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PREFACE 

Reactions involving Carbon-Carbon and Carbon-f-leteroatom bond formation 

occupy a ccntral position in organic synthesis, A number of carbon-carbon bond forming 

reactions have been discovered and their applications in organic chemistry have also been 

well developed. Recently, the Morita-Raylis-EFillman reaction. is yet another important 

reaction. has been added to the list of useful carbon-carbon bond forming reactions. The 

Mnrita-Baylis-Hillman reaction has been fascinated by syntl~ctic organic chemists in 

recent years because of i ts easy preparation and potential applications in the synthesis of 

densely functionalized molecules. T11ese adducts have also been subjected to various 

transformations for the synthcsis of important biologically active natural products and 

related core structures. 

The synthetic versatility of isatin has led 10 the extensive use o f  this compound in 

organic synthesis. Many synthetic rnethodolosies have been described for the conversion 

of  isat ins to other lieterocyclic systems and alkaloid natural producls. 

The spim-oxindole ring system is found as a core structure of a nunibcr o f  

alkaloids. which display sigmificant biological activities and are interesting. chat lensing 

targets for chernical synthesis. Construction of such systems can he appropriate from 

isatin. 

In order to focus novel synthetic transformations of highly functionalized Morita- 

Bavl is-HE1 lman adduct of isatin derivatives which are less explored in the literature until 

2005. we have undertaken a systematic investigation to bring out novel synthetic methods 

from Morita-Raylis-Hillman adduc? of isatin and the results are presented in the thesis 

entitled "NOVEL SYWHETTC APPLICATIONS OF MORJTA-BAYLJS- 

HILLMAN ADDUCTS OF ISATIW'. 

The thesis has been divided into four cllaptess. Relevant experimenlal procedures 

along with characterization data of the products and references are given at the end of 

each chapter. 

Chapter t of thesis embodies a brief general introductory discussion on the 

gcnesis. his~orical development and synthetic application of MBI-1-reaction. Followcd by 

the origin. development. synthetic transformations and applications in the synthesis of 



natural products based on tlze chemistry of isatin have also been presented. A statement 

of the present research problem has also heen incorporated at the end of this chapter. 

The brorno- and methoxy derivatives of isomerised Morita-Bay lis-Hillman adduct 

of isatin have becn used as starting materials for the synthesis ofk 3-spiroc)clcrpropane-2- 

indoloncs and 3-Spiro a-methylene-y-hutyrolactone axindoles. respective!y. Further. thc 

Morita-Baylis-Hi tlrnan adduct of isatin has been used without any transformation directly 

for the NC-H bond activation study with CANROH and the synthcsis of -(- 

butyr~lactones by reductive cyclization protocol. 

Chapter I 1  of the thesis deals with synthesis of fi~nctionalized 3- 

spirocyclopropane-2-indolones from hrorno isomerised MBI-1 of isatin. A plausible 

mechanism has proposed and assignment of stereo- and geometrical isomers ,of the 

products has been extensively studied by spectroscopic methods. General information on 

the experimenral procedure and characterizarinn are also given at the end of this chapter. 

Chapter 111 of the thesis deals with activation of the lI'C-l-l bond of MBH adducts 

of 2Y-substituted isatin with CANIROI-I. We have chosen various MRH adducts with 

different .Val kyl substitutions such as rne~hyl. rnethyfene and methinc which in principle 

generate 1'. 2' and 3" radical cation intermediates during thc n!C-H activation process. 

Mechanism. reactivity and selectivity reason of the activation reaction study have also 

been discussed. The preparative methods. characterization of new compounds and 

cxperimental procedure have been presented in detail at the end of the chapter 11 1 .  

The chapler 1V has been divided into Part A and Part B. Part A contains the 

detailed synthesis of 3-spiro-a-methylene-y-butymlactone oxindoles from rnethoxy 

isomerised MRII adducts af isatin. Part B outlines the synthesis o f  functionalized y- 

hutyrolactnnes from MBI-I adducts o f  isatin b ~ ,  reductive cyclization methodology. 

Characterization of new compounds. mechanism of the reaction and detailed 

experimental procedure are presented at end of the chapter IV. 

It may be noted that each chapters of the thesis is presented as a separafe unit and 

therefore. Figures. Sc hernes. Tables. Structures and references are numbered accordingly. 

A summary of the work is given towards the end of the thesis. 
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Chapter I 

An account on Morita-Baylis-Hillman reaction 
and chemistry of isatin 

1.1. An account on Morita-Baylis-Hillman reaction 

Chorni\l\ rvcr \hvw ;in eager t i )  hring ricw \triictural diccoicrie+ Frcm [he nature in 

ordul- to bcnci i t  hunl~rn being. Al thou~h the funr\amenr;ll chemistry heyinc frr~iii ,itorri level. 

there are d i ~  crsc rind cc~iiiple.c xtruutul-;1I fl-arneworkx exi\ting in the 1181iu.e. TO vnrlerstatld 

thern >> ctemalici~lly. ~hcre  ;Ire rlumhel- of uheml\tr> hranchck crestccl i n  Science. One iinit.riig 

thcni is O r ~ a n i c  Cheini3tr.y. with a wide contribution fr)r the ucllhre of  hr~lii:ln k i n g  ha\ 

bccn achieved tl~ruugh organic r_vnthe\i\. Developing novcl \qnthctir rourc5 I;,r thc 

conctri~clic.>n of new organic. rnolc.culs~ arc ever growin? task in \yirhutic or_c;lnic chernis~i-!. 

Sq~~the\e+ of target n~oleculc\ nnd cynthetic inlcrrnediatc\ itre rnninly h a d  o n  nt3vcl C-T 

and C-X hond fo'olniation rcactionsl-'. The 111os1 Kundsmental rcuctinn for the cnn~trucliora of 

molecul;~r franicwol-h\ it carbon-curhon bond forrr~ing reactions and thc functiorial group 

tmn~hrrn;~tiniis'. Srverill u~rrhon-carhon bond forming reuctiontr have bucn discovered and 

their upplic.ittion\ r n organic chcr~iirtr!! have beet1 l ~ e l l  documcntcd', A vcry recent 

dcvelclpn~ent in  {~rgal i ic chemistry h a w  clear1 y u\tubl ichccl thar thc aton1 economy. helccri~e 

(chcrnv-. rcg~o- ,  dnd stereo-) tl-dncfori-natic7nans and cat;ilytic prtlut.+.;e% h a w  hecomc primary 
4 and mohl ehscntial ruquirernentx for thc deveIopment of any efficient vynthelic reaction . 

h 4 Against this ;i\pect. very recently, the Morita-Rayli\-Hillman (MBH) I-cactlon . 1s yet 

mother Iniport;Int reaction. ha\ hccn added to the list of ucef~11 carbon-carhon hnnd forniiny 

reactton\. Since the h4or-i t'i-Bayl is-Hillman ( M  RH I reaction fultil\ the two must inlportant 

recjutrernunls. amni econoniy and gener~ition uf functional gmups. it quitli l ie \  to bc in the li3t 

ol'efficlerlt kyilthetic reaction\. 



1.1.1. Definition of Morita-Ba ylis-Hillman xeaction 

The Morita-Baylis-Hillman reac t in r~ ' - '~~~ is essentially a three-component reaction 

invnIving the bond formalion between a-position of an activated alkene and a carbon 

electrophi te such as aldehydes under the catalytic influence of a tertiary aminc (traditionally 

1,4-diazobieyclo-[2.2.2] octane, DABCO) providing densely functionatjzed molecules. The 

general schematic representation of the MBH reaction is shown i n  Scheme 17. 

R=aryl, alkyl, hetern aryl; R'=H, C02R, alkyl; X=O, NHC02R, N-Ts, NHSOzPh 
'EWGzCOR, CHO, CN, C02R, PO(OEt)2, S02Ph, SOjPh 

Scheme 1 

1.1.2. Origin and history o f  MBH reaction 

In 1968, Marita et al. described the reaction of an aldehyde with activated alkenes 

catalyzed by lricyclohexyl phosphine. He named the transformatian "Cxbinol Addition". 

However, the yield of the reaction was extreme1 y poor (20%). In 1972. Anthony Baylis and 

Melville  illm man^ from Celanese Corporation were granted a Geman patent for performing 

the same reaction using a tertiary arnine catalyst instead of phosphine catalyst. In the patent, 

they reported the yields of the reaction are 70-85% and the duration of the reaction time was 

one week at room temperature. They also reported that DABCO was the most successful 

catalyst. 

In 1982, the reaction was re-discovered and its scope was explored primarily by 

Drewes and ~asavaiah'.'. After sixteen years, the transformation was named as Baytjs- 

Hillman reaction. Recently, it is referred and started to call as Morita-Say1 is-Hillman 

(MBHj reaction as the initial work was carried out by Morita ea nl. Earlier this reaction 

referred as "DABCO reaction", when DABCO was used as catalyst. Dsewes er ~ l . ~ % r s t  

made reference to the work of Baylis and Hillman i n  conncction with the synthesis or  a 

neck acid precursor and subsequently a steady stream of papers has appeared on the subject. 

In 1964, Oda er 01. '~  investigated the reaction of acrylonitrite with benzaldehyde and 

trjphenyl phosphine i n  roughly equimolar proportions. The reaction was carried out under 

nitrogen atmosphere at an initial temperature of 130 "C which was subsequently raised to 



140 "C and maintained for 6 hours. After workup. "witting type" products could be isolated 

in yields varying between 9 to 45%. Oda suggested a mechanism for the reaction, as shown 

in Figure 1 .  

CaH5CH0 
-----t C6H5CH=CHCH2CN 

Wittig type product 

Figure 1 

It seems likely that the order of addition [pho~phine, aldehyde, acrylic), coupled with 

the high temperature, lead to the formation of a betaine intermediate rather than vinyl 

carbanion. Oda also reached a conclusion that the addition of a proton donor (such- as an 

alcohol or carboxylic acid) has no influence on the overaIl yield of end product and thc 

proton shift from the betaine to the phosphorous ylide occurs without outside intervention. 

Later, Morita er al." used the same reactants as used by Oda, but employed only a 

catat ytic arnoun t of trjcyclohexyl phosphine (instead of triphen y I phosphine) and aIlowed 

reaction to proceed for 2 hours at 120-1 30 "C, reported for the First time, isolation of 2- 

hydroxyalkyl derivatives of acrylate and related systems. He claimed yields up to 85% but 

the conversion of a$-unsaturated reactant remained low (-23%). The mechanism proposed 

by him was the same as that described for arnine catalyzed reaction. While he concedes that 

the ylide formation and isomerisation as described by Oda is possible only when triphenyl 

phosphine used as a catalyst, this is not the case when kricyclohexyl phosphine or trihutyl 

phosphine are employed as catalyslts. He also considered the cyclic intermediate possibility, 

as shown in Figure 2. 

R = Cyclohexyl; X= CO,R, CN;R'= AlfyF, Phenyl, substFtuted Phenyl 

Figure 2 

Though, unfortunately this fascinating reaction had missed the attention of organic 

chemists for almost a decade, in fact. now this reaction has become one of the most useful 

and papular carbon-carbon bond forming reactions with enormous synthetic utility and 



7- l on-c potential. The major reviews and large number of research papers on this reaction are 

the evidence for its exponential _growth and importance. Partjcularly, in the past 10 years a 

huse number of research publications have appeared in describing various aspccts and 

a~plication of the Morjta-Baylis-Hillman chemistry. 

1.1.3. Mechanism of the MBH reaction 

Mechanism of this reaction is believed to proceed through the Michael initiated 

addition-elimination sequence. The most generaIly accepted mechanism 05 the arnine 

catalyzed reaction is illustrated in Figure 3, considering the reaction hetween methyl acrylate 

(as an activated olefin) and benzaldehyde (as an electraphile) under the catalytic influence of 

DABCO 1.  The 1" step in this catalytic cycle involves the Michael-type nucleophilic 

addition of the tertiary amine to the activated alkene (methyl acrylate) to produce a zwitter 

ionic enolate A, which makes a nucleophilic attack on to the aldehyde in an aldol fashion to 

generate zwitterion &, subsequent proton migration and release of the catalyst provide the 

desired multifunctional molecules i.e the adduct. 

Figure 3 

Although DABCO 1 has been the catalyst of choice, various other tertiary arnine 

catalysts such as quinnuclidine 2, 3-hydroxyquinnuclidone 3, 3-quinnuclidonc 4 and 
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indolizine 5 have aIso been employed to perform the MBH reaction i n  certain cases as 

depicted in Figurc 4. 

1 2 3 4 5 

Figure 4 

1.1.4. Developments on rate of MBH reaction 

The MBH reaction has traditionally suffered from low reaction rates and limited 

substrate scope. Therefore, there has been considerable interest in enhancing reaction rate. 

Numerous chemical and physical methods have been developed ro accelerate MBH reaction. 

Early efforts to accelerate the MBH reaction relied on physical methods (i.e., high pressure 

or ultrasound/microwave irradiation). 

The rate determining step (RDS) of the MBH reaction is the reaction between the 

ammonium enolate A and the aldehyde (Figure 3). Thus, by chemical method, increasing the 

amount of the enolate or activation of the aldehyde will result in increased rate. Movt 

mekhcds for promoting the MBH reaction have largely focused on activation of the aldehyde 

(electrophile). 

1.1.4.1. Activation of electrophile 

Aggamal el al. l4 demonstrated that the use of lanthanides resulted in modest rate 

enhancement and further acceleration could be achieved by the addition of alcohol Iigands, 

e.g., Binol and miethanolamine. They helieved that the primary source of acceleration i n  

these systems was due to the enhanced acidity of the -OH group OF the additive as a result of 

metal binding which resulted in enhanced hydrogen-bonded activation of the aldehyde. They 

have atso shown that enhanced rates could be achieved by conducting reactions in water or 

formarnide. In these highly polar solvents, it is believed that rate acceleration is achieved by 

not only hydrogen bonded activation of the aldehyde but also by increasing the amount af 

the zwitterionic intermediate A (Figure 3 )  by solvatjo~. 



1.1.4.2. Role of Zwitterionic intexmediate and basicity of nacIeophiIes 

Aggarwal er al ,  have also considered methods for increasing the amount of the 

ammonium enolate A (Figure 3) through stabilization of the ammonium ion. This should 

provide increased concentrations of thc reactive intermediate without havins a negative 

impact on the rate nf the subsequent reaction between the enolate and aldehyde as [he 

enolate is  not stabilized. They showed that a r n i d i n e s l " ~ ~ ~  in particular) and quanidines 

provided substantial increases in rate, and they believe this occurs by the stabilization of 

ammonium ion through delocalization as shown in Figure 5. 

Figyre 5 

However, while good rates were achieved with DBU, the reaction was limited to 

non-enolizable aldehydes. In the case of DBU, it has high pK, but is also sterically hindered 

that resulted in severely reduced rates. Tle high rate increase observed with DBU indicates 

that, in this specific case, the basicity of the mine i s  more important than steric hindrance. 

In 2003, Aggarwal et al. I b  tested a broader range of quinnuclidine based catalysts 

and established a straight forward correlation between the basicity of the base and tcactivity. 

They found that higher the pK,, faster the rate. This is presumably; the pK, provides 

enhanced stabilization of the intermediate ammonium enolate. resulting in its increaqed 

concentration without compromising its reactivity, which i n  turn leads to faster rates. 

1.1.4,3. Hydrogen bonding and autocatalysis 

The origin of the rate acceleration of 3-hydmxyquiniclidine over DABCO had 

previously been ascribed to hydrogen bonding (Figure 6)- but it  i s  now believed that its 

higher pK, is the primary factor for increased rate. 

Figure 6 



In this analysis1" the parent compound quinnuclidine. which had the highest pK, of all 

the quinuclidines and had previously been reported to be a poor catalyst, was re-evaluated 

and found to he the best catalyst to date. The rcac tians of all the quinuclidine based catalysts 

devoid of hydroxyl groups showed significant autocatalysis (the product of the reaction is 

enhancing lthe sate). The origin of the autocatalysis was the hydroxyl g o u p  of the MRH 

product which promoted the reaction through hydrogen bonding. This observation lcd to the 

addition of hydrogen bond donors ro the  reaction for further enhancement of the rate of the 

reaction, A number of additives were effective (methanol, formarnide. tsiethanolamine and 

water) and this new combination of quinnuclidine-methanol was found to be most effective 

and was found to be general for a broad range of substrates. 

1.1.4.4. Chalcogenide catalyst 

One of the Lewis acids typically used to activate the carbonyl group is ~ i ~ 4 , ' "  used 

with or without additives (e.g., quaternary ammonium salts, an organic chalcogcnide, 

phosphanes, a diol or a biso~azoline)'~. Although the rates of the MBH reactions are 

improved significantly with the assistance of TiC34, the yields are generalIy moderate and 

limitations are encountered on the structures of the Michael acceptors and thc aldehydes 

which undergo addition frequently producing complex mixtures 10, 17-19 

The first mechanism suggested for MBH reactions mediated by a chalcogenide/metal 

halide catalyst system involved attack of the sulfur atom from R2S on the activated alkeneZ0. 

However, it is currently believed that these reactions proceed by attack of a halide ion 

released from a Lewis acid by ~ $ 3 ~ ' .  Supporting evidence for this observation was the 

unsuccessful use of BF3.0Et2 as the Lewis acid, from which release of a halide ion is far less 

likely'7. ". The MBH reaction of methyl vinyl ketone (MVK) with aldehydes mediated by 

tetrahydrothiophene/BF3.0Etz was developed which gave moderate product yields, 

indicating the unambiguous requirement of the sulfide for attack on the activated alkene." 

Verkada et n!.2\eported that in the presence of proazaphosphatrane 6, activated 

compounds such as acrylonitrile react efficiently with aromatic aldehydes to afford MBH 

adducts as only product. However, when the activated alkenes such as cyclohex- 1 -en- I -one, 

vinyl ketones. acrylates were used as substrates in the presence of 6, the MBH reactions 



failed whether with or without the presence of a Lewis acid (TiCL or AIC13). They explained 

that the prnazaphosphatrane sulfide 7 prepared from 6 (Figure 71 facilitates unparalleled 

speed and selectivity in MBH reactions catalyzed by TiCIJ (screening a variety of such 

Lewis acids e . g ,  MgS04, BF3.QEt2, BCIx, SnC14, AlCt 3, Ti (0,Pr)j ). 

Figure 7 

I. 1.4.5. Impact of hetsroatom within a heterocycle 

The fast reacting substrates for M R H  reacrion are interest since they help to expeditc 

the procesq uf exploring and studying various synthetic and mechanistic aspects of the 

reaction. Batra and ~ o - w o r k e r s ~ ~  reported that the substituted isoxazolecarbaldeh y des were 

fast reacting electrophiles for the MRH reaction and the reason explained for the enhanced 

rate was concerned with the proximity of the fsrmyl group with the heteroatom as shown in 

Figure R. 

Figure S 

1.1.4.6. Influence of reaction medium 

To influence the rate of MRH reaction, the use of aqueous solution as reaction 

medium has also been the recent research focus. Hu and co-workers" demonstrated that thc 

MBM reaction of methyl acrylate and acrylamidc could be accelerated simply by conducting 

the reaction in aqneous dioxane solution. In an earties report, Auge at nl. "examined the salt 

effect in aqueous MBH reaction. Aggarwal et nl. in their report showed that the use of 

Yb(OTO3 could produce further acceleration i n  water or fomamide solvent Cheng 

and co-workers" reported that the reaction could be greatly accelerated by adjusting the pH 
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value of the aqueous medium. They also examined with various pH conditions using 

imidazole as catalyst and selected 1M NaHC03 (pH = 8.9) gives the best rate and yield. 

They rationalize the rate increase in basic water solution by considering there may  be 

interaction of imidazole with the medium. i .e. ,  proton transfer between imidazole (pKa = 7.1 

in water) and its cation. In alkaline solution, the proton exchange hetween water and 

irnidazole is depressed, [herefore leaving more neutral imidaxole to take part in MBH 

reaction as nucleophiles i t . ,  the increase of the effective malarity of neutral imidazole. the 

apparent "enhanced basicity", is most likely responsible for further rate enhancement in 

alkaline solution. The variations in reaction medium like ionic ~ i ~ ~ i d , ~ ' . ~ '  sulpholane as 

solvent3' recoverable hydrogen bonding ~ r ~ a n o c a t a l ~ s t ~ ~  have becn employed to enhance the 

MBH reaction rate. 

1.1.5. Asymmetric MBH reaction 

The traditional MBH reaction consists of three components: an electrophile, a n- 

deficient alkene, and a nucleophilic catalyst. Any one of these cornponenr can be used to 

influence the stereochemistry at the newly formed stereogenic carbon. 

1.1.5.1. Chiral electrophile 

In order to obtain opticalIy active chiral MBH adducts, several efforts have been 

made using various enantiopure aldehydes. The enantiopure electrophiles such as (S3-3- 

benzyllox ybutyraldehde 8. a-dialkylamino aldehydes 9, N-phenyl su1fonyl-L-prolinal 10, 

enantiopure ortho-substicured benzaldehyde ~~-icarbonylchrorniurn complex 11, (R)-m venal  

12, isopropylidene (R )-glyceraldehyde 13, etc. (Figure 91, have been studied i n  achieving 

high diastereoselectivity in MBH reaction.'' 

8 9 10 11 12 13 

Figure 9 

Alcalde and ce-workers" successfully used enantjopure 3-0x0-2-azetidinones 14 for 

MBH reaction with activated alkenes to provide 15 in high diasteteoselectivity (Scheme 2). 
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EWG D*BC0(10-100mol%J 
CH3CN, -20°C, 1 -J2h_  GWE 

6&90'% 

R = ryOMs)Ph, allyl, propargyl 
EWG = COMe, COOMe. CN 

.- 
EWG = COMe, COOMe; dr = 100: 0 
EWG = CU; dr = 97:3 

Scheme 2 

The most impressive selectivities using an optically active electrophile come from 

studies carried out by Bauer and ~ a r a s i u k . ' ~  They used chiral glyonylates 16 derived from 

menthol and 8-phenylmenthol (Table 1) and found that the sterically more demanding 8- 

phenylmenthol not only gave higher ylelds (78%), but also provided excellent 

diastereoselctivities (>95 55 ) (Scheme 3). 

Scheme 3 

Table 7 

Reactant % Yfeld 

>95 

1.1.5.2. Chiral x-deficient ole fins 

Cnnsiderahle progress has been achieved in asymmetric version of this reaction 

using various chiral acrylate esters'' (Figure 10) derived from various chiral auxiliaries such 

as cyclohexanol derivative 19, (R)-(+)-pentolcatone 20 and camphor sultam derivative 21. 

Figure 10 



These types of chiraJ auxiliaries have led to the greatest degree of success in 

asymmetric MBH reaction. The most prominent example is the use of camphor derived 

sultam 22 by ~ e a h  y35 as detailed in Scheme 4. By using second equivalent of aldehyde, the 

c b l  auxiliary can be fonuitously cleaved from the product in sifu to give an optically 

active dioxanone 23 i n  good yields and excellent stereoselecti vi ties. This method is effective 

for unbranched aliphatic aldehydes. However, the a-branched aldehydes give lower yields, 

while xornadc aldehydes are found to be unreactjve. Treatment of mild acid or base. the 

dioxanone 23 can be conveeed to the target enantiopure MBH adduct 24. 

Scheme 4 

Table 2 

L1.5.3, Chiral catalyst 

Figure 11 

The holy grad of the asymmetric MBH reaction lies in an efficienlt, general catalyst 

that can be recovered and reused. Almost all of the chiral catalysts applied to the MBH 

reaction have been plagued with low yields or low selectivities. ~ a t a k e ~ a r n a ' ~  has 

developed the best catalyst to date. Amine 25 (Figure 1 I )  is a derivative of quinidjne that 

gives moderate yields and high selectivities. Unfortunately, this catalyst is still very 
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substrate dependent. To react with a widc variety of aldehydes in a highly enantic~selective 

manner an activated acrylate such as hcxafluoroisopropyIacrylate is necessary. 

Hatakeyarna and c o - ~ o r k e r s ~ ~  reported the P-isocupreidine 25 catalyzed asymmetric 

MBH reaction of imine 26 and they showed the imines furnished opposite enantioselectivity 

in contrast to the corresponding aldehydes. They presented a mcchanistic proposal governed 

by hydrogen bondjng (Scheme 5 ) .  

II 
(RP product 

(5) P d u d  

Scheme 5 

1.1.5.4. Chiral Lewis acid 

Figure 12 

Report from AggarwaI's work showed that it i s  possible to use chiral Lewis acid 

catalyst to influence the enantioselectivity of the MBH reaction. Chen and co- 

workersMdeve1oped an additive 27 (Figure 12) which improved yields and selectivities when 

it used in conjunction with DABCO and Z~i(0Tf)~ (Scheme 6). This method had the greatest 

success when a-napthyl acrylate and aromatic aldehydes were used. 
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Scheme 6 

They have explained the enantioseIectivity of [he MBH reaction based on key 

structure represented in Figure 13. 

1.1.5.5. Chiral Bronsted acid 

McDougal and schausfg reported a highly enantioselective asymmetric MBM 

reaction of cyclohexenone with aldehydes using a chiral Btonsted acid as the catalyst and 

trimethyl phosphine as the nucteophilic promoter. The proposed catalytic cycle for the 

Bmnsted-Acid catalyzed MBH reaction i s  shown in Figure 14. 

0 
I! 

Figure 14 

1. I .5.6. Double asymmetric induction 

Very rccenlly Krishna et a[.* reported a strategy of double asymmetric induction in 

MBH reaction for the first time by the use of chiral aldehyde 28 with chirnl acrylate 29 

( 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose3-cry to obtain corresponding M BH 
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adduct 30 with high syn diastereoseIectivity, as shown in Scheme 7 and selectivity bath way 

in Fipre 13. 

29 OTPS '' 
Scheme 7 

4 L" 
Dlsfavow 

Figure 15 

1.1.6. IntramoIeculax MBH reaction 

Although the MBH reaction. in general has been developed largely with respect to 

all three essential components, the intramolecular version of this reaction is not studied in 

depth. Keck and welch4' examined an intramolecular MBH reaction of a$-unsaturated 

estedthioester 31 containing an enolizable aldehyde group, at various conditions. In the case 

of thiol esters cyclopentenol product 32 was formed in high yield when DMAf and 

DMAP.HC1 in EtOH or Me3P were employed as reagent. However, in the case of oxyester. 

the de~ired cyclopentenol adduct 33 was obtained in low yleld. CyclohexenoI product 33 

was obtained in high yield when Me3P is used as a reagent, whereas D W  and DMAP.HC1 

provided 34 in low yield. One representative example for each case is outlined in Scheme 8. 



Scheme 8 

f i s h n a  ef 01.~' first demonstrated a diastereoselective intramolecular MBH reaction 

using chiral substrates. Both aldehydes and activated olefin coexist as substituents in 

compound 35 to afford a-methylene-Ip-hydroxylactones 36 in good yield exclusively as 

DMAP : 87% '''EL@sEt Me3P :8296 

single isomers under the standard base catalyzed reaction conditions (Scheme 9). 

DAMP (7 eq.) 
DAMP.HCI (025 eq.) 

EtOH, 78 "C. l h  
OHC or 

Me3P (0.1 eq.), CH2C12 

Scheme 9 

32 . =I 
X =OEt DMAP : 40% 

O E ~  Me3P : 33% 

1.1.7. Applications of MBH adducts in organic synthesis 

31 rt. i5h 
n =2 
X =SEt 

-@ 
DUAP : 29% 
MejP : 75% 

The presence of functional groups in MBH adducts play an important rote in 

bringing latitude to organic synthesis and in the construction of molecular assemblies. The 

MBH adducts obtained via the reaction between electrophiles and activated vinylic systems 

contain a minimum of three chemo-specific functional groups. that is, hydrnxy (or amino), 

alkene, and electron-with-drawing groups. Since these functional groups are in close 

proximity, they should in principle be useful in various stereoselective synthetic 

transformations through appropriate tuning of these goups  either individually or two at a 

time or collectively. Scveral efforts have already been meticulously and articulately made in 

these directions, leading to the development of facile and simple rnerhodologies for a variety 

of organic transformations involving high degree of stereoselectivities. In fact, some of these 

s~?egieslrne~hodologics wcre also svccessfully employed i n  the synrhesis of  various 



Chapter I Introdrrcriott 

biologically active molecules and natural products. Especially, during the last 5 years. 

applications of MBH chemistry have been extensively investigated and numbers of organic 

transfomatjon methodologies were The following sections describe some of 

applications of MBH adducr in organic synthesis. 

1.1.7.1. Synthesis of chromene derivatives 

Kaye and ~ocand$~ .~descr ibed  a simple one-pot methodology for the synthesis of 

2H-1-chromenes 38 via the reaction between activated a1 kenes and o-hydrox ybenzaldehes 

37 catalyzed by DABCO. (Scheme 10) 

- 
OH 

R' Ft 3 R~ 
37 38 

R' = H, Br, CI, Q; R' a: d =H, Br, OMe, OEt; R', R' = -(CW4- 
EWG = COW, COEt, COPh, CHO, CN, SOzPh, S03Ph 

Scheme 10 

1.1.7.2. Synthesis of lactones 

Tbe bromide derivative of MBH adducts has been successfully used by various 

research groups for the synthesis of a-methylene-y-butyrolactone independently.' Y us and 

co-~orkers"-~developed indium-promoted synthesis of substituted a-methylene-y-lactones 

40 and a-methylene-y-butyroIactms 41 via the reaction of 2-(bromomethy1)acrylic acid 39 

with carbonyl compounds and aldirnines, respectively (Scheme 1 1). 

R,= H, PP, Bu, Hex. c-Hex, 
Ph, Ph2CH : IRFH R, 1 R2 = 4CH2), Rl 

In Powder THF-H$ 
40 

l.ln,THF Rl 
R1= ~ r ' ,  Bu', c-Hex, c+Hex, 
Ph, 4-CIPh. fur-2-yl : RZ= Ph, PhCH2 2.DCC, 4-PPY (Mt) 

CW~Cf* 
1849% 

Scheme 11 
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1.1.7.3. Synthesis of dihydrofurans and dihydropyrroles 

Kim er at." reported the synthesis of 2,s-dihyrafurans and 2,s-dihydropyrroles 43 

from the 0-ally1 and N-ally1 derivatives of MBH adducts 42 respectively via h n g  Closing 

Metathesis (RCM) using Grubb' s second generation catalyst. 

X= 0, NTs; EWG = COOEt, COM8, CN 

Scheme 12 

1.1.7.4. Synthesis of quinolines 

Kaye and c o - w ~ r k e r s ~ ~  reported the synthesis of quinoline derivatives from MBH 

adducts 44 derived from o-nitrobenzaldehyde and acrylates/alkyl vinyl ketones via catalytic 

hydrogenation (Scheme 13). 

56% 

toluene 
0 wflux 

H H H H 
70% 

Scheme 13 

1.1.7.5. Synthesis of pyramidones 

Basavaiah and c o - w ~ r k e r s ~ ~  have successfully utilized the acetates of MBH adduct 

45 for a facile one-pot transformation into fused pyrimidones 47 via reaction with 2- 

aminopyridine 46 in an environment-friendly aqueous medium (Scheme 14). 



R = Ph. 4-MePh, 4EtPl-1, &{I-PrJPh, PCIPh, IECIPh, 3- (0Me)Ph. d-(OMe)Ph 

Scheme 14 

1.1.7.6. Synthesis of naphthalenes 

Kim and ct)-workers"' described a Facile synthetic rncrhndology ior thc synthesis of 

2-substituted naphthalenes 48 from the accfates of the MRH adducts involving 

intramolecular tandem S~2'-S~Ar-~I imination chemistry according to Scherne 15. 

. . 
R= Me, Et, Bu. Ph, COOEt 
EWG= CWEt.  COMe, X= F, Cr; Y.=CI 

Scheme 15 

1.1.7,7. Synthesis of isoxazolinas 

Fisera ef c 1 1 . ~ *  reported the diastereoselective synthesis of i\oxazolincs 51, 52 from 

the 1.3-dipolar cycloadditian reaction of mesitonitrile oxide 50 with MBH adduct 49 with 

high diastereosclectivitics. It was also found the addition of Grignard rcagent as Lewis acid 

reverses the diastcreoselectivity of thc cycloaddition. The reaction ratc is strongly 

accelerated under microwave irradiation with a small change in diastereoselectivities. Onc 

rcprescnti~tive example ic shown in Schcme 16. 

49 50 51 <5:>95 52 
withoui Lewls =Id 395:sS Mst=mcsllyl 
toluene, BDOC, 99% 
wlth Lewis acid (MeMgBt) 
CH2Ct2, 35% 



1.1,7.8. Synthesis of natural products 

Ogasawara and co- workers5'. " have performed the MBH reaction between chiral 

bicyclic ennnes I+)- Ketodicyclopentadiene IKDP) and (-)-Ketodicyclopentadiene (KDP) 

and formalin. 

Scheme 17 

The resulting adducts (i-1-53 and (-1-55 were transformed into a cyclopentanoid antibiotic I-)- 

pentenomycin 54 and angular aiquinane sesquiterpene (+)-amicenone 56, respectively 

(Scheme 17). 

Lin and co-workersw successhlly described a total synthesis of sphingofungin E 57 

using MBH adduct as the key intermediate (Scheme 18). 

Scheme 18 

Singh and ~ o - w a r k e r s ~ ~  outlined a short and efficient synthesis of (-)-acaterjn 58, a 

bjologically important natural product, by elaboration of a MBH sdduci obtained from 

wtanal and methyl acrylate (Scheme 1 9). 



doP-d MEMO 0 +& 
5436 M E M ~  a MEMO 

Scheme 19 

1.1.7.9. Synthesis of a-methplene-y-butysolactone 

Kin1 and co-wurkcrs have successfully developed the synthesis of a-methylene-y 

buryrolactones 59 and 60 via the rcaction hcrween nllyl bromides and a variety of reactive 

carbonyl compounds under the influence of indium metal and NH4CI. as shown in Scheme 

20,'~ 

R . H, Ph: R' = Me, Ph; R" 

Scheme 20 

1.1.7.10. Synthesis of (+)-heliotsidine 

A3garwat and co-worker5 reported a novcl methodology in which a hrond Mnge of  Michact 

acceptors were allawed to couple with the readily available irninium ion in 3n inter- and 

intrarnolcculas M B H-type reaction ro afford densely functianalized  heterocycle^.^' The irninium ions 

sentrally prcsent as rnaskcd N.0-acetals wcre generated by TMSOTf. while RFl.Et20 in the 

presence of  Mc,S was used trl accomplish the rcaction. Mnrc importantly, the proccss was highly 

cnsntiosclectivc for cyclic enones. By employing this rncthudolog~, thcy rcported a short synthesis 

of (+)-hcliotritline. as chown in Scheme 71. 
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0 Ae UAc OAc 

actolein 

CHO 
SMs2. MeCN 

LiAIHII, THF 
retlux, th  0 - OH 

Scheme 21 

1.1.7.1 1. Synthesis of methyl 7-dihydro-trio~acarcinoside B 

Koert and his group utilized the tMBM adduct for the efficient stcreosclective 

synthesis of methyl 7-dihydro-tricrxacarcinosidc B 63. The key steps in the prmcsl; wcrc 

biocatalytic rest~lution of the MBH adduct. RCM reaction, a submate-controlled 

epoxidation, and stereo- and regio-controlled ring opening of epoxide by ally1 alcohol. as 

shown in Scheme 22.'' 

~ ~ T B s o , , , ,  Grubbs' II 

vinvl acetate 

methyl T-dlhydto-trlexaca~cinoslde B 

Scheme 22 

1.1.7.12. Synthesis of key buiIding blocks for sordarin 

Fiufolini and co-workers utilized the MBH adduct 64 to synthesize ketone 65, via 

trialkylsilyt triflateJEttN-catalyzed cyclization, which served as a useful building block for 

the preparation of analops of the potent antifungal agcnt, sordarin 66. 1t was presumed that 

the exposure to TIPSOTf induces the formation of the hiq-trialkylsilyl derivative, which 

undergoes a spontancous intra ~nolccular Diels-Alder reaction to f~irnish the expected 

product as mixture ordiastcreotncrs 65 (Scheme 231. :'" 



MeCH, rl 
- H a  

DABCO 
57% 

65 

Scheme 23 

1.1.7.13. Synthesis of bicyclic enediones 

Marko and co-workers demonstrated that bicyclic enediones 68 of various sizes can 

be efficiently assembled by intramolecular Stetter cyclization of the readily avaiIable acet yl 

derivatives of MBH adducts of cyclic enones and 4-pentenal, as shown in Scheme 24.h0 

Scheme 24 

1.1.7.14. Synthesis of 1,3,4-trisubstituted pyrazoles 

Kim and his group utilized acyloxiranes 69 generated from the MBH adducts for the 

facile synthesis of 1,3.4-trisubstituted pyrazoles 70 via a reaction with hydrazine derivatives 

in dichloromethane, as shown in Scheme ~ 5 . ~ '  



Ar = Ph, 4-CI-&Ha, 4-NO,C,H, 
Z = CO,MelEl, CN; R =Ph, 2,4-C1,C6H3, 2,4-(N&),C6H3 

Scheme 25 

1.1.7.15. Synthesis of 3-carbometho~y-2R-thiochmmenes 

Lee and co-workers reposted synthesis of 3-czuhomethoxy-2K-thiochromencs 7 t 

from the acetyl derivatives of the MB H adducts by reacting then1 with Na2S in DMSOfiIIO. 

as shown in Scheme 2k61 

Scheme 26 

1.1.7.16. Synthesis of X,3-thiazin-4-ones 

Recently. Sa and co-workers reported a facile synthesis of 1 -3-thinzin-4-ones 72 i n  

high yjelds from the ally1 bromides via a reitt ion of thiourea in thc presence of a base in an 

queoua medium (Scheme 27).'' 

