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CHAPTER f 

A Brief Account of the Morita-Baylis-Hillman Reaction and 
An Overview of Azomethine Ylide Cycloaddition 

1.1 Introduction 

C:nntinuinp developli~cul in synthclic organic chrrnibtry relieh on 

discovering ncw. high y ieldinp and selective reactions. Thc Morr1i1-t3ayl i s -  

Hillman IMRH) reaction' has seen ~remtlndous dcvcloprncnl in this pt~int of 

view and as ~ h u  MHlt iidcliic~s a11d rhcir derivatives have rccently ~ a t n c r l  

conqiderahlc. attentic111 r l f '  synihctiu organic chcn~ists. Explrlra~ior~ 01- 11ove1 

sphctic applications OF Mt3H iidducls havc hccan~c  il r~injor area uf current 

research. The central ~liemr of the present study ia thc \yilhctic applica~irjn 

MBI-I adduc~s of isatin towards the syithcsis of nnirel 3-ipirn 1ic.tt.rncyclic 

oxindolcs using azon~cthinc ylidc 1.3-dipolar cycloaddi~ion chemistry. I n  r>rder 

to pul things in perspeclive. a brief introduction on Morila-RayIis-hill man 

reaction and ils impc~r!:~nuu in r lr~lnic s-ynrhcsis and an rlccrviuw rlrl 

ammethine yIide cycloaddilit~ns arc givcn in [he follouyinp scctio~~s.  

1.2 The Morita-Baylis-Hillman reaction 

Evcr since the discovery of ~ h c  rcau~ion of  an a-po.;~iion uf an activatc<l 

atkene 2 and an elttctrnphile Z cntalyztd hy ~riulkylphr~sphinu or 3 ~crtinry 

mine,  usually di;tzr)hicyclol2.2.2]-octarle (,T)ABCO). hy A. B. Uaylis and M .  

E. D Hillman in 1972. organic praclitioners are loukinp at the various synthetic 

aspects of thc rcaction (Schen-ie 1 - 1  1.'-' Irilinz.; can also pi~riicipiiic in thc 

reaction if [hey are properly act ivn~cd.~ Namcd aftcr that. the ( M H H )  reaction 

has hecomc n pc~werhl inn1 for thc alum-ccunornical cunslmution c ~ f  C-C' bond 

formation. giving &methclci~e-phydroxyl carbonyl or a-n~ethelene-paminu 

carbonyl derivatives, which con~priscs a contiguous asscrnhl y of three different 

functional groups. Thcsc adducts play an  impo~zmt role in bringing latitude lo 



organic synthesis and in the construction of complex molecular architectures as 

potential synthons.' 

R'. R?=  Aryl, alkyl, Hetemaryl 
J 

EWG = COR, CHO. CW. COOR PO(Et)p. S0,h. S09Ph, SOPh 

Scheme 1.1 

1.3 Mechanism of MBH reaction 

According to Hill and Isaacs, mechanism of amine catalyed MRFl 

reaction. mcthyl acrylate (as an activated oleftn) and benzaldehyde (3s an 

electrophile) reacts to farm MBH adduct under catalytic influence of 13AHCO 

as a model case, is believed to prticeed through h e  Michael inilia14 addition- 

eliminalion Tequence (Agure I .  1 ; Path 11.' The 1' step in  this catalytic cycle 

involves the Michael-!ypc nucleophilic addition of !hc tertiary aminc t o  the 

activa~ed alkene (methyl acrylale) to produce a ~wilterinnic enolatc A. which 

makes a nucleophilic attack on to the aidchyde in an Aldol fashion to gencrate 

zwiaerion B. suhsequ~nl proton migalion and releast: of [he catalyst provider 

~ h c  dduct .  McQuade et ul. have proposed a new nlechmism ~nvniving a 

hemiacetal intermediate, (Figure 1 .I; path ll), bawd on the rcactinn rate in 

aproliu solvent whcrc they determind h e  rate is sectlnd order in aldchyde and 

first order in DABCO.' 

t PhCHO 

Ph 

Ph QMe 

Herniacetal rormat~on In aprottc solvents 

Figure 1.1 
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enantioselectivity viz. (i) saturation of the (R)-BLNOL derivative and (ii) 

substitution at the 3,3-positions as in scheme 1.2. 

1.4.2 Amine as a catalyst 

In 1972, Anthony Baylis and Melville Hillman from Celanese 

Corporation were grantd a German patent for performing the reaction of 

benzaldehyde and an activated alkene using a tertiary amine catalyst instead of 

phosphine catalyst.' A verity o f  tertiary amines like DABCO, DBU, 

quinuclidine. 3-hydroxy quinuclidine, indotizine, irnidazale, etc, have been 

reported to catalyze the MBH reaction with a high degree of conversion and 

wirh higher rate." They also report4 that DABCO as the most successful 

catalyst. The first application of (thio) urea catalys~s for the MBH reaction was 

reported by Cannon and Maher 'She asymmetric ~ers ion'~  was disclosed by 

Wang et al. with a chiral bifunctional catalyst carrying a Bansted basic tertiary 

amine and a quasi-Lewis acidic thiourea group attached to a chiral scafrold.'* 

BerkesseI et a/, reported an improved bis(thio)urea catalysts 9 derived from 

isophoronediamine [3-(aminomethyl)-3,5,5-trimeth ylcyclohexylamine, FDA] 

for the asymmetric MBH reaction of aldehyde 7 with activated alkene 5 in the 

presence of DABCO (Scheme 1.3) .I9 

Scheme 1.3 

1.4.3 Chalcogenlde mediated MBH reaction 

After the first report from Kataoka er al., 2".b different chalcogenides are 

known to catalyze the MBH reaction in combination with a verity of Lewis 

acids such as BF3.0Et3, SnCb, AICIJ~ EtAICIZ. EtlAICI, HKl, TiCld- erc and i t  

has been found Tic14 offers a better result. The chalcogeno-MBH reaction has 
Ila. b some rnedts, namely, it will complete within hours and can be applicable 
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to thioesters2" and ketoe~ters"~ for which the MBH reaction give 

unsatisfactory results. Even activated alkynes react with aldehydes in presence 

of Tic& and dimethyl suphide provides &hdo- m(hydroxyalky1) acrytate 10." 

The Fhalo MBH adducts 11 and 12 can be formed even from psubstiuted 

alkynes (Scheme 1 -4). 

Scheme 1.4 

A plausible mechanism of chalcogenide mediated MBH reaclion have 

been proposed by Kataoka in which dual activation to the activated alkene is 

provided by chalcogenides (13 - 16), acting as a nucleophile and TiCl* acting 

as a Lewis acid (Figure 1.2). 

Figure 1.2 

1,4.4 T iCb mediated MBH reaction 

It is worth mentioning here that the pioneering work of Taniguchi ef al. 

who examined the reaction between ap-acetylenic ketones and aldehydes in 

the presence of various combination of reagents such as TiCl$TMSI, 

TMSOTfMSI, TiC1flu4NI, ctcnZ3 Later Li et al. reported a TiC14 mediated 

reaction of cycloalkenones and aldehydes (without the use of a base) to provide 

the desired adduct 17. However, ap-unsaturated N-acyl benzoxamline 18 

reacted with a propensity to tom p-halogenated aldol prduct 19 as a major 

one. They have proposed a pIausible mechanism of the reaction in which TIC!* 
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performed as the dual activation reagent €or both the components (Scheme 

Scheme 1.5 

1.5 Intramofecular M BH reaction 

Intramolecular MBH reaction offers the best route for the creation of 

cycIic compounds as first reported by Murphy and co-workers in 1997.'~ 

Recently, Miller and co-workers used a co-catalyst system involving N- 

methylimidazole and pipemlinic acid A for intramolecular MBH reaction of 7- 

0x0-7-arylhept-5-enal 20 for the synthesis of cycloalkene derivative 21 with a 

high level of enantioseIectivity (Scheme l.b).z6 However, proline gave low 

enantioseleetivity. 

20 
O P  

21 
R H, 4CI ,4lr ,  2 4 0  A = plpecdic acid 

Scheme 1.6 

More recently, organometallic variation of MBH cyclization has been 

reported by Pigge and GO-workers. N-benzyl acryl amide-ruthenium complex 

22 was !ransformd in to the spirocyclic derivative 23 in the presence of Bu3P 

and NaH. The ruthenium-arene complex served as an electrophile (Scheme 

1 .7p7 
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Scbem 1.7 

1.6 The Rauhut-Currler reactlon 

A phosphine catdyed dimetisation of activated alkene has been 

patented by Rauhut and Currier in 1963." Recently, an intramolecular 

enantioselectire version of the reaction catalyzed by protected cysreine has 

been reported by Miller and Aroyen (Scheme 1.81. In the thialate mediated 

isomerisation of 24 to 25, water as an additive plays a significant role in 

man tiorneric excess.zg 

24 ~ ' * r l k v l .  mryl, lmtarmfyl; R'= OAC 25 

Scheme 1 .& 

j.7 Developments In reactions of Morlta-Baylb-Hiltman 

&duets:- Application towards heterocycle synthesis. 

As mentined earliar, the presence of diverse functional groups in the 

M B W  adducts plays an important role in bringing latitude to organic synthesis 

for the mnsvuaion of complex molecular assemblies. Since ~hese functional 

p u p s  are in close proximity, they should. in principle, be useful for 

stereoselective transformations through appropriate tuning either individually 

or two at a time or colIectively. The MBH adduct and its derivatives such as 

aHylic acetates and allylic halides undergo a variety of reactions and could 

effcientty be exploited for the generation of cyclic seafiolds. Several effom 

have aIready been meticulously and articulately made in these directions, 

leading to the deveIopment of simple methodologies with high degree of 

stereoselectivities. In fact, some of these strategies were successfuIly employed 

in the synthesis of various bioIogica~ly active molecules and natural products. 
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Particulerly. during the last five years, applicat~ons of  MRH adduct5 have been 

extensively investigated and nvmbcr of organic synthetic trilnsfomation 

methodologies were devetoped. The f~llowing sections describe some of the 

synthetic applications of various MBH adducts in  organic synthesis. 

1.7.1 Aromatic substitution reaction: Synthesis of quinolines 

Suitably substitutd MBH adducts can undergo intramu!ecular aromazic 

electrophilic substitution reaction and lo give heterocyclic ring systems such as 

quinolines.Jh~ naphthalenes.""'" c~urnnr ins . "~  i n d o ~ e s , ~ ~ ~  etc. Recently. Rao er 

a I .  reported that the acetyl derivatives of MBH adduct 26 derived from 2- 

chlomnicotinaldehyde undergo a  SN2heaction with nitroethane or ethyl 

cyanoacetate and an intramolecular arornaric rubsti tution and elimination (SN- 

Ar elimination) led to the [ormation quinolenes 27 and 28 which exhibited 

subsranlial antibacterial and antifungai activities. The reaction is shown i n  

scheme 1.9." 

f( - ~ s ,  ~ t ;  R' = n, ~ h .  COT%; R== H, m. MM~H~. CO,B 

Scheme 1.9 

1.7.2 Friedel-Craft reaction 

After the ~lereoselective synthesis of trisubstituted allncs7'" and 

thercby benzazepines and benz~xe~ir tcs '~~ ' '  by Basavaiah et al, exploiting 

Friedel-Crafts reaction on MBH adducts, several groups have been working on 

this reaction. Recently, our  group has reported an efficient and eco-friendly 

protocol for the synthesis of indenc derivative 29 From MBH addua 30 via 

Mwntmorillonitc K-I0 mediated intramolecular EriedeI-Crafts (FC) rcaction 

(Scheme i . [o).~' 
OH 
I 2+opynyl alcohol. 

Scheme 1.10 
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More recently, Lee et al. demonstrated the synthecis of 2-(9-flurenyl) 

acrylic acid derivatives 33 via an intermolecular FC reactlon of MBH adduct of 

2-biphenyl carbaldehyde 31 with activated alkyne (Scheme 1.1 1 ).'d 

Scheme 2.11 

1.7.3 'Radical cyclization 

Radical cyclization reactions have been extensive1 y applied 10 the MBH 

chemis~ry for the construction of  oxygen containing heterocyclic compounds. 

Synthesis of highly substituted dihydrofurans, pyrans and oxepcnes from 

alkenyl propargyl ethers of MBH adduc~s using radical cyclization protocol 

have been first reported by our group. Accordingly. mont-Kl0 catalyzed 

isomerisation of MBH adducts with propargyl nlcohol yielded two 

regioisomers 35 and 36 which underwent radical cyclization with n- 

Bu3SnH/AIBN to form the vinylstannanes which upon pratio-destannylation 

reaction with 1 N HCI afforded the oxacycles 37 and 38 in good yield (Scheme 

I.  1 2p5 

Mont. K10, 
80 'C. l Z h  

Ar sryl, hetroaryl 
EWG = CO,Me, CN, C0,EI 

GWE". 
I). n-&u,SnH, AIBN, SOoc,4h; 
41). CHzClz, dl1 HCE. rt. 2h &-(f 38 

Scheme 1.12 

Followed by these results, Kim and CQ-workers used radical cyclizntion 

protocol for the synthesis of oxa- and aza-heterocycles.36 Recently, the authors 

have achieved the synthesis of 3,4-trisubstituted-2,5-dihydro ruran 41 ria the 

isomerisation of the MBH adduct 39 with cis-but-2-ene- 1.4-diol foIlowed by 

bromination and radical cyclizarion, in gmd yields (Scheme 1.13)." 
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Scheme 1.13 

1.7.4 Heck Coupllng 

Several reports are known for the construction of  bi- and tricyclic 

systems from appropriately functionalized MBH adducrs 45 using the Heck 

coupling.3R Very recently, Kim and co-workers have demonstrated the 

synthesis of Zarylquinoline 44 via a Pd-mediated sequential Heck coupling 

and a concomitant aerobic oxidation from the N-bromoaryl substituted MBH 

adduct 43 (Scheme 1.1 4)?g 

Scheme 1.14 

1.7.5 Metathesis 

Ring closing metathesis (RCM) using Gmbbs catalysts offers a best 

route for the synthesis of ring compounds and was first introduced in MBH 

chemistry by Paquette and Mendez-Andino for the synlhesis of ~methelene- y 

lactones fused to medium and large rings.40J For the synthesis of 2,3- 

disubstiluted furan 47, Donohoe et al. transformed the MBH adduct to a mixed 

acetate 46 which on RCM foilowed by aromatization yielded 47 (Scheme 

1 . 1  5).a0b 
OMe 

OrubWll cat MeOF 

TFA ChCls fi R - 
5881% 

45 47 

R = Me. Z-Er4,H4, CBr.C,H., M e - C & . E t  ISu, Hex 

Scheme 1.15 
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1.7.6 Aldol reactlon 

Reactions, either Sw2 or SN2', of  MBH acetate with activated mehelene 

mrnpund afforded synthons which have been successfully employed for the 

Aldol reaction to afford cyclic Zhu et al. reported a double aza 

MBH reaction between per and poly fluorophenyl aromatic aldemines 48 with 

methyl vinyl ketone (MVK) and the adduct 49 thus obtained underwent Aldol 

reaction to yield fluorine containing alkelidene-2-cycIohexen-l -ones 50 and 51 

as a mixture of regioisorners as outlined in scheme 1.16," 
NM1,O NHArFO dy: r ~ 3 ~ ' - ~  6W7X * 0 

I 49 0 SO 51 
I). K@,, ROH, rt,4h. 7S47.k 

Scheme 1.16 

1.7.7 Claisen rearrangement 

Qaisen r e m g e m e n t  in MBH chemistry was demonstrated b y  

Basavaiah and co-workers and the method offers a way LO fused 

benzo~arboc~cles.~~ Later, Batra and co-workers developed a strategy for the 

synthesis of 3-aryledene-2quinolones 54, a starting material for an anti 

tubercular compound R207910. SN2 reaction of MBH acetate 52 with aniline 

resulted MN-diary1 allyIaniline 53 which on TFA catalyzed [3,3]-Claisen 

rearrangement afforded 54 (Scheme 1 . 1 7 ) ~ ~ ~  

Scheme 1.17 

1.7.8 Reductive cy cllzation 

Reductive cyclitation strategies have found broad application in the 

formation of polycyclic compounds in MBH chemistry. Reduction of a nitro 

group either in the aromatic chain or b the side chain of MBH adducts to 

amino group and its condensation with a carbonyl group furnished fused 
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heterccyclic ring.4"ery recently, Basavaiah era/. have demonstrated a one pot 

synthesis of azocine moiety 57 from the reaction of acetate protected MBH 

adduct 55 carrying a nitro group at the second position with 13-cycloalkane 

diones 56 and followed by reductive cyclization using FelAcOH (Scheme 

1 . 1 8 3 . ~  

Scheme 1.18 

1.7.9 Cycloaddition reactions 

The activated double bond of MBH adduct can act as a dipolawphile For 

cycloaddition reaction. This includes the ( 1 )  1,3-dipolar cycloadditionsJ7, (2) 

Diels-Alder reaction and (33 (n+n) annulatian reaction. 

1.7.9.1 1,3-Dipolar cycloadditlon reaction 

l,3-Dipolar reaction of mesitonitrile oxide with MBH adduct was hrsl 

demonst~nted by Fisera and co-workers. In his report, mesitonitrile 59 was 

added to the double bond of MBH adduct 58 to form h e  isoxazolidine 60 and 

61, diasterioselectively. On the addition of a Lewis acid (Grignard Reagent), 

the diastereoselectivity was found to be reversed (Scheme 1.19).'* 

k wilh WI Lm(* sid, P h b  Ki k, 2h, 9% d6: r96 
b. Lewis d [ M e M g B r ) .  CH$12, r& tBh, 35% 9 5 :  zl 

Scheme 1.19 

Later, the same authors have reported the 1,3-dipoIar cycloadditions of 

chiral nitrone 63 to MBH adduct 62 v-hydroxy-a-rnethylene esters) which 

proceeded to afford corresponding diastereomeric 3.5,5-trisubstituted 

isoxmlidines 64 and 65 with complete segioselectivity in goad yields (Scheme 

l .20) .~~" The rate of the reaction was found to increase under microwave 

irradiation condition.49b 
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Scheme 1.20 

CAN mediatad cycloaddition of aldoxime with MBH adduct have been 

reporred by Das et rrl.  They synthcs~sed isoxazuline 68 in high yields (Scheme 

1 .21).50 

R = n, 2c1.240~; R' = 2 ~ 1 . 3 4 0 ~  4 4 k  

Scheme 1.21 

Sreedhw and co-workers have reported a Cu(1)-cataly~ed one-pol 

regioselective synthesis of l,Cdisubstitu~ed 1,2.3-triazoie 70 in high yield.51" 

The method involved a nucleophilic displacement o f  the acetyl group in the 

MBH acelate 69 with sodium azide followed by 1,3-dipolar cycloaddition of 

terminal alkyne in p l y  ethqIene glycol PEG (Scheme 1.22). Simultaneously. 

Chandrasehar er ul. demonstrated the synthesis of  similar triazoIes by using 

Cu(0) and CuS04 as a reagent in ethrn01.''~ 

Scheme 1.22 

Raghunathan et al, have reported the synthesis of novel s p i r ~  

hetervcycle 73 vin a 1,3-dipolar cycloaddition reaction O C  nonstabilized 

azornethine ylide (generared brsitu by the decarboxylative condensation of di- 

ketone 71 with sarcosine) and lhe MBH iidduct 71 in refluxing toluene?2" In 

methanol, an unusual nucfeophilic attack of the hydroxyl group to the ketone 

occurred and resulted she tricyclic product 74. Later, the authors have improved 

the yields of the product by carrying out the reaction in a microwave irradiation 

condition (Scheme 1 ,23).52" 
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Scheme 1.23 

The synthesis of a series of tricyclic chrornone[4,3,b]pyridine 77 

through an iomrnolecular azomethine ylide cycloaddition reaction of 76 was 

accomplishd by Raghunathan et al, Improved yields of the same products 

were obtained when the reaction was carried out under ~Itrasonication (Scheme 

1 . 2 4 1 . ~ ~  
EWG 

W H ,  rl, 1-6h 
no CHO 

71 76 76 77 / 

Scheme 1.24 

1.7.9.2 Diels-Alder reaction 

In 2005, Aggarwal et a!. have reported the first Diels-Alder reaction on 

MBH adduct 71 with dienes and observed that under thermal condition exo 

isomer is favoured over endo isomer. However, the presence of Lewis acid had 

no effect on the ratio of exo 78 to endo 79.wWhen ethyl aluminium chloride 

was used as Lewis acid, they observed high diastereoselectivity in the 

cycloaddition of isoprene and adduct 711Scheme 1.25). 

Q X 
c y a  -8&%.12h Ar 

86-88% 
EMICI, cngr, 

BB: 2 71 0 PC, 12h 
78 79 80 

Scheme 1.25 

1.7.9.3 (n+n) Annulatoin 

Kim and co-workers achieved the synthesis of poly substituted phenols 

83 from MBH acetate 81, 1,3-dielectrophilic unit, via a (3+3) annulation of 

1,3- acetone dicarboxylate 82 in DMF.~~" They have recently reported the 
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synthesis of poly substituted nitrobenzene adopting the same strategy, in which 

13-dinitmalkene served as the 13-dinuciear component (Scheme 1 .26).55b 

OH 
Cm R-MA., Ph 

81 COR COR 
82 83 

T.OH 
n, 5h 

I_ 
Bmreno, rsilux. 

7h, 9 U 8  Y 
NO1 N4 R = P ~ . ~ W E - C # ~  N02 

%4 85 BB 87 

Scheme 1.26 

Shi er al. reported an abnormal MBH reaction between N-tosylimine and 

dlenes such as ethyl-2,3-butadienoate 88, catalyzed by DMAP and obrined 

dihydropyndine 89 via a [4+2] cycloaddition pathway. They observed the 

formation of an azetidine 90 derivative when DABCO was used as base 

(Scheme 1 .27).56 

M B C O  PhH 
L 

Ar 
L *r Cli+l, $0 mln, MS4ha, rt, l h  

T. 
BB Ts 88 90 

Ar = Ph, eFZd4.4-Ma-C~H4, 441-CsH4. 4-F-CBH4, 4ar-CBH4, 3-F-CaH4 

Scheme 1.27 

1.8 homethine ylldes: Survey of literature 

Cycloaddition reactions constitute a greener area in synthetic organic 

chemistry. Among which 1,3- dipolar cycloaddition reactions have figured 

prominently in both synthetic and mechanistic organic chemistry point of view 

for the regio and stereocontrolled synthesis of five membered heterocyclic ring 

systems. " After the first repon in 1976, 1+3-dipolar cycloaddition using 

azomethine ylide, impressive developments have been appeared in this area 

with the establishment of various useful methods for the generation of 

azornethine ylide. This method is applied for the construction of pyrroIidine 

and pyrrole ring containing natural products and is expanding sapidly.S8 
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1.8.1 Structure of AMY 

homethine ylides (AMY) are 1 3-dipoles of ally1 anion t p e  with a C- 

N-C backbone having four deIocalizd electrons in hree parallel ~r atomic 

orbitals, perpendicular to the plane of the dipo1e5' and providing a bent type 

Zwitter ionic slructure. Four resonance structures can be shown for AMY'S as 

shown in Figure 1.3. In the most common representation, octet structure. the 

central nitrogen atom is positive and the negative charge is distributed over 

carbon. The extent of negative charge on each carbon is determined by the 

nature of substitvent on this carbon." 

Sextel Oclat Odet Seutet 

Figure I .3 

1,3-dipolar cycloaddition of AMY with a K system involves a 6 rr: 

electrons [,4,+,2,] and takes place by a thermally allowed suprafacial process 

according to Woodward-Hoffrnann rule:' Although in general the 

cycloaddition reactions are thought to be concerted, both the carbon-carbon 

bonds are formed at the same time, the invahernent of il singtet diradical of a 

Zwitter ionic species cannot be ruled But the stereospecificity of AMY 

cydoaddition, the relative stereochemistry of the substituent on the alkene 

dipolmphile is retained, favours the concerted nature of the r e a c i ~ o n . ~ ~  

CNDOI2n (Complete Neglect of Differential Overlap) catculations or  

energies of the various orbitals involved have revealed that non-stabilized 

AMYs are all electron rich species, characterized by highest occupied 

molecular orbitals (HOMOS) and lowest unoccupied molecular orbitals 

(LUMOs), and preferentially reacting with electron deficient alkenesW due to 

large HOMO-LUMO energy gap. But according to Sustman, AMY 

cycloaddition reactions are classified as type 1 in  which the dominant 

interaction is between the HOMOd,,l, with LUMOtl~plwuphlic (HOMO 

controlled) as shown in figure 1 -4. An electron withdrawing group at the alkene 

and an electron donating p u p  at dipole increases the reaction rareV6' 
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Wptarophlle I ~ P B ~  

Figure 1.4 

The regioselectivity in the cycloaddition of AMY can be predicted on 

the basis of unequal mapitude of terminal co-efficient of the HOMO and h e  

LUMO of the dipole and the direction in which the maximal frontier molecular 

orbital (FMO) overlaping is allowed hetlwen the orbitals of closest energy.M 

But the energy difference between the transition states A and B are usually 

small, the rate of Forma~ion .of both the regio isomers art: possible. Stesic and 

conformationaI effect aIso play an irnprtant role in detecting 'the regio isomers, 

and is clear1 y beneficial in terms of enhancing the selectivity process. 

The stereochemical aspects of AMY dipolar cycloaddition, rour chiral 

centers are generated and a high degree of stereoselectivi~y is typically 

obtained. The chiral centers at the carbon atom 2 and 5 of the newly formed 

five membered ring are derived from the AMY. Out of the four possible 

geometries of  ammethine ylide, W, U and two S-shaped yfider. W and U lead 

to 2,s-cis-substi tuted pyrrolidine and ~ w o  S form lead to 2,s-transdisubstitu t d  

p d u c t  (Figure 1.5). Mixlures of stereoisomers can also result from 

isomerisation of the ylide. 

W-shaped yllde U-shaped ylide Sahaped ylide 

Figure 1.5 
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The 3.4-chiraI centers of the newly formed pyrrolidine ring derived from 

the alkene geometry. Cis- and Imns- alkene leads to cis- and tmrI.7- 

disubstituted pyroiidine rings. respectively. Furthermore. the cycloaddition 

reactions are normalty stereoselective where h e  substituenk on the 

dipolaruphile cim d n p t  generally an endo orientation analogous to 

isoelectronic Diels-Alder rea~tion.~' 

1.8.2 Classlfication of AMY based on electronic structure 

AMYs are classified as (a) non-stabilized (h) stabilized non-rnetalated 

and (c) stabilized meialnted depending on their electronic strwciures. AMY with 

an n- eleclron withdrawing substitt~ent, an eqter frrnctianality, are stahilizecl. 

Further, the ylide is stabilized additionally by chelation of the central nitrngen 

and the carbonyl group wilh a metal center (Fi~ure 1.6). 

non slablllzod AMY StAbilbzed AMY Stab~lrzed N-rnelelated AMY 

Figure 1.6 

1.8.3 Classification based on generation of AMY and reactivity 

For the generation of required azornethine ylide. five dirferent methods 

arc known and are explained in the following sections. 

f .8.3,1 From imines 

N-unsubstituted ammethine ylides are accessible by thermal or 

uncatal yzed isomerisation or imines and was first reported by Grigg and Kemp 

in 1977.'~ Recen~ly. Noguchi and co-workers used an aldernine 91. derived 

from 2-(N,N--dimethylamino)p~ido[1,2-a]pytimidine4(4N)-one-3-aldehyde 

and (DL)-phenyl glycene methyl ester for AMY generation and cycloaddition 

with N-benzyI succinimide. The cycloadduct 92 on acid catalyzed 

Fragmentation yielded the bycyclic product 94 which is a C-unsubstitutd 

nirrile yl ide addition product (Scheme [ .2!4)." 
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Scheme 1.28 

An alternative to ~hermal activation of imines, hearing an electron 

withdrawing group at a to nitrogen, for the formation of the required AMY is 

the addition of metal salts such as lithium bromide or sliver acetate, and a base 

such as trirncthql alnine in polar aprolic solvents.70 Sts~eral stereoselective 

versions for the use of AMY, in thc presence of chiral ligands were also 

reporled. In 2006, Hou et nl. reported a highly enantio- and diasterioselective 

synthesis of pyrrolidine 97 and 98 cataly~ed by CU'- P,N-ferrocenc syaern 99 

for the cycioaddition of nitroalkene 96 to a benzyl irnino eater 95 drnved froin 

glycenc (Scheme 1.291." 

Llgand ( I  I mot % )  
P~-'M-CO~M~ + O z N A p h  --. 

Et,N (I0 mol %J 
95 gg MS. M F ,  0 'C 

H H 

97 0x0 98 sndo 

Ar = Ph; only exo 8770: 96%- 

Ar = 315<CF3)2CgH10nfy sndo 85%; 97% *R 

Scheme 1.29 

Alkylation of ni~rogen atom of relatively slable imines, aromatic or 

forrnamidines, provide a m e ~ o d  to prepare an iminium iun and subsequent 

deprotonatic~n or a desilylation to azo~n~thine ylides.'2 Thiazoliurn azomethine 
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ylide 101. generated by the depmtonation of the quaternary methyl sal~ of 1.3- 

thiamle 100, equipped with a thiomethme ~ o u p .  participate in an efficient 

[3+2] cycloaddi tion reaction with acetylene derivatives to yield the adduct 102 

which on elimination of the mcthanethiol as leaving group yielded the 

pyrole[2,1-blthiaxole 103 i n  excellent yield. A pitfaIl of this reaction is the 

elimination leading to arornatization which excludes the separale oxidation step 

(Scheme I .30).'" 

Scheme 1.30 

An allernntive approach to the Formation of azornethine ylides from 

irnines involves the addition of carbene. Chi-Ming and co-workers reported a 

rutheniu rn-porphy-in complex 108 cazalyzed tandem somethine ylide 106 

formation from N-phenyl benzylamine and diamester 104 and the inter 

molecular cyclonddi tion reaction with acrylate 10 form runctionalized 

pyrrolidine 107 in excellent yield (Scheme 1.3 I).'' 

RI = Ph, Trlmthylphenyl, 
dichlorophenyl 

Scheme 131 



Chapter I 21 

AMY derived from N-substitu~ed pyridinium ion can be used to 

synthesis complex heterocyclic molecules. For the total synthesis of LamtElarin 

K 111, a marine natural product. Banwell and co-workers used isquinoline 

based AMY cycloaddition for the construction of thc wn~ral pyrrole rnoiely 

(Scheme 1.321.'' 

109 

411 

Scheme 1.32 

1.8.3.2 From azirldines 

Electrocyclic ring opening of aziridines through the breakage of C-C 

b n d  offers a method for the generation of AMY at high lemperature as 

observed by Heine and Huisgen in 1960s and will add to alkenes and alkyncs." 

Heathcock and co-workers used rhe aziridine f 12. incorporating an alkene as 

the internal dipolmophile, far AMY cycloaddition as a means of constructing 

the core I13 of Saraia natural p r d u c ~  as depicted in scheme 1 .33.7b 

Scheme 1.33 

f .8.3.3 From heterocycle 

Pyrorysis of acy! aziridine has led to  he concept aziridine/ylide/4- 

oxamline luatomeric equilibrium and the rearrangement of 4-oxazoline, 

accomplished by a nucleophilic addi~ion to oxazole, became an alternative 
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precursor to AMY generation. In an enantiocontrolled route: to the synthesis of 

aziridinomintosene, Vedejs and co-workers used a silver triflate- promoted 

internal alkylation of the 4-oxazole 114 with the iodide subunit, gave the d- 

oxazolium salt 5 ,  which then underwent ylide generation1 

cycloaddition/HCN toss in the presence of benayl trimeth yl ammonium cyanide 

to give the pyrrole 119 in 91% yield (Scheme 1.34)." 
TBSO 

+co2M* 

70 PC 
- 

CsF 

Scheme 1.34 

Munchnone 121 or meso-ionic d2-oxazolium-5-oxide is known to 

behave like cyclic AMY and can undergo 1,3 dipolar cycloaddition with 

alkenes and alkynes to form pyrroles and ppolines, respectively with the 

elimination of a carbon dioxide molecule. The dipolar cycloaddition reaction of 

3-methyl-2-(4-nitrophenyl)-4-phenyl-l,3-oxazolium-5-o3ate 122 and chisal 

nitroalkene 120 derived from D-golacto- and D-mnmio-hept-l -enitols were 

found to proceed in a regiospecific manner to afford acyclic pyrrole C- 

nucleosides 123 in a satisfactory yield (Scheme 1 .35).78 

aco 

A d  

120 12, 122 

Scheme 135  
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1.8.3.4 From aldehyde 

The simplest approach to generate an azomethine ylide is  the reaction of 

a secondary amine with electron withdrawing substi~uent at a-posi tion such as 

caboxylic ester group, with an aldehyde as reported by Confalone and co- 

w o r k e r ~ . ~ ~  A number of aldehydes react with secondary amine and undergo 

easy deprotonation in a non-polar solvent. For the asymmetric synthesis of the 

ADE fragment 127, especially the AD-spimcyclic system of Nakadomarin A. a 

naturalIy occurring alkaloid from An~phimedon sponge, Williams and co- 

workers used an asymmetric azomethine ylide derived form diphenyl 

morpholinone 124 as described in scheme 1 .36.80 The AMY generated is  

stabilized as it contains an electron withdrawing group that can be slabilized 

via charge delocal izarion. 

' 127 

Scheme 1.36 

Thermal decarboxilative route, as reported by Tsuge et is a well 

known and widely used method for the generation of unstabilized M Y  from 

an aldehyde and an a m i n o  acid and its cycloaddition with an alkene or 

alkjme offers a good method for the generation of pyrrolidine sing. This has 

been well investigated by Grigg and co-workers using a variety of aldehydes 

and amino acids in toluene or in D M F . ~ ~  [3+2]-cycloaddition of AMY, derived 

form sarcosine and paraformaldehyde, to nitroaryl substituted chiral acrylate 

128 forms the key intermediate for the total synthesis of (-)-Horsfiline. 83 

Resultant pyrrolidine 129 on reductive cyclization yielded 130 (Scheme 1.37). 
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Scheme 1.37 

In 2005, Raghunathan et al. used an AMY. derived from Bractam 

substituted aldehyde 131 and s m s i n e ,  for the cycIoaddition to (Z)-2-phenyl- 

4-arylidine-5-(4H)-oxazoline 132 to yield two regioisomeric spiro cycloaddlrcts 

133 and 134 catalyzed by camphor sutphonic acid (CSA) (Scheme 1 .38LM 

Scheme 1.38 

Asymmetric synthesis of chiral ferrocenyl fullempyrrolidine 136 has 

been achieved from ammethine ylide tethered to ferrocene, and its 

cycloaddition to fullerene as reported by Raint et, al and the methodology has 

been appIied to the preparation of a C2-symmetric enantiopure fullerene dimer 

(Scheme 1 .39).85 

Schemel.39 

AMY generated from pyrene aldehyde 137 and modified glycene 

underwent cycloaddition with both single walled (SWNT) and multi walled 

nanotubes (MWNT) in refluxing DMF for 120 hours which has led to high 

level of solubility and aggregation to both SWNT and MWNT (Scheme 1.40).% 



NT. 120 h - 
DMF, re f lu  

A 
138 

Scheme 1.40 

Reed and co-workers reported the itr situ generation of AMY 140 from 

the reaction (Prormyl-meso-tetraphenylporpyrinat.0)-nickel (II) 139 with N- 

metbyl glycene and its cycloaddition to fullerenc."' Later. Cavaieiro ~r ctl. 

synthesized psubstituted meso-tetrahydroporphyrin using [he ylide 140 with 

various dipolarophite. When dimethylacetelene dicarboxylate (DMAD) was 

used as dipolarophile, lhe cycloadduct thus rormed was aromatized to pyrrule 

I41 (Scheme 1.4 1 

139 la 141 

Scheme 1.41 

lsatin ( I  H-indole-2,3-dione) 142 when reacted with m i n o  acid such as 

pipecolic acid, proline, sarcosine, etc., furnished cyclic azomethine ylide 143, 

which reacts with a verity of dipotarophile yielded spiropyrrolidine oxindole 

d e r i v ~ i v e s . ~ ~  Asymmetric version of the reaction has been reportcd by 

appending a chiral telher to the ester moiety of (he acrylate. Isatin, proline at~d 

(IF& 2S, 5R) rnenlhylacrylate reacted stereo- and rcgioselectively in boil~ng 

acetonitrile to give a 9:l mixture diasrereomers 144a and 144b in 85% in 

combined yield. The structure of the major isomer (2R. 35, 5R) was confirmed 

by single crystal X ray analysis (Scheme 1 .42J8' 
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Scheme 1.42 

According to Pardasani et a!.. geometry optimi~aiion studies have 

shown that AMY possesess a planar sti-uctuse and instead of envelop smcture 

and proline ring is planar and lies in the same plane of the oxindole moiety. 

During cycloaddition, due to the inward movement of the proline and thus [he 

szcric hindrance with the isatin ring. h e  possibility of front side attack is nr led 

out. Bolh b e  HOMO and LUMO of the dipole show uneven distribution of 

electron density along with the C-N-C dipole. I n  the HOMO caw, the orbital 

co-efficient is I q e r  at C, than C: The dipolarophile favours  he endo 

approach .% 

Synthesis of enanriornerically pure spirooxindole f+'fwrls achieved by 

Gmguly er rxl. by the  reaction of isalin 145. proline and a chiral cinnamamide 

derivative 146 on heating at 80 - 90 'C in dioxane - water solvent system 

(Scheme 1 .43).91 

147 bh 

Scheme 1.43 

1.9 Present Work 

Literature presented above shows the novel and potential synthetic 

appIications of  Morita-Baylis-HiIlman adducrs due to the presence of diverse 

functional groups in it. Strucutrally, the MBH adduct is a homoallylic aIcohol 

and can undergo a variety of reactions. The 1.3-dipolar [3+2]-cycloaddi tion 

reactions of MBH adducts with AMY are less explored in the literature. The 

focal theme of the thesis is 'the novel synthetic transformations of MBH adducts 
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of isatin with AMY'S. Isatin is a phartnacolog~cally importan1 molecule and 

can form MBN adduct a? it posTess an electrophilic carhonyl group. I ~ a t ~ n  

readily undergoes MBH adducts furnation with n verity of elecuophiles. 

