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The Spiroindclenine Intermediate, A Review

. .
Frank Ungemach and James M. Cpook, Department of Chemistry,

University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 53201

The Pictet-Spengler reaction has been emploved

to prepare 1,2,3,4-tetrahydro-f-carbolines for many
vears and is presumed to go through the spiroindolenine
intermediate (XIX). A review of the evidence for this

mechanism is presented.

Tetrahydro-g-carbolines (I) have been synthesized principally
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by the Bischler-Napieralski reaction (1) (Eg 1) and the Pictet-

Spengler condensation (2-5) (Eg 2). Other methods (2-6)} have
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alsc been employed such as the Fischer indole cyclization;  however,
the Pictet-Spendgler reaction is the topic of pincipal interest
here and will be described in scome detail,

Pictet and Spengler (7) conceived the idea for the method
based on biogenetic grounds, for it was felt that isogquinoline
alkaleoids were formed in plants by the condensation of B-arylethyl-
amines with carbonyl compounds; the condensation of B-phenethyl-

amine (II) with methylal (Eg 3) in hydrechloric acid (conc)

H+
+ CH., (OCH,} ., =—=—> (3)
[:::I/ﬁ\le 2 32 (:::I:::;H
IIT

I1

resulted in the formation of 1,2,3,4~-tetrahydroisoquinoline (III).
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 l-methyl-1,2,3,4-

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

ouw@”

H
CH3

Iv

{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 after the synthesis of
tetrahydroharman (IV) as reported by Akabori and Saito (10).
Tryptamine and acetaldehyde were condensed in a 0.3 N sulfuric
acid solution, which was heated to 110°C for 20 minutes to

facilitate condensation (BEg 4). In 1971, the amine (V) was heated

H+
O b rmee > Q0 @
5 CH

H
3

Iv

with acetaldehyde in a 0.4 N sulfuric acid solution for cone hour

to produce the substituted tetrahydro-f-carboline (VI) (Bg 5) (11).

u*
+ CH,CHO — | {5)
H NH, H NH
3 3
H H CH3

v vi

Similarly, the acetyl carboline derivative (12) (VII) was formed

from the reaction of acetaldehyde and 5-acetyltryptamine (VIII)

in 1 N sulfuric acid (Eg 6). Similar results have been reported

0
CH, gt 1}
+ CH,CHO ~—3 CHyC © (6)
NHZ ‘] NH
H CH

H
3

=0

VIII VII

using'other aldehydes (13). In addition to tryptamine, tryptophan

{2-6,14,15) has been condensed with a whole host of aldehydes,
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from formaldehyde to substituted benzaldehydes (2-6,12,13).

Sulfuric acid (2-~6,11-13), hydrochloric acid (2-6,12,13,16),
and acetic acid (17) have been used as catalysts, The experimental
conditions fall into two general categories (2). Laboratory
conditions which employ a 20-30% excess of acid, accompanied by
heating, while physiological conditions require buffers to maintain
the pH between 3 and 8. When the pH is 7 or higher, air oxidation
becomes the predominate factor and yvields tend to suffer (18).

One recent alteration of this reacticn has been carried out
by initial formation of the Schiff base in an aprotic solvent
followed by formation of the R-carboline in acidic media (12,19-21).
For example, a mixture of tryptamine and furfural (IX) were
refluxed in benzene to form the Schiff base (X); a Dean-Stark trap
was used to remove the water formed in the reaction. The Schiff
base (X) was transformed to the tetrahydro-p-carboline (XI) by

treatment with anhydrous HCl in tetrahydrofuran (Bg 7) (19),

Hz ' Q\CHO — fi} NH

In addition to aldehydes, other carbonyl compounds have been
employed; reactionsg with lactones, however, are rare. The keto-
amide (XII) has been reported by Winterfeldt (22) to cyclize in
methanclic hydrogen chloride to the tetracyclic lactam (XIIT}

{(Eg 8). Acetone and tryptamine were condensed in benzene, in the
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(8)

XII XIIT

presence of p-toluenesulfonic acid, by Hester (23} to provide the
Schiff base (XIV). The Schiff base (XIV) was then cyclized in

phosphorous oxychloride to furnish 1,l-disubstituted tetrahydro-g-

carboline (XV} (Eq 92). An interesting report appeared in 1973 (24)

O
@I]/\l v flon, —s
NH2
H
 —Q)

CH
H /C\ H CH 3 3

XIv XV

which described a method for the condensation of tryptamine with

various ketones in the presence of ethyl polyphosphate (Scheme 1).

