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Here,	we	report	the	successful	conversion	of	an	ef�icient	Transition	metal-free	catalysed	one-pot	three-component	
approach	 to	 the	 synthesis	 of	 different	 functionalized	 ethyl	 5-(substituted	 aryl/heteroaryl)-2-(substituted	
aryl/heteroaryl)isoxazolidine-3-carboxylate	 derivatives	 (4a-r).	 These	 reactions	 are	 silent	 features	 of	 transition	
metal-free,	economically	acceptable,	cheap,	and	readily	available	accessible	diazo	compounds,	nitrosoarenes,	and	
styrene,	catalysts	and	starting	materials,	good	to	excellent	functional	group	comparability,	a	wide	range	of	substrate	
scope,	and	exceptional	yields.	Newly	created	compounds	were	characterized	by	different	spectral	techniques	such	as	
1H-NMR,	13C-NMR,	and	HRMS.	All	 the	synthesized	compounds	were	evaluated	for	their	anti-bacterial	and	anti-
fungal	activities.	The	antibacterial	activity	results	showed	that	compounds	4b,	4c,	4e,	4l,	4m,	and	4n	were	more	active	
against	S.	aureus.	In	the	case	of	B.	subtilis,	the	compounds	4b,	4c,	4e,	4l,	4m,	and	4n	were	found	to	be	more	active.	The	
compounds	4b,	4c,	4e,	4l,	4m,	and	4n	were	more	active	against	E.	coli.	In	the	case	of	P.	aeruginosa	4b,	4c,	4e,	4l,	4m	and	
4n	were	found	to	be	more	active.	On	the	other	hand,	the	anti-fungal	activity	result	shows	that	the	compounds	4b,	4c,	
4e,	4l,	4m	and	4n	were	more	active	against	A.	niger.	The	compounds	4b,	4c,	4e,	4l,	4m,	and	4n	were	found	to	be	more	
active	against	C.	albicans.
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1.	INTRODUCTION
Heterocyclic compounds constitute a signi�icant class 
of organic molecules due to their widespread 
occurrence in natural products, pharmaceuticals, 
agrochemicals, and functional materials. Among 
these, nitrogen- and oxygen-containing heterocycles 
have attracted sustained attention because of their 
diverse biological and pharmacological properties. 
Isoxazolidine derivatives, in particular, represent an 
important group of �ive-membered heterocycles 
containing adjacent nitrogen and oxygen atoms 
within the ring structure. These compounds serve as 
valuable intermediates in organic synthesis and are 
frequently encountered in biologically active
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molecules. Consequently, the development of 
ef�icient, sustainable, and versatile synthetic methods 
for functionalized isoxazolidine derivatives remains 
an important objective in contemporary synthetic 
chemistry. Isoxazolidines are known for their broad 
spectrum of biological  activities,  including 
a n t i m i c ro b i a l ,  a n t iv i ra l ,  a n t i c a n c e r,  a n t i -
in�lammatory, and enzyme inhibitory properties. 
Moreover, these heterocycles are versatile precursors 
for the synthesis of β-amino alcohols, amino acids, 
and other functionalized compounds via reductive or 
oxidative ring transformations. Such transformations 
have been widely exploited in medicinal chemistry for 
the preparation of pharmacologically relevant
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molecules. Therefore, the ef�icient construction of 
functionalized isoxazolidine scaffolds continues to be 
of high interest to researchers working in heterocyclic 
and medicinal chemistry.
Traditional methods for synthesizing isoxazolidines 
often involve stepwise procedures requiring 
prefunctionalized starting materials, use of transition 
metal catalysts, or harsh reaction conditions. 
Although these methods can be effective, they 
frequently suffer from limitations such as long 
reaction times, low atom economy, multistep 
puri�ication processes, and generation of chemical 
waste. Furthermore, the use of transition metal 
catalysts, though bene�icial in many reactions, 
introduces concerns related to cost, toxicity, and 
environmental impact. Residual metal contamination 
in pharmaceutical intermediates also poses 
regulatory and safety challenges, prompting 
increasing interest  in metal-free synthetic 
methodologies.
In recent years, multicomponent reactions have 
emerged as powerful tools in modern organic 
synthesis because they allow the construction of 
complex molecules from simple starting materials in 
a single operational step. These reactions offer 
several advantages, including improved atom 
economy, operational simplicity, reduced reaction 
t i m e ,  a n d  m i n i m i z e d  w a s t e  g e n e r a t i o n . 
Multicomponent approaches are particularly 
attractive for medicinal chemistry and combinatorial 
synthesis, where rapid generation of molecular 
diversity is desirable. One-pot multicomponent 
reactions further enhance synthetic ef�iciency by 
avoiding isolation of intermediates and reducing 
solvent consumption and puri�ication steps.
Simultaneously, the principles of green chemistry 
encourage the development of environmentally 
benign synthetic protocols that minimize hazardous 
reagents, energy consumption, and waste production. 
Transition metal-free reactions align well with these 
principles, providing safer and more sustainable 
alternatives to conventional metal-catalyzed 
processes. Consequently, the exploration of metal-
free one-pot multicomponent strategies for 
constructing biologically relevant heterocycles has 
become an active area of research.
Ethyl isoxazolidine-3-carboxylate derivatives 
represent valuable structural motifs due to the 
presence of ester functionality combined with the 
heterocyclic framework, offering opportunities for 
further structural modi�ication and biological 
evaluation. Functionalization of these scaffolds can 
lead to compounds with enhanced pharmacological 
pro�iles and improved physicochemical properties. 
D e s p i t e  t h e i r  i m p o r t a n c e ,  e f � i c i e n t  a n d 
environmentally friendly synthetic routes to 
structurally diverse ethyl isoxazolidine derivatives 
remain relatively underexplored, particularly using 
transition metal-free methodologies. Another 
compelling motivation for the synthesis of novel 
heterocyclic compounds arises from the global 
challenge posed by microbial resistance. The rapid 
emergence of drug-resistant bacterial and fungal 
strains has signi�icantly reduced the effectiveness of 
many existing antimicrobial agents, creating an 
urgent  demand for  new chemotherapeutic 

