STUDIES IN THE ISOQUINOLINE SERIES.*

Part IV. SYNTHESES OF BENZO-ISOQUINOLINES AND A STUDY OF THE
METHODS OF PREPARING ISOQUINOLINES FROM THE NAPHTHALENE RING.

By B. B. DEY and S. RAJAGOPALAN.

(Read January 2, 1940.)

The first synthesis of a benzo-isoquinoline (6:7) appears to have been
carried out by Phillips (Ber., 1894, 27, 1923; 1895, 28, 1658), who proceeded
in an indirect way, according to the following scheme :—
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6: 7-benzo-isoquinoline.

A different method was adopted by Pictet and Hubert (Ber., 1896, 29,
1183), who prepared 3 :4-benzo-isoquinoline and a few substituted products,
albeit in poor yields, in the following way:—
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3:4-benzo-izsoquinoline,

* Parts I-IIT appeared in the Archiv der Pharmazie, Berlin, 1937, pp. 383-397;
pp- 397-405; and 1939, pp. 177-192.
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Later, Pictet and Manevitch (drch. Sci. Phys. Nat., 1913, 35, 40) claimed
to have effected the direct syntheses of 1-methyl-5: 6-benzo-isoquinoline with
a naphthalene compound as the starting material, by the stepsindicated below :—
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1-methyl-5: 6-
benzo-isoquinoline.

We have carefully repeated this work, but we have been unable, in
spite of repeated attempts, to carry out the last stage, i.e. cyclisation of the
amide to the isoquinoline.

The next syntheses of compounds of this class were those of 1-methyl-
3:4-dihydro-5: 6-benzo-isoquinoline and  1-methyl-3: 4-dihydro-7: 8-benzo-
isoquinoline, accomplished by Gibson, Hariharan, Menon and Simonsen
(J. Chem. Soc., 1926, 2247). They started from o- and B-naphthaldehydes
and proceeded in the following stages:—
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The yields were stated to be exceedingly poor.

Lately, Morgan and Walls (J. Chem. Soc., 1931, 2447) successfully applied
the Bischler-Napieralsky method to the preparation of 1-alkyl, chloroalkyl,
phenyl- and nitro-phenyl-phenanthridines in good yields starting, like Pictet
and Hubert (loc. cit.), with o-amino-diphenyl. Their chief interest lay in
preparing the l-ortho-, meta-, and para-amino-phenyl phenanthridines (i.e.
3: 4-benzo-isoquinolines) of the following type which were expected to be
physiologically active:—
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Recently, Braun and Nelles (Ber., 1937, 70, 1760) have synthesised 6: 7-
benzo-isoquinocline reported previously by Phillips (Ber., 1804, 27, 1923;
1895, 28, 1658), in a more satisfactory manner, thus:—
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A survey of the literature relating to the investigations on the benzo-
isoquinolines referred to above shows that our knowledge of these bodies is very
incomplete at present. The only methods entitled to serious consideration
as constituting direct syntheses of isoquinolines from the naphthalene com-
pounds are those of Pictet and Manevitch (loc. cit.) and of Simonsen and his
co-workers (loc. ¢it.), but even in the latter cases, the products have not been
characterised sufficiently fully. A systematic study of the methods of pre-
paration and properties of benzo-isoquinolines appears, therefore, to be highly
desirable.

The present investigation was undertaken with a view to prepare benzo-
isoquinolines of the following type from the easily obtainable a-naphthyl
methylamines, the C-atom in the peri position participating in the cyclisation :—
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1, methyl-3, hydro-4:5-
benzo-isoquinoline.

Although compounds of the type Ar-C.N.C.C. have been known to resist
attempts at cyclisation to isoquinoline derivatives (Cf. Dey and Govindachari,
Arch. Pharm., 1937, 275, 383), it was hoped that the remarkable activity
usually attributed to the peri C-atom in the naphthalene nucleus would counter-
act this reluctance to a great extent. As examples of the ease with which
peri-peri cyclic compounds are formed, may be mentioned the syntheses of
substituted napthastyrils by Rule and Turner (J. Chem. Soc., 1935, 317) and
of 7:8-dihydro-phenalone-9 by Meyer, Fischer and others (Ber., 1922, 45,
1855) from naphthyl-1 propionyl chloride.

2- and 4-methoxy-naphthyl methylamines and 4-methoxy-naphthyl-a-
methyl-methylamine were used as our starting materials.

2-methoxy-naphthyl methylamine was obtained by the reduction of
2-methoxy naphthaldoxime (Brady and Goldstein, J. Chem. Soc., 1927, 130,
1959), but the yield of the amine was much reduced by the simultaneous
formation of considerable amounts of S-naphthol methyl ether, by the splitting
off of the side chain in the w-position. This rather unusual reaction has been
noticed also with 2-hydroxy-naphthaldehyde by Betti and Mundici (Gazefta,
1906, 36, 655). A more satisfactory process for the preparation of 2-hydroxy
naphthyl methylamine was found in the hydrolysis, studied by Duff and
Bills (J. Chem. Soc., 1934, 1307), of the additior. compound of B-naphthol
and urotropine. The amine gave an N-acetyl derivative which on methylation
formed the acetyl 2-methoxy-naphthyl methylamine in excellent yield. The
two methods are illustrated by the following scheme :(—
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4, methoxy-naphthyl-methylamine was obtained without difficulty from
p-methoxy-naphthaldoxime (Brady and Goldstein, loc. ¢it.) and 4, methoxy-
naphthyl-a, methyl-methy! amine was prepared from p-methoxy-acetonaph-
thone oxime (Schneider and Kuhn, Ber., 1921, 54, 2303), by reduction with
sodium amalgam. ’

The acetyl derivatives of these amines were subjected to the Bischler-
Napieralsky reaction, peri-peri-benzo-isoquinolines being expected to be
formed in the following manner:—
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The action of phosphorus oxychloride with or without toluene or phos-
phorus pentoxide in boiling xylene led to the formation of only non-basic
substances which could not be purified, while the action of phosphorus penta-
chloride in chloroform on the diacetyl and dibenzoyl derivatives of 2, hydroxy-
naphthyl methylamine resulted in the formation of small quantities of
crystalline substances containing chlorine but free from nitrogen. It has not
been possible to investigate the nature of these bodies on account of their
poor yields.

The failure to synthesise peri-peri-benzo-isoquinolines from substituted
«, naphthyl-methylamines is thus parallel to the fruitless attempts made by
other workers to obtain isoquinoline derivatives from bases of the benzylamine
type (cf. Mannich and Kuphal, Arck. Pharm., 1912, 210, 529; Staub, Halv.
Chim., 1922, 5, 888; Dey and Govindachari, Arch. Pharm., 1937, 275, 383).
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Other methods of synthesising these bodies were next explored, and atten-
tion was first directed to their preparation from naphthalene compounds
having the side chain -C.C.N.C.-, a fair chance of success being anticipated
from the results obtained in the syntheses of isoquinoline derivatives from the
analogous B-phenyl ethylamines. The simplest starting materials would
obviously be the 1, and 2, naphthyl-8-ethylamines, derived from the « and g-
naphthaldehydes. Counsidering, however, the difficulties of preparing them
(Meyer, Stieglitz, Fischer and others, Ber., 1922, 55, 1855), it was decided
to prepare substituted naphthyl ethylamines from other easily obtainable
naphthalene compounds.

Attempts were first made to prepare 4, methoxy-naphthyl-g-ethylamine
by the usual method and the corresponding S-naphthyl alanine derivative
by the method developed by Erlenmeyer and Kreutz (4dnn., 1905, 337, 205)
for the syntheses of aminoacids. These might be cyclised to the corresponding
isoquinoline derivatives as indicated in the following scheme ;:—
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The conversion of a-naphthol into p-hydroxy-naphthaldehyde by the
Gattermann reaction, and its transformation through the usual steps to
4.methoxy-naphthyl propionamide proceeded without difficulty, but the corres-
ponding naphthyl ethylamine could under no circumstances be prepared by the
usual Hoffmann reaction. Again, on attempting to obtain S-naphthyl alanine
by condensing p-methoxy-naphthaldehyde with hippuric acid, it was found that
although the azlactone was easily formed, the reduction to p-hydroxy-naphthyl
alanine by phosphorus and hydriodic acid by a method similar to that
described by Gillespie and Snyder (Adam’s Organic Syntheses, 14, 80) was un-
successful ; a small amount of a nitrogen-free substance which, from analytical
values, appeared to be p-hydroxy-naphthyl pyruvic acid,

ClOH6<OH
CH, .CO .COOH,

together with a considerable amount of tar were obtained.

Attention was next turned to the syntheses of benzo-isoquinolines from
naphthyl ethylamines with a B-hydroxyl group in the side chain by following
the method of Pictet and Gams (Ber., 1910, 43, 2384). According to these
authors the formation of such normal 1l-substituted isoquinolines from the
carbinols by loss of two molecules of water, as shown in the scheme given
below, proceeds much more easily than that of the dihydro-bases from acyl
derivatives of S-phenyl ethylamines:—
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/\/\CH2 /\/\CH
() Torzme (]}
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Experiments were, therefore, started with B-acetonaphthone, the cyclisa-
tion of N-acetyl-8-hydroxy-naphthyl-2-ethyl amine being considered to be
easier on account of the reactivity of the a-carbon atom. The course of the
reactions was planned as follows :—
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1-methyl-7: 8-benzo-
isoquinoline.

