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Numerous examples of ion- rad ica l  chain react ions for nucleophilic substitution in aliphatic and aromat ic  
compounds are  known [ 1], where the f i r s t  step is t r ans fe r  of an e lectron f rom the nucleophile as the donor to 
the acceptor .  In some react ions of nucleophilic vinyl substitution (NVS) in the se r ies  of inactivated halovinyl 
compounds [2] it is also assumed that the SRN 1 mechanism can be real ized,  although d i rec t  proof  of e lectron 
t r ans fe r  in these react ions was not obtained. 

In the presen t  paper  we studied the NVS react ions of a number  of f l -bromovinyl  sulfones, which can be 
interpreted within the f ramework  of a mechanism that includes the one-e lec t ron  t ransfer  step. 

Previous ly  [3, 4] it was shown by us that when the i somer ic  f l -bromovinyl  sulfones are  reacted with the 
full amides of tr ivalent  phosphorus acids (I) the main products  are  the monosal t  (III) and the disalt  (IV), ac-  
companied by the formation of the fl-dialkylaminovinyl sulfone (V) : 

(R2N)3P~-ArSO~CH = CHBr--> ArSO~CIt = CHP (NR~)3Br - -i- 
(I) ([I) (III) 

+ + 

+ (R2N)aPCH ~ CHP(NR2)3"2Br- + ArS02CIt = CIINR2 
(IV) (V) 

Ar  = Ph, p-MeC6H4; R = Me, Et 
The yield of aminovinyl sulfone (V) depends on the nature of the solvent. Thus, amide (I) (R = Et) when r e -  
acted with t r ans - f i -b romoviny l  phenyl sulfone (II) (At = Ph)  in benzene gives fi-diethylaminovinyl sulfone (V) 
(Ar = Ph; R = Et) in less  than 5% yield (based on the integral  intensity of the doublet in the 5 ppm ~egion in the 
PMR spec t rum of the react ion mixture) .  In acetoni tr i le  the yield of the aminovinyl sulfone r i ses  to 20%. 

When the react ion is run di rec t ly  in the resona to r  of the EPR spec t romete r  in the p resence  of 2-methyl -  
2-ni t rosopropane (VI) as the spin trap, in either benzene or  in acetonitr i le,  the paramagnet ic  products  (VII) 
(VIII) (R = ]Vie, Et) were  detected. Other radical  par t ic les ,  in par t icu lar  the arylsulfonylvinyl radical  (X), 

. t _  

Fig. 1. EPR spect rum of adduct (VII) (R = Me). 
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Fig. 2. EPR s p e c t r u m  of adduct (VIII) (R = Me). 

could not be recorded. Adduct (VII) is formed at temperatures of 10-20~ while (VIII) is formed only at 5 ~ in 
benzene. The hyperfine structure (his) of the EPR spectra of the (VII) adducts (Fig. I) is caused by the coup- 
ling of the unpaired electron with the nuclei of the N and P atoms (aN = 10.6; ap = 10.20e). The EPRspectrum 
of the (VIII) adducts (Fig. 2) consists of nine lines, which is caused by the coupling of the unpaired electron 
with the nonequivalent N nuclei (aNi = 18.9, aN2 = 0.90e). 

( ~ 2 N ) 3 ~  - -  N(b)Bu-t (R2Nh -- ~l~--N(6)Bu-t 
(vii) (vni) 

Analogous (VII) and (VIII) r ad ica l s  were  r eco rded  p rev ious ly  [5, 7] in the ion- rad ica l  reac t ions  of the (I) 
amides  with quinones [5, 6] and d i a r y l b r o m o m e t h a n e s  [7] in the p r e s e n c e  of a spin t rap .  

p -Din i t robenzene  (DNB) acts  as an inhibitor in that it slows up the reac t ion  and lowers  the total  yield of 
monosa l t  (III) and disa l t  (IV) to 20% in 24 h, whereas  in the absence  of DNB the yield is 80%. 

The p re sen t ed  data can apparent ly  be in te rp re ted  within the f r a m e w o r k  of the ion- rad ica l  m e c h a n i s m  for  
NVS, with the rea l iza t ion  of e l ec t ron  t r a n s f e r  f rom amide  (I) to sulfone (II) in the f i r s t  s tep.  

$ 
(i) + (II) -§ ( I I ) -  + [(R2N)sI ~ (~ R2N - -  p (NR~)~] (1) 

(Ix) 
(II) ~- --, ArSO~Clt = (~H + Br- (2) 

(x) 
(X) + (IX)--~ (III) -~- (V) (3) 

The ambidcnt  c h a r a c t e r  of ca t ion- rad ica l  (IX) explains the fo rmat ion  of the two di f ferent  spin adducts 
(VII) and (VIII) ,  the phosphonium compounds (III) and (IV), and also the aminovinyl  sulfones (V). 

It should be ment ioned that the spin t rap  (VI) i t se l f  is an e lec t ron  accep to r  and can gene ra t e  c a t i o n - r a d i -  
cals  (IX). It was shown by spec ia l  exper imen t s  that 2 - m e t h y I - 2 - n i t r o s o p r o p a n e  (VI) actual ly  f o r m s  adducts 
(VII) and (VIII),  but in a much lower  yield and poor ly  r e so lved  EPR s p e c t r a  with a low intensi ty a re  observed .  
In the p r e s e n c e  of the (II) sulfones the s ignals  of the (VII) and (VIII) f r ee  rad ica l s  i nc rea se  substant ia l ly  and a 
m o r e  sharp ly  reso lved  hfs appears .  

