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Synthesis of 4-(4-Alkyl-2-morpholinyl)indoles 1393
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N-substituted 4-(2-morpholinyl)indoles were prepared from 1{t-butoxycarbonyl}-4-acetylindole (7) which
was itself prepared from 4-cyanoindole. Bromination of ketone 7, followed by reaction with amines and sub-
sequent sodium borohydride reduction, gave amino alcohols. These were converted to a-chloro amides that
were cyclized to lactams. Lithium aluminum hydride reduction served both to remove the +-BOC protecting
group and to reduce the lactams to the 4<(2-morpholinyl)indoles.

J. Heterocyclic Chem., 20, 1393 (1983).

Syntheses of the 9-oxaergoline 1 [2] and the C-homo-
oxaergoline 2 [3], as well as the dopaminergic properties
thereof [4,5], have been reported. A recent patent which
discloses 4-2-morpholinyl)indoles (3) [6] prompts us to de-
scribe our independent preparation of several aikylated
derivatives of this heterocycle.
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4-Cyanoindole (5) was efficiently prepared in 70% yield
by the Leimgruber-Batcho indole synthesis [7] which in-
volved hydrogenation of trans-2-cyano-6-nitro-3-dimeth-
ylaminostyrene (4) using 10% palladium on carbon in
methanol [8]. This procedure offers a considerable
improvement, both in terms of manipulation and product
isolation, over the iron-acetic acid reduction reported by
Ponticello [9]. Treatment of nitrile 5 with excess methyl-
lithium in ether, followed by brief aqueous hydrochloric
acid treatment, afforded 4-acetylindole (6) in greater than
90% yield. Conversion of 6 to t-BOC derivative 7 was
effected with di-s-butyl dicarbonate and a catalytic amount
of potassium t-butoxide (76% yield). Bromination of 7
with 2-pyrrolidinone hydrotribromide gave bromo ketone

8in 7% yield.

Reaction of 8 with N-benzylmethylamine, followed by
sodium borohydride reduction of the amino ketone thus
obtained, gave the amino alcohol 9 in 61% yield. Hydro-
genolysis of the benzyl group to give 10 was accompanied
by substantial (~40%) reduction to the indoline. This
mixture was carried through subsequent transformations.
Thus, treatment with chloroacetyl chloride gave the
a-chloroamides that were cyclized to the lactams (16 and
the corresponding indoline) with potassium ¢-butoxide.
Reduction with lithium aluminum hydride gave 4-(4-meth-
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y}-2-morpholinyl)indole (19) and indoline 22 that were se-
parated chromatographically. The cleavage of the BOC
group from the indole involves, at least partially, the inter-
mediacy of the 1-hydroxymethylindole that is observed by
tle analysis. The hydroxymethyl group is cleaved under
the basic reaction conditions to the observed indole pro-
duct.

For the preparation of the N-ethyl and N-propyl com-
pounds 20 and 21, 8 was treated with ethylamine and pro-
pylamine respectively, and the resulting amino ketones
were, without isolation, reduced with sodium borohydride
to give 11 and 12. Thus, the necessity of removal of benzyl
protecting groups was avoided by using the primary
amines. Treatment of 11 and 12 with chloroacetyl chlor-
ide, followed by cyclization with potassium tz-butoxide and
lithium aluminum hydride reduction gave 20 and 21.

Compound 19 was converted to the hydrochloride salt
that proved to be hygroscopic and rather unstable. Com-
pounds 20 and 21 were converted to the more stable
monohydrogen fumarate salts.

EXPERIMENTAL

Proton magnetic resonance spectra were recorded with Varian A-60
and Bruker WM 300 instruments and are reported in ppm & downfield
from an internal standard of tetramethylsilane. Microanalyses were per-
formed by Syntex Analytical Department. Reactions were monitored by
thin layer chromatography on 2504 layers of silica gel GF on glass plates.
Silica gel column chromatography was performed using 70-230 mesh
(Merck) silica gel. Melting points are uncorrected. The ir spectra were
measured with a Perkin-Elmer Model 237 grating infrared spectrometer.

4-Cyanoindole (3).