B-acetonaphthone was converted by the method of Claisen and Manassee
(Ber., 1887, 20, 656 and 2194) to its w-iso-nitroso-derivative, which was then
reduced to w-amino-2, acetonaphthone hydrochloride according to the method
of Rupe (Ber., 1895, 28, 254). The salt, on treatment with acetic anhydride
and excess of concentrated sodium hydroxide, gave the N-acetyl derivative
which was reduced to N-acetyl-8-hydroxy-naphthyl-2-ethylamine (Pictet and
Gams, loc. cit.). This, on treatment with phosphorus pentoxide in bhoiling
xylene or toluene, yielded only yellow non-basic resins which could not be
purified. The failure to obtain the isoquinoline by this method led us to
repeat carefully the work of Pictet and Manevitch (Arch. Sci. Phys. Nat. (4),
1913, 35, 40). These workers started from o, aceto-naphthone and syn-
thesised 1, methyl-5, 6-benzo-isoquinoline on exactly parallel lines, thus:—
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With but a few minor diserepancies in the melting points of the intermediate
products, the reactions up to the last stage but one did not present any
particular difficulty, but all our efforts to prepare the 1, methyl-5: 6, benzo-
isoquinoline, M.P. 95°-96°, reported by these workers, by treating the N-
acetyl-B-hydroxy-naphthyl-1-ethylamine with phosphorus pentoxide in boiling
xylene or toluene ended in failure. Only coloured, non-basic oils and certain
amounts of the original uncyclised substance were obtained. Before arriving
at any definite conclusions on this subject, it was considered necessary to
try similar experiments with 4-methoxy acetonaphthone. The exceedingly
poor yield of the isonitroso ketone led to two alternative methods of preparing
the w-amino acetonaphthones (Mannich and Hahn, Ber., 1911, 44, 1542)
explained in the following schemes, being tried :—
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In scheme (a), the stages up to the preparation of 4-acetoxy and 4-methoxy-
w-iodoacetonaphthones proceeded without much difficulty, though the yields
were poor, but these gave with hexamethylene tetramine, addition products
which, unlike those obtained by Mannich and Hahn (loc. cit.), were insoluble
in water and gave on treatment with alcoholic HCI, only sticky resins of a
non-basic character.

In scheme (b), following the method of Gabriel, it was possible to prepare
4-methoxy-naphthacyl phthalimide from 4-methoxy-w-iodoacetonaphthone,
but the p-hydroxy-w-amino-acetonaphthone hydrobromide obtained by
hydrolysis of the naphthacyl phthalimide could not be acetylated.

Due, therefore, either to the very poor yields of the products or to the
failure of apparently simple reactions, further attempts in these directions had
to be abandoned. It was then proposed to attempt the cyclisation of com-
pounds of the type CyoH;.CO.CHy.NH.COR (where R is an alkyl or aryl
radical), when 4-keto-benzo-isoquinoline derivatives would be expected to be
formed, and these could then be reduced to the tetrahydro isoquinolines, thus:—

CO co CH,
Cootly” NCHz 11,0 /\CH, /\CH,
| —~————CoHe \ ’ ———CyHg < ’NH
3 N N
[ 1 N
R R R

Although Perkin, Campbell and Haworth (J. Chem. Soc., 1926, 33) had failed
to effect the cyclisation of formyl-w-aminoacetoveratrone, and attributed
their failure to the strong inhibiting influence of the carbony! group in the
side chain, it was hoped that the method might be applied with success to
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the preparation of benzoisoquinolones, particularly in view of the fact that
Buck (J. Am. Chem. Soc., 1930, 52, 3610) was able to accomplish the synthesis
in good yield of a 4-keto-isoquinoline from homoveratroyl-w, amino-aceto-
veratrone according to the following scheme:—
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The preparation of N-acyl-w-amino-acetonaphthones necessary for the
syntheses of benzoisoquinolines involves a number of stages starting from the
naphthyl methyl ketones. A simple method for the preparation of methoxy-
benzoyl-w-aminocaceto-naphthone was found to consist in the condensation
of a-naphthol methyl ether with hippuryl chloride in the presence of an-
hydrous aluminium chloride. Judging from analogy, the benzoyl amino acetyl
group should have entered the naphthalene ring in the para-position to the
methoxyl group as shown below :—

OCH; OCH,

‘/\|/\| ¢1.00 .CH,.NH .CO . CgHj l/\/\
- i
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Attempts to oxidise this compound to p-methoxy naphthoic acid by the use
of such agents as dilute nitric acid, alkaline hydrogen peroxide, potassiam
permanganate in acetone solution, efc., were unsuccessful, but on boiling with
hydrobromic acid, the compound was hydrolysed to 4-hydroxy-w-amino
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acetonaphthone hydrobromide which was identified with the sample obtained
previously from 4-methoxy naphthacyl phthalimide (p. 163).

Our expectation that 4-keto-benzoisoquinolines could be prepared by this
method has now been fully realised, 1,phenyl-3,4-dihydro-4,keto-7,methoxy-
5: 6-benzoisoquinoline being obtained readily and in a satisfactory yield, when
4-methoxy-benzoyl-w-amino-acetonaphthone was warmed with phosphorus
oxychloride in toluene, thus:

OCH, OCH,
VA VAN NN
(0. (1)
NUAN I/ 00 . C4H; N /"\( /N C.CeHy
oc! f .
\/ oCN\}/N
CH, CH,

The reaction appears, therefore, to constitute a general method for the syn-
theses of 4-keto-isoquinolines.

We followed up this successful cyclisation by studying the action of
phosphorus oxychloride in toluene on the two acetyl-w-amino acetonaphthones,
derived from a- and B-naphthyl methyl ketones. The closure of the two
isomeric compounds to the corresponding benzo-isoquinolines occurred with
facility, as expected, according to the schemes given below:
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1-methyl-3,4-dihydro-4,keto-
7 : 8,benzo-isoquinoline.
Al the three benzoisoquinolones are weak bases. They do not dissolve
easily in acids and can be completely extracted from acid solutions, A number
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of salts of each have been prepared in order to characterise them in sufficient
detail. The keto group present in these compounds seems to be unreactive,
and it has not been found possible to prepare any of the common derivatives.
The compounds have also resisted so far all attempts at reduction by the usual
chemical methods.

EXPERIMENTAL.

NH,

l
CH,

|

|
N N\OMe
2,methoxy-naphthyl-methylamine, ' '
WA

/s

2,methoxy-naphthaldehyde was prepared in the usual way from S-naphthol
methyl ether, zinc cyanide, aluminium chloride and dry HCL 18 gms.
of the aldehyde crystallising from ligroin in pale yellow needles, M.P. 82°,
were obtained from 20 gms. of the methyl ether. The semicarbazone, M.P,
213°, and the oxime, M.P. 154°-155°, were obtained in quantitative yields.

2,methoxy-w,nitro-naphthyl ethylene, prepared from the aldehyde,
nitromethane and methyl alcoholic caustic potash, crystallised from glacial
acetic acid in golden yellow needles, M.P. 141°,

The reduction of the oxime to the aniine was carried out as follows:—

18 gms. of Z.-methoxy naphthaldoxime dissolved in 75 c.c. alcohol
were treated with 400 gms. of 419, sodium amalgam added in small portions,
with shaking. The solution was kept faintly acidic throughout by periodical
additions of 509, acetic acid and the temperature was maintained between
50°-70° by cooling at the tap. The excess of alcohol and acetic acid was distilled
off under reduced pressure on a boiling water-bath. The distillate contained
a steam-volatile, colourless crystalline solid (4 gms.), M.P. 72°. Tt was
identified as B-naphthol methyl ether by the non-depression of its melting
point when admixed with a pure specimen of S-naphthol methyl ether.

The aqueous residue was repeatedly extracted with ether so as to free it
from coloured oily non-basic impurities. The aqueous solution was cooled
in ice, strongly basified with excess of concentrated caustic soda and extracted
with ether. The ether extract was dried over anhydrous potassium carbonate
and distilled. The residue of 2-methoxy naphthyl methylamine solidified
to a pale yellow crystalline solid. M.P. 41°-42°, after sintering at 40°, Yield,
6 gms.

0-0932 gm. of the base gave 61 c.c. nitrogen at 31° and 745 mm. pressure.

Found: N = 7-229%,; C;,H ;30N requires N = 7-499%,.

The hydrobromide melted at 246° (decomp.).
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The acetyl derivative crystallised from dilute alcohol in colourless, silky
needles. M.P. 172°.
0-1161 gm. gave 0-0664 gm. of H,O and 0-3106 gm. of CO, ; also 01274 gm.
yielded 6-8 c.c. of nitrogen at 28° and 749-8 mm. pressure.
Found: C = 72:95%; H = 6:35%,; N = 6:26%,
C14H;3505N requires C = 73-36%; H = 6:53%; N= 6:12%,

The benzoyl derivative was prepared by adding benzoyl chloride to a
solution of the base in dry benzene, evaporating the solvent and decomposing
the excess of benzoyl chloride by standing with dilute caustic soda for a fow
minutes. It crystallised from dilute alcohol in colourless needles, M.I. 155°.

0-1860 gm. gave 8:2 c.c. nitrogen at 29° and 747-9 mm. pressure.
Found: N = 4-90%,; C;9H ;04N requires N = 4-819%,.

