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I. INTRODUCTION



INTRODUCTION

Tbogaine (1), the first member of the Iboga alkaloids, was

isolated from Tabernanthe ibogal in 1901. Subsequently other

structurally related substances, in particular ibogamine® (2),
coronaridine® (3), and catharanthine* (4) have been isolated from

a variety of sources., Sixty-three alkaloids have in fact been

CH0
(3) . (4)
[)
Q
— |/
obtained from catharanthus roscus alone.® Oeveral of the compounds




of this series show various biological properties including diuretic
and antiduretic activity and hypoglycemic :r'esponse.6a—e Of special
interest is the oncolytic action demonstrated by the "dimeric" alkaloids
leurocristine (5, R = =CHO) and vinealeukoblastine (5, R = -CH3) which
possess a structural unit related to catharanthine.Ta-c
The structure of ibogaine (1) and its desmethoxy derivative
ibogamine (2) were elucidated by Bartlett, Dickel, and Taylor.8a’b
Ibogaine, CZOHQSNQO, possesses one tertiary, basic nitrogen atom and
was shown to be and indole derivative possessing a methoxy group9 at the
12-position. Thus permanganate oxidation furnished a characteristic
degradation product, methoxy-N-oxalylanthranilic acid™® (6), whereas

potassium hydroxide fusion afforded 1,2-dimethyl-3-ethyl-5-hydroxyindole

(7), and a substance ultimately identified as alloibogamine®' (8),

CH40 COOH HO |
N Q
g Ny C—OH N
CHg
(6) (7)

(8)

also obtained from ibogaine by N-methylation followed by O-demethyl-
ation.l'ja Formation of this latter substance is of considerable interest,
since migration of a methyl group from oxygen to nitrogen during the

- WY S ~ -2 K 4 3 * : . .
fusion reaction is implied. Alkali fusion has also given rise to



3-ethyl-S-methylpyridine12 (9), which is alternatively obtained as a

as a product of zinc dust distillation of ibogamine hydrochloride.13
3-Methylcarbazole (10) accompanies ethylmethylpyridine in the latter
reaction. The presence of 2 tetrahydro-g-carboline group in ibogaine
appears to be excluded by the observation that reaction of the alkaloid
with lead tetraacetate, mercuric acetate, or t-butylhypochlorite gives
material which shows no evidence of extended conjuggtion.8a The presence
of an ethyl group in both ibogaine8b and ibogaminel? was demonstrated

by formation of a mixture of acetic and propionic acids in Kuhn-Roth

oxidation.

yZ l N CHs
S ‘ N “

N H

(9) (10)

Selenium dehydrogenation of ibogaine gave two crystalline compounds
for which spectral data and other properties led the research group to
propose structures (lla, R = =-OCHg) and (12a, R = -OCHg). Spectral
data indicated .that. (11a) was converted to (12a) with selenium at 300°.
It is concluded that (1la) is more representative of the structure of
ibogaine.8a Comparable derivatives (11b and 12b, R = H) were obtained
from ibogamine by selenium dehydrogenation, and these compounds were
synthesized, thus confirming their structure.*®

Structures (1la) and (11b) contain all of the carbon atoms and
nitrogen atoms of ibogaine and ibogamine, respectively. The isolated
degradation product, 3-ethyl-5-methylpyridine, restricts the basic nitrogen

to a six-membered ring (barring rearrangement) with at least a two carbon



atom branch attached to the P-position. Thus to explain the nature

of the basic teritiary nitrogen and the other requirements of the data,

R R l ~N
N N “
H H

(11) . (12)

the formula (13) was set forth as a solution, which can yield 3-ethyl-5-
methylpyridine by fragmentation at the dotted lines.®

