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In 1964, the f i r s t  shor t  communica t ion  appea red  on the addition of hypochlorous acid to the isoazole  r ing 
[1] with the fo rmat ion  of adducts ,  to which recen t ly  a s t r i c t ly  conf i rmed s t ruc tu re  of  4 - c h l o r o - 5 - h y d r o x y - 2 -  
i soxazol ines  has been a sc r ibed  [2]. Af te r  biological  act ivi ty  had been d i scovered  for  the compounds obtained,  
we studied in detai l  the chlorinat ion of var ious  i soxazoles  in hydroxyl-conta ining solvents .  The reac t ion  is ex -  
t r e m e l y  sens i t ive  to the e lec t ronic  effects  of the subst i tuents ;  a ccep t e r  groupings (NO 2, COOH, H3N ) not only 
in the he te rocyc l i c ,  but also in the benzene r ing of a ry l i soxazo l e s  [3], and a lso  in the side chain of me thy l -  
i soxazo les ,  hinder  addition to the .C4--C 5 bond. The reac t ion  can be ca r r i ed  out with t r i subs t i tu ted  i soxazo les ,  
with methy l  o r  phenyl groups in any posit ion of the r ing (in the 4-posi t ion there  can also be chlorine atom).  
3 ,5-Disubst i tu ted i soxazoles  a r e  f i r s t  chlor inated a t  the C 4 a tom and then en te r  the addition react ion.  Data on 
the compounds obtained a r e  l is ted in Table  1. o~ 

oR 

I - - I X : R = H ;  X--XVII:R=CHs, C~Hs, CsH,; XVIII:R=CHsCO. 

5-I - Iydroxy-2- isoxazol ines  (I-IX) a r e  obtained in aqueous solutions of fo rmic  o r  ace t ic  ac ids  in the p r e s -  
ence of  ca ta ly t ic  amounts  of  p- to luenesulfonic  acid [4]; in fo rmic  acid the yie lds  a r e  genera l ly  higher.  F rom 
3 ,4 ,5 - t r ime thy l i soxazo le s ,  d i f ferent  products  can be obtained,  depending on the solvent and reac t ion  t e m p e r a -  
tu re .  In acet ic  acid with heating,  o r  in fo rmic  acid with cooling, and a s t rong chlor ine  cu r r en t ,  4 - c h l o r o - 5 -  
hyd roxy -3 ,4 ,5 - t r ime t hy l -2 - i s oxazo l i ne  (I) is fo rmed  in a yield of 31 and 61~,  r e spec t ive ly ,  and in f o rmic  acid 
with heating,  addit ional  chlor inat ion of the methy l  group in the 5-posi t ion takes  place with the format ion  of 
compound II. 
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To avoid subst i tut ion in the side chain of 3 ,5 -d ime thy l -4 -benzy l i soxazo le ,  this compound is also ch lo r i -  
nated rapidly  in the cold. 3 - P h e n y l - 4 , 4 - d i c h l o r o - 5 - h y d r o x y - 5 - m e t h y l - 2 - i s o x a z o l i n e  (VII) was  found to be un-  
s table  in solution at  high t e m p e r a t u r e s  [3]; it can be isolated if the reac t ion  is c a r r i e d  a t  20~ 

The 4 -ch lo ro -5 -hydroxy-A2- i soxazo l ine  s t ruc tu re  of a l l  the newly obtained compounds was conf i rmed by 
compar ing  the i r  s pec t r a l  p r o p e r t i e s  with those of compounds V and, VII, whose s t ruc tu re  has been s t r i c t ly  
proved  in [2]. The p r e s ence  of a ch lo romethy l  group a t  posi t ion 5 is conf i rmed  by compar ing  the PMR spec t r a  
of  this compound and the i s o m e r  III ,  obtained f rom a known 3 ,5 -d ime thy l -4 -ch lo romethy l i soxazo le ,  and also by 
the absence  of chlor inat ion of the side chain in 3 ,4 -d imethy l -5 -pheny l i soxazo le  in the synthes is  of  adduct VIII. 

