

than 10 million annually worldwide.5 Breast cancer is among the most feared of women`s diseases 

due to the fact there are multiple genotypes and phenotypes and it is a metastatic and heterogenous 

solid tumor.6 Therefore, there are number of published studies focused on developing novel 

lead/hit compounds containing thiazolidines targeting cancers.7–13 Figure 7.1 shows three different 

compounds described in recently published studies, in which novel thiazolidine analogues are 

reported as anti-proliferative agents targeting breast cancer.14–16 Interestingly, most of these 

derivatives contain on 4-methoxy benzylidene derivatives and show good selectivity towards 

breast cancer cell lines. Also, figure 7.2 depicts four examples of marketed drugs containing a 
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thiazolidine core structure, etozoline, troglitazone, rosiglitazone, and ralitoline. Etozoline is used 

as an antihypertensive and diuretic drug,17,18 while troglitazone and rosiglitazone are used as 

remedies for type 2 diabetes mellitus via enhancing PPARγ activity.19–22 In addition, (E)-N-(2-

chloro-6-methylphenyl)-2-(3-methyl-4-oxothiazolidin-2-ylidene)acetamide (ralitoline) is used as 

an anticonvulsant-thiazolidinone drug. 23,24 Therefore thiazolidines exhibit a broad array of 

medicinal applications which have inspired researchers to develop novel methodologies for their 

synthesis. Acid- and base-catalyzed thiazolidine syntheses have been reported as approaches to 

these heterocycles, however, most of these synthetic methods require elevated temperatures and 

long reaction times and are characterized by low yields and moderate substrate scope.25–29 Also, 

ionic-liquid assisted synthesis of thiazolidine is considered to be an efficient method but in some 

cases required introduction of additional catalysts, otherwise yields can be an issue.30  Recently, 

nanoparticles have been used as catalysts because of their high surface-to-volume ratio which 

enhance the reactivity and selectivity of the reaction, especially nano-heterogenous catalysts. All 

reported nanoparticles used in thiazolidine synthesis are reusable but challenges remain with the 

scope limited to aryl derivatives31–33 and long reaction times.32,34 In addition to these promising 

methodologies, multi-step reactions, metal catalysis, ultrasonic irradiation, microwave conditions, 

catalyst free and solvent free approaches have been described for the synthesis various derivatives 

of thiazolidines.4 

A previously reported on-surface synthesis has been developed for thiazolidinones but it required 

long reaction times and dichloromethane as solvent.35 While in our earlier work, silica gel was 

investigated and shown to promote fast cyclization of thioureas formed in situ from propargyl 

amines and isothiocyanates. Therefore, we have focused on developing this interesting one-pot 

chemistry further to easily access bio-active thiazolidine based structures.36 In 2019, our group 
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published the synthesis of a novel group of thiazolidines using this procedure, some of which were 

prone to oxidation at C4 upon exposure to the ambient atmosphere producing thiazolidinones 

(Scheme 1).37 Interestingly, most of the reported compounds showed good anti-tumor activity 

against colon and breast cancers (in-vitro study using HCT116 and MCF7 cell lines) which 

inspired us to design new analogs belonging to thiazolidines system only. Therefore, in this present 

study, an efficient, fast, and convenient on-surface methodology is explored towards synthesis of 

5-substituted thiazolidines in a one-pot reaction from propargyl amines and isothiocyanates.  Since 

our previously prepared thiazolidines were more active against breast cancer in general, the anti-

proliferative activity of the current new analogues against a breast cancer cell line (MCF7) is also 

described. 

 

Figure 7.1: Recently published thiazolidinones targeting breast cancer. 

7.2 RESULTS AND DISCUSSION: 

7.2.1 Chemistry: 

Initially, it was thought that blocking the oxidation hot spot in the thiazolidine structure, 

specifically the C4 methylene group, would mitigate the oxidation process. Therefore, we have 

designed these new derivatives by incorporating a methyl group at the C4 position and evaluated 

the stability and antiproliferative activity of these derivatives. Thiazolidines 5a-l were synthesized 
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via reaction of propargyl amine 4 and various aryl isothiocyanates on silica gel at room temperature 

overnight. 

 

Figure 7.2: Approved drugs containing the thiazolidine core structure. 

 

Scheme 7.1: Previously synthesized and screened thiazolidines against breast and colon cancers. 

Initially, several unsuccessful experiments were performed evaluating approaches for the synthesis 

of the targeted propargyl amine including a three component reaction (3CR) of 4-ethylanisole, 
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acetaldehyde, and methylamine catalyzed by CuI and/or CuBr.38–40 Such conditions have worked 

well for us and others for the assembly of propargyl amines in other contexts.  Also, palladium 

catalysts for C-N bond formation have been used in 3CR under different conditions but these were 

not successful either.41  Therefore the approach was modified and propargyl alcohol 3 was 

synthesized first in good yield (61%) using a Grignard reaction from commercially available 

reagents (4-ethynylanisole, ethylmagnesium bromide and acetaldehyde). The propargyl amine 4 

was prepared via an SN2 reaction by activating the alcohol first with methanesulfonyl chloride and 

then treating the corresponding sulfonate with methylamine in the presence of triethylamine as a 

base (Scheme 7.2).  

 

 

Scheme 7.2: Synthesis of the targeted 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (ON = 

overnight). 

An initial negative result was obtained by treating the synthesized propargyl amine with phenyl 

isothiocyanate in dichloromethane solution at room temperature for 12 h. While adding silica gel 

as a solid support makes a significant difference by bringing the two reagents together on its 

surface presumably through hydrogen bonding interactions with the hydroxyl groups on its 

surface. Therefore, silica gel helps in thiourea formation and mediates and/or catalyzes the 

cyclization process through these types of interactions. The fully substituted thiazolidines were 

synthesized through mixing 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (4) and different 
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aryl isothiocyanates (5a-l) in the presence of silica gel at room temperature with stirring overnight 

(Scheme 7.3). Solid starting materials were dissolved in a very small amount of dichloromethane 

and then added to the silica gel with stirring to evaporate the solvent. The reaction was monitored 

by TLC by taking tiny amount of silica gel reaction mixture and adding a few drops of 

dichloromethane. All of the isolated thiazolidines were purified by silica gel chromatography and 

the structures were confirmed by spectroscopic analysis (IR, 1H NMR, 13C NMR, HRMS).  

 

 

Scheme 7.3: Synthesis of the fully substituted thiazolidines 5a-l. 
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Table 7.1: The synthesized thiazolidines 5a-l and their IC50 against an MCF7 cell line.  

 Compound Ar Yield (%) IC50 (µM±SMD) 

1 5a C6H5 60 0.50±0.21 

2 5b 4-BrC6H4 61 0.62±0.24 

3 5c 4-ClC6H4 61 0.27±0.14 

4 5d 4-FC6H4 45 0.50±0.23 

5 5e 4-NO2C6H4 95 1.15±0.18 

6 5f 4-CF3C6H4 58 16.32±1.24 

7 5g 4-MeC6H4 20 ND† 

8 5h 4-Me-3-ClC6H3 46 1.82±0.17 

9 5i 4-OMeC6H4 63 1.75±0.16 

10 5j 4-tBuC6H4 95 12.61±3.71 

11 5k 4-OMe-2-

NO2C6H3 

63 1.38±0.13 

12 5l 4-Br-2-CF3C6H3 57 15.64±3.6 

13 Cisplatin - - 4.14±1.14 

†This compound was not stable and thus the cytotoxicity was not determined. 

Analysis of compound 5f via X-ray single crystal shows the constitution is as expected and that 

the geometry of the two exocyclic double bonds is exhibiting the same geometry of the previous 

reported thiazolidines, Z, Z’-configurations. 37 Colorless needle crystals of compound 5f are 

crystallized in a monoclinic space group P21/c with four molecules per unit cell. Further details 

about X-ray single crystal study of 5f is shown in supplementary information file and experimental 

section. Also, the 1H NMR spectrum shows long range coupling between the C4-methyl group (at 

the hot spot) and the vinylic proton also confirming the Z-configuration for the exocyclic double 

bond. The vinylic proton and carbon for compound 5f appear at δH = 6.49 ppm and δC = 119.5 

ppm, respectively.  

The initial rationale behind developing this chemistry was to investigate the bioactivity of different 

derivatives of thiazolidine, especially against breast cancer, and ultimately discovering new 

hits/leads to serve as anti-tumor agents. Although, we have blocked the reactive methylene group 

using a methyl group, all the synthesized compounds were unstable decomposing after extended 
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periods at room temperature, and they were stored at -10 ̊C under an atmosphere of argon. TLC 

analysis showed formation of multiple components after leaving the molecules in deuterated 

chloroform or dichloromethane and exposure to the atmospheric air over the course of several 

days. Attempted purification of these mixtures by preparative TLC of the decomposed samples 

failed; however, while the isolated components appeared homogenous by TLC, we were unable to 

identify the decomposed product. While a 1H NMR study of the reaction mixtures of these new 

derivatives after long term exposure to air was not helpful due to formation of unidentifiable peaks. 

The instability of our previously published thiazolidines was determined by isolation of the 

oxidized thiazolidinones.  Our assumption is that hydroxylation occurs, and the resulting 

carbinolamine undergoes ring-opening and further oxidation.  Therefore, samples for testing were 

synthesized immediately prior to their use in the MTT assays using breast cancer cell line (MCF7) 

to test their cytotoxicity with tumorous cell line. Compound 5g has been excluded from biological 

screening due to its instability at – 10  ̊C.  A year later, simple TLC experiments were done for all 

the derivatives stored in the freezer under argon, and they showed only one spot, referring to 

successful storage method for such unstable derivatives except 5g. In addition, samples stored in 

DMSO at 4 ̊C exhibited good stability after a year especially compounds 5d and 5e which contain 

an electronic withdrawing group (F and NO2). 

7.2.2 Anti-proliferative activity: 

Evaluation of the biological activity of the targeted thiazolidines was the main motivation towards 

the synthesis and developing such interesting chemistry. Therefore, the synthesized compounds 

were tested with a breast cancer cell line (MCF7) using the MTT colorimetric assay using solutions 

of freshly prepared thiazolidines 5a-f and 5h-l. Cisplatin was used as a standard reference for the 

MTT obtained data. Figure 7.3A-C shows the cell viability using ten different concentrations of 
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thiazolidines and cisplatin, and all the compounds exhibited activity in a dose-dependent manner. 

Figure 7.3D shows the cytotoxicity of the thiazolidines represented as IC50 values which express 

the concentration required from each compound to inhibit the growth of the MCF7 cells by 50%. 

Figure 7.3A depicts the effect of compounds 5a-d, all of them behave similarly and showing more 

potency compared to cisplatin activity. Figure 7.3B and 7.3C show that most of the compounds 

are more active compared to cisplatin except one compound in each graph, 5f and 5j, respectively. 

The bar graph (Figure 7.3D) indicates that most of synthesized compounds are more potent relative 

to the standard reference based on the calculated values of the corresponding IC50. Regarding the 

structure activity relationship, generally, all the synthesized compounds have a common scaffold 

of the thiazolidine core and 4-methoxybenzylidene group, but different substituents attached to 

exocyclic aryl amine. It is of note that all the derivatives substituted with an electron withdrawing 

group exhibit higher potency (IC50 values) against MCF7 breast cancer cell lines compared to 

cisplatin. For instance, compounds 5a-e exhibit the highest anti- proliferative activity among this 

library against MCF7 (IC50 = 0.50, 0.62, 0.27, 0.50, and 1.15 μM for 5a-e respectively, Table 7.1) 

in comparison to the corresponding 4.14 μM observed for cisplatin. Compound 5a with an 

unsubstituted phenyl ring on the exocyclic 2-imino group and thiazolidine 5d p-fluorophenyl ring 

exhibit similar IC50 values (0.50 μM), displaying more than 8-fold potency. Interestingly, replacing 

the fluoro group attached to exocyclic 2-imino group with a chloro group (5c) enhances the activity 

and increases the potency from 8 to 15- fold higher than cisplatin. Meanwhile, using a bromo group 

(5b) instead of a fluoro or chloro group doesn’t show any improvement in the corresponding IC50, 

and yet the activity is still better than cisplatin (Table 7.1, entry 2 and 13). (Z)-N-(4-chlorophenyl)-

5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine (5c)is the most potent compound 

among the screened series of thiazolidines, exhibiting higher than 15-fold anti-proliferative 
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activity compared to the positive control. The electron donating groups attached to both phenyl 

rings (methoxy groups, compound 5i) exhibited good activity higher than 2-fold. While 

trifluoromethyl and tert-butyl groups attached to phenyl ring, compounds 5f and 5j, lower the 

activity by 3-fold compared with cisplatin (16.32 and 12.61 μM respectively). Interestingly, a 

compound bearing both an electron donating group with electron withdrawing groups on the same 

phenyl ring lower the activity compared to the corresponding analogues with only electron 

withdrawing groups. A clear example is compound 5l in which the bromo group does not affect 

the influence of the trifluoromethoxy group, thus the corresponding IC50 value is 15.64 μM and 

the halogen (Br) group did not improve the activity in comparison to compound 5b (IC50 = 0.62 

μM). Combination of a methoxy and a nitro group in compound 5k did not cause a significant 

effect on the corresponding potency (1.38 μM) which is still close to a single methoxy substituted 

phenyl group (compound 5i with IC50 = 1.75 μM) and nitro group (compound 5e with IC50 = 1.15 

μM). The activity of the current library of thiazolidines is not only consistent with our previously 

published series, but it shows a good improvement in terms of IC50 values.37 It is  noteworthy that 

IC50 of the previously synthesized thiazolidines ranged from 7.4 - 28.7 µM (Scheme 7.1), while 

the new derivatives ranged from 0.27 – 16.32 µM (Table 7.1). Moreover, the present thiazolidine 

library appears to be one of the most active thiazolidines against breast cancer cell (MCF7). In 

comparison to other published data, our new library revealed excellent activity in terms of IC50 

compared to the three studies shown in Figure 7.1. This figure presents the most active three 

examples derived from these three different studies, IC50 ranged from 3.3 to 5.1 µM. Therefore, 

our group is interested to develop such kind of clean chemistry towards stable bio-active 

thiazolidines. Another novel and chemically stable series of thiazolidines are being prepared for 

publication in the near future with interesting anti-tumor activity.          
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Figure 7.3: Anti-proliferative activity of thiazolidines 5a-f and 5h-l; A-C show the cell viability 

of MCF7 cell incubated with thiazolidine and tested by MTT assay after 96 h. Figure 3-D shows 

the calculated IC50 based on non-linear data obtained from the cell viability study. The test was 

performed by Dr. Mandal lab.  

7.3 SUMMARY:  

A novel series of thiazolidines have been prepared via a convenient and efficient method using 

surface-mediated acceleration and their anti-proliferative activity evaluated. The substitution of 

methylene at position 4 in thiazolidine ring blocks the aerobic oxidation to the corresponding 

thiazolidinone but still resulted in compounds unstable at room temperature. All the compounds 

were analyzed through spectroscopic analysis and the exact configuration of the thiazolidines was 

confirmed by X-ray single crystal characterization for one compound 5f as an example for the 

synthesized library. Freshly prepared thiazolidines were screened for their cytotoxicity against 
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breast cancer cell line (MCF7) using an MTT assay. Most of the synthesized library show potent 

cytotoxicity against a breast cancer cell line (MCF7). (Z)-N-(4-chlorophenyl)-5-((Z)-4-

methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine (5c) is the best analogues exhibiting a 15-

fold higher potency compared to cisplatin. A study of structure activity relationship shows that 

electron withdrawing groups attached to the exocyclic 2-arylamine of thiazolidine exhibit the 

greatest activity among two synthesized libraries so far in the present work and previously 

published study in 2019. A stability study was performed for the compounds at room temperature, 

4  ̊C and -10  ̊C, which illustrated the thiazolidines bearing an electron withdrawing groups show 

a good chemical stability and biological activity. Thus, the present report provides a promising 

approach towards the development of a new variety of thiazolidine scaffolds in terms of 

green/clean chemistry and biologically active molecules.  
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ABSTRACT:  

The discovery of a new class of extracellular-signal-regulated kinase (ERK) inhibitors has been achieved 

via developing novel 2-imino-5-arylidine-thiazolidine analogues. A novel synthetic method employing a 

solid support-mediated reaction was used to construct the targeted thiazolidines through a cascade reaction 

with good yields. The chemical and physical stability of the new thiazolidine library has successfully been 

achieved by blocking the labile C5-position to aerobic oxidation. A cell viability study was performed using 

esophageal carcinomic cell lines (KYSE-30, KYSE-150, HET-1A cells) through utilization of the MTT 

assay, revealing that (Z)-5-((Z)-4-bromobenzylidene)-N-(4-methoxy-2-nitrophenyl)-4,4-

dimethylthiazolidin-2-imine (9g) is the best compound among the synthesized library in terms of 

selectivity. DAPI staining experiments were performed to visualize the morphological changes and to 

investigate the apoptotic activity, guiding to select for the KYSE-150 cell line. Moreover, qRT-PCR was 

used to identify the mechanism/pathway behind the observed activity/selectivity of thiazolidine 9g which 

established selective inhibition of the phosphorylation process of one of the major signaling cascades, ERK 

pathway. Molecular modeling techniques have been utilized to confirm the observed activity. A molecular 

docking study has emphasized similar binding interactions between the synthesized thiazolidines and 

reported co-crystalized inhibitors with ERK proteins. Thus, the present study provides a starting point for 

the development of an interesting bioactive 2-imino-5-arylidine-thiazolidines.   

8.1 INTRODUCTION  

Cancer is one of the most feared diseases worldwide due to its devastating impact on human 

health and its related death rate. Based on statistics from the International Agency for Research on 

Cancer (IARC), cancer incidence and mortality are growing rapidly. Thus, it is expected that the 

number of new cases will increase from 19.3 million in 2020 to 28.4 million in 2040.1 Tumor cells 

develop by deviation from the tightly controlled differentiation pathways of  normal cells, through 

the loss or modification of normal regulatory growth mechanisms. There are over 200 different 
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kinds of cancer that are usually classified based on the organ or cell where the tumor originated.2 

Thus, cancer is not a single disease but rather a collection which require  individual treatment 

regimes. Tumor metastasis, which results in the spread of the primary tumor to secondary location, 

is an additional complication, creating significant fear among patients. The metastasis process is 

mediated by a mechanism called “angiogenic-switch” in which a normal blood vessel becomes a 

dormant hyperplasia and then turns into a vascularized solid tumor acting as a lesion affecting 

surrounding organs.3 Metastatic tumors are the real challenge in cancer treatment because a tumor 

cell in a specific organ may be converted into another tumor cell in other organs.4,5 The complex 

mechanisms behind metastatic death-causing cancer are considered the most important question 

marks in metastasis cancer research.5,6 Moreover, few of the approved drugs by the U.S. Food and 

Drug Administration (FDA) are targeted and effective against metastatic cancers.6  Tumor cells 

can be characterized by their high death resistance, therefore searching for different approaches to 

induce cell death provides an intriguing approach to for the development of apoptotic drugs. Based 

on the morphological stereotyped appearance of tumor cells, the lethal mode, programmed cell 

death is categorized into three different types (apoptosis, autophagy, and necrosis). 

 Apoptosis is recognized by the appearance of several morphological features, including 

cell rounding, shrinking of cytoplasm, condensed chromatin starting from the nuclear membrane 

to the whole nucleus, nuclear fragmentation, and generation of other organelles called apoptotic 

bodies.7–10 There are number of intrinsic and extrinsic factors that activate the apoptotic process. 

Apoptotic ligands and/or drugs activate the extrinsic pathway by binding to death receptors of the 

tumor necrosis factor (TNF) receptor superfamily like Fas receptor (CD95), Death Receptor 4 and 

5 (DR4 and 5).11–14 Thus, these ligands/drugs induce apoptosis by converting  pro-caspases-8 

and/or pro-caspases-10 into their active forms of death inducing signaling complex (DISC).14 
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Activation of caspase proteins is essential for the apoptotic process which cleave hundreds of 

proteins required for cellular functions, including nuclear and cytoskeletal proteins. Therefore, loss 

of these proteins causes plasma membrane changes and leads to shrinking in apoptotic cells.15 

However, apoptosis is an essential physiological process during development and aging stages, 

apoptotic anomalies are associated with a number of diseases including neurodegenerative, 

bacterial, viral, heart, autoimmune, and cancer diseases.16–20 

Mitogen-activated protein kinases (MAPK) are autophosphorylation protein kinases which 

react at serine and threonine residues to stimulate or deactivate their targets. MAPKs regulate 

essential physiological processes such as proliferation, transformation, differentiation, apoptosis, 

stress response, and innate immunity.21–23 There are three known kinase proteins belonging to the 

MAPK family, the extracellular signal-regulated protein kinases (ERK1/2), the p38 MAP kinases 

(α, β, δ, and γ), and the c-Jun NH2-terminal kinases ((JNK1/2/3)).23,24 ERK1/2 isoforms are dual-

specificity kinases and are involved in the Ras-Raf-MEK-ERK signal transduction cascade. This 

cascade plays an important role in variety of cellular processes which are initiated by activation of 

RAS kinase, mediating the activation or phosphorylation of Raf-kinase and then MEK mediates 

the activation of ERKs. Ras mutations are common oncogenic alterations in many cancers and 

ultimately activate ERK1/2 pathway.14,21,22,25–27 Therefore, discovering ERK inhibitors is a 

promising approach to cancer chemotherapy and some ERK inhibitors are reaching to clinical 

stages as potential anticancer agents. Figure 8.1 shows some ERK inhibitors in clinical trials.28,29  
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Figure 8.1: ERK1/2 inhibitors in the clinical stages. 

Esophageal cancer, occurring in the upper gastrointestinal tract, is the 6th deadliest cancer with a 

total number of deaths numbering around 544,000 lives in 2020 globally.29 It is one of the most 

common malignant neoplasms of the digestive tract and is characterized by high rate of 

incidence.32 About 572,000 new cases were diagnosed as esophageal cancer worldwide in 2018, 

that increased to 604,000 cases in 2020.31 There are mainly two types of esophageal cancer; 

squamous esophageal cell carcinoma (ESCC) which is the most common type worldwide, and 

adenocarcinoma that is the predominant type in the USA, Australia, UK, and Western Europe.34 

The poor diagnosis and low survival rate (≤ 20%) of esophageal cancer are due to 

unclear/unnoticeable symptoms in the early stages of tumor development.35 The gold standard 

approach for esophageal cancer treatment is radiotherapy, chemotherapy (using cisplatin and 5-

fluorouracil), surgical resection, and their combination. Sadly, these approaches are not sufficient 

with many patients who suffer from advanced, inoperable, and metastatic diseases, especially 
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when the cases are diagnosed in the late stages of the disease.36,37 Recent studies show that the 

importance of Ras/Raf/MEK/ERK pathway in esophageal carcinoma treatments and diagnosis 

especially for  ESCC.38–42 Therefore, our research group is interested in discovering and 

developing potent novel small molecules acting as ERK inhibitors. In the present study, we 

designed and synthesized novel small organic molecules, thiazolidines, then evaluated their anti-

cancer activity in terms of induction of apoptosis and inhibition of ERK signaling pathway using 

in-vitro bioassays.  

