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Abstract - The reactlon of several der~vatives of ethenesulfonic acid 
(CX =CX-SO R ; X = H, B r  ; R = F, NEt2) with different nitrones have been 2 2 
investigated. Regiospecific cycloadditions are observed, the reactions lead 

to 4-substituted isoxarolidines whatever is the nltrone involved. These results 

confirm Houk's predictions, according to which the amount of 4-subsrirured 

adduct increases with the electrophilic character of the substituted alkenes. 

The regioselectivity concerning the eycloeddition of nitrones to monosubstituted olefins has been 

reported in many reviews1.2. 

When the dipolarophile shows a pronounced nucleophilic character, on account of the presence of a 

electrodonor group, the reaction is regiospecific and affords exclusively the 5-substituted adduct: 

R 
1 

Y = electron supplying group 

However, with m~nosubsrifured olefins containing electron-withdrawing groups the reaction evolves 

preferentially or exclusively towards 4-substituted isoxarolidine. 

The regioselectivity of the reaction is then considerably effected by the electron-withdrawing 

ability of the subsrifuenl. 

It has been proved that the greater electron deficient dipolarophile is, the greeter the quantity 
3 of &-substituted adduct . 

For example, the reaction of N-methyl-C-phenylnitrone with acrylonitrile produced a mixture of 

two 5-substituted isoxarolidines stereoisomers. 

The reaction of this nitrone with methyl acrylste leads to the formation of two adducrs resulting 

in a bidirect~onal orientation, while the nitroethene leads exclusively to the 4-substituted 

isonazolidine1'2. 
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  he formation of a single 4-substituted adduxt has also been observed when o,B-ethylenic sulfones 
3-5 

reacted with several nitrones . 
our investigations concerning the uee of derivatives of ethenesulfonic acids in organic synthe- 

led us to examine their behaviour in 1,3-cyclaaddition reactions. 

1n this paper we describe the reeults observed in the reaction of the three nitrones a-r on the 
efhenerulfonic acid fluorides and o-bromoethenesulfonic acid fluorides &, g as well as on the 

corresponding N-diethylsulfonamides &, Id. 
Theoretically, the greater electron-withdrawing ability of the fluorosulfonyl and aminoaulfonyl 

group shovld increase the regioselectivity of the reactlo". 

i : R = F ; X = H  - 
i: R=F;X=Br 
k : R=NEf ; X = H  - 2 
1 : R =  NEf ;X=Br - 2 
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The treatment of C,N-diphenylnitrone @ by refluxing a benzene solution of a-bromoerhenesulfonic 

acid fluoride & affords the two 4-substituted isanezolidine stereaisomers 2. 
1 The structural proofs are based on the spectroscopic H nmr (200 MHz) results. The presence of one 

singlet (5.04 ppm, 1H) characterizes a type 2 structure and is incompatible with a 5-substituted 
isoxazolidine k. T h u  peak was attributed to C-3 proton of 2. The four doublets near 5 ppm (2H) 
due to the C-5 protons show the presence of two stereoisomers of 2 ; we are however unable to 

supply further details as to their configurations. 

The I3C magnetic resonance spectrum exhibited two peaks at 125.20 and 118.70 ppm characterizing 

the quareroary carbons of the two stereoisomem. The absence of resonance a t  25-30 ppm excludes 

the formation of 5-substituted isoxazolidine, indeed the .ethylene carbon of a 5-substituted 

isoxarolidine with both vicinal carbons would produce a resonance at a higher field, probably at 

about 30 ppm. 

The spectrum of nmr of the product resulting from the addition of the nitrone g with fluoride 
la at room temperature reveals the presence of a doublet at  4.91 ppm (IH, J = 5 Hz) and two multi- - 
plets at 4.52 ppm (2H) and 4.20 ppm (IH) characterizing an isoxamlidme 28 and are attributed 
respectively to H-C-3, H-C-5 and H-C-4. The formation of a single ibonarolidine is confirmed by 

the 13c nmr spectrum, however it is nor possible to indicate its eonfvguratiao. 
1 

The same conclusions were dram after examining H nmr spectrum (200 MHz) and 13c nmr spectrum 

formed when the nitrone reacts on the N-diethylsulfonamide : one single 4-substituted iso- 

xazolidine & is obtained ; its eoaf~guracion is not given. 
The nitrone g reacts with the sulfanamlde less easily then with its no" bromic analogous &, 
the reaction will be carried out by refluxing a benzene solution and leads to the single isoxe- 

1 zolidine &I characterized by its H nmr spectrum. 