T'he picrate crystallised from acetic acid as yellow needles. M.P. 215° (d.).
0-1026 gm. yielded 13-1 c.c. nitrogen at 30° and 748 mm. pressure.
Found: N = 14-129,; C13H,40;N, requires N = 14:009,.

2-hydroxy-naphthyl methyl amine. 10 gms. of B-naphthol and 10 gms. of
hexamethylene tetramine in 40 c.c. glacial acetic acid were heated together
under reflux at 100° for one hour. The solution was concentrated to a small
bulk by distilling the major portion of the solvent, cooled and the mixture
of B-naphthol aldehyde and 2-hydroxy naphthyl methyl amine hydrochloride
filtered. The hydrochloride was separated by extracting the mixture repeat-
edly (five times) with a large volume of water at 50° and concentrating the
extract. On cooling, the sparingly soluble hydrochloride separated out.
Yield, 5 gms. M.P. 226°-230° (decomp.). The insoluble residue, weighing 3-4
gms., was found to be nearly pure S-naphthol aldehyde. The free base was
obtained as a yellow crystalline solid on triturating the base hydrochloride
with excess of ammonia or aqueous sodium carbonate. M.P. 135°-138°,

N-acetyl-2-hydroxy-naphthyl methyl amine was obtained in a quantitative
yield by shaking a suspension of the base in water with acetic anhydride for
a few minutes. It crystallised from dilute alcohol in colourless needles.
M.P. 160°.

0-0910 gm. gave 0-0531 gm. of HyO and 0-2420 gm. CO,.

Found: C = 72-52%,; H = 6-479%,.

C13H;130:N requires C = 72:56%,; H = 6-079%,.

N-acetyl-2,methoxy-naphthyl methyl amine was obtained in excellent yield
by shaking up a solution of N-acetyl-2,hydroxy-naphthyl methyl amine in
dilute caustic soda with dimethyl sulphate for a few minutes. It crystallised
from dilute alcohol as colourless silky needles melting at 172°, identical with
that prepared from 2,methoxy-naphthyl methyl amine (see above).

The N-acetyl-2,acetoxy-naphthyl methyl amine, obtained by shaking the
hydroxy-base with excess of acetic anhydride and alkali, crystallised from
alcohol as colourless needles. M.P. 171°-172°,
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0-1022 gm. gave 0-2629 gm. CO, and 0-0542 gm. H,0; 0-1852 gm. gave
9-8 c.c. nitrogen at 29° and 747-9 mm. pressure.

Found: C = 70-17%,; H = 5-89%,; N = 5-889,.

Ci5H 503N requires C = 70-04%,; H = 5-84%,; N = 5459%,.

The N -benzoyl-2,benzoyloxy-naphthyl methyl amine, crystallised from acetic
acid as colourless prisms. M.P. 212°

0-1262 gm. of substance gave 0-3648 gm. CO, and 0-0568 gm. H,0.

Found: C = 78:84%,; H = 4-999,.

CysH1903N requires C = 78:749%,; H = 5-00%,

ATTEMPTED CYCLISATION OF ACETYL, 2-METHOXY-NAPHTHYL
METHYL AMINE.

(a) By the method of Bischler and Napieralsky. 1 gm. of the acetyl deriva-
tive of the amine was treated with 5 c.c. phosphoryl chloride, when it went
into a clear solution. This was heated under reflux on a boiling water-bath for
one hour with the exclusion of moisture. The dark coloured solution was
cooled and poured on to crushed ice. A dark oil separated out which gradually
solidified. The mixture was allowed to attain the room temperature and then
filtered. The filtrate was strongly cooled in ice, basified with excess of con-
centrated alkali and the clear aqueous solution repeatedly extracted with
ether. The ether extract, on drying and distilling, left no residue. The solid
product of the reaction obtained above was insoluble in dilute acids and con-
tained phosphorus. It could not be purified further.

The same result was obtained when toluene was used as a diluent and
phosphorus pentoxide or phosphorus pentachloride were substituted as the
cyclising agents.

(b) By the method of Decker and Becker. 1 gm. of the amine dissolved
in 2 c.c. of methanol was heated with 2 c.c. of formalin at 60°-70° for 20 minutes
when a thick reddish brown oil separated out. The supernatant liquid was
decanted off, the residual syrup freed from formalin by washing repeatedly
with small amounts of water, and then treated with 4-5 c.c. of strong HCI.
The mixture was warmed on the boiling water-bath for 10 to 15 minutes,
diluted with water and filtered. The aqueous solution, on cooling, deposited
an orange coloured solid (0-8 gm.) which was found to be only a neutral product,
with no definite melting point, and which on prolonged heating with concen-
trated HCI split off formaldehyde and gave the original amine on basification
and extraction with ether. The product was therefore believed to be the N-
formylidene compound,

OCH;
CioHg

CH,N_—CH,, or its polymer.
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The original aqueous acid filtrate from this compound did not yield any basic
product on working up in the usual way. The same result was obtained when
methylal was substituted for formalin in the above experiment.

Action of PCls on the diacetyl derivative of 2-hydroxy-naphthyl methyl
amine. 1 gm. of the substance in chloroform was treated with 4 gms. of
PCl; and allowed to stand overnight and then warmed at 70° for an hour.
The mixture was pouted on to crushed ice and the resulting oil kept in contact
with diluted alcohol when it slowly solidified. Crystallisation from aleohol
gave colourless needles. M.P. 182°, The substance contained chlorine but no
nitrogen. It was analysed but could not be investigated further.

0-880 gm. gave 0-2210 gm. CO, and 0-0342 gm. Hy0; 0-1425 gm. of sub-
stance gave 0-1187 gm. AgClL

Found: C = 68-489%,; H = 4:329,; Cl = 20-59%.

Action of POly on the dibenzoyl derivative of 2-hydroxy-naphthyl methyl
amine. A mixture of 1 gm. of substance and 1 gm. of PCl; in chloroform was
allowed to stand overnight, the chloroform evaporated away at the ordinary
temperature and the residue treated with ice, when an oil separated out which
solidified on treatment with a little alcohol. It was recrystallised from dilute
alcohol. Colourless needles, M.P. 126°. The substance, containing chlorine
but no nitrogen, appeared to be similar to the previous compound.

0-1008 gm. of substance gave 0-2077 gm. COp and 0-0616 gm. H,0.
0-1292 gm. of substance yielded 0-0981 gm. of AgCL

Found: C = 56-22%; H = 6:79%; Cl = 12-82%,
OMe

NS
4, methoxy-naphthyl methyl amine {
NS \l/
l
4,hydroxy-naphthaldehyde was prepared by the method of Adams and
Levine (J. Amer. Chem. Soc., 1923, 45, 2373). 17 gms. of colourless needles,
M.P. 182°, were obtained from 20 gms. of a-naphthol.

The methyl ether (Brady and Goldstein, J. Chem. Soc., 1927, 130, 1959)
was obtained by methylation with methyl sulphate and alkali as an oil, B.P.
185°-190°/10 mm. in a yield of 70 per cent, of theory.

4 methoxy-naphthaldoxime (Schopf and Bayerle, dnn., 1934, 513, 190)
was readily obtained in a quantitative yield by refluxing the aldehyde with
hydroxylamine hydrochloride and alkali in aleoholic solution. It crystallised
from benzene as colourless needles, M.P. 108°,

3:5 gms. of the oxime, dissolved in 20 c.c. of alcohol, were treated with
small portions of 4%, sodium amalgam (100 gms.) with shaking. The solution

2
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was kept faintly acidic throughout by periodical addition of 509, acetic acid
and the temperature of the mixture was maintained between 50°-70° by cooling
under the tap. The excess of alcohol and acetic acid was distilled off under
reduced pressure over a boiling water-bath. The residual aqueous solution
was repeatedly exhausted with chloroform (120 c.c.) with a view to free it
from non-basic impurities. The acid solution on working up in the usual way
did not yield any basic product. Evaporation of the chloroform extract after
drying over calcium chloride, however, yielded 2-6 gms. of a crystalline solid,
which was found to be the acetate of the base. It was recrystallised from
chloroform as colourless rods. M.P. 160°.

0-1396 gm. (dried at 100°) yielded 7-4 c.c. nitrogen at 29° and 746 mm.
pressure,

Found: N = 5:89%; C1,H 703N requires N = 5-67%,.

The 4-methoxy-naphthyl methyl amine was obtained as a thick oil by
basifying the acetate.

The hydrochloride crystallised from water as long, colourless needles,
M.P. 215° (decomp.).

0-1823 gm. (dried at 100°) yielded 0-1180 gm. of AgCl.

Found: Cl = 16-01%,; C;,H,,0NCl requires Cl = 15-86%,.

The acetyl derivative crystallised from alcohol as colourless plates.
M.P. 136°.

0-01740 gm. gave 0-04659 gm. CO, and 0-00996 gm. H,O0.

0-1310 gm. yielded 7-3 c.c. nitrogen at 29° and 745 mm. pressure,

Found: C == 73-03%; H = 6-36%,; N = 6-209%,.

C14H150,N requires C = 73:36%; H = 6:53%; N = 6-12%,.

The picrate crystallised from glacial acetic acid as golden yellow rods.
M.P. 240°-243° (decomp.).

