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Abs t rac t  - The mechanism of the  p ro ton-ca ta lyzed reac t i on  o f  3 -a l ky l i ndo les  w i t h  

ary la ldehydes i s  e luc ida ted  by the  i s o l a t i o n  o f  s t ab l e  in te rmed ia tes  and products, and by 

the  se l ec t i ve  con t ro l  o f  t h e i r  t ransformat ions i n  the course o f  r eac t i on .  The aldehyde 

e l e c t r o p h i l e  a t tacks  a t  N1, C2 and C3 on the i n d o l e  enamine s t r u c t u r e  w i t h  the  tempera- 

t u re ,  the r eac t i on  t ime and the  pro ton  concent ra t ion  c o n t r o l l i n g  the  r e l a t i v e  quan t i t i e s  

and d i s t r i b u t i o n  o f  products. It was es tab l i shed i n d i r e c t l y  t h a t  an ipso-a t tack  by i n t e r -  

mediary ca t ions  w i t h  iminium and indo len ine  s t r uc tu re  takes place a t  the  3- p o s i t i o n  of 

3 -a l ky l a ted  indo les .  This was made poss ib le  by the  i s o l a t i o n  o f  h i t h e r t o  unknown t e t r a -  

hydropyr ro lod i indo les  14, g. These compounds should be formed f rom in te rmed iary  i n d o l y l -  

methyl- indolenin ium ions  2, 11, which are trapped by s t e reoe lec t r on i c  c o n t r o l l e d  i n t r a -  

molecular  c yc l i za t i on .  

INTRODUCTION 

E l e c t r o p h i l i c  subs t i t u t i ons  o f  3 -subs t i tu ted  indo les ,  as f a r  as mechanism and synthesis are con- 

cerned, are w ide ly  he ld  t o  be o f  g rea t  i n t e r e s t .  They p lay  an important  r o l e  p a r t i c u l a r l y  i n  the 

synthesis o f  na tu ra l  and p h y s i o l o g i c a l l y  a c t i v e  Thus, 3 -a l ky l - subs t i t u t ed  indoles 

normal ly  r eac t  w i t h  numerous e l ec t r oph i l es  a f t e r  a  p re l im ina ry  ipso-a t tack  a t  the  i n d o l e  3 -pos i t ion  

( g rea tes t  n -dens i ty  on the C-skeleton, g rea tes t  HOMO-coeff ic ient) '  v i a  an in te rmed iary  indoleninium 

i o n  which subsequently undergoes a  Wagner-Meerwein rearrangement forming a  2 ,3 -d isubs t i tu ted  

indo le .  This mechanism i s  w ide ly  documented i n  the  experimental l i t e ra tu re3 -13 .  

Here we a re  concerned w i t h  proton-catalyzed reac t ions  of  indoles w i t h  ary la ldehydes.  Our repor t ,  

w i t h  experimental conf i rmat ion,  f o r  t h e  f i r s t  t ime es tab i i shes  t h e  r eac t i on  paths o f  t h i s  carbonyl 

e l e c t r o p h i l e  i n  r eac t i on  w i t h  3 -a l ky l i ndo les  i n  hydroch lo r ic  a lcoho ls  (e.g.  methanol, 2-propanol) 14 

Not enough i s  i n  f a c t  about the  mechanist ic  d e t a i l s  of the  o r i e n t a t i o n  o f  i n i t i a l  a t tack  

o f  t h i s  e l e c t r o p h i l e  on 3-subs t i tu ted  indo les .  To the  bes t  o f  our knowledge t he re  i s  as y e t  no 

d e t a i l e d  and systemat ical  e l u c i d a t i o n  of the  whole course o f  r eac t i on  v i a  s o l v o l y t i c  t r app ing  and 

experimental i s o l a t i o n  of s u f f i c i e n t l y  s t ab l e  intermediates i n  the  r eac t i on  sequence "3 -a l ky l -  



i ndo le  / ary la ldehyde".  I n  p r i n c i p l e  two mechanist ic  pathways can be discussed: ipso-a t tack  o f  

