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The 4-n i t ro  der iva t ive  is fo rmed  in the ni t ra t ion of 3, 5-diphenylisoxazole (I) in acet ic  anhy- 
dr ide.  Mononitrat ion of isoxazole  I in concentra ted  H2SO 4 gave 3-phenyl -5- (p-n i t rophenyl ) -  
isoxazole ,  while polyni t ra t ion gave a mix tu re  of dini tro der iva t ives ,  among which 3- (m-ni t ro-  
phenyl ) -5- (p-n i t rophenyl ) i soxazole  was identified. The s t ruc tu re s  of the isolated products  
we re  es tab l i shed  by means  of the spec t ra ,  by r eac t i on -ch roma tog raphy  methods,  and g a s -  
liquid chromatography,  as well as by a compar i son  with genuine s amples  of the two mono-  
n i t ro  and four  dini tro der iva t ives  of i soxazole  I. 

The ni t ra t ion of 3- and 5-phenyl isoxazoles  has been studied in detail  in recent  yea r s  [2-4]. However,  
Musante  [5] ass igned  the 3, 5-di (p-ni t rophenyl) isoxazole  s t ruc tu re  to the only isola ted product  of the n i t r a -  
t ion of 3 ,5-diphenyl isoxazole  {I). We decided to re inves t iga te  the behavior  of 3 ,5-diphenyl isoxazole  under 
the conditions of the n i t ra t ion  react ion,  inasmuch as this compound is a s ingle conjugation s y s t e m  [6-7], 
and it  is difficult to p red ic t  the s i te  of en t ry  of one or  s e v e r a l  n i t ro  groups.  In addition, the resu l t s  might 
poss ib ly  be  of a s s i s t ance  in finding the s i te  of ent ry  of n i t ro  groups in a number  of other  s im i l a r  s y s t e m s  
(see [8-11]). 

In con t ra s t  to diphenyl, which is r ead i ly  n i t ra ted  in acet ic  acid [12].(I) r ema ined  unchanged in acet ic  
acid at 20-120~ Nit ra t ion in acet ic  anhydride at ~ 20 ~ with an equimolar  amount of n i t r ic  acid in the 
p r e s e n c e  of ca ta ly t ic  amounts  of concent ra ted  H2SO 4 [13] gives a mix tu re  of mononi t r ic  der iva t ives ,  in 
which the p r inc ipa l  product  is  3, 5 -d iphenyl -4-n i t ro i soxazole  (II). The s t ruc tu re  of II follows f rom a com-  
pa r i son  of i ts  s p e c t r a  with the s p e c t r a  of 3 -pheny l -4 -n i t ro i soxazo le  [2, 14]. The UV s p e c t r a  of both sub- 
s tances  contain an absorp t ion  m a x i m u m  at 204 nm (log e 4.3-4.4), and a second m a x i m u m  l ies  in the longer -  
wave region fo r  II, which has a l a rge  conjugation chain. Strong absorpt ion  bands at 756 and 830 cm -1, which 
a r e  c h a r a c t e r i s t i c  for  a r y l - 4 - n i t r o i s o x a z o l e s  [14], a re  found in the IR spec t rum of n i t ro  der iva t ive  II. 
Finally,  the s i m i l a r  paths of d is in tegra t ion of the m o l e c u l a r  ions in the m a s s  spec t ra~  of both substances  
a lso  prov ide  evidence in favor  of the p roposed  s t ruc tu re .  

A fraction,  which, f r o m  its mel t ing  point and chromatograph ic  behavior ,  is phenyl(p-ni t rophenyl) isox-  
azole containing s t a r t ing  I, was isola ted f r o m  the s ame  react ion.  

A mix tu re  containing n i t ro  der iva t ive  II is fo rmed  by the action of a tenfold excess  of ni t r ic  acid on 
i soxazole  I. 