candidates. Heterocyclic frameworks, including 
isoxazolidine derivatives, have demonstrated 
promising antimicrobial properties, making them 
attractive targets for further investigation. 
Exploration of new functionalized derivatives may 
lead to compounds with improved activity and 
potential therapeutic applications.
The present study focuses on the development of a 
transition metal-free one-pot multicomponent 
synthetic approach for the preparation of novel 
functionalized ethyl isoxazolidine-3-carboxylate 
derivatives. The methodology aims to provide a 
simple, ef�icient, and environmentally friendly route 
to structurally diverse heterocycles with potential 
biological relevance. Additionally, the synthesized 
compounds were evaluated for their antimicrobial 
activity against selected microbial strains to 
investigate their possible application as antimicrobial 
agents.
The present work thus combines synthetic 
innovation with biological evaluation, contributing to 
the ongoing search for sustainable chemical 
processes and new bioactive molecules. The 
proposed protocol offers advantages such as 
operational simplicity, good yields, reduced reaction 
steps, and avoidance of metal catalysts, making it a 
promising approach for generating functionalized 
heterocyclic compounds. Furthermore, biological 
screening of the synthesized derivatives provides 
va l u a b l e  i n s i g h t s  i n t o  s t r u c t u r e – a c t iv i t y 
relationships and potential  pharmaceutical 
relevance, this study demonstrates an ef�icient and 
g r e e n e r  s y n t h e t i c  s t r a t e g y  f o r  a c c e s s i n g 
functionalized ethyl isoxazolidine derivatives while 
simultaneously exploring their antimicrobial 
potential, thereby addressing important challenges in 
both synthetic chemistry and medicinal research.

Previous	works

Present	work

2.	RESULTS	AND	DISCUSSION	
2.1.	Chemistry
We started our investigation to synthesize the target 
compound (4a) as model reaction in one pot by using 
an equi molar ratio of ethyl diazo acetate (1), 
nitrosobenzene (2), and styrene (3) was selected as 
the model reaction to evaluate catalysts. 
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Gratifyingly, 70% yield could be obtained when 10 
mol% KOAc was employed as a catalyst at 50°C 
temperature in various we screened the effect of 
different bases such as t-BuOK, KOH, K CO , Na PO  2 3 2 4

and DBU. However, no better results were observed. 
Strong bases (t-BuOK, KOH) indicated inferior 
catalytic activities with trace amount of product 4a 
(Table 1, entries 2−3), and K CO , Na PO  and DBU 2 3 2 4

catalysed the reaction to give slightly lower yields 
compared to NaOAc (Table 1, entries 4, 5 & 9). 
Notably, only 8% yield was attained in the absence of a 
base, which suggested that the existence of a suiTable 
base was crucial for this transformation (Table 1, 
entry 7). A series of solvents were then examined and 
DCE proved to be the best choice (Table 1, entry 1). 
The use of 1, 4-dioxane, toluene and CH CN provided 3

the product 4a in somewhat lower yields (Table 1, 
entries 11−13). 

Table	1:	Optimization	of	Reaction	Conditions	of	(4a)*

Other solvents such as CH OH, and THF were less 3

effective and gave obviously lower yields (Table 1, 
entries 8-9). To our delight, reducing the amount of 
NaOAc to 5 mol% did not affect the yield (Table 1, 
entry 14). However, the adjustment of reaction 
temperature resulted in no further improvement in 
yields (Table 1, entries 14 and 15). Moreover, the 
reaction proceeded more smoothly and gave the best 
yield when the 1a/2a/3a molar ratios were 1.2:1.2:1 
(99%, Table 1, entry 16). 

*aThe	reaction	was	carried	out	by	taking	compound	with	1	(0.1	mmol),	2	(0.1	mmol),	3	(0.1	mmol)	and	10	mol%	of	catalyst	in	1.0	mL	of	solvent	for	20hrs.	
b c d	5	mol%	of	NaOAc	was	used	and	65%	yield	was	obtained;	1:2:3:	NaOAc	=	1.2:1.2:1:0.05.	 Isolated	yields.

With the established optimal reaction conditions using NaOAc as a catalyst in hand, we next evaluated the 
substrate scope of this transformation using a variety of different ole�ins 3, and the results are summarized in 
Scheme 2. Various styrenes bearing electron donating groups such as methyl or electron withdrawing groups such 
as �luoro, chloro, and bromo at any position, reacted well with 1a and 2a to afford the desired products 4a−4r 
70−99% yields with a single isomer which demonstrated that the electronic and steric properties of substituents 
had little in�luence on the transformation. It should be noted that dimethyl substituted product 4f was obtained in 
98% yield. Moreover, ethylenes substituted with a heteroaryl group such as 4-vinylpyridine also worked well, 
giving the desired product 4b in 88% yields with excellent diastereoselectivities, respectively. It was respectively. 
Gratifyingly, 1, 2-disubstituted aryl alkenes such as ethyl cinnamate could be converted successfully into the 
desired product 4q in 93% with good yields and diastereoselectivities. Affording the corresponding single isomer 
product 4c in excellent yields. To further demonstrate the utility of this method, more demanding 1, 1-
disubstituted ole�ins were examined as substrates which have never been explored in three-component system. 
All examined substrates afforded the desired products 4i−4o in 70-98% yields. 77-89% and 80% yields were 
obtained. Interestingly, these results demonstrated that electronic effect of functional groups played a more 
important role than steric effect for 1, 1-disubstituted ole�ins and the stronger the electron-withdrawing ability of 
substituents was, the higher the yield. 
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Derivatives	of	isoxazolidine-3-carboxylate	(4a-r)

3.	PHARMACOLOGICAL	STUDIES	
3.	1	Test	microorganisms	
The four bacterial strains used in the present study were collected from Department of Animal biotechnology, 
University of Hyderabad. The bacteria used are Bacillus	 subtilis, Escheria	 coli, Pseudomonas	 euroginosa, and 
Staphylococcus	aurous. 

