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CYCLOADDITION REACTIONS OF ETHENESULFONIC ACID DERIVATIVES WITH NITRONES
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Abstract - The reaction of several derivatives of ethenesulfonic acid
(CH2=CX-SOZR ; X=H, Br j R=TF, NEtz) with different nitrones have been
investigated. Regiospecific cycloadditions are observed, the reactions lead

to 4-substituted isoxazolidines whatever is the nitrome involved. These results
confirm Houk's predictions, according to which the amount of 4-substituted

adduct increases with the electrophilic character of the substituted alkenes.

The regioselectivity concerning the cycloaddition of nitrones to monosubstituted olefins has been
1

reported in many reviews ’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 S5-subatituted adduct
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Y = electron supplying group

However, with monosubstituted olefins containing electrcm-withdrawing groups the reaction evclves
preferentially or exclusively towards &4-substituted isoxazolidine.

The regioselectivity of the reaction is then considerably affected by the electron-withdrawing
ability of the substituent.

It has been proved that the greater electron deficient dipolarophile is, the greater the quantity
of 4-substituted adducta.

For example, the reaction of N-methyl-C-phenylnitrone with acrylenitrile produced a mixture of
two 5-substituted isoxazolidines sterecisomers.

The reaction of this nitrone with methyl acrylate leads to the formationm of two adducts resulting
in a bidirectional orientation, while the nitroethene leads exclusively to the 4-substituted

isoxazolidinel’z.
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The formation of a single 4-substituted adduxt has also been cbserved when a,B-ethylenic sulfones
reacted with several nitronesa_s.
Cur investigations concerning the use of derivatives of ethenesulfonic acids in organic synthe-

6,7 R . .
'’ led us tc examine their behaviour in 1,3-cycloaddition reactiens.

sis
In this paper we describe the results observed in the reactionm of the three nitrones 2a-c on the
ethenesulfonic acid fluorides and a-bromoethenesulfonic acid fluorides la, 1b as well as on the
corresponding N-diethylsulfonamides lc, 1d. i

Theoretically, the greater electron-withdrawing ability of the fluorosulfonyl and amincsulfonyl

group should Increase the regioselectivity of the reaction.
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The treatment of C,N-diphenylnitrone 2a by refluxing a benzene solution of a-bromoethenesulfonic
acid fluoride 1lb affords the two 4-substituted isoxazolidine sterecisomers 3b.

The structural proofs are based on the spectroscopic 1H omr (200 MHz) results. The presence of one
singlet (5.04 ppm, 1H) characterizes a type 3 structure and is incompatible with a 5-substituted
isoxazolidine 4. This peak was attributed to C-3 proton of 3b. The four doublets near 5 ppm (2H)
due to the C-5 protons show the presence of two stereoisomers af 3b ; we are however unable to
supply further details as to their configurations.

The 13C magnetic resonance spectrum exhibited two peaks at 125.20 and 118.70 ppm characterizing
the guateraary carbons of the two stereolsomers. The absence of resonance at 25-30 ppm excludes
the formation of 5-substituted isoxazelidine, indeed the methylene carbon of a S-substituted
isoxazolidine with both vicinal carbons would produce a resonance at a higher field, probably at
abour 30 ppm.

The spectrum of 1H nmr of the product resulting from the addition of the nitrane 2a with fluoride
la af room temperature reveals the presence of a doublet at 4.91 ppm (1H, J = 5 Hz) and two multi-
plets at 4.52 ppm (2H) and 4.20 ppm (1H} characterizing an isoxazolidine 3a and are attributed
respectively to H-C-3, H-C-5 and H-C-4. The formation of a single isoxazolidine is confirmed by
the 13C nmr spectrum, however 1t is not possible to indicate its configuratiom.