E X P E R I M E N T A L  

The EPR s p e c t r a  were  r eco rded  on an ER-9 s p e c t r o m e t e r  (Carl  Zeiss ,  Jena,  Eas t  Germany)  in the t e m -  
p e r a t u r e  range  5-20% 

To a solution of sulfone (II) and n i t rosopropane  (VI) in e i ther  benzene  o r  ace toni t r i le  was added amide 
(I),  and the solution was evacuated.  

CONCLUSIONS 

It was shown that the reaction of phosphorous hexaalkyltriamides with fl-bromovinyl aryl sulfones pro- 
ceeds via the step of electron transfer with the formation of ion-radicals. 
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It was shown that the direct ion of the react ions  of t r i ch loroace ty l  (I), t r i f luoroacety l  (II), and benzoyl 
isocyanates  (III) with dimedon (IV) depends on the t empera tu re  and nature  of the isocyanates .  Thus, (I) reac ts  
with (IV) at 18-20~ to give N- t r i ch lo roace ty l  O- (5 ,5 -d ime thy l -3 -oxo - l - cye lohexen -  1-yl) carbamate  (V). The 
IR spec t rum of iV) has the bands (~, cm-1): 1780 (OCONH), 1735 (C(O)N),  1673 (C=O cycl . ) ,  1650 ( C = C ) ,  
3280 (NH). PMR spec t rum (5, ppm):  1.00 s (6H, 2Me), 2.50 s (4H, 2CH2), 6.00 s (1H, =CH ) ,  7.40 br.  s. (NH). 
Heating at 65-75 ~ faci l i ta tes  [4 + 2]-cyeloaddi t ion to give 10 ,10-d imethy l -4 ,8 -d ioxo-2- t r i cMoromethy l - l ,5 ,3 -  
d ioxazaspiro  [5 .5] -2-undecene  (VI). The IR spec t rum of (V1) has the bands (v,  cm rl) : 1775 ( ,CON) ,  1670 
(C(O)C) ,  1535, 1565 (C----C, C---N). 

PMR spec t rum of (VI) (5, ppm):  1.16 s (6H, 2Me), 2.40 s (2H, CH2), 2.50 S (2H, CH2) , 7.30 S (2H, CH2). 
The signal of the protons  of the 7-CH 2 group is shifted s t rongly downfield due to the deshielding effects of the 
C = O  group and dioxazinone ring. The reac t ion  of (I) at the C--O group of (IV) resembles  the react ion of 
carbonyl  di isocyanate  with cyclohexanone (formation of a s i x - m e m b e r e d  sp i rocycl ic  product,  whose IR spec-  
t rum r e se mb le s  that of (VI) [1]). In addition, a product  with mp 104-106 ~ was obtained, which, based on the IR 
spec t ra l  data, has the s t ruc tu re  of the t r i eh lo roace tamide  of 5 ,5-dimethyl-  1 -hydroxy-3-oxo-  1-cyclohexen-2-  
oie acid (VII) (v, era-i): 1670, 1630, 1595 (C--O, C = C ) .  The low absorpt ion of the C = O  groups of the CONHCO 
f ragment  is caused by the p r e s e n c e  of two in t ramolecu la r  hydrogen bonds. The absorption bands 2550-2700, 
3120, 3280 cm -1 cor respond  to the OH and NH groups.  

The main reac t ion  products  of (II) with (IV) a re  5 ,5 -d imethyl -3-oxo-  1- t r i f luoroace t imino-  1-cyclohexene 
(VIIIa) and 5 , 5 - d i m e t h y l - 3 - o x o - l - t r i f l u o r o a c e t a m i d o - l - c y c l o h e x e n e  (VIIib), which, based on the IR and PMR 
spec t ra l  data, a re  found to be in equi l ibr ium in aprot ie  solvents (CC14, CHC13, CC13CN). The IR spec t ra  of the 
(VIII) solutions have the absorpt ion bands ( v, cm -1) : 1625-1630 (C -- C),  1760-1765 (CF3C (O) N), 1680-1690 
(C----O cycl. ,  C = N  exocyel . ) ,  2430-2830, 3210, 3330-3370, 3430, 3500-3510 (OH, NH). PMR spec t rum (CC14, 5, 
ppm):  1.04 s (6H, 2Me), 2.21 s (CH2), 2.51 d (1,4j = 2 Hz (CH2)), 6.10 t (1,4j = 2 Hz (---CH)), 4.60 br.  s (OH), 
7.30 br  s (NH). The signal with 5 4.60 ppm belongs to the labile pro ton  of the OH group, which does not take 
par t  in forming a s trong H bond [2]. Determinat ion of the pH in aqueous solution '(pH 4) disclosed the acid 
cha r a c t e r  of (VIII). Evidently, (VII1) is formed by cleaving CO 2 f rom a product  that is analogous to (VI). This 
can be judged by the IR spec t rum of a solution of the react ion mixture  in CHC13, recorded  at - 10 ~ which has 
an absorpt ion band at 1760-1765 cm -1, cor responding  to the C = O  of the dioxazinone ring. The absence of ab- 
sorpt ion bands in the 3000-3600 em -1 region pe rmi t s  excluding the format ion of a substi tuted urethan.  However, 
it is impossible  to exclude the possibi l i ty  of forming (VIII) via the f o u r - m e m b e r e d  spiran in termediate .  
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