INDOLES, XIL* AN INVESTIGATION OF RING-CHAIN TAUTOMERISM
IN COMPOUNDS OF THE ESERINE SERIES

I. 1. Grandberg, T, A, Ivanova, UDC 547.751.07:543.422.4.6
and N, G, Yaryshev

The ring-chain tautomerism of compounds with the eserine skeleton has been investigated by
UV and PMR spectroscopy, It is shown that these compounds exist in neutral solution in the
cyclic o-aminoindoline form. In acid solution, the pyrrolidine ring opens to form the indole-
nine salt. The relationships between the position of the tautomeric equilibrium and the pH of
the medium and the regions in which equilibrium mixtures exist have been determined, The
reversibility of the ring~opening process of the tricyclic system in acid media has been
shown, It has also been shown that dinor-9-methylesermetol exists even in neutral solu-
tions as a mixture of the ring and chain tautomers,

It has been shown previously that ring-chain tautomerism is possible in several alkaloids of the
eserine type, in strongly acid solution [1], Eserine, dinordesoxyseroline, esermetol folicanthine, and
calycanthine in weakly acid solution undergo only protonation at the N, atom, Under these conditions, the
UV spectra show a modified indoline pattern,

We were particularly interested in the problem of proving the reversibility of the process, the re~
gions in which the equilibrium A == B = C exists, and the effect on it of structural factors, since these
could be decisive factors in the physiological activity of compounds of this type,

Our results indicate that, in all the compounds examined (see Table 1), reduction in pH results in the
establishment of the equilibrium A = B == C,

In neutral solution, compounds I-XII preserve the pyrrolo-
[2, 3-blindole fragment, with the ring structure intact, as shown
by the UV and PMR spectra [4, 5],

Compounds V-XI which are substituted at the indole nitro-
gen atom, exist in weakly acid media (pH 4,7-4,15) as the pro-
tonated cyclic forms B. This is seen clearly on examining the
UV spectra, for example of nordesoxy-9-methyleseroline (V)
(Fig, 1), The spectrum of this compound in 509 aqueous~alcoholic
solution (pH 8,1) shows two maxima (A max 249, 300 nm, log €
4,02, 3,44), characteristic of the indoline absorption in tricyclic
eserine bases, Acidification of the solution to pH 4,7 results in a
hypsochromic shift of both maxima by 4 nm as a result of proton-
. : ation of the Ny, atom of the tricyclic form, On further acidifica-
220 240 260 260 300 A,3§1(;n tion to pH 2.9, fission of the pyrrolidine ring takes place, and

the UV spectrum takes a form typical of indolenine salts (form

Fig, 1. UV Spectra of V in 50 . .
ethanol at various pH values, C at pH 1.8). Similar changes in the UV spectra are observed for

1) pH 8.1, 2) pH 4.7, 3) ph 2,9,
4) pH 1.8, * For Part XI, see {5],
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other Ny~ substituted echibolines (see Table 1),
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On increasing the strength of acid (1-5 M HCl), opening of the pyrrolidine ring occurs, with the for-
mation of indolenine salts whose structure was shown spectroscopically,

In investigating the tautomeric conversions of compounds containing the Ph—N—C—N system, Fritz
et al, [2, 3] found that, in the case of echiboline, formation of the indolenine salt occurred even with an
0.1 N alcoholic solution of hydrogen chloride,

In order to examine further the ring-chain tautomerism of compounds of types A and D, we examined
the UV spectra of several compounds which we had synthesized previously [4], in aqueous-alcoholic solu-
tion, at varying pH values,
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For N, - substituted echibolines, the hypsochromic shift on protonation in weakly acid media amounted
to 2 nm, The hypsochromic shift in the UV spectra in weakly acid solutions (pH ~4) was observed only in
those compounds which possessed an alkyl substituent on the N; atom, i.,e,, those containing the
Ph—-ll\I——C——NH group,

R
In the case of compounds I-IV, containing the Ph—NH—C—NH group, the nature of the absorption did

not change in weakly acid solution: at pH 2 (compound I) and pH 1,5 (compound IJ), opening of the pyrroli-
dine ring began, and at pH 1 these compounds were completely transformed into the C form (cf Fig, 2),

Echiboline (II) opens the pyrrolidine ring in a more acid medium than compound (I), which can prob-
ably be explained either by steric hindrance to the attack by a proton of the Ny atom or by the smaller donor
capacity of a 9-CH, group as compared with a 9-CHj; group.