The same conclusions were drawn after examining lH nmr spectrum (200 MHz) and 13C nmr spectrum
formed when the nitrone 2a reacts on the N-diethylsulfonamide lc : one single 4-substituted iso-
xazolidine 3¢ is obtained ; its configuration is wot given,

The nitrone 2a reacts with the sulfonamide 1d less easily than with its non bromic analegous lc,
the reaction will be carried out by refluxing a benzene solution and leads te the single isoxa-

z0lidine 3d characrerized by its 1H nmr spectrum,

N-Methyl-C-phenylnitrone 2b :

The reaction of nitrone 2b with the fluoride acid 1b at room temperature leads to the formation of
two isoxazelidine sterecisomers 3f.

The ly nmr spectrum (200 MHz) of the resulting crystals shows two singlets at 4.19 and 4.25 ppm
characterizing the H-C-3 of the two sterecismers. The methylene protons (H-C-5) form two doublets
for each of the two i1somers situated respectively at 4.92 and 4.47 ppm for the one and at 4.91 and
4.48 ppm for the other.

The N-methyls are characterized by two singlets at 2,71 and 2.72 ppm. The relative intensities of
both groups of signals show that the two stereoiscmers are in the ratio of 70/30.

The 130 nmr spectrum confirms the formation of the two isoxazolidines.

As in the case of the reaction described above concerning la and 2a, only one isomer of isoxali-
dine 3e is obtained when the nitrone 2b reacts with fluoride la ; in the 1H amr spectrum, & single
doublet is obgerved at 3.90 ppm for H-C-3 and one singlet only at 2.57 ppm (N_CHB)' The formatiocn
of a single isoxazolidine is confirmed by the 130 nmr sgpectrum,

A single isoxgzolidine 3g is also obtained when the sulfonamide lc reacts with nitrone 2b at room
temperature ; the isoxazolidine 3g is characterized among other things by the presence of a single
doublet at 3.83 ppm (H-C-3) and a single singlet at 2.62 ppm (N-CHS) in the Ly nmr spectrum at

200 MHz.

It is the same when the bromosulfonamide 1d reacts with the nitrone 2b, however, as we have

already pointed out 1d is less reactive than lc and a higher temperature is required (by refluxing
benzene solution). The isoxazolidine 3h which has been isclated appears in ome of the two possible
forms of the stereoisemers, indeed we can observe a single singlet for the proton H=C-3 (4.20 ppm)

and a single signal N—CH3 (2.70 ppm).

— 103 —




4,5,5~Trimethylpyrroline Oxide :

The nitrome 2¢ reacts, at room temperature, with an ether solution of fluoride lb to produce a
solid to which we gave the structure of the 4-substituted isoxazolidine 3j. This assignment is
based on the 1H and 130 nmr spectrum ; there again, the 1H nmr spectrum does not allow us to
characterize the configuration of the isoxazolidine produced. The fluoride la reacts in the same
conditions as 1b with the nitrone 2c to form a product whose Y% omr spectrum (200 MHz) is more

complex, but nevertheless is characteristic of a 3i type structure.

In examining the spectrum in the resonance zone of methyl groups, we cam presume that two stereo-
1somers of 3i have been Formed ; indeed, the presence of twa doublets situated at 0.97 ppm (I =
6.96 Hz) and 1.13 ppm {(J = 7.20 Hz) characterizes the methyl groups on carbon C-7 for the both
stereoisomers. Moreover, we can observe the presence of four singlets ; two of those situnated at
1.09 and 1.17 ppm are assigned to the methyl groups on the carbon £-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 3/1 ratio ; the presence of the two
isomers is confirmed by the number of signals in the 130 nmr spectrum.

Treatment of nitrone 2¢ with le in benzene solution affords the corresponding cycloadduct 3k ; the
1H nmr spectrum is complex but it is possible to assign the structure of 4-substituted isoxazoli-
dine to compound 3k. The presence of two quartets (4H) at 3.0-3.4 ppm shows that we are in presence
of two stereoisomers of 3k ; this result 1s confirmed by the 130 nmr data ; the two stereoisomers
have never been separated.

