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In the previous papers,? reductive cyclization of 1-methyl-4-(2-aminoethyl)-3,4-
dihydrocarbostyril and 4-(2-methylaminoethyl)-derivative with metallic sodium in
ethanol gave, respectively, the expected azabenzomorphan derivatives, 1-methyl and
1,3-dimethyl-2 6-methano-1,2,3,4,5,6-hexahydrobenzo[d][1,3]diazocine. In this paper will
be described some results of synthetical experiments of 1,5-imino-~1,2,3,4,5,6-hexahydro-
benzo[d][4]azocine (I) which led eventually to reveal that a novel syathetic procedure
of 1-methyl-3-aminoisoquinoline was established.

Since only a few synthetic routes of 3-aminoisoquinoline deri-

2 3
101 ‘ vatives®® have been reported, methods for synthesis of X. seem
9 UNH |4 to be very interesting. :
8 —NH Oxidation of indene with potassium bichromate and sulfuric
76 acid gave homophthalic acid,® whose ammonium salt was heated to

afford 1,3-dihydroxyisoquinoline (I).” Halogenation of I with phos-
phory! chloride gave 1,3-dichloroisoquinoline (I)®» as a starting
material.

Condensation of Il with diethyl malonate in the presence of sodium hydride in
xylene gave diethyl 1-(3-chloroisoquinolyl)malonate (V), b.p,.; 160°, which solidified on
being allowed to stand in a refrigerator. Hydrolysis of V with an aqueous potassium
hydroxide solution, followed by acidification with dilute hydrochloric acid solution,
afforded 2-(3-chloroisoquinolyl)acetic acid (V), m.p. 90° (decomp.). In this case decarboxyla-
tion was recognized at 0~5° in acidic media. ¥When the above alkaline solution was
acidified at more than 30°, successive decarboxylation occurred to give 1-methyl-3-chloro-
isoquinoline (M), m.p. 61°. Catalytic hydrogenation of WV in the presence of 30%
palladium-charcoal gave l-methylisoquinoline (VI[)*'®» which was characterized as its
picrate® and sulfate. The picrate, m.p. 233~234°, was identical with an authentic
sample. *%%)  Furthermore, the infrared spectrum of VI was identical with that of an

Chart 1.

*1 Part X : This Bulletin, 14, 566 (1966).

*2 Part CLXXIX : This Bulletin, 15, 613 (1967).

*#3 No. 85, Kita—4-bancho, Sendai (& A H, KEFRFH).

*4 Shinmachi~3-chome, Setagaya-ku, Tokyo (754}71\ £iR).

¥ According to Galat,” the picrate of VI showed m.p. 208~210°, but further recrystallization of the
picrate obtained by Galat’s method gave crystals which melted at 232~233°." Therefore, the lower
melting point reported by Galat seems to be due to its impurity. :
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Chart 2.

authent1c sample which was obtamed from phenethylamme (VIIIa) via Vb and Vilc by
the alternative synthetic methods,%® These facts reveal that the chloro-atom at
1-position of Il reacted with d1ethy1 malonate.

Secondly, ester1ﬁcat10n of V with dry hydrogen chloride gas in ethanol did not
give our expected ester (Xa), but the above compound (V) which formed by decarboxyla-
tion. Accordingly, methylation of potasssium salt of V with dimethyl sulfate yielded
methyl 2-(3-chloroisoquinolyl)acetate (X), which was converted into N-methyl-2-(3-chloro-
isoquinolyl)acetamide (Xa) by heating with methylamine at 120° for 4 hr. in a sealed
tube. Reflux of X with an excess of benzylamme also gave N~benzy1 -2~(3-chloroisoqui-
nolyl)acetamide (Xb).

~ Finally, amination of Xa and Xb with 28% ammonium hydroxxde solution in the
presence of copper catalyst in an autoclave gave an unexpected = 1-methyl-3-amino-
isoquinoline (X[), which was also characterized as its picrate and acetyl derivative (Xa).
In the infrared spectrum of X the deformation vibration of amino radical was observed
strongly at 1642 cm™ and its stretching vibrations were also observed at 3440 and
3340 cm™. Furthermore, amination of VM under the same ‘conditions as above also
gave the obJect1ve compound (X[) in 25% yield, which showed no depression of meltmg
point on admixture with the substance obtained from Xa and Xb as above.

