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Phenanthridine Derivatives:
Part l. Studies on the Cyclodehydration of some
Acylamido-2-Phenyl Cyclohexanes

Ahindra Chandré Das Gupta, Sibani Sankar Chakravorti,
Bijan Prasun Das* and U, P, Basu

Cyclodehydration of frans-1-chloroacetylamido-2-phenylcyclohexane (II) with PoClg/
benzene afforded trans-1, 2, 3, 4, 4a, 10a-hexahydro-9-chloromethyl-phenanthridine, isolated in
the form of its hydrochloride (1II), the chloromethyl group of which did not interact with secon-
dary amines. On the other hand, trans-1-[N-(piperidino/morpholino/diethylamino)]-acetylami-
do-2-phenylcyclohexanes (1V), obtained by treating 11 with piperidine, morpholine and diethyla-
mine, could not be cyclised with PoCl; /benzene, P,O;/benzene and PCls/chloroform, but the
amides (1V) on treatment with P,Og/xylere furnished in each case 1-phenylcyclohexene (V) and
the acetonitriles (VI) of the corresponding secondary amines respectively. However, by the
action of PPA on (IV) the desired cyclised product, frans-1,2,3,4, 4a, 10a-hexahydro-9-piperi-
dinomethylphenanthridine (I; R=N-piperidino) could only be isolated along with (V) as major

side product in all the cases.

A systematic investigation on the synthesis of several 3, 4-dihydro-isoquinoline
derivatives'’® is being followed in this laboratory. In this connection it was considered
to be of interest to have similar heterocyclic ring with 3, 4-cyclotetramethylene substitu-
tion giving rise to the phenanthridine skeleton as depicted in structure (I).

In the first approach towards the synthesis of compounds of structure (I), zrans-
1.amino-2-phenylcyclohexane®® was treated with chloroacetylchloride to give frans-1-
chloroacetylamido-2-phenylcyclohexane (II), which on treatment with phosphorus oxy-
chloride in boiling benzene, furnished trans-1, 2, 3, 4, 4a, 10a-liexahydro-9-chlorome-
thylphenanthridine, isolated as its hydrochloride (I1II), the free base being unstable.
Attempts to interact (III) with secondary amines (e.g. piperidine, motpholine, diethyla-
mine) under different conditions*-® to give (I) failed.
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In an alternate approach’, the secondary amines (piperidine, morpholine, die-

thylamine) were condensed with (II) to afford the amides (IV; R=N-giferidino
N-morpholino- and N-diethylamino-). The amides (1V) could not be cyclised with
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cither phosphorus oxychloride or phosphorus pentoxide in boiling benzene and phos-
phorus pentachloride in chloroform®, the starting amides (IV) being recovered. Treat-
ment of the amides (IV) with phosphorus pentoxide in boiling xylene gave, instead of
usual cyclodehydration product, the hydrocarbon, 1-phenyl cyclohexene®!* (V), and
the acetonitriles'>** (VI) corresponding to the secondary amines. However, the amide
(IV; R=N-piperidino-) could be cyclised with polyphosphoric acid, but in a very poor
yield; the major side product in this case also was 1-phenylcyclohexene (V). But the

amides (1V; R=N-morpholino and N-diethylamino-) on treatment with polyphosphoric-
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acid furnished only 1-phenylcyclohexene (V), presumably the desired cyclised pro-
ducts could not be isolated due to their resinous nature.

Formation of the nitriles (V1) during cyclodehydration of the amides (IV) paral-
lels the observation of Mc. Coubrey and Mathiesons, who during cyclisation of the m—
and p-nitro benzoyl derivatives of S phenyethylamines obtained the nitrobenzonitriles in
considerable proportions. Formation of the hydrocarbon (V) from the amides (1V) also
seems parallel to the observation of Cook ef al'® in that the acetyl derivative of 1, 2-
diphenyl ethylamine when heated with phosphorus pentoxide in xylene affords stilbene
with the elimination of acetamide. Similar observation during cyclodehydration of 8-
ethoxyquinoline-5 N-(«x-methyl-8 phenethyl)-carboxamide has also been recorded by
Ghosh et al'? in that they isolated only the corresponding nitrile.

