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Abstract  - Isoxazoles  and i soxazol ines  can be e f f i c i e n t l y  prepared by 

re f lux ing  a toluene so lu t i on  of hydroximic ac id  ch lor ide  and dipolaro- 

phi le .  

Among t he  severa l  methods developed f o r  t he  " in  s i tu"  generat ion of a n i t r i l e  

oxide, two have been ex tens ive ly  used: a )  t he  dehydration of primary n i t r o  
2 de r iva t i ve s  (Elukaiyama procedure) and b) t he  base-induced dehydrohalogenation 

3 of hydroxamoyl ha l i de s  (Huisgen's methodology) . 
A ser ious  s ide-react ion assoc ia ted  with these protocols  i s  t he  competing dimeri- 

z a t i on  t o  furoxan which prevents  t h e i r  app l i c a t i on  t o  s luggish  dipolarophi les .  

This communication dea l s  with a procedure which overcomes t h i s  obs tac le  and 

renders  poor d ipo la rophi les  capable of producing cycloadducts i n  reasonable 

y ie ld .  This  methodology, f i r s t l y  used by Grllnanger e t  a l S 4 ,  has  a l ready  found 

some i n t e r e s t i n g  app l i c a t i ons  i n  t he  past1'5'6, but, up t o  now, i t s  usefulness  

i n  organic  syn thes i s  has  not  f u l l y  recognized. 

Resu l t s  gathered i n  t he  Table were obtained by heat ing under r e f l u x  a toluene 

so lu t ion  of hydroximic ac id  ch lor ide  and d ipo la rophi le  and a r e  compared ( i n  
7 

parentheses)  with those produced by t h e  Huisgen's procedure . 
Since t he  two s e t s  of da t a  were obtained with t he  same r a t i o  between 1,3-dipole 

and d ipo la rophi le  (1:1 o r  1:5),  i t  i s  worth point ing out  t h a t  t he  two methods 

a r e  equivalent  with e f f i c i e n t  d ipo la rophi les  i.e. a l l y 1  iod ide  and 1,2-dihy- 

dronaphthalene, but d i f f e r  sharply with s luggish  d ipo la rophi les  such a s  tri- 

subs t i t u t ed  o l e f i n s  and vinylene carbonate. 

I n  p a r t i c u l a r ,  vinylene carbonate has  been r e p o r t e d t o  be t o t a l l y  unreact ive 
8 with some n i t r i l e  oxides and t o  produce low y i e ld s  of cycloadducts with two 

9 aromatic n i t r i l e  oxides even i f  i t  was used a s  a solvent .  

The present  r e s u l t s  confirm the  low r e a c t i v i t y  of vinylene carbonate but put i n  

evidence t he  usefu lness  of t h e  thermal generat ion of t h e  1,3-dipole i n  t h e  

r e ac t i on  with poor dipolarophi les .  



R Dipolarophile Total yield(%)+ Adducts 
7 

R 

1) Et02C Ally1 iodide 90 (92) 

1 

2) Et02C 1,2-Dihydronaph- 91 (72) 

thalene 6% 94% 
2 3 

3) Et02C 1-Methyl-3,4-dihy- 63 (37) 

dronaphthalene 

4 )  Et02C 2-Methyl-3,4-dihy- 57 (5) 

dronaphthalene 
93%(95) 5 )  PhCO 54 (12) 5 6 7%(5) 

6) Et02C Dimethyl bicyclo- 91 (55) 

[2.2.2]-octen-2,3- 

7) MeCO dicarboxylate 98 (50) 

8) PhCO Vinylene carbonate 55 (C5) 

9) Et02C 33 (C5) "I* '0 

10) MeCO 17 (C5) 8 

11) PhCO 1,4-Dichlorobutyne 65 (C5) 

12) Et02C 75 (C5) 

13). MeCO 49 (C5) 

+ 
In parentheses are reported the results obtained with the Huisgen's 

procedure. 
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One more advantage of t h e  presen t  method i s  the  l a ck  of furoxan which, i n  ma- 

ny ins tances ,  hinders  t he  p u r i f i c a t i o n  of t he  adducts; a s  a consequence the  

r eac t i ons  can a l s o  be c a r r i e d  out  with a s l i g h t  excess  of hydroxamoyl chlor ide 

and t h e  d ipo la rophi le  a s  t he  l i m i t i n g  reagent. 

Consequently the  present  protocol  can be success fu l ly  app l ied  t o  precious dipola- 

rophi les ;  i t s  app l i c a t i on  t o  t he  syn thes i s  of na tu r a l  products i s  under a c t i ve  

i nves t i ga t i on  i n  these  labora tor ies .  

I f  we consider the  formation of furoxan a s  t he  so l e  evidence f o r  t he  interme- 

diacy of a n i t r i l e  oxide, we should exclude i t s  i n t e rven t i on  i n  r e ac t i ons  (1-13). 