8.2 RESULT AND DISCUSSION: 

8.2.1 Chemistry 

The thiazolidines class of heterocyclic compounds show broad bioactivity against global 

distribution of diseases. The thiazolidine core structure is found in various synthetic compounds 

acting as antiproliferative,43–49 anti-inflammatory,50–52 anti-diabetic,53 anti-fungal,54 anti-

convulsant,55 anti-parasitic,56,57 anti-HIV,58,59 and anti-microbial active agents.60,61 Various 

synthetic methodologies have been developed for construction of the core thiazolidine ring 

structure. On-surface thiazolidine synthesis is one of the most efficient methods and 

environmentally favorable strategies reported to date. Our group has developed a silica gel-based 

technique as a solid support for thiourea cyclization to produce thiazolidines in a one-pot reaction 

directly from propargyl amines and thioureas.62 Scheme 8.1 outlines the sequential stages of 

developing our targeted novel thiazolidine compounds. The encouraging cytotoxicity results 

obtained for our first thiazolidine library led us to develop the present chemistry using the solid 

support technique as a green methodology towards constructing the thiazolidine scaffolds.49 Most 

of the synthesized thiazolidines in the first library showed good antiproliferative activity against 

colon and breast cancer cell lines. Interestingly however, the several of synthesized thiazolidines 
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were prone to oxidation by exposure to the atmospheric air resulting in the formation of the 

corresponding thiazolidinones 3 (Scheme 8.1a).49 

 

Scheme 8.1: Previous developed/published anti-proliferative thiazolidines 2, 3, and 5. 

Therefore, a second library of thiazolidines was developed in response as a means to enhance their 

chemical and physical stabilities. The core structure of thiazolidine ring was modified to block the 

oxidatively labile methylene group (CH2) by introducing a methyl group instead of a hydrogen 

atom (Scheme 8.1b) but retaining the other functional groups within the core structure.63 They 

revealed interesting anti-proliferative activity that was sufficiently encouraging to continue 

developing such chemistry toward synthesizing a stable and bio-active novel thiazolidines. 

However, unless the fully substituted thiazolidines are protected from the anaerobic oxidation, 
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they were still unstable at room temperature over the course of several days. Thus, another methyl 

group was introduced at that same position, so the two hydrogen atoms in the first library were 

now replaced with two methyl groups in the new series of thiazolidines (Scheme 8.2). A second 

point, an initial thought was that a N-methyl group in the core structure of thiazolidines as in the 

first two libraries (Scheme 8.1a and b) might cause strain within the ring and affecting compound 

stability. Therefore, the N-methyl group was removed and replaced by NH group, providing 

another potential site for binding via a hydrogen bond donner. Moreover, a qualitative structure 

activity relationship (QSAR) study has been performed based on the published data to predict the 

bioactivity of new thiazolidine derivatives using CODESSA-Pro (comprehensive descriptors for 

structural and statistical analysis) software.64 The results show that replacing the methoxy group 

in the benzylidene ring with an electron withdrawing group should improve their corresponding 

IC50. Therefore, the propargyl amine 4-(4-bromophenyl)-2-methylbut-3-yn-2-amine (8) was 

synthesized via a Sonogashira cross-coupling reaction using 2-methylbut-3-yn-2-amine (6) as an 

alkyne, 1-bromo-4-iodobenzene (7) (to incorporate a halogenated group instead of methoxy group 

into benzylidene ring) in the presence of PdCl2(PPh3)2 and CuI in a THF/TEA mixture (Scheme 

8.2).65 

 

Scheme 8.2: Novel synthetized thiazolidines 9a-i using on-surface methodology. 
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Then the synthesized propargyl amine 8 was mixed with isothiocyanate derivatives in presence of 

silica gel as a solid support, resulting in isolation of the targeted thiazolidines. Initial experiments 

with this propargyl amine were conducted at room temperature as had been used previously, which 

resulted in consumption of the starting materials after two to three days (monitoring by TLC 

experiment). Presumably, the loss of the methyl groups compared to the previously reported 

systems reduces the reactive rotamer population thereby slowing down the reaction.49,66 Therefore, 

the impact of elevating the temperature was investigated which resulted in identification of 

conditions leading to improved yields; ultimately finalized conditions consisted of stirring the 

slurry at 50-65 ̊C for 24 h. The isolated thiazolidines were purified by flash column 

chromatography, followed by crystallization using toluene or ethanol (Table 8.1). All the final 

products are stable crystalline solids at room temperature therefore one goal of this study, namely 

preparation of chemically and physically stable novel thiazolidines using our on-surface technique, 

has been achieved. All synthesized compounds were characterized using spectroscopic techniques 

(IR, 1H NMR, 13C NMR, HRMS) and a single crystal X-ray structure was obtained for one sample. 

Our initial expectation of removing the N-methyl group attached to thiazolidine-nitrogen (cf. 7 vs 

2 or 5) was releasing of some strain and potentially inversion of the geometry of exocyclic aryl 

imine group. However, on the basis of the X-ray study, it actually exhibits the same double bond 

geometry as the two published libraries of thiazolidines and removing the N-methyl group does 

not affect the formation of (Z)-2-imino-(5Z)-ylidene thiazolidines. 
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Table 8.1: Synthesis of (Z)-5-((Z)-substituted benzylidene)-N-(4-bromophenyl)-4,4-

dimethylthiazolidin-2-imine. 

 

 

 

 

 

 

 

aReaction was performed with 1.0 mmol of 4-(4-bromophenyl)-2-methylbut-3-yn-2-amine and 1.0 

mmol of the corresponding aryl isothiocyanate in a vigorous stirred silica gel (1.75 g) at 65 ̊C for 

24 h. 

I Isolated yields after chromatography purification.  

II Isolated yields after crystallization. 

8.2.2 Anti-tumor activity: 

Inhibitory effects of thiazolidine compounds on ESCC cells  

  The anti-cancer efficacy of thiazolidine compound in cultured human esophageal 

squamous cell carcinoma and normal epithelial cell lines was assessed using the gold standard 

MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide).67 The efficacy 

of the thiazolidines was measured initially as IC50 values using eight different concentrations by 

incubation with EYSE-30 cells for 72 hours. The results of these experiments are shown in Figure 

2 (IC50 values for all the synthesized compounds against KYSE-30 cell line). For investigating the 

structure activity relationship (SAR) study, the thiazolidine structures were designed to have a 

variety of functional groups attached to exocyclic aryl amine such as electron withdrawing groups 

((Br, Cl, F, NO2), 9a-d,  respectively), electron-donating groups (Me (9f), OMe (9i)), and bearing 

the two groups together as in compounds 9g and 9h. Comparing these derivatives with thiazolidine 

containing unsubstituted phenyl 9e helps understanding SAR of the synthesized compounds. All 

the derivatives reveal good inhibitory activity except ones containing Cl (9b), Me (9f) groups and 

Entry Cpd. Ar Yield (%)
a
 

I II 

1 9a 4-BrC6H4 77 55 

2 9b 4-ClC6H4 75 50 

3 9c 4-FC6H4 77 46 

4 9d 4-NO2C6H4 95 30 

5 9e C6H5 80 54 

6 9f 4-MeC6H4 78 34 

7 9g 4-OMe-2-NO2C6H3 94 44 

8 9h 4-CH3-3-ClC6H3 80 40 

9 9i 4-CH3C6H4 85 42 
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combinations of both (9h). However, the negative and reverse effect of thiazolidines containing 

Cl group, the data are still compatible with the previously published data obtained for the two 

thiazolidine series.49,63 Thiazolidines 9c, 9a and 9i are considered more effective derivatives based 

on these initial data (10.6, 13.2, and 14.2 µM, respectively) compared to unsubstituted exocyclic 

aryl amine 9d. Interestingly, thiazolidines containing a methyl substituent group to the exocyclic 

aryl amine show good inhibitory effect (14.2 µM) and the combination of methyl and nitro group 

to exocyclic aryl amine 9g retains the activity to be 16.8 µM. It was noticeable that IC50 values of 

most of the effective compounds are close to 15 µM and for the less effective ones are higher than 

60 µM.  
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Figure 8.2: IC50 values of thiazolidines 9a-i tested with KYSE-30 cell line. The 

test was performed by Dr. Zui Pan Laboratory.  



 

171 

 

Therefore, the inhibitory effects for each compound using a single dose of 10 µM 

concentration for 72 h was assessed using two tumorous esophageal cell lines (KYSE-30 and 

KYSE-150) and non-tumorous esophageal epithelial cell HET-1A cells (Figure 8.3). A general 

theme among all the tested compounds is the higher efficacy against KYSE-150 compared to 

KYSE-30 cell line. However, modest selectivity of thiazolidines towards tumorous and non-

tumorous cell lines was observed, compounds 9e and 9g reveal the lowest toxicity toward HET-

1A cells. Therefore, a cell viability study of 9e and 9g with KYSE-30 and KYSE-150 was 

conducted using eight different concentrations (Figure 8.4A).  Compound 9g displayed the highest 

efficacy against KYSE-150 cell line (71% inhibition of cell growth using 10 µM) among all the 

compounds. Also, the IC50 values support the choice of 9g for further evaluation revealing 

inhibition of the proliferation of KYSE-30 and KYSE-150 using 16.8 µM and 10.07 µM, 

respectively. The IC50 of 9g for HET-1A and NES-G4T, two non-tumorous esophageal epithelia 

cell lines, were calculated as 13 µM and 202.2 µM, respectively. In general, viability of all cell 

lines reduced in a dose-dependent manner during treatment of compound 9g for 72 h as it is shown 

in Figure 8.4B. Data suggest that 9g could selectively inhibit cancer cell growth, while normal 

cells remained relatively insensitive, hence 9g was selected for further analysis.  
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Figure 8.3: Inhibitory effects on cell proliferation by thiazolidine compounds variations. Cell 

viability with thiazolidine compounds at 10 µM treatments for 72 h were calculated by MTT assay 

and normalized inhibitory effects were compared in KYSE-30, KYSE-150, HET-1A cells. Data 

were from 4 independent experiments with biological triplicates for each experiment. The test was 

performed by Dr. Zui Pan Laboratory.  
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Figure 8.4: Compound 9g selectively inhibited cell proliferation in 
ESCC cells: (A) Cell viability of KYSE-30 and KYSE-150 with 9e 
and 9g compounds at eight different concentrations using MTT assay; 
(B) Cell viability with 9g treatment after 72 h were calculated by MTT 
assay in KYSE-30, KYSE-150, HET-1A, and NES-G4T. The test was 
performed by Dr. Zui Pan Laboratory.  

  

  

 

(A)  
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    Apoptosis analysis of 9g in KYSE-30 and KYSE-150 cells 

4′,6-Diamidino-2-phenylindole dihydrochloride hydrate 

(DAPI) is a fluorescent sensitive staining dye that is 

useful for analyzing and visualizing nuclear changes and 

identifying cases of apoptosis. DAPI binds efficiently to 

adenine-thymine regions rich grooves in DNA. DAPI 

absorbs light at ultraviolet wavelength (359 nm) and 

emits a blue fluorescence at 461 nm. The measured 

fluorescence is proportional to the amount of DNA 

present in the stained cells. DAPI staining can help 

identify the nuclear morphology of apoptotic cells such 

as chromatin fragmentation and condensation.68,69 

Therefore, nuclei staining of the cells treated with 

compound 9g and stained with DAPI provided images that were obtained at various time points. 

As shown in Fig. 5, condensation of chromatin and fragmentation of nuclei membrane in both 

KYSE-30 and KYSE-150 when treated with 9g at 10 µM were noticeable at 48 h and 72 h 

compared to the control. After 72 h, loss of nuclei integrity was apparent. This result reveals 9g 

could induce cell apoptosis.   

    Compound 9g induced apoptosis through the ERK pathway 

Since ERKs and protein kinase B (Akt) play a key role in a number of cellular processes such as 

proliferation, transcription and apoptosis, they are being targeting for developing novel inhibitors 

of cancer growth.14,70,71 The potential mechanism of action of 9g was examined via detecting 

expression of ERK and Akt proteins and their phosphorylated proteins by performing western blots 

on lysates of KYSE-150 and NES-G4T after treatment with 10 µL of compound 9g  after 4 h, 8 h, 

Figure 8.5: DAPI staining of KYSE-30 and KYSE-
150 cells treated with 9g for 48 h, and 72 h. The test 
was performed by Dr. Zui Pan Laboratory.  
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and 12 h. For KYSE-150, Figure 8.6A shows that 9g down regulates pERK in a time dependent 

manner, while expression of Akt and pAkt seems similar from zero time till 12 h, compared to β-

actin levels. Therefore, the ratio of pERK/ERK and pAkt/Akt were calculated and figure 6B shows 

a significant difference in the ratio pERK/ERK between 4 h and 12 h. Meanwhile, the pAkt/Akt 

ratio difference was insignificant as exposure duration increased. For NES-G4T, both pERK/ERK 

and pAKT/AKT ratio differences between 4 h and 12 h were not significant. These data 

demonstrate that treatment with 9g induced apoptosis in ESSC cells through the ERK pathway but 

did not result in death of normal epithelial cells. 

 

Figure 8.6: Induced apoptosis through the ERK pathway in KYSE-150 cells. (A) Western blots of proteins ERK, 
pERK, Akt, and pAkt in KYSE-150 and NES-G4T treated with 9g (10 µL) for 4 h, 8 h, and 12 h. Beta actin was used 
as the loading control. (B) Statistical data analysis of western blot results. Data is showed as mean ± SEM. **p ≤ 0.05. 
The test was performed by Dr. Zui Pan Laboratory.  
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8.2.3 Molecular Modeling Studies 

Molecular modeling techniques are helpful approaches in medicinal chemistry assisting in 

identification of the parameters behind biological properties.66 Computer-aided drug discovery 

(CADD) can be classified based on the targeted biological receptor whether it is known/isolated 

or unknown, therefore, it is categorized as structure- and ligand-based techniques.72 Molecular 

docking is the most common approach for ligand-based technique, while pharmacophore and 

quantitative structure-activity relationship techniques are used for the unknown targets and based 

on previously reported studies.72,73 Thus, drug design (CADD) approaches play a vital role in the 

pharmaceutical search to accelerate the process of discovering new lead compounds. Using the 

computational tools to analyze the actual facts and forming theoretical data helps in predicting the 

bioactivity of the designed molecules. It also provides us with rational ideas that help in 

modification and developing new novel compounds.   

8.2.4 Molecular Docking Study 

Molecular docking is a helpful tool in discovering novel candidates with improved potency based 

on previously isolated and co-crystalized lead/drug compound with targeted protein. There are 

number of discovered ERK inhibitors co-crystalized with ERK proteins (Figure 8.1 and 8.7) and 

some of them have been moved into clinical trials.74–76 

 

Figure 8.7: Important ERK inhibitors. 
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Molecular docking techniques have been useful for designing the targeted thiazolidines, 

confirming the observed biological activity and helping improve the activity for future designed 

thiazolidines and other derivatives. From recent studies done by pharmaceutical companies, it is 

obvious that the newly discovered ERK inhibitors bind to a number of amino acid residues in the 

target pocket with more hydrogen bond interactions thus improved and confirmed the 

corresponding activity compared to ulixertinib.74,76 For instance, the Astex and Sygnature 

compound reveals hydrogen bonds with MET108 and LYS114 which is different from the clinical 

candidate ulixertinib. Similar observations have been made while running the standard CDOCKER 

technique (Discovery Studio 2.5 software, Accelrys Inc., San Diego, CA, USA) for our synthesized 

thiazolidines. Ulixertinib exhibits three hydrogen bond interactions due to the terminal alcohol 

moiety with LYS54 and ASP167, π-cation and π-σ interactions between p-chlorophenyl and 

LYS54 with docking score -56.4471 kcal/mol. The thiazolidine docking studies show that the 

interactions with LYS54 are as expected and common among all the synthesized thiazolidine 

derivatives whether through hydrogen bond or π-cation interactions. Electron withdrawing groups 

attached to the aniline moiety makes the Br group attached to the benzylidene ring interact with 

LYS54 via a hydrogen bond interaction (9a-b/g-h) or π-cation interactions (9c-d). Derivatives 

containing electron-rich groups attached to aniline ring makes π-cation interactions with LYS54 

B A 

Figure 8.8: The docking study of 6gdq ERK protein with 

ulixertinib (A) and an example of thiazolidines (9g) (B). 
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with phenyl ring of aniline moiety (9e-f). The synthesized thiazolidines exhibit hydrogen bond 

interactions via the free NH thiazolyl group except compounds 9a-d. As it is shown from the 

previously published work that interaction with MET108 is one of the main interactions 

corresponding to the observed activity,76 similar observations were made with three of the 

synthesized thiazolidines (9c-d and 9g) via anilinyl moiety substituted with electron withdrawing 

groups. Among all the synthesized thiazolidines, compound 9g exhibits the best docking score (the 

lowest binding interactions) -47.5406 kcal/mol with the highest number of hydrogen bonds which 

supports its choice for further examinations among all other synthesized compounds and is 

consistent with the observed biodata. Also, the second two best thiazolidines in terms of binding 

interactions are 9c and 9d, showing close docking scores -42.6524, and -42.5816 kcal/mol, 

respectively. Thus, this docking study confirms that our novel thiazolidines match with the 

reported docking features of published and clinically valid ERK inhibitors. Moreover, all the 

previously mentioned observations support our initial design for this third thiazolidine library in 

which the electron deficient aryl rings were important for the expected activity based on the 

previous two studies of two thiazolidine libraries. To investigate is the importance of the imine 

group, we have removed the nitrogen from the exocyclic double bond and performed a docking 

study for all the compounds. Interestingly, only two common hydrogen bond interactions were 

noticed with ASP111 with thiazolyl NH and LYS54 with Br attached to benzylidene system 

(example of 9g without imine nitrogen). Thus, the imino nitrogen was crucial for MET108 

interactions as it is shown from Figure 9B interactions of 9g forming four different hydrogen bond 

interactions (thiazolyl NH ‒ ASP111, NO2 ‒ LYS114, OMe ‒ Met108, and Br ‒ LYS54). 

Comparing compound 9g with ulixertinib, thiazolidine 9g reveals more hydrogen bond 
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interactions especially with MET108 which matches with other reported ERK inhibitors, and also, 

the docking scores for 9g and ulixertinib are quite close in value.   

8.2.5 3D-Pharmacophore study 

3D-Pharmacophoric approach can illuminate the parameters governing bio-properties in terms of 

molecular structural elements/functions with chemical feature interactions (hydrogen bonding, 

charge ionizable … etc.) in 3D-array.67 The synthesized thiazolidines 9a‒i were investigated using 

Discovery Studio 2.5 software obeying the standard protocol for assigning the 3D-pharmacophoric 

model.67 Determination of the thiazolidinyl functional group interactions with the pharmacophoric 

features will assist in understanding the parameters necessary for bio-activity. Three 

pharmacophoric features (two hydrophobics “H-1, H-2” and a hydrogen-bonding acceptor) are the 

components of the 3D-array. 

All the tested compounds show alignment of the phenyl group and its bromine substituent attached 

to the thiazolindinyl C-5 with H-1 and H-2, respectively. The sulfur heteroatom of the thiazolidinyl 

heterocycle is aligned with the hydrogen-bonding feature. The latter observation can explain the 

effect of the (un)substituted phenyl linked through imino linkage to the C-2 of thiazolidinyl 

heterocycle in controlling the antiproliferative activities. The different fits of the pharmacophoric 

features led to variable estimated bio-properties. The estimated antiproliferative properties of the 

effective agents synthesized 9a, 9c and 9i (IC50 = 17.6‒19.0 μM) are consistent with their 

experimentally observed values (IC50 = 10.6‒14.2 μM). The same for the weak antiproliferative 

agents discovered.  

8.2.6  QSAR study 

          A mathematical equation obtained through QSAR techniques is capable of describing the 

biological properties in the form of physico-chemical/descriptor parameters which are the items 
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necessary for interpretation the bio-observations. QSAR model of the synthesized thiazolidines 

9a-i was assigned by CODESSA-Pro software utilizing BMLR (best multi-linear regression).68 A 

two descriptor QSAR model was obtained with good correlation coefficient (R2 = 0.852). 

Hydrogen bonding acceptor dependent HDCA-1/TMSA (MOPAC PC) (all) is a charge-related 

descriptor (t = -3.778). The appearance of this descriptor with its high coefficient value (-116.298) 

supports the observation due to the aforementioned 3D-pharmacophoric modeling technique 

revealing the alignment of hydrogen-bonding feature with the thiazolidinyl sulfur. The impact of 

this descriptor on the estimated antiproliferation properties is obvious due to its high coefficient 

value. This is easily revealed in compounds 9h and 9i which possess descriptor values = 0.01462, 

0.01818 corresponding to estimated antiproliferative properties IC50 = 67.1, 11.2 μM, respectively. 

In other words, any slight/minor difference of descriptor value will greatly affect the estimated 

property due to high coefficient value of this descriptor. The molecular fractional hydrogen 

bonding donor ability can be calculated by equation (1).69  

𝐹𝐻𝐷𝐶𝐴1 =  
𝐻𝐷𝐶𝐴1

𝑇𝑀𝑆𝐴
 …………. Equation (1) 

Since, 𝐻𝐷𝐶𝐴1 stands for to the hydrogen bonding donor ability of an atom. 𝑇𝑀𝑆𝐴 is 

corresponding to total molecular surface area.  

 Minimum one-electron reactivity index for atom N is a semi-empirical descriptor with negative 

coefficient value (-84.6416). Thus, the high mathematical descriptor value of an agent observes 

high estimated antiproliferative compound and vice versa as revealed by compounds 9a and 9b 

that possess descriptor values 0.00455, -0.00421 corresponding to estimated properties IC50 = 12.8 

and 60.4 μM, respectively. The Fukui atomic one-electron reactivity index can be determined by 

equation (2).69 



 

181 

 

𝑅𝐴 =  ∑ ∑ 𝐶𝑖𝐻𝑂𝑀𝑂𝑗∈𝐴𝑖∈𝐴 𝐶𝑗𝐿𝑈𝑀𝑂/(𝜀𝐿𝑈𝑀𝑂 − 𝜀𝐻𝑂𝑀𝑂) ……… Equation (2) 

Since, 𝐶𝑖𝐻𝑂𝑀𝑂and 𝐶𝑗𝐿𝑈𝑀𝑂stand for the highest occupied and the lowest unoccupied molecular 

orbital coefficients. The 𝜀𝐿𝑈𝑀𝑂and 𝜀𝐻𝑂𝑀𝑂 stand for the lowest unoccupied and the highest 

occupied molecular orbital energies. 