The r eac t iv i ty  of the he te rocyc l i c  r ing of i soxazole  I during ni t ra t ion in acet ic  anhydride is infer ior  
to the r eac t iv i ty  of the benzene r ing in chlorobenzene [13]. However.  here,  as in the case  of chlorobenzene,  
the  ion a t tacks  the dipole of the (I) molecule;  this leads  to se lec t ive  ni t ra t ion of the he teror ing .  In this r e -  
spect.(I)  d i f fers  f r o m  conjuga ted  s y s t e m s  of the p-polyphenylene type, which a re  n i t ra ted  predominant ly  in 
the 4 and 4' pos i t ions  under  the s ame  conditions [11]. 

* See [1] for  communica t ion  XXVII. 
t The m a s s  spec t r a  will be  d i scussed  in detail  separa te ly .  The authors  thank K. K. Zhigulev for  record ing  
the m a s s  spec t r a .  
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TABLE 1. 3.5-Di(nitrophenyl)isoxazoles (Va-d), Dinitrochalcones 
(Via-d), and Dibromides (VIIa-d) 

Corn - 
pound 

Via 
VIb 
VIc 
VI d 

mp, ~ ~ield 
;% 

208 --209 
224,5--225 
211,5--212 
195 --196 

68 
34 
94 
58 

Com- ~ield 
pound mp'~ i % 

VIIa 186 --188,5 
VIIb 146,5--147,5 
VIIq 178,5--180,5 
VIIO 147 --150 

96 
96 
94 
94 

Corn- ~ ! Found,%* 
pound mp, c J H 

Va 
Vb 
Ve 
Vd 

i 

256--256,5 ,58,0[ 3,0 
261--261,5 57,9 I 2,9 
263--263.5 57,8 I 2,9 
287--289 (dec.) 57,6 2,8 

Cale. 
~o 

33 
12 
37 
29 

*C15HgN305. Calculated %: C 57.9: H 2.9. 

A mononitro derivative, which does not depress  the melting point of a mixture  with samples  of both 
3-phenyl-5-  (p-nitrophenyl)isoxazole (Ill) and 3- {p-nitrophenyl)-5-phenylisoxazole (IV), was obtained by 
ni t rat ion of isoxazole I in concentrated H2SO 4 at 0 ~ (as previous ly  descr ibed in [5]). 

The s imi la r ly  constructed i somer ic  arylphenylisoxazoles  are  isomorphic  [15], and it has been p ro -  
posed that they be charac te r i zed  by convers ion to N-methyl isoxazol ium chlorofer ra tes ,  which are  not iso-  
morphic  [16]. We obtained N-methyl isoxazol ium chlorofer ra tes  f rom the react ion products  and re fe rence  
compounds III and IV and established that the monouitro derivative has the III s t ruc ture .  

O 2 N ~ / C 6 H 5  

II 

p. O oN C6 H4~O/N C6 H ~NO2 -m 

Va 

HNO 3 ~ - - ~  C6H5 

(CH3CO)20 C6 H 5~.,.O/N 

/ i o llUNo3 
]H2SO4 

p. O2N C6H4/~,.o/N 

I I I  

+ several isomers 

The mixture  of dinitro derivatives obtained by nitrat ion of isoxazole I with excess  ni tr ic  acid was 
separa ted  into fract ions A. B, and C by crys ta l l iza t ion  f rom benzene. Chromatographical ly  pure  substances 
were isolated f rom fraction's A and B, and f ract ion C was found to be a mixture of i somers .*  

We also synthesized the four i somer ic  3 .5-diaryl isoxazoles  {Va-d), which contain NO 2 groups in the 
meta  or pa ra  posit ions of the benzene rings (Table 1). 

All th ree  steps of the scheme can be successful ly  real ized only under special ly selected conditions. 
When this was done, we were  able to ra i se  the yield of all of the dinitrochalcones (Via-d) as compared  with 
the yields presented  in the l i te ra ture  [17]. The brominat ion of chalcones VI proceeds  smoothly only in 
acetic acid. Finally, p r i o r  formation of oximes is n e c e s s a r y  for successful  cyclization. 

A chromatographical ly  pure substance with mp 254-255 ~ was isolated by crysta l l iza t ion of the high- 
melt ing A fraction.  Oxidation of the qua te rnary  salt  of this substance gave m-  and p-ni t robenzoic  acids, 

�9 which were  identified as the methyl e s t e r s  by gas - l iqu id  chromatography (GLC). 