N-Methyl-C-phenylnitrone g : 
The reaction of nitrone with the fluoride acid & at room temperature leads to the formation of 
two is~xaz~hdine stereaisomers z. 
The nmr spectrum (200 MHz) of the resulting erysrals shows two singlets at 4.19 and 4.25 ppm 

characterizing the H-C-3 of the two srereoismers. The methylene protons (H-C-5) form two dovblets 

for each of the two isomers situated respecrively at 4.92 and 4.47 ppm for the one and at 4.91 end 

4.48 ppm for the other. 

The N-methyls ere characterized by two singlets a t  2.71 and 2.72 ppm. The relative inteneities of 

both groups of signals show that the two stereoisomers are in the ratio of 70130. 

The 13c nmr spectrum confirms the formation of the two isoxerolidines. 

AS in the case of the reaction described above concerning and @, only one isomer of isoxali- 

dine & is obtained when the nitrone 3 reacts with fluoride ; in the nmr spectrum, a single 

doublet is observed at 3.90 ppm for H-C-3 end one singlet only at 2.57 ppm (N-CH ) The formation 
3 '  

of a single isoxazolidine is confirmed by the 13c nmr spectrum. 

A single isoxazolidine 2g is also obtained when the sulfonamide & reacts with nitrone g at room 
temperatare ; the isoxazolidine 2g is characterized among orher things by the presence of a single 

1 
doublet at 3.83 ppm (H-C-3) and a single singlet at 2.62 ppm (N-CH3) I" the H nmr spectrum at 

ZOO MHz. 

It is the same when the bromosulfonamide reacts with rhe nirrone g, however, as we have 
already pointed out id is less reactive than &and e higher temperature is required (by refluxing 

benzene solut>on). The isoxarolidine which has been isolated appears in one of the two possible 

forms of the stereo~somers, indeed we can observe e smgle smglet for the proton H-C-3 (4.20 ppm) 

end a single signal N-CH~ (2.70 ppm). 



4,5,5-~rimethylpyrroliie Oxide : 

The nrtrone & reacts, a t  room temperature, vith an ether solution of fluoride & to produce a 
sahd ta which we gave the structure of the 4-s~bstltured isoxazolidine 3. This assignment is 

1 
based on the and 13c nmr specrrvm ; there again, the H nmr spectrum does not allow us to 

characterize the configuration of the isoxazolidine produced. The fluoride a reacts in the same 
1 

conditions as g wirh the nitrane & t o  form a product whose H nmr specrrum (200 MHZ) is more 

complex, bur nevertheless is characteristic of a type structure. 

In examining the spectrum in the resonance zone of methyl groups, we can presume that two stereo- 

~samers of have been formed ; indeed, the presence of two doublets situated at 0.97 ppm (J = 

6.96 HZ) and 1.13 ppm (J = 7.20 Hz) characterizes the methyl groups on carbon C-7 for the both 

srereolsomers.  oreo over, we can observe the presence of four singlets ; two of those situated at 

1.09 and 1.17 ppm are assigned to the =ethyl groups on the  carbon C-6 belonging to the first 

isomer, the other two situated at 0.91 and 1.29 ppm characterizing the second isomer. The relative 

intensity of these signals shows that both isomers are in a 311 ratio ; the presence of the two 

isomers is confirmed by the number of signals in the 13c nmr spectrum. 

Treatment of nitrone - 2c with & in benzene solution affords the corresponding cycloadduct % ; the 
'H nmr spectrum is complex but it is possible to assign the structure of 4-substituted isoxazoli- 

dine to compound $.  he presence of two quartets (4H) at 3.0-3.4 ppm shows that we are in presence 

of two stereoi~omers of $ ; this result is confirmed by the 13c nmr data ; the two stereoisomers 

have never been separated. 