the  aldehyde a t  the i n d o l e  3 -pos i t ion  w i t h  subsequent 3 --32 s h i f t  i n  the  i n t e rmed ia r y l y  formed 

indo len in ium i o n  3-13 o r  a  d i r e c t  N 1- and C 2 -a t tack .  A l l  t ha t  has been repor ted  exper imenta l l y  

so fa r  i s  a d iscuss ion  o f  r eve rs i b l e  N-  and i r r e v e r s i b l e  in te rmolecu la r  C 2-at tack on the  i ndo le  

nucleus based on the  reac t ions  o f  3 -p ropy l indo le  w i t h  few aromat ic aldehydes 16. I n  these 

reac t ions  3-nitrobenzaldehyde y i e l d s  i n  e t h a n o l / s u l f u r i c  ac i d  N-(o-ethoxy-3-nitrobenzy1)-3- 

p ropy l i ndo le  and phthalaldehyde ac i d  a v t o c a t a l y t i c a l l y  a halbaminal lac tone 16'17. I n  the  r eac t i on  

between 3-methyl indole (2) w i t h  formaldehyde l8 a [mechanist ical ly  i n t e r e s t i n g  substance was i so -  

la ted .  It was discussed as a  probable in te rmed ia te  w i t h  the s t r uc tu re  3-methyl-2-(3-methyl-3H- 

i ndo le -3 -y l )me thy l -W indo le .  However, no mechanist ic  d e t a i l s  and connections were discussed so 

f a r .  

RESULTS AND DlSCUSSION 

3 -A l ky l - subs t i t u t ed  indo les  1 r eac t  w i t h  several  ary la ldehydes 2 i n  the molar p ropo r t i on  2:1, 

lead ing  t o  good t o  moderate y i e l d s  of c r y s t a l l i z a b l e  2,2'-bisindolylarylmethanes 20 l9 (scheme I ) .  

The reac t i on  i s  r e l a t i v e l y  smooth and takes place i n  hydroch lo r ic  a lcohol  ( c i r c a  2.5 N-HCI) a t  

room temperature, provided t h a t  no g rea t  s t e r i c  demands be placed on the reac tan ts .  Compounds g 
are thermodynamically the  most s t ab l e  products.  However, these methanes f requent ly  con ta in  1-3% 

impu r i t i e s  i n  the  form o f  regioisomers. I n  o rder  t o  e l uc i da te  the  mechanism of t h i s  general reac- 

t i o n  we chose as a s u i t a b l e  model system the reac t i on  of  3-methyl indole (R=CH3) w i t h  4 - n i t r o -  

benzaldehyde g ( R '  = 4 -n i t r opheny l ) .  The f i r s t  r eac t i on  descr ibed by us l9 (method 1, experimen- 

t a l ) ,  which leads by a  f a s t  movement o f  the e q u i l i b r i u m  t o  5 i s  l e ss  s u i t a b l e  f o r  a  mechanism 

e luc i da t i on  v i a  product  i d e n t i f i c a t i o n .  The t l c - a n a l y s i s  f o r  t h i s  r eac t i on  gave maximal m u l t i -  

p l i c i t y  o f  products even be fore  the add i t i on  of the  f u l l  amount o f  a c i d  ( c i r c a  2.5 N-HC1). To 

c l a r i f y  the  course o f  r eac t i on ,  reproduc ib le  r e s u l t s  must be obtained. It i s  t he re fo re  necessary 

t o  add the  a c i d  r a p i d l y  t o  the  a l c o h o l i c  s o l u t i o n  o f  the  reac tan ts  wh i l e  accept ing t h a t  t he re  w i l l  

be a  so lva ta t ion- induced r i s e  i n  temperature. 

8y vary ing  the  temperature, the  r eac t i on  t ime, the  ac i d  concent ra t ion  and the solvent ,  and by 

keeping the r eac t i on  under care fu l  con t ro l ,  we succeeded i n  c l a r i f y i n g  the whole course of the 

r eac t i on  i n  t h i s  complex system (scheme 1). Our purpose was a l so  an at tempt t o  ga in  experimental 

access s p e c i f i c a l l y  t o  t r ace  products, p o t e n t i a l  key components of the r eac t i on  mechanism. 