(NH2LC=S, amtone/HzO, base 1 RyL 
75-9m 

Br MHz 

R = Ph, Q-CI-C6Hd. &NOP-C6Hlr 2 , ~ f l - ~ H 3 .  
72 

3,4-OCH20-C6H3, PhCH=CH 

Scheme 27 

1.1.7.17. Synthesis of pyrtoles 

A DBU-promoted ring transformation of substituted 3-aminopropnnol 73 11T MBH 

adducts of 5-isoxazoIecarhaIrlehydes to the pymles 54, via neighboring group participation 

(NGP). as shown in Schemc 38. was rcprtcd by Batro PI rrl." 
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@ C O ~ R  

DABCO - 
Ar THF, rl. 30 min 

Ar = Ph, 2-CI-C,H,, 2,4-CIrCaH, 

R' = Bu, 4FCsH,-CH2, l-Pr, CHp-furan-2-yl 

Scheme 28 

1.2. The Chemistry of Isatin 

1.2.1. Introduction 

Isatin ( 1 B-indole-2,3-dione, Figure 16) 75 was first obtained by Erdman and b u r e n  t 

in 1841 as a product from the oxidation of indigo by nitric and chromic acids. The synthetic 

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

Figure 16 

Three reviews have been published focusing the chemistry of isatin. The very first 

review by Surnpter in 1954 b5, second by Popp in 1975 66, and the third on the utility of 

isatin as a precursor for the synthesis of other heterocyclic compounds h7a were reported. In 

2001 da Silva er nl. published one more review6% by updating the chemistry of isatin. The 

synthetic versatility of isatin has stemmed from the interest in the biolopcal and 

pharmacological properties of its derivatives. In nature, isatin is found in plants of the genus 

i sat is^. in Calunthe discolor L Z N D L . ~ ~  and in Couror~pita guianensis ~ u h l . ~ ' ,  and has also 

been found as a component of the secretion from the parotid gland of Bufo frogs7', and in 

humans as it  js a metabolic derivative of adrenaline. 7"74 Substituted jsatins are also found in 

plants, for example the melosatin alkaloids (rnethoxy phenylpentyl isatins) obtained from 
75-77 the Caribbean turnmigenic plant Melochia tomentosa as well as from fungi, 6-(3'- 



methylbuten- 2'-yl)isatin was isolated from Streptornyces ~ l b ~ s ~ '  and 5- (3'-methylbuten-2'- 

y1)isatin from Cha~romiurn globnsum74. Isatin has also been found lo be a component of coal tar." 

1.2.2. Methods for synthesis of isatins 

There were many literature methods available for the synthesis uf isatin. A few 

representative methods are given i n  the following sections. 

1.2.2.1. The Sandmeyer methodology 

The method developed by Sandmeyer is the oldest and the most frequently used for 

the synthesis of isatin 75. It consists in the reaction of aniline 76 with chloral hydrate and 

hydroxylamine hydrmhloridc in aqueous sodium sulfate to form an isonitrosoacetanilide, 

which after isolation, when treated with concentrated sulfuric acid. furnishes isatin in >75% 

overall yield8' (Scheme 29, Ref. 81). 

1.2.2.2. Metalation of anilide derivatives 

A more recent method for the synthesis of isatins is based upon the directed ortl~o- 

metalation (DoM) of N-pivaloyl- and N-(t-butoxycarhony1)-aniline5 77. The correspandin~ 

dianions are treated with diethyl oxalate and the isatins are obtained after deprotection and 

cyclisation of the intermediate a-ketoesters. This method has the advantage of being 

regioselective for the synthesis of 4-substituted isatins from mela-substituted anilines where 

the substituent is a metalation directing g o u p  (e.8. OMe) 92 (Scheme 29, Ref. 82). 

Recent! y, a metal-halogen exchange method was described for the synthesis of 

isatins by lithiation of o-bromophenylureas 78, carbonylation and subsequent intramalecuIar 

cyclisation to give the desired products jn 7 1-79% yie~dS' (Scheme 24, Ref. 83). 

1.2.2.3. Hydrolysis of  glyoxylic acid amide 

Isatin synthesis based upon a palladium catalyzed double carbony lation of orrho- 

haloacetanilides 79 in the presence of Et2NH to yield the corresponding glyoxylic acid 

amide was reported by Ydamarnoto and coworkersx3. Hydrolysis of this arnide yielded the 

respective isatin (Scheme 29, Ref. 84). . 
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OF1 

Scheme 29 

1.2.3. Application of isatins in oxganic synthesis 

Many synthetic methodologies have been described for the conversion of isatins to 

other heterocyclic systems. The reactivity pattern of the isatin can be generalized as one of 

the following strategies. 

a) Partial or total reduction of the heterocyclic ring, leading to indoles and their 

derivatives, 

b) Oxidation of the heterocyclic ring, conversjon of isatin to isatoic anhydride. 

c) Nucleophilic addition at position C-3, followed by a cyclization process, or 

by a spiro-annelatian at position C-3. 

d) Nucleophi lic substitution at position C-2. 

1.2.4. Reduction of the heterocyclic ring 

1.2.4.1. Synthesis of indoles 

The reduction of isatins with lithum aluminum hydride i n  pyridine gave indoles 80 

in moderate yieIds. However, the use of THF as a solvent under an inert atmosphere gave 

greater yields (86-92%). isatins can be chemoselectively alkylated at positions 1 or 3. 



Chapter I It~trodurriun 

Subsequent reduction of these compounds using metal hydrides leads to I -  or 3- 

alkylindolesas (Schernc 30). 

Scheme 30 

1.2.4.2. Synthesis of pemedolac and arktoteline 

The analgesic drug pemedolac 81gh and the synthesis of the alkaloids hobartine 82 

and aristoteline 83'' were initiated by the C-3 alkylation of isatins to yield dioxindoles that 

were then reduced to the corresponding indoles by the use of  lithium aluminum hydridc 

(Scheme 3 1). 

Scheme 31 

1.2.5. Oxidation of the heterocyclic ring 

The oxidation of isatin 75 using cither hydrogen peroxide" or chromic anhydride 

yields isatoic anhydride ~ 4 ' ~ .  I~atoic anhydride 84 can be condensed with proline 85 in polar 

wtic solvents at high temperature. er in n reaction catalyzed by the enzyme catalase, to 



yield a pyrrolol 1,3] ben~odisepine ring 86, a ctructurczl pattern found in same antincoplasic 

antibioticsw' {Scheme 12 i. 
R 

75 84 86 

Scheme 32 

1.2,6. Rucfeophilic attack at positions C-2 or C-3 

Isatins and derivatives can suffer nuclcophilic attack at positions C-2 andlor C-3.  The 

chemoselecrivity of thesc reactions depends on the nature of the nucteophile. on the nature 

of the substituents attached to thc isatin nucleus, and especially of those bonded to the 

nitrogen atorn. ax wcll 35 upon the solvcnz and temperature employcd. The initial products 

obtained can suffer further reaction in the presence of a second nucleophilic group to give 

cyclised product 5. Corn pounds bcuing the I ,4-benzodiazepine nic~iecy have potential use aq 

anxiolytic agents. One OF the methods for the synthesis of this heterocyclic system involves 

the reaction of 1 -a-chloroacetylisatin 87 with hcxamcthylenetetramine 88 in methanol0'. 

thus yielding the 14- heni..odiazepine-5-carboxy iic ester 89 via sntvolysis of the N-aoylisatin 

and the in-sirlt nucleophilic suh~t i tu t ion of chloride, generating the glycine amide that 

subsequ.cn tl  y undergoes cyclo-condensation (Scheme 3 3 i. 

Scheme 33 

1,2.6.1. Azomethine ylide generation at C-3 

Pipecolic acid. a cyclic amino acid. whcn reacted with isatin 75 quffcrc; 

decnrboxylation fnrnishing an ammethine ylide 90. which reacts with dipolarophiles such a5 

fumaronitrile to yietd 3-~pirnoxindolc derivatives 91'' {Schemc 34). 
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Scheme 34 

1.2.6.2. Synthesis of spirohydantoins 

Potassium cyanide and ammonium carbonate reacr with I -alkyl or ! -alkenylisatinc 

9293 generating spirohydantoins 93. These compounds are inhibitors of the cnz yme aldose 

reductase, and have potential use as hypoglycemic agen 1s (Scheme 35 )  

W 
N 47% 

L 
92 

b 
93 

Scheme 35 

1.2.6.3. Wittig reaction at C-3 position of fsatins 

lsatins can be used as the electmphilic component in the W i ttig-Horncr react ion 
94 with phosphonates and furnish products resulting from attack at C-3 position . I-Alkyl- 

and I-acyl- isadn react with equimolar quantities of a succinyl triphenylphosphorylicienc to 

give dirnclhyl 2-oxoindolin-3-ylideilesuccinate derivatives 94 in low yields"' (Scheme 36). 

W 

R 

R=H, CH3 
21 -74% 

I 
R 
95 

Scheme 36 
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When the Wiztig reaction i s  carried out with two equivalents of rhe Wittig reagent. 3-spirn- 

cyclopropane oxindole 95 is fomcdq6 (Scheme 36). 

1.2.6.4. Synthesis of acridines 

The reaction of isatin with phenols or dihydronaphthnlenan~ yielded acridine 96. 

Similar type of product 98 can also be obtained from the treatment of N-phenylisatin 97 with 

aqueous sodium hydroxidegH" (Scheme 37). 

OH 
I 

2) AcOH (9%) 

H 

Scheme 37 

In a similar procedure, 1 -tm inobenzylideneisalin 99 furnished cjnnoline derivative 

100 as shown in Scheme 38. ORb 

99 100 

Scheme 38 

1.2.7. Recent reports on chemistry of isatins 

Several repons based on isatin have appeared focusing on the construction of 

oxindole core structures. Recent reports on synthetic utility of isatin and i ts  derivatives are 

discussed in the following sections. 
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1.2.7.1. Synthesis of spirooxindole scaffold 

A simple and efficient one-pot three-component synthesis of spirooxindoles scaffold 

102 was carried out by Zhu et nl. following the reaction of isatin. active methylene reagent. 

and E,3dicarbonyI compounds 101 in aqueous medium (Scheme 3 9 1 ~ .  

Scheme 39 

1.2.7.2. Synthesis of dispiropprxolidInes 

One-pot, three-component tandem reactions of cyclic mono ketones 104-106, isatin 

and sarcosine 103 afforded dispiropyrrolidines 107-109 stereoselectively were reported by 

Perumal and co-workers (Scheme 40)'". 

Scheme 40 

16.7.3. Spthesis of convolutamydines B and E 

The first enantioselective total synthesis of convolutamydines B 112 and E 113 have 

been achieved by Kobayashi et al. using vinylogous Mukaiyama aldol reaction with isatin 

and 4-isopropyloxazolidin-2-one derivative 110 as starting materials (Scheme 4 1)'". 



. - 

BI 
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N 

N 
H 

H X = CI convolutamydine B, 112 
X =OH canvolutamydlne E, 113 

711 
130 

Scheme 41 

1.2.7.4. Synthesis of ykctums from MBH adduct of isatin 

The preparation of 3-aryl-3-hydroxypyrrolidin-2-ones 1 15 and tricyclic 2-benzy 1-9b- 

bydroxy-3,3a,5,9b-te~ahydro-2H-py~~ol~.4-cquinine- 14-diones 116 starting from the 

MBH adducts of isatin 114 was successfully demonstrated by Kim and coworkers bia the 

reaction sequence shown in Scheme 42. '" 
Bn 

f 

syn 2.9% 

116 

Z = CN 

6748% 

Scheme 42 

1.2.7.5. Isatins as electrophilie component for the MBH reaction 

Garden er 01. first reported that isatin derivatives readily react as the efectrophilic 

component in the MBH reaction giving good to excel lent yields of the respective adducts 

(Scheme 43). It is generally accepted that kctones only take part in the MBH reaction under 

relatively extreme conditions, with a few exceptions. Isatin on the other hand readily reacts 

with acrylic acid derivatives in ethanol and or ethanoVTHF mixtures in the presence of a 

catalytic quantity o f  DABCO. lo' 
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@Z DABCO 

0 EtOH or EtOHmF 
2-6 days 
79-95% 

n' = H, Me, CH2Ph; RZ = H, Br, 1, NO2, Z = COzEt and CN 

Scheme 43 

1.3. Definition of problem 

Literature survey showed that the synthetic transf~rmations and utilities of simple 

Morita-Baylis-Hillman adducts have been achieved in enormous coverage. From the past 

reports of our group. there were many synthetic transformations have been achieved, for 

which simple MBH adducts and their derivatives were utilizedtw"? Garden er al. in the 

year 2002 reported that isatin and its derivatives readily react as the electrophilic component 

in the MBH reaction giving an adduct molecule with diverse functionality. However, 

literature search revealed further synthetic utility of this highly potential MBH adduct of 

isatin was unexplored until 2005. Hence, we focused our attention for the systematic 

investigation to bring out novel synthetic transformations of Morita-Baylis-Hillman adduct 

of isatin to a number of 3-spirmxindole derivatives and related products. The research plans 

starting from MBH adduct of isatin and its isornerjsed derivatives and their synthetic use are 

schematicaIly represented in Scheme 44. 

NaBH, I 

(Reductlve 
cyclisation) 1 ,R' 

CANfROH Z lsornerlsation 
?- P 

CH20 = Second MBH 
DABCO adduct 

oxidation 0 

A' 
EyclFsatlo~ 

R' 
R" H, Me, CH,Ph, etc.; RZ = H, Br, 1, N 4  R3 = Br and OMe 
Z = C02Et and CN 

I ? 
FEaBH, 
(Reductive 
cycfisation) 1 

? 

Scheme 44 
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Synthesis of functionalized 3-spirocyclopropane-2- 
indolones from isomerised MBH adducts of isatin 
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Chapter I1 

- 

Synthesis of functionalized 3-spirocyclopropane- 
2-indolones from isomerised MBH adducts of isatin 

2.1. Introduction 

Consrl.uctinn (I!'  c y c I ~ ) p ~ . o p ; i ~ ~ ~  ring cysleii?~ ic ot' great intcrcht O K  organic chcnii~t.; 

due to its cxihlsnce a\ LI hiisic: unir in a ni~int~er of nnl~u-rll For instance, some uf 

the natural products ~1r1d h i o l o ~ i c a l l ~  iinpcwtiit~l c.r:)~i~pclunds with cycluprupane ring as cnrc 

stnrcrure ilrc shown i 11 Figure 1 .  
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1 
F 

trovafloxacin 

"& I / " I ~ H  

0 HO,,.. ~ , , , Q H  

antifungal nucleoside FR-900848 ptaquilosin 0 
illudine S 

Figure 1 

Cyclopropr~nt ring sys~e~nr; arc served 2s versatile bvildi tlg blocks i n  conlpIex 

molecular cnnxtruction. 111 view of their importance as synthonc.  nunlerous synthetic 

method5 have k e n  rcpol-red for ~hcir  synthesis' '. Thc synthesis of spimcycloindalones ;Ire 

of great interest bccause thcy display a vi~r iety  o f  biological activi~ies and rnar~y of them 

used us xtarting inatrri3ls lor ;llk;lloid synthesis"". Diffcrc111 synthetic strategies are known 

for thc cunxtruotion of 3-xpirncycloal kylindolones"' ". 
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2.2. Literature known methods for the synthesis of 3- 
spirocyclopropane-2-indolones 

Since this chapter dealt with the novel method for the synthesis of 3- 

spir~yclopropane-2-indoloncs starting from MBH adduct of isatin, literature search 

revealed that only four methods are known for the construction of 3-spirocyclopropane-2- 

indalones. Hence, the following sub-sections showed the details of literature known methods 

for their synthesis. 

2.2.1. Using diazomethane via 1,3 dipolar addition-elimination 
~trategy 

In 1978, Bennet el nl. First reported the construction of spirocyclopropane using 

diazomethane via 1,3 dipot ar addition-elimination strategy. The reaction of diazornethane 2 

with oxoindole-acrylate 1 provided pyrazoline intermediate 3. The pyrazoline 3 was heated 

above its melting point or in refluxing xylene, to undergo N2 loss and to pve 3- 

spirocyclopropane-2-indolone 4 in 74% yield (Scheme 1 1 ''. 

Scheme 1 

2.2.2. Utilizing stabilked sulphur ylides 

Later in 1979, Croce el al. developed a noveI method for 3-spirocyclopropane-2- 

indolone synthesis using stabilised sulphur ylides. The 3-arylmethylene indolin-2-one 5 

reacted with carbonyl-stabilized sulphur ylide 6 to yield spiro[cyclopropane-1,3'-indolin-2'- 

ones] 7 and 8 in the ratio of 2: 1 (Scheme 2)='. 

6 7 

Scheme 1 



2.2.3. By Wittig  reaction 

In 1982, Eberle er al. found that Witrig reagent adds to 1-methylisatin 10 to give 

spirocyclopropane ring system in a single opcratian. Thus, treatment of 10 with 2 equiv. of 

ae phosphorous y lide prepared h r n  5-bramopentene and triphenylphosphine in ether 

Furnished 74% of spirocyclepropainc 11 (Scheme 3)'4. 

L J 1'1 

Scheme 3 

22.4. Reductive cyclisation using zinc and HC1 

Recently in 2007. Ung and Pyne reported cyclopropanation using acrylate and ethyl 

(dimethyl sulfuranylidene) acetate. Treatment of the acrylatc 12 with ethyl (dimethyl 

sulfurany lidene) acetate yielded the cyclopropane derivative 13 which upon reductive 

cyclisation using zinc and HCI afforded the spiro compound 4 and a minor side product 14 

(S~heme 4)". 

a) Me$5CHF&Et.Br (2 qutv), DBCE (1.5 equlv), snhyrlmus lolumt, 20 h, W 
b) Zn dust (00  equlv), EIOCO, H,O, HCI, reflux, 3 h ,70% (4),5% (14) 

Scheme 4 

2.3. Applications of 3-spiracyclopropane-2-indolones in organic 
synthesis 

The importances of 3-spirocyclopropane-2-indolunes in organic synthesis were 

demonstrated in several research groups. Few of the representative examples are given in 

Scheme 5 .  The synthesis of biologically important carbon skeleton wclwitindolinone 

(antagonists of thc P-glycoprohin P- 170) 15 was reported utilizing the spirocycloprapane 

intemediatc as shown in Scheme 5 'h .  



Treatment of 3-spirocyclopropane-2-indolane derivative with 1.3,5-trimethyl- l,3,5- 

triminane 16 and 5.5 mol % magnesium iodide in THF at 125 "C in a sealed tube furnished 

spiro[pyrrolidine-3,3-oxindoles] 17 in 83% yield. Removal of the N-bent yl protecting group 

afforded I*)-horsfiline 18 in 41 5% oovcrall yield ". 
The magnesium iodide catalyzed coupling of spiro[cyclopropane- 1.3-oxindole] with 

cyclic imine 19 yielded 20 as a single diastereoisomer. The key intermediate 20 upon few 

more synthetic transformations afforded (5)-strychnn foline 2lZR 

The reation of spiro[cyclopropane- 13-oxindole] by magnesi~tm iodide catalyzed 

ring-expansion with N-all ylimine 22 followed by formation of intermediate 23 which upon 

further few steps furnished spirovyprostatin (B)  ~ 4 ' ~ .  

I ~eb+tlnddlmme 

TBOPSO~'*'' 

mQ1, I5.5, mom) 

0 

834. 
wnkd I U ~  

sealrd tubs Bn 
20 

A, = Bn 
A, = OBn 
A,fH 

22 
us. % - C 1  ti 

f a  
/CHMe (3 hwRlIm 

(*) - s 4 ~ h n o f o l i ~  Rsf 27 

Ref. ?a 

Scheme 5 
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2.4. Objective of present work 

Literature search on cycloprupane derivatives reveals that there arc number or 

natural products and biologically active compounds occurred with cyclopropane as core 

structure. In addition, the compounds containing cyclopropane core have been widely used 

in number of useful transformations as synthetic intermediate. Hcnce, the synthesis and 

chemistry based crn cyclopropane ring system arc important in synthetic organic chemistry. 

More over, the search in specific on 3-spirocyclopropane-2-indotones revealed that they 

have been utilized significantly in synthetic organic chemistry as starting rnaferials for 

alkaloid synthesis. Further, very few methods for thcir consrruction have been reported in 

she literature. Hence. as part of this research programme, we planned to inaoduce a new 

methodology Ebr the constmct ion of 3-spirocyclopropane-2-indolones utilising MBH 

chemistry. As a result, we developed a novel seductive cyclisatinn method for the synthesis 

of functionalized 3-spirocycloprapane-2-indolones from isomerised MBH adducts of isatin. 

The details of the work are elaborately described in this chapter. 

2.5. Results and Discussion 

2.5.1. Retrosynthetie analysis 

The synthetic strategy for the preparation uf 3-~pirocyclopropane-2-indoIones is 

depicted in Scheme 6, Reductive cyclization of isomerised bromo derivative of MBH adduct 

of isatin B would provide functionalized 3-spirwyclopropane-2-indo10nes A. The 

isomeriscd bromo derivative of MBH adduct of isatin B could be synthesized from the MBH 

adduct of isarin C by isomerisation reaction with 46% aqueous HBr under microwave 

irradiiltion. In turn, MBH adducts C could bc prepared from the corresponding substituted 

isatins D by a standard MRH reaction. "*@ I "'j-J+'z6r R1pJpz "'pi& 
A0 I,, I> - 0 

I - 0 

! 0 
Y Y u2 Y 

R= R2 Ri 
A B C D 

Scheme 6 



2.5.2. Preparation of MBH adducts of isatin 

Ar outlined in the rctrosynthetic study. first stnsc t)F our tarFet compolind synthcsrs 

begun with prepantion of MRH adduct n l  isatin. Mcncc. we initiatccl the preparation o f  N- 

alkylation of isatin as shown i n  Scheme 7. Thus. the alkylation uf isatin was conducted wing 

alkyl halide and CnH: as basc in DMF solvent in I h reaction time. providccl t hc N-nlk y l:iked 

isatin derivatives. 

. - 
I 
H R2 

R' = H, Br: RZ=  Me, CH2Ph, CH,CCH; X = Br, I 

Scheme 7 

Model substrate for initial srudiea, the MBH adduc~ of i s a m  25"' was prepared by 

the treatment of N-rncthyl isatin 10 with ethyl ncrylate using 10 inole percent of DARCO in 

&anal at room temperature in good yield as shown i n  Scheme 8. 

10 mol% DABCO - 
EZOH, rt, Ways wc02Et 

I 
25 

Scheme 8 

The structure of adduct 25 was characterized hy k HMR spcctrascopic analysis. 

Thus, in the aliphatic region of the spectrum showed two methyl and one rnethylene signals 

at F 1.1 5,  3.36 and 4.16 rcspectivel y. Rlc presence of olcfin and arornatic proms at 6 6.25- 

7.50 were clearly appeared i n  the spectrum and reproduced in Figure 2. 

Figure 2 'H N N R  Spectrum of MBH adduct 25 

44 



In a similar way described above, a variety of MBH addvcts sf isatin were prepared 

as shown in Figure 3. Some of the MRH adducts of isatin (N-propargyl derivative) given in 

the Figure 3 (25-32) were prepared first time hy us. However, the standard procedure 

employed was known in the 1 iterat~re.~' 

Figure 3 

2.5.3. Isomerisation of MBH edducts of isatin with aqueous HBr 

Before enter into isomerisation study, we first went through the methods known for 

he synthesis of brorno isomerisation derivative of simple MBH adducts. It was reported in 

the litemure that the isomerisation o f  MBH adducts derived from bertzaldehp with aqueous 

HBP' is a facile reaction under various conditions such as room temperature stirring in 

CH2CI2fi1Br, CH2Cl2/HBdcat.H2SO4. etc. Hence. we utilized aqueous HBr as a reagent for 

the isomerisation of MBH adduct of isatin. 

2.5.3.1. Optirnisatlon study for isomerisation with aqueous HBr 

Thc isornerisafion study was initiated with MBH adduct 25 in aqueous HBr. 

Interesting1 y, isomerisation procedures reported for simple MBH adduct with HBr failed for 

isatin derived MBH adduct 25 under conditions such as room temperature stirring in 

CB2CI?NBr. CH2C1~/HBrlcat.H2SO~ etc. Stirring the adduct 25 in CH2CII/SIBr for a long 

period (overnight) at RT afforded the unaffccred starting material quantitatively (Table I ,  

entry 1 ) .  while the reaction by stirring the adduct 25 in CH2C1~RIBr/cat.HS04 resulted in 

decomposition of MRH adduct of isatin (Table 1 .  entry 2). The reaction of adduct 25 in 

CHCII/HBr under reflux condition showed a trace of desired isomerjsed product formation 



(Table 1, entry 4). T h e  trace of product formation under chloroform reflux condition 

prompted us to carry out a reaction under microwave irradiation. Thus, the pure MBH 

adduct 25 with aqueous HBr (4 equivalents) embedded on silica gcl (0.2 gm) was irradiated 

in a microwave oven for 3 minutes to afford a 1 :2 mixture of E:Z isomers of bromo 

derivative 33a and 33b in 95% combined yield after purification by silica gel column 

chromatography (Scheme 9)  (Table 1, entry 5 ) .  The geometrical isomers 33a and 33b were 

separated by column chromatography. The proton NMR spectra of the purified individual 

isomers were used as a tool to distinguish and assign thc geometries of the products as 

discussed in foilowing section. 

Condltlon, Table 1 

33a 

Scheme 9 

Table 1 

2.5.3.2. Distinction of EJZ homers 33a/33b by lH NMR 

Entry 

1 

2 

3 

4 

5 

The characterisation of E/Z isomers of bromo derivative 33a and 33b was arrived 

based on proton NMR chemical shift study. The ( E - )  33a and (Z-)  33b isomers were 

distinguished by 'H NMR unambiguously using chemical shift differences of rnethy lene 

protons attached with bromine atom. 

Condition 1 Produa 

CH2CldHBr, 12h, RT 1 - 
CH2CldHBrlcat.HzSO4> 1 h, RT I - 

j 
CH2CIZ/HBr, 1 h ,  reflux I - 
CHCIJHBr, 1 h, reflux 33alb 

I . 
HBr, MW, 750W, 3 min. ' 33alb 

Yield (%) 

Trace 

95 
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Figure 4 Differentiation of ( E - )  33a and (Z-) 33b isomers by 'H NMR Spectrum 

Thus, the compound 33a showed a peak at 6 5.23 which explains the electronic 

environment and influence of aromatic deshielding ring current effect (Figus 4). On the 

other hand, the isomer 33b showed a peak corresponds to rnethylene protons attached with 

bromine atom at usual expected chemical shift range 6 4.49 as shown in Figure 4. 

2.5.3.3. Generality of isomerisation reaction 

In order to syntbesise several isomerised compounds for the subsequent reductive 

cyclisation study. we carried out reactions under optimized isomerisation condition 

described above for the MBH adducts 26-32 to afford the corresponding isomerised 

compounds as ELZ mixture 34&-40a/b (Scheme 10). The yields of the reaction and ratio of 

the isomers are coIlecaed in Table 2. All the compounds were purified by silica gel column 

chromatography and fulIy chatacterised by spectral analysis. The ratio of isomers assigned 

based on 'H NMR study. 

"m: I 46tpW.-HBr - A 

0 Y sillce gel, MW 0 
750W, 3 mfn. 

u1 I 
R' R' 

2632 34a-ai 34b-40b 
R' = Me, CH2Ph, Propargyl 
a2= H, 8t; z = C Q ~ E ~ ,  GN 

Scheme 10 
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2.5.4, Reductive cyclisation of isomerised bromo derivative of MBH 
adducts of Xsatin with NaBH4 

After the successful synthesis of brorno isorneriscd MBH adducts 33ab-40a/b, the 

stereoselective spirocyclopropane construction was carried out using the mixture of brorno 

isomerised MBH adducts using N a B b  as a reducing reagent and reductive cyclisation as a 

methodology. 

2.5.4.1. Optimization of reductive cyclisation for cyclopropanation of 
MBH derivative 33a/b 

Accordingly, the mixture of compound 33alh i n  dry THF with 4 equivalents of 

sodium borohydnde at RT for 1 h afforded functionalized 3-cy Iopropyl-2-indolones as 

diastereomeric mixture of isomers 41a and 41b in 90% 'combined yield (Table 3, entry 1). 

The diastereomers 41a and 41b were separable by coturnn chromatography and the ratio of 

the products (41aJ41b) was found as 1 :2 as estimated by 'H NMR. 

In order to find the optimum reaction time and minimum sodium borohydride 

requirement, the reductive cyct isation reaction of isomerised compounds 33ah with 2 

equivalents of NaBI-4 in THF for 30 minutes was carried out and the reaction furnished 

diastereameric mixture of products 41a.h in 98% combined yield (Table 3, entry 23. The 

reaction is shown in Scheme 1 1 .  

2 equlv. NaBHd z E ~  
t 

O THF, 0.5 h 

I I 98% 1 1 
33a 33b 41 a 41b 

Scheme 11 

To know the selcctjvity i n  the formation of diastereo mixture 41a (minor) and 41b 

(major), the reactions from individual isomer of starting material (E-) 33a and (2-) 33b 

separately were carried out under optimized condition (Scheme 12). 



3 2 equiv. NaBH, 

THF, 0.5 h 

95% (7 :2) 94% (1 :2) I 
&Isomer, 33a Z-isomer, 33b 

I 
major, 41 b 

Scheme 12 

Both the reactions of both isomers afforded the diastereorneric mixtures 412 and 41 b 

with same ratio and closely similar yields (Table 3, entries 3 and 41. The observation 

revealed that the both isomers undergo through a common reaction path way and supported 

in proposing a plausibIe reaction mechanism. 

Table 3 

2.5.4.2. A phusible mechanism for cyclopropanation 

As mentioned in the optimization study, the reactions of isornerised MBH adduct ( E - )  

33a and (Z-) 33b afforded the diastereorneric mixture of cyclopropanes as same products 

(41a and 41b) and in same ratio an exposure to sodium borohydride. Hence, i t  is understood 

that both the isomcrs are undergoing reductive cyclopropanation through a common stable 

intermediate. The famation of diastereomeric mixture through a common intermediate 

could be explained based on the piausible mechanism proposed in Scheme 13. Thus, thc 

hydride ion attack on the double bond of the bromo isomerised MBH adducts leads tu a 

common enolate intermediate E, which undergoes cyclopropanation. The enolate 

intermediate E could have equilibrium as shown in Scheme 13. The more stable enolate 

intermediate in which the ester group projects trans to aryl ring affords major isomer. The 
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sterically less stable enolate internlcdiate in which the ectcr grvup projects same side of aryl 

ring cyclises to afford minor isomer. 

I 
R~ 

Eisomw 

1 ress stable I 
Minor 

I 

L 
. . 

J more stable R* 

Common intermediate E Major 

o\ Scheme 13 c Hence. we did all the remaining reductive cycIisation experiments by using the 

mixture of WZ isornerised compounds. 
b 
h 
b 2.5.4.3. Generality of the reductive cyclisation 

fi Encouraged by the preliminary results and to show the generality of the reaction. * 
II) various suhstilution combinations at aryl ring and N-altyl position of isatin part as well as 

ester and nitrile groups at activated alkene part of MBM were undertaken. The reaction of 

3 isornerised brorno adducts of isat in 34ab-40ah under opli mized conditions afforded the 

correspondjng hnet ionnl ized 3-spirocylopmpyl -2-indolones 42d42b-48d4Rb in excellent 

combined yield. The reactinn is showed in Scheme I4 and the results are surnmai;r,ed in 

Table 4. 

A' = Me. CH,Ph, Propargyl: R2 = H, Br; Z = C02Et, CN 

Scheme I 4  



Table 4 
- Entry Reactant ' Condition ' Products ' ~at io '  Yield ' 

P z )  -7 
-- 

Br 
- - --- 

%= 

I 

&to+, 

2 equiv. 1:2 98 
I NaBH,, THF, I 

96 

94 

88 

-- 

N O 
I 0.5h, RT k 

I 

33a & 33b 4 ta  41b 

,,+, 2 equiv, 
NaBH,, THF, 1:1.5 

I 0.5h, RT I 1 
34a & 34b I 42a 42b 

3 2 equlv. - NaBH,. THF, 
M a 
I 0.5h, RT H 

\ 1 

35a & 35b 43a 43b 

4 , 2 equiv. 1 :2 
I NaBH,, THF, 

H O 0.5h, RT 

36a 8 36b 

5 

44a 44b 

&c:k, 

N O 

'Ph 

37a & 37b 
pp 

*equiv. 
NaBH,, THF, 

0.5h. RT 

Brwc:Et - 
H O 

'Ph 

were separated by column chromatography. d. ratio est~rnated based on 'H NMR study. e. combined yield after 
column purification 

7 

8 

zequiv. 1 :2 
NaBH,, THF, 

0.5h, RT 

93 

38a & 38b 

C m  
39a 8 39b "wC: I 

C P, 

40a & 40b 

2 equiv. 
NaBM,, THF, 
0.5 h, RT 

2 equiv. 
NaBW4, THF, 

0.5 h, RT 

Lph 

45a 

a. E/Z mixture was used as 

C, 
45b 

starring mater~al. b. See typ~cal procedure in the experimenral part. c. The isnmers 

46a 

$ H& 
/ 

L P h  

47a 

- 
p o  
Lph 

48a 

46b 

 MA^ I 

Lph 

47b 

- n h O  

'-7, 

48b 

I :  

1 : l  

98 

86 



2.5.5. Distinction of the minor and major isomers by 'H NMR study 

A11 the scactions in the generality study afforded 1:2 rarios of diastereorneric 3- 

spirocyclopropane-2-indolone$ in excellent combined yields. Hence. i t  was an interesting 

task for US to distinguish the relative stereochemistry of minor and major products (41-4Sa 

and 41-48b). In order to confirm the projection of ester group (a or P) in minor and major 

isomers (41-48a and 41-4%)- 'H NMR chemical shift and coupling constant studies were 

nsed as a tool. The chemical shift variation of aromatic protons Ha and Hd. was used as a 

main tool as the structures shown in Figure 5 .  

For example, the Hd proton appeared at 6 7.51 due to anisotropic influence of ester 

carbonyl for 42a while the Hd. proton appearcd at 6 6.94 due to no influence of ester group 

in 42b. To fix the nature of protons of  the cyclopropanc rings, the coupling constant and 

chemical shift correlation studies were used as a tool (Table 5 ) .  Thus, in compound 42a. the 

I-& proton appeared at 6 2.03 (dd, Jg,,=4.5Hz and Jc,s=A.7H~), Hh proton appeared at 6 2.13 

(dd, JF,=4.SHz and Jt,,=7.2Hz) and H, proton appeared at 62.71 (dd, J,i,=8.7 and 

JmS=7.2Hz). In contrary. for compound 42h, the Ha- proton appeared at 6 1.80 (dd, 

Jp=5. I. Hz and JC,,=8.7Hz). Hb' proton appeared at 8 2.38 (dd, J,,,=5.1 Hz and Jm,=8- 1 Hz) 

and Hc' proton appeared at 6 2.64 (dd, J,,,=8.7 and J,,,,=8.1 Hz). Hence, the structure with 

relative stereochemistry nf minor and major compounds 42a and 42h was assigned as shown 



Table . - -  5 
pk%iq Chemical shift (8) I Coupling constant (Jin Hz) 

2.5.6. Characterization of newly synthesized 3-spirocylopxopy1-2- 
indolones 

42a (Minor) / 42b (Major) 
I 

42a (Minor) 

C ~ C  ' 

All the ncw compounds were thoroughly characterized by following a systematic 

analysis of spectral (IR. h and "C NMK) and IIKMS data (see experimental section). 

Typical examples of 'H and ''c: NMR spectr:, are explained in the following discussions. 

The nomenclature numbering for 3-spirocyclepropane-2-indolones systems is shown in the 
1 f Figure 6.  However, the numbering in the C NMR spectra was Iabeled in the increasing 

order from the up held to down field and assigned appropriately over the structures of rhe 

42b (Major) 

compounds. 