O n  t he  o ther  hand, a cycloreversion of t he  furoxan (Scheme 1)  seems not  conceiva- 

b l e  s ince  previous data1' show t h a t  such a r e ac t i on  r equ i r e s  higher temperatures 

and y i e l d s  complex mixtures. I n  add i t ion ,  by re f lux ing  a toluene so lu t i on  of 

furoxan (RKO E t )  and I-methyl-3,4-dihydronaphthalene no adduct 9 was obtained. 
2 

Scheme 1 

We be l ieve  t h a t  i n  r e f l ux ing  toluene t he  hydroxamoyl ch lor ide  i s  i n  equ i l i b r i -  

um with a low concentrat ion of n i t r i l e  oxide which p r e f e r s  t o  r e a c t  with t he  
11 dipo la rophi le  or  decompose t o  t a r r y  mate r ia l  . 

I n  srmrmary, t he  success of t he  present  methodology i n  t he  cases  where o ther  

procedures f a i l  can be ascr ibed  t o  t he  concurrence of two pos i t i ve  f a c to r s :  

a )  t he  slow r e l ea se  of hydrochlor ic  a c id  which l i m i t s  t he  " in  s i t u "  concentra- 

t i o n  of t he  n i t r i l e  oxide and b) t he  high temperature which enhances t h e  r a t e  

of t he  cycloaddi t ion process. 

ACKNOWLEEENENT 

Financial  support from t h e  Minis ter0 d e l l a  Pubblica I s t r uz ione  i s  g r a t e fu l l y  

acknowledged. 

REFERENCES AND NOTES 

1 )  G.Bianchi, R.Gsndolfi and P.GrUnanger, "The Chemistry of t he  Cyano Group" 

Supp1.C (Ed. S.Patai and ~ . ~ a p p o p o r t ) ,  John Wiley and Sons, London-New York, 



1983, pp.737-804 and re fe rences  c i t e d  t h e r e i n .  

C.Grundmann and P.Grlinanger, "The N i t r i l e  Oxide", Spr inger  Verlag, B e r l i n  

Heidelberg-New York, 1971. 

2) T.Mukaiyama and T.Hoshino, J.Am.Chem.Soc., , 5339 (1960). 

3) M.Christ1 and R.Huisgen, Chem.Ber., 1 6 ,  3345 (1973). 

4) M.Arbasino and P.G&nanger, Ric.Sci., 3A, 561 (1964). 

P.Vita F inz i  and M.Arbasino, Ric.Sci., 35, 1484 (1965). - 
5) T.Sasaki and T.Yoshioka, Bull.Chem.Soc.Jpn., 40, 2604 (1967). -.- 
6) L.Gajsler and R.M.Paton, J.Polvm.Sci.: Polym.Lett.Ed., 18, 635 (1980). - 

R.M.Paton and D.G.Hamilton, Tetrahedron L e t t e r s ,  24, 5141 (1983). - 
7) Typical procedure: A to luene  s o l u t i o n  (Ml )  of hydroximic a c i d  c h l o r i d e  

(5nnnol) i s  added dropwise t o  a s o l u t i o n  of t h e  d i p o l a r o p h i l e  ( h o l )  i n  

to luene ( l h l )  under r e f l u x  and s t i r r i n g .  The r e a c t i o n  i s  kep t  under r e f l u x  

f o r  18 h, then  chromatographed on a s i l i c a  g e l  column. 

Reactions (1-3) and (11-13) have been c a r r i e d  ou t  w i t h  a f i v e  f o l d  excess  

of d ipo la roph i le ;  r e a c t i o n s  (6-7) have been c a r r i e d  out wi th  20% excess  of 

hydroximic a c i d  chlor ide .  

S t r u c t u r a l  assignments a r e  based on 'H-WR spectra .  I n  p a r t i c u l a r ,  r e g i o i s o -  

mers 2 and 3 ,  5 and 6 have been d i f f e r e n t i a t e d  by t a k i n g  i n t o  account t h e  

chemical s h i f t  of H-1; t h e  desh ie ld ing  e f f e c t  of t h e  oxygen on H - l \ i s  par- 

t i c u l a r l y  ev iden t  i n  3 and 5 (2: H-l= 4.7 6 ;  3: H-l= 5.5 6 ;  ?: H-l= 4.4 6 ;  

6: H-l= 5.3 6 ). - 

8) K.E.Larsen and K.B.G.Torsel1, Tetrahedron, 2, 2985 (1984). 

9) G.Desimoni, P.Grllnanger and S.Servi, Annali d i  Chimica, 58, 1363 (1968). - 
10) G.Bianchi and R.Gandolfi i n  "1,3-Dipolar Cycloaddi t ion Chemistry" (Ed. A. 

Padwa), John Wiley and Sons, London-New York, 1984, pp.477-482. 

T.Shimizu, Y.Hayashi and K.Teramura, J.Org.Chem., 48, 3053 (1983). - 
T.Shirnizu, Y.Hayashi, T.Taniychi  and K.Teramra, Tetrahedron, 41,727(1985). - 

11) For a n  a l t e r n a t i v e  view about  t h e  mechanism which excludes  t h e  t r a n s i e n t  

format ion of t h e  n i t r i l e  oxide a s  in te rmedia te  see  re fe rence  5). 

Received, 1 4 t h  June,  1985 


