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SINTHESIS OF 3-IS0QUINOLONES
Hiroshi Fgkumi* and Hideshi Kurihara
Central Research Laboratories, Sapkvo Co., Ltd.
1-2-58, Hiromachi, Shinagawa-ku, Tokyo 140, Japan

Treatment of N-benzyl-diethoxyacetamides and N-
alkyl-N-benzyl-diethoxyacetamides with sulfuric acid
afforded the corresponding 3-isoquinolinols and 2-alkyl-
3-isocguinolones, respectively. This reaction is re-
garded as a kind of Pomeranz-Fritsch synthesis.

A number of 3-isoquinolinol derivatives have been shown to

1 Extensive studies on

be active in the central nervous systbem.
lactam-lactim tautomerism of 3-isoquinolinols have been reported;
however, none of the various previously known methods for the
synthesis of 3-isoquinolinol are satisfactory for the reasons
that yields are very low and starting materials are not easily
accessible.2’3’4’5

It is well known that the two most general types of iso-

quinoline ring formation are types 1 and 2 shown below.

e

type 1 type 2

N-Formyl-2-phenylacetamide, which was formed by the conden-
sation reaction of phenylacetyl chloride with formamide, was
treated with mineral acid to give 3-isoquinolinol in moderate
yield.6 This method is an example of type-1 isoquincline ring
formation.

This paper describes a new convenient synthesis correspond-
ing to type 2 (Pomeranz-Fritsch synthesis} for 3-isoquinolinols
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and 2-alkyl-3-isoquinclones. The authors investigated an iso-
quinoline synthesis in which the intermediate N-benzyl-diethoxy-
acetamides (2a~d) and N-alkyl-N-benzyl-diethoxyacebtamides (d4a-f)
were cyclized under mild conditions te afford 3-isoquinolinols

and 2-alkyl-3-isocguinolones, respectively.

((lO:CHzCH,)Z N u
. R — _» R
R NH, NH /N
1 a-d 2 a—'d 3 a-—d
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The intermediates (2a-d) in Table 1 were readily prepared
in good yields by acylation of benzylamines (la-d) which diethoxy-
acetyl chloride, which was obtained from sodium diethoxyacetate
and thionyl chloride. The mass spectra of 2a-d exhibited no parent
peak or only a weak one, with the prominent peaks occurring at
m/e 103 and 75, corresponding to 05H1102+ and 03H702+ due to loss
of C2H4. In the NMR spectra the benzylic methylene proton signals
of 2a-d were observed as a doublet with the coupling constant of
6 Hz. On addition of a trace of D20, the doublet turned into a
gsinglet.

Successive treatment of 2a-d with sulfuric acid at room
temperature afforded the 3-isoquinolinols {3a-d) listed in Table 2.
Under the above condition, 2c gave rise to an intractable mixture.
The mass spectra of 3a—-d showed a prominent MT-28 peak due to loss
of €0, In the spectrum ¢f 3a other significant peaks, corres-
ponding to CTH6+ and C_H.*, were possibly formed by further loss

75
of HCN and H. 6-Methyl-3-isogquinolinol (3b) had one more
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(?CH20H3)2
CH_0
Table 1. Physical and Avalytical Data of 2 R
) bp Analysis %
C d. R Yield o Formula
;EP 1% ¢/ mmbg Caled,
: 0il bath {Found)
temp. a e % o1
2a, H 76 140/0.1 013H19N03 65.80  B,07T 5.%0
(65.89) (8.19) (6.01)
2% 4-CH, 68 140/0,1 €y 4Hp N0, 66.90 8.42 5,57
(66.74) (8.50) (5.50)
2e 3-0CH, 41 165/0.2 €, 4H5, N0, 62,90 T7.92 5,24
{62.56) (7.82) (4.94)
24 2-C1 60 155/0.1 Ci 4 gCINO, 57.45  6.68 5,16  13.05
(57.51) (6.62) (5,06) (13.07)
Compd. IR om L WMR (S, ppm) in CDC1, Mass
No. in CHC1, . o | m/e
3 CH,CH,0 CH,CH,0 ArCH N (Et0) CH NH
2a, 3460 1.23{t) 3.68(q) 4.50(d) 4.88 6.90 237(M"), 103, 91, T5
1695
2b 3420 1.22(t) 3.68(q) 4.45(d) 4.87 6.90 251(M"}, 149, 105,
1682 103, 75
2¢ 3430 1.22(%) 3.68(q) 4.47(a) 4.83 7.00 267(M'), 121, 103,
1685 75