We studied the chlor inat ion of  i soxazoles  in a lcohols  a lso;  the bes t  r e su l t s  a r e  at tained in methanol  with 
phenyl isoxazoles ;  the yield of  the addition products  (XI-XV) was 70-90% Other  lower alcohols  (ethanol and 
propanol)  undergo vigorous  side r eac t ions  of  oxidation and chlor inat ion,  which cons iderably  hinder  the isolat ion 
of the end products .  To d e c r e a s e  the side p r o c e s s e s ,  a m i lde r  chlor inat ing medium is used,  such as  t e r t -  
butylhypochlor i te  with which, however ,  only the fa i r ly  nucleophilic 4 -methy l i soxazo les  r eac t .  The addition 
products  XVI and XVII had to be purif ied by chromatography .  
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TABLE 2. Antiviral  Activity of 2- 
Hydroxy-3-ch loro-4- i soxazo l ines  
toward Influenza Virus A / P R / 8  
(HO N1 

Concentration Number of 
Compound of compound, neutralized 

;Zg/ml EIDto o 

I 1000 
I00 

II I000 
100 

III  1000 
V I000 

100 
I0 

VI I000 
XX 1000 

XXI 1000 
100 
l0 
1 

1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
I 
0 

Chlorine acted on solutions of isoxazoles in formic  acid to yield the readily hydrolyzable e s t e r s  of 5- 
hydroxy-2- i soxazol ines ,  and therefore  only the hydroxy derivative could be isolated from the react ion mix-  
ture.  It is probable that aceta tes  a re  also formed when solutions of isoxazoles a re  t reated in anhydrous ace -  
tic acid with ter t -butylhypochlor i te ;  in fact,  acetate FVIII was obtained under the conditions in a 70~ yield. 
The methyl  derivat ive XIII and acetate  XVIII a re  identical with compounds a l ready synthesized from 3,5-di-  
phenyl-4 ,4-dichloro-5-hydroxyisoxazol ine  (XIX) [1]. The proper t ies  of other  e s t e r s  X-X[[,  XIV-XVH are  
s imi lar .  The spectra l  cha rac t e r i s t i c s  of 5-hydroxy-2- isoxazol ine  derivat ives will be published in another 
ar t ic le .  

The hydroxy der ivat ives  I - I I I ,  V, VI, XIX, and 3 -methy l -4 ,4 -d ich lo ro -5 -hydroxy-5-pheny l -2 - i soxazo-  
line (XX) have been studied for  ant iviral  act ivi ty toward influenza virus with a varying amount (1-100) " 100~ 
of embrycnal  infection doses (EID100). Table 2 shows that four out of seven compounds have a low ant iviral  
act ivi ty,  neutral iz ing 1 E[D in concentrat ions of 1000-10  pg/ml .  It was also found that compound V in doses 
of 2 and I mg per  embryo exhibits a virus- inhibi t ing action on the influenza virus in ovo, suppressing its 
growth during infection of the embryos  by 1 EID~00. Moreover ,  when introduced per  os o r  in t ramuscular ly  in 
doses of 250 and 125 mg/kg,  the compound has a low chemotherapeutic  effect, ensuring survival  of 80~ of 
mice infected by 1 LDs0 of influenza virus .  Other compounds in this ser ies  (I-III, VI, XIX, XX) do not exhibit 
a virus- inhibi t ing action in ovo o r  therapeutic activity in vivo. 

The activity of all  the compounds studied did not exceed the activity of known ant iviral  agents.  

E X P E R I M E N T A L  ( C H E M I C A L )  

The IR spec t ra  were run in minera l  oil on the Perkin E lmer  457 apparatus (Sweden). The PMR spect ra  
were run on the JNM-4H-100 apparatus  (Sweden) in deuterochloroform,  using te t ramethyls i lane  as  internal 
s tandard.  

3 ,5 -Dimethy l -4 ,5 -d ich lo ro-5-hydroxy-2- i soxazo l ine  (V). A cur ren t  of chlorine gas was passed for 2 h 
at  70-80~ with vigorous s t i r r ing  through a mixture of 10 ml  (0.1 mole) of 3 ,5-dimethyl isoxazole,  5 ml of 85~ 
formic  acid,  and 1 ml of water  containing catalyt ic  amounts of p-toluenesulfonic acid. Excess  chlorine was 
removed by blowing a i r ,  the mixture was cooled to 0~ and the precipi tate  fil tered. Yield, 9.94 g (52~), mp 
72~ The compound was purified by recrys ta l l iza t ion  from hexane. 

