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XX-VI.* CHLORINATION OF ARYLISOXAZOLES 
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3 ,5 -Dia ry l i soxazo les  in acet ic  acid a re  smooth ly  conver ted  to 4 -ch lo ro  d e r i v a t i v e s b y  the 
action of chlor ine  in s i tu .  A side reac t ion  is subsequent  addition of hypochlorous  acid,  
which p roceeds  under  the influence of exce s s  ch lor ine .  It is convenient  to use t a r t - bu ty l  
hypochtor i te  for  the chlor inat ion of more  reac t ive  a r y l i s o x a z o l e s .  

The bromina t ion  and iodination of i soxazoles  have been studied in quite some detai l  [2, 3]. There  is 
much l e s s  informat ion  on the chlor inat ion of these compounds .  Liquid a lky l i soxazoles  r e a c t  smooth ly  with 
chlor ine  to give 4 -ch lo ro  de r iva t ives  [2, 4]. However ,  the chlor inat ion of a ry l i soxazo le s  r equ i r e s  the use 
of so lvents  and has i ts  own l imi ta t ions ,  

A 4 -ch lo ro  der iva t ive  was obtained in low yield as a r e su l t  of the reac t ion  of 3 ,5-diphenyl isoxazole  
with sul furyl  chlor ide [5]. The action of chlor ine  in si tu proved  to be more  e f fec t ive .  When acet ic  acid 
solutions of r eac t i ve  3 ,5-disubs t i tu ted  i soxazoles  a re  used,  one obse rved  not only subst i tut ion but a lso  ad-  
dition of hypochlorous  acid to the he te rocyc l i c  r ing [6], while only the 3 ,4-d ich loro  der iva t ive  is obtained 
f r o m  the l e s s  act ive 3 -ch lo ro -5 -pheny l i soxazo le  [71. We have inves t igated this reac t ion  in g r e a t e r  detai l  
s ince ,  in con t r a s t  to the action of gaseous  chlor ine ,  it provides  a poss ib i l i ty  for  accura te  m e a s u r i n g  out 
of the chlor inat ing mix tu re .  

3 ,5 -Dia ry l i soxazo les  (Ia-g) containing e l e c t r o n - a c c e p t o r  subst i tuents  (C1, Br,  NO2) in the p-pos i t ions  
of the benzene r ings  were  synthes ized  by reac t ion  of a ry l ace ty l enes  with a - c h l o r o a l d o x i m e s  [8] (Table 1). 
Chlorinat ion of them in acet ic  acid with chlor ine in si tu gives  4 -ch lo ro i soxazo le s  I I a - f  (Table 1). 
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heating ~O~N Ar HCI C I ~  Ar C I " ~ . ~ A  r 

Ar'C~---CH +ArCCI=NOH toluene Ar' H202 Ar'J4"..O -J'N + A_r'~. O<N\OH 
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t a Ar=p-CICsH~, Ar =C6Hs, b Ar=CsHs, Ar'=p-CIC6H4; c Ar=Ar'=p-CIC~.H4; d Ar~ 
=p-CIC6H4, Ar'=p-BrC~H4; e Ar=p-BrC6H4, Ar'=p-CIC6H4; f Ar=p-O~NCsH4, Ar'= 
=p-CIC6H4; g Ar=p-CIC6H4, Ar'=p-O2,NC6H4; h Ar=Ar'=C6Hs; i Ar=C6Hs, Ar'= 
= m-O2NC6H4. 

The format ion  of chloro de r iva t ives  II as the only reac t ion  products  is due to the reduced  nucleo-  
phi l ici ty of the he te rocyc l i c  r ing in s t a r t ing  subs tances  I a - f  and in I I a - f  t hemse lves  as c o m p a r e d  with un-  
subst i tu ted analogs ]tl and IIh. 

Using a 30% excess  of hydrochlor ic  acid, we have p rev ious ly  obtained 3 ,5 -d ipheny l -4 - ch lo ro i sox -  
azole (lIh) in 45% yield [6]. It was found that  ~ fu r the r  i nc rease  in the exce s s  of acid (up to 70~ p ro mo te s  
the addition of hypochlorous  acid: the yield of Ith is not r a i sed ,  whe reas  cons iderable  amounts  of 2-  
hyd roxy-3 ,4 -d i ch lo ro -3 ,5 -d ipheny l -4 - i soxazo l ine  (IIIh) a r e  f o rmed .  Substances  III a re  fo rmed  by the ac -  
tion of a 10-fold amount  of chlor inat ing mix ture  on ha loa ry l i soxazo les ;  thus,  2 - h y d r o x y - 3 , 4 - d i c h l o r o - 3 , 5 -  
d i (p-ch lorophenyl ) -4- i soxazol ine  (IIIc) is obtained in 634, yield.  

*See [1] for communica t ion  XXV. 
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TABLE 1 .3  ~5-Diaxylisoxazoles. ( lc-g)  and Ary l -4 -ch lo ro i soxazo les  
~IIa-f, h-k) 

Comp. 