SCHEME 1

Hz +CH3?C|:CH3 —_ H

H
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o-Keto acids and tryptamine hydrochloride have been condensed

o7, - CF -->©;H%

in protic selvents to form 1-carboxy-tetrahydro-g-carbolines (XVI}.
These acids undergo facile decarboxylation to yield the tetrahydro-

g-carboline (XVII)} (Eg 10) (21); an example is shown in Eg 11 (25}.
o]
0, H
. NH3C1
H
H cozi I

KVI

(10)

XVII

_ + CH,CH, O(!CH éco Hé@% (11)
NH3C1

O CH CH
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In addition, P-keto-aldehydes and tryptamine hydrochloride have

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

{12)

The formation of an imminium ion from the Schiff 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 Eg 12, 13 (28), and 14 (22}.

%q@\—fgjﬁ (13

—> ©‘| | (14)

The most recent advance regarding the conditions of the Pictet-

Spengler reaction was reported in 1976 (29). When tryptamine and
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aldehydes were refluxed in an aprotic solvent only the Schiff basge
was formed; however, when the same aldehydes were heated either
with tryptophan methyl ester or Nb—benzyltryptamine in aprotic
solvents, tetrahydro-f-carbolines were formed in good yield. For
example, l-phenyl-3-methoxycarbonyl-1,2,3,4-tetrahydro-8-carboline
(XVIITa) was prepared in 920% yield by heating tryptophan methyl

egster and benzaldehyde in refluxing benzene (Eg 15} (29).

RN
CH
CO,CH, benzene
Q3 Q=
NH2 A
H

‘ COZCH3

(15)

XVIilla, X = H

This modification has led to improved synthesis of several
tetrahydro-f-carbolines including the phencl (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
XVIITh (29c), for attempts to prepare this R-galactosidase inhibitor

via the usual reactions in aqgueous acid were not successful (294).

CO,CH,
(::)ll'] NR2
H gt
1 2
XVIITe, R' = CH,CH,CO,CHj, R® = CH,Ph
Xviila, X = H XVIIId, RT = CH(OEt) 5, R? = CH,Ph
XVIIIb, ¥ = OH XVIIIe, R' = CH(OEt),, rR? = &
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CH,OH
| oW
~CH,Ph ‘l N
R H?—OEt H ?HOH
OEt CH,,0H

XViiIif, R = CH XVIIIh

3

XVIIIg, R = H

The Spiroindolenine Intermediate

There are two principal mechanistic pathways which have been

1978

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 ¢f the
indole, followed by a 1,2 alkyl shift to form the intermediate XXI:
or the simplexr 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

3 —H20 B
A
2 NH2 ' N
i
c

H H =R
/ X
lA
| < S Ja—— NH

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

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

(16)

HO
o, - — QO
2 OH :
H OH H

This 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 allyl bromide resulted in the

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

CH3 CHg
eul

i 3
XXTI, 44% |

XXIII, 4%

oW P

H = .
XXIV, 28% b:9.4%

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
(¥XV) 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
l-phenyl-1,2,3,4-tetrahydro-f-carboline (X¥¥XVI, R = H} from
tryptamine and benzaldehyde in an acidic¢ (EtOH/HCLl) medium (Eg 17),
Jackson and Swmith (33) attempted to trap the spiroindolenine

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

CHO
QI - @ —
NH
2
R

iNeuw®! )
O O

XXVI

extremely mild acid conditions (dry HC1l in ether) the tetrahydro-
g-carboline (XXVI, R = H) resulted immediately, and guantitatively,
instead of the indolenine (XXVII, R = H). A similar result was