The compound ]d reacts in the same conditions as lc with the nitrone 2Z¢ to produce & single 4=subs-
tituted isoxazolidine 31 ; its 1H nmr spectrum is complex but is characteristic of a 31 type struc-

ture.

Orientztion of the Reacticn

The results we have observed confirm HOUK's previsionsai the regioselectivity of the reaction is
controlled by the nitrone LUMO until the nitrone does not become too electron-rich, or the dipola-
rephile becomes tco electron-deficient. The reaction then leads to 5-substituted isoxazolidine.
When the ionizationm potential of the nitrone decreases or when the electronic affinity pof the
olefin increases, we can observe the predominance formation of 4-substituted adduct ; this corres-
ponds to an increase in nitrone HOMO energy or decrease in olefin LUMO energy. The reaction is
then controlled by the nitrone HOMO - olefin LUMO interaction. For the nitrone 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 assaciated with the g-carbon. Thus, the formation of &-substitu-

ted isoxazolidine is in accord with the theory :
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Conclusicn :

The results of this work confirm the lines generally accepted to describe the regioselectivity of
the 1,3-cycloaddition reactions of nitrones with olefins.

The regicselectivity of the reaction is centrolled by the nitrone LUMO energy and dipolarophile
HOMO energy in as much &s the nitrone is not too electron-rich and the dipolarophile is not too
electron-deficient. The reaction then leads to 5-substituted isoxazolidines.

The electron-withdrawing character of fluporosulfonyl and aminosulfonyl groups within some deriva-
tives of ethenesulfonic acids we have examined leads to a considerable decrease in the olefin
LUMO energy, the reaction is then controlled by nitrone HOMO - dipolarophile LUMO. The reaction

then leads to 4-substituted isoxazolidines.

EXPERTMENTAL

The 1H nmr spectrum were obtained on a VARIAN T 60 (60 Miz) and a BRUCKER 1200 §Y (200 MHz) ; 130

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

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

Preparation of Compounds ! :

CH,=CH-S0,F 1a is prepared according to ref.”

2
CH,=CBr-30,F lb : bromination-dehydrobromination of la gives 1b, ref.7
CH2=CH—SOZNEt2 le is prepared according to ref.6 by a modification of ref. 10
Cz{2=CBr-502NEt2 1d is prepared according to ref.6

Preparation of Nitrones 2 :

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

C,N~diphenylnitrone 2a : ref.

C-phenyl N-methyinitrone 2b : ref.12

4,5,5-trimethylpyrroline oxide 2c ¢ ref.l3

Preparation of Isoxazolidine Cycloadducts 3. Gemeral Procedure :

4 solution of the nitrone 2 (0.0l mol.)} and the olefin 1 (0.0l mol.) in benzene {10 ml) was
stirred at room temperature or was heated at reflux for the requisite time. The solvent was evapo-

rated and the crude product was purified by chromatography on silica gel with hexane / ethyl
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acetate to give 3.

Reaction of C,N-Diphenylnitrone Za with Ethenegulfonic Acid Fluoride la : 3a

The reaction mixture was stirred at rcom temperature for 24 h, oil (2,1 g, 68% yield) ; ir (v,
cm-l) : 1420 and 1210 (502) ; 1H nmr (CDGlB, 60 MHz) : 7.6-7.8 (m, 10H), 4.9 (d, J = 5, 1H),
4.7-4.3 (wm, 2H}, 4.3-4.2 (m, 1H} ; 13¢ anr (cnc13) : 70.62 (C-3), 73.22 (C-4), 66.33 (C-5). Anal.
caled. for ¢ _H NSO.F : C, 58.92 ; H, 4.52 ; N, 4.53 ; §, 10.66 ; F, 6.01l. Found : C, 58.61 ;

