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ABSTRACT 
Consecutive SN2 reaction of u-chloro nitrones arc studied with alkyl halides and the nitrones are found to have 
remarkable oxidizing properties for the conversion of alkyl halides to aldehydes with high yield. In addition, the 
side product obtained can serve as efficient dipolarophile in 1,3 DCR to produce spiro cycloadducts in good yields. 
Ke)"vords: a--chloro nitrone as oxidizing reagent, SN2 reaction, aldehyde synthesis, spiro cycloadduct 

-------------------·-------------·---·--------------

INTRODUCTION 
Convertion of alkyl halides to aldehydes using N-oxide with moderate yields have been already reported 
(Krohnke n;;action), In addition to the existing methods available for the synthesis of aldehyde 1rom 

!-r, o,ve would like to incorporate an efficient one synthesis of aldehyde fron1 alkyl halides 
for the first ti1nc a·chioro nitrones as a new, stable and potential oxidizing reagent with an excdkn1 

(Scheme-l. Table I)_ In addition, the side (furan derivatives, 2) obtained during aldehyde 
synthesis has been successfully used as dipolarophiJe in 1,3-DCR with ni.trone (1) for the production of 
spiro cycloadducrs (3) with high yields (almost 75 - 85%) ; Scheme-2). a-chloro nitrones (1) are more 
reactive than other nitrones due to the electron withdrawing effect of chlorine and therefore can act as 
more powerful oxidizing agent than other nitrones. 
Literature survey reveals that aldehyde synthesis using nitrone as active oxidizing reagent and further usc 
of side products (obtained during aldehyde synthesis) as dipolarophile in cycloaddition reactions are not 
~1et known and hence can be incorporated as an important application in nitrone chemistry. Synthesis and 
1,3 dipolar cycloaddition reactions of nitrone7

•
8(1, R=Ph) has been already 

Following the same methodology, nove] chloro nitrone (l,R=Me) has been synthesized <;,, 

white cr-ystalline solid, m.p 52°C (uncorrected) and used for aldehyde synthesis as oxidizing n~ctgen' 

C c•wrral Jrem arks . 
1H NMR spectra were recorded with a B1uL:r A vance DPX 400 spectrometer (400 MHz, FT NMR) using 
Tl'AS as intemal standard. 13C NMR spect'C" were recorded on the same instrument at 100 MHz. The 
coupling constants (J) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 1-~81 machine 
as filrn or t<.Br pellets for all the pr<1ducts MS spectra were recorded with a Jcol SX-1 02 (FAB\ 
mstrC~mem. The HRl'vfS spectra 'Nerc recorded on a Tof micro instrument (YA-1 05).. TLC was earned 
uut on .F'luka silica gd TLC cards whi 1e cdumn c:1romatography vvas pcrfonn.::d with silica gel (E.Mer,~k 
Judie:1.) 60-200 mesh. Ail other reagents anC\ sdveDi:s were after receiving from ccfrrun:."'Ci: 
~:up_piiecs. N-methylhyd.roxyi.nminc Aldn::-, Chemical Company and \vas 'lScd 

1cceived N-phenylhydroxyl,amine was prepared following stundard methods available in literatun~ ;me' 
ha.c: been used m synthesis ',I''-- . 
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General procedure for the synthesis of nitrone 1 (R =Me) 
N-methylhydroxylamine (250mg, 5.3127 mmole) was added to chlorohydrin (720mg,l equivalent) in dry 
ether (50 mL) and anhydrous MgS04. The reaction mixture was kept at RT with constant stirring with a 
magnetic stirrer under N2 atmosphere for 10 hr. The formation of nitrone was monitored by TLC (RI = 

0.34). The nitrone was isolated under reduced pressure vaccum pump as white niddle shape crystals 
(920mg, 94%; m.p: 52°C). 
Spectroscopic data for nitrone 1 (R ==Me) 
Yield: 920mg (94%); white niddle shape crystals; R1 = 0.43, m.p: 52°C (uncorrected); IR (KBr): 3595-
3470 (br), 1660(s), 1610(s), 1415 (m), 1185 (s) em-'; 1H NMR (CDCh): o 5.84 (d, lH, CH=N+), 5.79 
(br,lH, -OH, exchanged in D20), 3.51 (dd, IH, J= 6.16, 6.08 Hz, CHCl), 3.31 (s, 3H, N+- CH3), 1.88-
1.15 (m, 6H, CH2 protons); 13C NMR(CDCh): o 141.55 (CH=N), 55.76 (CHCI), 34.84 (N+- CH3), 28.50, 
27.22, 26.00 (3 CH2 carbons); HRMS- EI: Calcd. for CJI1202NCl, (M), 165_571 0, Found: M+, 165.5698. 
General procedure for synthesis of aldehyde (benzaldehyde) and furan derivative 2 (entry l;Table 
1) 

To a stirred solution ofn~trone 1 (R=Me; 500mg, 3.0198 mmol) in dry ether (25 ml) was added pyridine 
(1 equivalent) and stirred at RT with a magnetic stirrer under N2 atmosphere for 1 hr while the formation 
oftransienl nitronela (not isolated) was monitored by TLC (R;·= 0.38). Benzyl chloride (292.1002mg, l 
equivalent) was added at this stage and the reaction mixture was stirred for another 3 hr till the 
intermediate compound lb (not isolated) was developed (monitorted by TLC; R1= 0.40). 2 gms of solid 
Na2C03 was added at this stage and the reactionmixture was stirred for further 1 hr while the progress of 
the reaction was again monitored by TLC (R1 = 0.43, 0.50). The reaction was typically completed when 
the N-0 bond was cleaved. Basic workup, removal of pyridine hydrochloride and silica gel coiumn 
chromatographic purification using ethyl acetate-hexane provided desired benzaldehyde as colourless 
liquid (712mg, 89%; R,t= 0.43) and furan derivative (2) as pale yellow gummy liquid (88mg, 10%; Rr= 
050). This procedure was followed for all the substrates listed in Table 1. 
Spectroscopic data for benzaldehyde (entry 1) 
Yield: 712 mg (8R%); colourless liquid; Rr""' 0.43; IR (KBr): 1695(s), 1320(m), 770(s) cm-1 1H NMR 
(CDCh): o 9.80 (s, IH, CHO), 7.30-7.16 (m, 5H, C6H 5); 

13CNMR (CDCh): 8 198.00 (CHO), 136.20, 
134.55, 132.60, 131.00 (aromatic carbons); FAB- MS (m/z): 106 (M+), 105 (B.P), 77, 51, 28; HRMS-El: 
Calcd. for C6H5CHO (M), 106.0417, Found; M+, 106.0408. 
Spectroscopic data for 2 (R=Me; a-N-methyl furan derivative; entry l) [(E)-1-(dihydrofuran-2-
(3H)-ylidene)-N-methyl methan.amine)] 
Yield: 88mg (10%); pale yellow gummy liquid; Rf= 0.50; IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 
1455 (m), 1210 (m) em-\ 1H NMR (CDCh): o 4.81 (br, lH, N-H), 4.56 (s, UI, C=CH), 3.30 (N-Me), 
2.50 .. 2.16 (m, 6H); 13C NMR (CDCl3): 8 103.00, 101.76 (double bonded carbons), 26,22, 25.30, 23 .. 65 (3 
CH2 carbons); FA.B- MS: mlz 113 (M+), 98, 97; HRMS-EI: Calcd. for C6HuON (M), 113.1000, Found: 
1\r, 112.9876. 
Spectroscopic data for propionaldehyde (entry 2) 
Yield: 592mg (87%); colourless liquid; Rr= 0.50; IR (KBr): 2920 (m), 2720 (m), 1720 (s) cm- 1

; 
1H NMR 

(CDCh): S 9.70 (t, lH, J = 6.60 Hz, -CHO), 2.30 (ddd, 2H, J = 6.08, 6 Hz, -CH2), l.OO 3H, J = 6.30 
Hz, CH3); 

13CNMR (CDC13): & 202.40 (CHO), 4422 (CH2 carbon), 35.55 (CH3 carbon); FAB- MS: mlz 
58 (M+), 57, 29 (B.P); HRt\1S-EI: Calcd. for C3H 60 (M), 58.0417, Found: M+, 58.0403. 
Spectroscopic data for 2 (R=Ph; a-N-phenyl furan derivative; entry 4) [(E)-1-(dihydrofmran-2-(3H}· 
ylidene)-N-phenyl methanamine)j 
Yield: 90mg (ll.5%); dark yellow viscous liquid; R1 = 0.46; IR (KBr): 3150-3060 (br), 2860 (m), 1640 
(s), 1430 (m), 1140 (m), 778 (s) crrf 1

; 
1H NMR (CDCh): 6 7.83 (m, SH, C6H 5), 6.24 (br, IH, N-H), 2.17 

(s, IH, C=CH), 1.79 - 1.18 (m, 6H), 13C NMR (CDCh): o 137.20, 135.65, 134.00, 132.15 (aromatic 
carbons), 106.24, 104.18 (double bonded Darbons), 28.46, 27.10, 24.84 (3 CH2 carbons). FAB- MS (m/z): 
175 (M+) 98 9·7· 77 I-rnr,/iS-El·" J, . ..., r; ·c H J>N (M' J'7c:; 0093 F. - d· M+ 1·75 09°1 ' 5 . ' • ~"li:'\..l.Vl , \l,._,a.:.viJ-, .... 0! 1 . l_,V \J. .. }"! .;.. I...-. .-- ) QUil , .l ' ~ • 0-, 

Spectroscopic data for n-butyraldehyde (entry 4) 
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Yield: 570mg (86%); colourless liquid; R1= 0.54; lR (KBr): 2945 (m), 2710 (m), 1730 (s) cm- 1
; 

1H NMR 
(CDCb): o 9.30 (t, lH, J = 5.84 Hz, -CHO), 3.50 (dt, 2H, J = 6.50, 4.22 Hz, -Cz 2H), 1.30 (ddd, 2H, J = 

5.50, 3.40 Hz, C32H), 0.90 (t, 3H, J = 4.30 Hz, CH3); 13CNMR (CDCh): o 208.20 (CHO), 47.50 (C2 

carbon), 36.10 (C3 carbon), 20.10 (C4 carbon); FAB- MS: mlz 72 (M+), 71, 57, 44 (B.P), 29; HRMS-El: 
Calcd. for C4H80 (M), 72.0670, Found: M+, 72.0523. 
Spectroscopic data for p-hydroxy benzaldehyde (entry 5) 
Yield: 776mg (89%); colourless liquid; R1 = 0.40; IR (KBr}: 1690(s), 1320(m), 1210 (m), 782(s) cm·1

; 
1H 

NMR (CDCh}: 15 9.76 (s, 1H, CHO), 7.05- 6.93 (m, 4H, C6Hs), 5.80 {s,1H, OH); 13CNMR (CDCI3): o 201.64 
(CHO), 134.10, 132.74, 130.40, 128.50 (aromatic carbons); FAB - MS: m/z 122 {M+), 93, 92(B.P), 29; 
HRMS-EI: Calcd. for C7H60 2 (M), 122.0530, Found: M+, 122.0512. 

~~ CJ._ ~+......--R 
OH N 

I 
1 

0 

l, 2 : R = l\1e ; Ph 
R 1 =· Et - Pr ; Ph 
X= Cl 

i) 

H 

q}=-~{R __ -H_+ __ 

H -

ii) 
+ ------~ 

Scheme-

Reagents and conditions : 1) Dry ether, pyridine, r.t, N2 atinosphere 

ii) Dry ether, Na2C03 , Lt, N 2 atrnosphere 

i) 

+ -·-···--·-

2 

R=Me; Ph 
Scheme- 2 R 1 

= CHCl(CH2 )30H 

i) Reaction condition: Dry ether. RT, N 2 atmosphere, S- 8 hr 

General procedure for cydoaddition. ref!!ction. of nitrom: 1 (R == Jf'h) ·with furlH! derivative 2 (R = Ph) 
To a stirred solution of N-phenyl-a-chloro nitt-one J (R =Ph; S} .8375 mg, 0.2855 mrnoL) in 25 mL dry 
ether was added 2 (R = Ph, 50 mg, 0.2855 mmol, 1 equivalent) and stirred at R T with a magnetic stirrer 
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under N2 atmosphere for 5 hr. The progress of the reaction was monitored by TLC (RJ = 0.46). After 
completion of the reaction, the solvent was evaporated using a rotary evaporator to afford crude 
cycloadduct 3 (R=Ph) which was purified by column chromatography using ethyl acetate - hexane and 
was obtained as dark red viscous liquid 3 (R=Ph; 95 mg, 85% ; Scheme-2). This procedure was followed 
for the synthesis of other spiro cycloadducts 3 (R=Me). 

0 /C6Hs 
..... ~ -.........N /(C~2)3 

\\C. OH ,,,,, \:'' 
~"1cJ 

H H 

3 (R=Ph) 

(S)-4-chloro-4-((3S,4S,5R)-;2-phenyl-4-(phenylamino)-1,6-dioxa-2-azaspiro[4.4]nonan-3-yl)butan-l-ol 
Spectroscopic data for 3 (R =Ph) 
Yield: 95mg (85%); dark red viscous liquid; Rr = 0.46; IR (CHCh): 3485 - 3290 (br), 2825 (m), 2425 
(m), 1620 (s), 1445 (m), 1260 (m), 1040 (m), 780 (s) cni 1

• 
1H NMR (CDCh): () 6.98-6.93 (m, lOH, 2 X 

C#s), 5.84 (d, lH,J= 9.20 Hz, C,JI), 4.96 (br, lH, CH20H, exchanged in D20), 3.51 (dd, lH, J= 9.34, 
7.88-Hz,C3H),.3.45 (s;-lH, N -Hproton), 2.61 (dt, lH, J= 9.44, 8.72 Hz, CHCI), 1.88- 1.15 (rn, 12H). 
13C NMR(CDCl3): S B8.00, 136.50, 134.30, 133.80, 13L75, 130.42, 129.46; 128.64 (aromatic carbons), 
95.10 (CHCI), 86.40 (C5), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 24.37 (6 CH2 

carbons). MS (mlz): 404 (M+·I-2), 402 (Ml, 325, 310, 309, 218 (B.P), 107, 91, 77. HRMS-EI: Calcd. for 
C22Hn03N2Cl (M), 402.7130, Found; M\ 402.71 22. 

(S)-4-chloro-4-((3S, 4S, 5R)-2methyl-4- (meth.ylamino )-1, 6-dioxa-2 -azaspiro [4. 4 ]nonan-3-yl)butan- I -o! 

Spectrolicopic data for 3 (R =Me) 
Yield: 9lmg (83%); red gummy liquid; R1 = 0.40; IR (CHCl3): 3460 -- 3326 (br), 2835 (m), 2420 (m), 
1440 (m), 1325 (m), 980 (m) cm· 1

• 
1H NMR (CDCh): 8 4.83 (br, l H, CH20H, exchanged in D20). 4.50 

(br, lH, NHCH3), 3.31 (s, 6H, 2 x N-CH3), 2.99 (d, lH, J = 9. 6Hz, C4H), 2 .. 50 (dd, lH, J = 9.06, 7.60 
Hz, C3H), 2.19 (dt, lH, J = 9.16, 8.50 Hz, CHCl), L66 - 1.60 (m, 12H). 13C NMR (CDCb): o 93.00 
(CHCl), 87.55 (C5), 76.20 (C3), 55.20 (C4), 41.97 (N-CH3), 40.24 (NH-CH3), 33.37, 31.50, 28.68, 26.00, 
25.12, 23.40 (6 CH2 carbons). MS (m/z): 280 (M"+2), 278 (M'), 263, 248, 156 (B.P), 141, 107. HRMS
El: C:tlcd. for C 12H2303N2Cl (M), 278.6710, Found; M", 278.6698. 
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cc:l/ R ---R-~==S-;-H-
2

2-------X--OH N 
~<" 

0 NHR 

I 
CL 

R=Me; Ph R 1 = Et; Pr; Ph X=Cl 

Table-l :Aldehyde synthesis using u-chloro nitrones 

Yield j Entry Nitrone- Alkyl halidea Produd Time 
% ~ 
88 l R=Me 5 

' Reaction condition:a.-chloro nitrone (3,0198 mmol),alkyl halide (I equivalent),dry ether,Py,Na1C03,N2 

atmosphere, RT 
"AU tte were char!icterized by IR, NMR, 13C N1>1R, HRJ\1S spectral data. 
c Isolated yiehl after 

RESULTS AND DISCUSSION 
u-chioro nitrones (1) are moderately stable and can be isolated >vhile transient nitrone 1a can not be 
isolated because of its high unstability and undergoes decomposition at room temperature. The lone pair 
of electron of the OH group of a-chloro nitrone facilitates intramolecular SN2 reaction in presence of 
pyridine and is actually the driving force for the development of transient nitrone la. Nitrone la reacts 
very quickly with different alkyl halides (SN2 reaction) and develops an intermediate compound (lb). The 
labile N-0 bond of lb undergoes cleavage12 when the reaction mixture is stirred with solid sodium 
carbonate which plays an important role for the development of aldehyde and furan derivative (2) as side 
product in a Kornblum type process (Scheme-l;Table 1)< The novelty of the study is the use of a-chloro 
nitrone as an oxidizing reagent in aldehyde synthesis and newly developed side product as novel 
dipolarophile in cycloaddition reacti0ns. The isolated side products (2) are equally efficient like other 
conventional dipolarophiles used for cycloaddition reactions and leads to the formation of regioselective 
5-substituted spiro cycloadduct (3)u' 14 in 1 ,3-dipolar cycloaddition reaction with nitrone l (Scheme-2.) 
and thereby offering greater scope for its applications< The yield of the isolated aldehydes are extremely 
high ( 85- 89%) in a much lesser time and are much better in case of active alkyl halides compared to 
inactive alkyl halides. The results are summarized in Table l. The beauty of the reaction lies in addition 
of pyridine at the begining to generate transient nitrone (la) which is only capable of developing furan 
derivative (2) as side product and can be utilized as a new efficient dipolaroph1le in 1,3-DCR and thereby 
the reaction as a whole becomes atom efiicient Simpl.e nitrones 1\bcnzaldehyde derived nitrone) can also 
be employed as an oxidizing reagent for aldehyde synthesis (synthesized propionaldehyde:yield 67%) 
but the side product obtained is a waste and can not be used for further reactions. At the outset of this 
work it was not clear about the development of transient nitronc (1a) bllt after completion of the study and 
spectral analysis of side product (2) the development of transient nitrone la was confirmed. The products 
cspeci_aliy aidebyaes are k.~:.Dvi!i:i ., -A ri<d-o '"'+' th,~ "ynthesi-z;ed sldehvdes are almost 
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identical to the values found in literature. For example, sharp singlet signals at o 9.80 & 198.00 in the 
NMR spectrum CH, 13C respectively) along with molecular ion peak at 106, base peak at 105 and peaks at 
77, 51 in the MS spectmm give strong evidence in favour of benzaldehyde formation. The oxidation side 
product (2) was obtained as single isomer having E configuration in all the cases and the yield of the side 
product was almost 10 - 13% when isolated in pure condition.The spectral data of the oxidation side 
products (2) also agreed well with the assigned structures. The spiro cycloadducts (3) were obtained as 
regioselective single isomer predominantly in 1,3-DCR of a-chloro nitrone (1) with side product (2) 
having high yields (70 - 85%) when isolated in pure condition. The stereochemistry of the 5-substituted 
regioselective spiro cycloadducts (3) in all the cases were rationalized by considering the multiplicity of 
the proton signals at 3-H, 4-H and CHCl asymmetric centres along with their coupling constant values. 16 

In the spiro isoxazolidine derivatives (3), 3-H resonates around <'>H 3.50 to 2.50 ppm while for the 4-H 
around 8H 5.80 to 3.00 ppm and the coupling constant is JJ,4 ~ 9.20 Hz implying a cis relationship between 
H-3 and H-4. The CHCl proton also resonates around i5H 2.60 to 2:20 ppm. The 3-H and CHCI protons 
are also syn as evidenced from their coupling constant values (J3,cHcl ~ 9.16 to 9.40 Hz). 16 Cycloaddition 
of Z nitrohe (both the reported a-chloro nitrones are of Z configuration in this communication) via exo 
transition state geometry results in the formation of syn isoxazolidine derivatives. Cycloaddition reaction 
using furan derivatives (2) with other simple nitrones 15

•
17

'
18 are in progress using the same methodology. 