-- 
2.71 

. - 

R '  

Figure 6 

I I 1 
2.64 1 8.7 and 7.2 / 8.7 and 8.1 

2.5.6.1. Characterization of 3-spirocylopropyl-2-indolones 41a J41b 

111 the IR spectrum of the compound 41a. absorption hands at 2968, 2925 and 2863 

cm-\supposted the presence of cyclopinpanc ring in the structure. The amide and cster 

carbonyls caused thc absorption bands at 1746 and 1722 cnl-'. The aromatic functional 

p u p  showed the  absorption band at 1617 cm-I. 

The 'H N M R  spectrum of 3-l;pirocylopr~~pyl-2-fn~1~~1ont' 41a (Fisurc 7) was analyscd 

as follows. The key cvidence for the formation of cyclopropanc ring system was confirmed 

due to thc exlctencc o f  upfield signnlr; as three doublet of clnuhlet pcaks at ( i )  6 2.0 1 with 



coupling constants J,,d(.i, = 4.5 and 8.7 Hz, ( i i )  S 2.13 with coupling constants J pcrdlmns = 4.5 

and 7.5 Hz. and (iii) 6 2.70 with coupling constants J,,&,,c = 7.5 and 8.7 117. in the aliphatic 

region of the spectrum. Further. in the aliphahc repion. eqter mcthyl protons appeared as n 

triplet at 8 1.20 with coupling constant J = 6.9Hz and a singlet at F 3.28 inr N-methyl protons 

and a quartet for ester methylcnc protons nt 6 4.13 with coupling constant J = 6.9Hz were 

clearly visualised. More ovcs. the down field signals due !e four aromatic protons appcared as a 

doublet at 6 6.90 with coupling constant J = 7.8 H7. two triplets at 8 7.02 and 7.29 with 

coupling constant J = 7.8 Hz, and anolhet doublet at 6 7.36 with couplinp constant J =  7.8 HI. 

Figure 7 'H NMR Spectrum uf compound 41a 

The "C NMK spectrum of compound 4la (Figure 8) clearly showcd the spiru-carbon centre at 

632.94. The carbonyl carbons were resonated a1 8 169.03 and 6 175.29 (Figure XI. 

F i t  ; f t  l r l r ~  H11 - 6.11 I 9'1 I 

--- 

Figure 8 "'c NMR Spectrum of co~npouncl41a 
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With these spectral details, final confirmation for the structure of product 41a was 

evidenced from mass spectrum (HRMS) by seeing molecular ion peak at mlz 245.1045 

(Figure 9) .  

Figure 9 HRMS of  compound 41a 

Similarly, IR spectrum of the major isomer 41b had absorption bands due to 

cyclopropane ring at 2963, 2937, and 2852 cm-' and for carbonyl functional groups at 1739, 

1709 cm". The 'H NMR spectrum of isomer 41b showed the characteristic signals as 

appeared in the case of isomer 41a with slight variation (Figure 10). Thus, a hp1et for the 

ester methyl proton at 6 1.21 with coupling constant J = 6.9Hz, three sets of doublet of 

doublet for cyclopropane ring system at (i)  6 1.72 with coupling constants J g e d c i s  = 4.8 and 

8.4 Hz, ( i i )  6 2.3 E with coupling constants J,,&,,, = 4.8 and 8.1 Hz, and ( i i i )  6 2.57 with 

coupling constants JtrandC,,,,= 8.1 and 8.4 Hz were seen in the up field range by confirming the 

spirocyclopropyl unit in the product. The peaks for N-methyl and ester methylene protons 

were found at 6 3.19 as singlet and a quartet at 6 4.14 with coupling constants J = 6.9 Hz. 

The down field aromatic protons appeared as two doublets at 8 6.77 with coupling constants 

J = 7.2 Hz, and 6 4.82 with coupling constants J = 7.8 Hz. Two triplets were seen at 6 6.98 

with coupling constants J = 7.5 Hz, and 6 7.22 with coupling constants J = 7.8 Hz. 
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Figure 10 'H NMR Spectrum of compound 41b 

In I3c N M R  spectrum of major diastereomer 41b, total number of peaks accounted 

all carbons present in the compound 41 b (Figure I 1). The carbon signal due to quaternary 

spiro centre was visible at. 6 32.87. The carbonyl carbons were appeared at 6 168.68 and 

6 174.29. 

Figure 11 13c NMR Spectrum of compound 41b 

Final confirmation for the structure of product 41b was evidenced from mass 

spectrum (HRMS). Thus, the compound showed a molecular ion peak at m/z 245.1043 

(Figure 12). 



Figure 12 HRMS of compound 41b 

2.5.6.2. Characterization of 3-spirocylopropyl-2-indolones 43a/43b 

To demonstrate the structure of nitrile substituted cyclopropane derivatives, products 

43a and 43b were chosen as substrates and their spectral studies are discussed as follows. 

The nitrile derivative of minor isomer 43a showed IR absorption bands at 1701 and 1614 

cm" for the presence of carbony1 and aromatic functional groups respectively. The 'H NMR 

spectrum was used to characterize the proton signals unambiguously (Figure 13). 

Figure 13 'H NMR Spectrum of compound 43a 

Thus, the upfield cyclopropyl protons appeared as three sets of doublet of doublet at (i j 8 

1.89 with coupling constant J,,dl,,,= 4.8 and 6.9 Hz, ( i i )  6 2.13 with coupling value J,,ld,,, 

= 4.8 and 9.3 Hz, and ( i i i )  6 2.44 with coupling constant J,,,dcls = 6.9 and 9.3 H L .  A singlet 



signal was seen at 6 3.30 for the presence of N-methyl protons. The four aromatic protons 

were apparent ar 6 6.97 as a doublet with J value 7.8 Hz, and a three protons as rnuItiptet 

around 6 7.12-7.42 

The I3c NMR speclrum accounted total number of carbons as in compound 43a 

(Figure 14). Thus, f o u r  carbon peaks were visible in aliphatic region. Tt.le quaternary 

spimcarbon was found at 6 3 1.70. The nitrile carbon appeared at 6 1 16.85. The carbonyl 

carbon was occurrcd at 6 172.97. Final confirmation for the srructure of product 43a was 

evidenced from mass spectrum (HRMS). Thus, the compound showed a molecular ion peak 

at mlz 198.0790. 

Figure 14 13c NMR Spectrum of compound 43a 

h the IR spectrum. the nitrile derivative of major isomer 43b showed absorption 

band at 303 I, 2963, 2916. and 2848 ern-' due to cyclopropane unit. Absorption band for 

nitrile goup  was found at 2247 cm-'. The carbonyl and aromatic functional groups had 

absorption hands at 1705 and 161 1 cm.' respectively. The nitrile derivative of major isomer 

43h showed the characteristic signals in i t s  'H NMR spectrum due tn cyclopropane, N- 

methyl and aromatic protons in their respective expected region (Figure 15). Thus, three 

doublet of doublet signals at (i)  S 1.99 with Jge,dcls = 5.1 and 9.3 Hz, (ii) 6 2.19 with Jgedk,,,, 

= 5.1 anrl 7.2 Hz, and (iii) 8 2.35 with Jhnd,,, = 7.2 and 9.3 Hz were indicative of 

cyclopropane ring protons. The N-methyl was appeared as a singlet at 6 3.34. The four 

aromatlc protons were seen at (i)  6 6.79 as doublet with I = 7.1 Hz, ( i i )  6 6.96 as doublet with J 

= 7.1 Hz. f i i i )  6 7.07 as triplet with J = 7.8 Hz, and (iv) 6 7.35 ah triplet with J =  7.8 Hz. 



Figure 15 'H NMR Spectrum of compound 43b 

The "C NMR spectrum of major isomer 43b showed the presence of spiro carbon 

signal at 8 3 1.83. The nitrile carbon was resonated at 6 1 15.89. The carbonyl carbon 

appeared at 6 171.44 (Figure 16). Final contimation for the structure of product 43b was 

evidenced from mass spectrum (HRMS). Thus, the compound showed a molecular inn peak 

at mlz 198.0795. 

Figure 16 13c NMR Spectrum of compound 43b 

2.5.6.3. Characterization of Wpropargyl derivative 44b 

The IR spectrum of major isomer 44h had absorption bands due to cyclopropane ring 

at 3054. 2986 and 2930 cm" . Absorption band at 2 1 33 cm" was due to propargyl group. The 

mide and ester carhonyls showed absorption bands sr 1740 and 1719 cm-l. h 'H  NMR 

spectrum of interesting major isomer of N-propargyl derivative 44b. a triplet at 6 1.26 for 

ester methyl protons, a doublet of doublet at 6 1 .R2 for one of the cyclopropane ring protons. 



another triplet at 6 2.24 for alkyne proton, two more doublet of doublet at 6 2.39 and 2.66 

for remaining cyclopropane ring protons, an ester methylene protons as quartet at 8 4.19 and 

another methylene protons attached with nitrogen as rnultiplet around 6 4.48-4.68 clearly 

accounted all the protons in aliphatic region. The remaining four aromatic protons were seen 

between 6 6.86-7.34 (Figure 1 7) .  

Figure 17 h HI? Spectrum of compound 44b 

The 13c NMR spectrum of compound 44b accounted the total number of carbons 

present. Thus, the aliphatic carbon signals at 6 14.32 (OCH2-CM3), 2 1.52 (methine carbon in 

cycIopropane ring), 29.70 (methy lene carbon in cyclopropane ring), 32.42 (quaternary 

spirocarbon). 33.68 (N-CHr), 47.97 (N-CH1-C), 61 -62 (OCH2-CH?), and 72.48 (N-CHTCcH) were 

appeared due to ester methyl and methylene, cyclopropane ring, and N-propargyl groups. The presence 

of two carbonyl carbons resonated at 6 167.04 and 172.55 (Figure 18). 

Figure 18 'H NMR Spectrum of compound 44b 



Final proof for the structure nf product 44h was evidenced from mass spectrum 

(IRMS). Thus, the compound showed a malecular ion peak at d z  269.1047. 

2.5.6.4. Characterization of 3-spirocylopropyl-2-indolones 45a/45b 

In the IR spectrum of the compound 4Sa, absorption bands at 2927 and 2849 cm-' 

supponed the presence of cyclopropane ring in the structure. The amide and ester carbonyls 

caused the absorption band at 1721 cm". The aromatic functional group showed the 

absorption band at 1608 cm". In the 'H NMR spectrum af minor isomer of N-benzyl 

derivative 4Sa. the ester ethyl group appcarcd as a triplet and a quartet at 6 1-25 and 4.15 

respectively with coupling constant J = 6.9 Hz.  The signals due to three diastereotopic 

cyclopropane ring protons appeared separately at S ( i )  2.08 as a doublet of doublet with 

coupling constants J = 4.2 (geminal) and 8.4 (vicinal cis) Hz. ( i i )  2-18 as a doubIet of 

doublet with coupling constants J = 4.2 (geminal) and 7.5 (vicinal trans) Hz, and iiii) 2.77 as 

a doublet of doublet with coupling consrants J = 7.5 (vicinal trans) and 8.4 (vicinal cis) Hz. 

The knzyl methylene protons appeared as a singIet at 8 5.10. The remaining aromatic 

protons appeared in the range at 8 6.84-7.45 (Figure 19). 

Figure 19 ' H NMR Spectrum of compound 45a 

The "C NMR spectrum of thc compound 45a accounted total number of carbons. 

The peaks at 6 14.35 (OCH2-CMJ), 6 2 1.27 (cyclopropanc ring methylene carbon), 6 32.12 

(spirwarbon), 8 33.15 (rnethinc carbon of cyclopropane ring), 6 44.52 (N-cH2-1, and S 

61.51 (OC_H2-CH3) in aliphatic region assigned carbons due to ethyl ester. cyclopropane 

ring, and hcnzyl rncthylene groups. Twelve carbon signals due to ammatic carbons were 



scattered in the ranFc 6 109.24-143.60. The carbony1 carbon~ appeared at 6 168.99 and 

175.11 (Figure 20). Final evidence for the srructure of prrxluct 45a was evidcnccd from 

mass spectrum IHKMS). Thus, the comporind showed a n~olccular ion peak at ntlz 

3211.1 359. 

Figure 20 "C NMR Spectrum of compound 4% 

In the IR spectrum of the compound 45h. absorption hands at 2983 and 2927 ern-' 
supported the presencc of cyclopropane ring in thc structure. The arnide and ester carbonyls 

caused the absorption bands at 1735 and 1 705 cm-' respective1 y. The aromatic functional 

group showed the absorption hand at 1613 cm". The ' H  N M R  spectrum of major isomer 

4% showed i ts characteristic signals as in the case of minor con~pound 45a with small 

difference in chemical shifts (Figure 2 1 1. 

Figwre 21 'H  NMR Spectra of cornponnd 4% 
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Thus, in the aliphatic region signals for ester graup at F 1.25 and 4.17 with coupling 

constant J = 7.1 Hz as a triplet and a quartet were appeared respectively. The cyclopropane 

ring signals at 8 1.85, 2.43, and 2.68 as the doublet of doublet with coupling constants 

(JFdciJ = 4.8 and 8.4 Hz), (J ,,dt/,,, = 4.8 and 7.8 Hz), and (J , , dc i ,  = 7.8 and 8.4 Hz) 

were seen respectively. The henzyl methylene protons appeared as two sets of doublets at 6 

4.89 and 5.04 with geminal couptirig constants J = 15.6 Hz. The remaining aromatic protons 

appeared in the range of 6 6.76-7.26. 

The I3c NMR spectrum of the compound confirmed all the expected carbon signals. 

Thus, signals for aliphatic carbons at 6 14.38 @CHI-CHa), 6 21.16 (cyclopropane ring 

melhylene carbon), 6 32.44 (spirocarbon), 6 33.79 (methine carbon in cyclopropane ring), 6 

44.25 (N-CHz-), and 6 61 .63(OCH2-CHj), aromatic carbons in the range around 6 109.33- 

142.95, and carbonyl carbons at 6 167.23 and 173.67 were seen in the spectrum (Figure 22). 

Figure 22 "C NMR Spectra of compound 45b 

2,5.7. Limitation and applicability of cyclopropanation reaction 

To investigate the limitation and applicability of cyclopropmation reaction to the 

simple MBH adducts, the adduct 49 derived from benzaldehyde with methyl acrylate on 

isomerisation with aqueous HBr at RT to afford corresponding isomerised product SO as a 

single isomer. The isornerised bromo derivative 50 in dry THF upon reduction with 2 

equivalents of NaBH4 (optimised conditions) did not yield the expected cyclopropane 

derivative 51. Careful repetition and altering the reaction conditions provided only the 

unreacted starting material. Thus, it is clear that only isomerised brorno derivative of isatins 



are suitable subsnates for the cyclopropanation under reductive cyclization condition. The 

W o n  is shown in Scheme 15. The reamn for the failure of cyclopropanation of substrate 

40is due to non-availability of enolate structure as in isatin derivative. 

QI. CO2Me 
4 squlv. 46% HBr 

CH,CI,, RT, 0.5h 

49 2 equlv. NaBH, 
40 THF, 0.5h 57 

Scheme 15 

2.6, Conclusion 

Synthesis of E and Z bromo isometised MBH adducts has been successively 

carried out. 

A short, novel and facile method for the synthesis of functionatized 

diastereomeric 3-spimcydopropane-2-indoloncs from isomerised brorno 

derivatives of MBH adducts of isatin by reductive cyclopropanation 

methodology as a key step has been achieved. 

* Distinction of two diastereomerlc cyclopropanc products obtained in the 

reaction was characterjsed applying 'H NMR chemical shift and coupling 

constant correlation study. 

A plausible mechanism of the reaction was explained. 

All the compounds were thomghfy characterised by spectroscopic methods. 

The limitation of methodology for simple MBH adduct was tested. 



2.7. Experimental details 

27.1. General Considerations 

Melting points were recorded on a Ruchi nielting point apparatus and are 

mcorrecred. NMR spcctm werc recorded at 300 ('MI and 751'") MHz respectively on a 

Bruker Avancc DPX-300 MHz NMR spectrometer. NMR spectra were obtained using 

chloroform-dl as solvcnt. Chemical shifts are givcn i n  6-scalc with tetramethyl siIanc as 

internal standard. Coupling constants (J) are reported in hertz (Hz). FIRMS were measured 

at the JMS 600 JEQL Mass Spectrometer. Yields refer to quantities obtained afer 

chromatography. IR spectra were taken on Nicalet (Impact 400D FT-IR) spcctrophotometer 

or Borncm MB-series FT-IR spectmphotorneter. Abbreviations used in 'H NMR are: s- 

singlet, d-doublet. dd-double1 of zl doublet, brs-broad singlet, q-quartet and m-multiplet. 

Analytical thin layer chromatagraph y (TLC) w us performed on glass plates coated 

with silica gel (Merck) containing 13% calcium sulphate as binder. Column chsomatogmphy 

was done using 100-200 mesh silica gel and appropriate mixture of petroleum ether (60-80 

C) and ethyl acetate wns used as solvent system for elution unless otherwise specified. The 

solvents were removed (under reduced pressure where necessary) using Heidolph or Buchi 

rotary evaporarur. All solvents were distilled prior to use and reactions requiring dry 

conditions werc carried out using dry solvents which were dried according to the literature 

pr~cedurc.~' 

Exrracrivn of rhc reaction mixtures wcre done with the appropriate organic solvents, 

the extraction wax repcated with fresh solvent at least three titnes before the organic layen 

were combined. Washing of the combined organic layer war also repeated three times in 

each case (distilled water, 0.2 N hydrochloric acid, saruratcd sodium bicarbonate solution. 

brine, etch. as requircd by the procedure). 

2.7,2. General Experimental Procedure for N-alkylation of isatin 

A mixture of isatin ( 1  rnrnal), alkyl bromideliodide ( I  .5 mrnol} and calcium hydride 

(3 rnrnol) in DMF was stirrcd at 60 "C for I hour. Afiar completion of the waction 

Imonitared by TLC). thc reaction mixture was poured into water then neutralized with 2N 

HCI and extracted using ethyl acetate. The or2anic layer was ~eparated and dried (Na,S04) 



aod cancentrated in vacuo. The crude product obtained was purified by silica gel column 

Ehrwnatography using EtOAc: hexane (20: 80) as eluent to afford the desired N-alkylisatin. 

273 General Experimental Procedure for the preparation of MBH adducts of isatin 

A mixture of N-alkylisatin ( 1  mmol), 1.5 equiv. of ethyl acrylate (1.5 mmol), 0.02 

quiv. of DABCO (0.02 mmol) in EtOH (5 mL) was stirred at RT for 3-6 days. After 

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

acetate. The organic layer was washed successively with 0.2N HCl. The organic layer was 

separated and dried (Na2S04) 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 adduct of N-alkylisatin. 

2.7.4. Spectral data for MBH adduct of isatin: 

Methyl 2-(3-hyd roxy-24x0-1 -(prop-2-ynyl) indolin-3-y l)acrylate 28: 

IR (CH2C12) v,, 3425,2131, 1718, 161 1 cm?. 
I H NMR (300.1 MHzlCDC13) : 8 1.24 (t, J = 7.1 Hz, 3H), 2.28 (t, J = 

QY,"'" 2.2 Hz, 1H), 4.07 (s, OH), 4.1 1 (q, J = 7.1 Hz, ZH), 4.51-4.58 (m, 

2H), 6.44 (s, IH), 6.57 (s, IH), 7.04-7.09 (m, 2H), 7.18 (d. J = 

h 6.488z,lH),7.35(t.J=7.6Hz.1H). 

28 13c NMR (75.3 MHdCDC13): 6 14.31, 29.51, 61.62, 72.61, 76.07, 

76.64, 109.65, 123.37, 123.94, 128.18, 129.22, 130.20, 138.89, 

142.55, 164.96, 175.37. 

HRMS m/z: Calcd. for C 16H15N04: 285.100 1; Found: 285.099 1. 

2.7.5. General Procedure for the bromo-isomerisation of MSH adducts of isatin 

A mixture of MBH adduct derived from isatin (lOOrng, 0.382 mmol) was added 4 

equiv. of 46% HBr and silica gel (0.2g) to make a slurry. The slurry was subjected to 

microwave irradiation (750W, 5 sec. pulse) over a period of 3 minutes. The crude mixture 

was cooled to RT and then extracted with CH2C12 and the organic phase was washed with 

water. The organic layer was separated and dned (Na2S04) and concentrated in vacuo. The 
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crude mixture was purified by silica gel column chromatography using a gradient elution 

wih hexane and hexane and EtOAc as eluent to afford pure isome~sed bromo derivatives 

(J!Z-isomers) in 78-95% combined yield. 

2,7.6. Spectral data for isomerised MBH adducts: 

1 H NMR (300.1 MHz/CDCl3) : 6 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, l H ,  

I Ar),7.02(t,  J = 7 . 8  Hz, lH,Ar),7.29(t,  J = 7 . 8  Hz, 1H,Ar),7..?6(d, 

33a J = 7.8Hz, 1 H,  Ar). 

(Z)-methyl3-bromo-2-(1 -methyl-2-oxoindolin-3-ylidene)propanoate 33b: 

IR (CH2C12): v,, 1739, 1709, 16 1 1, cm-'. 

GY % NMR (300.1 MHz/CDCI3): S 1.21 (t, J = 6.9 Hz, 3H), 3.19 (s, 

I 
3Hh 4.14 (q, J = 6.9 Hz, 2H), 4.49 (s, ZH), 6.77 (d, J = 7.2 Hz, l H ,  

33b Ar), 6.82 (d, J = 7 . 8  Hz, l H ,  Ar), 6.98 (t, J =  7.5 Hz, lH ,  Ar), 7.22 (t, 

J = 7.8 Hz, 1 H, Ar). 

2.7.7. General experimental procedure for the synthesis of 3-spirocyclopropane-2-indolones: 

A mixture of isomerised bromo derivatives of MBH adducts (40mg, 0.123mmol) in 

dry tetrahydrofuran (3mL) was added 2 equiv. of sodium borohydride (9.3mg, 0.245 rnrnol). 

The mixture was stirred at room temperature until complete disappearance of starting 

material (TLC, ca. 0.5h). Then, the THF was removed under reduced pressure. The crude 

material was extracted with ethyl acetate (2x 30mL) and the combined organic layer was 

washed with water followed by brine. The organic layer was separated and dried (NazSQ4) 

and concentrated in vacua. The crude mixture was purified by silica gel column 

chromatography using a gradient elution with hexane and hexane and EtOAc as eluent to 

afford pure cyclopropane derivatives in 86-98% combined yield. 
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2.7.8. Spectral data of cyclepropane derivatives 

Spim [cycjopropane- t ,3'-[3H] indole]-2-cahoxylic acid, 1 ',2'-dihydro-1 '-methyl-24x0-, ethyl ester 41 a: 

IR (CH2C12) vmx 2968,2925,2863, 1746, 1722, 1617,1468 cm". 
1 H NMR (300.1 MH7,CDC13) : 6 1.20 (t, J = 6.9 Hz, 3H), 2.01 (dd, J = 

4.5 and 8.7 Hz, lH),  2.13 (dd, J = 4.5 and 7.5 Hz, IH), 2.70 (dd. J =  7.5 

$H 

and 8.7 Hz, IH), 3.28 (s, 3H), 4.13 (q, J = 6.9 Hz, ZH), 6.90 (d, J = 7.8 

Hz. In, Ar), 7.02 (t, J = 7.8 Hz, lH,  Ar), 7.29 (t, J = 7.8 Hz, 1H, Ar), 
N 2% 
I 7.36 (d, J = 7.8 Hz, 1 H,  Ar). 

41 a '" C (75.3 MH7JCDCls): 6 14.33, 20.89,26.87, 29.54, 32.94,61.43, 

108.21, 122.40, 122.80, 126.06, 127.86, 144.45, 169.03, 175.29. 

HRMS m/z: Calcd. for C 1 d l  5N03: 245.1052; Found: 245.1045. 

Spiro Icyclopmpane-l,3'-[3H] indole]-2-carboxylic acid, 1 ',2'dihydro-1'-methyl-2-0~0-, ethyl ester 41 b: 

1R (CH2Ct2): v,, 3057,2963,2937,2852, 1739, 1709,1611, 1466 ern-'. 
1 H NMR (300.1 MHz/CDC13): 6 1.21 (t, J = 6.9 Hz, 3H), 1.72 (dd, J = 

4.8 and 8.4 Hz. 1H). 2.31 (dd, J = 4.8 and 8.1 Hz, 1H), 2.57 (dd, J =  8.1 
#,~C&EI 

and8.4Hr.IH),3.19(r,311),4.14(q,I=6.9H1,7H),h.7?(d,.l=i.2 
WNA0 

I Hz, lH, Ar), 6.82 (d, J = 7.8 Hz, l H ,  Ar), 6.98 (t, J = 7.5 Hz, lH, Ar), 

41b 7.22 (t, J = 7.8 Hz, lH, Ar). 

NMR (75.3 MHIJCDCI~): F 14.36, 20.73, 27.07, 29.42, 32.87, 

61.84, 108.82, 122.48, 122.67, 126.53, 127.76, 143.56, 168.68, 174.29. 

HRMS m/z: Calcd. for C1dHl5NO3: 245.1052; Found: 245.1043. 

Spim [cyclopropane-1 ,3'-[3H] indole]-2-carboxylic acid, 1 ',T'dihydro-l' -methyl-5'-bmmo-2'-0x0-, ethyl 
ester 42a: 

IR (CH2C12): v,, 2984,2921, 171 7, 1606, 1464 cm-'. 

ET$H 'H NMR (300.1 MHz /CDC13): F 1.23 (t, J = 6.9 Hz, 3H), 2.03 (dd, J = 
4.5 and 8.7 Hz, lH), 2.13 (dd, J =  4.5 and 7.2 Hz. lH), 2.71 (dd, J = 7 . 2  - /=o 

I and 8.7 Hz, 1H). 3.26 (s, 3H), 4.17 (q, J =  6.9 Hz, 2H),  6.76 Id, J = 8.1 

42a Hz, lH,Ar),7.42 (d, J = 8 . 1  Hz, lH, AT), 7.51 (d, J =  1.8 Hz, lH,Ar). 
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"C NMR (75.3 MHzlCDCls): 6 14.15, 21.11, 26.76, 29.67, 33.06, 

61-50, 108.04, 115.03, 125.86, 127.94, 130.49, 143.30, 168.46, 174.17. 

HRMS m/z: Calcd. for C t4H140rN03: 323.01 57; Found: 323.0149. 

Spim [cyclopropane-I , 3'-pH] indole]-2-carboxylic acid, 1 ',2dihydro-1' -methyl-5'-bmmo-2'~x~,ethyl 
ester 42b: 

IR (CH2C1?): v,,, 2982, 174 1, 17 12. 2 6 10, 1465 ern-'. 
'H NMR (300.1 MHzlCDC13): 6 1.27 (t, J = 7.2 Hz, 3W), 1.80 (dd, J = 

5.1 and 8.7 Hz, IH), 2.38 (dd, J = 5.1 and 8.1 Hz, lH) ,  2.64 (dd, J = 8.1 'e" and &.7 Hz, lH),  3.24 (s, 3H), 4.20 (q, J = 7.2 Hz, ZH), 6.75 (d, J = 8.1 

N H~,IH.Ar).6.94(d.l=1.8H~,lH,Ar).7.40(dd,J=8.1and1.8Hz. 
I 

42b 1 H, Ar). 

"C NMR (75.3 M H d  CDCIj): S 14.13, 21.32. 26.67, 32.15, .33.39. 

61.53, 109.52, 114.85, 121.85, 130.02, 131.02, 142.68, 166.67, 172.75. 

HRMS m/z: Calcd. for C14n14BrN03: 323.0 157; Found: 323.0142. 

Spiro [cyclopmpani+l, 3'-[3H] indole-1 ',2'dihydro-1 '-methyl -2'-0x0-2-nitrile 43a: 

IR (CHzC12): v,, 3086,3027,2236, 1701. 1614,1469 cm". 

$Y 
'H NMR (300.1 MHIICDCI~): 6 B -89 (dd, J = 4.8 and 6.9 Hz, 1M). 2.1 3 

(dd, J =  4.8 and 9.3 Hz, IH), 2.44 (dd, J = 6.9 and 9.3 Hz, IH], 3.30 (s, - 2% 
N 
I 3H),6.97(d,S=7.8 Hz, lH,Ar),7.12-7.42(m,3H,Ar). 

43a I3c NMR (75.3 M W  CDC13): 6 14.78, 21.31, 26.85, 31.70, 108.66, 

116.85, 120.91, 122.89, 124.07, 128.83, 144.10, 172.97. 

HRMS m/z: Calcd. for C12H~UN20: 198.0793; Found: 198.0790. 

Spiro [cyclopropanel, 3'-[3HJ indole-l',2dihydro-l'-rnethyl-2'-oxo-2-nitrile 43b: 

1R (CH2C12): v, 3031,2963,2916,2848,2247,1705, I61 1,1466 cm". 

'H NMR (300.1 MHzlCDC13): 6 1.99 (dd, J = 5 .  E and 9.3 Hz, 1 H), 2.19 

@" (dd, J = 5.1 and 7.2 Hz, IH), 2.35 (dd, J = 7.2 and 9.3 Hz, lH),  3.34 (s, - wAO 3H), 6.79 Id, J = 7.1 Hz, lH, Ar), 6.96 (d, 3 = 7.1 Hz, I H. Ar), 7.07 (t, I 
I 

43b =7.8 Hz, lM),7.35 (t,J=7.8 Hz, lH, Ar). 
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13c NMR (75.3 MHdCDCI3): 6 15.09, 21.14, 26.90, 31.83, 108.41, 

115.89, 118.84, 122.56, 126.02, 128.87, 144.17, f7t.49. 

HRMS m/z: Calcd. for C12Ht~NIO: 198.0793; Found: ? 98.0795. 

Spire [cyclopmpane-1 , 3'-[3H] indole]-2carboxy lic acid, 1',2'dihydro-1 '-propargyl-2'-0x0-, ethyl ester 
#a: 

IR (CWtCIZ): v,,, 3063.2959.2927,2846, 1728, 1706, I61 1,  1462 cm". 
I H NMR (300.1 MHKDC13): 6 1.2 1 (t. J = 7.1 Hz, 3H). 2.05 (m, lH), 

. .~m + 2.17(m, lH),2.26(t,J=2.4Hz, IH), 2.74(mF1H),4.11 (q,J=7,1Hz,  

2H), 4.57-4.62 ( d ,  J = 2.4 Hz, 2H), 6.75-7.48 (m, 4H,  Ar). 
 HA^ 13c NMR (75.3 MHz / CDCIx): 6 14.83, 21.72, 29.79, 32.76, 33.29, k 

44a 47.92. 61.65, 72.54, 109.83, 119.20, 122.85, 127.94, 128.44, 142.21, 

167.50, 173.13. 

HRMS m/z: Calcd. for C I f,H15N03: 269.1052; Found: 269.1050. 

Spim [cyclopmpanel , 3'-[3H] indole]-2arboxylic acid, 1',2'di hydro-l'-propaqyI-2'-0~0-, ethyl ester 
44b 

IR (CHZC12): v,, 3054,2986,2930, 1740, 17 19, 16 1 2,1467 ern-'. 
'H NMR (300.1 MHz/CDC13): 6 1 -26 (t, J = 7.2 Hz, 3H), 1.82 (dd, J = 

(p 5.1 and 8.7 Hz, IH), 2.24 (t, J = 2.4 Hz, lM), 2.39 (dd, J = 5.1 and 8.1 

Hz, 1H), 2.66 (dd, J =  8.1 and 8.7 Hz, lH),4,19 (q, J = 7 . 2  Hz, 2H3, - N P ~  
c, 4.48-4.68 (d, J = 2.4 Hz, 2H), 6.86 (d, J = 7.2 Hz, lH, As), 7.05-7.34 (m, 

44b 3H. Ar). 

CMR (75.3 MHd CDCl]): 6 14.32. 21.52. 29.70, 32.42, 33.68, 

47.97, 61.62, 72.48, 109.37, 118.79, 122.83, 127.91, 128.95, 141.91. 

167.04, 172.55. 

HRMS mlz: Calcd. for C16H15N03 : 269.1052; Found: 269.1047. 

Spim [cyciopmpane-1, 3'-[3H] indole]-2-carboxylic acid, It,2'dihydro-1'-benzyl -2'4x0-, ethyl ester 
45a: 
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'H NhrPR (300.1 MHzlCDC13): 6 1.25 {t. J = 6.9 Hz, 3H), 2.08 (dd, J = +. 4.2 and 8.4 Hz, lH), 2.18 Idd, J=4.2and7.5  Hz. lH), 2.77 (dd, J z 7 . 5  and 

8.4Hz, lH),4.15(q, J=6.9Hz,  2HS, 5.10(s, 2H), 6.84-7.45 (m,9H,Ar). - 2% 
L, %NMR (75.3 MHz1CDC13): 6 14.3521.27, 32.12,33.15,44.52,61.51, 

45a 109.24, 118.80, 122.73, 122.95, 124.93, 127.55, 127.79, 127.85, 128.40, 

HRMS m/z: Calcd. for Cz&l19NOa: 321.1363; Found: 32 1.1359. 

Spiro [cyclopmpane-1 , 3'-[3H] indole]-2-carboxylic acid, 1',2dihydro-1 '-benzyl -2'-exo-, ethyl ester 
45b: 

TR (CH2C12): v,, 2983,2927, 1735, 1705, 161 3, 1466 cm-'. 
1 H NMR (300.1 MHzfCDC13): F 1.25 (t, J = 7.1 Hz, 3H), 1.85*(dd, J = 

,,,cog, 4 .8and8 .4Hz7  l H ) , 2 . 4 3 { d d , J = 4 . 8 a n d 7 . 8 H z ,  lH) ,2 .68(dd,J=7.8  

@ A A-0 
and 8.4 Hz, 1H), 4.17 (q. J = 7.1 Hz, 2H), 4.89 {d, J = 15.6Hz,lH), 5.04 

N 

[Ph 
Id, J = 15.6 Hz, lH), 6.76-726 (m, 9H, Ar). 

45b 13c NMR (75.3 MHdCDCls): S 14.38, 21.16, 32.44, 33.79,44.25,61.63, 

109.33, 118.39, 122.46, 127.38, 127.51, 127.77, 127.82, 128.93(2C), 

129.14, 136.14, 142.95, 167.23, 173.67. 

HRMS m/z: Calcd. for C20H19N03: 321.1365; Found 321.1363. 

Spiro [cyclopropane-l , 3'-[3H] indole]-2-carboxylic acid, 1',2'dihydm-l'-benrjl-S-bmrno-T-0~0-, ethyl 
ester 46a: 

IR (CH2Ct): v,, 2931,2854, 1727,17E3.1603,1473 cm-'. 

k H (300.1 M H d  CDC13): 6 1.23 (t, J = 6.9 Hz, 3H), 2.10 (dd, J = 

4.5 and 8.7 Hz, 1H), 2.17 (dd, J-4.5 and 7.5 Hz, lH), 2.78 (dd, J =  7.5 

and8.7Hz,iH).4.18(q.J=6.9Hz.2H),4.99(2d,J=I5.6Rz,2H). 

k 2% 6.65 (d, J =  8.4 Hz, IH, Ar), 7.25-7.32 (m, 6H, Ar, Ph), 7.52 (d, J =  2.1 
N 

4 ~ h  Hz, 1 H, Ar). 

46a I3c NMR (75.3 MHlJ CDC13): 6 14.15, 21.48, 31.91, 33.24, 44.35, 

61.57, 110.36, 115.14, 116.63, 125.98, 127.24 (2C), 127.82, 128.87 (2C), 

130.41, 135.29, 142.36, 167.98, 175.01. 

HRMS m/z: Calcd. for ClOH rsBtN03: 399.0470: Found: 399.0466. 
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Spiro [cyclopmpane-I, 3'-[3H] indole]-2carboxytic acid, 1',2'dihydro-l'-benzyl-5'-bmm0-2'~~0-, ethyl 
ester 46b: 

Ill (CH2Cl2): v,, 3060,2988,2925,174t, 1713, 1617,1483 ern-'. 
1 

mn64E1 H NMR (300.1 MHZICDC13): S 1.26 It, J = 7.2 HZ, 3H), 1.86 (dd, 3 = *p - 5.1 and 8.7 Hz, IH), 2.25 (dd, 3 = 5.1 and 8. I Hz, 1HS,2.69 (dd, J = 8.1 

C, and 8.7 Hz, [HI, 4.26 (q, J =  7.2 Hz, ZH), 4.87 Id, J =  15.6 Hz, IH), 5.02 

46b (d, J =  15.6 Hz, lH),  6.62 (d, J =  8.1 Hz, 1H, Ar), 6.95 (d ,  J=2.1 Hz, 

1 H). 7.24-7.33 (rn, 6H, Ar, Ph). 
13 C NMR (75.3 M H d  CDCI?): 6 14.13, 19.81, 32-01, 33.85, 44.09, 

61.56, 110.51, 114.96, 121.93, 127.19 (2C), 127.73, 128.80 (3C), 130.36, 

131.01, 135.39, 166.58, 372.87. 

