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One-Pot Synthesis of Indoles from 1-Benzyl-2,3-dihydroindoles

Toshiko Kiguchi, Naoko Kuninobu, Yoshiko Takahashi, Yukiyo
Yoshida, Takeaki Naito,* Ichiva Ninomiya

Kobe Women’s College of Pharmacy, Motoyamakita. Higashinada,
Kobe 658, fapan

A facile one-pot dehvdrodebenzylation of 1-benzyl-2,2-dihydroindoles
to indoles uses 10% palladium on carbor as catalyst and ammontum
formate as hydrogen donor in methanol.

Most of the biologically active S-sudstituted indole derivatives
have been efficiently prepared via a four-step route involving
reduction of indole to 2,3-dihydroiadole, protection of the
secondary amino group, intreduction of a substituent into the
S-position, and oxidative regeneration of the indole nucleus. In
this context, we have focused our attention on the readily
available 1-benzyl-2,3-dihydroindoles (1, N-benzylindolines) as
key precursors of substituted indoles, an N-protecting group
would alse serve to facilitate smooth electrophilic substitution
at C-5, as exemplified by the synthesis of the indeles having
amino,’ formyl.> methoxy.** and silyl groups.®

Known methods for the conversion of 1-benzyl-2.3-
dihydroindoles into indoles consist of two steps: reductive
debenzylation® followed by oxidative regeneration of the
indole,”#

We now report a ftacile one-pot synthesis of indoles from 1-
benzyl-2,3-dihydroindoles by catalytic transter hydrogenation
using 10% palladium on carbon as catalyst and ammonium
formate as hydrogen donor in methanol.” as already recom-
mended for the debenzylation of the N-benzylamines'®!! and
-ethers.'?> When 1-benzyl-2,3-dihydroindoie (1 a) was subjected
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to this debenzylation procedure under the reported con-
ditions,'® the isolated products were indole (32) and its 1-
benzylindole (4a) in 74 and 3 % yields, respectively. Monitoring
the reaction by TLC and isolation of products ai the inter-
mediary stage showed that, at the beginning of the reaction, the
product was the debenzylated 2,3-dihydroindole (2a) which was
then dehydrogenated to give the desired indole (3a) simply by
prolonged heating of the solution. In the absence of ammonium
formate, indole (3a) and 1-benzylindole (4a) were obtained in 45

and 35% yields, respectively, suggesting the effectiveness of

ammonium formate and, partially, the solvent methanol as
hydrogen donor. However, 1-benzylindole (4a) was not de-
benzylated and recovered completely under the reaction con-
ditions even in the presence of ammonium formate. Although
several attempts to suppress the formation of the undesired by-
product 1-benzylindole (4a) were unsuccessful, optimum con-
ditions have been established by slight modification of the
reported conditions'® as described in the general procedure (see
also Table 1).
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proceeded without dehydrogenation to give 1,2.34-tetrahydro-

quinoline (6a) and 1,23.4-tetrahydroisoquinoline  (6b),
respectively.
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The present smooth one-pot conversion of [-benzyl-2.3-
dihydroindoles into indoles was successfully applied to the
synthesis of serotonin precursor 3iin 54 % overall yield from A*-
benzoyl-A*-benzyl-2,3-dihydrotryptamine (1h) via bromination
at the S-position (Br,/AcOH),? substitution of the bromine-
atom by a methoxy group (MeONu + Cul in MeOH/DMF).*

Table 1. Reaction of A-Benzyl Compounds 1 and § with 10% Pal-
ladium on Carbon and Ammonium Formate in Methanol

Sub-  Reac- Prod- Yield mp (°C) Lit. mp (°C) or

2 R
) 4
‘mi
N
// g .
ﬂ />“F'21
T
R?
3
14 R! R? R?
a H H H
b CH, 1 H
¢ u CH, H
@ CH, CH, H
e” CH, CH;, 1
f H{CHy, - H
g H H OMe
h H (C'H:),NHBz H
i H (CH,),NHBy. OMe
“ O 1d: . ® le: trans.

