STUDIES IN THE ISOQUINOLINE SERIES.

Parr XI. THE INFLUENCE OF ALKYL- AND ARYL-SUBSTITUENTS IN THE SIDE
CHAINS OF ACYL~/3, PHENYL ETHYL AMIDES ON THE CLOSURE OF THE
ISOQUINOLINE RING.

By B. B. DEY and V. S. RAMANATHAN.
(Received November 6, 1942.)

Two of the best known reactions by which isoquinoline derivatives may
be prepared consist in the condensation of bases of the S-phenyl ethyl amine
type with either aliphatic aldehydes in the presence of HCl or with esters
or acid chlorides or acid anhydrides followed by treatment with such powerful
dehydrating agents a¢ phosphoryl chloride or phosphorus pentoxide in
boiling toluene, xylene or tetraline, thus:—
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In the former reaction studied by Pictet (1911), Decker and others (1913),
tetrahydro-isoquinoline derivatives are obtained whilst the latter studied by
Bischler and Napieralsky (1893) and known by their name, and modified later
by Pictet (1909; 1910) and Decker (1909) leads to the formation of the 3 : 4,
dihydro-isoquinolines which may either be oxidised to the isoquinolines or
reduced to the tetrahydro-compounds. The syntheses of the natural alkaloids
containing the isoquinoline ring have generally been carried out by the
Bischler-Napieralsky method and hence its importance.

Although this method has been employed extensively in the field of
isoquinoline syntheses, a perusal of literature does not reveal any systematic
attempts having been made to study the influence of different groups, such as
methyl, phenyl or benzyl in the side chain, on the ring closure of the acyl
derivatives of a- and 8- substituted B-phenyl ethyl amines. As far as can be
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ascertained from literature, syntheses of the following isoquinolines with alkyl
or aryl substituents in 3 and 4 positions in the pyridine nucleus, have hitherto
been carried out:—
(@) 1:3, dimethy)-3: 4, dihydro-isoquinoline. [Hey, 1930.]
CH, CH,

NN NN
(Y NCHCHs po (Y \CHCH;

] -1 | N
V% céNH Toluene \/\/

CH; CH;
(b) 1:4, dimethyl-3: 4, dihydro-isoquinoline. [Spath, 1930.]
CH,4 CH,4
| |
CH CH
AN NeH,

|
. PO AN e
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CI'|13 |
CH;
(¢) 1, methyl-4, phenyl-1: 4, diphenyl- and 1, methyl-3: 4, diphenyl-isoqui-
nolines. [Krabbe, 1936; Krabbe ef al., 1938.]
N-benzoyl-amino-methyl diphenyl carbinol, obtained from hippuric ester
and phenyl magnesinm bromide, was converted into 1: 4, diphenyl-isoquino-

line through the N-benzoyl (88, diphenyl)-vinyl amine, thus:—
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The object of the present investigation has been to study the influence
of both alkyl and aryl groups in the side chains of 8, phenyl ethyl amines, on
the facility or otherwise with which the acyl derivatives of the amines could
be cyclised to the isoquinolines.

The study has necessarily entailed the preparation, in the first stage, of
a number of «, and B, substituted B-phenyl ethyl amines, the substituents being
methyl, phenyl and benzyl groups, of their acet-, benz-, and phenyl acet-
amides in the second stage, and the cyclisation of these amides finally to the
corresponding 3: 4 dihydro isoquinolines by one standard method, viz. that
of warming the amides in toluene solution with phosphoryl chloride. The
reactions involved are explained in the schemes given below:—

R R R
(Ivri (I3H C'H
N R e
Lo + Ry 0001 POCl, | | |
./ NH, S )NH : \/\/N
Toluene
r‘w {az

where R, Rl’ and RZ = H, CHs, CGH{), or CH2—06H5

The following substituted B, phenyl ethyl amines have been emploved
in the present investigations:—

A. BB, diphenyl-ethyl amine.

RLEN
CeHj
B. B, methyl-8, phenyl ethyl amine.
CoHlsn
CHg

C. «, methyl-8, phenyl ethyl amine.
CgH;—CH,—CH(CH;)—NH,.

D. «, phenyl-g, phenyl ethyl amine.
CeH; —CH,—CH(CgH;)—NHo,.

E. a, benzyl-8, phenyl ethyl amine.
CGH5—CH2\

CH—NH,.
CoHys—CH,”
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F. «, phenyl-8, 3: 4 methylenedioxy-phenyl-ethyl amine.
0 \CHy—CH—NH,
CH,

\OK /| (l}6H5

All the amines with the exception of B («, benzyl-8, phenyl cthyl amine),
were prepared by the well-known method of Hofmann using the corresponding
acids as the starting material. The steps employed in the preparation of the
individual amines (A, B, C, D, E, and F) mentioned above are explained in
the following schemes :—

CGHS\
A. CgH;—CH = CH~COOH +4CgHg+AlCl; —— /CH—-CHz—COOH
CeHs” |
| SOCl,
Colls. NH; CoHy
CH ~CH,—C0—NHye- CH —CH,—C0.Cl
CeH; | CeHs

| Hofmann’s reaction
] using hypochlorite solution.

CsH5\ v
>CH—CH,—NHs,.
CeH”
[Vorlirder et al., 1923.]

In the cases of the other amines, the preparation up to the acid stage only
is given, the steps from the acid to the amine being the same.

CGH5\ CGH5\ /OZH Br
B. /CO+Br-—CH2—COOCgH5+Zn————> /C\
CH, CH, CH,.COOCH;
|
| dil HoS0,
¥
CeHj; POCl, CeHs; OH
>c = CH—CO0CH; <— >c<
CHg CH,4 CH,.COOC.H;4
Hydrolysis
(KOH)
CeHs ¥ Sodium Amalgam CGH5\ ‘
/‘C = ("H.COOH /CH-—CHZ.COOH
CH, reduction CH;
[Lindenbaum, 1917.]
C. CH3.CH2.CO\
CeH;.CHO+- /O+CH3.COONa
CH3.CH,.CO

————Ce¢Hs —CH = C(CH;3)COOH
Sodium Amalgam

¥
CeH;—CH,—CH(CH3).COOH.
[Edeleano, 1887.]
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D. CHy.CO\
06H5CH0+06H5CHQCOON3;+ /O ——————
CH;.CO

Sodium Amalgam
06H5.CH = C(CGH5)COOH 06H5CH20H06H5COOH
[Oglialoro, 1878.]

B CoHy CH5, 000, CoHl; CH,_
co
CeH, CHy |

i Ammonium

/Pb —_—
CgH;5.CH,.COO0

Formate

CoHg CHy hydrolysis CoH;.CHyy  /NH.CHO
CH.NHp «<—— H-
OgHs CH, HCOl  CgH;.CH,

Dibenzyl ketone has been prepared by Apitzsch (1904) and Young (1891)
by the dry distillation of the calcium salt of phenyl acetic acid. Kenner and
Morton (1939) obtained the same ketone by dry distillation of the lead salt.
The distillation of the lead salt was preferred as its decomposition temperature
was much lower than that of the calcium salt. The ketone was converted to
the amine by the method of Leuckart modified by Ingersoll et al., (1936).

/
B aw “pHo CH,.CO
Nol + CoH;.CH,.COONa + No
N4 CH,.c0~
N\ A~
h, 0 I—CH2.('}H—COOH reduction ¢ O \oH = ('J_C()()H
\O—j\/' 06H5 \O‘\/I CGH5

[Dey and Krishna Rao, 1925.]

The results obtained are given in the accompanying table. The yields
of the isoquinolines obtained by cyclising under identical conditions the acyl
derivatives of the unsubstituted 8, phenyl ethyl amine have been adopted
as the standards of reference for the comparison and correlation of the results
obtained with all the other substituted amines. The experimental conditions
were kept rigidly constant and the element of error through accidents was
carefully eliminated by repeating the cyclisations at least twice in each case
until the results were strictly concordant.

