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Preface 

The nitrone moiety can be regarded as a 3 centered dipolar 4n: system, which enables 

1,3-dipolar cycloaddition reactions with different dipolarophilic reagent to occur. 1,3-dipolar 

cycloadditions are found to be susceptible to both electronic and steric influences. 1,3-dipolar 

cycloaddition reaction between a nitrone and an olefinic dipolarophiles is an efficient method 

for the synthesis of isoxazolidine systems. 

The question of reactivity and substituent effects in 1,3-dipolar cycloaddition reaction has 

been rationalized successfully using frontier molecular orbital theory which provides relative 

interaction energies of frontier orbitals between 1,3-dipole and dipolarophiles. The electron 

attracting or electron releasing moiety influences the atomic orbital co-efficience and have a 

significant influence on the regiselectivity of the reaction. 

Furthermore, the cycloadducts have found numerous applications m synthesis through 

reductive cleavage of the N-0 bond to give y-amino alcohols. Asymmetric induction in 

nitrone olefin cycloaddition has been achieved through the incorporation of chirality in both 

the dipole and the dipolarophiles. Recently, significant advances have been made the use 

water as 

cycloaddition 

to influence the rate, regioselectivity and stereoselectivity 

The present work entitled "Synthesis and 1,3 dipolar cycloaddition 

reactions of N-Phenyl-a-Chloro Nitrone" reports newly discovered o.,.chloro nitrone from 

chlorohydrin and its cycloaddition reactions with different olefins and alkynes leading to the 

formation of regio and stereoselective products. An important application of the nitrones and 

the cycloadducts are aldehyde synthesis and antimicrobial activities. An efficient 

methodology for the synthesis of aldehydes from alkyl halides using a-chloro nitrones as an 

oxidizing reagent with an excellent yield has also been discussed along with novel a-N

methy!iphenyl furan derivatives (obtained as side product during aldehyde & ketone 

synthesis) as dipolarophile in the regioselective synthesis of 5-spiro isoxazolidines using a

chloro nitrones at RT with an excellent yield. 

The following chapters fulfill these ideas:-



Chapter I This chapter deals with the general theoretical approach of different 

1,3-dipoles and their stabilities and general nature of intra and 

intermolecular 1,3-dipolar cycloaddition reactions of nitrones. Special 

emphasis has been given on HOMO-LUMO approach in this regard. 

Attempts have been made in this chapter to cover a complete review of 

the literature and latest developments up to January 2010 in a rather 

comprehensive manner. 

Chapter li ft deals with the experimental section. In this section, experimental 

procedures are discussed along with the method of formation of 

different nitrones, cycloaddition reaction with different olefins and 

alkynes leading to the formation of cycloadducts. The cycloadducts are 

explained along with their reaction conditions in different solvents. 

Chapter This chapter deals with results and discussion and achievements 

work done. Spectral interpretation viz. iH NMR, 13C NMR, 

HR1\1S and elemental analysis have been discussed in detaiL 

IR, 

Chapter IV This chapter is focused on the future perspective of the work done and 

is referred to as scope and objectives of the present work. 
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Chapter I 

Theoretical approach and Review work 

General 

+ -
The term "1,3-dipole", a--b--c may be defined such that atom "a" 

possesses an electron sextet, that is an incomplete valence shell combined with a formal 

positive charge and the atom "c", the negatively charged center, has an unshared pair of 

electrons and undergoes 1,3-dipolar cycloaddition to a multiple bond system called 

"dipolarophile". 

Since compounds with 6 electrons in the outer shell of an atom are usually unstable, the a-b-c 

system is actually canonical form of a resonance hybrid for which at least one other structure 

ma:y be drawn e.g. 

Octet structure 

b 
/"~-a c 

Sextet structure 

Fig 1 

1,3-dipoles can be further stabilized by internal octet stabilization. 1,3-dipolar compounds 

can be divided into two main types: 

(1) Propagyl- AUenyl type 

Those in which the dipolar canonical form has a double bond on the sextd atom and other 

canonical form a triple bond on that atom. 

+ 
a=b-c ~ 

Fig 2 

+ 
a==b-c 



(2) Allyl type 

Those in which the dipolar canonical form has a single bond on the sextet atom other form a 

double bond. 

+ - + -
a--b--e .... .,..lf---J)Ia.... a= b--e 

Fig 3 

1,3-dipoles can be represented as depicted in Fig 3. In this 1,3 dipoles, the central atom is 

never a carbon atom. If the central atom be a carbon function then internal octet stabilization 

is prevented by lack of an available free electron pair. Such systems are therefore extremely 

reactive and short lived. Examples ofthis type are unsaturated carbenes and azenes. 

1, 3-dipole 

1, 3-dipole participates in the [3+2] cycloaddition reactions which form 5-membered ring 

systems, in an analogous way to the Diels-Alder process which forms 6 membered rings. The 

reactive partners this reaction are 1 ,3-dipoles and dipolarophiles diene dienophile 

It is a process as 

® e e ® 
X Y-Z --....:E----llo-~~>- X--= Y= Z 

R R 

"~~-0 -.--.----,~ { 
x z ex/<±>~z 

X, Y,Z= C,N,O,S,P ...... 

Fig 4 

1,3 dipoles vary in stability greatly. Some can be isolated and stored, others are relatively 

stable, but are usuaHy made the same day as their use. 

In order to compare the stability of nitrones the secular determinant could be set up using the 

suggested parameter values1 for hetero atoms for the use of simple LCAO (Linear 

combination of atomic orbitals) treatment viz. 

hN + = 2; ho- = 2; Kc _ N = 1.1; KN. o = 0. 7 etc. 

2 



ao-E 

~21 

~31 

~13 

~32 

Putting the above values and a0 - E I ~o = x 

X 

1.1 

0 

1.1 

x+2 

0.7 

0 

0.7 

x+2 

The secular polynomial of the system was 

X 3 + 4X2 + 2.3 X- 2,4 = 0 

i.e. x = 0.5175, -1.58775 & 2.9297 

Therefore the energy levels are 

Et =- eto+ 0.5175 

s2 == eto-- 1.58775 Po 

£3 = uu- 2.9297 Po 

the n 
En= + 5.03495 Po 

Approximate HMO calculation of nitrone (1) 

=0 

=0 

In order to verify the stability of N-phenyl-a.-chloro nitrone (1), N-cyclohexyl-a-chloro 

nitrone2 was taken as an example for the approximate HMO calculation. 

The secular determinant for nitrone (1) (N-phenyl-a-chloro nitrone) could be studied in two 

ways. 

ao+2Po-E ~12 pl3 P14 

P21 ao-£ ~23 ~24 =0 

P31 ~32 ao+2Po-£ P34 

P41 P42 P43 ao+2Po-£ 



x+2 

0.4 

0 

0 

0.4 

X 

1.1 

0 

0 

1.1 

x+2 

0.69 

Thus solving x = 0.578; -1.5607; -2.9436; -2.0656. 

The energy levels were 

Et = Uo- 0.578 ~0 

s2 = ao--1.5607 ~o 

£3 = ao -2.9436 ~o 

£4 = ao-2.0656 ~o 

the total n energy of the system was 

S - A-· ' " 1 ;1 '70 A f1 - '+UO T I . 1-,. t J pO 

ao+2~o-E ~12 

P2l Uo-E 

P31 1332 
1341 P42 

Ps1 Ps2 

x+2 0.4 

0.4 X 

0 0.9 

0 0 
0 0 

The energy levels were 
Et = ao-1.129 Po 
s2 = ao-J .20 Po 

E3 = ao- 0.555 Po 

E4 = ao-2.954 f3o 

ss = ao -2.4195 Po 

~13 

~23 

f)43 

0 

0.9 
X 

1.1 
0 

0 

0 

0.69 

x+2 

P14 

1324 

f:h4 

=0 

ao+2fio-s 

Ps4 

0 

0 
1.1 

x+2 
0.69 

Pts 

P2s =0 

1335 

P4s 

ao+2Po-E 

0 

0 
0 =0 

0.69 
x+2 



Total n energy of the system was 

En= 5a0 + 8.2575 f30 

Considering the calculated energy levels, associated with nitrone (1), it was expected to be 

moderately stable. The above assumption also could be rationalized on the basis of Fukui's 

Frontier Orbital Theory (FMOlRecently reported DFT study on the stability of C-aryl-N

methyl nitrones basing upon Gaussian-2003 series computational programs·4
·
5

•
6 along with 

their graphical user interface Gauss view 2003 inspired us to use the program to study the 

stability of the reported nitrone (1). Although we could not use series of computational 

program but elementary application of this methodology suggests that N-phenyl-a-chloro 

nitrone is moderately stable & hence the nitrone is used in-situ for the 1 ,3-dipolar 

cycloaddition reactions. 

The molecular orbital calculations perfonned by DFT study using B3L YP theory for N

phenyl-a-chloro nitrone shows 154 & -0.032 for HOMO & LUMO energies in Hartrees (1 

Hartree = 1 JV--phenyl-a:.-chloro nitrone has a chlorine group at fJ- position of the 

electron \Vithdrawing nature & therefore the nitrone should be 

electrophilic nature. The high reactivity N-phenyl-a-chioro nitrone could 

on the of perturbation theory where the HOMO level of parent IS 

m energy introduction of chlorine group on the ,8-carbon atom & 

stabilization of dipole LUMO level thereby providing the stabilization to the transition 

state for the cycloaddition & consequently increasing the rate of the reactions. 

There are two general classes of dipole sometimes referred to as sp2 and sp hybridized 

dipoles. 

sp-dipolarophile_(linear dipoles like the propagyl anion) 

Azide 

e <l1 e <l1 
Nitrile imide R-N-N-C-R ...,.,.r--__,.,..,.. R-N-N=c--R 
(Nitrile imine) 

Nitrile oxide 

5 

stable if aromatic alkyl 
azides can explode 

generated and used in-situ 

generated and used i11-situ 



Nitrile ylide 

Diazo alkane 

Fig 5 

sp2 hybridised_(bent dipoles like the allyl anion) 

Ozone 

Nitrones 

Azomcthine 
in:lincs 

Azomethine 
ylides 

e 
0 
~o=o 

® 

o~ e 
_,,. ....... __ -,11•- o-o 

® 

e 
0 R 0~ R 
~® / ~ e/ N=c -t-----+- N-C 
/ '"' /® ""-,,R 

R R R 

Fig 6 

Reactivity profile 1, 3-dipoles 

generated and used in
situ 

relatively stable. 
diazomethane can be 
stored 

generated & used 
in situ 

relatively stable 
but 1·eactions arc 
done in situ 

generated & used 
in situ 

generated & used 
in situ 

The reaction between dipoles and dipolarophiles fit the following general profile: 

(a) It is currently accepted that cycloadditions are concerted processes i.e. they have 

no distinct intermediates but the bond formation may be asynchronous. 

(b) The reaction rates are not influenced much by solvent polarity indicating little 

change in polarity between reactants and transition state. 

6 



The rate of reaction between dipoles and dipolarophiles vary considerably. This can 

be explained by Fukui's Frontier Molecular Orbital Theory (FMO approach) which considers 

the interaction between molecular orbitals of the dipole and dipolarophiles. 

Key 
Molecular 
Orbitals 
in a 
Dipolarophilc 

HOMO 

LUMO /\ 

A====B 

y 

LUMO ~ P ·anti- ~onding .·.·,, 
orbital •." 

B 

HOMO 
p bonding 

orbital 

z 

dipole 

Fig 7 

ED e 
X=Y-Z 

A 

y 

LUMO 
anti - bonding 

orbital Key 

HOMO 

Molecular 
Orbitals 
in a 
Dipole 

non - bonding 
orbital 

LUMO 
bonding 

orbital 

B 

LUMO 

HOMO 

The tenn "nitrone" was coined from nitrogen ketone (azomethine oxide) 

resemblance to the carbonyl group in its several reactions7
. 

order to keep its 

R.-, 

I; 
c 

R 

Fig 8 

Nomenclature 

The nitrones were known since 1887. The nomenclature employed by chemical abstract is as 

follows. 

ct-N-diphenyl nitrone 

7 



a-phenyl-a-(p-tolyl)-N-methyl nitrone. 

The cyclic nitrones are named accordingly to the parent heterocyclic structures e.g. 2,4-

dimethyl- L1 1
- pyrolidine-N-oxide, L1 1-tetrahydropyridine-N-oxide etc. later, nitrones were 

named as C-cyclopropyl-N-methyl ketone, C-dicyclopropyl-N-methyl nitrone etc. The 

general term aldonitrones and ketonitrones have been employed occasionally. Aldonitrones 

contain a proton on the a-carbon atom. 

RCH = N+ (0) R 1 

While the ketonitrones contain the a-carbon fully substituted with alkyl or aryl group. 

R, R 1 C = N+ (0-) R2 

Geometrical isomerism 

Nitrones may exhibit geometrical isomerism because of the double bond in nitrone molecule. 

Fig 9 

The existing geometrical isomerism was first demonstrated 1918 for a-phenyl-a-(p -tolyl)

N-methyl nitrone8
. The configuration of the isomers was established by dipole moment 

studies. cis and trans forms were readily converted into the trans form by heating. 

Generally aldonitrones exist in stable trans form and this has been established by UV, IR, i H 

NMR studies9 The only example of geometrical isomerism is known for a-phenyl-N-tertiary 

butyl nitrone 10
• Therefore in such cases where geometrical isomerism is possible, E I Z 

notation may be employed for naming. 

A nitrone is a 1, 3-dipole 1, 3-dipolar cycloadditions. It reacts with alkenes to form 

lsoxazolirlines and the scheme has been shown in fig 10. 

R>~-:-
/ -........._N 

Rl I 
R3 

Fig 10 

8 



Similarly the nitrone can react as 1,3-dipole with alkynes in a in 1,3-dipolar cycloaddition 

reactions to form lsoxazolines. 

R,~o 
I '-..._N 

Rl I 
R3 

Fig 11 

In allyl type of 1 ,3-dipole, if we restrict the atom a,b,c to carbon, nitrogen and oxygen, the 

nitrone results. 

Fig 12 

nitrone has a chlorine group at ,8-position the nitrone which has a 

strong electron withdrawing nature and therefore this nitrone is electrophilic nature. In 

general, nitrones are HOMO-LUMO controlled 1 ,3-dipoles skewing towards LUMO 

controlled side. 

Synthesis of nitJ·ones 

The chemistry and the synthesis of the nitrones have been reviewed several times. The 

general methods of synthesis of the nitrones are briefly discussed here. 

a) By the oxidation of N, N-substituted hydroxylamines 

R- N (OH)-C H R 1 R2 

Both cyclic and acyclic nitrones were prepared by this method. Different oxidizing agents are 

used viz, yellow mercuric oxide1 1
, active lead oxide12

, potassium terricyanide13
, hydrogen 

peroxide14
• potassium permanganate 15

, diammine silver nitrate 16
• 

q 



The formation ofthe nitrone salt was reported from the reaction betweenp-benzoquinone and 

1-hydroxyl piperidine17
. 

0 OH 

+ 0 + 0 
N 

I I 
0 OH OH 0 

e 

Fig 13 

The formation of nitrone from N,N-disubstituted and N-substitutedhydroxylamines using 

palladium catalyst were also reported 18
• Recently a four membered cyclic nitrone was also 

repmted by the oxidation of 1-0H-azetidines with Pb02
19

. 

Some other oxidative methods are also known e. g. diammino silver nitrate was used as the 

reagent for the preparation of u-styryl-a-benzyi-N-phenyl nitrone from corresponding 

. Photolysis N··hydroxylamines in 

as an gave high yields nitrone21
• 

hy I DCN 

---------------~ 

Fig 14 

From oximcs 

1, 4 - dicyano naphthalene 

' \ 
'."' ~ N 

t 
0 

The alkylation of the oximes was reviewed in 193822
• Disadvantage of this method was that 

nitrones were produced along with oxime ether. 

Li, Na, K or tetramethyl ammonium oxime salts did not alter the product ratio of oxime ether 

to nitrone significantly. Electron withdrawing group in the para, ortho- disubstituted 

benzophenone oxime salts markedly promoted the formation of nitrones while electron 

10 



donating group favours nitrone formation whereas longer side chain favours oxime-ether 

formation. 

Heptanal oximes when treated with benzyl chloride in solution of ethanol and sodium 

ethoxide yielded 77% of a-hexyl-N-benzyl nitrone23
. DMSO was employed in the various 

keto-oxime alkylations. C, C-dicyclopropyl-N-methyl nitrone has been prepared by this 

method24
. 

-N + Mei 
\ 
\OH 

Formation of nitrones was 

ketoximes to electronegative 

X 
I 

=I 

NaoEt 

EtOH 

Fig 15 

the Michael addition of aldoximes 

Figure 16 

Recently oxime-.0-allyl ether were converted to the corresponding N-ally! nitrones on 

treatment with 10 mole % of PdCl2 (MeCN2) by a formal [2+3] sigmatropic shife6
. 

Formation of cyclic N-vinyl nitrones were also reported from 8-alkenyl oximes by a 

concerted 2n + 2n + 28 1, 3-azprotio cyclotransfer reaction27 .Both the reaction proceeds 

smoothly and high yields were reported. This is one of the best methods for the preparation of 

aldonitrones. N-phenylhydroxylamine has been treated with a variety of aldehydes and 

ketones. N-cyclohexyl methylene nitrone28 similar to N-phenyl methylene nitrone29 can be 

prepared by passing formaldehyde gas through N-cyclohexylhydroxylamine in methylene 

chloride and anhydrous MgS04. 

lt 



From aromatic nitroso compounds 

Aromatic nitroso compounds react with a variety of compounds to form nitrones. 2, 4, 6-

trinitro toluene, 9-methyl acrydine with sufficiently active methylene group react with 

aromatic nitroso compound to form nitrones30
•
31

• The reaction is usually catalysed by trace 

amount of base (e.g. pyridine). One of the examples of this type of reaction is shown in the 

following way. 

Base 

ArNO 

Fig 17 

ED 
Ar HC===N -Ar + HX 

I 
0 e 

Aromatic nitroso compounds react with benzyl derivatives such as chloride rn 

presence of some suitable nitrones32
)

3
. 

Some other miscellaneous methods 

treatement with nitrosobenzene34
. 

e 
0 0 0 

+ 

Jl --: ~---( X/(±) Ph 

n~-~~-Ph 
0 0 

e 

Fig 18 

N-methyl nitrones can be generated in good to excellent yields from aldehyde and ketone 

with stoichiometric amount of N-Me, N-bis (trimethyl silyl) hydroxylamine35 .Nitrones can 

also be isolated in pure state from D-glucose oximes and benzaldehyde without employing 

any protection of hydroxyl group36
. 
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NHOH 

OH 

Fig 19 

Nitrones can be obtained by the treatement of trimethyl silyl chloride and triethyl amine on 

nitroalkanes also37
. 

Fig20 

cycloaddition reaction 

investigations by K.N.Houk et al38 have shown that the cycloadditions of L3 

to are stereospecifically suprafacial and solvent polarity have a little eff:ect on 

reaction rates and small activation enthalpies. These facts along vvith reactivity and 

regioselectivity have been considered totally compatible with concerted five centered 

mechanism. Orbital symmetry consideration have provided permissive, though not 

obligatory, theoretical evidence for the concerted mechanism and the observation of [4 n's 

and 6 n' s] cycloaddition, but not [ 4 n' s + 4 n' s] cycloaddition of l ,3-dipoles to diene. This 

has provided further evidence for the concerted mechanism. But the experimentally observed 

regioselectivity of most of the l ,3-dipolar cycloaddition has been the most difficult 

phenomenon to explain. Houk et al solved this problem with the use of generalized frontier 

orbitals of 1 ,3-dipoles and dipolarophiles within the frame work of frontier molecular orbital 

theory. Whether 1 ,3-dipolar cyclo-addition reactions are allowed or forbidden may be 

judged according to the symmetry properties ofthe HOMO and LUMO orbitals of the dienes 

and the dipolarophiles as proposed by Sustman39
. 
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Dipole Alkene Dipole Alkene 
Dipole Alkene - -- - - -

E 

I 
N 
E 
R 
G 
y 

* * * * T -tt-
T)pel 1)pe II T;peiii 

HOMO-- LUMO HOMO-LUMO HOMO-- LUMO 
dipole alkene dipole alkene alkene dipole 

+ 
Types HOMO--LUMO 
of alkene dipole 
Dipoles 

azomethine ylides, nitroncs, ozone, 
azomethine imines, nitrile oxides nitrous oxide 
nitrile ylides 

Type I: It interaction between LUMO (dipole)-HOMO (dipolarophiles). 

It invoives LUMO (dipole)-HOMO (dipolarophiles). But type both the LUI\10 

(dipole)-HOMO (dipolarophiles) and HOMO (dipole)-LUMO (dipolarophiles) are important 

in determining reactivity and regiosetectivity. Type I dipoles are those having high lying 

HOMO's and LUMO's and referred to as HOMO controlled or nucleophilic 1,3-dipoles. It is 

referred to as HUMO-LUMO controlled dipoles. 

Type III: It has low lying FMO's and referred to as LUMO controlled or electophilic 

dipoles. 

Molecular Orbital theory behind 1,3-dipolar cycloadditions 

Lewis acid activation 
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Dipole 

- Alkene LUMO 
Alkene 

Dipole --I Alkene- LA E I 
I -N 

I Dipole-LA I 
I - ' E 

I ' I ' I ' 

~I 
I - ' I ' I ' I ' ' I ' I ' y I ' I ' I ' 

* 
' ' ' 

* 
HOMO 

.. 

a 
t-eif 

Coordination l,A to either the dipole or the alkene results in LUMO lowering and a 

faster reaction rate 

Hauk et al have treated all common dipoles according to this simple model and have 

shown that the prediction satisfactorily explains all the experimental results. The nitrile 

ylides, diazoalkanes and azomethine ylides are HOMO controlled 1,3-dipo!es, reacting 

readily with alkenes having one or more electron withdrawing substituents. The nitrile 

imines, azides and azomethyne imines are HOMO-LUMO controlled dipoles which react 

rapidly with both electron rich as well as electron deficient dipolarophiles. The nitrile oxides 

and nitrones are also HOMO-LUMO controlled dipoles, but these species are skewed 

towards the LUMO controlled side. Finally, species with several electro negative atoms are 

LUMO controlled 1,3 dipoles. e.g.- nitrous oxide and ozone. 

The interaction of the dipole LUMO with dipolarophiles HOMO favours the formation of the 

product ·with the substituent on carbon adjacent to z while the opposite frontier orbital 

interaction favours opposite regioisomers. The HOMO's of the 1,3 dipolar system generally 
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have larger terminal co-efficient on the group z while the LUMO's have larger co-efficient at 

the opposite terminus. The HOMO's and LUMO's of 1,3-dipoles are quantitatively similar to 

those of allyl-anion. The greater differences in terminal co-efficient occur when the two 

terminal differ greatly in electronegativity. 

=-oLUM-=:...0 -~ g 

+8-~s 
HOMO 

Fig 21 

Nitrile-oxides and nitrones react to give mainly the five substituted adduct with weakly 

electron deficient alkenes like acrylonitrile and ethyl acrylate. The HOMO's and LUMO's of 

these eiectron deficient alkenes both interact fairly with the LUMO's and HOMO's of the 

nitrile oxides and nitrones so that the orientation is influenced by both the interactions. The 

experimental results shows that the dipole LUMO-dipolarophile HOMO has more influence 

on regioselectivity. Huisgen40 observed that acetylinic dipolarophiles are less reactive then 

expected on basis of their ionization potentials. Since alkynes have large HOMO-LUMO gap 

then alkenes, it is expected that during interactions with the alkyne, LUMO plays the most 

significant part and hence alkynes are less reactive then as expected. H.owever, the reactivity 

of nitrones with both electron deficient alkynes and alkenes are actually determined by dipole 

(HOMO)-dipolarophiles (LUMO) interactions and the regiochemistry in former case is still 

controlled by dipole (LUMO)-dipolarophiles (HOMO) interaction therefore in case of alkyne, 

the dipole (HOMO)-dipolarophiles (LUMO) interactions become very impotiant and 

dominates the reaction for the formation of 4-substituted adducts. 

Stereoselectivity in nitrone cycloaddition 

Nitrone addition is always cis to dipolarophiles, so the relative stereochemistry at C4 and Cs 

is always determined by the geometric relationship of the substituents on the alkene. Syn and 

anti-isomers of dipole (stability and therefore prop01iion of each depends on steric 
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considerations and hydrogen bonding etc.) can lead to diastereoisomeric products depending 

on approach of dipole and iJdipolarophiles. Exo I endo approach of dipolarophiles needs to 

be considered. Secondary orbital interactions are not relevant, as in Diels-alder reactions, 

steric interactions are important. So the exo product is the more stable product. 

Fig 22 

Formation of biologically active amino alcohol from isoxazolidine formed by 1, 3-

dipola:r cydoaddition reaction 

Rl 

I 
R',~0 

I ' R3 R4 

reduction 

-·---------------

Isoxazolidinc 13 -· amino alcohol 

Fig 23 

1.,3-dipolar cycloaddition reaction can create up to three asymmetric centers (* 

stereocenter). 

A comprehensive review on the generation of different type of nitrones and their 1, 3-dipolar 

cycloaddition reaction has been studied along with their biological properties viz; 

antimicrobial, antitumor, antifungal, antibacterial, activities. From the literature consultation, 

it has been found that majority of the nitrones are generated in-situ. Because of their 

unstability, l, 3-dipolar cycloaddition reactions are carried out by trapping the nitrones at the 

time of their formation. This process avoids dimerization of the nitrone and the yield of the 

cycloadducts is also extremely high. 
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Current literature survey 

The recent reviews (from 2001 onwards) suggest that the greater emphasis has been given to 

the green chemistry. Environment friendliness and sustainable development being the need of 

the hour, instead of using conventional solvents like benzene, dichloromethane, 

tetrahydrofuran etc, synthesis of the nitrone and their cycloaddition reactions now-a-days are 

mainly performed in following ways: 

» Microwave assisted synthesis of nitrones and their cycloaddition reactions 

» Solid phase synthesis of nitrones and their cycloaddition reaction 

» Aqueous phase synthesis. 

In all the above cases, the reaction conditions are mild, can be easily carried out and the 

isolation of the compounds are not very difficult. Interestingly, in all these cases, yields are 

much better in very short time period as compared to the conventional methods of 

cycloaddition reaction. Now-a-days aqueous phase cycloaddition reaction is mostly carried 

out to avoid hazardous solvents and also to get higher yields in a short reaction time and is 

completely a greener approach towards the cycloaddition reaction of nitrones. Three research 

articles in this regard have been already published in Indian Journal 

Chemistry and Indian Journal of Chemistry, Section B from our laboratory4
l,4

2
,4

3
. 

Microwave induced intramolecular 1,3-dipolar cycloaddition reactions of N-substituted 

oximes, nitrones etc. are highly stereoselective in nature44
. These reactions are generally 

carried out on the surface of silica gel without adding a solvent and have been conducted 

under microwave irradiation to form functionalized tricyclic isoxazolidines fused with 

pyrolidine or piperidine ring in extremely good yield. From 2000 onwards it has been found 

that High Resolution Mass Spectra (HRMS), 13C NMR and X-ray crystallography of single 

crystal studies are commonly used for the characterization ofnitrone and cycloadducts. In the 

present study, we have used HRMS, 13C NMR techniques along with 1H NMR and IR 

studies. The most important advantage of the microwave studies regarding the formation of 

cycloadducts is that within a very short period of time (3 to 8 min) generally 70-90 % and 

sometimes even I 00 % yield are found to be reported. It has been also suggested from the 

new works found in the literature that microwave irradiation is also potentially useful for the 

chiral synthesis of functionalized nitrogen heterocycles using suitable starting materials. 
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From the research article published by Q. Chang and his group4
\ they have found from the 

spectral analysis that the spectra of one of the oxime that gets converted to nitrone by 

microwave irradiation, gives authentic HRMS value in support of the structure of the nitrone. 

microwave 

l 0 ,_ 12 tnin 

Figure 24 

From the structure, calculated value for C9H14N20 3 (M) has been found to be 198.1003 while 

the experimental value is found to be 198.1006. 

A on microwave assisted 1,3-dipolar cycloaddition reaction was published on 

2003 m 

tS 

conventional methods. 

R2 = H, Me, C! 

R3 = H, Me 

chemistry Sec B from Madurai S. 

synthesized substituted-2-hydroxyaryl}· 

that in the the cydoaddition 

less and at the same time, the yield ts much higher than the 

R1 = t-Bu, i-Pr, Ph 

Fig25 

Another impottant work by A. Goti and his co-workers46 of Italy, working with C N

diphenyl nitrone and butyrolactones (dipolarophiles) have shown that the reactions are highly 
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stereoselective in nature giving both the enantiomers a high yield and it has been found in the 

following figure 26. 

i/ ii 

a 
+ 

ii Toluene. 110°C, 3 hr a : b = 80 : 20 (ee 89°/o) Phz~~l 
0 Ph _ __. _} 

i Benzene, 80°C, 5 hr a: b = 90: 10 (ce 82°/o) 

b 

nPh 
II + 

N 
~/~.'-..-

PhJ . ''0 

~~ ---T-o-lu_e_n-e,-8-0_
0

_C __ _ 

"' 'o~ or ll0°C 

decomposition 

Fig 26 

brilliant work was by R. Shintani and Gregory 
···; 

Fuq suggests a copper catalysed 

cycloaddition reaction, which is a enantioselective coupling of terminal alkenes 

to generate membered heterocycles. 

+HxN~ __ / 
R/ I R 

II 
+ b R 1 

a : b "~ I :1 base 

c = only product 

Fig 27 

Some new works on nitrone cycloaddition reaction has been suggested by K. V. Kudryavtsev 

and V. Irkha48 which suggest 1,3-dipolar cycloaddition reaction of homo protein, involving 

protein chemistry using N-methyl maleimide. The most important feature of this reaction is 

the multi component reaction. 
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Anup Bhattacharya et. AL49 suggests some remarkable work on glucose derivatives. In the 

year 2005 th~y have suggested intramolecular 1,3-dipolar nitrone and nitrile oxide 

cycloaddition of 2 and 4 allyl and propergyl glucose derivatives. This is the versatile 

approach to chiral cyclic ether fused isoxazolidines, isoxazolines and isoxazoles. 

With the help of 1,3-dipolar cycloaddition reaction, natural products also can be synthesized 

and was shown by G. W. Gribble and his coworkers50 in the year 1985 and has been 

published in Journal of Organic Chemistry. Later on, A. Padwa in his latest review has given 

emphasis on the synthetic application of nitrones towards natural products (Ref 54). 

" L. AcO!! I 
40 min. 91%, 

3. A 12 77% 

(-)-Hobartin 

Fig 28 

It has been found tron1 llterature survey that newly f<xmed cycloadducts, as reported by 

different workers, contain antifungal , antitumor activities. But antitumor activities of the said 

cycloadducts are however, not so common. The different workers suggest in various 

publications that the antitumor activities are characteristic properties of those five membered 

heterocycles containing oxygen and nitrogen forming the isoxazolidine and isoxazoline or 

their derivatives. 

21 



Another new development in the field of antibacterial aCtivity of isoxazolidines has been 

shown by Gurpinder Singh and his co-workers51 from the intramolecular low temperature 

1 ,3-dipolar cycloaddition reaction of nitrones where chromano heterocycles are synthesized. 

R=H, CH3, Ph 

From 

azulene alkaloids 

Ph /H3(\, 

0 H N-C{ H 
·""' 

0 N 

Fig 29 

I 
Ph 

R 

+ I 

1,3-dipolar cyctoaddition reaction some per hydro aza 

compound has been found to have very good 

activities as reported. 

During the synthesis new amino cyclo-hexitols by the intramolecular nitrone, antifungal 

compounds are also reported. One of the synthesized compounds can be 

shown in the following way. 

Ace toxy -perhydroazazulene 

Figure 30 

Some stereoselective synthesis of pyrolidinyl glycines from nitrones also report moderate 

antifungal activities as reported by P. Merino and his co-workers52
. 



ZBO 

0 

COBHN 
Figure 31 

C02 Me 

Penta substituted cyclopentanes have been prepared from monosaccharide. The reductive 

fragmentation of 5-bromo-5-deoxy hex-5-enones (a) which upon treatment with N

methylhydroxylamine followed by intramolecular cyclization afford chiral isoxazolidine (b) 

in very good yield 53
. 

This 

MeNHOH 

RO 

a Fig 32 

;UR 
\f- rOR 

I H \ 
Me OR 

b 

is good antifungal agent as reported. Some of the antitumor activities 

by the cycloadducts formed between a-phenyl-N-methyl nitrone with p- methoxy styrene and 

p-methyl styrene.It has been found from the detailed survey work that isoxazolidines are 

more powerful antifungal, antibacterial agents compared to isoxazolines. 

In addition to all the literature survey shown above, we have also reported antitumor, 

antibacterial, antifungal activities of isoxazolidine derivatives (Ref 43) which were 

synthesized in our laboratory following the methodology represented earlier. The recent 

reviews of A. Padwa54 suggest some brilliant work regarding antimicrobial and antitumor 

activities of cycloadducts formed. The results are at par with the works we have completed in 

our laboratory to study antimicrobial, antifungal activities along with normal cycloaddition 

reactions. 



1 DIBAL- H 

MeNHOH.HCI 
or 

BnNHOH.HCl 

NaHC03, 90 % EtOH 
reflux 

Fig 33 

From the revtew work, it has been found that the newly synthesized compounds \Vere 

screened for antimicrobial activities in-vitro using gram positive bacteria E.coli and gram 

negative bacteria Serrative Marcesens by disc diffusion method55
. Tetracycline was 

employed as reference standard (l 0 microgram) to evaluate the potential of tested 

compounds. Among the selected compounds screened for antimicrobial activities, very few 

showed potential antibacterial activity. 

Highly stereoselective intramolecular cycloaddition reactions of unsaturated N-substituted 

oximes, nitrones and azomethyne ylides on the surface of the silica gel without a solvent have 

been conducted wider microwave irradiation to produce tricyclic isoxazolidines fused with 

pyroline or pipyridine ring in good yields as reported by Q. Chang, W. Zhang, Y. Tagan and 

their group in the year 2001 56
. 



1. DIBAL-H, 78°c 

2. NH2 0H 

microwave 

H 

IOOC 

\ _../"' I-1 
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H 

\ 
N-o 

OYN~ 

0 

IOOC = fntramolecular cycloaddition 
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A series unexpected cycloadducts along with normal cycloadducts have been reported 

Abhijit Banerjee and his group57 using 1,3-·dipolar cycioaddition reaction of 3,4-dehydro 

morpho line N-oxide with pi pyridine of cinnamic acid and p-substituted cinnamic acids. Since 

unexpected cycloadducts being quite rare, this work has given immense interest to the 

workers of nitrone cycloaddition reactions. 

Toluene -----ll00c,l6H 

Fig35 

A brilliant work of Francis Heaney, Oliver Rooney in 2001 58 reports the formation of bis 

isoxazolidines involving his nitrones using N-methyl maleimide as dipolarophiles. The 
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reaction as reported is highly diastereospecific in nature. This has been the first reported case 

of bis isoxazolidines. 

o---.~/' 
N. N+ 

I I 
R R 

Q-Mo 
0 

R 

I 
. N"-

~ 0 H++H 
o~o 0 

Fig 36 

Reports of 1,3-dipolar cycloaddition reaction of nitrones in aqueous solution was first ever 

reported by 0. Mersbergen and his group59 in 1988 where the reaction rate and yield of the 

reactions were reported as much higher compared to usual or conventional cycloaddition 

reactions. The common dipolarophiles used were cyclohexene, methyi vinyl ketone, styrene 

N-methyl maleimides respectively. 

R:;=Ph Fig 37 

Development of nitrones and their cycloaddition reactions from oxaziridines involving iV

sulphonyl nitrones were reported recently in 2008 by K. M. Patridge and their group60
. This 

work is novel, as far the formation ofnitrone is concerned. 

Ns 

I 
N 

('"~ Ph~ 
Ph 

95% yield 
> 10% syn: anti 

Fig 38 

In the year 2007, Sheikh Ali and his group61 reported a new stereochemical approach of 1,3-

dipolar cycloaddition reaction of internally H-bonded chiral methylene nitrones. 
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A 
H R 

Ph"'-..,/No"'"'"R 
I "--o 

~OH 

R = (CH2)3CH3, PHCHO, C02Me, C02Bu, CH20H, CH20siBuMe2, CH2CH20siBuMe2, 

Cl·hCH2CH20H 

Fig 39 

Fisera his group02 reported some novel cycloaddition reactions m early 2009 

the nitrones were derived from sugars. The work is actually diastereoselective 

synthesis of isoxazolidinyle nucleosides by means of 1 ,3-dipolar cycloaddition reaction of 

sugar nitrone as the step. 

~/B 
----·~ 

== Bz (Benzyl), ~- = TBDPS 

R1, R2 = Cme2, R3 = Bz (Benzyl), RLt = TBDPS 

Fig 40 

An interesting example of the formation of nitrone m water exclusion reaction in aqueous 

media using surfactant and subsequent cycloaddition reactions in the same pot has been 

reported by P. K. Bhattacharya63
. This is a new example of green chemistry and it will not 

only lead to environmentally benign system but also provides a new aspect of reactions in 

aqueous medium. 
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l. Catalyst 10 mol% 

H20,RT 

L Catalyst SDS/CTAB 
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Ph~ 2Et00:n Rt=? 
~ COOEt 

Fig 41 

An example of highly efficient solvent free 1 ,3-dipolar cycloaddition reaction of N

substituted dipolarophiles and nitrone was repotied by T. B. Nguyen and his group64
. New 

isoxazolidines were synthesized in good to excellent yields by 1,3-dipolar cycloaddition 

reactions of N-vinyl amide dipolarophiles and nitrones. Strikingly, solvent free condition 

gave high conversion and yields, shortened reaction time and minimized degradation 

products. 

R' 

Bn, -~ 
'i\i·~--

1 o-

No solvent 

Fig 42 

Svnthesis of different .!V-cyclohexyl, N-phenyl-(.(-chloro nitrone along with other nitrones 

have also been reported from our laboratory·41
. 

43 65
-
78

. Few of the nitrones thus reported are 

prepared by the following way. 

0 II /CH~ 
i -I ---- C ----~ N -r-

\-::H3 
(~ --0J 

I 
NHOl-I 

i) ~~ 9 
H.,,~"-..-.,6 

/N'"---.. 
H

3
c:-" ~Ctl3 

i) Anhydrous MgS04, N 2 atmosphere, RT, 12 hours 
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i) Anhydrous MgS04 , N2 atmosphere, Reflux, 24 hours 

I 

Cl.,/Jln 
OH I I 

Q _j 

i) Anhydrous MgS04, N2 atmosphere, Reflux, 20 hours 
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i) Dry benzene, N2 atmosphere, RT, 18 hours 

0 

II 

()

c, 
'H 

+ 

~ 

i) 

NHOH 

i) Dry benzene, N2 atmosphere, Reflux, 8-9 hours 
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H i) 

+ 

H 
NHOH 

i) Dry benzene, anhydrous MgS04, N2 atmosphere, RT, 8 hr 

i) 

---------

i) Methylene chloride, N2 atmosphere, 0-5°C, anhydrous MgS04 

Fig 43 

30 



References 

l. Streitwieser A, "Molecular Orbital Theory for Organic Chemist", (Wiley Tappan), 

1961, 117. 

2. a) Chakraborty B, Ghosh A R, Indian J Chern 33B, 1994, 1113, b) Chakrabmiy B, 

Ph.D dissertation, University ofNorth Bengal, Darjeeling, 1996. 

3. Fukui K, Fortsch F, ACC Chern Res, 57, 1971, 4. 

4. Gaussian 03W program (Gaussian Inc Pittsburg- PA), 2003. 

5. Becke D A, J Chern Phys, 98, 1993, 5648. 

6. Lee C, yang W, Parr R.G, Physical revie>v (B), 37, 2008, 785. 

7. Smith J L, Chern Rev, 23, 1938, 193. 

8. Semper Land Lichtenstadt L, Chern Rev, 51, 1918, 923. 

9. Thesing J and Sirrenberg W, Chern Rev, 92, 1959, 1748. 

10. Emmons W D, JAm Chem Soc, 79, 1957, 5739. 

ll. Exner 0, Chem Rev, 49, 1955, 603. 

12. rfbesing J, Chen1 Rev, 87, 1954, 507, 

14. 

15. 

16. 

l7. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Renner Chem Rev, 

J 

Brown C Roggers 

1953, 193. 

1944, 550. 

55, 1961, 6498. 

Johnson D H, Roggers M A, JAm Chem Soc, 5, 1956, 1093. 

Brown C Wand Roggers M A, Chem Absr, 55, 1961, 6498. 

Murahasi S I, Mitsui H, Watanabe T, Zenski T, Tet Lett, 24, 1983, 1049 

Reinhaudt D N & V anelburg P A, Chem Rev, 1 07, 1988, 3 81. 

Regenass FA, Utzing G.E, Angnv Che1n, (Jntl. Ed. English), 37, 1954, 1892. 

Pandey G, Kumarswami G, Krishna A, Tet Lett, 28, 1987, 2649. 

Smith 1 Chem Rev, 1938, 193. 

Nerdel F and Haldeshinsky I, Chem Abst, 86, 1953, 1005. 

Bimanand A Z and Houk K N, Tet Lett, 24, 1983, 435. 

Armstrong P, Grigg R, Surendrakumar S, Tetrahedron, 25, 1991, 4495. 

Grigg V, Markandu J, Tet Lett, 2, 1991, 279. 

Grigg R, Sexton J, Surendrakumar S, J Chem S"oc, 1993, 372. 

Nanda A, Ph.D Dissertation, University ofNorth Bengal, Darjeeling, 1984. 

Heinzer F, Ph.D Dissertation, ETH, Zurich, Germany, 1977. 

Woal H Land Brink C V, Chem Rev, 89, 1956, 636. 

.., ! 
<)j 



31. Kroehnki F, Kroehnki G, Chern Abst, 91, 1958, 1474. 

32. Colona M & Monti A, Chern Abst, 56, 1962, 1546. 

33. Kroehnki F, Leister H, Chern Abst, 90, 1957, 2792. 

34. Guenda W & Pummerer R, Chern Rev, 529, 1937, 1068. 

35. Robl J A & Hui J R, J Org Chem, 50, 1985, 5913. 

36. Fisera L, Aei U A, Pronayova U A, Monatshefte Fur Chemie, 124, 1993, 1019. 

37. Kim B H, Lee J, Wang D, Tet Asymmetry, 2, 1991,27. 

38. Houk K N, Sims J, Lukas C R, JAm Chem Soc, 95, 1973, 7301. 

39. Sustman R, Pure Appl Chem, 40, 1974, 569. 

40. Huisgen R, J Org Chem, 41, 1976,403. 

41. Chakraborty B & Chhetri M S, Indian J Heterocyclic Chem, 18, 2008, 201. 

42. Chakraborty B, Kafley S & Chhetri M S, Indian J Heterocyclic Chem, 18, 2009, 283. 

43. Chakraborty B, Kafley S & Chhetri M S, Indian J Chem, Sec B, in press (paper no. 

SCCB 1225). 

44. Chang Q, Zhang W, Tagami Y, JAm Chem Soc, Perkin Trans l, 2001, 755. 

45 .. Sridharan V, Muthusubramanian S & Shivasubramanian 

2004, 857. 

Indian J 

Cacciarini M, Franca M. Faggi C & Goti 

Shintani R & Fu G Chem 

Molecules, 2000, 637. 

2003, I 0778. 

48. Kudryavtsev K. V & Irkha Molecules, 10, 2005, 755. 

49. Ghorai S, Mukherjee, R, Kundu A, Bhattacharya A, Tetrahedron, 61, 2005, 2999. 

50. Gribble G W & Barden T C, J Org Chem, 50, 1985, 5902. 

51. Sing G, Ishar M P Setal, Tetrahedron, 63 (22), 2007, 4773. 

43 

52. Carmona D, Lamata PM, Viguri F, Rodriguez R, Merino P, JAm Chem Soc, 127, 

2005, 13386. 

53. Renner G, Chern Rev, 92, 1953, 193. 

54. Padwa A, ''Synthetic applications of 1,3-dipolar cycloaddition chemistry toH'ard 

heterocycles and natural products", Pearson W H, Ed, (John Wiley & sons, New 

York), 2003. 

55. Grigg R, J Sexton, Surendrakumar S,.! Chem Soc, 1993, 372. 

56. Cheng Q, Zhang W, Tagami Y & Oritani T, J Chem Soc, Perkin Trans I, 2001, 452. 

57. Bannerjee A, Bandyopadhyay 0, Prange T & Neuman A, Tet lett, 46,2005,2617. 

32 



58. Heaney F, Rooney 0, Cunningham D, Mcarde P, J Chern Soc, Perkin Trans II, 2001, 

373. 

59. Mersbergen D, Wijnen W J & Engberts B F N, J Org Chern, 63, 1998, 8801. 

60. Patridge K M, Mary E, Anzovino M R & Yoon T P, JAm Chern Soc, 130 (10), 2008, 

2920. 

61. Ali S K, Iman M Z N, Tetrahedron, 63, 2007, 9134. 

62. Hyrosova E, Fisera L, Kozisek J, Fronc M, Synthesis, 8, 2008, 1233. 

63. Chatterjee A, Maiti K A and Bhattacharjee P K, Org Lett, 5 (21), 2003, 3967. 

64. Nguyen B T, Martel A, Dhal R, Dujardin G, J Org Chem, 73, 2008, 2621. 

65. Chakraborty B, Kafley Sand Chhetri M S, Indian J Chem, 48B, 2009, 447. 

66. Chakraborty B, Chhetri M S & Kafley S, Indian J Heterocyclic Chern, 18, 2009, 283. 

67. Chakraborty B, Chhetri M S, Indian J Chern, 47B, 2008, 485. 

68. Chakraborty B, Chhetri M S, Indian J Heterocyclic Chern, 17, 2008, 213. 

69~ f:hakraborty B 5 lndianJ HeteroCJ'Clic Chern, 17,2008, 293. 

70. Chakraborty B, Indian J Heterocyclic Chern, 9, 1999, 79. 

7L Chakraborty B, Indian J Heterocyclic Chern, 9, 1999, 77. 

B, Chem, 8, 1999, 

Indian J Heterocyclic 7, 1997. 231. 

74. Chakraborty B, J Heteroc~yclic Chem, 6, 1997, 233. 

Chakraborty J Heterocyclic Chem, 6, 1996, 77. 