15714773
Hy 4.59 3 N, 4.55 ; 5, 10.43 ; F, 6.18.

Reaction of C,N-Diphenylnitrone 2a with ]-Bromoethenesulfonic Acid Fluoride 1b : 3b

The reaction mixture was heated at reflux for 24 h, white solid, mp 82-83°C (2.8 g, 72% yield} ;
ir {v, cm-l) + 1420 and 1220 (502) 5 1H nmr (CDCIS, 200 MBz} : 7.65-7.10 (m, 1OH), 5.07, 4.71,
5.07, 4.69 (4d, J = 11.22, 2H), 5.04 (s, 1H) ; 13C nmr (CDCl3) : 76.66 (C-3), 81.67 (C-4), 80.76
(¢-4), 74.65 (C=5). Anal. caled. for Cy5Hy4BES04F 2 C, 46.64 ; H, 3.39 ; Br, 20.68 ; N, 3.62 ; S,
8.30. Found : C, 46.64 ; H, 3.30 ; Br, 20.66 ; N, 3.60 ; 5, 8.33.

Reaction of C,N-Diphenylnitrone 2g with N,N-Diethylamine-i-sulfonylethene lc : 3c

The reaction mixture was heated at reflux for 24 h, white solid, mp 130-131°C (2.4 g, 67% yield) ;
Ly | 1340 and 1150 (s0,) s T nmr (CDCL,, 200 MHz) & 7.75-6.50 (m, 10H), 4.89 (d, J =
5.40, 1M}, 4.42 and 4.43 (2d, J = 6.70, 2H}, 4.20-4.05 (m, 1H), 3.21 and 3.20 (2q, J = 7, 4H), 1.05
(tk, J =7, 6H) ; 13C nmr (CDCI3) : 71.01 (C-3), 74.65 (C-4), 67.446 {C-5). Anal. caled. for

¢, M N.SO, : C, 63.60 ; H, 6.66 ; N, 7.77 ; S, 8.88. Found : C, 62.99 ; H, 6.60 ; N, 7.78 ; §,

1972472773
8.83.

ir (v, em

Reaction of C,N-Diphenylnitrone 24 with l-Bromo-N,N-diethylamino-l-sulfonylethene 1d : 3¢

The reaction mixture was heated at reflux for 4 days, white solid, mp 115-116°C (2.0 g ; 45%
vield) ; ir (v, cm_l) : 1340 and 1150 (502) ; 1H nmr (CDCIS, 200 MHz) : 7.80-6.90 (m, 10K}, 5.27
(s, 1H}, 4.95 and 4.57 (2d, J = 10.5, 2H), 3.7-3.1 (2q, J =7, 4K), 1.08 {t, J = 7, 6H) ; 3¢ nme
(cpciy) = 77.70 (C-3), 87.90 (C-4), 75.30 (C-5). Anal. caled. for C gH, BrN,80, : C, 51.93 ; H,
5.27 ; Br, 18.18 ; N, 6.37 ; 8, 7.29 ; O, 10.92. Found : ¢, 51.05 ; H, 5.15 ; Br, 18.11 ; N, 6.18;

5, 7.37 ; 0, 9.89.

Reaction of C-Phenyl-N-methylnitrone 2b with Ethenesulfonic Acid Fluoride la : 3e

The reaction mixture was stirred at room temperature for 48 h, oil (1.7 g 69% yield) ; ir (v,
cm-l) : 1410 and 1210 (502) 3 1H nmy (CDC13), 60 MHz) : 7.6-7.2 {m, 5H), 4.50-4.30 (m, 2H),
4.30-4.20 {m, 1H), 3.9 (&, J = 6.15, 1H), 2.57 (s, 3H) ; 13C nmr (CDCIS) : 72.77 {C-3}, 74.00
(C-4), 66.40 (C-5). Anal. caled. for C .M. ,NSO.F 1 C, 48.97 ; H, 4.93 ; N, 5.71 ; §, 13.07.
Found : C, 48.63 ; K, 4,96 ; N, 5.57 ; §, 12.95.

