Journal "Fluorine Notes", Volume # 2(93), March - April 2014

Received: December, 2013

Novel approach to the synthesis of Oi-
carbolines and 5-azaindoles using 3,3,3-
trifluoro-1-nitropropene

Fedorovskiy O.Yu.,? Gusev D.V.,@ Chkanikov N.D.,? Ivanov A.V.,? Scherbakova V.S.P

9A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of
Sciences, ul. Vavilova 28, V-334, GSP-1, 119991 Moscow, Russia
e-mail: offskii@rambler.ru

birkutsk Institute of Chemistry named after A.E.Favorskiy SO RAS,ul.Favorskogo,
1, 664033, Irkutsk, Russia,Pe-mail: ivanov@irioch.irk.ru
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Earlier we have offered a convenient method for the synthesis of condensed 3-
trifluorometilpiridines using 3,3,3-trifluoro-1-nitropropene (2). Thus, Ol-carbolines were
synthesized starting with indole and alkene (2). The key intermediates were tryptamine

derivatives that resulted from the reduction of the products of indole C3-alkylation with alkene
(2) [1]. Recently we have shown that derivatives of 4,5,6,7-tetrahydroindole (THI) (1a), that
is a substituted pyrrole, now easily available [2], are regioselectively and quantitatively

oxyalkylated at C2 carbon atoms in their pyrrole rings under the action of polyfluorinated

carbonyl compounds [3]. The result allowed us hope that C2?-alkylation of THI with alkenes (2)
opens the way to iso-tryptamine derivatives and further to fluorinated Oi-carbolines, those
being of great interest as promising drug preparations [4, 5, 6]. The present study makes it
evident that indeed the said synthesis scheme results in the production of saturated
derivatives of dihydro-, tetrahydro-, and octahydro-Oi-carbolines, precoursors of aromatic Oi-
carbolines (see scheme 2). The latter are productable through the dehydrogenation of
saturated Oi-carbolines and withdrawal of protecting groups by well-known methods [7]. The
same transformation scheme was applied in this our study for the synthesis of fluorinated 5-
azaindoles (see scheme 3), those being of undoubted interest in the search of new medical
formulations [8, 9]. Following [6] we made use of the general numbering of the produced
substances (see scheme 2).

Discussion of results.

The interaction of THI with 3,3,3-trifluoro-1-nitropropene (2) in absolute ether solution
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results in an unstable product that decomposes within few hours even at decreased
temperature (between minus 70 and 0B°C) in argon environment. The replacement of THI
with N-vinyl-THI in the reaction with alkene (2) does not increase the stability of nitro-adduct

(3).

F
R3 F——F R3 D:;N’fﬂ L H,N
Zn, AcOH
R2 I.l;r N 0-5 o R2 N R2 I~|I
R1 0~ o wj GE wp OF
la, b 2 3a, b da, h

Scheme 1. (a: R;=Bnz, R,-R3= -(CH>)4-; b: R;= -Me, R,=R3= H)

The reaction product (3a) proved to be stable in the case of THI with nitrogen atom
protected by benzyl. Therefore, N-Bnz-THI (1a) smoothly reacted with 1,1,1-trifluoro-3-
nitropropene (2) at the second position of pyrrol ring by in absolute ether at 0B°C in argon
environment with quantitative yield. Thus produced nitro-derivative (3a) was reduced to N-
Bnz-iso-tryptamine (4a) with activated zinc dust in acetic acid solution (see scheme 1).
Further, N-Bnz-iso-tryptamine (4a) was introduced into the cyclization with CH-phenyl-3-
trifluoromethyl-benzaldehyde at the conditions of Pictet-Spengler reaction [10] (see scheme
2).
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Scheme 2. ((7) R1= Bnz; (7a) R1= H).

The reaction resulted in 2 diastereomers (5n) and (5v) at ratio 6/4 correspondingly, that
were separated by chromatography on silicagel. The total yield of (5n) and (5v) was 48%. It
should be mentioned that during cyclization in acetic acid solution in the presence of catalytic
amounts of CH-toluenesulfoacid only one Oi-carboline diastereomer is formed (5v) with yield
of 50%.