76. Chakraborty B & Ghosh A R, lndian J Heterocyclic Chern, 5, 1996, 317. 

77. Chakraborty B & Ghosh AR Indian J Heterocyclic Chern, 5, 1995, 99. 

78. Chakraborty B & Ghosh A R, Indian J Chern, 33B, 1994, 1113. 

33 



Chapter II 

Experimental section 

All the melting points were determined in open capillary tubes and are uncorrected. 1 H 

NMR spectra were recorded with a Bruker-A vans DPX 400 spectrometer ( 400MHz, FT 

NMR) using TMS as an internal standard. 13C NMR spectra were recorded on the same 

instrument at 1 00 MHz. The coupling constants (J) are given in Hz. Chemical shift values are 

given in 8 ppm with tetra methyl silane as an internal standard. IR spectra were obtained with 

a Perkin-Elmer RX 1881 machine as a film for all the products. MS and HRMS spectra were 

recorded with a Joel-SX 102 (F AB) instrument. Elemental analysis (C,H,N) were performed 

with a Perkin-Elmer 2400 series CHN analyser. Analytical TLC was performed on both 

Fluka silica gel and Merck precoated silica gel plates (60-F254), visualization was done by 

exposing to iodine vapour. Column chromatography was performed with silica gel (E.Merck, 

India) 60-200 mesh. All chemicals and reagents along with common solvents were 

purified after receiving from the commercial suppliers. N-cyciohexylhydroxylamine was 

prepared t()! lowing the methodology as already reported. !V-phenylhydroxylamine was 

prepared following the standard methods available in the literature. 

l. Preparation of chlorohydrin 

0 HOC! CX
c_l _____ _____ 

o -m-t 

LCCI 
~OH :::--O 

2-chloro-5-hydroxypentanal 

Fig 1 

Hypochlorous acid was prepared following the standard methodology available in inorganic 

text books 1
-
3

• To a saturated solution of sodium bicarbonate, chlorine gas was passed till 

saturation. After the completion of reaction, the product was isolated by ether shaking 

vigorously in a separatory funnel and finally collected by reduced pressure vacuum pump. 

Pure hypochlorous acid was obtained as greenish white liquid. 

In c. I 00 mL conical flask dihydropyran and hypochlorous acid ( l equivalent each) was taken 

in a required amount or DMSO as solvent and was kept on magnetic stirrer for :'i -- 6 hour. 
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After completion of the reaction (monitored by TLC) the product was isolated with ether and 

finally obtained under reduced pressure as a greenish gummy liquid3
. 

2-chloro-5-hydroxy pentanal 

Greenish gummy liquid; 74.6 %; IR (CHCh): 3600-3200 (br), 2920 (s), 1720 (s), 1440 (m), 

1380 (s), 1340 (m), 1284 (s) cm·l; 1H NMR (CDCh): 8 9.75 (lH, CHO), 5.06 (d, l H, J = 6 

Hz, -OCR), 5.23-4.96 (br,JH, -OH, exchanged in D20), 4.10--3.93 (dt-~m, lR CHCI), 3.80 

- 3.40 (m, 4H, CH2); MS m/z: 136 (M+), 118, 108, 102, 78, 69. 

H. Preparation of N-phenyl-a-chloronitrone (1) 

i) 
+ 

~CI O 

l l / 
"OH "N+ 

I 
Ph 

-phenyihydroxylamine N -phenyl- alpha- chloro nitrone 

i) anhydrous MgS04, i2 hour, 

Fig 2 

environment 

N-phenylhydroxylamine4
-& (250 mg, 2.11 mmole) was added to chlorohydrin solution (I 

equivalent) taken in diethyl ether (50 mL) and anhydrous MgS04 . The solution was kept at 

room temperature for 12 hour with constant stirring with a magnetic stirrer under nitrogenous 

atmosphere. The formation of nitrone was monitored by TLC (R1 = 0.32). The nitrone was 

isolated under reduced pressure as white needle shaped crystals, m.p, 58°C (uncorrected). The 

nitrone was highly unstable and decomposes quickly at room temperature. 

White needle shape cryata!s, Yield 93%, IR (CHCb): 3660- 3520 (br), 1610 (s), 1440 (m), 

1150 (s), 784 (s) cm-1
; 

1H NMR (CDCb): iS 7.73- 7.28 (m, 5H, C6 H5), 6.45 (d, lH, J = 6.06 

Hz, CH=H\ 5.12 (br, 1H, OH, exchanged in D20), 3.66 (dt~m, lH, J = 6.06, 6.08 Hz, 

CHCI), 2.04- 1.25 (m, 6H); 13C NMR (CDCh ): o 142.04 (CH=N+), 134.80, 133.00, 131.60, 

130.00 (aromatic carbons), 95.30 (CHCl), 31.45, 28.60, 25.40 (3 CI-b carbons); HRMS- EI: 

Calcd. for C 11 H1402NCl, (M), 225.0864, Found; M+, 225.0852. 

III. General Procedure for 1,3-dipolar cycloaddition reaction with alkenes 

Due to high unstability of N-phenyl-et-chloro nitrone9 all the cycloaddition reactions with 

various dipolarophiles were performed in-situ. Dipolarophiles (1 equivalent) were added at 
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the time of fom1ation of nitrone and the reaction mixture was stirred at R.T with a magnetic 

stirrer under nitrogenous atmosphere for 8-10 hour. The progress of the reaction was 

monitored by TLC. After completion of reaction, the solvent (diethyl ether) was evaporated 

in reduced pressure vacuum pump. The cycloadducts (either diastereoisomers or 

regioisomers) were purified and separated by column chromatography using ethyl acetate

hexane10. This procedure was followed for all the substrates (alkene and alkynes) listed in 

Table 1 & 2. 

Table 1: Dipolarophiles: 

~ N-phenyl maleimide 

y N-methyl maleimide 

~ N-cyclohexyl maleimide 

~ Ethyl acrylate 

~ Methyl vinyl ketone 

y Styrene 

y Cyclohexene 

y Acenapthylene 

)> P-methoxy maleimide 

~ nitrile 

};> Trichloroethylene 

~ Tetrachloro ethylene 

> Methyl vinyl ether 

L Synthesis of N- phenyl maleimide cycloadducts 

0 0 0 

p 
N-Ph + Ph-N CC

CJ 

~ 0 OH }( .. 

0 I 
Ph 0 

la lb 

Fig 3 
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To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (1 equivalent each) in 

THF (20 mL), N-phenyl maleimide was added (1 equivalent) in-situ at the time of formation 

of nitrone (monitored by TLC) at room temperature under nitrogenous environment and the 

reaction mixture was stirred further 10 hours. The progress of the reaction was monitored by 

TLC (R1 = 0.36, 0.42). The crude products were concentrated under a rotary evaporator and 

finally the cycloadducts were purified and separated by silica gel column chromatographi 0 

using ethyl acetate-hexane combinations and were obtained as white solids. 

la. (3S)- 3- (1-chloro- 4 hydroxy butyl)- 5 methyl- 2- phenyl dihydro- 2H

pyrrollo [3,4 - d] isoxazole -- 4, 6 (5H, 6 a- H) - dione. 

White solid; 70. 8%; IR (CHCb): 3545-3480 (br), 2880 (m), 1765 (s), 1650 (s), 1472 (m), 

1365 (m), 795 (s), 775 (s) cm-1
; 

1H NMR (CDCh): 8 7.46- 7.26 (m, 2 x 5H, C6H5 protons), 

5.45 (br, JH, OH, exchanged in D20), 4.39 (d, lH, J= 8.24 Hz, CsH), 3.24 (dd, lH, J= 9.25, 

Hz, C3H), 2.89 (dd, J= 6.08 Hz, C4H), 2.15 (dt-·m, JH, CHC1), 1.28- 1.15 

protons); 13C NMR (CDCh): 8 175.50, i 73.60 (carbonyl carbons), 138.00, 

.70, 132.00, 131 carbons), 87.50 (Cs). 76.00 

carbons); MS: mlz 

287, 31; HRMS - · EI: Calcdo 

400.8730, Found; l'vf", 400.8720; Found: 5 6.82 %; 

requires 66. 6098%. 

1 b. (3R)- 3- (1-chloro- 4 hydroxy butyl)-- 5 methyl- 2- phenyl dihydro ~ 2H

pyrroHo [3,4 -· d] isoxazole- 4, 6 (SH, 6 a- H)- dione. 

White solid; 23 %; lR (CHCh) : 3555 - 3470 (br), 2885 (m), 1760 (s), 1645 (s), 1470 (m), 

1360 (m),775 (s) cm-1
; 

1H NMR (CDCh): 8 7.40- 7.26 (m, 2 x 5H, C6Hs protons), (d, 

J ceo 3.90 Hz, C5H), 5.10- 4.94 (br, lH, OH, exchanged in D20), 4.40 (dd, lH, J = 9.00, 

7.08 Hz, C3H), 3.62 (dd, 1 J = 3.20, 4.80 Hz, C4H), 3.34 - 3.18 (m, 111., CHCl), 1.75 ·· 

1.40 (m, 6H, CH2 protons); 13C NMR (CDCb): o 180.50, 177.60 (carbonyl carbons), 136.00, 

134.00, 132.60, 130.30, 129.75, 128.00, 127.40, 126.00 (aromatic carbons), 88.00 (C;), 77.00 

(C3), 64.00 (CI--hOH), 58.40 (C4), 53.02 (CHC! ), 27.00, 26.00 ( 2 CH2 carbons); MS: m/z 

400 (M+), 341, 323, 246, 216. 173, 107, 77, 59, 31; HRMS -- El: Calcd. for C21l-bt04N2CL 

(M), 400.8730, Found; M+, 400.8714; Found: C, 66.70; H, 5.20; N, 6.82 %; C21H2104N2Cl, 

requires C, 66.84; H, 5.23; N, 6.98%. 
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2. Synthesis of N-methyl maleimide cycloadducts 

CC
CI 

+ 
~ 6 

OH N/ 
I 
Ph 

0 

0 

Fig 4 

0 

Ia 2b 

To a well stirred solution of chlorohydrin and N-phenylhydroxyiamine (1 equivalent each) 

was added N-methyl maleimide (l equivalent) in-situ at the time of formation of nitrone 

(monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for further 8 hr. The progress of the reaction was monitored by TLC (R1 = 0.34, 0.40). The 

crude products were concentrated under a rotary evaporator and finally the cycloadducts were 

purified separated column chromatography using ethyl acetate-hexane and 

were obtained as solids. 

2a. (3S) hydroxy butyl)-5 methyl-2-phenyt dihydro-2H-pyrrollo [3,4-d1 

isoxazole-4, 6 (SH, 6 a-H)-dione. 

White solid; .6%; IR(CHCh): 3590-3460 (br), 2924 (m), 2840 (m), 1755 (s), 1660 

1485 (m), 1340 (m), 803 (s), 774 (s) cm-t; tH NMR (CDCh): 8 7.15-6.98 ( m, 5H, C6H5), 

5.22 (d, IH, J= 6.8 Hz, CsH ), 5.08--5.00 (br, lH, OH, exchanged in D20), 4.55 (dd, !H, J 

= 6.84, 9.2 Hz, C3H), 3.76 (dd, lH, J= 8.06, 9.20 Hz, C4H), 3.40 (s, 3H, CH3), 3.14--2.96 

(m, 1H. CHC!), 1.95 - 1.52 (m, 6H, CH2 protons); 13C NMR (CDCb): 8 174.60, 173.40 

(carbonyl carbons), 134.50, 133.20, 132.00, 130.60 (aromatic carbons), 88.00 (Cs), 73.00 

(C3), 62.00 (CH20H), 58.00 (C4), 52.00 (CHCl), 39.00 (CH3), 26.00, 23.00 (2 Crb carbons); 

MS: m/z 340 (M+ +2), 338 (M+), 323, 307, 261,247, 231, 107, 77, 59. HRMS -- EI: Calcd. 

for C16H1904N2Cl (M), 338.1338, Found; M+, 338.1324; Found: C, 56.57, H, 5.49, N, 8.!9 

% ; Ct6H1904 N2Cl requires C, 56.63, H, 5.60, N, 8.25 %. 

2b. (3R) 3-(1-chloro-4 hydroxy butyl)-5 methyl-2-phenyl dihydro-2H-pyrrollo [3,4-dj 

isoxazole-4, 6 (5H, 6 a-H)-dione. 
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White solid; 20%; iR (CHCh): 3580-3465 (br), 2895 (m), 1764 (s), 1660 (s), 1482 (m), 

1355 (m), 805 (s), 780 (s) cm·1
; 

1H NMR (CDCh): 8 7.20- 7.08 (m, 5H, C6H5), 5.26 (d, 1 H, 

J = 4.12 Hz, CsH), 5.10-4.94 (br, lH, OH, exchanged in D20), 4.10 (dd, lH, J = 2.50, 4.06 

Hz, C3H ), 3.60 (q, lH, J = 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3 ), 3.22 - 3.05 (m, 1 H, 

CHCl), 1.88 - 1.44 (m, 6H, CH2 protons); 13C NMR (CDCb): 8 172.50, 171.00 (carbonyl 

carbons), 133.00, 132.00, 130.30, 128.60 (aromatic carbons), 88.60 (C5), 74.00 (C3), 61.40 

(CH20H). 58.20 (C4), 54.00 (CHCl), 37.00 (CH3), 24, 21 (2 CH2 carbons); MS m/z: 338 

(M+), 307,261,246,231, 139, 111, 107,77, 31; HRMS- EI: Calcd. for C16H190 4N2Cl (M), 

338.1338, Found; M+, 338.1320; Found: C, 56.50; H, 5.52; N, 8.16 % ; C 16H 190 4N2CI 

requires 56.63; H, 5.60; N, 8.25%. 

3. Synthesis of N-cydohexyl maleimide cycloadducts 

+ 

3a 3b 

Fig 5 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (l equivalent each) 

was added N-cyclohexyl maleimide (I equivalent) in-situ at the time of formation of nilrone 

(monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for further l 0 hr. The progress of the reaction was monitored by TLC (Rr "= 0.39, 0.41 ). The 

crude products vvere concentrated under a rotary evaporator and finally the eye ioadducts \cvere 

purified and separated by silica gel column chromatography using ethyl acetate-hexane and 

were obtained as dark yellow crystals. 

3a.(3S)3-(1-chloro-4-hydroxybutyl)-5-cyclohexyl-2-phenyldihydro-2H-pyrrolo[3,4-

d}isoxazole-4,6(5H,6aH)-dione. 

Dark yellow crystals; 68%): IR (CHCb): 3630 -- 3535 (br), 2865 (s), 1760 (s), 1680 (s), 1440 

(m), 1375 (m), L265 (m), 810 (s), 780 (s) cm 1
; 

1ll NMR ( CDCb ): 8 7.22 -· 7.04 {m, 5H, 
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C6Hs), 5.26 (d, lH, .!= 7.22 Hz, C5H), 5.18-5.06 (br, IH, OH, exchanged in D20), 4.43 (dd, 

lH,.! = 4.32, 3.26 Hz, C3H), 4.14 (dd, lH, J = 3.22, 2.08 Hz, C4H), 3.38 ·- 3.20 (m, 1 R 

CHCl), 1.72 - 1.38 (m, 17H, cyclohexyl and CH2 protons); 13C NMR(CDCh): 8 170.70, 

169.80 (carbonyl carbons), 135.30, 134.50, 133.80, 132.50 (aromatic carbons), 84.30 (C5), 

75.00 (C3), 61.60 (CH20H), 53.50 (C4), 53.00 (CHCl ), 27.00, 26.50, 25.40, 24.00, 23.00, 

21.50, 20.70, 19.60 (cyclohexyl and CH2 carbons); MS m/z: 408 (M+ +2), 406 (M+), 323, 

2!6, 179, 139, 107, 83, 77, 59; HRMS - EI: Calcd. for C21 H2104N2Cl (M), 406.!962, 

Found; M+, 406.1949. 

3b.(3R)3-(l-chloro-4-hydroxybutyl)-5-cydohexyl-2-pbenyldibydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5H,6aH)-dione. 

Dark yellow crystals; 27 %; IR (CHCb): 3640- 3546 (br), 2860 (s), 1770 (s), 1675 (s), 1454 

(m), 1370 (m), 1260 (m), 780 (s) cm-t; tH NMR (CDCh): 8 7.28-7.16 (m, 5H, C6H5 ), 5.12 

J = 8.20 Hz, C5H), 5.06 - 4.90 (br, 1H, OH, exchanged in D20), 4.60 (dd, lH, J = 

4.12, 2.20 Hz, C3H ), 4.22 ( q, lH, J= 2.42, 2.60 Hz, C1H ). 3.30--3.12 ( m, lR CHC! ), 
I, 

2.45- 2.33 ( m, N ·- CH proton), 1 - L30 ( m, 16H, cyclohexyl and CH2 protons); .JC 

NMR 8 180.70, 168.80 (carbonyl carbons), 136.50. 135.50, 134.50, 133.50 

.30 75.00 

216, 179, 139, l 

406.1962, Found; M+, 406.1943. 

4. Synthesis of Ethyl acrylate cycloadduct 

Fig 6 

), 70. 

59; HRMS - EI: Calcd. for 

To a well stirred solution of chlorohydrin and N-phenyl hydroxylamine (1 equivalent each) 

was added ethyl acrylate (1 equivalent) in-situ at the time of formation of nitrone (monitored 

by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred for further 8 

hr. The progress of the reaction was monitored by TLC (Rr = 0.48). The crude product was 
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concentrated under a rotary evaporator and finally the cycloadduct was purified and separated 

by silica gel column chromatography using ethyl acetate-hexane and was obtained as white 

gummy liquid. 

4.Ethyl 3-(1-chloro-4-hydroxybutyl)-2-phenylisoxazolidine-5-carboxylate. 

White gummy liquid; 93%; IR (CHCb): 3610-3525 (br), 2930 (s), 2856 (m), 1750 (s), 1445 

(s), 795 (s), 770 (s) cm-1
; 

1H NMR (CDCh): 8 7.28 (m, 5H, C6H5), 4.88 (br, lH, -OH, 

exchanged in D20), 4.11 (t, lH, J = 8.2 Hz, C5H), 3.86 (q, lH, J = 7.22 Hz, C3H), 3.51 (dd, 

2H, J = 9.24, 8.18 Hz, C4 2H), 2.29 (dt~m, 1 H, CHCl), 1.64 (t, 3H, J = 7.22 Hz, 

CH3CH2CO), 1.23 (q, 2H, J= 7.52 Hz, -OCH2CH3); 
13C NMR (CDCb): 8 167.40 (carbonyl 

carbon), 136.40, 134.50, 133.20, 132.60 (aromatic carbons), 88.00 (Cs), 76.00 (C3), 63.00 

(CH20H), 60.00 (CH2 carbon of -OCH2CH3), 58.00 (C4), 55.00 (CHCl), 32.00, 24.50 (2 

CH2 carbons), 16.00 (CH3 carbon of OCH2CH3); MS m/z: 329 (M+ +2), 327 (M+), 296, 254, 

219, 207, 177, 142, 108, 107, 77, 73, 31; HRMS - EI: Calcd. for C16H2204NCI (M): 

327.8190; Found M+, 327.8 

5. vinyl ketone cydoadduct 

Fig 7 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (I equivalent each) 

\Vas added methyl vinyl ketone (1 equivalent) in-situ at the time of formation of nitronc 

(monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for further 8 hr. The progress of the reaction was monitored by TLC (Rt = 0.44). The crude 

product was concentrated under a rotary evaporator and finally the cycloadduct was purified 

by silica gel column chromatography using ethyl acetate-hexane and was obtained as pale 

yellow oil. 

5. 1- {(38)-3-{l-chloro-4-hydroxy butyl)-2-phenyl isoxazolidin-Syl)} cthenone. 

Pale yellow oil; 91 %; IR(CHCb): 3570 - 3440 (br), 3042 (s), 2924 (m), 2166 (m), 1930 (s), 

1628 (s), 1422 (s), 1199 (m), 1147 (s), 1080 (s), 826 (s), 773 (s) cm- 1
; 

1H NMR (CDCh): o 
7.16-7.04 (m, 51:-l, C6Hs), 5.32 (till,.!= 7.82 liz, C5H), 5.10--5.0 (br. IH, exchanged in 
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D20), 4.54-4.43 (dt, lH, J= 8.30 Hz, C3H), 4.28 (dd, 2H, J= 9.48, 7.10Hz, C4 2H), 3.78-

3.62 (m, lH, CHCl), 2,12 (s, 3H, COCH3), 1.86- 1.54 (m, 6H); 13C NMR (CDCb): o 195.20 

(carbonyl carbon), 132.00, 131.50, 130.00, 128.40 (aromatic carbons), 88.40 (C5), 78.00 (C3), 

66.50 (CHzOH), 58.40 (C4), 53.50 (CHCI), 24.60 (COCH3), 19.55, 17.90 (2 CH2 carbons); 

MS m/z: 297 (M+), 281, 267, 265, 253, 221, 191, 177, 147, 107, 77, 43, 31; HRMS-EI: 

Calcd. for C1sH200 3NCl (M): 297.1437; Found M+, 297.1422. 

6. Synthesis of Styrene cycloadduct 

C 
Cl 

OH (, ___ () + 

I 
Ph 

Fig 8 

CH--N/OYPh 

6 5 y 
HO(I-I2 C)J ClHC 

6 

To a well solution of chlorohydrin and N-phenylhydroxylamine (1 equ each) 

was added styrene ( l equivalent) in-situ at the time of formation of nitrone (monitored 

at RT under nitrogen atmosphere and the reaction mixture was stirred for further 9 hL 

The progress of the reaction was monitored by TLC (Rr = 0.40). The crude product was 

concentrated under a rotary evaporator and finally the cycloadduct was purified by silica gel 

column chromatography using ethyl acetate- hexane and was obtained as white solid. 

6. 4-chlo ro-4-(2,5-dip henylisoxazolidin-3-yl) b utan-1-o I. 

White solid; 93%; IR (CHCh): 3480- 3375 (br), 2968 (m), 2723 (m), 1700 (s), 1480 (m). 

1284 (s), 772 (s) cm-1
; 

1H NMR (CDCb): o 7.32-7.14 (m, lOH, 2 x C6Hs protons), 5.28 (t, 

lH, J= 7.26 Hz, C5H), 5 16- 5.08 ( br, exchanged in D20), 4.62 (m, HI, C3H), 4.24 (q, 2H, 

J = 8.40. 6.10 Hz, C4 2H), 3.73 3.52 (m, lH, CHCI), 1.60 - 1.34 (m, 6H); 13C NMR 

(CDCh): o 137.00, 136.20, 135.60, 133.20, 132.10, 130.00, 128.40, 127.90 (aromatic 

carbons), 84.80 (C5), 73.50 (C3), 61.60 (CH20H), 57.00 (C4), 50.60 (CHCl), 18.70, 16.75 (2 

CH2 carbons); MS m/z: 333 (M+ +2), 331(M+), 272, 254, 253, 224, 177, 147, 107, 77, 59; 

HRMS-EI: Calcd. for C19H220 2NCI (M): 331.5540, Found~, 331.5526. 
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7. Synthesis of cyclohexene cycloadducts 

a CI 

+ 
:::::,.... 0 

OH N_./ 
I 
Ph 

0-
Fig 9 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (I equivalent each) 

was added cyclohexene (1 equivalent) in-situ at the time of formation of nitrone (monitored 

by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred for further 14 

hr. The progress ofthe reaction was monitored by TLC (R1 = 0.36, 0.40). The crude products 

were concentrated under a rotary evaporator and finally the cycloadducts were purified and 

separated by silica gel column chromatography using ethyl acetate - hexane and was obtained 

as reddish yellow gummy liquids. 

7a. 4-chloro-4-{(3S)-2-phenyl octahydrobenzo[dj isoxazol-3-yl}butan 1-ol. 

Reddish gummy liquid; 60% ; IR (CHCb): 3490 ·~ 3370 (br), 2924 (s), 2850 (m), 2766 (m), 

1542 (s), 1443 (m), 1250 (s), 774 (s) cm-1
; 

1H NMR (CDC!,): 8 7.28-7.14 (m. 5H, C6Hs), 

5 ( d, l J = 8.20 Hz, C5H), 5.22 - 5.14 (br, 1 H, exchanged in D20), 4.50 (dd, 1 I-I, J = 

7.34 Hz, C3H), 4.12 (q, IH, J= 9.40,7.10 Hz, C4H), 3.58 (dt, lH, J = 4.26, 6.20 Hz, 

CHCl), 1.80- 1.14 (m, 14H); 13C NMR (CDCb): <5 130.00, 129.00, 128.40, 127.30 (aromatic 

carbons), 88.50 (Cs), 78.00 (C3), 66.20 (CH20H), 54.00 (C+), 52.60 (CHCI), 33.00, 31.40, 

29.80, 27.36, 25.00, 24.40, 22.80 (7 CH2 carbons); MS mlz: 309 (M+), 227, 226, 211, 148, 

147, 125, 107, 77, 59, 31; HRMS- EI: Calcd. for C17H240 2NC1 (M): 309.6330, Found M+, 

309.6314. 

7b. 4-chloro-4-{(3R)-2-phenyl octahydrobenzo[d] isoxazol-3-yl}butan 1-ol. 

Reddish yellow gummy liquid; 20%; IR (CHCh) : 3465 -- 3382 (br), 2934 (s), 2860 (m), 

1550 (s), 1440 (m), 1265 (s), 780 (s) cm-1
; 

1H NMR (CDCb): o 7.34 ~ 7.22 (m, 5H, C6Hs), 

5.33 (d, l H, J = 5.42 Hz, C5H), 5.16 -· 5.08 (br, lH, exchanged in D20), 4.64 (dd, lH, J = 

3.50, 4.00 Hz, C3H), 4.24 (q, IH, J = 2.60,2.55 Hz, C4H), 3.62 (dt, 1 FL J = 5.20, 6.30 Hz, 

CHCl), 1.74 -- 1.10 (m, 14 H); 13C NMR (CDCb): 8 134.70, 132.90, 130.40, 128.30 

(aromatic carbons), 87.40 (Cs), 77.00 (C3), 65.40 (CH20H), 56.70 (C4), 52.00 (CHCI), 35.60, 

34.00, 31.60, 30.12, 28.00, 25.80, 23.45 (7 CI-h carbons); MS m/z: 309 (M+), 278, 250, 227, 



211, 202, 148, 107, 82, 77, 59, 31; HRMS -· El: Calcd. for C17H240 2NC1 (M): 309.6330, 

Found M+, 309.6318. 

8. Synthesis of acenaphthylene cycloadducts 

CC
CI 

/0 
OH N' 

+ 
+ 

I 
Ph 

Fig 10 

To a well stirred solution of chlorohydrin and N-phenythydroxylamine (1 equivalent each) 

was added acenapthylene ( 1 equivalent) in-situ at the time of formation of nitrone (monitored 

TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred for further 7 

The progress of the reaction was monitored by TLC (R1 = 0.40, 0.38). The crude products 

vvere concentrated under a rotary evaporator and finally the cycloadducts were purified and 

separated 

obtained as 

s1hca column chromatography using ethyl acetate - hexane and were 

8a.4-chloro-4-(8-phenyl-6 b,8,9 ,9a-tetrahyd roacenaph tho [ 1 ,2-d] isoxazol-9-yl) b u tan-1-o I. 

Bright yellow crystals; 73 %; IR (CHCb) : 3455 - 3370 (br), 2960 (m), 2720 (m), l7 I 0 

1480 {m), l280 (s), 778 (s) cm-1
; 

1H NMR (CDCb): o 7.28- 7.20 (m, 5H, C6Hs), 6.96 ·- 6.93 

(m, 6H, napthylene ring protons) 5.26 (d, lH, J= 6.50 Hz, C5H), 4.88 (br, lH exchanged in 

0 20), 4.79 (dd, lH, J = 9.2, 7.34 Hz, C3H), 4.11 (dt~m, lH, J = 4.26, 6.20 H.z, CHCl), 3.51 

(dd, lH, J= 9.40,7.10 Hz, C4H), 1.64-- 1.21 (m, 6H); 13C NMR (CDCh): 6 138.00, 137.70, 

136.96, 135.40, 134.30, 133,00, 132.45, 13 L76, 130.68, 128.64, 127.40, 126.30 (aromatic 

carbons), 86.90 (C5), 78.10 (C3), 66.20 (CH20H), 54.35 (C4), 52.60 (CHCI), 31.00, 29.70, 

27.65 (3 CH2 carbons); MS m/z: 379 (M+), 320, 302, 272, 227, 152, 107, 77, 59; HRMS- Ef: 

Calcd. for C23H2202NCI (M): 379.8980, Found M+, 379.8963. 

8b.4-chloro-4-(8-phenyl-6b,8,9 ,9a-tetrahyd roacenaphthor 1 ,2-dl isoxazol-9-yl )hu ta n-1-ol. 

Bright yellow crystals; 23 %; IR (CHCb) : 3456 - 3375 (br), 2967 (m), 2726 (m), 1720 (s). 

1474 (m), 1280 (s), 786 (s) cm· 1
; 

1H NMR (CDCb): 8 7.36-7.27 (m, 5H, C6Hs), 7.05-6.90 
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(m, 6H, napthylene ring protons) 5.30 (d, IH, J = 7.16 Hz, C5H), 4.82 - 4.73 (br, l H 

exchanged in D20), 4.60 (dd, lH, J= 2.34, 2.53 Hz, C3H), 4.28 (dd, lH, J= 4.12, 3.10 Hz, 

C4H), 3.46 (q, lH, J = 6.08, 7.42 Hz, CHCI), 1.76 - 1.60 (m, 6H); 13C NMR (CDCh): o 
137.34, 136.10, 135.00, 134.63, 133.24, 132.00, 131.00, 130.16, 128.60, 127.45, 126.00, 

124.70 (aromatic carbons), 87.00 (C5), 76.30 (C3), 68.50 (CH20H), 53.30 (C4), 50.74 (CHCI), 

30.00, 29.00, 28.35 (3 CH2 carbons); MS m/z: 381 (M++2), 379 (M+), 320, 302, 272, 227, 

152, 107, 77, 59; HRMS- EI: Calcd. for C23H2202NCJ (M): 379.8980, Found M+, 379.8967. 

9. Synthesis of p-OMe-N-phenyl maleimide cycloadducts 

0 

~vc1 

l l+/0 

OH N 

I 

0 

A ;=\ 

+~N~r-OMe 

0 

Ph-tf;=<N-o-OMe 
HO(H2C)3ClHC 0 9a 

+ 

Ph 

Fig 11 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (I equivalent each) 

was added p-methoxy-N-phenyl maleimide (1 equivalent) in-situ at the time of formation of 

nitrone (monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was 

stirred for further 1 I hr. The progress of the reaction was monitored by TLC CRr = 0.36. 

0.40). The crude products were concentrated under a rotary evaporator and finally the 

cycloadducts were purified and separated by silica gel column chromatography etbyl acetate

hexane and was obtained as white solid. 

9a. 3S-(1-chloro-4-hydroxy bu ty 1)-5-( 4-methoxyphenyl)-2-phenyldihydro-2H

pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione. 

White solid; 70.8 %; IR ( CHCh) : 3520- 3465 ( br ), 2874 (m), 1765 (s), 1670 (s), 1445 

(m), 1370 (m), 1175 (m), 805 (m), 772 (s) cm-1
; 

1H NMR (CDCb): 8 7.50- 7.32 ( m. 9H., 

C6H5 protons), 5.28 (d, 1 H, J =-- 6.88 Hz, CsH), 5.08- 4.93 ( br lH, OH, exchanged in D20). 
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4.84 (dd, lH, J = 9.20, 8.02 Hz, C3H), 3.86 (dd, lH, J = 9.24, 7.08 Hz, C4H), 3.34 (s, 3H, 

OCH3), 3.26 - 3.14 (dt~m, lH, CHCl), 1.85 - 1.42 (m, 6H, CH2 protons); 13C NMR 

(CDCb): o 175.20, 174.00 (carbonyl carbons), 139.80, 135.00, 134.60, 133.20, 131.40, 

130.60, 129.50, 128.00 (aromatic carbons), 86.75 (C5), 72.40 (C3), 62.80 (CI-bOH), 56.50 

(C4), 54.40 (OMe), 50.22 (CHCl), 32.90 (OMe), 18.00, 17.00, 15.40 (3 CH2 carbons); MS 

m/z: 432 (M+ +2), 430 (~), 399, 371, 353, 323, 322, 219, 211, 108, 107, 59, 31; HRMS- EI: 

Calcd. for C22H230 5N2Cl, (M), 430.1599, Found; M+, 430.1586. 

9b. 3R-(1-chloro-4-hydroxybutyl)-5-( 4-methoxyphenyl)-2-phenyldihydro-2H

pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione. 

White solid; 25.8%; IR ( CHCh) : 3535- 3444 ( br), 2870 (m), 1760 (s), 1445 (m), 1376 

(m),l205 (m), 815 (m), 780 (s) cm-1
; 

1H NMR (CDCh) : 8 7.40 - 7.22 ( m, 9H, C6Hs 

protons), 5.20 (d, IH, J= 6.24 Hz, C5H), 5.00- 4.92 ( br, lH, OH, exchanged in DzO ), 4.76 

(dd, lH, J = 3.40, 2.20 Hz, C3H), 3.93 (dd, IH, J = 3.32, 4.00 Hz, C4H) , 3.30 (s, 3H, 

OCH3), 3.14 -2.80 (m, lH, CHCI ), L74- 1.35 (m, 6H, CH2 protons); NMR (CDCb): 8 

130.00, 129.00, l 76 (carbonyl carbons), 137.60, 136.40, 135.00, 134.40, 1 

~L(,_. l} 1 'l Q l" ( 63 

), 30.66 (OCH3), 19.32, l : 430 

322, 219, 211, 108, 107, 31: HRMS -- EI: Calcd. for 

(M), 430.1599, M\ 430.1580. 

10. Synthesis of acrylo nitrile cycloadduct 

+ ~CN -----

0~CN 0-------N/ J >--
HO(H2C)JClHC 

10 
Fig 12 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (1 equivalent each) 

was added acrylonitrile (1 equivalent) in-situ at the time of formation of nitrone (monitored 

by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred for further 13 

hr. The progress of the reaction was monitored by TLC (R1 = 0.48). The crude product was 
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concentrated under a rotary evaporator and finally the cycloadduct was purified by silica gel 

column chromatography using ethyl acetate-hexane and was obtained as colourless oily 

liquid. 

10. 4-(1-chloro-4-hydroxybu tyl)-1-methylpyrrolidine-3-carbonitrile 

Colourless oily liquid; 82%; IR ( CHCh) : 3490- 3428 (br), 2933 (m), 2246 (m), 1662 (s), 

1480 (s), 1225 (m), 1105 (m), 784 (s); 1H NMR (CDCb): 8 7.90-7.77 (s,5H,C6H5 protons), 

5.03-4.88 (br, OH, exchanged in D20), 3.66 (t, lH, J= 8.45 Hz, C5H), 3.10 (dt~br,lH, J= 

7.70, 6.80 Hz, C3H), 2.67 (dd, 2H, J = 9.30, 7.50 Hz, C42H), 2.33 (dt~m, lH, J = 8.00, 7.33 

Hz, CHCI), l.80 - 1.42 (m, 6H); 13C NMR (CDCh): 8 137.60, 136.40, 135.00, 134.40 

(aromatic carbons), 87.40 (Cs), 76.20 (C3), 63.60 (CH20H), 58.16 (C4), 52.00 ( CHCI ), 

19.32, 18.00 (2 CH2 carbons); MS m/z: 280 (M+), 254, 253, 203, 107, 96; HRMS- EI: Calcd. 

for C14H!702N2CI,(M),280.6260, Found; M+, 280.6242. 

11. Synthesis of trichloroethylene cycloadduct 

0-
/ 

Cl 

/ 1 -cl --------- Ph---· N, . 

r~~Ci 
I 

HO(H2C):;ClHC 
H 

Fig 13 

To a well stirred solution of chlorohydrin and jV-phenylhydroxylamine (1 equivalent each) 

was added trichloroethylene ( 1 equivalent) in-situ at the time of formation of nitrone 

(monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for further l 0 hr. The progress of the reaction was monitored by TLC (RJ = 0.54). The crude 

product was concentrated under a rotary evaporator and finally the cycloadduct was purified 

by silica gel column chromatography using ethyl acetate-hexane and was obtained as 

colourless oily liquid. 

1l. 4-chloro-4-,( 4,5,5-trichloro-2-phenylisoxazolidin-3-yl)butan-1-ol. 

Colourless oily liquid; 80%; IR ( CHCb): 3480- 3354 ( br ), 2920 (m), 2240 (m), 1660 (s), 

1464 (s), 1236 (m), 780 (s); 1H NMR (CDCh) : 8 7.10- 7,02 ( m, 5R C6H5 protons), 5.00 -

4.92 ( br, 1 H, OH, exchanged in D20 ), 4.26 (dd, lH, J = 9.40, 7.20 Hz, C3H), 3.93 (d, l H. J 
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= 8.60 Hz, C4H), 3.28 (dt~m, lH, CHCl), L52 - L26 (m, 6H, CH2 protons): 13C NMR 

(CDCh): 8 138.43, 136.00, 135.12, 134.00 (aromatic carbons), 88.42 (C5), 75.20 (C3), 62.80 

(CH20H), 56.55 (C4), 50.27 ( CHCl ), 16.58, 15.00 (2 CH2 carbons); MS m/z: 361 (M++2), 

359 (M+), 357, 309 (B.P), 227, 120, 107, 77; HRMS- EI: Calcd. for C13H150 2NCl4, (M), 

358.9940, Found; M+, 358.9924. 

12. Synthesis of tetrachloroethylene cycloadduct 

+ ClxCl 

Cl Cl 

12 

Fig 14 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (1 equivalent each) 

was added tetrachloroethylene (l equivalent) in-situ at the time of formation of nitrone 

(monitored by at RT under nitrogen atmosphere and the reaction mixture was stirred 

12 progress ofthe reaction was monitored by TLC (Rf= 0.50). The crude 

ntrc.tP.rl under a rotary evaporator and finally the cycloadduct was purified 

chromatography using ethyl acetate - hexane and was obtained as 

colourless gummy liquid. 

12. 4-chloro-4-( 4,4,5,5-tetrachloro-2-phenylisoxazolidin-3-yl) butan-1-ol. 

Colourless gummy liquid; 75%; lR ( CHCb) : 3575 - 3496 ( br ), 2876 (m), 2465 (m), 1664 

(s), 1453 (s), 1386 (m), 787 (s); 1H NMR (CDCb) : 8 6.88 - 6.76 ( m, 5H, C6H5 protons), 

5.12 - 4.97 ( br, 1H, OH, exchanged in 0 20 ), 4.42 (d, lH, J = 6.30 Hz, C3H), 2.88 (dt~m, 

lH, CHCi), L 76- 1.48 (m, 6H, CH2 protons); 13C NMR (CDCh): o 134.64, 133.00. !32.30, 

130.42 (aromatic carbons), 86.50 (C5), 73.00 (C3), 64.70 (CH20H), 56.00 (C+), 52.70 ( CHCl 

), 18.20, 16.00 (2 C1-b carbons); MS m/z: 395 (M++2), 393 (M+), 309 (B.P), 190, 108, 77: 

HRMS -- El: Calcd. for C13f-I140 2NCJ5, (M), 393.4500, Found; M+, 393.4489. 

13. Synthesis of methyl vinyl ether cycloadduct 

cc~~6 
OH N 

I 
Ph 

+ 
:o---~o-cH3 

C6H5-N/ 
HO(H2ChClHC 

13 

Fig 15 
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To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (1 equivalent each) 

was added methyl vinyl ether (1 equivalent) in-situ at the time of formation of nitrone 

(monitored by TLC) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for further 13 hr. The progress ofthe reaction was monitored by TLC (Rr= 0.44). The crude 

product was concentrated under a rotary evaporator and finally the cycloadduct was purified 

by silica gel column chromatography using ethyl acetate - hexane and was obtained as 

colourless liquid. 

13. 4-chloro-4-( 5-methoxy-2-phenylisoxazolidin-3-yl) butan-1-ol. 

Colourless liquid;79%, IR (CHCb): 3510- 3440 (br), 2294 (s), 1668 (s), 1474 (s), 1422 

(s), 1080 (m), 777 (s) cm-1
; 

1H NMR (CDCb): 8 7.30- 7.23 ( m, 5H, C6Hs protons), 5.18 (d, 

lH, J= 6.70 Hz, C5H), 5.00-4.92 ( br, iH, OH, exchanged in D20 ), 4.52 (dt, lH, J= 8.50, 

7.14 Hz, C3H), 3.90 (dd, IH, J = 8.33, 6.00 Hz, C42H), 3.30 (s, 3H, OCH3), 3.10 (dt~m, 

lH, CHCI ), 1.80- 1.52 (m, 6H,CH2 protons); 13C NMR (CDCb): 8 136.44, 136.14, 133.20, 

132.00 (aromatic carbons), 87.00 (C5), 74.40 (C3), 63.76 (CH20H), 58.34 (C4), 54.60 (OMe), 

52.45 (CHC!), 30.00 (OCI-~.b), 19.80,18J5 (2 CH2 carbons); MS m/z : 285 (M+), 254, 253 

.P), 208, 178, 107, 101,107, 77; HRMS- EI: Calcd. for C14l-ho03NCl, (M), 285.5420, 

IV(a). General Procedure for 1,3-dipolar cycloaddition reaction with alkynes 

Initially the cycioaddition reaction was performed at elevated temperature for the alkynes 

following the methodology of cycloaddition reactions as already reported. To a stirred 

solution chlorohydrin and ]V-pheny! hydroxylamine (1 equivalent each) was added ethyl 

propio!ate (l equivalent) in-situ at the time of formation of nitrone (monitored by TLC) and 

the reaction mixture was retluxed for 8- 1 0 hour. The progress of the reaction was monitored 

TLC (R1 = 0.46). The crude products were obtained under reduced pressure vacuum pump 

removing the solvent Finally the cycloadduct was purified and separated from bi-products 

if any coloumn chromatography using ethyl acetate-hexane combination. However this 

methodology was not followed due to poor yield (nearly 34%) due to decomposition of 

nitrone at elevated temperature. 

IV(b). General Procedure for 1,3-dipolar cycloaddition reaction of nitrone 1 with 

alkynes at RT. 

N-phenyl-o:-chloro nitrone is highly unstable and decomposes at room temperature and hence 

after isolation of nitrone immediately cycloaddition reactions with alkynes were performed 
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with 1:1 ratio. In a 100 mL conical flask, nitrone 1 (2.20 mmol) and ethyl propiolate ( 1 

equivalent) was added to 50 mL dry distilled ether at room temperature and stirred with a 

magnetic stirrer under nitrogenous atmosphere for 12 hour. The progress of the reaction was 

monitored by TLC (R1 = 0.32). After completion of reaction the solvent was evaporated under 

rotary evaporator and the crude cycloadducts were purified and separated by column 

chromatography using ethyl acetate-hexane combinations to furnish pure cycloadducts. This 

procedure was followed for the substrates listed in Table II. 

Table II 

Alkynes 

? Ethyl propiolate 

)'> Dimethyl acetylene dicarboxylate 

? Phenyl methyl propiolate 

)'> Acetylene dicarboxylic acid 

1. Synthesis of ethyl propiolate cycloadducts 

Fig 16 

ia lb 

In a 100 mL conical flask N-phenyl-a-chloro nitrone (2.20 mmol) and ethyl propiolatc (1 

equivalent) was added to a 50 mL dry ether and stirred at RT with a magnetic stirrer under 

nitrogenous atmosphere for J 2 hour. The progress of the reaction was monitored by TLC (R; 

= 0.46, 0.40). After completion of the reaction, the solvent was evaporated under rotary 

evaporator and the mixture of diastereoisomers were purified and separated by column 

chromatography using ethyl acetate-hexane to furnish white viscous liquids. 

la. (3S)-ethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-dihydroisoxazole-Scarboxylate. 

White viscous liquid; 70%; IR ( CHCb ): 3560- 3490 (br ), 2945 (s), 1770 (m), 1680 (s), 

1430 (m), 1260 (m), 780 (s) cm-1
; 

1H NMR ( CDCb ): 8 7.02 - 6.92 ( m, 5H, C6Hs ), 5.10-

5.02 (br, IH, OH, exchanged in D20), 4.80--4.64 ( t, IH, J= 9.26 Hz, C)1} 426-4.12 (dd, 

2H, J= 6.24, 6.36 Hz, COOCH2CH3), 3.82-3.50 (dd, lH, J= 6, 9.28 Hz, CHCl), 3.35 ···· 3.26 

( d, 1 H, J = 7.5 Hz, C4H), 3.00 ---2.62 ( m, 6H, CI-b protons), 1.40 -- 1.24 (t. 3H, J = 4.36 Hz. 
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COOCH2CH3); 13C NMR (CDCb): 8 168.4 (carbonyl carbon), 133 - l26 (6 aromatic 

carbons ), 93 (CHCl), 86 (Cs), 78 (C3), 55 (C4), 32 , 30 (COOCH2CH3), 26, 25, 23 (3 CH2 

carbons); MS mlz: 326 (M+), 295, 253, 249, 219, 108, 77, 73; HRMS - EI: Calcd. for 

Ct6H2o04NCl (M), 325.5944, Found: M+, 325.5932. 

lb.(3R)-ethy13-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-dihydroisoxazole-

5carboxylate. 

White viscous liquid; 22 %; IR (CHCh): 3520- 3440 (br), 2925 (s), 1755 (s), 1675 (m), 

1440 (m), 1345 (m), 770 (s) cm-1 
; 

1H NMR (CDCh) : 8 7.52- 7.35 ( m, 2 x 5H, C6H5 

hydrogens), 5.15-5.05 (br, IH,- OH, exchangeable in D20), 4.54-4.43 (dd, lH, J= 2.52, 

4.18 Hz, CHCI), 4.08- 3.92 (d, lH, J= 2.54 Hz, C3H ), 3.62 (s, 3H,- COOCH3), 1.95- 1.50 

(m, 6H, CH2 protons); 13C NMR (CDCh): 8 168 (carbonyl carbon), 138- 126 (6 x 2 aromatic 

carbons), 90 (CHC!), 87 (Cs), 76(C3), (C4), 45 (-COOCH3), 39, 35, 33 (3 Cth carbons); 

MS m/z: MS m/z: 326 (M+), 295, 253, 219, 108, 77, 73; HRMS- El: Calcd. for C 1 

(M), 325.5944, Found: M+, 325.5926. 

2. Synthesis of dimethyl acetylene dicarboxylate cydoadducts 

COOCH, C\lOCll 
0 / 0 / .. ' 
, -;( I --lf 

Ph-< ~ ~· Ph-N~ 
r COOCH3 .:::: "coOCH3 

HO(H2C)JClHC HO(H2C)3ClHC 

2a 2b 

Fig 17 

In a 100 mL conical flask N-pheny!-a-chloro nitrone (2.20 mmol) and dimethyl acetylene 

dicarbooxylate (1 equivalent) was added to a 50 mL dry ether and stirred at RT with a 

magnetic stirrer under nitrogenous atmosphere for 10 hour. The progress of the reaction was 

monitored by TLC (Rr = 0.46, 0.40). After completion of the reaction, the solvent was 

evaporated under rotary evaporator and the mixture of diastereoisomers were purified and 

separated by column chromatography using ethyl acetate - hexane to furnish white viscous 

liquids. 

