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Two mutagenic compounds were isolated from the pyrolysate of soybean globulin: 2-amino-3-
methyl-9#-pyrido[2,3-6]indole (MeAC) and 2-amino-3-ethyl-9//-pyrido[2,3-6]indole (EtAC).
These two and other 3-substituted derivatives were synthesized by the condensation of 2-

aminoindolewith enaminonitriles, and tested for their mutagenic activity. The bulkiness of the alkyl
group at C-3 position adjacent to the amino group was related to the mutagenic strength. 2-Amino-
3-butyl-9i/-pyrido[2,3-6]indole and the bulkier alkyl derivatives were not mutagenic.

Two kinds of potent mutagenic principles
toward Salmonella typhimurium TA98 and

TA100 were isolated from the pyrolysates of
protein and of tryptophan, and the structures

were determined to be 2-amino-9//-pyrido-
[2,3-6]indole (la) and 2-amino-3-methyl-9//-

pyrido[2,3-6]indole (lb) as shown in Fig. 1 by

X-ray analysis.1>2) The amounts of these com-
pounds isolated were too small for the fur-

ther study on several biological activities
such as carcinogenicity in animal. Therefore,
the synthesis of these compounds in large

scale by a facile method was urgently desir-
able. We previously reported that a certain

amino group was important for mutagenic
activities of 7V-heterocyclic bases in the Sal-

monella/micvosome test system.3) The muta-

genic activity of la is higher than that of 3-
methyl derivative (lb).1} In connection with a

research program on the structure-activity re-
lationship of mutagenic compounds, the effect
of the alkyl group adjacent to the amino group
on the mutagenic activity should be investi-
gated.

Wepreviously reported on the synthesis of
la.4) This paper deals with the synthesis and

f Presented at the Annual Meeting of the Agricultural
Chemical Society of Japan, April, 1980, Fukuoka.

Abbreviations: AC, 2-amino-9i7-pyrido[2,3-&]indole;

MeAC, 2-amino-3-methyl-9/f-pyrido[2,3-Z)]indole; EtAC,
2-amino-3-ethyl-9//-pyrido[2,3-6]indole.

Fig. 1.
la R=H 2-Amino-9i/-pyrido[2,3-6]indole (AC)

lb R=CH3 2-Amino-3-methyl-9/7-pyrido[2,3-6]indole

(MeAC)
lc R=CH2CH3 2-Amino-3-ethyl-9//-pyrido[2,3-

6]indole (EtAC)

the mutagenic activity of lb and the other 3-
alkyl derivatives, and the identification of 2-
amino-3-ethyl-9#-pyrido[2,3-6]indole (lc) in

the pyrolysate of soybean globulin.

S

ynthesis of alkyI derivatives of 2-amino-9H-

pyrido [2,3-b]indole
The synthesis of 3-alkyl derivatives (lb~g)

of 2-amino-9i/-pyrido[2,3-Z>]indole by the con-

densation of enaminonitriles (5b~g) with 2-
aminoindole (6) was carried out as shown in
Fig. 2. Five kinds of the alkyl derivatives

(2b~g) of diethyl malonate were treated with
a saturated solution of ammonia in methanol
to give the amides (3b~g).5) The mixture of
the amides and phosphorus pentoxide placed

in a flask was heated to dehydrate. After
vaccumedistillation, the nitriles (4b ~g) were
obtained.6) The nitriles were reduced with

lithium aluminum hydride to give the cor-
responding enaminonitriles (5b ~ g).7'8) The re-
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Fig. 2. Synthetic Route ofMeAc (lb) and Other 3-Alkyl
Derivatives (lc ~ g).

duction of onitrobenzylcyanide with tin and
hydrochloric acid gave 2-aminoindole (6).9)
Six kinds of the 3-alkyl derivatives (lb~g)

were prepared by the condensation of 5b~g
with 6 in sodium ethoxide solution.