HRMS m/t: Calcd. for C2&IlsBrNO3 : 399.0470; Found: 399.0464. 

Spiro [cyclopmpane-l ,3'-[3H] indole1',2"-dihydm-I' -benzyl-2'-oxo-2-nitn'la 47a: 

IR (CH2CI2): v,, 3030,2925,2855,2240, 17 17, 1612, 1465 ern-I. 
1 (!pH H NMR (300.1 MHdCDC13): 6 1.94 (dd. J = 5.1 and 6.9 Hz, 1 HI. 2.20 

(dd, J = 5.1 and 9.3 Hz, 1H), 2.52 (dd, J = 6.9 and 9.3 Hz, TH), 4.95 (s, - A 0  
2H3, 6.87 (d, J = 7 . 8  Hz, lH,  Ar), 6.96 (d, J=7.1 Hz, 1H,Ar),7.07 (t,J 

CP, 
47a = 7.8 Hz, 1H3.7.05-7.34 (m, 8H, Ar, Ph). 

'>c NMR (75.3 M H d  CDC13): 1 5 . 0 ,  21.58, 30.91, 44.50, 108.67, 

116.84, 121.IX), 322.92, 124.08, 127.34 (2C), 127.88, 128,76, 128.89 

(2C), P 35-32, 243.27, 173. t 6. 

HRMS m/z: Calcd. for C 1 8 H I ~ N 2 0 :  274.1 106: Found: 274.1 103. 

Spira [cyclopropane I,?-[3H] indole-1',2'dihydro-3' -benzyl-2'-oxo-Z-nitrite 47b: 

IR (CM2C1?): v,, 3032,2928.2252.1719,1618,1467 cm-I. 
."CH 

(7-p 
'H NMR (300.1 MHzlCDC13): S 2.03 (dd, J = 4.8 and 9.0 Hz, lH), 2.25 

H."iO (dd, J=4.8and7.5 Hz, tH), 2.35 (dd, J=7.5and9.0Hz, lH),4.95-5.08 
'P~I (Zd, J =  15.6 Hz, 2W), 6.81-7.33 (m, 9H, Ar, Ph). 

47b NMR (75.3 MHz/ CDCI3): 15.35, 21.35, 31.84, 4448, 109.74, 

115.82, 118.93, 122.58, 126.02, 127.55, 127.83 (2C), 128.73, 128.86 
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( 2 0 ,  135.58, 143.18, 171.62. 

HRMS d z :  Calcd. for C I RH t4N?O: 274.1 106; Found: 274.1098. 

Spiro [cyclopropanel ,3'-[3M] indole-1 ',2'dihydro-1' -benzyldl-bromo -2'4x0-2-nittile 481: 

1R (CH:C12): v,, 2975,2852,2249, 172 1, 16 13, I479 ern-'. 
t H NMR (300.1 MHdCDCT3): 6 1.94 (dd, J = 5.1 and 7.2 Hz, 1 H), 2.2 1 

nQ+ 
(dd. J =  5.1 and 9.3 Hz, IH) ,  2.55 (dd, J = 7.2 and9.3 Hz, lH), 4.98 (s, 

- 2H), 6.72 (d, J = 8.1 Hz, 114, Ar), 7.27-7.40 (m. 7H, Ar, Ph). 
M'-O 

P, 
I3c NMR (75.3 MHz /CDCI31: 6 14.18. 21.01, 44.59, 31.56, 109.67, 

48a 122.92, 124.23, 127.26, 127.48, 127.87, 128.75, 128.89, 128.99, 131.68, 

134.85, 135.44, 142.3, 172.60. 

HRMS m/z: Calcd. for C lnHI 3BrN2Q: 352.02 1 I ;  Found: 352.0203. 

Spiro [cyclopropane-l,3'-[3HJ indote-3',2'dihydr0-1'-benzyl-5'-bromo-2~~~0-2-nitlile 4Sb: 

IR (CHzC12): v,,, 2926,2853.2246, 17 14, 16 14, 1480 cm-I. 

'H NMR (300.1 MH2/CDC13): S 2.03 (dd, J = 5.1 and 9.3 Hz, l H), 2.29 
.'ICN Brp (dd, J = 5.1 and 7.5 Hz, lH). 2.37 (dd, 3 = 7.5 and 9.3 Hz, IH), 4.93-5.07 

Q (2d,J=15.6Hz,ZH),6.70(d,J=8.4,1H.Ar).6.94(s,lH,Ar),7.26- 

iph 7.34(m.6H,Ar7Ph). 

48b 13c NMR (75.3 MHdCDC13): 6 15.34, 21.54, 31.63, 44.58, 111.05, 

121.23, 121.63, 125.22, 127.26, 127.47, 128.01, 128.11, 128.95, 131.52, 

131.67, 135.83, 142.16. 172.03. 

HRMS m/z: CaIcd. far C!8HIfBrN20: 352.021 1 ;  Found: 352.0193. 
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Activation of the NC-H bond of MBH adducts of N- 
substituted isatin with CAN/ROH 

This part o l ' ~ ~ , r k  has hccrl l,~~hlisfirrl in the fol lo\~ing . lcr~~rnuls 
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Activation of the K - H  bond of MBH adducts of N- 
substituted isatin with CAM JROH 

3.1. An account on activation of C-H bands 

3-1.1. Introduction 

hlkanr\ .ut. h) 1.31 ilic i z i r ~ ~ t  i~ht~nrl,it~t 2nd I ~ C  lca\l r4c,icti\e t~ lenthcr~ 0 1  the I1ydn)carhon 

famil>. Co~~wclilerirl j . the \clc.cblit c. c..u,i&t IC. ;ict i t  :it i t w  ancl t '~~trct io~lnl i~, l t inn I I ~ '  cartlon- 

hydrosen ,III~I c.u~-bt~~i-c,irl~u[l holid., 01 uIL;tnc\. ,111d of ~11\;~~liv:i1~'d ;13ky1 Sroul>\ In gcncr,il. t o  

1 7  form it\etul ft~nctir~n.iI ulAg;inic.\ ~~onwtr l rck  rr Ht)E> Cil-;ul in chcni~\ll->. 01' pa~.tic.ular 

irnpurtancr i iEC ot id;tlio:~b. ,111~~ khc II~:!J(H-~Q oI' Ihc c~~n~~~cr.cEall ! ,  irnporrant ~ ) l + ~ i I l i i C  

chcrnicalh iulcot~olc. ,iltlt.hj clt.\, hc~c~i~ch.  acid\) c;ui. In princ.iplc. hc dcni ctl horn all;r~~r\  

throu9h onc or. IIIC)I.O oxi~i;ltEi I' ~III~C.~IORI;~~SZ;~~ ion 

Thc 1,rc.h of rtacti i  1 1  0 1  ;ilkar~r\ larwl of unacti~u[cd ;11hyl n,rc>up, \tc111\ Srtr!i\ Zl'tcir 

U~I I~ I~~IJ  high bond t.lic.~*gir~ t C- t l bol~r l  erlcrg! clt rnerhane 104 kc.el/i~iol~. iuirl nlo\r 

~act~on\  in\ oli ing rlw homcl l~ \ i \  of n C'-l I hroncl occ-llr at Ir~irl! Iiigh Icinpcl*iiturt\ nr ilr~clcr 

photnlyiu cr~nditic~n\. !b!~;lr~l-ccncr. I ~ L '  \elccti\ i t? i n  thcxc rrat.tic>n\ I\ u\u;illy Ion l~ccirusr 

the rub\cc!ur.ii~ 1.c:ic.tionc of rlic intcrn1cdi:tte proilucz\. ul1ic.h r e r ~ ~ l  rt ,  he i iwrc r r ' i~c t i~c '  tlilirl 

Ihe allianc ihrli: I;\ i l l$ mc!liiinc ;i\ all c \ :~~~ ip Ic ,  its hc~mol!tic C-H l3nnd t!ncl-F) i+ I0 

kcalimtrl higher rh;w {!lit! in  n~crhano! . Thcrelb1.c. unlc\\  incthannl c&in he renlovcd or 

ptrctcri a\ wt$n ac i t  i\ fol-rlicd. an> oxid:it~or~ proocdure t h ~ t  I I IVOIL~~ hydr~)gcri :1tu111 

ab.srr;lcticln fro111 111e \iih.;ir.arc u.t>ulc! norii~~illy c;ili\c l-,ip~d ~ L L ' I -  oxid;rlicvi nl'~iir.thdnol. 

Apart i'i.0111 ~ l ~ c  ~ c l s c . r ~ ~ i l ~  wit71 I~C'\PE~L'I to  1 1 1 ~  clcgrce ol' oxlcl~tic~n. ,i ~ c ~ o n t l  'relcctiiit) 

issue ariw\  for C': ;md highcl- ~lk,inl=\: thu \ c lec .~ i~  it! w ill1 rc\pcct lo thu p:~rt~c. i i l~~r C-H bund 

ht ih  !u~~clir,~iali/scl. Since the homol)tic bond enc.t4gie\ dccrc:~\e i ~ t  the (11-clcl-: pl in~,it.y C-H 

> iecoridu~ v ('-1-1 > tc'r t i Lz t  1 C-H honcis. l.adic,il p s t h ~  ~nvo l  L irlg C'-I l bond hor-titdy\ih 

a l m o 4 r  ~ I u ~ t )  41ow :I III;II hcd /-~rclel-cnce ( o r  ~ l i c  tunctiolluli/dtir.,n ot ~c~+rivrj  C-H bond\. 

Houci cr. I ~ L L I I  y ct~~ri~i lclcl i  t c h c ~ ~ ~ i c ~ i l \  L i ~ - ~  te r~n i r l~~ l l y  I ' i lnc~innal~~ecl. 
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The conversion of a C-H bond to C-OH, while carried out routinely in nature by a 

variety of cnzyrnes'". has not so far found wide application i n  organic synthesis. Much 

effort has been dcvotcd to developing reagents for activation of C-H bonds remote from 

functional groups. This is a challenging goal and the object of continuing interest. 

Hence. the C-H bond activation method is one of the challenging synthetic routes in 

organic synthesis. Acti wation of C-H bonds particularly hy oxidative processes'"" and by 

organometa1lic reagents"-" has been of great interest to organic chemists in recent years. 

The following sections describe major classifications and some of literature known C-H 

bond activation methods. 

3.1.2. Classification of C-H bond activation reactions 

In a broad way. one can cIassify the C-H activation reactions in two categories. 

1. C-H activation reactions by compounds other than metal complex 

2. C-H activation reactions using metals or their oxides. 

In each category a representative examples are given in the fot lowing sections (3.1.3. - 3.1.5.). 

3.1.3. C-H activation by compounds other than metal complexes 

3.1.3.1. C-H activation using Dimethyldioxirane 

Adam and co- workers reported the C-H activation of alkane derivative using 

dimethyldioxirane 1. Thus, the selecrive hydroxylation of (-)-Zphenylbutane by 

dimethyldioxirane 1 furnished (-)-2-phenylbutan-2-01 as shown in Scheme 1." 

Scheme I 

3.1.3.2. C-H activation involving perfluoro-cis-2,3-dial~loxaziridin 

Des Marteau and co-workcrs reported alkane C-H activation involving perfluom-cis- 

2,3-dialkyloxaziridin 2 and alkanes, The reaction provided al kaner functionalized with 

hydmxyl group as shown in Scheme 2.'" 
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R = C4Fnr CsFi3, C3Frr CsHil 

Scheme 2 

3.1.3.3. C-H activation with xenon compound 

The aromatic C-H bond activation with xenon compound was reported by Kats and 

co-workers. Oxygen-containing derivatives of xenon 3 (which may be generated by 

dissolution of Xe03 or XeF2 in water  or aqueous acetonitrile) oxidized benzene to phenol 

(Scheme 3).24 

Scheme 3 

3.1.3.4. C-H activation by photooxygenation 

A report following photooxygenation of alkanes to functionalize as alcohols and 

ketones with heterocyclic N-oxides 4 by Sako and co-workers is shown in Scheme 4.25 

hv (I r355nm) - RR'CHOH + RR'CO 

1 I 

Scheme 4 

3.1.3.5. C-H activation using N-hydroxyphthalimide (NHPI) 

Ishii ei al. developed a catalyhc method for the generation of alkyl radicals from 

saturated hydrocarbons using N-hydroxyphthalimide (NHPI) 5, which serves as the radical 

catalyst. The nitration of cyclohexane with NO2 by NHPI proceeded at 70 "C to give 

nitrocyclohexane (70%) and cyclohexyI nitrite (7%) along with a small amount of an 

oxygenated product, cyclohexanol (5%)  (Scheme 5 ) .  ' 6  
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cat. 

NO2 
70 @, 14h- 
under air 

Scheme 5 

3.1.3.6. C-H activation using PhI(OAc)a , I=, and tBuOH 

Barluenga et al, reported new approaches to selectively produce either iodoalkanes 

or 1-acetoxy-2-iodmyc1oalkanes from readily available hydrocarbons. The products 

iodoalkanes and I-acetoxy-2-iodocycloalkanes arise from single and double formal C-H 

h d  activation reactions, respectively. This unique reaction manifold can be tuned by 

treating alkanes with P ~ I ( O A C ) ~  , iodine (I2), and tert butylalcohol ('BUOH) simply by using 

photochemical or thermal conditions (Scheme 6).27 
I 

P h l ( 0 A ~ ) ~ ,  12 
7 

'BuOH, RT, 40% 

Scheme 6 

3.1,4. C-H activation reactions promoted by metals or their oxides 

Transformations of hydrocarbons which are promoted by solid metals and their 

oxides play a very important role in chemical industry. Heterogeneous metaI-containing 

catalysts are wide1 y employed for oxidation, dehydrogenation, crachng, isomerization, and 

many other processes which are performed on saturated as well as aromatic hydrocarbons. 

Usually such reactions occur only at high temperatures (>200 "C). Metal oxides (CrZQ3, 

Al201, NiO, etc.) catalyze H-D exchange between alkanes and Dl, as well as between 

alkanes and deuterated alkanes. In aIkyl aromatics, the most reactive side-chain hydrogens 

are those in benzylic positions. Other types of heterogeneous metal catalysts which have 

been employed in recent years to activate hydmcarbonr include metal  cluster^,'^ suspended 

metd catalysts,29 metal rnernbrane~,~' and supported metals." Both metals and metal oxides 

catalyze either deep oxidation (to produce carbon dioxide and water) or selective partial 
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oxidation (to afford ntcohols, ketones, and carboxylic acids, as well as "synthesis gas". i.e., 

CO + H1) of h yrlrwarbons with molecular oxygen. In addidon to insertion of an oxygen 

atom into a hydrocarbon molecule, hcrerogeneous metal catal y srs can also promote 

oxidative condensation. or coupling, of methane. 

3.1.5. Transition metal catalyzed coupling reactions under C-H 
activation 

Gemld Dyker published a review article3' in 1999 on transition metal catalyzed 

coupling reactions under C-H activation. H e  listed three kinds of C-K activation by 

bansition metal catalysis as givcn bellow. 

a. Intramolecular C-H activation by a prccoordinnted transition metal 

b. Intramolecular C-H activation through carbon-bound transition metals 

c. C-H Activation without cyclometalation 

To demonstrate the reaction type. representative exampIes are discussed in the 

following section (3.1.5.1 to 3,1.5.3). 

3.1.5.1. Intrnmolecular C-H activation by a precoordinated transition 
metal 

Lewis and Smith have achieved an inilia1 success in 1986 with the double alkylation 

of phenol 6 with ethylene selectively in the ortho positions by using an ortho-metalated 

ruthenium phosphite complex (Scheme 7) ..'> 

6 mot% Ru- complex 

9 mol% KOPh 
8.6 ea. ethene 

Scheme 7 

Kakiuchi rr nl. reported the C-H activation using Ru complex. AccordingIy, the 

reaction of acetophcnone 8 with vinyl si Ianc yielded rcgioselective!y the ortho product 13 

(Scheme s). '~ The precoordination of metal complex with 8 followed by C-H activation 

forming the interrncdiates 9-1 2. 
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TMS 

Scheme 8 

3.1.5.2. Xntramolecdar C-H activation through carbon-bound 
transition metals 

In  this category. Dyker er at, i n  1996 scported a reaction sequence comprising 

oxidative addition and C-H activation of phen y I-substituted bmrnaethene 14 through 

carbon-hound transition metal intern~ediatcs 15 and 16 to form compound 17 (Scheme 9)." 

K2C03, "Bu4NBr 
DMF, 100 T, 3 d. Ph 

A " 

Scheme 9 

3.1.5.3. C-H activation without cyclornetalation 

Numcrous exnniples for transition metal catalyzed C-C coupling with the 

participation OF relatively acidic C-H groups arc well known and intensively uscd. Thc 



bansition metal catalyst can be considered as an arganometaIlic base responsible for the C-H 

activation. Magnus er at. in 1988 reported a coupling reaction catalyzed by Pd. The aIkyne 

derivative 18 with 1,2-dichloroethene t 9 afforded C-C coupled product 20 as represented in 

Scheme I 

18 19 20 

Scheme 10 

In this context. a classic among C-H activation reactions. the Glaser coupling in 

which terminal acetylenes are coupled under copper catalysis and oxidation to give 

butadiynes. In  1962 stansbury et nl. reported an efficient conversion of the butynol 21 to 

I$diyne 22 as depicted in Scheme J 1. " 

1.2 mol % Cu2C12 

pyridlnelMeOH H~ 
21 02, 35 'C, 2.5 h. 22 OH 

Scheme 11 

Kondo er al. in 1990 reported the coupling of aromatic aldehyde 23 with 

qclohexene 24 to Form 25 using Ru complex as outlined in Scheme 12. " 

1 mol % [Ru~(CO)~Z] - 
CI 8equiv 24,CO CE 

23 24 pressure, ZO[F 'C. 48 h. 25 

Scheme f 2 

3.1.6. Alkane oxidation by platinum complexes in aqueous solution 

In 1983 ShiIov et al. proposed a mechanism for platinum catalyzed alkane oxidation 

consisting of three basic transformations a) activation of the alkane by Pt (11) to generate an 

Ikylplatinum (11) intermediate, b) two-electron oxidation of the alkylplatinum(I1) 

intermediate to generate an alkylplatinum(1V) species. and c) reductive elimination of RX to 

liberate the oxidized alkane and the Pt (11) catalyst (Scheme 13). l9 
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Scheme 13 

3.1.7. C-H oxidation protocol for a-hydroreglation of cyclic steroidal 
ethers 

An efficient C-H oxidation protocol for a-hydroxyladon of cyclic steroidal' ethers 

with the aid of Cr03JBWI04 was reported by Fuchs et nl. in 2004 (Scheme 1 4 ) ~ ~  

BusNlOr ( 3 ~ )  - 
WCNIMC (33)  
-40% 10 min 

AcD 

Scheme 14 

3.1.8. Intramolecular rhodium-catalyzed C-H bonds activation 

Recently, the activation of a-amino C-H bonds in azacycloalkanes by way of 

intramolecular rhodium-cataIyzed amination was reported by Morin et al. (Scheme 1 5 1 . ~ ~  

Scheme 15 



3.2, A brief introduction on Cerium (N) Ammonium Nitrate 
(CAN) reagent 

3.2.1. Introduction 

Ccrium ( IV )  runmunium nit ia~c [CAK) has crncrged as a versatile reagent for a 

nurnher of synthetic transformations. The most exlensivcly used ccrium ( IV )  reagent in 

organic chemistry is ccrium (IV)  arnmonit~rn rlirrnte [CAN ). I'he rcasons for its general 

xceptanct: as a one-electron oxidant may 'bc attrihurcd due tcj thc following advantages. 

k Large reduction potcntiaf value of + 1.6 1 V 

k Cheap and rcady nvai t rtbi li ty 

+ Low toxicity 

> Easy handling 

> Experimental silnplicity 

; Soluhi lity in a nu~ntKlr of organic solvents. 

CAN has provcd to he very useful to synrhetic organic chcrnists for over four 

decades. The enormous growth in the ure of this reagenf is evidenced by the publicatinn of n 

l q c  number of research papers and several rtvjews concerning CAN-mediated reactions. '' " 
Due to its widc application in organic synthssil;. onc can broadly classify the types of 

reactions and iipplications under the folluwing carezosits. 

Reaction involving carbon-carbon bond-format ion 

l!itram~hc~uIztr reactions 

Carbon-hcrzroatoms bond fc~rmation 

Reactions involvinz CAN as a cstal yric oxidi~n! 

Prtrtection-depratec~ion reactions 

In tach category. selected examples are discussed in the following sections. 

3.2.2, Reaction involving carbon-carbon bond-formation 

In 1987, Bzlciocchi er (11. reported thc synthesis uf I ,4-diunrbonyl compound 28 by 

thc ccric an~monium nitrate pmmotcd reaction of kerone 26 wirh vinyl acerate 27 

(Schcmt l61.I" 
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Scheme 16 

Later, the same group reportcd the synthesis of 3-acyl and 3-carboalkoxyfuran 31 by 

the cetic amrnoni~~m nitrate pmmoted addition o f  1.3-dicarbonyl compound 29 to vinylic 

acetate 30 (Scheme 1 7).54 

Scheme 17 

In 1995, Nair er ol. reported a facile synthesis of dihydrofuran 34 by the cerium (IV) 

ammonium nitrate mediated oxidative addition of 1.3-dicarbonyl compound 32 to cycIic and 

acyclic alkene 33. The reaction afforded the corresponding dihydrofuran derivative in nearly 

quantitative yield [Schcmc 1 8 1 . ~ ~  

32 33 34 

Scheme 18 

Further an analogous addition of 2- hydtox y- 1.4-naphthoquinone 35 to 

cyclopenladiene 36, promoted by CAN to form the corrcspondi ng furanonaphthoquinone 

derivatives 37 and 38 was reported (Schcmc 19).56 

Scheme 19 
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Reports by Nair et nl, in 1995 and 1997 showed that rhe use of sryrenc and dinlcthy l 

matonate in CAN rncdiated C-C bond forming reactions. Thc addition of dimethyl rnalonatc 

40 to styrene 39 occurred via a mechanistically interesting reaction. resulting in the 

formation of the ketone 41 and the lactone 42 as the major products along with srnallct 

amounts of 43 and 44 (Scheme 2 0 ) ~ ~ ~ ~ ~ '  

Scheme 20 

3.2.3. IntramoIecular reactions 

Snider et c ~ l .  in 1990 reported the oxidative cyclisation of  unsaturated silyl enul 

ethers 45 by CAN affording tricyclic ketones 46 and 47 in high yields and excellent 

diastereocontrol (Scheme 2 1 ).59 

Scheme 21 

Uurand et al, in 1999 reported that the radical generated by oxidation of the aci-nitro 

anion formed from 48 underwent intramolecular cyclization, leading to stereoselective 

formation of 3,4-functionalized tetrahydrofuran derivatives 49 and 50 (Scheme 22).6?he 

high stereoselectivities observed in this reaction are indicative of the 5-exo-trig-radical 

cyclization rather than an intramolecular [3+2] cycloadditian. 
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01) CAN, THF, -78 4: phtv" 

49 

Scheme 22 

3.2.4. Reactions involving carbon-heteroatam bond formation 

3.2.4.1. Carbon-nitrogen bond formation 

Nair et al. in 2000 repofled that the carbon-njtrogcn bond formation of styrene 39 

with sodium azide and CAN. The a7.idomethyI ether 52 was formed as the major product 

dong with $mall amounts of the mido nitrate and azido ketone, and in oxygen atmosphere, 

azido ketone 53 was formed exclusively as shown in Schernc 2Xh' 

X 

i&M: &L 

0" 51 
1 %  52 x=om (-1 

x = ON& (28%) 

39 
(i) NaN3, CAN, MeOH, Ar, 0 sC 

85% (it) NaN3, CAN, MeOH. %r 0 CIC 

53 

Scheme 23 

Nitration of cyclohexene 24 under different conditions using CAN is illustrated in 

Schernc 24. Bnguet et nl. in 1974 reported the oxidation of cyclohexene 24 by CAN in 

anhydrous DMSO led to formation of cyclohexene-3-nitrate 56, whereas in acetonitrile N- 

(cyclohexene-2-yl) acetarnide 57 was f ~ r m e d . ~ '  Later. Hwu ei 01. reported that aIkenes could 

be nitmted with excess sodium   it rite in the presence of CAN and acetic acid i n  

chloroform.h3 Thcy also showed that the same reagent combination can be used for the 

nitration of ally lsilanes by sonicatjon." Simultaneous nitration and acetamidation was 

achieved in acetonitrile using CAN and sodium nitrite.6" 
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ONO, 
I 

0- CAN, OMSO 

3 h, 40% 

!56 

T NaNR, CAN 
AcOH, CHCI, 

CAN, C h C N  

24, 

C CAN, CH3EN 
8h50% 

NHCOCH, 
I 

Scheme 24 

Smith et al. in 1998 attempted nitro acetamidation of cyclopentene carboxaldehyde 

58 in acetonitrile using CAN and sodium nitrite. They observed the formation of the 

unexpected dinitrooxime 59 instead acetamidation (Scheme 25$.h6 

NOH 

MeCN, RT. 2% 

Scheme 25 

CAN-mediated nitradon of naphthalene 60 in the prescnce of catalytic amounts of 

sulfuric acid and terr-butylamrnonium nitrate in methanol afforded I-nitro-4- 

methoxynaphthaIene 61 as the major product. The suggested mechanism for this reaction 

involves addition of the nitrite radical to naphthalene and oxidation of the resulting radical 

tocation followed by quenching with methanol (Scheme 2 6 1 . ~ ~  

Scheme 26 
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6-Nitrocnumarin 64 was reported tu be the sole product funned by nitration of 

cournarin ti3 using one equivalent CAN in acetic acid. The minor dinitro derivative 65 was 

also obtained in the reaction with the presence of activating groups such as hydroxyl or 

methoxy on the phenyl ring (Scheme 27)."8 

Scheme 27 

3.2.4.2. Carbon-sulfur bond formation 

Thiocyrrnation u l  arenes and olefins constitutes an important method for introducing 

sulfur functianali t y. Reaction of styrene 39 with ammonium lhiocyanate and CAN afforded 

different products depending on the solvent employed. When the reaction was carried out in 

acetonitrile at ice bath temperature, dithiocyanate 66 was formed i n  excellent yield, 69 

whereas in methanol. in an atmosphere saturated with oxygen, phcnacyl thiocyanate 67 was 

the predominant product (Scheme 28). '" 
SCN 

66a R = H (95%) 
66b R = Me (75%) 
66c R - OMe (65%) 

a 
39 67a R = H (95%) 

6 7 ~  R = NO, (57~0) 

( I )  NH,SCN, CAN, WCN, 0 'C, 15 mln 
(li)  NH,SCN, CAN, MeOH, 4, RT, 30 mln 

Scheme 28 

The same combination of reagents mentioned in the previous case effected the 

thi~yanation of indoles 68 in excellent conversion to yield compounds 69a and 69b 

(Scheme 29).7' 
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NH4scN = 
N R2 
1 CAN, MeOH N R2 

Rl 
R f ,  15 rnin 1 

R1 

68 69a R =R2 = H (1 00%) 
69b R,=Me; R2 = H (99%) 

Scheme 29 

3.2,4.3. Carbon-selenium bond formation 

In complete1 y deox ygenated atmosphere, the diselenocyanate 71 (a-c) was formed 

exclusively, whereas under oxygenated conditions, phenacyl selenocyanate 72(a-c) was 

formed as 

30).72-73 

the sole product from the CAN mediated seienocyanation of styrene (Scheme 

(i) INH,SeCN, CAN. MeOH, Argon. O S: 
(ii) NH4SeCN, CAM, WOH, O,, 45 mln 

Scheme 30 

3.2.4,4. Carbon-halogen bond formation 

Horiuch et a[. i n  1994 reported that the reaction of a,P-unsaturated ketones and ester 

73 with iodine and CAN in methanol. ethanol, or isopropyl alcohol. under reflux conditions 

afforded the corresponding Palkoxy a-iodo-ketones and esters 74 in very good yieIds 

(Scheme 3 1).74 

- 
73 1 74 

Scheme 31 
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Nair et nl. in ZOO 1 reported that the alkenes can be cunverted lo thc dibromides uking 

potassium bromide and C A N  in a two-phase system of water and dichlnromethanc. W hcn 

h solvent used was mcthancrl, acetonitrile, or xeric acid, phenaoyl bromide 76 and nitrato 

bromide 77 were formed (Schcrne x?)." 

Er 

(1) CAN, KBr, DCM:&O, RT, 30 min 
(ii) CAN, LiBr, MeCN. RT, Ar, 2 h 

Scheme 32 

3.2.5. Reactions involving CAN as a catalytic oxidant 

3,2.5.1. Oxidative transformations of epoxides 

Irwpoor rt ol, in 1995 repcrrted that the epoxides were converted to Ihc 

corresponding pnitrato alcohols 79 by the treatment mith catalytic amounls of CAN in the  

presence of excess nitrate ions, present as ammonium or tetra-n-hutyl ammoniurn call 

(Scheme 3 3 1 . ~ ~  

CAN (0.2 eq) 

NH,Noo aq cH,cN U " " O 2  
RT, 15 min., 80% 79 "'0 H 

78 

Scheme 33 

Ring opening of terminal epo~ides  and terminal aziridincs to the corrcspondirig a- 

hydroxy or a-amino ketoncs 81 and 83 was effected using CAN and NBS (Scheme 34). The 

reaction is probably initiated by hydrolysis of the substrate by CAN followed by oxidation 

with NBS to give the corresponding keto products.77 
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Scheme 34 

3.2.5.2. Electrophilic substitution reactions of indoles 

CAN mediated electrophilic substitution reactions of indole under different 

conditions are summarized in Scheme 35. Michael addition of indole to a.&unsaturated 

ketones under ultrasonic irradiation afforded the corresponding adduct 85 in excellent 

yield.'" 

Scheme 35 

1,2-addition products of indole 84 were reported by reaction of indole with a$-unsaturated 

ketones or aldehydes in the presence of 0.3 equiv of  CAN.^' CAN catalyzed reaction of 

isatin with indole under sonic wwes  lead to formation of symmetrical 3,3-(indo1yF)indalin- 

2-one ~ 8 . ~ ' "  



3.2.6. Protection-depxotection reactions 

3.2.6.1. Deprotection of carbonyls and amines 

In 1972, Ho er al. showed that dithioacelals such as 89 and 91 can be unmasked to 

the parent carhonyl compounds 90 and 92 respectively by employing CAN in aqveous 

acelonitrile (Scheme 36). '' 

AcO 

CAN, aq. CH3CN - 
RT, 3 min, 86% R 

J 0 
91 92 

Scheme 36 

Treatment of tertiary amines such as 93 with one or more N-benzyl protecting groups 

with aqueous CAN resulted in clean debenzylation to afford the corresponding secondary 

amines 94 (Scheme 37).X2. '" 
CAN (2.1 eq) 

P~ANJ- P ~ ~ N H  
(pr1CN-H20 (5:T) 

93 
I g4 Ph 

= Ph - - 
CAN (2.t eq) 

p h N  - PhAyH 0 
uOtigCN-H~O (5:l) 

95 96 

Scheme 37 

3.2.6.2. Protection reactions 

In contrast to the deptotection sequences, there are only few reports on the protection 

sequences mediated by CAN. Lranpoor has shown that catalytic amounts of CAN would 

effect the conversion of allylic alcohol 97 into its corresponding ether 98 in r-butanol 
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(Scheme 381.'~ The wide spectrum of the reactivity of CAN was exemplified by its use in 

acetalization reactions as well. Acetonation of carbohydrate 99 using 2,2-dimethoxypropane 

look place in the presence of CAN in  anhyd. DMF as solvent (Scheme 3 8 1 . ~ ~  

I& H 
97 98 

HO RT, 1 h, 89% 

99 OH OH 
100 

Scheme 38 

3.2.7. Miscellaneous transformations 

3.2.7.1. Fragmentation reactions 

CAN-mediated cleavage of [2.2] paracyclophane 101 resulted in generation of a 

double benzylic radical cation which is trapped by various nucleophjles to generate products 

such as 102 (Scheme 39) .86 

CAN, CHBCN, 21% - 
NHCOCH, 

I a1 102 

Scheme 39 

It was found that treatment of cyclobutane 103 with CAN in dry methanol under 

oxygen atmosphere led to the formation of 1,4-bis(4-(benzy1oxy)pheny 1)-4-methoxybutan- 

1-one 104 (Scheme 4 0 ) ~ ~ ~  

- 
dry C W H ,  0 2  
RT, 2 h, 73% 

103 104 

Scheme 40 
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3.2.7.2. Alkoxylation reactions 

Cephalosporjns 105 have been repurted to react with CAN in methanol under mild 

conditions to givc corresponding 2-rnethoxy derivative 106 as a major product.g8 

Mechanistically. a si ngle-electron transfer from sulfur to Ce(1V) reagent initiates the 

reaction forming radical cation A. The radical cation A subsequently loses a proton and an 

electron to form B. The intermediate B then finally quenches with alcohol LO form 106 

(Scheme 4 1 ). - 
THF, 3.5 h, 51% 

) 106 

Scheme 41 

3.2.7.3. Side-chain oxidations 

Lightner er ul. in 1995 reported oxidation of pyrrole a-methyl derivative 107 to their 

corresponding formyl derivative TO8 with CAN (Scheme 42).89 

CAN - 
RO2C N CH3 THFIAcQHMzO RO,C 

H (I :I .2:1) H 
1 07 RT, I h 108 

Scheme 42 
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3.3. Pxesent Work 

3.3.1. Introduction 

The C-H bond activation method is one of the most challenging reactions in organic 

synthesis. Activation of C-H bonds particularly by oxidative processes and by 

organornetall ic reagents has been of great interest to organic chemists in recent years. 

Cerium ( IV)  ammonium nitrate (CAN) has cmcrged as a versatile reagent for a number of 

synthetic uansformations. 

33.2. Objective of the present work 

Literature reports on C-H activation shows i t s  wide range of significance in organic 

synthesis. Because of the reactivity of C-H bond of aikyl group is less and functionalisation 

of alkyl group is thc most important, chemists ate interested to discover new routes for C-H 

activations and aIkyl group functionalisaltion under mild reaction conditions. I n  this aspect, 

we have discovered a novel C-H activation method to apply for the system of MBH adducts 

derived from various N-alkyl isatins using ROH/CAN as a reagent. The method delivers 

NC-H bond activation of MBH adducts of N-alkyl Isatins. The details of the method and 

study an NC-H activation are elaborately dealt in this chapter. 

3.3.3. Results and Discussion 

3.3.3.1. Reaction optimization and choice of MBH adducts of Isatin for 
hlC-H activation 

The NC-H activation studies were initiated using the MRH adduct of N-methylisatin 

f(19 as a model substrate. The preliminary study and tcsulrs are shown in Table 1. InitiaIEy, 

adduct 109 was treated wir-h 2 equivalents of CAN and excess methanol (10 mL) to afford 

the NC-H activated ether product 110 in trace amount (5 %) (Table 1, entry 1 $. Repeating 

the reaction with 3 equivalents of CAN and MeOH (SmL) fur I2h afforded 110 in slightly 

improved yield (10 70) (Table 1, entry 2). Fine-tuning of the rcactjon conditions is shown in 

Table I .  Thus. the optimum condition was found as 4 equivalents of CAN and MeOH ( 1.6 

mL, 40 equivalents) and CH3CN (0.5 mL} and at room ternperaturc for 24h to afford the NC- 

H activated product 110 in 66% yield and nitrated product 11 1 in 359'0 yield (Table 1, entry 4). 



fhplcr Ill Acirvntion of t h ~  WC-H bond of MBlJ udducr 

Further te examine the selectivity and structural requirements of N-methyl isatin 

derivatives for NC-H activatiun, we chose different isatin derivatives 109, 112-1 17 as shown 

in Figure I .  

114 11 5 11 6 117 

Figure 1 

Under optimjsed condition, MBH adducts 109, 112 and 113 of N-methyl isatjn 

afforded thc ether products 110, 118 and 120 in 24-66 % yields and the nitrated compound 

111,119 and 121 in trace-30 % yields, respectively (Table 2, entries 1-3). Interestingly, the 

simple N-methyl isatin 114 yielded only the nitrated product 122 in 15 % yields. Other N- 

methylisatin derivatives such as the bromo- derived adduct 115, oxirne derivative of N- 

methyl isatin 116 and N-methyl-3-spirocyclopropyI-2-indolone 117 did not yield any NC-H 

activated ether product or nitrated product. The results of the preliminary investigation are 

summarized in Table 2. Hence, thc study showed that the MBH adduct of N-methyl isatin 

was the most suitable substrate for NC-H activation reaction. 
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Table 2 

Excellent preliminary results on NC-H activation of MBH adduct of N-methyl isatin 

prompted us to investigate a systematic activation study of various N-substituted MBH 

adducts of isatin dcrivatives. Thus, we chose various MBH adducts with different N-alkyl 

substitutions such as methyl, methylene and methine which in principle generate l o ,  2" and 

3" radical cation intermediates during the NC-H activation process thereby providing high I y 

functionalised ether derivatives (Figure 2). 