2a. (3S)-dimeth y 13-( 1-c hlo ro-4-hyd roxybu tyl)-2-p henyl-2,3-dihydroisoxazole-4,5-

dicarboxylate ( diastereomers) (a). 
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White viscous liquid; 69%; IR ( CHCb ): 3545- 3480 (br), 2820 (s),l745 (s),1700 (m),1670 

(m), 1420 (s), 1260 (m), 775 (s) cm-1
, 

1H NMR (CDCh): o 7.75 - 7.54 (m, SH, C6Hs 

protons), 5.22-5.05 (br, lH, OH, exchanged in 0 20), 4.86-4.75 (d, lH, J= 9.25 Hz, C,H), 

4.26- 4.10 ( dd, J = 6, 9.26 Hz, CHCI ), 3.68 (s,3H,- COOCH3), 3.56 (s,3H,- COOCH3), 

2.20-2.05 (m, 6H, CH2 protons); De NMR (CDCh): 8169, 168.4 (carbonyl carbons), 133-

126 (6 aromatic carbons), 94 (CHCI), 87.5 (Cs), 76 (C3), 59.4 (C4), 44, 43 (OCH3), 36, 34, 

30 ( 3 CH2 carbons); MS ( mlz ): 370 (M+), 339, 311, 293, 262, 252, 234, 204, 108, 77, 59, 

31; HRMS- EI: Calcd. for C 17H2006NCl, (M), 369.6420, Found; M+, 369.6412. 

2b. (3R)-dimethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-dihydroisoxazole-4,5-

dicarboxylate (diastereomers). 

White viscous liquid; 27%; IR (CHCb): 3555-3485 ( br ), 2825 (s),1740 (s),1710 (m), 1660 

(m), 1425 (s), 1260 (m), 770 (s) cm-1
; 

1H NMR (CDCh): 8 7.70- 7.56 ( m, 5H, C6Hs 

protons), 5.20- 5.08 (br lH, OH, exchanged in 0 20), 4.88-4.74 (d, lH, J= 2.58 Hz, C3H), 

4.36-4.26 (dd, J= 4, 2.26 Hz, CHCl), 3.66 (s,3H,- COOCH3), 3.54 (s,3H,- COOCf-h), 2.12 

- 1.95 6H, protons); NMR (CDCh): o 169, 168 (carbonyl carbons), 134- 126 ( 

6 aromatic carbons), 95 (CHCl), 88.5 (C5), 74 56 (C4), 44, 42 (OCH,), 36, 35, 30 ( 3 

370 (M\ 339, 311, 293,, 262, 252. 234, 204, 108, 77, 59, 31: 

HRMS- Calc. tor C 171-ho06NCl, (M), 369.6420, Found; l\·1+, 369.6405. 

3. Synthesis Phenyl metbyl propiolatc cycloadducts 

Fig 18 

In a I 00 mL conical flask N-phenyl-a-chloro nitrone (2.20 mmol) and Phenyl methyl 

propiolate(l equivalent) was added to a 50 mL dry ether and stirred at RT with a magnetic 

stirrer under nitrogenous atmosphere for 13 hour. The progress of the reaction was monitored 

by TLC (Rl= 0.46, 0.40). After completion of the reaction, the solvent was evaporated under 

52 



rotary evaporator and the mixture of diastereoisomers were purified and separated by column 

chromatography using ethyl acetate - hexane to furnish white viscous liquids. 

3a. (3S)-methyl 3-(1-chloro-4-hydroxybutyl)-2,5-diphenyl-2,3-dihydroisoxazole-4-

carboxylate (a). 

White viscous liquid; 75 %; IR (CHCh): 3570 - 3420 (br), 2933 (s), 2246 (m), 1813 (m), 

1662 (s), 1480 (s), 1324 (s), 1225 (s), 1105 (s), 993 (m), 779 (s) cm-1
; 

1H NMR (CDCb) : o 
7.55- 7.38 (m, 2x5H, C6H5 hydrogens), 5.10- 4.95 (br, lH, - OH, exchangeable in 0 20), 

4.55 - 4.40 (dd, lH, J = 9.22, 6.18 Hz, CHCI), 4.05 - 3.90 (d, 1 H, J = 9.2 Hz, C3H), 3.60 (s, 

3H, - COOCH3), L95 - 1.72 (m, 6H, CH2 protons); 13C NMR (CDCh): 8 168 (carbonyl 

carbon), 137 - 126 (6x2 aromatic carbons), 92 (CHC1), 88 (C5), 73(C3), 58 (C4), 45(

COOCH3), 36, 34, 33 (3 CH2 carbons); MS m/z: 388 (M+), 357, 329, 311, 283, 280, 203, 105, 

77; HRlvfS- EI: Calc. for C21H2204NC! (M), 387.7000, Found: M+, 387.6990. 

3b. (3R)-methyi,3-(1-chloro-4-hydroxybutyl)-2,5-diphenyl-2,3-dihydroisoxazole-4-

carboxylate (b). 

ite viscous liquid; IR (CHCb): 3520 -- 3440 (br), 2925 (s), 1755 (s). 1675 (m), 

1440 1345 770 cm-1 
; 

1H NMR (CDCh) : 8 7.52 - 7.35 (m, 2x5H, 

hydrogens), 5.15- 5.05 (br, lH,- OH, exchangeable in 0 20), 4.54-4.43 (dd, l 

4.18 Hz, CHCI), 4.08-3.92 (d, lH, J= 2.54 ), 3.62 (s, 3H,- COOCI-b), · L50 

6H, CH2 protons): 13C NMR (CDCI,): o 168 (carbonyl carbon), 138 - 126 ( 6x2 

aromatic carbons), 90 (CHCl), 87 (C5), 76(C3), 54 (C4), 45 (-COOCl-b), 39, 35, (3 Cl-b 

carbons); MS mlz: 388 (M+), 357, 329, 311, 283, 280, 203, 105, 77; HRMS -- El: Calc. for 

C21 H2204NCl (M), 387.7000, Found: M+, 387.6982. 

4. Acetylene dicarboxylic acid cycloadducts 

l
~C! + 

"" ~ )':l 
OH N 

I 
Ph 

4a 4b 

Fig 19 

53 



In a I 00 mL conical flask N-phenyl-a-chloro nitrone (2.20 mmol) and acetylene dicarboxyl ic 

acid (1 equivalent) was added to a 50 mL dry ether and stirred at RT with a magnetic stirrer 

under nitrogenous atmosphere for 14 hour. The progress of the reaction was monitored by 

TLC (RJ = 0.46, 0.40). After completion of the reaction, the solvent was evaporated under 

rotary evaporator and the mixture of diastereoisomers were purified and separated by column 

chromatography using ethyl acetate - hexane to furnish white viscous liquids. 

4a.(3S)-3-(l-chloro-4-hydroxybutyl)-2-phenyl-2,3-dihydroisoxazolc-4,5-dicarboxylic 

acid. 

Colourless white viscous liquid; 73 %; IR (CHCh): 3545 - 3480 (br), 1760 (s), t685 (m), 

1420 (s), 1260 (m), 780 (s) cm-1
, 

1H NMR (CDCh): & 10.12 (s, lH, COOH), 10.04 (s, lH, 

COOH), 7.75 - 7.54 ( m, 5H, C6Hs protons), 5.22 - 5.05 (br, IH, OH, exchanged in D20), 

4.75 (d, lH, J= 9.25 Hz, C3H), 4.26 (q, lH, J= 6, 9.26 Hz, CHCI), 2.20- 1.75 (m, 6H, CH2 

protons); 13C NMR (CDCb): o 180.60, 178.40 (carbonyl carbons of COOH), 133.90, 132.00, 

130.50, 128.65 (aromatic carbons), 94.00 (CHCl ), 87.50 (Cs}, 76.00 (C3), 59.40 (C4), 36.00, 

34.00, 32.00 carbons); MS m/z: 34! (M\ 3l0, 296, 268, 251, 236 , HRMS - EI: 

5H1 (M), 1.6080, Found; . 341 .. 6070. 

4b. (3R)-3-(1-chloro-4·-hydroxybutyl)-2-phenyl-2,3-dihydroisoxazole-4,5-dicarboxylic 

acid. 

Colourless white viscous !iquid; 24 lR (CHCh): 3560 - 3465 (br), !765 (s), l61SO 

1430 (s), 1260 (m), 782 (s) cm· 1
, 

1H NMR (CDCb): 8 l 0.16 (s, 1 H, COOI-I), 10.00 1 R 

COOH), 7.40 - 7.24 (m, 5H, C6H5 protons), 5.20 - 5.08 (br, lH, OH, exchanged in D20), 

4.60 (d, lH, J= 3.23 Hz, C3H), 4.20 (q, lH, J= 2.24, 3.50 Hz, CHCl), 2.10- 1.64 (m, 6H, 

CH2 protons); 13C NMR (CDCb): & 182.40, 177.60 (carbonyl carbons of COOH), 134.00, 

132.70, 131.50, 129.60 (aromatic carbons), 92.40 (CHCl), 88.50 (Cs), 76.77 (C3) 58.46 (C4). 

37.00, 36.00, 34.00 (3 Crh carbons); MS m/z: 341 (Mr-), 310, 296, 268, 251., 236: HRMS

EI: Calcd. for C15H 1606NC1, (M), 341.6080, Found; M+, 341.6064. 

V. Synthesis of chlorohydrine from dihydrofuran 

Following the methodology of chlorohydrin formation from dihydropyran as mentioned 

earlier, chlorohydrin from dihydrofuran was also synthesized using hypochlorous acid. 
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c< OH O 

2a 2b 

Fig 20 

Greenish gummy liquid; 74.6 %; IR (CHCh): 3560-3450 (br), 2910 (s), 1730 (s), 1444 (m), 

1370 (s), 1340 (m), 1280 (s) cm-1; 1H NMR (CDCb): o 9.82 (lH, CHO), 5.20 (d, lH, J = 

7.20 Hz, -OCH), 5.12-4.90 (br,lH, -OH, exchanged in D20), 3.90-3.78 (dt~m, lH, CHCI), 

2.94-2.64 (m, 4H, CH2); MS mlz: 121 (M+), 104, 93, 87, 78, 35, 29. 

VI. Synthesis of N-phenyl-a-chloro nitrone (2) from dihydrofuran 

c-( 
'oB o 

2-chloro-4-
hydroxy butanal 

i) 

+ 

N -pheny!hydroxylamine N -phenyl- alpha- chloro nitrone 

i) anhydrous MgS04 , RT,l2 hour, N 2 environment 

Fig 21 

N-phenylhydroxylamine (250 mg, 2.11 m mole) was added to chlorohydrin solution ( l 

equivalent) taken in methelene chloride (50 mL) and anhydrous MgS04 . The solution was 

kept at room temperature for 12 hour with constant stirring vvlth a magnetic stirrer under 

nitrogenous atmosphere. The formation of nitrone was monitored by TLC (Rr = 0.36). The 

nitrone was isolated under reduced pressure as white needle shaped crystals, m.p = 48°C 

(uncorrected). The nitrone was highly unstable and decomposes quickly at room temperature. 

Spectral data 

lR(CHCi3):3510-3432(br), l610(s), 1430(m), 1165(s), 780(s)cm· 1
; 

1HNMR(CDCl3):8 

7.44- 7.32 (m, 5H, C6Hs), 6.96 (d, lH, J = 6.28 Hz, CH=N+), 5.20- 5.12 (br, lH, CH20H, 

exchanged in D20), 4.62 (dt~m, lH, CHCl), 2.70 -· 2.54 (m, 4H); 13C NMR (CDC!y): 8 

141.40 (CH=N+), 131.00, 130.10, 128.60, 127.00 (aromatic carbons), 93.70 (CHCI), 23.54, 

21.80 (2 CH2 carbons); MS m/z: 212 (M+); HRMS-EI: Calcd. for C 10l·l.xz02NCI,(M), 

212.5750, Found; M+, 212.5732. 
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VII General procedure for 1,3-dipolar cycloaddition reaction with nitrone (2) 

Following the same methodology of cycloaddition reaction (in-situ), the following alkenes 

and alkynes were studied so as to compare the stability, rate of reactions, yield of products 

and stereo, regioselectivity. 

>- N-phenyl maleimide 

>- N-methyl maleimide 

>- Styrene 

>- Phenyl methyl propiolate 

1. Synthesis of N-phenyl maleimide cycloadduct 

2 l q 
b lb 

Fig22 

To a stirred solution of chlorohydrin and N-phenylhydroxylamine ( l equivalent each) in 

THF (20 mL), N-phenylmaleimide was added (1 equivalent) in-sim at the time of formation 

of nitrone (monitored by TLC) at room temperature under nitrogenous environment and the 

reaction mixture was stirred further for 10 hour. The progress ofthe reaction was monitored 

by TLC (R1 = 0.38,0.44). The crude product were concentrated in a rotary evaporator and 

finally the cycloadducts were purified and separated by silica gel column chromatography 

using ethyl acetate - hexane combinations and were obtained as white solids. 

la.3-(1-chloro.:.4-hydroxybutyl)-2,5-diphenyldihydro-2H-pyrrolo[3,4-d]isoxazole-

4,6(5H,6aH)-dione. 

White solid; 63%; IR (CHCb) : 3520- 3460 (br), 2890 (m), 1760 (s), 1664 (s), 1470 (m), 

1360 (m), 790 (s) cm-1
; 

1H NMR (CDCb): 6 7.35- 7.22 (m, 2 x 5H, C6H5 protons), 5.35 (d. 

lH, J= 8.24 Hz, C5H), 5.10-4.90 (br, lH, OH, exchanged in D20), 4.52 (dd, lH, J= 8.30, 

6.40 Hz, C3H), 3.70 (dd, 1H, J= 9.08, 7.20 Hz, C4H), 3.40 ~ 3.17 (dt~m, l H, CHCl), 1.46-

1.30 (m, 4H, CH2 protons); 13C NMR (CDCb): 8 177.60, 176.00 (carbonyl carbons), 137.00, 

136.20, 135.30, 134.70, 133.20, 132.20, 130.00, 128.00 (aromatic carbons), 85.20 (C 5). 7620 
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(C3), 61.00 (CH20H), 59.40 (C4), 51.00 (CHCl), 23.70 (CH2 carbon); MS: mlz 386 (M+). 

341, 309, 232, 216, 213, 173, 107, 77, 45, 31; HRMS- EI: Calcd. for C20H 190 4N2Cl, (M), 

386.8560, Found; M+, 386.8543. 

lb. (3R)-3-(1-chloro-4-hydroxybutyl)-5-methyl-2-phenyldihydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5H,6aH)-dione. 

White solid; 36%; IR (CHCb) : 3490- 3420 (br), 2880 (m), 1763 (s), 1660 (s), 1455 (m). 

1365 (m), 785 (s) cm-1
; 

1H NMR (CDCb): 8 7.20- 7.02 (m, 2 x 5H, C6H5 protons), 526 (d, 

lH, .!= 7.50 Hz, C5H), 5.16-4.95 (br, lH, OH, exchanged in D20), 4.30 (dd, IH, J= 2.24, 

4.80 Hz, C3H), 3.64 (dd, lH, J = 2.72, 3.62 Hz, C4H), 3.22-3.14 (dt~m, lH, CHCI), 1.64-

1.47 (m, 4H, CH2 protons); lJC NMR (CDCb): 8 178.46, 177.30 (carbonyl carbons), 135.00, 

134.20, 133.15, 132.00, 131.10, 130.00, 128.00, 127.10 (aromatic carbons), 86.00 (C5), 76.00 

(C3), 62.00 (CH20H), 58.20 (C4), 52.00 (CHCl), 21.50 (CH2 carbon); MS: m/z 386 (M+), 

341,309,232,216,213,173,107, 77; HRMB--EI: Calcd. forC20H 190 4N2Cl, (M), 386.8560, 

Found; M+, 386.8535. 

2. Synthesis of N-methyl maleimide cycloadduct 

Fig 23 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine (1 equivalent each) in 

THF (20 mL), N-methylmaleimide was added (1 equivalent) in-situ at the time of formation 

of nitrone (monitored by TLC) at room temperature under nitrogenous environment and the 

reaction mixture was stirred further for 12 hour. The progress of the reaction was monitored 

by TLC (Rr = 0.34,0.48). The crude product were concentrated in a rotary evaporator and 

finally the cycloadducts were purified and separated by silica gel column chromatography 

using ethyl acetate- hexane combinations and were obtained as white solids. 

2a. 3-(1-chloro-4-hydroxybutyl)-5-methyl-2-phenyldihydro-2H-pyrrolo[3,4-d]isoxazole-

4,6(5H,6aH)-dione. 

White solid; 68%; IR(CHCb): 3570 - 3455 (br ), 2900 (m), 2820 (m). 1760 (s), 1664 (s). 

1480 (m), 1346 (m), 778 (s) cm-1
; 

1 H NMR (CDC b) : 8 7.02- 6.90 ( m, 5H, C6H5), 5.08 (d. 
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lH, J= 8.74 Hz, CsH), 4.92-4.84 (br, IH, OH, exchanged in D20), 4.46 (dd, lH, J= 6.20, 

8.30 Hz, C3H), 3.66 (dd, lH, J= 8.80, 6.30 Hz, C4H), 3.35 (s, 3H, CH3), 2.86- 2.62 (m, lH, 

CHC!), 1.42 - 1.26 (m, 4H, CH2 protons); 13C NMR (CDCh): 8 176.30, 175.00 (carbonyl 

carbons), 132.00, 130.46, 129.00, 128.00 (aromatic carbons), 88.28 (C5), 74.40 (C3), 63.34 

(CH20H), 57.10 (C4), 52.20 (CHCI), 35.30 (CH3), 24.06 (CH2 carbon); MS: mlz 326 

(M++2), 324 (M+), 309, 293, 279, 247, 111, 107, 45; HRMS- EI: Calcd. for C15H 170 4N2Cl 

(M), 324.7836, Found; M+, 324.7828. 

2(b ). (3R)-3-(1-chloro-4-hydroxybutyl)-5-methyl-2-phenyldihyd ro-2H-pyrrolo [3 ,4-

d]isoxazole-4,6(5H,6aJJ)-dione. 

White solid; 30%; IR(CHCh): 3580- 3460 (br ), 2910 (m), 2830 (m), 1766 (s), 1662 (s), 

1485 (m), 1340 (m), 777 (s) cm·1
; 

1H NMR (CDCh) : 8 7.08- 6.93 ( m, 5H, C6H5), 5.16 (d, 

lH, J= 8.12 Hz, CsH), 5.04-4.90 (br, lH, OH, exchanged in D20), 4.38 (dd, lH, J= 2.40, 

2.26 C,H), 3.63 (dd, lH, J= 3.68, 3.46 C4H), 3.38 3H, Cl-h), 2.74-2.58 (m, 1H, 

CHC!), 1.54 - 1 (m, 4H, CH2 protons); 13C NMR (CDCh): o 178.00, 176.00 (carbonyl 

carbons), 133.40, 131.46, 130.00, 128.00 (aromatic carbons), 87.20 (Cs), 75.10 (C3), 63.00 

IC·f- nr.:p ~6 ~~. /c) .:;(\ '"lrl 1CHrl) 36 00 (C-..H' 24 lL ·cH " b )· J\A"S· ./- '")•)-\ .-i2t...t.),) .LU \ ~4, ~v.Jv \ ~~~- , . ~ 3), . o ( 2 car on, 'tc. """ .J~.o 

324 309, 279, , 107, · HRMS- Cakd for C: 104N2Cl 324.7836, 

Found; '324.7821. 

3. Synthesis of styrene cycloadduct. 

+· 

2 
Fig 24 

0- -Ph 

~~ c 0H,-y-
f{O(H2C)zCIHc 

3 

To a well stirred solution of chlorohydrin and N-phenylhydroxylamine ( l equivalent each) in 

THF (20 mL), Styrene was added (l equivalent) in-situ at the time of formation of nitrone 

(monitored by TLC) at room temperature under nitrogenous environment and the reaction 

mixture was stirred further for 14 hour. The progress of the reaction was monitored by TLC 

(R1 = 0.54). The crude product was concentrated in a rotary evaporator and finally the 

cycloadduct was purified by silica gel column chromatography using ethyl acetate - hexane 

combinations and was obtained as white solids. 

3. 4-chloro-4-(2,5-diphenylisoxazolidin-3-yl)butan-1-ol. 
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White solid; 93 %; IR (CHCb): 3460- 3395 (br), 2960 (m), 2790 (m), 1700 (s), 1480 (m), 

1284 (s), 778 (s) cm-1
; 

1H NMR(CDCh): 8 7.28- 7.10 (m, lOH, 2 x C6H5 protons), 5.24 (t, 

lH, J= 7.60 Hz, CsH), 5.10- 5.02 ( br, exchanged in D20), 4.54 (m, lH, C3H), 4.14 (q, 2H, 

J = 9.20, 7.16 Hz, C4 2H), 3.60- 3.42 (m,lH, CHCl), 1.53 - 1.30 (m, 4H); 13C NMR 

(CDCb): 8 137.60, 136.00, 135.00, 134.10, 133.40, 132.00, 130.40, 128.60 (aromatic 

carbons), 85.80 (Cs), 74.30 (C3), 63.40 (CH20H), 58.00 (C4), 51.00 (CHCl), 18.70 (CH2 

carbon); MS (m/z): 319(M+ +2), 317 (M+), 240, 239, 210, 147, 93, 107, 77; HRMS-EJ: 

Calculated for C19H2202NCI (M): 317.8370, Found; M+, 317.8354. 

4. Synthesis of Phenyl methyl propiolate cydoadducts 

n/'Cl 
\ / -

OH !......_ p 
~+/ 

N 
I 

2 Ph 
4a 

Fig 25 

4b 

To a well stirred solution of chlorohydrin N-phenylhydroxylamine (l equivalent each) in 

THF (20 mL), phenyl methyl propiolate was added (1 equivalent) in-situ at the time of 

formation nitrone (monitored by TLC) at room temperature under nitrogenous 

environment and the reaction mixture was stirred further for 8 hour. The progress of the 

reaction was monitored by TLC (Rr= 0.53,0.60). The crude products were concentrated in a 

rotary evaporator and finally the cycloadducts were purified and separated by silica gel 

column chromatography using ethyl acetate - hexane combinations and were obtained as red 

liquids. 

4(a).(3S)-methyl3-(1-chloro-4-hydroxybutyl)-2,5-diphenyl-2,3-dihydroisoxazole-4 

carboxylate 

Red liquid; Yield:66%; IR (CHCh): 3486-3376 (br), 2890 (s), 1760 (s), 1660 (m), 1440 

(m), 1365 (m), 780 (s) cm-1 1H NMR (CDCh) : 6 6.85-6.68 ( m, 2x5H, C6H5 hydrogens), 

5.16- 4.98 (br, lH, - OH, exchangeable in D20), 4.46 (dt~m, lH, CHCI), 4.05 (d, lH, J = 

8.50 Hz, C3H), 3.60 (s, 3H, ·· COOCH3), L78 - 1.55 (m, 4H, Cl{z protons); 13C NMR 

(CDCb): 6 170.80 (carbonyl carbon), 137.00, 136.86, 135.20, 134.00, 133.14, 132.00, 

131.00, 130.20 (aromatic carbons), 93.70 (CHCI), 88.00 (Cs), 73.65 (C3), 57.82 (C4), 44.30 (-
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COOCHJ), 28.00, 27.56 (2 CH2 carbons); MS m/z: 373 (M+), 342, 314, 296, 268, 203, 93, 77; 

HRMS -- EI: Calcd. for C2oH2o04NCl (M), 373.6830, Found; M+, 373.6817. 

4b. 3R)-methyl3-(1-chloro-4-hydroxybutyl)-2,5-diphenyl-2,3-dihydroisoxazole-4-

carboxylate 

Red liquid; Yield:32%; IR(CHC13): 3480-3355 (br), 2885 (s), 1760(s), 1666 (m), 1444 

(m), 1360 (m), 786 (s) cm-1 1H NMR (CDCh) : 8 6.90-6.76 ( m, 2x5H, C6H5 hydrogens), 

5.14 - 5.04 (br, 1 H, - OH, exchangeable in D20), 4.30 ( dt~m, 1 H, CHCl), 4.10 ( d, 1 H, J = 

3.60 Hz, C3H), 3.65 ( s, 3H, - COOCH3), 1.66 - 1.54 (m, 4H, CI-b protons); 13C NMR 

(CDCb): 6 172.50 (carbonyl carbon), 136.00, 135.00, 134.13, 133.00, 132.22, 131.00, 

130.00, 128.80 (aromatic carbons), 94.00 (CHCl), 88.40 (Cs), 75.60 (C3), 58.80 (C4), 45.00 (

COOCH3), 25.00, 24.15 (2 CH2 carbons); MS mlz: 373 (M\ 342, 314, 296, 268, 203, 93, 77; 

HRMS- EI: Calcd. for C2ol-ho04NCl (M), 373.6830, Found; M+, 373.6813. 

VIII. General Procedure for 1,3-dipolar cycloaddition reaction of nitrone 1 in aqueous 

phase: 

To run a chemical reaction under an environment friendly reaction condition is a challenge 

now-a-days. In touch recent developments we have also success fully carried out 

aqueous phase cycloaddition reactions of N-phenyl-a.-chloro nitrone5 6 Surprisingly aqueous 

phase condition gives high yield, greater stereoselectivity in a much lesser time, the details 

which are discussed in a detaii in results and discussion chapter. 

In a 50 mL conical flask, nitrone 1 (l mmol), dipolarophile (1 mmol) and water (15 mL) was 

added and stirred at RT with a magnetic stirrer under N2 atmosphere for 4-5 hr. The progress 

of the reaction was monitored by TLC. After completion of the reaction, the products \Vere 

extractedwith ether (2 x 25 mL), the organic layer was washed with brine water (2 x 15 mL), 

dried over anhydrous Na2S04 and concentrated. The mixture of diastereomers were purified 

and separated by column chromatography using ethyl acetate - hexane to afford cycloadducts. 

This procedure was followed for the substrates listed in Table HI. 

Table III 

Dipolarophiles. 

~ N-methyl maleimide 

~ N-phenyl maleimide 

~ N-cyclohexyl maleimide 

?- Ethyl acrylate 
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>- Methyl vinyl ketone 

? P- methoxy N- phenyl maleimide 

>- Acenapthylene 

? Cyclohexene 

1. Synthesis of N-Methyl maleimide cycloadducts: 

0 0 0 

~N-M< -- Pb-~~N-M< +Ph-N~N-Me lCCl + 

~ 6 
'oH N:/ 

I 
1 Ph 

~ HO(H2C)2ClHC 0 HO(H2C)2CIHC 0 
· Ia lb 

Fig 26 

To a well stirred solution of nitrone l (lmmol) 15 mL water was added N-methyl 

maleimide (1 mmol) in-situ at the time of formation of nitrone (monitored by TLC) at RT 

under nitrogen atmosphere and the reaction mixture was stirred for further 4 hr. The progress 

(R1 = 0.38, 0.40). The products were extracted with 

ether (2 x 25 mL), the organic layer was washed with brine water (2 x 25 mL), dried over 

anhydrous sodium sulphate and concentrated on a rotary evaporator. The mixture of 

diastereomers vvere purified and separated by column chromatography using ethyl acetate -

hexane and finally obtained under reduced pressure as white solids. 

1 a.(3S)-3-(1-chloro-4-hydroxy bu tyl)-5-methyl-2-phenyldihydro-2H-pyrrolo {3,4-

d] isoxazole-4,6(5H, 6aH)-dione: 

White solid; 75.6 %; IR (CHCh): 3590- 3460 (br), 2924 (m), 2840 (m), I 755 (s), 1660 (s), 

1485 (m), 1340 (m), 803 (s), 774 (s) cm·i; 1H NMR (CDCh): o 7.15 --6.98 (m, 5H, CoH:,), 

5.22 (d, lH, J= 6.8 Hz, C5H), 5.08-5.00 (br, IH, OH, exchanged in D20), 4.55 (dd, HI, J = 

6.84, 9.2 Hz, C3H), 3.76 (dd, lH, J= 8.06, 9.20 Hz, C4H), 3.40 (s, 3H, CH3), 3.14- 2.96 

(dt~m, lH, CHCI), 1.95- 1.52 (m, 6H, CH2 protons); 13C NMR (CDCh): o 174.60, 173.40 

(carbonyl carbons), 134;50, 133.20, 132.00, 130.60 (aromatic carbons), 88.00 (Cs), 73.00 

(C3), 62.20 (CH20H), 58.00 (C4), 52.40 (CHCI), 39.42 (CH3), 26.00, 23.00 (2 CH2 carbons); 

MS: mlz 340 (M+ +2), 338 (M+), 323, 307, 261, 247, 231, 107, 77, 59; HRMS- EI: Calcd. 

for C 16H 190 4NtCI (M), 338.1338, Found; M+, 338.1324; Found: C, 56.57, H, 5.49, N, 8.19 

%; C16H1904 N2Cl requires C, 56.63, H, 5.60, N, 8.25 %. 
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1 b.(3R)-3-(1-chloro-4-hydroxybu tyl)-5-methyl-2-phenyldihyd ro-2H-pyrrolo[3,4-

d)isoxazole-4,6(5H,6aH)-dione 

White solid; 20.4%; IR (CHCh) : 3580- 3465 (br), 2895 (m), 1764 (s), 1660 (s), 1482 (m), 

1355 (m), 805 (s), 780 (s) cm·1
; 

1H NMR (CDCh): 6 7.20-7.08 (m, 5H, C6H5), 5.26 (d, lH, 

J =6Hz, CsH), 5.10- 4.94 (br, lH, OH, exchanged in D20), 4.10 (dd, lH, J = 2.50, 4.06 

Hz, C3H), 3.60 (dd, lH, J= 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3), 3.22- 3.05 (dt~m, lH, 

CHC!), 1.88 - 1.44 (m, 6H, CH2 protons); 13C NMR (CDCh): 8 172.5, 171 (carbonyl 

carbons), 133, 132, 130.3, 128.6 (aromatic carbons), 88.6 (C5), 74 (C3), 61.4 (CH20H), 58.2 

(C4), 54 (CHCl), 37 (CH3), 24, 21 (2 CH2 carbons); MS: m/z 338 (M+), 307, 261, 246, 231, 

139, Ill, 107, 77, 31; HRMS- EI: Calcd. for C 16H190 4N2CI (M), 338.1338, Found; M\ 

338.1320; Found: C, 56.50; H, 5.52; N, 8.16%; C16H190 4N2Cl requires C, 56.63; H, 5.60; 

N, 8.25 %. 

2. Synthesis of N-Phenyl maleimide cycloadducts: 

Fig27 

To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added N-phenyl maleimide (l 

mmol) at RT under nitrogen atmosphere and the reaction mixture was stirred for 4 hr. The 

progress of the reaction was monitored by TLC (R1 = 0.34, 0.42).The products were extracted 

with ether (2 x 25 mL), the organic layers were washed with brine water (2 x J 5 mL), dried 

over anhydrous Na2S04 and concentrated on a rotary evaporator. The mixture of 

diastereomers were purified and separated by silica gel column chromatography using ethyl 

acetate ·· hexane and finally obtained under reduced pressure as yellow and yellowish white 

solids. 

2a.(3S)-3-(1-chloro-4-hydroxybutyl)-2,5-diphenyldihydro-2H-pyrrolo[3,4-d)isoxazole-

4,6(5H,6aH)-dione 

Yellow solid; 70.8%; IR (CHCh): 3660 3408 (br), 3016 (s), 2937 (s), 2362 (m), 1720 (s), 

14482 (s), 1217 (s), 1078 (s), 758 (s) cm-1
; 

1H NMR (CDCb): 8 7.55- 7.40 (m, 2 x 5H, C6H5 
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protons); 5.42 (d, lH, J = 8.24 Hz, C5H); 5.05 - 4.95 (br, lH, OH, exchanged in 0 20); 4.46 

(dd, lH, J= 9.25, 7.28 Hz, C3H); 3.76 (dd, lH, J= 9.22, 6.08 Hz, C4H); 3.22-3.07 (dt-m, 

lH, CHCI); 1.82- 1.35 (m, 6H, CHz protons); 13C NMR (CDCh): 6 175.50, 173.60 (carbonyl 

carbons), 138.00, 137.00, 135.60, 134.30, 133.70, 132.00, 131.40, 130.00 (aromatic carbons), 

87.50 (C5), 76.00 (C3), 64.00 (CH20H), 59.40 (C4), 52.00 (CHCI ), 28.00, 26.00 (2 CH2 

carbons); MS: mlz 400 (M+), 341, 323, 287,246, 216, 173, 107, 77, 59, 31; HRMS- EI: 

Calcd. for CztH2104N2Cl, (M), 400.1494, Found; M+, 400.1476; Found; C, 66.70; H, 5.20; N, 

6.82 %; C21Hz104N2CI, requires C, 66.84; H, 5.23; N, 6.98%. 

2b.(3R)-3-(1-chloro-4-hydroxybutyl)-2,5-diphenyldihydro-2H-pyrrolo[3,4-d]isoxazole-

4,6(5H,6aH)-dione 

Yellowish white solid; 23.2%; IR (CHCb): 3560- 3470 (br); 2865 (m); 1760 (s); 1684 (s); 

1465 (m), 1370 (m), 810 (m), 772 (s) cm-1
; 

1H NMR (CDCb): o 7.35- 7.14 (m, 2 x 5H, C6Hs 

protons), 5.24 (d, J= 7.20 C5H), 5.00-4.92 (br, lH, OH, exchanged in 0 20), 4.38 

(dd, lH, J = 3.25, 2.24 Hz, C3H), 3.52 (dd, lH, J = 4.42, 2.08 C4H) , 3.37- 3.20 

1 CHCl), 1.74 1.46 (m, Cl-h protons); 1 NMR (CDCb): o 174.40, 171.80 

carbons), 1 

carbons), 85.00 

1 

CI-b carbons); MS: m/z 402 

HRJVIS - : Cakd. 

133 132.80, 130.60, 129.00 (aromatic 

(CH20H), .40 53.60 (CHC! ), 28.00, 27.00 

295, 246,216, 211, 189, 154, 107, 77, 3]: 

(M), 400.1494, M+, 400.1483; Found; 

5.1 N, 6.75 %; C21H2J04N2CI, requires 66.84; H, 5.23; N, 6.98%. 

3, Synthesis of N-cydobexyl maleimide cycloadducts 

Fig 28 

To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added N-cyclohexyl 

maleimide (1 mmol) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for 5 hr. The progress ofthe reaction was monitored by TLC (Rr= 0.39, 0.44). The products 

were extracted with ether (2 x 25 mL), the organic layers were washed with brine water (2 x 

15 mL), dried over anhydrous Na2S04 and concentrated on a rotary evaporator. The mixture 



of diastereomers were purified and separated by column chromatography using ethyl acetate

hexane and finally obtained under reduced pressure as yellow crystals. 

3a.(3S)-3-(1-chloro-4-hydroxybutyl)-5-cyclohexyl-2-phenyldihydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5H,6aH)-dione 

Dark yellow crystals; 68%; IR (CHCb): 3510-3370 (br), 2930 (s), 2350 (s), 1710 (s), 1598 

(m), 1502 (s), 1457 (m), 1394 (s), 1145 (s), 1073 (s), 1029 (s), 831 (s), 756 (s), 696 (s) cm-1
; 

1H NMR (CDCb ): 8 7.02-6.92 (m, 5H, C6Hs), 5.32 (d, lH, J= 6.12 Hz, C5H), 5.10-5.02 

(br, lH, OH, exchanged in D20), 4.52 (dd, lH, J = 9.26, 6.08 Hz, C3H), 4.26 (dd, lH, J = 

9.24, 7.06 Hz, C4H), 3.20- 2.94 (dt~m, lH, CHCl), 1.64 -· 1.24 (m, 17H, cyclohexyl and 

CH2 protons); 13C NMR (CDCb): () 172.30, 170.20 (carbonyl carbons), 131.30, 130.50 

128.60, 127.40 (aromatic carbons), 86.00 (C5), 78.00 (C3), 62.50 (CH20H), 55.52 (C,), 50.66 

(CHCl), 30.00, 28.40, 26.70, 25.40, 24.35, 23.50, 22.20, 19.00 (cyclohexyl and CH2 carbons); 

MS: m/z 406 (M+), 375, 347, 329, 324, 222, 107, 77, 59, 31; HRMS - EI: Calcd. for 

C2 1 H270 4N2Cl (M), 406.1962, Found; M+, 406.1949. 

3 b.(3R)-3-(1-chlo ro-4-hydroxy bu tyl)-5-cyclohexyl-2-p h enyld ihyd ro-2H-pyrro lo [3 ,4-

d]isoxazole-4,6(5H,6aH)-dione 

Yellow crystals: 27%; IR{CHCb): 3630-3535 (br), 2865 (s), 1760 (s), 1680 (s), 1440 (m), 

1375 (m). 1265 (m), 810 (s), 780 (s) cm-1
; 

1H NMR ( CDCb ): o 7.22- 7.04 (m, C6Hs), 

5.26 (d, lH, J = 7.22 Hz, C5H), 5.18 ~ 5.06 (br, lH, OH, exchanged in D20), 4.43 (dd, lH, J 

= 4.32, 3.26 C,H), 4.14 (dd, lH, J = 3 2.08 Hz, C4H), 3.38- 3.20 (m, 1I-L CHCl). 

1.72 - L38 (m, 17H, cyclohexyl and CH2 protons); 13C NMR(CDCb): o 170.70, 169.80 

(carbonyl carbons ), 135.30, 134.50, 133.80, 132.50 (aromatic carbons), 84.30 (Cs), 75.00 

(C3), 61.60 (CH20H), 53.50 (C4), 53.00 (CHCl), 27.00, 26.50, 25.40, 24.00, 23.00, 2 L50, 

20.00, 19.00 (cyclohexyl and CH2 carbons); MS : m/z 408 (M+ +2), 406 (M+), 323, 216, 

179, 139, 107, 83, 77, 59; HRMS - El: Calcd. for C2 1H2704N2Cl (M), 406.1962, Found: Me, 

406.1943. 

4. Synthesis of Ethyl acrylate cycloadduct 

Cl 

CC~o 
OH N 

0 

+~~ 
0 

I 
Ph 

4 
Fig 29 
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To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added ethyl acrylate ( 1 

mmol) at RT under nitrogen atmosphere and the reaction mixture was stirred for 5 hr. The 

progress of the reaction was monitored by TLC CRr = 0.48).The product was extracted with 

ether (2 x 25 mL), the organic layer was washed with brine water (2 x 15 mL), dried over 

anhydrous Na2S04 and concentrated on a rotary evaporator. The crude product was purified 

by silica gel column chromatography using ethyl acetate - hexane and finally obtained under 

reduced pressure as white gummy liquid. 

4. Ethyl-3-(1-chloro-4 hydroxy butyl)-2-phenyl isoxazolidine-5-carboxylate 

White gummy liquid, 93% ; IR (CHCb): 3580 - 3480 (br), 3095 (m), 2250 (m), 1898 (m), 

1711 (s), 1636 (s), 1503 (m), 1392 (s), 1144 (s), 1029 (s), 908 (m), 831 (s), 756 (s) cm- 1
; 

1HNMR (CDCb): 5 7.22- 7.14 (m, 5H, C6H 5), 5.15-5.03 (br, IH, -OH, exchanged in D20), 

4.84 (t, IH, J= 8.2 Hz, CsH), 4.48-4.33 (dt, lH, J= 7.22 Hz, C3H), 4.22 (q, 2H, J= 6, 6.02 

H. OCHCH) 388(dd 2H J-9'"14 o·l 0 1-{7 (' "H-{\ 1{;{\ "116( ·ITT 
011"!' '8' z, - . 2 3,' . ... ' :: • ~ - ,L ' 0. -'C c ........... , --4 "'""_.. }'!J .J oVV - .,:L-r ITt, Ln, \.,__,D._L ), t. lf -

1.46 (m, 6H, CI-h protons), 1.24 (t, 3H, J = 7.52 Hz, -OCI-bCH3); 
13C NMR (CDCb): o 

167.40 (carbonyl carbon), 136.40, 134.50, 133.25, 132.60 (aromatic carbons), 88.00 (Cs), 

76.00 63.00 (CH20H), 60.00 (CH2 carbon of -OCt·bCf-b), 58.00 (C4), 55.00 (CHCl), 

32.00, 24.00 

3271M+' 
\ " 

carbons), !6.00 (CI-h carbon of OCH2CH3); MS : m/z 329 (M' +2), 

254,221, 219,207,177,147,142, 108, 107,77, 73, 3i; lffiMS- EI: Calcd. 

Found M+, 327.1533. 

5. Synthesis of Methyl vinyl ketone cycloadduct 

-----
Fig30 

0- ( Ph-->i;r 
HOCH2ChClHC 

5 

To a stirred solution ofnitrone 1 (1 mmol) in 15 mL water was added methyl vinyl ketone (I 

mmol) at RT under nitrogen atmosphere and the reaction mixture was stirred for 8 hr. The 

progress of the reaction was monitored by TLC (R1 = 0.44).The product was extracted with 

ether (2 x 25 mL), the organic layer was washed with brine water (2 x 15 mL), dried over 

anhydrous Na2S04 and concentrated on a rotary evaporator. The crude product was purified 

by silica gel column chromatography using ethyl acetate - hexane and finally obtained under 

reduced pressure as pale yellow oil. 
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5.1-(-3-(1-chloro-4-hydroxybutyl)-2-phenylisoxazolidin-5-yl)ethanone 

Pale yellow oil, 91%; IR (CHCh): 3520-3380 (br), 2925 (s), 2844 (m), 1710 (s), 1440 (m), 

1324 (s), 804 (m), 776 (s) cm-1
; 

1H NMR (CDCb): 8 7.16- 7.04 (m, 5H, C6H5), 5.32 (t, lH, J 

= 7.82 Hz, CsH), 5.10- 5.0 (br, lH, exchanged in D20), 4.54- 4.43 (dt, IH, J = 8.30 Hz, 

C3H), 4.28 (dd, 2H, J = 9.48, 7.10Hz, C4 2H), 3.78 - 3.62 (m, lH, CHCl), 2.12 (s, 3H, 

COCH3), 1.86 - 1.54 (m, 6H); 13C NMR (CDCh): 8 195.22 (carbonyl carbon), 132.00, 

131.55, 130.00, 128.40 (aromatic carbons), 88.00 (C5), 78.00 (C3), 66.00 (CH20H), 58.00 

(C1), 53.50 (CHCI), 24.60 (COCH3), 19.00, 17.00 (2 CH2 carbons); MS mlz: 297(M+), 282, 

266, 254, 270, 211, 147, 112, 107, 77, 43, 31; HRMS-EI: Calcd. tor C15l-h00 3NCI (M): 

297.1437; Found; M+, 297.1426. 

6. Synthesis of p-OMe-N- phenyl maleimide cycloadducts: 

0 

~oo-
+ lj N- \ j -OMe 
~ __ jl 

Ph-N}~N-o-OMe 
HO(H2ChClHC 0 6a 

+ 

0 

Fig 31 

To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added p-methoxy-N-phenyl 

male imide ( 1 mmol) at RT under nitrogen atmosphere and the reaction mixture was stirred 

for 5 hr. The progress of the reaction was monitored by TLC ( R1 = 0.36, 0.40). The products 

were extracted with ether (2 x 25 mL), the organic layers were washed with brine water (2 x 

15 mL), dried over anhydrous Na2S04 and concentrated on a rotary evaporator. The mixture 

of diastereomers were purified and separated by column chromatography using ethyl acetate

hexane and finally obtained under reduced pressure as white solids. 

6a. (3S)-3-( 1-chloro-4-hyd roxybu tyl)-5-( 4-methoxyphenyl)-2-phenyldihyd ro-2H

pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione 
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Wbite solid; 70.8%; IR (CHCh) : 3520- 3465 (br), 2874 (m), 1765 (s), 1670 (s), 1445 (m), 

1370 (m), 1175 (m), 805 (m), 772 (s) cm-1
; 

1H NMR (CDCh) : 8 7.50- 7.34 ( m, 9H, C6H5 

protons), 5.28 (d, lH, J = 6.88 Hz, CsH), 5.08 4.93 (br, lH, OH, exchanged in D20), 4.84 

(dd, lH, J = 9.20, 8.02 Hz, C3H), 3.86 (dd, lH, J = 9.24, 7.08 Hz, C4 H ), 3.34 (s, 3H, 

OCH3), 3.26 - 3.14 (dt~m, lH, CHCl), 1.85 - 1.42 (m, 6H, CH2 protons); 13C NMR 

(CDCh) : 8 175.20, 174.00 (carbonyl carbons), 159.80, 135.00, 134.60, 133.20, 131.40, 

130.60, 129.50, 128.00 (aromatic carbons), 86.00 (C5), 72.00 (C3), 62.00 (CH20H), 56.00 

(C4), 54.00 (OMe), 50.00 ( CHCl ), 18.00, 17.00 (2 CH2 carbons); MS mlz : 432 (M" +2), 

430 (M+), 399, 371, 353, 323, 322, 219, 211, 108, 107, 59, 31; HRMS- El: Calcd. for 

C22H230sNzCl, (M), 430.1599, Found; M+, 430.1586. 

6b.(3R)-3-(1-chloro-4-hydroxybutyl)-5-(4-methoxyphenyl)-2-phenyldihydro-2H

pyrrolo [3,4-d] isoxazole-4,6( 5H,6aH)-dione 

White solid; 21.2%; IR (CHCh) : 3510-3420 (br), 2880 (m), 1760 (s), 1680 (s), 1455 (m), 

1360 (m), 1160 (m), 780 (s) em 1
; 

1H NMR (CDCh) : 8 7.45 - 7.30 ( m, 9H, C6H5 protons), 

H, J=c 5.14-4.90 ( br exchanged in D20); 4.72 1H, J 

) , / ~ 

1,5, j 3.38 

3 l.n8 - l protons); 1 NMR (CDCh) : ;s t 

l72.50 (carbonyl carbons), l58.40, 135.60, 134.30, 133.00, 132.00, 130.50, 129.30, 128.80 ( 

aromatic carbons), 82.50 74.00 (C3). 63.00 (CI-bOH), 55.50 (C4), .80 (OMc), 51.40 

(CHCl ), 16.00, 15.00 (2 CH2 carbons); MS mlz: 430 (M+), 399,270, 246, 155, 139, 108, 

107, 77, 59; HRMS- EI: Calcd. for C22H230 5N2Cl, (M), 430.1599, Found; Mr, 430.1566. 