A solution of 10.85 g (50 mmoles) of 2-cyano-6-nitro-trans-3-dimethyl-
aminostyrene [9] and 2.7 of 10% palladium on carbon in 250 ml of
methanol was hydrogenated on a Parr apparatus at 65 psi for 45 minutes.
The mixture was filtered and the filtrate was concentrated under reduced
pressure. The residue was partitioned between ether and dilute hydro-
chloric acid, and the ether was washed with water and brine, and evap-
orated to a solid. Purification by chromatography on silica gel (1% meth-
anol-dichloromethane) afforded 5.0 g (70%) of product, mp 119-120°, lit
[10] mp 120-121°.

Anal. Caled. for C,H(N,: C, 76.08; H, 4.26; N, 19.70. Found: C, 75.93;
H, 3.95; N, 19.48.

4-Acetylindole (6).

A solution of 33 g (230 mmoles) of 5 was added to a stirred mixture of
277 ml of 1.8 M ethereal methyllithium and 200 mi of tetrahydrofuran at
such a rate as to maintain a gentle reflux. After the addition was com-
plete, the heterogeneous mixture was heated at reflux for 2 hours. Ice
cold dilute hydrochloric acid was cautiously added, and the resulting
solution was heated on a steam bath for 5 minutes. The cooled mixture
was extracted three times with ether, and the ether extract was dried
(sodium sulfate) and evaporated to 34 g (93%) of crude 6 as a tan solid.
This material was used in the next step without further purification. An
analytical sample was obtained by column chromatography on silica gel
(25% ether-hexane), mp 159-160°, lit {1] mp 163-164°.

Anal. Caled. for C,(H,NO: C, 75.46; H, 5.70; N, 8.80. Found: C, 75.21;
H, 5.75; N, 8.74.

1-(¢t-Butoxycarbonyl)}-4-acetylindole (7),

A solution of 34 g (214 mmoles) of crude 6, 46 g (211 mmoles) of di-t-
butyl dicarbonate, and 1.68 g (15 mmoles) of potassium ¢-butoxide in 400
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ml of tetrahydrofuran was heated at reflux for 3 hours. The cooled solu-
tion was diluted with water, extracted with ether, and the ether extract
was washed with water and brine, dried (sodium sulfate), and evaporated.
Chromatography of the residue on silica gel (20% ether-hexane) afforded
45 g (76% from 6) of 7, mp 65-66°; nmr (deuteriochloroform): § 1.67 (s,
9H), 2.68 (s, 3H), 7.34 (dd, 1H,]J = 8, 8 Hz), 7.43 (dd, 1H, ] = 3.8, 0.7
Hz), 7.70 (d, 1H, ] = 3.8 Hz), 7.78 (dd, l1H, ] = 8, 1 Hz), 8.41 (broad d,
1H, J = 8 Hz); ir (potassium bromide): 1720, 1670 cm-*.

Anal. Caled. for C,;H,,NO,: C, 69.48; H, 6.61; N, 5.40. Found: C, 69.73;
H, 6.42; N, 5.39.

4-Bromoacetyl-1{t-butoxycarbonyl)indole (8).

A mixture of 45 g (174 mmoles) of ketone 6, 90.4 g (183 mmoles) of
2-pyrrolidinone hydrotribromide, and 15.6 g (183 mmoles) of 2-pyrrol-
idinone in 500 ml of tetrahydrofuran was heated at reflux for 3 hours.
The mixture was filter while warm and concentrated under reduced
pressure. Recrystallization of the solid thus obtained from ethanol-water
gave 45 g (77%) of 8 as a tan solid, mp 105-107°; nmr (deuterio-
chloroform): & 1.68 (s, 9H), 4.57 (s, 2H), 7.37 (dd, 1H, ] = 8, 8 Hz), 7.40
(dd, 1H,J = 3.8,0.7 Hz), 7.75(d, 1H, J = 8 Hz), 7.79 (dd, 1H,J = 8,0.8
Hz), 8.45 (broad d, 1H, J = 8 Hz); ir (potassium bromide): 1730, 1710
Cm-l.

Anal. Calcd. for C,;H,,BrtNO,: C, 53.27; H, 4.77; N, 4.14. Found: C,
53.05; H, 4.82; N, 4.06.

1{t-Butoxycarbonyl)-4-{1-hydroxy-2{benzylmethylamino)ethyl]indole (9).