However, the chenl~stry and synthetic use of  isatin derived MBH adductr have 

not been well explored lill 2005. We have inilialed the search of synthetic use 

o l  isatin derived MBH adducts and the results are presented as part or this 

research work. 

Accordingly, the first phase of the lhes~s deals with the synthesis of 

novel spiro heterocyclic oxindole from MRH adducts of ixatin. Sepecifically. 

the synthesis of novel spjropyrrolidine ,and spiropymdizidine bis- md mono- 

oxindoles were achieved from MBH adducrs of isatin and heteroaldehydes wirh 

azomethine ylide (AMY) 1,3- dipolar cycloaddition reaction IS discussed In the 

Chapter 2, As an extension of the cycloaddition study, the synthesis of 

djspiropyolidine and dispiropyrrolizidine oxindoles from isomerised hIBH 

adducts by the azometh~ne ylide [3+2]-cycloaddition forms the subject inatter 

of the Chapter 3. Brotno isomerised MBH adducts have been successfully used 

as nucleophilic parlner for indium mediated carbon yl addi~ion for the synthesis 

of 3-spirolac~one uxindolole has been described in h e  Chapter 4. 

The second phase o f  the thesis involves a study on silicachloride 

catalyzed functionalization of simple MBH ndducts for rhc synthesis of 

trisubstituted alkenes appended with ally1 chlorides, aryls and ethers. The 

details are presented in Chapter 5. 
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CHAPTER 2 

L 

Synthesis of 3-Spiropyrrolizidine and 3-Spiropyrrolidine 
oxindoles from MBH ~dducts  of lsatin and 

Heteroalde hydes via Azomethine ylide [3+2]-Cycloaddition 

2.1 Introduction 

Polycyclic nitrogen-containing helerocyctcs are icjund as has~c  skeleton 

of numerous alkaloid naturd products and physiolngically activc cornpc~unds. I 

Spim hetcrncyclic cotnpounds are quite interesting amon: them as they pclsxss 

unique spirv fusion between rings and oftcn the splro ccntcrs are rrsponslhle 

for khe biological activity. Based on the structural rnolik ddcrived horn 

tryptamlne, the spirt>oxindoIe alkaloids belong to a Family of natural products 

and that were first isolated from ptant5 of the Apncprttacur 'and Rllbicrcwi, 

families (Figure 2 1 1. 

I 

I 
Ebcomlne 

Sp~roqprostalln B Worsfillne Chltosenlne 

lnh~bit theG2lM progression 01 short lived inhib~tary acovlty of the 
mmmahan tsFTZlO cells gangl~on~c transmlrsion 

Figure 2.1 : N n r l t r n l  prodilcts tirith spimo.rindole core srnlctrtrP 

Oxindoles dcrivatised at C3 as spirouarho- and heterocyclics. 

spiroIactones and spirocyclic cthcrs are elegant targets in orga~iic synthesis due 

to thcir significant hiological activities.' Constructivn of these rncrlc-cutar 

architectures hecame important as il forms the struclural motifs of many of thc 

naturally occurring molecules and served as porenrial spthetic intern~ediatcs 

for the total synthcsis of alkaloids, drug intermediates e t ~ . ~  Hence. it is 

important to update the li~eratuse nn various methods o l  synthcsis and 

applications of spimoxindolc derivatives. The following section describes the 

literaturu-known mcthods for the construction of spirooxindoles. 
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2.1.1 Recent reports towards the synthesis of spiroaxjndoles 

A number of synthetic methods have been developed in pursuit of the 

spimoxindole structure including intermolecular a~k~la t ions .~  palladium- 

catalyzed reactions? cycloadditionsh and sigmatropic ~arran~ernents. '  

A magnesium iodide catalyzed rlng expansion of spin)uycloprt~pane 

oxindolc 1 with imine 2 was reported by Carreira and m-worker.; to aecuss the 

pyrrolidinyl spirooxindole structure 3 in which the dual rolu of Mg12 r i Lewil; 

acid activation ar; well as a nucleophilic uourlter ion to prclrnotc ring expansion, 

has also heen prnposed.Ra Lam, the same authors havu applied this strategy for 

h e  synthesis of natural producls such nr ~orsf i l ine*~,  ~ t r y c h n t j f o l i n e ~ . ~  and 

Spirotryprostatin R (Scheme 2. I 1.'" 

kl  R ~ = H .  Bn;  R1= Me, Ts kr 
Scheme 2.1: Synthesis of 3 v i ( ~  Mglz crrtnlyzcd ririg expnnsion reczction 

Kecentiy, Martin ef a/. have shown an nxidalive rearrangemmi o f  2.3- 

disubstituted indole 4, with a chiral 8-phenylrnenthnl. to affnrd thc rpim- 

oxindolc ring system 6 of C i~ inad in  A, a naturat producl isoIatcd from 

Prncillii~rn citrintrrn, with an excellcnt conlrt~l nver absolute stereochemistry at 

the spirt) cenrcr as shown in schernc ~ - 2 . ~  Dimethyl divxirane (DMIIO) 

oxidiscs 4 to its epoxide 5 which on silica cahly7ed rcarrangcment afforded 6. 

Scheme 2.2: Sika  cntcllyzed reurmngement of ep.poxlde 5 

An enantiu contrulled synthesis or spirooxindole has been achieved by a 

15+2] cycloaddi tion herween 3-methclene-2-oxindole 7 and Ihe pyidyl ring or 
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the pyridinyl-n-complex 8 to afford a spirooxindole complex 9 and then it was 

converted to the spiropyridine oxindole 10 by tieberkind and Malinakvva. The 

cycloaddition was found lo be reversible using EtAICl? (Scheme 2.3) 

H H 

Scheme 2.3: Sytlthesis ofs~~~rooxindole IO via (5+2 1-c~clc~ndditiu~l 

Kobayashi et ui, adopted a copper chloride c a ~ a l  yzed Ullmann coupling 

followed by Claisen rearrangement of 2-haloindole 11, tethered with a suitably 

spaced ally1 alcohol at the 3 position, for the rpthesis uT 3-spiro-2-oxindoles 

12. The configuration of the product indicate that the Claisen scarrangeinen1 

proceeds through a boat like trans~tion state (Scheme 2.4). However. c i ~  ally l 

alcohol did not give any 

' N 
IM~C. lh, 1 5 0 ~ C , l h  I 

R' 12 R' 
R' - H, TBS, MOM; R= c H. Ma, Et, Ph, nRu, SlMe,Ph 

Scheme 2.4: Intrnnwl~.cuLnr Ullmtw coupling and Cinisen rearrangernen! 

Trost and Chan first demostrated the Pd catalyzed lrirnethylenernethane 

14 (TMM) for [3+2]-cycloaddition reaction in 1979." For the total synlhesis 

of Marcfortine B ( 1 ) .  an alkaloid isolated from various Penicilliu~~r species, 

Tmst et ul. used this TMM cycloaddi~ion to indolidene 13 For the construction 

of the spirooxindole core 15 as explained in scheme 2.5.'Ib 

Scheme 2.5: TMM cyclocldditiun will1 indolidene 

All these synthetic advances have been fueled by  he continued isolation 

of biologicaliy active spirooxindole containing natural products. The common 
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structural feature of these molecules is the oxindole unit which can be derived 

from isatin 16 - a naturalIy occurring tnolecule (Figure 2.2). Isatin and i ~ c  

derivatives have been serving as potential syn~hons for alkaloids, drug 

intermediates and clinical Hence, the following sectiun 

outlines a brief account on the synthesis and application of ihatin in organic 

syntheais. 

2.1.2 lsatin 

Isalin 16 (IH-indole-2,3-dione, Figure 2.2), a naturally occurring 

c ~ r n ~ o u n d ' ~ \ a s  first obtained by Erd~nan and Laurent in 1 84 1 ss a product 

rrom the oxidation of indigo by nitric and chromic a~ids . ' ' '~  The hyntheric 

versatillly of [satin hah led to the extens~ve use of this compound in organic 

synthesis uw ing to the biological properties of its derivatives. 

A 16 
Figure 2.2: iscrrin 

2.1.3 Synthesis of Isatin 

Several reports are known for the bynthesis of isatin 16 in its substi~utd 

and unsubstituted form." The mast recenl one involves a metal-halogen 

exchange method in which the synthesis of isatin was achieved by lilhia~ion of 

orrhn-bromophenylurea 17, carbonylniion and subsequent intramolecular 

cyclizatinn to give 16 in 79% yield (Scheme 2.6).'k 

Scheme 2.6: Synthesis of isofit1 

2.1.4 Reactivity of [satin toward heterocycles synthesis 

Many synthetic rnethodoIogies have been described for the conversion 

of isatins to other heterocyclic systems. The reactivity patterns of the isatins 

have been studied exlensiveIy by several groups .and are summarized as 

r01 tows. 
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a) Reduction of the heterocyclic nng, leading to indoles and the~r  

derivatives. 

b) Oxidation of the heterocyclic ring: Conversion of isatin to icato~c 

anhydride and its subsequent conversion to other heterocyclic systems. 

c) Nucleophilic addition at position C-3. which may be funher manipulated 

by a cycli~ation process, with or without N1-C?, bond cleavnpe or by a 

spiro-annulation at position C-3. 

d) Nucleophilic substitution at position C-2, leading to h e  opening of the 

heterocyclic ring. This process may be followed by nn intramolecular or 

by an intermolecular exo-trig cyclization. 

A pictorial representation of the synthetic transfonnations of isatinh to 

other car&o- and heterocyclic compounds is outlined in figure 2.3." 

Figure 2.3: isarin: synriieric application towards heterocycles 

2.1.5 Synthesis of M8H adduct from isatin 

It is generally accepted that ketones form MBII adducls under relatively 

extreme conditions, wilh a few exceptions. Simon J. Garden and Janet M. S. 

Skaklep first reported that isatin derivativeb readily react with acrylic acid 

derivatives in ethanol md or ethmolmHF mixtures in the presence of a 

catalytic quantity of DABCO to give the MBH adduct 18 in excellent yields 

(Scheme 2.7). l6 
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l6a Z - CN, C O f l e ,  S 0 , ~ h .  C O M ~  18. Z - C O I N  

Scheme 2.7: Syn rhcsi~ of Morita-Bnylis-Hillman addriuts of Isatin 

Recen~ly, Kim and co-workers reported h e  synthesis of 3-aryl-3- 

hydroxypyrrolidine-2-one 20 from MBH adducts of isalin 18 and acrylonitnle 

via a sequential MichaeI addition. condensation and ring opening pathway. 

Interestingly, when adducts derived from methylacrylate was used, a tricyclic 

product 21 was formed via recondensation and h e  formation of a new amide 

linkage (Scheme '.8).17 

___t 
Z * CQ,Ms 

18 ' N 
21 0 gn 18 1 

Ri= H,CI. NO, 20 Bn 

Schema 2.8: Synthesis of 3-aryl Inclam 

Stereoselective synthesis of ybutyro lactone 22 has been demonstrated 

by our group from MBH adduct of isatin 18 with sodiurnborohydride via 

reductive cyclization protocol in moist THF (Scheme 2.9).18 Interestingly, 

reduelive cycl~zation of the bromo isomerised MBH adduct 23 with 

sadiumhrahydride, on the other h-md, yielded spiro-3-cyclopropane uxindoles 

24a and 24b as diastereomeric mixtures (Scheme 2.9).IP 

z 

rt,?-Zh 
N 

0 
0 

22 

R'= H. Br, 1 + R" HH. Bn. Propargyl, Me 
N 

24a \Rz 24b ha 
Scheme 2.9: Reductive cleavage to 3-apl lactune and seducrive cyclization lo 

spirocycloprupane oxindole 
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Cerium Ammonium Nitrate (CAN) is u well known fl.r a single electron 

oxidiser. Recent investigations in our laboratory have uncovered the renctivit y 

pattern of the isatin derived MBH adduct with CAN. When N-methyl isa~in 

adduct 18 was treated with CAN and alcohet in acetonitrile, the N-mcthyt 

group underwent oxidation to ether 25 of the respective alcohol and ~ h c  result? 

were found applicabte only with MBH adducts and not with simple N-methyl 

isatin, N-methyl spiso cyclopropme oxindoles, N-methyl isatin oximes, etc. 

Similar studies using the 5-methyl isatin adduct 26 resulted in 5-formyl 

substituted MBH adduct 27 which can further undergo a second Baylis- 

Hillman adduct formation at the formy! group (Scheme 2.1 o)." 

\ R' = Me. 5147% 
18 25 

R" CCH CzHs, prupargyl, homopropargyl. mthans-1,2-dlol, propsna.1,2-d101, banryl 

R z  9 Ms, allyl, pmpargyl; 2 = COIMe, COIEt COMa, CO,"Bu, CN, SOZPh 

Scheme 2.10: CAN mediared oxi(1nrion nf MBH addarcrs of isnrin to erlier ar~d 

nl&lt.vcle d~rivclrives 

2.2 Present Work 

Morita-Baylis-Hillman adducts derived from isalin are highly 

functionalized, as it possess an oxindole moiety at the firs! posi~iun oF the 

allylic alcohol and less attention has been devoted to the synthetic 

transformations of these adducts. Particularly. the double bond of the MEH 

adduct is highly activated due to disubstitution (the oxindole gmup and the 

electron withdrawing substitutent), can act as a dipoEarophiIe for f3+2]- 

cycloaddition reaction with nomethine ylides (AMY) which evenhrally lead to 

the formation of pyrrolidine ring with an oxindole subs~itution. The detailed 

study on the 1,3-dipolar cycloaddition reaction of cyclic and acycric 

azomethine ylides derived from decarboxylative condensation ai isatin and 
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sarcosine (acyclic amino acid) or proline (cyclic amino acid). with double hnnd 

of M B H  adducts derived from isatin, furfura! and thiophene aldehyde is the 

subject matter of this chapter. 

2.3 Results and Discussion 

2.3.1 Preparation of MBH adducts 

All the isatin derived MBH adducls for the present study were prepared 

from the corresponding [satin derivatives and activated alkenes fnllowing the 

literature The heteroaryl MBH adducts were obtained by the 

DABCO catalyzed reaction of   he respective herero aldehydes with activated 

alkenes under nea condition (Scheme 2.1 1 ). 

OABCO 

neat. 6 - 7 days 

L= CN, COIMe, R = pyridyl, thlophenyl. fury1 
I' 

Scheme 2.11 : Preprrrrrtion of MBH nddlfr't 

The Morita-Baylis-Hillman ndducts synthesised from isadn, pyridine, 

furan ;wd thiophene aldehydes with various aclivated alkcnes for thc prerent 

study ar depicted in figure 2.4. 

Figure 2.4: MBH crdducts of I -n lbs t i t l~ t~d  isntirt and i ~ e r e r o n l r i e l ~ ~ e ~  
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2.3.2 Generation of azomethine ylides (AMY) 

The AMYs used in the 1,3-dipolar cycloaddiiion reaction have 

generated in sir" following Tsuge route2' that, is the thermal decarboxylat~ve 

method. As per the procedure reported in lhe literature, the cyclic ylide A and 

tbe acyclic ylide B were generated form isatin 16 and pmline (cyclic amino 

acid) and sarcosinc (N-methyl glycine), respectively by refluxing in inethanol 

with eco-friend1 y monttnorillunile K10 clay catalyst (Scheme 2.1 2). 

Scheme 2.12: Genemtion of qcl ic  and nc~clrc AMYs 

2.3.3 Reaction of MBH adducts of isatin with cyclic AMY " A  

Preliminary studies were initiated by the reaction of MBH adduct of N- 

methylisatin 18 and i l ~  situ generaled cyclic azomethine ylide A in methanol 

was refluxed for 0.5 hour with montrnorilIonite K10 clay catalyst. The reaction 

afforded spiroppolizidine exindole derivative 42 in 88% yield? aflcr 

purification by column chromatography (Scheme 2.1 3). The cyclic AMY was 

generated in situ from isatin and proline by a thermal decarboxylative method. 

Scheme 2.13: Synthesis of xpiro-pyrrulidine his-oxifldole 

The structure of the product 42 was confirmed by detailed spectroscopic 

analysis (IR, 'H NMR, '.'c NMR and HRMS). Thus, ETIR of compound 42 

s h o w d  zhe presence of ester and arnide carbonyl groups due to absorptions at 

1731 and 1720 cm-' respectively and the hydroxyl group showd absorption at 

3287 cm-I. In the 'H NMR spectrum (Figure 2.5). the six pyrrolizidine ring 
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protons were appeared as multiplets and doublets of doublets in the region of 6 

1.34-2.86. A singlet at 6 3.20 with integration of three protons indicates the 

presence of methyl group attached to nitrogen. Two mutualIy coupled grninal 

protons of the pysrolizidine ring were apparent as doublers, with a coupling 

constant J = 14.1 Hz centered at 6 3.26 and 3.5 I ,  respective1 y. The methoxy 

protons were amenable at 6 3.46. The methine proton of the pyrrolizidine ring 

appeared as a doublet of doublet with coupling constants J = 6.3Hz, J = 8.4Hz 

centered at 6 4.90. In addition, the spectrum showed a broad singIet at 6 5.65 

and a singlet at 6 8.37 and was discernible for the protons on hydroxyl and the 

amide group and these protons were found exchangeable with DzO. All the 

aromatic protons were appeared as doublets and singlets in h e  region of 6 

6.67-7.50. 

Figure 2.5: ' H  NMR rperrmm of compound 42 

Analysis of the ' 3 ~  NMR spectmm of 42 showed signals at S 26.6 and 6 

52.0 due to the methyl carban attached to nitrogen of the oxindole moiety and 

the methoxy carban of the ester group, respectively (Figure 2.6). The three 

quaternary carbons, attached to hydroxyl group, spiro carbon and the carbon 

attached to the ester group were visible at S 75.6, 65.6 and 60.5 respectivery 

and were confirmed by the DBPT-135 spectrum (Figure 2.7). The rnethylene 

carbons o f  the pyrrolizidine ring were obsewd at 6 26.6. 42.4, 43.0 and 60.3. 
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All the xomatic carbons were resonated between the range 6 107.9- 144.2. 'The 

three carbonyl carbons vi:, a v ~ z .  the eslcr and the two a~nide carbony1 or thc 

oxindole moiety resonated at 6 182.2, 176.8 and 172.4 respectively. The 

structure was finally contirnied by the FAB mass spectral value as i t  showed 

the moleculm ion peak at dz = 48-65 (M+l).  

Figure 2.6: ''c NMR sppctrum of ,fr.nmpound 42 - 

Figure 2.7: DEPT-135 spect tu~~l of cotnpozrnd 42 
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2.3.4. Optimization study: Effect of solvent and catalyst load 

In order to check the effect of solvent and catalyst requirement, 

reactions in lA4ioxane. toluene and methanol as solvents and with and 

without rnontmorillonite K10 clay catalys~ were tested. The MBH adduct 18 

was used for the model uudy. After several test reactions, a combination of 

methanol as a solvenr and 100% w/w wad rnmontrnorillonite KIO clay catalysr 

gave better yields and found as optimum condition. Frcshly activated clay at a 

temperature of 110 'C gave better yield than preactivated clay. Reaction in 1-4- 

dioxanc provided same yield as h a t  of methanol but longer reaction time was 

required. In toluene, poor yield of the product (-20%) was observed even with 

longer reaclion time. At higher temperature, greater than 100 'c. adduc-t 

deconiposed to the corresponding isntin especiat l y when loluene was used as a 

solvent. The results are summarized in table 2.1 

fable 2.1 : Reactlon of 3 8 with A: Effect of Solvent and Catalyst 

Entry SotvenP Mont.Kl O ( w t  9%) Time Yleld (%) 

2 1,4-Dioxane TOO 1 $5 

3 Methanol 0.6 86 
.......-..----...*..-*---....**-.--- -"-..*...----......-*--- 

4 Methanol l a ~  0.5 88 
* * * * - - - - - - - - - * * * . + - - - - - - . - . + - - - - - - - - . . . . - - - - - - - - - * * . -  - - - - -  - -  

5 Toluene 12 15 

6 Toluene 100 12 20 

a: Temperature 68 OC 

2.3.5 Generality of cycloaddition of cyclic AMY with MBH adducts 

In order to exemplify the reaction with various MBH adducts, adducts 

28-30, 32-33 were subjecled to 13-dipolar cycloaddition with cyclic AMYIA) 

(Scheme 2.14) under optimized condition. All reactants underwent the [3+2]  

cycloaddition reaction smooth1 y and provided the corresponding high1 y 

functionalized spiropyrrolizidine bisoxindole deriva~ives 43 - 47 in good yields 

and the results are shown in  able 2.2. 
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R m h n r y l ,  allyl, propargyl, methyl; Z=CO,Me. SO,Ph, COMe, CN 43 - 47 h 

Scheme 2.14: S,vnth esi r of' r/)irop;rroli:iOin e b i . ~ - - o x i t ~ ~ i ~ i e . ~  

Table 2.2: Genarality of the CYEIIC AMY cycloadditlon with varlous MBH adducts 

entry substrate Isatln product yield (%) 

I 

H 
0 

Me 
32 16 

46 

5 91' 

H Me 
0 

33 16a 
H 

I: Yihm of Inseparable sterioisomers determ~ned by 'H NMR: 
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T t  should be: noted that the 13-dipolar cycloadditian reaction repoted 

herein are tolarable with hnctional p u p s  such as allyl, henzyl and propargyl 

substitutions in MBH adducts. The structure of N-propargy! spirooxindole 

derivative 45 was established by detailed spectral analysis. Thus, the protun 

NMR spectrum of c o m p u n d  45 showed two separate multiplets in the 

chemical shift range 8 1.35-2.61 which were amenable to the py-rolizidine ring 

protons and was merged with terminal alkyne proton. The isolated pyrrolidine 

ring protons were coupled mutually with a coupling constant J = f5Hz and 

appeared as two doublets. One of the protons ha5 merged with  he ester 

methoxy proton and appeared at 6 3.42 and the othcr was centered at 6 3.55. 

The two methelene protons of the N-propargyl group were observed a5 two 

doublets. with a coupling constant of J = 17.7Hz. and are centered at 6 4.15 and 

6 4.79. A multiple1 centered at 6 4.90 was indicative of the methine proton 

altached to the nitrogen or  [he pyrrolizidine ring. All the mrnatic protons were 

resonated as multiplets in the chemical shift range 6 6.8-7.4. The hydroxyl 

proton was visible at 6 5.84 as a broad singlet and a single1 at F 9.27 was 

amenable to amide proton (Figure 2.8). 

Figure 2.8: ' H  N M R  of carnpotmd 45 

The 1 3 ~  NMR spectrum of compound 45 showed a signal at B 52.2 and 

was assigned to the methoxy carbon of the ester group. The carbon attached to 

the carbomethoxy group was seen at 6 60.2. The alkyne carbons resonaied at 8 
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72.1 and rS 75.1. T h e  spim carbon was amenable lo a signal at 6 68.1. The 

carbon attached w i h  the hydroxyl group resonated ai 6 76.5. The carbunyl 

carbons were visible in the downfield region and were discernible at 6 172.2, 

175.6 and 182.4 (Figure 2.9). Final proof of the assigned slructure was obtained 

from the FAB mass spectrum as it  showed a molecuEar ion peak ar ndz = 

472.00 (M+I ). The detailed spectral data of all the compounds are listed in 

experimental section given at he end of the chapter. 

Figure 2.9: "C NMR of cumpoond 45 

2.3.6 Formation of spiropyrrolizidine mono-oxlndole 49 

When the adduct 34 derived from N-methylisatin and MVK was 

subjected to 1.3-dipotar cycloaddi~ion with cyclic AMY under optimized 

condition, TLC showed that the reaction completed in 5 minutes and nrler 

column chromatography, isolated a cryslalline solid in 60% yield together wilh 

N-methyl isatin 16a. It war surprising that, from h e  proton NMR and the mass 

spectral data, the compound was identified as spiropysrolizidine mono-oxindole 

49 and not the expected spiropymolizidine bis-oxindole 48 {Scheme 2.15). 
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Scheme 2.1 5 :  Formation ofspirr)p~rrolizidine mono-nx-indole 

The structure of the compound 49 was arrived based on spec~roscopic 

studies. Thus. in the 'H NMR spectrum of 49, all the rnethelene protons were 

appeared as muttiplets in the region of 6 1.63-3.12. Of which, the methyl 

protons of  ?he acyl moiety were resonated at 6 2.24 as a singlet and the methine 

proton of the carbon attached to the acyl moiety was visible as a multiplet 

centered at 6 2.28.  The methine prnton attached to the pyrrotizidinc ring was 

apparent as a rnulliplet centered a1 6 4.15. All  he four aromatic protons 

appeared ar; multiplets in the chemical shifi range 6 6.96-7.29 and the proton of 

the amide nitrogen can readily be distinguishable at 6 9.30 as a singlet (Figure 

2.10). Final proof of the structure was obtained on the basis or  FAB mass 

spectrum as i t  showed a (M+I) peak at m/z  = 271 -41 (Figure 2.1 I 1. 

Figure 2.10: ' H  NMR of compormd 49 
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ol 
CL Figure 2.1 I : FAB mas.r. .yecrrtrm r$ cmnpnund 49 

2,3.7 Forrnatlon of splrepyrrolizidine mono-oxindole 49: 

Mechanistic rationallzatlon 

d Formation spiropyrrolidine ~nono-oxindole 49 can be explained by a 

rearrangement followed by elimination through enol 48a. Slightly acidic clay 

can enhance the enolization of the acyl group of the pyrrolizidine ring 48 and 

the enal is stabilized by the hydrogen bond with the hydraryl group at the b 
oxindole moiety. This is folIowed by an elimination of the parent isatin from 

which the MBH is formed gave 49 wd sleps invol\led is schematically 

represented in scheme 2.16. 

ri rga 

Scheme 2.16: Mechar~isrn uf rhefornlafion 49 from 48 
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2.3.8 Formation of spirapyrrolizidine bkoxindole: Mechanistic 

Postulate 

In  an initial event, the reaction between isatin and proline forms the 

cyclic ylide A,  \bin Tsuge route. Subsequent cycloaddition of unstabi lized cyclic 

azoinethine ylide A to the double bond of the MBH adducts of isatin affords 

the spiropyroliz~dine bis-uxindole. Rather than the secondiwy orbital 

interaclion f a d i n g  to the 3,3'-disubstiiuted pyrrolizidine, there cxist two sterric 

faclors which lead to the formarion of the 4.4'-disubsti tuted pyrrolizidine. First 

factor 1 5  the uerric hindrance between the isatin ring and the proline ring of  the 

azomethine ylide. Second faclor is the hindrance offered by the 3-hydroxy 

oxindole which lie in a plane perpendicular to the plane or the double bond of  

the activated alkene (Scheme 2.173. 

Scheme 2.17: Mruhanisr?i for the forr~tation ($rite 4.4-disubstituted 

spiropyrrulizidirtc hisoxindole 

2.3.9 AMY cycloaddition with MBH adducts of heteroaldehydes 

Having excellent preliminary results, we then turned our attention to 

examine the reaction of MEIH adducts derived From hetero aromatic aldehydes 

and cyclic azomethine ylide A. The MBH adduct 39 derived from furfural and 

methyl acryfate was treated with isatin, proline and Mont. K10 i n  refluxing 

methanol for 1.5 hours. It was intereuing to nole that instead of the formation 

of the expected 4,4'-disubstituted spiropyrolizidine oxindole 50, other segio 

isomer 3,3'-disubsti tu ted spiropymoIizidine oxindole 51 was obtained in 80% 

yield after column chromarogaphy and spectroscopic analysis (Scheme 2.18). 
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Scheme 2.18: Syn thes i~  uf 3,3'-disubsritr~ted sl~irupyrrolizidine oxindole 

The overturn in regioselectivity and the smcture of 51 was established 

by spectroscopjc analysis. In the proton NMR spectrum of 51, all thc 

pymlizidine ring protons were appeared as well-separated multiplels in the 

region of 6 1 -44-2.77, The other possible regio isomer 50 was ruled out because 

the pyrrolizidine rnethelene proton did no1 appear as two mutually coupled 

doublets as observed in the case of Ihe reaction of A with isa~in derived adducts 

discussed earlier h this chapter. In addition, the methoxy protons of the ester 

p u p  were visible at 6 3.70 and the proton of the hydroxyl group was seen at 6 

1.89 as a broad singlet. A signal at 6 8.80 was amenable to the hydrogen of the 

amide linkage (Figure 2.12). The I3c NMR spectrum showed a signal at 8 73.2 

due to the presence of spim carbon. The ester and the amide carbanyl~ were 

visible at S 170.5 and 180.3 (Figure 2.13). All other carbon signals wcrc 

consistent with h e  assigned structure. Final proof on the rtructure was arrived 

born its FAB mass spectrum as it showed molecular ion peak at rdz = 383.40 

W I ) .  

Figure 2.12: ' H  NMR spectmm of 51 
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Figure 2.13: l3c NMR spectrum of 51 

lntcresting results oblained from furfural derived adduct with cyclic 

ylide A prompted us lo exlend h e  cycloaddition studies to MBH adducts or 

other heternaldehydes (39-41) with cyclic ylides generated from isatin 16 and 

N-methylisatin 16a. These reac~ions under optimised reaction conditions 

furnished novel oxindole derivatives 52-54 with a 3'-heterocyclic 

(furanlthiophene) subs~ituents in moderate to good jields as summarized in 

Table 2.3: Genarality of the r e a d o n  with various heteroarylderived adducts 

Entry Substrats lraUn Pr~ducf Ylmld I%} 
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It  is noteworthy that the pyridine derived M 8 H  adducts 37 and 38 did 

not undergo cycloaddition with AMY even after several trails with variables 

such as solvenl, temperature and reaction timr (Scheme 2.14). 

Scheme 2.19: Atternpred AMY cycloacldiriun of pyridine derived MRH arkluchr.~ 

2.3.10 Formation of regloisomer 51: Mechanistic Postulate. 

The dipole A was cyclo-added to the double bond of the MBH adduct 39 

in a regioselective manner to afford the spiropp-olidine oxindole 51. In the 

case of isa~in derived adduct, the sterric effect offered by the 3-hydroxy indole 

moiety directs the transition state in such a way to get the 4,4'-disubstituted- 

pytrolidizine bur in the case of heteroaryl derived MBH adducts, Ihe extent 

sterric effect is less as the heterocyclic ring is in the same plane as that of the 

double bond. Thus, the observed 3,3*-regioisomer is formed exclusively 

(Scheme 2.20). 

Scheme 2.20: Mechanism of forn~arion 5 1  

2,3.11 Reactlon of MBH adducts of lsatin with acyclic AMY "B" 

Subsequent to the preliminary s~udy ,  we directed the study to [3+2]- 

cycloaddition reaction of MBH adducts with acyciic axemethine ylide B 

derived from sarcosine and isatin under optimized reaction conditions. Thus, 

the MBH adduct 18 derived from N-methylisatin was subjected to 1 -3-dipolar 

cycloaddition reaction with acyclic AMY B (generated in situ from isatin and 
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sarcosine) under optimized condition afforded spiro cycloadduct 55 in 75% 

yield after purification (Scheme 2.21). 

'&- 

&?"+ &a Montrnor~llonlte MeOH, raflur. 0.5 HI0 h 

\ \ 70 % 
t 8 B -$- / N 1 65 

Scheme 2.21: Synfhesis of spiropyrrolidine bisoxindole 

The structure of 55 was determined on the basis of detailed 

spec~oscopic analysis. Presence of ester and the amide carbonyl funclional 

groups were confirmed by an I13 absorption at 1723 cm" and at 1712 cm -', 

respectively and the absorption at 3272 cm-' corresponds to the hydroxyl 

group. In the proton NMR spectrum, a broad singlet at 6 1.75 was indicative of 

the hydmxyl proton and the signal was found exchangeable with DlO. Four 

singlets at 6 1 37, 2.98, 3.00 and 3.36 were assigned to protans at pytrolidine 

nitrogen, the two amide nitrogen and the methoxy protons o l  the ester moiety, 

respectivefy. A multiplet centered at 6 3.20 was amenable to the mutually 

coupled four pyrrolidine ring protons. The aromatic protons were visible at the 

down field region of the spectrum in the chemical shift range 6 6.60-7.30 as 

shown in figure 2.14. The FAB mass analysis showed a molecular peak d z  = 

435.97 which were exact1 y matching with the calculated value. 

Figure 2.14: ' H  NMR spectrum of 55 
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In the carbon-I3 NMR of 55, the presence of the spiro carbon was 

confirmed from a peak observed at 6 67.1. All the sp2 hybridized carbons were 

resonated in the region 6 107.5-144.2. Two methyl carbons of the amide 

linkage were seen a1 6 28.5. Two peaks at 6 5 1.3 and 51.4 were discernable to 

the ester methyl carbon and the methelene carbon attached to the nitrogen. The 

arnide and the ester carbonyls were confirmed with its resonance signais at 6 

171.1, 175.9 and 178.1, respectively (Figure 2.15). All other carbons were 

identified as consistent to the assigned structure. 

Figure 2.15: "C NMR spectrrdna of 55 

It was interesting to note hat when the MBH adduct 29 derived from 14- 

aIIyl jsatin was refluxed in methanol with acyclic azomethine ylide B in 

presence of Mont. KJO as catalyst Tor 6 hours, two regioisomers 56 and 57 

were obtained 45% and 30% in yields, respectively (Scheme 2.22). 

Scheme 2.22: Formati011 of two regioisomers 

The structures of both the regioisomers 56 and 57 were confirmed by 

spectral studies. Both regioisomers 56 and 57 had a FAB mass of m/z = 448.3 1 

Wtl)  and were Curther characterized tiom their proton NMR spectrum as they 
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showed different coupling pattern of the pyrrolidine ring methelene protons as 

shown in figures 2.16 and 2.17. In the proton NMR spectrum of the 3,3'- 

disubstituted isomer 56, a broad singtet at 6 1 .T I  was amenable to the hydroxyl 

group. The methyl protons of the arnide nitrogen and the esler carbony1 were 

visible as singlets at 6 2.04 and 3.06, respectively. The four pyrrolidine 

methelene protons in the compound 56 was resonated as multiplets centered at 

6 3.26. Two doublet of doubtets centered at S 4.10 ( J  = 6Hz and J = 18Hz) and 

4.20 (J = 6Hz md J = 15Hz) was indicative of the ally1 methelene protans at 

the arnide nitrogen. A doublet centered at 6 5.1 2 w i ~ h  a coupling constant d = 

10.2Hz and ano~her doublet with a coupling constant J = 15.9Hz was agreeable 

to protons cis and rrcrns to the methine proton. The methine proton resonated 

a? a multiplet centered at 6 5.65 and the proton of the arnide nitrogen appeared 

as n singlet a1 6 8.55 (Figure 2. 16). 

Figure 2.16: 'H NMR specrmnr of56 

Similarly, in the proton NMR spectrum of the compound 57, all the 

pymolidine ring prolons were appeared as well separated doublets. Two 

methelene protons attached to the spiro carbon resonated as two doublets 

centered at 6 3.07 and 3.29 with a coupling constan[ J = 15 Hz, while the 

methelene protons attached to the pyrroljdine nitrogen appeared as mutually 
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coupled doublets centered at 8 3.58 and merged with rnultiplet at 4.37 with a 

coupling constant 3=12 Hz. One of these protons was found merged with the 

methelene protons attached to the arnjde nitrogen as shown in the figure 2.17. 

Figure 2.17: ' H  NMR specfmm of 57 

2.3.12 Formation of regfolsomers 56 and 57: Mechanistic Outlook 

The acyclic azomethine ylide B generaled in siru by the decwboxylative 

condensation of isatjn 16 and N-methyl glycene can undergo cycloaddition 

with MBH adduct 29. regioseleclively. The sterric effect during the formation 

of the pyrrolidine ring to the aryl ring of the oxindole moiety is nearly equal. 

Hence. during the cycloaddition, no sterric effect of  the pyrrolidine ring will be 

there competing 10 the secondary interaction of the aryl ring of I -hydroxy 

indole. However, in the case of N-ally1 substituted oxindale MBH adduct 

mother competing interaction of the duuble bond of the ally1 group to rhe 

oxindole of the AMY exists. Thus, two possible orientation will be possible 

which results in the formation of two regioisomers 56 and 57 as explained in 

scheme 2.23. 
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Scheme 2.23: Mechanisnr of fonnatimr of regioisomers 

To show the reaction is general in nature. a number of MBH adducts of 

isatin 2330,33-36 were reacted with AMY B under optimized condition. All 

the reactions underwent smoothly and provided mixture of regioisomers in 

excellent combined yield (Scheme 2.24; Table 2.4). 

Scheme 2.24: Genemliry of the renctirm 
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Table 2.4: Genarallty of the teadon wlth varlous MBH adduds wlth ecycllc AMY "B" 

antry nubetrate lsatln product ylnld % 
P. P, P, P, 

2.3.1 3 Cycloaddition reaction of M BH adducts of heteroaldehydes 

with acyclic AMY 

The MBH adduct derived from heteroaldeh yde underwent 1.3-dipolar 

cyclaaddition reaction with acyclic AMY "B" providing the products similar to 

that of with cyclic AMY "A". However, the reactions were found low yielding as 

adducts found decomposing at the reaction temperature. To our dismay, 

pyridine derived adduct was intact for the cycloaddition reaction. The results 

are shown in table 2.5. 
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Table 2.5: Generalltyof AMY cyclwddltlon 01 hderoarjl derived MBH adducts 

Entry Substrate lsatln Product meld '/o 

2.4 Conclusion 

I .  We have developed an efficient synthetic route for the construction of 

functiunalized spiropyrrolizidine and pyrrnlidine oxindoles w i h  

oxindole and heteroaryl substifuents staning from MBH adducts of 

isatin and heteruaIcIehyde5 via [3+2]-cycloaddi tion reaction with cyclic 

and acyclic arernehine ylides A and B. 

2. The cyclic and acyclic ylides were generated in sit14 by Tsuge route ria 

condensation followed by thermal decarboxylation. 

3. The MBfI adduct with substituents varied from 1-hydroxy-N- 

alkylindoles, I -hydroxyl-I -hetern aryl-methyl, ester, cyano, and phenyl- 

sulphones were used for cycloaddition study. 

4. All the products were characterized by spectroscopic methods 
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5. Formation of regioisomers was exptained based on detailed mechanistic 

rationalization based on sterric and secondary orbital interactions during 

the cycloaddition. 