2a 3430 1.23(%) 3.68(q) 4.60(d) 4.85 7.10 273(M'+2), 271 (M),
1688 125, 103, 75
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Table 2. Physical and Analytical Data of 3 R
N
Compd. B TYield mp Formula Analysis %
No. % °C Calcd.
(Found)
[ H N CT
3a H 60 200
(Lit* 195-196)
3b 6—CH3' 32 253 ClOH9 NO T5.45 5.70 8.80
(decomp., ) (75.20) (5.70) (8.63)
~0OCH -
3¢ 7-0C 3
3d 8-C1 38 228 C9H6ClN0 60,19 3.37 T7.80 19.74
(decomp.) (59.93) (3.31) (7.42) (19.96)
-1
Compd, IR cm MR (&, ppm)
No. EBr in &, ~DMS0 Mass
56 ¢ -H nfe
17 47

3a 3430, 1635 8,93 6,95 145(M+), 117(M+-28, base), 90, 89
3b 3440, 1635 8,85 6.82 159(M+), 131(M+—28, bagse), 130, 103, 77
3¢

34 3430, 1638 9.18 7.05  181(M'+2), 178(M"), 153,
151{M 28, base) 116, 89

¥ J. H. Beyer and L. T, Wolford, J. Org. Chem., 1959, 21, 1297.
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significant peak at m/e 130 which corresponded to loss of one mass
unit from the MT-28 peak, this ion resulting from the incorpora-
tion of the 6-methyl group into the henzene ring.

+ +
CH, SN OH CH Vi \\
NH
/N I . . - S NH
2h
mse 131 m/e 130

The mass spectrum of 8-chloro-3-isoquinolinel (3d) exhibited
a base peak of M'-28 and a prominent peak at m/e 116 (08H6N+) due
to loss of C1 from the base peak.

The alkylation of 2a-d was performed at room temperature
with 1.5 equivalents of NaH and alkyl halide in DMSO to give
N-alkyl-N-benzyl-diethoxyacetamide (4a-f) as shown in Table 3.
The mass spectra of 4a-f had no parent peak or only a weak one
with prominent peaks occurring at m/e 103 and m/e 75, correspond-
ing to C5H1102+ and 03H702+ in a similar manner to 2a-d, In the
NMR gpectrum the benzylic methylene protons of 4a-f resonated as
two separate singlets as a result of the restricted rotation.

The NMR spectra of N-ethyl compounds (4b and 4f) also exhibited
two singlets due to the methine proton.attached to the acetal
carbon.

2-Alkyl-3-isoquinclones (5a—f) except 5e were formed in good
yield by the cyclization of 4a-f with conc. H2804 as listed in
Table 4. NMR, IR and mass spectra of 5a-f were taken immediately
after chromatographic separation, and showed only slight contami-
nation.