3.	2 Antimicrobial	activity
All the newly synthesized compounds (4a-r) were screened for their antibacterial activity against Bacillus	subtilis, 
Escheria	 coli, Pseudomonas	 euroginosa, and Staphylococcus	 aurous at 20, 30, 40, 100, and 200 μg/mL 
concentrations. The Cipro�loxacin is used as standard reference drug. The activity was determined by agar well 
diffusion method. All these newly synthesized compounds (4a-r) were shown good antibacterial activity. Among 
all the compounds (4a-r), the compounds 4b, 4c, 4e, 4l, 4m and 4n are active against all the four bacterial strains. 
The antibacterial activity results are summarized in Table 2.

Table	2:	Antibacterial	zone	of	inhibition	(mm)	of	Ethyl	isoxazolidine-3-carboxylates	(4a-r)
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3.	3	Antifungal	activity
The antifungal activity of these newly synthesized 
compounds (4a-r) against Aspergillus	 niger and 
Candida	albicans were tested at 100 and 200 μg/mL 
concentration. Voriconazole is utilized as standard 
reference drug. The antifungal activity was carried 
out by using the disk diffusion method. The results of 
the antifungal activity revealed that the compounds 
4b, 4c, 4e, 4l, 4m and 4n exhibiting highest activity, the 
results are summarized in Table 3. 

Table	3:	Antifungal	zone	of	inhibition	(mm)	of	Ethyl	isoxazolidine-
3-carboxylates	(4a-r)

DOCKING	RESULTS
The binding af�inity of 6	 selected ligands	 which 
showed	 biological activity better than reference 
molecule towards Staphylococcus aureus. The 
binding site surrounded by the protein residues were 
analysed using molecular docking studies. The 
binding af�inities of the molecules are showed strong 
interaction energies with the Staphylococcus aureus 
active site and the results are showed in the Table 4. 

Table	4:	Ligands	and	their	binding	energy

The molecules bound to the Staphylococcus aureus 
are stabilized by the aromatic-aromatic and 
hydrophobic interactions. In these ligands 4e 
molecule showed highest binding energy such as -
9.38 kcal/mol. The 4e molecule stabilised with Pi-
alkyl interactions with Leu-141, Val-137 and leu-160 
residues. The residues Ala-134, Phe-22, Val-133 and 
Tyr-248 showed hydrophobic interactions. 
Remaining molecules stabilised in the active site with 
pi-alkyl and hydrophobic interactions. All the ligands 
showed good binding energies between -8.2 kcal/mol 
to -9.3 kcal/mol.
The binding af�inity of 6 selected ligands which 
showed biological activity better than reference 
molecule towards Candida albicans. The active site 
surrounded by the protein residues were analysed 
using molecular docking studies. The binding 
af�inities of the molecules are showed strong 
interaction energies with the Staphylococcus aureus 
active site and those results are showed in the Table 5.

Table	5:	Strong	interaction	energies	with	the	Staphylococcus	
aureus

The molecules bound to the Candida albicans are 
stabilized with hydrogen bonds, Pi-alkyl and 
hydrophobic interactions. In these ligands also 4e 
molecule showed highest binding energy such as -
8.48 kcal/mol. The 4e molecule carbonyl group and 
oxygen molecule showed 2 hydrogen bonding 
interactions with Tyr-45 and Arg-311 residues. This 
complex also stabilised with Pi-Pi interactions with 
Tyr-371 and Trp-436 residues. Further this complex 
showed hydrophobic interactions with Tyr-259, Trp-
196 and Cys-374 residues in the active site. 
Remaining molecules also stabilised in the active site 
with hydrogen bonds, Pi-Pi and hydrophobic 
interactions. 
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All the ligands showed good binding energies 
between -7.7 kcal/mol to -8.4 kcal/mol, the selected 
molecules stabilised with hydrophobic, Pi-Pi, Pi-alkyl 
and hydrogen bonding interactions with strong 
binding energies. This study showed good correlation 
with experimental results.

CONCLUSIONS
In conclusion, we have developed Iodine mediated 
synthesis of novel Ethyl isoxazolidine-3-carboxylates 
(4a-r) in good yields. The signi�icant features of this 
synthesis include shorter reaction time, high yields, 
and simple workup. All the newly synthesized 
Compounds (4a-r) were evaluated for their 
antibacterial and anti-fungal activities. All these 
synthesized compounds (4a-r) demonstrate good 
antimicrobial activities, among them, compounds 4b, 
4c, 4e, 4l, 4m and 4n displayed highest antibacterial 
and antifungal activities.