6. Pyridine derived MBH adducts were intact during [3+2] cycloaddition 

reaction with AMYs. 

7. The synthesized compounds were amenable to further synthetic 

transformation towards the total synthesis of many complex alkaloid 

natural products. 

2.5 Experimental 

General Considerations 

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

reactions was moni~ored by Thin Layer Chromatography (on gIass plate coated 

with silica gel containing calcium sulfate as the binder; visualizatian was 

effected by exposure to UV light and iodine). Purification of crude compounds 

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

hexme-ethylacetate mixture as eluent. NMR spec!ra were recorded at 300.1 

MHz ('HI and 75.3 MHz (I3c), respectively on a Brucker Avance DPX-300 

spectrometer. Chemical shifts are reported in 6 (ppm) reIative to TMS ('HI or 

CDC13 (I3c) as internal standards. FTIR spectra were recorded on Bornem MB 

series FT-LR spectrometer; absorbences are reported in cm". FAB mass 

JHRMS were measured at lhe JMS 603 E O L  Mass Spectrometer. Yields refer 

to quantities obtaind after chromatography. 

General procedure for the preparation of MBH adducts of isatln 

To a stirred solution of isatin ( 1  equiv.) and methyl acrylate (1.5 equiv.)  

in THWmethanoVethanol (5 mL) was added DABCO (0.5 quiv.). The mixture 

was stirred at room temperature for 2-3 days. After completion, (monitored by 

TLC) the reaction mixture was diluted and washed with HCI (0.25 M, 50 mL), 

extract with ethyl acetate (3 X 20 mL), dried over NazS04 and then evaporated 

the solvent under reduced pressure. Purification of the crude mixture through 



column chn~matography {hexanc/ethyl acetate mixturr ah eluent) itfforded thc 

MBH adducts in 70-95 9!! yields. 

General experimental procedure for 1,3-dipolar cycloaddition 

A niixturc of MRH i~dduct (0.304 mxnol), L-(-1 prolinti (0 485 mmol). 

isatin (0.404mmol) and mvntinnrillonite K- lO Clay ( 100% wlw) In t~iethanul ( I  

ml,) was retluxed. After the reaction (TLC), the crude mixture was tiltered 

through a pad of  celite and then purified by silica gel column chromatography 

(hex;me/ethyl acetate mixture ar eluent) to afford products in very good yields. 

Synthesis of spiropyrrolizidine bisoxindole 42 from MBH adduct 18 

Fclllo\+ing the pencrnl cycloaddizion procedure, a rnixt~ire of rnelhyl 2- 

(3-h ydroxy- 1 -nlctl~ yl-2-oxoindol in-3-yl)-acrylate 18 ( 100 mg, 0.404 mmol). L- 

(-1 prolitle ( 5 5  mg, 0.485 mrnol), isatin (59 mg. 0.403 rnrnol) and 

mon~rnnrillonlre K-10 Clay (100 mg, IOO% wlw)  in methanol (1  mL) was 

refluxed for ?O minules to afford 42 in 88% yieid (159.08 rng, eIuent: 3 5 8  

ethyl aceta~c:hexane). 

IR (neat) v,,: 753. 1091, 1347. 1470. 16 14. 1720. 

E 73 1.2950, 3287 cnl" . 
'H IVRZR (CDCI3flMS, 300.1 MHz): S 1.34-1.47 (m. 

IH), 1.97-2.07 (m, 211). 2.13-2.43 (rn, IH), 2.29-2.37 

(dd, l W, J = 8.2 Hz, J = 15 Hz). 2.56-2.86 (dd, l H. J = 
CGMs && 8.iIlz, J =  13.1 Hz). 3.20 (s. 3H), 3.21-3.29 (d, IH. J =  

14.1 Hz), 3.46 (s 3FI). 3.49-3.54 (d. I I I ,  J = 14.1 IIL),  

N 
4.87-4.92 (dd, I H, 3 = 6.3 IIz, J = 8.4 ~ I Z ) ,  5.65 (s, l H),  

n 6.67-6.78 (d, 111, J =  9 H L ) ,  6.85-6.88 (d, IH, J =  ~ H L ) ,  
42 6.95-7.00 (t ,  lH, J = 9 HZ), 7.05-7.01 (t ,  IH, J = GHz), 

7.21-7.30 (m. 311)- 7.47-7.50 (d. IH.  J =  9 IIz), 8.37 (s, 

1 H). 

NMR (CDCI3KMS, 75.3 MHL): 6 26.6, 26.7. 42.4, 

43.0, 52.U, 60.3, 65.6, ci8.1, 75.6, 107.9, 110.2, 122.6, 
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123.1. 123.8, 124.4, 125.3, t2R.9, 120.2, 129.61. 139.9. 

140.9, 144.2, 172.4. 176.8. 182.2. 

LRMS (FAl3) for C75H25N305, Calcd (34'): 447.48; Found d z :  448.65 (M+ 1 ). 

Synthesis of splropyrrollzldlne bisoxlndole 43 from MBH adduct 28 

Following the general procedure, a mixture of methyl 2-( 1 -ben~yl-3- 

hydroxy -2-oxoindolin-3-yl)-acrylate 28 ( I  00 mg, 0.309 mmol), L-t-) 

proline(42 mg, 0.371 mmol), isatin (45 mg, 0.309 mmol) and rnonrrnorillonite 

K-I0 Clay (100 mg, LOO% wlw) In nlethanol ( 1  mL) was rcfluxed Tor 30 

minutes to afford 43 in 85% yield (137.58 mg, eluent: 30% elhyE 

acetate: hexane). 

IR (neat) v,,: 754, 1034, 1113, 1465, 1610. 1732, 

p 29 19,335 1 crn". 

'H NMR (CDCI3/TMS, 300.1 MHL): 6 1.33-1.46 (m, 

lH), 1.93-2.00 (m, 2H}, 2.15-2.21 (m, 1H). 2.30-2.38 

(dd, 111, J = 8.1 I.Iz, J = 14.4 H L ) ,  2.63-2.71 (m, 1 H), 

3.11 (s, 3H), 3.36-3.41 id, IH, J = 15 11~) .  3.54-3.59 

Id, IH, J =  15 HZ), 4.76-4.81 (d. IH,  J =  15 Hz), 4.93- 
H 

43 5.03 (m, 2H), 6.30 Is, IH),  6.73-6.76 (d, IH, J = 9 

Hz), 6.87-6.91 (m, ZH), 7.01-7.06 (t, 1 H, .I = 6 I I t ) ,  

7.14-7.36 (m, 6H), 7.43-7.45 (m, 3H), 10.04 (s. IH). 

NMR (CDC13mS,  75.3 MHz): 625.4, 26.4, 

LRMS (FAB) for C31H29N305, Calcd (M'): 523.2t; Found m/z: 524.83 (M+l). 

Synthesis of splropyrrolizidlne bisoxindole 44 from MBH adduct 29 

Following the general procedure, methyl 2-(1 -allyl-3-hydroxy-2- 

oxoindolin-3-yl)-acryla~e 29 (100 mp, 0.365 mmol). L-I-) proline (50 mg, 
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0.439 mmol), isatin (53.7 mg, 0.365 mmo1) and montmorillonite K-I0 Clay 

(100 mg, 100% wwlw) in methanol ( I  mL) was refluxed for 30 minutes to afford 

44 in 90% yield (155.6 mg. eluent: 35% ethyl acetate:hexane). 

IR (neat) v,,: 753, 1222, 1359, 1459, 1469, 1614, 

1723,2951,3272 crnm'. 

'R NMR ( C D C l m S ,  300.1 MHz): S 1.35-1.47 

(m, lH), 1.94-1.99 (m, 2H), 2.07-2.19 (m,lH), 2.19- 

2.36 (dd, lH,  S = 15 Hz, J = 8.1 Hz), 2.56-2.63 (dd, 

lH,  J = 8.1 Hz, J = 13.2 Hz), 3.27-3.31 (d, 1H, J =  && 14.1 Hz), 3.46 (s, 3H), 3.50-3.55 (d, lH, J = 4.1 Hz). 

4.19-4.26 (dd, IH, J =  7 Hz, J =  15.9 HZ), 4.374.44 

(dd, la, I =  5.1 H z , J =  15.9 Hz), 4.894.89 (dd, 1H,J 

I = 6Hz, J = 8.4 Hz), 5.20-5.23 (dd. 1 H, J = 0.9Hz. J = 
n 

44 10.3 Hz), 5.32-5.38 (dd, IH, I = 0.9 Hz. J = 17.1Hz), 

5.69 (bs, IH), 5.80-5.93 (m, IH). 6.77-6.79 (d. l H ,  I =  

7.8 HZ), 6.86-6.89 (d, IH, J = 7.5 Hz), 6.93-6.98 

(t, lH,J=7.5Hz),7.04-7.09(t ,  lH,J=6.9Hz),7.23- 

7.27 (m, 3B), 7.47-7.5 (d, IH, J = 7.2 Hz), 8.81 (s, 

1H). 

I3c NMR (CDClJIMS, 75.3 MHz): 6 26.0, 26.6, 

42.4(2C), 43.0, 51.9, 56.0, 65.7, 68.1, 75.4, 76.5, 

108.7, 110.1, 118.0, 122.5, 123.0, 124.4, 125.3, 129.1, 

129.5, 129.7, 131.5, 140.8, 143.5, 176.4, i78.4, 182.0. 

LRMS (FAB) for C2,H27W305, Calcd (M'): 473.19; Found mlz: 474.69 (M+l). 

Synthesls of splropyrrolizldlne blsoxindole 45 from MBH adduct 30 

FoIlowing the general procedure, a mixture of methyl 2-(3-h ydroxy-2- 

0x0-I -(prop-2-yny1)indoIin-3-yljacrylate 30 (100 mg, 0.404 mmol), L-(-1 

proline (55 mg, 0.485 mrnol), isatin (59 mg, 0.404 rnmol) and monrmorillonite 

K-10 Clay (100 mg, 100% wlw) in methanol (1 mL) was refluxed for 30 
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minutes to afford 45 in 89% yield (169.3 mg, eluent: 35% ethyl 

acetate:hexane). 

IR (neat) v,,: 753, 1223, 1355, 1470, 1488, 16 14, 

173 1,1730,2124,2424,3287,3288 cm-'.  

k 'H NMR (CDCIJTMS. 300.1 MHL): 6 1.35-1.32 (m, 

1H). 1.92-1.96 (m, 2H), 2.14-2.33 ( ~ n ,  3H), 2.59-2.63 

( ~ n ,  1H). 3.42 (s, 4H). 3.53-3.58 (d, 11.1. J = 15 H L ) .  

4.12-4.21 Id, lH, J = 17.7 Hz), 4.764.83 (d, lH, J = 

17.7 Hz), 4.88-4.93 (m, 1H). 5.84 (bs, 1 H), 6.80-7.20 
1 
H (m. 4H), 7.21-7.27 (m, 311). 7.45-7.48 (d, IH,  J = 

45 7.2Hz). 9.27 (s, 11-1). 

I3c NMR (CDCI.flMS, 75.3 MHz): 5 26.9, 29.1. 

42.6, 42.8, 52.2, 60.2, 68.1, 72.1, 75.1, 76.5, 96.1, 

108.8, 110.4, 112.8, 123.1, 124.3, 125.2, 129.1, 129.2. 

129.3, 129.4, 129.7, 141.0, 142.3, 172.1, 175.6, 182.4. 

LRMS (FAB) for C?,Hz~N305, Calcd (Mt): 47 F -10; Found mlz: 472.00 (M+ 1 1. 

Synthesis of spiropyrrolizidlne bisoxindole 46 from MBH adduct 32 

Following the genera1 procedure, of methyl 3-hydroxy- I -methyl-3-(1- 

(phenylsulfonyl)vinyI)indolin-2-one 32 (I00 mg, 0.404 mrnol), L-(-) prolinc 

(55 mg, 0.485 mmol), isatin (59 mg, 0.404 mmok) and ~nontmorillonite K-10 

Clay (100 mg, 100% w/wj in methanol ( I  mL) was refluxed fur 30 minutes lo 

afford 46 in 75% yield (160.3 rng, eluent: 40% ethyl acetate:hexane). 

1R (neat) v,,: 751, 1094, 1139, 1304, 1470, 1613, 

1727,2925,3274 cm-'. 

@ 'H NMR (CDCI-JMS, 300.1 MHz): 6 1.42 (m, 1 H), 
2.08-2.13 (rn, 2H), 2.15-2.18 (m, lH), 2.31-2.33 (m, 

/ 
H, 

t H), 2.72-2.79 (m, 2H), 3.25 (s. 3H), 3.48-3.64 (two d, 
H 2H,J= 15 Hz,), 5.23 (bs, 1H),6.33-6.35 (m, 1H),6.51 

46 (m, lH), 6.77-6.79 (d, IH, J =  6 Hz), 6.91-6.93 Id, lH, 
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J =  6 Hz), 7.09-7.35 (m, 8H). 7.65-7.68 (d, 1H. J = 3 

ETz). 8.40 ( 5 .  1H) 

I3c NMR (CDCIOMS, 75.3 MHz): S 21.0, 25.7, 

26.3, 26.6, 42.1, 43.8, 65.3, 69.8, 78.2, 108.4, 110.4, 

122.5. 123.7, 125.1, 125.5. 127.6, 128.3. 129.2, 129.3. 

129.6, 130.3, 132.2, 140.6, 144.8, 171.1. 175.4. 

LRMS (FAB) for C29H17N305S. Calcd (Mt): 529.61; Found mlz: 530.55 

(M+l). 

Synthesis of spiropyrrolizidine bisoxindole 47 from MBH adduct 33 

Following the general procedure, a mixture of methyl 2-(3-hydroxy- l- 

inethyl-2-oxoindolin-3-yl)acr}~lonitnle 33 (100 mg, 0.466 mmol), L-(-) proline 

(64.4 mg, 0.559 mmol), isatin (68 mg, 0.466 rnrnol) and monbnorillnnite K-10 

Clay (100 mg, 100% w h )  in melhanol (I mLj was rcfluxed for 30 minules te 

afford 47 in 91 % yield (I 75 mg, eluent: 60% ethyl acetate:hexane). 

IR (neat) v ,,,,: 760, R22, 1025, 1471, 1614, 1648, 

1 H NMR (CDCl$TMS, 300.1 MHz): 6 0.83-0.88 (m, 

I H), 1.25-1.29 {m, lH) ,  1.72-1.77 (m, 3H), 1.90-1 -96 

{m, 3H), 2.11-2.13 (m, IH). 2.15-2.17 (m,IH), 2.42- 
\ 
,N--?O 2.47 (m, IH). 2.54-2.61(m, lH), 2.66-2.71 (2.81- 

2.91), 3.23 (s, 3II), 3.25 (s, 3H), 3.62-3.67 (d, l H ,  J 

= 15Rz). 3.76-3.81 (d, 1H. J = 15Hz), 4.36-4.40 (m. 

lH), 4.50 (bs, 1 H), 4.71-4.75 (m, IH), 5.73 (bs, TH), 
H 6.85-6.91 (m, 4H), 7.05-7.14 (m, 4Hj, 7.26-7.29 (m, 

47 2H), 7.36-7.39 (m, 2H), 7.41-7.52 (rn, 4H), 7.85 (bs, 

1 H), 5.09 (bs, 1 H). 

I3c NMR (CDCIflMS, 75.3 MHz): 6 15.R, 22.1, 
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108.2, 108.4, 1104. 122.7. 122.6. 122.7. 124.8. 

125.0, 125 5, 12d.1, 127.2, 128.5, 1290. 179.1, 

130.3, 141 6, 143.3, 143.H- 174.9, 175.1. 1803. 

180.4. 

LRMS (FAR) for C2dH2?N401, Calcd (M'): 4 11.17; Found nilz: 41 5 58  [Vil+ I ) .  

Synthesis of spiropyrrolizidine monooxindole 49 from MBH adduct 

34 

Fvlluw~ng rhc general procedure, a mixture of me~hyl 3-hydsoxq-I- 

methyl-3-(3-oxr1but- l -en-2-~l)indoli11-201e 34 ( 1  00 1 1 1 ~ .  0.432 mmul),  L-( - )  

proline (59 mg, 0.5 18 mmol), isalin (59 nlg, 0.432 m n ~ o l )  and montn~orilloni~c. 

K-10 Clay (100 rng. 100% wlw) in methanol (I mL) was retluxed tor 5 rnlnutes 

to afford 49 in 60% yield (167.64 mg, eluent: 30% ethyl acetate:hexane). 

IR (neat) v ,,,,: 1720. 1745. 3287 cm-'. 
t H h?MR (CDCIOMS, 300. I MH7,): 15 I .  63-  1.70 (In. 

IH). 1.95-1.99 (m, 211)- 2.28 (rn, 511)- 2.49-2.52 (rn, 

l H j ,  2.65-2.68 (m, IH). 2.83-2.91 (m, lHj ,  3.05-3.20 

(m, IH). 4.14-4.16 (m, 1H). 6.96-7,07 (m, 2H).  7.18- 

7.29 (nl ,  2H), 9.3 1 (F, 1 H). 

49 I3c NhlR (CDC1,flMS. 75.3 hlHz): 6 28.8, 32,4, 

42.9, 47.5, 57.5, 67.5, 68.5, 71.7. 108.5. 110.9. 

121.4. 124.7. 128.9. 140.8, 181.7. 207.1 

LmS (FhB) for ClhIIlSNZOS3 Calcd (hl'): 270.32; Found rnlz : 271.41 (h..I+1). 

Synthesis of spiropyrrolizidine monooxindole 51 from MBH adduct 

39 

Following the general procedure, a mixture nf methyl-2-((furnn-2- 

yl)(hydroxy)mcthyl)acrylntc 39 (100 mg, 0.548 mmol), L-(-) proline (75 mg, 

0.658 mmol), isatin (80.6 mg, 0.548 mrnol) and mnntrnorillonite K-I0 Clay 

(103 mg, 100% wlw) In melhanol ( 1  m L )  waq refluxed fur 1.5 hours to afford 

51 in 80% yield ( 167.64 mg, eluen~: 25% chyl aceta1e:hexane). 
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IS (ncat)~,,,: 1715, 1745,3297 cm-I. 

'H NMR (CDCI3mS.  300.1 MHz): 6 1.44-1 -48 (tn, 

lH), 1.89 (bs, EH), 1.91 -1.94 (m, 2H), 2.04-2.09 (m, -. 7F) n, n lH) ,  2.30-2.33 (m, lH), 2.44-2.49 (m, lH) ,  2.67-2.77 
(m. 2H), 3.70 (s, 3H), 4.264.28 (m, IH), 5.60 Is, 

51 l H), 6.28 (s, 2H3, 6.89-7.30 (m, 5H). 8.80 (s, I H). 

NMR (CDC13RMS, 75.3 MHz): S 29.2, 30.2, 

33.9, 34.2, 50.6, 52.5,65.3, 67.2,73.2, 108.4, 110.4, 

110.8, 123.5, 127.3, 128.4, 130.5, 140.7. 143.3, 

152.8, 170.5. 180.3. 

L M S  (FAB) for CZI1112N105, Calcd (Mt): 382.4 1 ; Found mfz: 383.40 (M+ 1). 

Synthesis of spiropyrrolizidine monooxindole 52 from MBH adduct 

39 

Following the general procedure, a mixture of  melhyl 2-((furan-2- 

yl)(hydroxy)methyl)acrylate 39 (100 mg, 0.548 mmot). L-(-1 proline (75 mg, 

0.658 mmol). isatin (88 mg, 0.548 mrnol) and rnontmorillonite K-I0  Clay (I00 

mg, 100% W/W) in mehano1 (1 rnL) was refluxed for 1.5 hours to afford 52 in 

35% yield (75.9 mg, eluent: 25% ethyl acetate:hexane). 

IR (neat) v,,,: 17 12, 1745,3435 cm-I. 

1 H NMR (CDCIdTMS, 300.1 MHz): S 1.42-1.47 (m, 

lH), 1.87-1.94 (m, 2H ), 2.07-2.09 (m, 1H), 2.21-2.24 

(m, tH), 2.41-2.46 (m, IH), 2.61-2.75 (m, 2H 1, 3.01 

(s ,  3H), 3.30 (s, 3H), 4.214.31 (m, lH), 5.26 (bs. 1M, 

5.52 (s, I H), 6.26-6.27 (m, 1 H), 6.83-7.31 (m, 5H). 
52 13c N M R  (CDC13MS, 75.3 MHz): 6 26.7, 26.9, 29.2, 

33.7, 34.1, 47.0, 51.4, 66.1, 71.2, 71.9. 107.X, 108.1, 

109.9, 122.4, 125.g, 127.1, 129.4, 142.0, 143.8, 153.0, 

171.2, 178.4. 

LRMS (FAB) for C2ZHL4N105, Calcd (M'): 396.44; Found mix: 397.22 (M+I). 
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Synthesis of spiropyrrolizidine monooxindele 53 from MBH adduct 

40 

Following the general procedure. a mixture of methyl 2-((5-bromofi~ran- 

2-yl)(h ydroxy)meth y1)acrylate 40 ( I00 mg, 0.383 mmol). L-(-) proline (52.9 

mg, 0.459 mmol), isatin (56.3 mg, 0.383 rnrnolj and montmorillonite K-10 

Bay (100 mg, 100% wlw)  in methanol (1 rnL) waq refluxed Tor 1.5 hours lo 

afford 53 in 60% yield ( 1  05.8 mg, eluent: 30% ethyl acetate:hexane). 
R t  IR (neat) v,,: 690, 794, 1038. 1470. 1714, 1744, 

3292 cm". 

'H NMR (CDCIjmS,  300.1 MHz): 6 1.42- 1.45 (m. 

w IN), 1.91-1 -96 (m, 2H), 2.02-2.04 (m, I H), 2.30-2.33 

53 (m, LH), 2.46-2.49 (m, 1 H), 2.59-2.70 (m, 2H), 3.12 

(s, 3H), 4.18-4.28 (m, lH) ,  5.55 Is, IH), 6.19-6.20 (d, 

IN,  J = 3 Hz),  6.30-6.3 1{d, lH,  J = 3 Hz) 6.90-7.26 

(m, 5H), 9.31 (s, 1H). 

13c hNR (CDCIflMS, 75.3 MHz): 6 29.2, 33.9, 

36.0, 50.7, 52.6, 54.5, 65.3, 67.2, 72.3, 96.1. 109.3, 

110.9, 111.9, 121.0, 123.6, 127.2, 130.6, 140.9, 

154.8, 170.3, 180.3. 

LRMS (FAB) for C21H21BrNIOs, Calcd (M'j: 461.3 1 ; Found mlz: 46 1.46 (M'). 

Synthesis of spiropyrrolizidine monooxindole 54 from MBH adduct 

41 

Following the general procedure, a mixture of methyl methyl 2- 

(hydroxy(thiophen-2-yl)methyl)acrylate 41 (1 00 mg, 0.504 mrnol), L-(-) 

proline (69 mg, 0.605 mmo!), isatin (74 mg, 0.504 mmol) and montmoriElonite 

K- 10 Clay (100 mg, 100% wlw) in methanol ( I  mL) was refluxed for 1.5 hours 

to afford 54 in 25% yield (50.24 mg, eluent: 30% ethyl acetate:hexane). 

IR (neat) v,,,: 694. 749, 1015, 1039, 1248, 1470, 

1613, 1711, I786,2917,2950,3098,3197,3434 crn-'. 



1 H NMR (CDCI,RMS. 3M.1 MHz) X 1.59-1 6 1 (m, 

IH). 1.91-1 .Y3 (In, 211)- 2.03-2.09 (m. ?H). 2.26-2.41 

(rn, 2H). 2.68-1 73 (m, 2II). 3.05 (s. 3111, J.29 (m. 1 ti). 
H 5.84 (s. 1 H). 6.74-7.26 (rn. 7H). 7.97 (L, l H). 

51 "c: NMR(CDCIJTMS, 75.3 MIIz): 6 24.2, 79 h ,  33.5, 

34.0, 61.3, 66.1, 71.2, 73.5, 107.9, 1 1  1.3. 124.3. 124 0.  

125.9, 126.3. 129.5, 142.8, 143.8, 153 1, 171.3, 178.3. 

LRMS (FAB) fnr C!II122N204S. Calcd (Mt): 398.48; Found mh: 399.60 

(M+ 1 ). 

Synthesis of spiropyrrolizidine monooxindole 55 from MBH adduct 

I8 

I'ollawing the general procedure, u mixture of mcthpl 7-(3-hj7droxy-I- 

1nethql-?-oxo1nd~~lirl-3-yI)-acry la le 28 ( I (lo 111g. 0.404 tnrnol). sarcosine (43 

mg, 0.375 mrnnl), lcatln (59 mg, 0.403 mmol) and rnon\murillonitr K-I 0 Clay 

(100mg. 10I)r/; w/w)  In methanol ( 1  mL) was refluxcd tor 6 hours 10 n f h d  55 

in 70% yield ( 1  73.29 mg. eluent: 35% ethyl ace~a~c:hexane). 

IR (ncat) v,,; 7 5 3 ,  104 1 ,  1347, 1470, 1614, 1712, 

1723.7,950,327? cm-I. 

&N- H NMR (CDC13TTMS, 300.1 MI-IL): 6 1.75 (bs,lH), 
1.S7 (5, 3H). 2.95 (s, 3H) .  3.00 ( 5 ,  3H). 3.17-3.12 (m, 

/ ~0,hPe 
ti 3H),  3.36 (s,  4H), 6.64-6.66 (d, PH, J = 6 Hz). 6.80- 
I 

6.80 (m, 3H), 6.93-6.98 (m.211), 7.20-7.30 (m, ?ti). 
55 

'-'C NMR (CDC13KMS, 75 .3  MHa): 6 25.9, 26.4, 28.5 

(32). 34.2 (2C), 51.3, 514. 67.1. 107.5. 108.3 (2C), 

122.3, 122.5, 124.6, 127.6 (2C). 129.2, 129.7. 143.9. 

144.2, 171 .I, 175.9, 178.1. 

LRMS (FAB) for C14H:qN3&, Calcd (Mt): 435 A T :  Found n d ~ :  435.97 (M') 

Synthesis of spiropyrrolidine bisoxindole 56 and 57 from MBH 

adduct 29 
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Following the general pmcedurc. a mixture nT me~hyl 2-1 1-allyl-3- 

hydroxy-2-oxoindolin-3-y1)acrylate 29 (100 mg. 0.365 nlmol). sarcoslne 1 9  

mg, 0.439 mmol), isntin (53 mg. 0.365 mmol) and rnontmoriIlon~tr: K-10 Cia) 

(IWmp, IWYC whw) in methanol (1  tnL) was refluxcd for 6 huur lo dTTord Sh 

and 57 in 40% (65.30 mg. 35% ethyl acetate:hexanc) and 35% 

yieldsre5pectively (57.14 mg, eluent: 35% ethyi acetate:hexanc). 

IR (neat) v,,: 751. 1102. 1366. E467. 1612. 1676, 

17 12,2923, 3269 cm-'. 

'H hWR (CDCIJI'MS, 300.1 MHz): S 1.7 1 (bs, 1 H), 

2.04 (s, 3H), 3.06 (s, 3 H ) ,  3.24-3.31, (m, 4H), 4.05- 

4.13 (dd, lH .  J = 6  H z . J =  18 flz),4.15-4.22(dd, IH, 8: . I = 6 H z . J =  15 Hz).5.10-5.13 (d, IH.S= 10.2Hz). 

5.17-5.23 (d, IH.  .I = 25.9 Hz), 5.M)-5.73 (m, 1H). 
-. C lMs 

6.69-6.72 (d, IF[, J = 9 H7), 6.78-7.01(m, 5H), 7.17- 

H 7.21 (m,  1IJ). 7.47 (s, EH), R.55 (s, lH). 

56 "JC N MR (CDCI3mMS, 75.3 MHz): 6 28.4, 31.3 

(ZC), 42.3. 51.0 (2C), 51.5, 66.9, 108.6, 110.2, 118.0, 

122.1, 122.7 (2C), 125.0, 128.0, 120.2, 129.6, 129.9. 

131.1, 141.5, 143.0, 171.1, 172.1, I79.8. 

LRMS (FAB) For C2rH25N305, Calcd (M'}: 447.48: Found mlz: 448.3 1 (M+ I). 

IR Ineal) v,,,: 751, 1102, 1366, 1467, 1612, 1676. 

1 7 12.292.7, 3269 cm'l. 

'H N M R  (CDCl3RMS. 300.1 MHz): S 1.74 (bs, 

lH) ,  2.02 (5, 311),3.05-3.10 (d, 111, J =  IS HZ), 3.27- 

3.31(d, lH, J = 14.7 H L )  3.4 (s, 3H), 3.56-3.60 Id, 

PH, J = 12 I-Iz), 4.17-4.24 (dd, lH. J = 6IIa. J = 15 

Hz), 4.35-4.42 {m. 2H). 5.19-5.36 (tn, 2H), 5.79-5.88 
H (m, IH),  6.75-6.78 ( ~ 1 ,  IH, J = 9 [ I l ) ,  6.81-684 Id, 

57 
1 H, J = 9 FTz), 6.92-6.97 (t, ZH, .J = 9 HZ), 7.04-709 



It. L H, J = 9 Hz), 7.20-7.25 (m, 3H), 7.33-7.36 (d. 

1 H, J = 9 Hz), 8.3 [s, I H). 

I3c NMR (CDCIOMS, 75.3 MHz): 6 28.1, 34.0, 

35.4, 38.1, 51.9. 53.8, 59.6, 75.4, 108.1. 104.1, 

1 1  1.2, 113.0, 118.6, 121.9, 124.3, 126.2 (2C), 129.9, 

130.5, 131.3, 141.1, 143.2, 133.4, 176.0, 181.8. 

LRMS (FAB) for C25H25N9qS, Calcd {Mt): 447.48; Found m/z: 448.42(M+l). 

Synthesis of spiropyrrolidine bisoxlndole 58 from MBH adduct 28 

Following the general procdure. a mixlure of methyl methyl 241- 

benzyl-3-hydroxy-2-oxoindolin-3-yl)acryae 28 / 100 mg, 0.309 mmol), 

sarcosine (33 mg, 0.371 mmolj. isatin (45 mg, 0.309 mmol) and 

monanorillonite K-10 Clay (1 00mg. 100% wlw)  in methanol (I mL) was 

refluxed for 6 hours to afford 58 in 65% yield (99.9 rng, eluent: 35% ethyl 

IR (neat) v ,,,,: 754, 1034, 11 13, 1465, 1610, 1732, 

2919.3351 cm". 

'H NMR (CDCIJTMS, 300.1 MHz): 6 2.04 (s, 3H). 

2.55 (s, 3H), 3.19-3.34 (m. 4H3, 4.443.49 (d. ltl, J 

= 15 HZ), 4.82-4.89 id, IH, J = 15 Hz), 6.45 Is, ltl), 

6.68-6.75 (m, 2H), 6.92-7.00 (m, 3H), 7.09-7.26 (m, 

6H), 7.31-7.85 (m, 2A), 8.02 (s, 1H). 
58 

13c NMR (CDClsmS,  75.3 MHz): 6 23.2, 37.6, 

(ZC), 129.5 (2C), 131.4, 139.7, 141.7, 152.7, 166.3, 

170.2, 177.5 

LRMS (FAB) €or CZQH27N304, Calcd (Mt): 497.54; Found mlz: 497.60 (Mt). 

Synthesis of spirapyrrolidine bisexlndoles 59 and 60 from MBH 

adduct 30 
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Follow~ng the generat procedure, a mixture of methyl 2-(3-hydroxy-2- 

(39 mg. 0.441 mmol), isatin (54 mg, 0.368 mmul) and montmorillonite K-10 

Clay (100 mg, 100% wlw) in mehanol ( 1  mL) was refluxed for 6 hours to 

afford 59 in 40% (65.5 mg) and 60 in 36% yield (58.9 mg, eluent: 35% and 

40% ethyl acetate:hexane). 

1R (neat) v-: 753, 1223, 1355, 1470, 1488. 1614, 

1731,1730,2126,2924, 3288 cm-'. 

'H NMR (CDC13KMS, 300.1 MHL): 6 1.7 1 (bs, 1 H), 

1.96 IS, 3H), 2.12-2.13 (t, IH, J =  2.1 Hz), 3.07 Is ,  

3H), 3.24-3.35 (m, 4H), 4.08-4.14 (dd, 151, J =  3 Hz, 3 
n 

= 18 Hz), 4.50-4.56 (dd, I H, J = 3 Hz, J = 18 Hz), 
59 

6.82-6.96 (m, 4H), 7.03-7.05 fm, IH), 7.18-7.48 fm, 

3H), 8.43 (s, 1 H). 

I3c NMR ( C D C l . m S ,  75.3 MHz): 6 19.1, 28.4, 

28.7, 34.3, 51 "2, 52.3, 67.3, 72.2, 96.8, 108.9, 113.1, 

122.3, 123.1, 124.5, 128.1, 129.2, 129.7, 131.1, 134.6, 

141.2, 142.3, 171.0, 175.3, 179.9. 

LRMS (FAB) for CZ5HZ3N3O5, Calcd (M'): 445.16; Found mlz: 446.05(M+ 1 1. 

IR (neat) vmx: 753, 1223, 1355, 1470, 1488, 1614, 

1731,1730,2124,2924,3287 cm". 

'H NMR (CDClJJMS, 300.1 MHz): S 2-14 (s, 3 H), 

2.25-2.27 (t, lH,  J = 3 Hz), 3.12-3.17 (d, EH, J = 14.1 

-N 
HZ), 3.34-3.38 (d, lH,  J =  13.8 Hz), 3.45 ( s ,  3B), 3.57- 

c0,m 
3.61 (d, IH, J =  12 HZ), 4.17-4.24 (dd, lH, J =  3 HZ, J 

0 

1 
0 $! = IX Hz), 4.38-4.42 (d, IH, J = 12 Hz), 4.76-4.82 (dd, 

60 IH, J =  3 Hz, J = 18 Hz), 5.42 (bn, lH), 6.87-6.89 Id, 

1H. J = 6 Hz), 6.99-7.00 (m, 2H), 7.10-7.12 (m. 2H). 

7.23-7.40 (m, 3H), 8.45 (s, 1H). 
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I 3 i 2  N M R  (CDCI ,mS,  75.3 MHz): S 29.2, 34.5, 52.9, 

57.8, 59.4, 70.6, 72.3, 75.1, 76.5, 109.1, 109.8, 123.1, 

123.6, 124.8, 125.2, 127.8, 129.3, 129.7, 130.1, 140.7, 

141.9. 172.9, 175.8, 181.3. 

LR\iS (FAB) for C Z ~ H ~ ~ N ~ ~ ~ ,  Calcd (M'): 445.16; Found mfz: 446.05(M+l). 

Synthesis of spiropyrrolidine bisoxindole 61 from MBH adduct 33 

Following Ihe general procedure, a mixture of 2-(3-hydroxy- I -methyl-2- 

oxoindolin-3-y1)acrylonitrile (100 mg, 0.466 mmot), sarcosine (34 mg, 0.389 

nunul), isat~n (68 nig, 0.466 mmol) and montrnorilloni~e K-10 Clay ( 1 0  mg, 

100% W/W) in methanol (1 mL) was refluxed for 6 hours to afford 61 in 65% 

yield (121 -87 mg, eluent: 50% ethyl acetate:hexane). 

IR (neat) v,,,: 751, 1095, 1347, 1372, 1470, 1613, 

I725,2 124,2250,285 I, 2932,3062,3368 cm-'. 

'H NMR (CDCldTMS, 300.1 MHL): 6 1.78 (bs, 

lH), 1.88 (s, 3H), 2.68-2.72 (m, IH), 2.92 (s, 3H), 

3.05(s, 3H), 3.20-3.28 (m, IH), 3.41-3.44 (m. IPI), 

- CN 0 @- 3.89-3.98 (rn, IH), 6.32-6.34 (d, 111, J =  6 Hz), 6.54- 

I 6.66 (m, 2H), 7.01-7.44 (d, 4H, J = 6 HZ), 7.72-7.74 

61 (d, 1 H, J = 6 Hz). 

13c NMR (CDCI3MS,  75.3 MHz): 8 27.7 . 31.1, 

36.1, 39.4,46.1, 51.5. 82.6, 90.2, 1I6.7, 118.1, 

120.2, 121.2, 122.2, 124.1, 124.2, 126.I. 131.4, 

143.1, 143.8, 152.1, 170.1, 173.6. 

LRMS (FAB) for C21H??N403, Calcd (Mt): 402.16; Found mlz: 402.36(Mtj. 

Synthesis of spiropyrrolidlne bisoxindole 62 from MBH adduct 35 

Following the general procedure, a mixture of methyl 2-(5-bromo-3- 

hydroxy-2-oxoindolin-3-yr) acry late 35 (100 mg, 0.320 mmol), sarcosine (34 

mg, 0.384 mmol), isatin (47 mg, 0.320 mmol) and montmorillclnite K-LO Clay 

(100 mg, 100% wlw) in methanol ( I  mL) war refluxed for 6 hour to afford 62 

in 70% yield (1 12.06 mg, eluent: 40% ethyl acetate:hexane). 



IR (neat) v ,,.,,: 539. 756. 1217. 1445. 1471. 1617. 

1681, 1732,2924.3282, cm-'. 
Br 'H hWR (CDC13TTMS, 300.1 MHz): 6 l .R0 Ibs. 1 H), &- 1 .R7 (s, 3H), 3.1 1 (s, 3H),  3.14-3.24 (m, ?HI, 3.29 (s. 

bH), 6.50-6.52 (d. 5H, J = 6 H71, 6.84-6.87 (m, 3Hj, 

I 6.96-6.98 (m, IH), 7.01 -7.35 (m, 3H).  
H 
I 
ME 13c NMR (CDCIIITMS, 75.3 MHz): 25.5, 33.2. 35.2, 

62 49.4, 52.9, 66.7, 76.5, 107.4, 109.9, 112.0, 115.0, 

121.6, 123.7, 127.2, 130.5, 131.5, 133.6, 140.1, 144.1. 

170.9, 177.6, 178.1. 

