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PREFACE 

Among the various carbon-carbon bond forming reactions, Morita-Baylis-Hillman 

(MBH) reactions play an important role in synthetic chemistry, since they serve as 

versatile synthons in the construction of complex molecular frameworks including 

biologically important drugs, natural products. The Particular charm of the reaction is its 

capability to produce a huge reservoir of diverse classes of densely functionalized 

molecules in an atom economic fashion.  Also we can able to fine-tune the chiral center 

in the case of a prochiral electrophile thus offering challenges and opportunities for 

developing its asymmetric version. Hence, the MBH adducts are having proximity of 

functional groups, these offered the highly useful synthons in a number of synthetic 

processes.  

Due to the excellent substrate scope of MBH reactions, there were a number of 

MBH counterparts were reported as electrophiles and nucleophiles in this reaction. 

Biologically and pharmacologically important isatin has very recently been incorporated 

as a reactive electrophile in classical MBH chemistry [Garden, S. J. et al. 2002; Chung, Y. 

M. et al. 2002] which furnished oxindole appended MBH adduct. Until 2006 this 

valuable synthetic building blocks remain unexplored. In 2006, we have first utilized this 

functionalized molecule as starting material to synthesize the bioactive γ-butyrolactone 

with sodium borohydride via reductive cyclization as a key step.  The same strategy has 

explored to synthesize tricyclic lactam from MBH adduct of isatin via benzylamine 

induced ring opening condensation cyclization instead hydride ring opening reaction by 

Kim and co-workers. 

The MBH adducts have further proved to be valuable counterparts in dipolar 

cycloaddition reactions. Recently we have reported synthesis of a variety oxindole 

appended spiro and dispirocyclic derivatives utilising MBH adduct of isatin as 

dipolarophile against various azomethine ylides in [3+2] cycloaddition reaction. Very 

recently, two separate groups [Peddibhotla, S. 2009; and Peng, J. et al. 2010] have 

reported asymmetric version of oxindole derivatives synthesis via reductive cyclization 

and chemoselective functionalization followed by base induced spiro cyclization. 

However, the literature investigation showed that functionalization of MBH adducts of 

isatin and its synthetic utility is still in its infancy. Inspired by the setting, we undertook a 
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Chapter I 

RReecceenntt  DDeevveellooppmmeennttss  oonn  MMoorriittaa--BBaayylliiss--HHiillllmmaann  

RReeaaccttiioonn    

1.1 General introduction: 

To develop a simple, convenient, highly chemo- and diastereoselective 

methodologies for the synthesis of organic compounds have been, and continue to be, a 

challenging endeavour in front of synthetic chemists, even though the construction of 

complex molecular frameworks is a simple carbon-carbon bond forming reaction and/or 

small functional group transformations. To address these goals, a number of groups have 

been working on their interested research areas to craft a short, efficient method to 

construct a variety of selective C-C and C-X bond forming reactions. There are several 

carbon-carbon bond forming reactions discovered and their applications are explored 

towards value added compound synthesis. Among them, the Morita-Baylis-Hillman 

reactions (MBH) also play a valuable contribution to construct a variety of C-C and C-X 

bond forming reaction towards bio-active molecule and natural products synthesis. The 

main features of this reaction are as follows: (1) It is a three-component involving 

carbon-carbon bond forming reaction providing diverse products on the basis of 

substrates selection with atom economic mode. (2) This creates a chiral center in the case 

of a prochiral electrophile and thus offering challenging opportunities for developing its 

asymmetric version. (3) Since the MBH adducts are densely functionalized molecules 

due to its proximity of functional groups, these adducts are highly useful synthons in a 

number of synthetic transformations. These advantages are projecting the MBH reactions 

as unique and central research theme for a number of research groups in recent past years 

(Figure 1.1). 

 
Figure 1.1: A typical MBH adduct and reactive sites. 
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1.2 The Morita-Baylis-Hillman reaction: 

 Ever since the discovery of the reaction of an electrophile 1 with α-position of an 

activated alkene 2 that catalyzed by trialkylphosphine or a tertiary amine, usually 

diazobicyclo[2.2.2]-octane (DABCO), by Baylis and Hillman in 1972, organic 

practitioners are looking at the various synthetic aspects of the reaction (Scheme 1.1) 

[Baylis, A. B. et al. 1972; Drewes, S. E. et al. 1988; Mortia, K. et al. 1968]. Named after 

that, the MBH reaction has become a powerful tool for the atom-economical construction 

of C-C bond, giving α-methylene-β-hydroxyl carbonyl or α-methylene-β-amino 

carbonyl derivatives 3, which comprises a contiguous assembly of three different 

functional groups. Properly activated imines can also participate in this reaction and the 

reaction is called aza-MBH reaction [Declerck, V. et al. 2009].
 

 

Scheme 1.1: Morita-Baylis-Hillman reaction /Aza-MBH reaction 

 1.2.1 Classical mechanism of MBH reaction: 

According to the proposal of Hill and Isaacs, the reaction was initiated by amine 

with methyl acrylate (activated olefin) and benzaldehyde (electrophile) to form MBH 

adduct under catalytic influence of DABCO as a model case. It is believed to proceed 

through the Michael initiated addition–elimination sequence (Scheme 1.2) [Basavaiah, 

D. et al. 2003, 2010; Singh, V. et al. 2008]. In the first
 
step, this catalytic cycle involves 

the Michael-type nucleophilic addition of activated alkene A (methyl acrylate) with 

tertiary amine B to produce a Zwitterionic enolate C. The enolate C can make an Aldol 

type nucleophilic attack on to the aldehyde and generates another Zwitterion intermediate 

D, subsequent proton migration and electron resettlement simultaneously trigger the 

catalyst and MBH adduct F. 
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Scheme 1.2: Mechanism of MBH reaction.  

1.2.2 Recent developments on the mechanism of MBH reaction: 

Very first, Hill and co-workers proposed the existing and widely accepted 

mechanism of the MBH adduct. According to the mechanism, the proton 1,3-shift was 

the rate-determining step (RDS) [Hill, J. S. et al. 1986; 1990]. With this idea, they 

attempted to shed light more on the reaction mechanism through kinetic studies and 

proposed that the RDS was assumed to be the carbon-carbon bond formation in the aldol 

type reaction between the Zwitterionic amine-acrylate adducts C and an aldehyde 

molecule (Scheme 1.3). This proposal was further supported by subsequent independent 

investigations including the interception of all key intermediates using electron spray 

ionization mass, tandem mass spectrometry [Santos, L. S. et al. 2004] and X-ray analysis 

of one the intermediates of the catalytic cycle [Drewes, E. et al. 1993]. However, 

recently two separate groups McQuade lead by [Price, K. E. et al. 2005
a
; 2005

b
] and 

Aggarwal [Aggarwal, V. K. et al. 2005] independently reinvestigated the kinetics of the 

MBH reaction by means of kinetic isotope effect (KIE) employing an acrylate precursor 

and proposed the RDS is the proton transfer step E and F (Scheme 1.3). The above 

conclusion has been arrived due to the first-order dependence on solvent could be 

interpreted as a medium effect or as a molecular (aldehyde) interaction (Scheme 1.3). 

The first-order dependence of solvent demonstrated that the rate increase was a medium 

effect by which the ionic transition states received stabilized by polar solvents. Very 

recently, Cantillo et. al, reported that the experimental determination chemical kinetic 



5 

 

and theoretical calculation of thermodynamics of MBH reaction using the M06-2X 

computational method, which further supported the McQuade and Aggarwal proposal 

[Cantillo, D. et al. 2010].  

 

Scheme 1.3: New interpretation of mechanism of MBH reaction. 

  Finally, the recent studies all together concluded that the 1,3-shift proton could be 

the rate-determining step (RDS) which was assisted and stabilized either by polar protic 

solvent F or by another molecule of aldehyde D in an aprotic medium via the ionic 

transition states. 

1.3 Recent evaluation of MBH chemistry:  

 The fascinating chemistry of MBH reaction has inspired both the synthetic and 

theoretical aspect of the chemists. Consequently, several leading organic chemists all 

over the world have been working on various directions of the MBH reaction [Masson, 

G. et al. 2007; Basavaiah, D. et al. 2007]. Among them, the recent growth on the MBH 

reaction particularly screening of new classes electrophiles, nucleophiles and catalysts in 
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adduct formation and various synthetic transformation of MBH adducts have been dealt 

in the following sections. 

1.3.1 Homologous aldol adducts formation under MBH reaction 

condition:  

Epoxide ring opening is an essential posture of organic synthesis and also plays a 

crucial role to construct a diverse carbon–carbon and carbon–oxygen bonds forming 

reactions [Bonney, K. J. et al. 2011; Morten, C. J. et al. 2009; Byers, J. A. et al. 2009].
 
 

Krafft and co-workers have described an unprecedented ring opening of epoxide 4 to 

afford homologous aldol adduct 5 under MBH reaction condition [Krafft, M. E. et al. 

2006
d
]. The formation of observed homologous aldol adduct 5 from epoxy enone 4 

reveals that the phosphine induced Zwitterionic enolate preferably undergoes 

intramolecular endo mode ring opening with epoxide under MBH reaction condition 

(Scheme 1.4).  

 

Scheme 1.4: Synthesis of homologous aldol adduct via MBH reaction. 

1.3.2 Alkyl halides and epoxides as electrophiles in MBH reaction: 

The poor reactive electrophiles substrates such as alkyl halide and epoxide 

[Basavaiah, D. et al. 2001; 2002] involve in MBH reaction 8 with weak nucleophile 

lactam 7 [Krafft, M. E. et al. 2005;
a
 2005;

b
 2006

c
] under hydroxyl sulphide catalyzed 

basic condition [del Villar, I. S. et al. 2010]. The observed selective formation of MBH 

adduct competing with cyclopropanation 10 under basic reaction condition was 

emphasised. The formation of MBH product was controlled by the judicial selection of 

substrates (R = Ph) which overcome the competing cyclopropanation (Scheme 1.5). 
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Scheme 1.5: MBH reaction vs sigmatropic shift. 

1.3.3  Silylcyclopropene-3-carboxylates as nucleophile in MBH reaction:  

Sila-MBH adduct have been reported from readily available 1-silylcyclopropene-

3-carboxylate 11 with aldehyde or ketone 12 in the presence of phosphine catalyst under 

room temperature [Chuprakov, S. et al. 2007]. This new protocol allowed to synthesize 

1-(silyloxymethyl) cyclopropane derivative 13, which does not easily obtainable through 

existing methods. The combined effect of highly reactive double bond of cyclopropane 

and the ability of stabilization of α-silylcyclopropyl α-carbanion 11a generated from the 

nucleophilic addition (catalyst) of 1-silylcyclopropene was the driving force for the 

adduct formation 13 (Scheme 1.6).  

 

Scheme 1.6: Preparation of sila-MBH adduct. 
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The formation of sila-MBH adduct was rationalized mechanistically where the 

intermediate 11a underwent an addition with electrophile 12 to produce alkoxide 11b 

followed by 1,3-Brook rearrangement/elimination cascade reaction. 

1.3.4 Quinols as nucleophile in MBH reaction: 

Like 1-silylcyclopropene-3-carboxylates, Carreño and co-workers have reported 

the synthesis of mono 16, bis-MBH adduct 17 and cyclic ketal 18 compounds from p-

methyl quinols as Michael acceptor with aromatic aldehydes under the MBH reaction 

condition [Redondo, M. C. et al. 2010]. The formation of all three products was preceded 

via a domino intramolecular oxa-Michael/aldol condensation/elimination, instead of the 

commonly accepted MBH reaction mechanism. The formation of diverse set of 

compound from p-methyl quinols depends on the catalyst system, solvent and additives 

used in the reaction (Scheme 1.7). 

 

Scheme 1.7: Synthesis of MBH adducts from p-methyl quinol as nucleophile. 

1.3.5 Cationic metal complex catalyzed MBH reaction:  

 A number of electrophilic components of MBH reaction have already been 

explored and yet some new variants of MBH components are seeking scheduled. 

Recently, Krafft et al. reported one pot synthesis of acyl protected MBH adduct achieved 

from dicobalt hexacarbonyl complexed acetylenic acetal 19 as electrophile with methyl 

vinyl ketone (MVK) 20 and Lewis acid as catalytic system [Krafft, M. E. et al. 2011]. 
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The metal stabilized cationic intermediate was known as Nicholas cation generated from 

in-situ reaction between dicobalthexacarbonyl alkynes complex with Lewis acid. This 

Nicholas cation can undergo intermolecular MBH reaction with activated alkene 20 and 

provided one pot acyl protected MBH adduct 21 (Scheme 1.8).  

 

Scheme 1.8: Synthesis of MBH adduct from Nicholas cation as electrophiles. 

1.3.6 Organo borate catalyzed stereo selective β-substituted MBH 

reaction: 

Stereoselective synthesis of β-substituted MBH derivatives is a challenging task 

[Perez, R. et al. 2006; Kim, J. M. et al. 2008]
 
and Ruy and co-workers achieved it via 

organoborate salt catalyzed reaction (Scheme 1.9). A highly enantio-enriched (Z)-β-iodo 

derivative 24 was synthesized from a three-component coupling reaction between an 

aldehyde 22, ethyl propiolate 23, and trimethyl silyl iodide (TMSI) in the presence of  

organo-borate as catalyst [Senapati, B. K. et al. 2009]. The observed geometrical isomer 

(Z-isomer) and absolute configuration was assisted by a pentacyclic coordinated 

transition state of the catalyst 1a during the aldol reaction between trimethylsilyl β-iodo 

allenoate and aldehyde.  

Scheme 1.9: Synthesis of β-substituted MBH derivatives using organoborate catalyst. 
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1.3.7 Aza-MBH reaction of ferrocene aldehyde:  

Previously, we have proven that ferrocene carboxaldehyde 27 can act as a 

counterpart electrophile to synthesize simple MBH adduct and can be stereoselectively 

functionalized via isomerization reaction [Shanmugam, P. et al. 2007
a
; 2009].  Recently, 

our group have explored miscellaneous ferrocenyl derivatives from ferrocene 

carboxaldehyde, tosylamine and various activated alkenes under aza-MBH reaction 

condition [Madhavan, S. et al. 2011]. The activated alkene dependent products such as 

piperidine derivative 33, β-amino acid residues 30 and 31 and γ-ketoester derivative 32 

were observed from ferrocene carboxaldehyde by the aza-MBH reactions with various 

activated alkenes. Interestingly, the methyl vinyl ketone (MVK) has led to an unexpected 

diastereoselective ferrocenyl piperidine derivative 33 via domino aza- Michael/double 

Aldol pathway. The usual aza-MBH product 28 with MVK has also been achieved by 

judicious selection of catalyst and reaction condition (Scheme 1.10). 

 

Scheme 1.10: Synthesis of miscellaneous ferrocene derivatives via aza-MBH reaction of 

ferrocene aldehyde. 

1.4 Synthetic application of Morita-Baylis-Hillman adducts and their 

derivatives: 

MBH adducts have been proved as versatile starting materials toward a number 

synthetic transformation, heterocycles synthesis and value added total synthesis. In the 

recent years, the MBH adducts and their derivatives are mainly focusing on the regio- 
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and stereoselective synthetic transformation and enantiomerically enriched heterocycle 

synthesis via organo catalytic methods. Hence, the following part of the introduction 

deals with the recent developments on the regio- and stereoselective synthetic 

transformation and natural product synthesis using MBH adducts and their derivatives. 

1.4.1 Regiospecific allylic amination and dynamic kinetic resolution 

(DKR): 

 Dynamic kinetic resolution is a method to access stereospecific products from the 

racemic starting materials in a particular reaction condition without any loss of the yield 

[Jurkauskas, V. et al. 2002; Lapierre, A. J. B. et al. 2007; Cho, C.-W. et al. 2004] 

Stereoselective and regiospecific allylic amination was enabled from chiral racemic 

MBH adduct 34 via chiral phosphine catalysis [Cho, C.-W. et al. 2004].  

 The observed selectivity of product 35 explained by the generation of an 

electrophile-nucleophile ion pair, presumably suppresses direct nucleophile addition 

which led to the less substituted enone moiety of MBH acetate. The allylic amination 

with up to 56% ee was achieved via deracemization of racemic MBH acetate 34, using 

4,5-dichlorophthalimide as pro-nucleophile and commercially available phosphine 

catalyst (R)-Cl-MeO-BIPHEP (Scheme 1.11). 

 

Scheme 1.11: Stereo- and regioselective allylic amination of MBH adduct.  

1.4.2 Phosphine catalyzed diastereoselective domino reaction:  

Modified allyl MBH derivatives have been used as versatile C3 synthon for a 

number of [3+2], [3+3], [3+6] and [3+4]-annulation reactions [Du, Y. et al. 2003; 2005; 

Ye, L.-W. et al. 2007; 2008; Zheng, S.  et al. 2008; 2009
a
; 2009

b
]. The modified allylic 

carbonate 37 serve as a new kind of 1,1-dipole with salicyl N-thiophosphinyl imines 36 

under phosphine catalyst and afforded highly substituted diastereoselective trans-2,3-

dihydrobenzofuran 38 skeleton [Xie, P. et al. 2010] (Scheme 1.12).   
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Scheme 1.12: Phosphine catalyzed diastereoselective synthesis of trans-2,3-

dihydrobenzofuran  

1.4.3 Biscinchona alkaloid catalyzed asymmetric allylic-alkylation 

(AAA):  

Recently, Cheng and co-workers described a Biscinchona alkaloid induced 

asymmetric allylic-alkylation (AAA) reaction between the benzofuran-2(3H)-one 39 as 

pro-nucleophile and modified MBH carbonate 40 as electrophiles [Liu, C. et al. 2011]. 

The observed transformation has been explained where the  MBH adduct underwent 

nucleophilic substitution with in-situ generated reactive enolate by means of 

deprotonation of methine at C3 position of 3-substituted benzofuran-2(3H)-one under 

chiral amine base (Scheme 1.13).  

 

Scheme 1.13: Enantioselective synthesis of homoallylic benzofuran derivatives. 

1.4.4 Synthesis of highly functionalized oxindoles by asymmetric allylic 

alkylation (AAA): 

Cinchona alkaloid induced asymmetric C3 allylic alkylated compound 44 has 

been synthesized by the reaction between modified MBH carbonate 43 with achiral 

oxindole moiety 42 [Jiang, K. et al. 2009] (Scheme 1.14).  
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Scheme 1.14: Synthesis of enantioselective homoallylic oxindole derivatives. 

In order to increase molecular complexity, the compound 44 has further subjected 

to [3+2]-cycloaddition with in-situ generated nitric-oxide and afforded enantioenriched 

oxindole derivative 47 (Scheme 1.15). 

 

Scheme 1.15: Synthesis of highly substituted enantioenriched oxindole derivatives. 

1.4.5 Regio- and stereoselective synthesis of α-dehydro-β-amino esters 

nitrile:  

Ghosh, et al. reported a mild and efficient regioselective synthesis α-dehydro-β-

amino ester and nitrile derivative 50 from modified MBH adduct 48 in water medium 

[Ghosh, S. et al. 2009]. The regiospecific γ-addition furnished with stereoselective (E)-

isomer from MBH adducts bearing carboxylic ester moiety and (Z)-isomers from MBH 

adduct bearing nitrile functionality with excellent yield. This simple reaction has been 

tolerated with a variety of amines and with excellent regio- and stereoselectivity (Scheme 

1.16). 
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Scheme 1.16: Synthesis of regio- and stereoselective β-amino ester.  

1.4.6  Iron catalyzed regioselective nucleophilic α-substitution on MBH 

adducts: 

A stoichiometric Iron-catalyzed α-regioselective nucleophilic substitution 

reaction was reported for the MBH adduct 51 with structurally diverse set of pro-

nucleophiles including alcohols, 1,3-dicarbonyl compounds, sulfamates and thiols under 

moisture-free reaction condition in excellent yields [Zhang, X. et al. 2009](Scheme 1.17).
 

The observed selectivity has been explained as Iron forms a coordination complex 51a 

which subsequently generate carbocation 51b by the elimination of hydroxyl group. The 

generated carbocation 51b underwent nucleophilic attack and protodemetallation of [Fe]-

OH delivers the α-substituted MBH compound 52 and the catalyst.  

 

Scheme 1.17: Regioselective nucleophile substitution of MBH adducts. 

1.4.7  Organo catalyzed δ-regioselective nucleophilic substitution:  

 Recently, a direct enantioselective δ-nucleophilic substitution of MBH adduct 

was reported by Qiao, and co-workers by the reaction between cyclic MBH adduct 53 
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and indole 54 under the combined catalytic influence of organo-catalyst and Brønsted 

acid [Qiao, Z. et al. 2010]. This synthetic protocol has furnished exclusive 

enantioenriched δ-regioselective product 55 up to 93% ee. The observed regioselectivity 

can be explained by the iminium ion generated from the cyclic enone and organo catalyst 

1a which also assisted dehydration of allylic alcohol and addition of a carbon nucleophile 

to the unsaturated unit of 53. Brønsted acid played a dual role to assist the formation of 

iminium ion and removal of OH group in the MBH adducts (Scheme 1.18). 

 

Scheme 1.18: Synthesis of δ-regio-selective nucleophilic substituted MBH adducts. 

1.4.8 Synthesis of six member heterocyclic derivatives: 

Pyrimidine and their derivatives have been found as constitutional core for many 

drug molecules. This tri-substituted pyrimidine derivative 59 was synthesized by the 

reaction of in-situ generated ketone from β-iodo substituted MBH derivatives 58 by 

Dess-Martin periodinane oxidation with various amidines [Sharma, V. et al. 2010].
 
The 

β-iodo derivatives 58 was synthesized by means of magnesium iodide mediated reaction 

between aryl aldehyde 56 and propiolate derivative 57 (Scheme 1.19).  

 

Scheme 1.19: Synthesis of 2,5,6- tri-substituted pyrimidine derivatives from MBH 

adduct. 
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1.4.9 Synthesis of seven member heterocyclic derivatives: 

A number of biologically important natural and un-natural benzazepine derivative 

62 has been synthesized from the modified MBH adduct 60 with a various amines 61 

using palladium catalyst one-pot sequential amination followed by intramolecular 

carbonylation as a  key step [Cao, H. et al. 2011] (Scheme 1.20).  

 

Scheme 1.20: Synthesis of benzazepine derivatives from MBH adduct. 

1.5 Application of MBH adducts in natural product synthesis: 

1.5.1 Synthesis of (+)-heliotridine: 

Aggarwal and co-workers have reported a novel method to synthesize densely 

functionalized heterocycles, where a broad range of Michael acceptors were allowed to 

couple with readily available iminium ion via inter- and intramolecular MBH-type 

reaction [Myers, E. L. et al. 2007]. The iminium ion was generated from masked N, O-

acetal 64 by TMSOTf and BF3.Et2O in the presence of Me2S. More importantly, the 

process is highly enantioselective for cyclic enones. By employing this methodology, 

they have reported a short synthesis of (+)-heliotridine 66, as shown in Scheme 1.21. 

 

Scheme 1.21: Synthesis of (+)-heliotridine from MBH adduct. 
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1.5.2 Synthesis of Yuremamine:  

The cinchona alkaloid induced asymmetric allylic alkylation (AAA) reaction has 

been used as a key step to synthesize yuremamine by the reaction between indole 68 and 

modified MBH adduct 69 [Cui, H.-L. et al. 2009
b
]. The chemoselective asymmetric N-

allylic alkylated compound 70 was further utilized to synthesize natural product 72 via 

intra-molecular Heck reaction from the bromo derivative 71 (Scheme 1.22). 

 

Scheme 1.22: Synthesis of yuremamine from MBH adduct. 

1.6 The Chemistry of Isatin: 

Isatin (1H-indole-2,3-dione) was first reported from the oxidation of indigo using 

nitric and chromic acids by Erdman and Laurent in the year 1841 (Figure 1.2). The 

synthetic versatility of isatin has led to the extensive use in organic synthesis. 

 

Figure 1.2: Isatin. 

Four reviews have been published on the chemistry of isatin. The very first 

review by Sumpter in 1945 [Sumpter, W.C. 1945], second by Popp in 1975 [Popp, F. D. 
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et al. 1982], and the third on the utility of isatin as a precursor for various heterocyclic 

compounds synthesis were reported [Shvekhgeimer, M. G. A. et al. 1996]. In 2001 da 

Silva et al. have published one more review [da Silva J. F. M. et al. 2001] by updating 

the chemistry of isatin. The synthetic versatility of isatin and its derivatives has stemmed 

from the interest in its biological and pharmacological properties. In nature, isatin is 

found in plants of the genus Isatis, in Calanthe discolor LINDL [Yoshikawa, M. et al. 

1998]. Isatin has also been found as a component of the secretion from the parotid gland 

of Bufo frogs, and in humans as it is a metabolic derivative of adrenaline [Ischia, M. et al. 

1988; Palumbo, A. et al. 1989; Halket, J. M. et al. 1991].
 
With this introduction, the 

following section outlines a few syntheses of biologically important derivatives with 

isatin core. 

1.7 Isatin appended natural products and structurally important 

motifs: 

1.7.1 Synthesis of welwitindolinone C isocyanide scaffold:  

The N-methyl welwitindolinone C isocyanide is an important natural product first 

isolated from blue-green algae Hapalosiphon welwitschii. It has showed reverse multiple 

drug resistance (MDR) to a variety of anticancer drugs [Smith, C. D. et al. 1995; 1996]. 

Two key steps are involved in the synthesis of bicyclic-oxindole derivative 78 from 

indole precursor. i. Initially, the bicyclic derivatives derivative 76 and 77 were enabled 

through indolyne intermediate from Michael addition product 75 which was attained by 

iodine induced Michael reaction between indole 73 and enone 74. ii. The 

diastereoselective bicyclic indole 78 was achieved enabled from the intermediate 76 by 

the treatment with NBS followed by acid hydrolysis reaction in 80% yield [Tian, X. et al. 

2009] (Scheme 1.23). 
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Scheme 1.23: Synthesis of N-methyl welwitindolinone C isocyanide scaffold. 

1.7.2 Synthesis of spiro-γ-butyrolactone oxindole: 

The oxindole appended spiro-γ-butyrolactone derivative is an important structural 

unit in a number of bio-active natural products such as mycotoxin triptoquivaline. The 

mixture of diastereomeric spiro-γ-butyrolactone motifs 81 and 82 have been synthesized 

from the reaction between enal 80 and cyclic 1,2-diketone compound 79 via nucleophilic 

heterocyclic carbene (NHC) annulation [Nair, V. et al. 2005]. Usually, the ketone 

showed poor reactivity with NHC, which conquered by the use of diketones (Scheme 

1.24). 

 

Scheme 1.24: Synthesis of spiro-γ-butyrolactone-2-oxindole derivatives. 

1.7.3 Synthesis of anti-tubercular active spirothiazolidinone derivatives:  

Thiazolidinone derivatives are an important class of medicinal compounds and 

this core structure found in a number of biological active molecules [Havrylyuk, D. et al. 
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2010]. In 2010, Vintonyak and co-workers have reported the synthesis of 

spirothiazolidinone indolone-2-one derivatives from the condensation between amine 

and isatin 83 followed by cyclization with mercaptoacetic acid at reflux condition. The 

m-chloroperbenzoic acid (m-CPBA) oxidation of spirosulphides 84 has led to the target 

compound 85 (Scheme 1.25). Biological evaluation of spirothiazolidinone derivative 85 

showed potent and selective inhibitor activity against Mycobacterium tuberculosis 

protein tyrosine phosphatases B (MptpB) [Vintonyak, V. V. et al. 2010]. 

 

Scheme 1.25: Synthesis of 3-spirothiazolidinone-2-one derivatives.  

1.8 Synthesis of MBH adduct of isatin and its synthetic applications: 

 A vast number of natural products and biologically important drug units have 

been identified with oxindole core as a basic skeleton. Interestingly, the classical MBH 

chemistry very recently incorporated isatin as a reactive electrophile and furnished 

oxindole appended MBH adducts. The emblem of MBH reaction is its atom economic 

nature, with the arrangement of proximate functionalities in MBH adduct of oxindole 

have gained much interest in synthetic transformation. In fact, very limited work has 

been published by utilising the MBH adduct of isatin and their derivatives as starting 

material, and a major part has been reported by our group. A brief detail about the 

synthesis of MBH adducts of isatin and their synthetic transformations are discussed in 

the following section. 

1.8.1 Isatin as an electrophile in MBH chemistry:  

In 2002 Garden and Kim and their co-workers independently first utilized this 

activated ketone 86, as an electrophilic partner in the MBH reaction [Garden, S. J. et al. 

2002; Chung, Y. M. et al. 2002] (Scheme 1.26). Generally, the ketones are reacting with 

activated alkene at drastic condition in MBH reaction (high pressure and often gave low 
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yields). However, the formation of 3-hydroxy-2-oxindole derivatives 88 from isatin at 

room temperature was realized with the aid of electron withdrawing amide carbonyl 

group which activates the ketone. Thus, it can readily undergo nucleophilic substitution 

with enolate ion formed from Michael addition between activated alkene and DABCO 

resulting into highly functionalized MBH adduct of isatin.   

 

Scheme 1.26: Synthesis of MBH adducts of isatin. 

1.8.2 Synthesis of enantioenriched MBH adduct of isatin: 

Structural activity relationship (SAR) studies have revealed that biological 

activities of 3-hydroxy-2-oxindole compound must deeply be affected by the 

configuration of the C3 position hydroxyl group and N-substitution of the oxindole 

moiety [Peddibhotla, S. 2009].
 
Accordingly, the asymmetric version of MBH adduct of 

isatin would be able to provide the highly warranted stereo defined 3-hydroxyl-2-

oxindole derivatives. With this idea, Liu and co-workers have reported a variety of 

enantioenriched MBH adducts of isatin 91 with reactive acroline 90 under organo 

catalytic reaction condition [Liu, Y.-L. et al. 2010] (Scheme 1.27). 

 

Scheme 1.27: Synthesis of enantioselective MBH adduct of isatin.  

Thus, the enantioenriched 3-hydroxyl-2-oxindole derivative 91 has led the 

bioactive molecule 93 and natural product core 92 via reductive cyclization (Scheme 

1.28). 
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Scheme 1.28: Synthesis of enantioselective natural product core from MBH adduct of 

isatin. 

1.8.3 Asymmetric allylic alkylation (AAA) of MBH adduct of isatin: 

Organo-catalyzed AAA reactions have been well explored for the synthesis of 

enantiomerically pure heterocycle derivatives from simple MBH adducts [Cui, H.-L. et 

al. 2009
a
]. For the first time, Chen and co-workers have reported enantioenriched allylic 

alkylated MBH adduct of isatin 96 enabled from racemic isatin adduct 94, by means of 

organo-catalyzed C3 nucleophilic substitution process [Peng, J. et al. 2010]. The 

asymmetric synthesis of oxindole at C3 position was addressed and rectified via 

nucleophilic alkylation using β-ICD catalyst (Scheme 1.29). 

 

Scheme 1.29: Asymmetric allylic alkylation of MBH adduct of isatin. 

This functionalized allylic alkylated compound 96 was further used as a starting 

material to synthesize enantioselective spirocyclic derivatives 97 via intra-molecular 

Michael addition under basic condition (Scheme 1.30). 
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Scheme 1.30: Synthesis of spirooxindole derivative from MBH adduct of isatin. 

1.8.4  Reductive cyclization of MBH adduct of isatin: 

Our group embarked upon the synthetic application of natural product core 

synthesis. The γ-butyrololactone 99 using synthesized from MBH adduct of isatin 98 and 

sodium borohydride via reductive cyclization as the key step [Shanmugam, P. et al. 

2007
b
] (Scheme 1.31). Mechanistically, the formation of γ-butyrololactone from MBH 

adduct of isatin was explained by the sequential of reduction olefin followed by 

hydrolysis of ester MBH adduct which provided the corresponding methyl and primary 

alcohol. The primary alcohol underwent lactonization with amide carbonyl followed by 

the cleavage of weak C-N bond and furnished the desired product 99. 

 

Scheme 1.31: Synthesis of γ-butyrololactone from MBH adduct of isatin. 

1.8.5 Synthesis of Lactam: 

Kim and co-workers have also been utilized nucleophilic ring opening reaction as 

a key step to synthesize pyrrolidine-2-one derivatives via Michael addition-condensation-

ring opening reaction sequence [Kim, S. C. et al. 2006].
 
Interestingly,

 
the nitrile bearing 

MBH adduct furnished mixture of syn and anti isomer of lactam 102 from racemic 

adducts. In the case of ester bearing derivatives mainly tricyclic derivative 104 with trace 

of expected product 103 was observed (Scheme 1.32). The formation of tricyclic 

derivative 104 was explained as the reaction proceed via sequential Michael addition, 
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intramolecular cyclization and concomitant ring opening of lactam which eventually led 

to the  formation of  new lactam ring. 

 

Scheme 1.32: Synthesis of lactam from MBH adduct of isatin. 

1.8.6 Synthesis of 3-spirocyclopropane-2-oxindoles from MBH adduct 

of isatin: 

The synthesis of 3-spirocyclopropane-2-oxindole from allyl bromide of oxindole 

106 via reductive cyclization has been demonstrated by our group [Shanmugam, P. et al. 

2006
b
]. A tandem hydride addition followed by bromide elimination resulted into a 

mixture of diastereomer of spirocyclopropane derivatives 107 and 108 in combined 

excellent yield (Scheme 1.33). Interestingly, both the Z- and E-allyl bromide of oxindole 

upon individual reductive cyclization reactions afforded the same mixture of 

diastereomeric 3-spirocyclopropane-2-oxindole.  

        Scheme 1.33: Synthesis of 3-spirocyclopropane-2-oxindoles via reductive 

cyclization. 

1.8.7 Synthesis of 3-spiro-α-methylene-γ-butyrolactone-2-oxindoles: 

The medium size lactams and macrolides with α-methylene-γ-butyrolactone back 

bone are well known for its antitumor, phytotoxic and antibacterial activities. 
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Consequently, there has been considerable interest to develop an efficient method for the 

synthesis of spirolactones. Thus, our group have developed two simple methodologies 

for the construction of spirolactone from MBH adduct of isatin as discussed below. 

i. The stereoselective synthesis of 3-spiro-α-methylene-γ-butyrolactone oxindole 

derivative 112 was achieved from MBH adducts of isatin via three-step reaction 

sequences [Shanmugam, P. et al. 2008
a
] viz. (1) Isomerization of the MBH adducts of 

isatin 109 with trimethyl orthoformate using montmorillonite K10 clay catalyst. (2) a 

second MBH reaction with formaldehyde 110 in the presence of DABCO. (3) Finally, 

the target molecule 112 was achieved by a solid acid catalyzed lactonization (Scheme 

1.34).  

 

Scheme 1.34: Synthesis of α-methylene-γ-butyrolactone-2-oxindole from isomerized 

MBH adduct of isatin.  

ii. Similarly, the allyl bromides of oxindole have also been used as starting 

materials to synthesize spirolactone via Barbier allylation as a key step [Shanmugam, P. 

et al. 2008
b
]. The Barbier allylation between the formaldehyde 110 and allyl bromide of 

oxindole 113 has furnished homoallylic alcohol 114 in the presence of indium catalyst. 

The resultant homoallylic alcohol underwent lactonization with solid acid catalyst and 

afforded diastereoselective 3-spiro-α-methylene-γ-butyrolactone oxindole 115 (Scheme 

1.35) in excellent yield. 
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Scheme 1.35: Synthesis of α-methylene-γ-butyrolactone-2-oxindoles from bromo 

isomerized MBH adduct of isatin. 

1.8.8 Synthesis of 3-spiropyrrolidine-2-oxindole derivatives via 

azomethine ylide cycloaddition reaction: 

Based on the concept of azomethine ylide (AMY) [3+2]-cycloaddition chemistry 

[Pandey, G. et al. 2006; Coldham, I. et al. 2005], a variety of 3-spirooxindole derivatives 

118 from MBH adduct of isatin 116 as dipolarophile with in-situ generated cyclic or 

acyclic AMY-ylides have been reported by our group. This cyclic/acyclic ylides 117 can 

be generated in-situ from the reaction between L-proline or sarcosine with isatin 

derivatives in the presence of K10 clay under reflux condition [Shanmugam, P. et al. 

2007
c
]. Interestingly, the less stable hetero-aryl MBH adduct also furnished the 

cycloaddition product with excellent yield (Scheme 1.36). 

 

 

Scheme 1.36: Synthesis of 3-spiropyrrolidine-2-oxindoles via AMY [3+2]-cycloaddition. 

This [3+2]-cycloaddition strategy has also been extended to isomerized MBH 

adduct of isatin 119 which afforded highly functionalized dispiropyrrolidine and 
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dispiropyrrolizidine oxindoles derivatives 122 in excellent yield [Shanmugam, P. et al. 

2008
c
] (Scheme 1.37). 

 

Scheme 1.37: Synthesis of 3-spirodipyrrolidines-2-oxindoles. 

1.8.9 Synthesis of dimerized 3-spirocyclopropane-2-oxindoles from 

MBH adduct of isatin: 

Very recently we have reported an unforeseen magnesium iodide mediated 

synthesis of diastereomeric mixture of self dimerized spirocyclopropane derivatives 124 

from bromo isomerized MBH adducts of isatin 123 in combined good yield [Lingam, K. 

A. P. et al. 2011]. The reaction was accounted by in-situ generated magnesium allyl 

complex 123A which has led to a 1,2-Michael type addition with another molecule of 

allyl bromide of oxindole derivative 123 and afforded the spirocyclic product 124 via 

intermediate 123B by the bromide elimination (Scheme 1.38).  

 

Scheme 1.38: Synthesis of dimerized 3-spirocyclopropane-2-oxindoles. 
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1.9 Definition of problem: 

From the above literature it is clear that functionalized isatin and its derivatives 

are used wide spread as core structural motifs in a number of natural products and closely 

related to pharmacologically important drug molecules. Recently, the chemo- and 

stereoselective functionalization and synthetic transformation of MBH adducts have 

received much attention and also well explored. Even though MBH adduct became a 

substrate for complexity-generating reactions and there is an exponential increase in the 

synthetic utility of this reaction, the chemo- and stereoselective synthetic transformation 

was very limited in the case of MBH adduct of isatin and its derivatives. Especially, the 

C3 functionalization of oxindoles has been paid less attention. With this back ground, we 

initiated our work with MBH adduct of isatin as starting material towards the selective 

functionalization and developing new methods for the  synthesis of spirocyclic systems 

in a stereo- and regioselective fashion. The results of our investigation in this direction 

form the subject matter of the thesis.  

With a general introduction in Chapter 1, the thesis is broadly divided into two 

phases. The first phase of the thesis deals with selective functionalization of MBH 

adducts of isatin and is the subject matter of Chapters two and three. The second phase of 

the thesis focuses on the diastereoselective synthesis of spirocycle derivatives at C3 

position of MBH adduct of isatin from allyl bromide of oxindole.                 

In brief, the second Chapter of the thesis deals with a mild and efficient CAN 

mediated regioselective aromatic side chain oxidation of MBH adduct of isatin.  