Our experiments es tab l i shed t h a t  the  products i s o l a t e d  by us as p a r t  o f  our mechanism c l a r i f i c a -  

t i o n  a re  n o t  a r t i f a c t s  r e s u l t i n g  from contac t  w i t h  a  base dur ing  quenching of the reac t ion .  Our 

research has furthermore shown t h a t  the  r e s u l t s  here presented a re  a lso  v a l i d  i n  p r i n c i p l e  when 

3- isopropy l indo le  and o ther  arylaldehydes (e.9. 4-dirnethylaminobenzaldehyde) a re  employed. 



HETEROCYCLES. V d  24, No. 4, 1986 

The 3-subst i tuted indo le  la i s  at tacked by the e?ect roph i le  a t  the N1, C2 and C3 pos i t ions .  

The m u l t i p l i c i t y  o f  l inkage o f  the reactants reveals an almost complete mutual combination of the 

i nd i v i dua l  indo le  enamine pos i t ions .  The react ion  can i n  p r i n c i p l e  be d i v i ded  i n t o  the k i n e t i c a l l y  

con t ro l l ed  react ion  paths (N l -  and C3-attack), and the thermodynamica:ly con t ro l l ed  react ion  path 

(CZ d i r e c t  a t t ack ) .  

E [kinetic controll  

E (kinetic controll  

Our experiment w i t h  2 react ing  w i t h  4-nitrobenraldehyde i s  a  prime example o f  how, a t  very low 

temperatures, and where the temperature does no t  r i s e  above - 5 ' ~  when the ac id  i s  added (method 

I V ,  experimental), a  N1- and C3-attack preva i ls  over a  C2-attack. A  gradual d iminut ion of the 

ac id  concentrat ion favours the N-attack on the indo le .  A t  O'C, and where the temperature does not 

r i s e  above +27O~, when the ac id  i s  added (method 111, exper imental) ,  the c l e a r l y  d i r e c t  C2- 

attack15,16 becomes compet i t ive as a  r e s u l t  of t h i s  thermodynamic product con t ro l .  The analysis 

o f  the product t ransformat ion dur ing the course of reac t ion  demonstrates t h a t  the whole react ion 

system can be expressed as a  mobile equ i l i b r i um w i th  a  "steady s ta te "  character. The se lec t i ve  

mechanistic steps der ived from product i d e n t i f i c a t i o n  and from c o n t r o l l i n g  the product transfor- 

mation can be described as fo l lows.  

2  A charge-control led a t tack  by the e lec t roph i l e  on the indo le  enarnine s t ruc tu re  leads f i r s t  by 

way of the non- isolable intermediates and 5 t o  the hemiaminal e ther  9, which can be regarded as 

the s o l v o l y t i c  product of the reac t i ve  iminium ion  5. This i n i t i a l  N-attack conforms t o  the 

mechanism p r i n c i p l e  discussed i n  the l i t e r a t ~ r e l ~ ' ~ ~ ,  I n  the s t rong l y  ac id i c  medium, 9 i s  p ro-  

duced t o  the ex tent  o f  as much as 11% wi th  reference t o  the amount of 2  employed (method 11, - 

experimental). This substance may occur e i t h e r  as a  r e s u l t  of the react ion  o f  the aldehydium ion 

(0-protonated aldehyde) a t  N1 of the indo le  2 v ia  the steps I and 8, o r  e lse  d i r e c t l y  i n  a  reac- 

t i o n  w i t h  the 4-nitrophenylalkoxy-carbenium i on .  A cont ro l  experiment t o  t h a t  wi thout 2 shows 

tha t  4-nitrobenzaldehyde i n  methanol, under the given condi t ions,  occurs t o  the ex tent  o f  c i r c a  

