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DEFINITION OF ABBREVIATIONS 

General abbreviations 

Anhy. 	 Anhydrous 
b.p 	 boiling point 
Expt. 	 Experiment 
Fig. 	 Figure 
g 	 gram 
lit. 	 literature 
mins. 	 Minutes 
mmole 	 millimole 
m.p. 	 melting point 
r.t. 	 room temperature 
Tic/TLC 	 Thin layer Chromatography 

Percentage 
oc 	 Degree Celcius 

ml 	 milliliter 
conc. 	 Concentrated 
equ/ equiv 	Equivalents 
hr/hrs. 	 hour 
aq 	 Aqueous 
dil. 	 Dilute 
E 	 Eentegegen (opposite) 
Z 	 Zissamen (together) 
R 	 Rectus 
S 	 Sinister 
% e.e 	 Enantiomeric excess 

Compound abbreviations 

PNB 	 p-nitrobenzyl 
BOC 	 t-Butoxycarbonyl 
THE 	 Tetrahydrofuran 
DMF 	 N,N-dimethyl formamide 
DMSO 	 dimethyl sulfoxide 
DMD 	 dimethyloxirane 
Bn 	 benzyl 
I:13X 	 Iodoxy Benzoic Acid 
PCC 	 Pyridinium 

Chlorochromate 
DIBAL 	 diisobutylaluminium 

hydride 
Bzl/ Bn 	 benzyl 
Cbz 	 Carbobenzyloxy 
LDA 	 Lithium diisopropylamide 
TBS 	 tert butyl dimethyl silyl 
KHIVIDS 	 potassium 

hexadimethvlsilazine 



Pd/C 	 Palladised Carbon 
NaOAc 	 sodium acetate 
CDC13 	 Deuterated chloroform 
D20 	 Deuterated water 
Na2SO4 	 sodium sulphate 
Pet. ether 	 Petroleum ether 
POC13 	 Phosphorous oxychloride 
PBr3 	 Phosphorous tribromide 
KBr 	 Potassium bromide 
PPh3 	 triphenyl phosphine 

Spectroscopic abbreviations 

I.R 	 Infra Red 
P.M.R (1 HN.M.R) 	Proton Magnetic Resonance 
v 	 frequency (Maximum) 
8 	 delta (p.p.m) Chemical Shift 

relative to trtramethyl silane 
(8TMS) 

p.p.m. 	 parts per million 
bs 	 broad singlet 
s 	 singlet 

d 	 doublet 
dd 	 doublet of doublets 
t 	 triplet 

dt 	 doublet of triplet 
td 	 triplet of doublet 
q 	 quartet 
m 	 multiplet 
Hz 	 Hertz 
Ar-H 	 Aromatic hydrogens 
cm-1 	 frequency in wavenumber 

m/z 	 Mass / Charge 
13C-NMR 	 Carbon-13 Magnetic 

Resonance 



General Remarks 

Compounds used were either freshly prepared or commercially 

available. All reagents were prepared via known literature methods. 

Purification of the compound was afforded by recrytallization using 

appropriate solvent. All the solvents were dried and then freshly 

distilled. All melting points and boiling points were measured by normal 

thiels tube method and are uncorrected. Infra red spectra was taken on 

Shimadzu FTIR Spectrophotometer, while 111-NMR and 13C-NMR 

were recorded on Bruker 300 MHz Spectrophotometer. Chiral HPLC 

analysis was done using chiralcel OD, OD OOCE-3H004 column, with 

Shimadzu uv-vis detector. 





Tandem Wittig or Horner-Wadsworth-Emmons (HWE) 
with other reactions in Organic Synthesis. 

Introduction: 

Tandem reactions have recently emerged as promising and 

successful procedures for the preparation in only one step of highly 

functionalized compounds'. The One of the most important olefination 

reaction is a reaction of a phosphorous ylide with a carbonyl 

compound (Scheme I). This reaction is known as Wittig reaction. 

I 1 R3 R1 
m  >=0 + 	Ph3P=C ( 
1N2 	 R4 

 

R1>__<  R3 

R2 	R4 

 

Scheme I 

The impact of Wittig reaction in Synthetic Organic chemistry has been 

monumental being of "unmatched importance for the specific 

introduction of carbon-carbon double bond in a known location". 

George Wittig was awarded Nobel prize for this reaction inl 953. 

Several review articles are available on this subject 2 . 
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In this review we have tried to cover literature pertaining to 

Wittig or Horner-Wadsworth-Emmons (HWE) and other reactions 

carried out in tandem fashion. 

1. Tandem Oxidation & Wittig reaction: 

a) Though Wittig reactions have been exclusively carried out on 

aldehydes & ketones, there are instances where in these starting 

compounds are unstable. In these cases it is much advantageous to 

carry out the reaction in the same pot avoiding the trouble of handling 

the labile aldehyde and also saving the time and energy. The problem 

of handling such aldehydes was overcome by Ireland and Noebeck 3 

 using sequential "one pot" oxidation-addition procedure 



k-o 
o O 

OH 

OH 

aq. Na014  9-\-- 
H-e.....,0--- - 

0 _ 	_ 

— 
0 _0>.: x 	.. — 

K2CO3 

(O M R 
..._____ap.. X 

;xi- 

   

Swem 

R-CH2OH 

Oxidation 

R3 
R-CHO + 

<73 

R4 

   

   

Scheme II 

(Scheme II). Here they have used Swem oxidation followed by 

immediate addition of Wittig reagent without isolating the intermediate 

labile aldehyde. 

b) J. Leonard et arta have reported practical, high yielding 

procedure for the preparation of chiral enoates from (R) or (S) 

glyceraldehyde acetonide. The labile aldehydes, formed from their 

lead tetracetate cleavage are reacted with stabilized Wittig reagents in 

situ (Scheme MA). A similar sequence of reaction using sodium 

periodate as oxidising agent and Homer-Emmons condensation is 

reported by Takano et at*. 

OH 94'^- Pb(OAc)4 

OH 	Toluene 

0 
X-1 =pph3  

R g1/4 

O 

R 03c 
X-ile ..L"}"-/ 

0 

i)NaBH4 
ii)NaOH 

iii)Pb(OAc)4 

0 
).C .pph.3  

Scheme MA 

Scheme BIB 

c) H.Y. Son et al5a have trapped ozonides derived from 

monosubstituted alkenes with stable phosphoranes to give a.,13- 



NHR2 	 NHR2 
OH 	 DMD 

R(Thr'N2 

NHR2  
Ph3P=CH-COOEt 
	 70- 

0 

unsaturated esters or ketones (Scheme IVA). C.W. Greengrass and 

D.W.T. Hoople have prepared p-nitrobenzyl 1-carbadethia-2- 

oxocephem-4-carboxylate (Scheme IVB) by tandem oxidation of a 

double bond and Wittig reactioe. 

0 

XPPh3 

   

Scheme IVA 

Me 

o 	0 	OEt 

BNPOOC 	
PPh3 

 

03 

 

Scheme IVB 

d) Paul Darkins6  have trapped N-protected a-amino glyoxals 

prepared by oxidation of a-diazoketones using dimethyl dioxirane with 

stable Wittig reagent (Scheme V). 

Scheme V 

e) Recently some excellent procedures for "in situ" alcohol 

oxidation-Wittig reaction have been reported. The first such a "in situ" 

oxidation-Wittig reaction was reported by C. C. Huang using Dess-

Martin reagent in conjugation with stable Wittig reagent for the 

synthesis of labelled compounds (Scheme VI). This was then more 

generalised for other unstable aldehydes (particularly for 1,4 diols) by 

A.G.M. Barett et a1 8  (Scheme VII). 

3 



Scheme VI 

PhCO3H (4 equiv) 
HOB — 	 Ph3PHCO2Et (4 equiv) 	 — ff—0O2Et 

— `OH 
	 IN 

Pin- De-Martin Periodinane (2_4 04 --.f C-1' — 

DMSO, CHI 

Scheme VII 

f) Use of Mn02 for oxidation of allylic alcohol 9  and 13-amino 

alcohols w  in presence of stable Wittig reagent is also recently reported 

(Scheme VIII, IX). Application of this to synthesis of alkaloids (S)- 

(+)-coniine and (S)-(-)-coniceine is demonstrated. 

Mn02, CH2Cl2, RT 
15 h 

CO2Et 
Ph3PHCO2Et 

 

Scheme VIII 

NHBOC 	Mn02 (25 equiv) _ 
NHBOC 0 

RA's.-7-s-OH 	 R- ''---"---H1" R Ph3P=CHCOR 

CH3CN, 16 h reflux 

Scheme IX 

g) A one pot protocol is also described" for the selective 

oxidation of the 5'-OH in 2'-deoxynucleosides with "in situ" Wittig 

olefination giving 5'-homologated nucleosides using IBX (Scheme X). 

4 



NHCO2R 
0.1,-;:.,(cH2)n 

OEt 

(T0)2Pcl-rco2Ri 	NHCO2R 
OEt 	  

lit
1 

oR 02C 	(CH2N1  
10 DIBAL, -78 to O 

Et 

O 

O 

Scheme X 

2.Tandem reduction-Wittig olefination: 

a) An interesting protocol is described by Z.Y. Wie & E.E. 

Knaus l2a  wherein reduction of ester function is used to prepare 

aldehyde which is then trapped with stable Wittig reagent. Thus 5(S)- 

methyl-t-butoxycarbonyl pyroglutamate is converted to 5(S)-5-alkeny1- 

2-pyrolidones in 35-51% yield by tandem reduction-Wittig olefination-

oxidation reactions (Scheme XI). 

DIBAL 

0 N COOMe 
480  

COOBut  

 

N CH 

CO0But  

—01 Ph3P- H-R 

HO 

 

CO0But  

PCC 
COOEt 

CO0But  

   

Scheme XI 

b) Regioselective tandem- reduction- Wittig- Homer involving 

the a-ester moiety of diethyl asparate or glutamate is also decribed by 

the same authors 12b  (Scheme XII). 

Scheme XII 
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0—Bzi  
DIBAL 

r 
	 HN

■LO  

CO0But  

9 
SPMB 

n—Buli 

Scheme XIII 

0 

c) David et a1 13  have prepared tetrafwictionalized tin& 

containing synthons with different side chains in good yields by a 

straightforward diastereoselective and general methodology. The key 

step of the synthesis consisted of a tandem reduction and Wittig —

Homer reaction, which conserved the stereochemistry of the starting 

material. (Scheme XIII). The method was generalized to different 

side-chains, allowing synthons for designing inhibitors of various 

classes of zinc metallopepetidase to be easily obtained. 

3. Tandem Wittig-Michael reaction: 

There are many such application of Tandem Wittig-Michael 

reactions, some of which are as follows. 

a) A. Dondoni and A. Mane have prepared C-

glycofuranosides via tandem Wittig-Michael sequence using a thiazole 

armed phosphorane (Scheme XIV). 

0 
OH 

P P H 3+  RO-k 	

0 
s.)--CH2 

ROB/ 
0 

RO 	/ 	OBn 

Ri=CHO, CO2Me 

Scheme XIV 
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b) R. Bloch and M. Seck15  have carried out stereoselective 

tandem Wittig- Homer-intramolecular Michael followed by a retro 

Diets-Alder cleavage to convert the optically active tricyclic lactol into 

2,5-dihydrofurans of high enatiomeric purities (Scheme XV).These 

compounds are useful synthons for the obtenation of natural 

butenolides as illustrated by the synthesis of the pheromone (+)- 

eldanolide. 

(RO)2POCH2X 

CsCO3, THE 
OH 

X = CO2CH3. CN 
= CO2C.2H5, cocH3 

Scheme XV 

c) R.S. Mali and S.M.Yeolal6  have used tandem Wittig and 

intramolecular Michael reaction for the synthesis of (+)Isochracinic 

acid, a phthalide isolated from Alternaria kikuchiana and for N-

substituted-3-carbethoxymethylphthalamidines. (Scheme XVI). 

OH 	 OOEt 

X=NMe, 0 

Scheme XVI 

d) B.P. Hart and FL Rapoport" have synthesised 

conformationaly constrained 7-azabicyclo[2.2.1]heptane amino acids 

from L-serine. The pyrolidine intermedaite required is synthesised by a 

tandem Wittig/Michael reaction (Scheme XVII). 

7 



0 

R OEt 

NAc 

CO2R 

Boc 	 i) (EtO)2POCH2EWG 	 BOC 

base 

i) LiBEt3H/-78°C 
0( 

N
)""liCO2R 	  EWG 

CO2H 
HO\.)...

NH2 
Ph3P=CH-COOMe 

 

Me 

  

02Ph 

 

OMe 

er 

Scheme XVII 

e) D.J. Collis at a1 18  have reported a novel Horner-Emmons 

conjugate addition reaction of N-acetylamides to form 1,5-disubstitued-

6-azabicyclo [3,2,1]loctanes with two bridgehead quarternary carbon 

centers. This reaction is a key step in an approach to the synthesis 

of small ring analogues based on the AE ring structure of Delphinium 

norditerpenoid, methyllaconitine (Scheme XVIII). 

(Et0)2POCH2CO2Et 

0 	t-BuOK 
N HAc 

R=Me 
CH2SPh 
1,3-dithian-2-y1 

Scheme XVIII 

f) The tandem Horner-Emmons-Michael reaction of the 

hemiachinal derived N-BOC protected pyroglutamate esters with 

stabilized phosphonates gave 5-substituted prolinoates 19  in high 

diasteromeric and enantiomeric excess through a 1,4-asymmetric 

induction process (Scheme XIX). 

Scheme XIX 



0 
A0 

Ph 	0 COBHN 
HO 	0H 	0-But 

NHAc 
0 

R= 1 ,J—(0E02 

0 base Ph A- 	0 	
0 

 
HO 	' 0-Bu t  

NHAc 
0 NHBOC 

."-r0 

R 

g) A synthesis of new glycoaminoacid derivative, a direct C-

analog of N4-(2-acetamido-2-deoxy-f3-D-glucopyranosyl-L-Asn by 

tandem-Horner-Emmons-Wadsworth olefination-Michael addition 

between an aspartyl 13-keto phosphonate and a 4,6-O-benzylidine 

G1cNAc sugar is described by J. T. Davis and co-workers 2°  (Scheme 

XX). 

Scheme XX 

4. Tandem Michael-Wittig reaction: 

a) T. Fujimoto group 2111-ci  have reported the reaction of a five-

membered cyclic phosphonium ylide with enones, enoates and oc,f3- 

unsaturated thioesters to give cycloheptene, hydrozulene derivatives or 

enol ethers via Tandem Michael-Intramolecular Wittig reaction 

(Scheme XXI). 

c) C104 

Ph/ \Ph 

i) t-BuOK, THE 

Scheme XXI 

b) O. Piva and S. Comesse 22  have reported tandem Michael-

Wittig-Horner reaction for the synthesis of &substituted a,f3- 

unsaturated carboxylic acid derivatives. Application of this has been 

demonstrated for the synthesis of (Z) and (E)-octoden-l-als, 

components of the male sex pheromone of boll weevil from 3- 

methylcyclohex-2-one (Scheme XXII). 

9 



to  DIBAL 

O 

'N 

i) Me2CuLi, ether 

0 0 
OMe Eta.  

14. 
OEt 

of 

Scheme XXII 

c) T. Minami et a1 23  have used tandem Michael-Wing raction for 

the synthesis of 3-phenyl-31-1-cyclopentatalpyffole-2-dithiocarboxylate 

from pyrrole-2-carbaldehyde and phosphonoketenes dithiaoacetal 

(Scheme XXIII) 

9 P(OEt)2 NaH 
CHO /—< 

Ph 	CSEt 
S 

9 
CSEt 

Ph 

Scheme XXIII 

d) M. Mikolajczyk & W.H. Madura24  have carried out tandem 

Michael addition and intramolecular Homer-Wittig reaction of (+)-(S)- 

a-diethoxyphosphoryl vinyl p-tolyl sulfoxide with 2-formyl pyrrole 

leading to corresponding pyrrolizine sulfoxide (Scheme XXIV). 

O 
P(OEt)2  NaH 

CHO = 	—40- 

STol-p 
O 

srop 
O 

Scheme XXIV 
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e) K. Urban et a125  have synthesised novel cyclohexadienes by 

tandem Michael/Wittig (carba-Hantzsch) reaction (Scheme XXV). 

One can account for the same product by writing tandem Wittig-

elctrocyclic mechanism. 

Ri 	R 

0 

„COOMe 
NaOMe, Me0H 

0 

PPh3÷13( 

Scheme XXV 

f) A.D. White and M.S. Jensen26have reported synthesis of 1,3- 

dienes of E, Z configuration by addition of nucleophilic anions to 

butadienyltriphenylphosphonium bromide by in situ Wittig reaction 

derived E allylic phosphorane to an aldehyde (Scheme XXVI). 

RCHO + 
BC 

Scheme XXVI 

g) J.S. Yadav and D. Srinivas 27  have described synthesis of fully 

functionalised A ring of taxol via tandem Michael-Wittig reaction 

(Scheme XXVII). 

OEt 

Scheme XXVII 

h) Tandem Michael-Horner-Wadsworth-Emmons reaction of 

a,(3-unsaturated 2,6-di-tert-butyl-4-methylphenyl esters as a 

convenient method for the preparation of allene carboxylates has been 

reported by K. Fuji and co-workers 28  (Scheme XXVIII A -B). 

11 



Rt CO2BHT i) 	
H 

NuLi, Additive, THF, -78°C 	 c=( 
— 

R2 	 (Me0)2P(0)CH2CO211.4e, LDA 	
R2_e 

Nu 	
CO2Me 

 

Scheme XXVIII A 

RyCO2BHT 

112 

i) BuU, 
ZnCl2 

R2 	CO2Me 
iii) (Me0)2P(0)CH2CO2Me 

Scheme XXVIII B 

5. Tandem Wittig transesterification reaction: 

a) R.S. Mali et 3129  have used tandem Wittig condensation 

transesterification reaction for the synthesis of 3-substituted coumarins 

(SchemeXXIX). 

OH 	Ph3P=CRCOOEt 

CHO 

Scheme XXIX 

b) T. Ohta et alp  have synthesized macrocyclic lactone by 

Wittig condensation followed by transesterification in one pot 

(Scheme XXX). 

OH 
base 

+ OHC OONte 

Scheme XXX 

c) R. Schobert et a1 3°b  have decribed a three component 

syntheisis of (E)-a,13-unsaturated amides (Scheme 'MU) of the 

piperine family using an approach earlier reported by HLJ. Bestmaim 

12 



OSiMe2Bu t  ce+  
PPh3X- 

i) n-BuLi 

ii) OHC(CH3)3\" 
CO2Me 

9 ikergut  

and R. Schobert Ne  for the synthesis of (E)- a,13 -unsaturated esters. 

0 

R i R2NH 
	

Ph3P=C=C=0 	R3CHO 

SchemeXXXI 

6. Tandem Wittig-intramolecular Diels-Alder reaction: 

a) A.P. Kozikowski and S.H. Jung 31  have used tandem Wittig-

intramolecular Diels-Alder reaction for the construction of a tricyclic 

structure from a monocyclic precursor (Scheme XXXII). 

Scheme XXXII 

b) S. Jarosz32has developed a route for optically active highly 

oxygenated decalins using tandem Wittig-Diels-Alder reaction 

between sugar derived phosphoranes and sugar aldehydes (Scheme 

XXXIII). 

CHO 
j— OH 

—0 

 

OBzI OBzI 

Scheme XXXIII 
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and R. Schobert30c  for the synthesis of (E)- a,(1 -unsaturated esters. 

0 
R 1 R2NH 
	

Ph3P=C=C=O 	R3CHO 	
NRi R2 

SchemeXXXI 

6. Tandem Wittig-intramlotecular Diels-Alder reaction: `/ 

a) A.P. Kozikowski and S.H. Jung31  have used tandem Wittig-

intramolecular Diels-Alder reaction for the construction of a tricyclic 

structure from a monocyclic precursor (Scheme XXXII). 

OSiMe2But  

PPh3X" 

   

i) 

  

ii) OHC(CH3)3\  
CO2Me 

    

Scheme XXXII 

b) S. Jarosz32has developed a route for optically active highly 

oxygenated decalins using tandem Wittig-Diets-Alder reaction 

between sugar derived phosphoranes and sugar aldehydes (Scheme 

XXXIII) 

CHO 

j—OH 	 0 OBzI 
Ph3P., 

—0 
—O 	 OBzI OBzI 	 H  

O 	 

-0,, 

H 
OBzi 

..,,(OBzi 

, 

ONO OBzi 
'OR 

Scheme XXXIII 
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c) Recently S. Jarosz and S. Skora 33  have reported synthesis of 

complex perhydroindene derivatives with the trans junction between 

the five and six membered rings using tandem Wittig-Diels-Alder 

reaction between sugar derived phosphonates and dienoaldehydes 

(Scheme XXXIV). The same authors have reported synthesis of 

decaline system as well (Scheme XXXV). 

° 
BnO bBn 

Scheme XXXIV 

CHO 
LO% 

SOMe 

  

Yo- 

 

Scheme XXXV 

d) One pot synthesis of Mikanecic acid derivatives from allylic 

phosphonates, via a tandem- sequence Horner-Wadsworth-Emmons 

and Diels-Alder reaction is described by H.A. Bathe and N. Colligton 34 
 (Scheme XXXVI). 



ButO2C\  

I 0 2 x Ph3P=CH2 

Ph 	  R N  CO2But 	 C.02But 

 

i) LDA/2 eq./THF/-78°C 	EtO2C 
ii) CICO2Et/1 eq. 

R1 
III) HCHO 

 

Scheme XXXVI 

7. Tandem Wittig olefination-aza-Wittig rearrgement 

Coldham et al 35have utilized tandem Wittig olefination-aza-

Wittig rearragement for the synthesis of 4-phenylpiperidines from 2- 

benzoylaziridines (Scheme XXXVII). 