LRMS (FAB) Tor CI3HI2RrN~O5, Calcd {M'): 500.34: Found ml r :  500.?X(M'), 

Synthesis of spiropyrrolidine bisoxindole 65 from MBH adduct 36 

Following the general procedurt, a mixture of methyl 2-(3-h ydrox y-5- 

nitro-2-oxoindolin-3- y1)acrylate 36 ( 1  00 mg, 0.359 mmol), sarcosine (38 mg, 

0.413 rnmol), N-methylisatin (57 mg, 0.359 rnmol) and monlmorillon~te K-I0 

Clay (100 mg, 100% w/w) in methanol ( 1  mL) was refluxed for h hours 10 

afford 65 in 60% yield (99.6 mg, eluenl: 40% ethyl aceta1e:hexane). 

IR (neat) v,,,: 1337, 1469, 1519. 1616, 1738, 7920, 

3328 cm". 
1 H N M R  (CDCIOMS, 300.1 M A L ) :  6 2.10 (s, 3H). &. 3.09-3.14 (d, IH,  J =  I S  HZ), 3.14 (s, 3H), 3.30-3.35 

(d, IH. J =  15 Hz).3.38-3.48 (d, l H ,  J =  12 Hz), 3.40 

I O ~ ~ ~ e  (s, 3H), 3.54-3.58 (d, IH, J = 12 Hz), 5.90 (brs, 1 H), 
N 
1 

MO 6.85-6.91 {t. 2H, Jr = 9 Hz), 7.09-7.14 (1, IH, J = 6 

65 HZ), 7.26-7.30 (rn, 1 If). 7.30-7.34 (d, I H, J = 9 HZ), 

8.12 (s, 1H), 8.26-8.29 (m, 211). 
13 C NMR (CDC13mS,  75.3 MHz): F 21.0. 26.5. 

34.4, 37.X, 53.0, 57.8, 59.3, 70.7. 74.9, 107.6, 1 IU+16, 

120.5, 123.7, 125.0, 127.3, 129.2, 129.3, 129.6, 140.7, 
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143.2, 149.6. 172.8, 176.9, 181.0. 

LRMS (FAB) for C2Sli12N407, Calcd (M'): 466.44; Found nilz: 467.39(M+ I ) ,  

Synthesis of spiropyrrolidine monooxindole 66 from MBH adduct 

39 

FoIlowing thc general procedure. a mixture of inethyl 2-((filran-z- 

yI)(hydroxy)methyl)acrylnte 39 (100 mg, 0.548 mmol), sarcosine (58 mg, 

0.658 mmol), isntin (80 mg, 0.548 mmol) and mot~trnor~llonite K-I0 Clay (100 

mg, 100% W/W) in methanol (1 mL) was refluxed for 3 hours to afford 66 in 

6&10 yield ( 1  26.9mg. eluent: 35% ethyl acetate:hcxane). 

IR (neat) v,,,: 17 1 5 ,  1729, 3340 an". 

'H NMR (CDCIJTMS, 300.1 MHz): 6 2.04 (s, 3H),  
C02Me 

@ 2.81-2.85 (m. 2H), 2.98-3.00 {tn, IH), 3.11 (s, 3H ), 

3.39-3.48 (m, lH} ,  5.31(bs, 1111, 5.72 (s, l H  ), 6.28- 

6.3 (m, 2H), 6.92-7.28 (m, SH), 9.05 (s, IH) .  
ti 

66 'k NMR (CDC13KMS, 75.3 MHz): 6 25.1, 29.6, 

LRMS (FkE3) for C~SH~,~N:O~,  Calcd (M"): 356.37; Found nil7.: 357.23 (M+l). 

Synthesis of spiropyrrolidine rnonooxlndole 67 from MEH adduct 

40 

FolIewiug the general procedure, a mixture of methyl melhyl 2-((5- 

bromufuran-2-yI)(h ydroxyjme~hy1)acrylate 40 ( I00 mg, 0.383 mmol), 

sarcosine (40 mg, 0.459 mmol), isatin (56 mg, 0.383 mmnl) and 

montmorillonite K - I 0  Clay (101) mg, 100% w/w) in rncthanal ( I  mL) was 

refluxed for 6 hours to afford 67 in 50% yield (180mg, eluent: 30% ethyl 

acetnle:hexanej. 

FR (neat) v ,,,,: 669, I7 15, 1749, 3257cm-I. 
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'H NMR(CDC13/TMS. 300.1 MHz): 5 2.05 (s, 3H). 

2.72-2.83 (m, 2H), 2.95-3.02 (m. I H ) ,  3.17 (,s, 3H), 

3.40-3.46 (m, 114)- 5.33 (bs, 1 H), 5.52 (s, IH), 6.23- 
Br 6.24(d, IH, J = 3 Hz), 5.36-6.37 (d. IH. J =  3 Hz). 

6.95-7.27 ( ~ , 4 t I ) ,  9.24 (s, 1H). 
H 

67 
'-'c NMR (CDCIJlMS, 75.3 MHz): S 29.2, 29.9, 

50.7, 54.5, 65.3, 67.2, 72.3, 96.1, 109.3, 110.9, 

111.9, 12I.0, 123.6, 127.2, 130.6, 140.9, 154.8, 

170.3, 180.3. 

LWS (FAB) for C19HlgBrNZ05. Calcd (MS): 434.05; Found d z :  434.00 (Mt}. 

Synthesis of spiropyrrolidine monooxindoie 68 from MBH adduct 

39 

Following the general procedure, a mixture of methyl methyl 2-((furan- 

2-yl)(hydroxy)methyl)acryIate 39 (100 mg. (100 mg, 0.383 mmol). barcosine 

(40 mg, 0.459 mmol), N-mclhylisiltin (56 rng, 0.383 mmol) and 

monmorillonite K-10 Clay (100 mg, 100% wlw)  in methanol ( I  mL) was 

refluxed for 6 hours to afford 68 in 30% yield (42.5mg, eluenl: 30% ethyl 

acetate:hexane). 

IR (neat) v,,,: 17 15, 1744, 341 8 cm". 

'H MMR (CDC13mS, 300. I MHL): S 1.96 (s, 3H), 

@ 2.77-2.84 (m, 2H), 2.97-2.99 (m, IH),  3.06 (s, 3H), 

,,, 3.32 (s,3H) ,3.41-3.45 (m, 1H),5.26 (brs, 1H),5.64 

I ( s ,  lH ), 6.26-6.31 (m, 211), 6.87-7.61 (m, 5H). 
CHI 

68 
'k NMR (CDCI,flMS, 75.3 MHL): 8 25.1, 26.1. 

26.5, 35.3, 51.5, 52.4, 65.6. 69.8, 108.0, 109.9. 

122.4, 123.7, 125.6, 129.4, 138.3, 141.9, 143.4, 

153.2, 170.0, 174.0. 

LRMS (FAB) for C20HL2N205. Calcd (Mt): 370.40; Found d z :  37 1 . 1  7(M+I ). 

Synthesis of spltopyrrotldine monoexindole 69 from MBH adduct 

41 



Foilowing the general prucedure. a mixture of methyl rt~ethyl 2- 

( h  ydroxy(thiophen-2- y1)methyl)acrylatc 41 I 0 0  mg, 0.504 ~nrnol). anruosine 

(53.8 mg, 0.604 mmol), ~ s a ~ i n  (74 mg. 0.504 rnmol) and mc~ntmonllonrte K-10 

Clay (100 mg, 100% w/w) in methanol ( 1  mL) was refluxcd For E .5 hours to 

afford 69 in 25 70 yield (46.9mg, eluenl: 30% ethyl ace1a1e:hexane). 

IR (neat) v,,,: 17 1 7, 1742, 3434 cm" . 

'H NlMR (CDC13RMS, 300.1 MHz): 6 2.05 ( 5 ,  3H). 

@ 2.74-2.32 (m. 2H). 2.99-3.03 (m. 1 H), 3.10 {s. 3H}, 

3.40-3.58 (m, 1 H), 5.3  1(bs, 1 H), 5.97 (s. 111), 6.79- 

7.26 (m, 7H), 8.64 (s, I H). 
H 

611 13c NMR (CDCl-flMS, 75.3 MHL): 6 24.6, 35.3, 

51.4, 52.3, 67.2, 71.5, 110.0, 122.4, 124.4, 124.6, 

125.3, 126.0, 126.1, 129.4, 140.3, 143.0, 170.3, 

175.6. 

LRMS (FAB) for CIYH2UN201S. CaIcd (M'): 372.44; Found mlz: 373.00 

(M+ I ). 
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Synthesis of 3, 3'-Dispiropyrralidine - and 3,3'- 
Dispiropyrrolizidine bisoxindoles from Isomerised MBM 

Adducts of lsatin via [3+2]-cycloaddition 

3.1 Introduction 

Rvrcnl year.; h i ~ r ~  ivitricsscd 1\11 C A J > ~ O \ ~ \ , C  ~IIIWIII III LIIC ;11>pli~i111(11l\ 

Mnritli-Hayli\-l liII11ia11 adducl\ and i t h  tlctiv;itivc\ In cynrhc~~c clrya~~ic. 

chcmic;try. '1-hc c~~rlscculivc array (>I' ihrcc funul~r~r~al  group:, 111 h7HI I atiduc.1.; 

can hc tuncti. citliur HII 31 ;I t i ~ l l ~ '  ( ~ r  i r ld iv id~~ i t l l~ .  t 'or X ~ ~ ~ I C L ~ C  t r ; t ~~~ t ' (> r~x~ :~ l i t ~ r i s  

and oifet.c a roulc (or llic crms~ruc~ic)n ofcotnplcx ~nolccul i~r  li;urncwot.hs.' I'hc 

MBH arltlurlc crjr~ld bc. r-carlily ~r;in.;fe)r~ncd inlo all$ ncctatc., nr~d ;11lyI 

hnlmides r Y r r  acc~q'lntirjn atiri krrrnlin:llicw arid ~ h c  rrac~ion is ranranlounl 10 11lc 

Michacl ;~rIditir>r~. 'I'hc MHI-I i~clduc~h ar~c-l thril- dcrivariv~hs untlcr.gn ;I v;i~-ic.ry r ) t '  

rcacticm~. Itarl ir~e ir,  predi~c~c. which r~ould cf ' f ic ie~~l ly hc t.ul)loitcd frjr thc 

gcneratirln o f  c:irho- and ht.terrjuyclic scaTli)lds. As t l ~ c  Total ~ l ~ c r l ~ e  r l l '   his 

cbaplcr is thc clue-lics on [3+l)-c_vc.loadililir>n o f  ; ~~o i r~c th inc  ylidc wirh 

isomcrisctl MI3H ad~luvl.: ol- isatiri (ally! I~rr~rriirlo:, ;unti aIlyl cthcr:, 11criva11r.c-5). 

a bricl di\ct~usion 1111 thc r c a ~ t i r ~ r ~ c  uxhihitecl iar,l~ic.ri\ccl L113tI: mlrlucl\ i\ 

warranted. Ifcncc. the Cullcnvtns ceclirln ~ i u ~ l i r ~ c \  a h l -~c f  accnullr $ln ~ h c  rcccrlt 

literiiturc-krlonn I i lr  r l l c .  synthelic t ranslor i~ la l io~~\ c ~ f  iuor~icri~cci ally[ 

deriva~ivc\ nC M I3H adrluctu. 

3.2 Synthetic use of allyl bromide and allyl ether derivatives of 

MBH adducts 

In 2000. Kim iJt rr l .  rrporrtld rhc form;ltic>n o f  v i~ i y l  c~c1npn)psnc 3 f r o r ~ ~  

isomcriscd hrolrlo dcrivaiivc or h113H addiic~ 1 on t r c i ~ ~ r ~ ~ c n l  tt-it11 rncthyl \.inyl 

keturic I MVK).  dirnc~hyl su lphiclt. utlcl 3 hasc. 111 rhc ynq>c~cerl rnccl~:inism. the 

sulruniuln ion rortileci r r r~m 1 ;wd thc Mc2S was cnn\crtcd 10 thc ylidc 2 which 

thrri atlded thc cInuhlc bond uf MVK allilrdud 3 (Schrmc: 3.1 j . '  



EWG 

A i A B r  

CH,CN, r t  I Z h  
1 [St21 annulation 

Ar = CsH5, 4-Me-CsH4, 4-CI-CgHp; EWG = CN, Ester: R = Me, Et. ' ~ r  

Srhcrne 3.1 : L'~II ,Y/  L ; Y ~ ~ ~ O ; J ~ - ~ ~ ? ~ I ~ T ~ I I I O I I  \.il~ ,slt/ph~tr !11d~ 

Kuccnlly. our group has donnnslrulcd thc uy~rliesis oi. 3- 

spirocyc.Inpropfi1ile-2-indoIo~iec fro111 hrurno isotncriscd MR1-l addui-th or isatin 

4. /I landcril hycll.iJc udditiur~ followrtl hy climiruilirm of  rhu bromide ion 

rcxi~llcd i r r  ~ h c  k~nli;itrt~n o f  diasrercomcric arid ccl~;~nhlc 17ii xtilrt rll 

spirncyc.lnpn1pant-2-ir1d01onclli 6a and bb in cxct.lltnt comhir~cd yiclcl (Sctrcmc 

3.2). Intrrcslingly. both the Z- and E hn~mrl isclrners upcul iriilividiu~il ~.educlivc 

cycl irstiori I-caci iclr~s :~fForclcd ihr caIiiu ln i xtilrc of ctiastcrcorncric 3- 

spirocyclupn~panr-ir~dolu~les. 

' N 

5 R' 

R '  = H. Br: R' = Me, Bn, Propargyt, EWG = CN, C02Et 

a = aq HBr. Sltica, MW, 3 Min.: b = NaBH,, THF, rt, 0 5h 

S V ~ C I W  3.2: . Y y ~ t l ~ c , > ~ . ~ ~  ~ ~ . ~ - , s ~ ~ ~ r o ( ~ ~ ( ~ l o ~ ~ r o ~ ~ ~ ~ t ~ o  1>i(1 r t ~ i i w r i ~ . ~  c!~,{i:~/fiotj 

Kim PI  (11 .  rcported ;I rcg~r>>cleulivc syr~t t ic~~a of I-aryl naplilhalcnc 

N-losyla~irirlinc 9. wh iuh in  [urn .  wcr'c obtained hy ~ h c  reaulloti of the 

appropriatr: N-~osyli~ninc 8 with cinnalnyl hnmidc 7 l v  h~cli was oh~ainetl rrorn 

M R H  adducl. in tllc prcsencc of M?:S and K,C'O; [Schcmr 3.3). ' 

R i  =4-Me, 4C I . 24Me ,  R2 = Me. El: R, =&Me. 2x1 

1.ilter. lhc snrw group ha\ rcpclrltd llic synlhesi:, oI' .;-i~rylidcnclaciarn 12 

and 3-i1rylidcnelas1onc 11 Irum N-tosyl ;~~iricIi t~t  9. WIic~l Y war, rt.fluxcul in 

acetoniuilc wilh lithiurli pcrchloralc and a~iiliric ( i ~ r  24 t i ( ~ u r a .  3-arylidcnclaclilm 
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12 was the sole product and in the absence of external nucleophile. 3-arylidene 

lactone 11 was the sole product. In the proposed mechanism, a regiuselective 

ring opening of the 9 form a more stable benzylic cation which undergo 

nucleophiEic attack and foltowed by lactonization sequence afforded the 

observed products (Scheme 3.4).' 

Rq = Ch%, 4-CI.ZDMs; RI IIB, n; R, = A&, 241 

Scheme 3.4: Synthesis ofluctnrns and laciones via aziridine MBH derivarives 

Recently, Sa and co-workers have demonstra~ed 'the formation 1,3- 

thiazin-4-one 14 from brorno isomerised MBH adduct 7 by a reaction with 

thiourea in presence of a base. The authors have proved the in~ermediate of the 

reacdon is isothiouronium bsornide salt 13 by conducting the reaction in the 

absence of base and Isolated the intermediate (Scheme 3.51.~ 

Scheme 3.5: Synthesis of l.3-(hinzin-4-one 

Regioselective introduction of various nucleophiles at the benzylic 

position of the MBH adducts have been achieved from its aIlyl bromide by the 

treatment with nucleophile and DABCO in THF.' This methodology was used 

extensively by Kim et al. for the synfhesis of MBH derivative 15 and thereby 

2-amino-2-3-dihydrobenzofurm derivative 17 and fully substituted furnn 16 

(Scheme 3.6).' 

EWD = C O W  - 
a = ArH. TFA, H$04. W - 70 'c ,  8h 

16 AI = BanzcM. pXyian*, WrWna 

Scheme 3.6: Functionalization at the benzylic posirion of MBH adduct 
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MBH derived allyl bromides have been used as a dipole equivalent for 

the [3+6] annulalion reaction with tropone as repofled by Lu cr ul .  The ally1 

brumide 18 forms rhe phosponium salt with triphenyl phosphine which on 

deprotonation with a base generates the ylide 19. The ylide 19 then on 

annulation wilh tropone 20 yield the pruduct 21 (Scheme 3.71.~ 

renux 

PPh,. K f i 4  

Scheme 3.7: MBH ally1 bromide as n rornpunen~ B phosphorrls glide reacfion 

Basavaiah el at, repaned the synthesis of functionalized dihydropyrmole 

24 from brorno isornerised MBH adducrs using the sulphur ylide chemistry. 

Sulfonium salt obtained from the cinnamyl bromide 22 and dimethyl sulphide 

forms the ylide 23 in the presence of potassium carbonate. The ylide 23 then 

serves as a 1 -3-dipole equivalent Tor the annulation reaction with dialkyiazo 

dicxboxytate (Scheme 3.8).1° 

CO R 

A r L B r  CHJcN: xxcoL Hzo, IraMeI] - a -  
R ~ ~ C ~ ~ * H ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

[W2] nnnvlatlon - 
22 

rt, 7-lZh 
23 Zl CO,R' 

A t g  C,H, 4-Ma-C,H4, 4EIC,H,: R - Ma, Et. Bu; R' -El. 'Pr 

Scheme 3.8: Syn tlaesi~ of dihydropyra:ole from allyll~romicle via sulphur ylide 

Bakthadoss ei nl. utilized the allyl bromide 22 obtained from MBH 

adduct Tor the highly regio and slereoselective synthesis of tricyclic chromeno- 

[4,3,b]-pyrrolidine 26 frameworks via a substitution reac~ion with 

salic ylaldehyde rollowed by intramolecular AMY cycioaddition with the 

double bnnd (Scheme 3.9)." 

22 *' OHC 
66-32 % 

fir = c,H,, 4-MeCoH,, 4CIZ&14: EWO = CN, Erlar 
26 A? 21 COzMe 

Scheme 3.9: Synthesis of chromeno-14,3, b]-pyrrolidine using AMY 
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Ally1 ethers generated horn MBH adducth were extensively used for ~ h c  

construction of oxygen containing heienxycle\. Some or the rzaclionh include 

radical cyclization. Friedel-Craft5 rcactlon, err. Our grclup has reported the 

synthesis of highly ~ubstituted tetrahydrofuran ring systems using radical 

cyclization protocol. Radical cyclizaiion of alkenyl propar~yl clhcr 27 with 

freshly distilled n-Bu3SnW in the presence of  catalytic AEBN yizided the vinyl 

stannane through 5-e.ro-rrig cyclization. The vinylstannane on protiu 

destann ylation with I N HCI afforded the exo-methelene-tetrahydrofuran 28 

(Scheme 3. IO)." The same methodology ha5 been ex~cnded for the syn~hesis or 

tetrahydropyrans and oxelancq from a1 ken$ homopropnrgyl elher derivative\. 

h n t .  K10, neat - 
BO OC. 24 -dO h 

*' i~ HCI, cnpl,, 

27 
rt. 0.5 h 

28 

Ar = Ph, 4-NleZaH, 4Cl-CaH, 4-OMeX,H,, EWG = C0,Me. CN 

Scheme 3.10: Syrltl~esr.~ ierrclhydrofrtmn \.io rodirrrl r .vcl~;ntrr~~ 

Followed by this report, Kim et r r l .  pursued the strategy for thc cqnihcsis 

of  3,3-disubstitured-2,3-dihydrobcn~ofur~n 30 from alkcn yl brornclphcnclllrl 

ether 29 via a -5-e.ro-rris cyclisation under the influence of n-Bu3SnWAIBN in 

benzene at reflux condition (Scheme 3.1 I ) . "  The allyl phenolic ethers were 

synthesised froin the acetates of  MRH adducts and phenol der~vative r'ia a base 

mediated SN2 type reaclion. 

Ar 

Bu,SnH. AIBt4, 

HO reltux, a8 h PhH, reflux 

Ar = ~ h ,  4 - ~ t < ~ n , . :  EWO = CO,M~. CN: R = n, GI. ~t 
30 

Scheme 3.11: Bal:r>jirnn s~ntiirris 

MBH adducts can easily be converted to the corresponding phenolic 

ethers. Basavaiah er ui ,  developed a short and convenient method for the 

synthesis of a natural product bonducelIin methyl ether, 3-arylidenc 

(alky1idene)-chmn~an-4-one 33, fro111 the ally1 phenyl ether 31. Thc method 

follows in~ramoleccrlx Friedel-Crafts reaction (Scheme 3.12)."' 



Scheme 3.12: S ~ n t l ~ r s i . ~  ofbo~rduc~lliri nrrtl;yl ctl~er 

A concise htcrenseIec~i>e s ynthesi:, nt' 3-sp~ro- rcmethylenc- y 

butyrolnctone oxlndoles from MBH adducts of isatin has been achieked from 

our group. The MBH adduct 34 undenvcnt iso~rlerisa~ion w11h [rimethyl 

orthoforrnatc in the prcFence of Mont. KIO clay catalysl yielded the ally1 

methyl ether 35 which on base catalyzed scctlnd MBII reaction wilh 

formaldehyde yielded ndduct 36. An acid catalyzed lactonization 36 resulicd in 

the fosn~a~iun of E- and Z isomers clf 3-spiro-a-nieth ylene- ).hutyrolactone 

oxlndoles 37a ;ind 37h along with a minor amount uf splro furan  derivative 38 

(Scheine 3.1 3).15 

a. CH(OMO)~, Ront.KtD, H O ~ C ,  50 mln.; Mmo 
b = aq.HCH0, DABCO, rl. acetone.; 
c = PTSA benrcne. 10 mln. 

0 + 

3Tb \ Minor 38 
\ 

Scheme 3.13: S~tltl~t?ris ifspirnlirc~ot;e arindole froru i,snmerised MBH addilc! 

3.3 Present Work 

As discussed above, the MBH derived allyl bromides and allyl ethers 

display a [vide rangc of reactivity tuwards the s j n t h e s i ~  of  many ciubo and 

he~erucyclic nng systems. Furlher, ~satirl deriked adduclr readily undergo 

isomerisatian into allyl bromides and ally1 ethers. Presence of nn oxindole 

rnoiety a1 the y posi~ivn enlarges i tc synthetic ulility for the canrtructioo of 

nitrogen containing polycycles wilh con~plex tnolecuIar core qtructures. 

Although simple MBI-I derived ally1 cierlvat~ves were well explored for various 
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synthetic transformations, isatin derived MBH ally1 derivatives attained Iess 

attention towards synthesis of  novel spiro heterocycles. As discussed in the f i rb t  

chapter, cycloaddition reactions of ammethine ylide play s~gnificant role i n  the 

construction of pyrrolidine and pyrrntizidine ring systerns. With the objective 

of expanding the scope of these ally1 halides and ally1 ethers derived from 

Morita-Baylis-Hillman adducr of isatin in synthetic organic chemiswy, we wish 

to extend the 1.3- dipolar cycloaddition stralegy of azomethine ylide towards 

the synthesis of dispiropyrrolidine and dispiropyrrolizidine oxindoles. The 

details are subject matter of this chapter and discussed as follows. 

3.4 Results and Discussion 

3.4.1 Reterosynthetic analysis 

The retrosynthetic analysis o f  the present synthe~ic plan is outlined in 

figure 3.1. Accordingly, synthesis of the dispiropyrrolididc bisoxindoles and 

dispiropyrrolizidine bisoxindoles can be achieved by a [3+2]-cycloaddition 

reaction of azomethine ylides (acyclic A and cyclic B) with brorno or methoxy 

isornerised MBH adduct o l  isatin. The MBR adducts of isatin and cyclic and 

acyclic AMY can be prepared from a coinrnon precursor isatin. 

Figure 3.1: Reteroqn thetic analysis for the syntllesis of di.~piropy rrolidine 

hisaxindole 

3.4.2 Preparation of bramo lsornerised MBH adducts of [satin 

According to the retrosynthetic analysis, the starting precursor bromo 

isomerised MBH adducts 39 and 40 was prepared rrom the MBH adduct 34 of 

N-methylisatin by treatment with aqueous HI3r in the presence of silica gel 
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(100-200 mesh) and under solvent free microwave irradiation condition. The E- 

isomer 39 was convened to the Z-isomer 40 by increasing microwave 

irradiation time Ira. 10 min) (Scheme 3.14). 

Aq. HBI, Silica gel 
P 
MW.7W PL 6 rnlnhe 

Scheme 3.14: Isomerisation of MBH nddricrs of isntin wirh ag. HBr 

The geomerries of isomers 39 and 40 were established based on 'H 

NMR chemical shift analysis. Thus, the methytene protons of E-iwmer 39 were 

observed at 6 5.23 while for the Z-isomer 40 at S 4.49 as shown in figures 3.2 

and 3.3. The major Z-isomer 40 was purified and used for the cycloaddition 

study with AMY. A11 the isatin derived MBH adducw were prepared from the 

correspondjng isatins and acliuated alkene fallowing the procedures described 

in sec~ion 2.4.1 .I6 
. . -- - - -- - -  . I 

, I - '  " , . .--. I..._ 6 ' .__ 2 .  0 

Figure 3.2: Pmtotl NMR spectrum of 39 



Figure 33.: Proton N M R  spectrum of 40 

3.4.3 1,3- Dipolar cycloaddition reaction of bromoisomerised MBH 

adduct 40 with acyclic AMY 

In a pi101 experiment, the Z-isomer 40 was treated wirh acyclic 

azomethine ylide (generated in . ~ i tu  from sarcosine and isatin) in refluxiug 

toluene in presence of montmorillonite KID clay as the catalyst. The reaction 

afforded high1 y substituted 3,3'-dispimpyrrolidine bisoxindole 41 i n  40% yield 

as shown in scheme 3.15. 

41 H 

Scheme 3.15: Model study for di~impyrrolidine bisoxindole 

Inroder to improve the yield or the reaction, optimization OF the reaction 

was carried out in different solvents (methanol, toluene, ace~oni t i l e  and 

dioxane) and with and without montmorillonite K10 clay caraIysl. A 

remarkable increase in the yield (7.5%) of 41 was observed with methanol as 

the solvent and freshly activated 100% wlw of montmorillonite K10 clay as a 

catalyst under reflux for 2 h. The reactions in acetonitrile and dioxane provided 

the expected compound 41 in moderate yields. The results of the optimization 

study i s  presented in table 3. I 
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Table 3.1: SoIvent and Catalyst screening 

entry solvent (a) mont.Kl0 (wt%l time (h) yield ( O h )  

2 Methanol (68 OC) 4 60 
- - - - - . - - . - - . m * - . - - . - - - . - . - * . . . . . - - - - - - - . - - -  -.*..* - - - - - - -  - - - - + * . *  - - - - -  - - - - - -  

3 Methanol (68 'c) 100 1 75 
---.......... *.* .-..-.-... *.* ...-..-. -.* ...... -----.*.* .......-- - - -  ......** 

4 Toluene (100 'c) 100 4 40 

5 Aretonitrile (65 'c) 100 12 20 

a: Temperature 
The structure of compound 41 was confirmmi by the spectroscopic 

studies. The prcsence of two mlide carbonyl groups was confirmed from the 

merged absorptions in the ITR spectrum at 1731 cm" and the ester group at 

1735 cm-'. The proton NMR spectrum of 41 showed two singlets at 6 2.20 and 

2.97 which were iridica~ive of the mehyl groups attached to the nitrogen of the 

pyrrolidine ring and at the arnide of the oxindole moiety. The ester methoxy 

protons were amenable to a singlet at 6 3.60. The two doublets centred at 6 

3.54 and 6 3.72 with coupling constants J = 9.OHz indicating the presence of 

two ppol id ine  ring protons. Two mutually coupled protons at h e  carbon 

attached te bromine were visible as two doublets centred at 6 4.44 and 6 4.88 

with a coupling constant J = 9.OHz. A singlet at 6 7-64 was due to the free 

hydrogen attached to the nitrogen of the oxindole moiety. The aromatic protons 

of the oxindole moiety appeared as well separated multiplets in the chemical 

shift range 6 6.53-7.47. A singlet at 6 7.64 was due to h e  proton attached to 

nitrogen (Figure 3.4). In the 13c NMR spectrum of compound 41, a peak at 6 

51.9 was indicative of the rnethoxy carbon. The two spiro carbons were 

resonated at 6 59.5 and 679.3. Two carbonyl carbons of the oxindole ring were 

observed at 6 175.2 and 177.3. The ester carbonyl was visibIe at 6 180.1 

(Figure 3.5). Two peaks in the mas5 spectrum of the compound 41 at mlz = 

484.29 (Mt) and m/z = 486.2 1 (M+2) confirms the presence of bromine atom in 

the molecule and thereby assigned final structure as 41. 
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Figure 3.4: Protor1 NMR spectrum ($41 

Figure 35: I3c NMR specrrwnz of 41 

To show h e  general nature of the reaction, a number of bromo 

isomerised MBR adducls of isatin 42 - 47 bearing different substituents fester, 

suffone, nitrile and substituents on the isatin nitrogen (methyl. hensyl, 

gropargyt and allyl) were reacted with acyclic azornethine ylide B (generared 

horn isatin and sarcosine) under optimized conditions (Scheme 3.16). The 

cycloaddition reaction afforded highly functionnli;r~d dispimpyrrolidine 

bisoxindo\es 48 - 53 in excellent yields (75-85%). All the new compounds were 

thoroughly characterized by the spectroscopic methods (IR. 'H, 1 3 ~  NMR and 

FAB-mass spectra). The results are summarized in Table 3.2. 
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W G  = CO,hns, S O p h ,  CH: R' = Allyl, Propergyl, Reruyl, Ethyl M - 6 5  IH 

Scheme 3.16: General nnture nf rhe cyclouddition rencrion 

Tuble 3.2 Gconraliq of  the rrsctloo or vaduur h o h r r i s e d  hlBH ndducta; wlth AMY 

en tv subrrafe product *Ield (YO) 
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3.4.4 Formation of dispiropyrrofidlne bisoxindole: Mechanistic 

Postulate 

Isadn and sarcosine undergo condensation and decarboxylation vin 

Tsuge route to form  he acyclic azomethine ylide B." Subsqueni addition of 

this unstabilized uomethine ylide B to the double bond of the isomerised MBH 

adduct to form the dirpiropyrrolidine bisoxindo tes (Scheme 3.17). 

41 " 
Scheme 3.17: Mechanish'c Postulare 

The geometry of alkene fixes two stereogenic centres of the newly 

formed pyrrolidine ring, as the cycloaddition of azomethine ylide is highly 

concerted and stereospecific. Endu/Exo selectivity of h e  products was arrived 

based on literature ana1ogy.I8 Secondary orbital interactions between the two 

oxindole moieties. favours the transition state I than I1 thereby leading to the 

formation of the p rod~c t  (Scheme 3.1 7). 

To our dismay the [3+2] cycloaddition reaction of cyclic azomethine 

ylide A (generated from proline and isatin) with isornerised MBH adduct 40 

failed to provide the expected dispiropyrrolidine bisoxindole 54 under 

optimized condition. This may probably due to the steric effect OF the bulky 

bromine atom at the allylic position which hinders the approach of the cycIic 

dipole A (Scheme 3.18). 
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Methanol, reflux,Z h 

1 
H I 

44 
54 

Scheme 3.18: Mode/ study for dispiropyrrolizidine bisoxtt~riole 

As a logical extension OF the cycloaddition reaclion of the bromo 

isornerised MBH adducts with AMY, we explored the [3+2]-cyclortddition 

reactiviry pattern lo a number of methoxy isorner~sed MBH adducts (55-58) 

derived from isatin with cyclic A and acyclic mumethine ylides B. To achieve 

this Tea, we first synlhesized the mehoxy isornerised MBH adducts or isatin as 

described below. 

3.4.5 Preparation of methoxyisomerised MBH adduct of isatin 

The ~nethoxyisurnerised MBlI adduct 55 was prepared by refluxing the 

MBH adduct 34 in acetonitrile with excess of trimethyl orthoformare catalyzed 

by freshly activaled Mont. K10 clay for half an hour. The reaction furnished Z- 

isomer 5Sa and E-isomer 55h in 75% and 3% yields respect~vely as shown i n  

scheme 3.19." The major Z-isomer was used for subsequent cycloaddition 

reaction. 

34 
Z+somn m E-~somer 56b 

Scheme 3.19: Sytrlreais ofnIlyi rnrrhyl ethers 

The formation of 5521 was arrived from the proton NMR spectrum as 

appearance of singlet peak at F 4.99 indicates the presence of  methylene 

protons of the ether linkage as shown in figure 3.6. Detailed spectral data of 

compound 55a is provided in the experimental part. 
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Figure 3.6: Proton NMR spectrum uf55 

3.4.6 [3+2]-Cycloaddition reaction of methoxyisomerised MBH 

adduct 55 with acyclic AMY 

The methoxyisomerised MBH adduct 55 of N-methyl isatin was 

subjected to cycloaddition reaction with acyclic azorneihine ylide B (derived 

from sxcosine and isatin) in refluxing methanol using Mont. K10 clay a% a 

catalyst for 2 hours. The reaclion afforded the merhoxymethyl suhstituid 

dispirapyrrolidine bisoxindole 59 a5 sole product in 75% yield i i f ~ e ~  column 

purification (Scheme 3.20). 

I 

Montmor~llon~le KIO 
0 r 

Memano!, reflux.2 h 
\ 76% 

65 B 
\ 
H 

Scheme 3.20: Renurim of dipole B rvitilh 55 

The strucrurc- of compound 59 was confirmed using spectmscopic 

analysis. In the IR spectrum. compound 59 showed carbonyl absorprions iit 

173 1 cm" and 1730 cm-'. In (he proton NMR, four singlets with chemical shifl 

2.22, 2.96. 3.29 and 3.38 were amenable to the methyl protons attached to 

pyrrolidine ring, amide nitrogen, methoxy of ether and rhe ester methyl groups, 

respectively. A pair of doublets, with a coupling consrant J = 9 Hz visible at 
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chemical shift centred at 6 3.49 and 4.32, were due to the ~nethylene prolons of 

the pyrrolidine nilrugen and another pair ol'doubIets w ~ t h  a coupling conslant J 

= 9 Hz centred at 6 3.55 and 4.63 wcre discernible to the methy lene protons 

attached to the ether linkage. All the aromatic protons were seen In the 

downfield rcgion rnnges from 6 6.48 to 7.50. The proton attached to the iimide 

ni~rngen appearcd at 6 8.1 t as a singlei (Figure 3.7). 

Figurn 3.7: Pmtc?t; NMR spectninr of 59 

In the I3c NMR spectrum of 59, the two spiro carbons were resonated at 

6 63.5 and 78.5. The rnethoxy carbons of the ester and the ether were appeared 

at 6 58.0 and 59.1. Peaks at 6 171.5. 172.6 and 177.1 were indicative of the 

amide and the ester carbonyls (Figure 3.8). The structure was finally confirmed 

by mass spectral analysis value as i t  showed a lnolccular ion peak at m/z = 

435.35 (M*). 



Figure 3.8: Carbon-I3 NMR spectrrrm of59 

The general nalure of the cycloadditinn reaction was tested using 

methoxy isomerised MBH adducts 55-58 with various substituenls at arnide 

nitmgen and at the activated alkenes as shown in scheme 3.21. The methoxy 

isornerised adducts were prepared according to the procedure described in 

section 2.5.3. A11 the substra~es underwent the 1,3-dipolar cycloaddirion 

reaction smoothly under optimized condition to afford the corresponding 

dispiraprolidine oxindotes 59 - 62 in excellent yield. 

EWG a COflt. CN: R1 f Mdhyl, Allyl, Benzyl 
k 

69 -82 

MI the new compounds were thoroughly characterized by spectroscopic 

me thds  (LR, Ill, 'k C R  and FAB-mass spectra). The results are presented in 

table 3.3. Complete spectral characterizations of all new compounds are given 

in the experimental section. 
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Scheme 3.22: Cycloaddifion of55 with cyclic AMY A 

The structure of 63 haq been confirmed from the spectroscopic cmul;llpis. 

Thus, the IR speclrum showed an absorbance at 3443 cm" confirming the N-H 

stretching vibration. The amide and the ebter functiona!ities were confirmed by 

the absorption at 17 14 ern-' and 1723 cm". 

The proton NMR of compound 63 showed five different mul~iplets for 

the pyrroIizidine ring methylene protons in the range 6 2.04-2.78. The amide 

methyl and the ester rnelhyl protons were discernable to a singlet at 6 2.97 and 

the ether methyl proton at S 3.32. The methylene protons of the ether linkage 

waq appeared as two mutually coupIed doublets cenlred at 6 3.92 and 6 5.24 

with a coupling constant I = 9.3 Hz. A mulliple~ at 8 4.94 was indicative of  he 

methine proton of the pyrrolizidine nng. All the xomatic protons were 

observed in the downfield range 6 6.43-7.75. The arnide proton was visible at 6 

7.63 (Figure 3.9). 

In the ''c NMR spectrum, all the aliphatic carbons were observed in the 

up field region from 6 22.6 - 7 1.8. The two spiro carbons were observed nl 6 

69.5 and 6 18.6. Two peaks at 6 271.3 and 172.4 were indicative of the amide 

carbonyl carbons. The ester carbonyl carbon was resonated at 6 178.8(Figure 

3.10). 
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, - ,.---. - r -  - - T -  - "+ A - A ,  r . - I T - .  

1 lo Dou B 6 1 7 O V A  - 

Figure 3.9: Proton NMR spectrlrm of 63 

Figure 3.10: 13-Carbon NMR specrrrtrn uf 63 

Finalfy the structure was conLrmed by a molecular ion peak at mJz = 

462.43 in  mass specrral analysis. 
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3.5 Conclusions 

From the above study, the major conclusions arrived are summarized as 

Follows. 