A preferential conformation for the spiro regioselective isoxazolidine derivatives (3) may be represented 
in Figure 1. Reaction of nitrone 1 with methyl iodide and ethyl bromide was also studied 

for the synthesis of formaldehyde and acetaldehyde respectively but no significant results were obtained 
because of the volatility of formaldehyde and difficulculties associated with the synthesis of acetaldehyde. 
These are the drawbacks of this methodology. 

/ 
RHN 

Fig 1- General conformation for the cycloadducts 3 

CONCLUSION 
Finally, we developed a new atom efficient methodology for the aldehyde synthesis using u-chloro 
nitrone as oxidizing reagent and considered further reaction carried out on the side product with u-chloro 
nitrones in 1 ,3-dipolar cycloaddition reaction for the development of stereochemically important 
isoxazolidines. The formation of the desired cycloadducts were obtained in good yields within a 
reaction time. The newly developed side products (furan derivatives, 2) are equally effective as 
dipolarophiie in cycloaddition reactions like other conventional dipolarophiles used for cycloaddition 
reactions" The notable advantages offered this method are one pot synthesis, simple operation, easy 
workup, mild and faster reaction conditions with high yield of products. 
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Isoxazolines have been synthesized from N-phenyl-u-chloro 
nitrone using 1,3 dipolar cycloaddition reaction with alkynes and 
the reactions are found to be highly stereoselective in nature. The 
products have been characterized by analytical and spectral (IR, 
I H NMR, 13C NMR and mass) data. 

Keywords: N-phenyl-u-ch!oro nitrone, !,3 DCR, isoxazo!ines, 
stercoselectivity 

In continuation of our earlier work on isoxazolidine 
synthesis using a.-chloro and a. amino nitrones in solid 
phase and in hydrated media1

-
3
, we now wish to report 

an efficient method for the stereoselective synthesis of 
isoxazolines from N-phenyl-a.-chloro nitrone with an 
excellent yield (Table I). 1,3 Dipolar cycloadditions 
are powerful methods for constructing a variety of 
five-membered heterocycles in a convergent manner 
from relatively simple precursors and these 
heterocycles have a variety of applications including 
as antibacterial agents4

• Cycloadditions of alkynes 
even with electron deficient and unsymmetrical 
alkyncs are often conducted at elevated temperature5

• 

In this communication we have reported synthesis of 
isoxazolines at room temperature with high yield. 
This is due to the fact that N-phenyl-a.-chloro nitrone 
has considerably higher ionization potential than 
normal nitrones due to the electron withdrawing effect 
of chlorine and therefore nitrone (LUMO) 
dipolarophile (HOMO) interactions are so important 
that cycloadditions take place at room temperature6

• 

Results and Discussion 
In an initial investigation, we examined the 

reaction of nitrone 1 with ethyl propiolate at elevated 
temperature having 34% yield of isoxazoline in 12 hr 
while at room terqperature 92% yield of isoxazolines 
arc reported in 12 hr which indicates the decomposi-

tion-ofthe nitrone at elevated temperature. This could 
also be explained due to secondary orbital effect 
between the carbon of the nitrone (HOMO) and the 
adjacent atom of the electron withdrawing group of 
the dipolarophile (LUMOf. The concerted nature of 
these cycloaddition reactions with nitrone as l ,3 
dipole has been generally accepted. The region
selectivity in these reactions was rationalized by using 
the frontier orbital theory8

• The ethyl propiolate 
adduct corresponds to this theory. Therefore, the 5 
substituted adduct for ethyl propiolate is due to 
LUMO (nitrone)- HOMO (dipolarophile) interaction. 
For the present study, we have chosen highly electron 
deficient and unsymmetrical alkynes like dimethyl 
acetylene dicarboxylate, phenyltncthyl propio!ate and 
ethyl propiolate respectively to study the stereo
selectivity in these cycloadditions. 

Excellent diastereofacial selectivity is observed in 
nitrone additions described here with alkynes. The 
addition ofN-phenyl-a.-chloro nitrone 1 (Scheme I, R 
=Ph) to alkyne results in a mixture of diastereoisomer 
2a-4a and 2b-4b (Scheme ll, almost 70 : 30 ratio in 
all cases). These results can be rationalized by an exo 
approach of the nitrone for the major cycloadducts 
(2a-4a) which have the Z configuration (transition 
state Il. The minor cycloadducts (2b-4b) are fanned 
by the endo approach of Z nitrone (transition state 
II)10

• However these results can also be explained by 
an en do approach of the nitrone in an E configuration 
(transition state III) for the major adduct and the exo 
approach of this isomer for the minor adduct 
(transition state IV)10

• Most relevant are the coupling 
constants (JH3,CHCI; .lm. H4 for 4) of the diastereo
isomers. For 2a-4a (R = Ph), this coupling constant is 
almost 9.2 to 9.3 Hz, implying a cis relationship 
between H3 and CHCI and also H3 and H4 (for 4a 
only) whereas 2b-4b (R =Ph) has a coupling constant 
of 2.5 to 2.58 Hz which implies a trans relationship 
between H3 and CHCl and also H3 and H4 (for 4b 
only)11

-
14

• Comparing the 1H NMR spectrum of2a-4a 
and 2b-4b, we suggest the major and minor 
conformers of isoxazoline ring systems11 for 2a-4a 
and 2b-4b (Figure l), All the cycloadducts are stable 
and detailed study of the mass spectrum (Scheme III) 
reveals that prominent molecular ion peak and base 
peaks are obtained as expected. Like other isoxanJline 
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Table i 

R 

I 

R-
~ l!l 

I ". 1-b 
5..__.1 

R1 R2 

R=Ph 

Entry Nitrone Dipolarophile Time 
(hr) 

N-phenyl-a.-chloro nitrone Phenyl methyl propiolate 10 

2 N-phenyl-a-chloro nitrone Dimethyl acetylene dicarboxylate 10 

3 N-phenyl-a-chloro nitrone Ethyl propiolate 12 
---------------------------

Cycloadducts 
( diastereoisomers) 

Pale yellow gummy liquids 

Red & dark red liquids 

White viscous liquids 

a CI ~CI C("l 
C~) --'-'-'~~:......::..c._i ~ - ~l l-ii-)

0
-,---l ~~. 

0 0~ "-OH OH ~ RNH h OH "'N-R 

i) RT, N2 atmosphere, 8 hrs. 

ii) RT, N7 atmosphere, dry ether, 
anhydrous MgS04, 8 hr. 

HOH2C 

I H 
(H2Ch" I 

c I ---Ci 

H-C~ 

N--R 

I 
0 
e 

i) RT, iO- 12 hr, N 2 atmosphere 

2 : R 1 =Ph; R2 = COOCH3 
3 : R 1 = R2 = COOCH3 
4 : R 1 = COOC2H5; R2 = H 

L 
0 

R=Ph 

Schemel 

R 

I R3 

M
~~! 

1 :J -H
3 

5.__4.. + 

R1 R2 

2a -4a 2b-4b 

R=Ph 

Scheme H 

Total 
Yield(%) 

96 

92 

92 
·-----

d . . d . h I' 57 10 I I envattves reporte m t e 1terature ' · , we 1ave a so 
obtained expected fragmentation peaks due to the 
development of different aziridine derivatives. Base 
peaks are obtained due to loss of PhCO for phenyl 
methyl propiolate, COOCH3 for dimethyl acetylene 
dicarboxylate and COOC2H5 for ethyl propiolate 
respectively. Hence it is confirmed that during mass 

fragmentation, the adducts underwent rearrangement 
to aziridine derivatives. The detail mass fragmentation 
pattern is shown in Scheme lll. In conclusion, the 
present procedure provides an efficient methodology 
for the synthesis of isoxazoline and their derivatives 
with high stereoselectivity. The notable advantages 
offered by this method are simple operation, mild 
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Figure 1 

·eaction conditions (RT), much faster reactions and 
1igh yield of products. 

t<:xr,crimental Section 
H NMR spectra were recorded with a Bruker 

Avance DPX 400 spectrometer (400 MHz, FT NMR) 
using TMS a'> internal standard. 13C NMR spectra were 
recorded on the same instrument at 1 00 MHz. The 
coupling constants (J) are given in Hz. IR spectra were 
obtained with a Perkin-Elmer RX 1 881 machine as 
film for all the products. Mass spectra were recorded 
with a Jeol SX-1 02 (F AB) instrument. Elemental 
analyses (C,H,N) were perfomed with a Perkin-Elmer 

2400 series CHN analyzer. TLC was carried out on 
Fluka silica gel TLC cards. N-phenylhydroxyl amine 
was prepared according to the published proceduresl,2. 
All other reagents and solvents were used as received 
from commercial suppliers. 
General procedure for the preparation of nitrone 

N-phenyl-a-chloro nitrone was prepared 
following the same methodology as already reported 
for N-cyclohexyl-a-chloro nitrone13

•
14

• N-Phenyl
hydroxylamineu (2.20 mmole) was added to 
chlorohydrin (1 equivalent) in dry ether (100 mL) 
and anhydrous MgS04 • The reaction mixture was 
kept at RT with constant stirring with a magnetic 
stirrer under N 2 atmosphere for 8 hr. The formation 
of nitrone was monitored by TLC having Rr = 0.36. 
The nitrone was isolated under reduced pressure as 
white neddle shape crystals (m.p: 58°C, 93%, 
Scheme I). 

Nitronc 1. IR (CHCb): 3640-3440 (br), 1660(s), 
1600(s), l360(m), 1310(m}, 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.22 (d, 1H, CH=N+), 7.10-6.95 (m, 5H, 
C6H5). 5.10-5.02 (br, lH, -OH, exchanged in DzO), 
4.30-4.15 (dd, lH, J=6.16, 6.08 Hz, CHCl), 2.20-1.66 
(m, 6H, CH2 protons); 13C NMR(CDCI3): o 142.6 
(CH=N+), 136-126 (6 signals, 6 aromatic carbons), 54 
(CHCI), 43, 40, 37 (3 CH2 carbons); HRMS-El: 
Calcd. for C11 H 140 2NCI, (M), 227.8173, Found; M\ 
227.8158. 

General procedure for cycloaddition at elevated 
temperature 

Initially the cycloaddition reaction was 
performed at elevated temperature in case of ethyl 
propiolate following the methodology of cycle
addition reactions as already reported13

• Nitrone 1 
(2.20 mmoles) and ethyl propiolate (1 equivalent) 
was added in CH2Cl2 (20 mL) under N 2 atmosphere 
and the reaction mixture was refluxed for 12 hL 
The reaction was monitored by TLC (Rr = 0.38, 
0.33). The solvent was evaporated off and the 
products were isolated by column chromatography 
using ethyl acetate and hexane. But this 
methodology was not followed due to poor yield 
(34%) and decomposition of nitrone at elevated 
tern perature. 

General procedure for cycloaddition at room 
temperature 

In a 100 mL conical flask, nitrone 1 (2.20 mmoles), 
ethyl propiolate (1 equivalent) was added to 50 mL 
dry ether and stirred at RT with a magnetic stirTer 
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I 

K 
I 

1-< 
Example with H3COOC-c=:C-COOCH3 adduct 

Scheme HI 

mder N2 atmosphere for 12 hr. The progress of the 
eaction was monitored by TLC (Rr = 0.46, 0.40). 
\..fter completion of the reaction, the solvent was 
vaporated under reduced pressure and the mixture of 
iastereoisomers were purified and separated by 
){umn chromatography using ethyl acetate-hexane to 
1mish white viscous liquids. 4a: 73 mg, 70%; 4b: 36 
g, 22% (Scheme H). This procedure was followed 
r other substrates listed in Table l. 

S)-Metbyl-3-(l-chloro-4-bydroxybutyl}-2,5-diphe
l-2,3-dihydroisoxazolc-4-carboxylate, 2a 

IR (CHCh): 3590-3460(br), 2920(s), 1760(s), 
55(m), 1430(m), 1360(m), 770(s) cm-1

; 
1H NMR 

)Ch): o 7.55--7.38 (m, lOH, C6H5 hydrogens), 5.10-
5 (br, 1 H,-OH, exchangeable in 0 20), 4.55-4.40 
, IH, J=9..22, 6.18 Hz, CHCI), 4.05-3.90 (d, IH, 
.2 Hz, C3H), 3.60 (s, 3H,-COOCH3), l.95-L72 
6H, CH2 protons); 13C NMR (CDCI3): 8 168 

bony! carbon), 137-126 (6x2 aromatic carbons), 

92 (CHCl), 88 (C5), 73(C3), 58 {C4), 45(-COOCH}), 
36, 34, 33 (3 CH2 carbons); MS: m/z 388 (M+), 357, 
329, 311, 283, 280, 203, I 05, 77; HRMS-EI: Calcd. 
for C21 H220 4NCI (M), 387.7000, Found: M+, 
387.6990. 

(3R)-Methyl-3-(1-chloro-4-hydroxybutyl)-2,5-diphe
uyl-2,3-dihydroisoxazole-4-carboxylate, 2b 

IR (CHCb): 3520-3440 (br), 2925(s), 1755(s), 
1675(m), 1440(m), 1345(m), 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.52-7.35 (m, 1 OH, C6H5 hydrogens), 5.15-
5.05 (br, IH,-OH, exchangeable in D20), 4.54-4.43 
(dd, lH, J=2.52, 4.18 Hz, CHCI), 4.08-3.92 (d, l H, 
J=2.54 Hz, C3H), 3.62 (s, 3H,-COOCH3), 1.95-1.50 
(m, 6H, CH2 protons); 13C NMR (CDC!:;): o 168 
(carbonyl carbon), 13 8- J 26 ( 6x2 aromatic carbons), 
90 (CHCI), 87 (C5), 76(C3), 54 (C4), 45 ( ~COOCH3), 
39, 35, 33 (3 CH2 carbons); MS: m/z 388 (M+), 357, 
329, 311, 283, 280, 203, 105, 77; HRMS-El: CalCLt 
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for Cnf-{n04NCI 
387.6982. 

(M), 387.7000, Found: 

(3S)-Dimcthyl-3-(1-chloro-4-hydroxybutyl)-2-phc
nyl-2,3-dihydroisoxazole-4,5-dicarboxylatc, 3a 

IR (CHCb): 3545-3480 (br), 2820 (s),l745 
(s), 1700 (m),l670 (m), 1420 (s), 1260 (m), 775 (s) em-'; 
1H NMR (CDCb): o 7.75-7.54 (m, 5H, C6H5 protons), 
5.22-5.05 (br, I H, OH, exchanged in 0 20), 4.86-4.75 
(d, lH, J=9.25 Hz, C3H), 4.26-4.10 (dd, J=6, 9.26 Hz, 
CHCI), 3.68 (s,3H,- COOCH3), 3.56 (s,3H,
COOCH3)-phe, 2.20-2.05 (m, 6H, CH2 protons); 
13C NMR (CDCb): o I 69, 168.4 (carbonyl carbons), 
133-126 (6 aromatic carbons), 94 (CHCI), 87.5 (C5), 

76 (C3), 59.4 (C4), 44, 43 (OCH3), 36, 34, 30 (3 CH2 

carbons); MS: mlz 370 (M+), 311, 293, 262, 234, 204, 
l 08, 77, 59, 31; HRMS-EI: Calcd. for C 17H200 6NCl, 
(M), 369.5840, Found; M+, 369.5828. 

