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A facile and efficient protocol for the construction of isoxazolo[3,4-a]pyrrolizine and 

isoxazolo[4,3-c]pyridine derivatives through in situ formation of nitrone ylide followed by an 

intramolecular [3+2] cycloaddition reaction is described. This reaction paved the pathway way 

for the successful assembly of an angularly substituted cyclic heterocycles, which creats two new 

rings, three contiguous stereocentres and one tetra substituted carbon center in a highly 

diastereoselective fashion with good yields. 
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A facile and efficient protocol for the construction of 

isoxazolo[3,4-a]pyrrolizine and isoxazolo[4,3-c]pyridine 

derivatives through in situ formation of nitrone ylide followed by 

an intramolecular [3+2] cycloaddition reaction is described. This 

reaction paved the pathway way for the successful assembly of an 

angularly substituted cyclic heterocycles, which creats two new 

rings, three contiguous stereocentres and one tetra substituted 

carbon center in a highly diastereoselective fashion with good 

yields. 

 

The development of highly efficient strategies for the synthesis of 

isoxazolidines is very important since isoxazolidines represent an 

important class of versatile intermediates for a wide range of 

natural products and pharmaceuticals. Notably, these five-

membered ring heterocycles can readily be converted into 

numerous useful functional groups such as amino acids, β-lactams, 

and 1,3-amino alcohols through reductive N−O bond cleavage. 

Therefore, it is not surprising that great efforts have been devoted 

to the development of new methods for the construction of 

isoxazolidine core. Among the different approaches available for 

the preparation of this structural motifs, [3 + 2] cycloaddition of 

nitrones with alkenes is one of the most straightforward and 

convenient method1 which leads to interesting structural units. 

 
Naturally-occurring pyrrole alkaloids and their derivatives have 

attracted significant attentions due to their bioactivities such as 

antibacterial activity and antimicrobial activities.2 important 

representatives of the naturally-occurring pyrrole fused tricylic 

alkaloids such as Phakellstatin (I), Dibromoagelaspongin (II) and 

Agelastatin B (III) are shown in Figure 1.3 Similarly, piperidine 

derivatives are very important in synthetic and medicinal chemistry 

due to their occurrence in numerous biologically relevant alkaloids 

and pharmaceutical agents.4 Typical examples include antibiotic and 

anesthetic prosopis alkaloid prosophylline (IV), α-Skytanthine (V) 

and Tecomanine (VI) which displays a variety of biological activities 

including neurogenic inflammation, pain transmission, and 

regulation of the immune response (Figure 1).5 

 

 

 

 

Figure 1. Some of the natural products embodying pyrrole and 

piperidine units 

To the best of our knowledge6, the Baylis-Hillman derivatives 

have not been utilized for the synthesis of fused tricyclic 

tetrahydro-1H-isoxazolo[3,4-a]pyrrolizine and octahydro 

isoxazolo[4,3-c]pyridine via 1,3-dipolar nitrone cycloaddition to 

date. Therefore, In our continuous effort towards the synthesis of 

highly functionalized poly heterocyclic compounds7, we speculated 

that the Baylis-Hillman derivatives can be effectively employed as a 

key starting material for the synthesis of complex angularly 

substituted tetrahydro-1H-isoxazolo[3,4-a]pyrrolizine and 

octahydroisoxazolo [4,3-c]pyridine frameworks via intramolecular 

1,3-dipolar nitrone cycloaddition reaction. 

We envisaged that treatment of Baylis-Hillman acetate (1) with 

pyrrole-2-carboxaldehyde (2) will leads to (E)-methyl 2-((2-formyl-

1H-pyrrol-1-yl)methyl)-3-phenylacrylate (3) and further treatment 

of N-allylated aldehyde (3) with N-phenylhydroxylamine (4) will 

afford the tricyclic tetrahydro-1H-isoxazolo[3,4-a]pyrrolizine (6) 

with ester functionality in the ring junction as depicted in the 

retrosynthetic strategy (Scheme 1). 
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Scheme 1. Retrosynthetic Strategy for the Synthesis of 

isoxazolo[3,4-a]pyrrolizine. 

To execute our idea we treated N-allylated aldehyde 3a 

(prepared from BH acetate with 2) and PhNHOH (4a) with 4Å MS in 

ethanol as solvent under reflux condition over a period of 6 h which 

successfully led to the desired isoxazolo[3,4-a]pyrrolizine (6a) 

containing ester functionality at the angular position in very good 

yield (80%). The reaction proceeds through an in situ formation of 

nitrone (5a) followed by [3+2] cycloaddition reaction sequence as 

shown in Table 1. 

 

Table 1. Synthesis of tricyclic isoxazolo[3,4-a]pyrrolizine 

Frameworks (6a-l)
a,b with Ester Functionality at Angular Position. 