1 .  A novel synthesis of dispiropyrrolidine bisoxindoles using cycloaddition 

of cyclic and acyclic ammethine ylide strategy has been achieved. 

2. The starting material isntin subs~ituted allyl bromides and ally1 ethers 

can readily be accessed from corresponding MBH adducts of isatin by 

isomerization reaction. 

3. Regarding cycloaddition reaction, acyclic azome~hine ylide were found 

to be high1 y reactive towards isomerised MBH adduct whereas cyclic 

yl ides were found unreactive towards allyl derivatives due to the steric 

nature of bulky bromine atom. 

4.  A plausible mechanism of the reac~ion is established. 

5 .  All the new compounds were thoroughly characterized by spectroscopic 

methods. 

3.6 Experimental 

General experimental procedure for the preparation of bromo 

isomerlsed MBH adducts of isatln: 
A mixture of MBH derived from isatin (100 mg, 0.382 mmol) was 

added to 4 equiv, of 46% HBr and silica gel (0.2 g) and made as slurry. The 

slurry was subjected to microwave irradiation (750 W, 5 seconds pulse) over a 

perid of 3 min. It was further irradiated (1 0 minutes) to get a single isomer as 

a sole product. The hot crude mixmre was cooled to room temperature and then 

extracted with CH2C12 and b e  organic phase was washed with water. The 

organic layer was separated and dried (Na2S04) and cotlcentrated ill 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 

isornerised bromo derivatives 39 and 40 in 95% combined yield. 
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Spectral data for compound 39 

IR (Neat) v,,; 543. 751, 1157. 1202, 1284, 1470, 16C15, 

1700.1 725,285 1,307 1 cm-I. 

'H NMR(CDC13KMS, 300.1 MHz): 6 3.25 (s. 3H) .  4.00 

(s. 3H). 5.23 (s. 2H), 6.78-6.80 (d, l H ,  J =  8 Hi), 6.98-7.01 

\ (d, IH,  J =  8 Hz), 7.32-7.35 (d, 111, J = 8 Hz), 7.46-7.47 (d, 

39 lH, J =  8 Hz). 

''c NMR(CDCIflMS, 75.3 MHz): 6 25.4, 27.0, 52.9, 

108.3, 122.8, 124.5, 128.8, 131.3, 136.4, 144.4, 166.8, 

167.1. 

LRMS (FAB) for CI3Hl2BrNO1, Calcd ndz: 310.14(M +); Found m/z:  3 10.25 

(M') and 3 12.24 (M+2). 

Spectral data for compound 40 

1R (Neal) v,,: 543, 751. 1097. 1 157. 1203, 1284, 

1470,1605, 1700, t725,2851,3071 cm". 
t 

3 r  

H NMR(CDClJI%lS, 300.1 MHz): 6 3.20 (s. 3H), 

3.96 (s, 3H), 4.49 (s, 2H), 6.83-6.84 (d, lH ,  J =  8 Hz), 

'N 
\ 

7.10-7.13 (d, IH, J = 8 HZ), 7.32-7.35 (d, IH, J = 8 

40 Hz), 7.37-7.39 (d, 1H. J = 8 Hz). 

13c NMR(CDCI3lTMS, 75.3 MIlz): 6 25.4, 26.0, 52.9, 

108.3, 122.5, 124.5, 128.1, 131.6, 136.8, 144.0, 166.8, 

167.2. 

LRMS ( E D )  for C I ~ H ~ ~ B ~ N O ~ .  Calcd (M'j mk: 310.14; Found m/z: 310.22 

(Mt) and 3 12.22 (M+2). 

General experimental procedure for the cycloaddition of 

isomerised MBH adducts with cyclic and acyclic azomethine ylides 

A mixture of isomerised MBH adduct of isatin (100 mg. 0,404 mmot), 

L-(-) proline or sarcosine (1.2 equiv.), isatin ( I  .2 equiv.)  md rnontmorillonite 

K-10 clay (100% wlw) in methanol ( I  mL) was refluxed for 2-12 hours, After 



completion of the reaction (TLC), the crude mixture was filtered through a pad 

of celite and then purified by silica gel column chromatography to afford pure 

products (45-85%). 

Synthesls of 41 from 40 and AMY " A  via [3+2]-cycleaddition 

A mixture of (2)-methyl 3-brorno-2-( 1 -methyl-2-nxoindolin-3-ylidene) 

propanoate 40 (1 00 mg, 0.322 rnmol), sarcosine (34 mg, 0.386 mmol), isatin 

(56.9 mg, 0.386 mmal) and montmorillanite K-10 clay (100% wlw) in 

methanol ( 1  mL) w a ~  refluxed for 2 hours to afford 41 in 75% yield ( 1  f 6 mg, 

eluent: 35% Et0Ac:Hexane). 

IR (neat) v,,,: 1225. 1355, 1470, 1480, 1614, 1731, 

1735,2124,2928,3210 cm". 
I H NMR(CDCI?TTMS. 300.1 MHz): F 2.2 (s, 314). 2.97 

( s ,  3H), 3.54 (d, IH, J = 9Hz), 3.60 (s, 3H). 3.73 (d, 

lFI ,  J=9Hz) ,  4.45 (d, lH ,S=9Hzj ,4 .89  (d, 1H. J =  

9Hz), 6.53- 6.60 (m, ZH), 6.92- 6.95 (m, 2H), 7.10- 
\ 
H 7.12 (m, 1Hj, 7.23- 7.38 (m. IH), 7.38-7.47 (m, 2H), 

41  7.M (s, LH) 

I3c NMR(CDCI3/TMS. 75.3 MHz): 6 26.7, 35.3, 51 -9, 

53.7, 59.5, 65.6.79.3, 107.8, 108.3. 110.2, 122.4. 122.8. 

124.1, 126.6, 128.5, 131.2, 133.3, 14I.4, 144.8, 175.7, 

177.3, 180.1 

LRMS (FAB) for C21HZ2B~NJOq, Calcd (M') d:: 484.34: Found m/z: 484.29 

(M*) and 486.2 1 (M+2). 

Synthesis of 48 from 42 and AMY " A  via [3+2]-cycloaddition 

A mixture of (2)-meth yl 3-bromo-2-(1 -ethyl-2-oxoindolin-3-ylidenc) 

propanoate 42 (100 mg, 0.308 rnmol), sarcosine (32.9 mg, 0.37 rnrnoll, isatin 

(59.6 mg, 0.370 mmol) and montmorillonite K-10 clay (100% w l w )  in 

methanol (1 mL) w u  refluxed for 2 hours to afford 48 in 75% yield ( 1  18 mg. 

eluent: 35% Et0Ac;Hexane). 
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IR (neat) v-: 756, 1 170.2. 1355. f 373. 1468. 1473, 

1489,1610. 1705,1755,3054 cm". 

'H NMR(CDCldlWS, 300.1 MHz): 0.98-1.029 (t. 

3H3, 2.20 (s, 3H), 2.94 (s, 3H), 3.47-3.54 (m, 3H), 

> 3.63 (s, 3H), 3.77-3.81 (d, IH, S =  I0 Hz,), 4.47- 4.50 

bocw, (d. IH, J = 10 HZ), 4.90-4.93 Id, 1H, 3 = 8.7 Hz,), 
1 3 ..A,, 8, 6.46-6.49(d, lH,J=6&,) ,6 ,56-6 .59(d ,  tH, J = 9  

Hz,), 6.90-6.95 (m, 2H), 7.15-7.19 (rn, 2H), 7.3 1-7.33 
/ lNJIO 

\ (d, IH, J=bHz),7.49-7.51 (d, lH, J = 3 H z )  

4% "C NMR(CDCIGMS, 75.3 MHz): 6 13.8.25.4,34.6, 

35.6, 39.8, 52.8, 59.4, 59.8, 60.6, 65.3, 79.1, 107.9, 

108.5, 11 1.1, 121.7, 130.1, 130.4, 144.0, 144.3, 174.7, 

175.6, 176.9. 

LRMS (FAB) for C25H26BrN3Q4, Calcd (M3: 512.39; Found mlz: 512.10 (M') 

and 5 12.06 (M+2). 

Synthesis of 49 from 43 and AMY "A" vla [3+2]-cycloaddltion 

A mixture of (2)-methyl 241 -benryl-2-oxoindoIin-Zylidene)-3- 

bromopropanoare 43 (100 mg, 0.289 mmol), sarcosine (27 mg, 0.3 10 rnmol), 

isatin (38 mg, 0.289 rnrnol) and monhnorillonite K-IO clay (100% wlw) in 

methanol (1 mL) was refluxed for 2 hours to afford 49 in 85% yield (136 mg. 

eluent: 35 % Et0Ac:Hexane). 

IR (neat) v,,: 1170, 1358, 1370. 1470. 1470. 1490, 

ph> 

1615, 1705,1750,3056,3258 cm". 
t H NMR(CDClJIMS. 3001.1 MHd): 6 2.27 (s, 3H), 

\Bt 
3 .23 (~ ,  3H), 3.54-3.57 (d, lH ,  J=9.9Hz), 3.88 -3.91 

(d, IH,J=9.6Hz),4.38-4.43 (d, IH,J= 15 %),4.68 

- 4.80 (m, 2H), 4.95 - 5.00 (d, I H, I = IS Hz), 6.36 - 
H 

6.39 (d, IH, J = 9Hr.), 6.62 - 6.64 (m, 3H), 6.67 - 6.77 
49 

(m. 1H). 6.95 - 6.98 (m, 2H), 7.1 1-7.20 (m, 4H), 7.35- 

7.37 (d, lH ,  J = ~ H z ) ,  7.55-7.57 (d, lH, J = 6 HZ), 
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7.60 (s, IH). 

"C NMRICDCIOMS, 75.3 MHz): 6 18.5. 34.2.42.4, 

52.5, 55.8,58.4,66.1, 77.4, 109.1, 109.3, 122.2, 122.5, 

124.6, 125.7, 126.5, 127.6, 128.9, 129.4, 129.8, 138.2. 

14 L -9, 143.6, 171 .R, 172.9, 175.8. 

LRMS (FAB) for C Z ~ I ~ A B ~ N @ ~ ,  Calcd @It): 560.43; Found d 7 , :  560.22 (M'I 

and 562.22 (M+2). 

Synthesls of 50 from 44 and AMY "A" via [3+2]-cycloaddition 

A mixture of (a-methyl 2-(1 -alIyl-2-oxoindolin-3-yliclcne)-3- 

bromopropanoate 44 (100 mg, 0.297 mmol), sarcosine (31 mg, 0.356 rnrnoI), 

isatin (43 mg, 0.297 mmol) and monrmorillonite K-LO clay (100% wiw) in 

methanol (1 mL) was refluxed for 2 hours to afford 50 in 82% yield (1 24 mg, 

eIuenr: 35% EEt0Ac:Hexane). 

IR (neat) v,,: 755, 1477, 1485, 1615. 1730. 1713, 

2928,3265 crn'l. 
1 H NMR(CDC1flMS. 300.1 MHz): 6 2.2I (s, 3H). 

3.54 - 3.56 (d, IH,  3 = 8.9 HZ), 3.63 (s, 3I-I), 3.72 - 

-I 3.75 (d, I H ,  J =  10.2 Hz), 4.1 1 - 4.14 (m, 2H). 4.44 - 
N 
~ o C o l M ,  4.48(d, 1H, J =  10.2 Hz),4.83 - 4 . 8 8  (dd. 2H, J = gq: 13 .2Hz .J=3 .6Hz) ,5 .02-5 .06(d ,  l H , J =  10.2Iiz). 

5.48 - 5.55 Cm, IH), 6.52 - 6.54 (d, 1H, J =  7.8Hz), 

\ 6.57- 6.60(d, lH,S=9Hz) ,  6.69- 6.88 (m, 2H), 7.10- 
H 

50 
7.21 (m, 2H), 7.38 I s ,  IH), 7.40-7.47 (m, 21-I). 

13c NMR{CDCI.$TMS, 125.77 Mtlz): 6 31.1, 35.1, 

42.2,49.0,52.7,59.5.79,5, 109.3, 117.6, 122.9. 127.4, 

127.5, 129.3, 129.8, 130.8, 141.1, 143.1, 149.4, 172.1, 

173.5, 176.5. 

L W S  (FAB) for C25H14BrN304, Citlcd (Mt): 5 10.37; Found m/z: 51 0.2 1 (M') 

and 5 1 1.12 /M+2). 

Synthesis of 51 from 45 and AMY " A  via [3+2]-cycloaddition 
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A mixture of (2)-methyl 3-bramo-2-( 1 -methyl-2-oxoindol1n-3-ylidenc) 

propanoate 45 ( 100 me, 0.322 rnrnol). smosine (34 mg, 0.386 rnrnol). isatin 

(56.9 mg, 0.386 rnmni) and montmorillonite K-10 clay (100% w/w) in 

methanol ( I mC) w a  refluxed for 2 haurs tn afford 51 in 80% yield ( 1 3 1 mg, 

35% Et0Ac;Ilexnne). 

1R (neat) v,,,: 750, 1470, 1488, 1614, 1731, 1730, 

% 2924.3287 cm". 
I H NMRICDCIJIUS, 300.1 MHz): 6 1.25- 1-28 (m, 

IH), 2.18 (s, 3H), 3.52 Id, IH, J = X.SHz), 3.60 (s, 

,1FI), 3.74 (d, IFI, J =  9.8Hz). 4.39 (d, 2H, J =  9.RHz), 

4.97 (d. l H, J = 8.6Mz). 6.51- 5.53 (m, 2H). 6.80-6.86 

(m, 2H), 7.02 - 7.06 (m, 2H), 7.25 (t,  In, 3 = 6Hz), 
51 7.43 (d, 1 H, J = 6Hz), 7.47 Id, I H, J = 6Hz), 9.67 (s, 

111). 

13c NMR(CDCl>JTMS, 75.3 MHz): Ei 36.2, 48,7,57.1, 

59.4, 61.2, 63.3. 64.4, 78.5, 39.5, 79.9, 108.2, 109.2, 

116.1, 120.7. 125.3, 128.1, 128.5, 131.7, 140.2. 141.9, 

142.4. 172.5. 172.7, 178. 

LRMS (FAR) for C?SH~?BTN~O~,  Calcd (M'): 508.36; Found mlz: 508.69 (Mt) 

and M+2 = 510.71. 

Synthesis of 52 from 46 and AMY " A  via [3+2]-cycloaddition 

A mixture at' 10-3-(2-bromo- l -(phen ylsullon yl)eth ylidenel-I- 

methylindolin-2-one 46 (100 mg, 0.254 mmol), sarcosine (27 mg, 0.305 

mmol), isatin (37 mg, 0.254 rnmol) and montmorillonite K-10 clay (100% 

W/W) in methanol (I mL) was refluxed for 2 hours to offord 52 in 75% yield 

(105 mg. eluent: 35% Et0Ac:Hexane). 

IR (neat) v,,,: 750, 1135, 1310, 1470, 1488, 1614, 

1730, I73 1,2924,3287 cm" . 
'H NMR (CDCI.1ITMS. 300.1 MHz): 6 2.23 (s. 3H), 

3-00 (s, 3H), 3,90-3.94 (d, 111, J =  11.1 HZ), 4.02-4.06 
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(d, 1H, d = lO.gHz), 4.79- 4.83 (d, lH, J = 11.1Hz), 

4.99-5.03 (d, lH,  J = 11.1Hz), 6.49- 6.89 It, IH, J =  

7.8Hz), 6.89 -6.99 (m,7H),7.07-7.12 (rn,2H),7.17- 

7.22 (t, IH, J =  6 Hz), 7.41- 7.43 Id, lH,  J =  6 Hz), 
\ 
H 7.47 ( s ,  Iff) ,  7.89-7.91 (d, lH,  J =  6 Hz). 

52 13 C NMR(CDCl.TMS, 75.3 MHz): 6 23.7, 30.8, 37.5, 

42.4, 53.1, 66.7, 78.7, 120.7, 121.4, 123.5, 124.2, 

126.2, 128.4, 128.R. 129.8, 129.9, 132.2, 135.3, 139.7, 

141.4, 152.7, 172.0, 178.6. 

LRMS (FAB) for C27HaBrN304S. Calcd (M'): 556.46; Found d z :  556.38 

(Mt) and 558.39 (M+2). 

Synthesis of 53 from 47 and AMY " A  via [3+2]-cycloadditlon 

A mixture of (Z)-3-brorno-2-(l-methyl-2-oxoindfllin-3- 

ylidene)propmenitrile (100 mg, 0.360 rnmoI), sarcosine (38 mg, 0.433 mmol), 

isarin (53 mg, 0.360 mmol) and rnontmorillonite K-10 clay (100% w/w) in 

methanol ( t mL) was refluxed for 2 hours to afford 53 in 78% yield (1 26 mg, 

eluent: 35% 70~tOAc:Hexane). 

IR (neat) v,,: 755, 1478, 1480, 1624, 1730, 1731, 

2125,2251,2922,3280 cm-'. 

I 'H NMR(CDC13mMS, 300.1 MHz): 6 2.51 (s, 3H), 

2.99(st3H),3.57 -3.60(d, lH, J =  10.2Hz), 3.78-3.82 

Id, l H ,  J =  10.21, 4.31- 4.32 ( d ,  IH, J =  4.1Hz). 4.34- 

4.35 (d, lH, S =  10.2H~), 6.49 - 6.5 1 (d, 2H, I =  7.8Hz), 

6.87 - 6.96 (m, 2H), 7.03-7.09 (t,  l H, J = 7.5Hz), 7.14- 
53 7.16 (d, lH ,  J = ~ H z ) ,  7.68 - 7.30 (d, lH,  J = 7.SHz), 

7.50 (s, IH), 7.82-7.84 (d, EH, 7.8 HZ). 

''c NMR(CDC131DMSO/TMS. 125.7 MHz): 6 25.4, 

34.1, 35.9, 47.8, 60.4, 61.6, 78.0, 107.3, 109., 119.9, 

121.2, 121.3, 121.3, 121.4, 121.8, 121.9, 125.1, 126.3, 

128.9, 129.5, 142.4, 143.0, 171.4, 175.2. 
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LRMS (FAB) for C22H19BrN402, Calcd (M*): 451.3 1 ; Found m/z: 45 1.28 (M+) 

and 453.39 (M+2). 

General experimental procedure for the preparatlon of methoxy 

lsornerised MBH adducts of isatin 

A mixture of MBH adducts (100 mg, 0.404 mmol), excess of trimethyl 

orthoformate (3mL) and montrnorilloni~e K- 10 Clay (50% w/w) without any 

soIvent was heated a1 I I0  "C for 30 minutes. After the reaction (TLC), the 

crude mixture was purified by a silica gel column chromatography to afford Z -  

isomerised product 55 i n  good yietd. 

Spectral data for compound 55a 

IR (neat) v,,: 1083, 1260, 1378, 1462, 1620, 1712, 

2916,2957cm-I. 
I 

COsMe H NMR(CDCIJTTMS, 300.1 MHz): S 3.15 (5, 3H), so 3.36 (s, 3H), 3.39 (s, 3H), 4.99 (s, ZH), 6.72 - 6.74 (d, 

\ I H , J = 8 H z ) , 6 . 9 1 - 6 . 9 4 ( t , l H , 3 = 8 H z ) , 7 . 1 7 - 7 . t 9  

55a (d, IH,J=gHz) ,  7.22-7.25 ( t ,  l.H, J = 8 H z ) .  

''c NMR/CDCI,/TMS, 75.3 MHz): 6 25.9, 52.63, 59.1, 

68.1, 108.2, 119.6, 122.4, 122.6, 124.9, 130.4, 141.6, 

143.6, 167.0, 167.5. 

LRMS {FAB) for CI4HISNO4, CaIcd (Mt): 261.27; Found d z :  262.38 (M+2). 

Synthesls of 59 from 55 and AMY " A  via [3+2]-cycloaddition 

A mixture of (2)-methyl 3-bramo-2-(l-methyl-2-oxoindotin-3-ylidene) 

propanoate 55 (100 mg, 0.382 mmol), sarcosine (40.9 mg, 0.459 mmol), isalin 

(56.9 mg, 0.382 mmol) and rnontmorillonite K-10 clay (100% wlw) in 

methanol (1 6) was refluxed for 2 hours to afford 59 in 75% yield (124 rng, 

eluent: 30% Et0Ac:Hexane). 
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IR (neat) v,,,: 753, 1083, 1223, 1355, 1470, 1488, 

16 14, 1730. 173 1.2924.3287 cm" . 
'H NMR(CDCII/TMS. 300.1 MHz): 6 2.22 (s, 3H), 

2.96 (s, 3H). 3.29 Is, 3H), 3.38 (s,  3H), 3.49 (d, IH,  J 

= 9Hz), 3.59 (d. In, J = 9Hz). 4.33 (d, 1 H, .I = 9Hzj, 

4.65 (d, 1H, J = 9FIz). 6.48 - 6.59 (m, 211). 6.78 - 6-79 

(m, 1M),6.93-6.94 (m, lH),  7.09 - 7.13 (m. 2H),7.23 - 
i.l 7.28(m, 1H),7.49(d, IH, J = 9 k ) , 8 . 1 1  Is, IH). 

59 I3c N M R ( C D C I . a S ,  75.3 MHz): 6 25.8 ,  34.6, 51.9, 

58.0, 59.t ,  60.3, 63.5. 78.5, 107.0. 107.5. 109.2, t21.5, 

121.8, 124.1, 124.8, 127.2, 128.1, 129.6, 130.5, 141.8, 

143.3, 171.5, 172.6, 177.1. 

LRMS (FAB) for C24H2sN30s Calcd (N*): 435.47: Found d z :  435.35 {M'). 

Synthesis of 56 from 60 and AMY "A" via [3+2].cycloaddition 

A mixture of (2)-methyl 2-( 1 -alIy I-2-oxoindoEin-3-ylidene)-3- 

methoxypropanoate 56 (100 mg, 0.348 mmol), sxcosine (37.2 mg, 0.417 

rnrnol). isatin (51 mg, 0.348 mmol) and montmorillanite K-10 clay ( I  00% 

wJw> in methanol (I mL) war refluxed for 2 hours to afford 60 in 85% yield 

(136 mg. eluent: 30% Et0Ac:l-Iexane), 

IR (neat) v,,: 753, 1083, 1222, 1359, t 459, 1469, 

1 1614. 1723,2951,3272 cm-'. 

(-@ 'H NMR(CDC1flMS. 300.1 MHz): S 2.24 (s, 3H). 
3.33 (s, 6H),3,45 - 3.48 (d, IH ,  J =  9 k ) , 3 . 9 2  - 3.94 

'<N, (m, lH) ,  4.12 [d, lH ,J=9Hz) ,  4.28 (d, 1H, J=9Hz) .  
/ wpO 

\ 4.64 - 4.67 (m, 2H), 4.91- 4.95 (m, 1H). 5.35- 5.42 (in, 
H 

60 
lH), 6.51 (d, 113, J =  6Hz), 6.59 (d, 1H. J = 6HzS. 6.78 

(t, IH, J=6Hz),  6.92 (t. IH, J =6I-Iz). 7.05-7.13 (m, 

2H), 7.22(d, 1H, J = 6Hz), 7.29 [d, EH, J = 6I3z), 7.50 

(d, lH, J = 6Hz), 8.01 Is, 1 H). 

'k C R ( C D C l . m S ,  75.3 MHz}: 6 35.2,47.7,5 1.4, 
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58.1, 58.4, 59.2, 60.3, 62.4, 76.5, 7R.4, 10R.1. 109.2, 

116.8, 121.6, 122.1, 124.3, 125.1, 127. 2, 128,5, 129.4, 

130.7, 141.9, 142.4, 171.5, 172.2, 177.3. 

LRMS IF-1 for C26H27NS05, Calcd W*): 461.51; Found mh: 461 -89 (Mt). 

Synthesis of 57 from 61 and AMY "A" via [3+2]-cycloadditlon 

A mixture of (2)-methyl 241 -benzyl-2-oxoindolin-3-9 Iidene)-3- 

methoxypropanoate 57 (100 mg, 0.296 mmal), satcosine (3 1 mg, 0.356 mmot), 

isutin (43 mg, 0.296 rnmol) and montmoritlonite K-EO clay (100% WEW) in 

methanol ( 1  mL) was refluxed for 2 hours to afford 61 in 80% yield (1 2 1 mg, 

eluent: 35% Et0Ar:Hexane). 

W {neat) v,,: 750, 1082. 1359. 1450. 1463. 16 12 

1720,2950, 3275 cm" . 
'H NMR(CDCIJIMS, 300.1 MHz): 6 2.27 (s, 3H), 

phj 3.27 (s, 3H), 3.36 (s, 3H), 3,47-3.50 (d, IH, J = 

9=6Hz), 3.67-3.70 (d, IH, J = 7.2H~). 4.37-4.40 (d, 

IH, J = 8.4 HE),  4.44-4.49 Id, IH, J =  15.9 k), 4.64- 

4.67 (d, lH, J = 9.6Hz), 4.95 - 5.00 (d, lH, J = 15.6 

Hz). 6.34 - 6.37 (d. lH, 1 = 7.5 Hz). 6.58 - 6.61 (d. 
i 
M IB, J= 9k), 6.666.68 (d, ZH, J =  6 I h ) ,  6.67-6.82 (t, 

61 IH, J = 9EIz), 6.90 - 6.99 (m, 2H). 7,08 - 7.19 (m, 

4H). 7.33 - 7.36 (dl IH, J = 91.12). 7.44 (s. 1H). 735 - 
7.57 (d, 1 H, J = 6Hx). 

I3c NMR(CQCIflMS, 75.3 MHz): 6 15.5, 35.2,43.4, 

5 1.5,57.9,59.13,59.3,63.6,78.4, 108.5. 109.2, 121.8, 

122.5, 125.6, 126.75, 127.5, 128.6, 128.7, 129.0, 

129.6. 135.2, 141.9, 142.6, 172.8. 173.4, 176.8. 

LRMS (FAB) for C30H2gN305, Calcd (M*): 5 1 1,56; Found mh: 512.5 1 (M+l). 

Synthesis of 58 from 62 and AMY "A" via I3+2]-cycloaddition 
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A mixture of (a-3-methoxy-2-(1 -methyl-2-exoindolin-3-ylidene) 

propanenitrile 58 (lOO mg, 0.322 rnrnol), sarcosine (34 mg, 0.386 mmol), isatin 

(56.9 mg, 0.386 rnmol) and rnontmorillonite K-10 clay (IN)% wJw) in 

methanol 1 l mL) was refluxed for 2 hours to afford 62 in 82% yield (160 mg, 

eluent: 35% EEf0Ac:Hexane). 

IR (neat) v,,: 752, 1085, E4T1, 1481, 1624, 1730, 

173 1,2 125,225 1,2922,3280 cm-' . 

'H NMR {CDCIflS. 300.1 MHz): S 2.20 Cs. 3H). 

3.14 (s, 3H). 3.15 (s, 3H), 3.43-3.46 (d, lH, J =  9.1 

Hz),3.78-3.81 Id, IH. J = 8 . 7 H z ) ,  4.16-4.22(m,2H), 

6.52-6.54 (d, IH, J = 6 Hz) 6.61-6.64(d, I H ,  J = 9 

Hz), 6.68-6.94 (m, 2H), 7.07-7.14 (m. 2H), 7.35-7.38 

H (d, tH,  J = BHz), 7.80-7.83 (d, lH, J =  9 Hz), 8.74 (s, 

62 1H). 

I3C NMR(CDC13JTMS, 75.3 MHz): S 25.8, 35.0.47.4, 

58.7, 60.1.60.8,75.5,78.3, 107.4, 110.5. 121 -8, 122.7. 

126.5, 127.1, 129.4, 129.9, 130.2, 141.1, 142.1, t43.6, 

1 72.7, 176.9. 

LRMS (FAB) fot Ct3HZ2N&, Calcd (M'): 402.16; Found mlz: 402.44 (M'). 

Synthesis of 55 from 63 and AMY "A" via f3+2]-cycloadditicn 

A mixture of (2)-methyl 3-methoxy-2-(1 -methyl-2-oxoindolin-3- 

ylidene) propanoate 55 (100 mg. 0.382 mmol). L-proline (52 mg, 0.459 

rnmol), isatin (56.3 mg, 0.382 mrnol) and rnontmoriIlonite K-10 clay (1008 

wlw) in methanol ( I  mL) was refluxed for 2 hours to afford 63 in 45% yield 

(79 mg, eluent: 35% Et0Ac:Hexme). 

IR (neat) v,,: 750, 1082, 1359, 1450, 1463, 1612, 

I7 13, 1723,2950,3443 ern-'. 
'H NMR (CDCI-JTMS, 300.1 MHz): 6 2.04-2.09 (m, 

2H), 2.19-2.34 (rn. 2H), 2.64-2.78 (m, 2H), 2.97(s, 

6H), 3.32 (s, 3H), 3.91-3.94 (d, IH, J = 9.3H~),  4.91- 
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1 4.96 (m. lH), 5.23-5,26 (d. 1 H. J = 9.3Hz). 6.43-6.50 

(m, ZH), 6.54-6.60 (m, ZH), 6.92-6.95 (m, IHI, 7.04 - 
7.1 1 (m. 1 HI. 7.25-7.28 (m, 1 H), 7.63 (s, 1 H), 7.73- 

7.75 (d, 1 H, J = 7.4Hz) 
1 
n "C NMR (CDC13mS, 125.7 MHz): 6 22.6. 28.3. 

63 29.6, 31.9. 46.7, 51.5, 58.8, 60.8, 69.5, 71.8, 

78.6,107.2, 108.8, 120.9. 121.7, 126.2, 126.9, 128.8, 

140.8,143.1, 171.3,172.4,178.&. 

LRMS (FAB) for CIbH27W 34, Calcd (M'): 46 I -50: Found mlz: 462.43 tM+ II 1. 
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CHAPTER 4 

Synthesis of 3-spirolactone oxindoles from bromo 
isomerised MBH adducts of isatin 

using Indium chemistry 

4.1 lntmduction 

M O ~ I ~ ; I - I ~ ~ ~ ~ I \ - . - F I ~ ~ I ~ I ~ I I  I MRI I I ;idclucz\ ind their tleri v;llivc\ w c h  3% 

h d l i d ~ ~ ,  acut:uch. c~hc r r  m . play an !mpirrLanI role 35 >yl~thon\ lo] a u ldc 

spcclnrln of nntur.11 produc~c. Anlong v,it.~oi~h derivarlvcs oi M I311 :~cl(luc~. ally1 

hn)midc\ out prlmc irnpnriiincc :i\ I~IUIU liavc wcll hccn u\cd espcc~ally III 

pho\phomu\ culpliur ylidc chcni~ctry m :I c n r i ~ p r ~ n c n ~  for thc gcncratiun of 

dipnles for ~ h c  connrrlctlnlr rh' cyclic waKrbkl\. Snmc nl rhc pn~rnincn! 

Idiwo\lt.ric\ In hi\ arcn have bee11 dirci~wcd in rhf pwviou\ chaptur\. Thc 

suhjuct mattcr of th13 chaprrr 15 thc irrtn)ducti~~n or M R I l  derikcd c~xtndolc 

suhstilu~rd ally1 hroni~dc\ to indium chcmi \~rq  fur ~ h c  al l~ lat iun nf  

fnrrnaIdd~ydc tor thc sylthcl;i\ honioallyl~v nlcohcllc ,inti therch) qyntheis of 

3-~pimlaclonc oxindolcs. Hunre. i r  15 worth i r i  wan thc rccciiz I ~ ~ c r r ~ t u r c  for 

general uyi thc~ic uS;c of ~ndiurn nlttal. 

4.2 Allylation reactions using Indium (0) 

Mctal mediated rcac~ion\ arc well known 111 ~ h c  ~ l i j r ~ a t l  01' r - C  h(lr~d 

formlnp rcnutlrmc \lnct rhc wcucchfi~l inttoductlon OF III~~~IIL'\IU~II rnrlrnl ~n thc 

Grignarcl rcaction I lur inp rhr la<t fcw dt'vnde5, indium,' onc i) f  the 1,ircrt 

entrius to ~ h c  rnctal mediated wrctlcrion, hay nrcuivecl wldcr;pwnd inleruct to 

synthetic organic pract~tioncn duc to i ~ u  water tnlcrzlnr riaturn. low hrn~cily. I on  

helcroph~llciry and mild rcactlon cc)ndi~ion\.' C I  ic alco Icsc ackcttul hy air or 

oxygen at arnh~eiil Icn\purnturc.. A\ the f i r51 ~uniunion potential o f  ind~urn I\ 

cornparshlc w ~ t h  nl i \al~ mclnlc. is an irlc:~l candidate Tor single elcc~rnn 

transfer. 



All yl indium reagents pcncrated ~ J I  sit11 arc artraotive candidates as 

riucleophilic partncrs in Barhier-tlvu allylation in ;lmines3" and a~dch~dtts.'"' 

hydrazones.'"tc produce homoallylic alcnhols or amincs due to heir  functional 

group tolerance and lrlw toxicily. It has pIaycd a significanl tole in ruany uther 
4 ructions such as climinatir)n, coupling. reduction rtc. 

Thc renc~ic~n of mctallic indiurn with i~llyl ha l id~s  in  highly polar 

solvcnrh such as IJMF or THF at room tcniperature affordcd rhc corresponding 

indiurn scsquihalide R?In:Xj A, '  But the rcactiorls of  ally1 indiunl rcngenr i n  

aquenus media proceded through a trat~sicni allyl indium spocies B (Scheme 

1.1 )." 

W I ~ X  c H ~ "  + tn - DMF 
B 

Schernc 4.1 : R ~ u c f i ~ b ~  v p t ~  IP,S  i l l  it1(/i111?1 t?tt,.di(rted u l i ~ l ~ t i o ~ t  r ~ ( ~ i - t i o ~ i ~  

The  addition o f  indiurn seafen1 lo thc uarbonyl compound is bighly 

repioselcctive that rhc addition lakeq placc nrhy ~lirnugh the ycarhon nf the 

all yl ha1 ~ d e  {Schcme 4.2).' 

DMF 

allyl indium sesquihalide 

Scheme 4.2: lirgio.rri~crhir~ r~fiwdhcm rnedinrud rrllylrltior~ 

Atthnugh indium has been uxlensivcly used in carhonyl allylatinn. it is 

also a potential reagent in other dornai~is like coupling rcr~ctio~~s. Kwently, 

Kanu rt nl. have dcscrihud the regioselectivc crosh-couplilig of ;vsubstituted 

ally1 bromide 1 with ac~ivated hcnzyl broniicie usiny incliiim as calal yst for the 

5ynthcsis of tcr~ninal ~ilkenc 2 as dcsurihrd in scherne 4.3. In the proposed 

mcohruiium, ulIyIa~iun was prccetied ~hrough a cyclic lransitiori slate C. Benzyl 

hromidcs with electn)n cinnaling suhstituerl is gave hcuur yiclds than with 

clectrun withdrawiris suhsti~ucnls.' 



R'AB~ + 
R' 

THF, st 
t 30 -90% R2 2 

R' I Me, H R'. OMe, Dan, NOn 

Scheme 4.3: Itlditrnt c.clmtyzc.d cnrrplir~,q ripuctir~tt 

Other than ally1 halides, propargyl halides were also used in indium 

chemistry, Indium mediated coupling of unsubstitu~ed propargyl bromide with 

aldehydc afforded homopropargyl alcohol 4, however ysubsliluted propargyl 

bromide gave aflenic alcohol 3 (Scheme 4.4).9 

Indium ~nediated coupling of 1,4-dibromobutyne with carbonvl 

compounds in aqueous medium yielded 1,3-butadien-2-yl methanol 8. The 

reatlion was likely to precede via an organoindium intermediate6 5 which 

reacted with carbonyl compound to give the allenyl bromide 6. Thil; again 

reacts with indium to give a second intermedia~e 7 which on quenching with 

water yiejds the desired 1,3-butadien-2-yl methanol 8. Due to the steric 

demand, reaction of the second intermediate with another moIecule of aldehydc 

was not observed (Scheme 4.5)". 

Scheme 4.5: Synthesis of brrradienu derivative 
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4.2.1 Branched ally1 bromides in indium chemistry 

PBranched allylic bromides were successfully used in the indium 

chemistry for the allylation reaction. Substituent at the Fposition of the 

resulting ho~noallylic alcohol offers a route 10 h e  synthesis of cyclic frame 

works. 

A one pot synthesis of ~methylene-ylactone 10 was achieved by the 

group of Yus ct (11. from the reaction of  2-(bromomethyl)acsylic acid 9 and 

carbon yl compounds in presence of indium powder followed by hydrolysis 

with aqueous hydroch toric acid (Scheme 4.61." 
P h 

9 
I) In, THF-H20, 20 O C ;  II) HCIHIO 

Scheme 4.6: Allylation with bromo mefhyl aclylic ucid and lacio~~im~ion 

Podlech and co-workers have shown thal a-nmino aldehyde 11 can be 

cleanly transformed into &amino alkyl substituted yhydroxy-o 

n~ethylenecarboxylic esters 13 and 14 with high yields without racemisation by 

an indium-mediated Barbier reaction of 12. The preference for the sjn- 

configured product 13 was explained by a chelate m d e l  t2immermm-Traxler 

like transition state). '%-Methylene lactone 15 was effective1 y accessible by 

acid-catalyzed cyclization of 13 (Scheme 4.7).'" 