Beactipn of C-Phenyl-N-methylnitrone 2b with l-Bromoethenesulfonic Acid Fluoride 1b : 3f

The reaction mixture was stirred at room temperature for 24 h, solid, mp 52-53°C (2.6 g ; 81%
yield) ; ir (v, em™) & 1420 and 1210 (s0,) ; Yy omr (cn013, 200 MHz)} : 7.5 (s, 5H), 4.92, 4.91,
4.48, 4.47 (4d, J = 11,40, 2H), 4.25, &4.19 (2s, iH), 2.72-2.71 (2s, 3H) ; 13¢ nar (CDCI3) : 80.69,
81.60 {Cc-3), 85.69 (C-4), 77.57, 77.18 (C-5). Anal, caled. for € oH 3 BrN80,F + €, 37.06 ; H,

3.42 ; Br, 24.65 ; N, 4.32 ; 8§, 9.89 ; F, 5.86. Found : ¢, 36.97 ; H, 3.45 ; Br, 24.46 ; N, 4.29 ;
5, 9.92 ; ¥, 5.90.
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Reaction of C-Phenyl-N-methylmitrene 2b with N,N-Diethylamino-l-sulfonylethene lc : 3g

The reaction mixture was stirred for 24 h at room temperature, white solid, mp 92-93°C (2.3 g ;
77% yield) ;5 ir {v, em 1) : 1340 and 1150 (50,) ; 'H nmr (CDC1,, 200 MHz) + 7.5-7.3 (m, SH),
4.40-4.20 (2dd4, J = 4,5, J = 8, J = 9.5, 2H), 4.15-4.00 (m, 1H), 3.83 (d, J = 7.5), 3.22-3.07
(2q, J = 7, 4H), 2.62 (s, 3H), 0.99 {t, J = 7, 6H) ; 130 nar (cncla) : 72.96 {C-3), 74.26 (C-4},
66.85 {(C-5}. anal. caled. for ¢ ,H, N SO, : G, 56.34 ; H, 7.43 ; N, 9.38 ; S, 10.0B. Found :

1472272773
C, 56.31 ; H, 7.46 ; N, 9.42 ; 5, 10,86.

Reaction of C-Phenyl-N-methylnitrone 2b with 1-Bromo=-N,N-diethylamino-l-sulfonylethene 1d : 3h

The resction mixture was heated at reflux for 4 days, white solid, mp 88-%0°C (1.5 g ; 40% yield);

1y : 1330 end 1150 (s0,) ; Y omr {(cpcl,, 200 MHz) : 7.6-7.3 (m, S5H), 4.8, 6.4 (24, J =
10.66, 2H), &4.20 (s, 1H), 3.7-3.3 (2q, J = 7, 4H)}, 2.70 (s, 3H), 1.20 (&, J = 7, 6H) ; 130 nmr
(cpcl,) : 78.09 (€-3), 87.32 (C-4), 77.12 (€¢-5). 4nal. caled. for € HyyBrN,50, & €, 44.56 5 H,
5.61 5 Br, 21.17 ; N, 7.42 ; § 8.49 ; 0, 12.72. Found : C, 44.47 ; H, 5.74 ; Br, 20.87 ; N, 7.47 ;

5, 8.52 ; 0, 12.80.

ir (v, cm

Reaction of 4,5,5-Trimethyloxide Pyrroline 2¢ with Ethenesulfonic Acid Fluoride la : 3i

The reaction mixture was heated at reflux for 4 days, white solid, mp 41-42°C (1.6 g ; 67% yield ;
ir (v, cm-l) i 1410 and 1210 (802) 3 1H nmr (CDClB, 200 MHz) : 4.50-4.00 {(m, 4H), 2.60-2.20 (m,
14), 2.20-1.90 {(m, 1H}, 1.70-1.30 (m, 1H), 1.13 and 0.97 (2d, 3H), 1.29 and 0.91, 1.17 and 1.09
(48, BH) ; 130 nor (CDC13) 1 68.41 {c-3}, 68,22 (¢-3), 69.84 (C=4), 70.75 (C-4), 65.88 (C-5),
63.93 (C-5). Anal. Caled. for G H, NSO.F : C, 45.55 ; H, 6.79 ; N, 5.90 ; $, 13.51 ; F, 8.00.

