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Pn!fizce 

The nitrone moiety can be regarded as a 3 centered dipolar 4x system, which 

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

occur. 1,3-dipolar cycloadditions are 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 I ,3-dipolar cycloaddition 

reaction has been rationalized successfully using frontier molecular orbital theory 

which provides relative interaction energies of frontier orbitals between I ,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. 

Further more, the cycloadducts have found numerous applications in synthesis 

through reductive cleavage of theN- 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. More recently 

advances have been made in the use of water as the solvent to influence the rate, 

regioselectivity and stereoselectivity of cycloaddition reactions. The present work 

entitled "N-cyc/ohexyl, N-phenyl nitrones & their potentiality in isoxttzo/idine & 

isoxazoline syntheses" reports newly discovered n-chloro nitrone from chlorohydrin 

and a.-amino nitrone from N,N-dimethyl formamide and their cycloaddition reactions 

with different olefins and alkynes leading to the formation of regia and 

stereoselective products. An important application of the nitrones and the 

cycloadducts are aldehyde synthesis and antimicrobial activities. 

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 inter 

molecular 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 



Chapter II 

Chapter Ill 

Chapter IV 

of the literature and latest developments up to February, 20 I 0 in a 

rather comprehensive manner. 

It deals with the most important experimental section. In this section, 

the method of formation of different nitrones (N-cyclohexyl-a.-chloro 

nitrone, N-cyclohexyl-a.-amino nitrone, N-phenyl-a.-amino nitrone), 

cycloaddition reaction with different olefins and alkynes are studied 

along with their reaction conditions in solvent less condition and in 

aqueous phase. 

This chapter deals with results and discussion and achievements of 

the work done. Spectral interpretation viz. 1H NMR, 13C NMR, MS, 

IR, HRMS and elemental analysis have been discussed in detail. 

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 not stable, 

the a-b-c system is actually canonical form of a resonance hybrid for which at least 

one other structure may be drawn e.g. 

/b~-
a . c 

b 

/""""' -a c 

It 
-/~ 
-~ ""'=c 

b -/··'-... a '-..+ .. c 

Fig 1 

Octet structure 

Sextet structure 

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

compounds can be divided into two main types: 

(1) Propagyl- Allenyl type 

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

other canonical form a triple bond on that atom. 

+ -
a=b-c ... 

Fig2 

+ 
a==b-c 



(2) Allyl type 

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

form a double bond. 

+ -
a--b--c o( 

Fig3 

+ -
a=b--c 

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

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

octet stabiliz~tion is prevented by lack of an available free electron pair. Such systems 

are therefore extremely reactive and short lived. Examples of this 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 in this reaction are I ,3-dipoles and 

.dipolarophiles (c.f. diene and dienophile in the Diels-Alder reaction). It is a 4n+2n 

process as well. 

+ + .x=v-z ....... f----'1)1~ x=v=z 
R 

I 
r//v ...... ~ 
x' + 'z 

R 

I 
.,...Y~ · x/ +":::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 usually 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 values' for hetero atoms for the use of simple LCAO 

(Linear combination of atomic orbitals) treatment viz. 

2 



Uo- E Pl2 Pl3 

P21 uo-hwPo-s P23 

P31 P32 uo+ho+Po-E 

Putting the above values and ao-s!Po=x 

X 1.1 0 

1.1 x+2 0.7 

0 0.7 x+2 

The secular polynomial of the system was 

Xl + 4X2 + 2.3 X- 2.4 = 0 

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

Therefore the energy levels were 

Et = uo + 0.5175 Po 

E2 = uo- 1.58775 Po 

E3 = uo- 2.9297 Po 

and the total IT energy of system was 

En= 4uo+ 5.03495 Po 

=0 

Approximate HMO calculation ofnitrone 1 

=0 

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

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

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

two ways. 

uo+2Po-E Pl2 Pl3 Pt4 

P21 Uo-E P23 P24 =0 

P3t P32 uo+2Po-E P34 

P4t P42 P43 uo+2Po-s 

x+2 0.4 0 0 

0.4 X 1.1 0 =0 

0 1.1 x+2 0.69 

0 0 0.69 x+2 

3 



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

The energy levels were 

EI = ao- 0.578 Po 

E2 = ao-1.5607 Po 

E3 = ao-2.9436 Po 

E4 = ao -2.0656 Po 

the total I1 energy of the system was 

En= 4ao+ 7.1479 Po 

ao+2Po-E 

P2I 

PJI 

P4I 

Psi 

x+2 

0.4 

0 

0 

0 

Pl2 

ao-E 

P32 

P42 

Psz 

0.4 

X 

0.9 

0 

0 

The energy levels were 

EI = ao- 1.129 Po 

E2 = ao-1.20 Po 

E3 = ao- 0.555 Po 

E4 = ao -2.954 Po 

Es = ao-2.4195 Po 

Total I1 energy of the system was 

En= Sao+ 8.2575 Po 

Pl3 

P23 

ao+2Po-E 

P43 

PsJ 

0 

0.9 

X 

1.1 

0 

PI4 

P24 

P34 

ao+2Po-E 

Ps4 

0 

0 

1.1 

x+2 

0.69 

Pis 

Pzs 

PJs =0 

P4s 

ao+2Po-E 

0 

0 

0 

0.69 

x+2 

=0 

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 (FMOl Recently reported DFT study on the stability 

4 



of C-aryl-N-methyl nitrones basing upon Gaussian-2003 senes 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 (1) is moderately stable & hence the nitrone 

is used in-situ for the 1 ,3-dipolar cycloaddition reactions. 

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

N-phenyl-a-chloro nitrone shows -0.154 & -0.032 for HOMO & LUMO energies in 

Hartrees (1 Hartree = 27.21 eV). N-phenyl-a-chloro nitrone has a chlorine group at /3-
position of the nitrone which has a strong electron withdrawing nature & therefore the 

nitrone should be electrophilic in nature. The high reactivity of N-phenyl-acchloro 

nitrone could also be explained on the basis of perturbation theory where the HOMO 

level of parent nitrone is raised in energy by the introduction of chlorine group on the 

jJ-carbon atom & the stabilization of the 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-dipolaropltile_(linear dipoles like the propagyl anion) 

Azide R-N=N=N 
+ 

+ + -
Nitrile imide R-N-N=C-R """•--•~ R-N=N=C-R 
(Nitrile imine) 

Nitrile oxide 

Nitrile ylide 

Diazoalkane 

- + + 
0-N=C-R --~O=N=C-R 

R,_ 
C-N-C-R 
~+ 

R 
--~'c=N=C-R 

R/ + 

R 
--~'c=N=N 
~+ 

FigS 

5 

stable if aromatic alkyl 
azides can explode 

generated and used in-situ 

generated and used in-situ 

generated and used in
situ 

relatively stable. 
diazomethane can be 
stored 



sl llybridiserf_(bent dipoles like the allyl anion) 

Ozone 

Nitroues 

Azomethine 
imines 

Azomethine 
ylides 

-
0 

-
""'--o=o 

+ 

0~ -
----.- 0-0 

+ 

o, R 0:-,. R 

'N+=c/ -----~ -/ /~-c"-
~ "R R R 

R-N R R--N R 

\~=c/ ----- ~N-c/ 
/ "' /+ "' R R R R 

R R 

generated & used 
ill situ 

relatively stable 
but reactions are 
done ill situ 

generated & used 
ill situ 

I I 
R -S:"'-+ /R R-C~ -/R generated & used 

N=c ------ N--C illsitu 
/ "' /+ "' R R R R 

Fig6 

Reactivity profile of 1, 3-dipoles 

Th~ 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; 

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. 

6 



Key 
Molecular 
Orbitals 
in a 
Dipolarophile 

HOMO 

LUMO 

A=B 

y 

B 

HOMO 
p bonding 

orbital 

z 

dipole 

Fig 7 

<ll 9 
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orbital 
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bonding 

orbital 
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The term "nitrone" was coined from nitrogen ketone (azomethine oxide) in order to 

keep its resemblance to the carbonyl group in its several reactions7
. 

Rz 

J 3 -
__......---c~ + _........o 

R 1 N 1 12 
R3 

Fig 8 

Nomenclature 

The nitrones were known since 1887. The nomenclature employed by chemical 

abstract is as follows. 

7 



a-N-diphenyl nitrone 

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

The cyclic nitrones are named accordingly to the parent heterocyclic structures e.g. 

2,4-dimethyl-~ 1-pyrolidine-N-oxide, ~ 1-tetrahyd~opyridine-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 = W (0') R1 

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

Geometrical isomerism 

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

molecule. 

Fig9 

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

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

moment studies. The 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, 1H NMR studies9
. The only example of geometrical isomerism 

is known for a-phenyl-N-tertiary butyl nitrone10
. Therefore in such cases where 

geometrical isomerism is possible, E I Z notation may be employed for naming. 

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

Isoxazolidines and the scheme has been shown as follows. 

8 



Fig 10 

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

cycloaddition reactions to form Isoxazolines. 

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. 

""'- + C-N=O 

I I 
Fig 12 

N-phenyl-u-chloro nitrone (I) has a chlorine group at~- position of the nitrone which 

has a strong electron withdrawing nature and therefore this ni trone is electrophilic in 

nature. In general, nitrones are HOMO-LUMO controlled 1,3-dipoles skewing 

towards LUMO controlled side. 

9 



Synthesis of nitrones 

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 

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

agents are used viz, yellow mercuric oxide11
, active lead oxide12, potassium 

ferricyanide 13
, hydrogen peroxide14, potassium permanganate15, diarnmine silver 

nitrate16. 

The formation of the nitrone salt was reported from the reaction between p

benzoquinone and !-hydroxyl piperidine 17. 

0 OH 

0 ~ 0 + + 

# N 

I I 
0 OH OH 0 

-

Fig 13 

The formation of nitrone from N, N-disubstituted and N-substituted hydroxylamines 

using palladium catalyst were also reported 18. Recently a four membered cyclic 

nitrone was also reported by the oxidation of 1-0H-azetidines with Pb02 19. 

Some other oxidative methods are also known e. g. diamrnino silver nitrate was used 

as the reagent for the preparation of u-styryl-u-benzyl-N-phenyl nitrone from 

corresponding hydroxylamine20. Photolysis of N-hydroxylamines in presence of I, 4-

dicyano naphthalene (DCN) as an electron acceptor gave high yields of nitrone21
. 

hy /DCN 

Fig 14 

10 

::~) 
N 
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From oximes 

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

was that nitrones were produced along with oxime ether. 

R1 R2 C=N-OH+XR 

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 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 u-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
. 

NaoEt 
Mel 

EtOH 
+ 

Fig 15 

+/Me 
_N"'.-

0 

Formation of nitrones was also reported by the intramolecular Michael addition of 

aldoximes and ketoximes to electronegative olefins25. 

X 

I 

Figure 16 

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

treatment with 10 mole %of PdCh (MeCN2) by a formal [2+3] sigmatropic shift26
. 
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Formation of cyclic N-vinyl nitrones were also reported from 8-alkenyl oximes by a 

concerted 2n + 27t + 28 1, 3 - azpnitio 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. 

From aromatic nitroso compounds 

Aromatic nitr,oso 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 example of this type of 

reaction is shown in the following way. 

Base 

ArNO 

Fig 17 

+ 
ArHC=N-Ar + HX 

I 
0 

Aromatic nitroso compounds react with benzyl derivatives such as benzyl chloride in 

f . b. 1 b . ld "tr 32 33 presence o some smta e ase to y1e m ones · . 

Some other miscellaneous methods 

Quinones yielded dinitrones upon treatment with nitrosobenzene34
. 

0 

+ PhNO 

~N_.-Ph 

I 
0 0 0 

Fig 18 
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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 froni D - glucose oximes and benzaldehyde 

without employing any protection of hydroxyl group36
• 

CH20H 

0 
/1"-....J.'"" 

HO NHOH 
HO-i..~.......-

OR 

Fig 19 

0 

I 

OR 

N 

·r~ 
H 

Nitrones can be obtained by the treatment of trimethyl silyl chloride and triethyl 

amine on nitro alkanes also37
• 

Fig20 

1,3 dipolar cycloaddition reaction 

K. N. Houk et al38 pointed out that mechanistic investigations have shown 

cycloadditions of 1,3-dipole to alkenes are stereospecifically suprafacial, solvent 

polarity have a little effect on reaction rates and small activation enthalpies. These 

facts along with 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 1t' s and 6 1t' s] cycloaddition but not [ 4 

1t's + 47t's] cycloaddition of 1,3-dipoles to diene has provided further evidence for the 

concerted mechanism. But the experimentally observed regioselectivity of most of the 

1 ,3-dipolar cycloaddition has been the most difficult phenomenon to explain. 

13 



Houk et a! solved this problem with the use of generalized frontier orbitals of I ,3-

dipoles and dipolarophiles within the frame work of frontier molecular orbital theory. 

Whether 1,3-dipolar cycloaddition reaction to be allowed or forbidden may be judged 

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

and the dipolarophiles as proposed by Sustman39
• 

Dipole Alkene Dipole Alkene 
Dipole Alkene 

- -- - - -
E 
N 
E 
R 
G 
y 

t 
* * t t t 

Tjpel Tjpell Tjpelll 

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

+ 
Types HOMO-LUMO 
of alkene dipole 
Dipoles 

azomcthinc ylides, nitrones, ozone, 
azomethine.imines, nitrile oxides nitrous oxide 
nitrile ylides 

Type I: It involves dominant interaction between LUMO (dipole)-HOMO 
' 

(dipolarophiles). 

Type II: It involves LUMO (dipole)-HOMO (dipolarophiles). But in type II, both the 

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

(dipolarophiles) are important in determining reactivity and regioselectivity. 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. 
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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 

Dipole 

- Alkene 

- Dipole 

I Alkene- LA E I 
I -N 

I Dipole-LA I 
I - ' E 

I ' I ' I 

R 
I -I 

I 
I 

G I 
I 

y I 
I 

I 

' ' 

* 
t'"·* 

Alkene LUMO 

-
' ' ' ' ' ' ' ' ' ' ' ' 

* 
HOMO 

Coordination of LA to either the dipole or the alkene results in LUMO lowering 

and a faster reaction rate 

Hauk et a! have treated all common: 1,3-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 l ,3 dipoles, 

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, 
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species with several electro negative atoms are LUMO controlled I ,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 cat bon adjacent to z while the 

opposite frontier orbital interaction favours opposite regioisomers. The HOMO's of 

the 1,3 dipolar system generally have larger terminal co-efficient on the group z while 

the LUMO's have larg.er 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. 

\!j___j~~ . r:;J u-l'' 6 
X Z 

~LUMO_t}--8 

y 

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 electron 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. However, 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 

16 



case of alkyne, the dipole (HOMO)-dipolarophiles (LUMO) interactions become very 

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

Stereoselectivity in nitrone cyc/oadtlition 

Nitrone addi~ion is always cis to dipolarophiles, so the relative stereochemistry at C4 

and C5 is always determined by the geometric relationship of the substituents on the 

alkene: Syn and anti isomers of dipole (stability and therefore proportion of each 

depends on. steric considerations and hydrogen bonding etc.) can lead to 

diasten!oisomeric products depending on approach of dipole and Ddipolarophiles. 

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. 

o-{0 
)\--cH2R1 

H 

-

'~0.:· 
H 

' ' ' 

Exo 

' ' ' ' ' ' ' ' ' ' ' ' 

n· t · ' 1as eremsomers ---------, 

' ' ' ' 
' 

R 

' ' ' ' ' 

...,.._ 

R 

' 
' ' ' 

I 

En do 
oil( 

Exo 
Rq( 

f J rotate 180° about Y axis 

H 

Fig. 22 
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Formation of biologically active amino alcolwlfrom isoxazolidineformed by I, 3-

dipolar cycloaddition reaction 

R' 

I 
R'YN'Jo 

M 
R3 R4 

reduction 

lsoxazolidine p- 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 instability, 1,3-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. 

Current literature survey: 

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

given to the greener 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 nowadays are mainly performed in the 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 cases the reactions are mild, easy work up and the isolation of the 

compounds are not so difficult. Interestingly in these cases better yields, lesser 

required time are reported compared to conventional methods. Nowadays aqueous 

phase cycloaddition reaction is mostly applied to avoid hazardous solvents and also to 

get higher yields in a short reaction time ,i'\lld is completely a green approach of 
.,... .. ~~~·). 

cycloaddition reaction of nitrones. Some research articles in this regard have been 
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already published in Indian Journal of Heterocyclic Chemistry and Indian Journal of 

Chemist1y, Section B from our laboratory41
.4

2
•
43

. 

Microwave induced intramolecular l ,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 of nitrone and cycloadducts.ln 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 

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. 

From the research article published by Q. Chang and his group44
, it has been found 

from the spectral analysis that the spectra of one of the oxime that gets converted to 

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

structure of the nitrone. 

microwave 

10-12min 

Figure 24 
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From the structure, calculated value for C9H14N203 (M) has been found to be 

198.1003 while the experimental value is found to be 198.1006. 

A good review45 on microwave assisted 1,3-dipolar cycloaddition reaction was 

published on 2003 in Indian Journal of chemistry Sec B from Madurai Kamraj 

University ·by S. Muthusubramaniun and his co - workers. They synthesized u-(5-

substituted-2-hydroxyaryl)-N-arylnitrones. They have shown that in microwave 

reaction the required time for the cycloaddition is much less and the yield is much 

higher than the conventional methods. 

OH 

CHO 

+ 

Rt = t-Bu, i-~r, Ph 

R2 = H, Me, Cl 

R3 =H, Me 

NHOH 

Figure 25 

Another important work suggested by A. Goti and his co-workers46 in Italy, working 

with C, N-diphenyl nitrone and the dipolarophiles were used are butyrolactones. The 

reactions are highly stereoselective in nature giving both the enantiorners having high 

yield. It has been found in the following scheme: 

i I ii 

a 
+ 

Ph 
i Benzene, 80°C, 5 hr a :, b = 90 : 10 ( ee 82%) 

0 

,,,)~ 
.. 0 ii Toluene, ll0°C, 3 hr a : b = 80 : 20 (ee 89%) 

b 
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/ 

Figure26 

Toluene, 80°C 
·or ll0°C 

decomposition 

Another brilliant .work was suggested by R. Shintani and Gregory C. Fu47 suggest a 

copper catalysed [3+2] cycloaddition reaction which is a enantioselective coupling of 

terminal alke~es with azomethyne imines to generate five membered heterocycles. 

heat ·xN> "XN + I l 
R 

N H N R N 
Ill I I 

+ +N a RI b RI 

I I ·xN> NR 

Cu (I) catalyst 

a:b~!:l base H N 
I 

c ~ only product RI 
c 

Figure 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 

homoprolein, involving protein chemistry using N-methyl maleimide. The most 

important feature of this reaction is the multi component raction. 

Anup Bhattacharya et. a149 suggests some remarkable work on glucose derivatives in 

the year 2005 which suggests intramolecular I ,3-dipolar nitrone and nitrile oxide 
I 

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

approach to chiral cyclic ether fused isoxazolidines, isoxazolimis, isoxazoles. 

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

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

has been published in Journal of Organic Chemist1y. Later on A Paawa in his latest 
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review has given emphasis on the synthetic application of nitrones towards natural 

products (Ref 54). 

N 
I 
S02Ph 

D, 5 hr 

PhCH2 
)lo 

2. Zn, AcOH I H20, 50°C 

3. TFA,D 12hr 77% , 

Figure28 

1. 6 % Na(Hg), Na2HP04 
0°C, 40 min, 91% 

It has been found from various literature survey that newly formed 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. 

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. 
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Figure29 
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From the D - galactose derived nitrone I, 3-dipolar cycloaddition reaction some per 
.. 

hydro aza az.ulene alkaloids has been synthesized. This compound has been found to 

have very good antimicrobial activities as reported. 

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

antifungal activities of the compounds are also reported. One of the synthesized 

compounds can be shown in the following way 

Acetoxy-perhydroazazulene 

Figure30 

Some stereoselective synthesis of pyrolidinyl glycines from nitrones also report 

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

Figure 31 

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
. 

H 

RO 
RO MeNHOH 

H \ OR 
H N 

RO I H 
Me OR 

a 
b 

Figure 32 

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

shown by the cyc!oadducts 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 isoxazolidiries are more powerful antifungal, antibacterial agents compared 

to isoxazolines. 

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

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

synthesized in our laboratory following the method which are represented earlier. 

The recent reviews of A. Padwa54 suggest some brilliant work regarding antimicrobial 

and antitumo; activities of cyc!oadducts 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. 
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Figure 33 

It has been found from the review work that the newly synthesized compounds were 

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 (10 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 under· microwave irradiation to produce 

tricyclic isoxazolidines fused with pyroline or pipyridine ring in good yields were 

reported by Q. Chang, W. Zhang, Y. Tagan and their group in the year 2001 56
. 
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I. DIDAL-H, 78°c 

2.NH20H 

microwave 

H 
\ 
N-o 

IOOC 

IOOC =Intramolecular oxime-olefin cycloaddition 

Fig34 

A senes of unexpected cycloadducts along with normal cycloadducts have been 

reported by Abhijit Banerjee and his group 57 using I ,3-dipolar cycloaddition reaction 

of 3,4-dehydro morpholine N-oxide with pipyridine of cinnamic acid and p

substituted cinnamic acids. Since unexpected cycloadducts are quite rare therefore 

this work has immense interest for the workers of nitrone cycloaddition reactions. 

Toluene 

0 !l0°c, 16H 

0 

Fig35 

~ R 

~I 

0 
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A brilliant work reported by Francis Heaney, Oliver Rooney in 2001 58 which reports 

the formation of bis isoxazolidines involving bis nitrones using N-methyl maleimide 
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as Ddipolarophiles. The reaction as reported is highly diastereospecific in nature. This 

has the first reported case of his isoxazolidines. 

~-~ 
6....._~/J __ o __ 

N... N+ 
I I 
R R 

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, methyl vinyl ketone, styrene and N-methyl maleimides respectively. 

+ 

R1 = R2 =Ph or R1 =Me; R2 =Ph 

Fig37 

Development of nitrones and their cycloaddition reactions from oxaziridines 

involving N-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. 

Ph~ 

95% yield 
> 10% syn : anti 

Fig38 

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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~/H 
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+ )l 
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R = (CH2)3CH3, PHCHO, C02Me, C02Bu, CH20H, CH20siBuMe2, 

CH2CH20siBuMe2, CH2CH2CH20H 

Fig39 

Lubor Fisera and his group62 reported some novel cycloaddition reactions in early 

2009 where the nitrones are derived from sugars. The work is actually 

diastereoselective synthesis of isoxazolidinyle nucleosides by means of 1 ,3-dipolar 

cycloaddition reaction of chiral sugar derived nitrone as the key step. 

B 

R1, R2 = R3, ~ = CMe2 

R1, R2 = CMe2, R3 = Bz (Benzyl), ~ = TBDPS 

R~, R2 = CMe2, R3 = Bz (Benzyl), ~ = TBDPS 

Fig40 

0 
R 
4 

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

aqueous media using surfactant and subsequent cycloaddition reactions in the same 

pot has been reported by P. K. Bhattacharya63 as reported. 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 water. 
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An example of highly efficient solvent free I ,3-dipolar cycloaddition reaction of N

substituted dipolarophiles and nitrone was reported 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 o-

,;:, 
No solvent 

Fig42 

Synthesis of different N-cyclohexyl, N-phenyl-a-chloro nitrone along with other 

nitrones have also been reported from our laboratory.4l- 43·65-78
. Few of the nitrones 

thus reported are prepared by the following way. 

i) 

NHOH H~~"-6 
N 

H
3
C/ "-cH

3 

i) Anhydrous MgS04, Nz atmosphere, RT, 12 hours 
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i) Anhydrous MgS04, Nz atmosphere, Reflux, 24 hours 

ClA"' OH N 

I 
0 

i) Anhydrous MgS04, Nz atmosphere, Reflux, 20 hours 

_D 
O-N' 

~ 
H2N 

\ 
'\-NH + 
I ' 
H 

i) 

NHOH 

i) Dry benzene, N2 atmosphere, RT,18 hours 

0 

II 

ere----.. 
H + 

~ 

i) 

i) Dry benzene, Nz atmosphere, Reflux, 8-9 hours 

I H~f-o :Q 
NHOH 

i) 
H 

0 

i) Dry benzene, anhydrous MgS04, Nz atmosphere, RT, 8 hr 
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i) Methylene chloride, N2 atmosphere, 0-5°C, anhydrous MgS04 

Fig43 
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CHAPTER II 

Experimental Section 

All the melting points were determined in open capillary tube and were 

uncorrect~d. 1H NMR spectra were recorded with a Bruker - Avans DPX 400 

spectrometer (400MHz, FT NMR) using tetramethyl silane as internal standard. 13C 

NMR spectra were recorded on the same instrument at 1 00 MHz. The coupling 

constants (J) are given in hertz (Hz). Chemical shift values are given in o ppm with 

tetramethyl silane as internal standard. IR spectra were obtained with a Perkin -

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

recorded with a Jeol- SX 102 (FAB) instrument. Elemental analysis (C,H,N) were 

performed with a Perkin - Elmer 2400 series CHN analyzer. Analytical thin layer 

chromatography (TLC) was performed on both Fluka silica gel and Merk precoated 

silica gel plates (60 F254). Visualization was done by exposing to iodine vapour. All 

the chemicals and reagents along with common solvents were purified after receiving 

from commercial suppliers using established procedures. N-cyclohexyl 

hydroxylamine was prepared following the methodology as already reported. N

phenyl hydroxylamine was prepared following the standard methods available in the 

literature. 

Reaction type I 

Preparation of Chlorohydrin 

- CC
CI 

OH ~0 0 
0 

__ H_o_c_I ___ cxcl 
0 OH 

a b 

2-Chloro-5-hydroxy pentanal 

Scheme 1 
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Hypochlorous acid was prepared following the standard methodology available in 

inorganic text books 1
•
2·3. To a saturated solution of sodium bicarbonate, chlorine gas 

was passed till saturation. After the completion of reaction, the product was isolated 

by shaking with ether vigorously in a separatory funnel and finally collected by 

reduced pressure vacuum pump. Pure hypochlorous acid was obtained as greenish 

white liquid. 

In a I 00 mL conical flask, dihydropyran and hypochlorous acid (l equivalent each) 

was taken in a required amount of DMSO as solvent and was stirred with a magnetic 

stirrer for 5 - 6 hour. The reaction was monitored by TLC (R1 = 0.76). After 

completion of the reaction the product (chlorohydrine) was isolated with ether and 

finally obtained under reduced pressure as a greenish gummy liquid3
• 

Spectral data of 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·1
; 

1H NMR (CDCh): li 9.75 (HI, CHO), 

5.06 (d, 1H, J = 6 Hz, -OCH), 5.23 - 4.96 (br, 1H, -OH, exchanged in D20), 4.10-

3.93 (dt-m, !H, CHCI), 3.80-3.4 (m, 4H, CH2); MS (m/z): 136 (M), 118, 108, 102, 

78, 69. 

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

i) 

NHOH 

i) anhydrous MgS04, RT, 12 hr, N2 environment 

Scheme2 

CC
CI 

::::::,....+/0 
OH N 

I 
1 Ph 

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 (Rr= 

0.32). After completion of the reaction, the nitrone was isolated under reduced 

pressure as white needle shaped crystals, m.p, 58°C (uncorrected). The nitrone was 

unstable and decomposes at room temperature when kept for longer period. 
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Spectral data of (Z)-N-(2-chloro-5-hydroxypentylidene)aniline oxide: 

White needle shape crystals, 93%, IR (CHCh): 3660-3520 (bJ), 1610 (s), 1440 (m), 

1150 (s), 784 (s) cm-1; 1H NMR (CDCh): o 7.73-7.28 (m, 5H, C6H5), 6.45 (d, lH, J 

= 6.06 Hz, CH=N+), 5.12 (br, lH, OH, exchanged in D20), 3.66 (dt-m, IH, J= 6.06, 

6.08 Hz, CHCl), 2.04- 1.25 (m, 6H); 13C NMR (CDCh): o 142.04 (CH=Nl, 134.80, 

133.00, 131.60, 130.00 (aromatic carbons), 95.30 (CHC!), 31.45, 28.60, 25.40 (3 CH2 

carbons); HRMS- EI: Calcd. for CuH1402NCl, (M), 225.0864, Found~, 225.0852. 

General Procedure for 1,3-dipolar cycloaddition reaction with all{)'nes at RT 

Since N-phenyl-a-chloro nitrone may decompose at RT therefore the nitrone was used 

immediately· after isolation for the cycloaddition reactions with dipolarophiles 

(alkynes) in a 1:1 ratio. In a 100 mL conical flask nitrone I (2.20 mmol), alkyne (I 

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

under N2 atmosphere for 1 0 - 12 hour. The progress of the reaction was monitored by 

TLC. After completion of the reaction the solvent was evaporated off and the products 

(all the cycloadducts were obtained as diastereomers) were purified and separated by 

column chromatography using ethyl acetate-hexane combinations to furnish pure 

cycloadducts. This procedure was followed for all the substrates listed in Table I. 

Table 1 

)> Ethyl propiolate 
)> Dimethyl acetylene dicarboxylate 
)> Phenyl methyl propiolate 
)> Acetylene dicarboxylic acid 

L Ethyl propiolate cycloadducts 

Scheme 3 

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

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

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

monitored by TLC (RJ= 0.42, 0.44). After completion of the reaction, the solvent was 
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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: 73 mg, 70 %; lb: 36 mg, 22 %. 

la. Spectnil data of (3S)-ethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-5-carboxylate 

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

(s), 1430 (m), 1260 (m), 780 (s) em·' .1H NMR (CDCh): o 7.02- 6.92 (m, 5H, C6H5), 

5.10 - 5.02 (br, !H, OH, exchanged in D20), 4.80- 4.64 (t, !H, J = 9.26 Hz, C3H), 

4.26- 4.12 (dd, 2H, J = 6.24, 6.36 Hz, COOCH2CH3), 3.82- 3.50 (dd, lH, J = 6, 9.28 

Hz, CHCI), 3.35-3.26 (d, lH, J= 7.5 Hz, C4H), 3.00-2.62 (m, 6H, CH2 protons), 

1.40 - 1.24 (t, 3H, J = 4.36 Hz, COOCH2CH3); 13C NMR (CDCh): o 168.40 

(carbonyl carbon), 133 - 126 (6 aromatic carbons), 93 (CHCl), 86 (C5), 78 (C3), 55 

(C4), 32, 30 (COOCH2CH3), 26, 25, 23 (3 CH2 carbons); MS (m/z): 326 (M+), 295, 

253, 249, 219, 108, 77, 73; HRMS - EI: Calcd. for C,6H2o04NCI (M) 325.5944, 

Found M+, 325.5932. 

lb. Spectral data of (3R)-ethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-5-carboxylate 

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): o 7.52- 7.35 (m, 2 x 5H, 

C6H5 protons), 5.15- 5.05 (br, lH, -OH, exchangeable in D20), 4.54- 4.43 (dd, IH, 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 (rn, 6H, CH2 protons); 13C NMR (CDCh): o 168 (carbonyl 

carbon), 138- 126 (6 x 2 aromatic carbons), 90 (CHCI), 87 (Cs), 76 (C3), 54 (C4), 45 

(-COOCH3), 39, 35, 33 (3 CH2 carbons); MS (m/z): 326 (M+), 295, 253,219, 108, 77, 

73; HRMS- EI: Calcd. for C,6H2o04NCI (M) 325.5944, Found M+, 325.5926. 

2. Dimethyl acetylene dicarboxylate cycloadducts 

0 

CC
CI 0 ~0/ /)J(COOCHJ li(COOCHJ --: y - Ph-N I + Ph-N~ 

~·} O COOCH3 i COOCH-
00 N • • 

1 
I HO(H2ChCIHC la HO(H2ClJCIHC lb 

Ph 
Scheme4 
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In a I 00 mL conical flask, N-phenyl-u-chloro nitrone (2.20 mmol) and dimethyl 

acetylene dicarboxylate (I equivalent) was added to a 50 mL dry ether and stirred at 

RT with a magnetic stirrer under nitrogenous atmosphere for I 0 hr. 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-hexat)e to furnish white viscous liquids. 

2a. Spectral data of (3S}-dimethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-4,5-dicarboxylate 

White viscou~ liquid, 69 %; IR (CHCb): 3545 - 3480 (br), 2820 (s), 1745 (s), 1700 

(m), 1670 (m), 1420 (s), 1260 (m), 775 (s) cm-1; 1H NMR (CDC13): o 7.75- 7.54 ( m, 

5H, C6Hs protons), 5.22 - 5.05 (br, 1H, OH; exchanged in D20), 4.86 - 4.75 (d, lH, J 

= 9.25 Hz, C3H), 4.26-4.10 (dd, J= 6, 9.26 Hz, CHC1), 3.68 (s, 3H,- COOCH3),3.56 

(s, 3H,- COOCH3), 2.20 - 2.05 (m, 6H, CH2 protons); 13C NMR (CDCb): o 169, 

168.4 (carbonyl carbons), 133 - 126 (6 aromatic carbons), 94 (CHCl), 87.50 (C5), 76 

(C3), 59.45 (C4), 44, 43 (OCH3), 36, 34, 30 (3 CH2 carbons); MS (m/z): 370 (M+), 339, 

311, 293, 283, 262, 252, 234, 204, 108, 77, 59, 31; HRMS - EI: Calcd. for 

C17H2o06NC1, (M) 369.64240, Found M+, 369.64128. 

2b. Spectral data of (3R)-dimethyl 3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-4,5-dicarboxylate 

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 (CDCb): o 7.70- 7.56 (m, 5H, 

C6H5 protons), 5.20 - 5.08 (br 1H, OH, exchanged in D20), 4.88 - 4.74 (d, IH, 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,- COOCH3), 2.12- 1.95 (m, 6H, CH2 protons); 13C NMR (CDCb): o 169, 168 

(carbonyl carbons), 134 - 126 (6 aromatic carbons), 95 (CHCl), 88.5 (Cs), 74 (CJ). 56 

(C4), 44, 42 (OCH3), 36, 35, 30 (3 CH2 carbons); MS (m/z): 370 (~), 311, 293, 262, 

252, 234, 204, 108, 77, 59, 31; HRMS- EI: Calcd. for C17H2o06NCI, (M), 369.6420, 

Found M+, 369.6405. 
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3. Phenyl methyl propiolate cyeloadducts 

CC
CI 

~./o + 
OH N 

I 
Ph 

0 

I Ph Ph 

0 /)JC oc Ph-N I + Ph-/ I 
--.-

COOCHJ : 
.;: COOCH3 

HO(H2C)pHC HO(H2C)3CIHC 
3a 3b 

SchemeS · 

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

propiolate (1. 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 (RJ"' 0.46, 0.40). After completion of the reaction, 

the solvent was evaporated under reduced pressure and the mixture of 

diastereoisomers were purified and separated by column chromatography using ethyl 

acetate-hexane to furnish white viscous liquid. 

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

dihydroisoxazole-4-carboxylate 

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

(m), 1662 (s), 1480 (s), 1324 (s), 1225 (s), I !05 (s), 993 (m), 779 (s) cm·1; 1H NMR 

(CDCh): o 7.55 - 7.38 (m, 2x5H; C6Hs protons), 5.10 - 4.95 (br, IH, -OH, 

exchangeable in D,O), 4.55-4.40 (dd, IH, J"' 9.22, 6.18 Hz, CHCl), 4.05-3.90 (d, 

lH, J"' 9.2 Hz, C3H ), 3.60 (s, 3H,- COOCH3), 1.95- 1.72 (m, 6H, CH2 protons); 13C 

NMR (CDCh): o 168 (carbonyl carbon), 137 - 126 (6x2 aromatic carbons), 92 

(CHC!), 88 (Cs), 73 (C3), 58 (C4), 45 (-COOCH3), 36, 34, 33 (3 CH2 carbons); 

MS (m/z): 388 (Ml, 357, 329, 31 I, 283, 280, 203, 105, 77; HRMS- EI: Calcd. for 

C21 H2204NCl (M), 387.7000, Found~. 387.6990. 

3b. Spectral data of (3R)-methyl 3-(1-chloro-4-hydroxybutyl)-2,5-diphenyl-2,3-

dihydroisoxazole-4-carboxylate 

White viscous liquid, 24 %; IR (CHC!3): 3520 - 3440 (br), 2925 (s), I 755 (s), I 675 

(m), 1440 (ni), 1345 (m), 770 (s) cm·1; 1H NMR (CDCh): o 7.52- 7.35 (m, 2x5H, 

C6H5 protons), 5.15-5.05 (br, IH, ~OH, exchangeable inD20), 4.54-4.43 (dd, IH,J 

"' 2.52, 4.18 Hz, CHCl), 4.08 - 3.92 (d, IH, J"' 2.54 Hz, C3H), 3.62 (s, 3H, -
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COOCH3), 1.95 - 1.50 (m, 6H, CHz protons); 13C NMR (CDCh): o 168 (carbonyl 

carbon), 138 - 126 (6x2 aromatic carbons), 90 (CHCI), 87 (C5), 76(C3), 54 (C4), 45 (

COOCHJ), 39; 35, 33 (3 CHz carbons); MS (mlz): 388 (M}, 357, 329, 311, 283, 280, 

203, 105, 77; HRMS - EI: Calcd. for Cz,Hz20 4NCI (M) 387.7000, Found M' 

387.6982. 

4. Acetylene dicarboxylic acid cycloadducts 

. CCCI + /COOH 

~.1o·Hooc 
OH 

1 
l HO(H2C)3ClHC 4a 

COOH 

+ Ph--.:~COOH 
COOH j COOH 

HO(H2C)3ClHC 4b 

Ph 
Scheme 6 

In a I 00 mL conical flask nitrone I (2.20 mmol), acetylene dicarboxylic acid (I 

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

under N2 atmosphere for 14 hour. The progress of the reaction was monitored by TLC 

(R1 = 0.38, 0.40). After completion of the reaction the crude products were 

concentrated on a rotary evaporator and finally the products were purified and 

separated by column chromatography using ethyl acetate-hexane to furnish colourless 

viscous liquids. 

4a. Spectral data of (3S)-3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-4,5-dicarbo:\:ylic acid 

Coluorless viscous liquid, 73%; IR (CHCb): 3545 - 3480 (br), 1760 (s), 1685 (m), 

1420 (s), 1260 (m), 780 (s) cm·l, 1H NMR (CDCb): o 10.12 (s, IH, COOH), 10.04 (s, 

1H, COOH), 7.75 - 7.54 (m, 5H, C6Hs protons), 5.22- 5.05 (br, IH, OH, exchanged in 

D20), 4.75 (d, IH, J= 9.25 Hz, C3H), 4.26 (q, 1H, J= 6, 9.26 Hz, CHCl), 2.20- 1.75 

(m, 6H, CH2 protons); 13C NMR (CDC!)): o 180.60, 178.40 (carbonyl carbons of 

COOH), 133.90, 132.00, 130.50, 128.65 .(aromatic carbons), 94.00 (CHCI), 87.50 

(C5), 76.00 (C3), 59.40 (C4), 36.00, 34.00, 32.00 (3 CH2 carbons); MS (m/z): 341 

(M+), 310,296,268,251,236; HRMS- EI: Calcd. for C,sH1606NCI, (M), 341.6080, 

Found M', 341.6070. 
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4b. Spectral data of (3R)-3-(1-chloro-4-hydroxybutyl)-2-phenyl-2,3-

dihydroisoxazole-4,5-dicarboxylic acid 

White viscous liquid, 24 %; IR ( CHCh): 3560 - 3465 (br), 1765 (s), 1680 (m), 1430 

(s), 1260 (m), 782 (s) cm-1
; 

1H NMR (CDCh): o 10.16 (s, lH, COOH), 10.00 (s, lH, 

COOH), 7.40 - 7.24 (m, 5H, C6Hs protons), 5.20 - 5.08 (br, IH, OH, exchanged in 

D20), 4.60 (d, 1H, J = 2.50 Hz, C3H), 4.20 (q, IH, J = 2.20, 3.55 Hz, CHCl), 2.10 -

1.64 (m, 6H, CH2 protons); 13C NMR (CDCh): o 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 (CJ), 58.46 (C4), 37.00, 36.00, 34.00 (3 CH2 carbons); MS (mlz): 341 

(M+), 310, 296, 268, 251, 236; HRMS- EI: Calcd. for CtsHt606NCl, (M), 341.6080, 

Found~ 341.6064. 

General Procedure for 1,3-dipolar cycloaddition reaction of nitrone 1 in aqueous 

phase 

To run a chemical reaction under an environment friendly condition is a challenge 

now-a-days. In touch with the recent developments we have also successfully carried 

out aqueous phase cycloaddition reaction of N-phenyl-u-chloronitrone5
•
6. Surprisingly 

aqueous phase condition gave high yield, greater selectivity in a much lesser time. 

Details are discussed in results and discussion chapter. 

General procedure for cycloaddition (for diastereomers) 

In a 50 mL conical flask, nitrone 1 (1 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 were 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 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 2. 

Table 2. List of dipolarophiles used for cycloaddition reaction in aqueous phase 

~ Cyclohexene 

~ N-methyl maleimide 

~ N-phenyl maleimide 
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~ N-cyclohexyl maleimide 

~ p-OMe-N-phenyl maleimide 

~ Acenapthylene 

~ Ethyl acrylate 

~ Methyl vinyl ketone 

5. Synthesis of Cyclohexene cycloadducts 

,_,(;=o + '"-N;o 
HO(H2C)3CIHC Sa HO(H2C)3C!H~ Sb 

Scheme 7 

To a stirred solution ofnitrone 1 (1 nunol) in 15 mL water was added cyclohexene (I 

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 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 r~ddish gummy liquid. 

5a. Spectral data of 4-chloro-4-{(3S)-2-phenyl octahydrobenzo[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 (CDCb): 8 7.28- 7.14 

(m, 5H, C6H5), 5.37 (d, IH, J= 8.20 Hz, CsH), 5.22-5.14 (br, IH,exchanged in DzO), 

4.50 (dd, IH, J= 9.2, 7.34 Hz, C3H), 4.12 (dd, IH, J= 9.40, 7.10 Hz, C4H), 3.58 (q, 

IH, J = 4.26, 6.20 Hz, CHCl), 1.80 - 1.14 (m, 14H); 13C NMR (CDCb): 8 130.00, 

129.00, 128.40, 127.30 (aromatic carbons), 88.50 (Cs), 78.00 (C3), 66.20 (CH20H), 

54.60 (C4), 52.60 (CHCl), 33.00, 31.00, 29.00, 27.00, 25.00, 24.40 (6 CHz carbons); MS 

(mlz): 309 (M'}, 227, 226, 211, 148, 147, 107, 77, 59, 31; HRMS-EI: Calcd. for 

C17H240 2NC1 (M) 309.6330, Found (M') 309.6318. 
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Sb. Spectral data of 4-chloro-4-{(3R)-2-phenyl octahydrobenzo[d]isoxazol-3-

yl}butan 1-ol 

Reddish gummy liquid, Yield: 28%; IR (CHCb): 3512-3454 (br), 2920 (s), 2854 (m), 

2766 (m), 1550 (s), 1440 (m), 1256 (s), 802 (m), 778 (s) cm-1
; 

1H NMR (CDCb): 8 7.26 

-7.14 (m, SH, C6Hs), 5.30 (d, IH, J = 8.20 Hz, CsH), 5.13 -5.04 (br, IH,exchanged in 

D20), 4.36 (dd, IH, 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, CHCl), 1.74- 1.28. (m, 14H); 13C NMR (CDCb): 8 132.00, 

131.00, 129.50, 128.20 (aromatic carbons), 87.00 (Cs), 76.00 (C3), 63.60 (CH20H), 

55.40 (C4), 51.20 (CHCl), 30.00, 29.15, 28.00, 25.40, 24.00, 21.30 (6 CH2carbons); MS 

(m/z): 399 (M'), 278, 250, 211, 227, 202, 148, 124, 107, 82, 77, 59, 31; HRMS-EI: 

Calcd. for C11Hz402NCl (M) 309.6330, Found M' 309.6314. 

6. Synthesis pf N-methy1 maleimide cycloadducts 

SchemeS 

To .a stirred solution of nitrone 1 (I mmol) in I 5 mL water was added N-methyl 

maleimide (I 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 = 0.38, 0.40). 

The products were extracted with ether (2 x 25 mL), the organic layers were washed 
' 

with brine water (2 x IS rnL), dried over anhydrous NazS04 and concentrated. 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. Spectral data of (3S)-3-(1-ch1oro-4 hydroxy buty1)-5 methyl-2-pheny1 

dihydro-2H pyrrolo[3,4-d]ispxazole-4,6(5H,6aH)-dione: 

White solid, 75.6%; 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): 8 7.15-6.98 

(m, SH, C6H5), 5.22 (d, IH, J= 6.8 Hz, CsH), 5.08-5.00 (br, IH, OH, exchanged in 

D20), 4.55 (<;ld, IH, J = 6.84, 9.2 Hz, C3H), 3.76 (dd, IH, J = 8.06, 9.20 Hz, C4H), 
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3.40 (s, 3H, CH3), 3.14-2.96 (dt-m, 1H, CHCI), 1.95- 1.52 (m, 6H, CH2 protons); 
13C NMR (CDC~)): 15 174.60, 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 (m/z): 340 (M+ +2), 338 

(M+), 323, 3?7, 261, 247, 231, 107, 77, 59; HRMS- EI: Calcd. for C16HI90 4N2CI 

(M) 338.1338, Found ~. 338.1324; Found: C, 56.57, H, 5.49, N, 8.19 %; C16H190 4 

N2Cl requires C, 56.63, H, 5.60, N, 8.25 % 

6b. Spectral data of (3R)-3-(1-chloro-4 hydroxy butyl)- 5 methyl-2-phenyl 

dihydro-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 (CDC~)): 15 7.20-7.08 (m, 5H, C6H5), 

5.26 (d, 1H, J= 6.0 Hz, CsH), 5.10-4.94 (br, lH, OH, exchanged in D20), 4.10 (dd, 

IH, J= 2.50, 4.06 Hz, C3H), 3.60 (dd, IH, J= 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3), 

3.22- 3.05 (dt-m, lH, CHCI), 1.88 - 1.44 (m, 6H, CH2 protons); 13C NMR (CDCh): 

15 172.5, 171 (carbonyl carbons), 133, 132, 130.3, 128.6 (aromatic carbons), 88.6 (C5), 

74 (C3), 61.4 (CH20H), 58.2 (C4), 54 (CHC1), 37 (CH3), 24, 21 (2 CH2 carbons); MS 

(mlz): 338 (M+), 307, 261,246,231, 139, I I I, 107, 77, 31; HRMS- EI: Calcd. for 

C16H1904N2Cl (M) 338.1338, Found~. 338.1320; Found: C, 56.50; H, 5.52; N, 8.16 

%; C16HI904N2Cl requires C, 56.63; H, 5.60; N, 8.25 %. 

7. Synthesis of N-phcnyl maleimide cycloadducts 

Scheme 9 

To a stirred solution of nitrone 1 (1 mmol) in 15 mL water was added N-phenyl 

ma1eimide (I mmo1) at RT under nitrogen atmosphere and the reaction mixture was 

stirred for 4 hr. The progress of the reaction was monitored by TLC (Rt = 0.34, 

0.42).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 
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column chromatography using ethyl acetate-hexane and finally obtained under 

reduced pressure as yellow and yellowish white solids. 