Statistical internal validation parameters including standard deviation (s2 = 0.021) and Fisher 

criteria (F = 17.300) support the goodness of the optimized QSAR model. The comparative cross-

validation values of leave-one-out (R2cvOO = 0.729) and leave-many-out (R2cvMO = 0.783) to 

that of the QSAR equation (R2 = 0.852) also add evidence to the robust nature of the model. 

Additionally, the correlation due to the estimated and experimental observed antiproliferation 

properties of the tested thiazolidines preserving their potencies among each other is also a good 

sign for the success of the QSAR model. To conclude, the molecular modeling message is that 

QSAR model has confirmed the observed features analyzed by pharmacophore technique, 

revealing the importance of sulfur atom in the core structure of our designed and synthesized 

compounds. Moreover, existence of electron deficient aryl system attached to thiazoldinyl core 

motif is crucial for the expected activity and that supports the observed experimental values, in 

addition to the importance of the imine nitrogen (docking model). Thus, designing and discovering 

novel class of ERK inhibitors will be investigated in the near future based on the current molecular 

modeling techniques.      

8.3 SUMMARY 

In summary, a novel class of 2-imino-5-arylidine-thiazolidines has been discovered using an 

environmentally benign methodology. Discovery of stable thiazolidines has emerged through three 

stages by synthesizing three libraries of the targeted 2-imino-5-arylidine-thiazolidines via the 

chemistry developed in the Lovely lab. The reported library achieves the best chemical and 
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physical stabilities to date and establishes a new class of bioactive thiazolidines. The 

antiproliferative activity of the synthesized thiazolidines was tested using four different esophageal 

cancer cell lines, KYSE-30, KYSE-150, HET-1A, and NSE-G4T cells. The MTT assay was 

performed to study the cell viability under treatment with 10 µM of synthesized thiazolidines, 

revealing two compounds (9e and 9g) out of the nine synthesized thiazolidines are the best ones 

among the group. Further cell viability studies of eight different concentrations of the two 

compounds were performed for selecting the most toxic compound against carcinomic cell line 

and least effective against healthy cell lines, resulting in selection of 9g for further investigations. 

DAPI staining was utilized to investigate the morphological changes as a result of cytotoxicity of 

9g against carcinomic KYSE-30 and KYSE-150 cell lines. The microscopic imaging guided us in 

selecting the KYSE-150 cell line which expresses antiapoptotic effect on the cell morphology. 

Therefore, two kinases (ERK and AKT) were targeted to be tested with thiazolidine 9g using qRT-

PCR, resulting in determining that the inhibition of the phosphorylation of ERK pathway is a 

possible mechanism behind the observed anticancer activity of 9g. Molecular modeling techniques 

have been utilized on the designed thiazolidines confirm the observed activity. A QSAR study 

shows that the electron deficient aryl rings attached to the thiazolidine core ring might enhance 

their corresponding activity, and that is confirmed by the reported activity. The molecular docking 

study has emphasized the importance of attaching an electron withdrawing group to benzylidene 

moiety and existence of the exocyclic imine group. Thus, the molecular modeling techniques 

provide a guide to validate and confirm the observed activity.  
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CHAPTER NINE: DISSERTATION CONCLUSION  

In summary, we have investigated some of the “known knowns” about the phenolic 

oxidative dearomatization reactions and have discovered some of the “unknown unknowns”. In 

addition, we have designed and synthesized a stable bioactive new class of thiazolidines and 

investigated their anti-proliferative activity. Studying the application of oxidative dearomatization 

reactions for   different classes of urea, thiourea, and guanidine molecules has confirmed the 

“known known” about the oxidative dearomatization reactions which is the formation of C-N/C-

O/C-S bonds. We have performed the oxidative dearomatized spirocyclization reactions using 

environmentally benign hypervalent iodine reagents and electrochemical oxidation conditions. 

Interestingly, the oxidative dearomatization reactions of phenolic urea derivatives depend on 

substituted group to the anilinyl moiety affecting their corresponding pKa values. Substituting the 

urea and guanidine derivatives by N-alkoxy groups improved the yields and chemoselectivity of 

the spirocyclization compared to N-aryl groups. Discovery of a novel synthetic methodology 

towards hydantoin system was investigated using three component reaction of amine derivatives 

and carbodiimide. In addition, application of oxidative dearomatization reaction towards synthesis 

the core structure of a recently isolated natural product (KB343) has been investigated. 

Moreover, construction of benzothiazole ring system was achieved using the oxidative 

chemistry of hypervalent iodine reagent with thiourea derivatives. The biological activity of the 

synthesized benzothiazole was investigated as modulators for genes regulating GABA receptors. 

Interestingly, acetylated benzothiazole downregulate Gabrg2 gene, which is associated with 
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epilepsy disease, fissuring a new gate to discover novel derivatives acting as anti-epileptic or 

convulsant agents.  Also, we have intensively studied a solid support synthetic methodology for 

construction of novel class of thiazolidine derivatives using propargyl amines and isothiocyanate 

derivatives in the presence of silica gel. The discovery of chemically stable thiazolidines was 

achieved through synthesis of three libraries of thiazolidines. Also, we have tested the 

antiproliferative activity of the three synthesized libraries, and investigated the possible 

mechanism behind their antiproliferative effect, which resulted in blocking the phosphorylation of 

ERK pathway. In a word, this dissertation focused on organic synthetic methodologies and 

medicinal chemistry applications.  
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CHAPTER TEN: EXPERIMENTAL SECTION 

10.1. GENERAL PROCEDURE: 

All chemicals were purchased from commercial suppliers, stored under the recommended 

conditions and used without any further purification. Reactions were carried out in oven-dried 

glassware and monitored by thin layer chromatography using silica gel 60F254 aluminum precoated 

plates (0.25 mm layer) and visualized by a dual short/long wave UV lamp at 254 nm. Reactions 

were purified by crystallization and chromatography. NMR spectra were obtained at either 500 or 

300 MHz (for 1H NMR spectra) or 125 or 75 MHz (for 13C NMR spectra) in CDCl3 unless 

indicated otherwise.  1H NMR spectra were referenced to residual protiosolvent unless indicated 

otherwise (CHCl3 δ = 7.26 ppm).  For spectra recorded in other solvents, residual MeOH (δ = 3.31 

ppm) or DMSO (δ = 2.50 ppm) were used as internal references.  13C NMR spectra were recorded 

in CDCl3 (unless otherwise indicated) using residual CHCl3 (δ = 77.2 ppm) as an internal 

reference.  For spectra recorded in other solvents, residual MeOH (δ = 39.5 ppm) or DMSO (δ = 

49.0 ppm) were used as internal references. The multiplicity of signals was being recorded and 

abbreviated as s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, br = broad 

singlet and m = multiplet. Data are reported here as follows: chemical shift (δ, ppm), multiplicity, 

coupling constant(s) in Hz, integration). Infrared (IR) spectra were obtained on neat samples (ATR 

spectroscopy).  Flash column chromatography was performed with 230−400 silica gel. High 

resolution mass spectra (HRMS) were recorded by electrospray ionization (ESI-TOF). 
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10.2 SYNTHESIS 

Chapter two  

General procedure for the preparation of thioureas derived from 1-(4-methoxyphenyl)-N-

methylmethanamine:  To a solution of 1-(4-methoxyphenyl)-N-methylmethanamine (3.31 mmol, 

0.51 ml, 1.0 equiv) in DCM (30 ml), triethylamine (3.97 mmol, 0.55 ml, 1.2 equiv) then stir 

reaction mixture at rt for 15 min, then the corresponding aryl isothiocyanate was added (3.31 

mmol, 1.0 equiv) at rt and stirring continued at rt overnight. The solvent was evaporated and the 

crude thioureas were purified by chromatography or by crystallization. 

1-(4-Methoxybenzyl)- 1-methyl-3-phenylthiourea (2.6a): Obtained as a white solid (0.93 g, 98%), 

m.p. 126-129 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.37 – 7.08 (m, 7H), 6.90 (dd, J = 8.6, 1.7 Hz, 2H), 5.01 (s, 2H), 3.81 (s, 3H), 3.25 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 182.6, 159.4, 139.8, 128.8, 128.7, 127.9, 125.8, 125.3, 114.4, 

56.6, 55.4, 38.9; FT-IR (neat, cm-1): 3260, 3042, 2996, 2924, 2831, 1610, 1592; HRMS (m/z): calc 

for [M+H]+ C16H18N2OS 287.1152 found 287.1190. 

1-(4-Methoxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea (2.6f): Obtained as a yellow solid 

(0.86 g, 78%), m.p. 162-164 °C, crystallized from ethanol (60 ml concentrated into 30 ml). 1H 

NMR (500 MHz, CDCl3) δ 8.10 (d, J = 8.5 Hz, 2H), 7.41 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.3 Hz, 
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2H), 6.88 (d, J = 8.2 Hz, 2H), 4.95 (s, 2H), 3.77 (s, 3H), 3.29 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ 181.5, 159.7, 145.7, 143.9, 128.6, 127.1, 124.5, 123.0, 114.7, 56.7, 55.4; FT-IR (neat, cm-1): 

3171, 3131, 3053, 3012, 2978, 2933, 2840, 1610, 1593, 1534; HRMS (m/z): calc for [M+H]+ 

C16H17N3O3S 332.1063 found 332.1051. 

Oxidative dearomatization reactions of thioureas (2.4 and 2.10):  

Method A: The thiourea (1.0 equiv, 0.2 g, 0.7 mmol of thiourea 2.4 and 0.6 mmol of thiourea 2. 

10) was dissolved in 25 ml of HFIP then Cs2CO3 (1.2 equiv) was added then stir it for 10 min, and 

then 2.0 equiv of DAIB was added and stir the reaction for 2 h.  

Method B: The thiourea (1.0 equiv, 0.5 g and 1.64 mmol of thiourea 2.4, 0.4 g and 1.2 mmol of 

thiourea 2. 10) was dissolved in 25 ml of HFIP then Cs2CO3 (1.2 equiv) was added then stirred for 

10 min, and then 1.0 equiv of DAIB was added and continue stirring for 2 h.  

N-(4-Methoxybenzyl)-N-methylbenzo[d]thiazol-2-amine (2.7a): Obtained via oxidative 

dearomatization of 1-(4-methoxybenzyl)-1-methyl-3-phenylthiourea (2.6a) as white solid (9%, 

18.0 mg, Method A), (47%, 220 mg, Method B), m.p. 74-76 °C, purified by chromatography (1% 

EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.58 (td, J = 7.7, 7.2, 1.2 Hz, 2H), 7.30 (ddd, J = 

7.9, 7.3, 1.3 Hz, 1H), 7.27 – 7.20 (m, 2H), 7.06 (td, J = 7.5, 1.2 Hz, 1H), 6.89 – 6.84 (m, 2H), 4.70 

(s, 2H), 3.79 (s, 3H), 3.11 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 168.9, 159.3, 153.3, 131.1, 

129.1, 128.5, 126.1, 121.2, 120.7, 118.9, 114.27, 114.2, 56.1, 55.4, 37. 7, 29; FT-IR (neat, cm-1): 
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2960, 2917, 2853, 2832, 1596, 1543, 1410; HR-MS (m/z): calc for [M+H]+ C16H16N2OS 285.1056, 

found 285.1045. 

 

2-((4-Methoxybenzyl)(methyl)amino)benzo[d]thiazol-6-yl acetate (2.7b): Obtained via oxidative 

dearomatization of 1-(4-methoxybenzyl)-1-methyl-3-phenylthiourea (2. 6a) as a white solid (27%, 

66.0 mg, Method A), m.p. 100-102 °C, purified by chromatography (8% EtOAc/Hexanes). 1H 

NMR (500 MHz, CDCl3) δ 7.52 (d, J = 8.7 Hz, 1H), 7.34 (d, J = 2.4 Hz, 1H), 7.22 (d, J = 8.7 Hz, 

2H), 7.00 (dd, J = 8.7, 2.4 Hz, 1H), 6.88 – 6.84 (m, 2H), 4.68 (s, 2H), 3.79 (s, 3H), 3.09 (s, 3H), 

2.30 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 170.1, 169.0, 159.4, 151.2, 144.8, 131.5, 129.1, 128.3, 

119.8, 119.1, 114.2, 113.9, 56.1, 55.4, 37.7, 29.8, 21.2; FT-IR (neat, cm-1): 2920, 2850, 1758, 

1602, 1574, 1509; HRMS (m/z): calc for [M+H]+ C16H16N2OS 285.1056, found 285.1045. 

 

N-(4-Methoxybenzyl)-N-methyl-6-nitrobenzo[d]thiazol-2-amine (2. 11): Obtained via oxidative 

dearomatization of 1-(4-methoxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea (2. 6f) as an impure 

yellow solid (~8%, 17.0 mg, Method A), m.p. 120-124 °C, purified by chromatography (3% 

EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 8.51 (d, J = 2.3 Hz, 1H), 8.21 (dd, J = 8.9, 2.4 
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Hz, 1H), 7.53 (d, J = 8.9 Hz, 1H), 7.26 – 7.23 (m, 2H), 6.91 – 6.87 (m, 2H), 4.77 (s, 2H), 3.80 (s, 

3H), 3.17 (s, 3H); FT-IR (neat, cm-1): 2925, 2854,1621, 1568, 1488, 1327.  

 

4-Methoxyphenyl (E)-N-methyl-N'-(4-nitrophenyl)carbamimidothioate (2.12): Obtained via 

oxidative dearomatization of 1-(4-methoxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea (2.6f) as a 

yellow solid (12%, Method A and 44%, Method B), m.p. 132-136 °C, purified by chromatography 

(10% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 8.20 – 8.09 (m, 2H), 7.47 – 7.29 (m, 2H), 

7.06 – 7.02 (m, 2H), 6.94 – 6.91 (m, 2H), 3.83 (s, 3H), 2.89 (s, 3H); 13C NMR (126 MHz, CDCl3) 

δ 162.9, 161.7, 140.4, 137.8, 124.8, 123.7, 115.8, 55.6, 29.8; FT-IR (neat, cm-1): 2925, 2849, 1621, 

1567, 1486, 1325; HRMS (m/z): calc for [M+H]+ 318.0907 found 318.0891. 

 

3-Methyl-1-(4-nitrophenyl)-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (2.13): Obtained via 

oxidative dearomatization of 1-(4-methoxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea (2.6f) as a 

yellow solid (38%, Method A and 5%, Method B), m.p. 168-171 °C, purified by chromatography 

(20% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 8.13 (d, J = 9.3 Hz, 2H), 7.52 (d, J = 9.3 

Hz, 2H), 7.07 (d, J = 10.1 Hz, 2H), 6.47 (d, J = 10.1 Hz, 2H), 3.51 (s, 2H), 2.99 (s, 3H); 13C NMR 
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(125 MHz, CDCl3) δ 183.5, 156.6, 148.5, 144.1, 143.8, 131.3, 124.7, 120.8, 59.0, 54.8, 31.4; FT-

IR (neat, cm-1): 2922, 2853, 1714, 1664, 1591, 1492, 1317; HRMS (m/z): calc for [M+H]+ 

C15H13N3O4 300.0967 found 300.0979. 

 

 

 

General procedure for preparation of thioureas 22a-e:  4-[(Methylamino)methyl]phenol (1.0 

equiv, 0.7 mmol) was dissolved in THF (10 mL), then trimethylamine (1.2 equiv) was added and 

mixture was stirred for 10 min then aryl isothiocyanate was added dropwise (1.0 equiv, 0.7 mmol), 

then the mixture was stirred for 2 h at rt. The solvent was evaporated then the crude thioureas were 

purified by chromatography or by crystallization.  

 

1-(4-Hydroxybenzyl)-1-methyl-3-phenylthiourea (2.22a): Colorless semisolid, (1.0 g, 98%), 

purified by chromatography (20% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.32 (dd, J = 

8.4, 7.3 Hz, 2H), 7.25 – 7.21 (m, 2H), 7.20 – 7.16 (m, 3H), 7.16 (s, 1H), 6.84 – 6.78 (m, 2H), 4.98 

(s, 2H), 3.26 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 182.5, 155.8, 139.7, 128. 9, 128.8, 127.7, 

126.0, 125.5, 116.1, 56.7, 53.6; FT-IR (neat, cm-1): 3389, 3165, 2920, 2852, 2673, 1611, 1594, 

1511, 1331; HR-MS (m/z): calc for [M+H]+ C15H16N2OS 273.1056 found 273.1027. 
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1-(4-Hydroxybenzyl)-3-(4-methoxyphenyl)-1-methylthiourea (2.22b): Colorless crystals, (0.22 

g, 98%), m.p. 118-121 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 

MHz, CDCl3) δ 7.14 – 7.10 (m, 4H), 7.09 (s, 1H), 6.84 (d, J = 8.9 Hz, 2H), 6.80 (d, J = 8.5 Hz, 

2H), 4.96 (s, 2H), 3.77 (s, 3H), 3.24 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 182.8, 157.9, 155.8, 

132.6, 128.7, 127.8, 127.7, 116.0, 114.1, 56.6, 55.5, 46.1; FT-IR (neat, cm-1): 3219, 2957, 2936, 

2837, 1612, 1514, 1335; HRMS (m/z): calc for [M+H]+ C16H18N2O2S 303.1162 found 303.1141. 

 

1-(4-Hydroxybenzyl)-1-methyl-3-(p-tolyl)thiourea (2.22c): White solid (0.18 g, 90%), m.p. 138-

142 °C, purified by chromatography (30% EtOAc/Hexanes). 1H NMR (300 MHz, CDCl3) δ 7.40 

(d, J = 1.8 Hz, 1H), 7.36 – 7.28 (m, 2H), 7.23 (m, 3H), 6.97 (dd, J = 8.5, 1.9 Hz, 2H), 5.67 (s, 1H), 

5.13 (s, 2H), 3.40 (s, 3H), 2.46 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 182.8, 155.7, 137.1, 136.1, 
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129.6, 128.8, 127.9, 125.8, 116.1, 56.7, 21.2; FT-IR (neat, cm-1): 3301, 3139, 2912, 1612, 1514, 

1346; HR-MS (m/z): calc for [M+H]+ C16H18N2OS 287.1213 found 287.1191. 

 

 

3-(4-Fluorophenyl)-1-(4-hydroxybenzyl)-1-methylthiourea (2.22d): White solid, (0.19 g, 95%), 

m.p. 150-154 °C, purified by chromatography (40% EtOAc/Hexanes). 1H NMR (300 MHz, 

DMSO-d6) δ 9.39 (s, 1H), 9.15 (s, 1H), 7.33 (ddd, J = 7.0, 5.5, 2.8 Hz, 2H), 7.15 (dd, J = 9.8, 8.0 

Hz, 5H), 6.75 (d, J = 8.5 Hz, 2H), 5.04 (s, 2H), 3.13 (s, 3H); 13C NMR (125 MHz, CD3OD) δ 

182.3, 161.6, 159.7, 156.7, 137.0, 128.7, 128.6, 128.5, 127.6, 115.0, 114.5, 114.3, 56.0, 36.3; FT-

IR (neat, cm-1): 3405, 3176, 3077, 3050, 2922, 1607, 1500; HR-MS (m/z): calc for [M+H]+ 

C15H15FN2OS 291.0962 found 291.0924. 

 

1-(4-Hydroxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea (2.22e):  Yellow gum material, (0.22 

g, 96%), purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CD3OD) δ 8.26 

(d, J = 9.1 Hz, 2H), 7.74 (d, J = 9.2 Hz,, 2H), 7.33 (d, J = 8.2 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 
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4.98 (s, 2H), 2.27 (s, 3H); 13C NMR (125 MHz, CD3OD) δ 181.8, 156.8, 147.3, 143.5, 128.9, 

127.2, 123.8, 123.5, 115.1, 56.1, 29.5; FT-IR (neat, cm-1): 3267, 2928, 2856, 1596, 1538, 1503, 

1292; HRMS (m/z): calc for [M+H]+ C15H15N3O3S 318.0907 found 318.0870. 

 

 Oxidative dearomatization of thioureas (2.22a-e): 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-1-methyl-3-phenylthiourea (2.22a): To a 

solution of synthesized thiourea (0.74 mmol, 0.20 g) in 5-7 ml of HFIP, 0.24 g of PIDA (0.74 

mmol) was added at rt. The reaction was complete after few minutes (tlc analysis). Three different 

cyclic systems were isolated using column chromatography.    

 

4-((Benzo[d]thiazol-2-yl(methyl)amino)methyl)phenol (2.24): White solid (12 mg, 6%), m.p. 

180-182 °C, purified by chromatography by (10% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) 

δ 7.58 (ddd, J = 8.1, 4.7, 1.2 Hz, 2H), 7.28 (ddd, J = 8.4, 7.3, 1.3 Hz, 1H), 7.11 – 7.02 (m, 3H), 

6.68 (d, J = 8.5 Hz, 2H), 4.64 (s, 2H), 3.10 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 169.3, 156.1, 

128.9, 126.3, 121.5, 120.8, 118.7, 115.9, 56.5, 37.9; FT-IR (neat, cm-1): 3069, 2960, 2917, 2904, 

1588, 1540, 1506; HRMS (m/z): calc for [M+H]+ C15H14N2OS 271.0900 found 271.0881. 
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(Z)-3-Methyl-2-(phenylimino)-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-one (2.23a): Colorless  

solid, (100 mg, 45%), m.p. 116-120 °C, purified by chromatography (20% EtOAc/Hexanes). 1H 

NMR (500 MHz, CDCl3) δ 7.31 – 7.16 (m, 2H), 7.11 – 6.98 (m, 3H), 6.91 (dd, J = 8.5, 1.2 Hz, 

1H), 6.24 (d, J = 10.1 Hz, 1H), 3.59 (s, 2H), 3.08 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 184.5, 

156.4, 151.3, 146.9, 129.3, 129.1, 123. 9, 121.8, 60.3, 50.7, 34.2; FT-IR (neat, cm-1): 3050, 2925, 

2856, 1666, 1628, 1620; HRMS (m/z): calc for [M+H]+ C15H14N2OS 271.0900 found 271.0871. 

