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INTRODUCTION

The formation of amhydro- and of pseudobases from 3,4-dihydroe
isoquinoline and P-carboline derivatives, the structure of these
compounds and the structure of their alkylation products has been
repeatedly studied and a general pattern of behaviour established.

Analogous compounds derived from 3,4-dihydro-f-carbolines have
been reported to behave entirely atypically. It was the object of
present work to re-investigate the behaviour of the latter group of

compounds.
Nomenclature of B-Carbolines

The ring system in structure (I), containing a fused indole-
pyridine nucleus, has been named in a number of different ways by
different authors. Although the name f~carboline, first introduced by
Perkin and Robinson (1919b ), is widely used, the ring index (Patterson,

Capell and Walker, 1960) prefers the name pyridoindole for the system.
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Thus the compound of structure (II) is l-methyl-3,4-dihydro-9H-pyrido
(3,4=b) indole.

In the present study the carboline nomenclature is adhered to
with the numbering of individual ring atoms used by Morton (1946).
According to this system compound (II) is l-methyl-3,4-dihydro-p=-
carboline.

Apart from this mode of nomenclature, the trivial name, e.g.
harmalan for compound (II), derived from the names of the harmala
alkaloide which were the first members of this heterocyelic group to

be described, will be used in some cases for the sake of brevity.

The only dihydro-p-carboline derivative whose chemistry has
been investigated in any detail is the alkaloid harmaline which was
studied by Perkin and Robinson and their collaborators, who by
degradation (Perkin and Robinson, 1912, 1913, 1919 a, 1919 b; Kermack,
Perkin and Robinson, 1921, 1922) and synthesis (Manske, Perkin and
Robinson, 1927), showed it to be l-nethyl~7-methoxy=3,4~dihydro=fi=

carboline (III), This formulation of harmaline as a tertiary base was

III

supported by a large body of experimental evidence, including the fact

that the compound formed quaternmary salts by the addition of only one
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mole of alkyl halide., Two observations, however, the formation of an

NB-aoetyl derivative (Fischer and THuber, 18685) and of an Nﬁ—methyl

derivative (Fischer, 1897) could not be immediately reconciled with
this formulation. Na-methyl harmaline (V) derived from harmaline
methiodide (IV) by treatment with base (Nishikawa, Perkin and Robinson,
1924) gave on oxidation a neutral compound (VI) which was reduced with
sodium in alcohol to Nﬁ-methyltetrahydronorhaxmine (VII) which was
synthesised by an unambiguous method (Kermack, Perkin and Robinson,
1922). Thus the C, methyl group present in harmaline was lost in the
course of oxidation, The neutral oxidation product was formulated as

the lactam (VI) and N -methyl harmaline was then represented by (V).

B

i N -cH
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The Nﬁuaoatyl derivative of harmaline was formulated analogously, on



the basis of a similar sequence of reactions (Barret, Perkin and
Robinsen, 1929).

The structure of Hﬁ-aaetyl and methyl derivatives thus appeared
to indicate that harmaline could behave as a secondary base (VIII).
This formulation was, however, rejected (Nishikawa, Perkin and Robinson,
1924) on the basis of the stability of compound towards oxidising agents
and its dual behaviour explained by the hypothesis that harmaline existed
in two tautomeric forms (III) and (VIII), whose interchange depended on

protonation at N and decomposition of the harmaline cation (Manske,

B
Perkin and Robinson, 1927).

VIII

Similar prototropic behaviour is observed in 2-alkyl pyridines.
The activity of methyl hydrogens in these compounds has been investigated
using & Tschugaef reaction with methyl magnéeium iodide (Ploquin, 1950)
and the activity is attributed to hyperconjugation effects and not to
tautomerism., Additional evidence against the existence of tautomerism
in 2-alkyl pyridines is available from spectral data (Anderson and
Seeger, 1949). In the dihydroef-carboline series this type of proto-

tropic behaviour is possible only in le-alkyl-3,4-dihydro-f-carbolines



and not in l-unsubstituted 3,4-dihydro-f-carboline derivatives. These
do not possess a hydrogen atom on the C atom adjacent to position 1,
the presence of which is essential for such a change.

When a 3,4-dihydro-p-carboline derivative is treated with alkyl
halide, the main product of the reaction is the corresponding mono=-
alkylated salt. The formation of a dialkylated derivative in small
yield as a byproduct has been reported only in one instance when the
alkylation was caxrried out in the presence of base (Pischer, 1914).

The alkylation reaction can be represented as follows and the product

formulated as a 2-alkyle3,k-dihydro-f-carbolinium salt (IX).

Only a small number of such salts has been described. Several new
compounds of this type have now been prepared.

When treated with alkali these compounds do not merely yield
the quaternary ammonium hydroxide (IX, X = OH) but are converted
further into substances which are soluble in benzene and therefore

non ionie., By analogy with similar conversions in the 3,4-dihydro



isoquinoline series, to be discussed in greater detail later, these
derivatives might be represented as pseudobases or anhydrobases.
Quaternary hydroxides derived from heterocyclic bases containing
a =N- function behave in a different manner from aliphatic quaternary
ammonium hydroxides. The latter compounds are relatively stable but
on heating with base usually undergo an elimination reaction to yield
a tertiary amine and an ethylenic compound. The gquaternary hydroxides
of heterocyclic aromatic bases do not undergoe this "Hofmann degradation”
on heating but many of them change on treatment with base at room
temperature into isomeric substances which are non electrolytes and
whose chemical nature depends upon the substituents attached to the
heterogyelic ring a to the nitrogen. There are two main possibilities,

formation of pseudobases and formation of anhydrobases.

N-Alkyl ammonium halides of a heterocyclic base such as (X)
without alkyl substitution o to the nitrogen atom yield, with sodium
or potassium hydroxide the unstable ammonium hydroxide (XI), which
re-arranges into non-conducting water-insoluble pseudobase (XII), i
(Decker and Kaufmenn, 1911). Decker compared this process with the
dissociation of a quaternary ammonium hydroxide into the tertiary base

4 -
and an alcohol, e.g. (GHB),* ¥ O it (an)BH + CHBOH.
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There is considerable uncertainty as to the equilibrium between the
ammonium hydroxide form (XI) and the pseudobase (XII). The quaternary
hydroxide (XI) is favoured in the pyridine series where pseudobase
formation results in complete loss of aromatic character (Hantzch and
Kalb, 1899), but with an increasing number of rings in the molecule
the equilibrium shifts towards the pseudobase since the pseudobase
formation is accompanied by only a fractional loss of aromaticity.
Thus acridine and phenanthridine pseudobases can readily be isolated
although this may be attributed in part to their insolubility (Aston,
1931). It is noteworthy that stable pseudobases can be obtained from
partially hydrogenated quinoline and isoguinoline derivatives,
presumably because here pseudobase formation is unattended by loss of
aromaticity (Kr8hnke and Vogt, 1956, 1957).

The situation regarding the existence of pseudobases and their
structure is further complicated by evidence, very often conflicting,

that these compounds may exist in an open chain form (XIII), which has



been used to explain certain of their properties which are generally
associated with aldehydes, The pseudobsses of the bensimidaszole series
were sssumed to possess a carbinolamine structure (XIV) (Pischer and
Rémer, 1906). Recently it has been shown by infrared spectroscopy that
these compounds possess an amide linkage which would indicate structure
(Xv) (Smith, Rasmussen and Ballard, 1949)., Chemical evidence in favour
of (XV) has also been provided. On the other hand, in the case of

f¢;>\r-——- E—R RHR
& oy
]

Ly R R
R

XIv XV
pseudobases of the dihydroisogquinoline series (discussed later), it has
recently been shown (Beke and Korobnits, 1959) that cotarnine and
hydrastinine are carbinclamines and not open chain aldehydes,

The fommation of pseudobases is an example of nucleophilie
addition in the heterocyclic ammonium ion in the position a to the
nitrogen.

When a quaternary pyridinium salt bears an alkyl group in the
2 or 4 position from which a proton may be lost, the corresponding
quaternary hydroxide is in equilibrium with a non ionic base formed by

removal of a proton from the alkyl group. Such compounds are called
anhydro or methylene bases, Decker (1905) pointed out the structural
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features necessary for this conversion and some of the properties of

the system, For example, lemethyl-Z-bengyl pyridinium iodide produced
an orange oil on treatment with sodium hydroxide which was soluble in
benzene. Dilution with water led to decolorisation indicating reversal
of the reaction. Instability of the anhydrobase prevented ite isclation;
spontaneous decomposition to 2-benzylpyridine occurred. Conductivity
measurements of agqueous solutiony of le-methyl-2-picoline hydroxide
indicate that the equilibrium is far towards the quaternary hydroxide
(Aston and Lasselle, 1934).

= 1t
N+ )I,cnza ¥ 5 =CHR + H,0

L L
Gﬁ5 3

However, structural features increase both the ease of anhydro-
base formation and its stability., Thues l-methyl-2-diphenylmethyl-
pyridinium iodide gives & red crystalline anhydrobase (Chichibabin and
Benevolenskaia, 1928). An U~ or p-nitro group further increases the
stability of the anhydrobase (K8nigs, Kbhler and Blindow, 1925).

Pyridine anhydrobases in inert solvents react readily with a
number of reagents, commonly associated with the chemistry of amines
but reaction occurs at the methylene carbon atom adjacent to the ring.

Thus carbon disulfide, isocyanates and some acid chlorides lengthen
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the chain. However, these reactions have not been explored extensively
and their generality remains to be detemmined. Some interesting
observations on the reactions of pyridine anhydrobases have been made
by Baker and MeBvoy (1955).

Not only quaternary pyridinium sslts but also those of other
hetercaromatic bases yield anhydrobases. For example, anhydrobases
from Nemethylnaphthaquinaldinium salte (Mills and Raper, 192%) and
2-methyl-N-methylquinolinium salts (Rosenhauer, 1926) have been
prepared. These bases are highly reactive and susceptible to oxidation,
on treatment with alkyl halides they undergo C-alkylation to dialkyl
derivative (XVI) (Mills and Raper, 19253 Robinson and Saxton, 1952
lobinson and Hamilton, 1916.)

e, 25 (L

L

R
35@231
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Some purely aliphatic examples are known in which either
C-alkylation or Nealkylation have been observed (Stork, Terrel and
Samuszkovicz, 1954). In the anhydrobases reaction at the nitrogen
atom would result in the loss of ring resonance energy and consequently
the methylene carbon reacts exclusively, preserving the aromatic ring.

Similar anhydrobases have also been obtained in isoquinoline
systems. For example, papaverine methiodide on treatment with alkali

forms Nemethyl isopapaverine (XVII) (Decker and Klauser, 1904; Decker,
1904).

AVII

One characteristic property of both pseudo- and anhydrobases is
that on acidification they revert to the ion from which they were
originally derived. Many of these bases tend to give unsatisfactory
analyses (Schwarz and Schlitter, 1951).

The behaviour of quaternary 3,4-dihydro-f-carbolinium salts

may be schematically represented as follows.
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s formation of an anhydrobase is not possible, since

no hydrogen is available for the formation of an exocyclic double

bond. Om the basis of spectroscopie evidence, to be discussed later,

the existence of aldehydeamine structure (X&) is excluded. When R

is an alkyl group an anhydrobase with an exocyclic double bond can be

formed.
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In 2ealkyle3,4edibydro=-iecarbolinium hydroxides another
transformation, involving the indole nucleus would be possible. The
hydrogen attached to the pyrrole nitrogen could take part in &
dehydration to yield a compound of an “isocarboline struoture” (XXIII)
(Porkin and Robinson, 1919b). This type of anhydrobase formation iw
known to ocour in the case of 2eslkylefecarbolinium hydroxides
(Spenser, 1956),
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Such a change could take place regardless of the nature of the
subatituent Rl on 83‘, ut requires a replacesble hydrogen at the indole
nitrogen., Since 9~substituted 3,4«dihydro-f-carbolinium salts have
now been shown to yield anhydro and pseudobsases in a manner anslogous
to 9-unsubstituted compounds, the formation of anhydrobases of the

structure (XXI1I) is excluded.