The yields of the isoquinolines obtained by cyclising the acyl derivatives
of a, methyl-8, phenyl ethyl amine are found to be comparatively higher than
those of 8, methyl-8, phenyl ethyl amine thus showing that the methyl group
in a, position facilitates cyclisation to a greater extent than that in the B,
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position. A glance at the table would show that the yield of 1: 3, dimethyl-
3: 4-dihydro-isoquinoline (48 per cent) and 1, benzyl-3, methyl-3: 4,
dihydro-isoquinoline (45 per cent) are higher than those of 1:4, dimethyl-
dihydro-isoquinoline (31 per cent) and 1, benzyl-4, methyl-3:4, dihydro-
isoquinoline (38 per cent). The introduction of the phenyl group in 1, position
is however found to reduce the yield of 3, methyl-dihydro-isoquinoline and to
increase the yield of the 4, methyl-dihydro-isoquinoline. The inference is
obvious that the influence of the group in position 1, i.e. the acyl group in the
amide cannot be ignored or neglected. In one case the phenyl group in 1,
position seems to be favourable for cyclisation whereas in the other it appears
to retard. The phenyl group in 8, position in the acyl derivatives of B, 8,
diphenyl ethyl amine has practically little or no influence on cyclisation, Here
again, 1: 4 diphenyl-3: 4, dihydro-isoquinoline stands as an exception. A much
higher yield of the isoquinoline was obtained showing that the phenyl group
in 1, position influences the reaction facilitating ring closure. A perusal of
the table shows that none of the acyl derivatives of a, 8, dipheny! ethyl amine
could be cyclised indicating the probable retarding effect of the phenyl group

Substituents in different positions in 3:4, dihydro- Lo
isoquinolines. Yield in per cent
No. of that required
Position 1. Position 3. Position 4. by theory.
1 . Methyl Nil Nil 22 (standard)
Phenyl " v 26 »
Benzyl v 4y 9 .
2 Methyl Methyl 1 48 v
Phenyl ’ va 35
Benzyl . . 45
3 Methyl Nil Methyl 31
Phenyl 4 " 45
Benzyl s v 38
4 Methyl Phenyl Nil Nil
Phenyl ’ s s
Benzyl » » ’
5 Methyl » Phenyl 28
Phenyl ’ . 53
Benzyl ” . 9
6 Methyl *6 : 7 (Methy- Nil 60
lene dioxy)
phenyl
Phenyl . . 25
Benzyl »s vy 45
7 Methyl Benzyl » 38
Phenyl ’e s 11
Benzyl " v 22
* CH,

o\ CH—CoH;
CHz/! |
Sol A
AN \C/ where R = —CH,—CgH; or —CH, —CgHj.

l
R
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situated in the «, position. It is interesting to note that the retarding effect
of the a, phenyl group would be overcome by using the corresponding o, phenyl
substituted homopiperonyl amine, the methylene dioxy group in the latter
activating the para hydrogen atom sufficiently strongly to cause cyclisation
to take place in spite of the presence of the «, phenyl group. Here again,
when one compares the yields of the 3, phenyl isoquinolines obtained from the
acet-a, phenyl homopiperonyl amide and benz-a, phenyl homopiperonyl
amide, the same interesting observation is made that the methyl group in 1,
position is more helpful than the phenyl group in the same position. This
illustrates further the rule arrived at above that apart from the influence of
the various groups in 3 and 4 positions of the isoquinoline ring, the substi-
tuents in position 1 also exert a more or less profound influence on cyclisation.
The a, benzyl group in the acyl derivatives of «, benzyl-8, phenyl ethyl amine
facilitates cyclisation but the influence of the group varies according to the
nature of the acyl derivatives cyclised. Acet-a, benzyl 8, phenyl ethyl amide
gave the highest yield of the isoquinoline (38 per cent) and benz «, benzyl B,
phenyl ethyl amide gave the lowest yield (11 per cent). Because of the
difficulty of preparing B, benzyl 8, phenyl ethyl amine, the influence of the
benzyl group in that position could not be examined.

EXPERIMENTAL.
SECTION A,

Syntheses of 4, Phenyl-3: 4, Dihydro-Isoquinolines.

CeHsp
|
CH
e
L lN (R = CHj; CeHy; CH,.CeHy)
NS \O/
l
R
CeHs\
B, B, Diphenyl-Propionic Acid. /CH—CHZ .COOH.
CeH;

This was prepared by the action of benzene and aluminium chloride on
dry cinnamic acid (Vorlinder ef al., 1923) according to the following equation :—

CGH5\
/CH——CHQ.COOH.
CeHy

Cinnamic acid (15 g.) was dissolved in dry benzene (190 c.c.) in a 500 c.c.
round bottom flask, cooled in ice and anhydrous aluminium chloride (25 g.)
added gradually, The crystals of cinnamic acid which separated at first

—_—
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during cooling gradually went into solution. The flask was fitted with a
condenser and a CaCl,-tube and allowed to stand for forty-eight hours. The
flask was then disconnected, cooled in ice and ice water poured in little by
little with vigorous shaking to decompose the aluminium chloride. Concen-
trated HCl was finally added till the solution became clear. The contents of
the flask were distilled in steam to remove the benzene and the separating
solid filtered hot and washed with hot water several times to remove the
unreacted cinnamic acid. The solid diphenyl propionic acid remaining on
the filter paper was powdered in a mortar and boiled up twice with about
30 c.c. of water and filtered hot each time by decantation.

The crude diphenyl propionic acid, practically free from cinnamic acid,
melted at 148°-149° and weighed 12-5 g. The hot aqueous filtrate deposited
on cooling 5-6 g. of nearly pure cinnamic acid (M.P. 130°).

The diphenyl propionic acid erystallised from ligroin in fine white needles
melting at 152°. Tt is quite insoluble in cold water, slightly in boiling water,
sparingly in ligroin and easily in benzene, alcohol and glacial acetic acid.

B B, Diphenyl- Propionamide.
CeHg _
CH.CH,.CO.NH,
CeHj”

The dried acid (5 g.) and thionyl chloride (7 c.c.) were mixed in a 100 c.c.
round bottomed flask which was then fitted with a condenser carrying a CaCl,-
tube and allowed to stand in the cold for 10 minutes. It was then warmed to
80° on a water bath until no more HCl fumes could be seen and the excess of
thionyl chloride removed under reduced pressure. The residue of acid chloride
was dissolved in 30 c.c. of dry benzene, cooled in ice and a stream of ammonia
from the cylinder dried by a quicklime tower passed in till there was a strong
smell of the gas. The separated solid was filtered after an hour and washed
with water to remove the ammonium chloride. The crude amide weighed
42 g.

It is sparingly soluble in cold benzene but dissolves readily in the hot
solvent from which it crystallises in needles. 3-8 g. of the pure amide, M.P.
125°, were obtained.

B B, Diphenyl-Ethyl- Amine.
OGH5\\
/CH.CHQ.NHZ
CeHs

Levy and Gallis (1928) and Freund and Immerwahr (1890) have prepared
the amine by the reduction of diphenyl-acetaldoxime and diphenyl-aceto-
nitrile. In the present investigation the method of conversion of the amide
to the amine by Hofmann’s method has been employed.

60 c.c. of a 10 per cent solution of sodium hydroxide was cooled well in

ice and chlorine generated from 1.7 g. of potassium permanganate passed
into it.
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The amide (5 g.) was finely powdered and put into the hypochlorite solution
which was shaken vigorously and warmed on a water bath at 50°. When
the amide had gone completely into solution the temperature was raised to
70° and maintained there for two hours, cooled, 15 g. of solid caustic potash
added and the mixture again heated to 80°. Tt was finally cooled, extracted
twice with 30 c.c. of benzene and the benzene layer was shaken six times with
dilute HCL. The acid layer was separated basified with sodium hydroxide,
and extracted thrice with henzene; the benzene extract was dried over potas-
sium carbonate and the benzene removed by distillation. The diphenyl
ethyl amine was obtained as a highly basic oil weighing 2-1 g. 1t formed
a hydrochloride M.P. 255-256°, and a picrate, M.P. 212°,

Acet-8 B, Diphenyl-Ethyl Amide.
/CH.CHQ.NH.CO.CHg
CeHj

The amine was rubbed with acetic anhydride, till a faint smell of acetic
anhydride persisted. The solid formed was treated with water and warmed
to decompose the excess acetic anhydride and filtered and washed with water.
It erystallised from dilute alcohol in needles, M.P. 80°. The yield is quanti-
tative.

1, Methyl-4, Phenyl-3: 4, Dihydro-Isoquinoline.

C|6H5‘ The dry acetyl derivative (3 g.) was taken in a 60 c.c.

CH flask. Toluene dried over sodium (10 c.c.) and phosphoryl
yavd NCH chloride (7 c.c.) were successively added and the flask fitted
I ] |77 with an air condenser carrying a CaCly-tube and heated on

L

. lN an oil bath at 110°-120° for two hours. The contents were
N\ \C/ slowly poured on to crushed ice (50 g.) with vigorous stirring
l and after standing for an hour, the toluene layer was carefully

CH; removed in a separating funnel and the aqueous layer

extracted twice with 10 c.c. of benzene to remove non-basic impurities. A
small amount of a sticky resinous mass was left behind from which the clear
aqueous layer was decanted off, strongly basified with alkali and extracted
thrice with ether (50 c.c.), the ether layer dried over potassium carbonate and
the ether distilled off.

An oil was obtained which weighed 0-8 g.  Yield, 30 per cent of the theory.

The picrate prepared by the usual method crystallised from alcohol in
thick needles. M.P. 169°-170°,

01232 g. of the picrate gave 1-344 c.c. of Nitrogen at 31° and 765 mm.

Found : N = 12-34 per cent.
CagH 807Ny .
requires : N = 12:44 per cent.
(C16H15N.CeHgO7N3) )
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1, Methyl-4, Phenyl-1, 2, 3, 4, Tetra Hydro-Isoquinoline.

CeH; The dihydro isoquinoline (1 g.) was dissolved in 15 c.c.
CIH of 4N sulphurie acid in a small flask, zine dust (2 g.) added
paN /\—(‘H and the mixture heated on a water bath for three hours.
| [ 2 The solution was filtered hot, the residue was washed well
I\ INH with boiling water and the filtrate basified strongly with
NS FI-{ caustic soda. Extraction with ether, drying over potassium
K carbonate and removal of the ether left the tetrahydro-

CH, isoquinoline as a nearly colourless oil weighing 0-6 g.