(3R)-Dimcthyl-3-(1-chloro-4-hydroxybutyl)-2-phe
nyl-2,3-dihydroisoxazolc-4,5-dicarboxyiate, 3b 

IR (CHCb): 3555-3485 (br), 2825 (s), 1740 (s), 
1710 (m), 1660 (m), 1425 (s), 1260(m), 770 (s) cm-1

; 

fi NMR(CDCb): o 7.70-7.56 (m, 5H, C6H5 protons), 
)20-5.08 (br 1H, OH, exchanged in D20), 4.88-4.74 
d, lH, J=2.58 Hz, 4.36-4.26 (dd, J=4, 2.26 Hz, 
~HCl), 3.66 (s,3H,-COOCH3), 3.54 (s,3H,-COOCH3), 

. i2-l.95 (m, 6H, CH2 protons); 13C NMR (CDCb): o 
69, 168 (carbonyl carbons), 134-126 (6 aromatic 
arbons), 95 (CHCI), 88.5 (C5), 74 (C3), 56 (C4), 44, 
2 (OCH3), 36, 35, 30 (3 CH2 carbons); MS: mlz 370 
\1+), 311, 293, 262, 234, 204, 108, 77, 59, 31; 
rRMS-EI: Calcd. for C17f-i2006NCI, (M), 369.5840, 
ound; M", 369.5822. 

iS)-Ethyl-3-(1-cbloro-4-hyd .oxybutyl}-2-phenyl-
3-dihyd roisoxazole-5-carboxyla te, 4a 
IR(CHCb): 3560-3490(br), 2945(s), 1770(m), 

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

1H NMR 
:OCb): o 7.02-6.92 (m, 5H, C6H5), 5.10-5.02 (br, 
I, OH, exchanged in D20), 4.80-4.64 (t, IH, J=9.26 
~, C3H), 4.26-4.12 (dd, 2H, J=6.24, 6.36 Hz, 
)0CH2CH3), 3.82-3.50 (dd, IH, J=6, 9.28 Hz, 
-JCI), 3.35-3.26 (d, lH, J=7.5 Hz, C4H), 3.00-2.62 
, 61-f, CH2 protons~, 1.40-1.24 (t, 3H, J=4.36 Hz, 
)OCH2CH3); 13C NMR(CDCb): o 168.4 (carbonyl 
·bon), 133-126 (6 aromatic carbons), 93 (CHCI), 86 
;), 78 (C3), 55 (C4), 32, 30 (COOCH2CH3), 26, 25, 
(3 CH2 cm:bons); MS: mlz 326 (M+), 295, 253, 249, 
I, I 08, 77, 73; HRMS-EI: Calcd. for Cr6H200 4NCI 
), 325.5944, Found; M+, 325.5932. 

(3R)-Ethyl-3-(1-chlo ro--4-hyd r·oxy b utyl)-2-phcnyl-
2,3-dihydroisoxazole-5-carboxylate, 4b 

IR(CHCb):3550-3480(br), 2955(s), 1760(m), 
I680(s), 1440(m), 1265(m), 770(s) cm-1

; 
1H NMR 

(CDCb): o 7.04-6.94 (m, 5H, C6Hs), 5.14-5.02 (br, IH, 
OH, exchapged in D20), 4.83-4.62 (t, IH, J=2.26 Hz, 
C3H), 4.22-4.10 ( dd, 2H, J=2.24, 4.06 Hz, 
COOCH2CH3), 3.80-3.52 (dd, 1H, J=4, 2.28 Hz, 
CHCI), 3.38-3.22 (d, lH, J=4.12 Hz, C4H), 3.10-2.64 
(m, 6H, CH2 -protons), 1.46-1.20 (t, 3H, J=5.24 Hz, 
COOCH2CH3); 

13C NMR(CDCl3): o 168 (carbonyl 
carbon), 134-127(6 aromatic carbons), 95 (CHCI), 86.5 
(C5), 76 (C3), 55.5 (C4), 31, 30 (COOCH2CH3), 28, 26, 
24 (3 CH2 carbons); MS: m/z 326 (M+), 295, 253, 249, 
219, 108, 77, 73; HRMS-EI: Calcd. for C16Hzo04NCI 
(M), 325.5944, Found; M\ 325.5930. 
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lsoxazolines have been synthesized from N-phenyl a-chloro nitrone 1 using 1 ,3 
dipolar cycloaddition reaction with alkynes and the reactions ar'e folmd to be highly 
stereoselective in nature. 

In continuation1-3 of our earlier work on isoxazolidine 

synthesis, we now report an efficient method for the 

stereosele.ctive synthesis of isoxazolines from N-phenyl 

a-chioro nitrone 1 in excellent yield (Scheme-1 ). 

Excellent diastereofacial selectivity was observed 

in nitrone additions described here with alkynes. The 

addition of N-phenyl a-chloro nitrone 1 (Scheme-1, 

R=Ph) to alkynes results in a mixture of 

diastereoisomers 1a & 1b (almost 70: 30 ratio in all 

cases). 

Experimental 

Melting points were determined in open capillary 

tubes and are uncorrected. 1H NMR spectra were 

recorded on a Bruker Avance DPX 400 spectrometer 

(400 MHz, FT NMR) using TMS as internal standard. 
13C NMR spectra were recorded on the same instrument 

at 79.5 MHz. The coupling constants (J) are given in 

Hz. I R spectra were recorded on a Perkin-Elmer RX 1-

881 machine as film for all the products. MS spectra 

were recorded on a Jeol SX-1 02 (FAB) instrument. 

Elemental analyses (CHN) were performed on a Perkin

Elmer 2400 series CHN analyzer. TLC was carried out 

on Fluka silica gel TLC cards. N-phenyl hydroxyl amine 

was prepared according to the published procedures12 

Preparation of nitrone and cycloadducts 

N-phenyl a-chloro nitrone 1 has been prepared 

following the same methodology as already reported 

for N-cyclohexyl a-cr1loro nitrone 4 5 N-phenyl 

hydroxylamine1 ·2 (2.20 mmol) was added to chlorohydrin 

(1 equivalent) in dry ether (1 00 ml) and anhyd MgSO 4 . 

The reaction mixture was kept at RT with constant 

stirring with a magnetic stirrer under N
2 

atmosphere for 

8 hr. The formation of the nitrone 1 was monitored by 

TLC having R
1
=0.36. The nitrone was isolated under 

reduced pressure as white needle shaped crystals (m. p 

58°, 93%, Scheme-1 ). 

In a 100 ml conical flask, nitrone 1 (220 mmol) and 

phenyl methyl propiolate (1 equivalent) was added to 

50 ml dry ether and stirred at RT with a magnetic stirrer 

under N
2 

atmosphere for 10 hr. The progress of the 

reaction was monitored by TLC (R
1 
= 0.42, 0.44). After 

completion of the reaction, the solvent was evaporated 

under reduced pressure and the mixture of 

diastereoisomers was purified and separated by column 

chromatography using ethyl acetate-hexane and were 

obtained as pale yellow, yellow gummy liquids. 1a: 

0.92mg, 75.6%, 1 b: 0.38 mg, 20.4% (Scheme-1 ). 

Spectral data 

Nitrone (1) 

IR (CHCI
3
): 3640-3440, 1660, 1360, 1310.770. 1H 

NMR (CDCI): 7.22 (s, 1H, CH=N+), 7.10-6.95 (m, 5H, 

C
6
H

5
), 5.10-5.02 (br, 1 H, OH exchanged in Dp), 4.30-

4.15 (dd, 1 H, J=6.16 Hz, CHCI), 2.20-1.96 (m, 6H, CH 2 

protons). 13C NMR (CDCI). 142.6 (CH=N'), 136-126 (6 

signals, 6 aromatic carbons), 54 (CHCI), 43, 40. 37 (3 

CH
2 

carbons). HRMS- El: [Found M-, 227 :31 :=:,a 

C,/i 14CI0
2
N requires M, 22/ 8173]. 
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R1~R2 

SCHEME-1 

i) RT, 10-12 hr, N2 atmosphere 

R
1
=Ph; R

2
=COOCH3 

R1=R
2
=COOCH

3 

R
1
=COOC

2
H

5
, R

2
=H 

+ 

R=Ph 
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Phenyl methyl propiolate cycloadduct 

Diastereoisomer 1a: liquid, IR (CHCI): 3590-3460, 

2920, 1760, 1665, 1430, 1360, 770. 1H NMR (CDCI
3

): 

7.55-7 38 (m, 2x5H, C
6
H

5
), 5.10-4.95 (br, 1H, OI-l

exchangeable in op), 4.55-4.40 (dd, 1 H, J=9.22 Hz, 

CHCI), 4.05-3.90 (d, 1 H, J=6.08, 9.2 Hz, C
3
H), 3.60 (s, 

3H, GOOCH), 1.95-1.72 (m, 6H, CH
2 

protons). 13C NMR 

(CDCI
3
): 168 (carbonyl carbon), 137-126 (6x2 aromatic 

carbons), 92 (CHCI), 88 (C
5
), 73 (CJ, 58 (C

4
), 45 

(COOCHJ, 36, 34, 33 (3 CH
2 

carbons). MS: m/z: 388 

(M+), 329, 311, 283, 280, 203, 105, 77. HRMS- El: 

[Found . (M+) 387.6990 C
21

H
22

CI0
4
N requires M, 

387 7000] 

Diastereoisomer 1 b: liquid, IR (CHCI
3
): 3520-3440, 

2925, 1755, 1675, 1440, 1345,770. 1H NMR (CDCI
3
): 

I' 52-7 35 (m, 2x5H, C
6
H

5
), 5.15-5.05 (br, 1H, OH, 

exchangeable in 0
2
0), 4.54-4.43 (dd, 1 H, J=2.52, 4.18 

Hz. CHCI), 4.08-3.92 (d, 1 J=4 08-2 54 Hz, C
3
H), 3.62 

3H, 1.95-1 70 (rn, 6H, CH
2 

protons). 13C 

NMR (CDCI
3

) 168 (carbonyl carbon). 138-126 (6x2 

aromatic carbons). 90 (CHC!), 87 76 (C
3
), 54 (C

4
), 

45 (-COOCH
3
), 39, 35, 33 (3 CH

2 
carbons). MS m/z: 

388 (M 4
), 357,329,311,283,280,203, 105,77. HRMS 

-H [Found (M+), 387.6982 C H CIO N requires M 
21 22 4 ' 

387.7000]. 

Dimethyl acetylene dicarboxylate cycloadduct 

Diastereoisorner 1a: liquid, IR (CHCij 3545-3480, 

2820. 1745, 1700, 1670, 1420, 1260, 774. 1H NMR 

(CDCI) 7.75-7.54 (rn, 5H, C
6
H

5 
protons), 5.22-5.05 

(br, !H, OH. exchanged in Dp), 4.86-4 75 (d, 1H, 

J=9.25. 6.08 Hz, C
3
H), 4.26-4.10 (dd, J=6, 9.26 Hz, 

CHCI), 3.68 (s, 3H, COOCH
3

), 3.56 (s, 3H, COOCH
3
), 

2.20-2.05 (rn, 6H, CH
2 

protons). 13C NMR (CDCI
3

) 169, 

168.4 (carbonyl carbons), 133-126 (6 aromatic carbons), 

94 (CHCI), 87.5 (C
5
). 76(C), 59.4 (C~), 44,43 (OCH

3
), 

36, 34. 30 (3 CH
2 

carbons). MS :rn/z 370 (M+), 311, 

293,262,234,204, 108,77, 59, 31. HRMS- E1 [Found 

: (M"). 329.5828 C
1
;H

20
CI0

5
N requires M, 369.5840]. 

Diastereoisorner 1 b: liquid: IR (CHCI): 3555-3485. 

2825, 1740, 1710, 1660, 1425, 1260, 770. 1H NMR 

(CDCIJ :7.70-7.56 (m, 5H, C6H
5 

protons), 5.20-5.08 (br, 

1 H, OH, exchanged in 0
2
0), 4.88-4.74 (d, 1 H, J=2.58, 

4.08 Hz, C
3
H), 4.36-4.26 (dd, J=4, 2.26 Hz, CHCI), 3.66 

(s, 3H, GOOCH), 3.54 (s. 3H, COOCH 3), 2.12-1.95 (m, 

6H, CH
2 

protons). 13C NMR (CDCI): 169, 168 (carbonyl 

carbons), 134-126 (6 aromatic carbons), 95 (CHCI), 88.5 

(C
5
), 74(C), 56 (C

4
), 44, 42, (OCH

3
), 36, 35, 30 (3 CH

2 

carbons). MS :m/z: 370 (M+), 311, 293, 262, 234, 204, 

108, 77, 59, 31. HRMS- El. [Found : (M+) 369.5822 

C 17H20
Ci0

6
N requires M, 369.5840]. 

Ethyl propiolate cycloadduct 

Diastereoisomer 1a : liquid, IR (CHCI
3

): 3560-3490, 

2945, 1770, 1680, 1430, 1260, 780. 1H NMR f\CDC! )· 3•. 

7.02-6.92 (rn, 5H, C
6
H

5
), 5.10-5.02 (br, 1H, OH, 

exchanged in Dp), 4.80-4.64 (t. 1 J=9.26, 6.08 Hz, 

C
3
H), 4 26-4.12 (d, 1 H, J=9.24, 6.06 Hz, C

4
H), 3 82-

3.50 , 1 H, J=6, 9.28 Hz, CHCI), 3.35--3.16 (dd, 2H. 

COOCH
2
CH), 3.08-2.92 (t, 3H, COOCH 2CH 3), 1.40-

1.24 (rn, 3 CH
2 

protons) BC NMR (CDCI
3
): 168.4 

(carbonyl carbon). 133-126 (6 aromatic carbons) 93 

(CHCI), 86 (C
5
), 78 (C

3
), 55 (C4), 32, 30 (COOCH

2
CH3), 

26, 25, 23 (3 CH
2 

carbons). MS :m/z: 326 (M+), 295, 

253, 249, 219, 108, 77, 73. HRMS-El. [Found (M+) 

325.5932 C
16

H
20

CI0
4
N requires M, 325.5944]. 

Diastereoisorner 1 b: liquid, IR (CHCI3) 3550-3480, 

2955, 1760, 1680, 1440, 1265,770. iH NMR (CDCI
3
): 

7 04-6 94 (m, 5H, C
6
H

5
). 5 14-5 02 (br. 1H, OH, 

exchanged in op), 4.83-4.62 (t, 1H, J=2.26, 4.08 Hz. 

C
3
H), 4 22-4.10 (d, 1 H, J=2.24, 4.06 Hz, C/l), 3.80-

3.52 (dd, 1 H, J=4. 2.28 Hz, CHCI), 3.38-3.22 (dd, 2H. 

COOCH
2
CH

3
), 3.10-2.94 (t, 3H, COOCH

2
CH 3), 1.46-

1.20 (m. 3 CH
2 
protons). 13C NMR (CDCI) 168 (carbonyl 

carbon), 134-127 (6 aromatic carbons). 95 (CHCI), 86.5 

(C
5

). 76 (C), 55.5 (C
4

), 31, 30 (COOCH2CH 3), 28 26, 

24 (3 CH:o carbons). MS ·rnfz: 326 (M+), 295, 253, 249, 

219, 108 77.73 HRMS- EL [Found: (M 4
). 325.5930 
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C 16H20C104N requires M, 325.5944). 
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The addition of N-pheny! a-chloro nitrone to alkenes (maleimides) has been carried 
out in water at room temp very efficiently without any catalyst. Significant rate acceleration 
and high yield of these reactions are observed in water compared to organic solvents. 

In continuation of our earlier work1•
3

, we now wish 
to report our studies on the synthesis and 1 ,3-dipolar 
cycioaddition reaction of N-phenyl a-chloro nitrone (1) 
with alkenes in water along with organic solvents. A 
comparison of isoxazolidine synthesis. in traditional 
ms·thod with those in water is reported in Table-1. The 
amount of water used in the reaction did not have any 
significant influence on the overall rate of the reaction 
and yi~:ld of the products. ~~-phenyl o:--chloro nitrone (1) 
is a white crystalline solid, m.p. 58° (uncorrected) and 
is stable. The structure of the nitrone 1 and all the 
cycloadducts are confirmed by 1H, 13C NMR, IR, Mass 
HRfv1S spectra! data. Without water, the neat reactions 
at room temp are very inconsistent !tis possible that 
water promotes the reaction through hydrogen bond 
formation with the carbonyl oxygen atom of the a, !3· 
unsaturated carbonyl compounds (rnaleimides) and 
thereby increasing tl1e electrophilic character at the (3-
carbon which is 2ttaci<:ed by nucleophilic oxygen atom 
of the nitrone. Thus water activates the alkene and 
thereby greatly facilitates the 1·eact1on. 

Experimental 

Hc:md drawn silica gel (E Merck) plates of 0 5-0.7 
mm thickness were used forTLC. Silica gel (Qualigen) 
60-200 mesh 'Nas used for column chromatography 
Melting points are determined in open capillary tubes 

Ph 

0 

/J( 
,, N--R u 

"-0 
0 

----------·---i!> 

and are uncorrected. IR spectra were recorded as turn 
or in solution on a Perkin-Elmer (RX 1) 881 machine. 
1H NMR spectra and 13C NMR spectra were recorded 
on a Bruker Avance 400 (400 MHz, FT NMR) 
sp.ectrometer. MS spectra were recorded on a Jeoi SX--
102 (FAB) spectrophotometer. Chemical analysis were 
carried out on Car!o-Erba EA 1108 elemental analyzer 

Preparation of nitrone 1 and cycloadducts 2 

N-Phenyl a--chloro nitrone was prepared foliov>'i'l~J 
the same methodology as already reported for r~

cyclohexyl a-chloro nitrone4 where the formation of 
chiorohydrin from dihydropyran has been a! 
described. N-Phenyl hydroxylamine (2.20 mrr 
chlorohydrin (1 equivalent) and dry ether ( 100 
taken in a 250 ml conical flask along with anhyd 
The reaction mixture was kept at room ternp vv;'J: 
constant stirring with a magnetic stirrer under 
atmosphere fer 12 hr. Tile formation of the nitrone was 
monitored by TLC having R1==0 32 (silica gel. ethyl 
acetate: benzene=1: 1 0) The nitrone was ISolated under 
reduced pressure as white crystalline solid (m !J. sa·. 
93%). 

In a 50 ml conical flask, nitrone 1 (1 mrno!) t,J. 
phenyl maleimide (1 mmol) and water (10 ml) was addeci 
and stirred at RT with a magnetic stirrer ur;der l'L. 
atmosphere. The progress of the reaction was monitored 

0 

2a: R=C6H5 

2b · R=C,H . 
.) . 
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Table-1 
Characterization of isoxazolidines (2) prepared 

Dipolarophile Solvent Time (hr) Yield M.P. 

N-Phenyl maleimide Water 4 

N-Cyclohexyl maleimide Water 5 

1'-l-Methyl maleirnide Water 4 

N-Phenyl maleimide THF 18,48 

N-Cyclohexyl maleimide THF 14,48 

N-Methyl maleimide THF 18,48 

by TLC. After completion of the reaction, the product 
was extracted with ether (2x25 ml), the organic layer 
was washed with brine (2x15 ml), dried over anhyd 
Na

2
SO 

4 
and concentrated. The product was purified and 

crJstallized from ethyl acetate-hexane and was obtained 
as yellow crystals. Same procedure was followed for 
other maleirmdes (Scheme-1 ). 

