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r bromides ,  the s t ruc ture  of which was conf i rmed by al ternat ive synthesis 
f rom c0- (3-indolyl)alkanols, were  obtained by a modified Borod in -Hunsd i ecke r  react ion 
f rom m e r c u r y  salts of w-(3-indoIyI)alkanoic acids.. 

The B o r o d i n -  Hunsdiecker reac t ion  is r a the r  well known for  var ious  acids but has not been investi-  
gated at all in the indole se r ies .  In the present  r e s e a r c h  we have studied the possibil i ty of its use for  the 
prepara t ion  of w-(3-indolyl)alkyl bromides .  
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As pointed out in [2-6], a solvent that has a number  of pecul iar i t ies  is neces sa ry  for  this react ion.  It 
should not have nucleophilic proper t ies  [7], it should prevent  bromination in the ring [8, 9], it should not 
reac t  with bromine,  it should have a low dielectr ic  permeabi l i ty  in o rde r  to avoid dissolving of the HgBr 2 
fo rmed  in the reaction,  it should dissolve the s tar t ing acid and thereby promote the format ion of the m e r -  
cu ry  salt, and it should prevent  sedimentat ion of the m e r c u r y  salt  of the acid and HgO inasmuch as the r e -  
act ion proceeds  with the d ispersed m e r c u r y  salts  [10]. 

It proved to be prac t ica l ly  impossible to select  an individual solvent with such an assemblage  of 
proper t ies  for ~0-(3-indolyl)alkanoic acids  (I}. The solvents that we investigated, such as CHC13, CC14, 
petroleum ether,  benzene, diethyl ether,  o-dichlorobenzene,  and dimethylformamide (DMFA), did not give 
the d e s i r e d  resul ts .  We were  able to establish that the best  yield of bromide in the case of y - (3 - indo ly l ) -  
butyric  acid is obtained by' the use of a mixture  of acetone and CCI 4 in a volume ra t io  of 1 : 1.33. The 
effect of the t empera tu re  and the rat io of bromine and red  mercu r i c  oxide on the yield of the indolylalkyl 
bromide and the dependence of the yield of the bromide on the use of oxides of various metals  were  studied 
for  this same acid. 

It was found that the optimum tempera tu re  was 55~ lowering or  rais ing the t empera tu re  by 5 ~ leads 
to a decrease  in the product yield. Of the oxides studied (cadmium oxide, lead oxide, and red  mercu r i c  
oxide), red  m e r c u r i c  oxide showed the g rea t e s t  activity. T h e  best  rat io of bromine to red m e r c u r i c  oxide 
was 0.06 : 0.09 mole. 

* See [1] for  communicat ion XCIX. 
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TABLE 1. 

Com- 
pound 

Il ia 
llIb 
IIIe 
Illd 

n a  

w- (3-Indolyl)alkyI b romides  (Ill) 

Empirical 
i:mp, *C formula 

97--98bt CloH~oBrN 
2 28,5--29~1 CnHI~BrN 
4 45--47 C12HI4BrN 

10 27--28 C18H26BrN 

Found, % Cale., % !Yield, 

5~:2 318 !56 ~ 14:2 42 5,3 60/ 5  5,0 3z6 5,9 
56,8] 5,9 5,7 57,2 31:7! 5 6 62 
64,0 7,9 23,7 4,1 64,2 7,8 23,8i 69 

aAll of the products  we re  obtained by c rys t a l l i za t ion  f r o m  ben-  
z o n e -  pe t ro l eum e ther .  
bAccording to [12], this compound has mp 98-99 ~ 
eAccording to [11], this  compound has n}~ 1.625. 

When a l l  of the op t imum conditions w e r e  observed ,  we were  unable to succeed  in having al l  of the acid 
introduced into the reac t ion  r e a c t  completely;  a por t ion of it (19-34%) r e m a i n s  unchanged and can be r e -  
cove red  f r o m  the r eac t ion  mix tu re .  In addit ion to the pr inc ipa l  r eac t ion ,  the hydrogen a toms  in ace tone  a r e  
r ep laced  by bromine;  this is accompan ied  by the l ibera t ion  of hydrogen bromide .  Indole-r ing substi tut ion 
products  we re  not detected.  

