
fo rm,  dried,  and r e c r y s t a l l i z e d  f r o m  wa te r  to give 1.65 g (53%) of a product  with mp 253-254~ (dec., in a 
sea led  capi l lary)  and R f  0.70. Found:C 32.8; H 1.6; B r  36.5%; neutra l iza t ion equivalent  218; M + 219. C6H3BrO 4. 
Calculated:  C 32.9; H 1.4; B r  36.5%; neut ra l iza t ion  equivalent  219; M + 219. IR spec t rum:  2450-2570 (OH f r o m  
COOH), 1731 (C--O f r o m  COOH), 1623 (C----O), 1600, 1555 cm -1 (C=C).  

3 ,5 -Dib romocomanic  Acid (VII). This acid was s imi l a r ly  obtained f r o m  1.5 g of e s t e r  VI in 2.3 ml  of 
concent ra ted  H2SO 4. Recrys ta l l i za t ion  of the crude product  f r o m  anhydrous alcohol gave 1 g (70%) of a product  
with mp 219-220~ (dec., in a sealed capi l lary)  and R f  0.66. Found: C 24.0; H 0.9; Br  54.0%; neutra l iza t ion 
equivalent  296; M + 298. C6H~Br204. Calculatea:  C 24.2; H 0.7; B r  53.7%; neutra l iza t ion  equivalent298; M + 
298. IR spec t rum:  2400-2570 (OH f r o m  COOH), 1730 (C=O f r o m  COOH), 160.5-1580 cm -1 (C--O f r o m  C=C).  

1. 
2. 
3. 
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B E N Z O X A Z O L E  IN T H E  H E T A R Y L A T I O N  R E A C T I O N *  

A. K. S h e i n k m a n ,  T.  V.  S t u p n i k o v a ,  
V .  I .  Z h e r e b c h e n k o ,  L .  A.  R y b e n k o ,  
a n d  N.  A.  K l y u e v  

UDC 547.759' 787.3 

N-Acylbenzoxazol ium sa l t s  f o rm ed  in si tu in the reac t ion  of benzoxazole  vcith acylat ing agents 
r e a c t  with indoles with opening of the oxazole r ing to give t r i (3- indoly l )methanes .  He ta ry la -  
tion products  a r e  f o rm ed  in the r eac t ion  of N-acy lbenzoxazo l ium sa l t s  in situ with oxindole 
and pyrazolone .  

Up until now he ta ry la t ionwi th  N-acy l  h e t e r o a r o m a t i c  cat ionic sa l t s  in situ has been extended only to two 
types  of azoles  - imidazoles  [2] and pe r imid ine  [3]. P y r a z o l e s  could not be used in this react ion.  In the p r e s -  
ent r e s e a r c h  we decided to inves t igate  the behav io r  of benzoxazole  under the conditions of the hetaryla t ion r e -  
act ion [4] upon reac t ion  with nucleophilic a r o m a t i c  and h e t e r o a r o m a t i c  compounds in the p r e s e n c e  of acylat ing 
agents .  

We found that  N,N ' -d ia lky lan i l ines  do not undergo he ta ry la t ion  in the case  of the reac t ion  of benzoxazole  
with N,N' -d ia lkylan i l ines  in the p re sence  of acylat ing agents  in an iner t  solvent; however ,  the oxazole r ing in 
the in te rmedia te ly  fo rm ed  N- acylbenzoxazol ium sa l t  I opens to give N-acy l -o -aminopheno l s  II, and the unchanged 
N,N'-dialkylanil ines a re  r e c o v e r e d  in quanti tat ive yield.  However ,  in the case  of the reac t ion  with indoles un- 
de r  s i m i I a r  conditions t r i (3- indoly l )methanes  (V) a re  fo rmed  in addition to H, r e g a r d l e s s  of the nature  of the 
acyl  halide used. When the reac t ion  is c a r r i e d  out in acet ic  anhydride,  V undergoes pa r t i a l  acylat ion to give 
b i s (1 -acy l -3 - indo ly l )  (3-indolyl)methane (Vd). The fo rmat ion  of V can be r e p r e s e n t e d  as the r e su l t  of succes ive  
addition of indole molecu les  to the in te rmedia te ly  f o r m e d  N-acy lbenzoxazo l ium cations of I and III and the ex-  
i s tence  of in te rmedia te  IV in equi l ibr ium with open f o r m  IVa and success ive  alkylat ion of a g ramine  f r agmen t  
of a third molecule  of indole, which leads to final products  V. S imi lar  p r o c e s s e s  have also been previous ly  
noted for  N ,N ' -d iacy lbenz imidazo l ium sa l t s  [5]. 