Substrate scope, comparative study with other oxidising reagents and a plausible 

mechanism are also discussed in this Chapter. The highly functionalized allene appended 

oxindole derivative synthesis from MBH adduct of isatin via consecutive propargyl 

isomerisation, 1, 3-hydride shift and [3,3]-sigmatropic reactions is the subject matter of 

third Chapter. Finally, the functionalized allene derivatives were synthetically 

transformed into oxindole appended furan derivatives and a plausible mechanism is also 

discussed in this chapter.  
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The diastereoselective syntheses of 3-spirocyclopentene and 3-spiropyrazole-2-

oxindole derivatives from isomeric mixture of allyl bromide of oxindoles derived on 

MBH adduct of isatin via [3+2]-annulation reaction is the central theme of the fourth 

Chapter.  The final and the fifth Chapter describes pyridine core activation as a key step 

to synthesise 3-spirodihydroindolizine-2-oxindole derivatives from isomeric mixture of 

allyl bromide of oxindole via 1,5 electrocyclization strategy. In order to make molecular 

complexity at C3 position of oxindole, quinoline, isoquinoline and 4-bromoquinoline 

were used as starting material in place of pyridine. 
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CChhaapptteerr  IIII  
 

AA  MMiilldd  aanndd  EEffffiicciieenntt  CCAANN  MMeeddiiaatteedd  OOxxiiddaattiioonn  ooff  

MMoorriittaa--BBaayylliiss--HHiillllmmaann  AAdddduuccttss  ooff  55--MMeetthhyyll--NN--

AAllkkyylliissaattiinn  ttoo  55--FFoorrmmyyll--NN--AAllkkyylliissaattiinn  
 

 

Abstract: 

A simple, mild and efficient CAN mediated oxidation of Morita–

Baylis–Hillman adducts of 5-methyl-N-alkylisatins to 5-formyl-N-alkylisatins 

under ambient reaction conditions is reported. Simple and isomerized 5-

methyl-N-alkylisatin derivatives have also been tested and failed to provide 

the corresponding formylated products. A plausible reaction mechanism 

has been proposed. 

 

 

 

Shanmugam, P. et al. Tetrahedron Lett., 2008, 49, 2119–2123. 
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CChhaapptteerr  IIII  

  

AA  MMiilldd  aanndd  EEffffiicciieenntt  CCAANN  MMeeddiiaatteedd  OOxxiiddaattiioonn  ooff  

MMoorriittaa--BBaayylliiss--HHiillllmmaann  AAdddduuccttss  ooff  55--MMeetthhyyll--NN--

AAllkkyylliissaattiinn  ttoo  55--FFoorrmmyyll--NN--AAllkkyylliissaattiinn  

  

2.1 Introduction:  

Oxidation of aromatic side chain is an important and essential task to make a 

diverse set of bond forming reactions in organic synthesis. Thus, the resulting 

functionalities such as -OH, -COOH, CH2OH and –CHO are valuable chromophores in a 

variety of synthetic transformation and themselves are present in a number of active 

pharmaceutical intermediates (API), and natural product core structures [F. Brühne 1999; 

Haque, A.-M. 2011; Pryde, D. C. et al. 2010]. Due to rather poor performance of various 

direct oxidative methods, the aromatic aldehydes are still manufactured in traditional 

ways of organic synthesis. Traditionally, benzaldehyde is produced by the chlorination of 

side-chain of toluene and followed saponification of the resulting dichloromethyl group 

to furnish aldehyde.
 
Unfortunately,

 
these products still contain the chlorinated impurities 

and did not meet food and drug grade specifications. In addition to this issue, the 

aromatic aldehydes can easily undergo over oxidation and gives its corresponding acid 

derivatives [Gupta, M. et al. 2005]. To rectify this limitation, few groups were concerned 

about the direct oxidation of aromatic alkanes with air and catalyzed by metalloporphyrin, 

because of the inertness of aromatic alkane and air. Since 1938, numerous oxidative 

reagents and processes have been implemented to synthesize aromatic aldehydes from 

methylarenes, viz. Na2S2O8/AgNO3, [Bacon, R. G. R. et al. 1960] O2/NBS, [Laundon, B. 

et al. 1971] 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ)/O2/NBS/hy, [Naidu, M. V. et 

al. 1979] CrO3/Me3SiCl, [Aizpurua, J. M. 1989] KMnO4/NEt3, [Li, W.-S. et al. 1989] 

cerium (IV) trifluoromethanesulfonate [Ce(OTf)4], [ Imamoto, T. et al. 1990] 

Ag(Py)4S2O8, [Firouzabadi, H. et al. 1991] KMnO4/Al2O3, [Zhao, D. et al. 1994] 

(MeO)2CHNMe2/ NaIO4, [Vetelino, M. G. 1994] laccase/ABTS-(NH4)2/O2, [Potthast, A. 
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et al. 1995] O-iodoxybenzoic acid (IBX) as mediator, [Nicolaou, K. C. 2002] and 

pyridinium chlorochromate (PCC) [Hosseinzadeh, R. et al. 2005].
 
Nevertheless, these 

procedures generally require multisteps for the preparation of catalyst or the reaction 

process, special apparatus in some cases, strong oxidants and also long reaction time 

which are not applicable to the entire aromatic alkane derivatives.  

 These remarkable limitations of aromatic side chain oxidation reaction has led to 

an unsurge of interest in controlled aromatic side chain oxidation. To address the issue, 

we initiated to work on aromatic side chain oxidation of MBH adduct of 5-methyl isatin 

using cerium (IV) ammonium nitrate (CAN) as a mild oxidizing reagent. Among the 

various oxidative reagents known for synthetic transformation, the single-electron 

transfer (SET) reactions undoubtedly occupied a predominant position [Nair, V. et al. 

2010]. Hence, a detailed study on
 
the aromatic side chain oxidation of MBH adduct of 5-

methyl isatin with single electron oxidative reagent (CAN) is the subject matter of this 

chapter.  

2.2  A brief introduction on Cerium (IV) Ammonium Nitrate (CAN) 

reagent: 

The IUPAC name of the CAN reagent is Diammonium Cerium (IV) Nitrate and 

the structure of the complex is shown in Figure 2.1. 

 

  

Figure 2.1: Structure of Cerium (IV) Ammonium Nitrate (CAN) reagent. 

CAN has been emerged as a versatile reagent for a number of oxidative synthetic 

transformations. The reasons for its general acceptance as a one-electron oxidant may be 

attributed due to the following advantages. 

� Large reduction potential value of +1.61 V 

� Cheap and ready availability 
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� Low toxicity 

� Easy handling 

� Experimental simplicity 

� Soluble in a variety of organic solvents 

The enormous growth in the usage of CAN reagent has been evidenced by the 

publication of a large number of research papers and several major reviews on CAN-

mediated synthetic transformation [Hwu, J. R. et al. 2001; Nair, V. et al. 1997; 2003; 

2004; 2007
a
; 2009]. Due to its wide application in organic synthesis demonstrated as a 

versatile reagent, one can broadly classify the types of reactions and applications 

catalyzed by this reagent under the following categories. 

� Reaction involving carbon-carbon bond-formation 

� Intramolecular reactions 

� Carbon-heteroatom bond formation 

� Stoichiometric CAN involving oxidative transformation 

� Protection-deprotection reactions 

From the list mentioned above, a few selected CAN mediated synthetic 

transformations are discussed in the following section. 

2.3 CAN mediated synthetic transformations:  

2.3.1 Synthesis of benzimidazole: 

A variety of benzimidazole derivatives 4 have been prepared by the treatment of 

diamine 1 and aldehyde 2 via the sequential reaction of condensation followed by CAN 

oxidation (Scheme 2.1). The formation of the dihydro-2-arylbenzimidazole as a key 

intermediate can condense with another molecule of aldehyde afforded 1,4-diazobicyclo 

hexane intermediate 3. The 1,4-diazobicyclo derivatives 3 undergo thermally allowed 

1,3- hydrogen shift and afforded compound 4 [Sadeka, K. U. et al. 2010].  

 
Scheme 2.1:  Synthesis of benzimidazole derivatives via catalytic CAN mediated 

oxidation. 
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2.3.2 Deprotection of sultam: 

In a routine organic synthesis, the frequently encountered functional group 

transformations such as protection and deprotection sequence have been achieved 

efficiently using CAN as an oxidant [Cotelle, P. et al. 1992; Ates, A. et al 1999; Marko, I. 

E. et al. 1999]. In 2009, Meijere et al. reported a pharmaceutically important deprotected 

sultam 6 from the PMP protected derivative 5 via oxidative deprotection as a key step by 

the use of CAN as an oxidative reagent (Scheme 2.2) [Rassadin, V. A. et al. 2009].  

 

Scheme 2.2:  CAN induced oxidative PMP deprotection of sultam.  

2.3.3 Stoichiometric CAN induced electrophilic substitution of indole: 

Catalytic amount of CAN assisted electrophilic substitution reactions with indole 

under different reaction conditions were summarized in Scheme 2.3. Michael addition of 

indole 7 with α,β-unsaturated ketones under ultrasonic irradiation afforded corresponding 

adduct 8 in excellent yield [Ji, S. et al. 2003]. Interestingly, the reaction between the 

indole 7 and cyclic α,β-unsaturated ketone or aldehyde using catalytic amount of CAN 

reagent afforded 1,2-addition derivatives 9 and 10 [Ko, S. et al. 2006]. However, with 

stoichiometric amount of CAN has led to the symmetrical 3,3-(indolyl)indolin- 2-one 

derivatives 11 from the reaction between isatin and indole under ultrasonic irradiation  

[Wang, S.-Y. et al. 2006].
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Scheme 2.3:  Catalytic CAN assisted electrophilic substitution of indoles.  

2.3.4 Synthesis of Xanthones: 

Xanthone is an important class of natural product compound, such derivatives 

synthesized by intramolecular cyclization of phenolic derivative 12 via CAN mediated 

oxidative cyclization have been reported by Koning and co-workers. The nucleophilic 

substitution of radical cation intermediate to the aromatic ring was a key step to 

synthesize the Xanthone derivative 13 (Scheme 2.4) [Johnson, M. M. et al. 2010]. 

 

Scheme 2.4:  Synthesis of Xanthone via CAN mediated aromatic nucleophilic substitution. 

2.3.5 N-Methyl activation of MBH adduct of isatin: 

Recent investigation from our group has explored an unforeseen CAN mediated 

N-methyl activation of MBH adduct of isatin derivative [Shanmugam. P, et al. 2006
a
]. 

The N-alkylated MBH adduct of isatin 14 was treated with CAN and alcohol in 

acetonitrile afforded the ethers of corresponding alcohol 15 and the results were found 
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applicable only with MBH adduct of isatin rather than other isatin derivatives (Scheme 

2.5). 

 

Scheme 2.5: CAN Mediated N-methyl activation of MBH adduct of isatin. 

2.4  Miscellaneous transformations using CAN oxidant: 

 In addition to the reactions described above, CAN have also been found to be 

effective to brought about some novel and interesting transformations. Such reactions 

also provide insight into the mechanistic details of several CAN mediated 

transformations. A few illustrative examples are depicted as below. 

2.4.1 Alkoxylation reaction: 

Cephalosporins 16 react with CAN in methanol under mild condition to afford the 

corresponding 2-methoxy derivative 19 as a major product which has been reported by 

Fletton and co-workers [Fletton, R. A. et al. 1985]. Mechanistically, a single-electron 

transfer from sulphur to Ce(IV) reagent initiates the radical cation 17. The 2-methoxy 

derivative 19 enabled from radical cation 17 by subsequent loses of a proton and an 

electron to form intermediate 18 which has been quenched with alcohol (Scheme 2.6).  
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Scheme 2.6: Synthesis of 2-methoxy Cephalosporin via CAN mediated oxidation.    

2.4.2 Synthesis of amino tetralin derivatives: 

 Amino tetralin derivatives are therapeutically useful bio-active molecules, they 

specifically act as immunomodulator and antitumor agents. Styrene 20 with CAN in 

acetonitrile solvent as well as reactant was found to be a starting material to synthesize 

cis and trans tetralins 21/22 (Scheme 2.7) [Nair, V. et al. 2002]. For instance, the reaction 

of 4-methylstyrene with CAN in acetonitrile yielded cis and trans-isomer 21/22 of α-

acetamido tetralines via oxidative cyclization. 

 

Scheme 2.7: Synthesis of α-amino tetralin derivatives via CAN mediated oxidation.  

2.4.3 CAN induced aromatic side chain oxidation of benzyl derivatives: 

Among the various known aromatic side chain oxidative reagents in organic 

synthesis, CAN has led such type of synthetic transformation in a controlled fashion. 

Trahanovsky, reported the CAN induced controlled oxidation of benzyl alcohol 23 to 

their corresponding aldehyde 24 under the acidic condition [Trahanovsky, et al. 1966].
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Syper has also been reported a variety of aldehyde and ketone derivatives 25 from 

toluene and its analogs via aromatic side chain oxidation by CAN reagent under acidic 

condition (Scheme 2.8) [Syper, L. 1966]. 

 

Scheme 2.8: CAN Mediated aromatic side chain oxidation 

In 1995 Thyrann, and co-workers have been reported the hetero-aryl derivative as 

a starting material used for the regioselective oxidation of α-methyl pyrrole derivative 26 

produce the corresponding formyl derivative 27 by means of CAN oxidant (Scheme 2.9) 

[Thyrann, T. et al. 1995]. Mechanistically, the formyl compound 27 had arrived from in-

situ generated alcohol via the second oxidation from the α-methyl derivative 26 under 

CAN mediated acidic condition. 

N
H

RO2C

H3C CH3

CH3 N
H

RO2C

H3C CH3

CHO

26 27

(i) CAN, THF:AcOH:H2O (1:1:2:1), rt, 1h, 55-88%

i

 

Scheme 2.9: CAN induced regioselective pyrrole α-methyl oxidation. 

2.5 Objective of the present work: 

Due to the various oxidation states of transition metal salts under strong acidic 

medium and at elevated temperature, controlled oxidations at that stage of benzyl 

derivative to their corresponding aldehyde are remaining a challenging task in synthetic 

chemistry. The aromatic aldehydes are valuable and dynamic resource for further 

valuable synthetic transformations. Such aldehyde functionality attached with 

biologically important derivative like isatins are more reliable source for further value 

added synthetic transformation. In this aspect, we attempted to carry out the controlled 

and regioselective aromatic methyl group oxidation of the 5-methyl MBH adduct of isatin 

to corresponding aldehydes using CAN as a mild oxidant. Thus, an efficient CAN 
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mediated controlled oxidation of 5-methyl MBH adducts of isatin to 5-formyl MBH 

adducts of isatin (aldehydes), substrate scope and plausible reaction mechanism are 

elaborated in this Chapter. 

2.6  Results and Discussion:  

2.6.1 Preparation of MBH adducts of isatin: 

2.6.1.1 Synthesis of N-alkyl derivatives of isatin: 

The first stage of our target compound synthesis begun with the preparation of 

MBH adduct of isatin from various N-alkylated isatin. Hence, we initiated the preparation 

of N-alkylation of isatin as shown in Scheme 2.10. Thus, the alkylation of 5-methyl isatin 

28 was conducted using methyl iodide and CaH2 as a base in DMF at 60 
o
C for 1h 

reaction time provided the corresponding N-methyl isatin compound 29. The same 

strategy further extended to synthesize a variety of N-alkylated derivatives from isatin 

with alkyl halides such as propargyl bromide, benzyl iodide, allyl bromide etc. and all the 

reactions afforded corresponding alkylated compounds. 

 

Scheme 2.10: Synthesis of N-Alkylation of isatin derivatives. 

Model substrate for initial studies, the N-methyl MBH adduct of isatin 31 has 

been prepared by the treatment of N-methyl isatin 29 in ethanol with methyl acrylate 30 

using DABCO (10 mol %) as catalyst at room temperature afforded compound 31  in 

good yield (84%) and the reaction is shown in Scheme 2.11. 

 

Scheme 2.11: Synthesis of 5-methyl-N-methyl MBH adduct of isatin 31 
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The structure of synthesized compound 31 was characterized by 
1
H NMR 

spectroscopic technique and also compared with the literature data. In a similar fashion 

described above, a variety of MBH adducts of isatin 31a were prepared based on the 

standard literature procedure as showed in Scheme 2.12 [Garden, S. J. et al. 2002; Chung, 

Y. M. et al. 2002]. 

 

Scheme 2.12: Synthesis of 5-methyl-N-alkyl MBH adduct of isatin derivatives.  

2.6.2 CAN mediated side chain oxidation of MBH adducts of 1,5-

dimethyl isatin: 

The aromatic side chain oxidation studies were initiated using MBH adduct of 

1,5-dimethyl isatin 31 as a model substrate. In a preliminary reaction, the adduct 31 when 

treated with 2.1 equivalents of CAN in methanol (2 mL) afforded the side chain oxidized 

product 32 in 48% yield after 4 hour (Scheme 2.13). Even though the reaction mixture 

was allowed to stir up to 8h, the starting materials remained unaltered without any further 

improvement of yield. 

 

Scheme 2.13: CAN oxidation of 5-methyl N-methyl MBH adduct of isatin 31 

Before initiating the optimization, we were interested in characterizing the 

structure of the resulted compound 32. Hence, the structure of functionalized compound 

32 was confirmed by the analysis of detailed spectroscopic data (FTIR, 
1
H, 

13
C NMR and 

FAB-MS). Thus, the FTIR of compound 32 showed two carbonyl absorptions at 1710 



41 

 

and 1725 cm
-1 

which corresponds
 

to the presence of aldehyde and ester groups, 

respectively and the hydroxyl group absorption was observed at 3382 cm
-1

.  

 

Figure 2.2: 
1
H NMR spectrum of 5-formyl MBH adduct of isatin compound 32 

In the proton NMR spectrum, both the N-methyl and ester methyl protons 

appeared as two separate singlets at δ 3.26 and 3.58 ppm, respectively and also the 5-

methyl protons in the starting compound 31 had disappeared (Figure 2.2). The MBH 

adduct olefinic protons discernible as two separate singlets at δ 6.55 and 6.60 ppm.  

Among the three aromatic protons, two protons appeared as a doublet centered at δ 6.97 

and 7.83 ppm with a coupling constant J = 8.4 Hz and the remaining one proton appeared 

as singlet at δ 7.66 ppm. The aldehyde proton appeared as a sharp singlet at δ 9.80 ppm. 

In addition, the newly appeared proton was further confirmed as an aldehyde instead of 

carboxylic acid through D2O exchange studies. The D2O exchange study exhibited that 

there was no chemical shift change in the δ value of aldehyde proton.  

The 
13

C NMR spectrum of compound 32 showed signals at δ 27.21, 52.03 and 

75.27 ppm corresponding to N-methyl, ester methyl and quaternary carbons, respectively 

(Figure 2.3).  The six aromatic and two olefinic carbons were resonated in the region 

between δ 124.65-149.98 ppm. The three carbonyl carbons viz. ester, amide and aldehyde 

appeared at δ 164.58, 176.85 and 190.38 ppm, respectively. 
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Figure 2.3: 
13

C NMR Spectrum of 5-formyl MBH adduct of isatin 32 

Finally, the structure of synthesized compound 32 was supported by the FAB 

mass spectrum as it showed a molecular ion [M
+
] peak at m/z = 275.48 as against 

calculated value m/z = 275.07. The structure was further confirmed by the elemental 

analysis. 

2.6.3 Optimization of aromatic side chain oxidation of MBH adduct of 

isatin: Effect of solvent and catalyst load: 

To optimize the reaction conditions, we have chosen MBH adduct of 1,5-dimethyl 

isatin 31 as a model substrate. Repeating the reaction with various solvents and 2.1 equiv. 

of CAN provided nearly 48-50% yield at various time intervals (Table 2.1, entries 1-5). 

While in aqueous medium, the reaction provided a trace of expected product 32 after 30 

min. The reaction was further allowed stir up to 3h, and there was no improvement in 

yield (Table 2.1, entry 3). The reason may be due to the lack of the solubility of starting 

material 31 in water. Hence, we have used binary solvent system CH2Cl2/H2O (1:1) to 

improve the solubility of the starting material, unfortunately that did not improve the 

yield (Table 2.1, entry 4). The use of another binary solvent system MeOH: CH3CN 

(1:0.5) afforded the desired product in 50% yield within 5 min. reaction time (Table 2.1, 

entry 5). Hence, we have turned our attention to increase the number of equivalents of 

CAN in this reaction. Surprisingly, the gradual increase in the mole equivalents of CAN 

in the reaction significantly increase the yield of the product 32 (Table 2.1, entry 6-8). 

Further fine-tuning the catalytic load in this reaction showed that the 4 equivalents of 
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CAN was necessary to complete (>95%) oxidation (Table 2.1, entry 7). In addition, 

excess load of CAN did not provide any valuable result in this reaction.  

Table 2.1 Optimization of CAN oxidation of 5-methyl MBH adduct of isatin 31  

 

Entry Solvent (2 mL) 
 

CAN (equiv.) Time (min) Yield (%) 

1 MeOH 2 60 48 

2 CH3CN 2 60 47 

3 H2O 2 180 Trace 

4 CH2Cl2/H2O (1:1) 2 60 23 

5 MeOH:CH3CN (1:0.5) 2 5 50 

6 MeOH:CH3CN (1:0.5) 3 5 74 

7 MeOH:CH3CN (1:0.5) 4 5 >95 

8 MeOH:CH3CN (1:0.5) 5 5 >95 

2.6.4  Comparison of CAN reagent with other oxidizing reagents:  

  The efficiency of CAN meditated aromatic side chain oxidation of MBH adducts 

of isatin was compared with other well known oxidizing reagents. The oxidizing reagents 

such as Mn(OAc)3.2H2O, SeO2, KMnO4 and DDQ were screened against 5-methyl MBH 

adduct 31 as model substrate under the optimized condition. The results are given in the 

Table 2.2. Among the various oxidative reagents screened, only CAN was found to be 

effective than other oxidizing reagents. The failure of other reagents with 5-methyl MBH 

adduct of isatin 31 may be due to the absence of harsh reaction conditions such as acidic 

or basic condition and elevated temperatures. 

Table 2.2 Comparative studies between CAN and other oxidative reagents for side chain 

oxidation N-alkyl MBH adduct of isatin.  
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Notably, manganese (III) acetate gave a trace of expected product 32 after 12 h 

(Table 2.2, entry 2). All other reagents showed inertness toward MBH adduct 31 and 

quantitative amount of starting material was recovered. However, the decomposition of 

starting material was observed with DDQ due to over oxidation (Table 2.2, entries 3-5). 

Thus, we can conclude that CAN is an efficient reagent for aromatic side chain oxidation 

of 5-methyl MBH adduct of isatin under acid free and mild reaction condition.  

2.6.5  Substrates screening for side chain oxidation of oxindole 

derivative: 

In order to explore the substrate scope of this mild aromatic side chain oxidation, 

we have selected and tested various oxindole derivatives 33-38 as shown in Figure 2.4.  

N
O

Me

MeO2C
Br
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Me

MeO2C
OMe
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Me Me
Me
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CO2Me

N
O

R

Me
HO

CN

33 yellow 34 pale yellow
35 red

36 red 37 white solid 38 white solid
 

Figure 2.4: Substrate screening of oxindole derivatives for aromatic side chain oxidation.   

Under the optimized reaction conditions, only the 5-methyl MBH adducts such as 

37 and 38 afforded oxidized products in excellent yield (>95%). Unfortunately, other 5-

methyl oxindole derivatives 33-36 did not provide any oxidized product. This preliminary 

Entry Reagent 
 

Yield (%) 
 after 5 min. 

Yield (%)  
after12 h 

1 CAN (4.1 equiv.) >95 >95 

2 Mn(OAc)3.2H2O (1.2 equiv.) - trace 

3 SeO2 (1.2 equiv.) - - 

4 KMnO4 (1.2 equiv.) - - 

5 DDQ (1.2 equiv.) - decomposed 
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investigation suggests that the sp
3
 hybridization at C3 position of isatin core is a 

necessary factor rather than sp
2 

hybridization for a mild CAN oxidation.  

Hence, we have further fine tuned the screening studies concentrating on retaining 

the C3 position with sp
3
 hybridization. Thus, the 3

o
-hydroxyl protected MBH adduct of 

isatin 39 prepared from adduct 37 under standard hydroxyl protecting condition. 

Interestingly, the compound 39 furnished the oxidized product 40 in excellent yield after 

3 h under the optimized conditions (Scheme 2.14).  

 

Scheme 2.14: CAN Oxidation of 3
o
-hydroxyl protected MBH adduct of isatin. 

The experimental studies with protected MBH adducts revealed the importance of 

hydroxyl group on C3 position of oxindole derivatives for CAN oxidation. In the absence 

of hydroxyl group at C3 position, the structure 33-36 has failed to furnish the oxidized 

products. The failure of these substrates 33-36 may be due to the planarity (sp
2 

hybridization) at C3 position. Due to the planar structure, the lone pair of electrons in 

oxindole nitrogen is in resonance with adjacent carbonyl group as shown in B and is not 

available for the CAN mediated oxidation (Figure 2.5). This argument further supported 

in the presence of double bond at C3 position the colour was persist in the substrates 33-

36 due extent of conjugation, which disappeared in MBH adduct of isatin (Figure 2.4, 

entries 33-36). That is way structures 33-36 failed to furnish the expected oxidized 

products. However, in the case of MBH adduct of isatin, the hydroxyl group at C3 

position is involved in intramolecular hydrogen bonding with amide carbonyl group, 

which disrupted the planarity at C2 position. Hence the lone pair of electrons on the 

nitrogen atom is readily available for CAN oxidation and generated the radical cation on 

nitrogen as shown in A (Figure 2.5). The generation of radical cation is a driving force 

for 5-methyl oxidation of MBH adducts of isatin and the mechanism is described in detail 

at the end of this chapter. 
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Figure 2.5: Feasible resonance structure of MBH derivatives 

The importance of hydroxyl group at C3 position in CAN oxidation was further 

supported by the following experiments. The oxindole derived homoallylic alcohol 42 

was synthesized from N-methyl isatin and allyl bromide 41 in presence of indium catalyst 

(Scheme 2.15). The synthesized compound 42 was characterized and compared with the 

reported data by Nair and co-workers [Nair, V. et al. 2001]. Under optimized reaction 

conditions, the homoallylic alcohol 42 was subjected to CAN mediated oxidization and 

the reaction yielded corresponding formyl derivative 43 in >95% after 10 min. It is to be 

noted that in the case of 3
o
-hydroxyl group protected MBH adduct, the side chain 

oxidation is a slow process compared with unprotected MBH adduct and homoallyl 

alcohol under the optimized conditions. These observations implied that the rate of CAN 

oxidation was assisted by hydroxyl group at C3 position via intra molecular hydrogen 

bonding. In other words, the intramolecular hydrogen bonding is responsible in 

enhancing the acidity of 5-methyl MBH adduct of isatin. The detailed spectral data of the 

compound 40 and 43 are given the experimental section. 

 

Scheme 2.15: CAN mediated side chain oxidation of oxindole appended homoallylic 

alcohol. 
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The substrate screening studies showed that the MBH adduct of 5-methyl isatin 

derivatives with sp
3 

hydrization at C3 position and a hydroxyl group at the same are 

necessary in substrates for CAN mediated facile side chain oxidation. 

With excellent preliminary results, we were interested in studying the systematic 

screening of the aromatic alkane oxidation of various 5-methyl MBH adduct isatin 

derivatives. Thus, we have chosen and prepared a number of N-substituted MBH adducts 

with various activated alkene derivatives.   

2.6.6  Substrate scope of CAN oxidation with various activated alkene 

derived MBH adducts of isatin: 

In order to exemplify the generality of CAN mediated aromatic side chain 

oxidation, we have subjected a number of MBH derivatives 43-48 under the optimized 

conditions. All reactions underwent smoothly and furnished the corresponding highly 

functionalized 5-formyl MHB adducts of isatin in excellent yield and the results are given 

in Table 2.3.  

Table-2.3 Generality of CAN oxidation with various activated alkene derived MBH 

adducts. 

Entry Substrates 
43 - 48 

Products 
49 - 54 

Yield (%) 

 
 
1 

 
 

 
 

 
 

>95 

 
 
2 

 
 

 
 

 
 

>95 

 
 
3 

 
 

 
 

 
 

>95 



48 

 

 
 
4 

 
 

 
 

 
 

>95 
 
 
 

 

 
 
5 

 
 

 
 

 
 

>95 

 
6 

 
 

 
 

 
 

>95 

 

It should be noted that the radical sensitive groups such as ester, nitrile and ketone 

appended MBH adduct derivative furnished the corresponding oxidized compound in 

excellent yields without any compensation of rate of the reaction.  

For detailed structural characterization, the compound 50 was chosen and 

established by spectroscopic data analysis. The 
1
H NMR spectrum of compound 50 

showed a sharp singlet at δ 3.24 ppm which corresponds to N-methyl proton and the three 

aromatic protons and two olefinic protons appeared in the deshielding region at δ 6.55 to 

7.88 ppm (Figure 2.6). The ester methylene (-CO2CH2) and the hydroxyl proton 

resonated as a triplet centered at δ 3.96 ppm and a broad singlet at δ 4.53 ppm, 

respectively. Remaining aliphatic protons were accounted and appeared in the region at δ 

0.87-1.88 ppm. The characteristic aldehyde proton appeared as a singlet at δ 9.84 ppm. 
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Figure 2.6: 
1
H NMR Spectrum of compound 50 

The 
13

C NMR spectrum of compound 50 showed N-methyl carbon appearing at       

26.61 ppm (Figure 2.7). The aliphatic n-butyl carbons resonated at δ 13.53, 18.87 and 

30.23 ppm and the adduct ester methylene carbon (-CO2CH2-) resonated at δ 65.01 ppm. 

The characteristic isatin quaternary carbon appeared at δ 75.27 ppm and the six aromatic 

carbons and two olefinic carbons were appeared in the region at δ 108.55-149.97 ppm. 

The three carbonyl groups viz. ester, amide and formyl groups were visible at δ 164.32, 

176.76 and 190.73 ppm, respectively.  

 

Figure 2.7: 
13

C NMR Spectrum of compound 50 

Finally, the assigned structure of compound was supported by FAB mass 

spectrum as it showed a molecular ion [M+1] peak at m/z = 318.45 as against the 

N
O

Me

OHC
HO

CO2
nBu
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calculated value m/z = 317.36. The elemental analysis further supported the synthesized 

compound 50. 

Complete spectroscopic data of all the tabulated compounds were collected in the 

experimental section. All the above experiments supported that the substitution at the 

activated alkene part of the MBH adduct of isatin did not have any role in the yield of the 

side chain oxidation.  

2.6.7  Generality of CAN mediated side chain oxidation with various N-

substituted MBH adduct of isatin: 

 Systematic screening of various N-substituted MBH adduct of isatin furnished the 

expected product and the results are given in Table 2.4. Unlike the activated alkene 

derivatives of MBH adduct of isatin, the CAN oxidation of N-alkyl derived MBH adducts 

was slightly affected by the substituent on nitrogen. Specifically, the un-substituted isatin 

derived MBH adduct 55 and N-propargyl, N-allyl and N-ester derivatives 59-61 provided 

lesser yields even with prolonged reaction time (Table 2.4, entries 1, 5-7). In the case of 

N-ester derivative along with oxidized product 68, nitrated product 69 was also observed 

as an inseparable mixture (1:1 ratio) by silica gel column chromatography with an overall 

combined yield was 98% (Table 2.4, entry 7). The formation of nitro substituted product 

is rationalized through a plausible mechanism and is discussed at the end of the chapter. 

Table-2.4: Generality of the reaction with various N-alkylated MBH adducts. 

Entry Substrates 
55 - 61 

Products 
62 - 68 

Yield (%) 

 
 
1 

 
 

 
 

 
 

87
a
 

 
 
2 

 
 

 
 

 
 

>95 
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3 

 
 

 
 

 
 

>95 

 
 
4 

 
 

 
 

 
 
>95 

 
 
5 

 
 

 
 

 
 
67 

 
 
6 

 
 

 
 

 
 
86 

 
 
7 

 
 

 
 

 
 
48

a
 

a
Mixture of two products, over all yield 98%. 

The structure of synthesized compound 66 was determined based on the detail of 

spectroscopic analysis (FTIR, 
1
H, 

13
C NMR, and FAB-MS). The FTIR spectrum of 

compound 66 showed the carbonyl absorptions at 1676, 1710 and 1724 cm
-1

 due to the 

presence of aldehyde amide, and ester, respectively. The absorption of hydroxyl group 

was observed at 3387 cm
-1

.  

In 
1
H NMR spectrum, the propargyl terminal proton was visible as a triplet 

centered at δ 2.33 ppm and the methylene proton appeared as a doublet centered at δ 4.55 

ppm with a coupling constant J = 2.3 Hz (Figure 2.8). The ester methyl and hydroxyl 

proton appeared as a singlet and a broad singlet at δ 3.62 ppm and 3.68 ppm, respectively. 
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The aromatic and olefinic protons resonated in the deshielding region at δ 6.54-7.90 ppm. 

The characteristic aldehyde proton appeared as a singlet at δ 9.88 ppm.  

 

Figure 2.8: 
1
H NMR Spectrum of compound 66 

The proposed structure was further supported by 
13

C NMR spectrum, which 

showed a signal at δ 56.42 ppm assigned to ester methyl carbon (Figure 2.9). The 

characteristic acetylene carbons of propargyl functionality were visible at δ 67.43 ppm 

and 71.02 ppm, respectively. The N-methylene carbon (N-CH2-) and quaternary carbons 

resonated at δ 29.78 ppm and 75.79 ppm, respectively. The remaining six aromatic 

carbons, two terminal olefinic carbons were accounted and appeared in the region at δ 

109.27-149.53 ppm. The carbonyl functionality of amide, ester and formyl groups 

appeared at δ 164.37, 178.25 and 198.21 ppm, respectively.  

 

Figure 2.9: 
13

C NMR Spectrum of compound 66 
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The structure of the compound was supported by FAB mass spectrum showing 

the [M+1]
 
peak at m/z = 300.67 as against calculated value m/z = 299.06. The elemental 

analysis confirmed the assigned structure.  

All the N-substituted MBH derivatives furnished the 5-formyl MBH adduct under 

the optimized reaction condition with CAN except N-ester MBH adduct (Scheme 2.16). 

The N-ester MBH derivatives 61 furnished the desired product 68 along with 5-methyl 

nitrated MBH derivatives 69 as a inseparable mixture (1:1 ratio) by silica gel column 

chromatography in excellent combined yield (>95%). This nitrated derivative 

characterized by spectroscopic technique and the compound formation has been 

rationalized through a mechanistic postulate as discussed in the following section.  

 

Scheme 2.16: Aromatic side chain oxidation of N-ester MBH adduct of isatin 61 

 The FTIR spectrum of mixture of compounds showed the presence of functional 

groups such as nitro, aldehyde, ester and amide absorption peaks at 1356, 1678, 1710 and 

1726 cm
-1

, respectively. The hydroxyl group absorption appeared at 3377 cm
-1

.  

 In the 
1
H NMR spectrum, the N-methyl proton of the compounds 68 and 69 

merged with each other and appeared as a singlet at δ 3.63 ppm (Figure 2.10). The ester 

methyl group of compounds 68 and 69 appeared as two separate singlets at δ 4.00 ppm 

and 4.02 ppm. The characteristic NO2CH2- group methyl proton resonated as singlet at δ 

5.29 ppm. The compound 68 and 69 aromatic and olefinic protons were accounted and 

appeared in deshielding  region at δ 6.52 -8.12 ppm. The characteristic formyl proton was 

visible at δ 9.26 ppm. 
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Figure 2.10: 
1
H NMR Spectrum of compounds 68 and 69 

  The 
13

C NMR spectrum of the compounds 68 and 69 supported the characterized 

structure and the nitromethylene (O2NCH2-) carbon appeared at δ 48.35 ppm and the 

aldehyde carbonyl carbon at δ 196.26 ppm (Figure 2.11). All the remaining carbons were 

resonated on their respective characteristic region of assigned structures. 

 

Figure 2.11: 
13

C NMR Spectrum of compounds 68 and 69 

Finally, the structure of the compounds 68 and 69 were further supported by FAB 

mass spectrum as it showed the molecular ion [M
+
]
 
and [M+1] peak at m/z = 319.17 and 

m/z = 351.29 corresponding to structure 68 and 69 as against the calculated values m/z = 

319.06 and m/z = 350.07, respectively (Figure 2.12). 



 

Figure 2.12

2.7 Mechanistic postulates

oxidation of MBH adduct of isatin:

 Initially, the lone pair of electron on the nitrogen atom of MBH adduct of isatin 

underwent oxidation with 1 equiv. of CAN reagent and g

radical cation intermediate 

proton and an electron with

generated intermediate E

or CAN reagent based the electronic environment on the nitrogen of MBH adduct. 

 The formation of product 

the electronic flow toward 5

nitrogen centre. As a result, the third equivalent of CAN helped to cleavage of nitro 

group of CAN in the MBH adduct. While in the case of 

nucleophilic attack with intermediate 

1966]. The intermediate undergoes further oxidation with two equiv. of CAN furnished 

the final product H. This mechanistic scenario is accounted and it highlights the essential 

requirement of 4 equiv. of CAN for the side chain oxidation 

isatin (Scheme 2.17). 

55 

Figure 2.12: FAB Mass spectrum of compounds 68 and 69

Mechanistic postulates: CAN mediated aromatic side chain 

oxidation of MBH adduct of isatin: 

Initially, the lone pair of electron on the nitrogen atom of MBH adduct of isatin 

underwent oxidation with 1 equiv. of CAN reagent and generated resonance stabilized 

radical cation intermediate B. This resonance stabilized structure B subsequently loses a 

proton and an electron with second equiv. of CAN to form intermediate 

E can readily undergoes the nucleophilic attack either with water 

or CAN reagent based the electronic environment on the nitrogen of MBH adduct. 

The formation of product J can be accounted, when R = CO2Me as it diminished 

the electronic flow toward 5-methyl group through the stabilization of radical at the 

nitrogen centre. As a result, the third equivalent of CAN helped to cleavage of nitro 

group of CAN in the MBH adduct. While in the case of R = alkane, water undergoes 

nucleophilic attack with intermediate E and furnished the alcohol intermediate [Syper 

1966]. The intermediate undergoes further oxidation with two equiv. of CAN furnished 

. This mechanistic scenario is accounted and it highlights the essential 

requirement of 4 equiv. of CAN for the side chain oxidation of 5-methyl MBH adduct of 

 

69 

mediated aromatic side chain 

Initially, the lone pair of electron on the nitrogen atom of MBH adduct of isatin A 

enerated resonance stabilized 

subsequently loses a 

second equiv. of CAN to form intermediate E. Now the 

eophilic attack either with water 

or CAN reagent based the electronic environment on the nitrogen of MBH adduct.  

