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3-Indolylphenyliodonium tosylate  and t r i f luoroace ta te  were  synthesized,  and the i r  reac t ion  
with halide anions was investigated. It is shown that the iodonium grouping is replaced by 
halogen in all cases .  3-Fluoroindole  was synthesized for  the f i r s t  t ime.  The mechanism of 
the react ion is d iscussed,  and data f rom the mass  spec t ra  of the 3-haloindoles obtained a re  
presented .  

Elect rophi l ic  substi tution in the indole s e r i e s  has been quite adequately studied; however,  the set of e lec-  
t rophi les  is l imited, the reac t ion  conditions a re  often r a th e r  severe ,  and synthetic difficult ies a re  consequently 
crea ted .  Nueleophilic substi tution could se rve  as a natural  supplement to e lect rophi l ic  substitution, but li t t le 
study has been devoted to such reac t ions  in the indole se r i e s .  The available data involve mostly rep lacement  
of halogens, and the reac t ions  p roceed  under r a t h e r  seve re  conditions and often via a he ta ryne  mechanism [1] 
to give a mixture  of i somer i c  compounds. 

Onium and par t icu la r ly  iodonium compounds are  of much g r e a t e r  in teres t  fo r  nucleophilic substitution, 
but der iva t ives  of this so r t  have not been knov~n in the indole s e r i e s  until recent ly .  The 3-indolylphenyliodoni- 
um sys tem (I, ]I) was obtained only recent ly  [2], and some of its react ions  were  studied. 

The high yields of substitution products  in the reac t ions  of (3-indolyl)phenyliodonium sal ts  make it 
possible to hope that expansion of the method would make it possible to obtain var ious  functionally substi tuted 
(in the 3 position) indoles. 

In the p resen t  paper  we p resen t  some resu l t s  that demonst ra te  the prospec ts  fo r  nucleophilic substi tu-  
tion in (3-indolyl)phenyliodonium sal ts  fo r  the syntheses of haloindoles.  

(3-Indolyl)phenyliodonium tosylate  [2] and t r i f luoroace ta te  were  used as the s tar t ing compounds (the la t ter  
salt  was quite soluble in many organic  solvents).  
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A substance that was cha rac t e r i zed  as f luoroindole by mass  spec t romet ry  was obtained in the react ion of 
iodonium salt  II with potass ium f luoride in N-methylpyrro l idone .  The o ther  reac t ion  products  were  indole and 
t r ace  amounts of 3-iodoindole,  the fo rmat ion  of which can be explained by competi t ive (at high t empera tu res )  
homolyt ic  c leavage of the iodonium salt.  
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When a solut ionof  iodouium sal t  H in DMSO was heated with lithium chloride and bromide,  the reac t ion  
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products  were,  respect ively ,  3 -ch lo ro -  and 3-bromoindoles .  The format ion of indole and 3-iodoindole was not 
observed in these cases .  

The course  of the react ion of (3-indolyl)phenyliodonium salts with iodide ion depends markedly on the 
solvent. Thus individual compounds were  not identified when the react ion of iodonium salt II with ammonium 
iodide was ca r r i ed  outin DMSO at 80~ A mixture of indole and 3-iodoindole is formed in the reac t ionof  
iodonium salt III with tetrabutyl ammonium iodide in benzene. In this case the react ion evidently proceeds  via 
ahomolyt ic  mechanism; this canbe explained by the strong reductive effect of iodide ion. 

Thus the react ion of (3-indolyl)phenyliodonium salts with halide ions proceeds  at moderate t empera tu res  
v i a  a mechanism of the nucleophitic substitution .type, except in those cases  in which the facile oxidizability of 
the anion presen t  in the react ion medium shifts the react ion to favor radical  substitution. 