We also were  unable to introduce thebenzoxazo le  res idue  into the indole r ing by means  of pro t ic  ben-  
zoxazole  sa l t s  f o r m ed  in the reac t ion  of o-aminophenol  and t r i (3- indolyl )methane  with indole. 

* See [1] fo r  our  p r e l i m i n a r y  communicat ion.  

Donetsk State Univers i ty ,  Donetsk 340055. Dneprope t rovsk  Engineer ing-Cons t ruc t ion  Insti tute,  Dnepro-  
pe t rovsk  320092. Trans la ted  f r o m  Khimiya Getero ts ik l icheskikh  Soedinenii, No. 7, pp. 904-908, July,  1978. 
Original  a r t i c l e  submit ted  June 23, 1977. 
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C R'=H, R"=CIt3; d 2R'=COCHs, R'=R,"=Ii 

Of all of the investigated nucleophilic organic compounds, only oxindole and 1-phenyl -3-methy l -5-pyrazo lone  
fo rmed  the usual he taryla t ion  products  (VI-VIII) under the descr ibed  conditions. When the react ion was c a r r i e d  
out in acet ic  anhydride, oxindole underwent acetylat ion at the ni trogen atom to give 1-ace ty l -2-subs t i tu ted  ben- 
zoxazolines (VIc andVII) in all cases:  

COP, I H3 I I 
R' C6H 5 C6H 5 

VI a - C  YIl Y l l l  

Yl a R=C6Hs, R'ffiH; b R~ ~-'~S'~, R '= H; C R=CH3, R'~COCHs 

When the react ion was ca r r i ed  out inan  iner t  aprot ic  solvent with equimolar  amounts of acyl  halides, we 
obtained substi tuted i -acy lbenzoxazol ines  VI in the case of hetaryla t ion of oxindole and always only 1-phenyl-  
3 -methy l -4 -  (2-benzoxazolyl)pyrazol-5-one (VIII} in the react ion with pyrazolone,  r ega rd l e s s  of the nature of 
the acyl halide used in the react ion,  and o-acylaminophenols  (]I}. Hydride shift f rom the intermediate ly  formed 
der ivat ive  of the VII type to the N-acylbeazoxazol ium cation evidently takes place in these cases,  as shown in 
the scheme presen ted  above, as in the previously  proved mechanism of cat ionotropic hetaryia t ion [4]. 

Compound VIII is also formed in the reac t ion  of beazoxazole hydrochlor ide  with pyrazolone; o -amino-  
phenol was isolated as a side product.  

Thet r i s (3- indoly l )methane  (V) s t ruc tu re  is conf i rmed by the high-resolut ion mass  spect ra .  Thus e l imi-  
nation of a hydrogen atom by the molecu la r  ion and success ive  cleavage of initially one and then a second exo- 
cyclic C - C  bond a re  observed  in the f ragmenta t ion of Va, as a resu l t  of which the following ions are  observed 
in addition to the molecular  ion in the spect rum:  [M-H]  +, [M-indole]  +, [indole] +, and [CH-indole]+.  The 
f ragmentat ion of the molecular  ions of Vb and Vc p roceeds  s imi lar ly .  Thus [M- H] +, [M- 1-methylindoleJ +, 
[1-methylindole] +, and [CH-1-methyl indole]  + ions a re  r eco rded  in the spec t rum of Vb, and [M-H] +, [ M - 2 -  
methylindole] +, and [CHz-2-methyl indole]  + ions a re  r eco rded  in the spec t rum of Vc. In the case of Vd the 
molecu la r  ion success ive ly  e l iminates  two molecules  of ketene; this is cha rac te r i s t i c  for  N-ace ty l  der iva-  
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r ives .  Th ree  types  of ions a re  fo rmed  as a r e su l t  of c leavage of one or  two exocycl ic  C - C  bonds in succes -  
sion: [M--N-acyl indole]  +, [CH-  indole] +, and [indole] +. 