7. Synthesis of acenaphthylene cycloadducts 

7b 

Fig 32 
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To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added acenapthylene 

(!equivalent) in-situ at the time of formation of nitrone (monitored by TLC) at RT under 

nitrogen atmosphere and the reaction mixture was stirred for further 7 hr. The progress of the 

reaction was monitored by TLC (RJ= 0.40, 0.38). The products were extracted with ether (2 x 

25 mL), the organic layers were washed with brine water (2 x 15 mL), dried over anhydrous 

Na2S04 and were concentrated under a rotary evaporator and finally the cycloadducts were 

purified and separated by silica gel column chromatography using ethyl acetate - hexane and 

were obtained as bright yellow crystals. 

7a.4-chlo ro-4-( (9S)-(8-ph enyl-6b,8,9 ,9a-tetrahydroacenaph tho [ l ,2-d] isoxazol-9-

yl)butan-l-ol 

Bright yellow crystals; 73%; IR (CHCb) : 3455 - 3370 (br), 2960 (m), 2720 (m), 1710 (s), 

1480 (m), 1280 (s), 778 (s) cm-1
; 

1H NMR (CDCh): 8 7.28-7.20 (m, 5H, C6H 5), 6.96-6.83 

(m, 6H, napthylene ring protons) 5.26 (d, lH, J = 6.50 Hz, C:'>H), 4.88 - 4.82 (br, l H 

exchanged in D20), 4.50 (dd, 1H, J= 9.2, 7.34 Hz, C3H), 4.12 (dd, lH, J = 9.40,7.10 Hz, 

C4H), 3.58 (q, IH, J = 4.26, 6.20 Hz, CHCl), 1.80 - 1.64 (m, 6H); 13C NMR (CDCh): 8 

138.00, l 136.96, I .40, 134.30, 133.00, 132.45, 131.76, 130.68, 128.64, 127.40, 

126.30 (aromatic carbons), 86.90 (C5), 78.10 (C3), 66.20 (CH20H), 54.35 (C4), 52.60 (CHCI), 

31.00, 29.70, 27.65 (3 CH2 carbons); MS m!z: 379 (M+), 320, 302, 272, 227, 152, i07, 77, 59; 

HRMS -- EI: Calcd. for C23H220 2NCl (M): 379.8980, Found Mt-, 379.8963. 

7b.4-chloro-4-(9R)(8-phenyl-6b,8,9,9a-tetrahydroacenaphtho[1,2-d]isoxazol-9-yl)butan-

1-ol 

Bright yellow crystals; 23%; IR (CHCb): 3456 - 3375 (br), 2967 (m), 2726 (m), J 720 (s), 

1474 (m), 1280 (s), 786 (s) cm-1
; 

1H NMR (CDCb): o 7.36-- 7.27 (m, 5H, C6Hs), 7.05- 6.90 

(m, 6H, napthyiene ring protons) 5.30 (d, lH, J = 7.16 Hz, CsH), 4.82- 4.73 (br. IH 

exchanged in D20), 4.60 (dd, 1H, J= 2.34, 2.53 Hz, C3H), 4.28 (dd, IH, J= 4.12, 3.10 Hz, 

C4H), 3.46 (q, 1 H, J 6.08, 7.42 Hz, CHC!), I. 76 - 1.60 (m, 61-1); 13C NMR (CDC b): 8 

137.34, 136.10, 135.00, 134.63, 133.24, 132.00, 131.00, 130.16, 128.60, 127.45, 126.00, 

124.70 (aromatic carbons), 87.00 (C5), 76.30 (C3), 68.50 (CH20H), 53.30 (C4), 50.74 (CHCI), 

30.00, 29.00, 28.35 (3 CH2 carbons); MS m!z: 381 (M++2), 379 (M+), 320, 302, 272, 227, 

152, 107, 77, 59; HRMS- EI: Calcd. for C23H2202NCI (M): 379.8980, Found; M+, 379.8967. 
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8. Synthesis of cyclohexene cycloadducts 

Fig 33 

To a stirred solution of nitrone 1 (l mmol) in 15 mL water was added cyclohexene (1 

equivalent) at RT under nitrogen atmosphere and the reaction mixture was stirred for 14 hr. 

The progress of the reaction was monitored by TLC (R1 = 0.36, 0.46). The products were 

extracted with ether (2 x 25 mL), the organic layers were washed with brine water (2 x 15 

mL), dried over anhydrous Na2S04 and concentrated. The mixture of diastereomers were 

purified and separated by column chromatography using ethyl acetate - hexane and finally 

obtained under reduced pressure as reddish gummy liquid. 

Sa. 4-chloro-4-{(3S)-2-phenyl octahydrobenzol d]isoxazol-3-yl} butan 1-ol 

Reddish gununy liquid; Yield: 60%; IR(CHCb): 3490 - 3370 (br), 2924 (s), 2850 (m), 2766 

(m), 1542 (s), 1443 (m), 1250 (s), 774 (s) cm-1
; 

1H NMR(CDCh): 8 7.28 - 7.14 (m, 5H, 

C6H5), 5.37 (d, lH, J= 8.20 Hz, C5H), 5.22- 5.14 (br, IH,exchanged in D20), 4.50 (dd, I H, J 

== 9.2, 7.34 Hz, C3H), 4.12 (dd, IH, J= 9.40, 7.10 Hz, C4H), 3.58 (q,lH, J= 4.26, 6.20 Hz, 

CHCI), 1.80- 1.14 (m, 14H); 13C NMR (CDCb): 8 130.00, 129.00, 128.40, 127.30 (aromatic 

carbons), 88.50 (C5), 78.00 (C3), 66.20 (CH20H), 54.60 (C4), 52.60 (CHC!), 33.00, 31.00, 

29.00, 27.00, 25.00, 24.40 (6 CH2 carbons); MS mlz: 309 (M\ 278,250,227,211,202, 148, 

l 07, 82, 77, 59, 31; HRMS-El: Calculated for C17H2402NCI (M): 309.6330; Found; Mi-, 

309.6318. 

8b. 4-chloro-4-{(3R)-2-phenyl octahydrobenzo[d]isoxazol-3-yl}butan 1-ol 

Reddish gummy liquid; Yield: 28%; IR (CHCh): 3512 -- 3454 (br), 2920 (s), 2854 (m), 2766 

(m), 1550 (s), 1440 (m), 1256 (s), 802 (m), 778 (s) cm- 1
; 

1H NMR (CDCh): 8 7.26- 7.14 

(m,5H,C6H5), 5.30 (d,lH, J = 8.20 Hz, C5H), 5.13 -5.04 (br,lH,exchanged in D20), 4.36 

(dd, lH, J= 3.36, 2.23 Hz, C3H), 4.20 (q, IH, J= 2.54, 3.16 Hz, C4H), 3.27 (q,IH, J= 3.26, 

5.20 Hz, CHCJ), 1.74- 1.28 (m, 14H); 13C NMR (CDCh): 8 132.00, 131.00, 129.50, 128.20 
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(aromatic carbons), 87.00 (Cs), 76.00 (C3), 63.60 (CH20H), 55.40 (C4), 5L20 (CHCI), 30.00, 

29.15, 28.00, 25.40, 24.00, 21.30 (6 CH2 carbons); MS m/z: 309 (M+), 227, 226, 211, 148, 

147, 125, 107, 77, 59, 31; HRMS-EI: Calcd. for C 17H240 2NCl (M): 309.6330; Found M+, 

309.6314. 

IX. Synthesis of N-phenyl-a-chloronitrone (3) from chloral 

CJ 
l 

0 

II 
Cl-?--r 

Cl I 
H 

+ 

2,2,2-trichloroacetaldehyde 

N-phenylhydroxylamine (1 

NHOH 

I 

0 
(i) 

N -Phenylhydroxylamine 3 

i = 0- 5°C, N2 atmosphere, 8 hour 

Fig 34 

gm, 9.40 mmol) was added to freshiy prepared dry distilled 

chloral ( 1.23 gm, 9.4 mmol) in methelene chloride (50 mL) and anhydrous MgS04 under 

nitrogenous atmosphere and the reaction mixture was kept (at 0 - 5° C) stirring with a 

magnetic stirrer for 6- 8 hour. The formation of nitrone was monitored by TLC (Rr ~- 0.62). 

The solvent was evaporated off in a rotary evaporator and was isolated as white crystalline 

solid (yield 80%; m.p: 39°C). 

Spectral data of Nitrone 3. 

IR (CHCb): 2900 (s), 1680 (s), 1610 (s), 1183 (s), 780 (s); 1H NMR (CDCh): 6 7.63 --7.50 

(m, 5H, C6H5), 7.20 (s, lH, CH=N+ <); 13C NMR (CDCh ): 6 142.50 (CH=N+<), 133.24, 

131.50, 130.00, 128.00 (aromatic carbons), 29.00 (CCh); HRMS: Calcd. For CgH60NCb 

(M), 238.4540; Found: M+, 238.4525. 

X. 1,3-dipolar cycloaddition reaction of nitrone (3) 

Since the nitrone decomposes at room temperature slowly, therefore insitu cycloaddition 

reactions were preferred. During the formation of nitrone 3 (monitored by TLC) different 

dipolarophiles were added and the reaction mixture was again kept at 0 - 5° C with constant 

stirring with a magnetic stirrer for further 6 - 8 hour. The reaction was monitored by TLC. 
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The solvent was evaporated off with the help of a rotary evaporator and the cycloadducts 

were isolated by silica gel column chromatography using ethyl acetate- hexane as eluent. 

1. Synthesis of N- phenyl maleimide cycloadduct 

H 

I + ,---o 
CIC-c=N,---

3 I + 

Ph 

3 

Fig 35 

To a stirred solution ofnitrone 3 (1 mmol) in 20 mL CH2Ch was added N-pheny! maleimide 

(I equivalent) in-situ at the time of formation of nitrone (monitored by TLC) maintaining a 

temperature range of 0 - 5°C under nitrogen atmosphere and the reaction mixture was stirred 

for further 6 hr. The progress of the reaction was monitored by TLC (Rr= 0.40). The solvent 

was evaporated off with the help a rotary evaporator and finally the crude cycloadduct was 

purified by silica gel column chromatography using ethyl acetate - hexane and was obtained 

as white solid. 

1. 2,5 phenyl - 3 - (trichloro methyl) dihydro -- 2H - pyrrolo [3,4,- d] isoxazole -- 4,6 

[SH, 6a-b]- dione 

White solid; 82%, IR (CHCb): 3030 (m), 1760 (s), 1659 (s), 1400 (m), 1290 (s), 775 (s), cm-

1; 
1H NMR (CDCb): 8 7.82-7.66 (m, 2 x 5H, C6H5 protons), 5.12 (d, lH, J= 6.90 Hz, CsH), 

4.04 (d, 1H, Jo:= 6.70 Hz, C3H), 3.54 (dd, lH, J= 7.22, 6.80 Hz, C1H); 13C NMR (CDCb): 8 

168.00, 166.60 (carbonyl carbons), 138.00, 136.42, 135.10, 134.00, 133.20, 131.80, 130.00, 

128.50 (aromatic carbons), 86.50 (C5), 73.46 (C3), 58.20 (C4), 31.75 (CCh); MS: m/z 411 

(M+), 334, 304, 299, 294, 293, 257, 217, 117, 107. 77; HRMS -- EI: Calcd. for 

C18Hn03NzCb (M): 411.5250, Found; M+, 411.5236. 

2. Synthesis of N-cyclohexyl maleimide 

0 

H 

\ + ___.0 
Cl3C--c=N . .---- + 

I 
Ph 

Ph~~~N--C,H, 
Cl,C 0 

2 3 

Fig 36 
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To a stirred solution of nitrone 3 (1 mmol) in 20 mL CH2Ch was added N-cyclohexyl 

maleimide (!equivalent) in-situ at the time of formation of nitrone (monitored by TLC) 

maintaining a temperature range of0-5°C under nitrogen atmosphere and the reaction mixture 

was stirred for further 8 hr. The progress of the reaction was monitored by TLC (R1 = 0.38). 

The solvent was evaporated off with the help a rotary evaporator and finally the crude 

cycloadduct was purified by silica gel column chromatography using ethyl acetate-hexane 

and was obtained as white solid. 

2. 5-cyclohexyl-2-phenyl-3-(trichloro methyl) dihydro-2H-pyrrolo [3,4,-d] isoxazole-4,6 

[5H, 6a-h]-dione 

White solid, 78%, IR (CHCh): 2940 (s), 1760 (s), 1680 (s), 1390 (m), 783 (s) em·\ 1H NMR 

(CDCh ): 8 7.08-6.95 (m, 5H, C6H5), 5.02 (d, lH, J= 8. 30Hz, CsH), 4.30 (d, lH, J= 6.80 

Hz, C3H), 3.52 (dd, lH, J= 6.08, 8.10 Hz, C4H), 1.94- 1.25 (m, llH); 13C NMR (CDCh): 8 

174.60, 172.50 (carbonyl carbons), 135.64, 134.60, 133.00, 132.00 (aromatic carbons), 88.38 

(C5), 75.20 (C3), 57.40 (C4), 30.40 (CCh), 26.80, 25.15, 22.55, 20.43, 18.50, 17.20 

(cyc!ohexyl carbons); MS 417 (M+), 341, 310,300,299,257, 223, 117, 77; HRMS-

El: for 8H1903N2Cb (M) 417.5730, Found M+, 417.5716. 

3. Synthesis of Styrene cydoadduct 

H 

\ + _)) 
C!3c--c=N./"' 

I 
Ph 

:o\Ph 
Ph-· -N '!---' + 

CI3C 
3 

Fig 37 
3 

To a stirred solution of nitrone 3 (l mmol) in 20 mL CH2Ch was added styrene (1 equivalent) 

in-situ at the time of formation of nitrone (monitored by TLC) maintaining a temperature 

range of 0 - 5°C under nitrogen atmosphere and the reaction mixture was stirred for further 

10 hr. The progress of the reaction was monitored by TLC (R1 = 0.54) The solvent was 

evaporated off with the help a rotary evaporator and finally the crude cycloadduct was 

purified by silica gel column chromatography using ethyl acetate - hexane and was obtained 

as white crystals. 

3. 5-methyl-2-phenyl-3-(trichloromethyl)isoxazolidine 
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White crystalline solid; 93 %; IR (CHCI3): 2910 (m), 2785 (m), 1700 (s), 1480 (m), 1280 (s), 

786 (s) cm-1
; 

1H NMR(CDCb): o 7.20 - 7.06 (m, lOH, 2 x C6H5 protons), 4.94 (t, IH, J = 

7.50 Hz, C5H), 4.55 (t, lH, J = 7.80 Hz, C3H), 4.24 (dd, 2H, J = 6.68, 6.10 Hz, C4 2H); 13C 

NMR (CDCb): o 138.20, 136.70, 135.28, 134.15, 133.40, 132.00, 131.12, 129.26, 128.00 

(aromatic carbons), 87.50 (C5), 76.10 (C3), 55.76 (C4), 31.90 (CCh); MS m/z: 341 (M+), 264, 

235, 225, 224, 148, 117, 107, 77; HRMS-EI: Calcd for C16H1 4CbON (M) 341.5260. Found; 

M+, 341.5243. 

4. Synthesis of acetylene dicarboxylic acid adduct 

H 

I -cJ c-c=N+--o 
3 I 

3 
Ph 

/COOH 

+ HOOC 

Fig 38 

0 COOH 

Ph-N 

COOH 
CI3C 

4 

To a stirred solution of nitrone 3 (l mmol) in 15 mL CI-IzCb was added acetylene 

dicarboxylic acid (1 equivalent) in-situ at the time of formation of nitrone (monitored by 

TLC) maintaining a temperature range of 0 - 5°C under nitrogen atmosphere and the reaction 

mixture was stirred for further 5 hr. The progress of the reaction was monitored by TLC (R1 = 

0.38). The solvent was evaporated off with the help a rotary evaporator and finally the 

cycloadduct was purified and separated by silica gel column chromatography using ethyl 

acetate - hexane and was obtained as oily liquid. 

4. 2-phenyl-3-( trichloromethyl)-2,3-dihydroisoxazole-4,5-dicarboxylic acid 

Colourless oily liquid; 77%; lR (CHCb): 2820 (s), 1745 (s), 1700 (m), 1670 (m), 1420 (s), 

1260 (m), 775 (s) cm-1
; 

1H NMR (CDCh): 8 10.14 (s, IH, COOH), 10.04 (s, IH, COOH), 

6. 75 - 6.64 ( m, 5H, C6H5 protons), 4.15 (s, lH, C3H); 13C NMR (CDCb): 8 178.44, 177.00 

(carbonyl carbons ofCOOH), 134.00, 133.00, 132.50, 128.30 (aromatic carbons), 86.00 (C5), 

76.22 (C3), 57.10 (C4), 30.40 (CCb); MS m/z: 352 (M+), 335, 307, 259, 235, 158, 117, 77; 

HRMS- EI: Calcd. for C12HsOsNCb, (M), 352.4700, Found; M+, 352.4678. 
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Special type of synthesis using a-chloro nitrone 

XI. Synthesis of aldehyde from alkyl halide using a-chloro nitrone as oxidizing agent 

Using the tremendous synthetic potentiality of a-chloro nitrone we have synthesized a variety 

of aldehydes 11
·
12

'
13 with a very good yield and the most important fact during the aldehyde 

synthesis is the use of side product as efficient dipolarophile making the reaction atom 

efficient. 

i) 

+ 

l, 2 : R = 1\1e ; Ph ; Bu ; Cy ; PhCH2 
R 1 =" rvr e ; Et . Pr , Ph 
x ~0- ·cl; Br 

Reagents and conditions : 

ii) 

r
. H J '~ 

C!Gcf~(R 
L la Q 

(not isolated) r 
S 2lR' CH.,Sx N -

H 
L)=Z /R 
--o N . I 

lb 0 

L 

i) Dry ether, pyridine, RT , N 2 atn"!osphere 
ii) Dry ether, Na2 C03 , RT, N 2 atn"lospherc 

Scherne L 

Fig 39 

In a 100 ml conical flask N-phenyl-a-chloro nitrone5
•
9 (500mg, 2.3086 mmol), pyridine (I 

equivalent) and diethyl ether (25 ml) was added and stirred at RT with a magnetic stirrer 

under N2 atmosphere for 1 hour and the fonnation of transient nitrone (not isolated) \Vas 

monitored by TLC (Rr0.34). Benzyl chloride (292.1002mg, 1 equivalent) was added at this 

stage and the reaction mixture was stirred for another 2 hours till the intermediate compound 

(not isolated) was developed (monitorted by TLC; Rr= 0.37). 2 gms of solid NazC03 was 

added at this stage and the reaction mixture was stirred for further 1 hr while the progress of 

the reaction was again monitored by TLC (R1 = 0.40, 0.46). The reaction was typically 

completed when the N-0 bond was cleaved14
-
16

• Basic workup, removal of pyridine 

hydrochloride and silica gel column chromatographic purification provided desired 



benzaldehyde as colourless liquid (712mg, 90% ; Rf = 0.40) and furan derivative as pale 

yellow gummyliquid (78mg, 10%; Rf= 0.46). 

Spectral data for benzaldehyde 

Colourless liquid, 90%, IR (CHCb): 1695 (s), 1320 (m), 770 (s) cm·1. 1H NMR (CDCb): o 
9.80 (s, IH, CHO), 7.30 - 7.16 (m, 5H, C6H5). 

13CNMR (CDCb): o 198 (CHO), 136, 134, 

132, 131 (aromatic carbons).FAB- MS m/z:.J06 (M+), 105 (B.P), 77, 51, 28. HRMS-EI: 

Calcd. for C6H5CHO (M), 106.0417, Found; M+, 106.0408. 

Spectroscopic data for 2 (R = Ph) [(E)-l-(dihydrofuran-2-(3H)-ylidene)-N-phenyl 

methanamine (a-N-phenyl Juran derivative)/ 

pale yellow gummy liquid, 10%, IR (CHCb): 3150-3060 (br), 2860 (m), 1640 (s), 1430 (m). 

1140 (m), 776 (s) cm·1
• 

1H NlVIR (CDCb): o 7.43--7.28 (m, 5H, C6Hs), 5.16 (br, lH, N-H), 

4.72 (s, lH, C=CH), 2.95-2.34 (m, 6H). 13C NMR (CDCh): 8 137.20, 135.65, 134.00, 132.15 

(aromatic carbons), 106.24, 104.18 (double bonded carbons), 28.46, 27.10, 24.84 (3 Clh 

carbons). m/z: 175 (M+), 98, 97, HRMS-EI: Calcd. for C 1H130N (M), 

175.0993, 

c;r<'' 
1.. 2 NHR 

i} 
c 

0 

1 
Scheme- H 

R = C6Hs 
R 1 c= C6Hs ; CHCl(CH2hOH; NH2 
Reagents and conditions: i) Dry ether, RT, N 2 atmosphere, 4- 6 hr 

H NHR 

3-8 

XII. General procedure for cycloaddition (for regioselective spiro cycloadducts) 

To a well stirred solution of nitrone 1 (R=Me; 1 mmole) in diethyl ether (20 mL) taken in a 

SO mL conical flask, was added a-N-methyl furan derivative [(.E)-l-(dihydrofuran-2-(3H)

ylidene)-N-methyl methanamine)] (I equivalent) and was stirred at RT with a magnetic stirrer 

under N2 atmosphere for 4 hr. The progress of the reaction was monitored by TLC (RJ = 

0.53). After completion of the reaction and work-up, the crude spiro cycloadduct was 

concentrated in a rotary evaporator and finally purified by column chromatography using 
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ethyl acetate - hexane to afford pure spiro cycloadduct 3 (Scheme II). This procedure was 

followed for the reaction of nitrone 1 (R= Ph) with a-N-methyl/phenyl furan derivatives 2 

[(E)-I-( dihydrofuran-2-(3H)-ylidene )-N-methyl methanamine )/(E)-1-( dihydrofuran-2-(3H)

ylidene)-N-phenyl methanamine)] for the synthesis of other regioselective cycloadducts. 

2 (R=Me; a-N-methyl furan derivative) [(E)-1-(dihydrofuran-2-(3H)-ylidene)-N-methyl 

methanamine)] 

IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 1455 (m), 1210 (m) cm- 1
; 

1H NMR (CDCb): o 
4.81 (br, 1H, N-H), 4.56 (s, 1 H, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 6H); 13C NMR 

(CDCb): 8 103.00, 101.76 (double bonded carbons), 26.22, 25.30, 23.65 (3 CH2 carbons); 

FAB- MS: m/z 113 (M\ 98, 97; HRMS-EI: Calcd. for C6H 11 0N (M), 113.1000, Found: 

M+, 112.9876. 

2 (R=Ph; a-N-phenyl furan derivative) [(E)-1-(dihydrofuran-2-(3H)-ylidene)-N-phenyl 

methanamine)] 

IR (KBr): 3150-3060 (br), 2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 (s) cm·1
; 

1H NMR 

(CDCb): 8 7.83 (m, 5H, C6Hs), 6.29 (br, IH, N-H), 2.17 (s, l H, C=CH), .79- 1.18 6H): 

NMR (CDC!:;): o 137.20, 135 134.00, 132.15 (aromatic carbons), l 104.18 

(double bonded carbons), 28.46, 27.10, 24.84 (3 CI-b carbons). FAB- MS . 175 98, 

97, 77. HRMS-El: Calcd. for C1 1 H130N (M), 175.0993, Found; M+, 175.0981. 

3. (S)-4-chloro-4-((3S,4S,5R)-2methyl-4-(methylamino )-1 ,6-dioxa-2-azaspiro!4.4] nonan-

3-yl)bntan-1-ol 

Pale yellow gummy liquid; Yield 88%, R1 = 0.53; IR (KBr): 3460 -- 3326 (br), 2948 (m), 

2420 (m), 1485 (s), 1325 (m), 810 (m), 774 (s) cm-1
; 

1H NMR (CDCh): 8 4.83 (br, ] H, 

CH20H, exchanged in 0 20), 4.60 (s, IH, NHCH3), 3.37 (s, 6H, 2 x N-CH3), 3.12 (dd, IH, J 

= 9.20, 8.32 Hz, C:,H), 2.70 (dt, lH, J= 8.10, 7.88 Hz, C4H), 2.35 (dt~~m, lH, CHCI), 1.88-

1.42 (m, 6H); 13C NMR (CDCh): 8 93.00 (CHCI), 87.55 (Cs), 76.20 (C3), 55.20 41.97 

(N-CH3), 40.24 (NH-CH3), 33.37, 31.50, 28.68, 26.00, 25.12, 23.40 (6 CH2 carbons); MS 

mlz: 280 (M++2), 278 (M+), 263, 248, 156 (B.P), 141, 107; HRMS-EI: Calcd. for 

C 12H230 3N2CI (M), 278.6710, Found; M+, 278.6698. 

4. (S)-4-chloro-4-( (3S,4S,5R)-2-phenyl-4-(phenylamino )-1 ,6-dioxa-2-azaspiro[ 4.4] nonan-

3-yl)butan-1-ol 

Dark red viscous liquid;Yield 86%, Rt= 0.48; IR (KBr): 3485 -- 3290 (br), 2962 (m), 2425 

(m), 1620 (s), 1490 (s), 1260 (m), 1040 (m), 780 (s) cm-1
; 

1H NMR (CDCb): 8 6.98 - 6.92 

(m, IOH, 2 x C6H5), 5.84 (dd, lH, J= 8.55, 8.20 Hz, C3H), 5.00 (br, lH, CH20H, exchanged 
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in DzO), 3.60 (dt, lH, J = 9.34, 7.88 Hz, C4H), 3.40 (s, lH, N - H proton of NHPh), 2.68 

(dt~m, lH, CHCl), 1.90 (dt, lH, J = 6.82, 6.64 Hz. C3·H), 1.50- L 12 (m, 4H); 13C NMR 

(CDCh): 6 138.00, 136.50, 134.30, 133.80, 131.75, 130.42, 129.46, 128.64 (aromatic 

carbons), 95.10 (CHCI), 86.40 (Cs), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 

24.37 (6 CH2 carbons); MS m/z: 404 (M++2), 402 (Ml, 325, 310, 309, 218 (B.P), 107, 91, 

77. HRMS-EI: Calcd. for C22Hz70 3N2Cl (M), 402.7130, Found; M+, 402.7122. 

5. (S)-3-amino-(3 S,4S,5S)-2-methyl-4-( methy lamino )-1,6-dioxa-2-azas piroisoxazole 

Gray viscous liquid. Yield 84%, R1= 0.52; IR (KBr): 3430 - 3380 (br ), 3033 (m), 2955 (m), 

1773 (s), 1662 (s), 1480 (s), 1282 (m), 1178 (s), 806 (s) cm-1
; 

1H NMR (CDCb): 6 4.90 (br,s, 

2H, NH2, exchanged in D20), 4.60 (br, lH, NHCH3), 3.36 (s, 6H, 2 x N-CH 3), 3.00 (d, lH, J 

= 7.54 Hz, C 3H), 2.70 (dt, 2H, J = 6.24, 6.28 Hz, C3,2H), 2.38 (dt, lH, J = 7.12, 6.70 Hz, 

C4H), 1.70 - 1.48 (m, 4H); 13C NMR (CDCh): 6 88.50 (Cs/C2·), 77.12 (C3), 56.26 (C4), 

40.94 (N-CH3), 38.13 (NH-CH3), 32.07, 31.22, 29.34 (3',4',5' CH2 carbons): MS mlz: 187 

(M+), 172, 157, 156 (B.P), 141. HRMS-EI: Calcd. for C8H 170 2N3 (M), 187.1633, Found; M+, 

1613. 

6. (S)-3-a mi no-(3S,4S,5 S)-2-phenyl-4-(p henylamino )-1 ,6-d ioxa-2-azas piroiso xazole 

Dark gray viscous liquid. Yield 81%, R1= 0.48; IR (KBr): 3436- 3390 (br ), 3030 (m), 2952 

1780 1674 1480 (m), 1276 (m), 815 (s) cm- 1
; iH NMR (CDCI,): 8 7.02 ·· 6.90 

(m, lOH, 2 x C6H5), 5.86 (d, lH, J= 6.30 Hz, C3H), 5.00 (br,s, 2R NH2, exchanged in D20), 

3.50 (dt, 2H, J= 6.74, 6.06 Hz, C3' 2H), 3.38 (br,s, lH, NHC6H5), 2.70 (dt, 1 H, J = 7.20, 6.18 

Hz,C4H), 1.52 ·- 1.28 (m, 4H); 13C NMR(CDCh): 8 137.21, 135.44, 134.00, 133.10, 130.66, 

129.40, 128.32, 127.84 (aromatic carbons), 86.94 (Cs/C2·), 74.24 (C3), 55.70 (Ct), 27.87, 

25.63, 24.00 (3',4',5' CH2 carbons); MS mlz: 311 (M+), 295,218,203 (B.P), 202,92, 77; 

HRMS-El: Calcd. for CtsH2102N3 (M), 311.2054, Found; M+, 311.2037. 

7 .(S)-3-p henyl-(3 S,4S,5S)-2-methyl-4-(methylamino )-1 ,6-dioxa-2-azaspiroisoxazole 

Colourless gummy liquid. Yield 78%, R1 = 0.52; lR (KBr): 3040 (m), 2965 (m), 1760 (s), 

1685 (m), 1464 (s), 1290 (m), 1084 (s), 808 (m) cm-1
; 

1H NMR (CDCh): o 6.8l(s,5H,C6 Hs), 

4.67 (s, lH, NHCH3), 3.36 (s, 6H, 2 x N-CH3), 3.00 (d, lH, J= 5.74 Hz, C3H), 2.74 (dt, lH, J 

= 6.64, 6.30 Hz, C4H), 2.30 (dt, 2H,.! = 5.10, 4.92 Hz, C3 '2H), 1.80- 1.55 (m, 4H); 13C 

NMR (CDCb): o 129.05, 128.53, 128.27, 127.22 (aromatic carbons), 80.28 (Cs/C2·), 70.36 

(C3), 59.70 (C4), 45.17 (N-CH3), 41.64 (NH-CH3), 32.07, 31.22, 29.34 (3 ',4' ,5 'CH2 carbons): 
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MS m/z: 248 (M+), 218, 171, 156 (B.P), 141, 77. HRMS-EI: Calcd. for.C 14H2o02N2 (M), 

248.1862, Found; M\ 248.1853. 

S.(S)-3-p heny l-(3S,4S,5S)-2-phenyl-4-(phenylami no )-1 ,6-dioxa-2-azaspi roisoxazole 

Colourless gummy liquid. Yield 78%, Rr= 0.48; IR (KBr): 3024 (m), 2950 (m), 1772 (s), 

1670 (s), 1468 (m), 1382 (m), 805 (m), 780 (s) cm-1
; 

1H NMR (CDCh): 8 7.50 - 6.62 (m, 

15H, 3 x C6H5), 5.84 (s,lH, NHC6H5), 4.63 (d, lH, J = 6.06 Hz, C3H), 4.02 (dt, lH, J= 6.18, 

6.20 Hz, C4H), 2.64 (dt, 2H, J = 5.28, 4.10 Hz,C/2H), 2.00 - 1.26 (m, 4H); 13C NMR 

(CDCb): 8 136.76, 136.53, 136.24, 135.15, 134.90, 134.62, 134.30, 133.78, 132.44, 132.18, 

130.92, 130.37 (aromatic carbons), 83.22 (C5/C2), 71.52 (C3), 52.89 (C4), 23.61, 22.57, 2 L 14 

(3',4',5' CH2 carbons); MS m/z: 372 (M+), 295, 280, 218, 203 (B.P), 92, 77; HRMS-EI: 

Calcd. for C24H2402N2 (M), 372.2286, Found; M", 372.2270. 
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Chapter III 

Results and Discussion 

The present study reports the synthesis, cycloaddition reaction and applications of a

chloro nitrone. 1
,2'

3 Eschenmoser et al have shown the synthetic potentiality of a-chloro 

nitrone in 1,4-dipolar cycloaddition reactions with un-activated olefinic double bonds4
·
5 We 

have reported an application of a-chloro nitrone in 1 ,3-dipolar cycloaddition reactions with 

different dipolarophiles. N-phenyl-a-chloro nitrone was synthesized from a mixture of 

chlorohydrin and its tautomer with N-phenylhydroxylamine6
-
15 in dry ether and anhydrous 

magnesium sulphate with constant stirring for 8-10 hour under nitrogenous atmosphere at 

room temperature. Literature survey reveals that this is the first ever report of nitrone 

synthesis using chlorohydrin and N-phenylhydroxylamine. Earlier report of nitrone synthesis 

using chlorohydrin had already been reported from this laboratory 16
• Along with conventional 

method of synthesis in traditional solvents, a-chloro nitrone has also been synthesized in 

aqueous phase4 and Synthesis of N-phenyl-a-chloro nitrone from chloral has also been 

reported 17
. 

Chlorohydrin and its tautomer was obtained when 2,3-dihydro-4H-pyran was subjected to 

chlorohydrination with hypochlorous acid. The nitrone was generated by treating 

chlorohydrine with N-phenylhydroxylamine with constant stirring at RT and was isolated as 

colourless crystalline solid, m.p 58°C (uncorrected) and decomposes when kept at room 

temperature for a longer period. Hence the nitrone was trapped in-situ for the cycloaddition 

reactions mainly and in some cases used immediately after its formation. 

() 
~0 

HOC! C~( 
OH 0 

Fig 1 

Greenish gummy liquid; 74.6 %; IR (CHCb): 3600-3200 (br), 2920 (s), 1720 (s), 1440 (m), 

1380 (s), 1340 (m), 1284 (s) cm·l; 1H NMR (CDCb): o 9.75 (lH, CHO), 5.06 (d, 1 H, J = 6 

Hz, -OCH), 5.23 - 4.96 (br, 1 H, -OH, exchanged in D20), 4.10- 3.93 (dt~m, 1 H, CHCI), 3.80 

-3.4 (m, 4H, CH2); MS; m!z: 136 (M+), 118, 108, 102,78, 69. 
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I. Synthesis of N-phenyl-a-chloro nitrone (1) from Pyran 

CJ
NHOH 

i) ----~ CC
C! 

__-o 
OH N+ 

1 I 
Ph 

i) anhydrous MgS04, RT, 12 hour, N 2 environment 

Fig 2 

IR (CHCb): 3660- 3520 (br), 1610 (s), 1440 (m), 1150 (s), 784 (s) cm-1
; 

1H NMR (CDC b): 

() 7.73- 7.28 (m, 5H, C6Hs), 6.45 (d, lH, J= 6.06 Hz, CH=N+), 5.12 (br, lH, OH, exchanged 

in D20), 3.66 (dt~m, lH, J = 6.06, 6.08 Hz, CHCl), 2.04- 1.25 (m, 6H); 13C NMR (CDCh ): 

8 142.04 (CH=N+), 134.80, 133.00, 131.60, 130.00 (aromatic carbons), 95.30 (CHC[), 31.45, 

28.60, 25.40 

M~, 225 JJ852. 

JV.-phenyl-a-chloro 

carbons); HRMS -

has also been from 

acid followed and N-phenylhydroxylamine and it was 

225.0864, found 

hypochlorous 

to be almost identical in 

respects including 1,3-dipolar cycloaddition reactions. This is shown as follows. 

HOC! 

Cl 

-c~OH ~ 
Fig 3 

Greenish gummy liquid; 74.6 %; IR (CHCh): 3560-3450 (br), 2910 (s), 1730 (s), !444 (m), 

1370 (s), 1340 (m), 1280 (s) cm- 1
; 

1H NMR (CDCh): o 9.82 (JH, CHO), 5.20 (d, lH, J= 7.20 

Hz, -OCH), 5.12-4.90 (br,lH; -OH, exchanged in D20), 3.90-3.78 (dt~m, lH, CHCI), 2.94 

-2.64 (m, 4H, CH2); MS: mlz 121 (M+), 104, 93, 87, 78, 35, 29. 
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II. Synthesis of N-phenyl-a-chloro nitrone (2) from Furan 

i) anhydrous MgS04 , 12 hr, RT, N 2 atmosphere 

Fig 4 

Cl 

c-(+/0 
OH N 

2 ~h 

IR (CHCb): 3510-3432 (br), 1610 (s), 1430 (m), 1165 (s), 780 (s) cm-1
; 

1H NMR (CDCh): o 
7.44-7.32 (m, 5H, C6Hs), 6.96 (d, lH, J= 6.28 Hz, CH=N+), 5.20-5.12 (br, lH, CthOH, 

exchanged in D20), 4.62 (dt~m, lH, CHCl), 2.70 - 2.54 (m, 4H); 13C NMR (CDCh): 8 

141.40 (CH=N+), 131.00, 130.10, 128.60, 127.00 (aromatic carbons), 93.70 (CHCl), 23.54, 

21.80 CH2 carbons); l'v1S mlz: 212 (M+); HRMS - EI: Calcd. for C10H1202NCl, 

(M),212.5750, Found; M+, 212.5732. 

III. Synthesis 

0 
Cl II I 

CI-C--C 

~I l 

nitrone (3) from chloral 

NHOH 

I 

'0 
3 

F'ig 5 

IR (CHCh): 2900 (s), 1680 (s), 1610 (s), 1260 (m), 765 (s); 1H NMR (CDCb): o 7.63 --7.50 

(m, 5H, C6Hs), 7.20 (s, lH, CH=N,_ <); 13C NMR (CDCb): 8 142.50 (CH=N+<), 133.24, 

l3L50, 130.00, 128.00 (aromatic carbons), 29.00 (CCh); HRMS: Calcd. For C8H60NCb 

(M), 238A540; Found; (M+) 238.4525. 

In the case of conventional solvents the reactions are found to be highly stereoselective to 

form diastereomeric cycloadducts with the predominance of one of the isomers in case of ,V

phenyl maleimide, N-methyl maleimide, N-cyclohexyl maleimide, Acenapthylene etc \vhile 

regioselective cycloadducts are formed in case of methyl vinyl ketone, acrylonitrile, styrene 

etc respectively. The regiose!ectivity in these reactions are rationalized by the use of frontier 

orbital theory 18
'
19

• The a-chloro nitrone have considerably higher ionization potential than 
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normal nitrones due to the electron withdrawing effect of chlorine. Therefore nitrone 

(LUMO)-dipolarophile (HOMO) interactions are so important that it completely dominates 

the reaction and lead to the formation of only five substituted adducts 18
• One of the most 

important features of these cycloaddition reactions are the introduction of three to four 

asymmetric centres in a single step. In these cycloaddition reactions, the C-C and C-0 bond 

formation in the transition state may not happen in a synchronous manner. The C-C bond of 

isoxazolidine ring is more developed in the transition state than C-0 bond. This process 

would afford products having syn configuration at C 3 and C4 respectivelf'0 

Almost all the reactions in water are very fast ( 4-6 hrs in case of maleimides and 8-l 0 hrs tor 

other olefines) compared to the normal cycloaddition reactions in organic solvents which 

reportedly takes longer periods (26-48 hrs). It is possible that water promotes the reaction 

through hydrogen bond formation with the carbonyl oxygen atom of the a,p- unsaturated 

carbonyl compounds and thereby increasing the eletrophilic character at the ~- carbon which 

is attacked by nucleophilic oxygen atom of the nitrone. Thus water activates the male imide, 

ethyl acrylate, methyl vinyl ketone and thereby greately facilitates the reaction21
'
22

• Reactions 

and yields are comparatively slower in case of alkenes like cyclohexene, styrene because of 

very lesser possibility of the formation of hydrogen bonding between water and alkenes but 

still the rate of the reaction and the yield is higher than the cyc!oaddition reactions performed 

in solvents like THF, CH2Ch (Table 1). We suggest an explanation for these results in terms 

of the fi·ontier molecular orbital (FMO) theory which has been used extensively to explain 

and predict yield, rate in 1,3 dipolar cycloadditions. This theory states that the Gibbs 

energy of activation is related to the energy gap between the interacting HOMO and LUMO. 

The dipolarophiles like styrene, cyclohexene etc are weak hydrogen bond acceptors, which 

means that their FMOs are only slightly affected by hydrogen bond interactions and lead to a 

reduction of the energy gap between the interacting FMOs this case, the HOMO 

dipo larophi le LUMO of the 1,3 dipole). Consequently, the Gibbs energy of activation of 

the reaction is reduced and the reaction is accelerated in water with good yield 23
. 

Excellent diastereofacial selectivity is observed in a-chloro nitrone additions described here 

in water. The addition ofnitrone 1 to maleimides result in a mixture ofdiastereomers (almost 

70 : 30 ratio in all cases) and as many as three to four chiral centers in a single step. Studies 

of organic reactions in aqueous media shows that there is a more possibility of the formation 

of mixture of dias1ereomer when water is used as solvent rather than conventional 
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solvents21 
·
22

. These results can be rationalized by an exo approach of the nitrone 1 for the 

major cycloadducts which have the Z configuration (transition state I). The minor 

cycloadducts are formed by the endo approach of Z nitrone (transition state II). The 

mixtureof diastereomers are identified by considering the multiplicity of the proton signals at 

3-H and 4-H along with their coupling constant values (J). The most significant differences in 

the 1H NMR data for the diastereomers are the position and multiplicity of the 3-H signal. In 

the minor adducts 3-H resonates up field around 8H 4.10 ppm while for the same proton in 

major adducts around 8H 4.85 ppm and J3,4 ~ 9.16 Hz for major adducts whilst for minor 

adducts J3,4 is ~ 2.26 Hz. These differences can be explained on consideration of the 

available isoxazolidine ring conformations. Due to the 4,5 fused pyrrolidinedione, the 

isoxazolidine ring adopts an envelope conformation and allowing for inversion, its nitrogen 

atom will either extend out from the envelope, i.e. minor conformation (1) or point inside the 

envelope i.e. major conformation (2). The minor conformer has the N - lone pair 

antiperiplanar and therefore capable of shielding 3-H proton, so this conformation is assigned 

to the minor conformer (Fig 6). The diastereomeric isoxazolidines were separated by column 

chromatography and obtained in analytically pure form23
. The endolexo stereochemistry 

mentioned above is based on extensive NMR investigations. Most relevant are the coupling 

constants (Jm, of the diastereomers. For major adducts, this coupling constant is almost 

9.2 ~ 9.4 Hz, implying a cis relationship between H-3 and H-4, whereas for minor adducts, 

the coupling constant is almost 2.5 ~ 4.2 Hz which implies a trans relationship between H-3 

and H-424
. In all the diastereomers, the configurations of H-5 & H-4 are cis as evidenced 

from their coupling constant values. For ethyl acrylate and methyl vinyl ketone the 

regioselectivity was rationalized by using frontier orbital theor/0 and 1H NMR experiments. 

Since a-chloro nitrone exist exclusively in Z configuration, the cycloadducts were formed 

from Z nitrones through an exo transition state geometry. Cycloadditions to a,~ unsaturated 

carboxylic acid derivatives, e.g. ethyl acrylate are particularly useful because high 

regioselectivity is often observed in water21
. The reactions were found to be highly 

regioselective to form solely 5 substituted isoxazolidines respectively. Nitrone 1 has 

considerably higher ionization potential than normal nitrones due to the electron withdrawing 

effect of chlorine. Therefore nitrone (LUMO)-dipolarophile (HOMO) interactions were so 

important that it completely dominates the reaction and leads to the formation of only 5 

substituted adducts25
. Considering the 1H NMR spectrum of regioselective cycloadducts (5 

substituted adducts: ethyl acrylate, methyl acrylate, styrene, acrylonitrile etc), it has been 

found that clear quartet signals for H-4 protons and multiplet signals for H-3 protons are 
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obtained in all the cases due to further coupling from vicinal hydrogens and hence confirms 

in favour of 5- substituted adducts. Detail investigation on the nature of these cycloaddition 

reactions from TLC and 1H NMR spectrum studies for these cycloadducts, it was also 

confirmed that no diastereomers were formed. The relative configurations of H-3, H-4 & H-5 

protons in these adducts are syn and the cycloadducts are in favour of exo transition state 

geometry as evidenced from their coupling constant values (JH4, m = 6- 8.4 Hz; JH4, H3 = 6.2 

- 7.6 Hz)24
·
26

. Similar cycloaddition reaction of other simple nitrones with these 

dipolarophiles usually give both 5 and 4-substituted adducts in conventional solvents with 

some exceptions of either 5 or 4-substituted adducts. 

H 
I R3-c 
:~+ 

0 -· _.!-.---N-R 
0 I ' , R4...._)-_i?/ ! 
// 

I 

0 
TS I TSU 

Minor confonnation l Mfljor confonnation 2 

R3 = CHCl(CH2)30H; ~=Ph; Me; Cy 

Fig. 6 

In general the reactions are very clean and high yielding compared to usual cycloaddition 

reactions ofnitrones. The products were characterized from their spectroscopic (IR, 1H NMR, 

HRMS, 13C NMR) data. No catalyst or co- organic solvent was required. The exact 

stereochemistry at the asymmetric CHCl carbon atom of all the cycioadducts could not be 

determined due to multiplet (doublet of triplet appears almost as multiplet) signals obtained 

in the NMR spectrum and hence J value could not be calculated. In the 13C NMR spectrum, 

four signals were obtained in case of phenyl ring carbons· due to equivalent nature of C-2 & 

C-6 and C-3 & C-5 carbons. In the mass spectrum, significant M+ + 2 ion peaks obtained in 

most of the diastereomers and regioselective cycloadducts as the peak of highest m/z value. 

These can be explained as M++2 isotopic peaks due to the presence of isotopic abundance of 
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ce7 atom in these compounds. In addition, mass fragmentation peaks of different value are 

also obtained for diastereomers of a particular cycloadduct. The studies of HRMS spectra 

show almost exact masses in the majority of the compounds. The reaction conditions, major 

products, nature etc. are summarized in the following Table I. 

Table 1: Cycloadducts developed from nitrone 1 

,----------~-.--------------~----~-.-------~------~---~------------

Dipolarophile Solvent/ Nature of Structure of product(s) 
Reaction product & 
condition Yield 

f---------------l--------"-'----------"-'-"-'----t--------:-:---:------+----------0------------·----
' 0 RT, 10 hr, white solids, 

I // 1 Nitrogen ;< 1 ~ atmosphere 70. 8%, 23 % Ph-d N-Ph 

0 

o 
II, l_{N-Ph ~ Diethyl 

ether HO(HzClJCIHC 0 Ph-N~ . N-Ph 

I 6 I HO(H2C),c!HC 0 

~---------- -----------+~--------1------·-----··--------------··-----~ 
I CO ~~:g~~~ i white solid, 1 " 

1 1 _ a_tm. osphere 75.6 %, 20% 1'

1 

Ph-/,--(N-Mc 1? 
i I _ N- Me 

1

1, Diethyl I ~ P'y'"·-'\ -/ I HO(H,C) Cll-lC 0 Ph-N I N-Me 
\\ 1 ether 1 -

3 ~\\ 

I : ~ RT,- --~ Dack yell~;;;-+ HO(I ····-·· ___ o --- ! 