Additional evidence to support this conclusion was obtained.
Irradiation of ibogaine and ibogamine in solution in the presence of air
followed by treatment with base afforded iboluteine (14a) and desmethoxy-
ivoluteine (1k4b) respectively.8a The presumed mechanism for this trans-
formation is given below.'® It is supported by the isolation of the
hydroxyindolenine (15b) when ibogamine is oxidized with platinum and air
and the product is hydrogenated.'” Treatment of the indolenine with
sodium methoxide gave (1l4b)., The iboluteines (1lla and b) yielded the
oximes (16a and b) which on consecutive treatment with p-toluenesulfonyl
chloride and base gave the aminonitriles (172 and b) and the tricyclic
amino ketone (18). The general structural features of compound (18) were
demonstrated by cyanogen bromide degradation to (19), 1lithium aluminum
hydride reduction to (20), and dehydrogenation to the quinoline derivative.
(21) whose structure was proven by synthesis. This degradative sequence
firmly established the structures of ibogaine and of ibogamine. The

isolation of the same ketone (18) and the corresponding nitriles, (172)



0,—O0—H-

D)
REDUCTION >

b/
N
(b) R=-H
/,
N
H
(15) (14)
~R'
N’o "\
N
R R cN o‘—'l\
N Nz
H
(16) (17) (18)

and (17b) related the structures of ibogaine and of ibogamine.Ba

The X-ray analvsis of ibogaine hydrobromide confirmed the above
conclusions based on the chemical degradations.'® It also established
the orientation of the ethyl group as shown in formulas (1) and (2).
These structures, which show the absolute configurations, were based
upon correlations with cleavamine (22) whose absolute configuration
was established by the X-ray method.*®

The structure of coronaridine (3) was established by Gorman,
Neuss, Cone and Deyrup.® This substance possesses the formula

Co1Hogl-0- and was shown to differ from ibogamine by a carbomethoxyl
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Br
(19) (20) (21)
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N
H
(22)

. group. The. observation that coronaridine was converted into ibogamine
on base hydrolysis followed by decarboxylation in the presence of acid
permitted the assignment of the location of the carboxyl function. The
facility with which this transformation takes place, similar to

vocangine, 2°

is readily explained if the carbomethoxyl group is located
at C-18 (see formula 3), since decarboxylation through the indolenine

tautomer (23) is the counterpart of the decarboxylation of a B-keto acid.




Closely related to coronaridine is the alkaloid catharanthine (%),
Co1HoalN=05. The MMR spectrum of this substance indicated the presence
of one double bond possessing a single vinyl proton and an attached
ethyl group. Hydrogenation affords only one isomer, dihydrocatharanthine,
which undergoes hydrolysis and decarboxylation to an epimer of ibogamine .2t
It is of interest to note that catharanthine does not undergo this reac-
tion with any facility®® probably due to the strain associated with the
intermediate (24). On refluxing in concentrated hydrochloric acid
catharanthine gives poor yields of two products, decarbomethoxycatharan-
thine (25) and cleavamine (22). Structural evidence has been presented

23a,b

for this latter substance. Mechanisms which have been suggested for

the formation of these products are given in the accompanying chart
(1).22

Catharanthine upon lithium aluminum hydride reduction furnished the
alcohol (26) which was further converted into the 1,3-oxazine derivative
(27) with disappearance of indole N-H absorption on treatment with acetone
and acid. These observations indicate that the carbomethoxyl group is

located at C-18,2%

H i
(24) (25)
1A
N N //
3 iq 4
H

(26) (27)
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Chart (1)

Intermolecular
reduction



The reaction of dihydrocatharanthine (28) with acid is of interest.
It yielded ibogamine and epiibogamine on prolonged heating with con-
centrated hydrochloric acid, whereas starting material (28) and coronari-
dine (3) were obtained with refluxing glacial acetic acid. Thus the
ethyl group was epimerized in these reactions. Under acidic aqueous
conditions, epimerization must take place before the expected hydrolysis
and decarboxylation as ibogamine and epiibogamine were found not to
isomerize.®2 A very detailed mechanistic study of the ethyl emperization
has not been made; however, there is evidence to support the suggested
pathway given in Chart (2). The reaction of catharanthine with zinc and
scetic acid to afford carbomethoxydihydrocleavamine®® (33) which is
converted into coronaridine and dihydrocatharanthine by the reaction
with mercuric acetate®? lends support to the proposed route. In the
reaction of dihydrocleavamine with mercuric acetate no mention was made
of the formation of ibogamine or epiibogamine, and this seems to indicate
that the C-18 ester function is necessary for the ring closing reaction.
The intermediacy of & substance related to (30) in this sequence seems
prdbable.ez