To an ice-cooled solution of 18.2 g (150 mmoles) of benzylmethylamine
in 50 ml of tetrahydrofuran was added dropwise a solution of 25 g (74
mmoles) of bromoketone 8 in 200 ml of tetrahydrofuran. The resulting
mixture was stirred in the ice-bath for 1 hour and was then concentrated
under reduced pressure at 30-40°. The residue was dissolved in 250 ml of
methanol and the mixture was cooled in an ice-bath. Sodium borohydride
was added in small portions until tlc analysis (20% ethyl acetate-hexane)
showed complete conversion of the ketone (rf 0.4) to the alcohol (rf 0.2).
The mixture was added to water and extracted with ether. The ether ex-
tract was washed with brine, dried (sodium sulfate), and evaporated and
the residue was purified by silica gel chromatography (40% ethyl
acetate-hexane) to give 17 g (61%) of 9 as a thick, colorless oil: nmr
(deuteriochloroform): 8 1.65 (s, 9H), 2.38 (s, 3H), 2.56 (dd, 1H,J = 12,3.5
Hz), 2.75 (dd, 1H,J = 12, 11 Hz), 3.64 (AB, 2H,J = 13 Hz), 5.08 (dd, 1H,
J =11, 3.5 Hz), 6.52 (dd, 1H, J = 3.8, 0.7 Hz), 7.20-7.40 (m, 7TH), 7.54 (d,
1H, J = 3.8 Hz), 8.06 (broad t, 1H); ir (film): 3600-3200, 1740 cm"".

Anal. Caled. for C,,H,N,0,: C, 72.99; H, 6.92; N, 7.40. Found: C,
73.05; H, 6.99; N, 7.30.

4-(4-Methyl-2-morpholinyl)indole (19) and 1-Methyl-4-(4-methyl-2-
morpholinyl)indoline (22).

A mixture of 12.5 g (32.9 mmoles) of 9 and 2.5 g of 10% palladium on
carbon in 200 ml of methanol was hydrogenated at 60 psi for 16 hours.
The mixture was filtered and evaporated to afford 8.9 g (93%) of a white
foam. Analysis (tlc, 20% methanol-dichloromethane) showed the major
product 10 (rf 0.5) to be contaminated with the corresponding indoline
(rf 0.4). This material was partitioned between 250 ml of ethyl acetate
and 250 ml of water containing 20 g of sodium carbonate, cooled in an
ice bath, and treated slowly with 5.7 g (50 mmoles) of chloroacetyl chlor-
ide. The ethyl acetate layer was dried (sodium sulfate) and evaporated
and the residue of crude 13 (and the indoline) was dissolved in 200 ml of
tetrahydrofuran. Potassium t-butoxide (3.92 g, 35 mmoles) was added
and the solution was stirred at room temperature for 15 minutes, concen-
trated under reduced pressure, diluted with water and extracted with
ether. After drying, the ether was evaporated to afford 5.8 g of 16 and the
indoline (85% from 10). This material was dissolved in 50 ml of tetra-
hydrofuran and was added slowly to 1.5 g of lithium aluminum hydride in
100 ml of tetrahydrofuran. The mixture was heated under reflux for 12
hours and was then cooled in an ice bath and treated sequentially with
1.5 ml of water, 1.5 ml of 15% sodium hydroxide, and 3.0 ml of water.
The white solid was filtered off and the filtrate was evaporated. Chroma-
tography of the residue on silica gel (10% methanol-dichloromethane,
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1% t-butylamine) afforded 2.1 g of 19 (30% from 9) as the first com-
pound eluted, followed by 1.4 g (19%) of 22. Both compounds were ob-
tained as viscous oils. Compound 19 had nmr (deuteriochloroform): &
2.23-2.40 (m, 2H), 2.32 (s, 3H), 2.78 (broad d, 1H, ] = 11 Hz), 3.02 (broad
d, 1H,J = 11 Hz), 3.95 (ddd, 1H,J = 11, 11, 2 Hz), 4.12 (broad d, 1H, ]
= 11 Hgz), 5.02 (dd, 1H,J = 11, 2 Hz), 6.61 (broad s, 1H), 7.06 (m, 1H),
7.10-7.26 (m, 3H), 8.90 (s, 1H, NH). Compound 22 had (deuterio-
chloroform): 6 2.10 (dd, 1H, J = 11, 11 Hz), 2.24 (ddd, 1H,J = 11,11, 2
Hz), 2.68-2.85 (m, 2H), 2.73 (s, 3H), 2.90-3.05 (m, 2H), 3.20-3.26 (m, 2H),
3.81(ddd, IH,J = 11, 11, 2 Hz), 4.02 (dd, 1H,J = 11, 2 Hz), 6.40 (d, iH,
J = 7.5 Hz), 6.74 (d, 1H, J = 7.5 Hz), 7.08 (dd, 1H, ] = 7.5, 7.5 Hz).