50% as dimethylacetal .  A t  lower temperatures and very shor t  r eac t i on  times we found t h a t  when 2 
reacts i n  hydrochlor ic ethanol w i t h  the dimethylacetal  o f  the  4-nitrobenzaldehyde then no indo ly l -  

arylmethoxymethane and p r a c t i c a l l y  no regioisomer 4 can be formed. As a  r e s u l t  i t  i s  c l ea r  

t ha t  the dimethylacetal i n  the funct ion o f  the arylalkoxycarbenium ion  does not here perform a 

c ruc ia l  r o l e  as an a lkoxy-a lky la t ing  reagent. 
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From the i d e n t i f i c a t i o n  o f  products i t  can furthermore be seen t h a t  the react ive  iminium ion 8, 
which i s  present i n  the equ i l i b r i um mixture, fu r ther  reacts w i t h  the  indo le  la s t i l l  present i n  

the medium. This subsequent react ion  fo l lows three separate paths; f i r s t l y  t o  the 1 , l ' - b i s i n d o l y l -  

arylmethane 11, secondly t o  the  1,Z'-bisindolylarylmethane g, and t h i r d l y  t o  the tetrahydropyrro- 

l od i i ndo le  (pure epimer). The fac t  t ha t  t h i s  sequence leads t o  the h i t h e r t o  unknown tetrahydro- 

py r ro lod i i ndo le  11 i s  i n d i r e c t  evidence o f  an i n i t i a l  ipso-at tack by 8 on 2. The compound 

17 represents an i r r e v e r s i b l y  formed c y c l i r a t i o n  product o f  the indoleninium ion  11 which cannot - 

be detected i n  any way. I t  proved possible t o  e luc idate  the cons t i t u t i on  and stereochemistry o f  

1 17 i n  the f i r s t  place by means o f  400 - MHz - H- and 13~-nmr-spectroscopy. The stereochemistry o f  - 

17 (c is - l inkage o f  the angular centers) resu l t s  from the s tereoe lec t ron ic  s i t u a t i o n  i n  the ca t ion  - 

11. I n  p r i n c i p l e  a subsequent react ion  o f  10 w i t h  the arylaldehyde forming 18 and 19 (4-ni t rophe- - 

nyl  de r i va t i ves )  can take place. I n  the react ion  w i th  the s t e r i c a l l y  less  demanding and more 

react ive  formaldehyde, which fo l lows the same react ion  sequence, we succeeded i n  i s o l a t i n g  s u f f i -  

c i e n t  quan t i t i es  o f  the der iva t ives  18 and 19 as secondary products o f  the methane 10 (R' = H) for  

the purposes of s t r u c t u r a l  i d e n t i f i c a t i o n .  The Comparison of the spectroscopic data o f  g w i t h  

those of the indolenine described i n  the l i te ra ture1 '  ( s t r u c t u r a l  type of the conjugated base o f  

13) suggests t h a t  the cons t i t u t i on  described re fe rs  ra the r  t o  a  tetrahydropyrrolodiindole (14 or - 

17; R' = H i n  scheme 1) .  - 

Among the products o f  the react ion  of la wi th  2 those w i t h  exc lus ive ly  C-C l inkage are the i s o -  

l a b l e  indolylarylalkoxymthanes b a n d  the end product o f  the sequence, the r e l a t i v e l y  s tab le  2,2'- 

bisindolylarylmethanes g. The s o l v o l y t i c  product b can i n  p r i n c i p l e  a r i s e  i n  three ways. 

F i r s t  i t  i s  conceivable t h a t  an i n i t i a l  ipso-at tack o f  the aldehyde a t  the i ndo le  3-posi t ion takes 

place, forming 3, which then undergoes Wagner-Meewein rearrangemnt t o  q2'6'7, which then 

leads via ca t i on  5 t o  6. We regard t h i s  path as u n l i k e l y  fo r  i t  would c e r t a i n l y  be d i f f i -  

c u l t  fo r  a  Wagner-Meetwein rearrangemnt t o  take place because of the very good leav ing 

group i n  3 i n  the presence of the p r o t i c  and h i g h l y  ca t i on  s t a b i l i z i n g  so lvent .  Compound 3 
+ The f i r s t  reference i n  the l i t e r a t u r e  t o  the i s o l a t i o n  o f  5 (R = CH , R'- 4 dimethylaminophenyl) 

20 - was as a  perchlorate i n  a  react ion  o f  and 4-d imethy la rn i~ iobenza ld~h~de . 



was detected ne i t he r  as a  conjugated base nor  i n d i r e c t l y  as 3-(alkoxybenzy1)-indolenine. 