C~HsONa Br2 I:NH20 H ~ _ ~ A r  
Ar'CHO + CH3COAr ~ Ar'CH=CHCOAr CH3COO ~ Ar'CHBrCHBrCOAr 

Vl a - d  V I I a -  d 2: OH- Ar,~.OQ4 

Y aM 

aAr=m-O2NC6H4. Ar'=p-O2NCsH4; r Ar=Ar'=m-O2NC6H,: 
bAr=p-O2NC~H4, Ar'=rn-O2NC6H4; d Ar=Ar'=p-O2NC~H+ 

* Because of the ve ry  low solubility of the dinitro derivat ives in organic solvents, we were unable to r ecord  
their  PMR spectra .  
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Hence, the substance  in f rac t ion  A proved  to be 3- (m-ni t rophenyl ) -5-{p-n i t rophenyl ) i soxazole  (Va): this was 
p roved  by compar i son  of the m a s s  s p e c t r a  with the s p e c t r a  of genuine samples  of Va and Vb [by compar i son  
of the in tensi t ies  of the C7H402 + (m/e  120) and C7H4 O+ (m/e  104) cha rac t e r i s t i c  ions fo rmed  during dis inte-  
gra t ion  of the O2NCsH4CO + f ragments ] .*  Consequently, the h igher -mel t ing  3 ,5-di(p-ni t rophenyl) isoxazole  
(Vd) is  not fo rmed  during polyni t ra t ion as was p rev ious ly  r epor t ed  [5]. 

Inasmuch  as the subs tances  in f rac t ions  B and C were  res in i f ied  by methylat ion with dimethyl  sulfate, 
they were  analyzed by " reac t ion  chromatography"  [18]. Samples  of the subs tances  on p la tes  containing 
s i l i ca  gel were  reduced  with stannous chlor ide (--NO 2 --*-NH2) , and the products  were  oxidized with po tas -  
s ium permangana te ,  during which the aniline and isoxazole  r ings  were  comple te ly  dest royed.  Under the 
conditions of this t r ea tment ,  the unsubst i tuted phenyl groups  in the a ry l i soxazo les  were  conver ted  to benzoic 
acid, which was detected a f t e r  chromatography .  The method was tes ted  on III and Va and gave posi t ive  r e -  
sul ts :  benzoic acid was found only in the products  of degradat ion of III. All of the substances  of f rac t ion  B, 
accord ing  to the r e su l t s  of this analysis ,  contained only ni trophenyl  groups.  One of the compounds, with 
mp 228 ~ could be i so la ted  in ch romatograph ica l ly  pu re  form,  and it  contained at l ea s t  one n i t ro  group in 
the or tho posi t ion.  

On the o ther  hand, a dini t ro  der iva t ive  with an unsubst i tuted phenyl group en te rs  into the composi t ion 
of the low-mel t ing  C f rac t ion.  Inasmuch as dini t rat ion of one benzene r ing cannot occur  under  the mild  
conditions used  [3], the 4 -n i t ro i soxazo le  s t ruc tu re  should be  ass igned to this substance.  Despite  repeated  
c rys ta l l iza t ion ,  it could not be obtained in analyt ica l ly  pu re  fo rm.  

Thus the n i t ra t ion of 3, 5-diphenyl isoxazole  is a complex  p r o c e s s  that depends on many  fac to rs .  Both 
the d i rec t ion  of e lee t rophi l ic  a t tack of this compound and the reac t ion  ra te  change as a function of the m e -  
dium. Elect ronic  effects  in this s y s t e m  can apparen t ly  be rea l i zed  by different  paths .  

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

The UV s p e c t r a  w e r e  r eco rded  with a P e r k i n - E l m e r  402 spec t rophotomete r ,  and IR spec t r a  were  
r e c o r d e d  with a P e r k i n - E l m e r  457 s p e c t r o m e t e r ,  and the m a s s  s p e c t r a  were  r eco rded  with a Var ian  FH-6  
s p e c t r o m e t e r .  