 

 

 

 

 

aAll reactions were carried out on 1 mmol scale of N-allylated derivatives 

(3a-l) with 1.1 mmol of PhNHOH (4a) with 4Å MS in EtOH (10 mL) as a 
solvent at reflux temperature for 6h. b Isolated yield of the pure product. 
cStructure of the molecule was further confirmed by single-crystal X-ray 
data.8 

 

Encouraged by this result, we have utilized variety of N-allylated 

aldehydes (3b-l), with PhNHOH (4a) under similar reaction 

condition which smoothly led to the corresponding tricyclic 

tetrahydro-1H-isoxazolo[3,4-a]pyrrolizines (6b-l) possessing ester 

functionality at the angular position in good yields (67-86%) and the 

results are summarized in Table 1. Brominated pyrrole derivative 

(3l) also utilized for cycloaddition reaction and provided the 

corresponding cycloadduct 6l (67% yield) which will be useful for 

further elaboration in pyrrole unit. The structure of the molecule 6d 

was confirmed using single crystal X-ray analysis. The crystal 

structure of compound 6d shows that the phenyl group and the 

adjacent ester moiety adopt an anti-orientation, which is 

presumably due to the initial trans geometry of the phenyl group 

and ester moiety present in the double bond at the vicinal positions 

of compound 3d (Figure 2). The ring junction ester and hydrogen 

are in cis orientation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. ORTEP diagram  of compound 6d 

 

After the successful synthesis of tetrahydro-1H-isoxazolo[3,4-

a]pyrrolizine frameworks, we focussed our attention towards the 

synthesis of octahydroisoxazolo[4,3-c]pyridine derivatives from the 

MBH adducts of acrylates which will undergo intramolecular nitrone 

cycloaddition to furnish isoxazolo[4,3-c]pyridine (13) as shown in 

the retrosynthetic strategy (Scheme 2). 

 

 

 

Scheme 2. Retrosynthetic Strategy for the Synthesis of 

isoxazolo[4,3-c]pyridine derivatives. 

The approach for the synthesis of isoxazolo[4,3-c]pyridine (13) 

involves the utilization of BH acetate 7, which was transformed to 

allylamine 8 in a stereo selective fashion via SN2´ reaction with 

tosylamine in the presence of K2CO3 in CH3CN for 3h at room 

temperature. In order to reduce the ester functionality into alcohol 

group, allylamine 8 was treated with LiAlH4 in THF at 0 °C for 15 

minutes which afforded the corresponding alcohol 9. The reaction 

of substituted alcohol 9 with BH acetates (1) in the presence of 

K2CO3 in CH3CN at reflux temperature for 3 h afforded allylic alcohol 

10a in a chemo selective fashion. Further oxidation of allylic alcohol 

10a in presence of MnO2 afforded the aldehyde compound 11a in 

72% yield (Table 2). After successfully obtained the requisite 

aldehyde 11a, we prepared variety of aldehyde derivatives 11b-f in 

PhNHOH (4a)
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good yields (64-78%) with a view to carry out the nitrone 

cycloaddition reaction. 

Table 2. Synthesis of (E)-methyl 2-((N-((E)-2-formyl-3-phenylallyl)-4-

methylphenylsulfonamido)methyl)-3-arylacrylates (11a-f).a,b 

 

 

 

 

 

 

 

 

aAll reactions were carried out on 1 mmol scale of allylic alcohol  
(10a-f) with 2 mmol of MnO2 in DCE (20 mL) as a solvent at reflux 
temperature for 1 h. b Isolated yield of the pure product. 
 

In order to synthesize the cycloadduct 13a, the requisite 

precursor 11a was treated with N-methylhydroxylamine 

hydrochloride (4b) in the presence of pyridine as a base with 4Å MS  

Table 3. Synthesis of isoxazolo[4,3-c]pyridine (13a-f)a,b Ester 

Functionality at Angular Substitution. 

 

 

 
 

 

aAll reactions were carried out on 1 mmol scale of aldehydes (11a-f) with 1.1 

mmol of MeNHOH.HCl (4b) presence of pyridine with 4Å MS in allowed to 
stir in EtOH (10 mL) at reflux temperature for 6 h. bIsolated yields of the 
pure product. cThe structure of the molecule was further confirmed by 
single-crystal X-ray data.8 

in ethanol under reflux condition for 6 h afforded a desired product 

13a in 83% yield. Encouraged by the result, we carried out the 

cycloaddition reaction of substrates 11b-f with N-methyl 

hydroxylamine hydrochloride (4b) successfully afforded a desired 

isoxazolo[4,3-c]pyridines (13b-f) in 80-86% yields (Table 3). The 

structure of the compound 13f was further confirmed using single 

crystal X-ray analysis (Figure 2). 

 

Figure 2. ORTEP diagram of compound 13f 

 

We believe that the reaction proceeds via the formation of 

nitrone followed by intramolecular [3 + 2] cycloaddition reaction. 

To confirm the intermediate, we have isolated the nitrone 

intermediate (75%) by following the reaction condition depicted in 

Scheme 3. The nitrone intermediate 12a was refluxed in EtOH for  

6 h which successfully led to the desired cycloadduct 13a in 99% 

yield. 

 

Scheme 3: Plausible mechanism for the formation of isoxazolo[4,3-

c]pyridine. 

Conclusions 

We have successfully developed a simple and novel protocol 
for the facile synthesis of complex angularly substituted 
frameworks containing a Isoxazolo[3,4-a]pyrrolizine and 
Isoxazolo[4,3-c]pyridine ring system involving in situ formation 
of nitrone followed by an intramolecular 1, 3-dipolar nitrone 
cycloaddition reaction using Baylis-Hillman derivatives for the 
first time. The new [3 + 2] cycloaddition reaction leads to a 
novel class of angularly substituted fused bicyclic/tricyclic 
Isoxazolo[4,3-c]pyridine and Isoxazolo[3,4-a]pyrrolizine, 
creating two rings, three contiguous stereocentres, one of 
them being a tetra substituted carbon center in a unique 
fashion. 
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