7a. Spectral data of (38)-3-(1-chloro-4 hydroxy butyl)-2,5-diphenyl dihydro-2H 

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

White solid, 70.8%; IR (CHCh): 3660- 3408 (br), 3016 (s), 2937 (s), 2362 (m), 1720 

(s), 1"4482 (s), 1217 (s), 1078 (s), 758 (s) cm-1; 1H NMR (CDCh): li 7.55- 7.40 (m, 2 

x5H, C6Hs protons), 5.42 (d, lH, J = 8.24 Hz, CsH), 5.05 - 4.95 (br, lH, OH, 

exchanged in DzO), 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.Q7 (dt-m, IH, CHCl), 1.82 - 1.35 (m, 6H, CH2 protons); 13C 

NMR (CDC!,): li 175.50, 173.60 (carbonyl carbons), 138.00, 137.00, 135.60, 134.35, 

133.70, 132.00, 131.40, 130.00 (aromatic carbons), 87.50 (Cs), 76.00 (C3), 64.00 

(CHzOH), 59.40 (C4), 52.00 (CHCl), 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 

C21Hz104NzCl, (M) 400.1494, Found M', 400.1478, Found C, 66.70; H, 5.20; N, 6.82 

%; Cz1Hz104NzCl,requires C, 66.84; H, 5.23; N, 6.98%. 

7b. Spectral data of (3R)-3- (1-chloro-4 hydroxy butyl)- 2,5 diphenyl dihydro-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 (CDCh): li 7.35 -7.14 

(m, 2 x SH, C6Hs protons), 5.24 (d, lH, J= 7.20 Hz, CsH), 5.00- 4.92 (br, IH, OH, 

exchanged in D20), 4.38 (dd, !H, J = 3.25, 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, 6H, CH2 protons); 13C 

NMR (CDCb): 1i 174.40, 171.80 (carbonyl carbons), 137.20, 136.40, 135.00, 134.50, 

133.00, 132.80, 130.60, 129.00 (aromatic carbons), 85.00 (Cs), 72.60 (C3), 64.50 

(CH20H), 57.40 (C4), 53.60 (CHCl), 28.00, 27.00 (2 CH2 carbons); MS (mlz): 402 

(M' +2), 400 (M'), 295,246,216,211, 189, 154, 107, 77, 31; HRMS- EI: Calcd. for 

C21H210 4N2Cl, (M), 400.1494, Found M' 400.1483, Found C, 66.54; H, 5.14; N, 6.75 
' 
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8. Synthesis of N-cyclohexyl malcimide cycloadducts 

0 0 0 

C( 0 

- + I I 
N-Cy + Ph-N 

~./o 
OH N 

I ::: 
1 Ph 0 HO(H2C)pHC Sa 0 HO(H2C)pHC Sb 0 

Scheme 10 

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 of the reaction was monitored by TLC (R1 = 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 NazS04 and concentrated. The 

mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate-hexane and finally obtained under reduced pressure as dark yellow 

and yellow crystals. 

Sa. Spectral data of (3S)-3- (1-chloro-4 hydroxy butyl)-5-cyclohcxyl- 2- phenyl 

dihydro-2H pyrrolo[3,4-djisoxazole-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 ): o 7.02- 6.92 (m, 5H, C6Hs), 5.32 (d, 1H, J = 

6.12 Hz, CsH), 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, CHC1), 

1.64 - 1.24 (m, 17H, cyclohexyl and CHz protons); 13C NMR (CDCb): o 172.30, 

170.20 (carbonyl carbons), 131.30, 130.50 128.60, 127.40 (aromatic carbons), 86.00 

(C5), 78.00 (C3), 62.50 (CHzOH), 55.52 (C4), 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, 222,197,77,59,31; HRMS - EI: Calcd. for Cz1Hz104NzCl (M) 

406.1962, Found M'" 406.1949. 

8b. Spectral data of (3R)-3- (1-chloro-4 hydroxy butyl)-5-cyclohexyl - 2- phenyl 

dihydro-2H pyrrolo[3,4-djisoxazole-4,6(5H, 6 aH)-dionc: 
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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 (CDC13): o 7.22-7.04 

(m, 5H, C6Hs), 5.26 (d, 1H, J= 7.22 Hz, CsH), 5.18- 5.06 (br, lH, OH, exchanged in 

D20), 4.43 (dd, lH, J = 4.32, 3.26 Hz, C3H), 4.14 (dd, 1H, J = 3.22, 2.08 Hz, C4H), 

3.38 - 3.20 (m, lH, CHCl), 1.72- 1.38 (m, 17H, cyclohexyl and CH2 protons); 13C 

NMR (CDC13): o 170.70, 169.80 (carbonyl carbons), 135.30, 134.50, 133.80, 132.50 

(aromatic car)Jons), 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, 21.50, 20.00, 19.00 (cyclohexyl and CH2 carbons); 

MS (mlz): 408 (M+ +2), 406 (~), 323, 216, 179, 139, 107, 83, 77, 59; HRMS- EI: 

Calcd. for Cz1Hz104NzCl (M) 406.1962, Found M+, 406.1943 .. 

9. Synthesis ofp-OMe-N-phenyl maleimide cycloadducts 

Scheme 11 

To a well stirred solution of nitrone 1(1 mmol) in 15 mL water, p-OMe-N-phenyl 

maleimide (1 mrnol) was added at RT under Nz atmosphere and the reaction mixture 

was stirred further for 5 hour. The progress of the reaction was monitored by TLC CRt 
= 0.38, 0.40). After completion of the reaction the products were extracted with a 

ether (2 x 25 mL). The organic layer was washed with brine water (2 x 15 mL), dried 

over sodium sulphate and concentrated. The mixture of diastereomers were purified 

and separated by· column chromatography using ethyl acetate-hexane and finally 

obtained under reduced presSure as white solids. 

9a. Spectral data of (3S)-3_-(1-chloro-4-hydroxybutyl)-5-(4-methoxyphenyl)-2-

phenyldihydro-2H-pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione: 
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White solid, 70.8%; IR (CHCl3): 3520-3465 (br), 2874 (m), 1765 (s), 1670 (s), 1445 

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

1H NMR (CDCb): o 7.50-7.34 (m, 

9H, C6Hs protons), 5.28 (d, lH, J = 6.88 Hz, CsH), 5.08 - 4.93 (br, !H, OH, 

exchanged in D20), 4.84 (dd, IH, J = 9.20, 8.02 Hz, C3H), 3.86 (dd, IH, 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), 159.80, 

135.00, 134.60, 133.20, 131.40, 130.60, 129.50, 128.00 (aromatic carbons), 86.00 

(Cs), 72.00 (C3), 62.00 (CH20H), 56.00 (C4), 54.00 (OMe), 50.00 (CHCl), 18.00, 

17.00 (2 CH2 carbons); MS (m/z): 432 (M+ +2), 430 (M+), 399, 371, 353, 323, 322, 

219,211, 108, 107, 59, 31; HRMS- EI: Calcd. for C22H230sN2Cl, (M) 430.1599, 

Found M\ 430.1586. 

9b. Spectral data of (3S)-3-(1-chloro-4-hydroxybutyl)-5-(4-methoxyphenyl)-2-

phenyldihydro-2H-pyrrolo[3,4-d)isoxazole-4,6(5H,6all)-dione: 

White solid, 21.2%; IR (CHCb): 3510- 3420 (br), 2880 (m), 1760 (s), 1680 (s), 1455 

(m), 1360 (m), 1160 (m), 780 (s) cm-1
; 

1H NMR (CDCb): o 7.45- 7.30 (m, 9H, C6Hs 

protons), 5.23 (d, IH, J= 7.40 Hz, CsH), 5.14-4.90 (br, lH, OH, exchanged in D20), 

4.72 (dd, lH,.J= 4.20, 2.32 Hz, C3H), 3.54 (q, IH, J= 2.84, 3.25 Hz, C4H), 3.30 (s, 

3H, OCH3), 3.38 - 3.22 (dt-m; 1H, CHCl), 1.68 - 1.32 (m, 6H, CH2 protons); 13C 

NMR (CDCb): 15 174.40, 172.50 (carbonyl carbons), 158.40, 135.60, 134.30, 133.00, 

132.00, 130.50, 129.30, 128.80 (aromatic carbons), 82.50 (C5), 74.00 (C3), 63.00 

(CH20H)," 55.50 (C4), 53.80 (-OMe), 51.40 (-CHCI), 16.00, 15.00 (2 CH2 carbons); 

MS (m/z): 430 (Ml, 399, 270, 246, 155, 139, 108, 107, 77, 59; HRMS- EI: Calcd. 

for C22H230sN2Cl, (M) 430.1599, Found,~. 430.1566. 

10. Synthesis of Acenaphthylene cycloadducts 

CC
CI 

OH .,...-O 
N+ 

, · I 
Ph 

+ 

Scheme 12 
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· To a stirred solution ofnitrone 1 (I 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 NazS04 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. 

lOa. Spectral data of 4-chloro-4-((9S) 8-phenyl-6b,8,9,9a-

tetrahydroacenaphtho[l,2-d)isoxazo1-9-yl)butan-l-ol: 

Bright yellow crystals, 73 %; IR (CHCI)): 3455-3370 (br), 2960 (m), 2720 (m), 1710 

(s), 1480 (m); 1280 (s), 778 (s) cm-1; 1H NMR (CDC~)): 8 7.28-7.20 (m, 5H, C6H5), 

6.96 - 6.93 (m, 6H, napthylene ring protons), 5.26 (d, 1H, J = 6.50 Hz, C5H), 4.88 

(br, IH exchanged in DzO), 4.79 (dd, 1H, J = 9.2, 7.34 Hz, C3H), 4.12 (dd, 1H, J = 

9.40, 7.10 Hz, C4H), 3.51 (dt-m, 1H, J= 4.26, 6.20 Hz, CHCI), 1.64- 1.21 (m, 6H); 
13c NMR (CDCb): o 138.oo, 137.70, 136.96, 135.40, 134.30, 133.oo, 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 CHz carbons); MS (m/z): 

379 (M}, 320, 302, 272, 227, 152, 107, 77, 59; HRMS- EI: Ca1cd. for CzJHzzOzNC! 

(M) 379.8980, Found M' 379.8963. 

lOb. Spectral data of 4-chloro-4-((9R)8-phenyl-6b,8,9,9a-

tetrahydroa(,!enaphtho [1,2-d)isoxazol-9-yl)butan-1-ol: 

Bright yellow crystals, 23 %; IR (CHCI)): 3456 - 33 75 (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 (m, 6H, napthylene ring protons), 5.30 (d, 1H, J= 7.16 Hz, CsH), 4.82-

4.73 (br, 1H exchanged in DzO), 4.60 (dd, 1H, J= 2.34, 2.53 Hz, C3H), 4.28 (dd, 1H, 

J= 4.12, 3.10 Hz, C4H), 3.46 (q, lH, J= 6.08, 7.42 Hz, CHC1), 1.76- 1.60 (m, 6H); 

13CNMR (CDCJ3): 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 (Cs), 76.30 (C3), 68.50 

(CH20H), 53.30 (C4), 50.74 (CHC1), 30.00, 29.00, 28.35 (3 CHz carbons); MS (m/z): 
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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. 

11. Synthesis of ethyl-3-(1-chloro-4 hydroxy butyl)-2-phenyl isoxazolidine-5-

carboxylate (Ethyl acrylate cycloadduct) 

CC
CI 

~ 0 
OH 1;:1" ... ..-

J 
1 Ph 

0 

+~0~--

Scheme 13 

0 

To a stirred solution ofnitrone 1 (1 mrnol) in 15 mL water was added ethyl acrylate (1 

mrnol) at RT under nitrogen atmosphere and the reaction mixture was stirred for 5 hr. 

The progress of the reaction was monitored by TLC (RJ = 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. The crude product was 

purified and' separated by column chromatography using ethyl acetate-hexane and 

finally obtained under reduced pressure as white gummy liquid. 

Spectral data: 

White gummy liquid, 93%; IR (CHCh): 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 (CDCh): 8 7.28 (m, SH, C6Hs), 4.88 (br, 1H, -OH, exchanged in 

D20), 4.11 (t, lH, J= 8.2 Hz, CsH), 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, 1H, CHCI), 1.64 (t, 3H, J = 7.22 Hz, CHJCI-hCO), 

1.23 (q, 2H, J = 7.52 Hz, -OCH2CH3); 13C NMR (CDCh): 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 (mlz): 329 (M+ +2), 

327 (M'"}, 296,282,254,221,219,207, 177, 147, 142, 108, 107,77, 73, 31; HRMS

EI: Calcd. for C16lb04NCI (M) 327.8190, Found M+, 327.8179. 
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12. Synthesis of 1-(3-(1-chloro-4-hydroxy butyl)-2-phenyl isoxazolidin-Syl) 

ethanone (Methyl vinyl ketone cycloadduct) 

CC
C! 

::::::,... 0 
OH N/ 

I 
Ph 1 

0 

HO(H2ClJC!HC 

Scheme 14 

To a stirred solution of nitrone 1 (I mmol) in 15 mL water was added methyl vinyl 

ketone (I minol) 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 NazS04 and concentrated. The crude 

product was purified and separated by column chromatography using ethyl acetate -

hexane and finally obtained under reduced pressure as pale yellow oil. 

Spectral data: 

Pale yellow oil, 91%; IR (CHCI)): 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 

(CDC~)): o 7J6 -7.04 (m, 5H, C6Hs), 5.32 (t, IH, J= 7.82 Hz, CsH), 5.10-5.00 (br, 

IH, exchanged in D20), 4.54-4.43 (dt, IH, J= 8.30 Hz, C3H), 4.28 (dd, 2H, J= 9.48, 

7JO Hz, C42H), 3.78-3.62 (m, IH, CHCl), 2.12 (s, 3H, COCH3), 1.86- 1.54 (m, 6H); 
13C NMR (CDC~)): o 195.22 (carbonyl carbon), 132.00, 131.55, 130.00, 128.40 

(aromatic carbons), 88.00 (C5), 78.00 (C3), 66.00 (CHzOH), 58.00 (C4), 53.50 (CHCl), 

24.60 (COCH3), 19.00, 17.00 (2 CHz carbons); MS (m/z): 297 (M+), 282, 267, 265, 254, 

221, 211, 191, 177, 147, 107, 86, 77, 43, 31; HRMS-EI: Calcd. for CtsHzoOJNCl (M) 

297.1437, Found~, 297:1426. 

Synthesis of a-amino nitrones7
'
8 

Reaction type II 

General procedure for the preparation of nitrone 2 at elevated temperature 

Initially, the preparation of N-cyclohexyl-a-amino nitrone was carried out at elevated 
/ 

temperature following the general methodology of synthesis of a-amino nitrones as 
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suggested by Eschenmoser et a19
. To a well stirred solution of N-cyclohexyl 

hydroxylamil).e10 (8.7 mmol) and N,N-dimethyl formamide (9 mL, I equivalent) was 

added about 2 gms of anhydrous MgS04 and the reaction mixture was refluxed for 8-

10 hour but no definite conclusion for the formation of nitrone 2 was observed. The 

isolated product under constant observation did not show specific bands for a-amino 

nitrone in the 1H NMR, Be NMR and IR spectrum. Therefore it was concluded that 

the gummy liquid obtained was a decomposed product. And hence this methodology 

was not followed. 

General procedure for the preparation of N-cyclohexyl-a-aminonitrone (2) at 

room temperature 

+9 
NHOH 

Scheme 15 

N-cyclohexyl hydroxylamine (8. 7 mmol) was added to dry distilled N,N-dimethyl 

formamide (9 mL, I equivalent) in presence of anhydrous MgS04. The reaction 

mixture was kept at RT with constant stirring with a magnetic stirrer under N2 

atmosphere for 8 hour. The formation ofnitrone 2 was monitored by TLC (Rt= 0.34, 

silica gel; ethyl acetate : benzene = I: I 0). The nitrone 2 was isolated by extraction 

with ether (2 x 25 mL), the organic layer was washed with brine water (2 x 15 mL), 

dried over sodium sulphate and concentrated on a rotary evaporator and finally 

. obtained as white crystalline solid (m.p 48°c, uncorrected). The nitrone decomposes 

when kept at room temperature for a longer period and hem;e it was either used right 

after its synthesis (for aqueous phase cycloaddition reactions) or as in-situ for general 

cycloaddition reactions. 

Spectral data of (Z)-N-(( dimethylamino)methylene)cyclohexanamine oxide 

' White crystalline solid, 88%; IR (CHCh): 3440 (m), 1600 (s), 1360 (m), 1310 (m), 

1120 (m) cm-1; 
1H NMR (CDC~)): o 4.81 (br, 6H, NMe2), 3.30 (s,IH,HC=N+-0), 

2.50-2.16 (m, lH, N-CH proton), 1.66- 1.59 (m, 10H); Be NMR (CDC~)): o 144.62 

(CH=Nl, 43.00, 40.72 (N- methyl carbons), 32.00, 30.64, 27.32, 26.08, 25.15, 24.74 
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(cyclohexyl carbons); HRMS - EI: Calcd. for C9H1sNzO, (M) 170.2560, Found, M+, 

170.2555. 

General Procedure for 1,3-dipolar cycloaddition reaction at elevated temperature 

Initially, the freshly prepared nitrone 2 (prepared at RT) was used for cycloaddition 

reactions with dipolarophiles at elevated temperature following the conventional 

general methodology of cycloaddition reactions. Nitrone 2 (2.20 mmol) and N-phenyl 

maleimide (I equivalent) was added in THF (20 mL) under N2 atmosphere and the 

reaction mixture was refluxed for 12 hour. The progress of the reaction was monitored 

by TLC. The solvent was concentrated on a rotary evaporator and the products were 

purified by silica gel column chromatography using ethyl acetate - hexane 

combinations. But this methodology was not followed due to poor yield (nearly 40%) 

of cycloadducts. 

General Procedure for 1,3-dipolar cycloaddition reaction with nitrone 2 (in-situ 

synthesis) 

As nitrone 2'· decomposes slowly at room temperature, therefore in majority of the 

reactions in-situ reactions were perfom1ed for the synthesis of isoxazolidines directly. 

Dipolarophiles (I equivalent) were added at the time of formation of nitrone 2 ·and the 

reaction mixture was stirred at RT with a magnetic stirrer under N2 atmosphere for 

further 8 - 10 hour. The progress of the reaction was monitored by TLC. The reaction 

mixture was concentrated on a rotary evaporator and the crude cycloadducts were 

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

hexane combinations. This procedure was followed for all the substrates (alkenes and 

alkynes) listed in Table 5. 

Table 5. 

Alke11es 

~ Cyclohexene 
~ N-Phenyl maleimide 
~ N-Methyl maleimide 
~ N-Cyclohexyl maleimide 
~ P-OMe-N-phenyl maleimide 
~ Ethyl acrylate 
~ Methyl vinyl ketone 
~ Styrene 
~ Acenaphthylene 
~ p-benzoquinone 
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Alky11es 

~ Phenyl methyl propiolate 
~ Dimethyl acetylene dicarboxylate 
~ Ethyl propiolate 
~ Propiolic acid 



13. Synthesis of 2-cyclohexyl-N,N-dimethyloctahydrobenzo[d]isoxazol-3-amine 

(cyclohexene cycloadduct) 

0 .P~ 
Cy-N~ 

-N'-....._ 13 

Scheme 16 

To a stirred solution of N-cyclohexylhydroxylamine (8. 7 mmol) and dry distilled N, N

dimethyl formamide (9 mL, 1 equivalent), cyclohexene (1 equivalent) was added at 

the time of formation of nitrone 2 (monitored by TLC) at RT under nitrogen 

atmosphere and the reaction mixture was stirred for further 10 hr. The progress of the 

reaction was monitored by TLC (R/= 0.54). 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 reddish gummy liquid. 

Spectral Data: 

Reddish gummy liquid, 76 %; IR (CHCb): 3190- 3065 (br), 2924 (s), 2850 (m), 1555 

(s), 1443 (m), 1250 (s), 970 (s) cm-1; 1H NMR (CDCb): 8 5.37 (d, lH, J = 8.20 Hz, 

C5H), 4.50 (d, 1H, J = 9.20 Hz, C3H), 4.12 (dd, lH, J = 9.40, 7.10 Hz, C4H), 2.64-

2.52 (br, 6H, N- CH3 protons), 1.80 - 1.14 (m, 19H, cyclohexyl protons); 13C NMR 

(CDCb): 8 88.55 (Cs), 78.75 (C3), 54.42 (C4), 39.56, 38.00 (N- CH3 carbons), 33.70, 

31.82, 29.43, 27.00, 25.40, 24.14, 22.80, 20.60, 18.90, 17.44 (cyclohexyl carbons); MS 

(mlz): 252 (M}, 208, 170," 169, 154, 153, 141, 125, 113, 111,98, 84, 83, 82; HRMS-EI: 

Calcd. for C1sH2sN20 (M) 252.4020, Found M+, 252.4006. 

14. Synthesis of 2-cyclohexyl~3-( dimethylamino )-5-phenyldihydro-2H-

pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione (N-phenyl maleimide cycloadduct): 

0 

Scheme 17 
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To a stirred solution of N-cyc!ohexylhydroxylamine (8. 7 mmol) and dry distilled N,N

dimethyl fori"namide (9 mL, I equivalent), N-phenyl maleimide (I equivalent) was 

added in-situ at the time of formation ofnitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stirred for further 8 hour. The progress of 

the reaction was monitored by TLC (RJ= 0.52). 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 solid. 

Spectral data: 

White solid, ?3 %; IR (CHCh): 3345-3130 (br), 3013 (s), 2933 (m), 2362 (m), 1662 

(s), 1508 (m), 1387 (s), 1219 (m), 1098 (s), 927 (m), 829 (w), 759 (s) em·'; 1H NMR 

(CDCh): 1i 7.55- 7.44 (m, 5H, C6Hs ), 4.82 (d, IH, J= 6.06 Hz, CsH), 4.46 (d, IH, J 

= 9.22 Hz, C3H), 3.90 (dd, IH, J = 6.06, 9.08 Hz, C4H), 2.68- 2.57 (br, 6H, N- CH3 

protons), 2.20 - 1.70 (m, llH, cyclohexyl protons); 13C NMR (CDCh): 8 178.90, 

169.50 (carbonyl carbons), 136.00, 134.70, 132.65, 130.45 (aromatic carbons), 87.50 

(C5), 76.00 (CJ), 59.40 (C4), 37.65, 36.80 (N- methyl carbons), 30.00, 27.80, 26.00, 

24.80, 23.20, 21.65 (cyclohexyl carbons); MS (mlz): 343 (M'), 328, 313, 299, 266, 

260,230, 189, 183, !54, 113, 83, 77, 44, 30; HRMS- EI: Calcd. for C,9H2s03N3 (M), 

343.2370, Found M+, 343.2355; Found C, 66.40; H, 7.22; N, 12.20 %; C,9H2s03N3 

requires C, 66.47; H, 7.28; N, 12.24 %. 

15. Synthesis of 2-cyclohexyl-3-(dimethylamino)~S-methyldihydro-2H-

pyrrolo[3,4-d)isoxazole-4,6(5H,6aH)-dione (N-methyl maleimide cycloadduct): 

0 0 

N-Me N-Me 

0 

Scheme 18 

To a stirred solution of N-cyclohexylhydroxylamine (8. 7 mmol) and dry distilled N,N

dimethyl forrnamide (9 mL, I equivalent), N-methyl maleimide (I equivalent) was 
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added in-situ at the time of formation ofnitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stirred for further 10 hour. The progress of 

the reaction was monitored by TLC CRt= 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 solid. 

Spectral data: 

White solid, 82 %; IR (CHCh): 3445-3230 (br), 2932 (s), 2361 (s), 1660 (s), 1498 

(m), 1390 (s), 1255 (s), 1102 (m), 663 (s) (m) cm-1
; 

1H NMR (400 MHz, CDCh): o 
5.22 (d, !H, F= 6.0 Hz, CsH ), 4.05 (d, IH, J= 9.0 Hz, C3H), 3.76 (dd, IH, J= 6.14, 

9.00 Hz, C4H), 3.40 (s, 3H, CH3), 2.85- 2.76 (br, 6H, N-CH3 protons), 1.95 - 1.62 (m, 
\ 13 

11H, cyclohexyl protons); C NMR (CDCh): o 169.64, 167.20 (carbonyl carbons), 

88.00 (Cs), 73.00 (C3), 58.00 (C4), 39.00, 38.00 (N-CH3 carbons), 36.50 (methyl 

carbon), 28.80, 26.95, 25.00, 24.30, 22.84, 20.55 (cyclohexyl carbons); MS (m/z): 281 

(M'), 266, 251, 237, 198, 168, 142, 113, 83, 44, 30; HRMS - EI: Calcd. for 

cl4H2303N3 CM) 281.2160, Found M", 281.2148; Found C, 59.97; H, 7.69; N, 15.01 

%; C14H2303N3 requires C, 60.04; H, 7.85; N, 15.08 %. 

16. Synthesis of 2,5-dicyclohexyl-3-(dimethylamino)dihydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5H,6aH)-dione (N-cyclohexyl maleimide cycloadduct): 

0 0 

+ N-Cy N-Cy 

0 0 
16 

Scheme 19 

To a stirred solution of N-cyclohexylhydroxylamine (8. 7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, I equivalent), N-cyclohexyl maleimide (1 equivalent) 

was added in-situ at the time of formation of nitrone 2 (monitored by TLC) at RT 

under N2 atmosphere and the reaction mixture was stirred for further 1 I hour. The 

progress of the reaction was monitored by TLC (RJ = 0.42). The product was 
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extracted with ether (2 x 25 mL), the organic layer was washed with brine water (2 x 

15 mL), dried over anhydrous Na2 0 4 and concentrated on a rotary evaporator. The 

crude product was purified by silica gel column chromatography using ethyl acetate -

hexane and finally obtai ned under reduced pressure as pale yellow solid . 

pectra l d a ta : 

Pale yellow solid, 90 %; IR (CHCi)): 3150 (br), 2920 (s), 1770 (s), 1680 (s), 1440 

(m), 1260 (m), 1130 (m) cm-1; 1H NMR (CDCi]): 8 3.3 1 (d, I II, J = 6.10 Il z, C51!), 

2.99 (br, 6H, N- CH3 protons) 2 .85 (d, l H, J = 9.30 Hz, C3H), 2 .50 - 2.46 (m, I 0 I I. 

maleimide substituted cyclohexyl protons), 2. 19 (dd, I H, J = 8.00. 9.32 l iz. Cdl), 

1.66 - 1.57 (m, l OH, 2-substituted cyclohexyl protons); 13C NMR (CDC h): 8 173.80, 

17 1.1 4 (carbonyl carbons), 86.80 (C5), 78.65 (C3), 55.30 (C4), 39.00, 38.00 (2 meth) I 

carbons), 33.00, 31.00, 28.90, 27.00, 25.86, 24.30, 23.00, 22.75, 21.00, 20.20, 18.70. 

16.30 ( 12 signals, cyclohexyl carbons); M (m/z): 349 (M+). 319, 305, 266, 251. 226, 

195, 183, 154, 11 3, 83. 44, 30; HRMS - EI: Calcd. fo r C19H310JNJ (M) 349.4750. 

Found M+ 349.4745; Found C, 65 .26; H, 8.74; N, 12.06 %: C19H310JNJ requires C. 

65.32; 11, 8.88; N, 12.03%. 

17. y nthc i of 2-c clohcxyl-3-(dimcthy la mino)-5-(..J-mcthoxy phcny l)dihydro-

2H-pyrrolol3,4-dli oxazolc-4,6(5H,6aH)-dionc {p-OMc-N-pheny l m alcimidc 

cycloadduct): 

Q.l 0 0 

-o-OMe Cy- -o-OMe H,.,O 
0 -- '\ / "'- 2 17 

Scheme 20 

To a stirred solution of N-cyclohexylhydroxylaminc (8.7 mmol) and dry distilled N.N

dimethyl formamide (9 mL, 1 equi valent), p-methoxy- -phenyl maleimide (I 

equivalent) was added in-situ at the time of formation o f nitrone 2 (monitored by 

TLC) at RT under N2 atmosphere and the reaction mixture was stirTcd for further 9 

hour. The progress o f the reaction was monitored by TLC (RJ = 0..+6). The prodth.:t 

was ex tracted wi th ether (2 x 25 mL). the organ ic layer was washed v.ith brine water 
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(2 x 15. mL), dried over anhydrous NazS04 and concentrated on a rotary evaporator. 

The crude product was purified by silica gel column chromatography using ethyl 

acetate-hexarie and fmally obtained under reduced pressure as white crystalline solid. 

Spectral data: 

White crystalline solid; 89 %; IR (CHCi)): 3223 (br), 2932 (s), 2361 (s), 1660 (s), 

1498 (m), 1390 (m), 1255 (m), 1102 (m), 773 (s) cm·1; 1H NMR (CDCi)): 15 7.83 -

7.77 (m, 4H, C6H5 proton), 5.10 (d, IH, J= 6.24 Hz, C5H), 4.43 (d, IH, J= 8.40 Hz, 

C3H), 3.72 (dd, IH, J= 9.23, 7.10 Hz, C4H), 3.40 (s, 3H, -OCH3 protons), 2.58-2.50 

(br, NMe2), 1.94 - 1.62 (m, llH); 13C NMR (CDCl3): 15 174.54, 172.90 (carbonyl 

carbons), 88.60 (C5), 75.74 (C3), 52.30 (C4), 41.50, 40.00 (N-Me carbons), 33.80 

(methoxy carbon), 33.44, 30.76, 28.55, 26.80, 24,32, 22.40 (cyclohexyl carbons); MS 

(mlz): 373(M+), 342, 290, 260, 246, 203, 170, 166, 1 13, 107, 83; HRMS- EI: Calcd. 

for CzoHz104N3 (M) 373.2530, Found M+, 373.2514; Found C, 65.26; H, 8.74; N, 

12.06 %; C19H3103N3 requires C, 65.32; H, 8.88; N, 12.03 %. 

18. Synthesis of ethyl 2-cyclohexyl-3-( dimethylamino )isoxazolidine-5-carboxylate 

(Ethyl acrylate cycloadduct) 

0 

+~o~--
18 

Scheme21 

To a stirred solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, I equivalent), ethyl acrylate (1 equivalent) was added in

situ at the time of formation of nitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stirred for further 12 hour. The progress of 

the reaction was monitored by TLC (Rf= 0.60). 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 N a2S04 and concentrated on a rotary evaporator. The crude product was 
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purified by silica gel column chromatography using ethyl acetate - hexane and finally 

obtained under reduced pressure as white gummy liquid. 

Spectral data: 

White gurmny liquid, 87 %; IR (CHCh): 3340-3230 (br), 2936 (s), 2121 (m), 1661 (s), 

1495 (s), 1440 (s), 1390 (m), 1254 (m), 1105 (s), 1063 (m), 665 (m) cm-1; 1H NMR 

(CDC~)): o 5.24 (t, lH, J = 6.80 Hz, CsH), 4.82 (t, lH, J= 9.25 Hz, C3H), 4.54 (q, 2H, J 

= 4.50, 6.60 Hz, -OCHzCHJ), 3.80 (dd, 2H, J = 9.24, 8.60 Hz, C4 2H), 2.54- 2.46 (br, 

6H, N- CH3 proton), 1.46 (t, 3H, J = 6.00 Hz, OCH2CH}), 1.30 - 0.94 (m, II H); 13C 

NMR (CDCl3): o 204.30 (ester carbonyl carbon), 88.70 (C5), 76.43 (C3), 58.22 (C4), 

42.56 (COOCH1CH3), 38.60, 36.86 (NMe2), 33.60, 32.00, 30.20, 28.40, 25.32, 23.00 

(cyclohexyl carbons),18 (COOCH2CH}); MS (m/z): 270 (M'), 226, 225, 197, 157, 154, 

116, 113, 83, 73, 44; HRMS-EI: Calcd. for C14H2603N2 (M) 270.1935, Found W, 
270.1926. 

19. Synthesis of 1-(2-cyclohexyl-3-(dimethylamino)isoxazolidin-5-yl)ethanone 

(Methyl vinyl ketone cycloadduct): 

0 

+~ 

Scheme22 

:olcocH3 

Cy-N~ 

--N, 
' 19 

To a stirred solution of N-cyc!ohexylhydroxylarnine (8. 7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, !equivalent), methyl vinyl ketone (I equivalent) was added 

in-situ at the time formation of nitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stirred for further 14 hour. The progress of 

the reaction was monitored by TLC (RJ= 0.52). The crude product was concentrated 

under a rotary evaporator and finally the cyc!oadduct was purified by silica gel 
' 

column chromatography using ethyl acetate-hexane and was obtained as yellow oil. 

Spectral data: 

Yellow oil, 90 %; IR (CHCl3): 3205 (br), 2925 (s), 2780 (m), 1740(s), 1660 (s), 1480 

(m), 1280 (s), 970 (s) cm-1; 1H NMR (CDCh): o 4.90 (t, lH, J= 7.82 Hz, CsH), 4.54 (t, 
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lH, J= 9.24 Hz, C3H), 4.14 (dd, 2H, J = 9.48, 7.10 Hz, C4 2H), 3.64 (s, 3H, COCH3), 

2.64 - 1.92 (br, 6H, NMez), 1.36 - 0.94 (m, 11 H); 13C NMR (CDCh): o 190.50 

(carbonyl carbon), 86.00 _(C;), 76.00 (C3), 55.80 (C4), 43.00, 40.20 (NMe2), 30.52 

(COCH}), 28.40, 27.00, 25.70, 23.65, 22.00, 20.40 (6 CH2carbons); MS (mlz): 240 

(M+), 197, 196, 186, 154, 127, 113, 83, 44, 43; HRMS-EI: Calcd. for C13H240 2N2 (M) 

240.1830, Found~. 240.1814. 

20. Synthesis of 2-cyclohexyl-N,N-dimethyl-5-phenylisoxazolidin-3-amine (styrene 

cycloadduct): 

:0\Ph 
Cy-.-N

1 
-N 

""" 20 

Scheme23 

To a stirred solution of N-cyc!ohexylhydroxylamine (8. 7 mmol) and dry distilled N ,N

dimethyl forrnamide (9 mL, 1 equivalent), styrene (1 equivalent) was added in-situ at 

the time formation of nitrone 2 (monitored by TLC) at RT under Nz atmosphere and 

the reaction mixture was stirred for further 14 hour. The progress of the reaction was 

monitored by TLC (RJ = 0.52). The crude product was concentrated under a rotary 

evaporator and finally the cycloadduct was purified by silica gel column 

chromatography ethyl acetate - hexane and was obtained as colourless liquid. 

Spectral data: 

Colourless liquid, 88%; IR (CHCb): 3210 (m), 1735 (s), 1660 (s), 1420 (m), 1300 

(m), 1225 (s), 770 (s) cm-1
; 

1H NMR (CDCb): o 7.60- 7.44 (m, 5H, C6Hs protons), 

5.10 (t, lH, J= 6.16 Hz, C5H), 4.35 (t, IH, J= 6.24 Hz, C3H), 3.55 (dd, 2H, J= 7.12, 

8.10 Hz, C4 2H), 2.45-2.30 (br, 6 N-methyl protons), 1.76- 1.24 (m, llH); 13C NMR 

(CDCh): o 134.00, 133.00, 131.50, 130.40 (aromatic carbons), 85.00 (Cs), 74.00 (C3), 
' 56.00 (C4), 36.00, 35.00 (2 x CH3 carbons), 26.00, 24.70, 23.00, 22.00, 20.60, 18.00 

(cxcJohexyl tarbons); MS (mlz): 274 (M+), 230, 197, 191, 153,111, 83, 77, 51,44; 

HRMS- EI: Calcd. for C11Hz6NzO (M) 274.4054, Found M+, 274.4039. 
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21. Synthesis of 8-cyclohcxyl-N,N-dimethyl-6b,8,9,9a-tetrahydroacenaphtho[l,2-

d)isoxazol-9~amine (acenaphthylene cycloadduct): 

Q c8 /0 ~ # + Cy-N 

Hy"tj...._6 ~ # # -N"-._ 
_..............N--..._ z 21 

Scheme24 

To a stirred solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, 1 equivalent), acenaphthylene (1 equivalent each) was 

added in-situ at the time formation of nitrone 2 (monitored by TLC) at R T under N2 

atmosphere and the reaction mixture was stirred for further 48 hour. The progress of 

the reaction was monitored by TLC (R1 = 0.52). The crude product was concentrated 

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

column chromatography using ethyl acetate-hexane and was obtained as bright yellow 

crystalline solid. 

Spectral data: 

Bright yellow crystalline solid, 95%; IR (CHCl)): 3425 (m), 1710 (s), 1680 (s), 1390 

(m), 1260 (s), 760 (m) cm-1; 1H NMR (CDCh): 8 7.46- 7.26 (m, 6H, naphthalene ring 

protons), 4.37 (d, lH, J= 6.08 Hz, CsH), 3.18 (d, lH, J= 6Hz, C3H), 2.89 (dd, lH, J 

= 6.08, 6.28 Hz, C4H), 2.45 (br, 6 N-Me protons), 1.90 - 1.11 (m, llH); 13C NMR 

(CDC13): 8 138.00, 136.40, 135.00, 133.75, 132.80, 130.70, 128.55, 127.00 (aromatic 

carbons), 84.90 (C5), 73.88 (C3), 58.50 (C4), 46.00, 44.22 (2 x CH3 carbons), 26.32, 

· 25.00, 24.1 0, 22.65, 20.43, 19.54 (cyclohexyl carbons); MS (m/z): 322 (M}, 239, 

209, 195, 170, 152, 113, 83, 44; HRMS - EI: Calcd. for C21H26N20 (M) 322.2420, 

Found M' 322.2408. 

22. Synthesis of 2-cyclohexyl-3-( dimcthylamino )-3,3a-dihydrobenzo [ d)isoxazole-

4,7(2H,7aH)-dione (p-benzoquinone cycloadduct): 

0 

+ 
/o-~~ 

----~cy-N 

0 

22 

Schcme25 
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To a stirred solution of N--cyclohexylhydroxyiamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, I equivalent), p-benzoquinone (1 equivalent each) was 

·added in-situ at the time formation of nitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stilTed for further 45 hour. The progress of 

the reaction was monitored by TLC CRt= 0.49). 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 dark brown 

crystals. 

Spectral data: 

Dark bi·oWil crystals, 94%; IR (CHCh): 3230 (br), 2950 (s), 2845 (m), 2766 (m), 1750 

(sr.t610 (s), i445 (m), 1230 (s), 810 (m), 790 (s) em·'; 1H NMR (CDCb): li 7.46-

7.26{in; 2H,.aromatic protons), 5.24 (d, lH, J= 6.02 Hz, C5 H), 3.68 (d, 1H, J= 7.42 

Hz, C3H), 3.34 (dd,: IH, J,= 6.80, 6.88,Hzs, C4H), 2.45 (br, 6 H, NMe2), 1.80- 1.25 

(nr, TlH, cyclohexyl protons); 13C oNMR (CDCb): li 192.50, '190.00 (carbonyl 

:·carbOns), 87c00 .. (C5), 74.00 (C3), 57.40 (C4), 41.00, 39.50 (NMe2), 34.40, 32.58 

(COCHzCH,CO), 28.40, 27.00, 25.70, 23.65, 22.00, 20.40 (6 CH2 carbons); MS 

(m/::): 278 (M'), ·250, 2?2, 206, 195, 167, 139, 124, 83; HRMS - EI: Calcd. for 

. C1s!-bN203 (M) 278.2020, Found M+ 278.2008. 

General Procedure for 1,3-dipolar cycloaddition reaction of nitrone 2 with 

alkyncs7
' 

N-cyclohexy1-u-amino nitrone is highly unstable and decomposes at RT and hence the 

·nitrone ·was ·used immediately after its isolation for the cycloaddition reaction with 

dipGlarophiles (alkynes) in a 1:1 ratio . .In a 100 mL conical flask nitrone 1 (2.20 

mmoi), ethyl propiolate ( 1 equivalent) was added to 50 mL dry ether and stirred at RT 

with a magnetic stirrer under l'h atmosphere for 12 hour. The progress of the reaction 

was•monitored by TLC (R1 = 0.72). The crude product was concentrated under a 

rotary evaporator and finally the product was purified by· silica gel column 

chromatography using ethyl acetate-hexa.ne combinations and was obtained as 

colourless gummy liquid. Th!s procedure was followed for all the substrates listed in 

Table 5. 
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23. Synthesis of methyl 3-(dimethylamino)-2,5-diphenyl-2,3-dihydroisoxazole-4-

carboA-ylate (phenyl methyl propiolate cycloadduct): 

0 

Scheme 26 

To a stirred solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, l equivalent), phenyl methyl propiolate was added (! 

equivalent).in-silu at the time formation ofnitrone 2 (monitored by TLC) at RT under 

N2 atmosphere and the reaction mixture was stirred for further·l4 hour. The progress 

of the reaction was 'monitored by TLC (RJ = 0.62). The 'crude product was 

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

silica gel column chromatography using ethyl acetate-hexane combinations and was 

obtained as colourless gummy liquid. 

Spectral data: 

Colourless gummy liquid, 96 %; IR (CHCl3): 3379-3125 (br), 2936 (s), 1900 (m), 

1780 (s), 1445 (m), 1295 (m), 1106 (s), 900 (s), 758 (m) cm-i; 1H NMR (CDCh): 8 

7.64-7.53 (m, 5H, C6Hsprotons), 4.05 (s, lH, C3H ), 3.63 (s, 3H,- COOCH3), 2.76 

(br, 6H, NMe2), 1.95- 1.66 (m, llH); 13C NMR (CDC~)): 8 172.50 (carbonyl carbon), 

137.00, 135.40, 134.00, 132.60 (aromatic carbons), 88.42 (C5), 73.7q (C3), 57.40 (C4), . . . ' 

45.00 (-COOCH3), 33.13, 29.50 (N- CH3 carbons), 26.00, 24.80, 23.40, 21.80, 20.00, 

18.70 (CH2 carbons); MS (m/z): 330 (M'), 286, 247, 246, 225,_ 194, 148, 105 (B.P), . . . - . . . 
83, 77, 31; HRMS-'EI: Ca1cd. for C19Hz603N2 (M) 330.1935, Found·M+, 330.1919. 

24. Synthesis of dimethyl 3-(dimethylamino)-2-phenyl-2,3-dihydi-oisoxazole-4,5-

dicarboxylate (dimethyl acetylene dicarboxylate cycloadduct): 

COOCH3 _ 

COOCH3 

N 24 /-.._ 

Scheme27 
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To a stirred solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, I equivalent), dimethyl acetylene dicarboxylate was 

added (I equivalent) in-situ at the time formation of nitrone 2 (monitored by TLC) at 

RT under Nz atmosphere and the reaction mixture was stirred for further 18 hour. The 

progress of the reaction was monitored by TLC (R1 = 0.58). The crude product was 

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

silica gel column chromatography using ethyl acetate-hexane combinations and was 

obtained as red liquid. 

Spectral data: 

Red liquid, 92 %; IR (CHCI3): 3145 (m), 2820 (m), 1745 (s),1700 (m), 1670 (m), 

1420 (s), 1260 (m) cm-1; 1H NMR (CDCh): 8 4.75 (s, 1H, C3H), 3.66 (s, 3H,

COOCH3), 3.60 (s, 3H, -COOCH3), 2.68 (br, 6H, NMe2), 2.05 - 1.64 (m, 11H); 13C 

NMR (CDCb): 8 186.70, 184.67 (carbonyl carbons), 87.50 (C5), 76.42 (C3), 59.48 

(C4), 44.42, 43.54 (COOCH3), 31.65, 29.48 (N - CH3 carbons), 25.80, 24.30, 2BO, 

22.70, 20.60, 18 .. 50 (CHz carbons); MS (m/z): 312 (M}, 281, 268, 229, 228, 225 

(B.P), 194, 185, 87, 83, 59, 44, 31; HRMS - EI: Calcd. for C1sHz405N2 (M) 

312.1677, Found M\ 312.1668. 

25. Synthesis of ethyl propiolate cycloadducts ( diastereomers) 

N 
/ -......... 25a 25b 

Scheme28 

To a stin·ed solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, 1 equivalent), ethyl propio1ate was added (1 equivalent) 
' in-situ at the time formation of nitrone 2 (monitored by TLC) at RT under Nz 

atmosphere and the reaction mixture was stirred for further 6 hour. The progress of 

the reaction was. monitored by TLC (R1 = 0.44, 0.50). The crude products were 

concentrated .under a rotary evaporator and finally the cycloadducts were purified and 
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separated by silica gel column chromatography using ethyl acetate-hexane and were 

obtained as white viscous liquids. 

25a. Spectral data of (S)-methyl 3-(dimethylamino)-2-phenyl-2,3-

dihy droisoxazo le-5-car bo;\;y late: 

Red gummy liquids, 70 %; IR (CHCb): 3165 (m), 2945 (s), 1770 (m), 1680 (s), 1656 

(s), 1430 (m), 1260 (m) cm.1; 1H NMR (CDCb): 8 4.64 (d, lH, J = 9.30 Hz, C3H), 

4.26 (dd, 2H, J= 6.24, 6.36 Hz, COOCHzCH3), 3.35 (d, 1H, J= 9.20 Hz, C4H), 2.76 

(br, 6H, NMez), 2.04- 1.67 (m, 11H), 1.40 (t, 3H, J = 4.36 Hz, -COOCH2CH3); 
13C 

NMR (CDCb): 8 173.40 (carbonyl carbon), 86.00 (Cs), 78.00 (C3), 55.00 (C4), 32.00 

(COOCHzCH3); 30.00 (COOCHzCH3), 28.80, 27.30 (N- CH3 carbons), 25.00, 23.70, 

22.20, 20.80, 19.00, 18.40 (CHz carbons); MS (m/z): 268 (M+), 224, 195 (B.P), 185, 

184, 141, 83, 73; HRMS- EI: Calcd. for.C14H2403N2 (M) 268.1779, Found~. 

268.1763. 

25b. Spectral data of (R)-methyl 3-(dimethy1amino)-2-pheny1-2,3-

dihydroisoxazo1e-5-carboxylate: 

Red gummy liquids, 22%; 1R (CHC13): 3160 (m), 2955 (s), 1770 (m), 1684 (s), 1658 

(s), 1435 (m), 1255 (m) em-\ 1H NMR (CDCb): 8 4.58 (d, lH, J = 2.53 Hz, C3H), 

4.32 (dd, 2H, J= 7.14, 6.16 Hz, COOCHzCH3), 3.26 (d, 1H, J= 2. 58 Hz, C4H), 2.66 

(br, 6H, NMe2), 2.24-2.12 (m, lH, N-CH proton), 1.94- 1.53 (m, 10H), 1.24 (t, 3H, 

J = 4.08 Hz, COOCH2CH3); 
13C NMR (CDCb): 8 172.70 (carbonyl carbon), 88.10 

I 
(C5), 76.60 (C3), 57.20 (C4), 33.40 (COOCHzCH3), 31.70 (COOCHzCH3), 29.00, 

27.80 (N- CH3 carbons), 26.10, 24.00, 23.00, 21.40, 20.20, 18.30 (6 CHz carbons); 

MS (m/z): 268 (M+), 224,223, 195 (B.P), 185, 184, 141, 83, 73, 45; HRMS-EI: Calcd. 
' + 

for C14Hz403N2 (M) 268.1779, Found; M , 268.1756. 

26. Synthesis ofPropiolic acid cycloadducts (diastereomers): 

Scheme 29 
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To a stirred solution of N-cyclohexylhydroxylamine (8.7 mmol) and dry distilled N,N

dimethyl formamide (9 mL, I equivalent), propiolic acid was added (I equivalent) in

situ at the time formation of nitrone 2 (monitored by TLC) at RT under N2 

atmosphere and the reaction mixture was stirred for further II hour. The progress of 

the reaction was monitored by TLC CRt= 0.38, 0.54). The crude products were 

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

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

obtained as colourless liquids. 

26a. Spectral data of (S)-2-cyclohexyl-3-( dimethylamino )-2,3-dihydroisoxazole-5-

carboxylic acid 

Colourless liquids, 68%; IR (CHCh): 3144 (m), 2942 (s), 1765 (m), 1684 (s), 1660 

(s), 1440 (m), 1310 (m) cm-1; 1H NMR (CDCh): o 10.8 (s, IH,- COOH), 4.52 (d, IH, 

J= 9.46 Hz, C3H), 3.82 (d, IH, J= 9.44 Hz, C4H), 2.58 (br, 6H, NMe2), 2.12- 1.70 

(m, !!H); 13C NMR (CDCh): o 181.30 (carbonyl carbon), 87.00 (C5), 78.50 (C3), 

56.50 (C4), 32.20, 30.70 (N- CH3 carbons), 27.00, 25.30, 24.20, 23.00, 21.00, 18.00 

(CH2 carbons); MS (mlz): 240 (M}, 196, 195 (B.P), 167, 157, 83, 73, 45; HRMS

EI: Calcd. for C12H2o03N2 (M) 240.1467, Found; Nt, 240.1452. 