EXPERIMENTAL
MATERIALS	AND	METHODS:
All reagents and solvents were obtained from 
commercial sources and used without further 
puri�ication unless otherwise noted. NaOAc, DCE, 
THF, Methanol, Dioxane, Toluene, and Acetonitrile, 
were purchased from Sigma-Aldrich Co. ClCH COOH, 2

1, 2-dichloroethane and ethyl acetate were obtained 
commercially. NMR spectra were recorded on a 
Bruker AVANCE III 600 MHz NMR spectrometer (400 

1 13MHz for H and 150 MHz for C) in DMSO-d6 with 
tetramethylsilane (TMS) as an internal standard. 
TLCs were performed on Merck TLC Silica gel 60 F254 
plates eluting with EtOAc and developed with iodine. 
Melting points were determined in glass capillaries 
on a Mel-Temp 3.0. Mass spectra were measured on 
Bruker micrOTOF-Q II or maXis (Bruker, Germany) 
instruments  using e lectrospray ionizat ion 
(HRESIMS). All yields were referred to isolated 
yieldsof Ethyl 2,  5-diphenylisoxazolidine-3-
carboxylate.

CHEMISTRY 
General 	 Procedure 	 for 	 the 	 synthesis 	 of	
compounds	(4a-r):
To a reaction system of Nitrosoarene 2 (0.12 mmol), 
α-diazo compound 1 (0.12 mmol) and NaOAc (0.5 mg, 
0.005 mmol, 5 mol %) in DCE (1.0 mL) was added 
alkene 3 (0.1 mmol). Subsequently, the resultant 

o solution was stirred at 50 C and monitored by TLC. 
Upon completion of consumption of alkene, the 
reaction mixture was puri�ied by silica-gel column 
chromatography to give the corresponding 
cycloaddition product (4a-r).

Ethyl	 2,	 5-diphenylisoxazolidine-3-carboxylate	 (4a): 
1Yellow oil; Yield: 99% HNMR (CDCl , 400 MHz); ẟ 1. 30 (t, J 3

= 7. 1 Hz, 3H), 2. 72-2. 79 (m, 1H), 2. 88-2. 95 (m, 1H), 4. 28 
(q, J = 7.1 Hz, 2H), 4. 50 (dd, J = 8.9, 5.8 Hz, 1H), 5. 04 (dd, J = 
9. 4, 6. 8 Hz, 1H), 7. 0 (t, J =7. 3 Hz, 1H), 7. 14(d, J =7. 8 Hz, 
2H), 7. 29- 7.35 (m, 2H), 7. 367. 41 (m, 3H), 7. 48-7.51 (m, 

13
2H) ppm; C NMR (CDCl , 100MHz);   ẟ 13. 3, 40. 3, 60. 9, 3

68. 5, 79. 0, 113. 1, 121.1, 126. 0, 127.5, 127. 6, 128. 1, 136. 
+3, 150. 1, 170. 7 ppm; HRMS (ESI) m/z: [M+ Na]  Calcd for 

C H NaNO 320. 1258; found: 320. 1261; Ele. Anly: C, 18 19 3 

72.71; H, 6.44; N, 4.71; O, 16.14; found: C, 72.74; H, 6.45; N, 
4.68; O, 16.16.

Ethyl	 2-phenyl-5-(pyridin-4-yl)	 isoxazolidine-3-
1carboxylate	(4b):	Yellow oil; Yield: 85% HNMR (CDCl , 3

400 MHz); ẟ 1. 30 (t, J = 7. 1 Hz, 3H), 2. 66-2. 73 (m, 1H), 2. 
91-2. 99 (m, 1H), 4. 25 (q, J = 7.1 Hz, 2H), 4. 52 (dd, J = 8.9, 
5.8 Hz, 1H), 5. 11 (dd, J = 9. 4, 6. 8 Hz, 1H), 7. 03 (t, J =7. 3 Hz, 
1H), 7. 13 (d, J =7. 8 Hz, 2H), 7. 29- 7.35 (m, 2H), 7. 33 (t, J = 
7.8 Hz, 2H), 7. 40 (d, J = 4. 9 Hz, 2H), 8. 62 (d, J = 4. 8 Hz, 2H) 

13ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 1, 40. 4, 61. 9, 68. 3, 3

78. 3, 114. 3, 121.5, 122. 5, 129.3, 147. 2, 150. 2, 171. 1 
+ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H N O 299. 17 19 2 3 

1391; found: 299. 1398; Ele. Anly: C, 68.43; H, 6.10; N, 9.41; 
O, 16. 13; found: C, 68.45; H, 6. 08; N, 9. 40; O, 16.12. 

Ethyl	 5-(2-�luorophenyl)-2-phenylisoxazolidine-3-
1

carboxylate	(4c):	Yellow oil; Yield: 92% HNMR (CDCl , 3

400 MHz); ẟ 1. 32 (t, J = 7. 2 Hz, 3H), 2. 67-2. 75 (m, 1H), 2. 
93- 3. 01(m, 1H), 4. 26 (q, J = 7.2 Hz, 2H), 4. 52 (dd, J = 9.9, 
5.4 Hz, 1H), 5. 36 (dd, J = 8. 8, 7. 4 Hz, 1H), 6. 99-7. 02 (m, 
1H), 7. 03- 7.09 (m, 1H), 7. 14 (dd, J = 8. 6, 0.9 Hz, 2H), 7. 18 
(td, J = 7. 7, 1. 1Hz, 1H), 7. 28-7. 35 (m, 3H), 7. 68 (td, J = 7. 5, 

13
1. 7Hz, 1H) ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 1, 40. 4, 3

61. 9, 68. 3, 78. 3, 114. 3, 121.5, 122. 5, 129.3, 147. 2, 150. 2, 
+

171. 1 ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H FNO18 19 3 

316. 1344; found: 316. 1348; Ele. Anly: C, 68.56; H, 6.75; F, 
6. 02; N, 4.44; O, 15. 22; found: C, 68.51; H, 6. 08; F, 6. 05; N, 
4. 40; O, 15.19. 