The benzoyl derivative was prepared by shaking with benzoyl echloride and
excess of alkali. Tt crystallised from aleohol in needles, M.P. 107°.

0-02396 ¢. gave 1-038 c.c. of Nitrogen at 35° and 756 mm.

Found: N = 4-6 per cent.

Ca3Hg1ON requires: N = 4-3 per cent.

The hydrochloride was prepared by rubbing with concentrated HCl drying
in the desiccator and crystallising from a mixture of alcohol and ether.
M.P. 216°.

01648 g. of the hydrochloride gave 0-0919 g. of AgCL

Found: Cl = 13-79 per cent.

C16H17N.HCl requires: Cl = 13-68 per cent.

Benz-8B, Diphenyl Ethyl Amide.

CGH5\
CH.CH,.NH.CO.CeHs.
/
CeH;

[Cf. Lavy and Gaths, 1928.]

This was prepared in quantitative yield from the amine and benzoyl
chloride by shaking with alkali. It crystallised from alcohol in fine needles.
M.P. 143°.

1, 4, Diphenyl-3: 4, Dihydro-Isoquinoline.
CeHyg A mixture of the benzamide (1 g.) dry toluene (8 c.c.) and
C‘H phosphoryl chloride (3 c.c.) was heated on an oil bath at 120°
l for two hours and the product worked in the same way as
VA NVAN CH that mentioned in the case of the 1, methyl-isoquinoline.
l [ The diphenyl isoquinoline was obtained as a pale yellow
| ‘N solid, the yield of the crude product being 0-5 g. (53 per cent
N \C/ of theory). It crystallised from methyl alcohol in rhombs.
| M.P. 124°,
CgHj 0-1244 g. gave 0-4078 g. of carbon dioxide and 0-0676 g.
of water.

0-1167 g. gave 5-1 c.c. of Nitrogen at 30° and 757-5 mm.

Found: C = 89-41; H = 6:04; N = 4-91 per cent.

Co1H ;N requires: C = 89-04; H = 6:00; N = 4-94 per cent.
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The picrate prepared in the usual way, crystallised from aleohol in thin
needles. M.P. 157°,

0-1078 g. of the picrate gave 10-4 c.c. of Nitrogen at 33° and 762 mm,

Found: N = 1079 per cent.
Cy7H 07N requires: N = 10-93 per cent.

The hydrochloride was prepared by dissolving the isoquinoline in dry
ether and hy passing dry HC! gas. It was crystallised from alcohol-ether
mixture. M.P. 205°.

0-1280 g. gave 0-0582 g. of AgCl.

Found: Cl = 11-26 per cent.
(51 HgNCl requires: Cl = 11:21 per cent.

The methiodide was prepared by heating the base with excess of methyl
iodide in a stoppered bottle at 100° and crystallising the solid product from
absolute alcohol. Fine golden yellow needles. M.P. 246°,

0-1126 g. of the methiodide gave 0-0610 g. of AgT.

Found: I = 29-21 per cent.

CaoHgoNT requires: T = 29-86 per cent.

Phenyl Acet-88, Diphenyl Ethyl Amide.

CoHsy
DCH.CH, NH.CO.CH;.CoH.
CeHy

_The amine (2-2) was suspended in 10 per cent caustic soda (10 c.c.)
cooled in ice and freshly prepared phenyl acetyl chloride (3 g.) added drop by
drop with good stirring. The amide began to separate almost immediately
as a white solid. It was filtered, washed with water and crystallised from hot
rectified spirit. Yield, 2-8 g. M.P. 113°.

0-1873 g. gave 7-8 c.c. of Nitrogen at 33° and 759 mm.
Found: N = 4-64 per cent.
CyoHON requires: N = 4-44 per cent.

1, Benzyl-4, Phenyl-3: 4, Dihydro-Isoquinoline.

CoHs The amide (1 g.) was mixed with dry toluene (6 c.c.)
(‘!H and phosphoryl chloride (3 c.c.) in a flask heated to 110°
VA VAN CH for two hours and the product worked up in the usual way.
| [2 The isoquinoline was obtained as an oil. The yield

| )N was poor (0-08 g., i.e. 9 per cent of theory). This was
N \C/ converted into picrate which erystallised from alcohol in fine

l rhombic needles. M.P. 203°.

CH, 0-0586 g. gave 5-7 c.c. of Nitrogen at 32° and 760 mm.
CIGH5 Found: N = 10-89 per cent.
CasH2aN40 requires: N = 10-64 per cent.

(CooH1oN.CgH3N307)
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SecrioN B.

Synthesis of 1, substituted 4, - Methyl 3: 4, Dihydro-Isogquinolines.

C (R = CH,, CgHj, or CgH5.CH,.)

BB, Phenyl Methyl-B, Hydroxy- Propionic Ethyl Ester. [Cf. Lindenbaum, 1917.]
OH

l
CgHg—C—CH,.COOC,H.
CH,

This was prepared from acetophenone and bromacetic ester by
Reformatsky’s reaction according to the following equation:—

C(;H5 OZH BI‘
CeH; NS
>co+Br.0H2.00002H5+zn BT
CH, / N\
CH, CH,.COOC,H,
dil H,80,
C.H; OH
N S

N
CH,; CH,.COOC.H,

Acetophenone (15 g.), freshly distilled bromacetic ester (16 g.), benzene
distilled over sodium (75 c.c.) and zinc wool (10 g.) were taken in a 500 c.c.
round bottomed flask fitted with an efficient condenser. The contents were
warmed until reaction had started when the flask was removed. from the bath.
After the reaction, which was quite vigorous, had subsided, the flask was
replaced in the steam bath and boiled for 45 minutes. The brown mass was then
treated with dilute sulphuric acid (60 c.c.), shaken well to decompose the un-
reacted zinc and the zinc compound formed, and allowed to stand till the
benzene and water layers had completely separated. The benzene layer was
carefully removed, repeatedly washed with dilute sulphuric acid (five times),
dried over anhydrous calcium chloride and the benzene distilled off.
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The ester was then fractionated under reduced pressure, the portion dis-
tilling between 132° and 136° under 5 mm. being collected separately. Yield,
. 246 g.

B Methyl Cinnamic Ethyl Ester.

CsHs\
/C = CH.COOC,H;
CH,

The hydroxy ester prepared above (24:5 g.) was dissolved in perfectly dry
benzene (80 ¢.c.) phosphoryl chloride (8 c.c.) added and the mixture hoiled in
a flask fitted with a condenser on a steam bath for 45 minutes. After cooling
and adding ice to decompose the excess of phosphoryl chloride the contents
were transferred to a 250 c.c. separating funnel, the benzene layer repeatedly
washed with water, dried over calcium chloride and the benzene distilled off.

The ester was distilled under reduced pressure, the fraction boiling at
135°-140° under 5 mm. being collected. It is a colourless liquid with a pleasant
smell resembling that of ethyl cinnamate. Yield, 20-5 g.

B, Methyl Cinnamic Acid.

CoHs
)€ = CH.COOH.
CHg

The ester (20-5 g.) was dissolved in 90 per cent alcohol (50 c.c.) and a
solution of 10 g. of caustic potash in 10 c.c. of water added and boiled on a
steam bath for 2§ hours. The alcohol was then distilled off (40 c.c.) and the
contents poured into 200 c.c. of water. The solution was extracted twice with
benzene to remove unreacted ester, cooled and acidified with concentrated
HCL.  The white solid which separated immediately was filtered and washed
thoroughly. The uncrystallised acid weighed 15 g. and melted at 93°-95°.
A portion, crystallised from ligroin, melted at 99°.

B, Methyl Hydro cinnamic Acid. [Cf. Rupe, 1909.]
CgH;—CH(CHg)—CH,—COOH.

The crude acid (14-5 g.) was taken in 150 c.c. of water in a strong bolt-
head flask, a solution of 2-5 g. of caustic soda in 10 c.c. of water added and
warmed to dissolve the acid. The solution was stirred mechanically and freshly
made 4 per cent sodium amalgam (415 g.) added in small quantities at a time.
The mixture was left overnight, filtered through a Buchner funnel, cooled in
ice and acidified with concentrated HCl with stirring. The acid which separated
as an oil was extracted with benzene, dried over calcium chloride and the
benzene distilled off.

The acid distilled as a colourless liquid at 152°-154°, under 5 mm. Yield,

13-6 g.
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BB, Phenyl Methyl Propionamide. [Cf. Woodruff and Karl Pierson, 1938.]
CeH;.CH(CH;).CH,.CO.NH,.

The acid (136 g.) was warmed with thionyl chloride (10 c.c.) at 80° for
an hour with the usual precautions and the excess of thionyl chloride removed
under reduced pressure. The residual liquid was taken up in 15 c.c. of dry
benzene in a separating funnel and added drop by drop to 150 c.c. of liquor
ammonia, cooled in ice and stirred mechanically. The amide separated as a
snow-white powder which was filtered and the filtrate concentrated when a
further small quantity (1-5 g.) of the amide was obtained.

Total Yield, 11-5 g.
It crystallised from boiling water in fine needles. M.P. 106°.

BB, Phenyl Methyl Ethyl Amine.
CeH;.CH(CH;).CH, NH,.