26b. Spectral data (R)-2-cyclohexyl"3-(dimethylamino )-2,3-dihydroisoxazole-5-

carboxylic acid 

Colourless liquids, 21 %; IR (CHCb): 3155 (m), 2950 (s), 1770 (m), 1680 (s), 1655 

(s), 1444 (m), 1250 (m) em-\ 1H NMR (CDCb): o 11.4 (s, IH,- COOH), 4.63 (d, lH, 

J = 2.56 Hz, C3H), 3.75 (d, IH, J = 2. 64Hz, C~), 2.53 (br, 6H, NMe2), 2.40- 2.28 

(m, IH, N-CH proton), 1.90- 1.53 (m, lOH); 13C NMR (CDCh): o 180.00 (carbonyl 

carbon), 88.40 (C5), 76.70 (C3), 57.50 (C4), 34.00, 32.80 (N- CH3 carbons), 28.00, 

27.40, 25.10, 23.14, 22.20, 19.00 (6 CH2 carbons); MS (m/z): 240 (M+), 196, 

!95(B.P), 167, 157, 156, 83, 73, 45, 44; HRMS - EI: Calcd. for C12H2o03N2 (M) 

240.1467, Found M+ 240.1449. 

General Procedure for 1,3-dipolar cycloaddition reaction of nitrone 2 in aqueous 

media 

Since N-cyclohexyl-u-amino nitrone7 (2) decomposes at room temperature therefore 

all the cycloaddition reactions were performed with freshly prepared nitrone 2 in 
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aqueous media. In a 50 mL conical flask nitrone 2 (1 mmol), dipolarophile (alkene I 

alkynes, 1 equivalent) and water (10 mL) was added and stirred at RT with a magnetic 
' 

stirrer under Nz atmosphere for 5-l 0 hour. The progress of the reaction was monitored 

by TLC. After completion of the reaction the products were extracted with ether (2 x 

25 mL), the organic layer was washed with brine water (2 x 15 mL), dried over 

anhydrous NazS04 and concentrated. The products were purified by column 

chromatography using ethyl acetate-hexane to afford pure cycloadducts. This 

procedure was followed for all the substrates listed in Table 6. 

Table 6. 

Alkenes 

~ N-Phenyl maleimide 

~ N-Methyl maleimide 

~ N-Cyclohexyl maleimide 

~ Styrene 

~ Ethyl acrylate 

~ Acenaphthylene 

~ Tetrachloro ethylene 

27. Synthesis of 2-cyclohexyl-3-(dimethylamino)-5-phenyldihydro-2H-

pyrrolo[3,4-cl)isoxazole-4,6(5H,6aH)-dione (N-phenyl maleimidc cycloadduct) 

0 

-N 
'\ 0 

27 

Scheme30 

In a 50 mL conical flask, nitrone 2 (1 mmol), N-phenyl maleimide (I mmol) and 

water (10 mL) was added and stirred at RT with a magnetic stirrer under N2 
/ 

atmosphere for 5 hr. The progress of the reaction was monitored by TLC (R1= 0.48). 

After completion of the reaction, 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. The product was purified by column chromatography using 

ethyl acetate-hexane and was obtained as white crystals. 
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Spectral data: 

' ·' 

White crystals, 95%; IR (CHCh): 3350 (br), 3040 (s), 2900 (m), 2800 (m), 2375 (s), 

.1660 (s), 1470 (m), 1320 (m), 1090 (s), 938 (m), 815 (w), 775 (s) cm-1
; 

1H NMR 

(CDCh): 15:7·.55 - 7.44 (m, SH, C6Hs), 4.90 ( d, 1 H, J = 6.06 Hz, C5H), 4.46 ( d, I H, J 

= 6.08 Hz, C3H), 3.90 (dd, 1H, J= 6.06, 6.08 Hz, C4H), 3.22-3.10 (m,JH,N-CH), 2.90 

- 2.78 (br, 6H, NcMe protons), 2.20, ·1.82 (m, IOH, cyclohexyl protons); 13C NMR 

·(CDC13): o 168.00, 166.00 (carbonyl ·carbons), 136-126.5 (6 signals, 6 aromatic 

. , carbons), 87.50 (Cs), 76.00 (C3),,59.40: (C4), 37.00, 36.00 (2 methyl carbons), 30.00, 

·, 28.54,-27.00, 25.20, 24.00, 22.00 (6 cydohexyl carbons); MS (m/z): 343 (M+), 328, 

313; .299, 266, 260, 230, 189, 183, 154, 113, 83, 77; HRMS - EI: Calcd. for 

C19H2503N3 (M) 343:4270, Found M+ 343.4261; Found: C, 66.40; H, 7.22; N, 12.20 

·%; Cj9H2s03N3 requires C, 66.47; H, 7.28; N, 12.24%. 

28; Synthesis of 2-cyC!oh exyl-3-( dim ethylamino )-5-methyldihydro-2H-

pyrro1o[3,4-d]isoxazole-4,6(5H,6aH)-dione (N-methyl maleimide cycloadduct): 

0 

·N-Me---- N-Me 

0 --N" 0 

28 

Scheme31 

. In·· a 50 -mL conical flask, nitrone ·2 ·(! mmol), N-methyl maleimide (I mmol) and 

water ·.(10 mL) was added and stirred at RT with a magnetic stirrer under N2 

atl?osphere for 5 hr. The progress of the reaction was monitored by TLC (RJ = 0.54). 

After completion of the reaction, 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. Tqe product was purified by column chromatography using 

ethyl acetate- hexane and was obtained as white crystals. 

Spectral data: 

White crystals, 94%; IR (CHCh): 3370 (br), 2860 (s), 2310 (s), 1680 (s), 1465 (m), 

1325 (m); 1280 (s), 1100 (m), 702 (s) cm-1
; 

1H NMR (CDCh): o 5.34 (d, IH, J= 6.02 
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Hz, CsH), 4.15 (d, 1H, J= 6.0 Hz, C3H), 3.60 (dd, 1H, J= 6.14, 6.26 Hz, C4H), 3.40 

(s, 3H, CH3), 2.85- 2.71 (br, 6H, N-CH3 protons); 1.95 - 1.42 (m, 11H, cyclohexyl 

protons); 13C NMR (CDC~]): 8 170.00, 168.50 (carbonyl carbons),.88.00 (Cs), 73.00 

(C3), 54.42 (C4), 39.02, 37.00, 36.34 (3 methyl carbons), 28.00, 26.80, 25.00, 23.75, 

22.80, 21.00 (cyclohexyl carbons); MS (m/z): 281 (M'), 266, 251, 237, 198, !53, 128, 

111, 83; HRMS - EI: Calcd. for C14H2303N3 (M) 281.2160, Found; ~, 281.2143; 

Found: C, 59.97; H, 7.69; N, 15.01 %; C14H2303N3 requires C, 60.04; H, 7.85; N, 

15.08 %. 

29. Synthesis of 2,5-dicyc1ohexyl-3-(dimethylamino)dihydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5H,6aH)-dione (N-cyclohexyl maleimide cycloadductj: 

0 0 

N-Cy 

0 0 

29 

Scheme32 

In a 50 mL conical flask,_ nitrone 1 (1 mmo1), N-cyclohexyl maleimide (1 mmol) and 

water (10 mL) was added and stirred at RT with a magnetic stirrer under N2 

atmosphere for 5 hr. The progress of the reaction was monitored by TLC (R1 = 0.58). 

After completion of the reaction, the product was extracted with ether (2 x 25 mL), 

the organic layer was washed with brine water (2 x 15 mL), dried ()Ver anhydrous 

Na2S04 and concentrated. The product was purified and crystallized from ethyl 

acetate- hexane and was obtained as white crystals. 

Spectral data: 

White crystals, 95%; IR (CHCh): 3150 (br), 2920 (s), 1770 (s), 1680 (s), 1440 (m), 

1260 (m), 1130 (m) cm-1; 1H NMR (CDC~]): 8 5.10 (d, 1H, J,;, 6.10 Hz, C5H), 4.80 . . 

(d, 1H, J = 6.08 Hz, C3H), 4.26 (dd, 1H, J = 6.00, 6.06 Hz, C4 2H), 3.82-3.20 (m, 

2x1H, N-CH), 2.84 - 2.73 (br, 6H, N- CH3), 2.20 - 1.05 (m, 20H,. cyclohexyl 

protons); 13C NMR (CPCh): 8 168.40, 166.30 (carbonyl carbons), 86.00 (Cs), 78.00 

(C3), 55.00 (C4), 39.40, 38.00 (2 methyl carbons), 33.00, 31.86, 30.12, 28.65, 27.00, 
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25.86, 24.80, 23.60, 22.75, 21.00, 20.10, 18.00 (cyclohexyl carbons); MS (m/z): 349 

(M+), 319, 305,266, 251, 196, 183; 153, Ill, 83; HRMS- EI: Calcd. for C 19H31 0 3N3 

(M) 349.4750, Found; ~, 349.4745; Found: C, 65.26; H, 8.74; N, 12.06 %; 

C19H3103N3 requires C, 65.32; H, 8.88; N, 12.03 %. 

30. Synthesis of 2-cyclohexyl-N,N-dimethyl-5-phenylisoxazolidin-3-amine 

(Styrene cycloadduct): 

Ph 

+ 

30 

Scheme33 

In a 50 mL conical flask, nitrone 2 (1 mmol), styrene (I mmol) and water (I 0 mL) 

was added and stirred at RT with a magnetic stirrer under Nz atmosphere for 5 hr. The 

progress of the reaction was monitored by TLC (RJ = 0.50). After completion of the 

reaction, 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. 

The product was purified by column chromatography using ethyl acetate- hexane and 

was obtained as colourless liquid. 

Spectral data: 

Colourless liquid, 94%; IR (CHCh): 3210 (m), 1735 (s), 1660 (s), 1420 (m), 1300 

(m), 1225(s), 770 (s) cm-1
; 

1H NMR (CDCh): 8 7.60 - 7.44 (m, SH, C6H5 protons), 

5.10 (t, IH, J= 6.08 Hz, C5H), 4.35 (t, IH, J= 6.16 C3H), 3.70 (dd, 2H, J= 6.12, 6.10 

Hz, C42H), 2.45 - 2.30 (br, m, 6 N-methyl protons), 1.76 - 1.24 (m, 11H); 13C NMR 

(CDCh): 8 134.30, 132.80, 130.64, 128.70 (aromatic carbons), 85.80 (Cs), 74.50 (C3), 

56.40 (C4), 36.70, 35.00 (2 CH3 carbons), 26.00, 24.20, 23.00, 22.42, 20.00, 18.90 (6 

cyclohexyl carbons); MS (m/z): 274 ~, 230, 197, 191, 153,111, 83, 77; HRMS

EI: Calcd. for C 17H26Nz0 (M) 274.4054, Found M\ 274.4038. 

71 



31. Synthesis of ethyl 2-cyclohexyl-3-(dimethylamino)isoxazolidine-5-carboxylate 

(ethyl acrylate cycloadduct): 

0 

~0~ ----~ 

Scheme34 

~o~cooc2H5 
Cy-Nf 

-N~ 31 

In a 50 mL conical flask, nitrone 2 (1 mmol), ethyl acrylate (1 mmol) and water (10 

mL) was added and stirred at RT with a magnetic stirrer under N2 atmosphere for 5 

hr. The progress of the reaction was monitored by TLC (RJ= 0.62). After completion 

of the reaction, 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. The product was purified by column chromatography using ethyl 

acetate-hexane and was obtained as colourless liquid. 

Spectral data: . 

Colourless liquid, 92%; IR (CHCh): 3330 (br), 2930 (s), 2150 (m), 1781 (s), 1675 (s), 

1450 (s), 1365 (m), 1254 (m), 1110 (s), 1250 (m), 670 (m) cm-1
; 

1H NMR (CDCh): o 
5.20 (t, lH, J = 6.76 Hz, C5H), 4.86 (t, lH, J = 9.40 Hz, C3H), 4.56 (q, 2H, -

OCH2CH3), 3.84 (dd, 2H, J = 7.65, 6.62 Hz, C4 2H), 3.44 (t, 3H, OCH2CH;V, 2.42-

1.84 (br, m, 6H, NMe2), 1.56 - 1.24 (m, 11H); 13C NMR (CDCh): o 202.80 (ester 

carbonyl carbon); 87.80 (Cs), 76.40 (C3), 58.85 (C4), 44.00, 43.00 (COOCH2CH3), 

37.20, 35.42 (NMe2), 31.00, 30.00, 28.00, 27.20, 26.10, 25.00 (6 CH2 carbons); MS 

(m/z): 270 (M+), 226, 197, 157, 154, 116, 113, 83, 73, 44; HRMS-EI: Calcd. for 

C14H2603N2(M) 270.1935, Found M•, 270.1922. 

32. Synthesis of 8-cyclohexyl-N,N-dimethyl-6b,8,9,9a-tetrahydroacenaphtho[l,2-

d]isoxazol-9-amine (acenaphthylcne cycloadduct): 

Schcme35 
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In a 50 mL conical flask, nitrone 2 (I mmol), acenaphthylene (I mmol) and water (I 0 

mL) was added and stirred at RT with a magnetic stirrer under N2 atmosphere for 5 

hr. The progress of the reaction was monitored by TLC (RJ= 0.54). After completion 

of the reaction, 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. The product was purified by column chromatography using ethyl 

acetate-hexane and was obtained as bright yellow crystalline solid. 

Spectral data: 

Bright yellow crystalline solid, 94%; IR (CHCb): 3425 (m), 1710 (s), 1680 (s), 1390 

(m), 1260 (s), 760 (m) cm·1; 1H NMR (C::DCb): 8 7.46-7.30 (m, 6H, naphthalene ring 

protons); 5.00 (d, lH, J.= 6.08 Hz, CsH), 4.50 (d, lH, J= 6Hz, C3H), 3.56 (dd, IH, J 

= 6.08, 6.28 Hz, C4H), 2.40 - 2.30 (br, m, 6 N-Me protons), 1.66- 1.28 (m, llH); 13C 

NMR (CDCb): 8 138.00, 136.50, 134.20, 133.70, 132.24, 131.60, 130.00, 128.50, 

127.00 (aromatic carbons), 83.00 (Cs), 73.20 (CJ), 58.00 (C4), 46.00, 44.00 (2 CH3 

carbons), 32.00, 30.50, 28.50, 27.00, 25.00, 24.10 (6 cyclohexyl carbons); MS (m/z): 

322 (M+), 239, 209, 195, 170, 152, 113, 113, 83, 44. HRMS - EI: Calcd. for 

C21H26N20 (M) 322.2420, Found; ~. 322.2432. 

33. Synthesis 4,4,5,5-tetrachloro-2-cyclohexyl-N,N-dimethylisoxazolidin-3-amine 

(tetrachloro ethelene cycloadduct): 

Clr<Cl 

Cl Cl 

Schemc36 

Cy 

Cl 
Cl 

0 Cl 

I 
_...-N Cl 

/N---- 33. 

In a 50 mL conical flask, nitrone 2 (I mmol), acenaphthylene (1 mmol) and water (I 0 

mL) was adqed and stirred at RT with a magnetic stirrer under N2 atmosphere for 5 

hr. The progress of the reactio'n was monitored by TLC (RJ= 0.34). After completion 

of the reaction, 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. The product was purified by column chromatography using ethyl 

acetate-hexane and was obtained as pale yellow oily liquid. 
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Spectral data: 

Pale yellow oily liquid, 96%; IR (CHCI3): 3310 (br), 3020 (m), 2170 (s), 1860 (s), 

1460 (m), 1330 (m), 1150 (s), 875 (m) cm-1; 1H NMR (CDCb): o 4.24- 4.16 (br, s, 

1H, C3H), 2.33 - 2.24 (br, m, N- CH3 protons), 2.05 - 1.93 (m, I H, N-CH proton), 

1.74- 1.32 (m, IOH); 13C NMR (CDCb): o 87 (Cs), 73 (C3), 58 (C4), 56, 55 (2 x CH3 

carbons), 39 - 28 (6 cyclohexyl carbons); MS (mlz): 334 (M}, 292, 252, 222, 153, 

152, 139, 113, 111, 83, 82, 44; HRMS- El: Calcd. for C11H1sN20C!4, (M) 336.0240, 

Found; M\ 336.0231. 

Reaction type III 

General procedure for the preparation of N-phenyl-a-aminonitrone8
" (nitrone 

3): 

·9 
NHOH 

Scheme37 

N-phenyl hydroxylamine (0.5161 gm, 4.7 mmol) was added to dry distilled N,N

dimethyl formamide (9 mL, I equivalent) in presence of anhydrous MgS04. The 

reaction mixture was kept at RT with constant stirring with a magnetic stirrer under 

N2 atmosphere for 24 hour. The formation of nitrone 3 was monitored by TLC (R1 = 

0.32, silica gel; ethyl acetate : benzene = I : I 0). The nitrone 3 was isolated by 

extraction with ether (2 x 25 mL), the organic layer was wasP,ed with brine water (2 x 

15 mL), dried over sodium sulphate and concentrated on a rotary evaporator and 

finally obtained as faint yellow crystals (m.p 52°C,uncorrected). The nitrone 

decomposes when kept at room temperature for a longer period and hence it was 

either used right after its synthesis (for aqueous phase synthesis) or as in-situ for other 

cycloaddition reactions. 

Spectral data of (Z)-N-((dimethylamino)methylene)aniline oxide: 

Pale yellow crystals, 94%; IR (CHCb): 3410 (m), 1660 (s), 1610 (s), 1440 (m), i300 

(m), 1180 (m), 770 (s) cm-1; 1H NMR (CDCb): o 7.73- 7.26 (m, 5H, C6Hs protons), 

1.90 (br, 6H, N-methyl protons), 1.42 (s, IH, CH=N+); 13C NMR (CDCb): o 142.00 
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(CH=N+), 132.90, 131.00, 129.65, 127.40 (aromatic carbons), 47.42, 44.84 (methyl 

carbons); HRMS- EI: Calcd. for C9H12N20, (M) 164.2066, Found;~. 164.2052. 

General Prof!edure for 1,3-dipolar cycloaddition reaction in aqueous phase 

Since nitrone (3) decomposes when kept for longer period therefore all the 

· cyc!oaddition reactions are performed with freshly prepared nitrone 3. In a 50 mL 

conical flask, nitrone 3 (I mmol), dipolarophile (I equivalent) and water (10 mL) was 

added. and stirred at RT with a magpetic stirrer under Nz atmosphere for 5 - 6 hour. 

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 

.·:brine water (2 x 15 mL), dried over. anhydrous NazS04 and concentrated on a rotary 

ev.aporator.cThe product was pi,~rified by column chromatography using ethyl acetate

hexane. This procedure was .followed for all tbe substrates listed in Table 4 

Table. 4: List' of dipolarophiles used for cycloaddition reaction 

Alke11es 

:» N-ethyl maleimide 
)> p-OMe-N-phenyl maleimide 
)> Acellaphthylene 
:» Ethyl acrylate 
:» Methyl vinyl ketone 

34. Synthesis of 3-(dimethylamino)-5-ethyl-2-phenyldihydro-2H-pyrrolo[3,4-

d]isoxazole-4,6(5ll,6aH)-dione (Ethyl maleimide cycloadduct): 

0 

N-Et 

Scheme38 

To a stirred solution of nitrone 3 (I mmol) in 15 mL water was added N-ethyl 

maleimide (1 equivalent) at RT under nitrogen atmosphere and the reaction mixture 

was stirred.for 4 hr. The prqgress of the reaction was monitored by TLC (RJ= 0.44). 

The product was extracted with ether (2 x 25 mL), the organic layer was washed with 
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brine water (2 x I 5 mL ), dried over anhydrous N a2S04 and concentrated on a rotary 

evaporator. The crude product was purified by silica gel column chromatography 

using ethyl acetate-hexane and fmaiiy obtained under reduced pressure as yeiiow 

solid. 

Spectral data: 

Yeiiow solid, 94%; IR (CHCI3): 3165-3082 (br), 3013 (m), 2865 (m), 1760 (s), 1660 

(m), 1445 (s), 1280 (m), 778 (s) cm-1; 1H NMR (CDCb): o 7.45-7.31 (m, 5H, C6I-I5), 

5.26 (d, lH, J = 8.20 Hz, CsH), 3.62 (d, 1H, J = 7.20 Hz, C3H), 3.38 (dd, 1H, J = 

6.16, 6.32 Hz, C4H), 2.90- 2.78 (br, 6H, NMe2), 2.66 (q, 2H, J = 6.12, 6.80 Hz, 
. 13 . . . 

CHICH3), 1.34 (t, 3H, J = 7.10 Hz, CH2CHJ); C NMR (CDCI3): o 200.40, 197.80 

(carbonyl carbons), 136.50, 135.00, 133.20, 131.80 (phenyl carbons), 86.20 (C5), 

78.40 (C3), 55.00 (C4), 41.70, 39.64 (NMe2), 23.50 (CH2CH3), 14.00 (Ci-hCH3); MS . . 
(m/z): 289 (M), 260, 212, 182, 168, 148, 141 (B.P), 107, 77; HRMS- EI: Calcd. for 

C!"sH1903N3 (M) 289.3350, Found; 11' 289.3334. 

35. Synthesis of 3-( dimethylamino )-5-(4-methoxyphcnyl)-2-phcnyldihydro-2H

pyrrolo[3,4-d]isoxazole-4,6(5H,6aH)-dione (p-OMe-N-phenyl malcimide· 

cycloadduct): 

0 

~()oMe 
0 ----N\. 

\. 35 

0 

Scheme 39 

To a stirred solution ofnitrone 3 (I mmol) in 15 mL water was added 4-methoxy-N

phenyl maleimide (1 equivalent) at RT under nitrogen atmosphere and the reaction 

mixture was.stirred for 5 hr. The progress of the reaction was monitored by TLC (R1 = 

' 
0.39). 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 dark yeiiow crystals. 
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Spectral data: 

Dark yellow crystals, 94 %; IR (CHCl)): 3084-3022 (br), 2880 (m), 1765 (s), 1650 

(s), 1472 (m), 1365 (m), 795 (s), 775 (s) cm-1; 1H NMR (CDCl)): li 7.55 - 7.40 (m, 

5H, C6H5 protons), 6.90- 6.78 (m, 4H, phenyl protons), 5.40 (d, IH, J = 8.24 Hz, 

C5H), 3.82 (d, lH, J= 7.28 Hz, C3H), 3.54 (dd, IH, J= 9.24, 6.08 Hz, C4H), 3.30 (s, 

3H, OCH3), 2.70 - 2.56 (br, 6H, NMe2); 13C NMR (CDCh): li 204.50, 198.65 

(carbonyl carbons), 138.00, 137.00, 135.64, 134.32, 133.70, 132.00, 131.46, 130.00 

(aromatic carbons), 85.50 (Cs), 76.00 (C3), 59.42 (C4), 54.60 (OCH3), 40.75, 38.20 

(NMe2); MS (mlz): 35J(Nr), 320, 274, 244, 230, 167, 148, 107, 77; HRMS- EI: 

Calcd. for C2pH2104N3 (M), 351.4060, Found; M+, 351.4044. 

36. Synthesis of N,N-dimethyl-8-phcnyl-6b,8,9,9a-tctrahydroaccnaphtho[1,2-

d]isoxazol-9-amine (acenaphthylene cycloadduct) 

Q+ 
H~N........_-

1 + 0 

../N......_ 

3 

Scheme40 

0 
I 

N 
Ph--

/N----- 36 

To a stirred splution of nitrone 3 (I rnmol) in 15 mL water was added 4-methoxy-N

phenyl maleimide (I equivalent) at RT under nitrogen atmosphere and the reaction 

. mixture was stirred for 5 hr. The progress of the reaction was monitored by TLC (RJ(" 

0.54). 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 tmder reduced 

pressure as bright yellow crystals. 

Spectral data: 

Yellow crystals, 89%; IR (CHCh): 3084- 3022 (br), 2848 (m), 2472 (m), 1710 (s), 

1523 (m), 1523 (m), 1394 (s), 1145 (m), 1022 (m), 831 (m), 776. (s) cm-1
; 

1H NMR 

(CDCh): li 7.46 - 7.35 (rn, 5H, phenyl protons), 7.12 - 6.96 (rn, 6H, napthylene 

protons), 4.88 (d, lH, J = 6.76 Hz, C5H), 3.76 (d, IH, J =7Hz, C3H), 3.52 (dd, IH, J 
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= 8.30, 8.0 Hz, C4H), 2.58 - 2.43 (br, 6H, NMe2); 
13C NMR (CDCb): o 137.00, 

135.08, 134.60, 133.00, 132.80, 131.25, 130.10, 129.45, 128.00, 126.90 (aromatic 

carbons), 88.70 (Cs), 76.46 (C3), 58.00 (C4), 36.00, 35.00 (NMe2); MS (m/z): 316 

(M+), 239, 209, 195, 168, 162, 154 (B. P), 148, 107, 73; HRMS-EI: Calcd. for 

C14H2603Nz (M) 316.1814, Found M+, 316.1811. 

37. Synthesis ·of ethyl 3-(dimcthylamino)-2-phcnylisoxazolidinc-5-carboxylatc 

(Ethyl acrylate cycloaddnct): 

Schemc41 

0 
I 

N 
Ph_......... 

To a stirred solution of nitrone 3 (I mmol) in I 5 mL water was added ethyl acrylate (I 

equivalent) at R T under nitrogen atmosphere and the reaction mixture was stirred for 

5 hr. The progress of the reaction was monitored by TLC (RJ= 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. 

Spectral data: 

White gummy liquid, 93%; IR (CHCb): 3155-3060 (br), 2930 (s), 2856 (m), 1750 

(s), 1445 (s), 1340 (m), 770 (s) cm'1; 1HNMR (CDCb): o 7.20- 7.12 (m, 5H, C6Hs), 

4.80 (t, I H, J = 8.2 Hz, CsH), 4.26 ( q, 2H, J = 6, 6.02 Hz, -OCHzCH3), 3.58 (t, I H, J 

= 7.22 Hz, C3H), 3.24 (dd, 2H, J= 8.40, 7.08 Hz, C4 2H), 2.76-2.65 (br, 6H, NMez), 

1.24 (t, 3H, J= 7.50 Hz, -OCH2CH3); 13C NMR (CDCb): o 170.40 (carbonyl carbon), 

135.00, 134.00, 132.25, 130.60 (aromatic carbons), 87.50 (Cs), 76.30 (C3), 70.40 

(CH2 carbon of -OCHzCH3), 57.00 (C4), 44.50, 42.80 (NMez), 20.00 (CH3 carbon of 

OCH2CH3); MS (mlz): 264 (11"), 190, 187, 157, 148, 143, 116, 107, 77; HRMS- EI: 

Calcd. for C14Hzo03N2 (M) 264.3250, Found 11", 264.3239. 
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38. Synthesis of methyl 3-(dimethylamino)-2,5-diphenylisoxazolidine-4-

carboxylate (Methyl vinyl ketone cycloaddnct): 

0 

+ ~ 

Scheme 42 

0 
I 

N 
Ph__.... 

0 

To a stirred solution of nitrone 3 (I mmol) in 15 mL water was added methyl vinyl 

ketone (I equivalent) 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. 

Spectral data: 

Pale yellow oil, 91%; IR (CHCb): 3172-3033 (br), 2936 (s), 1720 (s), 1442 (m), 

1235 (s), 780 (s) cm·1
; 

1H NMR (CDCb): o 6.80- 6.58 (m, 5H, C6Hs), 4.86 (t, IH, J 

= 7.14 Hz, CsH), 3.74 (t, IH, J = 6.80 Hz, C3H), 3.38 (dd, 2H, J = 8.80, 7.40 Hz, 

C4H), 2.82-2.70 (br, 6H, NMe2), 2.16 (s, 3H, COCH3); 
13C NMR (CDCb): 8 202.50 

(carbonyl carbon), 133.55, 132.00, 130.86, 129.20 (aromatic carbons), 88.70 (C5), 

76.00 (C3), 58.45 (C4), 42.40, 40.00 (NMe2), 31.20 (methyl carbon of COCH3); F AB -

MS (m/z): 234 (M+), 233, 219, 191, 157, 148 (B.P), 113, 107, 86, 77; HRMS-EI: 

Calcd for CnHrs02N2 (M) 234.2990, Found M+, 234.2978. 

General Procedure for 1,3-dipolar cycloaddition reaction with alkynes at RT: 

N-phenyl-u-amino nitrone (3) decomposes slowly at RT and hence after isolation of 
' nitrone immediately cycloaddition reaction with alkynes were performed with I: I 

ratio. In a I 00 mL conical flask, nitrone 3 (2.20 mmol), alkyne (I equivalent) was 

added to 50 mL dry ether and stirred at RT with a magnetic stirrer under N2 

atmosphere for 12 hour. The progress of the reaction was monitored by TLC. After 

completion of the reaction the solvent was concentrated on a rotary evaporator and 
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the products were purified and separated by silica gel column chromatography using 

ethyl acetate - hexane to furnish pure cycloadducts. This procedure was followed for 

the substrates mentioned below. 

Alkynes 

~ Phenyl methyl propiolate 

}- Dimethyl acetylene dicarboxylate 

39. Synthesis of methyl 3-(dimethylamino)-2,5-diphenyio2,3-dihydroisoxazole-4-

carboxylate (phenyl methyl propiolate cycloadduct): 

Q. 
0 Ph 

0/ 
0 

' ~ I 
~ N COOCH3 

I· 
Ph_......-

HIN,_ # + 0 
/N.........._ 39 

/N'-.... 3 

Scheme43 

In a I 00 mL conical flask, nitrone 3 (2.20 mmol), phenyl methyl propiolate (l 

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

under N2 atmosphere for I 0 hour. The progress of the reaction was monitored by TLC 

(R1= 0.73). After completion of the reaction the solvent was concentrated on a rotary 

evaporator and the crude product was purified by silica gel column chromatography 

using ethyl acetate-hexane combinations to furnish white viscous liquid (73 mg, 

70%). 

Spectral data: 

White viscous liquid, 70%; 1R (CHCl3): 3155 {m), 1750 (s), 1665 (m), 1430 (m), 

1360 (m), 778 (s) cm·1; 1H NMR (CDCh): o 7.70-7.04 (m, IOH, C6Hs protons), 4.06 

(s, lH, C3H), 3.32 {s, 3H, - COOCH3), 2.40 (br, 6H, NMe2); 13C NMR (CDCh): o 
172.50 (carbonyl carbon), 137.00, 135.40, 134.00, 132.60, 131.43, 129.65, 128.00, 

' 
127.28 (aromatic carbons), 88.00 (Cs), 73.40 (CJ), 57.40 (C4), 45.20 (-COOCH3), 

33.42, 29.50 (N- CH3 carbons); MS (m/z): 324 (M+), 296, 266, 219, 189, 188, Ill. 

105, 83, 77; HRMS- EI: Calcd. for C19H2o03N2 (M) 324.1910, Found M+, 324.1891. 
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40. Synthesis of dimethyl 3-(dimethylamino)-2-phenyl-2,3-dihydroisoxazolc-4,5-

dicarboxylate (dimethyl acetylene dicarboxylate): 

0 COOCH3 

Q 0/ 
0 

0 #' I 
+/ N COOCH3 Ph_........ 

HYN...._-+ 0 0 

/N""-.... 
/N-........._ 40 

3 

Schcme44 

In a 100 mL conical flask nitrone 3 (2.20 mmol), dimethyl acetylene dicarboxylate (1 

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

under N2 atmosphere for 13 hour. The progress of the reaction was monitored by TLC 

(RJ= 0.64). After completion of the reaction the solvent was concentrated on a rotary 

evaporator and the crude product was purified by silica gel column chromatography 

using ethyl acetate-hexane combinations to furnish red liquid (64 mg, 68%). 

Spectral data: 

Red liquid, 68%; IR (CHCi)): 3145 (m), 2820 (m), 1745 (s), 1700 (m), 1670 (m), 

1420 (s), 1260 (m) em·'; 1H NMR (CDCb): o 6.86- 6.77 (m, 5H, C6Hs protons), 4.75 

(s, 1H, C3H), 3.66 (s, 3H, -COOCH3), 3.60 (s, 3H, -COOCH3), 2.68 (br, 6H, NMe2); 

13C NMR (CDC13): o 169.00, 167.48 (carbonyl carbons), 87.50 (C5), 76.64 (C3), 59.47 

(C4), 44.65, 43.72 (COOCH3), 31.00, 29.43 (N- CH3 carbons); MS (mlz): 306 (M+), 

275, 262, 229, 219, 203, 188, 111, 87, 59; HRMS- EI: Calcd. for C,sHz40sNz (M) 

306.1670, Found~. 312.1652. 

Reaction type IV 

Special type aldehyde synthesis using a-chloro and a-amino nitrones 

as oxidizing agents 

Using the tremendous synthetic potentiality of u-chloro and a-amino nitrones we have 

synthesized a variety of aldehydes 11 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 efficient12
• Similarly in case of an1ino nitrones, the side 
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product can be hydrolyzed under acidic medium to furnish the starting material along 

with imines13
. 

1 

O=<H + R 1CHO 

0 2 NHR 

1, 2 : R =Me ; Ph ; Bu ; Cy ; PhCH2 
R1 = Me· Et · Pr · Ph , , , 
X= Cl; Br 

ii) 

Reagents and conditions : . i) Dry ether, pyridine, r.t , N2 atmosphere 

ii) Dry ether, Na2C03, r.t, N2 atmosphere 
Scheme 1 

In a 100 ml conical flask N-phenyl-a-chloro nitrone (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 formation of transient nitrone (not 

isolated) was monitored by TLC (R/ = 0.34). Benzyl chloride (292.1 002mg, 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 (monitored by 

TLC; R1= 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 cleaved 14
. Basic workup, removal of pyridine hydrochloride and silica 

gel column chromatographic purification provided desired benzaldehyde as colourless 

liquid (712mg, 90%; R1 = o:40) and furan derivative as pale yellow gummy liquid 

(Scheme 1; 78 mg, 10%; R1= 0.46). 

Spectral data for benzaldehyde 

Colourless liquid, 90%, IR (CHCh): 1695 (s), 1320 (m), 770 (s) cm-1
; 

1H NMR 

(CDC~]): o 9.80 (s, lH, CHO), 7.30 -7.16 (m, 5H, C6H5); 
13CNMR (CDC~]): o 198 
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(CHO), 136, 134, 132, 131 (aromatic carbons); FAB- MS (m/z): 106 (M+), 105 (B.P), 

77, 51, 28; HRMS-EI: Calcd. for C6HsCHO (M), 106.0417, Found~ 106.0408. 

Spectroscopic data for 2 (R =Ph) [(E)-1-(dihydrofuran-2-(3H)-ylidene)-N-phenyl 

methanamine (a-N-phenyl furan derivative)] 

Pale yellow gummy liquid, 10%, IR (CHCb): 3150-3060 (br), 2860 (m), 1640 (s), 

1430 (m), 1140 (m), 776 (s) cm-1; 1H NMR (CDCb): 8 7.43 - 7.28 (m, 5H, C6H5), 

5.16 (br, IH, N-H), 4.72 (s, IH, C=CH), 2.95-2.34 (m, 6H); 13C NMR (CDCb): 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 CH2 carbons); FAB- MS (m/z): 175 (M+), 98, 97, 77. 

HRMS-EI: Calcd. for CllH130N (M), 175.0993, Found~ 175.0981. 

Cycloaddition reaction of side product (2) with N-phenyl-a-chloro uitrone 

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, 1 equivalent) 

and stirred at RT with a magnetic stirrer under N2 atmosphere for 6 hr. The progress 

of the reaction was monitored by TLC (Rt = 0.52). After completion of the reaction, 

the solvent was evaporated under a rotary evaporator to afford crude cycloadduct (3: 

R=Ph) which was purified by column chromatography using ethyl acetate-hexane and 

was obtained as pale yellow viscous liquid (R=Ph, 95 mg, 85%). 

3 

Spectral data: 

IR (K.Br): 3485-3290 (br), 2962 (m), 2425 (m), 1620 (s), 1490 (s), 1260 (m), 1040 
I I . 

(m), 780 (s) em·; H NMR (CDCb): 8 6.98- 6.92 (m, IOH, 2 x C6Hs), 5.84 (dd, IH, J 

= 8.55, 8.20 Hz, C3H), 5.00 (br, IH, CH20H, exchanged in D20), 3.60 (dt, IH, J = 

9.34, 7.88 Hz, C4H), 3.40 (s, IH, N- H proton ofNHPh), 2.68 (dt-m, IH, CHCl), 

1.90 (dt, IH,J = 6.82, 6.64 Hz, C3·H), 1.50 - 1.12 (m, 4H); 13C NMR (CDCb): 8 

138.00, 136.50, 134.30, 133.80, 131.75, 130.42, 129.46, 128.64 (aromatic carbons), 

95.10 (CHCl), 86.40 (C5), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 

83 



24.37 (6 CHz carbons); MS (mlz): 404 (~+2), 402 (~), 325, 310, 309, 218 (B.P), 

107, 91, 77. HRMS-EI: Ca1cd. for CzzHz103NzCl (M), 402.7130, Found M•, 

402.7122. 

Scheme for aldehyde synthesis from a-amino nitrone 

i) 

1: R1 =Ph, Cy 
R2 =~NH2, NMe2 

R3 = H, CH2, CH3CH2, CH3CH2CH2, 

CH3CH2CH2CH2, Ph 
X = Cl I Br II 

Scheme2 

2 (not isolated) 

+ 

In a 100 ml conical flask, N-phenyl-a-amino nitrone (500 mg, 2.3570 mmol), benzyl 

chloride (295.8670 mg, 1 equivalent) and diethyl ether (25 ml) was added and stirred 

at RT with a magnetic stirrer under Nz atmosphere for 1 hour. During this process 

nitrone underwent SN2 reaction very quickly with benzyl chloride and developed an 

intermediate compound which was not isolated. The progress of the reaction was 

monitored by TLC CRt= 0.38). 2 gms of solid NazC03 was added at this stage and the 

reaction mixture was stirred for further 3 hour and monitored by TLC. The N-0 bond 

was easily cleaved under basic medium· in a Kornblum type mechanism and 

developed benzaldehyde CRt= 0.43) and imine derivative (Rt = 0.54) respectively 
' (Scheme 2). 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 (Scheme 2; 84 mg, 11 %). 
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Spectral data: 

Colourless liquid, 88%, IR (CHCl3): 2824 (s), 1695 (s), 1320 (m), 770 (s) cm-1; 1H 

NMR (CDCb): o 9.80 (s, IH, CHO), 7.30-7.16 (m, SH, C6Hs); 13CNMR (CDCb): o 
198 (CHO), 136.00, 134.00, 132.50, 131.00 (aromatic carbons). MS-FAB (m/z): 106 

(M+), 105 (B.P), 77, 51; HRMS-EI: Calcd. for C6HsCHO (M) 106.1240, Found M+ 

106.1228. 

Pale yellow gummy liquid, 11 %, IR (CHCb): 3450 (m), 1680 (s), 785 (s); 1H NMR 

(CDCb): o 7.32- 7.25 (m, SH, C6Hs), 6.76- 6.68 (m, SH, C6Hs), 3.75 - 3.62 (br, 

2H, NH2); 13CNMR (CDCb): o 136.84, 135.24, 134.25, 132.80, 131.25, 130.00, 

128.50,127.45 (phenyl carbons), 86.86 (C=N); FAB-MS (mlz): 196 (M+), 119,103 

(B.P), 77. HRMS-EI: Calcd. for Ct3Hl2N2 (M) 196.2530, Found~ 196.2519. 

General procedure of acid hydrolysis of imine 3 

R2 
H' I 

R1-N=C 

3 
\3 H20 

R 

a: R1 =Ph; Cy 
b: R2 = NH2; NMe2 
c: R3 = H; CH3; Ph 

RlNH2 

4 

Scheme3 

Rz 

I 
+ o=c 

'\3 
5 R 

In a I 00 mL R.B flux, imine derivative 3 (70 mg), 20 mL I 0% HCl was taken and 

refluxed in water bath for 30 minutes. The formation of the desired hydrolysed 

products were monitored by TLC. During the hydrolysis process, the double bond 

between carbon and nitrogen of the imine derivative was cleaved and benzamide (R2 = 

NH2; R3 =Ph; R1 = 0.42) and aniline (R1 =Ph; R1= 0.64) was developed15
• The 

products were extracted with ether (2 x 25 mL) when aniline passes into organic layer 

while benzamide remains in aqueous phase. The ether extract containing aniline was 

dried over anhydrous Na2S(')4 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 of the solution was evaporated in a temperature controlled water bath 
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and was crystallized from ethanol (Scheme 3; 42 mg, 60%; m.p. 126°C). This general 

hydrolysis procedure was followed for all the imine derivatives. 

Spectroscopic data for product 4 

IR (CHCh): 3440 (m), 3205 (s), 1635 (s), 1280 (m), 778 (s); 1H NMR (CDCh): 1i 

6.88 - 6.76 (m, 5H, C6Hs), 3.82 - 3.66 (br, 2H, NH2); 13CNMR (CDCh): 1i 135.50, 

134.00, 132.00, 129.20 (phenyl carbons); FAB - MS (m/z): 93 (M+). HRMS-EI: 

Ca!cd. for C6H1N (M) 93.0690, Found; M'" 93.0683. 

Spectral data for product 5 

White crystailine solid, 60%, m.p.l26°C, IR (CHCh): 3455 (s), 1675 (s), 1630 (m), 

780 (s); 1H NMR (CDCh): li 7.14- 7.08 (m, 5H, C6Hs), 6.94- 6.76 (br, CONH2); 

13CNMR (CDCh): li 177.50 (C=O), 130.50, 129.00, 128.00, 127.20 (phenyl carbons); 

FAB- MS (mlz): 121 (Ml, 77; HRMS-EI: Calcd. for C7H7NO (M) 121.0690, found; 

M+ 121.0681. 

General procedure for cycloaddition (for regioselective spiro cycloadducts) 

Rt 

H-1 
~+ R 
N-

j_, 
1 

R = C 6 H 5 

O=<H 
0 2 NHR 

i) 

R 1 = C 6 H 5 ; CHCI(CH2 )30H; NHz 

0 

·Reagents and conditions: i) Dry ether, RT, N 2 atmosphere, 4- 6 hr 

Scheme4 

NHR 

3-8 

To a well stirred solution of nitrone 1 (R = Ph; 1 mmole) in diethyl ether (20 mL) 

taken in a 50 mL conical flask, 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 JLC CR1= 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 16 (Scheme 4). This procedure was followed for the reaction of 

nitrone 1 (R =Ph) with a-N-methyl/phenyl furan derivatives 2 [(E)-1-(dihydrofuran-
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2-(3H)-ylidene )-N-methyl methanamine) I (E)-1-( dihydrofuran-2-(3H)-ylidene )-N

phenyl meth!!llamine) ]. 

Spectroscopic data for 2 (R=Ph; a-N-phenyl furan derivative) [(E)-1-

( dihydrofuran-2-(3H)-y lidene )-N-p henyl methanamine)] 

IR (KBr): 3150-3060 (br), 2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 (s) cm-1; 

1H NMR (CDCb): o 7.83 (m, 5H, C6Hs), 6.29 (br, lH, 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 carbons), 28.46, 27.10, 24.84 (3 CH2 

carbons); FAB- MS (mlz): 175 (M'), 98, 97, 77. HRMS-EI: Calcd. for C11 H130N (M) 

175.0993, Found M', 175.0981. 

3: Spectral data of (S)-4-chloroc4-((3S,4S,SR)-2methyl-4-(methylamino)-1,6-

dioxa-2-azaspiro[4.4]nonan-3-yl)butan-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 (CDCb): o 4.83 

(br, lH, CHzOH, exchanged in DzO), 4.60 (s, lH, NHCH3), 3.37 (s, 6H, 2 x N-CH3), 

3.12 (dd, lH, J = 9.20, 8.32 Hz, C3H), 2.70 (dt, 1H, J = 8.10, 7.88 Hz, C4H), 2.35 

(dt-m, 1H, CHCl), 1.88 - 1.42 (m, 6H); 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 CHz carbons); MS (mlz): 280 (M++2), 278 (Ml, 263, 248, 156 

(B.P), 141, 107; HRMS-EI: Calcd. for C12H2303NzCl (M) 278.6710, Found M', 

278.6698. 

4: Spectra!' data of (S)-4-chloro-4-((3S,4S,SR)-2-phenyl-4-(phenylamino )-1 ,6-

dioxa-2-azaspiro[4.4]nonan-3-yl)butan-1-ol 

Dark red viscous liquid. Yield 86%, R1= 0.48; IR (KBr): 3485 - 3290 (br), 2962 (m), 

2425 (m), 1620 (s), WJO (s), 1260 (n1), 1040 (m), 780 (s) cm-1
; 

1H NMR (CDC!,): o 
6.98-6.92 (m, 10H, 2 x C6Hs), 5.84 (dd, 1H, J= 8.55, 8.20 Hz, C3H), 5.00 (br, IH, 

CH20H, exchanged in DzO), 3.60 (dt, 1H, J= 9.34, 7.88 Hz, C4H), 3.40 (s, 1H, N- H 
' 

proton ofNHPh), 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 (CHCl), 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 (mlz): 404 (M++2), 402 
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(M+), 325, 310, 309, 218 (B.P), 107, 91, 77; HRMS-EI: Ca1cd. for C22H270 3N2C1 (M), 

402.7130, Found M+, 402.7122. 

5. Spectral data of (S)-3-amino-(3S,4S,5S)-2-methyl-4-(methylamino)-1,6-dioxa-

2-azaspiroisoxazole 

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 

(CDC~)): 1\ 4.90 (br, s, 2H, NHz, exchanged in DzO), 4.60 (br, 1H, NHCH3), 3.36 (s, 

6H, 2 x N-CH3), 3.00 (d, 1H, J = 7.54 Hz, C3H), 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 

(CDC~)): 1\ 88.50 (Cs/Cz·), 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 (~), 172, 157, 156 (B.P), 

141. HRMS-EI: Calcd. for CsH1702N3 (M) 187.1633, Found~. 187.1613. 

6: Spectral data of (S)-3-amino-(3S,4S,5S)-2-phcnyl-4-(phenylamino)-1,6-dioxa-

2-azaspiroisoxazole 

Dark gray viscous liquid, Yield 81%, R1= 0.48; IR (KBr): 3436- 3390 (br), 3030 (m), 

2952 (m), 1780 (s), 1674 (s), 1480 (m), 1276 (m), 815 (s) cm'1; 1H NMR (CDCh): 1\ 

7.02- 6.90 (m, 10H, 2 x C6Hs), 5.86 (d, lH, J= 6.30 Hz, C3H), 5.00 (br, s, 2H, NHz, 

exchanged in DzO), 3.50 (dt, 2H, J.= 6.74, 6.06 Hz, C3. 2H), 3.38 (br,s,1H, NHC6H5), 

2.70 (dt, IH, J = 7.20, 6.18 Hz,C4H), 1.52 - 1.28 (rn, 4H); 13C NMR (CDC~)): 1\ 

137.21, 135.44, 134.00, 133.10, 130.66, 129.40, 128.32, 127.84 (aromatic carbons), 

86.94 (C5/C2'), 74.24 (C3), 55.70 (C4), 27.87, 25.63, 24.00 (3',4',5' CH2 carbons); MS 

(m/z): 311 (~), 295,218,203 (B.P), 202,92, 77; HRMS-EI: Calcd. for ClsHz102N3 · 

(M), 311.2054, Found; ~. 311.2037. 