Me as it diminished 

ion of radical at the 

nitrogen centre. As a result, the third equivalent of CAN helped to cleavage of nitro 

= alkane, water undergoes 

ntermediate [Syper 

1966]. The intermediate undergoes further oxidation with two equiv. of CAN furnished 

. This mechanistic scenario is accounted and it highlights the essential 

methyl MBH adduct of 
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Scheme 2.17: Mechanistic rationalization of CAN mediated side chain oxidation and 

nitration of MBH adduct of isatin. 
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2.8 Conclusions: 

� We have developed a mild and efficient synthetic route for the regioselective 

oxidation of 5-methyl MBH adduct of isatin to 5-formyl MBH adduct of isatin 

with CAN in an acid free reaction condition. 

 

� The methodology has been demonstrated with a number of substrates. These 

highly functionalized MBH derivatives can be used as synthon for the synthesis of 

oxindole core natural products. 

   

� The aromatic side chain oxidation and 5-methyl nitrated product formation are 

explained via plausible reaction mechanism. The number of equivalents of CAN 

used in the reaction and formation of unexpected product was explained by a 

mechanistic outlook.  

 

� All the synthesized new compounds were characterized by spectroscopic methods. 
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2.9  Experimental section:  

2.9.1 General considerations:  

All the reactions were carried out in oven-dried glassware. Progress of reactions 

was monitored by Thin Layer Chromatography (TLC) while purification of crude 

compounds was done by column chromatography using silica gel (100-200 mesh). 

Melting points were recorded on a Buchi melting point apparatus and are uncorrected. 

NMR spectra were recorded at 500 and 300 MHz (based on availability of instruments)  

125 and 75 MHz (for 
13

C) respectively on  Brucker Avance DPX-500 MHz. and Bruker 

Avance DPX-300 MHz. Chemical shifts are reported in δ (ppm) relative to TMS (
1
H) or 

CDCl3 (
13

C) as internal standards. Mass spectra were recorded using JEOL JMS 600H 

mass spectrometer. IR spectra were recorded on Bomem MB series FT-IR spectrometer; 

absorbencies are reported in cm
-1

.
 

Yields refer to quantities obtained after 

chromatography. 

2.9.2 General experimental procedure for alkylation of isatin: 

 A mixture of isatin (1 mmol), alkyl bromide/iodide (1.5 equiv.) and calcium 

hydride (3 equiv.) in DMF was stirred at 60 
º
C for 1 hour. After completion of the 

reaction (monitored by TLC), the crude mixture was diluted with water, neutralized with 

2N HCl and extracted using ethyl acetate. The organic layer was separated and dried over 

anhydrous Na2SO4 and concentrated in vacuo.  The crude product obtained was purified 

by silica gel chromatography using EtOAc:Hexane (20:80) as eluent to afford the desired 

N-alkyl isatin derivatives in excellent yield (89-95%). 

2.9.3 General procedure for the preparation of MBH adducts: 

 A mixture of N-alkyl isatin (1 mmol), activated alkene (1.2 equiv.), DABCO (20 

mol %) in EtOH (5 mL) was stirred at room temperature for 3-4 days. After completion 

of the reaction (monitored by TLC), the reaction mixture was diluted with ethyl acetate. 

The organic layer was washed successively with 2N HCl, water and brine. The organic 

layer was separated and dried over (Na2SO4) and concentrated in vacuo. The crude 

product obtained was purified by silica gel column chromatography using EtOAc:Hexane 

(20: 80) as eluent to afford the desired MBH adducts of N-alkyl isatin. 
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2.9.4 Characterization of compounds: 

 

 

 

 

 

 

Compound 31 

Colourless solid, Mp: 148-150 °C;  

Rf : 0.48 (25% EtOAc-Hexane);  

IR (CH2Cl2) νmax: 1615, 1711, 1723, 2856, 3096, 

3317 3341cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.34 (s, 3H), 

2.45 (bs, 1H), 3.26 (s, 3H), 3.72 (s, 3H),  6.41 (s, 1H), 

6.56 (s, 1H), 6.88 (d, J = 7.80 Hz, 1H), 7.19 (s, 1H), 

7.32 (d, J = 7.80 Hz, 1H);
  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 22.73, 24.75, 

52.26, 70.55, 110.39, 123.62, 124.13, 128.03, 129.08, 

130.72, 139.24, 143.27, 165.33, 176.47;  

FAB mass: Calcd. for C14H15NO4 m/z = 261.10; 

Found: 261.12 (M
+
);  

Elemental Analysis: Calcd. for C14H15NO4: C, 

64.36; H, 5.79; N, 5.36; Found: C, 64.35; H, 5.75; N, 

5.38. 

2.9.5 General procedure for CAN oxidation 5-methyl MBH adduct of 

isatin:  

 A mixture of various activated alkene derived MBH adduct (1 mmol), with 

cerium ammonium nitrate (4.1 equiv,) in MeOH: CH3CN (1:0.5; 3 mL) was allowed to 

stir at room temperature for 5–30 min. The progress of the reaction was monitored by 

TLC. After the completion of the reaction, the solvent was removed under reduced 

pressure. The crude reaction mixture was extracted with dichloromethane and washed 

with water and brine. The organic layer was separated and dried over (Na2SO4) and 

concentrated in vacuo to afford pure functionalized aldehyde product after passing 

through a silica gel column chromatography. 
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2.9.6 Characterization of compounds: 

 

 

 

 

 

 

 

Compound 32 

 

 

Colourless viscous liquid; 

Rf: 0.48 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1607, 1679, 1710, 1725, 2767, 2854, 

3095, 3382 cm
-1

;
   

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.26 (s, 3H), 3.58 

(s, 3H), 4.53 (bs, 1H), 6.55 (s, 1H), 6.60 (s, 1H), 6.97 

(d, J = 8.4 Hz, 1H), 7.66 (s, 1H), 7.83 (d, J =                   

8.4 Hz, 1H), 9.80 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): 27.21, 52.03, 

75.27, 124.65,  130.73, 131.85, 133.70, 133.91, 134.88, 

138.72, 149.98, 164.58, 176.85, 190.38; 

FAB mass: Calcd. for C14H13NO5 m/z = 275.07; Found: 

275.48 (M
+
); 

Elemental Analysis: Calcd. for C14H13NO5: C, 61.09; 

H, 4.76; N, 5.09; Found: C, 61.06; H, 4.73; N, 5.06. 

 

 

 

 

 

 

 

Compound 49 

 

Colourless viscous liquid; 

Rf : 0.46 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1611, 1676, 1711, 1728, 2761, 2856, 

3096, 3389 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 1.22 (t, J = 6.2 

Hz, 3H), 3.24 (s, 3H), 4.01 (q, J = 6.2, 5.5 Hz, 2H), 

4.43 (bs, 1H), 6.51 (s, 1H), 6.56 (s, 1H), 6.86 (d, J = 7.9 

Hz, 1H), 7.42 (s, 1H), 7.55 (d, J = 7.9 Hz, 1H), 9.81 

(s,1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 14.32, 23.65, 

52.67, 75.54, 108.23, 124.65, 130.65, 131.34, 133.21, 

134.76, 138.72, 149.92, 164.43, 176.56, 190.38; 

FAB mass: Calcd. for C15H15NO5 m/z = 289.09; Found: 

290.48 (M+1); 
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Elemental Analysis: Calcd. for C15H15NO5: C, 62.28; 

H, 5.23; N, 4.84. Found: C, 62.22; H, 5.21; N, 4.80. 

 

 

 

 

 

 

 

 

Compound 50 

 

 

 

Colourless viscous liquid; 

Rf: 0.48 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1607, 1673, 1712, 1728, 2771, 2876, 

3100, 3391; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 0.87 (t, J = 4.2 

Hz, 3H,), 1.25 (m, 2H), 1.88 (q, J = 4.2, 3.5 Hz,  2H), 

3.24 (s, 3H), 3.96 (t, J = 4.2 Hz, 2H), 4.53 (bs, 1H), 

6.55 (s, 1H), 6.64 (s, 1H), 6.98 (d, J = 8.5 Hz, 1H), 7.69 

(s, 1H), 7.86 (d, J = 8.5 Hz, 1H), 9.84 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 13.53, 18.87, 

26.61, 30.23, 65.01, 75.27, 108.55, 123.99, 128.37, 

130.54, 131.83, 134.40, 138.72, 149.97, 164.32, 176.76, 

190.73; 

FAB mass: Calcd. for C17H19NO5 m/z = 317.36; Found: 

318.45 (M
 
+1);  

Elemental Analysis: Calcd. for C17H19NO5: C, 64.34; 

H, 6.03; N, 4.41; Found: C, 64.32; H, 6.01; N, 4.40. 

 

 

 

 

 

 

 

Compound 51 

Colourless viscous liquid; 

Rf: 0.42 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1612, 1686, 1716,1724, 2767, 2876, 

3086, 3399;   

1
H NMR (CDCl3/TMS, 300.1 MHz): 2.64 (s, 3H), 3.22 

(s, 3H), 3.87 (bs, 1H), 6.58 (s, 1H), 6.63 (s, 1H), 6.85 

(d, J = 8.0 Hz, 1H), 7.41(s, 1H), 7.65 (d, J = 8.5 Hz, 

1H), 9.84 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 23.24, 31.04, 

75.27, 108.75, 123.38, 124.65, 130.73, 131.85, 133.91, 
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134.88, 148.98, 176.85, 190.34, 192.52; 

FAB mass: Calcd. for C14H13NO4 m/z = 259.34; Found: 

259.12 (M
+
);  

Elemental Analysis: Calcd. for C14H13NO4: C, 64.86; 

H, 5.05; N, 5.40. Found : C, 63.66; H, 5.11; N, 5.32. 

 

 

 

 

N

O

Me

OHC
HO

CN

 

Compound 52 

 

Colourless viscous liquid; 

Rf: 0.44 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1611, 1687, 1706, 1726, 2254, 2765, 

2967, 3391 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.29 (s, 3H), 4.55  

(bs, 1H), 6.26 (s, 1H), 6.46 (s, 1H), 7.08 (d, J = 8.1 Hz, 

1H), 7.42 (s, 1H), 7.66 (d, J = 8.1 Hz, 1H), 9.93 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 27.06, 76.01, 

105.42, 115.16, 122.14, 125.30, 127.99, 132.11, 132.72, 

134.77, 148.69, 174.52, 190.40; 

FAB mass: Calcd. for C13H10N2O3 m/z = 242.23; 

Found: 243.48 (M+1);  

Elemental Analysis: Calcd. for C13H10N2O3: C, 64.46; 

H, 4.16; N, 11.56. Found: C, 63.32; H, 4.09; N, 11.50. 

 

 

 

 

 

 

 

Compound 53 

Colourless viscous liquid; 

Rf: 0.45 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1056, 1613, 1690, 1711, 1727, 2776, 

2967, 3391 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.21 (s, 3H), 4.59 

(bs, 1H), 6.45 (s, 1H), 6.53 (s, 1H), 6.99 (m, 3H), 7.35 

(m, 3H), 7.42 (d, J = 7.5 Hz, 1H), 7.43 (d, J = 7.5 Hz, 

1H), 9.75 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 23.46, 75.65, 

108.23, 122.61, 125.45, 126.87, 126.91, 128.32, 129.02 
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 (2C), 129.89 (2C), 131.76, 133.43, 133.54, 142.84, 

172.45, 191.85; 

FAB mass: Calcd. for C18H15NO5S m/z = 357.06; 

Found: 358.12 (M
 
+1);  

Elemental Analysis: Calcd. for C18H15NO5S: C, 60.49; 

H, 4.23; N, 3.92. Found: C, 60.01; H, 4.13; N, 3.72. 

 

 

 

 

 

 

Compound 54 

 

Colourless viscous liquid; 

Rf: 0.43 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1370, 1611, 1685, 1712, 1726, 2785, 

2967, 3391cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.22 (s, 3H), 4.42 

(bs, 1H), 6.54 (s, 1H), 6.59 (s, 1H), 6.81 (m, 3H), 7.28 

(m, 3H), 7.39 (d, J = 7.5 Hz, 1H), 7.41(d, J = 7.5 Hz, 

1H), 9.87 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 23.45, 75.35, 

108.46, 121.61, 124.32, 124.52 (2C), 125.67, 126.31 

(2C), 128.30, 129.89, 131.21, 133.24, 133.56, 143.25, 

172.46, 191.36; 

FAB mass: Calcd. for C18H15NO6S m/z = 373.06; 

Found: 374.25 (M
 
+1); 

Elemental Analysis: Calcd. for C18H15NO6S: C, 57.90; 

H, 4.05; N, 3.75; Found: C, 56.92; H, 3.95; N, 3.76. 

2.9.7   Procedure for protection of 3
o
-Hydroxyl group of MBH 

adduct of isatin: 

           A mixture of MBH adduct of isatin (1 mmol), acetic anhydride (1.5 equiv.) in 

dry CH2Cl2 with dry pyridine (0.3 mmol) was allowed to stir at 0 
o
C for 4 hour. After 

the completion of the reaction, the solvent was removed under reduced pressure. The 

crude reaction mixture was work up with 2N HCl and extracted with dichloromethane 

and washed with water and brine. The organic layer was separated and dried over 
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(Na2SO4) and concentrated in vacuo, to afford pure 3-hydroxyl protected MBH 

adduct after passing through a silica gel column chromatography. 

2.9.8 Characterization of compounds: 

 

 

 

 

Compound 40 

Colourless viscous liquid; 

Rf: 0.46 (20% EtOAc-Hexane); 

IR (Neat) νmax: 1606, 1681, 1713, 1722, 2765,  2855, 

3092, 3387 cm
-1

;
   

1
H NMR (CDCl3/TMS, 300.1 MHz): 2.13 (s, 3H), 3.25 

(s, 3H), 3.56 (s, 3H), 6.55 (s, 1H), 6.61 (s, 1H), 6.95 (d, 

J = 8.1 Hz, 1H), 7.66 (s, 1H), 7.83 (d, J = 8.1 Hz, 1H), 

9.81 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): 19.23, 27.21, 

52.03, 74.24, 123.65,  131.73, 131.86, 133.71, 133.92, 

134.87, 138.73, 149.97, 164.38, 166.85, 176.83, 

190.35; 

FAB mass: Calcd. for C16H15NO6 m/z = 317.09. 

Found: 317.48 (M
+
); 

Elemental Analysis: Calcd. for C16H15NO6: C, 60.57; 

H, 4.77; N, 4.41. Found: C, 61.56; H, 4.73; N, 4.39. 

 

 

 

 

 

Compound 43 

Colourless viscous liquid; 

Rf : 0.44 (25% EtOAc-Hexane); 

IR (CH2Cl2): νmax: 1343, 1476, 1481, 1634, 1725, 1781, 

2938 cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): 3.27 (s, 3H), 3.62 

(m, 1H), 3.79 (m, 1H), 5.09 (d, J = 10.5 Hz, 1H), 5.15 

(d, J = 10.5 Hz, 1H) 5.82 (m, 1H), 6.85 (d, J = 7.5 Hz, 

1H), 7.03 (d, J = 7.5 Hz, 1H), 7.10 (s, 1H), 9.81 (s, 1H);
  

13
C NMR(CDCl3/TMS, 125.7 MHz): δ 26.43, 41.89, 

80.28, 108.30, 116.75, 122.82, 126.87, 128.25, 130.39, 
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134.01, 145.31, 164.70, 174.19;  

FAB mass: Calcd. for C13H13NO3 m/z = 231.09; Found: 

232.32 (M+1); 

Elemental Analysis: Calcd. for C13H13NO3: C, 67.52; 

H, 5.67; N, 6.06; Found: C, 67.56; H, 5.53; N, 6.02. 

2.9.9 General procedure for CAN oxidation reaction of N-alkylated 

MBH adduct of isatin: 

A mixture of various N-alkyl derived MBH adduct (1 mmol), 4.1 equiv. of cerium 

ammonium nitrate in MeOH: CH3CN (1:0.5; 3 mL) was allowed to stir at room 

temperature for 5–30 min. The progress of the reaction was monitored by TLC. After the 

completion of the reaction, the solvent was removed under reduced pressure. The crude 

reaction mixture was extracted with dichloromethane and washed with water and brine. 

The organic layer was separated and dried over (Na2SO4) and concentrated in vacuo to 

afford pure functionalized aldehyde after passing through a silica gel column 

chromatography. 

2.9.10   Procedure for protection of 3
o
-Hydroxyl group of MBH adduct 

of isatin: 

         A mixture of MBH adduct of isatin (1 mmol), acetic anhydride (1.5 equiv.) in dry 

CH2Cl2 with dry pyridine (0.3 mmol) was allowed to stir at 0 
o
C for 4 hour. After the 

completion of the reaction, the solvent was removed under reduced pressure. The crude 

reaction mixture was work up with 2N HCl and extracted with dichloromethane and 

washed with water and brine. The organic layer was separated and dried over (Na2SO4) 

and concentrated in vacuo, to afford pure 3-hydroxyl protected MBH adduct after passing 

through a silica gel column chromatography. 

2.9.11 Characterization of compounds: 

 

 

 

Colourless viscous liquid; 

Rf : 0.46 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1606, 1680, 1706, 1726, 2768, 2854, 

3095, 3382, 3492 cm
-1

;   



66 

 

 

Compound 62 

 

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.59 (s, 3H), 4.07 

(bs, 1H), 6.54 (s, 1H), 6.61(s, 1H), 7.04 (d, J = 7.5 Hz, 

1H), 7.63 (s, 1H), 7.68 (d, J = 7.5 Hz, 1H), 8.21(s, 1H), 

9.87 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 52.32, 75.02, 

108.23, 121.23, 123.64, 126.32, 131.31, 137.75, 139.25, 

142.05, 162.26, 174.56, 192.82; 

FAB mass: Calcd. for C13H11NO5 m/z = 261.06; Found: 

262.56 (M
 
+1);  

Elemental Analysis: Calcd. for C13H11NO5: C, 59.77; 

H, 4.24; N, 5.36. Found: C, 58.13; H, 4.13; N, 5.16. 

 

 

 

 

Compound 63 

 

Colourless viscous liquid; 

Rf : 0.44 (20%  EtOAc-Hexane); 

IR (CH2Cl2): 1607, 1675, 1710, 1728, 2768, 2890, 

3386 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): 1.32 (t, J = 6.4 

Hz, 3H), 3.60 (s, 3H), 3.82 (q, J = 6.4 Hz, 2H), 4.36 (bs, 

1H), 6.57 (s, 1H), 6.63 (s, 1H), 7.00 (d, J = 8.0 Hz, 1H), 

7.69 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 9.83 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): 11.51, 35.75, 

52.07, 75.28, 108.82, 123.60, 124.84, 128.44, 130.74, 

131.66, 138.58, 149.26, 164.67, 176.38, 190.63;  

FAB mass: Calcd. for C15H15NO5 m/z = 289.28; Found: 

290.59 (M+1);  

Elemental Analysis: Calcd. for C15H15NO5: C, 62.28; 

H, 5.23; N, 4.84; Found: C, 61.16; H, 5.22; N, 4.23. 

 

 

 

 

Colourless viscous liquid; 

Rf: 0.43 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1606, 1678, 1710, 1728, 2772, 2890, 
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Compound 64 

 

2900, 3386 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 1.53 (d, J = 7.8 

Hz, 6H), 3.60 (s, 3H), 4.28 (bs, 1H), 4.58 (sep, J = 7.8, 

7.4 Hz, 1H), 6.56 (s, 1H), 6.60 (s, 1H), 7.11 (d, J = 8.16 

Hz, 1H), 7.63 (s, 1H), 7.86 (d, J = 8.16 Hz, 1H), 9.81 (s, 

1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 21.05 (2C), 42.31, 

53.64, 75.63, 109.23, 121.76, 123.64, 126.89, 131.34, 

137.46, 139.74, 142.23, 162.22, 174.54, 192.18; 

FAB mass: Calcd. for C16H17NO5 m/z = 303.11; Found: 

303.25 (M
+
);  

Elemental Analysis: Calcd. for C16H17NO5: C, 63.36; 

H, 5.65; N, 4.62; Found: C, 62.24; H, 5.45; N, 4.36. 

 

 

 

 

 

Compound 65 

 

Colourless viscous liquid; 

Rf: 0.48 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1607, 1668, 1716, 2771,  2878, 3100, 

3386 cm 
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.60 (s, 3H), 4.28 

(bs, 1H), 4.58 (m, 2H), 6.56 (s, 1H), 6.60 (s, 1H), 7.11 

(m, 3H), 7.46 (m, 2H), 7.62 (m,  3H), 9.81(s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 42.23, 52.43, 

74.98, 109.31, 121.24, 122.05, 123.66 (2C), 123.79, 

124.29 (2C), 124.75, 125.79, 131.01, 132.56, 133.23, 

133.67, 162.36, 174.33, 191.82; 

FAB mass: Calcd. for C20H17NO5 m/z = 351.11; Found: 

352.32 (M
 
+1);  

Elemental Analysis: Calcd. for C20H17NO5: C, 68.37; 

H, 4.88; N, 3.99. Found:  C, 67.97; H, 4.45; N, 3.76. 
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Compound 66 

 

Colourless viscous liquid; 

Rf: 0.48 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1607, 1676, 1710,  1724, 2268, 2771, 

2890, 3306, 3387 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): 2.33 (t, J = 2.3 

Hz, 1H), 3.62 (s, 3H), 3.68 (bs, 1H), 4.55 (d, J = 2.3 Hz, 

2H), 6.54 (s, 1H), 6.66 (s, 1H), 7.24 (d, J = 8.1 Hz, 1H), 

7.74 (s, 1H), 7.90 (d, J = 8.1 Hz, 1H), 9.88 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 29.78, 56.42, 

67.43, 71.02, 75.79, 109.27, 117.35, 123.67, 127.56, 

133.76, 134.57, 138.23, 149.53, 164.37, 178.25, 198.21. 

FAB mass: Calcd. for C16H13NO5 m/z = 299.06; Found: 

300.67 (M
 
+1);  

Elemental Analysis: Calcd. for C16H13NO5: C, 64.21; 

H, 4.38; N, 4.68; Found: C, 63.91; H, 4.14; N, 4.46. 

 

 

 

 

 

 

Compound 67 

 

Colourless viscous liquid; 

Rf: 0.48 (20%  EtOAc-Hexane); 

IR (Neat) νmax: 1608, 1667, 1715, 2772, 2878, 3103, 

3389 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.57 (s, 3H), 4.23 

(bs, 1H), 4.38 (m, 1H), 4.49 (m, 1H), 5.09 (d, J = 10.5 

Hz, 1H), 5.16 (d, J = 10.5 Hz, 1H), 5.82 (m, 1H), 6.59 

(s, 1H), 6.61(s, 1H) 6.85 (d, J = 7.5 Hz, 1H), 7.02 (s, 

1H), 7.10 (d, J = 7 Hz, 1H), 9.82 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): 42.91, 51.89, 

74.98, 108.30, 116.75, 122.82, 124.14, 126.87, 128.25, 

130.39, 134.01, 138.03, 145.31, 164.70, 174.19, 191.20; 

FAB mass: Calcd. for C16H15NO5 m/z = 301.09; Found: 

301.45 (M
+
);  

Elemental Analysis: Calcd. for C16H15NO5: C, 63.78; 
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H, 5.02; N, 4.65; Found:  C, 62.88; H, 4.91; N, 4.61. 

 

 

 

 

Compound 68 

 

Colourless viscous liquid; 

Rf: 0.45 (25%  EtOAc-Hexane); 

IR (Neat): 1356, 1546, 1609, 1678, 1726, 2776, 2856,  

3377 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): 3.63 (s, 6H), 4.00 

(s, 3H), 4.02 (s, 3H), 4.26 (bs, 2H), 5.29 (s, 2H), 6.58 

(m, 4H), 7.19 (s, 1H), 7.41 (m, 1H), 7.68 (s, 1H), 7.86 

(m, 1H), 7.89 (m,1H), 8.12 (m, 1H), 9.26 (s, 1H); 

 

Compound 69 

 

13
C NMR (CDCl3/TMS, 75.4 MHz): 48.35, 52.53 (2C), 

52.75 (2C), 75.91, 76.01, 111.60, 112.05, 112.62, 

114.71, 118.35, 124.29, 125.71, 127.27, 128.07, 129.34, 

131.47, 137.85, 144.18, 146.24, 146.92, 148.17, 168.65 

(2C), 171.23, 173.25, 182.31, 184.65, 196.26; 

FAB mass: Calcd. for C15H13NO7 m/z = 319.06; Found: 

319.17 (M
+
);  

FAB mass: Calcd for C15H14N2O8 m/z = 350.07; Found: 

351.29 (M+1);  

Elemental Analysis: Calcd. for C29H27N3O15: C, 52.97; 

H, 4.14; N, 6.39; Found:  C, 52.81; H, 4.11; N, 6.12. 
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Chapter III 

 

Abstract:  

Synthesis of highly functionalized allene appended oxindoles derivatives 

from vinyl propargyl ether derivatives of Morita-Baylis-Hillman adducts of 

isatin via Claisen rearrangement has been achieved. Synthetic utility of allene 

derivatives obtained have been demonstrated with the synthesis of methyl 2,5-

dihydro-5-methyl-2-(1-methyl-2-oxindolin-3-ylidene)furan-3-carboxylates in 

one-pot cyclization reaction under basic condition. A plausible mechanism of the 

reaction is described.    

 

Shanmugam, P. et al. Synlett. 2012, 23, 278-284 
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Chapter III 

Synthesis of Highly Functionalized Allene and 

Dihydrofuran Appended Oxindoles via Claisen 

Rearrangement and Base Induced Cyclization 

3.1 Introduction: 

The discovery of the Claisen rearrangement nearly a century ago offered a 

potentially useful synthetic tool to the organic chemist. Over the decades this usefulness 

has been realized and the reaction has drawn the attention of numerous research groups, 

which has been reflected in a number of papers published on this topic. [Dong, D. -J. et 

al. 2011; Hordern, B. K. 2010; Chen, Z. -H. et al. 2011; Knowles, R. R. et al. 2011]. 

Reactions that occur in tandem or generate functionality that is easily transformed in 

sequential processes provide an opportunity to rapid increase of complexity in organic 

structures. Use of the Claisen rearrangement reaction [Ziegler, F. E. 1977; 1988; Lutz, R. 

P.1984; Ito, H. 1999] in  these sequence with other processes such as the Heck reaction 

[Dounay, A. B. et al. 2003], Morita–Baylis–Hillman (MBH) [Basavaiah, D. et al. 2003], 

cycloaddition [Herndon, W. C. 1972], metathesis, and free radical reactions have greatly 

enhanced its value [Basset, J-M. et al. 2010; Ryu, I. et al. 1996]. An added advantage, 

the highly functionalized oxindoles frame work incorporated MBH adduct involved 

reaction are important and the resulted compounds were closely related to the numerous 

pharmacological structures [Smith, C. D. et al. 1995; Zhang, X. et al. 1996]. Hence, 

combined utilization of propargyl isomerized MBH isatin derivatives and Claisen 

rearrangement protocol would provide highly functionalized products which can be a 

new class of synthons for further synthetic modification. The synthesis of isolable allene 

derivatives from the propargyl derivatives is well documented and also utilized as active 

intermediate in a number of synthetic transformations. [Fandrick, D. R. et al. 2009; 

Zhou, H. et al. 2011]. To realize these themes, we synthesized molecules with 

consecutive two stereogenic centered, highly functionalized, allene appended oxindoles 

framework from MBH adduct of isatin via a classical [3,3]-Claisen rearrangement and 
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they are presented in this chapter. In addition, we dealt with the highly functionalized 

allene appended oxindoles framework for the synthesis dihydrofuran appended oxindole 

derivatives via base induced intramolecular cyclization process. 

3.1.1  Claisen rearrangement:  

The Claisen rearrangement reaction exhibits all the essential properties required 

by a synthetic procedure to be considered as efficient: it can be chemo-, regio-, diastereo, 

and enantioselective, can be performed under mild conditions and affords potentially 

useful multi-functionalized molecules. The term “Claisen rearrangement” was originally 

applied to rearrangements of allyl aryl ethers to afford ortho- and occasionally para-

substituted phenols [Woodward, R. B. et al. 1969]. Initially, a synchronic evolution for 

the Claisen rearrangement reactions through aromatic transition state was accepted, 

formed by a combination of π and σ overlap of 2p atomic orbitals of the carbon atoms of 

both the allyl fragments. Afterwards it was expanded to analogue rearrangement such as 

allyl vinyl derivatives into unsaturated carbonyl compounds, which is classified as [3,3]-

sigmatropic rearrangement (Figure 3.1). 

 

Figure 3.1: General representation of allyl vinyl analogue of Claisen rearrangement 

reaction. 

It was concluded that the transformation of allyl vinyl ethers into unsaturated 

carbonyl compounds has been formed out of the two feasible transition states, the 

reaction proceeded through either chair like intermediates A or boat like intermediates B 

(Figure 3.2) [Doering, W. v. E. et al. 1962]. The formation of transition state in this 

reaction can also be controlled by the substitution on reactant and catalytic system 

involved in the reaction. According to the Woodward-Hoffmann rules for [3,3]-

sigmatropic reactions, both transition states A and B are the only ones corresponding to 

supra-supra processes and therefore symmetry allowed process under thermal condition. 



73 

 

 

Figure 3.2: Pictorial representation of Claisen rearrangement transition states and 

orbital interactions. 

The interest generated by the Claisen rearrangement prompted the development 

of a considerable number of diverse and analogue versions of [3,3]-sigmatropic 

rearrangement. Among them, a few of the most noteworthy [3,3]-sigmatropic 

rearrangement reactions are highlighted as follows.
 
 

• Carroll rearrangement 

• Johnson-Claisen Rearrangement 

• Ireland-Claisen Rearrangement 

• Eschenmoser Rearrangement 

• Reformatsky-Claisen Rearrangement 

• Aza-Claisen rearrangement 

• Retro-Claisen Rearrangement. 

All the above Claisen rearrangements were categorized, based on the substrate 

selection or catalytic system used in the rearrangement. However, in the case of Retro-

Claisen rearrangement reaction, the controlling factor is the stability of the products 

[Rhoads, S. J. et al. 1969]. 

3.2 Types of [3,3]-sigmatropic Claisen rearrangements: 

This section deals with a brief introductory discussion on types of Claisen 

rearrangements and a literature survey on Claisen rearrangement reactions using vinyl 

propargyl ethers as starting materials. 
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3.2.1 Carroll rearrangement: 

The Carroll reaction, initially described in 1940, is a thermal rearrangement of 

allyl β-ketoester 1 followed by decarboxylation to yield γ,δ-unsaturated ketone 3 

(Scheme 3.1) [Carroll, M. F. 1940]. This reaction has not been widely developed due to 

the drastic reaction condition required to perform the transformation (temperatures of 

120-220 °C after in-situ preparation of the β-ketoester). 

 

Scheme 3.1: Carroll rearrangement reaction. 

3.2.2 Johnson-Claisen rearrangement: 

During the year 1970, the first Johnson rearrangement was reported and the 

reaction afforded trans-trisubstituted alkenes 8, originally described as the process 

consisting of heating of an allylic alcohol 4 with an excess of ethyl orthoacetate 5 in the 

presence of trace amounts of a weak acid (typically propionic acid) [Johnson, W. S. et al. 

1970]. The initially formed mixed ortho ester 6 loses ethanol to generate the ketene 

acetal 7, which undergoes rearrangement leading to γ,δ-unsaturated ester 8 (Scheme 3.2). 

 

Scheme 3.2: Johnson-Claisen rearrangement reaction. 
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3.2.3  Ireland- Claisen rearrangement: 

In 1972, Ireland et al. reported the rearrangement of allyl trimethylsilyl ketene 

acetal 11, prepared by the reaction of allylic ester enolate 10 with trimethylsilyl chloride 

to yield γ,δ-unsaturated carboxylic acid 12 (Scheme 3.3) [Ireland, R. E. et al. 1972; 

1976]. As compared with other reported rearrangements, this reaction proceeds under 

either mild basic or neutral reaction conditions. 

 

Scheme 3.3: Ireland-Claisen rearrangement reaction. 

3.2.4 Synthesis of enantio-enriched amino acid derivatives via 

Eschenmoser-Claisen rearrangement: 

In 2006, Qu et al. reported anti-β-substituted γ,δ-unsaturated amino acid 

derivative 16 via the Eschenmoser-Claisen rearrangement with excellent  

diastereoselectivity [Qu, H. et al. 2006].
  
The synthesis of anti-β-substituted amino acid 

derivative 16 with terminal olefin was difficult via usual Claisen rearrangement strategy 

(Scheme 3.4).  

 

Scheme 3.4: Eschenmoser-Claisen rearrangement reaction. 
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The hydrolysis of the rearranged amide 16 was a tricky step due to the presence 

of a terminal double bond and the N-Cbz protecting group, which was achieved by 

reductive hydrolysis offered the amino alcohol 17 and amino acid derivative 18 (Scheme 

3.5) [Groves, J. T. et al. 1979; Gassmart, P. C. et al. 1976; Moghaddam, F. M. et al. 

2001].  

 

Scheme 3.5: Synthesis of anti-β-substituted γ,δ-unsaturated amino acids derivatives. 

3.2.5  Total synthesis of (±)-debromoflustramine B and E and (±)-

debromoflustramide B via Claisen rearrangement:     

In 2006, Miyamoto et al. have shown one-pot diastereoselective formation of 3-

spiro-2-oxindole derivative 21 via intramolecular Ullmann coupling (IUC)  and Claisen 

rearrangement reaction from haloindole derivative 19 (Scheme 3.6) [Miyamoto, H. et al. 

2006].
 
The IUC is a low-cost method for the preparation of the rearrangement precursors, 

alkenyl pyranoindoles 20. The Claisen rearrangement of the pyranoindoles proceeded 

smoothly to spirocyclic oxindoles derivative 21 in good yield in a diastereoselective 

manner. 

 

Scheme 3.6: Diastereoselective synthesis of spirocyclic compound. 
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The synthesized spirocyclic oxindole 21 has been used as a common precursor 

for the synthesis (±)-debromoflustramine B 23 and lactam derivative 22 (Scheme 3.7) 

[Miyamoto, H. et al. 2007].
 

 

Scheme 3.7: Synthesis of (±)-debromoflustramine derivatives. 

3.2.6 Aza-Claisen rearrangement: 

In general, the palladium catalyzed synthesis of medium-sized nitrogen 

heterocycles by the implementation of intramolecular Heck reactions are rare and require 

harsh reaction condition [Ribiere, P. et al. 2006; Declerck, V. et al. 2007; Vasudevan, A. 

et al. 2006].
 
Majumdar et al. have reported the synthesis of various 8-exo-azocine 

derivatives 28 via aza-Claisen rearrangement and followed by the intramolecular Heck 

reaction (Scheme 3.8) [Majumdar, K. C. et al. 2009].
 
This aza-Claisen rearrangement 

followed by intramolecular Heck reaction provided single azocine derivatives in a facile 

manner.  

 

Scheme 3.8: Synthesis of 8-exo-azocine derivative. 
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3.2.7  Characteristic reactions of vinyl propargyl ether: 

The vinyl propargyl ether 29 has been conveniently utilized as a precursor to 

construct various heterocyclic frameworks by a number of research groups [Binder, J. T. 

et al. 2006].
 
The pioneer work on vinyl propargyl ether has expanded via Claisen 

rearrangement by Toste and Kirsch and their co-workers separately. Toste et al. reported 

Au(I) catalyzed enatio-enriched synthesis of homoallenic alcohol 30 via Claisen 

rearrangement through oxocarbenium intermediate from racemic vinyl propargyl ether 

(Scheme 3.9) [Sherry, B. D. et al. 2004; 2006]. The same group utilized proposed 

oxocarbenium intermediate as precursor and reported dihydropyran derivative 31 via 

nucleophilic addition. Kirsch et al. have also utilized the vinyl propargyl ether 27 as 

starting material for the synthesis of dihydropyran 33 and tetra substituted furan 

derivative 32 via metal salt catalyzed Claisen rearrangement and base induced 

cyclization [Suhre, M. H. et al. 2005; Menz, H. et al. 2006]. 

 

Scheme 3.9: Synthetic utility of vinyl propargyl ether derivative 29. 
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3.3 Objective of the work:                                                                          

Literature survey reveals that the Claisen rearrangement is an important synthetic 

tool for the organized modification over the required chemical structures, new C-X bond 

formation, intramolecular cyclization and generating carbonyl and amine functionalities. 

Claisen rearrangement with vinyl propargyl ethers have furnished isolable, 

functionalized allene derivatives in a single mode of operation. The structure and 

reactivity of allenes are more attractive research area [Negishi, E. et al. 1996; Zimmer, R. 

et al. 2000; Smith, N. D. et al. 2000] which have been used as synthons due to its 

electronic nature towards a number of synthetic transformations [Joyasawal, S. S. et al. 

2010; Shibata, T. et al. 2004]. Addressing these features, we selected Claisen 

rearrangement as a synthetic tool to make a highly functionalized allene appended 

oxindole frameworks from vinyl propargyl ether of oxindoles which in turn synthesized 

from MBH adduct of isatin.  This chapter dealts with the synthesis of vinyl propargyl 

ether, highly functionalized allene appended oxindole derivatives and dihydrofuran 

derivatives from propargyl isomerized MBH adducts of isatin via Claisen rearrangement 

and base mediated cyclization.  

3.4  Synthesis of various MBH adduct of substituted isatin: 

The starting material MBH adducts of isatin have been synthesized based on the 

literature [Garden, S. J. et al. 2002; Chung, Y. M. et al. 2002]. Detailed synthesis of 

MBH adducts from isatin derivatives have already been dealt in Chapter II. Following 

the literature procedure, a few more new MBH adducts 34-42 have been synthesized for 

the present studies (Figure 3.3). The synthesised MBH adducts have been purified by 

column chromatography and all the new compounds have been characterized by 

spectroscopic techniques. 
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Figure 3.3: Various MBH adducts of substituted isatin. 

3.4.1 Isomerization of  MBH adduct of isatin with propargyl alcohol: 

Initially for the propargyl isomerization studies, N-methyl MBH adduct 34 has 

been chosen as model substrate. Thus, the adduct 34 was treated with excess of propargyl 

alcohol and montmorillonite K10 clay as solid acid catalyst and heated at 110 
O
C 

(Scheme 3.10). The isomerization of MBH adduct by means of propargyl alcohol has 

already been known and reported by our group via conventional thermal method 

[Shanmugam, P. et al. 2004]. However, the overall yield of the conventional thermal 

reaction is only moderate (42% yield). In order to improve the yield of propargyl 

isomerization, the optimization of reaction has been carried out (Scheme 3.10).  

 

Scheme 3.10: Synthesis of allyl propargyl ether via conventional method. 

Earlier from our group, we have demonstrated the synthesis of bromo isomerized 

MBH adduct of isatin via microwave irradiation which provided better yield than 

convention heating method [Shanmugam, P. et al. 2008]. Hence, in order to improve the 
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yield of propargyl isomerization, we utilized the microwave irradiation condition and the 

results are discussed in the following section. 

3.4.2 Optimization of propargyl isomerization under microwave 

irradiation: Synthesis of allyl propargyl ether derivatives: 

Preliminarily, we have chosen the N-methyl MBH adduct of isatin 34 as model 

substrate for optimization studies (Scheme 3.11). To increase the yield of compound 43, 

the starting material was treated with propargyl alcohol and made as slurry in fume hood 

which then subjected to microwave irradiation for 5 min. at 50% power level. However, 

the reaction furnished the expected compound 43 only in 20% yield (Table 3.1, entry 1). 