For the tradttional cycloaddition reaction, nitrone 1 
(1 mmoi), N-phenyl ma!eimide (1 mmol) 10m! THF 
were taken in a 50 ml conical flask and stirred at RT 
wtth a magnetic stirrer under N

2 
atmosphere for 48 hr. 

The formation of the cycloadduct was monitored by TLC. 
The solvent was evaporated under reduced pressure 
and the product was purified by column chromatography 
using pet ether (60-80°)-methanol as eluent (Scheme-
1) Same procedure was followed for other maleimides. 

Spectral data 

Nitrone 1 

IR (CHCIJ 3640-3440, 1660, 1600, 1360, 1310,770 
em' 'H NMR (CDCI3) o 7.22 (s, 1 H, CH=N•), 7.10-
6.95 (m. 5H. C)-i,); 510-5 02 (br, 1H, OH exchanged in 
0

2
0), 4 30-4 15 (dd, iH, J=6.1p Hz, CHCI); 2.20-1 96 

(m, oH, CH
2 

protons). 13C NMR (CDCI
3

) : o 142.6 
(CH=W); 136-126 (6 signals 6 aromatic carbons); 54 
(CHC!); 43, 40, 37 (3 CH

2 
carbons). HRMS-EI : M, 

227 8158 C
11

HHCIO}'J requires M+, 227 8173% 

2a: IR (CHCI
3
): 3550-3480,2800, 1760, 1660, 1470, 

1320, 775. 1H NMR (CDC!): 7 55-7.40 (m, 2x5H, C
6
H

5 

protons); 5 05--4.95 (br, 1 H, OH, exchanged in D"O), 
4.90-4.82 (d, 1H, J=6.06 Hz, C

5
H), 4.46-4.35 (t, '1H, 

J:-=6 08 Hz, C}-1), 3.90-3.76 (t, 1 H. J=6 06. 6 08 Hz, 
C

4
H), 3.22-3.10 (dd, J=6,6.06 Hz, CHCI); 2.20-2.05 (m, 

6H. CH
2 

protons). ' 3C NMR (CDCI
3

) 168, 167 (carbonyl 
ca:·bons) i 38-124 (12 aromatic carbons); 87 5 (C

5
), 76 

(%) (OC) 

94 126 

92 106 

93 95 

33,52 122 

37,58 90 
31,54 98 

(C), 59.4 (C
4

), 47 (CHCl), 36, 34, 30 (3 CH
2 

carbons) 
MS (rn/z) : 401 (M•), 370, 342, 324, 294, 247, 211, 
190, 154, 108, 77, 59, 31 HRMS-EI: (M) 400.9664 
C

21
H

21
CI0

4
N

2 
requires M·, 400.9673%. 

. 2b: !R (CHCI): 3620-3530.2920. 1770, 'i680, '1440, 
1260, 780. 1H NMR (CHCI

3
): 7.02-6.92 (m, 5H, C

6
H

5
) 

5.10·5.02 (br, i H, OH, exchanged m Dp):. 4.95-4.88 
1 H. J=6.12 Hz, C

5
H), 4.80-4.64 (t, 1 H, .J=6 DB Hz, 

C
3
H), 426-4 12 (t, 1 H, J=6,6.06 Hz, C"H), 3.82 .. 3.2.0 

(dd, 1 H, J=6,6 08 Hz, CHCI), 2.75-2.56 (m, 1 H, N-CH 
proton), 2.40-2.24 (m, cyclohexyl and CH

2 
protons). 3C 

NMR (CDCI
3

) 168.4, 168 (carbonyi carbons); 133-12.(-) 
(6 aromatic carbons); 86 (C5), 78 (C

3
), 55 39 

(CHCI), 32-20 (cyclohexyl and CH
2 

carbons). MS (rn/ 
z): 407(M•), 348,330, 324,299,211, 196, 108,83. Ti'. 
59. HRMS-El. (M)407.0424 C

2
,CIH270 4N2 

requires M+ 
407.0430 
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Synthesis and antibacterial activities of some novel isoxazolidine derivatives derived from N

phenyl-a-chloro nitrone in water 

1,3 dipolar cycloaddition reaction of N-phenyl-a-chloro nitrone with different dipolarophiles have been studied in 

water for the synthesis of novel isoxazolidines. Significant rate acceleration and high yield of these reactions are 

observed in water with remarkable changes in stereo and regioselectivity compared to organic solvents. The structures 

of all compounds have been established on the basis of spectral and analytical data. All compounds have been 

screened for their antibacterial activity and found to be active. 
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)ynthesis and antibacterial activities of some novel isoxazolidine 

lerivatives derived from N-phenyl-a-chloro nitrone in water 
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1,3 dipolar cycloaddition reaction ofN-phenyl-a-chloro nitrone with different dipolarophiles have been studied in water for 

the synthesis of novel isoxazoiidines. Significant rate acceleration and high yield of these reactions are observed in water 

with remarkable in stereo and regioselectivity compared to organic solvents. The structures of all compounds have 

been established on the basis of and analytical data. All compounds have been screened for their antibacterial 

and found to be active. 

1,3 aqueous phase. stereoselectivity regioselecrivity, antimicrobial activity 

The 1,3-dipolar cycloaddition reaction between been made m the use of water as solvent to 

a nitrone and an olefinic dipolarophile is an influence the rate, regioselectivity and 

efficient method for the synthesis of the stereoselectivity of the cycloaddition reactions3
. 

isoxazolidine ring system 1. Furthermore, the Due to unstability of nitrones, very few 

cycloadducts have found numerous applications examples of the isolation or detection of the 

in synthesis through redu.ctive cleavage of the nitrones have been reported and are usually 

N-0 bond to give y-ammo alcohols 1
. trapped in situ by different dipolarophilcs in 1,3-

Asymmetric induction 111 nitrone-olefin dipolar cycloaddition reactions to afford 

cycloadditions has been achieved through cycloadducts1
. Synthesis of a stable N-phcnyl-u-

incorporation of chirality in both the dipole and chloro nitrone 1 (Ref 4) for the preparation of 

dipolarophilt:?. More recently, advances have 



ehydes4 and novel isoxazolines5 has already 

;:n reported. 

he present paper reports the synthesis and 

tibacterial activity of some novel 

oxazolidine derivatives derived from nitrone 1 

l water with high yield and remarkable changes 

1 stereochemistry (Scheme I, Table I). Organic 

;:actions in water have received increased 

Lttention primarily because of their 

mvironmental acceptability, abundance and low 

However, water also exhibits unique 

and selectivity that cannot be attained 

conventional organic solvents 7•
8

• Thus, the 

development of efficient procedures for useful 

chemical transformations in water without any 

catalyst is highly appreciated. For the present 

study, three different maleimides, ethyl acrylate 

and methyl vinyl ketone (electron poor and 

electron rich dipolarophiles) have been used so 

as to study the nature of the cycloaddition 

reactions leading to the formation of 

diastereomeric and regioselective adducts. 

Almost all the reactions in water are very fast 

(4-5 hr in case of maleimides and 7-8 hr for 

other olefines) compared to the normal 

cycloaddition reactions in orgamc solvents 

which were reported to take longer periods (26-

48 hrs)1
. It is possible that water promotes the 

reaction through hydrogen bond formation with 

the carbonyl oxygen atom of the a,~

unsaturated carbonyl compounds, thereby 

increasing the eletrophilic character at the B

carbon which 1s attacked by nucleophilic 

oxygen atom of the nitrone6
. Thus, water 

activates the maleimide, ethyl acrylate and 

methyl vinyl ketone, and thereby greately 

facilitates the reaction. 

Results and Discussion 

Excellent diastereofacial selectivity is observed 

in nitrone additions in water. The addition of 

nitrone 1 to maleimides result in a mixture of 

diastereomer 2a-4a and 2b-4b (almost 70 : 30 

ratio in all cases) and generation of as many as 

three to four chiral centers in a single step. 

Studies of organic reactions in aqueous media 

shows that there is a higher probability of the 

formation of mixture of diastereomers when 

water is used as solvent rather than conventional 



orgamc solvents7
. These results can be 

rationalized by an exo approach of nitrone 1 

which has Z configuration for the formation of 

major cycloadducts 2a-4a (transition state I). 

The minor cycloadducts 2b-4b are formed by 

the endo approach of Z nitrone (transition state 

II). The mixture of diastereomers are identified 

by considering the multiplicity of the proton 

signals at 3-H and 4-H along with their coupling 

constant values. The most significant 

differences in the 1 H NMR data for the 

diastereomers are the position and multiplicity 

of the 3-H signaL In the minor adducts 2b-4b, 

3-H resonates upfield around ()H 10 while for 

the same proton in major ad ducts 2a-4a around 

OH 4.55 and .1},4 ~ 9.16 Hz for major adducts 

whilst fur minor adducts .h,4 is~ 2.26 Hz. These 

differences can be explained by considering the 

available isoxazolidine ring conformations. Due 

to the 4,5-fused pyrrolidindione, the 

isoxazolidine nng adopts an envelope 

conformation and allowing for inversion, its 

nitrogen atom will either extend out from the 

envelope, i.e., minor conformation, or point 

3 

inside the envelope, i.e., maJor conformation. 

The mmor conformer has the N-lone pa1r 

antiperiplanar and therefore, capable of 

shielding 3-H proton, so this conformation is 

assigned to the minor conformer (Figure 1). 

The diastereomeric isoxazolidines 2a-4a and 

2b-4b were separated by column 

chromatography and obtained in analytically 

pure form9
. The endo/exo stereochemistry 

mentioned above is based on extensive NMR 

investigations. Most relevant are the coupling 

constants of the diastereomers. 

4a, this coupling constant is almost 9.2--9.4 Hz. 

implying a cis relationship between H-3 and H-

4, whereas for 2b-4b, the coupling constant is 

almost 2.5--4.2 Hz which implies a trans 

relationship between H-3 and H-4 (Ref 10). In 

all the diastereomers, the configurations of H-5 

and H-4 are cis as evidenced from their coupling 

constant values. For ethyl acrylate and methyl 

vinyl ketone the regioselectivity was 

rationalized by usmg frontier orbital theory 11 

and 1H NMR experiments. Cycloadditions to 

a,~-unsaturated carboxylic acid derivatives. e g 



4 

ethyl acrylate are particularly useful because geometry as evidenced from their coupling 

high regioselectivity is often observed in water6
. constant values (JH4, Hs = 6-8.4 Hz; JH4 , H3 = 

The reactions were found to be highly 6.2-7.6 Hz) (Ref 1 0). Similar cycloaddition 

regioselective to form solely 5-substituted reactions of nitrone with these dipolarophiles 

isoxazolidines. Nitrone 1 has considerably usually give both 5 and 4-substituted adducts in 

higher ionization potential than normal nitrones conventional solvents with some exceptions of 

due to the electron withdrawing effect of either 5 or 4-substituted adducts 13
.1

4
. 

chlorine. Therefore, nitrone (LUMO)-

dipolarophile (HOMO) interactions completely 

dominate the reaction and lead to the formation 

of 5--substituted adducts 1 1
,1

2 From the 1H 

NMR spectrum of cycloadducts S--6, it has been 

found that clear double doublet signal for H-4 

protons and double triplet signal for H-3 protons 

are obtained ali the cases due to further Minor conformation l Major conformation 2 

coupling from vicinal hydrogens and hence is a =Ph; Me.; 

confirmation in favour of 5-substituted adducts. Figure I 

general, the reactions are very clean and 

From the detailed investigations on the nature of 
yielding compared to 

these cycioaddition reactions using TLC and 1 H 
reactions of nitrones. The products have been 

NMR spectrum studies for the cycloadducts 5-
characterized from their spectroscopic (IR, 1 

'i, it is also confirmed that no diastereomers are 
NMR, HRMS, 13C NMR) data. No catalyst or 

'armed. The relative configurations of H-3, H-4 
co-organic solvent are required. The structures 

lnd H-5 protons in these adducts are syn and the 
of 2-6 have been confirmed by 1 H and 1 

ycloadducts are in favour of exo transition state 
NMR spectroscopy in CDCh solution along 



with MS and IR spectra. Thus, the 1 H NMR 

spectra of 2-4 indicate that these isoxazolidine 

derivatives are formed as a mixture of 

diastereomers in almost 70:30 ratio with cis and 

trans configurations relative to the spatial 

orientation of the R3 group at C3 with respect to 

the H atom at C4 position. These diastereomers 

have been separated by column chromatography 

and recrystallized from heptane-ethyl acetate9
•
15

. 

The 1H NMR spectrum of 2a-4a and 2b-4b 

displayed different spectrum (position of 

for diastereomers. In contrast, the 

tH NMR spectrum of 5-6 displayed only one 

set of signals indicating that they are formed as 

unique cycloadducts. The exact stereochemistry 

at the asymmetric CHCl carbon atom all the 

cycloadducts could not be determined due to 

multiplet signals (doublet of triplet appears 

:tlmost as multiplet) obtained in the NMR 

>pectrum and also due to freely rotating carbon 

~entre at CHC14
·
5

. In the 13C NMR spectrum, 

'our signals were obtained in case of phenyl ring 

:arbon atoms due to the equivalent nature of C

·. and C-6 and. C-3 and C-5 carbons. In the mass 

5 

spectrum, significant M++ 2 ion peak signals are 

obtained in most of the diastereomers and 

regioselective cycloadducts as the peak of 

highest intensity due to the presence of isotopic 

abundance of CrJ 7 atom in these compounds. In 

addition, mass fragmentation peaks of different 

value are also obtained for diastereomers of a 

particular cycloadduct. Studies of HRMS 

spectra shows almost exact masses in the 

majority of the compounds. 

Antibacterial screening test 

All the synthesized cycloadducts and 

were subjected to in vitro screening against 

Vibrio parahaemoZvticus, Klebsiella 

pneumoniae, Bacillus subtilis, Proteus vulgaris, 

Staphylococcus aureus, ,)higella flexneri, 

Eschericia coli, Salmonella typhi and Vibrio 

cholerase. The mm1mum inhibitory 

concentration (MIC) was determined using cup 

plate assay method according to the standard 

procedure16
. Nutrient agar was used as a culture 

medium. Initially strains of desired bactcJ ia 

were isolated and were suspended in normal 

saline .. From each bacterial suspension O.l mL 
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was taken with the help of pipette and was 

spread on preprepared nutrient agar plate, with 

the help of spreader. Then cups were scooped 

out from each plate with the help of a cork borer 

and then to the respective cups different 

derivatives of the isoxazolidine (2a, 3b, 4b, 5 

and 6) of concentrations ( 1000 ~g/mL, 600, 

400, 200, 100, 50, 25, 10 ~g/mL) were added. 

The plates were incubated at 3 7°C for 24 hr and 

then were recorded. The lowest 

concentration, which showed no visible growth, 

was taken as an end point minimum inhibitory 

concentration (MIC). the compounds 

showed MIC 10 ~tg/mL except 4b and 6. These 

showed MIC 50 ~g/mL against Bacillus subtilis 

and Proteus vulgaris. It has been observed that 

the derivatives of isoxazolidine (2a, 3b, 4b, 5 

and 6) have antibacterial activity against both 

gram positive (Saureus, B.subtilis) and gram 

negative (E. coli, Sjlexneri) bacteria, hence it 

can be concluded that the derivatives used were 

broad spectrum antibiotics 17
. The MIC value 

obtained for isoxazolidine derivatives range 

from 10 r-tg/mL-50 r-tg/mL (except 5) and are 

very close to the MIC values of most commonly 

used antibiotics like Penicillin ( 1 0 

Sulphonamide (300 ~g/mL), Nalidixic 

(512 ~Lg/mL), etc. and hence they are equally 

effective and can be prescribed after testing of 

LDso (Ref 18). 



R1~R2 

(i) 

1 

(i) water, RT, 4-5 hr, N 2 atmosphere 

2 : , R 2 = -CONMeC0-
3: RJ, R2 = -CONPhC0-
4 : R b R 2 = -CONCyC0-
5 : R1 --= -C02C2H5; R2 = H 
6 : = -COCH3 ; R 2 = H 

R --=Ph; R3 = 

Experimental Section 

Scheme I 

7 

H 

2a-4a; 5-6 

+ 

R 

I R3 
/N~~ 
~"IH 

H---I \ ~H 
R1 R2 

2b-4b 

Melting points were determined in open capillary tubes and are uncorrected. 1H NMR spectra \Vere 

recorded with a Bruker A vance DPX 400 spectrometer ( 400 MHz, FT NMR) using TMS as internal 

standard. 13C NMR spectra were recorded on the same instrument at 100 MHz. The coupling constants 

(J) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 1-881 machine as film or as KBr 

pellets for all the products. MS spectra were recorded with a Jeol SX-1 02 (F AB) instrument. The HRMS 

spectra were recorded on a Q -~ Tof micro instrument (YA~-105). Elemental analyses (CHN) were 

performed with a Perkin-Elmer 2400 series CHN Analyzer. TLC's were run on Fluka silica gel 

precoated TLC plates. All other reagents and solvents were purified after receiving from commercial 

suppliers. N-phenylhydroxylamine was prepared following standard methods available in the lllerature 

and has been used already for the synthesis of aldehydes and cycloaddition reactions involving a-amino 

- . . 4 ') mtrones m orgamc solvents ··. 
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" Table I- Physicochemical data of synthesized compounds 

Entry Nitrone Dipolarophile Time Cycloadduct" & m.p Cc) Cis/trans ratio(%) Yie 
(hr) 2a-4a: cis; 2b-4b: trans (%) 

2 

3 

4 

5 

N-phenyl-u
chloro nitrone 

N-phenyl-a
chloro nitrone 

N-phenyl-u
chloro nitrone 

N-phenyl-u
chloro nitrone 
N-phenyl-a
chloro nitrone 

N-methyl maleimide 4 

N-phenyl maleimide 5 

N-cyclohexyl maleimide 5 

Ethyl acrylate 5 

Methyl vinyl ketone 5 

3 A!l the reactions were carried out at RT 
bisolated yields after purification 

General procedure cydoaddition (for diastereomers) 

2a: White solid, 104 
2b: White solid, 120 

3a: Yell ow solid, 116 
3b:Yellowish white solid, 131 

4a: Dark yellow crystals, 88 
4b: Yell ow crystals, 96 

5: White gummy liquid 

6: Pale yellow oil 

a 50 mL conical flask, 1 mmole), dipolarophile (1 mmole) and water (15 

2a: 76 96 
2b: 20 

3a: 71 94 
3b: 23 

4a: 68 95 
4b: 27 

93 

9! 

was 

md stirred at with a magnetic stirrer N2 atmosphere for 4-5 . The progress reaction 

vas monitored by TLC. After completion of the reaction, the products were extracted with ether 

1L), the organic layer was washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

mcentrated. The mixture of diastereomers were purified and separated by column 

ing ethyl acetate ~ hexane to afford cycloadducts (Scheme l). procedure was followed tor 

bstrates 1 listed in Table I. 

nthesis of (38)-3-(l-chloro-4-hydroxy butyl)-5-methyl-2-phenyldihydro-2H pyrrolo[3,4-

.oxazole-4,6(5H,6 a-H)-dione, 2a 

t stirred solution of nitrone 1 (1 mmole) in 15 mL water was added N-methyl maleimide ( 1 mmole) 

T under nitrogen atmosphere and the reaction mixture -.vas stirred for 4 hr. The progress of the 

ion was monitored by TLC (Rr ::cc 0.3S. 0.40). The products were extracted with ether mL\ 

I 
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the organic layers were washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate -hexane and finally obtained by removal of solvent under reduced pressure as white 

solids. 