The structures of the compounds prepared
were confirmed by mass and NMR spectros-
copy. Characteristic fragment peaks were ob-
served in the mass spectra of lb~g. The peak

at m/z 197 was parent one of lb. A high-
intensity peak at m/z 196 was commonly
found in the spectra of lc~g. This shows /?-

cleavage of the alkyl C-C bonds. In the *H-

NMR spectrum of lb, the singlet at 5 2.21 was
undoubtedly due to three protons of methyl

group. Two single-proton doublets centered
atS 6.40 (/354=8.3Hz) attributed to C-3-H

(pyridine jS-proton) and S 8.04 (.734=8.3
Hz) attributed to C-4-H (pyridine y-proton)

in the spectrum of la were not observed in
thatof lb. The single-proton singlet was ob-

served at <57.9O corresponding to the latter

chemicalshift due to C-4-H. The signal for C-

2-NH2 (pyridine a-amino protons) of lb was
observed as a singlet at (55.85. The zW-NH

absorbed quite unexceptionally at 5 1 1.04. The
signals of four protons on the benzene ring

were observed from (5 7.00 to (5 7.84. Similarly,
^-NMR spectra of lc~g supported the
presence of an ethyl, propyl, butyl, amyl,
and benzyl group at C-3 position of pyri-

dine moiety, respectively. The synthetic com-
pounds lb and lc showed the same mass and
NMR spectra as those of MeAC and EtAC
obtained from globulin pyrolysate.

M

utagenic activity of alkyl derivatives of 2-
amino-9H-pyrido [2, 3-b\ indo le

Six kinds of the alkyl derivatives of la were
tested for their mutagenic activity by Ames

test10) and rec-assay.n) lb and lc showed
substantially the same mutagenic activity as
those of MeAC and EtAC obtained from the
pyrolysate of soybean globulin. Table I in-

dicates the relationship between the bulkiness
of the C-3 alkyl group and the strength of
mutagenic activity of the 3-alkyl derivatives.
Ames test and rec-assay gave the similar re-

sults. An increase in the number ofcarbons of
the alkyl group was accompanied by a de-
crease in the mutagenic activity. The deriva-
tives (le ~ g) having the alkyl group composed
of more than four carbons did not show any
mutagenic activity.

These results suggested that the activation
of the C-2 amino group by liver-homogenate

Table I. Mutagenic Activities of la~g

C o m p o u n dN o .
T A 9 8 re v erta n ts/ lO n m o l"

L en g t h s o f in h ib itio n zo n e s (m m )/0 .3 /xm o l6

H 1 7 R e c + M 4 5 R e c "

l a        H 7 9 0 6.9

l b       C H , 5 60 5.4

l c 3 20 5.0

I d       C 3 H , 60 3.9

le       C 4 H 9 0 0             0

If        C .H ^ 0 0             0

Ig 0 0             0

Tested b y A m e s te st.

Tested b y rec -a ssa y .
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was hindered sterically by a substituent near
by and/or so was the binding ofDNA and the
activated compound.

EXPERIMENTAL

All melting points and boiling points were uncorrected.
NMR spectra were recorded at 100MHz with TMS as an

internal standard on JEOL JNM-FX100 spectrophotom-
eter. IR spectra were recorded on JASCO IRA-3 spectro-
photometer. Mass spectra were obtained at 70eV using
a Hitachi RM-50GC mass spectrometer. High perfor-
mance liquid chromatography was carried out on a

JASCO TRI ROTAR.
3-Amino-2-methylacrylonitrile (Sh).1] Diethyl methyl-

malonate (2b) (lOOg) was dissolved in methanol (500ml)
and liquid ammonia (300 ml) was added. The mixture was
allowed to stand in a stoppered flask at room temperature
fora week. Deposited methylpropanediamide (3b) was

collected by filtration in a yield of 66.4g (99.7%), mp
210°C. A mixture of3b (66.4g) and phosphorus pentoxide
(120g) was heated at 200°C. The reaction mass frothed
and blackened. The product was distilled (15 ~ 30 mmHg)
and sublimed. Methylpropanedinitrile (4b) was obtained
in a yield of32.0g (70%). 4b (6.9g) dissolved in a mixture
ofether (20ml) and tetrahydrofuran (40ml) was added in
drops to a stirred solution of lithium aluminum hydride
(5g) in a mixture of ether (400ml) and tetrahydrofuran
(100ml) at 20 ~25°C. After stirring for an additional 4hr,
water (10ml) was added carefully. The organic layer was

then washed thoroughly with 20% sodium hydroxide
solution (10ml) followed by water (30ml). Filtration,

dehydration (potassium carbonate), and fractional distil-
lation gave 5b in a yield of 1.05g (15%), bp 65~68°C (1
mmHg). MS ra/z: M+ 82 (44%), 81 (44), 55 (42), 54 (83),

28 (100).