The reacts in the same conditions as &with the nitrone & to produce a single 4-subs- 
tituted isoxazolidine 2 ; its 'H nmr spectrum is complex but is characteristic of a 2 type struc- 
ture. 

orientation of the Reaction : 
3 

The results we have observed confirm HOUK'S previsions ; rhe regioselectivity of the reaction is 

controlled by the nitrone LUMO until the nirrone does nor become too electron-rich, or the dipola- 

rophile becomes roo electron-deficient. The reaction then leads to 5-substituted ieoxarolidine. 

When the ionization potential of the nitrone decreases or when the electronic affinity of the 

olefin increases, we can observe the   re dominance formation of 4-substituted adduet i this corres- 

ponds to an increase in nitrone HOMO energy or decrease in olefin LIMO energy. The reaction is 

then controlled by the nirrone HOMO - olefin LUMO interaction. For the nirrone HOMO level the 
coefficient of the atomic orbital is to be larger at oxygen than at carbon ; in the LUMO of the 

olefin the larger coefficient is associated with the 8-carbon. Thus, the formation of 4-substitu- 

ted isoxazolidine is in accord with the theory : 
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Conclusion : 

The results of this work confirm the lines generally accepted to describe the regioselectivity of 

the 1,)-cycloaddition reactions of nitrones with olefins. 

The regioselectivity of the reaction is controlled by the nitrone LUMO energy and dipolarophile 

HOMO energy in as much as the nitrone is not too electron-rich and the dipolarophile is not too 

electron-deficient. The reaction then leads to 5-subetituted isoxarolidines. 

The electron-withdrawing character of fluorosvlfonyl and aminosulfonyl groups within some deriva- 

tives of ethenesulfonic acids we have examined leads to a considerable decrease in the olefin 

LLMO energy, the reaction is then controlled by nitrone HOMO - dipolarophile LUMO. The reaction 
then leads to 4-substituted isoxezolidinee. 

EXPERIMENTAL 

The 'H nmr spectrum were obtained on a VARIAN T 60 (60 MHz) and a BRUCKER 1200 SY (200 MHz) ; 13c 

nmr spectrum were recorded on a JEOL FX (60 MHz) ; chemical shifts ere in parts per million (6) 

relative to tetramethylsilane ; coupling constants (J values) are in Hertz. 

PreparBtion of Comvounds 1 : 
CH2=CH-SO F la is prepared according to ref. 9 

2 - 
CH =CBr-SO F lb . brominetion-dehydrobrominntion of gives g, ref. 7 

2 2 - '  

CH2'CH-S02NEt2 & is prepared according to ref.6 by a modification of ref. 10 
CH =CBr-S02NEt id is prepared according ro  ref. 

6 
2 2 -- 

Preperatlon of Nltrones 2 2 

Nitrones are known compounds end were prepared following the standard procedures : 

C,N-diphenylnztrone : ref. 11 

C-phenyl N-merhylnirrone : ref.'' 

4,5,5-rrlmethylpyrroline oxide & : ref. 13 

Preparation of Isoxarolidine Cyclaadducts 3. General Procedure : 
A solution of the nitroue (0.01 mol.) and the olefin 1 (0.01 mal.) in benzene (10 ml) was 

stirred at room temperature or was heated at reflua for the requisite time. The solvent was evapo- 

rated and the crude product was purified by chromatography on silica gel with hexane I ethyl 



acetate to give 2. 

Reaction of C,N-Diphenylnitrane 2 with Efheneeulfonic Acid Fluoride 3 : 3s 
The reaction mixture was stirred at room temperature for 24 h, oil (2.1 g, 68% yield) ; ir ( v ,  

1 
crn-l) : 1420 and 1210 (SO2) ; H nmr (CDC13, 60 MHz) : 7.6-7.8 (m, IOH), L.9 (d, J = 5, 1x1, 

4.7-6.3 (m, 2H), 4.3-4.2 (m, 1H) ; 13c nmr (CDC1 ) . 70.62 (C-3), 73.22 (C-4), 66.33 (C-5). Anal. 
3 '  

caled. for Cl5Hl4NSO3P : C, 58.92 ; H, 4.52 ; N, 4.53 ; S, 10.66 ; F ,  6.01. Found : C, 58.61 ; 

H, 4.59 ; N, 4.55 ; S, 10.43 ; F, 6.18. 