Most examples show the superiority of this one-pot procedure
over the conventional methods in terms of simple performance
and good yields, except for trans-1-benzyl-2,3-dimethyl-2.3-
dihydroindole (1e) which is only debenzylated to 2,3-dihy-
droindole (2¢) as the major product in 72% yield, the second
step (dehydrogenation) proceeding at a slow rate due to steric
hindrance by the trans-substituted at C-2 and C-3 und affording

product 3e inonly 12 % vield after 2 hours. The debenzylation of

1-benzyl-1,2,3,4-tetrahydroquinoline (5a) and 2-benzyl-1,2.3.4-
tetrahydroisoquinoline (5b) under the same reaction conditions

strate ton  uct (%) (solvent)® bp ( C).Torr or
Time or bp ("Cy/ Molecular
‘h) Torr Formula
la 2 3a 78 32-53 (PE) 52-541°
(74
4a 3 43-44 (PE) 434414
3
1b 2 3b 85 56--58 (PE) 58603
4h 4 49--50 (PE) 4914
le 2 R 76 95-98 (PE) 959513
(73)
4c 8 72-73 (PE) 72-7316
(12)
1d 2 3d 77 103-105 (PE) 105-107"
4d 15 53.5-35 (PE) 58-591%
le 2 3d 12
2e 72 105-108;3 Cyoll 3N
(147.2)
if 2 3f 75 120-121 (PE) 118 1204
(62)
4f it 155-160/0.1 158-168,0.3'7
(25)
g S 3g 84 55-57 (PE) 56-5814
4g 6 71-73 (Et,0) 747518
1h 4.5 3h 08 135-137 139.5-141%
(benzene)
S 9 103-104 C,,H.,.NLO
(Et,0) (3549
li 13 3i 90 114-115 113 114"
(EL,0)
Ra 2 6a 62 125 128/13 2497601}
Sb 2 6b 39 106-108/13 232-233/760'°

* Yicld of isolated pure product. Figures in parenthesis indicate vield
under the conditions of Lit. '°.

* PE = Petroleum cther,

¢ Exact Mass: CyoH, 5N requires: 147.1047; found: (47.1040.

'H-NMR (200 MHz., CDCL,/TMS): 6 = 1.27 (d, 311, J = 7 Hz); 1.31

(d. 311, J = 7Hz); 2.81 (m, 1 H); 3.35 (brs, 1H); 3.45(dg, 1H, J =9,

7Hz): 6.63(d, 1H. J = 8§ Hz); 6.74 (1, 1H, J = 8 Hz): 6.96--7.18 (m,

2H).

Exact Mass: C,4H,,N,0 requires: 354.1730; found: 354.1724,

'H-NMR (60 MHz, CDCly/TMS): § = 3.05 (1, 2H, J == 7 Hz); 3.75

(q. 2H, J = 7Hz); 5,18 (s, 2H); 6.17 (br s, 1H); 6.83-7.63 (15H, m).
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Table 2. Physical and Spectral Data of N-Benzyl Compounds l1a-i and 5a,b

SYNTHESIS

TH-NMR (CDCl,/TMS)
8, J(Hz)

2.67-3.50 (m, 4H); 4.16 (s, 2H); 6.37-7.50 (m, 9H)"
1.27 (d, 3H, J = 6); 2.26-4.00 (in, 3H); 4.20 (br s, 2H);
6.08-7.43 (m, 9H)®

1.33(d, 3H, J = 6); 2.67-7.66 (m, 3H); 4.05, 4.38 (ABq,
2H, J = 15); 6.41-7.41 (m, YH)®

1.14 (d, 3H, J=6.5); 1.17 (d. 3H, J = 6.5); 3.25 (br
quin, 1H, J = 6.5); 3.71 (quin, 1H, ./ = 6.5); 4.13, 4.40
(ABq. 2H, J =16); 6.33 (d, 1H, J = 7.5); 6.66 (t, tH, J
= 7.5); 6.94-7.12 (m, 2H); 7.18-7.40 (m. 5H)*