Scheme 4.7: Synthesis of Sumin o- yhvdroxy- a-me~hylenecarbo.ry/ic esrers 

Followed by these results, Halcomp and co-workers have used an 

indium mediated allylation of a protected serine derived aldehyde 16 for the 

sqnthesis of a s ix -cxhn  truncated sialic acid 19 analogue. The allylation 
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reaction resulted in syn 17 and c~nri 18 diastereomen in the ratio of  1.4: 1 when 

the reaction was carried out in THF: H 2 0  mixture ( 1  : 1) as described in scheme 

4.8.14 

Scheme 4.8 : Syn tli~.si+.is of sialic acid derivarive via ir~dium n~ediored nllylorion 

Pdquette and co-workers reported the formation of a Knoevenagel rypc 

adducts 22 and 23 From hydrolysis of a Phydroxy ester 21 which was obtained 

from the addition of  methyl (a-4-bmmo-3-methoxy cralonale 20 to ddeh ydes 

in the presence of indium metal and water as shown in scheme 4.9.'' 

m c ~ ; w  & wfieW, A ~ & f * &  + *@c$** 

20 21 Ph 22 23 
1) In. NH,CI. THF- H# il) CH,OH. 1N HCI 1:2.2(83%) 

Scheme 4.9: Knoev~nagel rypr adclrrcr formation ruing indiirnl metnl 

Minehan el nl, reporred ha1  the reaction of 3-iodo-2-[(trimethylsilyl) 

methyl]-propene 24 and indium in isopropanol-water mixture with 1,5- 

dicarbonyl compound 25 yielded eight membered oxa-bridged carboeycles 

26.'" h e r ,  they have extended the methodology Tot the synthesis of ci.7-2,6- 

disubstituted tetrahydropyran 28. In the presence oF indium metaI. compound 

24 reacts sequentially with aldehydes to provide tenhydropyran 28 through an 

dlylarion folIowed by a Prins cyclization reaction (Scheme 4.1 o ) . ' ~ ~  
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Scheme 4.10: Synthesis of 0.m-bridged cnrbocycles nnrl retmlzydrpyrans 

Lee and co-workers developed a new method for the synthesis of E-/I- 

methyl MBH adduct 31 with high selectivity using an indium mediated 

allylation reaction af 29 with benzaldehyde followed by n base mediated 

isomerization. The initial a!lylation reaction of aromatic aldehydes was largely 

accelerated by hydrochloric acid (Scheme 4.1 I)." 

Scheme 4.1 1 : Synthesis of (E)-b-tticrhyl MBH adducr 

4.2.2 Morita-Baylis-Mlllman adduct in lndlum chemistry 

In 1999, Paquette and co-workers reported a general procedure for the 

synthesis of larger ring fused mrnethylene-ylactone 37 from brornoisomerized 

MBH adducts of &unsaturated aldehyde 34. '' Indium mediated allylation of 

brornoisomerjzed MBH adducts with ounsaturated aldehyde 32 or other 

aldehydes, followed by lactonization with pyridinium p-~oluenesulphate 

(PPTS) afforded thc lactone 36 which on ring closing metathesis yielded the 

fused lactone 37 ar explained in scheme 4.12. 
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I) 30 mol% Rh[PhCH2(FCyJ]JC12, CHICll 

Scheme 4.12: SyrrfJzesis o fbsed  ring Iacton~s 

Very recently Zang el at, have reported a stereoselective synthesis of 

diallyl sulfide 39 via an indium promoted one-pot reaction of s d i u m  

thiosulphate, allyl bromide with acetates of Morita-Baylis-Hillman adduct. The 

in sittt formed sodium salt of 2-ally1 thiasulphate 38 from MBH acetate in 

methanol underwent indium mediated aIlylation to form unsymmetrical diallyl 

sulphide 39 (Scheme 4.13)." 

Ewe Na+Oni 8 2 0  0°C = my4. In, a ~ l y i b r m ~ d e ~  wEwa 
anhyd. MeOH S,5, 66 OC, 8 - 12 h 

r t . 4 -8  h ONa 
38 

Scheme 4.13: Addition ro sulphur atom 

4.3 Scope of the Present Study 

Literalure survey revealed that indium mediated allylation reactions me 

importan1 due to its reactions with regioselectivity and chemoselectivity. In the 

introduction part of  chapter three, it has been shown that the application ef  

isomerised derivatives of MBH adducts in synthetic organic chemistry. Among 

the various derivatives of MBH adducts, allyl bromides pave much attention as 

they can play a valuable role in the ylide chemistry especially the sulphur and 

the phosphorous ylides. However, only scant attention has been given to the 

indium mediated allylation reactions of allyl bromides derived from MBH 

adducts. From the literature survey, we speculated that the allyl bromides 

derived from MBH adducts of isalin have not been exploited for the 

cons~ructiun of complex molecular frame works. Presence of an oxindole 

moiety at the 3'"osition of  the allyl bromide, make lhem an ideal candidate for 

carbonyl allylatjon using the indium chemistry. I t  is noted that rhe indium 
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mediated oxindolidino ally1 bromide has been used for the allylation of 

aldehyde for the first time to prepare highly functionalised 2-oxindotidino 

hornoallylic alcohols. The homoall ylic alcohols thus obtained was subjected to 

lactonization to afford functionalized 3-spimlactoneoxindoles. The details of 

this study are the subject matter of this chapter. 

4.4 Results and Discussion 

4.4.1 Retrosynthetic analysis 

The synthesis of 3-spirolactone-2-oxindole A can be achieved from the 

homoallylic alcohol B by an acid cataIy7xd lactonization. Homoallylic alcohol 

B can be accessed from the isomensad bromo derivative D of MBB adduct E 

of isatin using indium mediated allyla~ion with formaldehyde. The 

retros ynthetic analysis is outlined in scheme 4.14. 

Scheme 4.14: Retrosynrhefic analysis 

4.4.2 Preparation of bromolsomerised MBH adduct 

The bromoisomerised MBH adducts 41a (E-isomer) and 41b (2-isomer) 

were prepared from the MBH adduct of N-methytisatin 40 by the procedure 

described in chapter three experimental part (Scheme 4.15). All the i sah 

derived MBH adducts were prepared from corresponding isatins and activated 

alkenes following the procedures given in section 3.15.~' 



4U 41a 41 b 

Scheme 4.15 : Prepurarion of nll.vl bromides ! o m  isn fin 

4.4.3 Indium medlated homoallylation of (E)-methyl 3-bromo-2-(1- 

methy I-2-oxoindoEln-3-ylldene) propanoate 

Preliminary sludy has been initiared by exposing a mixlure of isa~in 

derived E-ally1 bromide 41a and 40% formaldehyde in water with indium metal 

in DMF. The mixture was stirred at room temperature Tor 3 hours. The reaction 

afforded the hornoallylic alcohol 42 in 304 yield, @reduced alkenes 43a in 

35% yield and 43h in 25% (2 and E) yield after quenching with snturatcd 

ammonium chtoride (Scheme 4.16). 

Scheme 4.16: Indirlm mediated allylczrion of 41a 

The structure of compound 42 was arrived from spectroscopic analysis 

(IR, 'H NMR, and HRMS). Thus, Ihe IR spectrum of 42 showed a broad 

absorbance at 3412 cm-' and was indicative uf the presence of hydroxyl group. 

The ester and h e  amide carbonyls were shown absorbencies at 3 739 crn'hnd 

1715 cm-'. 1n the proton NMR spectrum, compound 42 showed a broad singlet 

at 6 1.70 and! were indicative of the hydtoxyl proton which was exchangeable 

with D20. Two methyl groups at the amide nitrogen and the ester group were 

discernable at 6 3.30 and 3.50, respectively. The homoall ylic rnethylene 

protons were confinned from a pair of mutually coupled doublets at 6 3.79 and 

6 4.15 with a coupling constant J = 1 1.4I-L. Two singlets at 6 6.26 and 5 6.64 

were indicative of the geminal protons of the alkene. The aromatic protons 

were appeared in the down field range 6 6.88-7.30 (Figure 4.1). The FAB mass 
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spectrum showed a molecular ion peak at m/z = 262.38 (Figure 4.2) and hence 

confirmed the structure of the produc~. 

Figure 4.1: 'H NMR spectrum of 42 

Figure 4.2: FAB muss spectrum of 42 

Similarly, the structure of @reduced products were established bared on 

the NMR and the mass spectra[ analysis. In  the proton NMR spectrum of  he 2- 

isomer 43a, the methyl group attached to the alkene was observed a1 6 2.65 and 

the anide methyl and ester methyl protons were resonated at 6 3.23 and 3.96, 

respectively. The aromatic protons were observed at the down field range from 

& 6.79 - 7.31 (Figure 4.3). The analysed siructure war further confirmed by the 

mass spectral analysis as it showed a molecular ion peak at d z  = 232.38. 
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Figure 43:  'H NMR spectrum of compound 43a 

Similarly, in the proton NMR spectmm of E-isomer 43b, the methyl 

group attached to the double bond was observed at 6 2.44. Two singlels a1 6 

3.23 and 6 3.96 were discemable to the methyl groups of the ester group and 

the amide nitrogen of the oxindole moiety, respectively. The down field signals 

in the chemical shift range from 8 6.8 1-7.54 were discemable to the aromatic 

protons of the oxindole moiety (Figure 4.4). 

Figure 4.4: % HMR specfrum of 43b 

Funher, the 13c NMR spectrum of 43b showed three methyl carbons at 

6 17.9, 25.B and 52.7 which were characteristic of the rnethyl groups attached 



to the alkene. nitrogen and ester. respectively. The ester carbon yI carbon was 

observed at 6 165.7 and the amide carbonyl carbon of the oxindole moiety 

appeared at 6 1 70.6 (Figure 4.5). 

I 1 . 1 - I ' I  

1200 180 160 140 120 loo  go 60 40 T-G 1 
Figure 4 5 :  13c NMR spectrum of43b 

The assigned structure was further confirmed by the mass specaal 

anaIysis, as it showed a molecular ion peak at d z  = 2 32.35. 

4.4.4 Optimization of altylation reaction 

To improve h e  yield of the hornoallylic alcohol 42 and thereby 10 

minimize the yield of  he a-reduced alkenes 43a and 43b, we have carried out 

an oplimization study with various solven~s. Among the various solvents tested, 

DME was found to be the solvent of choice as no @reduced products were 

observed. Acetonitrile gave comparable yields of 42 but the &reduced 

products were also Formed and also took long reaction lime for the completion 

of the reaction. The results are shown in table 4.1. 

Table 4.1: OptlmlmtSon of allylatlon mactlen In rarlous solvents 
Yleld % 

Entry Solvent 
Homoallylic alcohol a-reduced alkene 

- 

1 THF 30 
-...*.......-------- " ~ ~ . * . . . * . . . . . " . . - - . - - - - m " - m . . * . . - . . * . . . . . - - - - - - -  

2 DMF 78 -....*...ll__-----.-........*....-.~~~~~.--. ".-......*........--.-.---+ 

40 % formallne was used as electrophile in all the cases 
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4.4.5 hactonization of hornoallylic alcohol 42 

The homoallylic alcohol was subjected to Iacconizat~on to get the spiro 

exlndoie. Thus. the homoallylic alcohol 42 in benzene with a cntaEytfc amount 

of p-toluenesutphonic acid was refluxed for half an hour to yield the a- 

methylene-ylactone spirooxlndole 44 in 75% yield (Schetne 4.17). 

Scheme 4.17: Lactnnizlrion of homoc~llylic alcot~ol 

The structure of 44 was confirmed from the deta~led spectrosunpic 

studies. Thus, the IR spectrum of 44 showed the key lactone carbonyl 

absarp~ion at 1766 cm". The amide carbonyl absorption was seen at I 7 15 cm-'. 

In the NMR spectrum of the compound, the methyl group at the amidc 

resonated at F 3.26 as a singlet. The methelene proions of the lactone ring 

appeared as two mutually coupld doublets with a coupIing constant J = 

9.30Hz at chemical shift 6 4.43 and 6 4.69. Two exocyclic ~nethylene protonr 

were observed ar two uncoupled singlets at 6 5,3S and 6 6.31. The aromatic 

protons were resonated in ~e down field range 6 6.37-7.40 (Figure 4.6). In the 

I3c NMR spectrum of 44, the methyl carbon of the arnide nitrogen appeared at 

6 27.1 and the spiro carbon was observed at S 54.5. The methelene carbon of 

the lactone ring appeared at 6 73.0. The lactone and the amide carbonyls were 

observed at 8 168.4 and 6 175.5, respectively. The spectrum is reproduced in 

figure 4.7. The low resolution mass spectrum of the compound showed a 

(M+ I )  peak at nzk = 230.30 which funher supports the ma!yzed structure. 
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Figure 4.6: ' H  NMR spectrum of 44 

Figure 4.7: '-'c NMR specrmrn of 44 

4.4.6 Indium mediated allylation and lactonlzatlon of (2)-methyl 3- 

bromo-2-(1 -met hyl-2-oxolndolin-3-y lidene) propanoate 

Interestingly, when Z-isomer 41b was used as the ally1 bromide 

counterpan for the indium mediated all ylation reaction with [omaldehyde and 

subsequent lactonization using PTSA in refluxing benzene, 44 was obtained as 

the sole p r d u c t  as confirmed by the NMR spectrum (Scheme 4.18). 
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lndlum, DMF & PTSA & - - 
40 SO r-lln, benzene. re nu^ 0 

1 8. h 1 0.5 h 'N 
41 b 42 44 ' 
Scheme 4.18: Allylarion n ~ d  Inctor~iznrioti irsing Z- iwmtr  42 

It should be noted !hat both E- and Z- allyl deriuafives of MBH adducts 

afforded same spirolactone under optimized condition. Hence, Tor the rcst of 

 he allylationllactonization study, we chose a mixlure of the E- and Z- 

isomerised ally1 bromides Tor the synthesis of homoallylic fllcahols and thc 

spirolactone. The homoallylic alcohol 42 was used Tor Eactoniza~ion withr)u~ 

separation of E and Z isomers (Scheme 4.1 9). 

The reaction wrt5 found to be general with various 5-aryt hubstitutcd 

allyl bromides, 5-fluoro, bromu, methyl and aldehyde, derived from MRH 

adducts of isatin. The results are summarized in table 4.2. All the new 

compounds were characterized by  detailed spectroscopic analysis and are given 

in the experimental part. 

Cmdltlon: I) In (1.2 equvl.), 10 ./r r-lln (2.5 equvl.), OMF (1 mL), 6 h 

II) PTSA 102 equvl.). Benzene (1 mL), Reflurr, 0.5 h 

Scheme 4.19: A IIyIation c m d  lacroniznriun bromoi.~ottalrrie~l MBH ciddtr cis 
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entry substrate product geld (76) 

4.5 Mechanism of the synthesis of spfrolactone oxindole 

The mechanism proposed for the synthesis of homoallylic alcohol 

involves the formation of a transient allylindium species A from E- and Z-ally1 

bromides and indium metal in DMF: water solvent system. This ally1 indium 

species then reacts with the elcctrophilic aldehyde through a cyclic transition 

state B . ~  In the transition state B, there exist an additional interaction between 

the carbonyl of the ester group and the indium metal thereby creating a tri co- 

ordinate indium (Figure 4.8). From the transition state. it can be seen that the 

addition is taking place thraugh a hindered tettiary carbanionic ccntcr (the 

oxindole bearing carbon atom). Hornoallylic alcohol is formed after 

acidification. It is likely that the allylindium reagent is not geome~rically 

stable2bs the reactions of both Z- and E-allyl bromide afforded rhe same 

product. Tn the second step, the hornoaIlylic alcohol thus forriled undergoes 
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lacfonizatian when exposed to an acid leading to the formation ol' the 

spirolactane. 

- 
\ k 

9, Translent allyl lndlum 

When the mixtures of N-benzyl substirured allyl bromides 53a and 53h 

were ireazed wirh indium metal and aqueous formaldehyde in DMF for 6 hours, 

the reaction yielded afier acidification the corresponding homoaflylic alcohol 

which on subsequent lactonization using catalyic amount of PTSA in refluxing 

benzene yielded the N-benzyl substiiuled lac~one 54 in 75% yield (Scheme 

4.20). 

Cmdltlon: 1) In (1.Z cquvl.), 40 Y. I m l l n  (22 equvl.), DMF (I mL), 6 h 
l i )  FTSA (0.2 equvl.), benzene (1 mP), 0.5 h 

Scheme 4.20: AIiyIation mid Inctoniirriion of 53d53b 

In the IR spectrum of 54, an absorbance observed at 1774 cm-' confirms 

the presence of lactone carbonyl carbon, The amide carbonyl was shown 

absorbance at 1715 cm-I. In the proton NMR spectrum of 54, rwo mrrteally 

coupled multiplets w i ~ h  a caupling constant J = 9H7, cenrred at 6 4.47 and 6 

4.76 indicate the presence of the two methylene protons of the lactone moiety. 

Another pair of doublet centred at 6 4.82 md 8 5.05 with a coupling constmt J 

= 15Hz was discernable to the benzylic methylene protons at cyclic amide 

nitrogen. The exacyclic mcthelene protons appeared as two well separated 



singlets a1 6 5.36 and 6 6.40. All the aromatic protons were observed in the 

down field with chemical shift ranging from 6 6.85-7.38 (Figure 4.9). 

Figure 4 . 9 : ' ~  NMR sp~ctmrn of54 

In the 13c NMR specrtum of 54, the methylene carbon of the benzylic 

group resonated at 6 44.0. The spiro carbon was observed at 6 60.3. The 

methytene carbon of the lactone showed a signal at 6 76.5. AIl the sp2 carbons 

were resonated in the range 107-6-140.8. The ester and the amide carbonyls 

were discernable to two signals at 6 168.2 and 6 175.5 respectively (Figure 

4.10). 

Figure 4.10: I3c NMR speclrunl of 54 

Further, the structure was confirmed by low resolution mass spectrum as 

it showed a molecular ion peak at m/r = 306.56. 



Thc reaction was found to be general with v;u-ious ally! bromides having 

difTerent substituenls 53a,h, 55a.h-S7a,;b (Table 4.3, entries 1-4) at the 

oxindole ni~rogen. In all the cases, the spirolactone oxindoles 54, 59-61 were 

obtained in excellent yields. All new compounds were characterized by u w a l  

spcc1roscupic analysis. 

Condblon: I) In (12 tquvi.), A0 I l oml ln  (23 equvl.), DMF (1 mt], 6 h 
II) PTSA (0.2 eqwl.), Benzene (1 mL), 0.5 h 

Scheme 4.21: dI/,darir~r~ and Irrcro?riznrion using N-~uhstituled nllyl brorr~irle 

Table 4.3: Synth-Is of N-substituted amethylen~y-lactone-splrooxlndoles 

entry substrate ptduct  yield 



4.6 Attempted allylation reaction with various aldehydes 

To broaden the scope of the reactton. various aldehydes were tested for 

the synthesis of substituted homoallylic alcohot and were displayed in table 4.4. 

3 4  h, DMF 

1 1 I 

Scheme 4.22: Attempted all ylation with aldehydes 

Table 4.4: Attempted atlyltlon wlth various aldehydes 

entry aldehyde 

1 Paraformaldehyde 30 

2 40% formaldehyde 78 

3 Acetatdehyde 80 

4 Benxaldeh yde 

5 Crotonaldehyde 

Condition: ln(1.2 equiv.), DMF, rt, 6 h 

Out of s e v e r ~ l  aldehydes tested. only 40% forrna!dehyde gave the 

desired product in good yield. ParaTormaldehq.de gave only 30% of the 

homoallyl alcohol. To our dismay other aldehydes such as acetaldehyde, 

benznidehyde and crotnnaldeh ydc did not give the homoall yl jc alcohol: instead 

reduced alkene was lhe sole prducr. The: failure of [he reaction is appxentty 

due to the low nucleophilic tertiary carbnnionic center and the hindrance or the 

oxindole moiety prevents the approach of substituted aldehyde. 

4.7 Sy nthetie transformations of the tactone 

T h e  po~ential Functional groups present in the products obtained above 

pro~npred us to explore further synthetic applications. To demonstrate a Few, 

we prepared dispiro lacrone via epoxidation and a second MBIJ adduct from 

the spirolactone oxindoles. These are discussed in the following sections. 
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4.7.1 Synthesis of displro lactone epoxlde 

The Lacrone 44 was meated with rn-chloroperbenzaic acid (mCPBA) and 

polassium carbonate in dichIommethane at morn temperaruse yielded the spiro- 

epoxide 62 in 55% yield (Scheme 4.23). 

Scheme 4.23: Synthesis qf dispiro Iactone epo.ride 

Structure of 62 has been confirmed by the specrral analysis. In Lhe 

proton NMR spectrum of the compound, a qinglet at 5 3.20 indicates the 

preqence of the amide methyl group. Two well separated doublets centered nl 8 

3.34 and 6 3.83 with a coupling constant J = 12Hz were discernable 10 the 

methylene protons of the epoxide ring. The methyiene protons of the lactone 

ring was observed as two mutualIy coupled dauble~s centered at 6 4-26 and 6 

4.80 with a coupling conrtant J =  9% (Figure 4.1 1). LRMS spectrum showed a 

peak at ndz = 246.38 this further supports the structure of the compound. 

Figure 4.11: 'H NMR spectrum of 62 
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4.7.2 Synthesis of a Second Morlta-Baylis-HiHman adduct from 

spirolactone 52 

Interestingly, the spirolacrone 52 having an aldehyde substituent at the 

aromatic ring success~ully underwent the MBH reaction with 

acryIonitrilelDABC0 to highly functionalized spirolactone oxindolc derivative 

63 (Scheme 4.24). 

52 63 

Scheme 4.24: Second MBH adduct forniafion 

In the proton NMR spectrum of the 63, a broad signal at 6 1.98 was 

indicative of the OH group. The amide methyl protons were resonated at 6 3.32 

as a singlet and the rnethylene protons of the lactone ring were observed as two 

mutually coupled doublets at 6 4.47 and 6 4.70 with a coupling constant of J = 

9 Hz. The methine proton attached to the hydroxyl group appeared as a singlet 

a1 6 5.36, Protons at the exocyclic methelene group at the Iactone ring were 

observed at 8 5.58 and F 5.63. The protons of the methelene group attached to 

the nitrile were resonated at 6 5.59 and at 6 6.41. Three aromatic protons were 

resonated in the low field region. In the LRMS spectrum a peak at it& = 31 1.30 

corresponds to the (M+1) peak of assigned structure (Figure 4.12). 
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Figure 4.12: ' H  NMR spccftum of 63 

4.8 Conclusions 

1 .  We have synthesized high1 y hnctjonalized a-rnethyrene-g- 

buty~olactone-3-spirooxindoles using an organoindium reagent 

generated in situ from the brornoisomerised MBH adducts of isatins and 

indium with formaldehyde. 

2.  A plausible reaction mechanism has been proposed. 

3. However, indium catalyzed ally lation reactions with other aldehydes 

such as benzaldehyde, crotonaldehyde and aceraldehyde were failed to 

give the desird homoallylic alcohol. 

4. Synthetic utilities of spirolactones have been demonstrated with two 

lactones by preparing a dispiru lactone epoxide and a second Morita- 

Baylis-Hillman adduct 
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4.9 Experimental 

General experimenral considerations and procedure for the preparation 

of brornoisvmerised MBH adducts of isatin has been discussed in section 3.6 

under experimental section. 

General procedure for the homoallylation and lactonlzation 

A mixture of bromoisornerised MBH adduct (100 mg). 40% aqumus 

formaldehyde (2.2 q u i v . )  and indium powder (1.6 equiv.) in DMF ( t mL) was 

stirred at morn temperature for 6 hours. After completion (TLC), the reaction 

was quenched with saturated ammonium chloride and stirred further for half an 

hour. The resulting homoallylic alcohol was extracted with elhyl acetate. dried 

and concentrated. The crude homoallylic alcohol in benzene ( I  mL) was 

subjected to lactonization with PTSA (0.2 equiv.) under reflux for 30 min. 

After the completion of the reaction (TLC), PTSA wrts removed by washing 

with water. The organic layer was washed with brine, evaporated in vncuo and 

purified by silica gel column chmmmgraphy to afford the products (65-85%). 

Synthesis of methyl 2-(3-(hydroxymethy1)-1 -methyl-Boxoindalln-3. 

y I) acrytate 42 

Following the general procedure, a mixture or E- and Z-methyf-3- 

bromo-2-(l-methyl-2-oxoindolin-3-ylidene) propanoale 4la,b (100 mg. 0.323 

mmol), 40% aqueous formaldehyde (2.2 equiv., 0.02mL, 0.709 mmol) and 

indium powder (1.6 equiv., 59 mg, 0.515 rnmol) in THF ( I  mL) was stirred at 

room temperature for 5 hours. The reaction was quenched with saturated 

ammonium chloride and stirred further Tar half an hour. The resulting mixlure 

was extracted with ethyl acetate and purified to afford the hornoallylic alcohol 

42 (30% 25.5 mg), Z-allkene 43a (208, 14.9 mg) and E-alkene 43b (25% 18.6 

mg). 

methyl-2-~3-(hydroxymethyl)-l-methyl-2-oxoindolin-3-y 1)acrylate 42 & IR (neat) vmx: 1 1 15. 161 3. I739,2920,34I 2 ern-'. 
'H hWR (CDCI-JIMS, 300.1 MHz): 6 1.70 (bs, 1H), 

H 
i 3.30 (s, 3H), 3.50 (s, 3H), 3.78-3.81 (d, IN, J = 11.4Hz) 

4.13-4.17 (d, l H ,  J = 11.4I-I~). 6,26 (s. IH). 6.64 (s, lH), 
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42 6.88-6.91 (m, 1 H), 7.00-7.05 (m, 2H), 7.20-7.30 (m. 1 H). 

LRMS (FAB) for C I ~ H ~ ~ N O ~  Calcd (M'): 26 1.27; Found mlz: 262.38 (M+ 1 ). 

(2)-methyl-2-(I -met hy I-2-oxoindolin.3-y 1idene)propanoate 43a 

IR (neat) v,,: 1613, 1715,3004 cm-I. 

'H NMR (CDCIJTMS, 300.1 MHz): S 2.65 (s, 3H),  3.2 

&.""' (s, 3H), 3.9 {s, 3H), 6.74-6.81 (d, lH,  J = 7.SHz), 6.95- 

7.00 (d, lH, J = 7.8Hz). 7.26-7.31 (d, 2H, J =  7.8Hz). 
,' 

\ l3c NMR {CDClflMS, 75.3 MHz): 6 10.2, 30.5, 52.3, 

43a 121.5, 122.7, 124.3, 126.6, 128.2, 134.6, 139.2, 141.4, 

167.2, 168.7. 

LRMS (FAB) for CI~J'I I~NQ~, Calcd (Mt): 231.24; Found mlz: 232.38 {M+I ). 

(0-methyl-P(1 -methyl-2-exoindolin-3-y lidene) propanoate 43b 

IR (neat) v,,,: 16 13, I7 15,2995 cm-'. 

'H NMR (CDCIjTTMS, 300.1 MHz): 6 2.44 {s,  3H), 

do 3.23 (s, 3H), 3.96 (s, 3H), 6.81-6.84 Id, IH, J = 7.8Hz), 

7.03-7.U8 (d, l H ,  J = 7.SHz), 7.29-7.34 (d, IH, J = 

\ 7.8Wz), 7.51-7.54 (d, IH, J =  7.8Hz). 

43b 13c NMR (CDCl$TMS, 75.3 MHz): 6 17.9. 25.8. 52.7, 

108.2, 121.5, 122.2, 124.0, 125.3, 129.8, 131.00, 139.1, 

144.1, 165.7, 170.6. 

LRMS (FAR) for Cr3HI3NO3, Calcd (M*): 23 1.24; Found mfz: 232.35 (M+ 1). 

Synthesis of splrolactone oxlndole 44 

Following the general procedure, the homoallylic alcohol 42 in benzene 

( 1  mL) was subjected to lactonization with PTSA (0.2 equiv.) under reflux for 

30 min. After complelion of the reaction (TLC), PTSA was removed by 

washing with water and purified to afford 44 (17.4 mg, 78%, eluent: 25% ethyl 

acetate: hexane). 
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TR (neat) v,,,: 1 1 E 5, 16 13. 17 IS. 1766,2930 cm". 
1 H W R  (CDClJrMS, 300.1 MHz): & 3.26 (s, 3H), 

4.414.44 (d, IH, J = 9,3Hz), 4.684.71 (d, lH, J = 

0 9.311~),5.35(~,lH),6.31(~,1H),6.91-6.94(d,lH,J= 

\ 6Hz), 7.1 1-7.2 1 (m. ZH), 7.36-7.40 (d, l H, J = 6Hz). 
44 I3c NMR (CDCIflMS, 75.3 MHz): 6 27.1.54.5.73.0, 

108.2, 109.2, 109.5, 122.5, 123.2, 130.3, 137.5, 143.8 

168.47, t 75.5. 

L h i S  (FAB) for Ct3Hl IN@, Calcd (M'): 229.23; Found mJz: 230.30 (M+ I). 

Spirolactone oxlndole 49 

Following the literature procedure, n mixture of E- and Z-melhyl-3- 

bmmo-2-(5-fluom-1 -methyl-2-axoindolin-3-y1idene)propanoat 45a,b (100 

mg, 0,3041, 40% aqueous formaldehyde (20 mg10.018 mL, 0.666 rnmol) and 

indium powder (56 mg, 0.487 rnrnol) in DMF (1 mL) was stirred at room 

temperature for 5 hours. The reaction was quenched with saturated ammonium 

chloride and stirred furher Tor half an hour. The resulting hornoallylic alcohol 

was extracted with elhyl acetate, concentrated and subjected ro lactonimtion 

with PTSA (0.2 equiv.) in refluxing benzene ( I  mL) for 30 min. 10 afford 49 

(56 mg. 75%, eluent: 25% ethyl acetate:hexane). 

IR(neal)v,,,: 1115. 1613. 1715, 1 7 7 2 , 2 9 2 0 ~ 1 n ~ ~ .  

'H NMR (CDCI31TMS, 300.1 MIlz): S 3.20 (s, 3H) 

4.40-4.43 (d, I H, J = 9b), 4.68-4.7 1 I d ,  1 H, J = 9Hz) 

0 5.38.(s,IH),6.39(s,lH),6.84-6.89(m,2H),7.3&-7.37 

\ (m, IH). 

49 I3c NMR ( C D C l m S ,  75.3 MHz): S 26.9, 54.5,72.2, 

109.4, 1 1  1.3, 1 1  1.6, 115.4, 116.2, 124.8, 136.8, 139.5, 

1 67.8, 174.9. 

LRMS (FAB) for CI~HI$IJFQ3, Calcd (M?: 247.22; Found miz: 248.64 (M+I). 
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Spirolactone oxindole 50 

Following the literature procedure. a mixture of E- and Z-methyl-3- 

bmmo-2-(5-bromo-1-meth yl-2-oxoindolin-3-ylidene)propimoate 46a,h (1 00 

mg. 0.257 mrnol), 40% aqueous formaldehyde (17 rndO.18 mL, 0.576 mmol) 

and indium powder (47 mg, 0.41 1 mrnulj in DME ( I  rnL) was stirred a1 room 

remperalure for 5 hours. The reaction was quenched with saturated a~nmonium 

chloride and stirred furfier for half an hour. The resulting hotnoallylic alcohol 

was exlrncted with ethyl acetate. concentrated and subjected to lactonizalion 

with PTSA (0.2 equiv.) in refluxing benzene ( I  mLj  for 30 min to afford 50 

(63.3 mg, SO%, eluen~: 25% ethyl acetate:hexme). 

IR  (neat) v,,,: 1 1 14, 1346, t 490, t 71 5, 1770, 285 1, 

29 18,3054 cm-I. 

'H NMR (CDC13!TMS, 300.1 MHz): 6 3.24 (s, 3H); 

Q 4.39-4.4:!(d,lH,J=9H~),4.66-4.69(d,lH.J=9H~), 

\ 5.38 (s, 1H). 6.39 ( s ,  IH) ,  6.80-6.82 (d, 1H, J = ~ H L ) ,  

50 7.31 (s, 1 Hj, 7.50-7.52 (d, lW. J = hHz). 
13 C NMR (CDCl3JTMS, 75.3 MHz): 6 26.8, 54.2, 72.2, 

110,2, 116.2, 124.9, 126.5, 131.9, 132.5, 136.7, 142.6, 

167.7, 174.6. 

LRMS (FAB) for C13HI~BrNOd, CaIcd (M'): 308.13; Found rnh: 308.12. 

3 10.50 (M+l). 

Spirolactone oxindole 51 

Fotlowing the literature procedure, a mixture of E- and Z-methyI-3- 

bromo-2-(1 ,Sdimelhyl-2-oxoindolin-3- ylidene)propmoatc 47a,b ( 1  00 mg, 

0.308 rnmol), 40% aqueous fomaldchyde (20 rngEO.018 ml,, 0.678 mmol) and 

indium powder (56 mg, 0.493 mmol) in DMF (1 mL) was stirred at room 

lemperature for 5 hours. The reaction was quenched with saturaled ammonium 

chloride and stirred furlher Tor half an hour. The resulting homoallylic alcohol 

was extracted with ethyl acetate, concentrated and subjected to lactonization 
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with PTSA (0.2 equiv.) in refluxing henzene (1  mL) tor 30 min to afford 51 

(63.6 mg, 85%'G, eluent: 20% ethyl acetate:hexane). 

IR (neat) v,,,: 1 1 12, 1617, 17 14, 1770 2921 cm-'. 
I H N M R  (CDCIJTMS. 300.1 MHz): fi 2.34 (f, 3H), 

Me& 

3.20 (s,  3H);  4.40-4.70 Id. IH, J = ~ H L ) ,  4.674.70 (d, 

0 lH.J=9Hz).5.36(s,1H),6.36(s,TFI),6.80-6.82(d, 

1 IH, J = 6 H ~ ) , 7 . 0 1  (s, lH), 7.16-7.18 Id, IH,J=bHz).  
51. 'k CMR (CDC13iTMS, 75.3 MHz): 6 20.9, 26.7, 54.3, 

72.6, 109.1, 123.7, 124.4, 129.8, 130.6, 133.5, 137.4, 

141.0, 168.3, 175.2. 

LRMS (FAB) for C I I H , ~ N O ~ , C ~ I ~  (M'): 243.25; Fotrnd ndz: 244.39 (M+I). 

Spirolactone oxindole 52 

Following the literalure procedure. a mixture of E- and Z-methyl-3- 

hmmo-2-(5-fomyl- L-rnelhyl-2-oxoindnlin-3-ylidene) propanoate 48a,h ( 100 

mg, 0.295 mL), 40% ~ U ~ O L I S  formaldehyde (19 rng/0.018 mL, 0.650 mmol) 

and indium powder (54 mg, 0.473 mmol) in DMF ( 1  mL) was stirred at room 

tetnperature ror 6 hours. The reaction was quenched with sa~urated ammonium 

chloridc and stirred furlher for half an hour. The resul~ing hornonllylic aIcohol 

was exlracted with ethyl acctate, concentrated and subjected t o  laclonization 

with PTSA (0.2 equiv.) in refluxing benzene ( 1  mL) for 30 min to afford 52 

(52.3 mg, 6976, eluent: 25% eethyl acetate: hexane ). 

0 IR(neat1 v,,: 1347,161 0, 1688, 173 1, 1770,2925 cm"'. 

% H R  (CDCl>flMS, 300.1 MHz): li 3.32 (s. 3H); 

4.45-4.48 (d,  IH, J = 9Hz). 4.69-4.72 (d, 1 H, J = ~ H L ) ,  
\ 

5.36 (s, I#), 6.41 (s, l H ) ,  7.07-7.09 (d. i l l ,  J = ~ H L ) ,  
52 

7.75 (s. IH), 7.92-7.94 (d, 1H. J=6Hz),9.9l (5, IH). 

13c NMR(CDC13RMS, 75.3 MHz): S 27.1, 53.9, 72.1. 

105.4, 123.6, 125.0. 130.9, 132.7. 133.7, 136.6, 148.9, 

175.4, 190.1, 197.6. 
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LRMS (FAR) for CI4Hl NO4, Calcd (M'): 257.24; Found m/z: 258.6 (M+I ). 

Spirolactone oxindole 54 

Following the literature procedure, a mixture o f  E- and 2-methyl-2-(I- 

benzyl-2-oxoindolin-3-ylidene)-3-bromopmpanoate 53 a,h (100 mg, 0.258 

mmol), 4070 aqueous formaldehyde (17 mg10.015 mL, 0.567 mmol) and 

indium powdcr (47 mg, 0.414 mmol) in DMF (I mL) was stirred at room 

temperature for 6 hours. The reaction was quenched with saturated ammonium 

chloride and stirred further for half an hour. The resulting homoalIylic alcohol 

was extracted with ethyl acetate, concentrated and subjected to lactoni7rmtion 

with FTSA (0.2 equiv.) in refluxing benzene (l rnL) for 30 min. to afford 54 

(59 mg, 75, eluenl: 25% ethyl acetate:hexane). 

IR   neat)^,,: 1 1 15, 16 L 3. 17 1 5. 1 770,2920, 303 1 crn" . 

'H NMR [CDCIJIMS, 300.1 MHz): 6 4.46-4.49 (d, 
0 iH, J = ~ H z ) ,  4.75-4.78 (d, IH, J = ~Hz), 4.804.85 (d, 

1 A, J = 15Hz), 5.02-5.07 (d, I H, J = 15Hz}, 5.36 (s, 

0 l ~ J ) , 6 . 4 0 ( ~ , 1 H ) , 6 . 8 5 - 6 . 8 7 ( d . 1 H , J = 6 A z ) , 7 . 2 8 -  

7.32(m, 2H), 7.33-7.38 (m, 6H). 
Pk 

54 
13c NMR (CDCIrnS,  75.3 MHz): 6 44.0,60.3, 76.5, 

107.6, 123.2, 123.7, 124.4, E26.0, 126.4, 126.8, 127.2, 

127.4. 127.9. 128.4. 137.4, 140.8, 142.6, 168.2, 175.5. 

LRMS (FAB) for C19HL5N03, Calcd (M'): 305.10: Found dz: 306.56 (M+ 1). 

Spirolactone oxindole 59 

Following the literature procedure. a mixture of E- and 2-methyl-2-(I - 

allyl-2-oxoindolin-3-ylidene)-3-bromopropanoate 5Sa,b (100 mg, 0.297 

mrnal), 40% aqueous formaldehyde (19 mg/0.018 mL, 0.654 mmo2) and 

indium powder (54 mg, 0.475 mmol) in DMF (1 mL) was stirred at room 

temperature for 6 hours. The reaction was quenched with saturated ammonium 

chloride and stirred further for half an hour. The resulting homoallylic alcohol 

was extracted with ethyl acetate, concen~ated and subjected to lactonizadon 
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with PTSA (Q.2 equiv.) in refluxing benzene ( 1  mL\  for 30 min. ~u afford 59 

(60.6 mg, SO%. eluent: 25% ethyI acetare:hexane). 

IR (neat) v,,; 1026. 1359, 1467, 1612, LT15, 1770. 

2850,2918, 3054 cm". 

'H NMR (CDCEdlMS, 300. t MHz): 6 4.20-4.41 (rn. 