Figure 2 

3.3.3.2. NC-H activation study of primary methyl radical sources 

in order to investigate the NC-H activation of MBH adduct of N-alkyl isatin via 

primary radical cation intermediates, M 8 H  adducts 109, 111, 112 and 123 were chosen 

(Figure 3) and the detailed studies are discussed as follows. 
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-- 

~1 = H : R ~ = B ~ ; Z = C O ~ M ~  123 

Figure 3 

3,3.3.3. m - H  activation of MBH adducts of N-methyl isatin 109 and 112 

As discussed earlier. dunng clptirnisation study. the MBH adduct 109 with 

CANlMeOH affordcd t he  products 110 (ethcr) and 11 1 (nitrate). The observation prompred 

us to extend the study u%ing adducts 109 and 112 with various ~aturazed and unsaturated 

alcohols (K'OH)/CAN (Scheme 43). 

(PJy- / 
CH3CN, R%H, RT, CAN 24 - - h wz 0 "'"Qyf + / 

Z 

N PE N 
0 

I I 
109 and 112 118, I-24-11 I l l  and 119 

Z = C02CH,. CN 
R~ = CH3, C2H5, propargyl, homopropargyl, ethane-1.2-d~ol, propane-1,2-d~ol. 
benzyl. ~sopropanol, 1-butanol, allynl, cinnamyiol 

The reactions with varjous alcohols swch as ethanol. propatgyl alcohol, 

homopropargyl alcohol, cthane- 1,2-diol. propane- 1 -3-diol. and benzyl alcohol afforded the 

NC-H activated ethers 118, 124-131 along with nitrated products 1 I1 and f 19 in moderate 

yield (Table 3. entries 3-9). No~;~bly,  the reaction of MBH adduct 109 with 2' and 3°-alcohols 

(iso-propanol and t-butanol) did not yield any  NC-EI activated product and only the nitrated 

product 111 was obtained in  good yields (Table 3. entries 10 and I I ) .  However, the 

reactions with ally1 alcohol1CAN and cinnamyl alcohol/CAN did not afford the NC-H 

activated procluct. Only oxidation of alcohol was observed during the course of the reaction 

(Table 3, entries 12 and 13). All the new compounds were characterised by spectroscopic 

(IR, ' H  and ''c NMK) and HKMS data. The result5 arc summarited i n  Table 3. 
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All the ether products ob~ained in the activation study were characterised using 

morden spectroscopic tools such as IR. NMR and mass spectroscopy. For example, the IR 

spectrum of ether derivative 124 showed absorption bands at 3382 cm" for the presence of 

hydroxy group. 17 16 cm-' for carhonyl group, and 1089, 1053 crnm9for the presence of ether 

linkage in the compound. The h HMR spectrum of compound 124 showed all expected 

proton signals in their repective chemical shifts. Thus. a triplet at 6 1.20 with a coupling 

constant J = 6.9Hz for a methyl group, a broad singlet ar 6 2.67 for a -OH group, and a 

multiplet signal at S 3.65 for oxygen attached methylenc and methyl were appeared. The 

methylcne group artachcd with two electronegakive atoms IN and 0) was found as closely 

existing doublets at 65-17 and at 8 5.22 with a geminal a coupling constant J =  11.EHz. The 

two olefin protons were seen as two singlets at 6 6.43 and at 6 6.58. The four aromatic 

protons wcrc appeared as two proton rnuttipfet around 6 7.05-7.13. one proton doublet at 6 

7.20 with coupling constant J = 7.2Hz, and onc proton  ripl let at 6 7.35 with coupling 

constant J = 7.2Hz (Figure 4). 
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Figure 4 'H NMR Spectrum of compound 124 

Further, the I3c NMR spectrum of compound 124 had five carbon signals in the 

aliphatic region between 6 15.10-76.66 for the presence of methine, methylene and methyl 

carbons. The signaIs at 6. 165.24 and 176.97 confirmed the presence of two carbonyl groups 

in the compound (Figure 5). 

Figure 5 '% NMR Specmm of compound 124 

Finally, the mass spectrum (HRMS] showed the molecular ion peak d z  = 291.1088 

and confirmed the structure of ether product 124 unambiguously (Figure 6). 
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Figure 6 HRMS of compound 124 

Similarly, the structural analysis of propargyl ether derivatives 125 was begun with 

confirmation of functional groups such as hydroxyl and carbony1 p u p s  with help of IR 

spectrum. Thus, the hydroxy and carbonyl absorption were found at 3390 crn-I and 1716 cm" 

respectively and the propargyl group showed absorption bands at 33 I 1  cm-' (CGc-H) and 

2210 ern-' (-CEC-). Absorption bands due to the ether tinkage were found at 1087 and 

1064 crn-l. Further, [he structure of compound 125 in which the ether functionality with 

ppargyl alcohol was found clearly in the 'H NMR spectrum (Figure 7). Thus, a triplet 

signal centred at 6 2.48 with a coupling constant J = 2.4Hz showed the presence of terminal. 

diryne proton. The highly deshietded rnethylene protons attached with two electonegative 

atoms (0 and N) were seen as two doublets at 6 5.20 and 6 5.37 with a coupling constant J = 

11.2Hz (geminal coupling). 

Figure 7 'H NMR Spectrum of  compound 125 

103 
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In addition, the 13c NMR spectrum had all the carbon signals accounting dl the 

&mns in the assigned structure. The two carbonyl carbons were found at S 165.34 and 

176.96. Final evidance for the structure of ether product 125 was amived based on the mass 

spectrum (HRMS).Thus, the molecular ion peak d z  = 301.09431 in the mass spectrum 

c0Rfjrmed the structure of compound 125 uaambiguousIy. 

In the same way, the homopropargyl ether derivative 126 showed a11 expected 

absorption bands for the functional gmups in its ER spectrum. Thus, the hydroxy and 

carbony1 stretching absorption were seen at 3406 and 1716 cm" respectively. The 

homopropargyl goup showed absorption bands at 3320 (c=C-H) and 2143 cm" (-tic-). 

Two absorption bands at 1089 and 1050 cm-' were due to ether linkage. The 'H NM R  
C 

C 

spectrum of 126 is shown in Figure 8. The a1 kyne proton appeared as triplet at 6 1.95 with a 

coupling constant J = 2.4Hz. The rnethylene protons attached with two electronegative 

atoms (0 and N)  appeared as two closely appeared doubEecs CAB quartet) at 8 5.20 and 5.28 

with a coupling constant I = 1 1 .?Hz. The olefin hydrogens were resonated as singlet signals 

at 8 6.46 and 6.59. 

Figure 8 'H NMR Specmm of compound I26 

Its I3c NMR spectmm had a11 the expected carbon signals (Figure 9). The down field 

signals at 6 1 65.22 and 1 76.95 were due to the presence of two carbanyl carbons. The mass 

specmum (HWS) showed a peak at rn/z = 3 15.1 101 for compound 126 (Calcd. for 

C17H17NO5 : 3 15.1107) and confirmed the assigned stmcture. 
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Figure 9 ' 3 ~  NMR Spectrum of compound 126 

The reaction of MBH adduct 109 with ethane- 1,2-diol and propane- l,3-diol afforded 

corresponding alcoholic ethers 127 and 128. The ether compound 128 showed the IR 

absorption bands at 3418 and 17 16 cm" for the presence of hydroxyI and carbony1 groups 

respectively and bands at 1086 and 1055 cm" were due to the ether linkage. The 'H NMR 

spectmm of cumpound 128 displayed a quintet signal at 6 1.73 with a coupling constant J = 

7.2% due to shielded methylene group. A broad singlet at 6 3.1 1 was apparent due to two 

hydmxyl protons. Two methylene goups attached with oxygen and a methyl group attached 

with nitrogen were mergcd and appeared as a multiplct at 6 3.48-3.80. The characteristic 

methy lene prorons artached with nitrogen and oxygen atoms were appeared as two doublet 

signals (AB quartet) at 6 5.14 and 5.2 1 with a coupling constant J = 11.4Hz (Figure 10). 

Figure 10 h HMR Spectrum of compound 128 
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The I3c NMR of compound 128 was very neet and clear. In the aliphatic region 

b e e n  S 32.61-76.3s had six signals due to rnetbine. methylene and methyl carbons. The 

olefin and aromatic carbon signals were scattered in between the chemical shifts range of 6 

110.14-143.1 1. The signals at 6 165.44 and 6 377.23 confirmed the presence of two 

cwbonyl carbons (Figure 1 I), The final proof for the structure of product 128 was obtained 

from the mass spectrum (HRMS) by the appearance of mass peak at mlz  = 321 .I205 

Figure I1 ' 3~ NMR Spectrum of compound 128 
4 

The IR spectrum of nitrile bearing propargyl derivative 131 show4 absorption for 

the presence of hydroxy, nitrile, and carbony1 groups at 3390, 2305, and 1733 cm-' 

respectively. The propargyl group showed absorption bands (c;c-H, 4 5 6 7  at 3312 and 

2179 cm-'. Its 'H NMR was very clear. The alkyne proton appeared as a triplet at 8 2.48 

with a coupling constant J = 2.4Hz. A doublet signal at 8 4.2 1 with a coupling constant J = 

2'4th was representative for methylene protons of the propargyl part. The closely separated 

two doublets at 6 5.24 and 5.36 with a coupling constant J = 11.1 Hz were characteristic for 

methylene protons attached with nitrogen and oxygen atoms (Figure 12). 

The ' 3 ~  NMR spectrum of compound 131 reflected the presence of total number of 

carbon of the compound. A carbon signal at 6 174.89 was found due to the presenence of a 

carbonyl carbon in the compound (Figure 13). 

Final structural proof for the ether product 131 was obtained from mass specbum. 

Thus, in the mass spectrum (HRMS) a peak at rnlz = 258.0992 appeared in consistent with 

theoritical mass. 
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Figure 12 '1-1 NMR Spectrum of compound 131 

Figure 13 ''c NMR Spectrum of compound 131 

3.3.3.4. Effect of aryl ring substitution on BE-I3 activation af MBH 
adducts 123 and 1 1 1 (Primary radical sources] 

In order to circumvent nitration and to check effect of substitution at aryl ring, we 

examined thc activation study with MBH adduct 123 with CAN and alcohols such as 

methanol, ethanol, hemopropargyl alcohol. and t-hutanol. The reactions underwent smoothly 

in enhanced rate ( 1  3 - 2  hrs) and afforded thc NC-H activated compounds 132-135 in good 

yields (Tahlc 4, entries 1-4). Invcstigntic~n on effect of substitution and to understand the 

reactivity pattern of adduct duc to clectron withdrawins substitution. the reactions with 5- 
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nitro substituted adduct 111 i n  methanol and ethanol were tested (Table 4, entries 5 and 6) .  

No NC-H activation was found even after allowing the reaction for longer period of time (48 

h) and excess of CAN (6 equivalents) reagent. Only starting material was recovered 

quantitatively, in these cases. 

R~ =Br; R~ = Me 132 

R~ = Br; R ~ =  Et 133 
R' 41: = W~C- 134 

R' = ~ r ;  R~ = 'EU 135 

The IR spectrum of ether 132 had absorption bands due to all the expected functional1 

groups. Thus, the hydroxyl abwrption band at 3376 cm-I and a carbonyl absorption band at 

1710 cm-' were found. The 'H NMK spectrum of compound 132 showed the NC-H 

activation of adducz 123 with methanol due the presence of two -0Me singlets at 6 3.40 and 

6 3.65 and two doublets at 6 5.09 and 6 5.16 with a coupling constant J = 11.OHz for 

methylene protons attached with nitrogen and oxygen atoms. The bromo substitution in the 

aromatic ring of the compound 132 was reflected in the chemical sfufts and coupling nature 

of three aromatic signals. An ortho coupled doublet at 6 6.97 and a meta coupled doublet at 

S 7.30 were seen with coupling constants J = 8.3 and 1.8H2, respectively. A doublet of 

doublet signal appeared at 6 7.46 with coupling constants 3 = 8.3 and 1.8H7, (Figure 144. The 

I3c NMR spectrum had signals at 8 164.73 and 174.37 due to the presence of two carbonyl 

carbons. A final proof for the structure of the product 132 was arrived from the mass 

spectrum (HRMS) which had a mlz peak at 355.0051 matching with calculated mass 

( C I ~ H U B ~ N O ~ :  355 .fl055). 



Chap~er I11 Aorfvarion of rhe NC-H bond of MBH ndduct 

Figure 14 'H NMR Spectrum of compound 132 

Similarly, the compound 133 obtained from the reaction of adducr 123 and 

ethanoUCAN showed its IR and 'H NMR spectra with relevant signals. Thus, in IR spectrum 

absorption bands at 3379 and 1715 cm-I were seen due to hydroxyl and carbonyl groups 

respectively. The ether linkage in the compound 133 was confirmed due to the presencg of 

absorption bands at 1084 and 1062 cm-'. In h NMR spectrum, a triplet at 6 1.19 with a 

coupling constant J = 7.8Hz confjrmed the methyl part of -0Et group. The characteristic 

rnethylene protons attached with oxygen and nitrogen atoms appeared as intimately 

separated doublets at 6 5.13 and 6 5.19 with coupling constant J = I1.1Hz (Figure 

15). 

Figure 15 'H NMR Spectrum of compound f 33 
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The I3c NMR spectrum identified the presence of two carbonyl carbons in the 

compound 133 at 6 164.74 and 174.29. The remaining carbon signals in aliphatic. olefinic 

itnd aromatic region of the spectrum were consistent with the total number of carbons in 

assigned structure (Figure 1 6) .  

Figure 16 13c NMR Spectrum of compound 133 
t 

The mass spectrum (HRMS) result was final evidence for the stnrchzre of ether 

product 133 as it showed a mlz peak at 369.0201 which correlates calculated mass 

(CtsH16BtNOs: 369.021 2). 

3.3.3.5. NC-EE activation study of secondary methylene radical sources 

To inspect and understand the NC-H activation reaction which proceed through a 

secondary radical intermediate, MBH adducts 136-143 were chosen (Figure 17). The details 

of the study are discussed in the following sections. 

R ' = P h ; R 2 = Q r  141 

R1 = CCH; R2= H 142 

R' = CCH: R2 = 8r 143 

Figure 17 
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33.3.6. Activation study of MBR adducts 136 and 137 of N-ethyl 
isatin derivatives 

Synthesis of MBH adducts 1361137 is depicted In  scheme 44. Accnrdingly. N- 

ethylation of isatin was carried out  with CaH: and ethyl ivdlde in DMF at 60 "C for l h  to 

afford hcethy lisntin i n  98% yield. The N-ethylisatin with methyl acrylate and DABCO in 

methanol Ic>r lou r  days afforded thc desircd MBH adducts 1361137 in 95% yield. The 

structure of the MBH adducts were assigned based on spectrowopic ~ t u d i e s .  

0 98% 0 DABCO, MeOH 

L 4 days, 95% 1 1 3 6 , ~ ~ = H  
ti t37. R ? =  Br 

Scheme 44 

Activation reaction of adduct 136 with CANNeOH in C H K N  for 24 h provided 

only the nirratecl compound 144 in 56Yc yicld and no A'C-H activated product was observed 

(Tahle 4, enrry 1 ). Experimetits with other alcohrrls wch as ethanuI. propargyl alcohol and 

propane-] .3-diol provided only nitrated compound 144 i n  moderate yields and no NC-H 

activated product was observed in all the eves (Table 4, enrncs 2-41, The strucmre of 

nitrated compound 144 waq analyzed hy ~pectrnscopic stud~es. The number nf aromatic 

protonc and chemical shifts were the tool for dctcc~ion of nirration. Accordingly. in the  

aromat~c region. :L doublet at 6 6.97 due to artho coupling ( J  = 8.6Hx. IH). a meta coupled 

doublct at S 8.03 ( J  = 2.314~) and a doublet of doublet at 6 X 31 ( J  = 8.6 and 2.3Hz) due to 

ortho and mcta couplings of aromatic protoris were appeared. The alkyl and olefin rcgion 

were similar to that ot start111g material 136. Tu dernonstr;~rc and to check effect of electron 

donating substitution at aryl ring on NC-H activation. anolher adduct 137 was %elected. 

Reactions in n~crhnnol and ethanol were carried out (Table 3 ,  entries 5 and 6). To our 

surprise. wc found only a tracc of NC-H activated product forrtlatinn 145, 146 as evidenced 

firm its h NMR of crude reaclion mixture at regular inlcrvals for 48 h. 
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3.3.3.7. Activation study of MBH adduct of Nmethyl/ethyI acetate 
isatin 138 and 139 

Since, the adduct 136 with electron releasing substitution at a to the NC-H bond did 

not yield any C-H activation products, we considered to evaluate electron withdrawing 

substitution at a to the NC-H bond for K - H  activation of MBH adduct such as 138. 

The synthesis of starting materials 1381139 is depicted i n  scheme 45. Accordingly, 

the alkylated isatin derivative was synthesized from isatin by the reaction with CaHz and 

methyl-2-bromoacetate in DMF at 60 "C for l h .  The adduct formation of alkylated isatin 

with methyl acrylalc and DABCO in methanol for 3 days afforded the desired adduct in an 

excellent yield (95%). 

CaH,, DMF, 
CH,=CHC02Me 

DABCO, MeOH 
3 days, 95% I R = Ei. 139 

H &02R 

. Scheme 45 

In contrary to the substrates 136 and 137, activation of adduct 138 with 

CANlmethanol under optimized reaction condition provided NC-H activated product 147 in 

58% yield (Table 4, entry 7).  The presence of -0Me group due to NC-H activation in the 

product 147 was cnnfirrned from its 'H NMR spectnrrn. Thus, the rnethoxy protons were 

observed at 6 3.63 as a singlet and the methine proton was observed as a singlet at 6 5.96 

(Figure 18). 

a 

2 0 
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Figure 18 'H  NMR Spectrum of compound 147 

The reactions with ethanollCAN and propargyl alcohoVCAN were also tested for 

adduct 138 and the respective NC-H activated products 148 and 149 were isolated (Table 4, 

entries 8 and 9) in moderate to good yields. Similarly. reactions of adduct 139 with benzyl 

alcohoVCAN and homopropargyl alcohol/CAN afforded the corresponding NC-H activated 

products 150 and 151, respectively (Table 4, entries 10 and F I ) in moderate ylelds. 

3.3.3-8. Activation study on MBH adduct of hF-be-1 and Nptcpargyl 
derivatives of isatins 140-141 and 142-143 

Having surprise results obtained from addkts  138 and 139, we were interested za 

survey the NC-H activation of high1 y functionalized MBH adducts 140-141 and 142-143 of 

N-knzyl and N-propargyl isatins, respectively. The desired adducts 140-141 and 142-143 

were synthesized using standard procedure described earlier. The adduct 140 with 

CANlmethanoI and CANlethanol under optimized reaction conditions yielded neither NG-H 

activated product nor nitrated derivative and the starting material was recovered 

quantitatively (Table 4, entries 12 and 13). However, the 5-bromo MBH adduct 141 

afforded the desired NC-H activated product 152 in 47% yleld (Table 4, entry 14). 

R' - Me; R2 = Br; R~ = Et 146 R = CQ2Et; R~=H;  R~ = H~C- I 51 

~1 = Co2~=;  ~ 2 =  H; ~3 = M~ 147 R' = Phi R2 = Br, R3 = Me 152 

R' = C02Me; R'= H, R~ = Et 148 R' =CCH, FI2= ~ r ;  R ~ =  MB 153 

R' =C02Me, R ~ =  H, R 3 =  H 2 C e  749 
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In the case of adduct 142, the reaction mixture became complex (TLC) with 

CANJmethanol and CANlethanoI mixture and no NC-H activated and nitrated product was 

obtained (Table 4, entries t 5 and 16). However, adduct 143 provided excellent yield of NC- 

H activated product 153 under optimized reaction conditions in 2 hours (Table 4, entry 17). 

The compound 153 showed all the characteristic signals in its proton W M R  spectrum. Thus, 

the terminal alkyne proton appeared as a doublet at 6 2.61 with a coupling constant J = 

2.1Hz. Two singlets were seen at 6 3.48 and S 3.61 for methoxy protons. A methine proton 

attached with oxygen and nitregen atoms appeared as a doublet at 6 6.12 with a coupling 

constant J = 2.1 Hz (Figure 19 j. The signals at S 1 64.54 and S 175 -30 in NMR spectrum 

appeared due to the presence of two carbonyl carbons. The mass spectrum (HRMS) showed 

molecular ion peak at mlz = 379.0043. 

Figure 19 'H NMR Spectrum of compound 153 

3.3.3.9. NI=-H activation study of tertiary methine radical source 
Activation study on MBH adduct of Nisopropyl Isatin 154 

For a comparative study on hr-alkyl series of isatin derivatives, we chose the MBH 

adduct of N-isopropylisatjn 154 as substrate which i s  believed to precede the NC-H 

activation via a tertiary radical intermediate. The synthesis of adduct 154 i s  depicted in 
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scheme 46. The N-isopropylation of isatjn was carried out using CaHl and isopropyl 

bromide in DMF at 60 "C for I h to afford N-isopropyI isatin in 45% yield. N-isopropylisatin 

with methyl acrylate and DABCO in methanol at room temperature affordcd MBH adduct 

154 in 90% yield. 

DABCO, M&H 

Scheme 46 

The NC-H activation of adduct 154 with CANIMeOH, under optimized cnndit~cm d ~ d  

not yield any NC-H activated product, instead only a moderate yield of nitrated product 155 

was obtained (Table 5, entry I ) .  Sirnilxly, reactions with ethanol. propargyl alcohol and 

propane- 1,3-diot furnished only nitrated compound 155 {Table 5, entries 2-4). The results 

are collected in Table 5. The structure of nitrated compound 155 was confjrmed from its 

proton NMR dab. Thus, the aromatic protons in 155 showed an ortho coupled doublet at 6 

7.10 ( J  = 8.7Hz), a meta coupled doublet at 6 8.03 ( J  = 2.3Hz) and an ortho-meta coupled 

doublet of doublet at 6 8.28 (J = 2.3, 8.7Hz) (Figure 20). The alkyl and oIefin region were 

similar to that of starting material 154. In addition, the "C NMR spectrum showed signals at 

S 164.83 and 176.05 due to two carbonyl carbons. The exact mass value was seen in mass 

spectrum (HRMS) d z  at 320.1 008 which was supportive of final structure. 

Figure 20 'H  NMR Spectrum of compound 155 
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A detailed spectroscopic data is provided in the expcrjmental part given at the end of 

this chaptcr. 

CH&N, RT, 48 h 

Not observed 

3.3.3.10. A plausible mechanism of JK-H activation/nitration 

A plausible mechanism for the formation of the ether products is delineated in 

Scheme 47. In the first step, the MBH adduct A is oxidised by CAN to form a radical 

cationgb9' B. Further oxidation of radical cation B and liberation of H' by CAN produce a 

cation intermediate C, which is quenched by alcohol to afford the NC-H activated ether 

product. 

C 
Scheme 47 

The proposed mechanism is supported from thc results obtained in the studies. It 

should be noted that comparison of MBH adducts 109, 123 and 111, only adduct 123 
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underwent NC-H activation within 1.5-2.0 h whilst adduct 109 took 24 h for NC-H 

xtivation Fur completion and adduct 11 I did not provide any NC-H activation product with 

dear indication of direct involvement of the nitrogen lone pair in the reaction mechanism. 

3.3.3.11. Role of nitrogen lone pair for K - H  bond activation 

The reactivity nature of lMBH adducts 136-143 and 154 towards NC-H activation can 

be explained based on the effect of bulky substitution, which reduces the availability of lone 

pair on nitrogen atom which prevents the first step oxidation and less approach possibility 

by bulky reagent Ce(lV) towards nitrogen in adducts 136, 140, 142 and 154. The 5-bromo 

substitution which increases the electron density on nitrogen is clearly found from the 

reactivity of adducts 137 (trace of NCH activation, 48 h), 141 (47% NC-H activation, 24 h) 

and 143 (8SL70 NC-H activation, 2 h). 

However, quite opposite, the nitro substituent having direct resonance with nitrogen 

lone pair averts the reactivity of the adduct 111. A pictorial representation for substitution 

effect and magnitude of nitrogen lone pair is shown in Figure 20. The nitration mechanism 

of aromatic ring with CAN is well known in the ~j te ra tu re .~~  
- 

Figure 20 

3.3.3.12. Reason for reaction selectivity 

The selectivity reason for NC-H activation towards MBH adducts alone may 

probably be due to the conformation favoured by H-bonding in the adduct structure which 

brings more availability US lone pair on nitrogen atom and avoids resonance with adjacent 

carbonyl group. 
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less 
contormatien favoured non-planarit~ among I possibility I 

by H-bond N-C-0 

Figure 21 

However, the highly planar structure in the compounds 114-117 allows the nitrogen 

lane pair in the resonance with adjacent carbonyl group. Hence, no NC-H activation 

occurred wj th simple isatin derivatives. (Figure 2 1) 

3.3.4. Conclusion 

* A novel study on NC-H activation of various MBH adducts of N-substituted 

isatin with a number of alcohols using CAN as a single electron oxidizing agent 

was carried out. 

Highly functionalised ether derivatives and nitrated products were synthesised. 

* A comparative and reactj vity pattern study on NC-H activation of MBH adducts 

of N-substituted isatin derivatives vis. N-methyl. N-ethyl, N-methyl acetate, N- 

benzyl, N-propargyl and N-isopropyl isatins was camed out, thereby the 

reactions examined substrates with lo, 2" and 3" radical sources. 

* Effect of aryl ring substitution was investigated. 

A plausibIe mechanism of the reaction was proposed and it was rationalized 

based on the results obtained. 

Selectivity reason was explained. 

r All the products were characterised based on spectroscopic studies. 
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3.3.5, Experimental Details I. 

3,3.5.?. General experimental procedure for alkyfation of isatin 

A mixture or isatin ( 1  mmol), alkyl brorniddiodide (1.5 mmol) and calcium 

hydride (3  rnrnol) in DMF war stirred at 60 *C for I hour. Afrer compIetion of the 

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

3N HCI and extracted using ethyl acetate. The organic layer was separated and dried 

(Na2SOd) and concen tnted in ~ ~ u c u o .  The crude product obtained was purified by silica 

gel chromatography using EIDAc: hexane (20: 80) as eluent to afford the desired N- 

alkylisa~in derivatives. 

3.3.5.2. General procedure for the preparation of MBH adducts 

A mixture or N-alkyl isatin ( 1  mmol). methyl acrylate (1.5 mmol), DABCO (0.02 

mmol) in MeOtI ( 5  ml.) was stirred at RT Tor 3-4 days. Afrer completion of the reaction 

(monitored by TLC), the reacdon mixture was diluted with ethyl acetate. The organic 

layer was washed successively with 0.2 N HCI, water and brine. The organic layer was 

separared and dried (Na2S04) and concentrated in vncso. 'Fhe crude producr oblained 

was purified by silica gel column chromatography using EtOAc: hexane (20: 801 as 

eluent to afford the desired MBH adducts of N-alkyl isalin. 

3.3.6. Spectral data of MBH adducts 136,138,142 and 154 

Methyl 2-(l -et hy I-3hydroxy-2-oxoindolin-3-yl) acrylate 736: 

Colourless solid; Mp. = 148- 150 "C; Rr (25% EtOAc-Hexane) 0.48. 

IR (CI-I2CF3: v,, 3341, 1723. 16 15 cm". 

'H NMR (CDCIJTMS, 300.1 MHz): 6 1.32 (1, J = 7.2 Hz, 3H), 2.45 

(bs, IH), 3.62 Is, 7H), 3.74 (q, J = 7.2 Hz, ZH), 6.41 (s, IH). 6.56 (s, 

tH),6 .88(d,I=7.8kFz,  lH),7.05(t,J=6.7Hz, lH),7 .19(d,J=6.4 

k Hz. IH), 7-32 It, J=7.7 Hz, I I I ) .  

136 "C NMR [CDClriTMS, 75.3 MHz): 8 12.42, 52.26. 64.53, 70.55, 

110.39, 123.62, 124.13, 128.03, 129.08, 130.72, 139.24, 143.27, 

1 65.33. 176.47. 

HRMS m/z: Calcd. For Cl4fII5NCS~: 261.101; Found: 261.1000. 
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Methyl 2-(I-methylgne carbmethoxy-3-hydroxy-2-0x0 indolin-3yl)acrylate 138: 

Colourless waxy solid; Rr (25% EtOAc-Hexane) 0.29. 

IR (CH~CII): v,, 3350, E 7 16, I6 15, 1087, 1063 crn". 

'H NMR (CDCIJIMS, 300.1 MHz): F 3.64 ((s, 3H). 3.78 Is, 3H), 4.41 (bs, &- IH), 4.41 (d ,  J = 17.6 Ilz, l H ) ,  4.61 (d, J = 17.6 Hz, IH), 6.44 (s, IH), 6.59 

k c o w  (s, IH), 6.74(d. J = 7 . 8  Hz, IH), 7.06(t, J = 7 . 4  Hz, IH),7.06-T.34(m.2H). 

138 '>c NMR (CKI?TXiMS, 75.3 MHz): 6 41.41, 52.14, 52.70, 76.02, 

108.66, 123.43, 124.12, 128.31, 129.40, 130.25, 138.48, 142.98, 

165.27, 168.26, 176.W. 

HRMS m/z: Calcd. Tor C ~ ~ H I ~ N O ~ :  305.0899; Found 305.0896. " 

Methyl 2-{3-hydroxy-2-oxo-l-(prop-2-ynyl) indolin-3-yl)acrjlate 142: 

Colourless waxy solid; Rf (25% EtOAc-HexaneS0.34. 

IR (CH2Ch): v,, 3425,3309.2 1 3 1 ,  17 18, 16 1 1 cm-' . 

&- 'H NMR (CDCIflMS, 300.1 MHz): 6 2.28 Ct, J = 2.2 Hz, IH), 3.59 

(s, 3HS, 4-07 Is, OH), 4.51-4.58 (m, 2H), 6.44 (s, lH), 6.57(s, lH), 

k 7.04-7.09 Irn, 2H). 7.18 Id, J = 6.48 Hz, 1 H), 7.35 (t, I = 7.6 Hz, 1H). 

142 'k C R  (CDCIJTMS. 75.3 MHz): 6 29.51. 52.1 I. 72.61. 76.07. 76.64. 109.65. 

123.37, 523.94, 128.18, 129.22, 130.20, 138.89, 142.55. 164.96, 175.37. 

HRMS m/z: Calcd. for CI5H] ?Nod: 27 1.0845; Found: 27 1.0841. 

Methyl 2-(3-hydroxy-1 -isopmpyl-2oxoindolin-3-yI)acrylate 154: 

Colourless waxy solid; Rr (25% EtOAc-Hexane) 0.42. 

IR (CH2C12): v,, 3353, 1699. 161 1 cm-I. &- 'H YMR (CN$TMS, 300. I MHz): 6 1-52 (d, J = 8-15 H z v  GI), 3.55 (hs, 

h IH), 3.61 (s, 3H). 4.58 Isept, J=7.0 Hz, ItI).6.42 (s, 1H),6.56(s, 1H),7.02 

154 ( d , d = 7 . 7  H7,2HE.7.17 (d J=6.6Hz,  1H),7.30(tV J=6.8 Hz, 1H). 

I3c NMR (CDCl-mS, 75.3 MHz): S 19.05 (2C). 43.?6,5 1.81,75.85, 109.77, 122.36, 

124.00, 127.64, 124.79 (2C), 139.36, 143.189, 164.84, 176.05. 

HRMS m/z: Calcd. for C1 5H17N04: 275.1 158; Found: 275. I 152. 
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3.3.7. General experimental procedure for NC-H activation: 

A mixture of MBH adduct ( 1  mmol), 4 equiv. of cerium ammonium nitrate (4 

nlmoll and 40 cquiv. of ROH ( 1.6 mL) in CH3CN (0.5 mC) was allowed to  stir at RT for 

2-48 h. The progress of reaction wits monitored by TLC, Aher completion of the 

reaction, the solvent was removed under reduced pressure. The crude reaction mixture 

was extracted with dichlorornethane and washed with water and brine. The organic layer 

was separated and dried (NazS03) and concenlrared in vncuo. The crude mixture was 

purified by silica gel column chrornato_graphy using gradient elution with hexane and 

hcxane and ElOAc lo afford pure functional ized ethers and aromatic nitrated products. 

3.3.8. Spectral data for NC-H activated compounds 

Methyl 2-(3-hydroxy-1 -(methoxy methyl)-2-oxoindolin-3-yi) acrylate 110: 

Waxy solid; Rr ( 2 0 8  EtOAc-Hexane) 0.35. 

&- 'A NMR (CDCIJIMS. 300.1 MHz): 6 2.57 (bs. IH). 3.41 Is, 3H). 3.65 (s, 

3H),5.13 ( d . J =  1 1 . 1  Hz. IHE, 5.17(d, J =  11.1 Hz, lH) ,6 .42(s ,  1Hk6.59 

' m a  (s, IH), 7.06-7.10 Em, 2H),  7.20 ( d ,  J = 7.5 Hz, 1H). 7.32 (t, J = 7.5 HZ, 1H). 

110 13 C NMR (CDCIJWS. 75.3 MHz):  6 52.49. 53.21, 70.56. 76,M, 110.39, 

HRMS mJz: Calcd. for CI JH !?NO7: 277.0950; Found: 277.0947. 

2-(3hydroxy-1 -(methoxymethyf)-2-oxoindolin -3yl)acrjlonitrile 178: 

Waxy solid; Rf (20% EtOAc-Hexane) 0.44. 

IR (CH~CIZ): v,, 3376,2209, 1726, 16 14. 1087 cm". eCN A NMR (CDCIJEMS. 300. I MHz): S 3.36 Is. 3H). 4.07 I s ,  1 H). 5.10 (d, J = 

L D M .  
10.9 Hz, IH), 5.19 ( d ,  J =  10.9 Hz. IH), 6.11 (s, 1H). 6.39 (s, 114). 7.12 (d, J 

11 8 =7.7 Hz, IH), 7.17 (1. J =  8.1 Hz. IH), 7.41 (d. J =  7.5 Hz, 2H). 

"C NMR (CDCI.JRi4S. 75.3 MHz): 6 52.13, 70.72, 76.77, 110.82, 1 15.56, 

HRMS m/z: Calcd. for C~~H,~N:OJ :  244.0848; Found: 244.0836. 
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Methyl 2-(1 -(ethoxymethyl)-3-hydroxy-2-oxoindolin-3yl) acrylate 124: 

Waxy solid; Ri (20% EtOAc-Hexane) 0.43. 

IR (CM~CII): v,,, 3382. 171 6. 1089, 1053 crn-' 
1 H NMR (CDCI3flMS, 300.1 MHz): 6 1.20 (t, J = 6.9 Hz, 3H). 2.67 

( b ~ ,  IN), 3.65 (m, SH),5.17 (d, J =  1 1 . 1  Hz, pH), 5.22 (d, J =  1 1 . 1  

LIE! HZ, IHj, 6.43 (s, lH),  6.58 ( s ,  I H ) ,  3.05-7.13 (m, 2H), 7.20 (d J = 
124 7.2 Hz, lH), 7.35 (!, J =  7.2 Hz, 1H). 

"C NMR [CDCI.$TMS, 75.3 MHz): 6 35.10, 52.26, M.58, 70.56, 76.66, 

110.43, 123.60, 124.09, 128.04. 128.98, 130.63, 139.24, 143.27, 165.24,176.97. 

HRMSmJz: Calcd. for C I S H ~ ~ N O ~ :  291.1 107; Found 291.1088. 

Methyl 2-(3-hydroxy-2-oxo-~prop-2-ynyl oxy)methyl)indolin-3yl)acryIate 125: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.37. 

IR (CH2CI2): v,, 3390,331 1,2210, 1716, 1615, 1087, 1064cm-'. 
I H h M R  (CDCl3mS. 300.1 MHz): S 2.48 (1 1 = 2.4 Hz, IH), 21.67 (bs, lH), 3.63 (s7 

3H).4.28(dJ=2.4%2H),5.20(d.J=11.2Hz,I~,5.37(d.J=11.2Hz,1H),6.48 

(~,lH),6.59(s,1~,7.05-7.20(m,3~,7.35(t.J=7.6Hz,IH). 

125 13 C KMR (CDCldTMS, 75.3 MHl,): S 30.50, 52.31. 56.36, 70.28, 75.56, 78.66, 

110.73, 123.63, 124.17. 128.13, 129.08, 130.56, 139.34, 143.17, 165.34, 176.46, 

HRMS m/z: Calcd. for ClbHI5NO~: 301.0950; Found: 301.094 1. 