White solid. Yield 75.6%; Rr = 0.38; IR(CHCh): 3590 - 3460 (br ), 2924(m), 2840(m), 1755(s), 

1660(s), 1485(m), 1340(m), 803(s), 774(s) cm-1
; 

1H NMR (CDCh): o 7.15-6.98 ( m, 5H, C6H5), 5.22 

(d, 1H, J= 6.8 Hz, CsH ), 5.08 -· 5.00 (br, lH, OH, exchanged in D20), 4.55 (dd, lH, J= 6.84, 9.2 Hz, 

C3H\ 3.76 (dd, lH, = 8.06, 9.20 Hz, C4H), 3.40 (s, 3H, CH3), 3.14-2.96 (m, lH, CHCl), 1.95- 1.52 

6H, CH2 protons); 13C NMR (CDCb): 8 174.64, 173.42 (carbonyl carbons), 134.50, 133.26, 132.00, 

130.64 (aromatic carbons), 88.00 

(CI-h), 26.00, 23.00 CH2 carbons); MS· 

62.00 (CH20H), 58.00 (C1), 52.00 (CHCl). 39.00 

"'40 (M·> +-2) "38 (M+) ':'2" "0~ 261 '47 !"' 1 1 )7 .J , , ' _1 ' :J .J' .J I' ) , ~ ' ""·' -. ( , . 

77, 59:. HRMS- EI: Calcd for C16H1904N2Cl (M) mlz 338.1338. Found: M+ 338.1324. Anal. Found: C, 

H, 5.49; N, 8.19. C 16H190 4N2Cl requires C, 56.63; H, 5.60; N, 8.25%. 

(3R)-3-(1-chloro-4-hydroxy butyl)-5-methyl-2-phenyl dihydro-2H pyrrolo[3,4-d]isoxazole-
4,6(5H,6 a-H)-dione, 2b 

White solid. Yield 20.4%, R/= 0.40; IR (CHCh): 3580 - 3465 (br), 2895 (m), 1764 (s), 1660(s). 1482 

(m), 1355 (m), 805 (s), 780 (s) cm- 1
; 

1H NMR (CDCh): 8 7.20-7.08 (m, 5H, C6H 5), 5.26 (d, lH, J = 6 

Hz, C5H), 5.10-4.94 (br, lH, OH, exchanged in 0 20), 4.10 (dd, lH, J = 2.50, 4.06 Hz, ClH), 3.60 

(dd, lH, J = 2.52, 4.26 Hz, C4H), 3.44 (s, 3H, CH3), 3.22 -- 3.05 (m, lH, CHCl), 1.88 - 1.44 (m, 6H, 

CH2 protons); 13C NMR (CDCb): o 172.50, 171.00 (carbonyl carbons), 133.00, 132.00, 130.34, 128.60 

(aromatic carbons), 88.62 (Cs), 74.00 (C3), 61.44 (CI-hOH), 58.28 (C4), 54.00 (CHCl), 37.00 (CH:;), 

24.00, 21.00 (2 CH2 carbons); MS: m/z 338 (M+), 307, 261, 246, 231, 139, 111, 107, 77, 31, HRMS --

EI: Calcd for C16H1904N2Cl (M) m/z 338.1338. Found: M+ 338.1320. Anal. Found: C, 56.50: H, 5.52; 

56.63; H, 5 '8.25%. 
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Synthesis of (3S)-3- (1-chloro-4 hydroxy butyl)- 2,5 diphenyl dihydro-2H pyrrolo[3,4-d]isoxazole-

4,6(5H,6 a-H)-dione, 3a 

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

at RT under nitrogen atmosphere and the reaction mixture was stirred for 4 hr. The progress of the 

reaction was monitored by TLC (R1 = 0.34, 0.42).The products were extracted with ether (2 X 25 mL), 

the organic layers were washed with saturated brine (2 X 15 mL), dried over anhydrous Na2S04 and 

concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate- hexane and finally obtained by removal of solvent under reduced pressure as yellow 

and yellowish white solids. 

3545 -- 3480 (br), 2880 (m), 1765 1650 1 

1 (s) cm- 1
; NMR (CDCh): 8 7.55- 7.40 (m, 2 51-i, C6l-I5 protons), 5.42 

lH, J = 8.24 C5H), 5.05 - 4.95 (br, lH, OH, exchanged in D20), 4.46 (dd, lH, J = 9.25. 7.28 Hz, 

C3H), 3.76 (dd, lH, J = 9.22, 6.08 C4H), 3.22- 3.07 (m, lH, CHCl), 1.82 - 1.35 (m, 6H, CH2 

protons); 13C NMR (CDCh): o 175.54, 173.68 (carbonyl carbons), 138.00, 137.00, 135.64, 134.32, 

133.70, 132.00, 131.46, 130.00 (aromatic carbons), 87.50 (C:;), 76.00 (C3), 64.52 (Cl-hOH), 59.42 (C4), 

52.00 (CHCJ ), 28.00, 26.00 ( 2 CH2 carbons); MS: mlz 400 (M+), 341, 323, 246, 216, 173, 107, 77, 59, 

31; HRMS -- EI: Calcd. for 1H21 0 4N2Cl, (M) mlz 400.1494. Found: M+ 400.1476. AnaL Found: C, 

66.70; H, 5.20; N, 6.82. C21 l-b04N2C1 requires C, 66.84; H, 5.23; N, 6.98%. 

Synthesis of (3R)-3- (1-chloro-4 hydroxy butyl)- 2,5 diphenyl dihydro-2H pyrrolo[3,4-d]isoxazole-

4,6(5H,6a-H)-dione, 3b 

Yellowish white solid. Yield: 23.2%, Rt= 0.42; IR (CHCh): 3560- 3470 (br), 2865 (m), 1760 (s), 1684 

(s), 1465 (m), 1370 (m), 810 (m), 772 (s) cm-1
; 

1H NMR (CDCh): 8 7.35 - 7.14 (m, 2 X 5H, C6Hs 

protons), 5.24 (d. lH, .fcc-= 7.20 Hz, C5H), 5.00- 4.92 (bL lH, OH, exchanged in D20), 4.38 (dd, ll-L J= 
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25, 2.24 Hz, C3H), 3.52 (dd, lH, J= 4.42, 2.08 Hz, C4H), 3.37-3.20 (m, lH, CHCl), 1.74- 1.46 (m. 

-I, CH2 protons); 13C NMR (CDCh): 8 174.44, 171.86 (carbonyl carbons), 137.24, 136.48, 135.00, 

34.56, 133.00, 132.80, 130.64, 129.00 (aromatic carbons), 85.00 (C5), 72.62 (C3), 64.56 (CH20H), 

7.40 (C4), 53.62 (CHCI ), 28.00, 27.00 (2 CH2 carbons); MS: m/z 402 (M+ +2), 400 (M+), 295, 246, 

16, 211, 189, 154, 107, 77, 31; HRMS- EI: Calcd for C21 H21 0 4N2Cl, (M) m/z 400.1494. Found: M+ 

00.1483. Anal. Found: C, 66.54; H, 5.14; N, 6.75; C21H2t04N2Cl, requires C, 66.84; H, 5 ; N, 6.98%. 

Synthesis of (3S)-3- (1-chloro-4 hydroxy butyl)-5-cydohexyl- 2- phenyl dihydro-2H pyrrolo[3,4-

l]isoxazole-4,6(5H, 6a-H)-dione, 4a 

fo a stirred solution of nitrone 1 mmole) in 15 water was added maleimidc 

at atmosphere and mixture was stirred for 5 progress 

the reaction was monitored by TLC 9, 0 products were extracted with ether X 

mL ), the organic were washed with saturated brine X 15 mL ), dried over anhydrous Na2S04 

and concentrated. The mixture of diastereomers were purified and separated by column chromatography 

using ethyl acetate - hexane and finally obtained by removal of solvent under reduced pressure as dark 

yellow and yellow crystals. 

Dark yellow crystals. Yield 68%, "" 0.39; IR (CHCh): 3620 3530 (br), 2872 (s), 1770 (s), 1693 (s), 

1444 (m), 1390 (m), 1260 (m), 805 (s), 780 (s) cm--1
; 

1H NMR (CDCh): 8 7.02- 6.92 (m, 51-I, C6H5), 

5.32 (d, lH, J = 6.12 Hz, C5H), 5.10- 5.02 (br, 1H, OH, exchanged in D20), 4.52 (dd, lH, J = 9.26, 6.08 

Hz, C3H), 4.26 (dd, IH, J = 9.24, 7.06 Hz, C4H), 3.20 - 2.94 (m, lH, CHCl), 1.64 - 1.24 (m, 17H, 

cyclohexyl and CH2 protons); 13C NMR (CDCb): 8 172.34, 170.26 (carbonyl carbons), 131.30, 130.55 

128.63. 127.42 (aromatic carbons), 86.00 (Cs), 78.00 (C3), 62.50 (CH20H), 5S.OO(C4 ), 50.66 (CHCl ), 

30.00. 28.00, 26. 74. 25.42, 24.36, 23.58, 22.24. 19.00 (cyclohexyl and CI--b carbons); MS: me: 406 
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(M+), 375, 347, 329, 324, 222, 107, 77, 59, 31; HRMS - EI: Calcd for C21H270 4N2Cl (M) mlz 

406.1962. Found: M+ 406.1949. 

Synthesis of (3R)-3- (1-chloro-4 hydroxy butyl)-5-cyclohexyl- 2- phenyl dihydro-2H pyrrolo[3,4-

d]isoxazole-4,6(5H, 6a-H)-dione, 4b 

Yellow crystals. Yield 27%, RJ = 0.44; IR (CHCb): 3630- 3535 (br), 2865 (s), 1760 (s), 1680 (s), 

1440 (m), 1375(m), 1265 (m), 810(s), 780 (s) cm-1
; 

1H NMR (CDCh): 8 7.22- 7.04 (m, 5H, C6H5), 

5.26 (d, lH, J= 7.22 Hz, C5H), 5.18- 5.06 (br, lH, OH, exchanged in D20), 4.43 (dd, lH, J = 4.32, 3.26 

Hz, C3H), 4.14 (dd, lH, J = 3.22, 2.08 Hz, C4H), 3.38- 3.20 (m, lH, CHCl), 1.72 - 1.38 (m, 17H, 

cyc1ohexyl and CH2 protons); 13C NMR (CDCh): 8 170.74, 169.86 (carbonyl carbons), 135.36, 134.50, 

13258 (aromatic carbons), 84.34 (C5), 75.00 (C3), 6L64 (CH20H), 53.50 (C4), 53.00 (CHCl), 

27 .46, 21 5, 1 and carbons); 408 

406 216, 179, 139, 1 83, 

406.1962. Found: M+ 406.1943. 

General procedure for cycloaddition (for regioselective cycloadducts) 

In a 50 mL conical flask, nitrone 1 (1 mmole), dipolarophile (1 mmole) and water (15 mL) was added 

and stirred at RT with a magnetic stirrer under N2 atmosphere for 5 - 6 hr. The progress of the reaction 

was monitored by TLC. After completion of the reaction, the product was extracted with ether (2 X 25 

mL), the organic layer was washed with saturated brine (2 X 15 mL ), dried over anhydrous N a2S04 and 

concentrated. The crude product was purified by column chromatography using ethyl acetate- hexane to 

afford pure cycloadduct (Scheme I). This procedure was followed for the substrates 4 and 5 listed in 

Table I. 



13 

Synthesis of (3S)-ethyl-3-(1-chloro-4 hydroxy butyl)-2-phenyl isoxazolidine-5-carboxylate, 5 

To a stirred solution of nitrone 1 (1 mmole) in 15 mL water was added ethyl acrylate (1 mmole) at RT 

under nitrogen atmosphere and the reaction mixture was stirred for another 5 hr. The progress of the 

reaction was monitored by TLC (R1 = 0.48). The product was extracted with ether (2 X 25 mL), the 

organic layer was washed with saturated brine (2 X 15 mL ), dried over anhydrous N a2S04 and 

concentrated. The crude product was purified and separated by column chromatography using ethyl 

acetate - hexane and finally obtained by removal of solvent under reduced pressure as white gummy 

liquid. 

3610 - 3 (br), 2930 2856 1750 (s), 

795 14 5.15-5 (br. lH. 

exchanged in 1 J -- CsH), 4.48 - 4.33 (dt, H-L J =-c 7 Hz, J 

= 6, 6.02 3.88 (dd, 2H, J = 8.18 C4 2H), 3.60 - 3.46 (m, 1 CHCl), 1.84-

1.46 (m, 6H, CH2 protons), 1.24 3H, J = 7.52 Hz, -OCI-hCH3); 
13C NMR (CDCh): 8 167.40 

(carbonyl carbon), 136.40, 134.50, 133.25, 132.60 (aromatic carbons), 88.00 (C5), 76.00 (CJ), 63.00 

(Cl--bOH), 60.00 (CH2 carbon of -OCH2CH3), 58.00 (C4), 55.00(CHC1), 32.00, 24.00 (2 Cl-:b carbons), 

16.00 (CI-h carbon of OCI-hCH3); MS: m/z 329 (M+ +2), 327(M+), 296, 250, 219, 207, 177, 142, t08, 

107, 77, 73, 3 J; HRMS- EI: Calcd for C16Hn04NCl (M) mlz 327.1542. Found: M' 327.1 .... 
5. 

Synthesis of 1-{(3S)-3-(1-chloro-4-hydroxy butyl)-2-phenyl isoxazolidin-5yl)} ethanone, 6 

To a stirred solution ofnitrone 1 (1 mmole) in 15 mL water was added methyl vinyl ketone (1 mmole) at 

RT under nitrogen atmosphere and the reaction mixture was stirred for another 8 hr. The progress of the 

reaction was monitored by TLC (Rr = 0.44). The product was extracted with ether (2 X 2.5 mL). the 

org~m1c was ,,·ashed with saturated brine (2 X t 5 mL ), ::lr1ed ever anhydrau:' :'-' 
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oncentrated. The crude product was purified and separated by column chromatography using ethyl 

Lcetate- hexane and finally obtained by removal of solvent under reduced pressure as pale yellow oil. 

Jale yellow oiL Yield 91%, R1 = 0.44; IR(CHC13): 3520- 3380 (br), 2925 (s), 2844 (m), 1710 (s), 1440 

:m), 1324 (s), 804 (m), 776 (s) cm-1
; 

1H NMR (CDCb): 8 7.16- 7.04 (m, 5H, C6H5), 5.32 (t,lH, J = 7.82 

Hz, CsH), 5.10-5.0 (br, lH, exchanged in D20), 4.54-4.43 (dt, lH, J= 8.30 Hz, C3H), 4.28 (dd, 2H, J 

= 9.48, 7.10Hz, C4 2H), 3.78 --3.62 (m, lH, CHCl), 2.12 (s, 3H, COCH3), 1.86- 1.54 (m, 6H); 13C NMR 

(CDCb): o 195.22 (carbonyl carbon), 132.00, 131.55, 130.00, 128.40 (aromatic carbons), 88.00 (C5), 

78.00 (C3), 66.00 (CH20H), 58.00 (C4), 53.50 (CHCl), 24.60 (COCH3), 19.00, 17.00 (2 CH2 carbons); 

MS: m/z 297(M+), 266, 254, 270, 212, 147, 112, 107, 77, 43, 31; HRMS-EI: Calcd for C15H200 3NCl (M) 

297.1437. Found: M+ 297.1426. 

Conclusions 

the present procedure provides an example of green chemistry methodology for the synthesis 

of regio and stereoselective novel isoxazolidines in aqueous phase with high yield in a short reaction time 

and almost all the synthesized compounds are having significant antibacterial activity. The notable factors 

of this methodology are: (a) high yields (b) faster reaction (c) mild reaction conditions and (d) green 

synthesis avoiding use of organic solvents. Therefore, it is believed that procedure described here will find 

important applications in the synthesis of isoxazolidine derivatives and thereby offering greater scope for 

aqueous phase cycloaddition reactions. 
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Introducing novel a-N-methyl/phenyl furan derivatives as new and 
efficient dipolarophiles for 1 ,3-dipolar cycloaddition reaction in the 
regioselective synthesis of spiro isoxazolidine derivatives with a-
chloro and simple nitrones 
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1 ,3-dipolar cycloaddition reaction of a-chloro and simple nitrones have been studied with 
novel a-N-methyl/phenyl furan derivatives as new dipolarophile. The reactions are found to 
be highly regioselective to afford single 5-spiro isoxazolidines with high yield in a short 
reaction time. 