Scheme XXXVI 

8.Tandem Wittig-Horner-Wittig reaction: 

Tandem Wittig reactions with the same phosphorous atom from 

a cyclic phosphonium salt provide a versatile procedure for the 

synthesis of dienes and enones. I. Yamamoto et al 36  have described this 

sequence of reaction for the synthesis of l fi-diene (Scheme 

XXXVIII). This methodology is applied for the synthesis of the sex 

pheromones of Douglas Fir Tussock moth and Japanese female peach 

fruit moth. 

C2) Br' 

PhPh  

i) n-BuLi 
ii) PhCHO 

iii)a-SuLi 
iv) PhCHO 

NaH Ph 
ph 	 Ph 

Scheme XXXVIII 



CN 
CN 

9.Tandem Wittig reaction and Cope rearrangement: 

T. Kawasaki et a137  have exploited tandem Wittig reaction and 

aromatizaion induced Cope rearrangement for the synthesis of 3-indole 

acetate from 2-ally1-1,2-dihydroindo1-3-ones and phosphorane 

(Scheme XXXIX). 

Ph3P 
R2 

Ac 

 

Scheme XXXIX 

10. Tandem Wittig reaction and Claisen rearrangement: 

a)M. Rao and co-workers 38  have carried out thermolysis of acyl 

cyanomethylene triphenyl phophorane containing aryloxyacetyl group 

in the acyl group which resulted in tandem intramolecular Wittig 

reaction and Claisen rearrangement reaction. The orthoallenyl phenol 

intermediates formed cyclise to give a 2H-chromene or benzofuran 

depending on substituents (Scheme XL). 

Scheme XL 

b) R.S. Mali et a139  reported tandem intermolecular Wittig 

reaction and Claisen rearrangement first for the synthesis of 8-ally! 

coumarins from ortho allyloxy benzaldehydes. Later on using the same 

methodolgy synthesis of naturally occurring coumarins viz. nieshutin, 

methyl ether of balsamiferone, sesalin and angelicin derivatives were 

reported from the same laboratory (Scheme XLI, XLII and XLIII). 
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0 

CI 

0 	OH 	Ph3P=CR2-0O2Et 
Par 

0 

0 	OH 	Ph3P=CR2-CO2Et 

R 1  

R 1  

Ph3P=CRCOOEt 

CHO 	heat 

Scheme XLI 

Ph3P=CRCOOEt 
0,..../..-- 

CHO 
	 heat 

Scheme XLII 

Scheme XLIII 

c) H. Bestmann and co workers 40have used tandem 

intramolecular Wittig reaction and Claisen rearrangement for the 

synthesis of a,y-disubstituted tetranoic acids (Scheme XLIV). 

OH 

  

Toluene 
+ Ph3P=C=C=0 

heat, 24 h 

Scheme XLIV 
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d) T. Kawasaki et al 41  have reported first total synthesis of 

pyrrolo[2,3-b]indole alkaloid flustramine C using tandem Wittig 

olefination and Claisen rearrangement (Scheme XLV). 

Scheme XLV 

11.Tandem Wittig [2+3] Cycloaddition reaction: 

Herdeis and T. Schiffer 42  have reported diastereoselective 

synthesis of nonracemic 2-alkyl-5-hydroxypiperidines with (2R, 5S) - 

configuration via a tandem Wittig [2+3] cycloaddition reaction 

(Scheme XLVI). Subsequently, the synthesis of prosopis, cassia 

alkaloids and azasugars using the same key reactions have also been 

reported from the same laboratory. 

	

Ph3P=CH-0O2Et 	 • SOH 

HO 	N3 	  

/SO H 
EtO 

SOH 

Scheme XLVI 

12. Tandem Wittig-isomerisation-electrocyclisation reaction: 

From our laboratory Tandem-Wittig isomerisation-

electrocyclisation is described 43  for the regioselective synthesis of 

carbazole precursor for the anticancer alkaloid olivacine (Scheme 

XLVII). 

CHO 	 COOEt 
Ph3P__

. 
 

Pd/C, Xylene 
reflux 

COOEt 

Scheme XLVII 
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MeO 
CHO 	 „COOEt 	NaOEt 

0 
 

+ Et0,_ 
CO2Et 

Ettio 

MeO 

MeO 

COOEt 

COOEt MeO 

O 

O 

13. Tandem Wittig reaction-reductive cyclisation: 

Another interesting tandem Wittig reaction- reductive cyclisation 

on o-nitro benzaldeydes is reported during the synthesis 44  of 2-acyl and 

2-benzoyl indoles from our laboratory (Scheme XLVIII). 

CHO Ph3P=CHCOR 

 

NO2 2 x PPh3 

Ph20, reflux 

COR 

Scheme XLVIII 

14.Tandem Wittig-Horner-aldol reaction: 

Harrowven et al45  have reported total synthesis of aryl 

naphthalene lignanans: justicidine B and retrojusticidine B using 

tandem Horner-Emmons-Claisen condensation (Scheme XLIX). 

Scheme XLIX 

15.Tandem aldol-Wittig-Horner reaction: 

H.J.M. Gisen and C.-H. Wong46  have described synthesis of a 

Cyclitol via a tandem aldol-intramolecular Horner-Wadsworth-

Emmons reaction (Scheme L). 
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PO OH phosphatase 
„‘%0H 

. OH 

    

a 

	

9 	OH 

	

(Et0)2p 
	

OP032- 

CN OH 0 

a 

    

    

a. DHAP (0.5 equiv., Immo!), FDP aldolase (125 units), pH 6.8-6.1, 23 °C, 20h 

Scheme L 

16. Tandem-alkylation-Wittig reaction: 

P.D. Bailey & K.M. Mazon47  have used one pot Horner-

Wadsworth-Emmons and alkylation procedure, a vinylogous Thorpe 

cyclisation for the direct formation of a 3,4,5-trisubstituted pyridine 

from a 1,5-dinitrile during the synthesis of (-)sauvcoline. (Scheme 

LI). 

i) NaH/DMF 
ii) EtBr 

Et0 

	

—P 	CN iii) NaH 

	

0 	iv) 

Scheme LI 

17. Tandem acylation-Wittig reaction: 

J. Knol & B.E. Feringe48  have reported one pot procedure for 

the synthesis of (+)Tricyclodecadienone by ring opening with lithium 

dimethyl phosphonate followed by intramolecular Wittig-Horner-

Emmons reaction in THE (Scheme LII). 
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H ° 	Li-CH2-P(0)(0E02 
Li 	Br 

0 	 Oa 

Scheme LII 

18. Tandem 1,5-04 0 silyl rearrangement- Horner Wadsworth-
Emmons reaction: 

A.I. Meyers and co-workers 49  have reported an unprecedentant 

sequential 1,5-040sily1 rearrangement/Horner-Wadsworth-Emmons 

reaction during the total synthesis of Disorazole Cl (Scheme LIII). 

OH OTBS 	i) NaH 	 OTBS 	0 

-<--,,„-- 	 '--, 
OTBS 	IQ (EtO)2P(0)CH2CO2Et 	 OEt 

NaH 

Scheme LIII 

19. Tandem-Vicarious-nucleophili substitution/ Horner-Wittig 
reaction: 

N.I. Lawere, J.Liddle & D.A. Jacksons°  have reported novel 

synthesis of E-stilbene using a one pot vicarious nucleophilic 

substitution/Horner reaction (Scheme LIV). 

I) c , ,..,--...,,, Ph 
' 	ir, - Ph 

0 Ph 

NaH 

ii) ArCHO 

 

CI CI 

 

Scheme LIV 

20. Tandem Corey-Kwiatkowski-Horner-Wadsworth-Emmons 
reaction: 

J. Mulzer et aim  have described a one pot three component 

synthesis of a,13-unsaturated ketones via tandem-sequence Corey- 
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9 
RO"'17 Li 

 RO I 
R2 

0 

OR 

ii) H2O 

iii)R1 CHO 

Ri R3 

Kwiatkowski and Horner-Wadsworth-Emmons reaction (Scheme 

LV). 

Scheme LV 

21. Tandem Horner-Emmons- cyclisation reaction: 

A general, [1+4] approach to the synthesis of 3(5)-substituted 

pyrazoles from aldehydes is described by N. Ahnirante et a152  

involving tandem Horner-Emmons reaction-and cyclisation with 

release of sodium p-toluenesulphinate (Scheme LVI). 

0 

Et0-
O 	

NI
N, 

 Ts 
Et 

 

i) 2 eq. NaH 

ii)RCHO 

Scheme LVI 

22. Tandem aryne-cyclisation-Horner reaction: 

A. Couture et a153  have reported tandem hetero-aryne 

cyclisation-Horner reaction for the one pot synthesis of 3-(aryl and 

alkyl) methylene- 1 H-indolin- 1 -ones (Scheme LVII). 

Scheme LVII 

23. Tandem intramolecular ring closure Horner-Wittig 
elimination: 

J. Clayden et a1 53  have synthesised alkenyl oxazolidinones by 
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R 

POPh2 /10 
BnHN O 

tandem intramolecular ring closure Horner-Wittig elimination 

(Scheme LVIII). 

Scheme LVIII 

24. Tandem acylation and intramolecular Wittig reaction: 

P. Kumar et a!55  have used an interesting sequence of reaction 

for the synthesis of quinolones from N-substituted anthranilic acids 

wherein acylation of a phosphorane takes place followed by 

intramolecular Wittig reaction (Scheme LIX). 

+ _ 
Ph3P-C=C=N-Ph 

Scheme LIX 
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SECTION 

In Situ Oxidation-Olefination 

INTRODUCTION: 

Over the years chemist have developed large number of 

chemoselective, regioselective, diasteroselective and enantioselective 

reactions. Some of these reactions are comparable with the enzymatic 

reactions. Still then, if we compare this progress with Nature's 

reactions, a lot of ground still remains to be uncovered. Particularly 

Nature's reactions are not only highly selective but also its reactions 

are sequential. Mother Nature's sequential transformations, if one 

needs to carry out in the laboratory, it would involve series of reactions 

without isolating the intermediates. Such reactions may involve several 

steps where bonds are formed or/and broken. Chemists have used such 

strategy in organic synthesis. Different terms are coined for such 

strategies, which include "domino reactions", "Tandem reactions", 

sequential or consecutive reactions, one pot reaction or "in situ 

reactions". Of these terms "in situ reactions" is applied more to 

reactions involving labile intermediate. We needed N-substituted 

prolinal for the synthesis of ABT-4 18 (1) 1  an anticholinergic agent and 

alkaloid pyrrolarn A (2)2  (Scheme I). As such while handling chiral 

aldehydes great care is needed to be taken because of its normally 

short shelf life. Further, if the chiral center is adjacent to aldehyde 

group it is further prone to racemization. So, instead of looking for the 

conventional two step sequence of oxidation and olefination, we 

searched in literature for the one pot variation of this sequence as it 

would be much easier to handle such an olefin. We have already 

mentioned this type of reactions in the first chapter. The "in situ" 

oxidation and Wittig reactions are again shown below in Scheme II-V. 

Thus, C.C. Huang3  have used Dess Martin reagent as the 

oxidizing reagent in the presence of a stable Wittig reagent for the 

synthesis of labeled compound (Scheme II). 
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■-•••COOH 

H 

CH2OH 

L-Proline 

 

  

R1 

I H 

ABT- 418 

[1] 

 

Prolam A 

Scheme I 

This sequence of reaction was later generalized for unstable aldehydes 

by A.G. M.Barrett et a1 4  (Scheme III). 

Dess-Martin periodinane 

Ph3P=CH-COOBn 

Scheme II 

PhCO3H (4 equiv) 
HO\ — 	 Ph3P=CHCO2Et (4 equiv) 	 "—0O2Et 

SOH 	
Dess-Martin Periodinane (2.4 equiv), EtO2C--(/ 
DMSO, CH2Cl2 

Scheme III 

R. J. K. Taylor et al5  have described a procedure (Scheme IV) 

where allylic alcohols are oxidized using Mn02 in the presence of a 

stable Wittig reagent. Though Mn02 is well known oxidizing agent for 

allylic alcohol. 
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Mn02, CH2Cl2, RT 

Br 
	 15 h 	 111, 	Br  

Ph3P=CHCO2Et 

Scheme IV 

S.B. Davies et alb  have reported interestingly the use of it even 

for the non-allylic BOC protected 13-amino alcohols (Scheme V). The 

usefulness of this strategy is demonstrated by synthesis of alkaloids 

(S)-(+)-coniine and (S)-(-)-coniceine. 

NHBOC Mn02 (25 equiv) NHBOC 0 

   

Ph3P=CHCOR 

CH3CN, 16 h reflux 

Scheme V 

Mother interesting one pot protocol is also described for the 

selective oxidation of the 5'-0}1 in 2 '-deoxynucleosides with in situ 

Wittig olefmation giving 5'-homologated nucleosides using IBX by D. 

Crich & X. —S. Mo7  (Scheme VI). The attractive feature of this is the 

selective oxidation of the primary alcoholic group in the presence of 

secondary alcoholic group. 

O 

OH 

Scheme VI 
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Present Work: 

As shown in Scheme I we needed to early out "in situ" 

oxidation—Wittig reaction on N-protected prolinol for obvious 

disadvantage of handling unstable N-protected prolinol. The recently 

reported three excellent procedures described above for in situ 

oxidation- Wittig reaction attracted us. The synthesis which uses Mn02 

as an oxidant oxidizes activated alcohols in presence of stablised 

Wittig reagent for 5 hr to 2.5 days or primary alcohols having 

substituted N-protected amino alcohols in refluxing acetonitrile for 16 

hrs. The second method which uses IBX in DMSO requires 21 hrs to 

give the homologated nucleosides. The method which appears to be 

more convenient uses Dess-Martin Periodane as oxidant with stable 

Wittig reagent in presence of benzoic acid to expedite the reaction in 

DMSO-CH2C12  (1:6) solvent combination. But none of these methods 

are used for the homologation of a-amino alcohols. 

As our alcohol was not an activated alcohol if we had to use 

Mn02 we would have to reflux in acetonitrile for longer times (16hrs). 

We thought this reaction condition could be too harsh for our system. 

The other two methods appear to be ideally suited to our requirements. 

However in our hands we could not get the corresponding product of 

reaction between 1-hiphenylphosphorylidine-2-propanone with N 

protected prolinol. Pyridinium Chlorochromate (PCC) 8  is one of the 

most easily available & well known, amongst the reagents for the 

oxidation of primary alcohols to aldehydes. However, this reagent 

along with stable Wittig reagent is not reported to our knowledge for 

"in situ" homologation. This prompted us to investigate the possible 

use of it towards this end. As this combination of reagents was not 

reported it was necessary to check the feasibility of this approach for 

the homologation of simple primary alcohols (Scheme VII). 

 

PCC 

CH2C12, R.T. 
Ph3P=CHCOOEt 

  

RCH2OH 

  

 

R 	 Et 

3 	 4 	 5 

Scheme VII 
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Thus, it was visualized that a primary alcohol will get oxidized 

to an aldehyde in the normal fashion and as soon as it is formed it will 

condense with stable Wittig reagent present in the system (medium) to 

give homologated mixture of Z and E esters. So, at the outset we took 

equiv. molar quantities of benzyl alcohol, PCC and Wittig reagent in 

CH2C12 and stirred under normal PCC oxidation conditions. Tlc of this 

reaction mixture indicated oxidation of the benzyl alcohol to 

benzaldehyde (+ve DNP test). However we could not see any other 

product even after stirring it for 24 hr (Scheme 'VIII). This observation 

indicated that though oxidation of the primary alcohol to aldehyde 

takes place, further condensation of the aldehyde with stable Wittig 

reagent under the experimental conditions do not take place. 

PCC 
P h3P=CH CO 0 Et 

Ph 3 P=CH-COOEt 
CH 202, R.T 

 

COOEt 

X 

3a 	 5 
Scheme VIII 

The failure of the "in situ" homologation using PCC could be 

due to various reasons. One of the reasons could be that the 

temperature conditions may not be ideal as most of the reported 

reactions of aldehydes with Wittig reagents involve refluxing in 

solvents like benzene. While there are some reports where reactions 

are carried out at ambient temperature including the above mentioned 

in situ reactions, where mostly reactions are carried out in polar 

solvents. The other reason could be Wittig reagent is not available for 

the condensation due to possible complexation or reaction with the 

oxidizing reagent. It is well known that PCC is acidic reagent and we 

thought that may be this acidity of the reagent is preventing the 

condensation. As NaOAc is known to effectively counter this acidity of 

PCC, we thought of trying this combination (Scheme IX). 
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PCC-Na0Ac 

(1.5 equiv) 
ai2a2 

Ph3P=CHCOOEt 

COOEt 

9 

5a 
	

5'b 

Scheme IX 

Thus, when we used this combination, we saw instead of 

benzaldehyde a new product spot (tic). After stilling for one hour, the 

starting benzyl alcohol had completely disappeared on tic. Ether was 

added and it was filtered through celite. Further purification was done 

by chromatography using hexane: ethylacetate as an eluent. Initial 

fractions gave a liquid. It's I.R. spectrum showed a band at 1729 cm -1 

 which could be due to the carbonyl of the conjugated ester group and a 

band at 1680 cm-1  which could be due to.thepresence of double bond. 

It's 1 H-NMR (CDC13) spectrum (Fig.') showed a triplet (J=7.2 Hz) at 

8 1.26 & 1.33 and a quartet at 8 4.17 & 4.26 integrating for three and 

two protons respectively. This could be attributed to OCH2CH3 group. 

It showed a pair of doublets (J=12 Hz) at 6 5.93 & 6.95 and another 

pair of doublets (J= 15.9 Hz) at 8 6.43 & 7.90, integrating for one 

proton each. A multiplet observed in the region, 8 7.3-7.62 for five 

protons could be assigned to aromatic hydrogens. The mode of 

formation and spectral properties exhibited by the compound suggested 

. that it exist as E & Z mixture, With E isomer predominating (E:Z=9:1). 

The spectral properties are in close agreement with the literature values 

for ethyl cinnamate9. 

This reagent combination was then optimized for yield. When 

we carried out the reaction in the presence of 1.5 equiv. of NaOAc-

PCC and 1.2 equiv. of Wittig reagent we got 96% of ethyl cinnamate. 

After this success, we thought of checking this protocol for 

aliphatic alcohols. Thus, n-pentanol was subjected to same set of 

experimental reaction conditions. The reaction was found to be 

complete after 4 hrs (monitored by tic). After usual work up it gave a 

liquid product. The mode of formation, spectral properties (given 
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Fig. 2 
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COOEt 

5b 

below) suggested it could be the trans ester 5b. The yield of this 

product was 85 % (fig. 2). 

IR (neat): v. 1725 cm 1. 

1 1-1-NMR (CDC13): 8 ppm 

0.91 t 3H (J=7.2 Hz) -CH2CEI3 

1.29 t 3H (J=7 Hz) -OCH2CH3 

1.33-1.5 m 4H -(CH2)2.- 

2.02 m 2H -CH2-CHH- 

4.2 q 2H (J=7Hz) -OCH2CH3 

5.82 d 1H (J=15.6 Hz) -CH CH-COOEt 

6.97 td 1H (J=15.6 Hz) 

When n-octanol was subjected to this protocol for 3.5 brs a 

liquid was obtained after chromatographic purification. The properties 

(shown below) suggested it could be the trans ester Sc (fig. 3). 

H 

n C71115 

COOEt 

5c 

I.R. (neat): v. 1725 cm -1 . 

1 1I-NMR (CDCI3): 8 ppm 

0.9 t 3H (J=6.67Hz) -CH2CH3 

1.10-1.65 m 10H - (CF105- 

1.21 t 3H (J=7.1 Hz) --OCH2CH3 

2.18 m 2H -Ckt2-CHH- 

4.2 q 2H (J=7.1 Hz) -OCH2CH3 

5.8 dt 1H (J=17.1, 1.6 Hz) H :H-COOEt 

7.95 td 1H (J=17.1, 7 Hz) -CH CH-COOEt 
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When myristic alcohol prepared by reduction of myristic acid 

was homologated in same fashion the spectral properties (shown 

below) of product obtained indicated that it could have the structure 

5d. 

n-Ci3H27 

COOEt 

5d 

IR (neat): v. 1725 cm-1. 

1 H-NMR (CDC13): 8 ppm 

0.95 t 3H (J=6.67 Hz) -CH2CH3 

1.2-1.7 m 22H - (CH2)11 - 

1.22 t 3H (J=7.1 Hz) --OCH2CH3 

2.19 m 2H --CH2-CHH- 

4.2 q 2H (J=7.1 Hz) -OCH2CH3 

5.8 d 1H (J=15.9, 1.8Hz) --CHH-COOEt 

6.99 td 1H (J=15.9, 7.3Hz) -CHH-COOEt 

After checking the reaction sequence for long chain aliphatic 

alcohols we thought of checking the feasibility with branched aliphatic 

alcohol. The alcohol chosen was isopropanol. The spectral properties 

(shown below) indicated the formation of E-ester 5e. 

COOEt 

5e 

IR (neat): v. 1725 cm -1 . 

1 H-NMR (CDC13): 8 ppm 

1 d 3H (J=6.9Hz) CH3-CH-CI-13 

1.05 d 3H (J=6.9Hz) CH3-CH-CH3  

1.3 t 3H (J=7.1 Hz) -OCH2CH 

2.22 m 1H (CH3)2-CH- 
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4.2 q 2H (J=7.1Hz) -0CH2CH3 

5.78 dt 1H (J=16, 1.5Hz) -CHH-COOEt 

6.95 td 1H (J=16, 1.5Hz) -CHH-COOEt 

Next we thought of checking the feasibility of the present 

method for the oxidation of diols. This would lead to double 

homologation. Thus, ethylene glycol was mixed with 2.2 equiv.of 

phosphorane, 3 equiv. of PCC-NaOAc. The white solid product 

obtained shows spectral properties mentioned below (fig.4) 

PCC NaOAc 

HOCH2CH 2OH 
	

CH2 Cl2 	 COOEt 
Ph3 P=CHCOOEt 

3f 	 5f 
Scheme X 

IR (neat): v max  1725 cm-1  

1 H-NMR (CDC13): 8 ppm 

1.29 t 6H (J=7.2Hz) [-OCH2C13.3]2 

4.22 q 4H (J=7.2Hz) [-OCLI2CM3]2 

6.16-6.21 m 2H [H-COOEt]2 

7.26-7.33 m 2H [-CHH-COOEt]2 

The mode of formation, spectral properties shown above which 

are in close agreement with reported &da l°  indicated the compound 

could have the structure 5f. 