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

R

XXVIII

failed. Jackson and Smith (33), however, also noted that Woodward
(34) had reported the formation of a spircindolenine (¥XIX) in the

synthesis of strychnine, when p-toluenesulphonyl chloride in

CHO

1) &OZEt

2) TosylCli
Pyd

(18}

XXIX

pyridine was employed to cyclize the Schiff base (Egq 18). The
benzylidene derivative of tryptamine, however, was transformed

into the Nb—tosyl—tetrahydro—B~carboline (X%X) when Woodward's

procedure was attempted (Eq 19). Furthermore, 2-methylbenzylidene
CHO
I: :I g1 u>¥
{19)
NH2
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tryptamine (XXXI) also did not react to form the spiroindolenine

(XXXII} under these same conditions {(Eg 20).

H
H
XXXI

To investigate the suspected rearrangement of the spiro-
indolenine, the oxindole (XXVIII, R = CH3) was synthesized (33).
Lithium aluminum hydride reduction of XXVIII (R = CH3) provided
the carbinolamine (XXXIII}, which undexrwent facile rearrangement
to the tetrahvdro-f-carboline (XXVI, R = CH2) even in spectro-

scopic grade ethanol (Eg 21). To avoid rearrangement of the

XXVIII XXXIII XXVI

carbinolamine (XXXITII), it was necessary to store the material

in alkaline solution for the slightest trace of acid induced
rearrangement. The carbinol (XXXIV) had been gynthesgized earlier
by Witkop and Patrick (35), from the corresponding oxindole.
Jackson and Smith (33) reported that this compound (XXXIV) formed
the spiroindolenine (XXXV) in cold acid, but rearranged to the

carbazole (XXXVI) in hot acid (Scheme 3). The gquaterhary amine
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SCHEME 3

cold hot
e ——— l
+ H +
H H é
Hy

+ ]
CH, CH,
XAXV XXXIV XXXVI

CHn

4
N<
H

CH3

XXXEVII

(¥XXVII) had also been synthesized by Jackson and Smith {23} from
the cofresponding oxindole, and this salt was found to be very
stable even in phosphoric acid (180°C for 4 hours).

Continuing their investigation, Jackson and Ssmith (36) next
studied the migratory aptitude of various groups attached to the

three position of the indolenine (XXXVIII). The order of migratory

1

XXXVIII

aptitudes (33,36} was CH, < CH,CH, < i-Pr < Allyl < PhCH2 < PhCH-NRz.
Kinetic studies (no data given) indicated that the rearrangement

was first order when sufficient acid was present to completely
protonate the indolenines. The actual rearrangement was thought

to be of the "Wagner-Meerwein" type, since no "cross-over" products
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were found when 3,3—&imethyl and 3,3-diethyl indolenines were
rearranged in the same solution. Attempts to prepare optically
active indolenines (XXXVIII, R' = sec octyl, Ph(CH3)CH- and R =
CH3) to expand this investigation failed, apparently due to steric
effects.

The energy diagram (Fig. 1)} described by Jackson et al. (37)
illustrates the two possible pathways for electrophilic attack on
3-substituted indoles. The disruption of the resonance energy of
the benzene ring (Fig. 1, path 2) they stated, should require more
energy than the formation of the corresponding indolenine (Fig. 1,
path 1), which upon rearrangement would result in the same inter-
mediate (C). Therefore, attack at the indole-3-position should
be favored over attack at the indole-2-position. Furthermore, the
final step, the loss of the proton to rearomatize the ring, would
be rapid and not influence the interpretation of the mechanism.
The energy barrier for attack at the two position of indole (path
2) may become competitive with the indolenine mechanism (path 1)
if there are changes in the substrate or reaction conditions. For
example, the 6-hydroxyindole (XXXIX) may donate electrons to