In compounds I-IV, the protolytic fission took place in strongly
acid solutions that in their Ny—alkyl analogs.

D
08
Dinordesoxy-9-methyl-7, 8-dimethyleneeseroline (X) and

7,8-dimethyleneechiboline (XI) to judge from the UV and PMR
spectra, exist in neutral media in the cyclic form [4, 5], In weakly

. acid solution (pH 5.15 for X, and pH 4,4-3,0 for XI) (see Table 1),
protonation at the Ny, atom takes place, On further acidification
of the solutions, the indolenine salts are formed,

06

0a{iv—r

02 \,
) CH, CH, H,
| - 218 i b +19 cnz-cuz—gaﬂ3
; - D
-l
220 240 260 280 300 A, pm N cnsN\ N CH3<H CH,
. KT H H

Fig. 2, UV Spectra of echiboline X

(IT) at various pH values (in 50%
ethanol), 1) pH 7.5, 2) pH4,5-2.2,
3) pH 1,5, 4) pH 1.0,

The UV spectra of X and XI in acidic aqueous alcohol, in 10%
HC10,, and in concentrated sulfuric acid are similar to that of
2-methyl-1, 7-dimethylenetryptamine (XIII) in concentrated sulfuric
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acid, this being protonated under these conditions in the 3-position of the indole ring to form the protonated
indolenine [1]. UV Spectrum of XIII in concentrated sulfuric acid: A max 230, 264, 270, 289 nm, 1g € 3.11,

2.92, 2.90, 2.19,
H

@
T CHamCHaNH, +2u® ] L_cH,—CH,—NH,
conc., H,S0 &
N NeH, i N Nch,

Xt

The spectra of X and XI in strongly acid solution (see Table 1) differ somewhat from those of dinor-
desoxy-9-methyleseroline (I) and echiboline (II), recorded under the same conditions, This could be due to
structural differences, namely, to the 7, 8-dimethylene group, resulting in complete planarity of the N,
atom,

UV spectra recorded at various pH values possess isosbesticpoints(see Figs, 1 and 2), indicating
the occurrence of an equilibrium between the ring and the open-chain forms, In order to prove more con-
clusively the reversibility of the process A = B = C, we recorded the UV spectra of all the compounds
after acidification with changing pH in the alkaline region, The spectra of solutions with a given pH, ob-
tained by basifying strongly acid solutions, were identical in all respects with those for the same pH values,
obtained by basification of the initial solutions,

The PMR spectral data* recorded in trifluoroacetic acid, confirmed the presence under these con-
ditions of the protonated indolenine structure in compounds with the eseroline structure,

The substantial shift towards lower field (~1,5 ppm) of the methyl groups in the 8 and 9 positions of
the eseroline compounds may simply be due to the formation of the indolenine salt,

CCly l CF;COOH
4 CH, CH, 30 33 D
5 = -nCH,— CH,—NH,
6 | l:l ) | @ 2
Ty CH';I\ “ \CH3
H H H
3a-CHa 1,33 s 3-CH, 1,698
9-CHjs 1,418 2-CH, 2,90 s
2-CH, 25—28m 3e..3-CH, 2,788
3-CH, 1,6—2,1 m aromatic 7.68s
aromatic 6,38—6,94 M protons
protons NH,+ 7,02 (broad hump)
NH 3,61 broad hump)
tfna CH, - ®
N1