It seema that only one attempt has been made to study the
further alkylation of 3,4-dihydroef-carboline anhydro and pseudobases,
Konowalowa and Orechoff (1934) reported that the treatment of 2-methyl

harmaline anhydrobase with ethyliodide ylelded the same quaternavy
salt as the reaction of 2-ethyl harmaline anhydrobase with methyl-
iodide, The reaction sequences reported by these authors may be

summarised as follows.
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The final product (XXIV) of both sequences was regarded as a 2,2-dialkyl-
lemethylene-1,2,3,4-tetrahydro-f~carbolinium salt containing an exocyclic
methylene group. The same exocyclic methylene group was deduced to be
present in the two monoalkylated bases. The product (XAIV) was reported
to be stable to base.

Earlier it had been observed (Fischer, 1914) that alkylation of
harmaline with methyl iodide in alkaline solution yielded, in addition
to hammaline methiodide, the 2-monocalkylated, 3,4-dihydro-fecarbolinium
salt, small amounts of another alkylation product referred to as
"dimethyl harmeline iodide" which on treatment with sodium hydroxide
gave trimethylamine. The structure of Fischer's compound has not been
clarified and the origin of trimethylamine has remained obscure.

These conflicting observations of Fischer and of Urechoff are
in marked contrast to the results of a similar sequence of reactions
in the p-carboline series and the 3,4-dihydroisoquinoline series, which
will be reviewed in the next section of this introduction. It is well
established that 2-alkylepe-carbolines on further alkylation yield ind-
Nealkylated derivatives, i.e., 2,9-dialkylated salts and not 2,2-dialkyl-
ated compounds. On the other hand alkylation of 2-alkyl-3,4edihydro-
isoquinoline bases is accompanied by ring opening and the products are
quaternary salts of substituted phenylethylamines, which undergo
Hofmann degradation to give tertiary amines.

This striking difference of the behaviour of the 3,4-dihydro-
fecarbolines, and of 3,4-dihydro isoquinoline compounds on the one hand
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and f-carbolines on the other was thought to warrant re-investigation.
In the succeeding pages established knowledge bearing on the structure
of the alkylation products of P-carbolines and of dihydroisoquinolines
will be briefly reviewed and the results of re-investigation of the

alkylation of dihydro-f~carbolines will be reported.
Alkylati f B-Carb Derivati

Since it was shown that the alkaloid harmine was l-methyl-T=
methoxy-f~carboline (XXV) (Perkin and Robinson, 1919a), the chemistry
of the p-carboline nucleus has been fully investigated (Spenser, 1956
and earlier references quoted therein). Very recently an ever increasing
number of newly isolated alkaloids has been found to contain e derived
p-carboline nucleus (e.g. Witkop, 19533 Schwarz and Schlitter, 19503
Karrer and Schmid, 1955) and the interest in its properties has
consequently been revived. Of the two nitrogen atoms present in f-
carboline (XXVI), only one is basic and a quaternary salt (XXVII) is
formed with only one mole of alkyl halide. No case of dialkylation by

direct treatment of a P-carboline with an alkyl halide is known.
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XXV, Rl‘CHs, R! = OCH XxVII, B! =R «H; £=17, SO, Me~

XXVI, RY =R/ =X

XXVIII

The position of alkylation in the quaternary salt was established
by oxidation of norharman methosulfate (XXVII) with potassium ferricyanide
in alkaline solution, yielding l-oxo~2-methyl-l,2-dihydro-fi-carboline
(XXVIII), the structure of which was proved by independant synthesis
(Kermack, Perkin and Robinson, 1922).

On treatment with stfong alkali quaternary B-carbolinium salts
are converted to yellow or orange anhydrobases whose chemistry has been
repeatedly investigated (Spemser, 1956). Their structure is generally
believed to be that of a resonance hybrid whose major canonical
contributions are (XXIX) and (XXX) (Armit and Robinson, 1925; Woodward

and Witkop, 1949; Schwarz and Schlitter, 1951).
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It has recently been stated, however, that there is no need to consider
the polar formula (XXX) of the anhydrobase as a major contributor since
the observed behaviour can be satisfactorily explained on the basis of
the classical covalent structures (XXIX) (Martini-Bettolo and Paoloni,
1957). This statement was based on a calculation of the charge
distribution, a measurement of dipole moment and spectral shift of
pyrrolo-pyridines (XXXI) and (XXXII) which possess the fundamental
conjugated system of the anhydrobases.

Further alkylation of the Nﬁ—alkyl-ﬁ-earbolina anhydrobases
takes place at the indole nitrogen atom when 9-substituted quaternary
salts (XXXIII) are formed (Kermack, Perkin and Robinson, 1922), This
sequence of alkylation was further established when it was found that
treatment of harmine with two different alkyl halides in different order
yielded two isomeric compounds (XXXIV) and (XXXV) (Konowalowa and
Orechoff, 1934) and has since been confirmed with other p-carboline

derivatives (Spenser, 1956).
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Coneclusive evidence in support of this alkylation sequence was
the finding that both 9-ethyl-f~carboline and 2-ethyl-f-carboline

anhydrobase yielded one and the same product 2,9-diethyl-p-carbolinium

iodide (XXXVI) on alkylation with ethyl iodide (Lecnard and Elderfield,
1942),

E
+
N ¥ =Gyl
e
Cglg
F XXXVI
CoHs

The fact that further alkylation of the p-carboline anhydrobases takes
place at the indole nitrogen atom is best explained by regarding the

“dipolar amphion (XXX) as the reacting form in the alkylation reaction,

Hydrastinine (XXXVIII, R = H) and cotarnine (XXXVIII, R =
OCH3)' typical 3,4-dihydroisoquinoline derivatives, exist in acid
solution as (XXXVII, x~ = e.g. C17). Irom alkaline solution they may

be isoclated as non ionic and relatively water insoluble pseudobases
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(XXXVIII). The compounds have also been reported to exist as the open

chain aldehyde amines (XXXIX),

' 0
gﬁz< "y ~CH —-----\ o, < . P

AORES : AXXVIII

< ‘ o, -CH o~ Nil-Cl

XXXIX

Support for the existence of an equilibrium between a non ionie
(XXXVIII) and ionic form (XXXVII, x = OH ) was obtained from the studies
of the ultraviolet absorption of cotarnine and hydrastinine (Skinner,
19503 Dobbie, Lauder and Tinkler, 1903; Dobbie and Tinkler, 1904).

Thus in non polar solvents the spectrum of cotarnine is different from
its spectrum in polar solvents., This fact can be readily accounted for
by the interpretation that in polar solvents cotarnine exists in the

ionic form (XXXVII, x~ = OH). In alkaline solution cotarnine shows
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ultraviolet absorption similar to that of hydrocotarnine (XL, R = OCHJ)

and therefore presumably exists as the carbinolamine (XXXVIII). Since

0 .
i< ///\\7
" A N-0H

the ultraviolet absorption of a substance with structure (XXXIX) should
be different from that of (XL), just as the ultraviolet absorption of
benzaldehyde differs from that of Nemethyl-benzylamine, it may be
concluded that cotarnine does not exist as (XXXIX). Further evidence
sgainst the existence of structure (XXXIX) is that the infrared spectra
of cotarnine and hydrastinine (Schneider and Miller, 19583 Beke and
Korobnits, 1959) do not show absorption due to C = O,

However, certain chemical properties of cotarnine have been
explained on the assumption that it exists as aldehydeamine (XXXIX).
Thus on treatment with methyl iodide in the presence of alkali,
cotarnine gives the quaternary salt (XLI) (Roser, 1888a) which may be
regarded as formed by dimethylation of (XXXIX), The foxmation of
(XLI}, however, can equally well be explained on the basis of cotarnine

existing as carbinolamine (XXAVIII).


http:abaorpti.on

24

O~ |
o, < 0 CH,, ~CH,~N~(CH,)
2 G\' wa Cﬂa<0 2~CHy 3/2
3 Cu
R OH xR &
XXXVIII
' O~ + -
m&a( | CH,~CH,=N" (CH), I
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XLI

Another reaction which was interpreted as favouring the
existence of the aldehydeamine form of cotarnine was the formation of
an oxime to which the structure (XLII) was assigned (Roser, 1889;

Dey and Kantam, 1935). As in the last case, however, its formation
can be explained on the basie of the carbinolamine (XXXVIII) and the
aldehydeamine (XXXIX) structures for cotarnine.
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0 (7 = CH,~CH,~Nil-CH 0 G-~ O
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eﬁa<e NH, OH (‘ﬁﬁ<€} G = NOH
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R NHOH

XKXVIITI XLITY

Regently the structure of this oxime has been revised on the
basis of infrarved studies (Sehneider and Mller, 1958). By comparisen
of the infrared absorption spectra of cotarnine oxime and an
independantly prepared sample of compound (XLIV), it has been shown
that eotarnine oxime does not show ebsorption at 1680 m“l, whereas
(XLIV) shows abserption st this frequency snd that therefore a ¢ = N
band is not present in cotarnine oxime which should consequently be
represented by (XLIII).
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0= aﬁ2~caz~m(cn§)

er | &
i (NS ¢ = NOH
]
i
OCHy
XLIV

Another example of a chemical reaction which has been attributed
to the presence of an aldehydic group is the disproportionation of
cotarnine on treatment with alkali (Freund and Will, 1887; Pyman, 1909)
into a l-oxo-tetrahydroe (XLV) and a tetrahydroderivative (XLVI). A
mechanism analogous to that of the Cannizzaro reaction was originally
proposed for this disproportionation (Roser, 1888b) Such a mechanism
has since been questioned but not conclusively disproved (HoGeoch and

Stevens, 1934).

CH CH. <
2< O N-OHy 2™ o N-0Hy
5 L R



The absence of spectroscopic evidence (both ultraviolet and
infrared) does not preclude the possibility that coturnine exhibite
tautomerism between (XXXVIII) and (XX%1X). The concentration of
{X0IX) may be too small for spectroscopic detection. To decide
whether cotarnine as (XXAVIIL) or {XXAIX) vesots with nuoleophilic
reagents, ite resotion with hydrooyanic scid has been kinetically
studied (Beke, Susnty and Bavosail, 1960) and it hos been shown by
comparinon with known kinetic resulis of cyanhydrin formation of
aromatic aldehydes that cotarnine does not reset as the aldehyde (XINIX).

Apaxt from hydroxylamine usnd hydrooyanic seoid a nuaber of other
nucleophilic resgents react with cotarmine and the products were
believed to exist as ringechain prototrople systems (Ingold, 1953),
but like the oximes these have now been shown teo have we;ie structures
(XLVII) (Beke and Korobnits, 1959).

i} J
o va‘ﬂa

B X

e, <

vy
X w Nl ey CH,CO0H, CH,000Hsy CHNO, etos
Instead of pseudobases of the type (XXAVIII) anhydrobases
{XLI%) would be txmm from l-alkyl’,bedihydroeisoquinolinium
alkiodides (ALVIII) on treatment with alkali, Thus & orystalline
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XLVIII XLIX
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CH
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anhydrobase (L) which reverts to the original methiodide on treatment
with Nal was reported by Gulland and Haworth (1927). PFurther

alkylation of such anhydrobases does not seem to have been reported.



The parent bese of the dihydro-fesarboline ring system,
3yb=dihydro~f=carboline (I) has not hitherto been characterised in the
pure state. It was first obtained Yy degradation of evodismine as &
tarry mass, was characterised as the picrate (Asahina and Kashiwski,
1915) and identified by oxidation to Secarboline (isahina, 1924%).
Attemptad synthesis by oyolodehydration of N -formyltryptamine (11)
with 3?2;35 in tetralin gave an uncharscterised product in 2% yield
which was regarded as 3,bedihydro-p=-carboline (Splth and Lederer, 1930)
but is far more likely to have been impure norharman., The base was
obtained by cyclisation of N -formyltxyptanine in toluene as an
smorphous powder yielding s pierate and a perchlorate (Sch#pf and
Steuer, 1947). It has now been obtained in improved yleld (52%) as mm
amorphous powder unaing polyphosphoric soid as oyelodehydrating agent.
Due to its sensitivity, particulsrly towards ascids, it resisted all
attempts of orystallisation or purification by chroamatography when
only intractible polymeric material was recovered.

