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The Pictet-Spenqler reaction has been employed 

to prepare 1,2,3,4-tetrahydro-B-carbolines for many 

years and is presumed to go through the spiroindolenine 

intermediate (XIX). A review of the evidence for this 

mechanism is presented. 

Tetrahydro-8-carbolines (I) have been synthesized principally 

by the Bischler-Napieralski reaction (1) (Eq 1) and the Pictet- 

Spengler condensation (2-5) (Eq 2). Other methods (2-6) have 



also been employed such as the Fischer indole cyclization; however, 

the Pictet-Spengler reaction is the topic of pincipal interest 

here and will be described in some detail. 

Pictet and Spengler (7) conceived the idea for the method 

based on biogenetic grounds,for it was felt that isoquinoline 

alkaloids were formed in plants by the condensation Of B-arylethyl- 

amines with carbonyl compounds; the condensation of B-phenethyl- 

amine (11) with methylal (Eq 3) in hydrochloric acid (conc) 

resulted in the formation of 1,2,3,4-tetrahydroisoquinoline (111). 

The Pictet-Spengler reaction soon became a standard method for 

the formation of tetrahydroisoquinolines (2,8). 

Apparently, Tatsui (9) was the first to utilize this method 

with indole bases, specifically, the synthesis of 1-methyl-1,2,3,4- 

tetrahydro-B-carboline (tetrahydroharman IV). A number of reviews 

(2-6) are available which list the numerous B-carboline syntheses 

which follow Tatsui's original adaptation of the Pictet-Spengler 

condensation. A selected set of examples will be presented here 

to illustrate the scope of this reaction. 
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Many syntheses  have been modeled a f t e r  t h e  syn the s i s  of 

tetrahydroharman ( I V )  a s  repor ted  by Akabori and S a i t o  ( 10 ) .  

Tryptamine and acetaldehyde were condensed i n  a 0.3 N s u l f u r i c  

a c i d  s o l u t i o n ,  which was heated t o  llO°C f o r  20 minutes t o  

f a c i l i t a t e  condensation (Eq 4 ) .  I n  1971, t h e  amine (V) was heated 

with  acetaldehyde i n  a 0.4 N s u l f u r i c  a c id  s o l u t i o n  f o r  one hour 

t o  produce t h e  s u b s t i t u t e d  tetrahydro-E-carboline ( V I )  (Eq 5) (11). 

S imi l a r l y ,  t h e  a c e t y l  c a rbo l i ne  d e r i v a t i v e  (12) ( V I I )  was formed 

from the  r eac t i on  of acetaldehyde and 5-acetyltryptamine (TI111 

i n  1 N s u l f u r i c  a c id  (Eq 6). Simi la r  r e s u l t s  have been r epo r t ed  

V I I I  V I  I 

using o the r  aldehydes (13) .  I n  add i t i on  t o  tryptamine,  tryptophan 

(2-6,14,15) has  been condensed wi th  a whole h o s t  of aldehydes,  



from formaldehyde ko s u b s t i t u t e d  benzaldehydes (2-6,12,13).  

S u l f u r i c  a c i d  ( 2 - 6 , l l - 1 3 ) ,  hydroch lor ic  a c i d  (2-6,12,13,16),  

and a c e t i c  a c i d  (17) have been used a s  c a t a l y s t s .  The exper imental  

c o n d i t i o n s  f a l l  i n t o  two g e n e r a l  c a t e g o r i e s  ( 2 ) .  Laboratory 

c o n d i t i o n s  which employ a  20-30% excess  of a c i d ,  accompanied by 

hea t ing ,  whi le  p h y s i o l o g i c a l  c o n d i t i o n s  r e q u i r e  b u f f e r s  t o  mainta in  

the pH between 3  and 8. When t h e  pH i s  7 o r  h igher ,  a i r  ox ida t ion  

becomes the predominate f a c t o r  and y i e l d s  tend t o  s u f f e r  (18) . 
One r e c e n t  a l t e r a t i o n  of t h i s  r e a c t i o n  has been c a r r i e d  o u t  

by i n i t i a l  formation o f  t h e  S c h i f f  base  i n  an a p r o t i c  s o l v e n t  

followed by format ion of t h e  8-carbol ine  i n  a c i d i c  media (12,19-21).  