Considerable interest has been expressed concerning the biosynthesis

of members of the Thoga-Catharanthe group of alkaloids. The fact that

the indole portion of these molecules is derived from tryptophane was
demonstrated by Yamasaki and Leete by plant feeding experiments involving
the use of carbon-labeled tryptophane.25 The suggestion that the non-
indole portion is produced from acetate via mevalonic acid and a cyclo-
pentanoid monoterpene derivative was first advanced by Thomas and by
Wenkert.2® This view was substantiated by Battersby and his collaborators

who demonstrated incorporation of labeled acetate and of Cp-labeled



(33)

Chart (2)

IBOWAMIHNE (2)

10
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mevalonate (3l4) into catharanthine (35) synthesized in Vinca roseé..a7
In the latter case the absence of radioactivity in the methoxyl group
of catharanthine was shown by Zeisel determination, and the presence of
23% of the activity at C-22 was deduced by hydrogenation, hydrolysis

and decarboxylation to carbon dioxide and epiibogamine.

OH -
*2 | L
COOH . /
Q H 18
. p2% ¢=0
(35)
(34) Vi,
Pd
*C0o 23% [o?
+
0
I 72
( \_-C—0H ‘
N XN
H v H (O%)

Oxidation of the catharanthine afforded inactive propionic acid,
whareas dehvdvogenation over palladium furnished Z-ethylpyridine con-
taining 48% of the original activity. It follows by difference that
carbon atoms 1 and/or 18 of catharanthine must incorporate 29% of the
radioactivity. This distribution is consistent with the idea that
coupling of mevalonic acid to geraniol via the established phosphoryla-

2sa,b

tion mechanism, affords material (36)*%, which may undergo

*Since the methyls of the isopropylidene group are not equivalent,
it is agsumed that only one of these groups is labeled. TFquivalence may

be established by reversible protonation or by cyelization to (37), and
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cyclization to (37), bond cleavage to (38) and rearrangement to (39).
The resultant distribution of radiocactivity in catharanthine would thus

be 25% at C-22, 25% at C-1 and 50% at C-19.%7

F ‘F oH — FEE;;E?::; — ({EEIE:f:::---)
SO (*) (%) (*) (%

(36) . (37) (38)
(*) (%)
(39)

The suggestion that geraniol may be a biogenetic intermediate is
supported by Leete's observation®® that radiocactive geraniol serves as a
precursor for radiocactive catharanthine and that the position of incorpor-
ation of the label (4O to 41) is consistent with the Battersby scheme.

In considering the possible nature of the cyclopentanoid monoterpene

30a=C

intermediate (37), the loganin (42), monotropeine methyl ester3! (L43),

32

2T T S T L
\44 ) and 5cucyiu alad by tritiom

e 33 1),
verpela.LLi \

exchange or by esterification of the corresponding acids with radioactive

diazomethane, Feeding of these substances to Vinca rosea led to alkaloid

incorporation only when loganin served as starting material.soa’b It was

it follows that 25% of the activity is associated with each of these
carbon atoms.,
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subsequently shown that labeled geraniol (46) is converted in Menyanthes

trifoliata into labeled loganin (47) which was fed to Vinca rosea to

2 0
| W 1
TN o
O=H [ — e
— 1 I
H * \/C \OH
‘ c=o0 *
(k0) (41) O|
|
HO CHa OH
OH
O GLUCOSE 0 —GLUCOSE
0
Y NS
o 0 ¢=o (43)
/ 9
CHg O
OH
”~
0 0—GLUCOSE H
C=0 C=0
g (1) / (15)
CHs Ol

furnished cotharonthine {(48) labeled exch
information was obtained by oxidative degradation of catharanthine to
radioactive propionic and radioinactive acetic acids. Various other
labeling exper:‘.mentsssa'e have been carried out, but the exact details
of the cyclization of geraniol and the conversion of loganin into
catharanthine remain to be elucidated.