: = N Gl G, = HH~CHO
U A O
) R N
H i

I I

29


http:pe'Wdet-7ieldi.ng
http:unohal:'Mteri�.tt
http:oyclode~t.im

30

The difficulty encountered in the synthesis and purificetion of
this base ie in line with experience with analogous compounds of the
isoquinoline series (SpHth, Berger and Kuntara, 1930). Trimeric material
analogous in structure to N-N -§ triphenyl ethylaminomalonamide and
obtained as & byproduct in the synthesis of 3,4~dihydroisoquinoline
(Decker, Kropp, loyer and Becker, 1913) was not detected. Partial
purification was achieved on sublimation at 3 x 107> mm and 120 - 145°,
when 3,l-dihydro~f~carboline was obtained as a glassy solid.

9-Methyle3 b-dihydro-fi-carboline was obtained in a similar wey
by oyelodehydration of mawﬂ-»mthylu:ﬁﬁ»fmmylﬁwptmim with polye
phosphoric acid.

Synthesis of & large number of l-substituted 3,4=dihydro-f=
carbolines has been reported. Harmaline (III) was first synthesised by
gyclisation of 2-scetyl-3-aminoethylebemethoxyindole (IV) (Manske,
Perkin and Robinson, 1927). It was later obtained by Bischler-
Hapierlaski ring closure of %umwy&«ﬁmﬂhmy tryptemine (V) (Splith
and Lederer, 1930) and the latter method has been widely used for the
synthesis of other l-substituted-3,i~dihydro-p-carbolines. Other
methods of synthesls, based on controlled oxidation of a suitably
substituted 1,2,3,4-tetrahydro--carboline (Perkin and Robinson, 1919 a)
and on oxidative decarboxylation of 1,2,3,k-tetrahydro-fi-carboline-i-
carboxylic acids (Spenser, 19%9) have so far found limited application

onlys
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Recently harmalan (l-methyl-3,4-dihydro-f-carboline) (VI) was
obtained by condensation of glycolaldehyde (VII) with tryptamine (VIII)
(87 = H), followed by dehydration of the vesulting (+) l-hydroxymethyle
1,2,3,4-tetrahydro-p-carboline (IX) (&7 « H)/Spenser, 1959).

In the present investigation both harmalan and 1,9-dimethyl=
3,4edihydro-f-carboline were obtained by this method.

The dihydro-f~-carboline derivatives which were prepared in the

course of the present work are listed in Table I,
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TABLE T

4=Dihydro-p-Carbolines

33

3yh4=dihydro-f-carboline
(norharmalan)

Yelig=3,b~dihydro-p-carboline

1-Me«3,4=di o=f~carboline
(harmalan) (Spenser, 1959)

1-Et-3,4=dihydro-p~carboline
(Spith and Lederer, 193%0)

1,9-dimethyl-3,4-dihydro~~carboline

120 - 125°

120 ~ 130°

180 - 181°
150 - 160°

80~ 84°




34

Dihydro-fi-carbolines behaved as tertiary amines and on
alkylation formed yellow to orange quaternary salts ( X ). These salts
were invariably monoalkylated and no trace of dislkylated salts could

be detected. The quaternary salts which were prepared are listed in

Table 1I1.

N
REX, [ | + .2
I9 l
R 1

Rl R

R ‘ -l ;
zx. GH31 or n C‘BH?I
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R el R - CH

223 after "
sintering at 215

275

2 . CH
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8% gl - R
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(monohydrate)

224 - 225°

= CH



When an aqueous solution of each of the quaternary dihydro«ie
carbolinium salts was trested with sodium hydroxide the corresponding
paeudo- or anhydrobase formed. Since the structure of the products so
obtained from lwalkyl substituted compounds differed from those obtained
from l-unsubstituted salts the two groups of compounds will be discussed
separately.

1-Unsubstituted quaternary salte (X, R =H) would be expected,
by analogy with the behaviour of 3,4«dihydroisoquinolinium salts, to
give the peseudobase (XI) on treatment with sodium hydroxide according
to the following sequence.

-y l o i~ y""..aa m...Q.Kum 5 l ¥ ‘ L AR
' 5 ' o™
) g

X
Ck\x X BeRr?
XITI XI
L © - : 4 I e e
Gy~ ¢ N-Cilg ALK L
R OH 29

XIv X1x
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The pseudobase derived from (X, R® =B « H, &2.,::&5), which on
this basis should be l-hydroxy-2-methylel,2,3,4=tetrahydro-f«carbeline,
is & colourless solid which is remarkably stable. It crystallises well
and can be kept indefinitely without decomposition or darkening. In
alkaline or non aqueous solvents the substance shows ultraviolet
absorption similar to that of indole, whereas in acidic solution the
absorption becomes similar to that of the quaternary salt. This easy
reversion to the original quaternary salt is a characteristic property
of pseudo and anhydrobases (Sidgwick, 1937). The ultraviolet
absorption spectra of the compound are compatible with its formulation
as (XI). The infrared absorption spectrum of the compound, however,
does not show bands which can be assigned to OH or Ni. This lack of
OH and NH absorption is not in itself conclusive evidence againast
formulation (XI). A similar absence of OH absorption has been observed
in other pseudobases. Thus hydrastinine (XIV, R«H) and cotarnine
(x1v, R ..em}) fail to show OH absorption (Schneider, 1961). Similarly
only very weak OH bands were observed in the infrared spectrum of
vomalidine, a new alkaloid of the ajmaline group (Hofmann and Frey,
1957)s Further, it has now been found that many l-substituted 3,4
dihydro-fi-carbolines do not show NH absorption. More serious evidence
against the formulation of the pseudobase as (XI), however, is provided
by its elementary analysis which indicates that C, H and N account for
the composition of the compound whiech therefore does not contain oxygen.

Structure (XI) cannot therefore represent the compound.
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This analytical result also eliminates the possibility that the
substance has the structure (XV) of a dimeric ether base analogous to
(XVI) obtained in the quinoline series (Hantzsch and Kalb, 1899

Keufmann end Strubin, 1911).

=
2. /
s
MH’ \i

XvI

The aldehydeamine structure (XIL) for the compound is
eliminated on the basis of ultraviolet, infrared sbsorption spectra

and elemental analysis. The compound does not show any absorption
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which may be attributed to the presence of a ¢ = C group. OStructure
(XI1I), corresponding to anhydrobases of the B-carboline series, cannot
be accepted on the basis of the behaviour of the compound towards
further alkylation which is discussed later.

To account for the experimental findings a different formulation
is required., A structure which can account for all the observed
properties of the product is (XVII), a formulation of the compound as a
dimeric enhydrobase, which in solution is in equilibrium with pseudobase

(x1).

C] I HeGHl
2 i NeCH
cH, wx
B o

i1 XVII

=
i

Buoch a dimeric structure would account for the observed analytical result,
the lack of NH and OH absorption in the infrared and is also in accord

with the ultraviolet spectrum. In direct evidence for a dimeric
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structure a moleoular weight of 346 g 35 was found for the substance

by thermoelectric measurement (Schwarskopf Microsnalytical Laboratory).

~ The caloulated molesular weight of the dimer is 368, This dimeriec

structure may also explain the unusual stability of the compound.
Another property of the product which may be accounted for by

a dimeric structure is an unusual disproportionation reasction.

Pseudobases of the 3,4edihydroisoquinoline series undergo disproportione

ation into a tetrahydro and a l-oxo-tetrahydre derivative on treatment

with alkali (Preund and will, 18873 Pyman, 1909). A mechanism analogous

to that of the Cannizzaro reaction was originally proposed for this

diampurﬁmﬂm (Roser, 1888 b). Such a mechaniam has boen

questioned but not conolusively disproved (MoGeoch and Stevens, 1934).

The product, now formulated as a dimerie dihydro-f-carboline anhydrobase,

does not undergo this disproportionstion on treatment with alkali.

This may be related to the fact that indole~2-aldehyde does not appear

to undergo the Cannissaro reaction (Taylox, 1950)., However, the

dimeric base undergoes snother type of disproportionation. OUn distillation

under high vaocuum it yielded 2emethylel,2,3,4-tetrahydro-fi-carboline

(XVIII) and 2emethyl~f-carboline anhydrobese (XIX).

g e e Y
o lxl Nelie S e
1

VIl AIX
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Similar disproportionations have been observed in the dihydroisoquinoline
series, Thus lephenyl-3,h-dihydroisoquinoline yields lephenyl isoquinos
line and lephenylel,2,3§-tetrahydroisoguineline on distillation

(Brodrick and Short, 1949). BRecently, 3,4-dihydro-fi-oarboline derivatives
have also been reported to behave in this way. Distillation under
reduced pressure of lealkyle3,4-dihydro-fecarboline~3-carboxylic acid
(XX) yielded lealkylel,2,3,hetetrahydro=f-carboline (XXI) and lealkyle
pecarboline (XXII) (Jenssen and Techesche, 1960), This was explained

by following reaction sequence according to which the primary product,
lealkyl=3,4-dihydro-f-carboline, formed by decarboxylation of the parent
compound (XX), undergoes disproportionstion similar to lephenyle3,i=
dihydroisoquinoline.
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In the present work, however, dihydro-p-carbolines sublimed
under high vacuum without any detecteble decomposition or disproportione
ation. These bases were in fact purified by subliiatian under high
vacuum, It seems therefore that another explanation must be sought for
the reported observation.

The product obtained from Jemethyle3,l-dihydro-f-carboline
methiodide by treatment with base differs from its lower homologue in
being non crystallisable and susceptible to atmospheric oxidation. The
substance camnot be formulated as a dimeric anhydrobase because the
indole nitrogen is substituted. The ultraviolet and infrared absorption
spectra of the compound are similar to those of the dimeric base.
However, these observed ultraviolet and infrared spectra are satisfact-
orily accounted for by assuming structure (XI, L 0H3). When
the compound was refluxed with alkali a small amount of a neutral
product presumably l-oxo-2,9-dimethyl-l,2,3,4~tetrahydro-p-carboline
(XXIII) was then isclated, but no trace of 2,9-dimethyl-tetrahydro-f~
carboline (XXIV) could be detected. The compound therefore does not
undergo a cotarnine type disproportionation. The formation of (XXIII)
seems to be due to atmospheric oxidation of the compound, which yields
traces of (XXIII) also on high vacuum sublimation although most of the
starting compound sublimes unchanged. It seems very likely therefore
that on the basis of its ultraviolet and infrared spectra, and its
susceptibility to oxidation, the compound is pseudobase (XI, R’ = R° =
Cﬁi)‘ Since the compound could not be purified, analysis was not

attenpted.
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Both the dimeric base (XVII) and the pseudobase (XI, R ke
CHB) react with hydroxylamine. The products formed may have the
structure of an open chain oxime (XXV) or of a hydroxylamino substitution
product (XXVI)., Since in agreement with recent cbservations in the
case of cotarnine oxime (Schneider and MHller, 1958), infrared spectra
of solid samples of these compounds do not show oxime bands in the
region 1600 ~ 1700 em'l. l-hydroxylamino- 2 -alkylel,2,3,4-tetrahydro«
pecarboline (XXVI) is the more likely structure of these compounds,



o7 m Qﬂa*ﬁﬁzﬂm‘mﬁi
S N CH » HOH

t

R

XXV, R=H or cm3

R HHOR R KHOH

XXVII, R =OCH

XV, ReH or CH 3

3
However, these derivatives give ultraviolet spectra similar
to that of 2-formyl indole, unaffected by pH, or by the nature of the
solvent. This observation cannot be explained on the basis of
structure (XXVI) whiek sbould give a spectrum similas to that of
indole. The observed spectrum would be more coneistent for an aldoxime
group conjugated with the indole nucleus, i.e., for the structure
(XxV). It ie therefore likely that these compounds exist in two
different forms in the solid state and in the dilute solution.



b5

When lealkyl substituted quaternary salts (X, Rl - .-cﬂgr{) are
treated with sodium hydroxide in agueous solution, products are formed
which, by analogy with the behaviour of similar dihydroisoquinoline

derivatives may be formulated as anhydrobases derived aceording to the

following scheme.
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The observed properties of the products are in best agreement with the
anhydrobase structure (XAVIII)., Thus the elemental anslysis of the
product obtained from (X, B* = R° = i3 R’ « H) is accounted for by
carbon, hydrogen and nitrogen only anév the compound therefore does not
contain oxygen. The infrared absorption spectrum shows a band in the
region 1600 - 1700 ot

Cw0 band in this region., The observed band may be attributed to CwC

s whose intensity is much lower than that of a

and this eliminates the ketosmine structure (XXIX). A struoture (XXX)
analogous to that of f-carboline anhydrobeses is excluded on the basis
of infrared spectra which show NH bands (Sohwarz and Sohlitter, 1951)
which would not be expected from (XXX), The study of further alkylation
of these compounds which is discussed later also eliminates the
struoture (XiX). .