The exclusive occur rence  of nucleophilic attack at the pyr ro le  ring of indole can be explained by the de- 
c reased  a romat ic  cha rac t e r  of the pyr ro le  ring as compared  with the phenyl ring. This should decrease  the 
localization energy of both the cationic fo rm (which is well known for electrophil ic  substitution in indoles [3]) 
and anionic fo rm and in the case of react ion through a "later"  t ransi t ion state should ensure  p r imary  substitu- 
tion in the pyr ro le  ring. 

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

The mass  spec t ra  were  recorded  with an MKh-1303 mass  spec t romete r  with a modified sys tem for  in- 
troduction of the samples  into the ion source  at an ionizing-electron energy of 50 eV. The react ions were 
monitored by chromatography on Silufol UV-254 plates in a h e x a n e - e t h e r  sys tem {2:1). 

(3-Indolyl)phenyliodonium Tosylate (II)~ This salt  was obtained by the method in [2]. 

(3-Indolyl)phenyliodonium Tri f luoroaceta te  (HI). A 6-g [3.9 ml (52 mmole)] sample of t r i f luoroacet ic  
acid was added slowly with s t i r r ing  to a cooled (to -10-0~  suspension of 16.7 g (52 mmole) of (3-indolyl)- 
phenyliodonium betaine (I) [2] in 20 ml of ethanol, and the mixture was diluted with 200 ml of e ther  and allowed 
to stand overnight in a r e f r ige ra to r .  The result ing precipi ta te  was removed by fil tration, washed with ether,  
and dried in a vacuum des icca tor  to give 16.4 g (74%) of a product with mp 129-130~ (reprecipitat ion f rom 
methanol by the addition of ether). 

3-Fluoroindole  (IVa). A 1.16-g (20 mmole) sample of anhydrous KF was added to a solution of 4.91 g 
(10 mmole) of iodonium salt II in 20 ml of N-methy l -2 -pyr ro l idone ,  and the mixture was heated at 135-140~ 
for 15 min, af ter  which it was poured into water .  The aqueous mixture was extracted with benzene, and the 
benzene layer  was dried and evaporated to a minimal volume. The concentrated solution was chromatographed 
with a column filled with si l ica gel L (40-100 ~) in a pet roleum e t h e r -  ether  sys tem (2 : 1) to give 180 mg (16%) 
of indole [mp 60-62~ and R f  0.37. Mass spect rum:  117 (39),* 116 (3), 90 (13), 89 (8)] and 630 mg (46%) of 3- 
fluoroindole with mp 72-73~ and R f  0.36. Mass spect rum:  135 (100), 134 (60), 116 (10), 108 {29). 

3-Chloroindole (IVb). A solution of 2.46 g (5 mmole) of iodonium salt II and 0.43 g (10 mmole) of ca l -  
cined lithium chloride in 20 mlo f  dry DMSO was heated at 100~ for  20 min, af ter  which it was poured into 
water ,  and the aqueous mixture was extracted with benzene. The benzene layer  was dried and evaporated to a 
minimal volume, and the concentrated solution was chromatographed with a column filled with si l ica gel L 
(40-100 #) in CC14 to give 500 mg (66%) of 3-chloroindole with mp 91-92~ (mp 91.5~ [4]) and R f  0.18. Mass 
spectrum: 151 (i00), 150 (5.4), 124 (7.5), 116 (18.5), 89 (39). 

3-Bromoindole (IVc). A solution of 2.46 g (5 mmole) of iodonium salt II and 0.87 g (10 mmole) of anhy- 
drous lithium bromide in20 ml of dry DMSO was heated at 100~ for 2 h, after whichthe mixture was poured 
into water, and the aqueous mixture was extracted with benzene. The benzene layer was dried and evaporated, 
and the residue was recrs.~stallized from hexane to give 780 mg (80%) of 3-bromoindole with mp 67-68~ (dec.) 
[mp 67~ (dee.) [5]] and Rf 0.20. Mass spectrum: 195 + 197 (100), 194 + 196 (2.2), 167 + 169 (1.2), 116 (49.8). 