Under the conditions of catalytic dehydration, the reactivity of (5n) and (5v) diastereomers
differs, that is applicable to the difference in spatial structure of their pyridine rings. Thus,
boiling of diastereomer (5n) in benzene solution in the presence of 10% Pd/C resulted in its
dehydration with a double bond formation in its pyridine ring that was substance (6). At the
same conditions substance (5v) was dehydration-resistant. Long-time boiling of (5n, 5v, 6)
in 1,3,5-trimethylbenzene in the presence of DDQ resulted in low yield of aromatic substance
(7) (see scheme 2). The use of activated manganese dioxide for dehydration of (5n) or (5v)
in 1,3,5-trimethylbenzene solution resulted in 67% vyield of substance (7). The protecting
benzyl group was withdrawn by boiling (7) in ethanol solution in the presence of 10% Pd/C in
hydrogen environment; it resulted in the formation of (7a) with yield of 65%.



5-Azaindoles [11, 12] prepared in this study are of undoubtedly interest as well in the
search of novel medical formulations. The transformation scheme applied in our synthesis of
fluorinated 5-azaindoles was similar to that of Oi-carbolines manufacture when starting with
N-methylpyrrol (1b) and alkene (2) (see scheme 1).

Similar to N-Bnz-THI or N-methylpyrrol the reaction at 0B°C was regioselective by C2 carbon
in pyrrole ring, resulting in nitrofluoroderivative (3b), with nearly quantitative yield, howeuver,
in [13] at the same conditions the researchers did not observe regioselectivity.
NitrocompoundPu (3b) was reduced to 3,3,3-Trifluoro-2-(1-methyl-1H-pyrrol-2-yl)-
propylamine (4b) by activated zinc in aqueous solution of acetic acid with good yield (83%).
The substance was introduced into the cyclization with aldehydes under mild conditions (~50
B°C) according to Pictet-Spengler reaction (see scheme 3) resulting in the formation of
derivatives of 4,5,6,7-tetrahydro-pyrrolpyridines (8, 9). Those were prepared as a blend of
diastereomers. After purification and separation by preparative chromatography on silicagel
the main diastereomers were isolated with yields 65% and 55% for compounds (8) and (9),
correspondingly.
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Scheme 3.

Dehydrogenation of (8) and (9) was conducted in the presence of activated manganese
dioxide in boiling benzene solution and resulted in the formation of 5-azaindole derivatives
(10, 11) with high yields (see scheme 3).

Therefore, we propose a scheme for the synthesis of annulated pyridines using 3,3,3-
trifluoro-1-nitropropene (2) allows the manufacture of fluorinated derivatives of saturated and
aromatic Oi-carbolines and 5-azaindoles.

Experiment:

Both purity and structure of the prepared substances were confirmed by thin-layer
chromatography, with Kieselgel plates 60 F554, NMR-spectroscopy Avance 300, for 1H, 19F,

and by chromato-mass-spectrometry with Finnigan Polaris Q/Trace GC ultra, ionic trap, EU
70eV. Column: RTX-5ms, phase type: 5% phenylpolysilphenylene-siloxane.

1-Benzyl-2-(2,2,2-trifluoro-1-nitromethyl-ethyl)-4,5,6,7-tetrahydro-1H-indole (3a).

To 100 ml of ether solution containing 7.1g (0.0336mole) of N-Bnz-THI (1a) we added
4.749 (0.0336mole) of 1-nitro-3,3,3-trifluoropropene (2) at 0-5 B°C. The reaction was TLC-
controlled, eluent: chloroform/ethylacetate at ratio 95/5. After completing the process (about
3 hours) the ether solution was evaporated on a rotor evaporator under decreased pressure.
Compound (3a) was produced in amount of 11.8g with virtually quantitative yield, and was
used in further transformations without additional purification. Light yellow oil, Re= 0.75.



