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The Preparation and Reduction of 5-Cyano-3-indolvlketones.
Svnthesis of >-Cyanotryptamines.
Joseph |. DeGraw, Jill G. Kennedy and W. A. Skinner

The acylation of indoles under acidic conditions has been studied. Stannic chloride
was shown to be an effective catalyst for the preparation of some 3-acylindoles, notably
5-cyano-3-indolylketones. The various 5-cyano -3 -indolylketones were reduced with
sodium borohydride to yield either the 5-cyano-3-carbinols or 5-cyano-3-alkylindoles.
5-Cyanotryptamines were obtained by reduction of appropriate a-dialkylamino and a~azido-

ketones.
yield 5-cyanoindole is also described.

The usual method for the preparation of 3-indolyl-
ketones has been the reaction of an indolylmagnesium
halide with an appropriate acid chloride. However,
this method cannot be employed in the presence of
functional groups that are incompatible with Grignard
reagents. The synthesis of 3 -indolylketones by
acylation under acid catalyzed conditions has not
been extensively investigated. In a recent publi-
cation, which indicated 3-acylindoles to be of value
as antidepressants, Szmuszkovicz, et al. (1) pre-
pared some of these ketones by the action of phos-
phoryl chloride and N, N-dimethyl carboxamides on
indole. Anthony (2) had previously investigated this
method of preparation even more extensively, ob-
taining good yields in most cases studied. The
synthesis of 5-nitro-3 -acetylindole by the stannic
chloride catalyzed reaction of 5-nitroindole and
acetic anhydride has also been reported (3). In
this work we have extended the use of the stannic
chloride procedure and made a comparison with
some other methods, using 5-cyanoindole as a re-
actant.

The reaction of 5-cyanoindole with anhydrous
stannic chloride and an acid chloride in benzene

afforded the 5-cyano-3-indolylketones in yields of .

38 to 70%. Indole itself gave mostly red tars under
these conditions. It was found that acid chlorides
gave better yields and cleaner products in this re-
action, than did the acid anhydrides. This may
be due to the lower quantities of stannic chloride
required to condense the acid chlorides. The effects
of variation of the solvent or the nature of the' Lewis
acid" were not investigated.

Three other general procedures involving acid
catalyzed acylation were also studied. The first
of these was the phosphoryl chloride-carboxamide
method discussed above. When 5-cyanoindole was
treated with phosphoryl chloride and N, N-dimethyl-
acetamide at 85-90° according to the procedure of
Anthony (2), only unchanged 5-cyanoindole was ob-
tained. This seems remarkable in view of the facile
acylations of indole obtained by this method. 5-
Cyano-3-indolylaldehyde (I) was readily prepared,
however, by the phosphoryl chloride and dimethyl-

A cleavage reaction of the carbinols involving loss of the 3-side chain to

formamide method (4). The second method investi-
gated involved the use of polyphosphoric acid (5) and
acetic acid at 55° which gave only a 17% yield of
3 -acetyl - 5-cyanoindole (II). A third and more
successful process was the trifluoroacetic anhydride
(6) catalyzed reaction of acetic acid with 5-cyano-
indole. When the reactants were used in a 2:1:6:1
molar ratio, respectively, a 68% yield of 3-acetyl-
5-cyanoindole was obtained. The treatment of 5-
cyanoindole with trifluoroacetic anhydride alone gave
an 88% yield of the 3-trifluoroacetyl derivative (VII).

Reduction of ketones (I, IV, VI, VII) with sodium
borohydride in hot ethanol yielded the corresponding

R

OH H(@H" OR-
@\j»cm' —CHR
I — e —
N N
A

Ro
\@\jrcoclv-m, XVl R, =H
N 8r Ro=CN
i

indole + R' CHO

H XVIIl R, =CHg
R2'CN
XiX Ry =H
R2'N02
OH OH

i |
R\( I—jl CHCHoNg [: j\—j—CHCHZNHZ
|
N N

|
H H

XXXVII R=CN XX XIX

XXXVIIE R=H



10

I
I

VI
VII
VIII

IX
X
XI
XI1
XII
X1
XV
XV1

(a) Yield for method A.
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m.p.,°C

254-255

> 300
262-264.5
250-252.5
288-290
259-261
269-271
88-90
52-55
158.5-160
143.5-144
75-77.5
79-81

oil
160-161.5
97-101

C, 77.9; H, 7.38; N, 13.8.