In successive screening, the optimum microwave reaction condition was observed at 

60% power level with 30 min. irradiation time offered 55% yield of product with 

remaining untreated starting material (Table 3.1, entry 5). Further increment of either the 

power level or the reaction time of microwave reaction resulted in decrease in the yield 

of the product 43 due to decomposition of starting material (Table 3.1, entries 6-7). 

 

Scheme 3.11: Optimization of synthesis of allyl propargyl ether. 

Table 3.1: Optimization of propargyl isomerization under microwave reaction condition. 

Entry Power level (%) (W) Reaction time (min) Yield (%) 

1 50 5 20 

2 50 10 15 

3 50   25 36 

4 50 30 42 

5 60 30 55 

6 70 30 45 

7 60 40          40 



 

The synthesized compound 

techniques. In 
1
H NMR spectrum, the characteristic MBH adduct terminal olefin proton 

disappeared and newly appeared two methylene 

which correspond to two ether methylene groups (Figure 3.4). The terminal alkyne 

proton which appeared as a singlet at 

accounted and appeared in the expected region.  

Figure 3.4: 
1
H NMR Spectrum of propargyl isomerized compound 

The 
13

C NMR spectrum further supported the assigned structure of compound 

as it showed two characteristic methylene carbons appearing at 

respectively. The propargyl acetyl

(Figure 3.5). The remaining aromatic and carbonyl carbons appeared in the expected 

region with good agreement in isomerized structure 
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The synthesized compound 43 have been characterized by spectroscopic 

H NMR spectrum, the characteristic MBH adduct terminal olefin proton 

disappeared and newly appeared two methylene group protons at δ 4.14 and 4.55 ppm, 

which correspond to two ether methylene groups (Figure 3.4). The terminal alkyne 

proton which appeared as a singlet at δ 2.31 ppm and the remaining protons were 

accounted and appeared in the expected region.   

H NMR Spectrum of propargyl isomerized compound 

C NMR spectrum further supported the assigned structure of compound 

as it showed two characteristic methylene carbons appearing at δ 32.67 and 34.08 ppm, 

respectively. The propargyl acetylene carbons were resonated at δ 73.07 and 76.08 ppm 

(Figure 3.5). The remaining aromatic and carbonyl carbons appeared in the expected 

region with good agreement in isomerized structure 43.  

N

MeO2C

have been characterized by spectroscopic 

H NMR spectrum, the characteristic MBH adduct terminal olefin proton 

 4.14 and 4.55 ppm, 

which correspond to two ether methylene groups (Figure 3.4). The terminal alkyne 

 2.31 ppm and the remaining protons were 

 

H NMR Spectrum of propargyl isomerized compound 43 

C NMR spectrum further supported the assigned structure of compound 43 

 32.67 and 34.08 ppm, 

 73.07 and 76.08 ppm 

(Figure 3.5). The remaining aromatic and carbonyl carbons appeared in the expected 

N
O

O



 

Figure 3.5: 
13

C NMR Spectrum of propargyl isomerized compound 

 With this optimized condition, we have synthesized a number of propargyl 

isomerized derivatives from MBH adducts for further synthetic manipulation (Scheme 

3.12). 

3.5 Synthesis of vinyl propargyl ethers from allyl propargyl ethers:

The synthesized ally

substrate 44 for Claisen rearrangement reaction. In order to obtain suitable Claisen 

rearrangement substrate, the isomerized derivative 

base such as DABCO for 30 m

(98%) via [1,3]-hydride shift (Scheme 3.12). 

Me

Scheme 3.12:

The base induced [1,3]

Scheme 3.13. Accordingly, the removal of allyl methylene proton in propargyl 

isomerized derivative 43 

undergoes resonance and form a stabilized enolate form 

83 

C NMR Spectrum of propargyl isomerized compound 

With this optimized condition, we have synthesized a number of propargyl 

isomerized derivatives from MBH adducts for further synthetic manipulation (Scheme 

Synthesis of vinyl propargyl ethers from allyl propargyl ethers:

The synthesized allyl propargyl ether 43 needs to be converted to suitable 

for Claisen rearrangement reaction. In order to obtain suitable Claisen 

rearrangement substrate, the isomerized derivative 43 in acetone was reacted with a mild 

base such as DABCO for 30 min and provided the desired product 44 in excellent yield 

hydride shift (Scheme 3.12).  

N
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eO2C
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(i) DABCO, acetone, rt, 30 min, 98%

43 44

i

 

Scheme 3.12: Synthesis of vinyl propargyl ether compound 

The base induced [1,3]-hydride shift of allyl propargyl ether is depicted in 

Scheme 3.13. Accordingly, the removal of allyl methylene proton in propargyl 

 by DABCO can generate allyl anionic intermediate 

undergoes resonance and form a stabilized enolate form 43b. The stability of

 

C NMR Spectrum of propargyl isomerized compound 43 

With this optimized condition, we have synthesized a number of propargyl 

isomerized derivatives from MBH adducts for further synthetic manipulation (Scheme 

Synthesis of vinyl propargyl ethers from allyl propargyl ethers: 

needs to be converted to suitable 

for Claisen rearrangement reaction. In order to obtain suitable Claisen 

in acetone was reacted with a mild 

in excellent yield 

Synthesis of vinyl propargyl ether compound 44 

her is depicted in 

Scheme 3.13. Accordingly, the removal of allyl methylene proton in propargyl 

by DABCO can generate allyl anionic intermediate 43a which 

The stability of 43b is more 
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than 43a due to the inductive effect of amide carbonyl group. Finally, the intermediate 

43c retrieves a proton at C3 position from DABCO and triggers the base as well as vinyl 

propargyl ether 44. 

 

Scheme 3.13: Mechanistic postulates of base induced [1,3]-allylic shift of allyl 

propargyl ether. 

The structure of the vinyl propargyl ether 44 was arrived on the basis of a detailed 

spectral analysis (FTIR, 
1
H, 

13
C NMR and FAB-mass). The FTIR spectrum of the 

compound 44 showed the presence of amide and ester carbonyl groups absorption at 

1702 and 1712 cm
-1

,
 
respectively. The characteristic functionalities such as acetylene C-

C triple bond absorption appeared at 2122 cm
-1

.  

In the 
1
H NMR spectrum of compound 44, one of the two methylene groups of 

allyl propargyl ether 43 disappeared and newly formed allylic sp
3
 C-H methine proton 

appeared as a singlet at δ 3.81 ppm. The vinyl olefinic proton resonated as a singlet at δ 

7.26 ppm (Figure 3.6). The entire aromatic protons were accounted and appeared in the 

region between δ 6.69-7.04 ppm. The remaining aliphatic protons appeared in good 

agreement with assigned structure of the compound 44. 



 

Figure 3.6

 Analysis of the 
13

and 51.27 ppm corresponding to 

3.7). Characteristically, the C3 carbon in the oxindole nucleus resonated at 

The olefinic carbons appeared at 

carbons were visible at δ

aliphatic carbons were in good agreement with assigned compound 

carbons resonated between the range 

as ester and amide appeared at 

Figure 3.7
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Figure 3.6: 
1
H NMR Spectrum of compound 44 

13
C NMR spectrum of compound 44 showed signals at 

and 51.27 ppm corresponding to N-methyl and ester methyl carbons, respectively (Figure 

3.7). Characteristically, the C3 carbon in the oxindole nucleus resonated at 

The olefinic carbons appeared at δ 140.30 and 156.29 ppm. The terminal acetylene 

carbons were visible at δ 75.21 and 76.40 ppm, respectively. The entire aromatic and 

aliphatic carbons were in good agreement with assigned compound 44 and the aro

carbons resonated between the range δ 107.90-129.80 ppm. The carbonyl carbons such 

as ester and amide appeared at δ 164.12 and 176.27 ppm, respectively. 

Figure 3.7: 
13

C NMR Spectrum of compound 44 

N

MeO2C

 

showed signals at δ 26.92 

methyl and ester methyl carbons, respectively (Figure 

3.7). Characteristically, the C3 carbon in the oxindole nucleus resonated at δ 60.10 ppm. 

 140.30 and 156.29 ppm. The terminal acetylene 

 75.21 and 76.40 ppm, respectively. The entire aromatic and 

and the aromatic 

129.80 ppm. The carbonyl carbons such 

 

O

O
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Finally, the structure of the vinyl propargyl ether 44 was further supported by 

FAB mass spectrum as it showed a molecular ion [M
+
]  peak at m/z = 285.23 against the 

calculated value m/z = 285.10 (Figure 3.8). The elemental analysis also supported the 

assigned structure 44. 

 

Figure 3.8: FAB mass spectrum of compound 44 

3.5.1 Generalization of [1,3]-hydride shift: 

In order to exemplify the synthesis of diverse vinyl propargyl ethers from various 

allyl propargyl ether of oxindole, the compounds 45-52 were subjected to the DABCO 

mediated [1,3]-hydride shift reaction at room temperature. All the substrates underwent 

the isomerization smoothly and furnished the corresponding vinyl propargyl ether 

derivatives 53-60 in excellent yield. The results are shown in Table 3.2.  

Table 3.2: Synthesis of vinyl propargyl ethers from allyl propargyl ethers. 

Entry Allyl propargyl ether 
45-52 

Vinyl propargyl ether 
53-60 

Yield (%)a 
45-52 

Yield (%) 
53-60 

 
1 

  

 
56 

 
97 
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2 

  

 
52 

 
99 

 
3 

  

 
56 

 
75 

 
4 

  

 
51 

 
99 

 
5 

  

 
52 

 
97 

 
6 

  

 
50 

 
99 

 
7 

  

 
51 

 
81 

 
8 

  

 

54 

 

97 

a
Yield of propargyl isomerized derivatives by microwave reaction. 



 

The structure of the synthesized compound 

spectroscopic analysis (IR, 

presence of functional groups such as ester and amide carbonyl absorptions were seen at 

1703 and 1721 cm
-1

, respectively. 

In the 
1
H NMR spectrum, the characteristic allyl 

isomerized compound 55

a singlet at δ 3.82 ppm (Figure 3.9). The 5

at δ 2.29 ppm. Characteristically, the newly appeared olefin proton resonated as a singlet 

at δ 7.26 ppm and all the aromatic protons appeared in the region 

multiplets. The N-methyl and ester methyl group protons were appeared as two singlets 

at δ 3.22 and 3.57 ppm, respectively.

Figure 3.9

 The 
13

C NMR spectrum of compound 

methyl, N-methyl and ester methyl groups at 

(Figure 3.10). The methylene and acetylene carbons of propargyl part resonated at 

47.89, 76.99 and 77.41ppm, respectively. The characteristic C

was visible at δ 61.26 ppm. The aromatic and olefin carbons appeared in the region 

106.97-156.33 ppm. The ester and amide carbonyl carbons were visible at 

and 175.99 ppm, respectively.
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The structure of the synthesized compound 55 was determined based on detailed 

(IR, 
1
H, 

13
C NMR and FAB mass). From the FTIR spectrum, the 

roups such as ester and amide carbonyl absorptions were seen at 

, respectively.  

H NMR spectrum, the characteristic allyl methylene proton of propargyl 

55 disappeared and the allylic sp
3
 C-H methine proton appe

3.82 ppm (Figure 3.9). The 5-methyl group of aromatic oxindole resonated 

2.29 ppm. Characteristically, the newly appeared olefin proton resonated as a singlet 

7.26 ppm and all the aromatic protons appeared in the region δ 6.69 

methyl and ester methyl group protons were appeared as two singlets 

3.22 and 3.57 ppm, respectively. 

Figure 3.9: 
1
H NMR spectrum of compound 55 

C NMR spectrum of compound 55 showed carbon peaks for 5

methyl and ester methyl groups at δ 21.09, 26.49 and 51.44 ppm, respectively 

(Figure 3.10). The methylene and acetylene carbons of propargyl part resonated at 

47.89, 76.99 and 77.41ppm, respectively. The characteristic C-H carbon at C3 position 

 61.26 ppm. The aromatic and olefin carbons appeared in the region 

156.33 ppm. The ester and amide carbonyl carbons were visible at 

and 175.99 ppm, respectively. 

was determined based on detailed 

. From the FTIR spectrum, the 

roups such as ester and amide carbonyl absorptions were seen at 

proton of propargyl 

proton appeared as 

methyl group of aromatic oxindole resonated 

2.29 ppm. Characteristically, the newly appeared olefin proton resonated as a singlet 

.69 -7.04 ppm as 

methyl and ester methyl group protons were appeared as two singlets 

 

showed carbon peaks for 5-

 21.09, 26.49 and 51.44 ppm, respectively 

(Figure 3.10). The methylene and acetylene carbons of propargyl part resonated at δ 

H carbon at C3 position 

 61.26 ppm. The aromatic and olefin carbons appeared in the region δ 

156.33 ppm. The ester and amide carbonyl carbons were visible at δ 164.65 ppm 



 

Figure 3.10:

Finally, the structure of the compound 

spectrum as it showed a [M+1] peak at 

299.12 and with satisfied elemental analysis (Figure 3.11). 

Figure 3.11:
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Figure 3.10: 
13

C NMR spectrum of compound 55 

ucture of the compound 55 was supported by the FAB mass 

spectrum as it showed a [M+1] peak at m/z = 300.23 against the calculated value 

299.12 and with satisfied elemental analysis (Figure 3.11).  

Figure 3.11: FAB mass spectrum of compound 55 

 

was supported by the FAB mass 

= 300.23 against the calculated value m/z = 
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3.6 Synthesis of allene appended multi-functional oxindole 

derivatives via Claisen rearrangement:  

The successful synthesis of suitable substrate for [3,3]-sigmatropic rearrangement 

prompted us to test the Claisen rearrangement under thermal condition. Initially, for this 

study, we have chosen the N-methyl vinyl propargyl ether 44 as a model substrate. Thus 

compound 44 in chlorobenzene as solvent was subjected to Claisen rearrangement under 

reflux condition. The reaction afforded a mixture of diastereomeric allene appended 

oxindole framework 61 in excellent yield (Scheme 3.14).  The synthesized compound 61 

is highly functionalized and encompasses quaternary stereogenic center with functional 

groups like allene, ester and aldehyde in oxindole moiety. The formation of 

diastereomeric mixture of products from the concerted reaction may be due to the 

racemic starting materials used in the reaction. The synthesized compound 61 had two 

stereogenic carbons in adjacent positions along with one quaternary stereogenic center. 

The compound 61 was obtained as a mixture of diastereomers (1:1) and inseparable by 

silica gel column chromatography. The ratio of compound 61 was established based on 

the integration of methine proton (-C-H) at C3 position of oxindole in the 
1
H NMR 

spectrum. 

N
O

CHO
MeO2C

1:1 diastereomer

i) C6H5Cl, 135
oC, 4h, >95%

N
O

MeO2C

O

44 61

C

i

 

Scheme 3.14: Synthesis of oxindole appended allene derivatives via Claisen 

rearrangement. 

The structure of synthesized compound 61 was arrived on the basis of a detailed 

spectroscopic analysis (FTIR, 
1
H, 

13
C NMR and FAB mass). The FTIR spectrum of the 

compound 61 showed characteristic allene absorption at 2214 cm
-1

. The carbonyl groups 

of aldehyde and ester showed absorptions at 1706 and 1720 cm
-1

,
 
respectively.   



 

In the 
1
H NMR spectrum, the characteristic allene ter

appeared as a multiplet of four protons due to other isomer centered at 

(Figure 3.12). The quaternary carbon bonded allene proton (

appeared as two separate triplets centered at 

J = 7.1 Hz and 7.2 Hz. The sp

appeared as a singlet at δ

proton merged with ester methyl groups centered at 

multiplet. Both the N-methyl groups merged and appeared as a singlet at 

ester methyl protons of two isomers also merged and appeared as a singlet at 

The aromatic protons were accounted and appeared in the region a

at 6.96) ppm. The two isomeric aldehyde protons resonated as two separate singlets at 

9.59 and 9.73 ppm, respectively.

Figure 3.12

Analysis of the 
13

and showed mixture of diastereomer signals at 

corresponding to the characteristic terminal allene carbons. The central carbons of allene 

appeared at δ 209.18 and 211.65 ppm, respectively (Figure 3.13). 
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H NMR spectrum, the characteristic allene terminal olefinic protons 

appeared as a multiplet of four protons due to other isomer centered at 

(Figure 3.12). The quaternary carbon bonded allene proton (-C-CH=) of two isomers 

appeared as two separate triplets centered at δ 5.57 and 5.67 ppm with coupling constants 

= 7.1 Hz and 7.2 Hz. The sp
3
 methine proton at C3 position of oxindole frame work 

appeared as a singlet at δ 3.50 ppm for one isomer and that for the other isomer the 

proton merged with ester methyl groups centered at δ 3.55 ppm and

methyl groups merged and appeared as a singlet at δ

ester methyl protons of two isomers also merged and appeared as a singlet at 

The aromatic protons were accounted and appeared in the region at δ 6.69

at 6.96) ppm. The two isomeric aldehyde protons resonated as two separate singlets at 

9.59 and 9.73 ppm, respectively. 

Figure 3.12: 
1
H NMR Spectrum of compound 61 

13
C NMR spectrum also supported the structure of

showed mixture of diastereomer signals at δ 75.62, 76.01, 97.56 and 101.01 ppm 

corresponding to the characteristic terminal allene carbons. The central carbons of allene 

 209.18 and 211.65 ppm, respectively (Figure 3.13).  
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th coupling constants 

methine proton at C3 position of oxindole frame work 

 3.50 ppm for one isomer and that for the other isomer the 

 3.55 ppm and appeared as a 

methyl groups merged and appeared as a singlet at δ 3.22 ppm. The 

ester methyl protons of two isomers also merged and appeared as a singlet at δ 3.55 ppm. 

δ 6.69-7.23 (centered 

at 6.96) ppm. The two isomeric aldehyde protons resonated as two separate singlets at δ 

 

C NMR spectrum also supported the structure of compound 61 

 75.62, 76.01, 97.56 and 101.01 ppm 

corresponding to the characteristic terminal allene carbons. The central carbons of allene 

O

HO
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Figure 3.13: 
13

C NMR Spectrum of compound 61 

The quaternary stereogenic carbons resonated at δ 63.41 and 69.71ppm. The 

oxindole C3 position carbon of two isomers resonated at δ 40.12 and 40.98 ppm. The N-

methyl and ester methyl groups were visible at δ 23.89, 24.34 and 51.78, 52.34 ppm, due 

to two isomers. The two isomeric aldehyde carbonyl carbons resonated at δ 197.23 and 

198.06 ppm. Remaining aromatic carbons of two isomers were accounted and appeared 

in the region δ 107.81- 144.91 ppm.  

 

Figure 3.14: FAB mass spectrum of compound 61 
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Finally, the FAB mass spectrum showed a molecular ion [M+1] peak at m/z = 

286.43 against calculated value m/z = 285.13 which supported the assigned structure 

(Figure 3.14). 

3.6.1 Generality of Claisen rearrangement reactions: 

In order to synthesize diverse allene anchored oxindole frameworks, various vinyl 

propargyl ether of MBH adduct derivatives were subjected to [3,3]-sigmatropic 

rearrangement reaction. All the substrates underwent the Claisen rearrangement 

smoothly and afforded the corresponding diastereomeric mixture of highly functionalized 

allene appended oxindole derivatives in excellent yield. 

Table 3.3: Generality of the Claisen rearrangement reactions. 

Entry Vinyl propargyl ether 
53-60 

Allene derivative 
62-69 

Yield (%) 

 
1 

 
 

 

 
>95 

 
2 

N
O

MeO2C

O

Ph54  

 
 

 
>95 

 
3 

 
 

 

 
94 

 
4 

 
 

 

 
>95 
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5 

 
 

 

 
>95 

 
6 

 
 

 

 
>95 

 
7 

 
 

 

 
>95 

 
8 

 

 

 

>95 

 

Notably, the substitution either at aromatic core or oxindole nitrogen did not alter 

the reaction time and yield. 

3.6.2  Mechanistic postulates of Claisen rearrangements: 

The formation of multi-functionalized allene appended oxindole derivative from 

vinyl propargyl ether has been rationalized through mechanistic postulates (Scheme 

3.15). Initially, the reaction proceeded via the sequence of migration of π and σ bonds 

which provided half boat structure 44b. Generally, Lewis acid (soft metal salts such as 

Pd and Hg salts) catalyzed the Claisen rearrangement of vinyl propargyl ethers precede 

through coordination to the allenic π-bonds and through a six member chair or boat 

transition states.  But in the present case, due to the absence of coordination between 

metal salts and vinyl propargyl ether and also the linear structural nature of allene, the 

reaction proceeded via half boat transition state. A large number of theoretical 
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calculations aiming to predict the structures of transition states involved in the Claisen 

rearrangement concluded that the selective formation of product is completely related 

with either chair or boat like transition states. The outcome of the stereoselectivity of the 

product can also be controlled by the steric demand of the substrate and the catalytic 

system involved in that reaction. According to Woodward-Hoffmann rule, the concerted 

[3,3]-sigmatropic rearrangement processed via supra-supra mode orbital migration 

which is allowed under thermal condition.  

 

Scheme 3.15: Mechanistic postulate of Claisen rearrangement reaction. 

The observed diastereomeric mixture of products from the concerted reaction can 

be explained due to racemic starting materials 44 were used. 

3.7 Synthetic application of allene appended oxindole derivatives: 

After successful synthesis of multi-functionalized allene appended oxindole 

frame work from vinyl propargyl ethers via Claisen rearrangement, we were interested in 

synthesizing dihydrofuran appended oxindole derivatives. The literature reports also 

revealed that the intramolecular cyclization between allene and carbonyl or imine 

afforded various heterocyclic frame works [Harrison, T. J. et al. 2006; Binder, J. T. et al. 

2006]. Highly substituted furan derivatives play an important role as structural elements 

of many natural and pharmaceutically important substances (e.g., ranitidine or zantac) 

[Hou, X. L. et al. 2003; Keay, B. A. et al. 1997].  Moreover, they are useful 

intermediates to construct a variety of important organic compounds [Lipshutz, B. H. 

1986]. In addition, the isatin C3 position contain olefin bond attached with heterocycles 

are important structural moiety and also found in a number of natural products [Wille, G. 

et al. 2001]. Hence, we were interested in synthesizing the furan appended oxindole 
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derivatives from the allene derivatives. In order to explore the reactivity of oxindole 

appended allene towards the synthesis of heterocyclic derivative, the N-methyl allene 

appended oxindole 61 was chosen as a model substrate. Thus, compound 61 in acetone 

was subject to DABCO mediated intramolecular cyclization at reflux condition provided 

C3 position bounded dihydrofuran oxindole derivative 70 in moderate yield (Scheme 

3.16).  

 

Scheme 3.16: Synthesis of dihydrofuran appended oxindole derivatives. 

The cyclization reaction furnished two geometrical isomer mixtures of 

dihydrofuran derivatives in 1:1 ratio and is separable by silica gel column 

chromatography. The synthesized compounds were characterized on the basis of 

spectroscopic techniques (FTIR, NMR, and FAB-mass). The isomers 70a and 70b were 

distinguished by 
1
H NMR and NOE irradiation experiments as explained in the following 

section. 

The FTIR spectrum of the compound 70a showed the two carbonyl absorptions at 

1706 and 1718 cm
-1 

correspond to ester and amide groups, respectively. 

In the 
1
H NMR spectrum of compound 70a, the characteristic olefin proton in the 

dihydrofuran ring appeared as a doublet centered at δ 8.14 ppm with a coupling constant 

J = 16 Hz (Figure 3.15). The methine proton from furan derivative 70a resonated as a 

triplet of doublet centered at δ 6.11 ppm with coupling constants J = 6.9 and 16.0 Hz, 

respectively. The methyl proton in dihydrofuran moiety appeard as a doublet centered at 

δ 2.0 ppm with a coupling constant J = 6.9 Hz. The N-methyl and ester methyl protons 

resonated as two singlets at δ 3.23 and 3.98 ppm, respectively. All the aromatic protons 

appeared in the region δ 6.77 to 7.21 ppm as a multiplet. 



 

Figure 3.15

Analysis of the 
13

structure and showed peaks at 

dihydrofuran and ester methyl carbons, respectively (Figure 3.16). The 

of oxindole moiety resonated at 

was visible at δ 29.79 ppm

agreement with the assigned structure and observed in the region 

Figure 3.16
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Figure 3.15: 
1
H NMR spectrum of compound 70a 

13
C NMR spectrum of compound 70a supported the assigned 

structure and showed peaks at δ 19.51 and 52.48 ppm corresponding to methyl in 

dihydrofuran and ester methyl carbons, respectively (Figure 3.16). The N

of oxindole moiety resonated at δ 25.84 ppm. Methine carbon of dihydrofuran moiety 

29.79 ppm. All the aromatic and olefinic carbons were in good 

agreement with the assigned structure and observed in the region δ 107.99

Figure 3.16: 
13

C NMR spectrum of compound 70a 

 

supported the assigned 

corresponding to methyl in 

N-methyl carbon 

25.84 ppm. Methine carbon of dihydrofuran moiety 

ic and olefinic carbons were in good 

107.99-143.19 ppm.  
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The amide and ester carbonyl carbons were seen at δ 167.22 and 167.76 ppm, 

respectively.  

Finally, the FAB mass spectrum further supported the assigned structure of 

compound 70a as it showed a molecular ion [M
+
] peak at m/z = 285.10 as against the 

calculated mass m/z = 285.21 (Figure 3.17). 

 

Figure 3.17: FAB mass spectrum of compound 70a 

The other isomer 70b also showed similar pattern of 
1
H MNR spectrum except 

with two major characteristic changes in chemical shift values of ester methyl protons 

appeared at δ 3.89 ppm while in the case 70a it was appeared at δ 3.98 ppm. Similarly, in 

the dihydrofuran derivative 70b, the olefin proton appeared at δ 7.87 ppm and the 

corresponding proton of 70a appeared at δ 8.14 ppm (Figure 3.18). The detailed 

spectroscopic values for both compounds are provided at the end of this chapter.  

N
O

CH3

O

CO2MeE



 

Figure 3.18: 

Similarly, in the 
13

ester methyl carbon slightly shifted from that of

as it is in 70a (Figure 3.19).

Figure 3.19: 

Finally, the FAB mass spectru

showed molecular ion [M+1] peak at 

285.21.   

99 

Figure 3.18: 
1
H NMR Spectrum of compound 70b 

13
C NMR spectrum of compound 70b the chemical shift value of 

ester methyl carbon slightly shifted from that of 70a and the remaining carbons resonated 

(Figure 3.19). 

Figure 3.19: 
13

C NMR Spectrum of compound 70b 

Finally, the FAB mass spectrum supported the assigned structure of 

showed molecular ion [M+1] peak at m/z = 286.07 as against the calculated value 

 

the chemical shift value of 

and the remaining carbons resonated 

 

m supported the assigned structure of 70b as it 

= 286.07 as against the calculated value m/z = 



 

3.7.1 Differentiation of two geometrical isomers 70a and 70b:

The relative stereochemistry of dihydrofuran deriv

distinguished based on the NMR spectroscopic technique. Remarkable change in the 

chemical shift value (δ) was observed between the two isomers 

3.20). The 
1
H NMR was not sufficient to distinguish the isomers due t

vicinal as well as allyl protons in olefinic bond. Hence, the geometry of these isomeric 

compounds 70a and 70b 

O

70a

Ha

Figure 3.20:

In the NOE spectrum, the irradiation of ester methyl group of the compound 

showed positive enhancement in

ring (Figure 3.21). The compound 

and ester methyl protons. Based on the NOE experiment, the geometry of the isomer 

was assigned as E-isomer and the 

Figure 3.21: 
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3.7.1 Differentiation of two geometrical isomers 70a and 70b:

The relative stereochemistry of dihydrofuran derivatives 70a

distinguished based on the NMR spectroscopic technique. Remarkable change in the 

δ) was observed between the two isomers 70a and 

H NMR was not sufficient to distinguish the isomers due t

vicinal as well as allyl protons in olefinic bond. Hence, the geometry of these isomeric 

70b were distinguished by the NOE experiment.  

N

O
N

O

O
CO2Me

70b

3.98 ppm

3.89 ppmno NOE effect

Ha+ NOE
effect

HbHb 8.14 ppm
7.87 ppm

MeO2C

+ NOE
effect

E Z

 

Figure 3.20: NOE correlation of compounds 70a and 70b

In the NOE spectrum, the irradiation of ester methyl group of the compound 

positive enhancement in aromatic proton Ha and also with Hb

ring (Figure 3.21). The compound 70a did not give any NOE correlation between the 

ter methyl protons. Based on the NOE experiment, the geometry of the isomer 

isomer and the 70b isomer was assigned as Z-isomer. 

Figure 3.21: NOE spectrum of compound 70b 

3.7.1 Differentiation of two geometrical isomers 70a and 70b: 

70a and 70b were 

distinguished based on the NMR spectroscopic technique. Remarkable change in the 

and 70b (Figure 

H NMR was not sufficient to distinguish the isomers due to the absence of 

vicinal as well as allyl protons in olefinic bond. Hence, the geometry of these isomeric 

0b 

In the NOE spectrum, the irradiation of ester methyl group of the compound 70b 

b proton of furan 

did not give any NOE correlation between the Ha 

ter methyl protons. Based on the NOE experiment, the geometry of the isomer 70a 
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3.8 Mechanistic postulate of base induced cyclization:  

The formation of dihydrofuran appended oxindole derivatives 70a and 70b from 

allene derivatives can be explained by mechanistic postulates (Scheme 3.17). At first, 

abstraction of a proton at C3 position of oxindole derivative 61 by base take place 

followed by intramolecular nucleophilic addition with aldehyde generate diastereomeric 

cyclopropane intermediates A and B. The bicyclic intermediates C and D could be 

generated due to ring strain of cyclopropane derivatives in the initially formed 

intermediates A and B by the nucleophilic attack of hydroxyl group on allene. The 

bicyclic intermediate undergoes base induced proton shift and electron resettlement to 

yield dihydrofuran derivatives 70a and 70b. The reason for the formation of the two 

isomers 70a and 70b may be due to either racemic starting material or mode of 

nucleophilic addition with aldehyde. 

 

Scheme 3.17: Mechanistic postulates of dihydrofuran derivatives. 
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3.9 Conclusions: 

� Synthetic transformation of propargyl isomerized MBH of isatin has been 

demonstrated by Claisen rearrangement and afforded multi-functionalized allene 

appended oxindole derivatives. 

� The Claisen rearrangement synthetic protocol provided two adjacent stereogenic 

centers with one quaternary carbon in the oxindole derivatives in one step. 

� The synthetic utility of functionalized allene derivatives was further demonstrated in 

the formation of oxindole appended dihydrofuran derivatives via base mediated 

reaction. 

� All the new compounds were thoroughly characterized by spectroscopic techniques 

and the stereochemistry of the dihydrofuran derivatives was assigned by NOE 

experiment. 
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3.10 Experimental section: 

3.10.1 General considerations: 

All the reactions were carried out in oven-dried glassware. Progress of reactions 

was monitored by Thin Layer Chromatography (TLC) while purification of crude 

compounds was done by column chromatography using silica gel (100-200 mesh). 

Melting points were recorded on a Buchi melting point apparatus and are uncorrected. 

NMR spectra were recorded at 500 and 300 MHz (based on availability of instruments)  

125 and 75 MHz (for 
13

C) respectively on  Brucker Avance DPX-500 MHz. and Bruker 

Avance DPX-300 MHz. Chemical shifts are reported in δ (ppm) relative to TMS (
1
H) or 

CDCl3 (
13

C) as internal standards. Mass spectra were recorded using JEOL JMS 600H 

mass spectrometer. IR spectra were recorded on Bomem MB series FT-IR spectrometer; 

absorbencies are reported in cm
-1

.
 

Yields refer to quantities obtained after 

chromatography. 

3.10.2 Experimental procedure:  

3.10.3 General experimental procedure for propargyl isomerization 

(Conventional heating):  

 A mixture of MBH adducts (100 mg) with w/w Mont. K10 clay and propargyl 

alcohol (1.5 mL) was refluxed for 1-4 h. The progress of the reaction was monitored by 

TLC. After completion of the reaction, the crude mixture was purified by silica gel 

column chromatography using gradient elution with Hexane/EtOAc to afford pure 

isomerized compounds.  

3.10.4 Microwave irradiation:  

 A mixture of MBH adduct (100 mg) with w/w Mont K10 clay and propargyl alcohol 

was made as a paste and was irradiated (60% power level) in a microwave oven (30 min, 

SAMSUNG, Model: CE 118KF). The crude reaction mixture was purified by silica gel 

column chromatography.  
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3.10.5  Characterization of new compounds: 

 

 

 

 

N
O

MeO2C

O

 

Compound 43 

 

Yellow viscous liquid; 

Rf: 0.30 (25% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1615, 1652, 1704, 1718, 2124, 3079, 3221 

cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.31 (s, 1H), 3.44 (s, 

3H), 3.64 (s, 3H), 4.14 (s, 2H), 4.55 (s, 2H), 6.69 (d, J = 7.8 

Hz, 1H), 7.16 (t, J = 6.8 Hz, 1H), 7.63 (t, J = 7.8 Hz, 1H),  

7.85 (d, J = 6.8 Hz, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 32.67, 34.08, 54.43, 

65.17, 73.07, 76.08, 109.98, 125.24, 128.39, 128.56, 130.01, 

130.05, 131.76, 132.54, 164.72, 175.16; 

FAB mass: Calcd. for C16H15NO4 m/z = 285.1; Found: 285.23 

(M
+
);   

Elemental Analysis: C16H15NO4 Calcd. for C, 67.36; H, 5.30; 

N, 4.91; Found: C, 66.39; H, 5.12, N, 4.85. 

3.10.6 General experimental procedure for preparation of allylic 

isomerization:  

  A mixture of propargyl ether of isomerized MBH adducts (100 mg) and DABCO 

(10 mol %) in acetone (3 mL) was allowed to stir at room temperature for 30 min. The 

progress of the reaction was monitored by TLC. After completion of the reaction, the 

crude mixture was purified by silica gel column chromatography using gradient elution 

with Hexane/EtOAc to afford pure compounds.  

3.10.7 Characterization of new compounds:  

 

 

 

Pale yellow viscous liquid; 

Rf: 0.27 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1616, 1647, 1702, 1712, 2122, 3077, 

3231 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.64 (s, 1H), 3.22 
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N

O

MeO2C

O

 

Compound 44 

 

(s, 3H), 3.57 (s, 3H), 3.81 (s, 1H), 4.67 (s, 2H), 6.69 (d, J 

= 7.8 Hz, 1H), 6.91 (m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 

7.26 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 26.92, 47.90, 

51.27, 60.10, 75.21, 76.4, 107.90, 117.50, 127.80 (2C), 

128.56, 129.80, 140.30, 156.29, 164.12, 176.27; 

FAB mass: Calcd. for C16H15NO4 m/z = 285.10; Found: 

285.23 (M
+
);   

Elemental Analysis: C16H15NO4 Calcd. for C, 67.36; H, 

5.30; N, 4.91; Found: C, 67.38; H, 5.32, N, 4.93. 

 

 

 

 

Compound 53 

 

Pale yellow viscous liquid; 

Rf: 0.29 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1614, 1645, 1701,1722, 2120, 3076, 

3232  cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 0.99 (t, J = 6.7 

Hz, 3H), 2.64 (s, 1H), 3.56 (s, 3H), 3.81(s, 1H), 4.35 (q, 

2H), 4.66 (s, 2H), 6.68 (d, J = 7.5 Hz, 1H), 6.90 (m, 2H), 

7.05 (d, J = 7.6 Hz, 1H), 7.27 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 11.86, 44.98, 

47.91, 51.14, 60.23, 76.21, 77.4, 108.9, 117.6, 126.73, 

127.8, 128.3, 129.7, 140.1, 156.34, 165.2, 174.3; 

FAB mass: Calcd. for C17H17NO4 m/z = 299.12; Found: 

300.23 (M+1);   

Elemental Analysis: C17H17NO4 Calcd. for C, 68.21; H, 

5.72; N, 4.68; Found: C, 68.25; H, 5.74, N, 4.66. 

 

 

 

Pale yellow viscous liquid; 

Rf: 0.28 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1615, 1643, 1702, 1718, 2121, 3073, 

3234 cm
-1

;  



106 

 

 

 

Compound 54 

 

 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.65 (s, 1H), 3.56 

(s, 3H), 3.82 (s, 1H), 4.25 (m, 2H), 4.68 (s, 2H), 6.69 (t, J 

= 7.6 Hz, 1H), 6.93 (m, 2H), 6.97 (m, 3H), 7.03 (m, 3H), 

7.27 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 44.1, 47.2, 51.3, 

61.6, 74.2, 76.43, 107.34, 108.11, 123.23, 124.8 (2C), 

126.31, 127.81 (2C), 128.14, 128.67, 129.36, 131.54, 

141.74, 155.91, 164.32, 176.43; 

FAB mass: Calcd. for C22H19NO4 m/z = 361.13; Found: 

361.34 (M
+
);   

Elemental Analysis: C22H19NO4 Calcd. for C, 73.12; H, 

5.30; N, 3.88; Found: C, 73.14; H, 5.32, N, 3.89. 

 

 

 

 

 

Compound 55 

 

 

 

Pale yellow viscous liquid; 

Rf: 0.26 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1616, 1645, 1703, 1721, 2124, 3077, 

3231 cm
-1

;  

1
H NMR(CDCl3/TMS, 300.1 MHz): δ 2.29 (s, 3H), 3.22 

(s, 3H), 3.57 (s, 3H), 3.82 (s, 1H), 4.66 (s, 2H), 6.69 (d, J 

= 7.8 Hz, 1H), 6.91 (m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 

7.26 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.09, 26.49, 

47.89, 51.44, 61.26, 76.99, 77.41, 106.97, 107.55, 124.23, 

128.40, 128.44, 131.64, 142.02, 156.33, 164.65, 175.99; 

FAB mass: Calcd. for C17H17NO4 m/z = 299.12; Found: 

300.23 (M+1);   

Elemental Analysis: C17H17NO4 Calcd. for C, 68.21; H, 

5.72; N, 4.68; Found: C, 68.24; H, 5.76, N, 4.66. 

 

 Pale yellow viscous liquid; 

Rf: 0.27 (20% EtOAc-Hexane); 
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Compound 56 

 

IR (CH2Cl2) νmax: 1124, 1615, 1645, 1704,1724, 2125, 

3077, 3231 cm
-1

;  

1
H NMR(CDCl3/TMS, 300.1 MHz): δ 2.63 (s, 1H), 3.23 

(s, 3H), 3.57 (s, 3H), 3.80 (s, 1H), 4.66 (s, 2H), 6.49 (d, J 

= 7.5 Hz, 1H), 6.79 (s, 1H), 6.92 (d, J = 7.5 Hz, 1H), 7.28 

(s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 26.45, 46.91, 

52.27, 60.10, 74.20, 76.04, 108.26, 116.55, 124.43, 

125.35 127.56, 137.67, 147.31, 154.6, 164.21, 175.60; 

FAB mass: Calcd. for C16H14BrNO4 m/z = 363.02; 

Found: 365.43 (M+2);  

Elemental Analysis: C16H14BrNO4 Calcd. for C, 52.77; 

H, 3.87; N, 3.85; Found: C, 52.79; H, 3.89, N, 3.83. 