7: Spectral data of (S)-3-phcnyl-(3S,4S,5S)-2-methyl-4-(methy1amino)-1,6-dioxa-

2-azaspirois()xazole 

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 (rn) cm-1; 1H NMR (CDCh): li 6.81· 
I 

(s, 5H, C6H5), 4.67 (s, 1H, NHCH3), 3.36 (s, 6H, 2 x N-CH3), 3.00 (d, 1H, J = 5.74 

Hz, C3H), 2.74 (dt, lH, J = 6.64, 6.30 Hz, C4H), 2.30 (dt, 2H, J = 5.10, 4.92 Hz, 

c3'2H), 1.80- 1.55 (m, 4H); 13C NMR (CDC~)): li 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' CHz carbons); MS (mlz): 248 (~, 218, 171, 156 

88 



(B.P), 141, 77. HRMS-EI: Calcd. for C14H2o02N2 (M) 248.1862, Found M+, 

248.1853. 

8: Spectral data of (S)-3-phenyl-(3S,4S,5S)-2-phenyl-4-(phenylamino)-1,6-dioxa-

2-azaspiroisoxazole 

Colourless gummy liquid. Yield 78%, R1= 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): o 7.50-

6.62 (m, ISH, 3 x C6Hs), 5.84 (s, IH, NHC6Hs), 4.63 (d, IH, J = 6.06 Hz, C3H), 4.02 

(dt, JH, 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): o 136.76, 136.53, 136.24, 135.15, 134.90, 134.62, 

134.30, !33.78, 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 (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 about the synthesis, cycloaddition reaction and applications 

of a-chloro and a-amino nitrones1-15. Eschenrnoser et al. have shown the synthetic 

potentiality of a-chloro nitrone in 1,4-dipolar cycloaddition reactions with inactivated 

double bonds16. We have reported an application of a-chloro nitrone in 1,3-dipolar 

cycloadditio~ reactions with different dipolarophiles1. Similarly we have reported the 

synthesis of a-amino nitrones17 following the methodology of a-amino nitrone 

synthesis from DMF-diacetal18. N-phenyl-a-chloro nitrone was synthesized from a 

mixture of chlorohydrin and its tautomer with N-phenylhydroxylamine in dry ether 

and an anhydrous MgS04 with constant stirring for 8-10 hour under N2 atmosphere at 

RT. The cycloaddition reactions were carried out in aqueous phase as well as in 

conventional solvents. The synthesis and cycloaddition reactions of N-cyclohexyl-a

chloro nitrone14 using chlorohydrin and N-cyclohexylhydroxylamine has been already 

reported from this laboratory using conventional solvents. The most important 

application of these ni~ones are as very effective oxidizing reagents for the 

production of aldehydes when the nitrones are treated with various alkyl halides and 

the side products can be used as efficient dipolarophiles for the production of spiro 

cycloadducts in case of a-chloro nitrone3 and simple nitrones. The side products 

obtained during aldehyde synthesis using a-amino nitrone can be hydrolysed to 

recyclable products. 

Chlorohydrin and its tautomer was obtained when 2,3-dihydro-4H-pyran was 

subjected to chlorohydrination with hypochlorous acid19. The nitrone was generated 

by treating chlorohydrine with N-phenylhydroxylamine with constant stirring at RT. 

The nitrone 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. 
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CH=N+), 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): B 142.04 (CH=N+), 134.80, 133.00, 

131.60, 130.00 (aromatic carbons), 95.30 (CHCI), 31.45, 28.60, 25.40 (3 CH2 

carbons); HRMS- EI: Calcd. for C11Ht402NCl, (M), 225.0864, found M+, 225.0852. 

Both the u-arnino nitrones (N-phenyl, N-cyclohexyl-u-arnino nitrones) were 

synthesized from DMF by direct synthetic methodology as suggested by Eschenmoser 

et al 18
• Details are given in. experimental section. Between the nitrones, N-cyclohexyl

u-arnino nitrone is comparatively stable (m.p: 48°C,uncorrected) and can be used for 

cycloaddition reactions in I: I ratio for aqueous phase and conventional solvents while 

N-phenyl-u-amino nitrone is unstable and decomposes when kept at RT for a longer 

period and is used in-situ in the majority of cycloaddition reactions. 

Q 
H~~---6 

...---N ............ 2 

Preparation of N-cyclohexyl-a-aminonitrone (2) 

Schcme2 
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Spectral data: 

White crystalline solid, 88%; IR (CHCb): 3440 (m), 1600 (s), 1360 (m), 1310 (m), 

1120 (m) cm-1; 1H NMR (CDCb): o 4.81 (br, 6H, NMe2), 3.30 (s,lH,HC=N+-0"), 

2.50-2.16 (m, 1H, N-CH proton), 1.66- 1.59 (m, 10H); 13C NMR (CDCb): o 144.62 

(CH=N\ 43.00, 40.72 (N- methyl carbons), 32.00, 30.64, 27.32, 26.08, 25.15, 24.74 

(cyclohexyl carbons); HRMS- EI: Calcd. for C9H1sNzO, (M) 170.2560, Found,~ 

170.2555. 

H
3
C ----<0 'v 

N 
/ 

H 3 C H 

~ +y 
NHOH 

9 
H~~-......._-

1 3 0 

~N--........... 

Preparation of N-phenyl-u-aminonitrone (3) 

Scheme 3 

Spectral data: 

Pale yellow crystals, 94%; IR (CHCb): 3410 (m), 1660 (s), 1610 (s), 1440 (m), 1300 

(m), 1180 (m), 770 (~) cm-1; 1H NMR (CDCb): o 7.73-7.26 (m, 5H, C6H5 protons), 

1.90 (br, 6H, N-methyl protons), 1.42 (s, lH, CH=W); 13C NMR (CDCb): o 142.00 

(CH=N+), 132.90, 131.00, 129.65, 127.40 (aromatic carbons), 47.42, 44.84 (methyl 

carbons); HRMS- EI: Calcd. for C9H1zNzO, (M) 164.2066, Found,~ 164.2052. 

In the case of u-chloro nitrone, the reactions were found to be highly stereoselective 

to form diastereomeric cycloadducts with the predominance of one of the isomers in 

case of N-phenyl maleimide, N-methyl maleimide, N-cyclohexyl maleimide, 

acenapthylene etc. while regioselective cycloadducts are formed in case of methyl 

vinyl ketone, acrylonitrile, styrene etc. respectively in aqueous phase. The 

regioselectivity in these reactions were rationalized by the use of frontier orbital 

theoif0
•
21 . The u-chloro nitrone 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 five substituted adducts. 

One of the most important features of these cycloaddition reactions are the 

introduction of three to four asymmetric centers in a single step. 
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Almost all the reactions in water are very fast ( 4 - 6 hrs in case of maleimides and 8-

1 0 hrs for other olefines) compared to the normal cycloaddition reactions in organic 

solvents which were reported to take longer periods (26 - 48 hrs). It is possible that 

water promotes the reaction through hydrogen bond formation with the carbonyl 

oxygen atom of the u,p-unsaturated carbonyl compounds and thereby increasing the 

eletrophilic character at the P-carbon which is attacked by nucleophilic oxygen atom 

of the nitrone. Thus water activates the maleimide, ethyl acrylate, methyl vinyl ketone 

and thereby greatly facilitates the reaction. 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 cycloaddition reactions performed in 

solvents like THF, CH2Ch (Table 1). We suggest an explanation for these results in 

terms of the frontier molecular otbital {FMO) theory which has been used extensively 
' 

·to explain and predict the yield, rate in I ,3-dipolar cycloadditions21 . 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 FMO's are only slightly affected by 

hydrogen bond interactions and lead to a reduction of the energy gap between the 

interacting FMO's (in this case, the HOMO of the dipolarophile and 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. 

Excellent diastereofacial selectivity is observed m u-chloro nitrone additions 

described he~e in water. The addition of nitrone 1 to maleimides result in a mixture of 

diastereoniers (almost 70 : 3 0 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 diastereomer when water is 

used as solvent rather than conventional solvents22·23
. These results can be rationalized 

by an exo approach of the nitrone 1 for the major cycloadducts which have the Z 
I 

configuration (transition state 1). The minor cycloadducts are formed by the endo 

approach of Z nitrone (transition state II). The mixture of diastereomers is 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 
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adducts 3-H resonates up field around I>H 4.10 ppm while for the same proton in major 

adducts around i5H 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 1). the diastereomeric 

isoxazolidines were separated by column chromatography and obtained in analytically 

pure form24
. The endolexo stereochemistry mentioned above is based on extensive 

NMR investigations. Most relevant are the coupling constants (JHJ, H4) 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-425
• 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 theory20 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 water23
. 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 

adducts20
•
21

. Considering the .lH 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 obtained in all the cases due to further coupling from vicinal hydrogens 

and hence confmns 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 
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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 CJH4, Hs = 6 - 8.4 Hz; JH4, HJ = 6.2 - 7.6 Hzi5
• 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. 

TS II 

0 

R.,-N 

0 Hi'Is R\ R 
'r-----t'l~ ~I o--N 

0 R.,-N 

Minor conformation l M'!ior conformation 2 

R3 = CHCI(CH2) 30H; R. = Ph; Me; Cy 

Fig.l 

In general the reactions are very clean and high yielding compared to usual 

cycloaddition reactions of nitrones. The products were characterized from their 

spectroscopic (IR, 1H NMR, HRMS, 13C NMR) data. No catalyst o; co-organic 

solvent was required. The exact stereochemistry at the asymmetric CHCl carbon atom 

of all the cycloadducts 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 mlz value. These 

can be explained as 11'+2 isotopic peaks due to.the presence of isotopic abundance of 

ce7 atom in these compounds. In addition, mass fragmentation peaks of different 
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value are al~o obtained for diastereomers of a particular cycloadduct. 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: (Reaction of nitrone 1 with different dipolarophiles in aqueous medium) 

Dipolarophile Solvent/ Nature of Yield Structure of product/s 

Reaction product 

condition 

0 Dry ether; White Ia: 0 

/lo~ Time= 12 viscous 70%; c,-'~oc,H, o 
hr liquids 1b: 

22% HO(H2C)3C\HC C N~ Ia y- OC2Hs 

"" HO(H3C)3HC\HC lb 

0 Dry ether; White 2a: GOOCH, 

Ph-):( ;u- Time= 10 VISCOUS 69%; 

/0 hr liquids. 2b: COOCH3 COOCH3 

27% HO(H2C)3CIHC 2a + X 

0 Ph-N 

. j COOCH3 

HO(H,C)3CIHC 2b 

0 Dry ether; White 3a: )JC" ci';, Time= 13 viscous 75%; Ph-N 

~ hr liquid 3b:· COOCH3 O Ph 

# 24% HO(H,C\,CIHC X 
+ Ph-N 

3a 
j COOCH3 

HO(H2C)3CiH8' 
3b 

/"" 
Dry ether; Colourles 4a: ):('' f' Time= 14 s viscous 73%; Ph-N I 
hr liquids 4b: O COOH 

COOHX HOOC 
24% HO(H,C),CIHC + Ph-N I 

4a i COOH 
HO(H2C)3CiH8' 4b 

98 



Dipolarophile Solvent I Nature of Yield 

0 

~N-~ 
0 

~N-~ 
0 

Reaction product 

condition 

Water; 

RT; Time 

= 14 hr 

Water; 

RT; Time 

=4 hr 

Water; 

RT; Time 

=4 hr 

Water; 

RT; Time 

= 5 hr 

Reddish 

gummy 

liquid 

white 

solid 

Yellowis 

h white 

solids 

Dark 

yellow 

crystals 

0 Water; White 

RT; Time solids 

N-C.H4-0Me = 5 hr 

0 

Water; Bright 

RT; Time yellow 

= 7 hr crystals 

Sa: 

60%, 

Sb: 

28% 

6a: 

75.6%, 

6b: 

20.4% 

7a: 

70.8%, 

7b: 

23.2% 

Sa: 

68%, 

8b: 

27% 

9a: 

70.8%, 

9b: 

21.2%; 

lOa: 

73%, 

JOb: 

23% 
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Structure of product/s 

Ph-N )=9 
Sa +co HO(H2C)3CIHC / 

Ph-N 

i Sb 
HO{H2C)3CIH~ 

;qo 

Ph-N N-Me + ,0~ 

HO(H2C),CIHC 
6

a 0 Ph-N~N-Me 

HO(H2C)3CIHC 0 
6b 

0 

Ph-N~N-Ph + ,0~ 
HO(H,C),CIHC 7a 0 Ph-N~N-Ph 

HO(H2C)3CIHC 0 
7b 

0 

Ph-N,00N-Cy + 0 

Y-1 '~ HO(H2C)3CIHC 0 Ph-N N-Cy 
Sa ,.:: 

HO(H2C)3CIHC 0 Sb 

,0~ 
Ph-N~N-C6H4-0Me O 

HO(H2C)3CIHC 0 + ,0~ 
9a Ph-N~N-C6H4-0Me 

HO(H2C)3CIH2' 0 
9b 



Dipolarophile Solvent I Natnre of Yield Strnctnre of prodnct/s 

Reaction product 

condition 

0 Water; White 11: 

0 ~0/' RT; Time gummy 93% 
Ph-N OC2H5 

= 5 hr liquid 
HO(H2C)3CIHC II 

0 Water; Pale 12: 0 

~ RT; Time yellow oil 91% ~ Ph-N 

= 8 hr 12 

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. 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 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 (LUMOi6
• 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 

theory20
•
21

• The ethyl propiolate adduct corresponds to this theory. Therefore, the 5-

substituted adduct for ethyl propiolate is due to LUMO (nitrone) - HOMO 

( dipolarophile) interaction. 

Like alkenes, excellent diastereofacial selectivity is observed in u-chloro nitrone 

additions described here with some alkynes. The addition of N-phenyl-u

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 cycloatlduct which has the Z configuration (transition state Ii7 

The minor cycloadduct is formed by the endo approach of Z nitrone (transition state 

II)28
. However these results can also be explained by an endo 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). Most relevant are the 
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coupling constants (JHJ, cHci; JHJ, H4) ·of the diastereoisomers. For the major adducts, 

this coupling constant is almost 9.2 to 9.3 Hz, implying a cis relationship between H3 

and CHCI, whereas for minor adducts the coupling constant (JHJ, CHCI) is 2.5 to 2.58 

Hz which implies a trans relationship between H3 and CHCI 15·25·29 . Comparing the 1H 

NMR spectrum of isoxazolines, we suggest the major and minor conformers of 

cycloadducts which are conformationally mobile isoxazoline ring system (Fig 2) 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 IX 

in mass spectra). Since C4 and Cs protons are absent in dimethyl acetylene 

dicarboxylate, phenyl methyl propiolate, and acetylene dicarboxylate cycloadducts 

therefore the coupling constant values could not be calculated. 

H 
R,+ C-R 

N~,' 3 
\- ' o: 
' ' ' ' /)--R2 

___ff 
R, 

TS II 

c 
H/ \'-...(CH2 ) 30H 

Cl 

Conformation I 

R1 = Ph; R2 = COOCH3 

Conformation 2 

R1 = R2 = COOCH3 

R, = COOC2H5; R2 = H 

Fig. 2 

TSIV 

Another important aspect of the cycloaddition reactions are the exo addition over endo 

addition. In the majority of the cases exo addition were preferred since u-chloro 

nitrone exist exclusively in the Z configuration. Houk et al21 proposed that preference 

for the endo transition state will only be large in the cycloaddition reactions when 
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dipole (LUMO) - dipolarophile (HOMO) interactions will be important and are in 

accordance with P. Deshong et al25
. 

Following the methodology of synthesis of a-amino nitrones from DMF-diacetal, N

cyclohexyl-a-amino nitrone and N-phenyl-a-amino nitrone was synthesized. Both the 

nitrones were found to be stable enough for carrying out 1:1 cycloaddition reactions 

with various·dipolarophiles in aque()us phase and in conventional solvents (THF) with 

high yields but in majority of the reactions in-situ cycloaddition reactions were 

preferred to avoid decomposition of nitrones. Unlike cycloaddition reactions of a

chloro nitrone in aqueous phase,- mainly single isomer was obtained in all the 

cycloaddition·reactions of a-amino p.itrone with good yields (Table 2a, 2b, 3, 4) with 

some exceptions in case of nitrone (2). 

Table 2a: (Reaction of nitrone 2 with different dipolarophiles in solventless 

condition) 

Dipolarophile · . , Solvent I .Nature of Yield Structure of prod uct/s 

Reaction product 

condition 

76% 

0 
Solventless Reddish 

RT, Time gummy 

= 10 hr liquid 

~0~ 
Cy-N~ 

-N""'-
Solventless White 

RT, Time solid 

= 8 hr 

93% 

iy( 
Cy-NHN-Ph 

Me2N 0 

Solventless White 

RT, Time solid 

= 10 hr 

82% 

.ly( 
Cy-NHN-Me 

' Me,N 0 

1°y( 
Cy-NHN---,-Cy 

Solventless Pale 

RT, Time yellow 

=I I hr solid 

90% 

Me2N 0 
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Dipolarophile Solvent I Nature of Yield Structure of product/s 

Reaction product 

condition 

0 Solventless White 89% 

RT, Time crystalline 

N ( ) OMe = 9 hr solid 

0 
--N"' 

0 

0 Solventless White 87% 0 

~0/'- RT, Time gummy 0 
I 

= 12 hr liquid Cy-N OC2H5 

MezN 

0 Solventless Yellow oil 90% 0 

~ RT, Time 

Cy-N)Trn, = 14 hr 

Me2N 

Solventless Colourless 88% 

RT, Time liquid /0 

= 14 hr 
Cy-N 

~ Me,N 

Solventless Bright 95% 

RT, Time yellow 
0 

~ 
=48 hr crystalline I 

N 

solid 
Cy.--

NMe2 

Solvent less Dark 94% 

RT, Time brown 
' =45 hr crystals. 
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Dipolarophile Solvent/ Nature of Yield Structure of product/s 

Reaction product. 

condition 

0 Solventless Colourless 96% ;ch 
cr RT, Time gummy Cy-N 

= 14 hr liquid COOCH3 
Me2N 

0 Solventless Red liquid 92% ):Jcooc,H, /0/ RT, Time Cy-N 

/0 
= 18 hr 

-N 
0 

"" 0 Solventless Red 70%, 0 

/lo~ RT, Time gummy 22% ~0 ¢' . 
= 6 hr liquids 

Cy-N OC2H5 ~ 

-N + Cy-N OC,H, 

"" ~ 
-N"' 

0 Solventless colourless 68%, 0 COOH 

/oH liquids Cy-Ny RT, Time 21% 

= 11 hr -N + UCOOH 
'\ Cy-N I 

-., -N 
'\ 

Like most of the nitrones, nitrone 2 also exist exclusively in Z configuration and syn 

cycloadducts are formed from Z nitrone through exo transition state geometrJl5
. 

Another important feature of this cycloaddition reaction is the introduction of chirality 

by one pot synthesis. Three new chiral centers are developed in the newly formed 

cycloadducts (isoxazolidines) at C3, C4, Cs positions. The relative configurations of 

C3, C4, Cs protons of the cycloadducts are syn, as evidenced by their coupling 
I 

constant (J = 6.06 - 6.18 Hz, for C4-C5 & J = 6.02 - 6.18 Hz, for C3-C4) values25
•
28

. 

Nitrone cycloadditions are believed to be a process with similarity of LUMO and 

HOMO energies in dipole and dipolarophile, As such both HOMO (dipole) - LUMO 

(dipolarophile) and LUMO (dipole) - HOMO dipolarophile) interactions are 

important in determining reactivity and regiochemistrJZ0
•
21

. In these cycloaddition, the 
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C-C & 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 C3 & 

c4 respectively30
'
31

. 

a-amino nitrones are very reactive due to the presence of filled up anti bonding 

molecular orbital and hence can act as a powerful nucleophile18
. Therefore nitrone 2 

has a tremendous scope as far as the pericyclic reactions are concerned. 

Table 2b: (Reaction of nitrone 2 with dipolarophiles in aqueous medium) 

Dipolaropbile ' Solvent I Nature of Yield Structure of product/s 

Reaction product 

condition 

0 Water; White 95% 0 

<N-'" 
RT, Time crystals ey-N~N-Ph = 5 hr 

0 
Me2N 0 

0 Water; White 94% 0 

<N-~ RT, Time crystals . ey-NXN-M< = 5 hr 

0 M~N 0 

0 Water; White 95% 0 

<N-~ RT, Time crystals c,-NXN-c, = 5 hr 

0 M~N 0 

rO 
Water; Colourless 94% O Ph 

RT, Time liquid Cy-N;r 
= 5 hr ' ¥ 

-N 

" 
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Dipolarophile Solvent/ Nature of Yield Structure of product/s 

Reaction product 

condition 

0 Water; Colourless 92% 0 

~0 RT, Time liquid 

= 5 hr 
OC2H5 

Me2N 

Water; Bright 94% 

RT, Time yellow 

= 5 hr crystalline 0 

solid I 
_.....N 

Cy . 

NMe2 

C\ Water; Pale 96% Cl 

)y' 
C\ 

RT, Time yellow 0 

= 5 hr oily liquid I _..N Cl 
Cy 

Cl 

/N----

Table 3: (Reaction of nitrone 3 with different dipolarophiles in solvent less 

condition) 

Dipolarophile Solvcnt!Re Nature of Yield Structure of product/s . 
action product 

condition 

0 Water, RT, Yellow 94% 0 

<N-m Time=4 solid ·~· 
hr 

Ph-N' . N-Et 

' 
0 MezN 0 
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Dipolarophile Solvent!Re Natnre of Yield 

0 

~0/' 

~o' 

action 

condition 

Water, 

RT, Time 

= 5 hr 

Water, 

RT, Time 

= 5 hr 

Water, 

RT, Time 

= 5 hr 

Water, 

RT, Time 

= 8 hr 

Dry ether, 

RT, Time 

= 10 hr 

Dry ether, 

RT, Time 

= 13 hr 

prodnct 

Dark 

yellow 

crystals 

Yellow 

crystals 

White 

gummy 

liquid 

Pale 

yellow oil 

white 

viscous 

liquid 

Red liquid 

94% 

89% 

93% 

91% 

70% 

68% 

107 

Structure of product/s 
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_....N # 

Ph 

NMe, 

PI(COOC2H5 

Ph-Ny 
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Interpretation of mas spectra 

In the case o f N-phenyl-a-chlmonitrone, all the C)Cloadducts formed posses-, ~

phenyl-3-chloro butanol-1.2-isoxazolidine moiety in common. Therefore it was very 

usual to expect same rati onalization in the mass fragmentation pattern. On electron 

impact mass fragmentation of a molecule \\ould generate generall y a radical ion and 

ex pected ly one of the non bonding electrons of the nitrogen atom of I ,2-isoxazolidinc 

ring would be removed as the nitrogen atom is tertiary in nature. Taking cyclohc:\cne 

as an example, a general scheme was fo rmulated (Type l - IX). The fragmentation 

pattern of all the ycloadducts were discussed in the light of th is fission pattern . 

CX(-D -2e 

-1 1..: 

(a) 

C1 I l(C l ! ~hOI! 

309 

c,-c.j ----

t -47 

T y p e l 

11 ~(·-N::.=.:c · 

I 
l!O(II ~ ( · I,(':J I { l..J:~ 

IOH 

212 

CX(N--o 
(a ) 

CIICI( t 'I !,hOI I 
:\-1.= 309 -

Q 
N 

()/ ·~ 

227 (ltlh(l! 

+ 

0 
82 

Ill =l'i

I 

/-' 
f 

!!0(1 12Cht ii!C 
161 



Type II 

(a) _____:_,Csc...:-O....:b..:..:.on_d _br_ea_kin....:::g._ 0\'"-D 
CHC!(CH2lJOH 

309 

Type III 

CHC!(CH2lJO!-I ~CHCI(CH2)30H 

pH rean·angement with ~ + -o v (+ 
(a) --C-

3
--N-b-on-d -cle_a\_'a-ge _ ___., ~i ~ j --· l04 

309 

107 

Type IV 

(a) --
+ CHCI(CH2J,OH 

107 

H2C=CCI(CH2h0H 

106 

201 
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In the case of cycloadducts formed from u-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 Cs-0 bond cleavage which leads to 

the formation of ion mle = 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. 

In the mass fragmentation pattern of maleimides (N-phenyl, N-cyclohexyl, N-methyl 

etc.) both the nitrones in addition to the common expected fragments, other prominent 

peaks at mle = 77, 8~, 15 for phenyl, cyclohexyl, methyl were also obtained. 

TypcV 

0 0 

0 0 

l -cl- l 
·C6Hs + ·N N-C6Hs ·N N-C6H5 

Cl----CH 0 HC+ 0 

I I 
. HO(H2C)3 323 HO(H2C)3 287 
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The fragmentation pattern of ethyl acrylate cycloadduct followed the general pattern 

with some typical peaks i.e. CH3-CHz-O (45), CH3-CHz-COO (73) shown in Type 

VI. 

Et02C 

Type VI 

\-D 
OC" 

c{CH,(CH2hOH 

327 

I 
t 

C(-D 
Cl /CH,(CH2lJOH 

254 (M-73) 

\-D 
c{CH,(CH2)30H 

282 

+ ·OC2H5 ' 

45 

The fragmentation pattem of methyl vinyl ketone shows some special peaks m 

addition to the general pattern (Type VII) 

1 !I 



Type VIII 

0\-o 

II,COC~ 

CI/CH,(CH2h0H 

297 ·~ 

297 

c;\-o 
COCH3 + 

43 

Cl /CH,(CH2h0H 

254 

oC~\-o 
+ <;:HJ 

15 
Cl /CH,(CH2)30H 

282 

l-o 
86 

Cl /CH,(CH2h0H 

211 

The fragmentation pattern of acetylene adducts are completely different and are 

explained in Type IX. 
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Type IX 

I 

K 
I 

1-< 
Example with H3COOC-C-C-COOCH3 adduct 

TC02Me 

o-y'co,Mo 
.... c 

HI \cH2)JOH 

Cl 370 

0 
II + 

·c-C02Me 

87 o-N C02Me 

.... c 
H I "ccH2)30H 

Cl 339 
+ 

.· 252 

311 

Similarly mass fragmentation pattern of the cycloadducts formed by the reaction of a

amino nitrone with different' dipolarophiles can be understood. A general scheme is 

discussed as below (taking cycloadduct formed from the reaction of N-cyclohexyl-a.

·amino nitrone with cyclohexene as an example). 
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CC{'N-Q 
NMe2 

M+=252 

CC{\D 
NMe2 .. 

252 

+le 

-2e 

(a) 

Type I 

(a) crr-o--
H NMe2 

252 

Cleavage 

+ 

0 
82 

0 +· + 
N\ 

NMe2 

. 1)1~ //· 

85 NMe,/ 

153 
83 

+·-' HC=N 

I 
98 

1 i 4 



Type II 

(a) Cs-0 bond breaking 
oy-o-

253 

Type III 

~· H rearrangement with C(NM-oe
2 

(a)--------- OHN/+· ---CrN bond cleavage 
+ 

252 

113 

Type IV 

(a) 
Q>-o 

H 
208 

I 

t-H• 

o:'N-o 
207 

115 

+ 

l-IN-o -I 
0 

114 

NMe2 

44 



In the case of cycloadducts formed from a-amino 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 mle = 253, 169. The process. of ~-H rearrangement with C-N 

bond cleavage might occur in two ways leading to m/e = 252, 208, 207. The ions 

produced in this process may further be fragmented. 

In the mass fragmentation pattern of maleimide cycloadducts (N-phenyl, N

cyclohexyl, N-ethyl, N-methyl etc.) in addition to the common expected fragments, 

other prominent peaks at m/e 77, 83, 29, 15 for phenyl, cyclohexyl, ethyl, methyl were 

also obtained. For example for N-phenyl maleimide cycloadduct the fragmentation 

pattern may be shown as follows. 

TypeV 

0 0 

N-C2H:; ----~-

0 

0 

+ 

0 0 

-N""" 343 

0 

N-C6Hs + ·C6H11 

83 

0 

260 

116 



Type VI 

Cl 

ii) 
Cl \-Q : CC12 + :~\-o 

Cl 82 

N....._ /N....._ 
/ 252 

334 

j 
Cl 

Q-N=o r=< + 

--N Cl 

\ 113 

139 

The fragmentation pattern of ethyl acrylate cycloadduct followed the general pattern 

with some typical peaks i.e. CH3-CH2-0 (45), CH3-Clh-COO (73) as shown in Type 

VII. 

Type VII 

~'1::{'--D--
/N....._ 

270 

C(\-o 
/N....._ 

197 (M-73) 

117 

+ 

45 



i) 

Type VIII 

0 0 

\-Q--- + 0 
0 

83 
195 

t -CO t -CO 

"N 

l-o 
)X{ 

/N-..._ 

167 

-CO N;n 
-N 

\ 
139 

0 250 ! -CO 
~ 
~p 

-N 

\ 

124 

222 

! -[0] 

o-o 
162 

206 

118 



Type IX 

c.,,~\-o y-o C6Hs + 

77 
/N-._ /N-._ 

274 197 

Type X 

H,coc~ 0--o C(\-o ''N ~;) COCH3 + 

/N-._ 
43 

/N-._ 

234 191 

~ 
ot{\-o + CH. 

• 0 

15 

H,coc/r('N-Q 
/N-._ 

233 

119 

/N-._ 

219 

86 

t-0 
/N-._ 

148 



Type XI 

I 

H 
I 

1--( 
Example with H3COOC-C C-COOCH3 adduct 

~eOzC"(o'N--o. __ _ 
MeOzC~ 

/N""-

306 

219 

0 

~ 
~N~co,M• 

N + 
/ " 247 

120 

275 
+ 

QCH3 
31 

~02Me 

59 



Interpretation of 1H NMR spectra 

On interpretation of 1H NMR spectra of the cycloaddu~ts, the chemical shifts and the 

coupling constants for C5, C4, C3 were considered. The .! value i.e. coupling constant 

determines the stereochemistry at these positions. In most often cases Cs, C4, C3 are 

asymmetric in nature. In case of diastereomers the products were identified 

considering the multiplicity of the proton signals at 3-H and 4-H along with coupling 

constant values. During the course of the study regarding the .! values of the 

cycloadducts the following representation gives us an idea regarding the 

stereochemistry of the cycloadducts. 

Table 4: eH NMR values in cS ppm) Cyc1oadducts derived from nitroue 1 iu aqueous 

phase. 

Cycloadducts 

Ph-N~O~~ . 

.~0~ 
HO(H2C)3CIHC Ph-N~ 

~ 
HO(H2C)3CIHC 

Ph--~-Ph 
HO(H2ChCIHC 0 t 

/o-,--1( 
Ph-N~N-Ph 

HO(H2C)3CIH~ 0 

121 

C5 H coupling 
constant values in 
parentheses 

5.37 (8.20) 

5.30 (8.20) 

5.22 (6.8) 

5.26 (6.0) 

5.42 (8.24) 

5.24 (7.20) 

C4 H coupling 
constant values 
in parentheses 

4.12 (9.40, 7.10) 

4.20 (2.54, 3.16) 

3.76 (8.06, 9.20) 

3.60 (2.52, 4.26) 

3.76 (9.22, 6.08) 

3.52 (4.42, 2.08) 



Cycloadducts 

. ,o"' Ph-N~N-Cy 

HO(H2ClJC1HC 0 

·,oyf 
Ph-N~N-C6f4-0Me 

HO(H2C)3C1HC 0 

prZ 
Ph-Ny OC2H5 

HO(H2C)3C1HC 
0 

122 

C5 H coupling 
constant values in 
parentheses 

5.32 (6.12) 

5.26 (7.22) 

5.28 (6.88) 

5.23 (7.40) 

5.26 (6.50) 

5.30 (7.16) 

4.11 (8.2) 

5.32 (7.82) 

C4 H coupling 
constant values 
iu parentheses 

4.26 (9.24, 7.06) 

4.14 (3 .22, 2.08) 

3.86 (9.24, 7.08) 

3.54 (2.84, 3.25) 

4.12 (9.40, 7.10) 

4.28 (4.12, 3.10) 

3.51 (9.24, 8.18) 

4.28 (9.48, 7.10) 



Table 5: eH NMR values in 8 ppm) Cycloadducts from nitrone 2 and different 

dipolarophiles' in solvent less condition. 

Cycloadducts 

l~ 
Cy-NHN-Ph 

, Me2N 0 

F--J 
Cy-N 1 >-Me 

Me2N 0 

Cy-~~'-Cy 
Me2N 0 

0 

0-

Cy-/ ,} N()oMe 

0 

0 

py( 
Cy-Ny CH3 

M0:1N 

123 

C5 H coupling 
constant values in 
uarentheses 

5.37 (8.20) 

4.82 (6.06) 

5.22 (6.0) 

3.31 (6.10) 

5.10 (6.24) 

5.24 (6.80) 

4.90 (7.82) 

C4 H coupling 
constant values 
in parentheses 

4.12 (9.40, 7.10) 

3.90 (6.06, 9.08) 

3.76 (6.14, 9.00) 

2.19 (8.00, 9.32) 

3.72 (9.23, 7.10) 

3.80 (9.24, 8.60) 

4.14 (9.48, 7.10) 



Cycloadd uct 

a rc nthescs 

5. 10 (6 .16) 

4.37 (6.08) 

5.24 (6.02) 

C4 H coupling 
cons ta nt values 
in a renthcses 

3.55 (7 12. 8.10) 

2.89 (6.08, 6 2&) 

3.34 (6 .80, 6.88) 

Table 6: (1
1 I NMR values 111 8 ppm) Cyc loadducts from nitrone 2 and di fferent 

dipolarophiles in aqueous phase 

Cycloadd ucts Cs II coupling C4 H coupling 
constant values in co nsta nt values 
pa rentheses in parentheses 

0 

Cy-N~ -Ph 

4.90 (6.06) 3.90 (6.06, 6.08) 

Me2N 0 
0 

Cy-N~ -Me 

5.34 (6 .02) 3.60 (6.14 . 6.26) 

Me2 0 

0 

Cy-N~N-Cy 
5.10(6 10) 4.26 (6.00. 6.06) 

Me2N 0 

-
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Cycloadducts C5 H coupling C4 H con piing 
constant valnes in constant values 
parentheses in parentheses 

Cy-/ >J'" 5.10 (6.08) 3.70 (6.12, 6.10) 

-N'\_ 

0 

Cy-/~-\C,H, 
5.20 (6.76) 3.84 (7.65, 6.62) 

Me2N 

,-(? 5.00 (6.08) 3.56 (6.08, 6.28) 

? """ . 
_....N # 

Cy 

NMe2 

Cl 
Cl 

-- --0 Cl 

I _..........N -cl 
Cy 

/N---

Table 7: CH NMR values in o ppm) Cycloadducts from nitrone 3 and different 

dipolarophiles in solvent less condition. 

Cycloadducts C5 H coupling C4 H coupling 
constant values in constant values in 
parentheses par en theses 

0 
5.26 (8.20) 3.38 (6.16, 6.32) 

0 
I 

Ph-N N-Et 

' 
Me2N 0 
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Cycloadducts Cs H coupling C4 H coupling 
constant values in constant values in 
parentheses parentheses 

0 

11>-NXN -c.H, -o"' 
5.40 (8.24) 3.54 (9.24, 6.08) 

M~N 0 

,ij 4.88 (6.76) 3.52 (8.30, 8.0) 

l : 
Ph_... 

NMez 

0 

0 
4.80 (8.2) 3.24 (8.40, 7.08) 

I 
Ph-N OC2Hs 

Me2N 

~ 
4.86 (7.14) 3.38 (8.80, 7.40) 

Ph-N CH3 

Me2N 

Nitrone 1, 2 & 3 exists exclusively in Z configuration and syn cycloadducts are 

formed from Z nitrone through exo transition state geometry. The relative 

configurations of C3, C4, Cs protons ofthe cycloadducts are syn, as evidenced by their 

coupling constant (J- 6.06-8.18Hz, for C4-Cs & J- 6.02-7.50 Hz, for C3-C4) 

values25 . It may be concluded from the J values that the dipolarophiles with cis 

configuration about the double bond gave rise to cis adducts and therefore the nitrone 

additions were stereospecifically syn in nature. From the coupling constant values for 

C-5 proton of the nitrone cycloadducts we have calculated the dihedral angles 

between C-5 and C-4 protons from standard graph (Fig 4). 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 and NMC2 group will also be at equatorial position at C-3 (Fig 5). 
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....... 

0~ 

0~ 

Fig. 4 

R 

R = -CHCl(CH2))0H, NMe2 

Fig. 5 

0~ 

From these figures it is-clear that the substituent at the C-3 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 fom1 depending upon the bulkiness 

of the C-5 substituent (Fig 5). This indicates that in each of the_cycloadducts the C-5 
•;":~ .. 

and C-4 pro~ons couple in the same way and comparison with the corresponding 

dihedral angles suggests that the angle"s of the protons are nearly 50°. The normal 

dihedral angle has been found to be 70-60° as found from dihedral angle reported for 
I 

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 by 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 (in case of u-chloro nitrones only), triplet signal for C3 (in case of a-amino 
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nitrones) were obtained due to further coupling from vicinal protons and hence 

confirms in favour of 5-substituted adducts (e,g: ethyl acrylate, methyl vinyl ketone, 

styrene etc). In case of the triple bonded dipolarophiles (acetylene compounds) the 

explanation is quite simpler since C4 protons and C5 protons are absent hence C3 

protons plays an important role. The stereochemistry of these cycloadducts is 

rationalized by considering the proton signals at C3 and CHCl protons while it 

becomes irrelevant in case of a-amino nitrones. 

Three new chiral centers are developed in the newly formed cycloadducts 

(isoxazolidines) at C3, C4, Cs positions. The relative configurations of C3, C4, C5 

protons of the cycloadducts are syn, as evidenced by their coupling constant (J- 6.06 

-8.18Hz, for C4-Cs & J- 6.02- 7.50 Hz, for C3-C4) values25
•
28

• Nitrone cycloadditions 

are believed to be a process with similarity of LUMO and HOMO energies in dipole 

and dipolarophile. As such both HOMO (dipole)- LUMO (dipolarophile) and LUMO 

(dipole) - HOMO dipolarophile) interactions are important in determining reactivity 

and regiochemistif0
•
21

. In these cycloaddition, the C-C & 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·~fford products having syn configuration at c3 & c4 respectivel/9 

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. The hydroxyl and 

dimethylamino groups have shown broad signals around o 5.00-4.00 & 2.75-2.20 

region. All significant peaks in the case of ethyl acrylate cycloadduct was 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 signal. 

s = singlet, d = doublet, dd = double doublet, ddd = doublet of double doublet. dt = 

doublet of triplet, q =quartet, m =multiplet, br =broad. 
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Interpretation of 13C NMR Spectra 

On exhaustive study regarding 13C NMR spectra of reported cycloadducts, we have 

seen 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 o 138-120 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 o 178-180 ppm are obtained while o 168-170 ppm 

are obtained for normal C=O bond absorption. C-5, C-4, C-3 carbons absorb in the 

range of o 85-88, o 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 o 16-28 

ppm. The absorption of methyl carbons ofNMe2 group has been found to be around o 
46.00-37.00. Although 13C NMR spectra cannot confirm the stereochemistry of the 

cycloadducts but plays an important role in identifying the particular functional 

groups of the cycloadducts. 

Interpretation of other spectra 

In addition to 1H NMR and 13C.NMR, IR, MS, HRMS and elemental analysis were 

most important tools for the confirmation of the cycloadducts repo~ed in this 

dissertation. In the IR spectrum broad absorption peak at 3600-3350 cm·1 represents 

the absorption of hydroxyl group while 3100-2950 cm-1 represents the NMe2 group. 

Sharp singlet absorption around 750-780 cm-1 is due to phenyl C-H stretching 

absorption. The carbonyl absorption were 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 ofisoxazoline cycloadducts, which are comparatively stable 

than isoxazolidine cycloadducts, study of mass spectrum reveals that prominent 
I 

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 of PhCO for phenyl methyl propiolate and -COOCH3 for dimethyl 

acetylene dicarboxylate cycloadducts for both u-chloro & a-amino nitrones. Studies 

of HRMS spectra shows almost exact masses in the majority of the compounds and 
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also indicate the purity of the isolated compounds. In some of the cases elemental 

analysis was carried out and the calculated values and the 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 presence of 

significant l'vf + 2 ion peaks. This is due· to the fact that isotopic abundance of ce7 

atoms is 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 (in case of a.

chloro nitrones) for a longer period (nearly one month) and this phenomenon has been 

confirmed on the basis of 1H NMR and reminds us the brilliant work of Sk. Ali and 

his group31
• 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 oxidizing reagent. The side products of the aldehyde & ketone synthesis viz. 

a.-N-methyl/phenyl furan derivatives have been used as dipolarophile in the 

regioselective synthesis of 5-spiro isoxazolidines with an excellent yield3
. 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 

isoxazolidines21 via an exo approach of nitrone (in Z configuration) to the furan 

derivatives (Fig 7 & 8; transition state I & "II ). The relative configurations of H3 & H4 

protons in the spiro adduct are in favour of exo transition state geometry. The H3 & H4 

protons are syn in these cycloadducts and their coupling constants (JH3.H4 = 6 - 8.4 

Hzs) are also indicative of this stereochemical relationship25
. In regioselective spiro 

cycloadducts, the CHCI proton resonates upfield around DH 3.48 ppm. The 3-H and 

CHCl protons are also syn as evidenced from their coupling constant values (JH3.CHCI 

-9.40 Hz)25
• 
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Fig. 7 (TS I spiro cycloadducts) 

Similarly, the novel dipolarophiles (a-N-methyl/phenyl furan derivatives) were 

also employed for the synthesis of novel spiro cycloadducts with a.-amino 

nitrones and 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). 

HYNH2 

/;: 

U
:!"N: 

\ : o-: 
• 0 
• 0 

H 

H 

NHR 

0 

Fig. 8 (TS -II spiro cycloadducts) 
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CHAPTER V 

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 s9me of the eminent scientists in this field viz R. Huisgen 1, A. 

Eschenmoser2, K.N Houk3, W. Oppolzer4
, A. padwa5

, R. Grigg6
, P. Deshong7

, S. Ali8
, 

L. Fisera9
, V. Aggarwal10 etc. 

K.N Hawk and his co-w~rkers3 are responsible for the pioneering investigations of 

regia and stereoselectivity associated with tlie I ,3-dipolar cycloaddition reactions of 

nitrone. The discovery of u-chloro nitrone and its reactions paved a new avenue in the 

nitrone chemistry. The chemistry of u-chloro nitrone and a-amino 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 the vast synthetic potentiality 

of u-chloro nitrones, a large nqmber of natural products and other biologically active 

products have been synthesized via nitrone routes therefore the scope of the nitrone 

chemistry is abundant. One of the objective of our present work is to utilize the vast 

potentiality of u-chloro nitrone in aldehyde synthesis11 for the first time and ketone 

synthesis (accepted manuscript is enclosed in the annexure) for the first time. 

In our present dissertation, we have focused mainly on the synthesis and 

cycloaddition reactions of N-phenyl-u-chloro nitrone12, N-phenyl and N-cyclohexyl

u-arnino nitrones13 respectively. N-phenyl-u-chloro nitrone12 has been synthesized 

from chlorohydrin and its tautomer (prepared from dihydropyran with hypochlorous 

acid treatment). All the nitrones are moderately stable and isolable but decomposes 
I 

when kept at room temperature for a longer period and hence in-situ cycloaddition 

reactions were preferred rather than 1:1 nitrone-dipolarophile cycloaddition reactions. 

The nitrones discussed in this dissertation are very interesting from synthetic point of 

v1ew as 
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i) This is quite a new approach for the synthesis of a-chloro and a-amino nitrones 

from chlorohydrine and DMF-diacetal. 

ii) The nitrones are having tremendous synthetic potentiality. 

Cycloaddition reactions of a-chloro nitrone were performed in water and it has been 

found that the reaction rate as well as yield of the cycloadducts are considerably 

higher in case of aqueous phase cycloaddition reactions compared to conventional 

solvents14
• Moreover, regioselectivity and stereoselectivity has also been observed in 

these reactions15
•. All the reactions do occur at room temperature with 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 - I 0 hour. These reaction conditions showed poor yield and the ·rate of the reactions 

were also slower and hence not followed. The cycloaddition reactions of N-phenyl-a

chloro nitrone with methyl vinyl ketone, ethyl acrylate results 5-substituted adducts 

over 4-substituted one and this has been established from 1 H 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 (in case of 

u-chloro nitrone only) when these cycloadduct was kept at room temperature for 

longer period (nearly one month) i.e. cycloreversion occurs and is identical with Ali's 

report8
• 

0 
RT \ 

N-Ph 

C2H500C 

CHCI(CH2)PH 

Fig. I 

Excellent diastereofacial selectivity has been observed in nitrone additions to 

dipolarophiles when water, is used as a solvent. In case of maleimides and 

cyclohexenes mixture of diastereoisomers in the ratio of 2: I are reported with 

asymmetric induction at C-3, C-4, C-5 position in a single step reaction. Study of 

organic reactions in aqueous media show that there is a more possibility of the 

formation o( mixture of diastereoisomer when water is used on solvent rather than 

conventional solvents 14
• 
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The most important application of a-chloro nitrones and a-amino nitrones are as 

oxidizing reagents in the aldehyde and ketone synthesis11
•
16

'
18

• In addition to the 

existing methods available for the synthesis of aldehydes from alkyl halides, we 

would like to incorporate an efficient one pot synthesis of aldehydes from alkyl 

halides using for the first time a-chloro and a-amino nitrones (Scheme 1) as oxidizing 

reagent with an excellent yield. In addition, the side products viz, furan derivatives 

(obtained during aldehyde synthesis in case of a-chloro nitrones only) have been 

successfully used as dipolarophile in 1 ,3-dipolar cycloaddition reaction with a variety 

of nitrones for the production of spiro cycloadducts (Scheme 2) with high yields 

(almost 75- 85%)18b_ In case of simple nitrones and amino nitrones, the side product 

(imines) obtained during aldehyde synthesis results starting material amide and 

amines upon simple hydrolysis. The duly obtained amides can be successfully reused 

for the synthesis of amino nitrones while the amines can be used for further general 

reaction purposes. 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 aldehydes are 

moderate while side products cannot be used as dipolarophile because of the absence 

of C=C bonds. 

~CI 

~--- ~+/R 
OH N 

6 
R=Cy; Ph 

CC
CI 

~+_...R 
OH N 

I 
0 

R 1-CH2-X 

R 1CHO + O=<H 

0 NHR 

R1 = Me; Et; Pr; Ph 

H, 
1'4-C -x 

X= C I; Br; I 

+ 

R4 CHO 

O=<H 
0 NHR 

R' 

I 
N 

+ II 
c 

R2 / "R3 

R' =Ph Cy· R2 =NMe · R3 = Hand R1 = Ph Cy· R2 =NH · R3 = H ' ' 2, ' ' 2, 

Reagents and conditions: i) Dry ether, r.t, N2 atmosphere, 6- 8 hr 

Scheme 1 
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H 

R1~+--R 
N 

i) 

I 
Q 

R = Cy;Ph 
R 1 = CHCI(CH2) 30H; Ph; NH2; NMe2 

Scheme2 

1\····p....._lfi/R 
<......._if._,~""R' 

H NHR H 

Almost all the isoxazolidine and isoxazoline derivatives are having significant 

antibacterial activities (cycloadducts derived from a-chloro nitrone in aqueous phase 

& cycloadducts derived from a-amino nitrone in solvent less condition) 15
. All the 

synthesized cycloadducts (isoxazolidine & isoxazoline derivatives) were subjected to 

in-vitro 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. Subtilis) and gram negative (E. Coli, S. 