When diethylene glycol was subjected for the same set of 

experimental conditions the product obtained has spectral properties as 

shown below (Scheme XI). 

OH 

39 

PCC NaOAc 

X Et0OC OOEt 
CH2Cl2  

Ph 3P=CHCOOEt 

5g 
Scheme XI 
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IR (neat): v.,. 1725 cm -1 . 

1 H-NMR (CDC13): 8 ppm 

1.29 t 6H (J=7.2Hz) [-OCH2C113]2 

4.22 q 41-1 (J=7.2Hz) [-OCH2CH3]2 

6.16-6.21 m 2H [-CHH-COOEt12  

7.26-7.33 m 2H [-CHH-COOEt]2 

After looking carefully at the above spectral properties we 

realized that these values exactly match the values of the product 

obtained from ethylene glycol 5f. This indicated that the product 

obtained was not the expected 5g but oxidized (decomposed?) product. 

This product could arise due to oxidative decomposition of the 

expected product or the intermediate product or the starting itself. 

However we did not probe this reaction in detail. 

The above example indicated further possibility of 

complications in reactions, where there is a possible sensitive position 

of the expected product for oxidation. So, we thought of subjecting 2-

phenyl ethanol for "in situ" homologation where there was a possibility 

of benzylic oxidation, as this position gets further activated by the 

formation of allylic double bond. Thus, when 2- phenyl ethanol was 

subjected to the same experimental procedure a liquid product was 

obtained. The spectral properties shown below indicated the product 

was an expected E-ester 5h. 

5h 

IR (neat): v. 1740 cm'. 

1 H-NMR (CDC13): 8 ppm 

1.28 t 3H (J=7.1Hz) —OCH2CH3 

3.54 bd 2H (J=6.8Hz) Ph-CH- 

4.18 q 21-1 (J=7.1 Hz) —OCHaCH3 
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5.8 	td 	1H (J=15, 1.66Hz) 	—CHH-COOEt 

7.0-7.5 	m 	6H 	 Ar-H & -CHH-COOEt 

Next we thought of checking the reaction in the presence of 

other functional groups. Thus, 3-chloropropanol was subjected for 

homologation. It gave a liquid product. The spectral properties of it are 

given below. 

COOD 

CI 

Si 

IR (neat): v.., 1740 cm -I  . 

1 H-NMR (CDC13): 8 ppm 

1.23 t 3H (J=7.1 Hz) —OCH2Q13 

2.63 q 2H (J=6.7Hz) C1CH2CH_2- 

3.57 t 2H (J=6.66 Hz) Cl-CHCH2- 

4.17 q 2H (J=7.1Hz) --OCH2CH3 

5.87 dt 1H (J=!5.7, 1.7 Hz) --CHH-COOEt 

6.83 td 1H (J=15.7, 6.8 Hz) —CHH-COOEt 

The above spectral properties are in close agreement with the 

reported values of the expected product" Si. 

To probe further generality of this "in situ" homologation 

method we subjected allyl alcohol, cinnamyl alcohol, glycerol and 

propargyl alcohol for the same set of experimental conditions. 

However, in our hands we could not get the expected homologated 

product. It is reported that allylic alcohols I2  are not good substrate for 

the PCC oxidation may be the limitation of PCC oxidation are 

applicable to this one pot homologation as well. 
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CONCLUSION: 

We have developed a General method for "in situ" oxidation —Wittig 

reaction. 
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Section II 

Applications of in Situ Oxidation-Wittig reaction. 

PART A 

Synthesis of isoxazole ABT-418 

INTRODUCTION: 

(S)-3-Methyl-5-(1-methyl-2-pyrrolidinyl)isoxazole, ABT-418 1 

 [1] represents a new class of isoxazole acting as a safe and effective 

treatment for Alzheimer's disease, related to personality changes and 

sudden loss of memory. 

1 

Synthesis of ABT-418: 

ABT-418 [1] is a novel and highly potent cholinergic channel 

activator (ChCA); it has attracted attention of many Synthetic Organic 

Chemists. So far 5 reports on synthesis of ABT-418 have been reported 

in literature. 

The first synthesis la  involves the original route shown in 

Scheme XII wherein eight steps are used for the transformation from 

L- Proline. The key step in this route is the construction of isoxazole 

moiety via a [3+2] nitrile oxide dipolar cycloacklition. 
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NOLi 

I  IH3C 	CH2Li 

Me 

     

?COOH 

I 	• H 

  

N 	CH2OH 
itoc.  • H 

  

TFA-CH2C12 
-Or 

doe 

Scheme XII 

R.L. Elliot lb  & coworkers have successfully reported a second 

approach (Scheme XIII) involving four steps starting from L-Proline. 

Here the main step is the addition of dianion of acetoneoxime to 

methyl ester of N-methyl- L-proline. 

COOH 1.S0C12/Me0H L. 	COOMe 

"1-1 	2.aq Formality 	." H 
Me0H/H2- 
10 % Pd/C 

MsCl/EbN 

CH2C12 
	I  
Me 0 OH H 

Me 

Scheme XIII 

43 



The third approach by Si Wittenberger k  synthesizes ABT-418 

from L-Proline in six steps as depicted in Scheme XIV. In this route 

the conversion to the final molecule is afforded by treatment of methyl 

enamino ketone with hydroxylamine hydrochloride to regioselectively 

produce the ketoxime. The final step involves cyclodehydration of this 

ketoxime by adding aqueous sulphuric acid and on gentle heating,. 

' 

C001:1. 

H CN 

Heat, H2SO4 LN  J..  ...... H 
T. M 

 II 
M

I
e 	NOH 

HONH2.HCI 

Scheme XIV 

The fourth approach by Nan-Homg Lin ed  et at involves the 

synthesis using similar strategy as Si Wittenberger, uses carboxylic 

ester of (S)-pyroglutarnic acid instead of carboxylic ester of (S)-proline 

(Scheme XV). 

The fifth approach by W.H.Bunnelle le  et al is exactly same as 

reported by R.L.Elliot et al (Scheme XII). The only difference is these 

authors have generalized a method for the synthesis of 5-substituted-3- 

methyl isoxazoles. 

44 



COON 	 -1,1-WLCOOMe --1.- 
Me0H,SOCl2 	 UCH2CNOLI(Me) 

0 	 0 

H 

    

H2SO4 
 2 steps 

HCHO 

HCOOH 
2 steps 

Scheme XV 

All the approaches depicted above requires strongly basic 

conditions. For example, the first synthesis uses n-Buli for the 

formation of acetylene, while in the second and third approach lithium 

dianions of acetoneoxime and sodioacetonitrile respectively are 

required. Use of such highly basic conditions may lead to racemisation 

during large scale synthesis. Also in the second and third approach 

reaction of condensation of the proline ester has to be done carefully as 

the product formed is a keto function which is more reactive than the 

starting ester function for a nucleophilic attack. 

Examination of the structure of ABT-418 (1) reveals that a 

simple and efficient method for the preparation of the isoxazole moiety 

in enantiomerically pure form is crucial for the success of the chemical 

process. In view of this, we thought of devising a milder approach 

using our newly developed in situ oxidation Wittig protocol_ 
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Our retrosynthetic analysis for the synthesis of ABT-418 is 
-4- 	 depicted in Scheme XVI. 

K 	

 

 

 

sy' 

)4. 
COW' 

Scheme XVI 



OH 

Ph3P=C -Clrb 

PCC - NaOAc 

(1.5 equiv.) 

O 

1.H2NOH HCI 
THF:140 

2- 1 2, 
NaHCO3 

3a 
	

6 

9 

Present Work: 

The first step in the approach was to prepare a,,f5-unsaturated 

ketone from protected or N-methyl prolinal. This could be achieved by 

a reaction between phosphorane and the carbonyl group of the prolinal. 

The final step required oxidative addition of the oxime to lead the 

isoxazole directly. 

However amino aldehydes are normally known to be very 

labile compounds. The problem of handling such aldehydes can be 

overcome by sequential one- pot oxidation addition procedure. Before 

starting with the synthesis of ABT-418 using the above strategy, as a 

model study we thought of synthezing 3-methyl-5-phenyl isoxazole 

(Scheme XVII). 

Scheme XVII 

Thus, the first step in the projected synthesis was preparation of 

benzalacetone [7] using the "in situ" oxidation-Wittig reaction 

mentioned in the first section. The second step was to make the oxime 

[8] and then carry out cyclization leading to the target molecule [9]. So 

benzyl alcohol was treated with 1-triphenylphosphorylidine [6] under 

the experimental conditions described in Section L The product 

obtained on purification by column chromatography gave a yellow 

solid which was further recrystallised from ethanol to give light yellow 

solid. The spectral properties were found to be identical with the 
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reported data for benzalacetone [7]. The structure was further 

comfirmed by it's similarity of the m.p. 42 °C with the Lit'4. m.p (42- 

43 °C). The yield of the compound was 90 %. 

Once we had benzalacetone in hand, the next step was to 

prepare the oxime & cyclize it using any one of the Lit" methods. 

To benzalacetone was added H2NOH.HCI in THF: H2O (9:1) in 

1.2 molar ratio and was stirred at r.t. After the tic showed the 

disappearence of the starting material, to the reaction mixture was 

added 12, KI & NaHCO3 and refluxed for 6 hr. Usual workup gave a 

solid which was purified by column chromatography & further 

recrystallised to give white solid m.p. 67 °C; was found to be matching 

with the Lit m. p (67°C). Spectral data of the product is also found to 

be identical to the reported data (given below) (Fig 5). 

'H-NMR (CDC13): 8 ppm 

2.32 s 3H CE13-C=N 

6.35 s 1H HC=C 

7.41 m 3H Ar-H 

7.75 m 2H Ar-H 

It was gratifying to see that we could use the 1- 

triphenylphosphorylidine phosphorane for the "in situ" oxidation-

Wittig reaction as we were to use this phosphorane for the ABT-418 

synthesis. 

The highlight of this experiment was the one pot preparation of 

isoxazole from 0-unsaturated ketone. 

After successfully synthezing 3-methyl-5 phenyl isoxazole 

using above strategy, we took synthesis of ABT-418. Our Scheme for 

it's synthesis is given below (Scheme XVIII). 
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tek„ H L 

1.1 	COOH 

10 

CICOOEt 

NaOH 

, H LAH 

COON 
COOEt 

 

0 

Ph3P=CACH3  

PCC Na0Ac 
CH2C12 

  

Me 
12 

 

14 

Scheme XVIII 

We started with the preparation of N-methyl prolinol [12]. L-

Proline was treated with ethylchloroformate under basic conditions to 

get N-carboethoxy proline [II] .The structure of it was suggested by 

the mode of formation, spectral data (given below) and similarity of 

it's melting point with Lie]. m.p. The yield obtained was 95 %. 

IR: v 3420, 1740, 1675 cm-I . 

11-1-NMR (C'DCI3): 6 ppm. 

1.7 	t 	 31-1 	-COOCH2CH3 

1.9 —2.24 	m 	 4H 	CH2CF_12_ 

3.38 -4.22 	m 	 2H 

431-4.4 	m 	 311 -CH- 8c-COOCH2CH3 

N—carboethoxy proline [11] was then treated with excess of 

lithium aluminium hydride in ether at room temperature for 3 hours 

(monitered by tic). Usual work up gave a liquid.. It's IR and 111-NlvIR 

spectral data are given below. 
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IR: v,„ 3400 cm-1 . 

FI-NMR (CDCI3): S ppm. 

1.58-1.82 m 4H -CH 

2.4 s 3H N-CH, 

2.46-3.65 m 5H -OH, -CH-N, -CH2OH- 

3.8-4.67 m IH - CH, 

The above spectral data and the mode of formation suggested 

structure of the compound to be N-methyl prolinol 

N-methyl prolinol 12 was then subjected to "in sift,' oxidation 

—Wittig reaction using PCC — NaOAc in dichloromethane, at r.t. Tic 

indicated consumption of the starting compound, however we were not 

able to obtain the corresponding homologated product (Scheme XVII). 

Having failed to get the homologated product from N-methyl 

prolinol by using our method of PCC-NaOAc combination, we tried 

the literature method of using Dess Martin periodinane and IBX 

without any success (Scheme XIX). 

 

H 

CH20H 

   

Me 

PCC-NaOAc / 

Dess Martin Periodane/ 
IBX 

Ph3P=CHCOCH3  

Scheme XIX 

We reasoned that the failure of the homologation might be due 

to the basicity of N-methyl prolinol. Subsequently we tried this 

reaction using commercially available N-BOC prolinol. However, in 

this case also we could not isolate homologated product using any of 

the above mentioned methods. Next, we used N-carboethoxy prolinol. 

As carboethoxy group is more difficult to remove compared to BOC 

group and we expected it to be less reactive and hence should be more 

stable under the reaction conditions. 

Thus L-proline was reduced with LAH in dry THF. The L-

prolinol [15] obtained was treated with ethyl chlomfonnate in presence 

of K2CO3, acetonitrile at —20°C. The product obtained was 

characterized by its spectral properties (given below) which was also 

50 



identical with the reported literature 22  values. 

I.R: vn.„ 3450, 1750, 1675 cm' 

'H-NMR (CDC13): 5 ppm. 

1.27 t 3H (J= 6.9Hz) -COOCH2CH3 

1.48-2.17 m 4H 	-012Cli2-  
3.10-3.77 m 5H -CH-N-, -OH-, -CHOH 

3.8-4.7 m 1H 	-CH- 

4.09 q 2H (J= 6.9Hz) -COOCH2CH3 

Having obtained N-Carboethoxy prolinol [16], it was then 

subjected to our in situ PCC-NaOAc method reaction condition. After 

5 hrs, the tic indicated absence of starting and formation of new 

product above triphenyl oxide spot. After usual workup an oily liquid 

product was obtained (Scheme XX). 

f H  PCC Na0Ac '.8  

CH2OH 
CH2Cl2 I 

Ph3P=CHCOCH3 COOEt 
COOEt 

L H CICOOEt 

NA\ K2CO3 
CH2OH 

15 
	

16 	 17 

Scheme XX 

It's I R. spectrum showed a peak at 1700 cm' & 1680 cm' 

which could be attributed to the presence of carbamyl and a,13- 

unsaturated ketone groups respectively. 

'H-NMR (CDCI3) (fig 6) spectrum displayed a triplet (J.9 

Hz) at 5 1.26 & a quartet (J=6.9 Hz) at 5 4.11 integrating for three and 

two protons respectively. This could be attributed to OCH2CH3 group. 

A multiplet at 8 1.85-1.93 integrating for three protons could be 

assigned to -CH2-INCH- protons of the pyrrolidine ring. A multiplet 

(2H) at 5 2.13-2.20 could be due to the ring CH2 group, present next to 

N i.e. -CH2-N group. A triplet (J=7.5 Hz) at 5 3.47 integrating for one 

proton could be due to the -HCH- group present near the chiral center. 

A multiplet (1H) at 5 4.5 could be due to the -CH proton attached to 

chiral carbon. This accounts for all the seven protons of the pyrrolidine 
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ring. A sharp singlet (3H) at 8 2.26 indicates the presence of —CH3 

group next to the carbonyl. Two doublets 1H each at 8 6.07 (1=15.9 

Hz) & 6.69 (J=15.9 Hz) indicated the presence of a E double bond. 

13C-NMR (CDC13) (fig 60 spectrum displayed a peak at 8 

27.28 & 61.13 which may be due to presence of —OCH2CH3 group. 

Peaks at 8 23.18 & 31.07 could be due to the carbons C-4 & C-3 

respectively of the pyrrolidine ring. Carbon atom next to N, was seen 

at 8 46.61. The signal due to the chiral carbon was seen at 8 57.99. 

Methyl group next to carbonyl showed a peak at 8 14.7. The two 

olefinic protons appeared at 8 129.75 & 140.87 respectively. The keto 

carbonyl showed a peak at S 198.04 & the ester carbonyl displayed a 

peak at 8 155. 

The DEPT (fig 5a) spectrum confirmed the multiplicities of 
carbon signals mentioned above. 

Based on the above data, the structure 117] was suggested for 

the compound. 

The chiral HPLC showed a single peak indicating the % e.e. to 
be more then 99%. 

Once we had sufficient quantity of ali-unsaturated ketone in 

hand, our next step was to prepare the oxime & cyclize it to 

corresponding isoxazole in a one pot experiment as done previously for 

the synthesis of 3-methyl-5 phenyl isoxazole (SchemeXXl). 

  

H2NOH110  
THF:H 20 

 

Scheme XXI 

Thus to 1-0 -ethoxycarbony1-2(S)-pyrroldiny1)-1-butene-3-one 

(17), was added 1.2 molar ratio of hydroxylamine hydrochloride, in 

THE :H20 (9:1). After 1 hr, tic showed the disappearance of the 

starting material .To this reaction mixture was added 12, KI and 

NaHCO3 & refluxed for 6 hr (monitored by tic). Usual workup gave a 
liquid which was purified by column chromatography to give a 
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colourless viscous oil. 

It's I.R. spectrum showed strong adsorption band at 1700 cm -I 

 which could be assigned to the presence of carbamyl group. Peaks at 

1750 &1617 cm"' indicates the presence of -C =N & groups. 

1 1-1-NMR (CDC13) spectrum displayed a triplet (J=6.9 Hz) at S 

1.24 & a quartet (J.9 Hz) at 5 4.10 integrating for three and two 

protons respectively. This could be attributed to --OCH2C113 group. A 

multiplet (3H) at 5 1.86-2.02 indicates the presence of -Q-12-HCH-

group of the pyrrolidine ring . A multiplet (2H) at 5 2.12-2.18 is due 

to the ring protons next to N (CH2-N). A triplet (J=7.5 Hz) at 8 3.48 

integrating for one proton could be due to the protons next to chiral 

center -HCH-CHC= & a multiplet (1H) at 8 4.9 is due to the proton 

attached to the chiral carbon -CH-C=. This accounts for all the seven 

protons of the pyrrolidine ring. A singlet at 8 2.24 (3H) is due to the 

methyl group attached to isoxazole ring. A downfield singlet (111) seen 

at 5 5.98 is due to ring proton of isoxazole. 

13C-NMR (CDCI3) spectrum displayed a peak at 8 11.50 

which is due to the methyl group attached to the isoxazole ring. Peaks 

at 814.47 & 56.00 can be assigned to the -OCH2CH3 group. Peaks at 5 

24.34, 31.78, 46.00 & 62.00 can be assigned to the ring carbons of the 

pyrrolidine ring. Peaks at S 154 could be due to the carbamyl group. 

Peaks at 8 102 & 160 are assigned to the olefinic carbon & quaternary 

carbon of the isoxazole ring. 

The multiplicities of the carbon signals were determined from 

DEPT experiment. 

Based on the mode of formation & spectral analysis, the 

structure of this compound is assigned as [19]. 

The chiral HPLC analysis of this showed only one peak 

indicating the optical purity of the compound. The last step in the 

projected synthesis, was to convert carboethoxy group to N-methyl 

group- 



LAH 
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1 
Scheme XXII 

Finally 3-methyl-5-(ca.rboethoxy)-pyrrolidinyl isoxazole was 

subjected to LAH reduction (Scheme XXII). The product obtained 

after usual workup gave light yellow coloured oil. The spectral data is 

in accordance with the reported' data of ABT-418 (given below) (fig.7 

and 7a). 

Based on the mode of formation & spectral analysis, which 

found to be matching with the literature values the structure of ABT-

418 was confirmed. 

The chiral HPLC analysis of this gave a single peak under 

reported conditions indicating it's optical purity. 

Observed values 
	

Literature values 

I.R: v.„ 1748, 1617 cm 

'H-NMR (CDC13): 8 ppm. 

1.76- 2.04 m 3H --CHrCH 1.80-2.03 

2.11- 2.34 m 2H —CH-N 2.18-2.43 

2.22 s 3H CI13-C= 2.28 

2.26 s 3H N- CH 2.34 

3.07- 3.12 m 1H -CH-C= 3.14-3.21 

3.36 t 1H (.1--7.5 Hz) -CH-CHC= 3.45 

6.00 s 1H 6.00 
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13C-NMR (CDC13): 8 ppm. 

12.71 CH3-C=N 11.03 

24.12 CH2CH2 22.51 

32.91 CH2CH2 31.38 

41.96 N-CH3 40.30 

57.90 CH2-N 56.22 

63.56 *C-H 61.88 

102.80 HC=C-O 101.12 

160.95 CH3-C=N 159.17 

175.46 =C-0 173.83 

'r - 
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Conclusion: 

We have successfully demonstrated the utility of an PCC-

NaOAc, one pot method for the synthesis of ABT-418, involving a 

short synthesis with high overall yield, low cost of reagents, simple 

chromatographic purifications, no need for special cryogenic apparatus 

and complete retention of chiral integrity, unlike the other reported 

methods. 
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Synthetic studies in Pyrrolam A 

Introduction: 

Pyrrolam A, (5R)-1-azabicyclo [3.3.0]od-3-en-2-one [2], a 

pyrrolizidine alkaloid isolated from Streptomyces olivaceus by 

R.Grote eta1. 2, contains an enamide structure in the molecule and is 

reported to cause damage to fertilized eggs at a low concentration of 

511g/ml, also exhibits hepatotoxic, mutagenic & carcinogenic activities. 