The anhydrobases derived from harmalan methiodide (X, R = R® =
ity 2’ « #) and hamalan propiodide (X, BR® = CHy 2% o neCilg &7 o )
sublimed under high vacuum without decomposition or disproportionsation
to give light yellow solids which darkened on standing. The anhydrobase
derived from Gemethyl harmelen methiodide (X, B® « BZ & 27 « o)
decomposed in the course of distillation. The small amount of distillate
obtained showed an ultraviolet spectrum unaffected by pH similar to that
of 2«formyl indole. uantities obtained were insufficient for charactere
isation but the change in ultraviolet absorption is consistent with

formation of the leoxederivative (XXXI) by air oxidation.
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N
&l N-CH
1;1 3
GH} 0
AXXT

These findings confirm the classical formulation of the struoture of
xamthyl harmaline anhydrobase (Nishikawa, Perkin and Robinson, 1924),



According to Konowalowa and Orechoff (1934), the further

alkylation of the anhydrobase of structure (I) obtained from harmaline
alkiodide (II) takes place at N These authors reported that when
(II) was refluxed with alkyl halide in alcoholic solution for six hours
a substance of structure (III) was obtained which was stable .te

treatment with base.

=
; + OH il
%50 Q& ” I‘ /:“ ““ cig0l
X .

II 1
Ry X
i R
CH0 n’/ﬁ]/ N
I
2
111

Lg



b9

Before the constitution of harmaline was fully established
Fischey (1914) feolated, from the mother liguors obtained during the
wothylation of hexmsline with methyl fodide in alkaline solution, a
quaternary salt which he yeferved to as "dimethyl harmaline iodide",
This compound whose structure has not been clerified gave trimethyle
snine, identified as the ohloroplatinate, on ftroatment with base at
room temperature. tne of the aims of the present investigation was to
reconaile these conflioting results.

Sinoce harmalan and ite derivatives ave considerably more
accessible tham harmaline, and sincs it is a reasonable assumption that
both compounds behuave similarly on slkylation, the present work was
carried out with the former group of compounds.

it was found that anhydrobases derived from lealkyl and 1,9«
dialkyle3 bedihydrosfecarboline alkiodides do not alkylate to an
apprecisble extent under the conditions used by Konowslowa and Orechefll,
Instead of dialkylated producta, 3,bedihydroei-garboline alkiodides of
the structure of type (1), f.e. the salts of the starting materinls to
which the anhydrobases hed reverted, were recovered. The ultraviolet
speotra of the mother liguors from these experiments did, however, show
weak additional sbsorption unaffected by pH, at 310 mu.

When anhydrobases obtained fros heyealsn alkiodides were
treated with methyl fodide in aleoohwlic potessiun onrbonste suspension,
howvever, nev guaternsry salts were indeed obtained., On the basis of
evidenge to be presented below, these oan be formulated as (IV). The
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compounds of this type which have now been prepared are summarised in
Table III,

The structure of these compounds was established by analysis,
ultraviolet and infrared spectra and Hofmann degredation. These compounds
showed very strong ¢ = O absorption in the region 1640 -1650 en™ in
the infraved, and ultraviolet absorption at 310 i gsimilar to that of
2-formyl indole, wnaffected by pis On treatment with base each of
these guaternary salts gave & tertiary apine and & neutrsl fraguent.
The tertiary amine was isolated in every case se the plorate whioh was
characterised by melting point and -ut;-siu Since in this type of
veaction there is always a competition betwoen substitution and
elimination, the meutral fragment was invariably a mixture whose
composition was dependent upon reaction eonditions snd the nature of
substrate., In nost csses either the substitution product, 2-acetyleds
{Pealkoxyethyl) indole (V) or the elimimation product 2-acetyle3-vinyl
indole (VI) was obtained and charactevized by ultraviolet and infrared
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Products of Alkylation
Quaternary Salt Heutral Fregment Basic ent

| o 3
= — wt _ 5 8 - 1

{ )
e L
4.33 . 3
ﬁlPl M.Pg
e Fa iy P el Ra iy 278° (a) R' =H R’ = CH, - oH, - oo, 140° Trimethylamine
() B' =8 B% - cH, - cH, - 0, 118° fTrimetnylamine
2 el B n-C,H, el Ra n-0,H, 170° (a) B* =® B - CH, - CH, - 00, 140° Dimethyl-n-propyl
’ amine
() R* « 8 R? acCH, - CH, - 0C,H_ 118° Dimethyl-n-propyl
2 2’5 24
; amine
g - i, 5 . ol &t . Ciy R = CH 215° 2 . oHy R = - CH = cH,, 54° Primethylamine

¢
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spectra and analysis. The ethers (V) showed ultraviolet absorption

unaffected by pH similar to that of quaternary salt (IV). Besides

4;/ CH,~CH,~CR CH = CH,
1] Sl |
[;;:::i ™ | N | ¢o

1
R ' R
c
.

strong absorption due to C = O, bands due to OR in the region 1000 -

1 waere observed in the infrared spectra of the ethers. When

1200 em”
the Hofmenn degradation was carried out in two different alcohols
(cnsca, € H0H), in each case a different ether was cbtained from the
same quaternary salt (V, R = CH, and R = C,H). The results of O-alkyl
determination agreed with the calculated values. The ultraviolet
absorption of the vinyl compounds (VI) was shifted to longer wavelengths
and in addition to the extended bands due to C =0 absorption, bands due
to C = C stretching were observed in the infrared absorption spectra.
Since the behaviour of anhydrobases derived from quaternary
9-alkyl substituted 3,4-dihydro-p-narbolinium salts on further alkylation

is similar to that of 9-unsubstituted derivatives, these compounds cannot
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have a structure corresponding to that of the P~carboline anhydrobases.
The formation of anhydrobases of the latter type is not possible from
9-gubstituted compounds.

It has thus been established that the course of further
alkylation ¢ 1,2«dinlkyle3 bedihydro~fi=carboline is not as reported by
Konowalowa snd Orechoff. Their evidence that the reaction led to dialkyl
quaternary salts (III) was besed on the supposed identity of the products

obtained in the following reaction sequences.

N—CEH5

CH




h

The sole criteria for this identity were the melting points and iodine
anslysis of the two products. This evidence is certainly inadequate and
it seems that Konowalowa's guaternary salts were in fect the starting
alkiodides (II), Hydriodie acid required for the reversion of (I) teo
(I1) is formed by solvolysis of alkyl halide during refluxing.

Fischer did not explain the formation of trimethylamine from
the quaternary salt which he referred to as "dimethyl hammaline fodide".
In the light of the present findings it seems that the uncharacterised
“dimethyl hn.mmm iodide" was presumably the quaternary salt of

structure (IV,:R6 = OCHB, R, = CH .

39 R™ = H).

Further alkylation of the bases obtained from l-unsubstituted
Fyliwdihydro-f-carbolinium salts does not seem Lo have been atteapted
before, although such studies have been repeatedly made with bases
obtained from similar 3,4-dihydroeisoquinclinium salts. Thus cotarnine
(Vii, £ = wnB) and hydrastinine (VII, & = i[) on treatment with methyle
iodide in the presence of alkali yield quatemnary salts (VIII), the
structure of which was established by Hofwann degradation and isclation
of trimethylamine and the vinyl piperomml (iX) (Roser, 1868 a; Preund,
1889) .
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VII VIII
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When the dimerie anhydrobase (X) and pseudobase (XI) were
treated with methyl iodide in aqueous-alcoholic potassium carbonate
suspension, quaternary salts (XII) were obtained which were vaxy’
similar to quaternary salts (IV), obtained from 1,2-dialkyl-3,4-dihydro-
p-carboline anhydrobases. The structure of (XII) was established by
the same criteria of analysis, ultraviolet and infrared spectra and
Hofmann degradation. Ultraviclet absorption of these compounds was
similar to that of 2-formyl indole and their infrarsd spectra showed

strong C = O absorption. On treatment with base both of these compounds
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XI
X
C]r T i
+
X N*-(cH,) . 9 k. N'e(em,),
lf C=0 33 I:l’ CaX >
1
at H R H
X11 XIII

yielded trimethylamine and a neutral fragment. As in the case of
Hofmann degradation of 2-acetyl quaternary salts (IV), trimethylamine
was isolated and identified as pierate, whereas the neutral fragment
was characterised by ultraviolet and infrared spectra and analysis
and was found to be either elimination product 2-formyl-3-vinyl-indole
or substitution product 2-formyl-3-(p-alkoxyethyl) indole.

When (XII) was treated with hydroxylamine hydrochloride in the
presence of potassium carbonate an oxime (XIII, X = NOH) was obtained

which further confirmed C = O group in (XII). When the alkylation of
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the dimeric base (X) and the pseudobase (XI) was carried cut in the
presence of excess anhydrous potsssium carbonate, acetals (XIXI, X =
{m&)z) of the guaternory sels (XII) were obtained. Different acetals
were formed when the slkylation was cerried out in the presence of
different aloohols. Since acetals are known to be fommed frowm aldehydes
on treatment with alechol containing ammonium iodide (Haworth and
Lapworth, 1922), it seems that potassium iodide formed during the
reaction plays the role of smmonium iodide in the present case. This
formation of acetals alsc affords further evidence for the aldehydie
nature of the quaternary salts (XII). The ultraviolet spectra of these
acetals in alkeline solution were similar to those of indole, whereas
in aeidic solution these compounds showed sbsorption similar o that of
2-formylindole. This change in absorption was found to be irveversible.
Rebasificstion did not change the latter absorption spectrum bask to
the former, Acidification had hydrolysed the acetals to aldehyde (XIL).
The infyared spectre of the seetals did not shov sbeorption dus %0 G = O
but bands charscteristic of ether absorption appearsd in the region
1000 1200 om™', The scetals also undergo Hofmann degradation and yield
trimethylemine. The various gquaternsry salts prepared and the results
of Hofmann degradation are summarised in Table 1V.
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Produets of Alkylation

te: [ Salts : “Heutral Frazment Basic I'ragment
Base
o
- x <o
|
: : H.P. : HoP.
’ 3 ¥ s O 3 il © :
Dimeric~-2-methyl- (1) R'=H R=<C=0 270" (a) R =H R"==C=0 R =-CH=CH,, 126~ Trimethylamine
¥ 1
3, l=dihydro-p= " P
vardalina-dhplre- (b) Rl B2a-Ce0 35,,.{:1;2-@{203;{3 110° Trimethylemine
¥
base H




Products of Alkylation

Base { ’, te t M.P, Heutral ent M.P. Basic Fragment
Di : . | 2 (<] 2o ol 3 aald "
meric-2-methyl- (2) R™=H R ,.c-{&cms)z 180 R=H R .-c,(ec;x5)2 R7=~CH=CH, 125° Trimethylamine
¥ L
3, b-dihydro~p- " .
carboline-anhydro- (3) B’lag R2E_G_(63235)2 23{}0
\
base (continued) H
2,9-Dimethyl- (1) Rl-eai R%a-Ca0 216° RY=CH, RZanCaO 35..01133;{2 82° Trimethylamine
1 ;]
3 b=dihydro~fe- . .
carboline-pseudo- (2) Rl“gg3 RZ"C-(GGﬁ ) 2§§s
' 32
base H

66
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Conclusion

It has thus been found that the behaviour of pseudobases and
anhydrobases of the 3,4edihydro-p-carboline series on alkylation is
similar to that of corresponding compounds in the 3,4-dihydroisoquinoline
series. A discrepency in the literature has thereby been resolved and

the object of the present work achieved.