0 2H). 4.43-4.46 {d, 1 H, J = ~Hz), 4.70-4.73 (d, I H, J = 

) ~ H Z ) ,  5.22-5.29 (m, 2H), 5.35 (s, IH), 5.79-5.91 (m, 

\\ 1H) 6.37 (s. 1H). 6.90-6.93 Id. tH. J = 6Hz). 7.10-7.14 

59 (m, IH), 7.19-7.21 (m, lH), 7.29-7.37 (m, t H). 

IJc NMR (CDCIflS, 75.3 MHz): 6 42.0, 54.3, 72.5, 

109.7, 118.1, L23.3,123.7,124.4,[29.5,130.1,130.7, 

137.5. 142.8. 168.1, 175.0. 

GRMS (EAB) for CISHl3NO3. Calcd (Mt): 255.28; Found m h :  256.47 (M+l). 

Spiralactone oxlndole 60 

Following the literalure procedure, a mixture of E- and Z-rnethyl-3- 

bmmo-2-(2-0x0-l -(prop-2-yn yl)indolin-3-ylidene)propanoa 56 a,b (In0 mg, 

0.299 mmol). 40% aqueous formaldehyde (1 9 rng/O.Ol R mL. 0.65R mrnot) and 

indium powder (55 mg, 0.478 mmot) in DMF ( I  mL) was stirred at mom 

temperature for 6 hours. The reaction was quenched w irh saturated ammonium 

chloride and sdrred further for half an hour. The resulting homoallylic alcohol 

was exrracted with ethyl acetate, concentrated and subjected lo tactonization 

with PTSA (0.2 equiv.) in refluxing benzene (I mL) for 30 min. to afford 60 

(56 mg, 7496, eluent: 2% ehyl ucetate:hexane). 

IR (neat) v,,,: 1 1  15, 1613, 1715, 1771, 2920. ern-'. 
%I HMR (CDC1,SMS. 300.1 MHz): S 2.28-2.30 (t, 1 A, 

0 J = 2.4Hz), 4.40-4.44 (d, IH, J = ~ H z ) ,  4.52-4.53 (d, 

} lH, J = 2.4Hz). 4.54-4.55 (d, IH, J = 2.4Hz). 4.70- 4.73 

4 (d, 1H, J = 9Hz). 5.37 (s. 1H). 6.30 (s, 1H). 7.13-7.23 

60 (m, 3H), 7.38-7.43 (m, 1 HI. 
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13 C NMR (CDCl-nMS, 75.3 MHz): 6 29.R. 54.4. 72.4. 

72.8, 76.5, 103.6, 123.3, 123.4. 124.4. 129.6, 130.1, 

137.6. 141.8, 167.8, 174.5. 

LRMS (FAB) for C15HI IN03,Calcd (M'): 253.25; Found m/z: 254.47 (M+ L). 

Spirolactone oxlndole 61 

A mixture of  isomeri7ad MBH adduct 57a,b (100 mg), 43% aqueou?; 

fonnaldehydc (11.2 equiv.) and indium powder ( 1  -6 equiv.) in DMF ( I  mL) was 

stirred at room temperature for 6 hours. The reaction was quenched with 

saturared ammonium chloride and stirred further for half an hour. The resulting 

homeall y tic alcohol was extracted with ethyl acetare, concenlrated and 

subjected to lactonization with PTSA (0.2 equiv.) in refluxing benzene ( 1  mL) 

for 30 min. to afford 61 (55%. eluent: 20% ethyl acetate:hexane). 

IR(neat)v,,,: 1113, 1615, 1715,1775, 2 9 2 0 , ~ m * ~ .  

'H NMR ( C D C I 3 ~ S ,  300.1 MHz): S 3.97 (s, 3H). 
0 
\\ 4.32 (s, 2H), 4.57-4.61 (d, IH, J = ~ H z ) ,  4.83-4.86 (d, 

lH, J=BHI,S,5.51 (s, lM), 6.11 (s, IH), 7.13 (m, IIJ), 

7.17(m,2H),7.19(m,IH). 

J I3c NMR{CDCI.MS, 75.3 MHz): d 47.6, 49.3. 51.6. 

LRMS (FAR) for CtSH13NOS. Calcd (M'): 287.26; Found mh: 288.3 1 (M+ 1 3 .  

Synthesis of Dlsplro lactane epoxlde 62 from spirolactone 44 

A solution of 44 (50 mg, 0.21 8 mmol) in dichloromethane ( 1  mL) was 

cooled to O OC in an ice bath. KzC03 (45 mg, 0.327 mmol) was d d e d  and 

Followed by mCPBA (45 mg, 0.261 mrnol). Allow the reaction mixture to 

attain room temperature. Afier stirring the reaction mixture in mom 

temperature for half an hour, Na5S203 (35 mg, 0.218 rnmsl) was added and 

stirred for half an hour. After completing the reaction, dituted with 

dichlorornethane, washed with water (2 X 10 mI water). The organic layer was 
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dried aver Na2S0,, concentrated in vncuo and purified through silica gel 

column chromatography to get. 62 (30 mg. 5.58. eluent: 30% ethyI 

acetate: hexane). 

IR (neat) v,;,,: 1613, 1715. 1750, 3004 cm-'. & 'H FiMR (CDClJMS, 300.1 MHz): S 3.20 (s. 3H), 

0 3.37-3.41 ( d , l H . J = 1 2 H z ) , 3 . 8 1 - 3 . 8 5 ( d .  I H , J =  

\ 12H~) ,4 .254.28 (d, lH, J =  BHz), 4.78-4.82 (d, t H , J =  
62 9Hz), 6.99-7.02 (d, IH, J = 9Hz). 7.14-3.26 (m, 2H), 

7.42-7.37 (1, IH, J =  9 Hz) 

LRMS (FAR) for C13H11N04, Calcd (M'): 245.24; Found mlz: 246.38 (M+l). 

Transformation of 52 to second MBH adduct 63 

A mixture of 52 (50 mg. 0.199 mmol), acrylonitryle (20 mg, 0.398 

mmol) and DABCO {cat.) was allowed to stir for 24 hours. Puriftcation of the 

crude reaction mixture through silica column chromatography yielded the 

adduct 63 in 50% (30 mg) yield. 

JR (neat) v,,,: 16 13, 171 5, 1750, 3004,3282 cm-'. 

'H NhfR (CDCt3mMS, 300.1 MHz): 6 1.98 (s, IH). 

3.32 (s, 3H). 4.45-4.48 (d, lH, J = 9Hz). 4.694.72 (d, 

l H . I = 9 H z ) , 5 . 3 6 ( ~  lH) ,5 .58  (s,2H).5.63 (s, IH), 

1 6.41 (s, IH), 7.06-7.09 (d, lH ,  J = 6Hz?, 7.75 (s, IHj, 

63 7.9 1-7.96 (d, E H, J = 6Hz) 

LRMS (FAE) for C1,HI4NL04, Calcd (Mt): 3 10.30; Found d~: 31 1.41 (M+1). 
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CHAPTER 5 

Silicachloride Mediated Synthetic Transformation of 
Morita-Baylis-H illman Adducts 

5.1 Introduction 

With a strong urgc to dcvelop ncw rnethutl~ for carboll-carhim and 

vi~rho~~-hc~cmatom hond fonninp reactions sliining from Morila-Ray1 iq- 

I [illmail ( M H H )  adduas. orsaniu chcniis~s art. looking For a ncw typc OF 

operationally simplc and el'ficicn~ ca1;tlytic hysleln. C.'urrently ~ l ic rc  ic $nerd 

intcrcst in tlctc.rr)gcneous catalytic systelns hccnusc uT its ilnpclrlaticc in 

cliumical irrdustry nlld in devclopmcr~t c)f ncw techi~olo~ies, '  Stcrc.osclcc~ivc 

construction of (E)-triruhstilu~cd alkcrlus appcrldcd with functional gmups are 

cmc of thu dirfiuull [asks ill organic synrhcsis and clllly a fcw  neth hods are 

knclwn.' The MBl I adducrs can act as a syt l ions tilr highly r~inctinnalizcd E- 

trisuh~titi i lcd a!kt.~ics. The ia~mcrization clf acctates of rhe MHII adducts. Tor 

lhc formation or E/L alkcr~cs, catalyzed by ~riniethylsilyl 

trifluommc~hancsullbnatc." lrifluoroacetic acid,' helr/yl ~rimcthylammnnium 

fluoride.' and Mon~rr lor i l loni~t  K I  0 clay-micrt>wavcr art. known in thc 

li~eraturc. -I'li~' isonlcri;r;ltinl~ o r  nun-activalcd MRH adducts lo all yl hrtln~idc:, 

uving hron~odimcth yl sullilniutn b r u ~ n  ide," n l ~ d  isomuriza~ion-ilrylation uxinp 

mctal uaralysts with aryl horonic acid' h a w  also ~L'UII rupclrtcd. In qucst of 

novel and an ultcrniilivc cat:tlystic syslerrls for thc isomerizntic~n o f  MBII 

adducts irito trisuhstitued olctins. wc werc intcrcstcd t i )  makc use of thc 

li~eraturc knclwn. slahie and crf icien~ hclrwlgcncous a~talqsl  "Silicach1i)ride". 

III this uhaptcr. a dctailed iliscussion i,n the i l ~ v e h t i ~ a ~ i o n  or isonlcri7atiun and 

I'unc~ionalisnlion of  MBH adducts using silicachlrlridc, a helerogcnut~us 

c;ttalys~. has been dcscribd. Since thc catal y s ~  used herein is silicachloridc, a 

hrid' introduction o n  ils prepanion and uscs in syithetic trasformations as 

catalyst ih discussctl as roll(~ws. 
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5.2 A literature review on silicachloride 

Silicach!oride (Si02-Cl) is an extensively usod heterogeneous solid 

catalyst for a number of chemical transformations and arc affected by the 

reagents immobilized on the porous solid support of the modified silica.' 

5.2.1 Synthesis of silicachloride 

Silicachlonde can he prepared &om cheap starting materials such as 

silica pel and thionyl chloride with high yields (Scheme 5.1). During the 

reaction. some of rhc silanol groups on the surface have heen replaced by 

chlorine atoms. 

Si02 + SOCl2 Reflux, 48 h Si02-Cl 

Scheme 5.1: Sythesis  of .silicnch!oride 

Sincc, the Si-C1 band on the surface is weak and labile any nucleophile 

can a1 tack on this centre. This solid polymeric compound is a mild oxaphilic 

reagent and i ts  handling is much easier than thionyl chIoride which has 

disadvantages like toxicity and corrosive vapours. The catalyst is a white 

greyish fine powder and the surface structure can he pictorially reprcuenred as 

shown in figure 5.1. 

Figure 5.1: Stnictrfre of silicc~cl~loride 

As i t  is a heterogeneous catalysl. it can easily he removed by filtration 

frum the reaction mixture. The advaniages of ~iIicn-modificd silicachloride in 

organic synrhcsi.; arc that the calalysr is stable. efficient. operalionally simple. 

and cnnvenicnt in handling, inexpensive. solid. heterogeneous and acidic in 
9 nature. 

5.2.2 Application of silicachloride in organic synthesis 

Silicachloride catalyst is known to mediale a variety of organic reactions 

and some n l  them arc listed hcre. Thew transformations havc advantages such 

as enhanced reaction rates. highcr yields and greater selrctivity. 



Urazole 1 was converted zo corresponding triazolinedinne 2 in excellent 

yield with a combination of silicachlotide, wet silica and sodium nitrite in 

dichforornethane at room temperature and was reported by Zolhngol and co- 

workers and the reacrion is shown in scheme 5.2. Risura7ols also underwent 

similar trasfomations smoothly.'0" Later, for the same synthetic 

transformation, the authors have used oxone instead of  sodium nitrite.'Oh 

Scheme 5.2: 0.viclnrion of umzoles ro tn'nwli11~1Efnn~ 

Firrouzabadhi er a/. used efficient1 y a combination of siiicachIoride1 

DMSO as a heterogeneous catalytic system for deprotection of thioacetal 3 to 

an aldehyde 4 in dry DCM at room temperature. Thioketal, without enolizable 

hydrogen adjacent to a sulfur atom, was easily converted to the corresponding 

kelone md thioketal 5 with enolizable methyl or methylene poups underwent 

ring expansiun reaction to afford I .  4-dithiepin and 1. 4-dirhiin 6 in good yield 

(Scheme 5.3a). In these reactions, Si02-C1 acted as an oxophilic and a l w  an 

activating reagent for DMSO to generate dimethylsvlfonium chloride and alqo 

act as oxygen source for the reacrions (Scheme 5.3b)," 

\s JI 

Ar AS/ 
- sns a 

4 Ar%H3 Ar 3 8 
a) S102CI F DMSO, CH;lCll, rt 

Scheme 5.3a: Deprot~ction of tlrioacetnl nnd rpnrmngrmenf of fhiokernl 

!R cn, 

Scheme 5.3b: M~cl innisn~  of drprorecrion and rhiokernlfirrtnnrion 



Innpoor and coworkers reported a direct and highly selective 

conversion of benzylic, allylic. propargylic TMS, TBDMS and THP ethers into 

their corresponding iodides with SiOl-CI/Nal reagent system in CH3CN at 

room temperature. It is also found that aliphatic sjlyl and ~ctrahydropyanyl 

ethers remained almost intact under similar reaction conditions {Scheme 5.4).j2 

Scheme 5.4: Conversion ofal/ylic, bcn,ylic, prupagylic sriyl etilerr to iodides 

Under solvent free conditions, aldehyde 11 was efficiently and rapidly 

converted into the corresponding nitrile 12 by treatment with NHzOH HCI 

under microwave irradiation using Si02-CI as a catalyst as reported by Das er 

al. The reaction between 11 and NHIOHHCl produce aldoxime which then 

underwent dehydration to afford the nitrile 12. Under similar conditions, ketone 

13 was converted LO arnide 14 in excellent yields as shown in scheme 5.5.13 

Scheme 5.5: Con version of aldehydes to ~rirrile and ketones to urnicle 

Das rr al. reported the selective losylation of secondary alcohols over 

primary alcohols using sficachloride with p-toluene sulphonic acid (PTSA) in 

dichloromethane under reflux condition (Scheme 5.6). Phenols and tertiary 

alcohols remain intact Tor tosylation under the optimum conditions.'' 

Scheme 5.6: Selective protection cfsecoladary nlcohols 



Chapter 5 I55 

For the regio- end chemoselective enearnination of pdicubanyl 

compounds, Gholap and co-workers used SO2-Cl as a catalyst under solvent 

free conditions. They achieved the formation of pamino-a;punsaturard ester 

20 from 18 and 19. Amines like ammonium acetate. primary and ~econdary 

amfnes at mom temperature reacted smoothly (Scheme 5.7a).I5 

Scheme 5.7a: Syr~rj~esis of @amino-apunsrrturated esters nnd kero~les 

T h e  Si-GI bond in Si02-C1 is labile and it can  give rise a IRWIS acid 

cenlre on silica. The chloride ion can easily displaced by the oxygen atom of 

(he 1,3-dicarbonyl compounds thereby creating a cationic centre at the kelone. 

A nucieophilic attack of the amine at this centre leads to the formation of iminc 

followed by tautomerism lead to the h-rnation of h e  products (Scheme 5.7b). 

Scheme 5.7b: Mechanism of pamino-a;~unsuhlrizted esferfnrmclrion 

Das and GO-workers used silicachloride as a mul~ipurpose calalyst for 

the esterification of carboxylic acid, acidolysis of eth yt acetate and also the 

alooholysis of ethyl acetate as explained in scheme 5.8.16" Kaushik ef al. 

extended this methodology for the esteriftcation of N-pmlecrd arninoa~idh."~ 

Scheme 5.8: SI'OI-Cl cntnlysr for ester(/icution, acidolvsis and nlcoltolysis 
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Recently. Kaushik and co-workers used Si02-CI as an effective 

heterogeneous catalyst for rapid esterifica~ion of alkylfaryl 

phosphoniclphosphoric acids to their corresponding alkyllaryl 

phosphonarcs/phosphafes at room lemparature. When rhe methyl phosphonic 

acid was treated with silicachloride in dry methanol a1 0 'C yielded the methyl 

ester in 89% yield (Scheme 5.9). It is likely that silicachloride acts as acid, 

which protonates the phosphoric or phosphonic acid followed by anack of an 

alkoxide ion on the phosphorous alom results in esterification of the 

corresponding acids. I' 

0 
11 SIO&I, reflux HQIPi, * H3C-OH - R 

0 'C. 20 mln. kO# p\ 
30 OH 8P/a 

0- 

P 0 31 
II 

OMe 
O OC,  20 mfn. 

BB% 
OMe 

32 33 

Scheme 5.9: Esterifil.ario81 ofphn,~pphonic nrrd pltospiroricn c~rEd 

5.3 Present Work 

From the literature described above i t  is understandable tha~. recenrly, 

heterozeneous catalysts like silicachloride have proven to be useful catalyst For 

various organic transformations. These transformations arc effected by the 

reagenls immobilized on the porous solid supports of the modified silica and 

have advantages such as enhanced reaction rate, higher yields, greater 

sejectivity and ease of rnanipu tation over Ihe conventional solution phase 

reactions. To the best of our knowledge, the usage of silicachloride for the 

synthetic transfonna~ions of MBH dduc t  is unexplored to date. 'Shus. the 

present objecrive i s  a detailed study on the synthesis of Sunctionalized 

trisubstitu ted olefins appended with chlorine, aryl. and elher functional groups 

catalyzed by silicachloride, a heterogeneous catalyst. from various MBH 

adducts. 
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5.4 Results and Discussions 

5.4.6 Preparation of silicachlorlde 

Silicachloride was prepared from freshly activaled silica (60- 120 mesh) 

by refluxing wilh thionyl chloride for 48 hours. The resulted white greyish 

powder was used for the isomerization study. 

The Morita-Baylis-Witlman adducts for rhe isornerization study was 

prepared according to the literature procedure and are listed in figure 5.2. e"e@"m M*@ 

Me0 Me MeO 
34 35 38 37 OMe 

Figure 5.2: MBH rrdducts usedjbr the iaonreriznfion studv 

5.4.2 SiOrCl mediated synthesls of ally1 chlorides from MBH 

adducts 

In an initiaI experiment. the MBH adduct derived from p-rnrthoxy 

benzaldehyde 34 was heated with SiOz-C1 for L2 hour in a sealed tube 

condition. The reaction yielded only the Z- isomer 42 of  the corresponding ally! 

chloride in 75% isolated yield as colourless oil (Scheme 5.10). The sturcture of 

compound 42 war established by specrral means. 

Scheme 5.10: Isomerjmrion-chlorinc~iinr~ o fMRH addirct 

5.4.3 Optimization of reaction condition 

In order to get a maximum yield of 42, we have carried out a11 

optimization study ar follows. When the adducr 34 was heated with 

silicachloride at 140 OC for 12 h withoui any solvent, isomerized-chlorinated 



product 42 w a  obtained in 20% yield and the dirnerized product 43 in 30% 

yield. An attcmpl of the reaction of the adduct -34 in dichlorornethane was 

slimed with freshly prepared SiOz-CI at room temperature for I2 h and the 

reaciion furnished unchanged starting material. Repetition of the reaction in 

refluxing CH2C12 for 12 h provided starting material quaniitatively. The 

reaction mixture without any solvent was heated at 140 'C to afford 43 in 30% 

yields. However, [he reaction mixture withou~ any solvent on irradiarioii in a 

microwave oven (750 Power Level) for 5 min. afforded compounds 42 and 43 

in 30% and 50% yields, respectively. To improve the yield of isomerized- 

chlorinated protluci 42, an oplimized cundition was found ro be hearing the 

mixlure of MBH adduct and SiO2-CI in a sealed Lube at 100 OG for I 2  h md the 

reaction afforded compound 42 in 75% yield (Scheme 5.1 1). The results are 

shown in thc table 5.1.  
OH H H 

Table 6.1 

42 43 

Scheme 5.31: Oprirnization st~idy 

Table 5.1: Optimization of reaction cond~tion 

lsamerized praduct Yields rh) 

Entry Condition Chlorinated (A) Dimer (6) 

5 Si02CI, neat, 100 DC, 7Sa 
sealed tube. 12 h 1 

a: rgolated yield 

5.4.4 Catalyst loading 

The reactivity of the SO2-C1 in this reaction was also tested by the 

variation in hading weight percentage of the catalyst and the reaction time. We 
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have used 100% wlw of the catalyst and varying the catalyst by percentage 

loacling and irradiation time did not alter the yields. 

The structure of 42 was established on the bask of spectroscopic 

analysis. Thus, the IR spectrum of  42 showed a sharp absorption at 1712 em-' 

indicating the presence of  ester carbonyl group. In the proton NMR spectrum of  

the compound, the methoxy protons of the aromatic ring and the ester group 

resonated as a singlet at 6 3.87 and the atlyl methylene protons were appeared 

at 6 4.52 as a singlet. The aromatic protons were appeared as two rnutunlly 

coupled doublets with a coupling constant J = 8.70 Hz and centered at 6 6.97 

and 6 7.56. A singlet at 8 7.83 was indica~ive o f  the alkene proton (Figure 5.3)- 

In  he "C spectrum of  the compound. the methoxy carbon at the ester and at 

the aromatic ring appeared at 6 52.3 and 6 55.3, respectivejy. The ester 

carbonyl carbon was visible at S 160.9 (Figure 5.4). 'Ihe structure was [inalfy 

confirmed from high resobtion mass spectral analysis as i r  showed a molecular 

ion peak at rtdz =240.0564. 

Figure 5 3 :  'H NMR spectrum of 42 
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I L .,I ,111 
. . I 

Figure 5.4: "C N M R  .rper.rnrrn oj.42 

AF the preliminary experiment showed promising result on the 

isomerization-chtarinatino reaction, we were prompted to examine the reaction 

with other simple MBH adducts (Scheme 5.I2). Thus, the adducL 35 under 

oplirnized conditions afforded the isomerized-chlorinated derivative 44 in  58% 

yieId {Table 5.2, entry 1). Similarly, the other MBH addlrcts underwent the 

isomerization-ch torinarion reaction sinoothly under optimized conditions to 

produce good yields of the desired products (Table 5.2, entries 2-6). In all the 

cases, only the Z-isomer of the ally1 chloride was isolated. All the compounds 

were purified by column chromatography and characterized by specrsoscopic 

melhods. The results obtained are tabulated in table 5.2. 

OH 

Scheme 5.t2: GenemIizarion of fhe  isornerizatiun chlorination reaclion 



Chapter S 161 

fable 5.2: Ismrnerlsationchlwlnatlm of MBH adducts Wlth ~lllcachlorlde 

 en^ substrate chbrlnated product (A) geld (%) 

6 39 

CI CI 

5 & COoMe mco2Me 
Nalga NO, CI 

48 

6 & XI 

CI CI 
a: reaction time 2 h 

It should be noted that adduct bearing an electron withdrawing group at 

the aryl ring afforded neither desired altylchlorides nor the dirnerized 

compounds (Table 5.2. entry 5). However, adduct bearing halogen substitutions 

on the aryl ring and a nitrile gmup ar the activated atkene, afforded only 

moderate yields of ally1 chIorides (Table 5.2. entry 6). 

Reactivity and suitability of various MBH adducts for the reaction was 

lested using adduct 41 derived from isatin and furnished only 5% of  chlorinated 

campound 50 (Scheme 5.1 3). 

Benzene, 

41 \ Sealed tube.TZh 
5% 

Scheme 5.13: Isomerizntiola of MBH adducrs of isafin 
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Adducts 51-53 derived from heteru aromatic aldehydes viz. a vrz. 

rhiophene, hran  and pyridine yielded neither chlorinated nor dimerised 

compound (Figure 5.5). The adducts were found to undergo decompos~tion on 

the catalyst surface. 

Figure 5.5: Heteru nryl derived MBH adducts found to unrlergo der.omposition 

5.4.5 Si02-CI mediated isomerization-arylation of MBH adducts 

The successful isomerizatton-chlorination reaction of MBH adducts with 

silicachloride prompted us to further explore the reaction in the presence of 

slrnple aromatic hydrocarbons in order to trap the reactive intermediate with 

aromii~ic h y d r ~ c i ~ b o n s  (Scheme 5.14). As expected, the Friedel-Crafts type 

reaction was observed for the adduct 34 with two equivalents of benzene in the 

presence of Si02-Cl. The reaction occurred smoothly and afforded highly 

funcrionalized arylated trisubstituted alkenes 54 in excellent yields. 

Benzene MeD Benzene Me0 MeO 
42 34 

a) SiDzEI. TOO F, Sealed tube. 12 h 90% M 

Scheme 5.14: Friedel-Crr$tts rype atylution of MBH adducts 

I1 was observed that only the Eisomer 54 was formed as evidenced by 

'H NMR spectroscopic malysis. Thus, the compound 54 showed a singlet at 8 

3.71, integrating six protons. and was discernable to the ester methaxy protons. 

The benzylic methylene prolons appeared a1 6 3.95 as a singlet. The aromatic 

protons were appeared as a multiplet in the down field region from 6 7.19 to 

7.34. The alkene proton was resonated a1 6 7.93 as a single1 as shown in figure 

5.6. The carbon-13 NMR spectrum r ~ f  the 54 showed signals at 6 33 .4 ,5f  .S and 

55.3 that correspond lo the benzylic and the ester methyl groups, respectively. 

All the sp2 hybridized carbons were appeared in the range 6 109.5 to 139.3. The 

ester carbonyl carbon appeared at f i  168.6 (Figure 5.7). The structure was 
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further confirmed by the HR-mass spectral analy\is ir, ir showed a molecular 

ion peak at dC- 282.368. 

Me0 

1 

j ib  - - - -.- d . X " y . T - - . -  I *  -7 > 7-7 1 ,n 

Figure 5.6: 'H  NMR spectrum of54 

Figure 5.7: ' 3 ~  RIMR spectrum of54 

To show the general nature of the reaction, experiments with ohe r  

aromatic hydrocarbor~s such as toluene, o-xylene, rnesitylene, and ethyl 

benzene were tested and afforded the corresponding isornerised-aryIated 

compounds in excellent yields (Table 5.3, entries 3-6). All the compounds were 

characterized by spectroscopic analysis such aq IR. NMR and H R M S .  

GO,Me StOICt, tW eC - 
Sealed t u k 1 2  h .I 

52 - 88% 

mrm 
Rq 55 - 80 

35,38 R' = H, C1 A M  = Benzene, toluene, xyfenc. ethylbenene, MesityIeoe 

Scheme 5.15: Friedel-Crcfrs Fpe a ~ l a t i o n  ofMBH adducr 
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fabfe 5.3: Isornerizatlon-arylation 01 MBH adducts 

entry substrate awn* p d u d  (A) yields (YO) 

a x  

.5 CI IO"h Q. 

CI .' 
4 & C02Me X gene QP 

/ 

5 Me..... q 52 

35 

6 pyi GO'" "'*bm'e"e " 
35 

0- 

a: rnlxture of orMo and para-lsmen were obtalned 

GCMS analysis of the compound 57 (Table 5.3. entry 3) showed two 

peaks having the same mass at different retention time and we found these are 

o- and p-isomers in the ratio of 3:J and are inseparable by column 

chromatography. Experiments with higher aromatic compounds n n p h h l e n e  

and indaie did not yield any cbaracteris~ic products. 

5.4.6 SiOTCl mediated synthesis of ally1 ethers from MBH adducts 

The successful isomerization of MBB adducts with SiOz-Cl and SiOz- 

Cllaroma~ic compounds prompted us te further expIore the reaction in the 

presence of saturated and unsaturated alcohols so as ta funcrionalize adducts as 

ethers. When the adduct 34 derived from methoxy benzaldehyde was heated 

with propargyt aIcohol in presence of 100 w/w % silicachloride for 1 2 hour 

afforded 01-11 y the E- isomer 61 in 70% yield (Scheme 5.16). 
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OH 

42 alcohol M ~ O  alcohol Me0 

a) SIOSl ,  100 'C, Sealed tube, 12 h H 70% 

Scheme 5-16: Synthesis of ally1 ether 

The structure of 61 was confirmed by usual spectroscopic analysis. In 

the IR spectrum, the terminal aIkyne C-H stretching absorption was observed at 

3289 cmTT and the absorption corresponding to the carbon-carban triple bond 

was observed at 21 13 cm-'. Absorption at 1714 cm-' corresponds lo the ester 

carbonyl group. In the 'H NMR specmm, the terminal alkyne proton appeared 

as a triplet centred at d 2.49 with a coupling constant J = 3 H i .  A singlet at 5 

3.82 was discemable ro the rnethoxy protons anached to the aryl ring and the 

ester group. The doublet with a chemical shift centred at 8 4.29 (J = ?Hz) was 

indicative of the methylene proton attached to the lriple bond. The methylene 

group attached to the alkene was observed as a singlet at 6 4.43 and the 

aromatic pratons were observed in the downfield range S 7.55-7.57 as well 

separated doublets. The alkene proton appeared at 6 7.90 (Figure 5.8) which 

indicates the E-geometry of the alkene. 

Figure 5.8: ' H  NMR spectntnl of 61 

The ' 3 ~  NMR spectrum of 61 showed four discrete signals at 6 52.0, 

53.6, 55.2 and 57.8 that were corresponding ta carbons of the ether linkage. 

The sp hybridized carbons were observed at 6 64.3 and S 74.6. The spZ 

hybridized carbons were resonated in the range from 6 79.6 to 160.8. The ester 
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carbony1 was observed at 6 168.1 {Figure 5.9). Finally, the struclure was 

confirmed from the high resolution mass spectral analysis as it showed a 

molecular ion peak at m/z=260.1072. 
- - -  -- --.- - - 

I I 

+- . - .  
w .w 1 % "  w 

A A % - - % A % A 

Figure 5.9: 'k N M R  spectrum of 61 

However, when dduct 35 derived from benzaldehyde was treated with 

methanol under optimized condition, the reaction yielded both the E- 62a 

(40%) and 2- 62b (20%) isomer after purification as shown in scheme 5.1 7 .  
OH 

Metharml 0' S€ded tube, 12 h 62a 40% 62b 20% 

Scheme 5.1 7: Formation of E- and Z+isomeric ethers 

Sauctvre of 62a and 62b were confirmed by lhe NMR analysis. The 

major isomer 62b showed two singlets for the ether mcthyI and ester methyl 

protons at 6 3.44 and 3.83, respecrjveIy. The CH2 protons were appeared at 6 

4.2 as a singlet. A multiplet in h e  range S 7.37-7.53 was indicative of the 

aromatic protons. A singlet at 6 7.94 war discemable to the olefin proton 

(Figure 5.1 0). 
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In the carbon- 13 N M R  spectmm, thc methoxy carbon of the ester group 

appeared at 6 52.1. The CHI and the CH3 protons of the ether rnoicty appcared 

at 6 66.4 and at 6 58.2. The sp2 hybridized carbons were appeared in the rangc 

from 6 128.4- 144.7. Ester carbonyl was observed at 6 168.0 (Figure 5-11). The 

structure was confirmed by the W S  analysis as it showed a molecular ion 

peak at m/z =206.0942. 

Figure 5.11: ' 3 ~  NMR spectrum qf62b 

Similarly, the minor Z-isomer 62b showed two singlets at S 3.41 and 6 

3.68 and was indicative of the two methyl proton at the ester and the ether 

moiety in the proton NMR spectrum. The methylene protons were discernable 

as a singlet at 6 4.25. The olefn proton appeared as a singlet at S 6.90 and the 

aromatic protons wme observed in the range 6 7.28-7.35 (Figure 5.12). In the 
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I3c NMR spectrum of the compound, the methyl carbons were resonated at 6 

51.8 and 6 58.2, respectively. The signal at S 74.2 corresponds to the CY 

carbon. The sp2 hybridized carbons were resonated in the chemical shift range 

from S 124.8 to 135.8. The ester carbony1 was visible at 6 168.6 as shown in 

fib'ure 5.13. A molecular ion peak in the HRMS spectrum at mJ~206 .0943  

confirms the final structure of the compound. 

- - 1777- -+- --I-- -- - , - - 7  

-.mm_a- -- tl!--.- i - 2 
Figure 5.12: 'H NM spectrum oj'62a 

Figure 5.13: ' ~ C N M R  spectntm of 62a 

The adduct 34 when treated with homopropargyl alcohol and but-2-yne- 

I ,4-diol yielded the corresponding ethers 63 and 64 under optimized condition. 

But the adduct 34, when treated with benzyl alcohol, the reaction neither 
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yielded the dimer nor the ether. In all the cases, only E- isomers were o h ~ a i n d  

as sole product (Table 5.4, en~ries 1 and 2). 

Table 5.4: lsomerizatioketherlflcetion of Modta-BayCis-Hillman adducts 

entry substrate alcohols product (A) ylelds f%) 

PH H 

1 
COZY e 

Homopropargyl alcohol 80 
Ye0 34 Ye0 63 

2 
cqlule 

But-2-yna-1,2.dlol 

&co2Mw 51 

Me0 Me0 0 % . . 4 H  

3 & C02Me Propergyl alcohol &OZMe 
M 

35 * 
a h  

cOz"e Propergyl alcohol &x 85 

CI CI 
a, b 

5 "zMt Ethanol 
65b 

35 

MeQC 

COzMn 
Propargyf alcohol &:\ 15 

' H  

&;02Me 7 Homopropargyl alcohol 

/ ' 41 

5 

1 
69 

b: E and 2 Isomer 

h a t o g o u s  reactivity pattern was observed for adduct derived from 

bcnzaldehyde 35 and 4-chlorobenzaldehyde 38 when reacted with propargyl 

alcohol and ethanol. lz was found that from the reaction mixture, E- isomer 

was formed as a major constjtuent. Isatin derived adduct 41, when treated with 

propargyl alcohol under optimized reaction condition yielded the propargyl 
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ether 68 in 15% yields. A11 the compounds were characterized by the 

spectroscopic anatysis (Table 5.4). 

5.4.7 Mechanistic Considerations 

A plausible mechanism for the reaction of isomerizaljon-chlorinatiun, 

arylation and ethenficaljon is postulated and shown in figure 5.14. The Si-CI 

bond is weak and can give rise to Lewis acid-centred intermediates. The 

chloride ion in SiQ2-CI could be displaced by the hydraxyI group of the MBH 

adduct to form tight ion pairs that upon nucleophilic attack with chloride or aryl 

or alkoxy nucleophites in an SN1 fashion to form isomerized derivatives. 

Figure 5.14: Mrc*hanisurn of the isonnerizntion 

5.4.8 Reactlvlty and efficiency of SiU2-CI Vs Thionyl chloride 

The efficiency and necessity of Si02-Ct was compared with kionyl 

chloride for isomerization-chlorination. arylation, and e~herification reactions. 

The reaction was compared and demonstrated with MBH adduct 11 as 

substrate. 

Table 5. 5. Comparison of Sllicachlonde w~th Thmnylchlorida 

entry typa M reac~on aubstrale produa (A} mndltmn y i d s  (#) 

H 
t 

SOCfl. Meat 

chtulnafmn 
2 S!OzEl, Neat SpaledTube 73 

H SOCI,, Neat 
0 

Isomerlrallon- 

4 SI&-CI. Neal 
Benzene. 
SealdTube 

H SOCb, Heat 5 Propargyl alcohol j0 
SRal4 rube 

cthettflcath 
6 

S0,CI.  Neat 

' 41 
0% ~ropargy~ irlrot-o~ 75 

Sealed Tube 
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As shown in table 5.5. in the case of the isomerizarion-chlorinarion 

reacrion, there was no difference in the yield of product farmation (Table 5.5, 

entry 1 and 2). However. in the cases of arylation and etherification reactions, i t  

was found that the Si02-Cl catalyst is essential as the yields are significanLIy 

higher with Si02-CI than thionyl chloride (Table 5.5, entries 3 and 4). Further, 

unlike thionyl chloride, which is difficult to handle, the advantages of the SiOl- 

C1 calalyst are that it is stable, efficient and easy to handIe. 

5.5 Conclusions 

1. Si02-C1 has been used as a multipurpose catalyst for the one-pot 

isomerization-chlorination, arylation and ether formation of activated 

and non-activated MBH adducts under neat condj~ion. 

2. It should be noted that the arylation reaction d f o r d d  excellent yields of  

the prducts .  

3. A mechanism of the reaction is discussed. 

4. The advantages of SIO1-Cl in organic synthesis are that the catalysl is 

slable, efficient, operarionally ~irnple and convenient in handling, 

inexpensive. solid, heterogeneous and acidic in nature. 

5. From the comparative study with thionyI chloride, jr was obvious that 

for isomerization-chlorination. both h e  catalysts are round good. 

However, For arylation and ether formation reactions, Si02-C1 catalysl 

was found g d .  

5.6 Experimental 

Preparation of SiOrCl Catalyst 

Silica gel (10 g) was oven-dried (120 OC under vacuum) in a round- 

bottomed flask (250 mL) which was equipped with a condenser and a drying 

tube, and thionyl chloride (40 mL) war added. The mixture was refluxed for 40. 

h.  The unreacted thionyl chloride was distilled off under vacuum. The resulting 

while greyish powder was flame-dried and stored in a tightly capped bottle. 

This SiOrCI catalyst can be used for a month without losing its activity. 



General Experimental procedure for slIicachloride mediated 

lsomerization of Morita-BayIls-Hillman adducts: 

A mixture of MBH adduct (1 rnrnol), freshty prepared silicachloride 

(100% w/w) and alcohollbenzene (as reagent, 2 equiv.) were heated in an oven- 

dried sealed tube at 100 'C for 12 h. The crude mixture was diluted with 

CH2C12 and filtered through a pad of CeIire and dried over anhydrous Na2S04, 

concentrated under vacuum and was purified by silica gel (100-200 mesh) 

column chromatography, with gradient mixture of  hexanelethyl acetate as 

eluent to afford the products. 

Isomerization-chlorination of MBH adducts 

(2)-methyl 2=(chloromethyl)3-(4-methoxyphenyl)acrylate 42 

Following the general procedure, a mixture of methyl 2-(hydroxy(4- 

methexyphenyl)methyl)acrylate 34 (1 00 mg, 0.449 mmoll, and fresh1 y 

prepared silicachloride (100% wlw) were taken in an oven-dried sealed rube 

and heated at 100 OC for 12 h afforded 42 as a colourless oil (75%. 81 mg, 

eluent: 2% ethyl acetate:hexane). 

Ill (neat) v,,,: 837, 1026, 1259, 16.04, 1712 cm-'. 

