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A limitation of the Dyke method for synthesizing benzo[c]phenanthridine alkaloids through
the 1,2-dihydroisoquinoline derivatives prepared by means of the Pomeranz-Fritsch reaction was
clarified; the method is not applicable to such alkaloids having an alkoxy group at the C,
position.
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In connection with our studies? on the structural establishment of chelirubine® (1), one
of the fully aromatized Os-benzo[clphenanthridine alkaloids,® we attempted to synthesize it
through the Dyke method,” involving a step of condensation of the 4-hydroxy-1,2,3,4-
tetrahydroisoquinoline derivative (2) with glyoxylic acid (3). However, a limitation of the
method was found, as described in this report.
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Chart 1

Two synthetic sequences developed by Dyke ez al.> (Chart 2; path A) and by Robinson
et al® and other groups” (Chart 2; path B) are well-known as preparative methods for

benzo[c]phenanthridine alkaloids. About five years ago, since the former method was thought
to be suitable for syntheses of benzo[c]phenanthridine alkaloids having oxygen functions at
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the 7- and 8-positions, we® applied the method to the preparation of O-ethylisodecarine (4)
and confirmed the structure of decarine® (5).

MeQ MeO OEt MeO OH
+ H.NCH.CH ZOF b A H\OEt —_—
S SOE NH NH
RO CHO ; RO RO
RO : RO RO
8 : 2R=CH, 2
12 1 R=Me CHO
CO.H l
3
MeO  CH.CO.H MeO
N
. o _N RO NH
RO RO
9 : 2R=CH; 10
13 : R=Me
a . ZR:CHQ
b : R=Me

Chart 2

On the other hand, three structures (1a, 1b, and 1) had been proposed for chelirubine (1)
by Slavik,*® by Onda,® and by ourselves,?® respectively. As reported in the preceding
paper,'® our attempts to synthesize the compound having our structure (1) and the other
compound having the structure (1b) proposed by Onda through the Robinson method failed.
However, during these trials, we!!) were able to synthesize 5-methoxy-2,3-methylene-
dioxybenzaldehyde (6). Theoretically, when the Dyke method is applied to this benzalde-
hyde (6), the compound having our proposed structure (1) should be formed. Therefore,
we attempted to synthesize our product (1) from this benzaldehyde through the Dyke
method.

Catalytic reduction of a solution of the benzaldehyde (6) and aminoacetaldehyde diethyl
acetal (7) in ethanol over platinum oxide gave the desired aminoacetal derivative (8) in 829/
yield. Unfortunately, all attempts to prepare 5-methoxy-7,8-methylenedioxy-4-iso-
quinolineacetic acid (9) by treatment with 6N hydrochloric acid followed by addition of
glyoxylic acid (3) failed. However, the presence of the desired 4-hydroxy-1,2,3,4-
tetrahydroisoquinoline product (2: 2R =CH,) in the reaction mixture was shown by the
finding that 5-methoxy-7,8-methylenedioxy-1,2,3,4-tetrahydroisoquinoline (10a) was pro-
duced by treatment of this aminoacetal derivative (8) under reductive conditions;'? the
cyclized 4-hydroxy-1,2,3,4-isoquinoline intermediates (2) underwent hydrogenolysis to give
the 1,2,3,4-tetrahydroisoquinoline derivative (10a). Furthermore, 2,3,5-trimethoxybenzal-
dehyde!!'¥ (11) gave the aminoacetal derivative (12) which also failed to provide the 5,7,8-
trimethoxy-4-isoquinolineacetic acid (13) in the Dyke reaction, but gave 5,7,8-trimethoxy-
1,2,3,4-tetrahydroisoquinoline (10b) under the reductive conditions. These chemical results
were explicable only by assuming that an attack of glyoxylic acid (3) at the C,-position of the
4-hydroxy-1,2,3,4-tetrahydroisoquinoline product (2) was sterically hindered by the methoxy
group situated at the peri-position of the cyclized product (2). In other words, the Dyke
method has a limitation; it is not applicable to the preparation of benzo[c]phenanthridine
alkaloids having an alkoxy group at the C,,-position.
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Experimental

Instruments, ezc., were as described in the preceding paper.?