3-1odoindole (IVd). A mixture of 2.16 g (5 mmole) of iodonium salt HI, 3.69 g (10 mmole) of tetrabutyl- 
ammonium iodide, and 20 ml of benzene was refluxed for 20 min, after which it was washed withwater, dried, 
and evaporated. The residue was chromatographed on silica gel L (40-100 #) in CCI 4 to give 140 mg (24%) of 
indole, with mp 60-63~ and 720 mg (59%) of 3-iodoindole with mp 72-73~ (dec.) [rap 72~ (dec.) [5]]. Mass 
spectrum: 243 (100), 242 (4.3), 216 (5.3), 116 (23). 

* Here and subsequently, the m / e  values (and intensities in percent  of the maximum ion peak) are  presented 
for  the ion peaks. 
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I N D O L E  D E R I V A T I V E S  

CXV.* SYNTHESIS AND SOME TRANSFORMATIONS OF 

5- (3-INDOLYL)ISOXAZOLE-3-CARBOXYLIC ACID 

V.  P .  G o r b u n o v a  a n d  N.  N.  S u v o r o v  UDC 547.759' 786.1.07 

5-(3-Indolyl ) i soxazole-3-carboxyl ic  acid and its amide and hydrazide were  obtained f rom 
ethyl 5 - (3 - indo ly l ) i soxazo le -3 -ca rboxy la te .  When 5- (3- indoly l ) i soxazole-3-carboxyla te  is 
heated, it undergoes decarboxylat ion with i somer iza t ion  to 3- (r when 
it is heated in alcohol with hydrazine and phenylhydrazine in the p resence  of copper,  it un- 
dergoes  i somer iza t ion  to 5- (3- indolyl )pyrazole-3-carboxyl ic  and 1-phenyl-5-  (3-indolyl)- 
py razo le -3 -ca rboxy l i c  acids.  5- (3- Indoly l )pyrazole-3-carboxyl ic  acid hydrazide is fo rmed  
when a solution of ethyl 5-{3- indolyl ) isoxazole-3-carboxyla te  is ref luxed with hydrazine in 
96% alcohol.  

Very  interes t ing physiologically active compounds have been found among indolylazoles [2]. Leas t  study 
has been devoted to indolyloxazoles.  To obtain the la t te r  we used ethyl 4-(3- indoly!)butane-2,4-dioate  (I) [3]. 

Monooxime IT was obtained by the action of hydroxylamine on e s t e r  I in the p resence  of acetic acid. Its 
IR spec t rum contains a broad  band at 3200-3230 cm -1, which merges  with a narrow band at 3310 cm -1 (NH and 
OH st re tching vibrat ions).  There  is also a carbonyl band of an e s t e r  group at 1620 cm - l .  It can be assigned to 
the vibrat ions  of a carbonyl  group attached to an indole ring [4] and is super imposed on the band of the C----N 
bond. 

The ~MR spec t rum of monooxAme H coat,alas a singlet  of : the two equi~alent~protons of ~he side chain at  
4.24 ppm. As in the case of I, the indole ring 2-H proton gives a singlet at 8.27 ppm. This indicates rapid ex- 
change of the protons of the NH group, which is cha rac te r i s t i c  fo r  compounds with a carbonyl  group attached to 
the indole r ing [5]. 

Ethyl 5- (3- indoly l ) i soxazole-3-carboxyla te  (HI) was obtained by the action of hydroxylamine on ! in the 
p resence  of pyridine.  It was shown by th in - l aye r  chromatography (TLC) that the initial product  is oxime II, 
which slowly undergoes cycl izat ion to HI. 

~ C C H . C C O O C + H ~  /~"~ " ~ _  /CC H2C COOC, i'1~ / ~  ~ - ~ G O O C o I ' t  ~ 0 

H H H 

I II III 

* See [1] fo r  communicat ion CXIV. 
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