During the course of the present investigation several chemical

syntheses of Iboga-Catharanthe alkaloids heve been reported. Accounts




1k

of this work may be found in references (36) through (43). For the

* "\~ OH 0 —GLUCOSE l /

N:
v :
q:=0 20
(56) (¥7) (e) o

present purpose only two of these syntheses will be discussed in detail.
'An interesting synthesis of ibogamine was published by S. I.
Sallay*2 of the Wyeth laboratories in 1967, Chart (3). This synthesis
was completely stereoselective and involved construction of the indole
system in the last step. Benzoquinone and 1,3-hexadiene served as start-
ing materials and were condensed via the Diels-Alder reaction to afford
the cis-fused adduct (49). Selective reduction of the enedione system
with zinc then afforded compound (50). Monoketal (51) could be prepared
without disturbance of the stercochemistry at the ring
was smoothly converted into the corresponding oxime (52). Treatment of
(52) with p-toluenesulfonyl chloride in hot pyridine resulted in Beckmann
rearrangement and formation of the lactam (53), whose structure was
proved unambiquously by straight forward conversion into 3-(m~ethyl
benzoyl) propionic acid. When lactam (53) was allowed to react with
perbenzoic acid the epoxide (5U4) was obtained, in which stereochemistry

was governed by attack of the reagent from the less hindered side. Par-
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Chart (3)
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pyridine. The remaining carbon atom required for bridging to nitrogen
was next introduced by the Wittig method. Hydroboration-oxidation of
this product (57) yielded the equatorial hydroxymethyl derivative (58),
again by attack from the less hindered side of the molecule.

Lithium aluminum hydride reduction of (58) followed by reaction with
carbobenzoxy chioride furnished compound (59a) convertible into the
corresponding tosylate (59b) by routine procedures. The two protecting
groups were finally removed by the action of hydrogen bromide in acetic
acid yielding amino ketone (60) as the hydrobromide salt. When this
material was heated in refluxing isoamyl alcochol, the tricyelic amino
ketone (61) was formed, and this was then converted into d,l-ibogemine by
use of the Fischer indole synthesis.

Very recently a total synthesis of catharanthine43b has been reported
by Buchi and his associates at MIT. The starting point in this work was
the isoquinuclidine (66), which had previously been utilized in the MIT
laboratories for the synthesis of ibogamine.43a

Preparation of (66) commenced with the N-benzyl pyridium salt (62),
Chart (4a), which was reduced with sodium borohydride to a mixture of
dihydro products (63) and (64). This mixture was separable only by thin
Tayer chromatogravhy and for opreparative purposes the arude mixture was
employed directly in the next step which consisted of condensation with
methyl vinyl ketone. The resulting adduct (65) obtained in 16% overall
yeild from (62) was hydrolyzed with cold, concentrated hydrochloric acid
to the required intermediate (66).

Compound (66) was next sﬁbjected to the action of oxygen in the
presence of potassium t-butoxide. The crystalline ketol (67) was then

obtained in approximately 50% yield. Since ketones normally furnish
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Chart (kha)
2z - Bz Bz
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CN 0
NH2
(65) (66) (61)
Bz
. /
0




18

hydroperoxy ketones** under these conditions, it appeared that the ketol
isolated was obtained through reduction of an intermediate hydroperoxide
by the tertiary nitrogen atom. Introduction of triethyl phosphite to
serve as a reducing agent along with potassium t-butoxide and oxygen,
raised the yield of (67) to better than 96%. Reduction of (67) with
sodium borohydride yielded a mixture of stereoisomeric diols, which was
cleaved with sodium metaperiodate to compound (68). The same product
could be obtained by direct cleavage of ketol (67), but in lower yield
than that afforded by the two step process.