Nuclear magnetic resonance spectrum of the compound (X) also  shows the s1gna1~
of the protons of methyl group at 1l-position of isoquinoline nucleus at 7.20c. This
fact shows the presence of methyl group due to the decarboxylation of Xa and. Xb.
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Experimental

Diethyl 1-(3-Chloroisequinolyl)malonate (IV)——To a suspension of 2.3g. of NaH in 100ml. of dry
xylene was added dropwise 6.4 g. of diethyl malonate at room temperature with stirring. After the addition,
the above mixture was heated at 70~80° for 0.5hr., and a solution of 7.9g. of 1,3-dichloroisoquinoline (II)
in xylene was drop by drop added at 90~100° to a suspension of the sodium salt as above in xylene. The
resultant mixture was heated under reflux for an additional 1hr., then poured into an excess of HyO after
cooling, and acidified with 10% HCl aq. solution. The solvent layer was separated, washed with H:0,
dried on KsCO;, and distilled off to give an oil, whose distillation iz vacuo gave 5.8 g. of the compound (V)
of a pale yellow oil, b.pi,s 160° as the second fraction.*® Recrystallization of (V) from ether gave colorless
needles, m.p. 65~66°. IR cm™ (liquid) : ve-o 1740, 1760; veoy 1632, Amal. Calcd. for CiHyisO,NC1(WV):
C, 59.72; H, 4.98; N, 4.35. Found: C, 59.91; H, 5.29; N, 4.28. When this compound was treated with
conc. KOH aq. solution, its potassium salt of IV was precipitated as colorless plates due to its insolubility
in water. Recrystallization from iso-PrOH gave colorless plates, m.p. 278~280°(decomp.). Anal. Calcd.
for CyeHisO4NCIK @ N, 3.89. Found: N, 3.65. Treatment of the above potassium salt with 10% HCI aq.
solution recovered the compound (V).

2-(3-Chloroisoquinolyl)acetic Acid (V)——A mixture of 5.0g. of ¥ and an excess of 209 ag. KOH
solution was heated under reflux for 1.5hr. The reaction mixture was filtered and the filtrate was neutrali-
zed with 109 aq. HCI solution very carefully, giving 2.1g. of V as colorless needles, m.p. 90°(decomp.),
which were very difficult to be purified due to its instability. IR cm™ (KBr): wvog 35005 vc—o 1740; veay
1632.

When an alkaline solution of the compound (V) was acidified at >30° or ¥ was allowed to stand in the
air for a long time, it changed to the compound (V) described in the following, accompanied by decarboxyla-
tion. S : -

1-Methyl-3-chleroisoquinoline (VI)——When 1g. of V was heated at 90~100° an evolution of CO,
gas was recognized, giving a solid which was washed with 10% Na;CO; ag. solution.

Recrystallization of the preceding residue from zn-hexane gave 0.5g. of VI as colorless plates, m.p. 61°.
Anal. Caled. for CpHgNCL (M) : C, 67.61; H, 4.51; N, 7.89. Found: C, 67.60; H, 4.72; N, 7.71. IR
cm™ (KBr): veoy 1622. Recrystallization of the picrate from EtOH afforded yellow needles, m.p. 131~
135°.

1-Methylisoquinoline (VII)——The compound (I)(1g.)in 50 ml. of EtOH was hydrogenated at room
temperature in the presence of 0.2g. of KOH and 0.3g. of 30% Pd-C, the calculated H, being absorbed
within 30 min. Filtration and distillation of EtOH under reduced pressure afforded the residue, which was
basified with 109 NaOH aq. solution and extracted with ether. The ethereal extract was dried on KiCOs
and distilled to give 0.6g. of the crude (V[)as a pale yellow oil, whose Beilstein test was negative.
Recrystallization of the picrate from EtOH gave yellow needles, m.p. 234~235° Recrystallization of HzSO4
salt of VI from EtOH afforded colorless prisms, m.p. 252~253°. Both specimens were, respectively,
identical with an authentic sample?®% by mixed melting point test and infrared spectrum.

Methyl 2-(3-Chloroisoquinolyl)acetate (IX)——To a solution of 2.2g. of V in 15ml. of 5% KOH aq.
solution was added 1.5g of MesSO,, and the above mixture was stirred for 15 min., crystals being gradually
separated.  After being allowed to stand at room temperature for an additional 30 min., the resultant
reaction mixture was basified with 109 K.CO; aq. solution and the crystals precipitated were collected by
filtration. Recrystallization from iso-PrOH gave 1.5g. of X as colorless needles, m.p. 116~117.° Anal.
Caled. for CioHi20.NCL (X): C, 61.15; H, 4.25; N, 5.94. Found: C, 61.22; H, 4.29; N, 5.92. IR cm™
(KBr) : veoo 1725; veoy 1622.