Spectrum NMR-1H, dmso-dg: 1.6ppm, 4H, m, 5, 6 -CH»-; 2.2-2.4ppm, 4H, m, 4, 7 -CH,-;

4.6-4.7ppm, 1H, m, *CH-CF3; 4.9-5.3ppm, 4H, Ph-CH,-, N-CH5-; 6.11ppm, 1H, s, C3H; 6.9-
7.3ppm, 5H, m, Bnz.

Spectrum NMR-19F, dmso-dg: 9.8ppm, d, j=10Hz, -CF5 .

Mass-spectrum: m/z 352 [M]* (19).

2-(1-Benzyl-4,5,6,7-tetrahydro-1H-indole-2-PéP»)-3,3,3-trifluoro-propylamine (4a).

11g (0.031mole) of nitrocompound (3a) was dissolved in 70ml| of 50% aqueous acetic
acid, and 10g of activated zinc was added by small portions during 15 minutes. The reaction
was conducted in temperature range between 40 to 50B°C under continuous stirring. The
reaction was TLC-controlled till complete disappear of original substance (3a). After that the
reaction mass was cooled down to room temperature and diluted with ether (300 ml).
Ethereal extract was then separated from aqueous solution of zinc acetate and alkalified with
saturated ~70% aqueous potash solution. As soon as ChH of agueous salt solution under
ether coat equaled 10, the ether solution containing N-Bnz-iso-tryptamine (4a) was stripped
off, and the raw product was purified in a silicagelfiled column; eluent:
dichloromethane/methanol = 95/5. It resulted in 7g of substance (4a) with yield 70%. Light
yellow oil, Re= 0.5.

Spectrum NMR-1H, dmso-dg: 1.5-1.8ppm, 4H, m, 5, 6-CH,-; 2.2-2.5ppm, 4H, m, 4, 7-
CH5-; 2.7-3.1ppm, 2H, m, N-CH»-; 3.2-3.4ppm, 3H, s broadened, -NH,; 3.5-3.6ppm, 1H, m,
*CH; 5.1ppm, 2H, d, J=7Hz, Bnz-CH,-; 5.9ppm, 1H, s, C3H, 6.9-7.3ppm, 5H, m, Bnz.

Spectrum NMR-19F, dmso-dg: 9.6ppm, d, j=10Hz, -CF5.

Mass-spectrum: m/z 322 [M*] (23).

5-Benzyl-4-trifluoromethyl-1-(4-trifluoromethyl-phenyl)-2,3,4,5,6,7,8,9-octahydro-1H-
pyrido[4,3-blindole (5).

1.439g (0.0088 mole) of 4-trifluoro-methylbenzaldehyde and 0.5ml of concentrated muriatic
acid were added to 25 ml of ethanol solution containing 2.656g (0.0082 mole) of N-Bnz-iso-
tryptamine (4a). The reaction mass was being boiled for 3 hours under stirring with a reflux
condenser. After the process completion (TLC-controlled) surplus muriatic acid was
neutralized with 2g of potash, the reaction mass was filtered and stripped off, and organics
that contained a blend of two diastereomers of 1,2,3,4,6,7,8,9-octahydro-Oi-carboline (5n,
5v) was purified with the help of chromatography on silicagel, with diastereomer separation.
Eluent: dichloromethane/petroleum ether, at ratio 9/1. Substance (5n) was isolated in
amount of 1.2g, and substance (5v) in amount of 0.7g. Total yield of Oi-carboline (5), taking
into account both diastereomers, was 1.9g, 48%.

Substance (5n): TLC: eluent chloroform/ethylacetate at ratio 97/3, R= 0.3.

Spectrum NMR-1H, dmso-dg: 1.3-1.6ppm, 4H, m, 7, 8 -CH,-; 2.1-2.3ppm, 4H, m, 6, 9

BR“CH2-; 2.9-3.1ppm, 2H, m, C3H,; 3.4ppm, 1H, d, J=11Hz, C'H; 3.6ppm, 1H, m, C*H;
4.95ppm, 1H, s, broadened, NH; 5.05ppm, 2H, d, J=7Hz, Bnz-CH,-; 6.9-7.3ppm, 5H, m,
Bnz, 7.5-7.7ppm, 4H, 2d, J=7Hz, p-Ph.