Compound (68) was next converted into ketal (69) by treatment with
methanol and p-toluenesulfonic acid in the presence of trimethylortho-
formate which serves as a water scavenger, Hofmann rearrangement ini-
tiated by sodium hypochlorite then furnished crude urethane, which was
finally hydrolyzed by base to the desired g-diketone monoketal (70).

Hydrogenolysis of the N-benzyl protecting group occured on the |
hydrochloride of (70), and condensation of the resulting secondary amine
hydrochloride with sodium indole 3-acetate by the carbodiimide method*>
gave the expected amide (71). Ring closure in the presence of p-toluene-
sulfonic acid in hot benzene then yielded methoxy lactam (72).

At this stage of synthesis attempts were made to introduce the ethyl
group of catharanthine by the reaction of the keto function with ethyl-
lithium. Unfortunately application of this reagent also resulted in
attack on the lactam group, and the use of ethylmagnesium bromide caused
reduction of the keto group to alechol. This difficulty was circumvented
by the use of vinyl magnesium bromide which afforded (73), Chart (L4b),
convertible into (T4) by catalytic hydrogenation. By the use of lithium

aluminum hydride~-aluminum chloride simultaneous reduction of the lactam



Catharanthine (L)

Chart (4b)
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Chart (5) continued

2l
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function and hydrogenolysis of the methoxyl group were achieved, and
the resulting product (75) was obtained by this method in 90% yield.

The carbomethoxyl group was introduced, initially as nitrile,
by conversion of (75) to the chloroindolenine (76) through the action
of t-butylhypochlorite and reaction of the substance with potassium
cyanide to give hydroxy nitrile®® (77). Dehydration with sulfuric acid
furnished unsaturated nitrile (78) as well as some of the corresponding
amide. Vigorous hydrolysis with potassium hydroxide in diethylene
glycol followed by esterification with. diazomethane completed the syn-
thesis of catharanthine.

It should finally be noted that a prior, formal total synthesis of
catharanthine from aldehyde (79)47 has been claimed by Qureschi and Scott,48
who state that treatment of (79) for T2 hours in refluxing acetic acid
(nitrogen atmosphere) yielded an equilibrium mixture containing small
amounts of d,l-catharanthine. The mechanism proposed for this intercon-
version is indicated in the accompanying Chart (5). Considerable doubt
has been cast on the validity of this claim by the report of Smith*® and
his collaborators that the closely related isomerization of tabersonin into
catharanthine via proposed intermediate (80) cannot be repeated. It has
becn Shown by Battersby®C that corynentheine aldehydeSt (79) ea

as a biogenetic precursor for catharanthine,
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DISCUSSION

The purpose of the research presented in this thesis was the

exploration of various approaches to alkaloids of the Iboga-Cantha-

ranthe series which appeared to offer certain synthetic attractions.
Initial studies were directed towards the C-18 carbomethoxy derivatives,
and the general plan, Chart (6), involved early introduction of the
carbomethoxyl group. In addition the plan called for cleavage of a
six-membered ring introduced in the early stages of synthesis (Ef’
structure 82) followed by reclosure to a seven-membered ring patterned
after the Gorman-Neuss Mechanism (see Page 10) for the equilibration of
dihydrocatharanthine and coronaridine.

Preliminary work in this area centered around the preparation of
intermediate (81). Chloroketone 52 (83), Chart (T7), was obtained by the
reaction of butyryl chloride with ethylene and was allowed to react with
sodio dimethyl'malonate in benzene solution. The resulting keto malonate
(84) was then converted into the corresponding ketal (85) by treatment
with ethylene glycol and p-toluenesulfonic acid. Reaction of (85) with
butyl nitriteS® and sodium methoxide proceeded with nitrosation and
eleavage of the maloniec ester function gave unexpectedly the oximino acid
(87), despite careful control of pH during the work-up procedure,

The presence of the ketal function in (87) excluded the possibility
of acid hydrolysis of thé oxime, and base hydrolysis of oximes is not
normally a facile process.>* In particular g-oximino acids can undergo
eliminative decarboxylation to yield nitriles., Since both nitrones and
oxime O-ethers are much more readily cleaved by base than are the corres-

ponding oximes, this approach was tested in methyl pyruvate oxime as a

model. Accordingly methyl pyruvate oxime was treated with methyl iodide
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Chart (7)
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under a variety of conditions, both neutral and basic, and the total
reaction product was subjected to alkaline hydrolysis. Re-esterification
and analysis of the resulting product by vapor chromatography showed that
the maximum yield of methyl p&;uQQté dbtaiﬁed by this procedure was of
the order of 12%.