Pyrrolizidine alkaloids containing 1-azabicyclo [3.3.0] octane skeleton, 

found in a many of natural products derived from plants & insects, 

exhibits a variety of biological activities 23 . 

0)  

2 

Synthesis of pyrrolam A (2): 

Few methods are available for the synthesis of this compound 

& there is scope for the development of new and short method for the 

synthesis of the same. Thus, A. Ohta 2a  and co-worker's approach 

involves SmI2—mediated intramolecular coupling reaction between a 

bromoalkyl and ynamide group, to give a cyclised product which was 

further converted to Pyrrolam A (2) (Scheme XXIII) 
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Scheme XXIII 

murray , s2b approach involves cyclisation of N-methoxy-N-

methyl amide to corresponding dione, followed by reduction & 

mesylation to give the mesylate which was treated with a base to give 

the target molecule (Scheme XXIV). 

G. Palmisano2c  and co-worker's approach involves dehydrative 

alkylation of a protected (R)-prolinol with triethylmethane 

tricarboxylate under the conditions of the Mitsunobu reaction as the 

key reaction. The product obtained was then converted to (R)-3,4- 

dihydropyrrolam. The dihydropyrrolam was further converted to 
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natural product by introducing the double bond using selenium 

chemistry (Scheme XXV). 

< 

1 .0" H  cat. H2 

)..")  Pd/C 
CHCI3  

0 	r.t, 24 hr. 

Scheme XXIV 

  

H 	BOC-ONL ...,,,H 	TEMT,TPP 	...... H 
--b. 

• •• 411  

C(COOE03 
2 	

CH2Cl2,r.t. 	1(..''....CI 	H2°14 DEAD,  i 

_,.. 

BOC 	Et20,r.t. 	B6C H OH 

R:: B°C--TFCHACI'  CH2Cl2, 
l 12 N HCI 

R- HI  reflux 
r.t. 

THF 
-78 oC 

PhSeC1 
H202  
THF 
0 0C 

       

HMDS 
•TtiTSZI(cat 

MeCN 
reflux 

     

COOH 

Scheme XXV 

M. Nakagawa2d  and co-worker's approach involves conversion 

of methyl—N-BOC-L-prolinate to the aldehyde by reduction with 

Dibal-H. Wittig olefination followed by deprotection gave 2-ethenyl-, 

2 -(2-methoxy carbonyl)ethenyl-2-(l -propenyl)-,and2-(2- 

-k- 
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phenyl) ethenylpyrrolidine. Acylation of these pyrrolidine derivatives 

with unsaturated acids in presence of diethyl phosphorocyanidate 

gave chiral diene. The further elaboration was done by using recent 

popular and powerful method of ring closing metathesis (RCM) 

approach (Scheme XXVI). 

KN(TMS)2  
Ph.32REtr 
THE 	810C 

1) 10 % HCI-Me0H 
2) HOOC(CH2)nC(R)3=CHR2  

PCY3 , 	/ Ph  
CIS,. ,,1, 	/ \ ph 

	

'mu— 	J....H 
CI / `-- 'N' 

PCy3  °I- 	
Ri 

PCy3 Ph 	6-  1)n 

	

CI 	1 	/ ``

RU=-/ 	
R3----  '''''\ 

cr I 
PCY3 	 n=o, R1=H, RCH3  

R3=H 

Scheme XXVI 

P.Q. Huang2e et al's approach involves asymmetric synthesis of 

natural (-)-pyrrolam A from natural (s)-malic acid. The stereogenic 

center was established via a highly trans-diastereoseleetive reductive 

alkylation procedure. A tandem base- induced intramolecular amide N-

substitution and tosic acid elimination led to the target molecule 

(Scheme XXVII). 

H 1) Na0H, (BOC)20  

I COON dioxane 
H 	 2) K2CO3,CH31 

DMF 
3) Dibal-H 

toluene, -78 0 C 
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Et3SiH, 

BF3.000Et2  
CH2Cl2, 	Bnck 
-780C 

H2, 1 atm, 
10% PcliC 

O EtOH,r.t. 	 0 
PMB 

X = Ac 
X = H 

PMB 	 HO- 

p-TsCI,Py. 	 Mg, EEO
Bn0 	 MgBr 

X = OTs
.---I X = OH Bna 

	
X = Br 

 
X = OBn KOH 

BnO 

HO 

PMB 

p-TsCI 
PyTtart3MAP 
CH2Cl2  
OOC to Et. 

TsO 

  

TsO 
CAN, 

H2O 	
THE 

. 

(3:1) 	 I 	-15- 00C 
OOC 	 PMB ■ .0Ts 

 

N 

PMB 

Scheme XXVII 

Present Work: 

After looking at the structure of Pyrrolam A, we thought that 

we can synthesize this molecule using our approach of "in situ" 

oxidation-Wittig reaction. We visualized two approaches for this 

synthesis. The first, using "in situ" oxidation-intermolecular Wittig 

reaction and the second, "in situ" oxidation-intramolecular Wittig 

reaction. The two approaches are described in two different parts B & 

C. 
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hv 
peroxide 

PART B 

Use of "in situ" oxidation-intermolecular Wittig reaction 

for the synthesis of dihydropyrrolam 

As we have seen in earlier Scheme XXIII, dihydropyrrolam 

can easily be converted to pyrrolam A, we first thought of synthesizing 

dihydropyrrolam. 

Other than the synthesis of dihydropyrrolam described in 

Scheme XXIV and XXV, there are three more reports for the synthesis 

of dihydropyrrolam. 

O.E. Edwards24a  method involves peroxide initiated & 

photochemical conversion of N-chloroazacyclooctanone to 

corresponding racemic dihyropyrrolam (SchemeXXVIII). 

The seem  .24b a approach involves preparation of methyl trans-2- 

(2-pyrroly1) aciylate from pyrrole-2-aldehyde followed by 

hydrogenation to give the racemic product (SchemeXXIX). 

EL; 1) Ph3P=CH-CROMe 

 CHO 2) Rh /H2  

 

 

Scheme XXIX 

The third 24capproach described by the same group which 

discovered the (R)-pyrrolam A for the structural elucidation, involves, 

Wittig-Homer olefination of N-BOC prolinal prepared from DIBAL 

reduction of N-BOC-L-proline methyl ester. The unsaturated ester 

was then hydrogenated, deprotected and cyclised to give (S)- 

dihydropyrrlam. (SchemeXXX). 
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H 	Dibal 	Witti 	n ..
H  

Cat.Hyd. 
OCH3 	 OEt Homer 

    

OEt TFA 	refltrx  

Scheme XXX 

Present Work 

As mentioned earlier we thought of synthesizing (S)- 

dihydropyrroam first using "in situ" oxidation Wittig reaction as L-

proline is cheaply available compared to R-proline. Futhermore if 

successful we can then use the same approach for (R)-dihydropyrrolam 

which could constitute a formal synthesis of (R)-pyrrolam A. Our 

approach is depicted below (SchemeXXXL). 

K2CO3 

C1COOCH2Ph 
doo

-Tc-,H2.  H 

Ph 

19 
PCC NaOAc 

CH2C12 
PPt.t3HCOOEt 

0 

15 

 

cat. H2 Et 

21 

Dihydropyrrolam 

  

Scheme XXXI 
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It was visualized that if N-CBZ protected prolinol is subjected 

to "in situ" oxidation-Wittig reaction, it could give an a,13-unsaturated 

ester, which then if subjected to hydrogenation could lead directly to 

(S)-dihydropyrroam by reduction of the double bond with concomitant 

deprotection followed by cycloamidation. It was thought that if 

successful, this method would have advantage over the reported 

method described in scheme XXX in terms of lesser number of steps, 

no need to use cryogenic condition to prepare the prolinal intermediate 

and avoiding use of base which was required for Wittig-Homer 

reaction, which can potentially racemise the intermediate. 

Thus prolinol was subjected to CBZ protection. The product 

obtained had spectral properties (shown below) which are in close 

agreement with liter  values . 

I.R (neat): 3413, 2957, 2875, 1680 cm"' 

1 1-I-NMR (CDC13): 6 ppm. 

1.45-2.05 m 4H -CH2-CH2- 

3.30-3.60 m 4H -CL12-N, -CH2OH 

3.90-4.00 m 1H -CH- 

4.3-4.4 m 1H -CHOH 

exchangeable with D20 

5.1 s 2H -C1-12-C6H5 
7.2-7.5 m 5H Ar-H 

After obtaining N-CBZ-prolinol it was subjected to "in situ" 

PCC-Wittig reaction condition with phosphorane as described earlier. 

Usual workup followed by repeated chromatographic purification 

furnished viscous oil. Its IR spectrum showed a strong band at 1720 

cm-1  which could be due to the ester carbonyl. Its 'H-NMR (CDC13) 

showed a triplet (J=7.1Hz) at 6 1.35 which could be due to methyl 

protons of -OCH2CH3 group. A multiplet at 8 3.9 —4.45, integrating for 

five protons could be due to —CH2N, -CH- and - CH2 protons of the-

OCH2CH3. A singlet integrating for two protons was seen at 8 5.12 

which could be due to the benzylic CH2 of the CBZ group. A multiplet 

integrating for four protons was seen at 8 1.5-2.1 which could be 
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assigned to —CH2CH2- fragment of the pyrrolidine ring. A doublet at 8 

6.5 (J = 16.1 Hz) was seen for one proton and another doublet at 8 7.7 

(J=16.1 Hz) for another proton. These two protons could be the 

olefinic protons of the unsaturated ester with the former being the a-

proton and the latter13-proton. A multiplet integrating for five protons 

at 8 7.4 was assigned to the aromatic protons of the CBZ group. 

13C-NMR (CDCI 3) (fig 8) _spectuim _displayed a peak at .5 14.22 

& 60.40 which could be assigned to the —OCH2CH3 group. Peaks at 8 

23.67 8 & 28.83 could be due to the pyrrolidine ring carbons C-4 and 

C-3 respectively. Signal due to the carbon next to N, appeared at 8 

30.1. The chiral carbon showed a peak at 8 39. Peak at 8 68.07 could 

be due to the benzylic CH2 of the CBZ group. The two olefinic carbon 

signals were present at 8 118.23 & 145 respectively. The aj3 

unsaturated carbonyl showed a peak at 8 168 & the —COOCH2Ph 

carbonyl displayed a peak at 8 166. Peaks at 8 134.4, 130.7,130.1, 

128.8 and 128 could be due to the aromatic carbons of the CBZ group. 

The DEPT spectrum revealed the multiplicities of the carbon 

signals, which are in agreement with the above results. 

Based on the mode of formation & spectral analysis structure 

20 was suggested for the compound. 

Once the ester was in hand further conversion to target 

molecule required hydrogenation. This was done on a Parr 

hydrogenator at atmospheric pressure for 20 hrs. 

After usual workup it furnished colourless oil. The spectral 

properties (mentioned below) were in close agreement with the 

literature2  values. 

I.R (film): 2960, 2890 cm-1 . 
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PART C 

Attempted synthesis of pyrrolam A using "in situ" 

Oxidation- intramolecular Wittig reaction 

After demonstrating usefulness of "in situ" oxidation—

intermolecular Wittig reaction we were pondering whether such "in 

situ" oxidation-intramolecular approach can be used in organic 

synthesis. As we were attempting to synthesize pyrrolam A, we 

thought of using such approach directly for the synthesis of it. 

Our approach for this synthesis is depicted below (Scheme 

XXXII). 

    

 

CICOCH2CI 
CH2OH 

H 

15 
22 

"- CH20 H 

- H 

base / 	
4.  CI — 

23 

1,...1(1_,CH2OH 

.14 

0 \ --'4"12113  

24 

    

PCC NaOAc 

CH2C12 
0) 	 I  

Pyrrolam A [2] 

Scheme XXXII 

x.----PPh3 
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It was conceived that, if we could convert prolinol to N-

haloacetyl prolinol, and then subject it to reaction with triphenyl 

phosphine, it could give a Wittig salt. The Wittig salt then can be 

subsequently deprotonated with a mild base to get the phosphorane. If 

this phosphorane having internal hydroxyl group could then be 

subjected to PCC oxidation and the aldehyde function thus formed 

during the reaction would react with the the internal ylide present to 

give directly pyrrolam A (2). 

We started with the preparation of N-chloroacetyl prolinol. 

Prolinol was obtained by reduction of proline & treated with 

chloroacetylchloride in presence of NaOAc acetone to give good yields 

of N- chloroacetyl prolinol. 

It's I.R spectrum showed a band at 3400 and 1648 cm-1  which 

could be assigned to the presence of hydroxy group and amide 

carbonyl group. 

It's 1 H-NMR (CDC13) (fig 9) spectrum showed a multiplet 

integrating for four protons at S 1.67- 2.09 which could be assigned to 

-CH2CH2- fragment of the pyrrolidine ring. The broad singlet 

integrating for one proton, at S 3.07, exchangeable with D20, is 

assigned to the hydroxyl proton. A multiplet integrating for four 

protons in the region S 3.48- 3.71 could be from the -CH2N, -CH2OH 

groups. A singlet at 8 4.06 could be due to the methylene protons of 

the -COCH2C1 group. A multiplet integrating for one protons at 8 4.1 

-4.3 could be due to the -CH- proton of the pyrrolidine ring. 

13C-NMR (CDC13) (fig 9a) spectrum displayed a peak at 8 24.16 

and 28 could be due to the pyrrolidine ring carbons C-4 and C- 3 

respectively. Carbon atom next to N, displayed a peak at 8 42.38. The 

chiral carbon appeared at 8 61.00. Peak at 64.40 8 could be due to the 

methylene protons of the -COCH2C1 group. Peak at 8 47.70 could be 

due to the methylene protons of -CH2OH group Peak at 166.63 could 

be due to the presence of amide carbonyl group. 

The multiplicities of the carbon signals were determined from DEPT 

spectrum. 



5 . 0 	4 . 5 	4 . 0 	3 . 5 	3 . 0 	2 . 5 	2 . 0 	1 . 5 	1 . 0 	0 . 5 	ppm 

Fig. 9 
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Based on the mode of formation & spectral analysis structure 

22 was suggested for the compound. 

Once we had sufficient amount of N-chloroacetyl prolinol in 

hand, our next step was to prepare the phosphorane via the salt. When 

it was treated with PPh3 in presence of dry CHC13, tic showed the 

absence of starting but we could not isolate the salt. All our afforts to 

prepare the salt using C6H6, CH3CN & xylene failed. We thought the 

reason for our failure to get the salt could be the nature of the leaving 

group chlorine being weaker leaving group. So, we prepared the N-

bromoacetyl prolinol(spectral data given below) by the above method. 

However, again this time also we failed to get the corresponding Wittig 

salt (Scheme =CHI). 

H2OH 
BrCOCH2Br H 

ccf)\."*.  Br 

15 	 25 

Scheme XXXIII 

I.R (film): 3400, 1640 cm 4 . 

1 H-NMR (CDCI3): 8 ppm. 

1.67-2.10 m 411 -CH2CH2- 

3.10 bs 1H -CH2OH 

(exchangeable with D20) 

3.52- 3.71 m 4H -CH2-N, -CH2OH 

3.83 s 1H -COCH2Br 

4.16-4.2 m 1H -CH- 

13C-NMR (CDC13): 8 ppm. 

21.92 	-CH2CH2- 
27.55 	-CH2CH2- 

42.38 	-CH2-N 

48.40 	-CH2OH 

61.69 	-CH- 

65.97 	-COCH2Br 

167.40 	-COCH2Br 
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COOMe 

H 

26 

L14)--■' COOMe 

0)\;Bilr 

27 28 

COOMe 

Based on the mode of formation & spectral analysis structure 25 

was suggested for the compound. 

So, we thought of another approach thinking that may the 

hydroxyl group is not allowing the salt formation. Hence, we attempted 

oxidation of N-haloacetyl prolinol using PCC and subjected the 

product obtained immediately to phosphorane preparation in a normal 

way. In this case also we failed to get the pyrrolam A (Scheme 

XXXIV). 

Scheme XXXIV 

We also visualized another approach (shown below) to prepare 

the required phosphorane so that we can subject it to the "in situ" 

method. Accordingly, it was planned to prepare the N-haloacetyl 

derivative of the methyl ester of proline (spectral data given below) 

and then subject it to phosphorane preparation and later attempt to 

reduce the ester function. However, when we subjected the N-

haloacetyl ester to salt formation we got entirely different product. 

Further characterization of this product is needed (Scheme XXXV). 

Scheme XXXV 
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I.R (film): 	1640 cm-1 . 
1 H-NMR (CDC13): 8 ppm. 

1.67-2.10 m 4H -CHCF_I2- 

3.6 s 1H -COUCH 

3.52- 3.71 m 2H -C.11_2-N 

3.83 s 1H -COCH2Br 

4.16-4.2 m 1H -CH- 

Based on the mode of formation & spectral analysis structure 27 

was suggested for the compound. 
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Conclusion: 

We were successful in can-ying out the synthesis of 

dihydropyrrolam using "in situ" oxidation—intermolecular Wittig 

reaction. There is also scope for the "in situ" oxidation intramolecular 

Wittig reaction. Attempts to complete the synthesis of pyrrolam using 

the above is going on in our laboratory. 
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PART D 

Synthesis of (E)-4-Oxonon-2-enoic Acid. 

Introduction: 

(E)-4-0xonon-2-enoic Acid (31), a natural antibiotic isolated 

from Streptomyces olivaceus by Pfefferle et al. 26. 

It exhibits antibacterial activity against various Gram-positive 

and Gram-negative strains, especially Staphylococcus aureus. 

0 

H 

31 

Synthesis of (E)-4- Oxonon-2-enoic Acid: 

There are only two reported methods for the preparation of 

(E)-4- Oxonon-2-enoic Acid. 

The first approach27  involves , acid catalysed isomerisation of 3- 

acylprop-2-ynal actals to corresponding (E)-3- acylprop-2-enoic acids. 

(SchemeXXXVl) 

   

Buli 

THE 

CCH(0E02 

Mn02 

th2a2 

00C-11 

   

2N HBr 

dioxane 

30 -80 0 

0 

COOH 

Scheme XXXVI 
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n CH 3(CH2)5CH2OH 

3j 

0 

PCC Na0Ac 	n CO) 

cft2a2  
P1)3P=CHCOOEt 

Cr03 
H2CH3 	►  

kzOiAcOH 

Kfi°g 

EtOH 

0 

30 	 31 

The second approach by R. Ballini28  et al involves 

monoalkylation of furan followed by cleavage with PCC. Finally 

oxidation with Jones reagent to lead to the target molecule 

(SchemeXXXVII). 

riBull/pentarte 

1HF 

KC 

CH2O2 

HO 

tones 

Scheme YCFICXV1I 

Present work: 

The reported methods make use of harsh reaction conditions as 

well as costlier reagents. 

We thought that we can synthesize this molecule using our 

approach of "in situ" oxidation Wittig reaction. Our strategy for the 

synthesis is as shown below (Scheme =WM ). 

Scheme XXXVlIl 

Our first step was to prepare ot„13-unsaturated ester, using our 

"in situ" method already discussed in our first section, then carry out 

oxidation and finally hydrolysis of the keto ester. 
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n-Heptanol was subjected to "in situ" oxidation -Wittig 

reaction. After stirring it for 3 hour, tic indicated formation of oxide 

and appearance of a new spot. Ether was added to the reaction mixture 

and it was filterd through celite. Further purification was done by 

column chromatography using pet ether as eluent to give a sweet 

smelling liquid. It's LK spectrum showed a band at 1733 and 1659 

cm-1  which could be due to the ester group and double bond. In 1 H-

NMR (CDC13) (fig.10) spectrum it showed a triplet (J=7.2 Hz) at 8 

1.29 and a quartet (J=7.2 Hz) at 8 4.19 integrating for three and two 

protons respectively. This could be attributed to -OCH2CH3 group. A 

triplet (J= 6.8 Hz) at 8 0.89 integrating for three protons, could be due 

to CH3-(CH2)4- group. A multiplet at 8 1.23- 1.47 integrating for eight 

protons could be due to the - (CH2)4- group. A multiplet at 8 2.16-2.23 

integrating for two protons could be due to -CI-32-CH= group. A 

double triplet (J= 15.64, 1.43 Hz) at 8 5.81 integrating for one proton 

could be due to -CHH-COOEt group. A triple doublet (J=15.64, 7 

Hz) at 8 6.97 integrating for one proton could be due to the presence 

of -CHH-COOEt group. 

Based on the mode of formation and spectral properties the 

structure [32] was suggested for the compound. 

Once we had sufficient quantity of ester in hand our next step was to 

subject it to oxidation. It was stiffed with Cr03 29  in Ac20 and AcOH 

for about two hrs. Tic indicated the disappearance of the starting and 

formation of a new spot below the starting. The product obtained after 

work up was further purified by column chromatography using 

pet.ether: ethylacetate as eluent to give a viscous liquid. 

In I.R spectrum it showed a band at 1728, 1703 and 1687cm -1  . 

This could be due to the presence of ester carbonyl, keto carbonyl and 

the double bond respectively. In 'H-NMR (CDC13)(fig 11) spectrum it 

showed a triplet (J=7.3 Hz) at 81.29 and a quartet (J=7.3 Hz) at 8 4.26 

integrating for three and two protons respectively. This could be 

attributed to OCH2C113 group. A triplet (J= 6.7 Hz) at 8 0.88 

integrating for three protons, could be due to CHI-(CH2)4- group. A 

multiplet at 8 1.23- 1.47 integrating for six protons could be due to the 

40103- group. A triplet (J=7.5 Hz) at 8 2.62, integrating for two 
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S. 

protons is assigned to -C11_2-00- group. The doublet (J= 16.07 Hz) at 

S 6.62 integrating for one proton could be due to -CHH-COOEt 

group, while the doublet (J=16.07Hz) at 8 7.06 integrating for one 

proton must be from the -CO-CH=group. 