Attempted cyclisation of acetyl-4-methoxy-naphthyl methyl amine. 1 gm.
of the acetyl derivative in 4 c.c. toluene was gently refluxed with 3 c.c. phos-
phoryl chloride on the sand-bath for an hour, with the exclusion of moisture.
The dark red solution was cooled, poured on to crushed ice, allowed to come
to the room temperature with stirring and exhausted with chloroform so as to
free it from non-basic impurities. The aqueous acid solution, on working up
in the usual way, yielded a reddish brown, non-basic resin which could not be
purified.

OMe

4, methoxy-naphthyl-a,methyl methyl amine O/W
N

CH—CH,

|

NH,

2B
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4, methoxy-acetonaphthone. This ketone has been formerly prepared by
Gattermann, Erhardt and Maisch (Ber., 1890, 23, 1208) by the action of acetyl
chloride on a,naphthyl methyl ether in the presence of anhydrous aluminium
chloride. Later, Schneider and Kuhn (Ber., 1921, 54, 2305) prepared the

OCH,
(\/ W

co
yd
CH,

ketone in a better yield by using a sulphuric acid-acetic anhydride mixture,
The following method is found to give a better yield and a purer product.

A mixture of 40 gms. of a-naphthy! methyl ether (Witt and Schneider,
Ber., 1901, 34, 3173) in 100 c.c. carbon-disulphide and 40 gms. of anhydrous
aluminium chloride was treated in the course of an hour with 40 c.c. acetic
anhydride (1-5 mols.) added little by little with shaking and with the exclusion
of moisture. The mixture was gently refluxed on the water-bath for three hours
and allowed to stand overnight. The mixture was then poured on to crushed
ico, acidified with a large excess of concentrated HCI, so as to dissolve the
precipitated aluminium hydroxide and repeatedly extracted with ether. The
ether extract was washed with dilute caustic soda followed by water several
times, the ether driven off and the residue then distilled under ordinary pressure.
The portion boiling between 300°-350° crystallised on cooling. The p-methoxy
acetonaphthone, which was contaminated with small amounts of «-naphthol
methyl ether, was obtained pure after washing with a little petroleum ether.
M.P. 69°-70°. Yield, 22 gms.

4-methoxy acetonaphthone oxime (Schneider and Kuhn, loc. cit.). 5 gms. of
the ketone, 1'8 gms. hydroxylamine hydrochloride (1-25 mols.) and 3 gms.
barium carbonate were heated together in 60 c.c. alcohol under reflux on the
water-bath for five hours. The mixture was filtered hot and the BaCO4; washed
twice with small amounts of hot alcohol. The alcoholic solution was concen-
trated to a fourth of its volume and diluted with &-c.c. water, when the oxime
crystallised out as colourless needles. M.P. 122°-123°, after sintering at 120°.
Yield, 4-9 gms.

4-methoxy-naphthyl-a-methyl methyl amine. 4-8 gms. of p-methoxy aceto-
naphthone oxime dissolved in 30 c.c. alcohol were treated with 150 gms. of
49, sodium amalgam, added little by little with shaking. The reaction mixture
was kept faintly acidic throughout by periodical addition of 509, acetic acid.
The temperature was maintained between 50°-70°, by cooling under the tap
whenever necessary. The mixture was tapped off from the mercury, filtered
and the excess of aleohol and acetic acid removed by distilling under reduced
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pressure over & boiling water-bath. The aqueous solution was cooled, basified
strongly and repeatedly extracted with chloroform. The chloroform extract
was then exhausted with dilute acetic acid. The acid extract on treatment
with an excess of concentrated HCl deposited the sparingly soluble hydro-
chloride. It was recrystallised from boiling water. Colourless, hexagonal
plates. M.P. 270°. Yield, 3 gms.

The free base was obtained as a thick pale yellow oil by treatment of the
hydrochloride with alkali.

0-1082 gm. of the oil gave 6-8 c.c. nitrogen at 31° and 745-1 mm. pressure.

Found: N == 6-90%,; C13H,50N requires N = 6:96%,.

0-2440 gm. of the hydrochloride gave 0-1479 gm. of AgCl.

Found: Cl = 15:00%,; Cy3H50NCI requires Cl = 14-939%,.

The acetyl derivative crystallised from dilute aleohol as colourless, silky
needles. M.P. 174°.

0-01224 gm. gave 0-03427 gm. CO, and 0-00732 gm. Hy,0. 0-1142 gm.
yielded 5-9 c.c. nitrogen at 30° and 748 mm. pressure.

Found: C = 74-609%,; H = 6-63%; N = 5-739%,.

C15H1702N requires C = 74-08%,; H = 699%,; N = 5:76%,.

The benzoyl derivative crystallised from a mixture of methanol and acetic
acid as colourless, silky needles. M.P. 198°

0-0952 gm. gave 3-9 c.c. nitrogen at 30° and 748 mm. pressure.

Found: N = 4:54%,.

CooH150,N requires N = 4-599.

The picrate crystallised from glacial acetic acid as golden yellow prismatic
needles. M.P. 255° (d.).

Attempted cyclisation of acelyl, 4-methoxy-naphthyl-a-methyl methyl amine.
1 gm. of the acetyl derivative was heated with 5 c.c. POCl; on the boiling
water-bath for two hours, with the exclusion of moisture. The whole of the
amide went into solution. The solution was cooled and poured on to crushed
ice, when there was a large separation of a dark green resinous product insoluble
in dilute acid solution. The mixture was extracted with chloroform so as to
free it from this non-basic impurity. The residval dark green resin obtained
from the chloroform extract could not be purified. The aqueous solution on
working up in the usual way did not yield any basic product.

The use of toluene as a diluent in the above reaction also led to the same
result.

Attempted synthesis of substituted naphthyl-B-methyl-amines from «-naphthol-
4,aldehyde.

4, carbethoxy-naphthaldehyde. 1 gm. of 4-hydroxy-naphthaldehyde dissolved
in dilute NaOH (IN) was treated in the cold with 1 c.c. ethyl chloroformic
ester and shaken for about 20 minutes, when a dark brown oil resulted. This
on treatment with methanol and rubbing solidified to a brown mass which
crystallised from alcohol as colourless needles. M.P. 89°. Yield 0-7 gm.
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0-01482 gm. gave 0-03805 gm. COz and 0-00680 gm. H,0.

Found: C=17008%; H =510%; C14H;1504 requires C = 68-85%;
H = 4-929,.

Attempts to prepare 4-carbethoxy naphthyl acrylic acid by heating the
aldehyde and malonic acid with pyridine and piperidine in the usual manner
were unsuccessful. The product was found to be the p-hydroxy-naphthal-
dehyde. M.P. 182°

A similar failure was met with on attempting to prepare the nitrostyrene
derivative by condensation with nitromethane under the usual conditions.

4-methoxy-naphthyl acrylic acid. This acid has been formerly obtained by
Rousset (Bull. Soc. Chim., 1904, 17, 307) in 20%, yield by heating 4-methoxy
naphthaldehyde with acetic anhydride and sodium acetate at 180° for 36
hours. The following method is simpler and gives a nearly quantitative
yield of the acid:

9 gms. of the methoxy naphthaldehyde, 9-8 gms. dry malonic acid
(1-5 mols.}, 83 c.c. pyridine (1-5 mols.) and 4 drops of piperidine were heated
together under reflux on the boiling water-bath for an hour, followed by
gentle boiling for 15 minutes over a naked flame. The mixture was cooled
and poured into excess of ice-cold dilute hydrochloric acid. The separated
solid was filtered, dried on the plate and crystallised from toluene. Colourless
needles, M.P. 215°-217°. Yield, 8-5 gms.

4-methoxy naphthyl propionic acid. This has been prepared previously
by Windaus (Ber., 1917, 0, 1120) and by Ruhemann and Levy (ibid., 1920,
558, 265) by catalytic hydrogenation of the acrylic acid.

8-5 gms. of the acrylic acid was reduced by 200 gms. of 3%, sodium amalgam
in neutral or faintly alkaline solution at the room temperature. The alkaline
solution was filtered, cooled and acidified with concentrated HCl and the pre-
cipitated propionic acid crystallised from dilute aleohol. Colourless needles,
M.P. 163°-165°. Yield, 7-5 gms.

4-methoxy naphthyl propionamide. A current of dry ammonia gas was
passed through 7-2 gms. of the molten acid heated in an oil-bath at 165°-170°
for 5-6 hours. The red oily residue was dissolved in 25 c.c. of a saturated
solution of sodium bicarbonate, when an oil separated out. This solidified
slowly on treatment with a little alcohol and rubbing with a rod. The alkaline

OCH,
( AN
oy

CH, . CH,.CO . NH,

mother-liquor on concentration on the water-bath gave some more of the amide.
The amide crystallised from dilute alcohol as colourless needles, M.P. 113°.
Yield, 2-6 gms. Weight of recovered acid from the bicarbonate solution,

1.8 gm.
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0-1944 gm. gave 10-8 c.c. nitrogen at 31° and 743-3 mm. pressure.
Found: N = 6-10%; C,4H;50oN requires N = 6-119%,.
Several attempts were made to prepare 4-methoxy naphthyl ethylamine

from the propionamide by the Hoffmann reaction but they were all unsuccessful,
only non-basic resinous matter being obtained.

EXPERIMENTS TOWARDS THE SYNTHESIS OF A S-NAPHTHYL ALANINE.