3-Amino-2-ethylacrylonitrile (ScJ.8) Metallic sodium

(ll.5g) cut into small pieces was added to absolute
ethanol (250ml). To the stirred solution of sodium

ethoxide, diethyl malonate (82.5g) was added and then
ethylbromide (55 g) gradually added. After heating for an

additional 2hr under reflux, the sodium bromide was
filtered and the major part ofethanol was then removed in

vacuo. The residue was distilled in vacuo and diethyl
ethylmalonate (2c) (78g, 80.6% yield) was obtained, bp

100~102°C (16 mmHg). Compound 5c was prepared
using 2c according to the procedures similar to those of
5b. Ethylpropanediamide (3c) (49.6 g) obtained from 2c
(78 g) using a saturated solution of ammonia in methanol
was dehydrated by phosphorus pentoxide to give ethyl-

propanedinitrile (4c) (27.9 g, 77.7% yield). The reduction

of4c (8.1 g) with lithium aluminum hydride gave 5c (2.2 g,
27.0% yield), bp 72°C (1 mmHg). MS m/z: M+ 96 (17%),

81 (100), 54 (47), 28 (53).

Compounds 5d~g were prepared similarly using pro-

pylbromide, butylbromide, amylbromide, and benzyl-
bromide,

 respectively.

 3-Amino-2-propylacrylonitrile (Sd). Diethyl propylma-
lonate (85g), bp 109~ 114°C (16 mmHg), obtained from
diethyl malonate (82.5 g) and propylbromide (61.5 g) was
converted into propylpropanediamide (3d) (58.7 g, 96.9%
yield) using a saturated solution of ammonia in methanol.
3d (58.7g) was dehydrated by phosphorus pentoxide to
give propylpropanedinitrile (4d) (30.9 g, 70. 1 % yield). The
reduction of 4d (9.3g) with lithium aluminum hydride
gave 5d (2.9g, 30.6% yield), bp 75°C (1 mmHg). MS m/z:
M+ 110 (15%), 81 (100), 54(47), 28 (51).

 3-Amino-2-butylacrylonitrile (Se). Diethyl butylma-
lonate (2e) (64g), bp 121 ~129°C (17 mmHg), obtained
from diethyl malonate (82.5 g) and butylbromide (68.5 g)
was converted into butylpropanediamide (3e) (45.4 g, 97%
yield) using a saturated solution of ammonia in methanol.
3e (45.4g) was dehydrated by phosphorus pentoxide to
give butylpropanedinitrile (4e) (27.6 g, 78,7% yield). The
reduction of 4e (10.5 g) with lithium aluminum hydride
gave5e(1.6g, 15.0% yield), bp 95-102°C (1 mmHg). MS
m/z: M+ 124 (10%), 81 (100), 54 (37), 28 (40).

 3-Amino-2-amylacrylonitrile (Sf). Diethyl amylma-
lonate (2f) (75g), bp 136~143°C (16 mmHg), obtained
from diethyl malonate (82.5 g) and amylbromide (75.5 g)
was converted into amylpropanediamide (3f) (54.6g,
97.5% yield) using a saturated solution of ammonia in
methanol. 3f (54.6g) was dehydrated by phosphorus
pentoxide to give amylpropanedinitrile (4f) (36.6 g, 84.6%
yield). The reduction of 4f (1 1.7 g) with lithium aluminum
hydride gave 5f (6.4g, 53.9% yield), bp 110~115°C (1
mmHg). MSm/z: M+ 138 (6%), 81 (100), 54(25), 28 (23).