Ethyl	 5-(4-�luorophenyl)-2-phenylisoxazolidine-3-
1

carboxylate	(4d):	Yellow oil; Yield: 90% HNMR (CDCl , 3

400 MHz); ẟ 1. 34 (t, J = 7. 1 Hz, 3H), 2. 67-2. 75 (m, 1H), 2. 
84- 2. 92 (m, 1H), 4. 28 (q, J = 7.1 Hz, 2H), 4. 51 (dd, J = 8.9, 
5.4 Hz, 1H), 5. 03 (dd, J = 9. 1, 7. 0 Hz, 1H), 7. 02 (t, J = 7. 3 Hz, 
1H), 7. 05 (t, J = 8. 7 Hz, 2H), 7. 12 -7. 16 (m, 2H), 7. 29 – 7. 35 

13(m, 2H), 7. 45-7. 51 (m, 2H) ppm; C NMR (CDCl , 100 3

MHz);   ẟ 14. 2, 41. 0, 61. 9, 79. 5, 114. 3, 115.5 (d, J = 21. 6 
Hz), 122. 3, 128.9 (d, J = 8. 4 Hz), 129. 2, 133. 1 (d, J = 3. 2 
Hz), 151. 0, 161. 6 (d, J = 245. 7 Hz), 171. 5 ppm; HRMS 

+
(ESI) m/z: [M+ H]  Calcd for C H FNO 316. 1343; found: 18 19 3 

316. 1357; Ele. Anly: C, 68.56; H, 6.75; F, 6. 02; N, 4.44; O, 
15. 22; found: C, 68.58; H, 6. 08; F, 6. 05; N, 4. 41; O, 15.19.

Ethyl	 5-(4-bromophenyl)-2-phenylisoxazolidine-3-
1carboxylate	(4e):	Yellow oil; Yield: 84% HNMR (CDCl , 3

400 MHz); ẟ 1. 34 (t, J = 7. 2 Hz, 3H), 2. 66-2. 74 (m, 1H), 2. 
85- 2. 94 (m, 1H), 4. 28 (q, J = 7.2 Hz, 2H), 4. 50 (dd, J = 8.9, 5. 
5 Hz, 1H), 5. 03 (dd, J = 9. 0, 7. 2 Hz, 1H), 7. 02 (t, J = 7. 4 Hz, 
1H), 7. 13 (d, J = 8. 7 Hz, 2H), 7. 30 (dd, J = 8. 5, 7. 5 Hz, 2H), 7. 

13
36 (dd, J = 8. 4, 2H), 7. 51 (d, J = 8. 4 Hz, 2H) ppm; C NMR 
(CDCl , 100 MHz);   ẟ 14. 2, 41. 2, 61. 5, 78. 5, 80. 0, 116. 5. 3, 3

120. 5, 126. 3, 127.2, 128. 2, 130. 16, 132. 2, 151. 0, 171. 5 
+ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H BrNO 375. 18 19 3 

2513; found: 375. 2523; Ele. Anly: C, 57.48; H, 4.75; Br, 21. 
26; N, 3.74; O, 12. 74; found: C, 57.52; H, 4. 86; Br, 21. 30; N, 
3. 70; O, 12.78.

Ethyl 	 2-phenyl -5-(o - to lyl) 	 isoxazol idine-3-
1

carboxylate	(4f):	Yellow oil; Yield: 97% HNMR (CDCl , 3

400 MHz); ẟ 1. 33 (t, J = 7. 2 Hz, 3H), 2. 32 (s, 3H), 2. 62 – 2. 
69 (m, 1H), 2. 90- 2. 98 (m, 1H), 4. 28 (q, J = 7. 2 Hz, 2H), 4. 
51 (dd, J = 9.0, 5. 8 Hz, 1H), 5. 24 (dd, J = 9. 4, 6. 7 Hz, 1H), 7. 
01 (t, J = 7. 4 Hz, 1H), 7. 13 – 7. 18 (m, 3H), 7. 21 – 7. 27 (m, 

132H), 7. 30- 7. 34 (m, 2H), 7. 68 – 7. 70 (m, 1H) ppm; C NMR 
(CDCl , 100 MHz);   ẟ 14. 2, 19. 4, 41. 1, 61. 8, 68. 5, 114. 1, 3

122. 1, 125. 9, 126.5, 128. 1, 129. 2, 130. 4, 135. 8, 151. 2, 
+

171. 5 ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H NO19 22 3 

312. 1595; found: 312. 1612; Ele. Anly: C, 73.31; H, 6.80; N, 
4.51; O, 15. 41; found: C, 73. 35; H, 6. 86; N, 4. 48; O, 15.45.
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Ethyl 	 2-phenyl-5-(p - tolyl) 	 isoxazol idine-3-
1carboxylate	(4g):	Yellow oil; Yield: 99% HNMR (CDCl , 3

400 MHz); ẟ 1. 34 (t, J = 7. 2 Hz, 3H), 2. 35 (s, 3H), 2. 70 – 2. 
77 (m, 1H), 2. 85- 2. 92 (m, 1H), 4. 28 (q, J = 7. 1 Hz, 2H), 4. 
49 (dd, J = 8.9, 6.0 Hz, 1H), 5. 00 (dd, J = 9. 6, 6. 7 Hz, 1H), 7. 
01 (t, J = 7. 3 Hz, 1H), 7. 14 (d, J = 7. 8Hz, 2H), 7. 19 (d, J = 
8.0Hz, 2H), 7. 29 (dd, J = 8.7Hz, 2H), 7. 38 (d, J = 8.0 Hz, 2H) 

13ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 2, 21. 4, 41. 2, 61. 8, 3

68. 7, 80. 2, 114. 1, 122. 0, 127. 2, 126.5, 128. 1, 129. 2, 129. 
3, 134. 2, 138. 5, 151. 2, 171. 6 ppm; HRMS (ESI) m/z: [M+ 

+H]  Calcd for C H NO 312. 1595; found: 312. 1605; Ele. 19 22 3 

Anly: C, 73.30; H, 6.80; N, 4.50; O, 15. 41; found: C, 73. 35; H, 
6. 84; N, 4. 48; O, 15.45.