Azlactone of o-benzoylamino-p-methoxy-naphthyl acrylic acid. 10 gms.
of 4-methoxy naphthaldehyde, 6 gms. of dry hippuric acid (12 mols.), 27 gms.
freshly fused sodium acetate (1-2 mols.) and 8 c.c. pure acetic anhydride
(3 mols.) were slowly heated together on the oil-bath at 110°. The mixture

OMe

l

CH

ﬁ//N=o_./ N
\C0—0

slightly liquefied at first and then solidified to an orange-red crystalline mass.
After continuing the heating for another 2 hours, 25 c.c. alcohol were added,
the mass broken up, filtered and wasbed with 15 c.c. alcobol (3 lots) followed
by 10 c.c. of boiling water. The crystalline azlactone was obtained in a high
state of purity. Recrystallisation from ligroin gave orange-red needles, M.P.
188°. Yield, 7-5 gms.

0:1333 gm. gave 5-3 c.c. nitrogen at 32° and 740 mm.

Found: N = 4-27%,; Cy;H503N requires N = 4-229,.

Attempted preparation of B-4-hydroxy-naphthyl alanine (Gillespie and
Snyder, Adam’s Organic Synthesis, 14, 80).

A mixture of 3 gms. of the azlactone, 3 gms. of red phosphorus and 16 c.c.
acetic anhydride was treated with 25 c.c. of 509, hydriodic acid, during the
course of half an hour with good shaking. The mixture was refluxed for four
hours, cooled, filtered and the phosphorus washed twice with small quantities
of acetic acid. The filtrate was evaporated on the water-bath under reduced
pressure, 20 c.c. of water added and the solution evaporated again to dryness,
The residue was extracted with small amounts of boiling water. The filtrate,
on cooling, yielded colourless plate-shaped crystals of an acid which contained
no nitrogen. M.P. 122°. Yield, 0-2 gm. The insoluble tarry residue gave no
evidence of the presence of the expected dl-B-4-hydroxy-naphthyl alanine.
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The acid, on analysis, appeared to be the 4,hydroxy-naphthyl-pyruvic
acid.
0-01258 gm. gave 0-03019 gm. CO, and 0-000507 gm. H,O.
Found: C = 65-459%,; H = 4-489%,.
013H1004 . %H2O requi!‘es C= 65'27%; H = 4'60%

a-benzoyl amino-p-methoxy naphthyl acrylic acid.
6 gms. of the azlactone suspended in 1,000 c.c. water was stirred me-
chanically on the boiling water-bath and treated with 1 gm. of NaOH in 10 c.c.
OCH;

0

CH
|

C.NH.C0—¢ S
| N
COOH

of water. The mixture was heated with stirring for 4.5 hours and filtered
hot from a considerable amount of the unchanged azlactone, cooled, acidified
with dilute HCl and filtered. The acrylic acid crystallised from glacial
acetic acid as pale yellow prismatic needles. M.P. 230°. Yield, 3 gms.
Weight of recovered azlactone, 2-5 gms.

0-01756 gm. gave 0-04687 gm. CO4 and 0-00701 gm. H,0.

Found: C = 72-80%,; H = 72-63%; H = 4-909,.

021H17O4N requires C= 72'63%; H= 4:‘90%.

o-benzoylamino-p-methoxy-naphthyl propionic acid.

2 gms. of the acid suspended in 100 c.c. water in a separating funnel was
treated with dilute caustic soda till just dissolved, and 75 gms. of 3%, sodium

OCH,
\'/J
N |

CH,

| TN
lCH .NH. CO— D

COOH

amalgam were added little by little with shaking in the course of about an
hour. The reaction-mixture was maintained faintly alkaline or neutral by
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adding periodically small amounts of dilute acetic acid. The aqueous solu-
tion was filtered and acidified with dilute HCI, when an oil separated which
soon solidified. The mixture was allowed to stand overnight and filtered
and the reduced acid crystallised from toluene. Small white needles. M.P.
166°-168°. Yield, 0-21 gm.

0-01252 gm. gave 0-03306 gm. CO, and 0-00631 gm. H,O0.

Found: C = 72-01%; H = 5-6%,

Cy1H1gO4N requires C = 72-21%,; H = 5:459,.

SYNTHESIS OF N-ACETYL-B-HYDROXY-NAPHTHYL-2-ETHYLAMINE AND
ATTEMPTED CYCLISATION OF THE SAME.

Isonitroso-2-acetonaphthone. A mixture of 2-7 gms. of sodium dissolved
in 50 c.c. absolute alcohol and 15 gms. of B-acetonaphthone strongly cooled
in a freezing mixture was treated with 16-2 c.c. of freshly prepared amyl nitrite
(1-25 mols.) added drop by drop with good shaking in the course of an hour
and a half. The mixture was tightly corked up and allowed to stand at 0°
for three days. The orange-red sodium salt of the w-isonitroso ketone was
filtered and repeatedly washed with absolute alcohol and ether. The aqueous
solution of the sodium salt was filtered, cooled and acidified with excess of
dilute acetic acid. The yield of the isonitroso ketone was 8-6 gms. or 509, of
theory (M.P. 90°.91°). It was crystallised from alcohol. Pale yellow needles,
M.P. 93°.94°,

0-2240 gm. gave 14-7 c.c. nitrogen at 30-5° and 746-7 mm. pressure.

Found: N = 7-229%,; C;3HyO,N requires N = 7-04%,.

w-amino-2-acetonaphthone hydrochloride. A mixture of 30 gms. of an-
hydrous stannons chloride and 100 c.c. absolute alcohol was saturated with dry

HCI gas at —5°, a solution of 8:6 gms. of isonitroso acetonaphthone in 30 c.c.
absolute alcohol added in three instalments, and the solution saturated again

NH, . HCl

AN
CH,

I
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( W/
with HCl gas at —5°. The mixture was allowed to attain room temperature
and stand overnight. The white crystalline tin double compound was filtered,
washed with a little alcohol, dissolved in hot water (about 150 c.c.) and
decomposed twice with sulphuretted hydrogen. The colourless aqueous

filtrate was concentrated to a small bulk on the water-bath and finally eva-
porated to dryness in a vacuum over sulphuric acid. The residue of hydro-
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chloride was recrystallised twice from alcohol. Colourless plates, M.P. 220°
(decomp.). Yield, 4-6 gms. or 49%, of theory.

0-2166 gm. gave 0-1447 gm. of AgCl.

Found: Cl = 16-509%,.

C12H3120NCl requires Cl = 16-019,.

The picrate crystallised from glacial acetic acid as golden yellow prismatic
needles. M.P. 189° (decomp.).

Acetyl-w-amino-2-acetonaphthone. 4-6 gms. of the hydrochloride, dissolved
in water, were treated with 5 c.c. acetic anhydride and excess of concentrated

NH
H,C. &% jCH2
AN

Y
\) AN
NaOH. Much heat was evolved and the crystalline acetyl compound
separated out in the course of about 15 minutes. Recrystallisation from
alcohol gave colourless needles. M.P. 132°-133°. Yield, 4:6 gms.
0-01470 gm, gave 0-04010 gm. CO, and 0-00796 gm. H,0; 0-1482 gm. gave
84 c.c. nitrogen at 30-5° and 746-7 mm. pressure.
Found: C = 74-49%,; H = 6-019%,; N = 6-269%,.
C14H1302N requires C= 74‘0%; H= 5'73%, N == 6‘17%.
N-acetyl-8-hydroxy naphthyl-2-ethylamine. 4-6 gms. of the above amide
dissolved in 40 c.c. absolute alecohol was treated with small portions of 39,
sodium amalgam (about 3 mols.) with good shaking. Acetic acid was added

NH
4 /\\
He.do e
CH (OH)
NSNS

N,

from time to time to keep the medium faintly acidic and the temperature
maintained between 50°-60° by cooling now and then under the tap. The
alcohol-acetic acid solution was concentrated to about 15 c.c. and diluted
with 100 c.c. water and the separated carbinol filtered after an hour. Two
crystallisations from benzene gave thin hairy crystals. M.P. 96°. Yield, 3-4
gms., or 70%, of theory.
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0-01517 gm. gave 0-04250 gm. CO, and 0-00908 gm. H,0.
Found: C = 73:699,; H = 6-42Y%,.
CI4H1502N re(]uires C= 73'4:0%; H= 6'55%.

Picrate of B-hydroxy-naphthyl-2-ethylamine.  Acetyl-hydroxy-naphthyl
ethylamine was boiled with dilute HCl (4N) for a few minutes, the solution
filtered and treated with dilute alkali till faintly acidic and then treated with a
slight excess of saturated picric aecid solution. The precipitated picrate
crystallised from absolute alcohol as stout yellow prisms, decomposing suddenly
at 334° with a feeble explosion.

Attempted cyclisation of acetyl-B-hydroxy-naphthyl-2-ethylamine. 1 gm.
of acetyl B-hydroxy-naphthyl ethylamine was dissolved in 15 c.c. dry xylene
by warming and the solution added to a flask containing § gms. of phosphorus
pentoxide. The mixture was gently boiled in an oil-bath for about 15 minutes
when a semi-solid, dark yellow mass appeared at the bottom of the flask.
The heating was continued for another quarter of an hour and the supernatant
liquid decanted off while it was still warm. The residue was treated with
crushed ice and the mixture allowed to attain the room temperature slowly
with stirring. There was a good separation of a yellowish non-basic resinous
product which could not be purified, while the aqueous acid filtrate gave no
trace of any basic material when worked up in the usual manner.