For example, a  mix ture  of t ryptamine and f u r f u r a l  ( I X )  were 

r e f l u x e d  i n  benzene to  form t h e  Sch i f f  b a s e  (XI; a Dean-Stark t r a p  

w a s  used t o  remove t h e  water formed i n  t h e  r e a c t i o n .  The Sch i f f  

base  (X) was transformed t o  t h e  te t rahydro-6-carbol ine  ( X I )  by 

t r ea tment  wi th  anhydrous H C 1  i n  t e t r a h y d r o f u r a n  (Eq 7) ( 1 9 ) .  

mH2 H + QcH0 wN 11 

IX H C-H 

b I 

X '9 X I  

I n  a d d i t i o n  t o  aldehydes,  o t h e r  carbonyl  compounds have been 

employed; r e a c t i o n s  wi th  l a c t o n e s ,  however, a r e  r a r e .  The keto-  

amide ( X I I )  has  been r e p o r t e d  by W i n t e r f e l d t  (22)  t o  c y c l i z e  i n  

methanol ic  hydrogen c h l o r i d e  t o  t h e  t e t r a c y c l i c  lactam ( X I 1 1 1  

(Eq 8 ) .  Acetone and t ryptamine were condensed i n  benzene, i n  t h e  
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presence of p- toluenesulfonic  a c i d ,  by Hester (23) t o  provide t h e  

Sch i f f  base  ( X I V ) .  The Sch i f f  base  (XIV) was then cyc l i z ed  i n  

phosphorous oxychlor ideto  fu rn i sh  1 , l - d i s u b s t i t u t e d  tetrahydro-0- 

ca rbo l ine  (XV) (Eq 9). An i n t e r e s t i n g  r e p o r t  appeared i n  1973 ( 2 4 )  

~~6 ' C H ~  

X I V  xv 

which descr ibed a method f o r  t he  condensation of tryptarnine wi th  

var ious  ketones i n  t he  presence of ethylpolyphosphate (Scheme 1). 

SCHEME 1 



a-Ketoacids and t ryptamine hydrochlor ide  have been condensed 

i n  p r o t i c  s o l v e n t s  t o  form 1-carboxy-tetrahydro-B-carbolines ( X V I )  . 
These a c i d s  undergo f a c i l e  decarboxyla t ion  t o  y i e l d  t h e  t e t rahydro-  

8-carbol ine  ( X V I I )  (Eq 10) ( 2 1 ) ;  an example i s  shown i n  Eq 11 ( 2 5 ) .  

W&-Q@ (10) 

. XVI 0 
X V I I  
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In addition, 6-keto-aldehydes and tryptamine hydrochloride have 

also been condensed to form 0-carbolines (Eq 12) (27). 

The formation of an imminium ion from the Schjff base promotes 

the cyclization; therefore the equilibria between dnamine and 

imine tautomers can also be utilized to prepare tetracyclic deriva- 

tives (3) as shown in Eq 12, 13 (28). and 14 (22). 

The most recent advance regarding the conditions of the Pictet- 

Spengler reaction was reported in 1976 (29). When tryptamine and 



aldehydes were refluxed in an aprotic solvent only the Schiff base 

was formed; however, when the same aldehydes were heated either 

with tryptophan methyl ester or Nb-benzyltryptamine in aprotic 

solvents, tetrahydro-6-carbolines were formed in good yield. For 

example, l-phenyl-3-methoxycarbonyl-lr2,3,4-tetrahydro-6-carboline 

(XVIIIa) was prepared in 90% yield by heating tryptophan methyl 

ester and benzaldehyde in refluxing benzene (Eq 15) (29). 

O e '  

benzene 
___* 

A 
H 

This modification has led to improved synthesis of several 

tetrahydro-6-carbolines including the phenol (XVIIIb), the 

tryptophan methyl ester derivatives (xVIIIc-e) and the diethyl- 

acetal products (XVIIIf and g) (29b). An explanation for these 

facile cyclizations has been presented (29b). This methodology 

has also been employed to prepare the antibiotic, pyridindolol 

XvIIIh (29c), for attempts to prepare this 6-galactosidase inhibitor 

via the usual reactions in aqueous acid were not successful (29d). 
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q-cH2ph q C H 2 0 H  

HC-OEt CHOH 
I 
OEt 

I 
CH20H 

XVIIIf, R = CH3 XVIIIh 

The Spiroindolenine Intermediate 

There are two principal mechanistic pathways which have been 

proposed for the Pictet-Spengler condensation: the spiroindolenine 

route (Scheme 2, path A), which is thought to arise by electro- 

philic attack of the Schiff base XX at the three position of the 

indole,followed by a 1,2 alkyl shift to form the intermediate XXI; 

or the simpler pathway which involves the direct formation of the 

cationic intermediate XXI by electrophilic attack of the Schiff 

base XX at the two position of the indole (Scheme 2, path B) . 
Reports about either of these two mechanisms have appeared in 

several journals and, in general, strongly implicate the spiro- 

indolenine intermediate XIX as the central step in this reaction. 