Ethyl	5-(2,	5-dimethylphenyl)-2-phenylisoxazolidine-
13-carboxylate	(4h):	Yellow oil; Yield: 97% HNMR (CDCl , 3

400 MHz); ẟ 1. 34 (t, J = 7. 2 Hz, 3H), 2. 27 (s, 3H), 2. 34 (s, 
3H), 2.60 – 2.69 (m, 1H), 2. 89- 2. 97 (m, 1H), 4. 28 (q, J = 7. 1 
Hz, 2H), 4. 51 (dd, J = 8.9, 6.0 Hz, 1H), 5. 20 (dd, J = 9. 6, 6. 6 
Hz, 1H), 6.99 (t, J = 7. 3 Hz, 1H), 7. 02-7.09 (m, 2H), 7. 14 
(dd, J = 8.7, 1.0Hz, 2H), 7. 29-7.35 (m, 2H), 7. 51 (s, 1H) 

13
ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 2, 19. 4, 21. 2, 40. 2, 3

61. 8, 68. 7, 76. 9, 114. 1, 122. 0, 126. 5, 128. 8, 129. 2, 130. 3, 
132. 3, 135. 5, 136.0, 151. 4, 171. 6 ppm; HRMS (ESI) m/z: 

+[M+ H]  Calcd for C H NO 326. 1750; found: 326. 1754; 20 24 3 

Ele. Anly: C, 73.82; H, 7.12; N, 4.30; O, 14. 75; found: C, 73. 
86; H, 7. 16; N, 4. 33; O, 14.77.

Ethyl 	 5-phenyl-2-(2-tolyl) 	 isoxazol idine-3-
1

carboxylate	(4i):	Yellow oil; Yield: 70% HNMR (CDCl , 3

400 MHz); ẟ 1. 18 (t, J = 7. 1 Hz, 3H), 2. 35 (s, 3H), 2. 64-2. 71 
(m, 1H), 3.00 – 3.09 (m, 1H), 4. 12 (q, J = 7.1 Hz, 2H), 4. 38 
(dd, J = 9. 0, 4.3 Hz, 1H), 5. 35 (t, J = 7.8 Hz, 1H), 7. 00-
7.05(m, 1H), 7. 14-7.19 (m, 2H), 7. 30-7.40 (m, 4H), 7. 52 

13(d, J= 7.2 Hz, 1H) ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 1, 3

18. 4, 40. 2, 61. 4, 67. 3, 79. 4, 119. 1, 125. 2, 126. 3, 126.7, 
126.9, 128. 2, 128.5, 128.6, 130. 8, 131. 3, 138.9, 148. 1, 

+
170. 6 ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H NO19 22 3 

312. 1597; found: 312. 1604; Ele. Anly: C, 73.30; H, 6.80; N, 
4.50; O, 15. 40; found: C, 73. 34; H, 6. 85; N, 4. 55; O, 15.43.

Ethyl 	 5-phenyl-2-(4-tolyl) 	 isoxazol idine-3-
1carboxylate	(4j):	Yellow oil; Yield: 80% HNMR (CDCl , 3

400 MHz); ẟ 1. 34 (t, J = 7. 1 Hz, 3H), 2. 31 (s, 3H), 2. 70-2. 76 
(m, 1H), 2.87 – 2.93 (m, 1H), 4. 29 (qd, J = 7. 1, 0.5 Hz, 2H), 4. 
48 (dd, J = 9. 0, 5.7 Hz, 1H), 5. 05 (dd, J = 9.4, 6.9 Hz, 1H), 7. 
05 (d, J= 8.6 Hz, 2H), 7. 12 d, J= 8.3 Hz, 2H), 7. 34 (t, J = 7. 3 

13
Hz, 1H), 7.37-7.41 (m, 2H), 7. 48 (d, J= 7.1 Hz, 2H) ppm; C 
NMR (CDCl , 100 MHz);   ẟ 17. 1, 23. 4, 44. 1, 64. 7, 71. 7, 83. 3

0, 117. 2, 130. 1, 131. 3, 131.5, 132.6, 134.5, 140.4, 151. 8, 
+174. 6 ppm; HRMS (ESI) m/z: [M+ H]  Calcd for C H NO19 22 3 

312. 1597; found: 312. 1600; Ele. Anly: C, 73.30; H, 6.80; N, 
4.50; O, 15. 40; found: C, 73. 34; H, 6. 85; N, 4. 55; O, 15.43.