61

Due to the presence of the extended indole chromophore,

3yh=dinydro~f-carbolines show strong absorption in the ultraviolet
region of the spectrum and this fact was of diagnostic value in
structural assignment and product analysis.

Thus during the preparation of l-methyle3,dedihydro-j-carboline
(harmalan) (I) and 1,9-dimethyle3,4-dihydro~p-carboline (Ia), by
dehydration of (d1)el-hydroxymethylel,2,3,4-tetrahydro-p-carboline (II)
and (dl)-9-methylel-hydroxymethylel,2,3,4,~tetrahydro~p-carboline (IIa)
respectively, the completion of reaction was determined by observing
the changes in ultraviolet absorption of the reaction mixture., in
absorption spectrum similar to that of indole is observed in the case
of (I1), which behaves as a 2,3-disubstituted indole, whereas in (I)
the indole chromophore is mmamm with another unsaturation as a
result of which Xmax is shifted to longer wavelengths as expected,
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The absorption spectra of dihydro-p-carbolines are affected
by pHe Dihydro-f-carboline and its c~substituted derivatives show an
absorption band at about 315 e in aleoholic asoclution or in the
presence of base, whereas in the presence of acid a strong band at
about 350 n}u is observed. This change represents the conversion of
dihydro-f-carboline bases into dihydro-f-carbolinium ions. The band
at 3%0 . is also shown by 3,4-dihydro-p-carboline alkiodides (IV) in
acid or alcoholic solution. This behaviour is in general agreement
with the observation that there is a bathochromic shift of 1 - 50 m

when compounds containing C =N are converted into a cation C =N

= R
C! | =ia®
:ﬁ: b

|, ,
g} gt

I11 v

In alkaline solution the 55~alky1~dihydra-§3—-mbnlinium ions
(IV) undergo structural changes which as already discussed, may be of
one of two types, depending on l-substitution.

The product derived from l-alkyl substituted-3,4-dihydro=p-
carbolinium iodides, by treatment with base, could in principle have

any one of the following structures.
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VI Vi

From a consideration of the ultraviolet absorption of the
product it was possible to eliminate some of these. That there is an
isomerisation of quaternary hydroxide (IV a) is shown by the shift of
absorption to shorter wavelengths as soon as alkali is added to the
solution of quaternary alkiodide. Since the new spectrum is similar
to that of 2-formylindole (Taylor, 1950), structure (V), which would
be expected to show absorption similar to that of indole, is excluded.
The observed absorption does not, however, permit differentiation
between (VI) and (VII) which would be expected to show similar ultraviolet

absorption,
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Treatment of l-unsubstituted 3,4-dihydro-f-carbolinium iodide

with alkali yields a product which could be represented as one of the

N |
Z///y vizr 9 ~

OH e

i

7 ;//\\W; 4 . N-R®
[;;:::Il $'%| g RO;RZ 1[ L {L\\V/ i
29 25 R%-N //ltmmE]::::]
T b
X

following.

IVh -59 g
H

=

X
The shift of absorption to shorter wavelength as soon as base is added

to a solution of the ion shows that quaternary hydroxide (IV b) does not
exist. From the observed ultraviolet absorption spectrum, which is
gimilar to that of indole, the aldehydeamine structure (IX) can be
excluded while structure (VIII) is favoured, However, a distinetion
between the pseudobase structure (VIII, R . H) and dimeric anhydro-
base (X) cannot be made since the latter is also expected to show
ultraviclet absorption similar to that of indole.

On further alkylation of the anhydrobases, new quaternary salts
are obtained to which structure (XI) had been assigned (Konowalowa and
Orechoff, 1934), but which have now been shown to be of structure (XII).
S8ince the ultraviolet absorption spectrum of these structures would be

expected to be similar a differentiation on this basis cannot be made.
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XX X1l

Ultraviolet absorption spectra, nevertheless, proved useful in
recognising the products of further alkylation of the pseudo and anhydro-
bases, VWhen pseudobase (VIII, R’ = CH,) or the dimeric anhydrobase (X)
are alkylated in the presence of anhydrous potassium carbonate, different
products are obtained depending upon the reaction conditions., These
products have been assigued the structure (XIII) and (XIV).

e
[::::I:j;t:[i/\\;**(“ﬁg)5

S
XIII, R? = ~C w0
¥

2 H
X1V, R® = =C-(OR),
: 2

H
Due to the presence of ¢ = O in position 2, (XIII) shows
ultraviolet absorption similar to that of 2-formyl indole, unaffected
by pH. In (XIV), the conjugation of the indole chromophore with C = 0
is lost due to ascetal formation and in alkaline solution the @umpﬁumi

shows ultraviclet absorption similar to that of indole. In acidiec
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In (XVII) the indole nucleus is in conjugation with two
unsaturated groups and ultraviolet absorption of such compounds should
be at longer wavelengths than that of the compounds of the type (XVIII)
in which the indole nucleus is conjugated with only one centre of
unsaturation.

The ultraviolet absorption maxima of 3,4-dihydro-B-carbolines

and their derivatives have been summarised in Table V.
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(Mmax mp (log 2))

3yleDihydro-f~-Carbolines

(Figure 1)
I o

N

L
rR* 7 0.1 ¥ HOL 0.1 N NaOH
E H 355 (4.2), 245 (4.0) 520 (4.0), 242 (4.0)
H GK3 360 (4.1), 248 (4,1) 322 (4.0), 252 (3.9)
cﬁj H 350 (4.2), 245 (3.9) 315 (4.2), 240 (4.1)

635 GH3 352 (4.2), 250 (4.0) 318 (4.0)
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41

38

35

i

R

l

l

e o 5 Y R

R=H or alkyl in 0.1 N HCl

in 0.1 N NaOH ——
o~
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TABLE V (CONTINUED)

traviolet Absorption Spectra of 3,4-Di o~B«Carbolines,

360 (4.4), 250 (4.1)

355 (4el), 250 (4.0)

Derivatives and T De at : cis.
(Amax g {log E))
3sl=Dihydro-f-Carboline Alkiodides
(Figure 2)
! l ~ 5 R?'
?‘ L
g’
i g® &7 0.1 K HC1 0.1 N NeOH
360 (4.3), 248 (4.0) 282 (3.7)
360 (hoh), 252 (4.1) 286 (3.8)
355 (443), 250 (4.1) 3515 (4.2)

370 (4.0), 320 (4.2)

300 - 308 (3.8)




T1

4| |

38

32

\
\\
Figure 2
=

N Hy

H R
R=H or CH3 in 0,1 N HCI ..cccecees
R= CH3 in 0.1 N NaOH - - - - -

R= H  in 0.1 N NaOH




TABLE V_(CONTINUED

Ultraviolet Absorption Spectra of 3,4~Dihydro-p-Carbolines,
Their Derivatives and Their Degradation Froducts.
(Amax o (log E))

5
]i\ll ¢c-o (CHs),
R '2
4
R ®? 8’ 0.1 N HOL = 0.1 § NeOH
HE H cn5 315 (4.1), 237 (4.1)
G‘H5 H ca5 318 (4.2), 240 (4.2)
H CHy OH, 315 (4el), 242 (4.1)
HA 033 n«05H7 315 (4.1)

cna &H5 <m§ 315 (4.1)
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TABLE V_(CONTINUED)
Ultraviclet Absorpt Spectra of * Di -3 «Carb By

Their Derivatives Their Degradatio ducts.

(Amax mu (log E))

e

2
R g 0.1 N HC1 0.1 N NaOH
CH, H 318 (3.9) 282 (3.7)
cgﬁs H 518 (3.9) 262 (3.7)

633 CH 518 (4.3), 242 (4.3) 262 (4.0)

13
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TABLE V_(CONTINUED)

R

H

CH

3

0.1 N HCl 0.1 N NaOH
510 (ha3), 240 (4.2) 315 (4.3)

310 (4e3), 243 (43) 315 (4.3)
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TABLE V_(CONTINUED)

Ultraviolet Absorption Spectra of 3,4-Dihydro-B-Carbolines,
Their Derivatives and Their Degradation Froducts.

(Amax mp (10g E))

2=Formyle%-Vinyl I

0w

SRy
»

x ¥ 0,1 N HCL = 0.1 N NaOH
H H 322 (b.2), 252 (4.1)
i Ol 322 (4e2), 253 (4.2)
CH, CH 318




TABLE V _(CONTINUED)

Ultraviolet Absorption Spectra of 3,4-Dihydro-p-Carbolines,

Their Derivatives and Their Degradation Products.
(hnax mp (log E))

2=Formyl3=(B-ilko:

OR
N ¥ > Cuwl
H t
g2
2 0.1 X HCL = 0.1 N NaOH
fm3 H 317 (4e2), 238 (4.1)
01515 GHB 315 (4.1)

C g CH3 315 (441)

76
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Not only ultraviolet but alsc infrared absorption spectra

proved of value in the present study. Since most of the compounds
studied are quaternary salts and their spectra cannot be studied in
golutions, mujol mulls were used in all cases for better comparison.
The aspectra were obtained with a Perkin Elmer 21 double beam spectro-
photometer equipped with a rock salt prism.

In the following discussion, the spectra of eight groups of
compounds, prepared in the course of this work, will be reviewed and

the frequencies of important bands listed in Table VI.
le b= Dihydro=p~-Carbolines

The spectra of these bases show bands which can be assigned

to the NE group of indole nucleus and to the C = N function.
NH

Although weak NH absorption has been observed in harmaline
(Marion and Ramsay, 1951) in chlorcform, this NH absorption was not
observed in l-substituted 3,A4-dihydro-f-carbolines (I¢ Id) in nujol
mulls. 3,4-Dihydro-f-carboline (I &) shows NH sbsorption of medium
intensity at 3380 am‘l, whereas the indole itself shows a band in the

region 3480 qm'l. This shift towards lower frequency is in accord

with the general observation that substituents at the 2- or 3-positions

of indole shift NH absorption to lower frequency. As expected,



9esubstituted-3,4-dihydro-p-carbolines (I h and I e) do not show NH

absorption.

C=N

1

In harmaline, a band at 1629 em™~ was observed (Marion and Remsay,

1951) which was attributed either to C = C or to C = N stretching
vibrations. Isoquinoline itself shows three bands between 1600 - 1500

on"}, A1l the dihydro-p-carbolines (I & to I ) studied showed

1 which is

absorption bands of medium intensity between 1600 - 1620 om™
most likely due to C = N stretching vibrations. Since these are
present also in 9-substituted-3,4-dihydro~-p-carbolines, these bands

cannot be attributed to NH bending vibrations.