SCHEME 2 

-~ 
I, 

H C-R 

XXI XIX 



In 1948, Woodward (30) proposed the spiroindolenine as an 

intermediate for the biosynthesis of Strychnos alkaloids (Eq 16). 

Thi .s appears to be the origin of the spiroindolenine hypothesis. 

Within the last decade, Jackson and coworkers have reported a 

substantial amount of evidence in support of the spiroindolenine 

mechanism stemming from investigations of the electrophilic 

reactivity of the 2,3-indole double bond. 

Initially, Jackson and Smith (31) reported that reaction of 

3-methylindolylmagnesium iodide and ally1 bromide resulted in the 

products XXII-XXIV. In dilute acid the indolenine XXII rearranged 

XXII, 44% I1 
XXIII, 4% 

XXIV, 28% XXV 

to the 1.2-disubstituted indole XXIV; however, the thermal rearrange- 

ment (XXII + XXIV) did not take place. Stronger conditions (6 N 
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acid, heat) were needed to rearrange 3-methyl-3-propylindolenine 

(XXV) while the N-alkylated indole (XXIII) would not rearrange 

to the 1,2-disubstituted indole (XXIV) either under acidic or 

thermal conditions. 

Having noted that Hoshino and Kotake (32) had synthesized 

1-phenyl-1,2,3,4-tetrahydro-R-carboline (XXVI, R = H) from 

tryptamine and benzaldehyde in an acidic (EtOH/HCl) medium (Eq 17), 

Jackson and Smith (33) attempted to trap the spiroindolenine 

intermediate (XXVII, R = HI. They reported that even under 

XXVI 

@+$ XXVII 

extremely mild acid conditions (dry HC1 in ether) the tetrahydro- 

0-carboline (XXVI, R = H) resulted immediately, and quantitatively, 

instead of the indolenine (XXVII, R = H). A similar result was 

found in the Na-methyl (XXVI, R = CH3) case. In this same series 



at pH 8 only starting materials were isolated, and at high temper- 

atures or higher pH, hydrolysis resulted. Attempts to trap the 

spiroindolenine by oxidation to the spirooxindole (XXVIII, R = H) 

with ferricyanide (under both neutral and alkaline conditions) 

XXVI I I 

failed. Jackson and Smith (33), however, also noted that Woodward 

(34) had reported the formation of a spiroindolenine (XXIX) in the 

synthesis of strychnine, when p-toluenesulphonyl chloride in 

CHO 

> 18) 
2 )  TosylCl 

3 CH3 
0CH3 0CH3 

XXIX 

pyridine was employed to cyclize the Schiff base (Eq 18). The 

benzylidene derivative of tryptamine, however, was transformed 

into the Nb-tosyl-tetrahydro-6-carboline (XXX) when Woodward's 

procedure was attempted (Eq 19). Furthermore, 2-methylbenzylidene 

WNH* (19) 

H 2) ~ o s C l  
Pyr 

XXX 
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t ryptamine (XXXI) a l s o  d i d  n o t  r e a c t  t o  form t h e  s p i r o i n d o l e n i n e  

( X X X I I )  under t h e s e  same c o n d i t i o n s  ( ~ q  2 0 ) .  

XXXII  

To i n v e s t i g a t e  t h e  suspected rearrangement of t h e  s p i r o -  

indo len ine ,  t h e  oxindole  ( X X V I I I ,  R = CH3) was synthesized ( 3 3 ) .  