Freund and Kénig (1893) prepared the amine by the reduction of phenyl
propionitrile with sodium and alecohol. Woodruff and Karl Pierson (1938)
obtained the amine by Hofmann’s reaction using sodium hypobromite solution.
Here instead of the hypobromite, hypochlorite solution has been employed.

70 c.c. of a 10 per cent solution of sodium hydroxide was cooled in ice
and chlorine generated from 21 g. of powdered potassium permanganate and
concentrated HCl passed in. The powdered amide (5 g.) was added to the
hypochlorite solution and warmed on a water bath to 45°-50° with frequent
shaking. The amide gradually dissolved to a clear solution when the temper-
ature (internal) was raised to 60°-70° and kept at this temperature for two
hours. Drops of an oil were found to separate out. Caustic potash (12 g.)
was then added and the liquid heated to 80° for another ten minutes. On
cooling, the amine was extracted with benzene (3 times using 15 c.c. each time)
and the benzene layer shaken with dilute hydrochloric acid (6 times using 10 c.c.
each time). The acid layer was cooled, basified and extracted completely
with benzene and the benzene dried and distilled off. The amine was left
behind as a highly basic oil, weighing 3 g.

Acet-BB, Phenyl Methyl Ethyl Amide. C¢H;—CH(CH3)—CH;—NH~CO—CHs.
This was prepared in quantitative yield in the usual way by rubbing
the amine with acetic anhydride. It was an oil.

1: 4, Dimethyl-3: 4, Dihydro-Isogquinoline. [Cf. Spath, 1930.]

Cng The acetyl derivative (4 g.), dry toluene (16 c.c.)

CH and phosphoryl chloride (10 c¢.c.) were heated and the
SN\ \CH product worked up in the usual way. The isoquinoline
% ®  was obtained as an oil. Yield, 1-1 g. (31 per cent of
N theory).
N \C/ The picrate crystallised from aleohol in rhombic needles.
| M.P. 167°,
CHg
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Benz-fB, Phenyl Methyl Ethyl 4mide.
CeH; —CH(CH3)—CH,—NH —~CO—CgH;.

35 g. of the amine gave 4-4 g. of the benzoyl derivative crystallising from
alcohol in thin needles. M.P. 85°.

1, Phenyl-4, Methyl-3: 4, Dihydro-Isoguinoline.

CH; This was obtained as an oil by heating 3 g. of the
C|H benzoyl amide, 12 c.c. of dry toluene and 8 c.c. of phosphoryl
yaVaN chloride for two hours at 110°—120°. The total weight
| |CH2 of the dry base was 1:25 g., the vield being 45 per cent of

| !N that required by theory.

NSNS The picrate prepared in the usnal way crystallised from
€ alcohol in rhombic needles. M.P. 150°.
|
O.H 01198 g. gave 135 c.c. of Nitrogen at 30° and 764 mm.
/6115

Found : N = 12-76 per cent.
C2aH507Ny

requires : N = 12-44 per cent.
(016H15N-06H307N3)} 4 P

The hydrobromide was prepared by rubbing with 48 per cent HBr, drying
the solid in an evacuated desiccator and crystallising from a mixture of alcohol
and ether. M.P. 179°-180°

0-1700 g. gave 0-1052 g. AgBr.

Found : Br = 26-33 per cent.

C1¢Hi5N, HBr requires : Br = 26-46 per cent.

1, Phenyl-4, Methyl-1 : 2:3: 4, Tetrakydro-Isoquinoline.

The dihydro-isoquinoline (1-89 g.) was reduced with zinc dust (4 g.) and
dilute sulphuric acid (30 c.c.) for 3-4 hours on a steam
CH; bath.
(‘iH After filtering and washing thoroughly with hot water
] to remove the isoquinoline sulphate adhering to the unreacted
zine, the liquid was basified stronglv with caustic soda
SN \CH o .
| | |¥**% and the separated oil extracted thrice with benzene and
| 'NH worked up as before.
NS \CI/I/ The isoquinoline was obtained as a white solid M.P.
84°—86°. Yield, 15 g.
Cl oH A small portion was crystallised from petroleum ether.
The melting point remained unchanged.

0-1196 g. gave 6-6 c.c. of Nitrogen at 30° and 765 mm.

0-1125 g. gave 0-3571 g. of carbon dioxide and 0-0752 g. of water.
Found : C = 86-58; H = 7-43; N = 6-26 per cent.

Ci6H ;N requires : C = 86-1; H = 7-62; N = 6-28 per cent.
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The hydrochloride was prepared by rubbing the base with concentrated
HCl. 1t was sparingly soluble in water and hence easily crystallised from
water. White rhombic needles. M.P. 244°,

0-1676 g. gave 0-0912 g. AgClL
Found : Cl = 1348 per cent.
C16H 17N, HC1 requires : Cl = 13-68 per cent.

The hydrobromide prepared in the same wav crystallised in fine silky
needles. M.P. 228°,

Phenyl Acet-BB, Phenyl Methyl Ethyl Amide.
CeH;—CH(CH;3)—CH,—NH—-CO—CH,—CgH ;.

6 g. of freshly prepared phenyl acetyl chloride was added slowly to a
cold suspension of 3-3 g. of the amine in 20 per cent canstic soda (20 c.c.).
The separated amide was filtered and crystallised from alcohol. Yield, 5 g.
M.P. 83°.

0-1800 g. gave 8-9 c.c. of nitrogen at 30° and 764 mm.

Found : N = 5-60 per cent.
C17H19ON requires : N = 5-53 per cent.

1, Benzyl-4, Methyl-3: 4, Dihydro-Isoquinoline.

CH;3 1 g. of the amide, 6 c.c. of toluene and 3 c.c. of phosphoryl
| chloride were worked up in the usual way and 0-35 g. of
o 9}{ the isoquinoline was formed as a basic oil.
‘ | CH, The picrate crystallised from methanol in rhombic needles.
M.P. 169°.
l\/'\\C/N 0:0952 g. gave 10-4 c.c. of Nitrogen at 33° and 759 mm.,

[ Found: N = 12-18 per cent.

CH, Ca3H907Ny } o N — 19
I (CyoH 1N CeH307N5) requires: N = 12-07 per cent.
CeH;

SectioNn C.

Syntheses of 1, Substituted-3, Methyl-3: 4, Dihydro-Isoquinolines.
CH,
7Y N\or.cH,

- |
\/\/N (R = CHj3, CgH; or CeH5.CH,.)
C

I
R
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a-Methyl Cinnamic Acid.—{Edeleano, 1887.] CgH;—CH,—CH(CH;)—COOH.
This was prepared by Perkin’s reaction from benzaldehyde, propionic
anhydride and sodium acetate according to the following equations:—
CGH5.CHO+CH3.CH2,CO\
/O+CH3.COONa
CH;.CH,.CO-
——— CgH;.CH = C.(CH;).COOH.,

Benzaldehyde (23 g.) propionic anhydride (30 g.) and freshly fused and
powdered sodium acetate (19-5 g.) were heated in a flask fitted with an air
condenser on an electric bath at 130°—135° for 30 hours.

The contents of the flask which had turned yellow were poured into
50 c.c. of water and treated with 4N caustic soda till it was alkaline and boiled
for 5 minutes so as to convert all the acid into the sodium salt. The product
was extracted with benzene (thrice with 30 c.c. each time) to remove
unreacted benzaldehyde, ete., and the aqueous alkaline solution cooled in ice
and acidified with concentrated HCI, the acid separating out almost completely
as a white solid. The product was fairly pure and melted at 73°-74°. Yield,
17-5 g.

From the benzene extract 5 g. of benzaldehyde were recovered by distilla-
tion.

«, Methyl-Hydro-cinnamic Acid.—[Rupe, 1909.]

17-5 g. of the cinnamic acid, reduced with 450 g. of 4 per cent sodium
amalgam, gave 17 g. of the propionic acid as a high boiling liquid.

o, Methyl-B, Phenyl Propionamide. CgHy—CHy—~CH(CHg3)—CO—NH,.

Edeleano (1887) prepared the amide by heating the ammonium salt of the
above acid.

The dry acid (17 g.) was converted into the acid chloride by warming with
thionyl chloride in the usual way and a solution of the chloride in dry benzene
(15 c.c.) added drop by drop to 180 c.c. of liqguor ammonia containing 2 g. of
caustic soda dissolved in it.

The solid amide which soon separated was filtered and weighed 1i-2 g.
On concentrating the filtrate another 0-9 g. of the amide was obtained. It
crystallised from boiling water in fine silky needles. M.P. 108°.

«, Methyl-B, Phenyl Ethyl Amine. CgHs—CH,—CH(CHg)—NH,.

Hey (1930) prepared the amine by the reduction of benzyl methyl keto-
xime. The amine has advantageously been prepared now in good yields by
Hofmann’s degradation using hypochlorite solution. It was obtained as a
strong basic yellow oil by treating the amide (5 g.) with fresh hypochlorite
solution prepared from 75 c.c. of 10 per cent caustic soda and chlorine

15
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generated from 2-1 g. of potassium permanganate and working up the
product in the usual way. Yield, 3-2 g.

Acet-B, Phenyl-a, Methyl Ethyl Amide.
CeH;—CH,—~CH(CH3) —-NH—CO—CH3.
It was prepared by rubbing with acetic anhydride, extracting with benzene
and washing the benzene layer with water and drying over potassium carbonate.