stabilize the intermediate (Bg 22); Casuati, Dossena and Pochini

R R
[FF. — L
HOZa E 0
Rl

Rl

XXXIX

{38) have shown that direct attack at the indole-2-position (path

2) does take place under some circumstances (see bhelow). It
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A D

reaction coordinate

1 R
R B
A .
. 2
+ R
R’ c R'
-H+
R
@JE
R‘
D

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

2~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-disuvbstituted indole
is the thermodynamically controlled product; especially since
vigorous conditions are reguired to rearrange a tetrahydro-f-
carboline to a spircindolenine (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)]. Using BF ;-etherate, the indolyl-3-butanol (XL)
was ¢yclized to the tetrahydro-B-carbazole (XLI), which still
contained all of the tritium label. The carbazole (XLI) was
oxidized to the l-oxo derivative (XLII) (Eg 23). Upon examination,

half of the labhel had been lost in the formation of the l-oxo

% * 3 *
Q) O3, -0y e
H OH . H ‘ H 9
XL XLT XLIT

derivative (XLII); 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 (XLIIX}). The possibilities for exchange

XL111

or reeguilibration after cyclization were tested, for it is possible
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to rearrange tetrahydrocarbazoles to spirocyclic indeolenines in
strong acid (39). Therefore, the carbazole (XLIV} with tritium
label only at the l-position was heated in strong acid. Loss of
tritium label resulted and no tritium label was found at the

carbazole-4-position (Eq 24); consequently, the scrarbling could

XLIV
not have occcurred by the eqguilibration of the carbazole but only
by the formation of the indolenine (XLIII).
Biswas and Jackson (40) investigated the indole Grignard

reactions illustrated below (Eg 25-27). It is apparent that the

CH2C1
QJ Q- —
,‘,‘,ng CH,
© I ©©U © (25)
H
O
6% 40% OCH3
H,C1
QU 0 -0 —0Ip =
&gx OCH |
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(27)

16% 71%

indolenine intermediate must have formed, since the p~-methoxy-
benzyl group migrates preferentially (Eqg 27) to the indole-2-
position. Also in this study a more important result was found
which strongly supports the gpircindeolenine mechanism. In the
diborane reduction of the carboxybenzylindole (XLV), the expected
alcohol (XLVI) was not formed (Eq 28); instead, the spiroindoline

(XLVII) was obtained (Eqg 29), presumably through the intermédiates

*

CH20H
XLVY

O— 0 0~C

B
OBH2
XLVIIIa XLVIITh -

@ .© | a9

XLVII
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XIviIlIa and ¥LVIIIh. In a parallel investigation the alcohol
(XL,VI) was formed from the carboxybenzylindele (XLV) by lithium
aluminum hydride reduction, and was condensed to provide the

tetracyclic derivative (XLIX) (Eq 30). Isolation of the spiro-

indolenine derivative XLVII from the reduction (Eg 29) provided
strong evidence for the spiroindolenine mechanism for the inter-
mediate XLVIITb had been trapped (Eg 29%9) by reduction of the
indole-1,2-double bond (XLVIIIb) before rearrangement could take
place. The desired compound (XLIX) was later obtained by employing
a slower reducing-agent in the first step, as shown in Eg 30.

In 1953, Witkop and Patrick (35) noted that 3,3-dimethyl-
indolenine forms a trimer in refluxing benzophenone or aceticg
anhydride. Jackson and coworkers (31,33,36,41) investigated the
structufes of these trimers. In the crystalline state, neutral
or alkaline conditions, the indolenines existed as trimers (L).
In addition, the spiroindolenine of indolylbutanol existed as the

trimer (LI) in both deuterochloroform and the solid state. Treatment
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with acid immediately cleaved the trimer and slow cyclization to
the tetrahydrocarbazole (XLI) followed, When indolyl-3~propanol
(LII) was reacted in BFs—etherate to form the tricyclic indole

LIII only polymer resulted (Egq 31). In a similar study the tosylate

@IHJA/\OH —9(—9 (31)

LIT LIIX

of indolyl-3-propanol (LII) was stirred with potassium t~butoxide

in t-butanol to give the tetramer (LIV). In neither case wags any

oy 0O
oJ O

LIV

of the tricyclic compound isolated. In a similar vein strong
evidence for the spiroindoclenine mechanism was reported in a
paper by Ghosal and Banerjee (18). Abrine (LV) and formaldehyde
were reacted in strong acid (pH < 2) to give a mixture of three
products (LVI-LVIII} (Eq 32). In other cases polymeric materials
resulted, but only in the case of LV was any of the polymeric
material identified.