Lithium aluminum hydride  reduc t ion  of X X V I I I  (R  = CH3) provided 

t h e  carbinolamine ( X X X I I I )  , which underwent f a c i l e  rearrangement 

t o  t h e  tetrahydro-B-carboline (XXVI,  R = CH2)  even i n  spec t ro -  

scop ic  grade e t h a n o l  (Eq 2 1 ) .  To avoid rearrangement of t h e  

XXVI I I X X X I I I  XXVI 

carbinolamine ( X X X I I I ) ,  it was necessary  t o  s t o r e  t h e  m a t e r i a l  

i n  a l k a l i n e  s o l u t i o n  f o r  t h e  s l i g h t e s t  t r a c e  of a c i d  induced 

rearrangement. The c a r b i n o l  (XXXIV) had been syn thes ized  e a r l i e r  

by Witkop and P a t r i c k  ( 3 5 ) ,  from t h e  corresponding oxindole .  

Jackson and Smith ( 3 3 )  r epor ted  t h a t  t h i s  compound (XXXIV) formed 

t h e  sp i ro indo len ine  (XXXV) i n  c o l d  a c i d ,  b u t  r ea r ranged  t o  t h e  

ca rbazo le  (XXXVI) i n  h o t  a c i d  (Scheme 3 ) .  The qua te rnary  amine 



SCHEME 3 

XYYV XXXIV 

&H 

X X X V I I  

( X X X V I I )  had a l s o  been syn thes ized  by Jackson and Smith (23) from 

t h e  corresponding ox indo le ,  and t h i s  s a l t  was found t o  be ve ry  

s t a b l e  even i n  phosphoric a c i d  (180°C f o r  4 h o u r s ) .  

Continuing t h e i r  i n v e s t i g a t i o n ,  Jackson and Smith (36) n e x t  

s t u d i e d  t h e  migra to ry  a p t i t u d e  of v a r i o u s  groups a t t a c h e d  t o  t h e  

t h r e e  p o s i t i o n  of t h e  indo len ine  ( X X X V I I I ) .  The o r d e r  of migratory  

6. 1 

X X X V I I I  

a p t i t u d e s  (33,36) was CH3 < CH3CH2 < i -Pr  < A l l y 1  < PhCH2 < PhCH-NR2. 

K i n e t i c  s t u d i e s  (no d a t a  given)  i n d i c a t e d  t h a t  t h e  rearrangement 

was f i r s t  o r d e r  when s u f f i c i e n t  a c i d  was p r e s e n t  t o  completely 

p r o t o n a t e  t h e  indo len ines .  The a c t u a l  rearrangement was thought  

t o  be of t h e  "Wagner-Meerwein" type ,  s i n c e  no "cross-over"  products  
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were found when 3,3-dimethyl and 3 ,3-die thyl  indo len ines  were 

rearranged i n  t h e  same s o l u t i o n .  Attempts t o  p repare  o p t i c a l l y  

a c t i v e  indo len ines  ( X X X V I I I ,  R' = see  o c t y l ,  Ph(CH )CH- and R = 
3 

CH3) t o  expand t h i s  i n v e s t i g a t i o n  f a i l e d ,  apparen t ly  due t o  s t e r i c  

e f f e c t s .  

The energy diagram (Fig .  1) desc r ibed  by Jackson e t  a l .  (37) 

i l l u s t r a t e s  t h e  two p o s s i b l e  pathways f o r  e l e c t r o p h i l i c  a t t a c k  on 

3 -subs t i tu ted  indo les .  The d i s r u p t i o n  of t h e  resonance energy of 

t h e  benzene r i n g  (Fig.  1, pa th  2) they  s t a t e d ,  should r e q u i r e  more 

energy than t h e  formation of t h e  corresponding indo len ine  (Fig .  1, 

pa th  I ) ,  which upon rearrangement would r e s u l t  i n  t h e  same i n t e r -  

mediate ( C ) .  Therefore ,  a t t a c k  a t  t h e  indole-3-posi t ion should 

be  favored over  a t t a c k  a t  t h e  indole-2-posi t ion.  Furthermore, t h e  

f i n a l  s t e p ,  t h e  l o s s  of t h e  proton t o  rearomat ize  t h e  r i n g ,  would 

be  r a p i d  and n o t  i n f l u e n c e  t h e  i n t e r p r e t a t i o n  of t h e  mechanism. 