C h r o m a t o g r a p h i c  M e t h o d s .  Two var ian t s  of th in - l aye r  ch romatography  (TLC) were  used for  
the ana lys i s  of the reac t ion  m i x t u r e s  and es tab l i shment  of the pur i ty  of the i so la ted  substances :  a) on a 
fixed l aye r  of KSK s i l i ca  gel in benzene -m e thano l  (9 : 1) and detection of the substances  with iodine: b) on 
Silufol UV-254 p la t e s  in cyc lohexanone- -eh lo ro fo rm-d ie thy lamine  (15:35 : 1) and development  in UV light. 
The ana lys i s  by  GLC was p e r f o r m e d  with a JGC-810 chromatograph  on an XE-60 s ta t ionary  phase  at 140 ~ 

React ion  ch roma tog raphy  was developed to es tab l i sh  the s t ruc tu re  of the n i t ro  de r iva t ives  obtained. 
A l - r a g  sample  of the mix tu re  was applied to a p la te  (13 x 18 cm) with fixed KSK s i l ica  gel. A 10% solution 
of stannous chlor ide  in concent ra ted  HC1 was applied at the s a m e  point, and the plate  was heated at 180 ~ for  
~ 40 rain. It was then cooled, a mix tu re  of a 1% solution of p o t a s s i u m  pe rmangana te  and a 2% solution of 
sodium carbonate  (1 : 1) was added to this point, and the pla te  was again heated under  the s ame  conditions. 
It  was then cooled and ch romatographed  in a l c o h o l - w a t e r - 2 . 5 %  ammonium hydroxide (25 : 3 : 4), and the 
benzoic  acid (Rf 0.7) was detected in UV light a f t e r  spr inkl ing with a solution of B r o m c r e s o l  Purple .  

N i t r a t i o n  o f  3 , 5 - D i p h e n y l i s o x a z o l e  ( I )  i n  A c e t i c  A n h y d r i d e .  A solution of 0.63 
ml  (0.015 mole) of n i t r ic  acid (sp. gr .  1.5) in 12 m l  of acet ic  anhydride and two drops of concentra ted H2SO 4 
were  added at 0 ~ to a solution of 3.32 g (0.015 mole)  of i soxazole  I in 220 ml  of acet ic  anhydride, and the 
mix tu re  was held at ~20  ~ for  8 days .  It was then poured  over  ice, and the aqueous mix tu re  was allowed to 
stand fo r  2 days.  The resul t ing  p rec ip i t a t e  was r emoved  by fi l trat ion,  washed on the f i l te r  with sodium bi -  
ca rbona te  solution (two 50-ml  por t ions)  and cold wa te r  (~ 500 ml), and dried to give 2.8 g of a mix tu re  of 
subs tances  with mp 127-130 ~ c rys ta l l i za t ion  of which f r o m  alcohol and r epea ted  c rys ta l l i za t ion  of which 
f r o m  benzene -hexane  gave 0.1 g of ch romatograph ica l ly  pu re  3, 5 -d iphenyl -4-n i t ro i soxazole  {II) with nap 
170.5-171 ~ Found %: C 67.8t H 4.0. C15H10N203. Calculated %: C 67.7: H 3.8. UV spec t rum (alcohol), 
Xmax, nm (log ~): 204 (4.44) and 238 (4.20). 

Ni t ro i soxazole  II. a bas ic  substance,  s t a r t ing  compound I, and a n i t ro  der iva t ive  of the III  o r  IV type 
were  found in the o ther  f rac t ions  and the m o the r  l iquors  by  TLC (variant b). 