Compounds II, XI, XIII-XV were obtained s imi lar ly  in corresponding solvents.  Compounds I, III, IV, 

VI-Ix,  XII were synthesized at 20-30~ 

3-Methy l -4 ,4 -d ich loro-5-phenyl -5-hydroxy-2- i soxazo l ine  (KX). The chlorination of 0.8 g (5 mmoles)  of 
3-methyl -5-phenyl isoxazole  in 1 ml of  anhydrous formic  acid was car r ied  out s imi lar ly  at  40-50~ After  the 
usual t rea tment ,  1.03 g (84~ of compound XX, mp 112-113"C, was isolated; a mixed probe with an authentic 
sample [1] does not depress  the melting point. 
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3 , 5 - D i p h e n y l - 4 - m e t h y l - 4 - c h l o r o - 5 - e t h o x y - 2 - i s o x a z o l i n e  (XVI). To a suspension of 0.24 g (1 mmole)  of 
3 ,5 -d ipheny l -4 -methy l i soxazo le  in 10 ml  of  absolute  ethanol containing cata ly t ic  amounts  of p--toh:~:~esldfonic 
acid,  2.16 ml  (18 mmoles )  of t e r t -bu ty lhypochlor i t e  was added in por t ions ,  with vigorous  s t i r r ing ,  while the 
t e m p e r a t u r e  was mainta ined a t  20-30~ The reac t ion  was c a r r i e d  out for  1 h until the initial isoxazole  d i s -  
appeared ,  as  control led on Silufol UV-254 pla tes  in benzene.  The solution was evapora ted ,  the res idue  d i s -  
solved in benzene,  the benzene solution was washed with wate r ,  and the product  was purif ied on a column with 
s i l ica  gel ,  c a r ry in g  out the elution with benzene.  Af te r  evapora t ion  of the solvent  and thorough drying in vacuo, 
an analy t ica l ly  pure  sample  was obtained.  

Compounds X, XVII and XIII were  obtained s imi la r ly .  

E X P E R I M E N T A L  ( C H E M O T H E R A P E U T I C A L )  

The an t iv i ra l  act iv i ty  of the compounds was studied for  influenza v i ru ses  type A: A / P R 8  (H0 N1); 
A /Be the sda /63  (H2 N2); A/Hongkong/68 (H3 N2). 

To de te rmine  the an t iv i ra l  ac t iv i ty  in vi t ro ,  equal volumes of different  concentra t ions  of aqueous solu-  
t ions o r  suspensions  of  the compounds tes ted  were  mixed with a given amount  (1-100) EID100 of influenze v i rus .  
The mix tu res  were  held for  1 h at  14~ and then were  introduced in a volume of 0.2 ml  into the at lantoic pouch 
of 10-day-o ld  chicken e m b r y o s .  

To de te rmine  the inhibiting action of the compounds on the growth of the influenza v i rus  in the shel ls  of  
chicken e m b r y o s  (in ovo), the compounds tes ted  were  introduced in max imal ly  to le ra ted  and s m a l l e r  doses  
into the al lantoic pouch of the e m b r y o s  1 h before  they were  infected with a v i rus .  Af ter  48 h of incubation a t  
37~ the r e su l t s  of  the action of the compounds were  es t imated  f rom the hemagglut inat ion reac t ion ,  and were  
e x p r e s s e d  as the num ber  of neut ra l ized  EID100 of the v i rus .  

The chemothe rmapeu t i c  act ivi ty  of the compounds was studied on the model  of inf luenza-induced pneu-  
monia in mice .  The compounds studied were  admin i s t e r ed  to the mice  pe r  os  o r  i n t r amuscu la r ly  in m a x i -  
mal ly  to le ra ted  and s m a l l e r  doses  1 h before  in t ranasa l  infection of the an ima l s  with influenza v i rus .  The 
an ima l s  rece ived  the compounds during the next  4 days also in the same doses ,  once daily. The c h e m o t h e r -  
apeutic act ivi ty  was es t imated  by compar ing  the r a t e s  of su rv iva l  of  the expe r imen ta l  and control  groups 
of mice .  
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