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The alkylation of indole and 2-methyl indole  with alkyl halides in the p resence  of a complex 
c a t a l y s t -  dipyridinezinc c h l o r i d e -  was investigated. Nitromethane was used as the solvent. 
3-Alkylindoles were  obtained in 30-80% yields  in all cases .  The reac t ion  mechanism is dis-  
cussed.  Data f rom the PMR and mass  spec t ra  a re  presented.  

The F r i e d e l - C r a f t s  alkylation of indoles has not been studied here tofore ,  since the acidophobic charac -  
t e r  of indoles leads to pronounced res ini f icat ion of the react ion mixtures .  This difficulty could be par t ia l ly  
ove rcome  by ca r ry ing  out the reac t ion  in e ther  in the p resence  of zinc chloride and anhydrous zinc acetate,  
which t ies  up the resul t ing strong acid [1, 2]. However, the low solubility of zinc acetate  in e ther  and the in- 
c r ea se  in the concentrat ions of the ca ta lys t  and the overa l l  acidity of the medium during the reac t ion  have a 
negative effect  on the course  of the alkylation. The yie lds  of 3-alkylindoles did not exceed 30% even with such 
active alkyl halides as t e r t -bu ty l  chloride and allyl  chloride,  and a considerable  amount of po lya lkyla t ion  
occur red ,  despite the p resence  of a large amountof  uncharged indole in the react ion medium. All of this indi- 
cates  the re la t ive  f reedom of the "carbonium ion," and one can consequently expect  i somer iza t ion  p r o c e s s e s  
in the alkyl group. Thus this reac t ion  is a "c lass ic"  var iant  of F r i e d e l - C r a f t s  alkyiationwith all of its short  s 
comings.  �9 

we  have developed [3] a r a the r  efficient method for  the introduction of alkyl substituents in the 3 posi-  
t ion of the indole molecule by alkylation of indoles with alkyl halides in ni t romethane in the p resence  of d ipyr i -  

ZnPyeCl2--ZnCI ~ 

R CHzNOz 
H H 

dinezinc chloride (see Table 1)i 

l a - e  

It is important  tha t the  dipyridinezinc chloride,  which is responsible  for  tying up the acid l iberated dur -  
ing the react ion,  is soluble in ni t romethane.  

As expected, in the  alkylation of indole with i somer ic  butyl halides,  the i r  act ivi t ies  inc rease  in the o rde r  
p r i m a r y  < secondary  < t e r t i a ry ;  however,  the fact  that alkyl bromides  a re  more  active than alkyi Chlorides is 
unusual fo r  the F r i e d e l - C r a f t s  react ion.  

A control  exper iment  es tabl ished that a ca ta ly t ic  react ion r a th e r  than the d i rec t  alkylation that might 
have been expected for  the above o rde r  actually occurs  in this case.  

The t rue  cata lys t  of the alkylation is evidently pyridinezinc chloride,  since the coordin~iti0n-saturated dl- 
pyr idinezinc chloride cannot be an effect ive alkylation catalyst ,  and zinc chloride is less  soluble in n i t rometh-  
ane and dissolves  gradually only on contact  with a solution of dipyridinezinc chloride.  It should be noted that 
p r i o r  p repara t ion  of the dipyridinezinc chloride is not necessa ry :  It is sufficient to add an equimolar  amount 
of pyridine to a suspension of zinc chlor ide in ni t romethane and to s t i r  the mixture  with heating until the solids 
dissolve (5-10 min). 

The reac t ion  scheme can probably be r ep resen ted  as follows: 

$ + Znpy2EI 2 . - ~ . . . Z n P y C I  9 4. p y  ( 1 )  

S + ZnCI 2 + Py  ~ S . . .ZnPyCI  2 (~7) 
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R - - C I  + S . . .ZnPyC I  2 �9 �9 R - - C I . . . Z n P y C I  2 + S ( 3 )  

II 

- ' �9 + PyHZnC[~-  

. ycl~- . (4) 

S + 2ZnPyCI3"  . " S . . . Z n P y C l  2 + ZnC, I ~ - +  Py 

S = C H a N O  ~ (5) 

Pyr id in ium t r i ch lo roz inca te  r a t he r  than pyr id in ium te t r ach lo roz inca te  is evidently fo rmed  during the r e -  
action [4], i .e. ,  equi l ibr ium (5) is shifted marked ly  to the left, s ince the yie lds  of a !kyla t ionproducts  depend on 
the amount of zinc chlor ide introduced into the reac t ion .  