The s t r u c t u r e s  of VI-VIII  were  also conf i rmed  by the h igh- reso lu t ion  m a s s  spec t ra .  The in terannular  
C - C  bond undergoes  c leavage to give two i o n s -  [M-oxindole]  + and [oxindole] + -  in the f ragmenta t ion  of the 
m o l e c u l a r  ion of IVa,b. In addition," the amide C - N  bond undergoes  c leavage with the el iminat ion of a [COR'] 
f r a g m e n t  andthe  fo rma t ion  of an [M-COR]  + ion. The f ragmenta t ion  of the molecu la r  ions of VIc and VII p r o -  
ceeds  s imi l a r ly ,  except  that  two molecu les  of ketene a r e  e l iminated in the step involving c leavage of the amide 
bond in the case  of VIc, and one molecule  of ketene is e l iminated in the case  of VII; this is cha r ac t e r i s t i c  for  
N - a c e t y l  de r iva t ives .  We r eco rded  [M-C2H20] +, [M-oxindole]  +, and [oxindole] + ions in the s p e c t r o m  of VIc, 
[M-C2H20] +, [M-  pyrazolone]  +, [pyrazolone] + ions in the spec t rum of VII, and [M-H]  +, [M-pyrazo lone ]  +, and 
[pyrazolone] + ions in the s pec t rum  of VIII. The e l emen ta ry  composi t ions  of all  of the molecu la r  and f r agmen t  
ions were  de te rmined  by means  of the h igh- reso lu t ion  m a s s  spec t ra ,  and the m a s s - s p e c t r a l  data conf i rmed 
the s t r u c t u r e s  of the synthes ized  compounds in all  cases .  

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

The IR spec t r a  of ch lo ro fo rm solutions of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The 
m a s s  s p e c t r a  were  obtained with Var ian  CH-6 and MAT-311 s p e c t r o m e t e r s  at an acce le ra t ing  voltage of 3 kV, 
ion-source  t e m p e r a t u r e s  of 80 and 115-130~ a cathode emiss ion  cu r ren t  of 300 mA, and an ionizing voltage 
of 70 V. The PMR s p e c t r a  of solutions of the compounds in dc-DMSO were  r eco rded  at r oom t e m p e r a t u r e  with 
a Var ian  XL-100 s p e c t r o m e t e r  and t e t r ame thy l s i l ane  as the internal  s tandard.  Chromatography  was acco m-  
pl ished with a loose thin l aye r  of A1203 (activity II on the Broekmann  scale) with elution with c h l o r o f o r m - b e n -  
z e n e -  hexane (30 : 6 : 1) (A) and c h l o r o f o r m -  b e n z e n e -  h e x a n e -  methanol  (30 : 6 : 1 : 1) (B) and development  with 
iodine vapor s  and in UV light. 

N-Benzoy l -o -aminopheno l  (II). A mix tu re  of 1.2 g (0.01 mole) of benzoxazole,  1.2 g (0.01 mole) of di-  
methylani l ine,  1.4 g (0.01 mole) of benzoyl  chloride,  and 10 ml  of dry benzene was ref luxed fo r  2 h, a f t e r  which 
it was  subjected to s t e am dist i l lat ion,  and the res idue  in the dist i l l ing f lask  was sepa ra ted  and r ee ry s t a l l i z ed  
f r o m  n-butanol  to give 1.5 g (72%) of a product  with mp 166-167~ (mp 167-168~ [6]). 

T r i s (1 -me thy l -3 - indo ly l )me thane  (Vb). A) A mix ture  of 1.2 g (0.01 mole) of benzoxazole,  1.3 g (0.01 
mole) of 1-methyl indole ,  and 15 ml of acet ic  anhydride was heated at 1250C for  4 h, a f t e r  which the prec ip i ta te  
was r emoved  by f i l t ra t ion,  washed with methanol ,  and r e c r y s t a l l i z e d  f r o m  d imethylace tamide  (DMF) to give 
0.9 g (75%) of a product  with mp 291-292~ and R f  0.9 (A). IR spec t rum:  1500, 1600, and 1620 cm -1 (indole 
ring).  PMR spec t rum,  5 : 6 . 4 3 - 8 . 6 0  (aromat ic  protons) ,  5.9 (CH), and 3.8 ppm (CH3). Mass  spec t rum,  m / e  
(relat ive intensi ty in percent) :  403 (75.5); 402 (33.0); 273 (15.6); 272 (8.9); 271 (17.3); 270 (100); 143 (5.2); 142 
(10.1); 130 (6,8); 129 (6.2); 128 (5.1); 77 (7.1). Found: C 83.7; H 6.2; N 10.3%. C28H25N3, Calculated:  C 83.6; 
H 6.4; N 10.6%. Workup of the f i l t ra te  gave 1 g (63%) of N-ace ty l -o -aminopheno l  with mp 201-202 ~ (from 
methanol) and R f  0.2 (A) (rap 201-202~ [6]). 