The conversion of succindialdehyde dioxime into the extremely
sensitive succindialdehyde by the action of nitrite esters has been noted
by Mannich and Budde.5® Methyl pyruvate oxime was therefore treated with
butyl nitrite for 2 days at 0°, Vapor chromatographic analysis of the
product indicated L4% yield of methyl pyruvate under these conditions.
Compound (87) was therefore treated in a similar manner. After ester-
ification with diazomethane, the reaction product was subjected to
vapor chromatography which furnished the desired product (81) in poor
yield along with methyl 2,5-diketooctanoate (88), h-ketoheptonitrile
ethylene ketal (89) and two unidentified substances. In view of these
results, the use of (8l) as an intermediate was deemed unsatisfactory,
and the possibility that the oximino acid (87) might be employed directly
for condensation with tryptamine was next investigated. Again pyruviec
acid oxime was used as a model, and this substance was treated under
ifPerent conditions of pH. TIn no case was any evidence of reaction ob-
tained, and the starting oxime was recovered unchanged.

An alternative entry into this synthetic sequence (Chart (8)) was
hence required. Since the presence of the ketal function in (87) had
proved to be a major problem, it appeared that incorporation of this
structural element of (87) might be successfully accomplished in two
stages. In particular synthesis of (90), or of a related derivative,
would provide a method for attachment of an appropriate side chain at the

required position in the five-membered ring. Attempted preparation of
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(90) was thus undertaken. For this purpose condensation of tryptamine

. N
H (90)
C\
/\ 0. \0
CHz

hydrochloride with diethyl a~ketosuccinate was carried out in refluxing
ethanol in the presence of sodium acetate. The.results of this experi-
ment were somewhat ambigious and a much more satisfactory procedure
involved addition®® of tryptamine to dimethyl acetylenedicarboxylate
and cyclization of the resulting product (91) to the B-carboline deriva-
tive (92) with hydrogen chloride.

At this point attempts to alkylate compound (92) with bromoacetic
ester (cf. 93), preparatory to Dieckmann cyclization, met with total fail-
ure, despite the fact that amino ester (92) reacted in good yield with
ethyl chloroformate to yleld compound (94%). The reasons for this result
are not known, but are assumed to relate to a relatively high degree of
steric hindrance about the secondary amino group.

In an effort to circumvent this difficulty the order of reactions
was reversed. and tryptamine was first alkylated with methyl bromoacetate
to monoalkyl derivative (95). The yileld of this product was poor, as
expected for this method of preparation, but the availability of material
argued against investigation. of more elaborate procedures at this particu-
lar time. Reaction of (95) with acetylenedicarboxylic ester followed by
hydrogen chloride cyclization in ether furnished the desired triester (93)
in crystalline form. This substance was finally subjected to Dieckmann
cyclization®? conditions. Material was obtained which showed the general

spectroscopic properties expected for B-ketoesters (96) or (97). However,
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OeO=0O

(95)

(97)

(96)
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all attempts to effect hydrolysis and decarboxylation to compound (90)
failed to yield any recognizable product. These attempts included base
hydrolysis, acid hydrolysis, and "uncatalyzed" hydrolysis in agueous
ethylene glycol at 170°.5% 1In all of this work it was hoped that
hindrance of the carbomethoxyl group directly attached to ring C would
be such as to prevent hydrolysis and loss as carbon dioxide. This
assumption may, in fact, be invalid, since participation of the keto
group (via lactone formetion in its hydrated form) in hydrolysis of this
function is not excluded. It m&y also be noted that partial base
hydrolysis of the triester (93) in an attempt to reach the diacid mono-
ester, followed by barium salt pyrolysis was likewise unsuccessful in
the production of (90).