TABLE 1

5-Cyanoindole Derivative

NC

Yield
(%)

66
70 (a)
69 (a)
65(a)
55 (a)
38(a)
88
26
63

.5 31 (b)
.5 22

10(c)
24 (d)
13 (e)
41

49 (c)
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Cc

70.
71.
72.
73.
78.
78.
55.
72.
72.
7.
55.
717.
78.

82.
82.

TABLE I

NOOCwW WO o300

7
9

Calcd.

[l

SN U W

H

.53
.38

05
70

.09
. 65
.12
.00
.59

38

.94
.92
.57

.21
.73

(d)

N

18.
15.
14.
13.
11.
10.
11.
14.
13.
10.
11.
16.
15.

12.
11.

o -Azido and «-Dialkylamino-3-indolylketones

Compound Ry Ry Ry
XX CN Ns H
XXI CN NMe, H
XX CN NEt, H
XXI11 CN N > H
XXIV CN N O H

/
XXV CN Ng CHg
XXVI CN NMe, CH;g
XXVII NO, NMe, H
XXVII H Ng H
XXIX H NMe, H

(a) Lit. (9), m.p. 208-209°

R,

m.p.,°C

220-225
252-255
196.5-198.5

207-213

220-224

190-192
219-222
250-255
184-186
203-205(a)

88

49

83

34
50
61
92
71

COGHR3

58.
68.
70.

71.

66.

60.
69.
58.
60.
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c W an

Calcd.
H

(3]

(5]

o, W

.13
77
.7

.41

.61

.79
.27

30

.03

Analysis

N O3+ O wawikhHEDNOD

1
4

C

70.
71.
72.
73.
8.
78.
55.
72.
72.
1.
55.
1.
78.

83.
83.

Product isolated chromatographically; lower yields were
Recrystallized from benzene.
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H

.87
.35
.05
.84

27

.80
.24
.94
.66
.48
.01
.02
.70

20
70

N

16.
15.
14.
13.
11.
10.
11.
13.
13.
10.
12.
16.
15.

12.
11.
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3
3

obtained by direct
Recrystallized from cyclohexane.
(e) Although this oil appeared to be chromatographically homogeneous and its infrared spectrum was

Analysis

N C
31.1 58.6
18.5 68.5
16.5 70.3
15.7 72.1
15.6 66.9
29,3 60.1
17.4 69.6
17.0 57.9
28.0 59.8

Found:

Found
H N

3.29 30.8
5.76 18.5
6.77 16.3
6.50 15.6
5.78 15.6
3.93 29.0
6.23 17.5
5.21 16.8
4.11 28.0
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TABLE III
Tryptamines
R
CH»CH»o
|
R2
Analysis
Yield Caled. Found
Compound Ry R, m.p.,°C % C H N o] H N
XXX CN NH, Picrate 232-234.5 17 49.3 3.41 20.3 49.6 3.79 19.9
XXX1 CN NMe, 110-112.5 32 73.2 7.09 19.7 72.8 6.98 19.4
XXXII CN NEt, Picrate 220-223 19 53.6 4.71 17.9 54.1 5.20 18.0
XXX1I CN N > Picrate 193.5-195 28 54.8 4.60 17.4 55.0 4.99 16.9
XXXV CN N O Picrate 240-242 46 52.1 4.16 17.4 52.0 4.21 17.7
XXXV NO, NMe, Hydro- 280-282 (a) 48
chloride
XXXVI H NMe, 42-43 (b) 49

(@) Lit., (11) m.p., 268-270°. (b)

alcohols as crystalline solids. However, the methyl-
ketone (II), under a variety of conditions, would only
afford an unstable syrup, free of carbonyl absorption
in the infrared. The phenylketone (V) gave an impure,
carbonyl-free product that was mostly 3-benzyl-5-
cyanoindole. Reduction of V at lower temperatures
gave a product which was mainly the alcohol, but
analytically impure.

