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A novel method of synthesis of nitrogen heterocycles is described. The acidic rearrangement
of N-allylanilines glves 2-allylanilines whlch lead to indolines by photocyclization.
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The chemical and photochemical reactivity of allyl-
anilines (2-5) led us to improve a new method to synthesize
nitrogen heterocycles from N-allyl aromatic amines.
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Some examples of allyl group migrations in amines,
initiated by Lewis or proton acids have been reported
recently.  Hurd and Jenkins (6), and Schmid and
coworkers (7) have prepared ortho-allylanilines from N-
allylanilines using zinc chloride as a catalyst. ‘A similar
reaction was suggested by Bader and coworkers (8) for
the formation of indoles from N-allylanilines.

In preliminary work (3,5) we reported that the thermal
Claisen rearrangement of N-allylanilines did not occur.
However, using a water-ethanol mixture as the solvent,
anilines 1, 2 and 3 (Scheme II) underwent such a
rearrangement by refluxing with hydrochloric acid.  In

Scheme 2

a\ GH—CH=CH,

© —
R

Hs~ NQ \NH

@ R 6

Rz=H 2
R=CH; 3

CH;~NH
CH,—CH=CH—CH,

Rz=H 13
R=CH, 14

compound 1 a modification of the ethylenic moiety was
observed. This result agrees with the observations of
Schmid (7) who suggests, that for reactions catalyzed by
zinc chloride, a competition between the two following
processes occurs: a concerted mechanism [3s, 3s] with
inversion of the allyl group and an ion-pair mechanism
with no inversion of the allyl group.

In order to know the parts played by the aromatic ring
and by the ethylenic side chain, we studied the rearrange-
ment of several compounds with two unsaturated chains.
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compounds A compounds B

a) Compounds A (1,4,5,6,7,8).

Using an ethanol-water mixture as the solvent and
hydrochloric acid as the catalyst, the allylamines A
rearranged easily into ortho-allylic compounds with mod-
ification of the ethylenic chain.

b) Compounds B (9,10,11).

For these compounds, more energetic reaction condi-
tions were used; phosphoric acid at 150°. This acid had
been used by Bader and coworkers for the synthesis of
indolines (8,9).  After heating for forty minutes, the
yields of the ortho-substituted compounds, showing
rearrangement of the ethylenic moiety were about 40%
(Table II); other products were also obtained arising
from secondary reactions of the ortho-substituted com-
pounds (cyclizations or double bond migrations and
polymerizations).  The relative amounts of reaction
products are given in Scheme III (gle, column UCON
POLAR). Our results show that for the open chain
compounds the reaction occurs in all cases with inversion
of the allyl group.

By studying the rearrangement reactions of allylamines
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Table |

Rearrangement of N-Methyl-N(1-methyl-2-propenyl)anilines

Product (b)
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Ir (cm™1) Nmr (¢) (8 ppm)
v NH v C=C 2 C=C-CH;4 -CH=CH- aromatic H yield %
3435 1670 1.65 5.45 6.70 95
3430 1670 1.71 5.55 6.84 95
3420 1670 1.73 5.53 6.69 92
45
3420 1670 1.68 5.50 6.80
45
- 6.33 7.13
1660 .6 . 24
66 1.65 35.45 (2H) (1H)
3420
6.21 6.91
165 .71 . 56
655 1 5.50 (2H) (1H)
3380 1665 1.70 5.53 6.86 90

(a) R =-CH-CH=CH, (b) R'= CH;-CH=CH-CHj3 (c) Varian A 60, TMS as the reference and deuteriochloroform as the solvent.
|

CH;

we obtained a good synthetic procedure for 2-allylarly-  N-methyl-2-ethylindoline. More recently, Schmid and
amines which we thought could be utilized for the  coworkers observed an analogous reaction from N-methyl

preparation of indolines.

and N-ethyl-2-allylaniline (10). As the yield of this

We discovered for the first time in 1971 that N-methyl- heterocyclization was high, we extended it to all the
2-(2'-butenyl)aniline cyclized photochemically to form compounds previously prepared.
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Irradiation (carried out in a nitrogen atmosphere) of CH, cps
meta or para-substituted N-methyl-2-(2"-butenyl)anilines NH R’ ‘;HzR
1 . . he
(E/Z = 90/10) was performed in a benzene solution with @;“ﬂ/ SR CH,
. . H
a medium pressure mercury lamp in a pyrex vessel. The
. . . . . . CHJ
corresponding indolines were obtained in all cases with 2 RoH 5 RAH
good yields as shown in Table III. The reaction is 29 R.CH, 30 R=C H,

regioselective and provides preferentially a five membered
ring. The isomeric 1,2-dimethyltetrahydroquinolines were
only isolated in low quantities (<5%). In some cases, the
N-methyl-2-(1"-butenyl)anilines resulting from a double
bond migration were also obtained in a very poor yield.

@U

The stercoselectivity of this reaction has also been
investigated By irradiating, the N-methyl-2- (1 -methyl-
2'-propenyl)aniline (20), or N- -methyl-2-(1"-thethyl-2'.

to tricyclic compounds. Under the same conditions as
above, 7-(2-butenyl)indoline (19) cyclized photochemically
to indoline (31). The mechanism we propose for these

CH, NH N
CHaCH=CHCHy

|
N CaHs
CaHs
19 n
R

photocyclizations involves for a first step an energy
transfer from the excited aniline to the double bond. The
cyclization might occur in a following step.  This
hypothesis is based on the fact that the irradiation of the
. N-methyl-2-(2"-butenyl)aniline (Z) induced simultaneously

Benzene /Ny
>300nm

butenyl)aniline (29), two diastereoisomeric indolines 23
were obtained. In both cases, the cis/trans ration was 1/3.
The determination of the configuration was done by nmr
on the basis of the coupling constants of the protons of

a photoisomerization Z - E and a photocyclization,
although the alkene moiety was not directly excited.
In conclusion, the two reactions in sequence which we
propose here, appear like a very simple and suitable
method for the preparation of indoline compounds.

