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REACTIONS OF α-KETOSULFENES WITH CYCLIC NITRONES1
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Benzoylsulfene 1 and two cyclic a-ketosulfenes 2 and 3, generated in situ from

the corresponding sulfonyl chlorides and triethylamine, react with 1-pyrrol ine 1-

oxides to produce the corresponding cis-s-cis β-aminoenones and/or β-imino sulfonic

acids, whose relative yields greatly depended on the nature of solvents employed.

The reaction pathways are al so described.

Previously,2 weported that benzoylsulfene 1 and two cyclic α-ketosulfenes 2 and 3,generated

in situ from the corresponding sulfonyl chlorides and triethylamine, react with C,N-diarylnitrones

[ArCH=N(0)Ph] to yiel d the corresponding rearranged adducts, seven-membered cyclic azasultones, ac-

companied by the formation of by-products, which arise from the rearranged adducts with the elimination

of the benzaldehyde (ArCHO), respectively. The above reactions, as well as that with simple sul fenes

(RCH=SO2),3 proceed via 1,3-cycloaddition followed by rearrangement to yield cyclic azasultones.
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If cyclic nitrones such as 1-pyrroline 1-oxides are used in place of acylic nitrones, the for-

mation of Stable 1,3-Cycloadducts may be expected from the reaction wi th sulfenes, because rearrange-

ment of the 1,3-cycloadducts to azasultones is impossible.In progress of our study on the reaction of

α-ketosulfenes with 1-pyrroline 1-oxides,4 we leamed the study concerning the formation of β-imino

sulfonic acids from the reaction of simple sulfenes with 1-pyrroline 1-oxides .5 The 1,3-cycloadducts

are suggested as unstable intermediates in the formation ofβ-imino sulfonic aci ds (Scheme 1).

Scheme 1

We now report on the reaction of α-ketosulfenes with 1-pyrroline 1-oxides leading to the formation

of β-aminoenones and/or β-imino sulfonic acids, whose relative yields greatly depended on the nature of

solvents employed.

When a sol ution of benzoyl methanesulfonyl chlori de i n anhydrous dioxane was added dropwise to a

stirred solution of equimolar quantities of 5,5-dimethyl-1-pyrrol ine 1-oxide (4a) and triethylamine in

anhydrous dioxane at room temperature under nitrogen, there was an immediate precipitation of triethyl-

ammonium chloride. After the mi xture was sti rred at the same conditions for 3 hr, 2-benzoylmethylene-

5,5-dimethylpyrrol idine (5a),mp 61-62℃, and 2-(benzoyl-benzoylmethanesul fonylmethylene)-5,5-dimethyl-



750 Chemistry Letters, 1977

pyrrolidine(6a),mp 162-163℃, were obtained in 15 and 36% yields, respectively. The reaction of 5a

with 1 afforded 6a in good yield. Structural elucidation of 5a and 6a was accomplished on the basis of 

spectral data.6

5a:IR(KBr)cm-1 3250(NH),1605(C=0),1570,1535(C=C);NMR(CCl4)δ 1.35(6H,s, C(CH3)2),1.78,2.73

(each 2H, t, CH2, J=7.5 Hz), 5,57(1H, s, =CH), 7.2-7.9(5H, m, ArH), 10.2(1H, br, NH); UV(EtOH) λmax nm

(logε)252(3.97),345(4.33);mass spectrum m/e 215(M+).

6a:IR(KBr)cm-1 3320(NH),1680,1600(C=0),1590,1560(C=C),1260,1105(SO2);NMR(CDCl3)δ 1.21(6H,

s,C(CH3)2),1.4-2.7(4H,CH2),5.0(2H,pseudo s, SO2CH2),7.3-8.2(10H,m,ArH),8.8(1H,br,NH);

UV(EtOH)λmax nm(logε)214(4.51),257(4.38),302(4.11);mass spectrum m/e 397(M+).

Similarly, 1 reacted with 4,5,5-trimethyl-1-pyrroline 1-oxide (4b) to give the β-aminoenones 5b,

mp 67-69℃,and 6b,mp 147-148℃, in 20 and 35% yields, respectively. The reactions of cyclic α-keto-

sulfenes 2 and 3, generated in situ from the corresponding sulfonyl chlorides and triethylamine, with

4a and 4b under similar conditions afforded the correspionding β-aminoenones. 7a: mp 184-186℃, yield

69%. 7b:mp 142-143℃, yield 67%. 8a: mp 112-113℃, yield 56%. 8b: mp 73℃, yield 57%. Structural

elucidation of all β-aminoenones was accomplished on the basis of their spectral data.
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7 (n=1) 
8 (n= 2)Scheme 2

In β-aminoenones 5 and 6 four geometrical isomers, traps-s-traps, traps-s-cis, cis-s-trans and

cis-s-cis, are possible, whereas two isomers, cis-s-trans and cis-s-cis, are possible for β-aminoenanes

7 and 8.7 On the basis of NH proton NMR signals8 and of UV absorption maxima of π→ π* transitson,9 it

was concluded that all β-aminoenones 5-8 possess the cis-s-cis structure.