Spectrum NMR-19F, dmso-dg: 13.1ppm, 3F, d, j=10Hz, -CF3; 17.6ppm, 3F, s, Ph-CF3.



Mass-spectrum: m/z 478 [M]* (100); 407 [M-CF3]* (91), 380 [M-Bnz] ™.
SubstancePu (5v): TLC: eluent chloroform/ethylacetate at ratio 97/3, Rg= 0.7.

Spectrum NMR-1H, dmso-dg: 1.4-1.6ppm, 4H, m, 7, 8 -CH,-; 2.1-2.3ppm, 4H, m, 6, 9 -
CH,-; 2.7ppm, 2H, m, C3H,; 3.1ppm, 1H, d, J=12Hz, C1H; 3.45ppm, 1H, m, C*H; 4.95ppm,
1H, s, broadened, NH; 5.1ppm, 2H, d, ]J=10Hz, Bnz-CH>-; 6.8, 7.6ppm, 4H, d, ]J=10Hz, p-Ph;
7.2-7.4ppm, 5H, m, Bnz.

Spectrum NMR-19F, dmso-dg: 13.7ppm, 3F, d, j=10Hz, -CF3; 17.2ppm, 3F, s, Ph-CF3.

Mass-spectrum: m/z 478 [M]* (65); 387 [M-Bnz]+ (71); 380 [M-Bnz-7H] * (81).

5-Benzyl-4-trifluoromethvl-l-(4-trifluorometth-DhenvI)-4,5 ,6,7,8,9-
PiPuPeCl aPiPéPrCRPs-1H-pyrido[4,3-blindole (6).

30mg of 10% Pd/C was added to 80mg (0.000167mole) of substance (5n) dissolved in
10ml of benzene, and the reaction mass was being stirred and boiled with a reflux condenser
for 3 hours. The process was TLC-controlled, eluent: chloroform/ethylacetate at ratio 95/5.
The solvent was then stripped off at a rotor evaporator under decreased pressure, and the
residuum was chromatographically purified at silicagel, eluent: chloroform/ethylacetate at
ratio 95/5. It resulted in the production of 50mg of substance (6) with yield 63%.

Spectrum NMR-1H, dmso-dg: 1.5-1.7ppm, m, 4H, 7,8 BHh"“CH>,-; 2.0-2.2ppm, m, 6, 9 -CH>-

: 3.7ppm, 1H, dd, J=10Hz, C3H; 4.05ppm, 1H, m, C*H; 4.45ppm, 1H, d, J=20Hz, ClH;
5.21ppm, 2H, s, Bnz-CH5-; 6.95-7.3ppm, 5H, m, Bnz; 7.6-7.8ppm, 4H, 2d, ]J=10Hz, p-Ph.

Spectrum NMR-19F, dmso-dg: 13.1ppm, 3F, d, j=10Hz, -CF3; 17.3ppm, 3F, s, Ph-CFs.

Mass-spectrum: m/z 476 [M]* (6), 474 [M-2H]1" (14), 470 [M-6H]™ (18).

5-Benzyl-4-trifluoromethyl-1-(4-trifluoromethyl-phenyl)-5H-pyrido[4,3-b]indole (7).

Procedure (a). 60mg of DDQ were added to 10ml of 1,3,5-trimethylbenzene solution that

contained 20mg (4.2*10> mole) of (5n) and was being boiled during 72 hours. After
disappearance of original carboline the solution was stripped off, and the residuum was
purified on silicagel, eluent: dichloromethane/petroleum ether (49/70) at ratio 8/2. ~5mg of
(7) was isolated, yield 25%.

Procedure (b). The mixture of 75mqg (0.000157mole) (5n) and 75mg (0.000157mole)
(5v) was being boiled in the presence of 300mg activated manganese dioxide in 15ml of
1,3,5-trimethylbenzene during 3 hours under continuous stirring till complete disappearance
of original (5), the reaction was TLC-controlled. Further it followed procedure (a). 100mg of
substance (7) was isolated, yield 67%.