9716773
Found : C, 45.11 ; H, 6.71 ; N, 5.87 ; 8, 13.40 ; F, 7.72.

Reaction of 4,5,5-Trimethyloxide Pyrroline 2c with 1-Bromoethenesulfonic Acid Fluoride 1b : 3j

The reaction mixture was heated at reflux for 24 h, solid, mp 112-114°C (1.6 g ; 50% yield) ;

Ly 1410 and 1210 (s0,) ; 4 nmr (CDC1,, 200 Miz) : 4.58 end 4.35 (24, J = 10.26, 2H),
4.26 (dd, I = 9.55, J = 2.73, 1H), 2.70-2.20 (m, 2H), 2.10-1.80 (m, 1H}, 1.30 (s, 3H), 0.99 (d,

J = 6.73, 3H), 0.96 (s, 3H) ; *°C nur (eDC1,) + 76.13 (C-3), 82.38 (G-4), 68.15 (C-5). Anal.
caled. for C_H  BrNSO.F : €, 34.18 ; H, 4.78 ; Br, 25.27 ; N, 4.42 ; 8, 10.14 ; F, 6.00. Found :

915 3
C, 34.28 ; H, 4.79 ; Br, 24.72 ; N, 4.33 ; S, 9.42 ; F, 5.20.

ir (v, em

Reaction of 4,5,5-Trimethyloxade Pyrroline 2¢ with N,N-Diethylamino-l-sulfouylethene lc : 3k

The reaction mixture was hested at reflux for 24 h, oil (1.8 g ; 62% yield); ir (v, cm-l) + 1340
and 1150 (50,) ; Y nar (CDCL,, 200 MHz) : 4.40-3.55 (m, 4H), 3.40-3.02 (2q, J = 7, 4H), 2.45-
1.30 {3m, 3H), 1.30-0.80 {m, 15H) ; 130 nmr (CDCIJ) : 69,45 (C=3), 72.57 (C=4), 72.25 {C=4)},
63.60 (C-5), 63.41 (C-5). Anal. caled. for C. H N SO, : C, 53.70 ; H, 9.00 ; N, 9.52 ; 8, 10.97;

13726 273
0, 17.03. Found : C, 53.74 ; H, 9.02 ; N, 9.64 ; §, 11.03 ; 0, 16.52.

Reaction of &4,5,5-Trimethyloxide Pyrroline 2c with 1-Bromo-N,N-diethylamino-l-sulfonylethene 1d : 31

The reaction mixture was heated at reflux for 4 days, solid, mp 120-121°C (1.5 g ; 41% yield) ;

ir (v, cm_l) : 1340 and 1150 (SDZ) f 1K nmr (CDCIE, 200 MHz) : 4.65 and 4.35 (2d, J = 10.35, 2H},
4.21 (dd, J = 10.35, J = 1.6, 1H), 3.59 and 3.35 {2q, J = 7.1, 4H), 2.90-2.80 (m, 1H), 2.40-2.20
(w, 1R), 1.80-1.60 (m, 1H), 1.31-1.20 (m, 9H), 0.95 (s, 3H), 0.90 (d, 3H) ; 1:‘IC nmr (CDC13) + 76.79
(c-3), 85.89 (G-4), 75.69 (C-5). Anal, caled. for €,  H_ _BrN SO, : C, 62.27 ; H, 6.82 ; Br, 21.63 ;

13725°172% 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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