Ic 
Id 
I e  
If 
lg 

IIa  
IIb 
IIc 
lid 
He 
IIf 
IIh 
IIi 
IIj 
IIk 

mp, ~C 

19~---195 
201,5--202,5 

190--191 
221--222" 
197--198" 
93--94 

105,5--106,5 
152--153 
152--153 
142--144 
168--170 

8-~ 
141 
435 

135 

Empirical formula 

CtsHgC12NO 
CtsH9BrCINO 
C,sHgBrC1NO 
CIsHgCIN20:~ 
CIsHgC'IN203 
CIsHt, C'I2NO 
CIsH,C'I2NO 
CtsHsCIsNO 
CI~HsBrCI~NO 
C IsHsB~CI2NO 
CtsHsCI~,N20:3 

CIsHgC-iN~Oa 
CgHsCINO 
CnHgCIN~O~ 

Found, % 
c H 

62,5 3,4 
53,9 2,7 
54,0 2,8 
59,7] 3,1 
59,81 3,0 
62,4 I 3,1 
62,4 3,5 

48 8 2,2 
53:~1 2,7 

60,4 3,4 1 
55,9 I 3,8 

C !  

w 

m 

24,~ 
24,; 
32,] 

12,~ 
(N) 

* Lower melting points in open capi l lar ies  are 
t According to [9], this compound h a s  mp 84 ~ 

t a l c . ,  % 

c J H 

62,1 3,1 
53,8 2,7 
53,8 2,7 
59,9 3,0 
59,9 3,0 
62,1 3,1 
62,1 3,1 

48,8 2,2 
48,8 2,2 
53,81 2,4 

59,9 3,0 
60,2 3,4 
55,8 3,8 

Y i e l d ,  

m % 

- -  52  
- -  41 
- -  38  

68 
- -  61 

24,4 74 
24,~ 83 
32,~ 74 

82 

90 
86 
83 
80 

11,8 71 
(N) 

presented in [10]. 

* The substance was purified by vacuum distillation and had bp 73-75 ~ 
(0.7 ram). 

A nitro group in one of the benzene rings markedly  lowers the e lec t ron density in the heterocycl ic  
r ing,  such that only substitution occurs  even under severe  conditions. The - I e f f e c t  of the NO 2 group plays 
the p r ima r y  role here ,  as follows f rom the behavior  of 3-phenyl-5-(m-ni t rophenyl) isoxazole  (Ii), f rom 
which a 4 -ch loro  derivative (IIi) is formed in high yield. 5-Phenyl isoxazole  (Ij) r eac t s  s imi lar ly ,  but is 
also less  active than Ill [3] [4-chloro-5-phenyl isoxazole  (IIj) is obtained in 80% yield]. Its i somer  - 3-  
phenylisoxazole - has even less  nucleophilicity [3], and chlorination does not go to completion under the 
indicated conditions;* contaminating s tar t ing compound cannot be separated by ei ther  vacuum f rac t iona-  
tion or column chromatography.  The action of chlorine in situ on 5-substi tuted 3-phenylisoxazoles  (methyl 
and amino derivatives) leads to cleavage of the heterocycl ic  ring to give benzonitr i le  and other chlor ine-  
free substances ,  which were not investigated in detail.  

Thus the use of chlorine in situ makes it possible to obtain 4-chloro  derivat ives only f rom a r y l -  
isoxazoles of "modera te"  act ivi ty.  

For  more  react ive compounds we attempted to use a mild chlorinating agent - te r t -butyl  hypochlori te .  
In the case  of 3,5-diphenylisoxazole (Ill), we selected the optimum conditions using a 1.5-fold excess  of the 
reagent .  It was found that the reaction proceeds smoothly on heating in ethanol but not in methanol or ben- 
zene. The wors t  resu l t s  were obtained in the chlorination of the less  active 3,5-di(p-chlorophenyl) isox-  
azole (Ic) under these condit ions.  On the other hand, the highly react ive  3-phenyl-5-ace tamidoisoxazole  
(Ik) is chlorinated instantaneously at ~10 ~ with an equivalent amount of reagent  to give the 4-ch loro  der iva-  
tive (IIk) in ~ 70% yield. When the react ion mixture is heated, the he terocycl ic  ring decomposes .  3 -Phenyl -  
4 -ch loro-5-methoxyisoxazole  is much less stable.  Although it is also formed under s imi la r  conditions 
[according to th in- layer  chromatography  (TLC)], it gradual ly  decomposes  to give benzonitri le on attempts 
~o purify it by crys ta l l iza t ion  or column chromatography.  

O~_~/H Ar /_C4H~OC ! Cl-~__.~Ar 
X alcohol X~o/N 

,h,k llh, k 

1,11 k X = C H 3 C O N H  

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

The melting points of all of the compounds were determined in sealed capi l la r ies .  The IR spec t ra  
of minera l  oil suspensions were obtained with a Perkin E l m e r  457 spec t rophotometer .  The PMR spec t rum 
was obtained with a Perkin E l m e r  R-12 spec t romete r  with hexamethyldisiloxane as the internal s tandard.  