B) A mix ture  of 1.5 g (0.01 mole) of benzoxazole  hydrochlor ide ,  1.3 g (0.01 mole) of 1-methyl indole ,  and 
2 0 ml of dry DMF was mainta ined at room t e m p e r a t u r e  for  6 h, a f t e r  which it was worked up as descr ibed  
above to give 0.5 g (42%) of a product  with mp 291-2920C (from DMF) and R f  0.9 (A). No mel t ing-point  [le- 
p r e s s ion  was obse rved  for  a mix tu re  of a sample  of this product  with a sample  of the product  obtained by 
method A. 

Bis (1-ace ty l -3 - indoly l )  (3-indolyl)methane (Vd). This compound, with mp 168-169~ (from n-butanol) and 
R f  0.2 (A), was s i m i l a r l y  obtained in 25% yield.  IR spec t rum:  1690 (C~-~O) and 3490 cm -1 (NH). PMR spec-  
t rum,  6 : 6 . 4 3 - 8 . 7 4  (aromat ic  protons) ,  10.4 (NH), 5.9 (CH), and 2.2 ppm. (COCH3). M a s s s p e e f r u m ,  m / e ( r e l a -  
t ive intensity in percent) ;  445 (14.8); 404 (26.0); 403 (68.8); 402 (15.7); 361 (23.7); 360 (52.4); 288 (20,0); 246 
(29.2); 245 (68.5); 244 (59~ 243 (100); 218 (12.0); 217 (18.1); 216 (25.5); 118 (10.2); 117 (68.9); 91 (17.7); 90 
(29.5); 89 (25.7); 64 (19.4). Found: C 79.6; H 5.1; N 10.2%. C27H3iN30. Calculated:  C 80.4; H 5.3; N 10.4%. 

Tr i s (3 - indo ly l )methane  (Va). This compound, with mp 245-246~ (from n-butanol) and R f  0.2 (A), was 
s i m i l a r l y  ~ i - n ~  ~R spec t rum:  3480 (NH); 1500, 1600, and 1610 cm -1 (indole ring). PMR 
spec t rum,  6 : 1 0 . 5  ~ H ) ,  5.9 (CH), and 6.45-8.70 ppm (aromat ic  protons) .  Found: C 82.1; H 6.1; N 11.5%. 
C25H22N 3. Calculated:  C 82.4; H 6.0; N 11.5~:. 

T r i s ( 2 - ~ e t h y l - 3 - i n d o l y l ) m e t h a n e  (Vc). This  compound, with rap > 300~ (from DMF) and R f  0.2 (A)~ was 
obtained in 58C/c yield.  Found: C 82.5; H 6.9; N 10.3%. C28H25N3. Calculated:  C 82.7; H 6.9; N 10.3%. 
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1-Phenyl-3-methyl-4-(3-acetyl-2-benzoxazolinyl)pyrazol-5-one (VII). A mixture of 1.2 g (0.01 mole) of 
benzoxazole, 0.7 g (0.01 mole) of 1-phenyl-3-methylpyrazol-5-one, and 10 ml of acetic anhydride was heated 
at 125~ for 5 h, after which it was cooled, and the precipitate was removed by filtration, washed with water, 
dried, and recrystal l ized from n-butanol to give 2 g (61%) of a product with mp 168,169~ and Rf  0.2 (A). IR 
spectrum: 1650, 1695 (C=O) and 3422 cm -1 (NH). PMR spectrum, 5 : 2 . 2 5  (CH3) , 2.45 (COCH3) , and 7.15-8.05 
ppm (aromatic protons). Mass spectrum, m / e  (relative intensity in percent): 335 (38.9); 294 (13.3); 293 (62.6); 
292 (5.0); 276 (6.4); 186 (15.2); 185 (i00); 174 (6.9); 148 (6.8); 145 (5.9); 120 (13.8); 109 (9.6); 105 (5.0); 104 (13.3); 
103 (5.1); 93 (6.9); 91 (11.7); 77 (21.0); 71 (5.2); 65 (8.2); 57 (8.2); 55 (6.1); 51 (7.5); 44 (15.9); 43 (17.1); 42 (7.3); 
39 (5.14). Found: C 67.9; H 5.1; N 12.8%. CIsHI6N303. Calculated: C 68.1; H 4.8; N 12.5%. 