 

3-Methyl-1-phenyl-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (2.25): Colorless  solid, (16 mg, 

8%), m.p. 193-196 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.37 – 7.30 (m, 3H), 7.18 (dd, J = 8.0, 1.7 Hz, 2H), 7.00 (d, J = 10.1 Hz, 2H), 6.24 (d, J 

= 10.1 Hz, 2H), 3.79 (s, 2H), 3.29 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 184.1, 183.5, 146.2, 

137.6, 131.0, 129.6, 129.2, 128.8, 63.0, 58.3, 35.4;  FT-IR (neat, cm-1): 3026, 2925, 2853, 1674, 

1636, 1498; HRMS (m/z): calc for [M+H]+ C15H14N2OS 271.0900 found 271.0873. 
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(Z)-4-((3-Methyl-8-oxo-1-thia-3-azaspiro[4.5]deca-6,9-dien-2-ylidene)amino)phenyl acetate 

(2.26): Obtained as a main product using 2.0 equivalents of IBDA, colorless solid (57 mg, 31%), 

m.p. 174-176 °C, purified by chromatography (30% EtOAc/Hexanes). 1H NMR (500 MHz, 

DMSO) δ 7.25 (d, J = 10.0 Hz, 2H), 7.00 (d, J = 8.8 Hz, 1H), 6.86 (d, J = 8.7 Hz, 2H), 6.24 (d, J 

= 10.0 Hz, 1H), 3.79 (s, 2H), 3.02 (s, 3H), 2.23 (s, 3H); 13C NMR (125 MHz, DMSO) δ 185.1, 

170.2, 156.6, 149.4, 148.5, 146.7, 128.8, 122.8, 122.8, 59.3, 51.2, 34.1, 21.3; FT-IR (neat, cm-1): 

3397, 3056, 2970, 2925, 1751, 1660, 1623; HRMS (m/z): calc for [M+H]+ C17H16N2O3S 329.0954 

found 329.0916. 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-1-methyl-3-(p-tolyl)thiourea: To a solution of 

thiourea (22c) (0.19 mmol, 55 mg) in 5-7 ml of HFIP, 95 mg of PIDA (0.29 mmol, 1.5 molar 

equiv) was added at rt. The reaction was complete after few minutes and the following spiro 

compound was isolated as major product.  

(Z)-3-Methyl-2-(p-tolylimino)-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-one (2.23b): Pale yellow 

solid (33 mg, 60%), m.p. 110-114 °C, purified by chromatography (20% EtOAc/Hexanes). 1H 

NMR (300 MHz, CDCl3) δ 7.09 – 7.03 (m, 4H), 6.83 (d, J = 8.2 Hz, 2H), 6.26 (d, J = 10.0 Hz, 

2H), 3.59 (s, 2H), 3.09 (s, 3H), 2.28 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 184.6, 156.4, 148.8, 
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147.1, 133.4, 129.7, 129.2, 121.6, 60.3, 50.6, 34.2, 21.0; FT-IR (neat, cm-1): 3050, 2954, 2914, 

2872 ; HRMS (m/z): calc for [M+H]+ C16H16N2OS 285.1056 found 285.1036. 

 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-3-(4-methoxyphenyl)-1-methylthiourea (2. 

22b): To a solution of the synthesized thiourea (0.57 mmol, 172 mg) in 5-7 ml of HFIP, 280 mg 

of PIDA (0.86 mmol, 1.5 molar equiv) was added at rt. The reaction was complete after few 

minutes and the following spiro compound was isolated as major product. 

 

(Z)-2-((4-Methoxyphenyl)imino)-3-methyl-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-one (2.23c): 

Yellow gummy material (80 mg, 47%), purified by chromatography (30% EtOAc/Hexanes). 1H 

NMR (300 MHz, CDCl3) δ 7.04 (d, J = 10.2 Hz, 2H), 6.89 – 6.70 (m, 4H), 6.23 (d, J = 10.1 Hz, 

2H), 3.74 (s, 3H), 3.57 (s, 2H), 3.06 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 184.6, 156.6, 156.2, 

147.1, 144.7, 129.2, 122.7, 114.3, 60.3, 55.5, 50.7, 34.2, 29.8; FT-IR (neat, cm-1): 3037, 2930, 

2832, 1660, 1618, 1498; HRMS (m/z): calc for [M+H]+ C16H16N2O2S 301.1005 found 301.0989. 
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Oxidative dearomatization of 1-(4-hydroxybenzyl)-1-methyl-3-(4-nitrophenyl)thiourea 

(2.22e): To a solution of the synthesized thiourea (15e) (0.284 mmol, 90 mg) in 5-7 ml of HFIP, 

137 mg of PIDA (0.426 mmol, 1.5 molar equiv) was added at rt. The reaction was complete after 

few minutes and the following spiro compound was isolated as major product. 

 

(Z)-3-Methyl-2-((4-nitrophenyl)imino)-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-one (2.23d): 

Yellow solid (72 mg, 80%), m.p. 140-143 °C, purified by chromatography (45% EtOAc/Hexanes). 

1H NMR (300 MHz, CDCl3) δ 8.15 (d, J = 9.0 Hz, 2H), 7.04 (dd, J = 13.0, 9.5 Hz, 4H), 6.31 (d, J 

= 10.0 Hz, 2H), 3.70 (s, 2H), 3.14 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 184.2, 157.1, 156.9, 

146.1, 143.0, 137.8, 129.7, 125.2, 122.4, 60.4, 51.1, 34.2;  FT-IR (neat, cm-1): 3082, 2922, 2853, 

1666, 1623, 1570; HRMS (m/z): calc for [M+H]+ C15H13N3O3S 316.0750 found 316.0736. 

 

Oxidative dearomatization of 3-(4-fluorophenyl)-1-(4-hydroxybenzyl)-1-methylthiourea (2.22d): 

To a solution of the synthesized thiourea (2.15d) (0.345 mmol, 100 mg) in 5-7 ml of HFIP, 170 

mg of PIDA (0.517 mmol, 1.5 molar equiv) was added at rt. The reaction was complete after few 

minutes and the following spiro compound was isolated as major product. 

 

 

 



 

207 

 

(Z)-2-((4-Fluorophenyl)imino)-3-methyl-1-thia-3-azaspiro[4.5]deca-6,9-dien-8-one (2.23e): 

Pale yellow solid (67 mg, 68%), m.p. 114-118 °C, purified by chromatography (25% 

EtOAc/Hexanes). 1H NMR (300 MHz, CDCl3) δ 7.06 (d, J = 10.0 Hz, 2H), 7.00 – 6.84 (m, 4H), 

6.27 (d, J = 10.0 Hz, 2H), 3.62 (s, 2H), 3.09 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 184.5, 161.2, 

158.0, 156.9, 147.4, 146.8, 129.3, 123.1, 123.0, 115.9, 115.6, 60.4, 50.7, 34.2; FT-IR (neat, cm-1): 

3053, 2957, 2928, 2856, 1655, 1639, 1620, 1500; HRMS (m/z): calc for [M+H]+ C15H13FN2OS 

289.0805 found 289.0785.  

 

 

 

Oxidative dearomatization of 1-(4-fluorophenyl)-3-(4-hydroxybenzyl)thiourea (2.22d): To a 

solution of the synthesized thiourea (0.36 mmol, 100 mg) in 5-7 ml of HFIP, 143 mg of Cs2CO3 

(1.2 equiv) was added then stir reaction mixture for 10 minutes then 119 mg of PIDA (0.36 mmol, 

1.0 molar equiv) was added at rt. The reaction was complete after few minutes and the following 

spiro compound was isolated as major product. 

 

(Z)-4-(((4-(4-Fluorophenyl)-3-((4-fluorophenyl)amino)-1,2,4-thiadiazol-5(4H)-

ylidene)amino)methyl)phenol (2.29): Colorless solid (24.0 mg, 32%), m.p. 218-220 °C, purified 

using prep TLC. (30% EtOAc/Hexanes). 1H NMR (500 MHz, CD3OD) δ 7.40 (dtd, J = 9.2, 4.7, 
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2.3 Hz, 4H), 7.26 (ddd, J = 8.8, 5.5, 3.2 Hz, 2H), 7.03 – 6.97 (m, 2H), 6.92 (dtd, J = 8.9, 4.5, 2.2 

Hz, 2H), 6.70 – 6.60 (m, 2H), 4.06 (s, 2H); 13C NMR (125 MHz, CD3OD) δ 156.1, 150.0, 131.4, 

128.6, 122.7, 117.1, 116.8, 114.6, 56.5; 19F NMR (283 MHz) δ -113.04, -121.59; FT-IR (neat, cm-

1): 3323, 2928, 2853, 1663, 1543, 1503, 1212; HRMS (m/z): calc for [M+H]+ C21H16F2N4OS 

411.1087 found 411.1070. 

 

 

3.5- General procedure for preparation of urea derivatives (2.34a-e): 

3.5.1- Formation of the protected benzaldehyde using silyl chloride (2.31): 

 

A solution of 4-hydroxy benzaldehyde (5.6 g, 45 mmol) in 50 ml DMF was cooled in an ice bath 

for 15 min then imidazole (6.12 g, 90 mmol) and 0.1 g of DMAP were added respectively.  After 

a few minutes TBDMSCl (10.2 g, 67.5 mmol) was added and stirring continued at 0 °C for one 

hour then stirred at rt for 3 h. The reaction was quenched with 25 ml water, then 25 ml EtOAc 

added. The aqueous layer was washed with EtOAc (3x2 5ml). The combined organic extracts were 

dried over Na2SO4, filtered and concentrated by rotary evaporation. The crude aldehyde was 

purified chromatographically using 25% EtOAc in hexanes, yielding a yellow oil (7.0 g, 64%).  

The spectroscopic data matched that found in the literature.1 1H NMR (300 MHz, CDCl3) δ 9.8 (s, 

 
1 Bastos, E.; Ciscato, L. F. M. L.; Baader, W. J. Synth. Commun. 2005, 35, 1501-1509. 
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1H), 7.84 – 7.66 (m, 2H), 7.03 – 6.83 (m, 2H), 1.07 – 0.80 (m, 9H), 0.27 – 0.13 (m, 6H); 13C NMR 

(75 MHz, CDCl3) δ 191.4, 161.8, 132.6, 130.1, 116.1, 25.7, 1.2, -3.0.    

 

 

Synthesis of the targeted masked amine (2.32): 

 

To a solution of the protected benzaldehyde (1.3 g, 5.5 mmol) in 6 ml of CHCl3/MeOH (5:1), 6.1 

ml of methylamine in THF (2.0 equiv) was diluted with CHCl3 (6 ml) and added to the aldehyde 

solution. Then anhydrous Na2SO4 (15 g, 2-3 g/mmol) was added and stirring of the mixture 

continued at rt for 90 min under argon. Glacial acetic acid (0.13 ml) was added, then after 15 min 

5.5 g of anhydrous Na2SO4 was added then stirring was continued at rt for two days. Any remaining 

solids were filtered from the reaction mixture, then the filtrate was concentrated.  The residue was 

dissolved in methanol (50 ml) and the resulting solution cooled in ice for 30 min.  NaBH4 (0.315 

g, 8.25 mmol, 1.5 equiv) was added and then stirred for 15 min while cooling in ice. The ice-bath 

was removed and stirring was continued for 30 min. The mixture was concentrated and partitioned 

between EtOAc (20 ml) and NaHCO3 (20 ml), then the aqueous layer was extracted with EtOAc 

(3x15 ml). The combined organic extracts were dried over Na2SO4, then concentrated. The 

resulting red liquid (1.16 g, 83%) was used without any further purification. 1H NMR (300 MHz, 

CDCl3) δ 7.24 – 7.06 (m, 2H), 6.79 (m, 2H), 3.68 (s, 3H), 2.43 (s, 2H), 0.98 (s, 9H), 0.25 (m, 6H); 
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13C NMR (125 MHz, CDCl3) δ 154.9, 130.6, 129.6, 120.1, 55.2, 35.4, 25.7, 18.1, -3.5; HRMS 

(m/z): calc for [M+H]+ C14H25NOSi 252.1778 found 252.2251. 

 

 

 

3.5.3- General procedure for urea formation using the masked amine:  

 

To a solution of 1-(4-((tert-butyldimethylsilyl)oxy)phenyl)-N-methylmethanamine (1 equiv) in 

THF, 1.2 equiv of triethylamine was added and kept the reaction mixture stir for 15 min in ice bath 

then the corresponding isocyanate (1.0 equiv) was added and continue stirring for 3 h at the same 

temperature then kept it stirring at rt overnight. The reaction mixture was absorbed over silica gel 

and subjected for column purification.  

 

To a solution of THF containing 1.0 equiv of the masked synthesized ureas, TBAF (1.2 equiv) was 

added in ice bath while stirring, then warm the reaction mixture up to rt and continue stirring 

overnight. The reaction was quenched using aqueous solution of ammonium chloride then 

followed by work-up using DCM then washed with brine solution then dried over sodium sulfate. 

All the reactions were purified chromatography over SiO2. 
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Synthesis of 1-(4-Hydroxybenzyl)-1-methyl-3-phenylurea (2.34a): 

1-(4-((tert-Butyldimethylsilyl)oxy)benzyl)-1-methyl-3-phenylurea: Obtained through reaction of 

the synthesized amine and phenyl isocyanate as white solid (200 mg, 72%), m.p. 108-110 °C, 

purified chromatography (20% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.27 (d, J = 7.3 

Hz, 2H), 7.15 (t, J = 7.9 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H), 6.75 (d, J = 8.5 

Hz, 1H), 6.61 (s, 1H), 4.39 (s, 2H), 2.87 (s, 3H), 0.93 (s, 9H), 0.14 (s, 6H); 13C NMR (125 MHz, 

CDCl3) δ 156.0, 155.2, 153.5, 139.5, 139.3, 130.2, 128.8, 128.7, 128.6, 123.1, 122.2, 120.5, 120.3, 

119.2, 53.6, 51.9, 34.7, 25.8, 18.3, -4.3; FT-IR (neat, cm-1): 3328, 3053, 3038, 2953, 2929, 2856, 

1641, 1593, 1508; HR-MS (m/z): calc for [M+H]+ C21H30N2O2Si 371.2145 found 371.2109. 

 

1-(4-Hydroxybenzyl)-1-methyl-3-phenylurea (2.35a): White solid (72 mg, 58%), m.p. 128-130 

°C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CD3OD) δ 7.38 (d, 

J = 8.0 Hz, 2H), 7.25 (t, J = 7.7 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 7.01 (td, J = 7.4, 1.2 Hz, 1H), 

6.77 (d, J = 8.6 Hz, 2H), 4.89 (s, 2H), 2.91 (s, 3H). 13C NMR (125 MHz, CD3OD) δ 157.4, 156.5, 
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139.6, 128.6, 128.4, 128.2, 122.9, 121.2, 115.1, 51.0, 33.1. FT-IR (neat, cm-1): 3307, 2960, 2928, 

2856, 4, 1594, 1511; HR-MS (m/z): calc for [M+H]+ C15H16N2O2 257.1285 found 257.1249. 

3.5.3.3. Synthesis of 1-(4-hydroxybenzyl)-3-(4-methoxyphenyl)-1-methylurea (2.34b): 

1-(4-((tert-Butyldimethylsilyl)oxy)benzyl)-3-(4-methoxyphenyl)-1-methylurea: Obtained 

through reaction of the amine and p- methoxyphenyl isocyanate as white solid (0.27 g, 42%), m.p. 

90-92 °C, purified by chromatography (12.5% EtOAc/Hexanes).  1H NMR (500 MHz, CDCl3) δ 

7.22 (d, J = 9.0 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.82 (dd, J = 8.8, 2.2 Hz, 4H), 6.22 (s, 1H), 4.49 

(s, 2H), 3.77 (s, 3H), 3.00 (s, 3H), 1.02 – 0.94 (m, 9H), 0.26 – 0.14 (m, 6H); 13C NMR (125 MHz, 

CDCl3) δ 156.2, 155.8, 155.3, 154.7, 132.2, 130.2, 128.6, 122.2, 120.5, 114.1, 55.6, 52.0, 34.8, 

25.7, 18.3, -4.3;  FT-IR (neat, cm-1): 3336, 2954, 2930, 2856, 1644, 1508, 1236; HRMS (m/z): calc 

for [M+H]+ C22H32N2O3Si 401.2249 found 401.2255. 

 

1-(4-hydroxybenzyl)-3-(4-methoxyphenyl)-1-methylurea (2.35b): White solid (0.13 g, 90%), 

m.p. 139-142 °C, purified by chromatography (50% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.21 (d, J = 8.9 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 9.1 Hz, 2H), 6.78 (d, J = 

8.6 Hz, 2H), 6.22 (s, 1H), 4.49 (s, 2H), 3.77 (s, 3H), 3.01 (s, 3H);  13C NMR (126 MHz, CDCl3) δ 
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156.3, 155.5, 129.2, 128.7, 122.4, 115.8, 114.2, 55.6, 52.0, 34.9;  FT-IR (neat, cm-1): 3213, 2957, 

2936, 2872, 1647, 1511;  HRMS (m/z): calc for [M+H]+ C16H18N2O3 287.1390 found 287.1378. 

 

Synthesis of 3-(4-fluorophenyl)-1-(4-hydroxybenzyl)-1-methylurea (2.34c): 

1-(4-((tert-Butyldimethylsilyl)oxy)benzyl)-3-(4-fluorophenyl)-1-methylurea: Obtained through 

reaction of the amine and p- fluorophenyl isocyanate as pale yellow solid (0.2 g, 33%), m.p. 80-

84 °C, purified by chromatography (7% EtOAc/Hexanes).  1H NMR (500 MHz, CDCl3) δ 7.25 

(ddd, J = 9.1, 4.8, 2.3 Hz, 2H), 7.16 (d, J = 6.5, 2.1 Hz, 2H), 6.95 (ddt, J = 8.9, 6.5, 2.1 Hz, 2H), 

6.83 (dd, J = 8.5, 2.1 Hz, 2H), 6.35 (s, 1H), 4.49 (d, J = 2.0 Hz, 2H), 3.01 (d, J = 2.0 Hz, 3H), 1.01 

– 0.93 (m, 9H), 0.24 – 0.13 (m, 6H);  13C NMR (125 MHz, CDCl3) δ 158.0, 155.9, 155.3, 135.0, 

129.8, 128.6, 122.0, 121.9, 120.5, 115.5, 115.4, 52.0, 34.9, 25.7, 18.3, -4.4;  FT-IR (neat, cm-1): 

3325, 2960, 2928, 2858; HRMS (m/z): calc for [M+H]+ C21H29FN2O2Si 389.2055 found 389.2040. 

 

3-(4-Fluorophenyl)-1-(4-hydroxybenzyl)-1-methylurea (2.35c): White solid (96 mg, 65%), m.p. 

134-138 °C, purified by chromatography (30% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 

7.29 – 7.22 (m, 2H), 7.11 (d, J = 8.5 Hz, 2H), 7.00 – 6.90 (m, 2H), 6.78 (d, J = 8.5 Hz, 2H), 6.31 

(s, 1H), 5.97 (s, 1H), 4.49 (s, 2H), 3.02 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 160.0, 158.1, 156.0, 

155.4, 134.9, 129.4, 128.9, 122.0, 122.0, 115.9, 115.6, 115.5, 52.0, 34.9, 29.8;  FT-IR (neat, cm-
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1): 3349, 3123, 2925, 2848, 1636, 1503, 1212; HRMS (m/z): calc for [M+H]+ C15H15FN2O2 

275.1190 found 275.1174.  

 

Synthesis of 1-(4-hydroxybenzyl)-1-methyl-3-(4-nitrophenyl)urea (2.34d): 

1-(4-((tert-butyldimethylsilyl)oxy)benzyl)-1-methyl-3-(4-nitrophenyl)urea: Obtained through 

reaction of the synthesized amine and p- nitrophenyl isocyanate as yellow solid (0.2 g, 30%), m.p. 

104-108 °C, purified by chromatography (10% EtOAc/Hexanes).  1H NMR (500 MHz, CDCl3) δ 

8.13 (d, J = 9.2 Hz, 2H), 7.48 (d, J = 9.2 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 

2H), 6.75 (s, 1H), 4.52 (s, 2H), 3.07 (s, 3H), 0.96 (s, 9H), 0.19 (s, 6H); 13C NMR (126 MHz, 

CDCl3) δ 155.6, 154.7, 145.4, 142.5, 129.3, 128.6, 125.1, 120.7, 118.4, 52.2, 35.2, 25.7, 18.3, -

4.3;  FT-IR (neat, cm-1): 3320, 2952, 2933, 2861, 1650, 1506; HRMS (m/z): calc for [M+H]+ 

C21H29N3O4Si 416.2000 found 416.1992. 

 

1-(4-Hydroxybenzyl)-1-methyl-3-(4-nitrophenyl)urea (2.35d): Yellow solid (68 mg, 62%), m.p. 

182-186 °C, purified by chromatography (20% EtOAc/Hexanes). 1H NMR (500 MHz, CD3OD) δ 

8.16 (d, J = 9.0 Hz, 2H), 7.66 (d, J = 9.0 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.77 (d, J = 8.2 Hz, 

2H), 4.52 (s, 2H), 2.97 (s, 3H). 13C NMR (125 MHz, CD3OD) δ 156.6, 156.2, 146.6, 142.2, 128.7, 

128.0, 124.2, 119.0, 115.1, 51.1, 33.2. FT-IR (neat, cm-1): 3424, 3133, 3082, 2917, 2850, 1636, 

1610, 1498, 1452, 1226.  
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 Synthesis of 1-(4-Hydroxybenzyl)-1-methyl-3-(p-tolyl)urea (2.34e): 

1-(4-((tert-Butyldimethylsilyl)oxy)benzyl)-1-methyl-3-(p-tolyl)urea:  Obtained through reaction 

of the synthesized amine and p-tolyl isocyanate as white solid (230 mg, 75%), m.p. 120-122 °C, 

purified by chromatography (15% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.18 (d, J = 

8.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 7.9 Hz, 2H), 6.77 (d, J = 8.6 Hz, 2H), 6.58 (s, 

1H), 4.40 (s, 2H), 2.88 (s, 3H), 2.23 (s, 3H), 0.96 (s, 9H), 0.16 (s, 6H); 13C NMR (125 MHz, 

CDCl3) δ 156.2, 155.1, 136.7, 132.5, 130.3, 129.3, 129.2, 128.6, 120.5, 120.4, 119.3, 51.8, 34.6, 

25.8, 20.8, 18.3, -4.3; FT-IR (neat, cm-1):3307, 2957, 2930, 2853, 1634, 1591, 1508, 1244; HR-

MS (m/z): calc for [M+H]+ C22H32N2O2Si 385.2306 found 385.2257. 

 

1-(4-Hydroxybenzyl)-1-methyl-3-(p-tolyl)urea (2.35e):  White solid (80 mg, 57%), m.p. 170-173 

°C, purified by chromatography (50% EtOAc/Hexanes). 1H NMR (500 MHz, CD3OD) δ 7.22 (dd, 

J = 8.5, 2.5 Hz, 2H), 7.08 (ddd, J = 16.3, 8.6, 2.5 Hz, 4H), 6.74 (dd, J = 8.6, 2.6 Hz, 2H), 4.46 (s 

s, 2H), 2.89 (s, 3H), 2.26 (s, 3H); 13C NMR (125 MHz, CD3OD) δ 157.6, 156.5, 136.8, 132.5, 
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128.7, 128.6, 128.5, 121.5, 115.0, 51.0, 33.0, 19.5; FT-IR (neat, cm-1): 3324, 3111, 3014, 2919, 

1627, 1607, 1509; HRMS (m/z): calc for [M+H]+ C16H18N2O2 271.1441 found 271.1391. 

