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DERIVATIVES OF TETRAHYDROINDOLE
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With the aim of synthesizing structural analogs of dimecarbene and

of other highly-effective hypotensive indole derivatives, the synthesis
of a series of esters of tetrahydroindole-3-carbonic acids was achieved
by condensing ct-bromocyclohexanone with 8-aminocrotonic ester and
with B-aminocrotonic esters substituted at the nitrogen. Hydrolysis of
tetrahydroindole-3-carbonic acids esters by fusion with potassium
hydroxide yielded a series of tetrahydroindole-8-carbonic acids. De-
hydrogenation of 1, 2-dimethyl-3-carboethoxy-4, 6, 6, T-tetrahydro-
indole on reduced nickel yielded 1, 2-dimethyl-3-carboethoxyindole,
and hydrolysis of the latter yielded 1, 2-dimethylindole-3-carbonic
acid.

We had obtained a series of indole derivatives with
high hypotensive activity [1]. In order to elucidate the
relation between the structure of the substances ob-
tained and their biological activity, and with the aim
of revealing the structural elements of the molecule
responsible for the hypotensive effect, we have pres-
ented in this work the results of the synthesis of tetra-
hydroindole derivatives. These latter compounds have
the same structural fragment common to dimecarbene
and to other indoles, which were thoroughly investi-
gated by Shadurskii and coworkers [1]. One of the
tetrahydroindole derivatives, the 2-methyl-3-carbo-
ethoxy-4,5,6,7-tetrahydroindole (I), was obtained by
condensing chlorocyclohexanone with acetoacetic ester
and ammonia [2]. We succeeded in synthesizing a
series of tetrahydroindoles (IV) by condensing «-
bromocyclohexanone with g -aminocrotonic ester and
with B -aminocrotonic esters substituted at the nitro-
gen. The reaction of 8-aminocrotonic esters with
a-bromocyclohexanone proceeds by heating the re-
actants for a short time in absolute alcohol in the
presence of potassium carbonate. As is known, the
esters of tetrahydroindole-3-carbonic acids are hy-
drolyzed to the corresponding carbonic acids by pro-
longed heating with alcoholic alkali only [3}, by which
alow yield of acids is obtained. We succeeded in hy-
drolyzing the esters of tetrahydroindole carbonic acids
I-IV by fusion with potassium hydroxide at 170°-210° C.

We obtained a series of tetrahydroindole-3 carbonic
acids (V-IX) with a yield of 75—95%. 1-Phenyl- and
1-(p-toyl) 2-methyl-4, 5, 6, 7T-tetrahydroindole- 3-car-
bonic acids (VI, VII) were synthesized by hydrolyzing
the corresponding esters, which we were not able to
separate in pure form.

In view of the wide availability of teirahydroindoles,
there is evident interest in transforming them into
the corresponding indole derivatives by dehydrogena-
tion. By dehydrogenating 1, 2-dimethyl-3-carboethoxy-
4,5,6,7-tetrahydroindole (1I) on reduced nickel under
the conditions for the dehydrogenation of tetrahydro-
carbazole {4}, we obtained 1, 2-dimethyl-3-carbo-
ethoxyindole (X), which had been previously prepared
by another method [5]. Hydrolysis of ester X leads
to the known 1, 2-dimethylindole-3-carbonic acid (XI).
Yet, under the same conditions, we were not able
to dehydrogenate other tetrahydroindole derivatives
(I, 1I,1V), probably due to peculiarities in their struc-

ture.
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The structure of indole derivative X is confirmed
by revealing in its IR spectrum bands at 3070 cm™!
and intensive absorption bands at 747 and 756 cm'l,
which warrants assuming the presence of an aromatic
group with four adjacent hydrogens (o-substituted
benzene ring) [6]. A comparison of the UV spectra
of the tetrahydroindole derivatives obtained (I-IV), of
the indole derivative X, and of 1,2-dimethyl-3-carbo-
ethoxy-5-methoxyindole (XI) [7] shows that the trans-
ition of tetrahydroindoles to indoles is associated
with an increase in the intensity of the absorption
bands and their displacement to a longer wavelengths

Table 1

/COOC, H,
X

" Nen,
R

Com- Bp., ° C iri Found, % Calculated i

o R (pressure, | Cmpirical | | + P |vield,

pound mm) formula clul~v|c[u|N|g

I| H : — — = ===

111 CeHsCH, | 200—205(2) | C;oHxNO, |76.40 |7.51 | 5.10{76.74 | 7.80! 4.71| 30
76.41 | 7.41 505

v n-C;Hg 165—170 (2)) CisHisNO, |72.59 [ 9.16| 5.20(72.97 | 9.57| 532 40
72.54 [9.27 | 5.45

*Mp. 132-133"; according to literature data, mp. 132°.
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Table 2
_/COOH
Cy
Y Non,
R
Com- Mo, © | Empirical Found, % ‘ Calculated, %_lyjeld,
pound R P formula c IH[ N C ! Hl N | 9
VIl CgHjs 245—246 | CisH;;NO, 75.51 | 6.98 | 5.38 | 75.27 |6.71 | 5.49{ 95