I t  was demons t ra t ed  by chromatograph ic  m a s s  s p e c t r o m e t r y  that i s0mer iza t ion  of the alkyl groups does 
not occur  in the alkylat ion of indole with p r i m a r y  and secondary  butyl b r o m i d e s .  This is probably  assoc ia ted  
with the weakness  of complex II, which is due to deact ivat ion of the zinc chlor ide by complexing wi thpyr id ine .  
This  may also explain the higher  act ivi ty of b romides  as compared  with chlor ides:  the inc rease  in the po la r i -  
zabil i ty of the C - X  bond on the background of weak in teract ions  in the II complex with an excess  compensa tes  
fo r  the d e c r e a s e  in the e f fec t iveness  of the X . . .  Zn in teract ion on pass ing  f r o m  chlor ides  to b romides .  

However,  i somer iza t ion  always occurs  in the alkylat ion of indole with isobutyl chloride and bromide ,  and 
3- te r t -bu ty l indole  is fo rmed .  Even weak ca ta lys i s  is evidently sufficient for  i somer iza t ion  in this case  (iso- 
butyl b romide  readi ly  undergoes  r e a r r a n g e m e n t  to t e r t -bu ty l  b romide  even when it is heated [5]). 

The weakness  of the II complex and the fact  that  the energy  of cationic local izat ion in the indole molecule  
is h igher  for  the 1 posit ion than fo r  the 3 posi t ion [6] entail  high se lec t iv i ty  of the alkylation (the 3-butyl in-  
dole : 1-butylindole ra t io  in the alkylation with n-butyl  b romide  is g r e a t e r  than 10), and this leads to a d e c r e a s e  
in polyalkylat ion.  In conformi ty  with the act ivi ty : se lec t iv i ty  ra t io ,  the la t te r  should inc rease  on pass ing f r o m  
b r o m i d e s  to chlor ides  and f r o m  t e r t i a w  alkyl hal ides  to p r i m a r y  halides; this is actual ly obse rved  expe r i -  
mental ly .  

Thus the invest igated reac t ion  is a convenient method for  the synthes is  of the prev ious ly  inaccess ib le  3-  
alkyHndoles,  pa r t i cu l a r ly  those with b ranched  groups .  

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

The PMR s p e c t r a  of solutions of the compounds in CCI 4 were  r eco rded  with a Var ian  T-60 s p e c t r o m e t e r  
with hexamethyld is i loxane  as the internal  s tandard.  The IR spec t r a  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  spec t r a  we re  obtained with an MKh-1303 m a s s  s p e c t r o m e t e r  with d i rec t  introduction of the s amples  
into the ion source  of an ion iz ing-e lec t ron  energy  of 50 eV. The chromatograph ic  m a s s - s p e c t r a l  studies were  
c a r r i e d  out with a Var ian  MAT-111 s p e c t r o m e t e r  with a 2 - m  long column fil led with 5% SE-30 on Chrom0sorb  
W at an ion iz ing-e lec t ron  energy  of 80 eV. 

The a!kyl indoles  we re  isolated by ch romatography  with columns fi l led with s i l ica  gel L (40-100 ~} with 
elution by CCl 4. Monitoring of the reac t ions  and chromatograph ic  separa t ion  were  accompl ished  by th in - l aye r  
ch romatography  (TLC) on $ilufol UV-254 p la tes  in a h e x a n e - b e n z e n e  s y s t e m  ( l : l ) .  

C o m m e r c i a l  ana ly t i ca l -g rade  anhydrous zinc chlor ide (GOST 4529-48) was used for  the exper iments .  

Dipyridinezinc Chloride.  Excess  dry  pyridine was added with cooling and s t i r r ing  to anhydrous zinc chlo- 
r ide (the reac t ion  was exothermicV.), a f t e r  which the mixture  was cooled, t r a n s f e r r e d  to a f i l te r ,  and washed 
with dry  e ther .  The resul t ing white powder  was s table  and nonhygroscopic .  