On removing the benzene, the amide was obtained as an uncrystallisable oil;
yield, quantitative.

1:3, Dimethyl-3: 4, Dihydro-Isoquinoline.
CH, Cyclisation of the acetyl amide with phosphoryl
avd \CH.CH3 chloride in toluene proceeded smoothly, 1-3 g. of the
l | isoquinoline (oil) being obtained from 3 g. of the amide.

NP2 /[N The yield is nearly 48 per cent of that required by
¢ theory.
IH The picrate was crystallised from alcohol. M.P.
CH, 135°.

0-1741 g. gave 23-1 c.c. of Nitrogen at 33° and 756 mm.
Found : N = 14-74 per cent.
C17H 607Ny

requires : N = 14:43 per cent.
(C11H N.CeHO,Ny) § 71 P

1: 3, Dimethyl-1:2: 3: 4, Tetrahydro-Isoguinoline.

CH, The dihydro isoquinoline (1-2 g.) was reduced with
/\/\CH CH zinc dust (3 g.) and 4N sulphuric acid (25 c.c.) on a
| 7778 steam bath for 3 hours, filtered, washed with boiling
l | INH water, cooled in ice and basified strongly with caustic

NS \Cﬁ soda. The tetrahydro-isoquinoline separated as a pale

| yellow oil which was extracted with ether, dried

CH;, over potassium carbonate and the ether removed.
Yield, 1 g.

The hydrochloride was prepared easily by rubbing the isoquinoline with
concentrated HCl. It crystallised from alcohol-ether mixture. It begins
to fuse at 249° and melts to a clear liquid at 252°.

0-1228 g. gave 0-0886 g. AgClL

Found : Cl = 17-86 per cent.

C11H;6NCl requires : Cl = 17-97 per cent.

Benz-B, Phenyl-o, Methyl Ethyl Amide. CgHz—CH,—CH(CH;)—NH

l
Ce¢H;—CO
It was prepared by shaking the amine with benzoyl chloride and alkali
in an almost theoretical yield. It crystallised from alcohol in colourless needles.
M.P. 128°.

15B
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0-1955 g. gave 10-7 c.c. of Nitrogen at 31-5° and 755 mm.

Found: N = 6-1 per cent.
C16H 170N requires: N = 5-9 per cent.

1, Phenyl-3, Methyl-3: 4, Dihydro-Isoguinoline.

CH, 1-5 g. of the isoquinoline was obtained as an oil

/ \/ \CH.CH3 from 4-3 g. of the amide by proceeding in the usual way.
| Yield, 35 per cent of that required by theory.
p q y Y

l ) )N . . .
The picrate crystallised from alcohol in needles.
N \g/ M.P. 150°.
| 0-1538 g. gave 17-5 c.c. of Nitrogen at 32:5° and

CeHs 758 mm.
. Found: N = 12-69 per cent.

C2oH150,N

requires: N = 12-44 per cent.
(016H15N-CGH307N3)} q P

1, Phenyl-3, Methyl-1: 2: 3: 4, Tetrahydro-Isoquinoline.

CH,
Y \eroHs
| xm
NN\

CH
l
CeHj
0-8 g. of the tetrahydro base was obtained as an oil from 1 g. of the
dihydro isoquinoline by reduction with zinc and sulphuric acid.
The hydrobromide crystallised from alcohol in fine silky needles. M.P.
230°-232°.
0-2591 g. gave 0-1581 g. AgBr.
Found : Br = 25-96 per cent.
C16H1sNBr requires : Br = 26-29 per cent.

The hydrochloride melted at 255°-256°.
The picrate crystallised from dilute alcohol in needles, M.P. 161°.

Phenyl Acet-8, Phenyl-o., Methyl Ethylamide.
CgH;—~CH,—CH(CH3) ~NH~-CO~CH,—CgHj;.

The amine (4 g.) was suspended in 20 per cent caustic soda (25 c.c.) cooled
in ice and freshly made phenyl acetyl chloride (7 g.) was added slowly with
vigorous stirring. The amide which separated as a solid was filtered and
erystallised from alcohol in colourless needles. M.P. 114°. Yield, 6-5 g.

0-1806 g. gave 9-4 c.c. of Nitrogen at 33 and 762 mm.

Found : N = 5-56 per cent.

C17H;yON requires : N = 553 per cent.
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1, Benzyl-3, Methyl-3: 4, Dihydro-Isogquinoline.

1:5 g. of the amide, 6 c.c. of toluene and 4 c.c. of phosphoryl chloride
heated in an oil bath at 110°-120° for 2 hours gave

CH, 0-6 g. of the isoquinoline as a basic oil. Yield, 45 per
CH.CH, cent.
) The picrate crystallised from alcohol in rhombic
AN needles. M.P. 139°.
C 0-1182 g. of the picrate gave 12-8 c.c. of Nitrogen at
| 32° and 762 mm.
CIHZ Found : N = 12-18 per cent.
CeHs Cast 07Ny )}requires : N = 12-07 per cent.

(C17H17N.CeH307 N
The hydrobromide prepared by rubbing the base with concentrated HBr
ervstallised from a mixture of aleohol and ether in thin needles. M.P. 225°.

Sectron D.

Attempt to synthesise 1, Substituted-3, Phenyl-3: 4, Dihydro-
Isoquinolines.
CH,

‘/\/\ICH.CGH5

AN
&

\
R

\’R = CH‘;, Cﬁ-H;; or C@\H;.CH:))

o, Phenyl-cinnamic Acid. CgHy,—CH = C(CgH;)—COOH.

[Oglialoro, 1878; Bakunin, 1897; 1901.]

This was prepared by Perkin’s synthesis from Benzaldehyde, sodium
phenyl acetate and acetic anhydride according to the following equation:—

CgH;5.CHO 4-C¢H;.CH,.COONa +CH3.CO\
0O

CH,.c0”
-> CGH5.CH = C(CGH5)COOH

Dry sodium phenyl acetate (28 g.) was prepared by dissolving phenyl
acetic acid (25 g.) in sodium carbonate sclution (40 c.c. containing 7-8 g.
sodium carbonate) evaporating to about 1/5 the volume, collecting the sodium
salt on a filter, drying and fusing in a nickel crucible. This was mixed with
benzaldehyde (19 g.} and acetic anhydride (45 g.) in a flask fitted with an air
condenser and an inlet tube for passing CO,. It was heated on an oil bath
for 6 hours at 190°-200° in an atmosphere of CO, and then poured on to
crushed ice (100 g.) The contents of the flask in which a solid had separated
were steam distilled to remove unreacted benzaldehyde, of which there was




B. B. DEY & V. S. RAMANATHAN: STUDIES IN THE ISOQUINOLINE SERIES. 213

very little, the flask cooled and the solid filtered and washed with water
(Filtrate A).

The solid was treated with cold dilute caustic soda, and filtered from a
little insoluble matter (B). On acidifying with strong HCI, the &, pheny!
cinnamic acid was completely precipitated. Yield, 25 g.

It erystallised from hot glacial acetic acid in needles. M.P. 170°, identical
with trans-o, phenyl-cinnamic acid.

Acidification of filtrate ‘A’ led to the precipitation of 2 g. of a white
substance which crystallised from hot acetic acid in thin plates. M.P. 138°.
It proved to be the cis-a phenyl cinnamic acid.

The insoluble matter in caustic soda ‘B’ crystallised from hot acetic acid
in rhombs. M.P. 125°. Tt was identified as stilbene. Yield, 3-2 g.

Result :—

Trans-«, phenyl cinnamic acid .. 25g.
Cis-o, phenyl cinnamic acid .. 28
Stilbene .. - .. 328

o, Phenyl Hydro-cinnamic Acid. CgHy—CHy—CH(CgH;) —COOH.

Cinnamic acid (15 g.) reduced with 300 g. of amalgam, gave the propionic
acid as a white solid melting at 82°. Yield, 14 ¢.

a, B, Diphenyl Propionamide. CgHy—CH,—CH(CgH;)—CO—NH,.
[Mayer, 1888.]

The dry acid (14 g.) was converted into the acid chloride by warming with
thionyl chloride (15 c.c.) in the usual way and a solution of the acid chloride
in dry benzene (10 c.c.) was added drop by drop to liquor ammonia (200 c.c.).
The solid amide was filtered and dried. M.P. 131°. Yield, 125 ¢.

o, B, szhenyl Ethyl Amine. CGH5——CH2~—CH(CGH5)—NH2
Leuckart and Janssen (1889) have prepared the amine by heating desoxy-
benzoin and ammonium-formate and working up the reaction product in the

usual way.
Here the amine was obtained as a liquid by Hofmann’s reaetion by

treating the amide (5 g.) with fresh hypochlorite solution prepared from 75
c.c. of 10 per cent caustic soda and chlorine generated from potassium
permanganate (2-1 g.) and working up the product in the usual way.

Acet-ap, Diphenyl Ethyl Amide. CgHg—CH,—CH(CgH;)—NH—CO~CHj.
[Leuckart (loc. cit.).]
It was prepared in quantitative yield by rubbing the amine (2-1 g.) with
acetic anhydride. It crystallised from hot alcohol in fine silky needles. M.P.