 

 

 

 

 

 

 

Compound 57 

 

Pale yellow viscous liquid; 

Rf: 0.25 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1123, 1614, 1643, 1701,1713, 2123, 

3078, 3232 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.05 (m, 3H), 

2.64 (s, 2H), 3.56 (s, 3H), 4.36 (q, J = 4.3 Hz, 2H), 4.67 

(s, 2H), 6.48 (d, J = 7.6 Hz, 1H), 6.79 (m, 1H), 6.92 (d, J 

= 7.6 Hz, 1H), 7.25 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 12.87, 44.93, 

46.92, 51.95, 61.23, 74.23, 76.40, 108.21, 117.80, 126.87, 

128.33, 129.46, 129.73, 140.16, 154.31, 164.23, 176.53; 

FAB mass: Calcd. for C17H16BrNO4 m/z = 377.12; 

Found: 379.23 (M+2);  

Elemental Analysis: C17H16BrNO4 Calcd. for C, 53.99; 

H, 4.26; N, 3.70; Found: C, 53.97; H, 4.24, N, 3.72. 
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Compound 58 

 

Pale yellow viscous liquid; 

Rf: 0.26 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1616, 1647, 1705, 1718, 2122, 3077, 

3231 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 0.92 (t, J = 2.3 

Hz, 3H), 1.78 (p, J = 2.3, 4.1 Hz, 2H), 2.64 (s, 1H), 3.54 

(s, 3H), 3.68 (t, J = 4.1 Hz, 2H), 3.82 (s, 1H), 4.66 (s, 

2H), 6.70 (d, J = 7.6 Hz, 1H), 7.01 (m, 2H), 7.03 (d, J = 

7.6 Hz, 1H), 7.27 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 10.22, 19.56, 

44.96, 46.73, 51.46, 61,28, 74.28, 76.37, 108.92, 118.62, 

126.80, 127.17, 128.32, 129.74, 140.24, 152.01, 166.46, 

174.66; 

FAB mass: Calcd. for C18H19NO4 m/z = 313.13; Found: 

313.23 (M
+
); 

Elemental Analysis: C18H19NO4 Calcd. for: C, 68.99; H, 

6.11; N, 4.47; Found: C, 68.97; H, 6.11, N, 4.37. 

 

 

 

 

 

Compound 59 

 

Pale yellow viscous liquid; 

Rf: 0.35 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1614, 1645, 1702, 1722, 2120, 3076, 

3232 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.30 (s, 3H), 2.64 

(s, 1H), 3.54 (s, 3H), 3.82 (s, 1H), 4.22 (m, 2H), 4.49 (m, 

2H), 6.69 (d, J = 7.8 Hz, 1H), 6.94 (m, 2H), 7.03 (m, 2H), 

7.28 (s, 1H), 7.36 (m, 3H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.26, 42,17, 

44.74, 51.36, 62.01, 75.27, 76.56, 108.41, 117.26, 123.20, 

123.87, 124.21, 124.86 (2C), 127.81 (2C), 128.73, 

129.35, 132.56, 142.23, 155.64, 164.34,  176.43; 

FAB mass: Calcd. for C23H21NO4 m/z = 375.15; Found: 
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376.23 (M+1);   

Elemental Analysis: C23H21NO4 Calcd. for: C, 73.58; H, 

5.64; N, 3.73; Found: C, 72.56; H, 5.12, N, 3.11. 

 

3.10.8 General experimental procedure for Claisen rearrangement: 

A mixture of MBH adduct of propargyl vinyl ether (100 mg) in chlorobenzene (1 

mL) was allowed to heat at 135 °C for 4 hours. The progress of reaction was monitored 

by TLC. After completion of the reaction, the solvent was removed under reduced 

pressure to afford allene-aldehyde functionalized product on silica gel column 

purification. 

3.10.9 Characterization of new compounds: 

 

 

 

 

 

 

 

Compound 61 

Colourless viscous liquid; 

Rf: 0.32 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1706, 1720, 1974, 2214, 2823, 

2934, 3049 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 3.22 (s, 6H), 3.50 

(s, 1H), 3.55 (m, 7H), 4.88 (m, 4H), 5.57 (t, J = 7.1 Hz, 

1H),  5.67 (t, J = 7.2 Hz, 1H), 6.96 (m, 8H), 9.59 (s, 1H), 

9.73 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 23.89, 24.34, 

40.12, 40.98, 51.78, 52.34, 63.41, 69.71, 75.62, 76.01, 

97.56, 101.01, 107.81, 108.45, 123.81, 124.80, 125.03 

(2C), 125.81, 126.24, 127.81 (2C), 143.23, 144.91, 

164.98, 165.76, 175.54, 176.13, 197.23, 198.06, 209.18, 

211.65; 

FAB mass: Calcd. for C16H15NO4 m/z = 285.13; Found: 

286.43 (M+1); 

Elemental Analysis: C16H15NO4 Calcd. for C, 67.36; H, 

5.30; N, 4.91;  Found: C, 66.12; H, 4.34, N, 3.71. 
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Compound 62 

Colourless viscous liquid; 

Rf: 0.30 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1621, 1704, 1720, 1975, 2215, 2824, 

2933, 3047 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.47 (m, 6H), 3.52 

(m, 7H), 3.56 (s, 1H),  4.36 (m, 4H), 4.88 (m, 4H), 5.57 

(m, 1H), 5.67 (m, 1H), 6.87 (m, 3H), 7.19 (m, 5H), 9.67 

(s, 1H), 9.71 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 11.86, 11.92, 

40.13, 40.87, 44.98, 45.03, 53.45, 54.56, 67.91, 69.71, 

75.64, 75.78, 94.56, 101.23, 109.26, 109.67, 123.26, 

124.56, 124.89, 124.97, 125.63, 127.23, 127.81, 128.01, 

144.21, 144.91, 164.76, 164.87, 174.52, 176.67, 199.05, 

199.27, 207.03, 209.67;   

FAB mass: Calcd. for C17H17NO4 m/z = 299.12; Found: 

300.43 (M+1);   

Elemental Analysis: C17H17NO4 Calcd. for C, 68.21; H, 

5.72; N, 4.68; Found: C, 67.25; H, 4.74, N, 3.64. 

 

 

 

 

 

 

Compound 63 

Colourless viscous liquid; 

Rf: 0.30 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1702, 1719, 1975, 2218, 2827, 

2931, 3045 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 3.53 (m, 7H), 3.55 

(s, 1H), 4.35 (m, 4H), 4.76 (m, 4H), 5.61 (m, 1H), 5.63 

(m, 1H), 6.96 (m, 16H), 7.79 (m, 2H), 9.63 (s, 1H), 9.83 

(s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 40.13, 40.89, 

42.23, 44.98, 52.34, 54.40, 67.28, 69.83, 74.54, 75.68, 

92,46, 99.58, 107.21, 110.62, 110.78, 115.43, 117.62, 

122.43, 125.41, 126.91, 126.94, 127.15, 127.88, 128.04 
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(2C), 128.15, 128.51, 128.99, 129.05, 129.12, 129.64, 

132.08, 132.16, 134.09, 143.58, 144.43, 164.37, 165.41, 

174.38, 176.31, 197.12, 198.65, 206.5, 211.01; 

FAB mass: Calcd. for C22H19NO4 m/z = 361.13; Found: 

362.43 (M+1); 

Elemental Analysis: C22H19NO4 Calcd. for C, 73.12; H, 

5.30; N, 3.88; Found: C, 71.14; H, 5.22, N, 3.84. 

 

 

 

 

 

 

 

Compound 64 

Colourless viscous liquid; 

Rf: 0.35 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1703, 1718, 1953, 2217, 2821, 

2953, 3046 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.29 (s, 3H), 2.30 

(s, 3H), 3.21 (s, 6H), 3.52 (m, 7H), 3.55 (s, 1H), 4.89 (m, 

4H), 5.55 (m, 1H), 5.65 (m, 1H), 6.99 (m, 6H), 9.62 (s, 

1H), 9.75 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.64, 21.75, 

24.34, 24.37, 40.14, 40.97, 52.34, 54.45, 69.73, 69.79, 

74.34, 75.62, 94.56, 98.57, 108.45, 109.02, 124.80, 

124.87, 125.03, 125.34, 126.24, 127.12, 127.54, 127.81, 

139.85, 144.91, 165.76, 165.87, 176.54, 177.86,  198.06, 

199.02, 206.53,  207.65; 

FAB mass: Calcd. for C17H17NO4 m/z = 299.12; Found: 

300.73 (M+1);  

Elemental Analysis: C17H17NO4 Calcd. for C, 68.21; H, 

5.72; N, 4.68; Found: C, 68.03; H, 5.44, N, 4.46. 

 

 

 

 

 

Colourless viscous liquid; 

Rf: 0.34 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1177, 1620, 1703, 1722, 1956, 2216, 

2826, 2933, 3045 cm
-1

;  
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Compound 65 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 3.23 (s, 6H), 3.52 

(m, 7H), 3.56 (s, 1H), 4.80 (m, 4H), 5.55 (t, J = 7.0 Hz, 

1H),  5.65 (t, J = 7.2 Hz, 1H), 6.65 (m, 3H), 7.45 (m, 3H), 

9.69 (s, 1H), 9.75 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 23.31, 23.33, 

40.12, 40.78, 52.34, 54.39, 68.98, 69.23, 74.73, 75.62, 

93.73, 99.76, 108.45, 109.12, 119.86, 119.99, 124.87, 

125.34, 126.61, 127.52, 127.54, 127.91, 139.86, 144.99, 

164.77, 165.77, 176.17, 177.86, 198.18, 199.16, 204.57,  

208.61; 

FAB mass: Calcd. for C16H14BrNO4 m/z = 363.01; Found: 

365.43 (M+2);  

Elemental Analysis: C16H14BrNO4 Calcd. for  C, 52.77; 

H, 3.87; N, 3.85; Found C, 51.99; H, 3.29, N, 3.18. 

 

 

 

 

 

 

 

 

Compound 66 

Colourless viscous liquid; 

Rf: 0.35 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1176, 1622, 1702, 1719, 1986, 2216, 

2827, 2932, 3046 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.46 (m, 6H), 3.53 

(m, 7H), 3.56 (s, 1H),  4.35 (m, 4H), 4.89 (m, 4H), 5.57 

(m, 1H), 5.67 (m, 1H), 6.83 (m, 6H), 9.67 (s, 1H), 9.71 (s, 

1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 10.23, 10.92, 

40.19, 40.89,  44.98, 45.03, 53.46, 54.56, 67.91, 69.71, 

75.64, 75.78, 94.56, 101.23, 109.26, 109.67, 119.28, 

123.26, 124.56, 124.89, 124.97, 125.63, 127.23, 128.01, 

144.21, 144.91, 164.77, 165.87, 174.52, 176.67, 198.15, 

199.37, 204.21, 207.61;   

FAB mass: Calcd. for C17H16BrNO4 m/z = 377.03; 

Found: 379.43 (M+2);   
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Elemental Analysis: C17H16BrNO4 Calcd. for C, 53.99; 

H, 4.26; N, 3.70; Found: C, 51.97; H, 4.24, N, 3.61. 

 

 

 

 

 

 

 

 

 

Compound 67 

Colourless viscous liquid; 

Rf: 0.32 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1703, 1717, 1976, 2218, 2829, 

2931, 3045  cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 0.95 (m, 6H), 1.69 

(m, 4H), 3.48 (m, 4H), 3.52 (m, 7H), 3.56 (s, 1H), 4.80 

(m, 4H), 5.57 (t, J = 7.0 Hz, 1H), 5.65 (t, J = 7.2 Hz, 1H), 

6.56 (m, 3H), 7.22 (m, 5H), 9.71 (s, 1H), 9.75 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 11.53, 11.78, 

19.01, 19.51, 40.17, 40.83, 43.29, 43.91, 52.34, 54.39, 

68.98, 69.23, 74.73, 75.62, 93.73, 99.76, 108.45, 109.12, 

119.86, 119.99, 124.97, 125.63, 127.23, 127.31, 127.54, 

127.91, 139.86, 144.99, 164.26, 165.77, 175.17, 176.86, 

197.18, 199.16, 204.57,  207.61; 

FAB mass: Calcd. for C18H19NO4 m/z = 313.13; Found: 

314.72 (M+1); 

Elemental Analysis: C18H19NO4 Calcd. for C, 68.99; H, 

6.11; N, 4.47; Found: C, 67.95; H, 5.83, N, 4.12. 

 

 

 

 

 

 

 

Colourless viscous liquid; 

Rf: 0.30 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1705, 1716, 1984, 2215, 2827, 

2921, 3025 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.29 (m, 6H), 3.53 

(m, 7H), 3,56 (s, 1H), 4.35 (m, 4H), 4.78 (m, 4H), 5.61 

(m, 1H), 5.61 (m, 1H), 6.71 (m, 14H), 7.80 (m, 2H), 9.61 

(s, 1H), 9.81 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.67, 21.98, 
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Compound 68 40.18, 40.89, 42.73, 44.98, 45.53, 52.56, 54.41, 69.71, 

69.81, 74.34, 75.68, 92.16, 101.51, 107.27, 109.62, 

110.78, 115.43, 118.62, 122.43, 125.41, 126.51, 126.95, 

127.15, 127.88, 128.03 (2C), 128.16, 128.52, 128.91, 

129.02, 129.11, 129.61, 132.08, 132.16, 134.31, 143.58, 

144.25, 164.23, 165.42, 174.39, 176.82, 197.21, 198.67, 

202.51, 209.12; 

FAB mass: Calcd. for C23H21NO4 m/z = 375.15; Found: 

376.43 (M+1);   

Elemental Analysis: C22H21NO4 Calcd. for C, 73.58; H, 

5.64; N, 3.73; Found: C, 72.76; H, 4.82, N, 2.98. 

 

 

 

 

 

 

Compound 69 

Colourless viscous liquid; 

Rf: 0.35 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1623, 1703, 1720, 1953, 2217, 2821, 

2953, 3046 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.29 (s, 3H), 2.30 

(s, 3H), 3.21 (s, 6H), 3.52 (m, 7H), 3.55 (s, 1H), 4.92 (m, 

4H), 5.55 (m, 2H),  5.65 (m, 2H), 6.99 (m, 6H), 9.62 (s, 

1H), 9.75 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.64, 21.75, 

24.34, 24.37, 40.14, 40.97, 52.34, 54.45, 69.73, 69.79, 

74.34, 75.62, 94.56, 98.57, 108.45, 109.02, 124.80, 

124.87, 125.03, 125.34, 126.24, 127.12, 127.54, 127.81, 

139.85, 144.91, 165.76, 165.87, 176.54, 177.86, 198.06, 

199.02, 206.53, 207.65; 

FAB mass: Calcd. for C22H18BrNO4 m/z = 440.19; 

Found: 442.13 (M+2);  

Elemental Analysis: C22H18BrNO4 Calcd. for C, 60.01; 

H, 4.12; N, 3.18; Found: C, 59.83; H, 3.87, N, 3.10. 

3.10.10 Synthesis of dihydrofuran derivatives: 
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A mixture of MBH adduct of allene (100 mg) in acetone (1 mL) with DABCO 

(10 mol %) was allowed to reflux for 4 hours. The progress of the reaction was monitored 

by TLC. After completion of the reaction, the solvent was removed under reduced 

pressure to afford oxindole appended dihydrofuran derivatives in moderate yield (42-

48%) by silica gel column purification.  

3.10.11 Characterization of new compounds: 

 

 

 

 

 

 

Compound 70a 

(E-isomer) 

 

Yellow viscous liquid; 

Rf: 0.30 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1123, 1642, 1706, 1718, 2976, 3078 

cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.0 (d, J = 6.9 Hz, 

3H), 3.23 (s, 3H), 3.98 (s, 3H), 6.11 (td, J = 6.9, 16 Hz, 

1H), 6.77 (d, J = 7.8 Hz, 1H), 6.94 (t, J = 7.7 Hz, 1H), 

7.04 (d, J = 7.7 Hz, 1H), 7.21 (t, J = 7.7 Hz, 1H), 8.14 (d, 

J = 16 Hz, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 19.51, 25.84, 

29.79, 52.48, 107.99, 119.86, 121.04, 121.83, 122.07, 

125.27, 129.49, 139.52, 139.98, 143.19, 167.22, 167.76;  

FAB mass: Calcd. for C16H15NO4 m/z = 285.21; Found: 

286.10 (M+1); 

Elemental Analysis: C16H14NO4 Calcd. for C, 52.77; H, 

3.87; N, 3.85; Found: C, 51.95; H, 3.69, N, 3.55. 

 

 

 

 

 

Yellow viscous liquid; 

Rf: 0.26 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1122, 1641, 1702, 1718, 2971, 3100 

cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.98 (d, J = 6.9 

Hz, 3H), 3.23 (s, 3H), 3.89 (s, 3H), 6.21 (td, J = 6.87, 16.3 

Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 

7.21 (t, J = 7.7 Hz, 1H), 7.54 (d, J = 6.9 Hz, 1H), 7.87 (d, 
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Compound 70b 

(Z-isomer) 

 

J = 16.3 Hz, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 19.46, 25.84, 

29.78, 52.38, 107.73, 120.12, 121.06, 122.67, 125.32, 

129.93, 131.16, 139.14, 139.63, 141.10, 167.26, 167.82; 

FAB mass: Calcd. for C16H15NO4 m/z = 285.21; Found: 

286.07 (M+1);   

Elemental Analysis: C16H14BrNO4 Calcd. for C, 52.77; 

H, 3.87; N, 3.85; Found: C, 52.35; H, 3.29, N, 3.67. 

 

 

 

 

 

Compound 71a 

(E-isomer) 

 

 

Yellow viscous liquid; 

Rf: 0.28 (20% EtOAc-Hexane); 

IR (CH2Cl2) νmax: 1124, 1642, 1702, 1720, 2975, 3081 

cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 2.01 (d, J = 6.8 

Hz, 3H), 3.23 (s, 3H),  3.99 (s, 3H), 6.12 (td, J = 6.8, 16.3 

Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.94 (d, J = 7.8 Hz, 

1H), 7.04 (d, J = 7.8 Hz, 1H), 8.98 (d, J = 16.3 Hz, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 19.47, 25.54, 

29.67, 52.54, 107.87, 118.86, 121.64, 121.83, 122.37, 

125.73, 129.32, 139.18, 139.53, 143.19, 167.23, 167.45; 

FAB mass: Calcd. for C16H14BrNO4 m/z = 363.01; 

Found: 365.21 (M+2); 

Elemental Analysis: C16H14BrNO4 Calcd. for C, 52.77; 

H, 3.87; N, 3.85; Found: C, 51.95; H, 3.43, N, 3.19. 

 

 

 

 

 

Yellow viscous liquid; 

Rf: 0.32 (20% EtOAc-Hexane); 

IR (CH2Cl2): 1123, 1640, 1726, 2976, 3120 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.98 (d, J = 6.9 

Hz, 3H), 3.23 (s, 3H),  3.89 (s, 3H), 6.21 (td, J = 6.87, 16 

Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 
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Compound 71b  

(Z-isomer) 

 

7.54 (d, J = 6.9 Hz, 1H), 7.87 (d, J = 16.1 Hz, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 19.46, 25.54, 

29.66, 52.48, 107.89, 119.36, 121.64, 121.83, 122.37, 

125.62, 128.34, 138.51, 139.98, 142.13, 167.29, 168.76; 

FAB mass: Calcd. for C16H14BrNO4 m/z = 363.01; 

Found: 365.07 (M+2);   

Elemental Analysis: C16H14BrNO4 Calcd. for C, 52.77; 

H, 3.87; N, 3.85; Found: C, 52.75; H, 3.85, N, 3.87. 
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CChhaapptteerr  IIVV 

 

DDiiaasstteerreeoosseelleeccttiivvee  SSyynntthheessiiss  ooff  33--SSppiirrooccyyccllooppeenntteennee  aanndd  

33--SSppiirrooppyyrraazzoollee--22--OOxxiinnddoollee  DDeerriivvaattiivveess  vviiaa  [[33++22]]--

AAnnnnuullaattiioonn  RReeaaccttiioonn  

  
 

 

AAbbssttrraacctt::  

The chemistry phosphorus and sulphur ylides have been exploited 

for a facile, short and efficient synthesis of 3-spirocyclopentene- and  3-

spiropyrazole-2-oxindoles from E- and Z-isomers of bromo derivatives of 

Morita-Baylis-Hillman adducts of isatin with Ph3P/activated alkene/K2CO3 

and Me2S/DEAD/K2CO3 via [3+2]–annulation strategy, respectively. 

 

 
 

 

Shanmugam, P. et al. Chem. Commun., 2010, 46, 2826–2828. 

 

  



119 

 

CChhaapptteerr  IIVV 

 

DDiiaasstteerreeoosseelleeccttiivvee  SSyynntthheessiiss  ooff  33--SSppiirrooccyyccllooppeenntteennee  aanndd  

33--SSppiirrooppyyrraazzoollee--22--OOxxiinnddoollee  DDeerriivvaattiivveess  vviiaa  [[33++22]]--

AAnnnnuullaattiioonn  RReeaaccttiioonn 

4.1 Introduction: 

Spirocyclic compounds have attracted the attention of organic chemists due to 

their unique structural and reactivity pattern. Many natural products such as 

fredericamycin [Kelly, T. R. et al. 1986], spirovetivanes, acroanes, chamigrenes 

[Heathcock, C. K. et al. 1983],
 
angularly fused cyclopentanoids (e.g. crinipellin-A, 

laurenene) [Mehta, G. et al. 1997],
 
non-natural products [5.5.5.5] fenestrane [Thommen, 

M. et al. 1997],
 
spiranes [Fitjer, L. et al. 1988]

 
and coronane  possess the spiro-linkages 

[Krapcho, A. P. 1987; Sannigrahi, M. 1999]
 
as crucial structural units [Figure 4.1]. 

 

 

 

 

Figure 4.1: Structurally unique spirocyclic frameworks. 

Among them, spirooxindoles are commonly occurring heterocyclic ring systems 

found in many natural products and pharmaceuticals [Galliford, C.V. et al. 2007]. A 

range of biologically active compounds possessing the spiropyrrolidine framework is 

well displayed in the literature (Figure 4.2) [Stylianakis, I. et al. 1999].
 
Various 

approaches to prepare spirocyclic systems have encountered problems associated with 

functional group incompatibility at one or more stages and restricted to a single 

substitution pattern. In a few instances, the newly generated ring system left with a useful 

functionality for further synthetic transformations.  

 

 

C

[6,5]-coronane[5.5.5.5]-fenestrane
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Figure 4.2: Spirooxindole natural product isolated from Aspergillus fumigates. 

Owing to its advantage, we were interested to synthesise 3-spiro cyclopentene- 

and 3-spiropyrazole-2-oxindole derivatives from 3-allyl bromides of oxindole via 

phosphorous and sulphur ylides [3+2]-annulation reaction. To familiarise the chemistry 

of phosphorous and sulphur ylides, the following section outlines a brief account on the 

generation and some literature known annulation reactions of phosphorous and sulphur 

ylides. 

4.2  Synthesis of cyclic and spirocyclic derivatives via annulation 

strategy: 

4.2.1  Lewis acids promoted [5+2]-annulation: 

The stereoselective 3-oxepene appended 2-oxindole derivatives were synthesized 

from the chiral crotylsilane 2 with N-methylisatin dimethyl ketal 1 via Lewis acid 

promoted [5+2]-annulation (Scheme 4.1). The diastereoselective formation cis-spiro 

oxepene 3 was controlled by kinetic means, can undergo epimerization and furnish trans 

isomer 4 via BF3.OEt2 induced ring opening mechanism [Zhang, Y. et al. 2009].  
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Scheme 4.1: Synthesis of spirooxapene oxindole derivatives. 

The annulation products 3 and 4 were further elaborated for the preparation of a 

complex molecular framework 5 through intramolecular Heck reaction of keeping 

substituent R3 as aryl halide and oxepene olefin (Scheme 4.2). 

 

Scheme 4.2: Synthesis of complex spirooxepene oxindole derivatives. 

4.2.2  Epoxy annulation: reagent vs. kinetic resolution of substrate 

controlled reaction: 

 Unthank et al. reported a substrate and reagent controlled stereoselective epoxy 

annulation reaction between α-aminoketone 6 and vinyl sulfonium salt [Unthank et al. 

2008] (Scheme 4.3). The diastereoselective syn-epoxy pyrrolidine derivative 7 has been 

synthesised from α-aminoketone 6 and achiral vinyl sulfonium salt A via substrate 

controlled mode of synthesis. The enantiomerically enriched anti-epoxy pyrrolidine 

derivative 8 have also been achieved from chiral vinyl sulfonium salt B via reagent 

controlled mode of synthesis. The enatio enriched stereoisomer 8 synthesised from 
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racemic mixture of starting material by kinetic resolution as a key step using the chiral 

vinyl sulfonium salt B as a catalyst. 

 

Scheme 4.3: Synthesis of epoxy pyrrolidines derivatives via sulphur ylide annulation. 

4.3 Recent reports on phosphorous and sulphur ylide annulation 

reactions using MBH adducts and their derivatives: 

4.3.1 Phosphine catalyzed cascade [3+2]-cyclization-allylic alkylation 

and [2+2+1]-annulation:  

Recently, Zhow et al. have reported the synthesis of a variety of cyclopentenes 11, 

13 and cyclopentane derivative 12 via PBu3 catalyzed chemoselective cascade [3+2]-

cyclization-allylic alkylation, [2+2+1]-annulation, and [3+2]-cyclization reactions, 

respectively (Scheme 4.4).
 
The mode of cyclization depends on the substitution on 

carbonate 9 and enone 10. The formation of product 11 has been rationalised by the three 

components involving cascade/tandem [3+2]-cyclization-allylic alkylation reaction 

between the two molecules of carbonate 9 and one molecule of chalcones 10 [Zhow et al. 

2011]. The aryl group substituted at R1 position of allylic carbonate selectively provided 

single diastereomer of cyclopentene derivative 13 via [3+2]-cycloaddition. The electron-

deficient chalcones bearing a 4-nitrophenyl group at Ph2 position afforded selectively the 

[2+2+1]-annulation product 12 along with allylic carbonate 9.  
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Scheme 4.4: Synthesis of cyclopentene and cyclopentane derivatives via phosphine ylide. 

4.3.2  Phosphine catalysed [3+N]-annulation reaction: 

The catalytic version of phosphorus mediated C-C bond forming reactions is 

scarce due to the higher oxophilicity of phosphine [Maryanoff, B. E.]. In 2003, Du et al. 

first reported the phosphine catalysed C-C bond forming reaction between the modified 

MBH carbonate derivative 14 and various activated olefins 15 [Du, et al. 2003]. The 

allyl-phosphorous ylide is generated in-situ from K2CO3 and allyl phosphonium salt by 

the reaction between modified MBH adducts 14 and triphenylphosphine (PPh3). The 

ylide provided regioisomeric mixture of cyclopentenes 16 and 17 via dipolar 

cycloaddition with activated olefin (Scheme 4.5).  

Z1

Z2
EWG

R1

EWG

R1 Z1

Z2+EWG

OBoc

(i) PPh3, K2CO3, toluene, 120 OC

R1

Z2 Z1
+

i

14 16 1715

 

Scheme 4.5: Synthesis of cyclopentene derivatives. 

Pioneer work on the phosphine catalyst has been extended to a number of  

activated alkenes with MHB adduct and led to a variety [3+6], [3+2], [4+3] and [3+3] 
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annulated products (Scheme 4.6) [Du, Y. et al. 2005; Zheng, S. et al. 2009
a
; Zheng, S. et 

al. 2009
b
; Zhong, F. et al. 2011]. 

 

Scheme 4.6: Phosphine catalyzed [3+N]-annulation reactions.  

4.3.3  Phosphine-catalyzed [4+1]-annulation: 

The sulphur and nitrogen mediated synthesis of pyrroline derivatives via [4+1]- 

annulation reaction have been well explored [Zheng, J.-C. et al. 2008]. In 2011, Tian et al. 

have reported diastereoselective synthesis of pyrroline derivatives 16 via phosphine 

catalyzed annulation reaction of α,β-unsaturated imine 24 and allylic carbonate of MBH 

adduct 23 [Tian, J. et al. 2011].
 
The catalytic cycle was initiated from in-situ generated 

allylic phosphorus ylide. The ylide 23a generated by the addition-elimination-

deprotonation process and undergoes either γ- or α-addition with α,β-unsaturated imine 

followed by intramolecular cyclization provided the pyrroline derivative 25 (Scheme 4.7).  
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Scheme 4.7: Synthesis of diastereoselective pyrrolidine derivatives. 

4.3.4 Phosphine-catalyzed intramolecular [3+2]-cycloaddition: 

Lu et al. have reported a catalytic phosphine version C-C bond formation that 

have subsequently been explored by a number of groups and also synthesised a variety of 

carbo- and heterocyclic frame works [Wurz, R. P. et al. 2005; Wilson, J. E. et al. 2006]. 

Interestingly, Ye et al. have reported the phosphine catalyzed diastereoselective synthesis 

of a number of bicyclic carbo- and heterocycle derivatives 27 from diketone derivative 26 

via tandem intramolecular annulation reaction (Scheme 4.8) [Ye. L.-W. et al. 2007]. 

 

Scheme 4.8: Synthesis of bicyclic carbo- and heterocycle derivatives. 

4.3.5  Sulphide induced [3+2]-annulation strategy: 

The catalytic sulphur mediated olefination [Choi, J. et al. 2003], epoxidation 

[Edwards, D. R. et al. 2007], aziridination [Kokotos, C. G. et al. 2007] and 

cyclopropanation [Appel, R. et al. 2010; Zhang, R. et al. 1999] have been well explored. 

Basavaiah and co-workers first reported the synthesis of pyrazole derivatives 30 from 
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allyl bromide of MBH adduct 28 with dialkyl azodicarboxylates 29 via sulphur mediated 

[3+2]-annulation strategy in excellent yield (Scheme 4.9) [Basavaiah, D. et al. 2008]. 

 

Scheme 4.9: Synthesis of functionalized pyrazole derivatives. 

4.3.6 Synthesis of vinyl cyclopropane via sulphur ylide chemistry: 

Recently, we have exhibited a diastereoselective synthesis of oxindole appended 

vinyl cyclopropane (VCP) derivatives 33 and 34 enabled from isomeric mixture of allyl 

bromide of oxindole 31 with activated styrene 32 via sulphur ylide chemistry (Scheme 

4.10). The synthesized trans-VCP derivatives 33 afforded corresponding cis-VCP 

derivatives 34 via Lewis acid mediated epimerization reaction in excellent yield [Lingam, 

K. A. P. et al. 2012]. 

Scheme 4.10: Synthesis of vinyl cyclopropane oxindoles. 

4.4 Present work: 

Literature reports showed that the catalytic version of phosphorous and sulphur 

ylide chemistry. The strategies have been exploited for few substrates and provided 

stereo-/regioselective carbo- and heterocyclic derivatives. The observed selectivity of 

products has been controlled either by the low energy diastereomeric transition state of 

the reaction intermediate or the stereo- inherentness of the dipolarophile. With this 

literature background, we were intrigued to study the scope and reactivity of allyl 
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bromide of oxindole prepared from MBH adduct of isatin with various dipolarophiles 

utilizing catalytic phosphorous and sulphur ylide chemistry. In this context, phosphorous 

and sulphur catalyzed diastereoselective spirocyclopentene and spiropyrazole derivatives 

synthesised from the mixture of E- and Z-isomerised allyl bromide of oxindole via [3+2]-

annulation are subject matter of this chapter. The results of the investigations are 

presented as follows. 

4.5  Retrosynthetic analysis: 

  According to the proposal, a retrosynthetic strategy is shown in Figure 4.3. 

The strucutrally and synthetically important derivatives of 3-spirocyclopentene C and 

3-spiropyrazole-2-oxindole D can be synthesised from a common starting material 

such as allyl bromide of oxindole B via [3+2]-annulation strategy by utilizing 

phosphorus and sulphur ylide chemistry. The MBH adduct and allyl bromide 

derivative B could be prepared as per litrature procedure.
23

 The formation of 

spirocyclic products C or D would depend on the basis of dipoloraphile component as 

well as reagent selection. 

 

Figure 4.3: Retrosynthetic strategy for spirocyclic oxindole derivatives. 

4.6  Results and Discussion: 

4.6.1 Preparation of allyl bromide from MBH adduct of isatin:  

 Before entering into isomerization study, we first screened the methods known for 

the synthesis of bromo isomerized derivative of simple MBH adducts. It has been 
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reported in the literature that for the isomerization of MBH adducts derived from 

benzaldehyde, aqueous HBr is a facile reagent under various conditions such as room 

temperature stirring in CH2Cl2/HBr, CH2Cl2/HBr/cat.H2SO4. Hence, we utilized aqueous 

HBr as a reagent for the isomerization of MBH adduct of isatin.  

4.6.2 Optimization study for the isomerization reaction of MBH adduct 

with aqueous HBr: 

 The isomerization study was initiated with MBH adduct of isatin 35 with 46% 

aqueous HBr. However, to our surprise the isomerization procedure reported for simple 

MBH adduct with aqueous HBr failed for isatin derived MBH adduct 35 under various 

conditions such as stirring in CH2Cl2/HBr at room temperature, CH2Cl2/HBr/cat.H2SO4. 

Stirring the adduct 35 in CH2Cl2/HBr for a long period (overnight) at room temperature 

afforded the unaltered starting material quantitatively (Table 1, entry 1), while the 

reaction by stirring the adduct 35 in CH2Cl2/HBr/cat.H2SO4 resulted in decomposition of 

MBH adduct of isatin (Table 1, entry 2). The reaction of adduct 35 in CHCl3/HBr under 

reflux condition showed a trace of desired isomerized product formation (Table 1, entry 

4). The trace of product formation under chloroform reflux condition prompted us to 

carry out a reaction under microwave irradiation. Thus, the MBH adduct 35 with 46% 

aqueous HBr (4 equiv.) embedded on silica gel (200 mg) was irradiated in a microwave 

oven for 5 minutes afforded a 1:1 mixture of E:Z isomers of allyl bromide derivative 36a 

and 36b in 65% combined yield after purification by silica gel column chromatography 

(Scheme 4.11) (Table 1, entry 5). The geometrical isomers 36a and 36b were separated 

by column chromatography. The proton NMR spectra of the purified individual isomers 

were used as a tool to distinguish and assign the geometries of the products as discussed 

in the following section. 

 

Scheme 4.11: Synthesis of allyl bromide of oxindole compounds 36a/b 

 



 

  Table 4.1: Optimization of allyl bromide of oxindole derivative synthesis.

Entry 

1 

2 CH2Cl

3 CH

4 

5 46% aq. HBr, MW, 750W, 5 min.

4.6.3  Distinction of 

The geometries of allyl bromide of oxindole 

basis of correlation of proton NMR chemical shifts. 

distinguished by 
1
H NMR unambiguously using chemical shift differences of methylene 

proton attached with bromine atom (Figure 4.4). Thus, the compound 

at δ 5.23 ppm which explains the electronic environment and influence of shielding effect 

by aromatic ring current (Figure 4.4). On the other hand, the other isomer 

peak corresponds to methylene protons attached with bromine ato

shift at δ 4.49 ppm as shown in Figure 4.4.

Figure 4.4: Differentiation
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Optimization of allyl bromide of oxindole derivative synthesis.

Reaction condition Product(s) 

CH2Cl2/HBr, 12h, rt - 

Cl2/HBr/cat.H2SO4, 12h, rt decomposed 

CH2Cl2/HBr, 1h, reflux - 

CHCl3/HBr, 1h, reflux 36a/b 

46% aq. HBr, MW, 750W, 5 min. 36a/b 

Distinction of E/Z-isomers 36a/b by 
1
H NMR:  

of allyl bromide of oxindole 36a and 36b were arrived on the 

basis of correlation of proton NMR chemical shifts. The E- 36a and Z-isomers

H NMR unambiguously using chemical shift differences of methylene 

proton attached with bromine atom (Figure 4.4). Thus, the compound 36a

 5.23 ppm which explains the electronic environment and influence of shielding effect 

by aromatic ring current (Figure 4.4). On the other hand, the other isomer 

peak corresponds to methylene protons attached with bromine atom at usual chemical 

 4.49 ppm as shown in Figure 4.4. 

Differentiation of E- and Z-isomers 36 a/b by 
1
H NMR spectrum.

Optimization of allyl bromide of oxindole derivative synthesis. 

Yield (%) 

- 

- 

- 

Trace 

65 

were arrived on the 

isomers 36b were 

H NMR unambiguously using chemical shift differences of methylene 

36a showed a peak 

 5.23 ppm which explains the electronic environment and influence of shielding effect 

by aromatic ring current (Figure 4.4). On the other hand, the other isomer 36b showed a 

m at usual chemical 

 

H NMR spectrum. 
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4.6.4 Isomerization of MBH adduct: Generality of the reaction: 

 In order to synthesise several allyl bromide derivatives for the subsequent [3+2]-

annulation reactions, we have carried out the isomerization under the optimized reaction 

condition for a number of adducts. All the MBH adduct of isatin 35a afforded the 

corresponding E/Z-isomeric mixture 37a and 37b in almost same yield and ratio of the 

isomeric product, except the 5-formyl MBH adduct (Scheme 4.12). The 5-formyl MBH 

adduct provided the expected product in low yield (30%) with prolonged microwave 

irradiation time (15 min). All the compounds were purified through silica gel column 

chromatography and completely characterized by standard spectroscopic analysis.  

 
Scheme 4.12: Generalization of isomerization. 

4.6.5 Synthesis of 3-spirocyclopentene oxindole derivative from allyl 

bromide of oxindole via phosphine mediated [3+2]-annulation strategy:  

The successful synthesis of allyl bromide of oxindole intrigued us to carry out the 

[3+2]-annulation reactions with dipolarophiles. A prototype experiment has been 

conducted using a mixture of allyl bromide of oxindole 36 in toluene, with methyl 

acrylate 39, triphenylphosphine (PPh3) and K2CO3 was refluxed for 7 hours (Scheme 

4.13). This annulation reaction proceeded smoothly and has led to the expected 

diastereoselective spirocyclic compound 40 in 47% yields after silica gel column 

chromatography purification.  
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Scheme 4.13: Synthesis of spirocyclopentene compound 40. 

The structure of synthesized compound 40 was arrived on the basis of detailed 

spectroscopic data analysis (FTIR, 
1
H NMR, 

13
C NMR and FAB-MS). The FTIR 

spectrum of the compound 40 showed the presence of key functional groups such as 

amide and ester carbonyl group absorptions at 1704 and 1726 cm
-1

, respectively.  