EXPERIMENTAL

All recorded melting and boiling points are uncorrected. UV absorption spectra
were taken in ethanol solution and measured in Hilger Spectrophotometer model H700

using quartz cells.
trans-1 Chloroacetylamido-2-phenyl cyclohexane (II)— Chloroacetyl chloride (90 g.)

was added dropwise to an ice cooled mixture of frgns-1-amino—2-phenylcyclohexane?’3
(100 g) and sodum hydroxide solution (20%; 200 ml.) at 0° under stirring during 30 min.
The greenish viscous mass was extracted with ether. The ethereal extract was washed
successively with dilute hydrochloric acid and water and dried (sodium sulphate). The
residue left after removal o the ether was distilled at 210—5°/12-15 mm to furnish on
cooling a pale yellow semisolid mass (75 g.). This on trituration with acetone-petro-
leum ether 60-80°) afforded a solid which crystallised from aqueous ethanol in
colourless microcrystalline powder, m. p. 132-3°; A\ max 252, 258 m# (log ¢ 3.36, 3.37)
(Found: N, 5.70; C1, 13.99. C,,H;,NOCI requires N, 5.56; Cl, 14.11%).

Action of phosphorus oxychloride on (1I): Formation of trans I, 2, 3, 4, 4a, 10a-
hexahydro-9-chloromethylphenanthridine hydrochloride (III): A mixture of the com-
pound (II, 10 g.), phosphorus oxychloride (10 ml) and dry benzene (150 ml) was
heated under reflux on a steam bath for about 6 hrs. The cooled mixture was
treated with crushed ice and the aqueus layer separated, treated with charcoal
and filtered. The filtrate was basified with sodium hydroxide solution (30%) and
the liberated base (an oil) was extracted with ether. The ecthereal layer was.
then extracted with dilute hydrochloric acid (1:1) and the extract on evaporation to
dryness furnished a solid, crystallising from dry ether-ethanol mixture in yellow micro-
crystalline powder, m. p. 189-90°; Amax 232, 258 mg (log 6 3.35, 3.83) (Found: N,

4,99; Cl, 26.32. C;,H,;NCl, requires N, 5.18; Cl, 26.29%).
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trans-1-(N-Piperidino) acetylamido-2-phenyl cyclohexane (1V ; R=N piperidino-)

—To a solution of trans-1-chloroacetylamidocyclohexane (II, 25g.) in dry benzene (200
ml.), piperidine (17 g.) was added when an exothermic reaction ensued. The mixture was
allowed to stand at room temperature for 1 hr. with occasional swirling, refluxed for
2 br. and the piperidine hydrochloride filtered off. The filtrate on shaking with benzoyl
chloride in presence of sodium hydroxide solution (50%) furnished a brown oil which
was extracted with ether, washed with water and dried (sodium sulphate). The solvent
was removed and the residue distilled (214—5°/3-4 mm) to afford a gummy product
which on trituration with petroleum ether (b. p. 60—80°) yielded a colourless solid,
crystallising from ethanol (charcoal) in colourless microcrystalline powder, m.p.115—6".
(Found: N, 9.27. C,;H;;N,O requires N, 9.33%).

trans-1—(N-Morpholino) - acetylamido-2-phenylcyclohexane (1V;R = N-Morpholino-)
—This was prepared from the amide (II, 25 g.) dissolved in dry benzene (200 ml.) and
morpholine (19g.), following the procedure described in case of (IV;R = N-piperidino-)
and the liquid obtained after removal of the solvent distilled at 230-5°/2-3 mm. as a
pink oil which on trituration with acetone-petroleum ether (b. p. 60—80°) mixture affor-
ded a colourless solid crystallising from aqueous ethanol in colourless microcrystalline
powder, m. p. 123—4°. (Found: N, 9.35. C;sH,(N,O, requires N, 9.27%).

trans-1-(N-Diethyl)-acetylanudo-2-phenylcyclohexane(lV; R=N-diethylamino-)—
Diethylamine (12 g.) was mixed with the compound (II, 20 g.). After the initial exother-
mic reaction was over the product was heated under reflux at 110° for 2 hr., cooled
and washed with water. The residual dark brown viscous product was extracted with
ether, the ethereal layer washed with water and dried (sodium sulphate). After remo-
val of the ether the residue was distilled in vacuo at 220-5°/2 mm. to furnish a deep
brown oil. (Found: N, 9.54. C,sH,sN,O requires N, 9.72%).

Action of phosphorus pentoxide on (1V; R=N-piperidino); Formation of 1-phenylcyc-
lohexene (V) and N-piperidinoacetonitrile (VI; R=N-piperidino-)—In a flask protected
from moisture, a mixture of the amide (IV; R=N-piperidino-; 10 g.), phosphorus pen-
toxide (94 g.) and xylene (500 ml.) was refluxed under stirring in an oil bath for about
4 hr. The mixture was cooled and the xylene layer (fraction A) decanted and collected
over calcium chloride. The solid residue was treated with crushed ice and the aqueous
layer separated, washed with ether, treated with charcoal and filtered. The filtrate on
basification with sodium hydroxide solution (50%) furnished an oily product which was
repeatedly extracted with ether. The ethereal solution was washed with water, dried
(sodium sulphate), ether distilled off and the residue (fraction B) on distillation at 125-
30°/25 mm furnished a colourless liquid, characterised as piperidino acetonitrile (Lit*?
b. p. 952/15 mm). (Found: N, 2245. Calc. for C:H,N,; N, 22.58%). Its picrate was
crystallised from ethanol in shining yellow needles, m. p. 164°. (Found: N, 19.93.
C,H,.N,, CH;N;O; requires N, 19.82%)