In contrast to 3,4-dihydro-f-carbolines, all indole-N-unsubsti-
tuted dihydro-p-carbolinium salts show broad bands of medium intensity

between 3100 - 3160 —

in mujol mulls. This shift to lower frequency
is attributed to the presence of C = ¥ in conjugation with the indole

micleus.,

¢ =Nt

1

A band at 1661 cm™— in cotarnine hydrochloride was attributed

to the presence of C=N' (Witkop and Patrick, 1953). A similar band
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at 1672 ™ vas found in hydrastinine hydroshlerides In all the

carbolinium salts now studied, strong bands between 1600 - 1650 em”i,
ahwwteriéti@ for C wli*, have been observed. The absorption due to
C=N is shifted to higher frequency (from 1600 - 1620 to 1600 - 1650
en™l), which is in genersl agreement with the behaviour of such
compounds, This fact has been used as a diagnostic oriterion for the

presence of C =¥ (Witkop, 1954).

¥H; OH

Nelther of these compounds show NH or OH absorption. This
lack of NH and OH in (IIIa) is consistent with the dimeric structure
assigned to the compound., The lack of OH absorption in pseudobase
(IIIb) does not disprove this structure since a similar complete
absence, or very weak bands due to UHy has been reported in other
pseudobases whose structure is otherwise well established (Schneider,
1961).

can"

The absence of bands in the region 1500 - 1700 show that these

compounds do not exist as quaternary hydroxides.
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1-Methylene anhydrobases (IV a, IV b) show quite sharp NH
bands of medium intensity, whereas the 1 ethylene derivative (IV ¢)

shows only very weak, broad NH absorption.

C=C

1 of medium

All the anhydrobases show bands at 1625« 1655 cm~
to strong intensity. Bands in this region indicate unsaturation in
the molecule due to C=C or C=N stretching. Although on the basis
of infrared spectra alone C -H*, or C«H, cannot be excluded, other
physical and chemical evidence would indicate that this absorption is

due to C=C stretching.

NH

All 9-unsubstituted quaternary salts of this type show
sbsorption bands due to NH between 3260 - 3380 cm™*. Due to the
presence of the electronegative group C =0 at the 2-position, the
indole NH absorption should shift to lower frequency, in the region
of 3200 cm™> (Becker and Millich, 1958), Since substituents at the
3-position of an indole nucleus have a much greater influence on the

spectrum than substituents at 2-position, the presence of a substituted

ethyl group at the 3-position partly cancels the effect of 2 substitution,



C =0

Absorption due to C =0 is observed between 1640 « 1660 om"l.

As usual, due to conjugation of indole nucleus with C =0, absorption
due to latter group is shifted to lower frequency (Becker and Millich,
1958).

Due to acetal formation, the C =0 group is lost and absorption
due to NH is shifted to longer wavelengths as compared to the formyl

compound itself.

OR
Characteristic acetal bands in the region 1000 - 1200 ot ave

present (Bergman and Pinchas, 1952).

T 2=Carbonyl

C=C

Apart from the strong bands in the region 1600 - 1650 on™t which
are also due to C =0, characteristic bands due to the vinyl group are
obgerved in the region 900 - 1000 fm"‘l.

The hydrogen deformation fregquencies of CH=C are observed at 992

an™! for l-substituted indole compounds, whereas such bands are observed



&2

1

at 972 em ~ in the case of l-unsubstituted indoles, It seems that the

presence of an indole NH modify this frequency.

OR

Characteristic bands due to OR sbsorption are present in the

region 1000 - 1200 o’t,



(Frequencies in mu"l)

(M = medium; S = strong; V = very; W = weak)

1.

Iv

Ie

Id

Ie

It

fle=Di)

g} R’
H "
CH, H
i c,
u ¢ i
c iy

Harnaline (83513)

~Carbolines

3380

x
not observed
not observed
x

4T0 (V.W.)

(Marion end Ramsay, 1951)

Cwbl
1615 (M)
1608 (M)

1600 (M), 1620 (W)
1598 (M), 1615 (W)
1610 (M)

1629 (M)




TABLE VI (CONTINUED)

Lvatives and Jdegracstior
(Frequencies in om=~1)

(M = mediumj 5 = strong; V = very; W = weak)

ol

Ila
IIv
IIe
IId
Ile
IIf
Ilg

IIh

' + .2
? \\ﬁ?’ N =R
g gt
H em} H 3160 (M)
H cas eﬁ3 x
635 933 H 3130 (M)
CH, C,H, (n) H 3130 (M)
C,H, CHy H 3100 (M)
355 635 cxa x
Cotarnine x
(Witkop and Patrick, 1953)
Hydrastinine x

(Schneider and Milller, 1958)

¢ un
1640 (8)

1648 (S)
1618 (8)
1615 (8)
1615 (8)
1620 (s)
1661 (M)

1672 (M)




TABLE VI (CONTINUED)
ared Absorption Spectra of 3,4-Dihydro-f-Carbolines

Their Derivatives and Degradation Products
(Prequencies in om~1)
(M = medium; S = strong; V = very; W = weak)

o
L2

3+ Base
N oH ¢ wnt
I1ia Dimeric anhydrobase absent absent absent
I1Ib 2,9-Dimethyl=3,4=dihydro x absent abasent
f=carboline pseudobase
IITe Hydrastinine x absent absent
{Schneider, 1961)
4, Anhydrobases
N N-R®
N
]
R’ CHR
TR o NH -G
IVa H cﬁ3 H 3410 (M) 1625 (M), 1605 (W)
v i cgﬂ., H 3410 (M) 1630 (M)
IVe eas 01;3 [i§ 3270 (V.W.) Broad 1655 (s)
Iva H CH, cH x 1640 (8)
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TABLE VI (CONIINUED)

(Frequencies in ™)

(M = medium; S = strong; V = very; W = weak)

R R & HH C w0
Va H H 033 3280 (M) Broad 1655 (V.8)
Vb cﬁ5 H QKS x 1652 (V.8)
Ve H cmi c;% 2280 (1) 1660 (V.8)
Vd H cas m05ﬁ7 3390 (M) Broad 1640 (v.8)
Ve GHB ‘333 0115 x 1640 (V.8)
Ve 2-Formyl Indole 3185 1675

(Taylor, 1950)




TABLE VI (CONTINUED)

"

(Frequencies in em~

(M = medium; S = strong; V = very; W = weak)

6a
« . A
A gk g e
I l ¥
R (33)2
R rt NH R
Via C!ii5 H 3380 (M) 1030 (M), 1090 (8)
VIb Gy H 3380 (M) 1030 (M), 1090 (8)

Vie Gii; GE3 . x 1040 (M), 1095 (8)




TABLE VI (CONTINUED)

88

Infrared Absorption Spectrs of 3,4-Dihydro-B-Carbolines,

Their Derivatives end Degradation Products

(Frequencies in om‘l)

(M = mediums S = strong; V = very; W = weak)

Viia

ViIb

Vile

R o m ¢ w0

C =0
H H 3280 (M) 1640 (v.8)

1615 (S, incomp)
H fm5 X 1650 (V.8)

1605 (S, ineomp)
CHE Bﬁ5 x 1650 (V.8)

1605 (S, incomp)

Vinyl

918 (M), 972 (M)

928 (M), 992 (M)

912 (M), 992 (M)
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(Frequencies in en™t)

(M = medium; 8 = strong; V = very; W = weak)

8.

CH

CH

CH

"

3235

WH C =0 OR

3210 (M) 1650 (V.8) 1012 (M), 1070 (M), 1094 (8)
3250 (M) 1660 (V.8) 1026 (M), 1065 (1), 1090 (8)

3230 (M) 1646 (V,8) 1032 (M), 1065 (M), 1090 (8)




3ylwDihydro-fincarbolines were prepered by established methods
and details are given only for modificetions of accepted procedures,

¥, -formyltryptanine (Boh#pf and Steuer, 1947) (1.5 g) and
polyphosphoric acid (10 g) were heated for forty minutes at 100 - 120°
with constant stirring. The dark melt was asdded o cold water and the
solution was diluted to about one litre and decolorised, The clear
filtrate was extracted with ether to ramove any non-basie impurities
and made alkaline with 10% NaOH. The turbdid solution was extracted
with ether and the ether extract dried and evaporated. The residue
could not be orystallised in any solvent nor could it be purified by
partition chromatography. In every csse s hrown polymeric material
was obtained.

Sublimation at 2.10™7 mm and 130 « 140° gave the product s a
glassy solid (0.7% g, 52.1%) melting at 120« 1257 after sintering at

100°, pKa 7.8. It did not give a satisfactory analysis.
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A sample was converted to the picrate, melting at 233 - 23‘&0«-
Reported melting point 241 - 242° (Asahina and Keshiwaki, 1915) (Founds
€, 51.13 H, 3.33 Cale. for gmﬁuusgv‘ Cy 5113 H, 3.3%). Ultraviolet
absorption (Amax, mu(log E)): in 0.1 N HCl: 355 (4.2), 245 (4.0)s
in 0.1 H NaOHs: 320 (4.0), 242 (4.0).

Ind—ﬁ%thylnﬁﬁwﬂowltwp‘hmm

Ind-N-methyltryptamine was prepared from Nemethylindole (Snyder
and Eliel, 1948) which was obtained by reducing Nemethylindoxyl with
LiAlH, (Julian and Printy, 1949).

Ind-Nemethyltryptamine (3 g) was treated for 2 hours with
freshly distilled dried ethyl formate (25 ml) in a sealed tube at me”.
The solution was diluted with ether, washed with dilute HC1l and with
water and dried. BHEthyl formate and ether were evaporated and the resi-
due was distilled at 5..‘1&3"3 mm and 165« 1.?0° to give the product as a
oolourless viscous oil (2.8 g, 80%), The infrared spectium showed
gtrong carbonyl absorption at 1640 em“}‘ (Found: N, 13.8; 312 « hHEO

requires: N, 13,9%).

beDihydro-f-Carboline

Ind~H-methyl-N;-formyltryptanine (1.5 g) was treated with
polyphosphorie aeid {10 g) and the reaction mixture worked up as in the
preparation of 3,4-dihydro-f-carboline. The crude base was sublimed
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at 5..19”3 om and 120° when the product (0.75 g, 55%), melting at

120 - 15@“. was obtained as a colourless solid. It did not give o
satisfactory analysis. Ultravielet absorption (dmax, mu(leg E)):

0.1 N HCYs 360 (4.1), 248 (4.1)s 4n 0,1 ¥ WaOH: 322 (4.0), 252 (3.9).

This was obtained by dehydration of lehydroxymethylel,2,3,ke
tetrahydro-f-carboline {(Spenser, 1959).

A solution of lemethyltryptemine (3.4 g) and glycvolaldehyde

(1+27 g) in 200 ml water containing 20 ml 2 J HCl was refluxed for 2
hours. The solution was decolorised, extracted with ether to remove
non-basic impurities, and made alkaline with NaOH to yield a dark brown
solid which was dissolved in ethanol, decolorised and crystalliised from
agueous ethanol. It sublimed at 2,10"7 mm and 140 - 160° to give the

product (3 g, 70%) as & colourless erystalline solid melting at 146°
(Founds ©, 72.43 H, 7.73 ¥y 13.1s amﬂwﬂaﬁ requires C, 72.23 Hy 7.4
Hy 15.0%).