Spectrum NMR-1H, dmso-dg: 5.8ppm, 2H, s, Bnz-CH,-; 6.9-7.6ppm, 9H, m, Bnz-, HO, H7,
H8, H?; 7.8-8.00ppm, 4H, 2d, ]J=10Hz, p-Ph-; 8.95ppm, 1H, s, H3.

Spectrum NMR-19F, dmso-dg: 15.1ppm, 3F, s, -CF3; 22.6ppm, 3F, s, -CFs.

Mass-spectrum: m/z 470 [M]* (36), 91 [Bnz]™ (100).

4 -trifluoromethyl-1-(4-trifluoromethyl-phenyl)-5H-pyrido[4,3-blindole (7a).




100mg of 10% Pd/C and 100mg of 36% HCl was added to 10ml of ethanol solution that

contained 150mg (3.2*10* mole) of substance (7), and switched on a hydrogen box with
pressure ~0.5 atm. The reaction blend was being intensively stirred and heated to 50B°C
during 24 hours. The reaction was TLC-controlled till complete disappearance of original (7).
Then the reaction blend was filtered on zeolite, and the solution was stripped off at a rotor
evaporator, 30ml| of water and 3g of sodium bicarbonate was added. The blend was
extracted with ether (30ml x 3 times), the ethereal extracts was pooled, dried with
waterless sodium sulfate, and stripped off at decreased pressure. The product was purified
on 509 of silicagel, eluent: dichloromethane/petroleum ether at ratio 8/2, Re= 0.6. 80mg of

substance (7a) was isolated, with yield 65%.

Spectrum NMR-1H, dmso-dg: 7.1-7.7ppm, 4H, m, C®H-C°H; 7.8-8.0ppm, 4H, 2d, J=10Hz,
p-Ph; 8.37ppm, 1H, s broadened, NH, 8.67ppm, 1H, s, C3H.

Spectrum NMR-19F, dmso-dg: 16.27ppm, 3F, s, -CF3; 17.94ppm, 3F, s, -CF3.

Mass-spectrum: m/z 380 [M]* (69), 379 [M-H]T (100), 359 [M-HF]* (27).

3,3,3-Trifluoro-2-(1-methyl-1 H-pyrrol-2-yl)-propylamine (4b).

3g of activated zinc was during 5 minutes added by small portions to 25ml of 50%
aqueous solution of acetic acid that contained 3.45g (0.0155mole) of (3b). The reaction
blend was then heated to 40-50B°C at continuous stirring during 3 hours. Both isolation and
purification of substance (4b) were similar to those for substance (4a). PuPsP»CrCtPuPSPs
2.4Pi (4b), yield 83%. Light yellow oil, Ri=0.2, eluent chloroform/ethylacetate at ratio 9/1.

Spectrum NMR-1H, dmso-dg: 2.3ppm, 2H, s, broadened, -NH>; 3.1-3.4ppm, 2H, m, -CH>»-;

3.55-3.55ppm, 1H, m, *CH; 3.61ppm, 3H, s, N-Me; 6.13-6.17ppm, 2H, m, CH, 6.63ppm,
1H, s, CH.

Spectrum NMR-19F, dmso-dg: 8.2ppm, d, J=8Hz, -CF5.

Mass-spectrum: m/z 192 [M]* (37).

1-Methyl-7-trifluoromethyl-4-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-1 H-pyrrolPs[3,2-
clpyridine (8).

0.35Pi (0.002mole) of CH-phenyl-3-trifluoromethylbenzaldehyde and catalytic amount of
CH-toluene-sulfoacid (10mg) were added to 10ml of acetic acid solution that contained
0.384g (0.002mole) of (4b). The reaction mass was being heated at 50B°C for two hours.
After that the reaction mass was stripped off in a rotor evaporator under decreased pressure
and moved into 25ml of water that contained 3g of potash. Its aqueous layer was extracted
with ether, tree times each with 20ml, the ethereal extracts were put together and dried
with  unhydrous sodium sulfate. By further purification on silicagel, eluent
chloroform/ethylacetate at ratio 9/1, the chief diastereomer (8) was isolated in amount of
0.45g with yield 65%. Slow crystallizing oil, R¢=0.3.