Ethyl	 2-(o-chlorophenyl)-5-phenylisoxazolidine-3-
carboxylate	(4k):

1
Yellow oil; Yield: 77% HNMR (CDCl , 400 MHz); ẟ 1. 21 (t, J 3

= 7. 1 Hz, 3H), 2. 62-2.68 (m, 1H), 2. 85 (dq, J= 6.0, 1.4Hz, 
1H), 4. 16 – 4. 24 (m, 2H), 4. 63 (dd, J = 8.6, 1.3 Hz, 1H), 5. 44 
(dd, J = 10. 0, 5.9 Hz, 1H), 7. 01 (dd, J = 7.7, 1.6 Hz, 2H), 7. 33-
7.37 (m, 2H), 7. 39-7.42 (m, 2H), 7. 47-7.50 (m, 2H), 7.54 

13(dd, J= 8.2, 1.6 Hz, 1H) ppm; C NMR (CDCl , 150 MHz);   ẟ 3

16. 8, 43. 1, 64. 3, 70. 3, 82. 4, 122. 8, 127. 0, 128.0, 129.8, 
130. 2, 131.5, 132.9, 141.5, 149.8, 173. 8 ppm; HRMS (ESI) 

+
m/z: [M+ H]  Calcd for C H ClNO 332. 1051; found: 332. 18 19 3 

1054; Ele. Anly: C, 65.15; H, 5.48; Cl, 10.67; N, 4.22; O, 14. 
47; found: C, 65. 18; H, 5. 52; Cl, 10.70; N, 4. 25; O, 14.50.

Ethyl	 2-(p-chlorophenyl)-5-phenylisoxazolidine-3-
carboxylate	(4l):	

1Yellow oil; Yield: 98% HNMR (CDCl , 400 MHz); ẟ 1. 32 (t, J 3

= 7. 1 Hz, 3H), 2. 71-2.79 (m, 1H), 2. 87-2.97 (m, 1H), 4. 28 
(q, J= 7.0Hz, 2H), 4. 43 (dd, J = 8.6, 6.1 Hz, 1H), 5. 01 (dd, J = 
9. 4, 6.9 Hz, 1H), 7. 07 (d, J = 8.9 Hz, 2H), 7.25 (d, J=8.7Hz, 

13
2H), 7. 35-7.42 (m, 3H), 7. 47 (d, J = 7.4 Hz, 2H) ppm; C 
NMR (CDCl , 100 MHz);   ẟ 14. 2, 41. 3, 62. 0, 68. 6, 80. 4, 3

115. 5, 127. 0, 128.7, 128.7, 128.7, 129. 2, 137.0, 149.8, 
+171. 1 ppm; HRMS (ESI) m/z: [M+ Na]  Calcd for 

C H ClNO 354. 0867; found: 354. 0871; Ele. Anly: C, 18 19 3 

65.15; H, 5.48; Cl, 10.67; N, 4.22; O, 14. 47; found: C, 65. 18; 
H, 5. 52; Cl, 10.70; N, 4. 25; O, 14.50.

Ethyl	 5-phenyl-2-(pyridin-2-yl)	 isoxazolidine-3-
carboxylate	(4m):	

1Yellow oil; Yield: 85% HNMR (CDCl , 400 MHz); ẟ 1. 32 (t, J 3

= 7. 1 Hz, 3H), 2. 64-2.71 (m, 1H), 2. 87-2.96 (m, 1H), 4. 28 
(q, J= 7.1 Hz, 2H), 4. 86 (dd, J = 9.0, 7.4 Hz, 1H), 5. 57 (d, J = 5. 
2 Hz, 1H), 6. 90 (ddd, J = 7.2, 4.9, 0.9 Hz, 1H), 7.30-7.35 (m, 
2H), 7. 36-7.42 (m, 2H), 7. 44-7.48 (m, 2H), 7.60-7.64(m, 

13
1H), 8.27 (dq, J 4.9, 0.8 Hz, 1H) ppm; C NMR (CDCl , 100 3

MHz);   ẟ 14. 2, 40. 7, 61. 7, 63. 0, 81. 7, 110.01, 117. 7, 127. 
0, 128.7, 128.7, 137.4, 138. 2, 147.6, 161.5, 172. 0 ppm; 

+HRMS (ESI) m/z: [M+ H]  Calcd for C H N O 299. 1390; 17 19 2 3 

found: 299. 1394; Ele. Anly: C, 68.44; H, 6.08; N, 9.40; O, 16. 
10; found: C, 68. 47; H, 6. 12; N, 9. 43; O, 16.13.

E t h y l 	 2 - ( 6 - m e t h y l p y r i d i n - 2 - y l ) - 5 -
phenylisoxazolidine-3-carboxylate	(4n):	

1
Yellow oil; Yield: 89% HNMR (CDCl , 400 MHz); ẟ 1. 33 (t, J 3

= 7. 1 Hz, 3H), 2. 45 (s, 3H), 2. 60-2. 67(m, 1H), 2. 85-2.93 
(m, 1H), 4. 28 (q, J= 7.1 Hz, 2H), 4. 88 (t, J = 8.1Hz, 1H), 5. 65 
(d, J = 5.0 Hz, 1H), 6. 74 (d, J = 7.4 Hz, 1H), 7. 12 (d, J=8. 2Hz, 
1H), 7.30-7. 40 (m, 3H), 7.42-7.48 (m, 2H), 7.50 (t, J=7. 7Hz, 

131H) ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 2, 24. 3, 40. 7, 3

61. 5, 63. 0, 80. 8, 106.6, 117. 1, 127. 1, 128.5, 128. 6, 137. 7, 
+

138. 3, 156.6, 160.9, 172. 3 ppm; HRMS (ESI) m/z: [M+ H]  
Calcd for C H N O 313. 1547; found: 313. 1755; Ele. Anly: 18 21 2 3 

C, 69.21; H, 6.45; N, 8.97; O, 15. 37; found: C, 69. 25; H, 6. 47; 
N, 8. 95; O, 15.40.   