The energy b a r r i e r  f o r  a t t a c k  a t  t h e  two p o s i t i o n  of indo le  (pa th  

2) may become compet i t ive  wi th  t h e  indo len ine  mechanism (pa th  1) 

i f  t h e r e  a r e  changes i n  t h e  s u b s t r a t e  o r  r e a c t i o n  cond i t ions .  For 

example, the 6-hydroxyindole (XXXIX) may donate  e l e c t r o n s  t o  

s t a b i l i z e  t h e  in te rmedia te  (Eq 2 2 ) ;  Casua t i ,  Dossena and Pochini  

X X X I X  

( 3 8 )  have shown t h a t  d i r e c t  a t t a c k  a t  t h e  indole-2-posi t ion (path  

2) does t a k e  p l a c e  under some circumstances (see below).  I t  



reaction coordinate 

Figure 1. The dashed line represents route 2 (direct attack at 

%-position of indole). The solid line represents 

route 1 (indolenine mechanism). 
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appears reasonable that the indolenine may be the kinetically 

controlled product while the rearranged 2,3-disubstituted indole 

is the thermodynamically controlled product; especially since 

vigorous conditions are required to rearrange a tetrahydro-0- 

carboline to a spiroindolenine (39). 

An important experiment in the investigation of the mehcanism 

was the synthesis of indolyl-3-butanol (XL) with a tritium label 

on the methylene group adjacent to the indole ring [Jackson, Naidov 

and Smith (37)l. Using BF3-etherate, the indolyl-3-butanol (XL) 

was cyclized to the tetrahydro-6-carbazole (XLI), which still 

contained all of the tritium label. The carbazole (XLI) was 

oxidized to the 1-0x0 derivative (XLII) (Eq 23). Upon examination, 

half of the label had been lost in the formation of the 1-0x0 

XL XLI XLII 

derivative ( X L I I ) ;  it was concluded that the label was equally 

distributed between the one and four positions of the carbazole 

(XLI). This scrambling could have only resulted through the 

spiroindolenine (XLIII). The possibilities for exchange 

or reequilibration after cyclization were tested,for it is possible 



t o  rea r range  t e t rahydrocarbazo les  t o  s p i r o c y c l i c  indo len ines  i n  

s t r o n g  a c i d  ( 3 9 ) .  Therefore ,  t h e  ca rbazo le  (XLIV) wi th  t r i t i u m  

l a b e l  on ly  a t  t h e  1 -pos i t ion  was hea ted  i n  s t r o n g  a c i d .  Loss of 

t r i t i u m  l a b e l  r e s u l t e d  and no tritium l a b e l  was found a t  t h e  

carbazole-4-posi t ion (Eq 2 4 ) ;  consequent ly ,  t h e  scrambling could  

XLIV 

n o t  have occurred by t h e  e q u i l i b r a t i o n  of t h e  ca rbazo le  b u t  on ly  

by t h e  format ion of t h e  indo len ine  (XLII I ) .  

Biswas and Jackson (40) i n v e s t i g a t e d  t h e  i n d o l e  Grignard 

r e a c t i o n s  i l l u s t r a t e d  below (Eq 25-27). I t  i s  apparen t  t h a t  t h e  



indolenine in te rmedia te  must have formed, s i nce  t h e  p-methoxy- 

benzyl  group migrates  p r e f e r e n t i a l l y  (Eq 27) t o  t he  indole-2- 

pos i t i on .  ~ l s o  i n  t h i s  s tudy  a  more important r e s u l t  was found 

which s t r ong ly  supports  t he  sp i ro indolen ine  mechanism. I n  t h e  

diborane reduc t ion  of t he  carboxybenzylindole (XLV), t he  expected 

a lcohol  (XLVI)  was no t  formed (Eq 2 8 ) ;  i n s t e ad ,  t he  sp i ro indo l i ne  

( X L V I I )  was obtained (Eq 29 ) ,  presumably through t h e  in te rmedia tes  

XLVI 

XLV 
XLVIIIa XLVIIIb 

(29) 

H 

X L V I I  

1 1 0 7 ~  



XLVIIIa and XLVIIIb. I n  a  p a r a l l e l  i n v e s t i g a t i o n  t h e  a l c o h o l  

(XLVI) was formed from t h e  carboxybenzylindole (XLV) by l i t h i u m  

aluminum hydride  reduc t ion ,  and was condensed t o  provide t h e  

t e t r a c y c l i c  d e r i v a t i v e  ( X L I X )  (Eq 30) .  I s o l a t i o n  of t h e  s p i r o -  

XLV XLVI XLIX 

indo len ine  d e r i v a t i v e  XLVII from t h e  reduc t ion  (Eq 2 9 )  provided 

s t r o n g  evidence f o r  t h e  s p i r o i n d o l e n i n e  mechanism f o r  t h e  i n t e r -  

mediate XLVIIIb had been t rapped (Eq 2 9 )  by reduc t ion  of t h e  

indole-1,2-double bond (XLVIIIb) b e f o r e  rearrangement could  t a k e  

place .  The d e s i r e d  compound (XLIX) was l a t e r  ob ta ined  by employing 

a  slower reduc ing .agen t  i n  t h e  f i r s t  s t e p ,  a s  shown i n  Eq 30. 