Clea r l y ,  the  e q u i l i b r i u m  concent ra t ion  o f  3, if i t  i s  formed a t  a l l ,  i s  too  smal l .  We assume t h a t  

6  i s  produced by a  d i r e c t  a t t ack  o f  the  aldehyde on the i ndo le  2 -pos i t i on  (thermodynamic c o n t r o l )  - 

15'16 and by s o l v o l y s i s  from 10. Studies o f  t h e  s o l v o l y t i c  t rans format ion  of  10 show t h a t  the  

e q u i l i b r i u m  o f  cleavage i s  f a r  on the s i de  o f  I so long as the r eac t i on  pa r t ne r  10 remains i n  solu-  

t i o n .  We conclude then t h a t  t h i s  i s  es tab l i shed as one path t o  5 i n  the  whole r eac t i on  system. 

The 2H-indoleninium i o n  5, present  i n  the equ i l ib r ium,  r eac t s  analogously t o  t h e  reg io isomer ic  

c a t i o n  8 v i a  C3-attack on by way o f  the  non- iso lab le  indo len in ium i o n  13 t o  form the i s o l a t e d  

tetrahydropyrrolodiindole la ( 2  epimeres A, B ) .  Th is  compound too,  c o n s t i t u t i o n a l l y  isomeric t o  

17, should represent  a  trapped product ,  formed under s t e reoe lec t r on i c  con t ro l ,  o f  the  r e a c t i v e  - 

indolenin iurn i o n  13. A r eac t i on  whose mechanism i s  r e l a t ed ,  t h a t  o f  3,3-dimethyl indolenine w i t h  

l a  t o  2-(3-methylindole-I-y1)-3,3-dimethylindoline a l so  i n  a  p ro ton  a c i d i c  medium, has been - 
21 descr ibed i n  the  l i t e r a t u r e  . The ana lys is  of the c o n s t i t u t i o n  and stereochemistry (c is-anne- 

l a t i o n )  o f  - 14 requ i red  a  great  deal o f  spectroscopic i nves t i ga t i on ,  p a r t i c u l a r l y  as i t  was 

necessary t o  es tab l i sh  beyond a l l  doubt t h a t  i t  was 14 and no t  some conceivable d i m e r i d t r i m e r i c  

23,24 
indolenines10'22 and o the r  isomeres. One compound w i t h  t e t rahydropyrro lodi indole  s t r uc tu re  , 

r e l a t e d  t o  3, provided in fo rmat ion  t h a t  was use fu l  f o r  the e l u c i d a t i o n  of the  cons t i t u t i on ,  as 

d i d  a  2 - (1 - i ndo1y l ) - i ndo l i ne  mentioned i n  the  l i t e ra tu r -eZ5 .  I n  the  case o f  an epimer o f  14 we 

obtained s u i t a b l e  c r y s t a l s ,  an X-ray ana l ys i s  of which enabled us t o  e s t a b l i s h  the  s t r u c t u r e  con- 

26 elusively . The N -ace t y l a t i on  o f  the  epimeres of 14 provided f u r t h e r  arguments i n  con f i rmat ion  

of the  s t r uc tu re .  As a  r e s u l t  of the nuc leoph i l i c  r e a c t i v i t y  o f  the  indo1ine-N i n  2 subsequent 

r eac t i ons  can occur, p roo f  o f  which was provided when 15 (2  diastereomeres) and 16 ( 1  d ias te reo-  

mer) were i s o l a t e d  ; 16 a l so  plays a  r o l e  i n  the cleavage reac t i on  o f  3. 