148°,
Cyclisation of the amide with phosphoryl chloride in toluene did not

proceed at all.
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Benz-af, Diphenyl Ethyl Amide. CgHg—CHy—CH(CeH;)—NH—CO0—CgH;.
[Leuckart (loc. cit.).]

This was prepared in quantitative yield from the amine and benzoyl
chloride by shaking with alkali. It crystallised from alcohol in fine needles.
M.P. 176°.

As in the case of the acetyl derivative, cyclisation did not proceed at all
with the benzoyl derivative also.

Phenyl Acet-a, B, Diphenyl Ethyl Amide.
CeH;—CH,—CH(CeH;)—NH—-CO—CH,—CgH;.

The amine (3-1 g.) was suspended in 10 per cent caustic soda (10 c.c.)
cooled in ice and freshly prepared phenyl acetyl chloride (4 g.) was added
drop by drop with stirring. The amide which separated as a white solid was
filtered, washed with water and crystallised from alcohol in thin needles.
Yield, 29 g. M.P. 182°,

0-1887 g. gave 7-6 c.c. of Nitrogen at 33° and 761 mm.

Found : N = 4-5 per cent.

CqooHo; ON requires : N = 4-44 per cent.

All attempts to cyclise the above amide to the corresponding isoquinoline,
also failed as in the previous cases.

SecrioNn E.
Syntheses of 1, Substituted-3, Benzyl-3: 4, Dihydro-Isoquinolines.

CH,

l/ \I/ “\CH.CH,C4H;

||

\/\C/N
l (R = CHg, CBHS or 06H5.0H2.)
R

Dibenzyl Ketone. CgHy.CH,
0o
CoH,.CHy”

Young (1891) and Apitzsch (1904) prepared the ketone by the distillation
of the dry calcium salt of phenyl acetic acid. The method of Kennern and
Morton (1939) has been found to be more convenient and so employed here.

CeHj.CH,.CO0 CeH,.CH,
\Pb —_— N
CeH;.CH,.000” CeHs.CHy”

The dry lead salt of phenyl acetic acid (43 g.) prepared from sodium phenyl
acetate and lead nitrate by double decomposition, was taken in a 100 c.c.
distilling flask fitted with a thermometer and heated on a sand bath with a

€0 +Pb0+CO0,.
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microburner. The temperature of the sand bath was noted and at 280°,
there was vigorous evolution of gas and the salt melted to a clear liquid. The
temperature was gradually raised to 340° and maintained there for 15 minutes.
As the ketone was a high boiling liquid, the contents of the flask were distilled
under reduced pressure. The ketone (10°5 g.) distilled as a light yellow liquid
between 198°-200° under 18 mm.

In another experiment the distillation of the lead salt of phenyl acetic
acid (63 g.) yielded the ketone (13-9 g.) distilling between 188°-193° under
11 mm.

The phenyl hydrazone of the ketone prepared in the usual way, crystallised
from hot alcohol in fine needles. M.P. 126°.

The semi-carbazone of the ketone crystallised from benzene-ligroin mixture
in thin plates. M.P. 123°.

Dibenzyl Methyl Amine. CGH5‘CH2\
/CH.N H,
CeH;.CH,

Noyes (1892) has prepared this amine by the reduction of the dibenzyl,
ketoxime. The modified Leuckart syntheses of amines by Ingersoll et al.
(1936) has been employed here. The same method has recently been used by
Rajagopalan (1942) for the preparation of this amine.

Commercial ammonium carbonate (11 g.) was placed in a 250 c.c. distilling
flask which was fitted with a two holed cork through one of which passed a
thermometer which extended nearly to the bottom of the flask and through
the other hole passed a separating funnel. Formic acid of 90 per cent strength
(10 c.c.) was taken in the separating funnel and added on to the carbonate
cautiously. After the reaction had subsided the flask was attached to a
condenser and the flask heated on an oil bath slowly till the thermometer
indicated 165°.

To the ammonium formate-formamide reagent thus prepared the ketone
(9 g.) was added and heated gradually on an oil bath to 170° and kept at this
temperature (170°-175°) for five hours. Reaction started at about 165°
and the mixture became homogeneous in about an hour and a half during
which time water, carbondioxide, and ammonia distilled. The heating for
five hours need not be continuous.

The contents of the flask were cooled, shaken thoroughly with water
(twice using 30 c.c. each time) to remove the unreacted formamide and the
water decanted off. The formyl derivative of the amine separated as a pale
brown solid which was hydrolysed by refluxing with concentrated HCl (20 c.c.)
for an hour and a half. On cooling, the hydrochloride of the amine separated
as an almost white solid which was then boiled with water (120 c.c.) and the
clear solution filtered from a little resin that remained undissolved. The
filtrate was cooled in ice and basified strongly with caustic soda. The amine
which separated as an oil, was extracted with benzene, dried over anhydrous
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potassium carbonate and the benzene distilled off. The amine which was
obtained as an oil solidified on keeping in a desiccator. Yield, 6-5 g. M.P.
41°.
In another experiment starting with 13 g. of the ketone 12 g. of the amine
hydrochloride was obtained.
The hydrochloride* crystallised from aleohol-ether mixture in fine needles.
M.P. 202°.
The picrate* of the amine prepared in the usual way crystallised from hot
alcohol in golden yellow plates. M.P. 193°.
0-1072 g. of the picrate gave 12-2 c.c. of Nitrogen at 33° and 762 mm,
Found : N = 12-74 per cent.
( 0151{01 271131{.(2;(%3%71\13)} requires : N = 12-73 per cent.

The formyl derivative* of the amine was easily soluble in alcoho! and
benzene. It crystallised from hot ligroin in fine silky needles. M.P. 90°.
0-1477 g. of the substance gave 7-6 c.c. of Nitrogen at 28-5° and 757-2 mm.
Found : N = 5-81 per cent.
C16H,70N requires : N = 5:85 per cent.

Acet-a, Benzyl-B, Phenyl Ethyl Amide.

CeH;.CHy”

The acetylated product (2-1 g.) was obtained by rubbing the amine (2:5 g.)
with acetic anhydride. It was easily soluble in methanol, ethyl alcohol and
benzene. It crystallised from ligroin in thin needles. M.P. 108°.

01596 g. gave 81 c.c. of Nitrogen at 33° and 760 mm.

Found : N = 5-66 per cent.

Cy7H1gNO requires : N = 5-53 per cent.

CH.NH.CO.CH;

1, Methyl-3, Benzyl-3: 4, Dihydro-1soquinoline.

The amide (I g.) was mixed with dry toluene (7 c.c.) and phosphoryl

chloride (3 c.c.) in a small flask and heated at

CH, 115°-120° for two hours on an oil bath. The

|/ N \ICH.CHQ.CGH;, product was worked up in the usual way. 0-35g.

| l )N of isoquinoline (38 per cent of theory) was obtained

as an oil.

\/\C/ The picrate prepared in the usual way crystal-
C|H lised from alcohol in yellow plates. M.P. 148°.

8 01053 g. gave 114 c.c. of Nitrogen at 33°

and 760 mm.

* 8. Rajagopalan (loc. cit.).
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Found : N = 12-09 per cent.
CosH007Ny

requires : N = 12-06 per cent.
(017H17N.06H307Ns>} a P

It was not possible to prepare the hydrochloride as it was very readily
soluble in water.

1, Methyl-3, Benzyl-1:2:3: 4, Tetrahydro-Isoquinoline.

The dihydro isoquinoline (1 g.) was reduced with dilute sulphuric acid

20 c.c. and zinc dust (3 g.) by heating on a water

CH, bath for three hours. The solution was filtered

l/ \l/ \lCH-CHQ‘CﬁH,ﬁ hot and the filtrate strongly basified with caustic
soda, extracted with benzene, dried over potassium

Lol
NSNS NH carbonate and the benzene distilled off. The
CH isoquinoline was obtained as an oil weighing 0-9 g.
ClH The hydrochloride prepared by rubbing the
3

isoquinoline with concentrated HCI, drying in the
desiccator, crystallised from alcohol-ether mixture in thin plates. M.P. 219°,
01112 g. gave 0-0580 g. of AgCl.
Found : C1 = 12-91 per cent.
C17H1yN.HCl requires : Cl = 12-98 per cent.

The hydrobromide prepared in the same way with concentrated HBr
crystallised from alcohol-ether mixture in thin plates. M.P. 204°.

The picrate crystallised from methanol in rectangular plates. M.P.
160°-161°.
0-0784 g. of the picrate gave 8-3 c.c. of Nitrogen at 33° and 761 mm.
Found: N = 11-83 per cent.
CasHo07Ny } .
requires: N = 12-01 per cent.
(C17H1gN.CoH3O7Ng) J 7% P

Benz-o, Benzyl-B, Phenyl Ethyl Amide.

CoH5.CH,
\CH.NH.CO.CsH;.
CoHs.CHy”

The amine (3 g.) on benzoylation by the Schotten-Baumann method
yielded the benzoyl derivative (2-5 g.) which crystallised from hot alcohol in
thin needles. M.P. 166°.

0-1594 g. gave 6-2 c.c. of Nitrogen at 33° and 761 mm.