The hydrochloride salt of 19 was obtained from methanolic hydrogen
chloride by precipitation with ether and was a hygroscopic foam.

Anal. Caled. for C;,H,,CIN,0-0.25 H,0: C, 60.70; H, 6.86; N, 10.89.
Found: C, 60.63; H, 6.96; N, 10.65.

The dihydrochloride salt of 22 crystallized from methanol, mp
208-210°.

Anal. Caled. for CH,,Cl,N,0: C, 55.08; H, 7.27; N, 9.18. Found C,
54.85; H, 7.22; N, 8.89.

1-(z-Butoxycarbonyl)-4-[2-(V-chloroacetyl-N-ethyl)amino-1-hydroxy-
ethyl]indole (14).

A solution of 3.4 g (10 mmoles) of 8 in 40 ml of tetrahydrofuran was ad-
ded dropwise to an ice-cooled solution of 5 ml of 70% aqueous ethyl-
amine in 25 ml of tetrahydrofuran and the resulting mixture was stirred
at that temperature for 20 minutes. Methanol (100 ml) was added follow-
ed by 0.5 g of sodium borohydride in small protions, and the mixture was
stirred for 15 minutes. The solution was concentrated at reduced pres-
sure, diluted with water, and extracted with dichloromethane. Chroma-
tography of the residue obtained upon evaporation (elution with 10%
methanol-dichloromethane) afforded 2.0 g (67%) of amine 11 as a hygro-
scopic foam; nmr (deuteriochloroform): § 1.10 (t, 3H,J = 7 Hz), 1.67 (s,
9H), 2.68 (ABX;, 2H,J = 12,7 Hz), 2.85(dd, 1H, J = 12,9 Hz), 2.94 (dd,
1H, ] = 12, 4 Hz), 3.30 (s, 1H, OH), 5.16 (dd, 1H,J = 9, 4 Hz), 6.72 (dd,
1H,J = 3.8,0.9 Hz), 7.25-7.34 (m, 2H), 7.58 (d, 1H, J = 3.8 Hz), 8.08 (m,
1H).

Amine 11 (1.9 g, 6 mmoles) was partitioned between 100 ml of ethyl
acetate and 50 ml of water containing 2.8 g (20 mmoles) of potassium
carbonate and the mixture was cooled in an ice bath while 1 ml (12.8
mmoles) of chloroacetyl chloride was added. After 5 minutes, the ethyl
acetate layer was separated, washed with brine, dried (sodium sulfate)
and evaporated to an oil that was crystallized from ether-hexane to afford
2.2 g (92%) of 14, mp 117-118°; nmr (deuteriochloroform): showed a
70-30 mixture of rotamers, 6 1.12 (t, 3H, J = 7 Hz), 1.67 (s, 9H), 3.24 (q,
2H, ] = 7 Hz), 3.40-3.65 (m, 2H), 4.10 (s, 2H, major rotameter), 4.14 (AB,
2H, J = 12 Hz, minor), 5.21 (m, 1H, minor), 5.40 (broad d, 1H, major)
6.66 (d, 1H, ] = 4 Hz, minor) 6.87 (d, 1H, ] = 4 Hz, major), 7.20-7.36 (m,
2H), 7.58 (d, 1H, ] = 4 Hz, major), 7.63(d, 1H, J = 4 Hz, minor), 8.10 (m,
1H); ir (potassium bromide): 3600-3200, 1730, 1640 cm"'.

Anal. Caled. for C H,;CIN,O,: C, 59.92; H, 6.62; N, 7.35. Found: C,
59.70; H, 6.66; N, 7.13.

1<¢-Butoxycarbonyl)}-4{4-ethyl-5-0x0-2-morpholinyl)indole (17).