The experimental r e s u l t s  show t h a t  i n  t h i s  r eac t i on  system, a l though a  Wagner-Meetwein rearrange- 

ment o f  the in te rmed ia te  2 t o  20 i s  conce ivab le , i t  i s  most u n l i k e l y .  Thus, cleavage reac t i on  

of an epimer o f  14, both under m i l d  cond i t ions  (method V, exper imental )  and under more fo rced 

cond i t ions  ( e.g. 1-2.5 N hydroch lo r ic  acid; ace t i c  a c i d 1 1 0 0 ~ ~ )  always leads t o  5 and 5, o r  5 

i n  the  presence o f  a l coho l .  I t  i s  poss ib le  t o  demonstrate the  ep imer iza t ion  o f  a  pure epimer o f  

14 exper imenta l l y  under cond i t ions  when proton-catalyzed s o l v o l y s i s  of  2 provides s u f f i c i e n t  - 

amounts o f  6 v i a  2 (scheme 1 ) .  The epimer o f  14 newly formed i n  t h i s  way occurs i n  considerably 

l a r g e r  amounts than 20 (formed f rom - l a  and 5 i n  a  slow reac t ion ,  which i s  moreover suppressed a t  

temperatures below 0 ' ~ ) .  A  con t ro l  experiment t o  t h i s  ( r e a c t i n g  la w i t h  6, method 111, exper i -  

mental , c i r c a  90% convers ion w i t h i n  15 min ) shows t h a t  tetrahydropyrrolodiindole epimeres 

14 p r e v a i l  over 2,2'-bisindolylarylmethane 3 i n  a  minimal r a t i o  o f  2  : 1. But when the N-methy- - 
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la ted d e r i v a t i v e  o f  cg i s  employed i n  t h i s  react ion  instead of 6 then a  p o t e n t i a l l y  formed 

N-monomethyl de r i va t i ve  of 13 does not accumulate as might be expected, s ince f i n a l  c y c l i z a t i o n  

t o  the tetrahydropyrrolodiindole skeleton i s  i n h i b i t e d .  I n  f ac t ,  i n  t h i s  case there i s  no e v i -  

dence of ipso-at tack a t  a l l .  From a l l  these resu l t s  i t  fol lows: l .  The observed preponderance o f  

ipso-at tack under k i n e t i c  cont ro l  of reac t ion  i s  dec i s i ve l y  determined by the high c y c l i z a t i o n  

tendency o f  indoleninium ion  13. 2. Predominant react ion  p r i n c i p l e  of the indoleninium ion  g i s  

not a  Wagner-Meetwein rearrangement, bu t  c y c l i z a t i o n  t o  14 o r  a l t e r n a t i v e l y  s o l v o l y t i c  cleavage to  

l a  and I, o r  as the case may be, t o  6. 3. Our resu l t s  are a  prime example o f  how unambiguous expe- - 

rimental  proof of ipso-at tack by an e lec t roph i l e  on 3-subst i tu ted indoles does no t  necessar i l y  

imply a l so  evidence i n  favour of i n d i r e c t  2 -subst i tu t ion  by way of intramolecular 3 +2 s h i f t  

Based on our de ta i l ed  experimental r esu l t s  we th ink  t ha t  the Wagner-Meerwein rearrangement during 

the course of the e l e c t r o p h i l i c  subs t i t u t i on  on 3-subst i tu ted indoles does no t  always fol low. 

P a r t i c u l a r l y  when the intermediary formed indoleninium ion  has a  good leaving group ( A ~ ~ ~ - C H O H + ,  

~ r y l - c ~ O A l k + )  27 the h e t e r o l y t i c  process o f  t h i s  ca t i on  ( f o r  instance j o r  i t s  alkoxy de r i va t i ve )  

should be favoured compared w i th  a  3  j 2  s h i f t ,  which i n  general conforms t o  the usual behaviour 

o f  the ca t i on  13. 

EXPERIMENTAL 

Methods 

0.02 mole 1 0.01 mole 4-nitrobenzaldehyde I 150 ml MeOH / 56 rnl conc. HC1 

I conc. HC1 (of  r . t . )  was added dropwise t o  the so lu t i on  of the reactants a t  r.t. dur ing  20 - 

25 min. Reaction time: 12 h  a t  r.t. under n i t rogen atmosphere 

I 1  conc. HC1 ( o f  r . t . )  was added r a p i d l y  t o  the so lu t i on  o f  the reactants a t  O'C. Reaction time: 

12.5 min, intense coo l ing  by ice .  