I n  1953, Witkop and P a t r i c k  (35) noted t h a t  3,3-dimethyl- 

indo len ine  forms a  trimer i n  r e f l u x i n g  benzophenone o r  a c e t i c  

anhydride.  Jackson and coworkers (31,33,36,41) i n v e s t i g a t e d  t h e  

s t r u c t u r e s  of t h e s e  trirners. I n  t h e  c r y s t a l l i n e  s t a t e ,  n e u t r a l  

o r  a l k a l i n e  c o n d i t i o n s ,  t h e  indo len ines  e x i s t e d  a s  t r imers (L) .  

I n  a d d i t i o n ,  t h e  s p i r o i n d o l e n i n e  of i n d o l y l b u t a n o l  e x i s t e d  a s  t h e  

t r i m e r  (LI)  i n  both  deuterochloroform and t h e  s o l i d  s t a t e .  Treatment 
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with a c i d  immediately cleaved t he  trimer and slow c y c l i z a t i o n  t o  

t he  te t rahydrocarbazole  ( X L I )  followed. When indolyl-3-propanol 

(LI I )  was r eac t ed  i n  BF3-etherate t o  form t h e  t r i c y c l i c  indo le  

L I I I  only polymer r e s u l t e d  (Eq 31) .  I n  a s i m i l a r  s tudy  t h e  t o s y l a t e  

L I I  L I I I  

o f  indolyl-3-propanol (L I I )  was s t i r r e d  wi th  potassium t-butoxide 

i n  t-butanol t o  g ive  t he  te t ramer  ( L I V ) .  I n  n e i t h e r  case  was any 

L I V  

of t he  t r i c y c l i c  compound i s o l a t e d .  I n  a s i m i l a r  ve in  s t r ong  

evidence f o r  t he  sp i ro indolen ine  mechanism was repor ted  i n  a 

paper by Ghosal and Banerjee (18) .  Abrine (LV) and formaldehyde 

were r eac t ed  i n  s t r ong  ac id  (pH < 2 )  t o  g ive  a mixture of t h r e e  

products  (LVI-LVIII) (Eq 32) .  I n  o the r  cases  polymeric ma t e r i a l s  

r e s u l t e d ,  b u t  only i n  t he  case  of LV w a s  any of t h e  polymeric 

ma t e r i a l  i d e n t i f i e d .  

The s i g n i f i c a n t  po in t  i s  t h a t  a po r t i on  of t h e  sp i ro indolen ine  
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intermediate trapped i t s e l f  i n  the  form of the  t r imer ( L V I I I ) ,  

while the  r e s t  of the  mater ia l  rearranged t o  form the tetrahydro- 

8-carbolines (LVI and LVII). 

Acetolysig of the  deuterated to sy la t e  (LIX) was s tudied  by 

Closson e t  a l .  ( 4 2 ) .  A 50:50 mixture (by NMR) of the two deuterated 

ace ta t e s  (LXa and LXb) were found (Eq 33).  When the  to sy la t e  (LXI) 

LIX LXa LXb 

was reacted with potassium t-butoxide i n  THF (under N 2 ) ,  the 

spiroindolenine (LXII) was found and was e a s i l y  hydrolyzed with 

e i t h e r  water o r  ethanol  (Scheme I V ) .  Jackson and Naidov ( 4 1 )  

c a r r i ed  out  a  s imi lar  inves t iga t ion  t o  determine the  so lvolys is  

r a t e s  of the  to sy la t e s  (LXIIa-d). This study indicated t h a t  the  
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indo le  double bond does p a r t i c i p a t e  i n  t he  so lvo ly s i s ;  t he  orde 

was found t o  be a  > c > d > b. This o rder  p a r a l l e l s  Wins te in ' s  

( 4 3 )  s t u d i e s  on neighboring group e f f e c t s  i n  simplg benzenoid 

systems. I t  i s  important t o  no t e  t h a t  t h e  s o l v o l y s i s  r a t e  of 

i n d o l y l e t h y l  tos$late (LXIIIa) was about 1000 t imes f a s t e r  than 

t h e  s o l v o l y s i s  r a t e  of t he  corresponding e t h y l  t o s y l a t e .  Also, 

t h e  r a t e s  of s o l v o l y s i s  of LXIIIb and d  were about  t h e  same, b u t  