5-Methoxy-2,3-methylenedioxybenzylaminoacetaldehyde Diethyl Acetal (8)——A solution of 2,3-methylene-
dioxy-5-methoxybenzaldehyde'!’ (6) (3.00g) and aminoacetaldehyde diethyl acetal (7) (2.22g) in abs. EtOH
(70 ml) was hydrogenated over PtO, (0.024g) at room temperature under atmospheric pressure. The catalyst
was removed by filtration, and the filtrate was evaporated to dryness in vacuo. Distillation of the residue at 187°C
(2mmHg) gave a colorless oil (4.08g). IR v&HCem~1: 1172, 1123, and 1053 (acetal). 'H-NMR (CCl,) é: 1.18
(6H, t, J=7.0Hz, CH,CH;x2), 1.52 (1H, s, NH), 2.60 (2H, d, J=5.0Hz, NCH,CH), 3.26—3.60 (4H, m,
OCH,CH; x 2), 3.66 (2H, s, ArCH,N), 3.71 (3H, s, OCH,), 4.49 (1H, t, J=5.0Hz, CH,CH(O),), 5.84 (2H, s,
OCH,0), 6.26 (2H, s, arom. H x 2). MS m/z: 297 (M ™" 6.7%), 165 (100%).

Treatment of this material with glyoxylic acid according to the reported method®® failed to give the desired 5-
methoxy-7,8-methylenedioxy-4-isoquinolineacetic acid (9).

5-Methoxy-7,8-methylenedioxy-1,2,3,4-tetrahydroisoquinoline (10a) Hydrochloride A solution of the amino-
acetal (8) (0.21g) in 6 N HCI (6.76 ml) was added to a suspension of 109 Pd-C (0.035g) in EtOH (5 ml) saturated
with hydrogen gas. The reaction mixture was hydrogenated at room temperature under atmospheric pressure for
48 h. After the absorption of hydrogen gas had ceased, the precipitate formed during the hydrogenation was dissolved
by heating. The catalyst was removed by filtration under warming, and the filtrate was evaporated to dryness in
vacuo. Recrystallization of the residue from MeOH gave colorless needles (0.085 g), mp 279—284°C. Anal. Caled for
C, H,;;NO;-HCI: C, 54.22; H, 5.79; N, 5.75. Found: C, 53.99; H, 5.68; N, 5.67. IR v,,,cm~': 2770—2470 (N *H).
'H-NMR (CF;COOH) §: 3.10 (2H, t, J=6.0 Hz, ArCH,CH,), 3.55—3.85 (2H, m, CH,CH,N "), 3.92 (3H, s, OCH,),
4.48 (2H, brt, J=ca. 5.0Hz, ArCH,N%), 5.99 (2H, s, OCH,0), 6.66 (1H, s, arom. H), 7.66 (2H, brs, N*H,).

2,3,5-Trimethoxybenzylaminoacetaldehyde Diethyl Acetal (12)——A solution of 2,3,5-trimethoxybenzal-
dehyde'"'¥ (11) (1.96 g) and aminoacetaldehyde diethyl acetal (7) (1.33 g) in abs. EtOH (60 ml) was hydrogenated
over PtO, (0.015 g) at room temperature under atmospheric pressure. The catalyst was removed by filtration, and the
filtrate was evaporated to dryness in vacuo. Distillation of the residue at 175—178 °C (3 mmHg) gave a colorless oil
(2.48g). IR vEH cm 1 1160—1060 (acetal). 'H-NMR §: 1.20 (6H, t, J=7.0Hz, CH,CH, x 2), 1.96 (1H, s, NH),
2.75 (2H, d, J=5.5Hz, NCH,CH), 3.35—3.90 (4H, m, OCH,CH; x 2), 3.79 (6H, s, OCH, x 2), 3.82 (5H, s, OCH,
and ArCH,N), 4.61 (1H, t, J=5.5Hz, CH,CH(O),), 6.41 (2H, s, arom. H x 2).

Treatment of this material with glyoxylic acid according to the reported method*® failed to give the desired
5,7,8-trimethoxy-4-isoquinolineacetic acid (13).

5,7,8-Trimethoxy-1,2,3,4-tetrahydroisoquinoline (10b) Hydrochloride——A solution of the aminoacetal (12)
(0.205g) in 6 N HCI (6.75ml) was added to a suspension of 109, Pd-C (0.035¢g) in EtOH (5ml) saturated with
hydrogen gas. The reaction mixture was hydrogenated at room temperature under atmospheric pressure for 24 h. The
catalyst was removed by filtration, and the filtrate was evaporated to dryness in vacuo. Recrystallization of the residue
from isoPrOH gave colorless needles (0.094 g), mp 230—233 °C. Anal. Caled for C,,H,,NO;-HCI: C, 55.49; H, 6.99;
N, 5.39. Found: C, 55.49; H, 6.95; N, 5.32. IR v,,,, cm~*: 2770—2470 (N " H). 'H-NMR (CF;COOH) é: 3.07 (2H, t,
J=6.0Hz, ArCH,CH,), 3.50—3.80 (2H, m, CH,CH,N %), 3.93 (3H, s, OCH,), 3.96 (6H, s, OCHj, x 2), 4.58 (2H, brt,
J=ca. 4Hz, ArCH,N"), 6.70 (1H, s, arom. H), 7.65 (2H, brs, N*H,).
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