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the Reaction of Enamines with Tetrachloro-4-cyanopyridine 
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Reactions of tetrachloro-4-cyanopyridine with 1 - (dialkylamino) cyclohexenes gave tetra hydro-5H- 
pyrido[3,2-6]indoles and tetrahydro-9H-pyrido[2,3-b] indoles, in proportions varying with the dialkyl- 
amino-group. The tetrahydrocarbolines could be dehydrogenated by treatment with 2,3-dichloro-5,6- 
dicyano-l,4- benzoquinone. 2,3- Dichloro-4-cyano-9-ethyl-9H-pyrido[2,3-b] indole was synthesised 
independently by photolysis of trichloro-4-cyano-6- (N-ethylanilino) pyridine. 

Attempts to prepare carbolines by an extension of Blaze- 
jewski and Wakselman's synthesis of tetrafluorotetrahydro- 
carbazoles (see Scheme) have met with only limited success. 
Thus, pentachloropyridine reacted only sluggishly with en- 
amines and the products could not be made to cyclise; 
cyclisation was achieved in only one product from 3 3 -  
dichlorotrifl~oropyridine.~ One analogous example involving 
pentafluoropyridine has also been reported.2 

We have recently reported that ambident nucleophiles react 
with tetrachloro-kyanopyridine (1) at both the 2- and 3- 
positions.' Thus, compound (1) appeared to be a proinising 
substrate for reactions with enamines. 

The main product from a reaction in which compound (1) 
was heated with 1-morpholinocyclohexene appeared to be the 
desired tetrahydrocarboline (2) (ca. 60%). Minor products 
were the ketone (6) (579, presumably arising from hydrolysis 
of the enamine (7), and the morpholinopyridine (8) (13%) 
(Table 1). The structure of the last product, compound (8), 
was assigned following its synthesis by the reaction of tetra- 
chloro-6-morpholinopyridine (1 2) with cyanide ion, thus 
confirming that nucleophiles attack tetrachloro-4-cyano- 
pyridine (1) initially at the 2-position. 

Close investigation of the supposed tetrahydrocarboline (2) 
revealed the presence of two compounds which were separable 
by careful chromatography on alumina. The two compounds 
were isomers, having virtually identical mass spectra, and i.r. 
spectra differing only in the fingerprint region. Their 'H n.m.r. 
spectra, however, showed small differences' in the chemical 
shifts of the signals assigned to the NCH, of the side-chain 
(see Table 2). 

We concluded that the two components were compound (2) 
and its isomer (13), and we provisionally assigned their struc- 
tures from their n.m.r. spectra, on the basis that the chemical 
shift for the a-CH2 moiety of the side-chain would be further 
downfield when peri to the cyano-group, as in compound 
(2). Further work, described below, confirmed this assign- 
ment. 

Reactions of compound (1) with a series of enamines were 
carried out; the results are summarised in Table 1. The struc- 
tures of the pairs of tetrahydrocarbolines were assigned from 
their n.m.r. spectra (Table 2) as described above for the case 
of compounds (2) and (1 3). With each enamine a similar range 
of products was obtained, but their proportions varied con- 
siderably. In the case of 1-(diethy1amino)cyclohexene the 
minor product (16) was formed in only trace amounts and 
could not be fully characterised; the n.m.r. spectrum recorded 
in Table 2 was obtained from a mixture with its isomer (5). If 
all the products are formed via initial attack at C-2, then the 
tetrahydrocarbolines (2)--(5) and the ketone (6) arise from C- 

Scheme 

alkylation of the enamine, and the tetrahydrocarbolines (1 3)- 
(16) and the amines (8)-(11) arise from N-alkylation of the 
enamine. The factors governing C- us. N-alkylation of enamines 
are not ~traightforward,~ but our results show similar trends 
to those observed by Blazejewski and Wakselman.2 