----·---· ---··-·---· 

Keywords : a-N-methyl/phenyl furan derivatives as new dipolarophile, regioselectivity, spiro cycloadducts 

ln addition to existing dipolarophiles !able for l,3-dipolar cycloaddition reaction 
" l mtrones , we to incorporate for the first time some novel and efficient 

dipolarophi1es (a-N-methyl/phenyl furan derivatives) which are highly reactive to afford 

solely 5-spiro isoxazoJidines with high yield in a very short reaction time (4-6 hrs) with 

different nitrones at (Scheme 1). Detailed literature survey reveals that these type 

cycloaddition reactions are generally diastereomeric in nature with the predominance of one 

of the isomers2
. novel dipolarophiles 2 (a-N-methyl/phenyl furan derivatives) were 

isolated as sideproduct and in single E isomeric forms (almost 20%) in an cases of tbe 

reported oxidation reaction of alkyl halides to aldehydes and ketones using a-chloro nitroncs' 

(Scheme 5·-spiro isoxazolidines (3~8) were obtained as regiosclectivc single JSomer 

predominantly in all the cases of a-chloro,u-amino and simple nitrones with high yields (78-

88%) wben isolated in pure condition. It could be due to tile fact that nitrone (LUMO)~ 

clipolarophile (HOMO) interactions are strong enough to dominate the reaction4 and leads to 

the formation of solely 5-spiro isoxazolidines (3-8) via an exo approach of nitrone l (all the 

reported nitrones are in Z configuration) to the furan derivatives 2 (transition state l). At the 

outset of this work it was not sure whether the sideproducts obtained during aldehyde and 

ketone synthesis can be employed as efficient dipolarophile. While studying the scope of 



atom efficiency in the reaction of aldehyde and ketone synthesis using a-chloro nitrones, the 

efficiency of the sideproducts (2) were confirmed. For the present study, we have used five 

different nitrones viz N-methyl-a-chloro nitrone3
, N-phenyl-a-chloro nitrone5

, N-methyl-a

amino nitrone6
, N-phenyl-a-amino nitrone7 and N-methyl/phenyl nitrones8 respectively in 

order to generalize the regioselectivity in cycloaddition reaction using novel dipolarophiles 

(2) leading to the generation of spiro cycloadducts (3-8).The stereochemistry of the 5-

substituted regioselective spiro cycloadducts (3-8) in all the cases were rationalized by 

considering the multiplicity of the proton signals at 3-H, 4-H, CHCl (in case of a-chloro 

nitrones only) asymmetric centres along with their coupling constant values.9 In the spiro 

isoxazolidine derivatives 3-4, 3-H resonates around 8H 2.50-3.50 ppm while for the 4-H 

around 8H 3.00-5.85 ppm and the coupling constant is h,4 - 9.16 Hz implying a cis 

relationship between H-3 and H-4. The CHCI proton also resonates upfield around 5H 2.20-

2.60 ppm. The 3-H and CHCl protons are also syn as evidenced from their coupling constant 

values Hz). 9 Almost similar coupling constant values are obtained for H-3 and 

rc>r,nr1 "''"' Spiro cycloadducts (5~8).Cycloaddition of Z nitrone (all 

the nitrones are Z configuration in this communication) via e.xo-transttion state 

geometry results the formation of syn spiro isoxazolidine derivatives. 1H NMR spectrum of 

shows significant long range coupling between H-4 with H-3' and vice versa in most of 

the spiro cycloadducts. In the mass spectrum, prominent base peak values are obtained in all 

the spiro regioselective cycloadducts and significant M+2 peaks are obtained in the spiro 

cycloadducts 3-4 which may be due to isotopic abundance of ce7 atoms. Studies HRMS 

spectra show almost exact masses for the majority of the compounds. The experimental 

procedure is very simple. Novel a-N-methyl/phenyl furan derivatives (2) are added to nitrone 

1 in diethyl ether at RT. Smooth reaction ends with the production of regioselective 

cycloadducts with extremely good yield in a very shmt reaction time. In general the 

reactions are very clean and high yielding compared to usual cycloaddition reactions of a

chloro & a-amino nitrones 1
'
5

'
6

. The products were characterized from their spectroscopic (IR, 

1H NMR, HRMS, 13C NMR) data. No catalyst or co-organic solvent was required. All the 

spiro isoxazolidine derivatives (3~8) were also screened for antibacterial activity and found to 

be very active hence procedure described here and substrates used are very safe and useful 

for mankind. 
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A preferential conformation for the regioselective spiro isoxazolidine derivatives may be 
represented in figure 1. 

H 
0 

Fig 1 

R 1 =Ph, NHz, CHCl(CH2hOH 

General conformation for the spirocycloadducts (3-8) TS 1 for forming spiro cycloadducts (3-8) 

A new mechanistic pathway for the synthesis of novel dipolarophiles (a-N-methyl/phenyl 
'>. 

furan derivatives) be represented in the following established mechanism" (Scheme 2). 
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Reagents and conditions : i) Dry ether. pyridine, r.t, N 2 atrnospherc 

ii) Dry ether, Na2C03 , r.t , N 2 atmosphere 

Finally, we have reported synthesis of exclusively regioselective sp1ro cycloadducts usmg 

some novel dipolarophiles with different nitrones in 1 ,3-dipolar cycloaddition reaction and 

4 



also the mechanism of synthesis of novel dipolarophiles. The formation of the desired spiro 

cycloadducts were obtained in good yields within a short reaction time. The newly developed 

side products (furan derivatives, 2) are equally effective as dipolarophile in cycloaddition 

reactions like other conventional dipolarophiles used for cycloaddition reactions and may be 

incorporated for the general use in cycloaddition reactions as effective dipolarophile. The 

notable advantages offered by this method are one pot synthesis, simple operation, easy 

workup, mild and faster reaction conditions with high yield of products. 

Experimental 

1H NMR spectra were recorded with a Bruker A vance DPX 300 spectrometer (300 MHz, FT 

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

instrument at 75 MHz. The coupling constants (J) are given in Hz. IR spectra were obtained 

with a Perkin-Elmer RX 1·881 machine as film or as KBr pellets for all the products. MS 

spectra were recorded a Jeol SX·102 (FAB) instrument. The HRMS spectra were 

recorded on a Q nncro instrument (Y A-105). TLC's were run on Fluka si gel 

prccoated TLC plates \vhile column chromatography was performed with silica gel (E.Merck 

India) 60 - 200 mesh. All other reagents and solvents were purified after receiving from 

commercial suppliers. N-methylhydroxylamine was purchased from Aldrich Chemical 

Company and was used as received. N-phenylhydroxylamine was prepared followmg 

standard methods available in the literature and has been used already for the synthesis of 

aldehydes and cycloaddition reactions involving a-amino, a-chloro nitrones in aqueous phase 

d . . 1 3567 an m orgamc so vents · · · . 

General procedure for cycloaddition (jar regioselective :,piro cycloadducts) 

To a well stirred solution of nitrone 1 (R=Me; I mmole) in diethyl ether (20 mL) taken in a 

50 mL conical t1ask, was added a-N-methyl furan derivative [(E)-l-(dihydrofuran-2-(3H)

ylidene)-N-methyl methanamine)] (1 equivalent) and was stirred at RT with a magnetic 

stirrer under N2 atmosphere for 4 hr. The progress of the reaction was monitored by TLC (Rf 

= 0.53). After completion of the reaction and work-up, the crude spiro cycloadduct was 

concentrated in a rotary evaporator and finally purified by column chromatography using 

ethyl acetate - hexane to afford pure spiro cycloadduct 3 (entry 1, Table 1, Scheme 1 ). This 

procedure was followed for the reaction of nitrone 1 (R= Me,Ph) with a-N-methyl/phenyl 



furan derivatives 2 ((E)-l-(dihydrofuran-2-(3H)-ylidene)-N-methyl methanamine)/(£)-l

(dihydrofuran-2-(3H)-ylidene)-N-phenyl methanamine)] listed in Table 1. 

Spectroscopic data for 2 (R=Me; a-N-methyl Juran derivative) [(E)-I-( dihydrofuran-2-(3H)

ylidene)-N-methyl methanamine)] 

IR (KBr): 3125-3054 (br), 2838 (m), 1652 (s), 1455 (m), 1210 (m) cn1- 1
; 

1H NMR (CDCb): 8 

4.81 (br, lH, N-H), 4.56 (s, lH, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 6H); 13C NMR 

(CDCh): 8 J 03.00, 101.76 (double bonded carbons), 26.22, 25.30, 23.65 (3 CH2 carbons); 

FAB- MS: m/z 113 (M+), 98, 97; HRMS-EI: Calcd. for C6H 11 0N (M), 113.1000, Found: 

M+, 112.9876. 

Spectroscopic datafor 2 (R=Ph; a-N-phenyl Juran derivative) [(E)-l-(dihydrofuran-2-(3H)

.Ylidene )-N-phenyl methanamine )] 

IR (KBr): 3150-3060 (br), 2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 (s) cm- 1
; 

1H NMR 

(CDCl:J): o 7.83 (m, 5H, C6H5), 6.29 (br, lH, R·H), 2.17 (s, 1.79 · L 18 (m, 6H); 
13C NMR 6 1 .20, 134.00, 132.15 (aromatic carbons). 106.24, 104.18 

bonded 28.46, 27.1 24.84 CH2 carbons). FAB - MS 175 

, 77. HRMS-EI: C<:tlcd. for C 11H 130N (M), 175.0993. l\1+. 175.098L 

( 5)-4-chtoro-4-( (3S,4S,5 R)-2rnethyl-4-(methylamino )-1 ,6,.dioxa--2 -azaspi ro[ 4A ]nonan-3-

vl)lmtan-·1-ol 3 

3: Pale yellow gummy liquid. Yield 88%, Rr= 0.53; IR (KBr): 3460- 3326 (br), 2948 (m), 

2420 (m), 1485 (s), 1325 (m), 810 (m), 774 (s) cm-1
; 

1H NMR (CDCh): 6 4.83 (br, lH, 

CH20H, exchanged in D 20), 4.60 (s, lH, NHCH3), 3.37 (s, 6H, 2 x N-CH3), 3.12 (dd, lH, J 

== 9.20, H.32 Hz, C3H), 2.70 (dt, lH, J = 8.1 0, 7.88 Hz, C4H), 2.35 (dt-m, 1 H, CHCl), 1.88-

1.42 (m, 6H); 13C NMR (CDCh): 8 93.00 (CHCl), 87.55 (C5), 76.20 (C,), 55.20 (C-1), 41.97 

(N-CH3), 40.24 (NH-CH3), 33.37, 31.50, 28.68, 26.00, 25.12, 23.40 (6 CH2 carbons); MS 

(m/z): 280 (M++2), 278 (M+), 263, 248, 156 (B.P), 141, 107; HRMS-EI: Calcd. for 

C12Hn03NzCl (M), 278.6710, Found; M+, 278.6698. 

( S)-4-chloro-4-( ( 3S,4S,5 R)-2 -phenyl-4-(phenylamino )-1, 6-dioxa-2 -azaspi ro[ 4.4 ]nonan-3-

yl)butan-7-ol 4 

4: Dark red viscous liquid. Yield 86%, Rf= 0.48; IR (KBr): 3485 -- 32.':10 (br). 2962 (m), 2425 

(m), 1620 (s), 1490 (s), 1260 (m), 1040 (m), 780 (s) cm- 1
; 

1H NMR (CDC1 3): 8 6.98- 6.92 

(m, lOH, 2 x C6Hs), 5.84 (dd, lH, J = 8.55, 8.20 Hz, C3H), 5.00 (br, 1 H, CJ-f:,OH, exchanged 



in 0 20), 3.60 (dt, lH, J = 9.34, 7.88 Hz, C4H), 3.40 (s, lH, N- H proton of NHPh), 2.68 

(dt-m, lH, CHCl), 1.90 (dt, lH, J = 6.82, 6.64 Hz, C3'H), 1.50- 1.12 (m, 4H); 13C NMR 

(CDCb): o 138.00, 136.50, 134.30, 133.80, 131.75, 130.42, 129.46, 128.64 (aromatic 

carbons), 95.10 (CHCI), 86.40 (C5), 73.75 (C3), 53.30 (C4), 30.20, 28.55, 27.34, 26.22, 25.73, 

24.37 (6 CH2 carbons); MS (mlz): 404 (M++2), 402 (M+), 325, 310, 309, 218 (B.P), 107, 91, 

77. HRMS-EI: Calcd. for C22H270 3N2Cl (M), 402.7130, Found; M+, 402.7122. 

(S )-3 -amino-( 3S,4S,5S )-2-methyl-4-( me thy lamina )-1, 6-dioxa-2 -azaspiroisoxazo/e 5 

5: Gray viscous liquid. Yield 84%, Rf= 0.52; IR (KBr): 3430 - 3380 (br ), 3033 (m), 2955 

(m), 1773 (s), 1662 (s), 1480 (s), 1282 (m), 1178 (s), 806 (s) cm·1
; 

1H NMR (CDC]:,): 6 4.90 

(br,s, 2H, NH2, exchanged in D20), 4.60 (br, lH, NHCH3), 3.36 (s, 6H, 2 x N-CH3), 3.00 (d, 

lH, J = 7.54 Hz, C3H), 2.70 (dt, 2H, J = 6.24, 628Hz, c3·2H), 2.38 (dt, IH, J = 7.12, 6.70 

Hz, 1.70- 1.48 (m, 4H); 13C l'rMR (CDC13): o 88.50 (Cs/C2·), 77.12 (C3), 56.26 (C4), 

40.94 (N-CH3), 38.13 (NH-CH3), 32.07, 31.22, 29.34 (3' ,4' ,5' CH2 carbons); MS (m/z): 187 

157, 156 (B . HRMS-EI: Calcd. for Ci>H 170 2N3 (M), U57.1633. Found; 

1613. 

I 
'· 6 

6: Dark gray viscous liquid. Yield 81 Rf == 0.48; IR (KBr): 3436 - 3390 (br ), 3030 

2952 (m), 1780 (s), 1674 1480 1276 (m), 815 

6.90 (m, lOH, 2 x C6Hs), 5.86 J = 6.30 Hz, C3H), 5.00 (br,s, 2H, NH2• exchanged in 

DzO), 3.50 (dt, 2H, J = 6.74, 6.06 Hz, C3. 2H), 3.38 (br,s, l H, NHC6Hs), 2.70 (dt, 1 H, J = 

7.20, 6.18 Hz,C4H), 1.52 - 1.28 4H); 13C NMR(CDCh): 8 137.21, 135.44, 134.00, 

I 33.1 0, 130.66, 129.40, 128.32 .. 127.84 (aromatic carbons), 86.94 (C5/C2·), 74.24 (CJ), 55.70 

(C4), 27.87, 25.63, 24.00 (3' ,4' ,5' CH2 carbons); MS (m/z): 311 (M+), 295, 218, 203 (B.P), 

202,92, 77; HRMS-EI: Calcd. forC 18H21 0 2N3 (M), 311.2054, Found; M+, 311.2037. 

(S )-3-phenyl-(3S,4S, SS )-2-lneth.yl-4-( methylamino )-1, 6-dioxa-2 -azaspiroisoxazole 7 

7: Colourless gummy liquid. Yield 78%, R1= 0.52; IR (KBr): 3040 (m), 2965 (m), 1760 (s). 

1685 (m), 1464 (s), 1290 (m), 1084 (s), 808 (m) cm- 1
; 

1H NMR (CDCh): <5 6.8l(s,5H,C6 Hs), 

4.67 (s, lH, NHCH3),3.36 (s, 6H, 2 x N-CH3), 3.00 (d, lH, J = 5.74 Hz, C3H), 2.74 (dt, I H, 

.! = 6.64. 6.30 Hz, C~H), 2.30 (dt, 2H, J = 5.10, 4.92 Hz, C.,'2H), L80- 1.55 (m. 4H); 13C 

NMR (CDCb): 8 129.05, 128.53, 128.27, 127.22 (aromatic carbons), 80.28 (Cs/Cz·), 70.36 

(C3), 59.70 (C4), 45.17 (N-CH3), 41.64 (NH-CH3), 32.07, 31.22, 29.34 (3' A' ,5'CHz carbons); 

7 



MS (m/z):248 (M+), 218, 171, 156 (B.P), 141, 77. HRMS-EI: Calcd. for C14H2o02Nz (M), 

248.1862, Found; M+, 248.1853. 

( S )-3 -phenyl··( 3 5,45, 55)-2 -phenyl-4-(phenylamino )-1, 6-dioxa-2 -azaspiroisoxazole 8 

8: Colourless gummy liquid. Yield 78%, Rr= 0.48; IR (KBr): 3024 (m), 2950 (m), 1772 (s), 

1670 (s), 1468 (m), 1382 (m), 805 (m), 780 (s) cm-1
; 

1H NMR (CDCb): 8 7.50 - 6.62 (m, 

15H, 3 x C6H5), 5.84 (s,IH, NHC6H5), 4.63 (d, 1H, J = 6.06 Hz, C3H), 4.02 (dt, lH, J = 6.18, 

6.20 Hz, C4H), 2.64 (dt, 2H, J = 5.28, 4.10 Hz,C3'2H), 2.00 - 1.26 (m, 4H); 13C NMR 

(CDCh): 8 136.76, 136.53, 136.24, 135.15, 134.90, 134.62, 134.30, 133.78, 132.44, 132.18, 

130.92, 130.37 (aromatic carbons), 83.22 (Cs/C2·), 71.52 (C3), 52.89 (C4), 23.61, 22.57, 

21.14 (3',4',5' CH2 carbons); MS (mlz): 372 (M+), 295,280,218,203 (B.P), 92, 77; HRMS

EI: Calcd. for C24H2402N2 (M), 372.2286, Found; M+, 372.2270. 
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Introducing novel a-N-methyl/phenyl furan derivatives as new and efficient 

dipolarophiles for 1,3-dipolar cycloaddition reaction in the regioselective synthesis of 
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NOTE 

New and efficient methodology of aldehyde synthesis from 
alkyl halide using a-chloro nitrone as a new, stable and 
potential oxidizing reagent 

Bhaskar Chakraborty*, Prawin Sharma, Manjit Singh Chhetri, Saurav Kafley & 
Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt. College, Gangtok, Sikkim 737102, India 

E-mail: bhaskargtk @yahoo.com 

Abstract : Consecutive SN2 reaction of a-chloro nitrones are studied with alkyl halides. and the nitrones 

are found to have remarkable oxidizing properties for the conversion of alkyl halides to aldehydes with 

high yield. In addition, the side product obtained can serve as efficient dipolarophile in 1,3 DCR to 

produce spiro cydoadducts in good yields. 

u-chloro nitrone as oxidizing T!agen!~N2 reaction, aldehyde synthesis, spiro cydoadduet 

Introduction spiro cycloadducts with high 

Convertion of halides to 75 - 85Sl' ; Scheme a.-chioro 

N-oxidc with moderate have been nitrones (1) are more reactive than other 

already reported (Krohnke reaction). In nitrones due to the electron withdrawing effect 

addition to the existing methods available for of chlorine and therefore can act as more 

the synthesis of aldehyde from alkyl halides, 1-
6 powerful oxidizing agent than other nitrones. 

we would like to incorporate an efficient one Literature survey reveals that aldehyde 

pot synthesis of aldehyde from alkyl halides synthesis using nitrone as acti w oxidizing 

using for the first time a--chloro nitrones (l) as reagent and further use of side products 

a new, stable and potential oxidizing reagent (obtained during aldehyde synthesis) as 

with an excellent yield (Scheme 1, Table 1). In dipolarophile in cycloaddition reacti<ms are 

addition, the side product (furan clerivati ves, not yet known and hence can be incorporated 

2) obtained during aldehyde synthesis has as an important application m nitrone 

been successfully used as dipolarophile in I ,3- chemistry. Synthesis and L3 dipolar 

DCR \Vith nitrone (l) for the production of cycloaddition reactions of N-phenyl-a.-chloro 



nitronc7
'
8(1, R==Ph) has been already reported. 