In view of the difficulties associated with the projected intro-
duction of the carbomethoxyl group early in the synthetic sequence, a
moéified scheme was designed which would permit incorporation of this
function at a later stage. The plan was based on the report of Harley-

S

Mason®® and his associates that treatment of quaternary salt (98) with

potassium cyanide affords nitrile (99) with ring cleavage. Methanolysis

| Clla
N
H
C
(98) (99)"

of the nitrile group to methyl ester could then be carried out when

convenient. With the presence of a suitable substituent on the five-
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membered ring and the use of benzyl instead of methyl for quaternization,
the synthesis of (100) might then be accomplished. In the aldehyde
version, this molecule is equivalent to compound (29) of the Gorman~
Neuss scheme (page 10).

Additional interest is associated with this approach since the
question of benzyl cleavage versus ring cleavage in quaternary salt (101)
is related to the possible mechanism of the Harley-Mason transformation
(98) to (99). Participation by the indole nitrogen (mechanism c¢) should

insure attack by cyanide ion in the desired sense. Use of intermediate

(103)

(100) would, of course, lead directly to the dihydrocatharanthine-

coronaridine system and not to catharanthine itself. It should be
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recalled at this point that oxidation of carbomethoxydihydrocleavamine
(33) with mercuric acetate to immonium ion (33a) and cyclization of this
material to a mixture of dihydrocatharanthine and coronaridine had
already been carried out (see page 9 ). However, since mercuric acetate
oxidation can occur at all three carbous adjacent to the basic nitrogen
atom, the yield of mixed epimers was only 19%.24 The plan outlined here
has the advantage that immonium salt (33a) would be formed first.
Alkylation of malonic ester with bromoacetaldehyde diethyl acetal

affords the known product (105)%° which undergoes readily condensation

N
H
C =O0
9
, tHa
(33)
’ 0
\/O [l__o s

\ )

(105) (106) 047”\01’
with tryptamine hydrochloride in refluxing dimethylformemide to give
lactam ester (106)., The latter compound wes isolated in crystalline form
and gave correct elemental aﬁalysis, but was clearly a mixture of two
stereoisomers as shown by NMR spectroscopy and thin layer chromatography.

. < -
he igomers were nob separated by cclumn chro

H
[0

was not attempted. The mixture was carried forward without isolation in

its conversion into the known lactem®! (107) on hydrolysis and decarboxyl-
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ation. This compound was prepared separately for purposes of direct
comparison.

Michael addition of (106) to w-ethyl acrolein produced the compound
(108) which was converted into the corresponding acetal (109) by the
reaction with triethylorthoformate and acid in ethanol, Hydrolysis of
this substance with potassium hydroxide followed by decarboxylation in

refluxing xylene gave the lactam (110).

At this stage of the investigation our attention was directed to a
paper by Foster and Harley-Mason®® in which the previous claim of trans-
formation of (98) info (99) under the influence of cyanide ion was
retracted., It was shown that the reported ring cleavage did not occur,
but instead Hofmann elimination followed by cyanide addition gave the

nitrile (111). This compound had been identified by mistake, earlier,
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Japanese investigators have studied the cyclizations of indole
acids of type (112) with side chains of varying length, and various
conditions of acid catalysis.®® 1In the case of R = H a maximum yield,

95%, was obtained for seven-membered ring formation, i.e., with n = L,

CN (CH2 )nCOOH

] CHg |
N I yd . N [

o N I
\/l R

(111) (112)

Ziegler had demonstrated the feasibility of the acid catalyzed cycli-
zation of compound (113) to (114).®® In commenting on this reaction

it was noted that cyclization need not proceed directly to the ring
closed product (114), but might involve intervention of a quinuclidone
intermediate., A proposed application of this general method to the
synthesis of ibogaine and hence to other related substances is indicated

in Chart (9) and Chart (10).
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Condensation of 3-indole acetic acid (115) with N-benzylglycine

hyl ester is conveniently carried out in the presence of phosphorus