E t h y l 	 2 - ( m , 	 p - d i m e t h y l p h e n y l ) - 5 -
phenylisoxazolidine-3-carboxylate	(4o):	

1Yellow oil; Yield: 80% HNMR (CDCl , 400 MHz); ẟ 1. 33 (t, J 3

= 7. 2 Hz, 3H), 2. 21 (s, 3H), 2. 25(s, 3H), 2.68-2.76 (m, 1H), 
2. 85-2.93 (m, 1H), 4. 28 (q, J= 7.1 Hz, 2H), 4. 48 (dd, J = 9.0, 
5.7 Hz, 1H), 5. 05 (dd, J = 9. 2, 7.0 Hz, 1H), 6. 89 (dd, J = 8.2, 
2.4 Hz, 1H), 6. 95 (d, J=2.1Hz, 1H), 7.05 (d, J=8.2 Hz, 1H), 

137.33-7.41 (m, 3H), 7.48 (d, J=6. 9Hz, 2H) ppm; C NMR 
(CDCl , 100 MHz);   ẟ 14. 2, 19. 0, 20. 1, 41. 3, 61. 7, 80. 0, 3

111.6, 115. 7, 127. 1, 128.5, 128. 6, 130. 2, 130. 3, 137. 
+4,137.6, 149.3, 171. 6 ppm; HRMS (ESI) m/z: [M+ H]  

Calcd for C H NO 326. 1750; found: 326. 1754; Ele. Anly: 20 24 3 

C, 73.81; H, 7.12; N, 4.30; O, 14. 73; found: C, 73. 83; H, 7. 16; 
N, 4. 28; O, 14.71.

Ethyl	 5-(4-chlorophenyl)-2-phenylisoxazolidine-3-
carboxylate	(4p):	

1Yellow oil; Yield: 88% HNMR (CDCl , 400 MHz); ẟ 1. 34 (t, J 3

= 7. 1 Hz, 3H), 2.68-2.73 (m, 1H),     2. 85-2.93 (m, 1H), 4. 29 
(qd, J= 7.1, 1.5 Hz, 2H), 4. 50 (dd, J = 9.0, 5.5 Hz, 1H), 5. 04 
(dd, J = 9. 2, 7.0 Hz, 1H), 7. 01 (t, J = 7.3 Hz, 1H), 7. 13-7. 15 
(m, 2H), 7.31 (dd, J=8.7, 7.4 Hz, 2H), 7.34-7.38 (m, 2H), 

+
7.43 (dt, J=8. 9, 2.3Hz, 2H) ppm; HRMS (ESI) m/z: [M+ H]  
Calcd for C H ClNO 332. 1810; found: 332. 1815; Ele. 18 19 3 

Anly: C, 65.16; H, 5.47; Cl, 10. 68; N, 4.22; O, 14. 47; found: 
C, 65. 20; H, 5. 45; Cl, 10. 71; N, 4. 21; O, 14.50. 
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Diethyl	2,	5-diphenylisoxazolidine-3,	4-dicarboxylate	
(4q):

1	Yellow oil; Yield: 90% HNMR (CDCl , 400 MHz); ẟ 1. 13(t, J 3

= 7. 1 Hz, 3H), 1. 35 (t, J = 7. 1 Hz, 3H), 4. 04-4.09 (m, 1H), 4. 
33 (t, J= 6.8 Hz, 2H), 4. 96 (d, J = 4.8 Hz, 1H), 5. 23 (d, J = 8.6 
Hz, 1H), 7. 01 (t, J = 7.3 Hz, 1H), 7. 16 (d, J = 8.0 Hz, 2H), 7.32 
(t, J = 7. 9 Hz, 2H), 7.37-7.43 (m, 3H), 7.52 (d, J=6.8Hz, 2H) 

13
ppm; C NMR (CDCl , 100 MHz);   ẟ 14. 2, 51. 9, 61. 3, 61. 5, 3

76. 1, 81. 0, 116.6, 126. 1, 126. 5, 127.0, 128. 1, 128. 8, 128. 
9, 138. 5, 150.1, 171.5, 173. 1 ppm; HRMS (ESI) m/z: [M+ 

+H]  Calcd for C H NO 370. 1623; found: 370. 1628; Ele. 21 24 5 

Anly: C, 68.28; H, 6.28; N, 3.79; O, 21. 65; found: C, 68. 34; H, 
6. 39; N, 3. 81; O, 21.70. 

Tri	ethyl	2-phenylisoxazolidine-3,	4,	5-tri	carboxylate	
1

(4r):	Yellow oil; Yield: 99% HNMR (CDCl , 400 MHz); ẟ 1. 3

03(t, J = 7. 1 Hz, 3H), 1. 18 (t, J = 7. 1 Hz, 3H), 1. 33 (t, J = 7. 1 
Hz, 3H), 3. 80-3.99 (m, 2H), 4. 11 (dd, J = 7.1, 2.5 Hz, 2H), 4. 
25-4.37 (m, 3H), 4. 78 (d, J = 7.3 Hz, 1H), 4. 97 (d, J = 7.3 Hz, 

131H), 7.14 (d, J = 7. 9 Hz, 2H), 7.24-7.29 (m, 2H) ppm; C 
NMR (CDCl , 100 MHz);   ẟ 14. 2, 45. 0, 61. 3, 61. 6, 67. 1, 3

76.0, 116. 6, 126. 5, 127.0, 150.1, 168.5, 171.5, 173. 1 ppm; 
+

HRMS (ESI) m/z: [M+ H]  Calcd for C H NO 366. 1576; 18 24 7 

found: 366. 1582; Ele. Anly: C, 60.19; H, 6.32; N, 3.83; O, 30. 
65; found: C, 61. 34; H, 6. 39; N, 3. 81; O, 30.70. 
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