
4 ,  5 - D I H Y D R O - 6 H - O X A Z I N E  N - O X I D E  I N  T H E  

1 , 3 - D I P O L A R  C Y C L O A D D I T I O N  R E A C T I O N  

I. E. Chlenov, N. S. Morozova, 
V. I. Khudak, and V. A. Tartakovskii 

UDC 542.955+547.867 

P rev ious ly  the 1,3-cycloaddi t ion reac t ion  with cycl ic  and l inear  ni t ronic e s t e r s  could be accompl ished  
only in the case  of 1 ,3-dipoles ,  containing e i ther  functional o r  a roma t i c  subst i tuents  at tached to the ca rbon  
a tom [1]. In the p r e s en t  pape r  an a t tempt  was made to synthesize cyclic  ni t ronie e s t e r s  with alkyl subs t i -  
tuents or  the hydrogen a tom at tached to the ca rbon  a tom of the 1 ,3 - sys t em,  and to study their  behavior  in 
the 1 ,3-eycloaddi t ion react ion.  The ni t ronie  e s t e r s  were  synthes ized according to the scheme:  
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(Ia) is  a v e r y  unstable compound: when s tored  at N20 ~ without a solvent  it  decomposes  complete ly  in 
1 day, but in solut ions i ts  s tabi l i ty  i n c r e a s e s .  (Ia) p roved  to be v e r y  act ive in the 1,3-eyeloaddit ion react ion.  
Thus,  when (Ia) i s  kept  for  15-20 h with methyl  ac ry la te  or  s ty rene  at ~20 ~ the yield of the adducts exceeds  
80%. When (Ia) i s  r eac t ed  with a l e s s  act ive dipolarophi le ,  like allyl chlor ide ,  the adduet could not be ob- 
tained in a yield exceeding 10%. 
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R = COOCHs(a); CGH~ (b); CHzCI(c) 

As a resu l t ,  (Ia) in i ts  reac t iv i ty  approaches  3 -ea rbomethoxy-4 ,5 -d ihydro -6H-1 ,2 -oxaz ine  N-oxide,  
and far  s u r p a s s e s  3 -pheny l -4 ,5 -d ihydro -6H-1 ,2 -oxaz ine  N-oxide [2]. 

Compound (Ib) p roved  to be so unstable  that it could not be i so la ted  in the pure  state.  However ,  the 
exis tence  of (Ib) was  p roved  by p r e p a r i n g  the adduct with s tyrene .  For  this a solution of the Na sa l t  of 1- 
n i t ro -4 -ch lo robu tane  in anhydrous d ime thy l fo rmamide  (DMF) was  kept with excess  s ty rene  for  3 days,  and 
a f te r  the app rop r i a t e  workup we i so la ted  the adduct of (Ib) with s tyrene .  

~ c6H~ 

(IId) 
When methyl  ac ry la te  was used  in this reac t ion  we were  unable to obtain a product  with the s t ruc tu re  

~ [ H ~  2COOCHS 

COOCH a 
O O 
(IIe) 

in a yield exceeding 2%. 

The fo rma t ion  of (tie) can be explained by the following scheme 
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CH~CHfi00CII, | 
[Ci (CH~)s--CHN0z] " ~ [CI (CH~)s--CH--CH~--CH--C00CHs. 
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NO~ 
(IV) (Ic) 

(III) 

CI~CIIC00 CII~ 
> (lie) 

The f i r s t  step consis ts  of the usual addition according to the Michael react ion,  but since the react ion 
is run in an aprotic medium, anion (III) undergoes r ea r r angemen t  to the more  stable (IV) anion, which then 
cycl izes  to (Ic). The low yield of (IIe) is explained by the fact  that ([II) and (IV) can reac t  with excess  methyl 
acryla te ,  and this excludes the format ion of (ie). In support of such an interpreta t ion of the mechanism for 
the format ion of (IIe) is the fact that, if to a solution of the Na salt  of 1-ni t ro-4-chlorobutane in DMF is f i r s t  
added an equimolar  amount of methyl acryla te ,  and only af ter  holding for 2.5 h is another 3-fold excess of 
methyl acryla te  added, then the yield of (IIe) inc reases  17 t imes.  

The NMR spec t ra  of all of the (II) compounds contain signals that are charac te r i s t i c  for the ABX sys -  
CH~ 
I �9 

tern of protons (fragment - O -  CH - R of a 5 -membered  ring), in which connection the signals of the X par t  
lie in the 4.7-4.9 ppm (R = COOCH3), 5.4-5.7 ppm (R = C6H5) and 4.57 ppm (R = CH2CI ) regions.  These v a l -  

I 
ues of the chemical  shifts exclude the presence  of the al ternative sys tem - O - CH 2 - CH - R. As a resul t ,  
in the case of ( I n - c )  a s t r ic t  s t ruc tura l  direct ivi ty of the 1,3-eycloaddition react ion is cor robora ted ,  which 
is cha rac te r i s t i c  for the previously  studied nitronic es te r s  [1]. It should be mentioned that in some cases  
the analyt ical ly pure (II) compounds have i l l-defined melting points. It is possible that this is associa ted 
with the p resence  of the c i s -  t rans  i s o m e r s  of R with respec t  to the substituent in the bridgehead,  but as yet 
we have been unable to establ ish the presence  of such i s o m e r i s m  ei ther  by chromatography on A1203 or  by 
the NMR method. 