The inspection of NMR spectra showed the products to be
pure, but elementary analysis of them except 54 and 5f gave low
carbon and nitrogen wvalues, probably owing to autoxidation.
2-Methyl-3-isoquinolone has been previously described as being

2

unstable® and deteriorating rapidly.3 Surprisingly the two com~

pounds, 54 and 5f, were stable enocugh to allow recrystallization
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(?CH20H3)2
cH O
74
Table 3. Physicel and Analytical Data of 4 R \I
Nog
Compd. R R' Yield bp Formula Analysis %
No. % °C/mmMg Caled.
0il bath (Found)
—— T T
temp. C B N ¢1
4a H CH 88 135/0.,1 C. H__NO 66,90 8,42 5,57
3 1472173 (66.78) (8.49) (5.37)
4b H ¢ o4  140/0.1 €, _H._NGC 67.92 8.68 5,28
25 1572373 (67.69) (8.88) (5.28)
4¢ HCH.CH_ 9L 160/0.1 €_H._NO 73.36  T7.7T0 4,28
2765 20025773 (73.57) (7.82) (4.07)
4d 4-CH CH 83  140/0.) C,_H__NO 67.92 8.68 5.28
3 3 15723773 (67.73) (8.72) (5.27)
4e 3-0CH, CH 98  140/0,01 €. _H__NO 64,03 8.24 4,98
3 73 1572374 (g3.91) (8.29) (4.79)
4 2-CL CH. 99 160/0.1 C,gHy,CLNO,  60.09  7.40  4.67 11.82
(60.37) (7.52) (4.47) (11.60)
Compd. IR em™ L MR (&, ppm) Mass
. in CDC1
No.  in CHOLy \o o oo 0 2GRN (BE0) CH TE™ m/e
H,CH,0 CH,ClL,0 ArGH N (840) ,CH
48 1645 1.20(t) 3.68{q) 4.60 5.07  2.83 251(4"y, 103, 91,
1.23{t) 3.73(¢q) 4.80 3.06 75
4b 1640 1,13(t) 3,1-3,7 4.62 5.02 1.13(3H) 265(M"), 103, 91,
1.23(%) (4H,m) 4,78 5.07 3.4-4,0(2H) 75
4e 1642 1,18{t) 3.70(q) 4.70 5.12 4.52(s) 327(M+), 103, 91,
3.75(q) 7.30(5H) 75
44 1645 1.20(%) 3.67{q} 4.55 5.05 2.82 265(M"), 165, 103,
1.23{t) 3.70(aq) 4.73 3.03 75
4e 1650 1.20(t) 3.69(q) 4.58 5.07 2.83 281 (M), 121, 103,
1.23{t) 3.72(q) 4.77 3,06 91
4f 1645 1,14(t) 3.1-3.7 4.73 4.95 1.12(3H) 301(M*+2), 200(v"),
1.27(t) (4H,m)  4.87 5.07 3.4-4.0(2H) 125, 103, 75
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0
LN
Table 4. Physical and Analytical Data of 5 R
\kﬁﬁ
5a—f

Compd. R R'  Yield IR cm™ fﬂﬁcééi’ ppa) Mass

No. in.CHClquF‘_ﬁ,,_i_“_ﬁﬁ w/e

—] - R
[Hc,-H NR
5a B CH, 87 1658  8.19 6.77 3.85(3H) 159(M"), 131(base)
5b H CH 83 1658  8.23 6.70 1.43(3H) 173{(M", base), 145,
2> 1.28(20) 117
5¢ B CH,CH, 83 1660  8.13 6.77 5.43(2H) 235(M', base), 91
7.35(5H)
54 6-CHl, CH, 84 1662 8.11 6.62 3.78(3H) 173(M", base), 145,
144
5e  7-OCH, CH, 16 1662 8.00 6,70 3.78(3H) 189(M', base), 174,
161, 146, 118
52 8-Cl CHg 90 1658  8.52 6.78 1.50(3H) 209(MT42), 207(M,
4,35(2d) base}, 181, 179,