The significant point is that a portion of the spiroindolenine
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H
LV
o -
CH | CH
i 3 CH,0H 3

Lvi LVII

LviIIi

intermediate trapped itself in the form of the trimer (LVIII),
while the rest of the material rearranged to form the tetrahydro-
f~carbolines (LVI and LVII),.

Acetolysis of the deuterated tosylate (LIX) was studied by
Closson et al. {(42). A 50:50 mixture (by NMR) of the two deuterated

acetates (LXa and LXb) were found (Eg 33). When the tosylate (LXI)

D p Re?
D
D ey + @ (33)
‘ OTos OAcC Oac
H H H

LIX- LXa LXb
was reacted with potassium t-butoxide in THF (under Nz), the
spircindolenine (LXII) was found and was easily hydrolyzed with
either water or ethancol (Scheme IV). Jackson and Naidov (41)

carried cut a similar investigation to determine the solvolysis

. rates of the tosylates (LXIIa-d). This study indicated that the
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SCHEME 4

CH = Q.

LXII
YtOH
QU ..

H

LXI

indole double bond does participate in the solvolysis; the order
was found to be a > ¢ > & > b, This order parallels Winstein's
(43) studies on neighboring group effects in simpleg benzencid
systems. It is important to note that the solvolysis rate of
indolylethyl tosylate (LXIIIa) was about 1000 times faster than
the solveolysis rate of the corresponding ethyl tosylate. Also,
the rates of scolvolysis of LXIITh and & were about the same, but

LXII1d formed only a trace of cycloheptindole. The type of

participation, apparently, involves the spiroindolenines LXIVa-4;

. (CH,) -OTos ' CH,)
H
LXIIIa, n = 2 LXIVa, n = 2
b, n=3 b, n=3
¢, n =4 ¢, n=4
d, n=5 d, n=5

moreover, three- or five-menbered spircindolenines formed easier

than their four- or six-membered counterparts. Furthermore,

—1111—
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Jackson and Naidoo (44) were able to cyclize 2-methylindolyl-
butanol {LXV} to the spircindolenine (LXVI} with BF3—etherate

(Egq 34). The corresponding tosylate also formed the spiroindolenine

OH
|: :| || —_— (34)
Hy \ CH
H o 3
LXV LXVI

(LXVI) on treatment with potassium t-butoxide or on passage through

a column of alumina.

In 1958, Noland and Robinson (45) published a report which
indicated that 2,3-dimethylindole would not react with benzaldehyde
as did 2-methyl- and 3~methylindole. For this reason, they
concluded that the mechanism must be direct attack at the two-
position of indole. 1In 1966, however, Noland and Bande (46)
subsequently reported results that did support the indolenine

mechanism. These findings are shown in Scheme 5.

SCHEME 5
0 . H
CH H
CH, ACOH 3 Q
@E;T * = O Iro
(3
H o] g 2 CH,

lH+ or 180°
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AcOH
CwiE —
CH
H

a c HaC H

H
CH 3 5
3 AcOH
Qg - 25 QOO
H 8
3 CH

H o H CH, 3

As mentioned earlier, Casnati et al. (38) have shown that
direct attack at the two-position of indole can occur under the

right conditions. Their results are shown in Tables 1 and 2.