Found: N == 4-35 per cent.
CgoHg NO requires: N = 4-44 per cent.
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1, Phenyl-3, Benzyl-3: 4, Dikydro-Isoquinoline.
The amide (1 g.) dry toluene (6 c.c.) and phosphoryl chloride (3 c.c.)
were taken in a small flask and heated on an oil
CH, bath for two hours at 115°-120° and the product

‘/\/\CH.CHQ.CG}L; worked up as usual.
| ‘ lN The isoquinoline (0-1 g. 11 per cent of theory)
NSNS was obtained as an oil.
Y The hydrochloride prepared in the usual way and
C‘sﬂs crystallised from absolute alcohol-ether mixture,

melted at 143°.
0-1030 g. gave 0-0451 g. of AgCl

Found : C1 = 10-84 per cent.
Cp2H 19N . HCI requires : C1 = 10-64 per cent.

The picrate prepared by the usual method crystallised from alcohol in
rhombs. M.P. 172°
0-0718 g. gave 6-8 c.c. Nitrogen at 33° and 758 mm.
Found : N = 10-57 per cent.
CogHoaON,4 .
requires : N = 10-64 per cent.
(CosHioN CeHyO,Ny) S "9 P

Phenyl Acet-a, Benzyl-B, Phenyl-Ethyl Amide.
06H5.CH2
“NCH.NH.CO.CH,.C,H.
CHy.CHy”
The amine (5 g.) was suspended in 10 per cent caustic soda (15 c.c.)
cooled in ice and phenyl acetyl chloride (6 g.) was added drop by drop with
vigorous shaking. Excess of alkali was finally added. The amide was filtered
and washed free of alkali. It crystallised from alcohol in fine needles. Yield
43g. M.P. 134°
0-1534 g. gave 5-8 c.c. of Nitrogen at 29° and 757 mm.
Found : N = 4-26 per cent.
CosHs3ON  requires : N = 4-26 per cent.

1, Benzyl-3, Benzyl-3: 4, Dihydro-Isoquinoline.

CH The amide (1 g.) was mixed with dry toluene
|/ N \CH.CH2.06H5 (7 c.c.) and phosphoryl chloride (3 c.c.) in a small
| ! flask and heated 115°-120° for two hours on an
7\ /N oil bath and the product worked up in the usual

C way.

C‘H The isoquinoline (0-2 g. 22 per cent of theory),
| 2 was obtained as an oil.

CeH, The picrate was crystallised from methyl alcohol.

M.P. 171°.
0-1177 g. gave 10-9 c.c. of Nitrogen at 29° and 758 mm.
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Found : N = 1044 per cent.
CooH2,N4O7 ires + N = 10-¢
(CasHoyN . CgHyN5O5) } requires : N = 10-37 per cent.

SecTiON F.

Syntheses of 1, Substituted 3, Phenyl-6:7, Methylene
Dioxy-3 : 4, Dihydro-Isoquinolines.

CH,
o/ \/ NCH . CH,

e :
CH
Xa | |
0\/\C/N
S

(R = CHg, CGHE or CGH5.CH2.)

«, Phenyl Piperonyl Acrylic Acid.

0 N\~CH = C~coon

CHx( |
\O{\/[ CeH;
[Dey and Krishna Rao, 1925.]

This was prepared by condensing piperonal with sodium phenyl acetate
in presence of acetic anhydride, thus:—

/0,/ \ICHO
cH; | | +CeH; . CH, . COONa+CH, . CO
) o
NS CH, . 0~
o/ \CH = C—COOH

\0‘\/’ ClHE,

Piperonal (20 g.), fused sodium phenyl acetate (22 g.) and acetic anhydride
(35 c.c.) were taken in a 200 c.c. bolt-head flask and heated on an oil bath at
160°-170° for 6 hours. The reaction product was cooled and the excess of
acetic anhydride decomposed by adding water. The solid that separated was
filtered and triturated with dilute caustic soda and the solution filtered off
from a little solid (A) which remained undissolved. The filtrate was once
extracted with benzene to remove other impurities, acidified with strong HCI
and the precipitated acid filtered and washed. Yield, 23-7 g.
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The crude acid (1 g.) on crystallising from glacial acetic acid, yielded 0-7 g.
of the pure acid in rhombic needles. M.P. 232°.

The portion insoluble in caustic soda (A) crystallised from glacial acetic
acid in colourless needles. Yield, 3-1 g. M.P. 97°. This was identified as
3: 4 methylene dioxy stilbene :

0/ \~CH = CH~CyH,
o ||
_\0
NS

o, Phenyl Piperonyl Propionic Acid.
0/ \~CH, .CH—COOH
i

The above acrylic acid (23 g.) was dissolved in water (300 c.c.) containing

caustic soda (3 g.) and reduced with sodium amalgam (400 g. of 4 per cent
gtrength) in the usual way.

CH,{
No

The propionic acid which came down as a sticky solid became gritty on
rubbing. 1t was filtered, washed with water and crystallised from glacial
acetic acid in needles. Yield, 17 g. M.P. 125°.

01236 g. gave 3246 g. of carbon dioxide and -0532 g. of water.

Found : C = 71-6, H = 5-18 per cent.
Ci¢H1404 requires : C = 71-1, H = 5:10 per cent.

x, Phenyl-B, Piperonyl Propionamide.

/o/ \-CHQ .CH—CO . NH,
CH, |

|

Nol ) ol

The dry propionic acid (13 g.) and thionyl chloride (13 c.c.) were mixed
in a 100 c.c. round bottomed flask and warmed on a water bath at 90° taking
the usual precautions. After removing the excess of thionyl chloride under
reduced pressure, the residual acid chloride was dissolved in 10 c.c. of dry
benzene and added on to liquor ammonia (150 c.c.). The amide separated
as a white solid which, on drying, weighed 12-5 g.

The above amide (1 g.) on crystallising from benzene, yielded 0-7 g. of the
pure amide in thin needles. M.P. 141°.

0-1402 g. gave 6-6 c.c. of Nitrogen at 30-5° and 756-5 mm.

Found : N = 527 per cent.
C16H1;0N requires : N = 5:20 per cent,.
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o, Phenyl Homopiperonyl Amine.

0/ " \CH,.CH —NH,
ond’)
0N Ols

A solution of sodium hypochlorite was prepared by passing chlorine gas
generated from potassium permanganate (2-1 g.) and hydrochloric acid into
an ice cooled solution of 10 per cent sodium hydroxide (70 c.c.).

The finely powdered amide 5 g. was added to the hypochlorite solution
and vigorously shaken. The amide dissolved on warming. After keeping
the solution at 70° for two hours solid potassium hydroxide (15 g.) was added
and heated to 80° at which temperature it was maintained for 45 minutes.
The amine was extracted with benzene and the benzene layver shaken with
dilute hydrochloric acid. The acid laver was basified and extracted with
ether, dried over potassium carbonate and the ether distilled off. The residual
oil was then distilled under reduced pressure, the fraction coming between
260°-262° under 55 mm. being collected. Yield, 2-4 ¢.

The hydrochloride of the amine crystallised from alcohol-ether mixture
in fine needles. M.P. 239°-240°.

0-1467 g. gave 0738 g. of AgCl.
Found : Ol = 12-47 per cent.
C15H16NO,Cl requires : Cl = 12-77 per cent.

The picrate crystallised from aleohol in rectangular plates. M.P. 1927,
0-0992 g. gave 10-5 c.c. of Nitrogen at 31° and 757-5 mm.
Found : N = 11-85 per cent.

Co1H13N4Og=

requires : N = 11:91 per cent.
(C1sH15NO, . CgH3N305) } q !

Acet-o, Phenyl-8 (3: 4, Methylenedioxy) Phenyl Ethyl Amide.

0‘/ \‘CHZ—-CH—-NH.CO _CH,

CH, |
\0'\ /| CoHs

The amide was obtained in quantitative yield by rubbing the amine with
acetic anhydride in a china dish. It crystallised from alcohol in thin needles.

M.P. 141°.
0-1276 g. gave 5'5 c.c. of Nitrogen at 30 and 757-5 mm.

Found : N = 4-86 per cent.
C17H17sNOg requires : N = 4-94 per cent.
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1, Methyl-3, Phenyl-6:7, Methylenediozy 3: 4, Dihydro-Isoquinoline.

CH, A mixture of the amide (1 g.), dry toluene
O/ \/ \CH.06H5 (6 c.c.) and phosphoryl chloride (3 c.c.) was
I{ heated on an oil bath at 120° for two hours and
N\ /N the product worked up in the usual way.
0-56 g. of the isoquinoline (60 per cent of

| theory) was obtained as an oil.

CH; The picrate prepared in the usual way
crystallised from hot alcohol in thin plates.
M.P. 208°

0-1008 g. gave 10-3 c.c. of Nitrogen at 31° and 760-2 mm.
Found : N = 11-48 per cent.
Ca3H 1N, Oy

(Cy7H15NO, . 06H3N307)} requires : N = 11-33 per cent.

Methiodide. -2 g. of the isoquinoline and 1 c.c. of methyl iodide were
mixed together and allowed to stand for 24 hours in a corked test tube. The
yellow solid that had separated crystallised from absolute alcohol in golden
yvellow needles. M.P. 229°,

0-1082 g. gave 0-0624 g. of silver iodide.

Found : I = 31-18 per cent.