Oxidative dearomatization of the synthesized ureas (2.36a-e): 

3-Methyl-1-phenyl-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (2.36a): To a solution of the 

synthesized urea (2.35a) (0.195 mmol, 50 mg) in 5-7 ml of HFIP, 77 mg of Cs2CO3 ( 1.2 equiv) 

was added then stir reaction mixture for 10 minutes then 64 mg of PIDA (0.195 mmol, 1.0 molar 

equiv) was added at rt. The reaction was complete after few minutes and the following spiro 

compound was isolated as major product.  Pale yellow semi-solid (18 mg, 36%), purified using by 

TLC prep. (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.28 (d, J = 8.5 Hz, 2H), 7.23 – 

7.20 (m, 2H), 7.17 (ddt, J = 8.5, 6.8, 1.3 Hz, 1H), 7.06 (d, J = 10.1 Hz, 2H), 6.34 – 6.28 (m, 2H), 

3.47 (s, 2H), 2.95 (s, 3H);  13C NMR (125 MHz, CDCl3) δ 184.2, 148.5, 144.0, 130.4, 129.6, 128.7, 

126.1, 124.8, 58.9, 53.2, 29.5;  FT-IR (neat, cm-1): 3056, 2954, 2922, 2850, 1703, 1668, 1490; 

HRMS (m/z): calc for [M+H]+ C15H14N2O2 255.1128 found 255.1117.  

 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-1-methyl-3-(p-tolyl)urea (2. 35e): To a 

solution of the synthesized urea (2. 35e) (0.185 mmol, 50 mg) in 5-7 ml HFIP, 73 mg of Cs2CO3 ( 

1.2 equiv) was added then stir reaction mixture for 10 minutes then 61 mg of PIDA (0.185 mmol, 

1.0 molar equiv) was added at rt. The reaction was complete after few minutes and the following 

spiro compound was isolated as major product. 
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3-Methyl-1-(p-tolyl)-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (2. 36b): Yellow solid (28 mg, 

56%), m.p. 115-119 °C, purified by chromatography (60% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.04 (d, J = 8.0 Hz, 2H), 6.99 – 6.91 (m, 4H), 6.29 (d, J = 10.1 Hz, 2H), 3.53 (s, 2H), 

3.05 (s, 3H), 2.27 (s, 3H);  13C NMR (125 MHz, CDCl3) δ 184.3, 162.4, 144.4, 132.2, 130.1, 129.3, 

123.3, 74.8, 56.3, 32.9, 20.9;  FT-IR (neat, cm-1): 3020, 2919, 2874, 2854, 1685, 1670, 1508; 

HRMS (m/z): calc for [M+H]+ C16H16N2O2 269.1285 found 269.1259.  

 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-3-(4-methoxyphenyl)-1-methylurea (2. 35b): 

To a solution of the synthesized urea (2. 35b) (0.35 mmol, 100 mg, 1.0 equiv) in 5-7 ml of HFIP, 

139 mg of Cs2CO3 (1.2 equiv) was added then stir reaction mixture for 10 minutes then 135 mg of 

PIDA (0.42 mmol, 1.2 molar equiv) was added at rt. The reaction was complete after few minutes 

and the following spiro compound was isolated as major product. 
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1-(4-Methoxyphenyl)-3-methyl-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (2.36c): Colorless 

solid (16 mg, 16%), m.p. 120-124 °C, purified by chromatography (25% EtOAc/Hexanes). 1H 

NMR (500 MHz, CDCl3) δ 7.06 (d, J = 9.0 Hz, 2H), 7.00 (d, J = 10.1 Hz, 2H), 6.77 (d, J = 9.0 Hz, 

2H), 6.24 (d, J = 10.1 Hz, 2H), 3.73 (s, 3H), 3.43 (s, 2H), 2.91 (s, 3H);  13C NMR (125 MHz, 

CDCl3) δ 184.5, 159.1, 158.5, 148.3, 130.7, 129.5, 128.2, 114.3, 59.4, 55.5, 54.5, 31.6;  FT-IR 

(neat, cm-1): 3050, 2920, 2850, 1709, 1665, 1554; HRMS (m/z): calc for [M+H]+ C16H16N2O3 

285.1234 found 285.1226. 

 

Oxidative dearomatization of 3-(4-fluorophenyl)-1-(4-hydroxybenzyl)-1-methylurea (2.35c): To a 

solution of the synthesized urea (2.35c) (0.29 mmol, 80 mg, 1.0 equiv) in 5-7 ml of HFIP, 115 mg 

of Cs2CO3 (0.35 mmol, 1.2 equiv) was added then stir reaction mixture for 10 minutes then 95 mg 

of PIDA (0.29 mmol, 1.0 molar equiv) was added at rt. The reaction was complete after 30 minutes 

and the following spiro compound was isolated as major product. 

 

(Z)-2-((4-Fluorophenyl)imino)-3-methyl-1-oxa-3-azaspiro[4.5]deca-6,9-dien-8-one (2.36d): 

Red solid (30 mg, 37%), m.p. 90-94 °C, purified chromatography (40% EtOAc/Hexanes). 1H NMR 

(500 MHz, CDCl3) δ 7.00 (dd, J = 9.0, 5.0 Hz, 2H), 6.97 – 6.85 (m, 4H), 6.30 (d, J = 10.1 Hz, 2H), 
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3.52 (s, 2H), 3.01 (s, 3H);  13C NMR (125 MHz, CDCl3) δ 184.3, 159.7, 157.8, 151.3, 144.3, 142.6, 

142.5, 130.2, 124.6, 124.5, 123.2, 116.0, 115.8, 115.3, 115.1, 74.7, 56.2, 32.7;  FT-IR (neat, cm-

1): 2925, 2858, 1642, 1508, 1407, 1207;  HRMS (m/z): calc for [M+H]+ C15H13FN2O2 273.1034 

found 273.1020.  

 

 

Oxidative dearomatization of 1-(4-hydroxybenzyl)-1-methyl-3-(4-nitrophenyl)urea (2.35d): To 

a solution of the synthesized urea (2.35d) (0.183 mmol, 55 mg) in 5-7 ml of HFIP, 60 mg of 

Cs2CO3 (1.2 equiv) was added then stir reaction mixture for 10 minutes then 60 mg of PIDA (0.183 

mmol, 1.0 molar equiv) was added at rt. The reaction was complete after seconds and the following 

spiro compound was isolated as major product. 

 

 

(Z)-3-Methyl-2-((4-nitrophenyl)imino)-1-oxa-3-azaspiro[4.5]deca-6,9-dien-8-one (2.36e): 

Yellow solid (52 mg, 95%), m.p. 125-128 °C, purified chromatography (30% EtOAc/Hexanes). 

1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 9.0 Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 6.90 (d, J = 10.1 

Hz, 2H), 6.29 (d, J = 10.1 Hz, 2H), 3.58 (s, 2H), 3.03 (s, 3H);  13C NMR (125 MHz, CDCl3) δ 

184.0, 153.8, 152.4, 148.6, 143.5, 142.5, 130.5, 124.7, 123.9, 120.9, 75.3, 55.9, 32.5;  FT-IR (neat, 

cm-1): 2928, 2890, 1658, 1639, 1575, 1492, 1319; HRMS (m/z): calc for [M+H]+ C15H13N3O4 

300.0979 found 300.0965. 
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 Synthetic methodologies toward the synthesized guanidine derivatives: 

Three different 2-methyl-2-thiopesudoureas were used for synthesis of the targeted guanidine 

derivatives. 1,3-diboc-2-methylisothiourea is commercially available and was used as it is. S-

methylisothiourea hemi sulfate was used as precursor for the synthesis of 1,3-bis(2-

trimethylsilylethoxycarbonyl)-2-methyl-2-thiopseudourea2 and 1,3-diCbz-2-methylisothiourea.3 

 Synthesis of guanidine derivatives: 

(E)-2,3-diboc-1-(4-methoxybenzyl)-N-methyl-guanidine (2.45a): To a solution of 1,3-diboc-2-

methylisothiourea (3.31 mmol, 1.0 g), mercury oxide (3.31 mmol, 0.73 g) and triethyl amine (3.31 

mmol, 0.47 g) in DCM (15 ml),  1-(4-methoxyphenyl)-N-methylmethanamine (3.31 mmol, 0.51 

g) was added and stir the reaction mixture at rt overnight. Then the solvent was evaporated, and 

reaction mixture was subjected to column purification using 20% EtOAc/Hexanes. Obtained as a 

white solid (1.1 g, 85%, m.p. 84 - 86 °C). 1H NMR (500 MHz, CDCl3) δ 10.10 (s, 1H), 7.13 (d, J 

= 8.2 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 4.56 (s, 2H), 3.71 (s, 3H), 2.79 (s, 3H), 1.44 (s, 18H);  13C 

NMR (125 MHz, CDCl3) δ 162.8, 159.2, 156.3, 150.8, 129.9, 129.5, 128.5, 128.2, 114.3, 114.1, 

81.9, 79.4, 55.3, 53.5, 36.5, 31.3, 28.2;  FT-IR (neat, cm-1):3412, 3320, 3128, 2982, 2933, 2878, 

1720, 1648; HRMS (m/z): calc for [M+H]+ C20H31N3O5, 394.2336, found: 394.2326. 
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(E)-2,3-diBoc-1-(4-hydroxybenzyl)-1-methylguanidine (2. 45b): To a solution of 1,3-diboc-2-

methylisothiourea (2.0 mmol, 0.60 g), mercury oxide (2.0 mmol, 0.44 g) and triethylamine (2.0 

mmol, 0.28 g) in dry THF (15 ml), 4-[(methylamino)methyl]phenol (2.0 mmol, 0.29 g) was added 

and stir the reaction mixture at rt overnight. Then the solvent was evaporated, and reaction mixture 

was subjected to column purification using 20% EtOAc/Hexanes and it was obtained as a white 

solid (0.4 g, 50%, m.p. 108–110 °C). 1H NMR (500 MHz, CD3OD) δ 7.10 (d, J = 8.1 Hz, 2H), 

6.77 (d, J = 8.2 Hz, 2H), 4.52 (s, 2H), 2.85 (s, 3H), 1.47 (s, 18H); 13C NMR (125 MHz, CD3OD) 

δ 156.9, 154.2, 129.0, 128.6, 126.8, 121.8, 115.3, 80.1, 53.6, 53.2, 35.3, 27.4, 27.2, 27.1;  FT-IR 

(neat, cm-1): 3199, 2977, 2931, 1745, 1649, 1586, 1139; HRMS (m/z): calc for [M+H]+ 

C19H29N3O5, 380.2180, found: 380.2163. 
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(E)-2,3-diboc-1-(4-hydroxybenzyl)-guanidine (2.45c): To a solution of 1,3-diboc-2-

methylisothiourea (4.0 mmol, 1.2 g), mercury oxide (4.0 mmol, 0.87 g) and triethyl amine (4.0 

mmol, 0.56 g) in DCM (15 ml), 4-(aminomethyl)phenol (4.0 mmol, 0.51 g) was added and stir the 

reaction mixture at rt overnight. Then the solvent was evaporated, and reaction mixture was 

subjected to column purification using 50% EtOAc/Hexanes and it was obtained as a white solid 

(1.0 g, 67%, m.p. 170-174 °C). 1H NMR (500 MHz, CDCl3) δ 8.54 (t, J = 5.3 Hz, 1H), 7.05 (d, J 

= 7.9 Hz, 2H), 6.72 (d, J = 7.7 Hz, 2H), 4.49 (d, J = 5.2 Hz, 2H), 1.47 (s, 9H), 1.48 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 163.5, 156.1, 155.8, 153.2, 129.0, 128.5, 115.7, 83.4, 79.8, 44.5, 28.3, 

28.1;  FT-IR (neat, cm-1): 3412, 3320, 3128, 2982, 2933, 2878, 1720, 1648, 1609;  HR-MS (m/z): 

calc for [M+H]+ C18H27N3O5, 366.2023, found: 366.2009. 

 

 

(E)-2-(benzyloxycarbonyl)-1-(4-hydroxybenzyl)-guanidine (2.49): To a solution of 1,3-

bis(benzyloxycarbonyl)-2-methyl-2-thiopseudourea (1.0 mmol, 358 mg), mercury oxide (1.0 

mmol, 218 mg) and triethyl amine (1.0 mmol, 158 mg) in THF (15 ml), 4-(aminomethyl)phenol 

(1.0 mmol, 141 mg) was added and stir the reaction mixture at rt overnight. Then the solvent was 

evaporated, and reaction mixture was subjected to column purification using 50% EtOAc/Hexanes 
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and it was obtained as a white solid (100 mg, 55%). 1H NMR (500 MHz, CD3OD) δ 7.29 (d, J = 

7.6 Hz, 2H), 7.27 – 7.21 (m, 2H), 7.21 – 7.16 (m, 1H), 6.98 (d, J = 8.1 Hz, 2H), 6.67 (d, J = 7.0 

Hz, 2H), 5.04 (s, 2H), 4.50 (s, 2H), 2.79 (s, 3H);  13C NMR (125 MHz, CD3OD) δ 163.7, 161.6, 

156.6, 137.8, 128.6, 128.0, 127.7, 127.3, 127.3, 115.0, 66.6, 51.3, 33.3;  FT-IR (neat, cm-1): 3410, 

3304, 2956, 2916, 1648, 1580; HR-MS (m/z): calc for [M+H]+ C17H19N3O3, 314.1499, found: 

314.1461. 

 

 

(E)-2,3- bis(2-Trimethylsilylethoxycarbonyl)-1-(4-hydroxybenzyl)-guanidine (2.53): To a 

solution of 1,3- bis(2-trimethylsilylethoxycarbonyl)-2-methylisothiourea (0.4 mmol, 160 mg), 

mercury oxide (0.4 mmol, 86 mg) and triethyl amine (0.4 mmol, 57 mg) in THF (15 ml), 4-

(aminomethyl)phenol (0.4 mmol, 57 mg) was added and stir the reaction mixture at rt overnight. 

Then the solvent was evaporated, and reaction mixture was subjected to column purification using 

25% EtOAc/Hexanes and it was obtained as a white solid (186 mg, 96%). 1H NMR (500 MHz, 

CDCl3) δ 6.98 (d, J = 8.0 Hz, 2H), 6.68 (d, J = 8.1 Hz, 2H), 4.51 (s, 2H), 4.19 – 4.06 (m, 4H), 2.79 

(s, 3H), 1.01 – 0.86 (m, 4H), -0.07 (s, 18H);  13C NMR (125 MHz, CDCl3) δ 171.7, 156.4, 156.3, 

129.4, 126.7, 115.7, 64.5, 60.6, 36.7, 21.1, 17.5, -1.5;  FT-IR (neat, cm-1): 3400, 3197, 3150, 3064, 

2954, 2922, 2896, 2855, 1724, 1670, 1596; HRMS (m/z): calc for [M+H]+ C21H37N3O5Si2, 

468.2345, found: 468.2292. 
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Oxidative dearomatization of the guanidine derivatives 

Oxidative dearomatization of (E)-2,3-diboc-1-(4-hydroxybenzyl)-1-methylguanidine: To a 

solution of the synthesized guanidine (2.24) (0.5 mmol, 173 mg) in 5-7 ml of HFIP, 178 mg of 

Cs2CO3 (1.2 equiv) was added then stir reaction mixture for 10 minutes then 149 mg of PIDA (0.5 

mmol, 1.0 molar equiv) was added at rt. The reaction was complete after seconds and the following 

spiro compound was isolated as major product. 

 

tert-Butyl (Z)-2-((tert-butoxycarbonyl)imino)-3-methyl-8-oxo-1,3-diazaspiro[4.5]deca-6,9-

diene-1-carboxylate (2.46b): White crystals (43 mg, 25%, mp 185-189 °C), purified 

chromatography (80% EtOAc in hexane) then crystalized from ethanol. 1H NMR (500 MHz, 

CDCl3) δ 6.92 (d, J = 10.1 Hz, 1H), 6.28 (d, J = 10.0 Hz, 2H), 3.43 (s, 2H), 2.91 (s, 3H), 1.47 (s, 

9H), 1.31 (s, 9H);  13C NMR (126 MHz, CDCl3) δ 184.4, 159.1, 151.0, 149.2, 148.0, 147.3, 129.4, 

129.3, 84.1, 79.4, 59.4, 55.2, 32.5, 28.3, 27.8; FT-IR (neat, cm-1): 2972, 2931, 1748, 1660, 1616, 

1491, 1240, 1151, 1134, 841, 745;  HRMS (m/z): calc for [M+H]+ C19H27N3O5, 378.2023, found: 

378.2018.  

Oxidative dearomatization of (E)-2,3-diboc-1-(4-hydroxybenzyl)-guanidine (2.26) : To a 

solution of the synthesized guanidine  (2.26) (0.55 mmol, 200 mg) in 5-7 ml of HFIP, 216 mg of 
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Cs2CO3 (1.2 equiv) was added then stir reaction mixture for 10 minutes then 180 mg of PIDA (1.0 

molar equiv) was added at rt. The reaction was complete after seconds and the following spiro 

compound was isolated as major product. 

tert-Butyl (Z)-2-((tert-butoxycarbonyl)imino)-8-oxo-1,3-diazaspiro[4.5]deca-6,9-diene-1-

carboxylate (2.46c): Colorless crystals (30 mg, 15%, m.p. 260-264 °C), purified by 

chromatography (50% EtOAc/hexane). 1H NMR (500 MHz, CDCl3) δ 9.73 (s, 1H), 6.86 (dd, J = 

10.3, 2.4 Hz, 2H), 6.24 (dd, J = 10.3, 2.3 Hz, 2H), 3.93 (s, 2H), 1.49 (s, 9H), 1.34 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 184.7, 151.9, 149.9, 148.4, 146.7, 128.4, 85.2, 82.3, 62.2, 62.0, 28.1, 

27.8;  FT-IR (neat, cm-1): 3336, 1674, 1625, 1064, 1015, 443; HRMS (m/z): calc for [M+H]+ 

C18H25N3O5, 364.1867, found: 364.1857.  

Oxidative dearomatization of (E)-2,3- bis(2-trimethylsilylethoxycarbonyl)-1-(4-

hydroxybenzyl)-guanidine (2.53): To a solution of the synthesized guanidine (2. 53) (0.35 mmol, 

166 mg) in 5-7 ml of HFIP, 137 mg of Cs2CO3 (1.2 equiv) was added, then after 2 min 116 mg of 

PIDA (1.0 molar equiv) was added and continue stirring at rt. After 2 h stirring, 29 mg of PIDA 

_equivalent to 0.25 molar equiv_was added and continue stirring at rt. After 30 min, TLC showed 

the starting material was consumed. HFIP was evaporated and the reaction mixture was absorbed 

onto silica gel and subjected for column purification.   

 

2-(trimethylsilyl)ethyl (E)-(3-methyl-8-oxo-1,3-diazaspiro[4.5]deca-6,9-dien-2-

ylidene)carbamate (2.54): Colorless solid (10 mg, 9%, m.p. 140-144 °C), purified flash column 

chromatography using 50% EtOAc/Hexanes, followed by prep TLC technique using same 
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concentration. 1H NMR (500 MHz, CDCl3) δ 8.05 (s, 1H), 6.87 (d, J = 10.1 Hz, 2H), 6.29 (d, J = 

9.9 Hz, 2H), 4.25 – 4.07 (m, 2H), 3.50 (s, 2H), 3.02 (s, 3H), 1.12 – 0.98 (m, 2H), 0.03 (s, 9H);  13C 

NMR (125 MHz, CDCl3) δ 184.0, 161.6, 146.3, 129.9, 64.0, 56.7, 56.5, 32.2, 17.8, -1.5; FT-IR 

(neat, cm-1): 3354, 2953, 2925, 2855, 1677, 1616, 1471; HRMS (m/z): calc for [M+H]+ 

C15H23N3O3Si 322.1581 found 322.1558. 
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9.2.2. Chapter two and three: 

Chapter Two 

 

 N-(4-methoxybenzyl)-1H-imidazole-1-carboxamide (3. 11): To a solution of 4-

methoxybenzylamine (65.0 µL, 0.50 mmol, 1.0 equiv) in dichloromethane (2.0 ml), hydrochloric 

acid was added (100 µL) then the reaction formed a white precipitate which was stirred for 5 

minutes before addition of 1,1'-Carbonyldiimidazole (CDI) (98.0 mg, 0.55 mmol, 1.1 equiv) and 

DMF (0.8 ml). The solution was stirred for 2 h and then the solvent was evaporated. The crude 

product was purified chromatography using 2% methanol in dichloromethane, yielding the desired 

product as white material (60.0 mg, 55%, m.p. 118 – 120 ̊C).  1H NMR (500 MHz, CDCl3) δ 8.21 

(t, J = 5.7 Hz, 1H), 8.04 (s, 1H), 7.41 (d, J = 1.6 Hz, 1H), 7.14 (d, J = 7.0 Hz, 2H), 6.78 – 6.74 (m, 

3H), 4.37 (d, J = 5.6, 2H), 3.69 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 159.3, 149.1, 136.0, 129.4, 

129.4, 116.8, 114.2, 55.3, 44.4. FT-IR (neat, cm-1): 3314, 3036,3001, 2833, 1609, 1508, 1228; 

HRMS (m/z): 301.1546, 321.1364, 339.1097, 359.2071. 

 

 

 

 

 



 

228 

 

 

General Procedure of synthesis the N-methoxy urea derivatives: To a solution of the corresponding 

alkoxy amine (hydroxy methyl amine hydrochloride (1.0 equiv, 10.0 mmol, 0.83 g)) or benzyl 

hydroxy amine (1.0 equiv, 10.0 mmol, 1.3 ml)) in dichloromethane (30 ml), triethyl amine (1.0 

equiv, 10.0 mmol, 1.40 ml) was added at rt and the solution was stirred for 10 min after forming a 

white precipitate. Then 1,1'-Carbonyldiimidazole (CDI) (1.0 equiv, 10.0 mmol, 1.70 g) was added 

and stir the reaction at rt overnight. Then 4-methoxybenzylamine (2. 10) (1.0 equiv, 10.0 mmol, 

1.4 g) was added to the mixture and stirred for 12 h. The solvent was evaporated, and the product 

was purified chromatography using 2% methanol in dichloromethane.  