TABLE 1
F‘;,, acid R" R!
o — L - O
H H
A B c
CF3CO,H  CH,CO,H/NaOAc MgBr,
R’ R" B(%) C(%) B(z) c(%) B(%) (%)
CGHSCHZ CH2=CHCH2 100 - - - 160 ——
(CH3)2C=CHCH2 CH,=CHCH,, 100 - - - 100 _
(CH,) ,C=CHCH, CH,CH=CHCH, 90 10 85 15 82 18
CeHgCH (CH ) CeHGCH, (+) 80 20 - - ' 90 10
CHgCH (CH ) CeHCH, () 98 2 - — a5 5

(+) and (~) indicate relative R.'s for the diastereomers.
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Rn N
QY ==—Q jou
a Rl tt
M H
F
M R' D + E(%) F(%)
MgBr C H:CH, CH,=CHCH, Et,0 63 37
MgBr C HgCH, CH,=CHCH, THF 100 --
MgBr (CH3)2C=CHCH2 CH,=CHCH, Et,0 87 13
MgBr (CHj),C=CHCH, CH,CH=CHCH, Et,0 58 42
MgBr C H CH(CH,) CzHgCH, Et,0 78 22
— =
H (CH,) ,C=CHCH, CH,CH=CHCH, CH,CO,H/Nahc 49 53

In Table 2 the increase in amount of indole (F) produced, compared
to the same compound formed under the conditions which are under-
lined in Table 1, can only be explained by direct attack at the
indole two position. For example, the indolenine (LXVII) listed
in Table 1 gave only 15% of the indole (LXVIII) after rearrange-
ment in acetate buffer; whereas, the reaction of the 3-substituted
indole (LXIX) with 3-bromo-2-butene produced 51% of the indole

(LXVIII) in the same medium. The additional amount (36%) of the

ofT ol o™

LXVIT LXVIII LXIX

indole (LXVIII) isolated can only be from the direct attack at

the two position, since only 15% could be accounted for by
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rearrangement of the indolenine (LXVIX). It is important to
mention that when the solvent is changed from ether to THF (Table
2}, none of the indole (LXVIII) was produced., Casnati's results
indicate that direct attack at the 2-position can become competi-
tive with the alkylation at position 3 in 3-alkylindoles depending
on steric effects, halide reactivities and reaction conditions.
This illustrates that certain reaction parameters can be altered
to provide more attack at the 2-position of indole.

In 1923, Mayer and Schnecko (17) reported that when B-ethyl-
aminonaphthalene (LXX) and formaldehyde were condensed in acid,

enly the product of cyclization in the o~direction (LXXI) was

LXX LEXT

formed and none of the B-isomer (LXXII) was isolated. The spiro-
indolenine intermediate ({(LXXIII) could be employed to explain this

phenomenon; once the f-gpiroindolenine (LXXIIT) has formed, the

ot — oy

LXXTT LXXIII LXXIV

positive charge rests on the less stable u-position (48). Rearrange-
ment would then move the positive charge to the more stable B-
position (48) (LXXIV) and this would act as the driving force for

this reaction. When o-ethylaminonaphthalene (LXXV) was reacted
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under the same conditions, no reaction took place. Apparently,

if the o~spiroindolenine (LXXVI} d4id form, there would be a
negative driving force (against rearrangement), since the rearrange-
ment would result in the formation of a less stable carbonium ion

(LXXVII). Furthermore, since no "peri" product (LXXVIII) was found,

LXXV LXXVI - LXXVII

LXAVIII

direct attack can be ruled out. In a related investigation Dey

and Rajagopolar (49) subjected l-aminomethyl-2Z-methoxynaphthalene
(LXXIX) to reaction under analcogous conditions to that describked
above. Again, no "peri" product {LXXX) was isolated even through

the "perl" position was activated by a methoxy group. The

: : OCH 3 :: OCH : i OCH

H
2 u H
LXXTX LEXX LEXXI

above two examples suggest that the spircindolenine intermediate
could well be occurring in systems much different than indole.

There is more evidence available to support the spiroindolenine
mechanism for the Pictet-Spengler reaction in the case of tetrahydro-

B-~carbolines. The reader is referred to reference 50 for other

work in the area.
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