The tetrahydrocarbolines (3), ( 5 )  and (14) were readily de- 
hydrogenated by 2,3 -d ic hloro-5,6-d icyano-p- benzoqui no ne 
(DDQ) [though not by chloranil(2,3,5,6-tetrachloro-p-benzo- 
quinone)] to give the carbolines (17), (18), and (19), respec- 
tively. The carboline (20) was synthesised independently as 
follows. 2,3,5-Trichloro-4-cyano-6-(N-ethylanilino)pyridine 
(21) was prepared by the reaction of N-ethylaniline or NN- 
diethylaniline with tetrachloro-4-cyanopyridine (1). Photolysis 
of this intermediate (21) then gave the carboline (20) (cf. ref. 5) .  
This carboline (20) differed from the one derived from the 
major product of the reaction of 1-(diethy1amino)cyclohexene 
with tetrachloro-4-cyanopyridine (1); the latter carboline 
thus has structure (1 8), and its precursor tetrahydrocarboline 
must have structure (5). These unambiguous structure assign- 
ments cohfirmed our deductions from the n.m.r. spectia. In the 
case of the carbolines, a further indication was given by the 
lowest-field signals; for example, for the carboline (1 8) this 
was at 6 8.2, assigned to 9-H, whereas the corresponding (5-H) 
signal of the carboline (20) was shifted downfield to 6 8.4 owing 
to the proximity of the cyano-group. 

An attempt to prepare an enamine, or its cyclisation pro- 
duct, by the reaction of piperidine with the cyclohexanone (6) 
led instead to the 6-piperidino-derivative (22). 

Tetrachloro-4-cyanopyridine (1) was readily oxidised to its 
N-oxide by peroxyacetic acid in the presence of sulphuric 
acid.6 The N-oxide reacted with 1-piperidinocyclohexene 
mainly by N-alkylation, giving the amine (9) in 51% yield. 
C-Alkylation led not to a tetrahydrocarboline but to the 
cyclopentene (23), formed by the ring-contraction previously 
rep~r ted .~  

Preliminary experiments on the chemistry of the tetra- 
hydrocarbolines have revealed that the side-chains are sur- 
prisingly unreactive. For example, when the compounds 
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bearing N-(5-chloropentyl) substituents, (3) and (14), were 
heated with aqueous ethanolic alkali, neither this substituent 
nor a ring chlorine was affected. Instead, the cyano-group was 
hydrolysed, giving the amides, (24) and (25), respectively. 

Experimental 
N.m.r. spectra were recorded at 60, 80, or 90 MHz in CDCl, 
unless otherwise stated, with Me& as internal reference. 

All new compounds showed the appropriate molecular -ion 
peaks in their mass spectra. The tetrahydrocarbolines all show- 
ed peaks at m/z 278 (a-cleavage of side-chain), 265 (loss of 
side-chain), 250 (278 - CzH4 by retro-Diels-Alder), and 237 
(265 - CzH4 by retro-Diels-Alder). The carbolines all showed 
peaks at m/z 274 (a-cleavage of side-chain) and 261 (loss of 
side-chain). 

Light petroleum refers to the fraction b.p. 60-80 "C unless 
otherwise stated. 
Tetrachloro-4-cyanopyridine (1) was prepared by chlorin- 

ation of 4-cyanopyridine. Enamines were prepared by standard 
methods .3 
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Reactions of Tetrachloro-4-cyartopyridir1e (1 ) with Enamines. 
-The freshly distilled enamine (0.01 mol) was added to a solu- 
tion of tetrachloro-4-cyanopyridine (0.01 mol) in dry chloro- 
benzene (150 ml). The mixture was heated under reflux during 
30 h and was then cooled and filtered. The filtrate was evapor- 
ated to dryness and the residue was dissolved in ethanol (50ml). 
The solution was cooled to - 5 "C and was filtered. The com- 
ponents of the solid mixture thus obtained were separated by 
chromatography on alumina, using light petroleum-chloro- 
form (3 : 1) as eluant. The products of the reaction are listed in 
Table 1 and their properties in Table 2. 

2-Amino-3,5,6-trichloro-4-cyanopyridine Derivatives.-(a) 
Trichloro-4-cyano-6-piperidinopyridine (9) was prepared as 
previously described.' 