Methyl 2-(l-[(but-3ynyloxy)methyl]-3-hydr oxy-2-oxo~ndolin-3-y I) acrylate 126: 

Waxy solid; R~(2070 EEtOAc-Hexane) 0.47. 

IR (CH1C12): v, 3406,3320.2 1 213, 17 16. 1614,1089, 1050 cm-' 
E H NMR (CDCI.WS, 300.1 MHz): 8 1.80 (bs, lH), 1.95 It, S = 2.4 

Hz, lH), 2.46(td, J = 6 . 6 ,  2.4Hz, 2HS. 3.63 Is, 3H), 3.66(t, J = 6 . 6  

c,/J" Hz, ZH), 5.20 (d, 3 = I 1 . I  Hz, lH), 5.28 (d, I = 1 I .1 HG iH), 6.46 (s, 

126 lH) ,  6.59 (s, lH), 7.05-7.20(m, 3H), 7.35 ( t , J =  7.8 Flz, 1H). 

'k NMR (CDCIflMS, 75.3 MHz): 6 19.84, 30.38, 52.31, 16690, 

69.55. 70.64, 81.34, 110.51, 123.73, 124.12, 126.24, 127.89. 130.31, 

239.19. 143.10, 165.22, 176.95. 

HRMS m/z: Calcd. for C ~ ~ H ~ ~ N O T  :315. I 107; Found: 3 15.1 101. 
122 
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Methyl 2 - ( 1 - ( ( 2 - h y d r o x y e t h o x y ) m e t h y 1 ) - 3 r h y d r o x y  127: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.23. 

IR (CH2C12): v,, 3416, 1716, 1614, 1085, 1065 cm-'. 

'H N M R  (CDClJtMS, 300.1 MHL): 6 2.67 (bs, 2H), 3.62 (s, 3H). 

3.69-3.75 (m, 4H), 5.21 (d, J =  1 1 . 1  Hz, IH), 5.28 (d, J =  11.1 Hz, 

127 1H). '"c NMR ( C D C I m S ,  75.3 MHz): S 52.42, 59.75, 66.15, 

70.50, 76.27, 110.13, 123.56, 123.97, 128.35, 129.43, 130.63, 139.04, 

143.21, 165.34. 175.63. 

HRMS m/z: Calcd. for C I ~ H ~ ~ N O ~ :  307.1056; Found: 307.1047. 

Methy 1 2-(1-[(3-hydroxypropoxy)methy I]-3-hydrexy-2-oxoindolin-3-yl) acrytate 128: 

Waxy solid; Rf (20% EtOAc-Hexane) 0.28. 

IR1CHZCZ2): v,,, 3418, 1716, 1613. 1086. 1055crn". 

'H YMH (CUCl$lMS, 300.1 MHz): 6 1.73 (quintet, 1 = 7.2 Hi. 2H), 3.1 1 

(hs,2H), 3.48-3.80{m,7H), 5.14 (d, I =  11.4Hz, 1H),5.21 ( d , J =  11.4H2, 

IH), 6.55 (s, 1H). 6.M) (s, lH), 7.03-7.16 (m, 3H),7.33 (t, J =  7.5 Hz, IH). 

128 I3 C NMR (CDCl,$TMS, 75.3 MHz): S 32.61, 52.41, 59.81, 66.21, 

70.49, 76.35, 110.14, 123.66, 123.98, 128.37, 129.41, 130.53, 139.01, 

143.1 1 ,  165.44, 177.23. 

HRMS m/z: Calcd. for C I a l 9 N o 6 :  321.1212; Found: 321.1205. 

Methyl 2-(1 -((benryloxy)methyl)-3-hydroxy-2-oxo~ndoIin-3-ylacrylate 129: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.29. 

IR (CHZC12): v,,, 33 14, 1716, 1617, 1083, 1055 cm-'. 

Q-$- 
'H NMR (CDCl$IMS. 300.1 MHz): 6 2.67 (bs, lH), 3.62 (5, 3H), 4.36 (d. J 

= 11.6Hz. lH),4.72(d,J= 11.6tIz. IH),5.24(d, J =  11.1 Hz,lH),5 .32(d,  

LO?ph J=ll.lH~,lH),6.47(~,IW),6.59(s,lH),7.08-7.35(m,9H). 

129 13 C NMR (CDCl~KMS, 75.3 MHL): 8 52.10, 70. 05, 70.74, 76.37. 

110.32, 123.47, 123.88, 127.84 (2C), 128.17 (2C), 128.35 (2C), 

128.69, 130.50, 137.48, 138.94, 143.01, 165.00, 176.66. 
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HRMS m/z: Calcd. for C20H14N05: 353. I 263; Found: 153.1254. 

2-(t-(ethoxymethyl)-3hydroxy-2-axoindolin-3-yl) acrylonitrile 130: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.34. 

TR (CI-II_CII_): V- 3378,29 17,2 185, 1732, 161 3, 1487, 1097 cm-I. 

&c. 

1 H NMR (CDCIJMS, 300.1 MHz): 6 1.19 (t. J = 7.2Hz. 3M), 1.90 (bs, IH), 

3.57 (q, J = 7.2Hz. 2H), 5.15 (d, J = 1 l.lHz, IN), 5.25 (d ,  I =  1I.lHz. 1H), 

L o  6.21(s.lHj,6.36(s,lH),7.14-7.22(m,2H),7.40-7.45(m.W). 
730 '% NMR [CDCl+TMS, 75.3 MHz): 6 15.83, 64.81, 70.71, 76.80, 

111.10, 115.65, 123.28, 124.61. 124.93, 126.54. 128.65, 131.62, 

142.02. 175.51. 

HRMS m/z: Calcd. For CI4H1QNZ03: 258.1004; Found: 258.0992. 

2-(3-hydmxy-2-0x0-1 -[(prop2-yloxy) methyl] indotin-3-yl)acrylonitrile 131 : 

Waxy solid; Rf (20% EtOAc-Hexane) 0.42. 

TR (cH1Cl.1): v, 3390.33 12,2305,2 179,1733.16 14, 1073 cm?. 
1 &- H NMR (CDClJMS. 300.1 MHz): S 1.80 (bs, 1 HI. 2.48 (t,  J = 2.4 Hz, 

lH)~4.21(d,I=2.4Hz.2~,5.24(d,J=JI.l Hz,IH),5.36(d,J=ll.lHz, 

Lo--% 
Ill), 6.21 (s, IH), 6.37 (s. lH), 7.10-7.29 (m. 2H). 7.42 (d, I =  7.5Hz, 2H). 

131: "C NMR (CDCI$TMS, 75.3 MHz): S 30.60, 56.39, 69.52. 75.79. 

78.66, 110.91, 115.66, 123.05, 125.00, 126.99, 128.84, 131.61, 

132.62, 141 -89, 174.89. 

HRMS m/z: Calcd. for CISHI 2NZOB: 268.0848; Found: 268.0840. 

Methyl 2-(5bromo-3-hydroxy-1 - (methoxyme~y l ) -2~x~ ind~ l in -~y l )ac~~ate  132: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.47. 

IR (CH2C11): v,, 3376, 17 10, 1079, 1060 cm-'. 

"&- 'H NMR (CDCIJMS, 300.1 MHz): S 3.40 (s, 3H), 3.58 (s, OH), 

3.6s (s, 3H), 5.09 (d, J = 11.0 Hz. lH), 5.16 (d, J = 11.0 Hz, IH), 

132 Hz, 1H), 7.46(dd, J = 8 . 3 ,  1.8 Hz, 1H). 
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13c NMR (CDC13mS, 75.3 MHz): 6 52.49, 53.1 1, 70.57, 76.74, 1 1  1.81, 

116.05, 126.82, 128.27, 130.82. 133.15,138.62, 142.13, 164.73, 174.37. 

HRMS m/z: Calcd. for C14H14RrN05: 355.0055: Found 355.005 1. 

Methyl 2 - ( 5 - b r o m c - l - ( e t h o x y m e t h y l ) - 3 h y d r o x y - 2 ~ l a t e  133: 

Waxy solid; Rf (20% EtOAc-Hexane) 0.45. 

1R (CHzCI?): v,, 3379, 1 71 5 .  1084, 1062 cm". 
I H NMR (CDCI.JTMS, 300.1 MHz): 8 1.19 (t, J = 7.8 Hz, 3H), 1.89 (bs, tH), 3.45- 

3.h3(m,5H),5.13(d,J=II.IHz,1H),5.19(d,J=ll.IHz.IH),6.47(s,lH).6.60(~, 

Ca,~t lH),J.DO(d,J=8.3Hz, lH) ,7 .28(d ,J= 1.9Hz. lJ3.7.46(ddJ=8.3,1.9Hz, IH). 

133 "C NMR (CDCIgTdS, 75.3 MHz): 6 14.83, 52.1 I ,  64.43, 70.38, 76.18, 11L82, 

116.02, 127.1 l ,  128.27, 130.82, 133.16, 138.60, 142.M, 164.74, 174.29. 

HRMS m/s: Calcd. for ClSHld3rNO5: 369.021 2; Found 369.0201. 

Methyl 2-(5-bromo-1 -((bu2-3-ynyloxy)methyl)-3-hydroxy-2-oxoindolin-3-y f)acry late 134: 

Waxy solid; R1 (20% EtOAc-Hexane) 0.39. 

IFi (CH7C12): v,, 3390,2210, 1716, 1085, 1063 ern-'; 
1 H NMR (CDCIdTWlS. 300,l MHz): 6 1.94 (t, J =  2.4 Hz, IH), 2.46 (td, J =  

6.7. 2.4 Hz, 2H). 3.61-3.76 (m, 5H), 5.18 (d. J =  11.2 Hz, IHI, 5.18 (d, I =  
c o  - l I . ?  Hz. IH), 5.25 (d. ./ = 11.2 Hz. 1H). 6.18 (* 1H). 662 (5. 1H), 1.01 id, I 

= 8.3 Hz, lH),  7.29 (d,J= 1.7 Hz, IH), 7.46 (dd, I=X.3, 1.7 Hz, IH). 

134 ' 3 ~  NMR (CDCIflMS, 75.3 MHz): S 19.30, 30.38, 52.53, 67-28, 69.55, 

70.49. 81.05. 110.95, 116.16. 127.14. 128.31. 130.69,133.21, 138.55, 143.01, 

164.78, 176.32. 

HRMS m/z: CaIcd. for C17Hl&rN05: 393.021 2; Found 393.0203. 

Methyl 2 - ( l - ( t - b u t o x y m e t h y l ) - 5 b r o m o - 3 h y d r o x y - 2 ~  135: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.47. 

IR (CHzCll): v, 3376,17 10. 1079. 1060 ern-' 

Lo< 'H MMR ( C D C I I ~ S ,  300.1 MHz): S 1.23 i s .  9H), 3.58 (s. OH), 

135 3.65 (s. 3H), 5.07 (d, J = 10.8 Hz, IH), 5.30 (d, J = 10.8 Hz, lH), 
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6.38 (s, IH), 6.58 Is,  1H). 7.02 (d, J = 8.3 Hz, 1H). 7.29 (d, J = 1.9 

Hz. IH), 7.46 (dd, I =  8.3, 1.9 Hz, 1H). 

'k C R  (CDCI$TMS, 75.3 MHz): 6 28.38, 29.68, 65.27. 75.05, 

76.26, 109.85, E 14.33, 117.15, 121.47, 127.10. 128.29, 133.15, 

138.41, 159.02, 164.98. 

HRMS m/z: Calcd. for C ~ ~ H I D B ~ N O ~ :  397.0525; Found 297.0523. 

Methyl 2-(3-hydroxy-l -(methyl 2-rnethoxyacetate)-2-oxoindolin-3-yl)ac~e 747: 

Waxy solid; Rr (20% EtOAc-Hexane) 0.44. 

IR (CHzCIz): v,,, 3420. 1718, 1606. 1051 cm-'. 
1 H NMR (CDC13RMS. 300.1 MHz): 6 1.90 (bs, 1 H). 3.59 (c .  3H). 

3.63 Is. 3H), 3.79 (s, 3H). 5.96 (s. 1H), 6.55 (s. IH). 6.63 (F, IH), 

A--- 7.04-7.10 (m, 2H), 7.17-7.32 (m, 2HS. 
w c  

147 NMR (CDCI3RdS, 75.3 MHz): S 46.94,52.07,56.87, 76.04,79.67, 11 1.40, 

123.60, 123.78, I2X.10, 128.69, 130.49, 138.65, 140.86, 164.74, 166.95, 176.30. 

HRMS m/z: Calcd. for Cl6HI7.Y07: 335.1005; Found: 335.1001. 

Methyl 2-(3-hydroxy-1 -(methyl 2-ethoxyacetate)-2-oxoindolin-3yi)acrylae 148: 

Waxy solid; Rf (20% EiOAc-Hexanel0.42. 

IR (CH2C12): v,, 342 1, 1727, 161 5,1056 cm-'. 
I H NMR (CDC13mS, 300.1 MHz): F 1.28 (t, J = 7.2 HZ, 3H), 3.97 

(bs, lH), 3.65 (s. 3HT. 3.79 (s, 3H), 4.25 (q, J = 7.2 Hz, ZH), 6.02 (s, 

, 11-1).6.44(s,1H).6.59(s.IH),7.06-7.31(m.4H). 
W ? C  

148 NMR (CDCI$TMS, 75.3 MHz): 6 14.82, 52.07, 53.77, 62.44, 

76.04, 79.67, 110.61, 123.57, 123.77, 127.81, 128.67, 130.43, 137.89, 

141.52, 165.47, 166.94, 176.23. 

H W S  m/z: Calcd. for Cl7HI9NO7: 349.1 162: Found: 349. I 155. 

Methyl 2-(3-h yd roxy- l -(methyl 2-(prop2-yny1oxy)acetate)-2-oxoindof in-3-yl)acrylate 149: 

Waxy solid. ;Rr (20% EtOAc-Hexane) 0.48. 

IR (CHZCIZ): v,, 3294,2120. I71 2, 1610. 1051 cm-'. 
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'H NM R  (CDC13/TMS. 300.1 MHz): 6 2.54 (E, J = 2.4 Hz, 1 H), 3.57 

Cbs, lH), 3.63 (s, 3H), 3.81 (s, 3H), 4.46 (d, J = 2.4 Hz, ZH), 6.24 (s, 

l w ,  6.57 Fs, !HI, 5.62 Is ,  lH), 7.07-7.13 (m, 2H), 7.19-7.34 (m, 2H). 

uasAO\\ "C NMR .(CDC13mUIS, 75.3 MHz): S 22.31. 41.50, 52.19, 55.87, 

1 49 62.70,75.89,77.89, 109.29. 111.46, 123.77, 124.13, 128.15, 130.34, 

138.75, 140.77. 165.92, 176.14, 176.47. 

HRMS m/z: Calcd. for CIBHl7N07: 259-1005; Found: 359.W96. 

Methyl 2-(3-hydroxy-l-(rnethyl2-(benzyloxy)acetate)-2-oxoindoIin-3yl)aclate 150: 

Waxy solid; Rf (20% EtOAc-Hexane) 0.43. 

IR (CH2C12): v,, 3396.17 17, 1084, 1065 cm" ; 

I HNMR(CDCI.mS.300.1 MHz3:F 1.19(t,J=7.17Hz,3H),3.51 

(s,OH),3.64(~,3H),4.24Iq,J=7.17Hz.2H),4.72(d, J=11 .8Hz ,  

IHI. 4.91 i d , i =  11.8 Hz. 1H)  6 . 3  s ,  1 , .  IHJ, 6.64 I s ,  

Et4C 
lH),7.01(t,J=7.5Hz,lH),7.18(r,J=7.6Hz?H),7.27-7.39(m,6H). 

150 13c NMR (CDC13TSMS, 75.3 MHz): S 14.42, 52.57, 62.86. 70.68, 

76.54, 112.27, 114.57, 124.41, 128.66 (2C), 128.81 ( 2 0 ,  129.33 

(ZG), 130.71 (2C), 136.68, 141.56, 165.62, 167.22, 177.84. 

HRMS m/z: Calcd. for Cz lHZf i05  : 366.1 34 1 ; Found 366.1326. 

Methyl 2-(3-hydroxy-7-(methyl 2-(but-3-ynyloxy)acetate)-2-oxoindoli~late 151 : 

Waxy solid; Rr (20% EtOAc-Hexane) 0.46. 

1 H NMR (CDCI.dlMS, 300.1 MHz): F 1.24 (t, J = 7.20 Hz, 3H), 1.90 

(t. J = 2 . 5  Hz, IH), 3.56(s,OH), 3.63 .(s,3FI),4.134.28 (m,4H),6.01 

~to,c (s, 1Hl,6.54(s, 1H),6.62(sV lH),7.06-7.29(m,4H). 
151 '-'c NMR (CDC13mS, 75.3 MHz): S 13.96, 19.36, 31.57, 62.52, 

66.92, 69.58, 76.04, 78.20, 80.17, 111.67, 123.60, 124.04, 128.05, 

128.82. 130.30, 138.43. 140.93, 164.75. 165.98, 176.24. 

HRMS m/z: Calcd. for CIsHl~NOs : 328.1 185; Fewnd 328.1 183. 
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Methyl 2-(5bromo-3-hydroxy-I-(methoxy(pheny1) methyl)-2-axoindolin-3-yl)acrylate 152: 

Waxy <elid: Rr (20% EtOAc-Hexane) 0.39. 

IR (CB2C12): v,,, 3382, 17 17, 1085, 1057 cm-I. mfww&t 'H NMR (CDCI.flMS, 300.1 MHz): 6 1.23 (t, J = 7.3 Hz, 3H). 2.15 

(s. OH), 3.66 (s, 3H), 4.09 (q. J = 7.3 Hz. 2H), 6.48 (s. lI-t), 6.53 (s. 

ph A,-.. 1 HI, 6.58 (s, 1 14),7.?9-7.45 (m, 8H). 

152 "C MMR (CDCIdTMS, 75.3 MHz): 6 15.32. 52.113, 65.47, 70.51. 

76-37. 110.30, 123.36, 124.28, 127.83 (2C). 128.15 (2C). 128.19 

(2C), 128.74, 131.33, 137.46. 139.04, 143.03, 164.51, 175.56. . 

HRMS m/z: Calcd. for Cz H20BrN05: 445.0525; Found 445.05 17. 

Methyl 2-(5brom~3-hydmxy-I-~-methoxypr0p2-ynyl)-2-oxoindolin-yl)aclate 153: 

Waxy solid; R r  (20% EtOAc-Hexane) 0.48. 

IR (CH2C11): v,, 339622 12, 17 14, 1089, 1055 cm-I. 

'R NMR (CDCI$TMS. 300.1 MS12): 6 2.61 (d. J = 2.1 Hz. 151). 3.48 Is .  3H). 

3.61 Is.3HI. 3.79(s. OFI),6.12(d. J=2.1  Hz. 1Hl.6.38 (s. IH), 6.43 (s, IH), 

P o - &  7.27(d.J=R.3Hz. 1H),7 .32(d7J= 1.9H1. IM).7.4h(dd.J=8.3.  1 .9H~.  IH) .  4 
7 53 "C NMR ( C D C 1 3 ~ S ,  75.3 MIIz): 6 52.28, 55.89, 56.43, 72.33, 

75-06, 75.88, 114.14, 116.35, 126.90, 128.57, 130.95. 172.88, 138.35. 

139.48, 164.54. 175.30. 

HRMS m/z: CaIcd. for C,~HI .$~NO~:  374.0055; Found 379.13043. 

3.3.9. Spectral data for nitrated derivatives 

Methyl 2-11 -el hyl-3.h ydroxy-5nitro-2-oxoindol~n-3-y l) acsylate 1 44: 

Waxy solid; Rr (25% EtOAc-FIexane) 0.48. 

IR (CHzC12): v,,, 3348,1706, 16 1 1 ern-'. 
/ ""Ww I H NMR (CDCIOMS. 300. I MHz): 6 1.32 (t. J = 7.23 Hz, 3H). 2.2 (bs, '-. \HE, 3.62 (s, 3H), 3.77-3.9 (m, 2H). 6.58 (s, 1 H), 6.67 (s, l HE. 6.97 (d. J = 

144 
8.6 Hz, IH),  8.04 ( d ,  J = 2 . 3  Nz, IH), 8.31 (dd. J =  1.3 Hz. J =  8.6H2, FH). 

NMR (CDClJSMS. 75.3 MHz): 6 12.05. 43.65. 52.31. 76.15. 109.64, 

120.32, 122.26. t23.10. 128.67. 129.87. 144.46. 144.69. 1154.83, 176.05. 

HRMS m/z: Calcd. for CI4Hl  JN106: 306.0852; Found: 306.084 I 
128 
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Methyl 2 - (3 -hyd roxy - l - i sop ropy l - 5 -~ i t r@2-oxo ind~ la t  155: 

Waxy solid; Rr (25% EtOAc-Hexane) 0.49. 

IR (CH2C12): v,, 335 1,  1709,161 2 cm". 
1 H NMR (CDCl$l?viS, 300.1 MHz): 6 1.55 (d, J =  8.1 Hz, hH). 3.47 (s. IH), 

3.63 (s, 3HL4.58-4.63 (rn, IH), 6.56 (s, 1H). 6.67 Is, IH), 7.1 (d, J =  8.7 Hz, 

A 1H),8.03 (d.J=2.3  Hz, IH), 8-28 (dd. J=2.3 ,  J=8 .7  Hz, 1H). 

155 13 C NVR ICDCIflMS, 75.3 MHz): 6 19.05 (PC), 43.26, 51 .&I, 75.85, 

109.77, 122.36, 124.00, 127.64, 129.87 (2C). 140.46, 143.19, 164.83, 176.05. 

HRMS m/z: Calcd. for C ~ S H  l&J:Ob: 321). 1008; Found: 320.1008. 
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Chapter IV 

Part A 

Stereoselective synthesis of 3-spiro a-methylene-y- 
butyrolactone oxindoles from MBH adducts sf isatin 

A facile and efficient synthesis of functionahxed y- 
butyrolactones from MBH adducts of isahn 

This part of work has heen puh!ished i n  the following ,Jnr~rna!s 



Chapter IV Bart A 

Stereoselective synthesis of 3-spiro a-methylene-y- 
butyrolactone oxindoles from MBH adducts of isatin 

4,l. 1. Introduction 
I I O x  i i i t i ~ ~ l c \  ~+~I~IL-I~OILII iwtl ;it (-.; ;I!- >pirol;~cttmc\. \pi IIIL-) CII~~II IC~~ iiiid ~ p i r t ~ : i ~ . b t ) -  

and heteti)cyclic\ ilrc slcgant tal-gctt irl organic \vnl\lc'\i\ ~ L I C  11) L~IC~I' \ i ~ ~ ~ i t ' i c ; ~ n t  hi~>Iog1ciil 
i ' 

activitic\. l 'hcw tlc.riv;~!ivu> k;t\ c. hct.11 scrvecl ;ES po1~11tial in t~r i i?e~I i ;~ !c~ lor t l i r  <! ~ l ~ l l e \ i \  ~ b f  
< - 

allulr~~d\. drug i n rc~- r~ icc i~ :~ tu~ i111tl cl i l~l i .ul  pha~-i~~,tceu~ic.aI~. A l'cu r r;;ul~pleh c ~ t :  n;ltiil-;~l 

products h;~vinp qiroouirirInlc col-e ~tructurt '  ;Ire 4hown in  Figure 1 .  Hcnce. :I n ~ l n ~ h u r  or 

synthetic incthod, I ~ a i  r. hcc'ji d r  \ eloped I(> eupcdi tion oI' [hi\ \ t  IIIL.~ unll l'~-;uilcu 01-h\."" 

Spirotryprostatin B Alstonisine Horstiline Elscarnine 

Figure 1 

4,1.2. Few of the literature methods for synthesis of Spiro oxindole core 
structures 

\lll;~ny 111cr;lture rcpor!\ hale tlcen L I I O . ~  11 fotn thc synthc>i\ of \pirqooui~~dolc core 

slruc~urt'c. r ; p ~ ~ - o  i i  nat unil prodl~ct \  ,~nd cloccly relatcd c+orupuund\. Sclr~ie nf the 

reprcscnl;i~i\.c euanlplcx arc diact~sscd in rhc ft~lluwing wb-wc~iona. 

4,1.2.1. Synthesis of (2 -salacin 

Saliicin 1 was >ynthe.cihcd Il-om oxytryptanliiir hydrochloride 1. Condcrisatiori or 

amine 1 wi r l i  acct;~l 2. fc,ll(>ut.d by intramc~Ieuular Mannich rctkction aff(lrclcd 
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spiro[pyrrolidine-3,3-oxindole] 3. From spito[pymolidine-3,3-oxindole] 3, (+J-salacin 4 was 

obtained in three steps (Scheme 1 ).28 

'Et 

Scheme 1 

4.1.2.2 Synthesis of (+J-hammine 

In 1994, Laronze et al. achieved the synthesis of horsfiline 7 through an 

intramolecular Mannich reaction by a spiro cyclization of tryptarnine-oxindole 6 with 

formaldehyde (Scheme 2p9  

35% over 2 steps 
H H 

Scheme 2 

4.1.2.3 Synthesis of 3-spho [3'-aryl- 1 W-indene] oxindoles 

In 2007, Basavaiah et ai. described a method to synthesis 3-spiro [3'-aryl- IH-indene] 

oxindole 10 following a tandem Prins and Friedel-Crafts reactions from isatin 8 and alkene 9 

(Scheme 3).8 

Scheme 3 
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4.1.2.4 Synthesis of spirocyclic oxindoles 

In 2006, Miyamoto ef nl. reported the synthesis of spirocyclic oxindale 13 through 

inmolecular Ullrnan coupling and Claisen rearrangement (Scheme 4).' 

CuCl(10 mol%) 
24mhopy~im ($0 rnw1 

Q, 
HaDW (2 equiv.) - I M C , B h  E 

* 
DMF, MeOH N 0 - -  DME N 0 

1 I W C ,  10 mln 
91% I 91% 

11 12 
I 

13 

A = l, H. om 

Scheme 4 

4.1.2.5 Synthesis of Spim y-butyrofactones 

In 2000 Booker-Mil burn et al. reported the synthesis of spiro oxindole-lactone- 17. The 

reaction proceeds via Claisen rearrangement of the indole derivative 14 to give the hydroxy 

ester derivative 16 which then undergoes spontaneous lactonisation to furnish y-lactone 17 as 

shown in Scheme 5." 

MeOlC eb 61" 
L / 

N N 
f 4 H H 

15 16 17 
a. t3, qslgmtropk rearrangement 
b. Lactontsataon 

Scheme 5 

In 2006, Nair et al. reported that the nucleophilic heterocyclic carbene {NHC) 19 

catalyzed annulation af enals and isatins gave I: 1 mixture of diastereorners of y-spirolactone 

20 (Scheme 6). 

Scheme 6 
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4.1.3 Objective of present work 

Literature survey on the synthesis of spiro-oxindoles nucleus show? that oxindoles 

funclionalized at C.7 as spirolactones, spirocycljcethers and spirocarbu- and heterocyclics arc 

elegant targets in organic synthesis due to their significant bioIogical activities. These 

derivatives have been served as potential intermediates for the synthesis of alkaloids, drug 

intermediates and clinical pharmaceuticals. Although there arc number of reports in 

constructjon of spiro-oxindole core structures as discussed in the above Schemes 1-6, the 

synthesis of 3-spiro-a-methylene-y-butyrolaclone oxindole from MBH adduct of isatin 

derivative is unknown. Hence, the synthesis and characterization of 3-spiro-n-methylene-y- 

butyrolactone oxindoles from MBH adduct of isatin are subject matter of this chapter. 

4.1.4 Results and Discussion 

4.1.4.1 Retrosynthetic analysis 

The target 3-spirolactone-oxindoles compounds were synthesized according to 

retrosynthetic analysis shown in Scheme 7. 3-spiro-a-methylene-y-butyrolactone oxindoles A 

could be obtained from N B H  adduct derivative B by an acid catalysed lactonization reaction. 

The MBH adduct derivative B could be obtained through a second MBH reaction with 

isomerised adducts of MBH adduct of isatin C and formaldehyde. The isomerised adduct C 

could he prepared by isomerisation reaction of MBH adducts of jsatin D with trimethyl 

orthoformazelAr-H and a solid acid clay catalyst. 

4.1.4.2 Isomerisation of MBH adducts with trimethyl orthoformate 

As per the rctros ynthetic analysis, the starting material nlethox y derived MBH adduct 

was prepared as shown in Scheme 8. Accordingly, the reaction of MBH adduct of N- 

methylisatin 2 1 with excess of trimethyl orthoformate and montrnorillonite K 10 clay30'33 as a 



catalyst at 1 10 aC for 0.5 h afforded a 1 :3 mixture of E- and Z- isomers 22 in excellent overall 

yietd (75%). 

OMe 

C02Me CM(OMe13 
Mont. K10, neat p & 2 0 ; M e  

21 22, I:€ = 3:l 

Scheme 8 

The E- and Z - isomers were inseparable by column chromatography. However, the 

ratio and distinction of E and Z isomers were determined based on 'H NMR study. The 

chemical shifts of rnethylene protons which is attached with -OMe and olcfinic bond of the 

mixture compound 22 was the key in distinguishing E- and 2- isomers. 

Figure 2 'H NMR Spectrum of compound Z2(Z and E: 3: 1 ) 

Thus, the methylene protons of E-isomer appeared as a singlet at 6 4.64 (peak 

intensity integrating for 2 protons) whereas 2-isomer showed the rnethylene peak at 6 5.04 

(peak inlcnsity integrating for 0.6 protons) due to ring current of aryl ring (deshielding zone) 

as shown i n  Figure 2. 

4.1.4.3. Second MBH adduct formation from compound 22 

The column purified E:Z mixture 22 in acetone was subjected to a second MBH 

adduct formation with 40% aqueous formaldehyde and I .5 equiv. DABCO at room 

temperature for 2h to afford adduct 23 in excellent yield (98%). In order to obtain various 

second MBH adduct 23 (analogs) with various aldehydes, we attempted reactions as shown in 



Table 1. To our surprise. attempts to form the second MBH adduct from the isurnetised 

compound 22 with benznldehyde, p-chloro benzaldehyde, p-nittobenzaldehyde, acetaldehyde, 

heplanaldehyde and E-crotonaldehyde (Table 1, entries 1 -7) under optimized condition failed. 

The negative reactions with aldehydes other than formaldehyde can be rationalised due to 

steric factor at C-3 carbon of isomerised dduct 22. However, we preceded further 

investigation with formaldehyde derived second MBH adduct 23 for lactonisat ion. 

Table 1 

'H aq. RCHO, DABCO 

4.1.4.4. Spiro lactonisation 

Subsequent to the synthesis of second MBH adduct 23, we undertook lastonization 

with p-foluenesulfnnic acid (PTSA) as shown in Scheme 9. Thus, exposure of the compound 

23 in benzene with PTSA under reflux condition for 30 mfn. furnished excellent combined 

yield of 3-spito-a-rnethylcne-y-huty01;1ctone oxindoles 243 (Z- isomer-major, 75%) and 24h 

(E-isomer-minor, 15%) and the compounds were separated by silica gel column 

chromatography. Qy;:; 6yP 6y? - 
A 'benzene. RID C A 

* / 

N O 30 mln. H bl 
I 1 I 

24a (2-major) 24b (E-minor) 

75% 15% 

Scheme 9 



4.1.4.5. Characterization of 3-sph-a-me thyfene ybutyrolactone 
oxindoles 24a and 24b 

The structures of  spirolactones 24a and 24b were arrived based on systematic analysis 

using modern spectroscopic techniques. The lactone and amide carboy1 functional groups 

were confirmed in IR spectroscopy with absorption bands at 1753 cm?(1actone carbonyl) and 

1714 cm-' (amide carbonyl). The geometry of compounds 24a and 24b was assigned by the 

analysis of chemical: shifts of vinylic olefin protons in 'H NMR spectra. According1 y. the 

Z-vinyl proton of major isomer 24a was observed as a singlet at 6 7.27 where as E-vinyl 

proton of minor isomer 24b observed at 6 6.14 as a singlet. The remaining aliphatic and 

aromatic region of the compounds 24a and 24b appeared as similar pattern with stight 

difference in the 6 values. Thus, in the compound 24a, two singlet signals at 8 3.26 and 3.67 

were assigned for - M e  and -0Me protons. Further. the methylene protons in the Iactone ring 

appeared as rwo separate doublets at 6 4.34 and 6 4.59 with a coupling constant J = 8.8Hz. 

The remaining four aromatic protons were resonated at 6 6.86 (as a doublet with coupling 

constant J = 7.8Hz), 7.09 (as a triplet with coupling constant J = 7.5Hz), 7.22 (as a doublet 

with coupling constant J = 7.4Hz), and 7.32 (as a triplet with coupling constant J = 7.7Hz) 

(Figure 3). 

Figure 3 'H NMR Spectrum af compound 24a 

In ''c N M R  spectrum of the compound 24a, the quaternary spiru carbon resonated at 

6 52.8. The lactone and amide carbonyl carbons appeared at 8 170.8 and 175.2 (Figure 4). 
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Figure 4 I3c NMR Spectrum of compound 24a 

Further, the mass spectrum (HRMS) of compound 24a (Figure 5 )  showed molecular 

ion peak at mlz = 259.0859 (Calcd. for C ~ . Q H I ~ N O ~ :  259,0845). 

¶ m e  
I 

i I 
C,.HTPO~ 

Euaa Mass. 2 5 9 . W  
Mol. W I  .25g 2573 

I 

-. -. . - - - 
w a n  m 2 ~ 5  r n ~ s  

Figure 5 Mass spectrum (HRMS) of compound 24a 

Similarly, in the Iff spectrum of minor isomer 24b, absorption bands at 1755 and 1704 

cm-' confirmed the presence of lactone and amide carbonyl functional groups respectively. 

The 'H NMR spectrum of minor isomer 24b showed as discriminate singlet signals at 6 3.24 

and 6 3.82 for the presence of the N-Me and -0Me protons. The lactone methylene protons 



appeared as two well separated doublet signals at 6 4.29 and 6 4.55 with a coupling constant J 

= 8.8Hz (Figure 6) .  

Figure 6 'H NMR Spectrum of compound 24b 

I3c NMR specmm of compound 24b had a peak at 6 53.1 for spiro carbon centre. The 

characteristic carbonyl signals due to the lactone and arnide groups were seen clearly at 

6 167.2 and 176.5. Rest of the peaks were consistent with assigned structure (Figure 7). 

Figure 7 "C NMR Spectrum of compound 24b 

A concrete evidence for the structure and geometry of the lactones 24a and 24b was 

finally confirmed by a single crystal X-ray analysis (Figure 



4.1.4.6. GeneraIity for spiro-a-methylene-y-butyrolact one oxindoles 

R'= Me. Et, Propargyl. Br. Allyl. C02He: R~=H. Br; R ~ =  OMe. Ph. 0-Propargyl 
a.  CH(OMe),(or) Ar-H (or) propargyl alcoholiMont. K10, neat, 110 W, 30 rnin. 
b. aq. HCHO. DABCO, acetone. RT. 2 h: c. PTSA:benzene. 80 'C. 30 rnin. 
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In continuation of the target compound synthesis, the second MBH adduct fomation 

from isomerised derivatives 31-38 with aqueous formaldehyde and DABCO in acetone were 

pedorrned and the reactions underwent smoothly to afford corresponding second MBH 

adducts 39-46 in very good to excellent yields. The formation of second MBH adduct was 

confirmed based on 'H NMU analysis. Hence, one of the second MBH adducts 40 was 

analyzed in 'H NMR which established the s t r u c t u ~  of 40 unmbiguously. Thus, a broad 

sjnglet at 8 2.0 was found due to hydroxy proton. Two singlets at 6 3.49 and 3.92 were 

appeared due to methoxy protons. All other protons were seen as expected and the spectrum is 

reproduced in Figure 9. 

Figure 9 'H NMR Spectrum of compound 40 

Subsequent to the second MBH adduct formation, Iactonization of the silica gel column 

purified compounds 39-45 in benzene using PTSA were performed and the results are coIZected 

in Table 2. The second MBH adduct 39 upon lactonization using PTSA afforded 2- and E- 

isomers of 3-spiro a-methylene-y-butyrolactone-N-ethyl oxindole 4 7 A ,  separable by column 

chromatography, in excellent combined yield (Table 2, entry 1 ). Similarly, under optimized 

conditions, highly functionalized second MBH adducts of N-propargyl and N-benzyl isatin 

derivatives 40 and 41 afforded 3-spiro a-methylene-y-butyrolactone-N-propargy I and benzyl 

oxindole 48db and 49a respectively in excellent yield (Table 2, entries 2 and 3). 
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Table 2 
- 
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The bromo derivative 42 upon lactonizatinn furnished spirolactones S O d b  in very 

good yield (Table 2. entry 4). Likewise, the N-ally1 compound 43 Furnished the corresponding 

lactone derivatives 51ah in good yield (Table 2, entry 5). The MBH adducts bearing carbo 

methoxy functional group at N-H position 44 also furnished the desired spiro lactone 52db in 

67% combined yield (Table 2, entry 6). Similarly, the second MBH adducts 45 and 46 upon 

lactonization using PTSA furnished the corresponding spirooxindole Iactone derivatives 

53ah and 54dki in excellent combined yield (Table 2, entries 7 and 8). AFl the Z: E isomers of 

spirolactone compounds 47ah-53aJb were separable by column chromatography and 

thoroughly characterized by spectroscopic methods (IR, ' H NMR, 'k NMR and HRMS). 