VII| CsHsCH, 214—215 | C;7H;sNO,
VI p-CH3C5H4 244245 C17H19N02

IX | n-CHy 176—177 | Cy4HyNO;

region. Analogous changes, although in a lesser de-
gree, are observed in the UV spectra of tetrahydro-
indole derivatives by substituting the hydrogen bound
to the nitrogen of the pyrrole ring by alkyl or aryl
groups. As in the case of the esters of substituted
indole-3~-carbonic acids [8], the IR spectra of the
esters of tetrahydroindole carbonic acids reveal a
significant decrease in the carbonyl frequency (1665—
1695 cm™Y). 1t is interesting to note that neither the
aromatization of the six-membered ring II by trans-
forming it to X, nor the character of the substituent
at the nitrogen atom of the pyrrole ring exert appre-
ciable influence on the position of the carbonyl-absorp-
tion bands. Thus, in the IR spectra of II, X, and XI
intensive bands at 1695, 1696, and 1697 cm™! respec-
tively are observed. Tetrahydroindoles II-IV, which
are substituted at the nitrogen atom, absorb at 1690—
1697 em~?, independent of the character of the sub-
stituent; but derivative I, which is not substituted at
the nitrogen atom, exhibits a significant decrease in
the carbonyl frequency to 1665 cm™}. The transition
from esters to acids also leads to a sharp displace~
ment of the carbonyl absorption band in the 1650—1665
cm™! region.

EXPERIMENTAL

1, 2-Dimethyl-3~carboethoxy-4, 5, 8, 7-tetrahydroindole (II). To
a solution of 24 g (0.13 mole) of ¢-bromocyclohexanone in 100 ml
of absolute alcohol 30 g of fused potassium carbonate was added, and
then at once 15 g (0.1 mole) of N-methyl-B8-aminocrotonic ester. The
reaction mixture was heated for 2 hr on a steam bath. The solid salt
precipitate was separated from the filtrate, the alcohol was distilled
off under vacuum, and the volatile compounds were distilled off with
steam. The residue solidified upon the addition of 50% methanol.
Yield 7.59 g (33%) II, mp, 47°-47.5°C (ex MeOH)*. Found, %: G 70.13;
70.35; H 8.70; 8.40; N 6.28; 6.40%. Calculated for C3HNO,: C
70.56; H 8.65; N 6.33%.

In an analogous way, tetrahydroindoles I, III, and IV (Table 1)
were obtained from equimolecular quantities of a-bromocyclohexa-
none and B-aminocrotonic ester, and its N-benzyl- or its N-n-butyl
derivative.

1, 2-Dimethyl-4, §, 6, T-tewrahydroindole-3~carbonic acid (V). To
a solution of 5.6 g (0.1 mole) of potassium hydroxide in 1.5 ml of
water heated to 170° C 2.2 g (0.01 mole) of II was added with vigor-
ous stirring, The reaction mixture was kept at 170°-210° C for 10

*The melting point was in all cases determined in a Koffler box.

76.50 | 6.87 | 5.16

76.10| 7.10| 5.16 | 75.81 |7.11 |520| 94
7584 | 7.06 | 5.20

7540 1 6.99| 504 75.81 |7.11 {520 53

75.40 7.18| 5.02
7175|880 6.14 | 71.46 | 899 {595 76
71.72 | 855 | 6.04

minutes. The solidified reaction mass was then dissolved in water,
and the solution filtered. The filtrate was cooled in ice, and acidi-
fied to pH 6 with 10% HCL. The crystals which separated out were
filtered off and washed on the filter with acetone. Yield of V 1.47 g
(11.3%), mp, 245°~246° C (ex acetone), Found,%:C 68.10; 67.96; H
7.67; 7.718; N 7.03; 6.98%. Calculated for Cy;HsNOy: C 68.37; H
7.82; N 7.25%. Data for other 4, 5, 6, 7-tetrahydroindole-s-carpoutic
acids (VI-IX) are presented in Table 2.

1, 2-Dimethyl-3-carboethoxyindole (X). 5 ml of a suspension of
reduced nickel in water was added to 60 ml of xylene. The water
from this mixture was distilled off in the form of an azeotrope with
xylene. To the suspension of the catalyst in xylene 1.4 g (0.006 mole)
of ester II was added, and the reaction mixture was boiled for 6 hr.
Then the catalyst was separated from the hot solution. The xylene
was distilled off from the filtrate under vacuum, and the residue was
recrystallized from alcohol. Yield of X 0.73 g (56%), mp, 95°-96° C
(ex EtOH). According to literature data [5], mp is 95° C. Found, %:
C 71.74; 71.85; H 6.78; 6.92; N 6.32; 6.57%. Calculated for Cy3HNO
NO,: C 71,87; H 6.96; N 6.45%.

1, 2-Dimethylindole-3~carbonic acid (XI). 0.5 g (0.01 mole) of
potassium hydroxide and 0.31 g (0.001 mole) of ester X were reacted
together as previously described. Yield of XI 0.13 g (48%), mp. 204° -
205° C (ex acetone), in a capillary mp, is 191°-192° C (decomp. ). Ac-
cording to literature data [5], mp. is185°C, Found, %: N 7.41 Calcu~
lated for CanNOz, "/o: N 7.40.
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