In order to obtain an information concerning exclusion of sulfur trioxide and also in the hope of

isolating the initial 1,3-cycloadduct, we explored the reaction of 1 with 2,5,5-trimethyl-1-pyrroline

1-oxide(4c) in dioxane.10 In this case two crystalline compounds 9, mp 83-84℃, and 10, mp 197-201℃

(decomp), were isolated in 7 and 5% yields, respectively. On the basis of the following evidence,9

was assigned to be 2-benzoylmethylene-1,5,5-trimethylpyrrolidine. IR(KBr)cm-1 1620, 1600(C=0),1585,

1550(C=C);NMR(CCl4)δ 1.14(6H,s,C(CH3)2),1.77,3.22(each 2H,t,CH2,J=7.5Hz),2.68(3H,s,NCH3),

5.46(1H,s,=CH),7.1-7.9(5H,m,ArH);UV(EtOH)λmax nm(logε)252(3.67),345(4.03). The 13 C-NMR

signals shown in Scheme3 support the assigned structures for 5a and 9.

The spectral data of 10 are as follows. IR(KBr)cm-1 3340(OH),1620(C=0),1565(C=C),1225,1105

(SO2);NMR(CDC13) at 100MHz δ 1.24,1.38(each 3H, CH3),1.59(1H,dd,Ha ),J=8.5,13.0 Hz),2.04(1H,

dd,Ha,J=11.0,13.0 Hz),2.60(3H,s,NCH3),3.52,3.90(each 1H,d,He,J=14.0 Hz),3.91(1H,dd,Hb,

J=8.5,11.0 Hz),4.65(1H,br,OH),7,2-8,1(10H,m,ArH);mass spectrum m/e 411(M+), 393(M+-H2O);UV

(EtOH)λmax nm(log ε)212(4.40),258(4.58),328(3.90).The compound 10 was formed readily from the re-

action of 9 with 1. On the basis of the above observations. 10 was deduced to be 7-benzoyl-4-hydroxy-

4-phenyl-1,2,2-trimethyl-5H-2,3,3a,4-tetrahydropyrrolo[2,3-c]thiopyran 6,6-dioxide which would
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probably be formed by the pathway depicted in Scheme 3.

Scheme 3

The reaction of phenylsulfene with 4a in dioxane afforded the β-imino sulfonic acid 11, mp 239-

242℃(decomp.),in 71% yield.11 11:IR(KBr)cm-1 3000-2500(NH),1675(C=N),1260,1220,1040(SO3);NMR

(CD3NO2) δ 1.55, 1.58(each 3H, s, CH3), 2.21(2H, pseudo t, CH2, J=8 Hz), 3.42(2H, pseudo q, CH2, J=8

Hz), 5.79(1H, s, CH), 7.3-7.9(5H, m, ArH), NH or OH proton signal was not observed; mass spectrum m/e

267(M+) 252, 187(M+- SO3), 172(187+-Me, base peak).

We found that the β-imino sulfonic acid 12 or 13 was

formed from the reaction of cycl ic α-ketosulfene 2 or 3

with 4a in _such sol vents as acetonitri le and methylene

chloride.12 The results in various solvents are given

in Table 1.
11 12 (n=1) 

13 (n= 2)
Table 1

Structural elucidation of 12 and 13 was accompl ished on the basis of spectral data.

12:mp 219-222℃(decomp.);IR(KBr)cm-1 3140(NH),1705(C=0),640(C=N),1250,1220,1045,1025(SO3);

NMR(DMSO-d6) δ 1.4℃(6H g s, C(CH3)2), 1.98(2H, pseudo t, CH2, J=7.5 Hz), 3.539 3.94(1H, d, CH2, J=18 Hz),

3.5(2H, pseudo dd, CH2),7.2-8.0(4H, m, ArH), 12.6(1H, br, NH or OH, exchanged wi th D2O);NMR(CD3NO2) δ

1.60,1.63(each 3H, s, CH3),2.26,3.54(each 2H, t, CH2, J=7.5 Hz),3.59,4.12(1H, d, CH2, J=18 Hz),

7.3-8.0(4H, m, ArH),NH or OH proton signal was not observed;mass spectrum 227(M+-SO3).

13: mp 189-191℃(decomp.);IR(KBr)cm-1 3180(NH),1690(C=0),1650(C=N),1245,1235,1050,1040(SO3);
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NMR(DMSO-d6)δ 1.36(6H, s, CH3),1.89(2H, t, CH2, J=7.5 Hz), 2.3-3.3(6H,m, CH2),7.2-8.0(4H,m,ArH),

11.9(1H, br, NH or OH); mass spectrum m/e 241(MT - SO3). 

When treated with excess of triethylamine or pyridine, 12 and 13 were readily converted to 7a and 

8a, respectively. On treatment with triethylammonium chloride in dioxane, however, 12 and 3, were un-
changed; this suggests that 7a and 8a shown in Table 1 did not arise from 12 and 13. Although the 

correlation between the yields of products and polarities or basicities of solvents employed cannot be

deri ved from the data in Table 1, it seems reasonable to conclude that β-aminoenones are predominantly

formed in solvents which have a strong affinity for sul fur trioxide. The pathway for the formation of

β-aminoenones is outl ined in Scheme 4. The formation of β-aminoenones might be classified into a

special reaction, because only a few examples involving exclusion of SOx in the sulfene chemistry ap-

peared in the literature. 13

L: Solvent 

Scheme 4 
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