LXIIId formed only a  t r a c e  of cyclohept indole .  The type of  

p a r t i c i p a t i o n ,  apparent ly ,  involves  t h e  sp i ro indolen ines  LXIVa-d; 

LXIVa, n  = 2 
b , n = 3  
C ,  n  = 4  
d , n = 5  

moreover, th ree -  o r  five-membered sp i ro indolen ines  formed e a s i e r  

than t h e i r  four- o r  s ix-medered counte rpar t s .  Furthermore, 



Jackson and Naidoo ( 4 4 )  were a b l e  t o  c y c l i z e  2-methylindolyl- 

bu tano l  (LXV) t o  t h e  s p i r o i n d o l e n i n e  (LXVI) wi th  BF3-etherate 

(Eq 34) .  The corresponding t o s y l a t e  a l s o  formed t h e  s p i r o i n d o l e n i n e  

LXV LXVI 

(LXVI) on t rea tment  wi th  potassium t -butoxide o r  on passage through 

a column of alumina. 

I n  1958, Noland and Robinson (45) pub l i shed  a r e p o r t  which 

i n d i c a t e d  t h a t  2,3-dimethylindole would n o t  r e a c t  wi th  benzaldehyde 

a s  d i d  2-methyl-and 3-methylindole. For t h i s  r eason ,  they  

concluded t h a t  t h e  mechanism must be  d i r e c t  a t t a c k  a t  t h e  two- 

p o s i t i o n  o f  i n d o l e .  I n  1966, however, Noland and Bande (46) 

subsequent ly  r e p o r t e d  r e s u l t s  t h a t  d i d  suppor t  t h e  indo len ine  

mechanism. These f i n d i n g s  a r e  shown i n  Scheme 5. 

SCHEME 5 
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A s  mentioned e a r l i e r ,  Casna t i  e t  al. ( 3 8 )  have shown t h i t  

d i r e c t  a t t a c k  a t  t h e  two-posit ion of indo le  can occur under t h e  

r i g h t  cond i t ions .  Their  r e s u l t s  a r e  shown i n  Tables 1 and 2. 

TABLE 1 

(+) and (-)  i n d i c a t e  r e l a t i v e  Rf's f o r  t h e  dias tereomers .  



TABLE 2  

D 

M - R '  - R" - .  
MgBr C6H5CH2 CH2'CHCH2 

MgBr C6H5CH2 CH2'CHCH2 

MgBr (CH3) 2C=CHCH2 CH2=CHCH2 

MgBr (CH3) 2C=CHCH2 CH3CH=CHCH2 

MgBr C6H5CH (CH3) 'gHgCH2 

H (CH3) 2C=CHCH2 CH3CH=CHCH2 

E 

Solven t  

EtZO 

THF 

Et20  

Et20 

Et20 

CH 3C02H/NaAc 

I n  Table 2 t h e  i n c r e a s e  i n  amount of i n d o l e  (F) produced,compared 

t o  t h e  same compound formed under t h e  cond i t ions  which a r e  under- 

l i n e d  i n  Table 1 , c a n  on ly  be  exp la ined  by d i r e c t  a t t a c k  a t  t h e  

i n d o l e  two p o s i t i o n .  For example, t h e  indo len ine  (LXVII) l i s t e d  

i n  Table 1 gave on ly  15% of t h e  i n d o l e  (LXVIII) a f t e r  rearrange-  

ment i n  a c e t a t e  b u f f e r ;  whereas,  t h e  r e a c t i o n  of t h e  3 - subs t i tu ted  

i n d o l e  (LXIX) wi th  3-bromo-2-butene produced 51% of t h e  i n d o l e  

(LXVIII) i n  t h e  same medium. The a d d i t i o n a l  amount (36%) of t h e  

QJc$Qc$- H H 

LXVII LXVIII LXIX 

i n d o l e  (LXVIII) i s o l a t e d  can on ly  be  from t h e  d i r e c t  a t t a c k  a t  

t h e  two p o s i t i o n ,  s i n c e  only  15% could be accounted f o r  by 
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rearrangement of t h e  indo len ine  (LXVII). It i s  important  t o  

mention t h a t  when t h e  s o l v e n t  i s  changed from e t h e r  t o  THF (Table 