The xylene layer (vide fraction A) on concentration in vacuo, gave a red oil
which distilled at 130°-5°/20-25 mm. The distillate was characterised as 1-phenylcyc-
lohiexene (Lit* b. p. 128°/16 mm) by the formation of maleic anhydride adduct, crystal-
lising from ethanol in cream coloured microcrystals, m.p. -156-7° (Lit'®m.p. 160°). Its
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nitrosochloride derivative crystallised from methanol in colourless microcrystalliae

powder, m.p. 127—9° [Lit'* m.p. 133—4° (dec.)].

Action of phosphorus pentoxide on (IV; R=N-morpholino): Formation of 1-phenyl-
cyclohexene (V) and N-morpholinoacetonitrile (VI; R=N-morpholino-)—A mixture of
{IV; R=N-morpholino), phosphorus pentoxide (94 g.) and xylene (150 ml.) was heated
under reflux for 4 hr. under stirring. After following the same procedure as described
above, 1-phenylcylohexene (b. p. 132°/20 mm) was isolated from the xylene layer and

characterised.
The ethereal extract of the usual basified aqueous layer on distillation in vacuo

afforded only N—morpholino acetonitrile (b. p. 138—40° /18-20 mm ; m.p. 60—1°; Lit'3
m.p. 60—1°). (Found: N, 22.13. Calc. for C¢H;(N,. N, 22.22%). Its picrate was
crystallised from ethanol in yellow microcrystals, m.p. 152.3°. (Found: N, 19.96.
CgH,,N,O, C,H;N,O, requires N, 19.71%). ’

Action of phosphorus pentoxide on (1V ;R=N-diethylamino-): Formation of 1-phe-
nylcyclohexene (V) and N-diethylaminoacetonitrile (V1; R—N-diethylamino-)—The
amide (IV; R=N-diethylamino; 10 g.), phosphorus pentoxide (94 g) and xylene (225
ml.) were mixed and heated under stirring for 4 hr. and worked up as above. From the
xylene layer 1=phenylcyclohexene (V) was optained and N-diethylaminoacetonitrile (VI;
R=N-diethylamino-). (b, p. 110-2°/4 mm.; Lit** b. p. 170°/10 mm.) isolated from the
ethereal extract of the basified aqueous layer was characterised by its elemental analysis
(Found: N, 24.92. Calc. for CgH;.N,: N, 25.00% and the formation of its picrate, cry-
stallising from ethanol in yellow needles, m.p. 147-8° (Found: N, 20.61. CH_N,,

Ce¢H;N;0, requires N, 20.52%).
Action of polyphoshoric acid on (IV; R=N-Piperidino-): Formation of trans—1,2,3,

4, 4a, 10a-hexahydro-9-piperidinomethyl phenanthridine (I, R=N-piperidino) and I-
phenylcyclohexene (V)- To polyphosphoric acid prepared from phosphorous pentoxide
(93.5 g) and orthophosphoric acid (85 per cent; 60 ml.) the compound (1V; R=N-pipe-
ridino-) was added under stirring. The mixture was then heated in an oil bath at
135—40° for 8 hr. and left overnight. The mixture was treated with ice and water and
then extracted with ether. The ethereal extract (fraction A), dried over anhydrous
sodium sulphate, on concentration afforded a liquid which was distilled at 130°/20 mm
and characterised as 1-phenylcyclohexene (V). The acidic aqueous layer (fraction B)
was treated as before to furnish a liquid distilling at 195-8°/1-2 mm. This on stand-
ing was converted into a solid product which on trituration and subsequent crystallisa-
tion from aqueous ethanol yielded a colourless microcrystalline powder, m.p. 220°;
% max 240 m  (log 6 3.32) (Found: C. 80.62; H, 9.15; N, 9.78. C;yH N, requires C,
80.85; H, 9.21, N, 9.929%). Its picrate was crystallised from ethanol in yellow micro-
Crystals, m.p. 135°. (Found: N, 14.78. C;;H,¢N,, 2C,H;N,O, requires N, 15.13%).
The same reaction as described above was followed in case-of the amides (IV;
R=N=morpholino and 1V. R=N-diethylamino-) and in both the cases only 1 phenyl-

cyclohexene (V) was obtained and characterised.
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