(b) To a stirred solution of tetrachloro-4-cyanopyridine 
(0.01 mmol) in ethanol (15 ml) was added a solution of pyr- 
rolidine (0.01 mol) in ethanol (15 ml) during 30 min. The mix- 
ture was then heated under reflux during 8 h and was then 
cooled and poured into ice-water (100 ml). The resulting pre- 
cipitate was filtered off, dried, and subjected to chromato- 
graphy on silica. Gradient elution with light petroleum- 
toluene as eluant gave trichloro-4-cyano-6-pyrrolidinopyridine 
(lo), m.p. 107.5-108.5 "C (from ethanol) with the properties 
listed in Table 2. 

( c )  A mixture of tetrachloro-4-cyanopyridine (0.01 mol), 
morpholine (0.02 mol), and acetone (100 ml) was stirred at 
room temperature during 30 min. The insoluble amine hydro- 
chloride was removed by filtration and the filtrate was evap- 
orated to dryness. The residue was recrystallised from ethanol 
to give trichloro-4-cyano-6-morpholinopyridine (8) (ca. quant i- 
tative) with the properties listed in Table 2. 

(d) A mixture of tetrachloro-6-morpho1inopyridine (1 2) 
(0.01 mol), potassium cyanide (0.02 mol), and dimethylform- 
amide (200 ml) was stirred at room temperature during 24 h. 
The solution was filtered and the filtrate was evaporated to 
dryness. The residue was extracted with chloroform. The 
extract was evaporated to dryness and the residual brown oil 
was subjected to chromatography on alumina (10% methanol 
in light petroleum, b.p. 40-60 "C, as eluant, to give starting 
material (47%) and trichloro-4-cyano-6-morpholinopyridine 
(8) (1279, identical (m.p., mixed m.p.) with the material 
described above. 

(e) A mixture of tetrachloro-4-cyanopyridine (0.01 mol), N- 
ethylaniline (0.01 rnol), and 1,2,4-trichlorobenzene (100 ml) 
was heated under reflux during 24 h. The solvent was evapor- 
ated off under reduced pressure and the residue was dis- 
solved in ethanol (50 ml). The solution was cooled to -5 "C 
and the product which crystallised out was isolated by 
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Table 1. Products from reactions of tetrachloro-4-cyanopyridine ( 1 )  with enamines 

Products a 

Enamiiie 

(:I 
0 
0 
0 8 
6' 

OIsolated yields (%). 

CN Total Total 
CL CL products a products a 

from from 

CN R :;m :;% :;b R Q,,, C-alkylation N-alkylation 

(2) 11 (6) 5 (13) 48 (8) 13 16 61 

(3) 42 

(4) 26 

(5) 31 

(14) 41 

(15) 37 

(16) trace 

(9) 8 42 49 

(10) 15 26 52 

(11) 25 39 25 

Table 2. Properties of products from reaction of tetrachloro-4-cyanopyridine with enamines 

2,3- Dichloro-5-( 5-chloro-3-oxapentyl)-4-cyano- 
6,7,8,9-tetrahj)dro-5 H-pyrido [ 3,2- blindole (2 ) 

2,3- Dichloro-5-( 5-chloropentyl)-4-cyano-6,7,8,9- 
tetrahydro-SH-pyrido[ 3,2- blindole (3) 

2.3- Dichloro-5-(4-chlorobutyl)-4-cyano-6,7,8,9- 
tetrahydro- 5 H-pyr id0 [ 3,2- blindole (4) 

2,3 - Dichloro-4-cyano- 5-ethyl-6,7,8,9- tetrahydro- 
5 H-pyrido [ 3,2- blindole ( 5 )  

2.3- Dichloro-9-(5-chloro-3-oxapentyl)-4-cyano- 
5,6,7,8-tetrahydro-9H-pyrido [ 2,3 -blindole ( 1 3) 

2,3- Dichloro-9-(5-chloropentyl)-4-cyano-5,6,7,8- 
terrahydro-9H-pyrido [2,3-b]indole (1 4) 

M.p. 
("C) 