The reaction was repeated under different conditions using toluene as a
solvent and also phosphorus pentachloride in chloroform with virtually the
same result.

PREPARATION OF N-ACETYL-S-HYDROXY-NAPHTHYL-1-ETHYLAMINE AND AT-
TEMPTED CYCLISATION TO 1-METHYL-5: 6-BENZOISOQUINOLINE, REPORTED
BY PicTET AND MANEVITCE (Arch. Sci. Phys. Nat. (4), 1913, 35, 40).

w-amino-o-acelonaphthone hydrochloride. A mixture of 6-8 gms. of sodium
(1-25 mols.) dissolved in 150 c.c. absolute methanol and 40 gms. of a-naphthyl
methyl ketone strongly cooled in a freezing mixture was treated with 32-4 c.c.
freshly prepared amyl nitrite (1 mol.) added drop by drop with good shaking, in
the course of two hours. The mixture was tightly corked up and allowed to
stand at 0° for three days. As the separation of the orange-red sodium salt was
very small the isonitroso ketone was not isolated. Instead, the solution was
added drop by drop to a strongly cooled solution of 50 gms. of SnCly in 100 c.c.
absolute methanol saturated with HCl gas. The mixture was again saturated
with HCl at 0° and allowed to stand overnight. The tin double compound
was filtered and washed with alcohol, followed by water. It was then
suspended in 400 c.c. hot water containing HCl and repeatedly decomposed
with HoS. The hot aqueous filtrate on slight concentration soon deposited
almost the whole of the sparingly soluble hydrochloride as crystals. It was
obtained pure by one crystallisation from boiling water. M.P. 258°-259°.
(Pictet and Manevitch gave M.P. 245°-2560°.) Yield, 9-6 gms.
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Acetyl-w-amino-1-acetonaphthone. A suspension of 5 gms. of the powdered
hydrochloride in 40 c.c. water and 5 c.c. acetic anhydride was strongly cooled
in ice and shaken with excess of concentrated caustic soda, added gradually.
The crystalline acetyl derivative soon separated out. Tt was recrystallised
from dilute alcohol as colourless needles, M.P. 102°. Yield, 4-8 gms.

N-acetyl-B-hydroxy-naphthyl-1-ethylamine. 3-5 gms. of the above amide
dissolved in 30 c.c. of absolute methanol was treated with small portions of
50 gms. of 3%, sodium amalgam and the mixture worked up in the usual way.
Two crystallisations from toluene gave colourless plates, M.P. 150°-151°.
(Pictet and Manevitch give M.P. 145°-146°.) Yield, 1-4 gms.

Attempted cyclisation of acetyl-B-hydroxy-naphthyl-1-ethylamine. 07 gm.
of the above carbinol dissolved in 12 c.c. warm, dry xylene was added to a
flask containing 3-4 gms. of P,05. The mixture was gently refluxed in an oil-
bath for 20 minutes with the exclusion of moisture. The warm supernatant
liquid was decanted off and the residue treated with crushed ice and the
mixture slowly allowed to come to the room temperature with stirring. As
observed by Pictet and Manevitch, a clear solution did not result, but there
remained always a certain quantity of undissolved resinous material. This
was separated by repeated extractions with chloroform in which it dissolved
and from which it was recovered by evaporation. On examination it proved
to be non-basic. The clear aqueous acid solution was strongly cooled, basified
with excess of concentrated NaOH and repeatedly extracted with chloroform.
The chloroform extract was dried over KyCOz and distilled. 0-15 gm. of a
crystalline solid, M.P. 148°-150°, was left behind. This, on erystallisation
from toluene, melted at 150°-151°, and did not lower the melting point or the
original uncyeclised carbinol.

Repetition of the experiment under other conditions led to the same
result.

EXPERIMENTS TOWARDS THE PREPARATION OF A SUBSTITUTED w-AMINO-
ACETONAPHTHONE STARTING FROM «-NAPHTHOL.

a-naphthol methyl ether was prepared from a-naphthol by the method of
Witt and Schneider (Ber., 1904, 34, 3173). 40 gms. of the ether, B.P. 264°,
were obtained from 50 gms. of naphthol.

4.methoxy acetonaphthone was prepared by the method described before
(p. 153).

4-methoxy-isonitroso-acetonaphthone (Madinaveitia, Bull. Soc. Chim., 1919,
25, 601) was prepared as usual from a mixture of 4-5 gms. sodium in 100 c.c.
aleohol, 22 gms. finely powdered p-methoxy acetonaphthone and 18 c.c. freshly
prepared amyl nitrite (1-25 mols.).

Yield of the erude product, 3-5 gms. Weight of unreacted ketone recovered,
6 gms. The isonitroso ketone crystallised from alcohol as greenish yellow
needles, M.P. 161°,
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Preparation of 4-hydroxy-w-chloracetonaphthone (Houben, Ber., 1926, 59,
2876). A mixture of 10 gms. of «-naphthol, 5-3 gms. chloracetonitrile (1 mol.)
in 25 c.c. anhydrous ether and 10 gms. anhydrous zine chloride was saturated
with dry HCI gas at 0°, with the exclusion of moisture. The ketimine hydro-
chloride separated out as a greenish yellow solid in about half an hour. The
supernatant liquid was decanted off and the residue washed twice with small
amounts of dry ether. The solid was dissolved in 100 c.c. warm water, heated
to boiling and allowed to stand for an hour. The separated 4-hydroxy-eo-
chloracetonaphthone was crystallised from alcohol. White, silky needles.
M.P. 184°. Yield, 7-5 gms.

4-acetoxy-w-chloracetonaphthone was prepared by boiling the hydroxy
compound with acetic anhydride and a drop of pyridine, till dissolved, and
pouring the solution into excess of water. The oil, which separated out, soon
solidified. Tt crystallised from alcohol as colourless hexagonal plates. M.P.
118°.

0-2166 gm. of substance gave 0-2128 gm. AgCL

Found: Cl = 13-669%,; C,,H,,05C1 requires Cl = 13-519%,.

4-hydroxy-w-iodoacetonaphthone. 4 gms. of 4-hydroxy-w-chloracetonaph-
thone dissolved in acetone was treated with a solution of 3 gms. Nal
in acetone and the mixture allowed to stand overnight and poured into exeess
of ice water, when a thick oil separated out. The supernatant aqueous layer
was poured off and the residual oil treated with ligroin. After rubbing with a
rod, it solidified to a pale yellow solid, which was filtered and washed well with
ligroin. It crystallised from toluene as pale yellow prismatic needles.

0-1376 gm. of substance gave 0-1048 gm. Agl.

Found: I = 41-:00%; C13Hg0,1 requires I = 40-709%,.

4-acetoxy-w-iodoacetonaphthone was prepared similarly from 4,acetoxy-w-
chloroacetonaphthone. It crystallised from alcohol as pale yellow plates.
M.P. 73°. Yield, quantitative.

0-1076 gm. of substance gave 0-1022 gm. of Agl.

Found: I = 35-999%,; C1,H,,0;I requires I = 35-869%,.

Addition compound of 4-acetoxy-w-iodoacetonaphthone and urotropive. A
solution of 5 gms. of 4-acetoxy-w-iodoacetonaphthone in dry chloroform was
treated with a solution of 2 gms. of urotropine in chloroform and the mixture
allowed to stand at the room temperature for three days. The separated yellow
crystalline solid was filtered, washed with chloroform and dried. M.P. 169°.
170°. Yield, 3-5 gms. The product was insoluble even in boiling water.

0-1422 gm. of the substance gave 14-9 c.c. nitrogen at 31° and 742 mm.
Ppressure.

Found: N = 11519, ; CyoHo303N requires N = 11-339%,.

Attempts to prepare 4-hydroxy-w-aminoacetonaphthone from the above
were unsuccessful.
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d-methoxy-w-chloracetonaphthone. This has been obtained by Madina-
veitia and Puyal (Anales Soc. espan. fis. quin., 1919, 17, 125) by the action of
Cl.CH;.CO.Cl on a-naphthyl methyl ether and reported to melt at 70°.
Tt is now found to be more convenient to prepare the ketone by the Hoesch
reaction.

A mixture of 10 gms. of a-naphthyl methyl ether, 5 gms. of chloracetonitrile
in 30 c.c. anhydrous ether and 10 gms. of anhydrous AlCl; was satrated with
dry HCl gas at 0°. The ketimine hydrochloride separated as a thick oil which
slowly solidified after & number of hours. The reaction mixture was allowed
to stand overnight, the ether poured off and the residual solid washed twice
with ether. It was then decomposed by boiling with 100 c.c. water for a few
minutes when a brownish oil separated out. The aqueous layer was decanted
off and the oil allowed to stand in the cold with excess of petroleum ether and
rubbed. The methoxy-chloracetonaphthone solidified to a yellow solid and
crystallised from alcohol in colourless needles. M.P. 75°. Yield, 7 gms.

01320 gm. of substance gave 0-0822 gm. of AgCl.

Found: Cl = 15-399,; C13H;,05Cl requires Cl = 15-129,.

4-methoxy- w-iodoacetonaphthone, prepared in the usual way, crystallised
from aleokol as pale yellow prismatic needles. M.P. 71°-73°.

0-1242 gm. of substance gave 0-0898 gm. of Agl.

Found: T = 38:229%, ; C;3H;,0,1 requires I = 38-90Y%,.