* The formation of the 4-eh loro  derivative was proved by the presence  of a 5-H singlet at 5 8.93 ppm 
(acetone) in the PMR spect rum of the reac t ion  mixture .  
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3 ,5 -Dia ry l i soxazo les  ( la-g) .  An equ imola r  mix tu re  of the appropr ia t e  a ry lace ty lene  and cb lorooxime 
(0.01 mole each) in toluene (10-20 ml) was ref luxed until hydrogen chlor ide  evolution cea sed  (8-12 h). The 
mix tu re  was cooled,  and the p rec ip i t a te  was r e m o v e d  by f i l t ra t ion and c ry s t a l l i z ed  f r o m  alcohol or t o l u e n e -  
pe t ro l eum e the r  (2 : 1). Data  on the compounds obtained for  the f i r s t  t ime (Ic-g) are  p r e sen t ed  in Table  1. 

3 ,5 -Dia ry l -4 -c l l l o ro i soxazo le s  ( I Ia-f , i , j ) .  A. Concent ra ted  HCI and 26~c hydrogen peroxide  (0.015- 
0.02 mole  of each) were  added all at once to a hot solution of 0.01 mole of 3 ,5 -d ia ry l i soxazo le  in 50-150 
ml  of acet ic  acid, and the mix tu re  was heated  at  100 ~ for  30 rain. It was then cooled and diluted with wa te r  
to twice i ts  volume,  and the p rec ip i t a te  was r e m o v e d  by f i l t ra t ion  and c r y s t a l l i z e d  f r o m  alcohol (IIf was  
c ry s t a l l i z ed  f r o m  a lcoho l - to luene ) ;  I I a - f  were  obtained by this method.  

B. The chlor inat ion of a ry l i soxazo le s  Ii,j was c a r r i e d  out s i m i l a r l y  with I0  g-equiv  of hydrogen p e r -  
oxide and concen t ra ted  HCI added in four por t ions .  Data on the 4 -ch lo ro i soxazo les  obtained are  p re sen ted  
in Table 1. 

Chlor inat ion of 3 ,5-Diphenyl isoxazole  (lh) with Chlorine in s i tu .  A 1.02 ml  (8.5 mmole)  sample  of 
26~c hydrogen peroxide  and 0.77 ml  (8,5 mmole)  of concent ra ted  HCI were  added in two por t ions  to a hot 
solution of 1.1 g (5 mmole)  of isoxazole  lh in 15 ml of acet ic  acid, and the mix tu re  was heated  at I00 ~ for  
1 h and diluted with wa te r .  The prec ip i ta te  was r emoved  by f i l t ra t ion,  dr ied,  and c ry s t a l l i z ed  f rom h e p t a a e -  
benzene to give 0.5 g (33~c) of ~soxazoline IIIh with mp 136-137 ~ [6]. The mothe r  l iquor was evapora ted ,  
and the res idue  was r e e r y s t a l l i z e d  f rom aqueous alcohol to give 0.64 g (50~c) of 4 -ch lo ro  der iva t ive  lib with 
mp 83-84 ~ [9]. 

2 -Hydroxy -3 ,4 -d i ch lo ro -3 ,5 -d i (p - ch lo ropheny l ) -4 - i soxazo l ine  (IIIc). A 0.8 g (2.8 mmole)  sample  of 
isoxazole  Ic was s i m i l a r l y  chlor ina ted  with 3.3 ml  (28 mmole)  of hydrogen peroxide and 2.5 ml  (28 mmole)  
of concent ra ted  HC1. Crys ta l l i za t ion  of the products  f r o m  alcohol gave 0.18 g (20~) of 4 -ch lo ro i soxazo le  
IIe with mp 153~ the mothe r  l iquor yielded 0~ g (63~c) of isoxazol ine IIIe with mp 180-181 ~ Found,Z: 
C137.0 .  C15HgC14NO2 . CaleulatedYc. C137.6 .  The IR s p e c t r u m  contains a broad  absorpt ion  band at 3200- 
3300 cm -~, the same band that  is p r e sen t  in the s p e c t r u m  of analog Illh but absent  in the s p e c t r a  of 4-  
ch lo ro i soxazo les  (hydrogen bonds).  

3 ,5 -Dipheny l -4 -ch lo ro i soxazo le  (IIh). A 1 ml (8 mmole)  sample  of t e r t - bu ty l  hypochlor i te  was added 
dropwise to a solution of 1.1 g (5 mmole)  of isoxazole  Ih in 15 ml  of alcohol,  a f t e r  which the mix ture  was 
ref luxed for  1 h. The solvents  were  evapora ted ,  and the res idue  was worked up to give IIh, data on which 
are  p r e sen t ed  in Table 1. 

3 7 P h e n y l - 4 - c h l o r o - 5 - a c e t a m i d o i s o x a z o l e  (IIk). A solution of 0.6 ml  (5 mmole)  of t e r t -bu ty l  hypo-  
chlor i te  in 3 ml  of alcohol was added dropwise  at  about 10 ~ to a solution of 1 g (5 mmole)  of amide Ik in 
30 ml  of alcohol,  a f t e r  which the mix tu re  was vacuum evapora ted  without heating,  and the res idue  was 
c ry s t a l l i z ed  f r o m  benzene.  Data on IIk a re  p re sen ted  in Table 1. 
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