Flexneri) bacteria, hence it can be concluded that the derivatives used were broad 

spectrum antibiotics19
. b) The MIC value obtained for isoxazolidine derivatives 

ranges from I 0 ~Lg/mL- 50 J.lg/ml are very close to the MIC values of most commonly 

used antibiotics like Penicillin (10 units), Sulphonamide (300 J.lg/mL), Nalidixic Acid 

etc and hence they are equally effective and can be prescribed after testing of LD50
20

. 

c) Moreover, these isoxazolidine derivatives may be recommended along with other 

antibiotics in a very low concentration to get more effective result due to the 

synergism and this may avoid drug resistance. d) Since all the isoxazolidine 

derivatives were soluble in DMSO (percentage varying from 1-4%) we 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 in coming days for aqueous phase 

synthesis of a-chloro nitrones and cycloaddition reactions leading to high regio and 

stereoselective products. All the a-chloro and a-amino nitrones used in this 

dissertation give a new dimension in the oxidizing properties and suggests that not 

only a-chloro and a-amino nitrones but also simpler nitrones or their derivatives can 
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be used as a precursor for the aldehyde synthesis. All the nitrone cycloaddition 

reactions reported here also indicate that the synthesis is asymmetric in nature. The 

dissertation may aiso be an example for a new route of synthesis of a-amino nitrones 

from benzamide following the methodology explained here. 

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 u-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 be used as potential new stable oxidizing reagent for the 

conversion of alkyl halides to aldehydes & ketones. ii) The side products obtained 

during synthesis of aldehyde and ketones using nitrones ( a-chloro nitrones only) can 

be used as efficient dipolarophile in 1 ,3-dipolar cycloaddition reactions leading to 

regioselective spiro cycloadducts with high yields 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 for carbonyl 

group synthesis (aldehyde & ketones) and newly synthesized a-N-methyl I phenyl

furan derivatives can be employed as effective dipolarophiles in nitrone cycloaddition 

reactions like other available conventional dipolarophiles. 
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Annexture - 1 "Corrigendum" 

of the Ph.D thesis entitled 

. "N-cycloltexyl, N-phenyl nitrones and their potentiality . in isoxazolidine and 
isoxazoline syntheses" 

Author: Shri Manjit Singh Chhetri, Research fellow, 

Sikkim Government College, 

Tadolig, Gangtok, Sikkim -737102 

Sl. Page no. and Mistakes pointed by the Referee Corrections as desired by the Referee 

no line no. 

I Page 1: Pro11agyl- Allenyl type Propargyl - Allenyl type 

2 Page 2: 
· first sentence Those in which the di11olar canonical Those in which the dipolar canonical form 
needs to be form has a single bond on the sextet has a single bond on the sextet atom and 
corrected atom other form a double bond 

the other cannonical form has a double 

bond. 

Line 3: Fig + + + + a--b-c a= b-e-
III should be a--b-c a= b-e 

Fig 3 Figlll Fig3 

Line __ 4: If the central atom be a carbon If the central atom is a carbon function 

shouid be is function then internal octet then internal octet stabilization is 

stabilization is prevented by lack of prevented by lack of an available free 
. '· 

an available free electron pair. electron pair. 

' 
"• _ l ,3-di!!oles, I ,3-Dipoles, Line 8,9,14: • 

1,3 dipole 
1,3-dil!ole participates in the [3+2] 1,3-Dipole participates in the [3+2] 

should be cycloaddition reactions which form 5- cycloaddition reactions which form 5-

1,3-Dipole membered ring systems, in an membered ring systems, in an analogous 

1 

... -. 



3 

4 

5 

analogous way to the Diels-Alder way to the Diels-Alder process which 

process which fonns 6 membered fonns 6 membered rings, 

Page 5: 

rings, 

1.3-dipoles vary in stability greatly. 
Some can be isolated and stored, 
others are relatively stable, but are 
usually made the same day as their 
use. 

sp-dipolarophile (linear dipoles like 
the propagyl anion) 

1,3-Dipoles vary in stability greatly. Some 

can be isolated and stored, others are 

relatively stable, but are usually made the 

same day as their use. 

sp-dipole (linear dipoles like the propagyl 
anion) 

sp
dipolarophile 
should be sp
dipole, 
propagyl sp-dipolarophile (linear dipoles like sp-dipolarophile (linear dipoles like the 

should 

propargyl 

be the propagyl anion) propargyl anion) 

Page 8: 
structure of a a-N-diphenyl nitrone 
nitrone as an a-phenyl-a-(p-tolyl)-N-methyl 
example be nitrone. 
given 

Page 9: 
Line I: in a 
in should be 
corrected 

Line 5: N-
phenyl-a-
chi oro 
nitrone (1) 
structure if 
any given 

Similarly the nitrone can react as 1,3-
dipole with alkynes in a in 1 ,3-dipolar 
cycloaddition reactions to fonn 
Isoxazolmes. 

N-phenyl-a-chloro nitrone (1) has a 
chlorine group at P- position of the 
nitrone which has a strong electron 
withdrawing nature and therefore this 
nitrone is electrophilic in nature. In 
general, nitrones are HOMO-LUMO 
controlled 1 ,3-dipoles skewing 
towards LUMO controlled side. 

O"t) NW 
a-N-djphenyl nitrone 0 
a-phenyl-a-(p ~tolyl)-N-methyl nitrone. · -., 

. . I .... 

Similarly the 
dipole with 
cycloaddition 
Isoxazolines. 

nitrone can react as 1 ,3-
alkynes in 1 ,3-dipolar 

reactions to fonn 

N-phenyl-a-chloro nitrone (1) has a 
chlorine group at P- position of the nitrone 
which has a strong electron withdrawing 
nature and therefure this nitrone is 
electrophilic in nature. In general, nitrones 
are HOMO-LUMO controlled I ,3-Dipoles 
skewing towards LUMO controlled side. 

r---r---Cl 

~OH~N- .... 0-

' Ph 

2 



6 

7 

Page 10: 
Fig 14: hy be 

replaced by 

hu 

Page 11: 
Fig 15: 

NaoEt-----

NaOEt 

8 Page 12: 
were-----

was 

9 Page 13: 

!rt /DCN () 
-~ CH3CN,H,O 

0 

-N + Mel ---l·~ 
' EtOH bH 

c··) 
N 

bH 

hv /DCN 

NaOEt 
-N + Mel ----J·~ 

' EtOH bH 

Formation of cyclic N-vinyl nitrones Formation of cyclic N-vinyl nitrones was 

were also reported from o-alkenyl also reported from o-alkenyl oximes by a 

oximes by a concerted 2n + 21t + 2o I, concerted 2n + 21t + 2o 1, 3 - azprotio 
3 - azprotio cyclotransfer reaction" . cyclotransfer reaction" 

I ,3 dipole 1,3-dipole 1,3-Dipole 

10 

should· be 

I ,3-Dipole 

Page 15: 
Hauk et al--- Hauk et a! have treated all common 
---Haul 
etalref 

1,3-Dipoles according to this simple 

model and have shown that the 
prediction satisfactorily explains all 

the experimental results. 

Hauk eta\38 have treated all common 1,3-
Dipoles according to this simple model and 

have shown that the prediction 
satisfactorily explains all the experimental 

results. 

II Page 18: 

12 

Line 3: 1,3 
dipole should 

be I ,3-Dipole 

Page 20: 
Line I 0 is to 

be corrected 

1.3-dipolar cycloaddition reaction can 1,3-Dipolar cycloaddition reaction can 

create up to three asymmetric centers create up to three asymmetric centers (* = 

(* = stereocenter). stereocenter). 

Another important work suggested by 

A. Goti and his co-workers46 in Italy. 

working with C. N-diphenyl nitrone 
anl the dipolarophiles were used are 
butyrolactones. 

Another important work was suggested by 

A. Goti and his co-workers46 in Italy. They 

have reported cycloaddition reactions of C, 
N-diphenyl nitrone with butyrolactones as 
dipolarophiles. 

13 · Page 23: 

Last two Some stereoselective synthesis of P. Merino and his co-workers52 reported 
lines need pyrolidinyl glycines from nitrones stereoselective synthesis of pyrolidinyl 

3 



correction also regort moderate antifungal 

.. activities as r!;Jlorted by P. Merino 

and his co-workers", 

14 Page 28: 

Lines 3,4 The work is actually 

need diastereoselective synthesis of 
correction 

isoxazolidinyle nucleo~ides by means 

of 1 ,3-di!lolar cycloaddition reaction 

of chiral sugar derived nitrone as the 

ke:t ste11. 

15 Page 31: . 
5°C-----5 °C i) Methylene.chloride, N2 atmosphere, 

0-5°C, anhydrous MgS04 
' 

16 Page 32-34: 
. 

Reference 55. Grigg R, J Sexton, Surendrakumar 

Wl'iting style S, J Chern Soc, 1993, 372.; 

should be 67. Chakraborty B, Chhetri M s, 
same Indian J Chern, 47B, 2008, 485. 

17 Page 36: 

Number of S11ectral data of 2-Chloro-5-hydroxy 

compound 11entanal 
p'entanal be 
mentioned 

18 Page 92: 
Line 2: et al-- Eschenmoser et al. have shown the 
---etalrc£. synthetic potentiality of a-chloro 

nitrone in I ,4-dipolar cycloaddition 

reactions with unactivated double 

bonds16 

19 Page 101: 
Fourth line Another important aspect of the 
from bottom: cycloaddition ·reactions are the exo 
are~---.:-is addition over endo addition. . 
third line. In the majority of the cases exo 
from bottom: addition were preferred since a-chloro 

· addition-- nitrone exist exclusively in the z 
additions configuration. 

glycines froni nitrones and have reported 

moderate antifungal activity of the 

products. 

The work is actually diastereoselective 

synthesis· of isoxazolidinyle nucleosides 

using 1,3-dipolar cycloaddition reaction of 

chiral sugar derived nitrones. 

i) Methylene chloride, Nz atmosphere, 

0-5 'C, anhydrous MgS04 

55. Grigg R, Sexton J, Surendrakumar S, J 

Chern Soc, 1993, 372; 

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

Spectral data of 2-Chloro-5-hydroxy 

pentanal (b) 

Eschemnoser etal16 have shown the 
synthetic potentiality of a-chloro nitrone· in 

I ,4-dipolar cycloaddition reactions with 

unactivated double bonds. 

Another important aspect of the 
cycloaddition reactions is the exo addition 

over endo addition . 

In the majority of the cases exo additions 
were preferred since a-chloro nitrone exist 
exclusively in the Z configuration. 

•'. 

~~ s.:.s• 
LJ~""'"'' S1"-><>.u 

4 



ANNEXUIRE-2 

Ind:an Joumal of Chemistry 
Vol. 49B, January 2010, pp. I 02-106 

Note 

. High yield solvent free synthesis of novel 
isoxazolines using novel N-cyclohexyl-a
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Some novel isoxazolines have been synthesized from novel 
N~cyclohexyl~a~amino nitrone using 1,3 dipolar cycloaddition 
reactiori with alkynes in solvent free conditions at room 
tempemture. 

Keywords: N,Cyclohexyl-a-amino nitrone, 1,3 DCR, 
isoxazolirtes, stereoselectivity, solvent free conditions 

In continuation of. the earlier work on isoxazolidine 
synthesis using a-amino nitrones in solvent free 
conditions. (synthesized from formamide and N
phenyll)ydroxylamine)1 2, herein is now reported ·an 

· efficient method '.for the stereoselective synthesis of 
isoxazolincs from N-cyclohexyl-u-amino nitrone 1 
(Scheme· I, ref 3) with an excellent yield under 
solvent free conditions4 (Scheme ll, Table 1). The 
products of such cycloadditions have a ·variety of 
applications, including as potential antimicrobial 
agents. 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" 
agents': Cycloadditioils of alkynes· even with electron 
deficient and unsymmetrical alkynes are often 

-conducted at elevated ·temperature6
• lnthis communi" 

cation is reported the synthesis of isoxazolines at RT 
with high yield. Stereoselective synthesis · of 
isoxazolidines at RT using nitrone 1 has been already 
reported'. This is because of the fact that N-cyclo
hexyl-u-amino nitrone is very reactive due to the 
pres.cnce of a filled up anti bonding molecular orbital 
whicl1 hastens cycloadr\ition to tak~ place et RT 
(Ref. 7). 

In an initial investigation, the reaction of nitrone 1 
with ethyl propiolate was examined at elevated 
temperature having only 28% yield of isoxazoline in 
14 hr while at RT 92% yield of isoxazolines are 
reported in 12 hr which indicates the decomposition 
of 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 
(LUMO), (ref. 7). The concerted nature of these 
cycloaddition reactions with nitrone as I ,3 dipole has 
been generally accepted. The regioselectivity in these 
reactions was rationalized by using the frontier orbital 

· iheory8
• The ethyl propiolate and propiolic acid 

adducts correspond to this .theory. Therefore, the 5-
snbstituted adduct for ethyl propiolate and propiolic 
acid is due to LUMO (nitrone )- HOMO ( dipolaro
phile) interaction'. For the present study, highly elec
tron deficient and unsymmetrical alkynes like 
dimethyl acetylene dicarboxylate, phenyl methyl pro
piolate, propiolic acid and ethyl propiolate respecti
vely have been chosen to study the stereoselectivity in 
these cycloadditions. 

As already reported, nitrone 1 is highly unstable 
and hence for I ,3-dipolar cycloaddition reaction, the 
nitrone was trapped in situ by different alkynes to 
afford isoxazolines with high yield. Dimerization of 
nitr:one could also be controlled under this condition. 
Like most of the nitrones reported from this group'·", 
nitrone 1 also exists exclusively in the Z configuration 
and hence the cycloadducts were formed from z 
nitrone through an exo transition state geometry. 
Excellent diastereofacial selectivity is observed in 
case of reaction of nitrone 1 with ethyl propiolate and 
propiolic acid and results in a mixture of diastereomer 
4a, 4b and Sa, Sb (Scheme II, almost 70:30 ratio). 
These results can be rationalized by an exo approach 
of the nitrone for the major cycloadducts 4a, Sa which 
have the Z configuration (transition state 1)12 The 
minor cycloadducts 4b, Sb may be formed by the 

. imdo approach of Z nitrone (transition state ll) 12
• 

Most relevant are the coupling constants (Jn;, '" for 4 
and 5) of the diastereomer. For 4a and 5a, the 
coupling constants are 9.3 and 9.4 Hz, implying a cis 
relationship between H3 and H., whereas 4b and 5b 



Entry 

2 

3 

4 

NOTES 

0'- lH3 i 
C-N + N 

/ \ /'-..., 
H CH3 HO H 

(i) 

R=Cy 

(i) anhydrous MgS04, RT, 8 hr, N2 atmosphere I 

Scheme I 

R 

I R, 

(i) 

N :;-

).2~ -H 5._____.4. + 

R1 R2 

q{~)t M ''''H 

R1 Rz 

( i) RT, 6-8 hr, N2 atmosphere 

2 : R1 =Ph; R2 = COOCH3 
3 :R1 =R2 =COOCH3 
4:R1 =COOC,H5; R2 =H 
5: R1 =COOH; R2 =H 

R3 =-NMez 
R=Cy 

2,3, 4a-5a 4b-5b 

Scheme II 

Table I - Physicochemical data of synthesized compounds 

H3C\ lH3 
R R 

R1 R2 I R, 

~-N ~ )N'f" I 0 11111/f~ 
H-C~ + 

N 
I 'R R1 R2 g R1 R2 

Nitrone Dipolarophile Time CyC~oad~uctsa 
(hr) (2-5) 

N-cyclohcxyl-a-amino nitrone Phenyl methyl propiolate 6 Pale yellow gummy liquid 
N-cyclohexyl-a-amino nitrone Dimethyl acetylene dicarboxylate 7 Red liquid 

N-cydohexyl-a-amino nitrone Ethyl propiolate 6 White viscous liquid.s 

N-cyclohexyl-a-amino nitrone Propiolic acid 8 Yellow liquids 

a All the reactions were carried out at RT 
blsolated yields after purification 

!03 

Iy Yieldb 
(%) 

0.62 96 
0.58 92 

0.44, 0.50 92 

OJ8, 0.54 89 

have coupling constants of 2.58 and 2.64 Hz 
respectively which implies a trans relationship 
between H3 and H.13

"
15

• Comparing the 1H NMR 

spectrum of 4a-5a and 4b-5b we suggest the major 
and minor conformers of isoxazoline ring systems 13 

for 4a-5a and 4b-5b (Figure 1). In the cycloadducts 2 
and 3, since C-4 and C-5 protons were absent, so the 
coupling constant values could not be calculated. 



r,. 

·-. 

104 INDIAN J. CHEM., SEC B, JANUARY 2010 

R, 

H 

R,e -.=--'c-R3 N-: "' . o: '. 
. jj-R, 
____H 

TS II 

2 Rj =Ph; R2 = COOCH3 3 R, = R2 = COOCH3 
4 R1 = COOC,H5; R2 = H; 5 R1 = COOH; R2 = H 
R3 ~-NMe, 

R~, ~/Cy /"/ 

R, H 

/N'-
H,C CH, 

Conformation I 

2 Ri= Ph; R2 = COOCH3 3 R1 = R2 = COOCH3 
4 Rj = COOC2H5; R2 = H 5 R1 = COOH; R2 = H 

R3.=-NMe2 
Figure 1 

Hence, nothing could be inferred about their 
confotrnational structures. 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 isoxazoline derivatives reported in the 
literature4

'
6

, expected fragmentation peaks have also 
been obtained due to the development of different 
aziridine derivatives. Base peaks are obtained due to 
Joss of PhCO for phenyl methyl propiolate, COOCH3 

for dimethyl· acetylene dicarboxylate, COOH for 
propiolic acid and COOC2H5 for ethyl propiolate 
respectively.· Hence, it is confirmed that during mass 
fragmentation, the adducts undergo rearrangement \C 
aziridine derivatives. The detailed mass fragmentation 
pattern is shown in Scheme Ill. 

Experimental Section 
1H NMR spectra were recorded with a Broker 

A vance DPX 400 spectrometer (400 MHz, FT NMR) 
using TMS as internal standard. 13C NMR spectra 
were recorded on the same instrument at I 00 MHz. 
The coupling constants (J) are given in Hz. IR spectra 
were obtained with a Perkin-Elmer RXI 881 machine 
as film or as KBr pellets for all the products. Mass 
spectra were recorded with a Jeol SX-102 (FAB) 

instrument. The HRMS spectra were recorded on a 
Q--Tof micro instrument (Y A-105). Elemental 
analyses (CHN) were perfomed with a Perkin-Elmer 
2400 series CHN analyzer. TLC were run on Fluka 
precoated silica gel TLC plates. N-cyclohexylhydro
xylarnine was prepared according to the published 
procedures'". All other reagents and solvents were 
used as received from commercial suppliers. 

General procedure for one pot cycloaddition at 
elevated temperature 

Initially, the cycloaddition reaction was performed 
at elevated temperature in case of ethyl propiolate 
following the methodology of cycloaddition reactions 
as already reported6

• A mixture of N-cyclohexyl
hydroxylarnine10 (2.17 rtunoles) and N,N-dimethyl 
formamide (9 mL) was heated in presence of 
anhydrous MgS04 with stirring with a magnetic 
stirrer for 6 hr. The formation of nitrone I was 
monitored by TLC (R1 = 0.38) and ethyl propiolate (I 
equivalent) was added in situ at this stage and heating 
continued with stirring for another 6 hr (monitored by 
TLC). The crude products were isolated by extraction 
with ether and washed with saturated brine. Finally, 
gummy products were obtained by concentration of 
the organic layer under reduced pressure after column 
chromatography using ethyl acetate and hexane. But 
this methodology was abandoned because of poor 
yield (28%) which may be due to decomposition of 
nitrone at elevated temperature. 

General procedure for one pot cycloaddition at 
room temperature 

A mixture of N-cyclohexylhydroxylamine 10 (2.17 
- mmoles) and N,N dimethyl formamide (9 mL) was 

stirred in presence of anhydrous MgS04 with a 
magnetic stirrer at R T for 8 hr. The formation of 

. nitrone I was monitored by TLC (R1= 0.40) and ethyl 
propiolate (I equivalent) was added in situ at this 
stage and stirring continued at R T for another 6 hr 
(monitored by TLC). The crude products were 
isolated by extraction with ether and washed with 
brine water. Finally, the cycloadducts were obtained 
under reduced pressure after column chromatography 
·using ethyl acetate and hexane to furnish white 
viscous liquid products. 4a: 172 mg, 70%; 4b:58 mg, 
22% (Scheme II). This procedure was followed for 
other substrates listed in Table I. 

(S)-methyl 2-cyclohexyl-3-( dimethylamino )-5-
phenyl-2,3-dihydroisoxazole-4-carboxylate, 2: lR 
(CHCJ3): 3155(m), 1750(s), 1665(m),l658(s), 



I 

NOTES 105 

I 

K ---
I 

1--< 

Scheme III 

1430(m), !360(m), 770(s) em·'; 'H NMR (CDC!3) : 5 
7.64-7.53 {m, 5H, c.H, hydrogens), 4.05 (s, IH, 
C3H), 3.63 {s, 3H, - COOCH3), 2.76 {br, 6H, NMe,), 
2.34-2.22 {m, IH, N-CH proton), 1.95 - 1.66 {m, 
IOH, CH2 protons); 13C NMR (CDC!3): o 172.50 
(carbonyl carbon), 137.22, !35.40, 134.36, 132.64 
(aromatic carbons), 88.10 (C5), 73.42 (C3), 57.48 (C4), 

45.00 (-COOCH3), 33.25, 29.55 (N - CH3 carbons), 
26.00, 24.80, 23.44, 21.85, 20.16, 18.73 (CH2 

· carbons); MS: m!z 330 (M'), 286,247,246,225, 194, 
148, 105 (base peak), 83, 77, 31; HRMS-El: Calcd for 
C19H260 3N2 (M) mlz 330.1935. Found: M+ 330.1919. 

(S)-dimethyl-2-cyclohexyl-3-(dimethylamino)-2,3-
dihydroisoxazole~4,5-dicarboxylate, 3: IR (CHC!3): 

3145 (m), 2820 (m),l}45 (s),!700 (m), 1670 (m), 
!420 (s), 1260 (m) em·'; 1H NMR (CDC!,): 5 4.75 
(s, IH, C3H), 3.66 (s, 3H,- COOCH3), 3.60 (s, 3H,
COOCH,), 2.68 (br, 6H, NMe,), 2.40-2.28 (m, !H, 
N-CH proton), 2.05 - 1.64 (m, IOH, CH2 protons); 
13C NMR (CDC!3).: ·· 5 169.00, 167.40 (carbonyl 
carbons), 87.54 (C5), 76.00 (C,). 59.40 (C.), 44.00, 
43.00 (COOCH3), 3 LOO, 29.43 (N - CH3 carbons), 

25.80, 24.33, 23.90, 22.70, 20.64, 18.56 (CH2 

carbons); MS: mlz 312 (M+), 281, 268, 229, 228, 225 
(base peak), 194, 185, 87, 83, 59, 44, 31; HRMS-EI: 
Calcd for C15H2.05N, (M) mlz 312.1677. Found: M+ 
312.1668. 

(S)-cthyl 2-cyclohexyl-3-(dimcthylamino)-2,3-di
hydroisoxazole"5-carboxylatc, 4a: IR (CHCI,): 
3165(m), 2945(s), 1770(m), !680(s), 1656(s), 
1430(m), 1260 (m) em·'; 1H NMR '(CDCI3): 5 4.64 
(d, IH, J = 9.3 Hz, C3H), 4.26 (dd, 2H, J = 6.24, 
6.36 Hz, COOCH2CH3), 3.35 (d, !H, J = 9. 2 Hz, 
C4H), 2.76 (br, 6H, NMe2); 2.46-2.30 (m, IH, N-CH 
proton), 2.04-1.67 (m, IOH), 1.40 (t, 3H, J = 4.36 
Hz, COOCH,CH,); 13C NMR (CDC!,): 5 173.44 
(carbonyl carbon), 86.00 (C5), 78.00 (C3), 55.00 (C.), 
32.00 (COOCH2CH3), 30.00 (COOCH2CH3), 28.84, 
27.35 (N-CH3 carbons), 25.00, 23.00, 22.25, 20.83, 
1 9.00, 18.44 (CH2 carbons); MS: m/z 268 (M•), 224, 
195 (base peak), 185, 184, 141, 83, 73; HRMS-EI: 
Calcd for C14H240 3N2 (M) mlz 268.1779. Found: M+ 
268.1763. 
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(R)-ethyl-2-cyclohexyl-3-(dimethylamino)-2,3-di-
1"' hydroisoxazole-5-carboxylate, 4b: IR (CHC!,): 

3160(m), 2955(s), 1770(m), 1684(s), 1658(s), 
1435(m), 1255(m) em·'; 1H NMR (CDC!,): o 4.58 (d, 
IH, J = 2.53 Hz, C3H), 4.32 (dd, 2H, J = 7.14, 6.16 
Hz, COOCH2CH3), 3.26 (d, IH, J = 2.58 Hz, C4H), 
2.66 (br, 6H, NMe,),. 2.24-2.12 (m, IH, N-CH 
proton), 1.94-1.53 (m, I OH), 1.24(t, 3H, J = 4.08 Hz, 
COOCH2CH3); Be NMR (CDC!,): o 172.00 
(carbonyl carbon), 88.00 (C5), 76.64 (C3), 57.26 (C.), 
33.48 (COOCH2CH3), 31.70 (COOCH2CH3), 29 .00, 
27.85 (N "CH3 carbons), 26.10, 24.00, 23.00, 21.42, 
20.25, 18.36 (6 CH2 carbons); MS: m/z 268 (M'), 224, 
223, 195 (base peak), 185, 184, 141, 83, 73, 45; 
HRMS-EI: Calcd for C1.H240 3N2 (M) mlz 268.1779. 

-,.. Found: M• 268.1756. 
. (S)-2-cyclohexyl-3-( dimethylamino )-2,3-dihydro

isoxazole-5-carboxylic acid, Sa: IR (CHC!,): 
3144(in), 2942(s), 1765(m), 1684(s), 1660(s), 
1440(m), 1310 (m) em·'; 1H NMR (CDC!,): o 10.8 (s, 
IH, - COOH), 4.52 (d, IH, J = 9.46 Hz, C3H), 3.82 
(d, IH, J = 9. 44 Hz, C4H), 2.58 (br, 6H, NMe2), 

2.33-2.24 (m, IH, N-CH proton), 2.12-1.74 (m, 
10H); Be NMR (CDC!,): o 181.30 (carbonyl carbon), 
87.00 (C5), 78.54 (C3), 56.52 (C4), 32.27, 30.72 (N
CH3 carbons), 27.00, 25.30, 24.24, 23.00, 21.00, 
18.00 (CH2 carbons); MS: mlz 240 (Ml, 196, 195 
(base peak), 167, 157, 83, 73, 45; HRMS-EI: Calcd 
for C12H2003N2 (M) mlz 240.1467. Found: M• 
240.1452. 

(R)-2-cyclohexyl-3-(dimethylamino)-2,3-dihydro
isoxazole-5-carboxylic acid, Sb: IR (CHCI3): 

· 3155(m), 2950(s), 1770(m), 1680(s), 1655(s), 
1444(m), 1250(m) em·'; 1H NMR (CDC!,): o 11.4 (s, 
IH, - COOH), 4.63 (d, IH, J = 2.56 Hz, C,H), 3.75 
( d, IH, J = 2. 64 Hz, C.H), 2.53 (br, 6H, NMe2), 

2.40-2.28 (m, IH, N-CH proton), 1.90-1.58 (m, 
. IOH); BC NMR (CDC13): o 180.00 (carbonyl carbon), 

88.43 (C5), 76.00 (C3),.57.00 (C4), 34.00, 32.80 (N -
CH3 carbons), 28.00, 27.40, 25.00, 23.15, 22.20, 
19.00 (6 CH2 carbons); MS: mlz 240 (Ml, 196, 195 
(base peak), 167, 157, 156, 83, 73, 45, 44; HRMS-EI: 
Calcd for C12H200 3N2 (M) m!z 240.1467. Found: M+ 
240.1449. 

Conclusion 
In conclusion, the present procedure provides an 

~ efficient solvent free methodology for the synthesis of 

isoxazoline and their derivatives with stereo
selectivity. The notable advantages offered by this 
method are simple operation, mild and environment 
friendly reaction conditions, much faster reactions and 
high yield of prpducts. Finally, a new methodology 
has been developed for a-aniino nitrone synthesis 
from N,N dimethyl formamide in solvent free 
conditions and literature survey reveals that synthesis 
of isoxazoline derivatives from N,N dimethyl forma
mide derived a-amino nitrone is a new approach 
while reports of a-amino nitrone from formamide are 
known t,J2,t4. 

Acknowledgements 

Financial support from UGC, New Delhi (grant 
no.34-304/2008-SR) is gratefully acknowledged. The 
authors are equally grateful to CDR!, Lucknow, for 
providing spectral data and also Prof. Gregory C. Fu, 
MIT, Cambridge, Massachusetts, for valuable 
suggestions related to the work. 

References 
1 Chalaaborty B, Britto De J P & Ghosh A R, Indian J 

Heterocycl Chem, 6, 1996,77. 
2 Chakraborty B & Chhetri M, Indian J Heterocycl Chem, 17, 

2008,213. 
3 Chakraborty B, Kafley S & Chhetri M S, Indian J Chem, Sec 

B, (in press) 2009. 
4 Nguyen B T, Martel A, Dha1 R & Dujardin G, J Org Chem, 

73, 2008, 262 L 
5 Padwa A & Pearson W H, Synthetic application of /,3-dipo/ar 

Cyc/oaddition Chemistry toward Heterocycles and Natural 
Products (Wiley, New Jersey), 2003. 

6 Shintini R & Fu G C, JAm Chem Soc, 125, 2003, 10778. 
7 Fisera L, Blanarikova I; Jurczak J & Hametnei- C, Arkivoc. 5, 

2001, 51 and references cited therein. 
8 Houk K N, Sims J & Luskus C R, JAm Chem Soc, 95, 1973, 

7302. 
9 Chakraborty B & Chhetri M,lndian J Chem, 47B, 2008,485. 

10 Chakraborty B & GhoSh A R, Indian J Chem, 33B, 1994, 
1113 . 

II Chakraborty B & Ghosh A R, Indian J Heterocycl Chem, 5, 
1995, 99. 

12 ButlerR N, Cunningham W J &·Coyne A G,J Am Chern Soc, 
126, 2004, 11923 and references cited therein . 

. 13 Heaney F, Rooney 0 & Cunningham D, J Chem Soc, Perkin 
Trans, 2, 2001, 373. 

14 Suwinska K, Solecka J & Chmielewski M, Tetrahedron, 58. 
2002, 1199 and referenceS cited therein. 

15 Deshong P, Kennington J W, Li W & Ammon H L, J Org 
Chem, 56, 1991, 1364. 



<.;;::-~ 

·~ 
~~ 

RJC 
http://www.rasayanjoumal.com 

RASAYAN J. Chern. 
Vol.2, No.4 (2009), 946-952 

ISSN: 0974-1496 
CODEN: RJCABP 

INTRODUCING A NEW METHODOLOGY OF ALDEHYDE 
SYNTHESIS FROM ALKYL HALIDE USING a-CHLORO 

NITRONE AS A NEW, STABLE AND POTENTIAL OXIDIZING 
REAGENT 

Bhaskar Chakraborty*, Prawin K. Sharma, Manjit S. Chhetri, Saurav Kafley 
and Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt College, Gangtok, Sikki.ni 737102, Illdia 
E-mail: bhaskargtk@yahoo.com 

ABSTRACT 
Consecutive SN2 reaction of n-cbloro 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. 
Keywords: a-cbloro 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 reaction). In addition to the existing methods available for the synthesis of aldehyde from alkyl 
halides,"' we would like to incorporate an efficient one pot synthesis of aldehyde from alkyl halides using 
for the first time n-chloro nitrones (1) as a new, stable and potential oxidizing reagent with an excellent 
yield (Scheme-l, Table I). In addition, the side product (furan derivatives, 2) obtained during aldehyde 
synthesis has been successfully used as dipolarophile in 1,3-DCR with nitrone (1) for the production of 
spiro cycloadducts (3) with high yields (almost 75 - 85% ; Scheme-2). n-chloro nitrones (1) are more 
reactive than other nitrones due to the electron withdrawing effect of chlorine aud 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 use 
of side products (obtained during aldehyde synthesis) as dipolarophile in cycloaddition reactions are not 
yet known and henc.e can be incorporated as an important application in nitrone chemistry. Synthesis and 
1,3 dipolar cycloaddition reactions of N-phenyl-n-chloro nitrone7

•
8(1, R=Ph) has ·been already reported. 

Following the same methodology, novel N-methyl-n-cbloro nitrone (l,R=Me) has been synthesized as 
white crystalline solid, m.p 52°C (uncorrected) 'aud used for aldehyde synthesis as oxidizing reagent. 

EXPERIMENTAL 
General remarks : 
1H NMR spectra were recorded with a Bruker A vance DPX 400 spectrometer (400 MHz, FT NMR) using 
TMS as internal standard. "c NMR spectra were recorded on the same instrument at I 00 MHz. The 
coupling constants .(J) 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-102 (FAB) 
instrument. The HRMS spectra were recorded on a Q-Tofmicro instrument (YA-105). TLC was carried 
out on Fluka silica gel TLC cards while colunm chromatography was performed with silica gel (E.Merck 
India) 60-200 mesh. All other reagents and so!venrs were purified after receiving from commercial 
suppliers. N-methylhydroxylamine was purchased from Aldrich Chemical Company and was used as 
received. N-phenylhydroxylarnine was prepared following standard methods available in literature and 
has been used in synthes1s:>,iV,i 1• ""-

ALDEHYDE SYNTHESIS FROM ALKYL HALIDE Bhaskar Chakraborty et al. 
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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 MgSO •. The reaction mixture was kept at RT with constant stirring with a 
magoetic stirrer under N2 atmosphere for I 0 hr. The formation of nitrone was monitored by ·TLC (R1 = 
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; Rr= 0.43, m.p: 52°C (uncorrected); IR (KBr): 3595 _ 
3470 (br), 1660(s), 16IO(s), 1415 (m), 1185 (s) em·'; 1H NMR (CDC!,): o 5.84 (d, JH, CH=N), 5.79 
(br,IH, -OH, exchanged in D20), 3.51 (dd, JH,J= 6.16, 6.08 Hz, CHCI), 3.31 (s, 3H, N•- CH3), 1.88 _ 
1.15 (m, 6H, CH2 protons); 13C NMR(CDCI,): 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 C.,H120 2NCI, (M), 165.5710, Found: M•, 165.5698. 
General procedure for synthesis of aldehyde (benzaldehyde) and fnran derivative 2 (entry !;Table 
1) 
To a stirred solution ofni,trone 1 (R=Me; 500mg, 3.0198 mmol) in dry ether (25 ml) was added pyridine 
(I equivalent) and stirred at RT with a magoetic stirrer under N2 atmosphere for 1 hr while the formation 
of transient nitrone la (not isolated) was monitored by TLC (Rr= 0.38). Benzyl chloride (292.1 002mg, 1 
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; Rr= 0.40). 2 gms of solid 
Na2C03 was added at this stage and the reaction mixture was stirred for further I 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-0 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%; R1= 0.43) and furan derivative (2) as pale yellow gummy liquid (88mg, 10%; R1 = 

0.50). This procedure was followed for all the substrates listed io Table I. 
Spectroscopic data for benzaldehyde (entry 1) 
Yield: 712 mg (88%); colourless liquid; Rr = 0.43; IR (KBr): 1695(s), 1320(m), 770(s) em·•. 1H NMR 
(CDCI3): o 9.80 (s, IH, CHO), 7.30-7.16 (m, SH, C.,H5); 

13CNMR (CDCI3): o 198.00 (CHO), 136.20, 
134.55, 132.60, 131.00 (aromatic carbons); FAB- MS (mlz): 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 furan derivative; entry 1) [(E)-1-(dihydrofuran-2-
(JH)-ylidene)-N-methyl methanamine)] 
Yield: 88mg (10%); pale yellow gununy liquid; Rr= 0.50; IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 
1455 (m), 1210 (m) em·'; 1H NMR (CDCI3): o 4.81 (br, IH, N-H), 4.56 (s, !H, C=CH), 3.30 (N-Me), 
2.50- 2.16 (m, 6H); 13C NMR (CDC!,): o 103.00, 101.76 (double bonded carbons), 26.22, 25.30, 23.65 (3 
CH2 carbons); FAB- MS: mlz 113 (M•), 98, 97; HRMS-El: Calcd. for C•H110N (M), 113.1000, Found: 
M•, 112.9876. 
Spectroscopic data for propionaldehyde (entry 2) 
Yield: 592mg (87%); colourless liquid; R1= 0.50; IR (KBr): 2920 (m), 2720 (m), 1720 (s) em·'; 1H NMR 
(CDCI3): o 9.70 (t, IH, J = 6.60 Hz, -CHO), 2.30 (ddd, 2H, J = 6.08, 6Hz, -CH2), 1.00 (t, 3H, J = 6.30 
Hz, CH3); 

13CNMR (CDCI3): o 202.40 (CHO), 44.22 (CH2 carbon), 35.55 (CH3 carbon); FAB- MS: mlz 
58 (M}, 57,29 (B.P); HRMS-El: Calcd. for C3H60 (M), 58.0417, Found: M~. 58.0403. 
Spectroscopic data for 2 (R=Ph; a-N-phenyl furan derivative; entry 4) [(E)-1-(dihydrofuran-2-(3H)-
ylidene)-N-pheny1 methanamine)] ; 
Yield: 90mg (11.5%); dark yellow viscous liquid; R1= 0.46; IR (KBr): 3150-3060 (br), 2860 (m), 1640 
(s), 1430 (m), 1140 (m), 778 (s) em·'; 1H NMR (CDCl3): o 7.83 (m, 5H, C.,H5), 6.24 (br, 1H, N-H), 2.17 
(s, 1H, C=CH), 1.79 - 1.18 (m, 6H); 13C NMR (CDCl3): o 137.20, 135.65, 134.00, 132.15 (aromatic 
carbons), 106.24, 104.18 (double bonded carbons), 28.46, 27.10, 24.84 (3 CH2 carbons). FAB- MS (mlz): 
175 (MJ, 98, 97, 77. HRMS-EI: Ca!cd. for C 11H 130N (M), 175.0993, Found; M', 175.0981. 
Spectroscopic data for n-butyraldehyde (entry 4) 
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Yield: 570mg (86%); colourless liquid; R1= 0.54; IR (KBr): 2945 (m), 2710 (m), 1730 (s) em·'; 1H NMR 
(CDC!,): o 9.30 (t, IH, 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), o:9o. (t, 3H, J = 4.30 Hz, CH,); 13CNMR (CDC!,): o 208.20 (CHO), 47.50 (C2 

carbon), 36.10 (C3 carbon), 20.10 (C• 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; Rt = 0.40; IR (KBr): 1690(s), 1320(m), 1210 (m), 782(s) em·'; 'H 
NMR (CDCI,): li 9.76 (s, 1H, CHO), 7.05- 6.93 (m, 4H, C•H5), 5.80 (s,lH, OH); 13CNMR (CDCI3): 1i 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 C1H60 2 (M), 122.0530, Found: M', 122.0512. 

r>r-V 
l__ ~~- ~+ _,... R 

OH N 

I 
1 

Q 

i) 

~~H +...-R 

\.._+./_ '=N ----0) \ I o 
H -

O=<H. + 

0 ,
2 

NHR 
R 1CHO 

ii) 

1, 2 : R = Me ; Ph 
R 1 = Et;Pr;Ph 
X= Cl Scheme -1 

not.isolated / 

j 
R' ~ 
-~ 

SN2 /C--. X 

HI~ 
. H 

H 

O=Z /R 
0 N 
. I .q /H 

lb o-c-R' 
'\. 

not isolated H 

Reagents and conditions : i) Dry ether~ pyridine, r.t , N 2 atmosphere· 

ii) Dry ether, Na2C03 , r.t, N 2 atmosphere 

+ 

R=Me; Ph 

O=<H 
0 NHR 

r. 
·' 2 

Scheme- 2 

i) 

0 

NHR 

3 

R 1 = CHCI(CH2),0H 

i) Reaction condition : Dry ether, RT, N2 atmosphere, 5 - 8 hr 

General procedure for cycloaddition reaction of nitrone 1 (R =Ph) with furan derivative 2 (R =Ph) 
To 'a stirred solution of N-phenyl-u-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, 1 equivalent) and stirred at RT with a magnetic stirrer 
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under N2 atmosphere for 5 hr. The progress of the reaction was monitored by TLC (R1 ~ 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 /(CH2)3 . ' 

,,,,,,\C~11 OH 
-...-... ~~1c1 

H 

3 (R~Pb) 

(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; IY ~ 0.46; IR (CHCJ,): 3485 - 3290 (br), 2825 (m), 2425 
(m), 1620 (s), 1445 (m), 1260 (m), 1040 (m), 780 (s) em·'. 1H NMR (CDC!,): B 6.98- 6.93 (m, IOH, 2 x 
C~5), 5.84 (d, IH, J ~ 9.20 Hz, C,H), 4.96 (br, 1H, CH20H, exchanged in D20), 3.51 (dd, IH, J ~ 9.34, 
7.88 Hz, C3H), 3.45 (s, IH, N,- H proton), 2.61 (dt, 1H, J~ 9.44, 8.72 Hz, CHCI), 1.88- 1.15 (m, 12H). 
13CNMR (CDC!,): B 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 (C,), 53.30 (C.), 30.20, 28.55, 27.34, 26.22, 25.73, 24.37 (6 CH2 

carbons). MS (m/z): 404 (~+2), 402 ~. 325, 310, 309, 218 (B.P), 107, 91, 77. HRMS-EI: Calcd. for 
c,;H270 3N2Cl (M), 402.7130, Found;~. 402.7122. 

(S)-4-chloro-4-((3S,4S,5R)-2methyl-4-(methylamino)-1,6-dioxa-2-azaspiro[4.4}nonan-3-yl)butan-l-ol 

Spectroscopic data for 3 (R ~Me) 
Yield: 9lmg (83%); red gummy liquid; R1 ~ 0.40; IR (CHCI,): 3460- 3326 (br), 2835 (m), 2420 (m), 
1440 (m), 1325 (m), 980 (m) em·'. 1H NMR (CDCI3): o 4.83 (br, IH, CH20H, exchanged in D20), 4.50 
(br;JH, NHCH3), 3.31 (s, 6H, 2 x N-CH3), 2.99 (d, IH, J~ 9.16 Hz, C4H), 2.50 (dd, IH, J~ 9.06, 7.60 
Hz,.C3H), 2.19 (dt, IH, J,;. 9:16, 8.50 Hz, GHC1),_1.66- 1.60 (m, 12H). 13C NMR (CDC!,): o 93.00 
(CHCI), 87.55 (C5), 76.20 (C3), 55.20 (C4), 41.97 (N-CHj), 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, !56 (B.P), 141, 107. HRMS
EI: Calcd. for C12H230 3N2Cl (M), 278.6710, Found; M+, 278.6698. 
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CC
CI 

:::::,.._+ / R 
OH N 

R 1-CH,-X 

O=<H 
0 NHR 

I 
0-

R=Me; Ph R 1 = Et; Pr; Ph 

Table-! : Aldehyde synthesis using a-chloro nitrones 

Yield Entry ,Nitrone Alkyl halide' Product" Time 
% Hrs 
88 I R-Me Benzvl chloride Benzaldehyde 5 
87 2 R-Me 1-chloro propane PrQJ>ionaldehyde 6 
88 3 R-Ph Benzvl chloride Benzaldehyde 5 
86 4 R-Ph n-butvl chloride n-Butvraldehyde 6 
89 5 R-Me p-hydroxy benzyl chloride o-hvdroxv benzaldehyde 4 
89 6 R-Ph p-hydroxy benzyl chloride p-hvdroxv benzaldehyde 5 

' Reaction condition:a-chloro nitrone (3.0198 nunol),alkyl halide (I equivalent),dry ether,Py,Na2C03,N2 

atmosphere, RT . · 
'All the compounds were characterized by IR, 'H NMR, 13C NMR, MS, HRMS spectral data. 
'Isolated yield after purification. 

RESULTS AND DISCUSSION 
n-chloro nitrones (1) are moderately stable and can be isolated while 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 n-chloro nitrone facilitates intramolecular SN2 reaction in presence of 
pyridine and is actually the driving force for the development of transient nitrone 1a. Nitrone 1a reacts 
very quickly with different alkyl halides (SN2 reaction) and develops an intermediate compound (lb). The 
labile N-0 bond of 1 b undergoes cleavage" 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 ofn-chloro 
nitrone as an oxidizing reagent in aldehyde synthesis and newly developed side product as novel 
dipolarophile in cycloaddition reactions. The isolated side products (2) are equally efficient like other 
conventional dipolarophiles used for clcloaddition reactions and leads to the formation of regioselective 
5-substituted spiro cycloadduct (3)13

•
1 in 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 ( 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 I. 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 l ,3-DCR and thereby 
the reaction as a whole becomes atom efficient. Simple nitrones15(benzaldehyde 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 deyelopment of transient nitrone (la) but after completion of the study and 
spectral analysis of side product (2) the development of transient nitrone la was confirmed. The products 
especialiy aldehydes are known compounds and ~poc!re.! dat" of the synthesized aldehydes 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 (1H: 13C respectively) along with molecular ion peak at 106, base peak at 105 and peaks at 
77, 51 in the MS spectrum give strong evidence in favour of benzaldehyde formation. The oxidation side 
product (2) was obtained as single isomer having E confignration 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 o11 3.50 to 2.50 ppm while for the 4-H 
around o11 5.80 to 3.00·ppm and the coupling constant is J3.•- 9.20 Hz implying a cis relationship between 
H-3 and H-4. The CHCl proton also resonates around o11 2.60 to 2:20 ppm. The 3-H and CHCI protons 
are also syn as evidenced from their coupling constant values (J3,CHa- 9.16 to 9.40 Hz).16 Cycloaddition 
of Z hitrone (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 

. furan d . . (2) 'th th . 1 . 15 17 18 • • th d usrng envattves WI o er srmp e rutrones · · are rn progress usrng e same metho ology. 
A preferential conformation for the spiro regioselective isoxazolidine derivatives (3) may be represented 

in Figure I. Reaction of nitrone 1 with methyl iodide and ethyl bromide was also studied 
for the synthesis of formaldehyde and acetaidehyde respectively but no significant results were obtained 

· because of the volatility offormaldehyde and difficulculties associated with the synthesis of acetaldehyde. 
These are the drawbacks of this methodology. 

0 

Fig 1- General conformation for the cycloadducts 3 

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 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. 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. 

ACKNOWLEDGEMENTS 
Authors are thankful to Dr.M.P Kharel, Principal, Sikkim Govt. College for providing facilities and 
constant encouragement We are pleased to acknowledge the financial support from UGC, New Delhi 
(Grant no:34-304/2008-SR) and also to CDR!, Luckaow for providing spectral data. 

REFERENCES 
I. V. Bertini, F. Lucchesini, M. Pocci, S. Alfei, Teh·ahedron., 61,9519, (2005). 
2. J. Tang, J. Zhu, Z. Shen, Y. Zhm!g, TetrahPdron Letter!, d8, 1919, (2007). 

ALDEHYDE SYNTHESIS FROM ALKYL HALIDE - 951 Bhaskar Chakraborty er al. 