The above teirahydro-fecarboline (2.5 g) was wetted with water,
treated with 85% #hﬁaphgria acid (350 ml) and kept on the steam bath
until the absorption band at 280 mu, characteristic of the indole
chromophore of the starting material, had disappeared (4 hours), The


http:melti.ng

93

dark brown solution was diluted with water, decolorised and made
alkaline with 20% NaOH, and the product wes extracted into aether. The
extract was dried (uazso,‘), ether was removed and the solid residue
wag dissolved in methanol. The solution was decolorised and evaporated
and the colourless residue was sublimed at 2,107 mm and 90 = 100° to
yield the product (1.2 g, 58/%), melting at 80 - 84°, as a colourless
solid (Found: ©, 78.8; H, T.bs W, 14.2. Cale. for Gy gy Byt Cy 78485
Hy Tol3 N, 14.1%). Ultraviolet absorption (hmax, mp(log £))s in

0.1 N HCLs 352 (4.2), 250 (4.0)s in O.1 N NaOHs 318 (4.0).

Horharmalan (1 g) was dissolved in 50 ml dxy benzene, the
solution filtered and the residue rejected. The filtrate was diluted
to 250 ml with dry benzene, methyl iedide (3 ml) was added and the
mixture allowed to stand at room temperature for 48 hours. Yellow
needles contaminated with a brown impurity deposited. The sclid was
dissolved in methancl, the solution treated with charcoal, concentrated
and the residue orystallised from agueous methanol when the product
(1.4 g, 70%) was obtained ns long needles of the monohydrate, melting
at 223° after sintering at 215° (Pound: H,0, 4.9 0, oy 5, TH,0
requires H,0, 5,450, After drying to constant weight, founds C, 46.2;
Hy boly N, 8.9. clzxnngx requirves C, 46.13 H, 4.2; N, 8,0%),
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Ultraviolet absorption (imax, m].;(&a,g B)): 4n 0.1 ¥ HCL: 360 (4.3),
248 (4,0)3 in 0,1 ¥ NaOH: 262 (3.7).

Horharmalan methiodide (0,25 g) was dissolved in 20 ml H,0 and
10% sodium hydroxide was added with gonstant stirring. The yellowish
precipitete whioch separated was washed with water, rubbed with methanol
(5 ml), filtered and again washed with a little methanol to yield a
colourless amorphous powder (0.18 g) melting st 185°, Crystallisation
from dry chloroform did not raise the melting point. Nolecular weight:
Found: 346 £ 35 (gmgmsg)a requires: 7368, The carbon analysis was
unsatisfactory but the product did not contain oxygen (FPound: €, 77.3s
Hy 6453 Hy 150, (G 8, H,), requiress C, 78,35 H, 6.5 ¥, 15.1%).

The same product was obtained when more dilute NalH or ammenias
was used. Addition to a small sample of the anhydrobasse of concenirated
sulphuric acid containing & trace of ferric chloride gave an ultramarine
colour whioch on standing changed to orimson.

The anhydrobase (0.02 g) was suspended in 30% KOH in aqueous
ethanol (5 ml) and refluxed on the steam bath for & hours., Alcohol was
evaporated and the residue acidified with HCl, The solution was '
extraocted with ether, the ether extract dried (3&28‘{}4) and coneentrated,
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The ether extract did not contain material absorbing in the ultraviolet
region of the spectrum.
The agueous sclution was made alkaline with excess 10% NaOH

vhen unchanged starting material was recovered.

The anhydrobase (0,1 g) was distilled at 10”2 mm and 140 - 150%,
& mixture of a golourless and & yellow substance sublimed and a black

2 mn below

residue remained. The sublimate was re~distilled at 10~
100° when the oolourless substance sublimed and the yellow substance
remained as residue, ‘

The colourless substance was Zemethylel,2,3,4%~tetralydroei=
carboline, melting at 216« 217°, identiesl in melting point, mixed
melting point, infraved and ultraviolet spectra with an authentic
sampls (Boekelheide and Ainsworth, 1950).

Phe yellow substance melting at 212« 214° proved to be identical
by similar eriteria with an authentic sample of Ze-methyl-fwgarboline

anhydrobase (Spenser, 1956).

The dimerie snhydrobase (0.1 g} and hydroxylamine hydvochloride
(0,05 g) in methanol (25 ml) were refluxed for 15 minutes, The solvent
was distilled off and the residve was dissolved in water. Addition of

smmonia guve a heavy precipitate which was dissolved in ether and
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filtered. The ether solution was dried (ﬁai,s%), solvent evaporated
and the residue orystallised from methanol, yielding colourless
erystals (0.08 g, 75%) melting at 182° (Found: €, 66.6; H, 7.5;

N, 18,9. Guﬁwt‘:ﬂ(j requires: C, 66,33 H, 7.0; ¥, 19.3%)., Ultraviolet
absorption (\max, n)z(log E))s 4in 0,1 ¥ HC1 and O.1 N NaOH: 310 (4.2),
240 (41).

9ellothyl=3,4-dihydro~p~carboline (0.5 g) was dissolved in 75 ml
benzene, the solution treated with methyliodide (2 ml) and kept at 37°
for 24 hours. The yellow solid was re-crystallised from water to give
pale yellow needles (0.7 g, 70%) melting at 226° (Pound: €, 48.1;

H, 4,93 N, 8,65 I, 38.9. @13315321 requirest C, 47.8; H, 4.6 N, 8.6;
I, 39.0%). Ultraviolet abasorption (\max, p}a(mg E))s 4in 0.1 N HCl:
360 (b.4), 252 (4.1)3 in 0,1 N NaOH: 286 (3.8).

The above methiodide (0.5 g) dissolved in a small amount of
hot water was treated with 20% NaOH, The solution was cooled in ice,
the product filtered and re-precipitated from water. It was isclated
as a greenish solid, melting at 55° and was not analysed.

geMethyle3,4=-dihydro-p-carboline methiodide (0.5 g) was

dissolved in water. The solution was treated with 20% HaOH, the


http:l'eqld.re.as
http:tna.t.ed

9

peseudobase was extracted into ether and the sclvent evaporated. The
residuc was refluxed 2 hours with 35% KOH (10 ml). On cooling, the
solution was extracted with ether and the ether extract was success
ively washed with 1 ¥ HCl and with water and dried. Ether was
evaporated and the residue sublimed at 10”2 mm and 90° to give a coloure
less solid, melting at 66°. The ultraviolet spectrum ((Amax, mu) in
0.1 N HC1 and 0.1 ¥ NaOH: 310) was similar to that of 2-formylindole
and the infrared spectrum showed C = O absorption at 1640 en"t, The
compound was not analysed.

The acid extract was mede alkaline, extracted with ether, and
the ethor extract was dried (5&230“) and evaporated, yielding the
starting material.

Pseudobase obtained from 0.5 g methiodide was distilled at
35.10"7 mm and 110° to yield a dark yellow oil which was dissolved in
ether, the solution washed with HCl, dried and evaporated. A very
small amount of a colourless residue, melting at 68“, was obtained
which proved to be identical with the neutral fregment obtained above.

The acid solution was made alkaline and extracted with ether.
The ether extract was dried and evaporated when the starting material

was recovered.
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9eMethyle3,4-dihydro=-p-carboline methiodide (0.5 g) was
dissolved in hot water, 20% NaOH added, the solution cooled and
extracted with ether. The ether extract was dried (Na,S0,) and the
solvent evaporated. The residue was dissolved in methanol (30 ml) and
hydroxylamine hydrochloride (0.125 g) and potassium carbonate (0.2 g)
were added. The mixture was kept at 40° for 2 hours, the solvent then
evaporated, the residue was washed with 2 portions (3 ml) of cold
water and erystallised from methanol after treatment with charcoal.
The product (0,23 g, 65/%) was obtained as a colourless solid melting
at 156° (Founds ©, 67.23 H, T.5; N, 18,1, Oy 5 M50 raquiress C, 67.5;
H, 7.43 N, 18,2%). Ultraviolet absorption in 0.1 ¥ HC1l and 0.1 N NaOH
(Mmax, 171(168 E))r 310 (4.2)3 243 (4.2),

Harmalan (0.5 g) was suspended inm 5 ml nitrobenzene and 100 ml
benzene was added when a clear yellow solution was obtained., Methyl
iodide (2 ml) was added and the mixture wae kept at 37° for 48 hours.
A yellow precipitate was obtained which was orystallised from methanol
after treatment with charcoal, yielding light yellow needles (0.8 g,
80%) melting at 280° (Founds C, 47.85 H, 4,73 N, 8.7, G, 5H SN, T
requires: C, 47.8; H, 4.6 N, 8.6%). Ultraviolet absorption (imax,
-71(1.33 B))s 4n 0,1 N HCls 355 (4.3)3 250 (4.1)3 in 0.1 ¥ NaOHs
315 (4.2).
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An aqueous solution of harmalan methiodide (0.5 g) was treated
with 20/ NaOH, when a yellow turbidity appeared. The éalutim was
extracted with ether, The ether extract was dried (solid KOH),
concentrated and the residue distilled at 2,10™> mm and 110 -120° to
give the product, melting at 115° after sintering at 105°, as a
colourless solid which turned yellow on standing (Found: ©, T8.4
Hy Te2y Ny 15.7. Cy i) N, requires: C, 78.73 H, 7.0; N, 14e15%) s

Harmalen (0,5 g) was suspended in 10 ml nitrobenzene and 100
ml benzene was sdded., l-Iodo-propane (3 ml) was added and the
solution kept at 37° for 72 hours. An orange precipitate was obtained
which was orystallised from methanol after treatment with charcoal to
yield lemethyle3,4-dihydro-fecarboline nepropiodide (0.73 g, 70%)
melting at 269‘3 (Pounds C, 50475 Hy 5453 By Tu9 6151{1933I requiress
Cy 50,83 H, S.43 N, 7.9%). Ultraviolet absorption (\max, @;(mg @)
in 0,1 H HCl: 360 (h.b4)s 250 (4.1) in 0.1 ¥ NaOHs 370 (3.95)3
320 (4,2).

Ireatment of an aqueous solution of harmalan propiodide with
20% a0l gave a brown solid, melting at 104 - 106°, which darkened on
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drying in air. Sublimation under reduced pressure gave a glassy solid

which was not analysed.

1,9=-Dimethyl=3,4=dihydro=f«carboline (0.5 g) was treated with
methyliodide (2 ml) in 100 ml benzene and allowed to stand for 24 hours
at 990. A yellow solid was obtained which was crystallised from water
after treatment with charcoal, yielding the product as the monohydrate
(0.8 g, 80%) in yellow needles, melting at 216° (Pound: C, 47.7T;
Hy 5.63 ¥y 7493 I, 35.1. Qmﬁmﬂam, 1120 mgimm Cy 47.235 Hy, 533
N, 7.84 I, 35.5%). Ultraviolet absorption (Amax, mu(log E)): in
0.1 N HCl: 355 (4.1)3 250 (4.0)3 in 0.1 XN NaOHs 300~ 308 (3.8) brosd.

The above methiode (0.4 g) was dissolved in hot water and
treated with 20% NaOH, when the anhydrobase separated as colourless
solid which discoloured rapidly on standing, It was dissolved in ether,
dried (nazsoa) and the solvent evaporated. The residue did not
crystallise and was not analysed.

A sample of the product was distilled at 2.10"% mm, The major
portion decomposed but a small amount of an oil was obtained, which
showed ultraviolet absorption (Amax, ;ya) in 0.1 ¥ HC1 and in 0.1 N NaOH:
310) similar to that of 2-formylindole, This substance was not
characterised but was presumably 2,9-dimethyleleoxo-l,2,’,bketetrahydro=
f=carboline.
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Further Alkyla.tim of N, wﬁkyluji,lw

Dimeric 2-methyl=3,4edihydro-f-carboline anhydrobase (0.4 g)
was suspended in 20 wl moist methanocl. Potassium carbonate (0.2 g) and
methyl iodide (5 ml) were added and the mixture was kept at 40° for
24 hours. The solvent was evaporated and the residue washed with cold
water (3 ml) and orystallised from 50% aqueous methanol after treatment
with charcoal, when colourless needles (0.42 g, 70%) melting at 270°
were obtained (Found: C, 46.95 H, 5.33 N, 7.8; I, 35.8. Cipty o 01
requires: C, 46,95 Hy 5.3; N, 7.6; I, 35.5%). Ultraviolet absorption
(Amax, n)u(mg E))s 4in 0.1 N HC1 and in 0,1 N NaOH: 315 (4.1), 237
(4.1).