* The m a s s  spec t r a  will be  examined in g r e a t e r  detai l  separa te ly .  
T P e r f o r m e d  with the par t ic ipa t ion  of N. F. Belova.  
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N i t r a t i o n  o f  3 , 5 - D i p h e n y l i s o x a z o l e  I i n  C o n c e n t r a t e d  H2SO 4. 1. Mononitration.  
A 0 .4-ml  sample  of ni t r ic  acid (sp. gr .  1.5) was added dropwise  with s t i r r i ng  at 0 ~ to a solution of 2.2 g of 
i soxazole  I in 10 ml  of concent ra ted  H2SO 4, and the mix tu re  was held at 0 ~ for  1 h. It  was then poured  over  
ice,  and the p rec ip i t a t e  was r em oved  by f i l t rat ion,  washed with water ,  and dried.  F rac t iona l  c rys ta l l i za t ion  
of the p roduc t  f r o m  h e x a n e - b e n z e n e  (3 : 2), benzene,  and alcohol gave 0.2 g of a ch romatograph ica l ly  pure  
subs tance  with mp 222-225 ~ This s a m e  subs tance  was identified by TLC (variant ~ ) as the bas ic  subs tance  
in the mo the r  l iquors .  N-Methyl i soxazol ium c h l o r o f e r r a t e  [16], with mp 110 ~ was obtained to es tab l i sh  i ts  
s t ruc tu re :  no mel t ing-poin t  dep res s ion  was obse rved  fo r  a mix tu re  of it with 2 - m e t h y l - 3 - p h e n y l - 5 - ( p - n i t r o  ~ 
phenyl ) i soxazol ium ch lo ro fe r r a t e .  The c h l o r o f e r r a t e  of the i s o m e r i c  2 -me thy l -3 - (p -n i t r epheny l ) -5 -pheny l -  
i soxazo l ium ion had mp 138-140 ~ 

2. Polyni t ra t ion.  The reac t ion  was c a r r i e d  out s i m i l a r l y  by t r ea t ing  5.5 g (0.025 mole) of i soxazole  I 
in 50 ml  of concent ra ted  H2SO 4 with a mix tu re  of 5 ml  (0.119 mole) of n i t r ic  acid (sp. gr .  1.5) and 5 ml  of 
concen t ra ted  H2SO 4 at 0 ~ for  2 h. Workup of the mix tu re  gave 8 g of a mix tu re  of p roduc t s  with mp 200-210 ~ 
Two c rys t a l l i za t ions  f r o m  benzene gave 1.3 g of a subs tance  with mp 245-251 ~ (fraction A). F rac t iona l  
c rys t a l l i za t ion  f r o m  benzene and alcohol of the res idue  f r o m  the mo the r  l iquor f r o m  the second c r y s t a l l i z a -  
t ion of f rac t ion  A gave 1.4 g of a subs tance  with mp 220-230 ~ (fraction B). The benzene mothe r  l iquor  f rom 
the c rys t a l l i za t ion  of f rac t ion  B was diluted with heptane and evapora ted  to give 1.8 g of a p roduc t  with mp 
140-156 ~ (fraction C). 

Two c rys t a l l i za t ions  of 0.8 g of the subs tance  (from f rac t ion  A) f r o m  to luene-d ichloroe thane  (1 : 1) 
gave 0.3 g of ch romatograph ica l ly  pu re  3- (m-ni t rophenyl ) -5-  (p--nitrophenyl)isoxazole with mp 254-255 ~ 
Found %: C 57.6: H 2.9. C15HgN3Os. Calcula ted %: C 57.9: H 2.9. No mel t ing-poin t  depress ion  was ob- 
s e r v e d  for  a mix tu re  with a genuine sample  of Va, and a mix tu re  with a s ample  of Vb me l t ed  at 257.5-258.5 ~ 
A 0.5 g sample  of the subs tance  f r o m  f rac t ion  A was methyla ted  for  6 h by  adding 3 ml  of dimethyl  sulfate  
to 30 ml  of dichloroethane.  The s~lvent was decanted, and 0.32 g of N-methy l i soxazo l ium c h l o r o f e r r a t e  with 
mp 134-136 ~ was obtained f r o m  the solid by the method in [16]: the qua t e rna ry  sal t  was oxidized wi thaqueous  
p o t a s s i u m  p e r m a n g a n a t e  solution at 100 ~ concent ra ted  HC1 was added to the solution, and the mix tu re  was 
t r e a t ed  with bisulf i te  until i t  was decolor ized .  The aqueous solution was then ex t rac ted  with ether ,  and the 
acids  in solution were  methyla ted  with d iazomethane.  The methyl  e s t e r s  of In- and p -n i t robenzo ic  acids 
we re  identified by  GLC. 