Genera l  Method of Alkylation. A 2 .20-g  (7.5 mmole)  sample  of dipyridinezinc chloride,  1.02 g (7.5 mmole) 
of anhydrous zinc chlor ide,  and 15 mmole  of alkyl halide were  added to a solution of l0  mmole  of indole in 35 
ml of dry n i t romethane,  and the mixture  was refluxed.  When alkyl hal ides that spli t  out hydrogen halide on 
heating were  used, the reac t ion  was c a r r i e d  out at lower t e m p e r a t u r e s .  At the end of the react ion,  the bulk of 
the n i t romethane  was r emoved  by dist i l lat ion,  the res idue  was poured into water ,  and the aqueous mixture  was 
ex t rac ted  with benzene.  The benzene l ayer  was dr ied and evapora ted ,  and the res idue  was chromatographed .  
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E F F E C T  OF P R O T E C T I O N  OF A M I N O  G R O U P  ON 

D I R E C T I O N  OF R E A C T I O N  OF 2 - A M I N O I N D O L E  W I T H  

o~, f l -UNSATURATED K E T O N E S  

R.  S. S a g i t u l l i n ,  T .  Y a g o d z i n ' s k i ,  
A.  N.  K o s t ,  a n d  V .  V .  M e n ' s h i k o v  

UDC 547.759.3' 83 : 543.422.4'51 

The e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of arylsul fonyl  and carbobenzoxy groups dec r ea se  the 
probabi l i ty  of p r i m a r y  e lec t rophi l ic  a t tack at the ni t rogen atom. They also de te rmine  p r i -  
m a r y  a t tack at the 3-C a tom of the indole ring. Michael  addition products ,  3 ,4-d ihydro-  
c~-carbol ines ,  and c~-carbolines t h e m s e l v e s  a r e  obtained, depending on the reac t ion  con- 
dit ions.  The reac t ion  with ~ , f i -unsa tura ted  ketones  p roceeds  under mi lde r  conditions in 
the case  of 2-benzyloxycarbonylaminoindole .  

The 2-aminoindole  molecule  has th ree  in te r re la ted  nucleophilic cen te r s ,  and two different  pa i r s  of these  
cen te r s  (both ni t rogen a toms  or  the ni t rogen a tom of the amino group and the 3 posi t ion of indole) consequently 
r e a c t  with 1,3-difunctional  compounds,  depending onthe conditions, to give pyr imidoindole  or  ~ - c a r b o l i n e  
s t r u c t u r e s  [1]. However,  ff the amino group is p ro tec ted  with a tosyl  o r  carbobenzoxy grouping, the analogous 
cycl iza t ion with 1,3-dioxo compounds p roceeds  with de tachment  of the p ro tec t ive  group,  and only ~ - c a r b o l i n e s  
a r e  f o rmed  [2, 3]. In te rmedia te  addition products  and subs tances  whose synthes is  p roceeds  with involvement  
of the p y r r o l e  imino group cannot be detected.  

We have found that  the cor responding  e - c a r b o l i n e s  (II) a r e  also fo rmed  in the condensation of 2 - c a r b o -  
benzoxyaminoindole  (Ia) with ~ , f l -unsa tu ra ted  ketones (in ethanol containing hydrobromic  acid), although the 
p r o c e s s  takes  p lace  in a cons iderably  more  complex manner  in some cases .  If benzalacetophenone or  benza l -  
acetone pa r t i c ipa t e s  in the  condensation,  the reac t ion  r equ i r e s  prolonged heating, and the carbol ines  a re  ob- 
tained in low yie lds ;  i .e. ,  both the e lec t rophi l ic i ty  of the ~ - c a r b o n  a tom of the double bond of the unsaturated 
ketone and the s t e r i c  hindrance at this a tom, which has a g r e a t e r  effect  on at tack at the 3-C atom,  have a sub- 
s tant ia l  ef fect  on the p r o c e s s .  

R ~ 

/~o D M S O  

* H "' ~ R, R~ ~C6H5 
NHX ~ ~N ~ ~N ~ "W H COW H H 

I ~  ~ H  I|1 a - d  

+ l o l ~  

( 'CH2)~COCH~ 

--"~(CH2)2COC H 3 
"-N ~ ~N--X R, 

H H 

IV 

va-b !1 

I, III, V a X=COOCH2C6Hs; b X=SO2Cclt4CH3- p 
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