1.30 ¢d, 3H, J=6); 1.32(d, 3H, J=7); 2.84 {m, L H);
3.4 (dq, 1H, J =9.5, 6); 4.17, 4.32 (ABq, 2H, J = 16);
6.32 (d, 1H, J=17.5); 6.67 (t, tH, J="1.5); 6.94-7.08
(m, 2H); 7.18-7.40 (m, 5H)*

1.00-2.00 (m, 8 H); 2.83--3.67 (m, 2H); 4.08, 4.47 (ABy,
2H, J = 16); 6.23-7.50 (m, 9H)®

2.67-3.40 (m, 4H); 3.73 (s, 3H); 4.13 (s, 2H); 6.30--7.50
(m, 81"

1.80-2.20 (m, 2H); 2.93-3.73 (m, 5H); 4.23 (s, 2H); 6.23
(br s, 1H); 6.40-7.76 (m, 14 H)"

1.90 (m, 1H); 2.11 (m, 1H); 3.04 (m, 111); 2.20-3.60 (m,
4H); 3.74 (s, 3H); 4.20 (5, 2H); 6.23 (br 5, 1H); 6.48 (d,

Com- mp (°C) (solvent) Lit. mp (°C) or High Resolution
pound or bp (°C)/Torr bp (°C)/Torr or MS Found
Molecular Formula (Calc.)
la 150-153/2 146-149/1°
1b 173-175/2 181-182/192°
fe 163-165/2 C6Hi-N 2231338
(223.3) (223.1359)
1d 170-175/4 C,-H, 4N 237.1519
(237.3) (237.1516)
le 162-165/3 C7H 4N 237.1496
(237.3) (237.1516)
1f 192-195/2 147-149/0.35"7
lg 180184 (dec)* 182185 (dec)®
(MeOH/EL,0)
th 89-90 C,.H,.N,O 356.1882
(Et,0; (356.45) (356.1886)
ti 108-110 C,sH,6N,0 386.1998
(Et,0) (386.45) (386.1993)
5a 180-185/5 17818074
5b 150-1606/2 132-136/0.722

* Melting point of hydrochloride salt.
P Measured with a JEOL PMX-60 (60 MH?z) instrument.

and finally our one-pot procedure. This convenient synthesis is
superior to other known methods* in terms of overall yield and
ease of performance.

Metting points were determined with a Kofler-type hot-stage apparatus.
Mass spectra were recorded with Hitachi M-86 spectrometers. 1R
spectra were measured with a Hitachi 270-30 spectrophotometer. 'H-
NMR spectra were recorded with JEOL PMX-60 (60 MHz) and Varian
XL-200 (200 MHz) instruments.

Medium-pressure column chromatography was performed with a 530-
4-R1 (Yamazen) apparatus using Lobar grosse B (310-25, Lichroprep
Si60, Merck).

All reactions are carried out under N,

N-Benzyl Compounds:

The 1-benzyl-2,3-dihydroindeles 1a,% 1b,2° 1¢,° 14,7 1,7 FA
1g,* and 1h,® and 1-benzyl-1,2.3 4-tetrahydroguinoline (5a),”" aud 2-
benzyl-1,2.3,4-tetraliydroisoquinoline (5b)*? are prepared according to
reported procedures.

NP-Benzoyl-N *-benzyl-S-methoxy-2,3-dihydrotryptamine (1i):
Bromination of N"-Benzoyl-N®benzyl-2,3-dihydrotryptamine (1h): To a
stirred solution of compound 1h (240 mg, 0.67 mmol) in AcOH (SmL),
a solution of Br, (107 mg, 0.67 mmol) in AcOH (1 mL) is added over 15
min at 10°C. and stirring is continued for 30 min at room temperature.
Then, aqueous 10% NaOH (50mL) is added and the mixture is
extracted with EtOAc (2 x 100 mL). The extract is washed with 11,0
(100 mL), dried (Na,SO,), and evaporated. The crude product thus
obtained is submitted to mediaom-pressure column chromatography
using EtOAc hexane (1:3) as cluent
N*-Benzoyl-N“-benzyl-3-bromo-2,3-dihydrotryptamine;  yicld: 223 mg
(76 %); mp 94--95°C (Et,0).