I < I' l~ hr, I crystals, I Ph·-i'/o0.N-Cy 0 1 
1 1 _ , N1trogen · ~~ _ ,0~ 

lliXII,C);CiliC 0 Ph-N;~ N -Cy 

0 ether I HO(H2C)3CtHC o 

I - - RT, R he, I wh;te gummY -~--- - ----~ 
0 1 Nttrogen 

1 

hqmd, Ph·-N/"1--< 1 

)-----1 . OC
2
H, 

\._ ~ ether 1\ HO(H2C))ClHC 

o I 

~------- ~-------~----------------------------~ 
RT, 8 hr, pale yellow oil, -f ,0 

J!.· I ~:~ferc 91% 
~ether 

HO(l-12ChClHC 
-----· ----- __________ __1..... ____________________________________ ~ 
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RT,14 hr, 

() 
Nitrogen 
atmosphere 
Diethyl 
ether 

RT, 14 hr, 

0 
Nitrogen 
atmosphere 

Diethyl 
ether 

f--
RT, 7 hr, 

cg. Nitrogen 
atmosphere 
Diethyl 
ether 

I 
I I!T, 13hr, 
I 

I~ 
I CN 

I Nitrogen 
atmosphere 
Diethyl 
ether 

Cl RT, 10 hr, 

Cl~/CI Nitrogen 
atmosphere 
Diethyl 
ether 

-- ~----·-

RT, 12 hr, 

CIXCI Nitrogen 
atmosphere 
Diethyl 
ether 

Cl Cl 

-

I 

White solid, 
93% 

Reddish yellow 
gummy liquid, 

60%,20% 

bright yellow 
crystals, 

73%,23% 

col 
liq 

82° 

col ow-less oily 
tid, liqt 

I 800 
I io 

col 
gUI 

our less 
nmyliquid, 

75° 
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------------------1 c,H,-o-Ph 
HO(H2CbCIHC 

Ph-"}=() 
HO(H2C)3CIHC /0~ 

Ph-N~ 

HO(H2ChCIHcf 

-------------
Cl 

CIA" N---Ph 

Cl 

Cl 
HO(H2ChClHC 



1
ro/ 

_____ , ___ 
RT, 13 hr, colourless 

CH
3

-l~ Nitrogen liquid, "N--Ph 
atmosphere 
Diethyl 79% 
ether HO(H2C)3ClHC 

Table 2: Cycloadducts developed from mtrone 1 (tnple bonded) 

Dipolarophile Solvent/Re Natm·e of Structure of produc t(s) 

action product & 

condition I Yield 

0 Dry ether, white viscous 

RT, 12 hr, 
liquid, 

Ph-l 
P!(COOC2H5 

Nitrogen 70%,22% 0 
I 

~~-__ .. ______ ,_tl :n,:~scherl __________ L _____ _""(H,C);CIH~ ______ ll 
n 'Dry, e'ther I white viscous '!' 00 /"-- / I RT 10 1 !liquid, o-.. 1

1 I ~::r 0 I - , 1!, ! I 

~cooc,H, 

1~0~ I <>t ('In HO(H2C)3CiHC Ph-N 

0 / I I' I Ph-N OCH3 0 I 
/ ' I '90/, /7 0/ \---- ' 

1 Nitrogen 'I o -0
, ~ 10 J p~ 

0 
1, atmosphere II, I HO(H,C),CIHC PO~N~ 'ocH, ;

11 I HO(H2ChCIHC I I I 

~------0 --t' Dry ~ther, ~~ white viscou;-~-
0 

Ph -·- - - - ---1 
/ RT 13 hr liquid, I Ph-N;x' J 

o , , I ! 
f:?' Nitrogen 75%, 24 % COOCH3 , 

HO(H2ChCIHC Py Ph 
~ atmosphere Ph-N~ 

l ~ COOCH, 
HO(H2C)]ClHC , 

---------- __ , __ ,_.._, __ -j-__ , ________ , ___ -t __ ,_.., _______ , ________ , ____________ , ____ ,, ___ --1 

/

COOH Dry ether, colourless ~COOH 

r RT, 14 hr, viscous liquid, Ph-......_N/r\0 I 0:0 COOH 
Ph-..._N/ I 

HOOC Nitrogen 73 %, 24 % 
COOH · CC)OH 

atmosphere HO(H2ChCIHC ~ 

In case of alkynes, we examined the reactions in diethyl ether since there are less possibilities 

of the formation of hydrogen bonding between the nitrone and alkynes compared to alkenes. 
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The reaction of nitrone 1 with ethyl propiolate at elevated temperatures having 34% yield of 

isoxazoline in 12 hr while at room temperature 92% yield of isoxazolines are reported in 12 

hr which indicates the decomposition of the nitrone at elevated temperatures. This could also 

be explained due to secondary orbital effect between the carbon of the nitrone (HOMO) and 

the adjacent atom of the electron withdrawing group of the dipolarophile (LUM0)27
. The 

concerted nature of these cycloaddition reactions with nitrone as 1,3 dipole has been 

generally accepted. The regioselectivity in these reactions was rationalized by using the 

frontier orbital theor/0
. The ethyl propiolate adduct corresponds to this theory. Therefore, 

the 5-substituted adduct for ethyl propiolate is due to LUMO (nitrone) - HOMO 

(dipolarophi!e) interaction. 

Like alkenes, excellent diastereofacial selectivity is observed in a-chloro nitrone additions 

described here with some alkynes. The addition of N-phenyl-a-chloronitrone (1) to alkyne 

results in a mixture of diastereoisomer almost in the same ratio 65 : 35 in all cases. These 

results can be rationalized by an exo approach of the nitrone for the major cycloadduct which 

has the Z configuration (transition state Ii 8 The minor cycloadduct is formed by the endo 

approach of Z nitrone (transition state II)29
. However these results can also be explained by 

an endo approach the nitrone in an E configuration (transition state HI) for the major 

adduct and exo approach of this isomer for the minor adduct (transition state IV). Most 

relevant are the coupling constants CJm. cHc1; Jm, of the diastereoisomers. the 

adducts, coupling constant is almost to 9.3 Hz, implying a cis relationship between 

and minor adducts the coupling constant is 2.5 to 2.58 

which implies a trans relationship between H3 and CHCI (Ref 15). Comparing the 1H NMR 

spectrum of isoxazolines, we suggest major and minor conformers of cycloadducts which 

are conformationally mobile isoxazoline ring system (Fig 7) and it is apparent that the former 

is an average of the contributing forms. All the cycloadducts are stable but in the mass 

spectral analysis base peaks are obtained due to loss of PhCO for phenyl methyl propiolate, 

COOCH3 for dimethyl acetylene dicarboxylate and COOC2Hs for ethyl propiolate 

respectively. Thus during mass fragmentation the adducts underwent rearrangement to 

aziridine derivatives (Type XI & XII in Mass spectra). Since C4 and Cs protons are absent in 

dimethyl acetylene dicarboxylate, phenyl methyl propiolate, acetylene dicarboxylate 

cycloadducts therefore the coupling constant values could not be calculated. 
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0__.......-Ph 
~N 

H 

c~ 
H/\ (CH2h0H 

Cl 

Conformation J 

Fig 7 

TSIV 

Conformation 2 

Another impmiant aspect of the cycloaddition reactions are the exo addition over endo 

addition. In the majority of the cases exo addition were preferred since a-chloro nitrone exist 

exclusively in the Z configuration. Houk et ai 25
. proposed that preference for the endo 

transition state will only be large in the cycloaddition reactions when dipole (LUMO) -

dipolarophile (HOMO) interactions will be important and are in accordance with P. Deshong 

et al24
. 

Table 3: Cycioadducts developed from nitrone 2 

lola~~~phil~ I Solvent/UeacHon j Nai;ro of 1Structure-~f product(s) l 

condition I product & 'It 

l • I 

l_~ ----- 0 CHCI(-C-H
2
-bO_H ___ _ 
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-------------.------------ --------------------- ------- --- -------
0 CH2Ch, RT, white solids, 0 

12~ ~ 
I N-Me N 2 atmosphere OX' Me-N 'N-Ph 

68%,30% 
Me-N N-Ph 0 CHCI(CH

2
hOH 

0 0 ~~~ 

CH2Clz, RT, 
14 hour, 
N 2 atmosphere 

white solid, 

93% 
Ph[o: '---;1\-c,n, 

HO(H2C)zCIHC 

~------~O~~-C-H-2C __ lz_,_R_T_, ____ +-R-e~d-l-iq-u--id-,---+--------;x-o---P~h-------------

O/ 8 hour, Ph-l \ 

I 
N2 atmosphere 66%, 32% COOCH3 \ 

HO(H2C)zCIHC 
10

YPh 
1 I Ph-N~ 

I 
0:: COOCH3 j 

HO(H2ChCIHC ----L __________ ~------------~---------~--

Table 4: developed from nitrone 1 in aqueous medium 

fDipol;rophile --~ SolvenURea~ti-;:;~ -~ N~tme -~f -- T--- St~~ctu-;.-;;-of p~~d~~t(~) 
I i I I I 

~ - 0-- - t::,::'~"-- -j =~:"::1:~+- -~0 - -- - - i 

l <N __ Me II 4 he, I 75 ,6%, ~-NXN·Me -~0 
1

1 Nz atmosphere HOiH C)-CIHC 0 Ph-N N-Me . 
20.4% , 2 -' • I 

0 _L I liO(H,ChCIHt 0 _J 
0 I Water, RT, yellowish T p"' 1 

~- white "'lids, I Ph "("-·\\"" I 

1---/N-Ph jl N4 hr, 70.8%, 23.2% HO(H2ChC~HC o -l'hl-l,P)N. -I'll I 
\\ 1 2 atmosphere -~ I 

() - -~---··----- HO(H
2
ClJCIHC _o --·--i 

0 Water, RT, dark yellow I 0 

~N-Cy 5 h; crystals, I Ph-NXN-cy o 

~ N, atmosphere 68%,27% I HO(H,C),tll!C 
0 Ph-N~N-Cy , 

------- ___ l___________ 1------~~(H2C)]ClH~~--J 
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r-------l: .------------------
0 Water, RT, white gummy 

~0/"--- 5 h;, 

liquid, 0 
I 

Ph-N 

N2 atmosphere 
93% 

------------, 

0oc,H, 
HO(H2C)3CIHC 

0 Water, RT, pale yellow 

~ 
oil, 

/ 8 hr,N2 91% Ph-N 
atmosphere 

HO(H2C)3ClHC 

!---
0 Water, RT, white solids, 0 

~ 
I 0 

I 

5hr, 70.8%, 21.2% I Ph-N N-

N2 atmosphere 

Table 5: Cycloadducts developed from nitrone 3 
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-----
Solvent/Reacti~- Nature of --TStructure of product(s) Dipolarophile 
n condition product & 

yield 

0 CHC1,,0-5°C, White solid, 0 

<N-Ph 
N2 atmosphere, 82% Ph->:<:-Ph 6 hour 

Cl3C 
0 

0 CHCh, 0-5° C, White solid, 0 

N2atmosphere, 78% 0 <N-Cy I 
8 hour Ph-N N-Cy I . I 

~IT= 
I J_ ___ Cl3C O 

CHC13, 0-5° C white Ph-co 
1 I ff N2 atmosphere, crystals, 

~-C6Hs 
I 

I ~ -~~~~ur 193% ' I l . I CGC 

1

,- /COO!I- 13,0-5° C I oily liqui~-~~----- Ph-N·o:·o I COOH 

tp I 2 mosphere. , 77% 
' I i / "'-cooH 

~ 
I 

·-l 
I 

I 
HOOC I 5 hour I l 

I I I Cl3C I 

~------------ __ L_ ______ J ___ --- ___ L _____ -.. -------·------------J 

IV. Interpretation of the mass spectra 

ln case of N-phenyl-a-chloro nitrone derived from dihydropyran, furan, chloral, all the 

cycloadducts formed possess 2-phenyl 3-chloro butanol 1,2 isoxazolidine moiety in common. 

Therefore it was very usual to expect same rationalization in the mass fragmentation pattern 

of the compound. On electron impact (EI), mass fragmentation of a molecule would generate 

generally a radical ion and expectedly one of the non bonding electron of the nitrogen atom 

of 1,2 isoxazolidine ring would be removed as the nitrogen atom is tertiary in nature. Taking 

cyclohexene adduct as an example, a general scheme was formulated (Type I- Type 11) The 

fragmentation pattern of all the cycloadducts were discussed in the light of this fission 

pattern. 
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General pattern of mass fragmentation of cycloadducts 

-2e Cc>-o 
I 

+le 

R 

309 
309 

82 

212 

Type I 
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(a) C5-0 bond breaking 

R 

309 

83 

Type 1 (a) 

R 

(a) 
Beta H rearrangement with ~R -o d+ 

~OHN/+· \ ;; --- \~v4 C3-N bond cleavage ,- \\ 11 ..:"· 

309 

O==N-c) 
107 ! 10 

+ Cl-!Cl(Cl12)JOH 
107 

I H~ I -

t 
H 2C=CCI(CH2h0H 

106 

201 

Type I (b) 
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(Cycloadducts formed from Chloral) 

0 __..9 ~ +le 5 \ j _____ ...,. 
~3/~' \ -2e 

I 

(a) 

161 

CCI3 

322 

clevage CCOI-0 
HI 

322 I CCIJ 

l 

CI3C\._, +/C~ 
C N 
H 

159 

Type II 

96 

Cco;--o 
I 

225 

CC13 

(a) 

M+:322 

-o-'~ 

CCI3 

240 

+ 0 
82 

+ 0> 
98 

+._/~ 
=N-

174 

173 



+ 
Type II( a) 

83 

(a) __ B_et_a_H_r_ea_r_ra_ng_e_m_e_nt_w_i_th....._ ~0:1~l-o
3 

:-, -/, 

CrN bond cleavage ~~ ~ 11 
205 

322 

o~N-o 
107 110 

120 

Type II (b) 

In the case of cycloadducts formed from a-chloro nitrone, the major fission pattern is 

molecular ion due to a-cleavage. Among the probable mode for a-cleavage i.e. C3-C4 and C6-

C7, the latter cleavage was not possible because this leads to highly substituted bond 

cleavage. Another type of bond cleavage is C5-0 bond cleavage which leads to the formation 

of ion m/e = 309, 226. The process of ~-H rearrangement with C-N bond cleavage might 

occur in two ways leading to m/e = 309, 107 and m/e -= 202,201. The ions produced in this 

process may further be fragmented. 
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In the mass fragmentation pattern of maleimide cycloadducts (N-phenyl, N-cyclohexyl, 

methyl etc.), in addition to the common expected fragments other prominent peaks at m/e 77, 

83, 15 for phenyl, cyclohexyl, methyl were also obtained (in case of both nitrone 1 & 2). 

Fragmentation pattern with N-phenyl maleimide cycloadduct may be shown as below. 

0 0 

I 
t 

77 

287 
323 

Type III 

Fragmentation pattern of other maleimide cycloadducts were found to follow the same 

pattern as Type III. 
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Mass fragmentation pattern of N-phenyl, N-methyl maleimide cycloadducts (developed from 
chloral) may be shown in the following way taking N-phenyl maleimide cycloadduct as 
example. 

Ph-~~N-R 
Cl3C 0 

411 

Type IV 

In case ethylene 

are shown as follows: 

Cl 
\/0 

Cl~~ \ N-Ph 

Cl--· I 
II 
R 

357 

cr~~ N=O R===. + 

120 

107 

99 

0 

334 

0 

mass fragmentation patterns 

") 0 + :CHCl 
Cl.- ./ \ 48 

N--Ph 
I 

II . ! R309 

0""" 
N-·Ph 

( 227 
R 

+ 

CHC12 

83 



Ph-N 
\ + 

108 OH 

393 309 

Type V 

The fragmentation pattern of ethyl acrylate adduct followed the general pattern with some 

typical peaks of C2H50 (45), CI-bCH2COO (73). 

Et02y 0 "'-

l_ N-Ph 

--( 
R 

327 

1 
. ~---0" 

[ N---Ph 

---( 
R 

254 

Type VI 

COOC2 H 5 

73 

Mass fragmentation pattern of styrene cycloadduct may be represented as follows: 

331 254 

Type VII 

lOO 

77 



Ph 

CCI3 

341 

Type VIII 

"(\ ~-Ph + 

CCJ, 
J 

264 

The fragmentation pattern methyl vinyl ketone shows some special peaks in addition to 

general pattern. 
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I 

~ 

oCt{\ -a 
/CH._(CH

2
)JOH 

C! 
282 

86 

Type IX 

+ 

COCH3 

43 

;=\ 

+ (•-\J 
"H /c -(CH2)10H 

Cl -

211 

The fragmentation pattern of acetylene cycloadducts are completely different and are 

explained as follows: 
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370 

0 

• ~--C02Me+ 0-' N • 

8
,.., _ \.7'co2Me 
I I 

,...c~ 
H I (CH \ OH 

Cl 213 

283 

+ 

241 

Type X 
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OCH3 

31 

'C02Me 
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I 

K 
I 

1-< 
Example with H3COOc-c=c-COOCH3 adduct 

0 

Me0
2

Ci('i.i-Q --+- QN,:;:co2
Me 

Me02c/--{ j 
R 

370 

,, N • 

+ "'--~J fco2Mc 

R I 
283 I 

ot~co 
f '--N (J \ ·co2Me 

/ 
QN(c~:0CH3 

31 
R 

0 

\ O-N{co2Me 

R + 

3 I J 

Type XI 

104 

R 

339 

+ 

OCH, . " 

31 

~02Me 

59 



V.lnterpretation of 1H NMR spectra 

On interpretation of 1H NMR spectra of the cycloadducts, the chemical shift and the coupling 

constant value determines the stereochemistry of the cycloadducts. In most of the cases, Cs, 

C4, C3 was asymmetric. In case of mixture of distereoisomers, the products were identified 

considering the multiplicity of proton signals at 3-H and 4-H along with coupling constant 

values. During the course of study of J values in case of the cycloadducts, the following 

representation gives us an idea regarding the stereochemistry of the cycloadducts. CH NMR 

values in 8 ppm) 

Table 6: Dihydropyran cycloadducts with C5 and C4 coupling constant (J values) 

Cycloadducts 
C

4 
H (coupling '--~ constant values in 

1---------- parentheses) 

~. Ph-N~0N-Ph 1439 (8.24) 2.89 (9.22,6.08) I 

I, Ph-N _ r:N-Ph hHCl(CH )- OH ~1 5.74 (3.90) 3.62 (3.20, 4.80) 
1
1 

/r ~~ . , 23 I • 

I 0 \~HCl(CH2)oOH I I I 
~-------~-----0---------------r-----------------~--- ______ T __________________ -------1 

I )l . ..,......o. <:. --, r ! ·· ·76 I I Me-N l N-Ph 1 .•. 2~ \6.8) I _), n 1 5.26 i 3.60 ~ 
-Ph 0 CHCl(CH2),0H I I I 

!' I I 

I I ,-----~----------0·------l-----------+------------_J 
I 0 Cv-N~ON-Ph 5.26 (7.22) J4.14 (3.22,2.08) 

)\.__ 0 ' yl-1 
~-:n:l;CH~,:I! CHCI(Cll,);OH 151~820) ____ .. ~ 4-2~-42-2~60) -I 
11' ho, 14.11 (8.2) !

1

, 3.51 (9.24,8.18) I' 

N--Ph 
C2Hs0 .J I 

'-;- ' i 
1::HC!(CH2)30H I 

-----
0)=-() -::----- 532(7.82) ---- .. 42~9~&.~~:;-~ 

CHCl(CH2 hOH 

'----------------------------- ____________________________ j_ ____________________________ j 
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~~-Ph 
er=;,~ _Ph CHCI(CH,);OH 

'tHCJ(CH2) 30H 

-

G--)-. % j 

Q-N'o ~ J 

---------------.,------------

5.28 (7.26) 

5.37 (8.20) 

5.33 (5.42) 

4.24 (8.40,610) 

4.12 (9.40,7.10) 

4.24 (2.60,2.55) 

-------+------

5.26 (6.50) 

5.30 (7.16) 

I 3.51 (9.40,7.10) 

428 (4.12, 3.10) 

i ~ # I 

1--·-- - - _H:I,CbC:C- ---~----1- -- ---- --- -
1 OM ---c H -N)\~Yo'N-P' ! 528 (6.88) 13.86 (9.24,7.00) 1 I .e 64 ~· _,1 ! 

1 n \ i s.2o 1 3.93 (3.32,4.oo) ! 

I 0 0 CHCI(CH2h0H I 

I McO-c,H,-N;r;;-Ph I [ I 
I 0 CHCI(CH2),0H I I I 

~--NC'QNo l6:;8:~l-- -- -2:7 (930,750)- - ~ 
I CHCJ(CH2),0H I I 
\--···-----------------------~------l---------- -+--------------l 
I Cl 0 I I I Cit "N-Ph ----------------- 3.93 (8.60) I 

Cl --( I I 
CHCI(CH2)JOH I 

------- ----------- ------~------~ 

8):>-c,H, ---------------- ------------ -------- I 

cb CHCI(CH2)30H J I I 
_ .. ______________ .. ____________ _ .. ______ .. ____________ L _______________ J 
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.------ -------------------
CH3-yo"' 

~N-Ph 

5.18 (6.70) ----------·1 3.90 (8.33,6.00) 

CHCI(CH2)30H J 
Table 7: Dihydrofuran cycloadducts with C5 and C4 coupling constant (J) values. 

I 

Cycloadducts C5 H (coupling C 4 H (coupling constan:~ 
constant values values in parentheses are in 
in parentheses Hz) 
are in Hz >----------------------·-----+------L-----+--------

1 

0 5.35 (8.24) 3.70 (9.08,7.20) 

O O, Ph-N~\~-Ph 
~o. H 5.26 (7.50) 

Ph-N~N-Ph 0 CHCl(CH2)20H 

0 CI-!Cl(CH2)zOH 

}_ 0 5.08 (8.74) 13.66 (8.!:10, 6.30) 

Me-N X N--Pi1 
i > --.: . 5.16 (8.1 13.63 (3.68,3.46) 
I 0 CHCl(CH2)20H I I 
i I 
I ~- I . I 
I I 
L __________ -------- -----+--
1 Ph-y--0~ I 

l_; 15.24 (7.60) 
4.14 (9.20, 7.16) 

'cHc!(CH2)20H I 
__________________________________ L ___________ _,_____ _____ _ 

Table 8: Dihydropyran cycloadducts with C5 and C4 coupling constant (J) values in aqueous 

phase. 
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-----------
Cycloadducts 

py{ 
Ph-N~N-Me 

HO(H2ChCIHC 0 

~o, / l_{N-Ph 
,;:. 

~HCI(CH2)30H 

----------------
Cs H (coupling 
constant values in 
parentheses are in Hz) 

5.22 (6.8) 

5.26 (6.0) 

5.42 (8.24) 

C 4 H (coupling 
constant values in 
parentheses are in Hz) 

3.76 (8.06, 9.20) 

3.60 (2.52, 4.26) 

13.76 (9.22, 6.08) 

I 

_______ __! 

5.32 (7.82) 4.28 (9.48, 7.10) 

·-'---------------- _____ ., __ ---·--··-··-----
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------·-·--------,--------------·-- ----------·-

Ph -N;rSN-C6H,-OMo 
5.28 (6.88) 3.86 (9.24, 7.08) 

HO(H2C)3CIHC 0 

0 

Ph-N~N-C6C4-0Me 
3.54 (2.84, 3.25) 

5.23 (7.40) 

HO(H2C)3ClHC 0 

5.26 (6.50) 4.12 (9.40,7.10) 

I 
L ______ _ 

HO(H2C)PHC o-~ f~ N" ~/; 

I 
- \ 

I 

i ~ II 5.30 (7.16) I 4.28 (4.12, 3.10) I 
HO(H2C)3CiHC 

I I J I ~------------------------------- --------------------1------- -- --------- --------------I 
I /')'~j- 15.37 4.12 (9.40, 7. 10) I 

Ph-N) ~ I I I 
HO(H,C),C!HC Ph--N/'~~ I I 

\..,_~ 15.30 (8.20) I 4.20 (2.54, 3.16) 

HO(H,ChCIHC j__ j_ __ _ 

Table 9: Cycloadductsfrom chloral with C5 and C4 coupling constant ( J) values 
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Cycloadducts C5 H (coupling 
constant values in 
parentheses are in Hz) 

5.12 (6.90) 

;~n~-t-~:?a\i_::e_gs~~----l 
parentheses are in Hz) I 

.~~ 
3.54 (7.22, 6.80) 

nitrone 1, nitrone 2 and 3 also exists exclusively in Z configuration and .s}n cycloadducts 

are formed from Z nitrone through exo transition state geometry. Stereochemical aspects 

related to Cs, & C3 protons of the cycloadducts developed from nitrone 2 & 3 are almost 

exactly same to that of nitrone 1 that has already been discussed. The relative configurations 

of C3, C4, Cs protons of the cycloadducts are syn, as evidenced by their coupling constant 

6.06 I 8Hz, for C4-Cs & J-- 6.02- 7.50 Hz, for C3-C4) valuel4 

It may be concluded from the J values that the dipolarophiles with cis configuration about the 

double bond gave to cis adducts and therefore the nitrone additions were 

stereospecifically syn in nature. From the coupling constant values for proton of the 

nitrone cycloadducts we have calculated the dihedral angles between C-5 and C-4 protons 

from standard graph. From these calculated values and with the assumption that 2-phenyl-

1 ,2-isoxazolidines will prefer the envelope configuration with N-phenyl group at equatorial 

position and CHCl(CH2)30H or CHCI(CH2)20H or CCb group will also be at equatorial 

position at C-3 (Fig 9). 
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R 

R = -CHCl(CH2 hOH ; -CHCl(CH2 ) 2 0H ; CC13 

Fig 9 

We have constructed the C5-C4 configurations with the corresponding dihedral angles (Fig 

10) 

Fig 10 

From these it is clear that the substituent at the position tries to have an equatorial 

position as well as the substituent at the C-5 position form the quasi equatorial position of the 

envelope form. As a result the 1,2-isoxazolidine conformation shifts from envelope to half 

chair form depending upon the bulkiness of the C-5 substituent (Fig-10). This indicates that 

in each of the cycloadducts the C-5 and C-4 protons couple in the same way and comparison 

\vith the corresponding dihedral angles suggests that the angles of the protons are nearly 50°. 

The normal dihedral angle has been found to be 70-60° as found from dihedral angle reported 

for the cycloadducts. The deviation is due to the strain of the cyclohexene ring. 

In most of the cases 5-substituted isoxazolidines were formed and has been confirmed 

considering the proton NMR spectrum of the cycloadducts. It has been found that double 

doublet signal for C-4 proton and doublet of triplet signal for C-3 proton were obtained (in 

case of ethyl acrylate, styrene,methyl acrylate, acrylonitrile etc) due to further coupling from 

vicinal protons and hence confirms in favour of 5-substituted adducts. In case of the triple 

bonded dipolarophiles (acetylene compounds) the explanation is quite simpler since C4 
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protons and C5 protons are absent hence C3 protons plays an important role. The 

stereochemistry of these cycloadducts is rationalized considering the proton signals at C3 and 

CHCI protons. 

In addition to the above explanations, all expected signals are obtained and the values are at 

par with the reported values. For example, the 8 7.60-6.80, 8 3.20-2.90, 8 1.20-1.00 are 

obtained for phenyl, ethyl, methyl groups respectively. The chlorobutanol group proton 

signals are generally merged with cyclohexyl protons. All significant peaks in the case of 

methyl, ethyl acrylate are obtained. 

In the present work, cis and trans conformation as well as the stereochemistry of the isolated 

cycloadducts are obtained based upon P. Deshong and P. Grunanger's work on the J value 

calculations. In the present text, following abbreviations are used for identifying NMR 

signals. 

s =singlet, d =doublet, dd =double doublet, ddd = doublet of double doublet. dt =doublet of 

triplet, q = quartet, m =multiplet, br = broad. 

VI. Interpretation of NMR Spectra 

On exhaustive study regarding l3C NMR spectra of reported cycloadducts, we have seen that 

in almost all the cycloadducts, the expected signals for C-5, C-4, C-3, phenyl, cyclohexyl, 

carbonyl carbons are obtained. Remarkably the deviated values for the carbonyl groups are 

obtained when the carbonyl group is methyl ester, ethyl ester. The values obtained for the 

phenyl carbons in most often cases are four ranging between 8 l3 8-120 ppm. These four 

values are due to the fact that 2,6 and 3,5 are identical positions and give rise to only one 

signal. When the carbonyl carbon is methyl or ethyl ester absorptions at 8 1 78-180 ppm are 

obtained while 8 168-170 ppm are obtained for normal C=O bond absorption. C-5, C-4, C-3 

carbons absorb in the range of 8 85-88, 8 50-60 and o 70-75 ppm with some deviations for 

some certain cycloadducts. The absorption due to -CHCl carbon is usually in the range of o 
58-65 ppm while cyclohexyl and other methylene carbons absorb in the range of 8 16-28 

ppm. Although 13C NMR spectra cannot confirm the stereochemistry of the cycloadducts but 

it plays an important role in identifying the particular functional groups present in the 

cycloadducts. 
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VII. Interpretation of other spectra 

In addition to 1H NMR and 13C NMR spectrum IR, MS, HRMS and elemental analysis were 

most important tools for the confirmation of the cycloadducts reported in this dissertation. In 

the IR spectrum, absorption band at 1610 cm-1 and 1185 cm-1 represents C=N+ and N-0 

groups. Broad absorption peak at 3600-3350 cm-1 represents the absorption of hydroxyl 

group. Sharp singlet absorption around 750-780 cm-1 is due to phenyl C-H stretching 

absorption. The carbonyl group absorption was obtained around 1680-1720 cm-1 depending 

upon the carbon functionality while C-N-H stretching was generally obtained around 1240-

1320 cm-1
• In case of isoxazoline cycloadducts which are more stable then isoxazolidine 

cycloadducts, study of mass spectrum reveals that prominent molecular ion peak and the base 

peak are obtained as expected. The molecular ion clearly indicates the stability of isoxazoline 

cycloadducts. Base peaks are obtained due to loss ofPhCO for phenyl methyl propiolate and 

COOCH3 for dimethyl acetylene dicarboxylate for a-chloro nitrone. Studies of HRMS 

spectra shows almost exact masses in the majority of the compounds and also indicate the 

purity of the isolated compounds. In some of the cases elemental analysis was carried out and 

the calculated values and analyzed values were at par and also confirms in favour of isolated 

cycloadducts. 

One of the remarkable feature in the mass and HRMS spectrum was the 

significant M+ + 2 ion peaks. This is due to the fact that isotopic abundance of Cl37 atoms are 

higher compared to ces atoms in these cycloadducts. In addition, different mass 

fragmentation peaks are also obtained for distereoisomers of a particular cycloadduct which 

also confirms in favour of the fact that they were fragmented in a different fashion during 

mass fragmentation. 

In the case of ethyl acrylate cycloadduct, it has been found that 5-substituted adduct was 

converted into 4- substituted adduct when kept at room temperature for a longer period 

(nearly one month) and this phenomenon has been confirmed on the basis of 1H NMR and 

reminds us about the brilliant work of Sk.Ali and his group29
. It has been found from HRMS 

spectra that the purity of 4- substituted adduct was very low compared to that of 5-

substituted adduct. This indicates the fact that prolonged keeping might lead to 

decomposition of the cycloadduct 

Finally. we would like to report for the first time aldehyde and ketone synthesis using 

the tremendous synthetic potentiality of N-phenyl-a-chloro nitrone as a stable, potential 
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oxidizing reagent. The side products of the aldehyde & ketone synthesis vtz. a-N

methyl/phenyl furan derivatives have been used as dipolarophile in the regioselective 

synthesis of 5-spiro isoxazolidines with an excellent yield30
• Reaction of nitrone 1 (R=Ph) 

with newly reported a-N-methyl/phenyl furan derivatives as dipolarophile are found to be 

highly regioselective to form solely 5-spiro isoxazolidine derivatives. It could be due to the 

fact that nitrone (LUMO)-dipolarophile (HOMO) interactions are strong enough to dominate 

the reaction and leads to the formation of solely 5-spiro isoxazolidines25 via an exo approach 

of nitrone 1 (in Z configuration) to the furan derivatives (transition state I). The relative 

configurations of H3 & H4 protons in the spiro adduct favours exo transition state geometry. 

The H3 & H4 protons are syn in these cycloadducts and their coupling constants (Jm ,H4 = 6 -

8.4 Hzs) are also indicative of this stereochemical relationship24
. In regioselective spiro 

cycloadducts, the CHCI proton resonates upfield around 8H 3.48 ppm. The 3-H and CHCl 

protons are also syn as evidenced from their coupling constant values (J3,CHCI ~ 9.40 Hz)24
. 

H ~ _.- (CH2)30l/. 

~'<--c1 / 
//: / 

L_ __ U1_L __ / 
/ 

::H. / . lei -CNHR / 
LII~ 

T.SI 

Similarly, the novel dipolarophiles (a-N-methyl/phenyl furan derivatives) were also 

employed for the synthesis of novel spiro cycloadducts with a-amino nitrones & the yield of 

the products were significantly high in a very short reaction time (accepted manuscript of 

Journal of Chemical Research is enclosed in Annexure). 
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CHAPTER IV 

Scope and objectives 

Among the plethora of functional groups, the nitrone functionality has secured an 

important place in the arsenal of synthetic chemists. This was possible due to brilliant efforts 

of some of the eminent scientists in this field viz R.Huisgen1
, A. Eschenmoser2

, K.N Houk3
, 

W. Oppolzer4
, A. padwa5

, R. Grigg6
, P. Deshong7

, S. Ali8
, L. Fisera9

, V. Aggarwal10 etc. 

K.N Howk and his co-workers are responsible for the pioneering investigations of regio and 

stereoselectivity associated with the 1,3-dipolar cycloaddition reactions of nitrone. The 

discovery of a-chloro nitrone and its reactions paved a new avenue in the nitrone chemistry. 

The chemistry of a-chloro nitrone was originated and developed by Prof. A. Eschenmoser 

and his school2 in the early 70's and developed further by other eminent scientists. Another 

new vista of the nitrone chemistry is the intramolecular cycloaddition reactions. Such types of 

reactions have been reviewed by A. Padwa5 and W. Oppolzer4
. Due to tbe vast synthetic 

potentiality of a-chloro nitrones, a large number of natural products and other biologically 

active compounds have been synthesized via nitrone routes, therefore, the scope of the 

nitrone is abundant. One of the objective of our present work is to utilize the vast 

potentiality a-chloro nitrone in aldehyde 11 and ketone synthesis (accepted manuscript is 

enclosed the annexure) for the first time. 

the present dissertation, we have focused mainly on the synthesis and cycloaddition 

reactions of N-phenyl-a-chloro nitrone 11
. N-phenyl-a-chloro nitrone has been synthesized 

from chlohydrin and its tautomer (prepared from dihydropyran with hypochlorous acid 

treatment). The nitrone has been also synthesized trom dry distilled chloral. Both the nitrones 

are moderately stable and isolable but decomposes when kept at room temperature for a 

longer period and hence in-situ cycloaddition reactions were preferred rather than l: 1 nitrone

dipolarophilc cycloaddition reactions. 

The nitrone is very interesting from synthetic point of view as 

i) This is quite a new approach for the synthesis of a-chloro nitrone from hemiacetal. 

ii) The nitrone is having tremendous synthetic potentiality. 

Cycloaddition reactions of a-chloro nitrone were performed in water and it has been 

117 



found that the rate of the reaction, as well as yield of the cycloadducts are considerably 

higher in case of aqueous phase cycloaddition reaction compared to conventional solvents12
• 

Moreover, regioselectivity and stereoselectivity has also been observed in these reactions 13
. 

All the reactions do occur at room temperature with constant stirring. Initially, the reactions 

were studied in a conventional way using THF and dichloromethane as solvent and the 

reaction mixture was refluxed in a water bath for 8-10 hour. These reaction conditions 

showed poor yield and the rate of the reactions were slower and hence not followed. The 

cycloaddition reactions of N-phenyl-a-chloro nitrone with acrylonitrile, methyl vinyl ketone, 

ethyl acrylate results in 5- substituted adducts over 4- substituted one and this has been 

established from 1H NMR and mass spectral analysis data. An interesting observation of 

conversion of 5- substituted to 4- substituted cycloadduct was noticed in case of ethyl 

acrylate cycloadduct when the cycloadduct was kept at room temperature for longer period 

(nearly one month) i.e. cyclo-reversion occurs and is identical with Ali's report8
. 

Fig 1 

Excellent diastereofacial selectivity has been observed in nitrone additions to dipholarophiles 

when water is used as a solvent13
. In case of maleimides and cyclohexene mixture of 

diastereoisomers in the ratio of 2:1 are reported with asymmetric induction at C-3, C-4, C-5 

position in a single step reaction. Studies on organic reactions in aqueous media show that the 

possibility of the formation of mixture of diastereoisomer is considerably high when water is 

used as solvent rather than conventional organic solvents 12
. 

The most important application of a-chloro nitrone is as oxidizing reagent in the aldehyde 

and ketone synthesis11
•
14 16

• In addition to the existing methods available for the synthesis of 

aldehyde and ketone from alkyl halides, we would like to incorporate an efficient one pot 

synthesis of aldehydes and ketones from alkyl halides using for the first time a-chloro nitrone 

(1) as oxidizing reagent with an excellent yield. In addition, the side products (furan 

derivatives) obtained during aldehyde and ketone synthesis have been successfully used as 
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dipolarophile in 1,3 DCR with a variety of nitrones for the production of 5-spiro cycloadducts 

with high yields (almost 75 - 85%)17
. At the same time we have also the synthesized 

aldehydes from alkyl halides using some simpler nitrones as oxidizing reagent. Although the 

oxidizing properties of these nitrones are also same but the yield of the aldehyde and ketones 

are moderate while side products cannot be used as dipolarophile because of the absence of 

C=C bonds. 

CC
CI 

~+....--R 
OH N 

I 
0 

H 

R
1
CHO+ 0=< 

0 NHR 

R =Me; Cy; Bu; Ph; PhCH2 R1 = Me; Et; Pr; Ph X= C l; Br; I 

H 

R1_l~N~-~R + 

I 
0 

Fig 2a 

s 2 N 

X 

Fig 2b 

~-~ /H 
I /=\ ' I . ------o , 

NHR 

R = Me; Bu; Cy; Ph; PhCH2 

R 1 
= CHCl(CI-h)30H; Ph; NH2; NMe2 

+ 
~H 
L /-=( 

0 'NHR 

i) 

Reagents and conditions: i) Dry ether, r.t, N2 atmosphere, 6- 8 hr Fig 2c 

Rl. 0 
+ H2 N RL_ c ····X N 

R4CHO + ' 

c c 
R2 R3 

R2 R3 

Fig 2d 

119 



Almost all the isoxazolidine and isoxazoline derivatives are having significant antibacterial 

activities ( cycloadducts derived from a-chloro nitrone in aqueous phase) 13
• All the 

synthesized cycloadducts (isoxazolidine & isoxazoline derivatives) were subjected to invitro 

screening against Vibrio Parahaemolyticus, Klebsiella Pneumoniae, Bacillus Subtilis, 

Proteus Vulgaris, Staphylococcus Aureus, Shigella Flexneri, Eschericia Coli, Salmonella 

Typhi, Vibrio Cholerace. 

a) It has been observed that the derivatives of isoxazolidine have antibacterial activity against 

both gram positive (S. Aureus, B. A. Subtilis) and gram negative (E. Coli, S. Flexneri) 

bacteria, hence it can be concluded that the derivatives used were broad spectrum 

antibiotics18
. b) The MIC value obtained for isoxazolidine derivatives ranges from lOJ.!g/ml -

50J.!g/ml are very close to the MIC values of most commonly used antibiotics like Penicillin 

(10 units), Sulphonamide (300 !lg/mL), Nalidixic Acid etc and hence they are equally 

effective and can be prescribed after testing of LD50
19

• c) Moreover these isoxazolidine 

derivatives may recommended along with other antibiotics a very concentration to 

more to synergism may all 

were soluble in DMSO (percentage varying from l - vve 

can predict that the derivatives were hydrophobic in nature and it may cross the cell wall and 

cell membrane lipid bilayer, 

The present dissertation opens up a new scope coming days aqueous phase synthesis 

a-chloro nitrones at RT and cycloaddition reactions leading to high regio and stereoselective 

products. The a-chloro nitrone used in this dissertation give a new dimension in the 

oxidizing properties and suggests that not only a-chloro but also simpler nitrones or their 

derivatives can be used as a precursor for the aldehyde and ketone synthesis. All the nitrone 

cycloaddition reactions reported here also indicate that the synthesis is asymmetric in nature. 

These nitrone cycloaddition reactions are not only synthetically highly important but also 

opens a new path for the microbiologists as far as their potentiality is concerned to act as 

antifungal, antibacterial and as a whole a broad spectrum antibiotics. Works are in progress to 

study the gastrointestinal tract infection studies using a-chloro nitrone and simple nitrones. 

Finally we would like to add two important observations in the present work we have done. 

Both the observations are a new approach and their synthetic potentiality is maximum. i) it 

has been concluded in the present study that the studied nitrones and general nitrones also can 
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be used as potential new stable oxidizing reagent for the conversion of alkyl halides to 

aldehyde and ketones. ii) the side product obtained during the synthesis of aldehyde and 

ketone using nitrone (alpha chloro nitrones only) can be used as efficient dipolarophile in 1,3-

dipolar cycloaddition reaction leading to solely regioselective spiro cycloadducts with high 

yield in a very short reaction time at RT. The regioselectivity has been studied with a variety 

of nitrones and has been found that the reactions are exclusively regioselective. 