7 cHy\ ety

e T CH,
3a-CH,3 1,15 8. 3-CH; 1.66 s
9-CH; 1,198 2-CH, 2,88 8
2-CH, 2228 m 3a,8-CH, 2,74 8
3-CH; 14—1,9 m 1-CH, 4,11 s
8-CH; 267 s :
aromatic - aromatic
protons 6,04—6,81 m protons 7,76 s

NH 2,16 s NHs+ 7,14 (broad hump)

* The PMR spectra were recorded on a JNM-4H-100 instrument, with a working frequency of 100 MHz, by
Yu, A, Ustynyuk, The values for the chemical shifts are given on the scale relative to tetramethyisilane
(s = singlet, d = doublet, t = triplet, m = multiplet),
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The ease of fission of these compounds appears to depend to a considerable extent on the electron
density at the N; atom, The salt Ia, formed by protonation of the Ny atom in I, undergoes heterolytic fis-
sion of the C —Ny, bond, with synchronous shift of the p electrons on the N, atom to the nodal atom C, .

cH CH
3 3
| +4® i
N"l Iy %
b “NE-H
7 CHXN H
L. *u q s Y

The more readily this shift is able to occur, the milder are the conditions under which fission of the
pyrrolidine ring takes place,

It has been shown previously [3, 6, 7] that introduction of electron-donating groups into the 5 position
of the aromatic ring results in a reduction in the electrophilic character of the nodal C* atom, The same
effect should be produced in the presence of Ny~ alkyl substituents, By increasing the electron density at
Ny, the alkyl group facilitates the shift of p electrons from the N atom to the nodal atom C*  and the
fission of the C*—Ny, bond. The same effect should also be observed on introducing electron-donating sub-
stituents into the benzene ring (see below), Hence, in compounds with nitrogen substituents, fission of the
pyrrolidine ring and formation of the indolenine salt proceed at lower acidities than in the case of T and

II (see Table 1),
CH3
l b
VA
s CHN
1, coc CoCH,
Xiv

The diacetyl derivative of dinordesoxy-9-methyleseroline (XIV) [4] possesses a tricyclic structure
which is unchanged on treatment with acids, In this case, the p electrons of the N, atom are bound to the
acetyl group, and cannot be transferred to the nodal C¥*, Consequently, heterocyclic fission of the C* —Ny
bond is not possible, The UV spectrum of XIV is unchanged at all pH values, having two absorption maxima:
Amax 246, 281 nm, log £ 3,95, 2 91 (in 509 ethanol), The PMR spectrum of XIV exhibits the following sig-
nals {(in CDCl3), in agreement with the tricyclic structure: 3a-CHg (1,25, s), 1, 8-=COCH; (1.85, s), 9-CH;s
(2.68, s, shifted strongly towards lower field as a result of descreening by the acetyl groups), 2-CH, (2.96-
3.51, m), 3~CHj; (2,33, t), aromatic protons (7,1-7.3, m, Hy; 8,09, d; J;_g = 8 Hz),

The monoacetyl derivative of nordesoxy-9-methleseroline (XV) in neutral solution also possesses
the tricyclic form, The PMR spectrum (in CDCl3) contains four singlets corresponding to the four methyl-
ene groups: 3a-CHjg (1,12), 9-CHj (1,72), CH;CO (1,89), 8-CH;s (3,01),

In 50% alcohol at pH 7.2, the UV spectrum of XV shows two maxima (\ 4% 255, 301 nm, log & 3,96,
3.01), characteristic of the absorption of the tricyclic form (Fig, 3, curve 1), Acidification of the solution
to pH 6,6 causes the fission of the tricyclic ring to begin, and at pH 4.9 the monoacetyl derivative is com-
pletely converted into the open-~chain form (curve 3, Fig. 3, A max 234, 237, 279 nm, log € 3,74, 3.72, 3.67),

