PLANCHE REARRANGEMENT IN INDOLINES WITH
ACCEPTOR SUBSTITUENTS.

2.* PYRROLIDONE RING FORMATION FROM THE
REACTION BETWEEN 1,3,3-TRIMETHYL-»-CYANO-
METHYLENEINDOLINE AND 0-AMINOPHENOL

A. A. Tolmachev, L. N. Babichenko, and A. K. Sheinkman

It was found that when 1,3,3-trimethyl-w-cyanomethyleneindoline was condensed with o-aminophenol in
polyphosphoric acid, a complex heterocyclic system containing a pyrrolidone ring was formed as a result of the
Planche rearrangement.

In a previous report we established that the reaction between 1,3,3-trimethyl-w-cyanomethyleneindoline (I) and o-
phenylenediamines yielded, via the Planche rearrangement, 2-methyleneindolines having methylbenzimidazoline substituents in
position 3 rather than position 2 of the indoline ring [1].

It was considered worthwhile examining the reaction between nitrile I and o-aminophenol under the same conditions.
The reaction could be expected to afford benzoxazole salt III, a Planche rearrangement product, rather than compound II [1].
Typically, these salts are very readily hydrolyzed, a reaction which proceeds with the breaking of the C—O bond [2, 3]. In our
case, therefore, N-acyl-o-aminophenol IV could be expected to form. It is well known that 2-methyleneindolines having both
phenol and amide groups as substituents can form more complex heterocyclic systems as a result of intramolecular addition of
OH or NH groups at the exocyclic double bond [4-6]. In the case of indoline IV two alternative structures, V and VI, are
possible. ‘

The 'H and ®C NMR spectra indicated that a complex heterocyclic system was formed. For example, the PMR
spectrum of the compound revealed signals from two very different methyl groups at 1.30 and 1.60 ppm, as well as a CH, signal
in the form of two doublets (AB system: 2.41; 2.88, J = 18 Hz). In the '*C NMR spectrum the sp® hybridized C,, atom signal
at 90.9 ppm was of particular interest. By comparing the chemical shift value of this signal with the similar shift for
methylbenzimidazole derivatives of 2-methyleneindoline [1] and setting it against the BC spectra of similar compounds [6], it
became evident that an N—C—N triad was present in the synthesized substance. On the basis of the above findings we were
able 1o lend our support to structure V in preference to the other possible cyclic structure. PMR spectra recorded in the presence
of a Lanthanide Shift Reagent (Eu(fod);) corroborated the occurrence of this structure. Coordination (LSR) took place at the
carbonyl oxygen, When the LSR was added, the observed order of Lanthanide induced shifts (LIS) was in complete agreement
with structure V: Cg3,—CHj 1.6 ppm; C)—CH; 3.4 ppm; N~CH; 2.6 ppm; CH, 6.6 and 7.6 ppm. The IR spectrum of the
compound exhibited bands centered around 1670 cm™!, which is quite typical of a pyrrolidone ring carbonyl group.

*For Communication 1, see [1].
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To obtain additional confirmation regarding the structure of compound V, we alkylated it with methyl p-toluenesulfonate
in alkaline medium.

VvV —

N N 0
I Mel

(+)
vii Me C6H4ON16—0

Methoxy group analysis in the resultant compound VII, in conjunction with the characteristic OMe group signal in the
'H and 1*C NMR spectra (3.80 and 55.8 ppm, respectively), provided unambiguous confirmation that a free phenol group was
present in compound V.

It was interesting that all the signals in the 'H and '3C NMR spectra of compound VII were split, a fact that can be
explained by the existence of two diastereoisomers for compound VIL

Me - Me
: :N:E\N/ko : :N: l."N/kO
I Mel | Mel
Me C¢H4OMe-o Me C¢HsOMe-o
A B

Addition of deutero methanol to a solution of compounds V and VII in deutero chloroform did not bring about deutero
exchange of the methyl group at position 2, even when these compounds were kept in the solvents for 7 days. This indicated
that the pyrrolidone ring is extremely stale in neutral media. At the same time, in 1*C NMR spectra recorded in deuterized

trifluoroacetic acid the Cy,, atom signal in compounds V and VII appeared at 198.8 and 190.0 ppm, respectively, which
suggested that the pyrrolidone ring is destroyed in acid medium.

1266



+
N
| Mel 1

Me  CsHyR-0 Me

+HX Me ,,O
. CHy-C—N
_HX v, H
N71™N” o " "Me
R
<

Vv, VII

The splitting of signals mentioned above was not, of course, observed in either the PMR or *C NMR spectra for
compound VII in deuterized trifluoroacetic acid.

Our attempts to cyclize nitrile I under the same conditions with certain other anilines, including 2-amino-5-nitrophenol,
proved unsuccessful. In every case the lactone VIII obtained in previous works [1, 4] was isolated.

EXPERIMENTAL

IR spectra were taken in KBr tablets on a UR-20 instrument; 'H and *C NMR spectra were recorded on Bruker (100
MHz) and Varian (200 MHz) spectrometers in CDCl,, C¢Dg, DMSO and CF;COOD, internal standard TMS. Lanthanide shift
reagent, commercial Eu(fod);, NPO Reagent.

Elemental analysis data on C, H, and N compounds V and VII and methoxy group analysis findings were in agreement
with calculated values.

2,3,3a,8a-Tetrahydro-N-(2-hydroxyphenyl)-2-oxo-3,8,8a-trimethylpyrrolo[2,3-bJindole (V, C;gH,(N,0,). A sample
of 2.6 g (13 mmoles) of nitrile I and 1.42 g (13 mmoles) of o-aminophenol were added to polyphosphoric acid at 100°C. The
reaction mixture was then kept for 4 h at 180-190°C, cooled to 100°C, poured into water and neutralized with ammonia to pH
7-8. After extraction with chloroform, drying with sodium sulfate and evaporation of the solvent, the resultant oil was
crystallized from heptane. Yield 1.44 g (36%), mp 178-180°C. IR spectrum: 1670, 1600 cm™!.

2,3,3a,8a-Tetrahydro-N-(2-methoxyphenyl)-2-0x0-3a,8,8a-trimethylpyrrolo[2,3-bJindole  (VIL, C,H,,N,0,). A
mixture of 0.2 g of p-toluenesulfonic acid, 0.0386 g (0.69 mmoles) of potassium hydroxide and 2.1 g (0.69 mmoles) of indoline
V in 5 ml of absolute alcohol was boiled for 1 h, then poured into 20 ml of water. After extraction with chloroform, drying
with sodium sulfate and evaporation of the solvent, the resultant oil was crystallized from petroleum ether. Yield 0.87 g (40%),
mp 143-145°C.
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