154 

126 

143 

159 

165 

139 

'H N.m.r. 6 
1.9 (total 4 H, m, 
2 x CHZ), 2.8 (4 H, 

(4 H, t, 2 x OCHz), 
3.8 (2 H, t, CHZCI), 

m, 2 x =CHI), 3.6 

and 4.5 (2 H, t, NCH2) 
1.6-1.9 (total, 10 H, m, 

m, 2 x =CCH2), 3.55 
(2 H, t, CH2Cl), and 

1.7-1.9 (total 8 H, m, 

m, 2 x =CHI), 3.55 
(2 H, t, CH2CI), and 

(total 4 H, m, 

my 2 x =CHI), and 

5 x CHZ), 2.75 (4 H, 

4.3 (2 H, t, NCHZ) 

4 x CHI), 2.85 (4 H, 

4.3 (2 H, t, NCH2) 
1.4 (3 H, t, Me), 1.9 

2 x CHI), 2.75 (4 H, 

4.35 (2 H, 9, NCHZ) 

2 x CHI), 2.9 (4 H, 

(4 H, t, 2 x OCHz), 
3.8 (2 H, t, CHZCI), 

1.9 (total 4 H, m, 

m, 2 x %CHI), 3.6 

and 4.35 (2 H, t, 
NCH3 

1.6-1.9 (total 10 H, m, 

m, 2 x =CCH2), 3.5 (2 
H, t, CH,CI), and 

5 x CHI), 2.85 (4 H, 

4.15 (2 H, t, NCHZ) 

Analyses (%) 
Found 

(Calculated) 
r- 

51.4 4.3 11.3 
Formula C H N  

(51.6) (4.3) ( I  1.3) 

C17Hi,Cl,N, 55.1 5.0 11.4 
(55.1) (4.9) (11.3) 

C16H16C13N3 54.0 4.3 11.8 
(53.9) (4.5) (11.8) 

C,,H&I,N, 57.2 4.45 14.2 
(57.2) (4.45) (14.3) 

C ~ ~ H ~ ~ C I ~ N J O  51.7 4.4 11.3 
(51.6) (4.3) (11.3) 

C17HleCljN3 55.0 5.1 11.5 
(55.1) (4.9) (11.3) 
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2,3- Dichloro-9-(4-chlorobutyl)-4-cyano-5,6,7,8- 
tetrahyriio-9H-pyrido [2,3 - blindole (1 5 )  

2,3-Dichloro-4-cyano-9-ethyl-5,6,7,8-tetrahydro-9H- 
pyrido[2,3-6]indole8 (16) 

24 Trichloro-4-cyanopyridin-2-yl)cyclohexanone (6) 

2,3,5- Trichloro-4-cyano-6-morpholinop yridine (8) 

2,3,5-Trichloro-Qcyano-6-piperidinopyridine (9) 
2,3,5-Trichloro-4-cyano-6-pyrrol~inopyridine ( 10) 

2,3- Dichloro-5-(5-chloropentyl)-4-cyano-5H- 
pyrido[3,2-b]indole (1 7) 

2,3-Dichloro4cyano-5-ethyl-5H-pyrido[3,2-b]indole 
(1 8) 

2,3- Dichloro-9-( 5-chloropentyl)-4-cyano-9H- 
pyrido[2,3-b]indole (19) 

2,3- Dichloro4cyano-9-ethyl-9H- 
pyrido [2,3-b]indole (20) 

M.p. 
("a a 

147 

150 

128 

96 

108.5 

168 

107.5- 

192 

159 

198 

'H N.m.r. 6 
1.7-1.9 (total 8 H, m, 
4 x CH2), 2.9 (4 H, m, 
2 x =CCH2), 3.6 (2 H, 
t, CH2CI), and 4.2 (2 
H, t, NCH2) 

(total 4 H, m, 
2 x CHZ), 2.75 (4 H, 
m, 2 x =CCH2), and 
4.2 (2 H, 9, NCH2) 