153, 151

from benzene. Although it was expected that the cyclization of 4e
could take place at the positions ortho and para to the methoxyl
group, only one isomer, 7-methoxy=2-methyl-3~isoquinolone {5e),
was isolated in low yield. The structure of 5e¢ was confirmed by
-the NMR spectrum which revealed the five aromatic protons [6.60
(a, J=2, Hg), 6.70 (s, H,), 7.03 (d,d, J=2, J=9, H6), 7.25 (4,
J=9, HS) and $.00 (s, Hl)]. The mass spectrum of the 2~alkyl-3-
iseoquinolone compounds showed a simple fragmentation pattern with
only one prominent peak (M'-28). The 6-methyl derivative had an
additional peak at M*-29 which was formed by rearrangement to the
N-methyl-aza-azulenium jon with loss of one hydrogen. The mass
spectra of 2-ethyl-3-isoquinolone (5b) exhibited a M -28 peak due
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to loss of CO and another strong peak corresponding to CSH7N+

which was formed by further loss of 02H4. The fragmentation of
53¢ involves a combination of the loss of a methyl, and one or two
carbonyl groups. The mass spectrum of 8-chloro-Z-ethyl-3-
isoguinolone exhibited the molecular ion as a base peak, a Mt-28
peak and a prominent peak due to loss of C2H4 to give 08H601N+.
Proton signals at the Cl and C4 position of 3-isoquinolones {5a-f)
appeared as singlets at 8.0-8.5 and 6.6-6.8 ppm, respectively.

Experimental

General Procedure

N-Benzyl-diethoxyacetamide (2a-d)

To & solution of sodium diethoxyacetate (20 g) in dry ether
(80 ml) was added thionyl chloride (11.9 g) under stirring for
10 min at 10°. The reaction mixture was refluxed for 30 min and
after cooling, poured into a solution of benzylamine (1, 0.1 mol)
in benzene (50 ml) and pyridine (30 ml) at 20-30° with vigorous
stirring. After refluxing for 30 min, the reaction mixture was
poured into ice-water and extracted with benzene. The extracts
were washed successively with 2% HC1 and water, Evaporation of
the solvent gave the crude product which was chromatographed on

silica gel using AcCEt-benzene {(1:9) as an eluent.

3-Isoquinolinol {3a-d)

N-Benzyl-diethoxyacetamide (2, 10 mmol) was carefully dis-—
solved in conc. H2304 {16 m1) under stirring and cooling at 10-
20°. The reaction mixture was left to stand Tor 10 hr at room
temperature and poured into ice—-water and filtered. The filtrate
was neutralized with 10% NH4OH and the resulting yellow precipi-
tate was filtered off and dried. Recrystallization from EtOH

gave yellow needles.
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N-Alkyl-N-benzyl-diethoxyacetamide (4a—f)

To a mixture of NaH (50% in mineral oil, 0.72 g) and DMSO
{20 ml) was added N-benzyl-diethoxyacetamide (2, 10 mmol) in an
atmosphere of nitrogen. After evolution of hydrogen ceased,
alkyl halide (methyl iodide, ethyl iodide or benzyl bromide) was
added to the mixture under cooling by water. After stirring for
30 min at room temperature, the reaction mixture was poured into
ice-water and extracted with benzene. Evaporation of the solvent
gave the crude product, which was purified on silica gel, eluting

with benzene,

2-Alkyl-3-isoquinolone (5a-f)

N-Alkyl-N-benzyl-diethoxyacetamide (4, 10 mmol) was dissolved
in conc. H2504 {20 ml) under stirring and cooling at 10-20°. The
reaction mixture was left to stand for 4 hr at room temperature
and poured into ice—water. After neutralization with 10% NH4OH,
the mixture was extracted with CHCl3. The extracts were chromato-
graphed on neutralalumina with CHCl3 as eluent. The solvent was
evaporated under reduced pressure at 30-35°, 54 and 5f were re-
crystallized from benzene to give yellow needles.
5b mp 175-177° (decomp.) Calcd. for C, By NO: €, 76.27; H, 6.40;
N, 8.09. Found: C, 76.19; H, 6.25; N, 7.86.
5d mp 76-86" Calcd. for CllHIOCINO: C, 63.62; H, 4.85; N, 6.75;
Ci, 17.07. TFound: ¢C, 63.30; H, 4.58; N, 6.51; C1, 16.72.
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