4.1.4.7. Characterization of spiro-a-methylene-y-butyrolactone oxindoles 

4.1.4.7.1. Charactexbation of majox Zisomer 47a 

The structure of N-ethyl derivative of major Z-isomer of spirolactone 47a was 

confirmed by usual spectroscopic techniques. f i e  IR spectrum of 47a showed the lactone and 

arnide carhonyl absorption bands at 1750 and 1715 cm~\espectively. Its 'H NMR spectrum 

was very clear. The presence of N-ethyl group confirmed from a triplet signal at 6 1.27 with 

coupling constant J = 7.1 Hz and a mvltiplel at 6 3 -85.  The methylene protons in the lactone 

ring appeared as two doublets at 6 4.35 and S 4.59 with a coupIing constant J = MHz. The 
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presence of aromatic and olefinic protons were found in the chemical stuft range S 6.87-7.34 

integrating five protons (Figure 10). 

Figure 10 'H NMR Spectrum of compound 47a 

In the "C NMR of compound 47a, carbon signal due to spirocentre resonated at S 52.9. 

The quarternary carbun signals in the compound were visible at 6 106.7 and 131.2. 142.4 due to 

olefinic and aromatic quaternary carbons. The lactone and amide carbonyl carbons displayed 

signals at 6 170.71 and 6 174.6 (Figure 11). The mass spectrum {HRMS) isomer 47a (calcd. for 

ClsHI5NO4: 273.1001) showed a molecuIar ion peak at rnlz = 273.1006. 

Figure 11 13c NMR Spectrum of compound 47a 
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4.1.4.7.2. Characterhation of minor Eiaomer 47b 

Similarly, the LR spectrum of minor E-isomer 47b showed carbonyl absorption at 1755 

and 1715 ern-' due to the presence of lactone and amide functional groups. Its 'H  NMR 

displayed the presence of N-ethyI group as a triplet and a quartet at 6 1.30 and 3.77 

respectiveIy with coupling constant J = 7.1Hz. The methylene protons of lactone ring 

occurred as two separate doublets at 6 4.31 and 4.56 with coupling constant J = 8.8Hz. The 

olefinic proton having E-geometry appeared as a singlet at 8 6.13 . A11 other protons were 

consistant with assigned structure (Figure 12). 

1 ' -7--- I I 
I 

I S 6 4 .? 0 

Figure 12 'H NMR Spectrum of compound 47b 

The CMR spectrum of lactone 47b is shown in Figure 13. The quaternary spiro 

carbon resonated at 6 53.0 and olefinic and aromatic quaternary carbons appeared at 6 105.8, 

13 1.8 and 142.1. The lactane and amide carbonyls appeared at 8 167.1 and 176.1. The mass 

spectrum (FIRMS) of isomer 47b (Catcd. for C15H15N00: 273.1001 ) showed a molecular ion 

peak at m lz  = 273.1003 which confirms the assigned structure. 



Figure 13 13c NMR Spectrum of compound 47b 

4.1.4.7.3. Characterization of major Zisomer 50a 

In IR spectrum of the major isomer of 5-bromo derivative of spirolactone 50a, the 

significant lactone and amide casbonyl absorptions were found at 1744 and 1722 cm-' 

respectively. The 'H NMR spectrum was very clear and showed all the charactarestic signals. 

Thus, a singlet signal was found at 6 3.66 for 4 M e  protons. The presence of lactone ring 

and N-benzyl rnethylene protons were observed at S 4.37-5.22 and the aromatic protons 

occurred in the chemical shift range F 6.62-7.34 (Figure 14). 

Figure 14 'H NMR Spectrum of compound 50a 
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In the ''c NMR spectrum, the spiro centre was resonated at 6 52.9. The five 

quaternary carbons present in the aromatic and olefinic carbons were clearly occurred in the 

chemical shifts at S 105.8, 1 16.1, 132.9, 1 35.1 and I4 1.5. The carbonyl carbons were seen at 6 

170.4 and 174.9 (Figure 15). 

Figure 15 ''c NMR Spectrum of compound 50a 

4.1.4.7.4. Characterization of minor Eisomer SOb 

Sirnlarly. the IR spetnrm of minor isomer 50b showed the absorption bands due to 

spiroIactone and amide carbon yl groups at 175 1 and 17 12 cm" respectively. The h HMR 

spectrum was neat. A singlet was found at 8 3.85 due to -0Me protons. The methylene 

protons in the lactone rjng were appeared as two well seperated doublets at 6 4.34 and 4.62 

with coupling constant J = 8.9Hs. The benzylic methylene protons were found as closely 

occurring doublets at 8 4.84 and 4.94 with coupling constant J = 5.4Hz. The olefinic proton 

was appeard as a singlet at 6 6.1 1. The aromatic protons were seen around 6 6.70-7.4 1 (Figure 16). 

In the ' j ~  NMR spectrum of Sob, the spin, carbon centre was found at S 53.1. The 

carbonyl carbons were resonated at 6 176.6 and 178.4 (Figure 17). Finally, the mass spectrum 

of the product 50b (HRMS) confirmed with a d z  peak at 41 3.0263 (Calcd. for C~+l&rN04: 

413.0263). 



F i e r e  16 '€4 NMR Spectrum of compound 50b 

Figure 17 ''c NMR Spectrum of compound 50b 

4.1.4.7.5. Characterization of major Z-isomer 5 l a  

The N-ally1 derivative of  spirulactone 51a (Z-major) showed the expected lactone and 

arnide carbanyl absorptions at 1752 and 1714 cm" respectively. The 'H NMR spectrum is 

shown i n  Figure 18. The ester methyl appeared as a singlet at 6 3.68. The protons due to allyl 

group and lactone methylene displayed their chcmical shift in the range between 4.18-5.85 as 

multiplet signals. 
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Figure 18 'H NMR Spectrum of compound 51a 

In its ' 3 ~  NMR, a signal due to the presence of spiro carbon appeared at 6 52.7. The 

presence of two carbonyl carbones were visible at 6 170.7 and 174.8. All other carbons were 

seen as expected and the spectrum is reproduced in Figure 19. The mass spectram (HRMS) 

had a mlz peak at 285.0992 confirming the calculated molecular mass (Calcd. for CtaH15N04: 

285.1001). 

figure 19 'H NMR Spectrum of compound 51a 
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4.1 -5. Synthesis of 3-sphdihydrofuran-Ihlkyl oxindoles 

During the course of lactonization of second MBH adducts 23, 40 and 42 with p- 

toiuenesulfonic acid in benzene, in addition to the desired Eactolne products 24alb, 48ah and 

50alb, a minor amount of spirofuran oxindole derivatives (<lo%) 24c, 4% and 50c were also 

isolated. The synthetic transformation and results are shown in Table 3. 

Table 3 

I I I 

R' a1 R' 
23,40 and 42 24a/b, 48db T4c, 48c and 50c 

and Walb 
A1=Me, Propargyl and Bn; RLH, Br 

4.1.5. I. Characterization of 3-spirodihydrofuran oxindoles 

The structures of 3-spirodihydrofuran compounds were established unambiguously 

using FTIR and 'H NMR, 'k C R  and mass spectroscopic studies. Thus, in the IR spectrum 

of compounds 24d24b, the lactone and amide carbonyl absorptions were observed at 1753, 

I714 and 1755. 1704 cm-', respectively. However, the FTER spectrum of compound 2 k  



showcd only a merged amide and ester carbonyl absorption at 1714 ern-" Due to the absence 

of lactone carbnnyl absorption at - 1  755 cm-' for compound 24c. thc sttuckure was assumed 

and assigned as 3-spirodi hydro furan 24c. 

Further structural evidence was arrived from the 'H NMR spectrum of compound 24c. 

Accordingly, the olefinic proton in the spiro dihydrofuran ring appeared as a singlet at 6 7.58. 

the esrcr -0Me appeared as a singlet at 6 3.53 where as in the spirolactone 24d24b. the 

olefinic proton appeared at &7.27/6.14 and - 0 M e  substituent in exocyclic double bond 

appeared at 6 3.67 and 3.82, respectively (Figure 20). A final proof was arrived based on 

mass spectrum (HRMS) with d z  peak at 259.0842CCalcd. for C1al3N04: 259.0845). 

Figure 20 'H NMR Spectrum of compound 24c 

Similarly, the structure of spirofuran derivative 50c was arrived based on 

spectroscopic analysis. Thus, in IR spectrum of 50c, the ester and amide carbonyl functional 

groups were identified due to the merged absorption band at 1717 cm" and the absence of 

lactone absorption around 1750 cm" was observed. Further, the 'H NMR had a singlet signal 

due to ester - 0 M e  at 6 3.53. The rnethylene protons existing in funn ring appeared as two 

doublet peaks at S 4.66 and 4.95 with coupling constant J = 9.6Hz. The bcnzylic rnethylene 

protons were seen as two doublets at d 4.77 and 5.1 1 with coupling constant J = 15.8Hz 

(Figure 21). 
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Figure 21 'H NMR Spectmm of compound 50c 

In the 'k CMF! sspectrurn. the spirocarbon resonated at 8 57.0. The presence of two 

carbonyl carbons showed down field carban signals at 6 163.0 and 176.8 (Figure 22). The 

mass spectrum (HRMS) of spirofuran derivative 50c showed a mfz peak at 413.0254 (Calcd. 

for C20H lbBrN04: 4 13.0263). 

Figure 22 ' 3 ~  NMR Spectrum of compound 50c 
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4.1.5.2. A plausible mechanism for the formation of spiro dihydrofuran 
derivatives 

A plausible mechanism for the formation of minor amounts of dihydro spirofuran 

exindole derivatives is depicted in Scheme 11. It is assumed that the protonation of second 

MBH adduct forms a methoxy-stabilized carbocation E. The hydroxyl group of the 

carbocation E cycIizes with loss of a proton to form the intermediate F which upon 

elimination of methanol affords the spirofuran derivatives. 

H' 

R' 
E 

0 
-MeOH 

R' R' F R" 

Spim dlhydrofuran 
~ l = M e ,  Propargyl and Bn 
R~=H,  BT 

7 0 

R ' 
Scheme t 1 

4.1.6. One-pot base promoted MBH adduct formation- kctoahation 

Further examination on the lactonization studies, we have developed a base promoted 

one-pot procedure for the second MBH adducts formation followed by lactonization reaction. 

The reaction and the results are collected in Table 4. Thus, in a preliminary experiment, the 

isomerised 2-isomer of addwct 22 was treated with 1.5 equiv. DABCO and aqueous 

formaldehyde in acetone. The mixture was stirred overnight (12h). A one-pot base promoted 

second MBH adduct formation followed by lactonization occursed smoothly and provided a 

single Z- isomer of the lactone 24a in excellent yield (90%, Table 4, entry 1). 

The formation of E-isomer was not observed as per the analysis of TLC and crude and 

purified 'H NMR spectra of the compounds. In order to show the generality of this 

observation. reactions with isomerised 2-isomers 31-35 with I .5 equiv. DABCO and aqueous 

formaldehyde in acetone for 12 h afforded the expected Z-isomers of 3-spiro a-methylene-y- 

butyrolactone-N-alkyl oxindoles 47a-51a in excellent yields (80-95%) (Table 4, entries 2-6). 



Table 4 

R 1 R' 
2,11-15 
(*isomer) 

3,19-23 (4, 27-31)a 
(I-isomer) 

a. aq. HCHO, DABCO, RT, scetone, 12h 

4.1.7. Conclusion 

A short and efficient stereoselective synthesis of highly functionalised 3-spiro a- 

methylene-y-bu tyrolactone oxindoles along with minor mounts spirofuran oxindole 

derivatives from MBH adducts of isatin has been achieved. 

* All the new compounds were characterised by modem spectroscopic analysis and 

single crystal X-ray analysis. 

A plausible mechanism for the formation of a minor amount of spirofuran oxindole 

derivatives has been explained. 

A one-pot procedure for the second MBH adduct formation followed by 

lactonizatjon has also been achieved. 
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A facile and efficient synthesis of functionalized 
y-butyrolactones from MBH adducts of isatin 

4.2. Introduction 

V:irinu:, \i~l>sli~iited-y-h11tyrc~Iuc1oiics are irnport~int building block3 Jut. to the 

itbundance ol' thc skeletc~ii in a varielq of r ia~ura l  pi-odu~th. c3prciall y i n  seuqui~crpcne lac.~onrl\ 
;.i i: 

 nil ligii;~iis (Figure 23). Ttlc lacronc:, are also i'ound to hc served uh val~uablc .syntliclir 

ititcrmedi;itcs f(.~r ~ h u  spnthesi~ (of  inany kinds uf n a t u ~ i l  pnjducrx and Riologically i n ~ p o r ~ ~ l r l t  

cc~inpuundx. Snine ul' ~hr.:  Irictonus showed inlcrcsting pharrn;~cc~logic;~I, f~ingicid;il. and plant- 
> - 

fruwth regulator!, iictivi1ie5."'"' 

4.2.1. Natural occurrence of functionalized lactones 

D~benzylbutyrolactone lignan Parthenollde Epoxy(4.5aJ-4,5-dihydrosan2onin R= Et. Ptakartone A 

Figure 23 

I11 view of t h e ~ r  biological  ir i~pnrtance. numerous \ynthzlic [nethod\ ha\  r heuri 

reported"'. 

4.2.2. Few literature known methods for the synthesis of functionalized 
y-butyrolactanes 

Due to the importance the lactnnr core strtlcture. there are 4ever;iI methods known 

In thc liter,iturc. Sorne of ~ h c  tnethods for the synthesis of  y-hulyrcrlac~oncs are described i n  

the following sub-<ection\. 



4.2.2. I. By acid catalyzed lactonization 

King er nl. in 1974 reported that the y,Bunsaturated carboxylic acid 55 in presence of 

hydrochloric acid cyclised to furnish y-butycolactone 5664 core structure as shown in Scheme 12. 

Scheme 12 

4.2.2.2. By ring enlargement via molecular rearrangement 

A report by Mulzer er at. in I979 described stereospecif c synthesis of y-butyrolactone 

58 by Wagner-Meerwein rearrangement starting from 4-tert-butyl-3-phenyloxetan-2-one 57 

(Scheme 13) 65. 

Scheme 13 

4.2.2.3. By alkoxy carbonylation of 1,3-vinyl alcohol 

Yoshi da er al. reported an intramolecular palladium catalyzed ox ycarbon ylation under 

mild coodi tions (room temperature, 1 alm of CO) to afford y-bu tyrof actones 60 and 6lh0 as 

shown in Scheme 14. 

MeOM CO, HCI 
* ' 

Propylene oxide 0 
61 59 60 

Scheme 14 

4.2.2.4. In-situ cyelization of y-hydro- carboxylic acid intermediate 

Mulzer et al. reported in-situ cyclization of y- hydroxy carbaxy lic ester intermediate 63 

to give y-butyrolactone 6467 as shown in Scheme 15. 
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Scheme IS 

4.2.3. Objective of present work 

Constmcnion of y-butyroFactone core structure is important due to the abundance af the 

skeleton in a variety of natural products. especially in sesquiterpene laaones and lignans. The 

lactones are also found to be served as valuable synthetic intermediates for the synthesis of 

many kinds of natllrai products and biologically imwrtant substances. Some of the literature 

reports for construction of y-butymlactone core structure from MBH adduct have been 

described in the introduction chapter I (Chapter I, sections I. 1.7.2., I .  1.7.8. and F.1,7.9.). 

However, to best of our knowledge no work has 'been reported on the synthesis of 

hnctionalised axyl amine substituted-y-butyrolactones from MBH of isatin by reductive 

cyclization methodology. Thus, in this chapter, we wish to give details of the synthesis of 

functionalizd-y-butyrolactones from MBH adducts of isatin by a simple reductive cyclization 

method using sodium borohydfjde reducing reagent in moist tetrahydrofuran. 

4.2.4. Results and Discussion 

4.2.4.1. Rehsynthetic analysis 

The synthetic strategy of present study is depicted in Scheme 26. Reduction of MBH 

derivative of isatin H would provide functionalized substituted-'y-butyrolactones G.  The MBH 

adducts R could be synthesized from the corresponding substituted isatins I with activated 

alkenes such as methyl, acrylate in the presence of base. 

R~ 

Scheme 16 



4.2.4.2. Optimization study for y-butgrrolactone synthesis via reductive 
cyclizatian 

We have initiated our study with preparation (as detailed in the Chapters IT and 111) 

and reductions of the MBH adducr of isatin with sodium borohydside in moist 

tetrahydrofuran. For cornpuisnn of the reactivity of MBH adducts and optimization of the 

~eaction condition, we first synthesized adducts 65 and 66. The study is shown in Scheme 17. 

The MBH adducts of isatin for this study were prepared according to literature procedure.bx 

1 69 

Scheme I7 

Initially. the MHH adduct bearing ester group 65 in moist tetrahydrofuran was treated 

with 1.2 equivalent of sodium borohydride at room temperature for 2h. The reaction afforded 

chernoselective reduced product 67 i n  almost quantitative (Table 5, entry 1 )  yield. Then, the 

adduct 65 with 2.2 equivalent of sodium borohydride afforded 1:1 ratio of chcmoselective 

reduced product 67 and y-lactone 68 in 95% combined yield (Table 5,  entry 2). Hence, i t  is 

inferred that the more equivalents of the reducing agent i s  required for the complete formation 

of the lactone. Thus. the optimum condition for the formation of lactone 68 wax found as 4 

equivalents of sodium borohydride with adduct 65 as shown in Table 5, entry 3. In order to 

verify the role and effect of solvent, the reactions in methanol and diethy! ether afforded poor 

yields ~f the lactone fab le  5. entries 4 and 5) and reaction was found as complex mixture 

fornation (TLC). Hence, the moist tetrahydrofuran is best choice of solvent for the reaction. 

Experiments with varying THF:H20 ratio revealed that the best ratio is (4.5rnL:0.5PnL) in this 

reaction. To compare the reactivity of the MBH adducts, the adduct hearing nitrile at the 

activated olefin 66. on reduction, under optimized condition, furnished only the alefin reduced 

compound 69 as a. sole product as analyzed by NMR(Tab1e 5 ,  entry 6). Experiments with 

exccss of the reducing agent and prolonged reaction time also furnished only compound 69 in 



excellent yield (>95%)(Table 5 ,  entry 7).  Hence, it i s  inferred that adduct bearing nitrile 66. 

nitrile reduction is more susceptible than the corresponding ester reduction i n  adducr 65. The 

results are summarized in Table 5. 

Table 5 

4.2-4.3, Generality for the synthesis of y-butgrrolactone 

Entry 

1 

Encouraged by the preliminary results and to show the generality of the reaction, the 

reaction of adducts 70-76 under optimized conditions afforded the desired aryl arnine highly 

Functionalised y-butyrolactnnes 77-83 in excellent yield. The general reaction i s  shown in 

Scheme 18. 

R 2 ~ ~ 2 ~ c 0 2 E t  / - 4 ~ u R .  NaBHQ 

Y N 
O THF, 2h, 89-99% 

I 
RaNN 

R " a' 

2 
' 65 2.2 equiv. NaBH4. THF, 2h. RT I (67:68)1:1 95 - 

4 equiv. NaBHd, THF, 2h, RT (67:68)0:1 
P P  

4 65 4 equlv. NaBH*, MeOH, 2h, RT (67:68) 1 :2 
'"Ji 71 

I 

65 4 equiv. NaBHa, Et20, 2h, RT (67:68)2:0.5 69 
- 

6 1 66 4 equiv. NaBH,, THF. 2h, RT 69 99 
I 

7 66 6 equlv. NaBHd, THF, 4h, RT 69 99 

adduct 

70-76 
R' = H, CH,, %H,CH~. propsrgyt; R2= H, Br 

Scheme I8 

The laczones 79 and 83 derived from adducts 71 and 76 should be purified rapidly i n  

ordcr to obtain higher yields (Table 6. entries 4 and 8). It should be note worthy that the 

Yield % Condition 

tactones obtained have substimted aryl arnines as one of the substitution at the alpha position 

99 

I Productslraiio 

of the [actones which could be manipulated for further functionalisa~ion. We have a150 shown 

(67:6&)1 :O 65 

thnl the presence of functional groups such as benzyl and propatgyl in the starting materials 

1.2 equn. NaBH,, THF, 2h, RT 

are susceptible to the reaction condition affording highly functionalized lactones. The result< 

are srrrnrnarized in Table 6. All the new compounds were characterized 'by spectral (1R. 'H 

and "C NMR) and HRMS data. 
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Table 6 

Entry 

1 

2 

3 

89 

d 
5 

4 equiv. NaBH,, THF, 1.5h, 93 
RT 

I MeHN 

73 
6 Br 

4 equiv. NaBH4, THF, 1 h, RT 94 

H 

74 
7 

4 equiv. NaBH,, THF, 1.5 h, 90 
Rf 

P h 

8 
I 4 equiv. NaBH4, THF, 1.5 h, 96 

RT 

d 
76 

a. Racemic mixture; b. Yields refer after column purifjcation. 

Reactant 

N 
1 dcoZEq 

/ 

! 

P h I 

Condition 

4 equiv. NaBH4, THF, 2h, RT 

I 

Product a 

W N  

Yield 

98 

4 equiv. NaBH4, THF, 2h, RT 

4 equiv. NaBH,, THF, 2h, RT 

93 

95 



4.2.4.4. Characterization of 3-hydroxg-4-methyl-3-(2-methy1amin~- 
phenyl)-dihydro-furan-2-ones 

All the newly synthesized 3-hydtoxy-4-rnethy1-3-(2-methylamjnn-phenyl)-dihydro- 

furan-2-one were characterised by spectral means. Some of the representative examples arc 

described as foIlows. The structure of lactone 68 was arrived based on analysis of 

spectroscopic data. In  the R spectrum of compound 68, absorption bands due to the presence 

of hydroxyl and lactone carbonyl groups were found at 3402 and 1,771 cm-' respectively. The 
t H NMR spectrum of the lactone was appeared very neat. In the aliphatic region an upfield 

signal due to methyl group attached with rnethine centre appeared as a doublet at 6 0.58 with 

coupling constant J = 6.9Hz. The rnethjne proton appeared as a multiplet at 6 2.47, which 

indicated coupling due to its neighbor methylene protons. The rnethylene protons i n  the 

lactone ring appeared as two doublet of doublet signals at 6 3.89 with coupling constants 3 = 

1 1.1 and 3.9Hz and at 6 4.03 with coupling constants J = I 1.1 and 9.9Hz. The one more 

methyl gmup attached with nitrogen atom occurred as a singlet signal at 6 3.18. Signals due to 

OH and NH pmtons were clearly found from the chemical shifts at 6 3.37 and 5 4.95 

respectively. The aromatic region had four protons in the chemical shift range S 6.82-7.36 

(Figure 24). The QH and NH protons were found exchangeable with DzO in ' H  NMR-D20 

exchange experiment. 

Figure 24 'H  NMR Spectrum of compound 68 
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The I3c NMR spectrum of the y botyrolactone 68 accounted total number of carbons. 

The signal at F 11.38 indicated the methyl carbon at C-4 of t h e  y-lactone ring. The methine 

carbon of the y-butyrolactone core had resonance at 8 26.13. Carbon signal? af 6 4 1.29 and 

64.47 were found due to N-methyl and methylene in the lactone sing respectively. The 

quaternary carbon in the lactone ring displayed a peak at 8 79.67. The remaining aromatic 

carbons were appeared at 6 108.3- 129.68 (methine carbons) and 6 1 30.34, 143.39 (quaternary 

carbons). The presence of carhonyl carbon in the lactone was confirmed with a carbon peak at 

6 1 77.89 (Figure 25). 

Figure 25 ''c NMR Spectrum of compound 68 

Figure 26 Mass spectmrn (FIRMS) of compound 68 
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A final proof for the structure of y-butyrolactone 68 was confirmed based on the mass 

spectrum (HRMS) showing a molecular ion peak at mlz = 22 1.1035 (Calcd. for C,2H1 5N03: 

221.1054) (Figure 26). 

Similarly, in the R spectrum of the Iactone 78, absorption bands due to -OH and 

Iactone carbonyl functionalities found at 3385 and 1778 crn-' respectiveIy. In 'H NMR 

spectrum, a doublet and a rnultiplet signals at S 0.62 with coupling constant J = 7.2 and at 8 

2.51 were found due to the presence of methy1 and methine protons respectively. The 

presence of two methylene protons, one of lactone ring and another of benxylic metbylene 

part were observed because of characteristic four sets of chemical shifts at 6 3.93 (as doublet 

of doublet with coupling constants J = 1 1 . 1  and 4.5Hz), 6 4.12 (as doublet of doublet with 

coupling constants J = 1l.land 9Hz, lH),  6 4.75 (as doublet with a coupling constant J = 

15.6Hz) and 6 5.00 (as doublet with a with coupling constant J = 15.6Hz). (Figure 27) 

Figure 27 'H NMR Spectrum of compound 78 

In its I3c NMR spectrum, zt signal due to methyl carbon was found at S 11.62. The 

quaternary carbon attached with hydroxyl group occurred at 6 79.63. The lactone carbonyl 

carbon was found at 6 178.03. All other carbons were found as expected and the spectrum is 

reproduced in Figure 28. The final evidence for the structure of y-butyrolactone 78 was 

confirmed based on the mass spectrum (HRMS) having a molecular ion peak at d z  = 

297.1366 (Calcd. for C I ~ H ~ ~ N ~ ~ :  297.1365). 
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Figure 28 MMR Spatturn of compound 78 

Likewise, the structure of N-propargyl derivative of y-butyrolactone 79 was 

established using spectroscopic analysis. In  IR specmm of the lactone 79, the absorption 

bands at 3427 and 1777crn-' confirmed the presence of hydroxyl group and Tactone carbonyl 

unambiguously. In 'H N M R  spectrum, the tenninal alkyne proton in the lactone appeared as 

a triplet at 8 2.17 with coupling constant J = 2.4Hz. The C-5 methyfene of the lactone ring 

appeared as w o  sets of doublet of doublet at 6 3.72 with coupling constants J = 8.7 and 4.8Hz 

and at 6 3.84 with coupIing constant 3 = 8.7 and 5.7Hz. (Figure 29) 

Figure 29 'H NMR Spectrum of compound 79 
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In "C NMR spectrum, the carbon signals due to C-3 and quaternary carbon in alkyne 

group were found at 8 78.87 and 87.94 respectively. The lactane carbonyl was seen at 6 

172.40 (Figure 303. The mass spectrum (HRMS) of lactone 79 had a molecular ion peak at 

mlz = 230.0802 (CaEcd. for CI3HIZNO3: 230.08 17) resulted as finaI proof for the assinged 

Structure. 

Figure 30 'k NMR Spectrum of compound 79 

The structure of propargyl lactone derivative in which aryl ring having bromine 

substitution 83 was analysed by routine spectroscopic techniques. In the TR spectrum, the OH 

and lactone carbony1 absorption were found at 3391 and 1769 ern-' respectively. Its 'H NMR 

spectrum was neat and clear in assigning all the signals present. A triplet signal due to 

terminal alkyne proton was found at 62.18 with coupling constant I = 2.IHz. The 

characteristic doublet of doublet pattern expected due to the lactone methyhe protons 

occured at 6 3.74 with coupling constants J = 8.7 and 4.8Hz and at 6 3.85 with coupling 

constant J = 8.7 and 5.7Hz. (Figure 31) 

The 1 3 ~  NMR spectrum of lactone 83 had the quarternary carbon at 8 79.68. The 

lnctone carbonyl was resonated at 6 180.81. All other carbons were found as expected and the 

spectrum is reproduced in Figure 32. Finally the structure of lactone 83 was confirmed by 

mass spectrum (HRMS) in which a molecular ion peak was seen at m/z = 323-0212 (Calcd. 

for C14HldBrN03: 323.0157). 



Figure 31 'H NMR Spectrum of compound 83 

* 

Figure 32 'k C R  Spectrum of compound 83 

Br 

4.2.4.5. Assignment of the relative stereochemistry of the lactones 

f e 
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The relative stereochemistry of the laclones 68 and 80 were arrived based on NOE- 

irradiation studies. Thus, irradiation of H, proton at 6 2.47 in compound 68 showed 1.15% 

enhancement of the H, proton of the aryl ring while the OH proton showed -3.4% of negative 

NOE enhancement confirming these are syn- and anti- relationship with respect to Ha proton. 

In contrary, we observed that the compounds 79, 80 and 83 showed the opposite relationship 

as evidenced by NOE correlation and aIso by comparison of proton NMR chemical shifts of 

methyl protons which have anti- and o n -  relation with aryl ring in 68 and 80 respectively {Hd 

at 0.58pprn for 68 and Hdb at 0.98 ppm for 80 due to ring current of aryl ring). The reverse En 



- 

stereochemistry of the lactones may be due to the substitutions at aryl ring and N-alkyl 

positions which direct the mode of attack of hydride ion which determines the stcrewhemistry 

of the products. Thus, the stereochemistry ef the products is arrived as shown in Figure 33. 

no nOe 
Positive 

MeHN 

68 80 

Figure 33 

For example, in compound 68, the Ha and Hb protons appeared as two doublets of 

doublet at F 3.89 and 8 4.03 respectively. Hd (Methyl protons) at 6 0.58 appeared as doublet, 

H, at S 2.47pprn appeared as a rnultiplet. The Ha proton showed coupling constant with HI, 

proton as 11.1 Hz due to geminal coupling. The Ha and Hb protons had coupling constants 

with H, proton as 3.9Hz and 9.9 Hz respectively. The Hd protons had coupIing constant with 

H, proton as 6.9 Hz. OH proton appeared at 6 3.37 as broad singlet. NH proton was seen at 

8 4.95 as a singlet. One aromatic proton at 6 6.82 as a doublet (J = 7.8Hz). remaining three 

aromatic protons appeared in the range 8 7.09-7.36 as a multiplet. Further, the 2D 

HOMOCOSY spectrum showed cross peaks between H, and Hd, Ha and H,, HI, and H, and 

Hab supporting the coupling nature of the protons in the lactone unambiguously. The coupling 

nature of protons is shown in Figure 34. 

Figure 34 

4.2.4.6. A PIausible mechanism of hctonizatian 

The formation of lactones could be explained based on mechanistic studies. A possible 

pathway for the Iactone formation is depicted in scheme 19. A conjugate addition of hydride 

ion to enone system leads to olefin reduction followed by reduction of ester group to primary 



alcohol which undersoes lactonization with clcavape of a weak amide car'hongl group. Tt i s  

understood that the presence of 3"-alcohol group in the startf ng material facilitates thc h ydride 

addition to the conjugate system by a weak complex formation with the reducing agent 

prcferabl y. 

H 
8 

NaBH, , # 

N 
t Moist THF I I 

Scheme 19 

4.2.5. Conclusion 

A short, facile and efficient method for the synthesis of fi~nctinnalized y- 

bvtyroPactones was achieved exploiting MBH adducts of isatin as starting materials by 

reductive cycl ization as a key step. 

* All the newly synthesized lactone products were characterized using spectroscopic 

analysis. 

Assignment of relative stereochemistry of the y-butyrotactones using NO€ and 

HOMOCOSY experiment study was also explained in detail. 

Finally, a plausible mechanism was proposed for the formation of y-bu tysolnctones. 
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4.3. Experimental Details (Part-A) 

4.3.1. General experimental procedure for isarnerisa2ion: 

Isomerisation: 

A mixture of MBH adducts (100 mg, 0.404 mmol). excess of trimethyl orthoformate 

(3rnL) (or) Ar-H (3mL) (or) propargyl alcohol ( 3 r d )  and montmolillonite K-10 Clay (50% 

wlw) without any solvent was heated at 1 10 OC for 1.5h. After the reaction (TLC), the crude 

mixture was purified by a silica gel column chromatography using gradient elution with 

hexane and hexane and EtOAc (80:20) to afford isornerised products in good yields (68-75%). 

4.3.2. Spectral data for lsornerised Baylis-Hillman adducts: 

IR (CH2Cl2): v,, 17 10. 1608 ern-'. 

P"' 1 H NMR (CDCIdTMS, 300.1 MHz): 8 3.22 (s, 3H). 3.43 (s, 3H), 

3.96 (s, 3H), 5.04 (s, ZH), 6.78 (d, J = 7.8 Hz, IH), 6.98 (t, J = 7.8 

I Hz, IH). 7.22-7.3 1 (m, 2H). 
22 '" CR(CDC13/TMS, 75.3 MHz): 8 25.9, 52.6, 59.1, 68.2, 108.3. 

119.7, 122.4, 122.6, 124.9, 130.4, 141.6, 143.6, 166.9, 167.5. 

HRMS d z :  Calcd. for C14H15N04: 261.1001; Found 26 1 .(1988. 

(CHzC12): v,, 1710, 1608 ern-I. 
H NMR (CDCldTMS, 300.1 MHz): F 3.20 (s, 3H), 3.48 (s, 3H), 

I 3.95 (s ,  3 ~ ) ,  4.64 (s, 2H), 6.82 (d, J = 7.8 Hz, lH), 7.10 (t, J = 6.9 

Hz, lH),  7.30-7.42 (m, 2H). 

(Z)-methyl2-(l-ethyl-2-oxoindolin-3-ykidene)-3-methoxmpaoa 31 : 

Rr (20% EtOAc-Hexanes) 0.38. 

IR ( cH~c~~) :  v,,, 1713, 1665, 1614 cm'. 

'H NMR ( C D C l m S ,  300.1 MHz): 6 1.26 (t, J = 7.0 Hz, 3H), 3.43 
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(s, 3H), 3.77 (q, J = 7.0 Hz, 2H), 3.96 I s ,  3H), 5.04 (s, 2H). 6.79 (d, J 
Wa 

&I.?- 

= 7.8 Hz, 1 H), 6.96 (t. J = 7.6 Hz, lH),  7.22-7.30 (m, 2H). 

'k NMRICDCIIITMS, 75.3 MHz): 8 12.3. 35.0, 53.2, 54.8, 63.5, 

31 HRMS d z  : Calcd. for ClSHl7NOa: 275.1 158: Found 275.1 147. 

(&methyl 3-methoxy-2-(2-ox~1-(pmp-2-ynyl)indolin-3-ylidene)pmpa~ 32: 

Rr (20% EtOAc-Hexanes) 0.4 1. 

FR (CHzCl?): v,, 331 1,2146, 171 6, 16 13 ern-I. 
1 H NMR ICDCWTMS, 300.1 MHz): F 2.22 (t, J = 2.4 Hz, P H). 3.43 d:ozk (s, 3.) 3-93 (s. 3.). 449  ( s  2 H )  3-05 (s, 2.1, 7.03-71 (A, 2.)- 
7.26-7.37 (m, 2H).  

C R  (CDCIJKMS, 75.3 MHz): 6 29.6, 52.7, 57.54, 62.7, 72.2, 

32 97.6, 111.3. 119.77, 122.51, 123.2, 125.27, 130.24, 142.06. 143.51, 

166.89, 1 67.40. 

HRMS d z  : Calcd. for C lhHt5N04: 285.100 1 ; Found 285.0992. 

(Z)-methyI2-(1 -benql-2-oxoindolin-3-ylidene)-3-me2ho~panate 33: 

Rf (20% EtOAc-Hexanes) 0.47. 

IR (CH2C12): v,, 17 17, 1706. 1603 cm-I. Q$jOde 'H NMR(CDCIyTMX, 300.1 MHz): 6 3.45 (s, 3H). 3.98 (s. 3H). 

N 
4.92 Is, 2H), 5.10 (s, 2H), 6.69 ( d ,  J = 7.8 Hz, IH), 6.96 (I, J = 7.8 

C ~ ,  Hz, lH),  7.16-7.33 (in, 7H). 
33 

13 C NMR (CDGIflMS. 75.3 MHz): 8 44.2, 52.8, 53.9, 62.6, 106.2, 

109.3, 122.7, 123.5, 126.8 (2C3, 127.6, 128.5 (ZC), 129.0, 131.2, 

135.4, 142.6, 143.6, 174.8, 175.7. 

HRMS m/z: Calcd. for C20H19NOd: 337.1314; Found 337-1303. 

(Z)-met hyl2-(1 -benzyl-5-bromo-2-oxoindolin-3-ylidene)-3-met hoxypropanoate 34: 

Rf (20% EtOAc-Hexanes) 0.43. 

IR (CH2C12): v,, 172 I ,  1 7 1 0, 1605 cm-I. 