1.3 (3 H, t, Me), 1.9 

1.7-2.7 (total 8 H, 
4 x CHI) and 4.2 (1 
H, t, ArCHCO) 

and 3.8 (4 H, t, 
3.4 (4 H, t, 2 x OCH2) 

2 x NCH2) 

2.00 (4 H, m, 
CCH2CH2C) and 3.85 
(4 H, m, 2 x NCH2) 

1.5-2.1 (total 6 H, m, 
3 x CHZ), 3.5 (2 H, t ,  
CHZCI,), 4.6 (2 H, t, 
NCH2), 7.2-7.8 (total 
3 H, 6-, 7-, and 8-H), 
and 8.3 (1 H, d d ,  9-H) 

1.5 (3 H, t, Me), 4.6 (2 H, 

(total 3 H, m, 6-, 7-, 
and 8-H), and 8.2 (1 H, 

9, NCHZ), 7.2-7.8 

d d, 9-H) 

3 x CH,), 3.5 (2 H, t, 
CH2C12), 4.4 (2 H, t, 

1.5-2.0 (total 6 H, m, 

NCH2), 7.2-7.7 (total 
3 H, m, 6-,7-, and 
8-H), and 8.4 (1 H, d d ,  

5-H) 

H, 4, NCHZ), 7.2-7.8 
1.5 (3 H, t, Me), 4.5 (2 

(total 3 H, m, 6-, 7-, 
and 8-H), and 8.4 (1 
H, d d ,  5-H) 

Analyses (%) 
Found 

(Calculated) 
-7 

C H  N 
53.8 4.7 11.6 
(53.9) (4.5) (11.8) 

47.5 3.05 9.2 
(47.5) (3.0) (9.2) 

41.1 2.7 14.3 
(41.05) (2.8) (14.4) 

43.35 3.0 15.25 
(43.4) (2.9) (15.2) 

55.6 3.9 11.3 
(55.7) (3.85) (1 1.5) 

58.1 3.1 14.5 
(57.95) (3.1) (14.5) 

55.7 4.0 11.3 
(55.7) (3.85) (1 1.5) 

57.9 3.2 14.6 
(57.95) (3.2) (14.5) 

From ethanol unless otherwise stated. 
MHz. 

From hexane-toluene. Lit., m.p. 90-92 "C (ref. 1). Additional coupling unresolved at 90 

filtration to give trichloro-4-cyano-6-(N-ethylanilino)pyridine 
(21) (35%), m.p. 102 "C (from hexane); 6 1.3 (3 H, t), 4.0 
(2 H, q), and 6.9-7.5 (5 H, m) (Found: C, 51.6; H, 3.1; 
N, 12.9. Cl4HIoCl3N3 requires C, 51 S ;  H, 3.1 ; N, 12.9%). 

A similar experiment using NN-diethylaniline in place of 
N-ethylaniline gave the same compound (18%). 

Dehydrogenation of Tetrahydrocarbo1ines.-The tetrahydro- 
carboline (0.01 mol) and DDQ (0.02 mol) were heated under 
reflux in chlorobenzene during 30 min. The solution was 
cooled and filtered, and the filtrate was evaporated to dryness. 
The residue was recrystallised from ethanol to give the car- 
boline in ca. quantitative yield. The properties of the products 
(17)--(19) are listed in Table 2. 
An attempted dehydrogenation with chloranil gave mainly 

recovered starting material, together with tars. 

2,3-Dichloro-4-cyano-9-ethyf-9H-pyrido[2,3-b]indofe (20).- 
A solution of trichloro-4-cyano-6-(N-ethylanilino)pyri 

(21) (1 mmol) in dry diethyl ether (100 ml) was irradiated 
through a quartz filter by a medium-pressure mercury lamp 
during 4 h. The mixture was then evaporated to dryness and 
the product (87%) was purified by recrystallisation from 
ethanol to afford the a-carboline (20) with the properties listed 
in Table 2. 