Therefore, we may suggest that our methodology can be incorporated as a general 

methodology for carbonyl group (aldehyde/ketone) synthesis and newly synthesized a-N

methyl/phenyl-furan derivatives can be employed as effective dipolarophile in general for 

nitrone cycloaddition reactions like other available conventional dipolarophiles. 
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ABSTRACT 
Consecutive SN2 reaction of u-chloro nitrones arc studied with alkyl halides and the nitrones are found to have 
remarkable oxidizing properties for the conversion of alkyl halides to aldehydes with high yield. In addition, the 
side product obtained can serve as efficient dipolarophile in 1,3 DCR to produce spiro cycloadducts in good yields. 
Ke)"vords: a--chloro nitrone as oxidizing reagent, SN2 reaction, aldehyde synthesis, spiro cycloadduct 

-------------------·-------------·---·--------------

INTRODUCTION 
Convertion of alkyl halides to aldehydes using N-oxide with moderate yields have been already reported 
(Krohnke n;;action), In addition to the existing methods available for the synthesis of aldehyde 1rom 

!-r, o,ve would like to incorporate an efficient one synthesis of aldehyde fron1 alkyl halides 
for the first ti1nc a·chioro nitrones as a new, stable and potential oxidizing reagent with an excdkn1 

(Scheme-l. Table I)_ In addition, the side (furan derivatives, 2) obtained during aldehyde 
synthesis has been successfully used as dipolarophiJe in 1,3-DCR with ni.trone (1) for the production of 
spiro cycloadducrs (3) with high yields (almost 75 - 85%) ; Scheme-2). a-chloro nitrones (1) are more 
reactive than other nitrones due to the electron withdrawing effect of chlorine and therefore can act as 
more powerful oxidizing agent than other nitrones. 
Literature survey reveals that aldehyde synthesis using nitrone as active oxidizing reagent and further usc 
of side products (obtained during aldehyde synthesis) as dipolarophile in cycloaddition reactions are not 
~1et known and hence can be incorporated as an important application in nitrone chemistry. Synthesis and 
1,3 dipolar cycloaddition reactions of nitrone7

•
8(1, R=Ph) has been already 

Following the same methodology, nove] chloro nitrone (l,R=Me) has been synthesized <;,, 

white cr-ystalline solid, m.p 52°C (uncorrected) and used for aldehyde synthesis as oxidizing n~ctgen' 

C c•wrral Jrem arks . 
1H NMR spectra were recorded with a B1uL:r A vance DPX 400 spectrometer (400 MHz, FT NMR) using 
Tl'AS as intemal standard. 13C NMR spect'C" were recorded on the same instrument at 100 MHz. The 
coupling constants (J) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 1-~81 machine 
as filrn or t<.Br pellets for all the pr<1ducts MS spectra were recorded with a Jcol SX-1 02 (FAB\ 
mstrC~mem. The HRl'vfS spectra 'Nerc recorded on a Tof micro instrument (YA-1 05).. TLC was earned 
uut on .F'luka silica gd TLC cards whi 1e cdumn c:1romatography vvas pcrfonn.::d with silica gel (E.Mer,~k 
Judie:1.) 60-200 mesh. Ail other reagents anC\ sdveDi:s were after receiving from ccfrrun:."'Ci: 
~:up_piiecs. N-methylhyd.roxyi.nminc Aldn::-, Chemical Company and \vas 'lScd 

1cceived N-phenylhydroxyl,amine was prepared following stundard methods available in literatun~ ;me' 
ha.c: been used m synthesis ',I''-- . 
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General procedure for the synthesis of nitrone 1 (R =Me) 
N-methylhydroxylamine (250mg, 5.3127 mmole) was added to chlorohydrin (720mg,l equivalent) in dry 
ether (50 mL) and anhydrous MgS04. The reaction mixture was kept at RT with constant stirring with a 
magnetic stirrer under N2 atmosphere for 10 hr. The formation of nitrone was monitored by TLC (RI = 

0.34). The nitrone was isolated under reduced pressure vaccum pump as white niddle shape crystals 
(920mg, 94%; m.p: 52°C). 
Spectroscopic data for nitrone 1 (R ==Me) 
Yield: 920mg (94%); white niddle shape crystals; R1 = 0.43, m.p: 52°C (uncorrected); IR (KBr): 3595-
3470 (br), 1660(s), 1610(s), 1415 (m), 1185 (s) em-'; 1H NMR (CDCh): o 5.84 (d, lH, CH=N+), 5.79 
(br,lH, -OH, exchanged in D20), 3.51 (dd, IH, J= 6.16, 6.08 Hz, CHCl), 3.31 (s, 3H, N+- CH3), 1.88-
1.15 (m, 6H, CH2 protons); 13C NMR(CDCh): o 141.55 (CH=N), 55.76 (CHCI), 34.84 (N+- CH3), 28.50, 
27.22, 26.00 (3 CH2 carbons); HRMS- EI: Calcd. for CJI1202NCl, (M), 165_571 0, Found: M+, 165.5698. 
General procedure for synthesis of aldehyde (benzaldehyde) and furan derivative 2 (entry l;Table 
1) 

To a stirred solution ofn~trone 1 (R=Me; 500mg, 3.0198 mmol) in dry ether (25 ml) was added pyridine 
(1 equivalent) and stirred at RT with a magnetic stirrer under N2 atmosphere for 1 hr while the formation 
oftransienl nitronela (not isolated) was monitored by TLC (R;·= 0.38). Benzyl chloride (292.1002mg, l 
equivalent) was added at this stage and the reaction mixture was stirred for another 3 hr till the 
intermediate compound lb (not isolated) was developed (monitorted by TLC; R1= 0.40). 2 gms of solid 
Na2C03 was added at this stage and the reactionmixture was stirred for further 1 hr while the progress of 
the reaction was again monitored by TLC (R1 = 0.43, 0.50). The reaction was typically completed when 
the N-0 bond was cleaved. Basic workup, removal of pyridine hydrochloride and silica gel coiumn 
chromatographic purification using ethyl acetate-hexane provided desired benzaldehyde as colourless 
liquid (712mg, 89%; R,t= 0.43) and furan derivative (2) as pale yellow gummy liquid (88mg, 10%; Rr= 
050). This procedure was followed for all the substrates listed in Table 1. 
Spectroscopic data for benzaldehyde (entry 1) 
Yield: 712 mg (8R%); colourless liquid; Rr""' 0.43; IR (KBr): 1695(s), 1320(m), 770(s) cm-1 1H NMR 
(CDCh): o 9.80 (s, IH, CHO), 7.30-7.16 (m, 5H, C6H 5); 

13CNMR (CDCh): 8 198.00 (CHO), 136.20, 
134.55, 132.60, 131.00 (aromatic carbons); FAB- MS (m/z): 106 (M+), 105 (B.P), 77, 51, 28; HRMS-El: 
Calcd. for C6H5CHO (M), 106.0417, Found; M+, 106.0408. 
Spectroscopic data for 2 (R=Me; a-N-methyl furan derivative; entry l) [(E)-1-(dihydrofuran-2-
(3H)-ylidene)-N-methyl methan.amine)] 
Yield: 88mg (10%); pale yellow gummy liquid; Rf= 0.50; IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 
1455 (m), 1210 (m) em-\ 1H NMR (CDCh): o 4.81 (br, lH, N-H), 4.56 (s, UI, C=CH), 3.30 (N-Me), 
2.50 .. 2.16 (m, 6H); 13C NMR (CDCl3): 8 103.00, 101.76 (double bonded carbons), 26,22, 25.30, 23 .. 65 (3 
CH2 carbons); FA.B- MS: mlz 113 (M+), 98, 97; HRMS-EI: Calcd. for C6HuON (M), 113.1000, Found: 
1\r, 112.9876. 
Spectroscopic data for propionaldehyde (entry 2) 
Yield: 592mg (87%); colourless liquid; Rr= 0.50; IR (KBr): 2920 (m), 2720 (m), 1720 (s) cm- 1

; 
1H NMR 

(CDCh): S 9.70 (t, lH, J = 6.60 Hz, -CHO), 2.30 (ddd, 2H, J = 6.08, 6 Hz, -CH2), l.OO 3H, J = 6.30 
Hz, CH3); 

13CNMR (CDC13): & 202.40 (CHO), 4422 (CH2 carbon), 35.55 (CH3 carbon); FAB- MS: mlz 
58 (M+), 57, 29 (B.P); HRt\1S-EI: Calcd. for C3H 60 (M), 58.0417, Found: M+, 58.0403. 
Spectroscopic data for 2 (R=Ph; a-N-phenyl furan derivative; entry 4) [(E)-1-(dihydrofmran-2-(3H}· 
ylidene)-N-phenyl methanamine)j 
Yield: 90mg (ll.5%); dark yellow viscous liquid; R1 = 0.46; IR (KBr): 3150-3060 (br), 2860 (m), 1640 
(s), 1430 (m), 1140 (m), 778 (s) crrf 1

; 
1H NMR (CDCh): 6 7.83 (m, SH, C6H 5), 6.24 (br, IH, N-H), 2.17 

(s, IH, C=CH), 1.79 - 1.18 (m, 6H), 13C NMR (CDCh): o 137.20, 135.65, 134.00, 132.15 (aromatic 
carbons), 106.24, 104.18 (double bonded Darbons), 28.46, 27.10, 24.84 (3 CH2 carbons). FAB- MS (m/z): 
175 (M+) 98 9·7· 77 I-rnr,/iS-El·" J, . ..., r; ·c H J>N (M' J'7c:; 0093 F. - d· M+ 1·75 09°1 ' 5 . ' • ~"li:'\..l.Vl , \l,._,a.:.viJ-, .... 0! 1 . l_,V \J. .. }"! .;.. I...-. .-- ) QUil , .l ' ~ • 0-, 

Spectroscopic data for n-butyraldehyde (entry 4) 
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Yield: 570mg (86%); colourless liquid; R1= 0.54; lR (KBr): 2945 (m), 2710 (m), 1730 (s) cm- 1
; 

1H NMR 
(CDCb): o 9.30 (t, lH, J = 5.84 Hz, -CHO), 3.50 (dt, 2H, J = 6.50, 4.22 Hz, -Cz 2H), 1.30 (ddd, 2H, J = 

5.50, 3.40 Hz, C32H), 0.90 (t, 3H, J = 4.30 Hz, CH3); 13CNMR (CDCh): o 208.20 (CHO), 47.50 (C2 

carbon), 36.10 (C3 carbon), 20.10 (C4 carbon); FAB- MS: mlz 72 (M+), 71, 57, 44 (B.P), 29; HRMS-El: 
Calcd. for C4H80 (M), 72.0670, Found: M+, 72.0523. 
Spectroscopic data for p-hydroxy benzaldehyde (entry 5) 
Yield: 776mg (89%); colourless liquid; R1 = 0.40; IR (KBr}: 1690(s), 1320(m), 1210 (m), 782(s) cm·1

; 
1H 

NMR (CDCh}: 15 9.76 (s, 1H, CHO), 7.05- 6.93 (m, 4H, C6Hs), 5.80 {s,1H, OH); 13CNMR (CDCI3): o 201.64 
(CHO), 134.10, 132.74, 130.40, 128.50 (aromatic carbons); FAB - MS: m/z 122 {M+), 93, 92(B.P), 29; 
HRMS-EI: Calcd. for C7H60 2 (M), 122.0530, Found: M+, 122.0512. 

~~ CJ._ ~+......--R 
OH N 

I 
1 

0 

l, 2 : R = l\1e ; Ph 
R 1 =· Et - Pr ; Ph 
X= Cl 

i) 

H 

q}=-~{R __ -H_+ __ 

H -

ii) 
+ ------~ 

Scheme-

Reagents and conditions : 1) Dry ether, pyridine, r.t, N2 atinosphere 

ii) Dry ether, Na2C03 , Lt, N 2 atrnosphere 

i) 

+ -·-···--·-

2 

R=Me; Ph 
Scheme- 2 R 1 

= CHCl(CH2 )30H 

i) Reaction condition: Dry ether. RT, N 2 atmosphere, S- 8 hr 

General procedure for cydoaddition. ref!!ction. of nitrom: 1 (R == Jf'h) ·with furlH! derivative 2 (R = Ph) 
To a stirred solution of N-phenyl-a-chloro nitt-one J (R =Ph; S} .8375 mg, 0.2855 mrnoL) in 25 mL dry 
ether was added 2 (R = Ph, 50 mg, 0.2855 mmol, 1 equivalent) and stirred at R T with a magnetic stirrer 
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under N2 atmosphere for 5 hr. The progress of the reaction was monitored by TLC (RJ = 0.46). After 
completion of the reaction, the solvent was evaporated using a rotary evaporator to afford crude 
cycloadduct 3 (R=Ph) which was purified by column chromatography using ethyl acetate - hexane and 
was obtained as dark red viscous liquid 3 (R=Ph; 95 mg, 85% ; Scheme-2). This procedure was followed 
for the synthesis of other spiro cycloadducts 3 (R=Me). 

0 /C6Hs 
..... ~ -.........N /(C~2)3 

\\C. OH ,,,,, \:'' 
~"1cJ 

H H 

3 (R=Ph) 

(S)-4-chloro-4-((3S,4S,5R)-;2-phenyl-4-(phenylamino)-1,6-dioxa-2-azaspiro[4.4]nonan-3-yl)butan-l-ol 
Spectroscopic data for 3 (R =Ph) 
Yield: 95mg (85%); dark red viscous liquid; Rr = 0.46; IR (CHCh): 3485 - 3290 (br), 2825 (m), 2425 
(m), 1620 (s), 1445 (m), 1260 (m), 1040 (m), 780 (s) cni 1

• 
1H NMR (CDCh): () 6.98-6.93 (m, lOH, 2 X 

C#s), 5.84 (d, lH,J= 9.20 Hz, C,JI), 4.96 (br, lH, CH20H, exchanged in D20), 3.51 (dd, lH, J= 9.34, 
7.88-Hz,C3H),.3.45 (s;-lH, N -Hproton), 2.61 (dt, lH, J= 9.44, 8.72 Hz, CHCI), 1.88- 1.15 (rn, 12H). 
13C NMR(CDCl3): S B8.00, 136.50, 134.30, 133.80, 13L75, 130.42, 129.46; 128.64 (aromatic carbons), 
95.10 (CHCI), 86.40 (C5), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 24.37 (6 CH2 

carbons). MS (mlz): 404 (M+·I-2), 402 (Ml, 325, 310, 309, 218 (B.P), 107, 91, 77. HRMS-EI: Calcd. for 
C22Hn03N2Cl (M), 402.7130, Found; M\ 402.71 22. 

(S)-4-chloro-4-((3S, 4S, 5R)-2methyl-4- (meth.ylamino )-1, 6-dioxa-2 -azaspiro [4. 4 ]nonan-3-yl)butan- I -o! 

Spectrolicopic data for 3 (R =Me) 
Yield: 9lmg (83%); red gummy liquid; R1 = 0.40; IR (CHCl3): 3460 -- 3326 (br), 2835 (m), 2420 (m), 
1440 (m), 1325 (m), 980 (m) cm· 1

• 
1H NMR (CDCh): 8 4.83 (br, l H, CH20H, exchanged in D20). 4.50 

(br, lH, NHCH3), 3.31 (s, 6H, 2 x N-CH3), 2.99 (d, lH, J = 9. 6Hz, C4H), 2 .. 50 (dd, lH, J = 9.06, 7.60 
Hz, C3H), 2.19 (dt, lH, J = 9.16, 8.50 Hz, CHCl), L66 - 1.60 (m, 12H). 13C NMR (CDCb): o 93.00 
(CHCl), 87.55 (C5), 76.20 (C3), 55.20 (C4), 41.97 (N-CH3), 40.24 (NH-CH3), 33.37, 31.50, 28.68, 26.00, 
25.12, 23.40 (6 CH2 carbons). MS (m/z): 280 (M"+2), 278 (M'), 263, 248, 156 (B.P), 141, 107. HRMS
El: C:tlcd. for C 12H2303N2Cl (M), 278.6710, Found; M", 278.6698. 
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cc:l/ R ---R-~==S-;-H-
2

2-------X--OH N 
~<" 

0 NHR 

I 
CL 

R=Me; Ph R 1 = Et; Pr; Ph X=Cl 

Table-l :Aldehyde synthesis using u-chloro nitrones 

Yield j Entry Nitrone- Alkyl halidea Produd Time 
% ~ 
88 l R=Me 5 

' Reaction condition:a.-chloro nitrone (3,0198 mmol),alkyl halide (I equivalent),dry ether,Py,Na1C03,N2 

atmosphere, RT 
"AU tte were char!icterized by IR, NMR, 13C N1>1R, HRJ\1S spectral data. 
c Isolated yiehl after 

RESULTS AND DISCUSSION 
u-chioro nitrones (1) are moderately stable and can be isolated >vhile transient nitrone 1a can not be 
isolated because of its high unstability and undergoes decomposition at room temperature. The lone pair 
of electron of the OH group of a-chloro nitrone facilitates intramolecular SN2 reaction in presence of 
pyridine and is actually the driving force for the development of transient nitrone la. Nitrone la reacts 
very quickly with different alkyl halides (SN2 reaction) and develops an intermediate compound (lb). The 
labile N-0 bond of lb undergoes cleavage12 when the reaction mixture is stirred with solid sodium 
carbonate which plays an important role for the development of aldehyde and furan derivative (2) as side 
product in a Kornblum type process (Scheme-l;Table 1)< The novelty of the study is the use of a-chloro 
nitrone as an oxidizing reagent in aldehyde synthesis and newly developed side product as novel 
dipolarophile in cycloaddition reacti0ns. The isolated side products (2) are equally efficient like other 
conventional dipolarophiles used for cycloaddition reactions and leads to the formation of regioselective 
5-substituted spiro cycloadduct (3)u' 14 in 1 ,3-dipolar cycloaddition reaction with nitrone l (Scheme-2.) 
and thereby offering greater scope for its applications< The yield of the isolated aldehydes are extremely 
high ( 85- 89%) in a much lesser time and are much better in case of active alkyl halides compared to 
inactive alkyl halides. The results are summarized in Table l. The beauty of the reaction lies in addition 
of pyridine at the begining to generate transient nitrone (la) which is only capable of developing furan 
derivative (2) as side product and can be utilized as a new efficient dipolaroph1le in 1,3-DCR and thereby 
the reaction as a whole becomes atom efiicient Simpl.e nitrones 1\bcnzaldehyde derived nitrone) can also 
be employed as an oxidizing reagent for aldehyde synthesis (synthesized propionaldehyde:yield 67%) 
but the side product obtained is a waste and can not be used for further reactions. At the outset of this 
work it was not clear about the development of transient nitronc (1a) bllt after completion of the study and 
spectral analysis of side product (2) the development of transient nitrone la was confirmed. The products 
cspeci_aliy aidebyaes are k.~:.Dvi!i:i ., -A ri<d-o '"'+' th,~ "ynthesi-z;ed sldehvdes are almost 
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identical to the values found in literature. For example, sharp singlet signals at o 9.80 & 198.00 in the 
NMR spectrum CH, 13C respectively) along with molecular ion peak at 106, base peak at 105 and peaks at 
77, 51 in the MS spectmm give strong evidence in favour of benzaldehyde formation. The oxidation side 
product (2) was obtained as single isomer having E configuration in all the cases and the yield of the side 
product was almost 10 - 13% when isolated in pure condition.The spectral data of the oxidation side 
products (2) also agreed well with the assigned structures. The spiro cycloadducts (3) were obtained as 
regioselective single isomer predominantly in 1,3-DCR of a-chloro nitrone (1) with side product (2) 
having high yields (70 - 85%) when isolated in pure condition. The stereochemistry of the 5-substituted 
regioselective spiro cycloadducts (3) in all the cases were rationalized by considering the multiplicity of 
the proton signals at 3-H, 4-H and CHCl asymmetric centres along with their coupling constant values. 16 

In the spiro isoxazolidine derivatives (3), 3-H resonates around <'>H 3.50 to 2.50 ppm while for the 4-H 
around 8H 5.80 to 3.00 ppm and the coupling constant is JJ,4 ~ 9.20 Hz implying a cis relationship between 
H-3 and H-4. The CHCl proton also resonates around i5H 2.60 to 2:20 ppm. The 3-H and CHCI protons 
are also syn as evidenced from their coupling constant values (J3,cHcl ~ 9.16 to 9.40 Hz). 16 Cycloaddition 
of Z nitrohe (both the reported a-chloro nitrones are of Z configuration in this communication) via exo 
transition state geometry results in the formation of syn isoxazolidine derivatives. Cycloaddition reaction 
using furan derivatives (2) with other simple nitrones 15

•
17

'
18 are in progress using the same methodology. 

A preferential conformation for the spiro regioselective isoxazolidine derivatives (3) may be represented 
in Figure 1. Reaction of nitrone 1 with methyl iodide and ethyl bromide was also studied 

for the synthesis of formaldehyde and acetaldehyde respectively but no significant results were obtained 
because of the volatility of formaldehyde and difficulculties associated with the synthesis of acetaldehyde. 
These are the drawbacks of this methodology. 

/ 
RHN 

Fig 1- General conformation for the cycloadducts 3 

CONCLUSION 
Finally, we developed a new atom efficient methodology for the aldehyde synthesis using u-chloro 
nitrone as oxidizing reagent and considered further reaction carried out on the side product with u-chloro 
nitrones in 1 ,3-dipolar cycloaddition reaction for the development of stereochemically important 
isoxazolidines. The formation of the desired cycloadducts were obtained in good yields within a 
reaction time. The newly developed side products (furan derivatives, 2) are equally effective as 
dipolarophiie in cycloaddition reactions like other conventional dipolarophiles used for cycloaddition 
reactions" The notable advantages offered this method are one pot synthesis, simple operation, easy 
workup, mild and faster reaction conditions with high yield of products. 
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Isoxazolines have been synthesized from N-phenyl-u-chloro 
nitrone using 1,3 dipolar cycloaddition reaction with alkynes and 
the reactions are found to be highly stereoselective in nature. The 
products have been characterized by analytical and spectral (IR, 
I H NMR, 13C NMR and mass) data. 

Keywords: N-phenyl-u-ch!oro nitrone, !,3 DCR, isoxazo!ines, 
stercoselectivity 

In continuation of our earlier work on isoxazolidine 
synthesis using a.-chloro and a. amino nitrones in solid 
phase and in hydrated media1

-
3
, we now wish to report 

an efficient method for the stereoselective synthesis of 
isoxazolines from N-phenyl-a.-chloro nitrone with an 
excellent yield (Table I). 1,3 Dipolar cycloadditions 
are powerful methods for constructing a variety of 
five-membered heterocycles in a convergent manner 
from relatively simple precursors and these 
heterocycles have a variety of applications including 
as antibacterial agents4

• Cycloadditions of alkynes 
even with electron deficient and unsymmetrical 
alkyncs are often conducted at elevated temperature5

• 

In this communication we have reported synthesis of 
isoxazolines at room temperature with high yield. 
This is due to the fact that N-phenyl-a.-chloro nitrone 
has considerably higher ionization potential than 
normal nitrones due to the electron withdrawing effect 
of chlorine and therefore nitrone (LUMO) 
dipolarophile (HOMO) interactions are so important 
that cycloadditions take place at room temperature6

• 

Results and Discussion 
In an initial investigation, we examined the 

reaction of nitrone 1 with ethyl propiolate at elevated 
temperature having 34% yield of isoxazoline in 12 hr 
while at room terqperature 92% yield of isoxazolines 
arc reported in 12 hr which indicates the decomposi-

tion-ofthe nitrone at elevated temperature. This could 
also be explained due to secondary orbital effect 
between the carbon of the nitrone (HOMO) and the 
adjacent atom of the electron withdrawing group of 
the dipolarophile (LUMOf. The concerted nature of 
these cycloaddition reactions with nitrone as l ,3 
dipole has been generally accepted. The region
selectivity in these reactions was rationalized by using 
the frontier orbital theory8

• The ethyl propiolate 
adduct corresponds to this theory. Therefore, the 5 
substituted adduct for ethyl propiolate is due to 
LUMO (nitrone)- HOMO (dipolarophile) interaction. 
For the present study, we have chosen highly electron 
deficient and unsymmetrical alkynes like dimethyl 
acetylene dicarboxylate, phenyltncthyl propio!ate and 
ethyl propiolate respectively to study the stereo
selectivity in these cycloadditions. 

Excellent diastereofacial selectivity is observed in 
nitrone additions described here with alkynes. The 
addition ofN-phenyl-a.-chloro nitrone 1 (Scheme I, R 
=Ph) to alkyne results in a mixture of diastereoisomer 
2a-4a and 2b-4b (Scheme ll, almost 70 : 30 ratio in 
all cases). These results can be rationalized by an exo 
approach of the nitrone for the major cycloadducts 
(2a-4a) which have the Z configuration (transition 
state Il. The minor cycloadducts (2b-4b) are fanned 
by the endo approach of Z nitrone (transition state 
II)10

• However these results can also be explained by 
an en do approach of the nitrone in an E configuration 
(transition state III) for the major adduct and the exo 
approach of this isomer for the minor adduct 
(transition state IV)10

• Most relevant are the coupling 
constants (JH3,CHCI; .lm. H4 for 4) of the diastereo
isomers. For 2a-4a (R = Ph), this coupling constant is 
almost 9.2 to 9.3 Hz, implying a cis relationship 
between H3 and CHCI and also H3 and H4 (for 4a 
only) whereas 2b-4b (R =Ph) has a coupling constant 
of 2.5 to 2.58 Hz which implies a trans relationship 
between H3 and CHCl and also H3 and H4 (for 4b 
only)11

-
14

• Comparing the 1H NMR spectrum of2a-4a 
and 2b-4b, we suggest the major and minor 
conformers of isoxazoline ring systems11 for 2a-4a 
and 2b-4b (Figure l), All the cycloadducts are stable 
and detailed study of the mass spectrum (Scheme III) 
reveals that prominent molecular ion peak and base 
peaks are obtained as expected. Like other isoxanJline 
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Table i 

R 

I 

R-
~ l!l 

I ". 1-b 
5..__.1 

R1 R2 

R=Ph 

Entry Nitrone Dipolarophile Time 
(hr) 

N-phenyl-a.-chloro nitrone Phenyl methyl propiolate 10 

2 N-phenyl-a-chloro nitrone Dimethyl acetylene dicarboxylate 10 

3 N-phenyl-a-chloro nitrone Ethyl propiolate 12 
---------------------------

Cycloadducts 
( diastereoisomers) 

Pale yellow gummy liquids 

Red & dark red liquids 

White viscous liquids 

a CI ~CI C("l 
C~) --'-'-'~~:......::..c._i ~ - ~l l-ii-)

0
-,---l ~~. 

0 0~ "-OH OH ~ RNH h OH "'N-R 

i) RT, N2 atmosphere, 8 hrs. 

ii) RT, N7 atmosphere, dry ether, 
anhydrous MgS04, 8 hr. 

HOH2C 

I H 
(H2Ch" I 

c I ---Ci 

H-C~ 

N--R 

I 
0 
e 

i) RT, iO- 12 hr, N 2 atmosphere 

2 : R 1 =Ph; R2 = COOCH3 
3 : R 1 = R2 = COOCH3 
4 : R 1 = COOC2H5; R2 = H 

L 
0 

R=Ph 

Schemel 

R 

I R3 

M
~~! 

1 :J -H
3 

5.__4.. + 

R1 R2 

2a -4a 2b-4b 

R=Ph 

Scheme H 

Total 
Yield(%) 

96 

92 

92 
·-----

d . . d . h I' 57 10 I I envattves reporte m t e 1terature ' · , we 1ave a so 
obtained expected fragmentation peaks due to the 
development of different aziridine derivatives. Base 
peaks are obtained due to loss of PhCO for phenyl 
methyl propiolate, COOCH3 for dimethyl acetylene 
dicarboxylate and COOC2H5 for ethyl propiolate 
respectively. Hence it is confirmed that during mass 

fragmentation, the adducts underwent rearrangement 
to aziridine derivatives. The detail mass fragmentation 
pattern is shown in Scheme lll. In conclusion, the 
present procedure provides an efficient methodology 
for the synthesis of isoxazoline and their derivatives 
with high stereoselectivity. The notable advantages 
offered by this method are simple operation, mild 
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TSUI 

~~(CI-hha; R
1 

Cl 

Confonmtion l 

H 
\ 

~e .-----c-R.3 
N ....... ,' 
'e' o: 

I I 
I I 

!J--~ 
__)? 

R1 
TSII 

TSIV 

a 

1-L I (rf-l \ ·a-~ '·--e:--- .'-" '2J3 

Confonmtion 2 
R1 = Ph; R2 = COOCH3 R1 = R2 = COOCH3 

R1 =COOC2H5; R2 =H; R3 =-CHCI(CH2),0H 

Figure 1 

·eaction conditions (RT), much faster reactions and 
1igh yield of products. 

t<:xr,crimental Section 
H NMR spectra were recorded with a Bruker 

Avance DPX 400 spectrometer (400 MHz, FT NMR) 
using TMS a'> internal standard. 13C NMR spectra were 
recorded on the same instrument at 1 00 MHz. The 
coupling constants (J) are given in Hz. IR spectra were 
obtained with a Perkin-Elmer RX 1 881 machine as 
film for all the products. Mass spectra were recorded 
with a Jeol SX-1 02 (F AB) instrument. Elemental 
analyses (C,H,N) were perfomed with a Perkin-Elmer 

2400 series CHN analyzer. TLC was carried out on 
Fluka silica gel TLC cards. N-phenylhydroxyl amine 
was prepared according to the published proceduresl,2. 
All other reagents and solvents were used as received 
from commercial suppliers. 
General procedure for the preparation of nitrone 

N-phenyl-a-chloro nitrone was prepared 
following the same methodology as already reported 
for N-cyclohexyl-a-chloro nitrone13

•
14

• N-Phenyl
hydroxylamineu (2.20 mmole) was added to 
chlorohydrin (1 equivalent) in dry ether (100 mL) 
and anhydrous MgS04 • The reaction mixture was 
kept at RT with constant stirring with a magnetic 
stirrer under N 2 atmosphere for 8 hr. The formation 
of nitrone was monitored by TLC having Rr = 0.36. 
The nitrone was isolated under reduced pressure as 
white neddle shape crystals (m.p: 58°C, 93%, 
Scheme I). 

Nitronc 1. IR (CHCb): 3640-3440 (br), 1660(s), 
1600(s), l360(m), 1310(m}, 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.22 (d, 1H, CH=N+), 7.10-6.95 (m, 5H, 
C6H5). 5.10-5.02 (br, lH, -OH, exchanged in DzO), 
4.30-4.15 (dd, lH, J=6.16, 6.08 Hz, CHCl), 2.20-1.66 
(m, 6H, CH2 protons); 13C NMR(CDCI3): o 142.6 
(CH=N+), 136-126 (6 signals, 6 aromatic carbons), 54 
(CHCI), 43, 40, 37 (3 CH2 carbons); HRMS-El: 
Calcd. for C11 H 140 2NCI, (M), 227.8173, Found; M\ 
227.8158. 

General procedure for cycloaddition at elevated 
temperature 

Initially the cycloaddition reaction was 
performed at elevated temperature in case of ethyl 
propiolate following the methodology of cycle
addition reactions as already reported13

• Nitrone 1 
(2.20 mmoles) and ethyl propiolate (1 equivalent) 
was added in CH2Cl2 (20 mL) under N 2 atmosphere 
and the reaction mixture was refluxed for 12 hL 
The reaction was monitored by TLC (Rr = 0.38, 
0.33). The solvent was evaporated off and the 
products were isolated by column chromatography 
using ethyl acetate and hexane. But this 
methodology was not followed due to poor yield 
(34%) and decomposition of nitrone at elevated 
tern perature. 

General procedure for cycloaddition at room 
temperature 

In a 100 mL conical flask, nitrone 1 (2.20 mmoles), 
ethyl propiolate (1 equivalent) was added to 50 mL 
dry ether and stirred at RT with a magnetic stirTer 
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I 

K 
I 

1-< 
Example with H3COOC-c=:C-COOCH3 adduct 

Scheme HI 

mder N2 atmosphere for 12 hr. The progress of the 
eaction was monitored by TLC (Rr = 0.46, 0.40). 
\..fter completion of the reaction, the solvent was 
vaporated under reduced pressure and the mixture of 
iastereoisomers were purified and separated by 
){umn chromatography using ethyl acetate-hexane to 
1mish white viscous liquids. 4a: 73 mg, 70%; 4b: 36 
g, 22% (Scheme H). This procedure was followed 
r other substrates listed in Table l. 

S)-Metbyl-3-(l-chloro-4-bydroxybutyl}-2,5-diphe
l-2,3-dihydroisoxazolc-4-carboxylate, 2a 

IR (CHCh): 3590-3460(br), 2920(s), 1760(s), 
55(m), 1430(m), 1360(m), 770(s) cm-1

; 
1H NMR 

)Ch): o 7.55--7.38 (m, lOH, C6H5 hydrogens), 5.10-
5 (br, 1 H,-OH, exchangeable in 0 20), 4.55-4.40 
, IH, J=9..22, 6.18 Hz, CHCI), 4.05-3.90 (d, IH, 
.2 Hz, C3H), 3.60 (s, 3H,-COOCH3), l.95-L72 
6H, CH2 protons); 13C NMR (CDCI3): 8 168 

bony! carbon), 137-126 (6x2 aromatic carbons), 

92 (CHCl), 88 (C5), 73(C3), 58 {C4), 45(-COOCH}), 
36, 34, 33 (3 CH2 carbons); MS: m/z 388 (M+), 357, 
329, 311, 283, 280, 203, I 05, 77; HRMS-EI: Calcd. 
for C21 H220 4NCI (M), 387.7000, Found: M+, 
387.6990. 

(3R)-Methyl-3-(1-chloro-4-hydroxybutyl)-2,5-diphe
uyl-2,3-dihydroisoxazole-4-carboxylate, 2b 

IR (CHCb): 3520-3440 (br), 2925(s), 1755(s), 
1675(m), 1440(m), 1345(m), 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.52-7.35 (m, 1 OH, C6H5 hydrogens), 5.15-
5.05 (br, IH,-OH, exchangeable in D20), 4.54-4.43 
(dd, lH, J=2.52, 4.18 Hz, CHCI), 4.08-3.92 (d, l H, 
J=2.54 Hz, C3H), 3.62 (s, 3H,-COOCH3), 1.95-1.50 
(m, 6H, CH2 protons); 13C NMR (CDC!:;): o 168 
(carbonyl carbon), 13 8- J 26 ( 6x2 aromatic carbons), 
90 (CHCI), 87 (C5), 76(C3), 54 (C4), 45 ( ~COOCH3), 
39, 35, 33 (3 CH2 carbons); MS: m/z 388 (M+), 357, 
329, 311, 283, 280, 203, 105, 77; HRMS-El: CalCLt 
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for Cnf-{n04NCI 
387.6982. 

(M), 387.7000, Found: 

(3S)-Dimcthyl-3-(1-chloro-4-hydroxybutyl)-2-phc
nyl-2,3-dihydroisoxazole-4,5-dicarboxylatc, 3a 

IR (CHCb): 3545-3480 (br), 2820 (s),l745 
(s), 1700 (m),l670 (m), 1420 (s), 1260 (m), 775 (s) em-'; 
1H NMR (CDCb): o 7.75-7.54 (m, 5H, C6H5 protons), 
5.22-5.05 (br, I H, OH, exchanged in 0 20), 4.86-4.75 
(d, lH, J=9.25 Hz, C3H), 4.26-4.10 (dd, J=6, 9.26 Hz, 
CHCI), 3.68 (s,3H,- COOCH3), 3.56 (s,3H,
COOCH3)-phe, 2.20-2.05 (m, 6H, CH2 protons); 
13C NMR (CDCb): o I 69, 168.4 (carbonyl carbons), 
133-126 (6 aromatic carbons), 94 (CHCI), 87.5 (C5), 

76 (C3), 59.4 (C4), 44, 43 (OCH3), 36, 34, 30 (3 CH2 

carbons); MS: mlz 370 (M+), 311, 293, 262, 234, 204, 
l 08, 77, 59, 31; HRMS-EI: Calcd. for C 17H200 6NCl, 
(M), 369.5840, Found; M+, 369.5828. 

(3R)-Dimcthyl-3-(1-chloro-4-hydroxybutyl)-2-phe
nyl-2,3-dihydroisoxazolc-4,5-dicarboxyiate, 3b 

IR (CHCb): 3555-3485 (br), 2825 (s), 1740 (s), 
1710 (m), 1660 (m), 1425 (s), 1260(m), 770 (s) cm-1

; 

fi NMR(CDCb): o 7.70-7.56 (m, 5H, C6H5 protons), 
)20-5.08 (br 1H, OH, exchanged in D20), 4.88-4.74 
d, lH, J=2.58 Hz, 4.36-4.26 (dd, J=4, 2.26 Hz, 
~HCl), 3.66 (s,3H,-COOCH3), 3.54 (s,3H,-COOCH3), 

. i2-l.95 (m, 6H, CH2 protons); 13C NMR (CDCb): o 
69, 168 (carbonyl carbons), 134-126 (6 aromatic 
arbons), 95 (CHCI), 88.5 (C5), 74 (C3), 56 (C4), 44, 
2 (OCH3), 36, 35, 30 (3 CH2 carbons); MS: mlz 370 
\1+), 311, 293, 262, 234, 204, 108, 77, 59, 31; 
rRMS-EI: Calcd. for C17f-i2006NCI, (M), 369.5840, 
ound; M", 369.5822. 

iS)-Ethyl-3-(1-cbloro-4-hyd .oxybutyl}-2-phenyl-
3-dihyd roisoxazole-5-carboxyla te, 4a 
IR(CHCb): 3560-3490(br), 2945(s), 1770(m), 

180(s), 1430(m), 1260(m), 780(s) cm-1
; 

1H NMR 
:OCb): o 7.02-6.92 (m, 5H, C6H5), 5.10-5.02 (br, 
I, OH, exchanged in D20), 4.80-4.64 (t, IH, J=9.26 
~, C3H), 4.26-4.12 (dd, 2H, J=6.24, 6.36 Hz, 
)0CH2CH3), 3.82-3.50 (dd, IH, J=6, 9.28 Hz, 
-JCI), 3.35-3.26 (d, lH, J=7.5 Hz, C4H), 3.00-2.62 
, 61-f, CH2 protons~, 1.40-1.24 (t, 3H, J=4.36 Hz, 
)OCH2CH3); 13C NMR(CDCb): o 168.4 (carbonyl 
·bon), 133-126 (6 aromatic carbons), 93 (CHCI), 86 
;), 78 (C3), 55 (C4), 32, 30 (COOCH2CH3), 26, 25, 
(3 CH2 cm:bons); MS: mlz 326 (M+), 295, 253, 249, 
I, I 08, 77, 73; HRMS-EI: Calcd. for Cr6H200 4NCI 
), 325.5944, Found; M+, 325.5932. 

(3R)-Ethyl-3-(1-chlo ro--4-hyd r·oxy b utyl)-2-phcnyl-
2,3-dihydroisoxazole-5-carboxylate, 4b 

IR(CHCb):3550-3480(br), 2955(s), 1760(m), 
I680(s), 1440(m), 1265(m), 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.04-6.94 (m, 5H, C6Hs), 5.14-5.02 (br, IH, 
OH, exchapged in D20), 4.83-4.62 (t, IH, J=2.26 Hz, 
C3H), 4.22-4.10 ( dd, 2H, J=2.24, 4.06 Hz, 
COOCH2CH3), 3.80-3.52 (dd, 1H, J=4, 2.28 Hz, 
CHCI), 3.38-3.22 (d, lH, J=4.12 Hz, C4H), 3.10-2.64 
(m, 6H, CH2 -protons), 1.46-1.20 (t, 3H, J=5.24 Hz, 
COOCH2CH3); 

13C NMR(CDCl3): o 168 (carbonyl 
carbon), 134-127(6 aromatic carbons), 95 (CHCI), 86.5 
(C5), 76 (C3), 55.5 (C4), 31, 30 (COOCH2CH3), 28, 26, 
24 (3 CH2 carbons); MS: m/z 326 (M+), 295, 253, 249, 
219, 108, 77, 73; HRMS-EI: Calcd. for C16Hzo04NCI 
(M), 325.5944, Found; M\ 325.5930. 
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lsoxazolines have been synthesized from N-phenyl a-chloro nitrone 1 using 1 ,3 
dipolar cycloaddition reaction with alkynes and the reactions ar'e folmd to be highly 
stereoselective in nature. 

In continuation1-3 of our earlier work on isoxazolidine 

synthesis, we now report an efficient method for the 

stereosele.ctive synthesis of isoxazolines from N-phenyl 

a-chioro nitrone 1 in excellent yield (Scheme-1 ). 

Excellent diastereofacial selectivity was observed 

in nitrone additions described here with alkynes. The 

addition of N-phenyl a-chloro nitrone 1 (Scheme-1, 

R=Ph) to alkynes results in a mixture of 

diastereoisomers 1a & 1b (almost 70: 30 ratio in all 

cases). 

Experimental 

Melting points were determined in open capillary 

tubes and are uncorrected. 1H NMR spectra were 

recorded on a Bruker Avance DPX 400 spectrometer 

(400 MHz, FT NMR) using TMS as internal standard. 
13C NMR spectra were recorded on the same instrument 

at 79.5 MHz. The coupling constants (J) are given in 

Hz. I R spectra were recorded on a Perkin-Elmer RX 1-

881 machine as film for all the products. MS spectra 

were recorded on a Jeol SX-1 02 (FAB) instrument. 

Elemental analyses (CHN) were performed on a Perkin

Elmer 2400 series CHN analyzer. TLC was carried out 

on Fluka silica gel TLC cards. N-phenyl hydroxyl amine 

was prepared according to the published procedures12 

Preparation of nitrone and cycloadducts 

N-phenyl a-chloro nitrone 1 has been prepared 

following the same methodology as already reported 

for N-cyclohexyl a-cr1loro nitrone 4 5 N-phenyl 

hydroxylamine1 ·2 (2.20 mmol) was added to chlorohydrin 

(1 equivalent) in dry ether (1 00 ml) and anhyd MgSO 4 . 

The reaction mixture was kept at RT with constant 

stirring with a magnetic stirrer under N
2 

atmosphere for 

8 hr. The formation of the nitrone 1 was monitored by 

TLC having R
1
=0.36. The nitrone was isolated under 

reduced pressure as white needle shaped crystals (m. p 

58°, 93%, Scheme-1 ). 

In a 100 ml conical flask, nitrone 1 (220 mmol) and 

phenyl methyl propiolate (1 equivalent) was added to 

50 ml dry ether and stirred at RT with a magnetic stirrer 

under N
2 

atmosphere for 10 hr. The progress of the 

reaction was monitored by TLC (R
1 
= 0.42, 0.44). After 

completion of the reaction, the solvent was evaporated 

under reduced pressure and the mixture of 

diastereoisomers was purified and separated by column 

chromatography using ethyl acetate-hexane and were 

obtained as pale yellow, yellow gummy liquids. 1a: 

0.92mg, 75.6%, 1 b: 0.38 mg, 20.4% (Scheme-1 ). 

Spectral data 

Nitrone (1) 

IR (CHCI
3
): 3640-3440, 1660, 1360, 1310.770. 1H 

NMR (CDCI): 7.22 (s, 1H, CH=N+), 7.10-6.95 (m, 5H, 

C
6
H

5
), 5.10-5.02 (br, 1 H, OH exchanged in Dp), 4.30-

4.15 (dd, 1 H, J=6.16 Hz, CHCI), 2.20-1.96 (m, 6H, CH 2 

protons). 13C NMR (CDCI). 142.6 (CH=N'), 136-126 (6 

signals, 6 aromatic carbons), 54 (CHCI), 43, 40. 37 (3 

CH
2 

carbons). HRMS- El: [Found M-, 227 :31 :=:,a 

C,/i 14CI0
2
N requires M, 22/ 8173]. 
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R1~R2 

SCHEME-1 

i) RT, 10-12 hr, N2 atmosphere 

R
1
=Ph; R

2
=COOCH3 

R1=R
2
=COOCH

3 

R
1
=COOC

2
H

5
, R

2
=H 

+ 

R=Ph 
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Phenyl methyl propiolate cycloadduct 

Diastereoisomer 1a: liquid, IR (CHCI): 3590-3460, 

2920, 1760, 1665, 1430, 1360, 770. 1H NMR (CDCI
3

): 

7.55-7 38 (m, 2x5H, C
6
H

5
), 5.10-4.95 (br, 1H, OI-l

exchangeable in op), 4.55-4.40 (dd, 1 H, J=9.22 Hz, 

CHCI), 4.05-3.90 (d, 1 H, J=6.08, 9.2 Hz, C
3
H), 3.60 (s, 

3H, GOOCH), 1.95-1.72 (m, 6H, CH
2 

protons). 13C NMR 

(CDCI
3
): 168 (carbonyl carbon), 137-126 (6x2 aromatic 

carbons), 92 (CHCI), 88 (C
5
), 73 (CJ, 58 (C

4
), 45 

(COOCHJ, 36, 34, 33 (3 CH
2 

carbons). MS: m/z: 388 

(M+), 329, 311, 283, 280, 203, 105, 77. HRMS- El: 

[Found . (M+) 387.6990 C
21

H
22

CI0
4
N requires M, 

387 7000] 

Diastereoisomer 1 b: liquid, IR (CHCI
3
): 3520-3440, 

2925, 1755, 1675, 1440, 1345,770. 1H NMR (CDCI
3
): 

I' 52-7 35 (m, 2x5H, C
6
H

5
), 5.15-5.05 (br, 1H, OH, 

exchangeable in 0
2
0), 4.54-4.43 (dd, 1 H, J=2.52, 4.18 

Hz. CHCI), 4.08-3.92 (d, 1 J=4 08-2 54 Hz, C
3
H), 3.62 

3H, 1.95-1 70 (rn, 6H, CH
2 

protons). 13C 

NMR (CDCI
3

) 168 (carbonyl carbon). 138-126 (6x2 

aromatic carbons). 90 (CHC!), 87 76 (C
3
), 54 (C

4
), 

45 (-COOCH
3
), 39, 35, 33 (3 CH

2 
carbons). MS m/z: 

388 (M 4
), 357,329,311,283,280,203, 105,77. HRMS 

-H [Found (M+), 387.6982 C H CIO N requires M 
21 22 4 ' 

387.7000]. 

Dimethyl acetylene dicarboxylate cycloadduct 

Diastereoisorner 1a: liquid, IR (CHCij 3545-3480, 

2820. 1745, 1700, 1670, 1420, 1260, 774. 1H NMR 

(CDCI) 7.75-7.54 (rn, 5H, C
6
H

5 
protons), 5.22-5.05 

(br, !H, OH. exchanged in Dp), 4.86-4 75 (d, 1H, 

J=9.25. 6.08 Hz, C
3
H), 4.26-4.10 (dd, J=6, 9.26 Hz, 

CHCI), 3.68 (s, 3H, COOCH
3

), 3.56 (s, 3H, COOCH
3
), 

2.20-2.05 (rn, 6H, CH
2 

protons). 13C NMR (CDCI
3

) 169, 

168.4 (carbonyl carbons), 133-126 (6 aromatic carbons), 

94 (CHCI), 87.5 (C
5
). 76(C), 59.4 (C~), 44,43 (OCH

3
), 

36, 34. 30 (3 CH
2 

carbons). MS :rn/z 370 (M+), 311, 

293,262,234,204, 108,77, 59, 31. HRMS- E1 [Found 

: (M"). 329.5828 C
1
;H

20
CI0

5
N requires M, 369.5840]. 

Diastereoisorner 1 b: liquid: IR (CHCI): 3555-3485. 

2825, 1740, 1710, 1660, 1425, 1260, 770. 1H NMR 

(CDCIJ :7.70-7.56 (m, 5H, C6H
5 

protons), 5.20-5.08 (br, 

1 H, OH, exchanged in 0
2
0), 4.88-4.74 (d, 1 H, J=2.58, 

4.08 Hz, C
3
H), 4.36-4.26 (dd, J=4, 2.26 Hz, CHCI), 3.66 

(s, 3H, GOOCH), 3.54 (s. 3H, COOCH 3), 2.12-1.95 (m, 

6H, CH
2 

protons). 13C NMR (CDCI): 169, 168 (carbonyl 

carbons), 134-126 (6 aromatic carbons), 95 (CHCI), 88.5 

(C
5
), 74(C), 56 (C

4
), 44, 42, (OCH

3
), 36, 35, 30 (3 CH

2 

carbons). MS :m/z: 370 (M+), 311, 293, 262, 234, 204, 

108, 77, 59, 31. HRMS- El. [Found : (M+) 369.5822 

C 17H20
Ci0

6
N requires M, 369.5840]. 

Ethyl propiolate cycloadduct 

Diastereoisomer 1a : liquid, IR (CHCI
3

): 3560-3490, 

2945, 1770, 1680, 1430, 1260, 780. 1H NMR f\CDC! )· 3•. 

7.02-6.92 (rn, 5H, C
6
H

5
), 5.10-5.02 (br, 1H, OH, 

exchanged in Dp), 4.80-4.64 (t. 1 J=9.26, 6.08 Hz, 

C
3
H), 4 26-4.12 (d, 1 H, J=9.24, 6.06 Hz, C

4
H), 3 82-

3.50 , 1 H, J=6, 9.28 Hz, CHCI), 3.35--3.16 (dd, 2H. 

COOCH
2
CH), 3.08-2.92 (t, 3H, COOCH 2CH 3), 1.40-

1.24 (rn, 3 CH
2 

protons) BC NMR (CDCI
3
): 168.4 

(carbonyl carbon). 133-126 (6 aromatic carbons) 93 

(CHCI), 86 (C
5
), 78 (C

3
), 55 (C4), 32, 30 (COOCH

2
CH3), 

26, 25, 23 (3 CH
2 

carbons). MS :m/z: 326 (M+), 295, 

253, 249, 219, 108, 77, 73. HRMS-El. [Found (M+) 

325.5932 C
16

H
20

CI0
4
N requires M, 325.5944]. 

Diastereoisorner 1 b: liquid, IR (CHCI3) 3550-3480, 

2955, 1760, 1680, 1440, 1265,770. iH NMR (CDCI
3
): 

7 04-6 94 (m, 5H, C
6
H

5
). 5 14-5 02 (br. 1H, OH, 

exchanged in op), 4.83-4.62 (t, 1H, J=2.26, 4.08 Hz. 

C
3
H), 4 22-4.10 (d, 1 H, J=2.24, 4.06 Hz, C/l), 3.80-

3.52 (dd, 1 H, J=4. 2.28 Hz, CHCI), 3.38-3.22 (dd, 2H. 

COOCH
2
CH

3
), 3.10-2.94 (t, 3H, COOCH

2
CH 3), 1.46-

1.20 (m. 3 CH
2 
protons). 13C NMR (CDCI) 168 (carbonyl 

carbon), 134-127 (6 aromatic carbons). 95 (CHCI), 86.5 

(C
5

). 76 (C), 55.5 (C
4

), 31, 30 (COOCH2CH 3), 28 26, 

24 (3 CH:o carbons). MS ·rnfz: 326 (M+), 295, 253, 249, 

219, 108 77.73 HRMS- EL [Found: (M 4
). 325.5930 
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C 16H20C104N requires M, 325.5944). 
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The addition of N-pheny! a-chloro nitrone to alkenes (maleimides) has been carried 
out in water at room temp very efficiently without any catalyst. Significant rate acceleration 
and high yield of these reactions are observed in water compared to organic solvents. 