RASAYAN J. Chem. 
Vo1.2, No.4 (2009), 946-952 

3. A.R. Katritzky, M.J. Cook, S.B. Brown, R. Cruz, G.H. Millet, A. Anani, J.Chern.Soc, Perkin/., 
2493, (1979). 

4. G. Cardillo, M. Orena, S. Sandri, J. Chern. Soc. Chern. Cornmun., 190, (1976). 
5. S.V. Liebennan, J. Am. Chern. Soc., 77, 1114, (1954). 
6. W.P. Griffith, J.M. Jollife, S.V. Ley, P.D.Tiffin, K.F. Springborn, Syn. Cornrnun., 22, 237, 

(1992). 
7. B. Chakraborty, S. Kafley, M.S. Cbbetri, Indian J. Chern., 48B, 447, (2009). 
8. B. Chakraborty, S. Kafley, M.S. Chhetri, Indian J. Chern., 2009, (in press, MS no: SCCB-1225) 
9. B. Chakraborty, S. Kafley, M.S. Cbbetri, Indian J. Heterocycl. Chern., 18, 203, (2008). 
10. B. Chakraborty, S. Kafley, M.S. Cbbetri, Indian J. Chern., 2009, (in press; MS no: SCCB-1300) 
II. B. Chakraborty, M.S. Cbbetri, IndianJ. Heterocycl. Chern., 17,213, (2008). 
12. W.R. Hoffinann, G. Eichler, A. Endesfelder, Liebigs Ann. Chern., 2000, (1983). 
13. R. Newton, P.G. Savage, Australian J. Chern., 61, 432, (2008). 
14. K. Aouadik, S. Vidal, P.J. Praly, Synlett., 19, 3299, (2006). 
l5. V.K. Aggarwal, R,.S. Grainger, H.Adams, P.L. Spargo,J.Org.Chern., 63,3481, (1998). 
16. P. Deshong, W. Li, J.W. Kennington, H.L. Annnon, J. Org. Chern., 56, 1364, (1991). 
17. B. Chakraborty, M.S. Cbbetri, Indian J. Heterocyc/. Chern., 18, 201, (2008). 
18. B. Chakraborty, S. Kafley, MS. Cbbetri, Indian J. Chern.,2009, (in press, MS no: SCCB-1206) 

(Received: 30 November 2009 Accepted: II December 2009 

R.JC 
http:// www.rasayanjoumal.com 

Life Membership for Individuals: Rs.8000/- for Indians and USD 1000 for others. 
Life Membership for Institutional: Rs.l 0000/- for Indians and USD 1500 for others. 

BENEFITS OF LIFEMEMBERSHIP: 
I. You will receive the journal and all its special issues regularly life long. 

RJC-493) 

2. You will receive all other future publications (Proceedings, Edited Books, Monographs etc.) 
published by RJC on 50% discount. 

. 3. If you are a LIFE MEMBER, you need not to pay subscription fee every time for publication of 
your paper in RJC. · ·' 

4. You'll be a Reviewer for RJC manuscripts of your Field Interest and we'll publish your name in 
our journal. 

5. You will be exempted from Registration Fee of any National or International future events (i.e. 
workShop, seminars, Cor.ferences etc.) organized by RJC. 

6. You may be elected as Editorial Member of RJC (Note: It'll depend upon your publication and 
sci~ntific achievements). 

7. You'll have a· very personalized gift from RJC with Complements. 
For being a Life Membership, just mail to editor-in-Chiefwith your detailed Resume. 

ALDEHYDE SYNTHESIS FROM ALKYL HALIDE. 952 Bhaskar ChaKraborty er al. 



lnd!an Journal of Heterocyclic Chem1stry 
Vol 19. July-Sept.. 2009, pp. 63-66 

STEREOSELECTIVE SYNTHESIS OF ISOXAZOLINES FROM N-CYCLOHEXYL-a.-
-r/ AMINO NITRONE AND THEIR ANTIBACTERIAL ACTiVITY 

[' 

Bhaskar Chakraborty• and Manjit Singh Chhetri 
Organic Chemistry Laboratory, Sikkim Govt. College, Gangtok, Sikkim-7371 02 

E-mail: bhaskargtk@yahoo.com 

Received 31 March 2009; Accepted 9 Aug. 2009 

Stereoselective isoxazolines were prepared from N-cyclohexyl-a-amino nitrone using 
1 ,3-dipolar cycloaddition reaction with alkynes at room temp. All the synthesized 
compounds showed significant antibacterial activity. 

In continuation of our earlier work on isoxazolidine 

synthesis using a-amino nitrones under solvent free 

conditions (synthesized from formamide and N

phenylhydroxylamine)'·', we now wish to report one pot. 

stereoselective synihesis of novel isoxazolines in high 

yield from N-cyclohexyl-a-amino nitrone (1 }3 at room 

temp and their antibacterial activity (Scheme-1, Table-

1 ). The products of such cycloadditions have a variety 

of applications', such as potential antibacterial agents. 

Cycloadditions of alkynes even with electron 

deficient and unsymmetrical alkynes are often 

conducted at elevated temp. In this communication we 

i) RT, 6-8 hr, N
2 

atmosphere 

2: R,=Ph; R
2
=COOCH3 

3: R,=R2=COOCH3 

4: R,=COOC2H5; R,=H 
5: R,=COOH; R2=H 

have reported synthesis of isoxazolines at room temp 

in high yield in a very short reaction time. 

Antibacterial activity 
··. 

All the synthesized isoxazolines 2-5 were subjected 

to in vitro screening against Vibrio parahaemolyticus. 

Klebsiella pneumoniae, Bacillus subtilis, Proteus 

vulgaris, Staphylococcus aureus, Shigella flexneri, 

Esch.ericia coli, Salmonella typhi, Vibrio cholerae. The 

minimum inhibitory cone (MIC) was determined using 

cup plate assay method'. Nutrient agar was used as a 

culture medium. At first strains of desired bacteria were 

R 
I R3 a;;-H3 

R1 R2 

2,3, 4a-5a 

R3=-NMe2 

SCHEME-1 

+ 

R 
I R3 

0 H3 
. 

R1 Rz 

4b-5b 

R=Cy 



,... 
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Table-1 
Reaction of nitrone 1 with alkynes 

Cycloadducts' Time Status R, Total 
(2-5) (hr) Yield' 

(%) 

2 6 Pale yellow gummy liquid 0.62 96 

3 7 Red liquid 

4 6 White viscous liquid 

5 8 Yellow liquid 

'All the reactions were carried out at RT 
'Isolated yields after purification 

isolated and were suspended in normal saline. From 

each bacterial suspension 0.1 ml was taken with the 

help of pipette and was spread on prepared nutr.ient 

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 isoxazoline (2-5) of cone (1 000 J.lg/ml, 

600, 400, 200, 100, 50, 25, 10 J.lg/ml) were added. The 

plates were incubated at 37° for 24 hr and results were 

recorded. The lowest cone, which showed no visible 

growth, was taken as an end point min inhibitory cone 

(MIC). All the compounds showed MIC 10 ftg/ml except 

4a and 5b. They showed MIC 50 J.lg/ml against Bacillus 

subtilis and Proteus vulgaris. It has been observed that 

the derivatives of isoxazolines 2,3,4b, Sa have 

antibacterial activity against both Gram positive ( S. 

aureus. B. subtilis) and Gram negative (E. coli, S. 

flexnen) strains. The MIC value obtained for isoxazoline 

derivatives ranged from 1 0 ftg/ml- 50ftg/ml are very close 

to the MIC values of most commonly used antibioiics 

like Penicillin (10 units), Sulphonamide (300 ftg/ml), 

Nalidixic Acid (512 pg/ml) etc. and hence they are 

equally effective•. 

Experimental 

'H NMR spectra were recorded on a BrukerAvance 

0.58 92 

4a:0.44 92 
4b: 0.50 

5a: 0.38 89 
5b: 0.54 

DPX 400 spectrometer (400 MHz, FT NMR) using TMS 

as internal standard. "C NMR spectra were recorded 

on the same instrument at 100 MHz. The coupling 

constants (J) are given in Hz. I_R spectra were obtained 

on a Perkin-Elmer RX1 881 machine as film for all the 

products. Mass spectra were recorded on a Jeol SX-

1 02 (FAB) instrument The HRMS spectra were recorded 

on a Q-Tof micro instrum'ent (YA-105). Elemental 

analyses (C,H,N) were performed on a Perkin-Elmer 

2400 series CHN analyzer. TLC was carried out on Fluka 

silica gel TLC cards. 

Cycloaddition at elevated temp. 

A mixture of N-cyclohexylhydroxylamine (8. 7 mmol) 

and N,N-dimethyl formam ide (9 ml, 1 equivalent) was 

heated in presence of anhyd MgSO 
4 

with stirring with a 

magnetic stirrer for 6 hr. The formation of nitrone 1 was 

monitored by TLC (R,=0.38) and ethyl propiolate (1 

equivalent) was added insitu at this stage and heating 

continued wtth stirring for another 6 hr. (monitored by 

TLC, R,=0.37, 0.42). The crude product was isolated 

by extraction with ether and washed with brine water. 

Finally gummy product purified by column 

chromatography using ethyl acetate and hexane. But 

this methodology was not followed because of poor yield_ 

(28%) which may be due to decomposition of nitrone at 
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elevated temp. 

Cycloaddition at room temp. 

A mixture-of N-cyclohexy\hydroxy\amine (8.7 mmol). 

and N,N-dimethyl formam ide (9 ml, 1 equivalent) was 

stirred in presence of anhyd MgSO 4 at RT for 8 hr. The 

formation of nitrone 1 was monitored by TLC (R,=0.40) 

and ethyl propiolate (1 equivalent) was added insitu at 

th1s stage and st1rring continued at RT for another 6 hr. 

The formation of isoxazoline derivatives was monitored 

by TLC (R,=0.44, 0.50). The crude product was isolated 

by extraction with ether and washed with brine water. 

Finally the cycloadduct was obtained under reduced 

pressure after column chromatography using ethyl 

acetate and hexane as viscous liquids. 4a: 172mg, 70%, 

4b: 58mg, 22%. This procedure was followed for other 

products listed 1n Tab\e-1. 

2: IR (CHC\3): 3155, 1750, 1665,1658,1430,1360,770, 

em·' 'H NMR (CDC\3): o 7.64-7.53 (m. 5H. C5 H5 ), 4.05 

(s, 1H, C3H), 3.63 (s, 3H, COOCH3), 2.76 (br, 6H, NMe2 ), 

2.34-2.22 (m, 1H, N-CfH proton), 1.95-1.66 (m, 10H, 

CH
2

, protons); "C NMR (CDC\3): 172.5 (carbonyl 

carbon), 137, 135.4, 134, 132.6 (aromatic carbons), 

88(0
5
), 73(03), 57.4 (C.). 45 (-COOCH3), 33; 29.5 (N

CH3 carbons), 26, 24.8, 23.4, 21.8. 20, 18.7 (CH, 

carbons). MS (FAB) m/z: 330 (M'), 286, 247, 246, 225, 

194, 148, 105 (B.P.), 83, 77, 31. HRMS-EI: [Found: 

M'. 330.1919 C
19

H
25

0
3
N

2 
requires (M), 330.1935]. 

3: IR (CHC\3): 3145, 2820, 1745, 1700, 1670, 1420. 

1260, em·'. 'H NMR (CDC I,): 4.75 (s, 1 H, C3H), 3.66 (s, 

3H, COOCH
3

), 3.60 (s, 3H, -COOCH,), 2.68 (br, 6H, 

NMe,), 2.40-2.28 (m, 1 H, N-CH proton), 2.05-1.64 (m. 

10H, CH
2 

protons). "C NMR (CDC\3): 169, 167.4 

(carbonyl carbons), 87.5 (05), 76(03), 59.4 (C,), 44,43 

(COOCH
3
), 31, 29.4 (N-CH3 carbons), 25.8, 24.3, 23.9, 

22.7, 20.6, 18.5 (OH, carbons). MS (FAB): m/z : 

312(M'), 281,268,229,228,225 (B.P.), 194, 185,83, 

59, 44, 31. HRMS-EI: [Found: M', 312.1668 C
05

H
24

0
5
N

2 

requires (M), 312.1677]. 

4a: IR (CHC\3): 3165, 2945, 1770, 1680, 1656, 1430, 

1260, em·'. 1H, NMR (CDC\3): 4.64 (d, 1 H, J=9.3 Hz, 

C3H), 4.26 (dd, 2H, J=6.24, 6.36 Hz, COOCH
2
CH3), 3.35 

(d, 1H, J=9.2 Hz, C,H), 2.76 (br, 6H, NMe
2
), 2.46-2.30 

(m, 1 H, N-CH proton), 2.04-1.67 (m, 1 OH), 1.40 (t, 3H, 

J=4.36 Hz, COOCH,CH3). "C NMR (CDC\3): 173.4 

(carbonyl carbon), 86(0 5 ), 78(03), 55(0
4
), 32 

(COOCH,CH3 ), 30 (COOCH,CH,), 28.8, 27.3 (N-CH, 

carbons), 25, 23, 22.2, 20.8, 19, 18.4 (CH
2 

carbons). 

MS.(FAB), m/z: 268(M'), 224. 195. (B.P.), 185, 184, 

141. 83, 73. HRMS-EI [Found :'M·. 268.1763 

C,.H
24

0 3N2
(M) 268.1779]. 

4b: IR (CHC\3): 3160, 2955, 1770, 1684, 1658, 1435, 

1255. 'H NMR (CDC\3 ): 4.5.8 (d, 1H, J=2.53 Hz, C3H), 

4.32 (dd, 2H, J=7.14, 6.16 Hz, COOCH
2
CH

3
), 3.26 (d, 

1 H, J=2.58 Hz, C,H), 2.66 (br, 6H, NMe
2
), 2.24,2.12 

(m, 1 H. N-CH proton), 1.94-1.53 (m·, 10H), 1.24 (t, 3H, 

J=4.08 Hz. COOCH
2
CH3). "C NMR (CDC\3): 172 

(carbonyl carbon), 88 (05 ), 76.6 (03), 57.2 (C,), 33.4 

(COOCH,CH3), 31.7 (COOCH,CH3), 29, 27.8 (N-CH, 

carbons), 26.1, 24, 23, 21.4, 20.2, 18.3 (6 CH
2 

carbons). 

MS (FAB) m/z: 268(M'), 224, 223, 195 (B.P.), 185, 

184, 141, 83, 73, 45. HRMS-EI: [Found: M', 268:1756 

C,.H,;o,N, (M) 268.1779]. 

Sa: IR (CHC\
3

): 3144, 2942, 1765, 1684. 1660, 1440, 

1310. 'H NMR (CDC\,): 10.8 (s. :!H. COOH), 4.52 (d. 

1 H. J=9.46 Hz. C,H), 3.82 (d. 1 H, J=9.44 Hz. C,H), 

2.58 (br. 6H. NMe
2
), 2.33-2.24 (m. 1 H. N-CH proton), 

2.12-1.74 (m. 10H) 130 NMR (CDC\
3
): 181.3 (carbonyl 

carbon). 87(05), 78.5(C3), 56.5 (C,), 32.2, 30.7 (N-CH, 

carbons), 27, 25.3, 24.2, 23, 21, 18 (CH
2 
carbons). MS 

(FAB) m/z: 240(M'), 196, 195, (B.P.), 167, 157, 83, 

73, 45. HRMS-EI: [Found (M'), 240.1452 C12H200,N2 

requires (M). 240.1467]. 

Sb: IR (CHC\
3

): 3155, 2950, 1770, 1680, 1655, 1444, 

1250. 'H NMR (CDC\
3

): 11.4 (s,1H, -COOH), 4.63 (d, 

1 H. J=2.56 Hz. C
3
H). 3.75 (d. 1 H. J-2.64 Hz, C,H). 2.53 

(br. 6H, NMe,). 2.40-2.28 (m. 1H. N-CH proton).1.90-

1.58 (m, 1 OH) "C NMR (CDC\3): 180 (carbonyl carbon), 

88.4 (05), 76(03 ), 57(C,), 34, 32.8 (N-CH
3 
carbons), 28, 

27.4, 25, 23.1, 22.2, 19 (6 CH
2 

carbons), MS (FAB) 

m/z: 240(M'), 196, 195(B.P.), 167, 157, 156, 83, 73, 
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~ 45, 44. HRMS-EI [Found: M', 240.1449 C
12

H
20

0 3N2 

requires (M), 240.1467]. 
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-( · Iso;<ai.oli~es have been syrithes~zcd from N-phcnyl-a-chloro 
nitronc using 1,3 dipolar cycloaddition reaction with alkynes and 
the.reactions are (ound t~ ~c. highly stereoselectivc in nature.- The 
products have been charncJcri?cd by analytical and spectral (IR, 
'H NMR, "C_NMR ru~d mass) data. 

Keywords: N-phcnyl-a-chiOro nitrone. 1,3 ~CR. isoxazolincS, 
stcrcosclcctivity 

In continuation of our earlier work on isoxazolidine 
synthesis using U'-Chloro and u amino nitrones in solid 
phase and in hydrated media'·', we now wish to report 
an efficient method for the slcreoselective synthesis of 
isoxazolines from N-phenyl-u-chloro nitrone with an 
excellent yield (Table 1). I ,3' Dipolar cycloadditions 

_ 11re powerful methods for constructing a variety of 
1five-membered heterocycles in a convergent manner 

from relatively · simple · precursors and these 
heterocycles have a variety of applications including 
as antibacterial agenls4

• Cycloadditions of alkynes 
even with electron deficient and unsymmetrical 
alkynes 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-u-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 arc so important 
that cycloadditions lake place at room temperature'. 

~Results and Discussion .. 
In an initial investigation, we examined the 

reaction of niti:one 1 with ethyl propiolate at elevated 
temperature having 34% yield of isoxazoline in !2 hr 
while at room terr!Perature 92% yield of isoxazolines 
arc .reported in 12 hr which indicates the dccomposi-

tiowof thc·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 (LUMO)'. The concerted nature of 
these cycloaddition reactions with nitronc as I ,3 
dipole has been generally accepted. · The region
selectivity in these reactions was rationalized by using 
the frontier orbital theory8

• The ethyl propiolatc 
adduct corresponds to this theory. Therefore, the 5 
substituted adduct for ethyl propiolate is due to· 
f..UMO (nitrone)- HOMO (dipolarophile) interaction. 
For the present study, we have chosen highly electron 
_deficient and unsymmetrical alkynes like dimethyl 
acetylene dicarboxylate; phenyl' methyl· propiolate and 
ethyl propiolate respectively 'to study the stereo
selectivity in these cycloadditions. 

Excellent diastercofacial selectivity is observed in 
nitrone additions described ·here with alkynes. The 
addition ofN-phenyl-a-chloro nitrone 1 (Scheme 1, R 
=Ph) to alkyne results in a mixture of diastereoisomer 
2a-4a and 2b-4b (Scheme II, 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 1)9

. The minor cycloadducts (:2b-4b) are formed 
by UJC endo approach of Z nitrone (transition state 
11)10

• However these results can also be explained by 
an endo approach of the nitrone in an E configuration 
(transition state III) for the major adduct and the cxo 
approach of this isomer for the minor adduct 
(transition state JV) 10

• Most relevant are the coupling 
constants (.liu.cHcJ; Jm, II< 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 CHCl 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 CHCI and also H3 and H4 (for 4h 
only)11

"
14

• Comparing the 1H NMR spectrum of 2a-4a 
and 2h-4b, we suggest the major and minor 
COnformers Of isoxazo(ine ring systems II for 2a-4a 
and 2b-4b (Figure'1). All the cycloadducts are stable 
and detailed study of the mass spectrum (Scheme Ill) 
reveals that prominent molecular ion peak and base 
peaks arc obtained as expected. Like other isoxazoline 
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Table I 

R 

r:::f
l R, 

H.. + . 

R, R, 

R=Ph 

R 

I Ro 

cf~"' MI-l.. 
. R, R, 

Entry Nitronc Dipolarophile Time Cycloadduc(S 

2 

3 

(hr) ( diastereoisomers) 

N-phenyl-a-chloro nitrone Phenyl methyl propiolate 10 Pale yellow guiJlmy liquids 
N-phenyl-a-chloro nitrone 
N-phenyl-a-chloro nitrone 

Dimethyl acetylene dicarboxylate 
Ethyl propiolate 

10 

12 

Red & dark red liquids 

White viscous liquids 

0 --.:H.::..:;~""'c::..:I.,_CC' ---("Y c' __ "c_> ___ (ycl 
o 0 OH l_.OH ~ RNHOH l_o"H ~.:_R 

i) RT, N2 atmosphere, 8 hrs. 

ii) RT, N2 almosphcrc, dry ether, 
anhydrous MgS04, 8 hr. 

HOH2C 

I H 
. (H,CJ, I 

)c---.ct 
H-C~ 
. N--R 

I 
0 e 

i) RT, 10- 12 hr,N2 atmosphere 

2 : R1 =Ph; R2 = COOCH3 
3: R1 =R2 = COOCH3 
4: R1 = COOC,H5; Rz = H 

Scheme I 

R 

I R, 

K
Nii1". 

0 H," 

+ 

R, Rz 

2a -4a 

R3 = -CHCI(CH2))0H 

Scheme U 

L 
0 

R=Ph 

R 

'ff
~· H, .• 

I . H, 
; . 
" . 

R1 . R2 

2b~4b 

R~Ph 

Total 
Yield(%) 

96 
92 
92 

derivatives reported in the literature5
•
7
•
10

, we have also 
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 COOC;H5 for ethy! propiolate 
respectively. tle"nce it is confirmed "that during mass 

fragmentation, the adducts underwent rearrangement 
to aziridine derivatives: The detail mass fragmeniatioll 
pattern is shown in· Scbeme ill. In conclusion, the 
present procedure provides an efficient methodology 

·for the synthesis of isoxazoline and their derivatives 
with high stereoselectivity: The notable ailvani;;ges 
offered by this melhod are simple operation, mild 
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~r-H 
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y-~ 
R, . 

TSill 

/\'crnP:.-a; R, 

a 
· Coofonmtioo I 

H 
\ 

~~c-~. -. • 'le• o: • • • • •• 
y-~ 

R, 
TSII 

TSIV 

Confonmtioo 2 
R1 =Ph; R2 = COOCH3 R, = R2 = COOCH3 

R1 = COOC2H,; R2 = H; R, = -CHCI(CH,),OH 

Figure 1 

reaction conditions (RT), much faster· reactions and 
high yield of products. 

ExP,erimental Section 
H 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 I 00 MHz. The 
co~ing co?stants (J) _arc given in Hz. IR spectr~ were 
ootained w1th a Perkm-Elmer RX l 881 machme as 
film for all the products. Mass spectra were recorded 
with a Jeol SX-102 (FAB) instrument. Elem·ental 
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 procedures1.2. 

· 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

·". N-Phenyl
hydroxylamine1·2 (2.20 mmole) was addeq to 
chlorohydrin (1 equivalent) in dry ether (I 00 mL) 
and anhydrous MgS04 • The reaction mixture was 
kept at RT with constant stirring with a magnetic 
stirrer under N2 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 1). 

Nitrone 1. IR (CHCI3): .3640-3440 (br), 1660(s), 
1600(s), 1360(m), 1310(m), 770(s) em-'; 1H NMR 
(CDC!,): o 7.22 (d, IH, CH=N+), 7.10-6.95 (m, 5H, 
C6Hs). 5.10-5.02 (br,IH, -OH, exchanged in 0 10), 
4.30-4.15 (dd, IH,.!=6.16, 6.08 Hz, CHCI), 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); I·IRMS-El: 
Calcd. for C11H140 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 cyclo
addition reactions as already reported 13

• Nitrone 1 
(2.20 mmoles) and ethyl propiolate (1 equivalent) 
was added in CH2CI2 (20 mL) _under N2 atmosphere 
and the reaction mixture was refluxed for 12 hr. 
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 I 00 mL conical flask, nitrone 1 (2.20 mmoles), 
ethyl propiolate (I equivalent) was added to 50 mL 
dry ether and stilTed at RT with a magnetic stirrer 
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I 

1-< 
Example with H3cooc-c==c-coocH3 adduct 

Scheme Ill 

under N2 atmosphere for 12 hr. The progress of the 
reaction was monitored by TLC (Rr = 0.46, 0.40). 

-1i\.fter completion of the reaction, the solvent was 
evaporated under reduced pressure and the mixture of 
diastereoisomers were purified and separated by 

· column chromatography using ethyl acetate-hexane to 
furnish white viscous liquids. 4a: 73 mg, 70%; 4b: 36 
mg, 22 % (Scheme Il). This pr9cedure was followed 
for other substrates listed in Ta.blc I. 

·(JS)-Mcthyl-3-(l-chloro-4-hydroxybutyl)-2,5-diphc~ 

nyl-2,3-dil•ydroisoxazole-4-carboxylatc, 2a 

IR (CHCI3): 3590-3460(br), 2920(s), 1760(s), 
1665(m), 1430(m), 1360(m), 770(s) em·'; 1H NMR 
(CDCI3): li 7.55-7.38 (m, IOH, Cc;H5 hydrogens), 5.10-
4.95 (br, I H,-OH, ·exchangeable in D20), 4.55-4.40 
(dd, IH, J=9.22, 6.18 Hz, CHCI), 4.05-3.90 (d, IH, 
~.2 Hz, C3H), 3.60 (s, :m,-COOCH3), 1.95-1.72 
(m, 6H, CH2 protons); 13C NMR (CDCI3): li 168 
(carbonyl carbon), U7-126 (6x2 aromatic carbons), 

92 (CHCI), 88 (C5), 73(C3), 58 (C4), 45(-COOCH3), 

36, 34, 33 (3 CH2 carbons); MS: mlz 388 (M), 357, 
329, 311, 283, 280, 203, 105, 77; HRMS-EI: Calcd. 
for C21 H220 4NCI (M), 387.7000, Found: M', 
387.6990. 

(3R)-Mcthyl-3-(1-chloro-4-hydroxybutyl)-2,5-diphc
nyl-2,3-dihydroisoxazole-4-carboxylatc, 2b 

IR (CHCJ,): 3520-3440 (br), 2925(s), 1755(s), 
1675(m), 1440(m), 1345(m), 770(s) cm-1

; 
1H NMR 

(CDCI3): li 7.52-7.35 (m, IOH, C6H5 hydrogens), 5.15-
5.05 (br, IH,-OH, exchangeable in 0 20), 4.54-4.43 
(dd, IH, J=252, 4.18 Hz, CHCI), 4.08-3.92 (d, I H, 
.1=2.54 Hz, C3H), 3.62 (s, 3H,-COOCH3), 1.95-1.50 
(m, 6H, CH2 pmtons); 13C NMR (CDCl3): li 168 
(carbonyl carbon), 138-126 (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-EI: Calcd. 

[ 
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for C21 l-l220,NCI -(M), 387.7000, Found: 
387.6982. 

M' 

--~S)-Dimethyi-3c(J-chlo ro-4-hyd roxy butyl )-2-p he
nyl-2,3-dihydroisoxazole-4,5-dicarboxylate, 3a 

, 

IR (CHCI3): 3545-3480 (br), 2820 (s),l745 
(s),l700 (m),l670 (m),l420 (s),l260 (m),775 (s) em·'· 
I ' H NMR (CDCI3): li 7.75-7.54 (m, 5H, C6Hs protons), 
5.22-5.05'(br, I H, OI-l, exchanged in D20), 4.86-4.75 
(d, 11-1,.1=9.25 Hz, C3H), 4.26-4.10 (dd,J=6, 9.26 Hz, 
CI-ICI), 3.68 '(s,3H,- COOCH3), 3.56 (s,3H,
COOCH3)-phe, 2.20-2.05 (m, 6H, CH2 protons); 
13C NMR (CDCI3):-Ii 169, 168.4 (carbonyl carbons), 
133"126 (6 aromatic carbons), 94 (CHCI), 87.5 (Cs), 
76 (C3). 59.4 (C4), 44, 43 (OCI-h). 36, 34, 30 (3 CH2 

. carbons); MS: mlz 370 (M'); 311,293, 262, 234,204, 
-o"(os, '77, 59, 31; HRMS-EI: Calcd. for C17H200 0NCI, 

• + 
(M), 369.5840, Found; M , 369.5828. 

(3R)-Dimethy!-3-(l-chloro-4-hydroxybutyl)-2-phe
nyl-2,3-dihydroisoxaz.ole-4,5-dicarbo-,.--ylate, 3b 

IR (CI~Ch): 3555_-3485. (br), 2825 (s), 1740 (s), 
1710 (m), 1660 (m), 142'5 (s), 1260(m), 770 (s) cm-1

; 
11! NMR (CDCI3): o 7.70-7.56 (m, 5H, Coils protons), 
5.20-5.08 (br I H, OH, exchanged in D20), 4.88-4.74 
(d, I H, .1=2.58 Hz, C3H), 4.36-4.26 (dd, .1=4, 2.26 Hz, 
CHCI), 3.66 (s,3H,-COOCJ-!,), 3.54 (s,3H,-COOCH3), 

2.12-1.95 (m, 6H, CH2 protons); 13C NMR(CDCI3): 1i 
169, 168 (carbonyl carbons), 134-126 (6 aromatic 
carbons), 95 (CHCI), 88.5 (Cs), 74 (C3). 56 (C4), 44, 
12 (OCH3), 36, 35, 30 (3 CH, carbons); MS: mlz 370 

'1M'), 311, 293, 262, 234, 204, I 08, 77, 59, 31; 
HRMS-EI: Calcd. for C 17H2o06NCI, (M), 369.5840, 
Found; M', 369.5822. 

(3S)-Eth yl-3-(1-chloro-4-h yd <oxyb utyl)-2-ph enyl-
2,3-dibydroisoxazolc-5-carboxylate, 4a 

IR(CHCI3): 3560-3490(br), 2945(s), 1770(m), 
1680(s), 1430(m), 1260(m), 780(s) em·'; 1H NMR 
(CDCI3): li 7.02-6.92 (m, 5H, C6Hs), 5.10-5.02 (br, 
I H, OH, exchanged in D20), 4.80-4.64 (t, IH, .1=9.26 
Hz, C31-1), 4.26-4.12 (dd, 2H, .1=6.24, 6.36 Hz, 
co_ocH,cH;), 3.82-3.50 (dd, LH, .1=6, 9.28 Hz, 
CHCI), 3.35-3.26 (d, IH, .1=7.5 Hz, C4I-I), 3.00-2.62 
(m, 6!-1, CI-12 protons), 1.40-1.24 (t, 31-I, .1=4.36 Hz, 
COOCH2CH3); 

13C NMR(CDC13): li 168.4 (carbonyl 
~~bon), 133-126 (6 aromatic carbons), 93 (CI-!Cl), 86 

(Cs), 78 (C3), 55 (C4), 32, 30 (COOCI-12CH3), 26, 25, 
23 (3 CH2 carbons); MS: mlz 326 (M'), 295, 253, 249, 
219, 108, 77, 73; HRMS-EI: Calcd. for C16H200 4NCI 
(M), 325.5944, Found; M', 325.5932. 

(3 R)-E thyl-3-( 1-ch lo ro-4-h)·d roxy b u tyl)-2-ph enyl-
2,3-dihydroisoxazole-5-carboxylate, 4b 

lR(CHCI3):3550-3480(br), 2955(s), 1760(m), 
1680(s), 1440(m), 1265(m), 770(s) cm-1

; 
1H NMR 

(CDC!,): li 7.04-6.94 (m, 5H, Col-Is), 5.14-5.02 (br, IH, 
01-l, exchapged in D20), 4.83-4.62 (t, LH, .1=2.26 Hz, 
C3H), 4.22-4.10 (dd, 2H, .1=2.24, 4.06 Hz, 
COOCH2CH3), 3.80-3.52 (dd, IH, .1=4, 2.28 1-!z, 
CHCI), 3.38-3.22 (d, I H, .1=4.12 Hz, C4H), 3.10-2.64 
(m, 6H, CH2 -protons), 1.46-1.20 (t, 3H, .1=5.24 Hz 

13 ' 
COOCH,Cl-13); C NMR(CDCI3): li 168 (carbonyl 
carbon), 134-127(6 aromatic carbons), 95 (CI-ICI), 86.5 
(Cs), 76 (C3), 55.5 (C4), 31, 30 (COOCH2CI-!3), 28, 26, 
24 (3 CH2 carbons); MS: m/z 326 (M'), 295, 253, 249, 

.219, 108, 77, 73; HRMS-EI: Calcd. for C16!-1200 4NCI 
(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 are fO\Jnd to be highly 
stereoselective in nature. 

In continuation,., of our earlier work on isoxazolidine 

synthesis, we now report an efficient method for the 

stereoselective synthesis of isoxazolines from N-phenyl 

a-chloro nitrone 1 in excellent yield {Scheme-1 ). 

Excellent diastereofacial selectivity was observed 

in nitrone additions described here with alkynes. The 

addition of N-pheny! a-chloro nitrone 1 {Scheme-1, 

R=Ph) to alkynes results in a mixture of 

diastereoisomers 1 a & 1 b {almost 70: 30 ratio in all 

cases). 

Experimental 

Melting points were determined in open capillary 

tubes and are uncorrected. 'H NMR spectra were 

recorded on 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 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 procedures 12. 

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-chloro nitrone' '- N-phenyl 

hydroxylamine'·' {2.20 mmol) was added to chlorohydrin 

{1 equivalent) in dry ether {1 00 ml) and anhyd MgSO,. 

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,=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 (2.20 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 byTLC {R,= 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%, 1b: 0.38 mg, 20.4% {Scheme-1). 

Spectral data 

Nitrone (1) 

IR (CHCI
3

): 3640-3440, 1660, 1360, 1310,770. 'H 

NMR (CDCI3): 7.22 (s, 1H, CH=N'), 7.10-6.95 {m. 5H, 

C
6
H5), 5.10-5.02 {br, 1H, OH exchanged in 0 20), 4.30-

4.15 (dd, 1 H, J=6.16 Hz, CHCI), 2.20-1.96 (m. 6H. CH, 

protons). 13C NMR {CDCI
3
): 142.6 (CH=N'), 136-126 (6 

signals. 6 aromatic carbons), 54 (CHCI), 43, 40 37' (3 

CH
2 

carbons) HRMS- El: [Found : M', 227.8158 

C,H"Ci02N requires M, 227.8173]. 
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SCHEME-1 

i) RT, 10-12 hr, N
2 

atmosphere 

R,=Ph; R2=COOCH3 

R, =R
2 
=COOCH 3 

R
1
=COOC

2
H

5
; R

2
=H 

+ 

R=Ph 

R
3=CHCI 

I 
(CH

2
),0H 
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Phenyl methyl propiolate cycloadduct 

--!r' Diastereoisomer 1a: liquid, IR (CHCI,): 3590-3460, 

2920, 1760, 1665, 1430, 1360,770. 'H NMR (CDCI,): 

7.55-7.38 (m, 2x5H, C6H5 ), 5.10-4.95 (br, 1 H, OH

exchangeable in 0,0). 4.55-4.40 (dd, 1 H, J=9.22 Hz, 

.CHCI), 4.05-3.90 (d, 1H, J=6.08, 9.2 Hz, C,H), 3.60 (s, 

3H, COOCH,), 1.95-1.72 (m, 6H, CH,protons). "C NMR 

(CDCI,): 168 (carbonyl carbon), 137-126 (6x2 aromatic 

carbons), 92 (CHCI), 88 (C5), 73 (C,), 58 (C,), 45 

(COOCH,), 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

CIO,N requires M, 

~ 387.7000]. 

. Diastereoisomer 1 b: liquid, IR (CHCI,): 3520-3440, 

2925, 1755, 1675, 1440, 1345, 770. 1H NMR (CDCI
3
): 

7.52-7.35 (m, 2x5H, C6H5 ), 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 H. J=4.08-2.54 Hz, C3H), 3.62 

(s, 3H, COOCH
3
), 1.95-1.70 (m, 6H, CH

2 
protons). 13C 

NMR (CDCI,): 168 (carbonyl carbon), 138-126 (6x2 

aromatic carbons), 90 (CHCI), 87 (C5), 76 (C3), 54 (C,), 

45 (-COOCH
3
), 39, 35. 33 (3 CH

2 
carbons). MS :m/z: 

388 (M•), 357, 329, 311, 283, 280, 203, 105, 77. HRMS 

·-t_-EI. [Found: (M•), 387.6982 C21 H22CIO,N requires M, 

' 387.7000]. 

Dimethyl acetylene dicarboxylate cycloadduct 

Diastereoisomer 1a: liquid, IR (CHCI,): 3545-3480, 

2820. 1745, 1700, 1670, 1420, 1260, 774. 'H NMR 

(CDCI,): 7.75-7.54 (m, 5H, C
6
H

5 
protons), 5.22-5.05 

(br, 1H, OH, exchanged in 0 20), 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,), 3.56 (s, 3H, COOCH,), 

2.20-2.05 (m, 6H, CH2 protons). "C NMR (CDCI,): 169, 

168.4 (carbonyl carbons), 133-126 (6 aromatic carbons), 

94 (CHCI), 87.5 (C
5
). 76(C

3
), 59.4 (C,), 44. 43 (OCH3), 

.-+ 36, 34, 30 (3 CH
2 

carbons). MS :m/z: 370 (M•), 311, 

293. 262. 234, 204, 108, 77, 59, 31. HRMS- El. [Found 

: (M·). 329.5828 C,H,,CI0
6
N requires M, 369.5840]. 

Diastereoisomer 1 b: liquid: IR (CHCI): 3555-3485, 

2825, 1740, 1710, 1660, 1425, 1260, 770. 'H NMR 

(CDCI,) :7.70-7.56 (m, 5H, C6H5 protons), 5.20-5.08 (br, 

1H, OH, exchanged in 0 20), 4.88-4.74 (d, 1H, J=2.58, 

4.08 Hz, C,H), 4.36-4.26 (dd, J=4, 2.26 Hz. CHCI), 3.66 

(s, 3H, COOCH
3

), 3.54 (s, 3H, COOCH,). 2.12-1.95 (m, 

6H, CH, protons). "C NMR (CDCI,): 169, 168 (carbonyl 

carbons), 134-126 (6 aromatic carbons), 95 (CHCI). 88.5 

(C5), 74(C3), 56 (C,), 44, 42, (OCH,), 36, 35, 30 (3 CH
2 

carbons). MS :m/z: 370 (M•), 311, 293, 262, 234, 204, 

108, 77, 59, 31. HRMS- E1. [Found: (M•) 369.5822 

C17H20CI06N requires M, 369.5840]. 

Ethyl propiolate cycloadduct 

Diastereoisomer 1a : liquid, IR (CHCI,): 3560-3490, 

2945, 1770, 1680, 1430, 1260,780. 'H NMR (CDCI,): 

7.02-6.92 (m, 5H, C6 H5 ), 5.10-5.02 (br, 1 H, OH, 

exchanged in 0
2
0), 4.80-4.64 (t, 1 H. J=9.26, 6.08 Hz, 

C,H), 4.26-4.12 (d, 1H, J=9.24, 6.06 Hz, C,H), 3.82-

3.50 (dd, 1 H, J=6, 9.28 Hz, CHCI), 3.35-3.16 (dd, 2H, 

COOCH,CH3), 3.08-2.92 (t, 3H, COOCH
2
CH

3
), 1.40-

1.24 (m, 3 CH, protons). 13C NMR (CDC1
3
): 168.4 

(carbonyl carbon), 133-126 (6 aromatic carbons), 93 

(CHCI), 86 (C5), 78 (C3), 55 (C,), 32, 30 (COOCH
2
CH

3
), 

26, 25, 23 (3 CH
2 

carbons). MS :m/z: 326 (M•), 295, 

253, 249, 219, 108, 77, 73. HRMS-EI. [Found : (M•) 

325.5932 C,6H20CIO,N requires M, 325.5944]. 

Diastereoisomer 1 b: liquid, IR (CHCI
3

): 3550-3480, 

2955, 1760, 1680, 1440, 1265,770. 'H NMR (CDCI,): 

7.04-6.94 (m, 5H, C6H5), 5.14-5.02 (br. 1H, OH. 

exchanged in 0 20), 4.83-4.62 (!, 1 H, J=2.26, 4.08 Hz, 

C3H), 4.22-4.10 (d, 1H, J=2.24, 4.06 Hz, C,H), 3.80-

3.52 (dd, 1 H, J=4, 2.28 Hz, CHCI), 3.38-3.22 (dd, 2H, 

COOCH,CH,), 3.10-2.94 (t, 3H, COOCH
2
CH,), 1.46-

1.20 (m, 3 CH, protons). 13C NMR (CDCI,): 168 (carbonyl 

carbon), 134-127 (6 aromatic carbons), 95 (CHCI). 86.5 

(C5), 76 (C3 ), 55.5 (C,), 31, 30 (COOCH
2
CH

3
), 28, 26, 

24 (3 CH, carbons). MS ·mtz: 326 (M•). 295, 253. 249, 

219. 108. 77. 73. HRMS- El. [Found: (M•). 325 5930 
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r C
16

H
20

CI0
4
N requires M, 325.5944]. 
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N-Cyclohexyl-a-N,N-dimethyl amino nitrone has been synthesized from N-N dimethyl 
formam ide & 1 ,3-dipolar cycloaddition reactions of 1 with alkenes have been studied in 
water. 

The 1 ,3-dipol?r cycloaddition reaction between a 
nitrone and an olefinic dipolarophile is an efficient method 
for the synthesis of the isoxazoline ring system'. Further 
more the cycloadducts· have found numerous 
applications in synthesis through reductive cleavage of 
N-0 bond'. More recently,. advances have been made 
in the use of water as solvent to influence the rate and 
yield in various organic synthesis because it is readily 
available, economical and environmentally benign3 . 

In the present study, we have reported excellent 
yield in a much lesser time in aq phase synthesis of 

. isoxazolidines using 1,3 dipolar cycloaddition reaction 
of N-cyclohexyl a-N,N-dimethylamino nitrone 1. (Table-
1 ). The reactions are very clean and high yielding. 
Almost all the reactions of nitrone 1 in water are very 
fast (5 -6 hr) compared to the reaction of N-phenyl a
amino nitrone in organicsolveQtslike THF, CH2CI2 which 
were reported to take longer periods (26-30 hr)'. No 
catalyst or co-organic solvent is required. I twas observed 
that the reactions in common organic solvents such as 
THF or methylene chloride under identical experimental 
conditions were very slow and proceeded only partially 

R 
I 

H, .,.N---..._ 
c (f) 0 
N e 

H
3
c/ 'cH3 . 1 

R=C6H11 

even after 10-15 hr. Hence this is a very simple and 
greener procedure for cycloaddition reaction in the 
isoxazolidine synthesis. The amount of water used in 
the reaction did not have any significant influence on 
the overall rate of the reaction and yield of the products. 
It is possible that water promotes the reaction through 
hydrogen bond formation with the carbonyl oxygen atom 
of the a,p-unsaturated carbonyl compounds 
(maleimides) and thereby increasing the eletrophilic 
character at the Jl-carbon which is attacked by 
nucleophilic oxygen atom of the nitrones Thus. water 
activatives the alkene (maleimides) and thereby greatly 
facilitates the reaction. 

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. IR spectra were obtained on a Perkin
Elmer RX 1-881 machine. MS spectra were recorded 

R 
I . 

H C) H N 

3 N''+· 'o H3C r::=-; R 
R3 1 4 

R R · 1 2 

2a: R
1

, R
2
=-CONPhCO; R3=R,=H 

2b: R,, R2=-CONC,H,CO; R3=R,=H 
2c: R,, R

2
=-CONMeCO; R3=R,=H 

2d: R,=H, R2=C6H5;R3=R,=H 

2a, b, c, d, e, f 

2e: R,, R,=napthalene ring; R3=R,=H 
2f: R,=R,=R,=R,=CI 
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Table-1 
Characterization of compounds prepared 

Nitrone Dipolarophile Yield 
(%) 

Nitrone 1 92 
2a N-phenyl maleiniide 93 
2b N-cyclohexyl maleimide 90 
2c N-methyl maleimide 94 
2d Styrene 82 
2e Acenaphthene 79 
2f Tetrachloroethylene 77 

on a Jeol SX-1 02 (FAB) instrument. Elemental analyses 
(C,H,N) were performed on a Perkin-Eimer2400 series· 
CHN analyzer. TLC was carried out on Fluka silica gel 
TLCcards. 

Preparation of nitrone and cycloadducts 

N-Cyclohexyl hydroxylamine' (8.7 mmol) was 
added to N,N-dimethyl formamide (9 ml, 1 equivalent 
and anhyd MgSO.). The reaction mixture was kept at 
RTwith constant stirring with a magnetic stirrer under 
N

2 
atmosphere for 8 hr' The formation of the nitrone · 

was monitored by TLC having R1=0.32. The nitrone was 
isolated by extraction with ether and washed with brine 
and finally obtained under reduced pressure as pale 
yellow crystalline solid (m.p. 48°). 

In a 50 ml conical flask, nitrone 15 (1 mmol), N
methyl maleimide (1 mmol) and water (1 0 ml) was added 
and stirred at RT with a magnetic stirrer under N

2 

atmosphere for 5 hr. The progress of the reaction was 
monitored on 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 
Na2SO, and concentrated. The product was purified and 
crystallized (rom ethyl acetate-hexane and was obtained 
as white crystals (Scheme-1). This procedure was 
followed for all the products listed in Table-1. 

Spectral data 

2a: IR (CHCI,): 3550,2800, 1760; 1660; 1470, 1320, 
775 em·'. 'H NMR (CDCI

3
): 1i 7.55-7.44 (m, 5H, C

6
H

5
); 

4.90-4.82 (d, 1H, J=6.06 Hz, Hz, C5H); 4.46-4.35 (d, 
1'H, J=6.08 Hz, C

3
H), 3.90 -3.76 (I, 1 H, J=6.06, 6.08 

Hz, C,H); 3.22-3.10 (m, 1H, N-CH), 2.90-2.78 (br, 6H, 
N-Me), 2.20-1.82 {m, 1 OH, cyclohexyl). 13C NMR 
(CDCI,): 168, 166 (carbonyl carbons); 136-126.5 (6 
signals, 6 aromati" carbons), 87.5 (C5 ), 76 (C,), 59.4 
(C,), 37, 36 (2 methyl carbons), 30-22 (6 signals, 6 

R, M.P. Time 
('C) (hr) 

0.32 48 8 
0.42 114 6 
0.40 106 5 
0.39 83 5 
0.33 74 14 
0.40 122 14 
0.34 16 

cyclohexyl carbons). MS: (m/z): 343 (M•), 328, 313, 
299,266,260,190,183,153,111,83, 77,51,44,30. 
HRMS- EI.C,9H250

3
N, (M), 343.4270, M• 343.4261. 

2b: IR (CHCI3): 3150,2920, 1770, 1680, 1440, 1260, 
1130. 1H NMR (CDCI

3
): 5.10-5.02 (d, 1H, J=6.10 Hz, 

C5H), 4.80-4.64 (d, 1 H. J=6.08 Hz, C
3
H), 4.26-4.12 (t, 

1H, J=6,6.06 Hzs, C4H), 3.82-3.20 (m, 2x1H, N-CH), 
2.84-2.73 (br, 6H, N-CH 3 ), 2.20-1.05 (m, 20H, 
cyclohexyl). "C NMR (CDCI3 ), 168.4, 166.3 (carbonyl), 
86 (C5), 78 (C3), 55 (C,), 39, 38 (2 methyl), 33~18 (12 
signals, cyclohexyl). MS (m/z): 349 (M•), 319, 305, 
266,251,196, 183, 153, 111,83, 44, 30. HRMS- EL 
C19H31 0 3N3 (M), 349.4750, M•, 349.4745. 
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The addition of N-phenyl u-chloro nitrone to alkenes (maleimides) has been carried 
out in w;3ter 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 
cycloaddition reaction of N-phenyl u-chloro nitrone (1) 
with alkenes in water along with organic solvents. A, 
comparison of isoxazolidine synthesis. in traditional 
method with those in water is reported in Table-1. The. 
amount of water used 111 the reaction did not have any. 
significant influence on the overall rate of the reaction 
and yield of the products. N-pt1enyl u-chloro nitrone (1) 
is a white crystalline solicl, m.p. 58° (uncorrected) and 
is stable. Tt;e structure of the nitro.ne 1 and all the 
cycloadduc!s are confirmed by 'H. 13C NMR, IR, Mass 
HRMS spectral data. Without water, the neat reactions 
at room temp are very inconsistent. It is possible that 
water promotes the reaction through hydrogen bond 
formation with the carbonyl oxygen atom of the u, P
unsaturated carbonyl compounds (maleimides) and 
thereby increasing the electrophilic character at the P
carbo~ wh1ch is attacked by nuCleophilic oxygen atom · 
of the ni:rone. Tt1us water activates the alkene and 
thereby greatly facilitates the reactiOn .. 