 

 

1-methoxy-3-(4-methoxybenzyl)urea (3.12): Obtained as a white solid (1.9 g, 88%, m.p. 112 – 

114  ̊C). 1H NMR (500 MHz, CDCl3) δ 7.16 (dd, J = 8.7, 2.3 Hz, 2H), 6.79 (dd, J = 8.8, 2.5 Hz, 

2H), 5.98 (s, 1H), 4.31 (s, 2H), 3.71 (s, 3H), 3.57 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 160.3, 

159.0, 130.7, 129.0, 114.1, 64.2, 55.3, 43.0. FT-IR (neat, cm-1): 3342, 3175, 2957, 2920, 2840, 

1649, 1539, 1508, 1238; HRMS (m/z): calc for C10 H14 N2 O3 [M+H]+ 211.1075 found 211.1077. 

 



 

229 

 

 

1-(Benzyloxy)-3-(4-methoxybenzyl)urea (3.13): Obtained as colorless crystals (2.2 g, 78%, m.p. 

98 – 100  ̊C). 1H NMR (500 MHz, CDCl3) δ 7.29 (d, J = 1.3 Hz, 5H), 7.07 (d, J = 8.7 Hz, 2H), 

6.80 (d, J = 7.7 Hz, 2H), 4.71 (s, 2H), 4.25 (s, 2H), 3.74 (s, 3H).13C NMR (126 MHz, CDCl3) δ 

160.2, 159.0, 135.5, 135.3, 130.6, 129.3, 129.3, 128.9, 128.9, 128.8, 128.8, 128.7, 114.1, 78.8, 

78.7, 55.4, 43.0. FT-IR (neat, cm-1): 3321, 3060, 3032, 2928, 2918, 2835, 1655, 1537, 1510, 1249; 

HRMS (m/z): calc for [M+Na]+ C16H18N2O3 309.1210 found 309.1188. 

 

 

 

 

 

 

(1,1,1,3,3,3-hexafluoropropan-2-yl (4-methoxybenzyl)carbamate (3.14): To a solution of the 

synthesized thiourea (3.12) (1.0 equiv, 0.53 mmol, 112.0 mg) in HFIP (7 ml), Cs2CO3 (1.2 equiv, 

0.64 mmol, 211 mg) was added and followed by IBDA (1.0 equiv, 053 mmol, 175 mg) at rt. The 
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reaction was completed after 2 h and the new carbamate compound 14 was purified by column 

chromatography (20% EtOAc/Hexanes). Obtained as colorless solid (80 mg, 45%, m.p. 68 – 70 ̊C). 

1H NMR (500 MHz, CDCl3) δ 7.15 (d, J = 6.7 Hz, 2H), 6.83 (d, J = 6.5 Hz, 2H), 5.66 (sep, J = 

8.5, 6.3, 3.3 Hz, 1H), 5.37 (s, 1H), 4.30 (d, J = 5.7 Hz, 1H), 3.75 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 159.4, 152.6, 129.1, 129.0, 121.8, 119.6, 114.3, 68.0, 67.7, 67.4, 67.2, 55.3, 45.2. HRMS 

(m/z): 391.2832, 413.2656.  

 

 

 

2,2,2-Trifluoroethyl (4-methoxybenzyl)carbamate (3.84): Obtained via constant current 

electrolysis using undivided electronic cell. Iodobenzene (PhI, 102 mg, 0.5 mmol, 2.0 equiv.) was 

added to a solution of LiClO4 (53.0 mg, 0.5 mmol, 2.0 equiv) in trifluoroethanol (5 ml) as an 

electrolyte and subjected to electrolysis for 1 h to (in situ) generate hypervalent iodine reagent. 

Then, 1-methoxy-3-(4-methoxybenzyl)urea (3.12) (52.5 mg, 0.25 mmol, 1.0 equiv) was added and 

continued the electrolysis reaction for more 15 minutes. The solvent was evaporated, and the crude 

product was purified by column chromatography (30% EtOAc/Hexanes). Obtained as a colorless 

solid (27 mg, 42%, m.p. 80 – 82 ̊C). 1H NMR (500 MHz, CDCl3) δ 7.15 (d, J = 8.7 Hz, 2H), 6.81 

(d, J = 8.7 Hz, 2H), 5.18 (s, 1H), 4.41 (q, J = 8.6 Hz, 2H), 4.26 (d, J = 5.9 Hz, 2H), 3.74 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ 159.3, 154.5, 129.8, 129.0, 124.3, 122.1, 114.2, 61.4, 61.1, 60.8, 

60.6, 55.3, 44.9. FT-IR (neat, cm-1): 3315, 2996, 2976, 2941, 2843, 1703, 1586, 1536, 1242, 1146; 

HRMS (m/z): 238, 278, 300, 315, 337, 344.   
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N-(4-methoxybenzyl)-1-(4-nitrophenyl)methanamine  (3.16): A solution of 4-methoxy benzyl 

amine (1.0 equiv, 3.80 mmol, 0.51 ml) in acetonitrile (15 ml), K2CO3 (1.5 equiv, 5.7 mmol, 0.79 

g) was added and followed by 4-nitrobenzyl chloride (1.2 equiv, 4.54 mmol, 0.79 g). The mixture 

was stirred overnight at room temperature. The solvent was concentrated then the mixture was 

purified chromatography (50% EtOAc/Hexanes) to afford the desired secondary amine (0.80 g, 

80%, yellow liquid).  1H NMR (500 MHz, CDCl3) δ 8.03 (d, J = 8.9 Hz, 2H), 7.41 (d, J = 8.9 Hz, 

2H), 7.18 (d, J = 8.7 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 3.78 (s, 2H), 3.69 (s, 3H), 3.65 (s, 2H). 13C 

NMR (126 MHz, CDCl3) δ 158.8, 148.6, 146.9, 132.1, 129.4, 128.7, 123.5, 113.9, 55.2, 52.7, 52.2. 

FT-IR (neat, cm-1): 2933, 2835, 1605, 1508, 1456, 1340, 1242; HRMS (m/z): calc for C15H17N2O3 

[M+H]+ 273.1234 found 273.1219. 
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3-Methoxy-1-(4-methoxybenzyl)-1-(4-nitrobenzyl)urea (3.22): To a solution of methoxy amine 

hydrochloride (1.0 equiv, 2.75 mmol, 0.23 g) in dichloromethane (20 ml), triethyl amine (1.0 

equiv, 2.75 mmol, 0.387 ml) was added at room temperature and stirred the solution for 10 min. 

Then 1,1'-carbonyldiimidazole (CDI) (1.0 equiv, 2.75 mmol, 0.47 g) was added and stir the 

mixture overnight. N-(4-methoxybenzyl)-1-(4-nitrophenyl)methanamine  (3.16) (1.0 equiv, 2.75 

mmol, 0.75 g) was added to the mixture and stirred at rt overnight. The solvent was evaporated, 

and the product was chromatography purified (70% EtOAc/hexanes) to afford the desired urea 

derivative as a brown liquid (0.64 g, 67%). 1H NMR (500 MHz, CDCl3) δ 8.18 (d, J = 8.7 Hz, 2H), 

7.41 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.60 (s, 2H), 4.32 (s, 

2H), 3.81 (s, 3H), 3.70 (s, 3H). 13C NMR (76 MHz, CDCl3) δ 159.8, 159.6, 147.5, 144.9, 128.5, 

128.4, 127.6, 124.1, 114.7, 64.5, 55.5, 50.0, 49.8. FT-IR (neat, cm-1): 2920, 2849, 1605, 1460, 

1341, 1301, 1174. HRMS (m/z): calc for C17H20N3O5 346.1397 found 346.1372.  
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1-Methoxy-3-(4-nitrobenzyl)-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (3.25): To a 

solution of 3-methoxy-1-(4-methoxybenzyl)-1-(4-nitrobenzyl)urea (2.22) (200 mg, 0.58 mmol, 

1.0 equiv) in HFIP (7 ml), was added Cs2CO3 (228 mg, 0.70 mmol, 1.2 equiv) followed by stirring 

for 10 minutes then IBDA (95 mg, 0.24 mmol, 1.3 molar equiv) was added at rt. The reaction was 

complete after 2 hours and the product was purified chromatography (50% EtOAc/Hexanes).  

Obtained as a pale-yellow solid (110 mg, 52%, m.p. 168 - 172 °C). 1H NMR (500 MHz, CDCl3) 

δ 8.19 (d, J = 6.7 Hz, 2H), 7.40 (d, J = 6.9 Hz, 2H), 6.84 (d, J = 10.1 Hz, 2H), 6.33 (d, J = 9.9 Hz, 

2H), 4.49 (s, 2H), 3.72 (s, 3H), 3.13 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 184.4, 160.1, 145.2, 

142.7, 132.3, 129.0, 124.3, 77.3, 77.1, 76.8, 65.9, 61.3, 49.3, 47.6. FT-IR (neat, cm-1): 3114, 3040, 

2977, 2936, 1729, 1669, 1631, 1607, 1424; HRMS (m/z): calc for [M+Na]+ C16H15N3O5Na  

352.0904 found 352.0885.  
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To a solution of 4- methoxybenzyl amine (3.10) (1.0 equiv, 30.0 mmol, 4.2 ml) in acetonitrile (30 

ml), K2CO3 (1.5 equiv, 45 mmol, 6.3 g) was added followed by benzyl chloride (2.17) (1.2 equiv, 

36 mmol, 4.2 ml). The reaction was refluxing at 100 ̊C for 24 h. The solvent was concentrated, and 

the mixture was subjected to column purification to isolate the following products.  

 

 

N-benzyl-1-(4-methoxyphenyl)methanamine (3.18): Obtained as a yellow liquid (1.0 g, 14% 

(30% EtOAc/Hexanes)). 1H NMR (300 MHz, CDCl3) δ 7.17 (m, 4H), 7.09 (d, J = 8.6 Hz, 2H), 

6.70 (d, J = 8.7 Hz, 2H), 3.61 (s, 2H), 3.57 (s, 3H), 3.55 (s, 2H). 13C NMR (76 MHz, CDCl3) δ 

158.6, 140.3, 132.3, 129.3, 128.4, 128.2, 126.9, 113.7, 55.1, 53.0, 52.5. FT-IR (neat, cm-1): 3061, 

3001, 2931, 2833, 1610, 1509, 1441, 1031; HRMS (m/z): calc for [M+H]+ C15H18NO 228.1383 

found 228.1364. 
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N,N-dibenzyl-1-(4-methoxyphenyl)methanamine (3. 19): Obtained as a yellow liquid (4.0 g, 

41%, (10% EtOAc/Hexanes)). 1H NMR (500 MHz, CDCl3) δ 7.47 (d, J = 7.3 Hz, 4H), 7.37 (t, J 

= 7.7 Hz, 6H), 7.27 (t, J = 7.3 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 3.81 (s, 3H), 3.60 (s, 4H), 3.56 

(s, 2H). 13C NMR (126 MHz, CDCl3) δ 158.8, 139.9, 131.7, 130.0, 128.9, 128.4, 127.0, 113.8, 

57.9, 57.4, 55.4. FT-IR (neat, cm-1): 3061, 2930, 2792, 2711, 1610, 1584, 1245; HRMS (m/z): calc 

for [M+H]+ C22H23NO 318.1852 found 318.1829. 

 

 

1-Benzyl-3-methoxy-1-(4-methoxybenzyl)urea (3.24): To a solution of methoxy amine 

hydrochloride (1.3 equiv, 4.88 mmol, 0.41 g) in dichloromethane (0.2 M, 19 ml), triethyl amine 

(1.3 equiv, 4.88 mmol, 0.69 ml) was added at room temperature and stirred the solution for 10 

min. Then 1,1'-carbonyldiimidazole (CDI) (1.3 equiv, 4.88 mmol, 0.92 g) was added and stir the 

mixture overnight. N-benzyl-1-(4-methoxyphenyl)methanamine (3. 18) (1.0 equiv, 3.75 mmol, 

0.84 g) was added to the mixture and stirred at rt overnight. The solvent was evaporated, and the 

product was chromatography purified (30% EtOAc/hexanes) to afford the desired urea derivative 

as a white solid (0.90 g, 80%, m.p. 58 – 60 ̊C).  1H NMR (500 MHz, CDCl3) δ 7.29 – 7.18 (m, 

3H), 7.15 (d, J = 6.9 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 4.36 (s, 2H), 4.32 

(s, 2H), 3.72 (s, 3H), 3.62 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 159.8, 159.3, 136.8, 129.0, 
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128.8, 128.7, 127.8, 127.4, 114.3, 64.3, 55.3, 49.8, 49.5. FT-IR (neat, cm-1): 3262, 3237, 3029, 

2931, 2834, 1644, 1584, 1248; HRMS (m/z): calc for [M+Na]+ C17H20N2O3Na 323.1366 found 

323.1342. 

 

3-benzyl-1-methoxy-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (3.27): To a solution of 1-

benzyl-3-methoxy-1-(4-methoxybenzyl)urea (3. 24) (300 mg, 1.0 mmol, 1.0 equiv) in HFIP (10 

ml), was added Cs2CO3 (394 mg, 1.0 mmol, 1.0 equiv) followed by stirring for 10 minutes then 

IBDA (657 mg, 2.0 mmol, 2.0 molar equiv) was added at rt. The reaction was completed after 2 h 

and the crude product 3. 27 was purified by chromatography (50% EtOAc/Hexanes).  Obtained as 

brown gummy material (130 mg, 45%). 1H NMR (500 MHz, CDCl3) δ 7.29 (m, 5H), 7.07 (d, J = 

8.7 Hz, 2H), 6.80 (d, J = 7.7 Hz, 1H), 4.71 (s, 2H), 4.25 (s, 2H), 3.71 (s, 3H). FT-IR (neat, cm-1): 

2936, 1722, 1667, 1610, 117 6, 1030; HRMS (m/z): calc for [M+Na]+ C16H15N3O5  352.0904 found 

352.0885. 

 

 

3-Methoxy-1,1-bis(4-methoxybenzyl)urea (3.23): To a solution of methoxy amine 

hydrochloride (1.3 equiv, 10.14 mmol, 0.85 g) in dichloromethane (40 ml), triethyl amine (1.3 

equiv, 10.14 mmol, 1.5 ml) was added at room temperature and the solution was stirred for 10 

minutes. Then 1,1'-carbonyldiimidazole (CDI) (1.3 equiv, 10.14 mmol, 1.73 g) was added and stir 
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the mixture overnight. Bis(4-methoxybenzyl)amine (3.21) (1.0 equiv, 7.8 mmol, 2.0 g) was added 

to the mixture and stirred at rt overnight. The solvent was evaporated and then product was 

chromatography purified (50% EtOAc/hexanes).  Obtained as a shiny white solid (1.95 g, 76%, 

m.p. 82-84 ̊C). 1H NMR (301 MHz, CDCl3) δ 8.18 (s, 1H), 7.03 (d, J = 8.6 Hz, 4H), 6.74 (d, J = 

8.7 Hz, 2H), 4.26 (s, 4H), 3.67 (s, 6H), 3.60 (s, 4H). 13C NMR (76 MHz, CDCl3) δ 160.0, 159.1, 

129.0, 114.1, 64.1, 55.2, 48.6. FT-IR (neat, cm-1): 3207, 3009, 2996, 2931, 2900, 2835, 1644, 

1613, 1506, 1235; HRMS (m/z): calc for [M+H]+ C18H23N2O4 [M+H]+ 331.1652 found 331.1630. 

 

 

1-Methoxy-3-(4-methoxybenzyl)-1,3-diazaspiro[4.5]deca-6,9-diene-2,8-dione (3.26): To a 

solution of 3-methoxy-1,1-bis(4-methoxybenzyl)urea (3.23) (359mg, 1.0 mmol, 1.0 equiv) in 

HFIP (10 ml), Cs2CO3 (418 mg, 1.2 mmol, 1.2 equiv) was added and followed by stirring for 10 

minutes, then IBDA (1.04 g, 2.0 mmol, 2.0 molar equiv) was added at rt. The starting material was 

completely consumed after 10 minutes and the spiro compound (3.26) was purified 

chromatography (50% EtOAc/Hexanes).  Obtained as a pale-yellow solid (280 mg, 89%, m.p. 106 

– 108 C̊). 1H NMR (301 MHz, CDCl3) δ 7.09 (d, J = 8.6 Hz, 2H), 6.79 (t, J = 9.4 Hz, 4H), 6.23 (d, 

J = 10.2 Hz, 2H), 4.28 (s, 2H), 3.69 (s, 3H), 3.64 (s, 3H), 3.04 (s, 2H). 13C NMR (76 MHz, CDCl3) 

δ 184.7, 160.1, 159.5, 146.0, 131.9, 129.7, 127.1, 114.3, 65.7, 61.4, 55.3, 48.6, 47.5. FT-IR (neat, 

cm-1): 3043, 3001, 2966, 2932, 2837, 1720, 1667, 1632, 1609, 1029; HRMS (m/z): calc for 

C17H18N2O4Na [M+Na]+ 337.1159 found 337.1133.  
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(Z)-1,2-diboc-3-methoxy-1-(4-methoxybenzyl)-guanidine (3.35): To a solution of tert-butyl 

(Z)-(((tert-butoxycarbonyl)imino)(methylthio)methyl)(4-methoxybenzyl)carbamate (3.34) (3.44 

mmol, 1.42 g, 1.0 equiv), mercury oxide (3.78 mmol, 0.82 g, 1.1 equiv) and triethylamine (4.13 

mmol, 0.6 g, 1.2 equiv) in dry THF (15 ml), methoxy amine hydrochloride (6.88 mmol, 0.57 g, 

2.0 equiv) was added and the reaction was stirred at 40 °C overnight. Then the solvent was 

evaporated, and the crude product was purified chromatography (20% EtOAc/Hexanes).  Obtained 

as a colorless solution (1.13 g, 79%). 1H NMR (500 MHz, CDCl3) δ 7.25 (d, J = 6.7 Hz, 2H), 6.75 

(d, J = 6.7 Hz, 2H), 4.47 (s, 2H), 3.70 (s, 6H), 1.38 (s, 9H), 1.34 (s, 9H). 13C NMR (126 MHz, 

CDCl3) δ 158.9, 153.5, 149.0, 130.3, 113.5, 81.5, 81.4, 61.9, 55.2, 28.2, 28.1. FT-IR (neat, cm-1): 

2977, 2934, 1748, 1716, 1642, 1613, 1513, 1245; HRMS (m/z): calc for C20H32N3O6 [M+H]+ 

410.2286 found 410.2273.  
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(Z)-1,2-diboc-3-benzyloxy-1-(4-methoxybenzyl)-guanidine (3.36): To a solution of tert-butyl 

(Z)-(((tert-butoxycarbonyl)imino)(methylthio)methyl)(4-methoxybenzyl)carbamate (3.34) (0.73 

mmol, 0.3 g, 1.0 equiv), mercury oxide (0.73 mmol, 0.16 g, 1.0 equiv) and triethylamine (0.73 

mmol, 102 µL, 1.0 equiv) in dry THF (15 ml), benzyloxy amine (0.73 mmol, 92 mg, 1.0 equiv) 

was added and the reaction mixture was stirred at rt overnight. The solvent was evaporated, and 

the product was purified chromatography (20% EtOAc/Hexanes). Obtained as a colorless solution 

(0.25 g, 70%). 1H NMR (500 MHz, CDCl3) δ 7.35 – 7.22 (m, 6H), 7.17 (d, J = 8.6 Hz, 2H), 6.72 

(d, J = 8.7 Hz, 2H), 4.95 (s, 2H), 4.46 (s, 2H), 3.72 (s, 3H), 1.39 (s, 9H), 1.37 (s, 9H). 13C NMR 

(126 MHz, CDCl3) δ 158.9, 153.6, 149.0, 137.3, 130.4, 128.4, 128.1, 113.5, 81.6, 81.4, 76.2, 55.2, 

52.0, 28.2, 28.1. FT-IR (neat, cm-1): 3315, 2976, 2931, 1752, 1730, 1637, 1363, 1282, 1147; 

HRMS (m/z): calc for C26H36N3O6 [M+H]+ 486.2599 found 486.2608. 
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tert-butyl (E)-2-((tert-butoxycarbonyl)imino)-1-methoxy-8-oxo-1,3-diazaspiro[4.5]deca-6,9-

diene-3-carboxylate (3.37): To a solution of (Z)-1,2-diboc-3-methoxy-1-(4-methoxybenzyl)-

guanidine (3.35) (0.22 mmol, 1.0 equiv, 89 mg) in HFIP (2 ml, 0.1 M), Cs
2
CO

3
 (0.22 mmol, 1.0 

equiv, 72 mg) and IBDA (0.33 mmol, 1.5 equiv, 35.6 mg) were added with stirring at rt for 3h. 

The crude product was subjected to column purification (30% EtOAc/Hexanes). Obtained as a 

pale-yellow solid (26 mg, 30%, m.p. 84 – 86 ̊C). Also, it was isolated as a major product from the 

electrolysis reaction of (Z)-1,2-diboc-3-methoxy-1-(4-methoxybenzyl)-guanidine (2.35) (30%). 

1H NMR (500 MHz, CDCl3) δ 6.89 (d, J = 10.1 Hz, 2H), 6.37 (d, J = 10.1 Hz, 1H), 3.61 (s, 3H), 

3.60 (s, 2H), 1.44 (s, 18H). 13C NMR (126 MHz, CDCl3) δ 184.3, 147.0, 144.7, 132.5, 129.7, 84.1, 

81.0, 65.0, 62.4, 49.6, 28.1, 28.0. FT-IR (neat, cm-1): 2978, 2928, 1755, 1671,1634, 1140; HRMS 

(m/z): calc for C19H28N3O6 [M+H]+ 394.1973 found 394.1953. 

 

 

tert-butyl (E)-2-((tert-butoxycarbonyl)imino)-1,8,8-trimethoxy-1,3-diazaspiro[4.5]deca-6,9-

diene-3-carboxylate (3.82): The (Z)-1,2-diboc-3-methoxy-1-(4-methoxybenzyl)-guanidine 

(3.35) (1.0 equiv, 0.25 mmol, 102 mg), tBuNOAc (1.0 equiv, 0.25 mmol, 75.3 mg) were placed in 

an undivided bottle containing methanol (10 ml). The bottle was equipped with a stir bar, and two 
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Pt rods. The reaction mixture was stirred and electrolyzed at a constant current of 10 mA at room 

temperature for 3 h. The reaction was monitored by TLC and the crude product was purified 

chromatography (40% EtOAc/Hexanes). The ketal product was obtained as a brown solid (67%, 

m.p. 174 – 176 °C). 1H NMR (500 MHz, CDCl3) δ 6.05 (s, 4H), 3.57 (s, 3H), 3.43 (s, 2H), 3.20 

(s, 6H), 1.38 (s, 9H), 1.37 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 158.9, 149.0, 147.6, 131.1, 

130.9, 93.0, 83.4, 80.5, 64.4, 61.3, 51.3, 50.2, 49.7, 28.1, 28.0, 27.9. FT-IR (neat, cm-1); HRMS 

(m/z): calc for C21H34N3O7 [M+H]+ 439.2319 found 440.2368. 