N-Methyl-2-(3-chloroisoquinolyl)acetamide (Xa)——A' mixture of 2.35g. of KX, 3.37g. of MeNH,-HCl,
2.8g. of KOH and 70 ml. of EtOH was heated at 120° for 4hr. in a sealed tube. After the reaction 1.8g.
of Xa was separated from the reaction mixture as colorless needles. - Filtration and recrystallization from
EtOH gave 1.8g. of Xa as colorless needles,, m.p. 191~192°. Anal. Calcd. for C1oH1nONoCl (Xa) : N, 11.91.
Found: N, 11.90. IR cm™! (KBr): wvyg 3200; ve-o 1641. ‘

N-Benzyl-2-(3-chloroisoquinolyl)acetamide (Xb)——A mixture of 2.35g. of X and 7 g. of benzylamine
was heated at 180~200° for 8hr. The reaction mixture was acidified with 109 aq. HCl solution and
extracted with CHCl;. The extract was washed with Hy0, dried on Na,SO, and distilled to give the crude
compound (Xb), whose recrystallization from EtOH gave 2.0g. of Xb as colorless needles, m.p. 169~170°
Anal. Caled. for CisHisONoCl (Xb) : C, 69.57; H, 4.83; N, 9.02. Found: C, 69.65; H, 5.03; N, 8.90. IR
cm™t (K.BI'): YNH 3350; veeo 1642; vc-o 1630 (Shoulder).

1-Methyl-3-amincisoquinoline (XI)—a) A mixture of 0.7g. of Xa, 0.1g. of CuO, 0.1g. of CuSOs-
5H,0, and 50 ml. of 28% NH OH was heated at 200° for 8hr. in an autoclave with stirring. ~ After the
reaction mixture had beed filtered, the resultant filirate was extracted with CHCl;. The solvent layer was
separated -and extracted with 109 aq. HCl solution. The acidic extract was basified with 109 aq. KOH

*6 Ag the first fraction 3 g. of the starting material (I[) was recovered as an oil, b.pis 120°.
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solution and extracted with CHCls: - The :extract. was washed - with H,0, dried on K3COs; and distilled in
vacuo to give the crude compound (X[), whose recrystallization from EtOH gave 100 mg. of X as colorless
plates, m.p. 122~124°. Beilstein test of this compound was negative. IR cm™ (KBr): vy 3440, 3340;
ve-y 1622; dyy 1642. NMR (¢) in CDCls): 7.20 (3H, singlet, C;-Me); 5.50~6.00 (2H, broad, NH,); 3.47
(1H, singlet, C,~H). Amal. Calcd. for CyoHioNa: C, 75.92; H, 6.38; N, 17.71. Found: C, 75.72; H, 6.42;
N, 17.96. Recrystallization of the picrate from EtOH gave yellow. needles, m.p. 232~233°(decomp.). Anal.
Caled. for CioHioNa-CeHzO/N3 (X): C, 49.62; H, 3.38; N, 18.08. Found: C, 49.75; H, 3.64; N, 17.65.

b) Ammonolysis of 1.0g. of Xb under the same conditions as the method a) gave 120mg. of X.
Furthermore, ammonolysis of VI under the same conditions as the method a) also afforded 0.4g. (25%) of
X. Both specimens were identical with the sample obtained by -the procedure a) by mixed melting point
test and infrared spectrum. ‘

N-[3-(1-methylisoquinolyl))acetamide (XIa)——A mixture of 100 mg. of X with an excess of AcyO
was heated on a water-bath: for 1 hr. = After the excess of Ac,O was removed by distillation iz wvacuo, the
residue was basified with 109 aq. NaOH solution and extracted with CHCl;. The extract was washed with
H,0, dried on Na,SO; and distilled. Recrystallization of the resultant residue from iso-PrOH gave 70 mg.
of Xla as colorless plates, m.p. 202~203°. Awnal. Caled. for CiHjON, (Xa): C, 71.84; H, 6.04; N, 13.99.
- Found: C, 72.02; H, 6.24; N, 13.35. IR cm™ (KBr) ' ‘wyy 3220; ve-o 1658; ve-y 1625 (shoulder).
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In 1956, Waley™ isolated an acidic tripeptide, r-L-glutamyl-L-e-amino-n-butyryl-
glycine, named ophthalmic acid, and an analogous tripeptide, y-L-glutamyl-L-alanyl-
glycine, named norophthalmic acid from calf lens. Afterward, he synthesized® ophthal-
mic acid by the reaction of N-benzyloxycarbonyl-L-y-glutamyl azide with L-a-amino-
n-butyrylglycine. Enzymatic synthesis of ophthalmic acid was reported by the same
authors.® '

At present, several syntheses of ophthalmic, norophthalmic acids and their analogue
are reported. Kermack, ef al.” synthesized pr-norophthalmic acid (r-pL-glutamyl-
pL-alanylglycine) from phthalylglutamic anhydride and alanylglycine. He obtained the
optically active acid by the treatment of glutathione with Raney Nickel in poor Yyield.
By using a-tert butyl N-benzyloxycarbonylglutamate and (a-amino-n-butyryl)glycine
tert butyl ester, Taschner, ef al.” synthesized ophthalmic acid. Shchukina, ef al.®

*1 Presented at the 21th Meeting of the Pharmaceutical Society of Japan, at Tokushima, October, 1965
and the 4th Peptide Symposium, at Institute for Protein Research, University of Osaka, December, 1965.

*2 Twazono-cho 416, Ashiya, Hyogo Pref. (#& 5 —3%, 7{5# ).
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