Reaction of C,N-Diphenylnitrone &with 1-Bromoefhenesulfonic Acid Flvoride ib : 3 
 he reaction mixture was heared a t  reflun for 24 h, vhite solld, mp 82-83OC (2.8 g,  72% yield) ; 

1 
ir ( v ,  cm-l) : 1420 and 1220 (SO2) ; H "mr (CDCl , 200 MHz) : 7.65-1.10 (m, IOH), 5.07, 4.71, 
5.07, 4.69 (46, J = 11.22, 2H), 5.04 (s, 1H) ; 132 nmr (CDC1 ) . 76.66 (C-3), 81.67 (C-4), 80.76 

3 '  
(C-4), 74.65 (C-5). Anal. calcd. for C15H13BrS0 F . C, 46.64 ; H, 3.39 ; Br, 20.68 ; N, 3.62 ; S, 

3 '  
8.30. Found : C, 46.64 ; H, 3.30 ; Br, 20.66 ; N, 3.60 ; S, 8.33. 

Reaetlon of C,N-Diphenylnirrone & wirh N,N-Dierhylamlno-1-sulfonylerhene & : & 
The reaction mixrure was heated at reflux for 24 h, vhite solid, mp 130-131DC (2.4 g, 67% yield) ; 

-1 1 ir ( v ,  cm ) : 1340 and 1150 (SO2) ; H nmr (CDC13, 200 MHz) : 7.75-6.90 (m, loll), 4.89 (d, J = 

5.40, IH), 4.42 and 4.43 (Zd, J = 6.70, ZH), 4.20-4.05 (m, 1x1, 3.21 and 3.20 (2q, J = 7, 4H), 1.05 

( f ,  J = 7, 6X) i 13c nmr (CDC13) : 71.01 (C-3). 74.65 (C-4), 67.44 (C-5). Anal. calcd. for 

C H N SO . C, 63.60 ; H, 6.66 ; N, 7.77 ; S, 8.88. Found : C, 62.99 ; H, 6.60 ; N, 7.78 ; S, 
19 24 2 3 ' 
8.83. 

Reaction of C,N-Diphenylnitrone & with I-Bromo-N,N-dierhylamiii-I-sulfonylethen @ : 2 
The reaction mixture was heated at reflux for 4 days, white solid, mp 115-116"~ (2.0 g ; 45% 

yield) ; ir (u, em-') : 1340 and 1150 (SO2) ; 'H nmr (CDC13, 200 MHz) : 7.80-6.90 (m, IOH), 5.27 

(s, IH), 4.95 and 4.57 (Zd, J = 10.5, 2H), 3.7-3.1 (2q, J = 7, 4H), 1.08 (t, J = 7, 6H) ; 13c nmr 

(CDCI3) : 77.70 (C-3). 87.90 (C-4), 75.30 (C-5). Anal. calcd. for C19H23BrN2S03 : C, 51.93 ; H, 

5.27 ; Br, 18.18 ; N, 6.37 ; S, 7.29 ; 0, 10.92. Found : C, 51.05 ; H, 5.15 ; Br, 18.11 ; N, 6.18; 

S, 7.37 ; 0, 9.89. 

Reaction of C-Phenyl-N-merhylnitrone 2b with Erhenesulfonie Acid Fluoride 3 : & 
The reaction mixture was stirred at room temperature for 48 h, oil (1.7 g 69% ~ield) ; ir ( v ,  
-1 1 

c n  ) : 1410 and 1210 (So2) ; H nmr (CDC13), 60 MHz) : 7.6-7.2 (m, 5H), 4.50-4.30 (m, 2H), 

4.30-4.20 (m, lH), 3.9 (d, J = 6.15, lH), 2.57 (s, 3H) ; 13c nmr (CDC13) : 72.77 (C-3), 74.00 

(C-41, 66.40 (C-5). Anal. cslcd. for C10H12NS03F : C, 48.97 ; H, 4.93 ; N, 5.71 ; S, 13.07. 