Rec rys t a l l i za t ion  of f rac t ion  B f r o m  acetone gave 0.16 g of a ch romatograph ica l ly  p u r e  subs tance  with 
mp 227-228 ~ Found %: C 57.9: H 3.1. CtsHgN305. Calculated %: C 57.91 H 2.9. According to reac t ion  
chromatography ,  it contained n i t ro  groups  in the benzene r ings,  jus t  as in the case  of other  subs tances  f r o m  
this  fract ion,  which could not be  pur i f ied.  Complete  res in i f ica t ion  occu r r ed  under  the methyla t ion  conditions.  

Despi te  the use  of solvents  of d i f ferent  p o l a r i t y -  toluene, dichloroethane,  m e t h a n o l -  f rac t ion  C could 
not be  c rys t a l l i zed  into individual compounds.  The f rac t ion  as a whole is a mix tu re  of i s o m e r i c  dini tro 
de r iva t ives :  it was shown by reac t ion  ch rom a tog raphy  that  at l eas t  some  of them contain unsubst i tuted 
benzene r ings .  Found%: N 13.4. CIsHgN305. Calcula ted%:  N13.5 .  

Phenyl (p-n i t rophenyl ) i soxazoles .  These  compounds were  obtained f rom eqnimolar  amounts  of the ap-  
p r e p r i a t e  a ry lace ty lene  and a - c h l o r a l d o x i m e  in ref luxing toluene by the method in [19]. The yield of 3- 
pheny l -5 - (p -n i t ropheny l ) i soxazo le  III with mp 220.5-222 ~ [20] was 30%. while the yield of 3-~)-n i t rophenyl ) -  
5-phenyl isoxazole  IV with mp 220-221 ~ [21] was 20%. 

3 .5-Di(ni t rephenyl) isoxazoles  (Va-d). Eqnimolar  amounts  of the appropr ia t e  n i t robenzaldehyde and 
n i t roacetophenone were  d isso lved  by heating to 50-60 ~ in the min imum amount of absolute  alcohol, a f t e r  
which a few drops  of 10% sodium ethoxide solution were  added with s t i r r ing ,  and the mix tu re  was acidified 
to pH ~ 5 a f t e r  5 rain with 8% HC1. The resu l t ing  p rec ip i t a t ed  chalcone (Via-d) was r emoved  by f i l t ra t ion 
and r ec ry s t a l l i z ed .  A solution of 0.16 mole  of b romine  in 10 ml  of glacia l  acet ic  acid was added dropwise  
with s t i r r i ng  at  60-70 ~ to a solution of 0.134 mole  of chalcone VIa-d  in 240 ml  of glacia l  acet ic  acid, a f t e r  
which the mix tu re  was heated fo r  another  hour, cooled, and added dropwise  to 1.4 l i t e r  of cold water .  The 
p rec ip i t a t ed  b romides  (VIIa-d) we re  r e m o v e d  by f i l t rat ion,  washed with wa te r  until the washings gave a 
neut ra l  reac t ion  to Congo Red. and dried at 30-35 ~ A solution of 6.6 m m o l e  of hydroxylamine  hydrochlor ide  
was added to a solution of 4.4 m m o l e  of d ibromides  VIIa-d in alcohol, a f t e r  which the mix tu re  was ref luxed 
for  2 h and cooled to 0 ~ A 4 - m l  sample  of a 50% po ta s s ium hydroxide solution in alcohol was added drop-  
wise,  and the mix tu re  was held at .~20 ~ for  20 h. The p rec ip i t a t ed  d ia ry l i soxazo le  (Va-d) was r emoved  by 
f i l t rat ion,  washed with hot wa te r  until the washings gave a negat ive t e s t  for  b romide  ions, dried,  and c r y s -  
ta l l ized  f r o m  d ich loroe thane- to luene  or acetone.  Data on Va-d.  Via-d. and VIIa-d a r e  p r e sen t ed  in Table  1. 
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