Table 11

Physical Data of

the cyele (J ;. > Jois) (11). This method can also  lead
CH3—NH
R
Starting Ir (cm—1)
amine R Product v NH v C=C & A (m)
9 H 20 3418 1632 5.1
10 CH,3 21 3415 1635 5.1
n OCH, 22 3410 1632 5.1

B oA
RH=CH,
IRE
CH3‘ 3
Nmr (a) (6 ppm)
5 B (m) &5 C (m) 5§ D (d) & aromatic (m) Yields
6 3.4 1.41 7 45%
6 34 1.40 6.85 48%
6 3.45 1.40 6.7 48%

(a) Varian A 60, TMS as the reference and deuteriochloroform as the solvent.
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Table III

R3
Reaction Yield  Conversion

R, R, R3 time (hours) (%) (%)
H H H 3.5 85 88
H CHgy H 5.5 95.5 92
H H CHj
CH; H H 5.5 77.6 90
H OCH3 H 5.5 89.4 95
H H OCH,3 6 77 70
CH;0 H H 6 71.5 70

s
Rz
R3
Anal. Calcd./Found Nmr (b) (6§ ppm)
Formula C H N

C;1HysN 81.94 9.38 8.69 0.9 (t, 3H) (¢)
82.09 9.54 879 1.2.2 (m, 3H)
2.59 (s, 3H)
2.4-3.4 (m, 3H)
6.13-7.1 (m, 4H)

Cy,H; 7N 82.23 9.78 7.99 0.96 (t, 3H)
92.23 993 7.79 1.2:21 (m, 2H)
2.25 (s, 3H)
2.68 (s, 3H)
2.5-3.35 (m, 3H)
6.25-6.5 (1H) and
6.75-7 (2H) (m)

b
N
©

CioH;,N  82.23 7.99 098 (t, 3H)
8212 983 8.05 1.25-2 (m, 2H)
2.28 and 2.38(2s, 3H)
2.78 (s, 3H)
2.5.3.5 (m, 3H)
6.27-6.66 (2H) and
6.93-7.3 (1H) (m)

Ci,H;7NO 7535 8.96 732 0.96 (t, 3H)
75.51 898 733 1.2:21 (m, 2H)

2.68 (s, 3H)
2.5-3.3 (m, 3H)

3.73 (s, 3H)
6.2-6.85 (m, 3H)

Cy4H;4,NO 75.35 8.96 7.32 0.96 (t, 3H)
75.55 9.00 7.40 1.35-2.1 (m, 2H)
2.7 (s, 3H)
2.3-3.5 (m, 3H)
3.75 (s, 3H)
6.1-6.31 (2H) and
6.85-7.33 (1H) (m)

Ci,H,4NO 75.35 896 7.32 0.94(t,3H)2.7(s, 3H)
75.40 9.01 7.38 1.2-2.0 (m, 2H)
2.4-3.5 (m, 3H)
3.75 (s, 3H)
5.9-6.25 (2H)
6.28-7 (1H) (m)

(a) Yields determined by vpc with respect to the unreacted starting material. (b) Deuteriochloroform solution. (¢) Tetrachloride

solution.

EXPERIMENTAL

The N-allylamines were prepared following literature procedures
(12).

Reactions with Hydrochloric Acid in Ethanol-Water Mixture.

A mixture of N-allylamines (20 mmoles), concentrated hydro-
chloric acid (1.7 ml.) and ethanol (20 ml.) was heated under reflux
for 12 hours. After neutralization and extraction with ether, the
solvent was evaporated and the pure rearranged amines were
isolated by vacuum distillation or column chromatography (silica
gel-benzene).  Preparative separation of 17a and 17b was not
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possible. The composition of the mixture was determined by gas
chromatography (UCON POLAR). Structures of 18a and 18b
were determined by the Europium effect on the nmr spectra
[Eu(DPM)3]. The physical data concerning ortho-allylamines
are summarized in Table I. The amines are a mixture of the E and
7 isomers (E/Z = 90/10).

Reactions with Phosphoric Acid at 150°.

A mixture of N-allylamines (20 mmoles) and phosphoric acid
(9 g) was heated (150°) for forty minutes under a nitrogen
stream. The reaction mixture was worked up in the usual way
and the products were separated by column chromatography
(silica gel) with chloroform/petroleum ether (4/1) as the solvent.
Yields and spectral properties are given in Table [l. Isomeric
indolines could not be separated. Their structures were deter-
mined by comparison with samples of cis and trans compounds
previously described by us (11).

All CHN analyses agree with the proposed structures.

Irradiation of the N-Methyl-2-(2'-butenyl)anilines.

A solution of the N-methyl-2-(2'-butenyl)anilines (0,8 g.,
500 ml.) in benzene was irradiated with a 450 watt medium
pressure mercury lamp at room temperature, in a pyrex vessel for
an average of 4-6 hours. Nitrogen was continuously bubbled
through it during the course of the reaction. (If all of the oxygen
had not been thoroughly displaced by this nitrogen, we find a
small amount of indole present). The solvent was removed
in vacuo and the residue purified by silica gel chromatography
using benzene or a mixture of benzene with 1-10% of methanol as
eluent. The cis and trans-indolines 23 or 30 were separated by
preparative vpc on a UCON POLAR column at 6% of potassium
hydroxide, 20’ x 3/8", chromosorb 45/60 W, at 130°.

Yields and spectral properties of indolines are given in Tables
I and TV. )
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