Found : C, 48.63 ; H, 4.96 ; N, 5.57 ; 8, 12.95. 

Reaction of C-Phenyl-N-merhylnitrone wirh I-Bromoethenesulfonie Acid Fluoride 3 : 2f 
The reaction mixture was srlrred at room temperatme far 24 h, solid, mp 52-53-C (2.6 g ; 81% 

yield) ; ir ( v ,  cm-') : 1420 and 1210 (SO2) ; 'H "mr ( C D C ~ ~ ,  200 MHz) : 7.5 (s, 5H), 4.92, 4.91, 

4.48, 4.47 (4d, J = 11,40, 2H), 4.25, 4.19 (29, IH), 2.72-2.71 (2s, 3H) ; 13c nmr (CDC13) : 80.69, 

81.60 (C-3). 85.69 (C-4), 77.57, 77.18 (C-5). Anal. calcd. for C10H11BrNS03F : C, 37.06 ; H, 

3.42 ; Br, 24.65 ; N, 4.32 ; S, 9.89 ; F ,  5.86. ~ovnd : C, 36.97 ; H, 3.45 ; Br, 24.46 ; N, 4.29 ; 

S, 9.92 ; F, 5.90. 
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Reaction of C-Phenyl-N-methylnitrone 3 wirh N,N-Diethylamino-1-sulfonylethene & : 2g 

The reaction mixture was stirred for 24 h at room temperature, whire solid, mp 92-93'~ (2.3 g ; 
1 77% yield) ; ir ( v ,  cm-') : 1340 and 1150 (SO2) ; H nmr (CDC13, 200 MHz) : 7.5-7.3 (m, 5H), 

4.40-4.20 (2dd, J = 4.5, J = 8, J = 9.5, 2H), 4.15-4.00 (rn, lH), 3.83 (d, J = 7.5). 3.22-3.07 

(Zq, J = 7, 4H), 2.62 ( 8 ,  3H), 0.99 (t, J = 7, 6X) ; 13c n m  (CDC13) : 72.96 (C-3), 74.26 (C-4), 

66.85 (C-5). Anal. calcd. for C14H22N2S03 : C, 56.34 ; H, 7.43 ; N, 9.38 ; S, 10.08. ~aund : 

C, 56.31 ; H, 7.46 ; N, 9.42 ; S, 10.86. 

Reaction of C-Phenyl-N-methylnitrore with I-Bromo-N,N-diethylamino-1-sulfonylethen id : 3 
The reactlon mixture was heated at reflun for 4 days, white solid, mp 88-90°C (1.5 g ; 40% yield); 

ir (u, cm-') : 1330 and 1150 (so2) ; 'H nmr (cDc~~, ZOO MHZ) : 7.6-7.3 (m, 5~), 4.8, 4.4 (zd, J = 

10.66, 2H), 4.20 ( 8 ,  la), 3.7-3.3 (2q, J = 7, 4H), 2.70 ( 8 ,  3H), 1.20 (t, J = 7, 6H) ; 13c nmr 

(CDCl,) : 78.09 (C-3), 87.32 (C-4), 77.12 (6-5). Anal. caled. for C14H218rN2S03 : C, 44.56 ; H, 

5.61 ; Br, 21.17 ; N, 7.42 ; S 8.49 ; 0, 12.72. Found : C, 44.47 ; H, 5.74 ; Br, 20.87 ; N, 7.47 ; 

S, 8.52 ; 0, 12.80. 

Reaction of 4,5,5-Trimethyloxide Pyrroline &with Ethenesutfonic Acid Fluoride & : 2 
The reacrian mixture was heated er reflux for 4 days, whxte solid, mp 41-42'C (1.6 g ; 67% yield ; 

1 
ir ( v ,  em-') : 1410 and 1210 (SO2) ; H nmr (CDC13, 200 MHz) : 4.50-4.00 (m, 4H), 2.60-2.20 (m, 

lH), 2.20-1.90 (m, lH), 1.70-1.30 (m, lH), 1.13 end 0.97 (Zd, 3H), 1.29 and 0.91, 1.17 and 1.09 

(48, 6H) ; 13c nmr (CDC13) : 68.41 (C-31, 68.22 (C-3), 69.84 (C-4), 70.75 (C-4), 65.88 (C-5), 

63.93 (C-5). Anal. Calcd. for C H NS03F : C, 45.55 ; H, 6.79 ; N, 5.90 ; S, 13.51 ; F, 8.00. 9 16 
Found : C, 45.11 ; H, 6.71 ; N, 5.87 ; S, 13.40 ; F, 7.72. 