In the 
1
H NMR spectrum, the characteristic spirocyclopentene olefin proton 

appeared as a doublet of doublet centered at δ 7.11 ppm with coupling constant J = 2.5, 

3.0 Hz (Figure 4.5). The spirocyclopentene methylene protons were resonated as well 

separated doublet of doublet of doublet (ddd) centered at  δ 293 and 3.33 ppm, and 

mutually coupled with  olefin and methine protons with coupling constant J = 3, 9 and 12 

Hz and J = 2.5, 9.5 and 11.5 Hz, respectively. The methine proton from 

spirocyclopentene appeared as a doublet of doublet (dd) centered at δ 3.89 ppm with  

coupling constants J = 9.5 and 9.0 Hz.  

 

 

 

 

 

 

 

 

 

Figure 4.5: 
1
H NMR Spectrum of spirocyclopentene derivative 40 
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The N-methyl and two ester methyl protons were resonated as three sharp singlets 

at δ 3.14, 3.35 and 3.55 ppm, respectively. The entire aromatic protons were visible in the 

region from δ 6.84 to 7.27 ppm. 

The structure assigned to spirocyclopentene compound 40 adjacent proton 

coupling pattern was further supported by 2D-HOMOCOSY spectrum and showed 

various cross peaks between the cyclopentene ring protons (Figure 4.6). 

 

Figure 4.6: 
1
H-

1
H-COSY Spectrum of spirocyclopentene derivative 40 

Analysis of 
13

C NMR spectrum of compound 40 showed signals at δ 26.72, 51.53 

and 51.72 ppm which correspond to N-methyl and two ester methyl groups carbon, 

respectively (Figure 4.7). The cyclopentene ring carbons viz. methylene, methine and 

spiro centre were visible at δ 33.71, 52.80 and 61.60, respectively. All the aromatic 

carbons were in good agreement with assigned structure and resonated in the region at δ 

107.78-145.84. The three carbonyl carbons were appeared at δ 162.51, 170.69 and 177.92, 

respectively. 



 

Figure 4.7: 
13

The presence of quaternary carbon was confirmed by 

and the same at δ 61.60 disappeared in the DEPT

Figure 4.8: DEPT

Finally, the FAB-

ion [M+1] peak at m/z = 316.54 as against the calculated value 
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13
C NMR Spectrum of spirocyclopentene derivative 

The presence of quaternary carbon was confirmed by 
1
H-

13
C correlation spectrum 

61.60 disappeared in the DEPT-135 spectrum (Figure 4.8). 

DEPT-135 Spectrum of spirocyclopentene derivative 

-MS supported the assigned structure as it showed a molecular 

= 316.54 as against the calculated value m/z = 315.32 (Figure 4.9).  

N

MeO2C

 

C NMR Spectrum of spirocyclopentene derivative 40 

orrelation spectrum 

135 spectrum (Figure 4.8).  

 

135 Spectrum of spirocyclopentene derivative 40 

MS supported the assigned structure as it showed a molecular 

= 315.32 (Figure 4.9).   

N
O

CO2Me



 

Figure 4.9

4.6.6 Optimization study: Effect of solvent and base:

After the successful structural elucidation of spirocyclopentene co

turned our attention towards optimization of the reaction.  In order to increase the 

reaction yield, the effect of solvent and base was evaluated and the results are shown in 

the Table 4.2.  

N

O

MeO2C

Br

36 39

(i) PPh3

+

Scheme 4.14: Optimization of phosphine mediated [3+2]

For optimization studies, 

model substrate (Scheme 4.14). Among the several test reactions, a combination of 

toluene in K2CO3 at 80 
º
C was fou

of the product (Table 4.2, entry 2). In presence of Na

E- and Z- mixture of α-methylene reduced alkenes 

gel column chromatography
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Figure 4.9: Mass spectrum of spirocyclic compound 40

Optimization study: Effect of solvent and base: 

After the successful structural elucidation of spirocyclopentene compound 

turned our attention towards optimization of the reaction.  In order to increase the 

reaction yield, the effect of solvent and base was evaluated and the results are shown in 

CO2Me

reaction
condition N

MeO2C

CO2Me

O

E: Z = 1

9 40 41a

i

+

Optimization of phosphine mediated [3+2]-annulation reaction.

For optimization studies, N-methyl allyl bromide of oxindole 36 

model substrate (Scheme 4.14). Among the several test reactions, a combination of 

C was found to be the best condition which provided 65% yield 

of the product (Table 4.2, entry 2). In presence of Na2CO3, the reaction mixture furnished 

methylene reduced alkenes 41a/b which was separable by silica 

gel column chromatography (Table 4.2, entry 4). The structures of the 

 

mpound 40, we have 

turned our attention towards optimization of the reaction.  In order to increase the 

reaction yield, the effect of solvent and base was evaluated and the results are shown in 

N

O

CO2Me

1:1

a/b

 

annulation reaction. 

36 was chosen as 

model substrate (Scheme 4.14). Among the several test reactions, a combination of 

nd to be the best condition which provided 65% yield 

, the reaction mixture furnished 

separable by silica 

Table 4.2, entry 4). The structures of the α-methylene 
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reduced compounds 41a/b were assigned by spectral analysis and discussed in the 

subsequent section. In the optimization of phosphine catalyzed annulation of allyl 

bromide of oxindole exposed, a small change in the reaction condition resulted in to 

marginal difference in the yield (Table 4.2, entries 1 and 2). Except the optimized 

reaction condition (Table 4.2, entry 2), remaining all were furnished either low yield of 

the product, reduced product or decomposition of starting materials. Specifically, 

solvents like benzene gave relatively better yield than other solvents however lesser than 

in toluene (Table 4.2, entry 3). Polar solvents preferably furnished α-methylene reduced 

alkene compounds (Table 4.2, entries 8-11).  

Table 4.2: Optimization of phosphine catalyzed [3+2]-annulation reaction. 

Entry 

 

Solvent Base 

 

Temp (OC) Time (h)   Yield (%) 

 41            42 

1 toluene K2CO3 120 8 47 - 

2 toluene K2CO3 80 12 65 - 

3 benzene K2CO3 80 16 55 - 

4 toluene Na2CO3 80 3 - 46 

5 toluene NaOH 80 3 decomposed 

6 toluene KOH 80 3 decomposed 

7 toluene CsCO3 80 3 decomposed 

8 DMF K2CO3 110 1 - 51 

9 THF K2CO3 60 3 - 45 

10 MeOH K2CO3 60 2                  61  

11 CH3CN K2CO3 60 2 -  34 

12 toluene K2CO3 80 3 -   43a 

a
Moist toluene was used as a solvent. 

4.6.7 Formation of α-methylene reduced alkene compounds 41a/b: 

 The α-methylene reduced alkene compounds were formed whenever annulation 

reaction conducted in polar solvents. The formation of α-methylene reduced alkene 

compounds can be explained by mechanistic postulates. Accordingly, phosphonium salt 

39a formed from allyl bromide of oxindole and PPh3, undergoes oxygenation with either 

water or air. The oxophilicity of phosphorous and higher reactivity of allyl derivatives of 



 

oxindole 36 were assisted the formation of triphenylphosphine oxide (Ph

thereby reduced compounds 

N

O

MeO2C

Br

36 3

(i) PPh3, K2CO3, 80

+

Scheme 4.15: Synthesis of 

These two contentions were further confirmed based on the experimental results. 

Even under optimized condition, the moist toluene provided only the reduced product 

(Table 2, entry 12) and also the allyl bromide derivatives from MBH adduct of aldehyde 

did not give any reduced products. 

The structure of reduced compound 

the mass spectral analysis (Figure 4.10). In 

isomer) the methyl group attached to the alkene observed as a singlet at 

N-methyl, ester methyl proton were resonated as two singlets at 

respectively. The entire aromatic protons were visible at 

Figure 4.10

Similarly, in the 

methyl group appeared as a singlet at 

136 

were assisted the formation of triphenylphosphine oxide (Ph

thereby reduced compounds 41a/b (Scheme 4.15).  

CO2Me

E: Z

39 4

80 oC, moist toluene, 43%

N

O

MeO2C

PPh3

Br

39a

i

Synthesis of α-methylene reduced alkene derivatives 

ntions were further confirmed based on the experimental results. 

Even under optimized condition, the moist toluene provided only the reduced product 

(Table 2, entry 12) and also the allyl bromide derivatives from MBH adduct of aldehyde 

uced products.  

The structure of reduced compound 41a was established based on the NMR and 

the mass spectral analysis (Figure 4.10). In 
1
H NMR spectrum of compound 

isomer) the methyl group attached to the alkene observed as a singlet at 

methyl, ester methyl proton were resonated as two singlets at δ 3.20 and 3.90 ppm, 

respectively. The entire aromatic protons were visible at δ 6.80-7.28 ppm as multiplets.

Figure 4.10:
 1

H NMR Spectrum of compound 41a E-isomer.

Similarly, in the 
1
H NMR spectrum of compound 41b (Z-isomer) the olefin 

methyl group appeared as a singlet at δ 2.44 ppm. Two singlets at δ 3.23 and 

N

were assisted the formation of triphenylphosphine oxide (Ph3P=O) and thus 

N

O

CO2Me

= 1:1

41a/b

 

methylene reduced alkene derivatives 41a/b 

ntions were further confirmed based on the experimental results. 

Even under optimized condition, the moist toluene provided only the reduced product 

(Table 2, entry 12) and also the allyl bromide derivatives from MBH adduct of aldehyde 

was established based on the NMR and 

H NMR spectrum of compound 41a (E- 

isomer) the methyl group attached to the alkene observed as a singlet at δ 2.65 ppm and 

3.20 and 3.90 ppm, 

7.28 ppm as multiplets. 

 

isomer. 

isomer) the olefin 

3.23 and δ 3.96 ppm 

O

CO2Me



 

were discernable to the methyl groups of the amide nitrogen and the ester, respectively 

(Figure 4.11). The down fiel

discernable to the aromatic protons of the oxindole moiety.

Figure 4.11

The 
13

C spectrum showed three carbon signals at 

correspond to methyl carbons attached in alkene, nitrogen and ester, respectively. The 

ester carbonyl was observed at 

appeared at δ  165.70 (Figure 4.12).

Figure 4.12

 The analyzed structure of 

molecular ion [M+1] peak at 

137 

were discernable to the methyl groups of the amide nitrogen and the ester, respectively 

(Figure 4.11). The down field signals in the chemical shift range from δ

discernable to the aromatic protons of the oxindole moiety. 

Figure 4.11:
 1

H NMR Spectrum of compound 41b Z- isomer.

C spectrum showed three carbon signals at δ 17.90, 25.86 and at 52.71 

correspond to methyl carbons attached in alkene, nitrogen and ester, respectively. The 

ester carbonyl was observed at δ 170.60 and the amide carbonyl of the oxindole moiety 

165.70 (Figure 4.12). 

Figure 4.12:
 13

C NMR Spectrum of compound 41b Z- isomer.

The analyzed structure of 41b was supported by the mass spectral analysis as it showed a 

molecular ion [M+1] peak at m/z = 232.35 against the calculated value of 

were discernable to the methyl groups of the amide nitrogen and the ester, respectively 

δ 6.83-7.52 were 

 

isomer.  

17.90, 25.86 and at 52.71 which 

correspond to methyl carbons attached in alkene, nitrogen and ester, respectively. The 

170.60 and the amide carbonyl of the oxindole moiety 

 

isomer. 

by the mass spectral analysis as it showed a 

232.35 against the calculated value of m/z = 231.24.  
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4.6.8  Synthesis of spirocyclopentene derivatives via [3+2]-annulation: 

Generality of the reaction: 

The successful synthesis of 3-spirocyclopentane-2-oxindole derivative 40 

prompted us to explore the phosphine catalyzed [3+2]-annulation reaction with a number 

of allyl derivatives and activated olefins under optimized condition. All the substrates 

underwent the annulation reaction smoothly and provided the corresponding 

diastereoselective spiro cyclopentene derivatives in good yield. The results are shown in 

Table 4.3. 

Table 4.3: Generality of phosphine catalyzed [3+2] annulation. 

Entry Substrate Product Temp (ºC) /Time (h)                             Yield (%) 

 

1 

 

36 

 

40 

 

80/12 

 

65 

 

2 

 

42 

 

46 

 

60/5 

 

74 

 

3 

 

43 
 

47 

 

80/12 

 

63 
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4 

 

44 

 

48 

 

60/6 

 

77 

 

5 

 

44 

 

49 

 

 

60/2 

 

 

65 

 

6 

 

36 50 

 

60/4 

 

51 

 

7 

 

45 
   51 

 

60/6 

 

66 

 

The functional groups such as benzyl and propargyl substitution in allyl bromide 

of oxindole furnished the spirocyclic product in good yield (Table 4.3, entries 3-5 and 7).  

The nitrile appended allyl bromide derivatives provided the desired spiro cyclic products 

in good yield with a shorter reaction time than ester derivatives (Table 4.3 entries 2 and 

4-5). The methyl vinyl ketone (MVK) also acts as dipolarophile and delivered the 

spirocyclic 49, however, in low yield.  The reason may be due the higher reactivity MVK 

for dimerization in presence of PPh3 [Ma, G.-N. et al. 2009],
 
while the excess addition of 

MVK (2.5 equivalent) to the reaction gave the spirocyclopentene 49 in good yield 65% 

(Table 4.3, entry 5). Finally, the N-phenyl maleimide furnished the spirotetra-cyclic 

product 50, where three consecutive stereogenic centers generated in a one-pot reaction 
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(Table 4.3, entry 6). It should be noted that phosphine catalyzed [3+2]-annulation 

reaction of allyl bromide of MBH adduct was selective toward the functional groups 

substituted on isatin aromatic core. Electron withdrawing or releasing group on aromatic 

ring of oxindole provided only reduced products.  The entire tabulated compounds were 

completely characterized by standard spectroscopic techniques and complete 

characterization data is given at the end of the chapter. For instance, unambiguous 

structural evidence and stereochemistry of one the product 46 was obtained by single 

crystal X-ray analysis (Figure 4.13).    

 

Figure 4.13: ORTEP diagram of spirocyclopentene compound 46 

4.6.9   A diastereoselective synthesis of spirocyclopentene: Plausible 

reaction mechanism:  

The formation of a diastereoselective compound from a mixture of starting 

material is considered to be the significance of this work. The observed diastereoselective 

formation spirocyclopentene derivative from mixture of E- and Z-isomer was accounted 

and explained through the two important transition states. Initially, a mixture of E- and Z-

ylides C and D were generated in-situ by the deprotonation of phosphonium salt (A and 

B) by K2CO3. The generated ylides C and D underwent resonance with amide carbonyl 

of isatin core to form common intermediate E. Among the two possible ylide structures, 

ylide D is probably more stable due to the intramolecular electrostatic interaction 

between the two terminals of dipole. The structure C is destabilized due to the steric 
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repulsion between the bulky PPh3 with aromatic core of oxindole which assisted the 

formation of common intermediate E.  Among the two possible mode of addition (α- and 

γ-attack) with dipolarophile, the intermediate E regioselectively underwent α-addition 

with Michael acceptors and furnished the single regioisomer as a sole product (Scheme 

4.16).  
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Scheme 4.16: Mechanistic postulate for the stereoselective of synthesis 

spirocyclopentene. 
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The reason may be the less stabilization of tertiary carbanion G than secondary 

carbanion F, which controls the mode of attack. Hence, the α-carbanion undergone 

addition predominantly with dipolarophile and furnished only the isolated 

diastereoisomer. In conclusion, the regio- and stereoselectivity of the reaction is 

controlled by the formation of common intermediate E and the stability of generated 

carbanion F, respectively. 

4.6.10 Synthesis of 3-spiropyrazole-2-oxindole derivatives from allyl 

bromide of oxindole via sulphur ylide [3+2]-annulation reaction:  

 Sulphur ylide chemistry has been well explored for the synthesis of diverse and 

highly strained ring systems like epoxides
19

, aziridines
20

 and cyclopropanes
21

 with 

activated ketones. In a very few occasion the sulphur ylide reactions have been explored 

towards the synthesis of five and medium ring size compounds. The pyrazole framework 

belongs to an important class of heterocyclic compounds possessing pronounced 

pharmacological properties such as antiviral, antitumor, anti-inflammatory, and 

antimicrobial activities. Certain, 1H-pyrazole-4-carboxylic esters are known to exhibit 

antimicrobial activity and are also found to act as intermediates for synthesis of 

agrochemical microbicides and herbicides [Sridhar, R. et al. 2004; Manna, F. et al. 2005].  

The synthesis of five member heterocycles utilising sulphur ylide chemistry is seldom 

explored. Because of the remarkable medicinal and pharmacological potential of pyrazole 

derivatives, development of simple and efficient methodologies for synthesis of these 

compounds was highly warranted. With this intention, we were interested to synthesize 3-

spiropyrazole-2-oxindole derivatives using allyl bromide of oxindole as starting materials 

via sulphur ylide cycloaddition reaction. To realize the current needfulness, we carried 

out an initial reaction with allyl bromide of oxindole 36 in acetonitrile with PPh3 as 

catalyst and diethyl azodicarboxylate (DEAD) 52 at room temperature. To our dismay, 

the reaction resulted in decomposition of starting material. This may be due to 

unavailability of DEAD which undergoes self dimerization in presence of PPh3 [Nair, V. 

et al. 2007
b
] and the starting material also decomposed in the presence of K2CO3. 

However, when dimethyl sulfide (Me2S) was used instead of PPh3 at room temperature, 

the reaction furnished the desired diastereoselective spiropyrazole compound 53 in good 



143 

 

yield as the only product (Scheme 4.17). Thus, dimethyl sulphide is considered to be a 

suitable reagent for this transformation. 

 

Scheme 4.17:  Synthesis of spiropyrazole compound 53 

The structure of newly synthesized compound 53 was elucidated on the basis of 

detailed spectroscopic data analysis (FTIR, 
1
H,

 13
C NMR and FAB-Mass). The FTIR 

spectrum of the compound 53 showed the characteristic carbonyl absorptions for amide 

and ester groups at 1702, 1719 and 1742 cm
-1

,
 
respectively.  

In 
1
H NMR spectrum, the characteristic pyrazole olefin proton appeared as a 

singlet at δ 7.77 ppm and the remaining aromatic protons were accounted and visible at δ 

6.84-7.33 ppm (Figure 4.14). In the N-ester (-N-CO2CH2CH3) two methylene group 

protons were resonated as a multiplet centered at δ 4.25, 4.36 ppm and two methyl 

protons appeared as a multiplet centered at δ 1.30, 1.37. The N-methyl and pyrazole ring 

ester methyl protons resonated as two separate singlets at δ 3.27 and 3.57, respectively.  

 

Figure 4.14: 
1
H NMR Spectrum of spiropyrazole compound 53 



 

In 
13

C NMR spectrum of compound 

methoxy carbon (-OMe

methylene carbons were appeared at 

carbons were visible at δ

methyl and spirocarbon were resonated at 

aromatic carbons were accounted and appeared in the

The functionalities such as DEAD ester, amide and ester carbonyl carbons were appeared 

at δ 153.64, 156.54, 161.24 and 172.21, respectively.

Figure 4.15: 

Finally, the assigned

spectrum as it showed a molecular ion peak [

value m/z = 403.38 (Figure 4.16).

144 

C NMR spectrum of compound 53 showed a signal at δ 51.07 assigned to 

Me) of the ester (Figure 4.15). The characteristic DEAD ester 

methylene carbons were appeared at δ 62.22 and 62.88 and the corresponding methyl 

carbons were visible at δ 14.02 and 14.43, respectively. The other aliphatic carbons 

methyl and spirocarbon were resonated at δ 26.76 and 74.18, respectively. Remaining all 

aromatic carbons were accounted and appeared in the region at δ 107.92

The functionalities such as DEAD ester, amide and ester carbonyl carbons were appeared 

 153.64, 156.54, 161.24 and 172.21, respectively. 

Figure 4.15: 
13

C NMR Spectrum of spiropyrazole compound 

Finally, the assigned structure of compound 53 was supported by FAB mass 

spectrum as it showed a molecular ion peak [M+1] at m/z = 404.28 as against calculated 

= 403.38 (Figure 4.16). 

51.07 assigned to 

) of the ester (Figure 4.15). The characteristic DEAD ester 

and the corresponding methyl 

 14.02 and 14.43, respectively. The other aliphatic carbons N-

 26.76 and 74.18, respectively. Remaining all 

 107.92-141.92 ppm. 

The functionalities such as DEAD ester, amide and ester carbonyl carbons were appeared 

 

f spiropyrazole compound 53 

was supported by FAB mass 

= 404.28 as against calculated 
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Figure 4.16: Mass spectrum of compound 53 

4.6.11  Diastereoselective synthesis of 3-spiropyrazole-2-oxindole 

derivatives via [3+2]-annulation: Generality of the reaction: 

In order to synthesise a potential and diverse spiropyrazole derivatives, under 

optimized reaction condition, we have carried out [3+2]-annulation reactions with a 

number of allyl bromides of MBH oxindole with dimethyl sulphide and DEAD. The 

synthesis of various spiropyrazole derivatives is important to succeed the molecule to 

further functionalization and synthetic transformation to attain a number of bio-active 

molecule syntheses. Fortunately, all the allyl bromo isomerized MBH derivatives 

underwent the annulation reaction smoothly to afford the corresponding spiropyrazole 

derivatives in good to excellent yield. The results are shown in Table 4.4. Electron 

withdrawing group substituted on isatin aromatic core gave better yield than electron 

releasing groups (Table 4.4, entries 7-9). Interestingly, the nitrile MBH derivatives need 

lesser reaction time than ester derivatives for the completion of reaction (Table 4.4, 

entries 2, 4, 9-10). Generally, the propargyl substituent at oxindole nitrogen have played 

crucial role in the dipolar addition reaction through secondary orbital interaction and 

afforded mixture of isomers. While, [3+2]-annulation reaction of propargyl substituted 

allyl derivatives of oxindole 62 and 67 afforded a single diastereomer without any 

compensation of yield (Table 4.4, entries 5 and 10). 
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Table 4.4: Diastereoselective synthesis of 3-spiropyrazole-2-oxindole derivatives.  

Entry Substrate Product Time (h) Yield (%) 

 

1 

N

O

MeO2C

Br

36   

 

9 

 

76 

 

2 

  

 

6 

 

74 

 

 

 

 

3 

  

 

8 

 

87 

 

 

4 

 
 

 

4 

 

91 

 

5 

N

O

MeO2C

Br

45   

 

8 

 

76 

 

6 

 
 

 

26 

 

63 
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7 

 
 

 

4 

 

77 

 

8 

 
 

 

4 

 

79 

 

9 

 
 

 

2 

 

74 

 

10 

  

 

5 

 

79 

 

11 

 
 

 

9 

 

83 

 

12 

N

O

MeO2C

Br

36   

 

8 

 

86 

Notably, all the N-substituted oxindole derivatives furnished the desired products 

without any impact on the reaction time and yield. The annulation reaction was also 

carried out with diisopropyl azodicarboxylates and di-tert-butyl azodicarboxylates 

successfully and afforded corresponding spiropyrazole derivatives 68 and 69 in good 

yield (Table 4.4, entries 11-12).  
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The structure of synthesized compound 61 was elucidated based on the detailed 

spectroscopic analysis (FTIR, 
1
H, 

13
C NMR and FAB-mass). Thus, FTIR of compound 

61 showed the presence of key carbonyl functional groups of ester, amide and nitrile 

group absorption bands at 1732, 1706 and 2240 cm
-1

,
 
respectively.  

In 
1
H NMR spectrum of compound 61, the pyrazole ring N-ester methylene and 

methyl group proton were appeared as two multiplets centered at δ 0.99, 1.31 and 4.03, 

4.31 ppm, respectively (Figure 4.17).  

 

Figure 4.17: 
1
H NMR Spectrum of spiropyrazole compound 61 

The N-benzyl methylene group resonated as two separate multiplets centered at δ 

4.79 and 5.02 ppm. All the aromatic protons were visible between δ 6.64-7.27 ppm. The 

characteristic spiropyrazole olefin proton appeared as a singlet at δ 7.51 ppm. 

The 
13

C NMR spectrum of compound 61 showed signals at δ 62.90, 63.59, 14.26 

and 14.49 due to pyrazole ring N-ester methylene and methyl carbons, respectively 

(Figure 4.18). The characteristic spiro carbon centre was visible at δ 74.87. All the 

aromatic and olefin carbons were accounted and resonated in the region δ 110.22 -

142.05. The three carbonyl carbons of two esters and one amide were seen at δ 153.57, 

155.23 and 171.21, respectively.  

 



 

Figure 4.18

The structure of synthesized compound 

mass spectrum and it showed a molecular ion peak [M+1] at 

calculated value at m/z = 446.12 (Figure 4.19).

Figure 4.19:
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Figure 4.18: 
13

C NMR Spectrum of pyrazole compound 61

The structure of synthesized compound 61 was further supported by t

mass spectrum and it showed a molecular ion peak [M+1] at m/z = 447.19 against the 

= 446.12 (Figure 4.19). 

Figure 4.19: Mass spectrum compound 61 

 

61 

was further supported by the FAB 

447.19 against the 
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   Finally, unambiguous structural evidence and stereochemistry of the spirocyclic 

compound 61 was obtained by single crystal X-ray analysis (Figure 4.20).  

 

Figure 4.20: ORTEP diagram of compound 61  

It should be mentioned that the experiments carried out with mutual exchange of 

either catalyst (Ph3P/Me2S) or dipolarophile (activated alkene/DEAD) did not provide 

any desired spirocyclic products for the both strategies described above. The sulphur 

mediated ylide reaction with allyl derivatives of oxindole showed good substrate 

tolerance than phosphorous catalyzed annulation reaction. All the new compounds were 

completely characterized by spectroscopic means and detailed data are provided in the 

experimental section. 

4.6.12 Reaction mechanism of the formation of diastereoselective 3-

spiropyrazoles-2-oxindole: 

 Diastereoselective formation of spiropyrazole from the mixture of (E- and Z) allyl 

bromide of oxindole can be explained through a plausible reaction mechanism (Scheme 

4.18). Initially, a mixture of sulphonium salts A and B (E- and Z-isomeric salts) are 

formed from allyl bromide of oxindole with dimethyl sulphide. The salts A and B 

underwent in-situ deprotonation with K2CO3 and generate mixture of dipoles C and D. 

The generated dipoles C and D undergo resonance with amide carbonyl of isatin provide 
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two intermediates E and F. Among the two resonance structures, the formation of 

common intermediate G was assisted by the steric interaction between the bulky Me2S 

with aromatic core of oxindole E and the stability arose due to the intramolecular 

electrostatic interaction in the dipole F. The formation of common intermediate G is 

important factors which lead to the diastereoselective synthesis of spiropyrazole 

derivatives. In contrast to phosphine catalyzed annulation reaction, the sulphur ylide 

reaction with either mode of addition (α- or γ-attack) with DEAD afforded single 

spiropyrazole regioisomer. 

N

O

MeO2C

SMe2

N

O

CO2Me

SMe2

NN
Z

Z

G

Z

Z

N

N

N

O

MeO2C
Z

Z
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N

O
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O
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N
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N
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Scheme 4.18: Mechanistic postulate of the diastereoselective synthesis of 3-

spiropyrazoles-2-oxindole. 
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4.7 Conclusions: 

� We have synthesized a number of 3-spirocyclopentene- and 3-

spiropyrazole-2-oxindole derivatives from a common starting material via 

[3+2]-annulation strategy utilizing phosphorous and sulphur ylide 

chemistry. 

� Plausible reaction mechanisms have been proposed on the basis of 

observed   diastereoselective products.  

� The synthesized spirocyclopentene is having adjacent three stereogenic 

centres among them one is quaternary and all of them have been 

constructed in a single mode of operation. 

� The 3-spiropyrazole-2-oxindoles were synthesized for the first time with 

isatin core in a diastereoselective manner. 

� According to the literature analogy, the spirocyclic compounds 

synthesized herein are expected to display significant biological activities. 

� All reported compounds were completely characterized by spectroscopic 

techniques and the stereochemistry of the spiro derivatives was assigned 

based on the X- ray single crystal analysis. 
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4.8 Experimental part: 

4.8.1 General considerations: 

 All the reactions were carried out in oven-dried glassware. Progress of reactions 

was monitored by Thin Layer Chromatography (TLC) while purification of crude 

compounds was done by column chromatography using silica gel (100-200 mesh). 

Melting points were recorded on a Buchi melting point apparatus and are uncorrected. 

NMR spectra were recorded at 500 and 300 MHz (based on availability of instruments)  

125 and 75 MHz (for 
13

C) respectively on  Brucker Avance DPX-500 MHz. and Bruker 

Avance DPX-300 MHz. Chemical shifts are reported in δ (ppm) relative to TMS (
1
H) or 

CDCl3 (
13

C) as internal standards. Mass spectra were recorded using JEOL JMS 600H 

mass spectrometer. IR spectra were recorded on Bomem MB series FT-IR spectrometer, 

absorbencies are reported in cm
-1

. Yields refer to quantities obtained after 

chromatography. 

4.9 General experimental procedure:  

4.9.1 General experimental procedure for the preparation of Morita- 

Baylis-Hillman adducts of isatin: 

 The detailed experimental procedure for synthesis of MBH adduct of isatin was 

given in the experimental section of Chapter II at 2.92 and 2.93. 

4.9.2 General experimental procedure for the preparation of bromo 

isomerized Morita-Baylis-Hillman adducts of isatin: 

 A mixture of MBH adduct of isatin derivatives (100 mg) was added with 46% 

HBr (4 equiv.)  and silica gel (200 mg) and made as slurry. The slurry was subjected to 

microwave irradiation (750 W) over a period of 5-15 min. The mixture was cooled to 

room temperature and then extracted with CH2Cl2 and the organic phase was washed 

with water. The organic layer was separated and dried over Na2SO4 and concentrated in 

vacuo. The crude mixture was purified by silica gel column chromatography using a 

gradient elution with hexane and EtOAc as eluent to afford pure isomerized bromo 

derivatives in 30-65% combined yield.  
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4.9.3 Spectral data for isomerized MBH adducts:  

 

 

 

Compound 36a 

Red crystalline solid, mp: 127-129 °C; 

IR (CH2Cl2) νmax:1746, 1722, 1617 cm
-1

; 

Rf: 0.30 (EtOH-Hexane 50 %); 

1
H NMR (CDCl3/TMS, 300.1 MHz) : δ 1.20 (t, J = 6.9 Hz, 

3H), 3.28 (s, 3H), 4.13 (q, J = 6.9 Hz, 2H), 5.23 (s, 2H), 

6.90 (d, J = 7.8 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 7.29 (t, J 

= 7.8 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H); 

FAB mass: Calcd. for C14H14BrNO3 m/z = 323.02; Found: 

325.35(M+2). 

 

 

Compound 36b 

Yellow crystalline solid, mp: 127-129 °C; 

IR (CH2Cl2) νmax: 1739, 1709, 1611 cm
-1

; 

Rf: 0.26 (EtOH-Hexane 20 %); 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.21 (t, J = 6.9 Hz, 

3H), 3.19 (s, 3H), 4.14 (q, J = 6.9 Hz, 2H), 4.49 (s, 2H), 

6.77 (d, J = 7.2 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.98 (t, J 

= 7.5 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H); 

FAB mass: Calcd. for C14H14BrNO3 m/z = 323.02; Found: 

325.35(M+2). 

4.9.4 General experimental procedure for the preparation of 

spirocyclopentene derivatives via [3+2]-annulation strategy:  

Under argon atmosphere, a mixture of bromo isomerized MBH adducts (100 mg) 

and variety of dipolarophile (1.2 equiv.) in dry toluene (1.0 mL) was added over mixture 

of triphenylphosphine (10 mol %) and K2CO3 (1.2 equiv.) at the indicated temperature 

and the reaction was continuously monitored until complete conversion of starting 

materials. After the reaction completed (monitored by TLC), the crude mixture was 

filtered through a pad of celite and then purified by a silica gel column chromatography 
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using EtOAc: Hexane (25:75) as eluent to afford products in moderate to good yields (44-

77%). 

4.9.5 Characterization of new compounds:  

 

 

 

 

 

 

 

Compound 40 

 

White crystalline solid, mp: 157-159 °C; 

Rf: 0.27 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3025, 2921, 1742, 1726, 1704, 1623 cm
-1

;  

1
H NMR(CDCl3/TMS, 500.1 MHz): δ 2.93 (ddd, J = 3, 9, 

12 Hz, 1H), 3.14 (s, 3H), 3.33 (ddd, J = 2.5, 9.5, 11.5 Hz, 

4H), 3.35 (s, 3H), 3.55 (s, 3H), 3.89 (dd, J = 9.5, 9.0 Hz, 

1H), 6.84 (d, J = 7.5 Hz, 1H), 6.95 (m, 2H),  7.11 (dd, J = 

2.5, 3.0 Hz, 1 H), 7.27 (m, 1H); 

 13
C NMR (CDCl3/TMS, 125.7 MHz): δ 26.72, 33.71, 

51.53, 51.72, 52.80, 61.60, 107.78, 122.26, 123.22, 128.29, 

129.00, 136.24, 143.98, 145.84, 162.51, 170.69, 177.92;  

FAB mass: Calcd. for C17H17NO5 m/z = 315.32; Found: 

316.54 (M+1);   

Elemental Analysis: Calcd. for C17H17NO5: C, 64.75; H, 

5.43; N, 4.44; Found: C, 64.77; H, 5.45; N, 4.42. 

 

 

 

 

 

Compound 41a 

Yellow viscous liquid, mp: 165-167;  

Rf: 0.26 (25% EtOAc-Hexane); 

IR (CHCl3) νmax: 1615, 1716, 2998 cm
-1

; 

1
H NMR(CDCl3/TMS, 500.1 MHz): δ 2.65 (s, 3H), 3.20 

(s, 3H), 3.90 (s, 3H), 6.80 (d, J = 7.8 Hz, 1H), 6.98 (d, J = 

7.8 Hz, 1H), 7.28 (d, J = 7.8 Hz, 2H). 

13
C NMR(CDCl3/TMS, 125.7 MHz): δ 15.2, 30.5, 52.3, 

121.5, 122.7, 124.3, 126.6, 128.2, 134.6, 141.4, 167.2, 

168.7; 

FAB mass: Calcd. for C13H13NO3 m/z = 231.24; Found: 

232.35 (M+1). 
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Compound 41b 

Yellow viscous liquid, mp: 157-159 °C; 

Rf: 0.25 (30% EtOAc-Hexane); 

IR (CHCl3) νmax: 1613, 1715, 2995 cm
-1

; 

1
H NMR(CDCl3/TMS, 500.1 MHz): δ 2.44 (s, 3H), 3.23 

(s, 3H), 3.96 (s, 3H), 6.83 (d, J = 7.8 Hz, 1H), 7.06 (t, J = 

7.8 Hz, 1H), 7.22 (t, J = 7.8 Hz,1H), 7.52 (d, J = 7.8 Hz, 

1H); 

13
C NMR(CDCl3/TMS, 125.7 MHz): δ 17.90, 25.86, 

52.71, 108.20, 121.50, 122.20, 124.0, 125.30, 129.80, 

139.10, 144.10, 165.70, 170.60; 

FAB mass: Calcd. for C13H13NO3 m/z = 231.24; Found: 

232.35 (M+1). 

 

 

 

 

 

 

 

Compound 46 

White crystalline solid, mp: 142-144 °C; 

Rf : 0.25 (35 % EtOAc-Hexane); 

IR (KBr) νmax: 3104,  2851, 2224, 1735, 1717, 1702, 1621 

cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.03 (ddd, J = 2.8, 

9.1, 12.0 Hz, 1H), 3.19 (s, 3H), 3.37 (m, 4H), 3.93 (dd, J = 

8.8, 8.8 Hz, 1H),  6.89 (d, J = 7.8 Hz, 1H), 6.97 (dd, J = 

2.5, 2.6 Hz, 1H),  6.72 (m, 2H), 7.34 (m, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.39, 34.74, 

51.39, 51.83, 63.40, 108.3, 113.53, 115.89, 123.14, 123.89, 

126.04, 130.06, 143.53, 150.20, 170.12, 175.47;  

FAB mass: Calcd. for C16H14N2O3 m/z = 282.29; Found: 

283.93 (M+1);  

Elemental Analysis: Calcd. for C16H14N2O3: C, 68.07; H, 

5.00; N, 9.92; Found: C, 68.05; H, 5.03; N, 9.94. 

 

 

 

White crystalline solid, mp: 138-140 °C; 

Rf: 0.25 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3023, 2917,  2848, 1731, 1720, 1704, 1627 
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Compound 47 

cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.98 (ddd, J = 2.9, 

9.0, 12.0 Hz, 1H), 3.05 (s, 3H), 3.35 (ddd, J = 2.5, 9.1, 11.2  

Hz, 1H), 3.58 (s, 3H),  3.96 (dd, J = 9.1, 9.0 Hz, 1H), 4.96 

(dd, J  = 15.20, 11.12 Hz, 2H), 6.71 (d, J = 7.8 Hz, 1H), 

6.94 (m, 2H),  7.15 (m, 2H), 7.33 (m, 3H), 7.47 (m, 2H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 33.91, 44.56, 

51.32, 51.59, 53.21, 61.80, 108.84, 113.75, 117.64, 119.09, 

122.25, 123.50, 127.59, 127.72, 128.69, 128.88, 136.31, 

136.71, 143.51, 145.66, 162.42, 170.59, 177.95;  

FAB mass: Calcd. for C23H21NO5 m/z = 391.42; Found: 

392.23 (M+1);  

Elemental Analysis: Calcd. for C23H21NO5: C, 70.58; H, 

5.41; N, 3.58; Found: C, 70.58; H, 5.45; N, 3.56. 

 

 

 

 

 

Compound 48 

 

White crystalline solid, mp: 135-137 °C; 

Rf: 0.27 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3046,  2953,  2228, 1731, 1719, 1704, 1642 

cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.02 (ddd, J = 3.0, 

9.0, 12.0 Hz, 1H), 3.08 (s, 3H), 3.43 (ddd, J = 2.5, 9.0, 11.0 

Hz, 1H),  4.13 (m, 1H), 5.13 (dd, J  = 16, 15.5 Hz,  2H), 

6.78 (d, J = 8.0 Hz , 1H), 7.13 (t, J = 7.5, Hz 1H),  7.31 (m, 

8H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 34.76, 44.36, 

51.53, 51.76, 63.45, 110.37, 115.67, 124.75, 127.02, 

127.17, 127.33, 127.82, 128.80, 142.61, 170.11, 174.46; 

FAB mass: Calcd. for C22H18N2O3 m/z = 358.13; Found: 

359.23 (M+1); 

Elemental Analysis: Calcd. for C22H18N2O3: C, 73.73; H, 

5.06; N, 7.82; Found: C, 73.75; H, 5.08; N, 7.80. 