In continuation of our earlier work1•
3

, we now wish 
to report our studies on the synthesis and 1 ,3-dipolar 
cycioaddition reaction of N-phenyl a-chloro nitrone (1) 
with alkenes in water along with organic solvents. A 
comparison of isoxazolidine synthesis. in traditional 
ms·thod with those in water is reported in Table-1. The 
amount of water used in the reaction did not have any 
significant influence on the overall rate of the reaction 
and yi~:ld of the products. ~~-phenyl o:--chloro nitrone (1) 
is a white crystalline solid, m.p. 58° (uncorrected) and 
is stable. The structure of the nitrone 1 and all the 
cycloadducts are confirmed by 1H, 13C NMR, IR, Mass 
HRfv1S spectra! data. Without water, the neat reactions 
at room temp are very inconsistent !tis possible that 
water promotes the reaction through hydrogen bond 
formation with the carbonyl oxygen atom of the a, !3· 
unsaturated carbonyl compounds (rnaleimides) and 
thereby increasing tl1e electrophilic character at the (3-
carbon which is 2ttaci<:ed by nucleophilic oxygen atom 
of the nitrone. Thus water activates the alkene and 
thereby greatly facilitates the 1·eact1on. 

Experimental 

Hc:md drawn silica gel (E Merck) plates of 0 5-0.7 
mm thickness were used forTLC. Silica gel (Qualigen) 
60-200 mesh 'Nas used for column chromatography 
Melting points are determined in open capillary tubes 

Ph 

0 

/J( 
,, N--R u 

"-0 
0 

----------·---i!> 

and are uncorrected. IR spectra were recorded as turn 
or in solution on a Perkin-Elmer (RX 1) 881 machine. 
1H NMR spectra and 13C NMR spectra were recorded 
on a Bruker Avance 400 (400 MHz, FT NMR) 
sp.ectrometer. MS spectra were recorded on a Jeoi SX--
102 (FAB) spectrophotometer. Chemical analysis were 
carried out on Car!o-Erba EA 1108 elemental analyzer 

Preparation of nitrone 1 and cycloadducts 2 

N-Phenyl a--chloro nitrone was prepared foliov>'i'l~J 
the same methodology as already reported for r~

cyclohexyl a-chloro nitrone4 where the formation of 
chiorohydrin from dihydropyran has been a! 
described. N-Phenyl hydroxylamine (2.20 mrr 
chlorohydrin (1 equivalent) and dry ether ( 100 
taken in a 250 ml conical flask along with anhyd 
The reaction mixture was kept at room ternp vv;'J: 
constant stirring with a magnetic stirrer under 
atmosphere fer 12 hr. Tile formation of the nitrone was 
monitored by TLC having R1==0 32 (silica gel. ethyl 
acetate: benzene=1: 1 0) The nitrone was ISolated under 
reduced pressure as white crystalline solid (m !J. sa·. 
93%). 

In a 50 ml conical flask, nitrone 1 (1 mrno!) t,J. 
phenyl maleimide (1 mmol) and water (10 ml) was addeci 
and stirred at RT with a magnetic stirrer ur;der l'L. 
atmosphere. The progress of the reaction was monitored 

0 

2a: R=C6H5 

2b · R=C,H . 
.) . 
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Table-1 
Characterization of isoxazolidines (2) prepared 

Dipolarophile Solvent Time (hr) Yield M.P. 

N-Phenyl maleimide Water 4 

N-Cyclohexyl maleimide Water 5 

1'-l-Methyl maleirnide Water 4 

N-Phenyl maleimide THF 18,48 

N-Cyclohexyl maleimide THF 14,48 

N-Methyl maleimide THF 18,48 

by TLC. After completion of the reaction, the product 
was extracted with ether (2x25 ml), the organic layer 
was washed with brine (2x15 ml), dried over anhyd 
Na

2
SO 

4 
and concentrated. The product was purified and 

crJstallized from ethyl acetate-hexane and was obtained 
as yellow crystals. Same procedure was followed for 
other maleirmdes (Scheme-1 ). 

For the tradttional cycloaddition reaction, nitrone 1 
(1 mmoi), N-phenyl ma!eimide (1 mmol) 10m! THF 
were taken in a 50 ml conical flask and stirred at RT 
wtth a magnetic stirrer under N

2 
atmosphere for 48 hr. 

The formation of the cycloadduct was monitored by TLC. 
The solvent was evaporated under reduced pressure 
and the product was purified by column chromatography 
using pet ether (60-80°)-methanol as eluent (Scheme-
1) Same procedure was followed for other maleimides. 

Spectral data 

Nitrone 1 

IR (CHCIJ 3640-3440, 1660, 1600, 1360, 1310,770 
em' 'H NMR (CDCI3) o 7.22 (s, 1 H, CH=N•), 7.10-
6.95 (m. 5H. C)-i,); 510-5 02 (br, 1H, OH exchanged in 
0

2
0), 4 30-4 15 (dd, iH, J=6.1p Hz, CHCI); 2.20-1 96 

(m, oH, CH
2 

protons). 13C NMR (CDCI
3

) : o 142.6 
(CH=W); 136-126 (6 signals 6 aromatic carbons); 54 
(CHC!); 43, 40, 37 (3 CH

2 
carbons). HRMS-EI : M, 

227 8158 C
11

HHCIO}'J requires M+, 227 8173% 

2a: IR (CHCI
3
): 3550-3480,2800, 1760, 1660, 1470, 

1320, 775. 1H NMR (CDC!): 7 55-7.40 (m, 2x5H, C
6
H

5 

protons); 5 05--4.95 (br, 1 H, OH, exchanged in D"O), 
4.90-4.82 (d, 1H, J=6.06 Hz, C

5
H), 4.46-4.35 (t, '1H, 

J:-=6 08 Hz, C}-1), 3.90-3.76 (t, 1 H. J=6 06. 6 08 Hz, 
C

4
H), 3.22-3.10 (dd, J=6,6.06 Hz, CHCI); 2.20-2.05 (m, 

6H. CH
2 

protons). ' 3C NMR (CDCI
3

) 168, 167 (carbonyl 
ca:·bons) i 38-124 (12 aromatic carbons); 87 5 (C

5
), 76 

(%) (OC) 

94 126 

92 106 

93 95 

33,52 122 

37,58 90 
31,54 98 

(C), 59.4 (C
4

), 47 (CHCl), 36, 34, 30 (3 CH
2 

carbons) 
MS (rn/z) : 401 (M•), 370, 342, 324, 294, 247, 211, 
190, 154, 108, 77, 59, 31 HRMS-EI: (M) 400.9664 
C

21
H

21
CI0

4
N

2 
requires M·, 400.9673%. 

. 2b: !R (CHCI): 3620-3530.2920. 1770, 'i680, '1440, 
1260, 780. 1H NMR (CHCI

3
): 7.02-6.92 (m, 5H, C

6
H

5
) 

5.10·5.02 (br, i H, OH, exchanged m Dp):. 4.95-4.88 
1 H. J=6.12 Hz, C

5
H), 4.80-4.64 (t, 1 H, .J=6 DB Hz, 

C
3
H), 426-4 12 (t, 1 H, J=6,6.06 Hz, C"H), 3.82 .. 3.2.0 

(dd, 1 H, J=6,6 08 Hz, CHCI), 2.75-2.56 (m, 1 H, N-CH 
proton), 2.40-2.24 (m, cyclohexyl and CH

2 
protons). 3C 

NMR (CDCI
3

) 168.4, 168 (carbonyi carbons); 133-12.(-) 
(6 aromatic carbons); 86 (C5), 78 (C

3
), 55 39 

(CHCI), 32-20 (cyclohexyl and CH
2 

carbons). MS (rn/ 
z): 407(M•), 348,330, 324,299,211, 196, 108,83. Ti'. 
59. HRMS-El. (M)407.0424 C

2
,CIH270 4N2 

requires M+ 
407.0430 
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Synthesis and antibacterial activities of some novel isoxazolidine derivatives derived from N

phenyl-a-chloro nitrone in water 

1,3 dipolar cycloaddition reaction of N-phenyl-a-chloro nitrone with different dipolarophiles have been studied in 

water for the synthesis of novel isoxazolidines. Significant rate acceleration and high yield of these reactions are 

observed in water with remarkable changes in stereo and regioselectivity compared to organic solvents. The structures 

of all compounds have been established on the basis of spectral and analytical data. All compounds have been 

screened for their antibacterial activity and found to be active. 

Rl R2 

+ 
\Vater, 

H 

R,= Ph 

Bhaskar Chakraborty*, Manjit Singh Cbhetri, Saurav Kafley & Amalesh Samanta 



B 
,--

02_(!) q r- ;;l \ ~ 

)ynthesis and antibacterial activities of some novel isoxazolidine 

lerivatives derived from N-phenyl-a-chloro nitrone in water 
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1,3 dipolar cycloaddition reaction ofN-phenyl-a-chloro nitrone with different dipolarophiles have been studied in water for 

the synthesis of novel isoxazoiidines. Significant rate acceleration and high yield of these reactions are observed in water 

with remarkable in stereo and regioselectivity compared to organic solvents. The structures of all compounds have 

been established on the basis of and analytical data. All compounds have been screened for their antibacterial 

and found to be active. 

1,3 aqueous phase. stereoselectivity regioselecrivity, antimicrobial activity 

The 1,3-dipolar cycloaddition reaction between been made m the use of water as solvent to 

a nitrone and an olefinic dipolarophile is an influence the rate, regioselectivity and 

efficient method for the synthesis of the stereoselectivity of the cycloaddition reactions3
. 

isoxazolidine ring system 1. Furthermore, the Due to unstability of nitrones, very few 

cycloadducts have found numerous applications examples of the isolation or detection of the 

in synthesis through redu.ctive cleavage of the nitrones have been reported and are usually 

N-0 bond to give y-ammo alcohols 1
. trapped in situ by different dipolarophilcs in 1,3-

Asymmetric induction 111 nitrone-olefin dipolar cycloaddition reactions to afford 

cycloadditions has been achieved through cycloadducts1
. Synthesis of a stable N-phcnyl-u-

incorporation of chirality in both the dipole and chloro nitrone 1 (Ref 4) for the preparation of 

dipolarophilt:?. More recently, advances have 



ehydes4 and novel isoxazolines5 has already 

;:n reported. 

he present paper reports the synthesis and 

tibacterial activity of some novel 

oxazolidine derivatives derived from nitrone 1 

l water with high yield and remarkable changes 

1 stereochemistry (Scheme I, Table I). Organic 

;:actions in water have received increased 

Lttention primarily because of their 

mvironmental acceptability, abundance and low 

However, water also exhibits unique 

and selectivity that cannot be attained 

conventional organic solvents 7•
8

• Thus, the 

development of efficient procedures for useful 

chemical transformations in water without any 

catalyst is highly appreciated. For the present 

study, three different maleimides, ethyl acrylate 

and methyl vinyl ketone (electron poor and 

electron rich dipolarophiles) have been used so 

as to study the nature of the cycloaddition 

reactions leading to the formation of 

diastereomeric and regioselective adducts. 

Almost all the reactions in water are very fast 

(4-5 hr in case of maleimides and 7-8 hr for 

other olefines) compared to the normal 

cycloaddition reactions in orgamc solvents 

which were reported to take longer periods (26-

48 hrs)1
. It is possible that water promotes the 

reaction through hydrogen bond formation with 

the carbonyl oxygen atom of the a,~

unsaturated carbonyl compounds, thereby 

increasing the eletrophilic character at the B

carbon which 1s attacked by nucleophilic 

oxygen atom of the nitrone6
. Thus, water 

activates the maleimide, ethyl acrylate and 

methyl vinyl ketone, and thereby greately 

facilitates the reaction. 

Results and Discussion 

Excellent diastereofacial selectivity is observed 

in nitrone additions in water. The addition of 

nitrone 1 to maleimides result in a mixture of 

diastereomer 2a-4a and 2b-4b (almost 70 : 30 

ratio in all cases) and generation of as many as 

three to four chiral centers in a single step. 

Studies of organic reactions in aqueous media 

shows that there is a higher probability of the 

formation of mixture of diastereomers when 

water is used as solvent rather than conventional 



orgamc solvents7
. These results can be 

rationalized by an exo approach of nitrone 1 

which has Z configuration for the formation of 

major cycloadducts 2a-4a (transition state I). 

The minor cycloadducts 2b-4b are formed by 

the endo approach of Z nitrone (transition state 

II). The mixture of diastereomers are identified 

by considering the multiplicity of the proton 

signals at 3-H and 4-H along with their coupling 

constant values. The most significant 

differences in the 1 H NMR data for the 

diastereomers are the position and multiplicity 

of the 3-H signaL In the minor adducts 2b-4b, 

3-H resonates upfield around ()H 10 while for 

the same proton in major ad ducts 2a-4a around 

OH 4.55 and .1},4 ~ 9.16 Hz for major adducts 

whilst fur minor adducts .h,4 is~ 2.26 Hz. These 

differences can be explained by considering the 

available isoxazolidine ring conformations. Due 

to the 4,5-fused pyrrolidindione, the 

isoxazolidine nng adopts an envelope 

conformation and allowing for inversion, its 

nitrogen atom will either extend out from the 

envelope, i.e., minor conformation, or point 

3 

inside the envelope, i.e., maJor conformation. 

The mmor conformer has the N-lone pa1r 

antiperiplanar and therefore, capable of 

shielding 3-H proton, so this conformation is 

assigned to the minor conformer (Figure 1). 

The diastereomeric isoxazolidines 2a-4a and 

2b-4b were separated by column 

chromatography and obtained in analytically 

pure form9
. The endo/exo stereochemistry 

mentioned above is based on extensive NMR 

investigations. Most relevant are the coupling 

constants of the diastereomers. 

4a, this coupling constant is almost 9.2--9.4 Hz. 

implying a cis relationship between H-3 and H-

4, whereas for 2b-4b, the coupling constant is 

almost 2.5--4.2 Hz which implies a trans 

relationship between H-3 and H-4 (Ref 10). In 

all the diastereomers, the configurations of H-5 

and H-4 are cis as evidenced from their coupling 

constant values. For ethyl acrylate and methyl 

vinyl ketone the regioselectivity was 

rationalized by usmg frontier orbital theory 11 

and 1H NMR experiments. Cycloadditions to 

a,~-unsaturated carboxylic acid derivatives. e g 



4 

ethyl acrylate are particularly useful because geometry as evidenced from their coupling 

high regioselectivity is often observed in water6
. constant values (JH4, Hs = 6-8.4 Hz; JH4 , H3 = 

The reactions were found to be highly 6.2-7.6 Hz) (Ref 1 0). Similar cycloaddition 

regioselective to form solely 5-substituted reactions of nitrone with these dipolarophiles 

isoxazolidines. Nitrone 1 has considerably usually give both 5 and 4-substituted adducts in 

higher ionization potential than normal nitrones conventional solvents with some exceptions of 

due to the electron withdrawing effect of either 5 or 4-substituted adducts 13
.1

4
. 

chlorine. Therefore, nitrone (LUMO)-

dipolarophile (HOMO) interactions completely 

dominate the reaction and lead to the formation 

of 5--substituted adducts 1 1
,1

2 From the 1H 

NMR spectrum of cycloadducts S--6, it has been 

found that clear double doublet signal for H-4 

protons and double triplet signal for H-3 protons 

are obtained ali the cases due to further Minor conformation l Major conformation 2 

coupling from vicinal hydrogens and hence is a =Ph; Me.; 

confirmation in favour of 5-substituted adducts. Figure I 

general, the reactions are very clean and 

From the detailed investigations on the nature of 
yielding compared to 

these cycioaddition reactions using TLC and 1 H 
reactions of nitrones. The products have been 

NMR spectrum studies for the cycloadducts 5-
characterized from their spectroscopic (IR, 1 

'i, it is also confirmed that no diastereomers are 
NMR, HRMS, 13C NMR) data. No catalyst or 

'armed. The relative configurations of H-3, H-4 
co-organic solvent are required. The structures 

lnd H-5 protons in these adducts are syn and the 
of 2-6 have been confirmed by 1 H and 1 

ycloadducts are in favour of exo transition state 
NMR spectroscopy in CDCh solution along 



with MS and IR spectra. Thus, the 1 H NMR 

spectra of 2-4 indicate that these isoxazolidine 

derivatives are formed as a mixture of 

diastereomers in almost 70:30 ratio with cis and 

trans configurations relative to the spatial 

orientation of the R3 group at C3 with respect to 

the H atom at C4 position. These diastereomers 

have been separated by column chromatography 

and recrystallized from heptane-ethyl acetate9
•
15

. 

The 1H NMR spectrum of 2a-4a and 2b-4b 

displayed different spectrum (position of 

for diastereomers. In contrast, the 

tH NMR spectrum of 5-6 displayed only one 

set of signals indicating that they are formed as 

unique cycloadducts. The exact stereochemistry 

at the asymmetric CHCl carbon atom all the 

cycloadducts could not be determined due to 

multiplet signals (doublet of triplet appears 

:tlmost as multiplet) obtained in the NMR 

>pectrum and also due to freely rotating carbon 

~entre at CHC14
·
5

. In the 13C NMR spectrum, 

'our signals were obtained in case of phenyl ring 

:arbon atoms due to the equivalent nature of C

·. and C-6 and. C-3 and C-5 carbons. In the mass 

5 

spectrum, significant M++ 2 ion peak signals are 

obtained in most of the diastereomers and 

regioselective cycloadducts as the peak of 

highest intensity due to the presence of isotopic 

abundance of CrJ 7 atom in these compounds. In 

addition, mass fragmentation peaks of different 

value are also obtained for diastereomers of a 

particular cycloadduct. Studies of HRMS 

spectra shows almost exact masses in the 

majority of the compounds. 

Antibacterial screening test 

All the synthesized cycloadducts and 

were subjected to in vitro screening against 

Vibrio parahaemoZvticus, Klebsiella 

pneumoniae, Bacillus subtilis, Proteus vulgaris, 

Staphylococcus aureus, ,)higella flexneri, 

Eschericia coli, Salmonella typhi and Vibrio 

cholerase. The mm1mum inhibitory 

concentration (MIC) was determined using cup 

plate assay method according to the standard 

procedure16
. Nutrient agar was used as a culture 

medium. Initially strains of desired bactcJ ia 

were isolated and were suspended in normal 

saline .. From each bacterial suspension O.l mL 



6 

was taken with the help of pipette and was 

spread on preprepared nutrient agar plate, with 

the help of spreader. Then cups were scooped 

out from each plate with the help of a cork borer 

and then to the respective cups different 

derivatives of the isoxazolidine (2a, 3b, 4b, 5 

and 6) of concentrations ( 1000 ~g/mL, 600, 

400, 200, 100, 50, 25, 10 ~g/mL) were added. 

The plates were incubated at 3 7°C for 24 hr and 

then were recorded. The lowest 

concentration, which showed no visible growth, 

was taken as an end point minimum inhibitory 

concentration (MIC). the compounds 

showed MIC 10 ~tg/mL except 4b and 6. These 

showed MIC 50 ~g/mL against Bacillus subtilis 

and Proteus vulgaris. It has been observed that 

the derivatives of isoxazolidine (2a, 3b, 4b, 5 

and 6) have antibacterial activity against both 

gram positive (Saureus, B.subtilis) and gram 

negative (E. coli, Sjlexneri) bacteria, hence it 

can be concluded that the derivatives used were 

broad spectrum antibiotics 17
. The MIC value 

obtained for isoxazolidine derivatives range 

from 10 r-tg/mL-50 r-tg/mL (except 5) and are 

very close to the MIC values of most commonly 

used antibiotics like Penicillin ( 1 0 

Sulphonamide (300 ~g/mL), Nalidixic 

(512 ~Lg/mL), etc. and hence they are equally 

effective and can be prescribed after testing of 

LDso (Ref 18). 



R1~R2 

(i) 

1 

(i) water, RT, 4-5 hr, N 2 atmosphere 

2 : , R 2 = -CONMeC0-
3: RJ, R2 = -CONPhC0-
4 : R b R 2 = -CONCyC0-
5 : R1 --= -C02C2H5; R2 = H 
6 : = -COCH3 ; R 2 = H 

R --=Ph; R3 = 

Experimental Section 

Scheme I 

7 

H 

2a-4a; 5-6 

+ 

R 

I R3 
/N~~ 
~"IH 

H---I \ ~H 
R1 R2 

2b-4b 

Melting points were determined in open capillary tubes and are uncorrected. 1H NMR spectra \Vere 

recorded with a Bruker A vance DPX 400 spectrometer ( 400 MHz, FT NMR) using TMS as internal 

standard. 13C NMR spectra were recorded on the same instrument at 100 MHz. The coupling constants 

(J) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 1-881 machine as film or as KBr 

pellets for all the products. MS spectra were recorded with a Jeol SX-1 02 (F AB) instrument. The HRMS 

spectra were recorded on a Q -~ Tof micro instrument (YA~-105). Elemental analyses (CHN) were 

performed with a Perkin-Elmer 2400 series CHN Analyzer. TLC's were run on Fluka silica gel 

precoated TLC plates. All other reagents and solvents were purified after receiving from commercial 

suppliers. N-phenylhydroxylamine was prepared following standard methods available in the lllerature 

and has been used already for the synthesis of aldehydes and cycloaddition reactions involving a-amino 

- . . 4 ') mtrones m orgamc solvents ··. 
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" Table I- Physicochemical data of synthesized compounds 

Entry Nitrone Dipolarophile Time Cycloadduct" & m.p Cc) Cis/trans ratio(%) Yie 
(hr) 2a-4a: cis; 2b-4b: trans (%) 

2 

3 

4 

5 

N-phenyl-u
chloro nitrone 

N-phenyl-a
chloro nitrone 

N-phenyl-u
chloro nitrone 

N-phenyl-u
chloro nitrone 
N-phenyl-a
chloro nitrone 

N-methyl maleimide 4 

N-phenyl maleimide 5 

N-cyclohexyl maleimide 5 

Ethyl acrylate 5 

Methyl vinyl ketone 5 

3 A!l the reactions were carried out at RT 
bisolated yields after purification 

General procedure cydoaddition (for diastereomers) 

2a: White solid, 104 
2b: White solid, 120 

3a: Yell ow solid, 116 
3b:Yellowish white solid, 131 

4a: Dark yellow crystals, 88 
4b: Yell ow crystals, 96 

5: White gummy liquid 

6: Pale yellow oil 

a 50 mL conical flask, 1 mmole), dipolarophile (1 mmole) and water (15 

2a: 76 96 
2b: 20 

3a: 71 94 
3b: 23 

4a: 68 95 
4b: 27 

93 

9! 

was 

md stirred at with a magnetic stirrer N2 atmosphere for 4-5 . The progress reaction 

vas monitored by TLC. After completion of the reaction, the products were extracted with ether 

1L), the organic layer was washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

mcentrated. The mixture of diastereomers were purified and separated by column 

ing ethyl acetate ~ hexane to afford cycloadducts (Scheme l). procedure was followed tor 

bstrates 1 listed in Table I. 

nthesis of (38)-3-(l-chloro-4-hydroxy butyl)-5-methyl-2-phenyldihydro-2H pyrrolo[3,4-

.oxazole-4,6(5H,6 a-H)-dione, 2a 

t stirred solution of nitrone 1 (1 mmole) in 15 mL water was added N-methyl maleimide ( 1 mmole) 

T under nitrogen atmosphere and the reaction mixture -.vas stirred for 4 hr. The progress of the 

ion was monitored by TLC (Rr ::cc 0.3S. 0.40). The products were extracted with ether mL\ 

I 
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the organic layers were washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate -hexane and finally obtained by removal of solvent under reduced pressure as white 

solids. 

White solid. Yield 75.6%; Rr = 0.38; IR(CHCh): 3590 - 3460 (br ), 2924(m), 2840(m), 1755(s), 

1660(s), 1485(m), 1340(m), 803(s), 774(s) cm-1
; 

1H NMR (CDCh): o 7.15-6.98 ( m, 5H, C6H5), 5.22 

(d, 1H, J= 6.8 Hz, CsH ), 5.08 -· 5.00 (br, lH, OH, exchanged in D20), 4.55 (dd, lH, J= 6.84, 9.2 Hz, 

C3H\ 3.76 (dd, lH, = 8.06, 9.20 Hz, C4H), 3.40 (s, 3H, CH3), 3.14-2.96 (m, lH, CHCl), 1.95- 1.52 

6H, CH2 protons); 13C NMR (CDCb): 8 174.64, 173.42 (carbonyl carbons), 134.50, 133.26, 132.00, 

130.64 (aromatic carbons), 88.00 

(CI-h), 26.00, 23.00 CH2 carbons); MS· 

62.00 (CH20H), 58.00 (C1), 52.00 (CHCl). 39.00 

"'40 (M·> +-2) "38 (M+) ':'2" "0~ 261 '47 !"' 1 1 )7 .J , , ' _1 ' :J .J' .J I' ) , ~ ' ""·' -. ( , . 

77, 59:. HRMS- EI: Calcd for C16H1904N2Cl (M) mlz 338.1338. Found: M+ 338.1324. Anal. Found: C, 

H, 5.49; N, 8.19. C 16H190 4N2Cl requires C, 56.63; H, 5.60; N, 8.25%. 

(3R)-3-(1-chloro-4-hydroxy butyl)-5-methyl-2-phenyl dihydro-2H pyrrolo[3,4-d]isoxazole-
4,6(5H,6 a-H)-dione, 2b 

White solid. Yield 20.4%, R/= 0.40; IR (CHCh): 3580 - 3465 (br), 2895 (m), 1764 (s), 1660(s). 1482 

(m), 1355 (m), 805 (s), 780 (s) cm- 1
; 

1H NMR (CDCh): 8 7.20-7.08 (m, 5H, C6H 5), 5.26 (d, lH, J = 6 

Hz, C5H), 5.10-4.94 (br, lH, OH, exchanged in 0 20), 4.10 (dd, lH, J = 2.50, 4.06 Hz, ClH), 3.60 

(dd, lH, J = 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3), 3.22 -- 3.05 (m, lH, CHCl), 1.88 - 1.44 (m, 6H, 

CH2 protons); 13C NMR (CDCb): o 172.50, 171.00 (carbonyl carbons), 133.00, 132.00, 130.34, 128.60 

(aromatic carbons), 88.62 (Cs), 74.00 (C3), 61.44 (CI-hOH), 58.28 (C4), 54.00 (CHCl), 37.00 (CH:;), 

24.00, 21.00 (2 CH2 carbons); MS: m/z 338 (M+), 307, 261, 246, 231, 139, 111, 107, 77, 31, HRMS --

EI: Calcd for C16H1904N2Cl (M) m/z 338.1338. Found: M+ 338.1320. Anal. Found: C, 56.50: H, 5.52; 

56.63; H, 5 '8.25%. 
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Synthesis of (3S)-3- (1-chloro-4 hydroxy butyl)- 2,5 diphenyl dihydro-2H pyrrolo[3,4-d]isoxazole-

4,6(5H,6 a-H)-dione, 3a 

To a stirred solution of nitrone 1 (1 mmole) in 15 mL water was added N-phenyl maleimide (1 mmole) 

at RT under nitrogen atmosphere and the reaction mixture was stirred for 4 hr. The progress of the 

reaction was monitored by TLC (R1 = 0.34, 0.42).The products were extracted with ether (2 X 25 mL), 

the organic layers were washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate- hexane and finally obtained by removal of solvent under reduced pressure as yellow 

and yellowish white solids. 

3545 -- 3480 (br), 2880 (m), 1765 1650 1 

1 (s) cm- 1
; NMR (CDCh): 8 7.55- 7.40 (m, 2 51-i, C6l-I5 protons), 5.42 

lH, J = 8.24 C5H), 5.05 - 4.95 (br, lH, OH, exchanged in D20), 4.46 (dd, lH, J = 9.25. 7.28 Hz, 

C3H), 3.76 (dd, lH, J = 9.22, 6.08 C4H), 3.22- 3.07 (m, lH, CHCl), 1.82 - 1.35 (m, 6H, CH2 

protons); 13C NMR (CDCh): o 175.54, 173.68 (carbonyl carbons), 138.00, 137.00, 135.64, 134.32, 

133.70, 132.00, 131.46, 130.00 (aromatic carbons), 87.50 (C:;), 76.00 (C3), 64.52 (Cl-hOH), 59.42 (C4), 

52.00 (CHCJ ), 28.00, 26.00 ( 2 CH2 carbons); MS: mlz 400 (M+), 341, 323, 246, 216, 173, 107, 77, 59, 

31; HRMS -- EI: Calcd. for 1H21 0 4N2Cl, (M) mlz 400.1494. Found: M+ 400.1476. AnaL Found: C, 

66.70; H, 5.20; N, 6.82. C21 l-b04N2C1 requires C, 66.84; H, 5.23; N, 6.98%. 

Synthesis of (3R)-3- (1-chloro-4 hydroxy butyl)- 2,5 diphenyl dihydro-2H pyrrolo[3,4-d]isoxazole-

4,6(5H,6a-H)-dione, 3b 

Yellowish white solid. Yield: 23.2%, Rt= 0.42; IR (CHCh): 3560- 3470 (br), 2865 (m), 1760 (s), 1684 

(s), 1465 (m), 1370 (m), 810 (m), 772 (s) cm-1
; 

1H NMR (CDCh): 8 7.35 - 7.14 (m, 2 X 5H, C6Hs 

protons), 5.24 (d. lH, .fcc-= 7.20 Hz, C5H), 5.00- 4.92 (bL lH, OH, exchanged in D20), 4.38 (dd, ll-L J= 
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25, 2.24 Hz, C3H), 3.52 (dd, lH, J= 4.42, 2.08 Hz, C4H), 3.37-3.20 (m, lH, CHCl), 1.74- 1.46 (m. 

-I, CH2 protons); 13C NMR (CDCh): 8 174.44, 171.86 (carbonyl carbons), 137.24, 136.48, 135.00, 

34.56, 133.00, 132.80, 130.64, 129.00 (aromatic carbons), 85.00 (C5), 72.62 (C3), 64.56 (CH20H), 

7.40 (C4), 53.62 (CHCI ), 28.00, 27.00 (2 CH2 carbons); MS: m/z 402 (M+ +2), 400 (M+), 295, 246, 

16, 211, 189, 154, 107, 77, 31; HRMS- EI: Calcd for C21 H21 0 4N2Cl, (M) m/z 400.1494. Found: M+ 

00.1483. Anal. Found: C, 66.54; H, 5.14; N, 6.75; C21H2t04N2Cl, requires C, 66.84; H, 5 ; N, 6.98%. 

Synthesis of (3S)-3- (1-chloro-4 hydroxy butyl)-5-cydohexyl- 2- phenyl dihydro-2H pyrrolo[3,4-

l]isoxazole-4,6(5H, 6a-H)-dione, 4a 

fo a stirred solution of nitrone 1 mmole) in 15 water was added maleimidc 

at atmosphere and mixture was stirred for 5 progress 

the reaction was monitored by TLC 9, 0 products were extracted with ether X 

mL ), the organic were washed with saturated brine X 15 mL ), dried over anhydrous Na2S04 

and concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate - hexane and finally obtained by removal of solvent under reduced pressure as dark 

yellow and yellow crystals. 

Dark yellow crystals. Yield 68%, "" 0.39; IR (CHCh): 3620 3530 (br), 2872 (s), 1770 (s), 1693 (s), 

1444 (m), 1390 (m), 1260 (m), 805 (s), 780 (s) cm--1
; 

1H NMR (CDCh): 8 7.02- 6.92 (m, 51-I, C6H5), 

5.32 (d, lH, J = 6.12 Hz, C5H), 5.10- 5.02 (br, 1H, OH, exchanged in D20), 4.52 (dd, lH, J = 9.26, 6.08 

Hz, C3H), 4.26 (dd, IH, J = 9.24, 7.06 Hz, C4H), 3.20 - 2.94 (m, lH, CHCl), 1.64 - 1.24 (m, 17H, 

cyclohexyl and CH2 protons); 13C NMR (CDCb): 8 172.34, 170.26 (carbonyl carbons), 131.30, 130.55 

128.63. 127.42 (aromatic carbons), 86.00 (Cs), 78.00 (C3), 62.50 (CH20H), 5S.OO(C4 ), 50.66 (CHCl ), 

30.00. 28.00, 26. 74. 25.42, 24.36, 23.58, 22.24. 19.00 (cyclohexyl and CI--b carbons); MS: me: 406 
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(M+), 375, 347, 329, 324, 222, 107, 77, 59, 31; HRMS - EI: Calcd for C21H270 4N2Cl (M) mlz 

406.1962. Found: M+ 406.1949. 

Synthesis of (3R)-3- (1-chloro-4 hydroxy butyl)-5-cyclohexyl- 2- phenyl dihydro-2H pyrrolo[3,4-

d]isoxazole-4,6(5H, 6a-H)-dione, 4b 

Yellow crystals. Yield 27%, RJ = 0.44; IR (CHCb): 3630- 3535 (br), 2865 (s), 1760 (s), 1680 (s), 

1440 (m), 1375(m), 1265 (m), 810(s), 780 (s) cm-1
; 

1H NMR (CDCh): 8 7.22- 7.04 (m, 5H, C6H5), 

5.26 (d, lH, J= 7.22 Hz, C5H), 5.18- 5.06 (br, lH, OH, exchanged in D20), 4.43 (dd, lH, J = 4.32, 3.26 

Hz, C3H), 4.14 (dd, lH, J = 3.22, 2.08 Hz, C4H), 3.38- 3.20 (m, lH, CHCl), 1.72 - 1.38 (m, 17H, 

cyc1ohexyl and CH2 protons); 13C NMR (CDCh): 8 170.74, 169.86 (carbonyl carbons), 135.36, 134.50, 

13258 (aromatic carbons), 84.34 (C5), 75.00 (C3), 6L64 (CH20H), 53.50 (C4), 53.00 (CHCl), 

27 .46, 21 5, 1 and carbons); 408 

406 216, 179, 139, 1 83, 

406.1962. Found: M+ 406.1943. 

General procedure for cycloaddition (for regioselective cycloadducts) 

In a 50 mL conical flask, nitrone 1 (1 mmole), dipolarophile (1 mmole) and water (15 mL) was added 

and stirred at RT with a magnetic stirrer under N2 atmosphere for 5 - 6 hr. The progress of the reaction 

was monitored by TLC. After completion of the reaction, the product was extracted with ether (2 X 25 

mL), the organic layer was washed with saturated brine (2 X 15 mL ), dried over anhydrous N a2S04 and 

concentrated. The crude product was purified by column chromatography using ethyl acetate- hexane to 

afford pure cycloadduct (Scheme I). This procedure was followed for the substrates 4 and 5 listed in 

Table I. 
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Synthesis of (3S)-ethyl-3-(1-chloro-4 hydroxy butyl)-2-phenyl isoxazolidine-5-carboxylate, 5 

To a stirred solution of nitrone 1 (1 mmole) in 15 mL water was added ethyl acrylate (1 mmole) at RT 

under nitrogen atmosphere and the reaction mixture was stirred for another 5 hr. The progress of the 

reaction was monitored by TLC (R1 = 0.48). The product was extracted with ether (2 X 25 mL), the 

organic layer was washed with saturated brine (2 X 15 mL ), dried over anhydrous N a2S04 and 

concentrated. The crude product was purified and separated by column chromatography using ethyl 

acetate - hexane and finally obtained by removal of solvent under reduced pressure as white gummy 

liquid. 

3610 - 3 (br), 2930 2856 1750 (s), 

795 14 5.15-5 (br. lH. 

exchanged in 1 J -- CsH), 4.48 - 4.33 (dt, H-L J =-c 7 Hz, J 

= 6, 6.02 3.88 (dd, 2H, J = 8.18 C4 2H), 3.60 - 3.46 (m, 1 CHCl), 1.84-

1.46 (m, 6H, CH2 protons), 1.24 3H, J = 7.52 Hz, -OCI-hCH3); 
13C NMR (CDCh): 8 167.40 

(carbonyl carbon), 136.40, 134.50, 133.25, 132.60 (aromatic carbons), 88.00 (C5), 76.00 (CJ), 63.00 

(Cl--bOH), 60.00 (CH2 carbon of -OCH2CH3), 58.00 (C4), 55.00(CHC1), 32.00, 24.00 (2 Cl-:b carbons), 

16.00 (CI-h carbon of OCI-hCH3); MS: m/z 329 (M+ +2), 327(M+), 296, 250, 219, 207, 177, 142, t08, 

107, 77, 73, 3 J; HRMS- EI: Calcd for C16Hn04NCl (M) mlz 327.1542. Found: M' 327.1 .... 
5. 

Synthesis of 1-{(3S)-3-(1-chloro-4-hydroxy butyl)-2-phenyl isoxazolidin-5yl)} ethanone, 6 

To a stirred solution ofnitrone 1 (1 mmole) in 15 mL water was added methyl vinyl ketone (1 mmole) at 

RT under nitrogen atmosphere and the reaction mixture was stirred for another 8 hr. The progress of the 

reaction was monitored by TLC (Rr = 0.44). The product was extracted with ether (2 X 2.5 mL). the 

org~m1c was ,,·ashed with saturated brine (2 X t 5 mL ), ::lr1ed ever anhydrau:' :'-' 
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oncentrated. The crude product was purified and separated by column chromatography using ethyl 

Lcetate- hexane and finally obtained by removal of solvent under reduced pressure as pale yellow oil. 

Jale yellow oiL Yield 91%, R1 = 0.44; IR(CHC13): 3520- 3380 (br), 2925 (s), 2844 (m), 1710 (s), 1440 

:m), 1324 (s), 804 (m), 776 (s) cm-1
; 

1H NMR (CDCb): 8 7.16- 7.04 (m, 5H, C6H5), 5.32 (t,lH, J = 7.82 

Hz, CsH), 5.10-5.0 (br, lH, exchanged in D20), 4.54-4.43 (dt, lH, J= 8.30 Hz, C3H), 4.28 (dd, 2H, J 

= 9.48, 7.10Hz, C4 2H), 3.78 --3.62 (m, lH, CHCl), 2.12 (s, 3H, COCH3), 1.86- 1.54 (m, 6H); 13C NMR 

(CDCb): o 195.22 (carbonyl carbon), 132.00, 131.55, 130.00, 128.40 (aromatic carbons), 88.00 (C5), 

78.00 (C3), 66.00 (CH20H), 58.00 (C4), 53.50 (CHCl), 24.60 (COCH3), 19.00, 17.00 (2 CH2 carbons); 

MS: m/z 297(M+), 266, 254, 270, 212, 147, 112, 107, 77, 43, 31; HRMS-EI: Calcd for C15H200 3NCl (M) 

297.1437. Found: M+ 297.1426. 

Conclusions 

the present procedure provides an example of green chemistry methodology for the synthesis 

of regio and stereoselective novel isoxazolidines in aqueous phase with high yield in a short reaction time 

and almost all the synthesized compounds are having significant antibacterial activity. The notable factors 

of this methodology are: (a) high yields (b) faster reaction (c) mild reaction conditions and (d) green 

synthesis avoiding use of organic solvents. Therefore, it is believed that procedure described here will find 

important applications in the synthesis of isoxazolidine derivatives and thereby offering greater scope for 

aqueous phase cycloaddition reactions. 
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Introducing novel a-N-methyl/phenyl furan derivatives as new and 
efficient dipolarophiles for 1 ,3-dipolar cycloaddition reaction in the 
regioselective synthesis of spiro isoxazolidine derivatives with a-
chloro and simple nitrones 
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1 ,3-dipolar cycloaddition reaction of a-chloro and simple nitrones have been studied with 
novel a-N-methyl/phenyl furan derivatives as new dipolarophile. The reactions are found to 
be highly regioselective to afford single 5-spiro isoxazolidines with high yield in a short 
reaction time. 

----·---· ---··-·---· 

Keywords : a-N-methyl/phenyl furan derivatives as new dipolarophile, regioselectivity, spiro cycloadducts 

ln addition to existing dipolarophiles !able for l,3-dipolar cycloaddition reaction 
" l mtrones , we to incorporate for the first time some novel and efficient 

dipolarophi1es (a-N-methyl/phenyl furan derivatives) which are highly reactive to afford 

solely 5-spiro isoxazoJidines with high yield in a very short reaction time (4-6 hrs) with 

different nitrones at (Scheme 1). Detailed literature survey reveals that these type 

cycloaddition reactions are generally diastereomeric in nature with the predominance of one 

of the isomers2
. novel dipolarophiles 2 (a-N-methyl/phenyl furan derivatives) were 

isolated as sideproduct and in single E isomeric forms (almost 20%) in an cases of tbe 

reported oxidation reaction of alkyl halides to aldehydes and ketones using a-chloro nitroncs' 

(Scheme 5·-spiro isoxazolidines (3~8) were obtained as regiosclectivc single JSomer 

predominantly in all the cases of a-chloro,u-amino and simple nitrones with high yields (78-

88%) wben isolated in pure condition. It could be due to tile fact that nitrone (LUMO)~ 

clipolarophile (HOMO) interactions are strong enough to dominate the reaction4 and leads to 

the formation of solely 5-spiro isoxazolidines (3-8) via an exo approach of nitrone l (all the 

reported nitrones are in Z configuration) to the furan derivatives 2 (transition state l). At the 

outset of this work it was not sure whether the sideproducts obtained during aldehyde and 

ketone synthesis can be employed as efficient dipolarophile. While studying the scope of 



atom efficiency in the reaction of aldehyde and ketone synthesis using a-chloro nitrones, the 

efficiency of the sideproducts (2) were confirmed. For the present study, we have used five 

different nitrones viz N-methyl-a-chloro nitrone3
, N-phenyl-a-chloro nitrone5

, N-methyl-a

amino nitrone6
, N-phenyl-a-amino nitrone7 and N-methyl/phenyl nitrones8 respectively in 

order to generalize the regioselectivity in cycloaddition reaction using novel dipolarophiles 

(2) leading to the generation of spiro cycloadducts (3-8).The stereochemistry of the 5-

substituted regioselective spiro cycloadducts (3-8) in all the cases were rationalized by 

considering the multiplicity of the proton signals at 3-H, 4-H, CHCl (in case of a-chloro 

nitrones only) asymmetric centres along with their coupling constant values.9 In the spiro 

isoxazolidine derivatives 3-4, 3-H resonates around 8H 2.50-3.50 ppm while for the 4-H 

around 8H 3.00-5.85 ppm and the coupling constant is h,4 - 9.16 Hz implying a cis 

relationship between H-3 and H-4. The CHCI proton also resonates upfield around 5H 2.20-

2.60 ppm. The 3-H and CHCl protons are also syn as evidenced from their coupling constant 

values Hz). 9 Almost similar coupling constant values are obtained for H-3 and 

rc>r,nr1 "''"' Spiro cycloadducts (5~8).Cycloaddition of Z nitrone (all 

the nitrones are Z configuration in this communication) via e.xo-transttion state 

geometry results the formation of syn spiro isoxazolidine derivatives. 1H NMR spectrum of 

shows significant long range coupling between H-4 with H-3' and vice versa in most of 

the spiro cycloadducts. In the mass spectrum, prominent base peak values are obtained in all 

the spiro regioselective cycloadducts and significant M+2 peaks are obtained in the spiro 

cycloadducts 3-4 which may be due to isotopic abundance of ce7 atoms. Studies HRMS 

spectra show almost exact masses for the majority of the compounds. The experimental 

procedure is very simple. Novel a-N-methyl/phenyl furan derivatives (2) are added to nitrone 

1 in diethyl ether at RT. Smooth reaction ends with the production of regioselective 

cycloadducts with extremely good yield in a very shmt reaction time. In general the 

reactions are very clean and high yielding compared to usual cycloaddition reactions of a

chloro & a-amino nitrones 1
'
5

'
6

. The products were characterized from their spectroscopic (IR, 

1H NMR, HRMS, 13C NMR) data. No catalyst or co-organic solvent was required. All the 

spiro isoxazolidine derivatives (3~8) were also screened for antibacterial activity and found to 

be very active hence procedure described here and substrates used are very safe and useful 

for mankind. 
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A preferential conformation for the regioselective spiro isoxazolidine derivatives may be 
represented in figure 1. 

H 
0 

Fig 1 

R 1 =Ph, NHz, CHCl(CH2hOH 

General conformation for the spirocycloadducts (3-8) TS 1 for forming spiro cycloadducts (3-8) 

A new mechanistic pathway for the synthesis of novel dipolarophiles (a-N-methyl/phenyl 
'>. 

furan derivatives) be represented in the following established mechanism" (Scheme 2). 
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Scheme 2 

Reagents and conditions : i) Dry ether. pyridine, r.t, N 2 atrnospherc 

ii) Dry ether, Na2C03 , r.t , N 2 atmosphere 

Finally, we have reported synthesis of exclusively regioselective sp1ro cycloadducts usmg 

some novel dipolarophiles with different nitrones in 1 ,3-dipolar cycloaddition reaction and 

4 



also the mechanism of synthesis of novel dipolarophiles. The formation of the desired spiro 

cycloadducts were obtained in good yields within a short reaction time. The newly developed 

side products (furan derivatives, 2) are equally effective as dipolarophile in cycloaddition 

reactions like other conventional dipolarophiles used for cycloaddition reactions and may be 

incorporated for the general use in cycloaddition reactions as effective dipolarophile. The 

notable advantages offered by this method are one pot synthesis, simple operation, easy 

workup, mild and faster reaction conditions with high yield of products. 

Experimental 

1H NMR spectra were recorded with a Bruker A vance DPX 300 spectrometer (300 MHz, FT 

NMR) using TMS as internal standard. 13C NMR spectra were recorded on the same 

instrument at 75 MHz. The coupling constants (J) are given in Hz. IR spectra were obtained 

with a Perkin-Elmer RX 1·881 machine as film or as KBr pellets for all the products. MS 

spectra were recorded a Jeol SX·102 (FAB) instrument. The HRMS spectra were 

recorded on a Q nncro instrument (Y A-105). TLC's were run on Fluka si gel 

prccoated TLC plates \vhile column chromatography was performed with silica gel (E.Merck 

India) 60 - 200 mesh. All other reagents and solvents were purified after receiving from 

commercial suppliers. N-methylhydroxylamine was purchased from Aldrich Chemical 

Company and was used as received. N-phenylhydroxylamine was prepared followmg 

standard methods available in the literature and has been used already for the synthesis of 

aldehydes and cycloaddition reactions involving a-amino, a-chloro nitrones in aqueous phase 

d . . 1 3567 an m orgamc so vents · · · . 

General procedure for cycloaddition (jar regioselective :,piro cycloadducts) 

To a well stirred solution of nitrone 1 (R=Me; I mmole) in diethyl ether (20 mL) taken in a 

50 mL conical t1ask, was added a-N-methyl furan derivative [(E)-l-(dihydrofuran-2-(3H)

ylidene)-N-methyl methanamine)] (1 equivalent) and was stirred at RT with a magnetic 

stirrer under N2 atmosphere for 4 hr. The progress of the reaction was monitored by TLC (Rf 

= 0.53). After completion of the reaction and work-up, the crude spiro cycloadduct was 

concentrated in a rotary evaporator and finally purified by column chromatography using 

ethyl acetate - hexane to afford pure spiro cycloadduct 3 (entry 1, Table 1, Scheme 1 ). This 

procedure was followed for the reaction of nitrone 1 (R= Me,Ph) with a-N-methyl/phenyl 



furan derivatives 2 ((E)-l-(dihydrofuran-2-(3H)-ylidene)-N-methyl methanamine)/(£)-l

(dihydrofuran-2-(3H)-ylidene)-N-phenyl methanamine)] listed in Table 1. 