 

tert-butyl (Z)-(N-acetyl-N'-methoxycarbamimidoyl)(4-methoxybenzyl)carbamate (3.39): To a 

solution of (Z)-1,2-diboc-3-methoxy-1-(4-methoxybenzyl)-guanidine (3.35) (0.12 mmol, 1.0 

equiv, 47 mg) in dry acetonitrile (1.5 ml) containing Cs
2
CO

3
 (0.17 mmol, 1.5 equiv, 56.2 mg) and 

IBDA (0.35 mmol, 3.0 equiv, 111.1 mg) with stirring at 100 ℃ for 2 days. The solvent was 

concentrated, and the crude product was purified chromatography (20% EtOAc/Hexanes). 

Obtained as a white solid (14 mg, 35%, m.p. 100 – 102 °C). 1H NMR (500 MHz, CDCl3) δ 7.79 

(s, 1H), 7.25 (dd, J = 8.7, 2.7 Hz, 2H), 6.77 (dd, J = 8.7, 2.9 Hz, 2H), 4.48 (s, 2H), 3.75 (s, 3H), 

3.73 (s, 3H), 2.00 (s, 3H), 1.35 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 158.9, 153.5, 142.8, 138.4, 

130.2, 113.5, 107.8, 81.6, 74.0, 62.1, 55.3, 28.2. FT-IR (neat, cm-1): 3309, 2979, 2925, 2850, 1754, 

1731, 1693, 1281, 1249; HR-MS (m/z): calc for [M+Na]+ C17H25N3O5Na 374.1794 found 

374.1676. 
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Synthesis of (R)-1-benzyl-3-methoxy-5-(4-methoxyphenyl)imidazolidine-2,4-dione (4.42): To a 

solution of methoxy amine hydrochloride (1.0 equiv, 0.35 mmol, 29 mg) in dichloromethane (6 

ml), triethyl amine (1.0 equiv, 0.35 mmol, 100 µl) was added at room temperature and stirred the 

solution for 10 min. Then 1,1'-carbonyldiimidazole (CDI) (1.0 equiv, 0.35 mmol, 60 mg) was 

added and stir the mixture overnight. Methyl (S)-2-(benzylamino)-2-(4-methoxyphenyl)acetate 

(4.41) (1.0 equiv, 0.35 mmol, 100 mg) was added to the mixture and stirred at rt overnight. The 

solvent was evaporated, and the product was chromatography purified (30% EtOAc/hexanes) to 

afford the isolated hydantoin derivative as a white solid (61 g, 54%, 96 – 98 ℃). 1HNMR (500 

MHz, CDCl3) δ 7.29 (m, 3H), 7.08 (m, 4H), 6.91 (m, 2H), 5.06 (dd, J = 15.0, 5.2 Hz, 1H), 4.53 (d, 

J = 5.3 Hz, 1H), 3.99 (s, 3H), 3.68 (s, 3H), 3.67 (dd, J = 15.8, 4.6 Hz, 1H). 13C NMR (126 MHz, 

CDCl3) δ 166.0, 160.7, 152.6, 134.9, 129.1, 128.7, 128.4, 123.2, 115.0, 65.5, 60.6, 60.5, 55.5, 44.6, 

14.3. FT-IR (neat, cm-1): 2927, 2839, 1782, 1727, 1512,1496, 699; HRMS (m/z): calc for 

C18H19N2O4 327.1339 found 327.1325. 
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Synthesis of 3-methoxy-5-(4-methoxyphenyl)-1-methylimidazolidine-2,4-dione (4.47): To a 

solution of methoxy amine hydrochloride (1.0 equiv, 0.24 mmol, 20 mg) in dichloromethane (5 

ml), triethyl amine (1.0 equiv, 0.24 mmol, 33 µl) was added at room temperature and stirred the 

solution for 10 min. Then 1,1'-carbonyldiimidazole (CDI) (1.0 equiv, 0.24 mmol, 39 mg) was 

added and stir the mixture overnight. Methyl (S)-2-(4-methoxyphenyl)-2-(methylamino)acetate 

(4.46) (1.0 equiv, 0.24 mmol, 50 mg) was added to the mixture and stirred at rt overnight. The 

solvent was evaporated, and the product was chromatography purified (30% EtOAc/hexanes) to 

afford the isolated hydantoin derivative as a semi-solid (87 g, 83%). 1HNMR (500 MHz, CDCl3) 

δ 7.11 (dd, J = 8.7, 1.6 Hz, 2H), 6.88 (dd, J = 8.7, 1.6 Hz, 2H), 4.66 (s, 1H), 3.94 (s, 3H), 3.75 (s, 

3H), 2.79 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 165.8, 160.7, 152.8, 128.7, 123.3, 115.0, 65.5, 

63.6, 55.4, 28.2. FT-IR (neat, cm-1): 2971, 2942, 2830, 1650, 1448, 1413,816, 630. 
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9.2.3. Chapter five  

General procedure for synthesizing thioureas derived from 1-(4-methoxyphenyl)-N-

methylmethanamine and their cyclization is described in section 9.2.1: 

 

 

1-(4-methoxybenzyl)-3-(4-methoxyphenyl)-1-methylthiourea (5.6b): Obtained as white solid 

(0.95 g, 90%), m.p. 108-110 oC, purified chromatography (15% EtoAc/Hexanes). 1H NMR (500 

MHz, CDCl3) δ 7.21 (d, J = 8.7 Hz, 2H), 7.11 (d, J = 8.9 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 6.80 

(d, J = 8.9 Hz, 2H), 4.96 (s, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 3.19 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 182.9, 159.4, 157.9, 132.7, 128.7, 128.0, 127.8, 114.4, 114.0, 56.5, 55.5, 55.4. FT-IR 

(neat, cm-1): 3315, 3010, 2950, 2916, 2831, 1610, 1594; HR-MS (m/z): calc for [M+H]+ 

C17H20N2O2S 317.1318 found 317.1302. 

 

 

1-(4-methoxybenzyl)-1-methyl-3-(p-tolyl)thiourea (5.6c): Obtained as white solid (0.89 g, 

90%), m.p. 142 -144 oC, purified chromatography (15% EtoAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.25 (d, J = 8.7 Hz, 2H), 7.18 – 7.09 (m, 4H), 6.89 (d, J = 8.6 Hz, 2H), 4.99 (s, 2H), 3.80 

(s, 3H), 3.15 (s, 3H), 2.33 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 182.6, 159.3, 137.3, 135.7, 

129.3, 128.8, 128.2, 126.0, 114.3, 56.5, 55.4, 29.8, 21.1. FT-IR (neat, cm-1): 3324, 3261, 2999, 
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2918, 2834, 1611, 1589, 1510; HR-MS (m/z): calc for [M+H]+ C17H20N2OS 301.1369 found 

301.1353. 

 

 

3-(4-chlorophenyl)-1-(4-methoxybenzyl)-1-methylthiourea (5. 6e): Obtained as yellow solid 

(0.9 g, 85%), m.p. 148-150 oC, purified chromatography (30% EtOAc/Hexanes). 1H NMR (500 

MHz, CDCl3) δ 7.36 – 7.11 (m, 7H), 6.91 (d, J = 8.5 Hz, 2H), 5.00 (s, 2H), 3.82 (s, 3H), 3.23 (s, 

3H). 13C NMR (125 MHz, CDCl3) δ 182.3, 159.4, 138.4, 131.1, 128.7, 128.7, 127.8, 127.0, 114.4, 

56.5, 55.4. FT-IR (neat, cm-1): 3235, 3036, 3010, 2963, 2926, 2781, 1610, 1587, 1510, 1325; HR-

MS (m/z): calc for [M+H]+ C16H17ClN2OS 321.0823 found 321.0788.  

 

 

 

3-(3-chloro-4-methylphenyl)-1-(4-methoxybenzyl)-1-methylthiourea (5.6d): obtained as a 

white solid (0.78 g, 71%), m.p. 146 – 148 oC, purified by ethanolic crystallization and dried at 

room temperature. 1H NMR (500 MHz, CDCl3) δ 7.24 – 7.13 (m, 4H), 7.08 (d, J = 8.0 Hz, 1H), 

7.01 (d, J = 8.2 Hz, 1H), 6.83 (d, J = 7.3 Hz, 2H), 4.92 (s, 2H), 3.74 (s, 3H), 3.12 (s, 3H), 2.26 (s, 

3H). 13C NMR (126 MHz, CDCl3) δ 182.4, 159.4, 138.6, 133.9, 133.6, 130.7, 128.7, 127.9, 126.2, 

124.4, 114.4, 56.6, 55.4, 38.6, 19.7. FT-IR (neat, cm-1):3230, 3083, 3000, 2956, 2829, 1577, 1509, 

1491, 1395, 882; HR-MS (m/z): calc for [M+H]+ C16H20ClN2OS 335.0979 found 335.0957.  
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6-Methoxy-N-(4-methoxybenzyl)-N-methylbenzo[d]thiazol-2-amine (5.7c): Obtained as white 

solid (23%, 70.0 mg, Method A), (65%, 0.321 gm, Method B), m.p. 86-88 oC, purified 

chromatography (10% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 8.8 Hz, 1H), 

7.41 – 7.32 (m, 2H), 7.26 (d, J = 2.6 Hz, 1H), 7.02 (dd, J = 8.8, 2.6 Hz, 1H), 6.98 (d, J = 8.7 Hz, 

2H), 4.78 (s, 2H), 3.93 (s, 3H), 3.91 (s, 3H), 3.20 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 167.5, 

159.3, 154.9, 147.5, 132.0, 129.1, 128.6, 119.3, 114.2, 113.6, 105.4, 56.1, 56.0, 55.4, 37.6, 29.8. 

FT-IR (neat, cm-1): 2920, 2854, 1605, 1546, 1508, 1211; HR-MS (m/z): calc for [M+H]+ 

C17H18N2O2S 315.1162 found 315.1153. 

 

 

N-(4-methoxybenzyl)-N,6-dimethylbenzo[d]thiazol-2-amine (5.7e): Obtained as white solid 

(20%, Method A), m.p. 80 - 82 oC, purified chromatography (25% EtOAc/Hexanes). 1H NMR 

(500 MHz, CDCl3) δ 7.44 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H), 7.18 (d, J = 8.7 Hz, 2H), 7.07 (dd, J = 

8.2, 1.7 Hz, 1H), 6.81 (d, J = 8.6 Hz, 2H), 4.63 (s, 2H), 3.74 (s, 3H), 3.05 (s, 3H), 2.35 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 182.6, 159.3, 137.3, 135.7, 129.3, 128.8, 128.2, 126.0, 114.3, 56.5, 

55.4, 38.2, 21.1. FT-IR (neat, cm-1): 2994, 2924, 2850, 1629, 1602, 1494; HR-MS (m/z): calc for 

[M+H]+ C17H18N2OS 299.1213 found 299.1194. 
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6-chloro-N-(4-methoxybenzyl)-N-methylbenzo[d]thiazol-2-amine (5.7f): Obtained as white 

solid (60 mg, 30%, Method B), m.p. 72-73 oC, purified chromatography (8% EtOAc/Hexanes). 1H 

NMR (500 MHz, CDCl3) δ 7.54 (dd, J = 2.2, 1.0 Hz, 1H), 7.47 (dd, J = 8.6, 1.0 Hz, 1H), 7.26 (dd, 

J = 2.1, 1.0 Hz, 1H), 7.23 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 7.8 Hz, 2H), 4.68 (s, 2H), 3.79 (s, 3H), 

3.10 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 168.9, 159.4, 151.6, 132.1, 129.1, 128.1, 126.5, 126.2, 

120.4, 119.5, 114.2, 56.1, 55.3, 37.7. FT-IR (neat, cm-1): 3010, 2961, 2924, 2836, 1593, 1560, 

1509, 1448, 1412, 856; HR-MS (m/z): calc for [M+H]+ C16H16ClN2OS 319.0650 found 319.0666. 

 

 

5-chloro-N-(4-methoxybenzyl)-N,6-dimethylbenzo[d]thiazol-2-amine (5.7g): Obtained as 

white solid (44 mg, 22%, Method B), m.p. 104-106 oC, purified chromatography (5% 

EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.52 (s, 1H), 7.35 (s, 1H), 7.17 (d, J = 8.7 Hz, 

2H), 6.81 (d, J = 8.3 Hz, 2H), 4.63 (s, 2H), 3.75 (s, 3H), 3.04 (s, 2H), 2.34 (s, 2H). 13C NMR (126 

MHz, CDCl3) δ 169.2, 159.3, 132.3, 130.2, 129.1, 128.6, 128.1, 121.9, 119.0, 114.2, 114.0, 56.1, 

55.3, 37.7, 20.1. FT-IR (neat, cm-1):3056, 3032, 2990, 2918, 2849, 2834, 1737, 1606, 1561, 1176, 

1098, 868; HR-MS (m/z): calc for [M+H]+ C17H18ClN2OS 333.0823 found 333.0799.  
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9.2.4. Chapter seven and eight: 

Procedures for the synthesis of the propargyl alcohol and amine: 

Synthesis of 4-(4-methoxyphenyl)but-3-yn-2-ol (7.3): 

 

To a 500 ml flask containing 120 ml THF, 1-ethynyl-4-methoxybenzene (10.58 ml, 80 mmol, 1.0 

equiv) was added while stirring at rt under argon. Then EtMgBr (26.1 ml, 80 mmol, 1.0 equiv) 

was added and the mixture was stirred under argon overnight. Acetaldehyde was then added (6.81 

ml, 120 mmol, 1.5 equiv) while stirring at 0 °C forming a golden yellow solution. Then the solution 

was warmed to rt and stirring continued overnight. The reaction was quenched with saturated 

aqueous NaHCO3 (30 ml) and then extracted with ethyl acetate (3x50 ml). The combined organic 

extracts were washed with brine solution (50 ml) then dried over sodium sulfate. The solvent was 

evaporated, and the crude product was purified by the flash column chromatography using 0-20% 

ethyl acetate/hexanes to afford the desired alcohol in good yield (9.5 g, 63%). 1H NMR (500 MHz, 

CDCl3) δ 7.28 (d, J = 8.9 Hz, 2H), 6.75 (d, J = 8.9 Hz, 2H), 4.67 (q, J = 6.6, 1H), 3.73 (s, 3H), 

1.47 (d, J = 6.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 159.7, 133.2, 114.7, 113.9, 89.7, 83.9, 

58.9, 55.3, 24.5. FT-IR (neat, cm-1): 3353, 2985, 2840, 2226, 1605, 1566, 1506, 1371, 1076, 835. 

HRMS (m/z): calc for C11H13O2 [M+H]+ 177.0910 found 177.0904. 

 

Synthesis of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (7.4):   
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 To a solution of 4-(4-methoxyphenyl)but-3-yn-2-ol (7. 3) (0.34 g, 1.9 mmol, 1.0 equiv) in 

THF (5 ml, 2.5/mmol), triethylamine (1.32 ml, 9.5 mmol, 5.0 equiv) was added at rt then the 

mixture cooled in ice bath for 15 min. Then methane sulfonyl chloride (0.29 ml, 3.8 mmol, 2.0 

equiv) was added dropwise at 0 °C and the mixture was stirring for more 15 min then warmed up 

to the room temperature for 1 h. Methyl amine in THF solution (5.3 ml, 9.5 mmol, 5.0 equiv) was 

added and the mixture was heated up to 50 ̊C and allowed to stir for 24 h. The reaction mixture 

was concentrated and then the gummy material was dissolved in ethyl acetate (30 ml) and washed 

with aqueous NaHCO3 (20 ml). The aqueous layer was extracted with CH2Cl2 (3x30 ml) then the 

combined organic extracts were dried over sodium sulfate. The solvent was removed by rotary 

evaporation and then the crude product was purified by flash column chromatography using 7% 

methanol in dichloromethane to afford the desired amine in a modest yield (0.12 g, 34%). 1H NMR 

(500 MHz, CDCl3) δ 7.34 (d, J = 8.9 Hz, 2H), 6.80 (d, J = 8.9 Hz, 2H), 3.78 (s, 3H), 3.66 (q, J = 

6.8 Hz, 1H), 2.78 (s, 1H), 2.55 (s, 3H), 1.44 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

159.5, 133.2, 115.3, 113.9, 89.2, 83.4, 55.3, 47.5, 33.7, 22.0. FT-IR (neat, cm-1): 2962, 2934, 2835, 

2767, 2458, 2229, 1603, 1507, 1290, 1243, 1026, 832.   HRMS (m/z): calc for C12H16ON [M+H]+  

190.1226 found 190.1228. 

 

General procedure for the synthesis of thiazolidine derivatives: 
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To a 50 ml RBF containing 1.0 g of silica gel, 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine 

(7.4) (1.0 equiv, 0.5 - 0.7 mmol) and the corresponding isothiourea derivative (1.0 equiv, 0.5 - 0.7 

mmol) were added while stirring. The resulting slurry was placed under an argon atmosphere while 

stirring was continued at rt overnight. The silica gel containing the reaction mixture was poured 

directly onto a packed silica gel column followed elution with the appropriate solvent mixtures to 

afford the desired thiazolidines in good yield.  

 

 

(Z)-5-((Z)-4-methoxybenzylidene)-3,4-dimethyl-N-phenylthiazolidin-2-imine (7.5a): 

Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.54 mmol, 103 mg) 

and phenyl isothiocyanate (0.54 mmol, 75.3 mg) as a semi-solid yellow material (34.0 mg, 60%), 

purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.36 (t, J = 

7.6 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 7.13 (t, J = 7.4 Hz, 1H), 7.07 (d, J = 8.3 Hz, 2H), 6.92 (d, J 

= 8.6 Hz, 2H), 6.50 (d, J = 1.6 Hz, 1H ), 4.57 (qd, J = 6.3, 1.5 Hz, 1H), 3.84 (s, 3H), 3.18 (s, 3H), 

1.58 (d, J = 6.3 Hz, 3H). 13CNMR (125 MHz, CDCl3) δ 158.6, 155.8, 151.3, 133.2, 132.5, 129.3, 

129.0, 128.7, 123.3, 122.5, 119.6, 114.0, 114.0, 65.1, 55.3, 31.8, 21.0; FT-IR (neat, cm-1): 2959, 

2920, 2850, 1614, 1584, 1508, 1247, 1176, 1027, 765; HRMS (m/z): calc for C19H21N2OS [M+H]+ 

325.1369 found 325.1345. 
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(Z)-N-(4-bromophenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine 

(7.5b): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.73 mmol, 

136 mg) and p-bromophenyl isothiocyanate (0.73 mmol, 160 mg) as a semi-solid yellow material 

(41.7 mg, 61%), purified by chromatography (20% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) 

δ 7.39 (dd, J = 8.5, 1.8 Hz, 2H), 7.19 (dd, J = 8.6, 1.8 Hz, 2H), 6.87 (d, J = 8.7 Hz, 4H), 6.45 (s, 

1H), 4.52 (q, J = 6.4 Hz, 1H), 3.78 (s, 3H), 3.11 (s, 3H), 1.52 (d, J = 6.3 Hz, 3H). 13CNMR (125 

MHz, CDCl3) δ 158.7, 132.0, 131.9, 129.3, 128.5, 124.4, 120.0, 116.2, 114.1, 65.3, 55.3, 31.8, 

21.0; FT-IR (neat, cm-1): 2957, 2923, 2851, 2834, 1604, 1573, 1508, 1481, 1247, 1175, 1029, 858; 

HRMS (m/z): calc for C19H20N2OSBr [M+H]+ 403.0474 found 403.0451. 

 

 

 (Z)-N-(4-chlorophenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine 

(7.5c): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.63 mmol, 

118 mg) and p-chlorophenyl isothiocyanate (0.63 mmol, 108 mg) as a semi-solid yellow material 
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(68.3 mg, 61%), purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) 

7.27 (d, J = 8.6 Hz, 2H), 7.22 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.9 Hz, 

2H), 6.46 (s, 1H), 4.51 (q, J = 6.6 Hz, 1H), 3.79 (s, 3H), 3.1 (s, 3H), 1.52 (d, J = 6.5 Hz, 3H). 

13CNMR (125 MHz, CDCl3) δ 158.7, 156.1, 150.3, 132.2, 129.3, 129.1, 128.6, 128.3, 123.8, 119.9, 

114.1, 65.2, 55.4, 31.7, 21.1. FT-IR (neat, cm-1): 2956, 2922, 2851, 1722, 1606, 1508, 1461, 1202, 

832; HRMS (m/z): calc for C19H20N2OSCl [M+H]+ 359.0979 found 359.0946. 

 

 (Z)-N-(4-fluorophenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine (7. 

5d): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.53 mmol, 100 

mg) and p- fluorophenyl isothiocyanate (0.53 mmol, 80 mg) as a white solid (81.4 mg, 45%), m.p. 

122-123 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ
 

7.19 (dd, J = 8.7, 1.9 Hz, 2H), 7.02 – 6.90 (m, 3H), 6.86 (dd, J = 6.8, 1.9 Hz, 2H), 6.46 (s 1H), 

4.53 (q, J = 6.4 Hz, 1H), 3.79 (s, 3H), 3.13 (s, 3H), 1.53 (d, J = 6.5 Hz, 3H). 13C NMR (126 MHz, 

CDCl3) δ 158.7, 158.5, 132.0, 129.3, 128.5, 123.8, 123.7, 120.0, 115.7, 115.5, 114.1, 65.4, 55.3, 

31.8, 21.0. FT-IR (neat, cm-1):2981, 2956, 2928, 2833, 1605, 1572, 1497, 1449, 1308, 1286, 1251, 

1087, 1031, 861. HRMS (m/z): calc for C19H20N2OFS [M+H]+ 343.1275 found 343.1248.  
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 (Z)-5-((Z)-4-methoxybenzylidene)-3,4-dimethyl-N-(4-nitrophenyl)thiazolidin-2-imine 

(7.5e): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.56 mmol, 

106 mg) and p-nitrophenyl isothiocyanate (0.56 mmol, 104 mg) as a yellow solid (57.0 mg, 95%), 

m.p. 120-122  C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) 

δ 8.17 (dd, J = 9.0, 1.5 Hz, 2H), 7.18 (dd, J = 8.7, 1.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.87 (dd, 

J = 8.8, 1.5 Hz, 2H), 6.50 (s, 1H), 4.59 (q, J = 6.3 Hz, 1H), 3.79 (s, 3H), 3.16 (s, 3H), 1.56 (d, J = 

6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 158.9, 129.3, 128.1, 125.1, 122.9, 120.8, 114.2, 65.5, 

55.3, 31.9, 21.1. FT-IR (neat, cm-1): 2981, 2958, 2921, 2833, 1615, 1576, 1507, 1392, 1284, 1214, 

851; HRMS (m/z): calc for C19H20N3O3S [M+H]+ 370.1220 found 370.1196. 