158 

 

 

 

 

 

 

 

 

 

Compound 49 

White crystalline solid, mp: 126-128 °C; 

Rf : 0.25 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3013, 2989, 1742, 1725, 1718, 1703, 1623 

cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.53 (s, 3H); 2.75 

(ddd, J = 3, 8.5, 11.5 Hz, 1H), 3.43 (ddd, J = 2.5, 9.0, 11.5 

Hz, 1H), 3.53 (s, 3H), 4.03 (dd, J = 8.5, 9.0 Hz, 1H), 4.06 

(dd, J = 15.5, 11.15 Hz, 2H), 6.79 (d, J = 8.05 Hz, 1H), 

6.86 (d, J = 7.5 Hz, 1H),  6.95 (t, J = 8.05 Hz, 1H), 7.17 

(m, 2H), 7.28 (m, 1H), 7.35 (m, 2H), 7.48 (m, 2H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 28.86, 32.77, 

44.75, 51.68, 60.79, 61.08, 109.15, 122.87, 124.31, 127.75 

(2C), 127.85, 127.94, 128.74 (2C), 129.05, 135.77, 136.01, 

142.82, 146.31, 162.35, 178.35, 203.65;  

FAB mass: Calcd. for C23H21NO4 m/z = 375.15; Found: 

375.85 (M
+
); 

Elemental Analysis: Calcd. for C23H21NO4: C, 73.58; H, 

5.64; N, 3.73. Found: C, 73.75; H, 5.08; N, 7.80. 

 

 

 

 

 

 

Compound 50 

 

 

 

White crystalline solid, mp: 161-163 °C; 

Rf : 0.27 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3021, 2989, 1742, 1728, 1706, 1618 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.28 (s, 3H), 3.68 

(s, 3H), 3.74 (d, J = 8.5 Hz, 1H), 4.38 (dd, J = 3.5, 8.5 Hz, 

1H), 6.89 (d, J = 7.5 Hz, 1H), 7.06 (m, 2H), 7.18 (m, 1H),  

7.35 (m, 6H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 26.87, 52.12, 

52.84, 53.65, 63.11, 108.77, 122.27, 122.99, 127.09, 

128.89 (2C), 129.20, 129.55 (2C), 131.51, 131.74, 139.52, 

140.61, 144.37, 161.81, 173.07, 174.26, 174.83; 

FAB mass: Calcd. for C23H18N2O5 m/z: 402.32; Found: 
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403.85 (M+1); 

Elemental Analysis: Calcd. for C23H18N2O5: C, 68.65; H, 

4.51; N, 6.96; Found: C, 68.67; H, 4.53; N, 6.98. 

 

 

 

 

Compound 51 

 

White crystalline solid, mp: 133-135 °C; 

Rf : 0.34 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3269, 3016, 2923, 2226, 2135, 1742,  1717, 

1703, 1676 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.18 (s, 1H), 2.93 

(ddd,  J = 2.7, 9.1, 11.8 Hz, 1H), 3.11 (s, 3H), 3.26  (ddd, J  

= 1.9, 8.7, 10.7 Hz, 1H), 3.86 (dd,  J  = 8.7, 9.1 Hz, 1H), 

4.75 (m, 2H), 6.90 (m, 2H), 7.16 (m, 1H), 7.31 (m, 1H), 

7.63 (m, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 33.69, 35.30, 

51.85, 58.17, 62.27, 63.31, 72.34, 109.60, 112.93, 116.16, 

122.86, 123.12, 123.70, 126.09, 141.75, 149.73, 169.79, 

174.56; 

 FAB mass: Calcd. for C18H14N2O3: 306.1; Found: 307.54 

(M+1);  

Elemental Analysis: Calcd. for C18H14N2O3: C, 70.58; H, 

4.61; N, 9.15;  Found: C, 70.56; H, 4.63; N, 9.13.  

4.9.6 General experimental procedure for the preparation of spiro 

pyrazole derivatives:  

         A mixture bromo isomerized MBH adduct (100 mg), dimethyl sulfide (1.2 equiv.), 

K2CO3 (1.2 equiv.) in CH3CN (1.0 mL) and dialkyl azodicarboxylate (1.2 equiv.) were 

added successively at room temperature. After completion of the reaction (monitored by 

TLC), solvent was removed under vacuum. Water (5.0 mL) was added to the residue and 

extracted with ether (3×5.0 mL). Combined organic layer was dried over anhyd. Na2SO4 

and solvent was evaporated. The crude product obtained was purified by silica gel 

column chromatography using EtOAc: Hexane (20: 80) as eluent to afford the product in 

good yields (66-91%). 
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4.9.7 Characterization of new compounds: 

 

 

 

 

 

 

N

O

N

N
MeO2C

CO2Et

CO2Et

 

Compound 53 

 

White crystalline solid, mp: 141-143 °C; 

Rf: 0.29 (35% EtOAc-Hexane); 

IR (KBr) νmax: 2984, 1742, 1719, 1702, 1628 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.30 (m, 3H), 

1.37 (m, 3H), 3.27 (s, 3H), 3.57 (s, 3H), 4.25 (m, 2H), 

4.36 (m, 2H), 6.84 (d, J = 7.5 Hz, 1H); 7.04 (t, J = 7.0, 

Hz, 1H), 7.16 (d, J = 7.0 Hz, 1H), 7.33 (t, J = 7.5, Hz, 

1H), 7.77 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.02, 14.43, 

26.76, 51.07, 62.22, 62.88, 74.18, 107.92, 119.96, 

122.20, 124.82, 130.73, 132.64, 138.39, 141.92, 153.64, 

156.54, 161.24, 172.21; 

FAB mass: Calcd. for C19H21N3O7 m/z = 403.38; 

Found: 404.28 (M+1); 

Elemental Analysis: Calcd. for C19H21N3O7: C, 56.57; 

H, 5.25; N, 10.42; Found: C, 56.56; H, 4.63; N, 9.13. 

 

 

 

 

Compound 59 

 

White crystalline solid, mp: 135-137 °C; 

Rf: 0.30 (35% EtOAc-Hexane); 

IR (KBr) νmax: 2984, 2234, 1745, 1718, 1703, 1613, 

1487 cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.27 (m, 3H), 

1.34 (m, 3H),  3.28 (s, 3H), 4.12 (m, 2H),  4.30 (m, 

2H), 6.90 (d, J = 7.8 Hz, 1H), 7.14 (t, J = 7.4, 7.5 Hz, 

1H), 7.27 (m, 1H), 7.41 (t, J = 8.0, 9.0 Hz, 1H), 7.64 (s, 

1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.13, 14.26, 

26.89, 63.29, 63.98, 74.79, 108.90, 110.86, 115.36, 

123.89, 124.73, 125.53, 131.35, 140.42, 142.90, 153.42, 

156.69, 171.03; 
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FAB mass: Calcd. for C18H18N4O5 m/z = 370.13; 

Found: 370.51 (M
+
); 

Elemental Analysis: Calcd. for C18H18N4O5: C, 58.37; 

H, 4.90; N, 15.13; Found: C, 58.35; H, 4.92; N, 15.15; 

 

 

 

 

 

 

 

Compound 60 

 

White crystalline solid, mp: 149-151 °C; 

Rf: 0.36 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3059, 2958, 1734, 1719, 1702, 1628, 

1612 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.31 (m, 3H), 

1.37 (m, 3H), 3.57 (s, 3H), 4.18 (m, 2H), 4.29 (m, 2H), 

4.36 (m, 2H), 6.99 (m, 2H), 7.19 (m, 3H), 7.31 (m, 2H), 

7.43 (m, 2H), 7.81 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.32, 14.42, 

44.65, 51.65, 63.01, 63.98, 73.88, 109.39, 120.66, 

123.10, 123.81, 127.44, 127.55 (2C), 128.66 (2C), 

130.22, 132.20, 135.41, 138.85, 142.97, 152.16, 156.68, 

161.19, 172.35; 

FAB mass: Calcd. for C25H25N3O7 m/z = 479.17; 

Found: 480.36 (M+1); 

Elemental Analysis: Calcd. for C25H25N3O7: C, 62.62; 

H, 5.26; N, 8.76; Found: C, 62.61; H, 5.18; N, 8.54. 

 

 

 

 

 

Compound 61 

White crystalline solid, mp: 156-158 °C; 

Rf: 0.34 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3046, 2954, 2240, 1732, 1722, 1706,  

1632 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 0.99 (m, 3H), 

1.31 (m, 3H), 4.03 (m, 2H), 4.31 (m, 2H), 4.79 (m, 1H), 

5.02 (m, 1H), 6.64 (d, J = 7.0 Hz, 1H),  7.02 (t,  J = 7.0, 

Hz, 1H), 7.19 (m, 3H), 7.27 (m, 4H), 7.51 (s, 1H); 
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13

C NMR (CDCl3/TMS, 125.7 MHz): δ 14.26, 14.39, 

44.63, 62.90, 63.59, 74.87, 110.22, 111.18, 123.95, 

124.68, 125.54, 127.18 (2C), 127.87, 128.69 (2C), 

128.89, 131.28, 134.58, 141.13, 142.05, 153.57, 155.23, 

171.21; 

FAB mass: Calcd. for C24H22N4O5 m/z = 446.12; 

Found: 447.19 (M+1); 

Elemental Analysis: Calcd. for C24H22N4O5: C, 64.57; 

H, 4.97; N, 12.55; Found: C, 64.53; H, 4.91; N, 12.52. 

 

 

 

 

 

 

Compound 62 

 

White crystalline solid, mp: 120-122 °C; 

Rf: 0.32 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3272, 3010, 2923, 2246, 1730, 1717, 

1704, 1676 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.27 (m, 3H), 

1.37 (m, 3H),  2.26 (m, 1H), 3.55 (s, 3H), 4.19 (m, 1H), 

4.36 (m, 4H), 7.07 (m, 2H) 7.17 (d, J = 7.0 Hz, 1H), 

7.35 (m, 1H), 7.79 (s, 1H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.04, 14.37, 

29.82, 51.75, 62.19, 63.11, 64.18, 72.60, 73.79, 109.30, 

120.82, 123.52, 124.01, 127.43, 130.34, 138.77, 141.79, 

153.43, 157.75, 161.18, 171.36; 

FAB mass: Calcd. for C21H21N3O7 m/z = 427.14; 

Found: 428.51 (M+1); 

Elemental Analysis: Calcd. for C21H21N3O7: C, 59.01; 

H, 4.95; N, 9.83; Found: C, 59.03; H, 4.97; N, 9.87. 

 

 

 

 

 

White crystalline solid, mp: 146-148 °C; 

Rf: 0.27 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3269, 2923, 1742, 1719, 1701, 1676, 

1612 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.23 (m, 3H), 
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Compound 63 

 

1.32 (m, 3H), 2.44 (s, 3H), 3.18 (s, 3H),  3.51 (s, 3H), 

4.14 (m, 2H),  4.30 (m, 2H), 6.66 (d, J = 7.5 Hz, 1H), 

6.90 (s, 1H), 7.05 (d, J = 7.0 Hz, 1H), 7.70 (s, 1H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.23, 14.33, 

21.03, 26.77, 51.74, 62.91, 63.39, 74.20, 108.00, 

124.75, 127.46, 130.77, 132.75, 133.36, 138.49, 141.35, 

151.85, 153.76, 163.60, 172.30; 

FAB mass: Calcd. for C20H23N3O7 m/z = 417.15; 

Found: 418.56 (M+1); 

Elemental Analysis: Calcd. for C20H23N3O7: C, 57.55; 

H, 5.55; N, 10.07; Found: C, 56.51; H, 4.87; N, 9.09. 

 

 

 

 

 

Compound 64 

 

White crystalline solid, mp: 130-132 °C; 

Rf: 0.31 (35% EtOAc-Hexane); 

IR (KBr) νmax:  3023, 2923, 2846, 2754, 1734,  1716, 

1703, 1654, 1635 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.34 (m, 3H), 

1.40 (m, 3H), 3.32 (s, 3H), 3.58 (s, 3H),  4.28 (m, 2H),  

4.39 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H); 7.74 (m, 2H), 

7.87 (d, J = 8.0 Hz, 1H), 9.86 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 12.54, 12.82, 

25.57, 50.38, 61.77, 63.01, 71.85, 107.43, 117.18, 

122.70, 127.07, 130.83, 132.47, 137.57, 147.56, 152.30, 

154.73, 161.27, 171.82, 189.05; 

 FAB mass: Calcd. for C20H21N3O8 m/z = 431.13; 

Found: 432.56 (M+1); 

Elemental Analysis: Calcd. for C20H21N3O8: C, 55.68; 

H, 4.91; N, 9.74; Found: C, 54.51; H, 3.87; N, 9.09. 

 

 

 

White crystalline solid, mp: 139-141 °C; 

Rf: 0.27 (30% EtOAc-Hexane); 

IR (KBr) νmax: 3011, 2956, 2845,  1746,  1718, 1705, 
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N

O

N

N
MeO2C

CO2Et

CO2Et

F

 

Compound 65 

 

1628 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.19 (m, 3H), 

1.37 (m, 3H), 3.27 (s, 3H), 3.59 (s, 3H), 4.22 (m, 2H), 

4.37 (m, 2H), 6.79 (m, 1H); 6.93 (m, 1H), 7.05 (m, 1H), 

7.79 (s, 1H) ; 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 13.95, 14.26, 

26.85, 51.80, 63.60, 64.35, 73.94, 108.84, 112.13, 

112.33, 116.57, 116.76, 128.85, 138.86, 139.61, 153.47, 

158.49, 160.41, 172.18; 

FAB mass: Calcd. for C19H20FN3O7 m/z = 421.13; 

Found: 422.14 (M+1); 

Elemental Analysis: Calcd. for C19H20FN3O7: C, 

54.16; H, 4.78; N, 9.97; Found: C, 54.13; H, 4.78; N, 

9.92. 

 

 

 

 

N

O

N

N
NC

CO2Et

CO2Et

F

 

Compound 66 

 

White crystalline solid, mp: 128-130 °C; 

Rf: 0.32 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3054, 2986, 2232,  1742,  1719, 1702, 

1631, 1616 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.12 (m, 3H), 

1.26 (m, 3H), 3.27 (s, 3H), 4.19 (m, 2H),  4.37  (m, 

2H), 6.85 (m, 1H); 7.04 (m, 1H), 7.13 (m, 1H), 7.66 (s, 

1H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 14.20, 14.35, 

26.82, 63.60, 64.84, 74.79, 110.00, 113.04, 115.30, 

122.64, 123.88, 128.63, 131.73, 138.81, 141.43, 158.79, 

160.73, 171.01; 

FAB mass: Calcd. for C18H17FN4O5 m/z = 388.12; 

Found: 389.56 (M+1); 

Elemental Analysis:Calcd. for C18H17FN4O5: C, 55.67; 

H, 4.41; N, 14.43; Found: C, 55.61; H, 4.45; N, 14.42. 
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Compound 67 

 

 

 

 

 

White crystalline solid, mp: 122-124 °C; 

Rf: 0.30 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3293, 3023, 2911, 2231, 2143, 1738,  

1716, 1701, 1654 cm
-1

; 

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.27 (m, 6H), 

2.22 (s, 1H), 4.23 (m, 6H), 7.09 (m, 2H) 7.22 (m, 1H),  

7.38 (m, 1H), 7.57 (s, 1H);  

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 14.20, 14.32, 

29.73, 63.56, 64.06, 64.63, 73.22, 76.00, 110.12, 

110.68, 118.19, 124.28, 124.79, 125.61, 131.31, 132.19, 

140.19, 152.15, 155.11, 170.24; 

 FAB mass: Calcd. for C20H18N4O5 m/z = 394.13; 

Found: 395.51 (M+1); 

Elemental Analysis: Calcd. for C20H18N4O5: C, 60.91; 

H, 4.60; N, 14.21; Found: C, 60.83; H, 4.42; N, 14.23. 

 

 

 

 

 

Compound 68 

 

White crystalline solid, mp: 146-148 °C; 

Rf: 0.30 (35% EtOAc-Hexane); 

IR (KBr) νmax:  3039, 2945, 1742, 1722, 1706, 1623, 

1474 cm
-1

;  

1
H NMR (CDCl3/TMS, 300.1 MHz): δ 1.05 (m, 6H), 

1.31 (m, 6H), 3.49 (s, 3H), 5.03 (s, 4H) 6.67 (d, J = 

7.41 Hz, 1H),  7.01 (d, J  = 7.41 Hz, 1H), 7.28 (m, 7H), 

7.82 (s, 1H); 

13
C NMR (CDCl3/TMS, 75.4 MHz): δ 21.84, 21.94, 

29.69, 29.99, 44.74, 51.69, 72.28, 72.72, 73.81, 109.34, 

121.84, 121.99, 123.10, 123.83, 127.58 (2C), 128.70 

(2C), 130.20, 135.46, 138.70, 139.26, 140.99, 153.3, 

156.33, 161.43, 174.61; 

FAB mass: Calcd. for C27H29N3O7 m/z = 507.2; Found: 

508.36 (M+1); 
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Elemental Analysis: Calcd. for C27H29N3O7: C, 63.89; 

H, 5.76; N, 8.28; Found: C, 64.55; H, 4.95; N, 12.57. 

 

 

 

 

 

 

 

Compound 69 

 

White crystalline solid, mp: 192-194 °C; 

Rf: 0.32 (35% EtOAc-Hexane); 

IR (KBr) νmax: 3011, 2986, 1741, 1719, 1702, 1624, 

1471 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.42 (m, 9H), 

1.56 (m, 9H), 3.27 (s, 3H), 3.56 (s, 3H), 6.81 (d, J = 7.5 

Hz, 1H),  7.05 (t, J = 9.5 Hz, 1H), 7.15 (d, J  = 9.5 Hz, 

1H), 7.32 (t, J = 7.5 Hz, 1H), 7.39 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 12.03, 18.77, 

24.42, 25.43 (2C), 25.83, 49.31, 58.06, 71.64, 80.45, 

82.25, 105.58, 120.75, 121.64, 126.00, 126.08, 127.89, 

137.02, 141.54, 150.26, 159.29, 168.60, 170.36; 

FAB mass: Calcd. for C23H29N3O7 m/z = 459.29; 

Found: 460.65 (M+1); 

Elemental Analysis: Calcd. for C23H29N3O7: C, 60.12; 

H, 6.36; N, 9.14; Found: C, 60.13; H, 6.38; N, 9.11. 
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Chapter V 

PPyyrriiddiinnee  CCoorree  AAccttiivvaattiioonn  vviiaa  11,,  55--EElleeccttrrooccyycclliizzaattiioonn  ooff  

VViinnyyll  PPyyrriiddiinniiuumm  YYlliiddee  GGeenneerraatteedd  ffrroomm  BBrroommoo  

IIssoommeerriizzeedd  MMoorriittaa--BBaayylliiss--HHiillllmmaann  AAdddduucctt  ooff  IIssaattiinn::  

SSyynntthheessiiss  ooff  33--SSppiirrooddiihhyyddrrooiinnddoolliizziinnee--22--OOxxiinnddoolleess  

AAbbssttrraacctt::  

An activation of the pyridine nucleus has been achieved via 1,5- 

electrocyclization of vinyl pyridinium ylides generated from bromo 

isomerized Morita-Baylis-Hillman adducts of isatin and pyridine under 

basic conditions. The method has been successfully applied for an efficient 

synthesis of a number of 3-spirodihydroindolizine-2-oxindoles, which have 

been found as core structure of secoyohimbane and heteroyohimbane 

alkaloid natural products. 

 

Shanmugam, P. et al. Org. Lett., 2010, 12, 2108-2111. 
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Chapter V 

PPyyrriiddiinnee  CCoorree  AAccttiivvaattiioonn  vviiaa  11,,  55--EElleeccttrrooccyycclliizzaattiioonn  ooff  

VViinnyyll  PPyyrriiddiinniiuumm  YYlliiddee  GGeenneerraatteedd  ffrroomm  BBrroommoo  

IIssoommeerriizzeedd  MMoorriittaa--BBaayylliiss--HHiillllmmaann  AAdddduucctt  ooff  IIssaattiinn::  

SSyynntthheessiiss  ooff  33--SSppiirrooddiihhyyddrrooiinnddoolliizziinnee--22--OOxxiinnddoolleess  

5.1 Introduction: 

Pyridine core activation is an important and challenging synthetic transformation 

in contemporary organic synthesis, which has been utilised to synthesise a variety of 

bioactive natural products [Katrizky, A. R. et al. 1984; Michael, J. P. 2001; Shipman, M. 

2001], pharmaceutical cores [Micheal, J. P. 2002] and also used as high level fluorescent 

providers [Vlahovici, A. et al. 1999; Vlahovici, A. et al. 2002; Sonnenschein, H. 2000]. 

The most common and well known method for pyridine core activation is the use of 

transition metal catalyzed intramolecular cyclization categories. The major disadvantage 

of such type of transition metal catalyzed pyridine core activation reaction is an easy 

formation metal complexes with pyridine, which underplay the formation of the expected 

product and low yields [Togni, A. et al. 1994; Joule, J. A. 2000; Gibson, V. C. et al. 

2007]. However, a very few of the literature reports have been known to overcome the 

above limitation in a metal free reaction which provided selective functionalization  at C2 

position of pyridine core [Bennasar, M.-L. et al. 2003; Comins, D. L. et al. 2002; 

Charette, A. B. et al. 2001]. To rectify these problems, a number groups have been 

utilized annulation reaction as an alternative method to activate the pyridine core either 

by the N-alkylation [Sadana A. K. et al. 2003] or nucleophilic cyclization at C2 position 

of pyridinium ylides [Seregin, I. V. et al. 2008; Chernyak, D. et al. 2008; Schwier, T. et 

al. 2007; Seregin, I. V. et al. 2006]. Like that, the inter and intramolecular 1,5-

electrocyclization via aza vinyl azomethine ylide strategy have also been  used for the 

construction of heterocycles or pyridine core activation [Pohjala, E. 1972; Tamura, Y. et 

al. 1972].  Even though, the efficient functionalization of pyridine ring and their core 

derivatives in metal free condition is yet to be explored and also remains an important 
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issue in front of synthetic organic chemists. Hence, in the present chapter, we focused our 

attention in the synthesis of bioactive molecules of 3-spirodihydroindolizine-2-oxindole 

derivatives starting from allyl bromide of oxindole via 1,5-electrocyclization as a key 

reaction. Since, the electrocyclization reaction is the key reaction applied for the present 

study, a general introduction on the concept of electrocyclization is discussed in the 

following section. 

5.1.1  Electrocyclization reactions:   

Electrocyclization is one of the pericyclic reaction which involve either the 

formation of a ring, by the generation of one new σ-bond and the consumption of one π-

bond or the converse [Hoffmann, R. et al. 1968; Fleming, I. 1976; Morrison, R. T. et al. 

1992]. These intramolecular ring closing or ring opening reactions follow concerted 

pathway by the molecular orbital interaction between the highest occupied molecular 

orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of the reactants in 

a particular reaction condition. Thus, the HOMO of the reactant exclusively depends on 

the reaction condition (thermal or photochemical) and the outcome would provide well 

defined stereo specified products. The exact stereochemistry depends upon two things: 

(a) The number of double bonds in the polyene and (b) the reaction condition i.e., either 

thermal or photochemical. The mode of ring closing or ring opening electrocyclic 

reactions are predicted by Woodward-Hoffmann rules based on the number of π-electrons 

involved and mode of orbital rotation in the electrocyclization (Table 5.1).  

Table 5.1: Woodward-Hoffmann rule for electrocyclization reaction. 

Number of                       

π-electrons 

Reaction condition Allowed orbital rotation Disallowed 

orbital rotation 

4n Thermal Conrotatory Disrotatory 

4n Photochemical Disrotatory Conrotatory 

4n+2 Thermal Disrotatory Conrotatory 

4n+2 Photochemical Conrotatory Disrotatory 

For example, the thermal and photochemical electrocyclization of 1,4-

disubstituted butadienes (4n π-electrons) provided cis and trans 3,4-dimethyl 

cyclobutene, respectively (Figure 5.1). According to the Woodward-Hoffmann rule, 



170 

 

either the ring closing or ring opening of the reaction depends on the condition and the 

reaction progress only symmetry allowed process. In the case of 1,3-butadiene, ѱ2-orbital 

is the HOMO can undergo symmetry allowed dis rotation under photochemical reaction 

condition, while the thermal reaction condition ѱ3-orbital is HOMO of the 1,3-butadiene 

provide only con rotation and affords the corresponding stereo defined products. 

H

H3C

H

H3C

H
H3C
H

H3C

H

CH3H

CH3

CH3

HH

CH3

dis

con

h

3

2
dis

h

con

cis

trans

HOMO

HOMO

 

Figure 5.1: Thermal and photochemical electrocyclization of 1,3-disubstituted butadiene 

with molecular orbital energy diagram (4n system). 

Similarly, the 5,6-dimethylcyclohexa-1,3-diene (4n+2 π-electrons) follows the 

Woodward-Hoffmann rule and provides the stereo-defined product with respect to the 

reaction condition. The pictorial representation of HOMO of 5,6-dimethylcyclohexa-1,3-

diene under thermal (ѱ3) and photochemical (ѱ4) reactions and the mode of ring closing 

and ring opening are depicted in Figure 5.2.  
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Figure 5.2: Thermal and photochemical cyclization of 5,6-dimethylcyclohexa-1,3-diene 

with molecular orbital energy diagram (4n+2 system). 

However, it would be better and is relevant to understand the literature known 

methods for the synthesis of nitrogen heterocycles either via 1,5-electrocyclization or the 

pyridine core activation as described in the following section. 

5.2 A literature review on the synthesis of nitrogen heterocyclics and 

pyridine core activation:  

5.2.1  Synthesis of partially saturated pyrrolopyridines and spiro-β-

lactams via pyridine core activation: 

 Clayden and co-workers have reported a range of poly heterocyclic compounds 

such as pyrrolopyridines, pyrroloquinolines, benzonaphthyridines and aza spirocyclic β-

lactam 2 from pyridine derivative 1 via lithium stabilized nucleophilic pyridinium core 

activation as a key step (Scheme 5.1). Mechanistically, the N-benzyl pyridine and 

quinoline carboxamide α-methylene proton was deprotonated by the base and lithium 

stabilized nucleophile upon intramolecular attack on the pyridine or quinoline ring, either 

directly or on activation of the ring by N-acylation. Thus, a range of poly heterocyclic 

compounds have been synthesized from four and five member-ring compounds by either 

one of the chemical process such as oxidization, protonation, alkylation, or acylation. The 

formation of spiro cyclic product 2 was assisted by the prior electrophilic attack on the 
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lithiated amide 4 at the pyridine nitrogen and more basic organolithium center [Clayden, 

J. et al. 2005]. 

 

Scheme 5.1: Synthesis of partially saturated and spiro poly N-heterocycle compounds.  

5.2.2  Copper catalyzed [3+2]-annulation via pyridine activation: 

In 2010, Barluenga and co-workers have reported a copper (I) catalyzed synthesis 

of indolizine derivative 8 from the reaction between pyridine derivative 6 and 

alkenyldiazo compound 7 via pyridine core activation as a key step (Scheme 5.2).
 
 

 

Scheme 5.2: Copper(I) catalyzed pyridine core activation.  
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  The synthesized compound 8 was accounted by the intermediate copper (III) metalla-

cyclization 11 generated from Michael addition between pyridine nitrogen 10 and 

alkenyldiazo compound olefin 7 followed by reductive elimination furnished the 

compounds 8 [Barluenga, J. et al. 2010].
 
 

5.2.3  Electrophilic activation of lactam with pyridine: 

Tetraponerines were isolated from the venom of the New Guinean ant 

Tetraponera sp. These alkaloids represent the major constituents of the contact poison 

[Merlin, P. et al. 1988]. The (±)-Tetraponerine T4 15 was enabled from pyridine 12 and 

2-pyrrolidone 13 with triflic anhydride via nucleophilic pyridine ring substitution as a key 

step (Scheme 5.3). The proposed cyclic pyridinium salt 16 was isolated at room 

temperature and subjected to various nucleophilic additions with Grignard reagents at C2 

and C4 positions of pyridine ring to afford compounds 17 and 18 [Charette, A. B. et al. 

2005]. 

 

Scheme 5.3: Synthesis of (±)-Tetraponerine T4 derivative via pyridine core activation.  

5.2.4  Pyridine core activation via MBH adduct/N-alkylation: 

The natural product mimic structures such as harmicine and homofascaplysin 

alkaloid cores have been synthesised from 1- formyl-β-carbolines 19 with activated 

alkene via MBH adduct formation as a key step. The formations of indolizino-indole 
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derivative 21 is explained either by nucleophilic substitution of allyl bromide of MBH 

derivative 20 to the β-carbolines derivative or by intramolecular cyclization of cyclic 

olefin provided pyridine core nitrogen activation product (Scheme 5.4). However, in the 

presence of DMAP, cycloalkenes directly provided the ring closed product in a one-pot 

manner [Singh, V. et al. 2010]. 

 

Scheme 5.4: Synthesis of indolizino-indole derivative. 

5.2.5 Regioselective N-heterocycle activation via 1,5-electrocyclization: 

 The regioselective synthesis of S-triazolo-triazinone derivative 26 have been 

reported from the reaction of 6-benzyl-3-(arylmethylidenehydrazino)-as-triazin-5(4H)-

one 22 with either bromine in acetic acid containing sodium acetate or with ferric 

chloride via 1,5-electrocyclization (Scheme 5.5) [Shawali, A. S. et al. 2002]. 
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Scheme 5.5: Synthesis of S-triazolo-triazinone derivative via 1,5-electrocyclization. 

 5.2.6   Pyridine core activation via N-alkylation/nucleophilic 

substitution: 

Basavaiah et al. reported the synthesis of variety of indolizine, benzofused 

indolizino, pyrrole[1,2-a]quinoline and pyrrole[1,2-a] isoquinoline derivative 30 from 

allyl bromide of MBH adduct 27 and pyridine derivative 28 via 1,5-elctrocyclization 

(Scheme 5.6).  Interestingly, the synthesized dihydroindolizine derivatives 29 underwent 

in-situ dehydrogenation provided indolizine framework 30 [Basavaiah, D. et al. 2009].
 

 

Scheme 5.6: Synthesis of indolizine derivatives via nucleophilic pyridine core activation. 
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5.2.7  Synthesis of imidazole derivative via 1,5-electrocyclization: 

The imidazole derivative 35 has been synthesized from aziridinecarboxylates 31 

with 1,2-diazo-1,3-butadiene 32 under solvent free condition (SFC) via 1,5-

electrocyclization (Scheme 5.7). The compound 34 underwent 1,5-electrocyclization and 

aromatization by concomitant loss of carbamate residue by cleavage of N-N bond 

afforded imidazole derivative 35 by thermolytic cleavage of the aziridine [Attanasi, O. A. 

et al. 2007].  

 

Scheme 5.7: Synthesis of imidazole derivatives from aziridine via 1,5-electrocylization. 

  This pioneer work has been extended to amino ester derivative 37 with 1,2-diazo-

1,3-butadiene derivative 36 yielded imidazole derivative 39 via 1,5-electrocyclization 

(Scheme 5.8) [Attanasi, O. A. et al. 2009].
 
 

 

Scheme 5.8: Synthesis of imidazole derivatives from amino acid via 1,5-

electrocylization. 
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With this background on electrocyclization concept, we can conclude that the 

combined utilization of 1,5-electrocyclization reaction of the pyridinium salt obtained 

from allyl bromide of MBH adduct of isatin and pyridine ring would able to produce the 

stereo defined, pyridine core activated spirocyclic oxindoles. 

5.3 Present work: 

Nitrogen containing polyheterocycles have been found to be the basic skeleton in 

a numerous alkaloid natural products and bioactive compounds (Figure 5.3).  

 

Figure 5.3: Natural products with 3-Spirooxindole core structure. 

Especially, the spirocarbo- and heterocyclic derivatives at C3 position in 

oxindoles are elegant synthetic targets in organic synthesis due to their significant 

biological activities. The MBH adduct of isatin and their derivative has been paid less 

attention towards metal free pyridine core activation studies. Hence, in this chapter, we 

wish to synthesize 3-spiropyrarazoline-2-oxindole derivatives by the combined utilization 

of the allyl bromide of oxindoles with pyridine nucleus and pyridine core activation as 

key step via 1, 5-electrocyclization process. The quarternization of pyridine nitrogen 

derived from allyl bromides of MBH adduct and pyridine readily undergoes 

intramolecular nucleophilic substitutions at C2 position to provide spirocyclic oxindole 

derivatives. The detail of the study on the 1,5-electrocyclization reaction of various 
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pyridine derivatives of allyl bromide MBH adduct of oxindoles is the subject matter of 

this Chapter.  

5.4   Retrosynthetic analysis: 

 A retrosynthetic analysis for present study is outlined in Figure 5.4. The 

spirodihydroindolizine oxindole A can be derived from the pyridinium salt B with a base.  

The potential allyl bromide C, which could quarternize with pyridine to provide 

pyridinium salt B, could be synthesized from isatin derived MBH adduct D by 

isomerization with HBr. The MBH adduct could be formed from isatin E with methyl 

acrylate. 

 

Figure 5.4: Retrosynthetic analysis of pyridine activation. 

5. 5 Results and Discussion: 

5.5.1 Preparation of allyl bromide of oxindole from MBH adduct of 

isatin: 

According to the retrosynthetic analysis, the starting precursor i.e. allyl bromide 

of oxindole was prepared under solvent free microwave irradiation from MBH adduct of 

isatin. The details of the synthesis of E/Z-isomers of C and characterization have already 

been discussed in Chapter IV (Figure 5.4).  
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5.5.2  Synthesis of 3-spirodihydroindolizine-2-oxindole derivative via 1,5 

electrocyclization: 

The preliminary study was initiated between the reactions of E-allyl bromide of 

oxindole 40a with pyridine 41 in the presence of K2CO3 as base under reflux condition in 

acetonitrile. The reaction furnished poor yield (15%) of pyridine core activated 

spirocyclic product 42 via 1,5-electrocyclization reaction (Scheme 5.9). Interestingly, 

when the E/Z-isomeric mixture of allyl bromides of oxindole 40 and pyridine 41 have 

been subjected to 1,5-electrocyclization also furnished the single diastereomer of 

spirocyclic compound 42. 

 

Scheme 5.9: Synthesis of 3-spirodihydroindolizine-2-oxindole via 1,5-electrocyclization.  

Before entering into the optimization, the structure of synthesized compound 42 

has been characterized by spectroscopic analysis (FTIR, 
1
H, 

13
C NMR and FAB-Mass).  

The FTIR spectrum of the compound 42 showed the presence of amide and ester 

group absorptions at 1703 and 1721 cm
-1

,
 
respectively. In the 

1
H NMR spectrum, five 

protons of the dihydroindolizine six member ring appeared in the region between δ 4.68-

6.46 ppm (Figure 5.5). 



 

Figure 5.5: 

The coupling nature of these protons in the 

supported the assigned structure of compound 

Figure 5.6: 
1
H-

1
H-

The dihydroindolizine ring sp

singlet at δ 5.81 ppm.  The 

6.46 ppm which showed the strong coupling with 

Hc proton appeared as a multiplet at 

180 

Figure 5.5: 
1
H NMR Spectrum of compound 42 

The coupling nature of these protons in the 
1
H-

1
H COSY spectrum further 

supported the assigned structure of compound 42 (Figure 5.6).  

 

-COSY Spectrum of compound 42 (Expanded region 

The dihydroindolizine ring sp
3
 C-H proton marked as Ha appeared as a uncoupled 

 5.81 ppm.  The He proton deshielded due to the nitrogen atom appeared at 

6.46 ppm which showed the strong coupling with Hd proton visible at δ

proton appeared as a multiplet at δ 6.46 ppm and also coupled with 

 

H COSY spectrum further 

ed region δ 4-8)  

appeared as a uncoupled 

proton deshielded due to the nitrogen atom appeared at δ 

proton visible at δ 5.35 ppm.  The 

 6.46 ppm and also coupled with Hb and Hd 
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protons.  Interestingly, the Hb proton showed a strong coupling with Hc and not with Ha 

proton which may be in a perpendicular plane with indolizine ring protons. The alkene 

proton at the five member ring resonated at δ 7.40 ppm.  The oxindole moiety aromatic 

protons were visible in the region of δ 6.88-7.29 ppm.  The two singlets resonated at δ 

3.31 and 3.50 ppm was assigned to N-methyl and ester methyl protons, respectively.    

Analysis of the 
13

C NMR spectrum of compound 42 showed signals at δ 26.92 

and 51.16 ppm were assigned to N-methyl and ester methyl carbons, respectively (Figure 

5.7). The sp
3
 center carbon at the dihydroindolizine and spiro carbon were visible at δ 

61.83 and 67.72 ppm, respectively. The presence of spiro carbon was confirmed from 
1
H-

13
C correlation spectra by the absence of carbon hydrogen interaction and also from 

DEPT-135 signal disappeared at δ 67.72 ppm. The entire aromatic carbons were in good 

agreement with assigned structure and resonated between the region δ 108.19-144.88 

ppm. The other carbonyl carbons such as amide and ester were appeared at δ 164.31 and 

178.41 ppm, respectively. 

 

Figure 5.7: 
13

C NMR Spectrum of compound 42 

  Finally, the FAB-Mass showed a molecular ion peak [M
+
] peak at m/z = 308.31 

against the calculated value of m/z = 308.12 which supports the assigned structure and 

satisfactory elemental analysis (Figure 5.8).  
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Figure 5.8: Mass spectrum of compound 42  

It is interesting to note that the synthesized compounds from both the isomers 

have had the similar core structure of the secoyohimbane type natural products (Figure 

5.3).  

5.5.3  Optimization study: Effect of solvent and catalyst load:  

In order to improve the yield of the reaction, effect of variants such as solvent and 

catalyst requirement have been studied. For the optimization study, the E/Z- mixture of 

allyl bromide of oxindole 40 has been chosen as a model substrate. Experiments with 

various solvent systems such as acetonitrile, THF, acetone, DMF, etc and different bases 

were carried out and the results are given in the Table 5.2. After several test reactions, a 

combination of CH3CN as a solvent with 2 h time delayed base addition (K2CO3) gave 

better yield (86%) and found to be an optimum condition (Table 5.2, entry 6). The time 

delayed addition of base to the reaction mixture gave better yield than immediate 

addition. The reason may be due to the immediate addition of base has led to 

decomposition of starting material before the formation of pyridinium salt 41a under the 

reaction condition (Table 5.2, entries1, 5). Interestingly, pyridine can also act as base, if 

the second equivalent of pyridine added to the reaction mixture and provided comparably 

better yield after 2 h (Table 5.2, entry 2). The other solvent systems and bases such as 

CH3CN/Ag2CO3, acetone and DME/K2CO3 were found to be fruitless for this 1,5-

electrocyclization with allyl bromide of oxindole (Table 5.2, entries 3,7 and 9). All other 
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reaction conditions were afforded the expected products in moderate yield and the results 

are given in Table 5.2.  

Table 5.2: Optimization of 1,5-electrocyclization reaction with allyl bromide of oxindole. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 a 
Base added after specified time / total reaction time. 

5.5.4  Generality of pyridine core activation via 1,5-electrocyclization 

reaction:  

In order to exemplify the 1, 5-electrocyclization reaction, with various allyl 

bromides of MBH adducts and pyridine, were carried out under optimized condition. All 

the reactions underwent the 1,5-electrocyclization smoothly and afforded the 

corresponding pyridine core activated spiroindolizine derivatives in excellent yield. The 

results are highlighted and given in Table 5.3. 