2 ) ,  none of t h e  indo le  (LXVIII) was produced. C a s n a t i ' s  r e s u l t s  

i n d i c a t e  t h a t  d i r e c t  a t t a c k  a t  t h e  2-posi t ion can become competi- 

t i v e  wi th  t h e  a l k y l a t i o n  a t  p o s i t i o n  3 i n  3-a lkyl indoles  depending 

on steric e f f e c t s ,  h a l i d e  r e a c t i v i t i e s  and r e a c t i o n  cond i t ions .  

This i l l u s t r a t e s  t h a t  c e r t a i n  r e a c t i o n  parameters can b e  a l t e r e d  

t o  provide more a t t a c k  a t  t h e  2-posi t ion of indo le .  

I n  1923, Mayer and Schnecko (17) repor ted  t h a t  when B-ethyl- 

aminonaphthalene (LXX) and formaldehyde were condensed i n  a c i d ,  

only  t h e  product  of c y c l i z a t i o n  i n  t h e  a -d i rec t ion  (LXXI) was 

LXX LXXI 

formed and none of t h e  8-isomer (LXXII) was i s o l a t e d .  The s p i r o -  

indo len ine  in te rmedia te  ( L X X I I I )  could be  employed t o  e x p l a i n  this 

phenomenon; once t h e  8-spiroindolenine  (LXXIII) has formed, t h e  

LXXII LXXIII LXXIV 

p o s i t i v e  charge r e s t s  on t h e  l e s s  s t a b l e  a -pos i t ion  ( 4 8 ) .  Rearrange- 

ment would then move t h e  p o s i t i v e  charge t o  t h e  more s t a b l e  5- 

p o s i t i o n  (48) (LXXIV) and t h i s  would a c t  a s  t h e  d r i v i n g  f o r c e  f o r  

t h i s  r e a c t i o n .  When a-ethylaminonaphthalene (LXXV) was r e a c t e d  



under t h e  same c o n d i t i o n s ,  no r e a c t i o n  took p l a c e .  Apparently,  

i f  t h e  a - sp i ro indo len ine  (LXXVI)  d i d  form, t h e r e  would be  a  

nega t ive  d r i v i n g  f o r c e  ( a g a i n s t  rearrangement) ,  s i n c e  t h e  rearrange-  

ment would r e s u l t  i n  t h e  formation of a  less s t a b l e  carbonium i o n  

( L X X V I I )  . Furthermore,  s i n c e  no " p e r i "  product  (LXXVIII) was found, 

LXXV LXXVI LXXVII I i @ 2  ) 2 

H 

LXXVIII 

d i r e c t  a t t a c k  can be r u l e d  o u t .  I n  a  r e l a t e d  i n v e s t i g a t i o n  Dey 

and Rajagopolar ( 4 9 )  s u b j e c t e d  1-aminomethyl-2-methoxynaphthalene 

(LXXIX) t o  r e a c t i o n  under analogous cond i t ions  t o  t h a t  desc r ibed  

above. Again, no " p e r i "  product  (LXXX) was i s o l a t e d  even through 

t h e  " p e r i "  p o s i t i o n  was a c t i v a t e d  by a  methoxy group. The 

LXXIX LXXX LXXXI 

above two examples sugges t  t h a t  t h e  s p i r o i n d o l e n i n e  i n t e r m e d i a t e  

could  w e l l  be  o c c u r r i n g  i n  systems much d i f f e r e n t  than i n d o l e .  

There i s  more evidence a v a i l a b l e  t o  suppor t  t h e  s p i r o i n d o l e n i n e  

mechanism f o r  t h e  P ic te t -Spengle r  r e a c t i o n  i n  t h e  case  of t e t rahydro-  

8 -ca rbo l ines .  The r e a d e r  i s  r e f e r r e d  t o  r e f e r e n c e  50 f o r  o t h e r  

work i n  t h e  a r e a .  
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