C18H15NO,1 requires : I = 31-19 per cent.

Benz-a, Phenyl-B (3: 4, Methylenedioxy), Phenyl Ethyl Amide.

0/ \—CH, .CH—~NH—CO . CH;
|
o0 O

This was prepared in quantitative yield by shaking the amine with
benzoy! chloride in presence of sodium hydroxide. It crystallised from alcohol
in needles. M.P. 182°.

01243 g. gave 4+5 c.c. of Nitrogen at 31° and 759 mm.

Found: N = 4-06 per cent.

CoeH1oNO3 requires: N = 4-18 per cent.

1: 3, Diphenyl-6:7, Methylenedioxy 3: 4, Dihydro-Isoquinoline.
CH, A mixture of the benzamide (1 g.), dry
O/\/\CH . CeHj toluene (12 c.c.) and phosphoryl chloride (3 c.c.)
l | was heated on an oil bath at 120° for two hours
\OI\ PaN /IN and the product worked up in the usual way.
0-25 g. of the isoquinoline (28 per cent of
| theory) was obtained as a solid. It crystallised

CeH from alcohol in hexagonal plates. M.P. 146°.
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0-1072 g. gave 0-3153 g. of carbon dioxide and 0:0458 g. of water.
0-1123 g. gave 4-2 c.c. of Nitrogen at 31° and 759 mm.

Found : C = 80-21, H = 475, N = 4-16 per cent.
CoeH170,N requires : C = 80-71, H = 519, N = 4:28 per cent.

The picrate of the isoquinoline crystallised from alcohol in rhombic needles.
M.P. 172°,

0-1096 g. of the picrate gave 9-7 c.c. of Nitrogen at 31° and 759 mm.

Found : N = 9-93 per cent.
CagHgoN4 Oy } .
requires : N = 10-07 per cent.
(CgoH17NO; . CgHgN3O7) 4 P

Phenyl Acet-a, Phenyl-g (3 : 4, Methylenedioxy), Pkenyi Ethyl Amide.

/Ol/ \|CH2 ~CH—NH—CO .CH, . C¢H;

|
\0'\ /' CeH;

The amine (3 g.) was suspended in 10 per cent sodium hydroxide (15 c.c.)
cooled in ice and pheny! acetyl chloride (4 g.) was added drop by drop with

stirring. The amide was filtered and crystallised from hot aleohol in thin
needles. Yield, 3 g. M.P. 185°.

CH,

0-1468 g. gave 4-9 c.c. of Nitrogen at 32° and 759 mm.

Found : N = 3-73 per cent.
CosH ;103N requires : N = 3-90 per cent.

1, Benzyl-3, Phenyl-6: 7, Methylenedioxy-3: 4, Dikydro-Isoquinoline.

A~
o N/
/7 CH . CoH;
CH / I l
™| l i
. 2
NSO\

CeHj
The amide (1 g.) dry toluene (10 c.c.) and phosphoryl chloride 3 c.c. were
taken in small flask and heated on an oil bath at 120° for two hours. The
reaction product was worked up in the usual way. 045 g. (46 per cent of

theory) of the isoquinoline was obtained as a solid. It was easily oxidised
by air and could not be crystallised.
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The hydrochloride prepared in the usual way crystallised from alcohol-
ether mixture in thin needles. M.P. 176° (decom.).

0-1140 g. gave 0:0432 g. of AgClL

Found : Cl = 9-38 per cent.
CasH;gNO,HCI requires : C1 = 9-40 per cent.

The methiodide crystallised from absolute alcohol in fine needles.
M.P. 205°.
0-1076 g. gave 0-0521 g. of silver iodide.

Found : T = 26-16 per cent.
CoqsHyoNO,I requires : I = 26-28 per cent.

SeEcTION G.

Syntheses of 1, Substituted-3 : 4, Dihydro-Isoquinolines.

CH,
e

o
\/\C/N

|
R

(R = CHg, CGH5 or 06H5.CH2)

Acet-B, Phenyl Ethyl Amide. CgHyz.CH,.CH, NH.CO.CH,.
[Michaelis and Jacobi, 1893.}

It was obtained in quantitative yield by rubbing B, phenyl ethyl amine
with acetic anhydride. M.P. 45°.

1, Methyl-3: 4, Dikydro-Isoquinoline.

CH, Pictet and Kay (1909), Spith and Co-workers (1930). '
N \CH2 The acet-amide (1 g.) dry toluene (5 c.c.) and phosphoryl

i ;N chloride (3 c.c.) were heated on an oil bath at 115°-120°

NVAVA for 2 hours and the product worked up in the usual way.
| 0-21 g. of the isoquinoline (22 per cent of theory) was obtained
C as an oil. The picrate crystallised from alcohol in needles.
o M.P. 189°.
3

Benz-B, Phenyl Ethyl Amide. Ce¢Hz—CHy;—CHy—NH—~CO—CgHj;.
[Michaelis (loc. cit.).]

It was prepared in quantitative yield by shaking 8 Phenyl ethyl amine
with benzoyl chloride in the presence of alkali. It crystallised from alcohol.
M.P. 115°.
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1, Phenyl-3: 4, Dihydro-Isoquinoline.
CH,

N\CH,
g0
[

CeHs
[Decker and Kropp (1909), Spath and Co-workers (loc. cit.).]

A mixture of the benz-amide (1 g.), dried toluene (5 c.c.) and phosphoryl
chloride (3 c.c.) were taken in a small flask and heated on an oil bath at 115°-
120° for 2 hours and the product worked up as usual. 0-25 g. (26 per cent
of theory), of the isoquinoline was obtained as an oil. The picrate crystallised
from alcohol in long needles. M.P. 174°.

Phenyl Acet-B, Phenyl Ethyl Amaide.
CgH;—CH,—CH,—~NH~CO-—-CH,—CgHj
[Decker and Kropp (loc. cit.).]

The amine (1-5 g.) was suspended in sodium hydroxide (10 c.c.) of 10
per cent strength cooled in ice and phenyl acetyl chloride (2-3 g.) was added
drop by drop stirring mechanically. The amide crystallised from alcohol.
M.P. 94°.

1, Benzyl-3 : 4, Dihydro-Isoquinoline.

CH,
(\/\EIH2
5
¢
chr,
oo,

[Pictet and Kay (loc. cit.), Spiath and Co-workers (loc. cit.).]

The amide (1 g.) on cyeclising with phosphoryl chloride (3 c.c.) in dry
toluene (6 c.c.) under the above experimental conditions yielded 0-08 g. of
the isoquinoline (9 per cent of theory), as an oil. The picrate crystallised
from alcohol. M.P. 175°.

SUMMARY.

The acet-, benz-, and phenyl acet- derivatives of (a) 8, B, methyl, phenyl-
ethyl amine, (b) «, 8, methyl phenyl ethyl amine, (c) 8, 8, diphenyl ethyl amine,
(d) «, B, benzyl phenyl ethyl amine and (¢) «, phenyl 8, (3: 4, methylene dioxy)-

16



226 B.B.DEY & V. S. RAMANATHAN : STUDIES IN THE ISOQUINOLINE SERIES.

phenyl ethyl amine were prepared and cyclised to the corresponding 3:4
dihydro isoquinolines. The cyclisation of the acyl derivatives of «, methyl-g,
phenyl ethyl amine, with the exception of the benz- derivative, has been found,
as a rule, to be more facile than that of the corresponding derivatives of the f,
methyl-8, pheny! ethyl amine. Apart from this effect of the methyl group
in the o, and in the B, positions of the above-mentioned acyl amides, the acyl
groups themselves have been observed to exert a considerable influence on the
progress of the cyclisation. Thus, while the phenyl group in the §, position
in the acetyl and phenyl acetyl-derivatives of B8, 8, diphenyl ethyl amine is
found to have little or no influence on the course of the reaction which proceeds
normally, the benzoyl derivative of the same amine gave a much hetter yield
of the isoquinoline. This increase is truly remarkable and brings into promi-
nence the significance of the acyl radical also in respect of the ease or otherwise
with which the ring is closed. The effect of the benzyl group is very similar,
as is to be expected, to that of the methyl group, the acyl «, benzyl 8, phenyl
ethyl amides being cyclised readily. Here, too, the same influence of the acyl
group is witnessed, the acetyl derivative giving the highest and the benzoyl
the lowest yield of the base. The retarding effect of the «, phenyl group is
illustrated in the case of the acyl «, 8, diphenyl-ethyl amides which refused
to cyclise at all under the usual conditions. The retardation was, however,
overcome to a considerable extent by introducing a methylene dioxy group
in the phenyl nucleus of the B-phenyl ethyl amine and activating the para
hydrogen atom responsible for the cyclisation. Thus the acyl derivatives
of «, phenyl- homopiperonyl amine could be made to cyclise, while those of
«, B, diphenyl ethyl amine failed to give even a trace of the isoquinoline. The
isoquinolines have been characterised by their picrates, hydrochlorides, hydro-
bromides and methiodides. The dihydro isoquinolines in most cases have
been reduced to the tetrahydro compounds and the picrates, hydrochlorides,
hydro-bromides and benzoyl derivatives of these tetrahydro isoquinolines
have also been prepared.

PrRESIDENCY COLLEGE,
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31st October, 1942,
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