 3-Amino-2-benzylacrylonitrile (5g). Diethyl benzyl-
malonate (2g) (62g), bp 123~130°C (0.1 mmHg) ob-
tained from diethyl malonate (82.5 g) and benzylbromide
(85.5 g) was converted into benzylpropanediamide (3g)
(45.8 g, 96% yield) using a saturated solution of ammonia
in methanol. 3g (45.8 g) was dehydrated by phosphorus
pentoxide to give benzylpropanedinitrile (4g) (13.4g,
36.1% yield). The reduction of 4g (13.4g) with lithium
aluminum hydride gave 5g (2.6g, 19.2% yield), bp
138~145°C (0.27 mmHg). MS m/z: M+ 158 (96%), 130
(100), 91 (55), 81 (62), 51 (52), 28 (65).

 2-Aminoindole (6). To a mixture of o-nitrobenzyl-
cyanide (16g), tin (20g) and ethanol (200ml) was slowly
added hydrochloric acid (90ml) with stirring at about
 30°C for 3 hr. The solution was concentrated in vacuo to a
volume of approximately 50 ml. After cooling with an ice
bath, tin salt (28 g) was collected by filtration and dissol-
ved in cold water (280ml). After filtration, 30% sodium
hydroxide solution (80ml) was added to the yellow fil-
trate. The crystalline precipitate was filtered off, washed
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with water and air-dried to give 6 (6.8g, 52% yield),
decomp. 197~200°C. MS m/z: M+ 132 (100%), 131 (53),
104(78), 77 (51), 51 (42). IR v££: 3200, 1665, 1590, 1460,

1385, 1350, 1300, 1265, 1190, 1175, 1045, 1000, 935, 740.
^-NMR <5?MsS°~d6: 5.22 (2H, s), 5.23 (1H, s), 6.72 (1H, m),

7.04 (2H, m), 10.02 (1H, s).

2-Amino-3-methyl-9H-pyrido[2,3-b]indole fib). To ab-

solute ethanol (50ml) was added sodium (2.3g), 5b
(400mg) and 6 (660mg). The mixture was refluxed for

29 hr. After evaporation ofethanol, cold water (50 ml) was
added to the reaction mixture and the basic product was

extracted with ethyl acetate. The extracts were dried over
anhydrous sodium sulfate. After evaporation in vacuo, the
residue was purified by Sephadex LH-20 column chroma-

tography using methanol, followed by high performance

liquid chromatography (column: /^Bondapak C18, mobile
phase: 70% methanol/water, flow rate: 1.5ml/min, UV :
A=345nm) to give lb as colorless needles (16.1 mg, 1.7%
yield), mp 215~218°C. MS m/z: M+ 197 (100%), 196 (60),
179 (17), 169 (24), 141 (17). ^-NMR <5?£?ss°-d6: 2.21 (3H,

s, CH3), 5.85 (2H, s, NH2), ^^^ ^ (C6H4),

7.90 (1H, s, C-4-H), ll.04 (1H, s, ind-NH).

Compounds lc~g were prepared similarly using 5c~g

respectively.

2-Amino-3-ethyl-9H-pyrido[2,3-b]indole (lc). To ab-
solute ethanol (25ml) was added sodium (1.2g), 5c

(176mg) and 6 (290mg). The mixture was refluxed for

72 hr. After evaporation ofethanol, cold water (50 ml) was
added to the reaction mixture and the basic product was
extracted with ethyl acetate. After purification as men-
tionedabove, lc was obtained as colorless needles (5.6 mg,
1.5%yield),mp 184-187°C. MSra/z: M+ 211 (51%), 197

(17), 196 (100), 179 (13), 169 (12), 141 (ll). ^-NMR

<5?JJf°"d6: 1.23 (3H, t, CH3), 2.61 (2H, quartet, CH2-CH3),

5.74(2H, s, NH2), y.80 oS^' ^ } {C*H^ 7'90(1H'

s, C-4-H), 10.92 (1H, s, zW-NH).

2-Amino-3-propyl-9H-pyrido[2,3-b]indole fldj. To ab-
solute ethanol (25ml) was added sodium (1.2g), 5d

(200mg) and 6 (330mg). The mixture was refluxed for
72 hr. After evaporation ofethanol, cold water (50 ml) was

added to the reaction mixture and the basic product was
extracted with ethyl acetate. After purification, Id was

obtained as colorless needles (1.3mg, 0.3% yield), mp
200~203°C. MS m/z: M+ 225 (33%), 197 (20), 196 (100),

179 (16), 169 (ll). XH-NMR dá"i°-d6: 0.97 (3H, t, CH3),

1.63 (2H, m, CH2-CH2-CH3), 2.55 (2H, t, CH2-CH2-

CH3), 5.72 (2H, s, NH2), ^m^*' ^l KW,

7.93 (1H, s, C-4-H), 10.96 (1H, s, ind-Nti).