Following the same methodology, novel N-

methyl-a-chloro nitrone (l,R=Me) has been 

synthesized as white crystalline solid, m.p 

52°C (uncorrected) and used for aldehyde 

synthesis as oxidizing reagent. 

Results and Discussion 

a-chloro nitrones (1) are moderately stable and 

can be isolated while transient nitrone la can 

not be isolated because of its high unstability 

and undergoes decomposition at room 

The lone pair of electron of the 

OH group of cx-chloro nitrone facilitates 

intramolecular reaction in presence of 

pyridine and is actually the driving force for 

the development of transient nitrone la. 

Nitrone la reacts very quickly with different 

alkyl halides (SN2 reaction) and develops an 

intermediate compound (lb). The labile N-0 

bond of lb undergoes cleavage9 when the 

reaction mixture is stirred with solid sodium 

carbonate which plays an important role for 

the development of aldehyde and furan 

derivative (2) as side product in a Kornblum 

type process (Scheme 1 ;Table 1 ), The novelty 

of the study is the use of a.-chloro nitrone as an 

oxidizing reagent in aldehyde synthesis and 

newly developed side product as dipolarophile 

in cycloaddition reactions. The isolated side 

products (2) are equally efficient like other 

conventional dipolarophiles used for 

cycloaddition reactions and leads to the 

formation of regioselective 5-substituted spiro 

cycloadducts (3)lO,ll 111 1,3-dipolar 

cycloaddition reaction with nitrone 1 (Scheme 

2) and thereby offering greater scope for its 

applications. The yield of the isolated 

aldehydes are extremely high in a much lesser 

time ( 85 - 89%) and are much better in case 

of active alkyl halides compared to inactive 

alkyl halides. The results are summarized in 

Table 1. The beauty of the reaction lies in 

addition of pyridine at the begining to generate 

transient nitrone (la) which is only capable of 

developing furan derivative (2) as side product 

and can be utilized as a new efficient 

dipolarophile in 1 ,3-DCR and thereby the 

reaction as a whole becomes atom efficient. 

Simple nitrones l 2 (benzaldehyde derived 

nitrone) can also be employed as an oxidizing 

") 
L 



reagent for aldehyde synthesis (synthesized n- were obtained as regioselective single isomer 

butyraldehyde:yield 78%) but the side product predominantly in 1,3-DCR of a-chloro nitrone 

obtained is a waste and can not be used for (1) with side product (2) having high yields 

further reactions. At the outset of this work it (70 - 85%) when isolated in pure condition. 

was not clear about the development of The stereochemistry of the 5-substituted 

transient nitrone (la) but after completion of regioselective spiro cycloadducts (3) in all the 

the study and spectral analysis of side product cases were rationalized by considering the 

(2) the development of transient nitrone la multiplicity of the proton signals at 3-H, 4-H 

was confirmed. The products especially and CHCI asymmetric centres along with 

aldehydes are known compounds and spectral their coupling constant values. 13 In the spiro 

data of the synthesized aldehydes are almost isoxazolidine derivatives (3), 3-H resonates 

identical to the values found in literature. For around 3.50 to 2.50 ppm while for the 4-H 

signals at o 9.80 & around · s.go to 3.00 ppm and the 

198.00 in the NMR spectrum (tH. 13C constant is hA ~ 9.20 Hz implying a cis 

respectively) along with molecular ion peak at relationship between H-3 and H-4. The CHCl 

106, base peak at and peaks at 77, 51 in proton also resonates around 8H 2.60 to L20 

the MS spectrum g1ve strong evidence in ppm. The 3-H and CHCl protons are also syn 

favour of benzaldehyde formation. The as evidenced from their coupling constant 

oxidation side product (2) was obtained as values Ch.CHC! 9.16 to 9.40 I' Hz). ·· 

single isomer having E configuration in all the Cycloaddition of Z nitrone (both the reported 

cases and the yield of the side product was a-chloro nitrones are of Z configuration in this 

almost 10 - 13 % when isolated in pure communication) vw exu transition state 

condition. The spectral data of the oxidation geometry results m the fom1ation of svn 

side products (2) also agreed well \Vith the isoxazolidine derivatives. Cycloaddition 

assigned structures. The spiro cycloadducts (3) reaction using furan derivatives (2) with other 



. l . 12 14 15 . . h Simp e mtrones · ' are m progress usmg t e formaldehyde and acetaldehyde respectively 

same methodology. A preferential but no significant results were obtained 

conformation for the sp1ro regioselective because of the volatility of formaldehyde and 

isoxazolidine derivatives (3) may be difficulculties associated with the synthesis of 

represented 111 Figure 1. Reaction of acetaldehyde. These are the drawbacks of this 

nitrone 1 with methyl iodide and ethyl methodology. 

bromide was also studied for the synthesis of 

Fig. I. General conformation for the cycloadclucts 3 

SN2 --------
i) 

C>=<H 
0 NHR 

2 

1, 2 : R = rvre ; Ph 
R 1 = Et;Pr:Ph 
X= Cl 

+../H. --IT" 
N ----------

\ 
0 

ii) 
+ ------

Reagents and conditions : i) Dry ether, pyridine. r.t, N-2 atinosphere 

ii) Dry ether, Na2C03 , r.t N 2 atmosphere 



Table 1. Aldehyde synthesis using a-chloro nitrones 

Entry 

2 

3 

4 

5 

6 

rYCJ 
~--- ~+./R 

OH N 

I 
0 

R =Me; Ph 

Nitrone 

R=Me 

R=Me 

R=Ph 

R Ph 

R = l\tle 

R z Ph 

R 1 = Et; Pr: Ph 

Alkyl halide" 

Benzyl chloride 

X=Cl 

1-chloro propane 

Benzyl chloride. 

n-butyl chloride 

p-hydroxy benzyl chloride 

benzyl chloride 

+ 

Productb 

Benzaldehyde 

Propionaldehyde 

Benzaldehyde 

n-Butyraldehyde 

p-·hydroxy 

Time (hr) 

5 

6 

5 

6 

c:j 

benLaldehycle s 

Yield'(%) 

88 

87 

8R 

86 

S9 

89 

"Reaction condition:ct-ch!mo nitrone (3. 0198 mmol),alkyl halide ( 1 equivalent), dry ether, Py, Na2C03,N2 atmosphere, RT 
hAll the compounds were characterized by IR, 1H NMR, 13C NMR, MS, HRMS spectral data. 
c Isolated yield after purification. 

---------
Experimental Jeol SX-102 (FAB) instrument The HRMS 

1H NMR spectra were recorded with a Bmker spectra were recorded on a Q -· Tof micro 

Avance DPX 400 spectrometer (400 MHz, FT instrument (Y A - 1 05). TLC was carried out 

NMR) using TMS as internal standard. 13C on Fluka silica gel TLC cards while column 

NMR spectra were recorded on the same chromatography was performed with silica gel 

instrument at 100 MHz. The coupling (E.Merck India) 60 - 200 mesh. All other 

constants (J) are given in Hz. IR spectra were reagents and solvents were purified after 

obtained with a Perkin-Elmer RX 1-881 receiving from commercial suppliers. N-

machine as film or KBr pellets for all the methylhydroxy larnine was purchased from 

products. MS spectra were recorded with a Aldrich Chemical Company and was usecl a<; 

5 



received. N-phenylhydroxylamine was 

prepared following standard methods available 

in literature and has been used m 

synthesis 16
•
17

' 
18

. 

General procedure for the synthesis ofnitrone 

1 (R =Me) 

N-methylhydroxylamine (250mg, 5.3127 

mmole) was added to chlorohydrin (720mg, 1 

equivalent) in dry ether (50 mL) and 

anhydrous MgS04 . The reaction mixture was 

at RT with constant >~lith a 

stirrer under atmosphere for l 0 

hr. The formation of nitrone was monitored 

TLC CRt = The nitrone was isolated 

under reduced pressure vaccum pump as white 

niddle shape crystals (920mg, 94%; m.p: 

52°C, uncolTected). 

Spectroscopic data for nitrone l (R =Me) 

Yield: 920mg (94%); white nicldle shape 

crystals; Rt = 0.43, m.p: 52°C (uncorrected); 

IR (KBr): 3595 - 3470 (br), 1660(s), 1610(s), 

1415 (m), 1185 (s) cm. 1
; 

1H NMR (CDCh): 8 

5.84 (d, lH, CH=N+), 5.79 (br,lH, -OH, 

exchanged in D20), 3.51 (dt, lH, J = 6J 6, 

6.08 Hz, CHCl), 3.31 (s, 3H, N+- CH3), 1.88-

L 15 (m, 6H, CH2 protons); 13C NMR(CDCl3) 

· 8 141.55 (CH=N+), 55.76 (CHCl), 34.84 (N+

CH3), 28.50, 27.22, 26.00 (3 CH2 carbons); 

HRMS - EI: Calcd. for C6H 120 2NCl, (M), 

165.5710, Found: M+, 165.5698. 

General procedure for synthesis of aldehyde 

(benzaldehyde) and .luran derivative 2 

(entry 1 ;Table 1) 

To a stirred solution of nitrone 1 (R=Me; 

500mg, 3.0198 mmol) in dry ether (25 ml) 

was added pyridine (1 equivalent) and stirred 

at RT with a magnetic stirrer under Nz 

atmosphere for hr while the formation of 

transient nitrone la (not isolated) vva~; 

monitored by TLC (Rr = 0.38). Benzyl 

chloride (292.1002mg, equivalent) was 

added at this stage and the reaction mixture 

was stirred for another 3 hr till the 

intermediate cornpound lb (not isolated) was 

developed (monitorted by TLC; Rf = 0.40). 2 

gms of solid Na2C03 was added at this stage 

and the reaction mixture was stirred for further 

l hr while the progress of the reaction was 

again monitored by TLC (Rr= 0.43, 0.50). The 

reaction was typically completed when the 



N-O bond was cleaved. Basic workup, 

removal of pyridine hydrochloride and silica 

gel column chromatographic purification 

using ethyl acetate-hexane provided desired 

benzaldehyde as colourless liquid (712mg, 

89% ; Rr = 0.43) and furan derivative (2) as 

pale yellow gummy liquid (88mg, 10% ; Rt = 

0.50). This procedure was followed for all the 

substrates listed in Table l. 

Spectroscopic data for benzaldehyde (entry 1) 

Yield: 712 mg colourless liquid; Rt = 

IR cm·1 

1H NMR (CDCb): 8 9.80 CHO), 7.30 

- 7.16 (m, SH, C6H5); 
13CNMR (CDCh): 8 

198.00 (CHO), 136.20, 134.55, 132.60, 131.00 

(aromatic carbons); FAB - MS (m/z): 106 

(M+), 105 (B.P), 77, 51, 28; HRMS-EI: Calcd. 

for C6H5CHO (M), 106.0417, Found; M+, 

106.0408. 

Spectroscopic data for 2 (R=Me; a-N-methyl 

fit rem derivative; entry 1) [(E)-I-

( dihydrofuran-2-( 3H)-ylidene )-N-methyl 

methanarnine)] 

Yield: 88mg (1 0% ); pale yellow gummy 

liquid; Rt = 0.50; lR (KBr): 3125-3054 (br), 

2838 (m), 1652 (s), 1455 (m), 1210 (m) cm- 1
; 

1H NMR (CDCb): o 4.81 (br, lH, N-H), 4.56 

(s, lH, C=CH), 3.30 (N-Me), 2.50 - 2.16 (m, 

6H); 13C NMR (CDCh): 8 103.00, 101.76 

(double bonded carbons), 26.22, 25.30, 23.65 

(3 CHz carbons); FAB - MS: m/z 1 i3 (M+)o 

98, 97; HRMS-EI: Calcdo for CGH110N (M), 

113.1000, Found: M+, 112.9876. 

Spectroscopic data for propionaldehvde (entry 

2) 

Yield: 592mg (87% ); colourless liquid; R; == 

0050; IR (KBr): 2920 (m). 2720 1720 (s) 

cm- 1
, 

1H NMR (CDCb): 8 9.70 l H, J :::: 

6.60 Hz, -·CHO), 2.30 (ddd, 2H, J = 6 

-CHz), 1.00 (t, 3H, J = 6.30 Hz, 

13CNMR (CDCt:,): 8 202.40 (CHO ), 44.22 

(CH2 carbon), 35.55 (CH3 carbon); FAB -

MS: mlz 58 (M+), 57, 29 m.P); HRMS-EI: 

Calcd. for C3H60 (M), 58.0417, found: M', 

58.0403. 

Spectroscopic data for 2 (R=Ph; a-N-phenyl 

Juran derivative; entry 4) [(E)-1-

(di hydrofura n-2 -(3H)-ylide ne )-N -pheny I 

methanamine )] 

7 



Yield: 90mg (1 L5% ); dark yellow viscous 

liquid; Rt = 0.46; IR (KBr): 3150-3060 (br), 

2860 (m), 1640 (s), 1430 (m), 1140 (m), 778 

(s) cm-1
; 

1H NMR (CDCh): 8 7.83 (m, 5H, 

C6Hs), 6.24 (br, lH. N-H), 2.17 (s, lH, 

C=CH), 1.79 - 1.18 (m, 6H); 13C NMR 

(CDCh): 8 137.20, 135.65, 134.00, 132.15 

(aromatic carbons), 106.24, 104.18 (double 

bonded carbons), 28.46, 27.10, 24.84 (3 Clh 

carbons). FAB - MS (m/z): 175 (M~), 98, 97, 

77. HRMS-El: Calcd. for 1H 130N (M), 

M.,., 175.0981 

.. )pectroscopic data n-bll~vra!dehyde (entry 

4) 

Yield: 570mg (86o/c ); colourless liquid; R1 = 

0.54; IR (KBr): 2945 (m), 2710 (m), 1730 (s) 

cm- 1
: 

1H NMR (CDCi]): o 9.30 (t, lH, J = 

5.84 Hz, -CHO), 3.50 (dt, 2H, J = 6.50, 4.22 

Hz, 2H), l.30 (ddd, 2H, J = 5.50, 3.40 Hz, 

C32H), 0.90 (t, 3H, J = 4.30 Hz, CH3); 

13CNMR (CDCl3): 6 208.20 (CHO), 47.50 (C2 

carbon), 36.10 (C3 carbon), 20.10 (C4 carbon); 

FAB- MS: mlz. 72 (M+), 71, 57, 44 (B.P), 29; 

HRMS-EJ: Calcd. for C4HgO (M), 72.0670, 

Found: M'-, 72.0523. 

Spectroscopic data for p-hydroxy 

benzaldehyde (entry 5) 

Yield: 776mg (89% ); colourless liquid; Rf = 

0.40; IR (KBr): 1690(s), 1320(m), 1210 (rn), 

782(s) cm- 1
; 

1H NMR (CDCh): 8 9.76 (s, lH, 

CHO), 7.05 - 6.93 (m, 4H, C6Hs), 5.80 (s, l H, 

OH); 13CNMR (CDCl3): o 201.64 (CHO), 

134.10, 132.74, 130.40, 128.50 (aromatic 

carbons); FAB - MS: mlz. 122 (M+), 93, 

92(B.P), 29; HRMS-EI: Calcd. for C7H602 

(M), 122.0530, Found: M+, 122.0512. 

General procedure /(n· cycloaddition reoction 

of' nitrone 1 (R = Ph) with fi.tran derivative 2 

(R =Ph) 

To a stirred solution of N-phenyl-a--chloro 

nitrone 1 (R = Ph; 61.8375 mg, 0.2855 mmol) 

in 25 mL dry ether was added 2 (R = Ph, 50 

mg, 0.2855 mmol, l equivalent) and stirred at 

RT with a magnetic stirrer under 

atmosphere for 5 hr. The progress of the 

reaction was monitored by TLC CRt = 0.46). 

After completion of the reaction, the solvent 

was evaporated using a rotary evaporator to 

afford crude cycloadducl 3 (R=Ph) which was 

purified by column chromatog:rapbv using 



i) 

+ 
('YCI 

~--- ~+.---R 
OH N 

0=<11 
O NHR 

I_ 
1 0 2 

NHR 

3 

R= Me; Ph 
Scheme 2 

i) Readion condition :Dry ether, RT, N 2 atmosphere, 5 - 8 hr 

ethyl acetate - hexane and was obtained as 

dark red viscous liquid 3 (R=Ph; 95 mg, 85% 

; Scheme 2). This procedure was followed for 

the synthesis of other spiro cycloadducts 3 

(R=Me). 

r 
"'o 

H 

3 (R=Ph) 

( S )-4 -chlom-4-( ( 35. 45, 5R)-2 -phenyl-4-

(plienylamino )-1, 6-dioxa-2-

a zaspi ro[4. 4] nonan-3 -yi)butnn-1 --ol 

Spectroscopic data for 3 (R = Ph) : 

Yield: 95rng (85%); dark red viscous liquid; 

R1 = 0.46; IR (CHC13): 3485 - 3290 (br), 

2825 (m), 2425 (m), 1620 (s), 1445 (m), 

1260 (m), 1040 (m), 780 (s) cm·1
. 