Based on the mode of formation and spectral properties the 

structure 33 was suggested for the compound. 

Once the keto ester was in hand further conversion to target 

molecule required hydrolysis. This was achieved by stinting in ethanol 

in presence of potassium carbonate for 2 hrs. Usual workup furnished 

the required compound whose spectral properties were in close 

agreement with the literature values 27 . 

m.p : 104 °C (lit.26  imp. 105-106 °C) 

I.R (film): 3400, 3065, 2955, 2930, 1680, 1660, 1622cm-I  . 

1 1I-NMR (CDC1 3): 8 ppm. 

0.9 t 3H (J= 7.3 Hz) CH3-CHr 

1.25-1.6 m 6H -(CH2)3-  

2.66 t 2H(J=7.3 Hz) -CH2CO 

6.66 d 1H (J=16 Hz) -CH2CH= 

7.12 d 1H(J=16 Hz) =CH-COOH 
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Conclusion: 

We have successfully completed the synthesis of (E)-4- Oxonon-

2-enoic Acid using our "in situ" oxidation -Wittig reaction method.. 
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PCC NaOAc 
n 

(1.5 equ) 

3c 

n C7H 15CH2011 
CH2Cl2 

Ph3 P=CHCOOEt 

COOEt 

5c 

Experimental: 

FOR SECTION I: 

Expt.1.1: Preparation of triphenyl-a-ethoxycarbonyl-methylene 

phosphorane (4). 

PP h3 + BrCH2COOEt 

 

+ Br— 	NaOH 
Ph3PCH2COOEt 	 Ph3P=CHCOOEt 

 

4 

Expt.1.2: Preparation of Ethyl Cinnamate (5a). 

PCC NaOAc 

(1 , 5 equ) 
CH202  

Ph 3P=CHCOOEt 

COOEt 

3a 
	

5a 
	

5 1 a 

Expt.1.3: Preparation of Ethyl-2 (E)-heptenoate (5b). 

CH3CH2CH2CH2CH2OH 

3b 

PCC NaOAc 

(1.5 equ) 
CH2Cl2 	 COOEt 

Ph3P=CHCOOEt 

5b 

Expt.1.4: Preparation of Ethyl-2 (E)-decenoate (5c). 
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Expt.1.5: a) Preparation of 1-Tetradecanol (3d). 

n CI3 H27C00H 	 n C13 H27CH2OH 

3d 

b) Preparation of Ethyl-2 (E)-hexadecanoate (3d). 

n C13H27 
(i.5 equ) 

COOEt CH2Cl2 
Ph3P=CHCOOEt 

3d 	 5d 

Expt.1.6: Preparation of Ethyl-2 (E)-4-methyl-pentenoate (3e). 

OH 

PCC NaOAc 

(1.5 equ) 
CH2Cl2 

Ph3P=CHCOOEt 

COOEt 

3e 
	

5e 

Expt.1.7: Preparation of Diethylhexa-2 (E),4(E)-diene-1,6-dioate. 

PCC NaOAc 

HOCH2C H2OH 
	

CH2Cl2 
	 Et00C-- COOEt 

Ph3 P=CHCOOEt 

3f 	 5f 

Expt.1.8: Attempted Preparation of Ester (5g). 

PCC NaOAc 

1100,,,s,,, OH 	CH 202 	
EtO0C--- 000Et 

Ph3 P=CHCOOEt 

3g 	 5g 

PCC NaOAc 

n C 13H27CH2OH 
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Expt.1.9: a) Preparation of 2-Phenyl ethanol (3h). 

"1- 
LAH 

OH 

  

3h 

b) Preparation of Ethyl-2 (E)-4-phenylbutenoate (5h). 

PCC NaOAc 

(1•5 equ) 
CH2Cl2  

Ph3P=CHCOOEt 

COOEt 

	

3h 
	

5h 

Expt.1.10: Preparation of Ethyl-2 (E)-5-ehloropentenoate (5i). 

CI 	 OH 	PCC NaOAc 	
CI 

cH2a2 	 COOEt 
Ph3P=CHCOOEt 

	

3i 
	

5i 
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FOR SECTION II: 

Expt.2.1: Preparation of triphenyl-a-acetyl methylene 

phosphorane (6). 

cr 
CICH2COCH3 PP h benzene 

	
NaOH 3  	Ph3PCH2COCH3 	Ph3P=CHCOCH3 

dry  

6 

Expt.2.2: a) Preparation of Benzalacetone (7). 

OH 	Ph3P=CHCOCH3 

   

3a 	 7 

b) Preparation of 3 -methyl-5-phenyl isoxazole (9). 

i.H2NOH.HCITTHF:H20 

2 .1 2 ,KI,NaHCO 3  

7 
	

9 

Expt.2.3: a) Preparation of N -carboethoxyproline (11). 

CICOOEt 

NaOH 

..... 0. H 

COOH 

t 00ET 

11 

b) Preparation of N-methyl prolinol (12). 

, ,,H 

COOH 

COOEt 

LAH 

dry ether 
L. 	....... 1 H 

 hi 	CH2OH 

CH3 

11 	 12 
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Expt.2.4: a) Preparation of L-Prolinol (15). 

     

I 	,..1c,,,, H ,.,  

tii 	CH2OH 

H 

15 

4- 

   

LAH 
dry THF 

  

NcOOH 

H
I 

10 

b) Preparation of N-carboethoxy L-prolinol (16). 

N "CH2OH 
H
I 

1.CICOOEt 

2. K2CO3, -20°C  

H 

1 	CH2OH 

COOEt 

15 	 16 

Expt.2.5: Preparation of 1-(1-Ethoxy-carbonyl-2 (S)-pyrrolidinyl)-

1- butene-3-one (17). 

N 1 -...?..\CH2OH 
COOEt

.L.,, 	...... ,H PCC NaOAc 

CH2Cl2 

Ph3P=CHCOOEt 

16 	 17 

Expt.2.6: Preparation of 3-Methyl-5-(carboethoxy) pyrrolidinyl 

isoxazole (19). 

........ H 1. H2NOH.HCI,THF,H20. 

2.12,KI,NaHCO 3  N 

00Et 

...•.. II H 

100Et 

17 18 

Expt.2.7: Preparation of ABT-418 (1). 

   

LAH 

dry THE 

18 

 

1 
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Expt.2.8:Preparationof(2S)-N-(BenzoxyearbonyI)-2-(hydromethyl) 

pyrrolidine (19). 

CICOOCH2Ph 

K2CO3 

- zo oC 
N 	CH2OH 

1 
CBZ 

15 	 19 

Expt.2.9: Preparationof 1-(1-Benzoxyearbony1-2(S)-pyrrolidinyl) 

ethyl-l-propionate (20). 

Et N 
CBZ 

N 	CH 2 OH 

CBZ 

19  

PCC NaOAc 

CH 2C 12 

Ph 3 P=CHCOOEt 

20 

Expt.2.10: Preparation of (S)-diliydropyrrolam (21). 

OEt 

to % Pd/C 

Me0H 
20 hr 

20 	 21 

Expt.2.11: Preparationof(2S)-N-(chloroacety1)-2-(hydromethyl) 

pyrrolidine (22). 

CH2OH 

H 

CICOCH2CI 

NaOAc 
Acetone 

' .**<H 2OH 

CI 

15 	 22 
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Expt.2.12: Preparation of (2S)-N-(bromoacetyI)-2-(hydromethyl) 

pyrrolidine (25). 

N 	CH2OH 

H
I 

BrCOCH2Br 

NaOAc 
Acetone 

15 	 25 

Expt.2.13: Preparationof(2S)-N-(bromoacety1)-2-(methylester) 

pyrrolidine (27). 

COOMe 

BrCOCH2Br 

NaOAc 
Acetone 

........ H 

e--%.*•+COOMe 

Br 

26 	 27 

Expt. 2.14: Preparation of Ethyl-2 (E)-nonate (32). 

n CH 3(CH2)5CH2OH 
	PCC NaOAc 	n C6H13 

CH 2 Cl2  

Ph3P=CHCOOEt 

32 

Expt.2.15: Preparation of Ethyl-2 (E)-4-oxononate (33). 

AP' 

n C6H13 OCH2CH 3 	Cr03 

Ac20/AcOH 
OEt 

0 

33 
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Expt.2.16: Preparation of (E)-4-Oxonon-2-enoic Acid (34). 

KS03 
OEt 

EtOH 
OH 

34 
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FOR SECTION I: 

Expt.1.1: Preparation of triphenyl-a-ethoxycarbonyl-methylene 

phosphorane (4). 

Addition of a solution of triphenyl phosphine (15.7g, 60 mmol) 

in dry benzene (30 ml) to a solution of ethyl bromoacetate (11.7g, 60 

mmol) in dry benzene (10 ml) at room temperature, resulted in an 

elevation in temperature to about 70 °C and the precipitation of a salt. 

After allowing the mixture to cool to room temperature, it was 

vigorously shaken and left overnight. The separated solid was filtered, 

washed with dry benzene and dried. 

The stirred solution of the above salt in water (150 ml) and 

benzene (100 ml) was neutralized by aqueous sodium hydroxide to a 

phenolphthalein end point. The benzene layer was separated, dried 

(anhy. Na2SO4) and concentrated to about 1/3 rd volume. Addition of 

n-hexane (40-60°C) resulted in the separation of the crystalline product 

which was filtered and dried to afford triphenyl-

ethoxycarbonylmethylene phosphorane (14.6g, 70 %) m. p. 125-126 °C 

(lit 8 m.p. 125-127°C). 

Expt.1.2: Preparation of Ethyl Cinnamate (5a). 

To a magnetically stirred suspension of (1.5equ.) Pyridinium 

chlorchromate (PCC) and NaOAc in 10 ml of anhydrous CH2C12, 

benzyl alcohol (1.8mmol) in 5m1 of anhy. CH2C12 and Wittig reagent 

(2.2 mmol) was added in one portion. After the tic, indicated the 

disapperance of the starting, ether was added and the supemant 

solution decanted from the black granular solid. The combined organic 

solutions were passed through a short pad of Celite and the solvent 

was evaporated .The residue obtained was further purified by column 

chromatography using Pet ether as eluent. To give a colourless liquid 

(Yield: 96 %) b.p. 126-131 °C (lit. 9  b.p. 126-131 °C / 6mm Hg) 

86 



Expt.1.3: Preparation of Ethyl-2 (E)-heptenoate (5b). 

Followed the same procedure as expt.1.2 (Yield: 85%). 

Expt.1.4: Preparation of Ethyl-2 (E)-decenoate (5c). 

Followed the same procedure as expt.1.2 (Yield: 70%). 

Expt.1.5: a) Preparation of 1-Tetradecanol (3d). 

To a stirred suspension of lithium aluminium hydride (6.84 

mmol) was added myristic acid (5.7mmol mmol) in thy 

tetrahydrofuran (10m1) over a period of 40 min. The reaction mixture 

was stirred for 3 hours and then cooled. The cold reaction mixture was 

quenched with the sequential addition of water (1 ml), 15 % NaOH (2 

ml), water (1 ml) and then filtered (washed with THF). The combined 

filtrates were dried over anhydrous sodium sulphate and concentrated 

to give colourless oil (Yield: 90%). 

b) Preparation of Ethyl-2 (E)-hexadecanoate (5d). 

Followed the same procedure as expt.1.2 (Yield: 60%). 

Expt.1.6: Preparation of Ethyl-2 (E)-4-methyl-pentenoate (5e) 

Followed the same procedure as expt.1.2 (Yield: 55%). 

Expt.1.7: Preparation of Diethylhex-2 (E), 4(E)-diene-1,6-dioate 

(50. 
Followed the same procedure as expt.1.2 (Yield: 39 %) 
m.p.60 °C (lit4.m.p. 57-59 °C). 

Expt.1.8: Attempted preparation of ester 5g. 

Followed the same procedure as expt.1.2 (Yield: 30 %) 

Expt.1.9: a) Preparation of 2-Phenyl ethanol (3h). 

Followed the same procedure as expt.1.5a (Yield: 90%) 
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b) Preparation of Ethyl-2 (E)-4-phenylbutenoate (5h). 

Followed the same procedure as expt.1.2 (Yield: 70%). 

Expt1.10: Preparation of Ethyl -2 (E)-5-chloropentenoate (5i). 

Followed the same procedure as expt.1.2 (Yield: 65%). 
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FOR SECTION II: 

Expt.2.1: Preparation of triphenyl-a-acetyl methylene 

phosphorane (6). 

Addition of a solution of triphenylphosphine (14.1g, 50mmol) in 

dry benzene (5 ml) to a solution of chloroacetone (58, 50mmol) in thy 

benzene (5 ml) at room temperature. The reaction mixture was 

vigorously shaken and left overnight. The separated solid was filtered, 

washed with thy benzene and dried. 

The stirred solution of the above salt in water (10m1) and 

benzene (15m1) was neutralized by aqueous sodium hydroxide to a 

phenolphthalein end point. The benzene layer was separated, dried 

over anhy. sodium sulphate and concentrated (to about 1/3 rd volume). 

Crystalline product was obtained by addition of n-hexane, which was 

filtered and dried to afford triphenyl-a-acetyl methylene phosphorane 

(3.32, 80%). m.p.205 °C (lit. 15  m.p.205-206 

Expt.2.2: a) Preparation of Benzalacetone (7). 

Followed the same procedure as expti .2, (Yield :90%). 

b) Preparation of 3-methyl-5-phenyl isoxazole (9). 

To benzalacetone (0.5g, 3.4rnmol) was added H2NOH.HCI (4.1 

mmol) in THF: H2O (9:1), the reaction was stirred for 2 hr. Once tic 

indicated the disappearance of the starting and formation of a new spot, 

KI (11.9 mmol), 12 (3.4 rnmol) and NaHCO3 (13.6 mmol) was added 

and refluxed for 6 Ins (monitered by tic). The mixture was cooled to 

room temperature and diluted with 10 ml of 1.7M NaHSO3 solution, 

then extracted with ether. The combined extracts were washed with 

brine and dried over anhy. sodium sulphate. The solvent evaporated 

and the product obtained on further purification by column 

chromatography using EtOAc: pet.ether (1:9) as eluent gave white 

solid (0.428, 2.64 mmol, 77.77 %). m.p. 67 'V 1it. le  m.p. 67-68 °C). 
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Expt.2.3: a) Preparation of N -carboethoxy proline (11). 

Ethylchloroformate (1.02m1, lmmol) was added slowly to 
-4. 

stirred solution of L-proline (1g, 8mmol) in 1M sodium hydroxide 

(8.58m1) atoct for a period of half an hour in 3 portions. Then, the 

reaction mixture was allowed to attain room temperature and stirred 

further for one hour. On completion of the reaction, it was checked for 

basicity. The mixture was washed with dichloromethane (2x 10 ml) 

and was then acidified to pH 1 by adding 6M HO. The mixture was 

extracted using dichloromethane (3x15 ml). The organic extracts dried 

over anhydrous sodium sulphate. The solvent was evaporated under 

reduced pressure and the product was obtained as white solid 91.5g, 

92.24%) m.p.64 ° C (lit. 21  m.p. 63-64 ° C). 

b) Preparation of N-methyl prolinol (12). 

To a stirred solution of lithium aluminium hydride (0.263g, 6.84 

mmol) in dry ether (10m1) was added N-carboethoxy proline (0.9g, 

5.7mmol) in portions over a period of one hour. The stirring was 

continued at room temperature for two hours. Water (1m1) was added 

dropwise to the reaction mixture. The solid separated was filtered off 

and washed with ether (15m1). The ether layer was further washed with 

1#- 
 sat sodium bicarbonate solution (2x10 ml). The ether layer was dried 

over anhydrous sodium sulphate and concentrated on water bath. 

Evaporation of the solvent gave a viscous liquid (61%). 

Expt.2.4: a) Preparation of L -Prolinol (15). 

To a stirred suspension of lithium aluminium hydride 

(6.84mmol) was added L-proline (5.7mmol mmol) in dry 

tetrahydrofuran (10m1 ) over a period of 40 min. The reaction mixture 

was stirred for 30 hours and then cooled. The cold reaction mixture 

was quenched with the sequential addition of water (I ml), 15 % NaOH 

(2 ml), water (1 ml) and then filtered (washed with THE). The 

combined filtrates were dried over anhydrous sodium sulphate and 

concentrated to give colourless oil (Yield :90%). 
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b) Preparation of N-carboethoxy L-prolinol (16). 

To a solution of L-prolinol (2.0g, 19.80 mmol) and finely 

powdered potassium carbonate ( 2.2 equiv) in 20 ml of dry acetonitrile, 

at —20°C, under nitrogen, was added slowly a solution of 

ethylchloroformate (1.1 equiv)in 5 ml of acetonitrile. After the addition 

was completed, the solution was stirred stirred at —20°C for 2 hour. 

Water was then added (50m1) and the aqueous phase was extracted 

with chloroform. The combined organic extracts were washed 

suceessively with water (1x), 5% HC1 (1x),water (1x), and brine. After 

the extracts were dried with sodium sulphate, the solvent was removed 

under vacuum and the crude product was purified by chromatography 

pet.ether: ethylacetate (1:1)as eluent to give (2.98g, 17.2 lmmol, 

86.88%) of the product as a colourless oil. 

Expt.2.5: Preparation of 1-(1-Ethoxy-carbonyl2(S)-pyrrolidinyl) 

1-butene-3-one (17). 

Followed the same procedure as expt.1.2, (Yield : 7132%). 

Expt.2.6: Preparation of 3-Methyl-5-(carbeethoxy)pyrrolidinyl 

isoxazole (18). 

Followed the same procedure as expt.2.2 b, (Yield : 68.86%). 

Expt.2.7: Preparation of ABT -418 (1). 

To a stirred solution of the 3-Methy1-5-(c,arbeethoxy)- 

pyrrolidinyi isoxazole (0.2g.0.89 mmol)in 30 ml of dry tetrahydrofuran 

cooled to 0 ° C, was added of lithium aluminium hydride (1.78 mmol) 

in small portions and the mixture was stirred for 15 min. The reaction 

was quenched by adding aq.saturated sodiumsulphate. The mixture 

was extracted with ethylacetate and the solvent concentrated. The 

crude residue was dissolved in dil. HCl (IN, 30m1) and washed with 

ethylacetate. The aqueous layer was neutralized with 

sodiumbicarbonate solution, then extracted with ethylacetate. The 

organic extract dried over sodium sulphate and concentrated under 

vacuum to give light yellow oil. (0.076g, 0.46 mmol, 51.35 %). 
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Expt.2.8:Preparationof(2S)-N-(Benzoxycarbonyl)-2-(hydromethyl) 

pyrrolidine (19). 

Followed the same procedure as expt.2.4b, (Yield: 60%) 

Expt.2.9:Preparation of 1-(1-Benzoxycarbony1-2(S)-pyrrolidinyl) 

ethyl-l-propionoate (20). 

Followed the same procedure as expt.1.2, (Yield: 40%) 

Expt.2.10: Preparation of (S) -dihydropyrrolam 

To 1-(1-Benzoxycarbony1-2(S)-pyrrolidinyl)ethyl-1-propionoate 

(50mg) in methanol was added 60 mg of 10 % Pd/C catalyst and 

exposed to a hydrogen atmosphere at room temperature for 20 hours. 

The reaction mixture was filtered and the solvent evaporated in 

vacuum. Repeated chromatography on silica gel using chloroform: 

methanol (95:5) as eluent afforded 5 mg of the target molecule. 

Expt.2.11: Preparationof(2S)-N-(chloroacety1)-2-(hydromethyl) 

pyrrolidine (22). 

A solution of chloroacetyl chloride (0.227 mol) in 57 ml of 

acetone was added dropwise with stirring to a solution of L-pmlinol 

(0.227 mol) and sodium acetate (0.454mo1) in a mixture of 340 ml of 

acetone and 170 ml of water at 0-5 ° C. The mixture was stirred and 

allowed to reach room temperature over 2 hour, the solvent was 

evaporated in vacuum and the residue was suspended in 250 ml of 

chlorform and washed with water. The chloroform layer was separated 

dried over sodium sulphate, evaporated in vacuum and the residue was 

purified by column chromatography using dichloromethane: methanol 

(95:5) as eluent to give the desired product. (Yield: 64%). 

Expt.2.12: Preparation of (2S)-N-(lbromoacety4-2-(hydromethyl) 

pyrrolidine (25). 

Followed the same procedure as expt.2.11. (Yield: 60%). 
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Expt.2.13: Preparation of (2S)-N-(bromoacety1)-2-(methylester) 

pyrrolidine (27). 

Followed the same procedure as expt.2.11. (Yield: 64%). 

Expt. 2.14: Preparation of Ethyl-2 (E)-nonate (29). 

Followed the same procedure as expt.1.2 (Yield: 70%). 

Expt.2.15: Preparation of Ethyl-2 (E)-4-oxononate (30). 

An oxidizing solution of (100mmol) of Chromiun trioxide in 

lml of acetic anhydride and 2nd of glacial acetic acid (N.B. add Cr03 

to solvent mixture with cooling) was added drop wise to a stirred 

solution of Ethyl-2 (E)-nonate (0.5g, 2.7mmol) in 5 ml of benzene at 

18-20 ° C. Stirring was continued at this temperature for an additional 

two hour (moniterd by tic), then 5m1 of benzene was added and the 

reaction mixture was cooled in an ice bath and cautiously neutralized 

with 10 ml of conc. potassium hydroxide solution. The two phase 

mixture was poured in 20 ml of water and extracted with ether (4 

times). The ether extract was washed with sat. sodium bicarbonate 

solution (3 times) and with sat. sodium chloride solution , dried over 

sodium sulphate. The solvent was evaporated and further purification 

was done by column chromatogaraphy using ethylacetate: pet ether 

(1:9) as eluent to give a colourless oil. (0.3g,1.5mmol, 56.60%). 