Experimental 

Hand drawn silica ge1 (E. Merck) plates of 0.5-0. 7 
mm thickness were used for TLC. Silica gel (Qualigen) 
60-200 mesl1 was used for column chromatography. 
Me!ting points are dete~mined in open capillary tubes 

0 

J/... / . 
11 N-R 
'0_-{ 

0 

~.CHEME-l 

and are uncorrected. IR spectra were recorded as film 
or in solution on a Perkin-Elmer (RX 1) 881 machine. 
'H ~MR spectra and 13C NMR spectra were recorded 
on a Bruker Avance 400 (400 MHz, FT NMR) 
·spectrometer. MS spectra were recorded on a Jeol SX-
102 (FAB) spectrophotometer. Chemical analysis were 
carried out on Carlo-Erba EA 1108 elemental analyzer. 

Preparation of nitrone 1 and cycloadducts 2 

N-Phenyl a-chtoro nitrone was preparea iottov1ing 
the same methodology as already reported for N
cyclohexyl a-chloro nitrone' where the formation •Jf 
chforohydrin from dihydropyran has been alsq 
described. N-Phenyl hydroxylamine (2.2G mrv.!), 
chlorohydrin (1 equivalent) and dry ether (1 00 ml) ·:· ,-,s 
taken in a250 mlconical flask along with anhyd MgSO, 
The reaction mixture was kept at room temp with 
constant stirring with a magnetic stirrer under '1. 
atmosphere for 12 hr. The formation of the rutron" wa~ 
monitored. by TLC having R,=0.32 (s!l1ca pe.l ethyl 
acetate: benzene=1: 1 0). The mtrone was ISola teo ur.d,;r 
reduced pressure as white crystalline solid i:T •. p. 58". 
93%). 

In a 50 ml conical flask, nitrone 1 (1 mmoll, N
phenyl maleimide (1 mmol) and water (10 ml) was addr;d 
and stirred at RT with a magnetic stirrer under N

2 
atmosphere. The progress of the reaction was monitored 

I 
I 
I 
I 

I 
I 
I 
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Tab\e-1 
Characterization of isoxazolidines (2) prepared 

Dipolarophile Solvent Time(hr) Yield M.P. 

N-Phenyl maleimide Water 4 

N-Cyclohexyl male imide Water 5 

N-Methyl maleimide 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, and concentrated. The product was purified and 

crystallized from ethyl acetate-hexane and was obtained 
as ye\low crystals. Same procedure was followed for 
other maleimides (Scheme-1 ). 

For the traditional cyc\oaddition reaction, nitrone 1 
(1 mmol). N-phenyl maleimide (1 mmol), 10 ml THF 
were taken in a 50 ml conical flasK and stirred at RT 
with a magnetic stirrer under N, 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°)-methano\ as eluent (Scheme-
1). Same procedure was fo\lowed for other maleimides. 

Spectral data 

Nitrone 1 

\R (CHCI
3

): 3640-3440, 1660, 1600, 1360, 1310,770 
em·'. 'H NMR (CDCi,): 8 7.22 (s, 1 H, CH=N'); 7.10-
6.95 (m, 5H, C

6
H

5
); 5.10-5.02 (br, 1 H, OH exchanged in 

D
2
0), 4.30-4.15 (dd, 1 H, J=6.1p Hz, CHCI); 2.20-1.96 

(m, oH, CH
2 

protons). 13C NMR (CDCI3) : 8 142.6 
(CH=N'); 136-126 (6 signals, 6 aromatic carbons); 54 
(CHCI); 43, 40, 37 (3 CH

2 
carbons). HRMS-EI · M, 

227.8158 C,H,CI02N requires M', 227.8173%. 

2a: IR (CHCI,): 3550-3480,2800, 1760, 1660, 1470. 
1320,775. ;H NMR (CDC\

3
): 7.55-7.40 (m. 2x5H, C

6
H

5 

protons); 5.05-4.95 (br, 1 H, OH, exchanged in 0
2
0), 

4.90-4.82 (d. 1 H. J=6.06 Hz, C5H). 4.46-4.35 (t, 1 H. 
J=6.08 Hz, C

3
H). 3.90-3.76 (t. 1H, J=6.06. '3.08 Hz. 

C,H). 3.22-3.10 (dd, J=6,6.06 Hz. CHCI), 2.20-2.05 (m. 
6H, CH

2 
protons). 13C NMR (CDC\3): 168. 167 (carbonyl 

carbons); 138-124 (12 aromatic carbons); 87 5 (CJ 76 

(%) ("C) 

94 126 

92 . 106 

93 95 

33,52 122 

37,58 90 

31,54 98 

. (C3), 59.4 (C4), 47 (CHCI), 36, 34, 30 (3 CH
2 
carbons). 

MS (m/z) : 401 (M'), 370, 342, 324, 294, 247, 211. 
190, 154, 108, 77, 59, 31. HRMS-EI: (M) 400.9664 
C21 H21CIO,N2 requires M', 400.9673%. 

2b: IR (CHCI3 ): 3620-3530, 2920, 1770, 1680, 1440. 
1260,780. 'H NMR '(CHC\3): 7.02'6.92 (m, 5H. C

6
H

5
) 

5.10-5.02 (br, 1H, OH, exchanged in D,O): 4.95-4.88 
(d,.1H, J=6.12 Hz, C5H), 4.80-4.64 (t. 1H, J=6.08 He. 
C3H), 4.26-4.12 (t, 1 H, J=6,6.06 Hz, C ,H), 3.82-3 20 

. (dd, 1H. J=6,6.08 Hz, CHCI), 2.75-2.56 (m. 1H, N-CH 
proton), 2.40-2.24 (m, cyclohexyl and CH

2 
protons). "C 

NMR(CDCI,): 168.4, 168(carbonylcarbons); 133-126 
(6 aromatic carbons); 86 (C5), 78 (C,). 55 (C,). 39 
(CHCI), 32-20 (cyclohexyl and CH, carbons). MS (m/ 
z): 407(M'), 348,330,324,299,211, 196.108.83, 77, 
59. HRMS-EI: (M)407.0424 C

21
CIH

27
0,N

2 
requires M· 

407.0430. 
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1 N-Phenyi-N-cyclohexyl-n-chloronitrones have been synthe
:.._sized and a new method of synthesis of aldehyde has been 

discovered involving SN; and SN1 reactions with benzyl chloride. 

Keywords: N-Phenyi-N-cyclohexyl-a-chloronitrone, SN1 reac
tion, aldehyde synthesis 

The sy1tfhesis of N-phenyl-N-cyclohexyl-a-chloro
nitrones1 la,b and their 1 ,3-dipolar cycloaddition 
reaction with different dipolarophiles have been 
already established. Existing reports2

·
7 already 

describe the general method of the synthesis of the 
said nitrones and the cycloaddition reaction to fonn 
isoxazolidines. In the light of Eschenmoser's 
chloronitrone8 and considering the synthetic 
potentiality of N-phenyl-N-cyclohexyl-a-chloro
nitrones1, SN' reaction of the nitrones with benzyl 
chlolide have been studied. SN' reaction of N
cyclohexyl-a-amino nitrone with benzyl chloride and 
isopropyl bromide has been already reported9

• The 
present paper reports a. new method of synthesis for 
aldehydes using N-phei1yl-N-cyclohexyl-a-chloro
nitrones1. This is completely a new approach of 
aldehyde synthesis using nitrone as a reactive 
intermediate. Both the nitrones la,b are synthesized 
from a mixture of chlorohydrin and its tautomer with 
N-phenyi-N-cyclohexyl hydroxylamines respectively 
with constant stirring for 24 hr with magnetic stirrer 
under N2 atmosphere at RT. where ethanol and dry 
ether are used as solvents. Chlorohydrin and its 
tautomer are obtained when 2,3-dihydro-4H-pyran is 
subjected to chlorohydrination with HOCI 10. N
Phenyl-a-chloronitrone is a yellowish white ctystal
line solid, m.p. 44°C, while N-cyclohexyl-a-chloro
nitrone is a white crystalline solid, m.p. 58°C. Both 
the nitrones are highly unstable and hence they are 
used immediately atler their formation for the SN' 
reaction with benzyl chloride (in situ reaction). 

The most remarkable feature of both the nitrones 
la,b is that they undergo SN2 reaction with benzyl 
chloride leading to the fonnation of benzaldehyde, a 
significant reaction in nitrone chemistty which 
proceeds through SN1 reaction initially and forms 
transient nitrones 2a,b. A new mechanistic pathway 
has been suggested for the synthesis of aldehyde 
(Scheme 1). 

The lone pair of electrons of the OH group of the 
nitrones la,b play the most significant role in SN1 

mechanism for the formation of transient nitrones 
2a,h which reacts very quickly with benzyl chloride 
and results in the fonnation of benzaldehyde with a 
vety good yield (72% and 63% respectively) along 
with furan derivative. 

Experimental Section 
Hand drawn silica gel (E. Merck) plates of 0.5-0.7 

mm thickness are used for TLC. Silica gel (LOBA, 
60-200 mesh) is used for column chromatography. 
Melting point is detennined in open capillary tube. IR 
spectra are recorded as film or in solution by Perkin
Elmer 881 machine. 1H and "c NMR spectra are 
recorded by Bruker WM (400 MHz, FT NMR) and 
79.739 MHz spectrometers respectively. Mass spectra 
are recorded by Jeol D-300 (Cl) spectrometers. 
Chemical analysis are carried out on Carlo-Erba EA 
II 08 elemental analyzer. 

Preparation of nitrones la,b and benzaldehyde 

N-Phenylhydroxylamine1 (2.20 mmole) is added to 
a solution of chlorohydrine (I equivalent) in dry 
distilled ethanol (100 mL) and is kept at RT for 24 hr 
with constant stirring with a magnetic stirrer under N2 

atmosphere. The fonnation of nitrone is monitored by 
TLC having RF0.36 (silica gel, ethyl acetate:benzene 
= 1:1 0). Benzyl chloride (I equivalent) is added at 
this stage and the reaction mixture is kept for further 8 
hr. Similarly N-cyclohexyl hydroxyl amine'' (2.17 
mmol) is added to a solution of chlorohydrine (I 
equivalent) in dry ether ( 150 mL) and anhydrous 
MgS04 and is kept at RT for 24 hr with constant 
slitTing with a magnetic stirrer under N2 atmosphere. 
The formation of nitrone is monitored by TLC having 
Rr = 0.28 (silica gel, ethyl acetate:benzene = 1:10). 
Benzyl chloride (1 equivalent) is added at this stage 
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SN
2 

(ii) 

+~ 
o=c 

4 H 3 

~cr __ ~R~N~H~OH~. 
~-.l. (ii) 

OH 0 

(ir0 
~?~~/R 

OH I 
a

la, lb 

1:1, 2a: R=C6H5; (i) Dry ether; (ii) Dry distilled ethanol · 
lb, 2b: R~C6H 11 : (ii) Dry ether 

Scheme I 

and the reaction mixture is kept for further 10 hr. 
During this process both the transient nitrones 2a,b 
react very quickly with benzyl chloride and develop 
an intermediate compound which has a labile N-0 
bond and is easily cleaved 12 into benzaldehyde and 
furan derivatives. Two distinct spots are identified in 
TLC in both the reactions. For nitrone la with benzyl 
chloride reaction, the Rr values are 0.40 and 0.56 
respectively while for nitrone I b with benzyl chloride 
reaction, the Rr values are 0.44 and 0.60 respectively. 
The solvent is evaporated off in both the cases using 
vacuum pump and the products are distinguished b)• 
column chromatography (20 g silica gel column) 
using benzene-pet ether (60°-80°C) as eluent. 
Benzaldehyde is obtained as colourless liquid using 
pet ether: benzene = 60:40 ratio in case of nitrone ·1 a 
and pet ether: benzene = 80:20 ratio for nitrone I b 
while furan derivatives are obtained as yellow gummy 
liquids using benzene as eluent in both the cases .. The 
structure of the nitrones I a,b, benzaldehyde and luran 

derivatives are confinned by 1H and "c NMR, MS 
and IR spectra respectively. 

Considering the spectral data of compound 3 in 
both the cases, the formation of benzaldehyde is 
confi'rrned. The sharp singlet signals at o 9.76, 9.80 

·and o 198.6, 198 in the NMR spectrum agrees well 
with the structure of benzaldehyde. The molecular ion 
peak at I 06 and the base peak at I 05 are also in 
support of benzaldehyde. 

Spectral data 
Nitrone Ia: IR (CHCI3): 3600-3530 (br), 1620 (s), 

780 {s) cm'1; 
1H NMR (CDCI3): o 7.55-7.44 (m. 5H. 

C6H5), 7.10-6.88 (d, IH, CH=W), 5.40-5.30 (br, IH, 
CH 20H, exchanged in D20), 4.66-4.52 (q, I H, 
CHCI), 3.05-2.00 (m, 6H); "C NMR (CDC!3): o 143 
(CH=N+), 132, 130, 128, 126, 125, 122 (6 aromatic 
carbons), 96.5 (CHCI), 45, 41, 37 (3 CH2 carbons). 
Anal. Found: C, 57.30; H. 9.55; N, 6.10. C 11 H14CI02N 
requires C, 57.42; H, 9.62; N, 6.22%. 
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Nitrone lb: IR (CHCI3): 3500-3450 (br), 1680 (s), 
~0 (m), 1155 (m) cm-1

; 
1H NMR (CDC!3): 8 7.05-

5.90 (d, I H, CH=N+), 5.15-5.05 (br, I H, CH20H, 
!xchanged in 0 20), 4.30-4.15 (q, IH, CHCI), 3.70-
3.50 (m, I H, N-CH proton), 2.60-0.5 (m, !6H); 13C 

INMR (CDCI3): 8 142.6 (CH=N+), 95 (CHCI), 63.2 
1(CH20H), 53 (N-CH), 50-10 (7 signals, cyclohexyl 
and other CH2 carbons). Anal. Found: C, 56.50; H, 
8.52; N, 5.92. C 11 H20Cl02N requires C, 56.53; H, 
8.56; N, 5.99%. 

Compound 3 (Obtained from the reaction between 
Ia and benzyl chloride): IR (CHC!3): 1695 (s), 780 (s) 
cm-1

; 
1H NMR (CDC!,): 8 9.76 (s, I H, CHO), 7.50-

7.40 (m, 5H,C6H5); 
13C NMR (CDCI3): 8 198.6 

J(OHO), 137, 135, 134, ~30, 126, 123 (6 aromatic 
carbons); MS: m!z 106 (M ), 105 (B.P), 77, 51, 28. 

Compound 3 (Obtained from the reaction between 
nitrone I band benzyl chloride): IR (CHCI,): 1700 (s), 
780(s) cm'1; 

1H NMR (CDC!,): 8 9.8 (s, IH, CHO), 
7.60-7.44 (m, 5H, C6H5); 

13C NMR (CDC!3): 8 198 
(CHO), 136"120 (6 signals, 6 aromatic carbons); MS: 
m!z 106 (M+), 105 (B.P), 77, 51, 28. 

Compound 4 (Obtained from the reaction between 
nitrone la and benzyl chloride): IR (CHC!,): 3050 
(m), 2960 (s), 1650 (s), 1470 (m), 770 (s) em·'; 1H 
NMR (CDCI3): 8 7.60-7.48 (m, 5H, C6H5 protons), 
4.80 (s, I H, C=CH), 2.10-1.72 (m, 6H); 13C NMR 
(CDCI3): 8 138, !36, 134, 130, 128, 126 (6 aromatic 
carbons), 112, 110 (double bonded carbons), 42, 37, 
~9 (3 CH2 carbons); MS: m!z 175 (M+), 98, 92, 83, 77. 
' Compound 4 (Obtained from the reaction between 
nitrone lb and benzyl chloride): lR (CHCI3): 3060-
3020 (br), 2980 (m), 1650(s), 1486 (m), 1245 (s) em·': 

1H NMR (CDCI3): 8 4.88 (s, IH, C=CH), 3.82-3.70 
(m, 1 H, N-CH proton), 2.86-1.10 (m, 16H); 13C 
NMR (CDCI3): 8 139, 112 (2 signals, double bonded 
carbons), 70-16 (8 signals, cyclohexyl and furan ring 
carbons); MS: mlz 181 (M+), 97. 84, 83. 
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N-Phenyl-cx-dimethyl amino nilrone (1) & N-phenyl-5-hydroxy nitrone (3) have been 
synthesized from N,N-dimethyl formam ide & dihydropyran respectively using N-phenyl 
hydroxylamine and 1 ,3-dipolarcycloaddition reaction of the nitrones have been studied 
with N-substituted maleimides. 

In continuation of our earlier work'·' we now wish to 
report our studies on the synthesis and 1 ,3-dipolar 
cycloaddilion reaction of nitrone (1) and (3) with N
substituted maleimides. Between the two nitrones, N
phenyl-cx-N, N-dimethyl amino nitrone (1) is highly 
unstable and upon· isolation decomposes quickly at 
room temp having melting point 38° (uncorrected). Hence 
for 1 ,3-dipolar cycloaddilion reaction, nitrone (1) was 
trapped insitu by different maleimides to afford 
cycloadducts in satisfactory yields (Scheme-1, 
Table-1). 

On the other hand, N-phenyl-5-hydroxy nitrone (3) 
is a white crystalline solid, comparatively stable having 
melting point 52° (uncorrected). For the cycloaddition 
reaction usually the nitrones are not isolated and are 
trapped insitu by different dipolarophiles to afford 
cycloadducts (Scheme-2). This procedure is followed 
in our study for both nitrone (1) and (3). The most 
important advantage of this procedure is that 
dimerization of nitrones can be controlled and the yield 
of the cycloadducts (isoxazolidines) are also high. The 
concerted nature of this cycloaddilion reaction •. with 
nitrone as 1,3 dipole has been generally accepted". 
Both nitrone (1) and (3) react smoothly with N
substituted maleimides to afford cycloadducts 
(isoxazolidines) in satisfactory yields (Scheme-1 ,2, 
Table-1). The structure of the nitrone (3) and all the 
cycloadducts are confirmed by 1H, 13C NMR, IR, Mass 
spectral data. Like most of the nitrones (as observed 
from review work), nitrone (1) and (3) also exist 
exclusively in Z configuration and syn cycloadducts are 
formed from Z nitrone through exo transition slate 
geometry". another important feature of these 

cycloaddition reactions is the introduction of chirality 
by a single step reaction. Three new chiral centers are 
developed in the newly formed cycloadducts 
(isoxazolidines) at C3, C4, C5 positions. The relative 
configurations of C,, C 4, C5 protons of the cycloadducts 
2a-c and 4a-c are syn, as evidenced by their coupling 
constant (J=6.06-6.18 Hz, for C

4
-C

5 
and J=6.02 -6.18 

Hz, for C3-C4 ) values12• Nitrone cycloadditions are 
believed to be a process with similarity of LUMO and 
HOMO energies in dipole and dipolarophile. As such 
both HOMO (dipole)-LUMO (dipolarophile) and LUMO 
(dipole)- HOMO (dipolarophile) interactions are important 
in determining reactivity and regiochemislry13• In these 
cycloaddition the C-C & 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, & C 

4 
respectively". Expected fragmentation peaks 

are obtained in mass spectra which gives strong 
el(idence in favour of the structure of the isoxazolidines. 
"C NMR spectra also agreed well with the assigned 
structures of nitrone (3) and cycloadducls12• 

Experimental 

Hand drawn silica gel (E. Merck) plates of 0.5-0.7 
mm thickness were used for TLC studies. Silica gel 
(LOBA) 60-200 mesh was used for column 
chromatography. Melting points are determined in open 
capillary tubes and are uncorrected. IR spectra were 

. recorded as film or in solution on a Perkin-Elmer 881 
machine. PMR spectra and 13C NMR spectra were 
recorded on a Bruker WM (400 MHz, FT NMR) and 
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b, R = c.H, . 
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0 

(i) 

SCHEME-1 

(i) Anhy MgSO,, N2 atmosphere, R.T. 24 hr 
(ii) Anhy MgSO,, N2 atomsphere, R.T. 48 hr 

(ii) 

SCHEME-2 
4a, R = C6H5 

b, R = C6H11 

c. R = p-OMe-C.H, 
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79.739 MHz spectrophotometers respectively. MS 
_ spectra were recorded on a Jeol D-300 (CI) 

spectrophotometer. Chemical analysis are carried out 
on Cario-Erba EA 1108 elemental analyzer. 

Preparation of nitrone (1) and cycloadducts 

N-Phenyl hydroxyl amine (0.516g, 4.7mmol) was 
added to dry distilled N,N-dimethyl formamide (9 ml) 
and anhyd MgSO 

4
• The reaction mixtures was kept at 

room temp with constant stirring under N2 atmosphere 
for 24 hr. The reaction was monitored by TLC (Silica 
gel; ethyl acetate: benzene=1: 1 0). N-phenyl maleimide 
was added at this stage (1 equivalent) and the reaction 
mixture was kept at room temp for further 48 hr with 
constant stirring under same environment Crude product 
was isolated by extraction with ether and washed with 
brine water twice. The cycloadduct was purified by 
column chromatography using benzene-pet ether (60-
800) as eluent. Same procedure was followed for N
cyclohexyl & p-OMe-N-phenyl maleimides. 

Spectral characteristics of the cycloadducts 

2a: IR (CHCI
3
): 3100, 1760, 1660, 1420, 1300, 770 

em·•. MS (mlz), 337 (M•), 293,260,216, 183,139,77. 
PMR (CDCI

3
): 8 7.60-7.44 (m, 2x5H, C6H5 protons); 5.20-

5.10 (d, 1 H, J=6.06 Hz, C5H); 4.35-4.26 (d, 1 H, J=6.16, 
c,H); 3.70-3.55 (t, 1 H, J=6.12 Hz, c,H); 2.45-2.30 (br, 
m, 6N-methyl protons). 13C NMR (CDCI3): 168.5, 167.0 
(Carbonyl Carbons), 128.5, 126 (2xC6H5 Carbons), 85 
(C

5
), 74(C3), 56 (C,). 26,25 (2xCH3 carbons). 

2b: IR (CHCI
3
): 2900, 1760, 1680, 1390,760. MS 

(m/z): 343 (M•), 266, 260, 183, 83, 77, 44. PMR (CDCI3): 

7.46-7.30 (m, 5H, C6H5); 5.00-4.86 (d. 1H, J=6.08 Hz, 
C

5
H); 4.50-4.25 (d, 1 H, J=6Hz, C3H); 3.56-3.40 (t, 1 H, 

J=6.08 Hz, C,H); 2.40-2.30 (br, m, 6N-Me protons); 2.00-
0.8 (m, 10H. 5xCH 2); 2.20-2.10 (br, m. 1H, N-CH 
proton). 13C NMR (CDCI,): 168.7, 168. (Carbonyl 
carbons), 129 (C

6
H

5
), 83 (C5); 73 (C3); 58 (C,); 54 (N-CH 

carbon); 50-32 (6 Signals, Cyclohexyl C-atoms); 26, 
24 (2xCH3 carbons). 

2c: IR (CHCI,): 3020, 1760, 1660, 1440, 1320, 765 
em·'. MS (mlz): 367 (M•), 336,323,290,216, 107,77, 
31. PMR (CDCI

3
): 7.20-6.90 (m, 9H, aromatic protons); 

5.28-5.16 (d, 1 H, J=6Hz, C5H); 4.24-4.16 (d, 1H. J=6Hz, 
C

3
H); 3.80 (s, 3H, -OCH3); 3.58-3.42 (t, 1 H, J=6.18 Hz, 

6Hz, C,H); 2.33-2.24 (br, m, N-CH3 protons). "C NMR 
(CDCI

3
): 169, 168 (Carbonyl carbons); 132, 129 (2xC6H5 

carbons); 87 (C5); 73 (C3); 58 (C,); 55 (OCH3); 26, 25 
(2xCH

3 
carbons). 

All the compounds gave satisfactory elemental 
analysis data. 

Preparation of nitrone (3) and cycloadducts 

N-Phenyl hydroxyl amine (2.17mmol) was added 
to a solution of 2, 3,-dihydro-4H-pyran ( 1 equivalent) in 
THF (20 ml) under N2 atm?sphere and the reaction 
mixture was refiuxed for 24 hr. The formation of nitrone 
was monitored by TLC (Silica gel; ethyl acetate: 
benzene=1: 1 0). N-phenyl maleimide was added at this 
stage (1 equivalent) and the reaction mixture was further 
refiuxed for 24 hr. The solvent was evaporated under 
reduced pressure and the cycloadduct was isolated by 
column chromatography using benzene-pet ether 
(60=80°) as eluent. Same procedure was followed for 
N-cyclohexyl and p-OMe-N-phenyl maleimides. 

Spectral characteristics. of the nitrone & 
cycloadducts 

Nitrone (3): IR (CHCI3): 3550; 1920, 1680, 1600, 
1340,780. PMR (CDCI3): 7.60-7.44 (m, 5H, C

6
H5); 3.44-

3.32 (t, 1 H, CH=N'), 3.10-2.94 (t, 2H, CH
2
0H, 

exchangeable with D,O), 2.00-1.20 (br, m, 6H). "C NMR 
(CDCI

3
): 141 (-CH=N•), 128, 127, 125, 125.5, 124, 124.6 

{C6H5 carbons); 39 (CH,OH carbon); 32, 30, 27 (3 
signals for CH

2 
carbons). 

4a: IR (CHCI3), 3550,2920, 1760, 1660, 1400,760. 
MS (mlz), 366(M'), 293, 289, 216, 212, 154, 77, 73, 
31. PMR (CDCI

3
): 7.60-7.45 {m, 2x5H, C

6
H

5 
protons), 

5.15-5.05 (d, 1H, J=6.06 Hz, C5H), 4.45-4.32 {t, 1H, 
J=6.06 Hz, 6.16Hz, C ,H), 3.58-2.35 {dd, 1 H, J=6 Hz, 
C3H); 2.45-2.32 (t, 2H, CH,OH. exchangeable with D,O); 
2.20-1.90 (br, m, 6H). "C NMR (CDCI

3
): 168.6, 168 

(Carbonyl carbons), 134-123 (2xC6H5 carbons), 86 (C
5
), 

76{C3), 56 {C4), 36 (CH2-0H carbon), 28, 26,25 (3xCH2 

carbons). 

4b: IR (CHCI3): 3600-3540, 2900, 1760, 1680, 1660, 
1440,770. MS (mlz), 372(M•), 341,299,295,289,212, 
160,83, 77, 31. PMR (CDCI

3
): 7.52-7.46 (m, 5H, C

6
H

5
); 

5.05-4.86 (d, 1 H, J=6.08 Hz, C
5
H), 4.90-4.78 {dd, 1 H, 

J=6 Hz, 6.16Hz, C3H), 3.80-3.66 (t, 1H, J=6Hz, 6.08 
Hz, C,H); 2.62-2.52 (t, 2H, CH

2
0H exchangeable with 

0,0). 2.46-2.32 (br, m, 1H, N-CH); 1.96-1.20 (br, m, 
16H, 8xCH2 protons). "C NMR (CDCI

3
): 167, 166 

(Carbonyl carbons), 129-124 (6 signals, C
6
H

5 
carbons), 

84 {C5), 73 (C,), 59 (C,), 55 (N-CH carbon), 38 (CH
2
-0H 

carbon), 32-20 (8 signals, cyclohexyl & CH
2 

carbon). 

4c: IR(CHCI3): 3550-3450,2880,1740,1660,1600, 
1440,770. MS (mlz): 396(M'), 365, 323, 319,289, 212, 
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Table-1 

Nitrone Dipolarophile Time 
(hr.) 

Nitrone (3) 24 
Nitrone (3) N-phenyl maleimide 24 
Nitrone (3) N-cyclohexyl maleimide 24 
Nitrone (3) p-methoxy-N-phenyl 24 

maleimide 
Nitrone (1) N-phenyl maleimide 48 
Nitrone (1) N-cyclohexyl maleimide 48 
Nitrone (1) p-methoxy-N-phenyl 48 

maleimide 

107,77, 31. PMR (CDCI,): 7.20-6.90 (m, 9H, aromatic 
protons), 5.35-5.20 (d, 1 H, J=6.06 Hz, C5H); 4.40-4.22 
(dd, 1 H, J=6Hz, 6.16 Hz, C

3
H), 3.90-3.77 (t, 1H, J=6.06 

Hz, C
4
H), 3.70 (s, 3H, -OCH3), 2.80-2.66 (t, 2H, CH,QH, 

exchangeable with 0
2
0), 2.30-1.96 (br, m, 6H, protons). 

13C NMR (CDCI3): 168, 167 (carbonyl carbons), 133-
124 (2x C

6
H

5 
carbons), 86 (C

5
), 73 (C3), 58(C4), 55 

(OCH
3
), 36 (CH

2
-0H), 29, 27, 24 (3x CH2 carbons). 

All the compounds gave satisfactory elemental 
analysis data. 

Acknowledgment 

The authors are highly grateful to Prof. Paul 
Margaretha, University of Humburg, Germany for 
valuable suggestions related to research work. Thanks 
are also due to liT Bombay, CDR I, Lucknow for spectral 
data. Financial Support form UGC, Salt Lake sector, 
Calcutta is gratefully acknowledged. 

References 

1. B. ChakrabortyandAR. Ghosh, lndianJ. Chern., 
338 (1994), 1113. 

2. B. Chakraborty and A. R. Ghosh, Indian J. 
Heterocyclic Chern., 5 (1995), 99. 

3. B. Chakraborty and A.R. Ghosh, Indian J. 

Yield M.P. 
(%) (OC) 

72 0.30 52 
66 0.38 70 
54 0.42 59 
79 0.46 88 

72 0.40 122 
·54 0.33 108 
62 0.36 92 

Heterocyclic Chern., 6 (1996), 75. 

4. B. Chakraborty, Indian J. Heterocyclic Chern., 6 
(1996), 77. 

5. B. Chakraborty, Indian J. Heterocyclic Chern., 5 
(1996), 317. 

6. B. Chakraborty, Indian J. Heterocyclic Chern., 7 
(1997), 77. 

7. B. Chakraborty, Indian J. Heterocyclic Chern., 7 
(1997), 231. 

8. B. Chakraborty, Indian J. Heterocyclic Chern., 6 
(1997),233. 

9. B. Chakraborty, Indian J. Heterocyclic Chern., 8 
(1999), 243. 

10. R. Sustmann, PureAppl., Chern., 40 (1974), 569. 

11. P. Deshong, W. U, J.W. Kennington, H.L. 
Ammon, J. Org. Chern., 56 (1991), 1364 and 
references cited therein. 

12. P. Grunanger and P. Vita-Finzi, 'The Chemistry 
of Heterocyclic Compounds', Wiley, lnterscience 
(1991), 651. 

13. K.N. Houk, R. Mosses, J. Am. Chern. Soc., 106 
(1984), 3880. 

2199/07 



(\feR~ too91b) 

;:r ( R- 3 "\ , 2010 ( MA<>.c"), 1"\ 'J-- \So 
do\ -: 1 o 1 ·:!.liS"\ 0"3o II"'-3<\ '" x 1 2.6< 5"'\2.:n. 'll 

Introducing novel a-N-methyl/phenyl furan derivatives as new and "' <\I 

efficient dipolarophiles for 1 ,3-dipolar cycloaddition reaction in the 
regioselective synthesis ·of spiro isoxazolidine derivatives with a-
chloro and simple nitrones 

Bhaskar Chakraborty,* Prawin Kumar Sharma, Neelam Rai, Saurav Kafley & Manjit 
Chhetri 

Organic Chemistry Laboratory, Sikkim Govt. College, Gangtok, Sikkim-737102, India. 
E-mail: bhaskaratk@vahoo.com. 

1 ,3-dipolar cycloaddition reaction of a-chloro and simple nitrones have been studied with 
novel a-N-methyl/phenyl luran 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 

In addition to the existing dipolarophiles available for 1,3-dipolar cycloaddition reaction of 

nitrones1
, we would like to incorporate for the first time some novel and efficient 

dipolarophiles (a-N-methyl/phenyl furan derivatives) which are highly reactive to afford 

solely 5-spiro isoxazolidines with high yield in a very short reaction time (4-6 brs) with 

different nitrones at RT (Scheme 1). Detailed literature survey reveals that these type of 

cycloaddition reactions are generally diastereomeric in nature with the predominance of one 

of the isomers2 
.. The novel dipolarophiles 2 (a-N-methyl/phenyl furan derivatives) were 

isolated as sideproduct and in single E isomeric forms (almost 20%) in all cases of the 

reported oxidation reaction of alkyl halides to aldehydes and ketones using a-chloro nitrones3 

(Scheme 2). The 5-spiro isoxazolidines (3-8) were obtained as regioselective single isomer 

predominantly in all the cases of a-chloro,a-amino and simple nitrones with high yields (78 -

88%) when isolated in pure condition. It could be due to the fact that nitrone (LUMO)

dipolarophile (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 1 (all the 

reported nitrones are in Z configuration) to the furan derivatives 2 (transition state 1). 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 i~ 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 OH 2.50-3.50 ppm while for the 4-H 

around OH 3.00-5.85 ppm and the coupling constant is hA - 9.16 Hz implying a cis 

relationship betwcren H-3 and H-4. The CHCl proton also resonates upfield around oH 2.20-

2.60 ppm. The 3-H and CHCl protons are also syn as evidenced from their coupling constant 

values (hcHCI- 9.40 Hz).9 Almost similar coupling constant values are obtained for H-3 and 

H-4 protons in case of other reported spiro cycloadducts (5-8).Cycloaddition of Z nitrone (all 

the reported nitrones are of Z configuration in this communication) via exo-transition state 

geometry results in the formation of syn spiro isoxazolidine derivatives. 1H NMR spectrum of 

3-8 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 cycloadduc~s and significant M+2 peaks are obtained in the spiro 

cycloadducts 3-4 which may be du~ to isotopic abundance of Ctl7 atoms. Studies of 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 spiro 

cycloadducts with extremely good yield in a very short reaction time. In general the 

reactions are very clean and high yielding compared to usual cycloaddition reactions of a

chloro & a-amino nitrones1.s·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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Entry 

I 

2 

3 

4 

5 

6 

0=\H 
0 NHR 2 

R' 

I H-e 
~ • R 
~ I i) 

ce 
1 

R = CH3 ; CoHs 
Scheme- 1 

R 1 = C 6H 5 ; CHCl(CH2),0H; NH2 
Reagents and conditions: i) Dry ether, RT. N 2 atmosphere. 4- 6 hr 

Table 1 - Cycloaddition reaction of nitrone 1 with novel dipolarophiles 

Nih·one Novel dipolarophilcs8 Spiro cycloadducts0 Time 
(1) (2) (3-8) (hr) 

R-Me 
O=<H 

ex- _...cH, 4 
N _..(CHzh 

' R1= CHCl(CH,)30H "· J.,.,"c<,;;,,'gH 
_0 NHCH3 N H 

H /' H H Me 3 

R-Ph 
O=<H 

CX' _...c6H, 5 
-..N /(CH:z)J 

R1= CHCl(CH,)30H 'oH J~••'"c\:.'''' 
O NH~H, 0 ''\ Cl 

II /N, H H 
H C<;l-15 4 

R=Me 
O=<H 

ex- _...CH, 5 N 
R1=NH2 J..,••"'' NH:z . 

O NHCH3 "· H /N.._ H 
Tl Me 5 

R-Ph 
O=<H 

cxo-N_...c,H, 6 

R1=NH2 
... ].,,\\\\\\ NH:z 

O NHC6H5 '\. H )\ H 
H Co;H, 6 

R-Me 
O=<H ~CH, 5 N 

R1=Ph \\\C6H:s 
' 

O NHCH3 / H H Me 7 

R-R -Ph CXH cxo-N_...c,H, 6 
- -· -- ~"'""''Cal-l:s . 

O NH~H5 "N 
H /' H 

H C6H:I 8 

Nature 

NHR 

3-8 

or 
products 
Pale yellow 

gummy 

liquid 

Dark red 

viscous 

liquid 

Gray 

viscous 

liquid 

Dark gray 

viscous 

liquid 

Colourless 

gummy 

liquid 

Colourless 

gummy 

liquid 

'. aReact10n conditions: mtrone (1 nunole), furan denvattve (1 eqlllvalent),dry ether, N2atmosphere. RT 
'All the spiro cyclo.adducts were characterized by IR, 1HNMR, MS. 13CNMR Spectral data 
'Isolated yield after purification 

H 

Yield(%)' 

88 

86 

84 

81 

78 

78 
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A. preferential. co11formation for the regioselective spiro 
represented in figure I. 

isoxazolidine derivatives may be 

0 

Fig 1 

R1 =Ph, NH2, CHCI(CH2)JOH 

H R' y 
R~: \ : 

~: 

· · General. coriformation for the. spirocycloadducts (3.-8) 
. _, ... '. . ' . TS 1 for forming spiro cycloadducts (3-8) 

. -A. ~ew: ll)ech~istic, _path:vay f!Jr th~ _.synthe~is of novel dipolarophiles ( cr-~-methyl/phen yl 
. furan,deriv~tives)may berepresentedin the following established mechanism (Scheme 2). 

v rx . 
"-~"- !.:;+ _........R OH N 

I 
1 

Q 

i) 

cr<H 
2 NHR 

1,2:R=Me; Ph 
R 1 = Et;Pr;Ph 
X= Cl 

H 

~~ +~R -W 
\__:;_cf)-~ -N : -~-

1 ~ ; 

H 

+ R 1CHO 
ii) 

Scheme 2 

()==( ./R 
0 N H 

I -r / lb o-c-R' 
\. 

not isolated H 

, Reagents and conditions : i) Dry ether. pyridip.e, r.t, N 2 atmosphere 

ii) Dry ether, Na2C03, r.t , N 2 atmosphere 

Finally, -we have .reported synthesis of exclusively regioselectivc spiro cycloadducts using 

some novel d,ipolarophiles with different nitrones in 1,3-dipolar cycloaddition reaction and 
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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 rec.orded with a Jeol SX-102 (FAB) instrument. The HRMS spectra were 

recorded on a Q - Tof micro instrument (Y A-105). TLC's we:e run on Fluka silica gel 

precoated TLC plates while 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 following 

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 .. !" 3567 an m orgamc so vents · · · . 

General procedure for cycloaddition (for regioselective spiro 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 t"uran 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 (R1 

= 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 
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furan derivatives 2 [(E)-1-(dihydrofuran-2-(3H)-ylidene)-N-methy1 methanamine)/(E)-1-

(dihydrofuran-2-(3H)-y1idene)-N-phenyl methanamine)]listed in Table 1. 

Spectroscopic data for 2 (R=Me; a-N-met!zylfuran derivative) [(E)-l-(di!zydrofu;an-2-(3H)

ylidene)-N'met!zyl met!zanamine)] 

IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 1455 (m), 1210 (m) cm-1
; 

1H NMR (CDC13): o 
4.81 (br, 1H, 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 CH2 carbons); 

FAB- MS: mlz 113 {M'), 98, 97; HRMS-EI: Calcd. for C6H110N (M), !13.1000, Found: 

M+, 112.9876. 

Spectroscopic data for 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 

(CDCh): 8 7.83 (m, 5H, C6Hs), 6.29 (br, lH, N-H), 2.17 (s, lH, C=CH), 1.79- 1.18 (m, 6H); 
13C NMR (CDC!)): 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 CHz carbons). FAB- MS (mlz): 175 (M+), 

· 98, 97, 77. HRMS-El: Calcd. for C11 H 130N (M), 175.0993, Found; M+, 175.0981. 

( S)-4-c!zloro-4-( ( 3S,4S,5R)-2metizyl-4-(methylamino )-1, 6-dioxa-2 -azaspiro[ 4.4]tzotum-3-

yl)butan-1-ol 3 

3: Pale yellow gummy liquid. Yield 88%, Rt= 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, lH, 

CH20H, exchanged in D20), 4.60 (s, 1H, NHCH3), 3.37 (s, 6H, 2 x N-CH3), 3.12 (dd, lH, 1 

= 9.20, 8.32 Hz, C3H), 2.70 (dt, IH, 1 = 8.10, 7.88 Hz, C4H), 2.35 (dt-m, lH, CHCI}, 1.88-

1.42 (m, 6H); 13C NMR (CDC13): 8 93.00 (CHCl), 87.55 (Cs). 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 CHz carbons); MS 

(m/z): 280 (M++2), 278 (M+), 263, 248, 156 (B.P), 141, 107; HRMS-EI: Calcd. for 

C12H2303NzCl (M), 278.6710, Found; M+, 278.6698. 

( S )-4-chloro-4-( ( 3 S, 4S, 5 R)-2 -phenyl-4-(pizeny/amino )-I, 6-dioxa-2 -azaspi ro [ 4. 4]nonan-3-

yl)butan-1-ol· 4 

4: 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 (CDCI3): 8 6.98- 6.92 

(m, 10H, 2 x C6H5), 5.84 (dd, 1H, 1 = 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 

-k: (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): 8 138.00, 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 CHz carbons); MS (mlz): 404 (M++2), 402 (M+), 325, 310, 309, 218 (B.P), 107, 91, 

77. HRMS-EI: Calcd. for C22H2703NzCl (M), 402.7130, Found; M+, 402.7122. 

( S )-3 -amino-( 3 S, 4S,5S )-2 -methyl-4-( methylami no )-1, 6-dioxa-2 -azaspiroisoxazole 5 

5: Gray viscous liquid. Yield 84%, Rt= 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 DzO), 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, 6.28 Hz, c3·2H), 2.38 (dt, lH, J = 7.12, 6.70 
13 . . 

Hz, C4H), 1.70- 1.48 (m, 4H); C NMR (CDCbJ: o 88.50 (Cs/Cz·), 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 

(M+), 172, 157, 156 (B.P), 141. HRMS-EI: Calcd. for C8H170 2N3 (M). 187.1633, Found; M+, 

187.1613. 

( S)-3 -amino-( 3S,4S,5S)-2-phenyl-4-(phenylamino )-1 ,6-dioxa-2-azaspiroisoxazole 6 

6: Dark gray viscous liquid. Yield 81%, R1 = 0.48; IR (KBr): 3436 - 3390 (br ), 3030 (m), 

2952(m), 1780 (s), 1674 (s), 1480 (m), 1276 (m), 815 (s) cm-1
; 

1H NMR (CDC13): 8 7.02-

6.90 (m, lOH, 2 x C6Hs), 5.86 (d, lH, J = 6 .. 30 Hz, C3H), 5.00 (br,s, 2H, NHz, exchanged in 

i-. DzO), 3.50 (dt, 2H, J = 6.74, 6.06 Hz, C3. 2H), 3.38 (br,s,1H, NHC6Hs), 2.70 (dt, 1H, J = 
7.20, 6.18 Hz,C4H), 1.52 - 1.28 (m, 4H); 13C NMR(CDC!3): 8 137.21, 135.44, 134.00, 

133.10, 130.66, 129.40, 128.32, 127.84 (aromatic carbons), 86.94 (C5/C2·), 74.24 (C3), 55.70 

(C4), 27.87, 25.63, 24.00 (3',4',5' CH2 carbons); MS (mlz): 311 (M+), 295,218,203 (B.P), 

202,92, 77; HRMS-EI: Calcd. for C,sHz10zN3 (M), 311.2054, Found; M+, 311.2037. 

( S )-3 -phenyl-( 3 S, 4S, 5S )-2-methyl-4-( methylan 1 ina )-1, 6-dioxa-2 -azaspiroi soxazo/ e 7 

7: Colourless gummy liquid. Yield 78%, Rt= 0.52; IR (KBr): 3040 (m), 2965 (m), 1760 (s), 

1685 (m), 1464 (s), 1290 (m), 1084 (s), 808 (m) cm-1
; 

1H NMR (CDCb): 6 6.8l(s,5H,C6 H5), 

4.67 (s, 1H, NHCH3), 3.36 (s, 6H, 2 x N-CH3), 3.00 (d, 1H, J = 5.74 Hz, C3H), 2.74 (dt, 1H, 

J = 6.64, 6.30 Hz, C4H), 2.30 (dt, 2H, J = 5.10, 4.92 Hz, C3'2H), 1.80- 1.55 (m, 4H); 13C 

NMR (CDC13): 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' ,4' ,5'CHz carbons); 
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MS (m/z):248 (M+), 218, 171, 156 (B.P), 141, 77. HRMS-EI: Calcd. for C14H200 2N2 (M), 

248.1862, Found; M+, 248.1853. 

(S)-3-phenyl-(3S,4S,5S)-2-phenyl-4-(phenylamino)-1,6-dioxa-2-azaspiroisoxazole 8 

8: Colourless gummy liquid. Yield 78%, R1= 0.48; IR (KBr): 3024 (m), 2950 (m), 1772 (s), 

1670 (s), !468 (m), 1382 (m), 805 (m), 780 (s) cm-1; 1H NMR (CDCI3): 8 7.50 - 6.62 (m, 

ISH, 3 x C6Hs). 5.84 (s,!H, NHC6Hs), 4.63 (d, !H, 1 = 6.06 Hz, C3H), 4.02 (dt, !H, J = 6.18, 

6.20 Hz, C4H), 2.64 (dt, 2H, 1 = 5.28, 4.10 Hz,C3'2H), 2.00- 1.26 (m, 4H); 13C NMR 

(CDCI3): 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, 

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. 

Authors are thankful to Dr.M.P Kharel, Principal, Sikkim Govt. College, Gangtok for 

providing facilities and constant encouragement. We are pleased to acknowledge the 

financial support from UGC, New Delhi (Grant no:34-304/2008-SR) and also to CDR!, 
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Table 1 - Cycloaddition reaction of nitrone 1 with novel dipolarophiles 

Nitrone Novel dipolarophiles11 Spiro cycloadductsb Time Nature of 
(1) • (2) (3-8) (hr) J>roducts 

R-Me O=<H cxO- _...CH., 4 Pale yellow 

R1= CHCI(CH2),0H 
N C",......<Ctt:!.h 

1,,\\'- ~IJ: OH gummy 
O NHCH3 """.... "'c• N H liquid 

H / ' H 
1-1 Me 3 

R- Ph O=<H ~c,H, 5 Dark red 

R'= CHCI(CHz}30H 
/(C~zh 

\C• Oli viscous O NHC,Hs ' '-''''ct 
liquid 

H /' H H 
H C6Hs 4 

R-Me O=<H ~~H, 
5 Gray 

R1=NHz \\NHz viscous 
O NHCH3 H / H liquid 

H Me 5 

R-Ph O=<H ~:,H, 6 Dark gray 
N 

R1=NHz ,\\\NH2 viscous O NHC,H, 
H /' H 

liquid 
H C6H.5 6 

R-Me O=<H cxo-N_...CH., 5 Colourless 

R1=Ph 1,,,,,,,\CfiH5 gummy 
O NHCH3 "· liquid H /N'- H H Me 7 

R-R'~Ph O=<H ex- _...C,H, 6 Colourless 
N 

--L•"'''\\\Co;H, gummy 
0 O NHC,H, • "\N liquid 

H /' H 
H Cc;Hs 8 

• . . Reaction condttlons. mtrone (1 mmole), furan denvauve (l eqUivalent),dry ether,N2atmosphere, RT 
bAll the spiro cycloadducts were characterized by IR, 1HNMR, MS, 13CNMR Spectral data 
czsolated yield after purification 

Yield(%)' 

88 

86 

84 

81 

78 

78 

I I 
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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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Synthesis and antibacterial activities of some novel isoxazolidine derivatives derived from N

phenyl-a-chloro nitrone in water 

1,3 dipolar cyc!oaddition 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 stmctures 

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. 
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Synthesis and antibacterial activities of some novel isoxazolidine 

i-derivatives derived from N-phenyl-a-chloro nitrone in water 

Bhaskar Chakrabort/ 1
, Manjit Singh Chhetri 1

, Saurav Kafley1 & Amalesh Samanti 
1 Organic Chemistry Laboratory, Sikkim Govt. College, Gangtok 737102, India 
2 Division of Microbiology, Department of Pharmaceutical Technology, Jadavpur University, Kolkata 700032, India 

E-mail: bhaskargtk@yahoo.com 

I ,3 dipolar cycloaddition reaction of N-phenyl-a-chloro nitrone with different dipolarophiles have been studied in water tor 
_,;.. 

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. 