Prolonged treatment of the ketones with sodium
borohydride in refluxing 1-propanol gave unexpected
results. The main products of the reductions were
the corresponding 3-alkyl-5-cyanoindoles. This in
itself was not unusual since Ames, et al. (7) reduced
3-acetylindole to 3-ethylindole with lithium borohy-
dride in hot tetrahydrofuran. However, an accompa-
nying side product, which was formed in signifi-
cant amounts in each case, was found to be 5-cyano-
indole. This indicates that a side chain fragmentation
occurs in competition with the reduction (8). A
plausible mechanism for the loss of the 3-substituent
during the borohydride reduction of 3-acylindoles is
the following. The ketone undoubtedly isfirst reduced
to the hydroxy compound (i) which then undergoes a
base catalyzed decomposition requiring an isomer-
ization of the indole system to an indolenine. The
indolenine intermediate (ii) would then suffer ex-
change of the alcohol proton to the alkoxide medium
and a collapse of the resulting ion to form an alde-
hyde and indole. The aldehyde fragment would of
course be reduced to the corresponding alcohol. To
partially support this mechanism the 5-cyano-3-
(1-hydroxy-2-phenethyl)indole (X) was treated with

Lit., (13) m.p., 49-50°.

sodium borohydride in 1-propanol and yielded 5-
cyanoindole and 5-cyano-3-phenethylindole (XVT).

A more useful extension of this work was its
application to the synthesis of 5-cyanotryptamines
by the borohydride reduction of appropriate 5-cyano-
3-dialkylaminomethyl- and 5 -cyano-3-azidomethyl-
indolylketones. These tryptamines would not be
obtainable from other methods requiring the use of
powerful reducing media.

3-Acetyl-5-cyanoindole (II) was treated with bromine
in methanol - dimethylformamide and the resulting
o - bromoketone (XVII) was allowed to react with
various secondary amines to yield the 5-cyano-3-
dialkylaminomethylketones (XXI-XXIV), essentially
following the procedure of Bodendorf and Walk (9).
The azido ketone (XX) was readily prepared by dis-
placement of the bromine atom with sodium azide
in aqueous dimethylformamide. Bromination of 5-
cyano - 3 - propionylindole (III) could not be carried
out by the above method, but was achieved by the
novel reagent, trimethylphenylammonium tribromide
(10) to yield the bromoketone (XVIII). Displace-
ment of the bromine was likewise readily effected
with dimethylamine or sodium azide.

Reduction of the azido ketone (XX) or the dialkyl-
amino ketones (XXI-XXIV) with sodium borohydride
in refluxing 1l-propanol afforded the corresponding
substituted 5-cyanotryptamines (XXX-XXXIV) along
with 5-cyanoindole. However, the 5-cyano-3-azido
and dimethylaminopropionyl ketones (XXV and XXVT)
afforded only meager yields of nonidentifiable pro-,
ducts when reduced with sodium borohydride under
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a variety of conditions. In addition 5-nitro-N,N-
dimethyltryptamine (XXXV) was prepared from the
5-nitro-3-dimethylaminoketone (XXVII) by reduction
in 1-propanol. The latter tryptamine was previously
synthesized by Shaw and Wooley (11) from 5-nitro-
3-chloroethylindole.

Attempts to prepare the hydroxyamines from the
aminoketones by reduction with sodium borchydride
under milder conditions (12) were unsuccessful. The
5 - cyano - 3 -dialkylaminomethylketones were fairly
resistant to reduction with sodium borohydride in
methanol or ethanol. In contrast, even the hindered
5-cyano - 3 -acylindoles were easily reduced to al-
cohols in those solvents. The 5-cyano-3-azido ketone
(XX) underwent facile reduction to the hydroxy-
azide (XXXVI) in ethanol at room temperature.