Expt2.16: Preparation of (E)-4-0xonon-2-enoic Acid (34). 

To a solution of Ethyl-2 (E)-4-oxononate (0.1g, 0.5mmol) in 

ethanol was added potassium carbonate (0.5mrnol ) and stirred for 2 

hrs ( monitered by tic).The solvent was evaporated and the residue 

extracted in ether. The ether layer was washed with water, the aqueous 

layer was acidified with dil.HCI and further extracted with ether. The 

product obtained was purified by column chromatogaraphy using 

ethylacetate: pet ether (2:8) as an eluent to give a white solid (0.058g, 

0.34 mmol, 68.23%). 
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Synthesis of y-Substituted-a-(Alkyknethylene)-y- 
Butyrolactones 

INTRODUCTION: 

The y-butyrolactone unit (1) is a characteristic structural feature in 

numerous natural products', especially insect pheromones 2, flavor 

components, and essential oils 3 . 

111 

A large number of these naturally occurring butyrolactones contain 

an exocyclic double bond. Few examples of such compounds showing the 

structural diversity include Tulipalin A 4  (2),Tulipalin B5(3),Litsenolides6  

(4,5), Sarkomysin7(6), dl-Protolichesterinic acid 8(7), Alantolactone 9(8), 

Frullanaolidel°  (9), Tuberiferine ll  (10), Costunolidel2  (11),Carabrone 13  

(12), Confertin" (13), Vemolepin I5  (14), Elephankwin I6  (15), 

Andrographolide I7  (16), Canadensolide (17), Avenaciolide (18a), 

Isoavenaciolide (19a), 4-epi-Ethisolide(18b), Ethisolide 19  (19b). 

Also endocyclic double bond is present in some cases, for example 

butenolide A & B2°  (20). 

These a-methylene lactones show broad range of biological 

activity which include cytotoxicity 21 , antitumoral 22, antibacterial 23, plant 

growth inhibition24, antifungal 25, and antiallergic properties26. Their 

biological profiles are based on the specific reactivity of the ot,(3- 

unsaturated functionality acting in most cases as a Michael acceptor in 

reactions with biological nucleophiles 27-  
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For example, Frullanolide (10) I°  is known to be a typical 

allergenic eudesmanolide that occurs in certain plants Frullania genus. 

Tulipalin A4(2) is known to exert antifungal & plant growth 

-inhibitory activities . 

VemolepinI5(2) a novel sesquiterpene tumor inhibitor possesses in 

addition to the a- methylene- y -lactone structural feature, an a- methylene-

8 -lactone function. It is also a more effective plant growth inhibitor in the 

wheat coleoptile section test than Elephantopin 16(15). 

Ishii & coworkers6,during their course of chemical studies on 

Litsea Japonica (Thunb)Juss a plant from the Lauraceae family , isolated 

six lactones identified as Litsenolides (4,5) AI>A2,B1,B2&CI,C2, which 

possesses potential tumor inhibition activity . The two components of each 

pair differ only in the cis or trans geometry at the a 1j31 double bond. 

Natural (-) methylenolactocin 8(7), first isolated from the culture 

filtrate of Pencillium species, showed considerable amount of antibacterial 

and antitumor activities. 

Avenaciolide(18a) I9  is a naturally occurring antifungal compound 

H that was first isolated by Brookes, Tidd, & Turner from the fungus 

Aspergillus avenaceus. Subsequently H.Smith also obtained from another 

fungus cultures of Aspergillusjischeri var.glaber. 

Isoavenaciolide(18b) has been isolated in a small amount from 

large scale growing of Aspergillus avenaceusR.Smith . 4-epi-Ethisolide 

and ethiosolide (4) are related compounds, isolated from an unidentified 

species of Penicillium, having different alkyl chains. Of these, 

avenaciolide exhibits the most diverse & potent biological activity 

including inhibition of fungal spore germination, antibacterial action & 

inhibition of glutamate transport in rat liver mitochondria. 
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Butenolide20A (20) is a component of mushroom flavor and exhibit 

fungicidal activity and B, is a metabolite from streptomyees griseus • 

HO, 

[2] 
	

[31 
Tulipalin A 
	

Tulipalin B 

[4] 	 [5] 

Litsenolide Ai R =[H2C=CH-(CH2)9-] 	Litsenolide A2 
Litsenolide Bi R=[HC-=---C-(CH2)9-] 	LitsenolideB2 
Litsenolide Ci R=n-C 131127 	 Litsenolide C2 

HOOC 
HOOC 

CI st;27 

[6] 	 Pi 

Sarkomycin 	 dl-Protolichesterinic acid 
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[9] 

Frullanolide 

[11] 
Costunolide 

[12] 
	

[13] 
Carabrone 
	

Confertin 

[14] 
	

[15] 
Vemolepin 
	

Elephantopin 
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HQI/fiti.. 

[16] 
	

[17] 

Andrographolide 
	

Canadensolide 

[18a] R=C8H1rn 
	

[19a] R8,1417.-n 
Avenaciolide 
	

Isoavenaciade 
[18b] R= C2H5 
	 [19b] R2H5 

4-epi-Ethisolide 
	

Ethiosolide 
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R 

Butenolide A 120a1 RCH3 
Butenolide B [20b] R=Bu-n 
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Synthesis of y- Substituted -a - ( Alkyl methylene )-y — 
butyrolactones: 

Synthesis of a-methylene butymlactone and related lactones have 

received much attention due to the biological activity exhibited by these 

compounds and also due to the structural complexity in some natural 

products. 

They have also been converted into butenolides, furans, 

cyclopentenones28. There are three excellent reviews 29-31  available on the 

synthesis of a-methylene butyrolactone. Some of the important methods 

for the synthesis of y-Substituted -a - (alkyl methylene)-7 — butyrolactones 

are mentioned below. Using our retrosynthetic analysis shown below these 

methods are classified into three types A, B, C based on the final step 

involved in the construction of the butyrolactone ring system. 

  

t RICHO 

R2 R2 R.1 

 

1B 

ROr-  

.11.1■11. 

R1 

+ FICN 

R2 
 

RV- 
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Method A: 

Grieco et al 32  have reacted dianion of trimethylsilyl aceticacid 

with propylene oxide to give hydroxyacid. Azeotropic removal of water 

gave a-trimethylsilyl-y-butyrolactone -which was reacted with aldehyde to 

give respective a-ylidene-y-butyrolactones (Scheme 1). 

S.F. Martins & D.R. Moore's33  synthesis involves formylation of y-

butyrolactones with ethyl formate in presence of NaH in anhydrous ether 

to give a-hydroxy methylene compounds which were treated immediately 

with n-butanethiol in presence of p-tolunesulfonic acid to give a-n-

butylthiomethylene lactone. Alternatively, heating 7-butyrolactone with 

tris(dimethylamino)methane yielded vinylogous urethanes, which when 

treated with n-butanethiol and p-toluenesulphonic acid yielded a-n-

butylthiomethylene lactones. Finally, the lactone was treated with either 

lithium dimethylcuprate or lithium di-n-butylcuprate to give 

corresponding a-alkylidine- y-lactones (Scheme II). 

Y. Sanemitsu et a134  have described Wittig reaction involving y-

valerolactonylidene triphenylphosphorane with substituted aldehydes to 

give the corresponding a-benzylidene-y-valerolactone. They have also 

prepared the same compounds by silylating y-methyl-y-butyrolactone 

followed by its treatment with aldehydes in presence of LDA. The same 

group has also reported one pot synthesis of (S)-a-(2-chlom benzidine)-y-

methyl-y-butyrolacone, which is known to show fungicidal activity , by 

treating (S)-propylene oxide with methylacetoacetate in presence of 

K2CO3  in methanol followed by its condensation with the aldehyde. 

reported by (Scheme III). 

H. Zimmer & J. Rothe35  have treated racemic y-methyl-y-

butyrolactone with aromatic aldehydes in presence of NaOMe in benzene 

at room temperature to obtain 7- substituted -a - ( phenyl methylene )-7 — 

butyrolactones (Scheme IV). 
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Method B: 

K.Yamamoto & Y. Tomo36  have reported Titanium (IV) 

chloride mediated reaction of 5-methy1-2-(trimethylsiloxy)-3- 

(trimethylsilypfuran which is readily prepared from y-valerolactones with 

2 equivalents of trimethyl triflate, with acetaldehyde cooled to —78 °C 

followed by hydrolysis with aq. CH3OH & treatment with KN(SIMe 3)2  or 

BF3.OEt2 to give E or Z butyrolactones (Scheme V). 

A. Smallridge & co-workers37  method involves hydrocyanation of 

protected 0-hydroxyalkynes to give unsaturated nitriles which are then 

cyclised to alkylidene-y-lactones (Scheme VI). 

J. Tamariz and coworker's38  method involves treatment of a-

alkenyl-a-hydroxy lactones prepared from the cyanohydrins of a,13- 

unsaturated lactones with SOC12 or PBr 3, followed by reduction with Zn-

AcOH & refluxing with DBN in toluene (Scheme VII). 

R. Ballini and co-worker's 39  have reported the synthesis of y-

substituted & y,y- disubstituted a-(alkylmethylene)-y-butyrolactones using 

the well known Micheal addition of nitroalkanes to enones, base mediated 

elimination followed by reduction of keto function or selective addition of 

Grignard reagent leading to y- substituted butyrolactones (SchemeV111). 

K. Rajagopalan and coworker's°  synthesis involves Wittig-

Homer reaction as a key step, followed by hydration, reduction & 

lactonisation of the intermediate to give the y-methyl- a-methylene 

butyrolactone (Scheme IX ). 
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Method C: 

R. Grigg & V. Saric 41  have carried out cyclisation reaction of 

chlorofomiates in the presence of an equimolar amount of NaBPh4, as the 

anion capture reagent in THE at 65-70 °C, in presence of Pd(OAc)2 

(10mol%)- PPh3 (20mol%) to get the lactone (Scheme X). 

LDA 
[CH3]3SiCH2-COOH 	 [CH3]3Si-CH-000- 

0 H3C 
OH  

COON 

Si(CH3)3 

CH3CHO 

 

Scheme I 
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= CH3, R2= H 
R3 =CH3, n-C4H9  

   

RI 

Scheme II 

X=CI, H. 
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H3C 

 

X=CI,H. 

Scheme LEI 

.Yr 

NaOMe 

X=H,C1. 

Scheme IV 
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OSiMe3 OH 

RCHO R H KN(SIMe3)2 
Me3Si 	 M Ti

- 
iCI4 

RI 	 R2 

BF3.0Et2 

R1=CH3,R2=H 

 

Scheme V 

OCH20Me 

  

  

HCN 
Ni[P(0111)3] 4 

Scheme VI 
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OH 

1) LDA ,THF ___I,, 
R2 - 50 OC 

2)20% H2SO4 R 
 THF, r.t 

CN 

1 SOCl2 orPBr3 

pyridine,CHC13, 0 0C 

X=CI,Br. 
R=MeCH=CH, Ri=H, R2=CH3 

Scheme VII 
)(" 
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NO2 

+ 
Ri 

0 

OCH3 DBU 

THE 
r.t 

   

0 

 

0 

   

-HNO2 

1.CeCI3,R2MgBr 
wit 

THF,-70 oC 

2.AcOH,10 % 

1.Na2HPO4.12H2C 
NaBH4,Me0H 

00C to r.t 

 

R 
HCI  

OCH3 

)•( 

  

OH 

R=C6H5, C6 H5C H2, C H3, ... 
R 1 = H, CH3. 
R2=C6H5,C6H5CH2,C H3, ... 

SchemeVIII 
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RI=H,CH3 . 
R2 H3 H. 	 R2 

/CV Br 

Zn-THF 

Cl

H  

Scheme X 
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NaH/ THE 	(C2HSO)2P(0)CHCO0C2H5 (C21150)2P(0)CH2COOC2H5 He C —CH2Br 
—C=CH 
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HEI(0/4c)2 /Ph /C2H3OH 

aq. K2CO3 	
CH2— C------7CH 

CH2 T-COOEt 

CH2—Q-CH3 

0 

isiaBH4 /C2HSO  CH2  

CH2— C -CH3 

OH 

(a) NaOH , H20 

(b) dii. HCI, H2O 

Scheme IX 
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4' 
	 Present Work: 

After going through the reported methods, we found that most of 

the methods require strong bases, multiple steps or costly organometallic 

reagents. The methods using Wittig reaction reported by Y. Sanemitsu et 

al employs an attractive strategy but it involves chromatographic 

purification of the product from the large amount of triphenylphosphine 

oxide formed. The method reported by Rajagopal uses Wittig-Homer 

reaction which has an advantage over Wittig reaction as it does not 

involve separation of the product from triphenyl oxide. However, it 

involves additional steps of converting terminal triple bond to ketone 

followed by reduction of the ketone and its cyclization. In view of this we 

hypothesized that use an allyl group in lieu of propargyl group may reduce 

the number of steps in the synthesis provided the cyclization occurs 

without isomerisation of the double bond. 

Thus, the first step in the projected synthesis (Scheme XI) was 

preparation of allyl phosphonate 22. Luckily for us, the preparation of this 

reagent was reported. Second step was the convential Wittig-Homer 

condensation with aldehyde (HWE reaction) which could give the a-allyl 

substituted a,f3-unsaturated esters (23). The ester 23 was then to be 

carefully cyclised with appropriate reagent to give the target compound 

24. 
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.

11 

(Et0)2-P-CH2-COOEt 

[21] 

NaH,THF 
0 ri 
II 

(EtO)2-P-CH-COOEt 

[22] 
H2C=CH-CH2Br 

NaH, THF 
R-CHO 

0 

 

0 

 

   

 

R 	
OEt 

 

[24] 
	 [23] 

Scheme XI 

The allyl phosphonate 22 was prepared by literature method 42  

involving reaction of anion of triethylphosphonate generated by Nall in 

THF with allyl bromide. After obtaining the required phosphonate, the 

anion of it was prepared by treating with NaH in THF, followed by 

addition of benzaldehyde. After 5 mins. tic showed absence of 

benzaldehyde and appearance of a dark spot (after visualization with 12). 

The reaction mixture was stirred for 30 mins and then quenched with aq. 

NH4CI. After usual workup it gave a crude liquid which was further 

purified by passing through a column of silica gel. The clear oily product 

obtained exhibited a band at 1710cm-I  which indicated the presence of 

conjugated ester carbonyl. 

Its 1H-NMR (CDCb) spectrum (fig 1) showed a triplet (3H) at 8 

1.34 and quartet (2H) at 8 4.20. This indicated the presence of --OCH 2CH3 

group. A broad doublet (2H) at 8 3.30, a multiplet (2H) at 8 5.00-5.10 and 

another multiplet (1H) at 8 5.90-6.10 indicated the presence of - 

CH2CH=CH2 grouping. In the aromatic region, it showed a multiplet (5H) 

at 8 6.40-7.70. 
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The singlet (1H) at 8 7.80 could be attributed to the olefinic proton. The 

down field shift of this proton indicated it to be cis to the —COOCH2CH3 

group. 

Its 13C-NlvIR (CDC13) spectrum (fig I a) showed peaks at 8 31.56 

and 8 14.18 which can be assigned to —OCH2CH3 group. Peaks at 8 60.71, 

115.55 and 140.04 can be assigned to —CH2CH=CH2 grouping. Peaks at 8 

128.47,128.48, 128.33, 135.60 can be assigned to the aromatic protons. 

Peak at 6 167.83 can be assigned to the conjugated ester carbonyl. The 

olefinic carbons showed a peak at 8 129.16. The quaternary carbons 

appeared at 6 135.43 & 130.47 which can be attributed to one of the 

carbons of the conjugated ester group & aromatic carbon respectively. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

Based on the mode of formation & spectral data we can assign 

structure 23a to the product. 

23a 
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OR 

OH 

The ester under acid catalysed condition could give different 

products. For example if only hydrolysis of ester takes place then it could 

give compound A. Hydrolysis and isomerisation of double bond may lead 

to B. Compound A, B or the parent ester 23a could get cyclized to the 

required compound C. The other possibilities were the required compound 

C isomerizing to compound D or E which were unlikely in this case as 

thermodynamically compound C could have been more stable due to 

conjugation then compound E or D. Also there were possibilities of 

formation of six membered lactones F &G. Finally, the possibility of 

formation of compound H due to electrophilic attack on the aromatic ring 

also could not be ignored. 

We tried refluxing the ester in 6N HCI. After 6 hrs complete 

disappearance of starting and appearance of new spot was observed on tic. 
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IR spectrum showed bands at 1760 cm -I  which can be assigned to 

the 5 membered lactone carbonyl this indicated that the cyclisation must 

have taken place. This was further confirmed by its 11-1-NMR and 13C-

NMR spectrum. 

Its 'H-NMR spectrum (fig2) showed a doublet (3H) J=6.29 Hz at 

6 1.47. This indicated the presence of a CH 3  group attached to a methine 

group. Two doublet of doublets (1H each) were seen at 8 2.81 (J=17.4, 

5.5, 3 Hz) and 3.39 (J=17.4, 7.7, 2.7 Hz). A multiplet was observed at 6 

4.69-4.80 which integrated for one proton. The nature of the doublet of 

doublet of doublets indicated presence of ABXM pattern. The geminal 

coupling constant is 17.4 Hz, the vicinal coupling constants are 5.5, 7.7 Hz 

and the allylic coupling constant is 2.7 & 3Hz. The methylene protons 

from HAHB part appeared at 8 2.74-2.83 and 3.33- 3.42 which indicated 

24a 

the allylic nature of the methylene group .The low field appearance of 

methine proton (Hx) at 8 4.69-4.80 indicated that it could be attached to a 

carbon having an electron withdrawing atom such as oxygen. The 

multiplicity observed for the methine proton (instead of doublet of 

doublet) suggested coupling with a. neighbouring CH 3  group. It showed a 

multiplet (6H) in the aromatic region accounting for five aromatic protons 

and one olefinic proton. 

Its 13C-NMR(fig. 2a) spectrum showed peak at 6171.94 which can 

be assigned to the carbonyl lactone. Peak at 8 22.26 can be assigned to 

CH3  group attached to the carbon having the methine proton. The low 

field appearance of the carbon having methine proton (11x) at 8 73.98 

indicated that it could be attached to a carbon having an electron 
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withdrawing atom such as oxygen. Peak at 8 35.20 is assigned to the 

carbon heaving methylene protons (HA  & HB). Peak at 8 136.41 is 

assigned to olefinic carbon. Peaks at 8 129.85, 128.82, 128.82,129.69 can 

be assigned to aromatic carbons. Peaks at 8 134.63 and 124.90 shows the 

presence of two quaternary carbons which can be assigned to one of the 

aromatic carbons and one of the carbons of the unsaturated carbon next to 

carbonyl. 

The multiplicities of the carbon signals were ascertained using DEPT 

experiments. 

Based on the mode of formation, spectral data & similarity of the 

spectral data with that of the lit 17, we can assign structure 24a for the 

compound, which is obtained as colorless oil. 

Since our strategy provided the desired product in good yield it 

was decided to generalize this method. We had o-nitrobenzaldehyde and 

m-nitrobenzaldehyde in our lab. So, first anion of the ally] phophonate was 

treated with o-nitrobenzaldehyde. The product obtained was assigned 

structure 23b based on the mode of formation and spectral data given 

below. 

I.R. (neat): 3000, 1710, 1645, 1520, 910 cm -1  

111-NMR (CDC13): 8 ppm 

1.35 t 3H (1=7.2 Hz) -C113 

3.05 d 2H (1=5.31 Hz) -Cth-CH= 

4.26 q 2H (J=7.2 Hz) -0CLIrCH3 

4.82-5.07 m 2H CH2  

5.84-5.96 m 1H -CHH2  

7.2-7.70 m 3H Ar-H 

7.96 s 1H 

8.15 d 1H (J=8.10 Hz) Ar-H. 
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I3C-NMR (CDC13): 8 ppm 

14.07, 31.80, 60.96, 115.72, 124.32, 129.10, 130.77, 131.48, 132.17, 

133.24,135.40,136.68, 147.51, 166.82. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

23b 

The ester 23b was then subjected to 6N HCl reflux. The reaction 

was found to be complete in 6 hrs (monitored by tic). The product 

obtained was assigned structure 24a based on the mode of formation and 

spectral data given below. 

I.R. (neat): 3090, 1710, 1645, 1530 cm 

'H-NMR (CDC13): 8 ppm 

1.36 t 3H (J=7.1 Hz) -CH3 

3.2 d 2H (J=5.4 Hz) -CH2-0-1= 

4.29 q 2H (J=7.1 Hz) -OCH2-CH3 

5.12-5.19 m 2H H2 

5.94-6.06 m 1H -CH CH2 

7.50 dd 1H (J=7.8,7.8 Hz) Ar-H 

7.69 dd 1H (J=7.2 Hz, 0.6 Hz) Ar-H 

7.79 s 1H CH=C 

8.17 dd 1H (J=7.2Hz & 0.9 Hz) Ar-H 

8.29 s 1H Ar-H. 

13C-NMR. (CDC13): 8 ppm 

14.17, 31.68, 61.20, 116.26, 123.08, 123.86, 129.40, 133.44, 133.44, 

134.80,134.91, 137.12,148.37,167.20. 
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The multiplicities of carbon signals were obtained from DEPT 

experiments. 

23c 

Similarly 3-nitmbenzaldehyde was subjected to H.W.E reaction. 

The ester obtained was assigned structure 24c based on its spectral data 

(given below) and the mode of formation. 