1H NMR 

(CDC!,): o 6.98 - 6.93 (m, lOH, 2 x C6H.,), 

5.84 (d, lH, 1 = 9.20 Hz, C4H), 4.96 (br, lH, 

CH20H, exchanged in D 20), 3.51 (del, JH, J 

= 9.34, 7.88 Hz, C3H), 3.45 (s, lH, N - H 

proton), 2.61 (dt, lH, 1 = 9.44, 8.72 Hz, 

CHCl), 1.88 - 1.15 (m, 12H). NMR 

(CDCh): o 

131 

95.10 (CHCl). 86.40 73.75 

30.20, 28.55, 

25. 24.37 (6 CH2 carbons). MS 404 

(M++2), 402 (M+), 325, 310, 309, 218 (B.P), 

107, 91, 77. HRMS-El: Calcd. for 

402.7122. 

s 



3 (R=Me) 

( S)-4-chloro-4-( (35, 4S,5R)-2methyl-4-

(me thy lamina )-1, 6-dioxa-2-

azaspiro[ 4.4 ]nonan-3-yl)butan-1-ol 

Spectroscopic data for 3 (R ==Me) 

Yield: 9lmg (83%); red gummy liquid; Rr = 

2420 (m), 1440 1325 980 

1H NMR (CDCh): 8 4.83 (br, lH, CH20H, 

exchanged in D 20), 4.50 (br, lH, NHCH3), 

3.31 6H, 2 x 2.99 J = 9.16 

Hz, C4H), 2.50 (dd, lH, .! = 9.06, 7.60 Hz, 

C3H), 2.19 (dt, lH, J = 9.16, 8.50 Hz, CHCl), 

J .66 - 1.60 (m, 12H). uc NMR (CDCl)): 6 

93 00 (CHCl). 87.55 76.20 (C1), 55.20 

(C4), 41.97 (N-CH3), 40.24 (NH-Cl:-h), 33.37, 

3 1.50. 28.68, 26. 00, 25.12, 23.40 ( 6 CH2 

carbons). MS (m/z): 280 (M+ +2), 278 (M+), 

263, 248, 156 (B.P), 141, 107. HRMS-EI: 

Calcd. for C12H2303N2Cl (M), 278.6710, 

Found; M+, 278.6698. 

Conclusion 

Finally, we developed a new atom efficient 

methodology for the aldehyde synthesis using 

a-chloro nitrone as oxidizing reagent and 

considered further reaction carried out on the 

side product with a-chloro nitrones in 1,3-

dipolar cycloaddition reaction for the 

development of stereochemically important 5-

spiro isoxazolidines.. The formation of the 

desired cycloadducts were obtained in 

yields within a short reaction time. The 

developed side products (furan derivatives, 2) 

are equally effective as dipolarophile in 

cycloaddition reactions like other conventional 

dipolarophiles used for cycloaddition 

reactions. The notable advantages offered by 

this method are one pot synthesis, simple 

operation, easy workup, mild and faster 

reaction conditions with high yield of 

products. 
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Graphical Abstract 

New and efficient methodology of aldehyde synthesis from 
alkyl halide using a-chloro nitrone as a new, stable and 
potential oxidizing reagent 

Consecutive SN2 reaction of a-chloro nitrones are studied with alkyl halides and the nitrones are 

found to have remarkable oxidizing properties for the conversion of alkyl halides to aldehydes 

with high yield. In addition, the side product obtained can serve as efficient dipolarophile in 1,3 

DCR to produce spiro cycloadducts in good yields. 

(yCl 

~-- ~+/R 
OH N 

I 
1 0 

R= Me; Ph 
R 1 = Et, Pr, Ph 
R 2 == CHCl(CH2hOH 
X== Cl 

+ 

3 

~-)=(H r -
'----o NHR 

2 

Bhaskar Chakraborty*, Prawin Sharma, Manjit Singh Chhetri, Saurav 
Kafley & Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt College, Gangtok, Sikkim 737102, [miia 
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HIGH RESOLUTION FIGURES 

C>=<H 
0 NHR 

2 

1, 2 : R = Me ; Ph 
R 1 = Et ; Pr ; Ph 
X= Cl 

i i) 
+ 

Schen11e 1 

Reagents and conditions : i) IJry ether, pyridine, r.t, N 2 atrnospherc 

ii) Dry ether·, Na2 C03 , r.t. N 2 atrnospht::nc-

(YC:l 

l___ -- ~ +_.-- R 
'OH N 

I_ 
1 0 

R =Me; Ph 

i) 

+ 

2 

Sche1ne 2 

i) lh:actie>n condition · Dry ether, RT. N 2 atruosphere, 5 .. 8 hr 

Fig,. !.General conformation for the cycioaddu.::ts 3 3 (R=Ph) 

3 

NHR 
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R = Jvie; Ph 
R1 = Et. Pr, Ph 
H2 = CHCl(CH2hOH 
X= Cl 

3 (R=Me) 

Graphical Abstract 
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IJHC- 21-22. 

CONVENIENT AND NEW METHOD OF CONVERSION OF 
ALKYL HALIDES TO ALDEHYDES USING a-AMINO NITRONES 
AS OXIDIZING REAGENT 

Bhaskar Chakraborty*, Manjit Singh Chhetri, Neelam Rai, Saurav Kafley, 
Prawin Sharma & Late Aloranjan Ghosh 

Organic Chemistry laboratory, Sikkim Govt. College, Gangtok, Sikkim 737102, India 

E-mail: bhaskargtk@yahoo.com 

a-amino nitrones have been used successfully as an oxidizing reagent for the synthesis of aldehydes 

from various alkyl halides with an excellent yield. Inaddition, hydrolysis of the side product (imines) 

furnishes starting material amides which are recyclable along with corresponding amines. 

Conversion of alkyl halides to aldehydes using 

moderate yield has been 

reported long time ln 

addition to the existing methods available for 

the synthesis of aldehydes l ''d l 1au es, 

5 we would to incorporate an efficient 

methodology of synthesis of aldehydes from 

alkyl halides along with imines using for the 

fi . . . 678 'd' . trst time a-ammo mtrones · · as an OX! 1zmg 

reagent ·with an excellent yield (Scheme I, 

Figure 1, Table 1 ). 

Figure l 

In addition, the side product (imines) obtained 

during aldehvdc synthesis results starting 

material amide and ammes upon simple 

hydrolysis (Scheme The duly obtained 

amides can be successfully reused for the 

synthesis of nitrones while the can be 

for further general reaction purposes. 

Synthesis aldehydes from alkyl halides and 

recycling the side product in cycloaddition 

reactions using a-chloro nitrones have been 

already reported from this 9 10 laboratory , . 

that aldehyde 

synthesis usmg a-ammo nitronc as an 

oxidizing reagent has not yet reported and can 

be incorporated as an important application in 

nitronc chemistry. 

The present study has been carried out using a 

variety of a-amino nitrones and alkyl halides 



(Table 1) m order to generalize the benzaldehyde formation. Spectral data of the 

methodology for the aldehyde synthesis. The imine derivatives (3) also agreed well with the 

synthesis and cycloaddition reactions of some assigned structures. For example, prominent 

a-amino nitrones 1 (R1=Ph,Cy; R2=NMe2; molecular ion peak at 196 and base peak at 

' 1 2 3 R'=H and R =Ph,Cy; R =NH2; R =H) have 103 (due to the formation of PhCN) clearly 

been already reported6
,7,s following the general indicates in favour of imine derivative 3 (entry 

methodology of a-amino nitrone synthesis 8). Similarly strong evidences are also 

from DMF and formamide 11
• The remaining obtained from HRMS spectra in favour of the 

a-amino nitrones (l) of Table I were prepared aldehyde and other known compounds 

following the same methodology. The yield formation. The proposed mechanism for the 

of the isolated aldehydes are extremely high aldehyde synthesis using a-amino nitrone is 

(almost 80 - 88%) in a much lesser time and very interesting. Nitrone 1 undergoes SN2 

are in case of alkyl halides alkyl halides 

compared to inactive alkyl halides while develops an intermediate compound which 

imines are obtained in almost 11 - 20% yields was not isolated. The reaction rate is much 

as side products. The results are summarized more faster compared to the SN2 reactions of 

in Table 1. The products especially aldehyde, a-chloro nitrones12 due to the involvement of 

amide and amines are known compounds and available electron pairs of amino or dimethyl 

spectral data of these synthesized compounds ammo group. The N-0 bond of the 

are almost identical to the values found in intermediate compound (2) breaks 13 when the 

literature. For example, sharp singlet signals at reaction mixture is stirred with solid sodium 

8 9.80 & 198 in the 1H NMR and 13C NMR carbonate which plays an important role for 

spectrum along with molecular ion peak at the development of aldehyde and imines in a 

106, base peak at 105 and 77, 51 in the MS Kornblum type reaction with a very good yield 

spectrum give strong evidence in favour of (Scheme 1 ;Table l ). The imine derivative 3 

2 



on hydrolysis results starting amide (5: 55-

.60%) and amines (4: 35-40%) where amides 

are the starting material for a-amino nitrone 

synthesis. In the course of the study, major 

difficulties were faced during isolation and 

identification of formaldehyde because of its 

volatility and GC-MS has been used to 

1 

2: R1 =Ph; Cy 

R2 = NH2; NMe2 

R 3 = H; CH3; Ph 

R4 
= H; CH3; CH3CH2; CH3CH2CH2; 

CH3CH2CH2CH2; Ph 

X= Cl/ Br/ l 

identifY it (m/z 30, M+ 65.52%). The products 

were characterized from their spectroscopic 

(IR, 1 H NMR, 13C NMR, HRMS) data. No 

catalyst or co organic solvent was required. 

l 

i) 

2 (not isolated) 

SCHEME 1- Reaction condition: i) dry ether, RT, N2 atmosphere, 1 - 2 hr 
ii) dry ether, Na2C03, RT, N 2 atmosphere, 3 - 4 hr 

3 



Table-1 Aldehyde synthesis using a.-amino nitrones 
--

Entry Nitrone Alkyl halide" Aldehydcb Time (hr) Yicldc (%) 

1 R = Ph; R" = NH2; Rj = H R'=Ph o-GHO 4 86 

2 R = Ph; R- = NH2; Rj = H R4 = CH3 CH3CHO 5 85 

~- R = Ph; W = NMe2; R3 = H R4 = CH3CH2 CH3CH2CHO 5 82 

4 R 1 =Ph; R1 
= NH2; R1 = H R4 =H 

--
HCHO 6 80 

5 R1 = Cy: R" = NHz; R' = H R4 =Ph o-GHO ------
4 80 

I j6f' ~('>;!',"NM<d 'll R
4 

= CH3CH2CH2 CH3CH2CH2CHO - + 81 ~ --~ ----gj-
r7 R'''Ph·R·~NlkR~H ""''000 OHCOOH ' _, 

I 
I 

I I +---88 ___ ~--, K: =Ph----;:;y="'u_-R-T=Ph- R4 = Ph ~~GHO 5 ' t\_ l 'l.i l.2,, .... ~ ·-

lw 9 ·I R l: Ph•; J??--~H;;Rj• O Ph : R' O Cll,CH, -~~~~CHO ; 6 -~ " j r-] 6 II R
1 =Ph~ R" = NH2; R

3 

= cH-011 CIH2Co~Hc-(}>- Ci ~-- -,---t if ~ 1 

I i \...._t I , ___ _/ ' I 
L ___ j___________ : _______ _L l _______ ___[____ _____________ j 

a) Reaction condition: a-amino nilrone (1 mmol), dry ether, sodium carbonate, N:c atmosphere. RT 
b) All the compounds were characterized by JR, 1H NMR, 13C NMR, MS, Hfu\1S spectral data. 
c) Isolated yield after purification 

Finally, we developed a new atom economical offering greater scope for the present 

methodology for the aldehyde synthesis using methodology. The notable advantages offered 

a-amino nitrones and considered further by this method are simple operation, easy 

reaction carried out hydrolysing the imine workup, mild and faster reaction conditions 

derivatives in acid medium for the with high yield of products. Therefore, the 

regeneration of starting material amide and present methodology may be incorporated as a 

corresponding amines. The isolated amide general method of aldehyde synthesis from 

(starting material for a-amino nitrones) and alkyl halides for extremely good yield and also 

amines are equally good in quality as obtained as an important application of nitrones. 

from commercial suppliers and thereby 
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Experimental 

1H NMR spectra were recorded with a Bruker A vance DPX 400 spectrometer (400 MHz, FT NMR) 

using TMS as internal standard. 13C NMR spectra were recorded on the same instrument at 100 

MHz. The coupling constants (]) are given in Hz. IR spectra were obtained with a Perkin-Elmer RX 

1-881 machine as film or KBr pellets for all the products. MS spectra were recorded with a Jeol SX-

1 02 (F AB) instrument. The HRMS spectra were recorded on a Q - Tof micro instrument (Y A --

1 05). GC- MS was recorded using Clams 500 gas chromatograph with built in MS detector Perkin

Elmer machine. TLC was carried out on Fluka silica gel TLC cards. All other reagents and solvents 

were purified after receiving from commercial suppliers. N-cyclohexyl, N-phenylhydroxylamines 

were prepared following standard methods available in the literature14
·
15

. 

General procedure for preparation of aldehyde (benzaldehyde) and imine derivative 3 (entry 8; 

Table 1) 

a 100 conical flask, N-phenyl-a-amino nitrone6 (500 mg, 2.3570 mmol), benzyl chloride 

(295.8670 mg, 1 equivalent) diethyl ether (25 ml) was added and stirred at RT with a magnetic 

stirrer atmosphere for 1 hour. During this process nitrone 1 undetwent SN2 reaction very 

quickly with benzyl chloride and developed an intermediate compound (2) which was not isolated. 

The progress of the reaction was monitored by TLC (Rr = 0.38). 2 gms of solid Na2CO, was added at 

stage and the reaction mixture was stirred for further 3 hour and monitored by TLC. The N-0 

bond was easily cleaved13 under basic medium in a Kornblum type mechanism and developed 

benzaldehyde (Rf = 0.43) and imine derivative (Rf = 0.54) respectively. The reaction mixture was 

filtered and concentrated on a rotary evaporator. Basic work-up followed by silica gel column 

chromatography using ethyl acetate - hexane results benzaldehyde as colourless liquid (706 mg, 88 

%) and imine derivative (3) as pale yellow gummy liquid (84 mg, 11 %, Scheme 1 ). This general 

procedure was j~)Jlowed for all the substrates listed in Table 1. 
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General procedure for acid hydrolysis of imine derivative 3 (substituted formidamide I 

acetimidamide I benzimidamide, entry 8) 

Sa: R 1 =Ph; Cy 
b: R2 

= NH2; NMe2 

c: R3 
= H; CH3; Ph 

4 

SCHEME 2 - Reaction condition: 10% HCl, hydrolysis, 30 minutes 

a 100 mL R.B imine derivative 3 (70 mg), 20 mL 1 0% HCl was taken and refluxed in water 

formation the products vverc monitored by TLC. 

process, the bond between and 

was cleaved16 and benzamide (5: R2 = H3 = Ph; Rr= 0.42) and aniline (4: R 1 
= 

was developed 8). were extracted ether x 25 mL) when aniline passes 

organic while benzamide remains in aqueous phase. The ether extract containing aniline 

was dried over anhydrous Na2S04 and concentrated on a rotary evaporator and finally purified by 

silica gel column chromatography using ethyl acetate-- hexane as pale yellow liquid (24 mg, 34%). 

Benzamide was obtained as white crystalline solid when aqueous part ofthe solution was evaporated 

in a temperature controlled water bath and was crystallized from ethanol (42 mg, 60%: m.p. l26°C; 

Scheme 2). This general hydrolysis procedure was followed for ali the imine derivatives (3). 

Spectral data for benzaldehyde (entry 8) 

706 mg, 88 %; HRMS-El: Calcd. for C6H5CHO (M), l 06.1240, Found ; M+, 1 06.1228; IR (CHC\3): 

2825 (s), 1695 (s), 1320 (m), 780 (s) cm-1
; 

1H NMR (CDCb): 8 9.80 (s, lH, CHO), 7.30--7.16 (m, 

5H, C6H5); uCNMR (CDCh): 8 198 (CHO), 136.00, 134.00, 132.50, 131.00 (aromatic 

6 



carbons); FAB- MS: m/z 106 (M+), 105 (B.P), 78, 77, 51. 

Spectral data for N'-pbenylbenzimidamide (imine derivative 3 ; entry 8) 

84 mg, 11 %; HRMS-EI: Calcd. for C13H12N2 (M), 196.2530, Found; M+, 196.2519; IR(CHCb): 

3450 (rn), 1682 (s), 780 (s) ; 1H NMR (CDCh): o 7.32- 7.22 (m, 5H, C6H5), 6.76 - 6.63 (m, 5H, 

C6Hs), 3.75 - 3.62 (br, 2H, NH2); 13CNMR (CDCb): 8 136.84, 135.24, 134.50, 132.80, 131.25, 

130.00, 128.50, 127.45 (phenyl carbons), 87.00 (C=N); FAB- MS: mlz 196 (M 1
-), I !9, 103 (B.P). 

77. 

Spectral data for aniline ( product 4 ; entry 8) 

24 mg, 34%; HRMS-EI: Calcd. for C6l-hN (M), 93.0690, Found; M+, 93.0682; IR(CHCb): 3440(m), 

3205(s), 1 1 91 774 1H NMR (CDCb): 6 6.88- 3 

3.66 (br, 

MS: 

Spectral for bcnzamide ( product 5 ; entry 8) 

.00 FAB --

42 mg, 60%; m.p.l26°C; HRMS-EI: Calcd. for C7H7NO (M), 121.0690, Found; M+, !2!.0681; 

IR(CHCb): 3455 (s), 1675 l630(m), 776 1H NMR (CDCh): o 7.14-7.02 (m. SH, C6Hs), 

6.90 - 6.76 (br, CONH2); 13CNMR (CDC]o): o 177.50 (C=O), 130.50, 129.00, 128.00, 127.20 

(phenyl carbons); FAB -- MS: 12l (M+), 77. 
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