It was also of interest to examine the behavior
of compounds related to those previously discussed,
but without substituents on the indole nucleus. Re-
duction of the dimethylaminoketone derivative (XXIX)
(7,9,12) with sodium borohydride in hot 1-propanol
gave N, N-dimethyltryptamine (XXXVI) and indole as
expected. 3 -Azidoacetylindole (XXVIII) could be
easily reduced with borohydride to the hydroxy azide
(XXXVI). Hydrogenation of the hydroxyazide over
platinum oxide afforded 3-(2-amino-1-hydroxyethyl)
indole (XXXIX), isolated as its picrate salt (7).

EXPERIMENTAL

Reaction of 5-Cyanoindole with:

A. Acid Chlorides and Stannic Chloride.  The following preparation
of 3-acetyl-5-cyanoindole (II) is representative of the procedure used
to prepare the related ketones listed in Table [ To an ice cold
suspension of 25.0 g. (0.176 mole) of S-cyanoindole in 400 ml. of
henzene containing 21.5 ml. (0.302 mole) of acetyl chloride was added,
dropwise with stirring, a solution of 35.5 ml. (0.3056 mole) of anhydrous
stannic chloride in 100 ml. of henzene. An orange-red complex pre-
cipitated and the mixture was stirred at 0-5° for 1 hour and mixed
with 1250 ml. of icc cold water. The resulting mixture was stirred
for 30 minutes at 0-5° and the solid collected by filtration, washed
thoroughly with water and dried. The crude material was treated
with 800 ml. of hol acetone and allowed to stand for a few hours.
The product was collected and dried to yield 20.0 g. of off-white
crystals, m.p. >300°. A second crop of 2.8 g., m.p. >300°, was
obtained by concentration of the mother liquors to 300 ml. The total
yield of 3-acetyl-5-cyanoindole was 22.8 g, or 70%; A max (Nujol)
(u) 3.10 (NH), 4.45 (C=N), 6.10 (ketone, C=0).

B. Acid Anhydride and Stannic Chloride. This rcaction was con-
ducted as above with 3.90 g. (27 mmoles) ol 5-cyanoindole, 4.3 ml.
(43 mmoles) of acectic anhydride and 9.7 ml. (80 mmoles) of stannic
chloride to give a crude yield of 4.67 g. (93%), of II, m.p. 230-300°,
This material was dark colored and required a recrystallization from
75 ml. of acctonitrile to yield 3.26 g. (65%), m.p. 300-305°. The
purilicd material was still of inferior quality as compared with that
obtained by the acid chloride procedure. Runs with propionic anhydride
pave similar results.

G. Trifluoroacetic Anhydride. To 12 ml. of ice cold trifluoro~
acetic anhydride was added slowly 2.00 g. of 5-cyanoindole and the
mixture was stirred at room temperature for 4 hours. The mixture
was evaporated to dryness % vacuo and the residue was stirred between
10 ml. of cther and 10 ml. of saturated aqueous sodium bicarbonate
solution. The solid was collected, washed thoroughly with water and
cther and dried to leave 2.91 g. (88%) of the trifluoroketone (VID).
An analytical sample was obtained by recrystallization from ethanol;
A max (Nujol) (@) 3.05 (NH), 4.45 (C=N), 6.05 (C=0, ketone), 8.35,
8.70 (CFy).

Reduction of Ketones with:
A. Sodium borohydride in Ethanol. Ethanolic solutions of cqual
weights of the ketones and sodium borohydride were refluxed for 1

hour. The solvents were removed in vacuo and the residues diluted
with water. Solid products at this stage were collected by filtration
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and liquid ones extracted into chloroform. The crude products were
cither extracted with hot benzene and recrystallized from the solvent
or were chromatographed on silica gel. The methyl ketone (II) gave
only an unstable syrup when reduced at 0-5°, room temperature or
at reflux. Its infrarcd spectrum showed no carbonyl absorption at
6.10 g. The phenyl ketone (V) gave mostly 3-benzyl-5-cyanoindole
(XV) when run at reflux as shown by infrared comparison with analyti-
cally pure material. When the reaction was conducted at room temper-
ature a crystalline solid, m.p. 129-131.5°, was obtained whose analysis
(Caled. for CygHypN,O: C, 77.4; H, 4.87; N, 11.28. Found: C, 75.9;
H, 5.00; N, 11.39) indicated it to be mostly the alcohol.