I.R. (neat):3000, 1750, 1660, 1530 cm' 

1H-NMR (CDC13): S ppm (fig•3) 

1.52 

2.89 

3.44 

d 

ddd 

ddd 

3H (J=5.5 Hz) 

1H (J= 17.7, 8.5 & 3.1 Hz) 

1H (J=17.7, 10.4 & 2.7 Hz) 

CH-CH 

-HCH- 

—HCH 

4.78-4.87 in 1H -CH- 

7.61 t 1H (J=2.9 Hz) CH= 

7.65 d 1H (J=8.10Hz) Ar-H 

7.81 d Ill (J=7.8Hz) Ar-H 

8.25 d 1H (J= 8.1 Hz) Ar-H 

8.34 s 1H Ar-H 

13C-NMR (CDC13): S ppm (fig.3a) 

22.30, 35.13, 74.24, 123.54, 124.06, 128.46, 130.00, 133.55, 135.77, 

136.29,148.60, 171.03. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 
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The ester 23c was then subjected to 6N HC1 reflux. The reaction 

was found to be complete in 6 hrs (monitored by tic). The product 

obtained was assigned structure 24c based on the mode of formation and 

spectral data given below. 

I.R. (neat): 3000, 1750, 1660, 1530 cm-1  

1H-NMR (CDC13): S ppm (fig.4) 

1.52 

2.89 

3.44 

d 

ddd 

ddd 

3H (.1=5.5 Hz) 

1H(J= 17.7, 8.5 & 3.1 Hz), 

1H (J=17.7, 10.4, 2.7 Hz) 

-CH-CH 

-UCH-

-HCH- 

4.78-4.87 m 1H -CH- 

7.61 t 1H (J=2.9 Hz) 

7.65 d 1H (1=8.10Hz) Ar-H 

7.81 d 1H (J=7.8Hz) Ar-H 

8.25 d 1H (.1= 8.1 Hz) Ar-H 

8.34 s 1H Ar-H 

I3C-NMR (CDC13): S ppm (fig.4a) 

22.30, 35.13, 74.24, 123.54, 124.06, 128.46, 130.00, 133.55, 135.77, 

136.29, 148.60,171.03. 

The multiplicities of carbon signals were obtained from DEPT 
experiments. 

NO2  

24c 
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As a-(2-chlorobenzylidene)-y-methyl-y-butyrolactone was reported 

to have fungicidal properties we decided to synthesis it. Thus o-

chlorobenzaldehyde was subjected to H.W.E reaction. The product 

obtained was assigned structure 24d based on its mode of formation and 

spectral data (given below). 

I.R. (neat): 3000,1710,1645, 1560, 910 cm ) 

 'H-NMR (CDC13): 8 ppm 

1.35 t 3H (J=7.1Hz) -CH3 

3.15 d 2H (1=5.4 Hz) -CU_2-C11= 

4.3 q 2H (J=7.1Hz) -0C112-CH3 

5.02-5.11 m 2H H2 

5.89-6.02 m 1H -CHH2 

7.25-7.29 m 2H Ar-H 

7.36-7.40 m 2H Ar-H 

7.85 s 1H CH=C 

13C-NlvIR (CDC13): 8 ppm 

14.17, 31.82, 60.97, 115.77, 125.35, 128.80, 130.25, 130.67, 131.05, 

132.47,134.13,134.92,136.36, 167.44. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

0 

23d 

The ester 23d was then subjected to 6N HCl reflux. The reaction 

was found to be complete in 6 hrs (monitored by tic). The product 

obtained was assigned structure 24d based on the mode of formation, 

spectral data (given below) and similarity with the imp. of the reported 

compound. 
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I.R. (neat): 3000, 1760, 1650, 

'H-NMR (CDC13): 8 ppm 

1.48 	d 

CH 

1580 cm-1  

3H (J=6.3 Hz) CH- 

2.75 ddd 1H (J= 17.4, 8.7& 3.0 Hz) -HCH- 

3.30 ddd 1H (J=17.4, 7.2 & 2.7Hz) -HCH- 

4.69-4.80 m 1 H -CH- 

7.30-7.34 m 211 Ar-H 

7.44-7.49 in 2H Ar-H 

7.90 t 1 H (1=2.7 Hz) CH= 

13C-NMR (CDC13): 8 ppm 

22.11, 35.09, 74.18, 126.77, 127.72, 129.19, 130.20, 130.55, 132.54, 

132.89, 135.50, 171.30. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

24d 

After successfully synthesing few a-benzylidine- y-valerolactone 

we thought of checking the feasibility of this method for the synthesis of 

a-alkylidine- y-valerolactones. 

Thus n-butanal was subjected to H.W.E. reaction. The product 

obtained after usual woikup showed in it's I.R spectrum a band at 

1710cm-I  which indicated the presence of conjugated ester carbonyl . Its 

'H-NMR (CDC13) spectrum (fig 5) showed a triplet (3H, 1=-7.2 Hz) at 8 

1.28 and a quartet (2H, J=7.2 Hz) at 8 4.18. This indicated the presence of 

--OCH2CH3  group. 
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A triplet (3H, J=7.2 Hz) at 8 0.93 can be assigned to CH-CH 2- group. The 

multiplet (2H) at 6 1.44-1.53 can be assigned to CH3-0-_12-CH2- protons, 

while the multiplet (2H) at 6 2.16 is assigned to CH3-C112-CHCH= 

protons. The broad doublet (2H, J=5.7 Hz) at 6 3.06, the multiplet (2H) at 

6 4.95-5.03 & another multiplet (1H) at 6 5.74-5.87 indicated the presence 

of -CH2CH=CH2 grouping. A triplet (1H, J=7.34 Hz) at 6 6.84 can be 

assigned to olefinic proton CH=C. 

Its 13C-NMR (CDC13Xfig.5a) spectrum the peaks shown at 613.8 & 

21.89 could be due to the presence of -CH3-CH2- group. The peaks at 6 

14.15 and 30.46 could be assigned to carbons of --OCH 2CH3 group. The 

peak at 6 30.75 could be due to the presence of allylic methylene carbon. 

The peaks at 6 60.30, 114.84 and 143.45 could be assigned to the allyl 

group -CH2CH=CH2. The olefinic carbon CH=C showed the peak at 6 

135.55. The quaternary carbon appearing at 8 130.02 & 167.52 could be 

assigned to the olefinic carbon CH=C- and the carbonyl carbon of the ester 

group. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

Based on the mode of formation & spectral data we can assign 

structure 23e to the product (fig). 

23e 

The ester 23e was then subjected to cyclization reaction. The 

reaction was found to be complete after 1-2 hrs (monitored by tic). The 

product obtained was assigned structure 24e based on is mode of 

formation & spectral data given below . 

124 



' 1 . 5 	1 . 4 
	

1.3 	1.2 	1.1 	1.0 	0.9 

0 

Et 

2 . 2 

         

 

4 . 2 	ppai. 1 	pp 

    

6 . 9 

 

         

Ppm 	12 	 io 
	' 
	 r 	

6 	Fig. 5 
	 2 

	
0 



110 120 160 130 150 140 100 	90 	80 	70 	60 	50 	40 	30 	20 
Fig. 5a 



0 

/ 0 Et 

1 
	 i 

	
f 	 I 	 I 	 I 

220 	200 	180 	160 
	

140 	120 	100 	80 
	

60 	40 	20 	0 
	

1 



I.R. (neat): 2970, 1766, 1690 cm'' 

'H-NMR (CDC13): 8 ppm (fig.6) 

0.95 t 3H (J=7.35 Hz) -CH 

1.4 d 3H (J.3 Hz) -CH-CH 

1.45-1.59 m 211 -CH2- 

2.11-2.21 m 2H -CH2-CH= 

2.43 ddd 1H (J=16.8, 7.8 &3.0 Hz -HCH- 

3.04 ddd 111 (J=16.8, 6.8 & 2.7Hz) -HCH- 

4.64-4.75 m 1H -CH- 

6.67-6.76 m 111 -CH= 

13C-NMR (CDC13): 8 ppm (fig.6a) 

13.52, 21.24, 21.89, 31.90, 32.69, 73.89, 129.66, 140.36, 170.85. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 
0 

24e 

Next, we tried H.W.E reaction on isobutyraldehyde. The product 

obtained showed spectral data given below. Based on the mode of 

formation & spectral data structure 23f can be assigned to the obtained 

product 

I.R. (cm"'): 2970, 1710, 1650, 910. 

111-NMR (CDC13): 8 ppm (fig.7) 

1.03 d al (J=2.4Hz) -CH(CH3)2 

1.29 t 311 (J=7.2 Hz) -C113 

2.64-2.67 m 111 -CH(CH3)2 

3.07 d 2H (J=5.28 Hz) -CH-CH= 
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4.19 q 2H (J=7.2 Hz) -OCHCH3 

4.96-5.04 m 2H CH2  

5.79-5.88 m 1H -CHH2 

6.62-6.66 d 1H (J=9.6 Hz) -CH=C 

13C-NMR (CDC13): 5 ppm (fig.7a) 

14.12,22.01,27.78,30.75, 60.30,114.78, 127.60,135.96,149.86,167.72. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

23f 

The ester was then subjected to cyclisation reaction. The reaction 
ck 

was found to be complete after -1-2 hrs (moniterd by tic). The product 

obtained was assigned structure 24f based on it's mode of formation & 

spectral data given below. 

I.R. (neat): 2970, 1760, 1680 cm-1  

11-1-NMR (CDC13): 5 ppm (fig.8) 

1.07 	d 	6H (J=6.6 Hz) 	 -CH(CU3)2 

1.42 	d 	3H (J=6.3 Hz) 	 -CH-CH 

2.37-2.53 	m 	2H 	 -11CH- 

3.02 	ddd 	1H (J=16.8 7.8 & 2.7 Hz) -HCH- 

4.60-4.73 	m 	1H 	 -CH- 

6.55 	m 	1H 	 -CH= 
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' 3C-NMR (CDC13): 8 ppm (fig.8a) 

21.36, 22.10, 29.67, 32.50, 73.88, 124.25, 146.75, 171.20. 

The multiplicities of carbon signals were obtained from DEPT 

experiments. 

24f 
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Conclusion: 

A simple convenient two step method for the synthesis of 

y-substituted-a-(alkylmethylene)-7-butyrolactones has been developed. 
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Et 
CHO NaH THE // 

(EtO)2P(0)CHCOOEt 

CHO 	NaH THE 

  

NO2 (EtO)2P(0)CHCOOEt 

Et 

Experimental: 

Expt.1.1: Preparation of Ethyl-2-(diethoxyphosphoryl) pent-4-enoate 

(allyl phosphonate) (22). 

NaH THE 
(EtO)2P(0)CH2COOEt 

	

	 (EtO)2P(0)CHCOOEt 
CH2=CHCH2Br 

22 

Expt. 1.2 : Preparation of ethyl - (a-allyl) cinnamate (23a). 

23a 

Expt. 1.3: Preparation of 5-methy1-3-(phenylmethylene)dihydrofuran-
2(3H) one (24a). 

0 

6N HCI 

24a 

Expt.1.4: Preparation of ethyl-(a-allyl)-2-nitrocinnamate (23b). 

0 
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CHO NaH THE 

  

(Et0)2P(0)CHCOOEt 

NO2 

Et 

NO2 

24c 

Expt.1.5: Preparation of 5-methyl-3-(2-nitrophenylmethylidene) 

dihydrofuran-2(311)-one (24b). 

0 

23b 
	

24b 

Expt 1.6: Preparation of ethyl (u-ally1)-3-nitrocinnamate (23c). 

23c 

Expt 1.7:Preparationof5-methy1-3-(3-nitrophenylmethylene 

dihydrofuran-2(311)-one (24c). 

0 

N.„,/c3iEt 
6N HCI 

NO2 

23c 
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CHO NaH THE 

  

CI 	(EtO)2P(0)CHCOOEt 

Et 

24d 

Expt.1.8 : Preparation of ethyl-(u-allyl)2- chlorocinnamate (23d). 

23d 

Expt.1.9: Preparation of 5-methyl-3-(2chorophenylmethylidene) 

dihydrofuran-2(3H)-one (24d). 

6N HCI 
--11. 

Cl 	N......„...;-.2-"- 

23d 

Expt.1.10: Preparation of ethyl-(a- allyl)hex-2-enoate (23e). 

0 

--------.1p. 	 , 	LOEt 
CHO 

-,/ 	NaH THE 

(Et0)2P(0)CHCOOEt 	 -,,,,:„,,./ -' 

23e 
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Expt.1.11 : Preparation of3-(Butylidene)-5-methylenedihydro faran-

2(3H)-one (24e). 

LOEt 
6N HCI 
---10. 

23e 
	

24e 

Expt.1.12 : Preparation of ethyl- (a-ally1)-4-methyl-pen-2-enoate (23f). 

0 

LOEt 

■,...;:-.." 

23f 

Expt.1.13 : Preparation of 3-(isobutylidene)-5-methylene 

dihydrofuran-2(311)one (24f). 

0 

\Z\ NOEt 
6N HCI 
--Ir. 

23f 
	

24f 

) 	CHO 

 

(Et0)2P(0)CHCOOEt 
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Expt.1.1: Preparation of Ethyl-2- (diethoxyphosphoryl) pent-4- 

enoate (Ally( phosphonate) (22). 

To a solution of anion generated in situ from 

triethylphosphonate (ethyl diethoxyphosphonylacetate) ( 10 mmol) and 

NaH (1 lmmol) in dry tetrahydrofuran (THF) (25m1) at 0 °C during 0.5 

hrs was added allylbromide (10mmol) .The mixture was allowed to 

warm to room temperature during 2 hr and then stirred at this 

temperature for 2 hr. After being quenched with aq.NH4C1, the 

mixture was extracted with diethyl ether, washed with water and dried 

over anh.Na2SO4. Evaporation of the solvent followed by column 

chromatography over silica gel using CHC13 as a solvent for elution, 

gave the desired allyl phosphonate as colorless oil. Yield ( 70%) b.p. 

85°C (lit42  b.p.85 °C). 

Expt. 1.2: Preparation of ethyl- (a-allyl) cinnamate (23a). 

To a suspension of NaH (60 % in mineral oil) (11mmol) in THF 

was added (Et0)213(0)2CH(CH2-CHH2)COOEt (11mmol) in THF at 

0°c. The mixture was stirred at 0°C, till evolution of H2 ceased. 

Benzaldehyde (11mmol) in THF was added. After 5mins, tic showed 

the dissappearance of the starting benzaldehyde. The reaction mixture 

was stirred for another 30 mins, then quenched with aq. NH4CI & 

extracted with Et20. The combined extracts were washed with brine 

dried over anh. Na2SO4. Evaporation of the solvent followed by 

column chromatography over silica gel using pet ether as solvent for 

elution gave the desired the desired product 23a as colourless oil. 

(Yield: 95 %). 

	

Elemental Analysis: C% 	H% 

	

C14111602 Found 77.55 	7.40 

	

Requires 77.74 	7.46 
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Expt.1.3: Preparation of 5-methyl-3-(phenylmethylene) 

dihydrofuran-2(3H)one (24a) . 

Ethyl-(a-allyl)cinnamate 23a was refluxed with 6N HC1 for 6 

hrs ( monitered by tic). It was then cooled extracted with CHC13. The 

combined organic extracts were dried over anh.Na2SO4.Evaporation of 

the solvent followed by column chromatography over silica gel using 

1:9 EtOAc: pet.ether as solvent for elution gave the desired lactone 24a 

as an oily product (Yield: 70 %). 

Expt.1.4: Preparation of ethyl-(a ally1)-2-nitrocinnamate (23b) . 

Followed the same procedure as in Expt 1.2.Product obtained 

was purified by column chromatography over silica gel using pet.ether 

as a solvent for elution to give lemon yellow oily product 23b. (Yield 

90 %). 

Elemental Analysis: 	C% 	H% 

C14ll15N04 	Found 	64.28 	5.81 

Requires 64.39 	5.79 

Expt.1.5: Preparation of 5-methy13(2- 

nitrophenylmethylidene)dihydrofuran-2(3H)-one (24b). 

Followed the same procedure as in Expt 1.3. Product obtained 

was purified by column chromatography over silica gel using 5:5 

EtOAc: pet.ether as a solvent for elution to give pale yellow solid 24d 

which was recrystallised using ethanol as solvent. Yield (60 %).m.p. 

102-103 °C. 

Elemental Analysis: 	C% 	H% 

C121-11IN04 	Found 	61.62 	5.61 

Requires 61.80 	5.75 

Expt.1.6 : Preparation of ethyl-(u-ally1)-3-nitrocinnam,ate (23c). 

4 
	 Followed the same procedure as in Expt. 1.2.Product obtained 

was purified by column chromatography over silica gel using pet.ether 
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as a solvent for elution to give colourless oil 23c. Yield 90 %. 

Elemental Analysis: 	 C% 	H% 

C1afl15N04 	Found 	64.23 	5.68 

Requires 64.39 	5.79 

Expt.1.7: Preparation of 5-methy1-343- 

nitrophenylmethylene)dihydrofuran-2(311)-one (24c). 

Followed the same procedure as in Expt 1.3. Product obtained 

was purified by column chromatography over silica gel using 1:1 

Et0Ac:pet.ether as a solvent for elution to give pale yellow solid 24c 

which was recrystallised using ethanol as solvent Yiled 60 %. m.p. 

125 °C. 

Elemental Analysis: 	 C% 	H% 

C121-111N04 	Found 	61.73 	5.67 

Requires 61.80 	5.75 

Expt.1.8: Preparation of ethyl-(a-ally1)2- chlorochinamate 

(23d). 

Followed the same procedure as in Expt 1.2. Product obtained 

was purified by column chromatography over silica gel using pet.ether. 

as a solvent for elution to give an oily product 23d. Yield 85 %. 

Elemental Analysis: 	 C% 	H% 

C14H15C102 	Found 	67.14 	5.95 

Requires 67.07 	6.03 

Exp•.1.9: Preparation of 5-methy1-3(2chorophenyl-

methylidene)dihydrofitran-2(3H)-one (24d). 

Followed the same procedure as in Expt1.3. Product obtained 

was purified by column chromatography over silica gel using 1:4 

EtOAc: Pet Ether as a solvent for elution to give an oily product 24d. 

Yield 58%. 
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Expt.1.10: Preparation of ethyl- (a- ally') hex-2-enoate (23e). 

Followed the same procedure as in Expt, 1.2. Product obtained 

was purified by column chromatography over silica gel using pet.ether 

as a solvent for elution to give colourless oil 23e. Yield 70 %. 

Elemental. Analysis: 	 C% 	H% 

C11th802 	Found 	72.57 	10.02 

	

Requires 72.49 	9.95 

Expt.1.11: Preparation of 3-(butylidene)-5-methylenedillydro 

furan-2(3H-one (24e). 

Followed the same procedure as in Expt,1.3. Product obtained 

was purified by column chromatography over silica gel using 1:9 

Et0Ac:pet.ether as a solvent for elution to give colourless oil 24e. 

Yield 60 %. 

Expt.1.12: Preparation of ethyl- (a-any1)-4-methyl-pent-2-enoate 

(23f) 

Followed the same procedure as in Expt. 1.2. Product obtained 

was purified by column chromatography over silica gel using pet eher 

as a solvent for elution to give a colorless oil 23f. Yield 65%. 

Elemental Analysis: 	 C% 	H% 

C11H1802 	Found 	72.47 	9.86 

	

Requires 72.49 	9.95 

Expt.1.13: Preparationof3-(isobutylidene)-5-methylene 

dihydrofuran-2(3H)one (24e). 

Followed the same procedure as in Expt.1.3. Product obtained 

was purified by column chromatography over silica gel using 1:9 

EtOAc: Pet.Ether as a solvent for elution to give colourless oil 24e. 

Yield 65%. 

Elemental Analysis: 	 C% 	H% 

C9H1402 	Found 	69.93 	9.08 

	

Requires 70.10 	9.16 
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An Approach Towards Synthesis of Gravelliferone, a 
Naturally Occurring 3-allyl Coumarin 

Introduction: 

Since the first isolation of simple coumarin by Vogel in 1820, 

from coumarouna odorata, several coumarin derivatives have been 

isolated from natural sources. Most of the natural coumarins contain 

oxygen function at any one or more positions in the benzene ring. A 

few coumarins are reported to have oxygen functions at 3- and !or 4-

positions. The nature of oxygen function could be as hydroxyl, alkoxyl 

or glycosidic group. A vast majority of coumarins carry an oxygen 

substituent at C-7 position. Thus, umbelliferone (7-hydroxycoumarin), 

one of the most widely distributed coumarin, is often regarded as a 

parent naturally occurring coumarin derivative. A common feature of 

most of the naturally occurring coumarins is the presence of isoprenoid 

chains, either intact or partially degraded or in an oxygenated form. 

Frequently the unit is the simple 3-methyl-2-enyl (prenyl) group. This 

group is present not only as the corresponding epoxide or glycol but 

also in a variety of oxidized and skeletally rearranged forms, Perhaps 

coumarin might be the best example of natural products exhibiting the 

greatest number of biogenetic modifications of the simple isoprenoid 

unit. 

Occurrence: 

Coumarins are widely distributed in plants but are particularly 

associated with the umbelliferae l-3  and the rutaceae 4  families. These 

are found in all parts of the plants from roots to flowers and fruits. A 

number of review articles 3-11  have been published on natural plant 

coumarins. 

A sizable number of 3-allylcoumarins are reported from natural 

sources. Some of these are given below: 
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a) 3-allylcoumarins (1) 

1 

1 R1 R2 R3 Plant source 

a H OCH3 H Ruta graveolens la 13  

b H OCH3 OCH3 Ruta graveolens 14-17 

c H OH OCH3 Ruta graveolens 14,18 

d OH OCH3 H Ruta species 19  

e OCH3 OCH3 H Ruta graveolens 22  

f H CH2OH OCH3 Ruta pimzata 11  

b) 3,6-diallyleoumarins (2-3) 

2 3 

2 R1 R2 Plant source 

a H H Ruta graveolens 21  

b H CH3 Ruta graveolens 13  

e OCH3 H Ruta graveokns 22  

3 
	

Amyris balsamifera23 

141 



c) Linear-dihydrofurocoumarins (4). 