CH,

; CcH,
+1P L CH,—CH,~NH—CuCH,
' — (e
NI N~ NcH
7/ CH | 3
HC , cocH, CH,

This anomalous ease of fisgion of the monoacetyl derivative XV is to be explained by the fact that, in
this case, there is no necessity for protonation of the Ny, atom, since the required shift of o electrons
from the C—Np, bond to the Nj, atom has already been accomplished by the acetyl group, In practice, there
is sufficient solvation to bring about the fission process,

In saying that, in neutral solutions, compounds of the eseroline type exist in the cyeclic form, it must
not be forgotten that one is speaking only of a shift in the tautomeric equilibrium A = E = F,

(I:H3 ‘f"a ?Hs
N TN N/ N AN
/ CH Hy | CH,

H A H E F H
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The deuterium exchange PMR spectra [5] show that the
tautomeric interconversion A = E = F takes place even at pH
8-9 in protic solvents, since deuterium exchange at the 9-CHj;
group is possible only in the presence of form F in the equilib-
rium mixture (by analogy with deuterium exchange in carbonyl
compounds), '

It was shown in the case of echiboline derivatives [3] that
opening of the pyrrolidine ring in neutral solution was facilitated
by the presence of the electron-donating methoxy group in the
p position to the N, atom, In methanolic solution, 6-methoxy-
echiboline exists as an equilibrium mixture of the ring-opened

28 %0 260 280 300 A,nm and cyclic forms, whereas in cyclohexane this compound has the
Fig, 3, UV Spectra of XV at various tetracyclic structure,
pH values (in 50% ethanol). 1) pH 7.2, The PMR spectrum of dinor-9-methylesermetol (XVI) in
2) pH 6.6, 3) pH 6.1, 4) pH 4.9, CCl, at 20° is in agreement with the tricyclic structure: 3a~CHg—

1.27 (s), 9-CHs — 1,35 (s), 5~OCH; — 3.85 (s), 3-CHy — 1,77-2,15
(m), 2-CH, —2,55-2,92 (m), NH — 1,90 ppm.

It follows from the UV spectra of XVI (see Table 2) that, in neutral aqueous-alcoholic solutions, the
tautomeric equilibrium XVI == XVIa is almost completely shifted towards the ring-opened indolenine form
characterized by the absorption of 275 nm [3],

Hy CH,0 G, )
&8

N N N\

/cul\ CH, CH

Xvi XVia XVib

In absolute t-butanol, the UV spectrum consists of the superimposed absorptions due to the indoline
and indolenine chromophores, Indioxane,acetonitrile, and cyclohexane, the equilibrium is shifted towards
the tricyclic indoline form XVI, In acid solutions (pH 3.1-1.1), the indolenine salt XVIb is formed, the UV
spectrum of which is identical with that of protonated 6-methoxyechiboline [3],

EXPERIMENTAL

Method of Recording UV Spectra at Differing pH Values, The spectra were recorded on an ERS-3T
("Hitachi") instrument, A solution of the given compound of the required concentration (~1,10-5 M) in 509
ethanol (100 ml) in a titration flask was titrated with a 5 N solution of hydrochloric acid, the pH of the solu-
tion being determined with an OP[401]1 (Hungary) titrimeter at 20° with stirring with a magnetic stirrer,
The change in volume was so small as to have no effect on the UV absorption, To measure the pH, samples
were withdrawn and placed in cuvets for spectrophotometry, In order to check the reversibility of the spec~

tra, the acid solutions were back-titrated with 5 N potassium hydroxide,

TABLE 2. UV Spectra of Dinor-~9-methylesermetol (XVT)
in Various Solvents

Solvent Aoy DM lge
Absolute t-C ,HgOH 248, o7, 300 355, 355, 316
0% ¢-C,H,OH ] - 3,69
80% C,H;OH 276 3,66
Dioxane 248, £80, 314 395, 359, 357
Acetonitrile 246, 280, 310 3,82, 3,57, 347
Cyclohexane 954, 984, 310 369, 3,36, 3,40
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