Reaction of 4,5,5-Trimethyloxide Pyrroline g with 1-Bromaerhenesulfonic Acid Fluoride 2 : _?1 

The reaction mixture was heated at reflux for 24 h, solid, mp 112-114'C (1.6 g ; 50% yield) ; 
1 ir ( v ,  cm-') : 1410 and 1210 (SO2) ; H nmr (CDC13. 200 MHz) : 4.58 and 4.35 (2d, J = 10.26, ZH), 

4.26 (dd, J = 9.55, J = 2.73, lH), 2.70-2.20 (m, 2H), 2.10-1.80 (m, in), 1.30 (s, 3H), 0.99 (d, 

J = 6.73, 3H), 0.96 ( s ,  3H) ; 13c nmr (CDC13) 1 76.13 (C-3), 82.38 (C-4), 68.15 (C-5). Anal. 

calcd. for C9H15BrNS0 F . C, 34.18 ; H, 4.78 ; Br, 25.27 ; N, 4.42 ; S ,  10.14 ; F, 6.00. Found : 
3 '  

C, 34.28 ; H, 4.79 ; Br, 24.72 ; N, 4.33 ; S, 9.42 ; F, 5.20. 

Reaction of 4,5,5-Trimethyloxlde Pyrroline &with N,N-Diethylamino-1-sulfonylethene & 1 2 
-1 

The reaction mixture was heated at reflux for 24 h, oil (1.8 g ; 62% yield); ir ( v ,  em ) : 1340 

and 1150 (SO2) ; nmr (CDCl,,, 200 MHz) : 4.40-3.55 (m, 4H), 3.40-3.02 (Zq, J = 7, 4H), 2.45- 

1.30 (3m, 3H), 1.30-0.80 (m, 15H) ; 13c nmr (CDC13) : 69.45 (C-3), 72.57 (C-4), 72.25 (C-4), 

63.60 (C-51, 63.41 (C-5). Anal. ealed. for Cl3HZ6N2SO3 : C,  53.70 ; H, 9.00 ; N, 9.52 ; S, 10.97; 

0, 17.03. Found : C, 53.74 ; H, 9.02 ; N, 9.64 ; S, 11.03 ; 0, 16.52. 

Reaction of 4,5,5-Trimethyloxide Pyrroline - 2c with 1 - B r o m o - N , N - d i e t h y l a m i n o - 1 - s u 1 f o n y l n t h h h h ~ : ~  

The reaction mixture was heated at reflux for 4 days, solid, mp 120-121DC (1.5 g ; 41% yield) ; 
-1 ir (v .  Cm ) : 1340 end 1150 (SO2) ; nmr (CDC13, 200 NHz) : 4.65 and 4.35 (2d, J = 10.35, 2H), 

4.21 (dd, J = 10.35, J = 1.6, lH), 3.59 and 3.35 (Zq, J = 7.1, 4H), 2.90-2.80 (m, lH), 2.40-2.20 

(m, lH), 1.80-1.60 (m, IH), 1.31-1.20 (m, 9H), 0.95 ( 8 ,  3H), 0.90 (d, 3H) ; 13c nmr (CDC13) : 76.79 

(C-3), 85.89 (C-4), 75.69 (C-5). Anal. calcd. for C H BrN SO . C, 42.27 ; H, 6.82 ; Br, 21.63 ; 
13 25 2 3 ' 

N, 7.58 ; S, 8.68 ; 0, 12.99. Found : C, 42.20 ; H, 6.88 ; Br, 22.05 ; N, 7.53 ; S, 8.62 ; 0.12.90. 
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