Keywords: N-phenyl-a-chloro nitrone, 1,3 OCR, aqueous phase, stereoselectivity, regioselectivity, antimicrobial activity 

The 1 ,3-dipolar cycloaddition reaction between 

-+a nitrone and an olefinic dipolarophile is an 

efficient method for the synthesis of the 

isoxazolidine ring system 1• Furthermore, the 

cycloadducts have found numerous applications 

in synthesis through reductive cleavage of the 

N-0 bond to gtve y-amino alcohols1
• 

Asymmetric induction Ill nitrone-olefin 

cycloadditions has been achieved through 
-4.c 

incorporation of chirality in both the dipole and 

dipolarophile2
. More recently, advances have 

been made in the use of water as solvent to 

influence the rate, regioselectivity and 

stereoselectivity of the cycloaddition reactions3
. 

Due to unstability of nitrones, very few 

examples of the isolation or detection of the 

nitrones have been reported and are usually 

trapped in situ by different dipolarophiles in I ,3-

dipolar cycloaddition reactions to afford 

cycloadducts1
• Synthesis of a stable N-phenyl-a-

ch!oro nitrone 1 (Ref 4) for the preparation of 



2 

aldehydes4 and novel isoxazolines5 has already other olefines) compared to the normal 

:t!Jcen reported. cycloaddition reactions in orgamc solvents 

The present paper reports the synthesis and which were reported to take longer periods (26-

antibacterial activity of some novel 48 hrs) 1
• It is possible that water promotes the 

isoxazolidine derivatives derived from nitrone 1 reaction through hydrogen bond formation with 

in water with high yield and remarkable changes the carbonyl oxygen atom of the a,~-

in stereochemistry (Scheme I, Table 1). Organic unsaturated carbonyl compounds, thereby 

.c-_reactions in water have received increased 
' 

increasing the eletrophilic character at the ~-

attention primarily because of their carbon which is attacked by nucleophilic 

environmental acceptability, abundance and low oxygen atom of the nitrone6
. Thus, water 

cost6
• However, water also exhibits unique activates the maleimide, ethyl acrylate and 

reactivity and selectivity that cannot be attained methyl vinyl ketone, and thereby greately 

in conventional organic solvents7
•
8

. Thus, the facilitates the reaction. 

' development of efficient procedures for useful Results and Discussion 

~ chemical transformations in water without any Excellent diastereofacial selectivity is observed 

catalyst is highly appreciated. For the present in nitrone additions in water. The addition of 

study, three different maleimides, ethyl acrylate nitrone 1 to maleimides result in a mixture of 

and methyl vinyl ketone (electron poor and diastereomer 2a-4a and 2b-4b (almost 70 : 30 

electron rich dipolarophiles) have been used so ratio in all cases) and generation of as many as 

as to study the nature of the cycloaddition three to four chiral centers in a single step. 

reactions leading to the formation of Studies of organic reactions in aqueous media 

--4. diastereomeric and . regioselective adducts. shows that there is a higher probability of the 

Almost all the reactions in water are very fast formation of mixture of diastereomers when 

( 4-5 hr in case of maleimides and 7-8 hr for water is used as solvent rather than conventional 



organic solvents7
• These results can be 

J.-fationalized by an exo approach of nitrone 1 

which has Z configuration for the formation of 

major cycloadducts 2a-4a (transition state 1). 

The minor cycloadducts 2b-4b are fmmed 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 up field around OH 4.10 while for 

~ the same proton in major adducts 2a-4a around 

OH 4.55 and J3 4 - 9.16 Hz for major adducts 

whilst for minor adducts J3 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 ring 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 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 (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 CJHJ, H4) of the diastereomers. For 2a-

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 

-t-high regioselectivity is often observed in water6
• 

The reactions were found to be highly 

regioselective to form solely 5-substituted 

isoxazolidines. Nitrone 1 has considerably 

higher ionization potential than normal nitrones 

due to the electron withdrawing effect of 

chlorine. Therefore, nitrone (LUMO)-,. 
dipolarophile (HOMO) interactions completely 

dominate the reaction and lead to the formation 

of only 5-substituted adducts 11
•
12

• 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 in all the cases due to further 

coupling from vicinal hydrogens and hence is a 

confirmation in favour of 5-substituted adducts. 

From the detailed investigations on the nature of 

these cycloaddition re\lctions using TLC and 1H 

NMR spectrum studies for the cycloadducts 5-

6, it is also confirmed that no diastereomers are 

formed. The relative configurations of H-3, H-4 
·-i 

and 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 • HS = 6-8.4 Hz; JH4 • H3 = 

6.2-7.6 Hz) (Ref I 0). Similar cycloaddition 

reactions of nitrone with these dipolarophiles 

usually give both 5 and 4-substituted adducts in 

conventional solvents with some exceptions of 

either 5 or 4-substituted adducts13
•
14

• 

TS I TS II 

H RJ ~-R H4 RJ OH15H3 0}--\~k 
~-N~ ~-N~ U 

0 0 
Minor conformation I Major conformation 2 

Figure 1 

In general, the reactions are very clean and high 

yielding compared to usual cycloaddition 

reactions of nitrones. The products have been 

characterized from their spectroscopic (IR, 1 H 

NMR, HRMS, 13C NMR) data. No catalyst or 

co-organic solvent are required. The structures 

of 2-6 have been confirmed by 1H and 13C 

NMR spectroscopy in CDCh solution along 



with MS and IR spectra. Thus, the 1H NMR 

.t-- 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 

signals) for the diastereomers. In contrast, the 

1H 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 of all the 

cycloadducts could not be determined due to 

multiplet signals (doublet of triplet appears 

almost as multiplet) obtained in the NMR 

spectrum and also due to freely rotating carbon 

centre at CHC14·5. In the 13C NMR spectrum, 

four signals were obtained in case of phenyl ring 
~ 

carbon atoms due to the equivalent nature of C-

2 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 crJ7 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 compou~ds. 

Antibacterial screening test 

All the synthesized cycloadducts 2-4 and 5-6 

were subjected to in vitro screening against 

Vibrio . parahaemolyticus, Klebsiella 

pneumoniae, Bacillus subti/is, Proteus vulgaris, 

Staphylococcus aureus, Shigella jlexneri, 

Eschericia coli, Salmonella typhi and Vibrio 

cholerase. The minimum 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 bacteria 

were isolated and were suspended in normal 

saline. From each bacterial suspension 0.1 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, S 

and 6) of concentrations (1000 11g/mL, 600, 

'"" 400, 200, 100, 50, 25, 10 11g/mL) were added. 

The plates were incubated at 3 7°C for 24 hr and 

then results were recorded. The lowest 

concentration, which showed no visible growth, 

was taken as an end point minimum inhibitory 

concentration (MIC). All the compounds 

showed MIC 10 11g/mL except 4b and 6. These 

~ 
· showed MIC 50 11g/mL against Bacillus subtilis 

and Proteus vulgaris. It has been observed that 

the derivatives of isoxazolidine (2a, 3b, 4b, S 

and 6) have antibacterial activity against both 

gram positive (S.aureus, B.subtilis) and gram 

negative (E. coli, S.jlexneri) bacteria, hence it 

can be concluded that the derivatives used were 

broad spectrum antibiotics 17
• The MIC value 

obtained for isoxazolidine derivatives range 

from I 0 llg/mL-50 11g/mL (except 5) and are 

very close to the MIC values of most commonly 

used antibiotics like Penicillin (I 0 units), 

Sulphonamide (300 11g/mL), Nalidixic Acid 

(512 11g/mL), etc. and hence they are equally 

effective and can be prescribed after testing of 

LDso (Ref I 8). 
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1 

( i) water, R T, 4-5 hr, N 2 atmosphere 

2: Rl> R2 = -CONMeC0-
3: Rl> R2 = -CONPhC0-
4: RI> R2 = -CONCyC0-
5 : R1 = -C02C2H5; R2 = H 
6 : R 1 = -COCH3 ; R2 = H 

R = Ph; R 3 = -CHCJ-(CH2)rOH 

Experimental Section 

7 

(i) 

2a-4a; 5-6 

+ 

H 

2b-4b 

Scheme I 

Melting points were determined in operi capillary tubes and are uncorrected. 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 

(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-102 (FAB) instrument. The HRMS 

spectra were recorded on a Q - Tof micro instrument (Y A-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 literature 

and has been used already for the synthesis of aldehydes and cyc1oaddition reactions involving a-amino 

nitrones in organic solvents4
•
5
. 
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Table I- Physicochemical data of synthesized compounds 

Entry Nitrone Dipolarophile 

2 

N-phenyl-a
chloro nitrone 

N-phenyl-a
chloro nitrone 

N-methyl maletmide 

N-phenyl maleimide 

Time 
(hr) 

4 

5 

3 N-phenyl-a- · 
chloro nitrone 

N-cyclohexyl maleimide 5 

4 

5 

N-phenyl-a
chloro nitrone 
N-phenyl-a
chloro nitrone 

Ethyl acrylate 

Methyl vinyl ketone 

'All the reactions were carried out at RT 
"Isolated yields after purification 

5 

5 

General procedure for cycloaddition (for diastereomers) 

Cycloadduct' & m.p ("c) Cis/trans ratio(%) Yield' 
2a-4a: cis; 2b-4b: trans (%) 

2a: White solid, I 04 2a: 76 96 
2b: White solid, 120 2b: 20 

3a: Yell ow solid, 116 3a: 71 94 
3b:Yellowish white solid, 131 3b: 23 

4a: Dark yellow crystals, 88 4a: 68 95 
4b: Yellow crystals, 96 4b: 27 

5: White gummy liquid 93 

6: Pale yellow oil 91 

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 4-5 hr. The progress of the reaction 

___._ was monitored by TLC. After completion of the reaction, the products were extracted with ether (2 X 25 

mL), the organic layer was 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 to afford cycloadducts (Scheme 1). This procedure was followed for the 

substrates 1-3 listed in Table I. 

Synthesis of (3S)-3-(1-chloro-4-hydroxy butyl)-5-methyl-2-phenyldihydro-2H pyrrolo[3,4-

d]isoxazole-4,6(5H,6 a-H)-dione, 2a 

, 
To a stirred solution ofnitrone 1 (1 mmole) in 15 mL water·was added N-methyl maleimide (I 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 = 0.38, 0.40). The products were extracted with ether (2 X 25 mL). 
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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%; Rt = 0.38; IR(CHCh): 3590 - 3460 (br ), 2924(m), 2840(m), 1755(s), 

l66Q(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, lH, 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, JH, J.= 8.06, 9.20 Hz, C4H), 3.40 (s, 3H, CH3), 3.14-2.96 (m, JH, CHCl), 1.95- !.52 

(m, 6H, CH2 protons); 13C NMR (CDCh): 8 174.64, 173.42 (carbonyl carbons), 134.50, 133.26, 132.00, 

130.64 (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.CH2 carbons); MS: m/z 340 (M+ +2), 338 (M+), 323,307, 261,247,231, 107, 

77, 59;.HRMS- EI: Calcd for c,6H1904N2Cl (M) m/z 338.1338. Found: M+ 338.1324. Anal. Found: C, 

56.57; H, 5.49; N, 8.19. C,6H1904N2Cl requires C, 56.63; H, 5.60; N, 8.25%. 

---'f (3R)-3-(l-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%, Rt= 0.40; IR (CHCh): 3580- 3465 (br), 2895 (m), 1764 (s), 1660(s), I482 

(m), 1355 (m), 805 (s), 780 (s) cm-1; 1H NMR (CDCh): o 7.20-7.08 (m, 5H, C6Hs), 5.26 (d, IH, J= 6 

Hz, C5H), 5.10-4.94 (br, IH, OH, exchanged in D20), 4.10 (dd, IH, J= 2.50, 4.06 Hz, C3H), 3.60 

(dd, IH, J = 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3), 3.22 - 3.05 (m, IH, CHCI), 1.88 - I .44 (m, 6H, 

CH2 protons); 13C NMR (CDCh): 8 I 72.50, 171.00 (carbonyl carbons), I33.00, 132.00, 130.34, 128.60 

(aromatic carbons), 88.62 (Cs), 74.00 (C3), 61.44 (CH20H), 58.28 (C4), 54.00 (CHCl), 37.00 (CI-1]), 

"-+ 24.00, 21.00 (2 CH2 carbons); MS: m/z 338 (Ml, 307, 26I, 246,231, 139," Ill, 107,77, 31; HRMS-

EI: Calcd for c,6H1904N2Cl (M) mlz 338.1338. Found: M+ 338.1320. Anal. Found: C, 56.50; 1-l, 5.52; 

N, 8.16 . C,6H1904N2Cl requires C, 56.63; H, 5.60; N, 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-

-t' . 
4,6(5H,6 a-H)-dwne, 3a 

To a stirred solution ofnitrone 1 (I nunole) in 15 mL water was added N-pheny1 ma1eimide (! mmole) 

at RT under nitrogen atmosphere and the reaction mixture was stirred for 4 hr. The progress of the 

reaction was monitored by TLC (Rj= 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. 

Yellow solid. Yield 70.8%; R1= 0.34; IR (CHCh): 3545-3480 (br), 2880 (m), 1765 (s), 1650 (s), 1472 

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

1H NMR (CDCh): o 7.55-7.40 (m, 2 X 5H, C6Hs protons), 5.42 (d, 

1H, J= 8.24 Hz, C5H), 5.05- 4.95 (br, 1H, OH, exchanged in D20), 4.46 (dd, 1H, J= 9.25, 7.28 Hz, 

C3H), 3.76 (dd, 1H, J = 9.22, 6.08 Hz, C4H), 3.22- 3.07 (m, 1H, CHCI), 1.82 - 1.35 (m, 6H, CHz 

.., 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 (Cs), 76.00 (C3), 64.52 (CHzOH), 59.42 (C4), 

52.00 (CHCI ), 28.00, 26.00 ( 2 CHz carbons); MS: mlz 400 (M'), 341,323,246,216, 173, 107,77, 59, 

31; HRMS- EI: Calcd. for C21 Hzi04NzCI, (M) mlz 400.1494. Found: M' 400.1476. Anal. Found: C, 

66.70; H, 5.20; N, 6.82. Cz1Hz104NzCI 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]isoxazolc-

4,6(5H,6a-H)-dione, 3b 

-+ 
Yellowish white solid. Yield: 23.2%, R1= 0.42; IR (CHCh): 3560-3470 (br), 2865 (m), 1760 (s), !684 

(s), 1465 (m), 1370 (m), 810 (m), 772 (s) cm-1
; 

1H NMR (CDCh): o 7.35 - 7.14 (m, 2 X 5H, C6Hs 

protons), 5.24 (d, 1H, J = 7.20 Hz, C5H), 5.00 - 4.92 (br, I H, OH, exchanged in DzO), 4.38 (dd, 1 H, J = 



II 

3.25, 2.24 Hz, C3H), 3.52 (dd, 1H, J= 4.42, 2.08 Hz, C4H), 3.37-3.20 (m, lH, CHCl), 1.74- 1.46 (m, 

-t' 6H, CH2 protons); 13C NMR (CDCIJ): o 174.44, 171.86 (carbonyl carbons), 137.24, 136.48, 135.00, 

134.56, 133.00, 132.80, 130.64, 129.00 (aromatic carbons), 85.00 (C5), 72.62 (C3), 64.56 (CH20H), 

57.40 (C4), 53.62 (CHCl ), 28.00, 27.00 (2 CH2 carbons); MS: mlz 402 (M+ +2), 400 (M+), 295, 246, 

216,211, 189, 154, 107,77, 31; HRMS- EI: Calcd for C21H2104N2Cl, (M) mlz 400.1494. Found: M+ 

400.1483. Anal. Founc!: C, 66.54; H, 5.14; N, 6.75; C2Ilhi04N2Cl,requires C, 66.84; H, 5.23; N, 6.98%. 

Synthesis of (35')-3- (1-ch1oro-4 hydroxy butyl)-5-cyclohexyl- 2- phenyl dihydro-2H pyrrolo[3,4-

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

To a stirred solution of nitrone 1 (1 mmole) in 15 mL water was added N-cyclohexyl maleimide (I 

mmole) at RT under nitrogen atmosphere and the reaction mixture was stin·ed for 5 hr. The progress of 

the reaction was monitored by TLC (Rj = 0.39, 0.44). 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 

1 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%, Rt= 0.39; IR (CHCb): 3620-3530 (br), 2872 (s), 1770 (s), 1693 (s), 

1444 (m), 1390 (m), 1260 (m), 805 (s), 780 (s) cm-1; 1H NMR (CDCb): o 7.02- 6.92 (m, 5H, C6H;), 

5.32 (d, 1H, J= 6.12 Hz, C;H), 5.10-5.02 (br, 1H, OH, exchanged in 0 20), 4.52 (dd, 1H, J= 9.26, 6.08 

Hz, C3H), 4.26 (dd, 1H, 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): o 172.34, 170.26 (carbonyl carbons), 131.30, 130.55 

T . 
128.63, 127.42 (aromatic carbons), 86.00 (C;), 78.00 (C3), 62.50 (CH20H), 55.00(C4), 50.66 (CHCl ), 

30.00, 28.00, 26.74, 25.42, 24.36, 23.58, 22.24, 19.00 (cyclohexyl and CH2 carbons); iv!S: mlz 406 
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(~), 375, 347, 329;. 324, 222, 107, 77, 59, 31; HRMS- EI: Ca!cd for C21H270 4N2Cl (M) mlz 

-!(' 406.1962. Found:~ 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%, Rt = 0.44; IR (CHCb): 3630- 3535 (br), 2865 (s), I 760 (s), 1680 (s), 

1440 (m), 1375(m), 1265 (m), 810(s), 780 (s) cm-1; 1H NMR (CDCb): 15 7.22- 7.04 (m, 5H, C6H5), 

5.26 (d, IH, J= 7.22 Hz, CsH), 5.18-5.06 (br, IH, OH, exchanged in D20), 4.43 (dd, IH, J= 4.32, 3.26 

- Hz, C3H), 4.14 (dd, IH, J = 3.22, 2.08 Hz, C4H), 3.38- 3.20 (m, IH, CHCl), 1.72- 1.38 (m, 17H, 

---1· 

' 
cyclohexyl and CH2 protons); 13C NMR (CDCb): 15 170.74, 169.86 (carbonyl carbons), 135.36, 134.50, 

133.82, 132.58 (aromatic carbons), 84.34 (Cs), 75.00 (C3), 61.64 (CH20H), 53.50 (C4), 53.00 (CHCl), 

27.00, 26.52, 25.46, 24.00, 23.00, 21.54, 20.55, 19.00 (cyclohexyl and CH2 carbons); MS: mlz 408 (M" 

+2), 406 (~), 323, 216, 179, 139, 107, 83, 77, 59; HRMS- EI: Calcd for C21H2704N2Cl (M) mlz 

406.1962. Found:~ 406.!943~ 

General procedure for cycloaddition (for regioselective cycloadducts) 

In a 5.0 mL conical flask, nitrone 1 (I mmole), dipolarophile (I mmole) and water (15 mL) was added 

and s.tirred 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 Na2S04 and 

concentrated. The crude product was purified by column chromatography using ethyl acetate - hexane to 

~afford pure cycloadduct (Scheme n. This procedure was followed for the substrates 4 and 5 listed in 

Table I. 



Synthesis of (3S)-ethyl-3-(l-chloro-4 hydroxy butyl)-2-phenyl isoxazolidine-5-carboxylate, 5 
-< 

13 

To a stirred solution of nitrone 1 (I rnmole) in 15 mL water was added ethyl acrylate (I 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 (Rt = 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 Na2S04 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. 

White gummy liquid: Yield 93%, Rt= 0.48; IR (CHCb): 3610- 3525 (br), 2930 (s), 2856 (m), 1750 (s), 

" I I 1445 (s), 795 (s), 770(s) cnf; HNMR (CDCb): 8 7.22-7.14 (m, 5H, C6Hs), 5.15- 5.03 (br, 1H, -OH, 

exchanged in DzO), 4.84 (t, 1H, J= 8.2 Hz, CsH), 4.48-4.33 (dt, IH, J= 7.22 Hz, C3H), 4.22 (q, 2H, J 

= 6, 6.02 Hz, -OCH2CH3), 3.88 (dd, 2H, J = 9.24, 8.18 Hz, C4 2H), 3.60 - 3.46 (m, 1H, CHCI), 1.84-

1.46 (m, 6H, CH2 protons), 1.24 (t, 3H, J = 7.52 Hz, -OCH2CH3); 
13C NMR (CDCb): 8 167.40 

(carbonyl carbon), 136.40, 134.50, 133.25, 132.60 (aromatic carbons), 88.00 (C5), 76.00 (C3), 63.00 

(CH20H), 60.00 (CH2 carbon of -OCH2CH3), 58.00 (C4), 55.00(CHCI), 32.00, 24.00 (2 CH2 carbons), 

16.00 (CH3 carbon of OCHzCH3); MS: mlz 329 (M+ +2), 327(M'), 296, 250, 219, 207, 177, 142, I 08, 

107,77, 73, 31; HRMS- EI: Calcd for C16Hn04NCI (M) mlz 327.1542. Found: M+ 327.!533. 

Synthesis of l-{(3S)-3-(1-chloro-4-hydroxy butyl)-2-phenyl isoxazolidin-5yl)} ethanone, 6 

To a stirred solution ofnitrone 1 (I rnmole) in 15 mL water was added methyl vinyl ketone (1 mmole) at 

T RT under nitrogen atmosphere and the reaction mixture was stirred for another 8 hr. The progress of the 

reaction was monitored by TLC (Rt = 0.44). 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 Na2S04 and 



14 

concentrated. The crude product was purified and separated by column chromatography using ethyl 

-~cetate -hexane and finally obtained by removal of solvent under reduced pressure as pale yellow oil. 

Pale yellow oil. Yield 91%, R1= 0.44; IR(CHCb): 3520- 3380 (br), 2925 (s), 2844 (m), I 710 (s), 1440 

(m), 1324 (s), 804 (m), 776 (s) cm·1; 1H NMR (CDCb): o 7.16- 7.04 (m, 5H, C6Hs), 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, IH, CHCI), 2.12 (s, 3H, COCH3), 1.86- 1.54 (m, 6H); 13C NMR 

(CDCb): o 195.22 (carbonyl carbon), 132.00, 131.55, 13Q.OO, 128.40 (aromatic carbons), 88.00 (Cs), 
• 

. 78.00 (C3), 66.00 (CH20H), 58.00 (C4), 53.50 (CHCI), 24.60 (COCH3), 19.00, 17.00 (2 CH2 carbons); 

MS: mlz 297(M+), 266,254, 270, 212, 147, 112, 107; 77, 43, 31; HRMS-EI: Calcd for C15H200 3NC1 (M) 

mlz 297.1437. Found: M+ 297.1426. 

Conclusions 

In summary, 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 

-t· 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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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 

N-oxide with moderate yield has been 

reported long time back (Krohnke reaction). In 

addition to the existing methods available for 

the synthesis of aldehydes from alkyl halides, t-

5 we would like to incorporate an efficient 

methodology of synthesis of aldehydes from 

alkyl halides along with imines using for the 

first time a-amino nitrones6
•
7

•
8 as an oxidizing 

reagent with an excellent yield (Scheme I, 

Figure! ,Table!). 

H, 
R'-c-x 

------- R'CHO 

In addition, the side product (imines) obtained 

during aldehyde synthesis results starting 

material amide and amines upon simple 

hydrolysis (Scheme 2). The duly obtained 

amides can be successfully reused for the 

synthesis of nitrones while the amines can be 

used for further general reaction purposes. 

Synthesis of aldehydes from alkyl hal ides and 

recycling the side product in cycloaddition 

reactions using a-chloro nitrones have been 

already reported from this laborator/· 10
• 

Literature survey reveals that aldehyde 

synthesis using a-amino nitrone as an 

oxidizing reagent has not yet reported and can 

be incorporated as an important application in 

nitrone chemistry. 

The present study has been carried out using a 

variety of a-amino nitrones and alkyl halides 

1 

I 



r--

(Table 1) in order to generalize the 

methodology for the aldehyde synthesis. The 

synthesis and cycloaddition reactions of some 

a-amino nitrones 1 (R1=Ph,Cy; R2=NMe2; 

R3=H and R1=Ph,Cy; R2=NH2; R3=H) have 

been already reported6
•
7

•
8 following the general 

methodology of a-amino nitrone synthesis 

from DMF and formamide 11
• The remaining 

a-amino nitrones (1) of Table 1 were prepared 

following the same methodology. The yield 

of the isolated alc\ehydes are extremely high 

(almost 80 - 88%) in a much lesser time and 

are much better in case of active alkyl halides 

compared to inactive alkyl halides while 

imines are obtained in almost 11 - 20% yields 

as side products. The results are summarized 

in Table 1. The products especially aldehyde, 

amide and amines are known compounds and 

spectral data of these synthesized compounds 

are almost identical to the values found in 

literature. For example, sharp singlet signals at 

15 9.80 & 198 in the 1H NMR and 13C NMR 

spectrum along with molecular ion peak at 

106, base peak at I 05 and 77, 51 in the MS 

spectrum give strong evidence in favour of 

benzaldehyde formation. Spectral data of the 

imine derivatives (3) also agreed well with the 

assigned structures. For example, prominent 

molecular ion peak at 196 and base peak at 

103 (due to the formation of PhCN) clearly 

indicates in favour of imine derivative 3 (entry 

8). Similarly strong evidences are also 

obtained from HRMS spectra in favour of the 

aldehyde and other known compounds 

formation. The proposed mechanism for the 

aldehyde synthesis using a-amino nitrone is 

very interesting. Nitrone 1 undergoes SN2 

reaction readily with alkyl halides and 

develops an intermediate compound (2) which 

was not isolated. The reaction rate is much 

more faster compared to the SN2 reactions of 

a-chloro nitron~s 12 due to the involvement of 

available electron pairs of amino or dimethyl 

amino group. The N-0 bond of the 

intermediate compound (2) breaks13 when the 

reaction mixture is stirred with solid sodium 

carbonate which plays an important role for 

the development of aldehyde and imines in a 

Kornblum type reaction with a very good yield 

(Schemel;Table !). 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 ct-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 

2: R1 =Ph; Cy 

H2 
R4-c -x 

u 

R2 = NH2; NMe2 

R3 = H; CH3; Ph 

R4 = H; CH3; CH3CH2; CH3CH2CH2; 
CH3CH2CH2CH2; Ph 

X= Cl/Br/1 

identify it (m/z 30, M' 65.52%). The products 

were characterized from their spectroscopic 

(IR, 1H NMR, 13C NMR, HRMS) data. No 

catalyst or co organic solvent was required. 

i) 

2 (not isolated) 

ii) 

+ 

SCHEME 1 -Reaction condition: i) dry ether, RT, N 2 atmosphere, I - 2 hr 
ii) dry ether, Na2C03, RT, N2 atmosphere, 3 - 4 hr 

3 



Table-! Aldehyde synthesis nsing a-amino nitrones 

Entry Nitrone Alkyl halide' Aldehyde' Time (hr) Yield'(%) 

I R -Ph;R'-NH2;R'-H R -Ph OCHO 4 86 

2 R Ph; R' NH2; R' H R' CH3 CH3CHO 5 85 

3 R' Ph; It NMe2;R H R', CH,CH2 CH3CH,CHO 5 82 

4 R Ph; R' NH,; R' H R H HCHO 6 80 

5 R - Cy; R' - NH2; R' - H R -Ph o-CHO 4 80 

6 R Cy; R'·. NMe2; R' H R' CH3CH2CH2 CH3CH2CH2CHO 5 81 

7 R'- Ph; R' ~ NH2; R' H CIH2COOH OHCOOH 4 83 

8 R -Ph;R NH2;R Ph R Ph o-CHO 5 88 

' 
9 R -Ph; R"~NH2; R'- Ph R'- CH3CH2 CH,CH,CHO 6 84 

10 R =Po; R'- NH2; R CH, 
CIH,cOcl OHC-o-CI 5 82 

.. 
a) ReactiOn condatton . a-ammo mtrone (1 mmol~, dry ether, sodmm carbonate, N2 atmosphere, R1 
b) All the compounds were characterized by IR, H NMR, 13C NMR, MS, HRMS 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 by hydrolysing the imine workup, mild and faster reaction conditions 

derivatives in acid medium for the with high yield of products. Therefor.e, 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 u-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 

4 



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 I 00 

MHz. The coupling constants (J) 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-

102 (FAB) instrument. The HRMS spectra were recorded on a Q- Tof micro instrument (YA-

I 05). GC- MS was recorded using Clarus 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) 

In a 100 ml conical flask, N-phenyl-u-amino nitrone6 (500 mg, 2.3570 mmol), benzyl chloride 

(295.8670 mg, 1 equivalent) and diethyl ether (25 ml) was added and stirred at RT with a magnetic 

stirrer under N2 atmosphere for 1 hour. During this process nitrone 1 underwent 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 Na2C03 was added at 

this stage and the reaction mixture was stirred for further 3 hour and monitored by TLC. The N-0 

bond was easily cleaved 13 under basic medium in a Kornblum type mechanism and developed 

benzaldehyde (Rr = 0.43) and imine derivative (Rr = 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, I r" %, Scheme 1 ). This general 

procedure was followed 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: R1 = Ph; Cy 
b: R2 = NH 2; NMe2 

c: R3 = H; CH3; Ph 

4 

j: SCHEME 2- Reaction condition: 10% HCI, hydrolysis, 30 minutes 

In a I 00 mL R.B flux, imine derivative 3 (70 mg), 20 mL I 0% HCI was taken and refluxed in water 

bath for 30 minutes. The formation of the desired hydrolysed products were monitored by TLC. 

During the hydrolysis process, the double bond between carbon and nitrogen of the imine derivative 

was cleaved 16 and benzamide (5: R2 = NH2; R3 =Ph; Rf= 0.42) and aniline (4: R1 =Ph; Rr= 0.64) 

was developed (entry 8). The products were extracted with ether (2 x 25 mL) when aniline passes 

into organic layer while benzamide remains in aqueous phase. The ether extract containing aniline 

·1' 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 of the solution was evaporated 

in a temperature controlled water bath and was crystallized from ethanol (42 mg, 60%; m.p. 126°C; 

Scheme 2). This general hydrolysis procedure was followed for all the imine derivatives (3). 

Spectral data for benzaldehyde (entry 8) 

706 mg, 88 %; HRMS-EI: Calcd. for C6H5CHO {M),I06.1240, Found; M+, 106.1228; IR (CHCI 3): 

+. 2825 (s), 1695 (s), 1320 (m), 780 (s) cm'1; 
1H NMR (CDCb): o 9.80 (s, IH, CHO), 7.30-7.16 (m, 

5H, C6H5); 
13CNMR (CDCb): o 198 (CHO), 136.00, 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'-phenylbenzimidamide (imine derivative 3 ; entry 8) 

84 mg, II %; HRMS-EI: Calcd. for C1JH12N2 (M), 196.2530, Found; M+, 196.2519; IR(CHCb): 

3450 (m), 1682 (s), 780 (s) ; 1H NMR (CDCb): o 7.32- 7.22 (m, 5H, C6H5), 6.76- 6.63 (m, 5H, 

C6H5), 3.75 - 3.62 (br, 2H, NH2); 13CNMR (CDCb): o 136.84, 135.24, 134.50, 132.80, 131.25, 

130.00, 128.50, 127.45 (phenyl carbons), 87.00 (C=N); FAB- MS: m/z 196 (~), 119, 103 (B.P), 

77. 

t" Spectral data for aniline ( prodnct 4 ; entry 8) 

+. 

24 mg, 34%; HRMS-EI: Calcd. for C6H1N (M), 93.0690, Found;~. 93.0682; IR(CHCb): 3440(m), 

3205(s), 1635 (s), 1280 (m), 9!0(m), 774 (s); 1H NMR (CDC13): o 6.88-6.72 (m, 5H, C6H5), 3.82-

3.66 (br, 2H, NH2); 
13CNMR (CDCb): o 134.00, 132.50, 129.42, 128.00 (phenyl carbons); FAB

MS: mlz 93 (Ml. 

Spectral data for benzamide ( prodnct 5 ; entry 8) 

42 mg, 60%; m.p.l26°C; HRMS-EI: Calcd. for C7H7NO (M), 121.0690, Found; M+, 121.0681; 

IR(CHCb): 3455 (s), 1675 (s), 1630(m), 776 (s); 1H NMR (CDCb): o 7.14- 7.02 (m, 5H, C6H5), 

6.90 - 6.76 (br, CONH2); 
13CNMR (CDC13): o 177.50 (C=O), 130.50, 129.00, 128.00, 127.20 

(phenyl carbons); FAB -MS: mlz 121 (M+), 77. 
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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 SN' 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. 

· Keywords: a-chloro'nitrone as oxidizi~g reagent, SN' reaction, aldehyde synthesis, spiro ·cycloaddnct 

Introduction spiro cycloadducts (3) with high yields 

Convcrtion of alkyl halides to aldehydes using (almost 75 - 85% ; Scheme 2). a-chloro 

N-oxide with moderate yields 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 active oxidizing 

using for the first tin1e a-chloro nitrones (1) 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 I, Table 1). ln dipolarophile in cycloaddition reactions are 

addition, the sid~ product (furan derivatives, not yet known and hence can be incorporated 

2) obtained during aldehyde synthesis has as an important application in nitrone 

been successfully used as dipolarophile in 1,3- chemistry. Synthesis and I ,3 dipolar 

DCR with nitrone (1) for the production of cycloaddition reactions of N-phenyl-a-chloro 

1 



nitrone7
•
8(1, R=Ph) has been already reported. 

'( Following the same methodology, novel N

methyl-n-chloro nitrone (1,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 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 n-chloro nitrone facilitates 

intramolecular SN2 reaction in presence of 

pyridine and is actually the driving force for 

the development of transient nitrone la. 

Nitrone 1a reactS' very quickly with different 

alkyl halides (SN2 reaction) and develops an 

intennediate compound (1b). The labile N-0 

bond of 1b 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 !;Table 1). The novelty 

of the study is the use of n-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)10,11 in 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 I. The beauty of the reaction lies in 

addition of pyridine at the begining to generate 

transient nitrone (1a) 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 12 (benzaldehyde derived 

nitrone) can also be employed as an oxidizing 
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reagent for aldehyde synthesis (synthesized n-

butyraldehyde:yield 78%) 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 nitrone (la) but after completion of 

the study and spectral analysis of side product 

(2) the development of transient nitrone la 

was confirmed. The products especially 

aldehydes are known compounds and spectral 

data of the synthesized ·aldehydes are almost 

identical to the values found in literature. For 

example, sharp singlet signals at 8 9.80 & 

198.00 · in the NMR spectrum ( 1H, 13C 

respectively) along with molecular ion peak at 

106, base peak at 105 and peaks at 77, 51 in. 

the MS spectrum 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 - ·[3 % when isolated in pure 

condition.The spectral data of the oxidation 

side products (2) also agreed well with the 

assigned structures. The spirp cycloadducts (3) 

were obtained as regioselective single isomer 

predominantly in 1,3-DCR of u-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 CHC! asymmetric centres along with 

their coupling constant values. 13 In the spiro 

isoxazolidine derivatives (3), 3-H resonates 

around 8H 3.50 to 2.50 ppm while for the 4-H 

around oH 5.80 to 3.00 ppm and the coupling 

constant is 1J.4 - 9.20 Hz implying a cis 

relationship between H-3 and H-4. The CHCl 

proton also resonates around 6H 2.60 to 2.20 

ppm. The 3-H and CHCl protons are also syn 

as evidenced from their coupling constant 

values (h,CHCI 9.16 to 9.40 Hz)13 

Cycloaddition of Z nitrone (both the reported 

u-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 
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simple nitrones 12
'
14

'
15 are in progress using the formaldehyde and acetaldehyde respectively 

same·· methodology. A preferential but no significant results were obtained 

conformation for the spiro regioselective because of the volatility of for~aldehyde and 

isoxazolidine derivatives (3) may be difficulculties associated with the synthesis of 

represented in Figure I. 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 

0 

Fig. !.General conformation for the cycloadducts 3 

i) 

rxv 
l}~_ ~+_.......R 

OH N 

I 
I 

Q 

O=<H 
0 NHR 

2 

1, 2 : R = Me ; Ph 
R 1 = Et; Pr ;.Ph 
X= Ct 

~$-H R -W 
\_+L "==N_..... ___ _....,_ 

0) \ I a H -

+ R 1CHO 
ii) 

Schcrn.e 1 

,,,H 

QG~}(R 
la 0 

SN2 j H>r 0 
()=( ;R. 

0 N H 
I {"""' / 

tb o-c-R' 
'\ 

not isolated H 

Reagents and conditions : i) Dry ether. pyridine, r.t , N 2 atmosphere 

ii) Dry ether. Na2C03, r.t • N 2 atmosphere 
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Table 1. Aldehyde synthesis using n-chloro nitrones 

CCCI O=<H Ss2 
R 1CHO + 

~+.......-R R 0-CH2-X OH N 0 NHR 

I 
'? 

R=Me; Ph R 1 = Et; Pr; Ph X=Cl 

Entry Nitrone Alkyl halidea Productb Time (hr) Yield'(%) 

R=Me Benzyl chloride Benzaldehyde 5 88 

2. R=Me 1-chloro propane Propionaldehyde 6 87 

.. 3 . R=Ph Benzyl chloride Benzaldehyde 5 88 

4 R=Ph n-butyl chloride n-Bu!yraldehyde 6 86 

5 R=Me p-hydroxy benzyl chloride p-hydroxy benzaldehyde 4 89 

6 R=Ph p-hydroxy benzyl chloride p-hydroxy benzaldehyde 5 89 

a Reaction condition:a-chloro nitrone (3.0198 mmol),alkyl halide (1 equivalent),dry ether,Py, Na2C03,N2 atmosphere, RT 
bAll the compounds :were characterized by IR, 1H NMR, 13C NMR, MS. HRMS spectral data. 
c Isolated yield after purification. 

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 I 00 MHz. . The coupling 

constants (J) 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-102 (FAB) instrument. The HRMS 

spectra were recorded on a Q - Tof micro 

instrument (Y A - 1 05). TLC was carried out 

on Fluka silica gel TLC cards while 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 
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received. N-phenylhydroxylamine 

prepared following standard methods available 

in literature and · has been used m 

synthesis 16·17
•
18. 

General procedure for the synthesis of nitrone 

1 (R=Me) 

N-methylhydroxylamine (250mg, 5.3127 

mmole) was added to chlorohydrin (720mg, I 

equivalent) in dry ether (50 mL) and 

anhydrous MgSO~. 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 (R1 = OJ4). The nitrone was isolated 

under reduced pressure vaccum pump as white 

niddle shape crystals (920mg, 94%; m.p: 

52°C, uncorrected). 

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(8), 1610(s), 

1415 (m), 1185 (s) cm·1; 1H NMR (CDC~]): o 

5.84 (d, lH, CH=N"'J, 5.79 (br,1H, -OH, 

exchanged in D20), 3.51 (dt, !H, J = 6.16, 

6.08 Hz, CHCI), 3.31 (s, 3H, N+- CH3), 1.88-

1.15 (m, 6H, CH2 protons); 13C NMR(CDC13) 

: 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 C6H120 2NCI, (M), 

165.5710, Found: M•, 165.5698. 

General procedure for synthesis of aldehyde 

(benzaldehyde) and Juran derivative 2 

(emryl;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 N2 

atmosphere for l hr while the formation of 

transient nitrone la (not isolated) was 

monitored by TLC (RJ = 0.38). Benzyl 

chloride (292.1002mg, 1 equivalent) was 

added at this stage and the reaction mixture 

was stirred for another 3 hr till the 

intermediate compound 1b (not isolated) was 

developed (monitorted by TLC; R1 = 0.40). 2 

gms of solid Na2C01 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 (Rt= 0.43, 0.50). The 

reaction was typically completed when the 

6 



'( 
N-0 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% ; R1 = 0.43) and furan derivative (2) as 

pale yellow gummy liquid (8_8mg, 10% ; R1 = 

0.50). This procedure was followed for all the 

substrates listed in Table I. 

Spectroscopic data for benzaldehyde (entry 1) 

Yield: 712 mg (8.8%); colourless liquid; RJ = 

0.43; IR (KBr): 1695(s), 1320(m), 770(s) em·'-. 

1H NMR (CDCi]): o 9.80 (s, IH, CHO), 7.30 

- 7.16 (m, 5H, C6H5); 
13CNMR (CDC13): o 

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 C6HsCHO (M), 106.0417, Found; M+, 

106.0408. 

Spectroscopic daia for 2 (R=Me; a-N-methyl 

Juran derivative; entry I) [(E)-I-

( dihydrofuran-2 -( 3 H )-ylidene )-N-methyl 

methanamine)j 

Yield: 88mg (10%); pale yellow gummy 

liquid; R1 = 0.50; IR (KBr): 3125-3054 (br), 

2838 (m), 1652 (s), 1455 (m), 1210 (m) em·'; 

1H NMR (CDC\3): o 4.81 (br, IH, N-H), 4.56 

(s, IH, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 

6H); 13C NMR (CDCh): 0 103.00, 101.76 

(double bonded carbons), 26.22, 25.30, 23.65 

(3 CHz carbons); FAB - MS: m/z 113 (M+), 

98, 97; HRMS-EI: Calcd. for C6H 110N (M), 

113.1000, Found: M+, 112.9876. 

Spectroscopic data for·propionaldehyde (entry 

2) 

Yield: 592mg (87%); colourless liquid; R1 = 

0.50; IR (KBr): 2920 (m), 2720 (m), 1720 (s) 

cm'1; 1H NMR (CDCi]): 1i 9.70 (t, IH, J = 

6.60 Hz, -CHO), 2.30 (ddd; 2H, J = 6.08, 6 

Hz, -CH2); 1.00 (t, 3H, J = 6.30 Hz, CH3); 

13CNMR (CDCI3): o 202.40 (CHO), 44.22 

(CHz carbon), 35.55 (CH3 carbon); FAB -

MS: mlz 58 (M+), 57, 29 (B.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)-I

( dihydrofu ran-2-( 3 H)-ylidene )-N-plzeny I 

methanamine)] 

7 



'( 

T. 

Yield: 90mg (11.5%); dark yellow viscous 

liquid; R1 =. 0.46; IR (KBr): 3150-3060 (br), 

2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 

(s) cm-1
; 'I;I NMR (CDC13): o 7.83 (m, 5H, 

C6Hs). 6.24 (br, 1H, N-H), 2.17 (s, lH, 

C=CH), l. 79 - 1.18 (m, 6H); 13C NMR 

(CDCI3): o 137.20, 135.65, 134.00, 132.15 

(aromatic carbons), 106.24, 104.18 (double 

bonded carbons), 28.46, 27.10, 24.84 (3 CHz 

carbons). FAB - MS (mlz): 175 (M+), 98, 97, '· 

77. HRMS-EI: Calcd. for C11H130N (M), 

175.0993,Found; M•, 175.0981. 

Spectroscopic data for n-butyraldelzyde (entry 

4) 

Yield: 570mg (86%); colourless liquid; R1 = 

0.54; IR (KBr): 2945 (m), 2710 (m), 1730 (s) 

em·'; 1H NMR (C:DCh): li 9.30 (t, 1H, 1 = 

5.84 Hz, ;CHO), 3.50 (dt, 2H, 1 = 6.50, 4.22 

Hz, -C2 2H), 1.30 (ddd, 2H, 1 = 5.50, 3.40 Hz, 

C32H), 0.90 (t, 3H, 1 = 4.30 Hz, CH3); 

13CNMR (CDC13): o 208.20 (CHO), 47.50 (Cz. 

carbon), 36.10 (C3 carbon), 20.10 (C• carbon); 

FAB- MS: m/z 72 (M+), 71, 57, 44 (B.P), 29; 

HRMS-EI: Calcd. for C4H80 (M), 72.0670, 

Found: M•, 72.0523. 

Spectroscopic data for p-hydroxy 

benzaldehyde (entry 5) 

Yield: 776mg (89%); colourless liquid; R_r = 

0.40; IR (KBr): 1690(s), 1320(m), 1210 (m), 

782(s) em·'; 1 H NMR (CDCI3): 1i 9.76 (s, I H, 

CHO), 7.05- 6.93 (m, 4H, C6H5), 5.80 (s,lH, 

OH); 13CNMR (CDCh): li 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 C1H602 

(M), 122.0530, Found: M+, 122.0512. 

General procedure for c"ycloaddition reaction 

of nitrune 1 (R = Ph) with fura11 derivative 2 

(R = Plz) 

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, I equivalent) and stirred at 

RT with a magnetic stirrer under N2 

atmosphere for 5 hr. The progress of the 

reaction was monitored -by TLC (Rr = 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 
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O NHR 
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NHR 

3 

R=Me;Ph 
Scheme2 R 1 =CHCl(CH2l,OH 

i) Reaction condition: Dry ether, RT, N2 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). 

3 (R=Ph) 

(S)-4-chloro-4-((3S,4S,5R)-2-phenyl-4-

(p/ze,,y/amino)-1,6-dioxa-2-

azaspiro[4:4 ]nonan-3-yl)butan-1-o/ 

Spectroscopic data for 3 (R = Ph) : 

Yield: 95mg (85%); dark red viscous liquid; 

R1 = 0.46; IR (CHCIJ): 3485 - 3290 (br), 

2825 (m), 2425 (m), 1620 (s), 1445 (m), 

1260 (m), 1040 '(m), 780 (s) em·'. 1H NMR 

(CDCI3): o 6.98 - 6.93 (m, IOH, 2 x C•Hs), 

5,84 (d, IH, J = 9.20 Hz, C4H), 4.96 (br, IH, 

CH20H, exchanged in D20), 3.51 (dd, I H, J 

= 9.34, 7.88 Hz, C3H), 3.45 (s, IH, N - H 

proton), 2.61 (dt, IH, J = 9.44, 8.72 Hz, 

CHCI), 1.88 - 1.15 (m, 12H). 13C NMR 

(CDC~)): 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 (m/z): 404 

(M++2), 402 (M+), 325, 310, 309, 218 (B.P), 

107, 91, 77. HRMS-EI: Calcd. for 

C22H2,0,N2Cl (M), 402.7130, Found; M+, 

402.7122. 
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( S )-4-chloro-4-( ( 3S, 4S,5 R)-2methyl-4-

( methylamino )-1, 6-dioxa-2-

azaspiro[ 4A ]nonan-3-yl)butan-1-ol 

Spectroscopic data for 3 (R =Me) 

Yield: 91mg (83c%)";cred gunimy liquid; Rt = 

0.40; IR (CHCIJ):c3460- 3326 (br), 2835 (m), 

2420 (m), 144() (m), 1325 (m), 980 (m) cm-1'. 

1H NMR (CDCI3): o 4.83 (br, IH, CH20H, 

exchanged in D20), 4.50 (br, IH, NHCH3), 

3.31 (s, 6H, 2 x NcCl-l,), 2.99 (d, IH, J = 9.16 

Hz,, C4H), 2.50 (dd, !H, J = 9.06, 7.60 Hz, 

C,H), 2:19 (dt, !H, J = 9.16, 8.50 Hz, CHC!), · 

1.66 - 1.60 (m, l2H). 13C NMR (CDCIJ): o 

93.00 (CHCI), 87.55 (C5),. 76.20 (C3), 55.20 

(C4), 41.97 (N-CH,), 40.24 (NH-CH,), 33.37, 

31.50, 28.68, 26.00, 25.12, 23.40 (6 CH2 

carbons). MS (mlz): 280 (M+ +2), 278 (W), 

263, 248, !56 (B.P), 141, 107. HRMS-EI: 

-\ Calcd. for C12H2,0,N2Cl (M), 278.6710, 

Found; M\ 278.6698. 

Conclusion 

Finally, we developed a new atom efficient 

methodology for the aldehyde synthesis usina 
" 

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 stereocheritically imp6rtant 5-

spiro isoxazolidines. The formation of the 

desired cycloadducts were obtained in good 

yields within a short reaction time. The newly 

developed side products (furan derivatives, 2) 

are equally effective as ·dipolaro~hile in 

cyc!oaddition 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 11-ch!oro 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. 
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