24 3 3 -  Dichloro-4-cyano-6-piperidinopyridin-2-yl)cyclo- 
hexanone (22).-A mixture of 2-(trichloro-4-cyanopyridin-2- 
y1)cyclohexanone (6) (5 mmol), piperidine ( 5  mmol), piperidine 
hydrochloride (trace), and xylene (50 ml) was heated in a 
Dean-and-Stark apparatus during 5 h. The organic phase was 
then evaporated to dryness and the residue was recrystallised 
from ethanol to give the title compound (22) (6879, m.p. 
157 "C; 6 1.7-2.2 (total 12 H, m, 6 x CH,), 2.6 (2 H, t 
(COCH2), 3.3 (4 H, m, CH2NCH2), and 4.1 (1 H, t, COCHAr) 
(Found: C, 58.2; H, 5.35; N, 11.8. C17HIUC12N30 requires C, 
58.0; H, 5.4; N, 11.9%). 
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Reaction of Tetrachloro-4-cyanopyridine N-Oxide with 
€numines.-Typical reaction. To a refluxing solution of 
tetrachloro-4-cyanopyridine N-oxide (0.01 mol) in dry 
chlorobenzene (1 50 ml) was added freshly distilled 1 -piper;- 
dinocyclohexene (0.01 ml) and the mixture was heated under 
reflux during 30 h. The mixture was cooled and filtered and 
the filtrate was evaporated to dryness. Chromatography of 
the residue on alumina (3 : 1 light petroleum-chloroform as 
eluant) gave trichloro-4-cyano-6-piperidinopyridine (9) (5 1 %) 
and 2,3,5-trichloro-4-cyano-6-cyclopent-l-eny~yridi~e (23) 
(15%), m.p. 108 "C (from hexane); 6 2.0 (2 H, q, CH2CH,CH,), 
2.6-3.0 (4 H, m, 2 x CH,), and 6.95 (1 H, m, 'CH) (Found: 
C, 48.3; H, 2.6; N, 10.4. CllH7Cl3N2 requires C, 48.3; H, 2.6; 
N, 10.2%). 

Reactions of the Tetrahydrocarbolines (3) and (14) with 
AI&ali.-To a solution of 2,3-dichloro-5-(5-chloropentyl)- 
4-cyano-6,7,8,9-tetrahydro-5H-pyrido[3,2-b]indole (3) (0.05 
mol) in refluxing ethanol (500 ml) was added, dropwise, 
10% aqueous potassium hydroxide (1 50 ml). The mixture was 
heated under reflux during 45 min. The solvent was then 
evaporated off and the residue was poured into water (500 ml). 
The insoluble product was recovered by filtration and was 
purified by chromatography on silica (9 : 1 dichloromethane- 
ethyl acetate as eluant) to give 2,3-dichlor0-5-(5-chloropentyl)- 
6 , 7 , 8 , 9 - t e t r a h ~ d r o - 5 H - p y r i d o [ 3 , 2 - b ] i n d  (24) 
(58%), m.p. 224 "C (from ethanol); v,,,,~. 3 300-3 lOObr and 
1 690 cm-'; 6 1.5-2.0 (total 10 H, m, 5 x CH,), 2.7br (4 H, 
2 x ZCCH,), 3.5 (2 H, t, CH,CI), 4.0 (2 H, t, NCH,), and 
6.lbr and 6.5br (together 2 H, exchangeable with D20, NH2) 
(Found: C, 52.5; H, 5.2; N, 10.8. C17H2oCI,N,O requires C ,  
52.5; H, 5.2; N, 10.8%). 

A similar experiment with the isomeric 9-(5-chloropentyl)- 
carboline (14) gave the corresponding amide (25) (84%), m.p. 
160 "C (from ethanol); vmaY. 3 380, 3 200, and 1 640 cm-l; 6 
1.5-2.2 (total 10 H, m, 5 x CH,), 2.7br (4 H, 2 x =CCH2), 
3.5 (2 H, t, CH2CI), 4.1 (2 H, t, NCH,), and 6.lbr (2 H, 
exchangeable with D20, NH,)  (Found: C ,  52.6; H, 5.2; N, 
10.8. CI7H2nCIjN30 requires C, 52.5; H, 5.2; N, 10.8%). 
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