B. Sodium Borohydride in 1-Propanol. Solutions of the ketones
(1 g.) and sodium borohydride {2 g.) in 25 ml. of 1-propanol were
stirred at reflux for 15 hours. The solvent was evaporated in vacuo
and the residues werc partitioned between chloroform and water.
Evaporation of the chloroform gave 70-90% yields of crude products,
which showed the presence of two spots (R, 0.5 and 0.6-0.75) on
silica gel thin layer plates when developed with chloroform and
detected with iodine vapor. The spot at Rg, 0.5 was identical with
that of 5-cyanoindole and the faster moving spots were the 3-alkyl-5-
cyanoindoles (XII-XVT). No spots corresponding to the previously
described ketones or alcohols (Rg, 0-0.2) were detected. The alkyl-
indoles were obtained in low yield either by repeated recrystallization
from henzene or cyclohexane or by column chromatography on silica
gel.  From the reduction of the isobutylketone (IV), 5-cyanoindole
was isolated by column chromatography and identified by its infrared
spectrum. The trifluorokctone (VII) was not investigated under these
reduction conditions. Exposure of the alcohol (X) to the above re-
duction conditions afforded 5-cyanoindole and 5-cyano-3-phenethyl-
indole (XVID) as shown by thin layer chromatography.

3-Bromoacetyl-5-cyanoindole (XVII).

To a solution of 5.00 g. (27.2 mmoles) of 3-acetyl-5-cyanoindole
(II) in 50 ml. of dimethylformamide at 50° was added slowly a solution
of 2.5 ml. (45.8 mmoles) of bromine in 75 ml. of methanol. The
mixture was stirred for one hour at 50° and allowed to stand at room
temperature for 15 hours. The white precipitate that formed was
collected, washed with water, and dried to leave 5.45 g. (76%) of
product, m.p. 278-284° (dec.). An analytical sample, m.p. 288-292°,
was obtained by recrystallization from acetonitrile.

Anal. Caled. for CyHBrN,O: C, 50.2; H, 2.68; Br, 30.4. Found:
C, 50.2; H, 3.00; Br, 29.9.

3-(2-Bromopropionyl)-5-cyanoindole (XVII).

A mixture of 2.01 g. (10.3 mmoles) of 5-cyano-3-propionylindole
(Un, 3.6 g. (9.6 mmoles) of trimethylphenylammonium tribromide
(10) and 75 ml. of tetrahydrofuran was stirred at 35-40° for 27 hours.
The solvent was removed in vacuo and the residue stirred with 100
ml. of water. The insoluble product was collected, washed thoroughly
with water, and dried to leave 2.81 g. (99%), of XVII, m.p. 259-
262° (dee.). Recrystallization from acetone of material from another
run provided an analytical sample, m.p. 244 -246°. Considerable
variation in melting points was observed for different rums, although
the infrared spectra were essentially the same.

Anal. Caled. for CypHyBrN,O: C, 52.0; H, 3.27; Br, 28.8. Found:
C, 51.9; H, 3.39; Br, 28.9.

3-Bromoacetyl-5-nitroindole (XIX).

This bromoketone was prepared by the same procedure for 3-bromo-
acetvl-5-cyanoindole (XVII). The product, m.p. >300°, was obtained
in 46% yield after recrystallization from ethanol-dimethylformamide.

Anal. Caled. for CyoHyBrN,O3: C, 42.4; H, 2.49; Br, 28.2. Found:
C, 42.6; H, 2.59; Br, 27.8.

a-Azido-3-indolylketones.

A mixture of the appropriate 5-cyano-a-bromoketone (1 g.), sodium
azide (2 g.) and 83% dimethylformamide (60 ml.) was stirred at 40°
for 15 hours. The mixture was diluted with 30 ml. of water and the
precipitate was collected, washed with water and dried. The crude
products were recrystallized from aqueous dimethylformamide. 3-
Azidoacetylindole (XXVIII) was similarly prepared from 3-bromoacetyl-
indole (9) but in 83% methanol and the product was recrystallized
from ethanol. The azido ketones exhibited prominent bands at 4.7
microns in the infrared. The data for these compounds appear in
Table II.