Exact Mass: C,4H,3BrN,O requires: 434.0993; found: 434.1004.

IR (CHCLy): v = 3460 (NH): 1656 cm ~' (NCO).

'H-NMR (200 MHz, CDC{;/TMS): 6 = 1.87 (m, 1 H): 2.06 (m, 1 H);
3.18 (dd, 1H, J = 9, 6 Hz); 3.32 (m, 1 H); 3.44--3.62 (m, 3H); 4.20,4.29
(ABq, 21, J:=14Hz); 6.15 (br s, 1H); 6.36 (d, 1H, J=8Hz)
7.08-7.54 (m, 10 H); 7.69 (m, 2H).

1H, J = 7.5)6.67(, 1H, 7= 7.5)6.79 (brs, 1H); 7.20~
7.56 (m, $H); 7.68 (m, 2 H)¢

1.77-2.32 (m, 211); 2.70-3.05 {m, 2H); 3.30-3.58 (m,
2H): 443 (s, 2H): 6.33-7.47 (m, 9H)®

3.07-3.50 (m, 4H); 3.60 (s, 2H1; 3.65 (br s, 2H); 6.75-
7.50 (m, 9H)®

¢ Meusured with a Varian XL-200 (200 MHz) mstrument.

N'-Benzovl-N “-benzyl-5,7-dibromo-2,3-dilydrotryptamine; yield: 52 mg
(15%); mp 126--128°C {Et,0).

Exact Mass: C,,1,,Br,N,0O requires: 5°.6.0059; fouand: 516.0047.

IR (CHCIL): v = 3460 (NH); 1658 cm ™" (NCQ).

'H-NMR (200 MHz. CDCl/TMS): & = 1.76 im, 1 H): 1.98 (m, 1 H);
3.43-3.65 (m, SH); 4.75, 4.82 (ABq, 2 H, J = 155 Hz); 6.12 (br s, 1 H):
7142 (brs, 1H); 7.20 - 7.60 (m, 9 H); 7.70 (m, 2 H).
NU-Benzovl-N"-benzpl-5-methoxy-2,3-difyydrotrypramine  (1i):  To a
stirred NaOMe solution [prepared from Na (143 mg, 6.2 mmol) and
abs. MeOH (1.8 mL)]. a solution of M"-benzoyl-N*-benzyl-5-bromo-
2,3-dihydrotryptamine (270 mg, 9.62 mmol) in DMF (6 mL) and Cul
(300 mg, 1.58 mmol} are added. The mixture is heated to reflux for 2h
(oil bath at 130-140°C), then cooled. The precipitate is filtered off and
washed with EtOAc (50 mL). Water (50 mL) is added to the filtrate, and
the mixture is extracted with EtOAc (23« 30 mL). The extract is washed
with H,0 (2x 50 mL), dried (Na,SO,), and evaporated. The residue is
purified by medium-pressure  column  chromatography — using
EtOAc/hexane (3:2) as eluent to aiforc. 1i; vield: 190 mg (79%); m.p.
108-110°C (from Et,0).

IR (CHCI,): v = 3460 (NH); 1658 cm "' (NCO).

Indoles 3 from 1-Benzyl-2,3-dihydroindoles {; General Procedure:

To a stirred suspension of the 1-benzyl-2 3-dihydroindole 1 (1 mmel)
and 10 % Pd-C (200 mg) in McOH (12 mL) is added HCO,NH, - 5H,0
(1.532 g, 10 mmol) in a single portion. The mixture is then stirred at
reflux temperature. After completion of the reaction (2-15k) (TLC,
EtOAC/hexanc), the catalyst is itliered ol using a celite pad, which is
then washed with MeOH (200 mL). The solvent is ¢cvaporated and the
residue extracted with CH,Cl, (100 m.). The extract is washed wiih
H,0 (50 mL), dried (Na,S0,), and evaporated and the erude product is
submitted to medium-pressure column chromatography using EtOA¢/
hexane as eluent to afford the pure indole 3.