Spectroscopic data for 2 (R=Me; a-N-methyl Juran derivative) [(E)-I-( dihydrofuran-2-(3H)

ylidene)-N-methyl methanamine)] 

IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 1455 (m), 1210 (m) cn1- 1
; 

1H NMR (CDCb): 8 

4.81 (br, lH, N-H), 4.56 (s, lH, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 6H); 13C NMR 

(CDCh): 8 J 03.00, 101.76 (double bonded carbons), 26.22, 25.30, 23.65 (3 CH2 carbons); 

FAB- MS: m/z 113 (M+), 98, 97; HRMS-EI: Calcd. for C6H 11 0N (M), 113.1000, Found: 

M+, 112.9876. 

Spectroscopic datafor 2 (R=Ph; a-N-phenyl Juran derivative) [(E)-l-(dihydrofuran-2-(3H)

.Ylidene )-N-phenyl methanamine )] 

IR (KBr): 3150-3060 (br), 2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 (s) cm- 1
; 

1H NMR 

(CDCl:J): o 7.83 (m, 5H, C6H5), 6.29 (br, lH, R·H), 2.17 (s, 1.79 · L 18 (m, 6H); 
13C NMR 6 1 .20, 134.00, 132.15 (aromatic carbons). 106.24, 104.18 

bonded 28.46, 27.1 24.84 CH2 carbons). FAB - MS 175 

, 77. HRMS-EI: C<:tlcd. for C 11H 130N (M), 175.0993. l\1+. 175.098L 

( 5)-4-chtoro-4-( (3S,4S,5 R)-2rnethyl-4-(methylamino )-1 ,6,.dioxa--2 -azaspi ro[ 4A ]nonan-3-

vl)lmtan-·1-ol 3 

3: Pale yellow gummy liquid. Yield 88%, Rr= 0.53; IR (KBr): 3460- 3326 (br), 2948 (m), 

2420 (m), 1485 (s), 1325 (m), 810 (m), 774 (s) cm-1
; 

1H NMR (CDCh): 6 4.83 (br, lH, 

CH20H, exchanged in D 20), 4.60 (s, lH, NHCH3), 3.37 (s, 6H, 2 x N-CH3), 3.12 (dd, lH, J 

== 9.20, H.32 Hz, C3H), 2.70 (dt, lH, J = 8.1 0, 7.88 Hz, C4H), 2.35 (dt-m, 1 H, CHCl), 1.88-

1.42 (m, 6H); 13C NMR (CDCh): 8 93.00 (CHCl), 87.55 (C5), 76.20 (C,), 55.20 (C-1), 41.97 

(N-CH3), 40.24 (NH-CH3), 33.37, 31.50, 28.68, 26.00, 25.12, 23.40 (6 CH2 carbons); MS 

(m/z): 280 (M++2), 278 (M+), 263, 248, 156 (B.P), 141, 107; HRMS-EI: Calcd. for 

C12Hn03NzCl (M), 278.6710, Found; M+, 278.6698. 

( S)-4-chloro-4-( ( 3S,4S,5 R)-2 -phenyl-4-(phenylamino )-1, 6-dioxa-2 -azaspi ro[ 4.4 ]nonan-3-

yl)butan-7-ol 4 

4: Dark red viscous liquid. Yield 86%, Rf= 0.48; IR (KBr): 3485 -- 32.':10 (br). 2962 (m), 2425 

(m), 1620 (s), 1490 (s), 1260 (m), 1040 (m), 780 (s) cm- 1
; 

1H NMR (CDC1 3): 8 6.98- 6.92 

(m, lOH, 2 x C6Hs), 5.84 (dd, lH, J = 8.55, 8.20 Hz, C3H), 5.00 (br, 1 H, CJ-f:,OH, exchanged 



in 0 20), 3.60 (dt, lH, J = 9.34, 7.88 Hz, C4H), 3.40 (s, lH, N- H proton of NHPh), 2.68 

(dt-m, lH, CHCl), 1.90 (dt, lH, J = 6.82, 6.64 Hz, C3'H), 1.50- 1.12 (m, 4H); 13C NMR 

(CDCb): o 138.00, 136.50, 134.30, 133.80, 131.75, 130.42, 129.46, 128.64 (aromatic 

carbons), 95.10 (CHCI), 86.40 (C5), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 

24.37 (6 CH2 carbons); MS (mlz): 404 (M++2), 402 (M+), 325, 310, 309, 218 (B.P), 107, 91, 

77. HRMS-EI: Calcd. for C22H270 3N2Cl (M), 402.7130, Found; M+, 402.7122. 

(S )-3 -amino-( 3S,4S,5S )-2-methyl-4-( me thy lamina )-1, 6-dioxa-2 -azaspiroisoxazo/e 5 

5: Gray viscous liquid. Yield 84%, Rf= 0.52; IR (KBr): 3430 - 3380 (br ), 3033 (m), 2955 

(m), 1773 (s), 1662 (s), 1480 (s), 1282 (m), 1178 (s), 806 (s) cm·1
; 

1H NMR (CDC]:,): 6 4.90 

(br,s, 2H, NH2, exchanged in D20), 4.60 (br, lH, NHCH3), 3.36 (s, 6H, 2 x N-CH3), 3.00 (d, 

lH, J = 7.54 Hz, C3H), 2.70 (dt, 2H, J = 6.24, 628Hz, c3·2H), 2.38 (dt, IH, J = 7.12, 6.70 

Hz, 1.70- 1.48 (m, 4H); 13C l'rMR (CDC13): o 88.50 (Cs/C2·), 77.12 (C3), 56.26 (C4), 

40.94 (N-CH3), 38.13 (NH-CH3), 32.07, 31.22, 29.34 (3' ,4' ,5' CH2 carbons); MS (m/z): 187 

157, 156 (B . HRMS-EI: Calcd. for Ci>H 170 2N3 (M), U57.1633. Found; 

1613. 

I 
'· 6 

6: Dark gray viscous liquid. Yield 81 Rf == 0.48; IR (KBr): 3436 - 3390 (br ), 3030 

2952 (m), 1780 (s), 1674 1480 1276 (m), 815 

6.90 (m, lOH, 2 x C6Hs), 5.86 J = 6.30 Hz, C3H), 5.00 (br,s, 2H, NH2• exchanged in 

DzO), 3.50 (dt, 2H, J = 6.74, 6.06 Hz, C3. 2H), 3.38 (br,s, l H, NHC6Hs), 2.70 (dt, 1 H, J = 

7.20, 6.18 Hz,C4H), 1.52 - 1.28 4H); 13C NMR(CDCh): 8 137.21, 135.44, 134.00, 

I 33.1 0, 130.66, 129.40, 128.32 .. 127.84 (aromatic carbons), 86.94 (C5/C2·), 74.24 (CJ), 55.70 

(C4), 27.87, 25.63, 24.00 (3' ,4' ,5' CH2 carbons); MS (m/z): 311 (M+), 295, 218, 203 (B.P), 

202,92, 77; HRMS-EI: Calcd. forC 18H21 0 2N3 (M), 311.2054, Found; M+, 311.2037. 

(S )-3-phenyl-(3S,4S, SS )-2-lneth.yl-4-( methylamino )-1, 6-dioxa-2 -azaspiroisoxazole 7 

7: Colourless gummy liquid. Yield 78%, R1= 0.52; IR (KBr): 3040 (m), 2965 (m), 1760 (s). 

1685 (m), 1464 (s), 1290 (m), 1084 (s), 808 (m) cm- 1
; 

1H NMR (CDCh): <5 6.8l(s,5H,C6 Hs), 

4.67 (s, lH, NHCH3),3.36 (s, 6H, 2 x N-CH3), 3.00 (d, lH, J = 5.74 Hz, C3H), 2.74 (dt, I H, 

.! = 6.64. 6.30 Hz, C~H), 2.30 (dt, 2H, J = 5.10, 4.92 Hz, C.,'2H), L80- 1.55 (m. 4H); 13C 

NMR (CDCb): 8 129.05, 128.53, 128.27, 127.22 (aromatic carbons), 80.28 (Cs/Cz·), 70.36 

(C3), 59.70 (C4), 45.17 (N-CH3), 41.64 (NH-CH3), 32.07, 31.22, 29.34 (3' A' ,5'CHz carbons); 

7 



MS (m/z):248 (M+), 218, 171, 156 (B.P), 141, 77. HRMS-EI: Calcd. for C14H2o02Nz (M), 

248.1862, Found; M+, 248.1853. 

( S )-3 -phenyl··( 3 5,45, 55)-2 -phenyl-4-(phenylamino )-1, 6-dioxa-2 -azaspiroisoxazole 8 

8: Colourless gummy liquid. Yield 78%, Rr= 0.48; IR (KBr): 3024 (m), 2950 (m), 1772 (s), 

1670 (s), 1468 (m), 1382 (m), 805 (m), 780 (s) cm-1
; 

1H NMR (CDCb): 8 7.50 - 6.62 (m, 

15H, 3 x C6H5), 5.84 (s,IH, NHC6H5), 4.63 (d, 1H, J = 6.06 Hz, C3H), 4.02 (dt, lH, J = 6.18, 

6.20 Hz, C4H), 2.64 (dt, 2H, J = 5.28, 4.10 Hz,C3'2H), 2.00 - 1.26 (m, 4H); 13C NMR 

(CDCh): 8 136.76, 136.53, 136.24, 135.15, 134.90, 134.62, 134.30, 133.78, 132.44, 132.18, 

130.92, 130.37 (aromatic carbons), 83.22 (Cs/C2·), 71.52 (C3), 52.89 (C4), 23.61, 22.57, 

21.14 (3',4',5' CH2 carbons); MS (mlz): 372 (M+), 295,280,218,203 (B.P), 92, 77; HRMS

EI: Calcd. for C24H2402N2 (M), 372.2286, Found; M+, 372.2270. 
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Introducing novel a-N-methyl/phenyl furan derivatives as new and efficient 

dipolarophiles for 1,3-dipolar cycloaddition reaction in the regioselective synthesis of 

spiro isoxazolidine derivatives with o.-chloro and simple nitrones 
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NOTE 

New and efficient methodology of aldehyde synthesis from 
alkyl halide using a-chloro nitrone as a new, stable and 
potential oxidizing reagent 

Bhaskar Chakraborty*, Prawin Sharma, Manjit Singh Chhetri, Saurav Kafley & 
Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt. College, Gangtok, Sikkim 737102, India 

E-mail: bhaskargtk @yahoo.com 

Abstract : Consecutive SN2 reaction of a-chloro nitrones are studied with alkyl halides. and the nitrones 

are found to have remarkable oxidizing properties for the conversion of alkyl halides to aldehydes with 

high yield. In addition, the side product obtained can serve as efficient dipolarophile in 1,3 DCR to 

produce spiro cydoadducts in good yields. 

u-chloro nitrone as oxidizing T!agen!~N2 reaction, aldehyde synthesis, spiro cydoadduet 

Introduction spiro cycloadducts with high 

Convertion of halides to 75 - 85Sl' ; Scheme a.-chioro 

N-oxidc with moderate have been nitrones (1) are more reactive than other 

already reported (Krohnke reaction). In nitrones due to the electron withdrawing effect 

addition to the existing methods available for of chlorine and therefore can act as more 

the synthesis of aldehyde from alkyl halides, 1-
6 powerful oxidizing agent than other nitrones. 

we would like to incorporate an efficient one Literature survey reveals that aldehyde 

pot synthesis of aldehyde from alkyl halides synthesis using nitrone as acti w oxidizing 

using for the first time a--chloro nitrones (l) as reagent and further use of side products 

a new, stable and potential oxidizing reagent (obtained during aldehyde synthesis) as 

with an excellent yield (Scheme 1, Table 1). In dipolarophile in cycloaddition reacti<ms are 

addition, the side product (furan clerivati ves, not yet known and hence can be incorporated 

2) obtained during aldehyde synthesis has as an important application m nitrone 

been successfully used as dipolarophile in I ,3- chemistry. Synthesis and L3 dipolar 

DCR \Vith nitrone (l) for the production of cycloaddition reactions of N-phenyl-a.-chloro 



nitronc7
'
8(1, R==Ph) has been already reported. 

Following the same methodology, novel N-

methyl-a-chloro nitrone (l,R=Me) has been 

synthesized as white crystalline solid, m.p 

52°C (uncorrected) and used for aldehyde 

synthesis as oxidizing reagent. 

Results and Discussion 

a-chloro nitrones (1) are moderately stable and 

can be isolated while transient nitrone la can 

not be isolated because of its high unstability 

and undergoes decomposition at room 

The lone pair of electron of the 

OH group of cx-chloro nitrone facilitates 

intramolecular reaction in presence of 

pyridine and is actually the driving force for 

the development of transient nitrone la. 

Nitrone la reacts very quickly with different 

alkyl halides (SN2 reaction) and develops an 

intermediate compound (lb). The labile N-0 

bond of lb undergoes cleavage9 when the 

reaction mixture is stirred with solid sodium 

carbonate which plays an important role for 

the development of aldehyde and furan 

derivative (2) as side product in a Kornblum 

type process (Scheme 1 ;Table 1 ), The novelty 

of the study is the use of a.-chloro nitrone as an 

oxidizing reagent in aldehyde synthesis and 

newly developed side product as dipolarophile 

in cycloaddition reactions. The isolated side 

products (2) are equally efficient like other 

conventional dipolarophiles used for 

cycloaddition reactions and leads to the 

formation of regioselective 5-substituted spiro 

cycloadducts (3)lO,ll 111 1,3-dipolar 

cycloaddition reaction with nitrone 1 (Scheme 

2) and thereby offering greater scope for its 

applications. The yield of the isolated 

aldehydes are extremely high in a much lesser 

time ( 85 - 89%) and are much better in case 

of active alkyl halides compared to inactive 

alkyl halides. The results are summarized in 

Table 1. The beauty of the reaction lies in 

addition of pyridine at the begining to generate 

transient nitrone (la) which is only capable of 

developing furan derivative (2) as side product 

and can be utilized as a new efficient 

dipolarophile in 1 ,3-DCR and thereby the 

reaction as a whole becomes atom efficient. 

Simple nitrones l 2 (benzaldehyde derived 

nitrone) can also be employed as an oxidizing 

") 
L 



reagent for aldehyde synthesis (synthesized n- were obtained as regioselective single isomer 

butyraldehyde:yield 78%) but the side product predominantly in 1,3-DCR of a-chloro nitrone 

obtained is a waste and can not be used for (1) with side product (2) having high yields 

further reactions. At the outset of this work it (70 - 85%) when isolated in pure condition. 

was not clear about the development of The stereochemistry of the 5-substituted 

transient nitrone (la) but after completion of regioselective spiro cycloadducts (3) in all the 

the study and spectral analysis of side product cases were rationalized by considering the 

(2) the development of transient nitrone la multiplicity of the proton signals at 3-H, 4-H 

was confirmed. The products especially and CHCI asymmetric centres along with 

aldehydes are known compounds and spectral their coupling constant values. 13 In the spiro 

data of the synthesized aldehydes are almost isoxazolidine derivatives (3), 3-H resonates 

identical to the values found in literature. For around 3.50 to 2.50 ppm while for the 4-H 

signals at o 9.80 & around · s.go to 3.00 ppm and the 

198.00 in the NMR spectrum (tH. 13C constant is hA ~ 9.20 Hz implying a cis 

respectively) along with molecular ion peak at relationship between H-3 and H-4. The CHCl 

106, base peak at and peaks at 77, 51 in proton also resonates around 8H 2.60 to L20 

the MS spectrum g1ve strong evidence in ppm. The 3-H and CHCl protons are also syn 

favour of benzaldehyde formation. The as evidenced from their coupling constant 

oxidation side product (2) was obtained as values Ch.CHC! 9.16 to 9.40 I' Hz). ·· 

single isomer having E configuration in all the Cycloaddition of Z nitrone (both the reported 

cases and the yield of the side product was a-chloro nitrones are of Z configuration in this 

almost 10 - 13 % when isolated in pure communication) vw exu transition state 

condition. The spectral data of the oxidation geometry results m the fom1ation of svn 

side products (2) also agreed well \Vith the isoxazolidine derivatives. Cycloaddition 

assigned structures. The spiro cycloadducts (3) reaction using furan derivatives (2) with other 



. l . 12 14 15 . . h Simp e mtrones · ' are m progress usmg t e formaldehyde and acetaldehyde respectively 

same methodology. A preferential but no significant results were obtained 

conformation for the sp1ro regioselective because of the volatility of formaldehyde and 

isoxazolidine derivatives (3) may be difficulculties associated with the synthesis of 

represented 111 Figure 1. Reaction of acetaldehyde. These are the drawbacks of this 

nitrone 1 with methyl iodide and ethyl methodology. 

bromide was also studied for the synthesis of 

Fig. I. General conformation for the cycloadclucts 3 

SN2 --------
i) 

C>=<H 
0 NHR 

2 

1, 2 : R = rvre ; Ph 
R 1 = Et;Pr:Ph 
X= Cl 

+../H. --IT" 
N ----------

\ 
0 

ii) 
+ ------

Reagents and conditions : i) Dry ether, pyridine. r.t, N-2 atinosphere 

ii) Dry ether, Na2C03 , r.t N 2 atmosphere 



Table 1. Aldehyde synthesis using a-chloro nitrones 

Entry 

2 

3 

4 

5 

6 

rYCJ 
~--- ~+./R 

OH N 

I 
0 

R =Me; Ph 

Nitrone 

R=Me 

R=Me 

R=Ph 

R Ph 

R = l\tle 

R z Ph 

R 1 = Et; Pr: Ph 

Alkyl halide" 

Benzyl chloride 

X=Cl 

1-chloro propane 

Benzyl chloride. 

n-butyl chloride 

p-hydroxy benzyl chloride 

benzyl chloride 

+ 

Productb 

Benzaldehyde 

Propionaldehyde 

Benzaldehyde 

n-Butyraldehyde 

p-·hydroxy 

Time (hr) 

5 

6 

5 

6 

c:j 

benLaldehycle s 

Yield'(%) 

88 

87 

8R 

86 

S9 

89 

"Reaction condition:ct-ch!mo nitrone (3. 0198 mmol),alkyl halide ( 1 equivalent), dry ether, Py, Na2C03,N2 atmosphere, RT 
hAll the compounds were characterized by IR, 1H NMR, 13C NMR, MS, HRMS spectral data. 
c Isolated yield after purification. 

---------
Experimental Jeol SX-102 (FAB) instrument The HRMS 

1H NMR spectra were recorded with a Bmker spectra were recorded on a Q -· Tof micro 

Avance DPX 400 spectrometer (400 MHz, FT instrument (Y A - 1 05). TLC was carried out 

NMR) using TMS as internal standard. 13C on Fluka silica gel TLC cards while column 

NMR spectra were recorded on the same chromatography was performed with silica gel 

instrument at 100 MHz. The coupling (E.Merck India) 60 - 200 mesh. All other 

constants (J) are given in Hz. IR spectra were reagents and solvents were purified after 

obtained with a Perkin-Elmer RX 1-881 receiving from commercial suppliers. N-

machine as film or KBr pellets for all the methylhydroxy larnine was purchased from 

products. MS spectra were recorded with a Aldrich Chemical Company and was usecl a<; 

5 



received. N-phenylhydroxylamine was 

prepared following standard methods available 

in literature and has been used m 

synthesis 16
•
17

' 
18

. 

General procedure for the synthesis ofnitrone 

1 (R =Me) 

N-methylhydroxylamine (250mg, 5.3127 

mmole) was added to chlorohydrin (720mg, 1 

equivalent) in dry ether (50 mL) and 

anhydrous MgS04 . The reaction mixture was 

at RT with constant >~lith a 

stirrer under atmosphere for l 0 

hr. The formation of nitrone was monitored 

TLC CRt = The nitrone was isolated 

under reduced pressure vaccum pump as white 

niddle shape crystals (920mg, 94%; m.p: 

52°C, uncolTected). 

Spectroscopic data for nitrone l (R =Me) 

Yield: 920mg (94%); white nicldle shape 

crystals; Rt = 0.43, m.p: 52°C (uncorrected); 

IR (KBr): 3595 - 3470 (br), 1660(s), 1610(s), 

1415 (m), 1185 (s) cm. 1
; 

1H NMR (CDCh): 8 

5.84 (d, lH, CH=N+), 5.79 (br,lH, -OH, 

exchanged in D20), 3.51 (dt, lH, J = 6J 6, 

6.08 Hz, CHCl), 3.31 (s, 3H, N+- CH3), 1.88-

L 15 (m, 6H, CH2 protons); 13C NMR(CDCl3) 

· 8 141.55 (CH=N+), 55.76 (CHCl), 34.84 (N+

CH3), 28.50, 27.22, 26.00 (3 CH2 carbons); 

HRMS - EI: Calcd. for C6H 120 2NCl, (M), 

165.5710, Found: M+, 165.5698. 

General procedure for synthesis of aldehyde 

(benzaldehyde) and .luran derivative 2 

(entry 1 ;Table 1) 

To a stirred solution of nitrone 1 (R=Me; 

500mg, 3.0198 mmol) in dry ether (25 ml) 

was added pyridine (1 equivalent) and stirred 

at RT with a magnetic stirrer under Nz 

atmosphere for hr while the formation of 

transient nitrone la (not isolated) vva~; 

monitored by TLC (Rr = 0.38). Benzyl 

chloride (292.1002mg, equivalent) was 

added at this stage and the reaction mixture 

was stirred for another 3 hr till the 

intermediate cornpound lb (not isolated) was 

developed (monitorted by TLC; Rf = 0.40). 2 

gms of solid Na2C03 was added at this stage 

and the reaction mixture was stirred for further 

l hr while the progress of the reaction was 

again monitored by TLC (Rr= 0.43, 0.50). The 

reaction was typically completed when the 



N-O bond was cleaved. Basic workup, 

removal of pyridine hydrochloride and silica 

gel column chromatographic purification 

using ethyl acetate-hexane provided desired 

benzaldehyde as colourless liquid (712mg, 

89% ; Rr = 0.43) and furan derivative (2) as 

pale yellow gummy liquid (88mg, 10% ; Rt = 

0.50). This procedure was followed for all the 

substrates listed in Table l. 

Spectroscopic data for benzaldehyde (entry 1) 

Yield: 712 mg colourless liquid; Rt = 

IR cm·1 

1H NMR (CDCb): 8 9.80 CHO), 7.30 

- 7.16 (m, SH, C6H5); 
13CNMR (CDCh): 8 

198.00 (CHO), 136.20, 134.55, 132.60, 131.00 

(aromatic carbons); FAB - MS (m/z): 106 

(M+), 105 (B.P), 77, 51, 28; HRMS-EI: Calcd. 

for C6H5CHO (M), 106.0417, Found; M+, 

106.0408. 

Spectroscopic data for 2 (R=Me; a-N-methyl 

fit rem derivative; entry 1) [(E)-I-

( dihydrofuran-2-( 3H)-ylidene )-N-methyl 

methanarnine)] 

Yield: 88mg (1 0% ); pale yellow gummy 

liquid; Rt = 0.50; lR (KBr): 3125-3054 (br), 

2838 (m), 1652 (s), 1455 (m), 1210 (m) cm- 1
; 

1H NMR (CDCb): o 4.81 (br, lH, N-H), 4.56 

(s, lH, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 

6H); 13C NMR (CDCh): 8 103.00, 101.76 

(double bonded carbons), 26.22, 25.30, 23.65 

(3 CHz carbons); FAB - MS: m/z 1 i3 (M+)o 

98, 97; HRMS-EI: Calcdo for CGH110N (M), 

113.1000, Found: M+, 112.9876. 

Spectroscopic data for propionaldehvde (entry 

2) 

Yield: 592mg (87% ); colourless liquid; R; == 

0050; IR (KBr): 2920 (m). 2720 1720 (s) 

cm- 1
, 

1H NMR (CDCb): 8 9.70 l H, J :::: 

6.60 Hz, -·CHO), 2.30 (ddd, 2H, J = 6 

-CHz), 1.00 (t, 3H, J = 6.30 Hz, 

13CNMR (CDCt:,): 8 202.40 (CHO ), 44.22 

(CH2 carbon), 35.55 (CH3 carbon); FAB -

MS: mlz 58 (M+), 57, 29 m.P); HRMS-EI: 

Calcd. for C3H60 (M), 58.0417, found: M', 

58.0403. 

Spectroscopic data for 2 (R=Ph; a-N-phenyl 

Juran derivative; entry 4) [(E)-1-

(di hydrofura n-2 -(3H)-ylide ne )-N -pheny I 

methanamine )] 

7 



Yield: 90mg (1 L5% ); dark yellow viscous 

liquid; Rt = 0.46; IR (KBr): 3150-3060 (br), 

2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 

(s) cm-1
; 

1H NMR (CDCh): 8 7.83 (m, 5H, 

C6Hs), 6.24 (br, lH. N-H), 2.17 (s, lH, 

C=CH), 1.79 - 1.18 (m, 6H); 13C NMR 

(CDCh): 8 137.20, 135.65, 134.00, 132.15 

(aromatic carbons), 106.24, 104.18 (double 

bonded carbons), 28.46, 27.10, 24.84 (3 Clh 

carbons). FAB - MS (m/z): 175 (M~), 98, 97, 

77. HRMS-El: Calcd. for 1H 130N (M), 

M.,., 175.0981 

.. )pectroscopic data n-bll~vra!dehyde (entry 

4) 

Yield: 570mg (86o/c ); colourless liquid; R1 = 

0.54; IR (KBr): 2945 (m), 2710 (m), 1730 (s) 

cm- 1
: 

1H NMR (CDCi]): o 9.30 (t, lH, J = 

5.84 Hz, -CHO), 3.50 (dt, 2H, J = 6.50, 4.22 

Hz, 2H), l.30 (ddd, 2H, J = 5.50, 3.40 Hz, 

C32H), 0.90 (t, 3H, J = 4.30 Hz, CH3); 

13CNMR (CDCl3): 6 208.20 (CHO), 47.50 (C2 

carbon), 36.10 (C3 carbon), 20.10 (C4 carbon); 

FAB- MS: mlz. 72 (M+), 71, 57, 44 (B.P), 29; 

HRMS-EJ: Calcd. for C4HgO (M), 72.0670, 

Found: M'-, 72.0523. 

Spectroscopic data for p-hydroxy 

benzaldehyde (entry 5) 

Yield: 776mg (89% ); colourless liquid; Rf = 

0.40; IR (KBr): 1690(s), 1320(m), 1210 (rn), 

782(s) cm- 1
; 

1H NMR (CDCh): 8 9.76 (s, lH, 

CHO), 7.05 - 6.93 (m, 4H, C6Hs), 5.80 (s, l H, 

OH); 13CNMR (CDCl3): o 201.64 (CHO), 

134.10, 132.74, 130.40, 128.50 (aromatic 

carbons); FAB - MS: mlz. 122 (M+), 93, 

92(B.P), 29; HRMS-EI: Calcd. for C7H602 

(M), 122.0530, Found: M+, 122.0512. 

General procedure /(n· cycloaddition reoction 

of' nitrone 1 (R = Ph) with fi.tran derivative 2 

(R =Ph) 

To a stirred solution of N-phenyl-a--chloro 

nitrone 1 (R = Ph; 61.8375 mg, 0.2855 mmol) 

in 25 mL dry ether was added 2 (R = Ph, 50 

mg, 0.2855 mmol, l equivalent) and stirred at 

RT with a magnetic stirrer under 

atmosphere for 5 hr. The progress of the 

reaction was monitored by TLC CRt = 0.46). 

After completion of the reaction, the solvent 

was evaporated using a rotary evaporator to 

afford crude cycloadducl 3 (R=Ph) which was 

purified by column chromatog:rapbv using 



i) 

+ 
('YCI 

~--- ~+.---R 
OH N 

0=<11 
O NHR 

I_ 
1 0 2 

NHR 

3 

R= Me; Ph 
Scheme 2 

i) Readion condition :Dry ether, RT, N 2 atmosphere, 5 - 8 hr 

ethyl acetate - hexane and was obtained as 

dark red viscous liquid 3 (R=Ph; 95 mg, 85% 

; Scheme 2). This procedure was followed for 

the synthesis of other spiro cycloadducts 3 

(R=Me). 

r 
"'o 

H 

3 (R=Ph) 

( S )-4 -chlom-4-( ( 35. 45, 5R)-2 -phenyl-4-

(plienylamino )-1, 6-dioxa-2-

a zaspi ro[4. 4] nonan-3 -yi)butnn-1 --ol 

Spectroscopic data for 3 (R = Ph) : 

Yield: 95rng (85%); dark red viscous liquid; 

R1 = 0.46; IR (CHC13): 3485 - 3290 (br), 

2825 (m), 2425 (m), 1620 (s), 1445 (m), 

1260 (m), 1040 (m), 780 (s) cm·1
. 

1H NMR 

(CDC!,): o 6.98 - 6.93 (m, lOH, 2 x C6H.,), 

5.84 (d, lH, 1 = 9.20 Hz, C4H), 4.96 (br, lH, 

CH20H, exchanged in D 20), 3.51 (del, JH, J 

= 9.34, 7.88 Hz, C3H), 3.45 (s, lH, N - H 

proton), 2.61 (dt, lH, 1 = 9.44, 8.72 Hz, 

CHCl), 1.88 - 1.15 (m, 12H). NMR 

(CDCh): o 

131 

95.10 (CHCl). 86.40 73.75 

30.20, 28.55, 

25. 24.37 (6 CH2 carbons). MS 404 

(M++2), 402 (M+), 325, 310, 309, 218 (B.P), 

107, 91, 77. HRMS-El: Calcd. for 

402.7122. 

s 



3 (R=Me) 

( S)-4-chloro-4-( (35, 4S,5R)-2methyl-4-

(me thy lamina )-1, 6-dioxa-2-

azaspiro[ 4.4 ]nonan-3-yl)butan-1-ol 

Spectroscopic data for 3 (R ==Me) 

Yield: 9lmg (83%); red gummy liquid; Rr = 

2420 (m), 1440 1325 980 

1H NMR (CDCh): 8 4.83 (br, lH, CH20H, 

exchanged in D 20), 4.50 (br, lH, NHCH3), 

3.31 6H, 2 x 2.99 J = 9.16 

Hz, C4H), 2.50 (dd, lH, .! = 9.06, 7.60 Hz, 

C3H), 2.19 (dt, lH, J = 9.16, 8.50 Hz, CHCl), 

J .66 - 1.60 (m, 12H). uc NMR (CDCl)): 6 

93 00 (CHCl). 87.55 76.20 (C1), 55.20 

(C4), 41.97 (N-CH3), 40.24 (NH-Cl:-h), 33.37, 

3 1.50. 28.68, 26. 00, 25.12, 23.40 ( 6 CH2 

carbons). MS (m/z): 280 (M+ +2), 278 (M+), 

263, 248, 156 (B.P), 141, 107. HRMS-EI: 

Calcd. for C12H2303N2Cl (M), 278.6710, 

Found; M+, 278.6698. 

Conclusion 

Finally, we developed a new atom efficient 

methodology for the aldehyde synthesis using 

a-chloro nitrone as oxidizing reagent and 

considered further reaction carried out on the 

side product with a-chloro nitrones in 1,3-

dipolar cycloaddition reaction for the 

development of stereochemically important 5-

spiro isoxazolidines.. The formation of the 

desired cycloadducts were obtained in 

yields within a short reaction time. The 

developed side products (furan derivatives, 2) 

are equally effective as dipolarophile in 

cycloaddition reactions like other conventional 

dipolarophiles used for cycloaddition 

reactions. The notable advantages offered by 

this method are one pot synthesis, simple 

operation, easy workup, mild and faster 

reaction conditions with high yield of 

products. 
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Graphical Abstract 

New and efficient methodology of aldehyde synthesis from 
alkyl halide using a-chloro nitrone as a new, stable and 
potential oxidizing reagent 

Consecutive SN2 reaction of a-chloro nitrones are studied with alkyl halides and the nitrones are 

found to have remarkable oxidizing properties for the conversion of alkyl halides to aldehydes 

with high yield. In addition, the side product obtained can serve as efficient dipolarophile in 1,3 

DCR to produce spiro cycloadducts in good yields. 

(yCl 

~-- ~+/R 
OH N 

I 
1 0 

R= Me; Ph 
R 1 = Et, Pr, Ph 
R 2 == CHCl(CH2hOH 
X== Cl 

+ 

3 

~-)=(H r -
'----o NHR 

2 

Bhaskar Chakraborty*, Prawin Sharma, Manjit Singh Chhetri, Saurav 
Kafley & Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt College, Gangtok, Sikkim 737102, [miia 
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HIGH RESOLUTION FIGURES 

C>=<H 
0 NHR 

2 

1, 2 : R = Me ; Ph 
R 1 = Et ; Pr ; Ph 
X= Cl 

i i) 
+ 

Schen11e 1 

Reagents and conditions : i) IJry ether, pyridine, r.t, N 2 atrnospherc 

ii) Dry ether·, Na2 C03 , r.t. N 2 atrnospht::nc-

(YC:l 

l___ -- ~ +_.-- R 
'OH N 

I_ 
1 0 

R =Me; Ph 

i) 

+ 

2 

Sche1ne 2 

i) lh:actie>n condition · Dry ether, RT. N 2 atruosphere, 5 .. 8 hr 

Fig,. !.General conformation for the cycioaddu.::ts 3 3 (R=Ph) 

3 

NHR 
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R = Jvie; Ph 
R1 = Et. Pr, Ph 
H2 = CHCl(CH2hOH 
X= Cl 

3 (R=Me) 

Graphical Abstract 
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IJHC- 21-22. 

CONVENIENT AND NEW METHOD OF CONVERSION OF 
ALKYL HALIDES TO ALDEHYDES USING a-AMINO NITRONES 
AS OXIDIZING REAGENT 

Bhaskar Chakraborty*, Manjit Singh Chhetri, Neelam Rai, Saurav Kafley, 
Prawin Sharma & Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt. College, Gangtok, Sikkim 737102, India 

E-mail: bhaskargtk@yahoo.com 

a-amino nitrones have been used successfully as an oxidizing reagent for the synthesis of aldehydes 

from various alkyl halides with an excellent yield. Inaddition, hydrolysis of the side product (imines) 

furnishes starting material amides which are recyclable along with corresponding amines. 

Conversion of alkyl halides to aldehydes using 

moderate yield has been 

reported long time ln 

addition to the existing methods available for 

the synthesis of aldehydes l ''d l 1au es, 

5 we would to incorporate an efficient 

methodology of synthesis of aldehydes from 

alkyl halides along with imines using for the 

fi . . . 678 'd' . trst time a-ammo mtrones · · as an OX! 1zmg 

reagent ·with an excellent yield (Scheme I, 

Figure 1, Table 1 ). 

Figure l 

In addition, the side product (imines) obtained 

during aldehvdc synthesis results starting 

material amide and ammes upon simple 

hydrolysis (Scheme The duly obtained 

amides can be successfully reused for the 

synthesis of nitrones while the can be 

for further general reaction purposes. 

Synthesis aldehydes from alkyl halides and 

recycling the side product in cycloaddition 

reactions using a-chloro nitrones have been 

already reported from this 9 10 laboratory , . 

that aldehyde 

synthesis usmg a-ammo nitronc as an 

oxidizing reagent has not yet reported and can 

be incorporated as an important application in 

nitronc chemistry. 

The present study has been carried out using a 

variety of a-amino nitrones and alkyl halides 



(Table 1) m order to generalize the benzaldehyde formation. Spectral data of the 

methodology for the aldehyde synthesis. The imine derivatives (3) also agreed well with the 

synthesis and cycloaddition reactions of some assigned structures. For example, prominent 

a-amino nitrones 1 (R1=Ph,Cy; R2=NMe2; molecular ion peak at 196 and base peak at 

' 1 2 3 R'=H and R =Ph,Cy; R =NH2; R =H) have 103 (due to the formation of PhCN) clearly 

been already reported6
,7,s following the general indicates in favour of imine derivative 3 (entry 

methodology of a-amino nitrone synthesis 8). Similarly strong evidences are also 

from DMF and formamide 11
• The remaining obtained from HRMS spectra in favour of the 

a-amino nitrones (l) of Table I were prepared aldehyde and other known compounds 

following the same methodology. The yield formation. The proposed mechanism for the 

of the isolated aldehydes are extremely high aldehyde synthesis using a-amino nitrone is 

(almost 80 - 88%) in a much lesser time and very interesting. Nitrone 1 undergoes SN2 

are in case of alkyl halides alkyl halides 

compared to inactive alkyl halides while develops an intermediate compound which 

imines are obtained in almost 11 - 20% yields was not isolated. The reaction rate is much 

as side products. The results are summarized more faster compared to the SN2 reactions of 

in Table 1. The products especially aldehyde, a-chloro nitrones12 due to the involvement of 

amide and amines are known compounds and available electron pairs of amino or dimethyl 

spectral data of these synthesized compounds ammo group. The N-0 bond of the 

are almost identical to the values found in intermediate compound (2) breaks 13 when the 

literature. For example, sharp singlet signals at reaction mixture is stirred with solid sodium 

8 9.80 & 198 in the 1H NMR and 13C NMR carbonate which plays an important role for 

spectrum along with molecular ion peak at the development of aldehyde and imines in a 

106, base peak at 105 and 77, 51 in the MS Kornblum type reaction with a very good yield 

spectrum give strong evidence in favour of (Scheme 1 ;Table l ). The imine derivative 3 

2 



on hydrolysis results starting amide (5: 55-

.60%) and amines (4: 35-40%) where amides 

are the starting material for a-amino nitrone 

synthesis. In the course of the study, major 

difficulties were faced during isolation and 

identification of formaldehyde because of its 

volatility and GC-MS has been used to 

1 

2: R1 =Ph; Cy 

R2 = NH2; NMe2 

R 3 = H; CH3; Ph 

R4 
= H; CH3; CH3CH2; CH3CH2CH2; 

CH3CH2CH2CH2; Ph 

X= Cl/ Br/ l 

identifY it (m/z 30, M+ 65.52%). The products 

were characterized from their spectroscopic 

(IR, 1 H NMR, 13C NMR, HRMS) data. No 

catalyst or co organic solvent was required. 

l 

i) 

2 (not isolated) 

SCHEME 1- Reaction condition: i) dry ether, RT, N2 atmosphere, 1 - 2 hr 
ii) dry ether, Na2C03, RT, N 2 atmosphere, 3 - 4 hr 

3 



Table-1 Aldehyde synthesis using a.-amino nitrones 
--

Entry Nitrone Alkyl halide" Aldehydcb Time (hr) Yicldc (%) 

1 R = Ph; R" = NH2; Rj = H R'=Ph o-GHO 4 86 

2 R = Ph; R- = NH2; Rj = H R4 = CH3 CH3CHO 5 85 

~- R = Ph; W = NMe2; R3 = H R4 = CH3CH2 CH3CH2CHO 5 82 

4 R 1 =Ph; R1 
= NH2; R1 = H R4 =H 

--
HCHO 6 80 

5 R1 = Cy: R" = NHz; R' = H R4 =Ph o-GHO ------
4 80 

I j6f' ~('>;!',"NM<d 'll R
4 

= CH3CH2CH2 CH3CH2CH2CHO - + 81 ~ --~ ----gj-
r7 R'''Ph·R·~NlkR~H ""''000 OHCOOH ' _, 

I 
I 

I I +---88 ___ ~--, K: =Ph----;:;y="'u_-R-T=Ph- R4 = Ph ~~GHO 5 ' t\_ l 'l.i l.2,, .... ~ ·-

lw 9 ·I R l: Ph•; J??--~H;;Rj• O Ph : R' O Cll,CH, -~~~~CHO ; 6 -~ " j r-] 6 II R
1 =Ph~ R" = NH2; R

3 

= cH-011 CIH2Co~Hc-(}>- Ci ~-- -,---t if ~ 1 

I i \...._t I , ___ _/ ' I 
L ___ j___________ : _______ _L l _______ ___[____ _____________ j 

a) Reaction condition: a-amino nilrone (1 mmol), dry ether, sodium carbonate, N:c atmosphere. RT 
b) All the compounds were characterized by JR, 1H NMR, 13C NMR, MS, Hfu\1S spectral data. 
c) Isolated yield after purification 

Finally, we developed a new atom economical offering greater scope for the present 

methodology for the aldehyde synthesis using methodology. The notable advantages offered 

a-amino nitrones and considered further by this method are simple operation, easy 

reaction carried out hydrolysing the imine workup, mild and faster reaction conditions 

derivatives in acid medium for the with high yield of products. Therefore, the 

regeneration of starting material amide and present methodology may be incorporated as a 

corresponding amines. The isolated amide general method of aldehyde synthesis from 

(starting material for a-amino nitrones) and alkyl halides for extremely good yield and also 

amines are equally good in quality as obtained as an important application of nitrones. 

from commercial suppliers and thereby 
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Experimental 

1H NMR spectra were recorded with a Bruker A vance DPX 400 spectrometer (400 MHz, FT NMR) 

using TMS as internal standard. 13C NMR spectra were recorded on the same instrument at 100 

MHz. The coupling constants (]) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 

1-881 machine as film or KBr pellets for all the products. MS spectra were recorded with a Jeol SX-

1 02 (F AB) instrument. The HRMS spectra were recorded on a Q - Tof micro instrument (Y A --

1 05). GC- MS was recorded using Clams 500 gas chromatograph with built in MS detector Perkin

Elmer machine. TLC was carried out on Fluka silica gel TLC cards. All other reagents and solvents 

were purified after receiving from commercial suppliers. N-cyclohexyl, N-phenylhydroxylamines 

were prepared following standard methods available in the literature14
·
15

. 

General procedure for preparation of aldehyde (benzaldehyde) and imine derivative 3 (entry 8; 

Table 1) 

a 100 conical flask, N-phenyl-a-amino nitrone6 (500 mg, 2.3570 mmol), benzyl chloride 

(295.8670 mg, 1 equivalent) diethyl ether (25 ml) was added and stirred at RT with a magnetic 

stirrer atmosphere for 1 hour. During this process nitrone 1 undetwent SN2 reaction very 

quickly with benzyl chloride and developed an intermediate compound (2) which was not isolated. 

The progress of the reaction was monitored by TLC (Rr = 0.38). 2 gms of solid Na2CO, was added at 

stage and the reaction mixture was stirred for further 3 hour and monitored by TLC. The N-0 

bond was easily cleaved13 under basic medium in a Kornblum type mechanism and developed 

benzaldehyde (Rf = 0.43) and imine derivative (Rf = 0.54) respectively. The reaction mixture was 

filtered and concentrated on a rotary evaporator. Basic work-up followed by silica gel column 

chromatography using ethyl acetate - hexane results benzaldehyde as colourless liquid (706 mg, 88 

%) and imine derivative (3) as pale yellow gummy liquid (84 mg, 11 %, Scheme 1 ). This general 

procedure was j~)Jlowed for all the substrates listed in Table 1. 

5 



General procedure for acid hydrolysis of imine derivative 3 (substituted formidamide I 

acetimidamide I benzimidamide, entry 8) 

Sa: R 1 =Ph; Cy 
b: R2 

= NH2; NMe2 

c: R3 
= H; CH3; Ph 

4 

SCHEME 2 - Reaction condition: 10% HCl, hydrolysis, 30 minutes 

a 100 mL R.B imine derivative 3 (70 mg), 20 mL 1 0% HCl was taken and refluxed in water 

formation the products vverc monitored by TLC. 

process, the bond between and 

was cleaved16 and benzamide (5: R2 = H3 = Ph; Rr= 0.42) and aniline (4: R 1 
= 

was developed 8). were extracted ether x 25 mL) when aniline passes 

organic while benzamide remains in aqueous phase. The ether extract containing aniline 

was dried over anhydrous Na2S04 and concentrated on a rotary evaporator and finally purified by 

silica gel column chromatography using ethyl acetate-- hexane as pale yellow liquid (24 mg, 34%). 

Benzamide was obtained as white crystalline solid when aqueous part ofthe solution was evaporated 

in a temperature controlled water bath and was crystallized from ethanol (42 mg, 60%: m.p. l26°C; 

Scheme 2). This general hydrolysis procedure was followed for ali the imine derivatives (3). 

Spectral data for benzaldehyde (entry 8) 

706 mg, 88 %; HRMS-El: Calcd. for C6H5CHO (M), l 06.1240, Found ; M+, 1 06.1228; IR (CHC\3): 

2825 (s), 1695 (s), 1320 (m), 780 (s) cm-1
; 

1H NMR (CDCb): 8 9.80 (s, lH, CHO), 7.30--7.16 (m, 

5H, C6H5); uCNMR (CDCh): 8 198 (CHO), 136.00, 134.00, 132.50, 131.00 (aromatic 
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carbons); FAB- MS: m/z 106 (M+), 105 (B.P), 78, 77, 51. 

Spectral data for N'-pbenylbenzimidamide (imine derivative 3 ; entry 8) 

84 mg, 11 %; HRMS-EI: Calcd. for C13H12N2 (M), 196.2530, Found; M+, 196.2519; IR(CHCb): 

3450 (rn), 1682 (s), 780 (s) ; 1H NMR (CDCh): o 7.32- 7.22 (m, 5H, C6H5), 6.76 - 6.63 (m, 5H, 

C6Hs), 3.75 - 3.62 (br, 2H, NH2); 13CNMR (CDCb): 8 136.84, 135.24, 134.50, 132.80, 131.25, 

130.00, 128.50, 127.45 (phenyl carbons), 87.00 (C=N); FAB- MS: mlz 196 (M 1
-), I !9, 103 (B.P). 

77. 

Spectral data for aniline ( product 4 ; entry 8) 

24 mg, 34%; HRMS-EI: Calcd. for C6l-hN (M), 93.0690, Found; M+, 93.0682; IR(CHCb): 3440(m), 

3205(s), 1 1 91 774 1H NMR (CDCb): 6 6.88- 3 

3.66 (br, 

MS: 

Spectral for bcnzamide ( product 5 ; entry 8) 

.00 FAB --

42 mg, 60%; m.p.l26°C; HRMS-EI: Calcd. for C7H7NO (M), 121.0690, Found; M+, !2!.0681; 

IR(CHCb): 3455 (s), 1675 l630(m), 776 1H NMR (CDCh): o 7.14-7.02 (m. SH, C6Hs), 

6.90 - 6.76 (br, CONH2); 13CNMR (CDC]o): o 177.50 (C=O), 130.50, 129.00, 128.00, 127.20 

(phenyl carbons); FAB -- MS: 12l (M+), 77. 
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