 

 

(Z)-5-((Z)-4-methoxybenzylidene)-3,4-dimethyl-N-(4-(trifluoromethyl)phenyl)thiazolidin-2-

imine (7. 5f): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.47 

mmol, 89 mg) and p-(trifluoromethyl)phenyl isothiocyanate (0.47 mmol, 106 mg) as a pale yellow 

solid (33.0 mg, 58%), m.p. 120-121 °C, purified by chromatography (25% EtOAc/Hexanes). 1H 
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NMR (500 MHz, CDCl3) δ 7.55 (dd, J = 8.6, 2.4 Hz, 2H), 7.18 (dd, J = 8.9, 2.5 Hz, 2H), 7.11 (d, 

J = 8.2 Hz, 2H), 6.90 – 6.86 (m, 2H), 6.49 (s, 1H), 4.59 (m, 1H), 3.78 (s, 3H), 3.20 (s, 3H), 1.55 

(d, J = 6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 158.8, 156.1, 154.5, 131.8, 129.3, 128.5, 126.3, 

126.3, 126.2, 126.2, 125.1, 123.7, 122.6, 120.1, 114.1, 65.2, 55.3, 31.7, 21.1.; FT-IR (neat, cm-1): 

2958, 2925, 2851, 2838, 1625, 1590, 1509, 1318, 1250, 1101, 1062, 846; HRMS (m/z): calc for 

C20H20N2OF3S [M+H]+ 393.1243 found 393.1220. 

 

(Z)-5-((Z)-4-methoxybenzylidene)-3,4-dimethyl-N-(p-tolyl)thiazolidin-2-imine (7.5g): 

Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.53 mmol, 100 mg) 

and p-tert-butylphenyl isothiocyanate (0.53 mmol, 75 mg) as a pale yellow solid (35 mg, 20 %), 

m.p. 110 – 111 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ
 7.28 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 6.83 (d, J = 

8.0 Hz, 2H), 6.41 (s, 1H), 4.49 – 4.42 (m, 1H),  3.75 (s, 3H), 3.08 (s, 3H), 1.49 (d, J = 7.2 Hz, 3H), 

1.31 (s, 3H).13C NMR (126 MHz, CDCl3) δ 158.7, 156.2, 150.5, 134.3, 132.3, 131.2, 130.4, 129.4, 

128.6, 123.0, 120.8, 119.9, 114.1, 65.2, 55.4, 31.7, 21.1, 19.6. FT-IR (neat, cm-1): 2935, 2914, 

2855, 1593, 1509, 1355, 1243, 1179, 1129, 838. HRMS (m/z): calc for C20H23N2OS [M+H]+ 

339.1515 found 339.1514. 
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 (Z)-N-(3-chloro-4-methylphenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-

imine (7.5h): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.53 

mmol, 100 mg) and 3-chloro-4-methylphenyl isothiocyanate (0.53 mmol, 89 mg) as a pale-yellow 

solid (90.6 mg, 46%), m.p. 109-111 °C, purified by chromatography (25% EtOAc/Hexanes). 1H 

NMR (500 MHz, CDCl3) δ 7.33 – 7.23 (m, 2H), 7.18 (dd, J = 8.3, 4.1 Hz, 1H), 7.06 (t, J = 2.6 Hz, 

1H), 6.99 – 6.90 (m, 2H), 6.85 (dt, J = 8.1, 2.5 Hz, 1H), 6.50 (s, 1H), 4.56 (q, J = 6.2 Hz, 1H), 3.84 

(s, 3H), 3.15 (s, 3H), 2.40 (s, 3H), 1.58 (d, J = 5.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 158.7, 

156.4, 150.1, 134.3, 132.1, 131.1, 130.5, 129.3, 128.5, 123.1, 120.8, 119.9, 114.1, 65.3, 55.3, 31.8, 

21.1, 19.5; FT-IR (neat, cm-1): 2960, 2916, 2834, 1591, 1507, 1248, 1177, 1025, 866; HRMS (m/z): 

calc for C20H22N2OSCl [M+H]+ 373.1136 found 373.1115. 

 

 

 (Z)-5-((Z)-4-methoxybenzylidene)-N-(4-methoxyphenyl)-3,4-dimethylthiazolidin-2-imine 

(7.5i): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.59 mmol, 
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113 mg) and p-methoxyphenyl isothiocyanate (0.59 mmol, 100 mg) as a semi-solid yellow 

material (40.0 mg, 63%), purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.20 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.85 (dd, J = 8.8, 3.5 Hz, 4H), 6.43 (s, 

1H), 4.50 (q, J = 6.3 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 3.11 (s, 3H), 1.52 (d, J = 6.3 Hz, 3H). 13C 

NMR (126 MHz, CDCl3) δ 158.6, 156.3, 155.9, 132.6, 129.3, 128.7, 123.3, 119.6, 114.2, 114.0, 

65.2, 55.5, 55.3, 31.8, 21.0. FT-IR (neat, cm-1): 3033, 2954, 2925, 2833, 1602, 1502, 1236, 1133, 

1028, 830; HRMS (m/z): calc for C20H23N2O2S [M+H]+ 355.1475 found 355.1437. 

 

(Z)-N-(4-(tert-butyl)phenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-imine 

(7.5j): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.47 mmol, 

89 mg) and p-tert-butylphenyl isothiocyanate (0.47 mmol, 95 mg) as a pale yellow solid (27.4 mg, 

95%), m.p. 122-123 °C, purified by chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, 

CDCl3) δ 7.32 (d, J = 8.3 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H), 6.87 (d, J = 

8.5 Hz, 2H), 6.49 (s, 1H), 4.60 (m, 1H), 3.79 (s, 3H), 3.28 (s, 3H), 1.56 (d, J = 6.4 Hz, 3H), 1.32 

(s, 9H). 13C NMR (126 MHz, CDCl3) δ 158.6, 155.2, 148.6, 145.8, 133.0, 129.3, 128.8, 125.9, 

121.8, 119.5, 114.1, 64.9, 55.4, 34.4, 31.8, 31.6, 21.1.; FT-IR (neat, cm-1):2957, 2929, 2853, 2836, 

1597, 1508, 1248, 1176, 837; HRMS (m/z): calc for C23H29N2OS [M+H]+ 381.1995 found 

381.1967. 
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 (Z)-N-(4-methoxy-2-nitrophenyl)-5-((Z)-4-methoxybenzylidene)-3,4-dimethylthiazolidin-2-

imine (7.5k): Obtained from reaction of 4-(4-methoxyphenyl)-N-methylbut-3-yn-2-amine (0.53 

mmol, 100 mg) and 4-methoxy-2-nitrophenyl isothiocyanate (0.53 mmol, 118 mg) as a semi-solid 

yellow material (43.0 mg, 63%), purified by chromatography (25% EtOAc/Hexanes). 1H NMR 

(500 MHz, CDCl3) δ 7.43 (dd, J = 2.3 Hz, 1H), 7.16 (dd, J = 8.7, 2.0 Hz, 2H), 7.07 (ddd, J = 8.9, 

3.0, 1.8 Hz, 1H), 7.00 (dd, J = 8.8, 1.8 Hz, 1H), 6.84 (dd, J = 8.7, 2.0 Hz, 2H), 6.46 (s, 1H), 4.58 

(q, J = 6.3 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.12 (s, 3H), 1.55 (d, J = 6.4 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 158.7, 155.3, 131.6, 129.3, 128.4, 126.3, 121.0, 120.2, 114.1, 108.8, 65.8, 

55.9, 55.3, 31.7, 21.2; FT-IR (neat, cm-1): 2965, 2929, 2836, 1604, 1508, 1247, 1176, 1029, 856; 

HRMS (m/z): calc for C20H22N3O4S [M+H]+ 400.1326 found 400.1302. 

 

(Z)-N-(4-bromo-2-(trifluoromethoxy)phenyl)-5-((Z)-4-methoxybenzylidene)-3,4-

dimethylthiazolidin-2-imine (7.5l): Obtained from reaction of 4-(4-methoxyphenyl)-N-

methylbut-3-yn-2-amine (0.56 mmol, 106 mg) and 4-bromo-2-(trifluoromethoxy)phenyl 

isothiocyanate (0.56 mmol, 178 mg) as a semi-solid yellow material (47.0 mg, 57%), purified by 
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chromatography (25% EtOAc/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.38 (dd, J = 2.5, 1.2 Hz, 

1H), 7.34 (ddd, J = 8.5, 2.3, 1.2 Hz, 1H), 7.19 (d, J = 8.6 Hz, 2H), 6.95 (dd, J = 8.5, 1.1 Hz, 1H), 

6.88 (dd, J = 7.6, 1.2 Hz, 2H), 6.46 (s, 1H), 4.59 – 4.52 (m, 1H), 3.79 (s, 3H), 3.12 (s, 3H), 1.53 

(d, J = 6.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 158.8, 157.0, 143.6, 142.1, 131.5, 130.6, 129.3, 

128.4, 125.5, 125.3, 121.6, 120.1, 115.1, 114.1, 65.6, 55.3, 31.6, 21.1; FT-IR (neat, cm-1): 2957, 

2923, 2853, 1612, 1509, 1245, 1214, 1161, 1032, 937, 819; HRMS (m/z): calc for 

C20H19BrF3N2O2S [M+H]+ 487.0297 found 487.0307.  

 

 

 

 

 

 

Chapter eight: 

Synthesis of 4-(4-bromophenyl)-2-methylbut-3-yn-2-amine: 
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To an oven-dried flask, 2-methylbut-3-yn-2-amine (8. 6) (25 mmol, 1.0 equiv, 2.1 g), 1-bromo-4-

iodobenzene (8. 7) (27.5 mmol, 1.1 equiv, 7.9 g), PdCl2(PPh3)2 (0.5 mmol, 2.0 mol%, 0.35 g), CuI 

(1.0 mmol, 4.0 mol%, 0.2 g) and then THF/TEA mixture (4:1, 60 ml:15 ml) were added. The 

reaction mixture was stirred at room temperature under argon for 24 h. Ammonium chloride (20 

ml) was used to quench the reaction, followed by extraction using ether (3 × 15 ml), then the 

combined organic extracts were further washed with brine solution (15 ml) and dried over sodium 

sulfate. The solvent was removed by rotary evaporation and then the crude residue was subjected 

to silica gel chromatography using 50% ethyl acetate in hexanes to afford the desired 4-(4-

bromophenyl)-2-methylbut-3-yn-2-amine (8. 8) (brown oil, 3.2 g, 55%).65 1H NMR (500 MHz, 

CDCl3) δ 7.43 – 7.29 (m, 2H), 7.27 – 7.12 (m, 2H), 1.84 (s, 2H), 1.42 (s, 3H), 1.41 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 133.0, 131.5, 128.6, 128.5, 122.4, 122.0, 98.1, 79.2, 45.8, 31.7.  FT-

IR (neat, cm-1): 3359, 3281, 2929, 2867, 2221, 1482, 1261, 1170, 818. 

 

 

 

3.4.2. Synthesis of thiazolidines 9a-i: 

General procedure: To vigorously stirred silica gel (1.75 g) in 25 ml Erlenmeyer Flask, 4-(4-

bromophenyl)-2-methylbut-3-yn-2-amine (0.24 g, 1.0 mmol, 1.0 equiv) and the corresponding 

phenyl isothiocyanates (0.12 – 0.22 g, 1.0 mmol, 1.0 equiv) were added, then stirred the slurry at 

65 ̊C for 24 h. The reaction was monitored by TLC (by taking a small portion of silica gel mixture 

and adding few drops of dichloromethane). The slurry was subjected to the flash column 
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chromatography to afford the desired products which further crystalized using appropriate solvents 

to isolate the crystalized products in high grade of purity for biological examinations.  

 

 (Z)-5-((Z)-4-bromobenzylidene)-N-(4-bromophenyl)-4,4-dimethylthiazolidin-2-imine (8. 9a): 

Obtained by using p-bromophenyl isothiocyanate (0.22 g, 1.0 mmol, 1.0 equiv) as colorless 

needles (0.25 g, 55%, m.p. 226-229 ̊C) by ethanolic crystallization of white solid (0.35 g, 77%) 

isolated by flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 MHz, CDCl3) 

δ 7.39 (d, J = 7.0 Hz, 2H), 7.36 (d, J = 7.0 Hz, 2H), 7.08 (d, J = 7.0 Hz, 2H), 6.97 (d, J = 8.1 Hz, 

2H), 6.32 (s, 1H), 1.45 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 165.8, 157.9, 144.0, 135.2, 132.2, 

131.7, 129.5, 123.5, 120.8, 117.6, 116.5, 80.1, 30.4. FT-IR (neat, cm-1):  3060, 2965, 2846, 2770, 

1644, 1613, 1577, 1435, 1166, 840. HRMS (m/z): calc for C18H17N2SBr2 [M+1]+ 450.9474 found 

450.9474.  

 

 

 (Z)-5-((Z)-4-bromobenzylidene)-N-(4-chlorophenyl)-4,4-dimethylthiazolidin-2-imine (8.9b): 

Obtained by using p-chlorophenyl isothiocyanate (0.17 g, 1.0 mmol, 1.0 equiv) as colorless 
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needles (0.20 g, 50%, 196-198 ̊C) by toluene crystallization of white solid (0.30 g, 75%) isolated 

by flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 MHz, CDCl3) δ 7.39 

(dd, J = 8.5, 1.9 Hz, 2H), 7.25 – 7.16 (m, 2H), 7.08 (dd, J = 8.5, 1.8 Hz, 2H), 7.02 (dd, J = 8.6, 1.8 

Hz, 2H), 6.32 (s, 1H), 1.45 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 176.6, 156.6, 145.6, 144.0, 

135.2, 131.7, 129.5, 129.3, 129.1, 128.8, 128.3, 125.4, 123.1, 120.8, 117.5, 69.9, 30.4. FT-IR (neat, 

cm-1): 3062, 3021, 2964, 2867, 2854, 1645, 1583, 1505,1166, 847. HRMS (m/z): calc for 

C18H17N2SClBr [M+1]+ 406.9979 found 406.9954.  

 

 

 (Z)-5-((Z)-4-bromobenzylidene)-N-(4-fluorophenyl)-4,4-dimethylthiazolidin-2-imine (8. 9c): 

Obtained by using p-fluorophenyl isothiocyanate (0.18 g, 1.2 mmol, 1.2 equiv) as colorless needles 

(0.18 g, 46%, m. p. 222-224 ̊C) by toluene crystallization of white solid (0.30 g, 77%) isolated by 

flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 MHz, CDCl3) δ 7.39 (d, 

J = 8.5 Hz, 2H), 7.15 – 7.01 (m, 4H), 7.00 – 6.91 (m, 2H), 6.32 (s, 1H), 1.46 (s, 6H). 13C NMR 

(126 MHz, CDCl3) δ 158.4, 145.9, 143.7, 135.3, 131.7, 129.4, 129.1, 128.3, 125.4, 123.3, 123.2, 

120.7, 117.4, 115.9, 115.8, 71.5, 30.4. FT-IR (neat, cm-1): 3061, 3019, 2990, 2948, 2868, 1649, 

1615, 1248, 1175, 850. HRMS (m/z): calc for C18H17N2SFBr [M+1]+ 391.0274 found 391.0264. 
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 (Z)-5-((Z)-4-bromobenzylidene)-4,4-dimethyl-N-(4-nitrophenyl)thiazolidin-2-imine (8.9d): 

Obtained by using p-nitrophenyl isothiocyanate (0.22 g, 1.2 mmol, 1.2 equiv) as shiny yellow 

crystals (0.11 g, 30%, 212-214 ̊C) by methanolic crystallization of the yellow crude product (0.36 

g, 95%). 1H NMR (500 MHz, CDCl3) δ 8.14 (dd, J = 8.9, 1.6 Hz, 2H), 7.41 (dd, J = 8.5, 1.6 Hz, 

2H), 7.26 (d, J = 8.5 Hz, 2H), 7.11 – 7.02 (m, 2H), 6.38 (s, 1H), 1.51 (s, 3H), 1.50 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 169.9, 167.8, 150.9, 143.1, 135.3, 131.8, 129.4, 129.1, 128.3, 125.4, 

120.9, 118.2, 67.5, 30.3. FT-IR (neat, cm-1): 3079, 3037, 2961, 2870, 2819, 1648, 1615, 1486, 

1379, 1248, 1106, 851. HRMS (m/z): calc for C18H17N3O2SBr [M+1]+ 418.0213 found 418.0219. 

 

 

 (Z)-5-((Z)-4-bromobenzylidene)-4,4-dimethyl-N-phenylthiazolidin-2-imine (8. 9e): Obtained 

by using phenyl isothiocyanate (0.12 g, 1.0 mmol, 1.0 equiv) as colorless tiny needles (0.2 g, 54%, 

m. p. 216-220 ̊C) by toluene crystallization of the white solid (0.30 g, 80%) isolated by flash 

chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 MHz, CDCl3) δ 7.39 (d, J = 

8.5 Hz, 2H), 7.31 – 7.23 (m, 2H), 7.17 (d, J = 7.9 Hz, 2H), 7.10 (d, J = 8.5 Hz, 2H), 7.04 (t, J = 
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7.4 Hz, 1H), 6.33 (s, 1H), 1.49 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 153.9, 153.0, 150.7, 135.5, 

131.7, 129.4, 129.2, 123.7, 121.3, 120.5, 117.1, 106.3, 100.0, 48.7, 30.5. FT-IR (neat, cm-1): 3017, 

2963, 2855, 2800, 1652, 1615, 1587, 1483, 1195, 836. HRMS (m/z): calc for C18H18N2SBr [M+1]+ 

373.0354 found 373.0369. 

 

 

(Z)-5-((Z)-4-bromobenzylidene)-4,4-dimethyl-N-(p-tolyl)thiazolidin-2-imine (8. 9f): Obtained 

by using p-tolyl isothiocyanate (0.15 g, 1.0 mmol, 1.0 equiv) as colorless powders (0.13 g, 34%, 

206-208  ̊C) by toluene crystallization of white solid (0.3 g, 78%) isolated by flash chromatography 

using 20% ethyl acetate in hexanes. 1H NMR (500 MHz, CDCl3) δ 7.40 (ddd, J = 8.8, 4.1, 1.8 Hz, 

2H), 7.17 – 7.01 (m, 6H), 6.34 (s, 1H), 2.30 (s, 3H), 1.5 (s, 6H).13C NMR (126 MHz, CDCl3) δ 

171.1, 142.1, 135.6, 133.5, 131.6, 129.8, 129.4, 127.3, 121.5, 120.5, 117.0, 110.8, 70.0, 30.5, 21.0. 

FT-IR (neat, cm-1):  3089, 3022, 3010, 2905, 1641, 1601, 1506, 1484, 1247, 1173, 831. HRMS 

(m/z): calc for C19H20N2SBr [M+1]+ 387.0499 found 387.0525. 
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 (Z)-5-((Z)-4-bromobenzylidene)-N-(4-methoxy-2-nitrophenyl)-4,4-dimethylthiazolidin-2-

imine (8. 9g): Obtained by using 4-methoxy-2-nitrophenyl isothiocyanate (0.21 g, 1.0 mmol, 1.0 

equiv) as yellow powder (0.20 g, 44%, 252-254 ̊C) by toluene crystallization of the yellow solid 

(0.42 g, 94%) isolated by flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 

MHz, CDCl3) δ 8.63 (s, 1H), 7.60 (t, J = 2.9 Hz, 1H), 7.44 (dd, J = 8.6, 2.5 Hz, 2H), 7.19 (dq, J = 

9.4, 3.0 Hz, 1H), 7.13 (dd, J = 8.6, 2.5 Hz, 2H), 6.39 (s, 1H), 3.80 (s, 3H), 1.53 (s, 3H), 1.52 (s, 

3H). 13C NMR (126 MHz, CDCl3) δ 153.8, 146.8, 143.8, 135.7, 131.7, 129.3, 128.4, 124.3, 123.2, 

120.6, 117.1, 108.1, 55.9, 30.4. FT-IR (neat, cm-1): 3086, 3030, 3006, 2961, 2868, 2835, 1614, 

1561, 1518, 1478, 1397, 1288, 1256, 882. HRMS (m/z): calc for C18H20N2BrS [M+1]+ 373.0369 

found 373.0354. 

 

 

 (Z)-5-((Z)-4-bromobenzylidene)-N-(3-chloro-4-methylphenyl)-4,4-dimethylthiazolidin-2-

imine (8.9h): Obtained by using 3-chloro-4-methylphenyl isothiocyanate (0.18 g, 1.0 mmol, 1.0 

equiv) as colorless powder (0.16 g, 40%, m.p. 208-210 ̊C) by toluene crystallization of white solid 

(0.33 g, 80%) isolated by flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 

MHz, CDCl3) δ 7.73 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.14 – 7.03 (m, 4H), 6.89 (dd, J = 8.2, 2.3 

Hz, 1H), 6.33 (s, 1H), 2.29 (s, 3H), 1.48 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 156.8, 144.6, 

143.5, 135.1, 134.6, 131.7, 131.6, 131.4, 129.5, 128.3, 125.4, 122.6, 120.9, 120.4, 117.8, 70.0, 
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30.4, 19.6. FT-IR (neat, cm-1): 3110, 3043, 3031, 2926, 2874, 1649, 1599, 1552, 1484, 1276, 1008, 

850. HRMS (m/z): calc for C19H19N2SClBr [M+1]+ 421.0135 found 421.0128. 

 

 

 (Z)-5-((Z)-4-bromobenzylidene)-N-(4-methoxyphenyl)-4,4-dimethylthiazolidin-2-imine 

(8.9i): Obtained by using 4-methoxyphenyl isothiocyanate (0.19 g, 1.0 mmol, 1.0 equiv) as shiny 

colorless needles (0.17 g, 42%, m.p. 170-172 ̊C) by toluene crystallization of the white solid (0.32 

g, 85%) isolated by flash chromatography using 15% ethyl acetate in hexanes. 1H NMR (500 MHz, 

CDCl3) δ 7.37 (d, J = 8.5 Hz, 2H), 7.15 – 7.02 (m, 4H), 6.81 (d, J = 8.9 Hz, 2H), 6.31 (s, 1H), 3.75 

(s, 3H), 1.46 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 156.7, 156.6, 145.1, 138.3, 137.9, 135.4, 

131.7, 129.4, 129.1, 128.3, 125.4, 123.9, 120.6, 117.2, 114.4, 71.8, 55.5, 30.5. FT-IR (neat, cm-1): 

3021, 2960, 2829, 2777, 2657, 1657, 1613, 1501, 1209, 850. HRMS (m/z): calc for C19H20N2OSBr 

[M+1]+ 403.0474 found 403.0468. 
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Appendix: 1H and 13C NMR spectra 
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