E X P E R I M E N T A L  M E T H O D  

2-Ni t ro-5-bromopentane  (V) was obtained in 50% yield by treating 2-ni t ro-5-pentanot  {3] with PBr  3, 
in absolute benzene,  bp 68-70 ~ (1.5 ram); n~ 1.4786. 1-Ni t ro-4-chlorobutane  (VI) was obtained in 59% yield 
by treating 1-ni t ro-4-butanol  [4] with PC15 in absolute benzene,  bp 48-50 ~ (1 ram); n~ 1.4584. 

P repara t ion  of (In). To a solution of 4.85 g of {V) in 10 ml of absolute methanol was added a solution 
of sodium methylate (from 0.69 g of Na in 15 ml of absolute methanol),  the methanol was vacuum-dis t i l led  
at a t empera tu re  not exceeding 40 ~ the residue was extracted with benzene,  the NaBr Was fi l tered,  and the 
benzene was vacuum-dis t i l led  at the same tempera ture  as before.  We obtained 3.19 g (93%) of (Ia); n~ 
1.5125. Found: C 51.60; 51.76; H 7.87; 7.97; N 12.10; 12.21%. C5HgNO2r Calculated: C 52.17; H 7..83; N 
12.17%. 

P repa ra t ion  of (IIa-c). F resh ly  p repared  (Ia) was covered with a 5-fold excess  of the olefin, the mix- 
ture was kept at room tempera ture  for  ~20 h, the excess  olefin was distilled off, and the (IIa-c) were i so-  
lated. (IIa) was obtained in 85% yield, mp 50-54 ~ (from a 1:1 h e x a n e -  CC14 mixture).  Found: C 53.96; 54.04; 
H 7.65; 7.75; N 7.23; 7.09%. C9H15NO 4. Calculated: C 53.73; H 7.46; N 6.97%. (IIb) was obtained in 80.5% 
yield,  rap 66-67 ~ (from alcohol). Found: C 71.14; 71.35; H 7.68; 7.81; N 6.54; 6.47%. C17HITNO 2. Calcu-  
lated: C 71.23; H 7.76; N 6.39%. (IIc) was obtained in 10% yield, mp 45-46 ~ (from hexane). Found: C 50.01; 
49.95; H 7.23; 7.25; C1 18.35; 18.70%. CsHIdCINO 2. Calculated: C 50.13; H 7.13; C1 18.53%. 

Prepara t ion  of (IId). To 5.06 g of (VI) in 10 ml of absolute methanol was added a solution of sodium 
methylate (from 0.85 g of Na in 20 ml of absolute methanol),  the alcohol was vacuum-dis t i l led,  the remain-  
ing salt  was dissolved in 70 ml of anhydrous DMF, and 10 ml of s tyrene  was added. After 3 days the r e a c -  
tion mixture was poured into cold water ,  extracted with benzene,  and the benzene layer  was dried over  
MgSO 4. After distilling off the benzene we obtained 1.63 g (21.5%) of (iId), mp 96-103 ~ (from hexane). 
Found: C 70.24; 70.09; H 7.35; 7.45; N 6.66; 6.73%. Cl2Hi~NO 2. Calculated: C 70.24; H 7.32; N 6.83%. 

P repa ra t ion  of (IIe). To a solution of 1.72 g of the salt  (obtained the same as in the preceding exper i -  
ment) in 60 ml of anhydrous DMF was added in drops,  with vigorous s t i r r ing ,  0.95 mi of methyl acry la te ,  
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af te r  which the reac t ion  mix tu re  was kept  at 20 ~ for  2.5 h, and then another  3 ml  of methyl  acry la te  was 
added. After  holding for  2 days the reac t ion  mix tu re  was poured  into cold wa te r ,  ex t rac ted  with benzene,  
and the benzene ex t r ac t  was  dr ied ove r  MgSO 4. After  disti l l ing off the benzene we obtained 1 g (34%) of 
(IIe), mp 85-86 ~ ( f rom a 1:1 hexane -CC14  mixture) .  Found: C 52.80; 52.51; H 6.96; 6.92; N 5.47; 5.53%. 
Ci2HigNO o Calculated;  C 52.75; H 6.96; N 5.13. 

C O N C L U S I O N S  

The 3 -H- ,  3 - m e t h y l - ,  and 3 - ( f l - ca rbomethoxye thy l ) -4 ,5 -d ihydro -6H-oxaz ine  N-oxides en te r  into the 
1 ,3-cycloaddi t ion reac t ion  with unsa tura ted  compounds by the usual  scheme.  

I. 
2. 

3. 
4. 
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