@ -Dialkylamino-3-indolylketones.

The various @ -bromoketones were allowed to react with a 3-4 mole
excess of an appropriate secondary amine in refluxing 2-propanol,
according to the general procedure of Bodendorf and Walk (9). The
data for these compounds are presented in Table II.

Substituted Tryptamines.
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The appropriate dialkylaminoketone or azidoketone was refluxed with
twice its weight of sodium borohydride in 1-propanol for 15 hours.
The solvent was evaporated i# vacuo and the residue was partitioned
between water and chloroform. The chloroform extract was extracted
with 3N -hydrochloric acid to separate the tryptamines from ac-
companying 3 - unsubstituted indoles. 5-Cyanoindole (identified by
infrared analysis and mixed melting point determination) was obtained
from the reduction of XXI and indole (identified by infrared spectrum)
was obtained from XXIX. The acid extracts were alkalized with 10%
sodium hydroxide and the liberated bases extracted into chloroform.
The tryptamines were isolated either as the free base or picrate
salt. The data for the tryptamines appear in Table IIL

3-(2-Azido-1-hydroxyethyl)-5-cyanoindole (XXXVII).

A mixture of 0.50 g. (13.3 mmoles) of sodium borohydride, 0.50
g. (2.2 mmoles) of 3-azidoacetyl-5-cyanoindole (XX) and 10 ml. of
ethanol was stirred at room temperature for one hour. The ethanol
was cevaporated iz vacuo and the residue was taken up in 30 ml. of
water. The aqueous solution was extracted with four 15-ml. portions
of chloroform. The chloroform extract was dried over magnesium
sulfate and evaporated in vacuo to leave 0.43 g. (84%) of a syrup,
which later solidified to give pale green plates, m.p. 121-123°% A
max (Nujol) () 3.05 (OH, NH), 4.49 (C-N), 4.76 (Ng).

Anal. Caled. for CyHyNgO: C, 58.1; H, 3.99; N, 30,8,
C, 58.5; H, 4.52; N, 30.6.

3-(2-Azido-1-hydroxyethyl)indole (XXXVIII).

Found:

To a stirred suspension of 0.70 g. of 3-azidoacetylindole {XXVIID
in 28 ml. of methanol was slowly added 0.70 g. of sodium boro-
hydride. The mixture was stirred at ambient temperature for 1 hour
and evaporated in vacuo. The residue was partioned between 30 ml.
of water and 30 ml. of ether. The ether extract was washed with
10 ml. of water, dried over magnesium sulfate and evaporated in
vacuo to leave 0.53 g. of a clear syrup; A max (film) (u) 2.95 (OH,
NH), 4.75 (N3), 9.55 (C-OH), 7o ketone at 6.0-6.1,

3-(2-Amino-1-hydroxyethyl)indole Picrate {XXXIX).

A mixture of 0.53 g. of the azido alcohol (XXXVIID, 50 mg. of
platinum oxide and 10 ml. of ethanol was stirred under an atmosphere
of hydrogen for 5 hours. Only uptake for the catalyst was observed.
The catalyst was removed by filtration and the filtrate was evaporated

5-Cyano-3-indolylketones. Synthesis of 5-Cyanotryptamines
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in vacuo to leave a viscous syrup. The infrared spectrum showed
complete loss of the azide band and strong OH, NH absorption with
association typical of amino alcohols. The syrup was dissolved in 5
ml. of ethanol and added to 0.65 g. of picric acid in 50 ml. of warm
water. The resulting yellow, crystalline precipitate was collected,
washed with water and dried to leave 0,80 g., m.p., 146-150° (dec.).
A 200 mg. portion was recrystallized from 5 ml. of ethanol to yield
55 mg. of picrate, m.p. 148-150° (dec.). Ames, ef al. (7) had
previously obtained this material by reduction of 3-N-carbobenzoxy-
glycylindole; picrate, m.p. 100° (dec.).

Anal. Caled. for CygH gNsOq: C, 47.4; H, 3.73; N, 17.3.
C, 48.1; H, 3.73; N, 17.7.

Found:
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