1-Acetyl-3-(3-acetyl-2-benzoxazolinyl)-2-oxindole (VIc). This compound, with mp 226-228~ (from n- 
butanol) and Rf 0.5 03), was similarly obtained in 21% yield. Il~ spectrum: 1690, and 1710 cm -i (C=O). Found: 
C 68.2; H 5.0; N 8.5%. CIgHI6N204. Calculated: C 67.9; H 4.8; N 8.3%. 

l-Phenyl-3-methyl-4-(2-benzoxazolyl)pyrazol-5-on e (VIII). A) A mixture of 1.2 g (0.01 mole) of ben- 
zoxazole, 0.8 g (0.005 mole) of 1-phenyl-3-methylpyrazol-5-one, 0.7 g (0.005 mole) of benzoyl chloride, and 
25 ml of dry benzene was refluxed for 3 h, after which water was added, and the organic layerwas separated 
and dried. The benzene was removed by distillation, and the residue was recrystallized from n-butanol to give 
0.9 g (60%) of a product with mp 183-184~ and Rf 0.4 (B). IR spectrum: 3422 (NH) and 1700 cm -i (C=O). 
Found: C 69.8; H 5.4; N 14.7%. C24HIaN303 . Calculated: C 70.1; H 5.1; N 14.4%. Workup of the filtrate gave 
0.5 g (50%) of N-benzoyl-o-aminophenol with mp 167-168~ (from n-butanol). No melting-point depression 
was observed for a mixture of a sample of this product with a genuine sample. 

B) A mixture of 1.5 g (0.01 mole) of benzoxazole hydrochloride, 1.7 g (0.01 mole) of 1-phenyl-3-methyl- 
pyrazol-5-one, and 20 ml of dry DMF was heated at 100~ for 2 h, after which water was added, and the result- 
ing precipitate was separated, washed with methanol, and recrystallized from n-butanol to give 1.2 g (80%) of a 
product with mp 184-185~ and Rf 0,4 03). No melting-point depression was observed for a mixture of a 
sample of this product with a sar~ple of the compound prepared by the above method. The IR spectra of the 
two samples were identical. 

3-(3-Benzoyl-2-benzoxazolyl)-2-oxindole (via). This compound, with mp 210-212~ (from n-butanol) 
and Rf 0.5 (B), was similarly obtained in 23% yield. IR spectrum: 1650, 1710 (C~---O); 3430 cm "I (NH). Mass 
spectrum, m / e  (relative intensity in percent): 357 (6.3); 356 ~4o5); 132 (3.3); 106 (8.9); 105 (100); 77 (29.0): 
51 (3.2). Found: C 74.2; H 4.5; N 7,9%. C22H16N203. Calculated: C 74.0; H 4.3; N 7.6%. 

3-[3-(2-Thenoyl)benzoxazolin-2-yl]-2-oxindole (VIb). This compound, with mp 252-253~ (fron n-bu- 
tanol) and R f  0.4 (B), was similarly obtained in 22%yield. IR spectrum: 1665, 1707 (C~-O); 3425 cm -1 (NH). 
Mass spectrum, m / e  (relative intensity in percent): 362 (4.3); 361 ~9.3); 360 (100); 359 (33.8); 358 (14.9); 
357 (12,0); 356 (3.0); 354 {3.1); 223 (3.3); 116 (5.2); 113 (5.1); 112 (6.3); 111 (100); 83 (3.5); 39 (7.4). Found: 
C 66.0; H 3.9; N 7.4; S 9.0%. C20H14N203S. Calculated: C 66.3; H 3.9; N 7.7; S. 8.9%. 
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