2-Amino-3-butyl-9H-pyrido\2,3-b\indok (U). To ab-
solute ethanol (25ml) was added sodium (1.2g), 5e

(214mg) and 6 (300mg). The mixture was refluxed for

72 hr. After evaporation ofethanol, cold water (50 ml) was
added to the reaction mixture and the basic product was

extracted with ethyl acetate. After purification, le was
obtained as colorless needles (5.2mg, 1.3% yield), mp
189~192°C. MS m/z: M+ 239 (30%), 197 (21), 196 (100),
179 (12), 169 (10). ^-NMR S^i°-d". 0.93 (3H, t, CH3),

1.21-1.78 (4H, m, CH2-CH2-CH2-CH3), 2.58 (2H, t,
CH2-CH2-CH2-CH3), 5.77 (2H, s, NH2),

7.03-7.48 (3H, m)
7.84(1H, d)} (Q6H^ 7-92 <1H' s' C-4"H)' ll 04

(1H, s, wm/-NH).

2-Amino-3-amyl-9H-pyrido[2,3-b]indole (li). To ab-
solute ethanol (25ml) was added sodium (1.2g), 5f

(320mg) and 6 (300mg). The mixture was refluxed for
72hr. After evaporation ofethanol, cold water (50 ml) was

added to the reaction mixture and the basic product was
extracted with ethyl acetate. After purification, If was

obtained as colorless needles (6.7mg, 1.2% yield), mp
183~185°C. MS m/z: M+ 253 (26%), 197 (22), 196 (100),

179 (12), 169 (10). !H-NMR <5^|°"d6: 0.88 (3H, t, CH3),
1.32- 1.59 (6H, m, CH2-CH2-CH2-CH2-CH3), 2.55 (2H,

t, CH2-CH2-CH2-CH2-CH3), 5.70 (2H, s, NH2),

7.84aaT' m>} iC^' im (1H< s' C"4-H)' 10-95

(1H, s, ind-NH).

2-Amino-3-benzyl-9H-pyrido[2,3-b]indole (lg). To ab-
solute ethanol (25ml) was added sodium (1.2g), 5g

(380mg) and 6 (300mg). The mixture was refluxed for
72 hr. After evaporation ofethanol, cold water (50 ml) was

added to the reaction mixture and the basic product was
extracted with ethyl acetate. After purification, lg was

obtained as colorless needles (5.0mg, 0.8% yield), mp
216~219°C. MSm/z: M+ 273 (100%), 196(27). XH-NMR

<5?*Jf°-d6: 2.60 (2H, s, CH2-Ph), 5.75 (2H, s, NH2),

7.80 O7H47d)8H' ^} ^ and QH5)' 7-93 °H' S' C"4"

H), ll.10 (1H, s, ind-NH).

2-Amino-9H-pyrido[2,3-b]indole (U).4) MS m/z: M+
183 (100%), 156 (61), 155 (50), 129 (32), 128 (30). 1H-

NMR <^sso-d6: 6.10 (2H, s, NH2), 6.40 (1H, d, /-8.3Hz,

C-3"H), 77:S20OH46d)(3H' m)) (C6H4), 8.04 (1H, d,

/=8.3Hz, C-4-H), ll.18 (1H, s, ind-NH).

Isolation of 2-amino-3-ethyl-9H-pyrido[2,3-b]indole in

pyrolysate of soybean globulin. Soybean globulin (1 kg)
was placed in a Pyrex glass flask and subjected to strong

heat of a gas stove. The volatile pyrolysis product was
collected in a cold trap. Approximately 400g of tar was

obtained and separated into acidic, basic and neutral
fractions according to the conventional liquid-liquid par-

titionmethod, and 40.3g of the basic fraction was ob-
tained. A 1 g aliquot of the basic fraction was chromato-



Synthesis of Aminoa-carbolines 2035

0(min)