'H NMR (CDCI$TMS, 300.1 MHz): 6 3.43 (s, 3H), 3.87 (s, 3HI, 4.92 (s, 
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2M), 5.04 (s, 2H), 6.63 (d, J = 8.4 Hz, lH), 7.28-7.34 (m, 8H). 

13c NMR (CDC13/TMS, 75.3 MHz): 6 44.4, 52.9, 62.9, 73.8, 105.8, 

110.5. 116.2, 126.1, 127.3 (2C), 128.2. 128.8 (2C), 131.8. 132.6, 

Cm 135.1, 141.7, 143.6, 170.4, 172.8. 
34 HRMS mJz: Calcd. for CzoHleBrN04: 415.0419; Found 415.0417. 

'H NhlR (CDCl3TTMS, 300.1 MHz): 6 3.54 (s, 3H), 4.08 (s, 3H), 

4.45-4.52 (m, ZH), 5.18 (s, IH), 5.29-5.35 (m, 2H), 5.5 (m, IH), 6.91 

b Id, J = 7 . 5  Hz, IH), 7.09 ( t .  J =  7.4 Hz, 1H), 7.35-7.341 (m, 2H). 

35 13c NMR (CDC1-nMS, 75.3 MHz]: 6 42.6, 52.77, 52.9. 62.6, 106.20, 

109.3, 117.5, 122.8, 123.2, 128.7, 130.63, 131.2, 142.5, 158.4, 173.9, 174.6. 

HRMS m/z: Calcd. for C16H1 +04: 287.1 158; Found 287.1 150. 

IR (CH2C12): v,, 1702, 1607 cm". 

'H NMR (CDClflMS, 300.1 MHz): 6 3.43 (s, 3H), 3.98 (s, 3H), 4.04 (s, 
I 
co2luc 3H), 5.00 IS, 2H), 7.13-7.44 ( m, 3H), 7.98 (t, J = 7.8 Hz, 1H). 

36 13 c NMR (CDCIDMS, 75.3 MHz): S 52.8, 53.4, 59.3, 67.8, 105.7, 

108.4, 122.3, 123.6, 129.4, 131.7, 143.3, 143.8, 167.5, 174.9, 175.3. 

HRMS m/z: Calcd. for C I S H ~ ~ N O ~ :  305.0899; Found 305.0900. 

4.3.3. General experimental procedure for Second Baylis-Hillman adducts formation and 
lactonisation: 

Second Morita-Baylis-Hillman adduct formation: 

A mixture of isornerised MBH adducts ( 1  00 mg, 0.382 mrnol) was treated with 40% 

aqueous formaldehyde (0.5mL) and DABCO ( 1  -5 equiv.) in acetone (3rnL) was stirred for 2hr 

at RT. The crude mixture was passed through a silica gel column using gradient elution with 
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hexane and hexane and EtOAc (70:30) to afford pure adduccs as inseparable mixture 

(combined yreld: 80-90%). 

Lactoniration: 

The mixture of second MBH adducts (100 mg, 0.343 rnmol) in benzene ( 5  mL) and 

PTSA (cat. 0.3 equiv.) was refluxed at 80 "C for 30 minutes. The reaction mixture in CH2C12 

(50ml) was washed with saturated NaHCQ3, brine and water. The organic layer was separated, 

dried (Na2SO4) and concentrated under vacuum. The crude mixture was purified by a column 

chromatography using gradient elution with hexane and hexane and EtOAc (80:20) ta afford 

3-spiro a-rnethylene-y-butyrolactone-N-alkyl oxindoles in 70-97s isolated yields. 

4.3.4. Spectral data for 3-Spiro a.methyleneybutyrolactone oxindole compounds: 

Compound 24a: 

TR (CH?Cl2): v,, 1753, 1714, 1667, 1612, 1470, 1048 ern-'. 

'H NMR (CDCIOMS, 300.1 MHz): 6 3.26 (s, 3H), 3.67 (s, 3H), 4.34 (d, I 

= 8.8 Hz, lH),4.59 (d, J = E . &  Hz, IH)., 6.86(dSJ=7.R Hz, lHj, 7.09 (t, J =  

I 7.5H2, IH),7 .22(d,J=7.4Hz,  IH),7.27(s, lH) ,7 .32(t ,J=7.7Flz .  IH). 

24a '" NMR(GDC1flMS. 75.3 MHz): 6 26.6, 52.8, 62.9, 73.8, 106.2. 

108.2, 122.7, 123.4, 128.9, 130.8, 143.3, 158.6, 170.8, 175.2. 

HRMS d z :  Calcd. for C14H13N04: 259.0845; Found 259.0845. 

Compound 24b: 

'PI NMR(CDC13/TMS, 300.1 MHz): 6 3.24 (s, 3H), 3.82 (s, 3H), 4.29 (d, J 

=8.8 Hz, lH),4.55(d,J=X.XHz, lH),6.14(s, lH),6.X8(d, J=7.7 Hz, 1H), 
N 

I 7.12(t ,J=7.5Hz,  1Hj,7.27 (d, J = 7 . 4  Hz, IH),7.34(t, J=7.7Hz,  1H) 

24b ' 3 ~  NMR (CDC131TMS, 75.3 MHz): 8 26.7, 53.1, 63.3, 73.2, 105.6, 

HRMS m/z: Calcd. for C14H 3N04: 259.0845: Found 259.0840. 
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Compound 47a: 

Compound 47b: 

Compound 48a: 

Rf (20% EtOAc-Hexanes) 0.37. 

IR(CHzC12): v,, 1750, 1715, 1667, 161 1, 1486, 1051 cm-'. 

% )I ( C D C I 3 ~ S ,  300.1 MHz): 6 1.27 (t, J = 7.1 Hz, 3H). 3.67 

(s, 3H1, 3.62-3.98 (m, 2H), 4.35 (d, J =  8.8 Hz, IH), 4.59 (d, J = 8.8 

Hz, IH),6.87 (d, J = T . 8  Hz, IH), 7.07 (1, J = 7 . 4  Hz, lH), 7.22-7.34 (m, 3H). 

"C NMR(CDCIflMS, 75.3 MHz): 6 12.3, 35.0, 52.9, 62.5, 73.7, 

106.7, 108.3, 122.9, 123.1, 128.9, 131.2, 142.4. 158.4, 170.71, 174.6. 

HRMS m/z: Calcd. for CI5Hl5N04: 273.1001; Found 273.1006. 

Rf (20% EtOAc-Hexanes) 0.26. 

IR (CHzCI?): v,,, 1755, 1715, 1652, 1612, 1468, 1073 cm-'. 
1 M NMR (CDClflMS, 300.1 MHz): 6 1-20 (t, J = 7.1 Hz, 3W), 3.77 

(q, J=7 .1  Hz, 2H),4.31 (d ,J=  8.8 Hz, IH) ,4 .56  (d, J = 8 . 8  Hz, lH),  

6.13 (s, lH),  6.92 (d, J =  7.8 Hz, lH),  7.12 (t, J =  7.5 Hz. 1H),7.29 (d, 

J -  6.8 Hz, IH), 7.35 (t, J =  7.7 Hz, 1Hj. 

13c NMR (CDCIflMS, 75.3 MHz): 6 12.7. 35.1, 53.0, 63.3. 73.1, 

105.8, 108.8, 123.6 (2C), 129.3, 131.8, 142.1, 157.9. 167.1, 176.1. 

HRMS rnk: Calcd. for C lsH15N04: 273.1001; Found 273.1003. 

Rr (20% EtOAc-Hexnnes) 0.34. 

TR (CHzCI?): v,,, 33 10,2 146, 1747. I7 16. F 666, 1613,1489,105 1 cm?. 
1 H NMR (CDClflMS, 300.1 MHz): 6 2.55 (t, J = 2.5 Hz, IH), 3.68 

(s, 3H), 4.36-4.70 (m, 4H), 7.06 (d, J = 7.8 Hz, IHj, 7.13 (1, J = 7.6 

Hz, 1H),7.25 (d, J =  6.9 Hz, lH), 7.28 (s, IH). 
13 C NMR (CDCITJTMS, 75.3 MHz): 6 29.6, 52.7, 62.7, 72.2, 73.6, 

9X.D,103.7, 109.2, 122.8, 123.8, 128.9, 130.7, 141.4, 158.7, 170.5, 174.3. 

HRMS d z :  CaIcd. for C lbH13N0~:  283.0845: Found 283.0837. 
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Compound 48b: 

Rt (20% EtOAc-Hexanes) 0.37 
0 

IR (CH2CIz): v,, 3309,2143,1752, 1715. 1667, 1612. 1487. 1049 cm-I. 

M NMR (CDC13RMS, 300.1 MHz): 6 2.28 (t, J = 2.5 Hz, 1 H), 3.85 

(s, 3H), 4.32-4.63 (m,4H), 6.61 (5 ,  IH), 6.91-7.41 (m, 4H). 

13c NMR (CDClDMS, 75.3 MHz): 6 29.9, 53.2, 63.7, 73.1, 73.2, 

48b 77.4, 109.7, 111.3, 115.5, 116.6, 123.8, 124.5, 129.7, 158.3, 168.9, 175.3. 

HRMS d z :  Calcd. for C 16H13NO~: 283.0845; Found 283.0335. 

Compound 49a: 

Rf (20% EtOAc-Hexanes) 0.35. 

m ICH~CI?): v,, I 747, 1714, I 667, 1607. 1486,1050cm'~. by! 'H NMR (CDCldTMS, 300. I MHz): S 3.62 ( 5 ,  3H), 4.38 (d. J = 8.8 Hz, 

1H). 4.64 (d, J =  8.8 Hz, EH),4.65 (d, J =  15.6 Hz, IW). 5.22 (d, J =  15.6 

N 
Hz, 1H),6.75 (d,I=7.7Hz, 1H),7.05(t,J=6.9Hz, lHr,7.18-7.33 (rn,XH). 

C P h  I3c NMR (CDCl.flMS, 75.3 MHz): 6 44.2, 52.8, 62.6, 74.1, 106.2, 

49a 109.2, 122.8, 123.4, 127.4 (2C), 127.7, 128.7 (2C), 128.8, 130.9, 

135.5, 142.4, 158.6, 170.7, 175.3. 

HRMS d z :  Calcd. for C20H~7N04: 335.1 158; Found 335.1 153. 

Compound 50a: 

Rr (20% EtOAc-Hexanes) 0.36. 

TR (CHZCIZ): v,,, 1744, 1722, 1668, 1602, 1484, 1053crn.'. -6y: 'H NMR ( C D C l ~ ~ S ,  300.1 MHz): 6 3.66 (s, 3H), 4.37 (d, J = 8.9 

Hz, lH), 4.60 (d, J =  15.7 Hz, lH), 4.63 (d, J =  8.9 Hz, IH), 5.22 (d, 

J =  15.7 Hz, lH), 6.62 (d ,d=  8.4 Hz IH), 7.28-7.34 (m, SH). 

C ~ h  'k NMR (CDCtflMS, 75.3 MHz): F 44.4, 52.9, 62.9, 73.8, 105.8, 

50a 110.8, 116.1, 126.2, t27.4(2C), 128.0, 128.9 (2C), 131.8, 132.9. 

135.1, 141.5, 159.0, 170.4, 174.9. 

HRMS d z :  Calcd. for CzoH 16B~N04: 41 3.0263; Found 4 1 3.0263. 
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Compound 50b: 

Compound 51 a: 

Compound 53 b: 

Rf (20% EEtOAc-Hexanes) 0.27. 

IR (CHzCI2): v, 1751, 1712, 1668, 1605, 1486, 1054 ern-'. 
1 H NMR tCDCI3flMS, 300.1 MHz): 6 3.85 (s, 3H), 4.34 (d, J = 8.9 

Hz. IH). 4.62 (d, J =  8.9 Hz, IH), 4.84 (d, J =  15.4 Hz, IH), 4.94 (d, J 

= 15.4 Hz. lH), 6.1 1 (s, tH), 6.70 (d, J =  8.2 Hz, IH), 7.28-7.41 Ern, 7HI. 

I 3 c  NMR (CDC13/TMS, 75.3 MHz): 8 44.3, 53.1, 63.6, 72.88, 105.4, 

111.2, 116.4, 126.8, 127.4 (2C), 128.2 (2C), 129.1 @C), 132.2, 135.1, 

141.1. 158.3, 176.6, 178.4. 

HFtMS m/z: Calcd. for C20H1&rN04: 4 1 3.0263; Found 4 13.0263. 

Rf (20% EtOAc-Hexanes) 0.36. 

IR (CH2C12): v,, 1752. 1714. 1668, 1611, 1471, 1047 ern‘*. 
I H NMR (CDClflMS, 300.1 MHz): 6 3.68 (s, 3H). 4.18 Idd. J = 

5.2 and 16.6 Hz, IH), 4.38 Id, J = 8.8 Hz, IH), 4.54-4.62 (m, 3H). 

5.22-5.28 (m, 2H), 5.79-5.85 (m, IH), 6-84 (d, J=7.8 Hz, 1 H), 7.08 It,  

J = 7.5 Hz, 1 H), 7.25-7.3 1 (m, 3H). 

13c NMR(CDClflMS, 75.3 MHz): 6 42.6, 52.7, 62.6, 74.0, 106.3, 

109.1, 117.3, 122.8, 123.3. 128.8, 130.8, 130.9, 142.4, 158.5, 170.7, 174.8. 

HRlMS m/z: Calcd. for C16Hr5N04: 285.100 1; Found 285.0992. 

Rf (20% EtOAc-Hexancs) 0.29. 

IR (CH2C12): v,, 1756, 1702, 1659, 1606, 1464. 1071 err-[. 
1 H NMR (CDCl3mMS, 300.1 MHz): 6 3.85 (s, 3H). 4.32-4.38 (m, 

3H), 4.58 (d, J = 9.0 Hz, lH), 5.26-5.29 (m, 2H), 5.85 (m, IH), 6.15 (s, 

lH),6.90(d,J=7.8Hz, 1H) ,T . I3 ( t , J=7 .5Hz ,  IH),7.25-7.35(m,2H). 
13 C NMR(CDCIyTMS, 75.3 MHz): 6 43.2, 52.8, 62.6, 74.0, 106.2, 

109.2, 117.4, 122.8, 123.4, 129.3, 131.3, 131.7, 142.4, 158.6, 167.87, 115.7. 

HRMS d z :  Calcd. for C1J-II5NO4: 285.1001; Found 285.0993. 
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Compound 52a: 

Rr (20% EtOAc-Hexanes) 0.37. 

IR (CM2CIz): vm,, 1756, 1702, 1659, 1606, 1464, 107 1 cm-I. 

'H NMR (CDClyTMS, 300.1 MHz): 6 3.68 (s, 3H), 4.04 ( 5 ,  3H). 

4.36 (d, J = 8.9 Hz, l H ) ,  4.63 (d, 3 = 8.9 Hz, lH),  7.23-7.40 ( rn, 
I 
co,m 4HE. 7.93 (t, J = 8.4 Hz, 1 H). 

52a "C NMR(CDCl$TMS, 75.3 MHz): 6 52.8, 59.3. 67.8. 74.0, 105.7, 

108.6, 122.1. 123.5, 129.2, 132.4, 143.3, 158.5, 167.4, 174.8. 175.7. 

HRMS mi.: Calcd. for C 15H 13N06: 303.0743: Found 303.0732. 

Compound 52b: 

Rr (20% EtOAc-Hexanes) 0.27. 

0 
1R (CH?Cl,): v,,, 1756, 1702, 1659, 1606, 1464, 107 I cm-I. 6x; 'H NMR (CDCl3STMS, 300.1 MHz): S 3-68 ( s ,  3H), 4.13 (s, 3H), 

\ / 4.36 (d, J = 8.9 Hz, lH),  4.61 (d, J =  8.9 Hz, IH), 7.21-7.42 (rn, 4H), 

Y 7.92 (t, J = 8.3 Hz, 1 HI. 
60,hk "C NMR(CDC1-OMS, 75.3 MHz): 6 53.2, 58.5. 66.9, 73.5, 105.6, 

52b 1139.7, 122.5, 123.4, 128.7, 131.9, 142.4, 158.6, 167.6, 170.7, 175.3: 

HRMS m/z: Calcd. far Cl5HI3N06: 303.0743; Found 303.0740. 

Compound 53a: 

Rr (20% EtOAc-Hexanes) 0.36. 

IR (CH2C12): v,, 21 20. 1747. 171 5 ,  1668, I048 cm-'. 
1 H NMR (CDC13JTMS, 300.1 MHz): 6 2.42 (t, S = 2.3 Hz, IH). 3.14 

(s, 3H), 4.24-4.27 (m, 3H), 4.50 (d, J =  8.9 Hz, JH), 6.75 (d. J = 7.8 

I Hz, lH) ,6 .9T(t ,J=7.5Hz,  l H ) , 7 . E 3 ( d , J = 7 . 3 H z ,  lH),7.21 I t , J =  

53a 7.6 Hz, 1 H), 7.35 Is, 1 H). 

""CMR ( C D C t m S ,  75.3 MHz): 8 26.9, 53.0, 61.9, 74.1, 76.2, 78.1. 

ARMS m/z: Calcd. for ClhHlnN04: 283.0845; Found 283.0843. 
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Compound 53b: 

Rf (20% EtOAc-Hexanes) 0.27. 

IR (CH2C12): vmaa 2123, 1754, 1713, 1667, 1051 crnA'. 

p& 'H NMR (CDC13mMS, 300. I MHz): B 2.52 It, J = 2.3 Hz. 1 H). 3.26 

(s, 3H). 4.31 (d, J = 8.7 Hz, IH), 4.55-4.65 (m, 3H). 6.34 (s, 1H). 
I 6.89Cd, J = 7 . 8  Hz, IH), 7.12 (t, J=7.3 Hz, lH),  7.25-7.37 (m,ZH). 

53b I3c NMR (CDCI.JTMS, 75.3 MHz): 6 26.8, 29.8. 53.2, 61.8, 73.2. 

77.9, 106.4, 107.7, 123.5, 123.8, 129.5, 131.4, 143.2, 154.3, 166.5, 176.1. 

HRMS d:: Calcd. for Cl&Ll3NO4: 283.0845; Found 283.0841. 

4.3.5. Spectral data for 3spiro dihydrofuran compounds: 

Compound 2k: 

I 
,Ox H NMR ICDCIJTMS, 300.1 MHz): 6 3.27 (s, 3H), 3.53 Is, 3H). 

@$mr 4.64 (d. I = 9.5 Hi. 1H), 4. 90 (6, i = 9.5 Hz. IH), 6.86 ( d  / = 7.7 

1 Hz, 1H),7.08(t, J=7.5Hz ,  IH),7.21 ( d , J = 7 . 2 H z ,  IH),7.30(t, J =  

2 k  7.7 Hz, IH), 7.58 (s, 1H). 

"C NMR(CDC13TTMS, 75.3 MHz): 6 26.6, 51 .O. 56.7, 85.2, 108.0, 

HRMS d z :  Calcd. for C 14H 13N04: 259.0845; Found 259.0842. 

Compound 48c: 

Rf (20% EEtOAc-Hexanes) 0.48. 

IR (CH2C12): v,,, 2 1 86, 17 1 5, 16 1 5, 1486cm". 

'H NMR (CDCI?/TMS, 300.1 MHz): 6 2.27 (t, J = 2.5 Hz, IH). 3.51 &-& (r, 1H), 4.51 ( d d  J = 17.6. 2.5 Hz. *Hi. 4.62 (dd. I = IIS6. 1.5 Hz. 

N~ lH),4.80(d.J=9.6Hz,IH).4.91(d,J=9.6Hz,lH).7.07-7.26(m, 

48c 3H), 7.32 (5 J=7.7 Hz ,  EH). 7.59 (s, 1H). 

HRMS m/l: Cafcd. for Cr$ir3NOa: 283.0845: Found 283.0838. 



Compound 50c: 

Rf (20% EtOAc-Hexancs) 0.48. 

JR (CH2Clz): v,, 17 17, 162 1, 1485 crn" . 

'H NMR (CDCl3RMS, 300.1 MHz): 6 3.53 (s, 3H), 4.66 (d. J = 9.6 

ErQ$$o,r HZ, 1 H ) n 4 . 7 7 { d , J = 1 5 . 8 H ~ , 1 H ) , 4 . 9 5 ( d , J = 9 . 6 H ~ ,  !H),5.11 ( d , J  

I = 15.8 Hz, IH), 6.57 (d, J =  8.2Hz, IH), 7.27-7.35 (m.7H), 7.62 (s, 1H). 
< ~ h  

5 0 ~  13c NMR (CDCl3/7MS, 75.3 MHz): 6 44.5, 51.4, 57.0, 82.3, 110.8, 

112.4, 115.8, 126.5, 127.3 (2C), 127.8. 128.8 (ZC), 131.9, 133.2, 

135.0, 141.6, 160.3, 163.0, 176.8. 

HRMS d z :  CaIcd. for CZOHlbB~NOd: 41 3.0263; Found 4 13.0254. 

4.4. Experimental Details [Part-B) 

4,4.?. General experimental procedure for synthesis of y.butryrolactones 

A mixture of MBH adduct derived from isatin (SOmg, 0.191 rnrnol) in moist 

tetrahydrofuran (3rnL) was added 4 equiv. of sodium borohydride (28.9mg, 0.7mmol) in rwo 

portion-wise over a period of 5 min. at room ternperahre. The mixture was stirred at the same 

temperature until complete disappearance of starting material (TLC, ca. Zh). Then, the THF 

was removed under reduced pressure. The crude material was extracted with ethyl acetate (2 x 

IOrnL) and the comhined organic layer was washed with water, and brine. The organic layer 

was separated and dried (Na2S04) and concentrated in vacuo. The crude mixture was purified 

by silica gel column chromatography using a gradient elution with hexane and hexane and 

EtOAc as eluent to afford pure product in excellent yield (89-98%). 

4.4.2. Spectral data for y-butryrolactones: 

3 - H y d r o x y 4 - m e t h y l - 3 - ( 2 - m e t h y l a m i n o - p ~ n e  68: 

Colonrless solid; M.P: 1 1 O°C 

IR (CH2C12): v,, 3402, 177 1 ,  17 10, 16 14 cm-'. y8 I H NMR (CDC13, 300.1 MHz): F 0.58 (d, J = 6.9 Hz, 3M), 2.47 (m, 
MeHN 

1H). 3.18 Is, 3H), 3.37 (bs, 1H, OH), 3.89 (dd, J = 11.1 and 3.9 Hz, 

68 lH),  4.03 (dd, J -  1 1 . 1  and 9.9 Hz, lH), 4.95 (s, 1H, NH), 6.82 (d, J 

= 7.8 Hz, 1H. Ar), 7.09-7.36 (m, 3H, Ar). 
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L 3 ~  NMR ICDCI3, 75 MHz): F 1 1.38, 26-13, 41.29, 64.47, 79.67, 

108.31, 123.45, 123.49, 129.68, 130.34, 143.39, 177.89. 

HRMS d z :  Calcd. for C12Hr5N03: 22 I .  1054: Found 22 1.1035. 

3-(2-Am~no-phenyl)-3-hydmxy-rl-methyldihyd~~-furan-2-one 77: 

Colourless viscous liquid, Rt: 0.3 (50:SO HexaneEtOAc) 

IR (CH,CI?j: v,, 3325. 1773, 1713. 1613 cm-'. 
1 QeR H NMR (CDC13, 300.1 MHz): 6 0.65 Id, J = 7.2 Hz, 3H). 2.48 (m, 

lHj ,  2.77 (bs. 3H, OH and NH2), 3.83 (dd, J =  11.1 and 4.2 Hz, IH) ,  
H2N 

O o 4.00 (dd, J =  11.1 and 9 Hz, 1H). 6.84 (d, J = 7.5 Hz, IH, As), 7.04- 

77 7.33 (m, 3H, AT), 8.24 (s, 1H). 

13c NMR (CDC13, 75 MHz): 8 1 1.25. 41.34, 64.35, 79.94, 1 10.27, 

123.38, 123.97, 129.68, 130.82, 140.48, 180.01. 

HRMS d z :  Calcd. for C1 E H  3N03 :207.0895; Found. 207.088 1 

3-(2-Benzylamino-pheny1)-3-hyd roxy4-meth yl-dihydto-bran-2-one 78: 

Colourless viscous liquid, Rr: 0.6 (60:40 HexanePEtOAc). 

IR (CH?C12): v,, 3385,2964,294 1,2884, 1 778, 1703, 16 13 cm". qj % B R  (CDC13, 300.1 MHz): 6 0.62 (d, 3 = 7.2 Hz, 3M3, 2.51 (m, 

Ph NH I W), 2.59 (bs, 2H, OH and NH), 3.93 (dd, J = 11.1 and 4.5 Hz, IH), 

4.12 (dd, J =  Il.land 9 Hz, IH), 4.75 (d, S =  15.6, IH), 5.00 (d,  J =  

78 15.6 Hz. 1H). 6.71 (d, J=7.8 ,  IH, Ar), 7.05-7.34 (m, 8H, Ar). 

"C NMR (CDCI3, 75 MHz): F 11.62, 41.33, 43.91, 64.57, 79.63, 

109.39. 123.48, 123.60, 127. 28 (2C), 127.73, 128.83 (3C), 129.62, 

135.48, 142.63, 178.03. 

HRMS &: Calcd. for C I J ~ ~ ~ N O I :  297. I 365: Found: 297.1366 

3-Hydroxy4-methy!-3-(2-prop-2-ynylamino-henl)dhd-un-2 79: 

Colourless viscous liquid, Rr: 0.6 (80:20 MexaneEtOAc) 

IR (CHzC12): v,,, 3427,3297,2970,2935,2883, 1777, 1703,1610 cm-I. 
1 H NMR: 6 1.26 (d, J = 6.9 Hz, 3H), 2.17 (t, I = 2.4 Hz, 1H), 2.43 

79 (m. lH),  3.72 {dd. J = 8.7 and 4.8 Hz, IH). 3.84 (dd, 3 = 8.7 and 5.7 
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Hz, IH), 4.07 (Zdd, J =  18.0,2.4 Hz, 2H). 5.35 (s, IH, NH), 6.61 (d, J 

= 7.8 Hz, 1 H, At), 6.79-7.28 (m, 3H, Ar). 

13c NMR: 12.19, 34.60, 43.65, 71.73, 74.82. 78.87. 87.94, 107.94, 

119.25, 123.13, 130.15, 148.42, 172.40. 

HRMS d z :  Calcd. for CI3Hl2NO3: 230.08 17; Found: 230.0802 

3 - H y d r o x y - 4 - m e t h y l - 3 - ( 2 - m e t h y l a m i n o - 5 - b ~ e  80: 

ColourIess viscous liquid, Rr: 0.5 (80:20 HexanelEtOAc) 

IR (CHZC12): v,, 3391,2966, 1769, 1606 cm-'. 
1 

Br H NMR (CDClj, 300.1 MHz): 6 0.98 (d, J = 6.9 HZ, 3H), 1:99 (bs, 

OH), 2.65 (m, lH),  2.85 (s, 3H), 3.16 (dd, J = 11.4 and 9 Hz, 1H). oh 4.02(dd,J=11.4md7.2~,1H),5.~(~,1H,NH),6.39(d,J=9.0 
MeHN 

0 
Hz, l H ,  Ar), 7.26-7.31 (m, 2H, Ar). 

80 13c NMR (CDC13, 75 MHz): 8 11.35, 25.93, 41.18, 64.45, 79.68, 

109.22, 112.30, 127.56, 131.85, 132.72, 140.32, 180.81. 

HRMS m k :  Calcd. for C12HIQBrNOB: 299.0157; Found 299.0214. 

3-(2-Amino-5-bmmo-phenyl)-3-hydr0xy4-methldhdro-un-2-oe 81 : 

Colourless viscous liquid, Rf: 0.4 (60:40 HexaneKtOAc) 

Br 
I IR (CH2CI2$: v,,,, 3288, 2957, 2351. 1776, 1721, 1520 crn-' 

'H NMR: 6 0.64 {d, J =  6.9 Hz,  3H), 2.42 (m, IH), 2.89 (bs, 1H, OH), 3.80 

(dd,J= 10.8and3.9H2, lH) ,4 .00(dd,J=l0 .8and9.XHz,  1H),h.74(d, J =  

8.1Hz,1H),7.36(d.J=8.1Hz,1H),7.43(s71H),8.40(s,1H,NH). 

81 'k NMR: 11.21, 41.16, 64.30, 79.98, 109.31, 113.40, 127.35, 

132.56, 132.81, 140.00. 190.79. 

HRMS d z :  Calcd. for C lH12BrN03: 285.000 1 ; Found: 284.9987 

3 - (2 -Benzy lamine-5 -b romo-pheny l ) -3 -hy~ ihyd ro - fu ran -2~ne  82: 

Colourless viscous liquid, Rf: 0.5 (5050 HexaneWtOAc) 

TR (CHzClz): v,, 3405,294 1, I78 1, 17 18, 1600 cmA1. 
1 H NMR (CDC13, 300.1 MHz): 6 0.61 (d, J = 6.9, 3H), 1 -94 (hs, 2H, 

OH and NH), 2.5 (m, 1H). 3.92 (dd. J = 11.1 and 4.5 Hz, IH), 4.18 



Cltuprer IV E-rp~i-imentnl section 

Br (dd. J =  11.1 and 9.6 Hz, lH), 4.75 (d, J =  15.6 HZ, IH). 4.98 (d. J =  

15.6 Hz, 1H), 6.57 (d, J = X . I  Hz, 1H,Ar), 7.28-7.38 (m, 7H, At). 

'k" C R  (CDC13. 75 MHz): 5 11.59, 41.1 1, 64.65, 79.64, 104.78, 

116.21,122.11,123.44,127.01,127.21(2C),127.89(3C~,130.01, 
82 

132.39. 141.82. 196.58. 

HRMS d z :  Calcd. for CIsHlsBrNO3 : 375.0470; Found 375.0470 

3-Hydmxy-4-methyl-3-(2-p~p-2=ynylamino-5-bmo-pheny ) d i y - r a n - 2  83: 

Colourless viscous liquid, Rf: 0.5 (80:20 HexaneEtOAc) 

IR (CHZCI2): v,,, 3427,3297,2970,2935,2883. 1 777. 1 703, 1 6 10 cm-I. 
Br 

'H NMR: 6 1.24 (d. J = 7.2 Hz, 3H), 2.18 (t, J = 2.1 Hz, 1H). 2.39 oh (m, IH), 3.74 (dd, J =  8.7 and 4.8 Hz, 1H). 3.85 idd, J =  8.7 and 5.7 
\\ MH 

O O  
Hz, lH) ,3 .86(dd,  J =  15.9,2.1 Hz,2H),5 .34(s .  lH,  NfI),6.48(d,  J = 8 . 4  

83 Hz, lH,Ar),7.32(dd, J=8.4, I .SHz, lH,Ar),7.36(d,J= 1.8Ilz.lH). 

13c NMR: 1 1.99, 34.53, 43.66, 72.02, 74.76, 78.34, 87.64, 109.22, 

110.80, 126.33, 132.77, 133.74, 147.29, 171.72. 

H R M S  mi'z: Calcd, for CL4H&rN03: 323.01 57; Found: 323.0212. 



The Morita-Baylis-HilIman (MBH) reaction is an attractive and powerful tool for 

C-C bond formation reaction. The reaction essentjaEIy involves participation of three 

components which are (i) etectrophile. ( i i )  activated alkene and jiji) tertiasy base (Scheme 

1 ). The MRH adduct has been fascinated by syntheric organic chemists in recent years 

because of its easy preparation and application in the synthesis of dense1 y functionalized 

molecules. These adducts have been used for the synthesis of important bjologically 

active natural products and related core structures. 

EWG 

R 

R = aryl, alkyl, heteroaryl; R' = H, C02R, alkyl 
X = 0,  NR; EWE = electron-withdrawing group 

Scheme 1 The Morita-Baylis-Hillman (MBH) reaction 

The synthetic versatility of isatin has led to the extensive use of this compound in 

organic synthesis. Many synthetic methodologies have been described for the conversion 

of isatins to other heterocyclic systems. The spiro-oxindole ring system is found as core 

structures of many alkaloids. whch displays significant biological activities and are 

interesting, challenging targets for chemical synthesis by synthetic organic chemists. 

Cnnstruction of such systems can also be appropriate from isatin. lsatin and its 

derivatives readily undergo MBH reaction to form corresponding MBH adducts (Figure 

I )  as reported by Garden et al. However, literature search showed that the synthetic 

utility of Functionatised MBH adduct of isatin is unexplored. With this background, for 

the present research work, MBH adducts of isatin have been used as starting materials for 

novel synthetic transformation which i n  general afforded novel 3-spiro- and heterocyclic 

oxindole core structures. Accordingly, the thesis has been divided into four chapters. 

R 

Figure I MBH adducts of isatin 



Chapter I of thesis embodied a brief general introductory discussion on the 

genesis, historical development and synthetic application of MBH-reaction. Followed by 

the origin, develop men^, synthetic transformations, applications in the synthesis of 

natural products based an  the chemistry of isatin have also been presented. 

Syntheses of functionalized 3-spirocyclopropane-2-oxiindolones from bromo 

isomensed MBH adduct of isatin have been achieved. Initially, we have successfuIly 

carried out the isomerisation of MBH adducts of isatin using aqueous HBr under 

microwave irradiation condition. The mixture of brorno isomerised MBM adducts have 

been used for the stereoselective synthesis of spiso-3-cyclopropane-2-oxindolones by 

reductive cyclisation methodology with NaBH4 as a reducing reagent as shown in 

Scheme 2. Mechanism of the reaction. assignment of stereochemistry of the final 

products by spectral study has also been discussed. The synthetic strategy. 

characterization of new compounds by spectral means and experimental details has also 

been presented at the end of chapter El. 
h 

4 squlv. 48% HBr :&' + R*& - 0 THF, 0.5 h 

SLHW get, N W  - 
N O I 751)W, 3 mln. I 

R l  
I 

R, 
I 

R, R. R. 

Fl, = Me, CH,Ph. Pmpergyl M- Z-l?fomer 
R2 = H, Br: Z = CO,Et, CN 

Scheme 2 Syntheses of functionalized 3-spirocyclopropane-2-oxiindolones 

Chapter III of the thesis dealt with activation of the NC-H bond of MRH adducts 

of N-substitu ted isatin with CANPROH. A brief introduction en genera1 CH activation 

and CAN as potential single electron oxidant i n  organic synthesis is outlined. We have 

chosen various MBH adducts with different N-alkyl substitutions such as methyl, 

rnethylene and methine which in principle generate 1". 2" and 3" radical cation 

intemediates during the NC-H activation process. A systematic and elaborate study has 

been conducted as depicted in Scheme 3. Mechanism, reactivity and selectivity reason of 

the activation reaction study have also been discussed. The preparative methods, 

characterization of new compounds and experimental procedure have been presented in 

detail at the end of the chapter 111. 



/ 

CH,CN. RT. 2-48 h 

R' R2 ~ 1 4 .  ,R4 
R2 

A R' ~2 

Trace-85% 25-65% 

R '  = H, CH,: R'= H, CH3, C02Me, benzyl, propargyl:R3= 01, Br, NO2, R4 = CH3, C2H5, propargyl, 
homoprapargyl, ethane-1,2-d~ol, propane-1,3-dlol, benzyl, ~sopropanol, F-butanol; 2 = C02Me, CN 

Scheme 3 Activation of the NC-H bond of MBH adducts of N-substituted isatin 

The chapter IV has been divided into Part A and Part B. Part A contained the 

detailed synthesis of 3-spiro a-rnethylene-y-butyrdactone oxindoles from rnethoxy 

isornerjsed MRH adducts of isatin. The synthesis of spiro-Iactones has been achieved by 

following a three step reaction sequences viz. 1 .  Isomerisadon of the MBH adducts of 

isatin with trimethyl orthoformate and montmorillonite K10 clay catalyst; 2. A second 

MRH reaction and 3. An acid catalyzed lactonization. Part B outlined the synthesis of 

functionalized y-butyrolactones directly from MBH adducts of isatin by reductive 

cyclization methodology. Accordingly, synthesis of y-hutyrolactone from MBH adduct of 

isatin by reductive cyclization method using NaBH4 as a reagent was described. 

Characterization of new compounds, mechanism of the reaction and detailed 

experimental procedure has been presented at end of the chapter IV. 

OMe 

R'HN 

Part A I Pan & 
R' 

R '  

aq HCHO. OAQCQ gwgS% 

awlone, RT. 2 h 1 

Scheme 4 Synthesis of 3-spiro a-methylene-y-butyrotslctone oxindoles and of 
functionalized y-butyrolactones 



The over-all content of the work canied out in the thesis i s  shown in Scheme 5. 

N-CH aetllvatsct ethers 

0 

a) Her, MW, R= = Br 

C H ; ( ~ ~ K - T O  clay, ~3 =  OM^ 
.ybufymlactom b) t4aBH.JI-F 

R' 
c) DABCOC.YO 3-splroIactone2-lndolonn 

Scheme 5 
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