4 

4 	R 	Plant Source 

a 	H 	Ruta chalepensis 24,25 

b 	COCH3 	Ruta chalepensis 25  

d)Linear furocoumarins (5) 

5 
Plant source 

Ruta chalepensis 25  

e)Chromeno- coumarins (6-8) 

6 
	

7 

8 
Plant source 

6 Boenninghausenia alhiflora 26'27  

7 Amyris simplicifolia 28  

8 Ruta graveolens 22  



dp• 	 f) Complex-3-allylcoumarins (9-12) 

The coumarins 9 to 11 have been isolated from Bothriochne 

repensis29  while the cotunarin 12 has been isolated from Ferula 

communins 30 . 

9 

9 R 

a H 

b CH3 

10 

10 RI 	R2 

a II 	COCH3 

b H 	propyl 

c CH3 	H 

d CH3 COCH3 

e CH3 CH2CH2CH3 

OH 

11 	 12 

11 R 	 12 R 

a COCH3 	 all 

b CH2CH2CH3 	 b OH 
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Biogenesis of 3-allylcoumarins: 

The common structural features of many coumarins argue in 

favour of a common biogenesis. The biosynthesis of a number of 

simple coumarins has been studied sufficiently to permit the 

generalization that they are derived from the corresponding pathway 31-  
34 . There has been much interest in the biosynthesis of coumarins 

bearing isoprenoid related substituents. These are now considered to be 

derived from mevalonate 35' 36  two pathways which are given below 

have been considered for 3-allylcoumarins. 

Path A: Starting from 7-oxygenated coumarin. 

Path B: Starting from 4-hydroxycoumarin. 



Synthesis of 3-allylcoumarins: 

The synthesis of natural coumarins has attracted considerable 

attention, since in many cases it presents the fascinating challenge of 

developing methods for the regiospecific introduction of appropriate 

substituents into the coumarin nucleus. Though the number of 

coumarins having allyl substituents at C-3 is limited and restricted 

mainly to Rutaceae besides fungal metabolites echinulin 37  and 

brevianamides 38'39. Its synthesis is quite aformidable task as it 

involves regiospecific introduction of an allyl group at 3- position. 

Also their biological activities make them more alluring. For example 

some natural derivatives of 3-(1 1 ,1 1 -dimethyl-ally1) coumarins are 

known to possess cytostatic and sometimes selective effects on 

leukemic cells 40,41 . 

Chalepensin, chalepin and its acetate, rutamarin have been 

assayed "in vitro". They also show potent spasmolytic activity 42,43. 

Though there are a large number of methods available for the synthesis 

of 3-substituted coumarin, there are very few reports on the synthesis 

of 3-allylcoumarins. 

Thus, Murray et al 44  have synthesized 3-(1 1 ,1 1 -dimethyl-ally1)- 

scopoletin from 6,7-dihydroxycoumarin by selective prenylation 

followed by methylation and Claisen rearrangement (Scheme la). 

Kapil and coworkers 45  have used similar approach for the synthesis of 

3-allyl-7-hydroxycournarin, which they have converted, to 

xanthyletins. The steps involved are presented in Scheme lb. 

Massanet et al 46  have synthesized 3-allyl- and 6-allylcoumarins 

from 7-allyloxycoumarin. The steps involved are presented in Scheme 

II. They have also synthesized 3,6-diallylcoumarins. 

Cairns et al 47  have again used 7-allyloxycoumarins for the 

synthesis of 3-allyl- and 6-allylcoumarins. They have also synthesized 

some naturally occurring 3,6-diallylcoumarins. The steps involved are 

shown in Schemes III and IV. 

The second approach for the synthesis of 3-allylcoumarins 

makes use of 4-hydroxycoumarins. In this approach the 4-hydmxy-

coutnarins are first converted to 4-allyloxycoumarins, which on 

Claisen rearrangement give 4-hydroxy-3-allylcoumarins. The hydroxyl 
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group is removed via its tosylate by reductive detosylation. Ahluwalia 

et al 48  have synthesized some naturally occuring cournarins by making 

use of this approach (Scheme V). 

The third approach described by R.S. Mali et a1 49  of introducing 

directly allyl group at 3-position by choosing appropriate stable Wittig 

reagent is depicted in Scheme VI. Later on using tandem Claisen 

rearrangement and Wittig reaction s°  from the same laboratory 

synthesis of blasamiferone is reported 51  (Scheme VII). 

The fourth approach by Cairns et al 52  makes use of 7- 

hydroxycournarins. In this approach the protected 7-hydroxycoumarin 

is first converted to methyl coumarate, followed by allylation and 

Claisen rearrangement. In case of balsamiferone and Gravelliferone the 

lactone ring of 7-benzyloxy-6-prenyl coumarin is obtained from 

umbelliferone (1g, la), which is further cleaved to give the methyl 

coumarate (Scheme VIII). 

(21 %) Nieshoutin 
	

(14 96) 3-(11,11-dimethyladyl)Scopoletin 

Scheme Ia 
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Present work: 

Gravelliferone 2a, the naturally occurring coumarin having a 

1,1-dimethyl allyl group at 3-position and 3,3-dimethyl allyl group at 

6-position of 7-hydroxy coumarin is the precursor for the coumarins 

2b, 4, 5, 6 & 8. All the reported methods for its synthesis described 

above uses Claisen rearrangement on the preformed coumarin nucleus. 

The method reported by R.S. Mali et al (Scheme VI) is an attractive 

method to get ally! substituent at 3-position. But to prepare the 

corresponding phosphorane so as to get l, 1 -dimethyl allyl group at 3-

position of coumarin ring is a daunting task. 

We were interested in the other method reported by the same 

group where in they have used tandem Claisen rearrangement and 

Wittig reaction. 

As we were interested in the synthesis of Gravelliferone we 

thought it might be possible to get double Claisen rearrangement and 

Wittig reaction in one pot. The strategy visualized is shown in Scheme 

IX. 

Scheme IX 
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Probable mechanism: 

  

COOEt 

Thus, the first step was to prepare resorcialdehye, which can be 

easily obtained by Vilsmier Haack reaction of resorcinol. 

Resorcialdehyde was treated with prenylbromide (3,3- 

dirnethylallylbromide) (prepared from 4-hydroxy-2-methylbut-2-ene) 

in refluxing acetone in the presence of potassium carbonate. After 

usual workup gave a viscous liquid which was further purified by 

column chromatography over silica gel to get a pure liquid product. It 

showed a negative FeC13 test. It's I.R. spectrum showed a band at 1675 

cm -1  indicating the presence of carbonyl group of aldehyde. 
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In it's 1 1-1-NMR (CDC13) (fig. 1) two singlet (6 H each) were 

seen at 8 1.75 and 1.77 which could be attributed to —[C (CH3>2]2 

group. A triplet (J=5.84 Hz) at 8 4.58 integrating for four protons could 

be attributed to the presence of two —CHCHMe2 group. A multiplet 

at 8 5.5, integrating for two protons could be due to the presence of 

two -CHMe2  group. A broad singlet (J=2.1 Hz) was seen at 8 6.48 

integrating for one proton. This could be due to the C-3 proton of the 

aromatic ring. Two doublets (J=8.7, 1.8 Hz & 8.7 Hz) at 8 6.55and 

7.81, integrating for one proton each could be due to C-5 and C-6 

aromatic protons respectively. A singlet at 8 10.3 integrating for a 

single proton could be due to the presence of aldehyde group. The 

mode of formation and spectral properties exhibited by the compound 

suggested that the compound could have the structure 14. 

Once we had sufficient quantity of 2,4-prenyloxybenzaldehyde 

in hand, our next step was to carry out Wittig reaction, cyclisation and 

Claisen rearrangement in one pot. 

Initially we tried one pot reaction using 100 mg of 2,4- 

prenyloxybenzaldehyde and 1.2 eq. of stable Wittig reagent in 

refluxing N, N-diethyl aniline for 6 hrs. Usual workup gave a complex 

mixture. Purification by column chromatography, we could isolate 

only one pure compound (Scheme X) 

14 
	

15 

Scheme X 

It's I.R spectrum showed bands at 3200 and 1725 cm -1 

 indicating the presence of hydroxyl and carbonyl group of coumarin. 

In its 1 11-NMR (CDC13) spectrum (4.3) two singlets (3H each) were 

seen at 8 1.76 and 1.79 indicating the presence of two methyl groups. 

One doublet (2H, J=7.2 Hz) and one multiplet (1H) were seen at 8 3.38 

and 5.29-5.34 which could be assigned to —CH2-CH= grouping. In 

olefinic region two doublets (1H each, J= 9.5 Hz) were seen at 8 6.23 

and 7.63 which could be due to C-3 and C-4 protons of coumarins 
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respectively. In addition to this two singlets (IH, each) were seen in 

aromatic region at 8 6.92 and 7.20 which could be attributed to C-8 

and C-5 protons respectively. 

Thus, on the basis of the mode of formation and spectral 

properties structure 15 was assigned to it. The spectral properties 

exhibited by this compound are identical with that of the reported 

values for naturally occurring 6-allylcoumarin demethylsuberosin 54 . 

The structure was further confirmed by its similarity of the m.p 134 °C 

with the lit52  m.p. 133-134°C. 

So, it made us think that the 7-allyloxy group may be cleaving 

in the reaction either prior to formation of demethylsuberosin or later. 

Secondly, it was not clear whether double Claisen rearrangement is 

taking place or not. 

Hence we decided to stop the reaction after a short interval of 

time, so as to check whether we can isolate an intermediate where in 

only one Claisen rearrangement takes place. It would have given us an 

idea which allyl group gets rearranged first. For this we had to follow 

the reaction in a stepwise manner, first to carry out. Wittig reaction on 

2,4-prenyloxybenzaldehyde to get the corresponding ester, followed by 

cyclisation and Claisen rearrangement. 

Thus, 2,4-prenyloxybenzaldehyde was treated with Wittig 

reagent triphenyl-a-ethoxycarbonyl-methylenephosphorane in 

refluxing toluene for 12 hr (monitered by tic) (Scheme XI). Usual 

work up gave a liquid product, which was further purified by column 

chromatography to give sweet smelling viscous oil. It's I.R spectrum 

showed a band at 1725 cm -1  indicating the presence of ester group. In 

1 H-NMR (CDC13) spectrum (fig.2) it showed a triplet (J= 7.12 Hz) at 8 

1.33 and a quartet (J= 7.12 Hz) at 8 4.25 integrating for three and two 

protons respectively. This could be attributed to -OCH2CH3 group. It 

also showed two singlet each at 8 1.75 and 1.77 integrating for six 

hydrogen each, which could be due to -[C (CH3)212 group. A triplet 

(J=7.4 Hz) at8 4.55 integrating for four protons could be attributed to 

the presence of --CH2CHMe2 group. A multiplet at 8 5.5, integrating 

for two protons could be due to the presence of -CHMe2 group. A 

singlet was observed at 8 6.48 integrating for one proton. This could 
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be due to the C-3 proton of the aromatic ring. Two doublets (J=8.3 & 

8.3 Hz) at 8 6.55 & 7.44 integrating for one proton each could be due 

to C5 and C6 aromatic protons respectively. A doublet (J=16.1 Hz) at 

8 6.42 integrating for one proton could be due to the -CHH-COOEt 

group. A doublet (J=16.1 Hz) at 8 7.94 integrating for one proton 

could be due to the -CHH-COOEt group. The mode of formation 

and spectral properties exhibited by the compound suggested that it 

could be the ester having structure 16. Further, the coupling constants 

of the vinylic double bond and the downfield nature of the 0-proton 

indicated that it could be the trans ester 16. 

0 
Ph3P=CHCOOEt 

I 	 titiers.1 
reflux CHO 

14 	 16 

Scheme XI 

The next step was cyclisation and Claisen rearrangement of the 

trans ester 16 (Scheme XII). 

Thus, trans ester 16 was refluxed in diphenyl ether for 15 mins 

(monitered by tic). Column chromatography using pet. ether and ethyl 

acetate as eluent gave three fractions. The first fraction showed in its 

I.R spectrum a band at 1720 and 1610 cm -1  indicating the presence of 

carbonyl group of coumarin and double bond respectively. In it's 1 H-

NMR (CDCI3) spectrum (fig.4) two singlets (3H each) were seen at 8 

1.64 and 1.7 indicating the presence of two methyl of - 

OCH2CHMe2 group and a singlet at 8 1.76 (6H) could be assigned 

to two methyl of -CH2CH=CMe2 group. Two doublet (2H each, J=6.9 

Hz) at 8 3.17 and 4.5 and two multiplet (IH each) at 5.26 and 5.43 

could be assigned to -CH2-CH= and -OCH2CH= groupings 

respectively. Two doublets (IH each, J= 6.9 and 8.4Hz) were seen at 

6.78 and 7.27, which could be 

due to C-5 and C-6 protons of coumarin respectively. In addition to 

this two singlets (1H, each) were seen in aromatic region at. .8 7.21 and 

7.39, which could be attributed to C-4 and C-8 protons respectively. 
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Thus, on the basis of the mode of formation and spectral 

properties structure 17 was assigned to it. 

diphenyl ether 

16 
	

17 

18 	
15 

Scheme XII 

The second fraction showed in its I.R spectrum a band at 1720 

and 1610 cm-1  indicating the presence of carbonyl group of coumarin 

and double bond respectively. In it's I H-NMR (CDC13) spectrum 

(fig.5) two singlets (3H each) were seen at 8 1.64 and 1.75 indicating 

the presence of two methyl of -OCH2CHMe2 group and a singlet at 

8 1.71 (6H) could be assigned to two methyl of --CH2CHMe2 group. 

Two doublet (2H each, J=7.2 Hz) at 8 3.26 and 4.54 and two multiplet 

(1H each) at 5.29 and 5.47 could be assigned to -CH2-CH= and - 

OCH2CH= groupings respectively. In olefinic region two doublets (1H 

each, J= 9.3 Hz) were seen at 8 6.16 and 7.56 which could be due to C-

3 and C-4 protons of coumarin ring respectively. In addition to this two 

singlets (1H, each) were seen in aromatic region at 8 6.71 and 7.12 

which could be attributed to C-8 and C-5 protons respectively. 

Thus, on the basis of the mode of formation and spectral 

properties structure 18 was assigned to it. 

The structure was further confirmed by its similarity of the m.p 

78°C with the lit52  m.p.78-79°C. The spectral data is in close agreement 

with the literature data of the compound, which is used for the 

synthesis of Gravelliferone. 

The spectral data of the third fraction was found to be matching 

with that of structure 15 and the third compound was confirmed to be 

demethylsuberosin. 

Simultaneously, 2,4-prenyloxybenzaldehyde 114] was heated 

with 1.2 eq. phosphorane in refluxing diphenyl ether for 15 mins 
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(moniterd by tic). Column chromatography using pet ether and ethyl 

acetate as eluent gave three fractions. The compound obtained 

exhibited spectral properties identical with that of structure 15,17 and 

18 respectively (Scheme XIII). 

 

diphenyl ether 

CHO 	Ph3PHCOOEt 
[I] 

14 
17 

+ I 

18 
15 

Scheme XIII 

Isolation of 15,17,18 as intermediates in the reaction suggests 

that prenyl group at 2-position of the 2,4-prenyloxybenzaldehyde and 

2,4-prenyloxyethylcinnamate undergoes Claisen rearrangement first. 

As the intermediate 18 has been used 46'4752  as a starting material for 

the synthesis of Gravelliferone, it constitutes a formal synthesis of it. 
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Conclusion: 

1.We have developed a short route for the synthesis of 

Demethylsuberosin. 

2. Isolation of 6-(3-Methylbut-2-eny1)-7-(3-methylbut-2-enyloxy) 

coumarin (18) completes the formal synthesis of Ciravelliferone. 

3. It appears that one pot consecutive Claisen rearrangements-

Wittig Reaction are possible for synthesis of Gravelliferone. 



EXPERIMENTAL: 

Expt.1.1: Preparation of triphenyl-a-ethoxy carbonyl methylene 

phosphorane 

PPh3+ BrCH2COOEt 

 

+ Br— 	NaOH 
Ph3PCH2COOEt 	 Ph3P=CHCOOEt 

 

[I] 

Expt.1.2: Preparation of 2,4-dihydroxybenzaldehyde (13). 

OH 
DMF 
p 

POCI3 

OH 

CHO 

13 

Expt.1.3: Preparation of 1-bromo-3-methyl-but-2-ene/3,3-dimethyl 

allylbromide). 

H3C 	
Pl3r3 

,C=CH-CH2OH 

H3C 

H3C 

/C=CH-CH2Br 

H3C/ 
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Expt 1.4: Preparation of 2,4-di-o-(3,3-dimethylanyl) ben zaddehyde 

(14). 

HO OH 

 

 

CHO 
K2CO3 ,acetone 

14 

Expt 1.5: Attempted Preparation of Gravelliferone 2a. 

PhNEt2 

Ph3P=CHCOOEt 

Et] 

14 
	

15 

Expt 1.6: Preparation of E-ethyl 2,4-di-o - (3,3-dimethylallyloxy) 

benzaldehyde (16). 

toluene 

[I) 
Ph3P=CHCOOR 	 COOEt 

14 	 16 
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diphenyl ether 7  

HO 	Ph3P=CHCOOEt 

[I] 

18 
15 

Expt.1.7: Cyclisation / Clais' en rearrangement of 16. 

diphenyl ether 

   

16 
	

17 

18 	
1 5 

Expt.1.8: Tandem Wittig reaction / Cyclisation / Clasen 

rearrangement of 14. 
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Expt.1.1: Preparation of triphenyl-a-ethoxy carbonyl methylene 

phosphorane [1]. 

Followed the same procedure as Expt. 1.1 in Section I of 

Chapter II. Pg.no. 78. 

Expt.1.2: Preparation of 2,4-dillydroxybenzaldehyde (13). 

Phosphorous oxychloride (1 equiv) was added slowly to N,N-

dimethylformamide (1 equiv) in acetonitrile at 0 °C. The reaction 

mixture was allowed to attain room temperature and resorcinol (1.68g) 

was added to it with stirring. The reaction mixture was then heated on 

water bath for 3hrs. and then cooled 0 °C. A saturated solution of 

sodium acetate (20m1) was added to it. The white solid thus obtained 

was filtered, washed with water and dried. It was recrystallised from 

water to give 2,4-dihydroxybenzaladehyde (1.55g, 73.80%). 

Expt.1.3: Preparation of 1-bromo-3-methyl-but-2-ene13,3-dimethyl 

allylbromide). 

A mixture of 4-hydroxy-2-methylbut-2-ene (0.145 mol) and dry 

pyridine (0.025mo1) was added slimly to a stirred solution of 

phosphorus tribromide (0.055mo1) in light petroleum (70m1) at 0 °C. 

After 30 min, ice water was added and pet ether layer was separated. It 

was washed first with sodium bicarbonate solution and then with 

water. Drying over anhydrous sodium sulphate and evaporation of 

solvent under reduced pressure afforded a liquid which was distilled 

under reduced pressure to give 1-bromo-3-methyl-but-2ene as a 

colourless liquid (8.25g, 38%), b.p. 80 °C /90mm (lit ".b.p.64-68 °C 

no mm). 

Expt. 1.4: Preparation of 2,4-di-o-(3,3-dimethylallyl) benzaldehyde 

(14). 

A mixture of 2,4-dihydroxybenzaldehyde (0.0029 mol), 

potassium carbonate ( 0.003mol) and 3,3-dimethyl allylbromide (0.003 
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mol)in dry acetone (25 ml) was refluxed for 3 hrs. under nitrogen 

atmosphere. Reaction mixture was filtered. The organic layer was 

washed with water, 2N NaOH and water. Removal of solvent gave a 

viscous liquid product, which was further purified by column 

chromatography using petroleum ether as eluent (60%). 

Expt 1.5: Attempted Preparation of Gravelliferone 2a. 

A solution of 2,4-di-o- (3,3-dimethylallyl) benzaldehyde 

(lmol) and phosphorane (1.2 mol) in N,N-diethylaniline (10 ml) was 

refluxed for 6 hrs. The reaction mixture was cooled, poured in ice- cold 

water containing hydrochloric acid (60 nil) and extracted with ether. 

The combined organic layer was washed with water, dried over 

anhydrous sodium sulphate and evaporated to furnish a. crude mixture 

which on purification by column chromatography gave demethyl 

suberosin (20%) as a pure compound and a complex mixture. 

Expt1.6: Preparation of E-ethyl 2,4-di-o- (3,3-dimethylallyloxy) 

benzaldehyde (16). 

A solution of 2,4-di-o- (3,3-dimethylallyl) benzaldehyde °mop 

and phosphorane (1.2mol) in toluene was refluxed for 12 hrs. 

Evaporation of solvent gave a viscous liquid product, which was 

chromatographed over silica gel using ethyl acetate: pet. Ether (1:9) as 

a solvent for elution to afford a sweet smelling viscous liquid product 

(70%). 

Expt.1.7: Cyclisation / Claisen rearrangement of 16. 

A solution of E-ethyl 2,4-di-o- (3,3-dimethylallyloxy) 

benzaldehyde in diphenyl ether (10m1) was refluxed for 15 mins 

(monitered by tic). The crude product was purified by column 

chromatography using pet. ether and ethyl acetate as eluent, to afford 

compounds 15 (30 % ), 17 (5 %) ,18 (23 %). 
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Eqpt: 1.8: Tandem Wittig reaction / Cyclisation / Claisen 

rearrangement of 14. 

A solution of 2,4-di-o-(3,3-dimethylally1) benzaldehyde (lmol) 

and phosphorane (1.2mol) in diphenyl ether (10m1) was refluxed for 

15 mins (moniterd by tic). The crude product was purified by column 

chromatography using pet.ether and ethyl acetate as eluent, to afford 

compounds 15 (30 %), 17 (5 %), 18 (23 %). 
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