Fig. 3. Separation of the Mutagenic Compounds by

HPLC.
Column, juBondapak C 1 8; mobile phase,

50%methanol/water; flow rate, 1.5ml/min; UV,
A=345nm; 1, AC; 2, MeAC; 3, EtAC.

graphed on a silica gel column (2 x 15cm) using benzene,
10% ethyl acetate/benzene, 30% ethyl acetate/benzene,

50% ethyl acetate/benzene, and ethyl acetate as solvents
successively. The eluate with 30%-50% ethyl acetate/
benzene was subjected to chromatography on Sepha-

dex-LH20 column (4 x 40cm) using methanol as solvent.
Further purification by high performance liquid chro-

matography (Fig. 3) gave purified mutagenic compounds

1 (1.0mg), 2 (2.1 mg) and 3 (1.3mg). The mass and NMR

spectra of 1 and 2 were identical with those of AC4) and

MeAC,1) respectively. 1, MS m/z: M+ 183 (100%), 156

(46), 155 (38), 129 (20), 128 (20); *H-NMR <5?JJf°-d6: 6.10

(2H, s), 6.40 (1H, d, /=8.3Hz), 7.00-7.46 (3H, m), 7..82

(1H, d), 8.04(1H, d,.7=8.3Hz), ll.18 (1H, s). 2, MSm/z:

M+ 197 (100%), 196 (50), 169 (32), 141 (32); ^-NMR

<5?Ms°~d6: 2-21 (3H> s), 5.85 (2H, s), 7.00-7.42 (3H, m),

7.81 (1H, d), 7.90 (1H, s), ll.04 (1H, s). The structureof3

was elucidated as 2-amino-3-ethyl-9i/-pyrido[2,3-6]indole

(EtAC) by the mass and NMR spectra. 3, MS m/z: M+

211 (82%), 196 (100); ^-NMR Sá"i°-d6: 1.23 (3H, t), 2.61

(2H, quartet), 5.74 (2H, s), 6.97-7.36 (3H, m), 7.80 (1H,

d), 7.90 (1H, s), 10.92 (1H, s).

Ames test. To a test tube containing 2ml of molten top
agar (0.6% agar, 0.6% NaCl, 0.05mM L-histidine, 0.05

mM biotin) were added: 0.15ml DMSO solution of a test
compound, 0.1 ml of an overnight nutrient broth culture
of Salmonella typhimurium TA98 and 0.5ml of a solu-
tion (S-9Mix) that contained 0.02ml of rat liver micro-

somal fraction (S-9), 4/miol MgCl2, 20iumol KC1,
2.24jumol glucose-6-phosphate, 1.74/miol NADPH,

and 50^mol sodium phosphate buffer (pH 7.4). The

ingredients of the tube were mixed and poured onto a
plate containing 1.5% agar, 2% glucose and minimal inor-
ganic salts. After incubation at 37°C for 48 hr, histidine-
revertant colonies were scored. The results are expressed
as the average of replicate plates from which the number
of spontaneous revertants (30) were subtracted. S-9 was
prepared from rats that had been injected preliminarily
with PCB. The strongest mutagenic activity of each com-
pound (lOnmol) was attainable with 0.5ml of S-9Mix
containing 0.02ml of S-9.

 Rec-assay. To an empty plate were added 0.1ml of
suspension containing 2x lO6 spores of the strain H17
Rec+ or M45 Rec~, 0.2ml ofS-9, and then 10ml of the
medium (kept at 40°C) containing 0.8% agar, 0.8% nu-
trient broth, and 0.5% NaCl. After mixing and caking, on
the surface ofa spore agar plate was subsequently placed a
paper disk (8 mm in diameter, 1 mm in thickness) impreg-
nated with 0.01 ml ofDMSO solution ofa test compound
and 0.04ml of the co factor solution containing 0.32 /miol
MgCl2, 1.36/imol KC1, 0.18/miol glucose-6-phosphate,
0.14/imol NADPH, and 4 /nnol sodium phosphate buffer
(pH 7.4). After incubation at 37°C for 24hr, lengths of
inhibition zones were measured and compared between
the strains
 HI7 Rec+ and M45 Rec~.
 Acknowledgment. The authors wish to express their
thanks to Mrs. A. Kushi for assistance with the assays.
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