No pure products could be obtained from the above by the usual method
of reaction with urotropine, and our plan to prepare the 4-methoxy-w-amino-
acetonaphthone in this way had therefore to be given up.

4-methoxy-naphthacyl phthalimide.

OCH,
YN
bl
\/\/
oc co—/
CHy N \co }

2-5 gms. of 4-meth0xy-w-iodoacetyonaphthone and 2 gms. of potassium
phthalimide (1-1 mol.) in 15 c.c. alcohol were heated together for three hours
under reflux, cooled in ice and treated with 5 c.c. water to dissolve the KI.
The product~was filtered, washed with alcohol and water and crystallised
from acetic acid. White prismatic needles. M.P. 216°. Yield, 1-9 gms.

01820 gm. of substance gave 66 c.c. nitrogen at 31° and 739-3 mm.
pressure.

Tound: N = 3-95%; CgiH;504N requires N = 4-07%.

4-hydroxy-w-aminoacetonaphthone hydrobromide. 1-2 gms. of p-methoxy
naphthacyl phthalimide were dissolved in boiling glacial acetic acid, 15 c.c. of
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concentrated hydrobromic acid added and the mixture heated under reflux
for 4.5 hours with the exclusion of moisture. It was then poured into 40 c.c.
water, filtered from the separated phthalic acid and the filtrate evaporated to
dryness on the water-bath. The residue of impure hydrobromide of the base
was crystallised twice from dilute hydrobromic acid. Colourless needles.
M.P. 268°-270° (decomp.).

0-1154 gm. gave 4-8 c.c. nitrogen at 30-5° and 742 mm. pressure; also
0-1600 gm. gave 0-0983 gm. AgBr.

Found: N =4-57%; Br = 27-909%,.

C12H150:NBr requires N = 4-96%,; Br = 28:349,.

The picrate crystallised from water as yellow needles. M.P. 186°-187°
(decomp.).

0-0680 gm. gave 8-2 c.c. nitrogen at 31° and 741 mm. pressure.

Found: N = 13-209%,; C1gH;,04N, requires N = 13-03%,.

SYNTHESIS OF 1-FHENYL-3,4,DIHYDRO-4-KETO-7-METHOXY-
5: 6-BENZO-ISOQUINOLINE.

Benzoyl-w-amino-4-methoxy-acetonaphthone.

OCH,
\‘/\
|
NS ) Co_ 7\
S
oc  JNH

CH,

A mixture of a-naphthol methyl ether (10 gms.), carbon disulphide (40 c.c.),
and anhydrous aluminium chloride (10 gms.}) was treated little by little with
hippuryl chloride (12:6 gms.) prepared by the method of Fischer (Ber., 1905,
38, 612), and the mixture vigorously shaken with the complete exclusion
of moisture. It was then gently refluxed on the water bath for two hours and
allowed to stand overnight. The supernatant layer of carbon disulphide was
poured off, the residue washed once with 25 c.c. petroleum ether and the solid
product thrown into crushed ice and acidified with an excess of concentrated
HCl. The separated solid was filtered, washed with dilute alkali and then with
water several times, and finally crystallised from a mixture of alcohol and
chloroform. Long, colourless needles. M.P. 151°. Yield, 7-56 gms. 4-5 gms.
of a-naphthol-methyl ether were recovered from the carbon disulphide and
petroleum ether extracts.

0-01482 gm. gave 0-04076 gm. COg and 0-00747 gm. H,0; 0-1454 gm.
gave 6-2 c.c. nitrogen at 32° and 739 mm. pressure.

Found: C = 74-99%; H = 5:60%; N = 4-61%,.

CaoHy703N requires C = 75:23%,; H = 5:33%; N = 4-39%,.
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Attempts to oxidise the product to 4,methoxy-naphthoic acid were
unsuccessful.

N-benzoyl-B-hydroxy-(4-methoxy-naphihyl-1)-ethyl amine.
OCHs

.
__\/ __ >
(OMHC| NH

CH,

0-5 gm. of 4-methoxy-benzoyl-w-aminoacetonaphthone and a solution of
0-75 gm. of sodium dissolved in 10 c.c. absolute methanol were boiled together
with 1 gm. of zinc dust for 3-4 hours on the water-bath. The alcoholic solution
was filtered hot and diluted with excess of water. The carbinol which
separated out as yellow flocks was dried and crystallised twice from a
mixture of benzene and ligroin. White leaflets. M.P. 217°-219° (decomp.).

0-01512 gm. gave 0-04160 gm. CO, and 0-00844 gm. H,0.
Found: C = 75:01%,; H = 6-209,.
CgoH 03N requires C = 74-76%,; H = 5-929,.

Attempted oxidation of 4-methoxy-benzoyl-w-aminoacetonaphthone to 4-
methoxy-naphthoic acid. 0-5 gm. substance suspended in 10 c.c. dilute.NaOH
(IN) was treated with 10 c.c. of ‘Perhydrol’ and allowed to stand overnight.
The original compound was recovered completely by filtration.

Warming the substance with dilute HNOg resulted in resinification and
hence no pure product could be isolated.

1 gm. of substance was treated with KMnO, in acetone drop by drop till
there was a permanent pink colour on leaving for some time. The solution was
filtered and evaporated to dryness, the solid washed with water and crystallised
from alcohol. M.P. 151°. This was only the original substance.

Hydrolysis of 4-methoxy-benzoyl-w-aminoacetonaphthone to 4-hydroxy-w-
amino-acefonaphthone hydrobromide. The benzoyl-aminoacetonaphthone (1
gm.) dissolved in boiling acetic acid was treated with 10 c.c. concentrated
hydrobromic acid and the mixture heated under reflux for 4-5 hours. It was
then poured into 30 c.c. water, filtered and the solution concentrated when
benzoic acid separated out. The filtrate was evaporated to dryness on the
water bath and the residual solid crystallised from dilute hydrobromic acid.
Colourless needles. M.P. 268°-270° (decomp.). This was identical with the
sample obtained by hydrolysis of 4-methoxy naphthacyl phthalimide, there
being no lowering of melting point on admixture. The picrates derived from
the two samples were also found to be identical. (M.P. 186°-187°,)
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1-phenyl-3,4-dihydro-4-kelo-7-methoxy-5: 6-benzoisoquinoline.
OCH,

\)Y IC—O
OC\ N

CH,

1 gm. of 4-methoxy-benzoyl-aminoacetonaphthone and 2 c.c. phosphorus
oxychloride in 5 c.c. toluene were heated together under reflux for an hour on
the sand-bath, moisture being excluded with a calcium chloride tube. The
slightly coloured solution was poured on to crushed ice, when a greyish
yellow solid separated out. The mixture was allowed to attain the room tem-
perature and the solid material filtered, washed with water and then with
petroleum and dried on the plate. It crystallised from alcohol as colourless
prismatic needles. M.P. 101°-102°. Yield, 0-7 gm. The aqueous filtrate
from the above did not yield any other basic substance on working up in the
usual way.

The benzo-isoquinoline dissolved easily in acetone, chloroform and ether,
sparingly in alcohol, benzene or toluene and was insoluble in water or petro-
leum ether. The solutions in these organic solvents were characterised by a
fine blue fluorescence. It was a weak base and did not dissolve in dilute acids
even on warming. It dissolved partly in hot concentrated acids but on dilution
of the solution the base was not reprecipitated. On rubbing with concentrated
HCI in the presence of a little alcohol, a greenish-yellow solid was formed;
which, after crystallisation from methanol, melted rather indefinitely between
145°-160°. This was evidently the hydrochloride.

0-01508 gm. gave 0-04417 gm. CO, and 0-00694 gm. H,0; also, 0-1040 gm.
gave 4-5 c.c. nitrogen at 32° and 741-4 mm. pressure.

Found: C=79-89%,; H = 5-12%,; N = 4-729,.

CgoH150:N requires C = 79-73%,; H = 4-98%,; N = 4:65%,.

The hydrobromide crystallised from absolute alcohol as greenish yellow
needles. M.P. 201°-203° (decomp.).

0-1162 gm. of substance gave 0-0574 gm. AgBr.

Found: Br = 20-019%,; CooH;40,NBr requires Br = 20-93%,

The methiodide. 0-5 gm. of the substance in 3 c.c. chloroform and 1 c.c.
methyl iodide were heated together in a sealed tube at 100° for an hour. The
separated dark green crystalline solid was filtered, washed with a little chloro-
form and finally recrystallised from alcohol. Dark green, glistening needles.
M.P. 196° (decomp.).

0-1436 gm. of substance gave 0-0766 gm. of Agl.

Found: I = 28-829,; CyaH50,NI requires I = 28-67%,.
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The picrate was rather easily obtained in a state of purity by mixing
together the constituents in warm alcoholic sclutions. It crystallised from
alcohol as slender golden yellow needles. M.P. 158° (decomp.).

0-1094 gm. gave 10-6 c.c. nitrogen at 31° and 743-3 mm. pressure.

Found: N = 10-649,; CyeH 304N, requires N = 10-569,.

The reduction of the keto-isoquinoline with zinc and sulphuric acid was
tried but only unchanged material was recovered.