The s t r u c t u r e  of the p rev ious ly  undescr ibed  indolylalkyl b romides  (III) was  conf i rmed  by a l te rnat ive  
synthes is  f r o m  indolylalkanoic acids  (Ia) through the e s t e r s  (IV) and a lcohols  (V) by the action of phos-  
phorus  t r i b romide ,  except  fo r  3- indolylmethyl  b romide  (III, n = 1), which we were  able to obtain only 
through the B o r o d i n -  Hunsdiecker  reac t ion ,  Its s t ruc tu re  was conf i rmed by e l e m e n t a r y  analys is  and the 
PMR and IR spec t r a .  Y-(3- Indoly l )propyl  b romide  (HI, n = 3), which is desc r ibed  in the l i t e ra tu re  as  an 
oi ly subs tance  [11], was  isolated,  like al l  of the o ther  b romides ,  in the c rys ta l l ine  fo rm.  The PMR and IR 
s p e c t r a  of the indolylalkyl  b r o m i d e s  obtained by va r ious  methods were  comple te ly  identical.  The IR spec -  
t r a  of the compounds obtained contained absorp t ion  bands at  3440 cm -I  (indole NH group), 1620 c m  -1 (aro- 
mat ic  s y s t e m  of bonds of the indole r ing),  and 540 c m  -i  ( C -  Br  bond). 

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

The lit s pe c t r a  of m i n e r a l  oil suspens ions  of t he  compounds were  r e c o r d e d  with a UR-10 s p e c t r o m e -  
t e r .  The PMR s p e c t r a  of CDC13 solut ions w e r e  r eco rded  with a JNM-4H s p e c t r o m e t e r  with an operat ing 
f r equency  of  100 MHz. 

.3-Indolylmethyl  Bromide  (III, n = l i .  Carbon t e t r ach lo r ide  (10 ml) was added to a solution of 3.5 g 
(0.02 mole) of 3- indolylacet ic  ac id  (I, n = 1) in 9 ml  of d ry  acetone,  a f t e r  which 9.5 g (0.045 mole) of r ed  
m e r c u r i c  oxide was added slowly in sma l l  por t ions  with v igorous  s t i r r ing  (the reac t ion  was c a r r i e d  out in 
the dark).  The mix tu re  was then heated to 55 ~ and a f t e r  10-15 min  a solution of 1.53 ml  (0.03 mole) of 
b romine  in 2 m l  of ca rbon  t e t r ach lo r ide  was added in the cour se  of 30 min.  Af te r  10 rain the reac t ion  
ceased;  the m i x t u r e w a s  cooled, and the HgBr 2 and HgO were  r e m o v e d  by f i l t ra t ion.  E ther  (250 ml) was 
added to the mo the r  l iquor.  The resul t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion,  and the mothe r  l iquor was 
washed  s u c c e s s i v e l y  with wa t e r  (500 ml),  60% sodium bisulf i te  solution (200 ml),  and wa te r  (100 ml), and 
the e the r  solution was dr ied  with magnes ium sulfa te  and evapora ted  to a v o l u m e  of 16 ml.  This  res idue  
was  pa s sed  through a column fi l led with a luminum elution by ch lo ro fo rm to give 1,25 g (28%) of a product  
with mp 85-86 ~ ( b e n z e n e - p e t r o l e u m  ether) .  Found, %: C 49.0; H 4.1; Br  40.2; N 7.0. CgHsBrN. Ca l -  
culated, %: C 49.0; tt 4.0; Br  40.0; N 7.0. 

Compounds I I Ia-d ,  which were  s i m i l a r l y  obtained, a r e  p resen ted  in Table  1. 

6-(3-Ind01yl)butyl Bromide  (III, n = 4). A solution of 1 g (3.7 mmole)  of phosphorus  t r i b r o m i d e  in 70 
ml  of absolu te  e ther  was added with s t i r r ing  and ice cooling to 1.89 g (10 mmole)  of 6-(3-indolyl)butanol  
(V, n = 4) in 200 ml  of absolu te  e ther .  The solution was held a t  r o o m  t e m p e r a t u r e  for  24 h, a f t e r  which it 
was  washed s u c c e s s i v e l y  with wa te r ,  sodium bicarbonate  solution, and dried with magnes ium sulfate.  It 
was  then evapora t ed  to a vo lume of 10 m l  and pa s sed  through a column fil led with a luminum oxide with e lu-  
t ion by e ther  to give 0..76 g (31%) of a product  with mp  45-47 ~ ( b e n z e n e - p e t r o l e u m  e the r ) .  Found, %: 
C 56.9; H 5.8; B r  31.9; N 5.7. ClzH14BrN. Calculated,  %: C 57.2; H 5.6; Br  31.7; N 5.6. 

T- (3 - Indo ly l )p ropy l  Bromide  (]]I, n = 3). This  compound was s i m i l a r l y  obtained in 30% yield  and had 
mp  28.5-29 ~ (benzene--pe t ro leu  m e ther ) (n~  1.625 [1I]). Found, %: C 55.2; H 5.3; B r  33.5; N 6.0. CllH12BrN. 
Calculated,  %: C 55.5; H 5.0; Br  33.6; N 5.9. 
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