I 11  conc. HC1 ( o f  O'C) was added rap id l y  t o  the so lu t i on  of the reactants a t  O'C. Reaction time: 

30 min, intense coo l ing  by i ce .  

I V  conc. HC1 ( o f  -35'~) was added r a p i d l y  t o  the  so lu t i on  o f  the reactants a t  -35'~. Reaction 

t ime: 4 h  a t  -35'~.  

V Cleavage of 4 (0.95 mmole 3, 450 ml MeOH, 169 ml IN methanolic HCl): IN methanolic HC1 (o f  

O'C) was added r a p i d l y  t o  the so lu t i on  o f  14 a t  O0C. Reaction time: 4  h  a t  0%. Cleavage of 

10 can be achieved analogously. - 

V i  intermolecular rearrangement 10 -20 ( I  mmole 10, 200 ml MeOH, 75 ml conc. HCI): conc. HC1 

(of  r . t . )  was added as s lowly as possible so t h a t  reactant 10 remains i n  so lu t i on .  Reaction 

t ime: complete conversion w i t h i n  6  - 7 h  a t  r . t .  

Reactions I - V I  were quenched by add i t i on  o f  aqueous NH3 a t  O'C ( IV:  -35OC), pH was adjusted 

t o  8 - 9. 



- - - 
1 r r  z z z  
Y W W  - - -  
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M' 70 eV 
Cpd. ( %  r e 1 . j  

6  - 296 

(100)  

'ti-NMR 6 = pp. "c-NMR S = pp. 100 MHZ 

2.33 ( s ,  3H, indale-&) ,  3.37 ( s ,  3H, - O k ) ,  

5.62 ( 5 ,  lH ,  K - 0 )  

aromatic H: 6.95 - 7.7 ( m ,  6H), 7.95 (h r . s ,  

lNH, exch. NaOD), 8.09 (2H, AA' 4 - n i t r o -  

phenyl, J = 9Hr)  160 MHz, C D C ~ ~ ]  

2.31 (d,  3Me,C2-H= l . l H r ,  3H, indole-&), 

3.35 ( s ,  3H, -Om),  6.41 ( s ,  lH ,  E - 0 )  

Aryl-H: 6.90 (qu, 2 l l n e s  reso lved ,  J 
C Z - H , M ~ =  

l H r ,  l H ,  C2-HI, 7.05 - 7.8 (rn, 6H), 8.16 (ZH, 

AA' 4 - n l t r o p h e n y l ,  J  : 9 H r j  [60 MHz, C D C ~ ~ ]  

2.19 ( s ,  3H, indole-&) ,  2.28 ( d ,  3Me,C2-H= 

]Hz, 3H, indole-Me),  6.68 (qu,  3  l m e s  re- 

solved,  JC2-H,Me= lHz ,  lH ,  C2-ill, 7.0 - 7.40 

(m, 8Ar-H + CHI, 7.115 - 7.85 ( m ,  2Ar-H/lNH, 

exch. NaOO), 8.08 (2H, AA' & - n ~ t r o p h e n y l ,  

3  = 9Hr)  [60 MHz, C D C ~ ~ ]  

2.26 (d, 3p,e,C2-H= l . l H r ,  611, &), 7.92 (8, 

l H ,  CH) 

Aryl-H: 6.53 (qu, 2  l i n e s  reso lved ,  J  
C Z - H , M ~ =  

1.1Hr, ZH, C2-HI, 7.16 - 7.24 ( m ,  8H), 

7.58 - 7.64 (m, ZH), 8.215 (2H, AA' 4 - n i t r o -  

pheny l ,  .I = 9.2H1) [400 MHz, CDCI~] 

p  : 9.6 ( indole-&) ,  56.1 (-0&), 86.4 

( HC-0) 

.p2 ( d ) :  110.0, 119.4, 119.9, 122.3, 121.2, 

123.5, 127.1 

sp2 ( s j :  113.1, 129.7, 136.4, 145.8, 1 4 8 . 0 [ ~ 0 ~ 1 ~  
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