Synthesis of I-methyl-3,4,dibydro-4-keto-§ : 6-benzoisoquinoline.
CH,
o/ X

NN /!C .CH,
e
NN

4 gms. of acetyl-w-amino-l-acetonaphthone (see p. 161) and 8 c.c. of
phosphorus oxychloride in 15 c.c. toluene were gently refluxed for an hour
on the sand-bath, with the exclusion of moisture. The slightly coloured
solution was poured on to crushed ice and the mixture allowed to attain the
room temperature when an almost clear solution resulted. It was filtered
from a little tarry matter and repeatedly extracted with chloroform. The
chloroform extract was washed with dilute alkali and water, dried over potas-
sium carbonate and distilled. The keto-isoquinoline was left behind as an
oil (24 gms.). The aqueous acid solution did not yield any other basic sub-
stance on working up in the usual way.

0-02032 gm. of the oil gave (:06259 gm. CO, and 0-00930 gm. H,0.

Found: C = 83:99%,; H = 5-09%.

C14H1,0ON requires C = 84-41%,; H = 5-53%,.

The methiodide crystallised from chloroform and alcohol as long colourless
needles. M.P. 208°-209° (decomp.).

0-1404 gm. gave 0-0942 gm. of AgCl

Found: I = 36:17%; CysH14,0NI requires | = 36-18%,.

The picrate obtained in the usual way crystallised from acetic acid as
yellow rosettes of needles. M.P. 166° (decomp.).

0-1070 gm. gave 12-5 c.c. nitrogen at 31° and 743 mm. pressure.

Found: N = 12:82%,; CyH;,0sN, requires N = 12-79%,.

Synthesis of I-methyl-3.4,di-dydro- 4-keto-7 : 8-benzoisoguinoline. .

HC. CI \CH2

9

/__
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2 gms. of acetyl-w-amino-2-acetonaphthone (see p. 159) and 4 c.c. of
phosphorus oxychloride in 10 c.c. toluene were gently refluxed for an hour
on the sand-bath, with the exclusion of moisture. The solution was poured
on to crushed ice, the clear aqueous sloution exhausted with chloroform and
the chloroform extract worked up as before. 1-4 gms. of a crystalline solid
was left behind. The keto-isoquinoline crystallised from alcohol as long,
colourless prismatic needles. M.P. 90°-91°. No other basic product was
obtained on working up the acid solution in the usual way.

0-01004 gm. gave 0-03084 gm. CO, and 0-00502 gm. H,0; also 0-0914 gm.
gave 5-8 c.c. nitrogen at 31° and 744 mm. pressure.

Found: C = 83-79%,; H = 5-569%,; N = 6-979%,.

C14H1,0N requires C = 84-419%,; H = 553%,; N = 6-70%,.

The hydrobromide crystallised from dilute hydrobromic acid as clusters
of colourless needles. M.P. 251° (decomp.).

0-1130 gm. gave 0-0956 gm. AgBr.

Found: Br = 36-02%; C14H,0NBr requires Br = 36-34Y%,.

The methiodide crystallised from absolute alcohol as dark red needles.
M.P. 1568°-160° (decomp.).

0-1060 gm. gave 0-0707 gm. of Agl.

Found: I = 35-90%; C15H1,0NT requires I = 36-189%,.

The picrate crystallised from alcohol as yellow needles. M.P. 193°
(decomp.).

0-0704 gave 81 c.c. nitrogen at 31° and 742 mm. pressure.

Found: N = 12-629%,; CgoH 403N, requires N = 12-789%,.

Synthesis of 1,methyl-3,4-dikydro-4,keto-7,methoxy-5 : 6,benzoisoquinoline.

OCH,
NS

N C.CH,

ocC N
AN
CH,
(@) Preparation of 4,methoxy-acetyl-w-amino-acetonaphthone.

OlCHs

CO

I
CH,-NH-CO.CH,4
3B
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Acetyl glycine was obtained by the method of Radenhauser (J. Prakt.
Chem., 1895, 52, 438), and the chloride prepared according to the directions
given by Max (dnn., 1909, 369, 286). 6-8 gms. of the chloride were condensed
with 7 gms. of a-naphthol methyl ether in 30 c.c. carbon disulphide in the
presence of 6 gms. of anhydrous aluminiur chloride, and the product isolated
in the usual manner. The acetylaminoacetonaphthone crystallised from
alcohol as colourless needles, M.P. 94°.95°. Yield, 4-8 gms.

0-1637 gm. gave 8-2 c.c. Ny at 26° and 752 mm.

Found : N = 5-65%, ; C15H1505N requires N, 5-459%,.

(b) Preparation of the benzo-isoguinoline. The acetylaminoacetonaph.
thone (3 gms.), toluene (10 c.c.) and phosphorus oxychloride (4 ¢.c.) were heated
to boiling on a sand-bath for an hour and the product worked up as usual.
The isoquinoline crystallised from ligroin as colourless needles, M.P. 74°.
Yield, 23 gms.

0-1908 gm. gave 10-2 c.c. Ny at 27° and 752 mm.

Found: N = 6-029, ; C;5H;30,N requires N, 5-819,.

The hydrobromide crystallised in colourless prisms. M.P. 217° (decomp.).

0-2046 gm. gave 0-1200 gm. AgBr.

Found: Br = 24-969%,; C;5H;4,0,NBr requires Br, 24:919,.

The methiodide separated from chloroform as stout red needles, M.P.
211°-213° (decomp.).

0-1974 gm. gave 0-1204 gm. Agl.

Found: I = 32-979,.

C16H160,NI requires I, 33-329,.

The picrate crystallised from alcohol as orange red prisms. M.P. 164°
(decomp.).

0-1420 gm. gave 15-33 c.c. Ny at 27° and 752 mm.

Found: N = 12-06%,.

Co1H,40oN, requires N, 11-96%,.

Benzoyl-w-amino-acetophenone was prepared from 15 gms. of freshly
prepared hippuryl chloride (ef. Gabriel, Ber., 1910, 43, 134 ; Pictet, ibid.,
2387), 20 c.c. dry benzene and 12 gms. of anhydrous alumunium chloride.
Colourless needles from dilute alcohol, M.P, 122°-123°. Yield, 1-2 gms.

1, phenyl-3,4,dihydro-4,keto-isoguinoline.

CH,

oo W
\_/C- CoHs
9
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Benzoyl-w-aminoacetophenone (1 gm.), phosphoryl chloride (2 ec.c.)
and toluene (5 c.c.) were gently refluxed on the sand-bath for 45 minutes,
and the isoquinoline was isolated in the usual way. Colourless needles from
alcohol, M.P. 70°. Yield, 0-8 gms.

0-1302 gm. gave 7-0 c.c. Ny and 753 mm.

Found: N = 6-069,.

C15H,ON requires N, 6-339,.

The picrate crystallised from water as yellow needles. M.P. 173° (decomp.).
(-1228 gm. gave 13-3 c.c. Ng at 27° and 753 mm.
Found: N = 12-209%,.

Co1H1,0gN, requires N, 12-44 9.

2-methoxy-benzoyl-w-aminoacetonaphthone was prepared in a very poor
yield (0-25 gm.) from 10 gms. of f-naphthyl methyl ether, 12-6 gms. of hippuryl
chloride and 10 gms. of aluminium chloride in 30 c.c. of carbon disulphide.
It crystallised from alcohol as glistening rectangular plates. M.P. 167°-168°.
Considerable amounts of unreacted nerolin and of hippuric acid were isolated
from the reaction mixture.

01563 gm. gave 5-8 c.c. Ny at 26° and 752 mm.

Found: N = 4-209,.

CooH1705N requires N, 4-399%,.

4-methoxy benzoyl-w-aminoacetorhenone was prepared in the same way from
15 gms. hippuryl chloride, 106 gms. anisol and 12 gms. aluminium chloride
in 25 c.c. CS,. Colourless rectangular plates. M.P. 112°-113°. The yield
was only 0-5 gm.
0-1776 gm. gave 7-7 c.c. Ny at 26° and 752 mm,
Found: N = 5-109%,.
C1gH1503N requires N, 5-219,.

Attempts to cyclise these ketones to the isoquinolines have not hitherto
been successful.

SUMMARY.

The action of the common cyclising agents like phosphoryl chloride on the
acotyl derivatives of 2,methoxy- and 4,methoxy-naphthyl-methyl amine
and of 4,methoxy-naphthyl-a-methyl-methylamine has been investigated.
Only non-basic materials, difficult to purify, were obtained. The expectation
that the Bischler-Napieralsky reaction could be applied to these acet-«-
paphthyl methyl amides so as to get benzoisoquinolines by condensation at
the peri-position has, therefore, not been realised. The failure to cyclise
these compounds is parallel to the fruitless attempts made by other workers
to prepare isoquinolines from bases of the benzyl-amine type.

Attempts made to prepare substituted naphthyl-B-ethyl-amines from
easily accessible naphthalene compounds and to cyclise them to benzo-
isoquinolines have also not been successful.
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A simple practical method for the preparation of the acyl-w-amino-
acetophenones and -acetonaphthones, sometimes in good yields, by the con-
densation of phenol- and naphthol-ethers with hippuryl and acetyl glycyl
chlorides has been worked out. Several of these compounds have been
converted by the usual methods into 3,4,dihydro-4,keto-benzo-isoquinolines,
moderately good yields being obtained.

The benzo-isoquinolones prepared in this manner are found to be rather
weak bases. It has not been possible yet to reduce them to the corresponding
tetrahydro-isoquinolines.

PRESIDENCY COLLEGE,
MADRAS,

27th November, 1939.