Entry Solvent Base T oC    Timea Yield (%) 

 
1 CH3CN K2CO3 80 0.5/3 15 

2 CH3CN Pyridine 80 2/3 79 

3 CH3CN Ag2CO3 80 2/3 - 

4 THF K2CO3 60 2/3 40 

5 CH3CN K2CO3 80 1/3 30 

6 CH3CN K2CO3 80 2/3 86 

7 Acetone K2CO3 56 2/3 - 

8 DMF K2CO3 80 2/3 45 

9 DME K2CO3 80 2/3 - 
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Table 5.3: Generality of 1,5-electrocyclization with a various allyl bromide of oxindole 

derivatives. 

Entry Substrates (43-50) Products (51-58) Yield (%) 
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The presence of functional groups at aromatic and nitrogen position of oxindole 

core is an important factor to enhance the drugs essential properties such as solubility, 

promising cell permeability, hydrogen bond donor, acceptor property and inhibitory 

activity [Vintonyak, V. V. et al. 2010].
 
 Hence, generality of this reaction was carried out 

with various allyl bromides of oxindole. This electrocyclization reaction was tolerable 

towards functional groups such as at N-position substituted by ethyl, benzyl, allyl and 

propargyl and also aromatic core of oxindole substituted by bromo, fluro, methyl and 

formyl groups. Especially, the aromatic core of oxindole bearing electron withdrawing 

group showed to be better reactive substrate for the 1,5-electrocyclization reaction and 

also furnished spirocyclic product in good to excellent yield (Table 5.3, entries 1-4). The 

functional groups such as fluro, bromo and formyl groups at aromatic core of oxindole 

are important constituent for further synthetic transformation. The 5-methyl allyl bromide 

of oxindole showed slow reactivity with low yield (Table 5.3, entry 5). Significantly, the 

N-benzyl derivatives gave best yield than the other substrates (Table 5.3, entry 8). 

Usually, the N-allyl and propargyl derivatives are playing vital role in stereochemistry of 

observed product in dipolar cycloaddition reaction [Pardasani, R. T. et al. 2003]. Hence, 

we were interested to check the reactivity
 
of N-allyl 56 and N-propargyl 57 derivative of 

oxindole with 1,5-electrocyclization reaction and provided expected compound in good 

yield (Table 5.3, entries 6-7). It is interesting to mention that all the substituted isatin 

MBH derivatives furnished the expected spirocyclic compound as a diastereoselective 

product with trace of the other isomer.  
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For representative spectroscopic characterization of new compounds, N-propargyl 

derivative of spiroindolizine 57 was chosen for discussion. The FTIR spectrum showed 

the characteristic functional groups such as acetylene, amide and ester absorbance at 

2250, 1701 and 1722 cm
-1

, respectively.  

The 
1
H NMR spectrum of compound 57 showed the terminal acetylenic proton 

resonates at δ 2.26 ppm and the ester methyl proton appeared as a singlet at δ 3.48 ppm 

(Figure 5.9). The N-methylene proton resonated as a multiplet centered at 4.60 ppm. The 

five protons of dihydroindolizine ring appeared in the region at δ 4.70-6.46 ppm. 

Specifically, the dihydroindolizine C-H proton resonated as an uncoupled singlet at δ 

5.36 ppm. The five member ring alkene proton from dihydroindolizine was visible at δ 

7.31 ppm.  All the aromatic protons of oxindole moiety were visible in the region at δ 

7.03-7.31ppm.   

 

Figure 5.9: 
1
H NMR Spectrum of compound 57 

The 
13

C spectrum of compound 57 further supported the assigned structure and 

showed a signal at δ 51.07 ppm which corresponds to ester methyl carbon (Figure 5.10). 

The characteristic acetylene carbons of propargyl system were visible at 67.94 and 72.20 

ppm, respectively.  



 

Figure 

The other aliphatic carbons such as 

29.84 and 63.04 ppm, respectively. 

visible at δ 61.80 ppm. The remaining all aromatic carbon 

appeared in the region at 103.92

appeared at 164.34 and 177.65 ppm, respectively.

Figure 5.11:
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Figure 5.10: 
13

C NMR spectrum of compound 57 

The other aliphatic carbons such as N-methylene and spiro carbons resonated at 

29.84 and 63.04 ppm, respectively. The sp
3
 carbon from the dihydroindolizine was 

The remaining all aromatic carbon signals were accounted and 

appeared in the region at 103.92-145.04 ppm. The amide and ester carbonyl carbons 

appeared at 164.34 and 177.65 ppm, respectively. 

Figure 5.11: FAB mass spectrum of compound 57 

 

methylene and spiro carbons resonated at 

carbon from the dihydroindolizine was 

signals were accounted and 

145.04 ppm. The amide and ester carbonyl carbons 
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Final proof of assigned structure of the compound 57 was supported by FAB mass 

spectrum as it showed a molecular ion peak [M+1] at m/z = 333.77 against the calculated 

value m/z = 332.12 (Figure 5.11). The spectroscopic data of all the new compounds are 

listed in the experimental section at the end of this chapter.  

The spirocyclic compounds stored in CDCl3 solvent at room temperature were 

found to be completely decomposed within 4 hour and were confirmed by TLC and 
1
H 

NMR spectrum. Fatefully, we could not find any characteristic rearranged products from 

these decomposed spiroindolizine derivatives. In order to avoid the decomposition of 

product, we were taken the NMR spectrum of all the spirocyclic derivatives in CDCl3 

solvent after passing through capillary basic alumina column (Brockmann activity I, II). 

The reason may be traces of acidic impurity in CDCl3 solvent which initiated the 

decomposition that has been removed in an alumina column. 

5.5.5 Substituted pyridine and poly cyclic pyridine core involved 1,5-

electrocyclization: 

Encouraged by the preliminary results, we turned our attention to examine 

different substituted pyridines, and its polycyclic derivatives such as quinoline and 

isoquinoline for 1,5-electrocyclization reaction (Table 5.4). Hence, the N-methyl allyl 

bromide of oxindole 40 was chosen as model substrate and treated with various pyridine 

derivatives for 1,5-electrocyclization. During the substrate screening, only a few pyridine 

derivatives underwent smoothly the 1,5-electrocyclization reaction and provided the 

corresponding pyridine core activated spiroindolizine compounds in good yield. The 

results are given in Table 5.4. The 1,5-electrocyclization reaction of 2-picoline 59 

provided the spirocyclic compound 65 in good yield without any compromise of 

selectivity (Table 5.4,  entry 1). But in the case of 3-picoline 60, an inseparable mixture 

of two regio-isomeric products 66 ratio 1:0.5 as estimated from 
1
H NMR was obtained 

with combined yield of 71% (Table 5.4, entry 2). Among the hydroxyl group substituted 

pyridine derivatives, only the 3-hydroxyl pyridine 61 underwent 1,5-electrocyclization to 

produce inseparable two regio-isomeric products 67 (ratio 1:0.5) in  combined good yield 

66% (Table 5.4, entry 3). The screening of nitrogen found poly cyclic core with allyl 
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bromide of oxindole derivatives in pyridine core activation is synthetically important, 

which has led to the natural product core structure like secoyohimbane and 

heteroyohimbane (Figure 5.3). In order to make complex molecular framework of 

spirocyclic oxindoles, polycyclic pyridine derivatives such as quinoline 62 has been used. 

The reaction provided the benz-fused spiroindolizine compound 68 in good yield (Table 

5.4, entry 4). Isoquinoline 63 was also used in 1,5-electrocyclization and provided a 

single regio-isomeric product 69 in good yield (Table 5.4, entry 5). The 4-

bromoquinoline 64 furnished the expected spiro derivative 70 in good yield (Table 5.4, 

entry 6). 

Table 5.4: Activation of pyridine derivatives core via 1,5-electrocyclization. 

Entry Substrate Product Yield (%) 
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Mixture of regioisomer. 

The structure of synthesized compound 

detailed spectroscopic analysis. The FTIR spectrum showed absortions at  1702 and 1719  

cm
-1

 due to presence of funtional groups such amide and ester, 

 In the 
1
H NMR spectrum, two separate singlets at 

assigned to N-methyl and ester methyl protons, respectively (Figure 5.12). 

proton from dihydroindolizine appeared at 

alkene proton from the six membered indolizine ring resonated at 

remaining all aromatic protons were accounted and resonated in the region at 6.78

ppm.  

Figure 5.12:
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Mixture of regioisomer. 
b
Reaction contacted in room temperature. 

The structure of synthesized compound 70 was determined on the basis of 

detailed spectroscopic analysis. The FTIR spectrum showed absortions at  1702 and 1719  

due to presence of funtional groups such amide and ester, respectively.

H NMR spectrum, two separate singlets at δ 3.44 and 3.54 ppm was 

methyl and ester methyl protons, respectively (Figure 5.12). 

proton from dihydroindolizine appeared at δ 5.93 ppm as an uncoupled singlet. Th

alkene proton from the six membered indolizine ring resonated at δ

remaining all aromatic protons were accounted and resonated in the region at 6.78

Figure 5.12: 
1
H NMR spectrum of compound 70 
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C NMR spectrum supported the structure of synthesized compound 

27.17 and 51.18 ppm which were assigned to the 

methoxy carbon of the ester group (Figure 5.13). The characteristic 

dihydroindolizine and spiro carbon were visible at δ 61.14 and 68.42 ppm, respectively. 

emaining aromatic carbons were appeared in the chemical shift range between 

143.09 ppm. The carbonyls carbon of amide and ester were detected at 

and 177.81 ppm, respectively (Figure 5.13).  

Figure 5.13: 
13

C NMR spectrum of compound 70 

Finally, the assigned structure was supporeted by FAB mass spectrum as it 

showed a molecular ion peak [M+2] at m/z = 438.14 agianst calculated value 

436.04 and satisfactory elemental analysis . Unambiguous evidence for the structure of 

70 and stereochemistry was obtined by single crystal X
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Figure 5.14: X-ray single crystal structure of the compound 70 

5.5.6 Limitations of 1, 5-electrocyclization reaction with pyridine 

derivative in allyl bromide of oxindole:  

We found that a number of pyridine derivatives (Figure 5.15) along with allyl 

bromide of oxindole afforded decomposed products under the optimized reaction 

condition (Scheme 5.10).  

 

Scheme 5.10: Screening of pyridine derivatives. 

The decomposition of starting material might have happened due to inertness of 

the pyridine core on initial salt formation with allyl bromide of isatin under basic 

(presence of K2CO3) reaction condition.  Due to the presence of electron withdrawing 

formyl groups at 2
nd

, 3
rd

 and 4
th

 position of the pyridine core of nitrogen atom got 

reduced and hence slow formation of the pyridinium salt resulted in the decomposition of 

starting materials in presence of K2CO3 (Figure 5.15, 71-73). In the case of 2- and 4-

amino pyridine derivatives, the substituted amine group act as strong nucleophile rather 

than pyridine nitrogen and resulted in the decomposition of starting materials (Figure 

5.15, 74-75). However, the 2- and 4-hydroxyl pyridine derivatives have also failed to 
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produce the spirocyclic product which may be due to the keto-enol tautomerism (Figure 

5.15, 76-77). The screening of various substituted pyridines for 1,5-electrocyclization 

inferred that 2-/3-picolines and 3-hydroxyl derivatives were suitable substrates  along 

with allyl bromides of oxindoles leading to pyridine core activation.  

 

Figure 5.15: Failed substrate of substituted pyridine derivatives in 1,5-electrocyclization. 

5.6  Reaction mechanism of pyridine core activation via 1,5-

electrocyclization: 

The reaction of pyridine core activation via 1,5-electrocyclization can be 

rationalized by invoking a mechanistic postulate (Scheme 5.11). In an initial event, 

mixture of pyridinium allylide A and B were formed from the E/Z-mixtures of allyl 

bromide of oxindole with pyridine. These pyridinium allylides upon deprotonated by 

K2CO3 and generated vinyl pyridinium ylide intermediates C and D. Due to the steric 

interaction between the pyridine core and the aryl part of oxindole, a resonance stabilized 

common intermediate E was formed. The formation of common intermediate E from a 

mixture of starting material was a key step which resulted in to the formation of single 

diastereomeric product H. According to the Woodward-Hoffmann rule, Ψ3 is HOMO 

under thermal condition and the either mode of ring closing or ring opening reaction 

progressed via dis-rotation. The observed stereochemistry of all the synthesized 

compound stereocenter at C3 position to met the prediction of the Woodward-Hoffmann 
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rule of 1,5-electrocyclization which also an important factor for the natural product core 

structure synthesis such as secoyohimbane and heteroyohimbane (Scheme 5.11). 

 

Scheme 5.11: Mechanistic postulates of pyridine core activation in allyl bromide of 

oxindole derivatives. 
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5.7  Conclusions: 

� We have demonstrated an efficient synthesis of 3-spirodihydroindolizine-2-oxindoles 

and benz-fused 3-spirodihydroindolizine-2-oxindole derivatives from E- and Z-

mixture of allyl bromide of oxindole by a metal free pyridine activation strategy. 

� The scope and generality of 1,5-electrocyclization reaction with various MBH 

derivatives and pyridine derivatives were studied. 

� The stereochemistry of the synthesized compound was assigned based on single 

crystal X-ray analysis and found to coincide with natural product analogues such as 

secoyohimbane and heteroyohimbane compounds. 

� The mixture of E- and Z-allyl bromide of oxindole provided single diastereomer of 

spirodihydroindolizines and the observed diastereoselectivity was accounted by 

mechanistic postulates.  

� All the new compounds were completely characterized by spectroscopic methods. 
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5.8   Experimental section:  

5.8.1  General remarks: 

All the reactions were carried out in oven-dried glassware. Progress of reactions 

was monitored by Thin Layer Chromatography (TLC) while purification of crude 

compounds was done by column chromatography using silica gel (100-200 mesh). 

Melting points were recorded on a Buchi melting point apparatus and are uncorrected. 

NMR spectra were recorded at 500 and 300 MHz (based on availability of instruments)  

125 and 75 MHz (for 
13

C) respectively on  Brucker Avance DPX-500 MHz. and Bruker 

Avance DPX-300 MHz. Chemical shifts are reported in δ (ppm) relative to TMS (
1
H) or 

CDCl3 (
13

C) as internal standards. Mass spectra were recorded using JEOL JMS 600H 

mass spectrometer. IR spectra were recorded on Bomem MB series FT-IR spectrometer, 

absorbencies are reported in cm
-1

. Yields refer to quantities obtained after 

chromatography. 

5.8.2 General experimental procedure for the preparation of Morita-

Baylis-Hillman adducts of isatin: 

The detailed experimental procedure for synthesis of MBH adduct of isatin was 

given in the experimental section of Chapter II at 2.9.2 and 2.9.3. 

5.8.3 General experimental procedure for the preparation of bromo 

isomerized Morita-Baylis-Hillman adducts of isatin: 

A mixture of MBH adduct of isatin derivatives (100 mg) was added with of 46% 

HBr (4 equiv.) and silica gel (200 mg) and made as slurry. The slurry was subjected to 

microwave irradiation (750 W) over a period of 5-15 min. The mixture was cooled to 

room temperature and then extracted with CH2Cl2 and the organic phase was washed 

with water. The organic layer was separated and dried over Na2SO4 and concentrated in 

vacuo. The crude mixture was purified by silica gel column chromatography using a 

gradient elution with hexane and EtOAc as eluent to afford pure isomerized bromo 
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derivatives 30-65% combined yield. The detailed spectral data are given in the 

experimental section of Chapter IV at 4.9.2. 

5.8.4 General experimental procedure for 1, 5-electrocyclization: 

To a refluxing solution of isomerized Morita-Baylis-Hillman derivatives (1 

mmol) in acetonitrile (1 mL), was an added pyridine (1 equiv.) derivative and kept 

stirring for 2 hours. After that, 1 equiv. of potassium carbonate was added and continued 

stirring. After completion of the reaction (monitored by TLC), the reaction mixture was 

subject to acid work-up and passed through a pad of celite and purified through column 

by neutral alumina column chromatography using EtOAc: Hexane (10: 90) as eluent to 

afford good to excellent yields (66-92 %). 

5.8.5 Characterization of new compounds: 

 

 

 

 

 

Compound 42 

 

Yellow crystalline solid, mp: 118-120 °C;  

Rf : 0.31 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3025, 2921, 1721, 1703, 1623, 1536, 

1306, 1216, 1115, 894, 792 cm
-1

; 

1
H NMR(CDCl3/TMS, 500.1 MHz): δ 3.31 (s, 3H), 

3.50 (s, 3H), 4.68 (d, J = 10.0 Hz, 1 H ), 5.17 (dd, J = 

6.0, 12.5 Hz, 1H), 5.35 (t, J = 2 Hz, 1H), 5.81 (s, 1H), 

6.46 (t, 7.0 Hz, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.98 (t, J 

= 8.0 Hz, 1H), 7.16 (d, J = 7.5 Hz, 1H), 7.29 (t, J = 7.5 

Hz, 1H), 7.40 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 26.92, 51.16, 

61.83, 67.72, 108.19, 108.97, 116.47, 122.30, 124.01, 

124.33, 125.28, 126.23, 126.77, 128.99, 143.29, 

144.88, 164.31, 178.41; 

FAB mass: Calcd. for C18H16N2O3 m/z = 308.12; 

Found: 308.22 (M
+
);  

Elemental Analysis: C18H16N2O3 Calcd. for C, 

70.12%; H, 5.23%; N, 9.09 %; Found: C, 70.10; H, 
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5.21; N, 8.89. 

 

 

 

 

 

 

Compound 51 

  

Yellow crystalline solid, mp: 132-134 °C;  

Rf : 0.29 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3104, 2851, 1718, 1701, 1621, 1519, 

1321, 1245, 1210, 1121, 798  cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.30 (s, 3H), 

3.52 (s, 3H), 4.70 (d, J = 10.0 Hz, 1H ), 5.18 (dd, J = 

6.5, 13.0 Hz, 1H), 5.33 (s, 1 H), 5.86 (m, 1H), 6.45 (d, 

J = 7 Hz, 1H), 6.77 (m, 1H), 6.90 (m, 1H), 6.95 (m, 

1H), 7.37 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.02, 51.0, 

62.03, 67.55, 104.10, 108.47, 108.82, 112.40, 112.60, 

115.16, 115.35, 116.07, 124.34, 126.19, 139.32, 

144.75, 163.93, 177.89;  

FAB mass: Calcd. for C18H15FN2O3 m/z = 326.11; 

Found: 327.31 (M+1); 

Elemental Analysis: C18H15FN2O3 Calcd. for : C, 

66.25; H, 4.63; N, 8.58; Found: C, 66.20; H, 4.55; N, 

8.42. 

 

 

 

 

Compound 52 

Yellow crystalline solid, mp: 138-140 °C;  

Rf : 0.28 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3024, 2918, 2849, 1722, 1704, 1628, 

1579, 1217, 1120, 1054, 882, 796  cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.33 (s, 3H), 

3.55 (s, 3H), 5.22 (dd, J = 6.0, 7.0 Hz, 1H), 5.36 (s, 

1H), 5.89 (m, 1H), 6.48 (d, J = 7.0 Hz, 1H), 6.80 (m, 

1H), 6.84 (m, 1H), 6.92 (d,  J = 2.5 Hz, 1H), 6.96 (m, 1 

H), 7.57 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.08, 51.06, 
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62.09, 67.61, 104.16, 108.54, 108.88, 112.47, 112.66, 

115.23, 115.41, 116.14, 124.40, 126.25,  139.39, 

144.82, 163.99, 177.95; 

FAB mass: Calcd. for C18H15 BrN2O3 m/z  = 386.03; 

Found: 388.78 (M+2); 

Elemental Analysis: C18H15BrN2O3 Calcd. for: C, 

55.83; H, 3.90; N, 7.23; Found: C, 55.31; H, 3.76; N, 

6.96. 

 

 

 

 

 

 

Compound 53 

  

Yellow crystalline solid, mp: 120-122 °C;  

Rf : 0.32 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3014, 2981, 1726, 1702, 1624, 1222, 

1128, 879, 792  cm
-1

;
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.28 (s, 3H), 

3.28 (s, 3H), 3.51 (s, 3H), 4.69 (d, J = 9.0 Hz, 1H ), 

5.18 (dd, J = 6.5, 12.5 Hz, 1H), 5.33 (s, 1H), 5.81 (m, 

1H), 6.46 (t, J = 7.0 Hz, 1H), 6.75 (d, J = 8 Hz, 1H), 

6.96 (s, 1H), 7.07 (d, J = 8Hz, 1H), 7.39 (s,1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 21.11, 26.95, 

51.01, 61.84, 67.70, 104.20, 107.85, 116.59, 123.96, 

124.74, 125.24, 125.74, 126.22, 129.31, 131.72, 

140.97, 142.77, 164.34, 178.33; 

FAB mass: Calcd. for C19H18N2O3 m/z = 322.13; 

Found: 323.64 (M+1); 

Elemental Analysis: C19H15N2O3 Calcd. for C, 

70.79%; H, 5.63%; N, 8.69%; Found: C, 70.75; H, 

5.65; N, 8.65. 

 

 

 

Yellow crystalline solid, mp: 126-128 °C;   

Rf : 0.32 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3046, 2953, 2850, 2750, 1718, 1701, 
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Compound 54 

 

1642,  1475, 1375 , 1243, 1142,  938, 786 cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.37 (s, 3H), 

3.52 (s, 3H), 4.68 (d, J = 9.5 Hz, 1 H ), 5.23 (dd, J = 

6.0, 13.0 Hz, 1 H), 5.35 (s, 1 H), 5.86 (m, 1H), 6.49 (t, 

J = 7.5 Hz, 1H), 7.02 (d, J = 8 Hz, 1H), 7.43 (s, 1 H), 

7.70 (s, 1H), 7.84 (d, J = 8.0 Hz, 1H),  7.87 (s,1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.24, 51.13, 

61.43, 67.60, 104.39, 108.23, 108.93, 113.66, 115.71, 

124.43, 124.73, 126.30, 131.52, 133.96, 145.16, 

148.89, 164.20, 178.88, 191.15; 

FAB mass: Calcd. for C19H16N2O4 m/z  = 336.11; 

Found: 336.67 (M
+
); 

Elemental Analysis: C19H16N2O4 Calcd. for C, 

67.85%; H, 4.79%; N, 8.33%. Found: C, 65.35; H, 

3.76; N, 8.11. 

 

 

 

 

 

Compound 55 

  

Yellow crystalline solid, mp: 116-118 °C;  

Rf : 0.32 (15% EtOAc-Hexane); 

IR (KBr) νmax:  3022, 2988, 1714, 1702, 1616, 1564, 

1214, 1135, 879, 789  cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 1.45 (m, 3H), 

3.98 (s, 3H),  4.35 (d, J = 8.5 Hz, 2H), 4.77 (m, 1H), 

5.69 (m, 1H), 5.76 (m, 1H), 5.86 (m, 1H) 6.96 (m, 1H), 

7.52 (d, J = 7.5 Hz, 1H), 7.56 (m, 1H), 7.69 (m, 1H), 

7.81 (m, 1H), 7.92 (s,1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 11.86, 29.96,  

44.98, 51.14, 68.01, 103.98, 109.07, 109.31, 116.49, 

122.77, 124.18, 124.55, 124.98, 125.26, 126.26, 

129.04, 145.11, 164.41, 177.72; 

 FAB mass: Calcd. for C19H18N2O3 m/z = 322.13; 

Found: 323.64 (M+1); 
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Elemental Analysis: Calcd. for C19H18N2O3 C, 

70.79%; H, 5.63%; N, 8.69%; Found: C, 70.77; H, 

5.65; N, 8.17. 

 

 

 

 

 

 

Compound 56 

 

Yellow crystalline solid, mp: 129-131 °C;  

Rf : 0.29 (15% EtOAc-Hexane); 

 IR (KBr) νmax: 3268, 3017, 2924, 2136, 1723, 1703, 

1677, 1612, 1467, 1108, 987, 751cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.50 (s, 3H), 

4.38 (m, 1H), 4.49 (m, 1H), 4.68 (d, J = 9.5 Hz, 1H), 

5.18 (t, J = 7.0 Hz 1H), 5.28 (d, J = 10.5 Hz, 1H), 5.36 

(s, 1H), 5.85 (m, 2H), 6.46 (d, J = 7.5 Hz, 1H), 6.85 (d, 

J = 8.0 Hz, 1H), 6.97 (t, J = 8.0 Hz, 1H), 7.17 (d, J = 

8.0 Hz, 1H), 7.25 (m, 1H), 7.42 (s, 1H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 42.91, 50.98, 

61.85, 68.05, 103.83, 108.94, 109.18, 116.34, 117.46, 

122.25, 124.08, 124.39, 125.27, 126.23, 128.84, 

131.39, 142.35, 145.07, 164.31, 178.17; 

 FAB mass: Calcd. for C20H18N2O3: 334.13; Found: 

335.78 (M+1); 

Elemental Analysis: Calcd. for C20H18N2O3: C, 71.84; 

H, 5.43; N, 8.38; Found: C, 70.26; H, 5.45; N, 7.86. 

 

 

 

 

Yellow crystalline solid, mp: 135-137 °C;  

Rf : 0.27 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3310, 2984, 2250, 1722, 1701, 1628, 

1497, 1357, 1256, 1195, 1047, 915, 826, 787 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.26 (s, 1H), 

3.48 (s, 3H), 4.57 (d, J = 2.5 Hz, 1H), 4.63 (d, J = 2 

Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 5.17 (m, 1H), 5.36 

(s, 1H), 5.82 (m, 1H), 6.46 (d, J = 7.5 Hz, 1H), 7.03 (t, 
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N

N

O

MeO2C

 

Compound 57 

  

J = 7.5 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H) 7.19 (d, J = 

7.5 Hz, 1H), 7.31(t, J = 8.0 Hz, 1H), 7.42 (s,1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 29.84, 51.07, 

61.80, 63.04, 67.94, 72.20, 103.92, 109.0, 109.24, 

116.43, 122.70, 124.11, 124.49, 125.19, 126.20, 

128.97, 141.29, 145.04, 164.34, 177.65; 

FAB mass: Calcd. for C20H16N2O3 m/z = 332.12; 

Found: 333.77 (M+1); 

Elemental Analysis: Calcd. for C20H16N2O3: C, 72.28; 

H, 4.85; N, 8.43; Found: C, 71.66; H, 4.83; N, 7.86. 

 

 

 

 

 

 

Compound 58 

  

Yellow crystalline solid, mp: 135-137 °C;  

Rf : 0.29 (10% EtOAc-Hexane); 

IR (KBr) νmax: 3123, 2984, 1716, 1708, 1616, 1487, 

1347, 1265, 1022, 915, 818, 794 cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.50 (s, 3H), 

4.70 (d, J = 10 Hz, 1H), 4.94 (d, J = 16.0 Hz, 1H), 5.10 

(d, J = 15.5 Hz, 1H), 5.18 (m, 1H), 5.44 (s, 1H), 5.85 

(m, 1H), 6.49 (d, J = 6.5 Hz, 1H), 6.79 (d, J = 7.5 Hz, 

1H), 6.95 (d, J = 7.5 Hz, 1H), 7.16 (m, 2H), 7.35 (m, 

5H), 7.39 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 44.47, 50.99, 

61.98, 68.40, 103.79, 109.12, 109.30, 116.40, 122.35, 

124.15, 124.45, 125.31, 126.28, 127.34, 127.58 (2C), 

128.79, 128.89 (2C), 135.91, 142.35, 145.09, 164.20, 

178.45; 

FAB mass: Calcd. for C24H20N4O3 m/z = 384.15; 

Found: 385.23 (M+1); 

Elemental Analysis: Calcd. for C24H20N4O3: C, 

74.98%; H, 5.24%; N, 7.29%; Found: C, 71.96; H, 
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5.22; N, 7.27. 

 

 

 

 

 

Compound 65 

 

  

Yellow crystalline solid, mp: 136-138 °C;  

Rf : 0.29 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3112, 2976, 1723, 1706, 1621, 1467, 

1343, 1243, 916, 816, 795 cm
1
;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 2.06 (s, 3H), 

3.32 (s, 3H), 3.52 (s, 3H), 4.67 (d, J = 9.5 Hz, 1H), 

5.03 (d, J = 5.5 Hz, 1H), 5.32 (s, 1H), 5.78 (m, 1H), 

6.89 (d, J = 7.5 Hz, 1 H), 6.95 (t, J = 7.5 Hz, 1H), 7.17 

(t, J = 7.5 Hz, 1 H), 7.29 (m, 1H), 7.60 (s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 17.82, 26.92, 

50.98, 61.58, 68.92, 103.00, 108.18, 108.72, 115.39, 

122.26, 124.33, 124.48, 125.43, 128.90, 134.19, 

142.59, 143.26, 166.19, 178.60; 

FAB mass: Calcd. for C19H18N2O3 m/z = 322.13; 

Found: 323.53 (M+1); 

Elemental Analysis: Calcd. for C19H18N2O3: C, 

70.79%; H, 5.63%; N, 8.69%; Found: C, 70.01; H, 

5.23; N, 7.31. 

 

 

 

 

 

Compound 66 

Yellow crystalline solid, mp: 138-140 °C;  

Rf : 0.26 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3114, 2979, 1724, 1702, 1630, 1468, 

1342, 1242, 914, 813, 791 cm
1
;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 0.90 (s, 3H), 

3.25 (s, 3H), 3.43 (s, 3H), 5.03 (m, 1H), 5.36 (s, 1H), 

5.47 (m, 1H), 6.29 (d, J = 6.5 Hz, 1H), 6.75 (m, 1H) 

6.91 (m, 1H), 7.10 (m, 1H), 7.19 (m, 1H), 7.21 (s,1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 17.57, 29.90, 

50.96, 61.93, 71.35, 103.65, 108.16, 108.62, 120.66, 
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 122.52, 123.37, 124.34, 126.74, 129.10, 133.97, 

139.99, 144.49, 166.93, 177.02;  

FAB mass: Calcd. for C19H18N2O3 m/z = 322.13; 

Found: 323.19 (M+1); 

Elemental Analysis: Calcd. for C19H18N2O3: C, 70.79; 

H, 5.63; N, 8.69; Found: C, 69.21; H, 5.31; N, 8.41. 

 

 

 

 

Compound 67 

 

White crystalline solid, mp: 168-170 °C;  

Rf : 0.24 (20% EtOAc-Hexane); 

IR (KBr) νmax: 3467, 3123, 2985, 1716, 1704, 1616, 

1485, 1346, 1263, 1021, 919, 811, 791 cm
-1

;  

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.75 (s, 3H), 

3.93 (s, 3H), 5.51 (d, J = 6.0 Hz, 1H), 5.96 (s, 1H), 

5.97 (d, J  = 1 Hz, 1H), 6.79 (d, J = 7 Hz, 1H), 7.29 

(m, 2H), 7.55 (m, 2H), 7.74 (s,1H), 10.28 (b, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.14, 51.47, 

62.09, 67.25, 104.16, 108.54, 108.88, 112.47, 112.66, 

115.23, 115.41, 116.14, 124.25, 126.40,  139.39, 

152.82, 164.99, 177.95; 

FAB mass: Calcd. for C18H16N2O4 m/z  = 324.11; 

Found 325.16 (M+1);  

Elemental Analysis: Calcd. for C18H16N2O4: C, 66.66; 

H, 4.97; N, 8.64; Found: C, 66.64; H, 4.95; N, 8.63. 

 

 

 

 

Yellow crystalline solid, mp: 176-178 °C;  

Rf : 0.24 (10% EtOAc-Hexane); 

IR (KBr) νmax: 3269, 2923, 1722,  1712, 1676, 1612, 

1467, 1102, 989, 751 cm
-1

; 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.33 (s, 3H), 

3.53 (s, 3H), 5.09 (d, J = 10 Hz, 1H), 5.50 (s, 1H), 6.30 

(d, J = 10.0 Hz, 1H), 6.94 (m, 5H), 7.21 (m, 3H), 7.91 
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Compound 68 

  

(s, 1H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 26.90, 50.96, 

61.03, 68.08, 108.06, 109.39, 113.31,119.15, 122.04, 

122.22, 122.43, 123.06, 124.60, 126.43, 128.03, 

129.03, 129.31, 135.99, 142.80, 143.29, 164.08, 

177.90; 

FAB mass: Calcd. for C22H18N2O3 m/z = 358.13; 

Found: 359.40 (M+1); 

Elemental Analysis: Calcd. for C22H18N2O3 : C, 

73.73; H, 5.06; N, 7.82; Found: C, 72.13; H, 5.01; N, 

6.94. 

 

 

 

 

Compound 69 

 

Yellow crystalline solid, mp: 178-180 °C;  

Rf : 0.26 (10% EtOAc-Hexane); 

IR (KBr) νmax: 3096, 3023, 2967, 1723,  1710, 1665, 

1632, 1451, 1121, 991, 781 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.37 (s, 3H), 

3.44 (s, 3H), 5.64 (d, J = 7.5 Hz, 1H), 5.81 (s, 1H), 

5.93 (d, J = 7.5 Hz, 1.0 H), 6.52 (d, J = 7.5 Hz, 1.0 H), 

6.66 (t, J = 7.2, Hz, 1 H), 6.77 (d, J = 7.8,  Hz, 1 H), 

6.91 (m, 3H), 7.15 (m, 3H); 

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.13, 51.04, 

61.11, 68.62, 106.88, 108.18, 109.59, 122.85, 124.42, 

124.62, 125.14, 125.92, 126.36, 126.88, 127.06, 

127.70, 128.98, 131.83, 143.06, 143.68, 164.30, 

178.38; 

FAB mass: Calcd. for C22H18N2O3 m/z = 358.13; 

Found: 359.56 (M+1); 

Elemental Analysis: Calcd. for C22H18N2O3: C, 
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73.73%; H, 5.06%; N, 7.82%; Found: C, 73.71; H, 

5.03; N, 7.81; 

 

 

 

 

Compound 70 

  

White crystalline solid, mp: 198-200 °C; 

Rf : 0.27 (15% EtOAc-Hexane); 

IR (KBr) νmax: 3098, 2936, 2841, 1719, 1702, 1632, 

1056 cm
-1

; 
 

1
H NMR (CDCl3/TMS, 500.1 MHz): δ 3.44 (s, 3H), 

3.54 (s, 3H),  5.93 (s, 1H),  5.98 (s, 1H), 6.78 (m, 6H); 

7.13 (dd, J = 8.0, 8.0 Hz, 1 H), 7.18 (m, 1H), 7.32 (m, 

1H);  

13
C NMR (CDCl3/TMS, 125.7 MHz): δ 27.17, 51.18, 

61.14, 68.42, 101.14, 102.94, 108.31, 110.73, 122.95, 

124.46, 125.19, 126.35, 127.02, 127.13, 127.51, 

128.07, 129.20, 130.59, 142.46, 143.09, 163.80, 

177.81; 

FAB mass: Calcd. for C22H17BrN2O3 m/z = 436.04; 

Found: 438.14 (M+2); 

Elemental Analysis: Calcd. for C22H17BrN2O3 : C, 

60.43; H, 3.92; N, 6.41; Found: C, 60.41; H, 3.89; N, 

6.24. 
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SUMMARY 

The thesis entitled “Synthesis of Functionalized 2-Oxindoles and 3-Spirocyclic-2-

Oxindoles from Morita-Baylis-Hillman Adduct of Isatin” presents the results of our 

investigation on novel synthetic transformations of Morita-Baylis-Hillman (MBH) adduct 

and its derivatives of isatin towards synthesis of spirocyclic oxindole derivatives. The 

thesis is divided in to five chapters which deals with detailed discussion on synthetic 

transformation of isatin MBH adduct. 

 

The thesis Chapter I embody a brief general introductory discussion on the 

genesis, recent kinetic studies and development of mechanistic details of MBH adduct 

formation, new catalytic systems used and substrates scope in MBH chemistry. In 

continuation with this discussion, example of isatin core involved natural, bioactive 

molecule synthesis and isatin MBH adducts involved synthetic transformations were 

briefly explored. 

 

In Chapter II, synthesis of 5-formyl MBH adduct derivatives by controlled 

oxidation from 5- methyl MBH adducts of isatin using CAN as a mild oxidant in acid 

free reaction condition is described (Scheme-1). Due to the various oxidation states of 

other metal salts in strong acidic media at elevated temperatures, controlled oxidation for 

the synthesis of aromatic aldehyde remains a challenging task for organic chemists. This 

chapter encompasses detailed studies on MBH adduct aromatic side chain oxidation 

including the substrate scope and limitation, spectroscopic characterization of the newly 

synthesized products and plausible reaction mechanism. (Shanmugam, P. Vaithiyanathan, 

V. and Selvakumar, K. Tetrahedron Lett. 2008, 49, 2119.) 
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Chapter III describes the synthesis of highly functionalized allene incorporated 

oxindole derivatives from propargyl isomerized MBH adducts of isatin via [3,3]-

sigmatropic Claisen rearrangement reaction as the key step. The synthetic utility of allene 

derivatives have been demonstrated by the synthesis of dihydrofuran appended oxindole 

derivative via base mediated intramolecular cyclization. In addition, the formation of 

dihydrofuran derivatives has been rationalized via a mechanistic proposal (Scheme 2). 

(Shanmugam, P. Vaithiyanathan, V. and Selvakumar, K. Synlett.  2009, 1591.) 

 

 

Spirooxindoles are commonly occurring heterocyclic ring systems which found in 

many natural products and pharmaceuticals
 
units.  Hence we embarked upon the 

synthesis of various spiro carbo- and heterocyclic frame works from the allyl bromide of 

oxindoles via [3+2] annulation strategy (Scheme-3) and is the central theme of Chapter 

IV. Utilizing the recently well explored sulphur and phosphorous ylide chemistry, we 

have synthesized spirocyclopentene and spiropyrazole derivatives diastereoselectively 

from a mixture of E- and Z- isomerised allyl bromide of oxindole via [3+2] dipolar 

strategy. The stereochemistry of the product was assigned based on the single crystal X-

ray analysis. (Selvakumar. K, Vaithiyanathan. V and Shanmugam, P. Chem. Commun., 

2010, 46, 2826.) 
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In Chapter V, diastereoselective synthesis of spirodihydroindolizine compound 

from bromo isomerized MBH adduct of isatin via pyridine core activation as the key step 

is described. Pyridine core activation is an important synthetic transformation and 

functionalization of pyridine in metal free condition remains an important and 

challenging issue in synthetic organic chemistry. The details of the study on the 1,5-

electrocyclization reaction of various pyridine derivatives of allyl bromide MBH adduct 

of oxindoles is described in this chapter (Scheme 4). The method has been successfully 

applied for an efficient synthesis of a number of 3-spirodihydroindolizine-2-oxindoles, 

which have been found as core structure of secoyohimbane and heteroyohimbane 

alkaloid natural products. (Viswambharan, B. Selvakumar, K. Madhavan, S
 

and 

Shanmugam, P. Org. Lett., 2010, 12, 2108.) 
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The overall work carried out for this thesis is shown in the Scheme 5. 
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