Spectrum NMR-1H, dmso-dg: 2.7-2.9ppm, 1H, m, C®H; 3.0-3.15ppm, 1H, m, C°H; 3.4-

3.5ppm, 1H, d, J=15Hz, C*H; 3.54ppm, 3H, s, N-Me; 3.7-3.8ppm, 1H, m, C’H; 4.92ppm,

1H, s, NH; 5.46ppm, 1H, d, J=3Hz, C3H; 6.65ppm, 1H, d, J=3Hz, C2H; 7.5-7.7ppm, 4H, 2d,
J=8Hz.

Spectrum NMR-19F, dmso-dg: 13.8ppm, 3F, d, J=13Hz, C’-CF3; 17.6ppm, 3F, s, p-Ph-



CFs.

Mass-spectrum: m/z 348 [M]* (27).

1-Methyl-4,7-PIP&CI -trifluoromethyl-4,5,6,7 -tetrahydro-1H-pyrrolPs[ 3,2-c]pyridine (9).

The preparation procedure was similar to that of (8). 0.3g of substance (9) was isolated,
with yield 55%. Slow crystallizing oil, Re=0.7, eluent chloroform/ethylacetate at ratio 9/1.

Spectrum NMR-1H, dmso-dg: 2.9-3.1ppm, 2H, m, CPH,; 3.3-3.4ppm, 1H, m, C*H;

3.54ppm, 3H, s, N-Me; 3.75-3.85ppm, 1H, m, C’H; 4.45-4.55ppm, 1H, m, broadened, NH;
5.95ppm, 1H, s, broadened, C3H; 6.8ppm, 1H, d, J=3Hz, C2H.

Spectrum NMR-19F, dmso-dg: -64.5ppm, 3F, d, ]J=23Hz, -CF3; -75.5ppm, 3F, d, J=23Hz, -
CFs.

Mass-spectrum: m/z 272 [M]T (34).

1-Methyl-7 -trifluoromethyl-4-(4-trifluoromethyl-phenyl)-1 H-pyrrolPs[ 3,2-c]pyridine (10).

50mg of activated manganese dioxide were added to 10ml of benzene solution that

contained 30mg (8.62*10>mole) of substance (8). The reaction mass under intensive
stirring with a reflux condenser was being boiled for two hours. The reaction was TLC-
controlled. Then benzene was stripped off in a rotor evaporator, and the residuum was
purified using chromatography on silicagel, eluent: chloroform/ethylacetate at ratio 9/1. After
purification 25mg of (10) was isolated with yield 85%. Slow crystallizing oil, Rr=0.9, eluent

chloroform/ethylacetate at ratio 9/1.

Spectrum NMR-1H, dmso-dg: 3.97ppm, 3H, s, N-Me; 6.96ppm, 1H, s, broadened, C3H;
7.73ppm, 1H, s, broadened, C;H; 7.9-8.3ppm, 4H, 2d, J=5Hz, p-Ph; 8.71ppm, 1H, s, COH.

Spectrum NMR-19F, dmso-dg: 17ppm, 3F, s, -CF3; 25.5ppm, 3F, s, -CF3.

Mass-spectrum: m/z 344 [M]* (85).

1-Methyl-4,7-PIP&CI -trifluoromethyl-1H-pyrrolPs[ 3,2-c]pyridine (11).

The preparation procedure was similar to that of (10). 42mg of substance (11) was
isolated, with yield 87%. Slow crystallizing oil, R=0.9, eluent chloroform/ethylacetate at ratio

9/1.

Spectrum NMR-1H, dmso-dg: 4.02ppm, 3H, s, N-Me; 6.9ppm, 1H, s, C3H; 7.9ppm, 1H, d,
J=3Hz, C’H; 8.75ppm, 1H, s, COH.

Spectrum NMR-19F, dmso-dg: -53.5ppm, 3F, s, -CF3; -64.5ppm, 3F, s, -CF3.
Mass-spectrum: m/z 268 [M]1T (71).
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