Received: 30 November 198%; revised: 13 March 1989

(1) Teuber, H.J.. Schmitt, G. Chem. Ber. 1969, 102, 1084,
(2) Florvall, L., Kumar, Y., Ask, A.L., Fagervall, 1., Renyi, L., Ross,
S.B. J. Med. Chem. 1986, 29, 140,

Downloaded by: University of Pittsburgh. Copyrighted material.



October 1989 C'ommunications 781

(3) Fukui, M., Endo, Y.. Oishi, T. Chem. Pharm. Bull. 1980, 28, 3639.
(4) Saito, K., Kikugawa, Y. J. Heterocycl. Chem. 1979, 16, 1325.
(5) Belsky, I., Gertner, D., Zilkha, A. J. Org. Chem. 1968, 33, 1348.
(6) Hartung, W.H., Simonoff, R. Org. React. 1953, 7, 263.
(7) Sundberg, R.J., in: The Chemistry of Indoles, Academic Press,
New York, 1970, p. 132.
Inada, A., Nakamura, Y., Morita, Y. Chem. Lett. 1980, 1287.
Kigugawa, A., Kawase. M. Chem. Lett. 1981, 445.
Barton, D.H.R., Lusinchi, X., Milliet, P. Tetrahedron 1988, 41,
4727.
Ninomiya, 1., Kiguchi, T., Hashimoto, C., Barton, D.H.R., Lusin-
chi, X., Milliet, P. Tetrahedron Lett. 1985, 26, 4183.
Keirs, D., Overton, K. J. Chem. Soc. Chem. Commun. 1987, 1660.
Ketcha, D.M. Tetrahedron Lett. 1988, 29, 2151.
(8) Kawase, M., Miyake, Y., Kikugawa, Y. J. Chem. Soc. Perkin
Trans. 11984, 1401.
(9) Ram, S., Ehrenkaufer, R.E. Synthesis 1988, 91.
(10) Ram, S., Spicer, L.D. Synth. Commun. 1987, 17, 415.
(1) Adger. B.M,, Farrell, C.0., Lewis, N.J., Mitchell, M. B. Synthesis
1987, 53.
(12) Bieg, T., Szeja, W. Synthesis 1985, 76.
(13) Aldrich Catalogue{Handbook, Aldrich Chemical Company.
(14) Kikugawa, Y., Miyake, Y. Synthesis 1981, 461.
(15) Garner, R., Albisser, P.J., Penswick, M.J., Whitehead, M.J.
Chem. Ind. { London) 1974, 110.
(16) Namis, A.J., Cortes, E., Collera, O., Walls, F. Bol. Inst. Quim.
Univ. Nac. Auton. Mex. 1966, 18, 64; C. 4. 1967, 67, 73028.
(17) Gribble, G.W., Hoffman, J.H. Synthesis 1977, 859.
(18) Taborsky, R.G., Delvigs, P, Palaic, D., Bumpus, M. J. Med.
Chem. 1967, 10, 403.
(19) Pennefather, P., Quastel, D.M.J. Life Sei. 1980, 27, 2047.
(20) Gruda, 1. Acta Pol. Pharm. 1964, 21, 455; C.A. 1965, 62, 7715.
(21) Kost, A.N., Yudin, L.G. Zh. Obshch. Khim. 1956, 26, 1720; C. A.
1957, 51, 1958.
(22) Garside, P., Ritchie, A.C. J. Chem. Soc. C 1966, 2140.
(23) Kikugawa, Y. J. Chem. Res. (S) 1977, 212.

Downloaded by: University of Pittsburgh. Copyrighted material.