A solution of 2.0 g (5 mmoles) of 14 and 0.67 g (6 mmoles) of potassium
t-butoxide in 50 ml of tetrahydrofuran was stirred at room temperature
for 20 minutes, poured into water, and etracted with ether. The ether was
washed with brine, dried (sodium sulfate) and evaporated to afford 1.8 g
(87%) of 17 as a foam; nmr (deuteriochloroform: 6 1.10 (t, 3H,J = 7 Hz),
1.59 (s, 9H), 3.26-3.64 (m, 4H), 4.32 (AB, 2H, J = 16 Hz), 5.04 (dd, 1H,J
= 10, 3 Hz), 6.62 (d, 1H,J = 3.5 Hz), 7.18 (d, 1H, ] = 7 Hz), 7.24 (dd,
1H,J = 7.5,7.5 Hz), 7.56 (d, 1H, J] = 3.5 Hz),8.08 (d, 1H,]J = 7.5 Ha); ir
(potassium bromide): 1730, 1650 cm™'.

Anal. Caled. for C,,H,,N,0,: C, 66.26; H, 7.02; N, 8.13. Found: C,
66.27; H, 7.28; N, 8.30.

4-(4-Alkyl-2-morpholinyl)indoles
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4-(-Ethyl-2-morpholinyl)indole Monohydrogen Fumarate (20).

Lactam 17 (2.9 g, 8.4 mmoles) in 25 ml of tetrahydrofuran was added
slowly to a mixture of 1.0 g (26 mmoles) of lithium aluminum hydride in
25 ml of tetrahydrofuran and the resulting solution was heated under
reflux for 2 hours. Water (1 ml), 1 ml of 15% sodium hydroxide and 3 ml
of water were added sequentially and the suspension was filtered. Evap-
oration of the filtrate afforded 1.6 g (83%) of the free base of 20 as a
thick oil. This was dissolved in methanol and treated with 0.79 g (6.8
mmoles) of fumaric acid. Addition of ether precipitated the monohydro-
gen fumarate salt, mp 58-60°; nmr (deuteriodimethylsulfoxide): 6 1.11 (t,
3H,] = 7 Hz), 241 (dd, 1H,J = 11, 11 Hz), 2.52 (dd, 1H,J = 11, 2 Hz),
2.65(q, 2H,J = 7 Hz), 3.08 (broad d, 1H,J = 11 Hz), 3.21 (broad d, 1H, ]
= 11 Hz), 3.86 (ddd, 1H,J = 11, 11, 2 Hz), 4.08 (dd, 1H,J = 11, 2 Hz),
4.98 (dd, 1H, J = 11, 2 Hz), 6.56 (broad s, 1H, C-3H), 6.62 (s, 2H, fumaric
acid), 7.02 (d, 1H, J = 7.5 Hz), 7.06 (dd, 1H,J = 7.5, 7.5 Hz), 7.32 (broad
s, 1H C-2H), 7.34 (d, 1H, J = 7.5 Hz), 9.50 (broad, 2H, exchangeable),
11.30 (s, 1H, exchangeable).

Anal. Caled. for C,,H,,N,0,-0.9 H,0: C, 59.63; H, 6.61; N, 7.72. Found:
C, 59.84; H, 6.50; N, 7.34.

4-(4-n-Propyl-2-morpholinyl)indole Monohydrogen Fumarate (21).

This material was prepared analogously to 20 without isolation of
intermediates with the exception of lactam 18 that was purified by
chromatography. The overall yield from 8 was 61%, mp 72-74°; nmr
(deuteriodimethylsulfoxide): & 0.88 (t, 3H, J = 7 Hz), 1.55 (m, 2H), 2.36
(dd, 1H,J = 11, 11 Hz), 2.40-2.60 (m, 3H), 3.02 (broad d, 1H, ] = 11 Hz),
3.15 (broad d, 1H,J = 11 Hz), 3.85(dd, L1H,J = 11,11 Hz),4.05(d, 1H, ]
= 11 Hz),4.96 (d, 1H,J = 11 Hz), 6.55 (broad s, 1H), 6.63 (s, 2H, fumaric
acid), 7.00(d, 1H,J = 7.5 Hz), 7.06 (dd, 1H,J = 7.5 Hz),7.31(d, 1H,] =
2 Hz), 7.38 (d, 1H, J = 7.5 Hz), 10.5 (broad, 2H, exchangeable), 11.16 (s,
1H, exchangeable).

Anal. Caled. for C,,H,N,0,-0.75 H,0: C, 61.03; H, 6.71; N, 7.77.
Found: C, 61.31; H, 6.75; N, 7.42.
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