'M NMR (CDCIPMS, 300. I MHz): 6 3.87 (s. 6H}, 
, , CO2Me m., 4.52 (s, 2H), 6.97 (dl ZH, J = 8.7Rz), 7.56 (d, 2H, J 

M ~ O  = 8.7Hz). 7.83 (s, 1H). 
42 

I3c NMR (CDClJTMS, 75.3 MHz): 6 39.5. 52.3, 

55.3, 113.5, 114.3 (2C), 125.8, 126.6, 131.8 (2C), 

143.7, 160.9 

HRMS (El) for CllH13C103; Calcd (Mt): 240.0553; Found d z :  240.0564 fM+). 

(2)-methyl 2-(chloromethyl)6-phenylacrylate 44 

Following the general procedure, a mixture of methyl 2- 

(hydroxy(pheny1)methyl)acrylate 35 ( I 0 0  rng, 0.520 rnmol) and freshly 

prepared silicachloride (100% wlwj were taken in an oven-dried xaled tube 

and heated at 100 'C for 12 h and afforded 44 ~7 a colourless oil (588, 63.5 

mg, eluent: 2% ethyl acetate:hexane). 



IR (neat) v,,,,: 76 I .  1626, 17 I4 cm" . 
1 H NMR (CDCbmMS, 300.1 MHz): 6 3.85 (s. 3 H). 

4.24 (s, 2H), 7.38-7.53 (m, 5H), 7.93 (s, 1 H). B"c;p ,3 
C NMR(CDC1,mS. 75.3 MHz): 6 52.2, 58.3, 

44 114.4, 128.5 (2C), 128.6, 129.8 (2C), 134.7. 144.7, 

168.1. 

HRMS (El) for Cl  HI ICIOZ; Calcd (Mt): 2 10.0448; Found mh: 21 0.0454 (M'). 

(Z).rnethyl2-~chlorornethyl)-3-p-t01yIacrylate 45 

Following the general procedure, a mixture of methyl 2-(hydroxylp- 

tolyl)methyl)acrylate 36 ( IOOmg, 0,484 rnmal) w d  freshly prepard 

siticnuhloride (100% wwl) were taken in an oven-dried sealed tube and healed 

at 100 OC for 12 h afforded 45 as a colourless oil (?8%, 84 mg. eluenr : 2% 

ethyl acetatchexane). 

IR (neat) v,,,: 8 12. 1629.17 14 ern-'. 
'H NMR (CDCIJMS. 300.1 MHz): S 2.40 Is. 3H), 

mC" 3.87 Is, 3WI,4.49 (s, 2H), 7.26 Id, ZH, S - 8.1 Hz), 

M* c4 7.46 (d, 21-1, J = 8.1 H7.). 7.85 (s, 1 H). 

45 'k NMR (CDC13JTMS, 75.3 MHz): 6 21.4. 39.1, 

52.3. 123.0, 126.0, 127.7, 129.7 (2C), 141.2, 143.9 

(2C), 166.0 

HRMS (En for CI~SIl3CtO~; Calcd (M*): 224.0604 Found mlz: 224.06 15 (M*). 

(2)-methyl 2-~chloromethyl)-3-(3,4,5-trimethoxyphenyI)acrylate 46 

Following the general procedure, a mixlure of melhgl 2-lhydroxy/3,4,S- 

trimethoxyphenyl)methyl)acry!ate 37 (I00 mg, 0.354 rnrnol) and freshly 

prepared silicclchIoride (100% wlw) were taken in an oven-dried sealed rube 

and heated at 100 'C far 2 h afforded 46 as a colourless oil 142% 44.7 mg. 

eluent: 2% ethyl acetare:hexanej. 

IR (neat) v,,,: 779, 1042, 1259,1622, 17 14 cm-' . 

'H NMR (CDC13!TMS, 300.1 MHz): 6 3.88 (s,  3H). 

3.90{s,9H), 4.52 (s,2H), 6.86 (s, ZH), 7.83 Is, 1H). 
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''c NMR (CDCIOMS, 75.3 MHz): 6 39.6. 52.4, 

M ~ O  ' m ~ c O f l e  cl 56.1 (2Ch 60.8, 106.9, 127.4, 129.4 (ZC), 141.0, 
OM* 

46 144.1. 153.3 (2C). 166.6. 

HRMS (El) for C14HIIC10S; Calcd (M'): 300.0765; Found mlz: 300.0775 (Mt). 

(2)-methy l 2-(chloromethy I)-3-(4-chloropheny I}acrylae 47 

Following the general procedure, a mixture of methyl 2-((4- 

chlorophenyl)(hydroxy)methyl)acrylate 38 (100 rng, 0.441 mmol) and freshly 

prepared silicachloride (100% wlw) were ratken in an oven-dried sealed tube 

and heated at 100 OC for 12 h afforded 47 as a colourtess oil (39% 42 mg, 

eluent : 2% ethyl acetate:hexane). 

IR (neat) v,,: 836,1632,17 16 cm". 

'H NMR ( C D C l - m S ,  300.1 MHz): 6 3.88 (s, 3H), 

, , COlM* m, 4.43 (s,2H),7.42 (d,2H, S =  8.4Hz3, 7.49 ( d , 2 H , J  

CI = 8.4 Hz). 7.8 1 (s, 1 H). 

47 "C NMR (CDCIJIMS, 75.3 MHz): 6 38.5. 52.7, 

123.5, 129.4 (2C), 131.1 (2C), 141.3, 142.5. 146.5, 

t 66.6. 

HRMS (€1) for CtlHloC1102: Calcd (Mt): 244.0058; Found rnlz: 244.0072 

IM*). 

(I)-2-(c hlorornet hy 1)-3-(4-chlorophenyl)acryIonitryle 49 

Following the general procedure, a mixture of 2-((4- 

chlorophenyl)(hydr~xy)methyl)acryI~nitrile 40 (1 00 mg, 0.5 16 mmol) and 

freshly prepared silicachloride (100% wlw) were taken in an oven-dried sealed 

tube and heated at I00 'C for 12 h afforded 49 as a wlourless oil (50% 54 mg, 

eluent : 2% ethyl acetate:hexane). 

mCN lR (neat) v,,,: 823, 161 8,2219 cm". 

CI c* 'H N M R  (CDCI3mVIS, 300.1 MHz): 6 4.3 1 (s, 2H1, 

49 7.18 (s, IH), 7.43 (d, 2H, 3 = 8.7Hz). 7.73 (d, 2H, J 
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= 8.7Hx). 

"C NMR (CDCtflMS, 75.3 MHz): S 45.6, 108.1. 

117.8, 129.3 (2C), 130.4 (2C), 137.4, 145.1. 146.5. 

HRMS (EF) for CloH7CI:N; Calcd (Mt): 2 12.0353, Found m/z: 2 12.0968 (M'). 

Isomerlration-erylatlon of MBH adducts 

(E)-methy l -2-benzyf-3-(4-methaxyphenyl)acrjIate 54 

Following the general procedure, a mixture of methyl 2-(hydroxy(4- 

methoxyphenyl)rnethyI)acrylate 34 1100 rng, 0.449 mmol), benxene (70 mg, 

0.898 mmol) and freshly prepared siticachloride (100% w/w) were taken in an 

oven-dried sealed tube and heated at 100 'C for 12 h afforded 54 as a colourless 

oil (90%, 114 rng. eluent : 2% ethyl acetatehexane). 

IR (neat) v,,,: 1498,1590,1639,17I5.3063 cm-I. 

'H NMR (CDC13flMS, 300.1 MI-lr): 6 3.71 (s, 6H), 

'OFn3 3.95(~,2H),7.19-7.34(m,9H),7.93 (s, tH). 

Me0 % "C MMR (CDCI.$IMS. 75.3 MHz): 6 33.4. 5 1.5, 

55.3, 109.5, 126.8, 128.5, 128.5, 128.7, 128.8, 128.9, 
54 

129.1, 129.5, I29.6, 130.7, 139.3. 168.6. 

HRMS (Er) for C18H1803; Calcd (M3: 282.3337. Found mlz: 282.368 (M'3. 

(€)-methyl -2-benzyl-3-phenylacvlate 55 

Following the general procedure. a mixture of methyl 2-(hydroxy(4- 

methoxyphenyl}methyl)acrylate 35 (100 mg, 0.520 mmol), benzene (8 1 mp, 

1.04 mmol) and freshly prepared silicachloride (100% w/w) were taken in an 

oven-dried seated tube and heated at 104) OC for 12 h afforded 55 as a colourless 

oil (95%, 124 mg, eluent : 2% ethyl acetate:hexme). 

IR (neat) v,,,: 1493, 1592, 1633, 171 4, 3060 cm". 

'H NMR (CDCIflMS, 300.1 MHz): 6 3.72 (s, 3H). 

3.93 ( 5 ,  2H), 7.18-7.35 (m. 1 OH), 7.94 (s. l H). 
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13c hMR (CDC13KMS, 75.3 MHL): 6 32.1. 5 1.3, 

107.5, 121.8, 127.5, 127.6, 128.7. 12X.8, 128.9, 

129.3, 129.7, 129.7. 131.7, 138.3, l6X.9. 

55 

IiRMS (El) for C17H1601; Calcd (M'j: 252.1 168, Found d z :  252.1 1 58 (111'). 

(E)-methyl-2-benzyl-3-(4-chlorophenyr)aclate 56 

Following the general procedure. a mixture of methyl 2-(hydroxyl4- 

merhoxypheny1)methyI)acrylnte 38 (100 mg, 0.442 rnrnol), benzene (bR.9 mg, 

0.884 rnmol) md freshly prepared: silicauhloride / 100% wlw)  were taken in an 

oven-dried scaled lube and heated at I 00 'C for 12 h afforded 56 a as colourIess 

oil. (46%- 12 I .5 mg, eluent : 2% ethyl acctate:hexnne). 

IR (near) v,,,: 1493, 1592, 1633. 1 7 1 4, 3060 cm-I. 
I H NMR (CDC13KMS, 300.1 MHz): 8 3.73 ( 5 .  3H). % 3,997 (s, 2H), 7.15-7.83 (m, 9111, 7.86 (s, IH). 

G I  'k CMR ( C D C I , a S ,  75.3 MHz): 6 33.U, 52.1, 
0' 

128.5, 128.6, 128.7 (2C), 128.9 (?C), 129.1, 129.4 
56 (ZC), 130.4 (2C),  130.8, 133.6, 139.5, 168.3. 

HRMS (EI) for Cr71317C102; Calcd W'): 286.0761, Found mlz: 286.0755 (M'). 

(E j-rnelhy I-2-(4-methy lbenzy 1)-3-(4-methoxypheny l)actyae 57 

Following the general procedure, a mixture of methyl 2-(hydroxy(4- 

methoxypheny1)me~hyl)acrylate 38 (100 mg, 0.442 mmol). toluene (81.4 mg, 

0.893 rnrnol) and Freshly prepared silicachloride (100% wlw)  were taken in an 

oven-dried seald tube and heated at 100 OC for 12 h arfororded 57 as a coIourless 

oil (957~- 126 mg, eluent: 2% ethyl ncetate:hexane). 

IR(neat) v ,,,,: 1493, 1592, 1633, 1714,3060cm". 

CI 'M N M R  (CDClflMS, 300.1 MHz): 8 2.20 (s, 3H), 
0' % 57 

2.22 (s, 3H). 3-64 (s, 3H), 3.65 (s, 3H), 3.78 (s, ZH), 

3.79 (s, 2H). 6.X-7.3 (rn, 18H), 7.75 (s, lH), 7.82 (s, 
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1 ZI). 

13c NMR [CDCIJIWS. 75.3 MHz): 8 19.2. 20.8, 

30.8, 32.5, 38.6, 51.5, 126.1, 126.6, 128.6, 130.4 

(3C3, 133.4 (3C). 139.3. 139.8, 168.2. 

FIRMS (ED for CIRH ,,CIOI; CaIcd (M') 300.W 17, Found mkz: 300.09 15 (M*). 

(El-methy l 2-(3,4-dimet hy lbenzyI)-3-pheny lacry late 58 

Foltowing the general procedure, a mixture of methyl 2-(hqdroxy(4- 

methoxyphenylEmethyl)acrylate 35 (1DO mg. 0.520 rnmol), xylene I I 10.4 mg. 

1 .IW rnmol) and freshly prepared silicachloride (10070 wlw) were taken In an 

oven-dried scaled tube and heated at I00 OC for t 2 h afforded 58 as a colourless 

oil (90% 13 1 mg. eluent: 2% e h y l  ace1ate:hexane). 

IR (neat) v,,,: 1493, B 592, 1633, 17 14,3060 cm-'. 

'H NMR(CDCI.JlWS. 300.1 MHz): F 2.26 (s. 6H). 

3.65 Is, 3H), 3.92 (5, 2tI). 6.80-7.30 (m, 8H), 7.R2 Is. 

1 H). 

C R  (CDC13TTrVIS. 75.3 MHz): 6 19.2, 19.5. 

20.87, 30.8, 32.5, 38.6, 51.5, 126.1, 126.6, 128.6, 58 
130.4 (3C). 133.4 (3C). 139.3, 139.8, 168.6. 

FIRMS (El) for CtsM2(oOr; Calcd (M'):280.1463., Found d t :  280.1455 (34'). 

Following the general procedure, a mixture of methyl 2-(hydroxyI4- 

methoxqpheny!)methyI]acrylate 35 ( 1  00 mg. 0.520 mrnol), rnesityIene ( 1  24.9 

mg, I .W mrnol) and fresh1 y prepared silicachloride (100% w/w) were taken in 

an oven-dried sealed tube and heated at 100 " for 12 h afrordd 59 as a 

colourless oil (529.79.54 mg, eluent: 2% ethyl acetate:hexane). 

TR (neat) v ,,,,: 1493. 1542, 1633, 17 14,3060 cm". 

'H NMR (CDCIFMS, 300.1 M1.1~): 6 2.20 (s. 9H). 

3.62 ( 5 ,  3H). 3.92 (F, 2H), 6.81-7.33 (m, SH). 7.62 (s, 



I I-I). 

"C NMR (CDCIJKVS, 75.3 MH-I.): S 19.2. 19.5, 

20.1, 20.8, 30.8. 32.5,  38.6, 51.5, 126.r. 12h.6, 
59 128.6, 130.4 (3C),  133.4 (3C}, 139.3, 139.8, 168.4. 

HRMS /ED Tor C201E2202; Calcd (M'):294.1625, Found m/z: 294.1 620 (M'). 

(El-methyl 2-(4-ethylbenzy1)-3-phenylacrylate 60 

Following the general procedure, a mixture of methyl 2-(hydroxy(4- 

rnethoxqphenyl)methyl)acrylate 35 (IEKlmg, 0.520 mmol), erhylbenzene (1  10.4 

me, 1 '04 mrnol) and freshly prepared silicachloride ( 100% w/w) were taken in 

am oven-dried sealed tube and heated at 100 k for 12 h affnrdd 60 as a 

calourless oil (707c.102 mg, eluent: 2% ethyl acetate:hexane). 

Ill (nea~) v ,,,,: 1493, 1592, 1630, I T 1  1, 3062 cm-' .  

'H NMR (CDCIdTMS, 300.1 MHz): 6 1.3 1 (t, 3 H, J 

= 2.1Hz). 2.26 (q, 2H. J = Z.IHz), 3.65 (s. 3H>,  3.92 

60 
(s, 2H), 6.8-7.3 (m, 9H), 7.92 Is, I H) 

I3c N M R  (CDCIyTMS, 75.3 MHz): 6 19.2, 19.5, 

20.8, 30.8, 32.5,  38.6, 51.5, 126.1, 126.6. I28.6, 

130.4 (3C1, 133.4 (3C), 139.3, 139.8, 168.6. 

HRMS (EJ) for CrgHLOOZ; Calcd [M'):280.1463, Found m/z: 280.1456 (Mt). 

Isomerizatlon-et herification of M BH adducts 

(e-methyl3-(4-met hoxypheny1)-2-((prop-2-ynyloxy)methyl)acrylate 

61 

FolEowing the general procedure, a mixture of ~nethyt 2-(hydroxy(4- 

merhoxyphen yl)methyl)acrylaae 34 ( I  00 mg, 0.449 mrnol), freshly prepared 

rilicnchloride (100% w/w) and propargy! alcohol (50 mg, 0.898 mmol) were 

taken in an oven-dried sealed tube and heatd at 100 'C for 12 b afforded 60 as 

a colourless oil {70%, 89.2 mg, eluent: 2% ethyl acetate:hex:tne). 

IR  neat)^,,,: 1178, 1605.1714.21 13.3289 cm". 
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1 H hMR ICDCIflMS, 300.1 MHz): 8 2.49-2.50 I t ,  

11-1. J = 3Hz.). 3.82 (5, 3H). 3.83 (5. 3H), 4.28-4.29 

HEO Id, 2H, J = 3Hz), 4.43 (s, 2H). 6.91 -6.94 Id. 2H, .I = /O 8.7Fb). 7.55-7.57 (d. 2H. J = 8.7Hz).7.90 (s. IH). + 
61 13c h?MR (CDCI?TSMS, 75.3 MHz): 6 52.0, 53.6, 

55.2, 57.8. 64.3. 74.6, 79.6. 98.8, 113.9. 125.4, 

127.0, 132.0, 145.1, 160.1, 168.1. 

HRMS (EI) for C 1 ~ H 1 ~ 0 4 ;  CaIcd (M'): 260. tM9; Found m h :  260.1072 (M'). 

Following the general procedure. a mixturc of merhy'l 7 -  

Ihydrox yIphenyl)methyl)acry1ate 35 ( 1  00 mg, 0.520 mmol), freshly prepared 

SO2-CI (100% w/w) and methanol (33.3 me, 1.04 rnrnol) were taken in a 

sealed tube and heated nt 100 'C for 17 h afforded 62a (42 mg. 40%) and 62b 

(20%- 21.4 mg. eluent: 5% ethyl acetate:hexane) as a colourIess nil. 

IR (neat) v,,,: 1237, 1633. 17 15, 34 12 crn-I. 

Ci'Yd 1 H hWR ( C D C I . m S ,  300.1 MI-17.): 8 ( 3 ,  3H). 3.65 

62a (s. 3H), 4.25 (s, 21-1),6.90 (s. IH), 7.28-7.35 (m, SH). 

''c NMR (CDCIflMS, 75.3 MHz): S 51.8. 58.2, 

74.2, 124.8, 137.7, 12R.4, 130.7, 135.2, 135.8, 168.6. 

FRMS IEIS for C12H1.,03: Cnlcd (M'): 206.0943; Found mlz: 206.0943 (M'). 

(a-methyl 2-(methoxymethyl)-3-pheny lacrylate 62b 

TR (neat) v,,: 1237. 1633. 17 15 cm" . 

H hMR (CDCt3mS. 300.1 MHs):6 3.44 (s, XF), 3.84 
/ CO,Mt 0°C"' ( 3 ,  I 3H),  4.24 (s, 2H), 7.37-7.53 (m, 5I=I), 7.94 (s, IH). 

62h 'k NMR (CDCIflMS, 75.3 MHz): F 52. I, 58.2, 66.4. 

128.4, 128~5,  129.3, 129.7, 134.6, 144.7, 168.0. 

FTRMS (EI) Far C12H,,03; Calcd (M'): 206.0943; Found mix: 206.0942 (M'). 
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(E)-methyl2-((but-3-ynyloxy)methy~)-3-(4-methoxyphenyl)acrylate 

63 

Following the general procedure, a mixlure of  methyl 2-(hydroxy(4- 

rnethoxypheny1)rnethyi)acrylate 34 (IQC mg, 0.449 mmol). freshly prepared 

silicachloride (100% w/w) and hornopropargyl alcuhol (62.9 mg, O.X9R mmol) 

were rakcn in an uvcn-dried scaled tube and heated nl 100 " Cur 12 h afforded 

63 a5 a colot~rless oil (8070~98.4 mg. eluent: 5% cthyl acetnte:hexane). 

IR (neat)v,,,: 1121. 1605, 1715,211'4,3295 cm?. 
1 H NMR (CDC13mS, 300.1 MIlz): 6 2.01 - 2.03 ( t ,  

mCozMe IH,  J = 2.7H7), 2.51-2.57 (dt, 211. S = 2.7Hz. .I = 

MCO h.9 Hz), 3.70-3.72 {t, 2H, J = 6.6 H7,) ,  3.82 (5,  ?H), \wo 
3.83 (5, 3H),  4.36 {s. 2H). 6.9114.95 (m, 2Hj. 7.55- 

63 7.59 (m, 2H). 7.90 ( 5 ,  I H). 

'k CMR (CDCIJTMS, 75.3 Mllz): 6 19.7, 51.9. 

55.2, 64.9. 65.4, 69.1, 81.4, 113.9, 125.7. 127.1. 

131.9, 144.9. 160.7, 168.2. 

HRMS (EI) Ibr C,,H,,O,l; Calcd (M'): 274.1 205; Fcl~~nd tnl7.: 274.12 1 0  ( M i ) .  

(E)-methy12-((4-hydroxy but-2-yny lexy)methyl)-3-(4-methoxyphyl) 

acrylate 64 

Following the general procedure, a mixturu of melhyl 2-(hydroxy(4- 

methoxyphenyl)n~etliylEacrylate 34 ( 1 N J  mg, 0.449 mmol). fre~hly prepared 

sllicach loride ( 100% w h )  and propane- 1.4-did (77.29 mg, 0.898 nirnol) wrrc 

taken in an oven-dned sealed tube and heated a1 100 'C for 17 h afforded 64 as 

a colourless oil {Xl)%. 93.4 mg, eluent: 5% ethyl ace1atc:hexane). 

\ 1 ColM" 1R (neat) v,,,: 1 1 19, 1436. 1632, 1745. 2319, 3445 

Ma0 k/Tr cm". 

no do 'H  N ~ I R  (CDCI.7MS. 3013.1 ' 1 1 1 ~ ) :  1 220  [ b s  I Hi. 
64 3.76 (s, 3II), 4.23 (s, 4H). 4.32 (s. 2H), 7.30-7.48 (m, 

5Hl, 7.86 (s, 111). 
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''c NMR ( C K I D S ,  75.3 MHz): 6 50.8. 52.21, 

58.1, 63.9, 81.3, 85.0, 129.9, 134.3, 136.7, 145.1, 

168.0. 

HRMS (En for CI5Hl604; Calcd m'): 260.1049; Found rntz: 260.1035 (M'). 

(emethyl 3-phenyl-Z-{(prop-2-yny loxy)methyl)acrylte 65a 

Following the general procedure, a mixture of methyl 2- 

Ihydroxy(pheny1)methyl)acrylate (100 mg, 0.520 mmol), freshly prepared 

siEicachIoride (100% wlw) and propargyl alcohol (78.4 mg, 1.04 mmoI) were 

taken in an oven-dried sealed tube and heated at 100 OC for 12 h afforded E- 

(60 '3, 71.7 mg, eluent: 2% ethyl acetate:hexane) 65a and 2-isomer (4%, 5 mg, 

eluent: 5% ethyl acetate:hexane) 6% as a colourless oil. 

IR (neat) v,,,: 1076, 1633, 1714.21 16,3291 cmL'. 

'H NMR (CDCIJTMS. 300.1 MHz): 8 2.47-2.48 (t, 

8°C: In. J = 2.1Hz), 3.83 (s, 3H), 4.27-4.28 (d, 2H, 3 = 

/ 
2.1 HZ,), 4.41 (s, ZH), 7.30-7.40 (m, 3H], 7.54-7.58 

4 (m, 2H), 7.94 (s, 1H). 

6% NMR (CDCIflS, 75.3 MHz): 6 52.1, 57.9, 

64.1, 74.6, 79.5, 127.9, 128.4, 129.3, 129.9, 134.4, 

145.1, 167.8. 

I-IRMS @I) for C14Hi403; Calcd W'): 230.0943; Found d z :  230.0929 (Mt). 

(3-methyl 3-phenyl-2-((prop-2-ynyloxy)methyI)acrylat 65b 

IR (neat) v,,: 1076,1633,1714,2 1 16,329 1 cm-I. 
1 H NIMR (CDCI3flUS, 300.1 MHz): 6 2.5 1-2.53 (t, 

lH, J = 2.4Hz,), 3.83 (s, 3H), 4.40 (s, 2H), 4.834.84 

EP Id, 2H, J = 2.4Hz), 7.30-7.40 (m, 3H), 7.54-7.58 (m, 

2U), 7.99 (s, 1H). 

65b 13 C NMR ( C D C l m S ,  75.3 MHz): 6 52.5, 58.0, 

64.0, 74.9, 79.5, 227.3, 128.5, 129.7, 130.0, 134.2, 
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F 46.0, 166.5. 

HRMS (EI) for CIdHIJ3S; Calcd IM'): 230.0943; Found m/z: 230.0935 (M') 

{E)-methy 13-(4-chforophenyl)-2-((prop-2-y ny I~xy)methyI)amyIate 

66a 

Following the generai procedure, a mixture of rnehyl 2-((4- 

cblomphenyl)(h ydraxy)methyl)acrylate 38 (I 00 mg, 0.441 mmol), fresh1 y 

prepared silicachloride (100% w/w) and propargyl alcoho! (49.4 mg, 0.882 

mmoI) were taken in w oven-dried sealed lube and heated at 100 'C for 12 h 

afforded E- (80 %, 93 rng, eluent: 2% ethyl acetate:hexane) and 66a and Z- 

isomer ( 5  %, 6 mg. 5% ethyl acetate:hexane) 66b as colourlers oil. 

(near)v,,,:1633, 1714.21 16. 2951, 3297. cm-I. 

'H N M R  (CDCIJFMS, 300.1 MHz): S 2.50-2.5 1 (t, 

lH, J =  2.IH~).3.84 (s, 3H),4.27-4.28 ( d , 2 H , d =  

mCO="" 2.1Hz), 4.37 Is, 2H), 7.35-7.39 (m, 2H), 7.51-7.87 

CI (m, 2H), 7.87 (s, 1 HI. 

/O NMR (CDCF3mMS. 75.3 MHz): S 52.5,  58.0, 4 
66a 63.8, 74.8, 79.4, 128.3, 128.6, 131.2, 132.7. 135.5, 

143.7, 167.5. 

HRMS (ET) for C I ~ H I ~ C ~ O ~ ;  Calcd 04'): 264.0553; Found rnlz: 264.0534 (M"). 

(2)-met hyl2-(chloromethyl)-3-(4.methoxyphenyl)acryte 66b 

JR (neat) v,,,: 1633, 17 14 .2  1 16,295 1,3297 cm-[ . 

'H NMR ( C D C I m S ,  300.1 MHz): 6 2.52-2.54 (1, 

lH,  J=2.4Hz) ,3 .83  (s,3H),4.39 (s, 2#),4.84-4.85 

(d, 2H, J = 2.4EIz), 7.35-7.39 (m, 2H), 7.51-7.87 (m, 

el mp 2H). 7.92 (s, I H). 

66b CNM (CDCI3/TMS, 75.3 MHz): 6 52.5, 58.0, 

63.8, 74.9, 79.3, 128.74, 129.7, 131.3, 132.5, 135.8, 

144.6, 166.2. 
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HRMS (EI) for Cl4Hl7C1O3; Calcd (M'): 264.0553; Found mlz: 264.0531) (M*). 

(E)-methy I-2-(ethoxy methy 1)-3-phenylacrye 67a 

Fellowing the general procedu~,  a mixture of methyl-2- 

(hydroxy(phenyl)rne~hyI)acrylate 34 ( I 0 0  mg, 0.520 mmol), freshly prepared 

silicachloride (100% w/w) and ethyI alcohol (47.9 mg, 1.04 mmol) were taken 

in an oven-dried sealed tube  and heated at 100 OC far 12 h afforded E- (40%. 

45.8 rng, eluent: 2% ethyl acetate:hexane) 67a and 2- isomer (15 %, 17.1 mg. 

eluent: 5 %  '0th yl ace1ate:hexane) 67b as colourless oil. 

JX (neat) v,,: 1237, 1633, 17 15 cm". 
0' ~ " " ' " '  I H NMR ( C D C l t m S ,  300.1 M&): 6 1.1 1 (d. 3H. J = 

2 . 1 H 1 ) 3 . 4 3 ( q . 2 H . J = 2 . 1 H a ) , 3 . 8 5 ( s , 3 H ) . 4 . 2 3 ( ~ .  
67a 2H), 7.35-7.50 (m, 5H), 7 -92 (s, I H). 

'" C R  (CDC13mMS, 75.3 MHz): 8 15.1, 58.2, 62.1, 

67.4, 128.1, 128.4, 129.5, 129.6, 134.1, 145.7, 168.2. 

HRMS (En Tor Cj3Hk6O3; Calcd (M'): 220.2643; Found mlz: 220.2635 (M'). 

(f)-methyl-2-(ethoxymethyl)-3-phenylacrylate 67b 

IR (neat) v,,: 1237, 1633, 171 5 cm". 

) 'H NMR (CDCl.JTMS, 309.1 MHz): 6 1 . 1  1 (d. 3H. J = 

2 . 7 H z ) , 3 . 4 1 ( ~ , 2 H . I = 2 . 7 H z ) , 3 . 6 1 ( s . 3 H ) , 4 . 2 3 ( s .  

6Th ZH), 6.92 (s, lH) ,  7.27-7.34 {m, 5H). 

I3c NMR (CDC13RMS, 75.3 MHz): 6 15.2, 52.8, 67.2, 

74.2, 127.5, 127.6, 128.4, 131.7, 133.2, 335.8, 168.0. 

HRMS (El) for CI3Hldo3; Calcd (M'): 220.2643; Found mlz: 220.0564 (M'). 

(E)-methyl-2-(l-methyF2-oxoindolin-3-yl~dene~-3-(pr~p-2- 

yny1oxy)propanoate 68 

Following the general procedure. a mixture of methyl 2-13-hydroxy-I - 

methyl-2-oxoindolin-3-y1)acrylaze 41 ( 1  00 mg, 0.404 rnmoi), h s h l y  prepared 

Si02-CI [ 100% whw) and propargyl alcohol (45.2 mg, 0.808 mmol) were €&en 
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in an oven-dried sealed tube and hented at LO0 'C for 12 h afforded 68 as a 

colourless oil (15%. 17 me, eluent: 10% ethyl acetate:hexane). 

IR (neat) v,,,: 16E4. 2710. 1714,2100,3298 crnm'. 

'H NMR (CDCI-nMS, 300,l MHz): B 2.46-2.49 (t. 
;Me02t 

IH, J = 2.34 Hz), 3.22 {s, 3H). 3.97 (s, 3H). 4.24- &:\ 4.29 ld, 2H. i = 2-34 Hz), 5-22 1 s  2 H j  6.79-11.81 (d, 

' N  
\ l H ,  J = 7.84 Hz), 6.97-7.03 (t, IIE, J = 7.65, Hz), 

68 7.28-7.34 (mi. 2H).  
' 3 ~  NlMR (CDClt/IMS, 75.3 MHz): 6 30.5, 52.3, 

60.3. 63.1, 76.4, 78.4, 121.5, 122.7, 124.3, 126.6. 

128.2, 139.4, 140.3, 144.6, 169.8, 172.4 

HRMS (El) Tor C16Ht5NO~; Calcd W+): 285.2946; Found m h :  285.1 250 (M3. 

IE)=methy I-3-(but-3-ynylaxy)-2-(l-methylP-oxoindolin-3- 

y1idene)propanoate 69 

FolIowing h e  general procedure. a mixture of methyl 2-(3-h ydroxy-l- 

methyl-2-oxoindolin-3-yi)acrylate 41 ( 1  00 mg, 0.404 mmol), freshly prepared 

Si02-CI (100% w/w) and homopropargyl alcohol (56.6 mg, 0.808 mrnol) were 

laken in a sealed lube and heated at ED0 OG for 12 h afforded 69 as a colourIess 

oil (5 %, 60.46rng. eluent: 2% ethyl ncetate:hexane). 

IR (neat) v,,,: 1076, 1633, t720,2116.3291 cm-I. &;I I H NMR (CDC13TTMS, 300.1 MHz): F 1.97(?, 1 H), 

1 2.45-2.49 (m, 2H), 3.22 (s, 3N), 3.39-3.65 (m, 2H), 

69 3.97 (s, 3H), 5.17 (s, 2H), 6-79-6.81 (d, ltl, J = 7.5 

Hz,), 6.97-7.02 (t, tFI, J =  7.5Hz),7.28-7.34 (rn,Z13). 

'" NMR (CDCI,mS,  75.3 MHz): 6 30.5, 32.2, 

52.5, 63.4, 68.6, 69.7, 86.7, 121.5, 122.7, 122.3, 

126.6, 137.6, 140.8. 144.6, 172.4, 175.8. 

HRMS (ED for C17Ht7N04; Calcd (M*): 299.3212; Found mJz: 299.3217 (M*). 
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The thesis enri~led "SYNTHESIS OF NOVEL 3-SPTRO 

HETERO CY CLTC OXINDOLES AND SILICACHLORIDE MEDIATED 

SYNTHETIC TRANSFORMATTONS OF MORITA-BAYLIS-WILLMAN 

ADDZTCTS" embodies the results of detailed investigations carried out on 

exploralion of novel synthetic transformation of Morita-Baylis-Hillman (MBEI) 

adducts for 

1 .  The conslruction of spiro heterocyclic oxindole? using 1.3-dipolar 

cyclaaddition of azornethine ylides and 

2. Synthesis of functionallzed ally1 derivatives using silicachloride as a 

c a ~ l y s t .  

At the outsel a brief account o l  the Morita-Baylis-Hillman reaction. its 

importance in organic synthesis and an overview on azornethine ytides are 

described in Chapter 1. For convenience. synthetic appljcalions of MBH 

adducts are categorized in reaction type and azomethine ylide (AMY) 

cycloaddition are categorized according to the m d e  of generation of AMY and 

suitable examples were given from the literature. 

The firs1 phase of the thesis is dealing with the synthesis of novel spiro 

heterocyclic oxindole using azomethine ylide (AMY) cycloaddition and indium 

mediated allylation reaction from isatin derived isornerised MBH adducrs. 

Tsatin, a pharrnacologicaIly important molecute, can form MBH adduct as i t  

possess an electraph'llic carbonyl group. The chernjswy of  isatin derived MBH 

adducl is  less explored. 

Chapter 2 describes the synthesis of novel 3-spiropyrrolizidine and 3- 

spiropyrrolidine oxindoles from MBH adducts of isatin and heteroaldehydes 

via 1,3- dipolar cycloaddition of nomethine ylides. hometbine  ylides were 

generated in sift6 from isalin and prolinelsarcosine via Tsuge route (the thermal 

decnrboxylative condensation). Cyclic azornethine ylide A was added to the 

activated double bond of isatin derived MBH adduct regioselectively to nfrord 
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4.4'-disubstituied spiropyrrolizidine bisoxindole in excellen1 yield. On the 

other hand, the heteroaryt derived MBH adducts gave 3,3 '-disubstitu ted 

bp~ropyrrulizidine oxindoles on [3+2]-cycloaddition with cyclic AMY "A". 

The regioselectivity may be due to the sterric hindrance be~ween the oxindole 

moieties. EIowever, the mode of addition of acyclic ylide B with iwtin and 

heteroaryl derived MBH adducts showed different regioselectivity since 3.3'- 

disubstituted spimppolizidine oxindoles were formed exclusively. In the case 

of N-ally1 and IV-propargyi i~a t i n  derived MBH adduct both the regioisomers 

were formed (Scheme 1 ). 

U Q H  mdducl c* ksalln 
H 

44'4~17rar H 
3.rh;wmr 4 A'-lwrm 

man ei tl8twos~ahydw 
43'-ko- k 

I: MommOfilIOntIa KlO, WH, r.llux.1- 0 5 h 
~~~~~r IH 

R1. M*, alM, p o p r M a  Bn: F? -H. Me. Br.W,,z. W . W .  q R .  COms 

Scheme 1 

h Chapter 3, synthesis of 3, 3'-dispiropj~mlldine - and 3, 3'- 

dispiroppolizidine bisoxindoles from brorno and methoxy i~omerised MBH 

adducts of isatin vin [3+2J- AMY cycloaddirion is described. Both rnethoxy 

and bromo isornerised MBH adducts reacted smoothly with acyclic AMY B 

and yielded highly substituted dispiropyrrolidine bisoxindoles. Methoxy 

isornerised MBH addurt showed less rractivity towards the cyclaaddition with 

cyclic ammethine ylide A and yielded dispimpyrrolizidine oxindole in 



moderate yields whereas the hnmo iromerised MBH addtlct undcrwcn! 

decomposition at the reaction condition (Scheme 2). 

W 

n 

R B  Me, Illy, p rqwyl .  Bn, Ef: Z = COIMc. CN. SOrPh 

Scheme 2 

The third chap~er describes the successful synthesis of 3-spirolactone 

oxindole from MBH adduct derived allylbmrnide. As the bromo isomerised 

MBTI adduc~ is m ally1 bromide with nn oxindoEe substitution at the y-por;ition. 

i~ could be good ni~cleophilic partner for the carbonyl allylation using indium 

metal. In the presence of indium metal all ylbmmide reacts with formaldehyde 

to afford the hornoallyIic alcoheI with an oxindole subsritution at the 2"' 

position and alter lactonization with W S A  yietded spirolactone in very good 

yield (Scheme 3). Other atdehyder IaiIed to give the desired product and may 

be due to the bulky nenixy carbanionic center. 

Scheme 3 



The last and fifih chapter of  the thesis involves the isomerisatinn 

functionalisation of MBH odduct with si ticachloride. Silicachloride (Si0:Cl) is 

an extensivety used heterogeneou? solid cazalyst for number chen~ical 

zransfomations. An eff ic ien~ synthesis of allylchlorides was achieved from 

M B H  adducts of simple aldehydes by !he treatment with silicachloride 

(Scheme 4). On the other hmd. allyl aryls and allyl elhers were obtained from 

MEN adducl by the treatment with siIicachloride/arene and silicachloride/ 

alcohol respectively. The efficiency of silicachloride catalyst was compared 

with thionyl chloride and found silicachloride gave bea resuIzs. 

~)sealedfuba. 100eC, 12h R1 = 0%. Me. 

Ar = Bezene, toluene, rykne. 
R = Me, El, Pmprgyl, 

ethylbenzene, rnesytrlane Butyne-1.2-d~ol, etc 
R, 

Scheme 4 
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