The above quaternary salt (0.35 g) was treated with 5%
methanolic KOH (20 ml). The solution was kept at 50° and swept with a
current of nitrogen for 2 hours and the issuing gas passed through an
alooholic solution of pioriec acid, which on concentration and recrystalli-
sation from methanol gave a yellow picrate (0.25 g) melting at 216°,
which was identified as trimethylamine pierate by comparison with
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suthentic sample (Found: C, 37.T; H, 4«33 N, 19.2. Calec, for %ngﬁNbr:
Cy 37.5¢ Hy 413 N, 19,4%).

The reaction mixture was evaporated under vacuum, Water (10 ml)
was added to the residue and the solution extracted with ether. The
ether extract was washed with water, dried and evaporated. The residue
was dissolved in methanol, the solution treated with charcoal, filtered
and again evaporated, The residue was distilled st 3.107° um and 70°
when two fractions were obtained.

The first fraction (0.035 g)s & colourless solid melting at
110°, was 2-formyle343-methoxyethylindole (Founds C, 70.9§ H, 6.6,
Cygfly 80, requires: C, 70.9 Hy 6.5%)s Ultraviolet absorption (imax,
ﬁy(lﬁg B))s 4n 0.1 N HCL and in O.1 ¥ NaOHs 317 (4.2), 238 (k.1),

The second fraction, a pale yellow substance (0.04% g) melting
et 126° after softening at 115°, was 2-formyl-3-vinylindole (Founds
Cy 77405 H, 5.45 N, 8.0. C,1HgNO requives: Gy 77.2; Hy 5033 By B+2%)0
Ultraviolet absorption (max, aya(xog B))s in 0,1 § HC1l end in 0.1 N HaOHs
522 (4.2), 252 (4el)s

Dimerie 2-methyl-3,4-dihydro-f-carboline anhydrobase (0.4 g)
was suspended in 20 ml methanol. Anhydrous potassium carbonate (2.0 g)
and methyl iodide (5 ml) were added and the reaction mixture was kept
at 40° for 24 hours. The solvent was eveporated, the residue washed

with cold water (2~ 3 ml) and orystallised from aqueous methanol after
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treatment with charcoal to give colourless needles (0,58 g, 66%) melting
at 180° (Found: €, 47.4; H, 6.2; N, 7.0. G, gll,s¥,0,T requizess C,
47,53 Hy 6,23 N, 6,9%). Ultraviolet absorption (Amax, 1?1(103 B))s

in 0.1 ¥ HCls 318 (3.9)3 in 0.1 ¥ NaOHz 282 (3.7).

(e)

The above experiment was repeated using ethanol instead of
methanol. The diethyl acetal was obtained as colourless needles melting
at 230° (Found: ©, 50.3; H, 6.8; N, 6.4, 0 gllpghp0,T Tequiress C,
50,03 Hy, 6,73 N, 6.5%). Ultraviolet absorption (Amax, m}z(log E))s in
0.1 N HCls 318 (3.9)3 in 0.1 N NaOH: 282 (3.7).

The acetal (0.20 g) was treated with 5% methanoliec KOH (20 ml).
The solution was kept at 60° and swept out with a current of nitrogen
for 4 hours and the outcoming gas passed through an aleoholic solution
of pieric acid which on concentration and orystallisation from methanol
gave trimethylamine picrate.

The reaction mixture was evaporated under vacuum, waﬁar wasg
added to the residue and the solution extracted with ether. The ether
extract was washed with water, dried and evaporsted. The residue was
dissolved in methanol, treated with charcoal, filtered and again

evaporated,
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The residue was distilled at 3,107 mm and 70° when & small
amount of product which was probably dimethyl acetal of 2~formyle3=
vinylindole melting at 125° after sintering at 115° was obtained.
Ultraviolet absorption (Amax, m}a(log B))s in 0,1 N HCls 319 (4.1);
in 0.1 ¥ NaOHs 317 (3.9).

9-Methyle3, =dihydro-p~carboline methiodide (0.5 g) was

dissolved in hot water, 20/ NaOH added, the solution cooled and extracted
with ether., The ether extract was dried and evaporated and the residue
dissolved in 20 ml of moist methanol. Potassium carbonate (0.2 g) end
methyl lodide (5 ml) were added and the mixture kept at 40° for 24
hours, %he solvent was evaporated, the residue washed with water and
erystallised from 50% aqueous methanol after treatment with charcoal,
Pale shining plates (0.38 g, 60%) of the monohydrate melting at 244°
were obtained (Founds C, 46.35 H, 6.1 N, 6.8; I, 32.4, 315321326:,
H,0 requiress C, 46.2; H, 5.9; N, 7.2; I, 32.6%). Ultraviolet
absorption (Mmax, mp(log £))s in 0.1 K HC1 and 0.1 N NaOH: 318 (4.2),
240 (4.2).

The quaternary salt (0.25 g) was treated with 5% methanolic

KOH (15 ml) under nitrogen and products isolated as earlier. The basic
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product was isolated as the picrate (0.17 g) melting at 216°, and
identified as trimethylamine picrate by comparison with an authentic
sample.

The neutral product wes obtained as pale yellow orystals
melting at 82° The product was lemethyl-2-formyl-3-vinylindole (Pounds
Cys 7793 By 6,33 N, 7.6, Cmﬁnm requires: C, 77.8; H, 6.03 N, 7.6%).
Ultraviolet absorption (Amex, mu(log £)): in 0.1 X HCL and 0,1 }i NaOHs
322 (4e2), 253 (4a2)s

2-Pormyl=3«(f-trimethylemmoniumethyl) indole iodide (0.20 g)
was dissolved in aqueous alechol. Hydroxylaminehydrochloride (0.05 g)
and potassium carbonate (0.05 g) were sdded. The reaction mixture was
kept at 60° for half an hour. It was concentrated and cooled, and
filtered, The oxime (0.15 g, 73%) melting et 256° was re-crystallised
from sgueous aleohol (Founds ©C, 46,65 H, 6.0; N, 11.1. OMKWN?,H}
requiress C, 46.5; H, 5.7; Ny 10.9%)s Ultraviolet absorption (\max,
mu(log 2)): 4in 0,1 X HCl: 310 (4.1); in 0,1 ¥ NaOHs 3195 (4.1), 25%
(4.1).

When the alkylation was émind. out in the presence of large
excess of anhydrous potassivm carbonate, instead of the free aldehyde,
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the dimethyl amcetal was obtained as colourless needles melting at 233°
(Pounds G, 48,73 Hy 6.6, C,H, N,10 requiress C, 48,65 H, 6.5%)s
Ultraviolet absorption (Amax, u}a(log E))s 4n 0.1 J HCL: 318 (La3)y
in 0,1 N NaOH: 282 (4.0).

Harmalan methiodide (1.0 g) was dissolved in hot water, 20

NaCH was added, the solution was cooled and extracted with ether, The
ether extract was dried, solvent evaporated and the residue dissolved
in 50 ml moist methanol. Potassium carbonate (0.4 g) and methyl iodide
(5 ml) were added. The mixture wes kept for 24 hours at 40° and
worked up as before, FPale yellow plates (0.88 g, 70%) melting at awﬁ
were obtained (Pound: C, 49.35 H, 5.95 Ny Telbs 31582132&1 requiress
Cy b8a4y Hy 5.7 Ny T45%)s Ultraviolet absorption (Maax, mu(log B))s
in 0,1 )i HCl and 0,1 X NaOHs 315 (4.1), 252 (4.1).

The quaternary salt (0.70 g) was treated with 2% methanolie
KOH (40 ml) and the experiment carried out ss before. The basic
fragnent was isolated as the picrate (0448 g) melting at 216°. It
was identified as trimethylamine pierate by comparison with an authentic
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sample and by snalysis (Pounds C, 37.73 H, 4.1 N, 19.2, %512(‘17}2“
requivess C, 37.5; H, 4.23 N, 19.4%).

The reaction mixture was evaporated, water was added to the
residuey the solution was extracted with ether and the ether extract
dried and evaporated. The residue was dissolved in benzene and passed
through an alumina column. The column was eluted with benszene and
the colourless eluate collected and evaporated, when 2-acetyl-3-(p~
methoxyethyl) indole was obtained as a colourless residue (0.10 g)
melting at 140° (Founds OCHj, 14,13 Cy 715 H, T.33 N, 6.2,
“13‘115%" requiress OCH,, 14,35 C, T1.85 H, 6,93 ¥, 6.5). Ultrae
violet absorption (A\max, ny:(lag £))t 4in 0,1 § HC1 and in 0.1 N NaOH:
315 (4a1).

The quaternary salt was degraded as before with ethanolie KOH,
The basic fragment was isolated as trimethylamine picrate and the
neutral fragment was 2-acetyl-3-(p-ethoxyethyl) indole, isolated as a
colourless substance melting at 118° (Founds 0C,Hy, 18,43 C, T3.4y
Hy, 7.93 N, 6.1, Gmﬁnﬁzx requiress Wzﬂﬁ’ 19.4y C, 72.25 Hy Tuby
N, 6.1%)., Ultraviolet absorption (Amax, n)z(leg E))s in 0,1 X HC1 and
in 0.1 N NaOH: 315 (4.1).
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Harmalan propiocdide (1.0 g) was dissolved in hot water, treated
with NaOH, the anhydrobase extracted into ether and quaternised with
methyl iodide as desoribed earlier. The quaternary salt was isolated
as pale yellow plates (0.87 g, 70%) melting at 170° (Found: C, 50.9;

Hy 6,73 N, 6,45 I, 31.9. 01752%1!201{ requires:s OC, 51.03 H, 6.3; N, 7.03
I, 31.6/6). Ultraviolet absorption (Mmax, mu(log E)): in 0,1 N HC1 and
in 0.1 § NaOH: 315 (4.1).

Treatment of the quaternary salt with methanolic and ethanolie
KOH in the usual manner and purification of the degradation products as
before gave 2eacetyl-3-(p-methoxyethyl) indole and 2-acetyle3e(p«
ethoxyethyl) indole respectively, identical with those obtained by
degradation of the corresponding trimethylammonium salt. The
correspending compounds had identical mqlting points and gave overlapping
infrared spectra.

As before during degradation the gas was swept into an alecholic
solution of pioric acid by means of a stream of nitrogen. After

concentration of the solution n-propyldimethylamine picrate was obtained
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as lemon yellow plates melting at wa‘", after re-crystallisation from
sthylacetate, There was no depression in the melting point on admixture

of an authentic sample of n~propyldimethylamine picrate (Founds €,
“2.93 Hy 5.%3 ﬂsp 17.3. Calc, :@1‘ gllaléﬁ?ﬂ’if’ 0; &108‘ H, 5;3‘ H"
17.7%).

The anhydrobase was precipitated from 0.5 g of the methiodide
and the moist precipitate dissolved in 25 ml methanol., Methyliodide
(2 m1) and potassium carbonate (0.4 g) were added and the reaction
mixture was kept at 40° for 24 hours. The quaternary salt (0.35 g,
62%), melting at 215°, was orystallised from aqueous methanol (Founds
C, 48,03 H, 6.43 Ny, 7.23 I, 32.1. &mﬁaaﬁzm, 326 requiress C, 47.5;
Hy 6.23 N, 6.9 I, 31.4%)., Ultraviolet absorption (max, u)a(wg B))s
in 0.1 N HCl and in 0.1 N NaCH: 315 (h.1). |

The quaternary salt was treated with 3% methanolie KOH (20 ml)
in the ususl mamner. The basic fragment was isolated and identified
as trimethylamine plorate. The reaction mixture was evaporated, water
added to the residue, the solution extracted with ether and the extract
dried and evaporated. The residue was dissolved in methanol, decolorised
vith charcoal and again evaporated. The residue was sublimed at 3,10
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mm and ?0° when pale yellow crystals of le-methyl-2-acetyl-3-vinylindole
melting at 54° were obtained (Founds C, 78,73 H, 6,93 N, 6.9.

G, 5ty 5¥0 requires: G, 78.45 Hy, 6.6; Ny T7.0%). Ultraviolet absorption
(Amax, a}a{lm £))s in 0.1 N HCl end in O.1 N NaOH: 318,
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